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ABSTRACT

A s e r ie s  o f  twenty-two s u b s t i tu te d  fluoromcthylnaphthalenes
19 1has been syn thesised  and t h e i r  F n .m .r . and H n .m .r. su b s t i tu e n t  

chemical s h i f t s  and coupling constants measured. An ana lysis  o f  the 

s u b s t i tu e n t  e f f e c t  on these  n .m .r .  parameters has been c a r r ie d  out 

in  terms o f  a dual s u b s t i tu e n t  param eter equation using a m ultip le  

l in e a r  reg ress ion  treatm ent:

H  = OjPj 4.

The dual su b s t i tu e n t  parameter equation describes the e f f e c t  o f  a

su b s t i tu e n t  in  terms o f  two independent param eters, and a_, which
1 K

correspond to  the p o la r  inductive  and p o la r  resonance e f fe c ts

re sp e c t iv e ly .  Various s u b s t i tu e n t  constant sca le s  are in v e s tig a te d

and t h e i r  degree o f  correspondence to  the  dual su b s t i tu e n t  model f o r \ \

these data  assessed .

Moderately good c o rre la t io n s  'o f  the  data with the dual s u b s t i tu e n t

parameter model are  observed fo r  coupling constants and n .m .r .

. s u b s t i tu t e d  chemical s h i f t s ;  good c o rre la t io n s  are shown with A<1>

values fo r  4 -sub s ti tu ted -l-f luo rom ethy lnaph tha lenes  in  p a r t i c u l a r ;
' ■ ' .

c o rre la t io n s  fo r  3 - su b s t i tu te d  d e r iv a tiv e s  are f a r  less  good.
^ !.. ■'

The s igns and magnitudes o f  the re a c t io n  constan ts , p .  and p , fo r   ̂ ' i  K
19F su b s t i tu e n t  chemical s h i f t s  are  in te rp re te d  in  terms o f  cu rren t

th eo r ie s  o f  screen ing  of a f lu o r in e  nucleus in  aromatic molecules and 
19the F n .m .r .  response to  s u b s t i tu e n t  e f f e c t s  in  aromatic systems.# - '

The s ign  o f  these  c o e f f ic ie n ts  are  su rp r is in g .  Both are la rge  p o s i t iv e
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INTRODUCTION

Linear Frco Hncruy R ela tionsh ips

(1) The Hammett nquatioii

Several em pirical r e la t io n s h ip s  have been suggested in  an ,attem pt

to  c o r r e la te  q u a n t i t a t iv e ly  s u b s t i tu e n t  e f f e c t s  on re a c t io n  r a te s  and .

mechanisms. Tiie r a t e  o r  equ ilib rium  constan t o f  a re a c t io n  o f  a '
• '

molecule may be influenced by s t r u c tu r a l  m o d if ica tio n s , through the  

medium o f  p o la r ,  s t e r i c ,  or resonance e f f e c t s . -

I f  one accep ts th a t  most molecular p ro p e r t ie s  a rc  r e la te d  to  the 

e le c t ro n ic  na tu re  o f  the  sp e c ie s ,  in  terms o f  d i s t r ib u t io n  and 

magnitude, then id e a l ly  i t  should be p o ss ib le  to  d e sc r ib e  the  observed 

phenomena in  p re c ise  quantum mechanical term s. Because th e  p resen t 

s t a t e  o f  understanding o f  both the  phenomena and quantum mechanics 

docs not permit such a complete and d e f in i t i v e  exp lana tion , a ttem pts to  

c o r r e l a t e  observed phenomena have been in  terms, o f  em pirica l r e l a t i o n ­

s h ip s ,  hopefu lly  o f  a p re d ic t iv e  n a tu re .  Extension and refinement o f 

th e  d e ta i l e d  form o f  th e se  em pirica l r e la t io n s h ip s  have led to  a 

c l e a r e r  understanding o f  the  im p lica tions  and in te r p r e ta t io n  o f  the  

param eters , in  terms o f  th e  physica l p ro p e r t ie s  o f  the  system.

'*■ Many o f  th ese  c o r re la t io n s  take the  form o f  l in e a r  r e la t io n s h ip s



I '  ■ ' ■ ■involv ing  the  logarithm s of r a t e s  or equ il ib riu m  co n s tan ts .  One of
1the  e a r l i e s t ,  put forward by Hammett ' in  1937, described  the 

in f luen ce  o f  meta- and p a ra -s u b s t i tu e n ts  on the  s ide -cha in  re a c t io n s

o f  benzene d e r iv a t iv e s .  As the  s tandard  r e a c t io n  s e r i e s  Hammett took
■ ■

the  io n is a t io n  o f  the  meta- and p a ra -s u b s t i tu te d  benzoic acids in  

w ater, as th e re  wqre considerab le  accu ra te  da ta  a v a i la b le  concerning 

t h i s  s e r i e s .  ; The equation i s  o f  the  form :-

logCk/k ) = op fo r  r a t e  da ta

log(K/K^) = op"- fo r  equ ilib rium  data

In th ese  equations and r e f e r  to  th e  p a ren t  compound, k and K 

to  th e  s u b s t i tu te d  d e r iv a t iv e .  For the  de fin ing  s u b s t i tu te d  benzoic 

ac id  s e r i e s ,  p, the  rea c t io n  constan t i s  equal to  u n i ty .  (

The s u b s t i tu e n t  constan t o r 'sigma-valueV, i n i t i a l l y  defined  as

o = logCK/K^)

\  • ■

fo r  the  s tandard  re a c t io n  s e r i e s ,  measures th e  p o la r  e f f e c t  o f  the  

' s u b s t i tu e n t  r e l a t i v e  to  hydrogen, and so re p re se n ts  the  a b i l i t y  o f  a 

s u b s t i tu e n t  to  a t t r a c t  o r rep e l  e le c tro n s  by in ductive  and resonance 

-e f f e c ts .  I f  the  s u b s t i tu e n t  has an e f f e c t  o f  o v e ra l l  e le c tro n  donation 

then the  a -va lue  i s  nega tive ;  i f  the  o v e ra l l  e f f e c t  i s  one o f  e le c t ro n  

- a t t r a c t i o n  the  o-value i s  p o s i t iv e .  Any given s u b s t i tu e n t  has d i f f e r e n t  

o-values fo r  meta- and p a ra -p o s i t io n s , fo r  example, the  Hammett o-value 

fo r  £-OCHj  i s  -0.268 and fo r  m-OCĤ  i s  +0.115. O rig in a l ly  Hammett 

s t a te d  th a t  o-values were independent o f  th e .n a tu re  o f  the  r e a c t io n ;



t h i s  i s  however never more than approximately t r u e ,^ 5 t~ a n a l y s i s  o f  

d e v ia tio n s  from t h i s  id e a l  s i tu a t io n  has led  to  the  development b f 

more d e ta i le d  and more comprehensive l in e a r  c o r r e la t io n s ,  arTd-thrmigK 

th ese  to  a c le a r e r  understanding o f  the e f f e c t s  opera ting .

In the  Hammett equation  the  q u a n ti ty  p i s  the  reac t io n^cons tan t
. . ' ^  - 

o r  " rho-value” and th i s  rep re se n ts  the  s u s c e p t ib i l i t y  o f a re a c t io n
o ' * " ' .  »

s e r i e s  to  s u b s t i tu e n t  e f f e c t s .  Reactions aided by e lec tro n  

withdrawal from the phenyl r in g  have p o s i t iv e  p-rvalues; conversely , 

re a c t io n s  aided by e le c tro n  donation have n egative  p -values. The ■ 

p-value i s  obtained from a p lo t  o f  log (k/k^) ag a in s t  a; knowledge of 

o -values fo r  s u b s t i tu e n t s ,  and r a t e  o r  equ ilib rium  da ta  fo r  rea c t io n  

s e r ie s  with the  s u b s t i tu e n ts  as members enables p -values  to  be ~

c a lc u la te d  fo r  th ese  s e r i e s .  Correspondingly, knowledge of p -values 

and r e a c t i v i t y  d a ta  enables o-values to  be c a lc u la te d .  o-Values 

a re  known fo r  about a hundred s u b s t i tu e n ts ,  p-values fo r  about four 

hundred re a c t io n  s e r i e s .  From th e se ,  r a t e  or io n is a t io n  d a ta  are 

ca lc u la b le  f o r . about fo r ty  thousand d i f f e r e n t  compounds. _

The dependence o f  th e  rea c t io n  r a t e  o r  equ ilib rium  constant 

upon th e  so lven t system or tem perature, for. example, i s  r e f le c te d  in  p.

L im ita tions and A pplica tions o f  Linear Free Energy R ela tionsh ips

A l in e a r  f r e e  energy r e la t io n s h ip  can be expected only under one

o f  th re e  c ircum stances. Each re a c t io n  s e r ie s 'm u s t- e x h ib i t  one of

the  follow ing types o f  beh av iou r:-

(a) AH° is  constan t throughout the  s e r i e s  .

(b) AS" is  c o n s ta n t^  -

(c) AH" i s  l in e a r ly  r e la te d  to  AS".



■ . . 4

■ 2 '
Bolton, Fleming and Hall repeated  the pK measurements of the  benzoic

acid  s e r ie s  a t  d i f f e r e n t  tem peratures and c a lcu la te d  AG®, AH“ and AS®

fo r  these  compounds. R e la tiv e  p lo ts  ,of these  thermodynamic parameters

gave l in e a r  re la t io n s h ip s :

AH® vs AS®. r  = 0.9992 '

- ■ AG® vs AH® . ,r = .0.9984

wherexr i s  the  c o r re la t io n  c o e f f ic ie n t ,  and i s  e s s e n t ia l ly  a r a t i o  which

expresses the  ex ten t to  which changes in  one v a r ia b le  are  accompanied

by or are  depen^nt.,^upon changes in  a second v a r ia b le .  The more l in e a r

the  re la t io n s h ip  the c loSe^^r\J^  to  1.00. From th ese  p rec ise  measurements

the  au thors concluded th a t  thé 1 1-hear free .en e rg y  r e la t io n s h ip  observed

in  the  io n is a t io n  of the .benzo ic  acid  s e r ie s  was a consequence of AH

being l in e a r ly  r e la te d  to  AS®. ■ -  ̂ ' '
. ■      . . .  '

In general terms, the-.express ion . log(k /k  ) i s  p ropo rtio na l  t b ' t h e
■ ' ~  ̂ . ...

d i f fe re n c e  in  the f ree  energ ies o f  re a c t io n  o f  the s u b s t i tu te d

d e r iv a t iv e  and the paren t compound i f  the  K’s are equ ilib rium  co n stan ts ,

or to  the  d if fé ren ce  in  the  f re e  energ ies o f  a c t iv a t io n  i f  the  k 's  are

r a t e  co n s tan ts .  . I t  i s . n o t  im m ediately’apparent t h a t  .such a l in e a r  f re e  .

energy r e la t io n s h ip  should hold and th a t  one o f  the  th ree  conditions

be s a t i s f i e d ,  p a r t i c u la r ly  when i t  i s  r e a l i s e d  th a t  entropy,, k i n e t i c . , '
o ’ ■ ' ' ' - . \ ,

energy, and p o te n t ia l  energy changes a l l  c o n tr ib u te  to  t h e . f r ë e  energy , 

change. I t  .appears th a t  most o f  the  rea c t io n s  which c lo se ly  follow the 

Hammett r e la t io n s h ip  do not involve any appreciab le  r e l a t i v e  entropy 

change. . ' .



The acknowledgement th a t  systems where n e i th e r  the  k in e t ic  energy'
■■ ■ ' . 
nor th e  entropy remains constan t a re  no t c o r re la te d  in  terms o f  the

Hammett equation  and th a t  the  equation  i t s e l f  may th e re fo re  be

considered in  te rm s 'o f  p o te n t ia l  energy d if fe re n c e s  between ap p ro p r ia te

energy s t a t e s ,  leads to  an equation of- the  form :-

log(K/K^y = AE(final) - A E ( ih i t ia l )

where AE terms are  themse-lves energy d if fe re n c e s  between corresponding 

p o te n t ia l  energ ies  o f  -the pa ren t  compound and the  s u b s t i tu te d  d e r iv a t iv e

AE -  E - Eo

I t  was'based on th i s  assumption t h a t  Ehrenson c a r r ie d  out a

quantum mechanical p e r tu rb a t io n  form ula tion  o f  th e  problem which he 

subsequently  app lied  to  the  j u s t i f i c a t i o n  o f  the  sep ara tio n  o f  th e  

inductive  and resonance c o n tr ib u t io n s  to  the  a -c o n s ta n t .  Assuming th a t  

the  t o t a l  H am ilton ian 'cou ld 'be  conceived as the  sura of one e le c t ro n  

o p e ra to rs ,  he considered  the  e f f e c t  o f  both the  s u b s t i tu e n t  and the  

re a c t io n  .centre  on each 'm olecular o r b i t a l  o f  the  pa ren t  hydrocarbon, 

benzene. He obtained  the  r e s u l t  th a t  the  t o t a l  change in. p o te n t ia l  . 

energy was p a r t l y  dependent on the  p e r tu rb a t io n  due to  th e  s u b s t i tu e n t ,  

and th i s  was m u lt ip l ie d  by. a term d esc r ib in g  à p a r t  dependence on the  

pa ren t  re a c t io n  s u b s t i tu e n t ,  o r ,  th e  t o t a l  p o te n t ia l  energy change 

between th e  two s t a t e s  (ground s t a t e  and t r a n s i t i o n  s t a t e ,  say', fo r  

k in e t ic  da ta )  was given by an expression  in  which a su b s t i tu e n t  

function  was m u lt ip l ie d  by a re a c t io n  fu n c t io n . This i n t r i n s i c a l l y  i s



6

th e  form o f  the o r ig in a l  Hammett equation . . /
■■ ■ ■ . I

£ This r e s u l t  was ob tained  without sp e c ify in g  the  symmetry types
. . \  I

involved. The only assumption made was t h a t  the  t o t a l  Hamiltonian was

th e  sum o f  one e le c t ro n  o p e ra to rs .  I f  o r b i t a l  types were to  be
' / ■ ' s p e c i f i e d ,  then t h i s  would lead to  a d iv is io n  in to  summations over o-

f  '
and iT-type o r b i t a l s .  This p o s s ib i l i t y  o f  ff l is ./sepa ra tion  would be 

expected only i f  p i  and sigma e le c tro n  p e r tu rb a t io n s  were d i s t i n c t l y  

d i f f e r e n t  and i f  i n te r a c t io n s  between the  two/were sm all. .

Throughout■l in e a r  f r e e  energy s tu d ie s  o r th o - s u b s t i tu e n ts  have

produced 'anomalous' r e s u l t s .  The reason fo r  lack o f  c o r r e la t io n  o f
^ ' . ..  ̂

o r th o - s u b s t i tu te d  compounds i s  j u s t i f i a b l e  the  l ig h t  o f  the  previous
'  /  • ■ ■■ 

observations and in t e r p r e t a t i o n s .  The r e s t r i c t i o n  of the  v a l i d i t y  o f  the
. . I

equation  to  meta- and p a ra - s u b s t i tu te d  benzenes, and the  exclusion  o f

o r th o - s u b s t i tu e n t s ,  leads to  the conclusion  th a t  s t e f i c  and o th e r  proxim ity

phenomena p lay  a la rg e  p a r t  in the  e f f e c t s  p e c u l ia r  to- o r th o -su b s ti tu en ts . .
. " . . .  . . ■ . . ■ 

This,, observation  has im p lica tion s  which have led to  severa l im portant

concepts r e l a t i n g  to  the  na tu re  o f  s u b s t i tu e n t  e f f e c t s .. I t  has led  to

the  p o s tu la t io n  o f  primary s t e r i c  e f f e c t s  o f  se v e ra l  k inds, includ ing

s t e r i c  h in d ran ce- to  so lv a t io n ,  or to  the  approach o f  the reag en t,  and,

proxim ity  e f f e c t s  such as in tram o lecu la r  hydrogen bonding o r  o th e r

in tram o lecu la r  i n te r a c t io n s .  Attempts have.been made to  se p a ra te  s t e r i c '

e f f e c t s  from p o la r  and o th e r  e f fe c ts . -  Many re a c t io n s  have been s tu d ied

in  t h i s  con tex t,  but very l im ited  success has attended these  attem pts

to  ob ta in  a general s e p a ra t io n  of. e f f e c t s  o f  o r th o -s u b s t i t u e n t s .

Shorte r  has expressed the  opinion t h a t  " . . . t h e  complexity, o f  the

in f lu en ce  o f  o r th o - s u b s t i tu e n ts  on r e a c t i v i t y  may'make the  search  fo r  a



s in g le  .generally  ap p licab le  sca le  o f  a -values q u ite  f r u i t l e s s , . . "  and. 

t h i s  view is  subsequently  r e i t e r a t e d  by Charton. .

The U n sa tisfac to ry  na tu re  o f the c o r re la t io n  o f  o r th o -su b s t i tu te d  

systems does a lso  have bearing  on the success o f that^shown in  thé  case 

o f  the  meta and p a ra -su b s t i tu te d  s e r ie s .

( i i )  Extension o f  the Hammett Equation to  the  C orre la tions  of

N.M.R. Chemical S h i f t  Data -

In add ition  to  equ ilib rium  constant and f a t e  constant l in e a r  f ree  

energy c o r re la t io n s ,  th e re  have been rep o r te d  many c o rre la t io n s  with a 

v a r ie ty  o f  physical p ro p e r t ie s  fo r  v a r io u s . s u b s t r a te s ;  notably  among 

th e s e ,  chemical s h i f t s ,  in  nuc lear magnetic resonance. -

The phenomenon o f  n uc lear  magnetic resonance i s  a consequence o f .* r '
th e  nuc lear  p ro p e r t ie s  o f  the  atomic species  w ith in  the  molecule.

Most n u c le i  possess a magnetic moment, and whep such a nucleus i s  

, . placed in  a magnetic f i e l d ,  i t  takes up one of a number of quantised

o r ie n ta t io n s  w?th re sp ec t  to  th a t  f i e ld .  Each o r ie n ta t io n  corresponds
■ ' '■ . . ' . ' 

to  an energy level^ the  lowest being th a t  in  which the  nuc lear magnetic

moment i s  most c lo se ly  a ligned  with the f i e l d .  Nuclear magnetic resonance

spectroscopy,com prises th e  induction  of t r a n s i t i o n s  between such energy

le v e ls  by means o f  f lu c tu a t in g  magnetic f i e ld s  o f  the  appropria te

'frequency. '

Although i t s  volume i s  sm all, a m agnetic  nuc leus,g ives r i s e  to  a

f i n i t e . s p a t i a l  d i s t r ib u t io n  o f  p o s i t iv e  charge. I f ,  in  ad d it io n , the
' . ' V ' . ■ ■ ■ ■

nucleus has spin angular momentum, then t h i s  phenomenon, which may be 

thought o f  as the  sp inning  o f  the  nucleus, w i l l  cause the  p o s i t iv e  charge 

\  d i s t r ib u t io n  to  r o t a t e  and give r i s e  to  the  ' ’ ‘



eq u iv a len t  o f  a cu rren t flowing in  a c i r c u la r  p a th . This produces 

a magnetic f i e l d  which is  n e a r ly  p a ra l le l ,  to  the  axis o f  sp in ,  and thus the 

nucleus possesses  a magnetic moment, p.

F ig . 1. The magnetic moment, p, re su l t in g .f ro m  the  r o ta t io n  o f  the 

- p o s i t iv e  charge d i s t r i b u t i o n  o f  a nuc leus.

The quantum mechanical express ion  fo r  the  angular momentum is 

given b y : - . -

r c i + i ) h / 2 Tî ;

where I i s  the  spin quantum number (o r spin o p e r a to r ) . I f  I i s  not 

equal to  zero , then th e ,n u c le u s  has sp in  angu la r  momentum' and Under

a p p ro p r ia te  co n d it ion s  w i l l  e x h ib i t  nu c lea r  magnetic resonance
1 2 1 6 2 4 * 2 8 '  phenomena. Species with 1 = 0  include C, 0, Mg, S i;  spec ies

w ith  I = 1/2 include ^H, and Of a l l  th e s e ,  by f a r

th e  most im portant from the  p o in t  o f view o f  genera l a p p l i c a b i l i t y  and
1 ' 19 31well reso lved  sp e c tra  i s  H, bu t F and P a re  now considered  ro u t in e

«



n u c le i  fo r  n .m .r .  s tudy .

In an app lied  magnetic f i e ld  a prôton (I = 1/2) w i l l  assume one o f  

two p o ss ib le  o r ie n ta t io n s  with re sp ec t  to  the  d i re c t io n  o f  th e  app lied  

magnetic f i e l d ,  . (In genera l ,  the  number o f  p o ss ib le  o r ie n ta t io n s  i s  

given by (21+1)). The o r ie n ta t io n s  correspond to  energy le v e ls  o f

+ yH , where y i s  the  magnetic moment o f  the  species and H i s  the
■ - . ■ ■■ ■ ■ ° ■ ‘ ■ s t r e n g th  o f  the  a p p l ie d ^ f ie ld .  The t r a n s i t i o n  o f  a proton from one

o r ie n ta t io n  to  the  o ther  and thus from one energy leve l  to  another may

be e f fe c te d  by th e  absorp tion  or emission o f  a d i s c re te  amount o f energy,

such th a t  : -

E = hv = 2yH

where ,V i s  the  frequency of the  e lec trom agnetic  r a d ia t io n  absorbed or 

em itted , and i s  th e  p rocess io na l  frequency (Larmor frequency) o f  the 

nuc leus. Unless the  ax is  o f  the  nu c lea r  magnet i s  o r ien ted  exac tly  

p a r a l l e l  o r  a n t i p a r a l l e l  with the  app lied  magnetic f i e l d ,  s in c e  the  

nucleus i s  sp inn ing , ‘i t s  r o ta t io n a l  ax is  draws out a c i r c l e  pe rpend icu lar  

‘ to  th e ,a p p l ie d  f i e l d ,  o r the  nucleus i s  s a id  to  p rocess . The nu c lea r  

t r a n s i t i o n  corresponds to  a change in th e  angle t h a t  the  ax is  o f  the 

nu c lea r  magnet makes with the app lied  magnetic f i e l d .  This change can. 

be brought about by applying e lec trom agne tic  r a d ia t io n  whose magnetic •

■ v ec to r  component r o ta t e s  in à p lane  p e rpend icu lar  to  th e  main magnetic 

f i e l d .  IVhen the frequency of the  r a d ia t io n  i s  equal to  th a t  o f  the  

p recess in g  nucleus then emission or abso rp tion  o f  energy occurs and the  

‘ cond ition  o f  resonance i s  achieved. For pro tons in  a magnetic f i e l d  of-
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- - ' ' ' I. 1.40 Tesla  the  frequency o f  th i s  energy”*xs in the  rad io-frequency region - 

about 60 MHz. For f lu o r in e  nuc le i in the same magnetic f i e ld  the  . 

frequency o f  the  electrom agnetic  r a d ia t io n  requ ired  i s  about 56.5 MHz.,

■It i s  p o ss ib le  to  induce a nuc lear  t r a n s i t i o n  in  one of two ways; 

e i t h e r  by m aintaining a constant value b f  the  applied  magnetic f i e l d ,  

and varying the  frequency o f  the  ro ta t in g  magnetic f i e l d ,  or by 

m aintaining the  frequency o f  th e  r o ta t in g  f i e l d  and varying the  s tren g th  ■ 

o f  the  applied  f i e l d  over a small range. This l a t t e r  i s  the  more common 

procedure.' . r . ■

The f a c t  th a t  nuc lear  magnetic resonance spectroscopy*is such a 

va luab le  technique i s  due in  la rge  p a r t  to  the  fa c t  th a t  n .m .r. frequencies 

ar,e to  a small degree dependent on the  molecular environment o f  the 

n uc leu s . The surrounding e lec tron s  sh ie ld  th e  nlscleus, and so the  

e f fe c t iv e  magnetic f i e ld  i s  not the same as th a t  appTded. I f  any atom or 

molecule i s  placed in a magnetic f i e ld  i t  acquires  a diamagnetic .moment 

■by v i r tu e  of the  induced o r b i ta l  motions o f  i t s  electronsV, These moving 

e lec tro n s  c o n s t i tu te  e f f e c t iv e  curren ts  w ith in  thé molecule and thereby 

produce a secondary magnetic" f i e ld  which a lso  a c ts  on tJ jje^uclei present.

The induced cu rren ts  are  p roportiona l to  the  applied f i e ld  fo r  

diamagnetic molecules. As a r e s u l t ,  the lo ca l  magnetic f i e ld  a t  the 

p o s i t io n  o f  the  nucleus i s  given by

" lo ca l  = " a p p l .C - " )  ..  /

where a i s  a non-dimensional con stan t,  independent a n d '

dependent upon the e le c t ro n ic  environment. This -constant a i s  known as 

the  sh ie ld in g  o r  screening  co ns tan t ,  because the loca l  f i e ld  i s  usua lly
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l e s s  than the  ap p lied . The e f f e c t  o f  th e  screen ing  constan t b rings the  

energy lev e ls  c lo s e r  to g e th e r ,  and so thQ energy o f  the  t r a n s i t i o n  i s  

sm a lle r  and resonance occurs a t  lower frequency. I f  resonance i s  

achieved a t  a f ixed  frequency by varying th e  app lied  f i e l d ,  then a 

i a r g ^ ' f i e l d  must be app lied .
■ V  ,

a p p i .

7V

_ïk_ J

Thus, examination-Of n. m. r .  sp e c tra  o f  a n u c lea r  spec ies  in  various 

chemical environments, e i t h e r  in  the  same molecule o r  a d i f f e r e n t

 molecule, in d ic a te s  t h a t  the  sh ie ld in g  cons tan t  has d i f f e r e n t  values', ^

A and so resonance occurs in  a d i f f e r e n t  p a r t  o f  the  spectrum fo r  each

chem ically  d i s t i n c t  p o s i t io n .  The displacement o f  a s ig n a l  corresponding 

to  d i f f e r e n t  chemical environments due to  v a r ia t io n s  in  sh ie ld in g  

cons tan ts  i s  known as a chemical s h i f t  and i s  expressed as a displacement

from the resonance s ig n a l  o f  a s tandard  reference, compound. The chemical
' ■ ■ ' ' '

‘s h i f t  fo r  th e  pro ton  i s  d e f in e d :-

H-H
6 = H -  X 10^

where H i s  the  resonance f i e l d  o f the  sample

H i s - t h e  resonance f i e l d  of the  re fe ren ce  s ig n a l,  r  .
I t  a lso  fo l lo w s:-
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5 = O - G ■r

The sh ie ld in g  th a t  a proton experiences i s  a combination of a t  l e a s t  

th re e  types o f  e le c tro n ic  c i r c u la t io n s :  loca l  diamagnetic e f f e c t s ,

diamagnetic and paramagnetic e f f e c t s  from neighbouring atoms, and 

e f f e c t s  from in te ra tom ic  c u rre n ts .

A q u a n t i ta t iv e  theory  of the atomic co n tr ib u tio n s  to  the  chemical 

s h i f t s  observed in f lu o r in e  magnetic resonance was developed by Saika 

and S l ic h te r .^  Saika and S l ic h te r  suggested th a t  the  p r i n c ^ a l  cause

o f  chemical s h i f t s  observed in  f lu o r in e  conta in ing  compounds, as/pa.ra-
' , _ . - .
magnetic in  o r ig in .  Using simple valence bond wave fu n c t io n s , th e y  %

ca lcu la ted  the paramagnetic con tr ibu tion  to sh ie ld in g .  This^ should

correspond to  the d if fe ren ce  between a pure ly  ion ic  bond and a pure ly  ' '

covalent bond. This i s  su b s ta n t ia te d  by the  observation th a t  the

f lu o r in e -n u c le i  in F„ are le s s  sh ie lded  than in  o ther  f liid rine  compounds.

The more io n ic  the  bond, the more the  paramagnetic co n tr ib u tio n  i s

reduced, and so t h i s ' would lead to  an approximately l in e a r  dependence on

the  e le c t ro n e g a t iv i ty  o f  the neighbouring atom or group. In a s e r ie s  o f
19binary  f lu o r id e s  XF the F sh ie ld ing  increases  in  a l in e a r  fashion . 

as the  e le c t ro n e g a t iv i ty  o f X decreases. "

Many o f  the  a ttem pts a t  explaining the  v a r ia t io n s  o f  f lu o r in e  -• 

sh ie ld in g  constants  in  molecules have centred on aromatic systems, and 

almost always on s u b s t i tu te d  benzenes. The f lu o r in e  chemical screening 

constan t i s  a s e n s i t iv e  means o f  r e f l e c t in g  the changes in  the 

e le c t ro n ic  s t ru c tu re  of a su b s t i tu te d  aromatic compound. The.changes

are la rge  a t  the  ortho- and p a ra -p o s i t io n s  and le ss  so a t  the, meta-
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p o s i t io n s .  I f  a fluorine, nucleus is  disposed pa ra - to  a su b s t i tu e n t  then _ 

the observed chemical s h i f t  depends to  a la rge  ex ten t on the Tr-electron 

d i s t r ib u t in g  e f f e c t  o f  the s u b s t i tu e n t .  S u bstituen ts  such as -NHg and 

-OH which r e s u l t  in an increase  in ir-electron  density  a t  the p a ra -carbon 

atom give r i s e  to  âh\incréased  sh ie ld ing  of the f lu o r in e  atom; 

correspondingly the  converse i s  obseived with Tî-electron withdrawing 

su b s t i tu e n ts .  For f lu o r in e ,  th i s  has been expressed

19F = Ki 9

J

where i s  a constant and Ap  ̂ i s  the change in ir-electron density
13a t  the  p a ra -carbon atom. S im ila r ly  t h i s  trend  is  observed in C and 

1
H nuclear  magnetic sh ie ld in g .  S ubs tituen t proton chemical s h i f t s  in 

the  p a ra -p o s i t io n  are believed  to  a r i s e ,  to  a large e x ten t,  from changes

in the rr-electron d en s ity  a t  the p a ra -carbon, atom brought about by the
%

in tro d u c tio n  of a s u b s t i tu e n t .
19Studies concerning F nuclear magnetic sh ie ld ing  parameters have

followed two main approaches. They have e i th e r  been concerned with

describ ing  in  d e ta i l  the  connection between a nuclear magnetic resonance

sh ie ld in g  constant which i t  i s  thought r e f l e c t s  e le c tro n  d en s i ty ,  and

the  Hammett o-const^ant parameter derived from ra te  or equilibrium

constan ts ;  o r the  c a lcu la t io n  of sh ie ld in g  parameters from quantum

mechanical o r  e lec tro n  density  models and t h e i r  subsequent comparison

with experim entally  observed values.
■ - 19

The e f f e c t  o f  su b s t i tu e n ts  on F nuc lear  magnetic sh ie ld in g  in 

s u b s t i tu te d  fluorobenzenes i s  very large and can be accu ra te ly  measured.
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19A comparison o f  th e  F n u c lea r  magnetic sh ie ld in g  in fluorobenzcne with

th a t  in  a s u b s t i tu te d  fluorobcnzeno i s 'u s c d  to  define  a ^-param eter. 6 * 
19i s  the  F magnetic sh ie ld in g  param eter and is  defined :

H-Hf 6
X 10*

19where H i s  the  app lied  f i e l d  fo r  the  F resonance in  the  su b s t i tu te d
19fluorobenzenc, and i s  th e  app lied  magnetic f i e ld  fo r  th e  F resonance

*
in  fluorobenzcne i t s e l f .  ------

g
Gutowsky e t  a l .  in  1952 repo rted  th a t  an em pirical c o r re la t io n  o f  

chemical s h i f t  values fo r  meta- and p a ra -s u b s t i tu e n ts  with the  

corresponding Hammett s u b s t i tu e n t  o -co ns tan t  revealed  system atic  

d i f fe re n c e s  which were a t t r ib u t e d  t-o the dependence o f  the  o -values on 

th e  n a tu re  o f  the  e le c t ro n ic  in te ra c t io n s  o f  the  s u b s t i tu e n t .  These

/ Considerable confusion has a r is e n  in th e  measurement and recording  o f
I s u b s t i tu e n t  chemical s h i f t s  fo r  s u b s t i tu te d  fluorobenzones as a ^

r e s u l t  o f  various conventions used by d i f f e r e n t  au th o rs .  - O r ig in a l ly  ~ 
s u b s t i tu e n t  chemical s h i f t s  in  t h i s  s e r ie s  were defined  according to  vj

(H -H) 5

« = - f - x l O =
r

where Hj. r e fe r re d  to  fluorobenzcne i t s e l f  and H to  the  su b s t i tu te d  
d e r iv a t iv e .  Latterly^^*^^» the  convention has been widely adopted where

(H-H )
^  ^  - X 1 0 °

r  ^
The c o r r e la t io n  reported  by Taft^^ shown on page 1 7  uses the  former 
convention. This same c o r re la t io n  i s  rep o r ted  by Pople, Schneider and
B ernste in i41  as

= -(5 .8 3 )  o +(0 .0) om 1 K
6  = - (5 .8 3 )  o . -(18 .80) o_P i K

Thus the  c o e f f ic ie n t s  a re  opposite  in  s ign  and d i f f e r  by one o rder  o f  
magnitude. For r h i s  reason care should be taken to  v e r i fy  the convention' 
used fo r  the  5 or Aifi param eters.
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workers rep o rted  a general c o r r e l a t io n  between and Hammett o- 

param eters , but noted th a t  m eta-s u b s t i tu e n ts  followed a tren d  d i f f e r in g  

from th a t  o f  the  p a ra - s u b s t i tu c n ts . .  I n t e rp r e ta t io n  o f  the  d a ta  by 

s e p a ra te  so lu t io n s  demonstrated a/fundamental d i f fe re n c e  in  the  p a r t i c u l a r  

e f f e c t s  o p e ra t iv e  a t the  meta- any, p a ra -p o s i t io n s .

C ii i )  Dual S u b s t i tu e n t  Parameter R e la tion sh ip

Throughout l in e a r  f r e e  energy r e l a t io n s h ip  s tu d ie s  workers

in v a r ia b ly  n o t i c e d ' t h i s  i n t r i n s i c  d i f fe re n c e  in th e  n a tu re  o f  the

e le c t r o n ic  e f f e c t s  t r a n s m it te d  from meta- and p a ra -p o s i t io n s . This was

q u a l i t a t i v e l y  explained  in  terms o f  the  in duc tiv e  e f f e c t  only o p e ra ting

from the m e ta -p o s it io n  ; the  in d u c t iv e  and resonance e f f e c t s  both opera te

from th e  p a ra -p o s i t io n .  - _

With da ta  ob tained  from a l i p h a t i c  s e r i e s ,  Taft^  defined  a

param eter a , th e  in d u c tiv e  param eter, which enabled him to  sep a ra te
A '

q u a n t i t a t iv e ly  the  Hammett o-value in to  independent in d u c tive  and .

resonance c o n tr ib u t io n s  according to  th e  e q u a t io n : -
/ ' '

a = Oi + Or

,
Oj i s  th e  Reductive c o n tr ib u t io n  and may be regarded asa  measure o f  the  

e l e c t r o n ic  e f f e c t  o f  the  s u b s t i tu e n t  r e l a t i v e  to  th e  hydrogen atom 

r e s u l t i n g  from i t s  power to  a t t r a c t  o r  rep e l  e le c t ro n s  through space and 

through th e  sigma bonds o f  th e  benzene system. The resonance c o n tr ib u t io n ,  

o„, may be regarded as a measure o f  th e  e le c t r o n ic  e f f e c t  r e s u l t i n g  from 

resonance in te r a c t io n s  o f  the  s u b s t i tu e n t  w ith the  n - o r b i ta l  o f  the  

benzene system. ■
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13Roberts and Moreland- ob tained  pure induc tiv e  values o f  from

a study c a r r ie d  out on an a l i p h a t i c  s e r i e s .  These workers determined the
. . . .  

r e a c t i v i t i e s  o f  a s e r i e s  o f  4 - s u b s t i tu te d  b ic y c lo [ 2 .2 .2 ] o c ta n e - l -

ca rboxy lic  ac id s  and t h e i r  e s te r s  : - ^  '

Transmission o f  e l e c t r i c a l  e f fe c ts ,  through th i s  system i s  no t p o ss ib le  

by resonance invo lv ing  conjugated u n sa tu ra t io n  and so o-values obtained

from th ese  s tu d ie s  a re  pure indu c tive  p a ram ete rs .
9 14 '' r . 'T aft ’ s im i la r ly  used a l i p h a t i c ’ r e a c t i v i t i e s  in  th e  de term ina tion

■■ - ' : 15
-of Oj. Follow ing-the observation  by Ingold th a t  the  system would lend 

i t s e l f  to  the  i s o l a t i o n  o f  t h i ^  e f f e c t ,  T aft  s tu d ied  the  acid  and base 

ca ta lyzed  hydro lyses o f  a l i p h a t i c  e s te r s

XClLCOOEt + H-0 
■ 2  2

^0 H“ ^ «
XCĤ 'COOH + Eton

The t r a n s i t i o n  s t a t e s  fo r  th ese  c lo se ly  r e l a t e d  re a c t io n s  have s im i la r
•= ; : - * 

s t e r i c  requ irem en ts , bu t ca rry  opposite  charges. Aromatic o -values

a re  ob tained  from the eq u a t io n :-

.»* -  [ logClc/kg)oH- -  l o g ( l c / k ^ ) f , U / 2 - 4 8  ■
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The r a t e  constan ts  k r e f e r  to  reac tio n s  o f  RCOOR' and k to  re a c t io n s  o f• o
CHjCOOR’ as s tandard . The 0H~ and H r e f e r . t o  base and acid  h y d ro ly s is ,

c a r r ie d  out fo r  the  same e s t e r  R ' , so lven t and tem perature . The p value
■ *  '  ,  .

■ o f  2.48 pu ts  the  a values on approximately the  same sc a le  as Hammett  ̂ ,
' ■ ■ . . ■ 13

o - v a l u e s . I t  was found th a t  the a '  values, o f  Roberts and Moreland 

. f o r  sub s ti tuen ts-X .w ere  p ro po rtio na l  to  a fo r  -CH^X. The v a lu e 'f o r  -

th e  r a t i o  o ' /u was +0.45 and so a new>sca le  o f  inductive  s u b s t i tu e n t
' ■ ■■ . ■■ ■ ■ +

constan ts  (Oj values) was th e re fo re  defined as Oj = 0.45 o . With a value

fo r  the  inductive  param eter, i t  was then p o ss ib le  to. c a lc u la te  the

resonance param eter c o n tr ib u t io n  to  the t o t a l  Hammett o-value.
14 ' 19Taft re -e v a lu a te d  the  F sh ie ld in g  param eters repo rted ‘“by ■

S 'Gutowsky e t  a l .  fo r  s u b s t i tu te d  fluorobenzenes in these  terms. Taft 

found th a t  c o r r e la t io n  o f  nu c lea r  magnetic sh ie ld in g  e f f e c t s  follows an 

equation o f  the  general form:-

The em pirica l constan ts  ot and g may be regarded as t l r e ^ u s c e p t i b i l i t i e s  

o f  th e  nuc lea r  magnetic sh ie ld in g  to  the inductive  and resonance i n t e r ­

a c t io n s  o f t j ^  s u b s t i t u e n t s , r e s p e c t iv e ly .  S p e c i f ic a l ly ,

fo r 'm etar^subs titu ted  d e r iv a t iv e s : -  \

6 ^ = [0 .58)0 , + [0 . 0 )Onm i K

fo r  p a ra - s u b s t i tu te d  d e r iv a t iv e s

5^ = C0.58)a_ + [1.88)0^.p . . i  ■ K
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(see Footnote page^ ' 4 ^  .

The Hammett sigma^values f ow ^quations o f  a s im ila r '  form:

para

I f  indeed 6 -values and o-values are  r e la te d  to  o^ and
I

o^ vhiiies, then

one would reasonably  expect th a t  i t  would be by d i f f e r e n t  functions^ .
•  • ■

The form o f  the  equa tions , however, lends considerab le  support to  the 

t h e s i s  th a t  both ô and o a re  determined by  the  same b a s ic  p ro p e r t ie s  

o f  the  s u b s t i tu e n ts ,  implying th a t  the  e l e c t r o n i c . e f f e c t  o f a meta- and 

a p a ra - su b s t i tu e n t  on the  f re e  energy o f  a benzene d e r iv a t iv e  fo llow s.th e  

above equation . . . - ' ,

One o f  the most recen t l in e a r  f ree  energy r e la t io n s h ip  s tu d ie s  

rep o r te d  i s  a refinem ent of the  dual s u b s t i tu e n t  param eter trea tm ent 

(as t h i s  sep a ra t io n  o f  the  ind uc tive  and. resonance c o n tr ib u tio n s  to  o- 

constan ts  has come to  be c a l le d )  and f u r th e r  improvement o f  cr-values.

The a r t i c l e  e n t i t l e d  "A Generalized Treatment o f  S u b s t i tu en t  E ffec ts  in  

the  Benzene S e r ie s .  A S t a t i s t i c a l  Analysis o f  the  Dual S u b s t i tu en t  

Parameter Equation" i s  by Ehreason, Brownlee and T aft .  I t  comprises 

a r igo rous  and ex tensive  s t a t i s t i c a l  a n a ly s is  o f  ex is t in g ,  d a ta ,  which 

lends support to  many o f  the  e a r l i e r  concepts concerning l in e a r  f ree  

energy r e l a t io n s h ip s ,  but a lso  extends the i n te r p r e ta t io n  o f  the  data .

The authors s t a t e ,  " . . . ( 1 )  s t r u c tu r a l  cons idera tio ns  d isc r im in a te  between 

a t  l e a s t  four p r a c t ic a l  c la sse s  o f  p i -d e lo c a l iz a t io n  behavior,, each - , 

o f  which has " l im ited  g e n e ra l i ty " ;  (2) the blend o f  p o la r  and p i -
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d e lo c a l iz a t io n  e f f e c t  c o n tr ib u tio n s  to  the  observed e f f e c t  o f  a. 

s u b s t i tu e n t  i s  widely v a r ia b le  among d i f f e r e n t  re a c t io n  or d a ta  s e t s  

fthe c o n tr ib u t io n s  may be opposite  as w ell as a l ik e  in  d i r e c t io n ) ,  

depending upon s t r u c tu r a l  co n s id e ra tio n s  and the n a tu re  o f  the  

measurement; [3) so lven t  may p lay  an im portant ro le  in de te rm ina tion  

o f  the  observed blend o f  e f f e c t s . . . " .  The d isc r im in a t io n  o f  a t  l e a s t  

fou r p r a c t i c a l  c la s se s  o f  p i -d e l o c a l i s â t ion e f f e c t s  and a lso  four 

c la s se s  o f  s u b s t i tu e n t  constan ts  described  above w i l l  be d is c u s se d .a t  

length l a t e r .

Civ) L inear Free Energy R e la tio nsh ip  S tudies in the  Naphthalene

S e r ie s  ■
17Wells, Ehrenson and T aft  extended th e  bas ic  dual s u b s t i tu e n t  

param eter e q u a t io n :- ,  , '

[ the  index i  in d ic a te s  the  p o s i t io n  o f  the  s u b s t i tu e n t )  to  the  naphthalene

system with two o b jec tiv e s  in mind. F i r s t l y ,  in o rder  to  t e s t  the

v a l id i ty  o f  a., and o_ ; i f  these  param eters a re  c h a r a c t e r i s t i c  o f  the i  R ■ ' • ,
s u b s t i tu e n t  then they  should be independent o f  rea c t io n  o r  p o s i t io n  of 

s u b s t i tu t io n  and_should be ap p licab le  to  aromatic systems o th e r  than . 

benzene. Secondly, the  naphthalene system allows the  in v e s t ig a t io n  of 

the  t ran sm iss ion  o f  e f f e c t s  from more than two aromatic p o s i t io n s ,  

which i s  a l im i ta t io n  in\benzene s e r i e s .  The dual s u b s t i tu e n t ’ p a ra ­

meter equation  was examined using d a ta  from the study o f  the  a c id i ty  of
18 19 ’ * 20 'naphthoic  a c id s ,  ' the  s a p o n if ic a t io n  o f  e th y l  naph thoa tes , and of
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21 22 methyl naph thoates;  th e  a c id i ty  o f  naphthyl anunoniura c a t io n s ;  the^
■ 23

a c id i ty  of nap h tho ls ;  o f pyridinium ^ o f  quinolinium  and isoquinolin ium
24 19 ■c a t io n s .  The a n a ly s is  was a lso  extended to  F n .m .r .  sh ie ld in g

25 •e f f e c t s  invo lv ing  a l l  p o s i t io n s  o f  naphthalene which are not su b je c t

to  se r iou s  s t e r i c  e f f e c t s .  The and param eters were f i t t e d

independently to  the  naphthalene system, and the  r a t i o  was defined

as the  blending f a c to r  X. The blending f a c to r  would be c h a r a c t e r i s t i c

o f  the  d i f f e r e n t  p o s i t io n a l  r e l a t io n s  and re a c t io n s .

In the  naphthalene  s e r i e s  th e  cfjPj term has been a t t r ib u te d  to  the
4  'f i e l d  and in d uc tiv e  e f f e c t s  e s p e c ia l ly  fo r  s u b s t i tu e n ts  in  the  second 

r in g .  The w -inductive e f f e c t  where the  re a c t io n  s i t e  i s  in su la te d  from 

conjugation  with th e  aromatic, system and a lso  where conjugation i s  

p o ss ib le  has been es t im ated , but shows l i t t l e  correspondence to  the  

observed r e l a t i v e  p a t te rn  o f  in  the  naphthalene s e r i e s .  A th i r d  

e f f e c t  may a lso  be expected to  opera te  in  s u b s t i tu t e d  naphthalenes. I f  

s u b s t i tu t io n  i s  in  the  4, 5 or 8 -p o s i t io n  o f  the  naphthalene system, 

th e  p e r i - hydrogen e x e r ts  a tw is t in g  e f f e c t  on those systems fo r  which a 

coplanar conformation with the  r in g  i s  req u ire d .  This would tend to  

decrease  the con juga tive  e f f e c t  o f  s u b s t i tu e n ts  in  these  p o s i t io n s .

A la rg e  p ro po rtio n  o f  the  s tu d ie s  which a ttem pt to  derive  and 

de fine  c o r re la t io n s  between nu c lea r  magnetic resonance sh ie ld in g  

param eters and s u b s t i tu e n t  constan ts  has been made on aromatic systems ; 

a t  f i r s t  th is 'w a s  mainly oh s u b s t i tu te d  benzenes. Of la te ,  a t t e n t io n  

has been turned towards the  naphthalene system in  o rder  to  t e s t  the

general v a l i d i t y  o f  the  concepts. The a r t i c l e  by Wells e t  a l . reviews
-  ' ■ ■ ■ . . 

general s u b s t i tu e n t  e f f e c t  c o r re la t io n s  in  naphthalene d e r iv a t iv e s ,
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inc lud ing  the  c o r r e l a t i o n . n . m . r .  chemical s h i f t s .  The n .m .r . 

sh ie ld in g  values showed a good^fit  with the dual su b s t i tu e n t ,  parameter 

equation^ a lso  showing two d i f f e r e n t  p o la r  o r  in d u c tiv e  parameter 

mechanisms. The re a c t io n tc o n s ta n ts  are  s t ro n g ly  rea c t io n  and 

p o s i t io n  dependent; in  c o n tra s t  values appear to  d isp lay  e s s e n t ia l ly

identical p a t te rn s  in  both n .m .r .  and r e a c t i v i t y  da ta .
■ 17

The study confirmed th a t  the a d d it iv e  blends o f  po la r  and p i -

d e lo c a l i s a t io n  e f f e c t s  as described  in the dual su b s t i tu e n t  parameter
^  . . .

equation with the  s u b s t i tu e n t  parameters defined in  previous s tu d ies

are  applicabl-e to  the naphthalene system, and are  in  f a c t  e s s e n t ia l  fo r

the  r a t i o n a l i s a t i o n  and c o r re la t io n  of observed r e a c t i v i t i e s  and chemical

s h i f t s .  :
25Dewar e t a l . ,  w h ils t  acknowledging the  sep ara tio n  necessary  fo r

19th e  successfu l c o r re la t io n  o f  su b s t i tu e n t  e f f e c t s  with F n .m .r. chemical 

s h i f t s ,  have adopted a s l i g h t l y  d i f f e r e n t  approach.^^.^-.^^entially they

combine the d i r e c t  f i e l d  e f f e c t  o f  a su b s t i tu e n t  in  i t s  sim plest form
/-

t h a t  does not include resonance e f f e c t s , with a 'second term which makes 

allowance fo r  these  e f f e c t s .  They suggest the  expression

Mqi_

•

where F / r .  . describes the change-in e lec tro s ta t^ jc  energy ca lcu la ted  fo r

a p o in t  charge. The second term describes th e  e f f e c t  on a of a change .
- :

in  p i - e le c t ro n  d en s ity  a t j by a su b s t i tu e n t  a t  i  conjugating with the  

d e lo c a l ise d  aromatic system.

This equation has been applied  to  3*- and 4 ' - s u b s t i tu te d -4 -



22

fluo rob ipheny ls  3’'- s u b s t i tu te d -4 - f lu o ro te rp h e n y ls ;^ ^  and to
' 17- . _

s u b s t i tu t e d  1- and 2 -f lu o ronaph tha lenes . This s l i g h t l y  i n tu i t i v e
27approach has been c r i t i c i s e d  in  t h a t ,  by i t s  n a tu re ,  i t  t a c i t l y  

19assumes th a t  F n .m .r. chemical s h i f t s  a re  determined by the e le c t r o ­

s t a t i c  p o te n t ia l  energy a t  the  f lu o r in e  atom caused by a p o la r  s u b s t i tu e n t  ’ 

p lus a term p ro po rtion a l  to  the p i - e le c t ro n  d e n s i ty . I f  a s im ila r  

expression  i s  derived from th e o r e t ic a l  c o n s id e ra t io n s ,  then the 

sh ie ld in g  constan t i s  p ro p o r t io n a l  to  both the e l e c t r i c  f i e l d  component - 

along the  bond to  the  f lu o r in e  atom, and a lso  to  the  square o f  the 

e l e c t r i c  f i e l d  a t  f l u o r i n e . 30

Tlie proponents o f  t h i s  trea tm ent o f . s t r u c tu r e - r e a c t iv i t y  

c o r re la t io n s  re fu te  the concepts o f  T a f t ’s approach, and yet in  essence 

make s im i la r  co nsidera tions  and r a t i o n a l i s e  the  experimental observations 

■ in  s im i la r  terms. Adcock and Dewai^^ have demonstrated a good l in e a r  

c o r r e la t io n  between the s u b s t i tu e n t  e f f e c t  on the chemical s h i f t  (S.C.S.) 

o f  the  s u b s t i tu te d  fluoronaphthalene and the  pK^ o f  th e  correspondingly 

s u b s t i tu t e d  naphthoic ac id  (in  which the  F of the fluoronaphthalene is  

rep laced  by -COOH): -

S.C.S. = a[pK ) + b ’■ i
^ -  :

/  ‘ - „  ■ ■ ' .
However, the  r e l a t i v e  s e n s i t i v ^ y  o f  the  F chemical s h i î^ ^ to  the')

e f f e c t  o f  the  s u b s t i tu e n t ,  compared with the s e n s i t iv l ty / .p f^ th e  p̂K̂

value to  the  e f f e c t  o f  the  same s u b s t i tu e n t ,  i s  very dependent on the

p o s i t io n  o f  th e  s u b s t i tu e n t  and the  func tiona l group. Thus when the

fu n c t io n a l  group is  in  the  1 -p o s i t io n  and the su b s t i tu e n t  a t  the ' ,
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/
6-.position (I) a in the above equation i s  -3 .1 .  . IVhen the functional 

group i s  a t  the  2 -p os it ion  and the s u b s t i tu e n t  ;is a t  the  6-p o s i t io n  

( I I ) ,  a i s  -12 .0 .

X
45

Y = F.COOH 
X = su b s t i tu e n t

(I)

Y = F, COOH 

X = su b s t i tu e n t

(II)

25 '■ 19Adcock and Dewar suggest th a t  the F chemical s h i f t  is  dependent

'on the f i e ld  along the l in e  o f  the C-F bond, i . e . ,  there  i s  an 

a n iso tro p ic  response of f lu o r in e  to  an applied f i e ld .  On the o ther 

hand, the s t a b i l i s a t i o n  of the carboxylate  ion (presumably the important 

fa c to r  in the  su b s t i tu e n t  e f f e c t  on the  acid d isso c ia t io n )  ex h ib i ts  no 

such d i re c t io n a l  dependence on the f i e ld .  I t  is  to  be noted th a t  in 

( I I )  the  su b s t i tu e n t  d ipole is  in l in e  with the C-F bond, and i s  thus

more favourably positioned  than in (I)  to  exert  the maximum e f f e c t  on
19 ■ •the F n .m .r . s h i f t .
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T heore tica l Considerations of Chemical S h i f t  - S ubstituen t Parameter 

C orre la tions

( i ) . Quantum Mechanical Calcula tion  of Shielding Parameters

Tliere have been many,attempts to  c a lc u la te  the nuc lear  magnetic
?

sh ie ld in g  constan ts o f  f luo r inc^nu c lc iP  ^ h eso  ca lcu la t io n s  have only

^ been applied  to  very .sm all molecules i f  a t  the same-time the author

has made any claim to.mathem atical r igour. Treatments applied to  .larger
*

molecules are thcrefo i 'c  based on prin .ciples more exhaustively  in v es tig a te d

fo r  small molecules, e .g .  P . , IIP and LiP. -
■ ■' ,4'- ■ 51One o f  the e a r l i e s t  attempts reported,was th a t  by Ramsey who

derived a sh ie ld in g  ten so r  (o^ ) using second-order pe rtu rba tio n  theory ,
•zz

summed over a l l  e lec tro n s  (K) and a l l  unoccupied unperturbed molecular 

o r b i ta l s  Tlio op era to r  i s  the z component of the o r b i ta l

angular momentum of e lec tro n  K, and, r^j, i s  the d is tance  from the nucleus 

N to  the e lec tro n  K. The f i r s t  term summed over ground s t a t e  wave . 

functions i s  known as the diamagnetic term, and tlie second summed over 

the unoccupied \-*ave functions i s  known as the  paramagnetic, term.

K {  I 4  '  K n^O '

, ' . . \

 ̂ /  '*'0K ^^zK ! '^nKV''^nK  ̂ ‘"zK / nK I '̂ OK I ^zK .̂NK t ’̂ nK^

> J
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For an atom in  an s s t a t e  the second term of th is  equation i s  zero; 

fo r  example, the sh ie ld ing  of f lu o r ine  in j:he f ree  f lu o r ide  is  purely 

a consequence of the  diamagnetic behaviour o f  the e le c tro n s .  One 

might the re fo re  p red ic t  a c o rre la t io n  between the sh ie ld in g  constant

and the  ion ic  charac te r  o f the  bond.in diatomic f lu o r id e s .  As mentioned
■'7 ■ 'p rev ious ly , Gutowsky and Hoffman showed th a t  a very good c o rre la t io n

o f  th i s  kind does e x is t  in t h i s  s e r i e s ,  with one notable  ex cep tio n , ' th a t

o f  GIF. This exception has been r a t io n a l is e d  in terms of the-paramagnetic 
.

term in Ramsey' s •equation being large  and p o s i t iv e  due to  a dominant

term in the  -sum ovor unoccupied unperturbed molecular o r b i ta ls  which 
* *

involves a tr -Hj t r a n s i t io n  between o r b i ta l s  now c lose ly  separated  in

energy.

To W kve Ramsey's equation and hence c a lc u la te  the sh ie ld ing
k . ■

constant requ ires  a good se t o f wave functions. Tlie f i r s t  term, the 

summation over ground s ta te  wave functions may be evaluated, but,. ' 

the second term^involves a summation over unoccupied wavefunctions’ and. 

i s  th e re fo re  very d i f f i c u l t  fo r  a l l  but the sim plest systems with few 

e le c tro n s .  For thdse reasons several approaches have been adopted based 

in^the f i r s t  instance on Ramsey's trea tm ent, but incorporating  

modifying assumptions which make sh ie ld ing  constants amenable to  . 

c a lcu la t io n .
3 9  - .

Karplus and Pople “ assumed th a t  wave functions could be

expresse^ as l in e a r  combinations of atomic o r b i t a l s ;  a l l  two-centre
/  ' ■ - C  ’ ,

in te g ra ls  were neglected . The modified equation for the sh ie ld ing  • 

o f  the \b c le u s  N was:-
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2 ■ \  _ 2„2 /  A  occ unocc

^^IxN^jyN'^iyN^jxN^ ^  ̂^^ixB^jyB"^iyB'"j xB̂  , , ./;'

Where P,._ i s  the population of atomic o r b i ta l  tO, and C. and C. are  •KK ■ ixN jxN
c o e f f ic ie n ts  o f the 2p atomic o r b i ta l  cen tre  on N, in  re sp ec t iv e ly  

occupied and unoccupied o r b i t a l s .  This equation s t i l l  req u ire s  a 

knowledge o f  the unoccupied molecular o r b i ta l s  and so i s  commonly 

modified further, by the  use of the average energy approximation so 

th a t  th e  equation becomes:- ' J .

where ^^pends only on ground s t a te  wave functions.

( i i )  E lectron Density - S ubs tituen t Parameter C orre la tions 

I t  i s  p o ss ib le  .to c a lc u la te  the sh ie ld in g  constant fo r  the f lu o r in e  

nucleus Cop] using the  modified Karplus-Pople equation. I t  i s  s t i l l  

d e s irab le  to  reduce t h i s  equation to  a sim pler expression r e la t in g  Op 

to changes in ir-electron density  in p lanar conjugated systems, and so 

the  equation i s  summed over two atoms, the f lu o r in e  atom and the carbon 

atom to  which i t  is  a ttached . This gives r i s e  to  a r e la t io n  between 

the change in the paramagnetic component o f the  sh ie ld in g  constan t,*

A c t /  the 'change in the u-density  on f lu o r in e ,  6P_, and the change in
■ . . 

the  tt-bond*. o rder ,  APf̂ c» between the  two atoms.

. ■ a  ;
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AOpP = - — (A -■ 0.3308 Pp]^CB + CAP  ̂ +.DAP̂ p̂J ■ "  **

A, B, C and'D are  constants  depending o n 'th e  a -e le c tro n  d i s t r ib u t io n ,
,  .  ■

C only i s  n eg a t iv e . The diamagnetic c o n tr ib u tio n  to  the t o t a l  sh ie ld in g
- O 'i s  u su a l ly  zero and so AOp - AOp .̂

Assuming th a t  only e lec tro n s  in  atomic o r b i ta l s  centred on f lu o r in e
33 ,a re  o f any s ig n if ic a n c e  in th f s  con tex t, Karplus and Das derived an

equation r e l a t in g  change in io n ic  ch a rac te r  AI, and -rr-density, APp, to
' ■ .

the  chemical s h i f t  : -

5 = 765 AI + 777AP„
r

Prosser  and Goodman^^ derived a s im ila r  express ion , the d if fe ren c e s  being

due to  t h e i r  includ ing  e le c tro n s  in  atomic o r b i ta l s  centred  on both
a -

flfUorine and the a ttached  carbon atom, and assuming AI = 0 : -

' j :  6 = ^  [11.9^p„ + O.lAP,. + 3.9AP__]AE F L CP

where AP  ̂ and AP^p are .changes in  the  ir-density  on carbon .and the C-F
■ ■  ̂ ' 35 '

TT-bond . o r d e r , r e s p e c t i v e l y * p a iley  and Wu produced a s im ila r  equation

in  which the c o e f f ic ie n t  X i s  the io n ic  c h a rac te r  o f  the bond:-

Ô = 627.1AP„ - 15S.1AP__ + 574.9AXF .CF

All the  previous equations are derived  in the  f i r s t  ins tance  from 

Ramsey's equation, T heir d iffe rences ' are  due to  the  s l i g h t ly  d i f f e r e n t



na tu re  o f  the sim plify ing  assumptions made, and yet a l l  appear to  be

s t r i v in g  towards a l in e a r  r e la t io n s h ip  between ir-electron  d e n s i t ie s

and the 'chem ical s h i f t s  o f  f lu o r in e  n u c le i .

At t h i s  po in t  i t  i s  probably appropria te  to  mention th a t  as with

a l l  the d i f f e r e n t  aspects  o f  the im p lica tio n s , the  ex tensions , and the

th e o r e t ic a l  concepts p e r ta in in g  to  the  sub jec t  o f  f lu o r in e  chemical

s h i f t s ,  a l l  sources o f  inform ation are  i n t e r r e l a t e d .  The flow of

evidence and support i s  m u l t i -d i r e c t io n a l ,  which i s  a t  the  same time

both the weakness and_the s tren g th  o f  the  study. To attempt to  shed a

l i t t l e  lightr o n to - th is  r a th e r  nebulous s ta tem en t, consider the  Hiickel

method o f  determining i r -d e n s i t ie s . One might argue th a t  i f  the Hiickel

method i s  used to  determined r r -d e n s i t ie s , then Coulomb and resonance

in te g r a l s  should be determined by reproducing some property  d i r e c t ly

p ro po rtio na l  to ir-densities , ' for instance  the chemical s h i f t  i t s e l f .

I t  would be p o ss ib le  to  determine a se t  o f r e l a t i v e  Coulomb and resonance

in te g ra l s  to  produce the co rrec t  para  f lu o r in e  s h i f t s ,  say in  the  P rosser

and Goodman equation, and subsequently  to  determine the  -rr-densities a t

meta- and o r th o -positions , using these  va lues. The weakness o f  t h i s
* . - 

method would be the  inadequacy o f  the  Hiickel method, in  deriv ing  c o rre c t

m-electron d i s t r ib u t io n s  in  molecule's with constant values o f  the

s u b s t i tu e n t  param eters. Attempted c o r re la t io n s  a re  adequate w ithin  the

context of__t]jeir own im p l ic i t  l im i ta t io n s .  x

" . . .B u t  as ye t not one of the  c a lc u la t io n s  has used a method fo r  (

c a lc u la t in g  the ir-charge d i s t r ib u t io n  which has any claim to  '
27mathematical r i g o u r . . . "  '

To i l l u s t r a t e  the  na tu re  o f  many such contemporary s tu d ie s ,  t h e i r
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l im ita t io n s  and t h e i r  a p p lic a t io n s ,  two o f  the most recen tly  reported

36w il l  be described. The f i r s t  i s  a study by P a le ta ,  Skâïa 'and Kuthan, 

in which these  workers attempted to  estim ate  tt- and a -e le c tro n ic  

s t ru c tu re  o f some f lu o r in a te d  hydrocarbons, namely a number of f lu o ro ­

benzenes and perfl.uoronaphthalenes, by means of simple M.O. methods.

The if-s truc tu re  was ca lcu la ted  by means of a simple H.M.O, method and 

. the a -e le c tro n ic  s t ru c tu re  was ca lcu la ted  using the Del Re method.

This study was an attempt to  v e r ify  the conclusions drawn by Karplas
; ■

and Das,^^ and Prosser and Goodman^^ th a t  the f luo rin e  chemical s h i f t  

depends mainly on the  ir-electron density  on f lu o r in e  and on the

bond order o f  the  corresp^ndin&-n-bohd., C orre la tions were attempted
-

between chemical s h i f t s  and ir-chârges alone, and between chemical s h i f t s  

•and the t o t a l  ir- and 0 -charges. A b e t t e r  c o rre la t io n  was obtained with 

TT-electron charges alone. IVhen the  t o ta l  charges were used, the

c o rre la t io n  f i e ld  s p l i t  in to  th ree  groups according to  the number of
'

ortho in te ra c t io n s  with f luo rine  atoms in the  in d iv idua l^d er iva tiv es .

No s in g le  treatm ent was adequate to  describe  a l l  cases considered, . 

but i f  the s t ru c tu re  types were acknowledged then r a t i o n a l i s a t i o n 'o f

t h e i r  behaviour was p o ss ib le .  ■ ' .
’ 37 ' '. Brownlee and . Taft c a lcu la ted  charge d e n s i t ie s  using a CNDO/2 • .

method fo r  ten meta- and p a ra -su b s t i tu te d  fluorobenzenes, t ra n s -

■ s u b s t i tu te d  f lu o roe thy len es , and su b s t i tu te d  f lu o ro ace ty len es , fo r  mono- ^

d e riv a tiv e s  o f  these and fo r  4 -su b s ti tu te d  [2 .2 .2 ] -b ic y c lo o c ty l - l -

f lu o r id es-  Brownlee and Taft make the somewhat fa m il ia r  observation
19 ' . •t h a t  none o f  the  e x is t in g  formulations o f F nuc lear magnetic resonance

s h i f t  in  terms of charge density  and bond order gives -sa tis fac to ry  *

r
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c a lc u la t io n  of experim ental r e s u l t s  using  CNDO/2 r e s u l t s ;  t h e i r

conclusions are  th e re fo re  e m p ir ic a l- in  n a tu re .  Like P a le ta  e t  a l . ,

Brownlee and .Taft concluded, t h a t  " ir-p rb ita l  charge d en s ity  o f  the  fJLup.rine.

probe r e f l e c t e d  th e  ir-e lec tron  e f f e c t  p r e v a i l in g  a t  the  bonded carbon

. atom. The s u b s t i tu e n t  e f f e c t  on the  f lu o r in e  0 - o r b i t a l  charge d e n s i ty

o f  p a ra - s u b s t i tu t e d  fluorobenzenes and 4 - s u b s t i t u t e d " [ 2 .2 .2 ] -b icy c lo -

o c ty l - 1 - f lu o r id e s  corresponded well to  the  p o la r  e f f e c t  s c a le ,  o^.

N either the  -ir-e lectron ' d en s i ty  a t  the  carbon bonded to  the f lu o r in e

nor the  f lu o r in e  o - o r b i ta l  charge d en s i ty  appeared to  be r e la te d  to

the  ^ l e c t r o n  d e n s i t i e s  a t  any o f  the, in te rv en in g  carbon atoms and the

au thors  suggested t h a t  the  e f f e c t s  observed a re  a consequence o f  a

d i r e c t  d ip o la r - s u b s t i tu e n t -p o la r  f lu o r in e  in te r a c t io n .

: The dominant e f f e c t  o f the  m e ta -su b s t i tu e n t  on th e  f lu o r in e

o r b i t a l  d e n s i t i e s  i s  on the  o-charge d e n s i ty ;  the r - e f f e c t  from the same 
. -  ̂ . ■ s , ■ ' • -

p o s i t io n  was too small- to  even id e n t i fy  i t s  d i re c t io n  c o r re c t ly .

Brownlee and T àft  s t a te d  th a t  the  c lose  correspondence between em pirica l

c o r re la t io n s  and conclusions from CNDO/2 cal-zul a t  ion's s t ro n g ly  suggests
' . f  \  X.

t h a t  th e  f lu o r in e  n u c lea r  magnetic resonance s h i f t  may be d i r e c t l y

r e l a t e d ,  a t  l e a s t  approxim ately, to  the  sum o f  the sep a ra te  e f f e c t s

on th e  a- and ir-charge d e n s i t i e s  o f  the  f lu o r in e  o r b i t a l s .  . T heir  r e s u l t s

in d ic a te  th a t  the. f lu o r in e  n u c lea r  magnetic resonance . s h i f t s  are more

h ig h ly  dependent upon charge d en s ity  , i n “i:he f lu o r in e  2p [ir] o r b i ta l  -

than th a t  in  the  2p (a) o r b i t a l ,  a conclusion a lso  reached by Dewar and 
38Kelemen f ro m 's tu d ie s  o f  f lu o r in e  n .m .r .  s h i f t s  o f  a ry l  p o ly f lu o r id e s .

One might p re d ic t  th a t  a consequence, o f  t h i s  d i f f e r e n t  dependence would

6«4'
• " " w ■ 19 '

be lack e f  c o r r e l a t io n  of, F n .m .r .  s h i f t s  fo r  pa ra  XC.H.F and the
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su b s t i tu e n t  e f f e c t  on'^the t o t a l  charge den s ity  of f lu o r in e  (in  fac t
■ X ^  - ^ 7 “  ■ '

' ' t h i s  i s  found.^o^be th e -c a se ,  which r e i t e ^ t e s  the  find ings of P a le ta
' ^  \  . ■ ■ 

e t f : a l . : , The. f lu o r in e  s h i f t s  o f  the 4 - su b s t i tu te d  [2. 2. 2 ] -b icy c lo b c ty l-

f  -^1-fluorides are  in  a q u a l i t a t iv e  qt ord^er b u t- th e  d ire c t io n  o f  the s h i f t s

i s  opposite to  th a t  in  the  fluorobenzcne system. I t  was suggested th a t

Î./

geometrical considera tions  probably a r ^ t l i e  dominant fa c to r  i n ,
-V  ̂ ; • 19

in fluenc ing  experimental F n .m .r. s h i f t s  in  tK i^sy s tem .

. The p resen t s t a te  o f  knowledge concerning the fac to rs  a f fe c t in g
■ -, . ; 

f lu o r in e  chemical s h i f t s  does hot adequately describe  many experimental
( -

o bse rv a tionsÎ Many-of the d iscrepancies  a r i s e  from the u n a v a i la b i l i ty  

o f  r e l i a b le  values fo r  parameters used in  th e o r e t i c a l  treatm ents ,of 

the  problem. However, in s p i te  of. thé  fa c t  t h a t  the corresponding 

parameters -for proton chemical s h i f t s  have been determined with f a r
■ 39

g re a te r  c e r ta in ty  in a recen t study by Emsley, Lindon and Salman
'

o f  severa l 1 -su b s t i tu te d  naphthalenes these  authors s ta te d  th a t  no one
'

simple model was capable o f  predic ting s u b s t i tu e n t  chemical s h i f t  

values in  these  naphthalenes . . • ' ■

Benzylkpluorides and F1uoromethyInaphtha1enes

the foregoing d e sc r ip t io n  of the  p resen t  s t a t e  o f knowledge of
' / ■ . -  ' \  . ■ 19  ̂ , . ■ . '

l in e a r  f ree  energy, c o r re la t io n s  and ■ F nu c lea r  magnetic resonance ‘ i
' ■ 19s h i f t s  c o n s t i tu te s  the context fo r  the  cu rren t  study, the  F n .m .r .

chemical s h i f t s  o f  s u b s t i tu te d  fluorom ethylnaphthalenes.

FluoromethyInapht h a ï enes are no t p rev ious ly  known. Their benzene

analogues, the benzyl f lu o r id e s ,  were f i r s t  syn thesised  in  1928 by the.

I n g o l d s T h e y ;  have been reported  in the  l i t e r a t u r e  severa l tiroes

since, then^^"^^ and have been stud ied  in  both the  context, o f  r e a c t i v i ty
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in  terms o f  k in e t ic  stud ies^^  and in  the  context o f 'c o r r e la t io n s
—------------------------------------------------- 19 45 46 ■between isubstituen t e f fe c ts  and F n .m .r. chemical s h i f t s .  '

. In these  l a t t e r  n .m .r .  s tu d ie s  of s u b s t i tu te d  benzyl f lu o r id e s
CH„F CH.F

benzyl f lu o r id es fluoromethy1n aphthalenes

Béguin and Yokoyaraa e t  a l .^ ^  described a poor c o r re la t io n  between

proton magnetic resonance chemical s h i f t s  and su b s ti tu en t 'p a ram e te rs ;
19 ' ' -good c o rre la t io n s  were observed with F n .m .r .  chemical s h i f t s .

45 ■BÇguin reported  th a t  the in tro duc tio n  o f  an e lec tron -donating  

su b s t i tu e n t  in to  the  benzyl f lu o r id e s  induced a f luo r ine  n .m .r .  s igna l

a t  lower f i e l d  than in  the u n su b s ti tu ted  d e r iv a t iv e . . . , This, i s  in
-  -

c o n tra s t  to  the e f f e c t  observed in  -fluorobenzenes when in trodu c tion  of 

. an e lec tro n -don a ting  ^substituen t r e s u l t s  in increased  sh ie ld in g  at 

the  f lu o r in e  atom and hence in  an u p fie ld  s h i f t .  The su b s t i tu e n t  

e f f e c t  in the fluorobenzenes i s  in  the  expecte|( d i r e c t io n ,  i . e . ,  an 

inc rease  in  the  e lec tro n  d en s ity  r e s u l t s  in increased  sh ie ld in g .

S u b s titu en t e f f e c t s  in  2 -p heny le thy lf luo rides  are s im i la r  to  those; in
' ■■ 48 ' :benzyl f lu o r id e s ,  e lec tro n -don atin g  s u b s t i tu e n ts ,d e s h ie ld  the f lu o r in e .

■ - - ■■ ■ . ■ 
In the  benzyl f l u o r id e s ' t h i s  observed inversion  o f  the e f f e c t  has been

16 45 T - '
r a t io n a l i s e d  in terms of hypercpnjugation.

Béguin ca rr ied -o u t  .HuCkel M.O. • c a lcu la t io n s  of ir-charge density  

and bond o r d e r s ’fo r  fluorobenzenes and'benzyl f l u o r id e s , and showed ,• 

th a t  conjugation diminished in  passing  fromyfluorobenzene to  p a ra -methoxy 

fluorobenzenc.; the bond.order decreased; accofdihgly . The ir-charge on . , .
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the  f lu o r in e  atom was augmented. S im ilar ca lcu la tio ns  in  the benzy l/
• ■ /  ■ 

f lu o r id e  system allowed fo r  the incorpora tion  of two e lec tron s  from the

-CH^F group in to  the n-syst.em i f  one assumed fluo rine  hyperconjugation:-
F . F"

CH,I
H-C-H

-e

. ÛCH:OCĤ  -

The e f fe c ts  are  in the ir-bond orders and tt-charges which a r i s e  from the 

in te ra c t io n  o f  the .n-electron cloud of therl^nzene system with  ̂the 

a -e lec tro n s  of the C-H and C-F bonds o f  -CH_F. The ca lcu la t io n  showed 

th a t  hyperconjugation augments in passing from benzyl f lu o r id e  to  para- 

methoxybenzyl f lu o r id e .  The it-bond order increases correspondingly, 

as does the  ir-charge. In the  fluorobenzcne system, as mentioned, the 

reverse  i s  observed.

Béguin concluded th a t  there  i s  an important i n t r i n s i c  d iffe rence

in the n .m .r .  c f  the proton and the f lu o r in e  atom. For the  proton the

fa c to r  which e s s e n t ia l ly  determines the  chemical s h i f t  i s  a ssoc ia ted

with the  e lec tron  density  on the proton: fo r  fluorine- the chemical 
■ - ‘ " I '

s h i f t  i s  a ssoc ia ted  above a l l  with the  e le c tro n ic  s t ru c tu re  o f the

chemical. bonds in  the  v ic in i ty  o f  the  f lu o r in e ,  and not so le ly  with the

magnitude o f  the  e lec tro n  density  on the f lu o r in e ,  a concept th a t  we

have considered e a r l i e r  in  some d e ta i l .  The v a r ia t io n  of bond order

bes t  allows one to  in te rp re t  the in fluence  of a su b s ti tu en t  on the

chemical s h i f t .  An e lec tron-donating  su b s t i tu e n t  induces a decrease in

double-bond charac te r  between Ph- and -F in  the  fluorobenzenes, which

gives a displacement towards high f i e ld  in  the  f luo r ine  n .m . r . , but

V
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induces ah increase  in  double-bond ch a rac te r  between Ph- and -CH_F in. 2
the benzyl f lu o r id e s ,  which gives a displacement towards low f i e ld  i n '

th e - f lu o r in e  n .m .r,
- - 16 19. "Ehrenson, Brownlee and Taft d iscussed  the  ,F n .m .r. phenomena

o f  t h i s  s e r ie s  in  considerable  d e ta i l  in connection with t h e i r  ana lysis

o f  the dual su b s t i tu e n t  parameter equation. Their subsequent observation

i s  th a t  the re  a re  a t  l e a s t  four c lasses; o f  p i - d é lo c a l i s â t ion behaviour,
- .  19 '

each with l im ited  g e n e ra l i ty .  The F n .m .r .  s tu d ies  o f  the  benzyl 

f lu o r id es  were included by these authors in  the  BA c la s s ,  c o rre la ted

by a Tlie io n is a t io n  of benzoic acids in  water a t 2S°C plus severa l
- R(BA).

analogous re a c t io n s ,  such as io n isa t io n  and sap o n if ica tio n  of benzoic
47 *a c id s ,  naphthoic a c id s , cinnamic acids and pheny lp roprio lic  a c id s ,  defined

the parameters fo r  th is  c la s s .  The .f luorine  n .m .r. s h i f t s

of benzyl f lu o r id e s  were introduced as an ad d it io n a l  data  s e r ie s  o f
16 /  ' th e  BA type. In th i s  analysis  th i s  da ta  s e t  wâs r a t io n a l i s e d  as a

s t r u c tu r a l  analogue o f  the defin ing  'reac tion  s e r i e s ,  a l l  being of

th e .ty p e  : - .

where Y i s  a weak to  moderate p i-accep to r  group. Examples o f such 

Y groups include carboxylic  acid and d e r iv a t iv e  groups, SÔ NHR, .

Se(OH)2 , As(OH)^, AsCOHD^O", COC^H^F(p), SF^, C^H^F(p), SC^H^F(p) and 

CHgF. The groups apparently  a l l  possess weak p i -e le c t ro n  acceptor
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o r b i t a l s .  " . . .T h e  C l c a n  presumably act as a weak, acceptor through 

th e  con tr ibu tio n  o f  the  h>’percon jugative  form" -

= CH„F

In th is  study the fluorobenzenes are found to  f a l l  i n to  the s e r ie s  

" . . . f o r  which n e i th e r  +R nor -R su b s t i tu e n t  e f f e c t s  from the para-

p o s i t io n  are enhanced or re ta rded  by qu ino ida l-type  resonance, e f f e c t s . . . " .  

The most obvious reac t io n  s e r ie s  o f  t h i s  type i s  th a t  in which a

„ 1 6

miethylene  group is  in te rposed  between side-ch'ain rea c t io n  cen tre  and
19the benzene ring  (a no tab le  exception being the  F n .m .r  chemical

19  .s h i f t s  of benzyl f l u o r id e s ] . The F n'.m.r. sh ie ld in g  e f fe c ts  o f .para-
- .

s u b s t i tu te d  fluorobenzenes appear to  be well c o rre la te d  by values 

and in fac t  were used prominently in defin ing  the sc a le .  This is  contrary  

to  th a t  which one might expect, however. Although f lu o r in e  i s  the 

weakest ir-e lec tron  donor o f  the  f i r s t  row elements capable o f  donating 

an e lec tro n  p a i r ,  i t  has a s ig n i f ic a n t  value. Para-guinoidal type 

resonance s t ru c tu re s  would be expected to  c o n t r ib u te , e .g .  , .in p-‘fluoro- 

n i tro b en zcn e : -
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and give r i s e  to  enhanced resonance e f f e c t s ,  r a th e r  than

behaviour would be a n t ic ip a te d .  Such resonance e f f e c t s  are  o f 

minor importance in t h i s  s e r ie s  fo r  reasons not ye t understood.

I t  would th e re fo re  seem th a t  the  ex is tence  and na tu re  of resonance 

s t a b i l i s a t i o n  in  the benzyl f lu o r id e s  and fluorobenzenes i s  qu ite  

d i f f e r e n t .  I t  is  a lso o f  i n t e r e s t  to  note  th a t  o f . a l l  thé  n .m .r. 

s tu d ie s  included in  these  two c a te g o r ie s ,  only two, the  benzyl f luo r ides  

and the  a ry l  sulphur p e n ta f lu o r id e s , both bave p o s i t iv e  p-

va lues; a l l  o thers are nega tive . I t  i s  worth noting th a t  the p-value
19,from a s in g le  su b s t i tu e n t  param eter ana ly sis  fo r  F n .m .r .  s h i f t s  of

I
s u b s t i tu te d  fluorobenzenes in* methanol is  -14.99 and in cyclohexahe

-13 .30 , whereas fo r  the benzyl f lu d r id e s  in  carbon t e t r a c h l o r i d e - i t  is  
'  ' ■ - ■ ■ • ' ■ • ■ +11.28, opposite  in s ig n , but o f the same order o f  magnitude.

The concept of conjugation of f lu o ï in e  has been objec ted  to .  The

c la s s ic a l  resonance p ic tu re  as app lied  to  the fluorobenzenes in  order

to  exp la in  the o rtho-para  d i r e c t iv e  e f fe c ts  and the use o f  resonance

co n tr ib u to rs  such as : -
'

F

has been questioned and considered inadequate, p a r t i c u l a r ly  when 

exp la in ing  the marked-preference fo r  p a ra -s u b s t i t u t ! on over o r th o - .

The Oi, v a lu e , .w hich 'is  a  sem i-q u an ti ta t iv e  measure o f e le c t ro n  donation 

or withdrawal by resonance i s  large  and negative  fo r  f lu o r in e .  The 

conclusion th a t  t h i s  in d ic a te s  a s trong  e lec tro n  donation by resonance
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has been c r i t i c i s e d  as m isleading. The sho rtness  o f  th e  C-F bond and 

the . correspondence o f  s iz e  o f  the  o r b i t a l s  c o n ta in in g .p -  and ir-e lec trons  

means th a t  p-ir in te r a c t io n  i s  a t  a maximum.' The powerful induc tive  

e f f e c t . o f  th e  f lu o r in e  i s  f e l t  more s tro n g ly  a t  the o r th o -p o s i t io n  but
V

f a l l s  o f f  in  e f f e c t  very rap id ly  with d is ta n c e .  The conventional 

resonance p ic tu re  above is  m isleading in  as much as f lu o r in e  w i l l  never 

carry  a p o s i t iv e  charge. The large  e le c t ro n e g a t iv i ty  o f  f lu o r in e  

r e s u l t s  in  th e  withdrawal o f  e le c tro n s  from the sigma framework‘and 

accumulation o f  e le c tro n  d en s ity  on f lu o r in e .  This accumulation of

charge i s  only p a r t ly  fed back to  the ir-system by resonance.
4 8 ‘ "M urrell has proposed th a t  f lu o r in e  i s  d i f f e r e n t  from o ther

halogens and does , no t re tu rn  e le c tro n s  to  the ir-system by resonance-a t
' . ' . . .

a l l ,  but r a th e r ,  s trong ly  rep e ls  the  i r -e lec tro n s . The high e le c tro n  

d en s ity  accumulated by the  inductive  e f f e c t  o f  the f lu o r in e  has a 

s trong  re p u ls iv e  e f f e c t  on the ir-e lec tron  d en s ity  and concen tra tes  

the  charge d en s ity  in  the p a ra -p o s i t io n .

F luoride ion hyperconjugation , o r  no-bond resonance f i r s t . .

O  conceived by R o b e r t s w a s  invoked to  r a t i o n a l i s e  the  observation  of 

a s ig n i f i c a n t  +R(-M) resonance e f f e c t  fo r  a -CF^ group, which cannot 

be accounted fo r  by c la s s ic a l  resonance i n te r a c t io n s .

F-C-F

A
F-C F
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A lte rn a tiv e  mechanisms to  f lu o r id e  ion hyperconjugation have been

proposed, namely the u -inductive  mechanism, and the p.-ir mechanism.
50 'Holtz i n t e r p r e t s  the r e a c t i v i ty  behaviour o f  the t r if luo ro m ethy l 

group by means of an inductive  model, the so -c a l le d  Tr-inductive e f f e c t .  

This describes the s tro n g ^ lec tro n -w ith d raw in g  e f f e c t  o f  the  t r i f l u o r o ­

methyl group as a d ipo le  ex ternal to  the benzene r in g  p o la r is in g  the 

TT-system, and in  so doing, enhancing the d e lo c a l is a t io n  o f  negative  

charge. •

S h e p p a r d ^ ^ p r o p o s e d  a r a t io n a l i s a t io n  o f  the observations, in 

terms of a f lu o r in e  p - r  in te r a c t io n .  Tliis was th a t  the in te ra c t io n  

o f  the  p -e lec tro ns  of the f lu o r in e  atoms with the r-system o f  the  

aromatic r in g  causes s ig n i f ic a n t  re tu rn  of e lec tron  density  to  the r ing . 

This re tu rn  i s  more e f fe c t iv e  to  the meta-p o s i t io n  than the p a r a - , 

so the  p a ra -p o s i t io n  appears to  be more s tro n g ly  deac tiva ted . The mode 

of overlap is  shown below; the  f lu o r in e  i s  w ith in  the minimum d is tance  

necessary fo r  such in te ra c t io n  to  occur. *

F
F

Çigure 2. Diagram showing o r b i ta l  overlap  in  b è n z o tr i f lu o r id e .
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This overlap may be re p re se n te d :-

Molecular o r b i ta l  c a lc u la t io n s  support the  f e a s i b i l i t y  o f  the feed-back
1 * ' 

through the  n-system. The net charge dens ity  in  b e n z o tr i f lu o r id e  is

c a lc u la te d  to  a l t e r n a te  so th a t  the  o r th o - and p a ra -p o s i t io n s  appear

more d e f ic ie n t  in  charge dens ity  than the meta-p o s i t io n .

R e ac tiv i ty  o f  Benzyl Fluorides

Alkyl f lu o r id e s  are  considerably  le s s  re a c t iv e  than t h e i r  analogous 

c h lo r id e s .  For the  methyl, benzyl-,- dipheriylmethyl and triphenylm ethyl 

h a l id e s  s u b s t i tu t io n  rea c t io n s  are  p o ss ib le  and the  r a te  determining 

•steps fo r  the two e s ta b l ish e d  mechanisms a re  as fo llow s:-

Ph3C-X
6+

-[Ph3C.
6- 
X ]-

Ĥ O + MeX
6+ 5 - +

-[H _0  Me X ] - >  H 0-Me + X"

The f lu o r in e -c h lo r in e  r e a c t i v i t y  r a t i o  in c reases  (becomes n ea re r  to

u n ity )  fo r  the  hydroly tic , rea c t io n s  in  the  s e r ie s  triphenylm ethyl -+
42 • . .diphenylmethyl -+ benzyl methyl (3° -»■ 2°.->“ 1 ° ) ,  i . e .  as the  t r a n s i t i o n

s t a t e  increases  in  S^2 ch a rac te r .  That a lky l f lu o r id e s  a re  much le s s

r e a c t iv e  than the  corresponding ch lo r ides  has been shown in  the following

\
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cases: so lv o ly s is  in  aqueous ethanol o f  the  cyclohexyl, 1-inethylbutyl,
■ '5 52-m ethylbutyl, penty l and ^ -pen ty l  h a l id e s ,  the  rea c t io n s  o f  the 3-methyl-

- 54
bu ty l  h a lid e s  with methanolic sodium methoxide .and with excess p ip e r id in e ,  

r ea c t io n  of m ethylhalogenoacetates and halogenoacetate  ions with sodium 

th io su lp h a te  in  w a t e r , t h e  so lv o ly s is  o f ttie benzyl h a lid es  and ; 

s u b s t i tu te d  benzyl h a lid e s  in  aqueous e thano l,  and t h e i r  reac tio n s  with 

e th a n o lic  sodium ethoxide and with sodium iodide in a c e t o n e . I t  

has a lso  been shown th a t  methyl f lu o r id e  and tr if luo rom eth y l f lu o r id e

are  much le s s  re a c t iv e  towards sodium atoms in the gas phase than tiie
'  . .  57,58 .c o rre sp o n d in g .ch lo r id es . . .

’ ■ '
Mien Arrhenius parameters are  determined fo r  reac tio n s  in  hydroxylic 

$  .

so lv e n ts ,  they show th a t  the lower r e a c t i v i ty  o f  a lky l f lu o r id e s  than 

o f  a lky l ch lo rides  i s  a consequence of an increased  energy o f  a c t iv a t io n  

and a decreased entropy of a c t iv a t io n  (e .g .  methyl h a lid e s  with water 

or OH  ̂ 59,60 increase  in  so lva tion  on formation of the t r a n s i t io n  

s t a t e  i s  m uch,greater fo r  the f lu o r id e  than fo r  the ch lo ride  (because 

o f  the very liigh so lv a tio n  o f  the in c ip ie n t  f lu o r id e  ion) with a 

consequent reduction  in  entropy o f  a c t iv a t io n  fo r  the  f lu o r id e .  The 

energy of a c t iv a t io n  fo r  the f lu o r id e  reac t io n  is  reduced below what 

i t  would be without t h i s  so lv a t io n ,  and may even be reduced below th a t  

fo r  the  ch lo ride  re a c t io n .  I t  i s  probable th a t  in non-hydroxylic so lven ts  

or in  the  absence o f  so lv e n t ,  the  f lu o r id e  reac t io n s  would have very

high energ ies o f  a c t iv a t io n  because o f  the very high bond s tren g th
' 57 58of C-F bonds, and th is  i s  confirmed by the r e s u l t s  with sodium atoms. ’

The high so lv a tion  energy o f  the in c ip ie n t  f lu o r id e  ion in

hydroxylie  so lven ts  i s  due to  hydrogen b o n d i n g , a n d  s ince  a so lva ted
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pro ton  should be ab le  to  hydrogen-bond to  an in c ip ie n t  f lu o r id e  ion

more e f f i c i e n t l y  than a molecule o f  w ater  or a lco h o l,  these  re a c t io n s  
, ■ ■ ■ " ■ ■ 

would be expected to  show acid  c^ '^alysis in  a p p ro p r ia te  c ircum stances.

Tliis has in  f a c t  been shown fo r  the s o lv o ly s is  o f  benzyl f lu o r id e  in 
42 -aqueous, ace ton e , fo r  the  so lv o ly s is  o f  benzyl f lu o r id e  in  formic

43 - 56a c id ,  o f  benzyl f lu o r id e  and s u b s t i tu te d  benzyl f lu o r id e s ,  ■ cyclohexyl,

1 -m ethy lbu ty l, 2 -m ethy lbu ty l, 1 -pen ty l and _t-pentyl f lu o r id e s^ ^  in

aqueous e th an o l.  The re a c t io n s  o f  the  corresponding c h lo r id es  do not

show acid  c a t a ly s i s  and t h i s  i s  due to  th e  i n a b i l i t y  o f  c h lo r in e  to  form

stro n g  hydrogen-bonds.
42Swain and Spalding have shoim th a t  fo r  th e  acid c a ta ly se d  

h y d ro ly s is  o f  benzyl f lu o r id e  in  10% aqueous acetone the  log o f  the  r a t e  

constan t i s  p ro p o r t io n a l  to  the Hammett a c id i ty  fu n c t io n ,  [and not 

[H ]) and they favour an A1 mechanism:-

+ fa cl"'
PhCH^F + H,0 —  ^  PhCH^-FH + Ĥ O '2 3------- ^ -------- 2 2

+ .

PhCH^-FH — PhCĤ "  ̂ + HP

and fo r  the  h y d ro ly s is  o f  methyl f lu o r id e  they expect an A2 mechanism:
0

+ f a s t  +
CH^F + H_0 - CH, - FH + H_03 3    3 . 2 .

■- • ' ' /
Ĥ O + CH^-F-H — HgO-CHg + HF

62Parker d isag rees  with t h e ■Al.mechanism fo r  h y d ro ly s is  o f  benzyl
' ' . ■■ . . ' 

f lu o r id e s  and suggests  th a t  a w ater molecule would be involved as a
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n u c le o p h i le . in  the  r a t e  determ ining s tep  fo r  th e  re a c t io n s  o f  both o f  .

th e se  primary h a l id e s  (even though t h e , t r a n s i t i o n  s t a t e  fo r  the

benzyl f lu o r id e  re a c t io n  may well be more S^l in c h a rac te r  than 5^2,

w ith extremely long F-R-Y bonds in  th e  t r a n s i t i o n  s t a t e ) . He suggests 
+

t h a t  PhCH^-F-H con ta in ing  d iv a le n t  f lu o r in e  i s  doubtful and he proposes

th e  follow ing a l t e r n a t iv e  mechanism:-
. . .  ■ ■ '

+' 6+ 6+
0 ......... ÇH,

I '
Ph Ph

Ĥ O + CH^-F + Ĥ O —>  H^O . .  .H OH

O  .

H,0-CH_ + HF + H.O ;■>.2 ( 2  ' '  2 . V

The only w e l l - e s ta b l i s h e d  cases where sa tu ra te d  a lky l f lu o r id es

appear, to  be more r e a c t iv e  than the  ch lo rides  a re  in  F r ie d e l-C ra f ts
' ''

a lk y la t io n  r e a c t i o n s . , F luorides have been shown to  be more re a c t iv e

than c h lo r id es  in  the  re a c t io n s  o f  b u ty l ,  benzy l, and s u b s t i tu te d

benzyl h a lid e s  with b e n z e n e , a n d  the cyclohexyl h a l id e s  with 
61to lu e n e .  This means th a t  e i t h e r  the  ra te -d e te rm in ing  s tep  does 

, not involve app rec iab le  C-X bond s t r e tc h in g ,  or th a t  i f  i t  does,- the 

e x t r a  energy necessary  to  s t r e tc h  t h e , C-F-b.bhd is^^more than balanced 

by a g re a te r  gain o f  energy fo r  th e ^ f lu o r id e  than th e  ch lo r id e  from

some o th e r  p rocess . Parker suggests th a t  the  l a t t e r  exp lanation  is
. . ' . ■ ■■ ^  , 

more l ik e ly .a n d  th a t  the  gain o f  energy probably a r i s e s  from the

coord ina tion  to  aluminum c h lo r id e  or o th e r  Lewis acid  ( e le c t r o p h i l i c

c a t a l y s i s ) .  .In o rder to  exp la in  f lu o r in e  to  ch lo r in e  r a t i o s  g re a te r

than one, i t  i s  necessary  to  assume th a t  the  g re a te r  gain o f  energy from
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th e  formation- o f  an Al-F bond than fo r  an Al-Gl bond, more than

compensates the  g r e a te r  consumption o f  energy in  the  'f reak ing  o f  an

R-F bond, r a t h e r  than an R-Cl bond. B erns te in ,  Roth and Miller"^^

re p o r te d  th a t  " . . . t h e  benzyl f lu o r id e s  underwent F r ie d e l-C ra f ts "  type

re a c t io n  w ith  arom atic  hydrocarbons, in  many cases with g re a t  ease .

They underwent ty p ic a l  h a l id e  r e p lacem ent-type  r e a c t io n s ,  but a t  much

slow er r a te s  than the  corresponding  c h l o r i d e s . . . "  (D e ta i ls  o f  the
40re a c t io n s  o f  benzyl f lu o r id e  were f i r s t  re p o r te d  by Ingold in  1928).

In^ the  s o lv o ly s is  o f a s e r i e s  o f  s u b s t i tu t e d  benzyl c h lo r id e s  th e re  

appears to  be a t r a n s i t i o n  from a 5^2 to  S^l type mechanism. Such, 

behaviour i s  not e x h ib i te d  In  th e  form olysis  o f  benzyl f lu o r id e s ,  a l l  of 

which appear to  so lyo ly se  by th e  S^l mechanism. The Grignard reagent 

could no t be prepared  from-benzyl f lu o r id e .  Attempts to  p repare  i t  

under vigorous cond it ion s  always led  to  the  form ation o f  d ibenzy l.

The r e l a t i v e  r a t e s  o f  so lv o ly s is  o f  the  s u b s t i tu t e d  benzyl f lu o r id e s  

have been rep o r te d  by M i l le r  and B ernste in^^  Béguin and M eary-Tertian^^

observed a s i m i l a r  o rder :

p-OCHj^ p - C H j ^ 'p - F ^  m-CH^^. p - C ^

-p-B r^  m -F ^  m-Cl^ ni-CN^ p-CN^ P-NO2

fo r  th e  e f f e c t  o f  s u b s t i t u t io n  in  in c re a s in g  th e  r e a c t i v i t y  o f  the  s ide -ch a in , 

in  the  form olysis  o f  benzyl f l u o r i d e s . 'The r a t e  o f  fo rm olysis  was . •

p ro p o r t io n a l  to  0  from which they  deduced th a t  the  a c id -c a ta ly z e d  

s o lv o ly s is  occurred  by a mechanism having a t r a n s i t i o n  s t a t e  approaching-, 

the  benzyl c a t io n .  In g e n e ra l ,  e le c t ro n -d o n a t in g  groups which conjugate
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with the rea c t io n  cen tre  lead to  rap id  so lvolyses co n s is ten t  with the 

in term ediate  formation o f  a benzyl ca tion . Thus the reac tio n  c o n s is ts

i n i t i a l l y  o f the  departure  o f the f lu o r id e  ion , rendered more f a c i l e
f 4 4 'by means of the acid c a ta ly s i s .  BSguin and Meary-Tertian reported  a

p-value o f  -6120 fo r  th i s  rea c t io n .  This la rge  negative  value i s

co n s is ten t  with a h ighly  p o s i t iv e  t r a n s i t i o n  s t a t e ,  i . e .  S■ 1. One o f  the

 conclusn^ns-.fjom. the work of Ehrenson, Brownlee and Taft. in which they

—::— analysed. St a t  i s  t ica r i iy  a number of r e a c t i v i ty  s tud ies  in naphthalene

" - s y s t e m s , w a s  th a t  résonance in te ra c t io n s  between an e le c tro n -

. withdrawing group in  the  1-p o s i t io n  and an e lec tron -donating  group in

the 4 -pos it ion  are g re a te r  than^in the benzene s e r i e s . In valence.bond

■ theory terms- t h i s  observation may. be r e a d i ly  ra t io n a l i s e d  by considering.

the  r e l a t i v e  number o f  d is c re te  resonance canonicals c o n tr ib u tin g  to

the  t o t a l  hybrid , th re e  fo r  benzene d e r iv a tiv e s  o f th is  type , f ive  for
: ■ ' ii' ' ■ . , ■ , '

1 ,4 -d isu b s t i tu te d  naphthalenes.

Objectives o f  the Present P ro jec t

The aim of t h i s  work i s  to  syn thesise  a s e r ie s  o f  s u b s t i tu te d
P '

f luoromethylnaphthalenes and to  measure t h e i r  f lu o r ine  n .m .r. chemical
19 's h i f t s .  Several aspects o f  the s t ru c tu re  F 'n .m .r .  c o rre la t io n s  

.o f  these  compounds are o f  considerable  i n t e r e s t .  . The,data reported  fo r  

the analogous benzyl f lu o r id e s . have ra ised  m anyquestions regarfiing' 

the  e le c tro n ic  d i s t r ib u t io n  in  these :m olecu les , and in p a r t i c u l a r  the
■ ■ 1 9  / '  ' •

natu re  of the F n .m .r .  -response to  t h i s  d i s t r ib u t io n .  The explanation

of the observed trend  (in the  benzyl f lu o r id e s ,  opposite  to  th a t  in  the

s u b s t i tu te d  fluorobenzenes, in terms of the  ir-electrpn density
' 45p re v a i l in g  a t  the carbon bonded to  the f lu o r in e ,  i s  e n t i r e ly  empirical
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in  n a tu re ,  ■ The p re sen t  s t a t e 'o f  knowledge of the  f a c to r s  c o n tr ib u tin g

to  the  screen ing  constan t o f  th e - f lu o r in e ,  nucleus i s  q u i te  con tra ry  to

t h i s  assumption; the  major f a c to r  i s  thought to  be the  paramagnetic

term which i s  a r e f l e c t io n  o f  the  e lec tro n  d e n s i ty  and i t s  d i s t r ib u t io n

a t  the  f lu o r in e  atom i t s e l f .  For these  reasons i t  i s  of i n t e r e s t  to
19see i f  the  s ign  o f  the  s u b s t i tu e n t  e f f e c t  on the  F n .m .r .  chemical 

I s h i f t  i s  opposite  to  th a t  in  the  f lu o ronaph tha lenes . Proton '’chemical

s h i f t s  of benzyl f lu o r id e s  did -not c o r r e la te  well with s u b s t i t u e n t . -
■ ■ ■ ' :  ' 4 5

param eters , n e i th e r  d id  the coupling constant p. Measurement

o f  these  parameters in  th e  case o f  the  fluoromethylnaphthalenes may o r  \

may not follow th i s  p a t t e r n . Not only is  t h i s  study o f  s ig n if ic a n c e
19in the  context of i n te r p r e t a t i o n  and understanding o f  the  F n .m .r . 

phenomenon b u t . i t  i s  a lso  o f  i n t e r e s t  from the po in t  of view of

r a t i o n a l i s a t i o n  by invoking the. concept o f  f lu o r in e  hyperconjugation
45 ■ ■ ■as Béguin did fo r  the  benzyl f lu o r id e s .  Several a lte rn a t iv e -  s t r u c tu r a l

concepts have been proposed, and the data  gleaned from the p resen t ' study '

must be analysed in  terms o f  these.’ "Moreover, i f  resonance e f f e c t s  are

an important component o f  the  t o t a l  su b s t i tu e n t  e f f e c t s  as Beguin^^

claims to  have found in  the case o f  the  benzyl f l u o r id e s , then t h i s

should be even more important in  the  fluorom ethylnaphthalenes as long

as the  p e r i - hydrogen does not exert- a tw is t in g  and hence resonance-

in h ib i t in g  e f f e c t  on e i t h e r  s u b s t i tu e n t .
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CHAPTER 2 

- EXPERIMENTAL

to

In troduction

, In fra re d  sp e c tra  were determined on a Perkin-Elraef model 337

spectrom eter c a l ib ra te d  with po lysty rene . Nuclear magnetic résonance

sp e c tra  were determined on à Perkin-Elmer R 12 A, on a Varian HA-60-IL

o r  on a Varian HA-IOO-IL spectrom eter using te tram e th y ls i lan e  as

in te r n a l  standard  fo r  H sp e c tra  and CCI„F as ex te rna l s tandard  fo r  
19F sp e c tra .  Mass sp e c tra  were determined on a Hitachi Perkin-Elmer ,•N '

. RMU-7 instrum ent. Microanalyses were by Dr. A.D. Campbell, U niversity  
/ ■ 

o f  O tag o D u n ed in ,  New Zealand and'by Dr. D. ^McGillivray, U niversity

o f  V ic to r ia ,  V ic to r ia ,  B .C .; Canada. Melting poin ts  are  uncorrected.

The nomenclature used to  describe  the various compounds synthesised
68in  th i s  study i s  not s t r i c t l y  based on,I.U.P.A.C. ru le s .  In severa l 

cases the  a lp h a b e t ica l  o rder o f s u b s t i tu e n t  groups has been disregarded 

' in o rder th a t  in every case the  su b s t i tu e n t  whose u ltim ate  syn the tic  

f a te  i s  the  1-fluoromethyl su b s t i tu e n t  should be designated as  ̂

occupying the 1 -posit io n  o f  the naphthalene nucleus. The ju s t i f i c a t i o n  

•' fo r  th i s  departure from the e s ta b l ish e d  ru le s  i s  based on c l a r i t y  and 

r e a d a b i l i ty .  Many of the sy n th e t ic  t ra n s fo rm a tio n s .are e s s e n t ia l ly



■ • .  47 ■

s im i l a r  and t h i s  approach allows comparisons to  be drawn re a d i ly  and 

f o r  the  e n t i r e  s y n th e t i c  pathways to  b e .followed .with ease. In most 

c ^ e s  t h i s  approach, has involved a reo rde r ing  o f  s u b s t i tu e n t  groups.

In severa l  in s tances  the  departure  from systematic  nomenclature i s  

more r a d i c a l .  In th ese  cases the sys tem at ic  name i s  included in  

p a ren thes is  following the name used in t h i s  study.

All s y n th e t i c  rou tes  to  the  s u b s t i t u t e d  fluoromethylnaphthalenes 

involved the  exchange o f  bromide ion by f lu o r id e  ion by means o f  the 

r ea c t io n  between the  broraumeth’ylnaphthalene and anhydrous potassium 

f lu o r id e  in  N-methy-l-2 -pyrro l idone.  Bromomethyl d e r iv a t iv e s  were obtained 

by one o f  th ree  methods: bromination o f  the  carbinol  with phosphorus

tr ib rom ide,  cleavage o f  the e the r  with anhydrous hydrogen bromide in 

dry benzene, or  by bromination of  the  methylnaphthalene with N-brorao- 

succinimide. in  carbon t e t r a c h l o r i d e .

D eta i ls  o f  a l l  sy n th e t ic  procedures are  given below. A diagrammatic 

scheme o f  these  t ransformations  plus a key f o r  purposes o f  nomenclature 

a re  included as pages -131-149 following the  d e sc r ip t io n  o f  experimental 

d e t a i l s .  In o rder  to  avoid needless r e p e t i t i o n ,  reac t ions  where t i ^  

same reagents  and s i m i l a r  r eac t io n  condit ions  a re  used are  described 

in d e t a i l  only, once; t h e r e a f t e r  they are  merely described in more 

general  terms. Discussions which follow r e f e r  to  t h i s  s p e c i f i c  method

and descr ibe  e s s e n t i a l  d e t a i l s  and any v a r i a t i o n s  made to the general
. .  . ■ '  - 

method.

. All  p rev ious ly  unknown compounds,, except  the  fluoromethylnaphthalenes,  

were c h a ra c te r i s e d  by melting po in t  or  b o i l i n g  p o in t ,  by elemental  

ana lys is  and by accura te  mass measurement. The fluoromethylnaphthalenes ■
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could n o t 'b e  chai iacterised by t h e i r  b o i l in g  po in ts .  Even on moderate, 

warming these  compounds showed a tendency towards polymerisat ion. 

Polymerisation o f  the benzyl f luo r ides  was reported by Delpucch and 

BTSguin,*^  ̂ by tlie I n g o l d s , a n d  by Bernstein ,  Roth and Miller^^;  t h i s  

polymerisat ion " i s■an acid  cata lysed F r ied e l -C ra f t s  type reac t ion .  In 

the  e a r l i e r  p repa ra t ions  a l l  the glassware was r insed  with an e th e rea l  

so lu t io n  of quinoline  and then dr ied .  In l a t e r  prepara t ions  one. drop of  

N,N-diisopropylethylamine, a very s trong but  s t e r i c a l l y  hindered base,  

was added p r io r  to  the i s o l a t i o n  of the fluoromethylnaphthalcnc to  

prevent the polymerisat ion from occurring. Tliis " l a t t e r  base was 

p re fe rab le  as i t  did not i n t e r f e r e  witli the  n .m .r .  spec t ra .  All peaks 

in  the spectrum of  N,N-diisopropylethylamine appear a t  liigh f i e l d ,  v iz .  

T 8-9 p.p.m. Another advantage i s  t h a t  i t  i s  considerably more v o l a t i l e  

than quinoline and so i t  could be removed from the sample by prolonged . 

exposure to a high vacuum. In s p i t e  of the precaution of  adding the  base 

s t a b i l i s e r  severa l  samples did undergo the-polymerisa t ion  reac t ion .  

Addition of  t h i s  t r a c e  amount of  s t a b i l i s i n g  amine precluded elemental 

ana lys is  and b o i l in g  po in t  or  melting po in t  as a means o f  c h a r a c t e r i s a ­

t i o n .  Accurate masses were determined, and the very c h a r a c t e r i s t i c  Hi 
19and F n .m .r .  sp e c t ra  served to  confirm the i d e n t i t y  of  the products .  

N.m.r. he te ronuc lea r  decoupling experiments were a lso  ca r r ied  out on 

the  fluoromethylnaphthalenes as add i t io na l  confirmation.
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Prepara tion^ o f  the  Compounds ‘ 

t-À ce ty t-4 -m ethu lnaph tha lene  (2)

Considerable d i f f i c u l t y  was encountered in  the synthesis ,  of  

l - a c e ty l -4 -m e t l iy lnaphthalene (2). This was due to  th e  s t a r t i n g  m a te r ia l  

1 -methylnaphthalene ( 1 ) con ta in ing  s u b s ta n t i a l  amounts o f  2 -methyl- 

naphthalene.  Jacobs e t  a l .  repor ted  t h a t  the isomeric  c h lo ro -a ce ty l -  

naphthalenes were r e a d i ly  separa ted  by f r a c t io n a l  c r y s t a l l i s a t i o n  of  

t h e i r  p i c r a t e s  and so. analogous sepa ra t io n  o f  the  methyl-acety lnaphthalenes  

was attempted.  Separa t ion  was successfu l  but  only a very small q uan t i ty  

o f  the  requ ired  1,4-isomer was obtained.  The main f r a c t io n  i s o l a t e d  

c o n s is ted  o f  the 2 ,6- isomer ,  and as the  r a t i o  o f  1 ,4-isomer to  2,6- 

isomer was s u b s t a n t i a l l y  g r e a t e r  than the r a t i o  o f  1 - to  2 -methyl- 

naphthalene  in  the  s t a r t i n g  m a te r ia l ,  i t  was concluded t h a t  migration 

o f  the  methyl group from the 1 - to  the 2 - p o s i t io n  had occurred under the 

in f luence  o f  the  AlCl^, the 2-isomer predominating as the  thermodynamically 

more s t a b l e  product . ‘ A céty la t ion  o f  pure 1-methylnaphthalene (1) using 

an e f f i c i e n t  i ce -b a th  r e s u l t e d  in a 70% y ie ld  o f  pure product a f t e r  

d i s t i l l a t i o n .  -

1-Methylnaphthalene [Aldrich) (67.'0 g; 0.48 mol), dry CH^Cl^ (340
3 ' '  ‘cm ) and f in e ly  ground anhydrous AlCl^ (76 g; 0.57 mol) were placed in

a 1 & 3-necked f la sk  f i t t e d  with a water-cooled double-surface  ref lux-
3condenser and drying tube,  a mechanical s t i r r e r ,  and a 1 0 0  cm e q u i l i b r a t ­

ing dropping fu n n e l . The f l a s k  was immersed in an ic e -b a th  and ace ty l
3 ■c h lo r ide  ( 3 8 ‘cm ; 39.3 g; 0.48 mol) was. added from the dropping funnel

over 45 min. A f te r  the ad d i t ion  was complete the  ice -b a th  was removed
■- y  ....

and the  mixture allowed t o  reach room tempera ture ;  vigorous s t i r r i n g
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was continued fo r  4 h. S t i r r i n g  was discontinued and the  reac t ion

mixture was ref luxed on a water bath  fo r  2  1 / 2  h ,  allowed t o  cool for
3 .

15 min and then poured on to .a  mixture o f  concentrated HCl (30 cm ] and 

ice  (200 g ) . The heavy o i l  l aye r  was separa ted  from the aqueous layer
'2 "■ ' 3

and washed with water (2 x 200 cm )* with 3  N=NaOH so lu t io n  (2 x 200 cm )
3

and again with water (2 x 200 cm ) .  The o i l  was dr ied  with anhydrous
f

MgSO^, f i l t e r e d ,  and the  so lven t  removed. The r e s u l t i n g  brown l iqu id
70was d i s t i l l e d  a t  115-120° a t  0,2 mm ( l i t .  b .p ,  175 /15 mm) to  give a 

71.4% y ie ld  o f  l -acety l-4-methylnaphthalene;  i . r .  (film) 3075 (aromatic

C-H), 2930, 2875 ( a l ip h a t i c  C-H), 1680 (aromatic C=0), 1590 (naphthalene
1 ' r i n g ) ,  830, 760 cm' ( 1 ,4 - d i s u b s t i tu te d  naphthalene, C-H out-of-p lane  .-/'f

bending);  n .m .r .  (CCl^) t  2 .0 -3 .0  (m, 6 , C ^ g ^ ) , 7.45 (s , 3, COCĤ )-, 7.5
: ■ ' \  

.p .p .m. (s ,  3, CHj); mass spectrum (70 eV) m/e ( r e l a t i v e  i n te n s i ty )  184

(25, = 184), 1 7 0 ( 4 1 ) ,  169 (100), 141 (90), 115

(72).

4-M ethy,t-t~naphthoio ao%d (3)

. l -Acetyl-4-methylnaphthalene (40 , 6 6  g; 0.22 mol) was ref luxed for  

4 1/2 h^with a hypochlori te  so lu t io n  prepared by d isso lv ing  NaOH (100 g;
■ ■ ■ , t 3

2.5 mol) in  water (135 cm ) and ice  (550 g ) , and bubbling Cl^ in to  

t h i s  so lu t io n  u n t i l  the in c re ase - in  weight was 71 g (1 mol). Aftei* 

hea t in g  under re f lu x  with the  ketone, (2 ) the so lu t ion  was allowed to  

cool and NaHSÔ  (60 g) added in  order  to  destroy excess hypochlor i te .
3 .

Concentrated HCl (75 cm ) was added to  the so lu t io n ,  whereupon a heavy

cream p r e c i p i t a t e  separa ted;  This was f i l t e r e d ,  washed and r e c r y s t a l l i s e d

from 95% EtOH to  give a y ie ld  o f  37.4 g (91%) o f  a white so l id ;  m.p.
70175-175.5° ( l i t .  m.p. 175°); i . r .  (nujol)  3150 (bonded OH), 1680
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/ _ 2
(aromatic  carbox%lic acid  C=0), 835, 760 cm ( 1 ,4 -d i sû b s t i tu te d .

naph tha lene) ;  n .m . r .  [ (CD^)^CO] t  0.8 -2 .8  [m, 6 , , 7.25 p.p.m.

(s ,  3, CHg); mass spectrum (70 eV) m/e ( r e l a t i v e  i n t e n s i t y )  186 (100,

\ o  = 186), 169 (63),  142 (19), 141 (31) , 139 (43) ,

115 (90). ; \  :

Most o f  the  4 - su b s t i t u te d - l -n a p h th o ic  acids were prepared by the

. sodium hypoch lo r i te  ox idat ion  o f  the  corresponding acety lnaphthalene.

• This r e a c t io n  proved to  be f a r  more troublesome than was suggested by

the t r i v i a l  accounts in the l i t e r a t u r e .  A f te r  a long s e r i e s  of

. abo r t ive  a t tem pts  two fac to rs  emerged as being c r i t i c a l  r ea c t io n

cond i t io ns .  The method o f  p repa ra t ion  of  the  hypochlor i te  so lu t io n  i s

' c r i t i c a l ;  the  so lu t io n  must be maintained a t  0 - 1 0 " and the amount of

ch lo r ine  passed i s  c a r e f u l ly  c o n t ro l le d .  Thehypochlori te  so lu t io n  was
71even tua l ly  prepared according to  the method o f  Newman and Holmes. The 

hypoch lo r i te  so lu t io n  was re f luxed  with the  ketone u n t i l  t h e re  was no 

re s id u a l  ketone p resen t  as a sep a ra te  phase. The period o f  r e f lu x  

necessary  to  e f f e c t  the oxidat ion  was considerably  longer , and the 

r e a c t io n  temperature  h igher  than those  recommended in  the l i t e r a t u r e .

4-M ethyZ-l~naphthylcarbinol (4)
- j • ■ ?
A suspension o f  LiAlH^ (Koch-Light) (0.7 g; 0.18 mol) in  anhydrous 

3 ^
e th e r  (50 cm ) was placed in a 1 3-necked f la sk  f i t t e d  with double-

y'' ' 3
surface  r e f lu x  condenser and drying tube,  a. 250 cm e q u i l i b r a t in g

dropping funnel and a magnetic s t i r r e r ;  the  apparatus was maintained

under an atmosphere o f  n i t rogen .  The suspension was s t i r r e d  fo r  10 min

and then a suspension of 4 -m ethyl- l -naphtho ic  acid (4.57 g; 0 . 0 2 5 -mol) in
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. ; 3
anhydrous e th e r  ( 1 0 0  cm ) was added from the  dropping funnel a t  such

a . r a t e  t h a t  b o i l in g  o f . t h e  so lvent  was maintained.  The naphthoic

ac id  was added over 45 min, the  mixture was s t i r r e d  a t  room temperature

f o r  30 min, under r e f lu x  fo r  3 h and again a t  room temperature fo r  14 h.
' 3

The r e a c t io n  mixture was cooled in  an ice -b a th  and 1 0 % ' ( 1 0 0  cm ) 

was added very gradua l ly .  The aqueous and e the rea l  layers  were
■ . 3separa ted  and th e - e th e r  e x t r a c t  washed with water (2 x ISO cm- ) ,  with 

1 0 % Na.jCO, so lu t io n  ( 2  x 2 0 0  cm^), and again with water ( 2  x 2 0 0  Cm̂ ) . 

The so lu t io n  wa.s d r ied  with anhydrous MgSÔ  and evaporated to  a white

s o l i d  res idue .  The res idue  was f e c r y s t a l l i s e d  from 60-70 petroleum
/ -

77
e th e r  to  white needles m.p. 76-77“’ ( l i t .  m.p. 77**}.. The y i e ld  of

r e c r y s t a l l i s e d  s o l id  was 3.48 g (82.5%); i . r .  (melt) 3350-'(hydrogen

bonded OH), 2975, 2900 ( a l i p h a t i c  C-H), 1595 (naphthalene r i n g ) , 1075
‘ "  1(primary a lco ho l) ,  835, 760 cm (1 ,4 ^ d is u b s t i tu t e d  naphthalene);

n .m .r .  (CCl^) r  1 .9 -3 .0  (m, 6 , C^^H^), 5.1 (s ,  2, CH^), 7.35 (s ,  3,

CHj), 8.15 p.p.m. (s ,  1, OH). The peak a t  t  8.15 p.p.m. disappeared

when the  sample was shaken with a few drops o f  D̂ O; mass spectrum

(70 eV) ( r e l a t i v e  i n te n s i ty )  172 (30, ^"l2 ^^°1^ = 172), 171

(40),154 (60), 128 (100). The general  procedure followed in t h i s  ,
73prepa ra t ion  i s  t h a t  descr ibed by F iese r  and F ie se r ,  the, p ropor t ion

o f  hydride to  carboxyl i c  acid i s  the same a.s t h a t  recommended by Nystrom
74 ' 'and Brown, and the hea t ing  and s t i r r i n g . p e r i o d s  are those recommended

75 ' ". V
by Bergmann and Szmuszkovicz fo r - th e  réduc t ion  o f  naphthoic a c id s . . .
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■ l-Bràm om ethyl-é-m ethytnaphthalene (-5)

Bromination o f  the  naphthy lcarb ino ls  was e f fe c te d  by warming the 

carb ino l  with PBr in  benzene with a t r a c e  of pyr id ine  a t  55-60° fo r
, ^  ̂ 75 , ■

6  h using the  method o f  Bergmann and Szmuszkovicz. All bromomethyl- .

naphthalenes prepared were s trong lachrymators and so they were

prepared and handled in a fume hood. Many showed a s l i g h t  tendency

toward hydro lys is  in  moist a i r  and were t h e re fo re  s to red  in a d e s icc a to r

in  a r e f r i g e r a t o r .  - '

1-Bromomethyl-4-methylnaphthalene was prepared by d isso lv ing  4-methyl-
3l -naph thy lca rb ino l  . ( 1 0 .3 g; 0.06 mol) in  dry benzene ( 1 0 0  cm ) to  

which was added PBr^ (19.5 g; 0.072 mol) and two drops o f  py r id ine .  The 

so lu t io n  was s t i r r e d  and heated a t  50-55° fo r  6  h; the  reac t io n  mixture 

was then poured onto ice  ( 1 0 0  g) and the organic and aqueous layers  

were s e p a r a te d . ' The aqueous laye r  was ex tra c ted  with benzene and the

\  benzene so lu t io ns  combined, washed with water (2 x 150 cm^), with 15%
3 ' ’ 3Na^COg so lu t io n  (3 x 200 cm ) and again with water (2 x 150 cm ) .  The

benzene so lu t io n  was dr ied  with anhydrous MgSO^,. f i l t e r e d  and the

benzene removed on a ro ta ry  evaporator .  The dark green s o l id  which

was obtained was r e c r y s t a l l i s e d  th ree  times from 35-45° petroleum e the r

to  white . .c rys ta l l ine  needles  (11.8 g; 84% y ie ld )  which melted a t  77- 
76- 79° ( l i t .  m.p. 80°); i . r .  “(nujol)  3080, 3045 (aromatic C-H), 1595

(naphthalene r i n g ) , 832, 758 (1 ,4 -d i su b s t i tu te d ,n ap h th a len e  r i n g ) , 550,
- 1  '530 cm ( a l i p h a t i c  C-Br); n .m .r .  (CCl^) t  1 .7-2 .0  (m, 6 , C ^ ^ ^ ) , 5.12,

(s ,  2, CH^Br), 7.32 p.p.m. ( s ,  3, CH^); mass spectrum (70 eV) m/e

( r e l a t i v e  i n t e n s i t y ) ,  236 (23, ® ^ r ^ )  ? 236), 234 (24,
12 1 7Q

( Br^) = 234) ,  155 (100), 153 (52),  152 (46), 141 (40), 115

(40) .   ̂ '
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'Prepavat'ion o f  Sulphonate E sters  o f  4-Siibsti.tuted-l-naphthï^toarb'ùnoZs

At f i r s t  the  £- to luenesulphonate  e s t e r s  o f  the  ca rb ino ls  appeared

to  be s u i t a b l e  precursors  to  the f luoromethylnaphthalenes, ". . .Oxygen

bonded groups, such as sulphonate  e s t e r s  t h a t  are  good leaving groups,
" 79are  e a s i l y  rep laced  by potassium f lu o r id e  in  p o la r  s o l v e n t . . .  . 

P repara t ion  o f  the  sulphonate  e s t e r s  with py r id ine  as so lven t  and base 

was unsuccessfu l ;  sulphonation with powdered c a u s t ic  potash ,  d ie thy l  

e th e r  and jg-toluenesulphonyl ch lo r ide  r e s u l t e d  in  the  formation o f  a 

c r y s t a l l i n e  sulphonate  e s t e r ,  but t h i s  r ap id ly  transformed in to  an o i l  

on s tanding .  Examples in the l i t e r a t u r e  confirmed th i s  behaviour  as 

general  fo r  e s t e r s  o f  t h i s  type and so syn thes is  o f  these  compounds was 

abandoned. In s p i t e  o f  th e i r ,  tendency to  hydrolyse' , the bromomethyl- 

naphthalenes proved to  be f a r  more s u i t a b l e  as precursors  to  the

fluoromethyl compounds. f
; '

l~Fluorom ethyt-4-m ethyZnaphthalene (6)

The fluoromethylnaphthalenes were prepared by f luoride-bromide 

exchange o f  the  corresponding bromomethylnaphthalene. The exchange 

was c a r r i e d  out in a d ip o la r  a p ro t i c  so lv en t ,  N-methylpyrrolido'ne, with 

anhydrous KF (under these  condit ions  t h i s  i s  a source o f  " s t rong ly
■ 77

n u c le o p h i l i c ,  weakly so lva ted  and well d i s so c ia ted  f lu o r id e  ion" ) .

This method o f  f luoride-bromide exchange i s  t h a t  descr ibed  by Delpuech 
43 'and Beguin.

l-Bromoraethyl-4-methylnaphthalene (7.25 g; 0.031 mol) was dissolved
3 ■ ■ ’ -

in  N-methylpyrrolidone (25 cm ) which had been dr ied  with anhydrous 

MgSO., f i l t e r e d  and d i s t i l l e d  a t  202-204° a t  atmospheric p ressu re .  

Anhydrous KF (B.D.H.) (18.0 g; 0,31 mol) which had been d r ied  in  an oven
.
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3 ‘ 3a t  140° overnight  was suspended in W rro l id o n e  (100 cm ) in  a 250 cm
I  33-necked f la sk  f i t t e d  ^ a t h  a heating majvy^T-'inalnetic s t i r r e r ,  25 cm

e q u i l ib ra t in g  dropping funnel , re f lu x  condenser With drying tube.  The

suspension was s t i r r e d  a t  100 fo r  15 min, the  bromomethylnaphthalene

so lu t ion  was then added from,the dropping funnel over 15 min. The

reac t ion  temperature was ra i sed  to  150° and maintained a t  t h i s  temperature

f o r - 3 h. The dark brown react ion  mixture was allowed to c o o l , taken up
3 T ■

in  CHgClg (200 cm ) and washed with water (100 cm ) .  The brown CH2 CI2  

so lu t ion  was washed thoroughly with sa tura ted  NĤ Cl solution. ( 6  x 2 0 0  cm̂ } 

in order  to  e x t rac t  as much of the pyrrolidone as poss ib le .  I t  was 

then dried with anhydrous MgSÔ , the so l id  was f i l t e r e d  o f f  and the CH^Cl^ 

removed on a ro ta ry  evaporator. The brown res idue weighing 11.3 g was 

analysed by n .m .r .  This, indicated the presence of  large amounts of  

pyrrol idone plus naphthalene compounds, o v e r '90% of which was fluoromethyl- 

naphthalene. The r e l a t i v e  quanti ty  of fluoromethyl compound in the 

mixture could be estimated by comparing the in teg ra t ion  of  the rqadi ly  

d is t ingu ishab le  methylene doublet due to  thê -CH^F function (J^_p = 48 Hz) 

with th a t  of  the methylene of the bromomethylnaphthalene and/or naphthyl- 

carb ino l .  The r e l a t i v e  amount of fluoromethylnaphthalene in  the react ion  

mixture was‘'estimated in t h i s  manner fo r  a l l  fluoromethylnaphthalenes 

prepared. '

Thin layer  chromatography of  the brown residue revealed th a t  the 

fluoromethylnaphthalene could r e a d i ly  be separa ted^^k^^ the  bromomethyl­

naphthalene, naphthy1 carbinol and pyrrolidone using s i l r ^ a  gel as the 

s t a t io n a ry  phase ,and e lu t ing  with 35-45° petroleum Aether. A chromato­

graphic column was prepared using 250 g s i l i c a  gél (Baker "Analysed”)
X  \  ‘ ■ ■ - ■■ -

s lu r r i e d  with 34-45° petroleum e ther .  A small layer  of  f in e  sand was
-

introduced onto the s i l i c a  gel and .'.the reac t ion  mixture was adsorbed
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onto th e  sand l a y e r .  The column was-e lu ted  with  petroleum e th e r  and ; 

t h e  f r a c t i o n s  c o l l e c t e d  evaporated to  d ryness ,  weighed and analysed by 

n .m . r .  spectroscopy .  All  g lassware used in  t h e  chromatographic 

i so la t io n ' . .o f  ■'4-iiiethyT~l‘-f luorom ethy lnaph tha lene  was r in se d ,  with an
■ -3- ■' e th e r e a l  so lu ton  o f  q u in o l in e  and d r i e d .  . T h i r t ee n  f r a c t i o n s . o f  150 cm

each were c o l l e c t e d  and i t  was found t h a t  f r a c t i o n s  3-11 conta ined  

f luorom ethy lnaph tha lene ,  1.4 g in a l l  which r e p re se n te d  a 54% y ie ld ;

1 . r .  ( f i lm )  3075, 3045 (aromatic  C-H), 2975, 2925 (a lky l  C-H), 1595
■ ■ -1 (naphthalene r i n g ) ,  1060 ( a l i p h a t i c  C-F) , 825, 758 cm ( 1 ,4 - d i s u b s t i t u t e d

n aph tha lene^r ing )  ;■ n .m . r .  (CCl^) t  1 .85 -3 .0  (m, 6 , , 4.32 (d,

2, C ^ F , J  = 48 Hz), 7.34 p. p.m. (d, 3, CH^, J  = 2 Hz); mass spectrum 

(70 eV) m/e ( r e l a t i v e  i n t e n s i t y )  174,074 (14, (^^C^^ ^ ^ 1 1  ~

174.085) 173 (100), 172 (25) , 159 (80), 141 (36) ,  115 t S ) . '

t-Acetyl-4r:Ghloronaphthatene (8) ■ ' •

1-Chlofonaphthalene (Baker) (71.0 g; 0,.-44 mol) was r e d i s t i l l e d  under

vacuum a t  30 mm and 146-147°, and d is so lv ed  with,anhydrous AlCl (70.0 g;
/  - ''

0 .5  mol) in  CH-Cl- (500 cm^) in  a 1 & 3-necked f l a s k .  Acetyl
3 . '

c h lo r id e  (Baker) (25 cm ; 0.46 mol) was added o v e r ' 45 min. The mixture

w a s , s t i r r e d  a t  room tem pera tu re  f o r  4 h and a t  r e f l u x  fo r  2 hi 

Decomposition with  conc.-HCl (20 cm ) and ice  (200 g ) , . followed by 

washing, drying and evapora t ion  o f  so lven t  gave a brown-yellow o i l .

This was d i s t i l l e d  under vacuum a t  0.2 mm and 140-146° to  g ive  64.1 - 

g . o f  a p a le  s traw v iscous  l i q u i d ;  t h i s  r e p re se n te d  a 72% y ie ld .

( l i t  140-146°/1,.5 mm, .155^165 °'/3-4 mm); i . r ,  ( f i lm) 3050, 3010

(aromatic  C-H), 2910 ( a l i p h a t i c  C-H), 1680 (aromatic  C=0), 1560,.
. - ‘ ■

1510 (naphthalene r in g )  830, 765 cm ( 1 , 4 - d i s u b s t i t u t e d  n ap h th a le n e ) ;
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n .m .r .  [CCl^) t 1 ,7-2 .85 ( m , , 7.5 p.p.m. (s ,  3, COCH^); mass 

spectrum (70 eV} m/e ( r e l a t i v e  i n t e n s i t y )  206 (3, ^^0 .̂

^ ^ C ip  = 206), 204 (10, ^Hg ^^0^ ^^Cl^) = 204),  189 ( 3 3 ) ^  ;

164 (26), 163 (49), 162 (100), 127 (61).

4-C hloro-t~naphthoia Acid (9)

The NaOCl so lu t io n  was prepared using NaOH (145.5 g; 3.63 mol),
3 : . ' .

200 cm ' o f  water ,  834 g o f  ice  and Cl^ gas (104.Og; 2.6 mol). The-ketone 'i 

(8 ) (67,64 g; 0.33 mol) was added and the  so lu t ion  warmed a t  55° for  

1 h. No reac t ion .appeared  to  be tak ing  p lace  and so the  temperature 

was g radua l ly  increased  to  80°. This temperature was maintained for

6  h during which time thé two 'sepa ra te  phases disappeared. NaHSÔ  (34 g)
3 ' ' ■ 'in  water (132 cm ) was added to  destroy excess hypoch lo r i te .  ■ Conc.

HCl was added to  p r e c i p i t a t e  the  carboxylic  ac id .  The pa le  cream so l id

(25.53 g; 38.5% y ie ld )  was r e c r y s t a l l i s e d  th ree  times from 95% EtOH

to a constant  melting point  of  222-224° ( l i t . m . p .  223-224°); i . r .

(nujol)  3100 (hydrogen bonded OH), 1690 (C=0 s t r e t c h  aromatic carboxylic
- ■  : 1 ; ■ 

a c i d ) , 925 (OH out o f  plane deform ation) , 838-, 788 cm (1 ,4 -d i su b s t i tu te d -

naphtha lene) ;  n .m .r .  [(CD^j^CO]. t 1 .5 -2 .5  p.p.m. (m, î mass
■ 1 2  1 16 spectrum (70 eV) m/e ( r e l a t i v e  i n te n s i t y )  208 (35, ( Ĉ ^̂  Hy 0^

^^Cl^) = 208) , 207 (40 (^^C^^ ^H^^^Oy ^^Cl^) = 207), 206 (100,

(^^C^^ ^Hy ^^Og /^^Cl^) = 206), 191 (74), 189 (70), 163 (65), 161 (60).

4-Chioro~l~naphthytcarb{.npl (10) . ' '

The carb inol  (10) was prepared from 4 -c h lo ro - l -n a p h th o ic 'a c id  by 

reduct ion  with LiAlH^ in  anhydrous e th e r .  Carboxylic acid (20.5 g;

0 .1  mol) on reduct ion  with LiAlH^ (2.85 g; 0.075, mol) suspended in
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' 3 ' ' - ' .anhydrous e th e r  (200 cm ) gave a y ie ld  o f  14.22 g (74% yie ld )  o f .
" . . .  ' 

c o lour less  needles a f t e r  c r y s t a l l i s a t i o n  from 35-45“ petroleum e th e r .  "

The c ry s t a l s  melted a t  73-74.5“ ; i . r .  (melt) 3300 (hydrogen bonded OH),

3090 (aromatic C-H), 2925, 2875 ( a l i p h a t i c  C-H), 1270, 1072.(primary

a lcoho l) ,  830, 755 cm (1 ,4 -d i su b s t i tu te d  naph tha lene) ;. n .m .r .  (CCI.) .

T 1.7:ÿoh(m-, 6 , C^qH^)., 5.21 (s ,  2, CH^'), 7.01 p.p.m. (s .  1, OH). , .

The broad s i n g l e t  a t  t 7.01 disappeared on add i t ion  of  two drops o f  ■
: '  , ' . < ■ 1 2  ■ '

■ DgO; mass' spectrum (70 eV) m/e ( r e l a t i v e  in te n s i t y )  19̂ 4 (26, ( C^^

\  = 194). 192,041 (92; \  ^^Cl^). =

192.034 ) ,  17*7. (6 ) , '  175 (23), 163 (52), 157 (60),’ 141 (3), 128 (100), .

115 (8 ) .  - :

.- Anal.- Calcd. fo r  C.,1L0C1:- G, 68.59; H, 4.71. Found:, C, 68.61;
i . .. I I  y . ■ : . ; '

H, 4.70. . .. . ■ . . . . • ■' ,

l ‘-Brômomethifl-4-ahloronavhthalene (ID  ■ , ■ .

. The alcohol  (10) (12-..8 g; 0.0655 mol) was dissolved lin dry benzene
’ ' 3 ' - L . ' . . .  ' \  ' •

(100 cm ) by gen tle  warming. Pyridine (2 drops) was added, followed by

. PBr^ (19.0 g; 0.07 mol) . After  a 'p e r io d  of- 6  h a t  55“ followed by ■ - .

work-up o f  the r e a c t io n . r e s id u e ,  a y ie ld  of  12.66 g (74.5%), was obtained.
- . • ■ . , ■ - . ■ . ■ ' - 

R e c r y s t a l l i s a t i o n  from 60-75“ petroleum e th e r  gave co lour less  needles

which melted a t  100-101“ ; i i r .  (nujol) .3050 (aromatic C-H), 1030 "

(aromatic C-CT), ‘830j 763 (1 ,4 -d i  s u b s t i t u t e d  naphthalene) ,■ 550; 530 cm ^

(a H p h a t i c  C-Br) ; n .m .r .  (CCI^) t  1 .5 - 2 . 6 '  (m, 6 , C ^ g ^ ) , 5.17 p.p.m.

. ( s ,  2,, CH^Br) ; mass spectrum. (70 eV) m/e ( r e l a t i v e  i n te n s i ty )  25.7.953

 ̂ (3, M̂  C !..

177
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Anal. Calcd. fo r  C.-HoBrCl; C, 51.70; H, 3.T.7 . Found; C, 51.44;

11 o • . , ,

H, 3.08.

■ 4-C htoro-t-fluorom ethyInaphthalene ( tZ)

Anhydrous KF (25 g; 0.43 mol) was d isso lved  and suspended in .

pyrroi idone (120 cm ] .  4-Chl6ro-l-,bromomethylnaphthalene (11 g;
■ 30.043 mol) d i s s o lv e d ' in  pyrrolidoYie (30 cm ) was added and the mixture

»  ■.  ■ ' ■ ■ -  ■.  ■- . ,

heated a t  145-150 fo r  5 h. The res idue was worked up and an n .m .r .  \  ; 

o f  the brown; o i ly  l iq u id  showed a •94% conversion from bromide to  

. f lu o r id e , '  Chromatography on s i l i c a  gel gave 5.0 g o f  4 -ch loro- l - f ludroT  

; methylnaphthalene (59.5% y ie ld ) ;  i . r .  (fi lm) 3080, 3060 (aromatic C-H),

2975i 2920 ( a l i p h a t i c  C-H), 1050 ( a l ip h a t i c  C-F), 825, 750 cm
■ .  "  '  ' .  • '  f

' ( 1 ,4 - d i s u b s t i t u t e d  naphthalene) n .m.r ,  (CCl^) r 1 .5-3 .0  (m,. 6, C^^^)  ,

- 4.38 p.p.m.'  (d, 2, CH^F, J  = 4 3  Hz); mass spectrum (70 eV) m/e

( r e l a t i v e  in te n s i ty )  196.023 (22, NT '^‘̂ 1^ = 196.028), '  . ’

195 .(15), 194 (67, ^^^^11 X  = 194), 193 (68), 160 (12), ' '

159 (100), 141 (5) , .115 (2). ' '

t-Acetyl~4-^fiuoTonaphthatene- (14) • %

Acétylat ion o f  1-fluoronaphthalene (13) (25 g; 0.17 mol) with

ace ty l  c h l o r i d e . (20 g; 0.255 mol), and anhydrous A1C1_ (40 g; 0.3  mol) .
3

in  CH_C1« (250 cm ). gave a q u a n t i t a t iv e  y ie ld  of  l - a c e ty l -4 - f lu o r o -
■ ' 69 ‘

naphthalene (b.p , 100-115° / 0 . 001 m m ,l i t . b .p .  138-140°/4.5 mm). This 

p repa ra t ion  d i f f e r e d  s l i g h t l y  from the o ther  a cé ty la t io n  reac t ions  inas-  

■ much as the  AlCl was added to  the so lu t ion  o f  ace ty l  ch lor ide  and 1-- 

f luoronaphthalene-from a dry Erlenmeyer by means of  a piece o f  wide- 

bore rubber tubing;  i . r .  (film) 3100, 3020 (aromatic C-H), 2935 ( a l ip h a t i c
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' -1  ,C-H), 1680 [aromatic C=0), 1185 (aromatic C-F), 835, 765 cm (1,4-

d ' i subs t i tu ted  naphthalene) ; -n.m. r .  (CCl^) t  1.8-3.2 (m, 6 , C^gH^),

7.44 p.p.m. (s ,  3, COCHg); mass spectrum (70 eV) m/e ( r e l a t iv e

in te n s i ty )  188 (7, M̂ , = 188), 187 (49). 173

(100), 145 (65), 125 (21), 43 (14). . . '

4-F luoro-t-naphtho io  Acid (15) .

The ketone (14) was oxidised with a so lu t ion  o f  NaOCl by. warming

a t  80° for  3 1/2 h. The 4-fluoronaphthoic  acid was obtained in  60%
* '

y ie ld .  The white amorphous so l id  was r e c r y s t a l l i s e d  from 95% EtOH 

and melted a t  219-222“ ( l i t .^®  m.p. 224.5-225°); i . r .  (nujol) 3100 

(hydrogen bonded OH), 1700 (C=0 aromatic .carboxylic  acid), 1170 

(aromatic C-F), 840, 765 cm~  ̂ (1 ,4 -d i su b s t i tu te d  naphthalene);  

n .m .r .  [ (CD^)^CO] t  0,.5-3.0 p.p.m. (m, C^^^)  ; mass spectrum (70 eV) 

m/e ( r e l a t i v e  i n te n s i ty )  190 (100, ^^^7 ^ ^ ^ 2  ^^^l^ ” 190),

' 173 (99), 145 (91), 144 (66), 125 (81).
■ ;  V' ' ' . ,

4-Ftuoro- l-naphthif loarbino Z f l6)  ■ ■ ' '

4-Fluoro-l -naphthylcarb inol  was prepared from 4-f luoro - l -naph tho ic
.

acid by LiAlH. reduction in 55.5% y ie ld .  ;The white so l id  was4 ' . .

r e c r y s t a l l i s e d  from 95-110° petroleum e ther  to  long white needle-shaped 

c ry s ta l s  which melted at 74-75°; i . r .  (nujol) 3300 (hydrogen bonded
  ‘ . _i ■ ■ ' ... - - .

OH), 1170 (aromatic C-F), 825, 7 5 2 'em • (1 ,4 -d i su b s t i tu te d  naphthalene);  

n .m .r .  (CCl^) t 1 .8-3 .4  (m, 6, C^^^)  , 5.21 (s, 2, CHp, 7.01 p.p.m.

(s,  1, OH). The s in g le t  a t  t ' 7.01 disappeared on addit ion  o f  0^0; , 

mass spectrum (70. eV) m/e ( r e l a t i v e  in ten s i ty )  176.056 (100,
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■ = 176-./065X, 17.5 (25), 159 (51), 146 (12), 145 (51)

141 (5) , 115 (3).  ' - ,

Anal. Calcd. fo r  C^jHgOF: C, 74.97; H, 5.15. Found; C, 75.14;

H, 5.26. ‘ -

Z-Bromomethyl-4-fluoronavh.thalene' ( t?)  .

The carb inol  (16) was brominated with PBr^ in benzene to  give

l-bromomethyl-4-fluoronaphthalene in quan t i ta t ive ,  y i e l d . - The pale

yellow so l id - r e s id u e  was r e c r y s t a l l i s e d  from 60-65° petroleum e th e r  to

long, co lour less  needles which melted a t  68.5-69.5°;  i . r .  (nujol)  3075

(aromatic C-H), 1160 (aromatic C-F), 550 cm  ̂ ( a l ip h a t i c  C -B r) ; 'n .m .r .

[(CD^jgCO] T 1 .7-5 .2  (m, 6 , C ^ g ^ ) , 5‘. 15 p.p.m. (s ,  2, CH^Br); mass .
■ 1 2  1spectrum (70 eV) m/e ( r e l a t i v e  in te n s i t y )  239.978 (5, ( . C^^ Hg

■ ^^F.- ®^Br.) = 2 3 9 .9 7 8 ) ,  238 (5),  160 ( IS ) ,  159 (100), 157 (14), 141 (2) ,
. ' . ■

-139 (6 ) ,, 133 (18), 115 (1) . ,

Anal. Calcd. for^C^^HgFBr: C, 55.21; H, 3.37. Found: C, 55.51;

H, 3.32. ■

4-Fluoro-Z-ftuorom ethyinaD hthalene (18)

Fluoride-bromide exchange was ca r r ied  out on l-bromomethyl-4- 

fluoronaphthalene with anhydrous KF in  the. d ipo la r  a p ro t ic  so lven t ,  

N-methylpyrrolidone. . The dark-brown r e a c t i o n .mixture was washed 

thoroughly with a . s a tu ra te d  so lu t ion  of  NH^Cl in water. The n .m.r . 

spectfum of  the res idue indicated a 85% bromide,to f luo r ide  conversion.

This res idue  was chromatographed on s i l i c a  gel using 33-38° petroleum
'[ - - e th e r  as e luen t .  A 71% y ie ld  of  4 - f luoro- l - f luoromethylnaphtha lene ,

■ \  ' . ■ ■ . ■ ' ' a c lear ,  viscous l iq u id ,  was obtained; i . r .  (film) 3080 (aromatic C-H),
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2980, 2910 ( a l i p h a t i c  C-H), 1170 (aromatic C-F), 1058 (a l ip h a t i c  C-F),

830, 770.c m ~ ^  ( 1 ,4 -d i su b s t i tu t e d  naphthalene); n .m .r .  (CCl^) t  1 .7 - 3 . 2

(m, 6 , C ^ g ^ ) , 4,35 p.p.m. (d, 2 , CH^F, J  = 48 Hz); mass spectrum
12 \ 19(70 eV) m /e , ( r e l a t i v e  in te n s i ty )  178.052 (100, ( C^ '̂ Hg F^) =

178.060 ) ,  177 (95), 159 (35), 157 (30), 151 (35).

l-A cety l-4 -b rom onaph tha lene ( 20)

A F r ie d e l -C ra f t s  a cé ty la t io n  was c a r r ied  out on 1-bromonaphthalene. 

Addition of  anhydrous AlCl.. was made, by means of  a piece of wide bore ,

tubing attached to a dry Erlenmeyer. f l a sk ,  to  a so lu t ion  of 1-bromo-
'  '

naphthalene and a£ep.yl chloride  in CH^Cl^ a t  0-2°. The re s u l t in g  

suspension was s t i r r e d  a t  0-2° jfof 75 h and a t  15-16° for  6  h. Washing 

_and vacuum d i s t i l l a t i o n  of  "the reac t ion  mixture gave a 87% y ie ld  of
69

1 - a c e t y l -4 -bromonaphthalene (b.p. 125-138°/0.2-0.25 mm,' l i t .  b.p.  165- .

175°/2-4 mm); i . r .  (film) 3100, 3025 (aromatic C-H), 1680 (aromatic C=0),
.

1040 (aromatic C-Br), 830, 765 cm"^ (1 ,4 -d i su b s t i tu t e d  naphthalene);  

n .m .r .  (CCl^) x 1 .2-2 ,7  (m, 6 , C^qH^), 7.49 p.p.m. (s ,  3, COCHg);■mass 

spectrum (70 eV) m/e ( r e l a t i v e  in te n s i ty )  250 (5, ^^0^

^^Br^) = 250), 248 (6 , ^^Br^) = 248) , 235 (7), .233 (9),

208 (59), 206 (61), 170 (25), 155 (45), 125 (100).

4-B2’omo-t-naphtho%(3 Acid (21) .

1-Acetyl-4 -bromonaphthalene was r ea d i ly  oxidised to  4-bromo-l- 

naphthoic acid with NaOCl.. The y ie ld  o f  carboxylic  acid obtained was 

94%i R e c ry s ta l l i s a t io n  .from 95% EtOH gave a white, so l id ,  m.p. 21795.- 

220“ ( l i t . ^ ^  m.p. 217-219°); ii.r .  (nujol)  3100 (hydrogen bonded OH),
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- L  —1700 (arom atic , carboxylic  ac id  C=0), 1042 (aromatic C-Br), 838, 765 cm._

( 1 ,4 - d i s u b s t i tu t e d  naph tha lene) ; n .m.r .  [ ( 0 0 ^) 2 0 0 ] x 0.75-2.5  p.p.m

(m, C^Q^);  mass spectrum (70 eV) m/e ( r e l a t i v e  in te n s i ty )  252 (63, 

^^Br^) = 252), 251 (29), 250 (6 6 , Nr (!^C^^

^®Br^) = 250), 249 (35), 234 (98), 233(22), 232 (100). , -

4-Bi>OJno~l~naphthyZoarbi.not (22}

4-Bromo-l-naphthoic acid was reduced in 25% y ie ld  to  4-bromo-l-

naphthylc.arbinol with LiAlH^ in anhydrous diethyl ,  o ther .  The low y ie ld  •

was probably a r e s u l t  o f  the sparing s o l u b i l i t y  of  the  carboxylic  acid

in t h i s  so lvent  and to  the low react ion  temperature ( i . e .  the b o i l in g  }

poin t  of  e th e r ) .  A f a r  more su i t ab le  solvent  for  t h i s  r eac t ion  would

have been . the  higher b o i l in g  a l i c y c l i c  e the r ,  t e t r ah y d ro f t^ a n . The

white so l id  carbinol  (22), was r e c r y s t a l l i s e d  from 95-110® petroleum^
80 -e th e r  to  long, co lour less  needles ,  m.p. 98-100° ( l i t .  b .p .  l62-4°/12 ntm) 

i . r .  (melt) 3350 (hydrogen bonded OH), 3080 (aromatic C-H), 2990, 2880

( a l i p h a t i c  C-H), 1575, 1070 (primary alcohol.,,  1010 (aromatic C-Br),
_ 1 *

830, 760 cm (1,4 -d i s u b s t i tu t c d  naphthalene);  n .m .r .  (CCl^) x 1..7-5.1

(m, 6 , CjgH^), 5.3 (5 , 2, CH^OH), 6.65 p.p.m. (s,  1, CH^OH). The 

s i n g l e t  a t  x 6.63 disappeared on shaking the CCI ." so lu t ion  with two 

drops of  D̂ O; mass spectrum (70 eV) m/e ( r e l a t i v e  in te n s i ty )  238 (IS,

Mr ®^Brp = 238), 236 (16, ( ^ \ ^  ^^Br^) =

236), .221 (3) , 219 (3) , 157 (231, 141 (2),  139 (18), 128 (100), 115 (2).

. 4~Bromo-V~'bPotnotnethyInaphthdlene (23) ■

The bromomethylnaphthalene (23) was prepared from the carbinol  

with PBr, in benzene. ■ The react ion  mixture was washed with water and
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d i l u t e  base ,  and evaporated to à pale  yellow res idue .  R e c ry s ta l l i sa t io n  

from 60-75“ petroleum e the r  th ree  times gave a 84.6% y ie ld  of  pale
on Di

yellow needles which melted a t  102-104“ ( l i t .  ' m.p. 103-4“) ;  i . r .

(nujol)  3040 (aromatic C-H), 1020 (aromatic C-Br), 820, 750 (1,4-
“ 1d i s u b s t i t u te d  naphthalene), 530 cm (a l ip h a t ic  C-Br)-; n .m.r . (CCI.)

T 1 .6 - 2 . 8  (m, 6 , C^gH^), 5.28 p.p.m. (s ,  2, CH^Br); mass spectrum 

(70 eV) m/e ( r e l a t iv e  in te n s i ty )  302 (6 , ^^Br^) = 3 0 2 ) ,

300 (12, ^Hg Bisr^ ’̂ V ' )  = 300),'  298 (6 ,

298), 222 (26), 221 (100), 220 (27), 219 (100), 149 (10), 141 (25), 140 

(40), 139 (40), 115 (5)..

4 -Bràmo-Z-fluoromethiflriaphthalens- (24)

A 38.5% y ie ld  of  4 -bromo-l-fluoromethylnaphthalene was obtained 

from the react ion  of the bromide with anhydrous KF; i . . r .  (film) 3080, 

5025 (aromatic C-H^, 2950, 2885 ( a l ip h a t ic  C-H), 1475 (CH2  C-H 

deformation),  1063 ( a l ip h a t i c  C-F), 825, 755 cm  ̂ ( 1 ,4 -d i su b s t i tu ted  

naphthalene);  n.m.ri (CCl^) x ,1.6-2;9 (m, 6 , C ^ ^ ^ ) , 4 .35 .p.p.m. (d,

2, CH-F, J = 48 Hz.) ; mass spectrum (70 eV) m/e ( r e l a t i v e  in ten s i ty )*r-Z . . • ,
240 (8 , HU ^Hg Glgy^) = 240), 237.973 (9,

= 237.973), 159 (24), 141 (2), 115-(5),  99.(100), 98 (75). .

l-M ethyl-4~nitronaphthglene (25) - -

l -Hethyl-4-n it ronaphthalene  was prepared by the  method.of
82 . ' 'Thompson. 1-Methylnaphthalene (Aldrich) (20 g; 0.14 mol) was

- - 3
cooled in an i c e - s a l t  bath and conc. HNOi (65 cm ; d = 1.42) was

added dropwise, with continuous s t i r r i n g  and cooling over 1 h. Watï
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( 1 0 0  cm^) was added and the r eac t ion  mixture ex trac ted  with benzene;
- 3 '

t h i s  e x t ra c t  was washed with 10% NaOH so lu t ion  (2 x 200 cm ) to  remove
3 • ■excess ac id ,  and with water (2 x 100 cm ] .  The o rg a n ic 'e x t r a c t  was

dr ied  with anhydrous MgSO., f i l t e r e d ,  evaporated, and the  res idue

. r e c r y s t a l i i s e d  from 65-70° petroleum e ther .  By r e c r y s t a l l i s i n g  the

1-methyl-4-nitrona^hthalene a t  50° and decanting the yellow so lu t ion
i \

(^om an orange o i l  which separated a t  the bottom of  the f l a s k ,  the

1,4-isomer was separated from the 1,5-iSomer which was also produced in 

the reac t ion .  Pure l-methyl-4-ni tronaphthalene  [4 g; 15.2% y ie ld )  was
0 7  O -z

obtained, m.p. 69-71° ( l i t .  ' m.p. -71-72°); i . r .  (nujol) 3050

(aromatic C-H), 1510, 1355, 1340 (aromatic NO ) ,  828, 760 cm - (1,4-
■ /  . - - , -  

d i s u b s t i tu te d  naphthalene);  n .m.r .  (CCl^) t  1.4-2.9 (m, 6 , ,

7.25 p.p.m. (s ,  3, CĤ )̂ ; mass spectrum (70 eV) m/e ( r e l a t i v e  in ten s i ty )

: 187 (13. \  ^^0^ l^N^) = 187), 186 (96), 170 (30), 159 (22),

157; (19), 141 (79), 115 (100).

4,~-Nitro-l-bromômsthylnaphthaZene (2S) _
1  ~ ' 84 85Several authors  ̂ describe .the f ree  rad ica l  bromination,of a lkyl

naphthalenes using molecular bromine, and a source of  u l t r a v i o l e t  l ig h t .

However; the  low y ie lds  and condit ion o f  tlie reac t ion  products obtained

discouraged the use of  t h i s  method of  bromination. The repor ts

concerning. N-bromosiiccinimide- ' were f a r  more encouraging. The
. . 87method adopted was the.one described by Chapman and Williams.

The-N-bromosuccinimide used ( Koch-Light). was vigorously pu r i f ie d  

in order  to remove a l l  t r a c e s .o f  molecular bromine. I t  was r e c r y s t a l l i s e d  

from hot g l a c ia l  ace t ic  acid ( 1  kg/ 1  % ) and then l e f t  exposed to a 

high vacuum over phosphorous pentoxide for  36 h. -
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The r a t i o  o f  methylnaphthalene to  bromosuccinimide used was 1 to

1 .1 . ,  l -Methyl-4-n i t ronaphthalene  (24 g; 0.13 mol) was dissolved in  CCl^
3 ■ • '(250 cm ) and s t i r r e d  fo r  15 min. N-Bromosuccinimide (24 g; 0.134. mol)

was added and t h i s  mixture was s t i r r e d  a t  the  b o i l ing  point  o f  the

so lven t  fo r  28 h. The mixture was cooled in  an ice -b a th  and the  so l id

succinimide f i l t e r e d  o f f .  The so lvent  was removed and i . r .  and n .m.r .

. , spec t ra  run on the  res idue.  These revealed' t h a t  the reac t ion  had

proceeded such t h a t  only 20% of the  res idue  .was l-bromomethyl-4-nitro-

naphthalene.  A crude r e c r y s t a l l i s a t i o n  of  the res idue gave two f r a c t io n s ,

the  second.of which (9.0 g) was approximately 50% bromomethyl compound.

This was chromatographed oh 250 g s i l i c a  gel using 33-36° petroleum e the r

as e luen t .  The f i r s t  s ix  f r ac t ion s  c o l lec ted  contained l -m e th y l -4 -n i t ro -

naphthalene, the  next f iv e  a mixture of  bromide and hydrocarbon and the

next  f ive  pure l-bromomethyl-4-nitrohaphthalene (2.17 g; 6.3% y ie ld ) .

R e c ry s ta l l i s a t io n  th ree  times from 45-60° petroleum e ther  gave th in ,

yellow, needle-shaped c ry s t a l s  which melted a t  93-94.5°; i . r .  (melt)

3120 (aromatic C-H), 2875 ( a l ip h a t i c  C-H), 1510, 1355, 1340 (aromatic

NOg), 830, 770 ( 1 , 4 -d i su b s t i tu t e d  naph tha lene) , 565, 530 cm  ̂ ( a l i p h a t i c  :

C-Br); n .m.r .  . (CDCl^) r i .3 - 2 .6  (m, 6 , C^qH^)., 5.12 p.p.m. (s;^ 2, CH^Br);
1 2mass spectrum (70 eV) m/e ( r e l a t i v e  i n te n s i ty )  267 - (18, ( C^^ / Hg

SlBr^) = 267), 264,983 (20, ^Hg :

■ 264.982), 187 (18), 186 (100), 156 '(14),  141 (8 ) ,  140 '(25),  139

128 (34), 115 (6 ) .  ■
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t'-FtuoTÔmethyt-4-n itronaphthaZene {27) '
• ■■ ' ‘ - 

. The .fluoromethylnaphthalene (27) was prepared from the corresponding 
■ ' ■ . ■ . .. 

bromo compound (26) using anhydrous,KF as the  f l u o r in a t in g  reagent .

The reac t io n  temperature was'-125-130“ and was maintained for  4 1/2 hi

The conversion of bromide to  f lu o r id e  was approximately 50%. -

Chromatography o f  the .residue on s i l i c a  gel gave a 32% y ie ld  of  the

fluoromethyl compound (27) o v e ra l l .  The pa le  yellow solid-  c r y s t a l s ,

in  the presence o f  a t race '  of qu ino line ,  melted a t  64-66°; i . r .  (nujoi)

3040 .(aromatic C-ii) , 1510, 1575, 1350 (aromatic N'0_) , 1062 ( a l ip h a t i c

C-F), 820, 7-70 cm'^ (1 ,4 -d i s u b s t i tu t e d  naphthalene) ;  n .m .r .  (CCl^) t 1.0-

2.85 (m, 6 , 4.17 p.p.m. (d, 2, C^^F, J =  48.0 Hz); mass . _f
spectrum (70 eV) m/e ( r e l a t i v e  i n te n s i ty )  205.058 (100, (^^C^^ ^Hg

^^^1^ = 205.055), 1706(58) , 159 (50), 146 (40), 141 (3) ,  133

. (90) , 115 (7).
<■ '

l-N aphthylcarb ino l (29)

1-Naphthoic acid (28) (Eastman). was reduced with LiAlH^ in 

anhydroiiè' d ie thy l  e the r  in  57% y ie ld .  The a lcohol  was r e c r y s t a l l i s e d

from 60-75° petroleum e th e r  to  long white needles ,  m.p. 61.5-62.5

( i i t .® ^  m.p. ,59;.5-60°) ; i . r .  (nujol)  3400, 3325 (bonded OH), 802, 792, 

775 cm (1 - su b s t i tu te d  naph tha lene) ; n .m .r .  (CCl^) x 2.0-2 .95 (m, 7, 

C1 0 H7 ) , 5.2 (s ,  2, CH^), 3:3 p.p.m. (s ,  1, OH). The broad s i n g l e t  a t  

t ‘ 3 . 3  disappeared when-the so lu t ion  was shaken with D„0; mass spectrum 

(70 eV) m/e ( r e l a t i v e  i n t e n s i ty )  158 (58', ^^10 ^^*^1^ = 158),

141 (16),  139. C5), 129 (100), 115 (13).
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t-Bromomethytnaphthatene (SO) ■ ,, . . .

1-Naphthylcarbinoi  was brominated with PBr_.in dry benzene with
■ - '

two drops of pyr id ine  added. Tlie y i e l d ’ obtained o f  the bromide (30) 

was 91%, and the white so l id  a f t e r  r e c r y s t a l l i s a t i o n  th ree  times from 

60-75° petroleum o ther ,  melted a t  54.5-56° _85,86,89,90 ^ 56 .0°) ;

i . r .  (nujol)  3050 (aromatic-C-Il) , 800, 778 (1 - su b s t i tu te d .n ap h th a le n e ) , ' 

575, 515 cm  ̂ ' ( a l ip l ia t ic  C-Br); n .m .r .  (CCl^) t 1 .8-3 .33  (m, 7, ,

5.17 p.p.m; (s , 2, CH^Br); mass spectrum (70 eV) m/e' ( r e l a t iv e ,  i n te n s i ty )
1 7 1 R 1  - -

.222 (10, C Hg '^^Br^ ) = 222), 220- (11), 142 (40), 141 (100),

140 (35), 139 (90), 115 (30). ' :

Z~FtuovomethyZnaphthalene (31)

l-Bromoniethylnaphthalene was s t i r r e d  and heated a t  145-150° for  

4 1/2 h.and a t  170° fo r  1 h with anhydrous KF in N-methylpyrrolidonc.

• The propor t ion  o f  bromide which underwent ; exchange with- f lu o r id e  was 

63% and the o v e ra l l  yiel-d o f  1 - f luoromethylnaphthalone, following 

chromatography of  the rea c t io n  re s idu e ,  was 56%; i . r .  (film) 3120, 3080

(C-H aromatic) , 2975, 2920 ( a l i p h a t i c  C-H), 1060 ( a l i p h a t i c  C-F), 800,
— 1 '  '  ,

785 cm .( 1 - su b s t i tu te d  naphthalene);  n .m .r .  (CCl^) t  1.9-3.0, (m, 6 ,

CiqH^), 4.38 p.pim. (d, 2, CH^F, J = 48,0 Hz); mass spectrum (70 eV)

L m/e ( r e l a t i v e  intensity .)  160.069 (100, ^^F^) = 160.063),

, 159 (92), 141 (9), 1.39 (2), 133 (39), 115 (7) .

2-N aphthylcarbinùl (33). , ' '

2-Naphthoic acid (32) (Eastman) was reduced with LiAlH^ to  .give a 

65% y ie ld  o f  2 -naph thy lca rb ino l . The-pale-cream so l id  res idue was • 

r e c r y s t a l l i s e d  from 40-50° petroleum e ther  to. white l e a f l e t s ,  m.p. 79.5-

;
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8 0 .5 “ [ l i t m . p .  80-80.5“] ;  i . r .  [nujo l)  3275 [hydrogen bonded OH), 

3070 (aromatic  C-H), 850, 805, "735 cm [2- s u b s t i t u t e d  naph tha lene) ;  

n .m . r .  (CCl^) t 2 .1 - 2 .8  (m, 7, Ĉ q̂H^), 5.35 [ s ,  2, CH^OH), 7.52 pi p.m. 

[s ,  1, OH). The broad s i n g l e t  a t  x 7.52 p.p.m. disappeared on ad d i t io n  

of  D_0; mass spectrum (70 eV) m/e ( r e l a t i v e  i n t e n s i t y )  158 [63, M 

(^^Gii ^lIlO = 158), 141 (17),  129 (100),  128 (31),  127 (23), 115

[9) .  . ' , '

2-BromomethyZnavhthaZene (34) . - . .

The ca rb in o l  (33) was converted to  the  bromide (34) in  98% y ie ld  

with PBr^ in  benzene. • The o f f -w h i te  s o l i d  r e s id u e  was r e c r y s t a l l i s e d  

from 60-75“ petroleum e th e r  twice to  g i've a white s o l i d  which melted a t
o 7 • •

53-54° ( l i t .  . m . p . ’54°);  i . r .  (nujo l)  3070 (aromatic C-H), 860, 850,
1

830, 765, 750 ( 2 - s u b s t i t u t e d  n aph tha lene) ,  585 cm ( a l i p h a t i c  C-Br);

n .m . r .  (CCl^) x 2 . 2 - 2 . 8  (m, 7, , 5;55 p.p.m. (s ,  2, CH^Br);
. ‘ 1 2  1 

mass spectrum (70 eV) m/e ( r e l a t i v e  i n t e n s i t y )  222 (11, ( C^ '̂ Ĥ .

= 222), 220 (12 ) . '1 85  (9 ) ,  142 (3 ) ,  141 (100), 139 (17),  115 (23).

2-F tuorom ethytnaphthaîône (35)

2-Fluoromethylnaphthalene was prepared from 2-brômomethylnaphthalene 

in th e  manner p rev io u s ly -d e sc r ib e d  fo r  o th e r  f l u o r i n a t i o n s . The n .m .r .

spectrum o f  the  crude brown res idue  in d ic a te d  t h a t  85% exchange fromf . ' _ ' - -
bromide' to  f lu o r id e -h ad  taken p lace .  Tlie r e s c u e  was chromatographed on" 

s i l i c a  gel and the y ie ld  o f  2 - f luoromethylnaphthalene obtained- was 40.5%

o f  the  t h e o r e t i c a l  amount. The white s o l i d  melted a f  59 .5 -61 .5° ;  i . r .
. - ' I -  ■

(nu jo l)  3040 (aromatic  C-H) , 1065 (alipha^tic  C-F) , 869, 825, 750 cm

. - - 9 f
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(2- s u b s t i t u t e d  naphthalene)-; n .m .r .  (CCl^) t  2 . 2 - 2 . 8 . [m, 7; Ĉ O—7  ̂ ' 4.65 

p.p.m. (d, 2, CHgF, J  = 48 Hz); mass spectrum (70 eV) m/e ( r e l a t i v e  

i n t e f i s i ty )  1,60.069 (100, M 160.069), 159 (94),  141

( 8 ) ,  139 (12),  133 (28),  115 (5) .  :

4 ~ A c e ty t- t-h r ‘amomôth.iitnap'ht'hàlene (Z6) arid 4-Bvojnoacetifl-l-brom am ethift- 

naphthatene (37)

l -Acety l-4 -m ethy lnaph tha lene  (93 g; 0.5  mol) was d i s so lv e d  in-CCl^
'3  '  ■

(1250 cm ) in  a. 2 i  f l a s k  f i t t e d  with h e a t in g  mantle ,  magnetic

s t i r r e r  and doub le -su r face  r e f l u x  condenser.  N-Bromosuccinimide (133.5
.

g; 0.75 mol) , r e c r y s t a l l i s e d  from g l a c i a l  a c e t i c  ac id  and exposed to  a 

high vacuum .over fo r  30 h ,  was - added and .the suspension s t i r r e d

under r e f l u x  f o r  48 h. I n i t i a l l y  the  s o l u t i o n  was l i g h t  s traw coloured,-

but soon assumed a b r i g h t  orange co lour .  Over th e  next  24 h succinimide
- ■■ • ■ " . ■ ' ■ . 
accumulated a t  the  su r face  o f  the.CCl^.  A f te r  40 h the  s o lu t io n  turned

black  and remained so u n t i l  t h e  end o f  the  r e a c t i o n .

• The r e a c t i o n  mixture was allowed to  cool and was then washed th r e e
' ■ ■ 3  . ' - -t imes with w ater  (3 x 200 cm ) .  The organic  s o lu t io n  was d r i e d  with

anhydrous MgSO., f i l t e r e d ,  and evaporated. Analysis  o f  th e  dark brown
/ '  ' ■ . ' ' ■ ■ , ° ■ 

res idue-  (157.37 g) by n .m . r .  showed t h a t  the  reac t ion ,  mixture conta ined

some unreacted  l -ac 'e ty l -4 -m ethy lnaph tha lene ,  but  was comprised mainly

o f  4 -bromoac'etyi-1-bromomethylnaphthalene. (37) and 4 -ac e ty l - l -b rq m o -

methylnaphthalene in  a r a t i o  o f ■approximately  1 tb  1 . 8 .

A chromatographic column was prepared  us ing  1400 g s i l i c a . g e l  and
- -  ■ , '

r  r  • '  ,  ,

40-50“ petroleum e th e r .  The r e a c t io n  mixture  was in t roduced  onto the 

top  o f  t h i s  column and the  components o f  the, mixture were e lu te d  with
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petroleiam e ther  . The f i r s t  8  f r a c t io n s  c o l lec ted  in 7200 cm petroleum 

e th e r  conta ined mainly 1 -acety l-4-methylnaphthalene  and weighed 2:59 g. 

The next  tw o . ( f r a c t io n s  9 and 10) c o l le c te d  in 2 were pure 4-bromo- 

acetyl^l.-bromomethylnaphthalene (37.43 g ) . The next 25 f r a c t io n s  

confanned both bromomethylnaphthalenes, ,(36) and (37) (48.99 g in 12 £

10% benzene in  petroleum e t h e r ) . .  The f i n a l  3 f r a c t i o n s ,  27-29, contained

32.76 g o f  4-ac,etyl-l-bromomethylnaphthalene. F rac t ion  29 was
■ ■ P  .J ' ■ • ■- ■ ■ ■

' r e c r y s t a l l i s e d  from 60-75° petroleum e th e r  -to give f in e 'w h i t e  p l a t e l e t s  

of  4-acetyl-l-broraomethylnaphthalene (56) whi'ch melted a t  83-84°;

i . r . -  (melt) -3100, 3045 (aromatic C-H), 2975, 2950 ( a l i p h a t i c  C-H), 1685
■■ ■■ .

(aromatic ketone G=Q), .830 ,  820, 780, 760 (1 ,4 - d i s u b s t i tu t e d  naph tha lene) ,

552 cm  ̂ ( a l i p h a t i c  C-Brj ; n .m .r .  (.CDCl^) t  1 ,25-2 .8  (m, 6 , > 5 ._2

( s ,  2, v.CĤ Br) , 7.39 p.p.m. (si  3, COCHg) ; mass spectrum (70 eV) m/e

( r e l a t i v e  in te n s i t y )  265.998 .(24, (^^Cj^ ^ ^ ^ ^ 1  “ 263.997),

262 (25), 184 (27), 183 (100), 168 (24), 155 (60), 141 ( I I ) /  1 ^ ' ( 5 9 ) ,

139 (50), 115 (5).

Anal. Calcd. fo r  C^,1L, OBr: C, 59.35; H, 4.21, Found: C, 59.10;13 1 1  Cf. -
H, 4 .12 .  '

F rac t ion  10 was r e c r y s t a l l i s e d  in a s im i la r  manner to  g ive-pa le -  

straw, coloured needles of  4 -bromoacetyl-l-bromomethylnaphthalene (37)

which melted a t  118.5-119.5°;  i . r .  (melt) 3100, 3075, 3040 (aromatic
. ■ ■ . - ! . - 

C-H), 2930, 2900 ( a l i p h a t i c  C-H), 1795 (aromatic a -halo  ketone,  C=0),

820, 760 (1 ,4 - d i s u b s t i tu t e d  naphtha lene) ,  595, 555 cm (-aliphatic. C-Br) ;

n .m .r .  (CDC1_) t  1 .3-2.82 (m, 6 , C,,^H,) , 5.15 (s ,  2 ,  CH-Br), 5.55 p.p.m.
- < : ' 1  ;  ■ ;

( s ,  2, COCH^Br); ;mass spectrum (70 eV) m/e ( r e l a t i v e  i n t e n s i t y )  344

(6 , (^^C^ 3  ^^0^ ^^Br^) = 344), 341.912 (11, \  \ q



;
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■ ■' 8 1  7 /  - " : ' ' ' ' • ' ■■ :
 ̂ ■ Br^ = 341.910), 340 Ç6), 263 (98) , 263 ;(100) , 238 (48) ,. 236

^ (50), fS4 (32); 153 (30), l4 l  (4).  139 (9?) , 115^(3). "

Anal. Calcd. fo r  C C, 4 5 .64T^H, 3.15." Found: C , '45.85;" . lu  . z I ,, -
H, 2.99. . ' . . ' ^

*. '• \  , . ‘ *

4'-AGetijZ-l-fiuorom3thyZnaphthàlene (58) ■

The bromide (36))was s t i r r e d  a t  170 fo r  5 .h with anhydrous KR. .
. - '? V ; ' . - V -  - -  ■

Following work-up with sa tu ra ted  NH^Cl so lu t io n  the, reaction, res idue  .

.was examined. n'.jiî^p. spectroscopy. .This revealed th a t  50% of  the
• • ' ■ ■ ■ "ü ' ' \ . ' -. ' ■ . ■ , . ' ;

.bromide had undergone conversion to, f lu o r id e .  Tlie residue was
■c • t f • ' • '

■ chromatographed on s i l i c a  gel using 39-41° petroleum e ther  as e luent  I ^

• The y ie ld  of  4-acety l- l- f luorome'thylnaphthalene , which^was a white

■ s o l id ,  was 33%. - • ■ , • . • - .
■ '  :  : '  .  ' ;  '  .  '

. ■ ■; Tracés o f  l-ac.etyl-4-methylnaphthaiène. were" detected in the .fifst^

. ’ few f rac t ions  e lu ted  from the chromatographic column. S ubs t i tu ted

methylnaphthalene was d.etected aS .a minor product o f  many o ther

, f lu o r in a t io n  reactions,.  , At f i r s t . i t  was thought th a t  the, methyl, compound

■''had or ig ina ted  as. a. t race  impurity in the corresponding bromomethyl- -

. naphthalene precursor .  In several  cases, the methylnaphthalene-was .

the  immediate precursor  to° the bromomethylnaphthalene and so the methyl
, ^ . A . \  .■■■' . /  , .. ■ - ■ ■ .

compound could have been, introduced in to  the reac t ion  t h i s  way. This
i . f' ^  \ i • . * ■ “  .  f »i >'• I I

p o s s ib i l i t y ' a p p l i e s * ' i n ,,th i s  case, but, carefu l  s c ru t in y  o f  the n .m .r .  , 

.spectrum of  the  4-acctyl-l-bromometiiylnaphtha-lene (36) precluded, t h i s  - 

explanation. .Unequivocal evidence for;.the formation o f  methyl compound 

' from fluoTrmethyl was afforded *h the case of b-nitrobenzyl fludi^ide 

>i ' (106) (tr,e page 126 ) .  ’This compound was prepared f r ’dm the .bromide in . ‘

I the usual.way. Subs tan t ia l  amounts of  p -n i t ro to luene  were detected
i ■ - f  ■ . ■■ ' ; ' ' '  ̂ '
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following chromatography of the react ion ' res idu e .  The i . r .  spectrum,

. o f  the  £ -n i t ro to lu en e  produced i n . the rea c t io n  was iden t ica l ,  to  th a t  ^

of  an au then t ic  .sample o f '^ -n i t ro to lu e h e . -  The bromide (107) was 

Q ■ . prepared from £^-nitrobenzoic acid (103), ^yia the corresponding alcohol

(104).- No methyl compound could be de tec ted  in  ̂ any of  the precursors, 

and so the toluene must have been formed in the f i n a l  f lu o r in a t io n  

■ r e a c t io n .  .

. I t  was found th a t  the amount o f  methyl compound formed as a s ide-

: ' . ' ' . product could-be minimised b y  carrying out the reac t io n  a t  a moderate

■ temperature , say 140-160 . The Use of"higher temperatures was attended 

by increased, amounts of  s ide-product .  Presumably the energy. of  a c t iv a t io n  -, 

o f  the s ide - re ac t ip n  i s  g rea te r  than th a t  o f  the f luo r ide  exchange; •

i . r .  (film) 3100,% 3060, 3020 (aromatic C-H), 2980, 2925. ( a l ip h a t i c  C-H), 

1680 (aromatic ketone C=0), 1053 ( a l i p h a t i c  C-F), 835, 765 cm (1,4-

■ disUbsti tUted naphthalene) ; n .m.r.  ' (CCl^) t <1.2-2.8 (m, 6, C^q̂ , ) ,  ,

4.38 (d, .2, CH^F, J  = 48 Hz), 7.45 p.p.m. (s ,  3, COCH^); mass spectrum 

(70 cV) m/e ( r e l a t i v e  in te n s i ty ) .  202,087 (55, ^^^1^ =

.2 0 2 .08 0 ) ,  188 (18), 187 (100), 169 (24), 159 (65), 141 (11), 139 (20),

133 (341, 115 (10). ;  ̂ , . . . . .  ■

' 4 -F luoroaoetyI-l-fluovom ethy tnàphthahene (39) - ,

4 -Fluoroacety i- l -f luoromethylnaphthalene  (39) was prepared from - 

, the  corresponding dibromo compound in phe usual  way; the % conversion

from bromide to  f luo r id e  est imated from the  n.m.r;V,6f .the crude
■ ■ . ' ' ' 
r eac t ion  product was 30%. The res idue  was chr^omatographed on s i l i c a .

gel and gave a y ie ld  o f  27% of  4r f 1uoroace ty l - 1 - fluoromethyInaphthdlene;



which was a . c l e a r  l iqu id ;  i . r .  (film) 3090, 3 075 '(aromatic C-H), 2975, 

2945, 2860 ( a l ip h a t i c  C-H), 1705 (a-halo aromatic C=0), 1060, 1050 ' 

( a l i p h a t i c  C-F), 835, 765 cm ^  ( l ^ ^ d i s u b s t i t u t e d  naphthalene);  n.m.r* 

(CCl^) T 1 .2-2 .8  (m, 6, ,C^q̂ ) , ~ 4.25 (d, 2, CĤ F̂, J  = 48 Hz), 4.75 p.p.m. 

. (d, 2, COCH-F, .J - 48.0 Hz) ; mass. spectrum (70. e V ) -m /e ' ( r e la t iv e  

i n t e n s i ty )  220.063 (16, (^^C^^ ^ '̂lO ^^°1 ^^^2^ = 220.070),.  205. (21).,

187 (100),*169_(28), 159 (60), 141 (18), 139 (25), 133. (45); 115 (17).

l-AaetiiZ^4-m,ethoxi^mèthûtnaDkthatehe (40) ' ■ ,

- ;4-Acetyl-l-bromomethyïnaphthalene (39.25 g; 0 . IS'mol). was dissolved 

in  MeOH,(400 cm ) and added g radua l ly  over 3 h to  a NaOMe so lu t ion  .
■ ■ , 3 - '(4.6 g o f  Na (0.2 g atom) in 2.2 dm. o f  methanol) in a 3-necked 5 5.

f l a s k .  The f la sk  was f i t t e d  with heat ing  m an t le , - doub le -su r face . re f lu x

condenser, magnetic s t i r r e r  and'dropping funnel . This so lu t io n  was

s t i r r e d  a t  room temperature fo r  3 h and then under r e f lu x _ fo r  14 h. The

colours of the so lu t ion  changed very T i t t l e  throughout the reac t ion  ,

remaining amber-coloured. The methanol was removed on a ro ta ry

evapora tor ,  and the res idue  taken up in e the r .  .The e th e rea l  so lu t ion
■ . ' '3 . - ■ : ■ 3 ' ,

was washed with water (2 x 200 cm )' ,with d i l u t e  HCl (3 x 200 cm ) and
■ '  3 3 .

with lO'ô NaMCO, so lu t ion  (3 x 200 cm ) and water (4 x 150.,cm ).■ The

e th e rea l  so lu t io n  was dr ied  with anhydrous MgSO., f i l t e r e d  and

evaporated to  an amber coloured 'v iscous l iqu id^ res idue  which weighed

32.3 g, corresponding to a q u a n t i t a t iv e  y ie ld  of the  methyl e the r ;  /

i . r .  (fi lm) 3125, 3085, 3060 (aromatic C-H), 2945, 2900, '2825 ( a l ip h a t i c  

C-H), 1680 (aromatic C=0) ^ 1120, 1100 (-CH_-6-CHL-),. 835, '760-cm" ̂

(1 ,4 - d i s u b s t i tu t e d  naphthalene) ;  n.m.r.- (CCK) t 1 . 2 - 2 . S (m, 6, C..q̂ , )
■ . ■' " ■■ y" • ' . ■ . :

5.3  (s ,  2, CĤ ) , 6.'69 (s, '  3, CH^OCH^), 7.'45 p.p.m.-■ ( s ,' 3, COCHg) ;
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mass spectrum (70 eV) m/e ( r e l a t iv e  in tens i ty ) .  214.101 (91-, M (^^C^
. ' r  14

. . .  -
0.,) = 214.099)., 199 (100), 171 (60), 155 (20), 141 ( IS ) , 139z. • ■ . .^14 "2

(49), 115 (8).

4-Methoxymeth]^l~l~navhthoic Acid (41) . /

i-Acetyl-4-methoxyraethylnaphthalene (40) (27.0 g; 0.13 mol) was. 

refluxed with a NaOCl so lu t ion  for  10..h. The hypochlori te  so lu t ion  •'was. 

prepared by bubbling Cl^ (40.6 g; 0.57 mol) in to  a so lu t ion  o f . NaOH 

^(5S--gf'T^27 mo^ in water (70 cm^) and ice (550 g ) . The react ion  

mixture was-'allowed to  cool, and NaHSO„ so lu t ion  was added to  destroy 

excess hypochlor i te .  .Concentrated HGl (20 cm ) was added very slowly. 

The sqlutioq. effervesced and a pale;cream so l id  separated.  This was 

f i l t e r e d ,  washed with water and was r e c r y s t a l l i s e d  twice from 95-ê 

ethanol,  the  white, powdery so l id  melted a t  156-7“ and weighed 17-.62 g

.(62% y ie ld ) ;  i . r .  (nujol) 5200-2150 (bonded OH carbo.xylic acid)',  1690
. - * -

(aromatic carboxylic  acid C=0), 1120 (-CHg-O-CHg-), 955, 920 (carboxylic

acid OH), 840, 772 cm (1 ,4 -d i sù b s t i tu te d  naphthalene);  n.m.ri
- • 

[(C0_)^C0] T 0 .9-2 .7  (m, 6. C^gH^) , .5.1 (s ,  -2, CĤ )̂, 6.6 p.p.m. (s ,  3,
I ' " ' j ■ * ■ *

.CH2 PCH2 ) ;  mass spectrum (70 eV) m/e ( r e l a t i v e  in tens i ty )  216.Q80 (100,

M (^^C._ ^ H , _ ^ 0 ' . ) ' = 216.078), -199 (6), 186 (50) , 185 (51), 183 (29),
•I** i o  * 6  /  J  f

171 (80), 156 (58) 141 (2.4), 159.(40) , 128 (50), 115 (20).
■ ' X * .

Anal.' Calcd. for  C^„H>.,0_: C; 72:.20; H, 5.59. Found.: C„ 72.04;.. .. . ■ ., 1.Ï 12 3 . . ■ .
H, ' 5 . 3 3 . ■

V

4'-Met}ioxymet'h]jZ-l-navhthuleoï'binoI (42) - .

■ The carboxylic  acid (41) was reduced in 90% yield,  to  4-methoxymethyl-

y



(

-1

1-naphthylcarbinol by LiAlH^ in anhydrous d ie thy l  e the r .  The pa le  yellow 

viscous l iq u id  res idue  quickly solâdi-fied and was r e c r y s t a l l i s e d  th ree  

times from 60-75 petroleum e th e r  to long white c r y s t a l l i n e  needles ,  

m.p. 70.5-71.5°;  i . r .  (m el t ]^3475 (bonded OH), 3100, 3050 (aromatic 

_C-H)1 2950 , 2825 ( a l i p h a t i c  C-H), 11.20, 1100 (-CHyO-CH^-)., =$40, 760 cm 

(1 ,4 -d i su b s t i tu t e d  naphthalene);  n .m .r .  (CCl^) t  2 .05-^ .0  (m, 6 , ,

5.38 (s,  2, CILOH), S:45^(s ,  2, CH-CCH.), 6.45 (s , 1, OH), 6 . 8  .p.p.m. - 

(s,  3, CFLOCH ) .  . The broad^'s inglet a t  T 6.45 disappeared when the 

so lu t ion  was-shaken with DgO; mass spectrum (70 eX) m/e ( r e l a t iv e

i n t e n ^ t y )  202.101-(76, ^ " l 4  = 202^.099), 172 (35), 171

( i M ) ,  143 (35), 141 (54), 128. (52)„  115 (23):

Anal.- Cal^d^.--foVC,-H. .0 . :  C, 77.14; H, ,6i97. Found: C, 77.44;

H, 6.94.

t ,4 ’-Bisbromomsthylnaphthalene (45) and 1-éromotnethyî-^rtneiHoxi.imethyZ- 

nàpkthalene (44.) - ' .. ^

,4 -Mothoxymethyl-l-naphthylcarbinol was dissolved in benzene with 

a t race  of  pyr id ine  added. PBr, was added and the reac t ion  mixture 

re f luxed  on, a water bath fo r  5 h. The pale  yellow mixture was poured 

onto ice-and.was .worked up with water and d i l u t e  base. The white' -  ̂ ' t ■ . .

~s oTTd“r'e3 'id ue~K a5”“exâmîffdcl~by“nTi;rrr ~and'~s ho w^d"t ha t~ b 0  t h ^ i , 4 - b i  5 b r  omo-

methylnaphthalene and/l-bromomethyl-4-methoxymethylnaphthalene were
‘ ‘  -   .  . : ' ■  .'

presen t  in the  r a t i o  4 to  3, methoxymcthyl to  bisbromomethÿlv. 'Fliese

compounds were r e a d i ly  separated by r e c r y s t a i l i s a t i o n  from 60-75°

petroleum o ther .  Tlvis p repara t ion  procedure was repeated, but the time- ;
 ̂ , .  . _

. was reduced to 90 min. Under these condit ions an 80% y ie ld  o f  pure. J  .4 '..'

\
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l-bromomethyl-4-methoxymethylnaphthâlene was obtained a f t e r  two

.. . r e c r y s t a l l i s a t i o n s  from petroleum ether.M,4-Bisbromomethylnaphthalene

(43) melted at 111-112®; i . r ,  (nujol) SiOO, 3075 (aromatic C-H), 843, 768

(1 ,4 -d isub s t i tu ted  naphthalene) , '522-cm (a l ip h a t ic  C-Br); n.m.r.

(CCl^) T 1.85-2.6 (m, 6 , , 5.1 p.p.mi (s ,  4, : mass
'  ̂ * 1 2 * 1 '

spectrum (70 eV) m/e ( r e l a t iv e  in tens i ty )  315.916 (4, ( C^^ Ĥ '^

^^Br^) = 315.911)', 314 (10), 312 (5), 235 (57), 233. (58), 154 (100) ,

141 (2), 115 (5).

- . ■ Anal. Calcd. for.C^gH^QBrg: C, 4^.90; H, 3.21. Found: C, 45.89;

H, . 3.14. * ■ . • '

The l-broraomethy.l-4-methoxymèthylna'phthalene (44) .melted a t  59-61°;

i . r ,  (nujol) 3080, 3060 (aromatic C-H), 1120, 1100 (-CH2 -O-CH2 - ) ,  845,
’ ■ , ’■ ■* - 1  ' ‘ .

780 (1 ,4-disubst i tu ted .  naphthalene) , 542 cm (a l ip h a t ic  C-Br); n.m.f.

■ (CCI4 ) T 1.85-2.7 (m, 6 j C ^ ^ ^ ) , 5.'2 (s,  2, CH^Br), ^5.25 (s, 2, CH^OCH^),
I- ■ ' f

6.7 p.p.m. (s, 3, CĤ OCĤ ) ; mass spectrum' (70 eV)..m/e ( r e la t iv e  

' i n te n s i ty )  266.012 ( 1 0 , ' (^^C^ 3  ^H^, ^^Br^) = 266.013), 264 (11),

186 (16), 185 (luO), 155 (23), 154 (38). 153 (56), 141 (17); 115 (10). 

. . .  An^l. Calcd. for  C^_H._OBr: C, 58.5; H, 4-84. Found: . C, 58.23;

H, 4.7-2. ■ - ‘ -

%, 4~Sisfluoromethiilnaphthalene (45) . .

1,4-Bisfluoromethylnaphthalene was prepared from.the corresponding 

dibromide (45) in 30% yie ld  by fliioride-bromide exchange using 

anhydrous. .KF as the .réagent. The c lear  l iquid  product^ rapidly

s o l id i f i e d ;  i . r .  ,(nujol) 3040 (aromatic C-H),, 1065 (a l ip h a t ic  C-F),
■ . . . ■■ ■ '  ■ - •

840, 760 era (1 ,4-disubs'^titutod naphthalene); n.'m.r. (CCI.) x 2.05-2.8
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(m, 6 , 4.59 p.p.m. (d, 2,  CH^F, J  = 48 Hz) ; mass, spectrum" (70

eV) m/e ( r e l a t i v e  i n te n s i t y )  192 (28, M (^^C „ ) = 192),- r  iz  lu - z .
159.056 (100, M ^ H „ ^ ^ F . )  = 159:055)," 141 (7) , .133 (20), 123

"     '

1-BromomethylM-methoxymcthylnaphthalene was heated a t  140“ for  4 h 

with anhydrous KF in N-methylpyrrolidcne. The res idue  was worked u p . , 

in the  usual  way and chromatographed on s i l i c a  ge l .  The f i r s t  th ree  '

■ f r a c t io n s  e lu ted  with 39-41“ petroleum e th e r  contained 1,4 -d i f luorom ethyl­

naphthalene'.  10%.Benzene in petroleum e th e r  e lu ted  the  l - f luorom ethyl-4-  

'methoxymethylnaphthalene. This was a viscous l iq u id  and was obtained .

■ in' .29% ,y ie ld ; '  i . r .  (film) 3095, 3080. (aromatic C-H) , 2995, 2945, 2905 

( a l i p h a t i c  C-H), 1120, 1100 (-CH^-O-CH^), 1058 ( a l i p h a t i c  C-F), 840,

7 6 0 -cm ( 1 , 4 - d i s u b s t i tu t e d  naphthalene) ; n .m .r .  (CCl^) t  1.8..-2.8 

(m,, 6 , C^qH^), 4.39 (d,' 2, CH^F, J  = 48 Hz); 5.3 (s ,  2, CH^OCH^), 6 .7

p.p.m. (s ,  3, CĤ OCĤ ,); mass spectrum (70 eV). m/e ( r e l a t i v e  in te n s i ty )  ' .
1 7 1 • 16 19 '

204.096 (81, M ( C-- F,) = 204.095), 173 (71), 172 .(55), .r  .  ̂i 0  1 J -i I . • '
171 (100), 159 (21), 141 (30), 129 (18)1 115 (7).. ■ •

-
. " ■■ ■ ■ . - 

4-Cijano-t-naphthiitcarhi,nol (47) '(4-Ui^àï‘0xym ethyt-'l-napht'honi,trite)

The p repa ra t ion  of  t h i s  compound involved . the  exchange■of bromide'

by- cyanide on the  aromatic nucleus. The method used i s  f h a t  described ■
' 92" . " ' ■ ■

by Newman and Boden ' inasmuch'as the  solvent; used was N-methylpyrrolidone.

■fhe r a t i o  o f  r e a c ta n ts  and the work-up procedure was t h a t  o f  Friedman
■ 9 s ■ ' •" - . - ■and Shechter . - ■;
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Powdered CuCN (8 .OS g; 0.09 mol) , which had been d r ied -over  CaSO. 

under high vacuum fo r  .22 h, was suspended in  N-methylpyrrolidone and 

warmed with s t i r r i n g  in a 250 cm - f l a sk .  'The f la sk  was f i t t e d  with 

r e f lu x  condenser, magnetic s t i r r e r  and hea t ing  mantle. 4-Bromo-l- . 

naphthy lca rb ino l  (9.2 g; 0.04 mol) was added and the dark brown-green 

suspension which re s u l te d  .was heated under r e f lu x  with s t i r r i n g  fo r  6 h.

The re a c t io n  mixture was allowed to  cool and was.then poured in to  a
'  ■ ■ 3

so lu t io n  of  hydrated PeCl^ (20 g) in concentra ted HCl.acid (5 cm ) and
■■ 3 '  - . '  - . , ■ ■ ■ ■ ■ ■

water (30 cm ) .  The r e s u l t i n g  dark green suspension was s t i r r e d  a t

50-60 fo r  20 min. Tlie r eac t io n  mixture was then d i lu ted  with water
3 ‘ ■ ‘(250 cm ) and l e f t  to  s t a n d 'o v e r n ig h t . The mixture was ex tra c ted  witjr'

benzene threbs^times and tlie benzene e x t r a c t  washed with a so lu t io n  of
3 • •concentra ted  MCĵ  in water; 3:1 (2 x 200 cm ) ,  The benzene e x t r a c t  was

- • . ■ - . 3 - ■ '
then washed with 10% NaOH so lu t ion  (2 x 250 cm ) and with water (2 x 100

3' :.. ' ; ' ■ ' ■ ■■■ .  ' ■ ■ ■ ::
c m) .  The benzene so lu t io n  was dr ied  w i t h .anhydrous MgSO., , f i l t e r e d ,  

and evaporated t o  a pale  yellow res idue  which weighed 4.5 g; a 64% y ie ld .  - 

The s o l id  was r e c r y s t a l l i s e d  from 60-75 petroleum e th e r ' to ,  give a 

white so l id  which melted a t  110-112°; i . r .  ( n u j o l ) ‘3350 (bonded OH),

2225 (aromatic n i t r i l e  C^N), 835, 758 cm , ( 1 ,4 - d i s ù b s t i tu te d  naphtha ldne) ; 

. n. 'm.r.  (CCl^j t  1 .65-2.s"(m, 6 , C^^q^) , 4 . 9 S ' ( d , ' 2 ,  CH^, J-. = .-..6 Hz), 7.8 / '

p.p.m. ( t ,  ' l ,  OH., J = 6  Hz). On add i t ion  o f  D_0 the doublet, a t  t  4.95 

, p ip .m . , co l lapsed  to  a s ing le t^  and the  t r i p l e t  a t  t  7.8 p.p.m. disappeared 

- : -a l together;  mass spectrum (70.eV) m/e ( r e l a t i v e  i n te n s i ty )  183.068 (74 ,

^ r  183.068), 182 (18) , 155 (23), 154 (100) , .129

: (19), 128 : (28) , 127 (35) ,' 115 (4 ) :  . ■ '

."XnaL./galcd.^ -C ^HgON: C, -78.47; H, 4.-95; N, -7.6'5.. .Found:

. C, 78.63; H, 4.89;  N,- 7.84. • ' •
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l-BromomethyZ-4-àyanonavhthalene (48) (.é-Broruom ethifl-l-naphthon'itrile)

4- Cyano-l-naphthylcarbinol  was brominated with PBr_ in  benzene in

77% y ie ld ,  Tlie white so l j ,d-res idue  was r é ç r y s t a l l i s e d  th ree  times from

60-75“ petroleum e^ fe r ,  m.p. 131-132.5“ ; i . r .  (nujol)  3075, 3010

(aromatic C-H), 2230 (aromatic n i t r i l e  C=N), 840, 760 ( 1 ,4 -d i s u b s t i tu t e d

naphthalene),560 cm (a l ip h a t i c  C-Br); n .m .r .  (CDCl^) t 1.66-2.55

(m,. 6, 5.19 p.p.m. (s., 2, ' C^Br)  ; mass spectrum (70 eV) m/e

( re la t iv e '  i n t e n s i t y )  247.(9 ,  M C^^C,. "̂*N- -^^Br.) = 247)., 244:978% ' ' ' r  iz ,6 1 1 '
1 ? ■ 1 "] d  7Q ’ ' -

(10. i\r ( ; ‘'C^2 "s  X '  Br^) = 244.984), 221 (3) ,  219 (3),  167 (46), .

166 (100)', 141 ( l ) p  140 (53),  115.(1) .
■ ' ' .. ■ ' , ;

Anal. Calcd. fo r  C^2 *^g^Br; C, 58.55; H, 3.28; N, 5.69. Found:

C, 58.5T;. H, 3.;24;. N, 5.65. - ' .. ..

t-FZîioromethyl-4-cyanonapht.halënà. (49) (4~FZuovomet'hyl-l-napht‘hon-ltï“iZe) 

The fluoromethyl compound (49) was prepared from the corresponding 

bromide (48) in 42% y ie ld .  1-Fluoromethyl-4 -cyanonaphthalene was a 

white s o l id  which melted a t  9 3 .5 -95 .5“ ; i . r .  (nujol)  3050 (aromatic C-H),
' - ' . ■ _i '

2230 (aromatic C=N), 1070 ( a l i p h a t i c  C-F), 850, 750 cm (1,4-

d i s u b s t i t u t e d  naphthalene)  n .m . r . (CCI..) t 1.55-2.7 (m, 6, C, „ H) ,  4.18 • 4 1U’—0
p.p.m. (,d, 2, CH-F, J = 48 Hz) ; mass ■ spectrum (70 eV) m/e ( r e l a t i v e  

in t e n s i t y )  185.0585 (100, X  ^®F^) '= 185.0581) , 18'4

(81), 159 (30); 158 (16),  141 (5),  133 (5),  115 (1) .' ' ' " ■

4-M e'thôxyrriethyî-l-naphthoyZchlori’Se (SO) - . ■

4-Methoxymethyl-l-naphthoic acid (2.16 g; 0 .0 1 .mol) was s t i r r e d  ■ . 

with SOCl- (10 g) a t  room temperature for  3 h . . At f i r s t  the  rea c t io n  

mixture was a pale  cream suspension; a f t e r  about 1 h the  suspension was.

-A
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a pa le  mauve colour. This was s t i r r e d  a t  50-60 fo r  2 h and a t  room 

temperature’ fo r  a fu r th e r  15 h . ' The excess SOCI2  was removed by 

d i s t i l l a t i o n  i n i t i a l l y  a t  atmospheric p res su re ,  and subsequently a t  

reduced pressu re .  A yellow-green o i ly  res idue  re s u l te d  which weighed 

2.31 g (98.5%]; i . r .  (fi lm) 3100, 3005 (aromatic C-H), 2960, 2850 

( a l i p h a t i c  C-H), 1765 (aryl  a c id 'c h lo r id e  C=0), 1130 (rCH^-O-CH^-), 810,

775 cm-1 (1 ,4 - d i s u b s t i tu t e d  naph tha lene) ; n .m .r .  (CCI.) r  0 .9 -2 .7  (m, 6,
■ - 7  V- ■ '

CioH^), S.;04 ( s i  2, GĤ OCĤ )., 6.06 p.p.m. (s', 3, CĤ OCĤ ) ; mass 

spectrum (70,eV)—m/-e ( r e l a t i v e  in te n s i t y )  236 (15,

236)', 234.046 (44, 'M̂  • (^^C^^  ̂ ^'^ll ^^Cl^) = 234.048), 203. (28), 199_,^

(100), 141 (7)^ 139 (32),  115 (3). -

4~Cax>bamoyt-l-naphthiiZcarbi.noZ ■ (5t )  C4-Hydvoxymethyl-l-navhtham'ide)■ • 

■4-Cyano-l-naphthylcarbinol (1;37 g; 0.0075 mol) was d isso lved  in 

95% ethanol (10 cm^)‘ and 6 N N'aOH (2 cm^) in a 50 cm^, .3-nccked f lask  - 

f i t t e d  with r e f l u x  condenser, thermometer, magnetic s ' t i r r e r  and hot . 

water  b a th . . ■ ' ' ' ■

I n i t i a l l y  the so lu t ion  was immersed in ice  and cooled to 10-15 .■ * J ' ' .
' \  V 3Hydrogen peroxide (30%)V (10 cm ) was added and the so lu t io n  effervesced

■ I . ' ■ ' ■ - '
s l i g h t l y .  Heat was applied  very slowly, and bubbles of  oxygen were ■

• ■ \  "  ■ ■ ' ■ ■ ■  ' ■ o  • ■. given o f f  g radua l ly .  Thp reac t ion  mixture was s t i r r e d  a t  55-60 fo r  4
' . \ . ' " 

le ethanol was removed on a ro tary  ■ evaporator  and the res idue
■ . “ \  . .  ' ■ ■ "  -  .  ■ ■

. ■ a l lo w e d ^ o  .cool when, a white so l id  p r e c ip i t a t e d  o u t , Tliis was f i l t e r e d  ‘

o f f . f r o m ; thé so lu t ion  and ^vashed with i ce -co ld  water.  The white so l id
' ' ’ . { - '

. re s idue  w a s ' r e c r y s t a l l i s e d  .twice from warm water. The y ie ld  of
■ ■' ■■ . :  ■ ■ .  .  ■■

4 -carbamoy1-1-naphthylcarbinol  w a s .q u a n t i t a t iv e .  The so l id  melted a t  .'

r
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/  . -  '

146-147°. This method 'for  ,the p repa ra t ion  o f  an amide from-a n i t r i l e

i s  given in Organic Syntheses ; i . r .  (nujol)  3300, 3200 (bonded OH, 

bonded NH), 1675 (amide C=0), 835, 779 cm“  ̂ (1 ,4 - d i s u b s t i tu t e d  

naphthalene) ;  n .m .r .  [ (CD^)^CO] t 1 .45-2.7  (m, 6, , 4.92 (s , 2,

CHgOH),. 6,31 p.p.m. (s ,  3, CĤ Ojl and CONĤ ) ; mass spectrum (70 eV) 

m/e ( r e l a t i v e  i n te n s i ty )  201.068 (100, Nr ^^0^ -

201.079), 185 (27), 172 ( 4 3 ) ,1 5 5  (23), 141 (2) , 139 (23), 129 (90),

115 (9). ■ - ‘ ' .

Anal. Calcd. fo r  C, 71.63; H, 5.50; N, 6.96. Found:

C, 71.48; H, 5.53; N, 6.80.

■ ■ ■ . _ '  /  '  ' ■■ .  ■ .

l~Bromomethy t-4-carbam'oylnaphthal8ne (52) . (4-Bromomethyt-/-^nauhthQ/vide)
/ "  '  ^  “ “

The-bromomethylnaphthalene (52). was prepared from the  corresponding
' ' ' . ' ' ' 

carbinol (51) in q u a n t i t a t iv e  y ie ld  using PBr, in benzene as. the

reagent .  The white so l id  res idue  was r e c r y s t a l l i s e d  twice from a 10%

benzene/100-110 petroleum e the r  mixture to  a f ine  white so l id  which

melted a t  198.5-199°; i . r .  .^(nujol) 3350 (bonded NH), 1650 (amide-C=0),

835, 755,-742 (1 ,4 -d i su b s t i tu t e d  naph tha lene) , 560 cm (a l ip h a t i c

CrBr); n.m.r., (D^O) t 1 ,5-2 .8  (m, 6,  ̂ 4.95 (s ,  2, CH^Br); mass

spectrum (70 eV) m/e ( r e l a t i v e  i n te n s i ty )  265 (11, Nr ^^^l

- = 265), 262.990 (12,

262.994), 184 (100), 156 (50), 141 (13), 140. (38), 139 (52/), 115 .(12) .

. Anal. Calcd. fo r  C^^Ĥ ^^ONBr: C, 52.56; i l ,  3:26; N, 5.11. Found :

C, 52.86; H, 3..46; N, 5 .1 4 . '  ' -
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t-Bpom omethyt-4-caT‘boxynaphthalene (S3) (4-3rom om ethyt-t~naphthoic Ac'id)'

■ Two\other p o s s ib l e  s y n t h e t i c  ro u te s  to  t h e  naphthoic  ac id  [53) 

were a t tempted  b e fo re  the adoption o f  the  method desc r ibed  h e re ,  but- 

w i thout  success .  These w ere : - ' ■ .

[a) 4-M ethyl-1-naphthoic  ac id  [3) was d i s so lv e d  in  CCI. with

warming and s t i r r i n g .  N-Bromosuccinimide in s l i g h t  molar excess was 

added and the'  suspension  s t i r r e d  a t  th e  b o i l i n g  po ip t  o f  the  so lv e n t  fo r  

36 h .  Succinimide c o l l e c t e d  a t  the  su r fa ce  o f  the  so lv e n t  throughout .

The r e a c t i o n  mixture  was cooled and th.e succinimide ,  f i l t e r e d  o f f . .  The

organic  s o lu t io n  was washed with water  and. evapora ted .  ' .U.mlr. sp e c t ro -  . 

; scopic  i n v e s t i g a t i o n  o f  the  product  in d ic a te d  se v e ra l  compounds Were 

p resen t  in  the s o l i d  r e s id u e .  In o rder  to  i n v e s t i g a t e  t h e ' n a t u r e  of  

t h i s  s o l i d  f u r t h e r ,  ac id  components were e s t e r i f i e d  by r e a c t in g  a* 

suspension o f  the  s o l i d  r e s idu e  in  d i e th y l  e t h e r  with an e t h e r e a l :  

s o l u t i o n  o f  CH2 N2 . ( fo r  the  p r e p a r a t i o n - o f  CH^N  ̂ see page 87 ) f . The 

. l i q u i d  re s id u e  w h ic h ' r e s u l t e d  a f t e r  work-up was chromatographed,.on 

s i l i c a  g e l .  The d i f f e r e n t  f r a c t i o n s  c o l l e c t e d  [20 in  a l l )  were ' - 

analysed by i . r . ,  n .m . r .  and>mass spec t rom etry ,  and'by vapour phase 

chromatography using  a u th e n t i c  compounds as r e fe re n c e s  wherever 

a v a i l a b l e  and a p p r o p r i a t e . F r o m  t h i s  . i n v e s t i g a t i o n  ah e s t im a te ' ,o f  the  ■ 

m a jo r , products  o f  the bromination was made. This was: - • /
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CH- ,

CHBr,

^ 4 '

CH.Br

~24% . -v-24' y-A7%'

l-Bromomethyl-4-carboxynaphthalehe w a s .p re se n t ,  but  only in l im i te d  • -J

amounts. For t h i s  reason t h i s  procedure was abandoned, and an » •
' - ' /  . ■' ' '■ - : . 

a l t e r n a t i v e  a t tem p ted : -  . . ’ ' .

[b] 1 -A cety l - 4 -bromomethylnaphthalene was s t i r r e d  u n d e r ' r e f l u x  :

f o r  10, K with NaOCl s o l u t i o n .  "'The s o lu t io n  was cooled," NaHSO_, s o l u t i o n :
. . • . /  A .  - : ;

was added, and then c o n cen tra ted  HCl. .- A white  s o l i d  p r e c i p i t a t e d :  the
:  .  ■ ■  ■ :  ■■ ;  . . ,  '  " •  \  /

s o l u t i o n  was. f O t e r e d  and th e  s o l i d  washed with water  and r e c r y s t a l l i ' s e d  ^
. , . . ' ' - - .

from 95% e t h a n o l . The white  s o l i d  which melted a t ' 318-319® was
.  . -  ■ _ - '  ■ ;  '  ■

examined by n . m . r . ,  i . r .  and mass spec t rom etry .  Tlie i . r .  spectrum '



/
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' /  • ■ ■ ■ ' ' ■ . . ' X .  ' ■
/ “ ' ' confirmed the  s o l i d  as a ' c a r b o x y l i c  ac id ,  however, the  n .m .r .  showed a

' ' ’ . -  ̂ ' 
very symmetrical and p rev io us ly  unobserved p a t t e r n  in  the  aromatic regio.n.

Due to  the  symmetrical na tu re  o f  the  n .m .r .  absorption^ the  Varian -=̂. .
... .«' 95 . '

ca ta logue  spectrum o f  1 ,4 -d in i t ro n a p h th a le n e  was consu l ted .  The .
' .  : . ' . - : : ' . ■■ V ^  : '

p a t t e r n  was i d e n t i c a l , the  s h i f t s  being d i f f e r e n t  ( fo r  a" f u r t h e r

d iscu ss io n  o f - th e se  s p e c t r a  see page 207 ) . The molecular ion peak

in th e  mass' spectrum had an m/e value  of  216; the  ,molecular  weight o f

. 1 ,4 -d in aph th o ic  ac id  i s  216. The i d e n t i t y . o f  the  product  was confirmed
.. ■ '12 ■ ■ ■ ' ' ■ '

■ by the  rep o r ted  mel t ing  po in t  o f  t h i s ■compound: as 320 .

 ̂ . ■ . . --  ̂ ' (  " " • -  ' ■ . /  - :
.. (c) l-Bro.momethyl“4-carboxynaphthalene was f i n a l l y  prepared from

4-methoxymethyl- l-naphthoic ac id .  . The carboxyl i c  ac id  (41) (2.16 g; 0.01.,
’ . ■ ' ' " ? . ' . ' 3 ' ■■mol) was d i s so lv e d  iii dry benzene (300 cm ). in  a 1 2, SrnecKed f l a s k .  '
■ ■■ /  /  . /  . ■ '  "  I  '
This s o lu t io n  was surrounded by ah i ce -b a th  and dry HBt' gas lubbled 

in f o r  2 h. The suspension was s t i r r e d  a t  room te m p e ra tu re . fo r  12 h. and

. at.  60-75° for" 3 (h, followed by a f u r th e r .  6 h‘ at- room tem pera ture .  The .
 ̂ , ' . ' ' . ' . . .. \  

benzene'was removed on a r o t a r y  evapora to r  and the grey s o l i d  res idue

was r e c r y s t a l l i s e d  from a benzene/EH^Cl^ mixture.  The. white s o l id  ^ -

' weighed 2.65. g ; which, corresponded' ' to  a q u a n t i t a t i v e  y i e l d ,  and melted!

; .at 193-195°; ' i . r .  (nuj.ol) 3600-2400 (bonded OH carboxyl i c  a c id ) ,  1700
. -1 ' • ' “ - ' ■' (aromatic  carboxyliic acid.  C=0), 840, 775 cm (1 ,4 - d i s u b s t i t u t e d

; naph tha lene) ;  n .m .r .  [ [CD^j^CO] t 0.85-2.. 5 .(m, 6, C^qH^), 4,89 p.p.m.

(s ,  2, CH^Br,); mass spectrum (70 eV) m/e ( r e l a t i v e  i n t e n s i t y )  265.981
. a T O .  t  I  £  Q* |  ^  f  ^ ' '

(6, 'M ( '  -C,V H. - B r . )  = 265.977) , 264. (6),  185 (100), 141 (25),r  iz, .y ■ ' z i  :
140 (36),  115 '(43) .  ̂ ' ' ■ ' • ' ■ . ^  ’ ■■ ■

. Anal. C a lc d . . fo r  C^.,MgO.,Br; G, 54.36; H, 3 .42.  Found: ^C, 54:11; '

' H, '3 .59 .  ' ,

' ' - ■ ■ ■ . " ■ . ' " ■ 9 ' ' - ' /
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l-Bvomomûthîfl-4-môthoxyaarbonylnaphthalene (54) (4-Bromomethyt-l- 

methylnaphthoate)

l-Bromomcthyl-4-carboxynaphthalenc (0.53 g; 0.002 mol) was suspended
3 ‘ 'in  e th e r  (100 cm ) in  an Erlenmeyer f la sk  and cooled in an ice -bath

3fo r  30 min. Ice-cold CH2 M2 / e t h c r  so lu t io n  (50 ,cm of  0.4 M so lu t io n ,  

i . e .  0.02 mol of  CH.N.) was added with s t i r r i n g .  Copious volumes of  

Nj were evolved and.the  c l e a r  yellow so lu t ion  which r e s u l te d  was l e f t  

t o , s t a n d  overnight .  By the, next morning the colour had discharged but 

to  ensure t h a t  no remained th ree  drops o f  g l a c ia l  CH„COOII were

added; no was evolved confirming the absence o f  CH2 N2 . The
3

e the rea l  so lu t ion  was worked-up by washing with water (2 x 50 cm ) ,

with 10% Na2C0^ so lu t io n  (2 x 50 cm^) and again with wate^ (2 x 50 cm^).

The bas ic  washings were a c id i f i e d  but the re  was no p r e c i p i t a t e ,

i n d ic a t in g  th a t  a l l  ac id  had been e s t e r i f i e d .  The e th e rea l  so lu t ion  was

dr ied  with anhydrousMgSO^, f i l t e r e d  and evaporated to  a yellow res idue ,

weight 0.5  g (90%) which a f t e r  two r e c r y s t a l l i s a t i o h s '^ ^ o m  60-75"

petroleum e th e r  the  methyl e s t e r  (54) melted a t  83485% i . r .  (nujol)

3050, 3020 (aromatic C-H), 1715 (aromatic e s t e r  C = 0 ^  850, 780 (1,4-

d i s u b s t i t u t e d  naphthalene) ,  550 cm~^ ( a l ip h a t i c  C-Br) - \ Z ^ 7 r ^

T 1 .0-2 .5  (m, 6, C jQ ^ ) ,  4.95 (s , 2, CH2 B r) , 6.1 p.p.m. ( s ,  3, COOCH-) ;
12 1mass spectrum (70 eV) m/e ( r e l a t i v e  i n te n s i ty )  280 (8, ( C^^

^^Û2 ^^Br^) = 280), 277.997.(8,  ^^Br^) = 277.994),

249 (2) , 247 (2) , 200 (16), 199 (100), 171 (43) 141 (8) ,  140 (40),

139 (45) , 115 /(5) . ■

Anal. Calcd. fo r  CjjHj^j02Br: C, 55.95; H, 3.97. Found;.- C, 56.06;

H, 3.85.  .
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The so lu t io n  used for  t h i s  and for  subsequent e s t é r i f i c a t i o n s
97was prepared according to  the  method o f  Moore and Reed. Further

re fe rences  consulted concerning the  hazards and d i f f e r e n t  p recursors
/ ' I  98 ■ - 99

to  CH-N- were Faesér and F icse r  and de Boer and Backer. The
] /

o r ig in a l  accoun t /o f  the syn thes is  o f  and i t s  use in the e s t é r i f i ­

ca t ion  o f  carboxyl ic  acid was repor ted  by von Pochmann^^^ in 1894.
3

Diethyl e th e r  (500 cm ) ,  d io thy lene  g lycol  monoethyl e th e r
3 3

( " c a rb i to l " )  (90 cm ) and 50% NaOH so lu t io n  (120 cm ) were c h i l l e d  in 

a s a l t - i c o  bath to  a t . l e a s t  0“ in an apparatus s p e c ia l ly  designed fo r  

the preparaCion of'CH^N^. This comprised a s ing le  continuous 

d i s t i l l a t i o n  apparatus f i t t e d  with rubber corks ,  and without ground 

g las s  jo in s  or  sharp edges. Bis-(N-mcthyl-N-nitroso)- tercphthalamidc  

(70% in mineral o i l )  (36 g; O.I mol) was added i n ^ n e  batch and the  

f l a s k  immediately t r a n s fe r r e d  to  hea t ing  mantle. The yellow e th e r -  

CH_N_ so lu t io n  d i s t i l l e d  over and was c o l l e c te d  in an ice-cooled  re c e iv e r  

which contained 100 cm^ of e th e r  such t h a t  the  rece iv e r  was under the
3

surface  o f  the  e th e r  a t  a l l  t imes. Approximately 400 cm of  the

e th e rea l  so lu t io n  d i s t i l l e d  over, leaving a white res idue  in the

d i s t i l l a t i o n  f l a s k .  The molar i ty  o f  the  CĤ N  ̂ was determined by

t i t r a t i o n  with 17.5 N AR CH_COOH. When a l l  the  CH.N. had been3 2 z
n e u t r a l i s e d  the  so lu t io n  was no longer yellow; the  so lu t io n  was approxi­

mately 0.4 M.

' i-Fluovom ethyZ-û-methoxycarbonijtnaphthatene (55) (4-FluoTomethijZ-t- 

m ethyInaphtkoate) ■ -

' The fluoromethylnaphthalene (55) was prepared from the  bromide (54) 

in 55% y ie ld .  The % conversion o f  bromide to  f lu o r id e  was 60%; i . r .
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(molt) 3075, 3010 (aromatic  C-H), 2995, 2945, 2900 ( a l ip h a t i c  C-H),

1710 (aromatic e s t e r  C=0), 1060 ( a l i p h a t i c  C-F), 835, 780 cm"^ (1,4-  

d i s u b s t i t u t c d  naphtha lene) ;  n .m .r .  (CCl^) x 0 .8 -2 .7  (m, 6, C’jqH^),

4.2 (d, 2, CHgF, J  = 48 Hz), 6.0  p.p.m. (s ,  3, COOCH-); mass spectrum 

(70 eV) m/c ( r e l a t i v e  i n te n s i t y )  218.072 (62, (^^C^^ ^H^^ ^^0^ ^^F^)

218.074),  200 (11),  187 (100), 186 (21), 159 (46),  141 (16), 115 (7) .

4-Ethoxycarbonyl~l-methocgjmethylnaphthalene (56) (4-Methoxifmethyt~l- 

ethyInaphthoate}

4-Methoxymethyl-l-naphthoic acid (1.08 g; 0.005 mol) was suspended
3 ‘ ' 3in  40 cm 100% ethanol in a 3-neckcd, 100 cm f la sk  f i t t e d  with n i t rogen

' ' . ' ' ' 
i n l e t ,  r e f lu x  condenser, magnetic s t i r r e r  and hea t ing  mantle. Freshly

d i s t i l l e d  boron t r i f l u o r id e - e t h e r . a t e  was added and the so lu t io n  s t i r r e d

under r e f lu x  for  20 h. The reac t ion  mixture was allowed to  cool and 
3200 cm of  water was added. The so lu t io n  became cloudy and was

3
e x t ra c ted  with CHgClg (2 x 100 cm ) .  This e x t r a c t  was washed with

3 3w a t e r . (2 x 100 cm ) ,  with 10% NaOH so lu t ion  (2 x 75 cm ) and again
3with water (2 x 50 cm ) .  The b as ic  washings were a c id i f i e d  and t h e . 

white so l id  res idue  which p r e c ip i t a t e d  was f i l t e r e d  to  give 0.25 g of  

unreacted ac id .  The organic e x t r a c t  was d r ied  and evaporated to  give 

the  e s t e r  (56) which was an o i l  (0.75 g; 62% y i e l d ) ;  i . r .  (fi lm) 3010 

(aromatic C-H), 2980, 2975 ( a l ip h a t i c  C-H), 1710 (aromatic e s t e r  C=0), 

1125 (-CH_-0-CH„-, C -0) , 835, 750 cm  ̂ ( 1 ,4 - d i s u b s t i tu t e d  naphtha lene) ;  . 

n .m .r .  (CCl^) x 0 . 8 5 - 2 . 8 . (m, 6, C ^ ^ ^ ) , 5.3 (s', 2, CH^OCH^), 5.65 (q, 2, 

COOCĤ CĤ ; J  = 7 Hz), 6.7  (s ,  3, CH^OCH^), 8.63 p.p.m. ( t ,  3 , 'COOCH^CHj, 

J  = 7 Hz); mass spectrum (70 eV) m/e ( r e l a t i v e  i n t e n s i ty )  244.093 (90,
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= 3.14.101), 213 (33), 199 (100), 183 (16), 171

(34), 159 (15), 141 (6) ,  139 (10), 115 (21). This method for  the
101prep a ra t io n  o f  carboxylic  estcrs^was reported by Marshall c t  a l .%

V ,  _

t-BrO!notnethijl-4-othoxucavhon'jtnciphthatcnc (57) (4-Bi’ot7iomethifl-l- 

ô thyln a p h th o a te}

The bromomothylnaphthalcne (57) was prepared from the methyl e th e r

(56) by means o f  the  rea c t io n  with dry hydrogen bromide gas in benzene'. '

The product was r e c r y s t a l l i s e d ‘th ree  times from 60-75*’ petroleum e th e r

and was obtained in 75% y ie ld .  Tlio white c r y s t a l l i n e  s o l id  melted a t

75 .5 -76 .5" ;  i . r .  (f i lm) 3070 (aromatic C-H), 1725 (aromatic carboxylic

e s t e r  C=0), 825, 770 (1 ,4 - d i s u b s t i tu t e d  naphtha lene) ,  560 cm  ̂ ( a l i p h a t i c

C-Br) ; n .m .r .  (CCl^) t 0 .85-2.65 (m, 6, , 5.18 (s ,  2, CH^Br), 5.62

(q, 2, CH^CH^, J = 7 Hz), 8.55 p.p.m. ( t ,  3, COOCĤ CĤ ,, J = 7 Hz); mass

spectrum (70 cV) m/e ( r e l a t i v e  i n t e n s i t y ) , ^ 4  (13, ^ ^ 1 3  ^ ^ ^ 2

®^Br^) = 294), 292.003 (13, ^H^_ ^^0^ = 292.010),

249 (4) .  247 (4),  214 (22), 213 (100), 185 i2 5 ) , 157 (13).  141 (10), 140

(22), 139.(20) ,  115 (3).

Anal . Calcd. fo r  C H,_0_Br: C, 57.38; H, 4 .47 .  'Found: C, 57.18;
14 10 z.

H, 4.40.

4‘-EthoxyeaTbonyl-J.-fZUovomethplnaphthatene (58) (é-PtuoTom ethpl-'l-

e thyInaph thoa te)

Flupride-broif^de exchange was c a r r i e d  out on I-broraoraethyl-4-

ethoxycarbonylnaphthalene by hea t ing  with anhydrous KF in  N-methyl-
/

pyr ro l idone  a t  140-150" fo r  4 h . The y ie ld  o f  f 1uoromethyInaphthalene
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(58) obtained was 45% following chromatography o f  the crude product on 

s i l i c a  gel with petroleum e th e r  (30-35*) as e luen t .  The fluoromcthyl- 

naphthalcnc (58) was a c l e a r  l iq u id ;  i . r ,  (film) 3090, 3055, 3025 

(aromatic C-H), 3000, 2945, 2840 ( a l ip h a t i c  C-H), 1705 (aromatic carboxylic  

e s t e r  C=0), 1058 ( a l ip h a t i c  C-F), 835, 775 cm  ̂ (1 ,4 - d i s u b s t i tu t c d  

naphthalene) ;  n .m .r .  (CCl^) t  0.8 -2 .7  (ra, 6, , 4.25 (d, 2, CH^F;

J  = 48 Hz), 5.62 (q, 2, COOCĤ CHg, J = 7 Hz), 8.58 p.p.m. ( t ,  3,

COOCH^CHj, J  = 7 Hz); mass spectrum (70 eV) m/c ( r e l a t i v e  in te n s i ty )

232.086 (92, = 252.090), 214 (15), 204 (23),

188 (26), 187 (100), 169 (16), 159 (75), 141 (8), 139 (12). 133 (25),

115 (4) .

1 -A c e ty t-4-we thoxynaphthalene (60)

The methyl ketone (60) was prepared by Friedel-CrafUs acé ty la t io n  

o f  1-methoxynaphthalene (Eastman) in the  manner p revious ly  described.  

The ketone (60) i s  a so l id  and was r e c r y s t a l l i s e d  twice from 60-75* 

petroleum e th e r  to  a pale-yel low c r y s t a l l i n e  so l id  which melted a t  

72-74° ( l i t . ^ ^  m.p, 72-75°). The y ie ld  obtained was 85% of  the  

t h e o r e t i c a l ;  i . r .  (nujol)  3090, 3025 (aromatic C-H), 1660 (aromatic 

ketone-C=0), 1240 (ara lky l  e th e r  C-0), 818, 762 cm  ̂ ( 1 ,4 -d i su b s t i tu t e d  

naphthalene) ;  n .m .r .  (CCl^) t 0.95-3.61 (m, 6, C ^ ^ ^ ) , 6,13 (s , 3, OCĤ )

6.2 p.p.m. (s ,  3; COCH^); mass spectrum (70 eV) m/e ( r e l a t i v e  in te n s i ty )  

200 (7, C^^C^2 % 2  ^^°2^ = 200), 1S5 (59), 157 (26), 142 (26),

128 (40), 127 (35), 115 (18), 114 (100), 113 (20).
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t-Bromo-4-methoxynaphthalene (6l )

l-Bromo-4-methoxynaphthalcne was prepared by the rea c t io n  between

1-methoxynaphthalcne and iodine monobromide. The procedure adopted for
102the  p repa ra t ion  o f  the reagent was t h a t  repor ted  by M i l i t z c r .  The IBr 

was prepared in a 3 2. 3-nccked f l a s k  f i t t e d  with thermometer, mechanical
r ' 3Stirrer and heating mantle using Brg (B.D.H.) (25 cm ; 0.5 mol),

(B.D.ll.) (127.5 g; 0.5 mol) and CHCl^ (500 cm^). ''The CllCl^ had been

washed with concentrated Ĥ SO  ̂ (5%) to  remove ethanol,  then with water,

and then dr ied  over anhydrous MgSÔ  and d i s t i l l e d  a t  61° j u s t  p r i o r  to

the reaction-. • , ■ •

The Br^ was added to  the CHCl^ and then the  was added with

s t i r r i n g .  Tlie red-broim so lu t ion  turned darker  as the d isso lved .

This so lu t ion  was s t i r r e d  a t  20° f o r  30 min and a t  40° fo r  10 min. I t

was then cooled to  20°. This suspension was added to  a s t i r r e d  so lu t ion

o f  1-methoxynaphthalenc (Eastman) (80 g; 0.5  mol) in  CHCl^ (250 cm^)

in a 3 2. 3-necked f l a s k  f i t t e d  with mechanical s t i r r e r ,  double-surface

re f lu x  condenser, dropping funnel , and an a i r  i n l e t  which was ad jus ted  
%

so th a t  the  constant  stream removed the  HBr as i t  was formed. The

reac t ion  vesse l  was maintained a t  15-20° in  a water bath;  the add i t ion

o f  the  iodine monobromide was made over a period o f  30 min. The
(•

reac t io n  mixture was s t i r r e d  a t  t h i s  temperature  fo r  45 min a n ^  was
3then washed with water (2 x 500 cm ) a f t e r  the p r e c ip i t a t e d  I 2  had

been f i l t e r e d  o f f .  The dark purple CHCl^ so lu t io n  was washed with
' ■ ' 310% aqueous NaOH solution (2 x 500 cm ) in  o rder  to  remove any remaining

■ 3 ■I_. I t  was then washed with water (2 x 500 cm ), dr ied  with anhydrous
4 ■ ' . . . ■

MgSO^, f i l t e r e d  and evaporated.  The res idue  was analysed by n .m .r .  and 

a lso  by vapour phase chromatography on an SE 30 column. The n .m .r .
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spectrum ind ica ted  th a t  the mixture conta ined maÿily one component with

t r a c e s  o f  another two; t h i s  waS'confirmed by y . p . c .
V

The dark broivn reac t io n  res idue  was d i s t i l l e d  under vacuum a t  1.7

mm. Three f r ac t io n s 'w e re  co l lec ted  and analysed by v .p . c .  The t h i r d

f r a c t io n  b o i l in g  between 160-163° ( l i t . b . p .  159/4 m m ; 147-153/3 mm)

was pure l-bromo-4-methoxynaphthalene (87.75 g; 74%); i . r .  (film) 3085,

3025 (aromatic C-H), 2975, 2952, 2925, 2825 ( a l i p h a t i c  C-H), 1245 (ara lkyl

e th e r  C-0), 1090 (aromatic C-Br), 805, 770 cm  ̂ (1 ,4 -d i su b s t i tu t e d

naphthalene) ;  n .m .r .  (CCl^) t  1.8-3.68 (m, 6, C^gH^), 6.23 p.p.m. (s ,  3,

OCH_); mass spectrum (70 eV), m/e ( r e l a t i v e  i n te n s i ty )  238 (99, M
. 1 ^

^ " 9  ^^^1 ^^Br^) = 238), 236 (100, (^^C^^ Hg ^^Br^) =

236), 223 (60),  221 (60), 195 (55), 193 (55), 126 (18), 114 (55).

4-Methoxy-l-ruxiD'htho'lQ A cid  . (62)

Several attempts were made to prepare  t h i s  compound from the methyl

ketone (60) by re f lu x in g  with NaOCl so lu t io n .  All o f  these  f a i l e d .

The only r e a c t io n  de tec ted  was oxidat ion of the naphthalene system i t s e l f

and so t h i s  rou te  to  the naphthoic ac id  (62) was abandoned.

4-Methoxy-l-naphthoic acid was even tua l ly  prepared by the  Grignard
103synthes is  descr ibed by Gray and Jones.  , 4-Methoxy-l-naphthyl

magnesium bromide was prepared by reac t in g  magnesium (6.12 g; 0.25 g atom)
3with l-bromo-4-methoxynaphthalene (5.3 g) in  25 cm of  anhydrous e th e r .

The mixture was s t i r r e d  under r e f lu x  in a 1 I  3-necked f l a s k  f i t t e d
3 . - 'with double-surface re f lu x  condenser, 500 cm e q u i l i b ra t in g  dropping '

funnel ,  hea t ing  mantle and magnetic s t i r r e r .  After  30 min .the e the r

had begun to  appear cloudy and so the  r e a c t io n  was assumed t o  have
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s t a r t e d .  The remaii.ler of the l-brorao-4-mcthoxynaphthalcne (59.25 g;
■ 3

0.25 mol in a l l )  dissolved in 350 cm of  anhydrous e ther  was added

dropwise over a period of  1 h. The reac t ion  mj^ture which was now

l ig h t  brown in colour A s  rof luxed with s t i r r i n g  for  a f u r t h e r - ^ h .

The reac t ion  mixture nçw comprised two phases and was cooled and poured
3onto so l id  CÔ  (400 g) in 800 cm of  o ther ,  with vigorous manual s t i r r i n g .

A milky white suspension was formed. This was l e f t  to  stand overnight
3to  allow the excess CÔ  to  sublime. Hydrochloric acid (17%) (300 cm ) 

was added and the two layers  s t i r r e d .  The upper e therea l  layer  was 

separated and the white so l id  was f i l t e r e d  from the aqueous layer ,
3

washed with water and dissolved in  800 cm of  bo i l ing  10% aqueous NaOH

so lu t ion .  This so lu t ion  was f i l t e r e d  ho t ,  the f i l t r a t e  cooled and

■acidif ied with concentrated HCl and the so l id  which separated,

f i l t e r e d  o f f .  The carboxylic  acid was r e c r y s t a l l i s e d  twice from hot

g la c ia l  CHjCOOH and dr ied  under high vacuum. The y ie ld  of 4-methoxy-l-
To3naphthoic acid was 24 g (48%) and i t  melted a t  247-247.5° ( l i t .

m.p. 248°); i . r .  (nujol) 3200 (aromatic C-H), 3100-2200 (hydrogen bonded
“1OH carboxylic  a c id ) ,  1270 (aralkyl  e the r  C-0], 825, 785 cm (1,4- 

d i s u b s t i tu te d  naphthalene);  n .m .r .  [ (CD^)^CO] t  0.7-3 .2  (m, 6, C ^ ^ ^ ) ,

5.93 p..p.m. (s,  3, OCFl )̂ ; mass spectrum (70 eV) m/e ( r e l a t iv e  in tens i ty )  

202- (100 (^^Cj2 ^^10 = 202), 186 (15), 184 (38), 158 (20),

156 (12), 141 (5) , 130 (25), 113 (36)..

■ 4-M ethoxii-t-naphth'ylcavb‘ino l CSS) ■

4-Methoxy-1-naphthyIcarbino1 was prepared from the corresponding' 

carboxylic  acid (62) in 50% yie ld  employing LiAlH^ in anhydrous e ther
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as the reducing agent .  The product was a viscous l iq u id  which s o l i d i f i e d

on s tanding .  R c c r y s t a l l i s a t i o n  from 60-75* petroleum e th e r  gave a
81white c r y s t a l l i n e  s o l id  which melted a t  34-35* ( l i t .  m.p. 35*);

i . r .  (fi lm) 3400 (bonded OH) 3100, 3005.(aromatic C-H), 2900, 2850

( a l i p h a t i c  C-H), 1280, 1250 (a ra lky l  C - 0 ) , ^ 2 0 ,  765 cm“  ̂ (1,4-

d i s u b s t i t u t e d  n a p j^ a l c n e )  ; n .m .r .  (CCl^) t  1.65-3.6 (m, 6, C ^ ^^ )  , 5.18

(s ,  2, CH^OH), 5.23 (s ,  1, CH^OH), 6.1 p.p.m. (s ,  3, OCHj). The peak

a t  1 5.23 p.p.m. disappeared when D̂ O was shaken with the so lu t io n ;
12  1

mass spectrum (70 eV) ,m/e ( r e l a t i v e  i n t e n s i t y ) ,  188 (97, ( C^^ 11̂ 2

^^0^) = 188); 171 (-100), 159 (36),  149 (15),  144 (24), 141 (4) ,  128 (56). 

115 (25). .

l-Bromomethyî-4-methoxynaphthalen3 (64)
* 81The rep o r t s  in  the  l i t e r a t u r e  o f  t h i s  compound descr ibe  the  

tendency o f  t h i s  compound to  undergo hydro lys is  even in s l i g h t l y  

damp^a i r .  For t h i s  reason i t  was necessary to  s to r e  the  product under 

n i t ro g en  in a d e s ic c a to r  and to  prepare  the  bromide by a method 

d i f f e r e n t  from the one usua l ly  adopted fo r  t h i s  t rans fo rm at ion .  The 

method f i r s t  descr ibed fo r  t h i s  compound by Shoesmith and Rubli.^^ 

Hydrogen bromide gas wa^bubbled in to  750 cm^ dry benzene in  an ice -  

ba th  fo r  1 h. 4-Methoxy-l-naphthyIcarbinol was added (5.0 g; 0.027 mol) 

and the  so lu t io n  s t i r r e d  a t  room temperature fo r  12 h. The l i g h t  green 

so lu t io n  was ref luxed  fo r  1 1/2 h and then the  benzene was removed on a 

ro t a r y  evaporator .  The res idue  was taken up in 100-110* petroleum 

e th e r  and 5 g of  "Nori t"  deco lour is ing  charcoal  was added. The so lu t ion  

was f i l t e r e d  and the c l e a r ,  c o lou r le s s  so lu t io n  was cooled in a CH^Cl^
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s o l id  CO2  icc  ba th .  A white so l id  separa ted  out and was f i l t e r e d  o f f  

and d r ied .  This s o l i d ,  which decomposed a t  119.5-120.5" ( l i t . ^ ^  

m.p. 119-120", dec . )  weighed 6.21 g (93%); i . r .  (nujol)  3050 (aromatic 

-H), 1255, 1235 (a ra lky l  e th e r  C-0), 820, 810, 760 (1 ,4 - d i s u b s t i tu t e d

naph tha lene) ,  550 cm" ( a l i p h a t i c  C-Br); n .m .r .  (CCl^)  ̂ 1 .5-3 .45 (m, 

6PCjqH^),  s .  11 (s , 2, CHgBr), 6.0  p.p.m. (s ,  3, 0C1_!,) ; mass spectrum 

(70 eV) m/c ( r e l a t i v e  i n t e n s i t y ) ,  252 (6, =

252), 250 (6, ^^Br^) = 250), 172 (82), 171 (100),

157 (29), 149 (7 ) ,  141 (4) ,  129 (27), 128 (57),  115 (5) .

Attempted Preparation o f  l~Fluoromethyt-^-methoxynavhthatene

Three s e p a ra te  a t tempts  were made to  prepare  t h i s  compound from 

1-bromomothy1-4-mothoxynaphtha1cne . The re a c t io n  condi t ions  fo r  the  

f i r s t  a t tempt were 130-140" fo r  3 1/2 h ,  fo r  the  second 140-150" fo r  

3 1/2 h and f i n a l l y  160" fo r  13 h. Trace amounts o f  l - f luororae thyl-4-  

methoxynaphthalene were de tec ted  by n .m .r .  spectroscopy o f  the  res idue  

o f  th e  f i r s t  and t h i r d  a t tem pts .  The n .m .r .  doublet  with a coupling 

constan t  p = 48 Hz i s  . c h a r a c t e r i s t i c  o f  the  -CH^F funct ion and

i s  r e a d i ly  d i s t in g u i s h a b le  from a l l  o the r  methylene abso rp t ions .  The

second f r a c t io n  conta ined considerably  more fluoromethyl compound, but
/

the  percentage (15%) was s t i l l  low. The f r a c t io n s  were chromatographed 

on s i l i c a  gel a t  -35" using 30-35" petroleum e th e r  as e lu e n t .  The 

chromatographic column was maintained a t  t h i s  temperature by means o f  a 

j a c k e t  through which flowed methanol p rev ious ly  cooled to  t h i s  temper­

a tu r e .  No fluoromethylnaphthalene was de tec ted  in any f r a c t io n  

c o l l e c te d . '  However, apprec iab le  q u a n t i t i e s  o f  a white s o l id  melt ing 

a t  149-150.5° were obta ined .  Spectroscopic in v e s t ig a t io n  o f  t h i s  s o l id
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ind ica ted  t h a t  i t  was a bis-C^-mcthoxynaphthyl) -methane. The i . r .

spectrum o f  the  so l id  showed absorpt ions a t  825 cm”  ̂ c h a r a c t e r i s t i c  o f

2 adjacent  protons in  the naphthalene system, absorpt ions a t  762 and

752 cm"^ ind ica ted  4 adjacent  pro tons ,  peaks dt  805 and 822 cm'^ were

c h a r a c t e r i s t i c  o f  2 ad jacen t  protons.  These absorpt ion p a t te rn s  for

the C-H ou t-of-p lano  deformation modes in d ic a te  1 ,4 - l inkage  in the

r in g  systems through the  methylene bridge;  1 ,3 - l inkage  i s  excluded as
“ 1th e r e  is  no s igna l  in the 860-835 cm region .

The n .m .r .  spectrum a lso  indicated  1 ,4 - s u b s t i tu tc d  in both r ing  

systems ; i . r .  (nujol)  3090, 3070, 3025 (aromatic C-H), 1270, 1255 

(a ra lky l  e th e r  C-0), 825, 805, 822, 762, 752 cm  ̂ (1 ,4 -d i su b s t i tu te d  

naphthalene) ;  n .m.r .  (CCl^J t  1 .6-3 .6  (m, 12, ^20—12^’ (s ,  2, CH^),

6.13 p.p.m. (s ,  6, OCHj); mass spectrum (70 cV) m/e ( r e l a t i v e  i n te n s i ty )  

328.145 (100, = 328.140), 513 (12), 297 (39), 281

(15) , 265 (16), 171 (15), 149 (11), 141 (8) ,  115 (4) .

4-Methyl-l-sulphonavhthalene (S5) {4-Methyl-l^navhthalenesulphonic aaid) 

This compound (65) was prepared according to the  method o f  F iese r  

and Bradsher.^^^ Concentrated H^SO  ̂ (125 cm^) was added to  1-methyl- 

naphthalene (35.5 g; 0.25 mol) with s t i r r i n g .  The reac t ion  vesse l  was 

a 250 cm̂  3-necked f l a sk  f i t t e d  with dropping funnel ,  thermometer and 

magnetic s t i r r e r  and was contained in an i c e -b a th .  The concentrated 

H^SO^ was added from the  dropping funnel over 5 h; the temperature o f  

the  rea c t io n  mixture was maintained a t  4® throughout. The s t i r r i n g  

o f  the  r e a c t io n  mixture was continued fo r  3 h ,  a f t e r  t h i s  time the  

mixture became too viscous and then separa ted  in to  two la y e r s ,  one o f  

which was dark brown. The .reac t ion  mixture was allowed to  stand a t
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room temperature for  6 days during which time a white so l id  began to 

separa te  out .  Tltc green^grey mixture was cooled and poured onto 200 g 

i c c .  Copious amounts o f  a grey-white  s o l i d  separated out and the  

suspension was f i l t e r e d .  The s o l id  was washed and d r ied  to  a white 

c r y s t a l l i n e  so l id  (41.5 g; 7S"& y ie ld ) .  Unreacted 1-methylnaphthalcnc 

was recovered by e x t r a c t in g  the  aqueous res idue  with CUgCl^,

Compound (65) ; i . r .  (nujol)  3450 (bonded OH), 1140, 1035 

(hydrated sulphonic acid S=0), 830, 760 cm  ̂ ( 1 ,4 -d i s u b s t i tu t e d  

naphthalene) ;  n .m .r .  (0^0) t 1.17 (s ,  1, S O ^ ) , 1.52-5.22 (m, 6 , -

Cjoü^) • 7.84* p.p.m.’ ( s ,  3, CH-) ; mass spectrum (70 cV) m/e ( r e l a t i v e  

i n t e n s i t y )  222 (100, 222), 157 (17),  141 (51),

140 (20), 159 (37), 129 (45), 128 (23),  115 (60). ,

4 - C h Z o i * o s u Z p h o - Z - n û t h i j Z t u : p h t h a t e K û  ( 6 6 )  ( 4 - y 4 e t h ) 4 t - l - r j 2 p h t h a l c n e Q i i t v h o n u l  

ch lo r id e )

The potassium s a l t  o f  the sulphonic acid was f i r s t  prepared 

according to  F iese r  and Bradsher 's  m e t h o d b y  adding 1-methyl-4-  

sulphonaphthalcne (24 g; 0.108 mol) to  a warmed so lu t io n  o f  XCl 

(37.5 g) in  150 cra  ̂ water . The r e s u l t i n g  white s l u r r y  was heated to  

almost b o i l i n g ,  allowed to  cool and then cooled fu r th e r  in  ice .  The 

f ine  white p r e c i p i t a t e  was f i l t e r e d  o f f  under suc t ion  and d r ied  in an 

oven to  give a q u a n t i t a t i v e  y ie ld  o f  the potassium s a l t .  The i d e n t i t y  

o f  the  product was confirmed by i . r .  spectroscopy. Strong bands a t

1225, 1203, 1175, 1162, 1155, 1055, 1042 and 1031 cm"^ ind ica ted  an

io n ic  sulphonate ;  bands a t  832 and 752 cm  ̂ indi- <ited a 1 ,4 -d i su b s t i tu t e d  

naphthalene compound.
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The s a l t  was dr ied  In an oven a t  100® overnight  (13 g; 0.05 mol) • 

and then t r e a te d  with POClg"(6 g; 0.39 mol) in a 100 cm̂  f lask  f i t t e d  

with r e f lu x  condenser In an o i l - b a th  a t  170-180* for  24 h. The f lask  

and. con ten ts  wore shaken vigorously every 4 h. The rea c t io n  vesse l  

was removed from the o i l - b a th  and allowed to  cool.

At the  end o f  the  r eac t ion  period a mud-coloured slurrV was present  

in the f l a s k .  This was poured onto 150 g icc  and 150 cm^ 

added. The two laye rs  were s t i r r e d  v igorously  fo r  15 min and were then 

l e f t  to  stand overnight .  The two layers  were separated and the 

aqueous laye r  ex t rac ted  with CllgCl., (2 x 50 cm^). The organic e x t r a c t s  

were combined and washed with water (3 x 200 cm^), with 10% aqueous 

NaOn so lu t io n  (2 x ISO cm^) and again with water (2 x 150 cm^). The 

CHgCl^ e x t r a c t  was d r ied  with anhydrous MgSO^, f i l t e r e d  and evaporated 

to  a l ight-brown s o l i d  res idue ,  weight 11.47 g (95.4% y i e l d ) .  The brown 

s o l i d  was r e c r y s t a l l i s e d  from 100-110" petroleum e th e r  to  c l e a r  

c r y s t a l l i n e  p l a t e l e t s  of  the  sulphonyl ch lo r id e  Ç66) which melted a t  

80-81" ( l i t .^® ^  81°); i . r .  (nujol)  5095 (aro-iat ic  C-H), 1580, 1375, 1370, 

1350, 1170 cm  ̂ (S-0 sulphonyl c h lo r id e ) ;  n .m .r .  (CCl^) t  1.15-2.85 

(m, 6, 7.29  p.p.m. ( s ,  3, CIL) ; mass spectrum (70 eV) m/e

( r e l a t i v e  i n te n s i t y )  242 (6, (^^C^^ ^Hg ^^0^ ^^Cl^) = 242),

240.006 (17, ^Hg ^^0^ ^^Clj) = 240.001), 205 (14),  178

(5 ) ,  176 (8 ) .  174 (3) ,  141 (100), 139 (30),  115 (61). This method

fo r  the p repa ra t ion  o f  sulphonyl ch lo r ides  i s  described, by Adams and

« , 1 0 6  Marvel.
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■ /  .
Attempted ‘̂"Breparation o f  l~Bromomethyt-4-chlorosutphonaphthalene

V (4~Bvomomet'hyl-l-naphthalenesu.lvhonul ohloride)

l -Methyl-4-chlorosulphonaphthalenc (8.0 g; 0.03 mol) was s t i r r e d
■ ■ 3 ' 'under r e f lu x  in a 250 cm 3-necked f lask  with N-bromosuccinimide (8.9 g;

30.045 mol) in 150 cm CCl^. Samples were withdrawn every 2 h and examined 

by n .m .r .  over the next 48 h. At the end o f  the  r eac t ion  period the 

propor t ion  o f  bromomethylnaphthalene to  methylnaphthalcne was

‘ I,. ' approximately 5, to 1. Large q u a n t i t i e s  o f  succinimide were present  a t
'

. the  surface  of  the CCl^; the  so lu t ion  was a deep orange colour by t h i s
3 '. t ime.  The reaction ' mixture was washed with water (4 x 200 cm ) ,  d r ied  

with anhydrous MgSÔ  and evaporated to  an amber coloured l iq u id  res idue  

which quickly s o l i d i f i e d .  The. i . r .  spectrum of  t h i s  res idue  ind ica ted  

the  presence o f  sulphonyl ch lo r ide  and bromomethyl funct ions but  thé  

\ ' absorp t ions  were r e l a t i v e l y  weak and only two absorpt ions  c h a r a c t e r i s t i c

o f  sulphonyl ch lo r ide  were p resen t  (cf .  f iv e  fo r  (66)) ,  The n .m .r .  

spectrum showed a poor (too large)  i n te g r a t i o n  r a t i o  o f  aromatic protons 

t o  methylene protons (9 :1) .  The presence o f  a s i n g l e t  a t  x 2.95 p.p.m. 

overlapping the resonances due to  aromatic protons was suspected as 

be ing due to  the methine proton o f  the CHBr^ func t ion .  No molecular 

ion .peaks corresponding to  the  bromomethyInaphthalene were ever obtained 

on any mass spectrum .run.

Separation o f  the  d i f f e r e n t  components-was attempted by s o l i d - l i q u i d  

■ . column chromatography on s i l i c a  g e l ,  by repeated  f r a c t io n a l  r e c r y s t a l l i s ­

a t io n  and by vacuum su b l im a t ion , .b u t  a l l  a ttempts were in vain.  

l-Bromomethyl-4-chlorosulphonaphthalene, although de tec ted  spec t ro -  

 J s c o p ic a l ly ,  was never i s o l a t e d  in a pure s t a t e .
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t~MethoxymethyInaphtkalene (67) , , •
.

I t  was necessary to f ind the  optimum method o f  p repa ra t ion  of  the 

methoxymethyl funct ion from the carbinol  p re fe rab ly ,  or  i f  no t ,  then 

from the  bromide as i t  was found e s s e n t i a l  to  p r o t e c t  t h i s  l a s t , func t ion ­

a l i t y  before  severa l  of  the  sy n th e t ic  t ransform ations  were attempted.  

Three Organic Syntheses re fe rences  were c o n s u l t e d a n d  based on 

these  d e sc r ip t io n s  a p repa ra t ion  using dimethylsulphate  was attempted. 

Dimethylsulphate i s  both corros ive  and poisonous and th e  r e a c t io n  was 

th e re fo re  c a r r i e d  out in a fume-hood. Any l iq u id  t h a t  splashed was 

t r e a t e d  immediately with d i l u t e  NĤ OH so lu t io n .  The hands were a lso  

washed p e r io d i c a l ly  with d i l u t e  ammonia.
3

=■ 1-Naphthylcarbinol  (3.16 g; 0.02 mol) was d isso lved  in  MeOH (40 cm )
3 - ’ ‘ 'with s t i r r i n g  in a 3-necked 100 cm f l a s k .  The f la sk  was equipped

" ...

with two dropping funnels and a r e f lu x  condenser. From the two dropping

funnels were a l t e r n a t e l y  added over 40 min so lu t io n s  o f  NaOH (2.0 g;
3 . 3

0.05 mol) in water (15 cm ) and (CH^)2 ^^^ (5.04 g; 3.73 cm ; 0.04 mol)..

As t h i s  addit ion.proceeded the contents  o f  the  f l a sk  became s l i g h t l y
3warm. A fu r th e r  0.5 g (0,0125 mol) NaOH in water (5 cm ) was added 

and the  so lu t io n  was ref luxed fo r  3 h with continuous s t i r r i n g .  The 

re a c t io n  mixture was allowed to  cool and the  aqueous methanolic so lu t ion  

was d i lu t e d  with water .  The so lu t io n  turned milky and was ex trac ted
3with e th e r .  The e th e rea l  e x t r a c t  was washedwith  water (2 x 50 cm )

' 3 • ' 3 ■with 10% HCl (2 x 25 cm ) and again with water (2 x 50 cm ) .  The
' . ' ! , 

n .m .r .  spectrum of  the  r ea c t io n  res idue  obtained a f t e r  drying and

evaporat ion ind ica ted  a r a t i o  of approximately 5 :1 ,  carb ino l  to  e the r .

The r ea c t io n  ,was repeated twice with r e f lu x  periods o f  15 h; and

■ ■■ ’ ' ' /
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32 h but the  propor t ion  o f  e th e r  in the  mixture could not be r a i s e d  above ' 

- 20 %,.

: The methoxymethylnaphthalene (67) was su c cess fu l ly  prepared in ' 

q u a n t i t a t iv e  y i e ld  from 1-bromomethylnaphthalene by r ea c t io n  o f  the. 

bromide with a sodium methoxide so lu t io n ,  B.p, 1-methoxymethyl- 

naphthalene 120°/3,5 mm ( l i t . b. p,  101-3/1.5 mm); i . r .  (fi lm) 3100,

3050 (aromatic. C-H), 2950, 2925, 2875 ( a l i p h a t i c  C-H), 1080 (-CH^-O-CH^-), 

800, 790, 770 cm  ̂ (1 - su b s t i tu te d  naphthalene) ;  n .m .r .  (CCl^) r  2 .0-  

3.0 (m, 7, C^gHy, 5.25 (s , 2, CH^), 6.74 p.p.m. (s ,  3, CH^OCH^); 

mass spectrum (70 eV) m/e ( r e l a t i v e  i n t e n s i t y )  172 (8), 171 (2) ,  159 

(7) , 158 (43)., 157 (10),  141 (20),  130 (14), 129 (100), 128.(20),

127, (20), 115 (3) .

S-Bx>omo~lj 8~naphthalic. Anhydride (69)
112Rule.and Thompson in t h e i r  a r t i c l e  e n t i t l e d  Bromo- and Nitro-

d e r iv a t iv e s  of. Naphthalic Acid descr ibe  th re e  d i f f e r e n t  methods fo r

the bromination o f  naph tha l ic  anhydride and they  concluded " . . . B e t t e r  -

r e s u l t s  are obtained by carrying out the  bromination in n i t r i c  acid

so lu t io n  : although the  y ie ld  (20%) i s  s t i l l  somewhat low, the  p repa ra t ion

i s  r a p id ly  e f fe c te d  and under the c o r re c t  cond i t ions ,  the product

c r y s t a l l i z e s  from the reac t ion  mixture in the  pure s t a t e . .

1 ,8-Naphthal ic  anhydride (Koch-Light) (25 g; 0.13 mol) was s t i r r e d

in concentra ted n i t r i c  acid (500 cm^ d. 1 418) and heated to  60-70°
3very ra p id ly .  , Bromine (15 g;' 5.2 cm , 0.095 mol) was added to  the  - ■'=

r e a c t io n  mixture from an e q u i l i b ra t in g  dropping funnel while the  : 

temperature was maintained a t  60-70 . The re a c t io n  mixture changed 

from an off-white, suspension to  a yellow suspension and f i n a l l y  a f t e r
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30 minutes a t  60-70° to  a dark brown so lu t io n .  The reac t io n  mixture 

was cooled and then l e f t  to  c r y s t a l l i s e  overnight .  The co lour less  

needles were f i l t e r e d  and r e c r y s t a l l i s e d  from 95% EtOH. The y ie ld  of 

3-bromo-l , 8-naphthalic  anhydride was 8.0 g (23%), 241-243°/ ( l i t . 

m.p. 2 4 4 ° ) ; , i . r .  (nujol)  3080 (aromatic C-H), 1775, 1740 (conjugated

c y c l ic  anhydride C=0), 1300, 1235 (cyc l ic  anhydride C-0), 1049 (aromatic,

' 3 ]C-Br), 835, 785 cm  ̂ ( 1 ,3 , 8 - t r i s u b s t i t u t e d  naphthalene) ; n.m.r.- (CDCl,)

T 1 .2 -2 .3  p.p.m. (m, C^^H^); mass spectrum (70 eV) m/e ( re la t iv e -
1  9  ' 1 ■If. Q-1

i n te n s i t y )  278 (14, Br^) = 278), 277 (95), 276

(15, = 276), 275 (100), 254 (93), 232 (95),

206 (52), 204 (53).

Anhyâro-Z~bromo-8-hyâi>oxijmeTcuï>i-l-napht}ioic Acid (70)

The mercuration and subsequent' hydro lys is  o f  3-bromo-1,8-
112naph tha l ic  anhydride, i s  described by Rule and Thompson who

113 114re fe r r e d  to  IVhitmore and Fox for  e s s e n t i a l  p r a c t i c a l  d e t a i l s .

The method used in  t h i s  syn thesis  was t h e re fo re  a s im i la r  combination

of  the  two r e f e r e n c e s .
o

3-Bromo-l,8-naphthalic  anhydride' (27.7 g; 0.1 mol) was heated 

u n t i l  bo i l ing  in  a so lu t io n  of NaOH (13.6 g; 0.34 mol) in  water 

(520 cm^) in  a 1 Jl 3-necked f la sk  equipped with heat ing  mantle, 

magnetic s t i r r e r ,  double-surface re f lu x  condenser and dropping 

funnel . Tc t h i s  s t i r r e d  suspension was added from the dropping funnel

over 1 h, a so lu t io n  o f  yellow mercupic oxide (Fisher) (23.8 g; 0 .1 1 \
' 3 - ■ ' ■ • 3mol) in water (65 cm ) and g l a c ia l  CĤ COOH (25 cm ) .  This suspension

was s t i r r e d  under r e f lu x  for  98 h during which time considerable

volumes of  CO- were evolved. The white suspension was f i l t e r e d  and



j .103

and d r ied  to  give the hydroxymercuri d e r iv a t iv e  [70] (45 g; 100%]. The

i d e n t i t y  o f  the  product  was in v es t ig a te d  by i . r . .  only as i t  was too

i n v o l a t i l e  fo r  a mass spectrum to be taken and too in so lu b le  fo r  an

n . m . r . ; i . r .  [nujol]  3025, 3005 [aromatic C-H], 1650 [aromatic C=0],
-11080 [aromatic C-Br], 835, 785, 770 era [ 1 ,3 , 8 - t r i s u b s t i t u t e d  

naphtha lene) .  ïi*

3~Bromo-l~naphthoio Acid (7t )

Anhydro-3-bromo-8“hydroxymercuri - l-naphthoic acid [45 g; 0.1 mol]
3 3was bo i led  under r e f lu x  fo r  4 1/2 h with 400 cm water and 150 cm

concentra ted  HCl. , The re a c t io n  mixture was l e f t  to  cool overnight  and

the  white s o l i d  which had s e t t l e d  was f i l t e r e d  and washed with water.

The crude s o l id  was r e c r y s t a l l i s e d  from g l a c ia l  CĤ COOH and four

sep a ra te  c ry s t a l  f r a c t io n s  c o l l e c te d .  3-Bromo-l-naphthoic acid was

l e s s  so luble  than the 6-bromo-l-naphthoic ac id  a lso  p resen t  in  the  crude

s o l i d ,  and so the f i r s t  f r a c t io n s  c o l lec ted  contained the 1,3-isomer.

The so l id  obtained from these  f r a c t io n s  was v igorously  d r ied  and then

melted a t  230.5-232° [ l i t . m . p .  231-2°]. The y ie ld  o f  [71] was 50%;,

i . r .  [ n u j o l ] '3200-2500 (bonded OH carboxyl ic  a c i d ] , 1690 [aromatic
-1  ■carboxyl ic  acid  C=0], 1080 [aromatic C-Br], 855, 835, 745 cm [1,3- 

d i s u b s t i t u t e d  naph tha lene] ; n .m .r .  [ [CD ] CO] t  0 .5 -2 .5  p.p.m. [ra,

CiqH^]; mass spectrum (70 eV] m/e [ r e l a t i v e  i n t e n s i t y ]  252 [98,

^Ĥ  ^^0^ ®^Brj] = 252], 251 [13], 250 [100,

^^Br^] = 250], 246 [34], 244 [35], 207 [21], 205 [21],  126 C67], 115 '

[1 8 ] .  ^
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3-Bromo~t-methylnaphthoate (72)

3-Bromo-l-naphthoic acid  was e s t e r i f i e d  in 95% y ie ld  by the

a d d i t io n  o£ an e the rea l  so lu t io n  o f  CĤ N̂  t o  an e th e rea l  s o lu t io n /

suspension o f  the  acid (72). The so l id  e s t e r  was r e c r y s t a l l i s e d  from

60-75° petroleum e t h e r ' t o  give a white c r y s t a l l i n e  s o l id  which melted a t

58-59° ( l i t . -^^^  59°);  i . r .  (nujol)  3050, 3010 (aromatic C-H), 1 7 ^

(aromatic carboxylic  e s t e r  C=0), 1040 (aromatic C-Br), 855, 832, 750,
-1  '742 cm ( 1 ,3 - d i s u b s t i tu t e d  naphtha lene) ;  n .m .r .  (CCl^) t 1 .1-2 .8  (m, 6, 

C i o ^ ) , 6.18 p.p.m. (s ,  3, COOCĤ ) ; mass spectrum (70 eV) m/e ( r e l a t i v e  

i n t e n s i t y )  266 (92, ^^0^ ®^Br^) = 266), 264 (93,

(^^Ci2 ^Hg ^^0^ ^^Br^)=.264), 235 (99), 233 (100), 207 (39),  205 (40), 

126 (75).

2~BTomo~t~naph.thytGarhi.nol (7S) ' ' -

3-Bromo-l-methylnaphthoatê was reduced to  3-bromo-l7naphthyl-

ca rb ino l  in  q u a n t i t a t iv e  y ie ld  with LiAlH^ in anhydrous e th e r .  The

b u f f  coloured so l id  res idue  was r e c r y s t a l l i s e d  th ree  times from

100-110° petroleum e the r  to  f ine  white needles , m.p. 106-107°; i . r .

(nujol)  3350 (bonded OH), 1065 (aromatic C-Br), 865, 850, 745 cm

( 1 ,3 - d i s u b s t i tu t e d  naphthalene) ; n .m .r .  (CCl^) t 1 .95-2.8 (m, 6, C ^^^ )  ,

5.03 (s , 2, CH2 OH), 8.51 p.p.m. ( s ,  1, OH). The s i n g l e t  a t  t  8.51 p.p.m.

disappeared on D̂ O exchange; mass spectrum (70 eV) m/e ( r e l a t i v e

i n t e n s i t y )  238 (39, \  ^^0^ ®^Br^) = 238), 236 (40, M^(^^C^^
1 1 6 - 7Q ,
Hg ^°0^ ^^BTj) = 236),. 221 (3) ,  219 (5); 209 (6), 207 (8).  157 (18),

139 (21), 129 (91), 128 (100), 127 (42). ' •
■ \

Anal. Calcd. fo r  C.,H„OBr: C, 55.71; H, 3.83. ^Found: C, 55.74;11 y

H, 3.83.  " ... , -
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3-Bromo-l~bromomethylnaphthalene (74) . •

Bromination o f  the  carbinol (7 3 ) 'with PBr^ in benzene gave an 85%

yield, o f  the  bromide (74). This was r e c r y s ta l l i s e d  th ree  times from ^

a 10% benzene/100-110° petroleum e the r  mixture to  white needles which

melted a t  94-96'’; i . r .  (nujol) 3010 (aromatic C-H), 1050 (aromatic C-Br),
-1865, 850, 765, 738 (1 ,3 -d isu b s t i tu te d  naphthalene), 540, 518 cm 

(a l ip h a t ic  C-Br); n .m .r , (CCl^) t 1 .9-2.75 (m, 6, C^qH^), 5.25 p.p.m.

(s , 2, CHgBr) ; mass spectrum (70 eV) m/.e ( r e la t iv e  in te n s i ty )  501.897 

(11, ^Hg ^^Br^) = 301.896), 300 (24), 298 (12),' 222 (25),

221 (100), 220 (26)', 219 (100), 141 (21), 140 (44), 139 (45).

Anal. Calcd. fo r  C., H_Br_; C, 44,03; H, 3.09. Found: C, 44.20; H, '
l i  o 2

2.81.

3-Bvômo~l-fluorom ethyZnaphthatens (73)

3-Bromo-l-fluoromethylnaphthalene was prepared from the bromide in  

the usual way. The y ie ld  o f fluoromethylnaphthalene.was 61% following 

column chromatography o f  the reac tio n  res idue  on s i l i c a  ge l; i . r .

(film) 3070 (aromatic C-H), 2975, 2925, 2860 (a l ip h a t ic  C-H), 1060 

(a l ip h a t ic  C-F), 1020 (aromatic C-Br), 830, 760 cm  ̂ (1 ,3 -d isu b s t i tu te d  

naphthalene); n .m .r . (CCl^) t 1 .9-2 .8  (m, 6, C^gH^), 4.55 p.p.m. (d, 2, 

CH„F, J  = 48.0 Hz); mass spectrum (70 eV) m/e ( re la t iv e  in te n s i ty )  240 

(56, (^^C^j ^Hg ^^Br^'^^Pp = 240), 239 (15), 237.973 (58,

(^^C^^ ^Hg ^^BTj = 237.973) , 160 (17), 159 (100), 158• (13),

157 (17), 133 (17).

%
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Attem pted P reparation o f  3-F luoro-l-m ethylnaphthoate J f*-' f

115 ‘Sheppard and Sharts  s t a te  th a t  " . . .H a lo gen  atoms on aromatic 

r in g s  may be r e a d i ly  rep laced  using potassium f lu o r id e  i f  th e re  i s  an ’ 

e lectron-w ithdraw ing grdlip in  a p o s i t io n  o r th o - or p a r a - . . . " .  Finger and 

K r u s e d e s c r i b e d  the  f lu o r in e -c h lo r in e  exchange of £ -c h lo ro n i tro -  

benzene in  dimethylsulphoxide with potassium f lu o r id e  a t  .185-190° fo r  

14 h ou rs .

Somewhat optim istically 'l-t,yW as hoped th a t  i t  might be p o ss ib le  to
y

c a rry  out a s im ila r  exchange on 3-bromo-l-methyInaphthpate to  give the 

3 -f luo ro  compound, even though the e lectron-w ithdraw ing group was not 

disposed e i t h e r  o r th o - or pa ra -  to  the  exchanging group.

The 3-bromo compound (72) was heated with anhydrous potassium 

, f lu o r id e  in  N-methylpyrrolidone a t  190° fo r  18 h. Following chromato­

graphy on 52% y ie ld  o f  1-methylnaphthoate was obtained. Spectra  o f  
\ ' - 

t h i s  compound were id e n t ic a l  to  those o f  the  product of the  re a c t io n

between CH_N and 1-naphthoic acid  (28). The remainder of the  m a t e r i a ^  

e lu ted  from the  column was unchanged s t a r t i n g  m a te r ia l .

To determine whether t h i s  somewhat s u rp r is in g  r e s u l t  was some 

function  of the  so lv e n t,  the reac t io n  was repeated  using sulpholane as 

th e .s o lv e n t .  The sulpholane was examined fo r  o x id is a b le , im p u r i t ie s  by 

making a 1:1 so lu t io n  with concentra ted  H^SO^. A fter 5 minutes a colour 

had appeared in d ic a t in g  th a t  im p urit ie s  were p resen t and so the
117sulpholane was p u r i f ie d  .according to  the  procedure o f  A rnett and Douty 

by d i s t i l l a t i o n  from powdered NaOH between 125-135° a t  5.0 mm. The 

sulpholane was s to re d  over molecular s ieves  under n itrogen .

Two attempts' to  p repare  3-fluoro-1-m ethylnaphthbate were made using 

sulpholane as the  so lven t)  The f i r s t  was c a r r ie d  out a t  190 fo r  24 h.
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Only, a t r a c e  of 1-methylnaphthoate was de tec ted  in  the  product; mainly 

. s t a r t i n g  m ateria l  was obtained following chromatography of the 

re a c t io n  res idue . The second attempt was c a rr ied  out a t  185° fo r  ten  

days, but only s t a r t in g  m ateria l  was obtained from th i s  a ttem pt.

No t r a c e 'o f  f lu o r in a te d  compound was ever de tec ted  and so th is  

sy n thesis  was abandoned.

3-Cyano-l-xiap‘ht'hiilcapbinoZ (76) (é-H ydroxym ethyl-B -naphthonitrite)

3-o/ano-'']Nrta^ithylcarbinol was prepared in 51% y ie ld  from 3-bromo- 
' f  .

1-naphthyIcarbinol ‘by cyanide-bromide exchange using cuprous cyanide in

N-methylpyrrolidone. The rea c t io n  mixture wa's heated a t  180-190°

for. 0 h. The pale-yellow  so l id  residue  was r e c r y s t a l1ised  from a

10% ■benzene/100-110° petroleum e th e r  mixture to  a w M te-so lid  which.

melted at. 87-89°; i . r .  (nujol) 3425 (bonded OH), 3010 ^aromatic C-H),

2220 (ary l n i t r i l e  C=N), 875, 760, 740 cm"^ (1 ,3 -d i s u b s t iW e d

naphthalene); n .m .r . (CDC1„) t 1 .95-2.7 (m,. 6 , ' C^q̂ )  , 4 . 9 s \ ( d ,  2,

CĤ OH, J  = 0.6 Hz), 5.52 p.p.m. ( t ,  1, CĤ OH, J = 0.6 Hz). On D̂ O

exchange the t r i p l e t  a t  t 5.52 p.p.m.; disappeared and t h e ^ u b l e t  a t

T 4.95 p.p.m. co llapsed  to  a s in g le t .  Mass spectrum Q/Q eV) m/e

( r e la t iv e  in te n s i ty )  183.072 (48, = 163.068),

182 .(18), 165 (11), 154 (30), 153 (100), 140 (13), ^ 7  (54), 115 (6).

Anal. Calcd. fo r  C^2 *̂ IgON: C, 78.47; H, 4.95; N,£ 7.65. Found: ^

C, 78.79; H,. 5.26; N, 7.58.
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l-Bromomethyl-3-oyccnonaphthalene (7?) ( 4-^romomethyl-2 -n a p h th o n itr i le )

l-feromoinethyl-3-cyanonaphthalene was prepared from the  corresponding
• ' ' , . 0  ca rb in o l  (76) with PBr^ in benzene. The w h ite^so lid  res id u e  was ,

r e c r y s t a l l i s e d  th re e  times from a 10% benzene/100-110“ petroleum e th e r

mixture to  give a ?0% y ie ld  o f  a white c r y s t a l l i n e  s o l id  which melted
\  ■

a t  i . r .  (nu jo l)  3010 (aromatic ^C-H), 2210 (a ry l  n i t r i l e

C=N), 855, 770, 750 ( 1 ,3 -d isu b s i tu te d  naph tha lene) , 565 cm  ̂ [ a l ip h a t ic  

C-Br); n .m .r ,  [ [CD^)2C0] t  1 .5 -2 .5  [m, 6 ,  4.82 p.p.m. [s , 2,

CH^Br); mass spectrum [70 eV) m/e ( r e l a t i v e  in te n s i ty )  247 (8,

C^^Ci2 ^^B rp  = 247), 244.978 [8, ^Hg ^®Br^) =

244.984), 167 (37), 166 (100), 144 (17), 141 (5 ) , 140 (22), 139 (16), ' 

115 (4). : \

. ' Anal. Calcd. fo r  *^22^8^^^' -58.56; H, 3.28; N, 5 .69. Found:

C, 58:54; H, 3.32; N, 5.59.

3-C]}ano-t-fluorom ethylnaphthalene (78) ( 4-F luor omethy I-2~naphthoni t r i t e )  

The fluorom ethylnaphthalene (78) was prepared in  42% y ie ld  from i t s  

bromomethyl p recu rso r  (77). The re a c t io n  mixture was heated  a t  130-140'’C 

fo r  4 h and then worked up with s a tu ra te d  NH^Cl so lu t io n  and 

chromatographed on s i l i c a  gel to  give a white s o l id ;  i . r .  (nu jo l)  3030 

(arom atic C-H), 2225 (aromatic CeN), 1075 ( a l ip h a t ic  C-F), 835,, 750 cm  ̂

( 1 ,4 -d is u b s t i tu te d  naphthalene); n .m .r .  (CDCl^) t  0 .7 -2 .7  (m, 6 , C^^g^), 

4.1 p.p .m , (d, 2, CH.F, J = 48.0 Hz); mass spectrum (70 eV.) m/e 

( r e l a t i v e  in te n s i ty )  185.074. (100, ^^^1^ = 185.058) ,

184 (86), 180 (10), 166 (9), 165 (29), 164 (10), 159. (7 ) , 158 (37), .
■ f '  ' ■157 (20), 153 (12), 141 (2), 140 (6), 133 (5), 1 1 5 ,(1 ) . ,  '
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2-Cifano-'l~methoxymethylnaphthàlene (79) (4~Methoxymethiil-2~naphtho- 

n i t r i l e )

The methyl e th e r  ,(79) was prepared by re a c t in g  1-bromomethyl-1- 

cyahbnaphthalene with sodium in methanol. A f te r  the  normal work-up 

the  e th e r  (79) was obtained as a co lo u r le s s  so l id  in 90% y ie ld ,  m.p. 

6 7 .5 -68 .5° ; i . r .  (nujo l) 3020 (aromatic C-H), 2220 (ary l n i t r i l e  C5N),

1125 (-CH^-O-CH^-, C-0), 850, 770, 745 cm'^ (1 ,3 -d is u b s t i tu te d  

naph tha lene); n .m .r .  (CCl^) t 1 .95-2 .6  (m, 6, ,. '5 .22 (s ,  2, CH^OCH^),

6.71 p.p.m . (s ,  3, CH^OCH^); mass spectrum (70 eV) m/e ( r e l a t iv e  

in te n s i ty )  197.070 (15, ^^0^) = 197.084), 196 (88),

195 (48), 181 (15), 166 (80), 165 (100), 163 (15), 153 (28), 139 (35),
■ /  . '

138 (20), 128 (22), 115 (1).

Anal: Calcd. fo r  : C, 79.14; H, 5.62; N, 7 .10. . Found:

C, 79.45; H, 6 .00; N, 7 .06.

S-Acetyt-l-m ethoxym ethiilnaphthalene (80)'
3Magnesium tu rn in g s  (1,22 g; 0.05 g atom) were placed in  a 50 cm

: .,3
3-necked f la sk  with 5 cm anhydrous-x^ther. The f la sk  was f i t t e d  with a_

3re f lu x  condenser, 25 cm e q u i l ib ra t in g  dropping funnel, magnetic 

s t i r r e r  and n itro g en  i n l e t .  The magnesium was s t i r r e d  under the
■ - 3

n i tro g e n  atmosphere fo r  5 min and then 1 cm o f  a so lu t io n  o f  CH^l
■ 3 .

(1.42 g; 0.05 mol) in  e th e r  (10 cm ) was added from the dropping funnel. 

The e th e re a l  so lu t io n  became cloudy a f t e r  about 3 min. .The remainder

of  the  CILI so lu t io n  was .added and th e  re a c t io n  mixture s t i r r e d  fo r  a
-

f u r th e r  3 h.
3

Anhydrous benzene (19 cm ) was added and the  condenser arranged 

fo r  d i s t i l l a t i o n .  The e th e r  was d i s t i l l e d  o f f  and the  conuenser
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re tu rn ed  to  the  r e f lu x  p o s i t io n .

3-Cyano-l-methoxymethylnaphthalene (1.97 g; 0.y01 mol) was added
3

in  one batch in 10 cm benzene. This so lu t io n  was s t i r r e d  under

re f lu x  fo r  7 h. A fte r  15 min the  so lu t io n  had turned green. At the

end of the 7 h reac t io n  period the mixture was cooled in an ic e -b a th .
3The reac t io n  mixture was t r a n s fe r re d  to  a 250 cm f la sk  and 6 N HCl

3
(100 cm ) was added very c au tio u s ly . There was considerab le  effervescence  

and the  mixture turned  yellow-brown in  co lour. This so lu t io n  was 

s t i r r e d  under r e f lu x  fo r  56 h. The two lay e rs  were separa ted  and the 

benzene layer  washed with water (2 x 2(10 cm^), with 10% NaHCOj so lu t io n
3 3

(4 X 100 cm ) and again with water (3 x 100 cm ) .  The pink benzene 

so lu t io n  was. d r ied  with anhydrous MgSÔ  and was evaporated to  a dark 

brown, th ick  v iscous , l iq u id  re s id u e . N.m.r. an a ly s is  o f  t h i s  res idue  

in d ic a te d  severa l  spurious peaks in  both the  methylene and methyl 

reg io n s . The res idue  was chromatographed on s i l i c a  gel using a 10% 

benzene/35-45° petroleum e th e r  mixture as th e  e lu e n t.

3-Aœtyl- 1-raethoxymethylnaphthalene was obtained in  77% y ie ld ;  

i . r .  (film ) 3150, 3075 (aromatic C-H), 3000, 2940, 2900, 2825

(a l ip h a t ic  O H ) , 1680 (aromatic ketone C=0), 1115, 1095 (-CH^-O-CH^-),
-1 ‘845, 766, 760, 735 cm (1 ,3 -d is u b s t i tu te d  naphthalene); n .m .r . (CCl^)

J  T 1.8-2 .85  (ra, 6, C ^ ^ ^ ) ,  5.42 (s ,  2, CH^OCH^), 6.79 (s , 3, CH^OCH^),

7.56 p.p.m. (s ,  3, COCHj); mass spectrum (70 eV) m/e ( r e l a t iv e

in te n s i ty )  214.108 (75, ^ ^ 0 ^ ) .= 2 1 4 .0 9 9 ) ,  199 (67),

186 (15), 1^3 (35), 181 (22), 171 (27), 149 (29), 141 (15), 139 (46),

115 (9), 84 (100). The procedure followed here  i s  based-on th a t  o f 
120C allen  e t  a l .  • ,
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3-Aœtyl^l-bromome thy Inaph thalcne (81)

The bromide (81) was prepared from the m e th ^  e th e r  (80) in 

q u a n t i ta t iv e  y ie ld  with dry HBr gas in benzene. The so lu t io n  was 

s t i r r e d  a t  room temperature fo r  12 h and a t  60** fo r  2 h. The so l id  

res id ue  was r c c r y s ta l l i s c d  th ree  times from a 10% bcnzenc/100-110® 

petroleum e th e r  mixture to  give co lo u rless  c ry s ta l s  o f  (81), m.p. 

109-110.5°; i . r .  (nujo l) 3030 (aromatic C-H), 1680 (aromatic ketone),

845, 775, 730 (1 ,3 -d is u b s t i tu te d  naphthalene), 570 cm  ̂ ( a l ip h a t ic  

C-Br); n .m .r . (CCl^) t 1 .4-2 .75 (m, 6, C^^H^), 5.17 (s ,  2, CH^Br^' 7.42 

p.p.m. (s , 3, COCHJ); mass spectrum (70 eV) m/c ( r e la t iv e  i n te n s i ty ) ,

264 (1. (^^C^_ ^Hjj ^^0^ = 264), 262.009 (1,

^^0, ^^Br.) = 261,999), 220 (1), 218 (1), 183 (93), 141 (13), 140 (84),
1 1  ' J  • '

139 (100), 115 (14).

Anal. Calcd. fo r  Cj-H^^OBr; C, 59.35; H, 4 .21. Found: C, 59.09;

H, 4 .01.

3-CarbamoyI-l-naphthyIcax'binoZ (8S) (4-HydroxymethyZ-2^naphthamide} 

3-Carbam oyl-l-naphthylcarbinol was prepared from i t s  3-cyano 

p recu rso r  (76) by means o f  the  rea c t io n  between the  n i t r i l e ,  c a u s t ic  

soda so lu t io n ,  and hydrogen peroxide , in  e thano l. The y ie ld  of amide 

was low, only 50%. The product was r e c r y s t a l l i s e d  from 95% ethanol 

th r e e  times to  give co lo u r le s s  c ry s ta l s  o f  carb ino l (83), m.p. 155-156°; 

i . r .  (nu jo l)  3400 (hydrogen bonded OH), 5150 (bonded NH), 3075, 3050,

3030 (aromatic C-H), 1695 (primary amide C=0), 1595 (primary amide), 850, 

835, 735 cm~  ̂ (1 ,3 -d is u b s t i tu te d  naph tha lene); n .m .r .  [ (CD^)^CO] t  1.4- - 

2 .5 (m, 6, C ^Q ^), 4.92 (s ,  2, CH^OH), 7.0 p.p.m. ( s ,  3, CONH, and 

CHgOH). The broad s in g le t  a t  x 7.0 p.p.m. disappeared when the  so lu t io n
\
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was shaken with D^O; mass spectrum (70 oV) m/c ( r e la t iv e  in te n s i ty )

201.088 (54, Mj. « 201.079), 185 (15), 172 (38),

155 (20), 141 (3 ) ,  139 (25), 129 (100), 128 (48), 127 (44), 115 (11).

Anal. Calcd. fo r  5 .50; N, 6 .96. Found:

C, 71.50; H, 5 .43 , N, 6 .71.

S-Aaetul-'^-fluoromethulnaphthatùne (82)

3-Acetyl - l - f lu o ro m eth y ln ap h th a len e 'was prepared from 3 -a c c ty î -  

bromomethyInaphthalcne  by brom ide*fluoride exchange a t  130-140° fo r  4 h. 

The y ie ld  ferllowing chromatography on s i l i c a  gel was 36%; i . r .  (film)

3040 (aromatic C-H), 2985, 2980 ( a l ip h a t i c  C«-H), 1680 (aromatic 

ketone C=0), 1060 (a l ip h a t ic C -F ) , 850, 765, 755 cm'^ (1 ,3 -d is u b s t i tu te d  

naph tha lene);  n .m .r .  (CCl^) t 1 .67-2.62 (m, 6, C^q̂ ) ,  4.45 (d, 2, C ^ F ,

J  = 48 Hz), 7.43 p.p.m . (s ,  3 , COCH_); mass spectrum (70 eV) m/e 

( r e l a t i v e  in te n s i ty )  202.084 (90, (^^C^, ^^0^ ^^F^) = 202.079),

188 (34), 187 (100), 160 (17), 159 (91), 157 (24), 141 (3 ) , 139 (26),

133 (55), 115 (7).

/I!
Z-Bromomethiit-S-carbamoi^Zruxvhthalene (84) (4~Bi'omomethyZ-2-naDhthamide) 

The c a rb in o l  (83) was brominated with PBr^ in  benzene to  give a 

33% y ie ld  o f  the  bromide (84). R e -ex trac tio n  o f  the  aqueous re s id u e  with

CH^Clg p lus so k h le t  e x tra c t io n  of the  re s id u e  following evaporation
> *

to  dryness o f  the  aqueous res id ue  could no t improve the  y ie ld  obtained .

The s o l id  was r e c r y s t a l l i s e d  from a 10% benzene/100-li0° petroleum

e th e r  m ixture to  give c o lo u r le s s  c r y s t a l s ,  m.p. 204-5°. Brom ide-fluoride 

exchange was not attempted because o f  the  small amount o f  th e  bromide
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(84) a v a i la b le  and because o f  .the lack of success encountered during

the  attempted p rep a ra t io n  o f  the  1,4-isomer o f  t h i s ’ compound; i . r .

(nu jd l)  3350, 3180 (amide N-H), 3110 (aromatic C-H), 1665 (aromatic

amide C=0), 860, 780, 750 (1 ,3 -d is u b s t i tu te d  naph tha lene), 550 cm"

( a ^ p h a t i c  C-Br); n .m .r .  [ (CDg)^CO] t 1 .4 -2 .6  (m, 6, C ^ ^ ^ ) , 4.95 (s, 2,

CR2 B r) , 6 .8  p.p.m . (s ,  2, CONH^); mass spectrum (70 eV) m/e ( r e la t iv e

i n t e n s i t > ^ 6 5  (10, ® ,̂Br^) = 265), 262.991

(10, .M (^^C,_ ^ ^B rJ  = 262.995), 185 (17), 184 (100),r  i z 10 1 X i
141 (6 ) , 140 (20), 139 (22), 115 (2).

Anal;; Calcd. fo r  ^^2^10^^^^' 52.56; H, 3.26; N, 5'. 11. Found;

C, 52.69; H, 3.48; N, 5.05., ' v '

S~Carboxy-l-naphthyZcarbinoI (85) (4~H ydroxym ethyî^-nap\hoia  Acid) '

3-C arboxy-l-naphthylcarb inol was prepared I from 3 - ^ a n o - l -
\  ' :

nap h th y lca rb in o l.  This sy n th e t ic  transfo rm ation  w aa^ttem pted  by a c id ic  

hy d ro ly s is  o f  the  n i t r i l e j  but a l l  attem pts w ere^unsuccessfu l. The 

n i t r i l e  (76) was hydrolysed to  the  carboxy lic  ac id  in  q u a n t i ta t iv e

y ie ld  by re f lu x in g  the  n i t r i l e  w ith"6"T^solution o f  NaOH in  water u n t i l  

only one phase was p resen t in  the  re a c t io n  m ixture (15 h ) . The white 

s o l id  obtained a f t e r  wbrk-up was r e c r y s t a l l i s e d  from 95% ethanol to  

give co lo u r le ss  c ry s ta l s  o f  the  acid (85), m.p. 293-295"; i . r .  (nujol) 

3050 (bonded OH), 1680 (arom atic carboxylic  ac id  C=0), 860, 775, 740 cm

( 1 ,3 -d is u b s t i tu te d  naph tha lene);  n .m .r . [ (CD^j^CO) x 1.47-2,65 (m, 6, 

C'j^qH^), 4 .9 (s , 2, CH^OH), 5.95 p.p.m. (s ,  1, CH^OH), The broad s in g le t  

a t  T 5.95 p.p.m . disappeared, on the addition^ o f  D2 O to  the  so lu t io n ;

10mass spectrum (70 eV) m/e ( r e l a t iv e  in te n s i ty )  202.057 (86,
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^^0^) ■= 202.063}, 173 (52}, 157 (25}, 155 (42), 141 (13}, 124 (100},

123 {52}, 115 (21}. '

Anal." Calcd. fo r  ^ ' 71.30; H, 4 .47. Found: C, 71.60;

H, 4 .69 .

3-M ethoxycarbonyl-l~naphthylaarbinol (86) (4-Hydroxymethyl-2-methyt~

naphthoate) ' . ■

The m e th y l /e s te r  of S -carboxy-l-naph thy lcarb ino l was prepared in

90% y ie ld  from the  re a c t io n  between an e th e rea l  suspension o f  the

carboxy lic  acid  and an e th e re a l  so lu t io n  of CH^N^. The white so l id

e s t e r  was r e c r y s t a l l i s e d  from a 10% benzene/petroleum e th e r  mixture

and was then vacuum'sublimed to  give c o lo u r le ss  c r y s ta l s ,  m.p. 79-80°;

i . r .  (nujol} 3200 (bonded OH}, 1710 (ary l e s t e r  0=0}, 850, 765, .735 cm” ^
■

(1 ,3 -d is u b s t i tu te d  naph tha lene); n .m .r .  [ (CD^}^00] t' 1 .3 -2 .7  (m, 6, 

C^gl^} , 5 .0 _(s, 2, Cl^OH}, 6.15 (s , 3, COQCĤ } , 6.65 p.p.m. (s , 1,

CHgOH). The s in g le t  a t  x 6.65 p.p.m. disappeared on ad d it io n  o f  D̂ O 

to  the  so lu t io n ;  mass spectrum (70 eV} m/e ( r e l a t iv e  in te n s i ty }  216.076 

(100, = 216.079}, 187 (61), 185 (31), 183 (20),

157 (29), 155 (42), 143 (19) , 141 (9)7  139  128 (46),

127 (32), 115 (5).

Anal. Calcd. fo r  : 0, 72.25; H, 5 .59. Found: C, 71.97;

H, 5 .50.

/
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l-Bromomethyt-S-methoxyaorbonylnapiîthàLene (87} ' (4-Bromomethyt~2-

methy Inaph thoa te)  _ .

l-Bromomethyl-3-raethoxycarbonylnaphthalene was prepared from the

corresponding ca rb in o l (86] in  80% y ie ld  using PBr^ in  benzene as the .

reagen t. ‘ The bromide (87) was r e c r y s t a l l i s e d  from 60-75° petroleum e th e r

to  long white needles^ m.p. 125-126.5 ; i . r .  (nujol) 3070 (aromatic

C-H), 1710 (aromatic e s te r  C=0), 800, 775, 725, 715 (1 ,,3 -d isu b s ti tu ted
-1naph tha lene), 590 cm (a l ip h a t ic  C-Br); n .m .r .  (CCI.) t 1 .3 -2 ;8  (m,.6 , 

C i o ^ ) ,  5.15 (s ,  2, CH^Br), 6.12 p.p.m. (s ,  5, COOCĤ ) ; mass spectrum 

(70 eV) m/e ( r e l a t iv e  in te n s i ty )  280 (6, ^^0^ ^^Br.j) =

280), 277.997 (6, ^^0^ '^^Br^) = 277.5194), 249 (2),

247 (2), 199 (100), 141 (13), 140 (22), 139 (23), 115 (3).

Anal. Calcd. fo r  C J h -  0.iBr: C, 55.95; H, 3.97. Found: C, 56.60;
.. \iO xl Z

H, 4 .05. :

t-F luorom ethyl-S-m ethoxycarbonylnaphthalene (88) (4-FLuoromethyt~2~ 

me thy Znaphthoate) '

1- Fluoromethyl-3-methoxycarbonylnaphthalene was prepared from 

the  bromide (87) in  40% y ie ld  by brom ide-fluoride  exchange with 

anhydrous KF. The fluoromethylnaphthalene was a c le a r  l iq u id ;  i . r .

(film ) 3075, 3050 (aromatic C-H), 2960, 2925, 2865 (a l ip h a t ic  C-H),

1725 (a ry l  e s te r  C=0), 1055 ( a l ip h a t ic  C-F), 865, 850, 765, 753 cm (1,3-

d isu b s t i fu te d  naphtha lene); n .m .r . (CCl^) t  1 .5 -2 .7  (m, 6, C^gH^),

4.3  (d, 2, CH^F',, J  = 48.0 Hz), 6.15 p.p.m. (s , 3, COOCĤ ) ; mass 

spectrum (70 eV) ( r e la t iv e  in te n s i ty )  218.074 (94y
■J ft 1 Q \  ^

^^F.) = 218.074), 200 (9), 187 (100), 159 (71), 157 (14), 141 (7),
" '  \  . ■

139 (14), 133 (26), U 5 (4)v^
\  . -
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3-Ethoxifûarbonyl-î-etkoj:ym ethylnaphthalene, (89) and 3- Ethoxycarbonyl-

. l-ngphthiflQ arbinol (90) (4-E thoxym ethyt-2-ethylnaphthoate and 4~

Hydroxymethyl-2 -e th y Inaphthoate)

The carboxylic  acid  (85) (1.0 g; 0.005 mol) was d isso lved  in  100%
3 3ethanol (50 cm ) in  a 100 cm 3-necked f la s k  equipped with double-surface • 

r e f lu x  condenser, n itro gen  . in le t ,  magnetic s t i r r e r  and heating  mantle.
■ 3

Freshly  d i s t i l l e d  boron t r i f l u o r id e - e th e r a t e  ' (4 cm ) was added and
-

the  so lu tio n  s t i r r e d  under re f lu x  fo r  20 h.

The reac tio n  mixture was allowed to  cool and was poured in to
'

3^ ^^ ^ is ti l led  water (200 cm ) .  This was ex trac ted  with CH2 CI2 , washed and 

d r ie d .  N.m.r. spectroscopy o f  the  re s id u a l  o i l ,  following evaporation 

o f  thé  so lven t, showed th a t  both c a rb in o l-e s te r  and e th e r - e s te r  were 

p re se n t .  Theif i d e n t i t i e s  were confirmed by accura te  mass measurement 

o f  the  molecular ion peaks of both s p e c i e s . . Separation was not 

attempted as i t  was immaterial whether the bromide was prepared from 

the  e th e r  or the a lcoho l. E ither  function would be transformed to  the 

bromide on treatm ent with anhydrous HBr in  dry benzene; n .m .r . (CCl^)

T 1 .3 -2 .7  (m, C^Q^), 4.8 (s , CH^OH), 5.05 (s, Cd^OC^H^), 5.2 (s , OH),

5.72 (q, COOCHgCHg and CH^OCH^CH ,̂ J = 0.6 Hz). 8:6 p.p.m. ( t , CĤ OCĤ CĤ  and 

COOCHgCĤ ) J  = 0.6 Hz); mass spectrum (70 eV) m/e ( r e la t iv e  in te n s i ty )

258.142 ^%^) = 258.126), 230.001 ^^0^) =

229.996.
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*

t ‘~Bromomethyl~3-eihoxyaarboJiylnaphthaîene (91) (4-Bromomethyl-2-'

e thyInaphthoate)

Treatment of the  mixture o f  est e r - e th e r  C89] and e s te r -a lc o h o l

(90) with HBr in  benzene afforded  S-ethoxycafbonylrl-bromomethyl-

naphthalene in 98% o v e ra l l  y ie ld ,  c a lcu la te d  from the carboxylic

acid  (85). The white so l id  bromide (91) was r e c r y s t a l l i s e d  twice from

60-75“ petroleum e th e r  to  long white need les ,  m.p. 114-115“ ; i . r .

(nu jo l)  3040 (aromatic C-H), 1710 (a ry l  e s t e r  C=0), 855, 770, 740
-1  ■( 1 ,3 -d is u b s t i tu te d  naph tha lene), 555 cm ( a l ip h a t ic  C-Br); n .m .r .

(CCl^) T 1.2--2.8 (ifi, 6, C^pH^), 5.1 (s, 2, CH^Br),'s .6  (q, 2,^H^CH^,

J  = 0.6 Hz), 8.55 p.p.m. ( t ,  3, COOCĤ CĤ ,̂ J  = 0 .6 Hz); mass spectrum 

(70 eV) m/e ( r e la t iv e  in te n s i ty )  294 (10, (^^C^^ ^H^^ ^^0^ ®^Br^) =

294), 292,010 (10, = 292.010), 250 (4), 248 (4),

214 (41), 213 (100), 183 (19), 169 (54), 141 (31), 140 (20), 139 (21), 115 (6 

Anal. Calcd. fo r  57.35; H, 4 .47. Found: C,

57.28; H, 4.43.

3-E thoxyogpbonyl-l-fluorom ethylnaphthatsne (92) (é-F luorom ethyl-B-

e thylnaph thoa te) ■

The f lu o r id e  (92) was prepared from the bromide (91) in  35%

y ie ld .  The white so l id  f lu o r id e  melted a t  72-73“ ; i . r .  (melt) 3030

(aromatic C-H), 2980, 2920, 2850 ( a l ip h a t ic  C-H), 1720 (aromatic e s t e r
-1C=0), 1060 (a l ip h a t ic C -F ) , 800, 760, 740 cm (1 ,3 -d is u b s t i tu te d

,  '  . ?  
^naphthalene); n .m .r .  (CCl^) x 1 .6 -2 .9  (m, 6, Cj^q^) , 4.35 (d, 2, CH^F,

J  = 48.0 Hz), 5 .7 (q, 2, COOCĤ CĤ , J  = 0.8 Hz), 8.65 p.p.m. ( t ,  3,

COOCHgCHg, J. = 0.8 Hz); mass spectrum (70 eV)^m/e ( r e l a t iv e  in te n s i ty )
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232.088 (95, = 232.090), 214 (67), 204 (36),

188 (25), 187 (100), 186 (27), 169 (71), 159 (75), 141 (40), 139 (18), 

133 (20), 115 (15).

Zj 3-Bisbromomethylnaph±halene (94)  ̂ 3~Bromomethyl~l-methytnaphthalene 

(95) and t-Bromomôthyl-3-methylrüxphthalene (96)

1,3-Dimethylnaphthalene (Aldrich) (6.04 g; 0.0396 mol) was
■ ■ % ' 

d isso lv ed  in  CCl^ (500 cm ) in a 1 I,  f la s k  equipped with double- -

su rface  r e f lu x  condenser, hea ting  mantle and magnetic s t i r r e r .  N-

Bromosuccinimide (6.89 g; 0.0596 mol) w'as added, and the  so lu t io n
. i ■

s t i r r e d  under r e f lu x  fo r  10 h. A sample was withdrawn fo r  n.m.r." 

a n a ly s is  a f t e r  4 h and 10 h. The mixture was allowed to  cool and the 

succinimide on the  su rface  of the  l iq u id  was f i l t e r e d  o f f .  The CCI. 

so lu t io n  was washed with water (6 x 200 cm ) and d r ied  with anhydrous 

MgSO^. The so lu t io n  was evaporated to  a pa le  yellow liquid'*r€|sidue 

(9.16 g ) .
r

N.m.r. an a ly s is  o f t h i s  res id u e  in d ica ted  th a t  1 ,3 -d im ethy l-  

naphthalene, 1 ,3-bisbromomethylnaphthalene, 3-bromomethyl- 1-methyl- 

naphthalene and 1-bromomethy1-1-m ethyInaphthalene ' were a l l  p resen t in  

the  m ixture. The res idue  was su b jec ted  to  s o l id - l iq u id  chromatography

using 400 g s i l i c a  gel and e lu t in g  with 35-45° pe tro leun/^ether. Two
3 3 ). 600 cm f r a c t io n s  were c o l le c te d  and t h e r e a f t e r  200 cm frac1>tonsy The

f ra c t io n s  were analysed by n .m .r .  spectroscopy. The f i r s t  two 

contained unreacted  1 ,3-dim ethylnaphthaléne (0.94 g ) ,  the  nex t nine the 

two 1,3-methyl bromomethyl isomers in  approximately co ns tan t  

p ro p o r t io n s .  The l a s t  two f ra c t io n s  c o l le c te d  comprised 1 ,3-bisbromo­

methylnaphthalene (1,2 g ) .
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C r y s t a l l i s a t i o n  o f  th e  m ixture o f  th e  two isomers was attempted 

and t h i s  revea led  t h a t  the  3-bromomethyl-1 -methyl isomer was s ig n i f i c a n t ly  

l e s s  so lub le  in  60-75 petroleum e th e r  than the  1,3 isomer. F ra c t io n a l  

c r y s t a l l i s a t i o n ; o f  the  combined chromatographic f r a c t io n s  was c a r r ie d  

ou t. In a l l ,  n ine  c r y s t a l l i s a t i o n  f r a c t io n s  were c o l le c te d  and these  

comprised 1.88 g 1-bromomethyl-3-methylnaphthalene, 1.05 g 3-bromo­

methyl -1 -methy Inaphthalene and the  res id u e  which was a m ixture o f  the 

two.

All th re e  compounds (94), (95) a n d ■(96) were r e c r y s t a l l i s e d  from 

70-85° petroleum e th e r  to  long white need les .

1,3-BLsbromomethylnaphthalene (94) had a m.p. 111-112°; i . r .  (nujo l) 

3020 (arom atic C-H), 850, 780, 755 (1 ,3 -d i s u b s t i tu te d  n ap h th a len e ) ,

580 cm  ̂ ( a l ip h a t i c  C-Br); n .m .r . [ (CD_)^CO) t 1.7 -2 .7  (m, 6 ,  C ^ ^ ^ ) ,

5.0  (s , 2, a-CH^Br), 5.28 p.p.m. (s ,  2, 6-CH^Br); mass spectrum (70 eV)
19 1

m/e ( r e l a t i v e  in te n s i ty )  315.914 (12, ( C^^ Br^) = 315.911),

314 (25), 312 (13), 235 (100), 233 (100), 154 (94), 153 (45), 152 (12),

141 (3), 128 (9 ) , 115 (6).

Anal. Calcd. fo r  C, 45.9; H, 3 .21. Found: C, 45.92;-

H, 3 .19.

3 -Bromomethy1-1-methyInaphthalene (95) had a m.p. 86 .5-87°; i . r .

(nujol) 3075 (aromatic C-H), 870, 850, 775, 752 (1 ,3 -d is u b s t i tu te d

naph tha lene) , 548 cm  ̂ ( a l ip h a t ic  C-Br); n .m .r .  {CC1^ } t 2 .0 -2 .85

(ra, 6, 5.55 (s , 2, B-CH^Br), 7.35 p.p.m . (s , 3, a-CH^);
12 1mass spectrum (70 eV) m/e ( r e l a t iv e  in te n s i ty )  236 (8, ( C^^

fil 17 1 7Q
®^Br^) = 236), 233.994 (8, I  ^ 1 2  ” n  Br^) = 234.004), 156 (29),

155 (100), 153 (13), 152 (11) ,= 149 (7), 141 (15) , 115 (9) .
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Anal. Calcd. fo r  C , , Br : y^Ær-^l.53; H, 4 .73 . Found: C, 61.82;
f

H, 4 .76. V

l-Bromomethyl-3-methyInaphthalene (96] had a m.p. 63-63.5°; i . r .

(nujol] 3060 (aromatic C-H]; 872, 860, 849, 775, 745 (1 ,3 -d is u b s t i tu te d
-1naph tha lene], 570 cm (a l ip h a t ic  C-Br]; n .m .r .  (CCl^] t 1 .9-2.85

(m, 6, C^qH^], 5.28 (s , 2, a-CH^Br] , 7.59 p.p.m. (s , 3, B-C^] ;
■ 12 1 '  mass spectrum (70 eV] m/e ( r e l a t iv e  in te n s i ty ]  236 (11, ( C^^ "

^^Br^] = 236], 234.002 (11, ^^Br^] = 234.004], 186 (9],

156 (25], 155 (ICO], 153 (17], 149 (2 0 ] , ‘ 141 (14], 115 (10].

t^S^B isftuorom ethytnaphthaZene/97) '

Halogen exchange was c a r r ie d  out on 1,3-bis bromomethy Inaphthalene

by hea tin g  with anhydrous KF fo r  4 1/2 h. Chromatography o f  the  re a c t io n

res idue  on s i l i c a  gel and subsequent n .m .r .  a n a ly s is  of the  products

in d ic a te d  th a t  methylnaphthalene as well as fluoromethylnaphthalene

had been formed during th e  course o f  t h i s  r e a c t io n .  A ltogether th ree

chromatographic sep a ra t io n s  were necessary  to  ob ta in  the  1 ,3 -b is f lu o ro -

methylnaphthalene in a pure s t a t e .  The o v e ra l l  y ie ld  o f  b isfluorom ethyl

compound [97] which was a c le a r  l iq u id  was very Tow, only 5%; i . r .

(film ] 3075, 3020 (aromatic C-H], 2975, 2950, 2900, 2850 (a l ip h a t ic  '
-1C-H], 1060 ( a l ip h a t ic  C-F], 865, 850, 840, 765, 730 cm (1 ,3-

d is u b s t i tu te d  naph tha lene]; n .m .r .  (CCl^) x 2 .0 -2 .9  (m, 6, C^^H^], 4.45

(d, 2, ct-CH^F, J  = 48.0 Hz], 4.75 p.p.m. (d, 2, 8-CH^F, J = 48.0 Hz]..
1 2mass spectrum (70 eV] m/e ( r e l a t iv e  in te n s i ty ]  192.073 (97, ( C^^

1 19
“I'O ^ 2 ^  = 192.075], 191 (20], 170 (13], U59 (100], 141 (6], 139 (5], 

133 (8], 115 (2].
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t-FZuoï>omethyl-3-inethifZnaphthaZene (98)

l-Fluoromethyl-3-m ethylnaphthalene was prepared from 1-bromomethyl-

3-methylnaphthalene in 58% y ie ld .  The fluoromethylnaphthalene was

a c l e a r , l i q u i d ,  and i t s  i d e n t i ty  was confirmed sp e c tro sc o p ica lly ;

i . r .  [film ] 3050, 3025 (aromatic C-H], 2975, 2920, 2860 ( a l ip h a t ic
_ 1

C-H], 1065 (a l ip h a t ic  C-F], 860, 850, 830, 769, 730cm (1 ,3 -d isu b s t i tu te d  

naph tha lene); n .m .r .  (CCl^) t 2.0-2 .95  (m, 6, C^gH^], 4.45 (d, 2, a-CH2 F, 

J  = 48.0 H z] ,■7.65 p.p.m. (s,‘ 3, g-CH^] ; mass spectrum (70 eV] m/e- 

( r e l a t iv e  in te n s i ty ]  174.081 (100, ^^^11  ̂ 174.084] —

173 (27], 159 (90), 141 (31), 133 (9), 115 (9).

3-N‘itvo~ l-naph th^tcarb ino 'l (tOO)
118 ■ I t  was reported  by Broim and Subba Rao th a t  by means of the

reagen t sodium borohydride and anhydrous aluminum c h lo r id e  in diglyme,

i t  was p o ss ib le  to s e le c t iv e ly  reduce a n i t r o  function  in the  presence

o f  a carboxylic  acid or i t s  d e r iv a t iv e .  Diglyme (d ie thy lene  glycol

dimethyl e the r]  was d ried  with LiAlH^, f i l t e r e d ,  and d i s t i l l e d  under ■

vacuum, a t  49-50°/3.3 mm. Sodium borohydride was d isso lved  in t h i s

and 3 -n itro -l-m ethy Inaph thoa te  (Alfred Bader) was added. Anhydrous

A1C1_ (BDH) d isso lved  in  diglyme was added to  the s t i r r e d  m ixture.

This suspension was s t i r r e d  a t  10° fo r  1 h, 20° fo r  1 h, 40° fo r  2 h,

and a t  70° fo r  1 h. The rea c t io n  mixture was worked up by e x trac t io n

with e th e r .  N.m.r. and i . r .  sp ec tra  o f the  res idue  in d ica ted  th a t  no

reduc tion  had taken p lace .
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The re a c t io n  was repeated a t  a h igher tem perature, 80° fo r  5 h and

with la rg e r  and sm aller amounts o f  so lv e n t ,  but a l l  a ttem pts were

unsuccessfu l.  The p u r i ty  of the  reagents was checked by carry ing  out

t h i s  reduc tion  on p -n i trobenzo ic  acid  (see page 124) which was

re a d i ly  reduced to  p -n itrobenzy l a lcoho l.

This method was abandoned and a d i f f e r e n t  reac tio n  attempted.
119The procedure i s  th a t  of Nystrom , in  which the reducing agent is  

/ -
l i th ium  aluiïônium hydride and anhydrous aluminium ch lo ride  in  anhydrous 

e th e r .  Nystrom described the s e le c t iv e  reduction  of p-nitrobenzaldehyde

. and the lack of reduction  of p^n itro to lu en e  and n itrobenzene.
■ ' 3'LiAlH^ (0.38 g; 0.01 mol) was suspended in 10 cm anhydrous e the r

3in a 100 cm 3-necked f lask  f i t t e d  with re f lu x  condenser and drying 
3tube , 25 cm e q u i l ib ra t in g  dropping funnel and magnetic s t i r r e r .  The .

.suspension  was s t i r r e d  v igorously  fo r  10 min; anhydrous AlCl^ (1.33 g;
3 ■ - ' *0.01 mol) in  15 cm e th e r  was added quiddy and the mixture s t i r r e d

fo r  a fu r th e r  5 min. A suspension of 3 -n itro -l-m ethy lnaph thoa te  (2.0 g;
3

0.0087 mol) in 50 cm e the r  was added dropwise over 30 min. During 

t h i s  add it ion  the  rea c t io n  mixture effervesced  and a yellow-green 

s o l id  appeared on the su rface  of the  l iq u id .  This mixture was poured

in to .a  beaker and the beaker placed in  an ice -b a th .  Ice-co ld  water
3 _(100 cm ) was added cau tio us ly  and the two layers  which re su l te d  were

separa ted  an d 'the  aqueous layer ex trac ted  twice with, e th e r .  The combined
3organic e x tra c t  was washed with water (2 x SO cm ) with 10% NaHCÔ

3 3(2 X 100 cm ) and again with water (2 x 50 cm ) .  The e th e rea l  so lu tio n

was d ried  and evaporated to  a yellow-brown so l id  res idue  (1.26 g; 84^

• y ie ld )  which was r e c r y s ta l l i s e d  from a 10% benzene/lOO-llO* petroleum



'i 123

e th e r  mixture to  l i g h t  brown need les , m.p. 131 .5-133.5°; i . r .  [nujol)

3200 (bonded OH), 3010 (aromatic C-H), 1530, 1349 (aromatic n i t r o
- 1  ‘N-0), 860, 848, ,765, 755 cm (1 ,3 -d is u b s t i tu te d  naphthalene); n .m .r .

[ (GDg)^CO] T 1 .2 -2 .4  (m, 6, C ^ ^ ^ ) , 4 .77 , (d, 2, CĤ OH, J  = 6 Hz), 5.4

p.p.m. ( t ,  1, CĤ OH, J = 6 Hz). On ad d it io n  of D̂ O the  t r i p l e t

cen tred  a t  t 5.4 p.p.m. disappeared and the  doublet centred  a t  t 4.77

p.p.m . co llapsed  to  a s in g le t ;  mass spectrum ■(70 eV) m/e ( r e la t iv e

in te n s i ty )  203.065 (100, ^Hg ^^0^ = 203:058), 1.86 (20),

158 (25), 156 (23), 139 (36), 128 (98), 127 (80), 115 (10),

Anal. Calcd. fo r  Ĉ j^HgÔ N: C, 65.01; H, 4.47; N, 6 .85. Found:

C, 64.87; H, 4 .48; N, 6.99.

l-Brbmomethyl-Z-~n-itronavhthalene (tOl)

The alcohol (100) was brominated in 87% y ie ld  using the standard.

reagen ts  p rev ious ly  described . The yellow so l id  res idue  was r e c r y s t a l l i s e d• t.
th ree  times from a 10% benzene/100-110° petroleum e th e r  mixture to  pa le  ;

yellow c r y s t a l l i n e  need les , m.p. 149-151 ; i . r ,  (nujol) 3010 (aromatj.'c
' ‘ ■ ■ /

C-H), 1515 (aromatic NO^), 1345 (aromatic NO^), 870, 855, 785, 770,(760

( l ,3 - ( i i s u b s t i tu te d  naphthalene), 545 cm (a l ip h a t ic  C-Br) ; .n .m .r . ]
([ (Cp^)^CO] T 0 .8 -2 .8  (m, 6, C ^ g ^ ) , .  4 .8  p.p.m . (s , 2, CH^Br) ; mass

spectrum (70 eV) m/e ( r e la t iv e  in te n s i ty )  267 (10, (^^C^^ ^Hg ^^0^

®^Brp = 267), 264.981^(10, (^^C^^ ^Hg ^^0^ ^^Br^) =

264.968), 202 (8), 200 (8), 187 (13), 186 (100), 141 (4), 140 (28).

139 (19), 127 (6), 115 (2).

Anal. Calcd, fo r  C H„0_NBr: C, 49.63; H, 3.03; N, 5 ,26, Found:i i  6 Z
C, 49.56; H, 3,13; N, 5,20,
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l~FluoràmethyI - S -n itronaphthalene (102}

l -F luorom ethy l-3 -n itronaph thalene  was obtained from i t s  bromomethyl 

p recu rso r  in  13% y ie ld .  The fluoromethylnaphthalene was a b r ig h t  

yellow s o l id  which m elted^at 98.5-99"; i . r .  (nujo l) 3020 (aromatic C-H), 

1510, 1345 (aromatic NO^), 1060 ( a l ip h a t ic  C-F), 8 7 5 ,  855, 790, 775 cm"^ 

(1 ,3 -d is u b s t i tu te d  naphthalene); n .m .r .  (CCl^) t 1 .2 -2 .7  (m, 6,

C lO ^ ) , 4.25 p.p.m. (s ,  2, CH^F, J = 48.0 Hz); mass spectrum (70 eV) 

m/e ( r e la t iv e  in te n s i ty )  205.072 (100, M (^^C,, ^^Fi) =
'  r  1 1  o  1 6  1

205.054), 159 (90), 157 (30), 147 (35), 141 (8), 139 (35), 133 (90),

115 (10).

o ^ i t r o b e n z y l  a lcoho l (104)

This p rep ra t io n  was undertaken fo r  two reasons: to  a sc e r ta in

i f  the  rep o rted  s e le c t iv e  reduction  o f  a carboxy lic  acid  function  in

the presence o f  a n i t r o  function  could be c a r r ie d  out. The p rev ious ly

attem pted reductions o f  3 -n itro -l-m ethyInaph thoate  (p. . 121 ) were

"l \  unsuccessfu l under the  conditions repo rted  by Brown and Subba Rao.

Tbe reduc tion  o f  g -n i tro b en zo ic  ac id  to  g_-nitrobenzyl alcohol was one

o f  the  examples recorded by these  authors and so v e r i f i c a t i o n  o f  t h e i r

procedure and, a t  the  same time, the p u r i ty  o f  the reagents used in

th i s  a ttem pt was appropria te  a t t h i s  p o i n t . , .Secondly, th e  alcohol

(104) could subsequently be brominated and f lu o r in a te d  to  y ie ld

n itrobenzy l f lu o r id e . .  This compound could be used to  v e r i fy  the reported
45n .m .r .  parameters by Beguin and to  compare benzyl f lu o r id e  and 

fluoromethylnaphthalene data  d i r e c t ly .

Sodium borohydride (6.65 g; 0.175 mol) was suspended in  d ie thy len e -  :
3 3 ■ 'g lycol dimethyl e th e r  ("diglyme") (175 cm ) in  a 3-necked, 250 cm
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f l a s k  f i t t e d  with thermometer, re f lu x  condenser, dropping funnel and 

magnetic s t i r r e r .  g-N itrobenzoic acid (Aldrich) (8.35 g; 0.05 mol) 

was added to  the  s t i r r e d  suspension with considerable  effervescence, 

which q u ic k ly  subsided. A so lu tio n  o f  aluminium ch loride  (7.74 g; 0.58 

mol) in diglyme (29 cm ) was added to  the s t i r r e d  mixture from the ' 

dropping funnel over 1/2 h; the reac tio n  f la sk  was-maintained a t  20° 

in  a water b a th . At the end o f  the add ition  the reactibn-,mixture was 

pale  yellow in  colour. This mixture was heated and s t i r r e d  a t  75° fo r  

1 h 'and was then poured onto crushed ice  (250 g) and concentrated HGl^

(25 cm ) .  The c le a r  so lu t io n  which re s u l te d  as l e f t  to  stand overnight, N 

much o f  the water and diglyme was then removed on a ro ta ry  evaporator,

leaving a pale  yellow s lu r ry .  This s lu r ry  was ex trac ted  th ree  times
3 ' ' ■with e th e r  (3 x 100 cm ) ,  the so lu tio n  was d ried , f i l t e r e d  and

evaporated to  a c le a r  so lu tio n  which s t i l l  contained diglyme. Petroleum
z

e the r  (60-75°) (100 cm ) was added to  the  so lu t io n  and immediately a 

white so l id  p re c ip i ta te d  ou t. The so l id  was f i l t e r e d ,  d ried  and 

r e c r y s t a l l i s e d  from hot water to  y ie ld  4 .7  g (76%) o f  g -n itrobenzy l 

alcohol which melted a t  92.5-93° ( l i t . m . p .  92-93°; i . r .  (nujol) 3525

(hydrogen bonded 0-H), 1500 (aromatic -NO^), 1340 (aromatic -NO^),
-1  '  . •

825 cm (g -d isu b s t i tu te d  benzene); n .m .r . (CDCl^) t 1 .78-2 .6  (m, 4,

C^H^), 5.24 (s ,  2, CH^OH), 7.22 p.p.m. ( s ,  1, OH). The s in g le t  a t  t 7.22

p.p.m. disappearedjvheti the so lu tio n  was shaken with D^O; mass spectrum

(70 eV) m/e ( r e la t iv e  in te n s i ty )  153 (73, (^^Cy ^Hy ^^0^ =

153), 136 (17), 1^4 (11), 108 (22), 107 (42), 106 (37), 105 (18), 89 (70),

79 (30>, 78 (50), 77 (100).
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p-N itrobensyt bromide (IPS) .

^-Nitrobenzyl alcohol (3.06 g; 0.02 mol) was dissolved in  benzene
T

(50 cm 3 and brominated with P^r^ in  the usual way to give 3.65 g (85%)

o f  the  bromide (105) as long white needles which melted a t 98.5-99.5*’

( l i t . '^ ^  97.5-99) a f t e r  two r e c r y s ta l l i s a t io n s  from petroleum e ther

(60-75°); i . r .  (nujol) 3125, 3100, 3075 (aromatic C-H), 1540 (aromatic
-1-NO^), 1350 (aromatic -NO^), 805 (^ -d is u b s t i tu te d  benzene), 590 cm 

(a l ip h a t ic  C-Br); n .m .r. (CCl^) t 1 .7 -2 .6  (m, 5.5 p.p.m.

^  (s ,  2, CH^Br); mass spectrum (70 eV) m/e ( r e la t iv e  in te n s i ty )  217

(9, (^^C^ ®^Brp = 217), 215 (9, M̂, X
^^Brp = 215), 171 (1), 169 (1), 137 (15), 136 (100), 106 (15),

90 (35), 89 (27), 78 (30).

p-Nï-trobensyl flu o r id e  (106)

g^Nitrobenzyi bromide (105) was f lu o r in a te d  with anhydrous KF in

N-methylpyrrolidone. The f i r s t  compound e lu ted  from the chromatographic

column in  20% y ie ld  was p -n i tro to lu en e .  S pec tra 'and  the m.p. were

id e n t ic a l  to those o f  an au then tic  sample. The f luo rid e  was i so la te d  •

as a s o l id  in  35% y ie ld ,  m.p. 37-38° ( l it ."* ° '^^ '^ '^  m.p. 32-38 .5°);"
i . r .  (melt) 3040 (aromatic C-H), 2950, 2925 (a l ip h a t ic  C-H), 1530

■ ■ - ,  -1 
(aromatic -NO^), 1330 (aromatic -NO^), 1065 (a l ip h a t ic  C-.'), 80.5 cm

(g -d isu b s t i tu te d  benzene) ; n .m .r .  (CCl^) t 1 .65-2 .7  (m, 4, C ^ ^ ) ,

4.62 p.p.m. (d, 2, C ^F , J = 48.0 Hz); mass spectrum (70 eV) m/e

( r e la t iv e  in te n s i ty )  155 (82, (^^C^ ^^F^) = 155), ■

154 (26), 136 (100), 125 (10), 109 (5 ) , 91 (3), 65 (2).
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. B enzyl 'E'iuoviàe (t08) - . .

Benzyl f lu o r id e  was prepared  from benzyl bromide [Aldrich) in  50% 

y ie ld  by f lu o r in a t io n  with anhydrous KF; i . r .  [film) 3120, 3100, 3050

[aromatic C-H), 2975, 2980, 2920 [a l ip h a t ic  C-H), 1065 (a l ip h a t ic  C-F),
_1 - ■ ■ . , /   ̂ ' i '

745, 695 cm [monosubstituted benzene); n .m .r .  [CCl^) x 2 .5 -3 .2  [m,

5, C^Hg), 4 .76 .p.p.m. [d, 2, CH^F, J  = 4 8 . 0  Hz); mass spectrum [70,eV)
17 1 1 9  ■m/e [ r e l a t iv e  in te n s i ty )  110 [100, [ C  ̂ H,̂  F^) = 110), 109 [63),

91 (10), 63 (8). ' '
'

Other Syntheses ■

SeverA syntheses involv ing  1 -n ap h th o n itr i lc  were c a r r ie d  out 

p r i o r  to  the attempted rea c t io n  with the d is u b s t i tu te d  naphthalenes in  

o rder to  e s ta b l is h  the appropria te  reac tio n  con d itions . Not a l l .  o f  these  

were used,subsequently  but are  included here.

Z^AGetytnccphthatsne (ZlO)

Magnesium turn ings [0.3 g; 0.013 g atom) were p laced  in  a dry 50 cm 

3-néeked f la sk  f i t t e d  with magnetic s t i r r e r ,  r e f lu x  condenser with
. . . X . .

drying tube, 25? cm' e q u i l ib ra t in g  dropping funnel and a n itrogen  in l e t .
' -, . ' 3

.The magnesium turn ings were covered with anhydrous e th e r  [5 cm ) and

s t i r r e d  under n itrogen . A so lu t io n  o f  CH_I [0.85 g; 0.006 mol)_ in  e th e r
3 ■ ' ' ' •„

[5 cm ) was added from the dropping funnel over 1 1/2 h.^ Dry benzene

[15 cm ) was added and the e th e r  was d i s t i l l e d  o f f .  1 -N aphthonitr ile  .

[0.5 g, 0.003 mol) was added and the  so lu t io n  re f lu x ed  fo r  5 h. This

so lu t io n  was cooled and 6 N HCl [6 cm ) added. Refluxing was continued

fo r  a f u r t h e r - 8 Ti. The two layers .w ere  separa ted  and the  aqueous

la y e r  e x tra c ted  with benzene>.<.The^combinéd benzene e x tra c ts  were washed

with water, with 10% Na„CO_, and ag#in with w ater. The benzene so lu t io n

was d r ied  and;evaporated to  a brown viscous re s id u e . This res idue  was
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1
d i s t i l l e d  under vacuum between 100-103° a t  4 mm ( l i t .  b .p .  143-5°/6 mm) 

to  give-an  80% y ie ld  o f  the  methyl ketone (110); i . r .  (film ) 3040 

(arom atic  C-H), 2975, 2950 ( a l i p h a t i c  C-H),-.1580 (arom atic ketone C=0), 

800, .768 cm (1- s u b s t i tu te d  naph tha lene);  n .m .r .  (CCl^) t 1 .8 -2 .85  

(m, 7, Cj^pH^), 7.4 p.p.m . (s ,  3, COCH^); mass spectrum (70 eV) m/e

( r e l a t i v e  in te n s i ty )  170 (.30^.:»^'( ^ ^ ^  \ o  ^^°1^ = 170), 169 (2),

155 (100), 129 "(10). This m e t h o d ^ w a s  described  on page 109 fo r  the
I . ■ ’ •

■preparation o f  3-acety 1-1-methoxymethyInaphthalene.

t-Naphthamide ( I ÎV)- ' .

1 -N ap h th o n itr i le  (1.53 g; 0.01 mol) was d isso lv ed  in  95% EtOH
3 7 7 . •

(5.5 cm ) and 6 N NaOH (0.5 cm ) in  a 50 cm 3-necked f l a s k  f i t t e d  with 

m a ^ e t i c  s t i r r e r ,  r e f lu x  condenser and thermometer. This s o lu t io n  was 

cooled in  an ice  ba th  to  about 10°. Hydrogen p e ro x id e .so lu t io n  (30%)

(4 cm ; 0.035 mol) was added and the  mixture s t i r r e d  a t  10-20° fo r  1 h. 

Gradually a suspension formed which subsequently c le a re d .  The

mixture was warmed and s t i r r e d  a t  50-55 fo r  3 h , i t  Was then cooled, 

th e  EtOH removed on a ro ta ry  evapora to r  and the aqueous so lu t io n  made 

n e u tra l  to  l itm us with 5% H^SO^. A white p r e c i p i t a t e  formed which 

was f i l t e r e d - o f f  aid r e c r y s ta l  l i s e d  from boiling" w ater to  a white 

c r y s t a l l i n e  s o l id  which melted a t  202-3° ( l i t . ^ ^ ^  204°); i . r .  ( n u j o l ) - 

3350, 3175 (primary amide N-H), 3060 (arom atic  C-H),. 1660, 1655 (arom atic
_i

primary amide C=0),.810, 775 cm (1- s u b s t i tu te d  naph th a len e) ; n .m .r .  

[(CD^O^CO] T 1 .45-2 .95  (m, 7, C^pH^), 7.25 p.p.m . (s ,  2, CONH^)- The 

s in g le t  a t  x 7.25 p.p .m . d isappeared  on a d d it io n  o f  mass spectrum

(70 eV) m/e ( r e l a t i v e  in te n s i ty )  171 (62, (^^C^^ ^Hg = 171),

169 (18), 155 (56), 127 .(100), 126 (25). ! .



129

l-Naphtho-io A cid  (28)

This compound was prepared in  two ways:-

(a) 1-Naphthamide (111] was d iaz o tise d  and hydrolysed to  1-
123naphthoic ac id  by the  method o f  Stfhitmore and Langlois. Treatment o f

1-naphthamide (0.34 g; 0.002 mol] with a so lu t io n  o f  NaNO (0.2 g;
3 3

0.003 mol] in water (5 cm ] and 15% cm ] a t  70-80° fo r  36 h gave

a 50% y ie ld  o f  1- naphthoic ac id . -

(b] 1 -N aph thon itr ile  (109] was hydrolysed in 25% y ie ld  to  1- .
124naphthoic ac id  by the method o f  Clarke and Taylor. 1 -N aphthonitr ile  

(1.5 g; 0.01 mol] was added to  a s t i r r e d  so lu t io n  o f  75% 11^50  ̂ (5i5 g] 

a t  100°. The so lu t io n  was s t i r r e d  a t  100° fo r  4 h and a t  150° fo r  1 h. 

The rea c t io n  mixture was poured onto ice  and the  white, s o l id  carboxylic  

acid  f i l t e r e d  o f f .  A fte r  r e c r y s t a l l i s a t i o n  from 95%’ EtOH both 

samples gave sp e c tra  id e n t ic a l  to  an a u th e n tic  sample o f  1-naphthoic 

ac id  and melted a t  161 .

l-Aminomethylnccphthalône (112)

The reagents  and the method in  t h i s  reduction  o f  the n i t r i l e  to  

the  amine were the  same as those used in  the s e le c t iv e  reduction  o f

3-n itro -l-m ethyInaph thoa te  (p. 122 ) .  A mixture o f  LiAlH^, AlCl^ and

1 -n ap h th o n itr i le  were reacted  to g e th e r  in  equiroolar p ro portions . The 

re a c t io n  mixture was taken up in  CHgClg and th e  ac id ic  so lu t io n  ex tra c ted .  

The aqueous so lu t io n  was made b as ic  with 10% NaOH so lu tio n  and e x tra c te d  

with CH^Clg. The CH^Cl^ so lu tion  was d ried  with anhydrous MgSO ,̂ 

f i l t e r e d  and evaporated to  an o i ly  l iq u id .  The y ie ld  was 40%; the  l iq u id  

was d i s t i l l e d  under vacuum, b .p .  150°/10 mm ( l i t . b . p .  155°/12 mm];
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■ i . r .  (film ] 3090 (bonded N-H)/  3030 (aromatic CrH), 2975, 2880 ( a l ip h a t i c
-1C-H), 800,, 785 cm" (1- s u b s t i tu te d  naphthalene) ; n .m .r . (CCl^) . t 1 .8 -  

2.9 (m, 7, CjqH,^), 4.82 (s , 2, C I^), 8.76 p.p .m . (s ,  2, NH^); mass 

spectrum (70 eV) m/e ( r e l a t i v e  in te n s i ty )  157 (85, ^^N^) =

157 ) ,  156 (100), 141 (28), 129 (90), 128 (65), 127 (40), 115 (22).
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The schemes depic ted  on pages 132-145 rep re sen t  the  sy n th e t ic  

ro u te s  followed and the  e s s e n t ia l  reagen ts  req u ired  t o , e f f e c t  the  

t ra n s fo rm a tio n s .

A key fo r  the  purpose o f  nomenclature o f a l l  compounds i s  to  be 

found on pages 146-149.
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CĤ COCl

Al e u

[7}

Cl

■ KF

I
CH.

S

(8)

COOH

ClUBr

Cl

NâOCl

u

LiAlH

 ̂ CILOH

PBr

Cl •
CIO)

( 1 2 ) (11)



133

CH,C0C1 .
 2-r------

AlCl,

C15)
F

C14)

aUBr

FCH

A COOH

. NaOCl ■

F

LiAlH

F

(18) (17) (16)

Br

(19)

Br

kF

I
CIU

(24)

CIL 
I 3 
C=0

Br

COOH

NaOCl

Br

(20 )

Br

<-
PBr.

(21 )

LiAlIF

Br

(23) (22 )



134

CH

[1]

CH

NO
(25)

N.B.S.

NO(26)

CH

NO

(27)

COOH

LiAlIL

CfLBr

(30)

(28) (29)

(31)



COOH
LiAlH

(32]

135

PBr

(33)

1

(34)

KF

\k

CH.

(35)

CH

C=0

KF

c=o
CH
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COOĈ Hg COOCgĤ
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CĤ OH

aq>.. NaOH

(76)

CILOH

■COOM 'COOCM3
(86)

PBr.

CHLF

KF

COOCH
0

CH



143

CHLBrCOOĈ H
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N»1ENCLATURE

1. *Ci,-Methy In aphtha lene
2. l-A cetyl-4-m ethylnaphthalene
3. 4-Methyl-1 -naphthoic acid
4. 4 -M ethyi-l-naphthylcarb inol
5. l-BroniomethyI-4-methylnaphthalene

*6. l-Fluoromethyl-4-methylnaphthalene
-7. 1-Chioronaphthalene

. 8. l-A ce ty l-4-ch loronaphthalene
9. 4-C hloro-l-naphtho ic  acid

*10. 4 -C hloro-l-naphfhylcarb ino l
*11. l-Bromomethyl'-4-chloronaphthalene
*12. 4-Chloro-l-fluororaétHylnaphthalene

13. l-Fluoronaphthalene
14. l-A cety l-4-£ luoronaphthalene
15. 4 -F luo ro -1-naphthoic acid

*16. 4 -F luo ro -i-naph thy lcarb ino l
*17. l-Bromomethyl-4-fluoronaphthalene
*18. 4-Fluorô-l-fluorom ethylnaphthalene

19. 1-Bromonaphthalene
20. 1-Acetyl-4-bromonaphthalene
21. 4-Bromo-l-naphthoic acid
22. 4-Brom o-l-naphthylcarbinol
23. 4 - Bromo-l-broniome thy 1 naphtha lene

*24., 4 -Bromo-1-£1uoromethylnaphtha1ene
25. 1-M ethyl-4-nitronaphthalene

*26. l-Bromoraethyl-4-nitronaphthalene
*27. 1-Fluorom ethyl-4-nitronaphthalene

28. 1-Naphthoic acid
29, 1-Naphthylcarbinol

■ 30. 1-Bromomethylnaphthalene
*31. 1-Flubromethylnaphthalene

32. 2-Naphthoic acid
33. 2-Naphthylcarbinol
34. 2-Bromomethylnaphthalene
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*35. 2-Eluoromethylnaphthalene
*36. 4-Acetyl-1-bromomethylnaphthalene
*37, 4- Bromomacetyl-l-broniomethylnaphthalene
*38. 4 -A ce ty l- l- f luo rom ethy lnaph tha lene
''39. 4 -F luo roace ty l- l-f luo ro m ethy ln ap h th a lene
4 0 .  l-Acetyl-4-raethoxymethylnaphthàlene
"41. 4-Methoxymethyl-l-naphthoic acid
*42. 4-M ethoxym ethyl-l-naphthylcarbinol
*43. 1 ,4-Bisbrom6methylnaphthalene

*44. l-Bromomethyl-4-raethoxymethylnaphthalene
*45. 1 ,4 -B isf luorom ethy lnaph tha lene .

*46. l-Fluoromethyl-4-methoxymethylnaphthaIene
4 7 .  4-C yano-l-naphthy lcarb ino l (4 -H ydroxym ethyl-l-naphthonitrileJ
"48. l-Bromomethyl-4-cyanonaphthalene (4-Brom om ethyl-l-naphthonitrile) 
"49. 4'- Cyano-l-fluorbm ethylnaphthalene .[4-Fluorom ethyl-l-naphtho-

n i t r i l e ) .
"50. . 4-Methoxymethyl-l-naphthoyl ch lo ride  
*51. 4-Carbam oyi-l-naphthylcarbinol (4-Hydroxy7nethyl-l-naphthamide)
*52. l-Bromomethyl-4-carbamoylnaphthalene (4-Bromomethyl-l-

naphtham ide).
*53. l-Bromomethyl-4-carboxynaphthalene (4 -Bromomethy1-1-naphthoic

a c id ) . ,
*54. l-Bromomethyl-4-methoxycarbonylnaphthalene (4-Bromomethyl-l-

m ethy lnaph thoate).
*55. l-Fluoromethyl-4-m ethoxycarbonylnaphthalene (4 -Fluoromethy1-1-

m ethylnaphthoate).
*56. 4-Ethoxycarbonyl-l-methoxymethylnaphthalene (4-Methoxymethy1-1-

e th y ln a p h th o a te ) .
*57. 1 -Bromomethy1-4-ethoxycarbonylnaphthalene (4-Bromomethyl-l-

e th y ln ap h th o a te ) . „ ^
*58. 4 -E thoxycarbonyl-l-fluorom ethylnaphthalene [4-FIuoromethyl-1-

e th y ln ap h th o a te ) .
59. 1-Methoxynaphthalene
60. l-Acetyl-4-methoxynaphthalene
61. l-Bromo-4-methoxynaphthalene

*L
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62. 4-Methoxy-l-naphthoic acid '
63. 4-M ethoxy-l-naphthylcarbinol
64. l-Bromomethyl-4-methoxynaphthalene
65. l-M ethyl-4-sulphonaphthalene [4-M ethyl-l-naphthaienesulphonic 

acid)
66. 4-Chlorosulpho-l-raethylnaphthalene [4-Methy1-1-naphtha1enesuIphony1 

ch lo ride)
67. 1-MethoxymethyInaphthalene
68. 1,8-Naphthalic anhydride
69. I3-Brom o-l,8-naphthalic  anhydride
70. lAnhydro-3-bromo-8 -hydroxymercuri-1-naphthoic acid
71. ç-Bromo-1-naphthoic acid
72. 3-Bromo-l-methylnaphthoate
73. • 3-Bromo-l-naphthylcarbinol

*74. 3-Bromo-1-bromomethylnaphthalene
75. 3-Bromo-l-fluoromethylnaphthalene
76. 3-Cyano-l-naphthylcarbinol (4-Hydroxymethyl-2-naphthonitrile)
77. l-Bromomethyl-3-cyanonaphthalene [4 -Bromomethy1-2-n a p h th o n i tr i le)
78. 3-Cyano-l-fluoromethylnaphthalene (4-F luorom ethyl-2-naphthonitrile )
79. 3-Cyano-l-methoxymethylnaphthalene (4-Methoxymethyl-2-naphthonitrile)

*80. . 3-Acety1-1-methoxymethyInaphthalene
*81. 3-Acetyl-1-bromomethylnaphthalene
*82. 3-Ace ty 1 -1 -fluorome thyInaph th alene

83. 3-Carbam oyl-l-naphthylcarbinol (4-Hydroxymethyl-2-naph^amide)
*84. l-Bromomethyl-3-carbamoylnaphthalene (4 -Bromomethy1-2^aph tham ide)
*85. 3-Carboxy-l-naphthylcarbinol (4-Hydroxymethyl-2 -naphthoic acid)
*86. 3-M ethoxycarbonyl-l-naphthylcarbinol (4-Hydroxymethyl-2r-

methylnaphthoate)
*87. l-Bromomethyl-3-methoxycarbonyInaphthalene (4-Bromomethy1-2-

methylnaphthoate) -
88. l-Fluoromethyi-3-methoxycarbonyInaphthalene (4-Fluoromethyl-2-

methylhaphthoate) . ' -

^  *

*

*
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*89. 3-Ethoxycarbonyl-l-ethoxym ethylnaphthalene•[4-Ethoxyinethyl-2- 
ethylnaphthoate)

*90. 3 -E thoxycarbonyl-l-naphthylcarb inol (4-Hydroxyniethyl-2- 
ethy lnaph,thoate 5

*91. 1-Bromomethyl-3 - ethoxycarbonylnaphthalene C4-Bromomethyl-2- ■
ethylnaphthoate]

*92. 3-Ethoxycarbony1-1 -fluoromethyInaphthalene C4-Fluoromethyl-2-
ethylnaphthoate)

93. 1,3-Dimethylnaphthalene
*94. 1 , 3-Bisbromomethylnaphthalene

-

*95., 3-Bromomethyl-l-methylnaphthalene 
*96. 1-Bromomethy1-3-methylnaphthalene .

*  r  ■

*97. 1 ,3-Bisfluoromethylnaphthalene
*98. l-Flûorom ethyl-3-m ethylnaphthalene 

99. ' 3 -N itro-l-m ethylnaphthoate
100. 3-N i t ro -1-naph thy lcarb ino l (4-Hydroxymethyl-2-nitronaphthalene)

*101. l-Bromomethyl-3-nitronaphthalene
*102, 1-Fluorom ethy1-3-nitronaphthalene

103. £-N itrobenzoic  acid
104. 2 ^-Nitrobenzyl alcohol
105. £-N itrobenzyl bromide • .
106. p-Nitrobenzyl f lu o r id ë
107. ; .Benzyl f lu o r id e
108. Benzyl bromide
109. 1 -N aph thon itr ile
110. 1-Acetylnaphthalene
111. ■ 1-Naphthamide ' .
112. ' l-Aminomethylnaphthalene

*

*

New Compounds
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CHAPTER 3 

RESULTS

Recording of Nuclear Magnetic Resonance Spectra
19 .F sp ec tra  were recorded on a Varian HA-100 spectrom eter

opera ting  a t  94.08 MHz in frequency sweep mode and' on a Varian HA-60-LL

spectrom eter opera ting  a t  a frequency o f  56.45 MHz in  frequency sweep

mode a t  a probe temperature o f  27.5 _+ l “ . External hexafluorobenzene

and tr ich lorofluorom ethane. re s p e c t iv e ly  were used as lock and re fe ren ce

peaks. To avoid so lven t e f fe c ts  on the  chemical s h i f t s  as f a r  as
19p o s s ib le ,  measurements o f  . F s u b s t i tu e n t  chemical s h i f t s  were c a r r ied  

out on carbon te t r a c h lo r id e  so lu t io n s  conta in ing  8% by Weight su b s t i tu te d  

1-fluorom ethylnaphthalene and 4% by weight i,luoromethylnaphthalene.

The carbon t e t r a c h lo r id e  used was F isher "Spectranalyzed" and was not 

p u r i f ie d  fu r th e r  before  use . The su b s t i tu e n t  chemical s h i f t s  were 

measured d i r e c t ly  from the  sp e c tra  of these  so lu tio n s  as the  d is tance  

between the  p o s i t io n s  o f  the c e n t ra l  peaks of the  two t r i p l e t s ,  the  

su b s t i tu e n t  chemical s h i f t ,  A if), was considered to  be a p o s i t iv e  value 

i f  the  s igna l  due .to  the  s u b s t i tu te d  d e r iv a t iv e  appeared a t  h igher 

f i e l d  than th a t  due to  1-fluorom ethylnaphthalene i t s e l f .

Proton sp e c tra  were recorded on the same spectrom eters opera ting  

a t  100 MHz in  frequency sweep mode and 60 MHz in  f i e ld  sweep mode. The
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in te rn a l ' re fe rence  and lock was the s ign a l  due to  te tram e th y ls i lan e .
1 19 -H measurements were c a r r ied  out on the same so lu tio n s  as the  F

measurements. Proton su b s t i tu e n t  chemical s h i f t s .  At , were measured

d i r e c t ly  as the  d is tan ce  between,the cen tres  o f  the doublets o f  the

methylenic pro tons. The su b s ti tu e n t  chemical s h i f t ,  Ax , was considered

to  be a p o s i t iv e  value i f  the  s igna l due to  the  s u b s t i tu te d  d e r iv a tiv e

appeared a t  h igher f i e ld  than th a t  due to  1-fluoromethylnaphthalene

i t s e l f .

, The conditions of measurement o f proton and f lu o r in e  su b s t i tu e n t

chemical s h i f t s  and the sign conventions correspond to  those described 
45by Bëguin for the benzyl f lu o r id e s .

Resonance s ig n a ls  were integ;rated in  order to  assign s ig n a ls  to

e i th e r  the su b s t i tu te d  or u n subs ti tu ted  d e r iv a t iv e .  P ro ton -f luo rine

coupling constan ts  were measured fo r  a l l  compounds from both the

f lu o r in e  and the  proton sp e c tra .  f
■

Measurements were repeated on so lu t io n s  containing 4% su b s t i tu te d  

fluoromethylnaphthalene and 6% 1 -fluoromethyin aph th  alene . by weight 

in  carbon te t r a c h lo r id e  using the Varian HA-60-IL spectrom eter. This was 

done fo r  two reasons: to  determine i f  th e re  were s ig n i f ic a n t  so lven t

s h i f t s ,  and to  confirm the s ig na l  assignments made on the c r i t e r io n  of 

sp e c tra l  . in teg ra tio n .

The chemical s h i f t s  of 1-fluoromethylnaphthalene, 2-fluorom ethyl- 

naphthalens and benzyl f lu o r id e  were recorded under the s ta n d a rd isa tio n  

conditions o f  F il ipov ich  and T i e r s w h o  rep o r t  a s im p lif ied , in te rn a l ly  

referenced procedure fo r  determining and tab u la t in g  r e l i a b l e  f lu o r in e  

n .m .r .  sh ie ld in g  va lues . They found trich lorofluorom ethane to  be an ;
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e x c e l le n t  so lven t fo r  f lu o r in e  compounds; a t  the  same time the  so lven t 

peak was used as in te r n a l  re fe ren c e  and lock. Chemical s h i f t s  were 

recorded on a 5% so lu t io n  by weight of fluorom ethyInaphtha1ene or

benzyl f lu o r id e  in  tr ich lo ro f luo rom ethane .

chemical s h i f t s  theTo f a c i l i t a t e  .the measurement o f  su b s ti tu en t/
■ - ' /  p ro ton  s ig n a ls  were decoupled from the f lu o r in e  lby means of the

a p p l ic a t io n  o f  an a u x i l l i a r y  f i e l d  o s c i l l a t i n g  a t  the  frequency o f  the

f lu o r in e  resonances. By t h i s  means of he te ronuclea r\decoup ling  the

methylene doublets co llapsed  to  two s in g le t s .  Reciprocal experiments
/

were c a r r ie d  out by observing f lu o r in e  absorp tions and i r r a d ia t in g  with
• \a radiofrequency f i e l d  corresponding to  the  .frequency of proton

a b so rp tio n s . The two c h a r a c t e r i s t i c  t r i p l e t s  co llapsed^ tg^w o  s in g le t s .  

S u b s t i tu e n t  chemical s h i f t s  could then be measured as the d is tan ce  

between the  two s in g l e t s .  Heteronuclear decoupling experiments were 

c a r r ie d  out while observing both proton and f lu o r in e  resonances using 

th e  100 MHz spectrom eter. D i f f i c u l ty  was encountered while attem pting 

to  decouple f lu o r in e  from proton s ig n a ls  using the  60 MHz spectrom eter. 

Only p a r t i a l  decoupling could be obtained with the  r e s u l t  th a t  e i th e r  

the  doublet d id  not coalesce  to  a s in g l e t ,  the  d is tan ce  between the 

two l in e s  of the  doublet s ig n a ls  decreased, or the  l in e s  only p a r t i a l l y  

coalesced to  form a broad s in g le t  which prevented s h i f t  d i f fe ren c e s  

from being measured a cc u ra te ly .  The h e te ro n u c lea r  decoupling o f  

pro ton  s p l i t t i n g  o f  f lu o r in e  sp e c tra  was su c c e ss fu l ly  accomplished on 

the  Varian HA-60-IL spectrom eter. /
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Tables of Results

The r e s u l t s  o f  these  experiments are  to  be found in  Tables I-XI 
\  '

on the  following pages. The r e s u l t s  fo r  benzyl f lu o r id e s  are included 

as -Table XII. The contents o f the  tab le s  are  as fo l lo w s:-

19Table I ,  100 MHz F N.m.r. su b s t i tu e n t  chemical s h i f t s  and coupling 

'/ constan ts  fo r  carbon te t r a c h lo r id e  so lu tio n s  containing 4% by weight 

1-fluoromethylnaphthalene and 8% by weight subs ti tu ted -1 -fluo rom ethy l-  

naphthalene.

'  iVTable I I , 60 MHz F Chemical s h i f t s ,  su b s t i tu e n t  chemical s h i f t s  and 

coupling constan ts  for. carbon te t r a c h lo r id e  so lu tion s  containing 4% by 

weight 1-fluoromethylnaphthalene and 8% by weight su b s ti tu ted -1 -  

fluorom ethylnaphthalene.

19 • 'Table I I I , 60 MHz F Chemical s h i f t s , su b s t i tu e n t  chemical s h i f t s  and

coupling constants  fo r  carbon te t r a c h lo r id e  so lu tio n s  containing 6%

by weight 1-fluoromethylnaphthalene and 4% by weight s u b s t i tu te d - 1-

fluorom ethylnaphthalene.

Table IV, S ubstituen t chemical s h i f t  values o f  su b s t i tu te d  fluoromethyl- 

naphthalenes taken from Tables I ,  I I  and I I I .

Table V, [F] Heteronuclear decoupling frequencies and coupling constants 
------------------- H
of su b s t i tu te d  fluorom ethylnaphthalenes.

1 ' ‘ 'Table VI, 100 MHz H N.m.r. su b s t i tu e n t  chemical s h i f t s  and coupling
- — —  . ^
constan ts  fo r  carbon te t r a c h lo r id e  so lu tion s  contain ing  4% by weight 

I - fluoromethyInaplithalene; and 8% by weight s u b s t i t u t ed-l-f luorom ethy l­

naphthalene.
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■ ■ 1Table V II , 60 MHz H N.iti.r. chemical s h i f t s ,  su b s ti tu e n t  chemical s h i f t s  

and coupling constan ts  fo r  carbon te t r a c h lo r id e  so lu tion s  contain ing  

4% by weight 1-fluoromethylnaphthalene and S% by weight su b s t i tu te d -1 -  

fluoromethylnaphthalene. '

Table V I I I , 60 MHz ^H N.m.r. chemical s h i f t s ,  su b s ti tu en t  chemical 

s h i f t s  and coupling constan ts  for carbon te t r a c h lo r id e  so lu tio ns  

, contain ing  6% by weight 1-fluoromethylnaphthalene and 4% by weight 

s u b s t i t u t e d - l - f  luoromethylnapJjjthalehe.

Table IX, S ilbstituen t chemical s h i f t  values o f  su b s t i tu te d  fluorom ethyl­

naphthalenes taken from Tables VI, VII, and V I I I .

Table X, [H]p Heteronuclear decoupling frequencies and coupling 

constan ts  o f  su b s t i tu te d  fluoromethylnaphthalenes^.

Table XI, Chemical s h i f t  values measured under standard conditions*

Table XII , .60 MHz and ^H S ubs tituen t chemical sh if ts -a n d  coupling 

constan ts  fo r  su b s t i tu te d  benzyl f lu o r id e s -  .

IQ ■ ' r'
F S ubs tituen t  chemical s h i f t s  were measured to  >  0.5 Hz*

- ^  '  ,  ■

- d is tan ce  between s igna l due to  1-fluoromethylnaphthalene and

th a t  due to  trich lorofluorom ethane measured' in. Hz. ^gampie "

between s igna l  due to subs titu ted-1-fluorom ethylnaphtha lene  and th a t

due to  tr ich lorofluorom ethane measured in  Hz, i . e .  sample resonant .

frequency r e l a t i v e  to  CCl^F as standard . 94.08 MHz and 56.45 MHz are
19 ■the spectrom eter opera ting  frequencies fo r  observing F absorptions 

a t  1.4092 Tesla . A(j> values are la b e l le d :- .



,155

A((i [a) Measured a t  100 MHz on a so lu tio n  conta in ing  4% by weight 

1 -fluorom ethylnaphthalene and 8 % by w eigh t,s u b s t i t u t e d - 1 -fluoromethyl­

naphthalene. ■.

A<t> (b) Measured a t  60 MHz - concentra tions as in  [ a ) .

A(Ji (c) Measured a t  60 MHz on a so lu tion  conta in ing  6 % by weight 

1-fluoromethylnaphthalene and 4% by weight su b s t i tu te d - l - f lu o ro m e th y l­

naphthalene. . . '

At and Jj^p values are lab e lled  s im ila r ly .  ■’
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19t a b le  I .  100 MHz F N.m.r. su b s t i tu e n t  chemical s h i f t s  and .coupling 
constan ts  fo r  carbon te t r a c h lo r id e  so lu t io n s  conta in ing  4% 
by weight 1 -ïluorom ethylnaphthalene and 8 % by weight 
s u b s t i t u t ed-l-fluorom ethylnaphthalene.

S u b s titu en t A* (a) 
Hz

A«}>/94.08 ,Hz JHp(a)
Hz

CH,
F
CH2 OCH3  

COOC2 H5 - 
COOCH3  
CH3  

3 CH2 F 
d 

Cl
CHgF .

COCH3
Br
CH2 F
Br
NO2
CN
COOC2H5 
COCH3 
COOCH3 
COCH2 F 
CN '
NO2

-236.0 
-264.0 
- 18.0 
- 1 2 ^ 0  

- 6.5

+118.0 
+118.0 
+ 24.0 
+ 2 8 . 0  
+ 28.0 
+ 71.5 
+122.5 
+271.5

+372.0 
+523.0 
+533.0 
+554.0 
+630.0 
+ 6 6 8 . 0

-2.51
-2.81
-0.19
-0.13
-0.07I25 
+ 1.25 
+■0.25 
+0.30 
+0.30 
+0.76 
+ 1.30 
+2.89

+3.95 
+5.56 
+5.67 
+5.89 
+6.70 
+7.10

48.2
48.4 
47.8
48.0
48.1

47.7
47.75
48.0 .
48.0
48.1
48.0
47.75
47.5

4 7 . 0

4 7 . 0

4 7 . 1

4 7 . 2  
4 7 . 0

d. S h if t  fo r  the  g'-CH2 F group.

■ f
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Table I I .  6 0 MHz emical s h i f t s ,  s u b s t i tu e n t  chemical s h i f t s  and

coupling  co n s tan ts  fo r  carbon t e t r a c h lo r id e  so lu t io n s
Vco n ta in in g  4% by weight 1 -fluorom ethylnaphthalene and 8% 

by weight su b s t i tu te d -1 -f lu o ro m e th y ln a p h th a le n e .

S u b s t i tu e n t

CH3 ,

F .

CH2OCH3 
COOC2H5 
COOCH-Î 
CII3 
CH2F 

d 
Cl
CH2 F 
C6 CH3 - "  
Br
CH2 F 
Br 
NO2 
CN.

4 COOC2 H3  

4- COCH3 
COOCH3 
COCH2 F • 

e 
CM 
NO2

^ re f . H , sample A(})Cb) A((i/56.45 Hz

Hz Hz ■ Hz Hz

11696.0 11551.0 -145.0 -2.57. . 48.5
11704.0 ,11542.5 -161.5 -2.86 48.2
11702.0 11686.0 - 16.0 -0.28 , 47.7 •
11697.5 11693.5 - . 4 . 0 -0.07 48.0
11709.0 : 11700.5 " -0.15 48.0 ■
1169li5 11699.0 ^  '7 .5 ■ +0.13 47.9
11683.0 117^-rS^ + 70.5 + 1.25 47.7

^.-.11755.5'' ■ 72.5 ' + 1,28 47.75
1168>.-0^ . 11702.0 + 14.0 +0.25 48.0
-IT^S.S 11683.0 + 14.5 +0.26 48.0
11689.0 11706 ,;o ■ •+ 17.0 +0.31 47.9
11689.5 11736.0 ■+ 46.5 +0.82. 47.6
11700.5 11774.5 + 74.0 + 1.31 ■ 47.8
11693.0 11860.0 +167.0 +2.59 47.7
11702.5 11895.5 +193.0 . +3.42 47.0
11702.0 . 11926.5 +224.5 +3.98 47.1
11697.5 , 12016.5. +319:0 +5.65 47.5
11682.0 . 12007.0 +325.0 . +5.76 ■ .47.0
11681.0 12022.5 +341.5 +6. 05 47.1
11683.0 12071.0 +388.0 +6.87 47.6 .

- ‘ 12580.0 +897.6 +15.85 48.0
11690.0 12090.0 +400.0 +7.09 47.1
11678.0, 12099.0 +421.0 ‘ +7.46 . ' 47.0 ■

d S h i f t  fo r  g-CH2 F group,
e S h i f t  fo r  COCH2 F group. ■



Table I I I .  60 MHz F Chemical s h i f t s ,  su b s t i tu e n t  chemical s h i f t s  and
coupling constan ts  fo r  carbon t e t r a c h lo r id e  so lutions ' 
con ta in ing  6 % by weight 1 -fluorom ethylnaphthalene and 4% 
by weight su b s t i tu ted - l- f lu o ro m e th y ln ap h th a le n e .

\
S ubs tituen t " r e f . H .• sample A4.(c) ^ f''>''^A<{>/56.45 .Hz ^ hf

Hz ■ Hz Hz

4 CH3 11708.0 11562.5 -145.5 -2.58 48.2
.4 F 11713.0 ■ 11552.0 -161.0 .-2 .8 5  : . 48.2
4 CH2 OCH3 11707.0 11690.5 . - 16.5 -0.29 47.75
3 COOC2 H5 11695.0 11707.5 - 12.5 - 0 . 2 2 48.0
3 COOCH3 11710.0 11707.5 - 2.5 -0.04 48.0
3 CH3 11702.0 11711.5 + 9.5 +0.17 48.0

. 3 CH2 F 11700.5 11767.5 + 67.0 ' +1.19 47.52
d 11769.0 + 6 8 .5 +1 . 2 2  - 47.62

4 Cl 11701.5 11711.5 + 1 0 . 0 +0.18 48.0
2  CH2 F 11695.5 11711.5 ■ + 16.0 +0.28 48.0
3 COCH7 . 11700.5 11718.0 + 17.5 +0.31 48.4
4 Br 11704.0 • 11744.5 + 40.5 +0.72 47.75

. 4 CH2 F ;  ; 11707.0 11781.0 + 74.0 ■ +1.31 49.0
3 Br 11710.5 11875.5 . +165.0 +2.92 , 47.5
3 NO2 11706.5 11892.5 +186.0 + 3.30 ' 47.0
3 CN 11712.0 11933.0 +232.0 +4:11 47.2
4 COOC2 H5 11701.0 12018.0 +317.0 +5.62 47.2
4 COCH3 11704.0 ;12027.5 +323.5 +5.73 47.0
4 COOCH3 . 11700.0 12034.0 +334.0 + 5.92 47.1
4 COCH2 F 11710.0 12096.0 +386.0 +6.84 47.1

e 12562.0 +852.0 +15.09 48.0
4 CN 11706.5 1 2 1 0 0 . 0 +393.5 +6.97 47.2
4 .NO2 ■11709.0 1 2 1 1 1 . 0 +402.0 +7.12 ■ 46.8

d S h if t  fo r  g-CH^F group.
. 0  S h if t  fo r  COCH2 F group.

L
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Table IV. S u b s t i tu e n t  chemical s h i f t  v a lu es  o f  s u b s t i t u t e d  f lu o ro m eth y l­
naph tha lenes  taken  from Tables I ,  I I  and I I I .

S u b s t i tu e n t

4
4
4
3
3
3
3

4 
2
3
4 
4 
3 
3
3
4 
4 
4

'4

CH3
F
CH2OCH3
COOC2 H5

COOCH3
CH3
CH2 F

d
Cl
CH2 F
COCH3
Br
CH2 F
Br
NOn
CN
COOC2H5
COCH3
COOCH3
CÛCH2 F

e
4 CN 
4 NO2

A4) (a)

-2.51
-2.81
-0.19
-0.13
-0.07

+ 1.25 
+1.25, 
+0.25 
+0.30 
+0.30 
+0.76^ 
+ 1.30 
+2.89

T 3 . 9 5

+5.56 
+5.67 
+5.89 
+6.70

+7.10

64» (b)

-2.57 
- 2 . 8 6  
-0.28 
-0.07 
-0.15 
+0.13 
+ 1.25 
+ 1.28 
+0.25 
+0.26 
+0.31 
+0.82 
+ 1.31 
+2.59 
+3,42 
+3.98 
+5.65" 
+5.76 
+6.05 
+6.87.

+15.85
+7.09
+7.46

A4>CcJ

-2.58 
-2.85 
-0.29 
- 0 . 2 2  
-0.04 
+0.17 
+1.19 
+ 1 . 2 2  
+0.18 
+0.28 
+0.31 
+0.72 
+ 1.31 
+2.92 
+3.30 
+4.11 
+5.62 
+5.73 
+5.92 
+6.84 

+15.09 
. +6:97 

+7.12

d S h i f t  for ' 8-CH2F group,
e S h i f t  f o r  COCH2F group.
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Table V. ; [F]^ Heteronuclear decoupling frequencies and coupling 
constan ts  o f  su b s t i tu te d  fluorom ethylnaphthalenes.

S u b s titu en t Decoupling frequencies ^hf J^P (b)
MHz Hz Hz Hz

4 CH5 99.999309 48.2 48.5 48.2
4 F 99.999 , 48.4 48.2 48.2
4 CH2 OCH3  . 59.9968310 99.999 47.8 47.7 4 7 . 7 5

5^C00C2H5 59.996974 99.999 48.0 48.0 48.0
3 COOCH3 59.996974 99.999 48.1 48.0 48.0

-3 .CH3 ■ 59.996867 - - 47.9 48.0
3 CH2 F 59.996964 99.999 47.70 ■ 47.70 47.52

d 47.75 4 7 . 7 5 47.62
4 Cl 59.9968310 99.999 48.0 48.0 48.0
2  CHgF 59.996952 ,99.999 48.0 . 48.0 ' "48.0
3 COCH3 59.996967 99.999 48.1 47.-9 48.4
4 Br 59.996978 99.999 48.0 47.6 47.75
4 CHoF 59.996976 9,9.999 47.75 ■ 47.8 49.0
3 Br 59.99680 99.999 ■ 47.5 47.7 47.5
.3 NO2 . .59.99697 -■ 47.. q- ,. , , 47.0
3 CN 59.9969810 99.999 47.1 47.1 47.2

■4 COOC2 H5 59.9964974 99.999 47.0 47v5 47.2
4 COOCII3 59.996972 99.999 47.1 47.1 47.1
4 COCH3 59.996994 99.999865 47.0 47.0 47.0
4 COCH2 F 59.997014 , 99.999 47.2 47.6 47.1

e 59.996984 - 48 .0 . 48.0 '
4 CN 59.996770 99.999 47.0 ■ 47.1 47.2
4 NO2 - - - 47.0 46.8 :

d ..Coupling constant, fo r  6 -CH2 F group, 
e Coupling constant fo r  COCH2 F group.



161

Table VI. 100 MHz H N.m.r. chemical s h i f t s ,  su b s ti tu en t  chemical 
s h i f t s  and coupling constan ts  fo r  carbon te t r a c h lo r id e  
so lu tio n s  containing 4% by weight 1-fluoromethylnaphthalene' 
and 8 % by weight s u b s t i tu te d - 1 -fluoromethylnaphthalene '

S ubs tituen t " r e f . H , sample At (a) At / 1 0 0  Hz
Hz Hz Hz Hz

4 CH3 595.0 592.5 :■̂ 2.5 +0.025 . 48.0
4 F 613.0 604.0 +9.0 +0.090 48.1
4 CH2 OCH3 607.5 607.5 0 . 0 0 . 0 47.8
3 COOC2 IIS 628.5, 628.5 0 . 0 0 . 0 47.75
3 COOCII3 610.5 607.0 +3 .. 5' +0.035 ' 48.7
3 -CH3  -, - - - -
3 CH2 F 606.5' 603.0 ■+3.5 +0.035 47.75

d 572:0 +34.5 +0.345 47.5 .
4 Cl 600.0 591.0 +9-0 +0.090 48.0 .

. 2  CH2 F • 626.5 596.5 +30.0 . +0.30 47.75
3 COCH3 631.5 628.5 +3.0 +0.030 47.75

/  4 Br 616.5 610.0 . ' +6.5 +0.065 - 47.75
4 CH2 F 580.5 . 578.5 . +2 . , 0 ,+0 . 0 2 0 . 49.6
3 Br 612.0 604.0 +8 . 0 +0.080 '47.0
3 NO2 616.0 615.0 + 1 . 0 : +0 . 0 1 0 47.5

. 3 CN 615.5 610.5 +5 . 0  , +0.050 47.3
4 COOC2 H5 630.5 630.0 . +0.5 +0.005 47.5
4 GOCH3 606.0 605.0 +1 . 0 +0 . 0 1 0 46.95

. 4 COOCH3 - . . \ 63L.0 \  630.5 +0.5 +0.005 47.3
4 CGCH2 F ■ - - - - —
4 CN 613.0 613.0 0 . 0 0 . 0 - 47.25

d S h if t  fo r  3 -CH2 F group-
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Table V II . 60 MHz H N.m.r. chemical s h i f t s ,  su b s t i tu e n t  chemical s h i f t s
and coupling constan ts  .for carbon te t r a c h lo r id e  so lu tio n s  
conta in ing  4% by. weight 1-fluorom ethylnaphthalene and 8 % 
by weight sub s titu ted -l-fluo rom ethy ln 'aph tha lene .

r

S u b s titu en t ^ re f . Hsample . 6 r [b ] ût/ 60.0 MHz . -.Jh fC Ï̂
■Hz Hz Hz • Hz

4 CH3  / 337.0 335.5 +1.5 +0.025 49.0
4 F ( . '
4 CHipCH3 ^  i  
3 COOCHj^

344.0 339.0 +5.0 +0.083 48.7
340.0 340.0 0 . 0 0 . 0 47.8
340.5 339.0 + 1.5 +0.025 48.7

3 COOC2 H5 340.5 340.0 +0.5 +0.008 48.0
3 CH5 . ■ 336.0 . 334.5 + 1.5 +0.025 .49.0
3 CHzF , 

d
338.0 335.5

317.0
+ 2.5 

+2 1 . 0
+0.042
+0.350

47.6
48.2

4 Cl 339.5. , 334.0 +5.5 +0.092 48.8
2  CHgF 339.5 321.5 +18.0 +0.30 48.2
3 COCH, 340.5 338.0 +2.5- +0.042 48.6
4 Br .. 544.0 340.5 + 3.5 +0.058 48.05
4 CH2 F 340.5 539.5 + 1 . 0 +0.017 ,50 .3
3 Br 339.5 333.0 +6.5 -+0.108 '48,15
3 NO2 342.5 342.5 0 . 0 0 . 0 48.4
.3 CN - 343.5 340.5 +3.0 +0.050 48.05
4 ' COOC2 II5 343.0 342.75 +0.25 +0.004 48.7
4 COCH3 338.0 336.0 +2 . 0 : +0.033 48.2
4 COOCII3 337.5 336.0 +1.5: . ■ +0.025 . 48.3
4 COCH2 F 

è
341.5 340.0

313.0 '
+ 1.5 

+28.5
+0.025
+0.475

■4 6 . 8

48.6
4 CN 343.5 343.5 . 0 . 0 0 . 0 48.05
4 NOg 343.5 ,343.5 0 . 0 0 . 0 47.25

— .... ............. — ------

d S h i f t  fo r  B-CH2 F group,
e S l i i f t  fo r  COCH2 F group.
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Table V II I . 60 MHz H N.m.r. chemical s h i f t s ,  s u b s t i tu e n t  chemical 
s h i f t s  and coupling c o n s t a t s  fo r  carbon t e t r a c h lo r id e  
so lu t io n s  conta in ing  6 % by weight 1 - f luoromethylnaphthalene 
and 4% by weight su b s t i tu ted - l - f luo ro m eth y lnap h th a len e . %

S ubs t i tuen t Hr e f . Hsample At Cc}- At / 6 0 . 0  MHz

Hz Hz Hz Hz

4 CH3 340.0 . 338.5 + 1.5 +0.025 49.0
4 F 343.5 338.5 +5.0 +0.083 49.0
4 CH2 OCH3 ' 341.0. 541.0 0 . 0 . 0 . 0 47.75
3 COOCH3 341.0 340.5 + 0.5 +0.008 48.9
3 -COOC2 H5 340.5 340.0 + 0 .5 +0.008 . 48.2
3 CH3 340.0 - 338.0 +2 . 0 +0.033 49.0
5 CH?F ■ 340.0 338.0:.; , +2 . 0 +0.033 47.4
: d 319.5 •+20.5 +0.342 48.1
4 Cl 341.0 336.0 . -  +5.0 +0.083 48.8
2  CH2 F 340.0 322.5 +17.5 +0.292 48.4
3 COCHt .. 341.6 339.0 +2 . 0 +0.033 ■ 48.5.
4 Br 343.5 339.0 +4.5 +0.075 48.5
4 CH2 F 342.5. 341.0 +1.5 +0.025 50.3
3 Br 341.0 334. S +6.5 .+0.108 48.15
3 NO2 342.0 338.5 +3.5 +0.058 48:3
.3 CN 342.5 536.5 +6 . 0  . +0 . 1 0 ■48.2
4 COOC2 H5 340.5 340.5 0 . 0 0 . 0 ‘ 48.7
4 COCH3 339.5 338.0 + 1.5 +0.025 48.2
4 COOCH3 339.5 338.0 + 1.5 +0.025 48.3
4 COCH2 F 340.0 ' 338.5 - +1.5 +0.025 ■ 47.2

e ' 310.5 +30.0 +0.50 48.4
4 CN . 342.5 342.0 : +0.5 +6.008 47.. 7
4 .NO2  ■ 343.0 . 343.0 0 . 0 48.7

d S h i f t  fo r g-CH2 F group.
\ •

e S h i f t  fo r  COÇH2 F group.

\
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■■ f  '/
Table IX. Subs t i tuen t  chemical s h i f t  values of  su b s t i tu ted f luoro-

methylnaphthalenes taken '^from Tables VI, VII and VIII .

Subs t i tuen t At (a) AT(b) At (c)

4 CH3 +0.025 +0.025 -+0.025
4 F +0.090 +0,083 +0.083
4 CH2 OCH3 0 . 0 0 . 0 0 . 0

3 COOCH3 +0.035 +0.025. ■ +0.008
3 COOC2 H5 0 . 0 +0.008 +0.008.
3 CH3 +0.025 +0.033
3 CH2 F . +0.035 +0.042 +0.033

d . +0.345 . +0.350 +0.342
4 Cl +0.090 +0.092 +0.083 ■"
2 CH2 F ; +0.30 +0.30 . +0.292
3 COCH3 +0.030 +0.042^ ■ , ^+0.033
4 Br +0.065 +0.058 +0.075
4 CH2 F +0 . 0 2 0 +0.017 +0.025 j
3 Br +0.080 -Jir-+0  ̂108 +0.108
3 NO2 +0 . 0 1 0 +0.058
3 CN ■ +0.050 . +0.050 +0 . 1 0

4 COQC2 H5 +0.005 . +0.004 0 . 0

4 COCH3 +0 . 0 1 0 +0.033 +0.025
4 COOCH3 +0.005 - +0.025 '+0.025 . -
4 COCH2 F - +0.025 +0.025

e +0.475 : • +0.50
4 .CN 0 . 0  ■ 0 . 0 +0.008
4 N92 - 0 . 0 0 . 0

d Values for  B-CH2 F group., 
e Values fo r  COCH2 F group.
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Table X. [H]p Heteronuclear decoupling frequencies and coupling constants  
of  su b s t i tu ted  fluoroinethylnaphthalenes.

Subs t i tuen t  . Decoupling frequency '^HF
' • MHz Hz Hz Hz

4 CH3  ■ 94.0770050 48.0 49.0 49.0
4 F 94.0764020 48.1 ' 48.7 49.0
4 CH2 OCH3 94.050330 47.8 47.8 47-75
3 COOCH3 94.0764700 48.7 48.7 48.9
3 COOC2 H5 94.0763850 47.75 48.0 48.2
3 CH3 - — 49.0 49.0
3 CH2 F •  ̂ 94.0763500 47.75 . 47.6 47.4

d 47.5 48.2 . 48.1
4 Cl 94.0767200 48.0 48.8 48.8
2  CH2 F , 94.0763350 47.75 48.2 48.'4 ■
3 COCH3 94.076400 47.75 48.6 . 48.5 ■
4 Br 94.0763600 ,47.75 48.05 48.5
4 CH2 F 94.0765000 49.6 50.3 50.3
3 Br 94.0764955 47.0 48.15 48.15
3 NO2 94.0762150 47.5 48.4 48.3
3 ■ CN .94.0759998 47.3 48 .05 -• 48.20
4 COOC2 H5 94.0760000 47.5 ■ 48.7 48.7
4 COCH3 94.0699000 46:95 48.2 48.2
4 COOCH3 94.0760950 47.3 • . 48,5 48.3
4 COCH2 F ■ - — 46.8 ■ 47.2

e - 48.6 ' 48.4
4 CN ■ . .. 94.0759995 47.25 48.05 ■ 47.7
4 NO2 - 47.25 48.7

d Values fo r  B-CH2 F group, 
e  . Values for  COCÜ2 F group.
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Table XI. Chemical s h i f t  values measured under -standard condit ions -

5% in CCI,F o r  CCl^.

Compound d ■TO ■i ■

1-Fluoromethylnaphthalene 208.7 4.35 48.0

2-Fluoromethylnaphthalene 209.2 4.68 48.0

Benzyl f lu o r id e 2 1 1 . 0 4.76 '
f

48.0
f211.3^ 4.76^ - 48.0

^ Measured in p.p.m.

Measured in Hz.

Values from C. BSguin, Bull .  Soc. chim. F r a n c e , (3) ,  4214 (1967) ^

y
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Table XII. 60 MHz and Subst i tuent  chemical s h i f t s  and-coupling
■ d  '

. constants  fo r  su b s t i tu ted  benzyl f luor ides

Subst i tuent

E.-0 CH3

a-GHj

2 " F 

R-Cl 

£-Br 

2 .-CN ■

m-OCII^

m-CHj 

m-F : 

m-Cl 

m-CN

m-NÔ

A<}>̂

-7.79 

-2.95 

-2.82 

+0.49 

+0.98 

+7.63 

+ 8 . 1 0  

+0.94 

-0.44 

+2.82 

+2.99 

+5.03 

+5. 1 0

ÛTe

+0.095

+0.048

+0.044

+0.042

+0.050

-0.085

-0.140

+o.bJd'

+0.038

0.00

+0.023

-0.047

-0.125

HF
Hz

48.7

48.3.

48.2 '

48.1

47.9

47.2

46.9

48.2 ■

48.0

48.0

47.2 

47.4

. 47.2

d Values from C. Bcguin,- Bu l l . Soc. chim. France, (3) , 4214 (1967) 

e Measured in  p.p.m.
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Analysis o f  the  Data '

( i )  Dual Subs t i tuen t  Parameter C orre la t ions

Fluorine  s u b s t i tu e n t  chemical s h i f t s ,  proton su b s t i tu e n t  chemical

s h i f t  and coupling constant  values were c o r r e l a t e d  with the s e t s  of
• ' ' 16 resonance and po lar  e f f e c t  parameters descr ibed  by Taft  e t  a l . and

127with the  resonance and induct ive  parameters o f  Swain and,Lupton.

The dual s u b s t i t u e n t  parameter t rea tment  descr ibes  s u b s t i tu e n t  

e f f e c t s  in  terms of-'an . .additive blend o f  p o la r  and p i  d é lo c a l i s a t io n

e f f e c t s  each of which, i s  the product o f  a reac t io n  parameter and a
- " ’ - 19s u b s t i t u e n t ’parameter : ‘ s p e c i f i c a l l y  for  F' su b s t i tu en t  chemical ■

s h i f t  d a t a : -

A* =

The Oj sca le  o f  po la r  e f f e c t s  has been shown to be widely app l icab le  in
2  3

cases' where the  su b s t i tu e n t  i s  bonded .to an sp or sp carbon atom. -
16 ■ ' 

In contrast , ,  Taft- e t  a l .  demonstrated t h a t  a s ing le  parameter ■
■

sca le  applied  only to  systems which were s im i la r  in r ea c t io n  type and 

in  p a r t i c u l a r  in t h e i r  i r -e lec tron ic  frameworks and th a t  four such sca les  

were both p r a c t i c a b le  and d i s c e rn ib le .  These authors a lso  claimed 

t h a t  these  d i f f e r e n t  sca les  were o f  p a r t i c u l a r  advantage in  t h a t  they 

were capable of  d isc r im in a t in g  between d i f f e r e n t  reac t ion  types and

t r a n s i t i o n  s t a t e s .
• ■ Î ■ o • +The four  d i f f e r e n t  resonance parameter s e t s i a r e :  ,

_ , . j ■ ' ' j
ahdcj^^^^ and are  app l icab le  to  the  fol lowing p i  d e lo c a l i s a t io n ,  c la s s e s : -
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c?

r T h e s e  parameters a re  genera l ly  app l icab le  to  benzoic acid (BA) 

type rea c t io n s  in which the  s ide  chain (Y) is 'axweak to  moderate 

p i  e lec t ron"accep to r  group. ' - j  ' ' '

ax wea
' ■  V  .

' X Y <---->  X -

y-groups of^’th iV .:ype ^nc luded  '.-COĈ Ĥ F (p) ; - S F ^ ( p ^ ,  -SC^H^FCp) 

an d , -CHgF The fluoromethyl group was presumed t o . ac t  as a weak pi- ' ,; 

e le c t ro n  acceptor  through con tr ibu t ions  from a hyperconjugat ive form:

+
X

.

■/

0 ^ Scale

This group includes s t ro n g  pi  e lec t ron  accepting groups such as N.
- ■ ' ■ ' %: ,  '■ • , 

and severa l  e l e c t r o p h i l i c  aromatic s u b s t i t u t io n  t r a n s i t i o n  s t a t e s ,  ‘

“RCA)- '

These values apply, to  r ea c t io n s  involving s trong p i  e lec t ron

donVitihg side, chains. ‘ ,

. J
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f"

- Y  <----^  X'

r j . - ' .r- . _
0 R'° Scale  .. _ '

These values app ly , in  cases where the re  i s  no resonance in te r a c t io n  

across  the  Ar Y bond, between the  s ide  chain and the aromatic  system,

y m X

The d i f f e r e n t  s e t s  of, valuer, for  the s u b s t i tu e n t s  involved in

t h i s  study are  l i s t e d  in  Table XIII .
' 127Swain: and Lupton- have re c e n t ly  proposed a dual s u b s t i tu e n t  •• 

parameter t reatment  of s u b s t i tu e n t  e f f e c t s .  They claimed t h a t  a l l  

previous s c a l e s . o f  s u b s t i tu e n t  e f f e c t  "cons tan ts"  could be reduced tO; 

‘j u s t  two s c a l e s ,  F and R, where e .g .

• a = fF + rR \ ,

F and R are  f i e l d  (o r . " in d u c t iv e " )  and,resonance cons tan ts  which d i f f e r  .

fo r  each s u b s t i t u e n t ,  and f  and. r  a re  empirical ,  weighing:,factors which .
 ̂ ■ - - ■ ' ' ' . ' ■ P .-'V/ ■ ; '

a re  independent o f  the s u b s t i t u e n t  but d i f f e r e n t  fo r  each-’s e t  of

s u b s t i t u e n t  constants  (a, a-., o.̂ ., o^, e t c . )  which are  to  be expressed

. in  terms o f  F^ahd R. A ,s ing le  un iv e rsa l  resonance.parameter  s ca le  i s  '
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Table XIII .  Values o f  su b s t i tu e n t  parameters.

S ubs t i tuen t ° I  . .

„  0
‘' r (A) F R

-OCH, +0.27 ^0.61 -0.45 -1.02 -0.45 +0.413 +0.500
-CHi -0.04 -0.11 -0.11 -0.25 -0.11 -0.052 -0.141
-F . ■ +0.50 . .-0 .45 - 0 . 3 4 -0.57 . -0.45 +0.708 .  ̂ -0.336
tCT +0.46 - 0 .2 3 ■ -0.25 -0.36 -0.23 +0.690 ■ —0.161
-Br +0.44 -0.19 -0.19 . -0.30 " -0.19 +0.727 .-0.176
-COOR +0.30 +0,14 ■ +0.14 . +0.14 +0.34 +0.552 +0.140
-CN +0.56 +0.13 +0:13 . +0.13 +0.33 +0.847 r +0.184
-NO2 +0.65 +0.15 +0.15 +0.15 +0.46 . +1.109 +0.155
-COCH3 +0.28 +0.16 +0.16 +0.16. +0.47 +0.534 +0 . 2 0 2

'CHgF
-CH2OCH3

‘  + 0 . 1 2  
'  - 0 . 01

- 0 . 0 2
- 0 . 0 6

m ■ P
-OCFlJ , +0.047 -0.778
-CH3 ' -0.066 -0.311
-F +0.352 ■ -0.073
-Cl +0.399 -+0.114
-Br +0:405 +0.150
—COOMe. + 0.368 +0.489
-COGEt +0.366 +0.482
-CN , +0.562. +0.65i
-NO2 +0.674 +0.790
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applied  in th i s - t r e a tm e n t ,  a s ig n i f ic a n t  d i f fe ren ce  from T a f t ' s
■ ■ . . \  

t rea tm ent .  In order to  determine the a p p l i c a b i l i t y  of  these values

to  the  fluoromethylnaphthalene system Aijj's were also co rre la ted  wit 

F and R values of  Swain and Lupton.. .

Subst i tuent  constants  fo r  the -CH_E_.and— groups a re .hot
 ------------ - '  Ù J

  J - — - 52
1 i s t e d —in-ref7~l  6 . However, Sheiîpard has reported a^ and values

19fo r  these su b s t i tu en ts  derived from F measurements of  metar and 

p a ra - f luoroto luenes and these values were used in the co r re la t io n s .

The^diiSl su b s t i tu en t  parameter c o r re la t io n s  were carr ied  out on 

an IBM System/370 Model 145 computer using the  Universi ty  of V ic to r ia

program 'MULREG', a program which performs a m ult ip le  l in e a r  regress ion

fo r  a se t  of  independent va r iab le s  [in t h i s  case and o ) and a 

.dependent v a r iab le  [AiJ>, A t  or J ) .  Ouput from the program as l i s t e d  ,

in Tables XIV-XXI includes the following;-  . ' , ' :

- i R - mult ip le  c o r re la t io n  c o e f f ic ien t  for '  tlie mult ip le  l in ea r  

r eg re ss io n . '

' FPROB,,- a confidence measure o f  the t o t a l  regress ion  derived .from

computed t -v a lu e s .  '

p - the regress ion  c o e f f i c i e n t  assoc ia ted  with o, .
■Î :
FPROB; p_ - a measure.of confidence in the regress ion  c o e f f ic ie n t  p , 

This parameter i s  the s ign i f icance  leve l^assoc ia ted  with the 

regress ion  c o e f f i c i e n t  p ' .^Based on a n u l l  hypothesis , i . e .  t h a t  

p i s  z e r o , ‘this.rparameter i s  the s t a t i s t i c a l  measure of  the , 

p ro b a b i l i ty  th a t  .the nu l l  hypothesis i s  t rue  - the chances th a t  

these  data, or any s im i la r  subsequent da ta  would confirm the nu l l  

hypothesis! .̂V small value of FPROBpj r e j e c t s  the nu l l  hypothesis 

and a t  the same time confirms the magnitude of Pj.  A su i tab le
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acceptance c r i t e r i o n  i s  chosen and values outside t h i s  l im it  are 

; r e je c ted  and ind ica te  t h a t  p, i s . n o t  s i g n i f i c a n t l y  d i f f e r e n t  from 

ze ro . For physical  da ta  o f  t h i s  type an acceptable  value is  

0 . 0 .0 1 , i . e .  th a t  only 1 in  1 0 0 0  cases would confirm the nu l l  

hypothesis and th a t  the value of  is  s i g n i f i c a n t l y  d i f f e r e n t  from-

zero by. the magnitude ind ica ted .  '
, ' I

FPROBpj  ̂ - a measure of confidence in tl\e regress ion  co e f f ic ien t  pj .̂

. INTERCEPT.' . ' .: ' -

S.E., of INTERCEPT - Standard, e r ro r  of intercept^.

S.D. - Standard devia t ion  of t o t a l  regress ion  d p r re la t ion .

Two other  q u a n t i t ie s  are l i s t e d  in the r e s u l t s  t ab le s .  '

n - the  nîjlt^bci>0 f  da ta  po in ts  included, in the correlat ion. .

X - the r a t i o  Pj^/Pj- ■

In the dual su b s t i tuen t  parameter analys is  reported by Taft e t  a l .  
■ ■ ■ ■ ' . . ' ' 

the. f i t t i n g  of  the data  was constrained to zero in te rce p t  behaviour.

While recognising th a t  the  data  f o r  the unsubs t i tu tcd  member of any se t

may be as subject  to experimental e r ro r  as any o ther  member, they

remarked th a t  such e r ro r  i s  genera l ly  r e l a t i v e l y ' s m a l l - f o r . a  se t  of'-:

r e l i a b l e  data .  In a da ta  set' the point  P=0 .fo r  the IT su b s t i tu en t  i s

c r i t i c a l  and valuable in loca.ting the scale  o r ig in s . -  This point cannot

^influence the rho yalues ( a l l  sigmas are constrained to  zero) and.so

X th i s  point  does not affec t ,  the s t a t i s t i c s .

. We chose to-adopt a s l i g h t ly  d i f f e r e n t  approach to  the  f i , t t ing  of

■ the  da ta  t o . t h i s  equation. We believe tha t  by.a llowing a f ree  f i t

and by not restraining^; the equation to zero in te r c e p t  behaviour th i s

16
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provides yet another measure of the  "goodness o f  f i tV .  The m ult ip le  

c o r r e l a t io n  c o e f f i c i e n t R ,  and the  s t a t i s t i c a l  confidence measures 

of  the  form of  the overa l l  equation and fo r  the separa te  c o e f f i c i e n t s

of  the independent, v a r iab le s  allows one to  analyse the- d i f f e r e n t  aspects
■ '  ■ ■ ■ ■ ■ '

of  the f i t t i n g  of the data to  the dual -subs t i tuent  parameter equation.

The value of  the in te rce p t  and-the comparison o f - t h i s  value to the

standard e r r o r  fo r  the in te rce p t  a f fo rds  another -means of monitoring

"a good f i t "  or probably more importantly  in  what-xespects a f i t  was

not "a good f i t " .  The hydrogen data  point.was included as a normal data

poin t  in  order  to permit t h i s  f ree  f i t t i n g  to  the  equation.

The blending f a c to r ,  defined as pWp i s  an in d ica t io n  of theR'- i

r e l a t i v e  transmiss ion  of  resonance and po la r  e f f e c t s .  -For p a ra - 

su b s t i tu e n t s  X i s  normally 1 ' or g re a te r  whereas for meta-su b s t i tu e n t s  

i t  i s  t y p ic a l l y  l e s s  than 0.4 .  This r e f l e c t s  the poorer  transmiss ion of. 

p i - d e l o c a l i s â t ion e f fe c t s  from the meta- than from thé p a ra -p o s i t i o n . - 

Large X values.are .  associa ted  with physical  property  measurements which 

involved predominantly the m e le c t ro n s ;  io n is a t io n  e q u i l i b r i a  are 

c h arac te r i sed  by a value of X much c lo se r  to  un i ty  ind ica t in g  a 'h igh e r

blend of  p o la r  e f f e c t s .  An i n t e r e s t i n g  study in t h i s  respec t  i s  tlie
' ■■ ■ ; ■ ; . 128 
ionisat ion,  of  a - s u b s t i tu t e d  £ - to lu i c  acids in 50% aqueous ethanol.

For t h i s  s e r i e s  X 0 ind ica t ing  no s u b s t i tu e n t  resonance e f f e c t s . are  '.

poss ib le ;  the in te r p o s i t io n  o f  the  methylene moiety between.the

su b s t i tu e n t  and the aromatic nucleus does e l iminate  conjugation of  the

subs t i tuen t-X  with the r ing .  • '

I f  pj and are  o f  o pp o s i te ' s ig n  X w i l l -b e  a-negat ive  quanti ty ;

This s t r e s s e s  the fac t  th a t  the t ransmiss ion  o f  I and R e f f e c t s  from

any s u b s t i tu e n t  need not ne ce ssa r i ly  be c lo se ly  r e l a t e d .  “ ■
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Fluoromethylnaphthalene parameters c o r re la ted  by t h i s  e qu a t io n >include 

100 MHz and. 60 MHz su b s t i tu en t  chemical s h i f t s  , ^H 100 MHz

and 60 MHz s u b s t i tu e n t  chemical sh i f t s ;  (atÜ, average coupling constant
19 19values measured from F spec t ra  and F 100 MHz su b s t i tu en tHr .

chemical s h i f t s  fo r  su b s t i tu e n ts  not  sub jec t  to  s t e r i c  tw is t ing  b,  ̂ p e r i -  .
/ 19

hydrogens. ■ F 60 MHz A({> and J values for  su b s t i tu t e d  benzyl f lu o r id es  

were a lso  c o r re la ted  by the mult ip le  l in e a r  reg ress ion  t r ea tm e n t . Results  

o f  these  c o r r e la t io n s  are shown in Tables XIV-XXV. The contents  of

the  tab les  a re  as follows:
■ 19

Table XIV. Mult ip le  l in e a r  regress ion  of  100 MHz F su b s t i tu en t  

chemical s h i f t s  of 4 -subs t i tu ted- l - f luorbm ethy lnaph tha lenes .  .

/  -  "  ■ ' . ' ■ -IS ' ' ■ , ■ ■
Table XV. Mult ip le  l in e a r  regress ion  of  100 MHz F su b s t i tu en t  chemical 

s h i f t s  o f -3 -sub s t i tu ted - l - f luo ro m eth y ln ap h th a len es .

' ■ 19 ■Table XVI. Mult ip le  l i n e a r  regress ion  of  60 MHz F su b s t i tu en t

chemical s h i f t s  of 4 - subs t i tu ted- l^ f luorom ethy lnaph tha lenes .

19
Table  XVII. Mult ip le  l i n e a r  regress ion  of  60 MHz F s u b s t i t u t e n t  

chemical s h i f t s  of S -subs t i tu ted - l - f luo rom ethy lnaph tha lenes .

' ' ■ ’ .19' 'Table XVIII. Mult ip le  l i n e a r  regress ion,  of 60 MHz F su b s t i tu en t

chemical s h i f t s  of £  and m-subst i tu ted benzyl f l u o r i d e s . . ■ '

2
Table XIX. Mult ip le  l i n e a r  regress ion  o f  100 MHz. and 60 MHz H '

su b s t i tu en t  chemical s h i f t s  of  3- and 4 - s u b s t i t u t e d - 1-f luoromethyl- 

naphthalenes.  ■ ' .

Table XX. M u l t ip le , l in e a r  regress ion  of  100 MHz and 60 MHz'J^p coupling;
■ . ‘ ■ f7 • - ■ .

constants  of  3- and 4 - su b s t i tu te d  fluoromethylnaphthalenes and,£- and m-
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su b s t i tu t e d  benzyl fluoride-. •

Table XXJ. Multip le  l i n e a r  regress ion  of 100'MHz su b s t i tu en t  

chemical s h i f t s  o f  4 -subs t i tu ted-1-f luorom ethy lnaph tha lenes .
I ' ' ' ' : ■ ■ - '

Subs t i tuen ts  not sub ject  to  s t e r i c  tw is t ing  by, p.erirhydirogens - Br,

Cl, F, CN, Ctiy

Table XXII.. Mult iple  l in e a r  regress ion o f  100. MHz and 60 MHz 

- s u b s t i t u e n t  chemical s h i f t s  of  .5 -subs t i tu ted- l - f luorom ethy lnaph tha lenes .

Table XXIII. . Linear l e a s t  squares c o r r e l a t io n - o f  su b s t i tuen t  chemical' 

s h i f t s  and Brown values fo r  substi tu ted- l - f l i iofomethylnaphthalenes
' - ' " r  +■and su b s t i tu ted  benzyl f lu o r id e ^  and ca lcu la ted  a values.

.Table XXIV. Observed and ca lcu la ted  su b s t i tu e n t  chemical s h i f t  values 

fo r  4 -subs t i tu ted -1- f luorom ethy lnaph tha lenes . .

Table XXV. Observed and ca lcu la ted  s u b s t i tu e n t  chemical s h i f t s  values    ' ■ • -*
fo r  3 -subs t i tu ted- l - f luorom ethy lhaphtha lenes . '  . ‘ '



■ ■ ■ 19 , . • .Table XIV.- Mult iple  l in e a r  regress ion  of  100 MHz F subs t i tuen t  chemical s h i f t s  of  4 - s u b s t i t u t e d - l -
. ' fluoromethylnaphthalenes. ■ '

Correla t ion n R FPROB ' I FPROBp I pR FPROBpĵ [R INTER-,S.E. of. 
Pj CEPT INTERCEPT

■S. D.

(BA)* “ l '
Taft  *R(BA) *
with -CĤ F data^'

Taft  + * 1

with -CĤ OCĤ  data^. '

°R(BA)
with -CĤ OCĤ  and^CH^F data^ 
Taft  o t  Oy

’iP'
with -CĤ OCĤ  data^
Taft  + o^

10 0.993 0.0000-18.48 0.00003 16.91 0.00000 2.00 0.25 . 0.32

11 0.993 O.uOOO 8.32 0.00001 16.91 0.00000 ' 2.03 0.34 0.28

11 0.992 0.0000 8.11 0.00001 16:85 0.00000 2.08 0:43 0.27

12 0:992 0,0000 8.03 0.00000 16.85 0.00000.

10 0.992 0.0000 8.02 0.00007 13.21.  0.00000

0.2410

65

with '-CH^F ^ata*^
Taft. Oĵ  + a 1
with -CĤ F. and .CĤ OCHj data 
Taft  e ° + 0  V •

Swain and Lupton ■
F and R ■ ■ ‘

IT 0.992 0 . 0 0 0 0 . 8.19 0.00001 13.21 , 0 .00000 1.61 0.90

11 0.991. 0.0000 8.17 0.00001 13.19 0.00000 1:61 0.89,

a 12 0.992 0.0000 8.27 0.00000 13,19 0.00000 1.59', 0.84

10 0.991 0.0000 7.87 .0.00008 18.91 0.00000
10 0.986 0.0000 5.87 0.00145 .10.76 0.00001

10 0.995 0.0000 4.32*’ 0.00005 17.73*’ 0.Ô0000

2.40 0.31
1.83 -0.32

' - 0.28

. 0.28 

0.31

0.25

- 0.36 
0.46

0.29

0.53

0.51

0.54

0.51

0.58

0.55

0.56

0.53

0.60
0.77

0.46

\

'vj

a i . e .  using and values from r e f .  52 for  -CH^F and -CĤ OCĤ  su b s t i tuen ts .
b , These parameters do not have the same s ign i f icance  as in T a f t ’s analysis .



Table XV. Multiple l ln e ^ ^ r e g re s s io n  of 
fiuoroma'fbKlpaphthalenes.

19 ■ ■ .
100 MHz F subs t i tuen t  chemical s h i f t s  of 3 - su b s t i tu te d - l -

Correla t ion ) n R FPROB FPROBpJ ■ ■ ^RFPROBp„ A= —. / R  Pj
INTER­
CEPT

S.E. of , 
INTERCEPT s ;d.

' l>ft <■ 8 Ü.&99 0.0173 • 7.08 0.00656 -5.34 . 0.10928 -0.75 -0.61 0.55 0.92

'’itCBA) * °I 9 0.881 0.0118 6.78 0.00414 -5.55 0.08422 -0.82 -0.42 0.50 0.90
with -CH^F data^ , '

Taft. + 0 ^ 8 0.899, 0.0173 7.08 0.00656 -5.34 0.10928 -0.75 -0.61 0.55 0.92 ■

Taft  0  + 0  - 
R I ^ . ■ ‘ ‘ 9 0.881 0.0118 6.78. .0.00414 -5.55 0.08422 -0.82 -0.42 0.50 . 0.90

with -CILF data

Taft  Y ^ j O j  ■ , ■ 8 0.902 0.0159. 7.00 0.00601 -3.60 0.11731 -0.51 -0.76 0.55 0.89

Ta£t V , 9 ■0 . 8 6 8 o!o158. 6.60 0.00556 -3.68 0.12096 -0.56 -0.55 0.54 0.95
with -CH^F dat'à^ •

* " l  ■ 8 ■ 0.908 : 0:0141 7.67 0.00540 -3.14 0.085.06 -0.41 -0.43 0.53 0 . 8 8

" r ( A )  *  ° i 9 0.898 0.0080 7.52 0.00283 -3.33 0.05261 -0.44 -0.28 0.46 0.90
with -CH^F datà^

Swain and Lupton 
F and R°

; 8 0.829 0..0555 ■ 4:24^ 0.02167 -4.75^ 0.21885 - -0.65 0.74 1:17

52 fo r  -CĤ F and -Cil^OCĤ  su b s t i tu en ts .
b These parameters, do not have the same s ignif icance  as in T a f t ' s  a n a ly s i s .

00



- 1 9Table XVJ.. M u ltip le  l in e a r  r eg r e ss io n  o f - 60 MHz , F su b s t i tu e n t  chemical s h i f t s  o f  4 - s u b s t i tu te d - l -
fluorom ethylnaphthalenes..

Correlation
..

n R FPROB FPROBpJ / R •FPROBp^
"1

INTER­
CEPT

S.E. of  - 
INTERCEPT S.D.

V ( M )  * “ l 10 0.992 0.0000 ,8.49 0.00005 17,09 0.00000 2.01 0.28 0.35 0.59

°R(BA) ° I i l 0.991 0.0000 ■ 8.35 0.00001 17.09 0.00000 2.05 0.36 0.31 0.56 •
with -CILF data^

° r (;ba) ^
with -Cli^OClL data^

11 0.991 0.0000 8.18 0.00001 17:04 0.00000 2.08 0.43 0 . 2 9 . ^ 0.57

^(BAO • , 12 0.991 0.0000 8.11 0.00000 17.05 . 0.00000 2.10 0.45 0.26 0.55
witli -d igF and -CĤ OCIl  ̂ data^
Taft 0 »^ + o - TK 1 \ 10 0.991 '0.0000 8 . 03 0.00001 13.36 ■ 0.00000 1.66 1.01- 0.38 0.63

Taft  a /  t  Oj , 11 0.991 0.0000 8.26 o .ooqoi 13.36 0.00000 1.62 0.90- 0.3'i 0.60
with -Cligbeilj data*

+ *1 : 11 0.990 0.0000 8.19 .0.00002 ■13.33 0.00000 1.63 0.92 0.33 0.60 '
with -CHgF data^
Taft O j L _ 12 . 0.990 0.0000 . 8.35 O.ÔOOOO _ 13.34 0.00000 ' 1.6 0 0.85 0.28 , 0.58 .
with -CILOCH and CILF data^
Taft  d * +■ o ' K I 10 0.981 0.0000 7.88 . 0.00013■ 19.11 0.00001 2,43 0.33 ■ '0 9 ' 0 .6 5

“RCA-) * ° I  , 10 0.984 0.0000 5.86 '^0.00192■ > 10.87 0.00001 1.86 - 0 . 30 0.48 O.8 O'

■Swa In and Lupton . - 
F and 10 0.994 ' 0.0000 4.33^ 0.00008. 17.94’̂ 0.00000 - 0.30 0 .3 2 , ' 0.51

a I . e .  using-Oj and values trom Kef. 52 to r  -Cl 1̂1- and -CÛ OCĤ  subs t i tuen ts  
b These parameters.do not have the same s ign if icance  a s ' in T a f t ' s  ana lys is .  '

'J(O
\



Table XVII. 19 ' 'Mult iple l inea r . r e g re s s io n  o f  60 MHz F subs t i tuen t  chemical s h i f t s  o f  3 - su b s t i tu te d - l -  
fluoromethylnaphthalenes.

Correlation - ^- n FPROB > I FPROBp^ / R
. Pr

FPROBp  ̂ ~ INTER­
CEPT

S.E. of 
INTERCEPT S.D.

8 0.882 0.0241 6 . 8 6 0.00914 ^^t4.64 0.17124 -0.68 -0.62 0.58 ■ 0.97

"litB A ) " “ l  ' ■ . 9 • 0.861. 0.0179 6.54 0.00633 -4.87 ' 0.13858 -0:75 -0.40^ 0.53 0.96 .
with CĤ F data^ ’ ’ ■

Taft  0 [j“ ♦ °I 8 0.882 0.0241 6 . 8 6 0.00914 -4.64 0.17124 -0.68 -0.62 0.58 0.97

9 O'; 861 0.0179 6.54 0.00633 -4.87 0.13858 -0.75 .-0.40 . 0.53 0.96
with CILF data   ̂1

/? ■■

Taft  0 ^* + Oj 8 0.880 ' 0 ' 0 .0253/ 6.84 0.00958 -3.27 0.18179 -0.48 -0.78 . 0.61 ' 0.98

Taft 0 ^  + o,R- I ■ 9 0 . 8 8 6 0.0106 6.82 0.00371 -3.26 0.13995 -0.48 -0.77 0.51 0.90
with CHgF data^ ' .

’■^f‘ . '’R(A) * “ l 9 0.878 0.0127 7.22 0.00461 -2.98 0.09039 -0.41 -0.28 0.49 0.90 '
with GH‘F data^

.. Z "

Taf t -Or t  Oj 8 0.891 0 . 0 2 0 2 7.39 0.00787 -2 .7 7 ' 0:13633 -0.37 -0.46 0.56 0.94

Swain and Lupton' 
F and ■ 8 0.819 0.0683 . 4.07^ ,0.02735 -4.08^ o'. 29437 -0.64 0.76 1 . 2 1

d  V t l l . U c l 3  X L O l i l  X * cJ-IlCl s L i U o t l l - L I G l

b These parameters do not have the same s ignif icance  as in T a f t ' s  analysis .

00o
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Table XVIIIv; M u ltip le  l in e a r  reg ress io n  o f  60 MHz F su b s t itu e n t  chemical s h i f t s  o f  2  aiid m -sub stitu ted
benzyl f lu o r id e s .  ' ' * ; . ‘ -

Correla t ion ■ n R FPROB Pj . FPROBp
I pR FPROBpj '̂

Pi
INTER­
CEPT

S.E. of 
INTERCEPT 'S.D.

Î

E-X ■ •

" °I ■ s 0.998 0 . 0 0 0 0 9.87
f

0.00007. 16.51 • 0 . 0 0 0 0 2 1.67 -0.34 0.25 0.35.,

Taft  + Oj . 8 0.990 0 . 0 0 0 2 9.25 ■0.00127 20.41 Ô. 0 0 0 1 0 2 . 2 1 -0.17 0.62 0.87

Taft 0 »^ + 0 , K I 8 0.992 0 . 0 0 0 2 9.35 0.00089 11.23 \ 0.00007, 1 . 2 0 0,26 0.58 0.80

■
8 0 . 9 6 2 0 , 0 0 2 2 6,94 0.04899 13.04 0.00172 1 . 8 8 ; 0.96 1.19 1.74

Swain and Lupton 
F and 8 ' 0.998 0 . 0 0 0 0 4.98^ 0.00016 18.92^ 0 . 0 0 0 0 2 - 0 . 0 0 0.28 0.39'

m “ X

“r CBM " ° I  '  ■ 0.996 0.0005 7.60 0.00031 bV " 0.00340 0.29 0.09 . 0.18 0 .2 6 /

: T a f t a ^ ° V a j 0.-996 0.0005 7.48 0.00030 2.75 0.00319 0.37 ‘ 0 . 1 2 . 0.18 0.25 ‘

Taf t  a , J  t  Oj 0.993 0.0007. 7.54 0.00047 1.45 0.00625 0;19 0.16 0.23' 0.32

"RCA) ♦ .«I . 7 0.994 0.0007 7.14 0.00052 T.80 . 0.00910 0.25 0 . 0 2 0 . 2 1 0.31

Swain and Lupton 
F and “ ' ' 7 -: 0.990 0 . 0 0 1 2 4^64^ 0.00083 2.16^ 0.02475 0.13 0.29 0.39

■   - ■ . .________
a These parameters do not have the same s ign i f icance  as ip T a f t ' s  analysis

00



Table XIX. ' M ultip le  l in e a r  r e g r e s s io n 'c o r r e la t io n  o f  60 MHz and 100 MHz H su b s t itu en t  chemical s h i f t s  o f
3- and 4-sub stitu t" ed -lr fluorom eth ylnaph thalenes.

Correlation
*

’ n' R FPROB P j - FPROBp  ̂. ^  i PR-.^ FPROBpjj-
■ "I ,

INTER­
CEPT

S.E. of 
INTERCEPT S.D.

°R(BA)
+

8 0/976 O'. 0009 0  .08 ' 0.01189 - o . i s ’ 0.00125 ■-1.97 0 . 0 1 0 . 0 1 0 . 0 1

100 MHz 4-X
. ■*

- * ■
. '

60 MHz . 4-X

+ * ■ : - r

8 0.922/1):  009? 0.08 0.04475 - 0 . 1 1

3 ■ ‘

,0.02550 -1.29 0 . 0 1 0 . 0 1 0 . 0 2

°R(BA) +
'° I  ' : 7 0,740 0.1380 0.06 0.10751- ,-0.14 0.07969 - 2  . 1 2  ' 0 . 0 2 - 0 . 0 1 0 . 0 2

100 MHz.3-X ■ \ ;

l a f t ■ +
°I 7 0.907 0.0330 0.13 0.02464 -0.18 . 0.02956 -1 .45 . 0 . 0 1 0 . 0 1 0 . 0 2  .

60 MHz -.3-X
'V

•

■

00hJ
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Table XX. Multiple  l in ea r  regress ion of 100 MHz and 60 MHz J..„ coupling constants o f '3-  and 4 -subs t i tu ted  
__^fluoromethylnaphthalenes and m- and g -subs t i tu tdd  benzyl f luor ides .

Correlation

1

n R FPROB »! FPROBp- 
/  i PR- FPROBp^ INTER- S.E. of  

CEPT' INTERCEPT S.D.

Taft + Oj 
4-X-fluoromethylnaphthalene

12 - 0.954 0 . 0 0 0 0 -0.99 o . o b ^ • -2.38 0 . 0 0 0 0 2 +2.33 47.81- ' 0.08 Ô.18

‘’u(BA) * ° I '  . 
3-X-fluoromethylnaphthalene

9 0,803

/

0.0448 -1.S4 0.01647 , 0.90 0.33217 -0.58

7

48.13 0.16 0.28

£̂ -X“bcnzyl f luoride
8  0.994 0 . 0 0 0 1 -1.08 0.00050 - 2 . 2 0 0 . 0 0 0 0 ?' +2.03 48.01 0.06 0.08

Taft OR(BA) * * 1  

m-X-benzyl f luor ide
.  ' ■ .

7 ^ ^ 7

r

0 , 1 0 1 0 -0.95 ̂ .• 0.10341 -0.89

•

0.12852 +0.94 47.93 0.71

>

0.3"

/A

CDw



19,Table XXI. Multiple l in e a r  regress ion  of 100 MHz F subs t i tuen t  chemical s h i f t s  o f  4 - s u b s t i t u t e d - l -  
fluoromethylnaphthalenes.
Subs t i tuen ts  not subject  to  s t e r i c  tw is t ing  by 'peri-hydrogens,  Br, Cl, F, C.N, CH .̂

Correla t ion n R FPROB Pj FPROBpJ pR ■ FPROBp^
"I

INTER­
CEPT

S.E. o f  
INTERCEPT S.D.

Taft 6 0.999 0 . 0 0 1 0 9.24 0 . 0 0 1 0 0 16.28 0.00072 1.76 -0.18 0 . 1 1 0.16

Taft V  " “ i 6 0.990 0.0057 8.67 0.00693 18.89 0.00264 2.18 0 . 0 2 0.45 0.64

Taft + ,

6 - 0.993 0.0041 8.67 ' 0.00491 12.64 ■ 0.00184 1.46 0.54 0.39 0.53

Taft °R(A)
■ ■/' I

6 0.993 0.0045

li*

6.84 0.00827 11.98 0.00273 1.75 -0.42 0.39 0.56

00
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Table XXII. .Multiple l in ea r  r e g r e s s io n ,of  100 MHz and 60 MHz F su b s t i tu en t  chemical s h i f t s  of  3 -su b s t i tu te d -

I - f luo r^e thy lnaph t l ia lenes  omitt ing -COOMe and -COOEt points .-

-
Correlation ' n R FPROB Pi FPROBpJ pR FPROBp_•« K »I

INTER-
.CEPT

S.E. o f  
INTERCEPT S.D.

' r (BA) * “ i l OO 6 0.946 0.0383 6.51 0.01913 -3.03 0.32342 -0.47 - 0 . 2 0 0.50 0.77

"a(BA) * Si
with CHj F”

. 7 ■0.937 0.0168 6.28 0.00762 -3.03 0.27550 -0.48 -0.05 0.43 0.72

+ 0 , 100 MHzK ■ I 6 0.946 0.0383 6.51 0.01913 -3.03 0.32342 -0.47 - 0 . 2 0 0.50 0.77

o_° + 0 . 100 MHz ,R I 7 0.937 0.0168 6.28 0.00762 -3.03 0.27550 -0.48 -0.05 0.43 0.72
with CILF^ 

2

+ aj  100 MHz . 6 0.944- 0'0394 6.48 0.01972 - 2 . 1 1 0.33670 -0.33 -0.30 0.54 . 0.78

Or  ̂ + .Oj 100 MHz 7 0.932 0.0193 6.15 0.00867 -1.92 0.33800 -0.31 - - 0 . 1 0 0.46 0.75
with CH_F  ̂ ; ■ 2  H .

°R(A) + °I  109 M": 6 0.960 0.0269 6.98 0.01431 -2.03 0.19347 -0.29 -0.09 0.43 0.67

°R(A) " °1 MHz
with CH^F^ 7 0.934 o!0O99 6.85 0.00490 - 2 . 1 1 0.12892 -0.31 0 . 0 2 0.35 0.62

\(B A )  * °I 6 0.935 0.0479 '6.26 0.02455 - 2 . 2 2 0.48064 -0.36 -0.18 0.54 0.82

°R[BA) * W) MHz I
with CHgF^ 7 0.924 0.0232 6 . 0 1 0.01091

•»

- 2 . 2 2 0.44084 -0.37 - 0 . 0 1 0.46 0.77

“r (a) * ° r 6 0.947 0.0372 6 . 6 8 k 0.02038 -1.62 0.32073 -0.24 - 0 . 1 1 0.48 0.75

°R(A) * " l
with CILF“ ^

*
7 0.939 0.0158 6.53 0.00814 -1.72 0.24163 -0.26 0.03 0.40 0.69 ^  

00 
tn

-
1

fi •. . - ■
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Table XXII. (Continued)

. ^
; •

' '
Correla t ion n R

' ^
FPROB • FPROBp

1 • P a : . .
INTER- S-.E. o f  
CEPT lOTERCEPT S.D.

Swain, and Lupton 
F and 100 MHz 6  0.903 0.0816 3.91^ 0.'04 208 -2.67** 0.45746 . - 0.18 0 . 6 8  . 1 . 0 1

'•SWain and Lupton
F and R° 60 MHz

. ■
6  ■ 0.893 0.0934 3.74^ 0.05039 rl.95** 0.58915 . -

r  .
-0.16 ' 0.70 1.05

a i . e .  using_p and o values from Ref. 52 for  -CiLF and -CILOCIL su b s t i tu en t s .' I K  ^ ^  C 6  o
b These parameters' do 'not  have the same s ign i f icance  as in T a f t ' s  ana lys is .

00o
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Table XXIII. Linear l e a s t  squares c o r r e l a t io n  o f  su b s t i tu e n t  chemical ^ 
#

s h i f t s  and Brown^^^ o* values f o r  s u b s t i t u t c d - l - f l u o r o -
’ •

mothylnaphthalchos and s u b s t i tu te d  benzyl f luor ides  and

ca lcu la ted a* va lues .
i

' •

J ~ Correla t ion n p INTERCEPT ' r S.D.

A4> S u b s t i tu ted -1 -  ^ 
f 1 uoromot hy1 naph th a 1 en e 

vs.  0 +
,

13 9.34 -0.25 0.916 1.48

A(j) S ub s t i tu ted  benzyl 
f l u o r id e  vs. o"̂  T 14 9.92

\ '
-0,30 ‘ 6.982 0 . 8 6

' •
Data fo r  3-COOMe and 3-COOEt omitted.

■Calculated values^ r

3^C0CH_- ' . +0.059 -5 
: : .

4-COCH  ̂ * +0-634

5-CH^F +0.161

4-CH^F . +0.166.

4-CH-0CH_ +0.0062 3
4-COCH^F +0.744
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Table XXIV. Observed and ca lcu la te d  s u b s t i tu e n t chemical s h i f t  values

f o r , 4 - s u b s t i t u t c d - 1 -fluoromethylnaphthalones measured a t

1 0 0  m z . •

' ■ P j = 8.477, pjj = 16.912, . INTERCEPT = 0.252
:

•
1 ' '

 ̂ S ubs t i tuen t
1

^ 1 / °R(BA) ca lcu la ted  observed
■ Difference

CH3 . -0.04 - 0 . 1 1  ' -1.95 -2.51 t .56^^

F +0.05 -0.45 ,-5.12 C -2.81 .31

Cl +0.46 -0.23 +0.26 +0.25 . 0 1

, /  Br +0.44 -0.19 . . . +0.76 ■
CN +0.56 +0.13 + 7.20 + 7.10 • . 1

COOCH-
0

+0.30 . +0.14 +5.16 +5:89 ' . 73

COOĈ Ĥ +0.30 +0.14 . +5.16 +5.56 , . - 4 0
&

NO,
.  t  -

+0.65 +0.15 +8.30 + 7.46. ■ .84

COCHg +0.28 +0.16- +5.33 ' +5.67 .34- . ‘

r  # - - '  •
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Table XXV. Observed arid c a l c u l a t e d  s u b s t i t u e n t  chemical s h i f t  va lues   /
f o r  3 - s u b s t i tu t e d - l - f lu o ro m c th y ln a p h th a le n e s  measured a t
100 Mlz. '

(a) Pj = 7.080,-pQ = -5.341, INTERCEPT = -0. 613

, Subs t i tuen t  Oj A*
• ca lcu la ted

A*
observed

Difference

CHs -0/04 - 0 . 1 1 -0/31 +0.13 .44
Br +0.44 -0.19 +3.52 +2.89 .65
CN +0.56 +0.13 + 2 . 6 6 +3.95 .1.29
pooau +0.30 +0.14 +0.76 -0.07 .83 '

' C0 0 C2 H5 +0.30 +0.14 +0.76 •• -0.13 . .89
N0 2 ’+0.65 .‘ +0.15 + 3.19 +3.42 . .23

• COCH3
, . +0.28 

* *

+ 0  .,16 +0.51 +0.30 . 2 1

Cb) Pj- = 7.672, = -3.141, 'INTERCEPT': -0 i434- ' , •

Subs t i tuen t  e . *R(A) ; 6 (fl ■ A(̂  ' , Difference.
ca lcu la ted observed '

CH3 .-0.04 - 0 . 1 1 -0.40 +0 . 1 3 ' .53
Br +0.44 -0.19 +3 / 3 4 +2.,89' ' .65

) CN +0.56 ' +0.33 . +2.83 +3.95 1 . 1 2
GOOCH, +0.30 +0.34 ■ +0.80 -0.07 .87
COOC2 H5 +0.30 '+0.34 +0.80 -0.13 • .93

, - .  NO2 +0.65 +0.46 +3.11 +3:42 ; .31
COCH3  

- ' "*
+0.28 +0:47 +0.24

V

• +0.30 .06 1

Cc) Pj '  6-978, = -2.026, INTERCEPT = -0 . 0 9 4 '* i • A(f. - A^, Difference
■ -■ ■ ■ Subs t i tuen t  Oj ca lcu la ted observed •

. CH3 -0.04 -Oi l l -0.15 - +0 . 1 3 " .28
Br +0.44 -O.TSf +3.36 • +2.89 .47
CN +0.56 +0.33-• . ' +3.14 +3.95 - .  81

. NO2 +0,65 +0.46 + 3.51 +3.42 .09
. COCH, +0.28 +0.47 +0.91 +0.30 . .61

-:;:r y- ; \  : ' '

•  (
A ■ • • « •

■ V  / t ,

' - M  ^

t . 1
' '

f

*
.  1

' ' . .
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( i i )  b i i g l p  S u b s t i tu e n t  Parameter C o r r e l a t i o n s . '

In h i s  a n a ly s i s  o f  s u b s t i t u e n t  chemical s h i f t s  ‘BCguin^^ 

rep o r ted  a,  g o o d V o r ro l a t i o n  with the  o* c o n s ta n t s  o f  Brown'‘and Okamoto^^^:

A(|) = +9.76 o - 0.27 t,(r = 0.976)

X,/

• A s im i la r  c o r r e l a t io n  was undertaken with the fluoromethyF^aphthalcnc‘ 

data.using" a program to  c a lcu la te  the slope and in te rce p t  . f o r , l in e a r  

f ree  energy s ing le  sub s t i tu en t  parameter c o r re la t io n s  by a l in e a r  

l e a s t  squares method. . •'

Analysis o f  benzyl f lu o r id e ,d a ta  was a lso  repeated using t h i s  

computer program. Results  for  both da ta  s e t s  a re  shown in Table X.XIIll

•From the values o f  slope and in te rce p t  obtained fOr the fluoromethyl-
+ '

naphthalenes , a values were ca lcu la ted  for  ra-Ctl^F, p-CH^F, p-COCHgF,

, m-COCĤ  qnd, p-COCH^ su b s t i tu e n t s .  A graph o f  t h i s  r e l a t i o n -  ■ 

^ i p  was drawn (Fig. 3 \ )  and these su b s t i tu e n t s  are  indicated on t h i s  graph. 

Ciii) Comparison ofFluoromethylnaphthalene and Benzyl Fluoride Data 

A graph [Fig. 4 ) o f  su b s t i tu en t  chemical sh i f t s -was  p lo t te d  for  

- su b s t i tu e n ts  where both benzyl f lu o r id e  and fluoromethylnaphthalene 

da ta  were a v a i la b le .  This was in order  to determine i f  there  were 

any sp e c i f ic  dev ia t ions  between the two d a ta  s e t s .  In f a c t ,  i t  

appears th a t  the  fluoromethylnaphthalene data  c o r r e la t e s  qu i te  well 

with th% benzyl f lu o r id e  data  and hence the d i f fe rences  between thé 

dual su b s t i tu en t  parameter co r re la t io n s  fo r  the two se r i e s  must a r i s e  

from the behaviour of  those su b s t i tuen ts  i^hich are  not common to th e

two se r ies , ■V

1
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CHAPTER 4 

DISCUSSION

S p e c t r a l  C h a r a c t e r i s t i c s  o f  S u b s t i tu te d  Naphthalenes
'

I t  i s  a p p ro p r ia te  a t  t h i s  p o in t  to  mention s e v e ra l  o f  th e  terms used 

t o  d e s c r ib e  th e  v a r io u s  p o s i t io n s  and p o s i t i o n a l  r e l a t io n s h ip s  in  the  

naph tha lene  system . Naphthalene p o s i t io n s  a r c  numbered as shown and may 

a l s o  be r e f e r r e d  to  g e n e r a l ly  as a and g p o s i t i o n s .

The l , 8 - a , a  i n t e r a c t i o n  and th e  4 , 5 - a ,a  i n t e r a c t io n  a re  th e  ’p e r i '  

i n t e r a c t io n s  in  th e  naph th a len e  system.

R e la t iv e  d i s p o s i t i o n s  ,of s u b s t i t u e n t  and r e a c t io n  s i t e  r e f e r r e d  to  

in  t h i s  s tu d y  a r e : -

CĤ F

3a

\
X

4g
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In t h i s  system o f  n o m e n c la tu re ,fo r  th e  d i s u b s t i t u t c d  naph tha lenes  the  

p o s i t i o n  o f  th e  s id c -c h a in  fu n c tio n a lfp o u p  CCH2 F) i s ‘d es ig n a te d  as  a o r  

' 0  as a p p ro p r ia te  and th e  p o s i t i o n  o f  th e  s u b s t i t u e n t  i s  then  in d ic a te d  

by th e  p o s i t io n  number, th e  r in g  being numbered from the  fu n c t io n a l

group p o s i t i o n  as 1 ( f o r  a )  o r  2  ( f o r  0 ) .

i )  In f r a re d  S p e c tra  *

In f ra re d  s p e c t r a  were recorded  o f  a l l  s u b s t i t u t e d  naph tha lenes

s y n th e s i s c ^ a n d  d e t a i l s  o f  th e se  s p e c t r a  a r e  inc luded  in  th e  experim en ta l

s e c t io n .  In most cases  th e se  s p e c t r a  were used to  confirm  th e  i d e n t i t y

o f  th e  compounds. A bsorp tions  were a s s ig n ed  based  on group a b so rp t io n

f re q u e n c ie s  reco rded  in  'An In tro d u c t io n  to  P r a c t i c a l  In fra-R ed

l’30S p ec tro sco p y ' by Cross and J o n e s .  However, one o r  two o f  th e  i n f r a r e d

s p e c t ro s c o p ic  c h a r a c t e r i s t i c s  a re  worthy o f  p a r t i c u l a r  n o te .

A bsorptions in  th e  860-730 cm”  ̂ re g io n  o f  th e  spectrum a rc  due to

C-H o u t -o f -p la n e  v i b r a t i o n s .  The hydrogen s u b s t i t u t i o n  p a t t e r n  f o r

each r in g  can be co n s id e red  s e p a r a te ly .  1 -S u b s t i tu te d  naph tha lenes

show ab so rp t io n s  in  th e  reg io n s  810-785 and 780-760 cm ^ , c h a r a c t e r i s t i c

o f  th r e e  and fo u r  a d ja c e n t  hydrogens r e s p e c t iv e ly .  2 - S u b s t i tu tc d
-1n ap h th a len es  absorb a t  860-835, 835-805 and 760-735 cm , c h a r a c t e r i s t i c

o f  an i s o l a t e d  hydrogen atom, two a d ja c e n t  hydrogen atoms and fo u r

a d ja c e n t  hydrogen atoms r e s p e c t iv e ly .  1 ,4 - D is u b s t i tu t e d  n ap h th a len es
-1t h e r e f o r e  show a b s o rp t io n s  i n  th e  reg io n s  835-805 and 780-735 cm , and

*  ̂ — 1 1 , 3 - d i s u b s t i t u t e d  n ap h th a len es  in  th e  re g io n s  860-835 and 780-735 cm .

Two s u b s t i t u e n t  group f req u en c ie s  t h a t  were o f  c o n s id e ra b le  v a lu e

in  s p e c t r a l  assignm ents  were th o se  due to  th e  a l i p h a t i c  C-Br s t r e t c h i n g
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v lb rn r io n  b ü l’.vÊtn cm"^ and th e  a l i p h a t i c  C-F s c r a tc h in g  v ib r a t io n

a t  1079-lOnU . I'h.is l a t t e r  band was very s tro n g  and v a r ie d  very 

l i t t l e  in  i t s  p<:-r.) U on. The fo rce  c o r .s ta r ts  f o r  th e  CM^-X bonds 

c a lc u la t e d  from th e  measured CH^-Br and CM,-1- s t r e t c h i n g  f re q u e n c ie s  and 

from t h a t  l i s t e d  fo r  G !,-C1‘ -"-’ f690 cra"^) a rc  C-F, 1,29 x 10*; C-Br,

1 .23 % Ju* and C-C1» <’- . 0 1  x 10^ dyncs/cm. 'Ihesc va lues  follow tre n d s  . 

f o r  e t h e r  bond c h a r a c t e r i s t i c s  o f  C-halogen bonds, such as bond energy 

and bond le n g th .

The spectrum  o f  l - f lu o ro trc th y ln a p h t i ia lc n c  i s  shown in  F igs. 5 and 6  

as c h a r a c t e r i s t i c  o f  th e  s p e c t r a  o f  t h i s  c l a s s  o f  compounds.

i i )  Mass S pec tra

As i s  c h a r a c t e r i s t i c  of, a rom atic  compounds, and in  p a r^ 'icu Ja r  a lk y l  

s u b s t i t u t e d  a rom atic  hydrocarbons, th e  f lu o ro m cth y ln ap h th a len es  gave 

mass s p e c t r a  which e x h ib i te d  s tro n g  m olecu la r  ion p e a k s . '  Ih c  most 

c h a r a c t e r i s t i c  c leavage  o f  th e  a lk y l  benzenes occurs  a t  th e  bonds b e ta  

to  th e  a rom atic  r in g ,  th e  fragment ion  re a r ra n g e s  to  th e  tropy lium  io n ,  

which i t s e l f  lo se s  a c e ty le n e  in  a m e ta s ta b le  t r a n s i t i o n .  An analogous 

f rag m en ta t io n  p a t t e r n  i s  observed  in  m ethylene s u b s t i t u t e d  n aph tha lenes

and has been d e sc r ib e d  by Budzlkiew icz, D jc ra s s i  and W illiams 1.131

CH.,R

-e

m/c 141 m/e l i s
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The m etastab le  peak.corresponding to  t h i s  fragmentation, has an m/e
• '  2v a lu e ,o f  (115) /141 = 93 .8 . This peak was no t  observed and so must

have been o f  very low in te n s i ty . ’ Numerous r e l a t i v e ly  in ten se  doubly
\

charged peaks a re  very prom inent,in  the  sp e c tra  of-most o f  the  naphthalene

d e r iv a t iv e s  prepared. ‘ Another mass‘sp e c t ra l  fe a tu re  worthy o f  mention

i s  the  increased  r e l a t i v e  abundance o f  the molecular ion peak of the

fluorômethylnaphthalenes compared.to naphthalenes bearing  o th e r
*  * '  - '

s u b s t i tu e n t s ;  in many instances the molecular ion peak i s  a lso  the  base 

peak. Presumably th is  is  due to  the s tre n g th  o f  the  C-F bond. The 

mass spectrum o f  1 -fluoromethylnaphtlialene is  shown in -^ig. 7 ■ and

e x h ib i ts  many o f  these  sp e c t ra l  fea tu re s  d iscussed . D eta ils  o f  the mos.t 

prominent p e a k s 'to  be found in the  sp e c tra  o f  the su b s t i tu te d  naphthalenes
^  /  r  . ■ •

prepared , to g e th e r  with values fo r  t h e i r  r e l a t i v e  abundances, are  .■
’ ' ■ ° r

given in  the  experim ental•se c t io n .

i i i )  Nuclear Magnetic Resonance Spectra
- ' ' • ‘ /

Naphthalene i t s e l f  i s  an e igh t spin  system-with the chemical s h i f t s
■ ' ' 

o f  the  two m u lt ip le ts  .due to  the  a and g protons being found a t  t 2.315
' ■ ' • 132p.p.m . and x 2.66 p.p.m . r e s p e c t iv e ly .  I t  i s  only rec e n t ly  th a t

1  , C  '
naphthalene has been analysed as an e igh t sp in  system and the sign and 

magnitudes, o f  the various coupling constan ts  assigned. Previous to

t h i s  study , t h i s  system had always been considered ^  an AA’BB' case.
- - • 

In the  absence o f  s tro n g ly  desh ie ld ing  su b s t i tu e n ts '  two groups o f
/  . ■ , ■ ■ - ' • 

m u lt ip le ts  corresponding to* four g and two a protons could be d iscerned

in the  sp e c tra  o f  1,4 -d lsu b s .t i tu ted  naphthalenes, and two m u lt ip le ts  '

each in te g ra t in g  for th ree  pro tons in  1 ,3 -d is u b s t i tu te d  naphthalenes.
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In most Cases desh ie ld ing  s u b s t i tu e n ts  were p resen t and so these  

’ p a t t e rn s  were obscured. The n .m .r. s ig n a ls  ,due to the su b s t i tu e n ts  

o f  the su b s t i tu te d  naphthalenes were simple in  na tu re .

' The sp e c tra  o f  methyl su b s t i tu te d  naphthalenes showed an unusual 

c h a r a c t e r i s t i c ,  w hich 'a t  f i r s t  was thought due. to  an impurity in' the
' ' 133

samples. Subsequently a paper appeared in^ th e  l i t e r a t u r e  which

reported  t h i s  s ig n a l  as r e a l  and not an a r te f a c t . .  In the n .m .r .  spectrum 
•4

o f  methyl su b s t i tu te d  naphthalenes the  a-methyl absorption i s  unusually

complex as a r e s u l t  o f  benzy lic  coupling. The s igna l i s  an asymmetric
/  . : ' 

doub le t. By use o f  an i t e r a t i v e  computer technique coupling constan ts  o f
- V 9

■ ^  :
^CH_,2-H ^ '^CH ^CH ,4-H " 'o 6 . o

. w ere,obtained fo r  1 , 8 -dimethylnaphthalene. To i l l u s t r a t e  t h i s  benzy lic  

coup ling .the  region t  7-8 p.p.m . of the  spectrum o f  4 -methyl - 1 -  '

. haph thy lcarb ine1 i s  shown in Fig. 8 . The s p l i t t i n g ,  as shown, i s

about 0.7^ Hz.

■ 1  ' ’M ultiple  reg re ss io n  a n a ly s i s /o f  the 3 -s u b s t i tu t e d - 1-fluorom ethyl­

naphthalene s e r ie s  gave r i s e  to r e s u l ^  t h a t  in d ic a te d  serious dev ia tio ns  

from .the p red ic te d  model fo r  th is  system. The source o f  f iv e  o f  the  

compounds in  t h i s  s e r ie s  was v ia -a  common rou te  which, involved the  

sep ara tio n  o f  isomers, and so i t  was considered necessary! to  e s ta b l is h  

the  a u th e n t ic i ty  o f  these  d e r iv a t iv e s .  The 3 -ac e ty l ,  3-bromo, 3-cyano,

^-methyl e s t e r  and 3-ethy l e s t e r  d e r iv a t iv e s  were a l l  prepared i n d i r e c ^ ^
\  ̂ ■ • ' 

from ‘3-brbmo-l-raethylnaphthoate. This e s t e r  was prepared from n ap h th a lic

anhydride by brpmihation to  y ie ld  3-bromo-ly8 -n ap h tha lic  anhydride. One
* '

. .  '  ■■
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o f  the carboxyl a te  functions was removed by merouration''àrià .subsequent '

h y d ro lysis  to  y ie ld  tlie 3-bromo- and 6 -bromo-.f-n‘aph'thoic a c id s >■ - -

th e  isomers were separa ted  by r e c r y s t a l l i s a t i o p  from g la c ia l  a c e t ic  acid 

and the  3-bromo-1-naphthoic ac id  obtained was e s ' t e r i f i e d  with"diazomethane . 

to  y ie ld  3-bromo- 1 -methylnâphthoat-e. I t  was th e re fo re  necessa ry -to  . ' ■
 ̂ . ‘ ■ -V, ■. ■ . • ■ ' ■; ■

confirm the id e n t i ty  o f  the  3-bromo-l-methyrnaphthoate obtained in  th i s

manner. : Two n .m .r .  s p e c t ra l  methods were used in  t h i s  confirm ation o f

the  o r ie n ta t io n  .of the s u b s t i tu e n ts  in  the*naphthalene n u c le u s .

A lan than ide  s h i f t  reagen t, europium t-ris [ 1 ,1 ,1 ,2 ,2 ,  3 ,3 -h ep ta f lu o ro -7 ,7- 
- /  ' . • ■■ % ' : ° 

dim ethyl- 4 , 6 -o c ta n e d io n a tc ] [Eu( fo d ) ,]  was added to  à so lu t io n  o f  3-bromo- 
■* ■ ■ ' ' '

1 -m ethylnaphthoate in  carbon te t r a c h lo r id e  in  one study' and to  an
■ ' . .. - 

au th e n tic  sample o f  3 -n itro - l-m e th y lnaph thoa te  in  a p a r a l l e l  experiment. .

The s h i f t ,  reagent i s  known to  coordinate  p re fe r e n t ia l ly v v ia  the  ca rb o n y l ' *

oxygen o f  the  e s te r . f u n c t io n  , ; i t  has also been shown by n .m .r .  ,
39 - ■ \ ,

s tu d ie s  th a t  in  1 -naphthaldehyde the  oarbpriyl function., spends more • '

time in the  plane o f  th e  naphthalene nucleus and po in ting  Towards'the

8 - (p e r i )  hydrogen. I f  one assumes a s im ila r  p re fe r re d  c o n fo ^ a t io n
■ ' ' ' ' \ 

in  the  case of  ̂ the  e s te r - fu n c t io n  the  proton c lo s e s t  to  the  coordinated

s h i f t  reagent i s  the 8 -hydrogen. ' '  , . .■ f

■ I t  has been shown th a t  the  main c o n tr ib u tio n  to  th e  observed . ■ ,
- ' ' ' , ' _ .

lan than ide  cheAiical s h i f t  i s  th e  pseudo-contact term which shows strong
■ ■ ' . - . ■ ■

dependence on the  geometrical p o s i t io n 'o f  th e  observed nucleus with .
r -3 . ■ ' '

re sp ec t  to  the cen tra l  ion . T h ere ,is  a r  dependence o f  t h i s  s h i f t  

and th e re fo re  the  magnitude decreases rap id ly  with d is ta n c e . ,  . For th i s  

reason i t  i s  p o ss ib le  to  assign the  various protons w ith in  a molecule*; 

the ' proton c lo s e s t  to  the  lan thanide  ion w il l  show the  1 argest/dowmfield 

s h i f t . '
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' In the"case  o f  the  two compounds in v es tig a te d  the  sp e c tra  recorded

- , in  the  absence of s h i f t  reagent do not resemble each o th e r ,  nor do they

! ' appear to  c o n s is t  o f  s im ila r  components.. However, on ad d it io n  o f  s h i f t  

reagent the  s ig n a ls  moving to  lower f i e l d  a t a more rap id  r a t e  are

\ v i r tu a l l y  id e n t i c a l .  The order o f  the  magnitude of the  induced chemical .
'■ . - . ' > . ' ■  ̂ V

shirft was assigned 8 H > 2H > 4H > 5Hv7H > 6 H. The s ig n a ls  were tnpn ''

. .V  ̂ ' assigned to  thé  various protons in . the  spec&um [Fig. 11) with no" s h i f t
■ ' , - ' ■ . . .  Cj ' , - -

" , , reagent added. The sp ec tra  with s h i f t  reagent added are  shoivn in  Figs. 9, 10.

The second study involved the recording o f  the n .m .r .  spectrum of

3-bromo-l-methylnaphthoate in carbon te t r a c h lo r id e  so lu t io n  a t  220 MHz.

At t h i s , f i e ld  .s treng th  the spectrum is  approaching f i r s t  o rder  and is

. ■ • ; thûs f a r  more re a d i ly  i n t e r p r e t ^ .  . The spectrum with i t s  assignments „

. appears as F ig . '  1 1 . The s ign a ls  were assigned on the  bas is  o f  the
V  . " , ’ ' ■ . , - 132

 ̂ magnitude o f  coupling constants reported  by Crocely and Goldstein

and chemical s h i f t  cons idera tions . The la rg e s t  coupling i s  between

adjacent a- and 3 -p ro to n s ; ' 'fo r  naphthalene i t s e l f  t h i s  value i s  8.28 Hz.

Couplings o f  8.5 and 8.2 Hz were measured in the-lpectrum  o f  3-bromo-l-

' ■ " methylnaphthokte. The doublet o f  doublets a t  1896.2 Hz was assigned

to  the 8 -H on the b as is  o f  i t s  chemical s h i f t .  This a-proton i s  positioned
' ' - : . .  . . ^  ‘

' ad jacent to  the carbonyl group o f  the e.§ter function  and th e re fo re

experiences a la rge  downfield s h i f t .  The coupling o f  the  7-H and 8 -H

(8.5 Hz) i d e n t i f i e s  the  group o f  s ig n a ls  due to the 7-H centred a t '

1599.75 Hz. The 8 -H i s  a lso  s p l i t  by the  6 -H with a coupling constant

*of 1.1 Hz [1.24 Hz in  the case of naph tha lene);■' th i s  s p l i t t i n g  i d e n t i f i e s

the 6 -H centred a t  1579.5 Hz. The 6 -H shows th ree  d i f f e r e n t  s p l i t t i n g s :

y [6.7 Hz), ^ [8.2 Hz) and g (1.1 Hz).. The corresponding

■ ■ ■ ■ ■ ■
\ .  '
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. cnnci! 5,6.711

concii, T 1 . 0

+ 0.025 p r.ufrod)

COOGl

+ 0.040 HiiCfodJ;

- 2 . 0

■ ' 1F i g . . s .  6 0 '>îHz H N’.m .r, sp e c tra  o f  3-bromo-1-methylnaphthoate with
!■ ’ " ' ' . ' - ^  

d i f f e r e n t  concentra tions o f EuCïodJ, added, /

' ••• ■ ■ %  : ( ■■■ \
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Fig. 11. 220 MHz H. n.m.r.^ spectrum o f  3-bromo-l-methylnaphthoate. to
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spl,-rCtings are  seen in  the 5-H, 6 -H and 7-H s ig n a ls .  The coupling

constan t ^ (8.2 Hz) ass ign s  the  s ig n a l  a t  1627.75 to  the S-H. This

s ig na l  i s  f u r th e r  s p l i t  by the  7-H, Jj. „ = 1.5 Hz. The only peaks

l e f t  unassigned a re  those a t  1741.0 Hz and 1712.75 Hz, these  being due

to the  2- and 4 -p ro toh s , coupled to  each o th e r  with a coupling constan t o f

2,0 Hz. The doublet a t  lower f i e l d  was assigned to  the 2-H oh chemical

s h i f t  c r i t e r ia  ( th i s  proton i s  ad jacen t to  the desh ie ld ing  e s t e r  function)

and'on the  c r i te r io n  o f  the two peaks o f  the' doublet being sha rper  than
r

in  the case o f  th e  4-H. The 2-H w i l l  only be coupled to  the 4-H, whereas 

the l a t t e r  w i l l  show coupling with the  5-H (in  naphthalene ^ = -0.45 Hz)- 

and thus show broadening o f  the doublet.
• ■ y

These-values o f  coupling constan ts  and chemical s h i f t s  measured 

from the  220 MHz spectrum o f  3-bromo-l-methylnaphthoate were used as

input da ta  f o r  the  i t e r a t i v e  computer program fo r  the  c a lc u la t io n  o f  -
135 ' 'n .m .r .  sp e c tra  developed by H arris  and Woodman a t  the  U n iv e rs i ty .o f

East Anglia. The computed spectrum o f  3-bromo-l-methylnaphthoate i s

shown in  F ig . 12 and the" 'refined  chemical s h i f t s  and coupling constan ts

to g e th e r  with the  values measured from the  experimental spectrum appear

in. F ig . 13. ' -

As was mentioned p rev io u s ly ,  the n .m .r .  p a t t e r n  o f  the  aromatic

protons o f  1 ,3 - and l ,4 - d i s u b s t i t \ i t e d  naphthalenes was in  most in s tances

'complex. However th e re  were one o r  two exceptions o f  sym m etrically

s u b s t i tu te d  naphthalenes t h a t  showed both d i s t in c t iv e  and r e l a t i v e ly  :

more.simple p a t te rn s  in  the .a rom atic  re g io n .o f  t h e i r  sp e c t ra .  Two

examples o f  these  1 , 4 4 jisbrombmethylnaphthaleife and 1 ,4 -d inaph tho ic  acid
95are shown in Fig. 14. Also included is  the  Varian catalogue spectrum



Sweep width = 500 Hz

Pig. 12. 220 Î! N.m.r. spectrum o f  5-hromo-1-nethylnaphthoate
generated by i t e r a t i v e  n .m .r, computer program UEAVIC
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\
Figure  13. tl n .m .r .  chemical s h i f t s  and coupling  co n s ta n ts  fo r

3-brom o-l-m othylnaphthoatc  (a) measured a t  220 MHz and,

(b) genera ted  by i t e r a t i v e  n .m .r .  computer program UEAVIC.

(a) Values measured a t  220 MHz

^2 1741.0 Hz ‘̂ 24 2.0 Hz

"̂ 4 1712.75 Hz ,‘̂ 56 8.2 Hz
1627 .75 'Hz '^57 1.5 Hz
1579.5 Hz ‘ •'^67 6 .7 Hz

^7 1599.75 Hz
' '^68 1.1 Hz

1896.2 Hz • •' 
• «

•^78 8.5 Hz

(b) Values generated by UEAVIC
REFINED PARAMETERS AFTER 4 ITERATIONS

' '2 1740.843 Hz ■'24 2.046 Hz

' ’4 1712.905 Hz
'2 5 0.119 Hz

1627.596 Hz' ■'26 -0.004 Hz

''ô 1580,638 Hz ■'27 -0.004 Hz

V? 1599.353 Hzi ' 2 8
-0 .092  Hz

V g' 1896.165 Hz
■ ' 4 5

-0 .123  Hz

■'46 -0 .005  Hz

' 4 7
-0.001 Hz

■'48 0.337 Hz
• ■'56 8.613 Hz

' 5 7
1.088 Hz

*̂ 58 , 0.207 Hz

*̂ 67 6.-789 Hz

^68 Q.'ÿ57. Hz
8.894 Hz

X
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o f  1 ,4 -d in itronaph tha lene . These th ree  sp e c tra  show two separa te  m u lt ip le ts

due to  the a and g protons on the un su b s ti tu ted  r in g  (the a protons

a t  lower f i e ld )  and,a sharp s in g le t  a r is in g  from the gpfrotohs on the

s u b s t i tu te d  r ing .  ̂The chemical s h i f t  o f t h i s  s igna l i s  dependent upon

the  nature  o f the 1 ,4 -su b s t i tu e n ts .

In Rig. 1^^ -is the spectrum o f  naphthalene i t s e l f  and below th is

the computed spectrum o f  naphthalene with the  re lev an t parameters as
' 1 3 2reported  by Crecely and Goldstein. -

- 19 V ■

Fig. 16 shows a ty p ica l  F spectrum from which Atfi and J  values

were recorded d u r in g 'th is  study. The lower spectrum shows the t r i p l e t s  

due to l-fluoromethyl-4-methoxyraethylnaphthaléne and 1-fluorom ethyl­

naphthalene. The cen tra l  peaks o f  the two t r i p l e t s  are separated  by

16.0 Hz, blit t h i s  value i s  f a r  more re a d i ly  measured from the decoupled . 

spectrum. This comprises: a p a i r  o f  sharp s in g le t s  which in te g ra te  in  

a r a t i o  o f approximately 2:1. The coupling constant in  the lower 

spectrum is  47.7 Hz f o r ' t h e  4 -su b s t i tu te d  d e r iv a t iv e .  Not a l l  the 

sp e c tra  were as well, reso lved  as th is  example but the decoupled sp e c tra  

were in,most cases sharp s i n g l e t s .

The proton sp e c tra  were f a r  more troublesome in  th a t  chemical 

s h i f t  d iffe rences  were very small and most o f  the spec tra  could not be 

decoupled so th a t  measurements were o ften  made on poorly resolved sp ec tra .
' '  V  ■



211

Fig. 1 4 , ' .-H N.m.r. spectrum o f  (a) 1,4-bisbromomethylnaphthalene, 
' ( b )  1 ,4-d inaphtho ic  ac id , (c) 1 ,4 -d in itronaph tha lene .^^

CH.,Br

CDCl

NO

NO,
2

^  r
T 1.5

—T~
2,5

COOH

X

COOH
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Fig. IS. (a) H N.m.r. spectrum.o£ 
naphthalene, [b] Calculated spectrum of 
naphthalene with, values fo r  chemical 
s h i f t s  and coupling constan ts .

480 HZ;
1 ■ ■(a) H N.m.r. spectrum of naphthalene

420 Hz

(b) C alculated  spectrum and parameters measured in Hz.
461.1, , '^18’'^45 -0.45 •^14’‘̂ 58 0.74
440.,3 ‘̂ 23'‘̂ 67 .

6.85 ^15'^48 0.85

‘̂ I2’'^34’’̂ 56:'^78 , 8.28 '^26'^37 0.25 ^16'^25'^38'^47 - 0 . 1 0

^13 '^24 '^57 '^68 1.24
^27/^36

, 0 . 1 0 ^17'^28 '^35 '^46 0.23



Fig. 16. 60 MHz F N.m.r. spectrum of 8 %
l-fluoromethyl-4-methoxynaphthalene and 4% 
1 -fluoromethylnaphthalene in carbon te t ra c h lo r id e .
Decoupling frequency 59.9968310 MHz.

N>

 «----1—-- 1----1---- 1—î"T--- 1----1----1----1----:----1--- 1—

11600.0 Hz •11700.0.Hz . 11,800.0 Hz
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. Fluoromethylnaphthalene N.M.R. Parameters
19 . . 'The F s u b s t i tu e n t  chemical s h i f t  va lues, A<l>, are  l i s t e d  to g e th e r

in  Tablé IV. With only a few exceptions d iscussed  fu r th e r  below»the

degree of correspondence between s h i f t s  measured a t  100 MHz and '
- ' - - ' I.

60MHz i s  extremely good (in  most cases +_ 0.06 p .p .m .; in  the-case  o f

3-Br ^  0.30 p.pi.m.3. The s u b s t i tu e n t  chemical s h i f t s  are  discussed

below in groups according to t h e i r  e le c t ro n ic  e f f e c ts  i n \ t h i s  ,system;-

[a) S ubs tituen ts  with a ne t  e lec tron -d onating  e f f e c t  (4-CH^,-4-F,

4-CH OCH J  .
, ^  . 4.

■ These su b s t i tu e n ts  a l l  give t i s e  to  a fluorombthylnaphthalene '

s ig n a l  a t  lower f i e l d  than in  the -referencejvcompoiind. Both -CH^ and -F

e x h ib i t  strong e lec tron -donating  influences through resonance in te ra c t io n s

with the  aromatic nucleus; the -CH^ groiç does th i s  by means o f  proton

■ hyperconjugation and the  -F group by 'm eans.of resonance overlap between

e le c tro n s  in the 2p o r b i ta l s  pn the  f lu o r in e  and 2p o r b i ta l s  on the carbon
, 52

atom. The 4 -CH2 OCH2  group, according to  Sheppard, has a value o f

-0.01 and 'a value o f  ,-0.06. This su b s t i tu e n t  i s  th e re fo re  thought to

e x e r t  an e lec tron -donating  in fluence  through inductive  and resonance

in te r a c t io n s .  The small values fo r  the sigma constan ts  in d ic a te  th a t

t h i s  influence  i s  small and th is  i s  observed in  the su b s t i tu e n t  chemical

s h i f t  which is  only -0.29 p.p.m. a t  56.45 MHz. Presumably the e le c tro n -

f '  donating resonance e f f e c t  i s  through hyperconjugation as in  the  methyl

group i t s e l f ;  the e lectron-withdrawing e f f e c t  o f  the e lec tro n eg a tiv e

e th e r  oxygen must be more than o f f s e t  by the e lec tron -donating  e f f e c t

o f  the  methylene moiety. The 3-GFL s u b s t i tu e n t  su rp r is in g ly  does not

f a l l  in to  th i s  group. This i s  a departure from expected behaviour which

i s  d i f f i c u l t  to  exp la in . . ' . \
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(b) 4-Halogen S u b s t itu en ts  C4-C1, 4-Br)

The f lu o r in e  s igna l is. s h i f t e d  to  h igher  f i e l d  by these  su b s t i tu e n ts  
/ . ' ' ' '

' \ and t h i s  i s  c o n s is ten t  with the e f f e c t  o f  the  e le c tro n -d eb a t in g  su b s t i tu e n ts

d iscussed  under [ a ] . ' These su b s t i tu e n ts  have ne t  electron-withdrawing
, ■■ ■ ■ " 

e f f e c t s ,  since the e lectron-w ithdraw ing inductive  e f f e c t  only

p a r t i a l l y  o f f s e t  by the e lec tron -donating  resonance e f f e c t .  O rbital

overlap with the o r b i ta l s  o f  the  carbon atom i s  considerably  le s s  good

fo r  ch lo rine  or bromine than fo r  f lu o r in e ,  fo r  which the resonance '
■' - *

e f f e c t  can o f f s e t  the inductive  e f f e c t .  The p -o r b i ta l s  are  much la rg e r

with ch lo rine  -and bromine and do not correspond in  s iz e  to  thoap on

^ carbon as well as do those o f  f lu o r in e .  .

Cc) Electron-withdrawing 3 -su b s ti tu en ts  [3-Br, 3-HO , 3-CN, 3-C0CH-)
/ ■ •■ All su b s ti tu en t^ g irv e  a s h i f t  displacement towards high f i e ld  as

would be expected from the behaviour o f  the s u b s t i tu e n ts  discussed

above. The o rder  o f  d e c f ^ s in g  magnitude o f  su b s t i tu e n t  chemical s h i f t  o- 

i s  3-CN > 3-NO^ > 3-COCH  ̂ > 3-Br. This i s  the  o rder that^v^uld  be 

expected based o.i electron-w ithdraw ing e f f e c t s ,  e x c e p t - th ^  the  p o s i t io n s  

o f  the  CN and NÔ  groups appear to be reversed! The NÔ  group is  u sua lly  

accepted as having a g re a te r  electron-withdrawing e f f e c t  than. CNV

(d) Strongly  electron-w ithdraw ing 4 - su b s t i tu e n ts  (4-COOCH^,

' f-COOC^Hg, ,4-COCH ,̂ 4 -COCH2 F, 4-CN, 4 -NO2 ] -

All su b s t i tu e n ts  in  th i s  group show the la rg e ,  p o s i t iv e  s u b s t i t u â t  '

. chemical s h i f t ,as ^w.ould be expected. Inductive and p a r t i c u l a r ly

resonance withdrawal i s  an im portant c h a r a c te r i s t i c  o f  these  fu n c t io n a l i -
\ '

t i e s .  From t h e i r  values the o rd e r  o f inc reas ing  e le c t ro n  withdrawal 

i s  4-COOEt < 4-COCH < '4-COOCH, < 4-C0CH..F. T heir magnitudes d i f f e r  by 

very l i t t l e ;  in  the same s u b s t i tu e n t  o rder  the-va lues a re  5.65, 5 .^ 6 ,
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6 .05, 6.87. The f i r s t  three  a l l ’ have a s im ila r  electrqn-withdrawing
■ • .  '  1 

e f f e c t ,  only 4-C0CH„F exerts  a s l i g h t ly  la rg e r  influence  than the o ther

th ree  s u b s t i tu e n t  groups. ^

(e) Fluoromethyl su b s t i tu e n ts  _ j .

In a b isfluorom ethyl s u b s t i tu te d  naphthalene i t  i s  p o ss ib le  to

view e i th e r  fluoromethyl group as su b s t i tu e n t  o r  s i de-chain probe.

Thus the  3 a -  d e r iv a tiv e  i s  a lso  a 4&bisfluoromethylnaphthalene. The

resonance position* o f  the g-CH^F group was- measured in -fluorom ethyl-
19naphthalene i t s e l f  fo r  com parison ..T he g-CH^F ;roup F resonance 

, appears a t  h igher  f i e l d  than tAat fo r  the a-CH_F. In the H n .m .r. 

spectrum o f  naphthalene i t s e l f  the 8  protons resonate a t  h igher f i e ld

than the  a-pro  tons. ■
■■■"’ ■ - 52. The Oj value fo r  -CH^F i s +0,12, and value i s  -0 .02, thus th is

su b s t i tu e n t  i s  e lectron-withdrawing o v e ra l l .  The 3-CH„F su b s t i tu e n t
• ■

d isp laces  the probe^'resonance s igna l  (o f  the  ct-CH„F group) towards high 

f i e l d  as a r e s u l t  o f  i t s  s trong  inductive in fluence . I f  the CH.F 

group in te r a c t s  with the aromatic system v ia  hyperconjugation then the  • 

s ign of . the constant should in  fa c t  be p o s i t iv e ,  as is  not the case. The 

su b s t i tu e n t  chemical s h i f t  o f the CH_F o f  the  1,4-bis CH_F d e r iv a tiv e  

r e f l e c t s  th is  large  inductive withdrawal. However, the magnitude o f  

the s h i f t  i s  a l i t t l e  su rp r is in g  considering the resonance e le c tro n -  

withdrawing e f f e c t  o f  th i s  su b s t i tu e n t t

As has been noted, the g-CH^F probe resonates a t  h igher f i e l d  than 

the a-CH^F. The d iffe rence  i s  +14.5 Hz, a t  56 M Hz,or +0.257 p .p .m .,  

a considerable  s h i f t .  One would th e re fo re  expect to see two q u ite  

d i s t i n c t  separa te  groups o f  t r i p l e t s  fo r  the 1,3-lisCH^F compound.. This 

i s ,  in  f a c t ,  not the case. The observed s ^ f t s  fo r  each -CH^F group

4
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are very s im ila r  a t  56 MHz, one t r i p l e t  appears 72.S Hz towards h igher 

f ie ld ,  than the  standard , the o ther t r i p l e t  a t  70.5 Hz, and a t  94 MHz 

the two t r i p l e t s  are superimposed and cannot be resolved. The 56 MHz 

values correspond to values o f  +1.28 and +1.25 re sp ec tiv e ly .

C learly , in 1,5-bisfluoromethylnaphthalénc the su b s ti tu e n t  chemrpdï
• As h i f t  o f the  5-CH^F su b s t i tu e n t  ac ting  on the probe\,isl^greater

than the s u b s t i tu e n t  chemical^^V if t  o f  the 4-CILF su b s t i tu e n t  ac ting  on ' 2  .

the g-CH^F probe, tlie d iffe rence  between the su b s t i tu e n t  chemical s h i f t s
*  7 ■

being 0.257. ' ^

For the  3-ClLF group regarded as a functional group in 1 ,3 -b isfluoroT -

methyïnaphthalene the m eas^ed su b s t i tu e n t  chemical s h i f t  (from

1-fluoromethylnaphthalene) is  +1.28. Of t h i s ,  +0.257 is  a t t r ib u te d  to

the fluoromethyl probe being loca ted  in the g- ra th e r  than"" the ct-position,

and the remainder (1.28-0,26 = 1 . 0 2 ) i s  th e re fo re  a t t r ib u te d  to the

su b s t i tu e n t  e f f e c t  o f ' t h e  4-CILF group, .acting on the g-ClLF probe. We

may compare th i s  4g e tfe c t (1 .0 2  p .p .m .) ,w ith  th a t  o f  4a (1.51 p.p .m .) and
' 193a (1.25 p .p .m .) .  The response of the  F n .m .r. signal to the

su b s t i tu e n t  e f f e c t  o f  the -CH^F function  i s  g re a te r  when the functional

centre  or probe i s  s i tu a te d  in  the a-posi-tion in  the naphthalene. A ^

s im ila r  observation was noted by Wells, Ehrenson aiid Taft^^ regarding the
. . .  j

25 ' ■ 19data  o f Adcock and Dewar concerning the  F s h i f t s  o f su b s t i tu te d
■ X  • . Y  ■

fluoronaphthalenes and also  jiOr data  concerning naphthalene r e a c t i v i t i e s
.  V  -  '  • ■ ) -  ■ <

(see below). • C

I t  is  im possible  to  assign the two s ig n a ls  due t o i , 3-bisf 1 uoromerhy 1 -
>

naphthalene on chemical s h i f t  c r i t e r i a  and so a comparison
* '

I t  is  o f  i n t e r e s t  to, afteirpt to assign  the two CHgF s ig na ls  o f  1 ,3- 
bisfluoromethylnaphthalene measured a t  56 MHz, even though the s ig n a ls  are 
nearly- coincident and have been assumed so in  the above d iscussion .
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o f  various coupling constan ts  was m ade. The J„p coupling constants o f

' 1-fluororaethylnaphthalene and 2-£luoromethylnaphthalene are both 48.0 
■ '  .

' Hz and so appears to  be independent o f  p o s i t io n .  For the two

s ig n a ls  due to  -CH.F in  1,3-bisfluoromethylnaphthalene to appear so close
■ ■ ■ '  to  one another the 3ct [ i . e .  considering the 3-CH.F function  as ‘the

,  ■ :  .  ■. 
s^pbStituent) o r ie n ta t io n  must be more s e n s i t iv e  to  the influence  of

the su b s t i tu e n t  than the  4g o r ie n ta t io n  (the (1)4-CH_F function  being 
- - , . ■ 2  ■ ■

the su b s t i tu e n t  in th is  case) . Thé'value o f  J  appeared to c o rre la te  

with the su b s t i tu e n t  chemical s h i f t ,  b e in g ' l a rg e r  fo r  negative  s h i f t s  

'   ̂and sm aller  as. the s h i f t s  became more p o s i t iv e .  Hence the -CH^F group 

with the  la rg e r  J  value was the  one which had su ffered , a. sm aller  s u b s t i ­

tuen t chemical s h i f t  e f f e c t ,  i . e .  the g-CH^F group.

This assignment i s  supported by the J^p values measured from H

n .m .r .  sp e c tra .  . The chemical s h i f t s  fo r  these  two functions are r e a d i ly

'' d is t in g u ish ab le  in , th e  p ro to ny i.m .r .  spectrum. The J^p value assigned

to  the  d-CH^F in  the .̂ H n .m .r . spectrum was sm alle r ,  in agreement, with v
/ '  I

the a s s i^ m e n t  a drived a t  above.

,(f)  The COCĤ F s u b s t i tu e n t  -

Although su b s t i tu e n t  constan ts fo r  the COCĤ F group are not known

the group would be expected to be electron-w ithdraw ing, as i s  -COCH_.

In accordance with t h i s  expectation  the s u b s t i tu e n t  chemical s h i f t  o f  

th i s  groupTis large  and p o s i t iv e  (+6-.87 p .p .m .) .  The in fluence  o f  the

4 -C0 CH2 F^siÆ stituent appears to  be the sum o f  the su b s t i tu e n t  e f f e c t s  o f  

what m ight'be considered i t s  'components', i . e .  -COCĤ  and -CH^F. The 

s u b s t i tu e n t  e f f e c t  o f  in troducing  a f lu o r in e  atom in to  the 4-methyl 

I  group o f  4-m eth 'yl-l-fluoromethylnaphthalene i s  given by the, s h i f t  d if fe ren ce

A
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between 4 -methyl- î-fluo ron ie thy lnaph tha ïene and 1 ,4 -d if lüorom ethy l-

naphthalerte, i . e .  3.81 p.p.m. S u b s t i tu en t  e f f e c t s  are  a tten u a ted  by

a f a c to r  o f.approxim ately  1/3 p e r  carbon-carbon bond, thus the e f f e c t  o f

in trodu c ing  a f lu o r in e  in to  4 -acety l-l-f luorom ethy lnaph th 'a lene  a t  the

acétomethyl group should be 3 .81/3  = 1 . 2 7  p.p.m . Thus the t o t a l

s u b s t i tu e n t  e f f e c t  o f  the FCH_CCFsubstituent i s  c a lcu la te d  to  be +5.67

' ( t h e  su b s t i tu e n t  chemical s h i f t  fo r  4-COCH- i t s e l f ]  + 1 . 2 7  = 6.94.

The measured value i s  6,. 70 and the  good agreement suggests th a t  the

s u b s t i tu e n t  .e ffe c ts  fo r  t h i s  form o f  m ultip le  s u b s t i tu t io n  are a d d it iv e .

(g) S u b s t i tu en ts  showing dev ia tions  from expected b e l^v iou r

(4-CH^OCH^, 3-COOCH ,̂ S-COOC^Ĥ .) ‘ ^ '

The two e s t e r  s u b s t i tu e n ts  show se rious  d ev ia tions  from predicted,

behaviour. They appear to  have an o v e ra l l  e lec tro n -d o n a tin g  e f f e c t  in

th i s  system, the  s u b s t i tu e n t  chemical s h i f t  having the  same sign, as
* '

those  fo r  the  4-F and 4-CIL s u b s t i tu e n ts .  Both func tions  are normally 
■ ■ ■ ■ ■. 3 ■ , , ,

electron-w ithdraw ing through inductive  ( r l ]  and resonance (-M). mechanisms, 

and y e t  here they appear to  d isp lay  e lec tro n -d o n a tin g  b e h a v io r .  The 

s h i f t s  fo r  th e s e .s u b s t i tu e n ts  e x h ib i t  the most se r ious  dev ia tions  from 

from p red ic te d  behaviour, and the  reason fo r  th i s  i s  not r e a d i ly  apparen t. 

They e x h ib i t  opposite  behaviour in  d i lu t io n  s h i f t  (Table IV) which i s  

most su rp r is in g  considering  the  s t r u c tu r a l  and e le c t ro n ic  s i m i l a r i t i e s  

o f  these  tw o ,system s. An explanation  i s  o f fe re d  (p. 235 ) fo r  these

observations I t  i s  not obvious why the 60 and 100 MHz values fo r  the  .
. . .  ,

4-CHgOCH^ s u b s t i t u e n t ■should be so d i f f e r e n t  (Table IV); the  sp e c tra  ' ■ 

were recorded on the  same sample. •
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E ffe c t  o f  D ilu tion  '
. jg

Comparison .of the values o f  nI'm.r param eters measured from F 

n .m .r .  s p e c t ra  obtained  from the two d i f f e r e n t  concen tra tions o f  so lu te

would s u g g e s t . th a t  so lven t e f f e c t s  are  not appreciab le  in  th i s  system,
. . .  ' - .

The general t rend  o f  the e f f e c t  o f  d i lu t io n  ap p ea rs .to  decrease the

magnitude o f  A0 v a lu e s . '  As mentioned above the su bs tituen ts  which
. ! '

appear to  have anomalous e f f e c ts  (-COOMe and -COOEt] a lso  show the most
>  '  '  1 

d r a s t i c  d i lu t io n  e f f e c t s .

Proton N.M.R. Parameters ■

.Proton n .m .r .  parameters show considerably  g re a te r  d ev ia tions  from
1 /c o n s is te n t  behaviour. values measured from the H sp e c tra  d i f f e r  J

a t  d i f f e r e n t  spectrom eter opera ting  frequencies and when d i f f e r e n t

d i lu t io n s  are  observed a t  a s in g le  opera ting  frequency; i t  is .n o t .

su rp r i s in g  th a t  these  J  values do not e x h ib i t  re sp ec tab le  c o r re la t io n s .  

Furthermore At values show chemical s h i f t s  due to  d i lu t io n  e f f e c t s  ■

comparable in  s iz e  to  the  s h i f t  values themselves. Values o f  zero fo r
-

th e  S-NO^, 4 -NO2 and 4-CN s u b s t i tu e n ts  are  im possible  to r a t i o n a l i s e
- . ' >

except perhaps in  terms o f  magnetic an iso tropy , and y e t  -COCH^and -COOR

do n o t  appear so a b e rran t  and the  a r b i t r a r y  exclusion o f  these  d a ta  from

the c o rre la t io n s  severe ly  l im i ts  the value o f  any .conclusions (Table XIX).
■ -

The .values fo r  the halogens are  p a r t i c u l a r ly  in te r e s t in g .  These are 

very la rg e  and i t  i s  well e s ta b l is h e d  th a t  halogens show dev ia tions  in 

p lo ts  o f  s u b s t i tu e n t  chemical s h i f t s  which cannot be a t t r ib u te d  to.
o-  ̂ 237

magnetic an iso tropy  e f f e c ts  ' ; these  e f f e c t s  a re ,  however, magnetic
in  . o r i g i i . ^ ^ S ^  ; ■



221

C o rre la t io n s  o f  N.M.R. Parameters o f  S u b s t i tu te d  Fluorom ethylnaphthalenes "

C o rre la tio n s  c a r r ie d  out are  shown in  Tables XIV-XXIII. Sigma
52values fo r  -CH^F and -CH^OCH  ̂ s u b s t i tu e n ts  were those o f  Sheppard

'

and so these  da ta  p o in ts  were no t included in  the  i n i t i a l  c o r re la t io n  

fo r 'tw o  reasons . Since these  were not values derived  by T aft  e t  a l .  

and so did not correspond to  any of the  fo u r  d i s t i n c t  p i - d e lo c a l i s a t i c n  

behaviour s c a le s ,  in c lu s io n  o f  these  values might tend to  obscure 

d i f f e r e n t  trends  apparent from the data  when analysed in  conjunction- 

with s u b s t i tu e n t  constan ts  derived  from T a f t 's  a n a ly s is .  A p re lim inary
\  ' . ■ ■ f'T-
a n a ly s is  o f  th e  data  excluding these  p o in ts  allowed a comparison to  be

y
made with r e s u l t s  o f  o th e r  workers fo r  s im i la r  analyses o f  o th e r  da ta  

s e t s .  '

C o rre la t io n  o f  4 -sub s ti tu ted -1 -f luo ro m ethy lnap h th a len e  100 MHz

data  (Table XlVj c le a r ly  shows a b e t t e r  c o r r e la t io n  w ith  T a f t 's

v a lues; a j  values are the  nex t b e s t  da ta  s e t  ii? descr ib ing  f luorom ethyl- 
■ ■ ■ ' •

naphthalene behaviour. Inc lus ion  o f  th e  4-CH^F and 4 -CH2 OCH2  d a ta  p o in ts

does not improve the  c o r re la t io n  b^ t changes the  p values and s t a t i s t i c a l

param eters very s l i g h t l y .  In the  c o r re la t io n  o f  th e se  data  with

and Ot s u b s t i tu e n t  constan ts  a l l  the  s t a t i s t i c a l  confidence measures I
^  ■

i f i c a l l ytend to  an optimum. These s t a t i s t i c a l  confidence measures,and s p e c i f i c a l l y  

th e jz o r r e la t io n  c o e f f i c i e n t  (R) o f  0.993 in d ic a te  a very good f i t .  ■ 

Moreover, the valye o f  the  in te r c e p t  ( id e a l ly  zero] i s  w ith in  the  standard

e r ro r .  The '^ ign  and magnitudes o f  the re g re ss io n  c o e f f ic ie n t s ;  Pj and

Pg, a re  +8.477 and +16.912 re s p e c t iv e ly ,  and -the s ig n i f ic a n c e  of these  

will-rbe d iscussed  l a t e r .

The corresponding 60 MHz da ta  c o r r e la te  s l i g h t l y  le s s  well with the
. .  • '  I  ' '

T aft  parameters (Table XVI],, R = 0.992, b u t again the b e s t  c o r r e la t io n
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is  observed with va lues. For th i s  da ta  s e t  the p values are

s l i g h t l y  la rg e r  than those derived in  the 100 Mllz a n a ly s is ;  p , i s  '•■8.489

and Pn +17.094. The next b e s t  f i t  is  again achieved with the Gn+ se tK * K ,
f o r  whichi R = 0.990.

J C o r re la t io n .o f  the  3 -su b s t i tu te d  fluoromethylnaphthalenes i s  fa r  

" l e s s  good (Tables XV and XVII). . The sca le  f i t  f o r  the 100 MIIz

da ta  (Table XV) i s  a sso c ia ted  with a c o r re la t io n  c o e f f ic ie n t  o f  0.908 

.and the confidence measures loca te  most o f  the departures from the model 

'  i i \ t h e  p^ parameter. I t  i s  i n t e r e s t i n g  to  note th a t  by om itting  the  two 

aberran t  data*values* fo r  S-COOCH  ̂ and 3-COOC^Hg the c o r re la t io n  

c o e f f ic ie n t  i s  improved to  a value o f  0.959, a ba re ly  respec tab le  

c o r re la t io n  bu t a f a r  b e t t e r  f i t  than is  ob tained  when the two po in ts  

a re  included.

Analysis o f  Bëguin's benzyl f lu o r id e  da ta  (Table XVIII) in d ic a te s
V .

a good c o r re la t io n  with , R = 0.998. Thé regress ion  c o e f f ic ie n ts

are p^ +9.868, p^ +16.512 fo r  p a ra - s u b s t i tu te d  d e r iv a t iv e s .  For the

m e ta -su b s t i tu teu  bênzyl f lu o r id e s  the b e s t  f i t  i s  achieved with
■ ■ ' '
s u b s t i tu e n t  parameters but the r e s u l t in g  c o r re la t io n  i s  only m arginally 

b e t t e r  than th a t  using the sc a le .  The c o r re la t io n  c o e f f ic ie n t

in  the former case i s  0.996 with^p^. = +7.599 and pj  ̂ = +2.176. .

The in fluence  o f  a p e r i ,  s t e r i c - tw is t i n g ,  reso n an ce - in h ib it in g
I ^

e f f e c t  i s  observed in  the 4 -subs titu ted - l-f lu o rom ethy lnap h th a lè rte  da ta .

A c o rre la t io n  o f  da ta  (Table XXI) fo r  s u b s t i tu e n ts  not su b je c t  to t h i s ,  

e f f e c t :  Br, Cl, F, CN and-CH^, gives a c o r re la t io n  c o e f f ic ie n t  o f

0.999. The assoc ia ted  reg re ss io n  c o e f f ic ie n ts  are  pj. +9.243 and p^ +16.284. 

Exclusion of s t ro n g ly  resonance in te r a c t in g  groups such as 4-NO^, 4-COCH^,
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o
and 4-COOR r e s u l t s  in  a p ro p o r t io n a te ly  la rg e r  p a r t  o f  the  t o ta l  e f f e c t  

being loca ted  in the inductive  parameter a t  the,expense o f  the  resonance 

param eter.

Proton s u b s t i tu e n t  chemical s h i f t  and coupling constan t 

. c o r re la t io n s  were c a r r ie d  out (Table XIX) although l i t t l e  hope o f '  

ob ta in ing  successfu l c o r re la t io n s  was a n t ic ip a te d  s ince  th e re  are very
.

few re p o r ts  o f  good c o rre la t io n s  with those param eters . However, 

c o r r e la t io n  o f  100 MHz At values fo r  4 - s u b s t i tu te d  fluorom ethylnaphthalenes 

gives a c o r r e la t io n  c o e f f ic ie n t  o f  0.976 with p = +0.08 and p = -0 .15 .

60 MHz 3 -s u b s t i tu te d  d e r iv a t iv e  c o r re la t io n s  with show only a poor

c o r re la t io n ,  R = 0.907 and p_ = + 0 .1 3  and = -0 .18 .1 • ■ K / .
, ' y  ^

Coupling constan t c o r re la t io n s  a re  a lso  s u rp r is in g ly  good (Table
a ■'

XXJ; the 4 - s u b s t i tu te d  s e r ie s  show a c o r re la t io n  . 'co eff ic ien t  o f  0.965, 

with p j = -0.99 and p^ = -2 .38 . For benzyl f lu o r id e s  the  p a ra - s u b s t i tu e n t
I

c o r re la t io n  c o e f f ic ie n t  i s  0.994 with pi = -.1.08 and p = rO.22 and
,'A; . .

f o r  the met a  s e r i e s ,  R = 0.827 with p^ = - 0 .9 5 .and p„ = -0 .89 . The
. ‘ \  . ■ . -

3 -su b s ti tu ted - l- f lu o ro m eth y ln ap h th a len e  da ta  a lso  show a poor f i t  with

s u b s t i tu e n t  constan ts :  R = 0 .80, p^ = -1.54 and p^ = 0.90.

I t  should be noted th a t  c o r re la t io n s  with the  F and R parameters

o f  Swain and Lupton in  most cases are appreciab ly  poorer  than with T a f t 's
19values fo r  s u b s t i tu e n t  co n s tan ts .  The F A(j) da ta  fo r  th e  4 - s u b s t i tu te d -

1-:fluoromethylnaphthalenes measured a t  both 60 MHz and 100 MHz give 

s l i g h t l y  b e t t e r  f i t s  with the F and R parameters than with 

T a f t ' s  va lu es .  ̂ '

Béguin rep o r ted  a good c o r re la t io n  between values fo r  s u b s t i tu te d  . 

benzyl f lu o r id e s  and Brown va lues . The r e s u l t s  o f  the l in e a r  l e a s t
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squares c o r re la t io n  o f  these  data  and the-fluorom ethylnaphthalene data  

(Table XXIII) in d ic a te  a s u b s ta n t ia l ly  poorer f i t ' f o r  the fluorom ethyl- 

naphthalenes than fo r  the  benzyl f lu o r id e s .  The c o r r e la t io n .

c o e f f ic ie n ts  are  0.916 and 0.982 respectively-.- With the values o f 

and the  slope (p) and in te rc e p t  generated in  t h i s  c o r re la t io n ,  Brown a 

values were c a lc u la te d  fo r  4-CH^OCH^, 3-COCH^, 3-CH^F, 4-CH^F^ 4-COCH^, 

and'4-C0CH_F s u b s t i tu e n ts  (Table XXIII). ,

^  ;  . : ' . ■ ■ ■ 
I n te rp r e ta t io n  o f  the R esu lts  ' . .

( i )  Proton S u b s t i tu en t  Chemical S h if ts

I^ 'h a s  been shoirà^^^^^^^ th a t  the s u b s t i tu e n t  dependence o f  proton

chemical s h i f t s  fo r  many a l i p h a t i c ,,compounds may be described in  terms

o f  the  d ip o la r  e l e c t r i c  f i e l d  e f f e c t  and the a n iso tro p ic  magnetic

s u s c e p t ib i l i t y  o f  the s u b s t i tu e n t .  The n a tu re  o f  t h i s  dependence*for

arom atic  compounds i s  le s s  c e r ta in .  A study o f  the transm iss ion  ,o f

e le c t ro n ic  e f f e c t s  in  benzyl h a lid es  involv ing  proton magnetic resonance
46s u b s t i tu e n t  chemical s h i f t s  has been c a r r ie d  ou t by Yokoyama e t  a l .

These workers e s ta b l ish e d  th a t  a t  f i n i t e  concen tra tion  molecules o f  the 

same o r  d i f f e r e n t  compounds i n te r a c t  s p e c i f i c a l l y  with so lven ts  so th a t  

th e  s u b s t i tu e n t  chemical s h i f t s  are  so lven t  dependent and no t merely the 

s h i f t s  ■ themselves. Even when comparing s u b s t i tu e n t  e f f e c t s  with . 

su b s t i tu e n t ,  chemical s h i f t s  measured a t  in f in i t e ,  d i lu t io n  benzyl halideS 

were shown to i n te r a c t  w ith the so lven t in  a. manner p e c u l ia r  to  the 

p a r t i c u l a r  compound. The attem pted c o rre la t io n s  o f  i n f i n i t e  d i lu t io n  

subs-t^uen t chemical s h i f t s  according to  Hammett and Yukawa-Tsuno r e l a t io n s

A dual s u b s t i tu e n t  param eter trea tm en t . /
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were poor. Yokoyama e t  a l .  c a r r ie d  o u f  a l i t e r a t u r e  survey o f  approximately 

one hundred Hammett c o rre la t io n s  o f  proton n .m .r .  data  and found th a t  

the m ajo rity  o f  these  had u n sa t is fa c to ry  c o r r e l a t i o n ,c o e f f ic ie n ts  

< 0 .90 -0 .55 . The p values appeared to have no p a t te rn  and in  general 

could not be used in the same fashion as r e a c t iv i ty  p 's  a re  used as 

an index o f  e ff ic ien cy  o f  transm ission  p f  su b s t i tu e n t  e f f e c t s  in  aryl 

systems. P lo ts  o f p -values^aga inst chain length  between the  proton 

and the aromatic nucleus showed'no r e la t io n sh ip  between P and.chain 

leng th . One would expect such a r e la t io n sh ip  i f  the su b s t i tu te d  

e le c t ro n ic  e f fe c ts  on the proton n .m .r . are  re g u la r  arid system atic .

Examples where p i s .  r a d ic a l ly  influenced by geometry, and through-space 

and so lven ts  e f fe c ts  were a lso  c i te d ,  .

In the l ig h t  o f  these  observations we. re p o r t  a c o rre la t io n  c o e f f ic ie n t  

o f 0.976 fo r  the dual s u b s t i tu e n t  parameter trea tm ent f o r ' t h e  su b s t i tu e n t
' . .a ■

chemical s h i f t s  o f  the methylenic protons o f  the 4 -su b s t i . tu te d - l -  ■ 

f lu o ro methyïnaphthalene se r ie s . ,  The p j .value i s  +0.076 and the p^^is 

-0 .15 . The small magnitudes o f  the reg ress io n  c o e f f ic ie n ts  r e f l e c t  the
•  I  . .  -

low s e n s i t iv i t y  o f  proton magnetic resonancpy-chemical s h i f t s  to

su b s t i tu e n t  e f f e c ts  and the blending f a c to r ,  X = -1.975, in d ica te s
\  ■■ ^  .1 ■■■,■- - 1 

the,dom inant ro le  o f  resonance e f f e c t s .  The sign  o f  p» fo r  H n .m .r .  ,
. K . ■

19s u b s t i tu e n t  chemical s h i f t s  i s  negative  whereas th a t  fo r  the  F Aÿ values 

. i s  p o s i t iv e .  The sign o f  the slopes o f  the graph of against s u b s t i t u e n t . 

chemical s h i f t  fo r  the methylenic protons and the f lu o r in e  atom in

benzyl f lu o r id e  are Sorfespondingly opposite  in  s ign . The reaSbn fo r  

the  p o s i t iv e  value o f  p^ i s  n o t  c le a r  nor i s  the reason these tijTo 

c o r re la t io n  co e ff ic ie r i ts  are  opposite  in  s ign . ..Suffice i t  to  say th a t

- • - ' ' ÿ
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i t  appears th a t  the in tro d u c tio n  of.+M (-R) resonance in te r a c t in g  

.groups in to  the  naphthalene nucleus para  to  the -CH^F function  r e s u l t s  

in  a s h i f t  towards high f i e l d  o f  the  m ethylenic proton s ig n a l  as one 

might p r e d ic t .  Increased  ir-e lec tron  density  i s  t ran sm it te d  along the 

C-C bond from the» aromatic nucleus towards the methylenic p ro tons,

r e s u l t in g  in  increased  sh ie ld in g .  In view o f  the u n c e r ta in ty
\
surrounding the  na tu re  o f  the  response o f  pro ton  chemical s h i f t s  

fu r th e r  a n a ly s is  o f  the parameters would be in ap p ro p r ia te .

Coupling-. Constants . ,

Proton-proton sp in -sp in  coupling in  high re so lu t io n  n u c lea r  

magnetic resonance s p e c t r a ^ i s  due to  ^ in te rac tions  o f  m olecular 

e le c t ro n s .  There are  th ree  p o ss ib le  mechanisms,

1. Nuclear magnetic moment in te r a c t io n  with o r b i ta l  e le c t ro n ic  

c u r re n ts .  -

2. The d ipo le  in te ra c t io n  between .nuclear magnetic moments and the

e le c t ro n  sp in  magnetic moment. '

3. An a d d it io n a l  in te r a c t io n  between n u c le a r  magnetic moments
: - - '

and the  e le c t ro n  s p in s . in  s o r b i t a l s  due to .non-zero values o f  the

e le c t ro n ic  wave function  a t  the nucleus. This l a s t  term is  known as
■ ■ ■ .  -

1 1the  con tac t term and fo r  H- H couplings dominates to  such an ex ten t 

th a t  the  o th e r  two terras a re  n e g l ig ib le  » In f 1uorocarbons/the  complex
_ . 4  _

mechanism for F-F and H-F coupling a lso  involves the  e le c tro n  o r b i ta l
*

and d ip o le -e le c tro n  sp in  terms. At th e  p re se n t  time the  th e o re t i c a l  • •

i n te r p r e t a t i o n  o f  observed coupling constan ts  i s  inadequate. I t  has 

been shown th a t  the value o f  the  coupling con s tan t  decreases with increased
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e le c t ro n e g a t iv i ty  o f  the  su b s t i tu e n t  group in  a manner analogous to  
1 ' l  *v ic in a l  H- H coupling. Geminal H-F coupling constan ts  have .^d t been

d iscussed  in  d e ta i l  in  the  l i t e r a t u r e  and so the observed su b s t i tu e n t
'

1 1e f f e c t s  w il l  be in te rp r e te d  in  terms o f  th e  ideas a sso c ia ted  with H- H 

geminal couplings.
142Pople  and B othher-B ^ have developed a theory fo r  the nu c lea r  

sp in  coupling between geminal hydrogen atoms. This theory suggests th a t  

the value o f  the  geminal coupling co ns tan t  provides a means of
. t

d is t in g u ish in g  between in ductive  and hyperconjugative  e lec tro n  t r a n s f e r .

They p re d ic t  th a t  withdrawal o f  e lec tro n s  from o r b i t a l s  symmetric 

between hydrogen atoms (genera lly  induc tive  e f f e c t s )  should lead  to  a 

p o s i t iv e  change in  the coupling constant and th a t  withdrawal o f  e le c tro n s  

from o r b i t a l s  antisym m etric between hydrogen atoms (genera lly  hyper- 

con ju g a t iv e  e f f e c t s )  should lead  to  a negative  change in  the  coupling 

constan t.

I f  one assumes th a t  the sign  o f  the coupling constant Jj^p in
,

fluorom ethylnaphthalenes i s  p o s i t iv e ,  as was found f o r  the  H-F geminal 

coupling in  2 ,6 -d ich lo robenzy i f l u o r i d e , t h e n  these  foregoing id e a s -x  .f-
■ . ■ r ' ' . j - . ' '

‘would f u l ly  account fo r  the  d ire c t io n  o f  th e  trend  in  the value o f  thé
' ■ . J ■ '

coupling constant ( i . e .  the value i s  reduced, becomes more n eg a tiv e , with 

the  in tro d u c tio n  o f  resonance e lectron-w ithdraw ing s u b s t i tu e n t s ) .  The 

opposite  e f f e c t s  on coupling constant fo r  inductive  and resonance withdrawal
■ ' ^ I.

are  not r e f l e c t e d  in  the  p-values - both are n eg a tiv e . However, X= ' ■  

+2.328 and r e f l e c t s  the  dominant ro le  o f  the resonance e f f e c t .
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( i i i )  F lu or in e  S u b s t itu e n t  Chemical S h i f t s

xAe 3 -su b s ti tu ted - l-f lu o ro m eth y ln àp h th a len e  s u b s t i tu e n t  chemical 

s h i f t  values were found to c o r re la te  with the . p i  d e lo c a l is a t io n
K LAJ

+behaviour sc a le  o f  T aft  m arginally  b e t t e r  than the  sc a le .  The 4-

s u b s t i tu te d  d e r iv a t iv e s  achieved the b e s t  f i t  to  the  dual su b s t i tu e n t  

param eter equation when c o rre la te d  with su b s t i tu e n t  constant

va lu es .  Values of p^, A , and the  c o r re la t io n  c o e f f ic ie n t  fo r  these  

systems p lus  the  b e s t  f i t  values f o r  the benzyl f lu o r id e  data  are shown 

below. Data fo r  fluoronaphthalenes and fluorobenzenes are included fo r  

comparison. '

System " I / r ■ A R Source

4 -X -l-f luo rom ethy l- + 8.48 . +16.91 +1.20 0.993 th is
naphthalene

-
work ^

3-X -l-fluoro inethyl- +6.98 - 2.03 -0 .28 0.959 th i s
naphthalene ' ■

■ /
/ work

p-X-benzyl f lu o r id e s +9.87 +16.51 +1.67. I 0.998 th is
work*

m-X-benzyl f lu o r id e s + 7.48 + 2.75 ' +0.37  ̂ 0.996 th is^
work*

4 -a - f lu o ro n ap h th a le n es - -12.77 -30.44 +2.65 r e f .  17

3-a-fluoronaph tha lenes -6.85 -■ 2.68 +0.41 r e f .  17

p-X-fluorobehzene 
(in  Me OH) .

-9.02 -31.17 ■ +3.46 r e f .  16

p-X-fluorobenzene -7.03. -30.58 +4.35 r e f .  16
(in cyclohexane)

* . 45The da ta  used in  these  c o r re ta t io n s  were those o f  Béguin.
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From these  d a ta  i t  can be seen th a t  the na tu re  o f  e i t h e r  fh e

response to  the  s u b s t i tu e n t  o r  the  response to  th e , f lu o r in e  chemical ........

s h i f t  i s  t o t a l l y  d i f f e r e n t  fo r  the  s i tu a t io n s  where the  f lu o r in e  atom 

i s  bonded d i r e c t l y  to  the  arom atic  nucleus and the s i t u a t i o n  when a methylene 

moiety i s  in te rp o sed  between the  arom atic  nucleus and the f lu o r in e  probe. 

A tten t io n  w i l l  f i r s t  be d i re c te d  towards the  r e l a t i v e  magnitudes o f  

the  p -v a lu es ,  and the  s t r i k in g  d if fe ren c e  in  sign  o f  the  p-values between 

f lu o ro a ry l  and fluorom ethylary l s e r i e s  w i l l  be d iscussed  se p a ra te ly

■ '

Comparison o f  Fluorobenzenes., and Fluoronaphthalenes

, From r e a c t i v i t y , s tu d i e s  c a r r i e d  out on naphthalene d e r iv a tiv e s  i t

has been shoi-m th a t  resonance in te ra c t io n s  are  more import *nt than in

the  corresponding benzene system. This i s  a t t r ib u t e d  to  the considerably

g re a te r  s t a b i l i t y ,  and th e re fo re  g r e a te r  c o n tr ib u tio n  to  the resonance

hybrid , o f  the  n aph tho qui noi d resonance s t ru c tu re  over the  quinoid

resonance s t r u c tu r e .  On th i s  b a s is  Pj  ̂ would .be expected to  be la rg e r

in the  4a naphthalene s e r ie s  than in  the pa ra  benzene s e r i e s .  On the

o th e r  hand, s ince  the 4a and para  d is tance  r e la t io n s h ip s  are  c lo se ly

s im i la r ,  p^ values fo r  4a naphthalenes and para  benzene s e r ie s  should i
be c lo se ly  s im ila r .  However, the  p - s u b s t i tu te d  fluorobenzenes show 

a l a r g e r  Pj  ̂ value than .the 4 a -f lu o ro n ap h th a len es . This i s  most 

s u rp r i s in g ,  b u t  even more s u rp r i s in g  i s  the comparison o f  the  p_ values 

f o r  the  3a- an|d 4a-fluoronaphthalene  s e r ie s  and th e  £-X-fluorobenzenes.

I t  i s  inconceivable  th a t  the  in d u c tiv e  e f f e c t  from the 4 -p o s i t io n  should 

be n e a r ly  twice th a t  from th e  3 -p o s i t io n  o r  twice t h a t  in  fluorobenzenes 

as th ese  p j .values imply. .
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In t h e i r  analysis  o f  su b s t i tu e n t  e f f e c ts  in-^\he naphthalene s e r ie s
1 7 '  *

T aft e t  a l .  make reference  -to the e f f e c t  which gives r i s e  to these

d isc repanc ies . " . . .A th i rd  e f f e c t  on (o f  a somewhat in d ire c t  nature)

may be expected in  the su b s t i tu te d  naphthalenes. In the cases where the

s u b s t i tu t io n  i s  in  the 4,5 and 8 p o s i t io n s ,  the peri-hydrogen exerts

a tw is t in g  e f f e c t  on those systems having p la n a r i ty  demands with the r in g

system. This e f f e c t  would tend to  decrease the e f fe c t iv e  value fo r

th e s e .s u b s t i tu e n t s . . .Consequently, we would expect that: in the usual

cases where Pj and are o f  the same sign , th is  s t e r i c  in h ib i t io n  o f

the resonance e f f e c t  would be r e f le c te d  in an increase in  the  magnitude •

o f  P j ,  concomitant with a p a r t i a l  decreasl in  p^. This would have the

e f f e c t  o f  making the 4a, 5a and 8S p , p ro p o r t io n a li ty  fac to rs  appear —'
• .  ̂ -

somewhat g re a te r  than they would in  the absence o f  such s t e r i c  e f f e c t ,  

as well as con tr ib u tin g  to. somewhat decreased values o f  p^.: Such an

influence  appears to  e x is t  fo r  the i:\udTueb'fo r  the  4a- and 88- c a s e s . . . " .  

I t  seems c le a r  th a t  p e r i  s t e r i c  twîÆtiyg is  an important fa c to r  in f lu en c ­

ing transm ission o f  e lec tron  é f f e c t à ^ n  fluoronaphthalenes.

Fluoromethyl D erivatives

The fluoromethylnaphthalene and benzyl f lu o r id e  f lu o r in e  s u b s t i tu e n t  

chemical" s h i f t s  c o rre la te  bes t  with the p i d e lo c a l is a t io n  parameter

s e r i e s .  The most obvious in te rp re ta t io n  o f  th i s  is, th a t  the CH_F 

function behaves as a weak n e lec tro n  acceptor through the hyperconjugative 

form a lready discussed (p. 33 ) .  C o rre la t io n  of the  3a -se r ie s  with

the s e t  i s  m arginally b e t t e r  than with the Oj^^g^  ̂ s e t  and in  tu rn
■ +  '

b e t t e r  than with the ^  se t  (Table XXII). However, since the d ifferences 

between these  th ree  c o rre la t io n s  are  almost c e r ta in ly  not s ig n i f ic a n t

i . - -
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( fo r  R = 0.959, fo r  R = 0.944, fo r  R = 0.946, but. the

standard  e r ro r  o f  the-es t im a te  o f  the p_ values are 1.21, 1.84 and 2.57

r e s p e c t iv e ly ) , .no in te rp ré ta tim i s  o ffe red . The e f fe c ts  o f  m -substitu e n ts

have been considered genera lly  to be o f  the type but v a r io u s -meta

s e r ie s  were sub jec ted  to m ultip le  l in e a r  reg ress ion  s t a t i s t i c a l  ana lysis

by Taft who concluded th a t  meta data  do .'not d isc rim ina te  between the■ »
d if f e re n t  s e r i e s ,  probably mainly because meta resonance e f fe c ts  are  

sm all. \He concluded th a t  while the ^s ignm en t o f  meta-su b s t i tu e n t
0 t  ’■ 'e f f e c t s  to the Og t y p e ^ s  not in c o n s is te n t ,  the ava ilab le  data  did

not provide a sound b a s is  o f  support fo r  the unique a p p l ic a b i l i ty  o f  the

On sca le  to  m e ta 's e r i e s . In f a c t ,  a o„ , _ sca le  derived from theR  . Rfmeta)
meta basis  s e ts  themselves did not f i t  the meta se ts  s ig n i f ic a n t ly  b e t t e r .

* Comparison o f  the  p values o f  the fluoromethylnaphthalene s e r ie s  

with the fluoromethylbenzenes reveals some unexpected r e s u l t s .  For the 

4a-naphthalene s e r ie s  p^ i s  s l i g h t ly  la rg e r  than in  the para benzene 

s e r i e s .  I t  i s  not su rp r is in g  th a t  i s  l a rg e r  in  the naphthalene 

system and the reasons fo r  t h i s  expectation have been d e a l t  with e a r l i e r  

Cp. 44 ) . What i s  su rp r is in g  i s  th a t  p^ fo r  the  4a-naphthalenes is

sm aller than th a t  fo r  para benzenes, and the same is  true  when the 3a- 

s e r ie s  i s  compared with the  mêta benzenes'. The 4a- and para d is tance  

re la t io n sh ip  should be the same as should the 3a- and meta and no 

d iffe rence  in  inductive ' e f f e c ts  would be a n t ic ip a te d .  Moreover, somewhat 

unexpectedly the pj values fo r  4a- are la rg e r  than the 3a- and s im ila r ly  

fo r  para are la rg e r  than fo r  meta. The p^ fo r  the  3a- s e r ie s  i s  negative

but th i s  value i s  probably not s ig n i f ic a n t ly  d i f f e r e n t  from zero; p_
. ' • . . K

is  equal to -2 .0  and-the standard  e r ro r  in  t h i s  estim ate i s  T.2.
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The s t e r i c  influence  o f  the peri-hydrogen was de tected  in  the

4-substitu ted-1-fluorom ethylnaphthalene  data by the improvement o f  the 

c o rre la t io n  by the  exclusion of +R groups such as -Nd_, -COOR and -COCH . 

I t  might be noted here th a t  the -CH^F group i t s e l f  ma;  ̂ be sub jec t to  

a s l i g h t  p e r i - e f f e c t j  since^ there  are sp e c i f ic  s t e r i c  requirements a t  

the functional cen tre  asso c ia ted  with Kyperconjugative forms o f  the 

type, -

CH_F CĤ F-

FluoromethyInaphthalenes which Contained su i ta b le  strong -R su b s ti tu en ts  

which would provide a t e s t  fo r  th is  e f fe c t  were unfortunate ly  not 

a v a i la b le .

. The sign o f  the p values f o r ' t h e  benzyl f luo rid es  and fluoromethyl­

naphthalenes is  not re a d i ly  ra t io n a l i s e d  in the terms usually  applied  

to  sh ie ld ing  e ffe c ts  o f  the  f lu o r in e  nucleus. The behaviour shown by 

the fluorobenzenes and fluoronaphthalenes where p 's  a re  negative i s  

"normal" behaviour fo r  the e f f e c t  of a su b s t i tu e n t  on,the f lu o r ine  

chemical s h i f t .  In fluorobenzene the in troduction  o f  an e lec tro n -  

donating su b s ti tu en t  in to  the system r e s u l ts  in  increased  sh ie ld ing  o f  

the f lu o r in e  nucleus-and a corresponding u p f ie ld  s h i f t  r e l a t iv e  to  

the un subs ti tu ted  d e r iv a tiv e .  In troduction  o f  an e lectron-donating  

su b s t i tu e n t  in to  the fluoromethylnaphthalenes induced a f lu o r in e  n .m .r. 

s igna l a t  lower f i e ld  than the s ignal due to 1-fluoromethylnaphthalene 

i t s e l f ,  . .

I
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These observations could be r a t io n a l i s e d  in  terms o f  a l te rn a t io n  ' 

o f  charge e f f e c t  a t  adjacent carbon atoms along the chain of transm ission .

This explanation i s  precluded by the data  fo r  g j-substitu ted-1-phenyl-
45 ' I2 -fluoroethanes [f luo rid es  o f  e thyl benzene) where c o rre la t io n  with'

the  Hammett a parameter gave a p o s i t iv e  p value (+0.73), the su b s ti tu en t

chemical s h i f t s  being .in the same d irec tio n  as those fo r  correspondingly

s u b s t i tu te d  benzyl f lu o r id e s .  Absence of an a l te rn a t in g  e f f e c t  is  a lso
■ 37supported by the charge density  ca lcu la tio ns  o f  Brownlee and Taft 

fo r  m- and p - su b s t i tu te d  fluorobenzenes and g - su b s t i tu te d  f lu o ro s t i lb e n e s ,  

among o th e rs .  These authors noted th a t  n e i th e r  the p i -e le c t ro n  density  

a t  the  carbon bonded,to the f lu o r in e  nor the f lu o r in e  o -o rb i ta l  charge 

density  appeared r e la te d  to the e lec tro n  dens ity  a t  any of the in te rven ing  

carbon atoms. ' '

The ir-inductive model (p. 38 ) would not appear to r a t io n a l i s e  the 

observations to any b e t t e r  degree than the more generally  accepted , > •

th eo r ie s  o f  transm ission o f  e le c tro n ic  e f f e c t s .

CH-F

In t h i s  model the dipole due to  the CĤ F fu n c tio n  p,cts e x te rn a l ly  on the

naphthalene r in g  p o la r is in g  the m-system and in  th is  manner induces
 ̂ . ' 

the withdrawal o f  e lec trons  from the 4 -p o s it io n  through the, r ight-hand

d ip o la r  resonance s t ru c tu re .  This would r e s u l t  in  the increased
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I .

s h ie ld in g ,o f  the f lu o r in e  nucleus by e lec tron -donating  su b s t i tu e n ts  as 

in  the fluorobenzenes and contrary  to observations

Sheppard's theory o f  f lu o r in e  p-ir in te ra c t io n  ,[p. 38 ) i s  a more

a t t r a c t iv e  a l te rn a t iv e  in expla in ing  the  rev e rsa l  in  the response to

s u b s t i tu e n t  e f f e c ts  in going from f lu o ro a ry l  to fluoromethylaryl s e r ie s .
; '

The chemical s h i f t s  o f  both basal and ap ica l  f lu o r in es  o f  -SF^ e x h ib i t

p o s i t iv e  p value behaviour, likew ise  the -CF^ and -SO^F su b s t i tu e n ts  as 

t h i s  theory would p re d ic t .  The d is tances  involved in  the  overlap and, 

the s ize  o f the  o r b i ta l s  on the halogen appear to  be important in the
• 'j •

degree of e le c t ro n e g a t iv i ty  re tu rned  to  the  r in g  through the Sheppard 

mechanism. ' . \
\

19 ' 1 This mechanism would explain  the  - F resonance s igna l o f  the

fluoromethylarenes appearing a t  lower f i e l d  with the in trodu c tion  of

e lec tron -donating  su b s t i tu e n ts .  I f  th is  mechanism i s  opera ting , e lec tron

density  increases  a t  the,carbon atom bearing the f lu o r in e  and a t  the

f lu o r in e  atom i t s e l f .  Th,iSCcharge i s 'c e n t r e d  on the 2p (a) o rb i ta ls  

r a th e r  than the 2p Ctr) o r b i ta l s  s ince  the charge density  i s  tran sm itted
z < ■

from the aromatic r ing  through the sigma bonds o f  the system. The

e lec tro n  re tu rn  v ia  p-ir in te ra c t io n  reduces the  charge density  in  the

2p [%} o r b i ta l s  on f lu o r in e .  E lectron density-chem ical s h i f t  c o rre la t io n s  z
33 36 * 37o f  Karplus and Das, P a le ta  è t  a l , ,  Brownlee and T aft ,  and Dewar

Î58 'and Kelemen a l l  repo rt  c o rre la t io n  with the n e le c tro n  den s ity  on

f lu o r in e  r a th e r  than the t o ta l  charge density . Thus e lec tron-donating

s u b s t i tu e n ts  which increase  the overa ll  charge density  a t  f luo rin e

do so by inc reas in g  the cr charge density  which i s  p a r t i a l l y  o f f s e t  by ' '

a decrease in  Tr charge dens ity .  I t  i s  the  decrease in  Tt charge density

which i s  o f  major importance in  determ ining .the  chemical s h i f t  and the
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s i g n a l ; there fo re  appears a t  lower f i e ld .

The 3-substitu ted -l-fluorom ethy lnaph thalene  data  which exh ib it

a small negative value may a lso  be r a t io n a l i s e d  in  terms o f  the p-ir

in te ra c t io n  model. I f  the e lec tron  re tu rn  from the f lu o r in e  2p (ir)

o rb i ta ls  to  the aromatic r ing  i s  by means o f  th is  mechanism, then the

f lu o r in e  atom o f  the fluoromethyl group w ill  be disposed very close to

th e  2-proton on the, naphthalene nucleus, and-w ill d i s to r t  t h i s  proton
2from i t s  o r ig in a l  sp hybridised p o s it ion . ' Subs tituen ts  in  the 3- 

p o s i t io n  w ill  begin to experience s t e r i c  e f f e c t s  as a r e s u l t  of th is

■ proximity to  both the hydrogen and the h igh ly  e lec tronega tive  f lu o r in e .  

T h is  w il l  tend to reduce their, resonance in te ra c t io n  with the aromatic 

nucleus. Likewise, the  proximity o f  the  3 -su b s ti tu en t w ill  reduce the 

tendency of the f lu o r in e  atom to  re tu rn  e le c tro n  density  to  the aromatic 

r in g .  Both these e f fe c ts  w il l  r e s u l t  in  the f luo r ine  exh ib iting  the 

'normal' n .m .r .  response, i . e .  i t  w i l l  be sh ie lded  by electron-donating  

su b s t i tu e n ts .  Of the 3 -su b s ti tu te d  deriva tives  the two es te r ,  

su b s t i tu e n ts  show the most serious d e v ia t io n s . This is  no t su rp r is in g ,  

considering t h e i r  s t e r i c  bulk and e lec tro n ic  charac ter . The values fo r

■ \ 3 -COCH2  arid S-NO^’are both sm aller than a n tic ip a te d ;  again th is  could, 

- ^ b e  .due,to t h e i r  r e l a t iv e  bulk and subsequent s t e r \ c  in te ra c t io n  with the

CĤ F function . The only su b s ti tu en ts  which appear to  behave in the same

manner as the 4 -su b s t i tu te d  deriva tives , are the 3-CN and 3-Br groups;

both are l in e a r  and would show the sm alles t tendency to in te r a c t  with

the CH_F function. .2

I t  i s  not su rp r is in g  th a t  th is  phenomenon is  not observed'with the
. ■ . ■ . .  .

benzyl f lu o r id es  since  there  are two ortho p o s it io n s  in these compounds 

through which e lec tro n  re tu rn  may take p lace. In one o f  these  s t e r i c
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in te ra c t io n s  would not be involved and so re tu rn  would take p lace 

through th is  p o s i t io n  p r e f e r e n t i a l ly .  Also, in the case of the benzyl 

f lu o r id e s  a l l  o f  the 3 -su b s ti tu en ts  in v es tig a te d ,  apart  from 3-NO^ and

3-CHg, were l in e a r .

In the  fluoroarene systems the  2p_(ïr] ' o r b i ta l s  on f lu o r in e  are 

d i r e c t ly  conjugated with the  aromatic " sy s te m . In troduction  o f

resonance e lec tron-donating  su b s t i tu e n ts  increases the t t  e lec tron
■ " . * 

density  a t  f lu o r in e ,  r e s u l t in g  in  increased sh ie ld in g  and the s igna l

appearing a t  h igher f i e ld .

Sheppard o ffe red  h is  model as an a l te rn a t iv e  explanation fo r  the

observed apparent electron-withdrawing resonance e f f e c t  o f the -CF^

su b s t i tu e n t .  The more accepted explanation fo r  the resonance e f f e c t  o f

th is  su b s ti tu e n t  i s  f lu o r in e  hyperconjûgàtion (p. 3 5 - j . F luorine .

h>-perconjugation cannot, a t  . f i r s t  s ig h t ,  exp la in  the rev e rsa l  in

su b s t i tu e n t  e f fe c t  between the..fluoromethylarehes and the f lu o ro a ren es ,

E lectron-donating 4 -su b s ti tu en ts  should increase  the e lec tro n  density

a t  f lu o r in e  in  th i s  model ^ d  should produce increased  sh ie ld ing  a t

the f lu o r in e  nucleus. However, i f ,  as is  l ik e ly ,  the  sh ie ld ing

experienced by the  f lu o r in e  nucleus i s  not so le ly  a function  o f  the &

t o t a l  e lec tro n  den s ity ,th en  i t  is  po ss ib le  to r a t io n a l i s e  the downfield

s h i f t  produced by e lec tron-donating  su b s t i tu e n ts  in  the fluo rom ethy la renes ,.

w ith in  the  framework o f  the hyperconjugation model. The hyperconjugative

model p re d ic ts  th a t  the in trodu c tion  o f  a resonance e lec tron-donating

su b s t i tu e n t  should decrease the ArCH_-F bond o rder and increase  the2 '
TT charge on f lu o r in e .  HMO ca lcu la tio ns  o f  Béguin support th is  conclusion 

based on " p ic to r ia l "  resonance theory. '
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34I f  we now consider the equation o f  P tosser  and Goodman

6 = ^  [l l .gAPp + 0 .1  AP̂  + 3.9APj,p]

where APp and AP^p are changes in  the t t  elec tron  density  a t  F and the C-F 

ir bond order.^respectively, these terms "are important but s trong ly  

opposed. I f  the r e l a t iv e  magnitudes o f  these two terms are s u f f ic ie n t ly  

dependent upon the e lec tro n ic  s t ru c tu re  o f  the chemical bonds in  the 

v ic in i ty  o f  the f lu o r ine  and not so le ly  on the value o f  the e lec tron  

density  on f lu o r in e  i t s e l f ,  then possib ly  e i th e r  term might predominate 

over the o t h e r . . For a negative p value APp would be the  dominant 

term whereas a change in sign would ind ica te  AP„_ was the leading term.Lr
In the o r ig in a l  presentation o f  th i s  equation, Prosser and 'Goodman^^ 

use such a r a t io n a le  to explain the d ifference  in sign o f  p values, fo r

p -su b s t i tu te d  benzoyl f luorides  and g -su b s t i tu te d  benzenesulphonyl
■1> - 

f luo rid es  and obviously a s im ila r  ra t io n a le  might well apply to  the

fluoromethylarenes' and fluoroarenes. |

The complexity o f  th is  problem is  i l l u s t r a t e d  by the,fo llow ing

tab le  which gives the sign o f  the p values fo r  various su b s t i tu te d

fluoroaroraatic s e r ie s .

Substituen t F CĤ F CF  ̂ ' COF SO^F SFg(apex) SCF  ̂ SO^CF^

p  — +  4* — +  +■ — —

‘ I t  i s  not l ik e ly  th a t  th i s  problem w il l  be resolved u n t i l  the nature 

of the fa c to rs  a f fe c t in g  the chemical s h i f t  o f  a f lu o r ine  nucleus are 

. b e t t e r  understood.

\
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Conclusions ,
■ ■  - /

19 1The study o f  the F and H n.ra.^r'. s p e c t ra  o f  a s e r ie s  o f  22
" .. . '  . /  . ■su b s ti tu ted -! - f lu o ro m e th y ln ap h th a le n es  has y ie ld e d  inform ation o f  

considerab le  i n t e r e s t  in  the  con& xt o f  ^^F n u c le a r  magnetic resonance^ 

o f  s u b s t i t u e n t . e f f e c t s  in  arom atiA  compounds^ and o f  the e f f e c t s

L p e c u l ia r  to  the naphthalene system i t s S l f .
■ * . ' /  ■ ■ ' . ' ■ , 'This work s u b s ta n t ia te d  and extended th e  observations of. e a r l i e r

■'  ■■ ' i
workers which arose  from in v e s t ig a t io n s  o f  the  benzene analogue o f  the ■

fluorom ethylnaphthalene system A  The data  from t h i s  study w ere.analysed
■ ■ ■ \  ■ " using  d i f f e r e n t  s u b s t i tu e n t  param eter s c a le s ,  and subsequently  in te r p r e te d

. \  ■ . ' ' ■■ ■ ■ 
in  terms o f  the  s e r ie s  which gave the  b e s t  f i t  to  the dual s u b s t i tu e n t

param eter model. In sev e ra l  in s tances  the  f i t  ob ta ined  with one s c a le

was only m arginally  b e t t e r  than th a t  w ith ano ther . I f  i t  had been ...
/  ' . .  .

' ■ y  . ■ • .

. p o ss ib le  to  sy n th es ise  tpmpounds with s tro n g  +M(-R) resonance e le c t ro n -  

donating s u b s t i tu e n ts  th ese  d if fe ren c e s  would have been much g re a te r .

The na tu re  o f  the  response o f  the f lu o r in e  n .m .r .  s ig n a l  to  the 

s u b s t i tu e n t  e f f e c t  i s  the  same in both fluorom ethy lary l s e r i e s .  We have 

o f fe re d  an i n te r p r e ta t io n  o f  the  s ign  o f  the  response o f  the  s u b s t i tu e n t

; chemical s h i f t  to  the s u b s t i tu e n t  e f f e c t  in  terms o f  c u r re n t ly  accepted 
’ ■ i  9 ■models. The unexpected na tu re  o f  the  F n .m .r .  response (the  p o s i t iv e  

p value) o f  th i s  and o th e r  phenyl f lu o r in e 'd e r iv a t iv e s  i s  d i f f i c u l t  

to  i n t e r p r e t  in  terms o f  th e  c u r ie n t  th e o r ie s  o f  s u b s t i tu e n t  e f f e c t s  in  

arom atic .system s and the  fa c to r s  c o n tr ib u t in g  to the  screen ing  o f  th e .  

f lu o r in e  nucleus. F u r th e r  work w il l  be necessary  in  both f i e l d s  be fo re  

a l l  experimental obser^/ations a re  adequately  r a t io n a l i s e d .

A f u r th e r  study in  th e  fluoromethylnapH'thâléhd system which would
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give more in s ig h t  in to  th is  problem would be th e jso lv o ly s is  o f  the 

s e r i e s  o f  compounds syn thesised  in t h i s  work. Very few s idè-cha in
: _

re a c t io n s  o f  naphthalenes have been s tud ied  p rev ious ly  which involve 

an e le c t ro n  d e f ic ie n t  t r a n s i t i o n  s t a t e .  The so lv o ly s is  reac tio n  would 

provide an example o f  th is  type o f  re a c t io n .  The reac t io n  i s  c a rr ied  

-out in  formic a c id : -

HCOOH

and thus allows one to  observe the enhanced resonance e f f e c t s  o f +M(-R) 

s u b s t i tu e n ts  presumed to  operate  in  a naphthalene system o f  t h i s  type.
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