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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’-bis(isostevioyl)-1,4-phenylenediamine 5 was even more

effective in transportation of D,L-tryptophan through a liquid chloroform membrane.

© 2006 Elsevier Ltd. All rights reserved.

Molecular recognition of biologically important com-
pounds such as amino acids, peptides and proteins is
of interest for their selective binding, separation and
transport.! 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.?

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.’ 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.
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Isosteviol 1 was obtained* by acid hydrolysis of the
crude glycoside fraction extracted from Stevia rebaudi-
ana Bertoni. Diester 3 was synthesized by heating iso-
stevioyl chloride® 2 with diethylene glycol in the ratio
of 2:1 in CCly in the presence of Et;N.° Isosteviol methyl
ester 4 was obtained’ from the reaction of isostevioyl
chloride 2 with methanol. The synthesis of diamide 5
was described earlier® and diamides 6-7 were obtained
from isostevioyl chloride 2 by reaction with the corre-
sponding diamines.”! Transport experiments!' were
performed in a similar manner to those with metal
picrates.'> The results are summarized in Table 1.
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In general, D,L-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 b,L-phenylalanine pic-
rate. Isosteviol 1 was highly competitive with dibenzo-
18-crown-6, but N,N’-bis(isostevioyl)-1,4-phenylenedi-
amine 5 surpassed its transport of D,L-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. [sosteviol 1 and its methyl ester 4 were practically
equal, but only moderate in extracting p,L-phenylala-
nine and p,L-tryptophan picrates from source aqueous
phases (Table 1). Diester 3 extracted p,L-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
3%13 in binding amino acids is insignificant because
diamide 5, with no cavity, extracted D,L-phenylalanine
picrate approximately the same as diester 3, and it is also
similar to dibenzo-18-crown-6 (DB18C6) in its ability to
extract D,L-tryptophan picrate (Table 1). Diamide 6
extracted D,L-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

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
D,L-phenylalanine and D,L-tryptophan picrates. Perhaps
these distances are optimal.

In conclusion, further study is required to understand
the reasons for binding D,L-phenylalanine and D,L-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,® 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’-bis(isostevioyl)-1,4-phenyl-
enediamine 5 surpasses dibenzo-18-crown-6 in trans-
porting D,L-tryptophan through a liquid chloroform
membrane. In other cases, extraction into chloroform
prevailed over transport.
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Table 1. The transport of D,L-phenylalanine and p,L-tryptophan® picrates by isosteviol 1 and its derivatives 3-7, as well as by dibenzo-18-crown-6

(DB18C6) through a liquid chloroform membrane®

Amino acid/ Flux J, 10° M/ecm®>h  Extraction  The quantity of amino acid The quantity of amino acid

ligand degree, % held in the chloroform phase, % transported from the source aqueous
phase into the receiving aqueous phase, %

D,L-Phe/1 0.08 3.25 2.19 1.06

D,L-Try/1 0.38 5.39 0.26 5.13

D,L-Phe/3 0.2 6.1 34 2.7

D,L-Try/3 0.2 7.5 4.8 2.7

D,L-Phe/4 0 2.57 2.57 0

D,L-Try/4 0.26 5.6 2.0 3.6

D,L-Phe/5 0.1 5.5 4.8 0.7

D,L-Try/5 0.47 9.6 3.2 6.4

D,L-Phe/6 0.06 0.8 0 0.8

D,L-Phe/7 0 0 0 0

D,L-Phe/DB18C6 0.15 8.6 6.6 2.0

D,L-Try/DB18C6 0.36 9.8 5.0 4.8

#There are no results for transport and extraction of D,L-tryptophan picrates by ligands 6 and 7, because precipitation occurred at the water/

chloroform interface. The structure of the precipitate is not yet known.

® Experiments took 6 h; estimated errors are +2%. In blank experiments (without carrier), there was no observable transport (or extraction) for either

of the amino acid picrates.
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. Synthesis of 6: A mixture of 1,2-diaminoethane (0.7 mmol)
and Et;N (3 mmol) was added to a solution of isostevioyl
chloride 2 (1.5 mmol) in 5ml of dry CCly. The reaction
mixture was stirred for 24 h, then was heated to 65 °C, and
washed (3 x 5 ml) with water and dried (CaCl,). Yield:

10.

11.

12.

13.

0.32 g (65%). Mp 253-255 °C. IR spectrum (mineral oil, v/
em ') 1251, 1518, 1639 (N-C=0), 1738 (C=0), 3375
(NH). '"H NMR (600 MHz, CDCl3) § 6.49 (s, 2H, NH),
3.36 (s, 4H, NHCH,) 2.61 (dd, J=18.0, 1.6 Hz, 2H, 15-
H,), 2.2-0.8 (mm, 38H, isosteviol skeleton), 1.17 (s, 6H,
18-H3), 0.97 (s, 6H, 17-H3), 0.74 (s, 6H, 20-H3). MS, m/z
660.4879 (M"); C4aHgsO4N, requires M = 660.4866.
Synthesis of 7: A mixture of 1,6-hexamethylenediamine
(0.6 mmol) and Et;N (2.4 mmol) was added to a solution
of isostevioyl chloride 2 (1.2 mmol) in 5 ml of dry CCl,.
The reaction mixture was stirred for 24 h, washed (3 x
5 ml) with water and dried (MgSQOy). Yield: 0.3 g (70%).
Mp 130 °C. IR spectrum (mineral oil, v/em™"): 1243, 1518,
1639 (N-C=0), 1738 (C=0), 3402 (NH). 'H NMR
(600 MHz, CDCl3) ¢ 5.71 (s, 2H, NH), 3.18 (s, 4H,
NHCH,) 2.62 (dd, J=18.8, 1.9 Hz, 2H, 15-H,), 2.2-0.8
(mm, 38H, isosteviol skeleton), 1.16 (s, 6H, 18-H3), 0.96 (s,
6H, 17-H3), 0.76 (s, 6H, 20-Hj). Found: C, 76.64; H,
10.54; N, 3.47%. Caled for Cy4sH7,04Ny: C, 77.04; H,
10.12; N, 3.90%. MS (MALDI) m/z 717 [M+H]".

The apparatus consists of a cylindrical glass vessel (with an
internal diameter 42 mm), and a glass tube (an internal
diameter 30 mm) which is positioned into the glass vessel
so that the distance between the bottom of the glass tube
and the glass vessel bottom equals 0.2-0.5 mm. Twenty
milliliters of a 10~* M solution of the carrier in chloroform
(liquid chloroform membrane) was added into the cylin-
drical glass vessel, then 20 ml of a 107* M solution of
amino acid picrate in doubly distilled water (source
aqueous phase) was carefully added into the space between
the internal wall of the vessel and the external wall of the
glass tube. The glass tube itself was filled with 20 ml of
doubly distilled water (receiving aqueous phase). Thus,
this glass tube separates the two aqueous phases (source
and receiving), and the organic layer (liquid chloroform
membrane) lies below them and bridges them across the
separation by the central glass tube. The chloroform phase
was stirred with a magnetic stirrer at 100 rpm for 6 h at
293 4+ 1 K. Each experiment was repeated three times and
the results were averaged. Amino acid transport was
checked by monitoring changes in picrate anion concen-
tration in the source and the receiving phases and in the
chloroform by UV measurements (4= 357 nm). Addi-
tionally, the extraction of tryptophan into chloroform and
the receiving aqueous phase was also checked by the
appearance of an absorption band at 4 =220 nm.
Kobuke, Y.; Haji, U.; Hriguchi, K. J. Am. Chem. Soc.
1976, 98, 7414-7419.

Kataev, V. E.; Strobykin, S. I.; Timosheva, A. P.;
Alfonsov, V. A.; Korochkina, M. G.; Strobykina, I. Yu.
Russ. J. Gen. Chem. 2005, 75, 244-247.



	Isosteviol and some of its derivatives as receptors and carriers of amino acid picrates
	Acknowledgements
	References and notes


