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ABSTRACT: In this study, a series of halogen-substituted
thioxanthenes were synthesized because the most important and
biologically active derivatives of xanthenes are thioxanthenes. In
order to obtain new thioxanthene derivatives, first, the starting
molecules were synthesized by the appropriate reaction methods in
two steps. The intramolecular Friedel−Crafts alkylation (FCA)
method was used to convert the prepared three aromatic
substituted starting alcohol compounds to their corresponding
thioxanthenes by cyclization. For the intramolecular FCA reaction of secondary alcohols, which are the starting compounds (1a−1t),
organic Bro̷nsted acids, which require more innovative, easier, and suitable reaction conditions, were used instead of halide reagents
with corrosive effects as classical FCA catalysts. Trifluoroacetic acid was determined to be the organocatalyst with the best yield.
Therefore, some original 9-aryl/alkyl thioxanthene derivatives (2a−2t) were synthesized using the optimized FCA method. In
addition, a new sulfone derivative of thioxanthene 3i was prepared by performing the oxidation reaction with one of the obtained
new thioxanthene 2i. Thioxanthenes and their derivatives are important heterocyclic structures that contain pharmacologically
valuable sulfur and are used in the treatment of psychotic diseases such as Alzheimer’s or schizophrenia, as well as a number of
potent biological activities.

■ INTRODUCTION
The synthesis of xanthenes, especially thioxanthenes, has
increased remarkably in recent years due to their wide range of
biological and pharmacological properties. As an example of its
biological and pharmacological properties, anticancer,1−4

antitumor,5−7 antiviral,8 antimicrobial,9−11 antibacterial,12−15

and anti-inflammatory16 activities can be cited. Moreover,
some types are also used as materials in dye technology,17,18

sensor,19,20 and organic light-emitting diodes (OLEDs)21−25

due to the conjugation and heteroring in their structures,
ensuring optical and electrochemical properties. In addition to
these activities, the most noticeable biological activities of
thioxanthenes are their use as drugs in many neurological
diseases.26−31

Thioxanthene-class drugs are effective in the systematic
treatment of psychoses. They are effectively used in the
treatment of schizophrenia, organic psychoses, and other
idiopathic psychotic diseases.32 The use of such drugs is very
useful in the treatment of patients with severe depression,
psychotic features, and organic psychotic disorders. The most
important thioxanthene derivative drugs (Figure 1) used as
medicine are zuclopenthixol,33−35 its cis-isomer clopenthix-
ol,36,37 flupentixol,11,38,39 chlorprothixen,12,40 and thiothix-
ene.3,41,42 However, these drugs have other clinically useful
properties such as antiemetic, antinausea, and antihistamine
effects, as well as the ability to potentiate analgesics, sedatives,
and general anesthetic actions.43 In addition, some plants,
including thioxanthene derivatives, are also traditional drugs
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Figure 1. Structures of some thioxanthene derivative drugs used in
the treatment of neurological diseases.
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used in the treatment of common diseases, such as coryza,
fever, diarrhea, ulcers, stomachaches, and itching.44

The most common method involves the reduction of
thioxanthone derivatives.45,46 Thioxanthones are traditionally
made by condensing thiosalicylic acids with benzene
derivatives, then cycling the resulting thioether in the presence
of sulfuric acid, phosphoric acid, or Lewis acids like AlCl3.

47

However, these conventional techniques have not been favored
in recent years due to the low yields obtained with the use of
sulfuric acid, the absence of regioselectivity, and the lengthy
reaction durations. In the recent years, many acid-catalyzed
cyclization methods have been developed by organic chemists
to form new functionalized aromatic and heteroaromatic
skeletons.48−51 Due to their novel and useful structure, many
methods have been developed in recent years for the synthesis
of thioxanthenes.52 Cross-coupling between an aromatic
thioether and an aryl halide in the presence of transition
metal catalysts, such as Pd or Cu, and subsequent cyclization is
another method for obtaining thioxanthenes.53,54 The Friedel−
Crafts reactions and the addition of Grignard reagents to
carbonyl compounds followed by intramolecular cyclization
are two more intriguing ways to access these frameworks.55−59

In this study, the synthesis of halogen-substituted 9-aryl/
alkyl thioxanthene compounds was accomplished for the first
time. For this purpose, first, starting compounds in structures
suitable for ring closure were synthesized. The synthesis of the
starting materials was carried out in two steps. First,
nucleophilic aromatic substitution (SNAr) reactions of 2-
fluorobenzaldehyde with different thiophenol compounds were
carried out. Then, by addition of aryl or alkyl magnesium
bromide compounds to the aldehyde group in the obtained
binding molecules, new secondary alcohols were synthesized
(1a−1t). Of the 20 starting compounds synthesized, 14 were
original. Then, the syntheses of the original 9-aryl/alkyl
thioxanthenes were made by the intramolecular FCA method
of the starting compound secondary alcohols prepared for our
purpose. This method was previously developed by us60 and
has been reoptimized in this study and adapted to the synthesis
of specific 9-aryl/alkyl thioxanthenes with halogen linked,
especially at their second carbon. The reason for this is that the
yields of halogen-substituted thioxanthenes in our previously
developed method are lower than other derivatives. After the
optimization experiments carried out in this work, it was
observed that higher yields were obtained when trifluoroacetic
acid (TFA) was used as a catalyst and dichloromethane
(DCM) was used as a solvent. In addition, groups such as
cyanobenzene, thiophene, and pyridine, which were not
previously included in the thioxanthene ring and thought to
increase the biological properties of the compounds, were
added to the ring as the aryl group. The reason halogens are
preferred as substituents is to allow very different groups to be
attached to the thioxanthene ring by using halogens.
As a result, 19 thioxanthene derivatives (2a−2t) were

synthesized by the intramolecular FCA method using TFA as a
catalyst in this study. Four of these compounds (2b, 2c, 2d,
and 2e) were synthesized in our previous study;60 their yields
were further increased in this work. The other 15 compounds
were synthesized for the first time, and their structures were
elucidated by spectroscopic methods. Moreover, in this study,
thioxanthene 2i was also oxidized and converted into a sulfone
derivative (3i). Cyclic sulfoxides and sulfones are important
pharmacophores with a wide range of pharmacological
activities due to their various mechanisms of action.61,62

■ RESULTS AND DISCUSSION
Initially, using a metal-free nucleophilic aromatic substitution
(SNAr) reaction58,60,63−66 and a Grignard reaction, we
synthesized starting chemicals in two steps (Scheme 1).

Then, with good yields (95−100%), we produced the required
diaryl secondary alcohols with a thioether group as reagents
(1a−1t). Since most of the synthesized starting compounds
(between 1f and 1t) were original and synthesized for the first
time, the structures were elucidated by spectroscopic methods.
While the synthesis of 1b, 1c, 1d, and 1e was obtained in our
previous study,60 1a was synthesized in another study.67

Then, suitable reaction conditions were determined to
synthesize new halogenated thioxanthene derivatives via the
intramolecular FCA reaction using organocatalysts. In order to
obtain the best yield, some organic Bronsted acid catalysts and
solvents were tested for intramolecular FCA of a halogen-
substituted secondary aryl alcohol compound 1a. As organic
Bronsted acids, N-triphyllylphosphoramide (NTPA), TFA, p-
toluenesulfonic acid (p-TSA), and diphenyl hydrogen
phosphate (DPP) were tested, as shown in Table 1.

Scheme 1. (i) SNAr Reaction; (ii) Grignard Reaction; and
(iii) Intramolecular FCA

Table 1. Comparison of Catalysts and Solvents for the
Intramolecular FCA Reaction of 1aa

entry catalyst solvent time (h) conv. (%)b

1 TFA THF 24 70
2 NTPA THF 24 65
3 DPP THF 24 0
4 p-TSA THF 24 25
5 TFA MeOH 24 5
6 TFA EtAc 24 20
7 TFA toluene 24 51
8 TFA DMF 24 4
9 TFA CHCl3 24 38
10 TFA DCM 24 80
11 TFA MeCN 24 70
12 TFA DCM 3 85
13 TFA DCM 12 92

aCondition: 1a (0.1 mmol) and organic Bro̷nsted acid (10% equiv) in
solvent (2.5 mL) were stirred at room temperature. bThe %
conversions were determined by GC−MS.
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In reactions with acid catalysts, samples were taken at certain
times, and their conversions were determined by GC−MS
(Table 1). According to these results, it was observed that the
best yield was obtained with TFA after 24 h (entry 1). After
the determination of TFA as the best catalyst, various solvents
were tested for the FCA method (entries 5−13).
In the solvent research, it was determined that the solvent

with the highest yield was DCM. Then, the reaction time and
the amount of catalyst were tested using the best solvent and
catalyst. Considering the reaction times, it was observed that
92% yield was obtained with DCM after 12 h (Table 1, entry
13). Different equivalents of the catalyst were tested, but the
best yield was obtained when 0.10 equiv of catalyst was used.
Due to the deactivating effects of halogen groups, it causes

low yields in the intramolecular FCA reaction. However, as a

result of the optimization studies, medium to high yields were
obtained, even in halogen-substituted compounds (Table 2).
Many new 9-aryl/alkyl thioxanthene syntheses have been
achieved by using different substituents with the method we
developed, which takes place under easy conditions and does
not require expensive and corrosive catalysts such as transition
metals.

Different aromatic and aliphatic groups, indicated by R, were
added to halogen-containing thioether compounds by the
Grignard reaction, and starting compounds with different
structures, most of which were original, were obtained
(Scheme 1). Thus, we also examined the effect of groups
such as aryl, alkyl, heteroaryl, and benzyl represented by R on
the cyclization reaction. Looking at the results (Table 2), high
yields were obtained with phenyl, methyl, and methoxy

Table 2. Structures and Yields of New Thioxanthenes Synthesized by Intramolecular FCA Reactiona,b

aCondition: compound 1a−1t (0.1 mmol) and TFA (10% mmol) in DCM (2.5 mL) were stirred at room temperature. bThe % yields of isolated
products.
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substituted phenyl and naphthyl groups (1a−1i), as expected.
However, lower yields were obtained with heteroaromatic,
alkyl, and cyano-substituted phenyl groups. Among them, very
low yields were observed in the intramolecular FCA reaction of
the compounds to which butyl (1j and 1k), benzyl (1m and
1n), and Ph−CH2CH2− (1o) groups were attached, while no
products could be isolated with 1l. This is due to the
rearrangement of the carbocation formed during the reaction
as an intermediate and the formation of byproducts. While low
yields were obtained with the thiophene-bonded substrate
from the heteroaryl groups (2p), average yields were provided
with the pyridine substrates (1q and 1r). Average yields were
also obtained with 1s and 1t containing cyano, an electron
withdrawing group.
In this study, to demonstrate that thioxanthenes (2i) can be

converted into different and useful derivatives, one of the
synthesized thioxanthenes was oxidized to a sulfone derivative
using meta-chloro peroxy benzoic acid (m-CPBA). This
derivatization reaction is shown in Scheme 2.

■ CONCLUSIONS
In this research, a novel set of thioxanthene derivatives
substituted with halogens at the 9-aryl/alkyl position was
synthesized. These compounds exhibit a high likelihood of
belonging to the class of thioxanthenes, known for their
effectiveness in treating schizophrenia, organic psychoses, and
other idiopathic psychotic disorders. The synthesis of 2-halo-9-
aryl/alkyl thioxanthene derivatives employed a reoptimized
version of a previously developed method. Initially, starting
compounds with a new functionalized alcohol structure
conducive to cyclization were synthesized. Subsequently, the
obtained starting alcohols (1a−1t) were transformed into
novel thioxanthene derivatives through an optimized intra-
molecular Friedel−Crafts alkylation (FCA). In this way, the
synthesis of new halogen-substituted thioxanthenes (2a−2t)
with high yields was achieved using TFA as an organocatalyst
under mild conditions. Besides, we demonstrated that
thioxanthenes can be turned into useful sulfone derivatives.
Halogenated thioxanthenes have potential applications in

drug synthesis, particularly as amine analogs of thioxanthenes
like zuclopenthixol and chlorprotixen. These drugs are
commonly used to treat various psychoses, with a focus on
schizophrenia and Alzheimer’s disease. Future research may
explore the attachment of new groups to thioxanthenes using
halogen groups, aiming to introduce novel functionalities that
enhance their biological activity and address gaps identified in
the existing literature.

■ EXPERIMENTAL SECTION
General Information. The majority of the chemicals used

in this work were commercially available from Merck or
Aldrich. The starting carbinols 1a−1t were prepared by the

coupling reaction of 2-fluorobenzaldehyde and substituted
thiophenols and then the Grignard reaction of 2-thioether-
benzaldehydes and some arylmagnesium bromides. All
substrates were purified by crystallization or column
chromatography and were characterized by IR, 1H NMR, 13C
NMR, elemental analysis, and GC−MS. All novel products
were characterized by IR, 1H NMR, 13C NMR, elemental
analysis, and GC−MS. The reactions were monitored by TLC
using silica gel plates, and the products were purified by flash
column chromatography on silica gel (Merck; 230−400 mesh),
eluting with hexane-ethyl acetate (v/v 9:1). NMR spectra were
recorded at 500 MHz for 1H and 125 MHz for 13C using
Me4Si as the internal standard in CDCl3. GC−MS were
recorded on a Shimadzu/QP2010 Plus. IR spectra were
recorded on a Bruker Vertex 70 IR spectrometer.
General Procedure for Intramolecular FCA. To a

stirred solution of a starting alcohol compound (1a−1t) (0.1
mmol) in dry DCM (2.5 mL) was added TFA (10 mol %) at
room temperature, and the reaction was stirred until the spot
of the starting compound disappeared in TLC (12−24 h).
After the completion of the reaction, the mixture was
concentrated in a vacuum and extracted with ethyl acetate.
The product was charged on silica gel after the usual reaction
workup and concentration.

■ ASSOCIATED CONTENT
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsomega.3c07150.

Experimental details, general procedures, experimental
characterization data (IR, NMR, MS, and elemental
analysis), and spectra of 1H, 13C nuclear magnetic
resonance of all products (PDF)

■ AUTHOR INFORMATION
Corresponding Author
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Thioxanthene Derivatives and Study of Their Antimicrobial Activity.
Pharm. Chem. J. 1996, 30 (11), 695−696.
(10) Jeyaseeli, L.; Gupta, A. Das; Asok Kumar, K.; Mazumdar, K.;
Dutta, N. K.; Dastidar, S. G. Antimicrobial Potentiality of the
Thioxanthene Flupenthixol through Extensive in Vitro and in Vivo
Experiments. Int. J. Antimicrob. Agents 2006, 27 (1), 58−62.
(11) Kaatz, G. W.; Moudgal, V. V.; Seo, S. M.; Kristiansen, J. E.
Phenothiazines and Thioxanthenes Inhibit Multidrug Efflux Pump
Activity in Staphylococcus Aureus. Antimicrob. Agents Chemother.
2003, 47 (2), 719−726.
(12) Kristiansen, J. E.; Vergmann, B. The antibacterial effect of
selected phenothiazines and thioxanthenes on slow-growing myco-
bacteria. Acta Pathol. Microbiol. Scand. Ser. B 1986, 94 (1−6), 393−
398.
(13) Molnar, J.; Galfi, M.; Lozsa, A.; Nakamura, M. J. Inhibition of
Bacterial Plasmid Replication by Stereoselective Binding by Tricyclic
Psychopharmacons. Res. Commun. Chem. Pathol. Pharmacol. 1984, 43
(2), 235−249.
(14) Ergin, M. F. Purification of Amoxicillin Trihydrate in the
Presence of Degradation Products by Different Washing Methods.
CrystEngComm 2021, 23 (46), 8121−8130.
(15) Ergin, M. F.; Yasa, H. Determination of Amoxicillin Trihydrate
Impurities 4-Hydroxyphenylglycine (4-HPG) and 6-Aminopenicy-
lanic Acid (6-APA) by Means of Ultraviolet Spectroscopy. Methods
Appl. Fluoresc. 2022, 10 (3), No. 035007.
(16) Hafez, H. N.; Hegab, M. I.; Ahmed-Farag, I. S.; El-Gazzar, A. B.
A. A Facile Regioselective Synthesis of Novel Spiro-Thioxanthene and
Spiro-Xanthene-9′,2-[1,3,4]Thiadiazole Derivatives as Potential An-
algesic and Anti-Inflammatory Agents. Bioorg. Med. Chem. Lett. 2008,
18 (16), 4538−4543.
(17) Yao, S.; Ding, W.; Wu, Y.; Chen, Y.; Guo, Z. Research Progress
in Bioimaging and Theranostics of Thioxanthene-Hemicyanine Dyes.

Chem. J. Chin. Univ. 2022, 43, No. 20220568, DOI: 10.7503/
cjcu20220568.
(18) Ponyaev, A. I.; Glukhova, Y. S. Thioxanthene Dyes as Triplet
Sensitizers for Photodynamic Therapy. Photodiagnosis Photodyn. Ther.
2017, 17, A59.
(19) Liu, Q.; Li, J.; Liu, C.; He, S.; Zhao, L.; Zeng, X.; Wang, T.
Developing a NIR Emitting Benzothiazolium-Thioxanthene Dye and
Its Application for the Design of Lysosomes-Targeting Palladium(II)
Probe. Dye. Pigment. 2021, 196, No. 109796.
(20) Ding, W.; Yao, S.; Chen, Y.; Wu, Y.; Li, Y.; He, W.; Guo, Z. A
Near-Infrared Fluorescent and Photoacoustic Probe for Visualizing
Biothiols Dynamics in Tumor and Liver. Molecules 2023, 28 (5),
2229.
(21) Jeon, Y. P.; Kim, K. S.; Lee, K. K.; Moon, I. K.; Choo, D. C.;
Lee, J. Y.; Kim, T. W. Blue Phosphorescent Organic Light-Emitting
Devices Based on Carbazole/Thioxanthene-S,S-Dioxide with a High
Glass Transition Temperature. J. Mater. Chem. C 2015, 3 (24), 6192−
6199.
(22) Wang, Y.; Zhu, Z.; Chueh, C.; Jen, A. K. Y.; Chi, Y. Spiro-
Phenylpyrazole-9,9′-Thioxanthene Analogues as Hole-Transporting
Materials for Efficient Planar Perovskite Solar Cells. Adv. Energy
Mater. 2017, 7 (19), No. 1700823, DOI: 10.1002/aenm.201700823.
(23) Li, Y.; Wang, Z.; Li, X.; Xie, G.; Chen, D.; Wang, Y. F.; Lo, C.
C.; Lien, A.; Peng, J.; Cao, Y.; Su, S. J. Highly Efficient
Spiro[Fluorene-9,9-Thioxanthene] Core Derived Blue Emitters and
Fluorescent/Phosphorescent Hybrid White Organic Light-Emitting
Diodes. Chem. Mater. 2015, 27 (3), 1100−1109.
(24) Lee, G. H.; Kim, Y. S. Thioxanthene-Based Organic Light-
Emitting Diode Exhibiting Thermally Activated Delayed Fluores-
cence. J. Nanosci. Nanotechnol. 2017, 17 (11), 8389−8393.
(25) Ma, P.; Du, R.; Duan, C.; Zhang, J.; Han, C.; Xu, H. A
Phosphorated Spirobi[Thioxanthene] Host Matrix Enables High-
Efficiency Simple White Thermally Activated Delayed Fluorescence
Diodes. Chem. Eng. J. 2022, 429, No. 132320.
(26) Schwarz, V.; Reis, O.; Glaser, T.; Thome, J.; Hiemke, C.;
Haessler, F. Therapeutic Drug Monitoring of Zuclopenthixol in a
Double-Blind Placebo-Controlled Discontinuation Study in Adults
with Intellectual Disabilities and Aggressive Behaviour. Pharmacop-
sychiatry 2014, 47 (1), 29−32.
(27) Nichols, J. H. Neuroleptics. In Principles of Forensic Toxicology:

Fifth Edition, 2020; pp 511−522.
(28) Ochiai, M.; Akisawa, Y.; Kajiyama, D.; Matsumoto, T.
Desymmetrization of σ-Symmetric Biphenyl-2,6-Diyl Diacetate
Derivatives by Lipase-Catalyzed Hydrolysis: Unexpected Effect of
C(3′)-Substituent on the Enantiotopic Group Selectivity. Synlett
2019, 30 (5), 557−562.
(29) Kristiansen, J. E.; Sebbesen, O.; Frimodt-M?ller, N.; Aaes-
Jorgensen, T.; Hvidberg, E. F. Synergy between a Non-Neuroleptic
Thioxanthene Stereo-Isomer and Penicillin in Vivo. APMIS 1988, 96
(12), 1079−1084.
(30) Karimi, G.; Vahabzadeh, M. Thioxanthenes. In Encyclopedia of

Toxicology, 3rd ed.; Elsevier, 2014; pp 553−557.
(31) Sugerman, A. A. Studies with the Thioxanthenes, 2015; pp 80−
84.
(32) Goodman, L. S.; Gilman, A. The Pharmacological Basis of

Therapeutics, 8th ed.; Pergammon, NY, 1995; Vol. 1.
(33) Bryan, E. J.; Purcell, M. A.; Kumar, A. Zuclopenthixol
Dihydrochloride for Schizophrenia. Cochrane Database Syst. Rev.
2017 , 2017 (11) , No . CD005474 , DOI : 10 .1002/
14651858.CD005474.pub2.
(34) Lacey, M.; Jayaram, M. B. Zuclopenthixol versus Placebo for
Schizophrenia. Cochrane Database Syst. Rev. 2015, 2015,
No. CD010598, DOI: 10.1002/14651858.CD010598.pub2.
(35) Khalifa, A. E. Pro-Oxidant Activity of Zuclopenthixol in Vivo:
Differential Effect of the Drug on Brain Oxidative Status of
Scopolamine-Treated Rats. Hum. Exp. Toxicol. 2004, 23 (9), 439−
445.
(36) Carney, M. W. P.; Rutherford, P. Clopenthixol Decanoate in
Schizophrenia. Curr. Med. Res. Opin. 1981, 7 (4), 205−211.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c07150
ACS Omega 2024, 9, 12596−12601

12600

https://doi.org/10.1016/S0021-9258(17)38802-6
https://doi.org/10.1021/jm9904957?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm9904957?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.phrs.2003.07.014
https://doi.org/10.1016/j.phrs.2003.07.014
https://doi.org/10.1016/j.phrs.2003.07.014
https://doi.org/10.1016/j.phrs.2003.07.014
https://doi.org/10.1016/j.phrs.2003.07.014
https://doi.org/10.3390/molecules26113315
https://doi.org/10.3390/molecules26113315
https://doi.org/10.1016/S0960-894X(01)80164-5
https://doi.org/10.1016/S0960-894X(01)80164-5
https://doi.org/10.1016/S0960-894X(01)80164-5
https://doi.org/10.1016/S0960-894X(01)80164-5
https://doi.org/10.1021/jm00363a007?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm00363a007?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm00231a01?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm00231a01?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm00231a01?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm00231a01?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm00231a01?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm00231a01?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1007/BF02223747
https://doi.org/10.1007/BF02223747
https://doi.org/10.1016/j.ijantimicag.2005.08.014
https://doi.org/10.1016/j.ijantimicag.2005.08.014
https://doi.org/10.1016/j.ijantimicag.2005.08.014
https://doi.org/10.1128/AAC.47.2.719-726.2003
https://doi.org/10.1128/AAC.47.2.719-726.2003
https://doi.org/10.1111/j.1699-0463.1986.tb03073.x
https://doi.org/10.1111/j.1699-0463.1986.tb03073.x
https://doi.org/10.1111/j.1699-0463.1986.tb03073.x
https://doi.org/10.1039/D1CE01073E
https://doi.org/10.1039/D1CE01073E
https://doi.org/10.1088/2050-6120/ac7037
https://doi.org/10.1088/2050-6120/ac7037
https://doi.org/10.1088/2050-6120/ac7037
https://doi.org/10.1016/j.bmcl.2008.07.042
https://doi.org/10.1016/j.bmcl.2008.07.042
https://doi.org/10.1016/j.bmcl.2008.07.042
https://doi.org/10.7503/cjcu20220568
https://doi.org/10.7503/cjcu20220568
https://doi.org/10.7503/cjcu20220568?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.7503/cjcu20220568?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.pdpdt.2017.01.132
https://doi.org/10.1016/j.pdpdt.2017.01.132
https://doi.org/10.1016/j.dyepig.2021.109796
https://doi.org/10.1016/j.dyepig.2021.109796
https://doi.org/10.1016/j.dyepig.2021.109796
https://doi.org/10.3390/molecules28052229
https://doi.org/10.3390/molecules28052229
https://doi.org/10.3390/molecules28052229
https://doi.org/10.1039/C5TC00279F
https://doi.org/10.1039/C5TC00279F
https://doi.org/10.1039/C5TC00279F
https://doi.org/10.1002/aenm.201700823
https://doi.org/10.1002/aenm.201700823
https://doi.org/10.1002/aenm.201700823
https://doi.org/10.1002/aenm.201700823?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cm504441v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cm504441v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cm504441v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cm504441v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1166/jnn.2017.15140
https://doi.org/10.1166/jnn.2017.15140
https://doi.org/10.1166/jnn.2017.15140
https://doi.org/10.1016/j.cej.2021.132320
https://doi.org/10.1016/j.cej.2021.132320
https://doi.org/10.1016/j.cej.2021.132320
https://doi.org/10.1016/j.cej.2021.132320
https://doi.org/10.1055/s-0033-1361115
https://doi.org/10.1055/s-0033-1361115
https://doi.org/10.1055/s-0033-1361115
https://doi.org/10.1055/s-0037-1611701
https://doi.org/10.1055/s-0037-1611701
https://doi.org/10.1055/s-0037-1611701
https://doi.org/10.1111/j.1699-0463.1988.tb00984.x
https://doi.org/10.1111/j.1699-0463.1988.tb00984.x
https://doi.org/10.1002/14651858.CD005474.pub2
https://doi.org/10.1002/14651858.CD005474.pub2
https://doi.org/10.1002/14651858.CD005474.pub2?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/14651858.CD005474.pub2?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/14651858.CD010598.pub2
https://doi.org/10.1002/14651858.CD010598.pub2
https://doi.org/10.1002/14651858.CD010598.pub2?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1191/0960327104ht470oa
https://doi.org/10.1191/0960327104ht470oa
https://doi.org/10.1191/0960327104ht470oa
https://doi.org/10.1185/03007998109114264
https://doi.org/10.1185/03007998109114264
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c07150?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(37) Novir, S. B. Molecular Structure, Electronic Properties, and
Charge Transfer Analysis of Clopenthixol as a Nano-Drug with
Quantum Chemical Calculations. Can. J. Phys. 2018, 96 (3), 312−
327.
(38) Waade, R. B.; Solhaug, V.; Ho̷iseth, G. Impact of CYP2D6 on
Serum Concentrations of Flupentixol, Haloperidol, Perphenazine and
Zuclopenthixol. Br. J. Clin. Pharmacol. 2021, 87 (5), 2228−2235.
(39) Flupentixol � Typisches Oder Atypisches Wirkspektrum?; Glaser,
T.; Soyka, M., Eds.; Steinkopff: Heidelberg, 1998.
(40) Scheckel, C. L. Pharmacology and Chemistry of the
Thioxanthenes with Special Reference to Chlorprothixene; 2015; pp
1−14.
(41) Leung, J. G.; Dare, F. Y.; Flowers, L. M.; Murphy, L. L.;
Sukiennik, E. M.; Philbrick, K. L.; Rasmussen, K. G. Thiothixene in
the Management of Delirium: A Case Series. Psychosomatics 2015, 56
(5), 542−546.
(42) Cardoso, D.; Wakeham, J.; Shaw, P. A.; Dutton, B.; Wildman,
L. Chlorpromazine versus Thiothixene for People with Schizophrenia.
Cochrane Database Syst. Rev. 2017, 2017 (9), No. CD012790,
DOI: 10.1002/14651858.CD012790.
(43) Belal, F.; Hefnawy, M. M.; Aly, F. A. Analysis of Pharmaceuti-
cally-Important Thioxanthene Derivatives. J. Pharm. Biomed. Anal.
1997, 16 (3), 369−376.
(44) Mahabusarakam, W.; Nuangnaowarat, W.; Taylor, W. C.
Xanthone Derivatives from Cratoxylum Cochinchinense Roots.
Phytochemistry 2006, 67 (5), 470−474.
(45) Zhao, J.; Larock, R. C. Synthesis of Xanthones, Thioxanthones,
and Acridones by the Coupling of Arynes and Substituted Benzoates.
J. Org. Chem. 2007, 72 (2), 583−588.
(46) Ran, R.; Pittman, C. U. An Improved Synthesis of
Cyclohexenothioxanthenones. J. Heterocycl. Chem. 1993, 30 (6),
1673−1675.
(47) Hollis Showalter, H. D.; Angelo, M. M.; Berman, E. M.; Kanter,
G. D.; Ortwine, D. F.; Ross-Kesten, S. G.; Sercel, A. D.; Turner, W.
R.; Werbel, L. M.; Worth, D. F.; Elslager, E. F.; Leopold, W. R.;
Shillis, J. L. Benzothiopyranoindazoles, a New Class of Chromophore
Modified Anthracenedione Anticancer Agents. Synthesis and Activity
against Murine Leukemias. J. Med. Chem. 1988, 31 (8), 1527−1539.
(48) Su, W.; Yang, D.; Jin, C.; Zhang, B. Yb(OTf)3 Catalyzed
Condensation Reaction of β-Naphthol and Aldehyde in Ionic Liquids:
A Green Synthesis of Aryl-14H-Dibenzo[a,j]Xanthenes. Tetrahedron
Lett. 2008, 49 (21), 3391−3394.
(49) Bö, E.; Hillringhaus, T.; Nitsch, J.; Klussmann, M. Lewis Acid-
Catalysed One Pot Synthesis of Substituted Xanthenes. Org. Biomol.
Chem. 2011, 9 (6), 1744−1748.
(50) Sharma, S.; Singh, G.; Rekha, N.; Kumar, M.; Vijaya Anand, R.
Acid-Catalysed Intramolecular Friedel-Crafts Annulation of Hetero-
Atom-Functionalized Para-Quinone Methides: Access to O-, S- and
N-Based Heterocycles. Org. Biomol. Chem. 2023, 21 (24), 5072−
5078.
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