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NMR STUDY OF PENTAFLUOROANILINE - HYDROGEN BONDING AND 

PROTON EXCHANGE 

1 
I.,EY Words: oentafluoroaniline. hydroqrn bonds, H PIMR 

Laboratory of Molecular Interactions. Department G+ 

Chemistry. Univer-sity G+ Warsaw. i,Z-O9; Warsaw. Poland 

G . S .  @enisow 

Institute of F h v s i c s .  Leningrad State University. 

Leningrad. Petrodvorez, 198"C'4 U h S R  

The temperature and concentration dependence of 'H 

NMR chemical shifts of pentafluoroaniline anci aniline 

in acetone iAc)? dimethyl suiphoxide IT1MSO) and 

hexamethy lphosphorrr lamide  (HMPr?) indicate that the 

effect of hydrogen bond f o r m a t i o r r ,  A = 6 - dc17 i s  

s i m i l a r  for both anilines. The  a n a l y s i 5  of 'H NMR 

spectra showed? that proton e:-.charrge uf t -hut y I a 1  coho1 

r t E ; C i ?  and 2 , h - d i  - t-hutylphenol (DTBF'h) with 

pentafiuoroaniline is slower than that with aniline. 

obs 

1363 

Copyright 0 1991 by Marcel Dekker, Inc.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



1364 WAWER, K E C K I ,  AND DENISOW 

static arid dynamic properties o+ hydrctgen bonds 

tormed by  aniline ‘ A )  have been widely studied. but the 

data concerning its pentafluoro-analog a r e  few. Earlier 

IF( studies estab!is?ed t t‘at  equilibrium constante 

f a r  the hydrogen bonded complex of pentafluoroaniline 

r p F A ,  with DMSO and HMF‘A are higher than the 

respective one5 of- aniline ( A ) .  Denisow e t . a l L ,  showed 

bv the analysis of v NH bands of pFA. that tne 

cumpie 2s 1: 1 an< 1: 2 =+re formed. In the presence of 

stronl: electran-donor such a5 HMFA the complexes with 

one NH proton dominate and the existence of second 

hydrogen bond is disf avoured. 

1.2 

.-a 

, f-1. - * D  
F‘h -rJ / H  + D - Ph-N + I ) -  

‘H +r 1 
‘ H  ’k2 

, H. * .D 

‘ H - . . D  
Pn-M 

It seemed worth to compare (fi) and p F A  applying 

multinuclear and dynamic NMR. 

EXPERIMENl AL 

Pentafluoroaniline and aniline were commercial 

products, !Aldrich). 

Aniline and the solvents ii5ed were freshly distilfed. 

‘H and C: NMR spectra were recorded on a JEDL FX 90Q 

spectrometer. equipped with a variable temperature 

probe, at 89.55 and 22.50 MHz, respectively. with TMS 
a5 an internal reference. 15N spectra were recorded on 

Bruler AM 500 spectrometer at 50.7 MHz and chemical 

shifts were referenced to CH- NO.,. 

1 3  

15 
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NMR STUDY O F  P E N T A F L U O R O A N l L L N E  1365 

TABLE. 1 

Chemical  s h i f t s  id, ppwj and pC.1 v a l u e s  f o r  pFA and Fi a 

C H,NH, 
6 - 1  L 

RESULTS A N D  DISCUSSION 

S o m e  NMR c h e m i c a l  s h i f t s  and  t h e  b a s i c i t y  of b o t h  

compounds k and p F A  are  p r e s e n t e d  ~ f i  Tabie 1 .  
0 

I n  t h e  t e m p e r a t u r e  r a n g e  20-70 C t h e  sigria'L of NkI- 

p r o t o n s  ~f p F A   hii its u p f i e l d  with i n c r e a s i n g  

t e m p e r a t u r e  and d E t r E a 5 i n g  c o n c e n t r a t i o n  i n  C D i  

(Fig.1)- The v a l u e  of 3.47 pprrr. a t  the iiiiiiiite 

d i l u t i o n ,  bM. i c ,  c h a r a c t e r i s t i c  of t h e  p F A  m o n o m e r .  

i 

The c o n c e n t r a t i o n s  of  p F A  i o r  6 1  i n  f u r t h e r  

e x p e r i m e n t s  w e r e  k e p t  c o n s t a n t ,  0.2 M, and  t h e  

c u n c e n t r a t i c n  o f  e l e c t r u n - d u n o r  D i n  C C 1 4  w a s  

v a r i e d .  The NH, s i q n a l  s h i f t s  dGWnfield i F i c j . 2 , 3 j  ~ 4 1 t h  

l o w e r i n g  tSe t e m p e r a t u r e  and  i n c r e a s i n g  c o n c e n t r a t i o n  

G+ D which is charac te r i s t ic  f o r  t h e  hydrogen  bonded 

complex foi-mati  on ,  a c c o r d i n g  t o  i 1 ) . The downf 1 el d 

s h i f t  i n c r e a s e s  w i t h  i n c r e a s i n g  e l e c t r o n - d o n o r  

a b i l i t i e s  uf I?: A c  c:DliSO .:::HMPA. T h e  o b s e r v e d  c h e m i c a l  

s h i f t  of  NH, p r o t o n s  is t h e  weighed a v e r a g e  of dM. bMD7 

i - e .  chemical s h i f t s  of  monomer,  1:l and  1:2 

compiex. r e s p e c t i v e l y .  NMR y i e l d s  n o  a c c u r r a t e  d a t a  oi  

L 
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F I G . 1  T h e  dependence of chemicai  5 h i f t s  of NH, p r o t o n s  

on c a n c e n t r a t i o n  (logarithmic scaiet i n  iCl, 

e q u i l i b r i u m  c o n s t a n t s  tar molecu lar  complexes  i n  such a 

case: the  m o r e  s u i t a b l e  method 1 5  LR where s e p a r a t e  

bands G+ 1 : l  and 1:Z complexes  can tie observedL.  S o m e  

estimarian. however. can he  made ctsncerrring the 6 

6 vaiues. The NhR sp~ctrurn of salutian pFA : HMPA 

7 

rlD and 

WD2 
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NMR STUDY OF PENTAFLUOROANLLINE 1367 

F I G . 2  T h e  dependence of 6 of NH, protons in p F A  on 

concentration of electron-donor, D, in CC1 
clb s L 
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3,O 

4.0 

5.0 

WAWER, K E C K I ,  A N D  D E N I S O W  

2 4 6 D t m o { / d m 3 1  

F I G . 3  The d e p e n d e n c e  crf- 6 of NH, protons 1t-t ;I an 

concentrat ion at e l e c t r o n - d o n o r .  D ,  i n  CC1 
cib 5 - 

4 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



NMR STUDY O F  PENTAFLUOROANILINE 1369 

( 1 : l )  i n  CU,Ci2 e > : h i b i t s  6 NH? = 5-1 and t h e  c h e m i c a l  

s h i f t  r e m a i n s  c o n s t a n t  i n  t h e  t e m p e r a t u r e  r a n g e  -TOo 
L i 

0 
down t o  -60 t h i s  v a l u e  c a n  b e  t a k e n  as  hMD. S i m p l e  

e s t i m a t i o n  (5.1-cSM = 1.6 ppm p e r  o n e  hydrogen bond 

formed: f o r  t w o  b o n d s  i n  ME,: 3.2+SM = 6.7) S h G W S  t h a t  
L 

s h o u l d  amount 6.7 - 
p r o t o n s  i n  t h e  s p e c t r u m  

HMFA a t  IOOC i s  6.5 ppm 

I n  Fig.3. a set of 

i n  a n i l i n e  s o l u t i o n s  is 

compared w i t h  t h o s e  f o r  

p p m .  Chemical s h i f t  D f  NH2 

of 1.2 M pFA b i n a r y  s o l u t i o n  i n  

and is close t o  t h e  e x p e c t e d  

NH2 'H NrtE chemica l  s h i f t s  of 

s h i f t e d  by a b o u t  0.8 ppm as  

p e n t a f  1 u o r o a n i  1 i n e  i n F i  g -2. 

I t  may b e  c o n c l u d e d  t h a t  t h e  e f f e c t  o f  hydrogen  

bond f o r m a t i o n  by b o t h  a n i l i n e s  pFfi and F? w i t h  t h e  

e l e c t r o n - d o n o r s  A c .  DMSO and HMF'A, A = 6obs-6M. 1% 

a b o u t  t h e  s a m e ,  and t h e  d i f f e r e n c e  by a b o u t  0.8 ppm is 

c a u s e d  by t h e  v a r i o u s  s h i e l d i n g  of NH, p r o t o n s  i n  t h e  

monomers of pFA and A ( c f .  Tabie 1). The I R  r e s u l t s  

i v  1 indicate. t h a t  pFA f o r m s  s t r o n g e r  hydrogen  bonded 

c o m D l e x e s  w i t h  e l e c t r o n - d o n o r s .  The e f f e c t  of hydrogen  

bond f o r m a t i o n  A i n c l u d e s  c o n t r i b u t i o n s  from chemica l  

s h i f t s  6,,,D, and e q u i l i b r i u m  c o n s t a n t s  K I T  k2 and. 

t h e r e f o r e ,  g r e a t e r  v a l u e  of A w a s  e x p e c t e d  f o r  pFA t h a n  

for ci. 

L 

NH' 

6MD2 

I t  seemed i n t e r e s t i n g  t o  s t u d y  t h e  ra te  o+ p r o t o n  

e x c h a n q e  between pFpl ( A )  and Fi-OH. A s  t h e  p a r t n e r s  f o r  

e .change  t e r t b u t  y l  a1 coho1 I t B A )  and 

2.6-di - t e r t b u t  y l  phenol  (DTBPh > w e r e  a p p l  i e d  . Y i  n e t  i cs 

of e x c h a n g e  be tween A and DTBPh w a s  ear l ier  

i n G e s t i g a t e d  by Sandul  et a13. 
7 

The 'H NMR s p e c t r a  of pFA tar A >  + DT3Ph s o l u t i o n s  

i n  CClq  w i t h  var ious c o n c e n t r a t i o n s  w e r e  r e c o r d e d  i n  

t h e  t e m p e r a t u r e  r a n g e  2O-7O0C. As t h e  rough 
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1370 WAWER, K E C K I ,  A N D  DENLSOW 

(a! 

i s  > 

25 

50 

67 

77 

125 

545 

68.4 

68.8 

,G.2 

72 0 

1 72.7 

7 

F u r t h e r  s t u d i e s  are i n  p r o g r e s s , .  

e s t i m a t i o n s :  t h e  l i n e  w i d t h  of TMS w a 5  used to  

c a l c u l a t e  r e l a x a t i o n  times TqoH and t h e  broaden inq  of 

NH, d u e  t o  quadrupolar r e l a x a t i o n :  T =TZ NH2. The 

t w o - s i t e  e x c h a n g e  w a 5  assumed and t h e  signal s h a p e  

d n a l y s i 5  w a s  c a r r i e d  out by means of computer program 

- 
L 9 
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NMR STUDY OF PENTAFLUOROANILINE 1371 

The  r e s u l t s  o b t a i n e d  i n d i c a t e  t h a t  t h e  exchanqe  

r e a c t i o n  15 b i m o l e c u l a r  : 

and r u n s  1 vLa c y c l i c  complex. and t h a t  p r o t o n  e x c h a n g e  

i n s i d e  it is t h e  rate I i m i t i n a  s t e p .  

The kinetic p a r a m e t e r s  f o r  t h e  e x c h a n g e  berween A 

and DTBPh are given i n  T a b l e  2 .  The r a t e  c o n s t a n t s  w e r e  

c a l c u l a t e d  accc l rd ing  t o  t h e  e q u a t i o n :  

I n  the case of p F A  p r o t o n s  t h e  e x c h a n g e  is 

s r g n i f i c a n t l y  s l o w e r  t h a n  i n  A.  t h e  b r o a d e n i n g  of t h e  

OH s i g n a l  up t o  75OC w a s  too small for obtaining 

r e l i a b l e  d a t a  by means of d-NMR method. 

The e x c h a n g e  be tween pFf3 and  t H A  was s t u d i e d  i n  C D NO- 6 5  L 

and t h e  k i n e t i c  p a r a m e t e r s  are c o l l e c t e d  i n  T a b l e  2. 

The k i n e t i c s  of t h e  exchange  process depend a n  t h e  

s t r e n g t h  of b o t h  NH...O a n d  UH ... N b o n d s  1.e a n  t h e  

prutcfn donor  and e l e c t r o n - d o n o r  a b i l i t i e s  of a n i l i n e -  

6% i n c r e a s e  i n  p r o t o n  donor  a b i l i t y  of t h e  NH g r o u p  i n  

pF6 s h o u l d  r e s u i t  i r t  t h e  i n c r e a s e  I n  rate of p r o t o n  

exchanqe .  T h e  5 l G W  pratcin t r a n s d e r  z n d i c a t - e s  t h e  

i m p o r t a n t  role  of e l e c t r o n  donor  a b i l i t y ,  of p F A -  

S m a l l e r  degree o+ self assuciati~n i n  p F A  when 

compar ing  to A i F i g . i f  c a n  also c a ~ f i r - m  t h a t  t h e  

n i t r o g e n  i n  D F A  + o ~ - m s  r-Jea::.,DI t:='dragen b o n d s  t h a t  I t  1 5  

i n  PI w i t h n ~ i t  - + ? u o r i n e  i n  aromatic r i n g .  
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