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SPECTROSCOPY LETTERS, 14 ( 3 ) ,  249-254 ( 1 9 8 1 )  

LANTHANIDE SHIFT WAGENTS PAPER 20' 

LANTHANIDE B I N D I N G  CONSTANTS FOR AMIDES AND QUATERNARY SALTS 

Key Word s : Europium S h i f t  Reagents, NMR, 

Equi1ibr i .m Binding Constants.  

David M. Rackham and Carolyn J. C h i t t y  

L i l l y  Research Centre Ltcl., E r l  Wood Manor, 

Windlesham, Surrey, GU20 6PH, England. 

INTRODUCT ION 
1 In  cont inuat ion of our  work on the i n t e r a c t i o n  of 

organic  materials with Europium s h i f t  reagents  we r epor t  t h e  

f i r s t  abso lu t e  binding constants  (K) f o r  amide s u b s t r a t e s  with 

Eu(thdIg.  

ammonium and phosphonium sal ts  with the  f luo r ina t ed  analogue, 

Eu( fod >3-d27. 

We have a l s o  measured K fo r  some quaternary 

EXPERIMENT& 

Equil ibr ium binding cons t an t s  (K) were determined by 6oMHz 

'€I NMR spectroscopy a t  27' using the method of Bouquant and 
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250 RACKHAM AND CHITTY 

Chuche a s  described i n  previous publications’ ’ 3 .  

considered to be accurate to  25%. 

s a l t  subs t ra tes  were obtained from commercial sources with the 

exception of the azahomoadamantanone, s, which was synthesised 

by the following route . 

They are  

A l l  amide and quaternary 

4 

Deuterated chloroform (99.8% iso topic  pur i ty ,  Merck Sharp 

2 and Dohme Ltd.) was pre-dried thoroughly 

molecular sieve.  

before use with 4A 

RESULTS AND DISCUSSION 

Values of the binding constants ,  K,  are given i n  the Table. 

AMIDES 

Large values of K e r e  obtained for  the amides, lactams and 

urea (1-8) - -  with the non-fluorinated reagent,  Eu(thdlj. These 

can be contrasted with the l o w  values derived for  a l ipha t i c  and 

a l i c y c l i c  ketones’ (between 5 and 20) and the surpr i s ing ly  

high f igures  of grea te r  than 100 f o r  some nitrogen 

heterocycles5 with the same lanthanide complex. The maximum 
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LANTHANIDE SHIFT REAGENTS. PAPER 20 

3. (CH3) 2CHCONH2 

4. C H CONH 6 5  2 

5. (CH3) 2NCON ( C 5 l 2  

2 5 1  

1:: &m8- 2 10 

302 
0 

TABLE 

0 E q u i l i b r i u m  B i n d i n g  C o n s t a n t s  (K) a t  27 i n  CDC1, 

for  amides w i t h  E u ( t h d )  and quaternary sa l t s  w i t h  
3- 

E u ( f 0 d )  3-dq7. 
J L I  

-_̂--- 

A. A m i d e s  w i t h  E u ( t h d I 3 * .  

CH3CON (CH3) R=CH 

3-d2 7 B. Q u a t e r n a r y  h a l i d e  sal ts  R R R R M’X- w i t h  E u ( f o d )  1 2 3 4  

R = R  M X R1 R2 3 4  COMPOUND 
__I___. _. . .I I__- 

9. cH3 (cH2) 11 CH3 (CH2) 11 CH3 N B r  

10. cH3 (cH2) 1 5  CH3 N B r  

11. CH3 (CH2) 15 
+-N 6 B r  
I=/ 
C H  P B r  

C H  P B r  
6 5  

6 5  

C H  

C H  
3 6 5  

C2H5 6 5  

12 .  CH 

13.  

K 

954 

313 

600 

359 

145 

* Infrared carbonyl s t re tch ing  frequencies i n  c h l o r o f o r m  
solut ion w e r e :  1, 1665; 2 ,  1630; 4, 1675; 2, 1625; 7,  1670~;: - - - 

value was found for benzamide, 2, and this  can be related to 

electron donation from the phenyl ring. A similar enhancement 

of K was noted f o r L t e t r a l o n e  (when compared with 

cyclohexanone 1 and acetophenone compared with dialkyl 
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252 RACKHAM AND CHITTY 

6 ketones . 
(compounds 5 and S )  had no noticable  e f f ec t  on the value of K 

Changing the r ing  s i z e  from 5 t o  6 i n  the lactams 

1 
(as  was a l so  found i n  the a l i c y c l i c  ketones cyclo-pentanone, 

-hexanone and -heptanone). 

The increase i n  the binding constant from dimethylformamide 

to dhethylacetamide (_1 t o  2) can be a t t r i bu ted  to  the  

inductive e lec t ron  re lease  of the methyl group on the carbonyl 

function. 

measuring K ,  t ha t  2 binds Eu(thdI3 about three times a s  

s t rongly a s  - 1) .  

(Lewin’ has shown, by a r e l a t i v e  method of 

There was no apparent cor re la t ion  between the values of K 

for  f ive amides and the carbonyl infrared s t re tch ing  

frequencies i n  chloroform so lu t ion  (see Table).  

incremental d i l u t i o n  procedure needs equimolar amounts of a 

s ing le  subs t ra te ,  we were unable to  measure K for unsymmetrical 

amides l i k e  CH3NBCOCH 

e x i s t  a s  rotameric mixtures with the lanthanides . 
QUATERNARY AMMONIUM AND PHOSPHONIUM SALTS 

Because the 

and PhNHCOCH3 which a re  known to 3 
8 

The proton NMR s igna ls  fo r  quaternary ammonium s a l t s  i n  

CW13 are  not sh i f ted  on addi t ion of Eu (thdI3.  

previously shown t h a t  simple e thers  are s imi la r ly  uncomplexed 

We have 

1 by t h i s  non-fluorinated reagent . By cont ras t ,  the  

f luor ina ted  Eu(fod) 3 
s h i f t s  with e the r s  and epoxides and severa l  K values have been 

and Yb(fodl3 reagents cause l a rge  
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1 determined . 
s p e c t r a  o f  some quaternary ammonium and phosphonium sal ts  

The success  of Eu(fodl3 i n  s impl i fy ing  the 

9-11 

l ed  us t o  measure K by the  incremental  d i l u t i o n  procedure f o r  

f i v e  of t hese  compounds (see Table).  

f i g u r e s  f o r  K were determinedl l  by Armitages method f o r  

t e t r ae thy lamonium and phosphonim ha l ides .  

than the f i g u r e s  reported here  (e.g. K f o r  E t  PC1 with 

Eu(fod) ) l o o )  and t h i s  f e a t u r e  of the Armitage method has  

been noted previously f o r  a l i p h a t i c  a l coho l s  

The only comparative 

They are lower 

4 

3 
12 . 

There is now general  agreement t h a t  t he  lanthanide reagent  

b inds  t o  the anion involved" and the Table shows t h a t  t he  

g r e a t e r  s t e r i c  hindrance t o  binding i n  the  e t h y l  sa l t ,  l3, t han  

i n  the methyl analogue, 2, r e s u l t s  i n  a lower value f o r  K. 

There is a l s o  obviously t i g h e r  binding i n  the  l e s s  crowded 

pyridinium sa l t  11 than the t e t r a  alkyl ammonium bromide, lo. 
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