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ABSTRACT: The formation of diastereoisomeric salt complexes of 1,2-
diphenyl-1,2-diaminoethane and chiral carboxylic acids (including o-
arylpropionic , a-deuterio and a-halo-carboxylic acids) allows the direct NMR
deiermination of the enantiomeric purity of mono- and di-carboxylic acids.

Most non-chiroptical methods for the determination of the enantiomeric
purity of chiral carboxylic acids are indirect, requiring formation of an ester
or amide derivative prior to HPLC or NMR analysis.] NMR analysis of chiral
acids with enantiopure lanthanide shift reagents is uncommon and is rendered
difficult by line-broadening3 so there is 4 need for altemative, direct methods
of analysis. There have been isolated reports of the use of a-arylethylamines
as chiral solvating agents for carboxylic acids although the observed chemical
shift non-equivalence is usually very modest.# Herein the use of [R] or [S]-
1,2-diphenyl-diaminoethane,S 1, is reported as a chiral solvating agent for
carboxylic acids including several pharmacologically important anti-
inflammatory agents, 2, and a number of o-halo acids 3 which are susceptible
to racemisation in other methods of analysis.
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Table 1. Measurement of the Enantiomeric Purity of Chiral Acidsa

entry substrate observed AdH (ppm)  solvent
resonance [+/- 0.005]

1 2a 2-H 0.17 CeDg

2 2b 2-H 0.09 CeDs

3 2c 2-Me 0.08 CDCl3
4 2d 2-Me 0.03 CDCl3
5 3a 2-Me 0.27 CDCl3
6 3b 2-Me 0.23 CDCl3
7 3c 4-Me 0.09¢ CDCl3

8 4 2-H 0.03 CeDs

9 Sa 2-H 0.19 CDClIs
10 Sb 2-H 0.17 CDCl3
11 [+ 2-H 0.10 CDCl3
12 1 2-H 0.04b CDCl3/CsDsN(5:1)
13 8 2-H 0.05b CeDs
14 9a Hs/Hr 0.14 CDCl3
15 9b Hs/HR 0.05 CDCI3

a 203K; 2:1 stoichiometry of {acid: 1 } ; usually 0.08M in substrate (see Figl). Samples
may be recovered by cther extraction from acid.Observed linewidths <1Hz.
1:1 stoichiometry.

€ Adp = 0.125 ppm.



Direct NMR assay of enantiomeric purity

Admixture of (R)-1 with two equivalents of a chiral acid 2a-6 (Table 1)
in CDCl3 or C¢gDg (according to the solubility of the salt) gives
diastereoisomeric salt complexes in which large !H-NMR chemical shift non-
equivalence was observed. Integration of the separate anisochronous
resonances allows measurement of enantiomeric purity. Analysis of (2S)-(+)-
6'-methoxy-o-methyl-2-naphthalene acetic acid , Naproxen , 2b6 was carried
out examining the methyl doublet (and taking advantage of the internal
calibration provided by the 13C-satellite peaks) giving a value of 96.2(2)% ee.
Similarly commercial samples of (-) and (+) 2-fluoro-a-methyl-4-
biphenylacetic acid , Flurbiprofen 2¢ ,were analysed and found to be 98.7(2)
and 92.7(3) pure respectively.” With a-phenyl propionic acids, e.g. 2, the
sense of the observed shift non-equivalence is consistent so that absolute
configuration may be assigned with some confidence. In analyses with (R)-1,
for example, the methyl doublet of the (S)- enantiomer in the complex
resonates consistently to lower frequency of the doublet observed for the (R)-
enantiomer.

The enantiotopic methylene protons of primary carboxylic acids e.g. 9
are rendered diastereotopic in the presence of 1 and are suficiently
anisochronous to allow the determination of the enantiomeric purity of -
deuterio carboxylic acids either by 1H or 2H NMR .
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The magnitude of the observed NMR shift non-equivalence is a sensitive
function not only of substrate structure but also of solvent, temperature,
concentration, substrate enantiomeric purity and stoichiometry (Figures la to
1d). The 'linear’ variation of ASHR g with enantiomeric composition has been
observed previously4 and is consistent with the non-equivalence of the
association constants in diastereoisomeric salt formation. The dependence on
concentration reveals an increase in the range 0.005 to 0.5 M with a maximum
limit being approached close to 0.2M. The stoichiometry dependence suggests
that formation of a significant amount of 2:1 complex is required to maximise
ASHR s [1:1 complexes usually give inferior values except for di-acids or

bulky substrates] , and that ion-pair aggregation is not prevalent in this

concentration range.8 The increase in ASHR g as the temperature is lowered

may be correlated with an increasingly preferred population of a particular
low energy conformation for one of the diastereoisomeric complexes in which
the observed resonance spends more time, on average, proximate to the
anisotropic phenyl group.
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