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LANTHANIDE SHIFT REAGENTS 11: P r  (TTA) A "TWO -WAY" SHIFT REAGENT 

FOR TIE RING PROTONS OF BENZYLIC SYSTEMS 

KEY WORDS: NMR, Two-way S h i f t  Reagent, Pr(TTAl3, b e n z y l i c  System 

Shyama P .  Sinha and S. C .  Kong 

. Department of Chemistry, U n i v e r s i t y  of Malaya, 
Kuala Lumpur, Malaysia .  

I n  our search  f o r  new l a n t h a n i d e  s h i f t  r e a g e n t s ,  w e  have r e c e n t l y  

reported '  t h e  use  of tris(acetylacetonato)ytterbium(III) , Yb(acacI3, i n  

producing downfield s h i f t s  of PMR s i g n a l s  of benzyl  a l c o h o l .  

s tudy ,  i t  w a s  noted t h a t  t h e  corresponding P r ( a c a c ) 3  f a i l e d  t o  produce t h e  

During t h i s  

expected s h i f t s  analogous t o  t h o s e  by o t h e r  Pr(II1)-complexes'. In  examining 

a series of a c e t y l a c e t o n a t e  complexes of t h e  l a n t h a n i d e s  and an a n a l y s i s  of  

t h e  d a t a  a l r e a d y  a v a i l a b l e  i n  t h e  l i t e r a t u r e ,  it was concluded' t h a t  t h e  

a b i l i t y  of a l a n t h a n i d e  complex t o  a c t  as a s h i f t  reagent  i s  

dependent on t h e  n a t u r e  of t h e  l i g a n d  i n  i t s  coord ina t ion  s h e l l .  Hence, we  

have s t a r t e d  e x p l o r i n g  complexes of l a n t h a n i d e  i o n s  w i t h  d i f f e r e n t  donor 

atoms t h a t  would a c t  as s h i f t  r e a g e n t s .  

s t r o n g l y  

I n  t h i s  paper we  wish t o  r e p o r t  t h e  remarkable a b i l i t y  of t r is-  

(thenoyltrifluoroacetonato)Praseodymium(III) , P r  (TTA),,, as a s h i f t  reagent  

and, i n  p a r t i c u l a r ,  i t s  pul l ing-apar t  e f f e c t  on a romat ic  p r o t o n  s i g n a l s  i n  

b e n z y l i c  kystems. The usua l  behaviour  of P r ( I I 1 ) - s h i f t  r e a g e n t s  i s  t o  

s h i f t  a l l  peaks u p f i e l d ,  whi le  Eu(IT1)-complexes g e n e r a l l y  s h i f t  a l l  peaks 

downfield. 

u p f i e l d  and downfield s h i f t s  of t h e  r i n g  pro ton  s i g n a l s  i n  a b e n z y l i c  

Pr(TTAI3 i s  remarkable i n  t h e  sense  t h a t :  (a)  it produce both 
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LANTHANIDE SHIFT REAGENT 

system, and (b) a complex: subs t r a t e  molar r a t i o  of as low as 0.2 produces 

recognizable s h i f t s .  

FIG. 1 shows the typ ica l  behaviour of a l l  proton s igna ls  i n  benzyl 

alcohol f o r  a wide var ia t ion  i n  the complex: subs t r a t e  r a t i o .  

pa r t i cu la r  experiment, the concentration of Pr(TTA)3 was kept constant a t  

0.02M. We a l s o  changed t h e  concentration of the complex and smaller 

induced s h i f t s  were noted with lowering of the concentration of the  complex. 

It i s  obvious from FIG. 1 t h a t  t h e  hydroxyl proton, CH2-protons, 

In t h i s  

ortho and meta proton s igna l s  undergo the expected up f i e ld  s h i f t ,  while 

the para proton s igna l  s h i f t s  downfield thus exh ib i t i ng  a "two-way" s h i f t  

€or the  r ing  protons.  

This remarkable behaviour prompted us t o  examine seve ra l  o ther  benzylic 

systems and the  e f f e c t s  of  Pr(TTA)3 on dibenzylether,  benzylamine, dibenzyl- 

m i n e ,  and tribenzylamine a re  shown i n  FIG. 2 .  The separation of the r ing  

protons i n t o  ortho, meta, and para peaks f o r  benzylamine and dibenzylamine 

i s  eas i ly  adduced. 

e the r  and tribenzylamine remain p r a c t i c a l l y  unshi f ted  on the addi t ion  of 

Pr(TTA)3 (FIG. 2). This i s  r a t h e r  surpr i s ing .  Admittedly, there  i s  some 

s t e r i c  crowding around the donor n i t rogen  s i t e  of tribenzylamine, bu t  models 

show t h a t  the rotamers of dibenzylether and tribenzylamine have p len ty  of 

room l e f t  fo r  e f f e c t i v e  approach of a Pr(TTA) 

However, the  r ing  and CH2 proton s igna l s  of dibenzyl- 

molecule. 3 

Several questions present  themselves, the most important ones being: 

(a) whether the  absence of s h i f t  i s  an i nd ica t ion  of no complex formation 

between the s h i f t  reagent and the subs t r a t e  (b) the function of H-atom on 

the donor s i t e s  and (c) why Pr(TTA)3 a c t s  a s  a " two  -way" s h i f t  reagent. 

It has a l so  been observed i n  t h i s  laboratory t h a t  P r ( I I1 )  ion produces a 

''two -way'' s h i f t  f o r  the protons of 2,2 '-dipyridyl i n  methanolic solution3. 

I n  o r d e r  t o  inves t iga te  whether the presence of H-a tom on t h e  donor 

s i t e  i s  a p re requ i s i t e  fo r  producing s h i f t s ,  we have studied the  s h i f t  i n  a 
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FIGURE 2. The "TWO-WAY" S h i f t  o f  Benzylic Proton Signals 
i n  Several Systems¶ 
(b) wi th  added Pr(TTA) (Comp1ex:Subetrete 

Rat io  = 8.1 - 0 . 2 )  

(a) the normal PMR spectra 

pseudo-benzylic system i .e., benzophenone (C H COC H ) . 
produces a complex spectrum between 7 and 9 ppm ( r e l a t i v e  t o  RIS) which i s  

s impl i f ied  and s h i f t e d  up f i e ld  wi th  progress ive  addi t ion  of Pr(TTA)3. 

the  case of benzophenone the  carbonyl oxygen is the  donor atom and the  r ing  

protons a re  exac t ly  the  same dis tance  away as i n  benzyl alcohol or m i n e s .  

It then seems t h a t  there  i s  no real need f o r  the  presence of H-atom on the  
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LANTWIDE SHIFT REAGENT 

donor s i t e s .  

h a l i d e s ,  however, were found4 t o  produce observable  s h i f t s  w i t h  t h e  a d d i t i o n  

of a s h i f t  reagent5 i .e.  Eu(FOD)~. 

oxygen i n  d i b e n z y l e t h e r  and t h e  t e r t i a r y  n i t r o g e n  i n  t r ibenzylamine  are 

b e t t e r  donors than  t h e  halogens i n  say (C6H5)3SnC1 

analogous t o  the  b e n z y l i c  ones. 

Many ke tones  and compounds c o n t a i n i n g  h a l i d e s  and pseudo- 

It i s  more than obvious t h a t  t h e  ether 

r e p r e s e n t i n g  a system 

A t  t h i s  s t a g e  one sugges t ion  based on hydrogen bonding between t h e  

a l c o h o l  o r  amino protons and one of the oxygen atoms i n  t h e  s h i f t  reagent  

complex may be put  forward. 

i n  view of t h e  f a c t  t h a t  compounds wi thout  a pro ton  on t h e  donor s i t e  do 

n o t  e x h i b i t  any s h i f t  s u f f e r s  from t h e  drawback t h a t  we have observed s h i f t s  

of t h e  pro tons  i n  benzophenone w i t h  t h e  same reagent  e .g .  Pr(TTA)3. 

This  sugges t ion  al though looks very  a t t r a c t i v e  

Pr(TTA) was a l s o  found t o  produce s h i f t s  i n  o t h e r  organic  systems 

i . e .  Adamantan-1-01 and c h o l e s t e r o l .  Adamantan-1-01 shows a c l u s t e r  of  

3 

l i n e s  between 1.40 and 2.20 ppm. 

s h i f t e d  u p f i e l d  and t h e  resonances due t o  ( 2 , 8 , 9 )  and (4,6,10) pro tons  

separa ted  very  n i c e l y  . Moreover, t h e  and t r a n s  c o n f i g u r a t i o n s  of t h e  

s i x  pro tons  i n  (4,6,10) p o s i t i o n  of adamantan-1-01 produced a s i m p l i f i e d  

AB-spectrum. The sequence of s h i f t  i s  of  t h e  o r d e r  (3,5,7)H < trans, 

(4,6,10)H < (2,8,9)H << OH. 

On a d d i t i o n  of Pr(TTAl3 t h e  resonances 

3 

A l l  s p e c t r a  were recorded in  CDCl  w i t h  a H i t a c h i  Perkin-Eluer  R-20B 3 

We wish t o  thank D r .  R.D. Green f o r  i n t e r e s t i n g  NMR Spectrometer a t  35OC. 

d i s c u s s i o n s .  
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