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New Chiral NMR Shift Reagent for a-Amino Acids and N-Protected Oligopeptides
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A europium(l11) complex with a new chiral ligand, N,N-
big[2-{ N-methyl((1S)-1-carboxy-3-methyl)butylamino} ethyl]-
glycine, is described as a new chiral shift reagent for a-amino
acids and N-acyl-oligopeptides in aqueous solutions without
signal broadening on high resolution NMR spectroscopy. In
addition, the molecular structure of lanthanum(I11) complex
with thisligand is revealed by X-ray crystallography.

Chiral shift reagents are used to resolve enantiomer signals
on NMR spectroscopy. Major studies have been performed
with organic solvents, and a few water-soluble chiral shift
reagents have also been studied.’® The europium(lI1) based
shift reagent is difficult to use on high resolution NMR spec-
troscopy, because the strong paramagnetic effect of the Eu(lll)
ion brings a seria signal broadening problem.® In this paper,
we report a new water-soluble europium(l11) chiral shift reagent
with N,N-bis[2-{ N-methyl((1S)-1-carboxy-3-methyl} butyl-
amino)ethyl]glycine (HsL)” which shows enantiomer shifts
without signal broadening at neutral pH regions on high resolu-
tion NMR spectroscopy.
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A TH-NMR spectrum of (R,9-adaning((R):(S) = 1:2) with /3
amount of EuL8 in D,O solution is shown in Figure 1. Although
the signals of the a-proton are scarcely resolved, those of [3-pro-
tons are clearly separated into a pair of enantiomers with the sig-
nal of (§-enantiomer at the lower magnetic field without signal
broadening. The chemical shift difference between the enan-
tiomer signals (AAJ) is small but high resolution NMR spec-
troscopy could distinguish them. Table 1 shows the AAS vaues
of several amino acids and their derivatives in the presence of
EuL. The AA values showed pH dependence. The optimum pH
for NMR measurement is between 7 and 8. The enantiomer sig-
nals were not resolved under lower pH and were broadened
under a higher pH in which paramagnetic Eu(l11) complex
strongly interacts with the amino acids. Several one-negative-
charge Eu(l11) chiral shift reagents with four carboxylates, such
as (R)-propylenediaminetetraacetic acid,? (SS )-ethylenediamine-
N,N’ -disuccinate (EDDS),2 and (R,R’) or (S,S)-1,2-diamino-
bisethylene-N,N,N',N'-disuccinate* have been studied in aqueous
solutions. Their NMR measurements needed in order to observe
apair of enantiomer signals required apH = 9-11 on low resolu-
tion NMR spectroscopy. The substrate should coordinate to the
Eu(lll) center in a chelate form (amine and carboxylate) under
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Figure 1. 'H-NMR (300 MHz) spectra of (R,S)-alanine (0.05 M, (R):(S) =

1:2) in the presence of EuL (0.017 M) at pH=7.54. *The data were referenced
to dioxane (3.76 ppm).

this condition,® inducing signal broadening by strong paramag-
netic interactions. Since the Eu(l11) complex reported here has
no charge, the interaction between the shift reagent and a-amino
acid is considered to be weak a a neutral pH because of mono-
dentate coordination (carboxylate oxygen). Therefore the enan-
tiomer signals are observed without signal broadening on high
resolution NMR.

Table 1. The AASvalues (AAd= Ads —Adz) of a-amino
acids(0.05 M) and N-acyl-oligopeptides(0.05 M) in the presence
of EuL(0.017 M) at room temperature®

Run Compound  pH o B Y Other
signal

1 Ala 7.54 0.035 0.048

2 Met 7.61 0.000 0.000 0.000 S-CHj
0.026

3 Val 7.82  0.000 0.000 0.014

4 Z-Ala 7.61 0.080 0.077

5 Boc-Gly-Ala 7.51 0.077 0.000
* TH-NMR spectra were recorded with ~BuOH or dioxane as an internal
standard on 300 MHz or 400 MHz NMR spectroscopy.

The molecular structure of a lanthanum(l11) complex with
the ligand described here was determined by X-ray analysis at
297 K (Figure 2), revedling that the complex exists in a trimeric
form. The coordination geometry of each La(lll) ion is a distort-
ed tricapped trigona prism. Each La(lll) ion is coordinated by
three amine nitrogens and three carboxylate oxygens from the
ligand, a water oxygen and chelated oxygens from one carboxy-
late moiety of the neighboring ligand, making a nine coordination
structure. One of the chelating oxygens bridges between the
La(lll) ions to make a trimer to the neighboring La(lll) center.
Disordered crystal water molecules occupy the central cavity of
the trimer. Each La-La nonbonding distance is 4.98 A. The
bond distances from both the terminal amines to the metal ion are
longer than that from the central amine. Among the terminal
amines, the bond lengths of La-N(1), N(4) and N(7) are longer
than that of La-N(3), N(6) and N(9), respectively. This discrep-
ancy is attributed to the bridging carboxylate arm being stretched
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Figure 2. The molecular structure of [La;(L)y(H,0);] - 9H,0.

Nine crystal water and hydrogen atoms are omitted. Selected bond length (&)
and angles (°): La(1)-O(1) 2.466(5), La(1)-O(3) 2.440(5), La(1)-O(5)
2.509(4), La(1)-O(7) 2.532(4), La(1)-0(19) 2.735(4), La(1)-0(20) 2.629(5),
La(1)-N(1) 2.808(5), La(1)-N(2) 2.703(6), La(1)-N(3) 2.739(5), La(2)-O(5)
2.741(4), La(2)-O(6) 2.623(5), La(2)-O(8) 2.469(4), La(2)-O(10) 2.433(5),
La(2)-O(12) 2.498(4), La(2)-O(14) 2.527(4), La(2)-N(4) 2.823(5),
La(2)-N(5) 2.728(6), La(2)-N(6) 2.732(5), La(3)-O(12) 2.743(4),
La(3)-O(13) 2.629(5), La(3)-O(15) 2.463(4), La(3)-O(17) 2.431(5),
La(3)-O(19) 2.511(4), La(3)-O(21) 2.534(5), La(3)-N(7) 2.810(5),
La(3)-N(8) 2.719(6), La(3)-N(9) 2.725(5), O(1)-La(1)-N(1) 61.7(2),
O(3)-La(1)-N(2) 62.5(2), O(5)-La(1)-N(3) 62.4(1), O(19)-La(1)-O(20)
47.9(1), N(1)-La(1)-N(2) 65.6(2), N(2)-La(1)-N(3) 65.8(2), O(8)-La(2)-N(4)"
61.6(2), 0O(10)-La(2)-N(5) 62.7(2), O(12)-La(2)-N(6)  62.1(1),
O(5)-La(2)-0(6) 48.1(1), N(4)-La(2)-N(5) 65.3(2), N(5)-La(2)-N(6) 66.3(2),
O(15)-La(3)-N(7) 61.6(2), O(17)-La(3)-N(8) 62.4(2), O(19)-La(3)-N(9)
62.5(1), 0(12)-La(3)-0(13)  48.4(1), N(7)-La(3)-N(8) 65.8(2),
N(8)-La(3)-N(9) 65.9(2).

away from the chelated metal in order to coordinate with the
neighboring metal. In addition, the bond lengths of La-O(5),
0O(12) and O(19) are longer than those of La—0O(1), O(8) and
O(15), respectively, because of the steric hindrance of the side
chain. The average bond lengths of La—0(2.461 A) and
La-N(2.754 A) are similar to those observed in [La(HTTHA)]Z
(average bond length: La-0O, 2.492 A: La-N, 2.812 A),11
[Lay(EDTA),(H,0),]% (La-O, 2.545 A; La-N, 2.812 A)2 and
[Lay(HEDTA),(H,0),] (La-0, 2.520 A; La-N, 2.785 A).13

The ESI-MS showed that the Eu(l11) complex exists in a
mixture of monomeric and polymeric structures (m/z 597, 599
[EuL+MeOH]~, 1149 [Eu,L ,+OH]~, 1732 [EusLz+Cl]" etc.) in
methanol. The addition of alanine to this solution reduced these
complicated equilibria to a simple monomeric ternary complex.
(m/z 653, 655 [EuL+alaning]”). A IH-NMR spectrum of Lal in
D,O showed broad signals, which were changed to sharp sig-
nals in the presence of an equimolar amount of aanine, sug-
gesting that the polymerization of La(lll) complex was inhibit-
ed by a substrate as indicated by ESI-MS. The X-ray analyses
of polyaminocarboxylate-anthanide(l11) complexes sometimes
showed polymeric structures.’14 Furthermore, it has been
reported concerning the [Tb(EDDS)]~ complex that polynuclear
species were formed at alow pH in agueous solutions by lumi-
nescence study.'> So, it is first interesting to observe that poly-
meric lanthanide(l11) complex changes its structure to a
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monomeric one in the presence of the third substrate to show
chiral recognition on a'H-NMR study.
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