
Benzimidazol-2-ylcarbinols and Benzimidazol-2-yl Ketones: Novel Bifunctional Chelating Ligands for
Copper

Sergiu M. Gorun* and Robert T. Stibrany

Corporate Research, Exxon Research and Engineering Company, Annandale, New Jersey 08801

Alan R. Katritzky,* Jaroslaw J. Slawinski, ⊥ Hassan Faid-Allah,‡ and Frédéric Brunner §

Department of Chemistry and Center for Heterocyclic Compounds, University of Florida, Gainesville, Florida 32611-7200

ReceiVed June 2, 1995

Imidazole (histidine) coordination is well recognized for many
copper-containing enzymes that bind O2, O2

-, or O22- ions.
Many of these enzymes function as oxidases or oxygenases for
hydrocarbon substrates.1 Interestingly, copper also catalyzes
undesirable oxidations of hydrocarbons used as fuels, lubricants,
etc.2 Strong chelation by N-heterocycles of Cu (II)3 or Cu(I)
(the latter from Cu-containing impervious films formed on metal
surfaces)4 seems to be a common requirement for a “deactivator”
of such oxidations, and we have shown that bioinspired
imidazole ligands indeed prevent copper-induced oxidations.5

Benzimidazole ligands are also known as Cu deactivators.7

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 photosynthesis8 ) of their Cu(I) complexes.
This paper describes the preparation of representative ex-

amples of compounds of three new classes of benzimidazoles
and the preparation and structural and spectroscopic character-
ization of some of their copper complexes.
1-Methylbenzimidazole,9 1, is known to undergo lithiation

at the 2-position, and the lithio derivative2 was previously

reacted with carbon dioxide11 leading to 1-methylbenzimidazole-
2-carboxylic acid. We have now found that2 reacts with1/2
mol of diethyl carbonate to give ketone3,BBIK , in 48% yield.12

Secondary alcohol4, BBICOH , was prepared from2 and ethyl
formate15 while tertiary alcohol5, TBICOH , was obtained in

moderate yield by reacting2 with ethyl chloroformate.16 All
of the ligands are white crystalline solids which are stable in
air.
The copper (II) complex, [Cu(BBIK)2(NO3)](NO3), 6, was

prepared by reacting 170 mg (0.62 mmol) Cu(NO3)2‚3H2O,
dissolved in 20 mL of a 1:1 methanol/acetonitrile mixture, with
361 mg (1.24 mmol) of3. Evaporation of the solvent17 gave
green, X-ray quality crystals. The Cu coordination sphere (see
Figure 1) incorporates four N imidazoles and at least one O
from a coordinated nitrate. The two BBIK ligands bind Cu(II)
in an axial-equatorial mode, with a 88° bite angle; the Cu-N
bond lengths, 1.987(2)-2.088(3)Å, are normal. If the O15
coordination is ignored, the coordination geometry can be
described as square pyramidal. The rings of the ligand are non-
coplanar (24° and 31°) leading to a reduction in the exocyclic
conjugation of aromatic rings with ketone carbonyl. However,
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unlike dipyridyl ketones18 or other N-heterocycles,3a neither
carbonyl hydration nor metal-oxygen bond formation is
observed for6.19

The copper (I) complex [Cu(BBIK)2](BF4)‚solvent,7, was
prepared by mixingaerobically586 mg (2.02 mmol) of3 with
a 20 mL acetonitrile solution containing 268 mg of CuBF4‚
4MeCN (1.01 mmol), which instantly developed a dark blue
color. Liquid diffusion of cosolvents (diethyl ether, ethanol)
overnight formed black X-ray quality crystals.21 The structure
of the cation of7, shown in Figure 2, exhibits normal Cu-N
distances ranging from 1.987(5) to 2.019(5)Å.22a The ligand
bite angle of 90° is about 14° smaller than the ideal value
required for regular tetrahedral geometry but 5-10 deg. larger
than those encountered forR-diimines.22 The geometry around
the Cu is pseudotetrahedral (D2d), with a dihedral angle of 88.1°
between the intraligand N-Cu-N planes.
While theBBIK bite angle is similar for both Cu(II) and

Cu(I), aromatic-carbonyl conjugation is favored only for the

Cu(I) complex (the aromatic rings deviate by only 5( 1° from
coplanarity). This is reflected both in the air stability of7 and
in its intense color. Both6 and7 are stable in solution;7 is
slowly oxidized in air to Cu(II) 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 solution.23 No free ligand or coordinated MeCN
is observed by NMR. The presence of a 623 nm absorption,
most likely a d-π* 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 properties ofBBIK 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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Figure 1. View of the [Cu(BBIK)2(NO3)]+ cation. The predominant
(52%) coordination mode of the nitrate is specified by oxygen atoms
at O11, O12, and O13 and a nitrogen atom at N1. Selected bond lengths
(Å) and angles (deg): Cu-N13) 1.987(2), Cu-N23) 2.039(3), Cu-
N33) 2.002(3), Cu-N43) 2.088(3), Cu-O11) 2.075(4), Cu-O15
) 2.086(20), O123-C123) 1.216(4), O321-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-O11 ) 88.9(1), N23-Cu-O11 )
161.5(1), N33-Cu-O11) 83.6(1), N43-Cu-O11) 96.7(1), C12-
C123-C22) 118.3(3), C32-C321-C42) 117.7(3).

Figure 2. View of the [Cu(BBIK)2]+ cation. Selected bond lengths
(Å) and angles (deg): Cu-N13) 2.011(6), Cu-N33) 1.987(5), Cu-
N22 ) 2.014(6), Cu-N43 ) 2.019(5), O123-C123 ) 1.224(10),
O321-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).
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