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ABSTRACT

T h is  th e s is  describ es  some aspects o f the  

fo rm a tio n  o f a d d it io n  p ro du c ts  in  th e  c h lo r in a t io n  o f 

p o ly c y c l ic  a rom atic  compounds.

The c h lo r in a t io n s  o f p o ly c y c l ic  hydrocarbons, 

rep resen ted  by naphtha lene and re la te d  compounds, have 

been in v e s t ig a te d  m a in ly  from  th e  p o in t  o f v iew  o f 

adduct fo rm a tio n , and numbers o f new a d d it io n  p ro du c ts  

d e rive d  from  th o se , as w e ll as o ld  ones o f s t i l l  un- 

known s t ru c tu re ,  have been c la r i f i e d  w ith  rega rd  to  

t h e i r  s tru c tu re s  and p ro p e r t ie s ,  u s in g  in fra re d ,  u l t r a 

v io le t  and p ro to n  magnetic resonance spectroscopy. As 

a c h lo r in a t i i ^  agent, e ith e r  s u lp h u ry l c h lo r id e  o r mole

c u la r  c h lo r in e  has been used, and th e  e le c t r o p h i l ic  

n a tu re  o f th e  fo rm er reagent has a lso  been q u a l i t a t iv e ly  

e s ta b lis h e d .

Naphthalene, a lk y ln a p h th a le n e s  and ha lonaph- 

th a le n e s , when t re a te d  w ith  s u lp h u ry l c h lo r id e  w ith  o r 

w ith o u t a s o lv e n t, g iv e  p roducts  s im i la r  to  those  o b ta in 

ed w ith  m o lecu la r c h lo r in e .  By h e a tin g  naphthalenes 

w ith  s u lp h u ry l c h lo r id e  in  excess, more h ig h ly  c h lo r in 

ated adduots were ob ta ined  to g e th e r w ith  some p o ly -



c li lo ro te t ra lo n e s .  Under c o n d it io n s  in  which nap tha- 

lo i ia  re a c ts  s lo w A /ith  s u lp h u ry l c h lo r id e ,  ch lo ronaph tha 

le n e s  do no t re a c t s ig n i f ic a n t ly ,  whereas a lk y ln a p h th a - 

lenes re a c t more ra p  id ly ,  th a n  naphtha lene i t s e l f  does, 

and g iv e  adduots as w e ll as p roduc ts  o f  s u b s t itu t io n #  

A d d it io n  o f c h lo r in e  always occur in  the r in g ,  to  Which 

th e  s u b s t i tu t io n  take s  p la ce  in  accordance w ith  th e  ru le s  

govern ing  th e  e le c t r o p h i l ic  s u b s t i tu t io n *

1 -A lky ln a p h th a le n e s  with s t r a ig h t  ch a in  and 

aconaphth^en®  g iv e  s id e -c h a ia  c h lo r in a te d  te t ra c h lo r id e s  

as th e  main a d d it io n  products# The fo rm a tio n  o f  th e se  

unexpected adducts has been e xp la in ed  on th e  ba s is  o f  th e  

hyp or c on jugat iv  e lo s s  o f  p ro to n  du rin g  th e  c h lo r in e  add i

t io n  p rocess.

C h lo r in a t io n  o f  naph tho ls  in  a c e t ic  a c id  g iv e s  

v a r io u s  k e to p o ly c h lo r id e s , th e  s tru c tu re s  o f  which have 

been s p e c tro s c o p ic a lly  in v e s tig a te d #  2 ,4 -D ie h lo ro -  

n a p l i th - l - o l  and re la te d  n a p h th - l-o ls  o f  s im i la r  s t ru c tu re  

have been found to  in v o lv e  th e  i n i t i a l  e le c t r o | ) h i l ic  

a t ta c k  on th e  2 - rather than on th e  4 -p o s it io n ,  g iv in g  

u n s ta b le  1 -k e t o - l , 2 -d ih y d r  onaphthal en es which then  under

go th e  a n io n o tro p ic  is o m é r is a tio n  to  y ie ld  s ta b le  1 -k e to -  

1 ,4 -d ih yd ro na ph th a le ne s . E ste rs  o f  n a p h th - l-o ls  bd iave



d i f f e r e n t l y ,  depending on th e  so lv e n ts  used; in  æ e t ic  

a c id  th e  p ro du c ts  are s im i la r  t o  those o b ta in ed  from  

n a p h th - l-o ls ,  however, in  c h lo ro fo rm , 2 ,3 ,4 - t r ic h lo r o - l^  

te t ra lo n e s  are  formed, i ^ i c h  are no t h ig h ly  s ta b le  and 

g ra d u a lly  lo s e  hydrogen c h lo r id e  to  g iv e  2 ,4 -d ic h lo ro -  

n a p h th - l-o ls #

By s im i la r  tre a tm e n t w ith  c h lo r in e ,  n a p h th y l-  

amines r e a d i ly  a f fo rd  p o ly c h lo ro te tra lo n e s , fo r  which a 

sequence in v o lv in g  th e  h y d ro ly s is  o f th e  in te rm e d ia ry  

k e tim in e  h y d ro c h lo r id e s  has been suggested.

In f ra re d ,  u l t r a v io le t  and p ro to n  magnetic 

resonance s p e c tra  o f more th a n  f o r t y  a d d it io n  p roduc ts  

have been reco rded .
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1* A rom atic Cornpounds and t h e i r  S t a b i l i t y  ^

boon a f t e r  Kefcule had proposed h is  "benzene 

fo rm u la , a c e r ta in  d i f f i c u l t y  a rose . Accord ing t o  

t h is  fo rm u la , two iso m e ric  o -d is u b s t itu te d  d e r iv a t iv e s  

s liou ld  be form ed, bu t these have never been found* To 

re s o lv e  t h is  d i f f i c u l t y ,  he fu r th e r  made th e  suggestion  

th a t  benzene c o n s is ts  o f two s t ru c tu re s  I  and I I  in  

dynamic e q u ilib r iu m .

I  I I

Y et t h is  th e o ry , w h ile  accoun ting  fo r  th e  observed 

s t r u c tu r a l fe a tu re s  o f  benzene, cou ld  no t account f o r  

th e  d if fe re n c e s  in  p ro p e r t ie s  between benzenoid com

pounds and th e  fo rm a lly  s im i la r  o le f in s .  buch f a i l 

u re  o f benzenoid compounds to  e x h ib it  t y p ic a l  o le f in ic  

p ro p e r t ie s  has been re fe r re d  t o  as arom atic  c h a ra c te r , 

w h ich is  now d e fin e d  as a p ro p e rty  shown by p a r t ic u la r  

c y c l ic  compounds w ith  h ig h  thermodynamic s t a b i l i t y  and 

in  vdiich a U  o f  th e  annu la r atoms fo rm  a s in g le  co n ju 

gated system. A lthough v a r io u s  a ttem pts  have s in ce  

been made to  e x p la in  th e  s t a b i l i t y  o f benzene, t h is



11

aspect o f th e  problem  in  i t s e l f  has remained unso lved 

u n t i l  modern th e o r ie s  o f m o lecu la r s t ru c tu re  develop 

e n o u ^  to  s e t t le  th e  s u b je c t.

A ccord ing to  th e  c u rre n t concep t, th e  s t a b i l i t y  

o f  benzene may be understood in  term s o f  bo th  th e  Mole

c u la r  O rb ita l (MO) and th e  Valence Bond (VB) th e o r ie s .

The c la s s ic a l fo rm u la  o f benzene has th re e  double bonds. 

In  accordance w ith  th e  MO th e o ry  th e se  can be arranged 

as shown below :

I f  a m o lecu la r o r b i t a l  tre a tm e n t is  a p p lie d  t o  t h is  

system, two occupied o r b i ta ls  a re  ob ta in ed . The low er 

is  occupied by two e le c tro n s  w ith  opposed sp ins which 

a re  no t f r e e  to  t r a v e l  round th e  r in g .  The next 

h ig h e r o r b i t a l  is  f i l l e d  w ith  two p a irs  o f 7C -e le c 

t r o n s .  These pass round th e  r in g  p a irw is e  in  oppo

s i t e  d ir e c t io n s .  T h e re fo re , th e  system is  diamag

n e t ic  and a n is o tro p ic .  Benzene b u i l t  up in  t h is  way 

can be rep rese n ted  by th e  fo llo w in g  s t ru c tu re .
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The energy r e s u lt in g  from  th e  d é lo c a l is a t io n  

o f th e  7t -e le c tro n s  is  expressed in  term s o f an energy 

u n i t  y3 • T h is  amounts to  18-20 k c a l/m o l.  The bond 

in v o lv in g  tw o -e le c tro n s  in  e thy lene  y ie ld s  2 y9 , 

Thus one Kekule s t ru c tu re  w ith  th re e  double bonds should 

g iv e  6 y3 • The MO tre a tm e n t p re d ic ts  from  th e  in t e r 

a c t io n  o f  th e  7T -e le c tro n s  an energy  o f 8 y3 » The 

2 y3 excess a rom atic  energy th e re fo re  must o r ig in a te  

from  th e  d é lo c a l is a t io n  o f  th e  double bonds.

In  th e  ground s ta te  o f  benzene th e  doub le  bonds 

d isappear and are re p la ce d  by a new bond ty p e , v/hich has 

about 50ÿ double bond c h a ra c te r . In  fa c t ,  v a r io u s  

physicochem ica l methods such as K -ra y  s t ru c tu re ,  e le c 

t r o n  d i f f r a c t io n ,  in f r a re d ,  Raman and u l t r a v io le t  sp e c tro 

scopy have s u c c e s s fu lly  shown th a t  th e re  a re  no a lte rn a -
o

t in g  lo n g  s in g le  bonds ( l* 5 4  A) and s h o rt doub le  bonds 
o

( l* 3 3  A ). In s te a d  benzene has hexagonal symmetry,
o

each hexagon s id e  be ing  1*392- 1*397 A lo n g . I f  th e

arom atic  bond were 50^ double bond in  ch a ra c te r one
o

would expect a bond le i ^ t h  o f  1.435 A. The compress- 
o

io n  o f  0*045 A fo r  each bond is  taken  as a r e s u lt  o f 

th e  energy ob ta in ed  by d e lo c a l is a t io n .

Accord ing t o  th e  VB method, th e re  are  two
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Kelrale s tru c tu re s  I H  and IV  f o r  benzene:

I I I  I IV

The in te ra c t io n  between these  s tru c tu re s  is  c a lle d  th e  

resonance. The r e s u lt  o f  th e  resonance in te r a c t io n  

is  th a t benzene in  i t s  ground s ta te  is  not rep resen ted  

by any o f  th e  Kekule s tru c tu re s  bu t by a resonance 

h y b r id  which has a low e r energy tha n  a s in g le  Kekule 

s t ru c tu re .  The ground s ta te  o f benzene does not th e re 

fo re  c o n ta in  double bonds bu t bonds which a re  o f a form 

between s in g le  and double bond. Besides th e  tv/o 

Kekule s tru c tu re s  th e  th re e  Dewar s tru c tu re s V  -  V I I  *  

have to  be cons ide red , b u t th e y  c o n tr ib u te  le s s  to  th e  

ground s ta te  o f benzene. The VB th e o ry  c a lc u la te s  

th a t  th e  two Kekule s tru c tu re s  c o n tr ib u te  78/% and th e  

Bewar s tru c tu re s  22^ t o  th e  g ro m d  s ta te .

V I \  V I I

Bewar benzene i t s e l f  has re c e n t ly  been is o la te d  and has 
a h a l f - l i f e  o f two days.'^ T h e re fo re , d is c r im in â t ion  
in  use o f  term  should be made between th e  Bewar benzene 
in  VB th e o ry  and th e  s o -c a lle d  Bewar benzene (c y c lo -  
( 2 ,2 ,  o) -he xa d ie ne ).



u

The resonance energy is  c a lc u la te d  in  u n its  o f Of , th e  

in te r a c t io n  energy o f th e  two p ^ -e le c tro n s  w hich conve rt 

th e  s in g le  bond in  e th y le n e  in to  a double bond. The 

resonance energy c a lc u la te d  from  th e  two Kekule s t r u c t 

u res  and th e  th re e  Dewar s tru c tu re s  is  l * l l Q f .

The energy r e s u lt in g  from  th e  in te ra c t io n  o f 

th e  s tru c tu re s  o f benzene can be d e riv e d  from  two experi#^ 

m enta l d a ta : hea t o f com bustion and hea t o f  hydrogena- .

t io n .  Benzene possesses th e  heat o f  com bustion o f  

1323 k c a l/m o l. , th e  v a lu e  be ing  37 k c a l/m o l.  le s s  th a n  

th e  c a lc u la te d  va lu e  (1286 k c a l/m o l. )  f o r  th e  heat o f 

fo rm a tio n  o f  a s in g le  n o n - in te re c t in g  Kekule s t ru c tu re .

The heat o f hyd rog en a tio n  o f  th e  double bond in  c y c lo -  

hexane is  28*59 k c a l/m o l.  and th a t  o f  benzene is  49*80 

k c a l/m o l.  The l a t t e r  v a lu e  is  aga in  35*97 k c a l/m o l. 

le s s  th a n  th re e  tim e s  th e  fo rm er (85*77 k c a l /m o l. ) , 

vA lch  assumes th re e  n o n - in te ra c t in g  doub le  bonds in  

benzene. The d if fe re n c e  o f 37 k c a l/m o l.  or 35*79 

k c a l/m o l. th e re fo re  must r e s u lt  from  the  arom atic  in t e r 

a c t io n  and is  c a lle d  resonance energy. f ro m  the  com

p a r is o n  w ith  experim en ta l r e s u lts  c / is  found to  have 

a v a lu e  o f  33-37 k c a l/m o l.

The VB th e o ry  has been extended fu r th e r  to
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p o ly c y c l ic  and h e te ro c y c lic  compounds, and th e  fo llo w in g  

resonance energ ies  were c a lc u la te d :  naphtha lene 2 *0 4 (X,

anthracene 2*95 # phenanthrene 3• 02 0 (.

Concept o f  resonance was more re la te d  to  th e  

c la s s ic a l s tru c tu re  o f  o rg a n ic  c h e m is try , and th e re fo re  

i t  has been welcomed to  many w orkers in  t h is  f i e l d  o f 

ch e m is try . However, most o f  th e  e a r ly  estim ates o f 

resonance energy made by comparing he a ts  o f combustion 

and hyd rog ena tio n  o f  benzene and o le f in s  a re  in  recen t 

tim es  su b je c t to  some c r i t ic is m s ,  and th e  observed 

s ta b i l is a t io n  o f m olecules is  in te rp re te d  as due to  

changes in  bond energy w ith  h y b r id is a t io n  ra th e r  than 

to  resonance. Accord ing to  th e s e ,re s o n a n c e  is  

sa id  to  p la y  a m inor r o le  even in  benzene, o f  which 

energy is  found to  be o n ly  about 10 k c a l/m o l, , le s s  

th a n  a q u a rte r o f th e  s ta b i l is a t io n  energy.

Marked a rom atic  ch a ra c te r i s  a ttach ed  to  a 

group o f c y c l ic  compounds w ith  a c lo sed  s h e l l  o f  

(4N + 2) %  e le c tro n s , where th e  a s s o c ia tio n  o f  a

la rg e  s ta b i l is a t io n  energy was f i r s t  p o in te d  out by 

H dcke l t h r o u ^  a MO tre a tm e n t o f th e  system s. I t  is  

re fe r re d  to  as th e  H ücke l*s  r u le  and has been a p p lie d  

w ith  success t o  v a r io u s  c y c l ic  systems w ith  tw o , s ix .
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te n ,  fo u r te e n , e ig h te en , e tc ,q r -e le c t ro n s .  However, 

th e  d e lo c a lis a t io n  o f  ÎC -e le c tro n s  d im in ish e s  w ith  in 

creas ing  r in g  s ize  and e v e n tu a lly  d o u b le -s in g le  bond 

a l te r a t io n  w i l l  p re v a i l  in  la rg e r  annulenes. W ith 

those  compounds, a lthough  th e  c y c l ic  systems a re  kept 

in  a p lane  and a l l  doub le bonds are o b v io u s ly  con ju ga te d , 

th a t  i s ,  a lthough th e y  are s t i l l  a rom atic  acco rd ing  t o  , 

th e  d e f in i t io n ,  th e y  are no lo n g e r a rom atic  in  a chemi

c a l sense. They behave ju s t  l i k e  a c y c l ic  po lyene , 

undergo ing a d d it io n  ra th e r  th a n  s u b s t i tu t io n ,^
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2, E n a c tio n  o f  A rom atic  Compounds ^

Arom atic compounds g a in  co n s id e ra b le  s t a b i l i 

s a t io n  energy owing to  th e  in te ra c t io n  o f  7t -e le c tro n s .  

As a consequence o f i t ,  a d d it io n  re a c t io n s  which r e s u lt  

in  th e  lo s s  o f t h is  s t a b i l i t y  a re  rendered e n e rg e t ic a lly  

le s s  fa vo u ra b le  r e la t iv e  to  a d d it io n  to  o le f in s .  Thus 

th e  arom atic  compounds a re  co m p a ra tive ly  u n re a c tiv e  and 

te n d  to  undergo s u b s t i tu t io n  ra th e r  th a n  a d d it io n ,  be

cause s u b s t i tu t io n  in  these systems does not p r a c t ic a l ly  

r e s u lt  in  lo s s  o f th e  s ta b i l is a t io n  energy.

S u b s t itu t io n  in  a rom atic  compounds may be d i v i 

ded in to  th re e  ty p e s : e le c t r o p h i l ic ,  n u c le o p h il ic  and

f r e e - r a d ic a l s u b s t itu t io n s .  In  e le c t r o p h i l ic  s u b s t i

t u t io n ,  th e  two e le c tro n s  which fo rm  th e  cova le n t bond 

between th e  a rom atic  corpound and th e  reagent axe b o th  

s u p p lie d  by the  fo rm er. In  n u c le o p h il ic  s u b s t i tu t io n ,  

two e le c tro n s  a re  su p p lie d  f o r  th e  fo rm a tio n  o f  th e  new 

bond by th e  re a g e n t, w h ile  in  th e  f r e e - r a d ic a l s u b s t itu 

t io n  the  a rom atic  compounds p ro v id e  an unpa ired  e le c tro n  

in  i t s  - o r b i t a ls  in  th e  in te rm e d ia te . The la s t  tw o 

typ e s  o f re a c t io n  a re  le s s  im p ortan t in  arom atic  systems 

th a n  th e  e le c t r o p h i l ic  s u b s t i tu t io n  and th e re fo re  w i l l
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n o t be de scrib ed  h e re .

There are two ways p o s s ib le  in  # i ic h  an arom atic  

coiipound m ight re a c t w ith  an e le c t r o p h i le ,

l )  By a synchronous fo rm a tio n  o f th e  C-E bond (B  ■ 

e le c t ro p h i le )  and the  c leavage o f th e  C-H bond.

i i )  By a d d it io n  o f  th e  e le c t ro p h i le  t o  th e  nucleus 

fo llo w e d  by lo s s  o f a p ro to n  from  th e  adduct.

Many evidences d e riv e d  from  th e  s tu d ie s  on th e  

is o la t io n  o f  in te rm e d ia te s  and th e  k in e t ic  measurements 

o f  is o to p ic  e f fe c ts  support th e  v ie w  th a t  th e  re a c t io n  

proceeds t h r o u ^  th e  l a t t e r  tw o -s te p  p ro ce ss ,^  w hich is  

known as 8^2 mechanism. The a d d it io n  o f an e le c t ro 

p h i le  to  a benzenoid system causes a tem porary d e s tru c t

io n  o f  a rom atic  s e x te t and th e  s ta b i l is a t io n  energy o f  

th e  system is  l o s t .  However, th e  lo s s  is  in  p a r t  o f f 

se t by th e  resonance energy o f  th e  re s u lt in g  carbonium 

io n  in te rm e d ia te , w h ich is  r ^ re s e n te d  as th e  h y b r id  o f  

th re e  ca n o n ica l s tru c tu re s  V I I I  -  X,

V I I I  n  IX

H E h e  H ' E

The re -e s ta b lis h m e n t o f th e  com plete a rom atic  s t ru c tu re  

can ta ke  p la ce  by th e  removal o f a p ro to n  from  th e  in t e r 



19

m ed ia te . The d r iv in g  fo rc e  o f t h is  process o r ig in a te s  

from  th e  r e - a c q u is i t io n  o f th e  s t a b i l is a t io n  energy, 

which was lo s t  in  th e  p rim a ry  stage o f th e  re a c t io n .  

T h e re fo re , th e  more th e  s t a b i l i s a t io n  energy is  acqu ired  

in  th e  second s tag e , th e  more th e  a rom atic  compound w i l l  

tend  to  undergo th e  s u b s t i tu t io n .  Thus, when a ttacke d  

by most e le c t ro p h i le s ,  benzene u s u a lly  undergoes s u b s t i

t u t io n  ra th e r  th a n  a d d it io n ,  and t h is  behav iou r has 

h i s t o r ic a l l y  o fte n  been considered to  p ro v id e  a c h a ra c te r

is a t io n  o f  arom atic  i t  y  .

However, arom atic systems in  which two or more 

benzene n u c le i a re  fused  to g e th e r a re  o fte n  q u ite  sus

c e p t ib le  to  a d d it io n  re a c t io n .  As has been described , 

th e  e x te n t as to  how f a r  a p a r t ic u la r  a rom atic  coiiq)ound 

iT i l l  undergo s u b s t i tu t iv e  o r a d d it iv e  re a c t io n  depends 

on th e  m agnitude o f  s ta b l is a t io n  energy, lo s t  and re 

ga ined by th e  s u b s tra te  d u r in g  th e  e le c t r o p h i l ic  p rocess. 

The amount o f  s t a b i l is a t io n  energy lo s t  in  fo rm ing  th e  

adduct w ith  an e le c t r o p h i l ic  reagent decreases w ith  th e  

inc rea se  o f  th e  number o f benzene nucleus con ta in ed  in  

th e  p o ly c y c l ic  system concerned. For naph tha lene , 

such lo s s  o f s ta b i l is a t io n  energy caused by th e  fo rm a tio n  

o f a d d it io n  p ro du c t is  ro u g h ly  th a t  (61 k c a l/m o l. )  o f
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naphtha lene le s s  th a t  (36 k c a l/m o l. )  o f benzene or about 

23 k c a l/m o l.  T h is  v a lu e  is  fa r  le s s  th a n  th a t  o f ben

zene, and in  i t s e l f  low  enough to  produce a c e r ta in  amount 

o f a d d it io n  p ro d u c t. Thus, as e a r ly  as 1833 la u re n i; 

observed th e  fo rm a tio n  o f a naphtha lene te t r a c h lo r id e  

by pass ing  c h lo r in e  over s o l id  naphtha lene a t room tem

pe ra tu re .*^  H ighe r p o ly c y c l ic  a rom atics  lo s e  le s s  

s t a b i l is a t io n  energy in  th e  a d d it iv e  p rocess : benzene

34, n ^ h th a le n e  23, phenanthrene 20, anthracene 12 

k c a l/m o l. , so th e  a d d it io n  p roduct can be more r e a d i ly  

ob ta ined  from  h ig h e r p o ly c y c l ic  arom atics such as phenan

th re n e  and anthracene.
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3 . A d d it io n  R eactions In  A rom atic Compounds

U n t i l  v e ry  re c e n t ly  th e  mechanism o f  e le c t ro 

p h i l i c  s u b s t i tu t io n  was o n ly  im p e r fe c t ly  understood , 

h le c t r o p h i l ic  reagents v/ere known to  add to  e th y le n ic  

double bonds under s u ita b le  c o n d it io n s , and s im i la r  a d d i

t io n  compounds have sometimes been ob ta ined  w ith  c e r t a in '  

p o ly c y c l ic  a rom atic  compounds. For example, w ith  HO- 

UOg in  th e  presence o f th e  a p p ro p r ia te  a n io n , anthracene 

was found to  g iv e  is o la b le  adducts which on trea tm e n t 

w ith  m in e ra l ac id  undergo th e  e l im in a t io n  o f  H-OH w ith
Q

th e  fo rm a tio n  o f  9- n i t r o  an thrac ene.
H NO2 5^2

HbH

For t h is  reason, i t  was suggested th a t  e le c t r o p h i l ic  sub

s t i t u t io n  ta ke s  p la c e  by a d d it io n  o f  th e  reagent X-X, and 

subsequent e lim in a t io n  o f H-Y, t o  g iv e  th e  s u b s t i tu t io n  

p ro du c t i r - X ,  Thus b ro m in a tio n  was supposed t o  occur 

by a d d it io n  o f  brom ine to  an arom atic double bond fo l lo w 

ed by e l im in a t io n  o f hydrogen brom ide. A d d it io n  p ro 

duc ts  o f  t h is  k in d  have a c tu a lly  been is o la te d  from  many 

a rom atic  hydrocarbons. In c lu d in g  benzene, naphtha lene, 

anthracene and phenanthrene. These a d d it io n  p ro du c ts
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axe u s u a lly  r e la t iv e ly  u n s ta b le , and g iv e  r is e  to  sub

s t i t u t io n  p ro du c ts  w ith  th e  e l im in a t io n  o f  hydrogen 

h a lid e  on h e a tin g .

T h is  a d d it io n -e lim in a t io n  th e o ry  o f  arom atic  

s u b s t i tu t io n  re ce ive d  co n s id e ra b le  a t te n t io n  from  o rgan ic  

chem ists f o r  many ye a rs , bu t evidences aga inst i t  have 

g ra d u a lly  accum ulated. For example, i t  has been shown 

th a t  th e  a d d it io n  o f brom ine to  th e  9 ,10-bond o f phenan

th re n e  i s  la r g e ly  pho tochem ica l, bu t th a t  in  th e  presence 

o f  c e r ta in  c a ta ly s ts ,  such as a lum inium  c h lo r id e  or 

io d in e , hydrogen brom ide is  evolved and th e  s u b s t i tu t io n  

p roduct is  form ed. Accord ing t o  th e  add i t  io n - e l  im ina 

t io n  th e o ry , the se  c a ta ly s ts  would have to  ac t by p ro 

m oting  th e  e l im in a t io n  o f  hydrogen brom ide from  th e  

adduct, bu t f r i c e  was ab le  to  show th a t  th e  a d d it io n  o f  

io d in e  to  a s o lu t io n  o f phenanthrene d ib rom ide produced 

no change, and d id  no t r e s u lt  in  th e  e l im in a t io n  o f
Q

hydrogen brom ide. These c a ta ly s ts  must th e re fo re

promote th e  e l im in a t io n  o f  hydrogen brom ide in  some 

o th e r way, and th u s  th e  a d d i t io n - é lim in â t io n  th e o ry  

has alm ost been d isca rd e d .

A ccord ing to  th e  modern th e o ry  o f  e le c tro 

p h i l i c  s u b s t i tu t io n  in  benzenoid compounds, a d d it io n
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o f th e  e le c t ro p h i le  to  th e  arom atic nucleus to  fo rm  th e  

carbonium io n ic  in te rm e d ia te  ^  c o n s t itu te s  th e  i n i t i a l  

stage o f th e  re a c t io n .  Then t h is  in te rm e d ia te  is  con

s id e re d  to  lo s e  a p ro to n  more r a p id ly  th a n  i t  re a c ts  

w ith  th e  n u c le o p h ile s  to  g iv e  a s u b s t i tu t io n  p ro d u c t:

X I

W ith a s l ig h t  m o d if ic a t io n  o f  th e  s t ru c tu re ,  however, 

such io n ic  in te rm e d ia te  is  su b je c t to  a co n s id e ra b le  

s t a b i l is a t io n  t h r o u ^  th e  In d u c t iv e ,  mesomeric or hyper- 

c o n ju g a tiv e  d é lo c a l is a t io n  o f p o s it iv e  charge. Under 

th e se  c ircum stances, i t  is  reasonab ly  expected th a t  th e  

ca p tu re  o f  n u c le o p h ile s  cou ld  w e ll compete w ith  th e  p ro 

to n  e xp u ls io n , le a d in g  to  the  fo rm a tio n  o f th e  a d d it io n  

p ro d u c t.

H X
-h

Y
H X "

T h is  is  e s p e c ia lly  th e  case w ith  p o ly c y c l ic  a rom atics ,
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where th e  p o s it iv e  charge can he r e a d i ly  d e lo c a lis e d  

by mesomerism and th e  lo s s  o f  s ta b i l is a t io n  energy in 

vo lve d  in  th e  a d d it io n  process is  le s s  s ig n i f ic a n t .

Por example, th e  d e lo c a l is a t io n  o f  th e  p o s it iv e  charge 

in  th e  t r a n s i t io n  s ta te  f o r  1 - s u b s t i tu t  io n  in  naphtha

le n e  i s  co n s id e ra b ly  more e x te n s ive  th a n  th a t  in  ben

zene, r e s u lt in g  in  th e  increased s t a b i l i t y  o f  io n ic  

in te rm e d ia te  (consequen tly  th e  increased o p p o r tu n ity  

f o r  th e  c a p tu re  o f  n u c le o p h ile )  and decreased a c t iv a 

t io n  energy. A s im i la r  s i tu a t io n  a lso  a p p lie s  to

2- s u b s t i t u t io n  in  naphtha lene.

H X H X H X

The s ta b i l is a t io n  energy o f naphtha lene is  co n s id e ra b ly  

g re a te r  th a n  th a t  o f benzene, bu t i t  is  a p p a re n tly  le s s  

tha n  tw ic e  as g re a t. Benzene has a s ta b i l is a t io n

energy o f 36 k c a l/m o l. ;  i t s  adduct w ith  one m olecu la r 

e q u iv a le n t o f  c h lo r in e ,  i f  i t  is  cons ide red  analogous
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to  ’bu tad iene , has a s ta b i l is a t io n  energy o f  3 k o a l/m o l. ; 

th e re fo re  33 k o a l/m o l. is  lo s t  by such p rocess. The 

correspond ing  process w ith  naphtha lene, i f  i t  is  assumed 

th a t  a s ty re n e - lik e  system is  form ed, in v o lv e s  a lo s s  o f 

s ta b i l is a t io n  energy o f o n ly  23 k o a l/m o l. Thus naph

th a le n e  undergoes a d d it io n  re a c t io n s  more r e a d i ly  th a n  

does benzene. The s i t u a t io n  f r  th e  anthracene is  

much more fa vo u re d , g iv in g  a c o n s id e ra b ly  d e lo c a lis e d  

s t ru c tu re  to  i«diich d ibenzeno id  X I I  i s  th e  most im p o rtan t 

c o n t r ib u to r .  S ta b i l is a t io n  energy lo s t  f o r  t h is  canon

ic a l  form  is  o n ly  11*5 k c a l/m o l.  So th e  re a c t io n  o f  

anthracene w ith  e le c tro p h ile s
H X

u s u a lly  proceeds th ro ugh  th e r  if ii ] jciia d d it io n  re a c t io n s  in  th e  9 ,1 0 -
+

p o s it io n s .  Hence, h i ^ e r

p o ly c y c l ic  a rom atics  are  g e n e ra lly  more re a c t iv e  th a n  

t h e i r  low e r homologues, and th e  fo rm a tio n  o f a d d it io n  

p ro du c ts  becomes the rm odynam ica lly  more favoured  than  

th e  s u b s t i tu t io n  re a c t io n s .

B e ce n tly  t h is  aspect o f  th e  a d d it io n  re a c t io n  

in  e le c t r o p h i l ic  arom atic  s u b s t i tu t io n  has been exten

s iv e ly  in v e s t ig a te d  by de la  Mare and h is  co -w orke rs , 

and th e  fo rm a t ion  o f  adducts o f t h is  k in d  is  e s ta b lis h e d
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t o  be c o n s is te n t w ith  th e  v ie w  th a t  th e  o rd in a ry  s u b s t i

t u t io n  proceeds th rough an in te rm e d ia te  o f th e  carbonium 

ty p e , v ii ic h  lo se s  a p ro to n ; and th a t  t h i s  in te rm e d ia te  

g ives  p ro du c ts  o f  a d d it io n  by an a l te rn a t iv e  process in  

which th e  n u c le o p h ile  is  ca p tu re d . T h is  concept has

been adopted w ith  success in  the  in te r p r e ta t io n  o f  some
11unusual s u b s t i tu t io n  processes. In  th e  e le c t ro 

p h i l i c  s u b s t i tu t io n  o f  p o ly c y c l ic  benzenoid compounds, 

th e  a d d it io n -é l im in a t io n  sequence may w e ll be in v o lv e d  

more f re q u e n t ly  th a n  has g e n e ra lly  been supposed.
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4 . Hyper con ing a t Io n  and Adduct fo rm a tio n

The in d u c t iv e  e le c tro n  re le a se  increases w ith

ch a in -b ra n ch in g , g iv in g  th e  order CH  ̂ ^  ^ 2^5 ^

However, under c e r ta in  c ircum stances t h is

o rd e r is  in v e r te d . The re v e rs a l o f  th e  in d u c tiv e

e le c tro n  re le a s e  was f i r s t  observed by Baker and Hathan 
1Pin  1935* As i t  u s u a lly  occurs in  the  ad jacen t con

ju g a tin g  system, i t  has been a t t r ib u te d  to  a fo rm  o f  

mesomerism in  which th e  e le c tro n  p a irs  o f  th e  C-ÏÏ bond 

are d e lo c a lis e d  and are  a b le  to  con juga te  w ith  an un

s a tu ra te d  system.

Such c o n ju g a tio n  between th e  e le c tro n s  o f a s in g le  bond 

and those  o f m l t i p l e  bonds is  c a l le d  hvn ere on.lug a t io n .

T h is  c o n ju g a tiv e  mode o f e le c tro n  re le a s e  by 

a lk y l  groups has re ce ive d  c o n s id e ra b le  support on 

phys icochem ica l grounds, bu t p re sen t th e o r ie s  are s t i l l  

unab le  to  p ro v id e  e n o u ^  evidences to  account f o r  a l l  th e  

experim en ta l r e s u lts  concerned. To e x p la in  th e  enhanced

e le c tro n  re le a s e  by OH and HHg s u b s t itu e n ts ,  a s im i la r  

id e a  was extended by de la  Mare t o  N-H, C-C and 0-H 

hyper c o n ju g a tio n .^ ^  There are  some c r i t ic is m s  about
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th e  hyp ere on jug  a t io n . N e ve rthe le ss , th e  concept o f 

hyp ere on jug a t iv e  mechanism o f e le c tro n  d isp lacem ent is  

so u s e fu l f o r  th e  in te r p r e ta t io n  o f  a wide v a r ie ty  o f 

expe rim en ta l da ta  th a t  i t  i s  f in d in g  g e n e ra l acceptance 

in  v a r io u s  f ie ld s  o f o rgan ic  ch e m is try . A lthough i t  

may he a m inor fa c to r  w ith  resp e c t t o  ground s ta te ,  i t  

is  c e r ta in ly  a dominant fa c to r  in  s t a b i l i s in g  e x c ite d  

and t r a n s i t io n  s ta te s  o f m o lecu la r spec ies .

T h is  mode o f e le c tro n  d isp lacem ents is  neces

s a r i ly  e le c tro n - re le a s in g .  Thus th e  r e a c t iv i t y  o f  th e  

a rom atic  nucleus is  always enhanced by hyp ere on jug  a t io n , 

as has been m an ifested  in  numbers o f  e le c t r o p h i l ic  sub

s t i t u t io n s .  ^ Under s u ita b le  c ircum stances, however, 

t h is  hyper c o n ju g a tiv e  in te ra c t io n  between th e  a rom atic  

r in g  and a s u b s titu e n t goes so fa r  in  th e  t r a n s i t io n  

s ta te  th a t  the  lo s s  o f hyp ̂ c o n ju g a t in g  p ro to n  to  the  

medium and th e  breakdown o f  arom atic ch a ra c te r in  th e  

compound occu rs , th e  in e v ita b le  consequence o f \h ic h  

would make a d d it iv e  re a c t io n s  prepondera te  over sub

s t i t u t i v e  re a c t io n s .  These are e s p e c ia lly  th e  case 

w ith  amino and h y d ro x y l d e r iv a t iv e s  o f p o ly c y c l ic  a ro 

m a tic  compounds, which, are a lre a d y  su b je c t to  th e  in 

creased r e a c t iv i t y  due to  th e  combined e f fe c t  o f th e
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- I  in d u c t iv e  e f fe c t  o f  th e  a rom atic  system and th e  reson

ance s t a b i l i s a t io n  o f th e  e x c ite d  s tru c tu re  X I I I  o r X I7 .

OH ^QH

X I I I

NHa +RH

XIV

Thus as e a r ly  as 1888, Z incke and Kegel observed th a t  

on tre a tm e n t w ith  excess ha logen, naph tho ls  are ha logen- 

a ted  w ith  e x tra o rd in a ry  ease to  g iv e  no t th e  expected 

po lyh a lo n a p h th o ls  bu t th e  p o ly c h lo ro te tra lo n e s .

L a te r ,  s im i la r  phenomena were d e sc rib e d  by P r ie s  and h is  

co-w orkers ^^-16  th e  c h lo r in a t io n  o f  c e r ta in  naph- 

th y la m in e s . The easy fo rm a tio n  o f adducts from  these 

compounds can be in te rp re te d  c o n s is te n t ly  in  terms o f  

th e  0-H and N-H hyper c o n ju g a tio n , which would p la y  an 

im p ortan t r o le  in  th e  t r a n s i t io n  s ta te  to  reduce th e  

charge se p a ra tio n  on th e  oxygen or n it ro g e n  atom. I f  

such an e f fe c t  is  a c tu a l ly  o p e ra tin g  in  th e  process o f  

adduct fo rm a tio n , w ith  a lk y l  d e r iv a t iv e s  o f p o ly c y c l ic
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arom atic  s th e re  is  enough reason to  expect a s im i la r  

a d d it io n  p ro d u c t, in  which one o f the  -hydrogen atoms 

o f  a lk y l  group is  s p l i t  o f f  o r re p la ce d  hy a p p ro p ria te  

n u c le o p h ile  as a r e s u lt  o f  th e  hyp ere on ju g  a t iv  e re le a se  

o f th e  p ro to n * A b r ie f  survey o f  th e  l i t e r a t u r e  w e ll 

backs the  v iew  th a t  t h is  k in d  o f p ro to n  e xp u ls io n  may 

be o p e ra tiv e  in  the  s id e -c h a in  s u b s t i tu t io n  o f p o ly 

c y c l ic  a rom atic  compounds, as th e  fo rm a tio n  o f such p ro 

ducts  has o fte n  been dem onstrated in  th e  analogous r e 

a c tio n s . i ’hus l , 8 - d ic h lo r o - 9 -m ethy lan th racene g iv e s  

on b ro m in a tio n  an a d d it io n  p ro d u c t, in  which a p ro to n  

has been s p l i t  o f f  from  th e  a lk y l  s id e -c h a in ,

a  CH3 Œ
- ^ Brs

æ  CH2 CO.

whereas l , 5- d ic h lo r o - 9-m ethy lan th racene has been re p o rte d
17to  y ie ld  a s id e -c h a in  s u b s t itu te d  a d d it io n  p ro d u c t.

^  B r .
   ^

Cfl

BrnzC Br CÛ

CC HBr
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5- A d d it io n  P roducts from  P o ly o y c lic  A rom atic8 *

Up to  now more than  f o r t y  a d d it io n  p roducts  

from  p o ly c y c l ic  a rom atic  compounds have been recorded 

in  th e  l i t e r a t u r e .  However, some re s u lts  are con

t r a d ic to r y  to  each o th e r and need fu r th e r  in v e s t ig a t io n s , 

I n  t h is  ch a p te r, a b r i e f  survey o f  tho se  adducts w i l l  

be made.

naphthalene

The be s t known adducts from  naphthalene and 

e le c tro p h ile s  are those  ob ta ined  by c h lo r in a t io n .  A 

naphthalene d ic h lo r id e  o f unkno^vn s t ru c tu re  was re p o r t 

ed by v a r io u s  workers to  have been prepared from  th e

re a c t io n  o f s o l id  naphtha lene w ith  c h lo r in e  o r hypo-
7 T ft P?ch lo ro us  a c id .  • "  Hecent s tu d ie s , however,

cas t some doubt .upon those  r e s u l t s . O f  th e  s ix  

p o s s ib le  g e o m e trica l isomers o f  naphtha lene t e t r a 

c h lo r id e  ( 1 , 2 , 3 , 4 - t  e t r  a ch lo r o - l  , 2 , 3 , 4 - t  e t r  ahy d r onaph -

th a le n e ) , fo u r  have been w e ll ch a ra c te rise d .^^ *^ "^  A
20 28f i f t h  isomer rem ains uncon firm ed . * C h lo r in a t io n

A d d it io n  p ro du c ts  formed by h yd ro g en a tio n , o x id a t io n , 
m e ta lla t io n ,  d ie n o p h il ic  reagen ts  o r carbene cap tu re s  
a re  excluded.



in  a c e t ic  ac id  a ffo rd s  besides th e  above te t ra c h lo r id e s  

a t r ic h lo ro a c e to x y  compound as a m inor p r o d u c t . A  

naphtha lene te tra b ro m id e  o f unknown s t ru c tu re  was a lso  

p r e p a r e d . T h e  a d d it io n  o f  te tra c h lo ro d ib o ra n e  to  

naphtha lene y ie ld s  an in te re s t in g  adduct ( 1 ,2 ,3 ,4 -  

t  e t r  ad ic h lo r  ob o r y l  - 1 , 2 , 3 , 4 - t  e t r  ahy d r onaphthal ene ) ,  f o r  

which th e  o( - s t r u c tu re  is  a l l o c a t e d . 1 -C h lo ro - 

naphtha lene g ive s  depending on th e  c o n d it io n s  used 

e ith e r  1 , 1 , 2 , 3 , 4 -pe n t a ch lo r o - l , 2 , 3 , 4 - t  e trahydronaph

th a l  ene or l ,2 ,3 ,4 ,5 f8 -h e x a c h lo ro - l ,2 ,3 ,4 - te t r a h y d ro -  

naphtha lene,^® * 31-33 2-c h lo r  onaphthal ene

has been cla im ed to  y ie ld  a l i q u id  adduct in  which

c l i lo r in e  a d d it io n  had taken p la ce  in  th e  u n s u b s titu te d  
32r in g .  Under th e  h o m o ly tic  c o n d it io n s  in  carbon d i -

su lp h id e , 1 -ch lo ro n a p h th a le n e  is  a ls o  sa id  to  g iv e

1 , 1 , 2 , 3 , 4 , 4 -h e za ch lo r 0- 1 , 2 , 3 , 4 - t  e tra h yd r onaphthalene. 

C lilo r in a t  io n  o f 1 , 5- d ic h l  or onaphtha l ene is  known to  

g iv e  a te t r a c h lo r id e  ( l,3 ,2 ,3 ,4 ,5 -h e x a c h lo ro - l,2 ,3 ,4 -  

te tro h y d ro n a p h th a le n e ), to g e th e r  w ith  a t r ic h lo r o -  

naphtha lene d ic h lo r id e  o f  unknown s t r u c t u r e . 35-36 

S im ila r  te t ra c h lo r id e s  were ob ta ined  from  1 , 8 -  and 

2 ,7 -d ic h lo ro n a p h th a le n e , to o .^ ^ " ^ ^  Exhaustive  

c h lo r in a t io n  o f naphtha lene under d ra s t ic  c o n d it io n s  

g iv e s  a pe rch lo ronaph tha lene  d ic h lo r id e ,  to  which a
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1 . 4 - a d d it io n  s t ru c tu re  ( 1 , 1 , 2 , 3 ,4 , 4 , 5 , 6 , 7 ,8 -d e ca o h lo ro -

1 .4 -d il iy d r  onaphthal ene) is  a s s i g n e d . T r e a t m e n t  o f 

naphtha lene w ith  aqueous hypochlorous a c id  has been re 

p o rte d  to  fo rm  a d ic h lo ro d ih y d ro t e t r a l in . ^ ^  1 -M e thy l 

and 2 -m ethy lnaphtha lene g iv e  th e  co rrespond ing  m e th y l- 

p e n ta c h lo ro te tra l in s  in  which add i t  io n - s u b s t i tu t  io n  o f 

c h lo r in e  had occurred in  th e  s u b s t itu te d  r in g ,^ ^ * ^ ^  

whereas two te t ra c h lo r id e s  from  naphthalene 1 -  and 2 -  

su lph on y l c h lo r id e s  were found to  have undergone th e  

c h lo r in e  a d d it io n  in  th e  op p o s ite  r in g  in  accordance 

w ith  th e  e le c t r o p h i l ic  mechanism o f  th e  a d d it io n  r e -  

a c t io n .^ ^  fo llo w in g  th e  c h lo r in a t io n  o f 1 -  and 2-  

n a p h th o l, numbers o f k e to c h lo ro  d e r iv a t iv e s  o f  1 , 2- d i -  

hydronaphtha lene, 1 , 4 -d ih y d r  onaphthalene and 1 , 2 , 3 , 4 -

t  e t r  ahydronaphth a l ene were p re p a red .^^* 43-58 

hydroxynaphthalenes s im i la r ly  y ie ld s  k e to p o ly c h lo r id e s  

or po lych lo ro qu in on es.^^**^^  In  some cases, s im i la r  

k e to p o ly c h lo r id e s  were ob ta ined  from  naphthylam ines, 

p ro b a b ly  th rough  th e  h y d ro ly s is  o f th e  i n i t i a l l y  formed 

ke to im in e  h y d r o c h l o r i d e s . 61-62 V arious c h lo 

r in e  adducts o f in te re s t in g  s tru c tu re s  were re p o rte d  by 

Claus and J& ck,^^ fo l lo w in g  th e  p a r t ia l  d e h y d ro o lilo r i-  

n a t lo n  o f th e  a d d it io n  p ro du c ts  from  l - c h lo r o - 2- a c e ty l-  

axninonaphthalene. However, proposed s tru c tu re s  seem



34

to  need fu r th e r  exam ina tions.

Bj-phenvl

iV ith c h lo r in e  in  a c e t ic  a c id , b ip h e n y l has 

re c e n t ly  been found to  g iv e  a te t r a c h lo r id e  w ith  a 

con juga ted double b o n d .^

Aoenanhthvlene and Acenaohthene

Ac enaphthy l ene may ar s ty r  ene analogue o f
«regarded

naph tha lene , so i t  r e a d i ly  re a c ts  w ith  e le c tro p h ile s  

to  g iv e  1 , 2 -a d d it io n  p r o d u c t s . I n  th e  c h lo r in a t io n  

o f  acenaphthene, a t r ic h lo r o d ic h lo r id e  ard a d ic h lo ro -  

t  e t r  a c h lo r id  e has been is o la te d ,  whereas a w ide v a r ie ty  

o f  in c o n s is te n t r e s u lts  has been d e sc rib e d  concern ing  th e  

brom ine adducts o f acenaphthene.^"^ Hecent works by 

B a sh e vsk ii and P etrenko seem to  p ro v id e  th e  most r e l i 

ab le  r e s u lts .

Anthracene

Anthracene r e a d i ly  undergoes s u b s t i tu t io n  and

a d d it io n  w ith  f lu o r in e ,  th e  p roduct be ing  p e r f lu o ro -

an thracene, ^14^ 24»^^ C h lo rin e  and brom ine g iv e

i n i t i a l l y  anthracene d ic h lo r in e  and d ib rom ide  re s p e c t-
70iv e ly ,  which are 9 ,10 -d ihyd roa n th ra oe ne s . These
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compounds decompose even a t room tem pera tu re , and espe

c ia l l y  on warming, g iv in g  hydrogen h a lid e  and 9 -h a lo -  

an thracenes, anthracene, and 9 , 10-d lh a lo a n th ra ce n e s . 

9 , 10 -B iha loan th racenes  undergo a d d it io n  w ith  the  form a

t io n  o f e ith e r  9 , 9 ,1 0 , 10- te tra h a lo g e n o -9 , 10 -d ih y d ro -  

anthracene or l ,2 ,3 ,4 ,9 f l0 -h e z a h a lo g e n o - l ,2 ,3 ,4 - te t r a -

hydroanthracene, which may be ob ta ined in  s te reos iom er 
71fo rm s. low  tem pera tu re  in  ch lo ro fo rm  favo u r th e

fo rm a tio n  o f th e  fo rm e r, and h ig h  te n ^e ra tu re s  and ben

zene th a t  o f  th e  l a t t e r .  The presence o f  s u b s t itu e n ts  

in  th e  1 -p o s it io n s  has th e  e f fe c t  o f  making th e  adduct 

more s ta b le . A d d it io n  p roduc ts  o f s im i la r  n a tu re  are 

a lso  ob ta ined from  the  re a c t io n  w ith  n i t r i c  ac id  or
Q

n itro g e n  d io x id e . I f  th e  s u b s t itu e n ts  a t 9 -  o r 10-

p o s it io n s  a re  a lk y l  or a r a lk y l  groups, th e  a d d it io n  r e 

a c tio n s  have o fte n  been accompanied by th e  sim ultaneous

s id e -c h a in  s u b s t i tu t io n  o r th e  e xp u ls io n  o f an -h y d ro -
17 72gen from  th e  a lk y l  g roups. *

Phenanthrene

Phenanthrene form s a d d it io n  p ro d u c ts , bu t le s s  

r e a d i ly  tha n  an thracene, a t th e  9 , 10-bond. V^ith 

c h lo r in e  and brom ine, th e  i n i t i a l  p ro du c ts  a re  r e la t iv e ly  

u n s ta b le  9 , 10- d ic h lo ro -  and d ib rom o-9 , 10-d ihydrophenan-
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th re n e .^ *  W ith bromine th e  re a c t io n  is  re v e rs ib le ,

and e q u ilib r iu m  be ing e s ta b lis h e d . In  n i t r a t io n ,  th e re  

is  a lso  evidence th a t  a d d it io n  may be th e  p rim a ry  re a c t 

io n , bu t no d e f in i t e  a d d it io n  p ro du c ts  have been is o lâ t ed."^^ 

L i t t l e  is  known concern ing a d d it io n  in  o the r p o s it io n s  in  

th e  phenanthrene nuc leus. Ko adduct w ith  o th e r e le c tro 

p h ile s  is  known e i th e r .

Other P o lv c v c lic  Systems

Other p o ly c y c l ic  arom atic  hydrocarbons have not 

been so in te n s iv e ly  in v e s t ig a te d  y e t .  Haphthaoene is  

laiovm to  re a c t w ith  su lphury  1 c h lo r id e  a t h ig h  tempera

tu r e  to  g iv e  9 , 9 , 1 0 , 1 0 , l l - p e n ta c h lo r o - 9 ,10 -d ihyd ronaph- 
7*5thacene. ^ W ith c h lo r in e  in  tr ic h lo ro b e n z e n e , pyrene

y ie ld s  1 , 2 , 3 , 5 , 6 ,7 , 8 , 10- o c ta c h lo r o - l ,2 , 6 , 7 - te tra h y d ro -  
7fs

pyrene .
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6 . S-hereoohemistry o f A d d it io n  P roducts

6 .1  S te reochem is try  o f Adducts Porm ation in  Poly* 
c y c l ic  A rom atic Systems

I t  is  w e l l  known th a t  a d d it io n  to  double bonds

in i t ia t e d  by e le c tro p h ile s  u s u a lly  proceeds in  th e  t ra n s

sense. T h is  ty p e  o f  a d d it io n s  were th e o r e t ic a l ly  f i r s t
77in te rp re te d  by R oberts  and K im b a ll,  who proposed th a t  

th e  in te ra c t io n  between th e  a tta c k in g  species and th e  

carbonium io n ic  c e n tre  would p reven t f re e  r o ta t io n  about 

th e  o r ig in a l  doub le bond, and would make th e  e n te r in g  

n u c le o p h ile  approach from  th e  o p p o s ite  s id e  o f  th e  

double bond, r e s u lt in g  in  th e  con ve rs ion  o f  c o n fig u ra 

t io n  a t th e  carbon atom a tta c k e d .

+ X'*'  > ^ç -cC   >

I h is  th e o ry  has been e la b o ra te d  by v a r io u s  w o rke rs , 

and e ls - a d d it io n s  t o  o le f in ic  bond now and th e n  observed 

were ra th e r  regarded as e x c e p tio n a l.^ ^

The new aspect o f c i s -add i t  ions to  o le f in ic  

bond has in  rece n t tim es  been s tu d ie d  e x te n s iv e ly  by 

de la  Mare and h is  co-w orkers concern ing  th e  c h lo r in e  

a d d it io n  to  p o ly c y c l ic  a rom atic  systems. The a d d i

t io n  o f c h lo r in e  to  phenanthrene in  a c e tic  a c id  g ive s
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more o f  th e  c is  than  th e  t ra n s -d le h lo rId e #  accompanied
73by some amounts o f t r  an s-ac e t o x y tr  ic h l  or id e . En

v iro n m e n ta l change has been found t o  have l i t t l e  e f fe c t  

on the  p ro p o r t io n  o f  p ro d u c ts . S im ila r  trea tm e n t o f  

naphtha lene was found to  g iv e  m a in ly  0^ -naphtha lene 

te t r a c h lo r id e ,  to g e th e r w ith  - te t r a c h lo r id e  and 

ace to x y t r ic h lo r id e  as m inor c o m p o n e n t s . S i n c e  

added e le c t ro ly te s  make th e  p ro p o r t io n  o f  th e  s te re o - 

iso m e ric  <f - iso m er prepondera te  over the  OC - iso m e r, 

i t  is  suggested th a t  th e  l a t t e r  has not been formed 

th ro ug h  th e  ca p tu re  o f  a carbonium in te rm e d ia te  ArHCl"^ 

by c h lo r id e  io n  from  t  -e environm ent, b u t t h r o u ^  th e  

d ir e c t  two successive  c is  1 ,2 -a d d it io n s .  The r e 

a c tio n s  have been shown to  be h e te r o ly t ic  in  c h a ra c te r. 

To account fo r  th e  n a tu re  o f th e  p roduc ts  and t h e i r  

s tereoc^ib tT îistry, th e  r e s u lt  was in te rp re te d  th a t  th e  

in te rm e d ia te  o f th e  typ e  ArHClg^, in v o lv in g  ha logen 

w ith  an expanded o c te t ,  p la y s  an im portan t r o le  in  a ro 

m a tic  s u b s t i tu t iv e  and a d d it iv e  re a c t io n s . A c c o rd ii^  

to  t h is  sug ge s tion , th e  c is -a d d it io n  p ro duc ts  is  formed 

d i r e c t ly  t h r o u ^  th e  io n - p a i r - l ik e  in te rm e d ia te

which l i e s  e a r l ie r  on the  re a c t io n  pa th  th a n  the  c a r

bonium in te rm e d ia te  XV I, A lte rn a t iv e  ro u te  f o r  t h i s  

in te rm e d ia te  XV Is  to  lo s e  c h lo r id e  io n  to  form  th e
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carbonium io n ic  in te rm e d ia te  XV I, vÆiich the n  re a c ts  w ith  

e x te rn a l n u c le o p h ile s  to  g iv e  tra n s » adducts or s p l i t s  

o f f  th e  p ro to n  to  y ie ld  s u b s t i tu t io n  p ro d u c ts , For 

example, th e  c h lo r in a t io n  o f phenanthrene can be d e p ic t

ed as fo llo w s :

XVI

CÛ ce G? H

OAc

H OAc

6*2  C onform ation o f A d d it io n  P roducts

Among th e  a d d it io n  p ro du c ts  from  p o ly c y c l ic  

a rom atic  systems, th e  best known are those  ob ta ined by 

h a lo g é n a tio n s . Accord ing to  th e  number o f  ha logen 

m olecules in vo lve d  in  th e  a d d it io n  re a c t io n ,  th e y  are  

d iv id e d  in to  two c a te g o r ie s : d ih a lid e s  and t e t r a -

h a d id es. As th e  f i r s t  member o f p o ly c y c l ic  hyd ro

carbons hav ing  fused r in g s ,  naphtha lene has tw o ways 

p o s s ib le  f o r  th e  i n i t i a l  ha logen a d d it io n :  1 , 2 -  and
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1 , 4 -a d d i t  io ns . A lthough th e  d ic h lo r id e  o f  unknown 

s t ru c tu r ^ ia s  heen descrihed  in  th e  l i t e r a t u r e  and i t s  

s t r u c tu r a l  e lu c id a t io n  seems o f g re a t In te re s t ,  none 

o f th e  rece n t a ttem p ts  has so fa r  succeeded. Under 

a v a r ie t y  o f c o n d it io n s , th e  p ro du c ts  have been found 

to  be a m ix tu re  o f c h lo ro -s u b s t itu te d  naphtha lene and 

t  e tra o h l o r ides  •

Naphthalene te t r a c h lo r id e s  may be regarded as 

a benzo-d é r iv â t iv e  o f cyclohexane, whose con fo rm ation  

e x a c tly  corresponds to  th a t  o f  eye 1 oh ex ene. The con

fo rm a tio n  o f  cyclohexene is  th a t  o f a f la t te n e d  c h a ir  

or h a l f - c h a ir  as shown below , s in ce  carbon atoms 1 , 2 , 3 , 6 

are in  a p la n e .

a a

a'
Ü <r

-> Q.
<k'

I n  cycohexene, two a x ia l a and e q u a to r ia l e bonds a re  

form ed o n ly  a t  and C^. The bonds a t and 

are somewhat d i f f e r e n t ly  d isposed than  in  cyclohexane,
f f

and a re  c a l le d  pseudoax ia l a and pseudo e q u a to r ia l e .

There a re  s ix  p o s s ib le  g e o m e trica l isomers 

X V II -  X X II fo r  naphtha lene te t r a c h lo r id e s ,  o f  v ii ic h
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'our have heen th o ro u g h ly  a u th e n tic a te d . 

H

26

H

H

CC

H
CC

X V II

X V I I I

X I Ï  (S  )

H
a

CC
H

H
UL

XX (oc )

XXI{ £ )

xxn{ Sf )

C o n fig u ra tio n s  and con fo rm a tions  o f th e se  a d d it io n  p ro 

ducts  can he e s ta b lis h e d  by p ro to n  magnetic resonance 

spectroscopy. A hydrogen nuc leus in  an a x ia l  p o s it io n  

is  u s u a lly  sh ie ld e d  more th a n  one in  an e q u a to r ia l p o s i

t i o n  by about 0*1  -  0*6  p .p .m . T h is  has been a t t r i 

bu ted t o  th e  s h ie d lin g  from  ne ig hb ou ring  a n is o tro p ic  

e f fe c ts  asso c ia te d  C-C b o n d s . T h e  c o u p lin g  con s tan t 

f o r  tw o v ic in a l  p ro to n s  in  a s u b s t itu te d  ethane 

n^-C^-C^-H^ has been shown to  depend on th e  d ih e d ra l

angle { â )  formed between th e  p lanes th a t  c o n ta in  

H^-C^-C^ and C^-C^-H^, The re la t io n s h ip  has been

c a lc u la te d  fro m  va len ce  bond th e o ry  f o r  s u b s t itu te d  

ethanes.
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J .  8*5 ^  -  0*28 c . p . s .

0 i  ( 9 - 9 0 °

J » 9*5 Oos^ 0  -  0*28 c . p . s .

90°  -  (9 180°

These equa tions  were s u c c e s s fu lly  a p p lie d  to  es tim a te  

co u p lin g  co n s ta n ts  f o r  c e r ta in  cyclohexane d e r iv a t iv e s  

o f  known s t ru c tu re :  th e  co u p lin g  co n s ta n ts  between two

a x ia l  hydrogen n u c le i on ad ja ce n t carbon atoms#

^aa * 5 - 8  o . p . s , ,  Q -  180°; two e q u a to r ia l hyd ro 

gen n u c le i on a p a ir  o f ad jacen t carbon atoms, -  

3 -4  o .p .s . ,  Q » 60 °; and an a x ia l and e q u a to r ia l

hydrogen nucleus on ad jacent carbon atoms, -  2-3ss.
c . p . s . ,  Ô •  6 0 ° , in  f a i r l y  good agreenent w ith  th e  

th e o r e t ic a l ly  expected v a lu e s . The re la t io n s h ip  

appears t o  h o ld  reasonab ly  w e ll f o r  naphtha lene t e t r a 

c h lo r id e s ,  where fo r  a x ia l - a x ia l  in te ra c t io n s ,  » 

10-12  c . p . s . ;  f o r  a x ia l-p s e u d o a x ia l,  « 6-8  c .p .s .

ard. f o r  a l l  e q u a to r ia l-e q u a to r ia l a x ia l- e q u a to r ia l

pse u d o a x ia l-e q u a to r ia l a x ia l-pseu do  e q u a to r ia l

, and e q u a to r ia l-p s e u d o e q u a to r ia l , a l l  co u p lin g s  

a re  in  th e  range o f  2 -4  c .p . s .

The co u p lin g s  a re  a lso  a ffe c te d  by th e  s u b s t i

tu e n ts  on th e  -CH-CH- fragm ents, and are  l in e a r ly  depend

ent on th e  sum o f th e  e le c t ro n e g a t iv i t ie s  E o f th e  f i r s t
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atoms o f th e  s u b s t itu e n t groups.

J -  18*97 -  0*80

Eor th e  cyclohexene r in g  w hich has a r ig id  s t ru c tu re ,  

th e  o r ie n ta t io n  dependence o f t h i s  e le c t ro n e g a t iv i ty  

e f fe c t  has no t been e lu c id a te d  y e t .  In  the  s te re o - 

chem ica l s tu d ie s  o f  a d d it io n  p ro d u c ts , much u s e fu l in 

fo rm a tio n  concern ing th e  c o n f ig u ra t io n a l and conform 

a t io n a l aspects o f th e  adducts can be ob ta ined  by u s ing  

these  s e m i-e m p ir ic a l p r in c ip le s .

Chemical approach to  th e  s t r u c tu r a l s tudy  i s

th e  a lk a l in e  de h j'^d ro ch lo rin a tio n  o f  a d d it io n  p ro d u c ts , 
an

Ih rcm /ea rly  da te  o f th e  o rg an ic  c h e m is try , th e re  have 

been many in d ic a t io n s  th a t  t ra n s  1 , 2- é lim in â t io n  is  th e  

mode f o r  th e  bas e-p ro  mot ed e lim in a t io n s ,  and ever s ince  

1940 when H dckel had re a liz e d  th a t  th e  s te re o ch e m is try  

should be dependent on th e  mechanism, t h is  aspect o f  

é l im in a t io n  re a c t io n  has been g r e a t ly  in v e s t ig a te d .

In  th e  cyclohexane f i e l d ,  th e  d e h y d ro c h lo r i

n a t io n  o f benzene h e xa ch lo rid e  has been examined from  

th e  p o in t  o f  v ie w  bo th  o f p ro du c ts  and o f  r e la t iv e  r e 

a c t i v i t y ,  and i t  has been concluded th a t  hydrogen is  

removed p r e fe r e n t ia l ly  from  th e  a l l y l i o  p o s it io n  and 

r e la t iv e  ease o f e l im in a t io n  fo llo w s  th e  o rd e r.
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t r a n s - 1 ,2  y  t r a j is -1 ,4  y  i l ls . - ! ,  2 y  o lâ -1 ,4 .® ^  

However, t h is  o rder has been in  p a r t  questioned by 

de l a  Mare and h is  c o - w o r k e r w h o  had in v e s t ig a te d  

th e  ra te s  and p roducts  o f a lk a l in e  d e h y d ro c h lo r in a tio n  

o f naphthalene te t r a c h lo r id e s .  The r e la t iv e  ra te s  

as w e ll as th e  com pos ition  o f p roduc ts  agree q u a l i ta 

t i v e l y  w e ll w ith  what would be expected from  the  con

f ig u ra t io n s  o f th e  in d iv id u a l isom ers.

H e la t lv e  ra te s  o f d e h v d ro c h lo r in a tio n  o f 
naphthalene te t ra c h lo r id e s

Isomer Main con fo rm ation  k  ,  ^
d is p o s it io n  o f  c h io r -  ( l.m o le  m in . )
______ in es_______________________________

0  ̂ a 'eea* 3*00

if e 'eee* 0*15

S a'eee* 5*9

£ a 'a e e ' 0.23

The OC and £  - te t ra c h lo r id e s  which have hydrogen and 

c h lo r in e  atoms c o n f ig u râ t io n a l ly  tra n s  to  each o th e r 

undergo ra p id  second o rder d e h y d ro c h lo r in a tio n , whereas 

th e  - te t r a c h lo r id e  which have no hydrogen and 

c h lo r in e  atoms tra n s  to  each o th e r on th e  ad jacen t 

carbon atoms, and th e  f  - te t r a c h lo r id e  f o r  w h ich 

2 . 3 - tra n s  e l im in a t io n  o f a x ia l  hydrogen and c h lo r in e
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is  s t r u c tu r a l ly  u jifa vô u re d , bo th  undergo slow  de liydro- 

c h i or in  a t io n s . H o llo w ing  th e  in te rp r  e ta t io n  o f p ro 

ducts  com p os ition , th e  r e a c t iv i t y  sequence t ra n s - 1 ,2  ^  

c is - 1,2  y  c is - 1 ,4  has been co n firm e d , but concern ing  

th e  r e la t iv e  ease o f t r o n s -1 .4  and c is - 1 .4 - e l im in a tio n s , 

no c o n c lu s iv e  evidence has been d e rive d  y e t .

Hot p o ly c y c lic  homologues h ig h e r th a n  naphtha

le n e , a d d it io n  re a c t io n  tends t o  occur more r e a d i ly  in  

such a way as to  is o la te  two f u l l y  benzenoid re s id u e s , 

ra th e r  th a n  to  occur in  the  outerm ost r in g  o f a p o ly 

c y c l ic  system. Thus, bo th  anthracene and phenanthrene' 

u s u a lly  undergo a d d it io n  re a c t io n  a t 9 # 10 - p o s it  io n . 

l o r  ant hraoene-9 , 10 - d ic h lo r id e ,  c i  s - 1 ,4  -  e l im in a t io n

was found to  be more ra p id  th a n  th e  t r a n s - l , 4 -a l im in a -  

t io n .^ 5  W ith p h e n a n th re n e -9 ,1 0 -d ic h lo r id e , o f cour! 

th e  o rd e r t r a n s - 1 .2  y  c is - 1 . 2 e l im in a t io n  h o ld s .
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7 . Aims end O bjects o f th e  P resent In v e s t ig a t io n

As a p a r t o f th e  s tu d ie s  concern ing th e  e le c t ro 

p h i l i c  c h lo r in e  a d d it io n  to  benzenoid systems, th e  c h lo r i 

n a t io n  o f p o ly c y c l ic  hydrocarbons, rep resen ted  by naphtha

le n e  and re la te d  compounds, have been in v e s tig a te d  m a in ly  

from  th e  p o in t  o f  v iew  o f adduct fo rm a tio n .

A lthough th e  l i t e r a t u r e  c o n ta in s  numbers o f 

c h lo r in e  a d d it io n  p ro du c ts  from  a v a r ie t y  o f naphthalene 

compounds, l i t t l e  a ttem pt seems t o  have been made y e t to  

c la s s i f y  th e se  a d d it io n  p ro du c ts  s y s te m a tic a lly  accord ing  

t o  th e  s tru c tu re s  as w e ll as th e  re a c t io n  sequences. In  

th e  p resen t w ork, main e f f o r t  has been made to  e lu c id a te  

th e  g e n e ra l ch a ra c te r o f v a r io u s  a d d it io n  re a c tio n s  in  

naphtha lene s e r ie s , and to  sys tem a tise  these  re s u lts  as 

w e ll  as those  o f p re v io us  w orkers in  accordance w ith  th e  

modern concept o f  o rgan ic  c h e m is try . Enphasis has a lso  

been la id  on th e  s t r u c tu ra l estab lishm ent o f th e  a d d it io n  

p ro d u c ts , and a number o f  new adducts as w e ll as o ld  ones 

o f unknown s t ru c tu re  have been c la r i f ie d  w ith  regards to  

t h e i r  c o n s t itu t io n s ,  by th e  h e lp  o f th e  modern techn iques 

o f  in f ra re d ,  u l t r a v io le t ,  and p ro to n  magnetic resonance 

spectroscopy*
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As a c h lo r in a t in g  agent, e i th e r  s i^ h i i r y l  

c h lo r id e  or m o lecu la r c h lo r in e  has heen chosen, de

pending on th e  r e a c t iv i t y  o f s u b s tra te s . The 

e le c t r o p h i l ic  behaviour o f  th e  fo rm er reagent has 

a lso  been e s ta b lis h e d  q u a l i t a t iv e ly  in  th e  p resen t 

w ork.
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8 . C h lo r in e  A d d it io n  to  Naphthalene 

M a te r ia ls

S u lp h u ry l c h lo r id e  was shaken re p e a te d ly  vd.th 

m ercury, and was r e d is t i l l e d  b e fo re  use. Carbon t e t r a 

c h lo r id e  was d r ie d  over ca lc ium  c h lo r id e .  Naphthalene 

(m .p . 80°) was p u r i f ie d  by chromatography on a lum ina and 

r e c r y s ta l l is e d  from  l i g h t  pe tro leum .

C h lo r in a t io n  o f Naphthalene 

W ithout S o lven t

1 . Naphthalene (25*6 g . )  and s u lp h u ry l 

c h lo r id e  ( 27*0  g . )  were mixed and the  m ix tu re  was kept 

in  th e  d a rk  p la ce  a t room tem pera tu re . An in te n se  

y e llo w  c o lo u r im m ed ia te ly  developed and c ry s ta ls  o f  

naphtha lene s lo w ly  disappeared under g e n tle  e v o lu tio n  

o f hydrogen c h lo r id e  and su lphur d io x id e . A f te r  4 

days th e  dark  re d  s o lu t io n  was d i lu te d  w ith  l i g r o in  

and unchanged s u lp h u ry l c h lo r id e  was removed under r e 

duced p re ssu re . C ry s ta ls  o f  naphtha lene oC - t e t r a -  

c l i lo r id e  (m .p. 182-184°, 0*92 g . )  was f i l t e r e d  o f f  and 

th e  mother l iq u o r  was chromatographed on s i l i c a  g e l.  

E lu t io n  w ith  l i g h t  pe tro leum  gave p ro duc ts  o f  s u b s t itu 
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t io n  ( 50*1  g . ) ,  accompanied by some unchanged naphthalene* 

i l i r t h e r  e lu t io n  w ith  benzene gave a m ix tu re  o f naphtha

le n e  OL -  and S - te t ra c h lo r id e s  ( l »39 g . ) .

Use o f  somevhat excess su lphury  1 c h lo r id e  gave 

s im i la r  r e s u l t s ,  except th e  complete consumption o f naph

th a le n e *

2 * Naphthalene (2*57 g .)  and s u lp h u ry l c h lo r id e  

( id  g . )  were heated to g e th e r under g e n tle  r e f lu x  f o r  5 

h r*  The m ix tu re  was th e n  l e f t  t o  stand a t room tempera

tu re  o v e rn ig h t. C ry s ta ls  o f th e  (X - te t r a c h lo r id e  

(0*49 gm) were f i l t e r e d  o f f *  The f i l t r a t e  was poured 

in to  w a te r; e x tra c t io n  w ith  e the r fo llo w e d  by evapora

t io n  o f th e  so lven t gave an o i l  from  which a fu r th e r  

0*27 g* o f  th e  0  ̂ - t e t r a c h lo r id e  separated* Chroma

tog rap hy  o f th e  rem ain ing  o i l  gave ( l )  p ro duc ts  o f sub

s t i t u t io n  ( 1*92  g * ) t  which showed by g * l * c *  t o  c o n ta in  

1 -oh lo ron ap h tha len e  (4 1 ^ ) ,  1 ,4 -d ic h lo ro n a p h th a le n e  (32 ^ ) ,  

and 1 , 5-d ich lo ro n a p h th a le n e  ( 22# ) ,  w ith  o n ly  t ra c e  o f 

t r io h lo ro n a p h th a le n e s ; ( 2 ) th e  ^ - te t r a c h lo r id e  (0*74 g . ,  

m*p* 9 0 -9 5 ^); ( 3 ) a l i g h t  brown syrup c o n ta in in g  k e to -

oompounds (0*22 g * ) *  The la s t  f r a c t io n  s lo w ly  s o l i d i 

f ie d ,  and gave an impure ketone o f  th e  fo rm u la  C^qH^CI^O 

(Pound: C, 47*84; H , 2*08. C^qH^CI^O re q u ire s
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C, 48*12; H, 2 *83 # ). In f ra re d  ( ,  700s, 753s, 

788ms, 1203ms, 1250ms, 1271s, 1600ms, 1712s om .*^) as 

w e l l  as u l t r a v io le t  s p e c tra  ( , 253 , 291 and 298-

298*5sh mjj, f log^Q S » ca. 4 *1 , 3*3 and 3*2  re s p e c t

iv e ly ) .  On re d u c tio n  w ith  sodium b is u lp h ite  in  

b o i l in g  a c e tic  ac id  i t  gave an impure nap h t h o i (m*p* 

78-79^) f p u r i f ie d  by repeated p r e c ip i ta t io n  from  a lk a 

l i n e  s o lu t io n  w ith  aqueous h y d ro c h lo r ic  ac id  and shovm 

to  be 2 , 4 -d ic h lo ro n a p h th -1 - o l  (m .p . 104- 105^ , Pound:

0 , 56*53; H, 3*02. C^ÿîgCl^O re q u ire s  C, 56*3;  H, 2*8#) 

The main component o f th e  ke to n io  p roduc ts  was la te r  

id e n t i f ie d  as l - k e to - 2 , 3 , 4 - t r ic h lo r o - l , 2 , 3 , 4 - t e t r a -  

hyd ro n a p h tha lene by comparison w ith  th e  a u th e n tic  

specimen ob ta ined  from  1 -ace toxynaphtha lene by in de 

pendent method ( o f .  S ec tion  1 5 *3 ).

In  so lve n t

Naphthalene (12*8 g . )  was d is s o lv e d  in  a m ix

tu re  o f s u lp h u ry l c h lo r id e  ( 13*5  g . ) ,  ch lo ro fo rm  (10  m l.)  

and l i g r o in  (10  m l. ) and was l e f t  to  stand f o r  9 days a t 

room tem p era tu re . C ry s ta ls  o f th e  OC - te t r a c h lo r id e  

(0*59 g . )  was f i l t e r e d  o f f .  The f i l t r a t e  was concen

t r a te d  under reduced p ressu re , and then  chromatographed 

on s i l i c a  g e l.  H u t  io n  w ith  l i g h t  p e tro lo im  and
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benzene gave p ro du c ts  o f  s u b s t itu t io n  (14*8 g . )  and 

a d d it io n  p roduc ts  ( 0*74  g . )  re s p e c t iv e ly .

In  Presence o f Inorgranic 8a l t

Naphthalene (7*68 g .)  and s u lp h u ry l c h lo r id e  

(30 g . )  were g e n tly  heated in  presence o f sm all amounts 

o f l i t h iu m  c h lo r id e  (0 .32  g . ) .  P a rt o f th e  s a l t  r e 

mained u n d isso lve d , but th e  re a c t io n  proceeded so sm oothly 

th a t  a f te r  2 h r .  th e  m ix tu re , when coo led , p a r t ly  s o l id i 

f ie d  to  c r y s ta l l in e  mass. Usual w ork ing-up gave a 

m ix tu re  o f  d i -  and tr io h lo ro n a p h th a le n e s  ( 7*09  g* )» a d d i

t io n  p ro duc ts  ( 2*72  g . )  and l i g h t  brown syrup c o n ta in in g  

ke to  compounds ( 0*57  g . ) .

In  Presence o f Organic P erox ide

Naphthalene (2*58 g .)  and s u lp h u ry l c h lo r id e  

(10  g . )  d is s o lv e d  in  carbon te t r a c h lo r id e  (6  m l.)  were 

heated in  presence o f benzoyl pe ro x ide  (c a . 50 mg.) f o r  

7 h r .  under g e n tle  r e f lu x .  A f te r  hav ing  stood ove r

n ig h t ,  c r y s ta ls  o f  th e  oC - te t r a c h lo r id e  ( 0*98  g . )  were 

f i l t e r e d  o f f ,  and th e  f i l t r a t e  was worked up as u s u a l. 

P roducts  o f s u b s t i tu t io n  (1*77 g . ) ,  naphthalene y  -  

te t r a c h lo r id e  (m .p . 131-133^» 0*17 g . ) ,  naphthalene S •  

te t r a c h lo r id e  ( 0*86  g . ) ,  and a l i g h t  brown syrup c o n ta in 

in g  naphthalene p e n ta c h lo r id s  and ke to  compounds ( 0*66  g . )
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were separa ted from  each o th e r by chrom atography.

In  L iq u id  Sulphur D io x id e

f in e ly  powdered naphtha lene ( 2*56  g . )  was d is 

so lved  in  l i q u id  su lphur d io x id e  (70 m l. ) .  To th e  

y e llo w  s o lu t io n ,  s u lp h u ry l c h lo r id e  ( 5*4  g . )  was added 

a l l  a t  once. No change was observed. The m ix tu re  

was l e f t  to  stand a t about - 20^ f o r  3 days, w ith  in t e r 

m it te n t  c o o lin g  t o  -75^* Then l i q u id  su lphur d io x id e  

was s lo w ly  evaporated over a p e rio d  o f 24 h r .  VZhen 

most o f  th e  su lphu r d io x id e  had evaporated, l i ^ t  p e t r o l

eum ( b .p .80-100^) was added, and then  removed under r e 

duced p re ssu re , to g e th e r w ith  th e  unreacted s u lp h u ry l 

c h lo r id e .  The re s id u e , a y e llo w  o i l  (3*25 g . )  was 

chromatographed on s i l i c a  g e l,  m th  l i g h t  pe tro leum  as 

e lu e n t. The s o lv e n t was evaporated from  th e  r e s u lt in g  

f r a c t io n s  a t room tem pera tu re . 1 -  Ph l o r onaphth a l  ene

(2*19 g . , 71#) was f i r s t  e lu te d , fo llo w e d  by uncharged 

naphthalene (0*26 g . , 10# ) ,  f u r th e r  e lu t io n  w ith  

l i g h t  petroleum -benzene ( 1 : 1 ) gave a w h ite  s o l id  ( 0*38  g . , 

7# ) ,  V7hich was id e n t i f ie d  s p e c tro s c o p ic a lly  as a m ix tu re  

o f  th e  oi -  and S - te t r a c h lo r id e s .  The f i n a l  benzene 

e lu te  gave a brown s o l id  (0*07 g .)  c o n ta in in g  ke tones.

In  no case was evidence o f th e  presence o f 
naph tha lene d ic h lo r id e  ob ta ined .
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9* Chlorine Additions to  l-lh en yln ap h th alen e and
1na n h th v l

M a te r ia ls

1 -Phei3y ln a p h th a le n e  and 1 ,1  * -b  in a p h th y l were 

bo th  com m ercial p ro d u c ts .

1 . 2 . 3 . 4 - 1 e tra c h lo r0- 1 -p h e n y l-1 . 2 , 3 . 4 - t  e tre h yd ro -
naphtha lene

1-Phenylnaphtha lene (7*5 g . ) was mixed v jith  

s u lp h u ry l c h lo r id e  ( 9*0  g . )  and th e  re s u lt in g  y e llo w  

m ix tu re  was l e f t  to  stand o v e rn ig h t.  C onsiderab le  

amounts o f w h ite  c r y s ta ls  separated were f i l t e r e d  o f f  

and r e c r y s ta l l is e d  from  ho t m ix tu re  o f b e n z e n e - lig ro in . 

W hite p rism s (3*8 g . ) ,  m .p. 192-194^. (Pound: C, 56*34; 

H, 3*60;  C l,  40*19. (^16^12^^4 req u ires C, 55*52; H,

3*49;  C l,  40*98#),

Use o f so lve n t ( l i g h t  pe tro leum ) re ta rd e d  th e  

re a c t io n ,  b u t gave th e  s im i la r  r e s u l t .  Y ie ld ,  3*1  g .

I t s  n .m .r .  spectrum co n s is te d  o f  the tvfo super

imposed d o u b le ts  sfc 4*87 T  (a re a  a t t r ib u ta b le  to  two 

h yd rogens), a q u a rte t (apparent t r i p l e t )  a t 4*37 T  (one 

hyd rogen), and a m u l t ip le t  a t 2*34-3*03 ' I  (n in e  hydro

g e ns). Both co u p lin g  cons tan ts  fo r  th e  a l ic y c l i c
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systems can be assigned as J •  1*5 and J* -  1*5  c .p .s .

The in f ra re d  spectrnm had prom inent peaks a t 1485, 1444, 

1347, 1316, 1269, 1261, 1228, 1203, 1189, 1176, 1164,

1112 , 1100 , 987, 892 , 839, 830, 795, 767m, 753- 750vs 

(b ro ad ) ,  701s, 693s, 645m cm,~^

1■2 .3 .4 -T e tra c h lo r0 -1 .2 .3 .4 - te t r e h y d r o - l . l* - b in a p h th y l

A p a s ty  m ix tu re  o f 1 ,1 ’ -b in a p h th y l (8*5 g* )  

w ith  s u lp h u ry l c h lo r id e  ( 9*2  g , )  g ra d u a lly  became f l u i d  

under e v o lu t io n  o f hydrogen c h lo r id e  and su lphu r d i 

o x id e , and a f te r  a few hours s o l id i f ie d  to  c r y s ta l l in e  

mass, which was d isso lve d  in  a b o i l in g  m ix tu re  o f 

b e n z e n e - lig ro in  and a llow ed s lo w ly  to  c o o l.  i^'ihite 

c r y s ta ls  separated ( 2*7  g . ) ,  m e lts  a t  196- 197^ under 

darken ing  and e v o lu t io n  o f  gas. (Pound: G, 60*26;

H, 3*90;  01,  35*50.  ^20^14^^4 re q u ire s  C, 60*63;

H, 3*56;  C l ,  35*80#) .

I t s  n .m .r .  spectrum had a q u a rte t a t 4*60 ^

(one hydrogen atom ), two d o u b le ts  at 4*32  and 4*19 T  

(two hydrogen atom s), and a m u lt ip le t  a t 1 *36- 3*13  'T  

(e le ve n  hydrogen atom s). The co u p lin g  constan ts  

f o r  th e  a l ip h a t ic  system are 3*4 and 10*5 c . p . s .  r e 

s p e c t iv e ly .  The in f ra re d  spectrum o f th e  t e t r a -
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c l i lo r id e  had hands a t 1603, 1512 , 1485, 1400, 1341, 1271, 

1234, 1216, 1202 , 1186, 1166, 1095, 1050 , 1015, 985, 959, 

893,  871, 847, 832 , 808, 797vs, 778v s , 773sh, 726v s ,

682vs, 637

In  the  p resen t work, u l t r a v io le t  spec tra  were 

recorded by u s in g  a Unicam SP 500 spectrophotom eter, w ith  

n~hexane as the  s o lv e n t. In fra re d  sp e c tra  were recorded 

by u s ing  a Grubb-Parsons double beam in f ra re d  sp e c tro 

photom eter. P ro to n  m agnetic resonance spec tra  were 

determ ined by u s in g  a P e rk in -E lm er 60 Me in s tru m e n t, w ith  

deu te ro ch lo ro fo rm  as so lve n t and te tra m e th y ls ila n e  as 

re fe re n ce ; the  A u thor i s  indeb ted  to  D r . M. D. Johnson 

(U n iv e rs ity  C o llege London) and M r. S . T a r e l l i  (Queen 

E liz a b e th  C o lle g e ). Vapour-phase chrom atographic a n a ly s is  

was done on a G r i f f i n  and George in s tru m e n t, w ith  a column 

o f  s i l ic o n e  o i l  on C e lite ,  n itro g e n  as c a r r ie r  gas.
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1 0 . C h lo r in e  A d d itio n s  to  Halo nanh t halenes 

M a te r ia ls

1 -C h lo ronaphtha lene (h .p .  256- 260®) and 1 -  

hromonaphthalene ( b . p .  110 - l l l ®/3 nan Hg) were prepared 

from  naphtha lene by c h lo r in a t io n  and b ro m in a tio n  r e 

s p e c t iv e ly .  2 -C h i o r onapht h a l en e (m .p. 58- 59°) was 

prepared from  naph thy l-2 -am ine  by th e  Sandmeyer r e 

a c t io n .  1 , 2 -D ie h l or onapht h a l ene (m .p . 34 - 35° ) was a 

commercial p ro d u c t, p u r i f ie d  by a lum ina chromatography.

1 , 4 -D ic h lo ro  (m .p. 66- 68®) and 1 , 5-d ich lo ro n a p h th a le n e  

(107-108°) were prepared from  l-c h lo ro n a p h th a le n e -4 -  

s u lp h o n y l c h lo r id e  and 1 , 5-d in itro n a p h th a le n e  by fu s io n  

w ith  phosphorus pent-ach lor±de. 2 , 7 -D ich lo ro n a p h th a - 

le n e  (m .p . 114-116®) was s im ila a r ly  prepared from  2 ,7 -  

d is u lp h o n y l c h lo r id e .  l^C h_ io ro -2 -deu te ronaph tha lene  

( b .p .v  100-101°/4 -5  mm Eg) and l-c h lo ro -4 -d e u te ro n a p h - 

th a le n e  (b .p ^  92-94®/2^-3 mm Eg) were prepared by quench

in g  th e  G rignard  xeagent o f  l - c h lo ro - 2 - io d  onaphth a l ene 

(m .p . 79-81°) or l-c h lo ro -4 - io d o n a p h th a le n e  (m .p . 32- 

4 5 ° )  w i th  deu te rium  o x id e , in  44*5 and 50* 2# y ie ld s  

r e s p e c t iv e ly .  C h lo r in a t io n  o f  naph thy l-2 -am ine  

s u lp h a te  in  80# s u lp h u r ic  a c id  a t 90- 100® gave 5 , 8 -  

d ic h lo ro n a p h th y l-2-am ine, vdiich was tran s fo rm ed  in to
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th e  correspond ing  iodo compound and th e n  converted in to  

th e  G rignard  rea ge n t. Quenching o f  th e  reagent w ith  

deu te rium  o x id e , fo llo w e d  by f r a c t io n a l  d i s t i l l a t i o n  

and r e c r y s ta l l is a t io n  from  l ig h t  pe tro leum  gave 1 , 4 -  

d ic h l  o r 0 -  6 -d  eut er onapht h a l ene, m .p. 65-67®. P a r t ia l  

d e u to ra t io n  o f 1 , 5-d ich lo ro n a p h th a le n e  was c a r r ie d  out 

by h e a tin g  th e  d ic h l  or onaphth a l en e ( 1 *4  g . )  w ith  91# - 

d e u te ro s u lp h u r ic  a c id  ( 10*8  g . )  a t  110- 115® fo r  2 h r .  

Under t h is  c o n d it io n ,  n e a r ly  h a l f  o f  th e  p e ri-h yd ro g e n  

atom was re p la ce d .

1 . 1 . 2 . 3 . 4-P e n t^a ch lo r 0- 1 . 2 .3 .4 - t  e t r  ahvdr onaohthalene

1 -C h lo ronaph tha lene (32  g . )  was d isso lve d  in  

l i ^ t  pe tro leum  (35  imL.) and c h lo r in e  was s lo w ly  in t r o 

duced in to  th e  m ix tu re  under ic e -c o o lin g .  When about 

12 g . o f  c h lo r in e  had been absorbed, th e  adduct began to  

sepa ra te . Then th e  c h lo r in a t io n  was stopped and th e  

m ix tu re  was a llow ed to  stand o v e rn ig h t. C ry s ta ls  were 

f i l t e r e d  o f f ,  washed s e v e ra l tim es  w ith  l i g h t  pe tro leum  

and c r y s ta l l is e d  from  l i g r o in .  W hite p rism s , m .p. 

133-134®. C h lo r in a t io n  by s u lp h u ry l c h lo r id e  under 

g e n tle  r e f lu x  gave th e  same adduct in  le s s  y ie ld s .  I t s  

n .m .r .  spectrum con ta ined  a q u a rte t a t 5*23 T  ( 3 -H ) , two 

d o u b le ts  a t 4 *7 5 T ( 2 -H) and 4*51 HT ( 4 -H ) , and two m u l t i -
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p le ts  a t 2*24-2*77 ( th re e  arom atic  p ro to n s ), and 1*74 - 

2*06 “Y  (an  arom atic p ro to n ) .  The in fra re d  spectrum 

o f  th e  p e n ta c h lo r id e  had hands a t 1484, 1450 , 1342 ,

1301, 1269, 1255, 1219ms, 1197ms, 1187ms, 1116, 1094, 

1053m, 1034m, 989, 921,879ms, 861, 835m, 814s, 775, 750s, 

725v s , 674vs, 627s cm.“ ^

1 .1 .2 .3 .4-P ent a ch lo ro -4 -d e u t e ro -1 .2 .3 .4 - te tra h y d ro -
nanhtha lene

l-C h lo ro -4 -d e u te ronaphthalene (2 .4  g . ) was 

p laced  in  a 10 m l. t e s t  tu b e  a n i d i lu te d  w ith  about 

double th e  amounts o f l i g h t  pe tro leum . The m ix tu re  

was coo led w ith  ic e -w a te r and a f in e  stream o f  c h lo r in e  

was in tro d u ce d  s lo w ly  w ith  occas iona l shakings. Vs/hen 

th e  whole w a ll o f  th e  ve sse l had been covered w ith  a 

t h in  la y e r  o f th e  w h ite  d e p o s it ,  th e  passing o f  c h lo r in e  

was stopped and the  m ix tu re  was l e f t  o v e rn ig h t. The 

l i q u id  p a r t  was th e n  decanted o f f  and th e  d e p o s it was 

d is s o lv e d  in  b o i l in g  l i g r o in  (b .p .  80-100®) and ve ry  

s lo w ly  coo led  to  l e t  th e  c r y s ta ls  grow la rg e  enough f o r  

th e  m echanical se p a ra tio n . The de po s it u s u a lly  con

ta in e d  some amounts o f 1 , 2 ,3 ,4 ,5 ,8-h e x a c h lo ro - l,2 ,3 ,4 -  

te tra h yd ro n a p h th a le n e  (m .p . 173-174°) beside th e  p e n ta - 

c h lo r id e .  The fo rm er u s u a lly  c r y s ta l l is e d  out as 

c lu s te rs  o f long  prism s v ô iile  th e  l a t t e r  separated out
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as la rg e  cubes, so th e  m echanical se p a ra tio n  cou ld  be 

r e a d i ly  ach ieved. The re c ry  s t a l l  is  a t io n  from l i g r o in  

gave th e  pent a ch lo r id e  (0*84 g . , 18*7#) as la rg e  cubes 

m e ltin g  a t 131-133°. I t s  m .p. showed no depress ion  

on adm ix tu re  w ith  th e  o rd in a ry  pent a ch lo r id e . (Pound: 

C, 39*61; H, 2*29; C, 58*07. re q u ire s  C,

39*45; H, 2*32; C l,  58*23#). The n .m .r .  spectrum

had a q u a rte r  a t 5*22  Y  ( 3-H ) , a do ub le t a t 4*52  Y  

(4 -H ), and two m u lt ip le ts  a t 2*28-2*78 Y  ( th re e  a ro 

m atic  p ro to n s ) and 1*80-2*08 T  (an  arom atic  p ro to n ) .

The c o u p lin g  constan t f o r  th e  a l ip h a t ic  system was 

3*6  c .p .s .  The m inor s p l i t t i n g  (J  -  1 .4  c .p . s . )  ob

served f o r  th e  d o u b le t a t  5*22 Y  is  in te rp re te d  as due 

to  th e  s p in -s p in  c o u p lin g  w ith  th e  a x ia l deu te ron  a t 

2 -p o s it io n .  I t s  in fra re d  spectrum had bands a t 1483, 

1449, 1217ms, 1195, 1099, 1085, 1053, 960 , 945, 857m, 

846m, 827m, 792m, 772, 742a, 722va, 662s, 629 s cm ."^

1 . 1 . 2 . 3 . 4 -Pei3ta c h lo ro - 2 -d e u te ro -1 . 2 . 3 . 4 -  

t,e trahyd ronauh tha lene  was s im i la r ly  ob ta ined  from  1 -  

c h lo ro -2-d e u te ronaphthalene ( 3*0  g . )  by th e  above p ro 

cedure, as w h ite  la rg e  cubes ( 0*92  g . )  m e ltin g  a t 131- 

133°. Y ie ld ,  1 6 .4 # . (Found: C, 39*64; H , 2 .4 6 ;

C l,  58 .05 . C^qH ^C I, re q u ire s  C, 39*45; H, 2 .3 2 ;
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C l,  58*23#)» I t s  n .m .r .  spectrum co n s is te d  o f  two 

d o u b le ts  a t 5*23 T  (3-H ) and 4*74 T  (2-H ) and two 

m u lt ip le ts  a t 2*25-2*74 ( th re e  a rom atic  p ro to n s ) and 

1*77-2*06 Y  (an  a rom atic  p ro to n ) .  I t s  in fra re d  spectrum 

showed bands a t 1484, 1449, 1335, 1298 , 1256 , 1212 ,

1198m, 1186, 1110, 1072m, 1046, 1002, 931ms, 907m,

872, 850, 618m, 792ms, 772m, 746ms, 723vs, 666s , 627s, 

607s cm .*^

1 .2 .3 .4 -T e tra c h lo ro - l-b ro m o -1 .2 .3 .4 - te tra h y d ro -
na-phthalene

l-B rom onaphthalene (21 g . )  was d is s o lv e d  in  

l i g h t  pe tro leum  (30  m l.)  and c h lo r in a te d  in  a way s im i

l a r  to  th a t  used fo r  1 - c h i o r onaphthalene. The t e t r a -  

C iilo r id e  was r e a d i ly  o b ta in ed  as c o lo u r le s s  p rism s , m .p. 

129 - 130®, vdiich on s tand ing  became s l i ^ t l y  co lo u re d  and 

evo lved hydrogen h a lid e .  By the  c h lo r in a t io n  w ith  

s u lp h u ry l c h lo r id e ,  co n s id e ra b le  m ig ra tio n  o f brom ine 

atom occu rred . The main a d d it io n  p roducts  were a 

M z tu re  o f  1-ch lo ro na ph th a le ne  te t r a c h lo r id e ,  l-b rc m o - 

naphtha lene te t r a d lo r id e ,  and l , 2 ,3 ,4 - te t r a c h lo r o - 5 -  

bromo-1 , 2 , 3 , 4 - t  e tra h y d r onapht ha laae o f m.p. 156-157® 

(Bound: C, 34*21; H, 2*14, ^ 10^7 ^^4®^ re q u ire s

C, 34*42; H, 2 *01# ).
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.1.2.3.4.6-P ent aohXor o-1.2.3.4-t etr ahvdr ona-phthal ene

2-^h lo ro n a p h th a le n e  ( 4*2  g . ) was d is s o lv e d  in  

e th y lene  d ic h lo r id e  (20  m l.)  and c h lo r in e  was s lo w ly  

in tro d u ce d  u n t i l  s a tu ra t io n .  A f te r  hav ing  stood 

o v e rn ig h t, th e  s o lv e n t was removed and th e  re s id u a l o i l  

( 6*68  g . )  was chromatographed on s i l i c a  g e l.  P roducts 

o f s u b s t i tu t io n  e lu te d  r a p id ly  w ith  l i g h t  pe tro le um , ■ 

and th e  adduct appeared w ith  a m ix tu re  o f  l i g h t  p e t r o l 

eum and benzene ( l : l ) .  Removal o f th e  s o lv e n t from  

th e  l a t t e r  e li ite s  gave a syrup , which on s ta n d in g  gave 

c r y s ta ls  o f  2-ch lo ro n a p h th a le n e  te t r a c h lo r id e .  Ee- 

c r  y  s t  a l l  is  a t i  on from  l i g r o in  gave w h ite  prism s (0#72 g . )  

n i.p . 139-140°. (Found: C, 39*63; H, 2 -2 0 ; C l,  53*11.

®1C^7°^5 re q u ire s  C, 39*45; H, 2 -32 ; ^1 , 58*23#). I t s  

n .m .r .  spectrum had two apparent t r i p l e t s  a t 5*06 and 

4*37 Y  (each area a t t r ib u ta b le  t o  tw o  hydrogen atoms) 

w ith  low  c o u p lin g  cons tan ts  (be low  2 c . p . s . ) ,  and a 

s in g le t  a t 2*55 Y  ( th re e  a rom atic  p ro to n s ) . On a lk a 

l i n e  d e h y d ro c h lo r in a tio n , th e  adduct gave a m ix tu re  o f  

tr io h lo ro n a p h th a le n e s  w h ich , on chromatography over 

a lum ina w ith  l i g h t  pe tro leum  as e lu e n t,  gave impure 

1 ,3 ,6- t r l c h l o r  onaphthal ene (m .p. 65 -77°, l i t . ,  80®) 

as a ra p id  e ltk e  and 1 , 3 , 7 - t r i c h l o r  onaphthal ene (m .p .
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109 - 110° ) as a slow elT^fce.

C h lo r in a t io n  by s u lp h u ry l c h lo r id e  under g e n tle  

r e f lu x  f o r  40 h r .  gave th e  same p roduct as th e  main adduct.

1 ,2 .3 .4 ,5  r 8 -H ex a c h lo r 0- 1 . 2 .3 .4 - t  e t r  ahv d r onaphthal ene

1 -C h lo ronaph tha lene  (32  g . )  in  ch lo ro fo rm  

(50  m l.)  was t re a te d  w ith  c h lo r in e  u n t i l  s a tu ra t io n ,  

under v ig o ro u s  s t i r r in g  w ith  e x te rn a l c o o lin g . The 

p re c ip ita te d  c r y s ta ls  were f i l t e r e d  o f f  and c r y s ta l l is e d  

from  benzene. % i t e  p rism s (14*0 g . ) ,  m .p. 172- 74° .  

(Bound: C, 3 S ,2  i H, / . ?  ; C l,  62 .9 -. 

q u ire s  C, E, h B  ; C l,  6 2 .? # ) .  I t s  n .m .r .

spectrum co n s is te d  o f two apparent t r i p l e t s  (p o s s ib ly  

q u a rte ts )  a t 4*87  and 4*29  T  ( each area a t t r ib u ta b le  

to  two hydrogen atom s), and a s in g le t  a t 2*50  Y  ( fo u r  

a rom atic  p ro to n s ). Both co u p lin g  cons tan ts  were un

u s u a lly  sm a ll (b ^ o w  1*5  c . p . s . ) .

S im ila r  trea tm en t o f  1 -bromonaphthalene gave 

an adduct o f m .p. 176-177°. T h is  was, however, found 

n o t to  be a s in g le  substance bu t a m ix tu re  o f 1 , 4 - d i 

c h lo r  onaphthal ene te t r a c h lo r id e  and 1 -o h lo ro - 4 - bromo

naph tha l ene te t r a c h lo r id e  by i t s  n .m .r .  spectrum as w e ll 

as by e lem enta l a n a ly s is . (Bound: C, 30*85; H , 1*61 ;
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C l,  39*74; B r, 30*15. C ^Q SgC l^r re q u ire s  C, 31*29;

H, 1 .5 6 ; C l,  46*28; B r , 20*85#). 1 ,2 ,3 ,4 ,5 ,8 -H e x a -

c h lo r  o -6-d e u t er o - l , 2 , 3 , 4 - t  e tra h yd ro n a p h t h a le was 

ob ta ined  from  l - e h lo r o - 2-d e u te ronaph tha lene, to g e th e r 

w ith  1 ,1 ,2 ,3 ,4 -p ent a c h lo r o -2 -deu t er onaphthal ene. I t s

n .m .r .  spectrum was s im i la r  to  th a t  o f  the  o rd in a ry  

adduct, except th a t  th e  in te g ra t io n  area o f  th e  arom atic  

p ro to n  had d im in ish e d  t o  the  h a l f  v a lu e . I t s  in fra re d  

spectrum had peaks a t 1422ms, 1395, 1346m, 1307m, 1255, 

1230, 1222, 1207, 1184, 1167ms, H 51m, 1116, 1024 , 940, 

9 3 2 ,, 907m, 853, 825, 770m, 749m, 719m, 702vs cm ,"^

On th e  o th e r hand, 1 ,2 ,3 ,4 ,5 , 8 -H e xach lo ro -2-d e u te ro -

I , 2 , 3 , 4 - t  e tra h y d r onaphtha l ene s im i la r ly  ob ta ined from

l,4 -d ic h lo ro -6 -d e u te ro n ^ h th a le n ô  showed a d i f f e r e n t  

p a t te rn  on th e  n .m .r .  spectrogram ; a lthough  the  peaks 

a t 4*25 Y  (tw o hydrogens a ttached  t o  1 -C and 4-C) and 

2*48 Y  (tw o arom atic  p ro ton s ) remained u n a ffe c te d , th e  

a l ip h a t ic  peak cen tred  a t 4*86  Y  was tu rn e d  in to  an 

i r r e g u la r  t r i p l e t ,  p o s s ib ly  co n s is te d  o f a s in g le t  and 

a d o u b le t w ith  v e r j  sm all co u p lin g  con s tan t (c a . 0*5 

c .p .s . )  .
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1 .2 .3 .4 .5 .6-H ezaohloro-l«2 .3 .4 -t etrahydronaphthalene

1 ,2 -D ieh io ronaph tha lene  ( l0 * 0  g . )  was added to  

a c o ld  c h lo r in e  ( 6*3  g . )  s o lu t io n  in  ch lo ro fo rm  ( l 50 m l* ) .  

A f ta r  hav ing  stood f o r  2 days, the  s o lv e n t was removed 

under reduced p ressu re  and a y e llo w  syrup (ca . 13*2  g . )  

was chromatographed on s i l i c a  g e l,  w ith  l i g h t  pe tro leum  

as e lu e n t.  P roducts  o f s u b s t i tu t io n  e lu te d  r a p id ly ,  

th e n  a p a le  y e llo w  syrup m a in ly  composed o f  th e  lo v /e r- 

m e ltin g  te t r a c h lo r id e ,  and f i n a l l y  a brown s t ic k y  syrup 

c o n ta in in g  the  h ig h e r-m e ltin g  isom er. Prom th e  m idd le  

f r a c t io n s ,  la rg e  prism s o f m .p. 72-74° (4*57 g . )  was ob

ta in e d . (Bound: C, 35* 56 ; H, 1*67 , C l,  62*61#.

CiQlIgCle re q u ire s  C, 35*44; H, 1*79; C l,  62*77#).

I t s  p .m .r .  spectrum had two q u a rte ts  a t 5*46 and 4*88  Y  

( 2 -  and 3 -hyd rogen s), two d o u b le ts  a t 4*30  and 4*03 Y  

( l -  and 4 -hydrogens) ,  and tw o arom atic  do ub le ts  at 

2*20 and 2*01 Y  (tw o hyd rogen)s . C oupling con s tan ts  

were assigned as 2 *  ^ *8  c . p . s . ,  ^2  3 "  c . p . s . ,

^ 3 4 “  2*7 c . p . s . ,  and J7 3 •  8*8  c .p .s .  I t s  in f r a 

re d  spectrum  showed bands at 664w, 698vs, 758 , 770ms, 

800ms, 814ms, 835ms, 853w, 930s, 1026, 1113, 1143m,

1 1 6 1 s , 1 1 8 6 , 1 2 0 6 , 1229W, 1240m s, 1255w, 1284w, 1304m, 

1342 , 1402m s, 1558W, and 1580 cm."^ B rom t h e  f i n a l



66

f r a c t io n s ,  on pro longed s ta n d in g , a sm all amount ( 0#5 g . )  

o f  th e  h i^ e r - m e l t in g  te t r a c h lo r id e  was separated as 

p la te s ,  m .p. 103-104-°. (Found: C, 35-67; H, 1 -3 1 ; C l,  

63-00. Cj^QHgClg re q u ire s  0 , 35*44; E , 1 -7 9 ; O l,  62 -77#). 

I t s  p .m .r .  spectrum showed two q u a rte ts  a t 5*57 and 4*82 T  

(2 -  and 3-hyd rog ens), tw o d o u b le ts  a t 4*56 and 4*30 Y  

( l -  and 4 -hyd ro ge ns), and two aromabic d o u b le ts  a t 2*56 

and 2*24 Y  (tw o hyd rogens). C oupling con s tan ts  were 

assigned as •  3*3 c . p . s . ,  ^2 3 *  10*3 c . p . s . ,

^3 ,4  “  c . p . s . ,  and Jy g -  8*6  c .p .s .  I t s  in f ra re d

spectrum  had bands a t 653ms, 672 , 709ms, ?20vs , 760ms,

021s, 839ms, 854s, 951ms, 976ms, 1050w, 1105, 1139, 1171vs, 

1190, 1198m, 1230, 1245, 1265m, 1299, 1337w, 1397m, 1563w, 

and 1578 cm.“ ^

1 .2 .3 .4 .8 -P e n t a c h lo r o - l . 2 ,d ihvdronaphtha lene

1 , 5-D ic h l  o r onaphtha l ene ( 8 *5  g . )  was added a l l  

a t once t o  c h lo r in e  ( 6*2  g . )  in  ch lo ro fo rm  (150  m l . ) .

The re a c t io n  m ix tu re  was a llow ed to  stand in  the  dark 

f o r  th re e  days; th e  p a le  y e llo w  s o lu t io n  was th e n  tra n s 

fe r re d  to  a C la ise n  f la s k  and th e  so lve n t was removed 

under reduced p re ssu re . The re s id u a l y e llo w  syrup 

(14*0 g . )  was chromatographed on s i l i c a  g e l,  l i g h t  

pe tro leum  being used as e lu e n t.  The t r ic h lo r o -
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naphthalene d ic h lo r id e  was e lu te d  com p a ra tive ly  r e a d i ly ;  

on e va p o ra tio n  o f th e  a p p ro p ria te  f r a c t io n ,  a p a le  y e llo w  

o i l  was o b ta in e d , which was then re d is s o lv e d  in  a minimum 

o f h o t l i g h t  pe tro leum  and was l e f t  in  a c o o l p la ce . The 

pure  t  r  i c h l  o r onapht h a l ene d ic h lo r id e  ( 7 .8  g . )  separated 

out as c o lo u r le s s  p rism s , m.p. 94- 96® ( l i t . 94®) .  

(Bound: C, 39*86; H, 1 .6 2 ; C l, 58*61. C a lc , f o r  

C ioH ^C l^; C, 39*72; H, 1*66; C l,  58*61#).

On d e h y d ro c h lo r in a tio n  w ith  d i lu t e  met h a n d  io  

a l k a l i ,  th e  t r i c h lo r  onaphthal ene d i c h lo r id e  gave 1 , 2 , 3 , 5-  

t  e t r  a c h lo r onapht h a l ene, m .p. 141-142® ( l i t . ,  141®). The 

p .m .r .  spectrum o f  th e  d ic h lo r id e  ^ow ed two d o ib le ts  

( J « 2*5  c .p . s . )  a t 4*32  and 5 .02  T  ass ignab le  t o  m ethine 

hydrogen atoms, to g e th e r w ith  a m u lt ip le t  a t 2 *2- 2*9  Y »  

a t t r ib u ta b le  t o  th e  arom atic  hydrogen atoms. I t s  in f r a 

re d  spectrum had bands s t 684vs, 731, 744vs, 778v s ,  804s, 

8742, 1032m, 1080, 1114m, 1156m, 1185, 1195, 1209m,

1232m, 1255, 1269, 1350 , 1558 , 1590, and 1608 cm ,"^
u l t r a v io le t  ,  ̂ .

I t s  in f r a r e #  spectrum had a band a t 238 mJ à ( lo g  £ *

3 *76 ) w ith  in f le c t io n  on th e  lo n g  wavelength s id e  a t

290- 291 , 304- 305 , and 315-316  m uC log  £ -  3*73 , 3*52

and 3-32  r e s p e o t ir e ly ) .
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1 . 1 . 2 . 3 . 4 . 5-H exaoh lo r o - l . 2 .3 .4 - t  e t r  ahYdrongpht h a l  ene

B u rth e r e lu t io n  o f th e  re a c t io n  m ix tu re  from  

th e  above c h lo r in a t io n  w ith  l i g h t  pe tro leum  gave t h is  

te t r a c h lo r id e ,  w hich on c r y s ta l l is a t io n  from  ho t l i g r o in  

gave c o lo u r le s s  p rism s, m .p. 84-86° ( l i t . , 8 4 ° ) .  I t s  

p .m .r .  spectrum co n s is te d  o f two d o ub le ts  a t 4 .55  and

5-67 Y  ( each o f area a t t r ib u ta b le  to  one hydrogen): a

q u a rte t a t 5*20 Y  (one hyd rogen), and two m u lt ip le ts  a t 

2 *0 - 2*2  Y  (one hydrogen) and 2 *4 - 2*8  Y  (tw o  hydrogens). 

The c o u p lin g  con s tan ts  f o r  th e  a l ip h a t ic  system can be 

assigned as J ■ 4*8  and 10*8  c .p .s .  The in fra re d  

spectrum o f  th e  te t r a c h lo r id e  had peaks a t 677vs, 716s, 

747v s , 754, 794vs, 817, 833m, 865s, 915, 951, 1020 , 1053, 

1086, 1106, 1149s, 1182s, 1215m, 1230m, 1247, 1330 , 1433, 

1570, 1587 o m . ' l

P a r t ia l l y  de u te ra ted  t r i c h l o r  onaphthalene d i 

c h lo r id e  and 1 , 5 -d ich lo ro n a p h th a le n e  te t r a c h lo r id e  were 

s im i la r ly  prepared from  the  p a r t ia l l y  de u te ra te d  1 , 5-  

d ic h l  or onapht h a l ene. However, th e  s ̂  a r a t io n  o f  th e

d ic h lo r id e  from  th e  t e t r a c h lo r id e  was c a r r ie d  out as 

fo l lo w s :  th e  m ix tu re  o f  c r y s ta l l in e  adducts (0*67 g . )

was d is s o lv e d  in  l i ^ t  pe tro leum , and th e  s o lu t io n  was 

a llow ed to  evaporate s lo w ly . The re ^ s u it in g  c ry s ta ls
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were la rg e  enough, to  he separa ted by h a n d -p ic k in g ; th e  

t ^ a c h lo r id e  was ob ta ined  as tra n sp a re n t p rism s , m .p. 

82-84° {0*18 g . )  and th e  d ic h lo r id e  as opaque ir r e g u la r  

cubes, m .p. 95 - 96°  ( 0*21  g . ) .

The p .m .r .  spectrum o f  the  p a r t ia l ly *  deu te ra ted  

te t r a c h lo r id e  showed th a t  th e  d o u b le t a t h ig h  f i e l dI
( 5*6  Y  ) and th e  q u a r te t a t 5*20 Y  , though soiaev/hat 

a lte re d  in  shape, were unchanged in  a rea , vhereas th e  

d o ub le t a t 4*55  was v e ry  much reduced in  in te n s i t y ,  and

was now an apparent t r i p l e t .  In  th e  p a r t ia l l y  d e u te r-
! :

a ted  d ic h lo r id e ,  th e  s trong  s ig n a l a t 5*03 Y  remained 

s tro n g , whereas th a t  a t 4*34 Y  was rem arkab ly  reduced 

in  in te n s i ty .  T h is  peak must th e re fo re  be c o rre la te d  

w ith  th e  do ub le t a t 4*55 Y  th e  te t r a c h lo r id e .
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11 . C h lo rin e  A d d itio n s  to  Nanhthols

1 1 . 1 H a n h th - l-o ls

M ateria ls

N a p h th - l-o l  was a com m ercial p ro d u ct, vdiich on 

tre a tm en t w ith  two e q u iv a le n ts  o f  c h lo r in e  g a v e  2 , 4 , - d i -  

c h lo r o n a p h th - l-o l  (m .p . 1 0 7 -1 0 8 ° ) .  2 ,3 ,4 - T r ic l i lo r o -  

n a p h t h - l - o l  (m .p . 1 5 8 -1 6 0 ° )  was o b ta in ed  by sodium  b i 

s u lp h i t e  r e d u c tio n  o f  l - k e t o - 2 ,2 ,3 ,4 ,4 - p e n t a c h l o r o - l ,2 ,

3 ,4 - t  e tra h yd r onaphtha l ene. 4 -M e th y ln a p h th - l-o l (m .p.

81 -84°) was prepared by th e  S te ig e r ’ s m e t h o d . 2, 3-  

D ic h lo ro -4 -m e th y ln a p h th - l-o l (m .p. 130- 132° ) was o b ta in 

ed by th e  l i t h iu m  alum inium  h y d rid e  re d u c t io n  o f  1-k e to -  

4 -m e th y l-2 , 2 , 3 ,4 - t  e tra o h lo r  o - l  , 2 , 3 , 4 - t  e t r  ahy d r onaphtha

le n e . 2 -M e thy l -  3 ,4-d  ic h l  o r onaphth -1 -  o l (m .p . 132-133°)

was s im i la r ly  ob ta ined  by th e  re d u c tio n  o f 1 - k e to -2 ,3 ,4 ,4 - 

t  e t r  a ch lo r o -2 -m e th y l - 1 ,2 ,3 ,4 - t  e t r  <ahydronaphthalene. In

th e  p re p a ra tio n  o f  th e  la t t e r  two n a p h th o ls , the  conven

t io n a l  red uc ing  method u s in g  sodium b is u lp h ite  in  a c e t ic  

a c id  gave o n ly  co lou red  syrupy substance, w h ile  stannous 

c h lo r id e  o fte n  le d  to  th e  p a r t ia l  e l im in a t io n  o f  a 

c h lo r in e  atom.
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l-K e to -2 .2 .4 - tr io h lo r0- 1 .2 -dlhvdronaphthalene

C h lo r in a t io n  o f  2 , 4 -d ic h lo r  o n a p h th - l-o l (4*3  g . )  

in  c h lo ro fo rm  (50  m l.)  w ith  c h lo r in e  ( 1 *4  g .)  in  c h lo ro 

fo rm  (50  m l . ) ,  fo llo w e d  by ra p id  rem oval o f th e  so lve n t 

under reduced p re ssu re  gave a syrup , vdiich was d is s o lv e d  

in  th e  minimum amount o f  warm l i g r o in  and a llow ed to  

stand a t room tem pera tu re . N early  c o lo u r le s s  p rism s 

separa ted ; th e y  were d is s o lv e d  in  l i g r o in  and chromato

graphed on s i l i c a  g e l.  Removal o f th e  so lve n t y ie ld e d  

th e  ke t od ih y  d r onaphtha l ene ( 3*2  g . ) ,  m .p. 74-75°* (Bound: 

C, 48*36; H, 1 *95 ; 01, 42*88. C^QHgCljO re q u ire s  C, 

48*52; H, 2*03; 0 1 , 42*97#).

R eduction  o f  t h is  w ith  sodium b is u lp h ite  in  

a c e tic  a c id  gave 2 , 4- d ic h lo r  onaphth-1 - o l ,  m.p. 106-107°. 

On b o i l in g  w ith  aqueous e th a n o l, i t  gave 2 - c h lo r o - l ,4 -  

naphthoquinone as y e llo w  need les, m.p. 116-117°. »vith 

a n i l in e  i t  gave th e  a n i l  o f  2 - a n i l in o - 1 ,4 -naphthoquinone 

as d a rk  re d  c r y s ta ls ,  m .p. 180-182°. These chem ica l 

p ro p e r t ie s  accord w ith  those o f th e  fo llo w in g  isomer

1 -k e t  o - 2 , 4 , 4 - t  r  i  c h lo r  o - l , 4 -d  ihydronapht ha lene , in to  

w h ich i t  is  converted on s tand ing  or on s o lu t io n  in  

a c e tic  a c id  c o n ta in in g  hydrogen c h lo r id e .
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l-E e t  0 - 2 .4 .4 - tr  io h l or o - l . 4-dlhy dronaphthalene

T h is  was prepared by suspending 2 , 4 -d io h lo ro -  

n a p h th - l- o l (4*03 g . )  in  a c e tic  a c id  (20 m l. ) ,  and a g i

t a t in g  t h is  v ig o ro u s ly  w ith  a s o lu t io n  o f c h lo r in e  

(1 *4  g . )  in  a c e tic  a c id  (30 m l . ) .  The m ix tu re  was 

th e n  a llow ed t o  stand o v e rn ig h t, and th e  so lve n t v/as 

removed under reduced p ressu re  in  a r o ta r y  evapo ra to r. 

The re s u lt in g  brown s o l id  was d is s o lv e d  in  a warm m ix

tu r e  o f benzene and l i g r o in  ( 1 : 3 ) ,  and was chromato

graphed on a s h o rt column o f s i l i c a  g e l,  l i g r o in  being 

used as th e  e lu e n t.  The re s u lt in g  s o lu t io n  was evapo

ra te d  under reduced p re ssu re , and th e  p roduct (3 *7  g .)  

as la rg e  p rism s , m .p. 118-120°. The ketone s lo w ly  

became co lo u re d  when kep t in  d if fu s e d  l i ^ t .

1 -K e t 0- 2 . 2 . 3 . 4 - t  e t ra c h lo ro -1 . 2 -d ih v d r  onaphthalene

2 ,3 ,4 -T r ic h lo ro n a p h th - l-o l (2 *5  g . )  was d is 

so lved in  ch lo ro fo rm  (30 m l . ) , and the  s o lu t io n  was 

sa tu ra te d  w ith  c h lo r in e .  The so lve n t was th e n  remov

ed under reduced p re ssu re ; th e  r e s u lt in g  y e llo w  s o l id  

was r  eery s t a l l  is  ed from  ho t l i g r o in  to  g iv e  th e  ketone 

as y e llo w  needles (2*3 g . )  m e ltin g  a t 102-104°. The 

mother l iq u o rs  con ta ined  some o f th e  iso m eric  1 - k e to -

2 , 3 , 4 , 4 - t  e t r  a c h lo r o - l , 4 -d  ih y  d r onaphth a l en e .



73

T h is  l-k e to - lp S -d ih y d ro n a p h th a le n e  is  s ta b le  

on s to ra g e , bu t on p ro longed h e a tin g  under r e f lu x  w ith  

s u lp h u ry l c h lo r id e  is  p a r t ly  isomer is  ed to  ih e  1 , 4-  

compound.

1 -Keto -2 .3 .4 .4  - t  e t r  a ch l or o - l . 4 -d ih y d r onaphthal m  e

The o r ig in a l  procedure f o r  th e  p re p a ra tio n  o f  

t h is  compound from  2 , 3 , 4 - t r ic h lo r o n a p h th - l - o l  i s  ted iou s  

and d i f f i c u l t ;  th e  fo llo w in g  method is  p re fe ra b le . A 

s o lu t io n  o f l - k e to - 2 , 2 , 3 , 4 , 4 - p e n ta c h lo ro - l,2 , 3 , 4 - te t r a -  

hyd r onapht h a l ene ( 1*3  g . )  in  benzene (50  m l.)  was g e n t ly  

hea ted , and to  i t  was added a s o lu t io n  o f  potassium  

ne tho x ide  (0 *1  N ) in  benzene (B .D .H . re a g e n t; 40 m l.)  

d r  op w ise  w ith  v ig o ro u s  a g ita t io n .  The p re c ip ita te d  

po tassium  c h lo r id e  was f i l t e r e d  o f f ,  and th e  s o lu t io n  

was concen tra ted , and coo le d . The ke t one separated 

as lo n g  prism s (0*9  g . ) ,  m .p. 114-115°. The c r y s ta ls  

a re  amethyst on exposure to  l i g h t ,  bu t & de  to  a p a le  

y e llo w  c o lo u r  on s to rage  in  th e  d a rk . The mother 

l iq u o r s  from  th e  p r e c ip i ta te  con ta ined  a l i t t l e  o f th e  

Isom or io  1 -k e t o - l , 2 -d  ih y  d r onapht h a l m e .

1-Ket o-2-Tnethvl-2. 3 . 4 - t r ic h lo r o - l . 2-dihv d r onaphthal ene 

2-M ethyl- 3 ,4-dichloronaphth- l - o l  (1*0  g .)  was
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d is s o lv e d  in  c h lo ro fo rm  (20  m l.)  and th e  s o lu t io n  was 

coo led and sa tu ra te d  w ith  c h lo r in e .  The s o lv e r t  

was th e n  removed, le a v in g  a y e llo w  syrup from  which a 

s o l id  s lo w ly  separa ted . Repeated c r y s ta l l is a t io n  

from  l i g h t  pe tro leum  gave th e  ketone ( 0*2  g . ) ,  m.p.

66 -69 °. (Found; C, 50*68} H, 2*73} C l,  40 .66 .

C^^ByClgO re q u ire s  C, 50.51} H, 2 .6 9 ; C l,  40 -67#).

The y ie ld  o f c r y s ta l l in e  m a te r ia l was po o r, hu t i t s  

in f ra re d  exam ina tion  o f th e  syrupy re s id u e  showed th a t  

th e  iso m eric  d e r iv a t iv e  was no more th a n  a m inor com

ponent o f th e  re a c t io n  m ix tu re .

1 -K e t o -4  -m e th v l-2 .3 .4  - t r  lo h lo ro -1 .4 -d  Ih v i r  onaphthal ene

A s o lu t io n  o f th e  naph tho l ( l * 0  g .)  in  c h lo ro 

form  was s a tu ra te d vâth c h lo r in e ,  and th e  so lve n t was re 

moved under reduced p re ssu re . Brom the  r e s u lt in g  syrup ,

lo n g  need les, m.p, 86 -89 °, o f l - k e to - 4 - m e th y l- 2 ,3 ,4 - t r i -  

c h lo r o - l , 4 -d ihyd ronaph tha lene  separa ted . (Bound:

C, 50-61; H, 2 -55 ; C l,  40-73#* re q u ire s

G, 50*51; H, 2*69; C l,  40*67#)* I t  was ob ta ined  more

c o n v e n ie n tly  by th e  d e h y d ro c h lo r in a tio n  o f 1 -k e to -4 -  

m e th y l-2 ,2 , 3 , 4 - t e t r a c h lo r o - l , 2 , 3 ,4 -te tra h yd ro n a p h th a le n e  

w ith  potassium  me th  ox id e  in  benzene, e s s e n t ia lly  as des

c r ib e d  aboved. I t s  n .m .r .  spectrum had s ig n a ls  a t
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or -  7*69 (CH^ g ro u p ), and a t 1*42-2*46 ( fo u r  arom atic 

p ro to n s ) •

1 -K et 0- 2 . 2 . 3 .4 .4 -0  ent aoh lo r o - 1 . 2 . 3 . 4 - t  e t r  ahydr o-
nanhthclene

S a tu ra tio n  o f a suspension o f  naph th .-1 -o l (3*0  g .)  

in  a c e t ic  a c id (20  m l.)  w ith  c h lo r in e  gave w h ite  c ry s ta ls  

o f th e  above ketone v h ic h  on r e c r y s ta l l is a t io n  from  ho t 

l i g r o in  had m .p. 158- 159^* I t s  n .m .r .  spectrum showed 

a s in g le  p ro to n  ( T  ■ 4 * 7 6 ) ,and fo u r  a rom atic  p ro to n s , 

( m u l t ip le t ,  'T  « 1 *6 0 -2 *6 5 )•

l - K e to - 2 .2 .3 .9 . 4 . 4 -h 9z a c h lo r o - l .2 .3 .4 - te tra h v d ro -  
naphtha lene

A s o lu t io n  o f l - k e to - 2 ,2 ,3 ,4 - te t r a c h lo r o - l ,2 -  

d ihyd ronaphtha lene  ( 1*0  g . )  in  ch lo ro fo rm  (30  m l.)  was 

s a tu ra te d  w ith  c h lo r in e  and kep t in  a b r ig h t  p lace  f o r  

two weeks. A f te r  th e  so lve n t had been ranoved, th e  

p ro d u c t was d isso lve d  in  th e  minimum q u a n t ity  o i^ ig h t  

pe tro leum  and was a llow ed to  s tand . The ketoheza- 

c h lo r id e  c r y s ta l l is e d  as p la te s  ( 0*2  g . ) ,  m.p. 128- 130^ .

1-K e t o ~ 4 -m e th v l-2 .2 .3 .4 - te t ra c h lo ro -1 ,2 ,3 ,4 - te tra *  
hvdronanht h a len e

4 -M e th y ln a p h th - l-o l (4*8 g . )  was d isso lve d  in  

a c e t ic  a c id  (20  m l . ) , and th e  coo led  s o lu t io n  was
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s a tu ra te d  w ith  c h lo r in e .  C ry s ta ls  o f  th e  ketone 

r e a d i ly  p re c ip ita te d ;  i t s  s o lu t io n  in  l i ^ t  pe tro leum  

was passed th rough  a column o f s i l i c a  g e l,  and evapora

t io n  o f th e  eLi&e gave c o lo u r le s s  c r y s ta ls ,  m.p. 120- 122° 

( 7 *2  g . ) .  (Pound; C, 44*5 ; E, 2*6; C l,  47*5.

Ci^HqCI^O re q u ire s  C, 44*3; H, 2 *7 ; C l,  47*65^). Re

d u c tio n  o f t h is  w ith  l i t h iu m  alum inium  hyd rid e  in  e ther 

gave 2 , 3 - d ic h lo ro - 4 -m e th y ln a p h th - l-o l as f in e  needles 

a f te r  r e c r y s ta l l is a t io n  from  l i g r o in ,  m .p. 130- 132° 

( s in te r in g  a t 12 3 -1 25 °). (Pound; 0 , 58*03; E, 3*53;

01, 31*50. C^HqCI^O re q u ire s  C, 58*17; H, 3*55; C l, 

31*22^ ) .

1 1 .2  E anhth-2 - o ls

M a te r ia ls

la p h th - 2- o l  was a commercial p ro d u c t, from  which

l-b ro m o n a p h th -2 -o l (m .p . 82 -84°) was re a d i ly  ob ta ined  by 

b ro m in a tio n , l- Io d o n a p h th -2 -o l (m .p. 93-94°) was s im i

l a r l y  p repa red , u s in g  hydrogen pe rox ide  as o x id is in g  

agen t. 2 , 2 * -d ih y d ro x y -1 ,1  ' -d inaphthylm ethane (m .p,

200° )  was prepared by the  oondensation o f na ph th -2- o l  

w ith  form aldehyde in  th e  presence o f  potassium  a ce ta te .
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1 -M e th y ln a p h th -2 -o l (m .p . 110°) was prepared by th e  re 

d u c t iv e  c leavage o f th e  above d in a p h th o l accord ing  t o  

th e  P r ie s *  m e t h o d , b u t  th e  se p a ra tio n  o f  1-m ethylnaphth-

2 - o l  from  the  d in a p h th o l was c a r r ie d  out by steam d i s t i l 

l a t io n .  The fo rm er r e a d i ly  d i s t i l l e d  over, w h ile  th e  

l a t t e r  remained in  th e  f la s k .  l , 3 -D ich lo ro n a p h th -2- o l  

(m .p . 78 - 79° ) was ob ta ined  by th e  sodium b is u lp h ite  r e 

d u c tio n  o f 2- k e t o - l , 1 , 3 - t r i c h l o r o - l , 2-d ihydronaphtha lene  

in  h o t a c e t ic  a c id . 1 ,4 -D ic h lo ronaphth-2- o l  (m .p. 

120- 121°) was prepared by th e  a c id -c a ta ly s e d  rea rran ge 

ment o f  l , l - d i c h lo r o - 2- k e t o - l , 2«-dihydronaphthalene,
re

fo l lo w in g  th e  B u rto n ’ s p rocedure . 1 , 3 , 4 -T r ic h lo ro -

n a ph th -2- o l  (m .p . 160- 161° ) was r e a d i ly  ob ta ined  by th e  

l i t h iu m  aluminum h y d rid e  re d u c tio n  o f 2 - k e to - l , l , 3 , 3 ,4 -  

p e n ta c h lo ro -1 , 2 , 3 , 4 -te tra h yd ro n a |ih th a le n e  in  anhydrous 

e th e r .  6- t -B u ty ln a p h th - 2 - o l (m .p . 118-119°) and 1 ,6 -

d i- t - b u ty ln a p h th - 2- o l  (m .p . 138- 139° )  were prepared by 

th e  t - b u t y la t  io n  o f  naph th -2- o l  w ith  t - b u t y l  c h lo r id e  

in  l i g r o in .

2-K e t0- 1 . l - d i c h lo r  o - l . 2 -d  ih v d r onaphth a lene

As th e  o r ig in a l  procedure had been found un

s a t is fa c to r y ,  th e  fo llo w in g  method was take n ; A sus

pension o f  na ph th -2- o l  ( 4*8  g .)  in  a c e t ic  ac id  (20  m l.)
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was c h lo r in a te d  under v ig o ro u s  a g ita t io n  w ith  c h lo r in e  

(4*7  g , ) in  a c e tic  a c id  (70 m l. ) .  Im m ediate ly a f t e r , 

th e  s o lu t io n  was t ra n s fe r re d  to  a ro ta ry  evapora to r and 

th e  s o lv e n t was removed under reduced p re ssu re . The 

d a rk  hrown re s id u e  was d is s o lv e d  in  a m ix tu re  o f henzene- 

l i g r o in  ( 2 : 1 ) and th e  s o lv e n t was aga in  removed in  vacuo. 

T h is  process was repeatec^unti l  n e a r ly  a l l  a c e tic  a c id  had 

been re p la c e d . D uring t h is  p rocedure , c r y s ta l l is a t io n

o f  th e  adduct o fte n  occu rred , b u t i t  was u s u a lly  aroused 

by s c ra tc h in g  th e  coo led  sy ru p . The dark y e llo w  s o lid  

was squeezed between c la y -p la te  to  remove th e  accompany

in g  sy ru p . Y e llo w  powder f re e  f r o n  syrup was the n

p laced on a sh o rt s i l i c a  g e l column and e lu te d  w ith  warm 

(35 -40 °) l i g r o in .  The p a le  y e llo w  e lu^e  was concen

t r a te d  s lo w ly  under a sL ig h t ly  reduced p re ssu re , avo id ing  

th e  in t r u s io n  o f  m o is tu re . The ketone c r y s ta l l is e d  out 

as n e a r ly  c o lo u r le s s  p la te s , m.p. 52 -54°. Average 

y ie ld ,  65^*. On s to rage  i t  tu rn e d  to  dark bro im  re s in 

ous substance. The in fra re d  spectrum o f  the  d ic h lo ro -

ketone had bands a t 652s, 695s, 726w, 757s, 794m, 807s, 

843m, 832, 916w, 932s, 872w, 982w, 990w, 1108w, 1129m, 

1159W, 1199s, 1215W, 1236, 1245w, 1279, 1302, 1395m,

1453, 1567, 1621m, 1676s om .*^ I t s  u l t r a v io le t
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spectrum had maxima a t 241 and 325 mjx ( lo g ^g  £ •  4*40

and 3*86  r e s p e c t iv e ly ) .

2-K e t0- 1 .1 .3 - t r l o h lo r o - l . 2 -d ih v d r  onanhthalene

2 -Keto - 1 , 1 , 3 , 4 - t  e t r  ach l or o - l , 2 -d ih y  d r onaphtha- 

le n e  was d is s o lv e d  in  a sm a ll amount o f  a c e tic  a c id  and 

heated fo r  5 m in. The da rk  y e llo w  s o lu t io n  was poured 

in to  w a te r ard th e  p re c ip ita te d  o i l  which had soon s o l id 

i f i e d  was c r y s ta l l is e d  from  l i g r o in  to  g ive  y e llo w  need les, 

m .p . 93 -95 °. I t s  in fra re d  spectrum had ab so rp tion s  

a t 670s, 691m, 730 , 761s, 818s, 835s, 874, 926s, 956,

9 7 0 s , 1117W, 1157m, 1200w, 1215m, 1 2 3 3 s , 1254w, 1276w,

1308, 1345m, 1564m, 1594w, 1608m, 1692s om ."^ I t s  

u l t r a v io le t  spectrum had peaks a t 247*8 and 340 

(log^Q  £ -  4*37 and 3*86  re s p e c t iv e ly ) .

2-K et 0- 1 . 1 . 3 . 4 - t  e tra c h lo ro -1 . 2-d lh v d r  onaohthalene

l , 3 , 4 -T r ic h lo ro n a p h th -2- o l  was d is s o lv e d  in  

ch lo ro fo rm  and th e  s o lu t io n  was s a tu ra te d  w ith  c h lo r in e .  

E va po ra tion  o f  th e  so lve n t gave a y e llo w  s o l id ,  which 

a f te r  re c ry  s t a l l  is  a t io n  from l i ^ t  pe tro leum  m elted a t 

8 7 -8 9 °, f a r  below th e  re p o rte d  va lu e  (m .p . 9 6 -9 7 °). 

M e lt in g  p o in t cou ld  n o t be ra is e d  by repeated c r y s ta l-  

l i s a t io n  from  l i g r o in .  I t s  in fra re d  spectrum had 

bands a t 678s, 726s, 767s, 811m, 832w, 881w, 898w, 945m,
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960w, 998m, 1057w, 1129w, l l 68w, 1215s , 1256m, 1289w, 

1309w, 1477, 1546m, 1585, 1704s cm.“ ^ The u l t r a v io le t  

spectrum o f th e  d ic h lo ro k e to n e  had maxima a t 249 and 

337 m y i (log^Q  g -  4*36  and 3*84 re s p e c t iv e ly ) .

2 -Ket o -1 .1 . 4 ~ t r lc h lo r o - l . 2 -d lhvd ronauhtha lene

1 ,4 -D ich lo ro n a p h th - 2- o l was d isso lve d  in  c h lo ro 

fo rm  and tre a te d  w ith  th e  c a lc u la te d  amounts o f c h lo r in e . 

Removal o f th e  s o lv e n t and th e  subsequent r e c r y s ta l l is a 

t io n  o f  a y e llo w  re s id u e  gave th e  ketone as p a le  y e llo w  

need les, m .p. 85 -87 °. Treatm ent o f th e  naph tho l w ith  

excess c h lo r in e  e i th e r  in  ch lo ro fo rm  or in  carbon d i 

s u lp h id e  gave not th e  expected 2 - k e to - l , l ,3 ,4 ,4 - p e n ta -  

c h lo ro - l,2 ,3 ,4 - te tra h y d ro n a p h th a le n e , but i t s  dehydro- 

c l i lo r in a t  io n  p roduct 2-k e t  o - l ,  1 , 3 , 4 - t  e tra c h lo ro -1 , 2- d i 

hy d r onaphtha l ene.

2- K e to - l . l - d lo h lo r o - 6- t - b u t v l - 1 . 2-d ihvdronaD htha lene

6- t -b u ty ln a p h th -2 -o l (4 *0  g . )  was d is s o lv e d  in  

ch lo ro fo rm  (20  m l. )  and, w ith  c o o lin g  and v ig o ro u s  s t i r 

r in g  i t  was t re a te d  w ith  a s o lu t io n  o f  c h lo r in e  (1 *4  g .)  

in  c h lo ro fo rm  (50  m l . ) . As soon as th e  a d d it io n  had 

ended, th e  s o lv e n t was evaporated under reduced p ressure  

and th e  rem a in ing  brown syrup was taken up in  a minimum
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q u a n t ity  o f  l i g h t  pe tro leum  and a llow ed to  stand in  a 

co o l p la c e . The ketone separated as f in e  prism s which 

on r e e r y s ta l l is a t io n  from  l i g h t  petro leum  m elted a t 95-  

9 6 °. (Pounds C, 62 .61} H , 5 . 33 ; C l,  26 .24 . 

re q u ire s  C, 62 .47 1 H, 5*24; C l,  2 6 .3 4 ^ ). I t s  in fra re d  

spectrum had a b so rp tio n s  a t 643s, 677, 712, 759w, 814m, 

850m, 883w, 894s, 918w, 945s, 1026w, 1099w, 1122m, 1145, 

1200s, 1207s, 1222s, 1 2 3 2 s , 1283, 1360, 1558, 1595, 1616, 

1691s

2 -K 9 to -1 .3 -d lc h lo ro -1 .6 -d i- t -b u tv l-1 .2 -d ih v d ro -
nanhtha lene

1 , 6 - D l - t -b u ty ln a p h th -2- o l  ( 2*5  g .)  was d is s o lv e d  

in  a c e t ic  ac id  (30  m l. )  and tre a te d  w ith  excess c h lo r in e ,  

lo u r in g  in to  w a te r gave a y e llo w  s o l id ,  which a f t e r  p u r i 

f i c a t io n  on s i l i c a  g e l gave y e llo w  needles ( 3*1  g . ) ,  m .p. 

116-117°. I n i t i a l l y  formed 2- k e t o - l , 3 , 4 - t r i c h l o r o - l , 6-  

d i - t - b u t y l - 1 , 2 , 3 , 4 -te tra h yd ro n a p h th a le n e  re a d i ly  under

goes d e h y d ro c h lo r in a tio n  to  g iv e  t h is  u n sa tu ra te d  ke tone . 

(Bound: 0 , 66*29; H, 6*79; C l,  21*74. ^ is^2 2 ^^2^  r e 

q u ire s  C, 66*46; H, 6 *82 ; C l,  21*80^). I t s  In fra re d  

spectrum had bands a t 670s, 687s, 709m, 745w, 761, 816s, 

840m, 890w, 907w, 856m, 945w, 981, 1028w, 1034, 1105,

1 1 6 7 , 1200W, 1 2 3 0 s , 1255m, 1309w, 1346w, 1 3 6 5 , 1389w, 

1404W, 1 4 9 9 , 1 5 7 0 , 1589* , 1 5 9 9 , 1693s cm."^
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2-K et 0 -1 .1 .3 . 4 - t  e t r  achl.or o - l  .2 .3 .4 - t  e t r  ahvdronaphthalene

E a p h th -2 -o l (5 *0  g , )  was d isso lve d  in  a c e t ic  

ac id  (50  E l l . )  and c h lo r in e  was passed u n t i l  s a tu ra t io n , 

then  th e  m ix tu re  was im m edia te ly  poured in to  a la rg e  

amount o f  w a te r, and w h ite  c ry s ta ls  were c o lle c te d  by 

f i l t r a t i o n .  Large prism s from  l i g h t  pe tro leum , m .p. 

100-102°. Y ie ld ,  7*1  g . T h is  k e to n ^ a d  in fra re d  

a b so rp tio n s  a t 686, 722s, 745m, 760s, 781w, 786, 803,

847s, 882, 904, 923m, 1029m, lH 5 w , 1153s, ll6 3 w , 1188,

1201 , 1220m, 1239 , I 3O6W, 1348 , 1453, 1485*, and 1751s om ."^ 

I t s  u l t r a v io le t  spectrum had no maximum above 225 

On p ro longed s ta n d in g , th e  ketone s l ig h t l y  deccmposed to  

g iv e  a n a p h th o l (p ro b a b ly  l , 3 , 4 - t r io h lo ro n a p h th -2- o l ) .

2-Ket 0 - 1 .1 .3 .3 .4-P ent ach l or o -l 2. 3^4-t etrahydrp- 
naohtha lene

2 -K e t0- 1 , 1 , 3- t r i c h l o r o - l , 2-d ihyd ronaphtha lene  

was d is s o lv e d  in  a c e tic  a c id  and c h lo r in e  was sa tu ra te d  

under c o o lin g . The m ix tu re  was a llow ed to  stand f o r  

a couple o f  days; du rin g  the  p e r io d  th e  pent ach l o ro - 

ketone s lo w ly  separated as a heavy powder a t th e  bo ttom . 

B i l t r a t i o n  and subsequent r e e r y s ta l l is a t io n  from  h o t 

l i g r o in  gave c o lo u r le s s  p rism s, m .p. 114-116°. I t s  

in fra re d  spectrum had bands a t 671s, 693s, 720s , 749s,
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765*. 787, 826s, 861s, 882m, 923* ,  930s, 1126m, 1206m, 

1 2 3 1 b ,  1265*, 1304*, 1337*, 1455, and 1761s om ."^

2 -K e to - l . 1 .3 .3 .4 .4 -h e x a c I ilo ro - l.2. 3.4 -te tT a h v d ro -
naphtha lene

2-Keto - 1 ,1 ,3 ,4 - t  e t r  aoh lo r 0- 1 , 2 -d ih y  d r onaphthalene 

was d is s o lv e d  in  c h lo ro fo rm , s a tu ra te d  w ith  c h lo r in e  and 

th e  s o lu t io n  was l e f t  in  a b r ig h t  p lace  f o r  a f o r t n l # i t .  

A f te r  rem oval o f th e  s o lv e n t,  c o lo u r le s s  syrup was d is 

so lved  in  a minimum amount o f  warm l i ^ t  pe tro leum  and 

se t a s id e . T h ^ e to n e  s ^ a ra te d  o i t  as a c lu s te r  o f 

needles m e ltin g  a t 128-129°* The in fra re d  spectrum 

o f  th e  hexach lo roke tone  had bands at 683s , 699s , 750s ,

796m, 805m, 853s, 871w, 890m, 928m, 951, 1048w, 1068,

1068, 1120, 1130m, 1197m, 1224s, 1448, 1478*, 1763s cm ."^

2-Ket 0- 1 . e. 4 - t r  ic h lo r o - l - b r  o m o -1 .2 .3 .4 -t e tra hyd ro 
na ph tha l ene

l-B ro m o n a p h th -2 -o l was d is s o lv e d  in  a c e tic  a c id  

and t re a te d  w ith  excess c h lo r in e  under c o o lin g . The 

p roduct r e a d i ly  separated as w h ite  c r y s ta ls .  R e c ry s ta l

l i s a t io n  from  l i g r o in  gave th e  expected adduct as codour

le s s  p la te s ,  m .p. 106-108°. Ro brom ine m ig ra t io n  was 

obs(%Pved. (Bounds C, 36*43; E, 170; C l,  32*43; B r , 24*35. 

GlQHgCl3BrO re q u ire s  C, 36*56; H, 1*83; C l,  32*39; B r ,
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24«33',() « I t s  ia f ra re d  spectrum had bauds a t 686* ,  

704sh, 720s, 755s, 760sh, 779, 785, 798, 833m, 848, 881, 

903, 923m, 1028m, 1044*, 1112* ,  1146s, 1174, 1209, 1222* ,  

1232, 1239*, 1348, 1453, I4 8 6 * , and 1742s cm ."^ I t s

n .m *r . spectrum had two p a irs  o f do ub le ts  a t 4*44  and 

4*85 T  ( J "  5*0  c . p . s . ) ,  and 4*39 and 4*89 (J  •  3*8 

c . p . s . ) ,  and a rom atic  m u lt ip le ts  a t 1* 52-168 T  and 

1 *9 6 - 2*48 nr • The r e la t iv e  in te n s i ty  o f  two p a irs  

o f m ethine do ub le ts  was 1 : 1 , th e re fo re  t h is  product is  

cons idered  to  be a m ix tu re  o f  two co n fo rm a tio n a l isomers 

in  th e  r a t io  o f  1 : 1 .

2-Ket 0- 1 . 3 .4 - t r i  c h i or o -1  -m e th y l- 1 .2 .3 .4 - t  e t r  ahydr o -
naphthalene

1 -Met h y lna ph t h -  2 -  o l  was c h lo r in a te d  as above, 

and th e  p roduc t was re c r y s ta l l is e d  from  l i g r o in ,  m.p. 

76 - 78° .  The in f ra re d  spectrum o f  the  ketone had bands 

S t 692s, 702s, 751s, 762, 778, 814w, 829w, 840w, 865w, 

880w, 1013, 1046, 1067, 1088, 1107, 1171m, 1187, 1215#, 

1233W, 1242m, 1294w, 1303#, 1348, 1486w, 1580w, and 

1743 cm.“ ^  I t s  n .m .r .  spectrum showed two m etliy l 

s in g le ts  a t 7*73  and 7*89  T ,  two p a irs  o f m ethine doub

le t s  a t 4*49 and 4*69 Of (J  *  5*8 c . p . s . ) ,  ard a t 4*38 

and 5*17 T  ( J  -  4 *5  c . p . s . ) ,  and an arom atic  m u lt ip le t  

1*88-2*28 T .  T h is  p roduct was th e re fo re  a m ix tu re  o f
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two co n fo rm a tio n a l isom ers in  the  r a t io  o f  1 :1 *

On dehydro c h lo r in a t io n  w ith  a d i lu te  s o lu t io n  

o f  po tassium  a ce ta te  in  a c e tic  a c id , i t  gave 2- k e t o - l , 3 -  

d ic h lo ro - l-m  e th y l- 1 , 2-d ihyd ronaph tha lene  as a sy rup , 

which on fu r th e r  c h lo r in a t io n  in  a c e t ic  ac id  y ie ld e d

2-k e t ,0- 1 *3 .  3* 4 - t  c t r  ao h lo r o - l-m c th y l-1 * 2 .3 .4 - t  e t r  ahvdro- 

naphthal.en,e as c o lo u r le s s  p rism s, m .p. 114-115°. The 

ta k in g -u p  o f c h lo r in e  was v e iy  s low . I t s  in fra re d  

spectrum had bands a t 682, 704s, 745®, 762s, 803s, 836,

863, 890, 1015, 1046, 1073, 1101, 1124, 1161, 1192 , 1216, 

1240m, 1267, 1493, 1759s ora."^

2 .2 « - l ) lk g l : o - l . l ’ .3 .3 * .4 .4 » -h e x a c h lo ro - I . l» .2 .2 « .3 ,3 '.4 ,4 ’ 
oc t ahvdronanhthsl ene

2 , 2 * -D ih y d ro x y - l, l* -d in a p h th y lm e th a n e  ( 2*0  g .)  

was suspended in  a c e tic  ac id  (20  m l.)  and tre a te d  w ith  

excess c h lo r in e .  The ketone re a d i ly  p re c ip ita te d  as 

a w h ite  powder in  n e a r ly  q u a n t ita t iv e  y ie ld  (3*3  g . ) .

T h is  was f i l t e r e ^ f f  and re c ry s ta H is e d  from  b o i l in g  

m ix tu re  o f benzene and l i g r o in .  ^ l i t e  powder, m.p. 

156-157° ( tu rn s  g re e n ). Very p o o r ly  s o lu b le  in  common 

o rgan ic  s o lv e n ts . (Bound: 0 , 49*48; H, 2*87, O l,  41*59* 

C^^HieCleO re q u ire s  C, 49*35; H, 2*76; C l,  41 *6 2^). I t s  

in fra re d  spectrum had bands a t 679s# 713s , 730s, 733s,
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756w, 7 6 6 s , 7 6 9 s , 78Xw, 812m, 825m, 867w, 8 6 9 * , 8 9 6* , 

905m, 926m, 969m, 9 6 9 * , 991m, 1008* , 10-31*, 1047* ,

1069* , 1 0 7 5 * , 1 0 8 7 * , 1104* , 1122* , 1139* , 1171* , 1176* , 

1 1 8 6 * , 1 2 0 3 * , 1 2 1 6 , 1 2 3 8 * , 1 2 4 8 s , 1258* , 1309m, 1 3 35 , 

1 4 2 0 , 1 4 4 5 , 1484 and 1753s om,"^

2 -£ e to -1 .1 .3 .4 - tg t r a c h lo ro -6 - t - 'b u tv l- 1 .2 .3 .4 - te t ja -
hyd r onanht h a l en e

6 - t-B u ty ln a p h th -2 -o l (3 *0  g .)  was suspended in  

a c e t ic  a c id  (20  m l.)  and c h lo r in e  was^^ntreduced u n t i l  

S a tu ra t io n . P ouring  in to  w a te r, f i l t r a t i o n  o f th e  

s o l id ,  and r e e r y s ta l l is a t io n  from  l i g h t  pe tro leum  gave 

c o lo u r le s s  p la te s  (4 *2  g . ) ,  m .p. 102- 103° .  (Bound:

C, 49*47; H, 4*17; C l,  41*66 . C^^E^^Cl^O re q u ire s  

C, 49*44; H, 4*15; C l, 4 1 * 7 0 # ). I t s  in fra re d  spectrum 

had hands a t 672s , 707w, 7 3 6 s , 760s , 770w, 801m, 833s, 

8 5 4 , 8 7 3 , 8 9 6 , 907w, 930m, 1029w, 1038w, 1106 , 1 1 34 , 

1157m, 1 1 8 9 , 1205W, 1230m, 1272 , 1294w, 1338w, 1 3 64 ,

1416w, 1496, and 1750 cm.*^ The n .m .r .  spectrum

cIio?/ed s ig n a ls  a t 8*58  ( s in g le t  due to  t - b u t y l  g ro u p ), 

4*85 'T (d o u b le t due to  4 -H , J « 5*2 c . p . s . ) ,  4*45 'T  

(d o u b le t due t o  3-H, J « 5*2 c .p .s . )  and 1*70-2*28 TT 

(ABC m u lt ip le t  due to  th re e  arom atic p ro to n s , •

8*4 c . p . s . ,  J-gQ -  1 .8  c . p . s . ,  •  ca . O ). (Bound:
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C, 49*47; H, 4 *17 ; C l,  41*66. C^^E^^Gl^O re q u ire s

C, 49*44; H, 4*15 ; C l,  41

2 -£ e t_ o -l. 3 .3 .4 - t  e t r  acb l or 0- 1 , 6 - d i - t  - b u ty l-1 .2 .3 .4 -  
t_etr?ghydronauhtIialene

2-K e t 0 -1 ,3  -d ic h lo ro  - 1 ,6 -d i - t  -  b u ty l- 1 ,2 -d lb y d r o- 

naph tiia lene  (2 *0  g .)  was d isso lve d  in  a c e t ic  ac id  (30 ml#) 

and c h lo r in e  was passed u n t i l  s a tu ra t io n . Taking-up o f  

c h lo r in e  was so slow th a t  th e  m ix tu re  was l e f t  t o  stand 

fo r  a few  days, th e n  poured in to  w a te r. The separated 

p a le  y e llo w  s o l id  was r e c r y s ta l l is e d  from  l i g r o in .  

C o lo u rle ss  needles (1 *6  g . ) ,  m .p. 161-162°. (Bound:

G, 54*55; H, 5*62; C l,  34*49. re q u ire s

C, 54*54; H, 5*60; C l,  35*79#). I t s  in fra re d  spec

trum  showed peaks at 669, 687s, 736m, 765m, 774s, 816,

821, 881, 908w, 932, 942, 971, 1031, 1080w, 1105, 1113sh, 

1199W, 1221s, 1270W, 1366, 1404, 1499w, 1604, and 1739s 

cm."*^ I t s  n .m .r .  spectrum showed s ig n a ls  at 8.95 and 

8*59 'T  (tw o  s in g le ts  due to  t - b u t y l  g roups), 4*23 T  

( s in g le t  due to  4-H) and 1*69-2*44 T  (a ro m a tic  m u l t ip le t ) .

11*3 Anomalous C h lo rin e  A d d it io n  to  l- Io d o n a p h th -2 -o l

The co n ve n tio n a l procedure in v o lv in g  th e  c h lo r i 

n a t io n  in  a c e t ic  a c id ,  fo llo w e d  by po u ring  in to  water gave
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a da rk  brown re s in o u s  substance; co n s id e ra b le  amounts 

o f io d in e  being e lim in a te d . Repeated e x tra c t io n  o f 

th e  p o lym e ric  substance w ith  warm l i g r o in  and subsequent 

e v a p o ia tio n  o f  th e  s o lv e n t y ie ld e d  a sm all amount o f 

v i i i t e  c r y s ta ls ,  # i ic h  was id e n t i f ie d  as 2 - k e to - l , l , 3 , 4 -  

t  e t ra c h lo ro -1 ,2 ,3 ,4 - t  e t r  ahydr onaphthalene (m .p, 100-102°), 

The use o f ch lo ro fo rm  as so lven t gave a s im ila r  syrup 

c o n ta in in g  ca rb on y l compounds, * ^ itu ra t io n  o f  which w ith  

h o t l i g r o in  y ie ld e d  1 ,2 ,3 ,4 ,5 ,7 -h e xa ch lo ro -6 -hyd roxy-

1 ,2 ,3 ,4 -te tra h y d ro n a p h th a le n e  as p a le  y e llo w  needles 

m e ltin g  a t  149-150°, (Bound; C, 33*99; E , 1*72; C l, 

59*88; 0 , 4 *72 . ^10^6^^6^ re q u ire s  C, 33*84; H, 1*70;

C l,  59*94; 0 , 4 *5 3 # ). I t s  in fra re d  spectrum had peaks 

a t 619s, 694w, 709ms, 732ms, 757m, 806m, 829s, 857m, 879®, 

901m, 9 6 6 w ,  1010, 1077, 1107, 1192vs, 1232ms, 1253w,

1273W, 1296s, 1314ms, 1334w, 1349w, 1416s, 1589 and 

3460s cm.~^ I t s  n .m .r .  spectrum co n s is te d  o f two 

q u a rte ts  a t 4*84 and 5*57 'T (each o f  area a t t r ib u ta b le  

t o  one hyd rogen); two do ub le ts  a t 4*38 and 4*60 HT (two 

hyd rogens); a broad peak a t 4*6 'Y (h y d ro x y lic  p ro to n ), 

and an arom atic  s i r g le t  a t  2.43 T  (one hydrogen). The 

c o u p lin g  cons tan ts  f o r  the  a l ip h a t ic  system can be

assigned as ^  •  3 *1 , ^2 ,3  "  ^3 ,4  “  ^  ^  c .p .s .
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11.4  E s te rs  o f Nanhfhola 

M a te r ia ls

îîaph tho ls  were a c e ty la te d  w ith  a m ix tu re  o f  

g la c ia l  a c e t ic  a c id  and a c e tic  anhydride us ing  a sm all 

amount o f p y r id in e  as c a ta ly s t .  1 -Acetozynaphthalene 

(m .p. 4 8 -4 9 ° ), 2-acetoocynaphthalene, (m .p. 71- 72°) and

1 ,5 -d ia ce to xyn a p h th a le n e  (m .p , 162- 163° ) .

l-R g t  0 -2 .3 .4 - t r lc h lo r  0- 1 .2 .3 .4 - t  e t r  ahydr onaphthalene

1-Acetoxynaphtha lone (7 *5  g .)  d isso lve d  in  

ch lo ro fo rm  (30 m l.)  was c h lo r in a te d  under ic e -c o o lin g  

and v ig o ro u s  a g ita t io n  w ith  c h lo r in e  ( 9*5  g . ) in  c h lo ro 

form  (150  m l . ) .  The so lve n t was removed under reduced 

p re ssu re  and th e  hrown syrupy re s id u e  d isso lve d  in  a sm all 

amount o f warm l i g r o in ,  was a llow ed to  stand o v e rn ig h t. 

Brown prism s separa ted , were washed w ith  h o t l i g h t  p e t r o l

eum to  remove th e  accompanying sy rup , red  is  so lved in  h o t 

l i g r o in  and r a p id ly  chrom âtographed on a sh o rt s i l i c a  g e i 

u s in g  th e  same so lve n t as e lu e n t.  The e l i i te  was s lo w ly  

concen tra ted  under reduced p ressure  and c ry s ta ls  depos ited  

were r e c r y s ta l l is e d  from  l i g r o in  to  g iv e  n e a rly  c o lo u r le s s  

prism s (1 .5 2  g . ) ,  m .p. 120-121°. (Bound; C, 48#31*

E, 3*03; C l,  42*40. ^ io ^7 ^^3 ^  re q u ire s  C, 48*13; H,
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2*83; C l,  42*63#)# I t s  n .m .r. spectrum showed a 

q u a rte t a t 5 *1 2 T (3 -H ) ,  a doub le t a t 5*01 ^7 (4 -2 ), a 

doub le t a t 4 .1 2 T (2 -H ) ,  and an arom atic m u lt ip le t  a t 

1*74-2*64 T .  The co u p lin g  constan ts  can be assigned 

S.S ^2 ,3  “  ^*7  and « 7*3 c .p .s .  On exposure to  

a i r ,  i t  soon became co lo u re d , bu t i t s  spontaneous t ra n s 

fo rm a tio n  in to  2 ,4 - d ic h l  or on apht h -1 - o l was v e ry  slow  and 

even a f te r  months o f  s ta n d in g , th e  b u lk  remained as th e  

ke tone .

I -K e to -2 ,3 .4 - t r ic h lo ro -5 -a G e to x y -1 .2 .3 .4 - te tra h y d ro -
na-phthalene

1 , 5-D lacetoxynaphtha lene (4*88 g . )  was sus

pended in  c h lo ro fo rm  (20 m l. ) ,  and a s o lu t io n  o f c h lo r in e  

(4*26 g . )  in  ch lo ro fo rm  (60 m l.)  was s lo w ly  added w ith  

v ig o ro u s  a g ita t io n .  Im m ediate ly a f te r  th e  end o f add i

t io n ,  th e  so lve n t was removed u n d ^  reduced p re ssu re , and 

a l i g h t  brown syrup was d isso lve d  in  a m ix tu re  o f benzene- 

l i g r o in ,  chromatographed on a sh o rt s i l i c a  g e l column and 

concen tra ted  under reduced p ressu re , by re p la c in g  benzene 

w ith  in te r m it te n t  a d d it io n  o f l i g r o in .  D uring  th e  

course o f  t h is  p rocedure , c r y s ta l l is a t io n  o f th e  new 

adduct o f te n  occu rred . C o lou rless  p rism s, m.p# 116- 

119°. I t s  m e ltin g  p o in t soon depressed down to  around
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110-114°, p ro ba b ly  because o f p a r t ia l  d e co irp o s itio n .

I t  was no t h ig h ly  s ta b le  and on exposure t o  a i r  and 

l i g h t  i t  r e a d i ly  decomposed to  da rk  grey substance 

w ith in  a coup le  o f  days under e v o lu tio n  o f  hydrogen 

c h lo r id e .  However, i t  ccu ld  be s to red  fo r  a conpara- 

t i v e l y  lo ng  t im e  w ith  o n ly  s l ig h t  decom position when 

kep t under th e  cover o f l i g h t  pe tro leum  in  a co o l p la ce . 

(Bound: C, 46*8 ; H, 2*89; C l,  34*2 . G^gH^Cl^O. r e 

q u ire s  C, 46*86; H, 2*62; C l,  34*58#). I t s  n .m .r*  

spectrum had a s in g le t  a t 7*54 HT (ace toxy  g ro u p ), an 

apparent q u a rte t a t 5*20T (p ro b a b ly  4 -hydrogen), J and 

J* *  ca. 1 and 3 c . p . s . ) ,  a q u a rte t a t 4 *8 5 T (P ro b a b ly

3-hydrogen, J and J* » ca . 2 and 3 c . p . s . ) ,  an apparent 

q u a rte t a t 4*34 Or( p ro ba b ly  2-hydro g en, J and J* *  ca . 1 

and 2 c . p . s . ) ,  and tw o  arom atic m u lt ip le ts  at 2*23-2*70 T  

and 1*80-1*89 T .

The d a rk  g re y  substance formed by th e  spontan

eous decom position o f th e  ketone was e x tra c te d  w ith  

b o i l in g  m ix tu re  o f benzene-1 jg ro in  and chromatographed 

on a s h o rt a lum ina column. B la ck  in s o lu b le  substance 

remained on th e  to p  o f th e  column and th e  con cen trâ t ion  

o f th e  e l i i te  gave p a le  y e llo w  le a f le t s ,  m.p. 141-143°, 

which v/as id e n t i f ie d  as 2 ,4 -d ic h lo ro -5 -a c e to x y -n a p h th - l-o l
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by comparison w ith  th e  a u th e n tic  specimen o f m.p. 163- 

164°. The m e ltin g  p o in t o f t h is  lu ^ h th o l v a r ie s  de

pending on th e  so lve n t used f o r  th e  r e e r y s ta l l is a t io n ;  

g la c ia l  and aqueous a c e tic  g ive s  p a le  y e llo w  needles 

m e ltin g  163-164° whereas benzene and l i g r o in  g ive s  

c o lo u r le s s  le a f le t s  o f m .p. 143-144°. (Bound: C,

53-21; H, 2*97; C l, 26*02. G^gEgClgO. re q u ire s  C, 

53*16; H, 2*97; 01, 26*16#). I t s  in fra re d  spectrum 

had bands a t 718m, 749ms, 803m, 833ms, 861m, 883, 917, 

943, 966, 1017m, 1046, 1080, 1134, 1163ms, 1186s, 1200s, 

1225s, 1247s, 1323, 1257, 1366, 1418, 1503w, 1590s, 

1621w, 1745b , 3367s cm .*^ I t s  u l t r a v io le t  spectrum

showed maxima a t 229, 307, 323, and 338 rajX in  

e th a n o l. l%en d isso lve d  in  a lk a l in e  e th a n o l, characte r* 

i s t i c  bathochrom ic s h i f t  occurred and i t s  f in e  s tru c tu re s  

d isappeared. I t  showed maxima a t 256 and 355 m^  

(log^Q  S -  4*30 and 3*02 re s p e c t iv e ly ) .  I t s  n .m .r .  

spectrum had peaks a t 7*58 ^  (ace toxy  g ro u p ), 3-84 T  

(a ro m a tic  h y d ro x y l g ro up ), 2-75 T  (8 -hydrogen, J and 

J* « ca . 2 and 8 c . p . s . ) ,  2*50 T  (3-hydrogen atom ),

2*41 IT (7 -hydrogen atom, J and J* -  ca . 8 and 8*5 c .p .s . )  

and 1*78 % (6-hydrogen atom, J and J* » ca. 2 and 8 

c . p . s . ) .  Both m u l t ip l i c i t ie s  and r e la t iv e  in te n s i t ie s
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s a t is fy  th e  requ irem ent o f th e  s tru c tu re .

1-Ket 0- 2 . 4 . 4 - t r l c h lo r o -5 -a ce t oxy -1 . 4 -d ih y d ro -
nauhthalene

The fo llo w in g  procedure has been found more 

conven ien t than  those  described  by p re v io u ^ ,fo rke rs .49-60 

a suspension o f  1 , 5 -d iace toxynaphtha lene  (4*88 g .)  in  

a c e tic  ac id (40  m l.)  was magnetic a l l y  s t i r r e d ,  and 

a c c u ra te ly  weighed c h lo r in e  (4*26 g . )  in  a c e tic  ac id  

(60 m l.)  was added s lcn^ly . A fte r  s tand ing  o v e r n i^ t ,  

th e  l i g h t  bro ifn  s o lu t io n  was concen tra ted  under reduced 

p ressu re  and th e  s o l id  separated was d isso lve d  in  ho t 

11^'proin, p u r i f ie d  by chromât eg raphy on s i l i c a  g e l and 

f i n a l l y  c r y s ta l l is e d  from  l i g r o in .  C o lou rless  

needles (4 *4  g . ) , m .p. 173-174° ( l l t . , ® °  1 7 4 °).

1-K et 0 -2 .2 .4 - t  r ic h  lo ro  -  5- ac e t o xy -1 . 2 -d lh yd r onanhthal ene

2 ,4 -D ic h lo ro -5 -ace tozynaph th -1 -o l (1*3  g . ) was 

d is s o lv e d  in  ch lo ro fo rm  (20 m l.)  and c h lo r in a te d  w ith  

c h lo r in e  (0 *4  g . )  in  ch lo ro fo rm  (30 m l . ) . The so lven t 

was im m edia te ly  removed and a y e llo w  syrup was d isso lve d  

in  a minimum amount o f  h o t l i g r o in .  On standing the  

ketone separated as p a le  y e llo w  prism s (1*2  g . ) ,  m.p# 

112-113°. On s to ra ge  i t  soon became l ig h t  brown and 

g ra d u a lly  trans fo rm ed  i t s e l f  in to  the  isom eric  1 -ÿ e to -
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2 ,4 ,4 - t r ic h lo r o - 5 -  ace toxy- 1 ,4 -d ih jrd ron a p h th a l ene. 

(Pound: C, 47 .05 ; H, 2*33; C l, 34*61. C^gH^Cl^O, 

ro a u ire s  C, 47*16; H, 2*31; C l,  34*81#).
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Table 1

U l t r a v io le t  and in f ra re d  spectra  
o f  p o ly c h lo ro - l- te t ra lo n e s

Compound
Maxima

Wavelength
(i)1 —Keto—2 ,2 ,4 —t r i — 

ch lo  ro -1 ,2 -d ih y d ro -
naphthalene
(690s, 716, 768a, 8 I 7 3 ,
840s, 936s, 1156, 2A.vi
1196m, 1234m, 1282s,
1334 , 1589a, 1628,
1698a cm“ ’ ) .

1 —Eato " 2 , 4 ,4 —t n — 
c h lo ro -1 , 4 -d ih .yd ro - 
nap litha lene
(637a, 693, 708a, 731, 
800, 841s, 877m, 890, 
899m, 1069, 1097, 
1128, 1163, 1243a, 
1339m, 15%m, 1627m, 
1674a cm"

2390-
2400

(a h .)

2840-
2850
( i n f l . )

2930
3040
3390

lo g  £

4.52

4.54

3.12

3.17
3 .14
3.28

Minima

V/avelength lo g  g 
(%)

2670 2 .97

3000 3.12

3130 3.07

2410-
2420

(s h . )
4.17 2290

2530

4.02

4.16
2480
2555

4.22
4.17

2760 3.43

2870 3.47

*  U l t r a v io le t  spec tra  in  hexane as so lve n t* 

ah.= shou lde r, i n f l . =  in f le c t io n .
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1 -K e to -2 ,2 ,5 ,4 - te tr a -
c h lo r o - l , 2 -d lliydro-
napUthalena
(652s, 7033, 720s, 770m, 
803s, 822s, 858m, 959m, 
1022, 1152s, 1232s,
1240sh, 1254s, 1285m, 
1449, 1559. 1586s,
1701s cm -1).

2422 4.59 2450 4.55
2495 4.64 2710 3.10
2900-

2910
(s h . )

3.26
3160 3.10

2960 3.27
3070-

3080
(s h . )

3.17

3530 3 .44

1 -E e to -2 , 3 ,4 , 4 - t e t r a -  
c h lo ro -1 , 4 -d lh y d ro -  
naphthalene
(663, 698, 707s, 7 l9 s , 
806m, 8183, 875m, 885, 
931, 1092, 1107, 1145s, 
1168m, 1301s, 1570m, 
1595m, 1675s c m - ') .

1 -E e to -2 -m e th y l- 2 ,3 ,4 -  
t r ic h lo r o - 1 , 2 -d ih y d ro 
naphthalene
(656s, 698, 758s, 766, 
791m, 831, 923m, 959m, 
1014m, 1034, 1105, 1201. 
1242s, 1261s, 1289s, 
1562, 1594s, 1604, 1690s 
cm-1 ) .

1-E e to -4 -m e th y l- 2 ,3 ,4 -  
t r io h lo r o - 1 ,4 -d ih y d ro 
naphthalene
(658m, 686m, 704s, 725, 
7633, 769sh, 801m, 822, 
850m, 880, 888sh, 969, 
997m, 1020m, 1037, 1064, 
1103, 1144s, 1158m, 
1163sh, 1267s, 1302s, 
1569m, 1596s, 1668s, 
cm-1 ) _

2470-
2480 

(s h . )
4.06 2290

2590
3.67
4.10

2540 4.15 2750 3.50
2620 4.12
2920 3.65

2420 4.62 2450 4.59
2480 4.63 2690 3.23
2850 3.30 3120 3.10
3450 3.41

2450-2460 
(sh . )

2520

4.10

4.17

2290
2710

3.92
3.79

2570-
2590

(s h . )
4 .13

2820 3.86
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l -K e to -» 2 ,2 ,3 f  4 , 4 - p e n t a -  o^Ars
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  2 8 7 0 -
(6653, 675m, 746s, 792s, ,
798, 838m, 873s, 901s, U n i i . J
976, 1011, 1045m, 1053, 2950
1095m, 1116, 1167, 1 2 0 0 m ,,„ „  
1244s, 1286s, 1447, 5035
1592m, 1712s c m -* ) .  v s h . ;

1 - K e t o - 2 , 2 , 3 , 3 , 4 , 4 -  
h e x a c h l o r o - 1 , 2 , 3 ,  4, -  
t e t r a h y d r o n a p h t h a l e n e  2945-
( 686s, 708s, 762s, 793a, ^950
815, 839m, 876, 899m, 3000-
907, 1038m, 1058, 1115, 3020
1200, 1242s, 1286m, 1499, ( s h . )
1595m, 1720s c m -q .

1-K e to - 2 - m e th y l - 2 , 3 , 4 , 4 -  o cnn 
t e t r a c h l o r o - 1 ,2 ,  3, 4 -  
t e t r a h y d r o n a p h t h a l e n e  2 7 8 0 -
(6673, 701s, 746s, 751 sh, ?J50
786 , 813s, 890 , 930, u n x j . . ;
967, 1104, 1139, 1163, 2910
1198m, 1239s, 1248, 1285r,ooo- 
1592, 1709s om -1). 30 IO

1- K e to - 4 - ® e th y l - 2 , 3 , 2 , 4 -  p c ah 
t e t r a h y d r o - 1 , 2 , 3 , 4 -  
t e t r a h y d r o n a p h t h a l e n e  2 8 5 0 -
(653, 661s, 700m, 748m, \
763m, 775 , 824m, 857s, l i n r x . ;
917 , 1025, 1035, 1055, 2940
1068, 1080, 1094, 1114,
1160, 1205, 1242s, .
1282s, 1590s, 17043 c m " ') .

* *  In fra re d  sp e c tra  i n  n u jo l m u lls :

s=strong, m=medlum, sh=shoulder, a l l  o th e rs  weak.

4.09

3.16
\

2350
2750

3.73
2.95

)
3,26
3.17

4 .09 2380 3.92

3 .2 4 2770 3.00

3.19

4.10 2340 3.89

3.02 2720 2.90

3.23 2980 3.15

3.16

4.08 2330 3.62

3.16 2770 3.03

3.24

3.14
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1 -Keto-2 , 3, 4—tr lc h lo r o -
1 ,2 ,3 ,4-tetrahydronaph-
thalene
(644s, 7008, 735, 754s, 
789ms, 829m, 853m,870,
890, 986, 1010m, 1045, 
1109m, 1160, 1184, 1202ms, 
1250ms, 1271s, 1306, 1337, 
1599ms, 1711s cm-1 ) .

1-K e to - 2 ,2 ,4 - t r ic h lo r o -  
5 -a ce to xy -1 , 2 -d ih y d ro 
naphthalene
(655m, 686ms, 715m, 742ms, 
779, 810ms, 826m, 875s, 
928, 936, 951m, 988,
1006, 1038, 1076m, 1167ms, 
1190s, 1211, 1243, 1269ms, 
1290, 1339, 1367, 1591m, 
1620m, 1710s, 1766s em -1).

1 -K e to -2 , 4, 4 - t r io h lo r o -  
5 -a ce to xy -1 , 4 -d ih y d ro -  
naphthaleno
(680m, 696, 7178, 749, 809, 
831 s, 874s, 893s, 965, 
1011, 1103, 1132m, 1188sh, 
1196s, 1227m, 1253m, 1340m 
1367m, 1595, 1630m, 1677s, 
1767s cm-1 ) .

1 -K e to -2 , 3 ,4 - t r ic h lo r o -  
5 -a oe to xy -1 , 2 , 3 , 4 - te t r a -  
hydronaphthalene
(692s, 730 , 746 , 759 , 781,
804m, 846, 866m, 929m,
937sh, 962, 989, 1012m, ( i n f l . )
1042, 1058, 1075, 1127,
1158, 1182s, 1233, 1245m,
1288s, 1334m, 1584, 1599,
1704s, 1763s om -1).

2530 4.07 2290 3.50
2910 3.16 2770 3.05
2980-

2990
(s h .)

3.10

2410 4.48 2710 3.01
2460- 

2470 
(s h . )

4.46 3200 3.27

3030-
3040
(s h .)

3.26

3120 3.29
3440-

3450 3.35

2250 4.03 2360 3.98
2420- 

2430 
(s h . )

4.03 2530 4 .04

2490
2560

4.10
4.09

2700-
2710 3.27

2900- 
2910 
(s h . )

3.37

3105 3.39

2540 4.02 2380 3.73
2980 3.27 2750 2.86
3050-

3060 3 .2 3 -



fig u re  1

U ltr a v io le t  absorption spectra
o f  polych loro- 1-k eto -1 , 2-dlhydro
naphthalenes

t -K eto-^2, Z, 4 - t r i  ch loro  -
1 ,2 -d ih y àro  naph thalene

1-K e to -2 ,2 ,3 ,4 -te trac h lo rO '
1 ,2 -d ih y d ro naphthalene

 _______ 1 -Ke to  -2 -m e th y l -2 ,5 , 4 - t r i  •
c h lo ro -1 ,2 -d ih y d ro naph
tha lene
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Figure 2

U l t r a v io l e t  a b so rp tio n  sp e c tra
o f  polyclxloro~1 -k e to -1 , 4-UihyUro-»
naphthalenes

l-K e to -2 , 4, 4 - tr ic h lo ro -
1 ,4--ÛÎ hydro nap h th a l ©ne

1—K e to - 2 ,  3 1 4 , 4 * - t e t r ach loro  -  
1, 4*-dihydronaphthalenQ

1 «-Kato-4“ ïae th y l-2 , 3> 4 * t r i *  
c h lo ro -1 , i-d ih y d ro n ap h th a len e
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Figure  3

U l t r a v i o l e t  a b s o rp t io n  spectrum
o f p o ly c h lo r o - l - t e t r a lo n e s

1-E e to -2 ,2 ;3 , 4 , 4 -p e n ta c h lo ro -
1 ,2 ,3 ,4 - te tra h y d ro naphthalene

• • • • • •

1 “ Keto -2 -meth y  1 -2 , 3, 4, 4 - te tra -  
c h lo ro -1 , 2 , 3 , 4 - te tra h y d ro -  
naphthaïene

1-K e to -4 ~ m e th y l-2 ,2 ,3 ,4 - te tra -  
c h lo ro -1 , 2 , 3 , 4 - te tra h y d ro -
naphthalene

1 -K e to -2 ,2 , 3 ,3 ,4 , 4 -hexa ch lo ro■ 
1 ,2 ,3 , 4 -te tra hyd rona ph tha len e
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12, C h lo r in e  A d d it io n s  to  Baphthvlamlnea

Kat e r i  a l s

K a p h th - l-y la m in e  and naph.th-2-y lam lne were 

com m ercial p ro d u c ts , 2 -L T e thy ln ap h th -l-y la in ine  was 

prepared by th e  re d u c tio n  o f l-n itro -2 -m e th y ln a p h th a le n e #

2-C lilo ro -4 -me thy InaT ph th -1  -y la m ine  (n ,p .  84 -85°) was ob

ta in e d  by th e  c a re fu l c h lo r in a t io n  o f  1-a c e ty lamino-4 -  

Tnetliylnaphthalene and th e  subsequent h y d ro ly s is  o f th e  

p ro d u c t, ( Jocund: C, 68*84; H, 5*23; 7*20,

Ch Hiq CIH re q u ire s  C, 68*98; H, 5*26; K, 7 "3 l% ). A c e ty l-

omino compounds were r e a d i ly  prepared by th e  a c é ty la t io n  

o f  th e  a p p ro p ria te  amines; 1 -a c e tylamdnonaphthalene 

(m ,p , 1 5 9 -1 6 0 °), 2 -ace ty lam inonaph tha lene  (m ,p* 133-134°) •

1 -K e t o -2 -m eth y l - 2 .3 .4 ,4 ? te tra c h lo ro - 1 .2 ,3 .4 - t  e t ra -
h y d r onanht h a lene

2 -M e th y ln a p h th - l-y la m in e  was converted in to  

h y d ro c h lo r id e  (m ,p , ca , 230° decom p,), o f which. (9 *7  g , ) ,  

a f te r  d ry in g ,  was p laced  in  a sm a ll f la s k ,  and m oistened 

w ith  g la c ia l  a c e t ic  a c id  (30 m l.)  c o n ta in in g  concerrbra- 

te d  h y d ro c h lo r ic  a c id  (2 -3  m l, ) *  C h lo r in e  was s lo w ly  

in tro d u c e d  w ith  hand-shaking and occa s io na l c o o lin g  

under ru n n in g  v /a te r, u n t i l  th e  m ix tu re  was s a tu ra te d .
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C ry s ta ls  o f  th e  h y d ro c h lo r id e  g ra d u a lly  d isappeared to  

g iv e  a d a rk -re d  s o lu t io n ,  which a f te r  s tand ing  ove r

n ig h t faded to  y e llo w  and a m ix tu re  o f th e  ketone and 

ammonium c h lo r id e  p re c ip ita te d .  E x tra c t io n  w ith  h o t 

l i g r o in  and r e c r y s ta l l is a t io n  from  th e  same s o lv e n t 

gave th e  ke tone (7 *1  g . )  as la rg e  p rism s , m .p, 117-118° 

( l i t , , ^ ^  1 1 8 °), 2 h is  ketone (3 *0  g , ) on re d u c tio n  w ith  

l i t h iu m  alum inium  h y d r id e  in  anhydrous e th e r gave 2 - 

m e th y l-3 ,4 -d ic h lo ro n a p h th - l-o l ( l# 6  g ,)  as lo n g  needles 

nel-fclng a t 132-133® (ïo u n d : C, 58"06; H, 3*52; C l,  3 1 -U .

C^^HgClgO re q u ire s :  C, 58-17; H, 3 -5 5 ; C l,  3 1 -2 2 ^ ).

The use o f  wet amine h y d ro c h lo r id e , o r a la rg e r  

amount o f a c e t ic  a c id  had decreased th e  y ie ld  co n s id e r

a b ly , owing to  th e  fo rm a tio n  o f a re d -h r  own syrupy sub

s tance .

By a s im i la r  tre a tm e n t, 2-c h lo ro -4 -m e th y ln a p h th -

1 -y la m in e  h y d ro c h lid e  gave l- k e to -4 -m e th y l-2 .2 ,3 ,4 - te t r a -  

c h lo ro -1 .2 .3 ,4 -te tra h v d ro n a n h th a le n e . m ,p, 121-122°,

l-K e to -2 ,2 ,3 ,4 ,4 - i)  ent a ch lo r 0 -1 .2 .3 .4 - t  e t r  ahy d r  o - 
nanhthsQ. ene

E a p h th - l-y la m in e  h y d ro c h lo r id e  (5 *6  g , ) was 

m oistened w ith  g la c ia l  a c e t ic  a c id (20 m l.)  c o n ta in in g  

con cen tra ted  h y d ro c h lo r ic  a c id  (1 *5  m l . ) ,  and c h lo r in e
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v/as s lo w ly  in tro d u ce d  u n t i l  th e  w h ite  s a l t  was converted  

in to  a da rk  l i q u id  sa tu ra te d  w ith  c h lo r in e .  The m ix

tu r e  was a llow ed to  stand o v e rn ig h t, th e n  poured in to  

v /a te r. The d a rk  p r e c ip i ta te  was d is s o lv e d  in to  a m ix

tu r e  o f benzene-cyclohexane, and chromatographed on a 

s h o rt s i l i c a  g e l.  The rem oval o f  th e  s o lv e n t from  th e  

e lu te  gave a l i g h t  brown sy ru p , from  i\h ich  th e  ketone 

(m .p , 157-158°) s lo w ly  separated o u t . The in f ra re d  

in s p e c tio n  o f  th e  mother l iq u o r  in d ic a te d  th e  presence 

o f  tw o o th e r k e to - compounds as m inor components.

2 -g e to -1 .1 .3 .3 .4 -p e n ta c h lo ro -1 .2 .3 .4 - te tra h y d ro -
nanh tha lene

E aph th -2 -y lam ine  h y d ro c h lo r id e  (3 *6  E*) 

a c e t ic  a c id  (20 m l.)  and hyd roc lxLo ric  a c id  (1 *5  m l.)  

v/as s im i la r ly  tre a te d  w ith  c h lo r in e .  The re a c t io n  

proceeded w ith  ease and soon ammonium hyd roch id  r id e  

began to  p r e c ip i ta te .  Uo res in o u s  substance, as seen 

in  th e  c h lo r in a t io n  o f n a p h th - l-y la m in e , was form ed. 

A f te r  h a v in g  stood f o r  a w h ile ,  th e  m ix tu re  was poured 

in to  v /a te r, and th e  p r e c ip i ta te  was chromatographed on 

s i l i c a  g ^  u s in g  cyclohexane as e lu e n t. The removal 

o f  th e  so lve n t gave th e  ketone (3 *1  g „ )  as w h ite  p rism s , 

m .p. 113-114°. I t s  sp e c tro sco p ic  as w e ll as p h y s ic a l
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p ro p e r t ie s  co in c id e d  w ith  those  o f  th e  autherrfcic specimen 

prepared from  n a p h th -2 -o l.

1 .1 .2 .3 .4-B ent achlo ro -2 -a c e t v la m i n o -1 .2 .3 .4 - t  e t r  a- 
hydro nanht ha lene

2 -Acetylam 6% onaphthalene was d is s o lv e d  in  

c h lo ro fo rm  and s lo w ly  s a tu ra te d  w ith  c h lo r in e .  The 

ad duct r e a d i ly  separated as w h ite  p rism s , which cou ld  

he fu r th e r  Increased by th e  a d d it io n  o f  l i g h t  pe tro leum . 

The adduct begins t o  decompose a t around 135-145° ( l i t . 

140-145°) to  g iv e  l i g h t  brown c r y s ta ls ,  w h ich are s t i l l  

s ta b le  above 200°; p o o r ly  s o lu b le  in  o rd in a ry  so lve n ts  

and degraded on s to rage  to  da rk  brown substance. I t s  

n .m .r ,  spectrum ta k e n  in  acetone showed a com p lica ted  

p a t te rn  in  th e  h ig h e r  f i e l d  a t 7 - 9  T »  but a  s in g le t  a t 

5/7r  ^  th e  o rd in a ry  m ethine p ro to n  a b s o rp tio n  re g io n s . 

Thus, a lthough th e  s tru c tu re  o f  t h is  adduct had been 

fo rm u la te d  as above by Claus and Jâck, th e  spectrum 

ca s t a doubt over th e  proposed s t ru c tu re  as w e ll as 

th e  hom ogeneity o f  th e  a d d it io n  p ro d u c t.

S im ila r  trea tm e n t o f 1 -ace ty lam inonaph tha lene  

gave 2 ,4 -d ic h lo ro - l-a c e ty la m in o n a p h th a le n e , v/hich was 

c o n s id e ra b ly  s ta b le  to  th e  fu r th e r  a t ta c k  o f  c h lo r in e .

In  a c e tic  a c id  th e  d ic h lo ro  conpound p r e c ip i ta te s ,  and 

no e l im in a t io n  o f  a c e ty l group was observed.
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13. C h lo r in e  A d d it io n s  to  A lky lnaph tha lenea  

M a te r ia ls

1 -M e thy lnaph tha lene  (b *p , 243-245°) and 2- 

n e th y ln a p h th a le n o  (m .p* 32°) were commercial p ro d u c ts . 

1 -C h lo rom efhy lnaph tha lene  (b .p .  129-131°/4 *5  mm Eg) was 

ob ta in ed  by th e  c h lo ro m é th y la tio n  o f naph tha lene .^^

1 -E th y ln a p h th a le n e  (b .p .  9 4 -9 5 ° /2 -2 *5  mm Eg) was p re 

pared  acco rd ing  to  th e  Gilman and H o y le 's  method.

1 - Is  opr opylnaphth a lene (b .p .  106-108° /3 * 5-4 mm Eg) was 

p repared  c h ie f ly  fo llo w in g  Cook's p r o c e d u r e . 1 ,2 -  

E im e thy lnaph tha lene  (b .p .  109-110° /4  mm Eg) was p re 

pared by  Mayer and S ie g l i t z 's  method and 1 ,8 - d i -  

m ethy lnaph tha lene  (m .p . 62-63°) by th e  M itc h e l,  Topsom 

and Vaughan's m e th o d .A c e n a p h th e n e  (m .p . 93- 94° )

was a com m ercia l p ro d u c t, p u r i f ie d  th rough  th e  alum ina 

chrom atography. 1 -M e th y l-4 -deu te ro na ph th a lene  was

prepared by quenching th e  G rignard  reagent o f 1 -m e th y l-  

4-brom onaphthalene w ith  deute rium  o x id e . 1 - Is o p ro p y l-  

naph tha lene was d i r e c t l y  io d in a te d  w ith  io d in e  and 

p e r io d ic  a c id  in  aqueous a c e tic  ac id  to  g iv e  1 - is o p ro p y l-  

4-iodonaphtha len©  (b .p .  15 2 -154°/3 *5 -4  mm E g ), w h ich was 

th e n  converted  in to  th e  G rignard  reagent and quenched
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w ith  deu te rium  ox id e . l-Iso p ro p y5 .-4 -d e u te ro n a p h th a le u e  

(b .p .  109 -110°/4  mm E g ).

1 .2 ,3 .4-T e t r  a o h lo r o - l - c h lo r  oiri.ethyl-1,2 .3 .4 - t  e t ra -
hyd r onapht h a lene

To a s o lu t io n  o f 1 -m e th y ln a ph t h a l ene ( 5*68 g .)  

in  l i g h t  pe tro leum  (20 m l. ) ,  s u lp h u ry l c h lo r id e  (16*2  g . )  

was added and th e  m ix tu re  was a llow ed to  stand fo r  6 

days. Then th e  excess s u lp h u ry l c h lo r id e  and the  

s o lv e n t was removed under reduced p re ssu re , and a p a le  

y e llo w  o i l y  re s id u e  (8*29 g . )  was chromatographed on 

s i l i c a  g e l.  S u b s t itu t io n  p ro du c ts  e lu te d  w ith  l i g h t  

p e tro le um , and a l i # i t  brown syrup c o n ta in in g  adducts 

w ith  benzene. The l a t t e r  s lo w ly  s o l id i f ie d  t o  c r y s ta l 

l i n e  mass (1 *26  g . ) ,  which on s i l i c a  g e l chromatography 

and r e c r y s t a l l is a t io n  from  h o t l i g r o in  gave c o lo u r le s s  

p rism s , m .p. 136-137°. I t s  m e ltin g  p o in t cou ld  h a rd ly  

be ra is e d  by r e c r y s ta l l is a t io n ,  but i t  was found t o  be 

s l i g h t l y  impure by n .m .r .  spectroscopy and o th e rw ise  to  

be id e n t ic a l  w ith  the  compound, m .p. 155°, ob ta ined  by 

m o le cu la r c h lo r in a t io n .  I t s  p .m .r .  spectrum had a 

s in g le t  a t 5*49 T  (tw o methylene p ro to n s ) ,  a q u a rte t 

a t 5 .06  T  (one p ro to n ) ,  two d o u b le ts  a t 4*54 and 4*50 T  

(each area a t t r ib u ta b le  to  one p ro to n ), and an arom atic
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m u lt ip le t  ( fo u r  p ro to n s ) .  The co u p lin g  con s tan ts  were 

assigned as -  11*4  and •  3 .5  c .p .s .  hy th e

p a r t i a l l y  d e u te ra te d  adduct 1 . 2 . 3 . 4 - t e t r a c h lo r o - l -  

c h lo r ometh y l-4 -d e u te ro - 1 . 2 . 3 .4 -te tra h y d ro n a p h th a le n e . 

m.p* 136-137°, s im i la r ly  ob ta ined  from  l-m e th y l- 4 -  

den te ronaph tha lene  (Bound: C, 41*56; H, 3 .0 3 ; 01 , 55*59. 

C i^H ^C l^ re q u ire s  C, 41*48; H, 2*85; 01, 55*67^)* On

d e h y d ro c h lo r in a tio n  i t  gave 1 -m ethoxvm ethvl-2 . 3-d Ic h lo ro -  

4 -de u t er onanht h a l ene. m .p. 75° ,  as was re a d i ly  id e n t i f ie d  

by th e  d isappearance o f  an is o la te d  p ro to n  s in g le t  

(2 -17  T . ) from  th e  n .m .r .  spectrum o f th e  o rd in a ry  

compound. Brom th e  f i n a l  f r a c t io n s  e lu te d  w ith  

benzene, a sm a ll amount o f 1 .2 .3 - t r i c h lo r o -4 -k v d ro z y -4 - 

m e th v l-1 . 2 . 3 . 4 -te tra h y d ro n a p h th a le n e . m .p. 126-127°, was 

o b ta in e d .

Brom th e  re a c t io n  o f equ lm o lecu ls r amounts o f

1 -m e thy lnaph tha lene  (20  g . ) and s u lp h u ry l c h lo r id e  (19  g . )  

in  l i g h t  pe tro leum  (50  m l . ) , th e  adduct ( 3*1  g . )  was ob

ta in e d ,  to g e th e r w ith  a m ix tu re  o f unchanged hydrocarbon 

and s u b s t i tu t io n  p ro du c ts  ( 23*1  g . ) .  At e leva te d  temp

e ra tu re  ( 60- 70 ° ) ,  however, th e  re a c t io n  m a in ly  le d  to  

th e  fo rm a tio n  o f  re s in o u s  substances.



109

1 .2 .3 .4 .5 - B  eirb a c h lo ro -8 -m e th v l- l  . 2 . 3 . 4 - t  e t r  alxvdr o-
n a p h th a l  ene

A s o lu t io n  o f  l-m e th y l-4 -c h lo ro n a p h th a le n e  

(13*4  g . )  in  l i g h t  pe tro leum  (30 m l. )  was s lo w ly  t re a te d  

w ith  c h lo r in e  under ic e -c o o lin g  u n t i l  s a tu ra t io n ,  and 

th e  m ix tu re  was a llow ed to  stand f o r  a few days. The 

separa ted  te t r a c h lo r id e  was r  eery s t a l l  ised  from l i g r o in  

(h .p .  100-120°) t o  g iv e  w h ite  p rism s, m .p. 177-178°.

I t s  p .m .r .  spectrum  had a m ethy l s in g le t  a t 7*48 T  , 

th re e  apparent t r i p l e t s  peaks w ith  low  co u p lin g s  (be 

low  2 c . p . s . )  a t 4*84 T  (tw o  hyd rogens), 7*40 T  (one 

h yd rog en ), and 4*20 T  (one hyd rogen ), two arom atic 

d o u b le ts  (J  » 8*6 c .p . s . )  a t 2*48 and 2*71 T  ( each area 

a t t r ib u ta b le  to  one hydrogen atom ).

C h lo r in a t io n  by s u lp h u ry l c h lo r id e  gave besides 

th e  above te t r a c h lo r id e  another te t r a c h lo r id e  o f  m .p. 

151- 152®. ( ïo m d :  C, 41 -43 ; H, 3 -04 . C^^SgClg r e -  

q u ire s  C, 41*4 ; H, 2 .8 ^ ) .  I t s  p .m .r .  spectrum showed 

a v e ry  com p lica ted  p a t te rn  in  th e  re g io n  fo r  a l ic y  d i e  

hydrogens, and rem ains unsolved y e t .

A ttem pted syn th e s is  o f  the  co rresnond ing  te t ra c h lo r id e s  
from  l-m e thy l-4 -b rom onanh tha lene

l-M e thy l-4 -b rom onaph tha lene  (22*1  g . )  and
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s u lp h u ry l c h lo r id e  (20*2 g#) were mixed and a llow ed to  

stand a t room tem pera tu re  f o r  a week. The separated 

c r y s ta ls  were f i l t e r e d  o f f  and re c ry s t  a l l  ised  from  

l i g r o in  (b .p .  10 0 -1 2 0 °). % i te  p rism s (4*8  g . )  m .p. 

155-166°. A lthough t h is  had a sharp m e ltin g  p o in t ,  

i t s  n .m .r .  spectrum and a n a ly s is  showed th a t  t h i s  adduct 

was a m ix tu re  o f  s e v e ra l adducts d e riv e d  from  1 -m e th y l-

4 -ch lo ro n a p h th a le n e  and 1-m ethy l-4 -b rom onaph tha lene .

A p a r t  o f brom ine m ig ra ted  and seems to  have been take n  

in to  th e  a l i c y c l i c  system, as the d ^ y d ro c h lo r in a t io n  

p ro d u c ts  o f  t h is  adduct (m .p . 95-99°) was found to  con

t a in  more brom ine th a n  th e  expected va lu e  (Bound: 0 ,

43*20; H, 2 .2 7 . C^^H^Cl^Br re q u ire s  0 , 45*52; H , 2.41A  

Chromatography o f th e  m other l iq u o r  on s i l i c a  g e l gave 

bes ides th e  s u b s t i tu t io n  p ro du c ts  another a d d it io n  p ro 

duct o f m .p. 175-177°. T h is  aga in  was not the  s in g le  

substance, as th e  a n a ly s is  had in d ic a te d  th e  h ig h e r 

c h lo r in e  va lu e  th a n  th e  expected te t r a c h lo r id e .  I n t e r 

e s t in g ly  enough, th e  in f ra re d  spectrum o f th e  h i ^ e r  

m e ltin g  adduct from  l-m e thy l-4 -b rom onaph tha lene  bears 

c lo s e  resemblance t o  th a t  o f  th e  lo w e r-m e lt in g  t e t r a 

c h lo r id e  from  l-m e th y l-4 -e h lo ro n a p h th a le n e , whereas th e  

spectrum o f th e  lo w e r-m e lt in g  p roduct from  l-m e th y l-4 -  

bromonaphthalene resembles v e ry  much th a t  o f  the  h ig h e r -
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m e ltin g  isomer from  l-m e th y l-4 -e h lo ro n a p h th a le n e .

S ince th e  change o f  s u b s t itu e n t from  c h lo r in e  to  

brom ine does not a f fe c t  th e  t o t a l  ba lance o f th e  d i 

p o le  in  th e  system so much, each p a ir  o f  th e  p ro du c ts  

are  supposed to  have th e  same c o n f ig u ra t io n ,  and th e re 

fo re  th e  re v e rs a l change o f th e  p roduct r a t io  in d ic a te s  

th e  d ra s t ic  change o f th e  re a c t io n  mechanism accord ing  

t o  th e  change from  th e  c h lo ro  conpound to  the  bromo 

coiirpound,

1 .2 .3 .4-T e t r  a ch l or o- 2 - m e t l iy l- l . 2 .3 .4 - t  e t r  ah:/dr o-
nanhtha lene

2-M ethy lnaph tha lene  (2*80 g . )  and s u lp h u ry l 

c l i lo r id e  (5*53 k * )  were heated in  carbon te t r a c h lo r id e  

(6  m l. )  under g e n t le  r e f lu x  f o r  3 h r .  A p a le  y e llo w  

o i l  ob ta ined  by th e  o rd in a ry  procedure was chromato

graphed on s i l i c a  g e l.  ^ b s t i t u t i o n  p ro du c ts  (2*07 g .)  

e lu te d  r a p id ly  w ith  l i g h t  pe tro le um , and th e  adducts 

(1*19 g . ) s lo w ly  w ith  a m ix tu re  o f  b e n z e n e -lig h t p e t r o l

eum. The s u b s t i tu t io n  p ro d u c ts  were m a in ly  1 -c h lo ro -

2 -m ethy lnaphtha lene and d ich lo ro -2 -m e th y ln a p h th a le n e s .

A l i g h t  brown syrup c o n ta in in g  adducts on s tan d in g  gave 

th e  te t r a c h lo r id e  as need les, m .p. 97-99°# ^he m other 

l iq u o r  seems to  c o n ta in  a s u b s ta n t ia l amount o f  ano the r
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adduct w h ich , however, c o u ld  no t be is o la te d  in  

c r y s ta l l in e  fo rm .

1 .1 .2 .3 .4 -B e n ta c h lo ro -2 -m e th v l- l .2 .3 .4 - t  e tra h y d ro -
naphtha lene

2-M ethy lnaphtha lene  (2 .8 6  g . )  and s u lp h u ry l 

c h lo r id e  (10 g . )  were heated under g e n t le  r e f lu x  fo r  

4 h r .  A f te r  h a v in g  stood o v e rn ig h t,  the  m ix tu re  was 

poured in to  w a te r and e x tra c te d  w ilh  e th e r . Evapora

t io n  o f th e  so lv e n t gave an o i l  (5 *1  g . )  w h ich on stand

in g  gave th e  pent a ch l o r id  e (0*76 g . )  as w h ite  p rism s .

On a lk a l in e  d e h y d ro c h lo r in a tio n  i t  gave 1 ,3 ,4 - t r lc h lo r o -

2 -m e thy lnaph tha lene , m .p. 182-183°.

1 .2 .3 .4 .5 -P  ent a ch lo ro - 6 - m e th y l-1 .2 .3 .4 - te tra h y d ro -  
naphtha lene

l-C h lo ro -2 -m  e th y ln a ph t h a l ene (14*5 g . )  and 

s u lp h u ry l c h lo r id e  ( l4 * 5  g . )  were mixed and a llow ed to  

stand f o r  a week a t room tem p era tu re . The m ix tu re  

was th e n  d i lu te d  w ith  l i g r o in  and un reacted  s u lp h u ry l 

c h lo r id e  was removed w ith  th e  so lve n t under reduced 

p re ssu re . A w h ite  p r e c ip i ta te  (3*54 g . )  was c r y s ta l

l i s e d  from  h o t l i g r o in  t o  g iv e  p rism s , m .p. 148-149°, 

and was id e n t i f ie d  as 1 ,1 ,2 ,3 ,4 -p e n ta c h lo ro -2 -m e th y l-

1 ,2 ,3 ,4 - t  e t r  ahydronaphthalene. Chromatography o f
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th e  m other l iq u o r  (17*0 g . )  gave a m ix tu re  o f  s u b s t i

t u t io n  p ro du c ts  (14*7 g . )  and a p a le  y e llo w  syrup con

ta in in g  adducts (1*62 g . ) *  when the  l a t t e r  was kept 

in  a co o l p la c e , c r y s ta ls  o f  another adduct g ra d u a lly  

sepa ra ted . C o lo u rle ss  prism s (0*35 g . )  from  l i g r o in ,  

m .p . 137-138°. (Sound: C, 41.55 H, 2 .8 . r e -

qu izes C, 41*4 ; H, 2 *8 ^ ) . I t s  p .m .r .  spectrum  showed 

a m e thy l s in g le t  a t 7*61 T ,  two m eth ine  d o u b le ts  a t 

4*56 and 4*88 T  , tw o meth in  Q u a r te ts  a t 5*08 and 5*83 T , 

and an a ro m a tic  m u l t ip le t ,  a t 2#7- 3 * lT ( t w o  hydrogens). 

In te g ra t io n  was c o r re c t  f o r  1 , 2 , 3 , 4 , 5-pen t a ch l or o -6-  

m e th y l-1 ,2 ,3 ,4 - t  e t r  ahydronaphthalene. A lk a lin e  hyd ro 

ly s i s  o f t h is  adduct gave a m ix tu re  o f  t r i c h lo r o - 2-  

m ethy lnaph tha lenes, whose in f ra re d  spectrum showed th e  

absence o f 1 ,3 , 4 - t r i c h lo r o -2 -m ethy lnaph tha lene .

1 .2 .3 .4 -T e tra c h lo ro -5  -c h i o r omet hy 1 - 1 .2 .3 .4 - te t r a -
h yd r onanhthal ene

1 -C h lo rom ethy lnaph tha lene  (13*2  g . )  was d is 

so lved  in  l i g r o in  (c a . 300 m l.)  and c h lo r in e  was s lo w ly  

in tro d u ce d  w ith  c a re fu l c o o lin g , a vo id in g  th e  s e p a ra tio n  

o f th e  s ta r t in g  m a te r ia l as w h ite  le a f le t s ,  in  such a 

way th a t  th e  system ccu ld  be m a in ta ine d  in  a c h lo r in e  

sa tu ra te d  c o n d it io n .  A f te r  hav ing  stood o v e r n i ^ t .
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th e  so lve n t was removed under reduced p ressu re  and 

n e a r ly  c o lo u r le s s  syrup (ca* 20 g . )  was se t as ide  f o r  

weeks. White c r y s ta ls  separated out were c o lle c te d  

by rem oving th e  syrupy p a r t  w ith  h o t l i g r o in .  On re -  

c ry  s t  a l l  i  s a t io n  from  h o t l i g r o in ,  i t  gave c o lo u r le s s  

p rism s ( 2 .1 5  g . , 9 /0 ,  m .p. 154-155°, v e ry  d i f f i c u l t  in  

s o lu b i l i t y  in  c o ld  l i g r o in .  (Bounds C, 41*61; H, 2 .9 5 ; 

C l,  55*71. C^^EgClc. re q u ire s  0 , 41*43; H, 2 .8 5 ; C l,  

55*67a). I t s  p .m .r .  spectrum  had two do u b le ts  at 

4*97 and 5*41 (tw o  p ro to n s  a t t r ib u ta b le  to  th e  c h lo ro -  

m e th y l g roup , J *  12 .2  c . p . s . ) ,  th re e  apparent q u a rte ts  

a t 4 *13 , 4*43 and 4*94 T  ( a t t r ib u ta b le  to  fo u r  m eth ine 

p ro to n s ) w ith  c h a r a c te r is t ic  low  c o u p lin g  cons tan ts  

(be low  2 c . p . s . ) ,  and an a rom atic  s in g le t  a t 2 .52  T  
( th re e  p ro to n s ) .  I t s  in f r a re d  spectrum showed bands 

a t 6 8 8 v s ,  708s , 7 2 6 s ,  768ms, 811, 826m, 850ms, 865m,

964, 1029ms, H 51w, 1172, 1180, 1199, 1207, 1235w, 1248, 

1259, 1266, 1274W, 1297*

1 .2 .3 .4 - I e t r a c h lo r o - l - ( 1 ' - c h lo ro e th y l) - 1 .2 .3 .4 -
t  e t r  ahydronaphthalene

1 -L th y ln a p h th a le n e  ( 7*8  g . )  was d is s o lv e d  in  

l i g h t  pe tro leum  (20 m l. )  and s u lp h u ry l c h lo r id e  (13*4  g . )  

was added a l l  a t once. A f te r  hav in g  stood over a week.
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th e  s o lv e n t was removed under reduced p ressu re  and th e  

re s id u a l o i l  was se t a s id e  fo r  weeks* C ry s ta ls  s lo w ly  

began to  separa te  from  th e  o i l *  B i l t r a t i o n  and subse

quent c r y s t a l l is a t io n  from l i g r o in  gave la rg e  c o lo u r le s s  

p rism s (1 .1 6  g . ) ,  m*p. 146-147°. (Bound: C, 43*42;

H, 3*46 ; ^ I 2^ i i ^^5  re q u ire s  C, 43*35; H, 3 *3 4 ^ ).

The m other l iq u o r  (1 0 .5  g * )  was a m ix tu re  o f  unchanged 

hydrocarbon  and n u c le a r s u b s t i tu t io n  p ro d u c ts . The 

n .m .r .  spectrum o f th e  adduct had s ig n a ls  a t 8 .0 0  HT 

(m e th y l d o u b le ts , J » 7 *2  c . p . s . ) ,  5 * 1 4 7 (q u a r te t  due 

t o  3-H , J » 3*2 and J* « 11 .5  c . p . s . ) ,  4 *87T ((d ou b le t 

due to  th e  CX -hydrogen o f th e  s id e -c h a in , J  -  7*2 

c . p . s . ) ,  4*40 and 4 *4 2 T ( tw o  d o u b le ts  due to  2-H and 

4-H , J -  H # 5 and J* « 3*2 c .p .s .  r e s p e c t iv e ly ) ,  and 

1 *8 8 -2 .48  nr (a ro m a tic  m u l t ip le t ) .  I t s  in f ra re d  spectrum 

had bands a t 678s, 704s, 756s , 789m, 820m, 851m, 894m, 

943, 967, 1001m, 1025, 1046, 1100m, 1144, 1190 , 1217m, 

1233, 1259, 1267, 1305, 1326 , 1347, 1381, 1447, and 

1491 o m ." l

1 .2 .3 .4 -T e t ra G h lo ro - l- ls o t ir o p y l- l .S .3 .4 - te t ra h y d ro -

naphtha lene

1 - Iso p ro p y ln a p h th a le n e  (8 *5  g . )  was d is s o lv e d  

in  l i g h t  pe tro leum  (20  m l.)  and s u lp h u ry l c h lo r id e
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(13*5  g . )  was added a l l  a t onoe. The m ix tu re  gave a 

b r ig h t  y e llo w  c o lo u r ,  bu t any change except c o lo u ra t io n  

cou ld  no t be observed. The m ix tu re  was l e f t  f o r  a 

f o r t n ig h t ,  th e n  th e  excess s u lp h u ry l c h lo r id e  was removed 

to g e th e r  w ith  th e  so lve n t under reduced p re ssu re . in  

o i l y  re s id u e  ( 9*86  g . )  on chromatography gave a m ix tu re  

o f  unchanged hydrocarbon and s u b s t i tu t io n  p ro du c ts  

( 7*05  g . )  from  l i g h t  pe tro leum  elu^bes, and th e  syrup 

c o n ta in in g  adducts ( 1*55  g . )  from  l i ^ t  petroleum -benzene 

e lu te s . On pro longed s tand ing  th e  la t t e r  gave sm a ll 

amounts o f c r y s ta ls  (c a . 0 *6  g . ) ,  which on r e c r y s t a l l i 

s a t io n  from  l i g r o in  m elted a t 116-117°. (Bound: C,

49*90; H, 4 *47 ; C l,  45*43. ^13^ 14^14  re q u ire s  C, 50*03;

H, 4 *52 ; C l,  45*45/^)® I t s  in fra re d  spectrum had bands 

a t 69378, 747VS, 784ms, 815, 841m, 862, 877, 898m, 950, 

961, 1010m, 1048, 1099, 1138, 1167, He2m , 1189m, 1221m, 

1261, 1269 , 1300 , 1342 , 1394 and 1489 cm ."^  ï h ls  t e t r a -  

c h lo r id e  was found to  be r e a d i ly  a c c e s s ib le  by passing  

c h lo r in e  in to  a s t i r r e d  s o lu t io n  o f l- is o p ro p y ln a p h th a -  

le n e  in  l i g h t  p e tro le um , in  presence o f seed c ry s ta ls  o f  

th e  adduct. The n .m .r .  spectrum had two m ethy l d o u b le ts  

a t 9*00  and 8*65  ^ ( d  •  6*9  c . p . s . ) ,  a m ethine s e p te t a t 

7*05  % ( J -  6 .9  c . p . s . ) ,  a m ethine q u a rte t a t 5*27 T
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(J  » 3*1 and J* -  11*5 c . p . s . ) ,  two m ethine do u b le ts  et 

4*58 and 4*90T(J « 3*1 and 11 .5  c . p . s . ) ,  and arom atic  

m u l t ip le t  a t 2*15-2*75 T .  By em ploying th e  la t t e r  

method, 1 . 2 . 3 . 4 - te t r a c h lo r  o - l- is o p ro n y 1 - 4 -de n t e ro -

1 .2 .3 .4 - t  e trahyd ronaph tha lene  was prepared from  1 - is o -  

p i'o p y l-4 -d e u te ro n a p h th a le n e , and th e  co u p lin g  con s tan ts  

were assigned as Jg 3 "  11*5  c .p .s .  and 4 "  3*1  c .p .s .

1 . 2 . 3 . 4-T e tra c h lo r  o -1 - c h lo ro m e th y l-2- m e th y l- l .2 .3 .4 -
t  e tr  ahydr onanhthalene

1 , 2 -B im e thy lnaph tha lene  ( 7*8  g . )  was mixed w ith  

s u lp h u ry l c h lo r id e  ( 13*5  g . ) in  l i g h t  pe tro leum  (20  m l . ) . 

A f te r  a week, th e  so lve n t was removed under reduced p re s 

sure  and th e  re s id u a l o i l  (c a . 12*1  g . )  was chrom ato- 

gTaphed on s i l i c a  g e l u s in g  l i g h t  pe tro leum  as e lu e n t.

The m ix tu re  o f s u b s t i tu t io n  p ro d u c t and unchanged hyd ro 

carbon (6 .4 6  g . )  e lu te d  f i r s t  w ith  l i g h t  pe tro le um , then  

th e  syrup ( 4*19  g . )  c o n ta in in g  ad ducts  s lo w ly  appeared 

w ith  th e  m ix tu re  o f  l i g h t  petro leum -benzene. Brom th e

e a r l ie r  e liJ te s  o f  th e  adduct f r a c t io n s ,  w h ite  p rism s 

m e ltin g  a t  139-141° was ob ta ined and id e n t i f ie d  as above 

(Bound: C, 43*19; H, 3*28; C l,  53 * 28. r e 

q u ire s  C, 43*35; H, 3*33; G l, 53 *3 2^). I t s  in fra re d  

spectrum  had bands a t  624s, 696v s , 711vs, 730vs, 756m,



118

779, 803, 814, 8 5 2 , 873, 917m, 985, 1029, 1054, 1067, 

1124, 1166m, 1189, 1221m, 1250w, 1292m, 1334, 1446, 

and 148Sw om ."^ I t s  p .m .r .  spectrum had a m ethyl 

s in g le t  a t 7 -92  T ,  two d o u b le ts  due to  p ro to n s  o f c h lo ro -  

m ethy l group a t 5*12  and 5*39 (A *  13*2  c . p . s * ) ,  two 

d o u b le ts  due to  a l i c y c l i c  p ro ton s  a t 4-32  and 4*60 'T 
( J  « 5*7 c . p . s . ) ,  and an a rom atic  s in g le t  a t 2 *47T ( fo u r  

p ro to n s ) •

Prom th e  la t e r  p a r ts  o f  e lrk e s , on s tan d in g  

f o r  weeks, another adduct ( 0*27  g . ) was separa ted , which 

a f te r  r e c r y s t a l l is a t io n  from  l i g r o in  gave w h ite  cubes 

m e lt in g  a t 162-164° and id e n t i f ie d  as 1 .2 .3 , 4 .x -p e n ta -  

c h lo r  0- 1 . 2- d lm e th v l- l  . 2 . 3 . 4 - t  e t r  ohvdronanht ha lene .

(Pound: 0 , 43*43; H, 3*53; C l,  53*25. r e 

q u ire s  C, 43*35; H, 3*34; C i,  53*322). I t s  in f ra re d  

spectrum  had a b so rp tio n s  a t 632vs, 690v s , 733m, 754vs, 

813s (b ro a d ), 880ms, 945, 1038m, 1064m, 1075m, 1127,

1164, 1203, 1231, 1308m, 1447 c m .'^  I t s  p .m .r .  

spectrum  showed two m ethy l s in g le ts  a t 7*76  and 8*39 T» 

a m ethine s in g le t  a t 4 .19 T ,  and two arom atic m u l t i 

p le ts  a t 2 . 3 - 2#9 and 1 . 8 - 2 *2 T .

By s im i la r  trea tm e n t o f 1 ,8 -d im  e th y lna ph t h a l ene 

w ith  s u lp h u ry l c h lo r id e ,  however, no c r y s ta l l in e  adduct
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co u ld  be is o la te d .  The p .m .r .  spectrum o f  adduct 

f r a c t io n s  showed prom inent m ethyl peaks in  th e  7-8 T  
re g io n ,  hu t s ig n a ls  co rrespond ing  to  m ethylene p ro 

to n s  were weak. T h e re fo re , the  main adducts a re  

supposed not to  he t h ^ id e - c h a in  c h lo r in a te d , b u t th e  

or d in  a ry  t e t r  a ch lo r id  es.

1 . 2 . 5 . 6 .7 -P ent a c h lo ro -5 .6-d ih y d r  oaoenaphthene and
2 .3 .4 .  5 .6 .7 -h e x a c h lo ro -3 .4 . 5. S -te trahydroaoenauhthene

Acenaphthene (7 *7  g . )  was suspended in  l i g h t  

pe tro leum  (20  m l.)  and s u lp h u ry l c h lo r id e  ( 20*3  g . )  was 

added a l l  a t once. Orange c o lo u r irm e d ia te ly  developed 

and c ry s ta ls  s lo w ly  d isappeared under g e n tle  e v o lu tio n  

o f hydrogen c h lo r id e .  A f te r  a few h o u rs , the  a d d it io n  

p ro d u c ts  began to  separa te  on th e  bottom  o f th e  v e s s e l. 

The in c rea se  o f  th e  p r e c ip i ta te  seemed alm ost t o  have 

stopped a f t e r  2 days. The c ry s ta ls  (3 .4 7  g .)  were 

c o l le c te d  and washed w ith  sm a ll amounts o f  l i g h t  p e t r o l 

eum. As th e  chrom atographic se p a ra tio n  on s i l i c a  g e l 

had been proved in e f fe c t iv e ,  two adducts were separated 

by h a n d -p ic k in g : th e  p roduct was d is s o lv e d  in  a ho t

m ix tu re  o f lig ro in -b e n z e n e  and a llow ed  to  c o o l v e ry  ca re 

f u l l y ,  th u s  making th e  c r y s ta ls  grow la rg e  enough fo r  

m echanical s e p a ra tio n . B i r s t ,  f in e  needles separated
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as c lu s te r s ,  then  s l i g h t l y  y e llo w  co lo u re d  p rism s began 

to  d e p o s it .  The fo rm er (re c o v e ry , 0 .46 g . , 1350 m elted 

a t 210- 212°  under da rken ing  and b u b b lin g  ( a l l  th e  s o l id  

d isappeared up to  214° under m icroscope), w h ile  th e  

l a t t e r  (re c o v e ry  1 .21  g . , 35/0 m elted a t 168-169°. The 

rem a in ing  p a r t  ( 1*79  g . )  was m ostly  a m ix tu re  o f  th e  two 

adducts , th e  major component o f w h ich  was th e  h i ^ i e r -  

n e l t in g  p ro du c t as th e  h a n d -p ic k in g  d is fa v o u rs  th e  re 

cove ry  o f t h is  adduct owing to  i t s  m inute  c r y s ta l s iz e . 

The m e ltin g  p o in ts  o f b o tli adducts d i f fe r e d  co n s id e ra b ly  

from  those re p o rte d  in  l i t e r a t u r e , ^ ^  (m .p. 150° decomp, 

and 204-205° decomp., r e s p e c t iv e ly ) ,  so th e y  were ana

ly s e d . The h ig h e r-m e lt in g  p ro d u c t had th e  f o r m la  

^12^7^^5 (Bound: G, 43*82; H, 2 .1 4 ; G l, 53*97. G^gE^Cl^ 

re q u ire s  C, 43*77; H, 2 .1 3 ; C l,  53 *95 /0 , th e  lo w e r- 

m e lt in g  one came to  th e  fo rm u la  o f  G^g^gGl^ (Bound; 

c , 39*63; H, 2 .1 7 ; C l,  58*17. G^^^qCI^ re q u ire s  C,

39*45; H, 2 .1 9 ; G l, 5 8 .3 5 /0 . T h e re fo re , th e  fo rm er 

i s  a t r ic h lo r o - d ic h lo r id e  and th e  la t t e r  a d ic h lo ro -  

t  e t r  a c h lo r id  e •

The syrupy p a r t  ( 10*2  g . ) from  which th e  above 

adduct8 had been separated was chromatographed on s i l i c a  

g e l.  The e va p o ra tio n  o f th e  e a r l ie r  e lJ te s  gave y e llo w
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need les o f impure 6 ,7 -d ich lo roacenaph thene  (c a . 3*2  g . )  

m e lt in g  between 115-135°. The la t e r  e liA e s  gave a da rk  

brown syrup o f com p lica te d  com p os ition , from  vh ich  some 

amounts o f th e  d ic h lo r id e  was fu r th e r  ob ta ined .

The c h lo r in a t io n  o f  acenaphthene (7 .7  g . )  w ith  

more s u lp h u ry l c h lo r id e  (27  g . )  in  l i g h t  pe tro leum  (20 

m l.)  proceeded s im i la r ly ,  g iv in g  more p r e c ip i ta te  o f th e  

a d d it io n  p ro du c ts  (4*99 g . ) and a syrupy p a r t  (10*93 g . ) .  

The com p os ition  o f  th e  p roduc t was n e a r ly  th e  same.

By tre a tm e n t w ith  a lk a l in e  m ethanol, th e  d i 

c h lo r id e  gave orange needles o f  2 . 5 . 7 - tr ic h lo ro a c e n a p h -  

th y le n e . m.p. 164-165° ( l i t . ,  1 6 5 ° ), and th e  t e t r a 

c h lo r id e ,  y e llo w  needles o f  2 .4 .6 .7 - te t r  a ch lo r o ac enanh- 

th y le n e , m .p. 191-193° ( l i t . ,  192-194°, and h ig h ly  

p u r i f ie d  specimen, 197 - 198° ) .

The In f ra re d  spectrum o f  th e  d lc h lo r ld e  had 

hands a t 635, 678s, 711s, 737ms, 757, 787m, S lim s , 826ms, 

897, 937, 951w, 990 , 1064w, 1094ms, 1117ms, H 26w , 1182, 

1206m, 1214W, 1252m, 1304, 1346ms, 1581w, 1621ms om ."^ 

The te t r a c h lo r id e  had in f ra re d  a b so rp tio n s  at 678w, 693s, 

714w, 732vs, 764ms, 785m, 797m, 829s, 850m, 898ms, 949w, 

963w, 975m, 1011m, 1052 , 1126, 1152 , 1188, 1202 , 1215 ,
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1261, 1275ms, 134-2, 1429 The p .m .r*  ^ e c tru jn

o f th e  d ic h lo r id e  had s ig n a ls  a t 6 *29 ^ ( tw o  p ro to n s  o f 

p ro b a b ly  e th y len e  b r id g e ) ,  4 *79 , 4*52 and 4 * 3 0 h T ( i l l -  

s p l i t  q u a r te ts ,  each area a t t r ib u ta b le  to  one hydrogen), 

and 2 *4 8 'TC s in g le t  due to  two arom atic p ro to n s ). i l l  

th e  c o u p lin g  constant's were sm all (be low  2 c . p . s . ) .

The te t r a c h lo r id e  showed s ig n a ls  a t 6*62, 6 *45-6 *49 , 

4 * 9 8 , 4 *33 , 4 *70 -4*76 , 4 *55 -4 *59 , 4*22  T ,  and two a ro - 

nafcic do u b le ts  a t 2*30 and 2*55 TCJ *  8*4 c . p . s . ) .  

because o f th e  la c k  o f comprehensive d a ta , a l ip h a t ic  

p ro to n s  co u ld  no t be assigned. The c o u p lio ^ o n s ta n ts  

were a lso  sm a ll (be low  2 c . p . s . ) .
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14. C h lo r in e  A d d itio n s  to  Naphthalene and R e la ted  
Coiïïpotmda

14 .1  H is to r ic a l  Survey

K L e c tro p h il ic  a d d it io n  to  henzenoid system 

can occur e ith e r  t h r o u ^  1 , 2- a d d it io n  or th ro u g h  1 , 4 -  

a d d it io n .  A lthough th e  1 ,2 - a d d it io n  p roduct is  therm o

d yn a m ica lly  more s ta b le  th a n  th a t  d e r iv e d  by 1 , 4 - ad d i

t io n  owing to  th e  c o n ju g a tio n , i t  does no t always mean 

th a t  th e  fo rm a tio n  o f 1 , 2- a d d i t io n  p roduc t is  k in e t l -  

c a l ly  favou re d . Thus, in  th e  k in e t lc a l ly  c o n tro lle d  

a d d it io n  o f ha logen o r hydrogen h a lid e s  to  con jugated 

system s, de la  Mare et a l .  observed th e  preponderant
03

fo rm a tio n  o f  the  the rm odynam ica lly  le s s  s ta b le  isom er.

In  th e  c h lo r in e  a d d it io n s  to  benzenoid compounds, how

e ve r, t h i s  s i t u a t io n  is  n o t c le a r  y e t .

Naphthalene i s  th e  most im portan t member o f 

th e  p o ly c y c l io  hydrocarbons w ith  fuse d  r in g ,  and a ls o  

th e  f i r s t  benzenoid conpound to  be recogn ised  to  undargo 

th e  s im u ltaneous a d d it iv e  and s u b s t i tu t iv e  c h lo r ln a t io n s .  

As e a r ly  as 1833, L a u re n t, who f i r s t  in v e s t ig a te d  th e  

c h lo r in a t io n  o f naph tha lene, a llow ed c h lo r in e  gas t o  

re a c t w ith  s o l id  naphthalene and observed th e  fo rm a tio n  

o f  l i q u id  naphthalene d ie h lo r id e  and naphthalene
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0 ( - te t ra c h lo r id e .* ^

Paust and Saame s im i la r ly  t re a te d  m o lten  naphtha

le n e  and ob ta ined  a m ix tu re  o f a naphthalene d ic h lo r id e ,

th e  OL - te t r a c h lo r id e ,  a m onochloronaphthalene t e t r a -
18c h lo r id e ,  and a d ich lo ro n a p h th a le n e  te t r a c h lo r id e .

Leeds and iV e rh a rd t prepared t h is  te t r a c h lo r id e  in  a h ig h  

y ie ld  o f  45^ in  s u n l i g h t . H y  passing c h lo r in e  in to  

a ch lo ro fo rm  s o lu t io n  o f naph tha lene, Shwarzer ob ta ined
iq

th e  same adduct. ^ O ther p rocedures in v o lv in g  the  

tre a tm e n t o f naphtha lene w ith  a v a r ie ty  o f  rea ge n ts  such 

as hypoch lo rous a c id , a m ix tu re  o f  su lph u r d io x id e  and 

c h lo r in e ,  su lp h u ry1 c h lo r id e ,  o r  potassium  p e rc h lo ra te  

and h y d ro c h lo r ic  a c id , a re  re p o rte d  to  y ie ld  th e  same 

te t r a c h lo r id e .^ ^ " ^ ^  * 25-26 py th e  la s t-m e n tio n e d

method, th e  is o la t io n  o f  an iso m e ric  y3 - te t r a c h lo r id e
?0 P8 was a ls o  re p o r te d . •

^he s te re o ch e m is try  o f  th e  CX - te t r a c h lo r id e

was f i r s t  in v e s t ig a te d  by Laschen,^^ u s in g  X -ra y  d i f 

f r a c t io n  method and th e  co n fo rm a tio n  o f  c h lo r in e  atoms 

was a llo c a te d  as la *  .2 e .3 e .4 a * . In  th e  same ye a r, Hahn 

and Schütz is o la te d  two o th e r isomers ( I f  and S ) ,  and 

th e  p ro ba b le  s t ru c tu re  o f th re e  (CX , , and 5* ) o f th e  

fo u r  known te t ra c h lo r id e s  were deduced from  k in e t ic
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p c
a n a ly s is .  In  re ce n t t im e s , sys te m a tic  in v e s t ig a 

t io n s  o f the se  te t r a c h lo r id e s  have been c a r r ie d  out by 

de la  Mare and h is  p u p i ls ,  and th e  con fo rm a tio n  o f  fo u r  

((X , ^  fS  9 &ud C ) o f th e  known f iv e ,  in c lu d in g  th e  f i f t h  

new isom er ( £  ) ,  has been e s ta b lis h e d  by th e  k in e t ic  

s tu d y  and p ro to n  m agnetic resonance spectroscopy. ^ 6-27

Isomers C on f orm a t ions (c h lo r in e
p o s it io n s )

a  -T e tra c h lo r id e  la *  .2e .3 e .4a * 

y  -  " l e ’ .2e .3 e .4e *

S -  " l a ’ .2e .3 e .4e *

£ -  " la '.2 a .3 e .4 e '

They have observed th e  rem arkab le  d^endence 

o f th e  s t ru c tu re  o f con form ers on th e  re a c t io n  con d i

t io n s :  in  th e  dark and w ith o u t c a ta ly s t ,  th e  p roduct

was found m a in ly  to  be th e  (X -isom er (o ve r 905^ ), t o 

g e th e r w ith  th e  £  - iso m er as a m inor component: added

e le c t r o ly te s ,  however, change th e  p ro p o r t io n  g re a t ly  

( 50 : 50) ,  and some amounts o f  l- a c e to a y t r  ic h lo r  id  e were 

a lso  is o la te d .  Under th e  h o m o ly tic  c o n d it io n s  in v o lv 

in g  i r r a d ia t io n  o r c a ta ly s is  o f p e ro x id e , th e  p ro du c ts  

were th e  J(̂ - and th e  E - te t r a c h lo r id e s  in  th e  ap p ro x i

mate r a t io  o f 2 : 3 , q u ite  d i f fe r e n t  from  those  ob ta in ed  

under h e te r o ly t ie  c o n d it io n s . On these  f in d in g s  th e y
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have proposed th a t  in  th e  n o n -c a ta ly t io  c h lo r in a t io n s ,  

th e  in te rm e d ia te  o f ,the typ e  ArEClg"*" p la ys  an im p o rta n t 

r o le  in  th e  a d d it io n  re a c tio n s  and th e  OL - te tra c lx L o r id e  

is  produced by two success ive  c j^ -a d d it io n s  t o  naphtha

le n e * The fo rm a tio n  o f th e  ^  -isom er and l-a ce to% y- 

t r i c h lo r id e  is  e xp la in ed  by the  a tta c k  o f c h lo r id e  o r 

ace toxy an ions on th e  carbonium  io n ic  in te rm e d ia te

By pass ing  c h lo r in e  in to  a ch lo ro fo rm  s o lu t io n ,  

V/idman ob ta ined  a te t r a c h lo r id e  from  1- c h lo r  onaphthal ene,

2- c h lo r  onapht ha lene , 1 , 4 - d ic h l  o r onaphtha l ene and 1 , 5- d i -  

ch lo ro n a p h th a le n e . ^^  These re s u lts  were la t e r  c o n firm 

ed by 'k^ynne and h is  p u p i l ,  who a ls o  prepared

1 ,1 ,2 ,3 ,4 , 4 -he xach lo ro  - 1 ,2 ,3 , 4 - t  e tra hy  d r onaphthal ene 

under h o m o ly tic  c o n d it io n s . Spontaneous decom position

o f u n s ta b le  n a p h th - l- y l  io d o d ic h lo r id e  is  re p o rte d  t o  g iv e
33a c h lo r  onaphthal ene te tra c h lo r id e .^ - '^  S te reochem is try  

o f  a l l  these  te t ra c h lo r id e s  has n o t been c la r i f ie d  y e t .
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1 4 .2 . N aphthalene B ic h lo r id e s

Bxom th e  th e o r e t ic a l  point of v iew , the s tr u c t -  

uro of th e  naphthalene d ich lo r id e  would he of great in te r 

e s t .  Although a number o f workers have claimed to have

is o la te d  naphthalene d ic lilo r id e s  by th e  c o n tr o lle d  c lilo r i-

n a tion  of naphthalene, and i t s  chem ical as w e ll as p h y si-
7  I S —02ca l p ro p er tie s  have been recorded in  d e t a i l ,   ̂  ̂ any

recen t r e feren ces  do not provide confirm ation  about t h i s  

p o in t . Under a v a r ie ty  o f con d ition s th e  o r ig in a l pro

cedures were f a i t h f u l ly  reproduced, and the products have 

been shown to  con ta in  m ixtures of ch lo r o -su b stitu te d  

naphthalenes and te tr a c h lo r id e s , but no d ir e c t  evidence  

fo r  th e  presence of any d ich lo r id e  in  t h i s  m ixture has 

been obtained .

Some p o lyoh lor onaphthal ene s , however, seem t o  

g iv e  is o la b le  d ic h lo r id e s , probably because th e  accumu

la t io n  o f ch lo r in e  atoms reduces th e  r e a c t iv ity  o f the  

double bond. Thus 1 , 5-diohloronaphthalene has been 

reported  to  g iv e , on ch lo r in a tio n  by m olecular ch lo r in e  

in  chloroform , a d ich lo r id e  o f  m.p. 94^, togeth er w ith  

a te tr a c h lo r id e , l , l ,2 ,3 ,4 ,5 - p ô u t a o h lo r o - l ,2 ,3 ,4 - t e t r a -  

hydronaphthalene.^^^ 35-3o On treatm ent of a so lu 

t io n  o f 1-ohloronaphthalene in  a c e t ic  acid  with c h lo r in e .
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th e  is o la t io n  o f  a d ic h lo r id e  o f np, 152° has a lso  heea 
20c la im e d . The fo rm er has fo rm u la  and has

been v a r io u s ly  fo rm u la te d  as 1 , 2 , 3 , 5- x -p e n ta c h lo ro -x ,x -  

d lk y d ro n a p h th a le n c ,^ ^  or as l , l , 2 , 3 , 5- p e n ta c h lo ro - l,4-  

d jh^r d r onapht h a l ene. ̂  ̂  The l a t t e r  a ls o  has the  same

fo rm u la  C^qH^CI^ and is  fo rm u la te d  as 1 , 3 , 5 , 9-p e n ta - 

c h lo r  o -x ,x -d ih y  d r onaphthal ene. E xhaustive  c h lo r in a 

t io n  o f  naphtha lene w ith  c a ta ly s t  has been known to  g iv e

1 ,1 ,2 ,3 ,4 ,4 ,5 ,6 ,7 ,8 -d e c a c h lo ro - l,4 -d ih y d ro n a p h th a le n e , 

to g e th e r w ith  a v a r ie t y  o f  d e g ra da tio n  p roducts  caused 

by r in g - f is s io n . ^ ^

The s tru c tu re  o f a t r  ic h lo r  onaphthal ene d i 

c h lo r id e  from  1 , 5-d ich lo ro n a p h th a le n e  has now been 

c la r i f i e d  by th e  use o f  in f r a re d ,  u l t r a v io le t  and p ro to n  

m agnetic resonance spectroscopy, combined w ith  the  chemi

c a l tech n iq ue s  such as p a r t ia l  d e u te ra t io n  and dehydro

c h lo r in a t io n .

The d ie h lo r id e  has th e  fo rm u la  G^oU^Cl^, p ro 

v in g  tJ ia t one s u b s t i tu t io n  and one a d d it io n  o f  c h lo r in e  

has occu rred . S ince dehydro c h i o r in  at io n  g iv e s  1 ,2 ,3 ,5 - 

te tra c h lo ro n a p h th a le n e , b o th  s u b s t i tu t io n  and a d d it io n  

must have occurred  in  th e  same r in g .  I t s  u l t r a v io le t  

spectrum  i s  so s im i la r  in  g e n e ra l fe a tu re s  t o  th a t  o f
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1 , 2-d ih y  d r onaphthal ene, which in  e th a n o l has a main hand 

w ith  maxima a t 274 and 282 mJJ (log^Q  £ » bo th  3» 50) and 

in f le c t io n s  on th e  lo n g  wavelength s id e  a t 297 and 313*5 

m ( lo ^ lQ  € •  3*24 and 2#45 re s p e c tiv e ly ) ,^ "^  th a t  i t

m is t be a 1 , 2-  ra th e r  tha n  a 1 , 4 -d ih y  d r  onapht h a l ene.

The in f ra re d  spectrum a lso  supports  t h is  assignm ent; 

th e  a b s o rp tio n  a t 1608 may be c o rre la te d  w ith  th e

presence o f  th e  double bond in  c o n ju g a tio n  w ith  th e  a ro 

m a tic  r in g ,  s in ce  th e  C»C s tre tc h in g  v ib r a t io n  o f  1 ,2 -  

d Ih y d r onaphthal ene u s u a lly  appears a t about 1600 cm .*, 

whereas th a t  o f  1 ,4 -d Ih y d r onaphthal ene is  a t about 1670 

cm .*^ 98 f i n a l l y  th e  n .m .r .  spectrum e s ta b lish e s  th a t 

th e  two a l ip h a t ic  hydrogens a re  on ad jacen t carbon atoms, 

GO th e  d ie h lo r id e  is o la te d  can be no doubt fo rm u la te d  as

l , 2 , 3 , 4 , 8 - p e n ta c h lo r o - l ,2-d lh yd ro n a p h th a le n e . The low  

c o u p lin g  c o n s ta n t, p "  2*5  c . p . s . ,  cou ld  be a t t r ib u te d  

to  e i th e r  a c is - ( a x ia l ,  p se ud oa x ia l) o r a c is - ( e q u a to r ia l ,  

p s e u d o a x ia l) , o r a t r ans- ( e q u a to r ia l,  pse ud oe qu a to ria l) 

p a ir  o f  hydrogen atoms; bu t s in ce  i t  is  l i k e l y  th a t 

bo th  d ie h lo r id e  and te t r a c h lo r id e  are  d e riv e d  from  a 

common p re c u rs o r, th e  compound is  considered to  have th e  

same c i s- c o n f ig u râ t io n  about th e  3 and 4 carbon atoms 

as th a t  o f  th e  te t r a c h lo r id e  # i ic h  w i l l  be de scrib ed  in  

th e  fo llo w in g  s e c t io n .
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The fo rm a tio n  o f  th e  s ta b le  d ie h lo r id e  can be 

exp la in e d  by th e  sequence shown be low ; th e  f i r s t  stage 

in  th e  c h lo r in a t io n  o f 1 , 5- d ie  h i  o r onapht h a l ene is  a c is -  

a d d it io n  to  g ive  an In te rm e d ia te  d ie h lo r id e ,  vh ich  then 

undergoes concu rre n t s u b s t i tu t io n  ( t o  g iv e  th e  d ic î i lo r id e )  

and a d d it io n  ( to  g iv e  th e  te t r a c h lo r id e )  t h r o u ^  th e  com

mon in te rm e d ia te  o f  a carbonium  io n ic  c h a ra c te r.

CSL

ce -H 
<—

+

®̂ co

Cfi CO

On th e  same b a s is , another known d ie h lo r id e  from  1-  

c h lo r  onapht h a l ene may be fo rm u la te d  as 1 , 2 ,4 ,5 ,8 -  

p ent a c h lo ro - 1 , 2 -d ihyd ron ap h tha len e .

14 .3  C h lo r in a tio n s  by S u lp h u rv l C h lo rid e  and Form ation 
o f  Keto-comnoundg

In  th e  p resen t w ork, c h lo r in a t io n s  o f p o ly c y c l io  

benzenoid hydrocarbons w ith  condensed r in g ,  rep resen ted  

by naphtha lene and re la te d  compounds, have been in v e s t i 

ga ted  m a in ly  from  th e  p o in t  o f v ie w  o f adduct fo rm a tio n .
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As a c h lo r in a t in g  agent, e i th e r  s u lp h u ry l c h lo r id e  o r 

c h lo r in e  has been used. A lthough th e  a d d it io n  con

c u rre n t w ith  s u b s t i tu t io n  in  m o le cu la r c h lo r in a t io n  has 

re c e n t ly  been s tu d ie d  in  d e t a i l , t h e r e  has been u n t i l  

now l i t t l e  in fo rm a tio n  about th e  co rrespond ing  mode o f  

a c t io n  by s u lp h u ry l c h lo r id e  tow ards a rom atic  hyd ro 

carbons. In  th e  naphtha lene f i e l d ,  Dubois f i r s t  observ

ed th e  s im u ltaneous fo rm a tio n  o f  naphthalene OC - t e t r a 

c h lo r id e  w ith  1 - c h lo r  onapht h a l ene by th e  a c t io n  o f s u l

p h u ry l c h lo r id e  on n a p h th a le n e ,^^  lo n g ra tz  and E ic h le r  

con firm ed  t h is  re s u lt  w ith  benzene as s o l v e n t . 1 -  

M ethy lnaph tha lene  and 2-m ethy lnaph tha lene , on th e  o the r 

hand, have been reco rded  as g iv in g  o n ly  p ro du c ts  o f sub- 

s t itu t io n .^ ^ ^

Treatm ent o f  naphthalene w ith  one m o lecu la r 

p ro p o r t io n  o f s u lp h u ry l c h lo r id e  g iv e s  a m ix tu re  o f  1 -  

c h lo r  onaphthal ene (9 3 ^ ) ,  naphthalene OC - te t r a c h lo r id e  

( 4 /0 , and naphtha lene S - te t r a c h lo r id e  ( 3^ ) ,  vh ich  are 

u s u a l p ro d u c ts  o f  e le c t r o p h i l ic  c h lo r in a t io n .  The p ro 

p o r t io n  o f  th e  adduct8 is  no t g re a t ly  a ffe c te d  by cha ise  

o f  s o lv e n t over a range in c lu d in g  l i q u id  su lph u r d io x id e ,  

s u lp h u ry l c h lo r id e ,  c h lo ro fo rm , carbOn te t r a c h lo r id e ,  

and l i g h t  pe tro le um . N e ith e r does th e  change in
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tem p e ra tu re  a l t e r  th e  g e n e ra l n a tu re  o f  th e  p ro d u c ts , 

which are  no t a p p a re n tly  ob ta ined  th ro u g h  th e  d is s o c i

a t io n  o f  s u lp h u ry l c h lo r id e  in to  su lph u r d io x id e  and 

m o lecu la r c h lo r in e ,  s in ce  th e  r e a c t iv i t ie s  are no t d im i

n ished  and th e  p ro du c ts  a re  no t a ffe c te d  much by th e  

presence o f  added su lph u r d io x id e  in  th e  re a c t io n  m ix tu re . 

T h e re fo re , i t  is  l i k e l y  th a t  m o le cu la r s u lp h u ry l c h lo r id e  

can a c t as a d ir e c t  source o f e le c t r o p h i l ic  c h lo r in e ,  

th ro u g h  t ie  in c ip ie n t  h e te ro ly s is  The p re 

dominant fo rm a tio n  o f th e  oL - te t r a c h lo r id e ,  as in  th e  

m o le c u la r c h lo r in a t io n  o f  naph tha lene , suggests th e  tw o  

phases o f c is - a d d it io n  in v o lv in g  a c y c l ic  t r a n s i t io n  

s ta te  oÿ;he ty p e  shown in  th e  C hart on th e  ne x t page; 

one s tage  o f t r  ans- a d d it io n  can g iv e  th e  ^  - t e t r a 

c h lo r id e  as a m inor p ro d u c t. The y  - te t r a c h lo r id e ,
th e

one of th e  c h a r a c te r is t ic  products in /hom olytic process  

and obtained  by two su ccess iv e  tr  ans-add i t  ions .was i s o 

la te d  only when benzoyl peroxide was added as a ca ta ly s t  

fo r  fr e e -r a d ic a l  r e a c t io n s . However, even under con

d it io n s  in  which su lphuryl ch lo r id e  and benzoyl per

oxide were re flu x ed  w ith naphthalene in  carbon t e tr a 

c h lo r id e , th e  h e te r o ly t ie  process appears to  be dominant.

In  alm ost a l l  cases, tb e  fo rm a tio n  o f  p o ly -
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c h lo r id e s  is  accompanied by th e  fo rm a tio n  o f  sm all 

amounts o f keto-compounds, and these do n o t seem to  

be d e riv e d  by the  h y d ro ly s is  o f gem-d ic h lo r  id  es d u r

in g  w o rk in g -u p , s in ce  a number o f gem-d ic h lo r id e s  

have been is o la te d  and q u ite  s ta b le  under th e  o r d i 

n a ry  exp e rim en ta l c o n d it io n s . H y d ro ly s is  o f  these 

gem-d ie h lo r id e 3 under fo rce d  c o n d itio n s  le d  to  th e  

fo rm a tio n  o f  dehyd roch lo r in a t  io n  p ro du c ts  and re s in o u s  

substances ra th e r  than  th e  fo rm a tio n  o f  keto-oompounds. 

In  th e  c h lo r in a t io n  o f  naph tha lene, a main component 

was is o la te d  from  th e  syrup c o n ta in in g  keto-compounds. 

I t s  in f ra re d  as w e ll as u l t r a v io le t  spectrum in d ic a te s  

th e  presence o f th e  ca rb o n y l group con jugated w ith  a 

benzene r in g ,  and in  fa c t  i t  was reduced to  g iv e  2 ,4 -  

d ic h lo ro n a p h th - l- o l.  On the  b a s is  o f  these f in d in g s  

and th e  a n a ly t ic a l d a ta , t h is  k e to -p ro d u c t was form u

la te d  as 1 - k e t0 - 2 , 3 , 4 - t r i c h l o r 0- 1 , 2 , 3 , 4 - te tra h y d ro - 

naph tha lene , and con firm ed  by the  independent syn

th e s is  o f  t h is  from  1 -ace tozynaph tha lene . The form a

t i o n  o f o x id a t io n  p rodu c ts  o f t h is  k in d  may be e x p la in 

ed by a sequence de p ic te d  on th e  n e x t page:
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OSOCQ

-so.

••SO:

(A
CO.

ïh e  ca p tu re  o f oxygen  ra th e r  th a n  c h lo r in e  d u rin g  ad d i

t io n  sequence, fo llo w e d  by the este r-exchange is  a 

reasonab le  p rocess , and th e  f i n a l  deco inpos ition  o f 

e s te rs  has an a log ie s  in  th e  decoinpsotion o f  benzyl
in n

e s te rs  o f s tron g  a c id s  t o  g iv e  benz aldehyde s .

14 .4  O r ie n ta t io n  o f  A d d it iv e  C h lo r ln a t ions

Under c o n d it io n s  in  which naphtha lene re a c ts  

s lo w ly  w ith  s u lp h u ry l c h lo r id e ,  1 -ch lo ro n a p h th a le n e  

does n o t re a d t s ig n i f ic a n t ly ;  bu t re a c t io n  was found 

to  occur a t r e f lu x  te i^pera tuxe (c a . 7 0 ° ) .  I t  a lso 

proceeded more ra p id ly  and sm oothly in  th e  presence o f  

l i t h iu m  c h lo r id e .  The main adduct is o la te d  was 1 ,1 ,2 ,3»4- 

pent a c h lo r 0 -1 ,2 ,3 ,4 - t  e t ra h yd r onapht h a l ene, which co u ld  

be ob ta in ed  more e a s ily  by th e  m o lecu la r c h lo r in a t io n  

o f  1 -ch lo ron ap h tha le n e  in  l i g h t  p e tro la im . 2 -C h lo ro -
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naphtha lene is  le s s  re a c t iv e  and undergoes th e  a d d it io n  

re a c t io n  in  the  u n s u h s tltu te d  r in g  to  g iv e  1 , 2 , 3 , 4 , 6-  

p e n ta c h lo ro -1 ,2 ,3 ,4 - te tra h y d ro n a p h th a le n e , whioh so f a r  

has been d e scrib e d  as a v iscous  o i l  w ith  tu r p e n t in e - l ik e  

o d o u r , a s  w h ite  p rism s , to g e th e r w i th  1 , 6-  and 1 , 7 -  

d ic h lo r  onapht h a l en e , as p ro d u c ts  o f  s u b s t i tu t io n .  These 

r e s u l t s  are in  accord w ith  th e  v iew  th a t  th e se  two typ e s  

o f  p ro du c ts  can a r is e  by way o f  th e  same in te rm e d ia te .

1 -M e th y l and 2 -m ethy lnaphtha lene re a c t w ith  one 

m o lecu la r p ro p o r t io n  o f s u lp h u ry l c h lo r id e  more r a p id ly  

th a n  naphthalene i t s e l f ,  g iv in g  1 , 2 , 3 , 4 - te t r a c h io r o - 1 -  

c h lo ro m e th y l-1 , 2 , 3 , 4 - te tra h yd ro n a p h th a le n e  and 1 ,2 ,3 ,4 -  

t  e b ra c h lo ro -2-m e th y l- l ,  2 , 3 , 4- te t ra h y d r  onaphthal ene as th e  

main a d d it io n  p ro d u c t. S ince a c t iv a t in g  s u b s t itu e n ts  

f a c i l i t a t e  th e  re a c t io n  m arked ly and make th e  c h lo r in e  

e n te r in to  th e  s u b s t itu te d  r in g ,  and d e a c t iv a t in g  sub

s t i tu e n ts  re ta rd  th e  re a c t io n  and d i r e c t  th e  c h lo r in e  

in to  th e  le s s  s u b s t itu te d  r in g ,  a d d it iv e  c h lo r in a t io n  

o f naphtha lene by e ith e r  s u lp h u ry l c h lo r id e  o r m o lecu la r 

c h lo r in e  is  no doubt an e le c t r o p h i l ic  p rocess .
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14.5  ,S_t0re o ch e ïïils try  o f  -A dd ition  P roducts  and 
P o s s ib le  Sequence f o r  t h e i r  ^^ormatioa

The p .m .r .  spectrum o f 1 , 1 ,2 ,3 ,4 -p e n ta c h lo ro - 

1 ,2 ,3 ,4 - te tra h y d r  onaphthal ene showed two c o u p lin g  con

s ta n ts ,  J -  3*5  find 1 1 .9  c . p . s . ,  f o r  i t s  a l ip h a t ic  system. 

By th e  s e le c t iv e  d (!% te ra tion  o f  e i th e r  th e  2-  o r th e  4 - 

p o s it io n  o f t h i s  adduct, th e y  are assigned as Jg ^ "  11*9 

and f  3*5 c .p .s .  Thus, the  c o n f ig u ra t io n  and con

fo rm a tio n  o f t h is  adduct can be shoivn as below; w ith  

th e  3 , 4 -c h lo r in e  atoms c is  to
H

each o th e r . The fa c t  th a t  th e

a d d it io n  to  l-c lilo ro n a p h th a le n e  CQ
CÜ

in v o lv e s  a t le a s t  one stage o f 

c is -a d d it io n  suggests th a t  th e  

process analogous to  th a t  found

in  th e  h e te r o ly t ie  c h lo r in a t io n  o f  naphtha lene t o  g iv e  

th e  d  -  and ^  - te t r a c h lo r id e  is  in f l u e n t ia l  in  t h is  

a d d it iv e  re a c t io n ,  to o .  The second phase o f a d d it io n  

co u ld  in v o lv e  e ith e r  c is  o r t ra n s  a d d it io n ,  o r b o th .

C h lo r in a t io n  o f  1 , 5- d ic h l  o r onaphthal ene g ive s

1 , 1 , 2 , 3 , 4 , 5-h  exach lo r 0 -1  *2 , 3 , 4 - t  e t r  ahydr onaphthal ene , 

to g e th e r w ith  1 , 2 , 3 , 4 , 8 -p e n t a ch l o r o - 1 ,2  -  d ih y d r  onaphth a- 

le n e , a lre a d y  d e sc rib e d  in  s e c tio n  1 4 .2 . By p .m .r .

a

H
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spectroscopy o f th e  p a r t i a l l y  deu te ra ted  d e r iv a t iv e ,  two 

c o u p lin g  co n s ta n ts  o f  th e  te t r a c h lo r id e  a re  assigned as 

^2  3 *  10*8 and 4 "  4*8 c . p . s . ,  in d ic a t in g  th a t  the

1 , 5-d  ic h lo r  onapht h a l ene te t r a c h lo r id e  has the  same con

fo rm a tio n  as 1 -ch lo ro n a p h th a le n e  te t r a c h lo r id e  and p ro 

b a b ly  is  formed by th e  s im i la r  sequence.

The p .m .r .  spectrum o f  1 ,2 ,3 ,4f6-penfc ach l or o-

1 .2 .3 .4 - t  e t r  ahydr onaphthal ene and 1 ,2 ,3 ,4 ,5 ,8 -hexach lo ro-

1 . 2 . 3 . 4 - t  e t ra liy d r  onaphthal ene (Widman*s adduct) shows 

q u ite  In te re s t in g  p a tte rn s  fo r  t h e i r  a l ip h a t ic  p ro to n s , 

g iv in g  r i s e  to  two se ts  o f  apparent 1 : 2 :1  t r i p l e t s  w ith  

lo w  c o u p lin g  con s ta n ts  (be low  2 c . p . s . ) .  According to  

th e  Karp lu s  r u le ,  such sm all co u p lin g s  a re  c o n s is te n t 

o n ly  v jith  these  co n fo rm a tio n s ; e*eee*, e ’ aea*, e 'eae* 

and a ’ eea*. C ons ide ring  th e  fa c t  th a t  the se  adducts 

have been formed under th e  o rd in a ry  h e te r o ly t ie  con d i

t io n s ,  and th a t  t h e i r  dehyd roch lo r in a t  io n  p ro du c ts  are 

q u a l i t a t iv e ly  s im i la r  to  those  from  naphtha lene (X -  

te t r a c h lo r id e ,  th e  la s t-m e n tio n e d  co n fo rm a tio n  seems 

most p ro b a b le . One in te r p r e ta t io n  o f  these  sp e c tra  

may be th a t  b o th  t r i p l e t s  a re  a c tu a lly  q u a r te ts , and 

h ig h e r one comes fro m  th e  e q u a to r ia l 2— and3—hydrogens, 

and lo w e r one a r is e s  from  th e  pseudoax ia l 1 - and 4 -
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h^^drogens in te ra c t in g  one another t h r o n g  the  lo n g -ra n g e  

c o u p lin g . Replacement o f 2-hydrogen o f 1 ,4 - d ic h lo ro -  

naphtha lene te t r a c h lo r id e  by deu te rium , however, a lte re d  

th e  a b s o rp tio n  p a t te rn  in  a p u z z lin g  way; the  low er 

s ig n a l remained unchanged w h ile  th e  h ig h e r one was s p l i t  

in to  a s in g le t  and a d o u b le t w ith  a v e ry  low  co u p lin g  

(c a . 0*5 c . p . s . ) .  The r e s u l t  c o n tra d ic ts  w ith  th e  

above in te r p r e ta t io n ,  and fu r th e r  in v e s t ig a t io n s  are 

needed.

On tre a tm e n t w ith  excess c h lo r in e  o r s u lp h u ry l 

c h lo r id e ,  l - c h lo r o - 4 -m ethy lnaph tha lene  undergoes a d d it io n  

re a c t io n  in  the  o p po s ite  r in g  to  g iv e  1 ,2 ,3 ,4 ,5 -pen ta - 

c h lo r  o -8 -met h y l - 1 , 2 , 3 , 4 - t  e t r  ahy dronaphthalene o f  m .p. 

177- 178®, p .m .r .  spectrum  o f  which a lso  showed a s im p le  

p a t te rn  o f th re e  apparent 1 : 2 :1  t r i p l e t s  w ith  lo w  coup

l in g s  f o r  th e  a l ic y c l i c  p ro to n s . T h e re fo re , i t s  

s te re o c h e m is try  is  considered to  be s im i la r  to  th a t o f 

th e  Ridman's adduct, p ro b a b ly  th e  0  ̂ - s t r u c tu re .  On 

th e  o th e r hand, th e  lo w e r-m e lt in g  isomer o f  m .p. 151- 152® 

showed a v e ry  com p lica ted  spectrum , in te r p r e ta t io n  o f  

\;h ic h  rem ains s t i l l  unso lved .

Under th e  same c o n d it io n s  l-b ro m o -4 -m e th y l- 

naphtha lene a ffo rd e d  tw o  k in d s  o f  a d d it io n  p ro d u c ts ;
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however, n e ith e r  o f them was found by a n a ly s is  t o  be a 

s im p le  compound, bu t a m ix tu re  o f  p ro du c ts  formed by th e  

p a r t ia l  rep lacem ent o f  bromine by c h lo r in e  o r v ic e  v e rs a . 

The main p roduct o f m .p. 165- 166® possessed in f ra re d  and 

p .m .r .  sp e c tra  v e ry  s im ila r  to  those o f  th e  lo w e r-m e ltin g  

isom er o f  th e  co rre spo nd in g  c h lo r in e  compound, vÆiereas 

th e  m inor p ro du c t o f m .p. 175-177® showed sp e c tra  s im i la r  

to  tho se  o f th e  h ig h e r-m e lt in g  te t r a c h lo r id e  from  1-  

c h lo rô -4 -m e th y ln a p h th a le n e . As th e  change o f n u c le a r 

spec ies  from  c h lo r in e  t o  brom ine cannot have much e f fe c t  

on t h e i r  in f ra re d  as w e ll as p .m .r .  s p e c tra , th e  h ig h e r -  

n e lt in g  te t r a c h lo r id e  from  1- c h lo ro - 4- m ethylnaphthalene 

and th e  lo w e r-m e lt in g  p roduc t from  l-b ro m o -4 -met hy lnaph t ha- 

lo n e  a re  cons idered  to  have the same con fo rm a tio n ; l i k e 

w ise  so a re  th e  lo w e r-m e lt in g  te t r a c h lo r id e  and th e  h i ^ e r -  

m e lt in g  p ro du c t from  l-b ro m o -4-m ethy lnaph tha lene . 3u.ch 

a d ra s t ic  change in  com pos ition  o f  p ro d u c ts , th e re fo re ,  

shou ld  mean a change in  th e  ch a ra c te r o f  the  re a c t io n ,  

p o s s ib ly  from  the  h e te r o ly t ie  t o  th e  h o m o ly tic . The 

re a c t io n  o f a rom atic  bromo cojipaunds w ith  s u lp h u ry l

c h lo r id e  o fte n  in v o lv e s  th e  m ig ra t io n  o f  brom ine atoms,
103and i t  has been re fe r re d  to  as a h o m o ly tic  p rocess.

Indeed, d e s p ite  th e  fa c t  th a t  in  th e  c h lo r in a t io n  o f 

1 - c h lo r o -4 -m e th y ln a p h th a lene, any s id e -c h a in  c h lo r in a te d
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p ro d u c ts  cou ld  no t be d e te c te d  w ith in  th e  experim ent a l 

e r ro r ,  th e  co rrespond ing  re a c t io n  o f  l-b ro m o -4 -m e th y l-  

naph tha lene a ffo rd e d  s u b s ta n t ia l amounts o f s id e -c h a in  

s u b s t itu te d  p ro d u c ts . C e r ta in  brom ine compounds, such 

as brom ine c h lo r id e ,  must have worked as a ch a in  c a r r ie r .

In te r e s t in g ly  enough, th e  c h lo r in a t io n  o f 1 , 2 -  

d ic h lo r  onapht h a l ene proceeds in  a l i t t l e  d i f fe r e n t  way 

fro m  th e  o rd in a ry  h e te r o ly t ie  p rocess ; th e  m ajor p roduct 

be ing  1 , 2 , 3 , 4 , 5 , 6 -h e xa ch lo r o - l  , 2 , 3 , 4 - t  e t r  aJiy dronaphtha

le n e  o f  th e  S - s t r u c tu r e .  A m inor p roduct was a 

te t r a c h lo r id e  w ith  th e  OC - s t r u c tu r e .  The reason why 

such a te t r a c h lo r id e  w ith  th e  ra re  con fo rm a tion  can be 

r e a d i ly  formed from  1 , 2- d ic h lo r  onaphthal ene is  no t c le a r .  

The ease w ith  v h ic h  d ic h l o r onapht ha lenes undergo th e  

a d d it iv e  c h lo r in a t io n  v a r ie s  to  a con s id e ra b le  e x te n t,  

depending on th e  r e la t iv e  lo c a t io n  o f c h lo r in e  atoms 

in  th e  r in g ;  th u s  2 , 6-  and 2 , 7 - d ic h l or onapht h a l ene 

m a in ly  underwent th e  s u b s t i tu t io n  re a c t io n ,  and gave 

l i t t l e  adduct under o rd in a ry  c o n d it io n s .

The in tro d u c t io n  o f  benzene r in g  in to  th e  

naphtha lene n u c le u s , as would be expected, f a c i l i t a t e s  

g re a t ly  th e  fo rm a tio n  o f  a d d it io n  p ro d u c ts . Thus, on 

tre a tm e n t w ith  s u lp h u ry l c h lo r id e ,  1 -pheny lnaphtha lene
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and 1 ,1 * -"b in a p h th y l y ie ld e d  th e  te t r a c h lo r id e s  w ith  

g re a t ease# Benzenoid nucleus in  th e  1 -p o s it io n  i s  

expected to  c o n tr ib u te  to  th e  d e lo c a l is a t io n  o f  p o s it iv e  

charge o f th e  in te rm e d ia te  , th u s  s ta b i l is in g  the

carbonium io n  o f th e  typ e  X X .III to  in c rea se  th e  opportu 

n i t y  f o r  th e  1 ,4 -a d d it io n *  However, t h is  was not

th e  case. The p .m .r .  spectrum o f  th e  te t r a c h lo r id e  

from  1 ,1 * -b in a p h th y l was found to  be s im i la r  to  th a t  o f

1 -ch lo ro n a p h th a le n e  te t r a c h lo r id e ,  w ith  two c o u p lin g  

co n s ta n ts  3 "  10-5 and ^ -  3*4 c .p .s  There

fo r e ,  i t s  s te re o ch e m is try  must be s im i la r  to  th a t  o f th e  

l a t t e r  compound, and th e  sequence f o r  i t s  fo rm a tio n  must 

be analogous to  th e  common h e te r o ly t ie  a d d it io n  process 

in v o lv in g  a t le a s t  one phase o f  c is -a d d it io n .

x x iir
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Brom th e  n t r u c tu ra l p o in t  o f v ie w , th e re  is  no 

reason to  de v ise  a d i f f e r e n t  ro u te  f o r  th e  a d d it iv e  re 

a c t io n  o f 1 -p heny lnaph tha lene . Thus, th e  te t r a c h lo r id e  

from  t h is  hydrocarbon is  cons ide red  to  have th e  s im ila r  

c o n fo rm a tio n . However, i t s  p .ra .r .  spectrum showed t;yo 

one -p ro ton  s in g le ts  and an apparent 1 :2 :1  t r i p l e t  w ith  

low  c o u p lin g  (be low  2 c .p . s . )  in  th e  a l ip h a t ic  p ro to n  

re g io n . The in te r p r e ta t io n  th a t  th e  Wo s in g le ts  a re  

a c tu a l ly  a superimposed d o u b le t due to  th e  2- and 4 - 

Iiydrogen, and a t r i p l e t  is  a q u a rte t due to  th e  3 - 

liydrogen may be p o s s ib le ,  bu t i t s  g e n e ra l fe a tu re  rem inds 

us o f  those  o f  th e  iVidman*s adduct and re la te d  compounds. 

For th e  t im e  b e in g , no d e f in i t e  co n c lu s io n  cou ld  be de

duced from, th e  spectrum o n ly .

The a d d it iv e  c h lo r in a t io n  o f m ethylnaphthalenes 

proceeds in  a d i f f e r e n t  from  those o f the  naphtha lene 

d e r iv a t iv e s  a lre a d y  m entioned. 1-Met hy lna ph t h a l ene

y ie ld s  anomalous s id e -c h a in  c h lo r in a te d  adduct, and th e re 

fo re  w i l l  be describ ed  in  th e  la t e r  S e c tio n  ( o f .  Sec.1 7 ),

2 -M ethy lnaphtha lene  a f fo rd s  e ith e r  te t r a c h lo r id e  o r  mono- 

c h lo ro - te t ra c h lo r id e  depending on th e  q u a n t ity  o f c h lo r i 

n a t in g  agent used. W ith one o r two m o lecu la r p ro p o r t io n  

o f  c h lo r in a t in g  agent, th e  a d d it io n  product was 1 ,2 ,3 ,4 -
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t  e t ra c h lo r 0- 2 -m e th y l“ 1 , 2 ,3  » 4 - t  e tra hyd rona ph th a len e , 

whose s te re o ch e m is try  was e s ta b lish e d  by p .m .r .  s p e c tro 

scopy as X X IV .^^^
CHa

K
01

H

H

a

XXIV

W ith  excess c h lo r in a t in g  agen t, two m onocîiloro- t e t r a 

c h lo r id e s  were o b ta ined  as th e  main a d d it io n  p ro d u c ts ; 

one was l , l ,2 ,3 ,4 - p e n ta o h lo r o - 2 - m e th y l- l ,2 ,3 ,4 - t  e t ra 

hy d r onaphthal ene f i r s t  de scrib ed  by Sober 1 er and r  e c e n tly  

e s ta b lis h e d  by p .m .r .  spectroscopy as X X V . i h e  o th e r 

one was 1 ,2 ,3 ,4 ,5 -p e n ta c h lo ro -6 - in e th y l- l ,2 ,3 ,4 - te t ra h y d ro -  

naph tha lene , which showed a la rg e  co u p lin g  con s tan t o f 

Jg 2 "  8*0  c .p .s .  and two sm all con s tan ts  o f  g "  2*3 

and ^  m 3*5  c . p . s . ,  in d ic a t in g  i t s  s te re o ch e m is try  i s  

s im i la r  to  th a t  o f  naphthalene o i - te t r a c h lo r id e .  How

eve r, th e  va lu e  o f th e  co u p lin g  constan t Jg 3 m arkedly 

le s s  th a n  th e  va lu e  ( 11 *0 ) observed in  th e  spectrum  o f  

th e  l a t t e r  compound, and in  th e  o th e r analogous adduct s . 

The te t r a c h lo r id e ,  th e re fo re ,  p ro b a b ly  e x is ts  in  e q u i l i 

b riu m  w ith  a s u b s ta n t ia l p ro p o r t io n  o f  th e  conform er
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15. C h lo rIn o  A d d itio n s  Invo lv lny? th e  0-3 H ypercon.iuga tion

ïh e  g re a te r  r e a c t iv i t y  o f phenols th a n  t h e i r  

a lîc y l e th e rs  w ith  e le c t r o p h i l ic  reagents  has long been 

re co gn ise d  and a p a r t o f  t h is  enhanced r e a c t iv i t y  has 

been a t t r ib u te d  to  the e le c tro n  re le a s e  by 0-H hyperoon- 

ju g a t io n .  An extreme r e s u l t  o f t h is  mode o f e le c tro n  

re le a s e  would in v o lv e  lo s s  o f  th e  hyp ere on ju g  a t ing  p ro to n  

to  th e  medium, as has been suggested by Robinson fo r  C-ÏÏ 

hyp or con ju g  a t i  on. In  recen t tim e s  th e re  has been

c o n s id e ra b le  accum u la tion  o f  ev idences concern ing  the  

occurrence o f t h is  mode o f  e le c tro n  re le a s e . Thus, 

th e  e le c t r o p h i l ic  s u b s t i tu t io n  o f 2 ,6 -d i- t -b u ty lp h e n o l 

was shown to  proceed th ro u g h  th e  hyper con ju g a t iv e  p ro to n  

lo s s ;  th e  i n i t i a l  a d d it io n  o f th e  a tta c k in g  species to  

th e  r in g  t o  g iv e  th e  d ienone, which the n  undergoes th e

a n io n o tro p ic  rearrangem ent to  y ie ld  th e  s u b s t i tu t io n
. . 106 p ro d u c t.

-HBr
H Br Br

hunerous s im i la r  re a c tio n s  have been described  in  th e  

hyd roxy  d e r iv a t iv e s  o f p o ly c y c lio  a ro m a tics , a lthough
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U ';.'3lr re c h a îilG t io  l?np llc .'à tions  so©?:? neve r to  have been 

"e.uGioae& befo re , ^hus,

15 .1  % b3Lhth.l.o ls

Ia p h th -1 -o l Is  r e a d i ly  c h lo r in a te d  f i r s t  to  

n l r 0 a m ix tu re  o f 2» and 4-o h lo ro n a p h th - l» o l^  which 

fu r th e r  c h lo r in a te d  t o  y ie ld  s o le ly  2 ,4 -d io h lo ro n a .p h th - 

l ^ o l *  On fu r th e r  In tro d u c t io n  o f  c h lo r in e ,  however, 

t h is  n a ph th o l u n d e r jo es not th e  s u b s t i tu t iv e  bu t the  

fu l l l t tT e  re a c t io n  to  g iv e  two d i f f e r e n t  adducts , depend-* 

1%: on th e  c o n d it io n s  employed. D e r iv a tiv e s  o f 

naphthm l-'O l produced In  t h is  way cou ld  be th e  p ro du c ts  

o f  o lo c t r o p h l l le  a t ta c k  e i th e r  a t 2 - o r a t th e  4-pos 1- 

t i o n i  2 ,4 -d lc h lo ro n 8 p h th -* l-o l co u ld  g iv e  e i th e r  th e  

1 -lco t0 * 1 ,2 -d ih yd rona ph tha le ne  XX7XI or th e  l * k e t o * l , 4 *  

d i l iy d r  onaph th a l ©ne^UV'IXI#

Q

U L V U  G 2 Ü 2  1 1 9 1 I I
CÛ

D esp ite  the fa c t th a t both p o s s i b i l i t i e s  were recogn ised  

by e a r lie r  workers in  t h is  f i e l d ,  no p o s it iv e  evidence  

ham up t i l l  now been presented  to  enable a d ec is io n  to  

be rade concerning the stru ctu res  o f th e  ch aracterised  

uToducts, Thus th e  u su a l procedure Involving: the
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c h lo r in a t io n  in  a n e tic  ac id  g ive s  an adduct o f  m .p. 

120-121® from  2 ,4 -d io h lo ro n a p h th - l-o l,  whereas in  

ch lo ro fo rm  as s o lv e n t an isom eric  substance o f m,p, 

74 -75° is  ob ta ined  from  the  same n a p h th o l.

Chemical p ro p e r t ie s  o f b o th  adducts are 

e x a c t ly  th e  same; both compounds on re d a c tio n  g iv e

2 ,4 -d ic h lo ro n a p h th - l- o l;  bo th  on b o i l in g  w ith  aqueous 

e th a n o l g iv e  2 -c h lo ro - l,4 -n a p h th o q u in o n e ; b o th  on 

warming w ith  a n i l in e  g iv e  2 -a n ilin o - l,4 -n a p h th o q u in o n e -  

4 - a n i l .  So, a ttem pted d is t in c t io n  between th e  two is o 

m eric  s tru c tu re s  by chem ical tra n s fo rm a tio n s  g iv e s  no 

p o s it iv e  r e s u l t s ,

4 s im i la r  s i tu a t io n  occurs w ith  2 , 3 , 4 - t r i -  

c la lo ro n a p h th - l-o l.  I t  has lo n g  been known th a t  t h i s

compound w ith  c h lo r in e  in  ch lo ro fo rm  g ive s  a m ix tu re  

o f two d i f f e r e n t  c r y s ta l l in e  m a te r ia ls , one (XXIX) be ing  

y e llo w  in  c o lo u r  and m e ltin g  a t 104-105°, and one (XXX) 

be ing  amethyst and p h o to tro p ic ,  m ,p, 115*5°* These 

form s co u ld  be separa ted  by h a n d -p ick in g  th e  o r y s ta ls  

o r by f r a c t io n a l  c r y s ta l l is a t io n .  Both compounds on 

re d u c t io n  g iv e  2 ,3 ,4 - t r ic h lo r o n a p h th - l - o l ,  both w ith  

aqueous e th a n o l g iv e  2 ,3 - d ic h lo r o - l , 4 -naphthoqu inone; 

b o th  w ith  a n i l in e  g ive  th e  a n i l  o f 2 -a n i l in o -3 -c h lo ro -
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1 . 4-naphth  oquinone. Both w ith  c oncen tra ted  a lk a l i

g iv e  2 ,2 y d ic h lo ro - l-h y d ro x y in d e n e - l-c a rh o x y lio  a c id ,  

presum ably by b e n z y lic  rearrangem ent o f 3 ,4 -d ic h lo ro -

1 ,2 -naphthoquinone. So, aga in , d is t in c t io n

cou ld  not be made on th e  b a s is  o f chem ica l tra n s fo rm a 

t io n s ,

D is t in c t io n ,  however, can be made e a s ily  and 

U31 am biguously on th e  ba s is  o f t h e i r  u l t r a v io le t  sp e c tra . 

The u l t r a v io le t  sp e c tra  o f th e  isom ers are shown by th e  

s o l id  l in e s  (XXVH and XXIX) and d o tte d  l in e s  (X X V III 

and XXX) in  B ig s . 1 and 2, They are  h i ^ l y  c h a ra c te r-  

i s t i c  and e s ta b lis h  th a t  b o th  th e  h ig h e r-m e lt in g  iso ce rs  

a re  1 -k e t o- 2 ,4 ,4 - t r  ic  h lo r  o - t r  ic h lo ro  - 1 , 4-d ih y  dr onaphtha- 

le n e  and 1 -k e to -2 ,3 ,4 ,4 - t e t r a c h lo r o - l ,4 -d ihyd ron ap h tha 

le n e , whereas both lo w e r -m a t in g  isom ers are 1 -k e to -  

2 ,2 ,4  - t  r  ic h l  o r o -1 ,2  -d  ih y  d r onaphtha l m  e and 1 -k e t o-

2 .2 .3 .4 - t  e t r  a c h lo r 0- 1 ,2 -d ihyd ronaph tha lene  re s p e c t iv e ly ,  .

T h is  fo llo w e s  by comparison o f th e  sp e c tra  w ith  those  o f

some 4 ,4 -d im e th y l-1 -k e to - l,  4 -d  ih y  d r onaphthalenes d e scrib ed
107by Campbell and C rom well. These compounds have no

s tro n g  a b s o rp tio n  ne a re r to  th e  v is ib le  re g io n  o f  th e
o

spectrum  th a ^  about 3000 A, The same is  t r u e  o f  th e  

h i^ e r - m e l t in g  adducts from  2 ,4 -d ic h lo ro  and 2 ,3 ,4 - t -  

ic î i lo ro n a p h th -1 -o l.  The lo w e r-m e lt in g  isom ers o f
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b o th , on th e  o the r hand, has a s tro n g  a b so rp tio n  band

w ith  a maximum much fa r th e r  towards th e  v is ib le  re g io n  
o

a t ca , 3400 A, The f u l l y  con juga ted

system should have a b s o rp tio n  a t lo n g e r wavelength th a n

th e  c ro ss -co n ju g a te d  - A r s y s t e m ,  in  agreement

w ith  th e  assignm ent. T h is  argument can be supported

by th e  fa c t  th a t  whereas benzylace tone (^h-CH«CH-(G*o)-CH-)
0 ^ 

has a s tro n g  a b so rp tio n  maximum at 2790 A, e th y lid e n e

acetone (^/i-(0»0j-CB«CH-GH^) has no s trong  maximum below

2500 A.1G8

T h is  assignment can also be endorsed by th e  

in f r a re d  sp e c tra  o f these  adduct. The frequency o f  th e  

s t re tc h in g  v ib r a t io n  o f a ca rb o n y l bond (ca . 1710 cm ."^ 

in  acetone) is  reduced by c o n ju g a tio n  about 25 cm ."^  to  

1685 cm.“  in  acetophenone and fu r th e r  t o  1655 cm .* in  

benzophenone.^^^ C o rrespond ing ly  th e re  is  a frequency 

d if fe re n c e  o f ca. 25 om.“ ^ between each o f  th e  p a ir s  o f  

compounds (X X V II and X X V III) ,  (XXIX and XXX), in  which 

we compare a 1 ,2 -w ith  1 ,4 -d ibyd ronaph tha lene  system . 

A lthough a l l  th e se  fre q u e n c ie s  are  p a r t ia l l y  a lso  modi

f ie d  by th e  ad jacen t hydrogen s u b s t itu e n ts ,  th e  r e s u lt in g  

change would be expected s im i la r  f o r  a l l  o f them, s in c e  

th e  change in  th e  C»0 s tre tc h in g  frequency is  app rox im a te ly
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th e  same, vf-iefher on© or two c h lo r in e  atoiTfS ar© In t r o 

duced a d ja cen t to  a carbonyl s u b s t itu e n t .

l-X e t  0 - 1 ,4 -d lh y d r onaphthal on© system s are more 

s ta b le  th a n  1 -1 c e to - l,2 -d  Ih y d r onaphthal ene* s , in  agreement 

w ith  th e  thermodynamic de du c tio n s . Thus, th e la t t e r  

con be isom erieed under c e r ta in  circu7T\stances to  th e  

more s ta b le  fo rm e r; on s to ra g e , th e  new ketone XXVII 

grad u ally  isom erised  to  XXVIII, and t h is  a n io n o tro p ic  

rearrangem ent was shown to  occur more r e a d i ly  vAeai XXVII 

was d is s o lv e d  in  a c e t ic  ac id  c o n ta in in g  hydrogen c h lo r id e .  

The ketone XXIX, a lth o u ^ i ra thm r s ta b le ,  can a ls o  be is o -  

n e r ls e d  t o  th e  1 ,4-compoimd XXX, on pro longed h e a tin g  

under r e f lu x  w ith  s u lp h u ry l c h lo r id e  c o n ta in in g  a tra ce  

o f hydrogen c h lo r id e .

I t  is  c le a r ,  th e re fo re ,  th a t  c h lo r in a t io n  o f

2 ,4 -d ic h lo ro n a p h th - l-o l o r o f  2 ,3 ,4 - t r ic h lo r o n a p h th - l- o l  

can in v o lv e  e l œ t r o p h i l lc  a t ta c k  on the  2 - ra th e r  tha n  

th e  4 -p o s it io n ,  d e sp ite  th e  in t r in s ic a l ly  g re a te r r e a c t i 

v i t y  o f ot •  than o f j3  -p o s it io n s  in  the  naphthalene 

r in g , and d e s p ite  th e  fa c t  th a t  th e  p roduc t of a tta c k  

on th e  4 -p o s it io n  i s  the rm odynam ica lly  more s ta b le  than 

th a t  of a tta c k  on th e  2 -p o s it io n .  S im ila r  phenomena 

a re  m an ifested  in  th e  c h lo r in a t io n s  o f ce r ta in  p o lyh yd rm y*
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naph tha lenes ; l.S -d lh yd ro a yn a p h th a le n e  re a c ts  w ith
T ine lo c t ro p h i le s  to  g iv e  2 ,6 -d is u b s t i tu te d  p ro d u c ts .

I t  is  in te r e s t in g ,  th e re fo re ,  to  extend our 

knowledge o f th e  in f lu e n c e  o f s tru c tu re s  on th e  ease 

o f a t ta c k  on these  p o s it io n s .  The s te r ic  re q u ire 

ment s o f a m ethyl group a re  s im i la r  to  those  o f a 

c i i lo r in e  s u b s t itu e n t ,  and an a lk y l  group sho u ld , by 

v i r t u e  o f i t s  e le c tro n  re le a s in g  power, f a c i l i t a t e  

e le c t r o p h i l io  a tta c k  not o n ly  on th e  o rth o  and para  

p o s it io n s  w ith  which i t  is  hypercon juga ted , bu t a ls o  

on the  carbon atom to  which i t  is  d i r e c t ly  a ttached . 

Thus, 2 f3 -d ic h lo ro -4 -m e th y ln a p h th - l-o l ard 3 ,4 - d i-  

c h lo r 0- 2 -m e th y ln a p h th -1 -o l are  syn thes ised  and c h lo r i 

na ted . The u l t r a v io le t  s p e c tra  o f these  p roducts  

a re  shown in  T ab le  1 and B ig s . 1 and 2 . The 2-m ethyl.

3 ,4 -d ie h lo ro n a p h th - l-o l g iv e s  aproduct w ith  a s tro n g
o

a b s o rp tio n  maximum a t 3450 A , a r e s u lt  o f  which es ta 

b lis h e d  th a t  c h lo r in e  has a ttached  to  th e  2-p o s it io n  

and g iv e n  l- k e to - 2 - m e th y l- 2 ,3 ,4 - t r ic h lo r o - l ,2 - d ih y d r o -  

naphtha lene XXXI, vh.ereas th e  4 -m e th y l-2 ,3 -d io h lo ro -  

n a p h th - l- o l g iv e s  a p roduct which has no s trong  absorp- 

t io n  a t such lo n g  w ave length , and th e re fo re  l - k e to - 4 -  

m e th y l- 2 ,3 ,4 - t r  ic h l  or o - l ,4 - d  ih y d r  onaphth a l ene X X X II.
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I t  seers th e re fo re  th e  m ethy l group is  more fa vo u ra b le  

th a n  th e  c h lo r in e  s u b s t itu e n t f o r  th e  p rom otion  o f  e le c tro , 

p h i l i c  a t ta c k  on th e  carbon atom to  w h ich i t  is  a tta ch e d , 

in  agreement w ith  v/hat would be expected on s im ple e le c t r o 

n ic  co n s id e ra tio n s#

Treatm ent o f  n a p h th *- l-o ls  w ith  excess c h lo r in e  

y ie ld s  s a tu ra te d  ke tones; 1 -k e to -2 ,2 ,3 *4 ,4 -p e n ta c h lo ro -

1 ,2 ,3 ,4 - t  e trahydronaph tha lene  and i t s  2 -m e th y l o r 4 -m e th y l 

d e r iv a t iv e s  can r e a d i ly  be ob ta ined  from  n a p h th - l- o l and 

i t s  2- and 4 -m e th y l d e r iv a t iv e s .  These are  a l l  v e ry
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s ta b le  and have no tendency t o  lo s e  hydrogen c h lo r id e  

under o rd in a ry  c o n d it io n s . IH il ly  c h lo r in a te d  1 -k e to -

2 ,2 ,3 ,3 ,4 ,4 -h e xa oh lo ro - 1 ,2 ,3 ,4 - t e t r  ahydronaphtholene 

can be ob ta ined  by th e  h o m o ly tic  process in v o lv in g  th e  

c h lo r in a t io n  o f o r under s u n lig h t o r a t e le 

v a te d  tem pera tu res in  sea led tu b e s . The u l t r a v io le t  

and in f ra re d  sp e c tra  o f these  ketones are summarised 

in  Tab le  1 and rep resen ted  in  P ig .3.

1 5 ,2  H auh th -2 -o l8

A d d it iv e  c h lo r in a t io n  o f n a p h th -2 -o ls  was f i r s t  

observed in  1838 .^^ T h is  re a c t io n  was e x te n s iv e ly  

s tu d ie d  by Z incke , and la t e r  by P r ie s  in  connec tion  w ith  

th e  problem o f bond f ix a t io n  in  naphthalene nuc leus .

The fa c t  th a t  many o f  these  re a c tio n s  in v o lv e  e le c t ro 

p h i l io  s u b s t i tu t io n  w ith  p ro to to p ic  re a r  rangement has
111r e c e n t ly  been e s ta b lis h e d  by Z o ll in g e r  and h is  co -w o rke rs , 

v/Iio c h lo r in a te d  0 -d e u te ra te d  n a p h th -2 -o l in  a p ro t ic  s o l

ven t and observed th e  i n i t i a l  l ib e r a t io n  o f  deute rium  

c h lo r id e  from  th e  re a c t io n  system.

In  a c e tic  a c id  n a p h th -2 -o l r e a d i ly  undergoes 

c h lo r in a t io n  a t th e  1 -p o s it io n  f i r s t  to  g iv e  1 -c h lo ro -  

n a p h th -2 -o l.  On fu r th e r  pass ing  c h lo r in e  in to  t h is
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OH

s o lu t io n ,  2 -k e to - l, l- d ic h lo ro - l,2 -d ih y ( iro n a p h th a le n e  is  

form ed. T h is  adduct is  c o irp a ra t iv e ly  s ta b le , bu t on 

p ro longed s to rage  i t  g ra d u a lly  tran s fo rm ed  in to  1 ,4 -  

d ic h lo ro n a p h th - 2 - o l and b la c k  po lym e ric  substanoes.

The tra n s fo rm a tio n  in to  naph tho l can bo e ffe c te d  sm oothly 

by th e  c a ta ly s is  o f hydrogen c h lo r id e  and has been ex

p la in e d  by th e  fo llo w in g  sequence: CGJ32

OZ Cfi Û2 CC^
-.0 Hcf  ̂ |C ;>gS '0 .

a  cn

The fo rm a tio n  o f th e se  s o r ts  o f dienones has commonly 

been observed in  v a r io u s  h a lo g é n a tio n s  o f n a p h th -2 -o ls ; 

th e  chem ica l p ro p e r t ie s  cf these  adducts a re  s im ila r  to  

th a t  o f  2 - k :e to - l, l- d ic l i lo ro - l ,2 -d i] iy d ro n a p h th a le n e ,  ex

cep t th a t  in  presence o f ac id  c a ta ly s t  brom ine atom m i

g ra te s  to  th e  6 -p o s it io n  ra th e r  th a n  to  the  4 , g iv in g  

6-bromon apht h -  2 -  o l s .

/ü ith  an excess c h lo r in e ,  n a p h th -2 -o l r e a d i ly  

y le id s  2 - k e to - l , 1 ,3 ,4 - t e t r a c h lo r o - l ,2 ,3 ,4 - t  e tra h yd r o- 

naph tha lene , w h ich  on s tan d in g  in  c o n ta c t w ith  p r o t ic  

s o lv e n t or on warm ing, re le a s e  hydrogen c h lo r id e  to  

g iv e  2- k e t o - l , l , 3 - t r i c h l o r o - l , 2 -d ihyd ro n a p h th a le n 0 .

On p ro longed s to ra ge  in  d ry  a i r ,  however, t h is  ke tone
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l y  lo s e s  hydrogen c h lo r id e  in  a d i f fe r e n t  way to  

a f fo rd  a npb thol ( 1 ,3 ,4 - t r i c h l o r onaphth- 2 - o l) , m Ic h  

rn.ay perhaps be forined by the sequence involving the 
hot o - e io l  t  aut oiner iezn : ^  ^

CQCQ

GCQ

Œ

C h lo r in e  a d d it io n  t o  th e  doub le  bond ooq?:S to  

occur th ro u g li th e  i n i t i a l  a t ta c k  a t the carbon atom 

adjacent t o  th e  ca rb o n y l group* I h is  fo l lo w s  by th e  

comparison o f the r e a c t iv i t y  o f  2 -k e to - l ,  1,3 - t r ic h lo r o -

1 ,2 -d ih yd ro n a p h th a le n e  and 2 - k e t o - l , l , 4 - t r l c h lo r o - l ^  -  

d llfrd ro n a p h th a le n e i chlorine adds to th e  fo rm er on ly  

too s lo w ly ,  bu t very r e a d i ly  to th e  la t t e r  to  yield  
2 -  k e t 0 -1 ,1 ,3 ,4 ,4  -p  ent ac’fL or o - 1 ,2 ,3 ,4  - t  e t r  shy d r on^htha- 
le n e , which instei^Wusly begins t o  lo s e  hydrogen c h i o r  Ida 

to  give 2-ket 0-1 ,1 ,3 ,4-t etr achlor o - l , 2-d ih;̂ dr onaphthalene*

Erom the mechanistlo point of view, the stereo
chemistry of the addition reaction seems of interest, 
i’he p.m.r* spectrum of 2 -keto-l,1 ,3 ,4-t@trachlaro-l,2 ,3 ,4 -  

tetrahydronaphthalene Viewed a cK?upling constant of
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4*0 c .p .s .  fo r  th e  a l ip h a t ic  p ro to n s . T h is  low  va lu e  

cou ld  be a t t r ib u te d  e ith e r  to  a c i^ (  ax ia l-pseudoequa

t o r  i a l  or e q u a to r ia l-p s e iid o a x ia l)  o r to  a t ra n s  ( equa

t o r  ia l-p se u d o e q u a to r i a l )  p a ir  o f hydrogens. S im ila r  

compounds prepared from  l-m e th y ln a p h th -2 -o l and 1-brom o- 

n a p h th -2 -o l have been found by n .m .r .  spectroscopy to  

be 1 :1  m ix tu re s  o f two i S am ers, no doubt formed by 

th e  d if fe re n c e  o f co n fo rm a tio n  about the  1 -ca rbon  atom, 

c h lo r in e  a d d it io n  ha v in g  occurred w ith  an equal proba

b i l i t y  from  bo th  s ides o f th e  d ienone. These m ix tu re s  

o f adducts had a p a ir  o f  two AX p ro to i^y s te m  o f  «

5*3 and 4*5 c . p . s . ,  and -  5*0 and 3*8 c .p .s .

oome o f th e se  co n s ta n ts  are  to o  h ig h  to  exclude th e  

p o s s ib i l i t y  o f th e  ax ia l-p se u d o  ax i a l  con fo rm a tio n  f o r  

th e  two a l ip h a t ic  hydrogens. fu r th e rm o re , th e  s te r ic  

requ irem en t o f  a c h lo r in e  s u b s t itu e n t is  no t so much 

d i f f e r e n t  from  tho se  o f  a m ethyl o r a brom ine atom, 

do th e  c h a ir  to  c h a ir  in te r  convex s i  on o f  th e  t  e t r  a lone 

r in g  co u ld  be e ffe c te d  w ith o u t d i f f i c u l t y  in  these 

system s. T h e re fo re , no d e f in i t e  co n c lu s io n  about 

th e  s te re o ch e m is try  cou ld  be drawn from  th e  p .m .r .  

s p e c tra  o n ly .

The in tro d u c t io n  o f t - b u t y l  group in to  th e

1 -p o s it io n  is  expected to  p reven t th e  r in g  from  fre e



in t e r  conve rs ion  and fa vo u r th e  con fo rm a tion  in  such a 

v;ay in  w hich th e  b u lk y  t - b u t y l  group is  lo c a te d  in  

pse ud oa x ia l p o s it io n .  Since l - t - b u ty ln a p h th - 2 - o l  

i s  no t known y e t ,  l , 6 - d i - t - b u ty ln a p h th - 2 - o l  was chosen 

as a s ta r t ih g  m a te r ia l.  However, c h lo r in a t io n  o f  

t h is  na ph tho l in  common s o lv e n ts  has been found to  g iv e  

n o t th e  expected p ro d u c t, b u t a sub s t i t u t  ion-add i t  io n  

p ro d u c t, 2 - k e t o - l , 6 - d i - t - b u ty l - l , 3 - d ic h lo r o - l , 2 - d ih y d r o -  

n a p h tlia le n e , w hich must have been formed by th e  deh}d.ro- 

c h lo r in a t io n  o f th e  i n i t i a l l y  formed 2 -k e t o - l ,  6 - d i - t -  

b u t y l - 1 , 3 , 4 - t r  ic h l  or o - l  , 2 , 3 ,4 - t  e t r  ahydr onaphthal ene •

As th e re  is  no com pulsory reason to  expœ t th e  in s ta 

b i l i t y  o f  th is  ketone from  th e  mere chem ica l fo rm u la , 

th e  e x tra o rd in a ry  ease o f e xp u ls io n  o f  hydrogen c h lo r id e  

must be e xp la in ed  on th e  b a s is  o f  i t s  co n fo rm a tio n . I j 

t - b u t y l  group is  p resen t in  a pseudoax ia l con fo rm a tio n  

in  t h is  ke tone , a c h lo r in e  atom a t th e  3 -p o s it io n  must 

be in  an e q u a to r ia l p o s it io n ;  o th e rw ise  g re a t s te r ic  

in te r a c t io n  w ith  t - b u t y l  group a r is e s .  /dien th e  3- 

hydrogen i s  a x ia l ly  s itu a te d ,  t l ie  c i i lo r in e  atom a t th e  

4 -p o s it io n  must be presen t in  a pseudoaxia l con fo rm a tio n  

in  accordance w ith  the  observed easy s p l i t t i n g - o f f  o f  

hydrogen c h lo r id e .  Hence, th e  e q u a to r ia l-p s e u d o a x ia l
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p a ir  o f  c h lo r in e  atoms is  th e  most p robab le  lo c a t io n  

in  t h is  u n s ta b le  ke tone , In d ic a t in g  th a t  c h lo r in e  atoms 

had undergone th e  c is  a d d it io n  to  th e  double bond o f

2 - k e to - l ,2 - d  Ih y d r 0 nap h t h a l en e sy s t em •

H i-BuCC

o

Then, th e  com parâtiv e ly  marked re lu c ta n c e  o f  adducts 

from  n a p h th -2 -o l and i t s  m ethy l as w e ll as bromine 

d e r iv a t iv e s  to  undergo th e  y3 -e l im in a t io n  o f hydrogen 

c h lo r id e  may be ta ke n  t o  in d ic a te  th a t  p a r t  o f th e  

c h lo r in e  atoms are  p resen t in  a l te rn a t iv e  form  o f a 

c is  a d d it io n ,  ax ia l-p se u d o  equator i a l .  Of course, 

th e  p o s s ib i l i t y  o f t ra n s  a d d it io n  cannot be excluded.

2-K e t0- 1 , 1 ,3 ,4 - t  e t r a c h lo r o - l , 2-d ihydronaphtha- 

1 ene is  q u ite  s ta b le  tow ards th e  fu r th e r  a c t io n  o f 

c h lo r in e ,  bu t under c a ta ly s is  by s u n lig h t i t  s lo w ly  

ta ke s  up c h lo r in e  t o  g iv e  f u l l y  c h lo r in a te d  2 -k e to -

1 ,1 ,3 ,3 ,4 ,4 -h e x a c h lo r0- 1 ,2 ,3 ,4 - t e t rah yd r onaphth a lene .
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15.3  H sters o f Haphthols

As would be expected, th e  rep lacem ent o f  the  

hyp ere on jug  a t in g  p ro to n  o f na ph tho l by an a p p ro p r ia te  

s u b s t itu e n t r e s u lts  in  th e  rem arkab le decrease o f re 

a c t i v i t y .  Thus, in  c o n tra s t to  th e  h ig h ly  e le c tro n -  

re le a s in g  hyd roxy  g roup , ace toxy group a c ts  as a weak 

e le c tro n —Te le a s  in g  one in  th e  naphthalene s e r ie s .  

1-A ce toxynaphtha lene behaves d i f f e r e n t l y  depending on 

th e  s o lv e n t used; in  p r o t ic  so lv e n ts  such as a c e tic  

a c id , t h is  compound r e a d i ly  undergoes h y d ro ly s is ,  s im u l

ta n e o u s ly  w ith  n u c le a r c h lo r in a t io n ,  to  g iv e  2 ,4 - d i-  

c h lo ro n a p h th - l-o l,  which by fu r th e r  a c t io n  o f  c h lo r in e  

g iv e s  a s e r ie s  o f  p ro du c ts  a lre a d y  d e sc rib e d  in  s e c tio n  

15* 1 . In  a p ro t ic  s o lv e n ts  such as c h lo ro fo rm , how

eve r, th e  re a c t io n  proceeds in  a d i f f e r e n t  way to  y ie ld  

a new ketone l - k e to - 2 ,3 ,4 - t r ic h lo r o - l , 2 ,3 ,4 - te t r a h y d r o -  

naph tha lene .

T h is  new aspect o f c h lo r in e  a d d it io n  is  more 

c le a r ly  m an ifes te d  in  th e  c h lo r in a t io n  o f 1 ,5 -d ia c e to x y -  

naph tha lene . The c h lo r in a t io n  o f  t h is  coinpound was 

f  i_rst in v e s t ig a te d  by Wheeler and M a tt ox, who t re a te d  

a suspension o f 1 ,5 -d ia c e toxynaphthalene in  carbon t e t r a 

c h lo r id e  w ith  c h lo r in e  in  presence o f io d in e  o r under
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s m il ig h t , and is o la te d  a d ic h lo ro  p roduc t a t room tempera

tu r e  and a t r ic h lo r o  compound a t 80®. In  each case one 

a c e ty l group was h yd ro lyse d . These p ro du c ts  were e rro n 

e o us ly  s ta te d  to  be 4 ,8 -d io h lo ro -5 -a c e to x y n a p h th - l-o l and 

4 ,4 ,8  - t r  ic h lo ro -5 -a c  e to x y - l-h y d r  o xy -3 , 4-d  ih y d r  onapht h a - 

le n e  re s p e c t iv e ly ,  and la t e r  c o rre c te d  by Thomson as

2 .4 -d ic h lo ro -5 -a o e to x y n a p h th - l-o l and l - k e t o - 2 , 4 , 4 - t r i -  

c h lo ro - 5 - aoe to iy -1 ,4 -d ih yd ro n a p h th a le n e . We con firm ed  

t h e i r  r e s u lts  in  a c e tic  a c id , b u t in  c h lo ro fo rm  1 ,5 -  

d iace toxynaph tha lene  was found t o  undergo a d d it iv e  c h lo r i 

n a t io n  in  a d i f f e r e n t  way t o  g iv e  an u n s ta b le  1 -k e to -

2 .3 .4 - t r ic h lo ro - l ,2 ,3 ,4 - te t ra h y d ro n a p h th a le n e  o f m .p. 

116-119°, which on s tan d in g  in  c o n ta c t w ith  a i r  spontane

o u s ly  re le a se d  hydrogen c h lo r id e  t o  g iv e  2 ,4 -d ie  h lo r  o -5- 

a c e to x y n a p h th - l-o l.  T h is  na ph tho l re a c te d  w ith  c h lo r in e  

in  two d i f f e r e n t  ways depending on th e  so lve n t used; in  

c h lo ro fo rm  i t  gave l- k e to - 2 ,2 ,4 - t r ic h lo r o - 5 - a c e to 2 y - l ,2 -  

d ihyd ronaph tha lene  o f m .p. 112-113°, which on s to rage  

s lœ /ly  trans fo rm ed  in to  th e  iso m eric  l - k e t o - 2 , 4 , 4 - t r i -  

c h lo r  o -5 -ac e t o x y - l ,4 -d ih y  d r onaphthal ene o f  m.p. 173-174®. 

D u ring  th e  course o f th e  is o m é r is a tio n , w hich occurred  

more r e a d i ly  in  a c e t ic  a c id  th a n  in  l i g h t  pe tro le um , a 

s l ig h t  amount o f hydrogen c h lo r id e  was l ib e ra te d .  In
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a c e t ic  ac id  th e  p roduct was th e  h i^ e r - m e l t in g  1 ,4 -a d d i

t io n  p ro d u c t.

In  th e  c h lo r in a t io n  o f acetoxy compounds, th e  

e l im in a t io n  o f  a c e ty l group is  supposed to  occur in  th e  

e a r ly  s tage  o f th e  re a c t io n ;  o th e rw ise  th e  second c h lo 

r in e  atom would p re fe r  th e  op po s ite  r in g ,  because o f th e  

accum ula tion  o f e le c tro n -w ith d ra w in g  groups in  one r in g .  

T h is  v ie w  may be supported by th e  observâ t ions th a t  on 

c h lo r in a t io n  in  carbon te t r a c h lo r id e  or g la c ia l  a c e tic  

a c id ,  1^5-d iac  e t oxynaphtha l ene y ie ld s  2 ,4 -d ic h lo r  o -5- 

a c e to x y n a p h th - l-o l as a so le  p ro d u c t. S im ila r  phenomena

have been described in  th e  b ro m in a tio n  and n i t r a t io n  o f
1121 ,5 -d ia c  et oxynaphtha l ene. The rem ova l o f th e

a c e ty l group would p ro b a b ly  be f a c i l i t a t e d  by th e  h i ^  

p o la r i s a b i l i t y  o f th e  C-0 bond, and e s p e c ia lly  in  a c e tic  

a c id  by th e  presence o f a s tro n g  n u c le o p h ile . In  a p ro t ic  

s o lv e n t such as c h lo ro fo rm , th e  e xp u ls io n  o f  th e  a c e ty l 

group is  supposed to  occur no t d i r e c t l y ,  bu t th ro u g h  

th e  in te rm e d ia cy  o f th e  u n s ta b le  te t r a c h lo r id e  from  1 ,5 -  

d ia c  e t oxynaphtha l ene. One o f th e  p o s s ib le  sequences 

f o r  th e  fo rm a tio n  o f these ke t o-p o ly c h lo r  id  es may be 

d e p ic te d  as shown on th e  next page.
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OAc
Cfij

Acû "AcCfi; 
InCHaCOOH

2CCj

InCHCCa

AcO

OH

ce OAc

II

Aco 'a

"Acce
0

CC
AcO CC

Aco cccc

CC

-Hce

OH

AcO
02.

‘ HOC

AcO CC

Acô CC

On s im ila r  tre a tm e n t w ith  c h lo r in e  in  c h i o r o- 

±oxm.f 2 -ace toxynaphtha lene  gave a s t ic k y  syrup , in  which 

th e  k e to n lc  p roduc ts  were no more tha n  m inor components, 

and th e  re a c t io n  seems to  have proceeded m a in ly  in  a sub

s t i t u t i v e  way. l ik e w is e ,  the  e th e rs  o f  naph tho ls  

c h ie f ly  gave p ro du c ts  o f s u b s t i tu t io n  under th e  o rd in a ry  

c o n d it io n s .
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16. C h lo r in e  -Additions Iw o lv ln /?  Î UH HTPeroon.1n,?atlon

One can expect the  p a r t ic ip a t io n  o f th e  e le c tro n s  

o f  ÎJ-H "bond in  th e  e le c tro n - re le a s in g  h yp e rc o n ju g a tio n , hu t 

he re  p ro o f has been rendered d i f f i c u l t  by p ro to n  m o b i l i t y  

and th e  presence o f unshared e le c tro n s . l^ id e n c e s  r e 

la t in g  th e  K-H hyper c o n ju g a tio n  was f i r s t  pu t fo rw a rd  by
13de la  Mare in  1958; rem arkab le decrease in  r e a c t iv i t y

(c a . 10^ tim e s ) o f N -m e th y la c e to a n ilid e  in  c h lo r in a t io n ,  

compared w ith  th a t o f 2-met h y l ac e t o an H id e  was s a t is fa c to 

r i l y  e xp la in ed  on th e  b a s is  o f ÏJ-H hyp ere on jug  a t io n .

In  a f i e l d  o f  p o ly  c y c l ic  a rom atic  amines, th e re  

a re  o n ly  a few obse rva tion s  concern ing  the  c h lo r in e  a d d i

t i v e  re a c t io n s .  However, these  c le a r ly  p o in t  out th a t  

th e  h y p e rc o n ju g a tiv e  e le c tro n  re le a s e  o f  a s im i la r  n a tu re  

is  a lso  o p e ra tiv e  in  adduct fo rm a tio n s . In  1921 P r ie s  

and lohmann c h lo r in a te d  2 -m e th y ln a p h th - l-y la m in e  in  

a c e t ic  a c id  and ob ta ined  1 -k e t o-2-m et h y l - 2 ,3 ,4 ,4 - t  e t ra 

c h l o r o - l ,  2 ,3 ,4 - t  e t r  ahydr onaphthal ene. A lthough th e y

do n o t seem to  have p a id  much a t te n t io n  t o  t h is  phenomenon, 

i t  i s  almost c e r ta in  th a t  th e  ketone has been formed by 

th e  h y d ro ly s is  o f th e  in te rm e d ia te  k e tim in e  h y d ro c h lo r id e . 

The fo rm a tio n  o f th e  k e tim in e  can r e a d i ly  be exp la ined  on
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th e  ba s is  o f  a s im i la r  concept a p p lie d  f o r  th e  ketone 

fo rm a tio n  from  n a p h th o ls . development o f  the  in t e r 

a c t io n  between amino gro^p and nucleus re s u lts  in  th e  

su rre nd e r o f  a hyper c o n ju g a tin g  p ro to n  to  th e  medium, 

fo rm in g  th e  u n s ta b le  k e tim in e  h y d ro c h lo r id e , a c id o ly s is  

o f  which a ffo rd s  th e  co rre spo nd ing  ketone and ammonium 

c h lo r id e  as shoivn below :

NH2
>|CHa Û02

NH
©

O

-HÜ2

HjO

12

CÛ

Q -  NHf CÜ
CD CP

NH-HÛ? 

0?CflCfi

N H
CH3

NH-H02

The N -a c é ty la t io n  r e s u lts  in  the  decrease o f th e  

number o f hy i>ercon juga ting  p ro to n s  and th e  in c rea se  o f  

s t e r ic  h ind ran ce  to  adop tion  o f  a p la n a r c o n f ig u ra t io n .  

These e f fe c ts  would in e v ita b ly  le a d  to  th e  lo s s  o f th e  

h y p e rc o n ju g a tiv e  power o f th e  amino g roup . Thus, d e s p ite  

th e  fa c t  th a t  th e  n a p h th - l-y la m in e  h y d ro c h lo r id e  r e a d i ly  

u n d e rgo e ^h e  s u b s t i tu t iv e  and a d d it iv e  c h lo r in a t io n  in  

a c e t ic  a c id  to  g iv e  1 -k e t o -2 ,2 ,3 14-,4 -p  ent a c h lo r o - l ,  2,3» 4 - 

te tra h yd ro n a p h th a le n e , 1 -ace ty lam inonaph tha lene  g iv e s  o n ly

2 ,4 -d ic h lo ro  d e r iv a t iv e  as a f i n a l  p ro d u c t.
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The a d d it iv e  c h lo r in a t io n  o f naph th -2 -y lam ine  

gave an in te r e s t in g  r e s u l t ;  th e  p ro d u c t v^as not th e  ex- 

p ec t ed 2 -k e t  o - l  , 1 , 3 , 4 - t e t r  a ch lo r o - l  , 2 ,3 ,4 - t  e tra hy  dr on apht ha- 

le n e , hu t th e  2 - k e to - l , 1 ,3 ,3 ,4-penfc a ch lo r o - l , 2 ,3  » 4 -t e t ra -  

hyd r onaphth a lene . S ince c h lo r in e  is  known to  add t o  

2- k e t0- 1 ,1 ,3 - t r i c h l o r 0- 1 ,2 -d ihyd ron ap h tha len e  compara- 

t i v e l y  s lo w ly ,  th e  easy fo rm a tio n  o f  th e  pent a ch lo r o- 

ke tone  must be exp la ined  by th e  sequence o th e r th a n  th a t  

in v o lv in g  th e  in te rm e d ia cy  o f 2 - k e t o - l , 1 , 3 - t r i c h lo r o - l , 2 - 

d ih y  d r onaphth a lene . One p o s s ib le  sequence may be th a t 

as shown be low :

ca
^NH2 %

-H(£!

NH2 CC2

NH-HCÇ

NH’HCaQ3CC _
0 ^

-NH»Cg 
OL ^

C h lo r in e  re a c ts  w ith  2-aoe ty lam inonaphtha lene 

to  g iv e  s u b s t i tu t io n  p ro du c ts  in  a c e tic  a c id , bu t i t  adds 

t o  th a t  system in  c h lo ro fo rm  to  y ie ld  an adduct as a 

p o o r ly  s o lu b le  powder, f i r s t  d e sc rib ed  by C laus and Jâck 

as 1 ,1 ,2 ,3 ,4 -p en t a ch lo ro -2 -a o  e ty la m in o -1 ,2 ,3 ,4 - t  e tra h y d ro -  

naph tha lene . However, i t s  p .m .r .  spectrum does no t p ro -

63
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v id e  in fo rm a tio n  com patib le  w ith  th e  proposed s tru c tu re ;  

p ro b a b ly  t h is  may be a m ix tu re  o f  c e r ta in  adducts* By 

h e a tin g  t h is  adduct re le a se s  hydrogen c h lo r id e  to  g iv e  

u n id e n t i f ie d  p o ly c h lo ro n a p h th il id e s .
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17 • Chi or i  ne M  d 11 lo  ne in v  o lv  liu r C -H Hyn er c on .lu,a a t lo  n

Sinoe th e  h o m o ly tic  process o f a lk y l  c h lo r in a 

t io n s  had been e s ta b lis h e d , i t  became customary t o  regard  

th e  s id e -c h a in  c h lo r in a t io n  o f a lk y l  a rom atics  to  proceed 

tliro u g h  th e  r a d ic a l mechanism* However, th e re  have 

g ra d u a lly  been accumulated the  evidences th a t  a lk y l  

groups a ttach ed  to  th e  un sa tu ra te d  system can be c h lo r i 

na ted under c e r ta in  c ircum stances th ro u /ÿ i th e  n o n -ra d ic a l 

process in v o lv in g  th e  h y p e rc o n ju g a tiv e  p a r t ic ip a t io n  o f  

th e  C-H b">nd o f  a lk y l  g roup . Such an e le c t r o p h i l io  

n a tu re  o f  some s id e -c h a in  c h lo r in a t io n s  o f  p o ly s lk y l-  

a rom atics  has re c e n t ly  been e la b o ra te d  and se ve ra l mecha- 

nisms have been put f o r w a r d . T h e  fo rm a tio n  o f  a 

bonzenonium io n ,  th e  h y p e rc o n ju g a tiv e  lo s s  o f  a p ro to n  

from, the  s id e -c h a in , and th e  a l l y l i c  rearrangem ent o f 

th e  c h lo r in e  atom c o n s t i tu te  th e  essence o f these  

mechanisms.

These processes are dependent upon th e  ease o f  lo s s  of th e  

hyper c o n ju g a tin g  p ro to n  and th e  amount o f  resonance
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energy ob ta ined  by th e  r e s to ra t io n  o f th e  arornatic  system. 

-Annélation o f benzo r in g s  f a c i l i t a t e s  th e  d e lo c a l is a t io n  

o f  p o s it iv e  charge, and d im in ishe s  th e  r e la t iv e  lo s s  o f  

s t a b i l i s a t io n  energy caused by th e  p a r t ia l  d e s tru c t io n  o f  

a rom atic  systems. The necessary consequence o f  t h i s  

would in c re a se  the  s t a b i l i t y  o f  the  aronium in te rm e d ia te s , 

make th e  a lk y l  a rom atics  more s u s c e p tib le  to  the  hyper

c o n ju g a tiv e  lo s s  o f one o f  th e  p ro ton s  from  the  a lk y l  

g roups , and p ro v id e  them the  g re a te r  o p p o r tu n ity  t o  under

go th e  a d d it iv e  c h lo r in a t io n  in v o lv in g  th e  s id e -c h a in  

s u b s t i tu t io n .  In  f a c t ,  as e a r ly  as 1926 B a rn e tt and 

Matthews observed th e  s im ultaneous fo rm a tio n  o f  s id e -

ch a in  ha logenated adducts w ith  s u b s t itu t io n  p ro du c ts  in
17th e  h a lo g é n a tio n  o f  some 9- a lk y l  anthracene s .

17 .1  M d i t i v e  C h lo r in a tio n s  o f  l-A lTcv lnaphtha lenes

C h lo r in a t io n  o f  1 -m e thy lnaphtha lene  w ith  one or 

two m olar p ro p o r t io n  o f  s u lp h u ry l c h lo r id e  or c h lo r in e  in  

s o lv e n ts  has been found to  y ie ld  no t th e  o rd in a ry  t e t r a 

c h lo r id e  bu t th e  s id e -c h a in  c h lo r in a te d  one, 1 ,2 ,3 ,4 -  

t  e t r  a ch lo r o -1 -c h lo r  omet h y l - 1 ,2 ,3 ,4 - t  e t r  ahydr onaphth a len e , 

as th e  main a d d it io n  p ro d u c t. The su sp ic io n  th a t  t h is  

adduct m ight be formed from  1 -c h lo r  omet hy ln a p h th a le n e , 

which in  tu r n  m ight have been d e rive d  h o m o ly t ic a lly  from
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1-m e thy lnaph tha lene  under th e  c a ta ly s is  by l i g h t  o r  hy 

p e ro x id e , can r e a d i ly  be den ied , s in ce  1 -c h lo rometh y l 

naphtha lene have been found to  be a lm ost u n re a c tiv e  t o 

wards such a weak c h lo r in a t in g  agent as s u lp h u ry l c h lo r 

id e  under th e  same c o n d it io n s . In s te a d , i t  undergoes 

a d d it iv e  c h lo r in a t io n  to  th e  un s u b s t itu te d  r in g ,  g iv in g  

th e  1 ,2 ,3 ,4 - te t r a c h lo r 0 - 5- o h lo rc m e th y l- 1 ,2 ,3 ,4 - te t r a -  

h yd r onaphtha l ene as th e  o n ly  main a d d it io n  p ro d u c t.

I t  must be d e r iv e d , th e re fo re ,  th ro u g h  some sequence 

o th e r th a n  th a t  in v o lv in g  th e  fo rm a tio n  o f  1 -c h lo ro m e th y l-  

naph tha lene by h o m o ly tic  o r h e te r o ly t ic  s u b s t i tu t io n .

S im ultaneous a d d it io n  and s id e -c h a in  c h lo r in a 

t io n  does not occur v rith  2 -m e thy lnaph tha lenes, T h is  i s  

r e a d i ly  understood by th e  com parison o f th re e  fo rm s,

X X K II l,  X X IIV , and XXXV, o f th e  co rrespond ing  in te rm e d ia te  

sp e c ie s . X X X III can e a s ily  be s ta b i l is e d  by th e  con

ju g a t io n  w ith  th e  benzene r in g ;  th u s  th e re  i s  a g re a t 

chance fo r  th e  h y p e rc o n ju g a tiv e  lo s s  o f  a p ro to n  from  th e  

motli^rl g roup , whereas XXXIV has th e  fo rm  s ta b i l is e d  not much 

more th a n  th e  o rd in a ry  a l ip h a t ic  carbonium io n . XXXV 

has no p o s s ib i l i t y  fo r  th e  C-H h yp e rc o n ju g a tiv e  s t a b i l i 

s a t io n .
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X X X III XXXIV

A s im i la r  p roduc t w ith  a c h lo r in e  atome at th e  OC -p o s i

t io n  o f th e  s id e -c h a in , l , 2 , 3 , 4 - t e t r a c h lo r o - l - ( l * - c h lo r o -  

e th y l) - l,2 ,3 f4 - te tra h y d ro n a p h th a le n e ,  is  a ls o  o b ta in a b le  

from  1 - et hy ln a p h th a le n e  in  somewhat le s s  y ie ld .

fh e  s ig n if ic a n c e  o f  th e  C-H hyper c o n ju g a tio n  in  

th e s e  ra th e r  anomalous a d d it io n  re a c t io n s  can c le a r ly  be 

dem onstrated by a s e r ie s  o f  experim ents in v o lv in g  the  

c h lo r in a t io n  o f  1 - is o p ro p y ln a p h th a le n e , acenaphthene, 

and 1 ,8 -d im e th y ln a p h th a le n e .

1 - Iso p ro p y ln a p h ih a le n e  o f fe rs  an im p o rta n t c lu e  

f o r  th e  e lu c id a t io n  o f th e  re a c t io n  c h a ra c te r.  I f  th e  

a d d it iv e  c h lo r in a t io n  occurs h e te r o ly t ic  a l l y  th ro u g h  th e  

h y p e rc o n ju g a tiv e  p a r t ic ip a t io n  o f  a lk y l  s id e -c h a in , th e  

tendency t o  form  th e  s id e -c h a in  c h lo r in a te d  adducts shou ld  

decrease in  th e  o rd e r o f 1 -m e th y l, 1 - e th y l,  and 1 - is o -  

p ro p y ln a p h th a le n e . E s p e c ia lly  w ith  th e  la s t-m e n tio n e d  

corrpound, besides th e  decrease o f th e  number o f  hydrogens 

w h ich can ta k e  p a r t  in  th e  hyp ere on ju g  a t io n , th e  s t e r ic a l  

in te r a c t io n  between one o f  th e  m ethy l groups o f  th e  is o 

p ro p y l s u b s t itu e n t w ith  th e  p e r i-h y d ro g en would p reven t
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in  th e  a c t iv a te d  s ta te  th e  is o p ro p y l group from  ta k in g  

th e  p la n a r c o n f ig u ra t io n  which i s  necessary f o r  h yp e r- 

c o n ju g a tio n . T h e re fo re , assuming the  h e te r o ly t ic  p ro 

cess, we can reasonab ly  expect th e  fo rm a tio n  o f th e  

o rd in a ry  te t r a c h lo r id e  as th e  main a d d it io n  p roduc t from  

1 - Is o p ro p y ln a p h th a lene. On th e  o th e r hand, i f  th e  re 

a c t io n  proceeds t h r o u ^  th e  h o m o ly tio  p ro cess , th e  c h lo r i 

n a t io n  o f is o p ro p y l s id e -c h a in  should be in e v ita b le ,  be

cause th e  secondary C-H bond o f 1 - is  opr opylnaphth a l  en e 

is  supposed to  be about 4 tim es  as re a c t iv e  as th a t  o f 

l-n e th y ln a p h th a le n e .(H e la t iv e  r e a c t iv i t ie s  o f  th e  second

a ry  C-H bond o f  cumene tov/ards c h lo r in e  atoms determ ined 

in  l i q u id  phase a t 80^ is  4 *0 , ta k in g  to lu e n e  as s ta n -

Under th e  same c o n d it io n s  used f o r  1 -m e th y l

and 1 - e th y ln a p h th  a le n e , 1 - iso p ro p y ln a p h th a le n e  gave a 

te t r a c h lo r id e  o f  m .p. 116-117°, which was e s ta b lis h e d  

by p .m .r .  spectroscopy as 1 ,2 ,3 ,4 - te t r a c h lo r o - l - is o p r o p y l-

1 , 2 , 3 ,4 -te tra h y d ro n a p h th a le n e . The is o p ro p y l s id e -c h a in  

th e re fo re  remained un a tta cke d  by c h lo r in e  atom, in  agree

ment w ith  th e  io n ic  p ro p o s it io n .

Acenaphthene p ro v id e s  another support f o r  th e  

ĥ qp ere on ju g a t iv e  mechanism. A lthough th e  d is ta n c e  between



173

carbon atoms In  naphthalene is  uruch lo n g e r 
o o

th a n  2 A (ca , 2*5 A ), th e  a c tu a l bond le n g th  o f two

m ethylene carbons in  acenaphthene has been found by

X -ra y  a n a ly s is  t o  be 1*54 -  0*014 A .^^^  The s t r a in

caused by th e  a rrangement o f  such s t ru c tu re  is  sa id  to

be re l ie v e d  by th e  d is to r t io n  o f carbon bond angles and

d is t r ib u te d  among a l l  r in g s  concerned. . Thus, th e

h i ^ l y  enhanced r e a c t iv i t y  o f  acenaphthene in  comparison
117to  th a t  o f  1 ,8 -d lre th y ln a p h th a le n e , th e  low e r chem ica l

118s h i f t  o f a l ip h a t ic  p ro to n s , and anomalous num erica l 

va lu e s  found in  th e  measurement o f pK as w e ll as u l t r a 

v io le t  sp e c tra  a re  a t t r ib u te d  to  th e  presence o f  

in te r n a l  s t r a in ,  vh ich  would in e v i ta b ly  le a d  to  the  dec-- 

rease  o f  th e  s t a b i l i s a t io n  energy due to  resonance.

That i s ,  acenaphthene would possess th e  le s s  a ra n a tic  

c h a ra c te r, and consequen tly  be more s u s c e p tib le  to  th e  

c h lo r in e  a d d it io n  than  th e  s u b s t i tu t io n .  On th e  o th e r 

hand, th e  e th y len e  b r id g e  has been shovm to  e x is t  in  th e  

same p lane  w ith  th e  naphtha lene r in g .  Th is  s p r t la l  

arrangement seems id e a l f o r  th e  a l ip h a t ic  C-H bonds to  

be overlapped w ith  7T -e le c tro n s  o f a rom atic  n u c le u s , 

because even i f  th e se  C-H bonds a re  in  gauche p o s it io n s  

r e la t iv e  to  th e  a rom atic  p lane in  th e  ground s ta te ,  con

s id e r in g  th e  s lig h t  energy re q u ire d  to  d is to r t  th e  carbon
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bond an g les , th e  c o -p la n a r c o n f ig u ra t io n  would be re a d U y  

ach ieved by th e  a c q u is it io n  o f  th e  s t a b i l is a t io n  energy 

a r is e n  from  the  hyp ere on jug  a t iv e  o ve rla p p in g  o f p - o r b i t a ls .  

The presence o f  hyp ere on jug  a t io n  in  t h is  system is  sup

p o rte d  by th e  ob se rva tion s  such as th e  increased e le c tro n -

d o na tin g  power in  th e  order o f e th y len e  b r id g e , 1 -m e th y l,
117and 1 ,8 -d im e th y l groups ; or th e  good co inc idence

o f th e  observed magnitude and r a t io  o f s p l i t t in g s  fo r

m ethylene p ro to n s  in  th e  n e g a tive  acenaphthene io n  w ith

th o se  c a lc u la te d  on th e  assum ption o f th e  hyp ere on ju g  a t iv e
IPOp a r t ic ip a t io n  o f TC -e le c tro n s .  T h e re fo re , i f  we

assume th a t  th e  s id e -c h a in  c h lo r in a te d  ad ducts  are  form ed 

by th e  h e te r o ly t ic  process analogous to  th a t  p o s tu la te d  

f o r  l-m .e thy lna ph tha lene , acenaphthene is  expected to  under

go more e a s ily  th e  a d d it io n  re a c t io n  accompanied by th e  

s im u ltaneous s id e -c h a in  s u b s t i tu t io n ,  because o f th e  id e a l 

lo c a t io n  o f a lk y l  s id e -c h a in  fo r  th e  hyp ere on ju g  a t iv e  

lo s s  o f th e  p ro to n  from  th e  carbonium  in te rm e d ia te .

The c h lo r in a t io n  o f acenaphthene has so fa r  been 

e x c lu s iv e ly  concerned w ith  th e  s u b s t i tu t io n  p ro d u c ts , o n ly  

w ith  an e xce p tio n  o f a recen t work by Daschewski and 

P e t r e n k o , w h o  have cla im ed th e  is o la t io n  o f two a d d i

t io n  p ro d u c ts  and fo rm u la te d  them as 1 ,2 ,5 ,6 ,7 -p e n ta c h lo ro -  

5 , 6-d ihydroacenaphthene and 2 ,3 ,4 ,5» 6 ,7 -h e xa ch lo ro -
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3 ,4 , 5 ,6 - te t ra h y  d r o acenaphthene re s p e c t iv e ly .  In  p re 

sence o f io d in e ,  th e  l a t t e r  was th e  major p ro d u c t, w h ile  

th e  fo rm er was p r e fe r e n t ia l ly  formed in  presence o f  f e r i i c  

c h lo r id e .  As th e  d e ta i ls  o f th e  o r ig in a l  paper had n o t 

been a v a ila b le ,  acenaphthene was c h lo r in a te d  us in g  s u l-  

p h u ry l c h lo r id e  as a c h lo r in a t in g  agent and l i g h t  p e t r o l-  

Gum as a s o lv e n t.  Acenaphthene re a c te d  r e a d i ly  and 

b r is k ly  a t e ith e r  room tem pera tu re  or under ic e -c o o le d  

c o n d it io n s . Two m ajor p roduc ts  separated by h a n d -p ick in g  

were p a le  y e llo w  f in e  needles o f m .p . 210-214^ and s l i ^ i t l y  

y e llo w  prism s o f m .p. 168-169°. Since these m e ltin g  

p o in ts  d i f f e r  g re a t ly  from  those re p o rte d  in  th e  l i t e r a 

tu r e  (204-205°, and 150° re s p e c t iv e ly ) ,  bo th  adducts 

were ana lysed ; th e  h ig h e r-m e lt in g  p roduct was a t r ic h lo r o -  

d ic h lo r id e  (Cpp^yGl^) and th e  lo w e r-m e lt in g  one a d ic h lo ro -  

te t r a c h lo r id e  On d e h y d ro c h lo r in a tio n  v /ith

a lk a l in e  m ethanol, th e se  gave th e  t r i -  o r te t r a c l i lo r o -  

acenaphthylene recorded in  the  l i t e r a t u r e , H i e  c h lo r i 

n a t io n  o f acenaphthene w ith  m o lecu la r c h lo r in e  in  l i g h t  

pe tro le um  gave s im i la r  r e s u lts .

The e x tra o rd in a ry  ease o f  th e  fo rm at ion  o f  th e  

s id e -c h a in  c h lo r in a te d  a d d it io n  p ro d u c ts  from  acenaphthene 

suppo rts  th e  id e a  th a t  th e  hyp ere on ju g  a t iv e  e le c tro n
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d o n a tin g  e f fe c t  o f th e  a lk y l  groups is  h ig l i ly  enlianced by 

th e  id e a l s p a c ia l c o n f ig u ra t io n  o f th e  m ethylene G-H bonds 

f o r  th e  lo s s  o f p ro to n  from  the  carbonium in te rm e d ia te  

a X X I I I ,  The increased uns a tu ra te d  c h a ra c te r o f acenaph

thene owing to  th e  in te r n a l s t r a in  m ight be p a r t ly  respon

s ib le  f o r  th e  easy p ro d u c tio n  o f  th e  adducts.

The fu r th e r  evidence can be ob ta ined  from  th e

c h lo r in a t io n  o f 1 ,8 -d im e th y ln a p h th a le n e . The d if fe re n c e

between th e  s t r a in  energ ies  o f 1 -m ethy lnaphtha lene  and

1 ,8 -d ira e tliy ln a p h th a le n e , c a lc u la te d  by th e  Brow n's method

assuming th e  constancy o f  s t r a in  in  a s e r ie s  o f homophic
1 PPcompounds, is  ca. 6 k c a l/m o l.  The s t r a in  o f  1 -

m ethy lnaph tha lene , caused by th e  in te r a c t io n  o f  th e  

m e th y l group w ith  the  p e ri-h yd ro g e n  atom is  estim a ted  

t o  be 1*6 k c a l/m o l.  Thus, as a f i r s t  ap p rox im a tion , 

a v a lu e  o f 7*6 k c a l/m o l.  can be assumed as th e  s t r a in  

energy o f 1 ,8 -d iie th y ln a p h th a le n e . T h is  va lue  exceeds 

th e  s t r a in  energy between m ethy l and t - b u t y l  group o f

o - t - b u ty l- to lu e n e  (c a . 4-6 k c a l/m o l. )  by a t le a s t  a few  

k c a l/m o l.  T h e re fo re , th e  r e a l is a t io n  o f an id e a l 

s t ru c tu re  o f  1 ,8 -d im e th y ln a p h th a le n e , c h a ra c te r is e d  by 

normal magnitudes o f th e  va lence  ang les and bond le n g th s , 

is  no doubt g re a t ly  h in d e re d  by th e  m utual re p u ls io n  o f
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th e  two p e r l-m e th y l groups. As a n a tu ra l consequence

o f t h i s ,  two m ethy l groups would be p u lle d  a p a rt in  th e

p lan e  o f th e  naphtha lene r in g  and be bent out o f  th e

p la n e . S tru c tu ra l a n a ly s is  by X -ra y  s tu d ie s  co n firm s

th e  deformed s t r u c t u r e . T h e  r e s u lt s  ob ta ined  from

octam ethy lnaphtha lene  in d ic a te s  th a t  th e  m olecu le  is  no

lo n g e r p la n a r ; th e  m ethy l groups in  th e  p e r i- p o s it  io n s

are  d isp la ce d  from  th e  average p la n a r i t y  o f  th e  m o lecu le  
o

by 0*73 A, which corresponds to  a d e v ia t io n  o f  th e  C-CH^

bond from  th e  p lane  by an angle o f 28®. The e q u ilib r iu m
o

d is ta n c e  between two p e r i-m e th y l groups a re  2*98 A.

Thus, as a r e s u lt  o f van der Waal s ' re p u ls o n , th e  two
o

n o t l iy l  groups (c a . 2 A in  d iam ete r) o f 1 ,8 -d im e th y l

naphtha lene is  cons ide red  to  be d is to r te d  B u b s ta a t ia l ly  

from  th e  p o s it io n s  co rrespond ing  to  an id e a l s t ru c tu re  

f o r  th e  h y p e rc o n ju g a tio n . T h is  means th a t  1 ,8 - d i 

m ethy lnaph tha lene would p ro b a b ly  undergo th e  norm al 

c h lo r in e  a d d it io n  to  g iv e  c h ie f ly  te t r a c h lo r id e ,  th e  

m ethy l groups be ing  u n a ffe c te d  th roughou t th e  re a c t io n ,  

because in  th e  carbonium  in te im e d ia te  as X X X III th e  

a l ip h a t ic  m ethy l group can no lo n g e r e x is t  in  th e  same

plane  w ith  th e  a ro m atic  r in g  and su rrender one o f i t s
as

p ro to n s  in  such a w a y /to  fo rm the  e th y le n e  bond.
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The c h lo r in a t io n  o f  1 ,8 -d im e th y In a p h tha len e  

proceeded much s low er th a n  those  o f acenaphthene and 

1 -m e th y ln ap h tha le ne . A lthough no c r y s ta l l in e  p ro du c t 

cou ld  be is o la te d  from  the  syrup c o n ta in in g  th e  a d d it io n  

p ro d u c ts , i t s  p .m .r .  spectrum in d ic a te d  s trong  m ethyl 

peaks, but s ig n a ls  in  th e  metJiylene re g io n  were f a r  

le s s  p ro m in en t. T h e re fo re , 1/3-dim e th y In ^ h tha lene 

seems to  have undergone th e  a d d it iv e  c h lo r in a t io n  t h r o u ^  

th e  o rd in a ry  course , g iv in g  th e  te t r a c h lo r id e  as th e  

main a d d it io n  p ro d u c t.

The s te r ic  in te r fe r e m  e i s  not so marked i f  

th e  ne ighbouring  group is  p re se n t in  th e  f i  - p o s it io n  

o f th e  r in g .  Thus, 1 ,2 -d im e th y ln a p h th a le n e  on t r e a t 

ment w ith  su lp h u ry  1 c h lo r id e  in  so lve n t r e a d i ly  a f fo rd s

1 ,2 ,3 ,4 - t  e t r  a ch l o r o -1  - c h lo r  omethy 1 - 2 -met hy 1 - 1 ,2 ,3 ,4 -  

te tra h yd ro n a p h th a le n e  as th e  main a d d it io n  p ro d u c t, a l -  

thou^gh th e  re a c tio ju  r a te  is  co n s id e ra b ly  slowed down in  

comparison to  th a t  o f 1 -m e thy lnaph tha lene .

17*2 s te re o ch e m is try  and P o s s ib le  Sequence f o r  th e  
fo rm a tio n  o f S id e -ch a in  C h lo r in a te d  Adducts

P .m .r .  spectroscopy in  com b ina tion  w ith  th e  

p a r t ia l  d e u te ra t io n  techn ique  enabled us to  e s t a b l i ^  

th e  s te re o ch e m is try  o f  those  adducts from  a lky ln ap h th a len es ,
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By re p la c in g  th e  4-hydrogen by de u te rium , two c o u p lin g  

co n s ta n ts  o f  l ,2 ,3 f4 - te t r a c h lo r o - l- c h lo r o m e th y l- l ,2 ,3 # 4 -  

te tra h yd ro n a p h th a le n e  a re  r e a d i ly  recogn ised  as Jo o -  

11*4 o .p .s ,  and J^ ^ •  3*6 c .p .s .  S ince Jg ^ is  so 

la rg e ,  bo th  H-2 and H-3 must be a x ia l .  Consequently, 

s in ce  J^ ^  is  s m a ll,  th e  o th e r hydrogen atom must be in  

th e  pseudo e q u a to r ia l co n fo rm a tio n . The st ero ch e m is try  

about th e  1 -p o s it io n  can not be r e a d i ly  deduced, b u t by 

comparing th e  ^  -v a lu e s  f o r  th e  p ro tons w ith  those  f o r  

p ro to n s  in  compounds o f known s t ru c tu re ,  some in fe re n c e  

can be drawn: th e  expected 'Y -v a lu e  f o r  th e  a x ia l

3 -hydrogen atom i f  th e  1 -c h lo r in e  were p se ud oe qu a to ria l 

is  ca . 5*5» whereas i f  th e  1 -c h lo r in e  were p se u d o a c ia l, 

i t  would have HT -  ca . 5 .0 . The observed va lu e  *  

5*06 in d ic a te s  to  a h ig h  degree o f p r o b a b i l i t y  th a t  th e  

1 -c h lo r in e  atom is  pseudoax ia l as shown in  XXXVI

H H
H

Q

H

H
CQ

H
XXXVI XXXVII

As th e re  cannot be so much d if fe re n c e  between m e th y l and 

e th y l groups concern ing the  s te reochem ica l as w e ll as 

magnetochemicaL p ro p e r t ie s ,  1 ,2 ,3 , 4 - t e t r a o h lo r o - l - ( l * -  

c h lo ro e th y l) - 1 , 2 , 3 ,4 -te tra h y d ro n a p h th a le n e  must have th e
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s tru c tu re
s in  X X IV II * The observed ^  -v a lu e  (5 .1 4 ) f o r

th e  a x ia l  3-hydrogen a ls o  supports  th e  suggested s t r u c t 

u re , Prom these  as w e ll as th e  fo re -g o in g  d iscu ss io n s  

d e scrib e d  in  s e c t io n  1 7 .1 , th e  fo rm a tio n  o f  th e  s id e -  

ch a in  c h lo r in a te d  a d d it io n  p ro du c ts  may be exp la ined  by 

th e  sequence as shown below , in v o lv in g  a 1 ,2 -o is  a d d i

t io n s  fo llo w e d  by an a tta c k  o f c h lo r in e  a t th e  2 -p o s i

t io n ,  a hyp ere on ju g a t iv e  lo s s  o f  a p ro to n  from  th e  m ethy l 

g roup , and 1 , 2 -c h lo r in e  a d d it io n  t o  the  r e s u lt in g  exo

met liy  1 ene comp ound•

CHa

0 2 '

CH3

-H

+ ad
a  CH2O? 

cc ^
C4

a

1 , 2 , 3 ,4 -1 e t r a c h lo r o - l - c h lo r ometh y l-2 -m e th y l-  

1 , 2 , 3 , 4 - t  e tra h y d r onaphthalene has two a l ip h a t ic  m ethine 

p ro to n s  w ith  a c o u p lin g  constan t o f 5*6 o .p .s .  Such 

an in te rm e d ia te  v a lu e  has been found fo r  1 ,1 ,2 ,3 ,4 -p e n ta - 

c h lo ro -2 - în e th y l- l ,2,3 ,4 -te tra h yd ro n a p h th a le n e  (J  » 5*8 

o .p .s . )  and naphtha lene £ - te t r a c h lo r id e  (J  « 5*8 

o . p . s . ) .  Comparison o f 7' -v a lu e s  f o r  p ro to n s  o f 

l-c h lo ro m e th y l-2 -m e th y ln a p h th a le n e  te t r a c h lo r id e  w ith
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th o s e  fo r  l-c h lo ro -2 -m e th y ln a p h th a le n e  te t r a c h lo r id e  

shows g re a t s im i la r i t y  among them (h o th  4 .60  T  f o r  3-H ; 

4*32 and 4*26 T  f o r  4-H re s p e c t iv e ly ) .  Thus, h o th  

adducts a re  considered to  have s im i la r  s te re o ch e m is try  

about th e  2-ca rhon  atom and e x is t  in  a s ta te  o f  eq_u ili- 

b rium  m ix tu re  o f two r a p id ly  in t  ero ouvert ing  conforma

t io n s ,  w ith  th e  3 - and 4-hydrogen atoms tra n s  to  each 

o th e r .  The CH^Cl group o f  t h i s  adduct g iv e s  r i s e  t o  

two d o u b le ts  o f J « 13*2 o .p .s . ,  w h ich  in d ic a te s  th e  in 

h ib i t i o n  o f  f r e e  r o ta t io n  about th e  ^ g ^ ip h   C l

bond by th e  ne ig hb ou ring  2-m e thy l g roup . By ih e  use

o f  th e  S tu a rt model, i t  is  understood th a t  such s tro n g

in te r fe re n c e  can occur when bo th  groups are lo c a te d  in

p o s it io n s  c is  to  each o th e r .  The most p ro ba b le

s t ru c tu re ,  th e re fo re ,  is  as shown below : 
œ H

H
02

a
H

CA

I n  t h is  adduct, 3 - and 4 -c h lo r in e  atoms are t ra n s  one to  

a n o th e r. T h is  is  p ro ba b ly  due t o  th e  fa c t  th a t  th e  

combined in d u c tiv e  e f fe c t  o f  two m ethy l groups in  1 ,2 -  

d im e thy lnaph tha lene  re ta rd s  th e  n u c le o p h il ic  access o f  

c h lo r in e  an ion  so much th a t  th e  1 ,2 - a d d it iv e  c h lo r in a t io n
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occurs in  a tra n s  sense in  th e  f i r s t  stage o f th e  re a c t io n *

On th e  b a s is  o f th e  s im i la r  d is c u s s io n s , th e  

s te re o c h e m is try  o f 1 , 2 , 3 , 4 - t e t r a c h l  o r o - l - i s  opr o p y l-

1 ,2 ,3 ,4 - t  e tra h y d r onaphthalene can r e a d i ly  he e s ta b lis h e d  

by re p la c in g  th e  4-hydrogen o f th e  te t r a c h lo r id e  w ith  

de u te rium ; two c o u p lin g  co n s ta n ts  a re  e a s ily  assigned, 

as ^2 ,3  “  11*5 c .p * s .  and 4 "  3*1 c *p *s . T he re fo re , 

bo th  2 - and 3 -hydrogen atoms must be a x ia l ,  and the  3-  

h^ydrogen atom be pse ud oa c ia l* C om para tive ly  h ig h  

T  -v a lu e  (5*27 ) f o r  th e  3 -hydrogen suggests th a t  th e

1 - c h lo r in e  atom is  pse’.ido equator i a l l y  and th e  is o p ro p y l 

group p s e u d o a x ia lly  lo c a te d . The conform at io n  in  

w hich th e  b u lk y  1 - is o p ro p y l group is  in  a pseudoax ia l 

p o s it io n  would be e n e rg e t ic a lly  favo u re d , to o *  The 

most p ro b a b le  s t ru c tu re  is ,  th e re fo re ,  as shown below*

H
02

H

The fo rm a tio n  o f  t h is  te t r a c h lo r id e  may be 

exp la in e d  by the  two successive 1 , 2 - a d d it io n s :  th e

i n i t i a l  c h lo r in e  a d d it io n  to  the  a rom atic  system occurs 

a t 3 , 4- p o s it io n s  in  a c is  sense, th e n  th e  t h i r d  c h lo r in e  

p r e fe r e n t ia l ly  a t ta c k  th e  2- p o s it io n ,  p ro ba b ly  from  th e
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le s s  h in d e re d  d i r e c t io n  le a d in g  to  th e  a x ia l conforma

t io n  o f c h lo r in e  atom. The fo u r th  c h lo r in e  atom is  

supposed to  add to  the  system in  a tra n s  sense t o  th e  

t h i r d  one, s in ce  th e  increased in d u c t iv e  e f fe c t  and 

b u lk in e s s  o f the  a lk y l  group would re ta rd  th e  cap tu re  

o f th e  c h lo r in e  a n io n , th u s  fa v o u r in g  th e  o p p o r tu n ity  

f o r  th e  tra n s  a d d it io n  o f  c h lo r in e  atom.



134

18. REPÜREMOES

1. M, J * S. Dewar, E le c tro n ic  Theory o f  O rganic 

C hem istry, O xford U n iv e rs ity  P ress, 1949.

C. W. % e la n d , Resonance i n  O rganic C hem istry, 

John W ile y  & Sons, In c . ,  New York, 1955.

S . S. Gould, Mechanism and S tru c tu re  in  O rganic 

C hem istry, H o lt ,  R e in h a rt and W inston, New York, 

1959.

L . P a u lin g , The N ature o f  the  Chemical Bond, 

C o rn e ll U n iv e rs ity  P ress, I th a c a , i9 6 0 .

L . N. Ferguson, The Modern S tru c tu ra l Theory o f  

O rganic C hem istry, P re n tic e  H a ll  I n c . ,  New Je rsey, 

1963.

T . M. Dunn, i n  S tud ies  on Chemical S tru c tu re  and 

R e a c t iv i ty ,  Nethuen & Co., London, 1966.

2 . E. IS. van Tammelen and S. P. Pappas, J .  Am. Cheia. 

Soc., 1962, 84 3789; 1963, 85 3297.

3. For example, M. J .  S. Dewar and H. N. Schmeising,

Tetrahedron, i960 , 96.

4 . F . Sondheimer, R. W olovsky, and Y . Ami e l ,  J .  Am.

Chem. Soc., 1962, ^  274; L . M. Jackman, F . Sond

he im er, Y . Ami e l ,  D. A . B e n -E fra in , Y . Gao n i ,  R .



185

R. W olovsky, and A . A. Bo tim e r-B y , i b i d . ,  1962,

4307.

5. C. K. In g o ld , S tru c tu re  and Mechanism in  O rganic 

C hem istry, G- B e l l  and Sons, 1953.

G. M. Badger, Ihe  S tru c tu re  and R eactions o f  the  

A rom atic Compounds, Cambridge U n iv e rs ity  P ress, 

1954.

P. B. D. de la  Mare and J .  H. R idd , A rom atic  

S u b s t itu t io n ,  B u tte rw o rth s  S c ie n t i f ic  P u b lic a t io n s , 

London, 1959.

R. 0 . C. Norman and R. T a y lo r, E le c t r o p h i l ic  

S u b s t itu t io n  i n  Benjsenoid Compounds, E ls e v ie r  

P u b lis h in g  Co., London, 1965.

6 . L . M elander, A rk iv  Kami, 1951, ^ 2 1 1 ;  W. M. Lauer

and W. E. Noland, J .  Am. Chem. Soc., 1953, %5 

3689; T. G. Bonner, G. Bovyer, and G. W illia m s ,

J .  Chem. Soc., 1953, 2650; G. A . O lah, i n  O rganic 

R eaction  Mechanisms, Chem. Soc. S p e c ia l P u b l. ,  no. 

19 , 1965; R. Nakane, A . N a tsu b o ri, and 0 . K u rih a ra , 

J .  Am. Chem. Soc., 1965, 87 3597.

7 . A . L a u re n t, Ann. Chim ., 1833, (2 ) ,  52 275.

8 . 0 . L im ro th , B e r., I 90 I ,  JJ4 219; J . Meisenheimer

and E. Connerade, A nn., 1904, 330 133.



186

9. C. C. P r ic e , J .  Am. Chem. Soc., 1936, 58 1834,

2101; Chem. R ev., 1941, 29 3 7 .

10. P. B. P . de la  Mare and R, B o lto n , E le c t r o p h i l ic  

A d d it io n s  to  ü n sa tu ra te d  Systems, E ls e v ie r  Pub

l is h in g  Co., London, 1966.

11. P . K ovac is , G. T. G o ra ls k i, J .  J .  H i l l e r ,  J r . ,

J .  A. L e v i sky, and R. M. Lange, J .  Am. Chem. Soc.,

1965 , 87 1262; P . Kovacis and J .  A . L e v i sky, ib id . ,

1966, 88 1000; P. C. Mehre and M. Beug, i b i d . ,  1966,

88 1568; J .  H. R idd , i n  S tu d ie s  on Chemical S tru c 

tu re  and R e a c t iv i ty ,  Nethuen & C o., London, 1966.

12. J . W. Baker and ¥/. S. Nathan, J .  Chem. Soc., 1935, 

1844.

13 . P . B. D. d a la  Mare, Te trahedron , 1959, ^ 1 0 7 .

14 . Th. Z incke and 0 . Kegel, B e r . ,  1838, 21̂  1030, 3540.

15 . K . F r ie s ,  and V/. Lohman, B e r . ,  1921, ^  2912.

16. K. F r ie s ,  W. Pence and 0 . P ee te rs , i b i d . ,  1928,

£L 1395.
17 . E . de B. B a rn e tt ,  J .  \7. Cook, and M. A. Matthews, 

i b i d . ,  1926, ^  2863; E. de B. B a rn e tt,  N. F .

Goodway, and J .  L . W il ts h ir e ,  i b id . ,  1930, 6 ^  472.

18. A . Faust and E. Saame, A n n ., 1871, 160 65.

19 . A. R. Leeds and E. Everhard, J .  Am. Chem. S oc.,

1880, 2 205.



187

20. 2 . F is c h e r, B e r.,  1873, 1j_ 735.

21. H. E. A rm strong and W. P.  Wynne, Chem, News, 1890,

61 234; J . V .  Braun, B e r.,  1923, 5% 2337 .

22. F . W. K lin g s te d t ,  G. Wiese, and G. Rudbâcîc, A cta  

Acad. Ahoensis Math. P hys., 192?, ^  1.

2 3 . V. Sanchez d e l Olrao, T hes is , 1965.

2 4 . P. B. D. de la  Mare and H. Suzuki, to  he p u b lish e d

in  J .  Chem. Soc., (C ).

2 5 . F . Schütz and K. H ahn fe ld , Chem. B e r.,  1952,  8^  I 3 I .

26. P. B. D. de la  Mare, M. Î). Johnson, J .  S. Lomas, and 

V . Sanchez d e l Olmo, J . Chem. Soc., (B ), 1966, 827.

2 7 . P.  3 , D. de la  Mare, R. Koenigsberger and J .  S.

Lomas, J .  Chem. Soc., (B ), i 960 , 834.

28. M. M i l le r ,  M onatsh., 1953, 84 640.

2 9 . W. R. O rn d o rff and C. B . Moyer, Am. Chem. J . ,  1897, 

19 262; J . R. Sampey, J .  M* Cox, and A . B . K ing ,

J .  Am. Chem. Soc., 1949, %1_ 3697; F . R. Mayo and 

W. B. Hardy, i b id . ,  1952, 74 911.

3 0 . M. Z e ld in  and I . W a rtik , J . Am. Chem. Soc., I 96 I ,

^  498; 1966, 88 1336.

3 1 . D epo^illy  and D e p o u illy ,  B u l l .  soc. chim . France,

1865, (2 ) ,  1  10.

3^ .  0 . Widman, i b id . ,  1877, ( 2 ) ,  28 505.



188

33. G. W illg a ro d t and P. S c lild sae r, B e r,,  I 900 , 22. 692.

34 . E. G. Turner and ¥/. P. Wynne, J .  Chem. Soc., 1941,

24 3 .

35. A . A tte rh e rg  and 0 . Widman, B e r . ,  1877, 1841; 

B u l l .  soc. chim . Prance, 1877, (2 ) ,  28 515.

36. W. P . Wynne, J .  Chem. Soc., 1946, 61.

37 . Duparc, A rch , s c i . phys. n a t . ,  1888, (3 ) 20 416.

38. German P a t. ,  857, 351 (1952); C .A ., 1956, 4226.

39. R. N euhoff, A nn., 1865, 126 342.

40. 0 . S c h e rle r, B e r.,  1891, 24 3921.

41 . G. Cum, P. B. D. de la  Mare and J .  S. Lomas, J .

Chem. Soc., (B ), 1967, 244.

42 . 0 .  Widiaan, B e r . ,  1879, 12 959, 2228.

4 3 . Th. Z incke , B e r.,  1883, g l  3378; i b id . ,  1889, 22

1024 .

44 . Chr. Brdmme, B e r., 1888, g l  386 .

45 . Th. Z incke and L . Schmunk, Ann., 1890, 257 154.

46. H. E. Arm strong and E. C. R o s s ite r ,  P roc . Chem. 

Soc., 1891, 89.

4 7 . K. F r ie s  and E. Htlbner, B e r.,  I 9O6 , ^  435.

48. K. F r ie s  and E. Hemp elm ann, i b i d . ,  I 9O8 , H  2614.

49. A . S. Wheeler and W. J .  M a ttox , J .  Am. Cheia. Soc.,

1933, 15 686.

5 0 . R. H. Thomson, J .  O rg. Chem., 1948, 13 371 .



189

51. K . F r ie s , B e r . ,  1921, 14 2925.

52. K. F r ie s  and K. S ch im ae lsch ia id t, Ann., 1930, 484

245.

53. K. F r ie s  and II .  Engel, Ann., 1924, 439 232.

54. M. M a rt in -S m it ii and M. Gates, J .  Am. Chem. Soc., 

1956, 78 6177.

55. H. B u rton , J .  Cliem. Soc., 1945, 281; a lso  c f .  F .

W. Robertson, i b i d . ,  1956, 1883.

56. P. M. James and D. Wood-Cook, ib id . ,  1951, 1931.

57. F . Fuchs, B e r . ,  1875, 8 1022.

58. R. Meyer and K. W o lfs leben , i b id . ,  I 9 I I ,  44 1958.

5 9 . Th. Z incke and G. E g ly , A n n ., 1393, 300 180.

60. Th. Z incke and K. F r ie s ,  i b i d . ,  1904, 334 342.

61. K. F r ie s  and E. KÔ hler, B e r.,  1924, 17 496.

62. K. F r ie s  and E. Hempelmann, B e r., 1909, 42 3381.

6 3 . Ad, Clans and 0 . Jâck, J .  p ra k t .  Chem., (2 ) ,  1898,

SI 1.
6 4 . G. H. Beaven, P. B . I). de la  Mare, M. Hassan, E.

A* Johnson, <md N. V. K lassen, J .  Chem. Soc., 1961, 

2749; P. B . B . de la  Mare, D. M. H a ll,  M. M. H a r r is ,  

M. Hassan, E. A . Johnson, and N. V. K lassen, ib id . ,  

1962, 3784; G. H. Beaven, P . B. L . de la  Mare, E.

A. Johnson, and N. V. K lassen, i b id . ,  1962, 983;

P. B . D. de la  Mare, E. A . Johnson, and L , S. Bornas, 

i b i d . ,  1963, 5973 .



190

65. B. Campbell, i b id . ,  1915, 107 918; 3. J .  C r is to l ,

F . R . S te rm its  and P. 3. Ramey, J .  Am. Chem. Soc., 

1956, %8 4939; M. B lum entba l, B e r . ,  1874, % 1092;

R, F . M e r r i t t  and F. A. Johnson, J .  Org. Chem., 1966, 

11 1859.

66. M. M. Daschewski and G, P. P e trenko , S born ik  S ta te i 

Obshchei Khim. Akad. Rank. S. S. S . R ., 1953, 1  638.

67. de F a z i, A t t i  acad. L in c e i,  1923, (5 ) ,  _32 343; Gazz. 

chim . i t  a l . ,  1923, H  499; F . Mayer and V/. Kaufinann, 

B e r., 1920, 53 289.

68. M. M. Daschewski and G. P. P e trenko , S born ik  S ta te i 

Obschchel Khim. Acad. Nauk. S. S. S. R ., 1953, 1  

630; îTauk. Z a p is k i Odessk. P o l ie t t k h .  I n s t . ,  I960,

20 47; C. A .,  1962, 56 7233.

69. G. H. Cady, In d . Eng. Chem., 1947, 12 290.

70. W. H. P e rk in , Chem. News, 1876, 145; F . Schv/arzer,

B e r , ,  1877, 10 376; T. D ie h l,  i b id . ,  1878, H  173;

W. Hammersch lag , i b i d . ,  1886, H  1106; C. Liebermann 

and L . lindem an, i b id . ,  1380, 13 1584; C. Liebermann 

and M. Beudst, i b i d . ,  1914, 47 1011; E. de B. B a rn e tt, 

J .  Chem. Soc., 1925, 127, 2040; G. K. In g o ld  and P.

G. M a rs h a ll, i b i d . ,  1926, 3080; E. de B. B a rn e tt,

J .  W. Cook, and M* A . Matthews, Rec. t r a v .  ch im .,

1924, 43 530; 1925, 44 217, 728, 818, 894; 1926, 45



191

63, 558; E. de B . B a rn e tt and M. A. Matthews, B e r.,

192G, 52 670.

71. K. H. Meyer and K. Zahn, A nn., 1913, 396 166; German 

P a t. ,  283, 106; 284, 790; E. de B . B é irne tt, J . W. Cook, 

and H. II. G ra in ge r, J .  Chem,. Soc., 1922, 121 2059.

72. E, de B. B a rn e tt and J .  A . Lo;;, B e r.,  1931, 24 49; E.

de B. B a rn e tt and C. L . Hewett, i b id . ,  1931, 64 1572;

E . de B. B a rn e tt and M. A . Matthews, i b id . ,  1926, 52

1429; J .  %. Cook, J .  Chem. S oc., 1928, 2798; E. de B.

B a rn e tt ,  J .  V/. Cook and M. A . Matthews, B e r . ,  1926, 22 

2863.

73. H. Sandqu is t, A n n ., 1913, 41? 17; H, Sandquist and 

Hageln, B e r.,  1918, 21 1515; G. C. P r ic e  and G. E . A rn taen , 

J .  Am. Chem. S oc., 1938, 60 2835; P . B . D. de la  Mare

and N. V. K lassen, Chem. In d . London, i960 , 493; P. B.

B . de la  Mare, N . V. K lassen and R. K oen igsberger, J .

Chom. Soc., 1961, 5285; P . B . D. de la  Mare and R. Koenigs

b e rg e r, i b i d . ,  1964, 5327 .

7 4 . A . M ichae l and G. H. C arlson , J .  Am. Chem. Soc., 1935,

57 1268.

7 5 . C. Maschalk and C. Stumni, B u l l .  soc. chim . France, 1943, 

(5 ) ,  15 418.

7 6 . H. V o llriia iin , H. Becker, H. C o re ll and H. S treeok, A nn .,

1937 , 511 1-



192

77. I .  R oberts and G. E. K im b a ll, J .  Am. Chem. Soc.,

1937, 12 947.

78. For re v ie w s , G. K. In g o ld , S tru c tu re  and Mechanism 

in  O rganic C hem istry, B e l l  and Sons, 1963, p . 646;

P. B . D. de la  Mare and R. B o lto n , E le c t r o p h i l ic  

A d d it io n s  to  U nsatura ted  Systems, E ls e v ie r  Pub

l is h in g  Co., 1966 ,

79 . V . G eorgian, L . G eorgian and A. V. Robertson, T e tra 

hedron, 1963 , 22 1219; R. E. Buckles and I). F . Knaak, 

J .  O rg. Cheia., 1960, 25 20.

80 . P . B . D. de la  Mare, R, K oen igsberger, J .  S. Lomas,

V. Sanchez d e l Olmo, and A . Sexton, Rec. T rav . ch im ., 

1965, 84 109.

81 . L . M. Jackman, N uclear M agnetic Resonance S pectro 

scopy, Pergamon P ress, London, 1959.

82. M. K a rp lu s , J .  Chem. P hys., 1959, 12  11.

8 3 . R. J .  Abraham and K. G. R . P a ch le r, M o l. P hys., 1964, 

1  165.

84 . A. J .  K o lka  and H. J .  O r lo f f ,  J .  Am. Chem. S oc.,

1954, %6 5434 .

85 . 3 . J .  C r is to l ,  i b i d . ,  1947, §9 553; 8 . J .  C r is to l ,

N. L .  Hauas, and J .  S. Meek, i b i d . ,  1951, 7 ^  674.

86. R. E. S te ig e r, H s lv . Chim. A c ta , 1930, U  175.

87 . £ .  F r ie s  and E.  H-ihner, B e r.,  ^  435.



193

83 . A . Cambron, Canad. J .  R es., 1939, 1?B 10.

89. I I .  G ilman and R. E. H oyle , 1922, J ,  Am, Chem, Soc., 

44 2621.

90. J .  W. Cook, J .  Chem. Soc., 1932, 452.

91. F . Mayer and A . S ie g l i t z ,  B e r.,  1922, 55. 1835.

92. W. J .  M it c h e l l ,  R . D. Topson and J .  Vaughan, J .

Chem. S oc., 1962, 2526.

93. P. B . D. de la  Mare, E. D. Hughes, and C. K. In g o ld ,

J .  Chem. S oc., 1943, 17.

94. M, A. Lasheen, A cta  C ry s t . ,  1952, 5. 593.

95. E ls e v ie r 's  Encyclopeadia o f  Org. Chem., (3 ) ,  v o l . ,

12B. p p .  340 (1948 ).

96. B e i ls t e in 's  Handbuch, v o l .  5, pp. 1371 (19 64 ).

97. Z, J .  V e jd e le k  and B. Kakac, C o ll .  Czech. Chem. 

Commun., 1955, 20 571; R . A. M orton and A. J .  A. 

de Gouvela, J .  Chem. Soc., 1934, 916; W. I lt ic k e l,

E. Vevera, and U. W o r ffe l,  B e r.,  1957, 90 901 .

93. W. HÜckel, J .  W o lfe r in g , A n n ., 1965, 686 34.

99. E. Dubois, B u l l  Acad. ro y .  Med. B e lg .,  1875, 4P

126, 140.

100. A . Pongratz and E. E ic h le r ,  B e r.,  1936, 62 1292.

101. German P a t. ,  495,331 (1930 ).

102. R. G. G i l l i a ,  J .  O rg. Chem., 1956, 21. 805; P. E.

G. P r a i l le ,  J .  Chem. Soc., 1957, 3162.



194

103. G. L . Goerner and R. G. Nametz, J . Am. Chem. Soc.,

1951, l i  4187; B. M i l le r  and C. W a llin g , i b i d . ,

79 2940.

104. G. Cura, P. B. D. de la  Mare and J .  S. Bornas, J .

Chem. Soc., (B ), 1967, 244.

105. R . Robinson, Chem. and In d . ,  1956, ^  962.

106. V. V. Ershov and A . A . V o lo d 'k in ,  Is v e s t .  Akad. 

Nauk., O td e l Chim. Nauk., 1962, 750.

107. R . D. Campbell and N. H. Crom well, J .  Am. Chem. 

Soc., 1957, 79 5456.

108. K. Bowden, E. A . Braude, and E. R. H. Jones, J .  

Chem. Soc., 1946, 948; W. G. Cromwell, and W. R. 

Watson, J .  O rg. Chem., 1949, JL4 411.

109. H. W. Thompson and P. T o rk in g to n , J . Chem. Soc., 

1945, 640; L . J .  Bellam y and R. L . W illia m s , J .  

Chem. Soc., 1957, 4294; D. Hadzi i n  In f ra re d  

Spectroscopy and M o lecu la r S tru c tu re , E ls e v ie r  

P u b lis h in g  Co., p . 245, 257 (1965 ).

110. A . S. Wheeler and D. R . E rg le , J .  Am. Chem. Soc., 

1950, ^  4872; E. Bergmann, J . Chem. Soc., 1948, 

1285.
111. M. C r is te n , W. Koch, W. Simon, and H. Z o ll in g e r ,  

H e lv . Chim. A c ta , 1962, 45 2077; W. Koch and H. 

Z o ll in g e r ,  i b id . ,  1965, 48 554.



195

112. R. W i l ls t â t t e r  and L . S chu le r, B e r.,  1928, ^

562; A . H. C a rte r, E. Race, and F . M. Rowe, J . 

Chem. Soc., 1942, 256; F . C a lve t and M. C. C arnero, 

ih id . ,  1956, 556; R. H. Thomson, E. Race, and F .

M. Rowe, i b i d . ,  1947, 550.

115 . P. B. D. de la  Mare and M. Hassan, J .  Chem. Soc.,

1958, 1519 .

114 . S. Hauptmann, Chem. B e r.,  1960, 92  2604; E. B a c io - 

c c h i,  A. Ciana, G. I l lu m in a t i ,  and C. P a s in i,  J .  

Am. Chem. Soc., 1965, 8? 5955.

115 . G. A* Russel and H. C. Brown, J .  Âm. Chem. Soc., 

1955, I l  4578.

116. H. ?l. W. E h r l ic h ,  A cta  C ry s t . ,  1957, 10 699.

117 . E . B e r l in e r ,  I). M. F a lc io n e , and J .  L . Riemensch- 

n e id e r, J .  O rg. Chem., 1965, 22. 1812.

118. 0 . Maclean and G. L . Mackor, M ol. P hys,, i960 , 2

2 25 .

119 . A . F is c h e r, W. J .  M itc h e l l ,  J .  Packer, R. D. Top

son, and J .  Vaughan, J . Chem. Soc., 1965, 2892.

120. J .  P. Golpa and E. de Boer, Phys. B e tte rs , 2  225; 

M o l. P hys., 1965-1964, % 555.

121. H. 0 . Brown, G. K. Barbaras, H. L . B e rn a is , W. H. 

Donner, R. B. Johannesen, M. Grayson, and K.



196

Le-R oi ne lson , J .  Am. Chem. Soc., 1953, 75 1 ;

H. C. Brown, J .  Chem. Soc., 1956, 1248.

122. J .  Packor, J .  Vaughan, and E. Wong, J .  Am. Chem. 

Soc., 1958, 80 905.

123 . D . M. Donaldson and J .  M. Robertson, J .  Chem. Soc.,

1953, 1 7.


