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Coadsorption studies of chiral tris(1,10-phenanthroline)ruthenium(ll) ([Ru(gli&nandN-methylated
cinchona alkaloid cation (MQN were conducted on a smectite clay by ion exchange reactions.
Photoinduced energy transfer between these cations was confirmed by the photoluminescence spectra,
indicating that the cations were co-intercalated in the interlayer space of a smectite. When a ternary
ion-exchanged adduct of [Ru(pheglf/MQN*/smectite was employed as a packing material for liquid
chromatography, the column proved to resolve a racemic mixture 6bihaphthol more effectively
than the column packed with a binary adduct of [Ru(pkl@hsmectite. The results reflected the
enhancement of the chiral discrimination ability through the cooperative interactions among two kinds
of preadsorbed chiral cations.

Introduction and a chiral catalysi&' The method of optical resolution by
use of a chiral metal complesclay intercalation compounds
was based on the chiral discrimination through the intermo-

in-a W't(_je rangﬁ of ?C|endt_|f|c re;eanl:h due LO é?e'_r ;Jnllque lecular interactions between an adsorbed metal complex and
properties such as two-dimensional expandable interlayer, (asoived molecule.

space, large surface area, cation exchange ability, and remark- One possibility to improve selectivity toward a wider range

able stability against chemical and physical destruction. ¢ 1 .omic compounds is to coadsorb two different kinds of
As one of these characteristics, a smectite can accommodat%hiral cationic molecules on a smectite. The cooperative

various organic cations into its interlayer space. The resultant
orge}nigally modified smectites are used as ad;orpents fortivity than either one of the adsorbates alone does. The
nonionic organic compognds%ﬁ since the combination of __intercalation of two cationic species, however, often results
hosts and guests for wide ranges of layer charge denSItyin segregation, where they are intercalated in the different
(host) and molecular geometry (guest) leads to the controlledgalllery space& Hence, the proper combination of two kinds
adsorptive properties of organically modified smectites. ¢ 16 nreadsorbed chiral cationic molecules is most impor-
Along this line, organically modified smectites have been tant in order to construct a clayrganic intercalation

applied as a packing material for liquid column chromatog- ¢ompound with optimum molecular discrimination.

raphy due to their selective adsorptive propertidsin
particular, the intercalation of chiral metal complexes such (10) (a) Joshi, V.; Kotkar, D.; Ghosh, P. ICurr. Sci. 1988 57, 567. (b)

. . - . . Joshi, V.; Ghosh, P. KI. Am. Chem. S04989 111, 5604. (c) Kamat,
as tris(2,2-bipyridine)ruthenium(ll) (abbreviated as [Ru- P. V.. Gopidas, K. R.; Mukherjee, T.; Joshi, V. Kotkar(, ?3_; Pathak,

A smectite group of layered clay minerals has been applied

interactions of adsorbed cations might exhibit higher selec-

(bpy)]?") and tris(1,10-phenanthroline)ruthenium(ll) (ab- V. S.; Ghosh, P. KJ. Phys. Chem1991, 95, 10009. (d) Taniguchi,
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to understand the nature of the heguest system&!! as lwamoto, T.Inorg. Chem.1991, 30, 2462. (f) Yamagishi, Alnorg.
well as to construct an adsorbéaptical resolving agerif Chem.1985 24, 1689.
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Chart 1. Molecular Structure of Cinchona Alkaloid
Derivative Cation Used in This Study (MQN)
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In this work, the coadsorption of chiral [Ru(pheld)
complex and cinchona alkaloid derivative cation (Chart 1)

Kakegawa and Yamagishi

Table 1. Abbreviated Designation of the Products

amt of added guest cations
(mequiv/(100 g of clay))

A-A-
product name [Ru(phen)]?* MQN™* abbreviation
A-[Ru(phen)]>t/MQN*+— 20 0  A20/0-Laponite
Laponite 20 10 A20/10-Laponite
20 20  A20/20-Laponite
20 30  A20/30-Laponite
20 40  A20/40-Laponite
A- [Ru(phen)]2*/MQN*— 20 40  A20/40-Laponite
Laponite
MQNT—Laponite 0 40 0/40-Laponite
0 60 0/60-Laponite

on a smectite has been studied. Cinchona alkaloid derivatives Synthesis of [Ru(phen}]>"/MQN *—Laponite Intercalation
were selected as a coadsorbate because they were amorfgompounds.A 2.0 g amount of Laponite was dispersed in 100

the most versatile and most highly used chiral molecule

shapes in enantiomeric separations and asymmetric synthe

sest® One of the applications is the enantioselective hydro-
genation of ethyl pyruvate by using the ctaglkaloid
compounds loading platinum particl€dnteractions among

mL of methanol and stirred for 10 min. A 50 mL aliquot &f(or
A-)[Ru(phen)](ClOg4), methanol solution (11.5 mM) was added

in the suspension and stirred for 4 h. Thereafter a MQNECIO
methanol solution was added to the suspension and stirred for 4 h.
The suspension was centrifuged at 3000 rpm for 10 min. The added

amount of each guest is summarized in Table 1 with the abbrevia-

the coadsorbed chiral cations on a smectite were attemptedion of the products.

to attain the optimum selectivity of a target racemic

Preparation of Columns for Optical Resolution. The obtained

compound such as tris(acetylacetonato)ruthenium compleXintercalation compounds were dispersed in methanol in order to

(Chart 2a) and 1,;1binaphthol (Chart 2b).

Experimental Section
Materials. Synthetic sodium hectorite (Laponite XLG, Rock-

wood Additives Ltd., abbreviated as Laponite) was used after spray-

drying 2 The obtained spray-dried Laponite is the aggregate, which
consists of disk-shaped Laponite particle®(02xm). Each particle
was spherically shaped with an average diameter girh2 The
elemental composition of the Laponite was stated to bg {iN&-7
Sig.0o{Mdz.50-i0.30 O20(OH)4 070 with a cation exchange capacity
(CEC) of 63 mequiv/(100 g of clay). Optically active [Ru(phg?)
diperchlorate (abbreviated as [Ru(ph#@!0,),) was prepared as
described previousl# N-Methylated quinine perchlorate (abbrevi-
ated as MQN(CIQ)) was prepared as follow: 3.21 g (9.9 mmol)
of quinine and 1.89 g (13.3 mmol) of iodomethane were refluxed
at 353 K in benzene fo4 h under N atmosphere. The precipitate

was dissolved in water, and sodium perchlorate was added in the

aqueous solution. The precipitate was purified by recrystallization
from methanol. ThéH NMR measurements confirmed that two
kinds of MQN' were synthesized (Chart 1). In the present study,
these MQNs were used as a mixture. Tris(acetylacetonato)-
ruthenium(lll) (Aldrich, abbreviated as [Ru(acgg)and 1,1-

prepare a slurry. The slurry was packed in a 5.0 0.4 cm stainless
tube using a slurry packer (SC-30, JASCO Ltd.). A 200 mL aliquot
of methanol was flowed in the stainless tulped h to pack the
slurry.

Characterization. The X-ray powder diffraction patterns of the
products were recorded on a Rigaku Rint Ultima System using
monochromatic Cu K radiation. The UV~vis absorption spectra
of the [Ru(pheng?*/MQN*—Laponite methanol suspensions were
recorded on a Hitachi U-2810 spectrophotometer. The photolumi-
nescence spectra of the [Ru(phgfyMQN*—Laponite methanol
suspensions were recorded on a FP 6500 specrofluorometer (JASCO
Ltd.). Luminescence lifetimes were measured by a single-photon-
counting technique on a HORIBA NAES-700 time-correlated
spectrophotometer equipped with a hydrogen lamp. These measure-
ments were conducted under ambient atmosphere at room temper-
ature. Since [Ru(pheg}"/MQN*—Laponite did not swell in
methanol, the suspensions were stirred during the-U¥, pho-
toluminescence, and luminescence lifetime measurements. The
absolute configuration of each enantiomer was determined from
the circular dichroism spectra with a polarimeter J-700 (JEOL).
The chromatogram was recorded with a UV-975 (JASCO Ltd.).
About 1000 ppm of either a racemic mixture or an enantiomer of

binaphthol (Kanto Kagaku Chemical, Japan) were used as reCEived'[Ru(acaca] and 1,1-binaphthol was mounted and eluted with
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Am. Chem. Sod989 111, 1123. (c) Amberg, W.; Bennani, Y. L,;
Chadha, R. K.; Crispino, G.A.; Davis, W. D.; Hartung, J.; Jeong, K.-
S.; Ogino, Y.; Shibata, T.; Sharpless, K. B.Org. Chem1993 58,
844. (d) O’Donnel, M. J.; Bennett, W. D.; Wu, $. Am. Chem. Soc.
1989 111, 2353. (e) Kumar, A.; Salunkhe, R. V.; Rane, R. A.; Dike,
S. Y. J. Chem. Soc., Chem. Commu991 485. (f) Wynberg, H.
Top. Stereochenil986 16, 87. (g) Puzicha, G.; Lightner, D. Al.
Am. Chem. Socd991, 113 3583. (h) Rosini, C.; Altemura, P.; Phi,
D.; Bertucci, C.; Zullino, G.; Salvadori, B. Chromatogr1985 348
79. (i) Miyoshi, K.; Nataubori, M.; Dohmoto, N.; Izumoto, S.; Yoneda,
H. Bull. Chem. Soc. Jpril985 58, 1529. (j) Salvadori, P.; Pini, D.;
Rosini, C.; Bertucci, CChirality 1992 4, 43.

(17) Mastalir, A.; Szollosi, G.; Kiraly, Z.; Razga, Appl. Clay Sci2002
22, 9.

(18) Tokubo, K.; Yamaguchi, M.; Ohtsu, Y.; Nakamura, K.; Matsumoto,
S.; Yamagishi, A. Eur. Pat. Appl., 1989, 17 pp. CODEN: EPXXDW
EP 297901 A1 19890104 CAN 111:32857 AN 1989:432857 CAPLUS.

(19) Gillard, R. D.; Hill, R. E. EJ. Chem. Soc., Dalton Tran974 1217.

methanol. The elution was monitored by absorbance at 400 and
345 nm for [Ru(acag) and 1,1-binaphthol, respectively. The dead
volume of a column was obtained by injectingb of chloroform,
assuming that chloroform was not adsorbed by the column.

Results and Discussions

Intercalation of [Ru(phen)s]?™ and MQN™ into the
Interlayer Space of Laponite.By the reactions of Laponite
with [Ru(phen]?* and MQN', orange solids were obtained.
The quantitative adsorption of the added cationic guests was
confirmed by the UV-vis absorption spectra of a supernatant
where the metal-to-ligand charge transition (MLCT) band
of [Ru(pheny]?" (around 450 nm) and the—a* band of
MQNT (around 325 nm) were measured as a characteristic
peak. The XRD patterns of Laponite and the orange products
prepared by the reaction with Laponite and cationic guests
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Chart 2. Molecular Structure of the Tris(acetylacetonato)ruthenium Complex ([Ru(acac)], a) and 1,1-Binaphthol (b)

3. Lt OH OH
I e 00" 00
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are shown in Figure 1. The loading amounts and composi- (A20/0- andA20/10-Lapontie) resulted in the ion segregation.
tions of cationic guests are denoted by a notatiGrly- Contrarily, when the added MQNamount was largeN20/
Laponite, in which Ax and y denote the amounts of 30- andA20/40-Lapontie), the basal spacing of the products
A-[Ru(phen)]?" and MQN" adsorbed by Laponite in terms  was 1.81 nm and no other minor phases were detected. These
of milliequivalents per 100 g of clay, respectively. The basal results suggested that the adsorbed guests were intercalated
spacing of the products (1.52, 1.72, 1.72, and 1.81 nm for without segregation, although the precise distribution of the
A20/0-, 0/40-, 0/60-, and20/40-Laponite, respectively) was adsorbed [Ru(pheg]ft and MQN' in the interlayer space
longer than that of the Laponite (Figure la, 1.23 nm), of Laponite was not clear.

confirming the adsorption of the cationic guests in the  Fluorescence Quenching of Intercalated MQN in the
interlayer space of Laponite. The heights of [Ru(phBgn) Interlayer Space of Laponite. The UV—vis absorption
along its G axis and a MQN molecule are both estimated  spectra 0fA20/0- andA20/40-Laponite methanol suspensions

to be ca. 0.80 nm. Subtracting the thickness of the silicate are shown in Figure 3. In both of the absorption spectra, the
layer (0.96 nm) from the basal spacing, the height of the MLCT absorption band of [Ru(phef)}* appeared around
gallery space is estimated to be 0.56 nm for th20/0- 450 nm. No spectral shift of the MLCT bands was observed
Laponite (1.52 nm). This value is smaller than the height of py the addition of MQN. The absorption spectrum ofA20/
[Ru(phen)]?*, suggesting that the diffraction peak shown 40-Laponite methanol suspension (Figure 3b) showed the
in the XRD pattern of theA\20/0-Laponite consists of two  z—z* absorption band of the MQNband around 334 nm.
peaks and the ion segregation between the adsorbed [RuThe emission spectra of the [Ru(phgf)/MQN*—Laponite

(phen)]* and sodium cation was confirmed. On the other methanol suspension under an excitation at 450 nm are
hand, the basal spacing of ti20/40-Laponite (1.81 nm)
was large compared with the basal spacing of 0/40- and 0/60- 18.1A: 115.2A
Laponite (1.72 nm). These results suggested that the addition e
of MQNT led to the uniform expansion of the basal spacing
of the [Ru(pheng?"—Laponite. Based on this, [Ru(phe}3)
and MQN" were concluded to intercalate in the same
interlayer space of Laponite. The gallery height of the [Ru-
(phen}]?"/MQN*—Laponite was calculated to be 0.85 nm
from the basal spacing (1.81 nm), indicating that the guests
were intercalated in the interlayer space of the Laponite as -
a monomolecular layer. L A
Figure 2 shows the effect of the loading of MOQNN the SR AT T e s 0
XRD patterns of the [Ru(pheg}§"/MQN*—Laponite at the 20 /° (Qukar )

constant loading of [Ru(phefj"™. Low MQN" loadings Figure 2. XRD patterns 0A20/0-Laponite (a)A20/10-Laponite (b)A20/
20-Laponite (c),A20/30-Laponite (d), anch20/40-Laponite (e).

Intensity (a.u.)

17.2A
18.1A . .15.2A A

Intensity (a.u.)
Absorbance (a.u.)

\H,/ [ N |

300 350 400 450 500 550 600
Wavelength/ nm
Figure 3. UV—vis absorption spectra @20/0-Laponite (a) anch20/40-

Figure 1. XRD patterns of Laponite (aA20/0-Laponite (b), 0/40-Laponite Laponite (b) methanol suspension. The concentration of the intercalation
(c), 0/60-Laponite (d), anch20/40-Laponite (e). compound to methanol was 20 mg/(4 mL).

20 /° (Quka )
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400 Ex = swelling mica-poly(vinylpyrrolidone) intercalation com-
x =450 nm . . .

350 @ | pound? The luminescence maxima of the intercalated [Ru-
(bpy)]?t shifted gradually toward the shorter wavelength
! with the decrease of the loading of [Ru(bgl§}, reflecting

®) [/ the variation in the microenvironments of the intercalated
@) ‘ [Ru(bpy)]?*. In the present system, the red shift reflected
the increase of hydrophobicity of the microenvironment

around the intercalated [Ru(pheld) by the adsorption of

300 ()

Intensity
N N
o n
S o

-
[$)])
o

100 5é3 nm MQN+'
50 () The luminescence intensity of [Ru(phgd) became
stronger as the amount of the adsorbed MQhkcreased.
0 s a0 " es0 This result indicated that the self-quenching of the adsorbed

Wavelength/ nm [Ru(phen)]?" was suppressed as a consequence of the
Figure 4. Emission spectra of th&20/0-Laponite (a)A20/10-Laponite dilution of the surface density caused by the addition of
(b), AZO/ZO-Lapon.ite (c),A20/40_-L§1ponite (d), and 0/40-Laponite (e) MQN+,
methanol suspensions. The excitation wavelength was 450 nm. It was pointed out that the self-quenching of the excited
[Ru(bpy)]?" was observed even at a low loading of the [Ru-
(bpy)]?* on a smectite (a few milliequivalents per 100 g of
clay)!® Ogawa et al. reported the suppression of the self-
guenching of the adsorbed [Ru(bglf) on a clay by the
aid of poly(vinylpyrrolidonef?22 The hydrophilic polymer
coadsorbed in the interlayer space of a swelling mica and
controlled the distribution of the adsorbed [Ru(ki?¥). Sasai
et al. reported the coadsorption of rhodamine 6G and
cetyltrimethylammonium cations on montmorillonite in order
to construct a light-emitting materigd. The fluorescence of
rhodamine 6G could be detected at a loading as low as less
than 0.5 mequiv/(100 g of clay), suggesting that alkylam-
monium cation has an effect of suppressing the self-
guenching of the coadsorbed dye. Hagerman et al. reported
that the coadsorption of the cationic surfactant and [Ru-
(bpy)]?t on a Laponite cast film resulted in the suppression

shown in Figure 4. The excitation wavelength (450 nm)
corresponded to the absorption band due to the adsorbed [Ru
(pheny]?*. Since no fluorescence due to the adsorbed MQN
was detected around 560 nm (Figure 4, 0/40) under this
condition, the emission around 560 nm was concluded to
arise exclusively from the adsorbed [Ru(phgt) The
luminescence due to the MLCT transition of the adsorbed
[Ru(phen)]?" was observed around 560 nm. Compared with
the emission maximum of the [Ru(pheld) in methanol
solution (572 nm), the luminescence of the adsorbed [Ru-
(phen}]?" observed around 560 nm was shifted toward a
shorter wavelength region. This blue shift could be explained
by the fixation of a luminescent species on a surface or
rigidochromisn?® It was hypothesized that an increased
possibility for relaxation in a more fluid state caused the
?gﬁg;aelr?;]]ﬂsi.sl?ht:fg%etze;i]; ?Kztﬁgt (tr:]r?elg])irfizliecli?;?om theof the luminescence self-quenching of the adsorbed [Ru-

. . . (bpy)]?t.2> Compared with these reported systems, it is
g?:yze dtréir?saz(;\ttraalubgj Geosz'r:SWLZi lltjr:?a 'r]lgzzlie%czaggﬁmumsafely deduced that the increase of the luminescence intensity

op - . L
(phen}]?" increased to £20/0). This result indicated that of the [Ru(pherg®" in the present system is an indication

. ) f th rption of [Ru(phefjt and MQN™ on
the intermolecular interactions in the interlayer space ofthe0 the coadsorption of [Ru(phej™ and MQN" on a

. . Laponite surface.
Laponite are thought to be constant in th&/0 to A20/0 p. o
region. Figure 5 shows the emission spectra of methanol suspen-

i ) sion of the [Ru(phenr)?>"/MQN*—Laponite under an excita-
Compared with the luminescence of the adsorh€Ru- tion at 325 nm. The excitation wavelength (325 nm)

(phen)]?* on Laponite 20/0, 560 nm), the luminescence  ¢qresponded to the absorption band due to the adsorbed
maximum was slightly shifted toward the longer wavelength MQN™. In fact, the emission spectrum of the 0/40-Laponite
(ca. 3 nm) when the MQNwas coadsorbed on Laponite  g,spension (Figure 5e) showed the fluorescence due to the
(A20/40, 563 nm). In the present system, both the increaseysorped MQN around 440 nni%27 Notably the fluores-

_of hydrophobicity of the microenviror_lment around the cepce of the adsorbed MQNlisappeared in the presence
intercalated [_R.u(phet;i)?f by the adsorption of MQ_N.and of the [Ru(pheny?* (Figure 5a-d). Concomitantly the

the relgxed rigidochromism are thought as the origin of_ the |uminescence intensity of the adsorbed [Ru(pEéh)in-

red shift. Colm and co-workers found the concentration cregsed by the addition of the MQONThese results indicated

dependence of the luminescence maximum for [RU@PY) that the photoinduced energy transfer from the excited MQN
intercalated in zirconium phosphate sulfophenylphosphonate

at different loadings. They attributed the spectral shifts to a (22) Ogawa, M.; Tsujimura, M.; Kuroda, K.angmuir200Q 16, 4202.
hydrocarbon-like environment, both by neighboring bipyri- (23) Ogawa, M.; Inagaki, M.; Kodama, N.; Kuroda, K.; Kato, L Phys.

’ . ; Chem.1993 97, 3819.
dine and by the hydrqphoblc nfiture of phenyl r|ﬁ§©.gawa (24) Sasai, R.; lyi, N.; Fujita, T. H.; Takagi, K.; Itoh, i€hem. Lett2003
et al. reported the intercalation of [Ru(bgly)y into the 32, 550.

(25) Hagerman, M. E.; Salamone, S. J.; Herbst, R. W.; Payeur, Bhem.
Matter. 2003 15, 443.

(20) Innocenzi, P.; Kozuka, H.; Yoko, T. Phys. Chem. B997 101, (26) Shiu, F. M.; Chen, M. H.; Tang, R. F.; Jeng, Y. J.; Chang, M. Y.;
2285. Perng, J. HJ. Non-Cryst. Solid4997, 209, 61.

(21) Colm, J.L,; Yang, C.-Y.; Clearfield, A.; Martin, C. R. Phys. Chem. (27) Rocha, C. J.; Gehlen, M. H.; da Silva, R.; Donate, PJMPhotochem.
199Q 94, 874. Photobiol., A1999 123 129.
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1200 respectively. The decay was fitted to a major long-lived

160 component with a minor short-lived component. Except for
the system of thé\20/40, the luminescence lifetimes of the
adsorbed\-[Ru(phen)]?" increased with the increase of the
120 loading amount of MQN, indicating that the energy transfer

from MQN" to A-[Ru(phen)]?" took place on a Laponite
100 = surface. On the contrary, the decrease of the luminescence
lifetime of A-[Ru(phen)]?* in the A20/40-Lapontie system
reflected that much amount of the adsorbed MQtdused
the cation segregation on Laponite and that the energy
transfer could not occur effectively. This suggestion cor-
responded to the result that the emission intensity of the
A-[Ru(phen)]?* in the A20/40 system (Figure 5d) was
20 weaker than that of thA20/10 system (Figure 5b).

It has been pointed out that the intercalation of two cationic

[ S 0 species often results in segregation, where they are interca-
400 440 480 520 560 600 640 lated in the different gallery spac&sThere are few examples

Wavelengih/nm to overcome the segregation problem to realize intermolecu
Figure 5. Emission spectra of thA20/0-Laponite (a)A20/10-Laponite greg P

(b), A20/20-Laponite (c)A20/30-Laponite (d), anc\20/40-Laponite (e) lar reactions on smectites. For example, two cationic por-

Ex =325 nm

1000 | 440 nm 140

800 \

600 \

400 }

Intensity
Ajsuayu

80

60

200

methanol suspensions. The excitation wavelength was 325 nm. phyrins (zinc and free base) were intercalated in the same
Table 2. Luminescence Life Times of the Adsorbed\-[Ru(phen)s]?* interlayer space of the Sm.ecme 0 .Iea.d to photoinduced
on Laponite energy transfet? Coadsorption of cationic (methyl green)
[Ru(phen)]>/MQN*  7,ns Q%  7ns Q% #2 and qeutral (b]oresmethrln) species on a smect!te led to
effective photoinduced energy transtéihe adsorption of
A20/0 1150 88 302 12 1.04 . X .
A20/5 1340 88 318 12 1.06 poly(vinylpyrrolidone) on a clay was found to assist the
A20/10 1460 87 395 13 1.07 coadsorption of [Ru(bpy)>" and methyl viologen dications
A20/20 1680 86 413 14 1.07

and the photoinduced electron-transfer quenching between
them3! The energy transfer from MQNto [Ru(phenj]?*
to the coadsorbed [Ru(p[“.@]’i?)yL took p|ace on Laponite in the interlayer Space of Laponite as observed here may be
surfaces. The fluorescence quenching of a quinine cation byof great value as one of the examples to accomplish the
an energy acceptor such as a halide ion has been previouswontrolleq intermolecular reactions by organizing reactant
reportec?® The quenching process was explained by the On smectites.
charge-transfer mechanism between a quinine cation and a Application of lon Exchanged Adducts for Chromato-
halide ion28 In the present system, taking into account the graphic Resolution.The present finding of the coadsorption
overlap of the wavelength between the fluorescence of theof two different kinds of chiral cations by Laponite was
MQN™ (440 nm, Figure 5e) and the MLCT absorption band Utilized to develop a column material with higher selectivity
of the [Ru(pheny?t (450 nm, Figure 3), the quenching in optical resolution. As a resolved racemic mixture, [Ru-
mechanism of MQN may be explained in terms of the (acac)] and 1,1-binaphthol were employed. These molecules
Forster-type energy transfer although further experimental were known to be resolved on a column packed with an
data are needed to confirm the quenching mechanism sucrdduct of [Ru(pher)**—Laponite. Thus, any change of the
as the luminescence lifetimes of the adsorbed guests. The'esolution ability was thought to be the effect of an added
occurrence of the effective photochemical reaction betweencation (MQN’) on the resolution processes.
the coadsorbed guests on Laponite, however, indicated that Figure 6 shows the chromatograms of [Ru(agiaghen
the [Ru(pherﬂz+ and MQN' cations were intercalated into it was eluted with methanol on a column packed with [Ru-
the same interlayer space of the Laponite without segregation.(Phen)]*"/MQN*—Laponite at room temperature. Except for

The results of the luminescence lifetime of the adsorbed the 0/40-Laponite column, the chromatograms consisted of
[Ru(phen)]2* on Laponite are shown in Table 2. The two peaks, indicating the achievement of optical resolution.
excitation light through the band-pass filter (B390, HOYA The capacity ratiok) and the selectivityd) of [Ru(acacy]
Corp.) was used. By the light irradiation, both the adsorbed and binaphthol are presented in Table 3. Here the parameters,
MQN* andA-[Ru(phen)]?* were excited. All the lumines- K anda, are defined as
cence decay curves of the intercalation compounds were Ko = (t — )t )
fitted by a double-exponential model, which is expressed as ROVR0T0

a =K, 3)

1(t) = A exp(=kit) + A exp(—kyt) 1)

A20/40 1160 82 305 18 1.08

where tg is the retention time of [Ru(acag)and t, the

wherel(t) is luminescence intensity at timeA;, andA, are retention time of chloroform, assuming that chloroform was

preexponential factors, amelandk, are decay rate constants,

(29) Takagi, S.; Tryk, D. A.; Inoue, Hl. Phys. Chem. BR002 106, 5455.
(28) Bigger, S. W.; Watkins, P. J.; Verity, Bat. J. Chem. Kinet200Q (30) Margulies, L.; Rozen, H.; Cohen, Bature 1985 315 658.
32, 473. (31) Kakegawa, N.; Ogawa, M.angmuir2004 20, 7004.
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Absorbance (a.u.)

4.092

Elution time / min

Figure 6. Chromatograms when a racemic mixture of [Ru(agaeis
eluted with methanol on columns packed with the [Ru(pslénWMQN*—
Laponite. The packed materials wek20/0 (a), 0/40 (b)A20/40(d), and
A20/40(e), and the column connected the columns packed with200-
and 0/40-Laponite (c). The flow rate was 0.5 mL miipand the elution
was monitored by the absorbance at 400 nm at room temperature.

Table 3. Capacity Ratio ('x) and Selectivity @) of [Ru(acac)] and

Binaphthol
racemic compound
[Ru(acacy] binaphthol
column name K1 kK o K1 kK
A20/0-Laponite A2.75 422 1.89S1.22 1.23 1.14
0/40-Laponite A,2.40 2.68 1.21R3.36 3.68 1.14
A20/0-Laponitet 0/40-Laponite A,4.70 6.17 1.60R4.51 4.67 1.07
A20/40-Laponite A,2.81 4.09 1.75R2.95 3.31 1.19
A20/40-Laponite A,3.19 476 1.75R3.18 3.79 1.29

not adsorbed by the column. The quantitiés,andk’,, are
the capacity ratios of the enantiomers of [Ru(agadhe

Kakegawa and Yamagishi

1.192
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(b)
_ 4.108
3
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Elution time / min

Figure 7. Chromatograms when a racemic mixture of binaphthol was eluted
with methanol on columns packed with the [Ru(phEr)MQN—Laponite.

The packed materials were20/0 (a), 0/40 (b)A20/40(d), andA20/40(e),

and the column connected the columns packed withAth@/0- and 0/40-
Laponite (c). The flow rate was 0.5 mL mih and the elution was
monitored by the absorbance at 345 nm at room temperature.

columns: one was th&a20/0-Laponite and 0/40-Laponite
columns connected in series (column 1) and the other the
A20/40-Laponite column (column 2). For the case of [Ru-
(acac)], the o value was obtained to be 1.60 and 1.75 for
columns 1 and 2, respectively. The enhancement of separa-
tion efficiency was confirmed when two cations were
coadsorbed on the same Laponite. The results suggested that
the ternary system among the preadsorbed [Ru(g}en)
MQNT, and the [Ru(acag))in the A20/40-Laponite column
acted cooperatively in discriminating the chirality of [Ru-
(acac)] on a Laponite surface. However, thevalues of
[Ru(acac)j] by using the A20/40-Laponite andA20/40-

retention times, which were obtained with the chromatograms Laponite columns (1.75) were smaller than the value of [Ru-

of each enantiomer, were used to calculatekhen order

(acac)] by using A20/0-Laponite (1.89). This result sug-

to obtain the retention times exactly. The retention time of gested that the coadsorbed MQptevented the stereoselective

K'1 is shorter than the time &,. A or A in Table 3 denotes

the absolute configuration of the less retained enantiomer.

By using theA20/0- and 0/40-Laponite columns for optical
resolution of [Ru(acag), the less retained enantiomer was
found to beA-[Ru(acac)]. The difference of thex values
of [Ru(acac)] by using theA20/0-Laponite (1.89) and 0/40-

interactions between [Ru(phe}?)” and [Ru(acag).

Figure 7 shows the chromatograms of 'dhinhaphthol
eluted with methanol on a column packed with [Ru-
(phen})?"/MQN*—Laponite at room temperature. Chro-
matograms exhibited two peaks for the cases of ARE/
40-Laponite and\20/40-Laponite columns. The obtained

Laponite (1.21) columns suggested that the stereoselectivealue was 1.19 and 1.29 for the20/40-Laponite anc\20/

interactions between preadsorbed [Ru(pkiéh)and [Ru-
(acac)] were stronger than the interactions between MQN
and [Ru(acag]. Therefore, stereoselective interactions
between [Ru(pheg)™ and [Ru(acag] dominated when
the A20/40-Laponite and\20/40-Laponite columns were
used.

The cooperative effect of two kinds of cations was

40-Laponite columns, respectively (Table 3). Since the values
were higher than that on th&20/0-Laponite column, the
results indicated that the effective optical resolution of
binaphthol was achieved due to the cooperative interactions
of the coadsorbed two cations. The difference of¢dhalue

by using the connected\20/40-Laponite andA20/40-
Laponite columns reflected the stereoselectivity of each

examined by comparing the resolution behavior between two preadsorbed cation to racemic thinaphthol.
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The resolution Ry) of 1,1'-binaphthol is expressed as directly. To confirm the above suggestion, further studies
on understanding the distribution of the preadsorbed [Ru-
Ry=1.18¢, — t))/(w, + w,) 4) (phen})?™ and MQN" on the Laponite surface are desired.
The above chromatographic results are thought to dem-
L>1 onstrate that the chiral discrimination ability through the
intermolecular interactions among the preadsorbed guests and
wheret, and t; are the retention times o&(or R-)1,1- the target compound in the ternary system on the smectite

binaphthol, andv; andw; the half-widths of the peaks. The  can be controlled by the combinations of the preadsorbed
Rs of 1,1-binaphthol by using thé\20/40-Laponite, A20/ guests and the racemic compound. Therefore, the studies of
40-Laponite, and the column connected\®0/0- and 0/40-  the organization of two kinds of preadsorbed chiral cationic

Laponite columns in series were calculated to be 0.233, molecules on a smectite are worthy of investigation in order
0.326, and 0.052, respectlvely. This result indicated that theto attain optimum selectivity toward a target racemic

ternary system for the optical resolution of the binaphthol compound.
among the preadsorbed [Ru(phgf), MQNT, and the
binaphthol in the interlayer space of the Laponite could have Conclusions

ac\t;d effeI((:jtlver. lain th hanism for th . Coadsorption studies of chiral tris(1,10-phenanthroline)-
_ Wvecou not e;(p alln tHe mechanism for the coopr)]eratlr\]/e ruthenium(ll) ([Ru(phen)?) and N-methylated cinchonia
Interaction completely. However, we presume that the 4 16id cation (MQN) were conducted on a smectite clay.

cooperative interactions were affected by the di.stance By the photoinduced energy transfer from the adsorbed
between adsorbed [Ru(pheld) and MQN'" on Laponite. MQN* to the [Ru(phen]?*, the A- (or A-)[Ru(phen)]*

Since MQN is a monocatlon, twice the ampunt of MON and MQN" were concluded to be co-intercalated in the
could be adsorbed on Laponite compared with [Ru(pfn) interlayer space of Laponite. Thie (or A-)[Ru(pheny]2/
Therefore, by the addition of MQN t'he molecular distance MQN—Laponite column resolved a racemic mixture of 1,1
on the [Ru(phen]*"/MQN*—Laponite was close_r S0 that binaphthol to theés- andR-enantiomers effectively, indicating
the gallery space was decre_ased. The degrease_ n the _galle%at chiral discrimination ability through the intermolecular
space caused the increase in the adsorptive activity (F'gureﬁnteractions among the preadsorbed [Ru(piéh)and

6 and 7). As _the inc_reage in the adsorptive activity, MQN* and 1,1-binaphthol in the ternary system on a
stereoselective interaction interactions were thought to besmectite realized the effective optical resolution of',1

stronger since the narrower interlayer space resulted in thebinaphthol.
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