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Association of p-toluyldimethylglycine in water
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ABSTRACT: For an aqueous solution gf-toluyldimethylglycine [MeNCH(p-CHs-CgH,)COOH], at low
concentrations or high temperatures, where solute—solute interactions are minimal, inversion about the amino group
and the rate of tautomerization are relatively fast on the NMR time-scale. As a result, the dimethyl groups appear as a
singlet in the NMR spectra. At high concentrations of the solute or low temperature, where there is an increase in
solute—solute interactions via, more than likely, hydrogen bonds involving the acidic and basic functionalities, the
rates of inversion and tautomerization are relatively slow. As a result, the two methyl groups are non-equivalent on the
NMR time-scale. Copyrighfl 1999 John Wiley & Sons, Ltd.
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INTRODUCTION Toluyldimethylglycine is one in a series of substituted
phenyldimethylglycine molecules which are currently
Many compounds, such as drugs, are ionized to somebeing used in our laboratory to understand better the
extent at physiological pH in order to achieve biological effects that substituents have on the properties of amino
activity. Knowledge of the factors that influence the acids.
ionization of such compounds is necessary in order to a
gain mechanistic understanding of their activitf.he
extent of the ionization of compounds in solution is
influenced not only by the structure of the compounds,
but also by significant solute—solvent and solute—solute
interactions that exist. Kamlet, Taft and co-workers have
examined, in extensive detail, the source and nature o
these types of interactiorisFor a-amino acids, their
limited solubility* in most solvents precludes a thorough
analysis of the sources and nature of important solute—
solvent and solute—solute interactions that exist. As a RESULTS AND DISCUSSION
result, the properties of a wide variety @famino acids
and their derivatives in different media are poorly In D,O, the'H NMR spectra of-toluyldimethylglycine
understoodN,N-Dialkylated a-amino acids, in addition  vary with both the concentration of the solute and
to being very important compounds in biological temperature. Figure 1(A) shows the partial spectrp-of
chemistry; are ideal compounds that can be used to toluyldimethylglycine at different concentrations and
gain an understanding of the nature of solute—solvent andFig. 1(B) shows the partial NMR spectra of the same
solute—solute interactions of-amino acids; these two compound at different temperatures. The singlet at
types of compounds have very similar structures. In 2.1 ppm is that of the toluyl methyl group. From Fig.
addition, compared with most-amino acids, dialkyla-  1(A), the dimethylamino protons are equivalent at low
mino acids are very soluble in a wide range of solvénts. concentrations op-toluyldimethylglycine, but they are
In this work, we examined the nature of the association not equivalent at higher concentrations. From Fig. 1(B),
betweerp-toluyldimethylglycine molecules in water and the dimethylamino protons are equivalent at high
the effects that temperature and concentration changesemperatures, but they are not equivalent at low
have on the equilibria of the tautomeric specigs. temperatures. The-carbon of the dimethyl amino acid
is chiral, hence at low rates of inversion of the free amine
c _ the diasteriotopi?:lN—methyIs are magnetically non-
e o e ey b ontacn. Sovon oot Soey, equvalent in the’Hl NMR specta. In contrast, the
USA. protonated amine can only invert through a tautomeriza-
E-mail: pkadh@ttu. edu tion equilibrium with the free amine. Hence there are two

EXPERIMENTAL
p-Toluyldimethylglycine was synthesized as outlined in

fthe literature’ 'H NMR spectra were recorded on an IBM
(Bruker) NR/300 FT-NMR spectrometer.

Copyright( 1999 John Wiley & Sons, Ltd. CCC 0894-3230/99/040290-03 $17.50



ASSOCIATION OFp-TOLUYLDIMETHYLGLYCINE IN WATER 291

158 M 3K

| / \.,l 337K

0.45M o~ ik

/4 323K

030 M /S~ \A . 320K

A oom SN 317K

. uM o 298 K

. L 3 “41
T T - T T M T T T T T - Y T -

40 3.0 2.0 1.0 4.0 3.0 2.0 1.0 0.0

Figure 1. Partial 300 MHz spectra of p toluyldimethylglycine in D,O. (A) Different
concentrations at 298 K and (B) different temperatures of a 1.58 M solution

important equilibria (inversion and tautomerization) (Fig. solute—solute interactions are expected to be minimal,
2), which must be considered to explain the spectra in and the lone pair of electrons on the nitrogen are not
Fig. 1. excessively hydrogen bonded, rapid inversion of the
In water, the tautomeric equilibrium for amino acids is dimethylamino nitrogen of the neutrpitoluyldimethyl-
known to favor the zwitterionic tautomer—the equili- glycine is expected. At low concentrations of the solute
brium constant is 1% for glycine? It has been shown and at room temperature, fast tautomerization is ex-
experimentally and theoretically that water solvates the pected. As a result of a rapid inversion rate combined
zwitterionic tautomer of amino acids very effectivéy.  with fast tautomerization (Fig. 2), the dimethylamino
Since water is considered to be one of the most polar protons appear to be equivalent in the NMR spectra.
protic solvents! it will favorably solvate dipolar At higher concentrations gd-toluyldimethylglycine in
zwitterions. Hence it is reasonable to assume that thewater, the solute—solute association increases. The
tautomeric equilibrium ofp-toluyldimethylglycine in association is probably via specific and non-specific
D,O also favors the zwitterions and only a small interactions:® but probably mainly specific interactions
concentration of free amine exists in the concentration owing to the presence of an acidic hydrogen and a basic
and temperature range of this study. It is known that group. As a result of this close association between
inversion about substituted amines is very f4stus, at solutes, the lone pair of electrons on the nitrogen are
low concentrations ofp-toluyldimethylglycine where  involved in a hydrogen bond and the inversion rate about
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Figure 2. Equilibria of p toluyldimethylglycine in D,O
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the dimethylamino group is reduced, compared with that the diasteriotopic shift caused by the isopropyl group is
at lower concentrations. Another consequence of such anot great enough to be detected; or (b) the hydrophobic
close solute—solute interaction is that the zwitterion is effect of the isopropyl group is not great enough to cause
stabilized more than that in dilute solution, and thus a aggregation of the molecules. Ongoing investigations are
return to the neutral amino acid is more difficult owing to being carried out in our laboratory to delineate the
a higher activation barrier; hence the rate of tautomeriza- contributions of these effects.
tion is reduced also at higher concentrations. It is difficult
to determine which of the rates is affected more as a
function of concentration, but a reduced rate of inversion
and tautomerization renders the dimethyl protons non-
equivalent on the NMR time-scale.
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