
Electron Transfer-Mediated Photodegradation of Phototoxic
Antipsychotic Drug Quetiapine
Anamika Gupta,* Yogesh Kumar, Mohd. Rehan Zaheer, Roohi, Safia Iqbal, and Jawaid Iqbal

Cite This: ACS Omega 2021, 6, 30834−30840 Read Online

ACCESS Metrics & More Article Recommendations

ABSTRACT: Quetiapine (QTP) (1), a psychotropic agent belonging to a
chemical class, dibenzothiazepine derivatives, is photosensitive and photolabile.
Its photochemistry was studied in the presence of an electron donor N,N-
dimethylaniline (DMA) and an electron acceptor 1,4-dicyanobenzene (DCB)
under anaerobic conditions. This resulted in photoinduced electron transfer-
mediated transformation of drug QTP. Irradiation of Quetiapine (QTP, 1) in
the presence of electron donor N,N-dimethylaniline (DMA) under anaerobic
conditions in a photochemical reactor afforded one major photoproduct 2 when
irradiation of QTP (1) was carried out in the presence of electron acceptor 1,4-
dicyanobenzene (DCB) under similar conditions; it afforded 3 as a major
photoproduct. These photoproducts were isolated and characterized on the
basis of their spectral (IR, UV, 1H NMR, 13C NMR, and mass spectra) studies.
The photophysical properties of Quetiapine were also determined in several
solvents to investigate the relevance of the molecular structure in their
photophysics and consequently in their photochemistry.

■ INTRODUCTION

Several common over-the-counter and prescription medica-
tions can trigger toxic and allergic reactions to natural or
artificial ultraviolet light, a condition called photosensitivity.1

Adverse photosensitivity effects in patients are marked in
responses that have been labeled as phototoxicity and
photoallergy.2−8 Phototoxicity is the most common form of
drug-induced photosensitivity. It may occur when the skin is
exposed to the sun after certain drugs are injected, taken orally,
or applied to the skin, when the drug absorbs the light; it gets
activated and results in the formation of compounds that will
have a direct damaging effect.
The photochemistry of pharmaceuticals is an area of

growing concern, as the number of drugs found to be
photosensitive and phototoxic is increasing. Photosensitivity
occurs when chemicals in certain drugs absorb ultraviolet light,
leading to a build-up of damaging compounds (ion radicals/
photoproducts). Because all the adverse photobiological effects
produced by photosensitive and phototoxic drugs are the
consequences of photochemical reactions, it is important to
stimulate more chemists to work on the molecular basis of
photobiological problems.
The dated interest of photochemists in the properties of the

electronically excited states of compounds of pharmaceutical
importance has been rapidly increasing during the last decade.
This is connected to the increasing number of cases of drug-
photoinduced disorders, and it has also attracted considerable
attention from a more fundamental photochemical standpoint.

Thus, it is worthy to stress that studies performed on drugs
bearing either a simple or complex chromophoric structure
have provided remarkable contributions to the broad area of
the molecular mechanisms of photoinitiated reactions.
Photosensitivity ensuring phototoxicity is defined as an

alteration of cell function by an interaction between chemical
and non-ionizing radiation, the response being linked to
exaggerated sunburn. An adequate knowledge of the involved
phototoxic mechanism is important to ensure safe handling,
packaging, and labeling of the products to reduce the potential
for adverse effects and to optimize drug therapy by developing
new drug delivery systems, formulations, or therapeutic
regimes.9,10 It has been reported that chemically there are
two main types of photosensitization mechanisms caused by an
excited sensitizer: type I (direct radical-mediated reactions)
and type II (singlet oxygen-mediated reactions). Many
important photosensitization reactions are type I processes,
and the radical produced via the electron transfer process in
photosensitization reactions has been reported for some
important class of drugs including flouroquinolone,11
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NSAID,12 phenothiazine,13 1-4-dihydropyridin,14 vasoregula-
tor;15 they have been highlighted in recent publication. Hence,
the study of photoinitiated electron transfer reactions in drugs
is significant from a more fundamental photochemical
standpoint16 to get information on molecular events of
photodegradation and photosensitization.
Quetiapine is a short-acting atypical or second generation’s

antipsychotic (SGAs) drug belonging to the class of
dibenzothiazepine approved for the treatment of schizophrenia
and bipolar disorder, along with an antidepressant to treat
major depressive disorder.17,18 Quetiapine is an antagonist of a
broad range of neurotransmitter receptors.19 Out of various
antipsychotic drugs, there are three basic classes of medications
such as conventional, atypical, and dopamine partial agonist
antipsychotics drugs, which act principally on dopamine
systems.20−23 Specifically the D1, D2 dopamine, the α1, α2
adrenoreceptor, and 5-HT1A, 5-HT2 serotonin receptor
subtypes are antagonized. Quetiapine fumarate also has an
antagonistic effect on the histamine H1 receptor. It has no
significant affinity for cholinergic muscarinic or benzodiazepine
receptors. Drowsiness and orthostatic hypotension associated
with use may be explained by its antagonism of histamine H1
and adrenergic α 1 receptors, respectively.24

Quetiapine is well tolerated and characterized by fewer
extrapyramidal symptoms (EPS) than the conventional
antipsychotic drugs, and it is also effective to treat patients.25

Quetiapine is a phototoxic drug. Photodegradation of drugs
may lead to loss in the activity and produce adverse effects due
to the formation of toxic degradation products.25−27 The
phototoxic effect can appear in any patient, provided that his
skin is exposed to enough light doses and the photosensitizer is
present at the appropriate concentration. Usually, these
reactions appear immediately after the first exposure of UV
light and are confined to the exposed areas of the skin.28,29

Quetiapine and a large number of drug molecules absorb
radiation in the ultraviolet and/or visible region and thus show
photosensitivity toward the UV light radiation.30−33 In
continuation to our research interest in the present study, we

have herein investigated the photochemical behavior of QTP
(1) in the presence of an electron donor, N,N-dimethylaniline
(DMA), and electron acceptor, 1,4-dicynobenzene (DCB), in
UV light under anaerobic conditions with the aim of isolation,
identification of its photoproducts, and elucidation of the
molecular mechanism. Molecular oxygen (O2) is believed to
play an important role in the photochemical oxidation
reactions of drugs.
In the photodissociative study of a drug, detailed knowledge

of photophysical and photochemical properties of photo-
sensitizing drugs is essential to understand its mechanism of
action in the biological system. In this connection, photo-
degradation of Quetiapine may have significance in ration-
alization of the observed phototoxicity of this drug. Irradiation
of methanolic solution of QTP (1) in the presence of the
electron donor (DMA) under anaerobic conditions results in
the formation of one major photoproduct 2. When it was
irradiated in the presence of an electron acceptor (DCB) under
the same condition, photoproduct 3 was obtained. Formation
of the photoproducts 2 and 3 was explained by the
photoinduced electron transfer mechanism, and the results of
photolyses are outlined in Schemes 1 and 2.

■ RESULTS AND DISCUSSION
Irradiation of QTP (1) was carried out under anaerobic
conditions at pH 4.0 in the presence of an electron donor N,N-
dimethylaniline (DMA) in an immersion well-type photo-
chemical reactor equipped with a medium pressure mercury
vapor lamp. It afforded a major photoproduct 2-{2-[4-(10,11-
dihydro-dibenzo [b,f ] [1,4] thiazepin-11-yl)-piperazin-1-yl]-
ethoxy} ethanol (2). The photoproduct was isolated and
identified from its spectral (IR, 1H NMR, 13C NMR, and mass
spectra) studies. The structure assigned to these products well
corresponds to their observed spectral properties. The 1H
NMR and 13C NMR spectra of compound 2 were similar to
those of 1 except for the signals obtained due to the
dibenzothiazepine ring. The IR absorption band at 3445
cm−1 (s, N−H), a broad 1H NMR signal at δ 4.024 (br. s, N−

Scheme 1. Mechanistic Pathways for the Photodegradation of QTP in the Presence of DMA Under Anaerobic Conditions
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H) ppm, indicated a secondary amine functional group. A
sharp 1H NMR signal for H-11 that appears at δ 5.048 ppm
and its corresponding 13C NMR signal that appears at δ 70.6
ppm indicated that the imine functional group converted into a
secondary amine product. This was also supported by λmax at
280 nm. The compound was thus assigned a structure similar
to 2 with a molecular formula C21H27N3O2S (M+, 385). The
mechanistic pathway for the formation of compound 2 is
outlined in Scheme 1.
Irradiation of QTP (1) in the presence of an electron donor

(DMA) under anaerobic conditions gave the photoproduct 2.
The photoinduced electron transfer mechanism of 2 can be
rationalized when irradiation leads to the electronic excited
state of QTP (1). The excited state of QTP accepts an electron
from the ground state of electron donor (DMA) molecule
from corresponding radical anion (QTP•−) and radical cation
(DMA•+). Subsequently, the generated quetiapine radical
anion (QTP•−) undergoes photoinduced electron transfer by
abstraction of the H atom from the solvent molecule followed

by hydrolysis to yield photoproduct 2. The mechanism
outlined in Scheme 1 well explains the observed reaction.
When QTP (1) was irradiated in the presence of DCB

under anaerobic conditions, it afforded the corresponding
product 3. The structure of the photoproduct was confirmed
on the basis of their spectral (IR, 1H NMR, 13C NMR, UV, and
mass spectra) properties. The 1H NMR and 13C NMR spectra
of compound 3 were similar to those of 1 except for the signals
obtained due to the aliphatic side chain. Two sharp single IR
absorption bands at 3445 and 3226 cm−1 (s, 2N−H) and a
broad 1H NMR signal at δ 2.122 (s, 2H, NH2) ppm indicated
the presence of primary amine functional groups. The signals
appeared due to the piperazine ring effect at δ 2.592 and 2.772
for H-13 and H-15, respectively. While 13C NMR for C-13 and
C-15 appears at δ 40.5, 51.8 ppm indicated the cleavage of the
piperazine ring. A more characteristic NMR signal for H-14 at
δ 1.058 ppm and that for C-14 at δ 13.8 ppm indicated the
formation of the CH3 group in the piperazine ring, and other
signals due to the aliphatic side chain was missing from 3. This
indicates that the piperazine ring was cleaved through the

Scheme 2. Mechanistic Pathways for the Photodegradation of QTP in the Presence of DCB Under Anaerobic Conditions
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photoinduced electron transfer mechanism. This was also
confirmed by λmax at 246 nm. The compound was thus
assigned a structure similar to 3 with a molecular formula
C17H19N3S (M+, 297).
A plausible mechanism for the observed reaction involves a

photoinduced intermolecular electron transfer between the
photoexcited state of QTP (1) and the ground state of the
electron acceptor (DCB) molecule. It afforded the formation
of the radical cation (QTP•+) and radical anion (DCB•−).
Subsequently, the generated quetiapine radical cation (QTP•+)
undergoes the hydrolysis of imine (>CN) in the alcoholic
solvent and a back electron transfer to afford the correspond-
ing photoproduct 3. The abovementioned results are in good
agreement with the mechanism, as depicted in Scheme 2.
Photophysical Properties. Effect of the Concentration

of Photoproducts on the Absorption Intensity. Figure 1
represents the absorption spectra of the photoproducts 2 and 3
with the continuous increase of the molar concentration in the
range of 200−300 nm. The spectra of the photoproducts are

different from the parent drug molecule, which suggested the
formation of new photoproducts. From the figure, it is clear
that the peak intensity of the photoproducts continuously
increases with the increasing concentration of photoproducts;
there is no shift in the absorption maxima, and the nature of
the absorption profile remains almost constant, as shown in
Figure 1.

Effect of Concentration of Photoproducts on Fluores-
cence Intensity. The fluorescence spectra of the molecules
deal with the excited state of the molecule. The spectra of the
photoproducts were carried out with continuously increasing
the molar concentrations of the compound at a fixed excited
wavelength of the molecule in the range of 300−450 nm. From
the figure, it is clear that the peak intensity of photoproducts
increases by about 10 times on increasing the concentration of
the photoproduct. The photoproducts 2 and 3 were excited at
different wavelengths 280 and 246 nm, respectively. The
fluorescence intensity vs wavelength plot of the photoproducts
is shown in Figure 2.

Figure 1. Absorption intensity vs wavelength plot of photoproducts 2 and 3 with continuously increasing molar conc.; 10−3 to 10−6 M, temp.; 15−
20 °C.

Figure 2. Fluorescence intensity vs. wavelength plot of photoproducts 2 and 3 with continuously increasing molar conc.; 10−3 to 10−6 M, temp.;
15−20 °C.
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■ CONCLUSIONS

In conclusion, the drug Quetiapine (1) undergoes photo-
chemical transformations in the presence of an electron donor
(DMA) and an electron acceptor molecule (DCB) under
anaerobic conditions through a photoinduced electron transfer
mechanism. The importance of the photophysical studies is
that at higher concentrations, photoproducts absorb a large
fraction of light radiation and the excited state of molecule may
interact with the biological system and the photoproducts may
undergo further dissociation in the presence of UV light and
exhibit phototoxicities comparable to or even higher than that
of the parent drug at the same concentration. On the basis of
obtained results, the electron transfer plays a significant role in
the photodegradation of Quetiapine. The involvement of
radical ions may account for the phototoxic effects, sometimes
observed, in therapeutic uses of the drug.
Therefore, the obtained data confirmed that the adequate

light protection should be adopted for the handling and
storage of Quetiapine, which suggested that excessive sunlight
should be avoided after the drug consumption.

■ EXPERIMENTAL SECTION

Materials and Chemicals. All chemicals used were of
analytical grade and pharmaceutical grade and were purchased
from the commercial store Qutipin (Symbiosis Pharmaceut-
icals, India). The purity of the drug extracted was checked by
TLC, and its melting point was compared with the literature
value. N,N-dimethylaniline (DMA) and 1,4-dicyanobenzene
(DCB) were purchased from Sigma-Aldrich (India).
Apparatus. Photochemical reactions were carried out in a

quartz fitted immersion well photochemical reactor equipped
with a 400 W medium pressure mercury vapor lamp with
continuous supply of water. The incident photon flux of the
irradiation setup was 8.72107 E/min, as determined by using
ferrioxalate actinometry.34 IR spectra were recorded in KBr
discs on a PerkinElmer model spectrum RX1. 1H NMR and
13C NMR spectra were recorded on a Bruker DRX-300
spectrometer using SiMe4 as internal standard. Electron
ionization mass spectrometry (EIMS) was obtained on a
VG-ZAB-HS mass spectrometer. High-resolution mass spectra
were obtained with a VG-ZAB-BEQ9 spectrometer at 70 eV
ionization voltage. Column chromatography was performed on
silica gel 60 (70−230 mesh). TLC was carried on Merck silica
gel 60 F254 (0.2 mm-thick plates). UV absorbance spectra
were performed on a double beam Shimadzu UV1800
spectrophotometer (Shimadzu, Kyoto, Japan) equipped with
a 150 W deuterium lamp, and fluorescence spectra were
recorded on a Hitachi F-2500 (Hitachi, Tokyo, Japan)
spectrophotometer equipped with a 150 W Xenon lamp
using a quartz cell of 1.0 cm path length. The widths of both
the excitation slit and emission slit were set at 5.0 and 10.0 nm.
General Photoirradiation Procedure. An alcoholic

solution of Quetiapine (QTP, 1) dissolved in methanol was
stirred and flushed with nitrogen for 1 h before irradiation and
was kept bubbling during the irradiations in an immersion
well-type photoreactor (quartz). The progress of reaction was
monitored by thin layer chromatography on precoated silica
gel TLC plates using a chloroform−methanol (94:06) mixture.
After the completion of reaction (when desired conversions
have reached), the solvent was removed in a rotary evaporator
and products were purified by silica gel column chromatog-
raphy.

Irradiation of QTP in the Presence of DMA under
Anaerobic Conditions. A methanolic solution of QTP (1)
(1.0 gm, 0.5 mM) was irradiated at 254 nm in the presence of
2.5 mole equivalents of electron donor35,36 (DMA) with
continuous stirring at 30−40 °C for 5−6 h under a N2
atmosphere. After following the steps as described in the
general photoirradiation procedure, the photoproduct 2 was
obtained, which exhibit the following spectral properties.

2-{2-[4-(10,11-Dihydro-dibenzo [b,f ] [1,4] Thiazepin-11-
yl)-piperazin-1-yl]-ethoxy} Ethanol (2). Yield: 50 mg (5.0%);
UV λmax (MeOH) 280 nm (w); HRMS calcd. for (M+)
C21H27N3O2S, 385.1825; found, 385.1824, IR (KBr/cm−1)
3445 (s, N−H), 3310 (br. O−H), 3045, 3012, 2980, 2950,
1478, 1365, 1212, 978, 818, 764; 1H NMR (DMSO-d6, 400
MHz): δ 6.823 (d, 1H, J = 8.0, Ar−H), 7.112 (m, 1H, Ar−H),
7.208 (d, 1H, J = 7.6, Ar−H), 7.228−7.434 (m, 4H, Ar−H),
7.508 (m, 1H, Ar−H), 5.048 (s, 1H, 11), 4.024 (br. s, N−H,
10), 3.702 (t, 2H, 20), 3.568 (t, 2H, 19), 3.454 (t, 2H, 17),
2.534 (t, 2H, 16), 2.468−2.548 (m, 8H, 13,13′,14,14′), 2.122
(s, 1H, 21) ppm; 13C NMR (DMSO-d6, 400 MHz): δ 146.4,
138.2, 132.3, 132.0, 131.2, 130.8, 129.8, 127.9, 127.7, 126.5,
115.8, 112.6, 72.8, 67.3, 60.3, 56.8, 52.4 ppm; MS: m/z: 386
(M+ + 1), 385 (M+), 322 (M+ − 63), 211 (M+ − 174).

Irradiation of QTP in the Presence of DCB under
Anaerobic Conditions. A methanolic solution of QTP (1)
(1.0 g, 0.5 mM) was irradiated at 310 nm in the presence of 2.0
mole equivalents of electron acceptor37,38 (DCB) with
continuous stirring at 30−40 °C for 5−6 h under a N2
atmosphere. After following the steps as described in the
general photoirradiation procedure, the photoproduct 3 was
obtained, which exhibit the following spectral properties.

N1-Dibenzo [b,f ][1,4] Thiazepin-11-yl-N1-ethyl-ethane-
1,2-diamine (3). Yield: 38 mg (3.8%); UV λmax (MeOH)
246 nm (s); HRMS calcd. for (M+) C17H19N3S, 297.4179;
found, 297.4178, IR (KBr/cm−1) 3445, 3226 (s, 2 N−H),
3030, 3010, 1648 (>CN), 1415, 1337, 1308, 1256, 970, 838,
794, 765; 1H-NMR (DMSO-d6, 400 MHz, ppm): δ 7.554 (m,
1H, Ar−H), 7.254−7.402 (m, 4H, Ar−H), 7.204 (d, 1H, J =
7.6, Ar−H), 7.102 (m, 1H, Ar−H), 6.854 (d, 1H, J = 8.0, Ar−
H), 2.814 (t, 2H, J = 6.4, CH2), 2.772 (t, 2H, J = 6.4, CH2),
2.598 (q, 2H, J = 6.8, CH2), 2.122 (s, 2H, NH2), 1.058 (t, 3H,
J = 6.8, CH3) ppm; 13C-NMR (DMSO-d6, 400 MHz): δ 164.4,
156.7, 135.4, 132.3, 131.1, 130.5, 129.2, 128.3, 127.6, 127.1,
126.5, 125.3, 122.6, 51.8, 42.1, 40.5, 13.8 ppm; MS: m/z: 298
(M+ + 1), 297 (M+), 296 (M+ − 1), 281 (M+ − 16), 211 (M+

− 86).
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