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The shifts induced by tris(tetrapheny1imidodiphosphinato)praseodymium in the 1H n.m.r. spectra of fatty acids have 
led us to resolve completely the signals of lauric acid, analyse a mixture of four saturated fatty acids, and 
characterize unsaturated acids, e.g. arachidonic acid, by determining the position and the configuration of the 
double bonds, and the preferred conformation of the backbone. 

New lanthanide shift reagents have recently been described. 1 
Replacement of the usual P-diketonato ligands by tetra- 
phenylimidodiphosphinato ligands results in a marked 
increase in stability in aqueous and acid media. The aim of the 
present communication is to outline the use of the most 
effective of them, tris( tetrapheny1imidodiphosphinato)- 
praseodymium [Pr ( t~ ip )~ ] ,  as a powerful tool for the 
characterization of saturated and unsaturated fatty acids by 1H 
n. m. r . spectroscopy. 

Figure 1 shows the 1H n.m.r. spectra obtained for lauric 
acid, alone and in the presence of the amount of Pr(tpip)3 
which produces complete resolution of the different signals. 
The quantitative interpretation of the induced shifts is easy. 
First, it can be shown by use of Job's method2 that 1: 1 
association occurs between a carboxylic acid, e. g. caproic acid, 

and the chelate Pr(tpip)3. Secondly the shifts appear to be 
determined by a single dominant mechanism, the pseudocon- 
tact one, for all the protons but those at C-2. Indeed the 
relative induced shifts, following the addition of increasing 
amounts of the reagent, are found to be almost independent of 
the chelatehbstrate ratio as well as of the overall concentra- 
tion of the carboxylic acid if the protons at C-2 are 
disregarded. Finally E ~ ( t p i p ) ~  induces shifts smaller in magni- 
tude and opposite in direction than those with P r ( t ~ i p ) ~  but 
the relative shifts remain very similar with both reagents.3 As 
a result the shifts induced by P r ( t ~ i p ) ~  obey the simple relation 
(l), where 6v is the observed induced shift, Av the induced 
shift corresponding to the 1 : 1 adduct species, K the binding 
constant, and L the concentration of the free chelate. The 
relative effects of Pr(tpip):, Rjj  = 6vi/6vj = Avi/Av, reported in 
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Table 1. Relative shifts caused by P r ( t ~ i p ) ~  in the 1H n.m.r. spectra of 
saturated and unsaturated acid, normalised relative to 3-H. 

Proton 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Lauric 
1.47 
1 
0.57 
0.35 
0.22 
0.14 
0.091 
0.061 
0.042 
0.026 
0.020 

Acid 
Mixturea Oleic 
1.39 
1 
0.56 
0.34 
0.22 
0.14 
0.092 
0.061 
0.040 
0.025 
0.022 (L)b 

1.41 
1 
0.57 
0.35 
0.22 
0.13 
0.088 
0.065 
0.039 
0.043 
0.022 

0.Ol2 (M)b 

0.0061 (P)b 

0.0033 (S)b O.O1ob 

Linoleic 
1.49 
1 
0.57 
0.35 
0.22 
0.13 
0.086 
0.065 
0.044 
0.040 
0.038 
0.020 
0.023 
0.020 

}-0.02 
0.01,b 

Arachidonic 
1.42 
1 
0.54 
0.38~ 
0.19 
0.23 
0.17 
0.092 
0.10 
0.085 
0.052 
0.063 
0.052 
0.033 

0.042 
]o.o3 

0.025b 

a Equimolar mixture of lauric (L), myristic (M), palmitic (P), and 
stearic (S) acid. b Methyl group shifts. c Ethylenic proton shifts are in 
bold type. 
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Figure 1. IH N.m.r. spectrum of 0.1 M lauric acid in CDCI3 with (a) no 
shift reagent; (b) 0.057 M Pr(tpip)3; (c) an expansion of the region of 
spectrum (b) between 6 0.5 and 1.5. 

Table 1 for several fatty acids were obtained by normalising 
the induced shifts with regard to the protons at C-3. 

6v = Av K L / ( K L  + 1) (1) 

Figure 2 shows the spectra obtained for a mixture of four 
s'aturated acids: lauric, myristic, palmitic, and stearic. In the 
absence of reagent the signals originating from the different 
acids are undiscernible. Through the use of Pr(tpip)3 it is 
possible to spread out the spectrum and to obtain distinct 
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Figure 2.1H N.m.r. spectrum of a mixture of lauric, myristic, palmitic, 
and stearic acids (total concentration 0.1 M) with (a) no shift reagent; 
(b) 0.1 M Pr(tpip)s; (c) an expansion of that region of spectrum (b) 
including the methyl groups. 

signals at least for the protons of the nine first methylene 
groups but, for each position, the signals originating from the 
different acids still merge into one another. Further addition 
of one component of the acid mixture does not lead to 
additional resonances or to any change in the ratio of induced 
shifts. These results prove that the equilibrium constants for 
complex formation are almost identical for all the saturated 
carboxylic acids. Fortunately, the signals of the terminal 
methyl groups which lie at different positions in the aliphatic 
chain of the various acids are clearly separated. The discrimi- 
nation is still preserved if the overall concentration is as low as 

Consequently the number of signals originating from the 
terminal methyl groups and the relative values of the induced 
shifts vs. the protons at C-3 or, better, vs. the induced shift 
observed for the methyl protons of a known acid added as a 
standard, will allow the full characterization of an unknown 
mixture of saturated acids. 

As regards unsaturated acids, owing to the similar environ- 
ment of the ethylenic protons neither the position nor the 
configuration of the substituents can be determined from the 
1H n.m.r. spectrum of the pure acid. However, after spreading 
out the spectrum by addition of Pr(tpip)s both characteristics 
are easily obtained. Figure 3 shows the spectra recorded for 
arachidonic acid. The fine structure for the ethylenic protons 
is well preserved and through selective irradiation of the 
methylene groups situated in between the double bonds, 
coupling constants of ca. 11 Hz were measured in agreement 
with the cis-configuration of all double bonds. 

In contrast with the monotonic decrease of relative shifts 
along the chain in saturated acid, it is noteworthy that the 
relative shifts of the methylene protons situated in between 

10-4 M. 
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Figure 3. 'H N.m.r. spectrum of -0.05 M arachidonic acid in CDC13 
with (a) no shift reagent; (b) -0.05 M Pr(tpip)3; (c) an expansion of 
that region of spectrum (b) including the ethylenic protons. 

two double bonds is greater than those of both adjacent 
ethylenic protons. Furthermore the relative shift for the 
protons at C-18 is ten times that measured for the same 
position in stearic acid. The arachidonic acid exhibits in CDC13 
solution more bending in its chain than oleic acid or linoleic 
acid. The results are in fair agreement with a conformation 
previously described for methyl arachidonate .4 

The applications of the chelate Pr(tpip)3 which may be 
envisaged, include the determination of the position and rate 
of deuterium incorporation in labelled samples of fatty acids 
and the characterization of various functionalities along the 
chain. 

We thank Conacyt, and Dr. Battioni and Dr. Choppard for 
gifts of linoleic and arachidonic acids. 

Received, 18th March 1988; Corn. 8t01095A 

References 
1 I. Rodriguez, C. Alvarez, J.  Gomez-Lara, R. A. Toscano, R. Cea 

Olivares, N .  Platzer, C. Mulheim, and H. Rudler, J .  Chem. SOC., 
Chem. Commun., 1987, 1502. 

2 (a) P. Job, C.R. Acad. Sci. Paris, 1925,180,928; (b) G .  A. Catton, 
F. A .  Hart, and G. P. Moss, J. Chem. SOC., Dalton Trans., 1976, 
208. 

3 B. Bleaney, C. M. Dobson, B.  A. Levine, R. B. Martin, R. J .  P. 
Williams, and A. Xavier, J .  Chem. SOC., Chem. Commun., 1972, 
791. 

4 D. A. van Dorp, Plenary Main. Sect. Lect. 24th Int. Congr. Pure 
Applied Chem. , Hamburg, 1973, vol. 2, Butterworths, London, 
p. 117. 




