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SOLVENT DEPENDENCE OF H-F COUPLING PARAMETERS 

I N  FLUOROBENZENE 

J. E .  Loemker and J. H .  Goldstein 

Department of Chemistry, Emory Un ive r s i ty  
A t l a n t a ,  Georgia 30322 

Solvent dependence of NMR s p e c t r a l  parameters has been 

t h e  o b j e c t  of cons ide rab le  i n t e r e s t  i n  r e c e n t  yea r s  ( s e e  

Ref. 1 f o r  a b r i e f  summary). More r e c e n t l y  a t t e n t i o n  has been 

devoted t o  t h e  so lven t  dependence of NMR parameters i n  f l u o r -  

i ne -con ta in ing  compounds. I n  t h e i r  i n v e s t i g a t i o n  of f l u o r o -  

benzene, Mohanty and Venkateswarlu observed t h e  e f f e c t  of 

s o l v e n t s  on t h e  proton and f l u o r i n e  chemical s h i f t s ,  bu t  d i d  

no t  r e p o r t  any dependence of t h e  H-H or H-F coupl ings on t h e  

so lven t  medium.* 

Danyluk found a l i n e a r  c o r r e l a t i o n  between t h e  d i r e c t l y  bonded 

'3C-H and l3C-F couplings and t h e  H-F coup l ings .3  

s u l t s ,  a long w i t h  l i n e a r  c o r r e l a t i o n s  between the  '3C-H ( o r  

'3C-F) coupl ing and t h e  proton (or f l u o r i n e )  chemical s h i f t ,  

l e d  t o  the in fe rence  t h a t  t h e  medium e f f e c t  a c t s  t o  change t h e  

coupl ing parameters and s h i e l d i n g s  by a similar mechanlsrn. 

For 1,2-dichlorofluoroethylene B e l l  and 

These r e -  

Hutton and Schaefer  have r epor t ed  t h e  r e s u l t s  of a s o l v -  

e n t  s tudy on 1-chloro-1-fluoroethylene .' 
c i s  H-F coupl ing i n c r e a s e s  i n  a roughly l i n e a r  f a s h i o n  w i t h  

t h e  square r o o t  of t h e  d i e l e c t r i c  cons t an t  of t he  s o l v e n t .  I n  

ano the r  s tudy ,  Hutton, -- e t  a l ,  r e p o r t e d  changes as l a r g e  as 0.85 

They found that t h e  
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J. E.  LOEMKER AND J. H. GOLDSTEIN 
Hz f o r  t h e  o r t h o  H-F coupl ing i n  3-chloro-4,6-dinitrofluoroben- 

zene w i t h  changes i n  ~ o l v e n t . ~  

of JfF and of t he  sum, 

cons t an t  of the medium f o r  a s e r i e s  of s u b s t i t u t e d  f luoroben-  

They noted a n  a l g e b r a i c  i n c r e a s e  

+ JF, wi th  i n c r e a s i n g  d i e l e c t r i c  

zenes.  

Recently,  Castel lano,  e t  a l ,  r e p o r t e d  t h e  fluorobenzene 

parameters f o r  t he  nea t  l i q u i d  and f o r  s o l u t i o n s  i n  C C l 4  and 

CC13CF3.’ The observed v a r i a t i o n s  were no l a r g e r  t han  0.10 Hz 

and 0.20 Hz i n  t h e  H-H coupl ings and t h e  H-F coupl ings,  respec-  

t i v e l y .  

I n  the  r e c e n t  a n a l y s i s  of f luorobenzene conducted i n  t h i s  

l abora to ry ,  however, s i g n i f i c a n t  changes were observed i n  t h e  

H-F couplings at s e v e r a l  concen t r a t ions  i n  TMS, which sug- 

ges t ed  t h e  d e s i r a b i l i t y  of an ex tens ion  of t h e  s tudy  t o  inc lude  

a s e r i e s  of s o l v e n t s .  The proton s p e c t r a  were obtained a t  60 

MHz f o r  t e n  mole pe r  cen t  s o l u t i o n s  of t he  compound i n  seven 

s o l v e n t s .  For each sample, t he  observed f r equenc ie s  were ob- 

t a i n e d  as averages of t h r e e  forward and t h r e e  r eve r se  sweeps. 

I n  no case was t h e  root-mean-square d e v i a t i o n  between e x p e r i -  

mental and c a l c u l a t e d  f r equenc ie s  g r e a t e r  t h a n  0.06 Hz. The 

probable e r r o r s  i n  t h e  parameter s e t s  a r e  conse rva t ive ly  e s t i -  

mated t o  be no g r e a t e r  t han  0.05 H z .  The r e s u l t s  of t hese  

ana lyses  a r e  c o l l e c t e d  i n  Table I. 

Var i a t ions  of up t o  0.80 Hz were observed i n  t h e  H-F coup- 

l i n g s ,  t h e  l a r g e s t  change be ing  i n  Jo HF 

magnitude a r e  cons ide rab ly  l a r g e r  t han  t h e  e s t ima ted  uncer- 

t a i n t y  i n  the parameters .  There i s  a g e n e r a l l y  monotonic r e l a -  

t i o n s h i p  between JEF and t h e  square r o o t  of t h e  d i e l e c t r i c  con- 

s t a n t  of t h e  s o l v e n t ,  except  w i t h  N-methylpropionamide as Solv- 

Var i a t ions  of t h i s  

e n t .  
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J. E. LOEMKER AND J. H. GOLDSTEIN 
The H-H couplings showed no s i g n i f i c a n t  dependence on 

so lvent  except i n  t h e  case of 515, t h e  meta H-H coupl ing a c r o s s  

t h e  f l u o r i n e  s u b s t i t u e n t ,  which v a r i e d  by 0.22 H z .  I n  a recent  

study of a 

e f f e c t  was 

across  t h e  

e n t  medium 

s e r i e s  of monosubsti tuted benzenes, t h e  s u b s t i t u e n t  

shown t o  be t h e  g r e a t e s t  on t h i s  meta H-H coupl ing 

s u b ~ t i t u e n t . ~  Since t h e  g r e a t e s t  e f f e c t s  of so lv-  

occur f o r  couplings involv ing  t h e  F nucleus and t h e  

two adjacent  protons,  i t  seems reasonable  t o  suppose a t  l e a s t  

t e n t a t i v e l y ,  t h a t  t h e  medium e f f e c t  i s  a s s o c i a t e d  wi th  t h e  

s u b s t i t u e n t .  The p o s s i b i l i t y  t h a t  o t h e r  mechanisms may b e  

involved w i l l  r equi re  f u r t h e r  s tudy .  

The r e s u l t s  descr ibed here  i n d i c a t e  t h a t  s o l v e n t  e f f e c t s  

cannot be disregarded i n  t h e  a n a l y s i s  and i n t e r p r e t a t i o n  of 

t h e  NMR s p e c t r a  of f l u o r i n a t e d  aromatic  compounds. 
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