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ABSTRACT

20 kinds of racemic arylalkanols
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Three-dimensionally dissymmetric cavities are created from an enantiopure amine and an achiral carboxylic acid, which can incorporate the
third components to realize the formation of closely packed crystals. The combination demonstrates enantioselective inclusion for 20 kinds
of racemic alcohols. The inclusion phenomenon occurs not only during crystallization but also in the solid state.

Porous metallaorganic crystals have been attracting muchseparation of racemic guestsHowever, the individual
attention as versatile materials for the construction of cavities synthesis of a new component is inevitably required for
and channel$.Controllability of pore and channel sizes by tuning the cavities in such porous organic crystals for given
the appropriate selection of metal ions and organoligandsracemic guests. In contrast, the cavities in multicomponent
make metallaorganic frameworks supefidiowever, the porous crystals are easily tunable for guests upon changing
resultant architectures are usually highly symmetrical as athe components; multicomponent crystals are very fascinating
result of the fixed direction of the coordination sites of the candidates for enantioselective inclusion.
metal ions. On the other hand, porous organic crystals can We have previously reported that in two-component
offer more complex cavities to show a high molecular crystals consisting of enantiopure primary amines and achiral
recognition ability for guests. Among them, enantiopure carboxylic acids, the ammonium cations and carboxylate
porous organic crystals have been applied for the enantio-anions generally formed a hydrogen-bonding network with
(1) (a) Modular Chemistry; Michi, J., Ed.; Kluwer Academic Publish- a 2-fold screw axis in the center (2olumn), when the
ers: Dordrecht, 1995. (b) Noro, S.; Kitagawa, S.; Kondo, M.; Seki, K. Molecular lengths and/or shapes of the components were

gﬁgem Chiﬂm--Ylm-h_E%OO,\%?ﬂt, 20%;5%%‘; (ZC%GLLZ% E(g;iiouor']i, '\g; similar to each othet.As a result, the components were

eeffee, M.; Yaghi, O. M.Nature ,402, —279. aghi, O. .

M.: Davis, C. - L1 G.: Li, HJ Am. Chem. S0d997.119, 2861286, helically arranged around the-2olumn by self-assembly

(e) Fujita, M.; Kwon, Y. J.; Washizu, S.; Ogura, K. Am. Chem. Soc  to give a closely packed crystal, and there exists a vacant

1994,116, 1151-1152.
(2) (a) Harrison, R. G.; Fox, O. D.; Meng, M. O.; Dalley, N. K.; Barbour, (3) (@) Tanaka, T.; Tasaki, T.; Aoyama, ¥. Am. Chem. SoQ002,

L. J.Inorg. Chem.2002,41, 838—843. (b) Hagrman, P. J.; Hagrman, D.; 124, 12453—12462. (b) Toda, F.; Tanaka, K.; Matsumoto, T.; Nakai, T.;

Zubieta, J. Angew. Chem., Int. EAL999, 38, 2638—2685. (c) Eddaoudi, Miyahara, I.; Hirotsu, K.J. Phys. Org. Chem2000, 13, 39-45. (c)

M.; Moler, D. B.; Li, H.; Chen, B.; Reineke, T. M.; O’Keeffe, M.; Yaghi, Venkataraman, D.; Gardner, G. B.; Lee, S.; Moore, JJ.SAm. Chem.
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hydrogen-bonding site for each carboxylate anion, which can large cavitie$.As a guest, we selected 1-phenylethaida) (
form another hydrogen bond. These characteristics of thewith the expectations that the hydroxy hydroge3afvould
salt crystals prompted us to consider an inverse idea; if we form a hydrogen bond with the carboxylate oxyger2aind
use an enantiopure amine and an achiral carboxylic acid withthat the phenyl group a3a would afford somer/x and/or
a different molecular length and/or shape, three-dimension- CH/x interaction with the phenyl groups thand2. When
ally dissymmetric cavities would be formed along & 2 thel-2 combination was crystallized from water/acetonitrile
column, which incorporate third components to realize close in the presence of racemi8a, the corresponding three-
packing of a crystal, and the vacant sites of the carboxylate component crystal (1-2-3a), in whicda was included in a
anions would be exposed to the outside of the@umn to ratio of 1:1:1, was obtained. The X-ray crystallographic
form hydrogen bonds with the third components (Figure 1). analysis ofl-2-3arevealed that th&-2 combination formed
a 2-column to afford suitable cavities for the third compo-
I ent 32 as we expected.
This successful result prompted us to examine the general-

2 ity of this inclusion phenomenon by the2 combination;
we tried the cocrystallization of th&-2 combination with
19 kinds of chiral arylalkanols3p—t) other than3a (the
cocrystallization method). As shown in Table 1, all3f—t
were commonly included to give the corresponding three-
component crystal$-2-3in a ratio of 1:1:1. Moreover, chiral
recognition by thel-2 combination was also commonly
observed for all of the alcohoBb—t as well as3a by the
formation of three-component crystals. Especially, very
efficient chiral recognition was achieved in the cases of
1-(2,4-dimethylphenyl)ethanoBl) (entry 12) and 2-methyl-
1-phenylpropanol (30) (entry 15); the selectivities were 98%
and 92% ee, respectively. These results clearly show that
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alcohols.
Figure 1. Schematic representation of a-&@lumn in which We then carried out X-ray crystallographic analyses of
cavities and vacant hydrogen-bonding sites exist. the three-component crystals2-3in order to explain the

chiral recognition ability of thé-2 combination. 2Columns
were commonly constructed frofnand?2 in all of the three-
component crystalsl-2-3 we could examine, and the
inclusion modes 08 in the 2-columns were fundamentally
similar to each other. Figures 3 and 4 show the crystal

X ; : X ; structure of1-2-3' as a typical example of the crystal
2-amino-1,2-diphenylethandlYand benzoic acid) (Figure  gi0tyres oft-2-3.% The top view of the 2column indicates
2) for the formation of a three-component supramolecular
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Subsequently, the enantioselective inclusion of the third
components in the cavities thus formed would be achieved
(see the Abstract graphic).

In the present study, we used the combination & 2R)-
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favorably take a gauche conformatida afford considerably . g \% i o
(4) (a) Kinbara, K.; Hashimoto, Y.; Sukegawa, M.; Nohira, H.; Saigo, 3 v hM ] N

K. J. Am. Chem. S0d.996,118, 3441—3449. (b) Kinbara, K.; Sakai, K.;

Hashimoto, Y.; Nohira, H.; Saigo, K. Chem. Soc., Perkin Trans 1296, . .

2615—2622. Figure 3. X-ray crystal structure ofl-2-3b viewed down from
(5) Kinbara, K.; Kobayashi, Y.; Saigo, K. Chem. Soc., Perkin Trans.  the 2-column axis.

21998, 1767—1775.
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Table 1. Inclusion and Chiral Recognition of Racemic
Arylalkanols by thel-2 Combination

R! R?

@)%H

R® 3a- 3p

3a:R'=Me R?=H,R®=H
3b:R' = Me, R? = H, R® = o0-Me
3c:R!'=Me, RZ=H, R® = m-Me
3d: R' =Me, R =H, R® = p-Me
3e:R'=Me, R?=H, R = p-Et
3 R'=Me, R2=H,R*=p-"Pr
3g:R' = Me, R? = H, R® = 0-OMe

3i:R!' =Me, RZ=H, R = p-OMe
3:R'=Me,RZ=H,R3=p-F
3k:R' =Me, R =H, R® = p-Cl
3:R'=Me, R2=H, R®= 2.4-Me;
3m:R'=Et, R?=H,R3=H
3n:R'="Pr,R?=H,R®=H
30:R'='Pr,R2=H R*=H

3p:R'=Me, R?=E(,R*=H

OH oH
O/\rOH O)\/OH
3q 3r 3s 3t

3h: R! = Me, R? = H, R® = m-OMe

entry arylalkanols yield (%)?2 ee (%)° abs config®
1 3a 91 87 R
2 3b 86 72 R
3 3c 91 80 R
4 3d 85 20 R
5 3e 85 80 R
6 3f 86 73 R
7 39 85 82 S
8 3h 91 85 R
9 3i 97 67 S
10 3j 89 32 S
11 3k 95 70 S
12 3l 87 98 S
13 3m 89 46 R
14 3n 98 60 R
15 30 70 92 R
16 3p 67 39 S
17 3q 89 24 R
18 3r 93 32 R
19 3s 75 64 R
20 3t 65 36 R

aYield based on an amount &f2. ® ee determined by HPLC.Absolute
configuration of the major enantiomers determined by the comparison of
the elution order in HPLC or the optical rotations with those reported in
the literatures.

that cavities are formed upon partitioning the space in the
2;-column by the aromatic rings df and2 molecules and
that the molecules of the third componedii are aligned
along the 2-columns. The molecule &b is tightly fixed in

the cavity by two hydrogen bonds between the hydroxy
hydrogen of3b and the carboxylate oxygen Bfand between
the hydroxy oxygen o8b and the hydroxy hydrogen df.

In addition, CH/rinteractions of3b with 1 and 2 highly
contribute to the stabilization of the three-component crystal
(the arrows in Figure 3).As a result, the direct Cht/

(6) Kinbara, K.; Kobayashi, Y.; Saigo, K. Chem. Soc., Perkin Trans.
22000, 111-119.

(7) Crystal data fo-(1S2R)-2-(R)-3b: FW = 471.59, monoclinic, space
group P2;, a = 14.167(3),b = 6.0636(11),c = 15.534(3) A, =
101.632(8)°V = 1306.9(5) B, Z = 2, R = 0.0620,D; = 1.20 Mg n13.
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Figure 4. X-ray crystal structure ol-2-3b, side view.

interaction between the methyl group at theosition of

3b and the aromatic ring & is realized, which plays a very
significant role for the chiral recognition. In the other three-
component crystald-2-3, the shape of the cavities can
change depending on the shape of the molecusgfsubtly
sliding the hydrogen-bond motif of thg-2olumn and/or by
slightly changing the conformation of the two phenyl groups
of 1 to make CH/xinteraction effective.

We next examined the chiral recognition ability of the salt
1-2, prepared in advance, f@a (the suspension method).
The apo-saltl-2 was obtained as white powdery crystals
upon crystallizing a mixture df and2 from MeOH, followed
by the removal of MeOH included in the salt. When a
suspension of the apo-sdlt2 was stirred with racemi8a
in hexane, the corresponding three-component crystl
3ain a ratio of 1:1:1 was obtained with a high enantio-
selectivity of 83% ee, which is very close to the value

(8) Although theR values are still unsatisfactory due to the preliminary
examinations, the data indicate the existence of@cfumn commonly in
the crystals. Crystal data fdr(1S,2R)-2-(R)-3a: FW= 457.57, orthor-
hombic, space grouP2:2:2;, a=5.919(6),b = 13.69(1).c = 30.16(3) A,
V = 2443.6(35) R, Z = 4, R = 0.0510,D, = 1.24 Mg nt3. Data for
1-(1S2R)-2-(R)-3f: FW = 499.65, monoclinic, space group2;, a =
13.92(2),b = 5.883(7),c = 17.85(2) A,3 = 107.98(2)°,V = 1390.5(30)
A3,Z=2,R=0.1260,D; = 1.19 Mg n13. Data for1:(1S,2R)-2+(S)-3g:
FW = 487.59, orthorhombic, space grot2,2:2;, a = 5.758(7),b =
13.84(2),c = 31.95(4) A,V = 2546.2(50) &, Z = 4, R= 0.1460,D. =
1.27 Mg nt3, Data forl-(1S2R)-2-(R)-3j: FW = 475.56, monoclinic, space
groupP2;, a = 14.79(2),b = 5.936(6),c = 15.40(2) A, = 114.60(2)°,
V = 1229.5(21) B Z = 2, R = 0.0990,D; = 1.28 Mg nt3. Data for
1-(1S2R)-2:(9-3l: FW = 485.62, monoclinic, space group2;, a =
13.954(1) b = 6.3090(4)c = 15.864(2) A f = 104.469(4)°V = 1352.3-
(2) A3, Z=2,R=0.0510,D, = 1.19 Mg n73. Data for1+(1S,2R)-2+(S)-
3p-HxO: FW = 503.64, monoclinic, space grol2;, a = 15.251(2)b =
6.0530(5),c = 15.484(2) A8 = 96.972(4)°V = 1418.8(2) R, z=2,R
= 0.0540,D; = 1.18 Mg nt3.

(9) The distances between the CH and thplane: the CH (3b) and
the z-plane (2) 2.86 A, the CH1() and ther-plane (3b) 2.77 A, the CH
(3b) and ther-plane (1) 2.98 A.

(10) Sada, K.; Shiomi, N.; Miyata, MJ. Am. Chem. Sod 998, 120,
10543—-10544.
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achieved by the cocrystallization method (Table 1, entry 1). study demonstrated that three-dimensionally dissymmetric
Thus,3awas included spontaneously and enantioselectively cavities can be constructed in a supramolecular hydrogen-
at room temperature from a hexane solution into the cavities bonded 2-column architecture by the self-assembly of an
created in the apo-salt-2. The powder XRD patterns of  enantiopure primary amine and an achiral carboxylic acid
1-2-3acrystals obtained by the cocrystallization method and anq that the cavities can reversibly include the third
by the suspension method were identical to each other (se&omponents (guests) and recognize their chirality. The results
Supporting Information). This fact implies that the porous  gongly suggest that the construction of supramolecular solid
organic crystal constructed by self-assembly of the enan- 5 pitectures for inclusion with a chiral recognition ability
t|opure_am|ng1 and th(_a achiral c_arboxyl!c ac_can offer is possible by crystal engineering using combinations of
three-dimensionally dissymmetric cavities suitable for the enantiopure primary amines and achiral carboxylic acids,

chiral guests3. which are easily tunable for the third components since a

Removal of the third componer® was very easy. For . . . .
example, upon heatirly2-3acrystals at 89C under reduced great number of enantiopure amines and achiral carboxylic

pressure (0.3 mmHg) for 1 h, the molecules of the third 2Cids are available.
componenB3a were completely removed from the crystals
(by a’H NMR analysis). The XRD analysis of the resultant ~ Acknowledgment. We thank Prof. Takuzo Aida, ERATO
crystals revealed that the-2olumn architecture has been Nanospace Project, JST, for the permission to use a single
partially deconstructed after heating. However, the resultant crystal X-ray diffractometer. This work is partially supported
crystals again included the third compon&at enantiose- by Ito Science Foundation.
lectively (84% ee) when the crystals were left in a hexane
_solution of3a; the 2-column architecture was reconstructed Supporting Information Available: Experimental pro-
in the form of 1-2-3a. Moreover, the powder XRD pattern
of the included crystals was almost the same as that of the
original three-component crystals (see Supporting Informa-
tion). This means that the enantioselective inclusion of the
third components in the apo-saltl-2 is reversible.

Although the inclusion of solvent molecules in amine/
carboxylic acid salts has been reported so'fdhe present  0L048948B

cedures, spectral characterization bf2-3a—t, crystal-
lographic data ofL.-2-3bin CIF format, and XRD chart of
1-2-3a. This material is available free of charge via the
Internet at http://pubs.acs.org.
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