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CD Spectroscopic Study on the Molecular Recognition of Chiral

Salen-Metal Complexes’
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The molecular recognition behavior of the chiral salen-metal
complexes towards guest molecules, such as imidazole deriva-
tives and amino-acid ester, was systematically investigated by
means of circular dichroism (CD) spectra. The coordination
numbers of the host-guest complexes as well as the recognition
capability of the salen-metal complexes were explained by char-
acter and intensity analyses of the CD spectra.
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Introduction

The steric configuration of biological molecules and
consequent effects in vivo attract much attention, since
different space structures may result in fairly different
physiological actions. The CD spectrum is a powerful
method for the study on conformation, configuration and
three-dimensional structure of organic and biological
macromolecules, because the circular dichroism of optical-
ly active compounds can provide valuable information
about their conformation, absolute configuration and reac-

tion mechanism. The asymmetric environment has an in- ‘

fluence on the energy level transition of the chromophore
group in the organic molecules, which is the origin of cir-
cular dichroism Cotton effects. The Cotton effects can be
generated by (a) the inherent chiral chromophores, (b)
distortion of the symmetric chromophores in the chiral en-
vironment, and (¢) the interaction among non-bonding
dipoles . ! The steric configuration and conformation may be
determined by CD Cotton effects, and even week Cotton
effects blanketed by strong absorption can be distinguished
because of the high resolution and sensitivity of CD spec-
tra. The CD spectrum has been widely applied instead of
optical rotatory dispersion (ORD) in the study of chiral
compounds. The metal complexes with salen ligands,
i.e., the quardridentate Schiff base ligands, are promis-
ing hosts for chiral molecular recognition because of its
simple preparation, low cost and structural variety.2 The

syntheses of a series of (salen) Cu complexes® and the
[ (salen) Mn™ ]+ complex* were previously reported by
Tanaka and Gravert, respectively. A series of water-solu-
ble (salen)Ni complexes was synthesized and their molec-
ular recognition towards DNA molecules was investigated
by Muller et al in 1999.° The boric acid substituted chiral
salen compound (salen)Co™Br was proved to be an excel-
lent host for the enantiomer recognition of oligosaccha-
rides, such as mannitose and talose.® We have investigated
the molecular recognition of salen metal complexes towards
imidazole derivatives’>™ and amino-acid guests’® by a
spectrophotometric titration method. Here we report the
CD spectroscopic study of the molecular recognition pro-
cess of the salen-metal complexes.

Experimental
Instruments and reagents

All reagents were commercial products. The solvents
were purified according to literature, ® while the ligand was
recrystallized before use. The chiral (salen)Fe™ Cl and
(salen)Co" complexes were synthesized through the report-
ed procedure.® The 'H NMR spectra were recorded on a
Bruker AC-P300 spectrometer. The UV-Vis and CD spec-
tra were determined on a Beckman DU-8B spectrometer
and a JASCO715 spectrapolarimeter, respectively. Ele-
mental analysis was performed on a Yanaco CHN Corder
MT-3 analyzer.

The ligand was examined by its '"H NMR spectrum,
while the salen complexes were characterized by elemental
analysis and UV-Vis spectra. The structure of (salen)Felll-
Cl complex is shown in Fig. la as an example .

CD spectra determination

The molecular recognition of (salen)Fe™Cl complex
with imidazole (Im), 1-methylimidazole ( 1-Melm), 2-
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methylimidazole (2-MeIm) and clotrimazole (GMZ) (Fig.
1b), as well as that of (salen)Co" complex with amino-
acid esters was investigated by CD spectroscopic titration
method at (15—30) £0.1 °C. Each CH;,Cl; solution con-
taining 1.0 x 10~° mol/dm? of a chiral salen metal com-
plex and a guest, of which the concentration is 20—1000
times of the host, was let to stand to approach its equilibri-
um before the CD detection. Investigation on the recogni-
tion systems of (salen)Co" complex and amino-acid esters
was accomplished by recording the CD spectra of the
CH,Cl, solution of (salen) Co™ complex together with D-
amino-acid esters and their enantiomers, L-amino-acid es-
ters, respectively.
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Fig. 1 Structure of (a) chiral (salen)Fe™ complex and (b)
Im, 1-MeIm, 2-Melm, GMZ. ‘

Results and discussion

Molecular recognition between ( salen ) Fe'Cl and imida-
zole and its derivatives

Our previous study’ has proved that for the molec-
ular recognition of chiral salen metal complexes, the axial
coordination number of the host-guest complexes of imida-
zole, 1-methylimidazole and 2-methylimidazole is two,
while that of clotrimazole is one. In addition, the sequence
of coordination constant is K (Im) > K (2-MeIm) > K (1-
Melm) > K (GMZ). The differences of the coordination
number and constant can be intuitively seen in the CD
spectra of the recognition systems.

(1) Effect of coordination number

The CD spectra of the recognition system of (salen)-
Fe!IC] and imidazole are shown in Fig. 2. Free (salen)-
Fe''Cl host displays its negative Cotton effects at 280 and
375 nm, and positive Cotton effect at 320 nm. During the
formation of host-guest complex, the absorption of the host

complex decreases, while a new signal at 300 nm forms
gradually. The decrease of the intensity of the absorption
band at ca. 320 nm indicates that larger guest concentra-
tion results in the decrease of the number of pentacoordi-
nated conformations. When the concentration of the guest
reaches a certain value, the hexacoordinated complex ap-
pears, as seen from the CD spectra, i.e., the reversion
of the sign of the Cotton effects occurs. '
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Fig. 2 CD spectra of the recognition system of (salen) Fe'Cl
and imidazole.

In a relatively low concentration of imidazole, the
salen complex is still in a pentracoordinated fashion, how-
ever, two species are possible, namely the host complex
(salen)FeCl and the (salen)Felm, which is generated by
the substitution of imidazole for the chlorine atom. The ab-
sorption of the host (salen)FeCl is subtracted from the CD
curves as a background to illustrate the formation of the
new species with imidazole ligand as shown in Fig. 3
[ (salen)FeCl line did not subtract background in Fig. 3].
As seen in Fig. 3, in a low concentration of imidazole, the
CD spectra are nearly straight lines, and it is suggested
that no host-guest complex is formed. When the concentra-
tion of imidazole ligand increases, the host-guest complex
gradually occurs.
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Fig. 3 CD specira of (salen)Fe-imidazole system with back-
ground correction.
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As shown in Fig. 4, the recognition system of
(salen)FelICl complex and 2-Melm has similar behavior to
that 'of (salen)Fe'Cl and imidazole. The Cotton effect of
the host complex at 320 nm decreases along with the in-
crease of the guest concentration, while a new Cotton ef-
fect splitting band appears at ca. 425 nm, which indicates
that the new chromophore is induced by the formation of
the hexacoordinated complex.
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Fig. 4 CD spectra of the recognition system of (salen)Fe™(]
and 2-Melm.

Fig. 5 is the CD spectra of the same system with
background correction, which are similar to that of the imi-
dazole system. Only when the guest concentration is large
enough, can the guest molecules be completely coordinat-
ed. In addition, the Cotton effect at ca. 325 nm has split
into two new bands to some extent at 280 nm and 380 nm
as seen in Fig. 5.
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Fig. 5 CD spectra of (salen)Fe™-2-MeIm system with back-
ground correction .

The CD spectra of the recognition system of (salen)-
Fe'Cl and 1-Melm are shown in Figs. 6 and 7. The simi-
lar reversion of Cotton effect signs can be seen in Fig. 6.
Interestingly, remarkable difference occurs in F ig. 7 when
the guest concentration increases, and it is suggested that
large conformation changes with increase of the concentra-
tion. The Cotton effects of the host lie at ca. 375, 320

and 280 nm. The 280 nm band splits in the system with a
low guest concentration. When the guest concentration ris-
es to a certain value, the band split at 280 nm disappears
to form a complete positive Cotton effect, while the sign of
the band at 370 and 320 nm reverses. The difference be-
tween the recognition process of 1-Melm and 2-Melm is
probably caused by their different coordination capabili-
ties. The coordination constant of 1-MelIm is less than that
of 2-Melm. The hexacoordinated complex with both chlo-
rine and 1-Melm ligand might first form in a low 1-Melm
concentration, and 1-MeIm would substitute the chlorine to
form (salen) Fe"-(1-Melm), at a 1-Melm concentration
large enough.
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Fig. 6 CD spectra of the recognition system of (salen)Fe™(l
and 1-MeIm.
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Fig. 7 CD spectra of (salen)Fe'-1-MeIm system with back-
ground correction.

The CD spectra of the recognition process of (salen)-
Fe™Cl and clotrimazole are shown in F ig. 8, in which the
dashed line is treated with host background correction.
Similar intensity decrease of Cotton bands a and b can be
observed in Fig. 8, and the coordination saturates when
the guest concentration reaches over 400 times of the host
concentration. This is due to the weak coordination ability
of clotrimazole and its coordination number is only
one.’®™ The host-guest complex formed has the hexacoor-
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dinated structure with one clotrimazole ligand and one
chlorine ligand.
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Fig. 8 CD specira of the recognition system of (salen)Fe™Cl
and clotrimazole.

(2) Different recognition capabilities of (salen)Fe'Cl to-
wards different guests

The CD spectra of the equilibrated systems of (salen)
Fe'C] and imidazole derivatives with the same guest con-
centrations (400 times of that of the host) are illustrated in
Fig. 9.
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Fig. 9 CD spectra of the recognition systems of (salen)Fe™Cl
and different guests.

As seen in Fig. 9, different guests in the same con-
centration present different recognition capabilities. For
imidazole and 2-Melm, the CD spectra show evident Cot-
ton effects of the host-guest complex, however, from the
CD spectrum of 1-Melm system it is suggested that the
main component of the mixture is still the pentacoordinated
complex. In addition, the absorption bands of different
systems at ca. 320 nm possess similar character but differ-
ent intensity, which may be considered to represent the
nature of the host-guest coordinating. The relative intensity
of this absorption band to that of the host attributes to the
intensity of host-guest interaction.!! The relative intensity

of the absorption bands of recognition systems at ca. 320
nm, together with the corresponding coordination constants
determined by thermodynamic method, are compiled in

Table 1.

Table 1 Relation between the CD bands at ca. 320 nm and the co-
ordination constant

Guest
Im 2-Melm 1-Melm
Relative intensity of the 57 19 4.4

CD absorption band

Coordination constant 7.76 x 10* 2.43x 10* 1.56x 10*

As seen in Table 1, the intensity sequence of the CD
bands well coincides with the sequence of the correspond-
ing coordination constant, and it is suggested that CD
spectroscopic method can characterize the strength of the
host-guest interaction.

The molecular recognition between (salen)Co! and amino-
acid esters

The CD spectrum of the recognition system of (salen)-
Co' and D-alanine methyl ester and that of (salen) Col
and L-alanine methyl ester are shown in Fig. 10.

40

— I ? e
g [ T
§ )
E 20+ Y i :I
& | VN OF L
S 0 L)
< 40 Voo
L vt
-60 -——(salen)Co ", /
L == -~ D-AlaOMe-+(salen)Co*~'
80 |-+ -+ L-AlaOMe+(salen)Co
1 L L A L * I * I
200 300 400 500 600
A (nm)

Fig. 10 CD spectra of the recognition systems of (salen)Co"
and D- and L-alanine methyl esters.

As seen in Fig. 10, the alanine esters cause apparent
changes of the CD spectra of the (salen)Co' host. In addi-
tion, the guests with different configurations, i.e., D-
alanine ester and L-alanine ester, yield significantly dif-
ferent host-guest interaction, which is suggested by the dif-
ferent CD spectra of the two recognition systems. The sys-
tem of (salen)Co!' and L-alanine ester displays a CD spec-
trum that is almost the same as that of the (salen) Co!
host. On the contrary, the CD spectrum of the system of
(salen)Co™ and D-alanine ester displays remarkable Cot-
ton effects above 450 nm as well as other strong Cotton ef-
fects, which are largely different from that of the host. The
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difference between the CD spectra indicates a high recog-
nition selectivity of (salen)Co towards D- and L-alanine
esters, which coincides with the coordination constant data
determined by UV-Vis titration.” In addition, (salen)Co™
complex was also found to have noticeable enantiomer
recognition towards the methyl esters of leucine, serine
and tyrosine.

Conclusion

The study on the CD spectroscopy of the system shows
that the pentracoordinated complex is formed first in the
molecular recognition process of the chiral (salen)Fe™Cl
towards imidazole and its derivatives, then the hexacoordi-
nated complex. The sequence of the relative intensity of
the CD bands well coincides with the sequence of the cor-
responding coordination constant data determined by UV-
Vis titration. The CD spectra of the system of (salen)Coll
and D-alanine ester displays remarkable Cotton effects
compared to that of L-alanine ester. It indicates a high
recognition selectivity of (salen) Co" towards D- and L-
alanine ester which coincides with the coordination con-
stant data,

References

! You, T.-F. The Modern Methods for Study of Chiral Com-
pounds , Press of University of Science & Technology of China,

10

11

Hefei, 1993 (in Chinese).

(a) Zhang, W.; Loebach, J. L.; Wilson, S. R.; Jacobsen,
E.N. J. Am. Chem. Soc. 1990, 112, 2801.

b) Iric, R.; Noda, K.; Ito, Y.; Matsumoto, N.; Katsuki,
T. Tetrahedron Lett. 1990, 31, 7345.

(a) Tanaka, T.; Tsurutani, K.; Fujii, Y. Bull. Chem.
Soc. Jpn. 1997, 70, 615.

(b) Zhang, Y.-L.; Gao, F.; Ruan, W.-J.; Zhu, Z.-A.;
Chen, Y.-T. Chin. J. Chem. 2001, 19, 1296.

Gravert, D. J.; Griffin, J. H. Inorg. Chem. 1996, 35,
4837.

Mulliez, E.; Fontecave, M. Coord. Chem. Rev. 1999,
185, 775.

Mizuno, T.; Takeuchi, M.; Shinkai, S. Tetrahedron 1999,
55, 9455.

(a) Zhang, Y.-L.; Ruan, W.-J.; Li, Y.; Nan, J.; Zhu,
Z.-A. Acta Chim. Sinica 2003, 61, 186 (in Chinese).

(b) Liu, T.; Ruan, W.-J.; Zhu, Z.-A. Acta Chim. Sinica
submitted (in Chinese).

(¢) Liu, T.; Ruan, W.-J.; Zhu, Z.-A. Chem. J. Chin.
Univ. 2001, 22, 159 (in Chinese).

Perrin, D. D.; Armarego, L. F.; Perrin, D. R. Purification
of Laboratory Chemicals , 2nd ed., Pergamon, Oxford, 1980.
Leung, W. H.; Chan, E. Y. Y.; Chow, E. K. F. J.
Chem. Soc., Dalton Trans. 1996, 1229.

Pagini, A.; Gullotti, M.; Ugo, R. J. Chem. Soc., Dal-
ton. Trans. 1977, 346.

Gullottl, M. ; Casella, L. ; Pasini, A. J. Chem. Soc., Dal-
ton Trans. 1977, 339.

(E0302096 PAN, B. F.; DONG, L. J.)



