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Abstract: The interaction of Eu(fod)3 with organic salts is studied. 

Several years ago, one of us expressed the opinion that the chemical shifts observed 
during the lanthanide shift reagent (LSR) experiment with la and lb might be due to the lan- 
thanide binding to the counter ion.I Seeman expanded on this with his report that larger 

H4 Id 
induced shifts were found wjth quaternary ammonium salts than with free amine. ' Here we re- 
port that the lanthanlde induced shifts (LIS) of proton resonances for the sulfide lc are 
smaZZer than those for the sulfonium salt ld.3 The magnitude of the LIS follow the order 
1<2<3<4<6<5 for the sulfide and 1<2c3<4<5<6<7 for the sulfonium salt, Indfcatfng a binding 
site at or around sulfur 1n both cases. Calculating the tnduced shifts with PDIGM' resulted 
in a well defined position for the europium in lc but not for Id. Both Eu---lc and Eu---ld 
must be well structured complexes in order to get the straight line plots we observed yet 
the PDIGM caluclations of Id do not confirm this. 

These observations prompt us to report our studies of Eu(fod)3 induced shifts of several 
annnonium and phosphonium salts. The series we orlginally intended to study were the tetra- 
ethyl annnonium and phosphonium halides In order to quantitatively assess binding constants 
as a functfon of anion and cation. Unfortunately, the annnontum Iodide Is not soluble in 
solvents suitable for the LfS study, and, whereas the ammonium chloride is soluble as a mono- 
hydrate, it is essentially insoluble when anhydrous. Using the second method of Armltage et. 
al. 5 we summarize our results in Table I. 

Table I - LIS Results for Organic Salts 
Chloride Bromide Iodide 

Ammonium __-_-___ 55.3 56.8 _-sm..- K 
____---- ______ Al3 

Phosphonium >lOO.O >lOO.O 
$18 + 2.5 66.7 2 3.5 

27.3 
';,8 + 0.6 _",H5_'3.4 4113 + 3.9 75.3 + 2.1 

No Shift K 
No Shift a8 

3 2 -CH3 -CH2- 
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The concentration was varied by a factor of ten. Straight line plots are obtained when 
a 1:l ratio of shift reagent:substrate predominate in solution. 

6. The observation that the bound chemical shifts, AB, for the methylene (quartet) hydrogens 
are larger than for the methyl (triplet) hydrogens in all cases was unexpected. Two 
explanations are possible. First, there may be a preferred conformation in which the 
methyls swing aside allowing the counterion-to approach the positively charged nucleus. 
This would position the methvlene hvdroaens closer than the methvl hvdroaens to shift 
reagent. Dreiding molecular"models"are~somewhat ambiguous in this r'egar?. 

Alternatively, the fact that "...protons, because of their elect?on density are 
particularly susceptible to diamagnetic and paramagnetic effects..." prompts us to 
suggest that the methylene hydrogens, because they are quite electron deficient, are 
more susceptibh to the paramaqnetic shift reaqent than are the methyl hydrogens. Theo- 
retical expressions used to calculate induced chemical shifts presently have no germs 
which soecificallv include the excess charge of the nucleus under consideration. In 

;: 
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neutral'species, the charge difference between hydrogens are not expected to vary signi- 
ficantly and such a term is unnecessary. However, in organic salts, the alpha hydrogens 
have significantly higher charge density and should behave quite differently. 
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The magnitude of the induced shifts follow the order Cl>Br>I; i.e., as the sum of the 

van der Waals radii increase, the r -3 distance dependent shift becomes apparent. Since the 

size of an annnonium center is smaller than a phosphonium center, we anticipate and find a 

larger induced shift for the ammonium bromide than for the phosphonium bromide.6 

Several concluding remarks are in order. First, we point out that the counterions of 

organic salts are extraordinarily good binding sites. In a recent publication, Belaban 

suggested the LSR was binding to the pi electrons of pyridinlum and pyrillium salts. It 

appears to us that the possibility of an electron deficient pi system acting as a binding 

site is unlikely." Binding to the counterion was not considered and the conclusions of that 

paper should be reevaluated, 

Finally, Seeman's suggestion of using organic counterlons to evaluate ion-ion phenomena 

in nonpolar media may prove fruitless. If the distance between cation and solvated anion 

is large, the rm3 effect may become critical and the LIS will be small. This would result 

in statistically meaningless data. 
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