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Imidazole (histidine) coordination is well recognized for many
copper-containing enzymes that bing, @,~, or G2~ ions.

reacted with carbon dioxidkleading to 1-methylbenzimidazole-

2-carboxylic acid. We have now found thatreacts with'/,

Many of these enzymes function as oxidases or oxygenases formol of diethyl carbonate to give ketoBeBBIK , in 48% yield1?

hydrocarbon substratés.Interestingly, copper also catalyzes

Secondary alcohel, BBICOH, was prepared fror and ethyl

undesirable oxidations of hydrocarbons used as fuels, lubricants formaté® while tertiary alcohob, TBICOH , was obtained in

etc? Strong chelation by N-heterocycles of Cu f19r Cu(l)
(the latter from Cu-containing impervious films formed on metal
surfaces)seems to be a common requirement for a “deactivator
of such oxidations, and we have shown that bioinspired
imidazole ligands indeed prevent copper-induced oxidafions.
Benzimidazole ligands are also known as Cu deactivdtors.
Chelating bis- or tris(benzimidazoles) have received little
attention compared to polyimidazoles.

Additional carbinol and carbonyl functionalities should allow
further derivatization (for example, to enhance ligand lipophi-
licity) or red-shift the MLCT bands (believed important in
artificial photosynthesfs) of their Cu(l) complexes.

This paper describes the preparation of representative ex-
amples of compounds of three new classes of benzimidazole
and the preparation and structural and spectroscopic characte

ization of some of their copper complexes.

1-Methylbenzimidazolé,1, is known to undergo lithiation
at the 2-position, and the lithio derivativ&was previously

‘:'green, X-ray quality crystals. The Cu coordination sphere (see
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moderate yield by reacting with ethyl chloroformaté All
of the ligands are white crystalline solids which are stable in
air.

The copper (II) complex, [Cu(BBIK[NO3)](NOs), 6, was
prepared by reacting 170 mg (0.62 mmol) Cu@{3BH,0,
dissolved in 20 mL of a 1:1 methanol/acetonitrile mixture, with
361 mg (1.24 mmol) o88. Evaporation of the solveltgave
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Figure 1) incorporates four N imidazoles and at least one O

from a coordinated nitrate. The two BBIK ligands bind Cu(ll)

in an axial-equatorial mode, with a 8&ite angle; the CuN
bond lengths, 1.987(2)2.088(3)A, are normal. If the 015
coordination is ignored, the coordination geometry can be
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Anal. Calcd fOIﬁ, [CU«CBH7N2)2CO}2(N03)][NO3]'0.5 HO (C34H29-

CuNyoOgs): C, 52.02; H, 3.70; N, 17.84. Found: C, 52.23; H, 3.86;

N, 17.80. Crystal data fo-MeCN: monoclinic, space group2;/n

(alternative ofP2y/c, No. 14);a = 11.222(2}£A,b =17.140(4) Ac

=0.365(4) A,5 = 98.10(2}, V = 3688(1) A; deaic = 1.458 g cm3

for Z = 4. A total of 6779 independent reflections were collected.

The structure was solved using direct methods technigies.

(unweighted, based oR) = 0.048 for 4914 independent reflections

with | > 3o(l).

@an

© 1996 American Chemical Society



4 Inorganic Chemistry, Vol. 35, No. 1, 1996

Figure 1. View of the [Cu(BBIK)(NOg)]* cation. The predominant
(52%) coordination mode of the nitrate is specified by oxygen atoms

at 011, 012, and O13 and a nitrogen atom at N1. Selected bond length

(A) and angles (deg): CtN13=1.987(2), Ct-N23= 2.039(3), Ct-
N33 =2.002(3), Ca-N43=2.088(3), Cut-O11= 2.075(4), Cu-O15
= 2.086(20), 0123 C123=1.216(4), 032+ C321= 1.212(4); N13-
Cu—N23 = 88.3(1), N13-Cu—N33 = 169.9(1), N23-Cu—N33 =
96.7(1), N13-Cu—N43= 100.0(1), N23-Cu—N43=101.8(1), N33-
Cu—N43 = 87.6(1), N13-Cu—011 = 88.9(1), N23-Cu—011 =
161.5(1), N33-Cu—011= 83.6(1), N43-Cu—011= 96.7(1), C12-
C123-C22 = 118.3(3), C32-C321-C42= 117.7(3).

unlike dipyridyl ketone¥ or other N-heterocycle¥, neither
carbonyl hydration nor metaloxygen bond formation is
observed fo6.1°

The copper (I) complex [Cu(BBIK)(BF,)-solvent,7, was
prepared by mixingerobically586 mg (2.02 mmol) o8 with
a 20 mL acetonitrile solution containing 268 mg of CuBF
4MeCN (1.01 mmol), which instantly developed a dark blue
color. Liquid diffusion of cosolvents (diethyl ether, ethanol)
overnight formed black X-ray quality crystads. The structure
of the cation of7, shown in Figure 2, exhibits normal €N
distances ranging from 1.987(5) to 2.019(5¥A. The ligand
bite angle of 90 is about 14 smaller than the ideal value
required for regular tetrahedral geometry butl® deg. larger
than those encountered fardiimines?? The geometry around
the Cu is pseudotetrahedr8ly), with a dihedral angle of 8821
between the intraligand NCu—N planes.
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Cu(l), aromatie-carbonyl conjugation is favored only for the
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SFigure 2. View of the [Cu(BBIK)]" cation. Selected bond lengths
(A) and angles (deg): CtN13=2.011(6), Cu-N33= 1.987(5), Ct-
N22 = 2.014(6), Cu-N43 = 2.019(5), 0123-C123 = 1.224(10),
0321-C321= 1.221(10); N13-Cu—N23 = 90.4(2), N13-Cu—N33

= 120.0(2), N23-Cu—N33 = 124.5(2), N13-Cu—N43 = 117.0(2),
N23—Cu—N43 = 116.6(2), N33-Cu—N43 = 91.0(2), C12-C123-
C22=119.8(7), C32-C321-C42 = 121.4(7).

Cu(l) complex (the aromatic rings deviate by only5L° from
coplanarity). This is reflected both in the air stabilityoand

in its intense color. Botl® and 7 are stable in solution7 is
slowly oxidized in air to Cu(ll) over a period of days. The
electronic spectroscopy and NMR of a deep purple MeCN
solution of 7 suggest that the solid state Cu coordination is
maintained in solutiod® No free ligand or coordinated MeCN
is observed by NMR. The presence of a 623 nm absorption,
most likely a d-a* MLCT transition, combined with the
hydrolytic stability of the carbonyl group suggests that metal
complexes ofBBIK or its derivatives may be candidates for
photochemical scission of water.

In conclusion, new bifunctional tri- and bidentate N ligands
have been prepared. The coordination properti®&BIK have
been elucidated via the preparation and spectroscopic and
structural characterization of its first metal complexes. The
preparation, using a similar synthetic strategy, of unalkylated-
polybenzimidazole ligands as well as metal complexes of the
carbinol ligands will be reported elsewhere.
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