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Introduction

Selective binding of a substrate to a molecular receptor system
leads to the formation of a supramolecular entity by the process
of molecular recognitioA. Organic macrocyclic compounds
having binding sites suitable for noncovalent interactions are
the key systems in supramolecular chemigthlt is envisaged
that the metallamacrocyclic transition-metal complexes could
be potential “inorganic analogues” of the organic macrocyclic
receptor system&> The presence of metal ions in the
metallamacrocyclic framework is expected to fine-tune the
receptor capabilities of the available binding sites for non-
covalent interactions with other molecular species. Recent

the trianion of a pentadentate Schiff-base ligand). Although a
few octanuclear copper(ll) complexes are repdrtédin the
literature, there is only one structurally characterized complex,
[Cug(dmpz}(OH)g]-2CsHsNO,, that has a core cavity clatharat-
ing two nitrobenzene molecules (Hdmpz3,5-dimethylpyra-
zole)® The present complex shows a new structural motif
involved in noncovalent interactions.

Experimental Section

The Schiff-base ligand 2-hydroxy-1,3-propanediylbis(acetylacetone
imine) (HsL) was prepared according to the literature procedgre.

Preparation of [CugL4(OH)3](CIO,), 1. To a solution of Cu-
(ClO4)2:6H,0 (741 mg; 2.0 mmol) in methanol (30 mL) were added
HsL (254 mg; 1.0 mmol) and KOH (224 mg; 4.0 mmol). The solution
was magnetically stirred fa2 h atroom temperature. The resulting
green solution was filtered, and the filtrate on slow evaporation gave
1in 60% yield. Anal. Calcd for &H7eNgO:1sCICus: C, 37.53; H,
4.75; N, 6.74. Found: C, 37.32; H, 5.21; N, 6.8%max, M (€, M1
cm™) in CH,Cly: 615 (830). ym® = 4.79 x 1074 cm? mol~* at 295
K. ter = 1.06ug/Cu at 295 K. IR data (cmt): 3545 (br), 2918 (w),
1601 (s), 1514 (s), 1403 (s), 1269 (m), 1200 (w), 1140 (vs,,0lO
939 (m), 778 (m), 625 (s), 454 (m) (¥s very strong; s= strong; m
= medium; w= weak; br= broad).

Safety Note. Perchlorate salts of metal complexes with organic
ligands are potentially explosive and should be prepared in small
guantities and handled with great caution.

Measurements. Elemental analyses were performed using a Her-

reports have shown that a new class of complexes, viz. aeus CHN-O Rapid instrument. Electronic and IR spectra were
metallacrowns and metallacryptates, show novel physicochem-recorded on Hitachi U3400 and Bio-Rad FTS-7 spectrometers, respec
ical properties that are distinctly different from those of their tively. Room-temperature magnetic susceptibility data were obtained

organic analogues.

Herein, we report the isolation of the octanuclear metal-
lamacrobicyclic copper(ll) complex [GU4(OH)3](ClOy)-
3H,0-C7H1,, exemplifying a new supramolecular entity with a
hydrophilic polar core and an outer hydrophobic environment
showing chemically significant noncovalent interactions<L
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on polycrystalline samples from a George Associates model 300 Lewis-
coil-force magnetometer using Hg[Co(NGIS)s calibrant. The X-ray
intensity data were collected at 294 K with an Enraf-Nonius CAD4
diffractometer using graphite-monochromated Ma Kadiation.

X-ray Crystallographic Procedure. Green rectangular crystals of
composition1-3H,0-C;H,, were obtained by the diffusion technique
using a dichloromethane solution band petroleum ether. The sources
of water and 3-methyl-1,4-hexadieneskG,) were the commercially
available solvents used for crystallization. The crystal structure was
determined using procedures reported eatfielhe crystallographic
data are presented in Table 1. The positional parameters for selected
atoms are given in Table 2. The intensity data collected in the range
2 < 20 < 50° by the w-scan technique were corrected for Lorentz,
polarization, and absorptiéh effects. There were 13 441 unigue
reflections, of which 8528 unique data with> 20(l) were used for
structure solving and refinement with the Patterson method and full-
matrix least-squares techniques. All calculations were carried out using
an IBM computer and the SHELX system of prograweith scattering
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Table 1. Crystallographic Data for
[CU8L4(OH)3](C|O4)'3H20'C7H12

empirical formula GoHo7NsO22ClICus
fw 1814.22

cryst size, mm 0.2% 0.3x 0.18
cryst system triclinic

space group (No.) P1(2)

a, 12.202(5)

b, A 14.852(4)

c, A 23.362(5)

o, deg 74.73(2)

p, deg 84.73(2)

y, deg 69.42(3)

Vv, A3 3823(2)

z 2

T,K 294

1A 0.7107

Pcale @ CNT3 1.58

u(Mo Ko, cmt 22.89

R12 0.0577

wWR2 0.1391

AR1= 3 |IFo| — |Fell/3|Fol. "WR2=[J[W(F? — FAF/ 3 [W(FH)T] ¥~
w = [04(Fo?) + (0.083P)? + 8.9F]* whereP = [max(F.%,0) + 2FF/
3.

Figure 1. ORTEP view of the cationic complex [@(OH)s]* along
with two water molecules ifl:3H,0:C7/Ha2.
Table 2. Positional Coordinates10%) and Equivalent Isotropic

Displacement Parametersi{A 10%) for Selected Atoms in successfully modeled by applying geometrical restraints using the DFIX
[CugL 4(OH)3](ClO4)-3H,0-C7H12 provision available on SHELXL-93. The goodness-of-fit was 1.067.

atom X y z Ueqy The final difference F_ourier map was featureless_, showing the highest
peak of 0.987 e A8 situated 1.7 A from the chlorine atom.

Cu(1) 2372(1) 1960(1) 4167(1) 50(1)

Cum oAl  sioa(l)  aese()  4e(y oS and Discussion

Cu(4) 2636(1) 5437(1) 1793(1) 59(1) The reaction of copper(ll) perchlorate hexahydrate with a

Cu(5) 4503(1) 3157(1) 2129(1) 50(1) Schiff base (HL) in the presence of KOH in methanolic medium
eads to the self-assembly of the octanuclear core in high yie

e e LoD B 70 ieads o e salassembl of the cianucearcore n igh vied

Cu(8) 345(1) 3057(1) 3110(1) 46(1) (eq 1). An ORTEP view of the cationic complex along with

0o(1) 3080(5) 795(4) 3872(2) 56(1) Meon

0B Lup e 4D O sCuCo)EHO T AHL 1 150K

0(4) 4210(5) 4192(4) 3985(2) 52(1) [CuglL ,(OH),](CIO,) + 60H,0 + 15KCIO, (1)

0o(5) 3187(5) 5752(4) 2437(2) 60(2) 1

0(6) 1787(6) 5237(4) 1223(2) 66(2)

88 3;228 gg;igig %?g;gg gg% two water molecules is shown in Figure 1. Selected bond

0(9) 1370(5) 1541(4) 2839(2) 57(1) dlstancgs qnd angles in the cationic complex are given in Table

0(10) 3306(5) 3054(5) 1393(3) 61(2) 3, and significant hydrogen-bondl_ng data are given in Tgble 4,

0(11) 518(4) 3942(4) 2328(2) 50(1) The octanuclear complex consists of four alkoxo-bridged

0(12) 146(5) 2290(4) 3885(2) 55(1) dinuclear unit§ CwL}* that are covalently linked by one-

O(13) 2000(4) 2719(3) 3326(2) 42(1) OH and twouz-OH ligands to form the octacopper(ll) core.
Each copper atom il is in an axially elongated square-

Ofls)  zeva(sy  dosm(s 2029 45D h i is in an axialy elongated

N(1) 2458(7) 1233(5) 4984(3) 59(2) pyramidgl NQ coo_rdination environment with the axial posi-

N(2) 1651(5) 4573(5) 5011(3) 48(2) tions being occupied by the oxygen atom of the pentadentate

N(3) 4479(6) 5915(5) 3203(3) 52(2) ligand, giving a Cer-O distance in the range 2:2.7 A. The

N(4) 2785(7) 6657(5) 1312(3) 63(2) Cu(1) and Cu(4) atoms display an additional weak axial ligation

NS Q0 ZEY sy Dby wae moleaes

NE7; 970((6)) 30828 143523; 578 The Cu--Cu distances lie in the range 2:93.65 A. The

N(8) —1279(6) 3492(5) 2896(3) 52(2) Cu--Cu distances in the Cwl}™ units are significantly

0(20) 537(6) 5709(5) 2556(4) 92(2) different from each other. The Cu¢i)Cu(2) and Cu(3}-

0(21) 4499(6) 2229(5) 3924(3) 80(2) Cu(4) distances are considerably longer than the Cui)(6)

a Equivalent isotropidJ(eq) is defined as one-third of the trace of @nd Cu(7)--Cu(8) distances. This could be due to the signifi-
the orthogonalizedJ; tensor. cantly higher Cu(1)O(2)-Cu(2) and Cu(3)0O(5)-Cu(4)
angles (135138) compared to Cu(5)O(8)—Cu(6) and
factors taken from ref 16. All non-hydrogen atoms were refined Cu(7)-O(11)}-Cu(7) (12#125). The Cu--Cu distances
anisotropically except those of one water molecule and the organic between two neare$iCwL} ™ units are shorter than the same
solvent molecule. The hydrogen atoms attached to carbon atoms indistances within the dinuclear units. The Cu{®)(14)-
the cationic complex were generated and assigned isotropic thermalCuy(3) angle of 94.3(2)is the smallest. Consequently, the
parameters, riding on their parent carbon atoms, and used for structureg|koxy bridge angles in thCu,L}* units involved in theus-
factor %) calculations only. The solvent molecule;HG, was OH bonding are the largest. The other-@dH—Cu angles lie

(16) International Tables for X-ray Crystallographitynoch Press: Bir- (17) Johnson, C. KORTEP II: A Program for Thermal Ellipsoid Plotting
mingham, England, 1974; Vol. IV. Oak Ridge National Laboratory: Oak Ridge, TN, 1976.
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Table 3. Selected Bond Distances (A) and Bond Angles (deg) irg[G@H)3](ClO.,)-3H,0-C7/H1,
Bond Distances (A)

Cu(1)y--Cu(2) 3.642(2) Cu(By0(2) 1.965(5) Cu(450(5) 1.927(5) Cu(6y0(1) 2.359(5)
Cu(1)--Cu(6) 3.125(2) Cu(By0(12) 2.696(6) Cu(4yN(4) 1.923(7) Cu(6y0(13) 2.002(5)
Cu(1)--Cu(8) 3.323(2) Cu(H0(13) 1.994(5) Cu(450(6) 1.901(6) Cu(70(10) 1.921(6)
Cu(2)y--Cu(3) 2.932(2) Cu(2y0(2) 1.935(5) Cu(4y0(7) 2.663(6) Cu(AN(7) 1.935(6)
Cu(3)--Cu(4) 3.540(2) Cu(2yN(2) 1.931(6) Cu(4y0(15) 1.987(5) Cu(H0O(11) 1.972(5)
Cu(4)--Cu(5) 3.283(2) Cu(2y0O(3) 1.927(5) Cu(5y0(7) 1.914(6) Cu(7A0(6) 2.446(6)
Cu(4y--Cu(7) 3.173(2) Cu(2y0(4) 2.614(5) Cu(5yN(5) 1.919(7) Cu(7-0(15) 1.988(5)
Cu(5)--Cu(6) 3.483(2) Cu(2y0(14) 2.008(5) Cu(5)0(8) 1.969(5) Cu(8y0(11) 1.991(5)
Cu(5)--Cu(7) 3.133(2) Cu(3y0(4) 1.920(5) Cu(5y0(10) 2.423(5) Cu(8yN(8) 1.925(6)
Cu(6)--Cu(8) 3.107(2) Cu(3yN(@3) 1.921(6) Cu(5)y0(15) 1.987(5) Cu(8y0(12) 1.915(5)
Cu(7)--Cu(8) 3.475(2) Cu(3y0(5) 1.911(5) Cu(6y0(8) 1.966(5) Cu(8y0(9) 2.379(5)
Cu(1)-0(1) 1.919(5) Cu(3Y0(3) 2.524(6) Cu(6)N(6) 1.937(6) Cu(8y0(13) 1.981(5)
Cu(1)}-N(1) 1.921(7) Cu(3y0(14) 1.990(5) Cu(6y0(9) 1.922(6)
Bond Angles (deg)

O(1)—Cu(1)-N(1) 94.3(3) O(5-Cu(3)-0(14) 94.6(2) O(8)Cu(5-0(15) 91.8(2) N(8)Cu(8y-0(13) 175.6(2)

O(1)-Cu(1)-0(2) 169.3(2) N(3)Cu(3)-0(14) 171.0(2) O(AHCu(5)-0(10) 91.1(2) O(12yCu(8y0(11) 175.8(2)

N(1)—Cu(1)}-0(2) 86.3(2) O(4yCu(3)-0(14) 87.6(2) N(5)-Cu(5-0(10) 107.1(3) N(8)yCu(8)-0(11) 85.3(2)

O(1)-Cu(1}-O(13)  87.1(2) O(5yCu(3-0(3)  111.9(2) O(8}Cu(5-0(10)  96.1(2) O(13}Cu(8-O(11)  92.5(2)
N(1)-Cu(1-0(13)  170.2(3) N(3}Cu(3-O(3)  100.8(2) O(15)yCu(5)-O(10) 73.0(2) O(12}Cu(8)-0O(9)  88.2(2)
O(2-Cu(1-0(13)  94.2(2) O(4)yCu(3-0(3) 84.2(2) O(9)-Cu(6)-N(6) 93.0(3) N(8)+-Cu(8-0(9)  109.3(2)
O(1)-Cu(1)-0(12)  96.8(2) O(14yCu(B-0O(3)  70.8(2) O(9yCu(6)-O(8)  169.3(2) O(13yCu(8)-0(Q)  74.7(2)
N(1)-Cu(1}-O(12)  101.9(3) O(6)YCu(4)-N(4) 95.8(3) N(6)-Cu(6)-0O(8) 86.2(3) O(11}Cu(8-0(9)  95.9(2)
O(2)-Cu(1}-0(12)  93.6(2) O(6yCu(4-O(5)  168.4(3) O(9Cu(6)-O(13)  85.5(2) Cu(B-O(1)-Cu(6)  93.3(2)
O(13)-Cu(1)-O(12)  68.3(2) N(4¥-Cu(4)-O(5) 85.8(3) N(6Y-Cu(6)-O(13) 178.4(3) Cu(}O(2)-Cu(l)  138.0(3)
O(1)-Cu(1-0(21)  85.0(2) O(6yCu(4-O(15)  87.0(2) O(8}Cu(6)-0O(13)  95.2(2) Cu(>O(38)-Cu(3)  81.2(2)
N(1)-Cu(1}-O(21)  105.4(3) N(4}Cu(4-O(15)  166.2(3) O(9)Cu(6)-O(1) 90.2(2) Cu(3YO(4)-Cu(2) 78.9(2)
O(2)-Cu(1}-0(21)  84.5(2) O(5yCu(4-O(15)  94.1(2) N(6YCu(6)-O(1)  104.8(2) Cu(3yO(5)-Cu(4)  134.6(3)
O(13)-Cu(1)-O(21)  84.4(2) O(6}Cu(4-O(7)  100.0(2) O(BYCu(6-O(1)  100.4(2) Cu(4yO(6)-Cu(7)  92.9(2)

O(12)-Cu(1)-0(21) 152.4(2) N(4)FCu(4-0(7) 96.3(3) O(13)Cu(6)-O(1)  75.9(2) Cu(5%O(7)-Cu(4) 90.1(2)
O(3)-Cu(2)-N(2) 93.8(2) O(5)-Cu(4)-0(7) 91.2(2) O(10yCu(7)-N(7)  94.4(3) Cu(6yO(8)-Cu(5)  124.5(3)
0(3)-Cu(2)-0(2) 175.7(2) O(15)Cu(4)-O(7)  69.9(2) O(10¥Cu(7)-O(11) 172.1(2) Cu(6YO(9)-Cu(8) 91.9(2)
N(2)—Cu(2)-0(2) 86.0(2) O(6YCu(4-O(20)  885(2) N(7rCu(7)-O(11)  85.2(3) Cu(7O(10)-Cu(5) 91.6(2)

O(3-Cu(2-0(14)  84.7(2) N(4yCu(4y-0O(20) 114.1(3) O(10}Cu(7)-O(15) 85.2(2) Cu(ZO(11)}-Cu(8) 122.6(3)
N(2)-Cu(2-O(14)  1785(2) O(YCu(4-0(20)  80.3(2) N(7rCu(7)-O(15) 177.6(3) Cu(8yO(12)-Cu(l)  90.6(2)
O(2)-Cu(2-0(14)  955(2) O(15¥Cu(4-0(20) 79.5(2) O(1BCu(7)-O(15) 95.0(2) Cu(8YO(13)-Cu(l) 113.4(2)

O(3)-Cu(2)-0(4) 81.6(2) O(7yCu(d)-O(20) 147.5(2) O(10YCu(7)-O(6)  87.9(2) Cu(8}O(13)-Cu(6) 102.6(2)
N(2)—Cu(2)-0(4) 109.4(2)  O(7}Cu(5)-N(5) 93.7(3) N(7-Cu(7)-0O(6)  108.9(3) Cu(1yO(13)-Cu(6) 102.9(2)
0(2)-Cu(2)-0(4) 1025(2) O(7yCu(5)-0(8)  172.5(2) OB Cu(7)-O(B)  99.8(2) Cu(3yO(14)-Cu(2)  94.3(2)
O(14y-Cu(2-O(4)  70.3(2) N(5%-Cu(5)-0(8) 86.0(3) O(15rCu(7y-0(6)  73.5(2) Cu(5rO(15)-Cu(4) 111.4(2)
O(5)-Cu(3)-N(3) 85.5(3) O(7yCu(51-O(15)  88.4(2) O(12YCu(8-N(8)  94.3(3) Cu(5rO(15)-Cu(7) 104.1(2)

O(5)-Cu(3-0(4)  163.6(2) N(GYCu(5-O(15) 177.9(3) O(12)Cu(8-0(13) 87.5(2) Cu(4}O(15-Cu(7) 105.9(2)
N(3)-Cu(3)-0(4) 94.9(3)

Table 4. Chemically Significant Hydrogen-Bonding Interactions in N2) O(3) N(3)
[CU3L4(OH)3](C|O4)'3H20'C7H12

Contacts (A)

O(20y--0(14) 2.79 O(21)-0(4) 2.85 Cu(2)
O(20)--0(22) 3.29 O(21)-0(8) 2.85
0O(20)--0(11) 2.78
Angles (deg) N
Cu(4y-O(20y--O(14)  77.2 O(11)-O(20)--0(22) 165.4
Cu(4)-0(20¥--0(22)  80.6  Cu(1}O(21)--O(4) 107.7 N
Cu(4)-O(20)--0(11) 86.1  Cu(L}O(21)--O(8) 87.0

O(14y--0(20y--0(11) 82.7  O(4y-O(21y--O(8) 114.2
O(14y--0(20y--0(22)  99.9

in the range 102114°. The alkoxo bridge angle in relat&d oD N(S)
discrete dicopper(ll) complexes having similar pentadentate
Schiff-base ligands is-135°.

The assembly of foufCu,L} ™ units gives an unusual lateral-
type metallamacrobicyclic cot€in 1 with a small inner cavity
that consists of O(13), O(14), and O(15) atoms whose inter- Figure 2. View of the lateral-type metallamacrobicyclic core in the
atomic distances range between 2.8 and 3.2 A (Figure 2). In cationic complex showing the spatial arrangement of three water
the crystal lattice, it forms a channel that is nearly parallel to Melecules in the polar core and their possible contacts.

the b axis (~16° inclined) and is nearly perpendicular to the 337, The core is thus unique in showing the presence of
101 plane £77°). The geometry at the bridging alkoxy atoms  poth planar and pyramidal alkoxy oxygen atoms.

0O(2) and O(5) is planar, as the sum of the-&—Cu and two The asymmetric unit of the unit cell contains three water
Cu—O—Cu angles for these atoms in tH€wL} " units is molecules and one ;> molecule in addition to the cationic
~355’. The geometry of the other alkoxy bridging atoms O(8) complex and the perchlorate anion. Two water molecules show
and O(11) is, however, pyramidal, the sum of the angles being significant interactions with the cationic complex. A space-

N 7y
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atoms having pyramidal geometry. The planar alkoxo oxygen
atoms and theus-OH groups do not show any chemically
significant interactions with the water molecules. The axial
ligation of O(20) and O(21) to Cu(4) and Cu(1) involve the
lone-pair electrons on the oxygen atoms. The hydrogen atoms
of O(21) form hydrogen bonds with O(4) and O(8), leaving
one lone pair of electrons on O(21). The hydrogen atom of
0O(20) is bonded to O(11). The situation is not clear for the
hydrogen bonding of O(22) and O(14) with O(20), as the atoms
have both the lone pair(s) and hydrogen atom(s) available for
interaction.

The cationic complex has a hydrophilic core and an outer
hydrophobic exterior (Figure 3). The;B:, molecule, which
lies along a channel made by the octanuclear cationic species
. . . . in the crystal lattice, is in the hydrophobic environment created
Figure 3. Unit cell packing diagram of [CdlLs(OH)s](ClOg4)-

3H,0-C;H12 showing the presence of three water molecules in the polar by the met_hyl grOUp_S of the per_ltadentate ligands. The p_er—
interior and the gH1, molecule near the hydrophobic exterior region ~Cchlorate anion occupies the relatively less hydrophobic region
of the complex cation. in the crystal lattice. The water molecules are in the polar
filling model shows the presence of a small inner cavity in the interior region of the metallamacrobicyclic core and display
core. The water molecules, viz. the O(20) and O(21) atoms, preferential selection of binding sites for noncovalent inter-
lie above and below the plane formed by three hydroxo oxygen actions.

atoms. The water molecules occupy the elongated axial sites
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0O(21) is involved in a similar type of interaction with O(4) and

O(8). Figure 2 shows the significant hydrogen-bonding inter- Support?ng Information Availablle:. Figures showing an additional
actions between the polar core and the water molecules. Atom©RTEP diagram and a space-filing model (2 pages). An X-ray
0(20) is also involved in a weak hydrogen-bonding interaction Crystallographic file, in CIF format, for the compléx3H,0-CiHiz is
with O(22). The water molecule oxygens O(20) and O(21) have available on the Internet only. Ordering and access information is given
hydrogen-bonding interactions with the-OH group, one on any current masthead page.

terminal oxygen atom of the ligand and two alkoxo oxygen 1C970487L
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