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A Novel Octanuclear Copper(I) Complex with a Compressed Square Antiprismatic Cug Core
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A novel octanuclear copper(I) complex, which has a
compressed square antiprismatic core of copper atoms (Cu---Cu
= av. 2.651(9) A), was prepared by the reaction of copper(I)
acetate with 2-(4-methoxyphenyl)benzothiazoline.

There is much interest in polynuclear complexes of transition
metals with sulfur-containing ligands, since these complexes
display a wide variety in composition and in structure. Indeed,
some octanuclear copper(I) complexes have been isolated with the
cubic Cug core.! However, few reports emerge on octanuclear
complexes with a square antiprismatic Cug core.2 We report here
the synthesis and structure of the novel octanuclear copper(l)
complex 1 with a hexadeca CugSg core.3

Reaction of copper(Il) acetate with 2 equiv. of 2-(4-
methoxyphenyl)benzothiazoline4 in benzene led to a reddish
brown powder of 1.5 This reaction product 1 was diamagnetic
as indicated by sharp resonances in the IH NMR spectrum and
the elemental analysis presents unambiguous evidence that a 1:1
(Cu:ligand) complex was formed. Thus the gross structure of 1
was presumed to be distinct from those of the nickel(I) and
palladium(II) complexes with similar ligands being a 1:2
(metal:ligand).6 In addition, from the 1H NMR study of reaction
mixture after removal of 1, the formation of 2,2'-di(4-methoxy-
phenylmethyleneaminophenyl)disulfide as a main product was
confirmed in comparison with an authentic sample.” These facts
show that the formation of 1 results from copper reduction,
Cu(II) - Cu(l), accompanied by the oxidation of 2-(4-methoxy-
phenyl)benzothiazoline.
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In order to determine the molecular structure of 1 an X-ray
crystal structure analysis was carried out8 and the results revealed
an octanuclear copper complex of formula [Cug{S(C¢H4)NCH-
(CeH4)OCH3}g8]. The molecular structure is shown in Figure 1.

Figure 1. The molecular structure of 1. (Hydrogen atoms and
CH2CICH2CI molecules have been omitted for clarity.) Selected bond
lengths (A) and angles (°): Cu(1)-S(1) 2.439(15), Cu(1)-S(1)* 2.337(14),
Cu(1)-S(2) 2.355(13), Cu(2)-S(1) 2.320(14), Cu(2)-S(2) 2.446(14), Cu(2)-
S(3) 2.344(13), Cu(3)-S(2) 2.382(13), Cu(3)-S(3) 2.418(15), Cu(3)-S(4)
2.306(13), Cu(4)-S(3) 2.349(14), Cu(4)-S(4) 2.431(15), Cu(4)-S(4)*
2.348(14), Cu(1)-N(1) 2.06(4), Cu(2)-N(2) 2.07(4), Cu(3)-N(3) 2.03(4),
Cu(4)-N(4) 2.07(4), Cu(l)--Cu(l)* 2.695(9), Cu(1)---Cu(2) 2.588(9),
Cu(2)--Cu(3) 2.692(9), Cu(3)---Cu(4) 2.605(9), Cu(4)--Cu(d)* 2.673(9),
S(1)-Cu(1)-S(1)* 111.2(5), S(1)-Cu(1)-S(2) 113.1(5), S(2)-Cu(2)-S(3)
110.5(5), S(1)*-Cu(1)-S(2) 111.6(5), S(2)-Cu(3)-S(3) 110.1(5), S(2)-Cu(3)-
S(4) 100.9(5), S(1)-Cu(2)-S(2) 114.1(5), S(1)-Cu(2)-S(3) 104.8(5), S(3)-
Cu(3)-S(4) 113.3(5), S(3)-Cu(4)-S(4) 111.3(5), S(3)-Cu(4)-S(4)* 111.3(5),
S(4)-Cu(4)-S(4)* 111.6(5), Cu(1)-S(1)-Cu(1)* 68.7(4), Cu(1)-S(1)-Cu(2)
65.8(4), Cu(1)*-S(1)-Cu(2) 120.9(6), Cu(1)-S(2)-Cu(2) 65.2(4), Cu(1)-S(2)-
Cu(3) 120.1(6), Cu(2)-S(2)-Cu(3) 67.8(4), Cu(2)-S(3)-Cu(3) 68.8(4), Cu(2)-
S(3)-Cu(4) 119.4(6), Cu(3)-S(3)-Cu(4) 66.2(4), Cu(3)-5(4)-Cu(4) 66.7(4),
Cu(3)-S(4)-Cu@)* 123.0(6), Cu(4)-S(4)-Cu(4)* 68.0(4).
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Figure 2. Core structure of 1 viewed down the crystallographic C3 axis.
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The molecule has a crystallographic C axis. The cyclic ladder
structure of 1 consists of two Cu4S4 heterocyclic rings. The
Cu4qS4 units are crown-shaped rather than planar (Figure 2).
Each copper(]) ion is bonded to N,S atoms of one ligand and two

U3-S atoms of the neighboring ligand to give a tetrahedral
configuration. The average Cu-S and Cu-N distances of
2.373(14) and 2.06(4) A respectively are within the range
normally found for tetra-coordinate Cu(I)-sulfur compounds® and
tetra-coordinate Cu(I)-imino nitrogen ones.10 However, it is
noteworthy that all Cu(I)-bridging S distances are shorter than the
terminal ones. The average Cu---Cu distance is only 2.651(9) A,
rather short compared to corresponding distances in the other
copper-sulfur complexes.® Furthermore the Cu-S-Cu angles in
the four-membered ring defined by Cu(1)-S(1)-Cu(2)-S(2),
Cu(2)-S(2)-Cu(3)-S(3) and so on are remarkably acute. These
short distances and the accompanying acute bridge angles suggest
an electron-deficient three-center two-electron (3c-2e) bond. 911

We wish to thank Takashiro Akitsu for his help with aspects
of the X-ray studies.
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