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Chiral recognition by artificial enzymes is one of the most
challenging topics in biochemistry, pharmaceuticals, and catalysis. | < coor —
Enantioselectivity in these systems is due to shape-specific non- '
covalent attractive and repulsive interactions between a chiral guest
molecule and the chiral cavity of the receptor. The driving force p1
for the formation of hostguest inclusion complexes in aqueous
solution is the so-called “hydrophobic effedt> due to the
expulsion of solvent molecules from the receptor cavity after
desolvation and incorporation of a hydrophobic guest. Thus, the
solvent plays a considerable role in enantioselective host/guest
complexation in solution and complicates the understanding of the
underlying principles. These difficulties can be removed by studying rooc
chiral recognition under solvent-free conditions. A variety of ionic
inclusion complexes with cyclodextrifigsytochromec,” and crown
ether§ as chiral hosts have been generated in the gas phase andigure 1. Formula and top view (R= ethyl) of a local minimum-geometry
the effects of the guest configuration thoroughly investigated. for the flattened-cone cqnformation bf. Symmetrically equivalent chiral

In this work another category of potential artificial enzymes has pendants are labeled with the same symbol, either p1 or p2.
been considered, that is, resorcin[4]arenes, which are synthetic 0.00 . . . .
macrocycles with a cavity-shaped very flexible architecture. In
particular, the chiral amido[4]resorcinarehe (Figure 1; R= Et)
was chosen as a model, whose molecular asymmetry is due to the -0.501 > F
four axial pendants containing the chirelvaline group. The
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intrinsic enantioselectivity of th host was checked by generating E »Dser
in the gas-phase its proton-bonded complexes with several repre- -1.001 r
sentative amino acids (A), such as and L-alanine andb- and -1.25+ -
L-serine, and by measuring the exchange rate of A wk(-)- 450 Leor |
and R®)-(—)-2-butylamine (B) (eq 1).
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Figure 2. Kinetic plots for the gas-phase reaction betwe&({)-2-
Optically purel, was synthesized and purified according to butylamine P = 2.8 x 1078 mbar) and 1, -H-A]* (A = p-serine (2 =

established procedur@sStock solutions ofl, (1 x 107° M) in 0.996); A= L-serine (> = 0.999)).

H,0O/CH;OH = 1:3, containing a 5-fold excess of the appropriate

amino acid A, were electrosprayed through a heated capillary (130 Rate constantk of reaction 1 were obtained from the slopes of
°C) into the external source of a Fourier transform ion cyclotron the pseudo-first-order rate plots (Ifif) vst), wherel is the intensity
resonance mass spectrometer (FT-ICR-MS) and the resultingof complex [l -H-A]* at the delay time andl, is the sum of the
positive ions transported into the analyzer cell. Abundant signals, intensities of 1, -H-A]* and [L_-H-B]*. Representative rate plots
corresponding to the natural isotopomers of the proton-bound are given in Figure 2.

complex fl_-H-A]*, were monitored and isolated by broad-band Table 1 reports the relevahktvalues, measured as a function of
ejection of the accompanying ions. When a background pressurethe configuration of A and B. Its inspection reveals that reaction 1
of (2—6) x 1078 mbar of either §-(+)- or (R)-(—)-2-butylamine is efficient (Table 1, figures in parentheses) and enantioselective
(B) was introduced in the FT-ICR-MS céflthe exchange reaction  (kp/k.). Irrespective of the configuration of amine B-alanine is

1 exclusively takes place. The appearance of the exchanged producteleased faster thanalanine kp/k, > 1). The reverse is true when
[1.-H-B]™ was monitored as a function of time. the leaving amino acid is a serine enantiomey/l. < 1). The
alanine complexes display the highest enantioselectivity in the
* To whom correspondence should be addressed. E-mail: maurizio.speranza@yagction with R)-(—)-2-butylamine ko/k, = 1.5+ 0.1), whereas
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Table 1. Exchange Rate Constants?

2-butyl amino acid (A) amino acid (A)
amine D-ala L-ala D-ser L-ser
(B) ko ke kofky ko ke ko/k,

(R-(-) 7.7(0.69) 5.0(0.45) 1.50.1 4.6(0.41) 6.9(0.62) 0Z0.1
(9-(+) 7.1(0.63) 5.9(0.53) 1.20.1 3.8(0.34) 7.6(0.68) 0&0.1
kelks ~1.1£0.1 0.8+0.1 1.2+0.1 0.9+0.1

a k x 101 cm® molecule? s7%; the values in parentheses represent the [ HL-AlR] (1 HD-Alal
reaction efficiencies given as the ratio between the measured rate constantsjg re 3. Top view of one of the inclusion complexek [H-L-ala]" and
and the corresponding collision constant, calculated from the trajectory [1,-H-D-ala]*. The guest molecule (in black) is hosted at the lower chiral
gig:g)latlon method (Su, T.; Chesnavitch, WJJChem. Phys1982 76, rim of 1, . Hydrogen-bonding interactions are depicted as dotted lines.

protonatep2 and to the CO oxygen of the estereal grouphtA
2-butylamine B as well. ThusRj-(—)-2-butylamine reacts faster  third H-bond is formed between the COOH ofla and the CO

than the §-enantiomer with 1, -H-A]* containing thep-amino oxygen of the amido group @l. In the [L_-H-D-ala]" structure,
acids kr/ks > 1). The reverse is true with the-amino acids  the amino group ob-ala is H-bonded to protonatgr? and to the
(krlks < 1). CO oxygen of the amido group pi. A third H-bond is established

The enantioselectivity picture emerging from Table 1 cannot be petween the COOH of alanine and to the CO oxygen of the estereal
simply rationalized in terms of the relative stability of the group atpl. Both structural arrangements push the alanine methyl
diastereomeric forms of eithed,[-H-A]* and [1_-H-B]" (vide group outward from the host frame.
infra). Rather, it must be related to the effects of the resorcin[4]-  These preliminary results point to chiral resorcin[4]arenes as very
arene frame upon the transition structures involved in the exchangepromising tools for further chiral recognition studies in the gas
reaction 1. However, even a qualitative outlook of these transition phase. The investigation of the factors governing enantiodiscrimi-
structures presents some problems, since they may depend on th@ation in these systems, in the absence of complicating solvation/

actual proton-bonding site ir{-H-A] " as well as on the mutual  desolvation phenomena, is expected to be of great interest in
orientation of the leaving A and incoming B molecules relative to  modeling enzymatic catalysis.

the host, whether both inside or outside its cavity or one inside ) o
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