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Abstract 

The preparation, spectroscopic and magnetic 
properties are reported for complexes of manganese- 
(II), iron(III), cobalt(H), nickel(I1) and copper 
with the anti-inflammatory drug tenoxicam. In all 
the complexes studied the tenoxicam acts as a chelate 
monoanionic ligand with coordination involving the 
enolate oxygen atom and the carbonyl oxygen 
atom of the amide group. The complexes appear 
to have an octahedral stereochemistry involving 
two chelate tenoxicam ligands in the case of divalent 
central metal ions and three chelate tenoxicam 
ligands in the iron(II1) complex. The manganese(I1) 
and copper(I1) complexes exhibit marked superoxide 
dismutase activity in the nitroblue tetrazolium 
assay. 

Introduction 

Phagocytic cells release reactive oxygen species 
upon exposure to inflammatory stimuli [l]. During 
phagocytosis molecular oxygen is reduced initially 
to the superoxide radical anion 02’- and hydrogen 
peroxide HzOz but if this is not removed by an 
efficient scavenger mechanism more potent oxygen 
species such as the hydroxyl radical ‘OH and singlet 
oxygen &O, result [2]. Oxygen derived free radicals 
are known to interact with various essential macro- 
molecules and contribute to the tissue damage ob- 
served in inflammatory disorders [3]. Under normal 
circumstances, tissue damage is prevented by the 
stable intracellular enzyme superoxide dismutase, 
which efficiently scavenges the 02’- radical by 
catalysing its disproportionation to hydrogen per- 
oxide and oxygen [4]. Eukaryotic cells contain two 
types of superoxide dismutase, a copper-zinc 
enzyme found in the cytosol [5] and a manganese 
enzyme found exclusively in the mitochondrial 
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matrix of certain species while also present in the 
cytosol of other species [6]. 

Recent work suggests that oxygen radical produc- 
tion is inhibited not just by metalloproteins but 
also by free hydrated copper(H) ions [7] and low 
molecular mass copper(I1) complexes [8,9]. Copper 
complexes of a number of non-stereoidal anti- 
inflammatory drugs have been reported to be more 
potent anti-inflammatory agents and less ulcero- 
genie than the parent anti-inflammatory drug [lo]. 

Although many non-steroidal anti-inflammatory 
agents are arylalkanoic acids [l I] recent interest 
has focussed on a series of enolizable amides [12]. 
Tenoxicam (Ro12-0068; abbreviation TENOX) is a 
thienothiazine derivative of the oxicam class of 
non-steroidal anti-inflammatory drugs [ 131 that in 
animal models has shown both anti-inflammatory 
and analgesic activity 1141. 
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In the present paper, we report on the preparation 
and properties of complexes formed between teno- 
xicam and some first row transition metal ions and 
examine the superoxide scavenging activity of these 
compounds. 

Experimental 

Tenoxicam was supplied by Hoffmann-La Roche 
(Basle) and was used without further purification. 
The metal salts were of Analar reagent grade with 
the exception of iron(II1) chloride hexahydrate 
(B.D.H.). 
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Preparation of Complexes 
Tenoxicam (1.5 g, 1 mol equivalent) was dissolved 

in 0.1 M sodium hydroxide (45 cm3) by slow addi- 
tion of the alkali with constant agitation and warming 
to <60 “C. The volume of alkali was deliberately 
kept to a minimum to exclude excess hydroxide ions. 
The resulting pale yellow solution was filtered to 
remove excess undissolved ligand and the filtrate was 
added slowly with stirring to a cold solution of the 
metal chloride (0.5 mol equivalent M(I1) ions, 0.33 
mol equivalent Fe(II1) ions) in 20 cm3 of distilled 
water. The resulting precipitate was filtered off 
under vacuum, washed with cold distilled water, 
followed by cold ethoxyethane and dried at 80 “C. 
All the metal complexes were obtained in high yield 
(>90%) as microcrystalline powders. 

cm from the cuvette which was inside a thermo- 
stated water jacket. The aqueous reaction mixture 
which contained 0.2 cm3 DMSO was 1.2 X lO-‘j M 
riboflavin, 0.02 M methionine, 5.6 X 10m4 M NBT, 
2 X lo-’ M NaCN, and 0.05 M potassium phosphate 
at pH 8 and 25 “C. Irradiation for 6 min caused an 
increase in absorbance at 560 nm of 0.098. When 
the reaction was performed in the presence of 1.67 
X lo-’ M of drug or metal complex (added in 0.2 
cm3 DMSO), this absorbance change was decreased. 
For example, in the presence of Mn(TENOX)2*3Hz0, 
the absorbance change was 0.019, corresponding to 
20% of the increase in the absence of additive. 

Results and Discussion 

Physical Measurements 
Carbon, hydrogen and nitrogen analyses were 

performed in the microanalytical laboratory of the 
University College of North Wales, Bangor. The 
diffuse reflectance spectra were determined on a 
Beckmann DK-2A spectrophotometer fitted with 
a standard reflectance attachment. Infrared spectra 
(4000-200 cm-‘) were recorded on a Perkin-Elmer 
580 spectrometer as caesium bromide discs. Room 
temperature magnetic susceptibility measurements 
were made on powdered samples using a Johnson 
Matthey Magnetic Susceptibility Balance MSBl . 

The microanalytical results show that the com- 
pieces are obtained as hydrates from solutions with 
the tenoxicam present as a mono-anionic ligand 
(Table I). 

Infrared Spectra 

Superoxide Assay 

Table II lists and compares the infrared spectra 
for free tenoxicam and the metal complexes. The 
bands in the drug spectrum are well reproduced with 
only minor shifts in the spectra of the complexes. 
The assignments of the various bands, without being 
rigorous, have been made by a direct comparison 
between the spectrum of coordinated tenoxicam and 
that of the free drug. 

The superoxide dismutase activity of the com- 
plexes [2] was assayed by its ability to inhibit the 
reduction of nitroblue tetrazolium (NBT) by an 
irradiated solution of methionine in the presence of 
riboflavin and oxygen at pH 8 (0.05 M phosphate 
buffer, adjusted to required pH with KOH) at 25 “C. 
Methionine, nitroblue tetrazolium and riboflavin 
were purchased from Sigma and sodium cyanide, 
potassium dihydrogen orthophosphate and potassium 
hydroxide from BDH. Absorbance was measured 
at 560 nm on a Pye Unicam SPS-100 spectrophoto- 
meter. Measurements were made in 3 cm3 disposable 
cuvettes (Hughes and Hughes Ltd). Irradiation was 
carried out inside an aluminium foil lined box by two 
Philips 250 watt tungsten lamps at a distance of 5 

The ligand shows an absorption band centred at 
3386 cm-’ characteristic of an O-H stretching 
vibration. The broadness of this band is indicative 
of hydrogen bonding and in the absence of hydration 
in the free ligand it is suggested that the most likely 
cause is intramolecular bonding involving the oxygen 
or nitrogen atoms of the secondary amide group. 
The enol tautomers of fl-dicarbonyls exhibiting keto- 
enol tautomerism are known to be stabilized by 
strong intramolecular OH0 hydrogen bonding [ 151. 
All the metal complexes exhibit a broad absorption 
centred in the 3380-3430 cm-’ region. The drug is 
reacted as the enolate anion and as such no O-H 
vibration is expected in the complexes. Analysis of 
the complexes show them to be hydrated and it is 

TABLE I. Analysis of Tenoxicam Complexes 

Found (%) (Required (%) 

C H N C H N 

39.88 3.44 11.2 39.93 3.33 10.75 
42.63 2.97 11.85 42.52 3.09 11.45 
42.98 2.60 11.59 42.66 2.73 11.48 
40.00 3.31 11.20 40.67 3.13 10.95 
40.14 3.46 11.09 40.42 3.11 10.88 
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TABLE II. IR Absorption Bands (cm-‘) 
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TENOX 
Mn(TENOX)2*3HzO 
Fe(TENOX)3*2H20 
CO(TENOX)~ 
Ni(TENOX)2.2H20 
CU(TENOX)~. 2H20 

O-H N-H -NH 
>c-0 

SO2 so2 so2 so2 

stretching asymmetric symmetric scissoring wagging 
stretching stretching stretching 

3386m,br 3130m 1630s 1330s 1146s 582m 528m 
3380s,br 3120~ 1620s 1330s 1146s 590m 535m 
3387m,br 3120~ 1600s 1310s 1155s 525~ 
3390s,br 3120~ 1616s 1332s 1150s 592m 540m 
3392s,br 3120~ 1620s 1335s 1150s 592m 542m 
3430m,br 3120~ 1620s 1345s 1155s 590w 550w 

therefore suggested that hydrogen bonded water 
molecules could be responsible for the intensity and 
broadness of the absorption in this region. 

The band observed at 1630 cm-’ in the free ligand 
is assigned to the carbonyl stretch of the secondary 
amide group -CO-NH-. This is lowered by lo-30 
cm-’ in all the complexes. The N-H stretch observed 
in the ligand as a medium intensity band at 3130 
cm-’ is seen in the complexes as a weak absorption 
centred at 3120 cm- ’ but partially obscured by the 
broad bands due to hydrogen bonding. 

In agreement with previous work on N-substituted 
sulphonamides [16], we assign the asymmetric 
-SO?- stretching vibration to strong bands in the 
range 13 IO- 1345 cm-’ and the symmetric stretching 
vibration to the range 1146-l 150 cm-‘. Two -S02- 
group deformations have been reported at 610-499 
cm-’ and 570-465 cm-’ [17]. In the present study, 
the scissoring (higher frequency) and wagging vibra- 
tions have been assigned to the ranges 592-582 
cm-’ and 550-525 cm-’ respectively. The weak 
bands at 1095 + 5 cm-’ and 917 f 3 cm-’ have been 
assigned to the &h-S and S-N stretching vibrations 
in agreement with previous measurements on 2-thio- 
phenesulphonamides [ 181. 

By comparing the IR spectra of the tenoxicam 
complex with the spectral data of the metal com- 
plexes of the structurally related drug isoxicam 
[19], it is clear that in the present complexes, ten- 
oxicam acts as a mono-anionic ligand bonded through 
the enolate oxygen atom. It is likely that a second 
metal ligand bond is formed through the carbonyl 
oxygen atom of the amide group forming a six- 
membered chelate ring. 

Electronic Properties 
The reflectance spectrum of the ligand exhibits 

a number of low intensity absorption bands, that 
are considered to be infrared overtones, together 
with a shoulder at 23 250 cm-’ that forms part of 
the charge transfer band. The diffuse reflectance 
spectra for the Mn(TENOX),*3H20 and Fe- 
(TENOX),.2H20 complexes are similar to that of 
the free ligand spectrum except for a very low inten- 
sity absorption in the 6750 cm-’ region that is 

assignable to an infrared overtone of water molecules. 
The absence of appreciable absorption at lower 
energy than the charge transfer edge is consistent 
with a pseudo-octahedral environment about the 
metal ions. All d-d transitions for an octahedral d5 
ion are spin forbidden and therefore any absorption 
bands will be extremely weak [20]. The magnetic 
moments (6.25 BM (Fe3+ complex); 5.99 BM (Mn’+ 
complex)) are consistent with high spin complexes 
WI. 

The low intensities and postions of the absorption 
bands in the reflectance spectra of Co(TENOX)z, 
Ni(TENOX)2*2H20 and Cu(TENOX)s*2H20 are 
indicative of an essentially pseudo-octahedral stereo- 
chemistry (Table III). The magnetic moment of 4.61 
BM for the CO(TENOX)~ complex does not dis- 
tinguish between tetrahedral or octahedral cobalt(I1). 
The reflectance spectrum consists of a single broad, 
low intensity absorption band centred at 9740 cm-’ 
and a low intensity shoulder at 17 880 cm-’ that 
forms part of the charge transfer edge. Three spin- 
allowed transitions: 4T1s(F) + 4T2s(F)(~1): 4T1s(F) + 
4A2&2) and 4Ti&F) + 4T1&P)(~3) are expected 
for octahedral cobalt(I1). However, it has been 
pointed out that the transition 4T1&F) -++Ass 
corresponds to a two-electron jump and as such will 
have a much lower oscillator strength than the other 
two bands and will be much weaker [22]. The band 
at 9740 cm- ’ has therefore been assigned to the vl 
transition and the shoulder at 17 880 cm-’ to the 
v3 transition. In view of the fact that the micro- 
analysis results indicate a cobalt(I1) complex that 
is not hydrated, it is tentatively suggested that 
the octahedral stereochemistry is completed by 
distant coordination of the pyridine nitrogen atoms. 
Molecular models indicate that a C004N2 chroma- 
phore is possible. 

The magnetic moment of the Ni(TENOX)2*2Hz0 
complex, peff = 3.20 BM, is near the top of the 
range normally observed for octahedral nickel(I1) 
complexes but Lever has shown that tetragonal 
complexes may have moments as high 3.5 BM [23]. 
The intensity and position of the reflectance 
spectrum, however, suggests pseudo-octahedral sym- 
metry for the nickel(I1) ion. Three bands are ex- 
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TABLE III. Diffuse Reflectance Spectraa and Room-temperature Magnetic Moments 
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Mn(TENOX)a*3HaO 

Fe(TENOX)a*2HaO 

CO(TENOX)~ 

Ni(TENOX)a*2HaO 

CU(TENOX)~.~H~O 

kff 

(BM) 

5.99 

6.25 

4.61 

3.20 

1.94 

Absrotpion bands 
(cm-‘) 

t~r[~Tr&F) --t 4Ta9(F)l 

9740(0.20) 

~l[~Aze(F) -+ 3T2a(F)l 

9170(0.19) 

16080(sh, 0.63) 

v~[~T,,(F) + 4T,,(P)l b 

17880(0.30) 

va13Aa,(F) -+ 3Trg(F)I b 

16950(0.21) 

aFigures in parentheses represent intensity of the band on the arbitrary Beckmann scale. bFor convenience pseudo-octahedral 

symmetry is assumed in assigning these bands. 

TABLE IV. Superoxide Assay 

Additive % Absorbance increase at 560 nm 
compared with blank 

TENOX 79 
Mn(TENOX)a* 3HaO 19 
Fe(TENOX)s*2HaO 78 
CO(TENOX)~ 57 
Ni(TENOX)a.2HaO 74 
Cu(TENOX)a* 2H20 2 

petted for octahedral nickel(I1) complexes and are 
assigned, assuming pseudo-Oh symmetry, in increas- 
ing order of energy as: 3A2.&F) -+ 3T2&F)(~1); 3A2p- 
(F) + 3Tra(F)(r+) and 3A2p(F) + 3T1a(P)(v3). The 
low intensity bands observed at 9170 cm-’ and 
16950 cm-’ are therefore assigned to the vi and v2 
transitions respectively with the v3 band obscured 
by the charge transfer edge. 

The reflectance spectrum of CU(TENOX)~*~H~O 
consists of a broad, low intensity shoulder centred 
at 16 080 cm-’ that forms part of the charge transfer 
band. The ‘E, and ‘Tzp states of the octahedral 
copper(I1) ion (d9) split under the influence of a 
tetragonal distortion and the distortion can be such 
as to cause the three transitions ‘Br + 2B2; 2B1 + 
2E and ‘Br-+‘Ar to remain unresolved in the 
spectrum [24]. In the absence of any other bands 
in the CU(TENOX)~*~H~O spectrum, it is concluded 
that all three transitions lie within the single broad 
envelope centred at 16 080 cm-’ . This assignment is 
in aggreement with the general observation that 
copper(I1) d-d transitions are normally close in 
energy [25]. The magnetic moment of 1.94 BM 
falls within the range normally observed for mono- 
nuclear complexes having no appreciable interaction 
between copper(I1) centres. 

Superoxide Assay 
The superoxide dismutase activity of the drug and 

the metal complexes were assayed by their ability 
to inhibit the reduction of nitroblue tetrazolium by 
an irradiated solution of methionine in the presence 
of riboflavin and oxygen at pH 8 and 25 “C as de- 
scribed earlier. Four assays were performed for each 
additive and the results are set out in Table IV. It 
is evident from these superoxide scavenging data 
that the Fe(II1) and Ni(I1) complexes of TENOX 
exhibit the same acitivity as the free drug whilst 
the Co(I1) complex is only marginally more active. 
However, the Mn(TENOX)2*3H20 and Cu- 
(TENOX)2*2H20 complex exhibit a marked in- 
creased superoxide dismutase activity compared with 
the parent drug molecule. The results support earlier 
conclusions that superoxide anion radical scavenging 
is not restricted to the metalloprotein superoxide 
dismutase. Many low molecular mass copper(I1) 
compounds as well as free hydrated Cu2+ and Mn2+ 
ions are known to bring about the breakdown of 
oz.- [9, 261. It is often assumed that electron 
transfers between copper(I1) and superoxide anion 
radicals occurs through direct binding [27]. The 
site proposed for 02’- attachment is the axial site 
of copper(I1) complexes and the mechanism of the 
interaction is: 

cu2+ t 0 2 ‘-+cu+to2 

Cu+ + Oz.- + 2H+ e Cu2+ + H202 

Due to the high rate constant of copper(I1) mediated 
superoxide dismutation a fast exchange of coordi- 
nated water is considered essential to allow the 
binding of the 02’- radical [28]. We believe that 
in the tetragonally distorted octahedral complex 
Cu(TENOX)a.2HaO, the water molecules are tram, 
weakly bonded ligands that are readily substituted 
by 02’-. 
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