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Ternary copper(II) complexes containing the dianion of 3-n-nonylcatechol and a
number of bidentate nitrogen containing counter ligands have been prepared and characterized. It has been demonstrated that, in the presence of oxygen, the catecholato ligand
undergoes intradiol ring cleavage in a fashion similar to that carried out by intradiol
aromatic dioxygenases. The 3-n-nonylcatecholato ligand was chosen as an analog for the
naturally occuring 3-pentadecylcatechols or "urushiols" which are the active allergens in
plants such as poison ivy.

Introduction
The aromatic dioxygenases are an interesting
class of enzymes capable of oxidatively dearomatizing normally stable aromatic compounds [1, 2],
In this process molecular oxygen is the oxidant and
both atoms of an O2 molecule are incorporated into
the same substrate molecule. In a large number of
the aromatic dioxygenases, the aromatic substrate
is a 1,2-dihydroxyaromatic species, i.e., a catechol
derivative. The sole cofactor for the well characterized aromatic dioxygenases is a metal ion (Fe+ 3 ,
Fe + 2 , or Cu +2 ). W e have been interested in the
properties of aromatic dioxygenases and have
reported a number of metal catechol complexes
which we view as models for the metal-substrate
complex at the dioxygenase active site [3-6]. W e
have also reported preliminary results for a coppercatecholato complex in which the catecholato ligand
undergoes intra-diol ring cleavage with oxygen as
the sole oxidizing agent (eq. (1)) [6]. As an extension
of this work, it was of interest to prepare copper(II)
0
"o-c^

CHJCOOH

complexes containing other catecholato ligands in
order to investigate the generality of this ring
cleavage reaction.
A particularly interesting type of catechol ligand
is the relatively long chain 3-?i-alkylcatechols. This
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is because the straight chain 3-pentadecylcatechols
are the "urushiols" [7], the active allergen in a
variety of substances such as poison ivy, poison oak,
and Japanese lac [8]. Urushiols from poison ivy
interact with proteins or macromolecules to form
stable complexes, yielding antigens [9, 10]. It has
been proposed [10-12] that this interaction requires
oxidation of the catechol to an o-quinone intermediate. The resonance forms of the o-quinone
provide sites at the 4, 5, or 6 positions for attack
by nucleophiles located in proteins or macromolecules [9]. If these long chain 3-n-alkylcatechols
are dearomatized to their corresponding muconic
acids they should become inactive as allergens since
formation of the o-quinone intermediate could no
longer occur. Therefore, this type of catechol ligand
appeared to be of interest to us. The C15 derivatives
are extremely strong allergens, but the allergenicity
is known to decrease with chain length to the point
where the C9 substituted derivative is of weak
enough activity so as to permit safe handling with
reasonable precautions [13]. Therefore, we have
chosen to work with the C9 derivative, 3-n-nonylcatechol. In this article we report preparation and
characterization of ternary copper(II) complexes of
the type LCu(3-N cat), where L = a bidentate
nitrogen ligand and 3-N cat = the dianion of 3-nnonylcatechol. We have also observed that these
systems react with molecular oxygen and we report
preliminary studies indicating that intra-diol ring
cleavage is taking place. Because of the low yields
and/or harsh reagents encountered with reported
preparations of long chain 3-substituted catechols
[14-23], we report also our preparation of 3-nnonylcatechol.
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Experimental
Materials and apparatus:
2,3-Dimethoxybenzaldehyde (Aldrich Chemical Company) was recrystallized from low boiling petroleum ether before
using. 1-Bromooctane (MCB) Company was vacuum
distilled (39-40 °C at 0.5 Torr) before use. Boron
tribromide was purchased from Eastman Chemical
Company. 1,10-Phenanthroline and 2,2'-dipyridyl
(Aldrich) were used without purification. 1,2-Diaminoethane (Aldrich) was distilled at atmospheric
pressure before use. Pre-coated silica gel plates were
purchased from EM Laboratories.
N M R spectra were recorded on a Varian EM-360
spectrometer. Infrared spectra were recorded on a
Perkin-Elmer 457 grating spectrometer. UV-visible
spectra were obtained on a Beckman Acta M V I I
spectrometer and mass spectra on a Hitachi-Perkin
Elmer Model RMU-7 double focusing system. C, H,
and N analyses were performed at the University of
Idaho. Magnetic moments were measured in DMSO
solution at room temperature by the Evans
method [28],
Preparation of copper complexes
3-n-Nonylcatecholate-1,10-phenanthrolinecopper
(II),
Cu(phen)(3-N
cat): To a solution of 1,10phenanthroline (1.80 g, 0.010 mole) and 3-?i-nonylcatechol (2.36 g, 0.010 mole) in 300 ml of absolute
ethanol is added potassium hydroxide (1.20 g,
0.022 mole) in 20 ml distilled water. This is followed
immediately by addition of copper sulfate (1.60 g,
0.010 mole) in 50 ml distilled water. The brown
precipitate which immediately forms is collected by
filtration. This material is washed with absolute
ethanol until it is completely dissolved (in most
cases a small amount of Cu(OH) 2 remains). To the
alcohol solution is added an equal volume of distilled
water after which pure product precipitates. The
precipitate is collected by filtration, washed with
water and a small amount of 9 5 % ethanol and
dried at 100 °C (0.1 Torr) for 24 h. Yield 4.0 g (84%).
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juett = 1.83 B.M. I R ( K B r ) : 3400 (m, br), 3118 (w),
3161 (w), 3142 (w), 2964 (m), 2938 (vs), 2862 (s),
1642 (w), 1607 (m), 1556 (w), 1498 (w), 1455 (vs),
1310 (w), 1270 (vs), 1220 (w), 1172 (m), 1158 (w),
1112 (w), 1078 (w), 1060 (m). 1050 (m), 961 (m),
850 (s), 774 (vs), 741 (vs), 658 (m), 611 (m).
3-n-N onylcatecholato-ethylenediaminecopper
(II),
Cu(en)(3-N
cat): This compound is prepared in
the same manner as Cu(phen)(3-N cat).
Analysis for Cu(en) (3-N cat)
Calcd
C 57.06 H 8.47
Found C 56.46 H 8.43

N 7.83,
N 7.32.

/bleu = 1.88 B.M. I R ( K B r ) : 3260 (m, br), 3140 (m),
3070 (sh), 2960 (sh), 2918 (vs), 2850 (s), 1585 (w),
1565 (w), 1454 (vs), 1265 (s), 1215 (m), 1145 (vw),
1125 (vw), 1048 (m), 840 (m), 735 (m).
3-n-Nonylcatecholato-tetramethylethylenediaminecopper(II),
Cu(tmen)(3-N
cat): This compound is
prepared in the same manner as Cu(phen)(3-N cat).
Analysis for Cu(tmen) (3-N cat)
Calcd
C 60.91 H 9.25 N 6.77,
Found C 61.01 H 8.98 N 6.64.
//etf = 1.84 B.M. I R ( K B r ) : 3390 (m, br), 2960 (sh),
2920 (vs), 2855 (s), 1555 (vw), 1455 (vs), 1390 (vw),
1290 (sh), 1250 (vs), 1175 (vw), 1156 (w), 1048 (m),
1025 (m), 1005 (m), 948 (m), 845 (m), 805 (m),
784 (vw), 766 (vw), 735 (s).

3-n-Nonylcatecholato-2,2'-dipyridylcopper
(11),
Cu(dipy)(3-N
cat): This compound is prepared in
the same manner as Cu(phen)(3-N cat) but is isolated as the monohydrate. Yield 3.2 g (68%).

Synthesis of 3-n-nonylcatechol
1,2-Dimethoxy-3-n-(1 -hydroxy)nonylbenzene:
To a
solution of octyl magnesium bromide (0.050 mole)
in 25 ml ethyl ether is added 2,3-dimethoxybenzaldehyde (8.3 g, 0.050 mole) in 50 ml dry ethyl
ether. The solution is added at the rate of about
1 ml/min. After addition of the aldehyde solution
the mixture is refluxed under nitrogen for 24 h.
The resulting solution is washed with 100 ml of 1 M
HCl and the ether layer is washed three times with
100 ml of 2 0 % sodium bisulfite solution. Finally,
the ether layer is filtered through anhydrous MgS0 4 .
Evaporation of the ether gives a yellow oil which is
dissolved in 50 ml acetone and cooled at — 8 °C for
12 h after which time white crystals of hexadecane
have formed. The hexadecane is removed by rapid
filtration through a cold filtration system. Evaporation of the acetone solvent yields 11.2 g (80%)
of
l,2-dimethoxy-3-tt-(l-hydroxy)-nonylbenzene.
NMR(CC1 4 ): a 6.79 (m, 3 H ) ; 4.83 (t, 1 H ) ; 3.80
(d, 6 H ) ; 3.03 (s, 1 H, exchangeable with D 2 0 ) ;
1.30 (s, broad, 14 H) ; 0.89 (s, broad, 3 H). Mass
spectra: m/e 262 (at 165 °C and 0.1 Torr the
compound decomposes to l,2-dimethoxy-3-w-nonl'-ene benzene).

Analysis for Cu(dipy) (3-N cat) • H2O
Calcd
C 63.61 H 6.83 N 5.93,
Found C 63.89 H 6.61 N 5.89.

Analysis
Calcd
Found

Analysis for Cu(phen) (3-N cat)
Calcd
C 67.83 H 6.32 N 5.86,
Found C 67.80 H 6.52 N 5.98.
^rr = 1.75 B.M. I R ( K B r ) : 3065 (m), 3038 (s),
3022 (s), 2948 (s), 2904 (vs), 2840 (vs), 1625 (w),
1605 (w), 1585 (m), 1552 (w), 1515 (m), 1493 (w),
1460 (sh), 1446 (vs), 1425 (s), 1343 (w), 1255 (vs),
1220 (s), 1139 (m), 1104 (m), 1045 (m), 985 (w),
952 (w), 870 (m). 832 (vs), 760 (m), 709 (vs), 645 (m),
595 (m).

C 72.86
C 72.82

H 10.00,
H 9.96.
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l,2-Dimethoxy-3-n-nonylbenzene:
1,2-dimethoxy3-/1-(1-hydroxy)nonylbenzene (14.0 g, 0.050 mole)
in 200 ml absolute ethanol is reduced with H 2 in a
Parr apparatus. 1 g Pd/charcoal catalyst is employed. The initial hydrogen pressure is 60 psi. The
reaction is allowed to proceed for two days or until
the hydrogen pressure remains constant. The resulting solution is filtered through 2 cm of Celite 503.
Evaporation of the ethanol yields 12.5 g (95%)
of l,2-dimethoxy-3-n-nonylbenzene. NMR(CCl4):
ö 6.70 (m, 3 H ) ; 3.77 (s, 6 H ) ; 2.56 (t, 2 H ) ; 1.29
(s, broad, 14H); 0.87 (s, broad, 3 H ) . Mass spectra:
mje 264.
Analysis
Calcd
Found

C 77.27
C 77.39

H 10.61,
H 10.46.

1,2-Dihydroxy-3-n-nonylbenzene(3-n-nonylcatechol): To a 500 ml flask is added 20 ml dichloromethane and 2.0 ml boron tribromide. The solution
is cooled to ca. — 8 0 °C. From a dropping funnel
mounted atop a Vigreaux column is added dropwise
l,2-dimethoxy-3-n-nonylbenzene (13.2g, 0.050mole)
in 70 ml dichloromethane. The resulting reaction
mixture is allowed to come to room temperature
overnight. To the crude reaction mixture is slowly
added 100 ml cold distilled water. The dichloromethane is filtered through anhydrous magnesium
sulfate and the solvent evaporated. The crude
product obtained is recrystallized from pentane or
cyclohexane, yielding 9.0 g (76%) of the pure
product; m.p. 44-45 °C. NMR(CC1 4 ): <5 6.70 (s, 3 H ) ;
5.22 (s, broad, 2 H , exchangeable with D 2 0 ) ; 2.54
(t, 2 H ) ; 12.7 (s, broad, 14H); 0.87 (s, broad, 3 H ) .
Mass spectra: mje 236.

of any acids present, facilitating subsequent workup.
Preparative thin-layer chromatography on silica gel
using ethyl acetate-heptane solvent (70:30) shows
a number of bands. The uppermost of these contains
the muconic acid derivatives resulting from oxidation of 3-w-nonylcatechol. The muconic acid derivatives are found in approximately 2 0 % yield.
When the contents of the uppermost TLC band
are collected and run through a 15 foot DC 550 gas
chromatography column at 260 °C, three major
peaks appear which are badly overlapped. Nevertheless, spectral properties and elemental analysis
of this mixture confirms the assignment as the
dimethylester of the 2-w-nonylmuconic acid. Thus
in the NMR, olefinic peaks are observed at 5.7-7.8,
methylester protons at 3.75-3.82, as well as peaks
characteristic of the hydrocarbon chain. In the I R
a band indicating the ester group is observed at
1726 c m - 1 . In addition, olefinic stretching vibrations
are observed at 1660,1638, and 1594 cm - 1 . The mass
spectrum of the mixture shows a parent peak at
m/e = 296, the molecular weight expected for
2-w-nonyldimethylmuconic acid. In view of the
known tendency of cis,cis muconic acids to undergo
isomerization about the double bonds [24, 25], the
3 components are clearly geometric isomers of the
dimethylmuconate.
Results and Discussion
Preparation of 3-n-nonylcatechol

This compound turns pink and then light purple
upon exposure to air and should be stored in the
absence of oxygen.

Because of the difficulties experienced with
various reported preparations of 3-alkylcatechols,
the synthesis of this ligand is given in substantial
detail in the experimental section. The preparation
appears to be general for a variety of 3-alkylcatechols. Overall yield for conversion of 2,3-dimethoxybenzaldehyde to 3-n-nonylcatechol is 5 8 % .
The pure product oxidizes in the presence of air
and should be stored in an inert environment.

Oxidation of copper complexes

Properties of 3-n-nonylcatecholato

1.0 g of Cu(phen)(3-N cat) or Cu(bipy)(3-N cat) is
dissolved in 500 ml of an ethanol-water (80:20)
mixture. Oxygen is then bubbled through the
solution for 6 h at room temperature. During this
time the solution changes color from brown to dark
green. (Fig. 2 indicates the spectral changes in the
visible region during oxidation). The solution is
then evaporated to dryness leaving a green solid.
This solid is dispersed in a solution of 20 ml chlorotrimethylsilane in 200 ml ethyl ether. The ether
solution is filtered, leaving a light green precipitate
of l,10-phenanthrolinecopper(II)chloride which is
present in 9 5 % yield. The solution is then hydrolyzed with 100 ml distilled water. Evaporation of
the ether layer leaves a brown oil. This brown oil is
treated with diazomethane to form methylesters

The complexes reported here are the first reported
for this particular catecholato ligand. The spectral
properties are similar to other ternary copper(II)
systems containing a catecholato ligand. The compounds are moderately soluble in a number of
organic solvents but insoluble in water. The infrared
spectra of these compounds have one very characteristic feature which should be noted. These complexes, as do all the various catecholato systems we
have studied, exhibit two intense absorptions in the
region 1200-1500 c m - 1 . These bands appear at
1225 and 1446 cm- 1 in Cu(phen)(3-N cat), 1271 and
1456 cm- 1 in Cu(dipy)(3-N cat), 1265 and 1454 cm" 1

Analysis
Calcd
Found

C 76.22
C 75.99

H 10.24,
H 10.38.

complexes

D. G. Brown-W. J. Hughes • Copper Complexes of 3-w-Nonyleatechol

1411

complexes react readily with oxygen. Figure 2
shows the spectral changes which occur in a solution
of Cu(phen)(3-N cat) exposed to oxygen. Manometric measurements indicate that after about
4 h, solutions of either Cu(phen)(3-N cat) or

wavelength (nm)

Fig. 1. Visible spectrum of (a) Cu(phen)(3-N cat) and
(b) Cu(bipy)(3-N cat) in DMSO solution.
in Cu(en)(3-N cat) and 1250 and 1455 cm- 1 in
Cu(tmen)(3-N cat). The lower energy band corresponds to a C - O stretch for the coordinated
catechol species while the higher energy band
corresponds to a ring stretching mode. Both bands
gain considerable intensity upon complexation.
Figure 1 shows the visible spectrum of the complexes in DMSO solution. The most significant
feature of the electronic spectra is this intense band
in the visible region. A similar intense band has also
been observed in copper(II) complexes of 3,5-di-£butylcatechol [5]. In analogy to a reported spectrum
for a copper phenolate, this intense absorption is
most likely a catecholato m e t a l l i g a n d charge
transfer transition [26, 27]. Table I summarizes the
electronic spectral data for these compounds, including the ultraviolet region.
Table I. Electronic spectral data of complexes in
DMSO solution.
Compound

Amax(e)a

Cu(phen)(3-N cat)
Cu(bipy)(3-N cat)
Cu(en)(3-N cat)
Cu(tmen)(3-N cat)

485(1220), 292(14,000), 268(29,000)
480(1140), 298(23,500), 260(19,500)
795(312), 450(1416), 350*», 268(7060)
780(244), 468b, 448(1232), 273(9680)

a
b

Wavelength in units of nm; molar extinction coefficients in units of 1 mol - 1 c m - 1 ;
shoulder.

Reaction with oxygen-intra-diol

ring cleavage

Although solutions of the complexes are stable in
the absence of oxygen, it is apparent that the

Fig. 2. Changes in visible spectrum of Cu(phen)(3-N cat)
upon exposure to oxygen for varying periods of time.
The concentration is 5 x IO-4 M in ethanol-water
(80.20) solvent.
Cu(bipy)(3-N cat) have reacted with one equivalent
of oxygen. Ultimately up to three equivalents of
oxygen are consumed before oxygen consumption
ceases. The reaction with oxygen takes place in a
number of solvents but for the purpose of identifying
the organic oxidation products a solvent of ethanolwater (80:20) has been chosen because the reaction
proceeds more rapidly in this solvent system.
Normally, for identification of organic oxidation
products, the reaction with oxygen is allowed to
proceed for 6 h. Other solvents require longer periods
of time for oxidations. For example, DMSO requires
about five days for the oxidation to proceed to
completion.
Our initial interest in the reaction with oxygen
has simply been to determine if intra-diol ring
cleavage occurs. From the reaction mixture we have
been able to isolate three isomers of the muconic
acid (see Experimental). Thus the overall trans-

1412
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0
II

(2)

CH3O-C

CH3O-C-

CqH.O

C9H,9
(three

isomers)

formation indicated in eq. (2) has taken place. This
reaction shows that molecular oxygen can function
as the sole oxidizing agent for the ring opening of
the catecholato ligand. The reaction is formally
similar to that of the intra-diol aromatic dioxygenases. This system also appears to react in the
same fashion as that which we have reported earlier
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