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A series of 18�-glycyrrhetinic acid (GA)-based, sweet tast-
ing compounds has been prepared, where anionic NHCO-
(CH2)nCO2K side chains are attached to the 3�-C position of
the GA skeleton through an amide linkage. As compared with
the corresponding ester-linking compounds, these amido-linking
ones, except that of n ¼ 0, elicit 13 to 25 times increase in sweet-
ness. The sweetness enhancement is due probably to the proton
donation capability of the amido NH group which would render
the binding of these compounds to the taste bud cell receptor ad-
vantageous.

There have been known a huge number of natural or synthet-
ic sweet substances with low molecular weight: sugar such as
D-glucose and sucrose; almost D-amino acids; several L-amino
acids such as histidine, leucine and tryptophan, chloroform,
nitrobenzene, benzimidazole, cyclamate, aspartame, saccharin
etc.1

Meanwhile, nature provides comparatively large organic
molecules exhibiting sweet taste,2 such as stevioside and potas-
sium mono- and diglucronides of 18�-glycyrrhetinic acid (GA)
(abbreviated as MGGR3 and GK2,4 respectively). GK2, the tra-
ditional herbal medicine glycyrrhizin, has been recognized as a
surface-active, triterpenoid saponin with potent anti-inflammato-
ry and anti-allergic activities widely used even today. Recently,
we have demonstrated that sweetnesses are elicited for all the
compounds that possess a proton-donation and a proton-accept-
ion site at each terminus of the hydrophobic GA scaffold; these
distal polar binding sites are separating each other at a distance
of 13 �A.5 Therefore, we have inferred that there exist at least two
different kinds of receptive sites in a sweetness-sensing protein
receptor that would bind a tastant molecule through attractive
forces such as hydrogen-bonding and electrostatic interactions:
Most possibly, the one is acting as a proton accepting entity
(B) like –COO� or –NH2, while the other as a proton donating
entity (AH) like –COOH or –NH3

þ on the protein surface.
However, in spite of much effort to develop highly sweet

GA-based compounds there have been found no sweet com-
pounds superior to MGGR, which has been reported to exhibit
900-fold sweetness over sucrose.3 Incidentally, GK2 is 150
times sweeter than sucrose. Thus, it is natural that our primary
aim is in creating a new sweetness-enhancing site in GA-derived
compounds and obtaining a sweetener exceeding MGGR. Poten-
tial significance of such GA-derived sweet compounds shows
promise for their practical utilization in food and pharmaceutical
industries.

In this work, by using 3�-amino-substituted GA (3�-amino-
GA) as the scaffold6 we have prepared a series of GA-derived
anionic carboxylates with a different chain length through an
amido linkage. The chemical structures of the compounds thus

prepared are presented in Table 1.7 As anticipated from the char-
acteristic features of the structures, all the compounds are con-
siderably surface-active. The utilization of an amido-linkage
has two advantages over the ester-linkage: (1) the 3�-aminoGA
can be easily prepared in an excellent yield from GA according
to a conventional synthetic route; namely, the oxidation of GA to
the corresponding 3-oxoGA followed by the reaction with hy-
droxylamine to give the 3-iminoGA and then its reductive cleav-
age with NaBH3CN and TiCl3. The 3�-aminoGA thus obtained
is modified with acid dichlorides or anhydrides to afford the de-
sired amido derivatives and (2) the amido bond is far more stable
than the ester bond toward acid- or alkaline-hydrolysis.

Thus, our major concern in this study is to know whether or
not anionic 3�-amidoGA derivatives so formed exhibit favored
sweetness. Generally, determination of sweetness was made for
sample solutions at 25 �C with a human sensory panel in the fol-
lowing way: A solution of a known concentration of about 4mM
of a compound was diluted to a desired concentration with dis-
tilled water. The concentration at which the taste was closest
to that of 2 or 4% (W/V) sucrose solution was determined by
tasting the sample solutions of different concentrations. The re-
sults thus obtained are included in Table 1 together with the pre-
vious ones for the corresponding ester derivatives, for compari-
son.8

It is obvious from Table 1 that there is a remarkable differ-
ence in sweetness extent between these two series of GA-deriv-
atives; the amido derivatives are much sweeter than the corre-
sponding ester derivatives, indicative of the significance of the
amido-linking in sweetness enhancement. Furthermore, the in-
creasing number of spacer methylenes from n ¼ 1 to n ¼ 3 de-
creases the sweetness in a similar manner for both series, imply-
ing that the unfavorable entropic loss for the complexation di-

Table 1. Relative sweetness of GA derived carboxylates

O

H

COOH

R

R
Sweetnessa

X ¼ NHb X ¼ Oc

a KO2CCOX 60 150
b KO2CCH2COX 1200 90
c KO2C(CH2)2COX 750 30
d KO2C(CH2)3COX 400 20
e KO2CCH=CHCOX (cis) 60 200

KO2CCH=CHCOX (trans) — 10
aSweetness relative to 2 or 4% sucrose. bThis work. cPrevious
data.
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minished sweetness. Previously, Shallenberger and coworkers
proposed that the presence of complementary, bifunctional
AH/B entities is the structural feature common to sweet com-
pounds, where A and B are electronegative atoms separated by
a distance of greater than 2.5 �A and less than 4 �A.9 This AH/B
molecular theory has often been employed as a guide for under-
standing and designing the structures of sweet substances. We
can safely say, therefore, that those above compounds also pos-
sess one pair of an amido (AH) and a carboxylate (B) group with
a separation of 2.5 to 4 �A. However, in contrast to the ester ser-
ies, the amide series shows the least sweetness with the shortest
side chain (n ¼ 0), suggesting that, as inferred from the CPK
molecular models, an intramolecular attraction between the car-
boxylate anion and the amido NH dipole at a distance of less
than 2.5 �A disadvantages the sweetener-receptor complexation.
The low sweetness of amido compound e is due to the same
reason.

The above conclusion concerning the amido compounds
may not be inconsistent with Shallenberger’s model. However,
the action of the hydrophobic GA skeleton is critical for the
GA-related compounds to retain their sweetness, because potas-
sium mono(cyclohexylaminocarbonyl)malonate, which involves
the same AH/B functionality in the molecule, had no sweet
taste. There is no doubt, therefore, that the interaction category
of GA sweetners differs greatly from that of the Shallenberg-
er–Acree–Kier three-points interaction model,10 in which a third
hydrophobic site plays only an auxiliary role rather than the
major role in sweetness keeping operation. Further detailed
information is required to sophisticate the mechanism.

In conclusion, amido-for-ester substitution in sweet tasting
anionic GA derivatives led to remarkably enhanced sweetness,
which not only allowed us to implicate the possible molecular
process of the sweetness expression, but also to infer the exis-
tence of a new AH locus in the sweetness-sensation protein.
The study will serve basic information for developments and
future discoveries of new sweet substances.
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Figure 1. Possible sweet taste sensation model.
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