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The three regioisomers g¥cyclodextrin 6-difunctionalized with Nkigroups (6,6%-diamino-6',6%-dideoxy-
cyclodextrin, A,X-CDNH, X = B, C, or D) were synthesized. Their binary and ternary copper(ll) complexes

with amino acids were characterized by ESR and electronic spectroscopy. Furthermore, the binary copper(ll)
complexes were used as eluent in ligand exchange chromatography (LEC), to resolve racemates of unmodified
amino acids. HPLC separation of enantiomers of aromatic amino acids was obtained only when the complex
[Cu(A,B-CDNH,)]%" was used as eluent. The two complexes with the other two regioisomers did not show
chiral recognition ability. Circular dichroism (c.d.) spectroscopy studies of the ternary complexes-\aitia

L-amino acids carried out in the presence and in the absence of 1-adamantanol, suggested a recognition mechanism
that involves the cyclodextrin cavity, only in the case of ternary A,B-CRNbimplexes.

Introduction

The complexing properties of the molecular cavity of

cyclodextrins (CDs), have been largely investigated and have

been employed in many different applications.
Replacement of hydroxyl groups of CDs with other functional

groups has been shown to remarkably improve the CDs’ ability

to form inclusion complexes or their catalytic properti@$:°

tryptophan, based on a multisite recognition mecharfsm.
Furthermore, CDs functionalized with an amino group have been
used as chiral receptors for carboxylic acids suchpAs
ibuprofert® and, more recently, for the selective complexation
of nucleotides and nucleosid¥s.

The functionalization is a useful way to improve the CD’s
ability to form stable metal complexes and in this context,

The CDs and their derivatives are chiral host molecules, and it different apprqpriaettlesjgznctionalizing moieties have been attached
is known that they can exhibit enantioselectivity in reaction with {0 the CD cavity:® In the cyclodextrin metal complexes,

a racemic mixturé:1>-12 The appropriate functionalization can
largely improve the selectivity in the hesguest interaction.
The investigation on the recognition properties of function-

alized cyclodextrins is growing, and in this context, CDs bearing
appropriate substituents as recognition sites have been

synthesized®~16 Cyclodextrins bearing a positive and a nega-
tive charge on the C(6) carbon of adjacent A and B (or B an

the metal ion can cooperate with the binding properties of the
CD cavity, as a second recognition site. In particular, copper-
(I1) or nickel(Il) complexes of cyclodextrins monofunctionalized
with diamines have been used as molecular receptors, and their
enantioselective binding of amino acids has been obsétvéd.
When some copper(Il) complexes were investigdted, it has

d Pbeen suggested that the discrimination between the two amino

A) glucose rings, have been used as artificial receptors of acid enantiomers is due to a different interaction of amino acid
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important factor for the enantioselective recognition mecha- Chart 1
nism?1.23 Particularly, the enantiomer which is more strongly NH, NH,
bound can be partially included in the CD cavity, while the
side chain of the other enantiomer points out of the cafity.

In this paper, we report on the chiral recognition properties
of the copper(ll) complexes of the three regioisomers'of6

diamino-68,6%-dideoxy3-cyclodextrin (X= B, C, or D). These A’X'CDNH2

complexes were used as chiral additives to the mobile phase in ee

LEC (ligand exchange chromatograpR$je resolve amino acid @

racemic mixtures. The copper(ll) binary and ternary complexes pcD= (c) G

of these CDs, difunctionalized with NHgroups, and some 99

amino acids ((/p-Ala, b/L-Phe,p/L-Trp) were characterized by

ESR, c.d., and electronic spectroscopy. Table 1. Spin Hamiltonian Parameters for Binary Copper(ll)

These difunctionalized ligands have no chain on the CD rim; Complexes of [Cu(A,X-CDNK)]2* in Water—Methanol (95:5)
thus a strong interaction of the guest with the cavity may be Solution at 150 K

expected. Furthermore, their two nitrogen donor atoms are complexes g A x 10¢ (cm )
equivalent, unlike in the other ligands previously studied® [CU(A.B-CONF)J>" 2.262(2) 17602)
Consequently, the recognition mechanism invoked to rationalize [CU(A:C_CDNH;]H 2:256(2) 175(2)
the results obtained with differently substituted CDs cannot be  [Cu(A,D-CDNH,)]?* 2.262(2) 175(2)

extended to these systems. The comparison of the discrimina-

tory properties of the copper(ll) complexes with the different A 6X-dideoxys-cyclodextrin (X = B, C, D) was carried out as
isomers allows the understanding of the chiral recognition described elsewhefé?starting from the appropriate CD disulfonats.

process mechanism. Analytical Data. A,B-CDNH 28 FAB MS m/e 1136 (M + 1); *H
NMR (200 MHz, D,O) 6 5.04 (m, 7H, 1-H), 4.6:3.7 (m, 24H, 3-,6-
Experimental Section ,5-H), 3.67-3.37 (m, 14H, 2-,4-H), 3.08 (d, 2H, Hband Gg; Jeaa,e0a

= Jeag,ebgz 13.8 HZ), 2.85 (dd, 6bA and 6bB, ZH(;A,5A = JGB,SB =7
General Details. f-Cyclodextrin and anhydrous dimethylformamide  Hz); 13c NMR (50.3)6 104.5 (C-1), 85.4 (C-4A,4B), 83.8 (C-4), 75:7
was purchased from Fluka and Aldrich, respectively. Amino acids were 74.4 (C-5,2,3), 62.9 (C-6), 43.8 (C-6A,6B).
purchased from Sigma. A,C-CDNHy R = 0.25 (eluent: PrOHH,O—AcOEtNH; 5:3:

TLC was carried out on silica gel plates (Merck 60-F254). CD 1:2); FAB MS /e 1136 (M+ 1) 'H NMR (200 MHz, D,O) ¢ 5.03
derivatives were detected with UV light and with anisaldehyde reagent (m, 7H, 1-H), 3.95-3.7 (m, 24H, 3-,6-,5-H), 3:73.39 (m, 14H, 2- 4-

and CD amino derivatives by the ninhydrin test. H), 3.11 (d, 2H, HGa and 6, Jsaaeba = Jsa.sos= 13.8 Hz), 2.79 (dd,
NMR spectra were recorded with a Bruker AC-200 spectrometer at 6bA and 6bB, 2HJsasa = Jesse = 7 Hz); 13C NMR (50.3)0 104.5
200.13 MHz, without a reference compound. (C-1), 85.5 (C-4A4B), 83.7 (C-4), 75:774.1 (C-5,2,3), 62.9 (C-6),

Chromatographic separations were performed on a Hewlett Packard43.8 (C-6A,6B). Anal. Calcd for £H7:2N,053-8H,0: C, 39.5; H, 6.9;
series 1050 HPLC, using a Spherisorb ODS-2 columpn(B 150 x N, 2.1. Found: C, 38.8, H, 7.0; N, 2.2.
4.6 mm), setting the UV detector at 254 nm. The mobile phase was  A,D-CDNHy R = 0.25 (eluent: PrOHH,O—AcOEt—NH; 5:3:
prepared by dissolving A,X-CDNH(8 x 10°° mol dn13), the Cu- 1:2); FAB MSmv/e 1136 (M + 1); *H NMR (200 MHz, D,O) § 5.05
(NOs)2 (8 x 105 mol dm3), and sodium acetate (3 103 mol dm3) (m, 7H, 1-H), 4.0+3.72 (m, 24H, 3-,6-,5-H), 3.723.38 (m, 14H,
in a HO/CH;OH (80:20) mixture, adjusting the solution to pH 7. 2-,4-H), 3.13 (d, 2H, H& and 6g; Jsan e0a = Jsap.ebs= 13.8 Hz), 2.87
The dead volume was calculated by injecting water. (dd, 6bA and 6bB, 2HJsasa = Jesss = 7 Hz). C NMR (50.3)6

Electronic and c.d. spectra were recorded on a Beckman DU 650 104.5 (C-1), 85.5 (C-4A,4B), 83.7 (C-4), 75:74.5 (C-5,2,3), 62.9
spectrophotometer and on a JASCO J-600 dichrograph, respectively.(C-6), 43.9 (C-6A,6B). Anal. Calcd for gH7,N,O33:8H,0: C, 39.5;
Calibration of the c.d. instrument was performed with a 0.06% solution H, 6.9; N, 2.1. Found: C, 41.0, H, 6.8, N, 2.
of ammonium camphorsulfonate in wateke(= 2.40 at 290.5 nm).

The spectra were recorded at 26, on freshly prepared aqueous Results and Discussion

solutions of the binary (Ctf —A,X-CDNHy, 1:1 ratio) and ternary In order to have information on the complexing features of
(Cu?* —A X-CDNH,—AaO~, 1:1:1 ratio) systems at pH 7. The . . - :
spectral range (260700 nm) was covered using quartz cells of various th's class of ligands, AX-CDNH(X = B, C, and D), their .
path lengths, so that dilution of the solution was not required. The Pinary and ternary copper(ll) complexes have been characterized

c.d. spectra with 1-adamantanol were carried out in a watathanol by ESR and UV-vis _absorption SpeCtrO_SCOPieS- _
solution (90:10) at 28C and at pH 7. This concentration of methanol The ESR magnetic parameters pertinent to the binary and
does not modify the c.d. spectra of the ternary complexes. ternary copper(ll) complexes, reported in Tables41 show a

ESR frozen solution spectra were performed on a Bruker instrument, general trend: smalley, values and greatel, constants for
Type ER 200D, driven by the Model 3220 data system. All spectra the ternary complexes than those of the binary ones. This
were recorded at the temperature of 150 K, achieved by the aid of a sggests that the coordination sphere of the copper(ll) complex
Zf;?::g;g/wcfr;n&ig:rgo?lﬁ)t?:r:?tl\j:éreTrpﬁei(z:rse;n%g/dm;ir%n?ééether is completed by the entrance of the amino acidate ligand. In
e o AN} a1 e prent g 1 <7l i il Syt e andh conons
and 1:1:1 ratios, respectively, adjusting the pH at adding NaOH. X . . ’

Up to 5% methanolpwas a}cljdedJ to tk?ese golutions,yto incrgease thereSpeCt'VeW' _ESR frozen solution spectra of blnary copper(ll)
resolution which is known to be poor for aqueous solutions. Parallel complexes with A, X-CDNH do not show marked differences
spin Hamiltonian parameters were calculated directly from the computer in their parallel magnetic parameters (see Table 1); in other
output of the experimental spectra. DPPH radiga(2.0036) was words, their magnetic parameters are not dependent on the
used to standardize the klystron frequency, the magnetic field being

also monitored by a Bruker gauss meter, Type ER 0.35M. (27) Tabushi, I.; Nabeshima, T.; Fujita, K.; Matsunaga, A.; Imoto,).T.
Synthesis of 8,6%-Diamino-6*,6%-dideoxy{8-cyclodextrin (X = Org. Chem 1985 50, 2638. _ _ o
B, C, D) (A,X-CDNH,). The regioselective synthesis df.6*-diamino- (28) Di Blasio, B.; Galdiero, S.; Saviano, M.; Pedone, C.; Benedetti, E.;

Rizzarelli, E.; Pedotti, S.; Vecchio, G.; Gibbons, W. @arbohydr

Res 1996 282, 41.

(26) Davankov, V. A.; Kurganov, A. A.; Ponomareva, T. MChromatogr (29) Cucinotta, V.; D'Alessandro, F.; Impellizzeri, G.; Vecchio, Gar-
1988 309, 452. bohydr Res 1992 224, 102.
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Table 2. Spin Hamiltonian Parameters for Ternary Copper(ll) acidate gives a more covalent complex, as can also be seen by
Complexes of [Cu(A,B-CDNB)(AaO)]" in Water-Methanol (95:5) the blue shifts of the visible absorption band maxima (see Table
Solution at 150 K 5).
complexes i Ay x 10* (cm™) Chiral recognition ability of the copper(ll) complexes of A, X-
[Cu(A,B-CDNH,)(L-AlaO)]* 2.249(2) 187(2) CDNH; (X = B, C, D), was tested in LEC-HPLC, adding the
[Cu(A,B-CDNH;)(p-AlaO)]* 2.249(2) 187(2) complex to the eluent. The chromatographic results when [Cu-
[Cu(A,B-CDNH,)(L-PheO)f 2.242(2) 188(2) (A,B-CDNH,)]?" was used as a chiral eluent are summarized
[Cu(A,B-CDNH;,)(p-PheO)f 2.234(2) 191(2) in Table 6
A,B-CDNH,)(L- + . ' . .
{gﬂEA;B_SDNHgﬁg_%L%))]F gﬁg‘ggg igi% Only the [Cu(A,B-CDNH)]?* is able to resolve an enantio-
[Cu(A,B-CDNH,)(L-TrpO)]* 2.248(2) 187(2) meric mixture of some amino acids. In particular, no alifatic
[Cu(A,B-CDNH)(p-TrpO)I+ 2.244(2) 186(2) amino acid mixture was resolved and among the aromatic amino

Table 3. Spin Hamiltonian Parameters for Ternary Copper(ll) acids, phe and tyr show the highervalues. This trend is
Comple.xes of [Cu(A.C-CDNb}(AaO)]" in WaterMethanol (95:5) different from that found when some other similar systems have

Solution at 150 K been used as chiral selectéts?*
The m and o-tyr racemic mixtures were not resolved,

complexes G A x 10 (em™) suggesting the peculiar role of the OH position in the recognition
[Cu(A,C-CDNH,)(L-AlaO)]* 2.254(2) 183(2) process.
[Cu(A,C-CDNH)(p-AlaO)]* 2.255(2) 185(2) i ot L
[Cu(A. C-CDNHy)(L-PheO)f 2.251(2) 186(2) Onzfrhe contrary, [Cu(A,C-CDN§J] a_nd [C_u(A,D CD
[Cu(A,C-CDNH)(p-PheO)f 2.247(2) 183(2) NH2)]4" were not able to resolve any amino acids.
[Cu(A,C-CDNHy)(L-TyrO)]* 2.254(2) 184(2) In keeping with the theory of LEC, the resolution of a racemic
[CU(A,C-CDNI-b)(D-Tny)]: 2.250(2) 185(2) mixture of amino acids, is due to the formation of diastereoi-
[Cu(A,C-CDNH)(L-TrpO)] 2.241(2) 185(2) someric ternary complexes which have different stability
[Cu(A.C-CDNH)(D-TrpO)]* 2.250(2) 186(2) constantg® Cyclodextrins have been described as models to
Table 4. Spin Hamiltonian Parameters for Ternary Copper(ll) study interactions in the mobile pha®eand thus we can
Complexes of [Cu(A,D-CDNb)(AaO)]" in Water—Methanol (95:5) consider that the chiral recognition occurs in the mobile phase.
Solution at 150 K The ternary complexes eluted first, in this case [Cu(A,B-
complexes g A x 10° (cmrY) CDNHZ)(D-AaQ)]+, may be provided with higher stability in
[Cu(AD-CONHy)(L-AlaQ)]*  2.250(2) 188(2) aqueous solution. _ _ o
[Cu(A,D-CDNH,)(0-AlaO)]* 2.251(2) 186(2) The c.d. spectra were carried out in order to investigate the
[Cu(A,D-CDNH,)(L-PheO)f 2.246(2) 185(2) chiral recognition process of these systems. The c.d. data of
{CugA,D-CDNH2;§D-F’heO)])1F 2.249§23 18352; binary and ternary complexes are reported in Tables 7 and 8.
Cu(A,D-CDNH,)(L-TyrO 2.251(2 185(2 ; . o i
[Cu(A,D-CDNH,)(L-TrpO)]*  2.248(2) 185(2) yc.d.sp Py, : ty nd.
[Cu(A,D-CDNHy)(p-TrpO)]* 2.249(2) 184(2) The appearance of a c.d. band in the electronic absorption

region of achiral molecules, as result of their complexation with
cyclodextrins, has been widely investigated and used to describe
the geometry of inclusion complex&s3¢ In these copper(ll)
complexes, a chiral potential guest (amino acid) is present, and
thus the variation (positive or negative) of the Cotton effect is
a consequence of the interaction with the cavity, as has been
found for similar system&337:38 |n the case of [Cu(A,B-
CDNH,)(AaO)[", when AaO is AlaO, the shape of the c.d.
spectra in the UV and vis regions is independent of the

relative position of the two amino groups. This behavior
indirectly suggests that the CD cavity can partially lose its
rigidity, due to the formation of strong nitrogewopper bonds.
The CPK models also make clear that the lengthening of some
hydrogen bonds in A,C-CDNjand A,D-CDNH ligands may
occur. Furthermore, the X-ray structure 6{&-dideoxy-6",68-
diaminog-cyclodextrin has been recently obtained, and the
stretching of one of the 20H30OH hydrogen bonds has been

found in consequence to the functionalization. The copper configuration of the AlaO. Both the ternary complexes with

coordination seems to force the donor atoms to assume, moretheL_ andb-AlaO-. showAe values of the same sian as those
or less, the same coordination distances at the narrower rim by ! € ; 9
observed for the analogous complexes with AtZ® When

a deformation at the wider rim. . . . .

Tables 2-4 show that the magnetic parameters of ternary AaO" is an aromatic amino acid (Tyr, Phe, and Trp), the shape
complexes with AX-CDNH and L- or p-AlaO- are very and _the |r_1ten3|ty of the_c.d. spectra depend on the absolute
similar. Thus, we can assume that the ternary complexes Withconflguratlon of the amino aC|_d. If we assume the_bmary
L- or b-AlaO~ constitute the blank reference point, in order to Complex [_Cc:ju(AaOéT as ?]comparlsc_)n, terna.ry_systct]ehms.wnrk]\ both
give evidence to differences which could emerge within the ar\n/mo act S_I'{han D) S .?Waa pﬁsmve varlatllon d Ed'n L ?b d
ternary complexes with- or b-amino acidate enantiomers. In for gi%'i?;' arogsa?icp(;ielét’—gzcsfggsst, t?\se air:iﬁj s}i/oneggrtlh:
other words, since the methyl group of the alaninate side chain aromatic ring. In the UV region, the c.d. bands are due to the

is not bulky, no weak interactions are expected to efficiently ansition of aromatic rings and to charge transfer transitions
occur in these systems between the side chain substituents an hus, different from the described inclusion comple3%38 a

the cyclodextrin cavity. Moreover, subtle differences, exceeding
xperimental error, are only evident for th r(ll) ternar

expe | enta fe ho ]zg%DyNe .de tto t'tﬁ coppe (n tg ta y (30) Harata, K.; Uedaira, HBull. Chem Soc Jpn 1975 375.

Comp.e.)(es of t e. sl b,"'some.r wi : amino acldate (31) Kodaka, M.; Fukaya, TBull. Chem Soc Jpn 1989 62, 1154.

containing aromatic side chains. It is quite noteworthy, that (32) Kodaka, M.J. Phys Chem 1991, 95, 2110.

these subtle differences within these last ternary complexes,(g3) gﬂ_da_ka, M.J. Am Chem Soc 1993 115”320hz- S o

especially involve theg, values (in a lesser extent th, (34) Shimizu, H.; A.Kaito, A.; Hatano, MBull. Chem Soc Jpn 1979

. . ) 52, 2678.
constants), which are always lower in the case obtigomers. (35) Yoshida, N.; Yamaguchi, H.; Higashi, Nl. Chem Soc, Perkin Trans
It is well-known that a loweg; value and a highed, hyperfine 21994 2507.

constant indicate a greater covalency in the coordination plane (36) 75(;‘5";‘”“' H.; Kaito, A.; Hatano, MJ. Am Chem Soc 1982 104
of a copper(ll) complex. Thus, we can assert that in the series 37 L s.; purdy, W. CAnal. Chem 1992 64, 1405.
of the ternary complexes with A,B-CDNHigand, thep-amino (38) Galle, D.; Tolksdorf, M.; Braun, Mletrahedron Lett1995 36, 4217.
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Table 5. Electronic and CD Spectral Parameters for [Cu(A,B-CDN#H and for the Ternary Complexes [Cu(A,B-CDMKAaO)]" with

Aliphatic and Aromatic Amino Acids at pH= 7

UV —ViS Amax (M) (€?)

C.d. Amax (nm) (Aéa)

[Cu(A,B-CDNHy)]>
[Cu(A,B-CDNH,)(AaO)]*

228 (1554); 680 (40)

L-AlaO~ 234 (5150); 628 (49)

b-AlaO- 234 (5044); 620 (42)

L-PheO 242 (5800); 613 (52)

b-PheO 244 (4844); 599 (57)

L-TyrO- 226 (10204); 608 (65)

p-Tyro- 226 (12546); 599 (67)

L-TrpO™ 222 (21740); 270 (4946); 609 (55)
b-TrpO- 222 (16091); 272 (3845); 604 (60)

ae, Ae: dm=3 mol~t cm,

Table 6. HPLC Enantioselective Factoa.(= K'/K'p) for the
Chiral Separation of Amino Acids with [Cu(A,B-CDN#]*" Added
to the Eluerit

AA LD AA ALp
Ala 1.0 m-Tyr 1.0
Leu 1.0 p-Tyr 1.50
Phe 1.18 Trp 1.06
o-Tyr 1.0

aEluent: [Cu(A,B-CDNH)]?" (8 x 1075 M), H,O/MeOH (80:20),
pH 7. Flow rate: 1 cfimin. Detector: UV (254 nm). Column:
Spherisorb ODS-2 (g&m, 150 x 4.6 mm).

Ag

I LI I LI ' 11 I LI l LI I LRI I LI I LI I
225 240 255 270 285 300 315 330 345
A (nm)

Figure 1. The c.d. spectra of [Cu(A,B-CDNi}{p-TyrO)]* (4 x 10*
mol dn13) alone (A) upon addition (B) of 1-adamantanol%8L0~° to

3 x 1073 mol dn13) in water methanol (9:1) at pH 7 (read from A to
B).

simple correlation of the sign of the band with the orientation
of the guest is not easy. However, on the basidofariation
in the UV region, the interaction of the amino acid side chain

27540.18); 600 (0.45)

246+2.10); 604 (0.20)

2461.13); 604 (0.27)

280+0.70); 544 (-0.14)

232 (1.11); 282 (0.92); 612 (0.30)

231-1.37); 268 (1.10); 307-0.52); 552 (0.18)

230 (6.48); 2761.57); 307 (0.57); 614 (0.28)
226 (2.11); 2671(24); 610 (0.09)
216 (5.06); 250(94); 356 (0.11); 600 (0.45)

B
Illlllllllllllllll||I||Il

225 240 255 270 285

A(nm)

Figure 2. The c.d. spectra of [Cu(A,B-CDN#{L-TyrO)]* (4 x 104
mol dn13) alone (A) upon addition (B) of 1-adamantanol¥8L0~° to

3 x 1072 mol dn73) in water methanol (9:1) at pH 7 (read from A to
B).

300 315 330 345

out c.d. spectra. Itis known that 1-adamantanol is a good guest
for the cyclodextrin cavity, and it has been used as a competitive
guest®® |t has the advantage of not giving coordination with
copper(ll) ion, thus only interacting with the cavity without
modification of the complexing features of ligands. In order
to verify this, ESR spectra were recorded on the final solution
used for the c.d. spectra, and the preservation of the same
coordination features was verified. By addition of increasing
amounts of 1-adamantanol, the c.d. spectra of copper(ll) in the
A,B-CDNH; ternary complexes change. On the contrary, the
c.d. spectra of copper(ll) complexes of AC and AD isomers,
remain practically unchanged. Namely, th®¢| of the c.d.
spectra of [Cu(A,B-CDNHK)(AaO)]" decrease in the case of
the ternary complex with the-enantiomer and increase with

with the cavity can be suggested. Furthermore, the CD cavity theL one (see Figures 1 and 2). The variatiorAeffound in
could act as a second coordination sphere ligand of the metalthe case of AB isomer spectra suggests a modification of the

ion, influencing the charge transfer (UV region) andd(vis

aromatic side chain interaction with the cavity, due to the

region) bands. This interaction is strongly enantioselective. On inclusion of 1-adamantanol. The c.d. data suggest that the
the contrary, in the case of AC and AD regioisomers the spectraequilibrium shown in Scheme 1 occurs.

of ternary complexes [Cu(A,X-CDNp(AaO)]" are “enantio-
meric”, in keeping with the chromatographic results.

In order to further investigate the recognition mechanism,

In the case of AC and AD regioisomers, the amino acidate
complexation probably occurs outside of the cavity, and in

we have used a competitive guest, 1-adamantanol, and carried39) Du, Y.-Q.; Nakamura, A.; Toda, B. Incl. Phenom 1991, 10, 443.
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Table 7. Electronic and c.d. Special Paramaters for [Cu(A,C-CR)J# and for the Ternary Complexes [Cu(A,C-CDRaO)]" with
Aliphatic and Aromatic Amino Acids at pH= 7

UV —Vis Amax (M) (%) C.d. Amax (nM) (A€?)
[Cu(A,C-CDNHp)]2* 240 (793); 717 (29)
[Cu(A,C-CDNH,)(AaO)]*
L-AlaO~ 234 (3053); 636 (54) 240-0.38); 624 (-0.030)
D-AlaO~ 234 (2932); 637 (56) 240 (0.39); 624 (0.04)
L-PheO 240 (2145); 630 (42) 21540.37); 241 (0.30); 284-0.07); 606 (-0.08)
D-PheO 240 (1092); 624 (32) 216 (0.54); 2440.17); 280 (0.15); 606 (0.06)
L-TyrO~ 224 (8970); 270 (2080); 616 (62) 2262.58); 262 (0.69); 302-€0.13); 610 (-0.25)
D-TyrO™ 224 (8111); 270 (1889); 610 (62) 227 (3.37); 2740(51); 296 (0.21); 610 (0.18)
L-TrpO™ 220 (4140); 270 (1140) 227 (0.08); 250 (0.06); 339(04); 628 (-0.19)
D-TrpO" 218 (4172); 270 (1479) 228 (0.03); 334 (0.03); 608 (0.15)

ae, Ae: dm=3 mol~t cm,

Table 8. Electronic and c.d. Spectral Parameters for [Cu(A,D-CDR)Jf and for the Ternary Complexes [Cu(A,D-CDNKAaO)]* with
Aliphatic and Aromatic Amino Acids at pH= 7

UV —Vis Amax (M) (%) C.d. Amax (nM) (A€?)
[Cu(A,D-CDNH,)]2* 230 (303); 693 (30)
[Cu(A,D-CDNH,)(AaO)]*
L-AlaO~ 236 (4103); 629 (38) 24240.59); 626 (-0.05)
p-AlaO~ 236 (4079); 629 (33) 248 (0.67); 626 (0.06)
L-PheO 238 (1404); 629 (nd) 216 (0.57); 2380.24); 283 (-0.02); 604 (-0.06)
D-PheO 246 (2070); 608 (39) 216 (0.57); 2380.24); 285 (0.09); 604-¢0.04)
L-TyrO- 224 (7773); 270 (1787); 600 (41) 2262.83); 264 (0.60); 304-0.13); 602 (-0.24)
D-TyrO™ 220 (7149); 270 (1319); 598 (44) 226 (1.95); 270(29); 304 (0.14); 602 (0.13)
L-TrpO- 224 (24570); 266 (8070) 430 (0.022); 614 (0.078)
D-TrpO- 220 (23180); 266 (6840) 326 (0.01); 446@.03)
ae, Ae: dm=3 mol~t cm.
Scheme 1 On the basis of these results, the role of the metal ion can be

underlined: no enantioselective interaction was observed in the
case of the ligands alone.

LEC-HPLC was used as method for screening the occurrence
of enantioselectivity in the metal complexes. On the basis of
the chromatographic behavior of the tyrosine isomers, when AB

= 1-adamantanol isomer complex was used, it can be hypothesized that the OH
» group in them- or o-position interacts with the cavity and thus
@ = amino acid the enantioselective interaction observed in the cage Dfr
or Phe is modified and destroyed.
keeping with this, the c.d. spectra were not influenced by adding  Different Ae values for ternary complexes containing the two
1-adamantanol. amino acid enantiomers were found in the c.d. spectra only when
Nevertheless, the final spectra of the [Cu(A,B-CDM- the A,B-CDNH, was used as ligand, in keeping with the

AaO)]* and [Cu(A,B-CDNH)(p-AaO)]" after the addition of  chromatographic results. This behavior suggests that inclusion
a large amount of 1-adamantanol are not completely enantio-of aromatic side chain can occur only in the case of the AB
meric. Most likely, the equilibrium above is not shifted enough regioisomer. In the AC and AD regioisomers, the copper(ll)
toward the right to completely eliminate the contribution of the complexation partially closes the entrance of the cavity, and
intramolecular ternary complex. At the end of the titration with  thus the complexation with the amino acid and its inclusion
1-adamantanol, a largeXe is observed on the spectra of the  cannot occur together. The involvement of the cavity in the
complex withp-amino acid in comparison with, in keeping recognition process is further confirmed by means of c.d. spectra
with the chromatographic and ESR data, which suggest a higherin the presence of the competitive guest 1-adamantanol. Only
stability of this complex. the c.d. spectra of ternary complexes of AB isomer are modified
The different behavior of the binary copper(ll) complexes of in the presence of this guest.
the three regioisomers can be rationalized on the basis of the These copper(ll) complexes recognize amino acids with a
CPK models. We can suggest that the copper(ll) complexes different mechanism of the monofunctionalized €024 In
of AC and AD isomers do not act as chiral selector because thethese diamino derivative complexes the cis effect, as has been
complexation with copper(ll) in the binary complexes partially previously described by ;23 cannot act because there are
“closes” the narrow CD rim, and thus no interaction of the no differences between the two donor atoms of the ligands (both
aromatic side chain and the cavity can occur in the ternary NH, groups).
complex formation according to the c.d. spectra. The involvement of the cavity in the recognition process is
On the contrary, in the case of A,B-CDNHernary com- confirmed further by means of c.d. spectra in the presence of
plexes, the amino acid side chain can interact with the cavity. the competitive guest 1-adamantanol. Only the c.d. spectra of

In this case, the effect of the partial closure of the upper rim ternary complexes of the AB isomer are modified in the presence
can explain the best resolution obtained for amino acids with of this guest.

smaller aromatic side chains. )
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