
QSAR Study of Dual Cyclooxygenase and 5-Lipoxygenase
Inhibitors 2,6-di-tert-Butylphenol Derivatives
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Abstract—The dual or selective ability of 24 derived mono- and 2,6-di-tert-butylphenols (DTBP) to act as inhibitors of cyclooxy-
genase (COX) and/or 5-lipoxygenase (LOX) enzymes is investigated. Firstly, we explored the conformational variability of the
compounds. It is found that dual inhibitors can adopt four minimum energy conformations: cis or trans, depending on the orien-
tation of the carbonyl oxygen atom (localized in the para position) relative to the hydroxyl hydrogen, and a or b, depending on
whether the carbonyl oxygen is below or above the phenyl plane. The possible bioactive conformations are selected by molecular
superimposition to the optimised structure of tebufelone, a dual inhibitor in the clinical trial phase. From this selected conforma-
tion, different molecular parameters were calculated and correlated with both COX/LOX inhibitory activities. The MEP and GRID
maps for different probes (hydrogen bond donor/acceptor, hydrophobic and ferric/ferrous interaction areas) are represented and
discussed. The results point out the importance of the hydrogen donation and the hydrophobic properties in the COX inhibition
whereas, for LOX inhibition, a redox mechanism might be involved. Finally, the predictive ability of the proposed QSAR equations
is tested analysing a set of selective COX or LOX inhibitors.
# 2003 Elsevier Ltd. All rights reserved.
Introduction

2,6-di-tert-Butylphenols (DTBP) constitute an impor-
tant group of anti-inflammatory phenolic compounds
owing to their antioxidant properties, which are related
to inhibition of prostaglandin and leukotriene synthesis.
They have a dual activity, acting as blockers of cyclo-
oxygenase-2 (COX) and 5-lipoxygenase (5-LOX)
enzymes.1�5 The radical scavenging activity of these
anti-inflammatory antioxidant compounds has increased
their potential therapeutic applications in areas such as
cancer cell prevention, Alzheimer’s disease and asthma,
where intermediate radicals participate in the disease
pathogenesis.6�9 Due to their impact in the treatment of
these diseases, new DTBP compounds have been syn-
thesized and tested for COX/5-LOX inhibitory capacity,
while trying to have low ulcerogenic potential. Some of
these compounds, such as tebufelone, R-830, BF389,
CI-10042 and S2474,10 are now under clinical trials (see
Scheme 1).
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Scheme 1. Molecular structures of DTBP used as dual inhibitors.
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Mechanistic studies have addressed the relationship
between the phenolic antioxidant properties and the
abstraction of phenolic hydrogen, often leading to
QSAR models that relate radical formation and anti-
inflammatory or antioxidant activities.11�14 In the pres-
ent work, we relate the conformational variability and
the calculated parameters derived from the proposed
bioactive conformation with the inhibitory properties of
DTBP.1
Material and Methods

Compounds and biological data

The general structure of the studied compounds is
shown in Table 1. The major structural diversity stems
from the para substituent (R3 group), since tert-butyl
groups exist at ortho positions (R1 and R2) and are
necessary for an optimal antioxidant capacity by
hydrogen donation.12 However, to examine the effect of
these groups, four compounds mono or unsubstituted
tert-butyl (or methyl) fragments (compounds 11–14)
were also considered.

Table 1 also summarizes the dual COX/5-LOX activ-
ities of the compounds. The activities were taken from
the studies of Swingle et al.1 and are related to the esti-
mated concentration producing 50% inhibition of
bovine seminal vesicle cyclooxygenase and 50% inhibi-
tion of guinea pig lung 5-lipoxygenase (IC50). To vali-
date the proposed QSAR models and to explain the
dual activity, a complementary set of 10 compounds,
divided into five COX selective and five LOX selective
compounds (Table 2), was also examined.

Computational methods

The initial geometries were built up from molecular
mechanics (MM) calculations implemented in the
Insight II program [15] on a Silicon Graphics work-
station. The conformational study was carried out using
the semi-empirical AM1 method using the MOPAC 6.0
ESP program [16]. Full geometry optimization of mini-
mum energy conformations was subsequently carried
out at the HF/6-31G(d) ab initio level using GAUS-
SIAN-94 program.17 In order to select the possible
active conformation, we superimposed the minimum
energy conformations with the optimized conformations
of the active dual inhibitor tebufelone (Scheme 1). The
topological electron density at the O–H bond was
determined using the OUTPUT=WFN option of
GAUSSIAN-94 and EXTREME18 programs.

Attention was paid to the bond critical point (rOH),
that is, the point of minimum charge density along the
bond path that links two atoms, but a maximum along
the directions normal to the bond path.19 The hydro-
phobic contribution was evaluated from the ClogP
parameter.20

Molecular electrostatic potential maps (MEP) were
drawn using the MEPMIN program.21 Favourable
interaction areas for the selected conformation for each
compound were represented using the GRID pro-
gram22,23 with the probes methyl, water, ferrous and
ferric iron cations. These latter probes are important to
analyze a possible redox inhibition mechanism of
DTBP.24,25
Results and Discussion

Conformational analysis

Depending on the para substituent (R3), mono or DTBP
compounds show possible coplanar regions in agree-
ment with the available crystallographic data. Com-
pounds having an aromatic ring in R3 have two
coplanar regions in their molecular structure: (a) the
coplanar arrangement of the hydroxyl group with the
main phenol ring, and (b) the R3 aromatic ring (phenyl
or thienyl) linked by carbonyl, oxy or amino sub-
stituents. On the other hand, compounds with nitro,
metoxy, hydroxy, or carboxy R3 groups have one com-
mon planar disposition of these substituents with the
phenol ring.

The rotation of R3 group around the coplanar arrange-
ment of the phenol ring was studied by means of the
torsion angle a, which was rotated from 0� to 355� at
intervals of 5�. The conformational energy surfaces for
some representative compounds are shown in Figure 1.
Full geometry optimization was subsequently carried
out at the HF/6-31G(d) ab initio level for the minimum
energy conformations using GAUSSIAN-94 program.
The optimized structures differ about 5–15� from the
AM1 minimum-energy conformations.

Acetamide in R3 (compound 15; Table 2) yields only
two minimum energy conformations, which are shown
in Figure 1a: cis, with the amino hydrogen in the same
side of the hydroxyl hydrogen, and trans, with the
amino hydrogen in the opposite side of the hydroxyl
hydrogen. The conformational energy map shows that
the two conformations are energetically similar (the
enthalpies of formation differs by 0.5 kcal/mol) and
result from the p–p conjugation process of the nitrogen
lone pair with the aromatic system. Due this pyr-
amidalization effect of amine nitrogen, the N–H bond
presents in both conformations an almost planar dis-
position with the phenol ring. Similar results were found
in conformational study of anti-inflammatory fena-
mates.26

Other compounds with R3 fragments such as CO-
phenyl or CO-thienyl exhibit four minimum energy
conformations: two cis conformations, one cis-b with
the carbonyl oxygen above the phenol plane and the
other cis-a with the carbonyl oxygen below the phenol
plane. These four conformations are shown in Figure
1b for N-methylamide compound 6 (R3=CO–NH–
CH3). Interestingly, this compound is a more active
COX and LOX inhibitor than compound 15, which
appears only selective as COX inhibitor exhibiting a
poor activity.
4208 J. Ruiz et al. / Bioorg. Med. Chem. 11 (2003) 4207–4216



Table 1.

IC50 (mM)

Compd R1 R2 R3 COXa 5-LOXb �Hr rOH ClogP EHOMO ELUMO Qt DRY Fe2+ Fe3+

1 C(CH3)3 C(CH3)3 CO-phenyl 9 � 10�7 9 � 10�7 359.4374 0.37400 6.706 �0.2907 0.1116 0 �0.672 �2.222 �17.647 �23.208
2 C(CH3)3 C(CH3)3 O-phenyl 1 � 10�6 5 � 10�7 359.5629 0.37585 7.225 �0.2796 0.1290 3 �0.136 �2.271 �20.070 �27.600
3 C(CH3)3 C(CH3)3 Phenyl 7 � 10�7 2 � 10�7 359.3747 0.37298 7.015 �0.2756 0.1263 7 �0.489 �2.180 �20.691 �28.699
4 C(CH3)3 C(CH3)3 CO-2-thienyl (R830) 5 � 10�7 2 � 10�5 359.7512 0.37387 6.429 �0.3186 0.0626 7 �0.534 �2.512 �11.757 �13.818
5 C(CH3)3 C(CH3)3 CO-5CI-2-thienyl 1 � 10�6 2 � 10�6 359.8140 0.37366 6.923 �0.3138 0.0654 1 �0.593 �2.633 �15.237 �20.335
6 C(CH3)3 C(CH3)3 CO-NH-CH3 2 � 10�6 2 � 10�6 360.0022 0.37456 3.861 �0.3080 0.1244 0 �0.937 �2.445 �18.010 �24.314
7 C(CH3)3 C(CH3)3 NO2 1 � 10�4 1 � 10�4 360.1277 0.37277 1.835 �0.3316 0.0750 0 �0.105 �2.269 �8.635 �9.808
8 C(CH3)3 C(CH3)3 OH 1 � 10�4 5 � 10�5 360.1904 0.36745 3.460 �0.3046 0.1117 2 �0.015 �1.942 �10.242 �15.303
9 C(CH3)3 C(CH3)3 COOH 1 � 10�4 1 � 10�4 360.3159 0.36847 3.609 �0.3188 0.0939 8 �0.106 �2.134 �10.941 �12.741
10 C(CH3)3 C(CH3)3 O–CH3 5 � 10�5 1 � 10�4 360.2532 0.36744 4.226 �0.3180 0.0926 9 �0.011 �2.010 �12.453 �14.395
11 C(CH3)3 H O(CH3)3 (BHA) 7 � 10�6 1 � 10�6 360.8180 0.36754 3.400 �0.2839 0.1438 3 +0.037 �1.981 �13.064 �19.371
12 C(CH3)3 H Phenyl 1 � 10�6 8 � 10�7 360.8807 0.36714 5.189 �0.2850 0.1247 4 �0.671 �2.128 �14.392 �20.096
13 CH3 CH3 CO-phenyl 1 � 10�4 2 � 10�5 360.5042 0.36798 4.052 �0.3108 0.0907 8 +0.230 �2.225 �10.007 �12.276
14 H H CO-phenyl 1 � 10�5 1 � 10�4 360.4414 0.36628 3.054 �0.3310 0.0884 8 �1.037 �2.403 �4.297 �5.551

�Hr, reaction energy in kcal/mol for phenoxyl radical formation; rOH, electron density at the O–H bond critical point; Qox, atomic charge of pheno en; Qt, Sum of atomic charges of ortho and para
carbons of phenol ring �(qo+qp); DRY, minimum GRID energy interaction for hydrophobic probe; Fe2+ and Fe3+, minimum energy interacti es for ferrous and ferric iron cation probes.
aMicromolar concentration producing 50% inhibition of bovine seminal vesicle cyclooxygenase.
bMicromolecular concentration producing 50% inhibition of guinea pig lung 5-lipoxygenase.
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The preceding results suggests that molecular flexibility
can be relevant in the modulation of the COX inhibi-
tory activity. A similar finding can be deduced for the
selective LOX inhibitors, as derived from the con-
formational analysis of R3 pyridyl compounds 22 and
23. The R3=CO-2-pyridyl derivative (22) has only two
minimum energy conformations cis and trans (see Fig.
2). In contrast, the R3=CO-4-pyridyl analogue (23) is
conformationally more flexible, being able to adopt four
minimum energy conformations: cis-a, cis-b, trans-a
and trans-b. The difference in conformational flexibility
could explain, at least in part, the larger inhibitory
activity of compound 23 (IC50=1�10�7M) compared
to compound 22 (IC50=5 � 10�6M).

Other compounds, like the R3 benzyl (compound 21; see
Fig. 1c), presents six minimum energy conformations:
cis-a, cis-b, trans-a, trans-b, and two extra conforma-
tions, a and b, having the benzyl group in a central dis-
position with respect to the hydroxyl group, but below
(a) or above (b) the phenol plane (Fig. 1c). The energy
barrier between these conformations is, nevertheless,
very low (less than 1 kcal/mol).

To select the bioactive conformation, all minimum
energy conformations of the most active COX and LOX
inhibitors were compared by means a superimposition
procedure showing a correct fit for all four conforma-
tions (cis-a, cis-b, trans-a, trans-b) between 0.010 and
0.015; in this way, Figure 3a shows as example the
superimposition of active DTBP compounds in cis-b
conformation indicating a common binding structure
with the COX and/or LOX enzymes. These super-
impositions were compared with the active dual com-
pound tebufelone obtaining also a correct fit depicted in
Figure 3b for compound 1 in the cis-b conformation
(RMS=0.031).
QSAR analysis

A series of recent studies have shown the relevance of
electronic properties in modulating the anti-inflamma-
tory antioxidant activity of phenols.10�12 Our previous
works13,14 allowed us to find a significant correlation
between the enthalpy of the phenoxyl radical formation
process and the COX inhibitory activity of phenols.

For the series of DTBP compounds, the enthalpy of
reaction (�Hr) of radical formation, defined as the dif-
ference between the enthalpies of ground and radical
states, were also calculated. The �Hr values (see Table
1) are quite similar in all compounds and no significant
relationships were obtained between the �Hr values and
the COX or LOX inhibitory activity, which was unex-
pected based on the correlations between �Hr and OH
bond dissociation energies reported for phenolic com-
pounds.27,28 However, the most active DTBP com-
pounds (1–5) have �Hr values 1 kcal/mol lower than the
rest of compounds (see Table 1), a finding also found in
QSAR studies of phenols.14

Due to the importance of electronic parameters in
QSAR studies of anti-inflammatory-antioxidants
inhibitors,11�14 the electron density at bond critical
point (rOH) was also determined, since it can be used as
a predictor of hydrogen-bond donation.10�12 Table 1
summarizes the calculated rOH for DTBP compounds.
The most active inhibitors have a high electron density
at the OH bond, while the less active inhibitors tend to
have a low electron density at the OH bond. Interest-
ingly, mono-tert-butyl-phenols present lower rOH
values, as expected from the lack of one electron-
donating substituent, thus reducing the DTBP-phenoxyl
radical formation. Not unexpectedly, there is a clear
correlation between the capacity to form the phenoxyl
Table 2.
Selective COX
 COX
IC50 (mM)
Eq 5
Compd
 R1
 R2
 R3
 Qt
 ClogP
 Obs
 Calcd
 % Dev
15
 C(CH3)3
 C(CH3)3
 NH–CO–CH3
 +0.002
 3.496
 4.301
 4.316
 0.35

16
 C(CH3)3
 C(CH3)3
 NH-phenyl
 �0.004
 6.305
 4.301
 4.681
 8.83

17
 C(CH3)3
 H
 CO-phenyl
 �0.944
 4.880
 6.699
 6.550
 �2.23

18
 i-C3H7
 H
 CO-phenyl
 �0.955
 4.880
 5.222
 5.210
 �0.23

19
 C(CH3)3
 H
 CO-2-thienyl
 �0.921
 4.771
 7.000
 6.483
 �7.38
Selective LOX
 LOX

IC50 (mM)
Eq 7
Compd
 R1
 R2
 R3
 Fe3+
 Obs
 Calcd
 % Dev
20
 C(CH3)3
 C(CH3)3
 CH3 BHT
 �23.24
 6.097
 6.151
 0.88

21
 C(CH3)3
 C(CH3)3
 CH2-phenyl
 �25.14
 6.155
 6.058
 �1.57

22
 C(CH3)3
 C(CH3)3
 CO-2-pyridyl
 �21.82
 5.301
 5.287
 �0.26

23
 C(CH3)3
 C(CH3)3
 CO-4-pyridyl
 �28.82
 7.000
 6.895
 �1.51

24
 C(CH3)3
 CH3
 CO-phenyl
 �13.59
 5.097
 4.915
 �3.57
4210 J. Ruiz et al. / Bioorg. Med. Chem. 11 (2003) 4207–4216



radical (�Hr) and the electron density at the OH bond
(rOH), as noted in eq 1.

DHr ¼ �113:91 �22:16ð ÞrOHþ 402:33 �8:21ð Þ ð1Þ

n ¼ 14 r2 ¼ 0:688 Q2 ¼ 0:587 s ¼ 0:202 F ¼ 26:42

Other parameters, such as the atomic charges and the

energies of the highest-occupied (EHOMO) and lowest-
unoccupied molecular (ELUMO) orbital, were also
considered. Table 1 summarizes the results of these
electronic parameters for the cis-b conformation. Their
analysis showed that EHOMO correlates with LOX
inhibitory activity (r2=0.784; eq 2). No correlation was
found between EHOMO and COX inhibitory activity.
Similarly, ELUMO was unable to explain the differ-
ences in COX/LOX inhibitory activity.

pIC50 LOXð Þ¼47:25 �7:21ð ÞEHOMOþ19:57 �2:20ð Þ ð2Þ

n ¼ 14 r2 ¼ 0:784 Q2 ¼ 0:695 s ¼ 0:489 F ¼ 42:88

The atomic charge of hydroxyl oxygen (Qox) correlates
with the two activities (COX, r2=0.567; LOX,
Figure 1. Conformational energy surfaces and minimum energy conformations for: (a) the selective COX inhibitor 15, (b) the dual compound 6 and
(c) the R3 benzyl compound 21.
Figure 2. Comparison of the trans-a minimum-energy conformations of 2-pyridyl and 4-pyridyl-DTBP (22 and 23) compounds.
J. Ruiz et al. / Bioorg. Med. Chem. 11 (2003) 4207–4216 4211



r2=0.693, eq 3). The regression equations indicate that
the more negative Qox, the larger the inhibitory activity.
Thus, the larger activity of compounds 1–3 compared to
that of compounds 7–9 can be related to the para sub-
stitution with electron-withdrawing substituents (car-
boxyl, nitro, or hydroxyl) for these latter molecules.
Moreover, the lack of the two electron-donating (tert-
butyl) groups at ortho position makes Qox to be less
negative, thus reducing the inhibitory activity (com-
pounds 13 and 14).

pIC50 LOXð Þ ¼ �37:09 �7:13ð ÞQox � 17:47 �4:35ð Þ ð3Þ

n ¼ 14 r2 ¼ 0:693 Q 2 ¼ 0:626 s ¼ 0:589 F ¼ 27:08

The atomic charges at ortho and para carbons were also

examined, but no correlation was found with the inhi-
bitory activity. However, attachment of tert-butyl
groups at ortho positions decrease the negative atomic
charge as follows: di-tert-butyl (1)<mono-tert-butyl
(17)<unsubstituted (14) (�0.512<�0.726<�0.852). A
similar effect is obtained considering the sum of atomic
charges of carbon atoms at ortho and para positions
(Qt) [�0.672<�0.944<�1.037].

To investigate the role of hydrophobicity, the ClogP
parameter20 was determined (see Table 1). The tert-
butyl fragments increase the ClogP from 3.054 (14) to
4.880 (17) to 6.706 (1). In contrast, the less active
compounds posses an hydrophilic fragment in the
phenol ring, such as nitro (7), hydroxy (8) or carboxy
(9), thus reducing the ClogP. These results reinforce
previous QSAR studies about anti-inflammatory
inhibitors, where a high ClogP was found to increase
the inhibitory potency. For DTBP compounds, the
ClogP yielded a better correlation with COX inhibi-
tory activity (r2=0.645, eq 4) than with LOX
(r2=0.371).

pIC50 COXð Þ ¼ 0:43 �0:09ð ÞClogPþ 3:13 �0:47ð Þ ð4Þ

n ¼ 14 r2 ¼ 0:645 Q 2 ¼ 0:566 s ¼ 0:586 F ¼ 21:78
The combination of ClogP with the previous electronic
parameters improves the correlation equations for both
COX and LOX activities, as can be seen in eqs 5 and
6.
pIC50 COXð Þ ¼ � 1:11 �0:29ð ÞQtþ 0:37 �0:07ð ÞClogP

þ 3:02 �0:32ð Þ ð5Þ

n ¼ 14 r2 ¼ 0:845 Q2 ¼ 0:767 s ¼ 0:405 F ¼ 29:81

pIC50 LOXð Þ ¼38:82 �8:01ð ÞEHOMO

þ 0:16 �0:08ð ÞClogPþ 16:25 �2:70ð Þ ð6Þ

n ¼ 14 r2 ¼ 0:833 Q2 ¼ 0:745 s ¼ 0:440 F ¼ 27:46

Molecular electrostatic potential (MEP) maps

To explore the interaction capabilities of DTBP, the
MEP was determined for the series of compounds in
their minimum-energy conformations. Figure 4 com-
pares the MEP map distribution for some representative
compounds in the optimized cis-b conformation. In
general, the MEP maps show four minima: the first
placed in the hydroxyl group, the second and third at
each side of the phenyl ring, and the fourth near the
carbonyl group. These minima occur in selective COX
inhibitors (see Fig. 4a for compound 15). On the other
hand, selective LOX and dual inhibitors present an
additional extended negative region around the R3 aro-
matic ring group, as shown in Figure 4b for the LOX
inhibitor 23 and Figure 4c for the dual compound 3.
The less active compounds, such as 8 (see Fig. 4d), have
a different pattern of MEP minima.

GRID maps

GRID was used to identify possible areas of interaction
with selected probes: hydrophobic (DRY), water
(OH2), ferric and ferrous iron cation (Fe3+ and Fe2+).
Figure 3. (a) Superimposition for the cis-b minimum-energy conformation of different DTBP compounds; (b) superimposition of the cis-b con-
formations of the active dual p-benzoyl-DTBP (1) and tebufelone.
4212 J. Ruiz et al. / Bioorg. Med. Chem. 11 (2003) 4207–4216



Figure 4. MEP maps for the minimum energy cis-b conformation of: (a) the selective COX inhibitor 15, (b) the selective LOX inhibitor 23, (c) the
dual compound 5 and (d) the less active compound 8. Dotted red lines correspond to an isocontour energy level of �10 kcal/mol and solid red
contours to �50 kcal/mol.
Figure 5. GRID hydrophobic (DRY) probe maps for different DTBP compounds in cis-b conformation. The contour level corresponds to
�1.5 kcal/mol and the maximum interaction energy value is indicated below each molecule: (a) the selective COX inhibitor 15, (b) the selective LOX
inhibitor 23, (c) the dual active compound 5 and (d) the less active compound 8.
J. Ruiz et al. / Bioorg. Med. Chem. 11 (2003) 4207–4216 4213



Comparison of the interaction areas for the DRY
hydrophobic probe for four representative compounds
is given in Figure 5. For each compound the most
favourable interaction energy is placed around the phe-
nol ring. Selective COX inhibitors present another
complementary area (Fig. 5a) near the R3 substituent,
whereas for selective LOX inhibitors (Fig. 5b) this area
is around the second aromatic ring and dual inhibitors
(Fig. 5c) exhibit both areas. In contrast, the less active
compound 8 (Fig. 5d) has a reduced area for hydro-
phobic interaction and a less favourable interaction
energy (�1.9 kcal/mol) compared to the active com-
pounds.

The water probe (OH2) allows us to explore potential
areas for hydrogen bond donor and acceptor contacts.29

There are two common areas for all compounds: one
around the hydroxyl group and another around the
para carbonyl group. These areas for the dual active
BHA (compound 11) and the less active compound 10
are shown in Figure 6, which indicates that they are larger
around the hydroxyl group for the BHA compound.
Figure 6. Possible hydrogen-bond acceptor and donor regions derived from GRID maps for the water (OH2 probe) for: (a) the active dual BHA
compound 11 and (b) the less active compound 10. This latter compound shows a more reduced area for the hydrogen-bond donor region placed at
the hydroxyl group.
Figure 7. GRID interaction for ferric iron cation probe for different DTBP compounds. The contour level corresponds to �10 kcal/mol and the
maximum interaction energy value is indicated below each molecule: (a) the selective COX inhibitor 15, (b) the selective LOX inhibitor 23, (c) the
dual active compound 5 and (d) the less active compound 8.
4214 J. Ruiz et al. / Bioorg. Med. Chem. 11 (2003) 4207–4216



Finally, Figure 7 shows the Fe3+ GRID maps for
selected DTBP compounds in cis-b conformation. The
two probes for Fe interaction yield similar maps for all
the compounds, leading to a main interaction area
proximal to the phenol ring that involves the hydroxyl
fragment. Active LOX inhibitors have higher interaction
energy than COX inhibitors. Thus, tebufelone presents a
Fe3+ interaction energy around 22 kcal/mol more nega-
tive than the less active compounds (�15.30 kcal/mol for
compound 8; Fig. 7d). Because of the common interaction
pattern for all the compounds, we correlated these values
with the activities. It was found that Fe3+ correlates
better than Fe2+ and preferably with LOX (r2=0.823,
eq 7) than COX (r2=0.452) inhibitory activity.
pIC50 LOXð Þ ¼ �0:13 �0:02ð ÞFe3þ þ 2:79 �0:34ð Þ ð7Þ

n ¼ 14 r2 ¼ 0:823 Q 2 ¼ 0:792 s ¼ 0:440 F ¼ 55:88
This finding is in agreement with eq 2, where EHOMO
expresses the electron-donor capacity as the energy
required to remove the most external electron. In fact,
both Fe3+ interaction energies and EHOMO are
highly correlated, as noted in eq 8, indicating that com-
pounds with a high EHOMO have a low energy for
Fe3+ interaction.
EHOMO ¼ �0:002 �0:00ð ÞFe3 þ�0:35 �0:01ð Þ ð8Þ

n ¼ 14 r2 ¼ 0:719 Q 2 ¼ 0:639 s ¼ 0:010 F ¼ 30:63
Finally, to evaluate the predictive capability of eqs 5
and 7, five selective COX and five selective LOX inhibi-
tors were additionally examined. The results are given in
Table 2. The calculated activities shows a correct fit
ranging from �7.38 to 8.83% from the experimental
pIC50 COX activity and between �3.57 and 1% from
pIC50 LOX activity [see Fig. 8a (n=19, r2=0.978) and b
(n=19, r2=0.837)].
Conclusions

For the series of DTBP derivatives, the conformational
analysis indicates that they can adopt four common
minimum energy conformations (cis-a, cis-b, trans-a,
trans-b) that shows a correct fit with the structure of the
dual activity compound tebufelone. With exception of
the classical antioxidant BHA (compd 11), for a high
dual activity the optimal structure is to present two
aromatic rings, which permits a major conformational
variability and perhaps a more effective interaction with
the COX/LOX binding site.

The analysis of QSAR parameters points out the
importance of the presence of electron donating sub-
stituents as tert-butyl group in the ortho positions of the
phenol ring. Their presence favors the phenoxyl radical
formation (hydrogen donation) and the hydrophobic
binding to COX-LOX enzymes, although the hydro-
phobic requirement seems more important in COX. The
high negative atomic charge in the phenolic (ortho +
para) ring correlates preferably with the COX inhibi-
tion, suggesting a possible complementary p–p inter-
action of DTBP for the COX interaction process. On
the other hand, the high negative atomic charge at the
oxygen atom of the hydroxyl fragment favors the
hydrogen donation correlating with the activity to
inhibit both enzymes.

The LOX inhibitory activity correlates with both
EHOMO and Fe3+ interaction energies. The most
active dual and selective LOX inhibitors present a high
EHOMO and a low FE3+ interaction energies, which
suggest a possible Fe-redox mechanism for LOX inhi-
bition that could help to understand the dual inhibitory
capacity of DTBP compounds. Following this hypo-
thesis, the dual inhibitory effects could help to develop
new anti-inflammatory compounds.
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