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Cyclodextrins (CDs) are cvclic oligosaccharides and have
hydrophobic cavities capable of forming inclusion com-
plexes with a variety of organic molecules in aqueous solu-
tion. They have attracted widespread interest as enzyvme
mimic' and have been applied in various tvpes of chemical
analysis.” It is known that the inclusion complexation
between CDs and the substrate causes chemical shift
changes of both the host and the guest protons in NMR spec-
tra. Since the cavities of CDs are chiral. CDs and their deriv-
atives form diastereomeric inclusion complexes with chiral
guests. Thus chiral discrimination is usnally observed in
NMR spectra of the complexes due to the difference in the
stability and/or the difference in the complexation-induced
chemical shifts between the diastereomeric complexes.*
Though the difference in stability of the complexes is
required for resolution of the enantiomers by HPLC using
CDs and their derivatives. large difference in the complex-
ation-induced chemical shift with similar stability is desir-
able for better discrimination of the enantiomers by NMR
spectroscopy. In the present study. we synthesized xylvlene-
diamine-medified B-CDs 1 and investigated the inclusion
complexation behavior with the aromatic guests 2a-h by
NMR spectroscopy. The modified $-CDs 1 exhibit the
desired properties of chiral shift reagents for 2a and 2b.
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1a and 1b were prepared by reacting mono(6-O-tosy1)-3-
CD? with the corresponding xylylenediamine in DMF and
characterized by NMR and FAB MS data. '"H NMR spectra
of the HCI salts of 1 show characteristic peaks at § 7.6. 5.2-
5.05. and 4.45-1.25 with the integral ratio of 4 : 7 : 4. which
correspond to the phenyl protons. anomeric protons of -CD
moiety. and four protons of two methylene groups in the
yvlvlenediamine moiety. respectively. '"H NMR spectra of 1
in free base form don’t show the peaks at § 4.45-4.25: the
peaks of two methvlene groups in the unprotonated
xvlvlenediamine moiety appear more upfield and overlap
with B-CD peaks at § 4.0-3.5.

To test the ability of 1 as chiral shift reagent for various
aromatic guests. NMR spectra of the equimolar (15 mM)
mixtures of 1 and racemic substrates 2 in D:O were taken.
The methoxy protons of (R/S) 2a are clearly split into two
singlets. and the methyl doublet of (2/5) 2b is partially split
into two doublets in the presence of the hosts 1 (Figure 1).
No noticeable difference in the effects of 1a and 1b on the
'H NMR spectra of 2a and 2b is observed. The methine pro-
tons of 2a and 2b are hard to be analyzed due to overlap with
either HOD peak (in case of 2a) or B-CD peak (in case of
2h). [n agreement with a previous report on 2b.* the enantio-
discrimination of the racemic 2a or 2b is not observed in the
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Figure 1. 'H NMR spectra ot a-methoxyphenylacetic acid 2a in
84.1-32 region and 2-phenyvipropionic acid 2b m & 1.35 1.50
region in N0 at 25 °C in the presence of B-CD (A) or p-
xylvlenediamine-modified 3-CT 1a (B). The concentrations ot the
host and the guest arc cquimolar (15mM). The mixtures with 1h
gave cssentially the same spectra as those with 1a.
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presence of native B-CD. On the other hand. the addition of
the hosts 1 causes no additional peak separation in the spec-
tra of c-methylbenzylamine whereas native [3-CD splits its
methine quartet into two quartets.? Dipolar interaction
between the guests 2a-2b and the hosts 1 might be responsi-
ble for the better enantiodiscrimination for the acidic guests
by the amine-functionalized hosts.

Enantiomeric compositions of 2a are determined by using
la as a chiral solvating agent. NMR spectra of the synthetic
mixtures of various ratios of (R) and ($)-2a° were taken in
the presence of equimolar (153 mM) concentration of la
(data not shown). It was found that the integration ratios of
methoxy protons comesponding to the respective enanti-
omers reflect the actnal concentration ratios in the synthetic
mixtures.

To delineate the origin of the chiral discrimination by 1.
we carried out the NMR titration of (R) or (5)-2a with p-
xvxlvlenediamine-modified B-CD la.” A series of NMR
spectra of (R) or (S)-o-methoxyphenylacetic acid in the
presence of the host 1a with varyving concentration ratios of
the host to the guest. |1a)/|2a] at fixed concentration of |2a]
=3 mM and ionic strength of [NaCl] = 40 mM were taken.
The addition of the host moves the methoxy protons of 2a
upfield and the magnitudes of the observed chemical shift
changes. A8 of the methoxy protons are measured. The
dependence of AJ on the concentration of la is shown in
Figure 2.

Assuming 1:1 complexation between the host and the
guest. AQ is related to the ratio between the initial concentra-
tions of the host and the guest. |H]/|G]. =Y. and the bind-
ing constant of the guest with the host. K", by equation (1).”

A8 =05 A8 [1 + v+ LIKGlo — {(7-1+1/K|G oY
+4/KI_GJH} ];2] ( l)

where Ad. is the chemical shift change expected when all of
the guest molecules form the complex. The experimental
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Figure 2. Variation ol the observed chemical shift changes, Ad of
the methoxyv  protons  of the guests, (R) and ($) «-
methoxyphenylacetic acid 2a m the presence of the host, p-
wyivlenediomine-modified B-CD 1a with the ratios of [Host)/
[Guest]. The concentration of guest was fived at 3.0 mM and 1011c
strength of the media was held constant at 0.040 M with NaCl.
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data fit well with the equation (see Figure 2) and the binding
constants of 2a with 1a are found to be essentially the same
between the enantiomers: 71(+12) M- for the R-isomer and
73(x13) M- for the S-isomer. The A value of the S-isomer
is 0.140 ppm and is about 3.3 times greater than that of R-
isomer. The binding constants between 2a and native -CD
were also determined similarly. Since the chemical shift of
methoxy protons of 2a remains unchanged by the addition of
[3-CD, we titrated 5 mM [(-CD solution with 2a. All the C-H
protons of 3-CD move upfield by the addition of 2a and the
chemical shift changes for H3 and H35 protons of -CD* are
most significant. The analysis of A3 v |2a] data gives the
binding constant as 90(£3) M for both R- and S- isomers.
Also no noticeable difference in Ad. value between the enan-
tiomers is observed: A& value for H3 proton is 0.178 ppm.
To get information about the structures of the host-guest
complexes and the origin of chiral discrimination by la. we
carried out molecular modeling calculation. The minimum
energy conformation of 1a was that the xvIy1 group is deeply
embedded into the cavity of -CD and the terminal ammo-
nium group locates at the wider opening (secondary face) of
3-CD. Inclusion of pheny] group of 2a to 1a from the sec-
ondary face appears to be favored by ca. 5 kcal/mol. com-
pared to that from the primary face. Figure 3 shows the
energyv-minimized structures of 1a/2a complexes formed by
inclusion from the secondary face. Both carboxylate and
methoxy oxygen atoms of S-enanmtiomer form hydrogen
bonds with hydrogen atoms of C:-OH and C3-OH of the G7
glucose ring. respectively: we label the glucose rings of [3-
CD clockwise when viewed from the primary face as Gl.
G2 .. G7 starting from the functional group-appended ring.
On the other hand. only a carboxylate oxygen atom is hyvdro-
gen bonded to either Cs-OH of G3 or C--OH of G+ in the R-
enantiomer. We believe that such difference in the structure
of the complexes results in difference in the complexation-
induced chemical shift of the gnest molecule. For the native
[3-CD. the opening of the secondary face may be too wide
and the guest molecule may be rattle around inside the cav-
ity giving no appreciable chiral discrimination. The gas
phase modeling also suggested that the complexation is
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Figure 3. Stereoview ot the mclusion complexes of (R) and (S) o=
methoxyphenvlacetic acid 2a with p-xvlvlenediamme-moditiad [3-
CD 1a. View 1s from the prmany hydroxyl side of the host with
oblique angle. The phenvl groups of the host and (he guest
molecules arc marked as X and G, respeclively. IHydrogen-
bondings arc shown as dotted lines.
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favored energetically by 24.0 kcal/mol for the R-isomer and
24.6 kcal/mol for the S-isomer. The 0.6 kcal/mol difference
between the two enantiomers seemns to be too small to affect
the binding constant significantlv., This accords well with
our result.

In conclusion. we have demonstrated the svnthesis of p- or
m-xylvlenediamine-modified p-CD 1 and their ability of
chiral discrimination for guests 2a and 2b. The discrimina-
tion arises not from the difference in the stability of com-
plexes but from the structures of complexes formed by
inclusion of pheny]1 group from the secondary face of 3-CD.
Molecular modeling suggests that the xvly1 group is deeply
embedded in the cavity of 3-CD. This. combined with elec-
trostatic interaction. results in induced-fit and specific orien-
tation of the anionic guest molecule inserted from the
secondary face of 3-CD. The methoxy oxygen atom of the
S-isomer 1s hvdrogen bonded with hydrogen atom of
lvdroxy group of -CD. while such hydrogen bonding is not
feasible for the R-isomer.

Experimental Section

(R). (). and (R-S) forms of 2a were prepared from the cor-
responding mandelic acid by a reported procedure.”'H NMR
spectra were recorded on a Varian Unily INOVA 400 spec-
trometer. HCI salts of (he hosts 1 and sodium salis of the
gucsts 2a-b were uscd for NMR sample preparation. Molec-
ular modcl calculation was performed using CVFF force
(icld in the Tnsight TI/Discover program package

Xylylenediamine Modified B-Cyclodextrins (1a) and
(1b). Ta and 1b were prepared by reacting mono(6-O-losyl)-
B-CD* with 3-7 molar excess of the corresponding xylylene-
diamine in dry DMF at 73-80 “C for 20 h under nitrogen
atmosphere. The reaction mixture was concentraled under
reduced pressure and (he residuc was dissolved in minimum
amount of water. The product was precipilaied by addition
of acclone. The precipitates were collected. dissolved in
minimum amount of walcr. re-precipitated by addition of
acclone. and then purificd by cation-cxchange chromatogra-
phy on a Scphadex CM-25 column.® The cation exchange
chromatography was carricd out by loading (he acidificd
aqucous solution of (he product o a Scphadex CM C-25 col-
umn and then cluted with lincar gradicnt of NaCl (0-1.0 M),
NaCl contained in (he product was removed by filtration
after sclective solubilization of the product in DMF. The
analyvtically purc products 1a and 1h were obtained in viclds
of ca. 20%. 'H NMR spcctra in D-0O al 25 °C. § (relative to
the residual solvent at +.810); 1a-2HCL 7.596 (s. 4H). 5.168
(d. 1H. J=3.6). 3.15-3.07 (m. 3H). 5.033 (d. 1H. J=3.6).
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4415 (d. 1H, /=13). 4320 (d. 1H. J=13). 4269 (s. 2H).
4.20-4.13 (m. 1H). 4.05-3.50 {m. 39H). 3 48-3.35 (m. 2H):
1b-2HCI 7.64-7.58 (m. 4H). 5.177 (d. 1H. /=3.2). 5.14-5.00
(m. 6H). 4431 (d. 1H. /=14), 4.331 (d. 1H, /=14). 4271 (s,
2H). 4.21-4.15 (m. 1H). 4.05-3.52 (m. 39H). 3.41-3.32 (m.
2H). FAB MS: 12534672 for la, and 12534679 for 1b
(caled for CsoHw/OaN-+H 1233 4671).
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