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Summary of research: In this work, a novel series of fluorene derivatives will be synthesized
and characterized, The steady-state UV absorption, fluorescence
spectroscopy  including  time-resolved fluorescence, will be
investigated to explain the mode, mechanism, affinity and energetics
of hinding of the fluorene derivatives and ct-DNA, which could make
them potential anti-cancer drugs. The cytotoxicity against cancer cell
lines will be also investigated, and molecular docking will be
performed to support the binding mode as well as the relative binding
energy of the fluorene derivatives and ct-DNA.
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M # 1 (Thitinun Karpkird) have been collaborated with Prof. Bo Albinsson, Department of
Physical Chemistry, Chalmers University of Technology, Gothenburg, Sweden for almost two
decades since | was a Ph.D. student under RGJ program and did a part of Ph.D. dissertation at
Prof. Albinsson’s Lab at Chalmers during 2005-2006. During five past years, [ have sent my
graduated students to do short-term projects which were a part of their thesis at Chalmers with
Prof. Albinsson’s group. As well as | just visited Prof, Albinsson lab last May (May 2023) and did a
small project using fluorescence spectrometry technics.
1 hid
& @dndey (Keyword) vadlasenis
Fluorenes; DNA binding; photophysical properties; fluorescence spectrometry
b, aruddguasiunseatiymiiinsidy (Problem statement and significance of
research)
ﬂ-Coﬁjugate fluorene is a rigid, planar molecule containing delocalize TT-electron
throughout the structure. Fluorene can be utilized as a spacer via aromatic coupling, which




could be helpful for Ruorescence emission properties. Many of the tetra- and pentacyclic
fluorene derlvatives have been potent DNA Intercatating agents. The modification of fluorene
structures can increase the activity of the ‘intercalating structures by interaction with the
phosphate backbone of DNA, hydroxyl groups could also Interact via H-bridges. Normally the
stabllizatlon of DNA-drug binding proceeds through three different modes of non-covalent
interaction: electrostatic interaction, intercalative and groove binding modes, The alteration
affecting the DNA structure can lead to its dysfunction and are linked with risk of complex
diseases. Therefore, novel compounds have been developed to enhance the anti-cancer
efficiency, achieve specific binding with DNA binding sites, and be less toxic to the normal cells,
Studying the binding mode of DNA targét drugs s important to control many diseases by
improvising systematic strategies In drug designing. The study of photophysical properties of
drugs interactions with biomacromolecules is important and becomes interesting when
studying certaln blological targets.

o, niufj/auyfgruesdlasems (Hypothesis)

To understanding the potential of DNA binding mechanism of TT-conjugated
fluorene derivatives and enhance thelr anti-cancer potential, comprehensive photophysical

and biophysical methods have conducted. As fluorene-base compounds are 7T-conjugated
structures, rigid and planar, they have ability to intercalate between the base pairs of DNA.
These binding mechanisms can be studied using absorption and fluorescence techniques. The
different substituents connected to fluorene moiety may affect the Iinteraction with DNA via
H-bond or ionic interaction. :

In this work, a novet series of fluorene derivatives 9-16 will be synthesized. The
steady-state UV absorption, fluorescence spectroscopy including time-resolved fluorescence,
will be Investigated to exptaln the mode, mechanism, affinity and energetics of binding of the
fluorene derivatives and ct-DNA, which could make them potential anti-cancer drugs. The
cytotoxicity against cancer cell lines will be also investigated, and molecular docking will be
performed to support the binding mode as well as the relative binding energy of the fluorene
derivatives and ct-DNA.
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. Snguszasdvasiasnis (Objectives)

(1) To synthesize a novel series of benzo[alfluorene-5,6-diones and azabenzolalfluorene-5,6-
diones {compound 9-16).

(2) To study the relationship between fluorene derivative structures and binding mechanisms,
binding affinity as well as binding energy of fluorene derivatives to ct-DNA using UV-Vis
absorption and fluorescence spectroscopy methods.

(3) To investigate the relationship between fluorene derivative structures to anti-cancer affinity
by evaluating cytotoxicity against cancer cell lines and employing the molecular docking
method.

& MIMUMUIMNsT/Hanudeiifeades (Literature Review)

Hyun-jung et al synthesized azabenzolalfluorene and investigated their
cytotoxicity [1], They found that it could exhibit strongly cytotoxicity against several cancer
cell lines including A539 {lung carcinoma), SKOV3 (ovarlan carcinoma), SK-MEL-2melanoma),
XFA98(CNS) and HCT15 {(colon carcinoma). Moreover, our group has previous reported a new
series of substituted tri-/tetraazabenzo[3,2-a] fluorene-5,6-diones and oxime derivatives have
been synthesized, The pyrimidine chemophore showed antiproliferative activities similar to
mitoxantrone and doxorubicin2] Many literatures have reported the promising use of UV
absorption and fluorescent technics to explain the mode of DNA binding of drugs. The UV
absorption and flucrescence data showed that the fluorene-based imines interact with DNA
via intercalation [3]. Porphyrin-containing fluorenyt units have a greater affinity for binding to
DNA via the minor groove mode.[4] Fluorinated quinoxalines derviatives were selectively DNA
binding in minor groove mode,[5] Benzoxazole derivatives bind ctDNA via intercalation
mode[6] Moreover, the DNA binding mode of camptothecin, an anti-tumor alkaloid drug,
involved the hydrogen bonding and van der Waals interactions which confirm the groove
binding mode.[7]




wo.5208u35338 (Methodology)
(1) Synthesis of fluorene derivatives
Compound 9-16 will be synthesized by using the cyclization followed the previous
report with some modification [2]
(2} Photophysical studlies of benzofluorene derivative and DNA
2.1) Steady state absorption and fluorescence spectroscopy studies: to determine
fluorescence quantum yield, binding affinities and Thermodynamic behavior
2.2) Flucrescence lifetime studies: to determine quenching constant, binding constant and
binding sites
(3) Cytotoxicity study: cytotoxicity of benzofluorene derivatives will be studied asainst A549
(4) Molecular docking study: Binding Investigation of benzofluorene derivatives to DNA will be
performed using molecular docking with Autodock program.

9. Y8ULU51Y89113398 (Scope of the study)

Part I: Benzofluorene with different substitutions (9-16) will be synthesized and
characterized by using NMR, IR and mass spectroscopy. The steady state absorption and
fluorescence emission of fluorenes-DNA complexes will be studied in various organic solvents
to determine the Stoke shift and fluorescence quantum yield. This part will be conducted at
Department of Chemistry, Kasetsart University, Bangkok Thailand,

Part II: Advance fluorescence measurements, including anisotropy fluorescence
and time-resolved fluorescence spectroscopy of the benzofluorenes derivatives and DNA
binding, will be studied to determine the quenching constant, binding constant and
thermodynamic properties. This part will be done at Chalmers, Sweden under supervisor of
Prof. Bo Albinsson.

Part lll and IV: Cytotoxicity studles against cancer cell line A549 will be conducted
at the Department of Biochemistry, Kasetsart University. Molecular docking will be petformed
to support and explain the binding affinity of fluorene-DNA complexes at Department of
Chemistry, Kasetsart University. '

olo.Nandn (Output) nadwd (Outcome) uaz KanTEMU (Impact) finndratldanmside
Output: publications, more graduate students trained
Outcome: development/method of using fluorescence method to propose the efficiency
of drugs for cancer therapy.
Impact: development of a new series of candidate drugs
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