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by Fixation and Activation of Atmospheric CO,
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The first hydrogencarbonato-bridged dinuclear copper(II)
complex [Cu,(L)(HCO,)I(BF,),5H,0, 1 was obtained by
allowing of acetone solution containing a copper(Il) complex
[Cu,(L)Y(CH)](BF,),-6H,0, where HL is N,N,N’,N’-tetrakis-
[(1-methyl-2-benzimidazolyl)methyl]-2-hydroxy-1,3-diaminopro-
pane. The crystal structure of 1 was determined by X-ray
crystallography and characterized by the magnetic susceptibility
and infrared and visible absorption spectrum.

Studies on di- and trinuclear metal complexes bridged by
carbonato or hydrogencarbonato are mainly noted from three
areas; i.e.(i) the research for the fixation and activation of CO,
from the viewpoint of environmental protection,’ (ii) the
function models for zinc containing carbonic anhydrase,*”* (iit)
the relationship between the bridging modes of carbonato and
magnetic properties.>**'" In connection with these investigations,
the dinuclear copper(Il) complex [Cu(HB(3,5-iPr,p2z)),],(CH),
bridged by two hydroxo was found to react with CO, to afford
u-carbonato copper(Il) complex [Cu(HB(3,5-iPr,pz),],(CO,)."*
Also the cobalt(Il) complex [Co,OH(tcoa)](ClO,), bridged by
one hydroxo trapped CO, rapidly to give a carbonato-

Figure 1. An ORTEP view of [Cu,(LYHCO)P" in 1.
Selected bond lengths(A) and angles(®): Cu---Cu* 3.440(4), Cu-—
O(1) 1.898(6), Cu—O(2) 1.94(1), Cu-N(1) 2.00(1), Cu-N(3)
2.15(1), Cu-N(5) 2.13(1), O2)-C(21) 1.23(1), O3)»-C(21)
1.52(3) A; Cu—O(1)-Cu* 130.0(7), Cu-O(2)-C(21) 129(1),
O(1)-Cu-0(2) 95.0(4), O(1)-Cu~-N(1) 148.8(4), O(1)-Cu-N(3)
104.6(3), O(1)—Cu-N(5) 84.8(5), O(2)-Cu~-N(1) 97.5(5), OQ2)-
Cu-N@3) 102.6(6), O(2)-Cu-N(5) 174.5(5), N(1)-Cu-N(3)
100.5, N(1)-Cu-N(5) 80.1(5), N(3)-Cu-N(5) 82.8(6), O(2)—
C1)-0(3) 115(1), O(2)-C(21)-0(2*) 131(2)".

bridged complex [Co,CO,(tcoa)(CIO,), 3H,0."° Recently we
reported efficient CO, uptake by the nickel(I) complex
[Ni,(L")(OH)(H,0),(CI0,),. In the system, CO, is taken up
from the air, as monomethyl carbonate in methanol under
the presence of urea derivative to give [Ni,(L)(QOC-O-
CH,)(CH,O0H),)(CIO,),-H,0-CH,OH."* In this paper, we
isolated the first hydrogencarbonato-bridged dinuclear copper(Il)
complex [Cu,(L)(HCO,)I(BF,),)5H,0, 1 by allowing a
dinuclear complex [Cu,(L)(OH)](BF,), in acetone.”

[Cu,(L)(OH)]I(BF,), was prepared by a similar method to
that for [Cu,(L)(OH)](CIO,), using Cu(BF,), aqueous solution
(45%) instead of Cu(ClO,),-6H,0.'* The acetone solution of
[Cu,(L)Y(OH)I(BE,),-6H,0 was allowed to eveporate to bring
about a pale green crystals [Cu,(LY(HCO,)I(BF,),SH,0, 1.** A
crystal suitable for X-ray study was sealed in a capillary tube.'¢

The structure consists of one discrete dinuclear [Cu,(L)(H-
CO)P* unit, two tetrafluoroborate ions, and five water
molecules.

An ORTEPY view of [Cu,(L)(HCO,)J** in 1 is shown in
Figure 1 with selected bond lengths and angles. The cation in 1
consists of two copper(Il) ions bridged by one alkoxo group of L
and one bidentate hydrogencarbonato. The Cu-O(1)-Cu* angle is
130.0 (7)°, which is similar to that of the corresponding acetato-
bridged complex [Cu,(L"YOAQI(CIO,),."® The Cu(1)-(X1)
distance of 1.898(6) A, is also similar to that of [Cu,(L)
(OAQ)I(CIO,),."® The coordination around copper(Il) exhibits
distorted square pyramidal N,O, coordination with two nitrogen
atoms of L and two oxygen atoms of L and hydrogencarbonato in
the basal plane and one nitrogen of L at the apical position. The
plane defined by N(1), N(5), O(1) and O(2) is nearly planar:
maximum deviation of the atom is 0.341 A of N(5). The basal
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Figure 2. Temperature dependence of the magnetic susceptibility
and magnetic moment per copper for 1. The solid line shows the
theoretical susceptibility calculated by the Bleaney-Bowers

equation.'®
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planes make an angle of 164.7°. The Cu---Cu* distance in the
dinuclear complex is 3.440(4) A

The complex 1 gave the characteristic IR band due to the
bridging hydrogencarbonato at 1556 cm’’. The electronic
absorption spectrum of 1 exhibits the broad d-d band at 810 nm
in a powder state.

The magnetic moment of 1 at room temperature is 1.94 BM.
The data of temperature-dependence magnetic moment show a
peak near 25 K, indicating a ferromagnetic interacion between
two copper(Il) ions (Figure 2). This agreed with the magnetic
behavior of [Cu,(L’)(OAc)]J(ClO,),.'"® The magnetic parameters
can be estimated as g = 2.16, 2J = +36.3 cm’!, and Na =

450x10°® cgs emu mol’ from best fit of the 7, values to the
Bleaney-Bowers equation. '° The 27 value is much larger than
that (27 = +24 cm™) of [Cu,(L"Y(OA)(CIO,),."® Studies on the
mechanism for the formation of hydrogencarbonato-bridged
complex are now in progress.

We thank to Prof. Yasushi Kai and Dr. Nobuko Kanehisa
of Osaka University for their helpful discussions in X-ray crystal
structure.
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