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The development of artificial receplors for binding and
transporiing amino acids is a challenging problem becausc i)
the amino acids exist as heavily solvated zwiltcrionic forms
in ncutral aqucous solution and ii) two opposilcly charged
functionalitics (carboxylatc and ammonium) were consider-
ablv stabilized by the mutual clectrostatic forces. For a
strong complexation and an cflicient (ransport of zwitleri-
onic amino acids. svnthetic receplors should posscss com-
plementary binding sites [or both ammonium and carbo-
xvlale functionalitics. In this sensc. a few clegant examples
were reported by Rebek.! de Mendoza.® Schmidichen.® and
other groups.* We hercin describe a receptor that binds (o
zwitllerionic a-amino acids and cfficiently transports them
through a liquid membranc. CHCla. The new receptor 1 con-
sists of (wo subunils. benzo-18-crown-6 and urca [unctional-
itics. for binding the ammonium and carboxylalc groups of
Awitllerionic or-amino acids. respectively,

The svnthesis of 1 is outlined in Scheme 1. Coupling of
2.3-dihvdroxvbenzaldehvde with pentacthvlene glycol di-p-
toluencsulfonate under basic conditions (K-CQOyDMF. ~80
°C. 76% vicld) gave 3'-formylbenzo-18-crown-6 (2) which
was reduced (NaBHWEIOH. 1. 93% vicld). then treated with
SOCIs (CHCls. reflux. 91% vicld) to afford 3°-(chlorome-
thvbenzo-18-crown-6 (3). Reaction of the compound 3
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Scheme 1

with urca 4 (EtQAc. rellux). followed by anion ¢xchange
(LiPF¢/H-0) provided the receptor 17 ina 63% yicld.

Even though the receptor 1 has an ioni¢ nature. it is highly
soluble in CDCla. but not soluble in watcr. The amino acid-
binding propcrly of 1 was thercfore examined by solid-lig-
uid and liquid-liquid extractions at 241 °C. The solid-liquid
extractions was performed by employing a CDCly solution
of 1 (3 mM. 0.6 mL) and ¢xcess solid L-amino acids (10
mg). and the liquid-liquid cxtractions by mixing a CDCl;
solution of 1 (5 mM. | mL) and an aqucous solution of -
amino acids (100 mM. [ mL), The amounts (£0.05 cquiv.)
of amino acids in CDClz were determined by the 'H NMR
inticgration and the results arc summarized in Table 1.

As shown in Table L. our new receptor 1 extracted highly
cfTiciently the amino acids with nonpolar side chains such as
Phe. Tle. Leu. and Trp. For a comparison. de Mcndoza’s
receptor. containing azacrown cther. guanidium. and naph-
thyl moictics as the binding sites. extracted ~0.4 equivalents
of L-Phe and L-Trp from aqucous into organic phase under
the similar conditions (200 mM of amino acids in aqucous
solution. 3.3 mM of receptor in CHACl-).> Nong of (he amino

Table 1. Results {molar equivalent£0.05) ot Sohd-Taquid and
Liquid-Taqud Extractions®

extraction Phe Me  Tew Val  Ala IyvrSerllisAsp
sohd-liqud 095 091 086 083 0.74 ()
liquid-liqmd** 090 084 079 033 022 ()

*All extractions were al least duplicated and errors were within 6%,
Molar cquivalents were measured on cooling the solutions down to -40
°C at which temperature the sharp well-resolved spectra were observed
in all cases. A large amount (0.8 equiv) of Trp was extracted in bath
extractions. but exact maolar equivalent could not be determined since the
UT NMR spectrum of the nmuxture was relanvely broad in a wide
temperature range (-40 to 25 2C). #*#¥The plT values n the aqueous
solution remained constant (5.8710.01) belore and aller extractions.



130 Bull. Korean Chem. Soc. 1999, Vol. 20, No. 2

acids is soluble in CHCls. and thus extraction occurs by
complexation. In the presence of amino acids in CDCls, for
example 7.-Phe. the 'TH NMR spectrum of 1 is considerably
changed as shown Figure 1: 1) the urea NH resonances are
highly downfield shifted (A8 > 3 ppm). indicating a strong
hydrogen bonding formation® between the urea of 1 and the
carboxylate of amino acids. 1i) the benzylic proton (H') sig-
nal is splitted into two sets of doublets due to the hindered
rotation resulted from two point (urea-carboxylate and
crown ether-ammonium) fixation, and iii) the H* and H* sig-
nals of the pyridinium ring are upfield and downfield
shifted. respectively. due to the conformational reorientation
of the urea carbony| group upon complexation.
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In order to evaluate the individual contribution of the
crown ether and urea subunits in 1 to the binding events. we
prepared three reference compounds S-7. The crown ether
subunit is removed in 5. while the urea subunit is removed in
6 and replaced by the amide in 7. Unlike the receptor 1. none
of these compounds 3-7 dissolved /.-Phe and 7.-1le in CDCls
at all. The results clearly indicate that two binding subunits
of 1 are necessary for a strong complexation. and coopera-
tively involved in the hydrogen bonding with the ammonium
and carboxylate of zwitterionic amino acids as shown in
complex 8.

The amino acid-transporting abilities of 1 through a
CHCl: liquid membrane was carried out at 2961 K using an
apparatus (inner diameter 3.0 cm. each interphase area 39
cim-) described by Rebek.! The amino acids (6.0 mM) of the
source phase (20 mL of distilled water) were transferred into
receiving phase (20 mL of distilled water) throngh a CHCls
membrane (20 mL) containing 1 (1.0 mM). The stirring rate
of the organic phase was constantly controlled at a 200 rpm.”
and aliquots (0.1 mL) of the receiving phase were removed
in every 2hr. The amounts of the amino acids in the receiv-
ing phase was determined by UV-visible spectroscopy at
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Figure 1. 'H NMR spectra of a) 1 (3 mM) at 23 «C. b) 1 (5
mMHPhe (~3 mM)at 23 °C. ¢) 1 (5 mM3Phe (~3 mM) at -40 «C
in CDCls.

Connmnications fo the Editor

Table 2. Transporl rales of amino acids by receptor 1 across
CLCL membrane

amino acid rate (£59% )+ relative rate

Phe 176 33
Trp 146 44
Ile 124 37
Lcu 110 33
Val a3 18
Ala 13.3 4
Ser 33

Asp 0 0
s - () {

*[mmal]X 102 transported (b -om =[1] 1)

570 nm after ninhydrin treatments. The absolute and relative
transport rates are sumimarized in Table 2.

The overall transport efficiencies (Phe > Trp > lle > Leu >
Val >> Ala > Ser >> Asp. His) are consistent with the
extraction results (Phe > lle > Leu > Val > Ala >> Ser. Asp,
His. Tvr). The transport of the amino acids (Ser. Asp. His)
with polar side chains capable of hydrogen bonding forma-
tion are negligible as in extractions. indicating no apprecia-
ble polar interaction between 1 and the side chain. No
special preference of the aromatic amino acids over aliphatic
ones could be noticeable in both extraction and transport
experiments. All of these observations imply that complex-
ations between 1 and amino acids are mostly driven by a
combination of the urea-carboxylate and the crown ether-
ammonium hyvdrogen bondings. The observed selectivities
therefore seem to reflect the lipophilicity of the amino acid
side chains.®

In conclusion. a simple model receptor was described
which binds to zwitterionic amino acids viz multiple hydro-
gen bonding formation, and thus efficiently transports them
across a CHCI;s liquid membrane. Further study is undenvay
to find a possible chiral discrimination of zwitterionic amino
acids by chiral derivatives of the receptor 1.

Acknowledgment. This work was financially supported
in part by the the Korea Science and Engineering Founda-
tion (Project No. 96-0501-04-01-03) and by the Organic
Chemistry Research Center-KOSEF. We are grateful to Mr.
Young Lag Cho for helping '"H NMR experiments.

References

I. Rebek, I Jr: Askew, B.. Nemeth, 122 Parris, K. ./ Awm.

Chem. Soc. 1987. 109, 2432-2434.

C(ralan, A Andren, 1).: Fchavarren, A. M.: Prados. I’: de

Mendoza, J..J An. Chem. Soc. 1992, 114, 15311-1312.

3. Metzger, A Gloe, Ko Stephan, 11 Schimidtchen, T P
Org. Chem. 1996, 6/.2051-2055.

4. (a) Aovama, Y. Asakawa, M. Yamagishi. A.. Toi, I1..
Ogoshi, 1L J. Am. Chem. Soc. 1990, 112, 3145-3151. (b)
Rectz. M. T.: [Tutl. I.: Rudolph, I Téllner. K.: Deege, AL,
Goddard, R. J .1m. Chem. Soc. 1994, 116, 11388-11589,
{¢) Tsukube, II.. Uecmshi. T-1.: Kanatani. T.: Itoh, IL.;
Yonemitsu, €)..J. Chemn. Soc., Chem. Conunnn. 1996, 477-

=1



Connnunications (o the Editor

6.

478 () Sessler, ). L..: Andrievsky, A. Cliem. Fur J. 1998,
4, 139-167.

mp 87 “C: IR (KBr) 3415, 3085, 2910, 1710, 1593, 1554,
1502, 1485, 1273, 1212, 1113, 842, 757. 730 ecm': 'H
NMR (230 Ml1z, CDCl5) 6 3.33-3.65 (m. [0ID), 3.74 (i,
21D, 3.81 (m, 21D), 3.94 (m, 2ID), 4.16 (m. 2ID), 4.41 (m,
21D, 3.35 (s, 21D, 6.97-7.13 (m, 41D}, 7.29-7.33 (m, 2ID),
7.43-747 (m. 21D, 7.58 (111, s, NIT) 7.65 (m. 1I), 8.26
(111, s, NII), 8.34-8.39 (m, 2II), 9.38 (s. 111} "*C NMR
(62.5 MIIz, CDCla) & 151.5, 1514, 146.7, 140.7, 137.6,
1368, 1338, 1330, 1289, 1275, 1246, 1237, 1227,

1195, 116.2,72.9, 71.1, 70.5.70.4, 70.1. 70.0, 69.3.69.2.

68.0, 61.5, 344 Anal. caled for CxHuN;O:=-PFa C,
500953:H,5.31: N, 6.13: Found: C. 5(0.99: H. 5.36: N, 6.09.
For the hydrogen bonding, between urea and carboxylate,
see: (a) Jeong, K.-S.: Park. ). W.2 Cho. Y. L. Tetrahedron
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Lett. 1996, 37. 2795-2798. (b) Hughes. M. P, Smith, B.
Do Org. Chem. 1997, 62, 4492-4499 and references
therein.

. For the transport experiments. a Spinplus stirring bar (size

3/8 in x 3/8 m) und & MIRAK!'™ Surrer (Bamstead/Ther-
molvne Co.) were used. The pIl values i the receiving
and source phases remiined constant (3.8710.02) belore
and atter transports. No sign ol the Z-Phe transport was
observed 1 absence of 1, or i the presence ol the reter-
ence compounds 5, 6, and 7.

. For water-amino acid side chain iunteractions. see: (a)

Wolfenden. R.: Andersson, [..: Cullis, P M.: Southgate,
C. C. B. Biochemistry 1981, 20, 849-855. (b) Winiley, W.
C.: Creamer, 1. P White. 8. H. Biochemistry 1996, 33,
5109-5124.




