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Abstract—The ability of diterpenoid isosteviol 1 (ent-16-oxobeyeran-19-oic acid) and some of its derivatives with ester and amide
groups to bind amino acid picrates in the course of their transport through a liquid chloroform membrane was observed for the first
time. Isosteviol was very competitive with dibenzo-18-crown-6 and N,N 0-bis(isostevioyl)-1,4-phenylenediamine 5 was even more
effective in transportation of DD,LL-tryptophan through a liquid chloroform membrane.
� 2006 Elsevier Ltd. All rights reserved.
O
O

Molecular recognition of biologically important com-
pounds such as amino acids, peptides and proteins is
of interest for their selective binding, separation and
transport.1 Many studies have dealt with the design of
synthetic receptors, which can bind these substrates,
most being focused on variously functionalized macro-
cycles like crown ethers, aza crown ethers, cyclodextrins,
cryptands and calixarenes.2

It was discovered recently that diterpenoid isosteviol 1
(ent-16-oxobeyeran-19-oic acid) can bind some aromatic
molecules forming crystalline inclusion complexes
(clathrates) of unusual structures having helical tape
assemblies.3 We have now investigated the ability of iso-
steviol 1 and diester 3, methyl ester 4 and diamides 5–7
to bind racemic phenylalanine and tryptophan picrates
as well as to transport them through a liquid chloroform
membrane into a receiving aqueous phase.
0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2006.01.126

* Corresponding author. Tel.: +7 843 2727334; fax: +7 843 273 22
53; e-mail addresses: kataev@iopc.knc.ru; fedorova@ios.uran.ru

�Fax: +7 3432 374 11 89.
Isosteviol 1 was obtained4 by acid hydrolysis of the
crude glycoside fraction extracted from Stevia rebaudi-
ana Bertoni. Diester 3 was synthesized by heating iso-
stevioyl chloride5 2 with diethylene glycol in the ratio
of 2:1 in CCl4 in the presence of Et3N.6 Isosteviol methyl
ester 4 was obtained7 from the reaction of isostevioyl
chloride 2 with methanol. The synthesis of diamide 5
was described earlier8 and diamides 6–7 were obtained
from isostevioyl chloride 2 by reaction with the corre-
sponding diamines.9,10 Transport experiments11 were
performed in a similar manner to those with metal
picrates.12 The results are summarized in Table 1.
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In general, DD,LL-tryptophan picrate was extracted more
efficiently from the source aqueous phase and was trans-
ported more efficiently through the liquid chloroform
membrane than the less lipophilic DD,LL-phenylalanine pic-
rate. Isosteviol 1 was highly competitive with dibenzo-
18-crown-6, but N,N 0-bis(isostevioyl)-1,4-phenylenedi-
amine 5 surpassed its transport of DD,LL-tryptophan
through the liquid chloroform membrane. It should be
noted that the compounds investigated appeared to be
extractants rather than carriers of the amino acid pi-
crates. Isosteviol 1 and its methyl ester 4 were practically
equal, but only moderate in extracting DD,LL-phenylala-
nine and DD,LL-tryptophan picrates from source aqueous
phases (Table 1). Diester 3 extracted DD,LL-phenylalanine
twice as well, probably because there are twice the num-
ber of isosteviol moieties in 3 compared to 1 or 4 (while
the molar concentration remains the same). We specu-
late that the role of the lipophilic cavity of compound
36,13 in binding amino acids is insignificant because
diamide 5, with no cavity, extracted DD,LL-phenylalanine
picrate approximately the same as diester 3, and it is also
similar to dibenzo-18-crown-6 (DB18C6) in its ability to
extract DD,LL-tryptophan picrate (Table 1). Diamide 6
extracted DD,LL-phenylalanine picrate very weakly, and
diamide 7 did not extract it at all. There is a rather
rough correlation of binding with the length of the
Table 1. The transport of DD,LL-phenylalanine and DD,LL-tryptophana picrates b
(DB18C6) through a liquid chloroform membraneb

Amino acid/
ligand

Flux J, 106 M/cm2 h Extraction
degree, %

The quantit
held in the

DD,LL-Phe/1 0.08 3.25
DD,LL-Try/1 0.38 5.39
DD,LL-Phe/3 0.2 6.1
DD,LL-Try/3 0.2 7.5
DD,LL-Phe/4 0 2.57
DD,LL-Try/4 0.26 5.6
DD,LL-Phe/5 0.1 5.5
DD,LL-Try/5 0.47 9.6
DD,LL-Phe/6 0.06 0.8
DD,LL-Phe/7 0 0
DD,LL-Phe/DB18C6 0.15 8.6
DD,LL-Try/DB18C6 0.36 9.8

a There are no results for transport and extraction of DD,LL-tryptophan picra
chloroform interface. The structure of the precipitate is not yet known.

b Experiments took 6 h; estimated errors are ±2%. In blank experiments (with
of the amino acid picrates.
spacer. When the spacer consists of six atoms (diamide
6) or when it consists of ten atoms (diamide 7), there
is no binding. Among compounds with two ent-beyeran
frameworks only diamide 5, having a spacer of eight
atoms, and diester 3 with a spacer of nine atoms, bind
DD,LL-phenylalanine and DD,LL-tryptophan picrates. Perhaps
these distances are optimal.

In conclusion, further study is required to understand
the reasons for binding DD,LL-phenylalanine and DD,LL-tryp-
tophan picrates by isosteviol 1, its methyl ester 4 and
some of its diesters and diamides. However, the present
preliminary communication establishes that the diterpe-
noid isosteviol can bind organic molecules not only in
the crystal,3 but in a liquid phase as well. Secondly, some
isosteviol diesters (compounds 3 and 4) and diamide 5
can also transfer amino acid picrates from an aqueous
phase to chloroform, N,N 0-bis(isostevioyl)-1,4-phenyl-
enediamine 5 surpasses dibenzo-18-crown-6 in trans-
porting DD,LL-tryptophan through a liquid chloroform
membrane. In other cases, extraction into chloroform
prevailed over transport.
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