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ABSTRACT

Alminoprofen ~ (AP) is  2-(4-((2-methlyallyl)amino)phenyl)propanoic  acid, or  2-[4-(2-methylprop-2-
enylamino)phenyl]propanoic acid. It has a role as a lipoxygenase, a phospholipase A2 and a cyclooxygenase 2 inhibitor.
Due to these enzyme’s inhibitions, it is used as anti-inflammatory, anti-rheumatic and anti-pyretic agent in treatment of
inflammatory and rheumatic disorders. Because of the AP is belonging to the propionic aromatic acid structure
derivatives and is very similar to the ibuprofen molecule and due to the photosensitivity adverse effects related to this
group, the present work focuses upon the photosensitivity photodegradation mechanism of AP. This has been done
using the HF-DFT/TD-DFT framework by applying the hybrid functional B3LYP level of theory. Similar to other
NSAIDs studied previously, the obtained results of AP from the computed energies and properties of various species
show that the deprotonated form dominates at physiological pH, is the susceptible species for photodegradation more
than the neural form. In addition, the former species will not be able to decarboxylate from a singlet excited states with
high efficiency. In contrast, after it undergoes intersystem crossing, the excited triplet state of the deprotonated form
will decarboxylate, with very high efficiency. Molecular orbitals, energies of various species, various energy barriers,
reactive radical species, the reactions of radical species with macromolecules and more throughout alminoprofen
photodegradation mechanism have been discussed in more details in this work.
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INTRODUCTION

Alminoprofen (AP) belongs to non-steroidal anti-
inflammatory drugs (NSAIDs), its chemical structure is
quite similar to ibuprofen. The isobutyl group in ibuprofen
is replaced by a (2-methylprop-2-en-1-yl)amino group. It is
nothing except a substituted aniline, so the chemical name
of AP is 2-(4-((2-methlyallyl)amino)phenyl)propanoic acid,
or 2-[4-(2-methylprop-2-enylamino)phenyl]propanoic acid
(Figure 1). It has a role as a lipoxygenase, a phospholipase
A2 and a cyclooxygenase 2 inhibitor. Due to these
enzyme’s inhibitions, it is used as anti-inflammatory, anti-
rheumatic and anti-pyretic agent in treatment of
inflammatory and rheumatic  disorders [1]. The
phospholipase A2 enzyme targeted by AP is likely the
secretory phospholipase A2. The mechanism of action of
AP was investigated in an invitro study where the effect of
AP on phospholipase A2 and cyclooxygenase of the cells in
culture is examined. In addition, an in vivo study of AP in
which the inflammatory action of both exogenous and
endogenous phospholipase A2 is also investigated in the
rats. Both studies suggest the anti-inflammatory action of
AP is dual inhibiting the activity of both phospholipase A2
and cyclooxygenase 2 (COX-2) enzymes [2, 3].

The previous studies show that the AP in clinical treatment
of inflammatory diseases as COX-2 inhibitor is expressed
more efficacy than that of ibuprofen. In addition, the
pharmacological profile and mode of analgesic action of
AP are apparently different from other acidic NSAIDs. The
anti-inflammatory and analgesic activity produced by AP
are more potent than that of ibuprofen [4]. In contrast to
other NSAIDs such as ibuprofen, the AP is considered as a
new type of nonsteroidal anti-inflammatory agent [5]. The
AP shows a relatively potent anti-pyretic activity where it
does not involve an inhibition of cyclooxygenase at a
central site that considered as an antipyretic mechanism of
NSAIDs, instead the AP mechanism of action is
competitive with leukocytic pyrogen at a site in the central
nerves system [6]. In addition, the AP is very useful for
pediatric and adults’ patients in the treatment of post
exodontic pain [7]. The AP exerts a combined inhibition of
prostaglandin E2 synthesis, leukocyte chemotaxis and
lysosomal enzyme release so, it has a potent anti-
inflammatory and analgesic activity in sodium urate crystal-
induced inflammations [8].

Figure 1. chemical structure of AP; numbering is used
throughout the study

Generally, Nonselective NSAIDs have various side effects
such as gastrointestinal side effects (e.g., peptic ulcer,
dyspepsia, and bleeding), renal adverse effects (e.g., renal

vasoconstriction leading to acute renal failure and
worsening of underlying hypertension, as well as
electrolytes and fluid abnormalities, in addition to renal cell
cancer risk may be increased), cardiovascular effects,
central nervous system adverse effects (e.g., psychosis,
aseptic meningitis and cognitive dysfunction), anaphylaxis,
other allergic and pseudoallergic reactions as well as skin
reactions [9]. NSAIDs are from the most drugs causing
photosensitivity due to they are reported on more frequently
than others and they are designed to inhibit inflammation in
fact cause light-initiated inflammation. Phenylpropionic
acid derivatives group is the most NSAIDs causing
photosensitivity. The NSAIDs causing cutaneous
photosensitivity appears to be elicited by a phototoxicity
mechanism [10]. Moreover, NSAIDs with the propionic
aromatic acid structure derivatives such naproxen can
induce skin photosensitivity and DNA photocleavage as
well as photo-hemolytic activity in red blood cells [11-13].
Interestingly, from other side, in animal studies naproxen
shows that it reduces the tumor multiplicity and decrease
the number of cutaneous tumor lesions [11, 14, 15].

Because of the AP is belonging to the propionic aromatic
acid structure derivatives and is very similar to the
ibuprofen molecule and due to the photosensitivity adverse
effects related to this group mentioned above, we, in the
current work, focus upon the AP photo-degradation
mechanism. It is clarified in the Figure 2, and discussed
below in details. In which, we have investigate the possible
photoinduced decarboxylation process of AP and the
followed reactions those cause the formation of reactive
oxygen species (ROS), and considered as the main
reactions initiators in lipid peroxidation processes.
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Figure 2. Schematic photodegradation mechanism

of AP.
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COMPUTATIONAL METHODOLOGY

The hybrid functional B3LYP as one form of HF-DFT
frameworks is used [16-18], together with middle size basis
set 6-31G(d,p). It was used in order to obtain the optimized
structures of all molecules described in Figure 2 using the
GAUSSIAN 03 package [19]. The basis set used herein in
the current work is taken depending upon our pervious
study for a similar molecular size drug diclofenac and its
main photoproduct (8-chlorocarbazole) in there we have
done test calculations using a range of basis sets (e.g., 6-
31g(d,p) and 6-311g(d,p) with or without diffuse functions)
[20]. The results obtained from this test show that the
effects on absorption spectra and transitions are within only
a few nanometers, and therefore, for computational reasons
we have had used the B3LYP-6-31G(d,p) level of theory
throughout the AP photodegradation mechanism herein. At
the obtained optimized geometries of all species under the
study, zero-point vibrational energies (ZPE) were
evaluated, as were free energy corrections at T = 298 K.
Single-point calculations were performed at the same level
of theory using the integral equation formalism of the
polarized continuum model (IEF-PCM) of Tomasi and co-
worker that is in order to describe the effect of the
surrounding medium [21-23]. Bulk water was included as
solvent with a value of 78.9 for the dielectric constant «.

Excitation energies, electron and proton affinities and
ionization potentials were obtained at the same level of
theory. Using Mulliken population analysis, spin densities
as well as atomic charges were extracted.

Time dependent DFT (TD-DFT) [24-26] calculations were
performed for excitation energies and when exploring the
possibility for the decarboxylation process to occur from
different excited states of AP. The excitation energies tend
to be overestimated by approximately 0.2 eV at this level of
theory, leading to a slight blue-shift of the peaks in the
computed spectra. Furthermore, solvent effects have very
little influence on the absorptions, under the methodology
employed herein, and were hence not included in the TD-
DFT calculations. The atomic numbering scheme used for
the various molecules (Figure 2) follows that of Figure 1.

RESULTS AND DISCUSSION

REDOX CHEMISTRY OF AP:

The redox properties of the alminoprofen parent compound
A are investigated herein. In Figure 3, we have displayed
the optimized structures of AP (A), its radical anion and
radical cation (A*- and A*+), and its deprotonated species
(A-). The main difference in these optimized structures is in
the C1-C2 bond length change, which is the decarboxylated
responsible bond, from 1.522 A in the neutral parent
compound to 1.594 A in the corresponding deprotonated
species. Very little change in this bond length was noted
between the radical anion and radical cation compared to
the parent neutral structure. From the obtained calculated
energies shown in the Table 1, the electron affinity (EA)
and ionization potential (IP) in gas phase accounted as -
25.5 and 155.6 Kcal/mol, respectively. The negative EA of
the anionic form implies that it is unstable in this case.

Once we applying the bulk solvation via the IEFPCM
method, the EA and IP are accounted instead to be 12.2 and
112.1 Kcal/mol, respectively, this is in a line with our
previous studies with very similar molecule ibuprofen [27].

The computed absolute and relative ZPE-corrected energies
in gas phase, free energies and the dipole moments obtained
in aqueous solution are displayed in the Table 1. We noted
that among the various species studied herein the anionic
form (A*-) is the most stable species in the aqueous
solution. Solvent stabilization of this species is computed to
be 37.7 Kcal/mol, this is similar to the obtained results of
ibuprofen and ketoprofen in our previous studies as
accounted 40.6 Kcal/mol and 45 Kcal/mol, respectively
[27, 28]. The IP from other side is accounted about 155.6
Kcal/mol in gas phase which is reduced under the
stabilization effect of the aqueous solution where the Gibbs
free energy of the cation form is 112 Kcal/mol. The free
energy difference between the protonated parent compound
(A) and its deprotonated species (A-) is computed to be 353
Kcal/mol, which is reduced to 296.3 Kcal/mol in aqueous
solution. This is again in a line with previous results
obtained for similar NSAIDs the ibuprofen, ketoprofen and
flurbiprofen compounds [27-29].

The local charge on the carboxylic moiety (016-C1-O17-
(H18)) of the protonated parent compound of AP (A) and
its radical anion (A*-), radical cation (A*+) and
deprotonated acid species (A-) are obtained from the
Mulliken atomic charge distributions of the various species
that displayed in the Table 2, are -0.056, -0.289, 0.033, and
-0.706 e-, respectively. These findings are in a line with the
computed dipole moment of these species in Table 1. The
difference in computed dipole between the parent neutral
compound and its deprotonated counterpart is more than 19
D, because of the highly localized negative charge. The
Mulliken atomic charges of the decarboxylated species are
mainly localized on C3, C14 of methyl moieties and N10
which connected to the aromatic system of the AP (see
Table 2).
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Figure 3. Optimized structures of AP, (a) the neutral (protonated) ground state; A, (b) the radical anion; A™,
(c) the radical cation; A*™", (d), the deprotonated ground state; A", (e) the neutral triplet state species; *A, and
(f) the deprotonated triplet state species; A"

Table 1 B3LYP/6-31G(d,p) ZPE-corrected electronic energies in gas phase, and IEFPCM- B3LYP/6-
31G(d,p) Gibbs free energies in aqueous solution. The absolute energies in a.u., relative energies in kcal/mol,

the dipole moments in (debye) in aqueous
SyStem E(ZPE) AE(ZPE) AGangs AAGanQS Hag
A (singlet) -710.570162 0 -710.637339 0 3.05
A (doublet) | -710.529571 25.47 -710.656815 | -12.22 9.16
A*" (doublet) | -710.322246 | 155.57 | -710.458721 | 112.08 5.26
3A (triplet) | -710.450382 75.16 -710.522410 72.12 4.83
A (singlet) | -710.007474 | 353.09 | -710.165095 | 296.34 22.45
3A (triplet) | -709.903076 | 418.60 | -710.047783 | 369.95 | 19.84
3B~ (triplet) | -521.333095 0 -521.449504 0 5.10
B (singlet) | -521.387285 | -34.00 | -521.507973 | -36.69 10.56
B (singlet) | -522.015746 | -428.37 | -522.067186 | -387.60 1.48
B* (doublet) | -521.383498 -31.63 | -521.437103 7.78 2.38
2C* (doublet) | -671.728308 -671.789934 il 5.88
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In the Table 3, we list the unpaired electron densities of AP
species those illustrated in Figure 2. The spin densities of
the radical anion localized on the phenyl ring mainly on C9
and on the methylene moiety C15 and account as 0.209 and
0.171 e, respectively. Instead, for the radical cation the spin
densities localized mainly on the atoms of the aromatic
system and on the nitrogen atom (N10), on the latter it
accounts 0.384 e. The spin densities of the unpaired
electrons of either the protonated or the deprotonated form
in the triplet state are localized all over the phenyl ring and
with a small extent, in the neutral triplet state, to the
nitrogen atom N10 of the AP molecule. For the
decarboxylated species (3B- and 2B*) the main portion of
the spin densities localized to the C2 atom (connected to the
carboxylic moiety in the parent AP compound) and
accounts as 0.696 and 0.735 e, respectively. For the
oxygenated doublet species (2C*) the spin density is
localized mainly on the (-OO*) group as seen in Table 3.

In order to shed more light on the AP photochemistry, we
in Figure 4 show the computed highest occupied and lowest
unoccupied molecular orbitals (HOMOs and LUMOs) of
the protonated and deprotonated AP forms. We noted that
the HOMO, HOMO-1 and HOMO-2 of the neutral species

LUMO+

Neutral

4“?

»
P

are mainly localized on the phenyl ring with lesser extent
on the nitrogen atom (N10), totally localized on the
aromatic system, and on isobutenylamino moiety,
respectively. The LUMO and LUMO+1 of the protonated
form are both mainly localized on the aromatic systems
with lesser extent to the propionic acid moieties. Instead,
the LUMO+2 of the same species is localized on the
peripheral isobutenylamino moiety. In contrast to the
neutral form the deprotonated species of AP show a
different orbital pattern. In which the three HOMOs are all
localized on the carboxylic moieties of the propionic acid.
The LUMO of the deprotonated form is localized on the
isobutenylamino moiety of the AP. Lastly, the LUMO+1
and LUMO+2 of the deprotonated species are localized on
the phenyl rings and for the second with lesser extent to the
nitrogen atom (N10). The MOs pattern difference between
the two species of AP (protonated and deprotonated) is
manifested in the Mulliken atomic charge distribution on
the carboxylic moiety, that in the first form is only -0.056 e-
, instead, in the second it is -0.706 e-. This difference in the
MO distributions of the neutral versus deprotonated of AP
plays an important role in their photochemical behaviors.

deprotonated

Figure 4. Molecular orbitals of AP: Neutral form (the left) and deprotonated anion (the right).
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Table 2. Mulliken atomic charges (B3LYP/6-31G(d,p) level) for selected atoms in AP and its photoproducts Figure 2.
For atomic labelling see Figure 1.

System C1 C3 C7 C14 C15 N10 H11 | O16 017 H18
A (singlet) 0.590 | -0.298 | 0.326 | -0.356 | -0.279 | -0.601 | 0.250 | -0.474 | -0.490 | 0.318
A-* (doublet) | 0.520 | -0.289 | 0.267 | -0.346 | -0.331 | -0.590 | 0.210 | -0.561 | -0.531 | 0.283
A+* (doublet) | 0.595 | -0.318 | 0.360 | -0.365 | -0.254 | -0.513 | 0.311 | -0.447 | -0.461 | 0.346
3A (triplet) 0.588 | -0.298 | 0.262 | -0.360 | -0.282 | -0.540 | 0.261 | -0.469 | -0.491 | 0.318
A- (singlet) 0.537 | -0.294 | 0.290 | -0.353 | -0.289 | -0.597 | 0.235 | -0.621 | -0.622
3A- (triplet) 0.566 | -0.305 | 0.288 | -0.350 | -0.307 | -0.575 | 0.219 | -0.533 | -0.542
3B- (triplet) -0.331 | 0.316 | -0.343 | -0.350 | -0.586 | 0.204
B- (singlet) -0.310 | 0.130 | -0.354 | -0.298 | -0.577 | 0.210
B (singlet) -0.304 | 0.318 | -0.356 | -0.280 | -0.590 | 0.249
B* (doublet) -0.352 | 0.315 | -0.357 | -0.279 | -0.597 | 0.251
2C* (doublet) -0.318 | 0.332 | -0.357 | -0.278 | -0.601 | 0.253

Table S2. Atomic spin densities (B3LYP/6-31G(d,p) level) on selected atoms for the radical species of AP and its

photoproducts.

For atomic labeling see Figure 1.

System C2 C4 C5 C6 C7 C8 C9 C15 | N10
A-* (doublet) 0.108 | 0.121 0.209 | 0.171

A+* (doublet) 0.369 | 0.107 | 0.193 0.194 0.384
3A (triplet) 0.547 | 0.526 | 0.148 | 0.438 | 0.636 | 0.239 0.226
3A- (triplet) 0.264 0.469 | 0.303 | 0.147 | 0.582

3B-* (triplet) | 0.696 0.309 | 0.172 | 0.157 0.427 | 0.256

B* (doublet) 0.735| 0.193 | 0.217 | 0.110 | 0.211 | 0.118 | 0.230

2C* (doublet)

O inner = 0.306 and O outer = 0.688
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EXCITATION OF ALMINOPROFEN AND
DEPROTONATED SPECIES:

The excitation of A in its neutral or deprotonated form of
AP to the first excited singlet state S1 (or a higher lying
singlet states Sn) which in turn followed by radiationless
decay to S1 is the initial step in the photodegradation of
AP, again followed by intersystem crossing (ISC) to the
first excited triplet state as seen in the photodegradation
scheme (Figure 2). Because of the pKa value of the
deprotonated acid (accounts 4.86+0.50 “Predicted” [30],
5.02 “Exp” [31]); due to the pKa is low the AP will
predominantly in its deprotonated (acidic) form clear
difference. Each species (protonated/deprotonated) of AP
show two main absorption peaks with distinguish
wavelengths and oscillator strengths. The two absorption
peaks of the neutral form are in the 200-280 nm range (the
first peak lies at 220 nm, whereas, the second one located at
252 nm of the spectrum; with almost equal oscillator
strengths (f) around 0.181 and 0.191, respectively, the
second peak with a weak shoulder extension ended around
320 nm. In contrast, for the second absorption peak of the
deprotonated species lies to a higher wavelength compared
to the first form and it extends to 340 nm of the spectrum.
The UV spectrum between 200 and 400 nm of the
deprotonated form displays two clear peaks at around 220
and 320 nm with oscillator strengths (f) 0.272 and 0.087,
respectively, with a relative intensity ratio of 3:1. From
experimental point of view, the UV spectrum of AP shows
that there is a main peak at 255 nm with a small shoulder at
290 to 320 nm [32]. This is in a perfect agreement with the
present results for the protonated (neutral) species, the
present methodology applied herein, we should take into
our considerations that there is the blue-shifts of the
absorptions by approximately 10-15 nm in the current
wavelength regime. at physiological pH (7.4), and the
structural features changes upon the deprotonation
discussed above, thus in turn the photodegradation of AP is
more likely to occurs from A- species. Relating to the
orbitals of the neutral and the deprotonated as clarified in
Figure 4, the computed UV spectra of these species are
markedly different as seen in the Figure 5.

ITS

Furthermore, similar to the difference in the orbitals pattern
between the neutral (protonated) and deprotonated species
of AP, the computed UV spectra of these species also show
clear difference. Each species (protonated/deprotonated) of
AP show two main absorption peaks with distinguish
wavelengths and oscillator strengths. The two absorption
peaks of the neutral form are in the 200-280 nm range (the
first peak lies at 220 nm, whereas, the second one located at
252 nm of the spectrum; with almost equal oscillator
strengths (f) around 0.181 and 0.191, respectively, the
second peak with a weak shoulder extension ended around
320 nm. In contrast, for the second absorption peak of the
deprotonated species lies to a higher wavelength compared
to the first form and it extends to 340 nm of the spectrum.
The UV spectrum between 200 and 400 nm of the
deprotonated form displays two clear peaks at around 220
and 320 nm with oscillator strengths (f) 0.272 and 0.087,

respectively, with a relative intensity ratio of 3:1. From
experimental point of view, the UV spectrum of AP shows
that there is a main peak at 255 nm with a small shoulder at
290 to 320 nm [32]. This is in a perfect agreement with the
present results for the protonated (neutral) species, the
present methodology applied herein, we should take into
our considerations that there is the blue-shifts of the
absorptions by approximately 10-15 nm in the current

wavelength regime.
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Figure 5. Computed absorption spectra in the 200-400 nm
range of the protonated (solid) and deprotonated (dashed)
forms of AP, obtained at the TD-B3LYP/6-31G(d,p) level.

Once the neutral (A) and the deprotonated (A-)
forms of AP are excited the corresponding first excited
singlet state will be formed, then upon the ISC lead to
formation of corresponding triplet state. The optimized
triplet state of the protonated form (3A) lies 75.16 Kcal/mol
above the optimized ground state (A), whereas for the
deprotonated form which most likely is the responsible for
photodegradation process (as discussed above), the
corresponding free energy difference between (3A-) and
(A-) is 65.51 Kcal/mol. Under the inclusion of the bulk
solvation, these computed values are very little affected.
This is in very agreement with the results obtained with
other NSAIDs [27-29, 33-35].

In the Figure 3, we show the optimized molecules of the
protonated and the deprotonated triplet states of AP, For the
former, there is very small changes in geometry of
optimized triplet state compared with the parent molecule
are noted, instead, for the second one, there is an elongation
in the C1-C2 bond length from 1.594 A in the optimized
singlet ground state of the deprotonated form to 1.749 A in
the triplet state of this species. This bond is responsible for
the photo-decarboxylation process as seen in Figure 2. In
order to investigate the energy barrier required for
decarboxylation process from the triplet state of the
deprotonated species. The responsible bond (C1-C2 bond)
was scanned outwards from the optimized value (1.794 A)
in step of 0.1 A. In each new point, the molecules were re-
optimized, and calculate the energies. The resulting energy
curve is shown in the Figure 6. The obtained energy barrier
for decarboxylation to take place from the first excited
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triplet state of the AP deprotonated species is only of 0.63
Kcal/mol, at the C1-C2 distance of the transition state is
approximately 2.049 A. This is again with a line of the
obtained results of the similar NSAIDs previously studied
[e.g., 27, 33].

4

Energy (kcal/mol)

24 28 2.8 3 3.2

Bond length (A)

1.8 2 2.2 3.4

Figure 6. The energy barrier for decarboxylation from the
first excited triplet state of the deprotonated species of AP

THE FATE OF DECARBOXYLATED
ALMINOPROFEN:

The deprotonated species of AP as described above is
responsible for the decarboxylation especially from its
triplet state with a very low barrier around 0.63 Kcal/mol.
The various pathways upon the decarboxylation as depicted
in the scheme photodegradation mechanism (Figure 2) can
be summarized in the following reactions.

Once the AP molecule is deprotonated and excited into the
triplet state, there are various pathways of this species to
ended with different species according to the proposed
photodegradation mechanism illustrated above. In first
reaction (a), the AP deprotonated excited to triplet species
decarboxylates ~ with ~ very low energy barrier
(approximately, 0.63 Kcal/mol, Figure 6) forming
decarboxylated (3B-) species, the energy difference
between triplet state species (3B-) and the ground singlet
sate (1B-) is 34 Kcal/mol in vaccum, which under the bulk
solvation effect computed to be 36.69 Kcal/mol. Which in
turn, under intersystem crossing (ISC) and proton addition,
utilizing oxygen molecules and forming the reactive singlet
oxygen species and the ground state of decarboxylated (B)
species. The second reaction (b): In which, the redaical
doublet species (2B*) the computed energy for this step
accounted to be 31.63 Kcal/mol, this energy obatianed in
vaccum and under the effect of bulk solvation is changed
dramaticaly to be 7.78 Kcal/mol. Formation of oxygen
anion species is also expected during this pathway. The
third reaction in photodegradation mechanism is reaction
(c) which is no thing except formation of peroxide
derivative of (2C*) by the reaction between the redaical
doublet species (2B*) and a molecule of oxygen. This
process was explored via scanning the responsible bond
distance (C2-00) in step of 0.1 A. We in Figure 7 display
the energy diagram of this addition. The computed energy
differenc between the product of the proxyl radical (2C*)
and the starting point with the reactants (2B*) and
molecular oxygen, which separated by 3.3 A, is 19.5

Kcal/mol. Figure 7 show that this reaction is strictly
exothermic with a obvious change in slope at C-O distance
of about 2.1 A. Interestingly, under aerobic conditions, this
reaction is exergonic and will proceed spontaneously
without an energy barrier. These findings are similar with
that of obtained for other NSAIDs previously studied at the
same level of theory [27-29, 33-35]. These above pathways
could be summarized according to the following equations
from (1) to (3).

A2, 3B ICH , B4 O, )
30— yg O Lpr oy )
1+ 0, 2 =
B—— »“C 3)
20
16
5
£
[
(%]
=
=
5 81
[
w
4_
0 . : : : : . . . .
15 17 19 21 23 25 27 29 31 33
Bond length (A)

Figure 7. Formation of the peroxyl radical 2C* species by
addition reaction between 2B* and molecular oxygen

The reactive oxygen species formed throughout the AP
photodegradation mechanism, according to the above
equations will be terminated, regarding to the following
pathways (reactions i-iii). In addition to pervious reactions
(2-3), formation of peroxyl radical species (2C* = 2BOO*)
according to reaction (i) is considered as a good initiator of
lipid peroxidation reactions. Moreover, the removal of a
hydrogen atom from a lipid molecule according to reaction
(ii) will lead to the formation of a lipid radical species (L*).
The latter species which in turn reacts with molecular
oxygen yielding a lipid peroxyl radical (LOO*) according
to reaction (iii).

B* + 0, — BOO* (i.e., 2C¥) )
’BOO" +LH ——»B(00H) + L* (ii)
L*+0; —» LOO* (i)
In addition, the radical species produced throughout these
reactions have capability to react with other

macromolecules systems such as proteins and DNA. These
processes are creating what is known as the propagation of
radical damage cascade system. This propagation system
will begin and continue until terminated by, for example,
the antioxidants action such as with vitamin E or by the
radical-radical addition.

178



AJST, Klefah A. K. Musa, JUN, 2024, vol.3, No.1, p 171-180

CONCLUSION

Alminoprofen (AP) belongs to NSAIDs. Chemically, it is
quite similar to ibuprofen. Since, isobutyl group in
ibuprofen is replaced by a (2-methylprop-2-en-1-yl)amino
group. It is nothing except a substituted aniline, so the
chemical name of AP is 2-[4-(2-methylprop-2-
enylamino)phenyl]propanoic acid. The anti-inflammatory
action of AP is dual inhibiting the activity of both
phospholipase A2 and cyclooxygenase 2 (COX-2) enzymes
Because of the AP is very similar to the ibuprofen molecule
and due to the photosensitivity adverse effects related to
this group mentioned above, we, in the current work, focus
upon the photosensitivity photodegradation mechanism of
AP, using the HF-DFT/TD-DFT framework in the form of
the hybrid functional B3LYP level of theory.

The obtained results show that the HOMO, HOMO-1 and
HOMO-2 of the neutral species are mainly localized on the
phenyl ring with lesser extent on the nitrogen atom (N10),
totally localized on the aromatic system, and on
isobutenylamino moiety, respectively. In contrast to the
neutral form the deprotonated species of AP show a
different orbitals pattern, since HOMOs are all localized on
the carboxylic moieties of the propionic acid. This is in a
line with the obtained Mulliken charge distribution.

The computed AP absorption show that the two absorption
peaks of the neutral form are in the 200-280 nm range (the
first peak lies at 220 nm, whereas, the second one located at
252 nm of the spectrum; with almost equal oscillator
strengths. Whereas, the deprotonated form displays two
clear peaks at around 220 and 320 nm with oscillator
strengths (f) 0.272 and 0.087, respectively. The main
process in the AP photodegradation mechanism is the
decarboxylation from the predominant species under
physiological pH (the deprotonated form) of AP. The
obtained the energy barrier for decarboxylation is mainly
from the triplet state of the deprotonated species which
accounted only 0.63 Kcal/mol, at the C1-C2 distance of the
transition state is approximately 2.049 A, this is with same
line with other NSAIDs studied previously. There are
several pathways of photodegradation after decarboxylation
process ended with various reactive radical oxygen species,
producing with reaction of macromolecules what is known
as the propagation of radical damage cascade system. This
propagation system will begin and continue until terminated
by, for example, the antioxidants action and/or the radical-
radical addition.
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