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The effect of a counteranion on chiral recognition inducing conglomerate crystallization of a cobalt(lll) complex is
reported. An achiral tripodal ligand involving three imidazole groups, tris{[2-{ (imidazol-4-yl)methylidene} amino]-
ethyl}amine (HsL), was prepared by condensation of tris(2-aminoethyl)amine and 4-formylimidazole in a 1:3 mole
ratio. The reaction of HsL and trans-[Co"'Cly(py),]* afforded the chiral (A or A) [Co"(HsL)]** complex. The formally
hemideprotonated complexes [Co"(Hy 5L)]X15°nH,0 (where X = Cl, Br, I, BF4, ClOq4, or PFs) were synthesized by
controlled deprotonation of the uncoordinated imidazole NH groups of [Co(HsL)[**. In crystals of the hemideprotonated
complex, two components, [Co(HsL)J** and [Co(L)], with the same absolute configuration are linked by imidazole—
imidazolate hydrogen bonds to form an extended homochiral 2D sheet structure, which is composed of a hexanuclear
unit with a trigonal void. There are two ways of stacking the sheets: One is via homochiral stacking, and the other
is via heterochiral stacking. When the size of the counterion is small (i.e., X = Cl, Br, |, or BF,), adjacent homochiral
sheets with the same chirality are stacked to form a homochiral crystal (conglomerate). With large anions (i.e.,
ClO,~ and PFg™), a homochiral sheet consisting of A enantiomers and a sheet consisting of A enantiomers are
stacked alternately to give a heterochiral crystal (a racemic crystal). Optically active A-[Co(H5L)](ClOg);5°H,0
was synthesized from A-[Co(HsL)]**, and the crystal structure was compared to that of the racemic complex.
There are two conflicting factors governing the crystal structure: the skeletal density; the size of the channels. The
2D sheets are more closely packed in the homochiral crystal than in the heterochiral crystal. However, the channels,
where the counterions are accommodated, are smaller in the homochiral crystal, and the steric congestion between
the anions increases with increasing anion size. The heterochiral crystal has a flexible, zigzag channel structure,
and the size of the channels can increase to accommodate larger anions. Thus, complexes with large anions (i.e.,
ClO,~ and PF¢™) preferentially form heterochiral crystals rather than homochiral crystals.

Introduction sions? When a racemate aggregates and condenses, it can
form the following: (1) a racemic crystal (it is also called a
racemic compound or a true racemate in which the two
enantiomers are present in equal quantities in a well-defined
arrangement within the crystal lattice); (2) a conglomerate

The most beautiful experiment in the history of chemistry,
according to a survey dthem. Eng. Newaders, is Louis
Pasteur’s manual separation of sodium ammonium tartrate

crystals into two sets of crystals that were mirror images of : . :
Y 4 g (a mechanical mixture of crystals of the pure enantiomers);

N X : -
each othet2 The experiment was the effective beginning of (3) a racemic solid solution (a pseudoracemata)con-

stereochemistry and understanding molecules in three dimen- : .
glomerate is formed as a result of a spontaneous resolution.
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crystals and self-assembled monolayefée separation of
two enantiomers forming a conglomerate does not require
any optically active auxiliary agent, and thus, this is the most
straightforward route to the pure enantiom&rblost race-
mates &90%) crystallize as racemic crystals; the formation
of a conglomerate is rare and is not predicta®lend thus,

the creation of a compound forming a conglomerate is
difficult. However, if there are preferential and extended
homochiral interactions between neighboring chiral units, the
chirality can be extended to higher dimensionality, and hence,
conglomerate crystallization is likely to occtfhese chiral
discriminative interactions may arise from coordination bonds
and/or hydrogen bonds, which are substantially strong,
selective, and directional. In a previous paper reported

on a molecular system inducing conglomerate crystallization,

where a chiral molecule generated from achiral components

gives a homochiral two-dimensional (2D) sheet via self-
organization and intermolecular homochiral interaction and
sheets with the same chirality are stacked in the crystal to
form a conglomerate. Figure 1 shows a schematic represen
tation of the procedure. We have designed a cobalt(lll)
complex with an achiral tripodal ligand involving three
imidazole groups, trig2-{(imidazol-4-yl)methylidenk-
amino]ethy}amine (KL, Figure 1a). The [CH(HsL)]3"
complex is chiral with either aA (clockwise) or aA
(anticlockwise) configuration, due to the screw coordination
arrangement of the achiral tripodal ligand around thé' Co
ion (Figure 1b). The uncoordinated imidazole NH groups
can be easily deprotonated by the action of a Babee
formally hemideprotonated species, [@bl; 5L)]Cl 1 54H,0

(i.e., [Cd"(HsL)][Co"(L)]Cl3-8H,0, 2Cl), was prepared by
controlled deprotonation of [Cl{H3L)]Cl 3 (1Cl). In a crystal

(3) (a) Jacques, J.; Collet, A.; Wilen S. Hnantiomers, Racemates and
Resolutions Krieger Publishing Co.: Malabar, Florida, 1991. (b)
Collet, A.; Brienne, M.-J.; Jacques, Ghem. Re. 1980 80, 215-
230.

(4) (a) Walba, D. M.; Kablova, E.; Shao, R.; Maclennan, J. E.; Link, D.
R.; Glaser, M. A.; Clark, N. AJ. Phys. Org. Chen200Q 13, 830—
836. (b) Weissbuch, I.; Kuzmenko, I.; Berfeld, L.; Leiserowitz, L.;
Lahav, M.J. Phys. Org. Chen00Q 13, 426-434. (c) Yang, W.;
Chai, X.; Chi, L.; Liu, X.; Cao, Y.; Lu, R.; Jiang, Y.; Tang, X.; Fuchs,
H.; Li, T. Chem—Eur. J. 1999 5, 1144-1149.

(5) (a) Li, M.; Sun, Q.; Bai, Y.; Duan, C.; Zhang, B.; Meng, Ralton
Trans.2006 2572-2578. (b) Li, F.; Li. T.; Li, X,; Li, X.; Wang, Y.;
Cao, R.Cryst. Growth Des2006 6, 1458-1462. (c) Gao, E.-Q.; Yue,
Y.-F.; Bai, S.-Q.; He, Z.; Yan, C.-HJ. Am. Chem. SoQ004 126,
1419-1429. (d) Tabellion, F. M.; Seidel, S. R.; Arif, A. M.; Stang,
P. J.Angew. Chem., Int. EQ00], 40, 1529-1532. (e) Yamaguchi,
T.; Yamazaki, F.; Ito, TJ. Am. Chem. So@001 123 743-744. (f)
Breu, J.; Domel, H.; Stoll, AEur. J. Inorg. Chem200Q 2401-2408.
(g) Kramer, R.; Lehn, J.-M.; De Cian, A.; Fischer,Angew. Chem.,
Int. Ed. Engl.1993 32, 703-706.

(6) Katsuki, I.; Motoda, Y.; Sunatsuki, Y.; Matsumoto, N.; Nakashima,
T.; Kojima, M. J. Am. Chem. So@002 124, 629-640.

(7) (a) Miyasaka, H.; Okamura, S.; Nakashima, T.; Matsumotdndtg.
Chem.1997, 36, 4329-4335. (b) Mimura, M.; Matsuo, T.; Motoda,
Y.; Matsumoto, N.; Nakashima, T.; Kojima, MChem. Lett.1998
691-692. (c) Katsuki, I.; Matsumoto, N.; Kojima, Mnorg. Chem.
200Q 39, 3350-3354. (d) Kolks, G.; Frihart, C. R.; Rabinowitz, H.
N.; Lippard, S. J.J. Am. Chem. Socl976 98, 5720-5721. (e)
Matsumoto, N.; Motoda, Y.; Matsuo, T.; Nakashima, T.; Re, N.;
Dahan, F.; Tuchagues, J.-lRorg. Chem.1999 38, 1165-1173. (f)
Lorente, M. A. M.; Dahan, F.; Sanakis, Y.; Petrouleas, V.; Bousseksou,
A.; Tuchagues, J.-FAnorg. Chem.1995 34, 5346-5357. (g) Shii,
Y.; Motoda, Y.; Matsuo, T.; Kai, F.; Nakashima, T.; Tuchagues, J.-
P.; Matsumoto, NInorg. Chem.1999 38, 3513-3522. (h) Brewer,
C. T.; Brewer, G.; Shang, M.; Scheidt, W. R.; Muller|rorg. Chim.
Acta 1998 278 197—201.

Figure 1. (a) Synthetic procedure for the tripodajlHligand. (b) A and

A configurations of [Co(HL)]3". (c) Top view (top) and side view (bottom)
of the crystal structure of [C¥(H1.5L)]Cl1.54H,0 (i.e., [CA" (HzL)][Co™-
(L)]Cl3-8H20, 2Cl), showing the 2D homochiral sheet formed by intermo-
lecular hydrogen bonds between [QisL)]3" and [Cd'(L)]°. The water
molecules are omitted for clarity.

of 2Cl, two components, [Co(#)]** and [Co(L)P, which
have the same absolute configuration, are linked by imida-
zole—imidazolate hydrogen bonds to form a puckered sheet
structure with a trigonal void. Adjacent molecules with the
same chirality are arrayed in an up-and-down fashion
(Figure 1c). Sheets with the same chirality are stacked to
give a homochiral crystal (conglomerate). Although the
analogous perchlorate salt of the hemideprotonated complex,
[CO(Hl,sL)](C|O4)1_5‘4HQO (=[Co”' (H3L)][CO”| (L)](C|O4)3'
8H,0, 2CIQ,), consists of homochiral sheetaCIO, was
found to be a racemic crystal; a homochiral sheet consisting
of A enantiomers and an adjacent sheet consisting\ of
enantiomers stacked alternately to give a heterochiral cifystal.
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In both2Cl or 2CIlO,, the counteranions are accommodated (@ 4 T T T T T T T
in a space between the sheets, and we suggested that the
difference in size of the counteranion would affect the
packing mode of the sheets. The importance of the counterion
on conglomerate crystallization has been discussed for other
chiral complexe$.For example, Yamanari et &l.studied

the solubility of the racemic and optically active isomers of
[Co(ox)(en}]X (X = CI, Br, or I) and found out that the
chloride and bromide salts crystallize as conglomerates, while
the iodide salt gives a racemic crystal. It is to be noted that
the iodide is also reported to crystallize in both of the
monoclinic space group£2 (conglomerate) andC2/c
(racematejc In an effort to compare and to understand the
conglomerate crystallization mechanism, Bernal et*dl.
studied in detail the structures of several"Camine
complexes. They proposed that the intra- and intermolecular
hydrogen bonds, as well as the counteranion, play an essential 850 400 450 500 550 600 650 700 750
role in conglomerate crystallization. To investigate the effect Wavelength/nm

of the size and shape of the counteranion, we prepared a

series of hemideprotonated complexes, [G@HIX 1.5:nH,O (b) o ' ' ' ' ! ! !
(X = ClI, Br, I, BF,;, ClO4, and PFE), and compared their N
crystal structures with each other. The optically active 40 | 1
compoundA-[Co(H;.5L)](ClO4)1.5°H-0 (A-2ClO,) was pre- ‘
pared from A-[Co(HsL)](ClO4)s:1.5H,0, and the crystal
structure ofA-2ClO, was compared to that of the hetero-
chiral crystal (ac-2ClO,).

log e/M" cm™

05 1 1 1 1 1 l“" 1 1

Results and Discussion

Ae/M ™ cm™

Synthesis, Characterization, and PropertiesThe tripo-
dal HsL ligand was prepared by condensation reaction of
tris(2-aminoethyl)amine and 4-formylimidazole in a 1:3 mole
ratio in methanol (Figure 1). The ligand was not isolated,
and a solution containing the ligand was allowed to react
with trans[CoClpy,]Cl (1:1) to yield [Co(HsL)] 3t (1). The
complex was isolated as the perchlorate, [GAJHCIO )3 -20
H,0 (1CIO,). The uncoordinated NH groups of the imidazole
moieties of the complex can be deprotonated by the action Wavelength/nm
of a base. We have reported the preparation, structure, andigure 2. UV—vis and CD spectra oA-[Co(HysL)l(CIO4)1.5H20 (A-
properties of the fully deprotonated species, [CA{Lg5 well ?Si?éb?tzzhﬁgel)lr}ﬁ)ﬁgﬁgﬁgt)}(CIOA)?LSF&O feoline), andiLce
as1ClO,.% The hemideprotonated species, [Codg] 5" (2),

was prepared by adding a calculated amount (1.5 equiv) ofthe same method as f@Br, except that NaBfand NH;-

350 400 450 500 550 600 650 700 750

a base td. The chloride of the hemideprotonated complex, PR;were used instead of NaBr, respectively. The preparation
[Co(H1sL)]Cl154H,0 (2CI), was prepared by adding a 1.5 of [Co(H;sL)]l152H,0 (21) was not easy, because less

equiv of triethylamine to a methanol solution of [Ca(H)-

soluble [Co(H sL)]l 0.524H20 (3I) crystallized preferentially

Cls, which was obtained by conversion of the perchlorate when a calculated amount (1.5 equiv) of NaOH and excess

salt (LCIO,4) with an anion exchanger in the Clorm. [Co-

(HysL)]Br1s4H,O (2Br) was obtained by the addition of

Nal were added to an aqueous solution of [CA(HCIs.
Thus, we added a smaller amount (1.4 equiv) of NaOH and

1.5 equiv of NaOH and excess NaBr to an aqueous solutionobtained a mixture of [Co(ktL)]l 054H.O (31) and [Co-

of [CO(HgL)]C|3 Both [CO(H15L)](BF4)15’25HgO (ZBF4)
and [Co(H sL)](PFe)1.53.5H0 (2PFs) were prepared using

(8) (a) Yamanari, K.; Hidaka, J.; Shimura, Bull. Chem. Soc. Jpri973
46, 3724-3728. (b) Bernal, I.; Cetrullo, J. Coord. Chem1989 20,
259-265. (c) Bernal, I.; Cetrullo, J.; Myrczek, J.; Massoud, SJS.
Coord. Chem1993 30, 29-51. (d) Bernal, I.; Cetrullo, J.; Myrczek,
J. Mater. Chem. Phys1993 35, 290-300. (e) Bernal, I.; Cai, J.;
Myrczek, J.Polyhedron1993 12, 1157-1162. (f) Bernal, I.; Myrczek,
J.; Cai, J.Polyhedron1993 12, 1149-1155. (g) Bernal, I.; Jiwen,
C.; Myrczek, J.Polyhedron1993 12, 1157-1162. (h) Saha, M,;
Ramanujam, R.; Bernal, |.; Froncaek, F.&yst. Growth Des2002
2, 205-212.
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(H1sL)]l1.522H,0 (21). Since2l has a higher densityd( =
1.77 g cm®) than3l (D = 1.62 g cm®), they were separated
on the basis of the difference in density. The perchlorate of
the optically active hemideprotonated compleX;[Co-
(H1.9L)](ClO4)15H0 (A-2CIO,), was prepared by the ad-
dition of 1.5 equiv of NaOH and excess of NaGl@ an
aqueous solution aA-[Co(HsL)]Cls.

All the hemideprotonated complexes showed two IR
absorption bands in the 1592628 cn1* region, which were
assignable to the €N stretching vibration of the tripodal
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Table 1. X-ray Crystallographic Data for [Co(H$L)]Br1.5:4H20 (2Br), [Co(H15L)]l 1.5:2H20 (21), [Co(H15L)[(BF4)1.52.5H0 (2BFs),
rac-[Co(Hi 5L)](ClO4)1.54H0 (rac-2Cl04), A-[Co(H1.5L)](ClO4)1.5H20 (A-2ClO4), [Co(Hy.5L)](PFe)1.5-3.5H0 (2PFs), and [Co(H sL)]l 0.574H20 (31)

2Br 2l 2BF4
formula GigHz0.88r1.5CoN1¢O4 CigH26.5C0l1.5N1002 C18H27.881.5CoFsN1¢02 5
fw 629.79 664.26 613.12
cryst system trigonal trigonal trigonal
space group P3 (No. 143) P3 (No. 143) P3 (No. 143)
alA 12.339(4) 12.388(3) 12.254(4)
b/A 12.339(4) 12.388(3) 12.254(4)
c/A 9.339(4) 9.389(3) 9.299(2)
o/deg 90 90 90
pldeg 90 90 90
yldeg 120 120 120
VIA3 1231.4(7) 1247.8(5) 1209.2(6)
z 2 2 2
Dcadg cni3 1.698 1.768 1.684
ulem™t 31.849 25.799 7.992
R 0.083] > 2.00(1)] 0.089 ] > 2.00(1)] 0.056 | > 2.00(1)]
Ry 0.245 (all data) 0.265 (all data) 0.159 (all data)
T/°C 20 20 20
Flack param 0.05(3) 0.31(4) 0.24(2)
rac-2ClO,® A-2ClO4

formula GigH305Cl1.5CON1gO10 C1gH24.5Cl1 sCON1O7

fw 659.11 605.07

cryst system monoclinic trigonal

space group Cc(No.9) P3 (No. 143)

alA 24.330(7) 12.304(4)

b/A 12.887(5) 12.304(4)

c/A 18.157(4) 9.315(3)

o/deg 90 90

pldeg 91.86(2) 90

yldeg 90 120

VIA3 5690(3) 1221.2(6)

z 8 2

Deadg cni3 1.539 1.645

ulem™t 8.118 9.291

R 0.06 | > 2.00(1)] 0.051 [| > 2.00(1)]

Rw 0.062 [ > 2.00(1)] 0.142 (all data)

T/°C 20 20

Flack param 0.10(2)

2PFs 3l

formula GigH29.5C0RN1003 5Py 5 Ci8H29.5C0l0 sN1004

fw 718.38 572.38

cryst system monoclinic trigonal

space group C2/c (No. 15) R3c(h) (No. 167)

a/A 25.096(6) 11.919(4)

b/A 13.469(4) 11.919(4)

c/A 17.884(4) 57.12(3)

a/deg 90 20

pldeg 91.545(8) 90

yldeg 90 120

VIA3 6043(3) 7027(5)

z 8 12

Dcaldg cn3 1.579 1.623

ulem™ 7.446 14.395

R 0.066 | > 2.00(1)] 0.026 )| > 2.00(1)]

Ry 0.185 (all data) 0.067 (all data)

T/°C 20 20

Flack param

ARy = Y |IFol = IFcll/X|Fol. * Ry = [SW(IFe? — |F)Z/ T wIFe?|4"2

Schiff base ligand.The IR spectra agreed with the crystal

the ligand in the neutral form, 4, exhibits thev(C=N)

Figure 2 shows the electronic and circular dichroism (CD)
structures of the hemideprotonated complexes (vide infra) spectra ofA-[Co(H15L)](ClO4)15H20 (A-2CIO,4) in metha-
in that the complexes consist of two components, [Co- nol, together with those ok-[Co(HsL)](ClO4)3:1.5H0 and
(HsL)]3* and [Co(L)]. We have shown that a complex with  A-[Co(L)]. The first d—d absorption band oh-2ClO,, T4

— 1A414 (On), is observed as a shoulder £ 480 nm,e =

band in a higher wave number region than the deprotonated224 M~* cm™) of an intense iminer—x* transition (. =

L3 form does®'® Thus, the bands at higher and at lower
energy were assigned as th&€=N) bands of [Co(HL)]3"
and [Co(L)], respectively.

(9) Nakamoto, K.nfrared and Raman Spectra of Inorganic and Coor-
dination Compounds$th ed.; John Wiley and Sons: New York, 1997;

Part B.

Inorganic Chemistry,
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Table 2. Coordination Bond Distances (A) for [Co{L)]Br 1.54H,0 (2Br), [Co(HysL)]l 1.52H,0 (21), [Co(H1.L)](BF 4)15:2.5H0 (2BFy),
rac-[Co(Hi 5L)](ClO4)1.54H0 (rac-2Cl04), A-[Co(H1.5L)](ClO4)1.5H20 (A-2ClO4), [Co(Hy.5L)](PFe)1.5-3.5H0 (2PFs), and [Co(h sL)]l 0.5:4H20 (31)

2Br 2l 2BF4 A-2ClO4 rac-2ClO,48

Co(1)-N(2) 1.970(5) 1.971(7) 1.964(11) 1.976(3) 1.90(2)

Co(1)-N(3) 1.894(4) 1.902(5) 1.910(12) 1.902(2) 1.92(2)

Co(1)-N(5) 1.88(2)

Co(1)-N(6) 1.92(2)

Co(1)-N(8) 1.98(2)

Co(1)-N(9) 1.88(2)

Co(2)-N(6) 1.972(4) 1.974(7) 1.970(10) 1.967(3) Cofy(12) 1.931(19)

Co(2)-N(7) 1.895(6) 1.901(5) 1.901(11) 1.910(3) Cofy(13) 1.927(16)
Co(2)-N(15) 1.99(2)
Co(2)-N(16) 1.863(15)
Co(2)-N(18) 2.03(2)
Co(2)-N(19) 1.886(16)

2PFs 3l

Co(1)-N(2) 1.950(3) 1.9769(19)

Co(1)-N(3) 1.912(3) 1.9064(15)

Co(1)-N(5) 1.959(3)

Co(1)-N(6) 1.909(3)

Co(1)-N(8) 1.946(3)

Co(1)-N(9) 1.894(3)

ca. 320 nme = 5000 M cm™3), which hides the weak
second e-d absorption bandiToq <— A4 (Op).* A-2CIO4
exhibits a negative CD band in the firstd absorption band
region (. = 486 nm,Ae = —10.1 Mt cm™%). As expected,
the UV—vis and CD spectral features ok-2CIO, are
between those afA-[Co(HsL)](ClO4)3+1.5H,0 and A-[Co-
L)].*?

In a previous papérwe reported that [Co(HL)]Cl1 s
4H,0 (2CI) crystallizes as a conglomerate, while [Ce&H)]-
(ClOy)154H,0 (2ClO,), as a racemic crystal. We have

measured the CD spectra of crystallites of the hemidepro-
tonated complexes to examine if they crystallized as con-

glomerates. A crystallite a®Br was dissolved in dimethyl
sulfoxide, and the spectrum was measured in the rarge

3.33-3.44 A) and the ligand serves as a hexadentate ligand
in these complexes. In each complex, three imine (Schiff
base) nitrogen atoms and three imidazole nitrogen atoms are
coordinated to form an octahedral'Coomplex. The relevant
coordination bond distances are listed in Table 2. Each
complex is chiral, with either aA (clockwise) or aA
(anticlockwise) configuration, due to the screw coordination
arrangement of the tripodal ligand around the"Gon. As
described aboveBr, 21, and2BF, crystallize as conglomer-
ates, and\-2ClO,4 was derived from\-[Co(H,L)][Sb((R,R-
tarty]-4H,O. The absolute configurations of the chiral
crystals2Br, 21, 2BF,, andA-2ClO,4, which were subjected

to the X-ray analysis, were determined using the Flack
parameters?

330-600 nm. The spectrum showed a negative and a positive ~ Structure of [Co(H1sL)]Br 154H,O (2Br) and [Co-
peak at 486 and 347 nm, respectively, and the spectrum of(H, 5L )] 152H,0 (2I). 2Br crystallized in the trigonal space

another crystallite showed an enantiomeric CD pattern,
demonstrating tha2Br crystallized as a conglomerate. We
have confirmed tha®Br, 2I, and 2BF, crystallized as
conglomerates, whilePF; and2CIO, did not (see Support-
ing Information Figure S1). The results are in agreement with
the X-ray structural analysis.

X-ray Crystal Structures. The crystal data fo2Br, 2I,
2PFs, rac-2ClO4, A-2ClO4, and 31 are summarized in
Table 1. Although the kL ligand is potentially heptaden-
tatel® the tertiary amine nitrogen atom is not coordinated to
the metal atom, (the N(tertiary amine)lCo distance being

(10) (a) Ikuta, Y.; Ooidemizu, M.; Yamahata, Y.; Yamada, M.; Osa, S.;
Matsumoto, N.; lijima, S.; Sunatsuki, Y.; Kojima, M.; Dahan, F.;
Tuchagues, J.-Anorg. Chem.2003 42, 7001-7017. (b) Yamada,
M.; Ooidemizu, M.; Ikuta, Y.; Osa, S.; Matsumoto, N.; lijima, S.;
Kojima, M.; Dahan, F.; Tuchagues, J.-RPorg. Chem.2003 42,
8406-8416. (c) Sunatsuki, Y.; Ohta, H.; Kojima, M.; lkuta, Y.; Goto,
Y.; Matsumoto, N.; lijima, S.; Akashi, H.; Kaizaki, S.; Dahan, F.;
Tuchagues, J.-Anorg. Chem.2004 43, 4154-4171.

(11) (a) Tanabe, Y.; Sugano, $.Phys. Soc. Jprl954 9. 753-766. (b)
Lever, A. B. P.Inorganic Electronic Spectroscop§lsevier: Am-
sterdam, 1968.

(12) Nakamura, H.; Fujii, M.; Sunatsuki, Y.; Kojima, M.; Matsumoto, N.
Manuscript in preparation.
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groupP3 (No. 143), withZ = 2. The crystal structure consists
of one [Co(HL)]3" cation, one neutral [Co(L)] species, three
Br~ ions, and eight water molecules (seven molecules with
occupancy (Occy 1, and three molecules with Oee 1/3)

as the unique unit. Figure 3 shows the ORTEP drawings of
[Co(HsL)]®" and [Co(L)] along with the selected numbering
scheme. The crystal structure BBr is similar to that of
2Cl.% Figure 4a,b shows a top and a side view 28r,
respectively. Component species with the saxneonfigu-
ration are linked by imidazoleimidazolate hydrogen bonds
with an N(4)--N(8) distance of 2.716(8) A to form a
puckered 2D sheet composed of a hexanuclear unit with a
trigonal void in theab-plane (shown by the green triangle
in Figure 4). Sheets with the same chirality are stacked along
the c-axis to form a chiral crystal, as evidenced by the CD
spectrum (see Supporting Information Figure S1). The three
Br~ ions are coplanar in thab-plane, and they are located

(13) Brewer, C.; Brewer, G.; Butcher, R. J.; Carpenter, E. E.; Cuenca, L.;
Noll, B. C.; Scheidt, W. R.; Viragh, C.; Zavalij, P. Y.; Zielaski, D.
Dalton Trans.2006 1009-1019.

(14) Flack, H. D.Acta Crystallogr., Sect. A993 39, 876-881.
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Figure 3. ORTEP drawings of (a) [Co(#t)]*" and (b) [Co(L)] in [Co-
(H15L)1Br154H,0 (2Br) with their selected numbering schemes. Both
component species have the same absolute configuratipn (

Figure 5. Crystal structure of [Co(dsL)](BF 4)1.52.5H0 (2BF.). Water
molecules and the hydrogen atoms, except for those attached to N4, have
been omitted for clarity. The component species, [GhjH+ and [Cd'-
(L)], have the samé\ absolute configuration. (a) Top view of the homochiral
2D-sheet structure formed by hydrogen bonds between the molecules. A
trigonal void formed by a hexanuclear unit is shown by the red triangle.
(b) Side view showing the up-and-down molecular array. There are two
types of BR~ ion: Two ions (B(1), Occ= 2/3 x 3) are accommodated in
the intermediate region of the double layer, and the remainder (B(2) and
B(3), Occ= 1/2 x 2) are on the crystallographics; axis, with all anions

Figure 4. Crystal structure of [Co(lL)]Bris4H,O (2Br). Water being located in the channel.

molecules and the hydrogen atoms, except for that attached to N4, have

been omitted for clarity. Component species with the sAngenfiguration

are linked by imidazoleimidazolate hydrogen bonds. (a) Top view of the . .
homochiral 2D-sheet structure formed by hydrogen bonds between the of the channel than the Cland Br ions are in2Cl and

molecules. A trigonal void formed by a hexanuclear unit is shown by the 2Br, respectively.
green triangle. (b) Side view showing the up-and-down molecular array. Structure of [Co(H1L)](BF )1 52.5H,0 (2BF.). 2BF,
also crystallized as a conglomerate in the acentrosymmetric

in a trigonal homochiral channel. The BiBr distance is  trigonal space group3 (No. 143), withZ = 2. The overall
5.663 A, which is smaller than the ICl distance crystal structure is similar to those @CI, 2Br, and 2|
(5.756 A) in2Cl. The water molecules are located deeper (Figure 5). The crystal structure consists of one [Ghff*
in the triangular channel than the Bions are. cation, one neutral [Co(L)] species, three,Bions, and five

2l also crystallizes in the acentrosymmetric trigonal space Water molecules (one molecule with Oecl and 12 molec-
groupP3 (No. 143), withz = 2. The crystal structure consists ules with Occ= 1/3) as the unique unit. The N(4)N(8)
of one [Co(HL)]3" cation, one neutral [Co(L)] species, three hydrogen bond distance connecting the two components is
I~ ions, and four water molecules (six molecules with Occ 2.739(18) A. The crystal subjected to the X-ray structural
= 1/2 and three molecules with Oee 1/3) as the unique  analysis consisted of component species with the same
unit. The overall crystal structure is very similar to those of configuration. There are two types of BFion: Two ions
2Cl and 2Br (see Supporting Information Figure S2). The (B(1), Occ 2/3x 3) are accommodated in the intermediate
component species are linked by N¢4)(8) hydrogen bonds ~ region of the double layer as halide ions2gl, 2Br, and
with a distance of 2.719(1) A. Here again, theibns are 21, and the remainder (B(2) and B(3), Occ 22) are on
accommodated in the intermediate region of the double layer,the crystallographicC; axis. All anions are located in the
and they are in the triangular chiral channel. Thell trigonal channel comprised of six complexes. The B¢l)
distance is 5.412 A, and the lons are closer to the center B(1) distance is 5.052 A, with this value being smaller than
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2.69(3), and N(7)+N(20)= 2.70(2) A, to give a homochiral
double layer structure. A homochiral sheet consisting of
enantiomers and an adjacent sheet consisting ehantio-
mers are stacked alternately to give a heterochiral structure
(Figure 6). The trigonal void formed by th® enantiomers
(shown by the green triangle in Figure 6a) and that formed
by the A components (shown by the red triangle in
Figure 6a) form in the opposite direction. The counteranions
are not on in the samab-plane as are the halide ions in
2Cl, 2Br, and2l. They are accommodated in the heterochiral
channel comprised of a stacking of theand A double layers
with a trigonal void along the-axis (vide infra). The water
molecules are located in the channels inside the anions. The
skeletal structure afac-2ClO, is more flattened and spread
out in theab-plane, especially along tteeaxis than in2Cl,
2Br, and 21, and there is a small shift along theaxis
direction. These structural features will be discussed in more
detail later.
The structure of optically activa-[Co(H1.5L)](ClO4)1 5
H2O (A-2ClOy) is similar to that of [Co(HsL)](BF4)15
2.5H,0 (2BF,). A-2CIlO4 crystallizes in the acentrosymmet-
ric trigonal space group3 (No. 143), withZ = 2. The crystal
structure consists of one [CogH)] 3" cation, one neutral [Co-
(L)] species, three CIQ ions (three ions with Oce= 2/3
and two ions with Occ= 1/2), and two water molecules
(one molecule with Oce= 1 and three molecules with Occ
= 1/3) as the unique unit. Component species are linked by
N(4)--*N(8) hydrogen bonds with a distance of 2.748(4) A
to produce a puckered 2D sheet structure. Such sheets stack
Figure 6. Crystal structure ofac-[Co(Hy.5L)](ClO4)1.54Hz0 (rac-2CIOy). along thec-axis to form a homochiral crystal (Figure 7).
Water moleculis an% the hydrt(:ggr} ;t%rlr;?{texgizt Lzr£2%82t2$a§2?t htg N4.There are two types of ClO ion: Two ions (CI(1), Occ=
glrza/?nednglnlt%m:rvseargiﬂomir?green andyr.ed, respectively. The triangles 2/3 x 3) are accommOd_ateq in the intermediate region of
denote the trigonal voids formed by hexanuclear units. (a) Top view showing the double layer as halide ions RCI, 2Br, and 2I, the
o ore D [P e "IN (CI(2) and CI(2). Oce 1/2 x 2) are along the
2tr:uc[tu(r)e(z.)(]k’1)arseide viewyshzwingg the up-and-down molecular array. The crystqllographlccg a_XIS’ and all anions are located "?
ClO4~ ions are not in the samab-plane. They are accommodated in the the trlgonal homochiral channel. These features regardlng
heterochiral channel formed by stacking of thandA double layers with the positions of counterions are similar to those2&fF,.

a trigonal void along the-axis. The CI(1)--CI(1) distance is 5.138 A, and this value is a
little larger than the B+B distance in2BF; (5.035 A).
those of the X---X~ (where X= CI, Br, and |) distances, Structure of [Co(H1sL)](PFe)153.5H,0 (2PFs). Al-

and thus, the BF ions are closer to the center of the chiral though the IR spectrum indicated the presence of two
trigonal channel than are the halide ions. There are threecomponents, [Co(kL)]®" and [Co(L)], the X-ray crystal-
types of water molecules: O(1) is located at the center of lographic data could not differentiate these. The Occ value
the three B(1) atoms, O(2) and O(3) (Oecl/3 x 6) are of the hydrogen atom for the uncoordinated imidazole NH
located at the same position as the B(1) atoms, and O(4)group was Ocec= 1/2, and the space group was 1@x, as
and O(5) (Occ= 1/3 x 6) are positioned above and below in rac-2CIO,4, but was the more symmetric@l2/c. Thus,
the B(1) atoms. the X-ray structure we analyzed showed only the average
Structure of rac-[Co(H1.5L)](CIO 4)1.54H,0 (rac-2ClO,) structure of the [Co(kL)]*" and [Co(L)] forms. The crystal
and A-[Co(H15L)](CIO 4)15H20 (A-2ClO,). 2CIO,4 does structure consisted of one [CofkL)]*5" cation, one and a
not undergo conglomerate crystallization, and we have half PR~ ions (one anion with Oce= 1 and one anion with
previously reported its crystal structrdhis crystallizes Occ = 1/2), and three and a half water molecules (three
in the monoclinic space groupc (No. 9), withZ = 8. The molecules with Oce= 1 and one molecule with Oce 1/2)
crystal structure consists of one [Co(B]3" cation, one as the unique unit. The two component molecules are linked
neutral [Co(L)] species, three CJOions (two ions with Occ by hydrogen bonds, N(4yrN(10) = 2.734(5), N(73--N(7)
=1 and two ions with Oce= 1/2), and eight water molecules = 2.689(4), and N(10)-N(4) = 2.734(5) A, to give a
as the unique unit. The two component molecules with the homochiral double layer structure in thb-plane. A homo-
same absolute configuration are linked by hydrogen bondschiral puckered sheet consisting Af enantiomers and an
with distances of N(4)-N(14) = 2.72(2), N(10)--N(17) = adjacent sheet consisting & enantiomers are stacked
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Figure 7. Crystal structure ofA-[Co(Hy.sL)](ClO4)1.5H20 (A-2ClOy).

Water molecules and the hydrogen atoms, except for that attached to N4,Figure 8. Crystal structure of [Co(iHsL)](PFe)1.5-3.5H0 (2PFs). Water

have been omitted for clarity. (a) Top view of the homochiral 2D-sheet molecules and the hydrogen atoms, except for those attached to N4, N7,
structure formed by hydrogen bonds between the molecules. A trigonal void and N10 have been omitted for clarity. The carbon atoms ofttteend A
formed by a hexanuclear unit is shown by the red triangle. (b) Side view enantiomers are shown in green and red, respectively. (a) Top view showing
showing the up-and-down molecular array. There are two types of CIO  that two components with the same absolute configuration, [e{R

ions: Two ions (CI(1), Occ= 2/3 x 3) are accommodated in the  and [Co(L)], are linked by hydrogen bonds to form a homochiral 2D-sheet
intermediate region of the double layer, and the remainder (CI(2) and Cl- structure. The triangles denote trigonal voids formed by hexanuclear units.
(3), Occ= 1/2 x 2) are on the crystallographiCs axis. All anions are (b) Side view showing the up-and-down molecular array. The counteranions
located in the trigonal channel comprised of six complexes. are not in theab-plane and are accommodated in the channels comprised

of stacks of two types of double layers.

alternately to give a heterochiral structure, asan-2ClO,4 sheets are stacked adjacent to each other, so that they fill
(Figure 8). The counteranions are not in tigplane and  out the space, and there is no interaction between the sheets
are accommodated in the heterochiral channel. The situation(Figure 9).
is again similar to that ofac-2CIO,. We will discuss this Comparison of the Homochiral and Heterochiral
in more detail in a later section. Crystals of the Hemideprotonated Complexes.In the
Structure of [Co(HosL)]l 054H20 (31). This complex was  crystal of a hemideprotonated complex, two components with
obtained as a byproduct of [Co(kL)]l152H.0 (21). 3l the same absolute configuration, [C@)]3 and [Co(L)],
crystallized in the trigonal space grol3c(h) (No. 167), are linked by imidazoleimidazolate hydrogen bonds to form
with Z = 12. The crystal structure consists of one [Co- an extended 2D sheet structure having a hexanuclear unit
(Ho.sL)]%5" cation, half ant ion, and four water molecules  with a trigonal void in theab-plane. There are two alternative
as the unique unit. A heterochiral 2D sheet structure is stacking options for these homochiral sheets along-tids.
constructed by hydrogen bonds between the imidazole (orWhen adjacent homochiral sheets with the same chirality
imidazolate) groups and the water of crystallization with an are stacked, a chiral crystal is formed. On the other hand,
N(4)---O(2) distance of 2.775(2) A and between the water when a homochiral sheet with enantiomers and an adjacent
of crystallization molecules with the distances of Of1) homochiral layer withA enantiomers are stacked alternately,
0O(2) = 2.825(2) A and O(2)-0(2) = 2.881(2) A (Figures a heterochiral crystal is formed. In either case, counteranions
9 and 10). The occupancy of the H atoms of the uncoordi- and water of crystallization molecules are accommodated in
nated imidazole NH group is 1/6, and theibn resides at  the channels. The channel shape depends on the stacking
the center of the space comprised of six complex cations.mode of the sheets: a homochiral crystal has a straight
The hydrogen atoms attached to O1 are disordered. The Occhannel, because the sheets are stacked along-#xés
value of the H atoms on th€; axis is Occ= 1, while that without any shift (Figure 11a). An achiral crystal has a zigzag
of the other three H atoms is Oee 1/3. The double-layer  channel along the-axis, and the channel can adopt the
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Figure 11. Schematic illustration of two types of channel shape: (a) a
straight channel (a-1) in a chiral crystal, where the halide ior&30f 2Br,

and2l are in theab-plane, and (a-2) in the crystals 2BF, and A-2ClOy,
where three counterions cannot reside in the same plane due to steric
congestion and one of the ions is pushed onto the crystallogr@plaikis;

(b) a zigzag channel in a heterochiral crystal (racemic crystal), as observed
in rac-2ClO4 and 2PFs, where the counteranions are situated obliquely to
the ab-plane and the anions can avoid steric congestion occurring.

counterions in the homochiral channels (Figure 11a-1,a-2).
In the crystals oRCl, 2Br, and2l with relatively small ions
(ionic radiusr(CI") = 1.67 A,r(Br-) =1.82 A, and (1) =
2.06 A)!5 the halide ions are in thab-plane in a channel
(Figure 11a-1). The %-X distance decreases in the follow-
ing order: Ci--Cl (5.756 A) > Br-+Br (5.663 A) > ||
(5.412 A). Thus, the steric interaction between the anions
seems to be less important than that between the skeleton
and the anions in these complexes. When the size of the
anion increases, the anions assume a different arrangement
in the channels. In the crystal 8BF, (r(BF,) = 2.84 A)15
the three counterions cannot reside in the same plane due to
the steric congestion; one of the ions is pushed into the

Figure 9. (a) Top view and (b) side view of the crystal structure of [Co-  crystallographidCs axis (Figure 11a-2), and the position that

gHo_sL)]|0_5.4HZO (31). The heterochiral 2D sheet structure is constructed may have been occupied by a BFon is filled with a water

y hydrogen bonds between imidazole (or imidazolate) and the water of )

crystallization and between the water of crystallization molecules. The molecule (Occ= 1/3, Figure 5). In the crystal ok-2CIO,4

carbon atoms of thé\ and A enantiomers are shown in green and red, (r(CIO{) =2.90 A),lS the positions of the three ClOions

respectively. The sheets are stacked each other so that they fll outthe space, o almost the same as those of the;Bfons in 2BF,
(Figure 7). The steric interaction between the anions is higher
in A-2CIlQ,, resulting in a longer CI(2)-Cl(1) distance
(5.138 A) than B(1)+B(1) distance (5.052 A). It should be
noted that2ClO,4 does not undergo conglomerate crystal-
lization and thatA-2CIlO,4 was obtained froni\-[Co(HsL)]-
(ClO4)3*1.5H,0.

The difference in ionic size between BF(2.84 A) and

ClO;~ (2.90 A) ions is small. However, this difference has
a pronounced effect2BF, gives a conglomerate, whereas
2ClO,4 forms a heterochiral crystal. A heterochiral crystal
(racemic crystal) affords a zigzag channel, where large
counteranions can be accommodated (Figure 11 b), and
therefore, it is natural tha&PFs with large anionsr(PR™)
= 3.01 A)S gives a heterochiral crystal.

Table 3 shows a comparison of the intersheet-@n
distances and two types of intrasheet 0o distances. One
is for Co--Co bridged by NH--N hydrogen bonds, and the
other is for next neighbor CeCo (see Figure 12 for

Figure 10. Intermolecular hydrogen bonding in [CafKL)]! 0.5:4H20 (3I). definiti
The I~ ion resides at the center of the space comprised of six complex efinition).

cations.

(15) (a) Weast, R. C., Eddandbook of Chemistry and PhysicSRC

counteranions obliquely in thab-plane so that the anions Erisz B%caﬁalttcirgglgél;Sfigb)lFisuIC(m), \gh Barbey, S-: II\D/I:Iatmdain,
. . . . -J.osyntn. et. . — . (C annon, . Clta
can avoid steric congestion occurring between them Crystallogr. 1976 A32, 751-767. (d) Shannon, R. D.. Prewitt, C. T.

(Figure 11b). There are two ways of accommodating the Acta Crystallogr.1969 B25, 925-946.
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Table 3. Intersheet Co-Co Distances and Two Kinds of Intrasheet-€8o Distances (A) of Hemideprotonated Complexes [Ga{B]Cl 1 54H,0
(2CI), [Co(H15L)IBr154H0 (2Br), [Co(H15L)]1152H20 (21), [Co(H1.5L)](BF4)1.52.5H:0 (2BF4), rac-[Co(H1 5L)[(ClO4)154H,0 (rac-2ClOy),

A-[Co(H18L)](ClO4)1.5°H20 (A-2Cl04), and [Co(H sL)](PFe)1.5'3.5H:0 (2PFe)

2Cl 2Br 2l 2BF4 A-2ClO4 rac-2ClO4® 2PFs
intersheet Co-Co dist 9.321 9.339 9.389 9.3 9.315 9.1 9.016
intrasheet Co-Co dist, bridged by NH-N hydrogen bonds  10.404 10.395 10.431 10.392 10.4 10.382 10.491
next-neighbor Co-Co dist in a sheét 12.277 12.339 12.388 12.254 12.304 12.887 13.469
13.766 14.241
13.766 14.241
(av. 13.473) (av. 13.984)

aSee Figure 12 for definition.

Figure 12. Three types of Co-Co distances: (a) in a homochiral crystal,
A-2ClOy; (b) in a heterochiral crystatac-2ClO4. These are the intersheet
Cor--Co distance (shown by the green line), the intrasheet-Co distance
bridged by NH--N hydrogen bonds (shown by the orange line), and the
next-neighbor intrasheet €eCo distance (shown by the purple line).

The following trends are observed from the data:

(1) The homochiral crystals have larger intersheet-Co
Co distances %¥9.3 A) than the heterochiral GeCo
distances £9.1 A). The Ce--Co distance is larger falac-
2CIO; (9.1 A) than for 2PE (9.0 A).

(2) The intrasheet GeCo bond distances bridged by
NH:---N hydrogen bonds are about 10.4 A, irrespective of
the counteranion.

(3) The next-neighbor intrasheet €&o distances are
longer for the heterochiral crystals than for the homochiral
crystals. A comparison of the two heterochiral crysgités
andrac-2ClO4 reveals that the former has a longer distance
(average= 13.984 A) than the latter (average13.473 A).

In summary, the heterochiral crystals have a more spread
out and flattened structure in tla-plane than the homo-
chiral crystals do, and moreovePFs with large counter-
anions ((PRs~) = 3.01 A) has a more spread out structure
thanrac-2ClO,4 does ((ClO,7)= 2.90 A). It should be noted
that the skeletal structure of the homochiral crystals is not
affected by the type of counteranion. The heterochiral crystals
do not have a crystallograph@ axis of symmetry, and the
degree of spreading out is different between #ieand
b-axial directions. The spreading out along &iaxis affords
a larger space for accommodating larger counteranions.
Although the spreading out along theaxis is not as large
as in thea-axis direction, a large space is formed by stacking
the sheets with a shift, as shown in Figures 11 and 13, and
this shift is larger ir2PFs (0.858 A) with large counteranions
than it is inrac-2ClO, (0.538 A). Since the 2D skeletal
structure of the heterochiral crystals can spread out and
flatten, we conclude that the heterochiral structure is much
more flexible than is the homochiral structure.

Table 4 shows a comparison of the size of the void in the
homochiral and heterochiral crystals. Here, the void is
defined by the triangle formed by connecting the imidazole
H(1) atoms (Figures 48). The heterochira2PFs complex
has the largest area void (89)Aollowed by the heterochiral
rac-2ClO, (85 A?), and the areas of the voids in the
homochiral complexes are much smaller &1 A?). As
discussed, the heterochiral complexes have a more flattened
and spread out skeletal structure, and the sheets are stacked
with a shift. All these features contribute to providing a large
channel and can accommodate larger anions and reduce the
steric congestion between them.

Table 4 also lists the skeletal densities of the complexes,
which were calculated by removing the counteranions and
water molecules from the crystals, while the crystal structures
were retained. The data obviously show that the homochiral
complexes have higher densities; i.e., the 2D sheets are close-
ly packed. In other words, a complex with small counter-
anions assumes a homochiral crystal structure with high den-
sity, because the anions can be accommodated in small chan-
nels, while a complex with large counteranions prefers a
heterochiral channel structure to reduce the steric congestion.
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Figure 13. Crystal structure of [Co(ldsL)](PFe)1.5:3.5H0 (2PFs) as viewed down the following: (a) thec-plane; (b) thebc-plane. On the spreading out
of the structure along tha-axis, a larger space is formed to accommodate R(2)#hs. By a stacking of the sheets with a shift in thexis direction, as
shown by the yellow zigzag lines, a large space is formed to accommodate the A{h)$:

Table 4. Size of the Void and the Skeletal Density (a) of the Homochiral Crystals [C&(}CI4 s:4H,O (2Cl), [Co(Hy.sL)]Br1.54H20 (2Br),
[Co(Hy1.5L)]11.52H0 (21), [Co(H15L)](BF4)152.5H,0 (2BF4), and [Co(H sL)](ClO4)15H20 (2ClO4) and (b) of the Heterochiral Crystals
rac—[Co(H145L)](CIO4)1,5-4H20 (rac-2C|O4) and [CO(H,sL)](PF6)1,5'3.5Hzo (ZPFG)

(a) homochiral cryst (b) heterochiral cryst
av length of the area of a skeletal density av length of the area of a skeletal density

compd  sides of a triangle (A)  triangle* (A2 (g cnm3) compd sides of a triangle (&) trianglet (A2) (gcnr3d)
2Cl 12.62 69 1.195 rac-2ClO4 13.98 85 1.022
2Br 12.74 70 1.181 2PFs 14.35 89 0.963
21 12.44 67 1.165
2BF4 12.71 70 1.203
A-2ClO4 12.76 71 1.195

aDefined as the triangle formed by connecting the imidazole H(1) atoms (see FiguBsP4alculated by removing the counteranions and water
molecules from the crystals while the crystal structures were retained.

Concluding Remarks between the anions. The heterochiral crystals have a flexible,
zigzag channel structure, and the channel size can increase
to accommodate larger anions. Thus, comexith large
anions (i.e., ClQ- and PEk~) forms a heterochiral crystal.

We have shown that the hemideprotonated complexes
studied R) involve two component species, [Caft)] >+ and
[Co(L)], and components with the same absolute configu-
ration are linked by imidazotleimidazolate hydrogen bonds
to form a homochiral 2D puckered sheet structure. The sheet
is composed of a hexanuclear unit with a trigonal void. There  caytion! Perchiorate salts of metal complexes are potentially
are two ways of stacking the sheets: one is homochiral explosie. Only small quantities of material should be prepared,
stacking, where sheets with the same chirality are stackedand the samples should be handled with care.
to give a homochiral crystal (conglomerate); the other is  Materials. All reagents and solvents used in the syntheses were
heterochiral stacking, where a homochiral sheet consistingof reagent grade, and they were used without further purification.
of A enantiomers and an adjacent sheet consistings of  [Co(HsL)](PFg)3-2H,0, [Co(HsL)](ClO4)s:H,O (LCIO4), A-[Co-
enantiomers are stacked alternately to give a heterochiral(HsL)](ClO4)s:1.5H0 (A-1CIOy), [Co(Hy 5L)]Cl154H;0 (2Cl), and
crystal (a racemic crystal). There are two conflicting factors rac-[Co(HisL)](ClO4).54H,0 (rac-2ClO4) were prepared accord-
governing the crystal structure: the skeletal density; the sizeingd to the literature procedufe?
of the channels. Two-dimensional sheets are more closely [Co(H1dL)IBr 153H20 (2Br). An aqueous solution of [Co@H)]-
packed in a homochiral crystal than in a heterochiral crystal, (€102)xH:0 (0.38 g, 0.5 mmol) was stirred with an anion
as evidenced by the high skeletal density (calculated by exchanger, Dpwex % 8inthe CI form, and then the suspension
removing the counteranions and water molecules from the Was poured into a column (1.0 cm i.c. 15 cm) of the same
crystal). The homochiral crystals have smaller voids, and exchanger to ensure conversion to the chIor|q§. The column was
their skeletal structure is so rigid that steric congestion then washed W'th. water. The effluent containing [CdOiCls

. ) . ) (0.5 mmol) was mixed with an aqueous solution of 1.0 M NaOH
between tr_]e anions occurs as the anion size increasesy; ;15 mL, 0.75 mmol) and NaBr (0.515 g, 5.0 mmol). The mixture
Smaller anions, such as halide ions, can be accommodategyas concentrated using a rotary evaporator to give a reddish
in the ab-plane in a void. On the other hand, in the case of orange precipitate. Yield: 0.23 g (75%). Anal. Found: C, 35.40;
2BF, and A-2CIlO,, 1/3 of the anions reside along the H, 4.56; N, 22.88. Calcd for [Co(HL)]Br153H,0 = CigHoss
crystallographicC; axis to reduce the steric interaction Br;sCoNjOs: C, 35.34; H, 4.70; N, 22.90. IR (KBr disk)rc—y
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(imine) 1609, 1592 cm. Crystals suitable for X-ray structural
analysis were obtained from the filtrate after placing it in a
refrigerator.

[Co(H1sL)]l 1522H20 (2I). 1CIO, was converted into the
chloride, [Co(HL)]Cl 3, using Dowex 1x 8 (CI~ form) in the same
manner as for2Br. To an aqueous solution of [Co{H)]Cl3
(0.5 mmol) were added 1.0 M NaOH (0.70 mL, 0.7 mmol) and
Nal (0.515 g, 5.0 mmol) in methanol to give red crystals. The
product was a mixture a2l and3l, and these were separated on
the basis of the difference in their densities. We used a solution
(CHBr;—toluene) with a density of 1.70 g mL 21 sank, while3I
floated. IR data for2l (KBr disk): vc—n (imine) 1600(sh),
1594 cnrl.

[Co(HosL)]l 0.574H20 (31). This complex was prepared using the
same procedure as f@Br, except that Nal was used instead of
NaBr. Anal. Found: C, 37.83; H, 4.88; N, 24.17. Calcd for [Co-
(H1_5L)]|1_5‘4H20 = C18H29_5C0|0_5N1004: C, 3777, H, 519, N,
24.47. IR (KBr disk): vc—y (imine) 1604, 1594 cm.

[Co(H15L)](BF 4)152.5H,0 (2BF,). This complex was prepared
using the same procedure as fBr, except that NaBFwas
used instead of NaBr. Yield: 42%. Anal. Found: C, 34.79; H, 3.74;
N, 22.36. Calcd for [CO(II'5L)](BF4)15‘3H20 = CigHosB15
CoNyOs: C, 34.75; H, 4.62; N, 22.51. IR (KBr disk)zc— (imine)
1600(sh), 15924 cnt; vg_¢ (BF4~) 1115, 1084, 1054, 1036 crh

[Co(H15L)1(PF6)153.5H0 (2PFg). A 1.0 M NaOH (0.30 mL,
0.3 mmol) solution was added to a solution of [Cel()(PFs)s
2H,0 (0.18 g, 0.2 mmol) in watermethanol. The mixture was
filtered, and the filtrate was placed in a refrigerator to give orange-
red crystals. Yield: 0.070 g (49%). Anal. Found: C, 30.13; H,
3.89; N, 19.39. Calcd for [Co(ttL)](PFs)1.5°3.5H,0 = CigHo9 5
CoFgN1gO35Ps: C, 30.09; H, 4.14; N, 19.50. IR (KBr dISk)
ve=n (imine) 1628, 1602 cmt; vg_¢ (PR™) 843 cnr.

A-[Co(HaL)][Sh2((R,R)-tart) ;]-4H,0. An agueous solution of
[Co(H3L)](ClO4)3-H,0 (3.68 g, 5.0 mmol) was stirred with an anion
exchanger, Dowex X 8 in the CI form, and then the whole
suspension was poured into a column (1.0 cmd.5 cm) of the

same exchanger to ensure conversion into the chloride. The column

was washed with water. The effluent containing [C&(HCl3
(5.0 mmol) was mixed with a suspension of £8((R,R-tart),]
(3.76 g, 5.0 mmol; R,R-tart = (2R3R)-tartrate(4-) ion) and
NaHCG; (0.42 g, 5.0 mmol) in water. The mixture was stirred in
the dark fo 1 h and then filtered with Celite to remove AgCI. The
filtrate was evaporated with a rotary evaporator to give a reddish
orange precipitate. It was recrystallized from water. Yield: 1.79 g
(35%). Anal. Found: C, 29.61; H, 3.23; N, 13.20. Calcd for [Co-
(HzL)][sz((R,R-tart)z]'4H20 = C26H35CON100165b2: C, 29.85; H,
3.37; N, 13.39.

A-[Co(H3L)](CIO 4)3:1.5H,0. The diastereomeA-[Co(H,L)]-
[Shy((R,R-tart)]-4H,0 (2, 1.05 g, 1.0 mmol) was converted into

the chloride by the use of Dowexx 8 (CI~ form) in the manner
described for conversion of [CogH)](CIO4)sH,0 into the chloride
salt. An aqueous solution @f-[Co(HsL)]Cl 3 (3.0 mmol) was mixed
with AgCIO, (0.622 g, 3.0 mmol), and the mixture was stirred for
1 h. AgCl was removed by filtration, and the filtrate was evaporated
to give dark red crystals. Yield: 0.71 g (92%). Anal. Found: C,
28.14; H, 3.40; N, 18.0%. Calcd for [Co§H)](ClO4)3:1.5H,0 =
CigH27ClsCoNiO135 C, 28.27; H, 3.56; N, 18.32. IR (KBr disk):
Ve=N (|m|ne) 1626;1/070 (C|O47) 1142, 1117, 1088 cr.

A-[Co(H15L)](CIO 4)1.5H20 (A-2Cl04). A-[Co(HsL)](CIO4)s*

1.5H,0 (0.382 g, 0.5 mmol) was converted into the chlorilgCo-
(HsL)ICl3, using Dowex 1x 8 (CI- form) in the same manner as
for 2Br. To an aqueous solution @f-[Co(HsL)]Cl3 (0.5 mmol)
were added 1.0 M NaOH (0.75 mL, 0.75 mmol) and NagCIO
(0.183 g, 1.5 mmol) in methanol to give red crystals. Yield: 0.268
g (89%). Anal. Found: C, 35.77; H, 4.26; N, 22.84. Calcd for [Co-
(H1.5L)](C|O4)1_5’H20 = C18H24.5C|1.5CON1007: C, 3573, H, 408,
N, 23.15. IR (KBr disk): vc=N (imine) 1608, 1592 cm'; vg-F
(ClO47) 1144, 1117, 1087 cmt. UV—vis (MeOH): 480 (224),
320 nm (5000 M! cm™Y). CD (MeOH): 486 (-10.1), 347 nm
(+27.3 Mtcm™).

Physical Measurements.The UV—vis spectra were recorded
using a JASCO Ubest-550 spectrophotometer. The infrared spectra
were measured using a JASCO FT/IR-550 spectrophotometer. The
CD spectra were recorded using a JASCO J-720 spectropolarimeter.

X-ray Data Collection, Reduction, and Structure Determi-
nation. The X-ray data were collected using a Rigaku R-AXIS
RAPID Il imaging plate area detector employing graphite-mono-
chromated Mo K radiation ¢. = 0.710 73 A). The structures were
solved using direct methods and refined using full-matrix least-
squares procedures using the CrystalStructure crystallographic
software packag¥ The absolute configuration was determined on
the basis of the Flack parametéts.
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