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A chiral water-soluble zinc porphyrin was optically resolved on a
chiral HPLC column, and the binding of chiral amino acids and
peptides to each of the enantiomers was examined spectrophoto-
metrically in basic aqueous solution. The binding data apparently
indicated that the zinc porphyrin has chiral selectivity for amino
acids and dipeptides. This was reasonably explained in terms of
the triple cooperation of coordination, Coulomb, and steric
interactions of the chiral amino carboxylates with the porphyrin. A
compensatory relationship among the thermodynamic parameters
for chiral recognition was also shown.

Figure 1. Water-soluble zinc porphyrignP. Chloride ions and coordi-
nated HO are omitted for clarity.

Chiral recognition of amino acids and peptides is a ) ) ) ) )
fundamental process to regulate various functions in living functions of biomolecules, since these interactions sltrongly
systems. One strategy for studying selectivity for amino acids depend on the solvent used due to solvatidesolvation
involves the use of zinc porphyrins as artificial recepfors. Phenomena of the solutes. In an earlier wovke prepared
As a result of the lipophilic nature of porphyrins, however, @& racemic mixture of water-soluble zinc porphyzinP with
only limited water-soluble zinc porphyrins have been syn- C2 symmetry (Figure 1). The porphyrin is capable of
thesizedt and no chiral recognition by porphyrins in aqueous interacting multiply with chiral amino carboxylates and can
solution has yet been reported. Selectivity of molecules is Pehave as an anion receptor. Such anion receptors have also
realized by receptors with the accumulation of noncovalent 'eceived much attention in relation to biological systéms.
interactions. Examinations of molecular recognition in aque- N this CommunicationZnP was optically resolved, and the
ous solution provide useful information to elucidate the binding data with amino carboxylates indicated that this

porphyrin shows chiral recognition.

* Author to whom correspondence should be addressed. E-mail: h-imai@ . . . . .
hokuriku-u.ac.jp. Chiral zinc porphyrinZnP was resolved into the enanti-
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Figure 2. (a) Chiral separation of th&nP enantiomers on HPLC.

Conditions: column, Daicel Chiralpak AD (@1:025 cm); eluent, hexane/
ethanol/diethylamine/trifluoroacetic acid (85/15/0.1/0.1, v/v); detection, at
420 nm. (b) Circular dichroism spectra of the enantiomers in aqueous
solution (pH 10.4) = 0.02).
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Figure 3. Visible spectral changes &nP upon titration of Glye-Trp
anion. At 25°C, pH 10.4 ( = 0.02). (A) ZnP1; [Gly-L-Trp] = 0, 8.75x
104, 1.74x 1073, 2.59x 1073, 3.43x 1073 4.46x 1073 5.47x 1073,
and 6.47x 1073 M. (B) ZnP2; [Gly-L-Trp] = 0, 8.52 x 1074, 1.69 x
1078, 2.52x 1078 3.34 x 1078 4.35x 1078 5.34 x 1073, and 6.31x
1073 M.

Table 1. Binding Constant¥ (M~1) of ZnP with Amines at 25°C in
Aqueous Solution

amine  K(ZnP1)2 K(ZnP2)? amine K(ZnP1)2 K(zZnP2)2
butylamine 28 Gly-Gly 88
Gly 105 108  Gly-Gly-Gly 24
L-Ala 89 69 Glyt-Ala 148 125
L-Val 118 85  Glyt-Vval 142 93
L-Leu 206 67 Glye-Leu 189 86
L-Ser 61 41 Gly:=-Ser 124 70
L-Phe 510 261  Gly-Phe 261 164
L-Trp 1530 692  Gly--Trp 875 266

61¢ 2%

D-Trp 683 1540  Gly-Gly=-Trp 287 240
L-Asp 280 214  Gly=-Pro 719 324
L-Glu 264 213  Glye-Glu 397 282

aMeasured at pH 10.4 (NaHGM&CO;, | = 0.02), unless otherwise
noted. Estimated errors fd¢ values were smaller than 12%Reference
3; measured for the racemic mixture, pH 115 0.02.¢In EtOH/H,O
(pH 10.4,1 = 0.02)= 1/1 (w/w).

these amino acids and peptides lose td exist as amino
carboxylates.

The binding constantK(= [ZnP-amine]/ZnP]-[amine])
are listed in Table 1. On the binding of these amino
carboxylates t&nP, various interactions such as Coulomb,
cationsz, coordination, and steric interactions, together with

solvation—desolvation processes, are possible and each of

these may greatly affect theévalues® For L-type amino acids

Figure 4. Plausible interactions between an enantiometrd® andL-type
(left) and p-type (right) amino carboxylates. Hydrophobic interactions
between the porphyrin plane and the R group are omitted for clarity.

and dipeptidesZnP apparently shows chiral selectivity with

a ratio of K(ZnP1)/K(ZnP2) ranging from 1.2 to 3.3. To
reveal chiral selectivity for amino carboxylates, two-point
fixation of the carboxylates by attractive interactions and a
third interacting site are requiréd.c For the two-point
fixation of the amino carboxylates I8nP, coordination and
Coulomb interactions are utilized as follows. Amine coor-
dination to zinc porphyrins in aqueous solution is usually
not strond but is sufficient for the fixation. We previously
reported that Coulomb interaction between the carboxylate
anion and the ammonium cation enhances binding of amino
carboxylates to thenesoisomer ofZnP on the basis of the
K-dependence on ionic strength of solutto@omparisons

of theK values among butylamine, Gly, Gly-Gly, and Gly-
Gly-Gly suggest that good complementarity for two-point
fixation with the —NH, coordination and the Coulomb
interaction has been achieved for Gly and Gly-Gly vidtiP.

In contrast, the two interacting sites of Gly-Gly-Gly do not
act additively, probably due to the elongation or increased
flexibility of the two sites. That Coulomb interaction with
ZnP functions for the fixation is supported by the fact that
the chiral selectivity for tripeptide Gly-Gly-Trp compared

to that for Gly+-Trp or L-Trp has almost disappeared.

The third interaction yielding chiral selectivity might be
steric repulsion or hydrophobic attraction between the
substituent on the amino carboxylates and the phenyl group
above the porphyrin plane. The steric interactidacreases
the K values whereas the hydrophobic interaction enhances
the observed values. The absolute configurationsasfP1
andZnP2 are correlated with those two interactions that will
dominate the chiral selectivity: If a diastereomer with a
closely spaced conformation between the substituent on the
amino carboxylates and the phenyl group of the porphyrin
(Figure 4, right side) gives a decreadedralue compared
to that of the other diastereomer (Figure 4, left side), the
interaction must be steric repulsion, whereas if the dia-
stereomer with a closely spaced conformation gives an
increasedK value, the interaction will be hydrophobic
attraction. Although NMR data in aqueous solution were not
available due to the limited solubility, we concluded that
the steric interaction is more plausible in which the structure

(6) (a) For example, a large hydrophobic substituent on amino carboxylates (7) The steric interaction could be caused by putting up a phenyl group

such as Trp, Phe, and Gly-Trp enhances the binding in terms of
hydrophobic interaction with the porphyrin plane; see refs 2c and 6b.
(b) Verchee-Beur, C.; Mikros, E.; PefeFauvet, M.; Gaudemer,

A. J. Inorg. Biochem199Q 40, 127.
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that could interact with the porphyrin plane in a stacked conformation
before the amine binding. This may be correlated to an observation
that the CD spectral intensities of bahP enantiomers become weak
upon binding ofi-Leu, L-Trp, b-Trp, and Glyt-Trp.
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Table 2. Thermodynamic Parameters for Binding of Amino 10
Carboxylates t&ZnP in Aqueous Solution
r=0.995
AG°/ AH°/ AS/ < 5| Slope=0387
system KM~ kJ mol?! kJ mol1 Jmolr1K-1 g Tntercept = 1.6 kJ mol”
ZnP1+ Gly 105  —11.5 —10.1+24 4.9+7.9 iy
ZnP1 + Gly-Gly 88 —-11.1  —-9.0+23 7.4+£7.9 § 0 J J
ZnP1+ L-Trp 1530 —-18.1 —12.0£0.9  20.7£3.1 3 b
ZnP2 + L-Trp 683 —16.2 —6.6+£0.7 32.3+24 g c
ZnP1+ L-Leu 206 —13.2 9.7+13  76.6+4.5 -5 a L
ZnP2 + L-Leu 67 —10.4 11.3+1.8  72.8+6.0
ZnP1+ L-Asp 280 —140 -9.4+15 155+t49
ZnP2 + L-Asp 214 -133 —152+09 -6.3+29 _10
ZnP1+ L-Glu 264  —13.8 —149+14 —36+47
ZnP2 + L-Glu 213  —133 —23.04+0.6 -325+2.1 -15 -10 - 0 | 10
ZnP1+Gly-.-Leu 189  —13.0 87+19  72.6+63 AAH/kJ mol
ZnP2 + Gly-L-Leu 86 —-11.0 9.1+ 2.9 67.5+ 9.7 Figure 5. Plot of TAAS® againstAAH°® for chiral recognition byZnP.
ZnP1+ Gly-L.-Phe 261 —13.8 —12.0+0.8 5.9+ 2.7 AAH® = AH°(ZnP1) — AH°(ZnP2); AAS’ = AS(ZnP1) — AS’(ZnP2).
ZnP2 + Gly-L-Phe 164 126 —9.44+1.4 10.7+ 4.8 (a) Gly+L-Trp, (b)L-Trp, (c) GlyL-Phe, (d).-Leu, (e) Glyt-Leu, (f)L-Asp,
ZnP1+Gly-L-Trp 875  —16.8 —12.84+19  135+6.5 (9) L-Glu.
ZnP2+ Gly-L.-Trp 266  —13.8  —254+21  37.9+6.8
) o Table 2 lists the thermodynamic d&far the binding of
of the enantiomer in Figure 4 correspondsZP1 for the  amino carboxylates @nP. Figure 5 shows the compensation
following two reasons. First, even for less hydrophobic amino plot of the thermodynamic data for chiral recognition, and
carboxylates-such as-Ser, Gly:-Ser, and.-Asp—that will an excellent linear relationship is obser@dhe intercept

not give enhancel{ by the hydrophobic interaction, a slight ¢an pe regarded as a measure of desolvation upor-host
but certain chiral selectivity is observed. Second, in a mixed guest binding, and usually lies between 8 and 23 kJ-fnol
solvent of EtOH/HO (1/1) in which the hydrophobic iy aqueous solution for crown ethers and cyclodextrins as
interaction becomes less firm and tKevalues of hydro- hosts that accompany desolvation on guest bin#irithe
phobic amino carboxylates should be drastically decretsed, gptained intercept of 1.6 kJ mdlis substantially small.
the chiral selectivity for Gly--Trp is appreciably retained.  pyrther, the chiral selectivity for the hydrophobic amino
Consequently, as shown in Figure 4, chiral recognition of carboxylates Gly-Trp andL-Trp is apparently not entropy-
the amino carboxylates (¥nP seems to occur through the  qgriven but enthalpy-driven. If hydrophobic interaction func-
triple cooperation of coordination, Coulomb, and steric tjons for chiral recognition, the observed desolvation energy
interactions. It is worth noting that a recognition ability for \yould become larger and the chiral selectivity for hydro-
dipeptides comparable to that for amino acids has beenpnopic amino carboxylates should be entropy-driven. There-
achieved in spite of the fact that the coordination site of the fgre. the results obtained here support the above suggestion

dipeptides is apart from the chiral center through flexible hat hydrophobic interaction will not be a dominant factor
chemical bonds. In previous works on chiral recognition for i chiral recognition byznP.

amino acid analoguég; ¢ the solvents used were nonpolar

and thereby hydrogen bonds were effectively utilized as an Acknowledgment. This work is partially supported by a
attractive interaction. To mimic in vivo chiral recognition ~Grant-in-Aid for Scientific Research (No. 15550154, H.1.)
of amino acids, however, hydrogen bonds seem inappropri-from MEXT, Japan.

ate, since water molecules act as competitors. The presen{co3o2837

work demonstrates that chiral recognition in aqueous solution
can be realized based on weak interactions other than (9) The thermodynamic parameters were estimated from the temperature

. . . dependence of between 15 and 40C.
hydrogen bonds, with chiral selectivity comparable to that (10) A similar result has recently been reported for chiral recognition by

observed for the other models in organic solvents. B-cyclodextrin; see: Rekharsky, M.; Inoue, X.Am. Chem. So200Q
122, 4418.
(8) (a) Mizutani, T.; Wada, K.; Kitagawa, S. Org. Chem200Q 65, (11) (a) Inoue, Y.; Wada, T. Ildvances in Supramolecular Chemistry
6097. (b) Liu, T.; Schneider, H.-Angew. Chem., Int. EQ002 41, Gokel, G. W., Ed.; JAI Press: Greenwich, CT, 1997; Vol. 4, pp-55
1368. 96. (b) Rekharsky, M.; Inoue, YChem. Re. 1998 98, 1875.
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