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Bisphenoxo-bridged dicopper(II) complexes [Cu,L",Cl,] {1 (n
= 1) and 2 (n = 2)} with the N,O-donor reduced Schiff bases
N-(2-hydroxybenzyl)-(R)-a-methylbenzylamine (HL') and N-
(2-hydroxybenzyl)-(S)-a-methylbenzylamine  (HL?) have
been synthesised and characterised. In both 1 and 2, the bi-
dentate chiral ligands coordinate the metal centres through
the secondary amine N atom and the bridging phenolate O
atom. The chloride ion occupies the fourth coordination site
and completes a slightly distorted square-planar NO,Cl envi-
ronment around each copper(Il) centre. Magnetic suscep-
tibility measurements in the solid state suggest a strong anti-
ferromagnetic interaction between the metal centres in both
complexes. Both 1 and 2 readily form 1:1 host-guest com-
pounds with chlorinated solvents such as CH,Cl,, CHCI; and
Cl(CH,),Cl. All the host-guest compounds crystallise in

noncentrosymmetric space groups. 1:CH,Cl, and 2-CH,Cl,
crystallise in the P2; space group while 1.CHCl3, 2-CHClg,
1-Cl(CHy),Cl and 2-Cl(CH,),Cl crystallise in the P2,2,2,
space group. In these inclusion crystals, the C-H---Cl interac-
tions between the guest and the host molecules are primarily
responsible for enclatheration of the chloroalkane molecules.
In the case of CH,Cl,, one of its Cl atoms acts as the acceptor.
On the other hand, for CHCl; and C1(CH,),Cl, the metal co-
ordinated Cl atom of the host complex acts as the acceptor.
The structures of 1:(P)-Cl(CH,),Cl and 2-(M)-C1(CH,),Cl pro-
vide rare examples for chiral recognition of the right handed
(P) and the left handed (M) gauche forms of CI(CH,),Cl in
molecular assemblies.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

Materials generated by noncentrosymmetric organisation
of molecules in the crystalline state are of current interest
because of their potential applications in a variety of re-
search areas such as enantioselective separation, asymmet-
ric catalysis, drug delivery, non-linear optical effects and
ferro-, pyro- and piezoelectricity.[''?l The general strategy
for noncentrosymmetric organisation in the crystal lattice is
insertion of chirality in the molecule.’! Synthesis and struc-
tures of some coordination complexes with chiral Schiff
bases and their nonlinear optical properties have been re-
ported recently. Compared to the Schiff bases the reduced
Schiff bases with the -CH,~NH- backbone are considered
to be conformationally more flexible. In coordination com-
plexes with reduced Schiff bases, the increased acidity of
the N-H fragment resulting from metal coordination is also
expected to facilitate its participation in intermolecular hy-
drogen bonding interactions.’! Introduction of chirality to
such metal coordinated reduced Schiff bases often leads to
novel metal-organic frameworks through intermolecular
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noncovalent interactions.>-®! Complexes of this type have
shown the potential for applications in DNA cleavage ac-
tivity and asymmetric catalysis.[°>1 Recently we have re-
ported two mononuclear square-pyramidal copper(IT) com-
plexes of the general formula [Cu(L"NO,),(H,0)] with the
N,O-donor chiral reduced Schiff bases N-(2-hydroxy-5-nitro-
benzyl)-(R)-a-methylbenzylamine {(R)-2(OH)-5-(NO,)-
C¢H3CH,NHCH(CH;)C¢Hs, HL'NO,} and N-(2-hydroxy-
S-nitrobenzyl)-(S)-a-methylbenzylamine {(S)-2(OH)-5-
(NO,)-C¢H3;CH,NHCH(CH3)C¢Hs, HL?NO,}. The com-
plexes crystallise in the noncentrosymmetric space group
C2 with CI(CH,),Cl molecules as the guests. The crystal
packing of these 1:1 inclusion compounds revealed inter-
molecular hydrogen-bonding-assisted, perfectly polar align-
ment of both host and guest molecules as well as enantiose-
lective confinement of the chiral rotamers of CI(CH,),CL.[7
In the present work, we report the synthesis and characteri-
sation of the enantiomeric pair of bisphenoxo-bridged di-
copper(Il) complexes [Cu,L',Cl,] (1) and [Cu,L?Cl,] (2)
with HL”, the unsubstituted analogues of HL"NO,. Both 1
and 2 are found to be very good hosts to confine chloroal-
kanes [CH,Cl,, CHCl; and CI(CH,),Cl] and to isolate the
enantiopure chiral rotamers of CI(CH,),Cl in the non-
centrosymmetric crystal lattice through intermolecular
C-H---Cl interactions.
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Results and Discussion

Synthesis and Some Properties

The chiral reduced Schiff bases N-(2-hydroxybenzyl)-(R)-
a-methylbenzylamine (HL') and N-(2-hydroxybenzyl)-(S)-
a-methylbenzylamine (HL?) were synthesised in about 75%
yield by condensation of salicylaldehyde with the corre-
sponding o-methylbenzylamine (R or S) in methanol fol-
lowed by reduction with NaBH,.[>7 The elemental analysis
and the spectroscopic data (IR and '"H NMR) for HL' and
HL? are very similar and consistent with the expected mo-
lecular formula and structure. The reactions of these re-
duced Schiff bases (HL") with CuCl,-2H,O (1:1 mol ratio)
in methanol provided the dark brown complexes 1 (n = 1)
and 2 (n = 2) in about 60% yield. The elemental analysis
data for 1 and 2 are consistent with the empirical formula
CuL"Cl. In solutions, the complexes are electrically non-
conducting in nature. Thus in each complex the metal ions
are in the +2 oxidation state and the chloride ions are coor-
dinated to the metal centres.

The IR spectra of 1 and 2 are very similar. A sharp band
observed at 3245 cm ! is assigned to the secondary amine
N-H group of the ligands. Several weak bands are observed
in the range 28003050 cm™!. These are possibly due to the
aromatic and aliphatic C—H stretches. The absence of any
band near 3400 cm! indicates the deprotonation of the
phenolic OH of the bidentate ligands in both complexes.
Thus, it is very likely that in each complex the metal ions
are coordinated to the bridging phenoxo groups and the
secondary amine N atoms of the two ligands. The remain-
ing fourth coordination site of each metal ion is occupied
by the chloride ion. X-ray structures (vide infra) confirm
this type of coordination of the metal ions by the deproton-
ated reduced Schift bases and the chloride ions in 1 and 2.

The electronic spectral features of both complexes in
chloroform solutions are essentially identical. A weak ab-
sorption observed near 650 nm is followed by three strong
absorptions in the range 430-268 nm. The absorption at
650 nm is assigned to the d-d transition. The occurrence of
this weak absorption in this region is consistent with
square-based coordination geometry around the metal cen-
tre.’1 The intense absorptions at higher energy are most
likely from the ligand-to-metal charge transfer and intrali-
gand transitions.

Magnetic Properties

Room temperature (300 K) magnetic moments of 1 and
2 in the powder phase are 1.10 and 1.11 pg, respectively.
These values suggest a strong antiferromagnetic spin coup-
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ling between the metal centres in each of the two complexes.
In similar bisphenoxo-bridged dicopper(Il) complexes,
strong to very strong antiferromagnetic spin coupling is
very common. The magnitude of the coupling constant J
varies from —145 to —429 cm™! in this type of species.l-10]
To quantify the extent of antiferromagnetic spin coupling
in the present complexes we have collected the magnetic
susceptibility data of 1 in the temperature range 300-18 K
at a fixed magnetic field of 5 kG. On cooling the magnetic
moment gradually decreases and reaches a value of 0.20 pp
at 18 K. The nature of the curve obtained by plotting the
Uerr against 7' is typical for two antiferromagnetically cou-
pled copper(Il) centres (Figure 1). The data were analysed
using the Bleany—Bowers expression!!'! for yy versus T de-
rived from the isotropic spin-exchange Hamiltonian H =
—-2J8,+S,, where S; = S, = 1/2. The best least-squares fit!!!
was obtained with g = 1.93(2), J = -307(2) cm !, p (para-
magnetic impurity with S = 1/2) = 0.5% and TIP (tempera-
ture independent paramagnetism) = 1.2x10~%emumol!
(Figure 1).
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Figure 1. Temperature dependence of the inverse molar magnetic
susceptibilities (O) and the effective magnetic moments (A) of
[Cu,L',CL,] (1); the solid lines were generated from the best least-
squares fit parameters given in the text.

Molecular Structures of 1 and 2

X-ray structures of very few bisphenoxo-bridged dicop-
per(I) complexes of formula [Cu,L,X,] (L = monoanionic
bridging N,O-donor ligand and X = halide) are known.['*]
All these complexes are with achiral Schiff bases and they
crystallise in centrosymmetric space groups with the mono-
meric unit in the asymmetric unit. The Cu,O, core is per-
fectly planar as the crystallographic inversion centre sits at
the centre of the dimeric structure. For the same reason the
X~Cu--Cu-X torsion angles are exactly 180° indicating a
perfect trans orientation of the metal coordinated halides.
In contrast, the host-guest compounds of both 1 and 2 crys-
tallise in noncentrosymmetric space groups as they contain
chiral ligands. In each case, the asymmetric unit contains a

Eur. J. Inorg. Chem. 2006, 2871-2877



Dicopper(IT) Complexes with the Enantiomers of a Bidentate Reduced Schiff Base

FULL PAPER

complete dimeric complex molecule. Representative molec-
ular structures of 1 and 2 are depicted in Figure 2 and the
bond parameters associated with the metal ions for all the
structures are listed in Table 1. The NO,CI coordination
sphere around each metal centre is constituted by the sec-
ondary amine N atom, two bridging phenoxo groups and
the chloride ion. The metal to coordinating atom bond
lengths are essentially identical in all the structures and they
are comparable with the values reported for copper(Il) spe-
cies having the same coordinating atoms.”-?1% In the N,O-
donor reduced Schiff bases, HL! and HL?, the chiral C cen-
tre has the absolute configuration R or rectus and S or sin-
ister, respectively. After complexation with the metal ion the
N atom of the deprotonated monoanionic ligand becomes
chiral. In 1, the absolute configuration of the N centre is
found to be S while in 2, it is found to be R. Thus the
generation of the new chiral centre is heterogeneous in both
cases. As expected, the structures of 1 and 2 are mirror
images of each other (Figure 2). In all the structures, the
geometrical parameters for the Cu,N,O,Cl, fragment are
very similar. The NO,Cl coordination sphere around each
metal centre is not exactly square planar. The CI atoms de-
viate significantly from the NO, plane. The deviation of CI2
[1.198(8)-1.385(5) A] is noticeably larger than that of CI1
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[0.674(9)-0.876(7) A] (Figure 2). There is a relatively mar-
ginal deviation of the metal centre (0.05-0.09 A for Cul
and 0.15-0.21 A for Cu2) from the NO, plane. The Cu,O,
core is also not planar in any of the structures; it is folded
along the O--O line. The fold angles are in the range
18.61(9)-21.02(13)°. However, the solid angles (358.34—
359.99°) indicate that the bridging phenoxide O atoms have
essentially no pyramidal character. The Cu—-O-Cu bridge
angles and the Cu-+Cu distances are in the ranges
100.01(12)-103.17(12)° and 3.0198(8)-3.0280(8) A, respec-
tively. Unlike the previously known structures of analogous
dicopper(IT) complexes,!'® the metal coordinated chlorides
are not trans orientated in the present structures (Figure 2).
Here the C11-Cul--+Cu2-CI2 torsion angles are in the range
105-112°. Although the Cu,N,O,Cl, fragments are very
similar in all the structures, the overall molecular conforma-
tions of the dicopper(Il) complexes differ to some extent in
the adducts of CH,Cl, compared to the very similar confor-
mations in the adducts of CHCl; and CI(CH,»),Cl. The dif-
ference arises primarily from the variation in the orientation
of the phenyl ring of the a-methylbenzylamine fragment of
the chiral bidentate ligands. The overlay diagrams of the
dicopper(IT) complex molecules 1 and 2 in all the inclusion
compounds are shown in Figure 3.
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Figure 2. Molecular structures of (a) [Cu,L',Cl,] (1) and (b) [Cu,L?,Cl,] (2) with the atom-labelling scheme; all non-hydrogen atoms are
represented by their 30% probability thermal ellipsoids; except the hydrogen atoms on the chiral centres all other hydrogen atoms are
omitted for clarity; the ball-stick representations of the Cu,N,O,Cl, units in (c) 1 and (d) 2.
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Table 1. Selected bond lengths [A] and angles [°] for 1:CH,Cl,, 1:CHCl;, 1-CI(CH,),Cl, 2-CH,Cl,, 2:CHCl; and 2-CI(CH,),ClL.

Compound 1-CH,Cl, 1-CHCl, 1-CI(CH,),Cl 2-CH,Cl, 2-CHCl, 2-CI(CH,),Cl
Cu(1)-O(1) 1.944(2) 1.944(3) 1.938(3) 1.941(3) 1.942(3) 1.939(3)
Cu(1)-0(2) 1.965(2) 1.985(3) 1.975(3) 1.964(2) 1.980(3) 1.979(3)
Cu(1)-N(1) 1.993(3) 2.011(4) 2.004(4) 1.991(3) 2.010(4) 2.000(4)
Cu(1)-CI(1) 2.2108(11) 2.2176(13) 2.2129(14) 2.2090(12) 2.2164(13) 2.2126(13)
Cu(1)-Cu(2) 3.0238(5) 3.0280(8) 3.0252(9) 3.0240(6) 3.0266(7) 3.0198(8)
Cu(2)-0(1) 1.920(2) 1.922(3) 1.926(3) 1.920(3) 1.921(3) 1.924(3)
Cu(2)-0(2) 1.963(2) 1.954(3) 1.961(3) 1.959(3) 1.951(3) 1.962(3)
Cu(2)-N(2) 1.967(3) 1.970(4) 1.979(4) 1.966(3) 1.971(4) 1.971(3)
Cu(2)-Cl(2) 2.2102(10) 2.2189(14) 2.2190(14) 2.2105(11) 2.2172(14) 2.2141(13)
O(1)-Cu(1)-0(2) 76.65(10) 76.07(12) 76.44(14) 76.50(10) 75.95(12) 76.65(12)
O(1)-Cu(1)-N(1) 91.53(11) 91.00(16) 91.22(16) 91.56(13) 91.05(15) 91.42(15)
0(2)-Cu(1)-N(1) 167.41(11) 166.79(16) 166.95(16) 167.19(13) 166.66(16) 167.28(15)
O(1)-Cu(1)-Cl(1) 161.45(9) 164.92(12) 165.03(13) 161.51(10) 164.82(12) 164.96(13)
0(2)-Cu(1)-CI(1) 100.40(8) 100.47(10) 100.46(11) 100.59(9) 100.62(10) 100.48(10)
N(1)-Cu(1)-CI(1) 92.19(9) 92.72(14) 92.55(13) 92.20(11) 92.72(14) 92.18(12)
O(1)-Cu(2)-0(2) 77.24(10) 77.30(13) 77.06(14) 77.08(10) 77.11(12) 77.41(12)
O(1)-Cu(2)-N(2) 165.17(12) 167.55(17) 166.33(18) 165.14(12) 167.27(17) 166.49(17)
0(2)-Cu(2)-N(2) 93.25(11) 93.15(15) 92.89(15) 93.28(11) 93.26(15) 92.60(14)
O(1)-Cu(2)-Cl(2) 98.70(8) 97.85(11) 98.30(12) 98.75(9) 97.92(10) 98.05(11)
0(2)-Cu(2)-Cl(2) 153.36(9) 155.40(12) 156.12(12) 153.55(10) 155.59(12) 156.46(12)
N(2)-Cu(2)-Cl(2) 94.84(9) 94.12(13) 94.59(12) 94.85(10) 94.25(13) 94.69(12)
Cu(1)-O(1)-Cu(2) 102.98(11) 103.09(13) 103.02(17) 103.09(11) 103.17(12) 102.84(13)
Cu(1)-0(2)-Cu(2) 100.69(11) 100.50(14) 100.44(15) 100.85(11) 100.67(13) 100.01(12)

(b

Figure 3. Overlay diagrams of (a) the molecules of [Cu,L',CL,] (1)
and (b) the molecules of [Cu,L?,Cl,] (2) in the host-guest crystals
with CH,Cl,, CHCl; and CI(CH,),CL

Host-Guest Interactions

Attempts to grow single crystals of both 1 and 2 revealed
that the host lattices formed by these enantiomeric com-
plexes have considerable structural adaptability to accom-
modate a range of chlorinated solvents such as CH,Cl,,
CHCIl; and CI(CH,),Cl. In all the cases, 1:1 host-guest crys-
tals have been isolated. The host-guest crystals involving
CH,Cl, crystallise in the monoclinic P2, space group while
the other host-guest crystals involving CHCIl; and ClI-
(CH,),Cl crystallise in the orthorhombic P2,2,2; space
group. Both space groups are noncentrosymmetric. In each
case, the asymmetric unit contains one dicopper(Il) com-
plex molecule and one chloroalkane molecule. Recently,
there have been several reports on the propensity of the Cl
atom of C—Cl and M-Cl moieties to act as an acceptor in
intermolecular hydrogen bonding interactions.'3! The crys-
tal structures described here provide examples for both C-
H--Cl-C and C-H-+Cl-Cu hydrogen bonding interactions
2874
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involving the host and guest molecules. The geometrical pa-
rameters associated with the observed C-H---Cl interactions
are listed in Table 2.

Table 2. Geometrical parameters for intermolecular hydrogen
bonds.

Compound DA dp-ay[A]  D-H-A[]
1-CH,Cl, C(1)-CI(3)  3.444(7) 132
C(22)~-Cl(4)  3.726(4) 161
2:CH,Cl, C(11)-CI(3)  3.451(8) 134
C(22)-Cl(4)  3.724(4) 161
1-CHCl, C(31)~Cl(2)  3.450(11) 153
2:CHCl, C(31)+CI(2)  3.446(10) 152
1-(P)-CI(CH,),Cl ~ C(31)=Cl(2)  3.695(13) 137
2:(M)-CI(CH,),Cl  C(31)--Cl(2)  3.678(14) 134

In both 1-CH,Cl, and 2-:CH,Cl,, the C-H groups from
the phenyl ring of the a-methylbenzylamine fragment (C11-
H) of one ligand and the methylene group (C22-H) of the
other ligand participate in the C-H---Cl interactions with
the Cl atoms (C13 and Cl4) of the two adjacent CH,Cl,
molecules. As a result a one-dimensional arrangement of
hydrogen bonded alternating dicopper(Il) complexes and
CH,Cl, molecules is formed. These chains propagate along
the b axis and there is a mirror-image relationship between
the chains formed by 1-CH,Cl, and 2-CH,Cl, (Figure 4).

In the case of 1-CHCIl; and 2-CHCIl;, one of the metal
coordinated Cl atoms acts as the acceptor in the C-H--Cl
interaction involving the C-H group of the CHCI; mole-
cule. These C-H--Cl connected host-guest units, 1:-CHCI,
and 2:CHCl;, are mirror images of each other (Figure 5).
There is no other noncovalent interaction between these
discrete host-guest units to form extended networks in the
crystal lattice.

The same type of C-H---Cl interaction as observed in
1-CHCIl; and 2-CHCI; is present in the cases of 1-Cl-

Eur. J. Inorg. Chem. 2006, 2871-2877



Dicopper(IT) Complexes with the Enantiomers of a Bidentate Reduced Schiff Base

FULL PAPER

(‘/ \( N
. >) ~7 l\/*L/
N e B S
Ner ‘}\ [\’f(/{ \ );\{/3 [ ot
s ht ‘“f\/ gy NN 7/1
DA ¢4 WZECARS!
f\,$/\f){f\ ’l J\A/\ C\r{ A~ .
QL S\
T\, \: NA~T N / rat
(o) , &/‘\\( /«’m\r e /\, y . A
R N\ 2R SO
oL, O S A
N\~ A . /
\SE(‘J/'\\%’ N \l? I//
s} - - l
@) (b)

Figure 4. One-dimensional assemblies of (a) [Cu,L',Cl,]-CH,Cl,
(1-CH,Cl,) and (b) [Cu,L?,Cl,]-CH,Cl, (2:CH,Cl,) in the crystal
lattice along the b axis through C-H---CI-C interactions; except for
the hydrogen atoms of the methylene groups that are involved in
intermolecular interactions, all other hydrogen atoms are omitted
for clarity.

(i i
/\//’ Lr i \\?\
N Vo
\] \(,\ . ,/ \\‘/’/ e
3t mz/l\\ . \ ] // /\ '1 \—(\"2 > !
/ """"""‘//”M/:\ J\I \(// SN UG < \\
; /8 S SN -
\x! *\_w/
(a) (b)

Figure 5. The discrete C-H++Cl-Cu connected (a) [Cu,L',CL,]:
CHCl; (1:CHCl) and (b) [Cu,L?,Cl,]-CHCI; (2-:CHCI;) units; hy-
drogen atoms of 1 and 2 are omitted for clarity.

(CH,),Cl and 2:CI(CH,),ClI. One of the metal coordinated
Cl atoms and the C-H group of one of the two methylene
groups of CI(CH,),Cl participate in the C-H---Cl interac-
tion. Here as well, no other noncovalent interactions are
observed and the crystal lattice contains the discrete C—
H---Cl connected host-guest units. Reports on the isolation
of the gauche form of CI(CH,),Cl are very rare.[”-'4 In each
of the two present structures, the guest CI(CH,),Cl mole-
cule is in the chiral gauche form. The CI-C-C-ClI torsion
angles are 58(6)° and 50(7)° in 1-CI(CH»),Cl and 2-Cl-
(CH,),Cl, respectively. The right-handed or P form of the
enantiomer is stabilised in the host lattice formed by 1 while
the left-handed or M form of the enantiomer exists in the
host lattice formed by 2 (Figure 6). Thus the chiral host
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complexes 1 and 2 produce the appropriate crystal lattices
for enantioselective confinement of the chiral P and M
forms of the CI(CH,),Cl rotamers, respectively.
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Figure 6. The discrete C—H+*Cl-Cu connected (a) [Cu,L'>CL,]«(P)-
CI(CH,),Cl {1+(P)- CI(CH,),Cl} and (b) [Cu,L?%Cl,](M)-CI(CH,),-
Cl {2:(M)-CI(CH,),Cl} units; hydrogen atoms of only the
CI(CH,),Cl molecules are shown.

Conclusions

An enantiomeric pair of bisphenoxo-bridged dicop-
per(IT) complexes, [Cu,L',Cl,] (1) and [Cu,L*Cl,] (2), with
the N,O-donor reduced Schiff bases N-(2-hydroxybenzyl)-
(R)-o-methylbenzylamine (HL') and N-(2-hydroxybenzyl)-
(S)-o-methylbenzylamine (HL?) have been synthesised and
characterised. In each complex, a strong antiferromagnetic
spin coupling is operative between the metal centres. Crys-
tallisation efforts revealed that both complexes are excellent
hosts for small chloroalkane molecules such as CH,Cl,,
CHCI; and CI(CH,),Cl. In all the cases, 1:1 host-guest
compounds are formed which crystallise in the noncentro-
symmetric space groups. The asymmetric unit of each struc-
ture contains a dicopper(Il) complex molecule and a guest
molecule. The molecular structures of 1 and 2 are mirror
images of each other. The NO,Cl coordination sphere
around each metal centre is distorted from square-planar
geometry mainly because of the deviation of the Cl atom
from the NO, plane. The previously known analogous di-
copper(Il) complexes are all centrosymmetric and the metal
coordinated Cl atoms are trans oriented. In contrast, 1 and
2 are noncentrosymmetric and the Cl atoms are in between
the trans and cis orientations. The guest molecules are held
in the crystal lattice by intermolecular C-H---Cl interac-
tions. In these interactions, the Cl atom of CH,Cl, acts as
the acceptor while for both CHCl; and CI(CH,),Cl the
metal coordinated CI atom acts as the acceptor. Self-as-
sembly of 1:CH,Cl, and 2:CH,Cl, leads to one-dimensional
ordering in the crystal lattice. On the other hand, the crystal
lattice contains discrete host-guest units when CHCl; or
CI(CH,),Cl is the guest. Finally, the rare enantioselective
trapping of the chiral rotamers (P)-CI(CH,),Cl and (M)-
CI(CH,),Cl has been realised in the host lattices formed by
1 and 2, respectively.
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Experimental Section

Materials: The chiral reduced Schiff bases (HL' and HL?) have
been synthesised from salicylaldehyde, R- or S-a-methylbenzyl-
amine and NaBH,; by following the procedure reported pre-
viously.>7 All other chemicals and solvents were of analytical
grade available commercially and were used as received.

Physical Measurements: Microanalytical (C, H, N) data were ob-
tained with a Thermo Finnigon Flash EA1112 series elemental
analyser. Infrared spectra were collected by using KBr pellets with
a Jasco-5300 FT-IR spectrophotometer. A Shimadzu 3101-PC UV/
Vis/NIR spectrophotometer was used to record the electronic spec-
tra. Solution electrical conductivities were measured with a Digisun
DI-909 conductivity meter. The variable temperature (18-300 K)
magnetic susceptibility measurements on powdered samples of 1
were performed using the Faraday technique with a setup compris-
ing a George Associates Lewis coil force magnetometer, a CAHN
microbalance and an Air Products closed-cycle helium cryostat.
Hg[Co(NCS),] was used as the standard. Diamagnetic corrections
calculated from Pascal’s constants!'*! were used to obtain the molar
paramagnetic susceptibilities.

Synthesis of the Complexes

[Cu,L',CL] (1): A methanol solution (10 mL) of CuCl,:2H,O
(170 mg, 1.0 mmol) was added to a methanol solution (20 mL) of
HL! (227 mg, 1.0 mmol). The mixture was stirred at room tempera-
ture in air for 1 h. The brown solid that separated was collected by
filtration, washed with cold methanol (10 mL) and finally dried in
air. Yield obtained was 390 mg (60%). C3yH3,Cl,Cu,N>O, (650.6):
caled. C 55.38, H 4.96, N 4.31; found C 55.45, H 5.02, N 4.20.
Electronic spectroscopic data in CHCls: A, (¢) = 650 sh (345),
430 (3670), 336 sh (2520), 268 nm (12140).

[Cu,L2,Cl,] (2): This complex was synthesised in 62% yield from
HL? and CuCl,-2H,O (1:1 mol ratio) by following the same pro-
cedure as described for 1. It was isolated as a brown solid.
C39H3,C1,Cu,N,0; (650.6): caled. C 55.38, H 4.96, N 4.31; found
C 55.24, H 4.92, N 4.26. Electronic spectroscopic data in CHCls:
650 sh (353), 430 (3800), 336 sh (2790), 268 (12530).

X-ray Crystallography: X-ray quality crystals of the host-guest spe-
cies 1-CH,Cl,, 2-CH,Cl,, 1-CHCl;, 2-CHCI;, 1-CI(CH,),Cl and
2-CI(CH,),Cl were grown by slow evaporation of the solutions of

1 and 2 in the corresponding solvents in air at room temperature
(298 K). Unit cell parameters and the intensity data for all the crys-
tals were collected with a Bruker-Nonius SMART APEX CCD sin-
gle crystal diffractometer, equipped with a graphite monochroma-
tor and a Mo-Ka fine-focus sealed tube (1 = 0.71073 A) operated
at 2.0 kW. The detector was placed at a distance of 6.0 cm from
the crystal. Data were collected at 298 K with a scan width of 0.3°
in @ and an exposure time of 15 s/frame. The SMART software
was used for data acquisition and the SAINT-Plus software was
used for data extraction.['®! The absorption corrections were per-
formed with the help of the SADABS programme.'” The struc-
tures were solved by direct methods and refined on F? by full-ma-
trix least-squares procedures. In each structure, all the non-hydro-
gen atoms were refined using anisotropic thermal parameters. For
all the structures, the hydrogen atoms of the metal coordinated sec-
ondary amine N atoms were located in the difference Fourier maps
and refined isotropically. The rest of the hydrogen atoms in each
structure were included in the structure factor calculation at ideal-
ised positions by using a riding model, but not refined. The
SHELX-97 programmes!'8! of the WinGX package!'?! were used for
structure solution and refinement. The ORTEX6a2” and Platon
packages?!l were used for molecular graphics. Selected crystal and
refinement data are listed in Table 3.

CCDC-600238 to -600243 contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.
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Table 3. Selected crystallographic data for 1-CH,Cl,, 2-:CH,Cl,, 1-CHCl;, 2:CHCl;, 1-CI(CH,),Cl and 2-CI(CH,),Cl.

Compound 1-CH,Cl, 2:CH,Cl, 1-CHCl; 2-:CHCl, 1-CI(CH,),C1 2:CI(CH,),Cl
Empirical formula C;3,H34Cl4,Cu,N,0, C;3H34Cl4,Cu,N,0,C3H33ClsCu,N>O, C3H33ClsCuyN>O,  C3rH36CLCusN>,O,  CioHiz6ClLCusrN,O,
Formula mass [gmol '] 735.5 735.5 769.9 769.9 749.5 749.5

Crystal system monoclinic monoclinic orthorhombic orthorhombic orthorhombic orthorhombic
Space group P2, P2, P2,2,2, P2,2,2, P2,2,2, P2,2,2,

a[A] 8.5479(6) 8.5359(6) 12.7319(6) 12.7250(7) 12.822(3) 12.7982(13)

b [A] 13.0697(9) 13.0565(10) 13.7805(7) 13.7785(8) 14.046(3) 14.0366(14)
c[A] 14.1650(9) 14.1597(10) 19.4266(10) 19.4192(11) 18.744(4) 18.7009(19)
A1 90.941(1) 90.954(1) 90 90 90 90

VA3 1582.28(19) 1577.9(2) 3408.4(3) 3404.8(3) 3375.9(12) 3359.5(6)

zZ 2 2 4 4 4 4

u [mm] 1.713 1.718 1.670 1.672 1.607 1.615
Reflections unique 7370 7305 7958 6928 6517 7860
Reflections [I > 2a(1)] 6813 6744 5909 5521 4934 5870
Parameters 378 378 387 387 387 387

R1, wR2 [I > 2a(])]
R1, wR2 (all data)

Flack parameter
GOF on F?

0.0393, 0.1128
0.0424, 0.1154
0.007(12)
1.061

0.0403, 0.1162
0.0432, 0.1187
0.022(12)
1.056

0.0516, 0.1327
0.0769, 0.1489
~0.014(17)
1.018

0.0488, 0.1258
0.0607, 0.1316
0.029(16)
0.986

0.0475, 0.1151
0.0727, 0.1242
0.029(17)
1.047

0.0493, 0.1229
0.0810, 0.1439
~0.001(17)
1.057
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