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Abstract: Unlike the wide number of natural biflavonoids, natural bichalcones are a rare
and even less studied class. Nevertheless, some of them have proved their interest in the
fight against cancer through their cytotoxic activity against human tumor cell lines. The
aim of this study was to synthesize a novel bichalcone: 3′,3′′′,4,4′,4′′,4′′′,5′,5′′′-octamethoxy-
2,3′′-bichalcone 1. The most efficient synthetic pathway was the Suzuki–Miyaura reaction
between a boronated chalcone and a brominated one.
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1. Introduction
Chalcones, with a 1,3-diarylprop-2-en-1-one skeleton, constitute a major group of

natural compounds which display a wide range of biological activities, including anti-
inflammatory, antimicrobial, antioxidant and anticancer properties [1]. Moreover, chal-
cones are the immediate precursors in the biosynthesis [2] and synthetic preparation of
flavonoids [3,4], which are also known for their numerous beneficial effects [5].

Similar to flavonoids, biflavonoids are natural compounds which can be found in
plants all around the world [6–8]. They possess many biological activities, such as antimi-
crobial [9], antitumor [10] and anti-inflammatory [11] properties, which are sometimes
stronger than those of the corresponding monomers. This is also verified for synthetic
biflavonoids [12]. Therefore, there is a renewed interest in the biological activities of
this class, representing a library of structurally diverse molecules which remains to be
fully investigated.

Unlike the wide number of natural biflavonoids, natural bichalcones are a rare and
even less recognized class. In general, naturally occurring bichalcones carry a C-O-C
linkage between the two chalcone units (biarylether type) [13]. But a C-C (biaryl type)
linkage is found in the rhuschalcone VI (Figure 1), isolated from Rhus pyroides, a tree widely
distributed in the eastern part of Bostwana and in South Africa, for example [14]. Rhus
pyroides is a remarkable source of bioactive bichalcones since five other rhuschalcones
(rhuschalcones I–V, Figure 1) have also been extracted from this tree. All these molecules
have been tested in vitro for their cytotoxicity against a panel of 60 different human tumor
cell lines; they showed selective activity against colon cancer cells, especially HT-29 and
HCT-116 cell lines [14].
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Figure 1. Structure of rhuschalcones I-VI [14].

Bichalcones can also be classified depending on which of the aromatic rings are joined
together (aromatic rings in the 1,3-diarylprop-2-en-1-one structure are named as A and B).
Thus, most bichalcones display a linkage of the A-B (e.g., rhuschalcone VI, Figure 1) or
A-A type (e.g., rhuschalcone IV, Figure 1). The B-B type is also found but studies reporting
these structures are much less common [13]. Considering the synthetic pathway of these
bichalcones, the biaryl core is typically prepared via phenol coupling reaction [15], Ullmann
condensation [7,16] and Suzuki–Miyaura coupling [17,18].

As part of an ongoing project on the design and synthesis of original antiproliferative
chalcones, we became interested in the preparation of 3′,3′′′,4,4′,4′′,4′′′,5′,5′′′-octamethoxy-
2,3′′-bichalcone 1 (Figure 2) with a biaryl type (C-C) linkage between the B rings of two
chalcones. In addition to structural originality, our aim was to keep a trimethoxyphenyl
moiety as A ring since this structural pattern is thought to be essential for the anticancer
activity of chalcones [19,20].

 

Figure 2. Structure of 3′,3′′′,4,4′,4′′,4′′′,5′,5′′′-octamethoxy-2,3′′-bichalcone 1.

Among the various ways to perform C-C bond formation, we chose the Suzuki–
Miyaura reaction. Indeed, this metal-catalyzed cross-coupling reaction between organic
boron compounds and organic halides has emerged as one of the most interesting methods
for the formation of carbon–carbon bonds under mild conditions and especially for the cou-
pling of aryl–aryl moieties [21]. Pd-catalysts have been the mainstay for Suzuki–Miyaura
cross-coupling for several decades. However, extensive studies of reaction parameters and
catalyst systems have led to significant improvements for various chemical systems [22,23].
Thus, other metal catalysts, based on nickel, copper or iron for example, have been in-
creasingly applied in Suzuki–Miyaura cross-coupling [24–26]. In the present paper, the
preparation of bichalcone 1 through two synthetic pathways is described.

2. Results and Discussion
Two synthetic strategies were defined for the preparation of bichalcone 1. Firstly, a

brominated chalcone 5 and a boronated chalcone 6 were synthetized by a Claisen–Schmidt
condensation (Scheme 1) to allow a Suzuki–Miyaura coupling between these two chalcones
(Scheme 2, pathway A). The second pathway involved the synthesis of bis-benzaldehyde
7 through a Suzuki coupling reaction. This intermediate was then reacted with 3′,4′,5′-
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trimethoxyacetophenone 2 according to the Claisen–Schmidt condensation (Scheme 2,
pathway B).

 

Scheme 1. Synthesis of chalcones 5 and 6.

Scheme 2. Synthetic strategies for the preparation of bichalcone 1.

Considering the first synthetic strategy, the Claisen–Schmidt condensation was per-
formed between 3′,4′,5′-trimethoxyacetophenone (1 eq) 2 and an appropriate benzaldehyde
(1.2 eq), i.e., 2-bromo-4-methoxybenzaldehyde 3 and 5-formyl-2-methoxyphenylboronic
acid 4 to give chalcones 5 and 6, respectively (Scheme 1). All these reagents were commer-
cially available. 2-bromo-3′,4,4′,5′-tetramethoxychalcone 5 was obtained in a 78% isolated
yield and 3-borono-3′,4,4′,5′-tetramethoxychalcone 6 [27] was achieved in a moderate
isolated yield (50%).

Then, on the basis of our previous results [28], the Suzuki coupling reaction (Scheme 2,
pathway A) was performed between chalcones 5 and 6, in tetrahydrofuran, in the presence
of 0.2 eq of [1,1′-bis(diphenylphosphino)ferrocene]dichloropalladium(II) (PdCl2·dppf) as a
catalyst and 3 eq of 3 M aqueous sodium hydroxide as a base, using a microwave irradiation
at 120 ◦C (150 W, 2 × 10 min). A catalyst amount of 0.1 eq allowed the coupling reaction but
the required reaction time had been increased to one hour. The bichalcone 1 was obtained
in a 58% yield using 1.25 eq of chalcone 6. The first experiment had shown that the yield
was only 40% with 1.1 eq of chalcone 6.

In the second pathway (Scheme 2, pathway B), bis-benzaldehyde 7 was synthesized
through the Suzuki–Miyaura coupling reaction between 2-bromo-4-methoxybenzaldehyde
3 and 5-formyl-2-methoxyphenylboronic acid 4 with sodium hydroxide (3 eq). We explored
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various Suzuki coupling conditions, as shown in Table 1, and the most efficient experiment
led to bis-benzaldehyde 7 in 48% isolated yield with a reaction time of 50 min.

Table 1. Suzuki coupling conditions for the reaction between 2-bromo-4-methoxybenzaldehyde 3
(1 eq) and 5-formyl-2-methoxyphenylboronic acid 4.

Exp. 4 Catalyst Time
MW Heating Yield

1 1.1 eq PdCl2-dppf
0.2 eq 2 × 10 min 30%

2 1.4 eq PdCl2-dppf
0.2 eq 2 × 10 min 38%

3 1.4 eq PdCl2-dppf
0.2 eq 5 × 10 min 48%

4 2.0 eq PdCl2-dppf
0.2 eq 5 × 10 min 35%

5 1.4 eq Pd(PPh3)4
0.2 eq 5 × 10 min 34%

An excess of phenylboronic acid 4 was required: the optimal quantity was found to
be 1.4 equivalents. Using 2 eq of phenylboronic acid 4 led to a significant decrease in the
yield as well as replacement of PdCl2.dppf with tetrakis(triphenylphosphine)palladium
(Pd(PPh3)4). Considering experiment 4, side products were observed, especially the
4-methoxybenzaldehyde, which was identified by NMR spectroscopy. Then, bis-
benzaldehyde 7 was reacted with 3′,4′,5′-trimethoxyacetophenone 2 according to the
Claisen–Schmidt condensation. The first experiment using 3 eq of acetophenone af-
forded bichalcone 1 but only in a 17% yield; therefore, the second experiment was per-
formed with 4 eq of acetophenone 2. The desired product was isolated but the yield
obtained (25%) remained unsatisfactory due to the formation of many by-products such
as compounds 8 and 9 (Figure 3) which result from a mono-condensation between 3′,4′,5′-
trimethoxyacetophenone 2 and the bis-benzaldehyde 7.

 

Figure 3. Structure of by-products 8 and 9.

3. Materials and Methods
3.1. General Chemistry

All chemicals and reagents were obtained from Aldrich (Sigma-Aldrich, St. Louis,
MO, USA), Alfa Aesar (Karlsruhe, Germany), VWR (Radnor, PA, USA), Acros Organics
(Geel, Belgium) and Iris Biotech (Marktredwitz, Germany) and were used without further
purification. Reactions were monitored by TLC (TLC Silica gel 60 F-254, Merck KGaA,
Darmstadt, Germany). Microwave reactions were carried out into a Monowave 400 Anton
Paar system (Les Ulis, France). Purifications by preparative TLC were performed on silica
gel glass plates coated with 60 HF-254 (Merck, Darmstadt, Germany). Purifications by flash
chromatography were achieved using CombiFlash Companion TS (Serlabo Technologies,
Entraigues-sur-la-Sorgue, France) on normal phase disposable columns RediSep® RF (Tele-



Molbank 2025, 2025, M2012 5 of 8

dyne Isco, Lincoln, NE, USA). NMR spectra were recorded on Bruker 500 MHz Avance III
HD spectrometer (Wissembourg, France), by the BISCem platform (US 42 INSERM/UAR
2015 CNRS/University of Limoges). Chemicals shifts (δ) are reported in ppm downfield
from internal TMS standard. High-resolution mass spectra (HRMS) were performed on a
Bruker maXis mass spectrometer (Wissembourg, France) by the ICOA platform (UMR 7311
CNRS/University of Orléans).

3.2. Synthesis of 2-Bromo-3′,4,4′,5′-tetramethoxychalcone 5

A total of 210 mg of 3′,4′,5′-trimethoxyacetophenone (1 mmol) and 258 mg of 2-
bromobenzaldehyde (1.2 mmol, 1.2 eq) were dissolved in 20 mL of MeOH. A total of
200 mg of NaOH (5 mmol, 5 eq) previously dissolved in 2 mL of H2O were added. The
reaction mixture was heated at reflux for 2 h. After cooling, crystallization occurred; crystals
were filtered off while 20 mL of water was added to the filtrate. Then, the aqueous phase
was acidified to pH 3 using a 3 M solution of hydrochloric acid. A liquid–liquid extraction
was performed with 3 × 20 mL of CH2Cl2. After drying over anhydrous sodium sulfate
and filtration on a Büchner funnel, the organic phase was evaporated. The residue was
purified through preparative TLC on silica gel using cyclohexane 80/ethyle acetate 20 as
eluent. A global mass of 318 mg of 2-bromo-3′,4,4′,5′-tetramethoxychalcone was obtained
(0.78 mmol, 78% isolated yield).

1H NMR (500.15 MHz, CDCl3, 25 ◦C) δ (ppm), 8.08 (1H, d, J = 15.7 Hz, H-β), 7.69
(1H, d, J = 8.8 Hz, H-6), 7.26 (2H, s, H-2′ and H-6′), 7.26 (1H, d, J = 15.7 Hz, H-α) 7.18 (1H,
d, J = 2.5 Hz, H-3), 6.92 (1H, dd, J = 8.8 Hz, J = 2.5 Hz, H-5), 3.95 (6H, s, (OCH3)-3′ and
(OCH3)-5′), 3.94 (3H, s, (OCH3)-4′), 3.85 (3H, s, (OCH3)-4). 13C NMR (125.04 MHz, CDCl3,
25 ◦C) δ (ppm), 189.7 (CO), 161.6 (C-4), 153.2 (C-3′ and C-5′), 142.9 (C-β), 142.5 (C-4′), 133.4
(C-1′), 128.7 (C-6), 127.4 (C-2), 127.0 (C-1), 122.9 (C-α), 118.3 (C-3), 114.5 (C-5), 106.3 (C-2′

and C-6′), 61.0 ((OCH3)-4′), 56.4 ((OCH3)-3′ and (OCH3)-5′), 55.7 ((OCH3)-4).
TOF MS ES+: [M + H]+ for C19H20BrO5: m/z 407.0489; found: m/z 407.0487.

3.3. Synthesis of 3-Borono-3′,4,4′,5′-tetramethoxychalcone 6

The synthetic pathway and structural analysis match the data described by Kong
et al. [27].

3.4. Synthesis of 3′,3′′′,4,4′,4′′,4′′′,5′,5′′′-Octamethoxy-2,3′′-bichalcone 1

A total of 102 mg of chalcone 5 (0.25 mmol) and 116 mg of chalcone 6 (0.32 mmol,
1.25 eq) were dissolved in 6 mL of tetrahydrofuran; 37 mg of PdCl2-dppf (0.05 mmol,
0.2 eq) and 297 µL of an aqueous solution (2.5 M) of sodium hydroxide (0.75 mmol,
3 eq) were added. The reaction was activated by microwave irradiation (120 ◦C, 150 W,
2 × 10 min). The solvent was then evaporated and the residue was taken up in 20 mL
of H2O. The aqueous phase was acidified to pH 6 using a 3 M solution of hydrochloric
acid and extraction was carried out with 4 × 20 mL of dichloromethane. After drying
over anhydrous sodium sulfate and filtration on a Büchner funnel, the organic phase was
evaporated. The residue was purified with flash chromatography (dichloromethane 100%
to dichloromethane 90/ethyl acetate 10) and 95 mg of pure bichalcone 1 were obtained
(0.15 mol, 58% isolated yield).

1H NMR (500.15 MHz, CDCl3, 25 ◦C) δ (ppm), 7.84 (1H, d, J = 8.7 Hz, H-6), 7.81 (1H, d,
J = 15.5 Hz, H-β′), 7.68 (1H, dd, J = 8.5 Hz, J = 1.9 Hz, H-6′′), 7.62 (1H, d, J = 15.5 Hz, H-β),
7.53 (1H, d, J = 1.9 Hz, H-2′′), 7.36 (1H, d, J = 15.5 Hz, H-α′) 7.29 (1H, d, J = 15.5 Hz, H-α),
7.26 (2H, s, H-2′′′ and H-6′′′), 7.18 (2H, s, H-2′ and H-6′), 7.02 (2H, m, H-5 and H-5′′), 6.86
(1H, d, J = 2.5 Hz, H-3), 3.94 (6H, s, 2xOCH3), 3.93 (3H, s, OCH3), 3.91 (3H, s, OCH3), 3.89
(6H, s, 2xOCH3), 3.88 (3H, s, OCH3), 3.78 (3H, s, OCH3). 13C NMR (125.04 MHz, CDCl3,
25 ◦C) δ (ppm), 189.2 (CO), 188.9 (CO), 161.2 (C-4), 158.7 (C-4′′), 153.2 (C-3′′′ and C-5′′′),
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153.1 (C-3′ and C-5′), 144.2 (C-β′), 143.5 (C-β), 142.4 (C-4′′′), 142.2 (C-4′), 141.3 (C-2), 133.8
(C-1′′′), 133.7 (C-1′), 131.0 (C-2′′), 130.8 (C-6′′), 129.7 (C-3”), 128.2 (C-6), 127.8 (C-1”), 126.5
(C-1), 120.2 (C-α′), 119.9 (C-α), 116.1 (C-3), 114.2 (C-5), 111.5 (C-5′′), 106.1 (C-2′′′ and C-6′′′),
106.0 (C-2′ and C-6′), 61.0 (2xOCH3), 56.5 (2xOCH3), 56.4 (2xOCH3), 55.9 (OCH3), 55.5
(OCH3).

TOF MS ES+: [M + H]+ for C38H39O10: m/z 655.2538; found: m/z 655.2540.

3.5. Synthesis of 4,4′-Dimethoxy-2,3′-bisbenzaldehyde 7

A total of 540 mg of 2-bromobenzaldehyde 3 (2.5 mmol) and 630 mg of 5-formyl-2-
methoxyphenylboronic acid 4 (3.5 mmol, 1.4 eq) were dissolved in 20 mL of THF. Then,
366 mg of PdCl2-dppf (0.5 mmol, 0.2 eq) and 3 mL of an aqueous solution (2.5 M) of sodium
hydroxide (7.5 mmol, 3 eq) were added. The reaction was activated by microwave irradia-
tion (120 ◦C, 150 W, 5 × 10 min). Then, the solvent was evaporated and the residue was
taken up in 20 mL of H2O. The aqueous phase was acidified to pH 6 using a 3 M solution of
hydrochloric acid and extraction was carried out with 4 × 20 mL of dichloromethane. After
drying over anhydrous sodium sulfate and filtration on a Büchner funnel, the organic phase
was evaporated. The residue was purified with flash chromatography (dichloromethane
100% to dichloromethane 90/ethyl acetate 10) and 325 mg of pure bis-benzaldehyde 7 were
obtained (1.2 mmol, 48% isolated yield).

1H NMR (500.15 MHz, CDCl3, 25 ◦C) δ (ppm), 9.96 (1H, s, CHO), 9.63 (1H, s, CHO),
7.99 (1H, d, J = 8.8 Hz, H-6), 7.97 (1H, dd, J = 8.5 Hz, J = 2.1 Hz, H-6′), 7.83 (1H, d, J = 2.1 Hz,
H-2′), 7.10 (1H, d, J = 8.5 Hz, H-5′), 7.03 (1H, dd, J = 8.8 Hz, J = 2.5 Hz, H-5), 6.81 (1H,
J = 2.5 Hz, H-3), 3.90 (3H, s, (OCH3)-4′), 3.85 (3H, s, (OCH3)-4). 13C NMR (125.04 MHz,
CDCl3, 25 ◦C) δ (ppm), 190.5 (CO) 190.4 (CO), 164.0 (C-4′), 161.6 (C-4), 142.6 (C-2), 132.8
(C-6′), 132.4 (C-2′), 130.0 (C-3′), 129.9 (C-6), 128.2 (C-1), 127.6 (C-1′), 116.1 (C-3), 114.1 (C-5),
110.7 (C-5′), 56.1 (OCH3), 55.7 (OCH3).

TOF MS ES+: [M + H]+ for C16H15O4: m/z 271.0965; found: m/z 271.0964.

4. Conclusions
We described herein an efficient synthetic approach of a novel bichalcone. Indeed, the

molecule synthetized in this work belongs to the B-B type with a C-C linkage (biaryl type),
which is uncommon among natural or synthetic bichalcones. As key steps, we used Claisen–
Schmidt condensation and a microwave-assisted Suzuki–Miyaura coupling. The most
efficient synthetic pathway was the Suzuki–Miyaura reaction between a boronated chalcone
and a brominated one. The second pathway based on the double aldol condensation
between a bis-benzaldehyde and the 3′,4′,5′-trimethoxyacetophenone has to be improved,
with varying reaction conditions. Finally, the developed synthetic methodology may find
future applications in the synthesis of various original bichalcones to further study their
anticancer activities.

Supplementary Materials: The following supporting information can be downloaded online, Fig-
ure S1: 1H spectrum of chalcone 5; Figure S2: 13C spectrum of chalcone 5; Figure S3: 1H spectrum of
bichalcone 1; Figure S4: 13C spectrum of bichalcone 1; Figure S5: 1H spectrum of bis-benzaldehyde 7;
Figure S6: 13C spectrum of bis-benzaldehyde 7; Figure S7: HRMS spectrum of chalcone 5; Figure S8:
HRMS spectrum of bichalcone 1; Figure S9: HRMS spectrum of bis-benzaldehyde 7.

Author Contributions: Conceptualization, F.-X.T. and C.P.; methodology, F.-X.T. and C.P.; software,
F.-X.T. and C.P.; validation, F.-X.T., Y.C. and C.P.; formal analysis, F.-X.T., Y.C. and C.P.; investigation,
F.-X.T., A.L. and Y.C.; resources, C.F. and C.P.; writing—original draft preparation, F.-X.T. and C.P.;
writing—review and editing, F.-X.T., Y.C., A.L., C.F. and C.P.; supervision, C.F. and C.P.; project
administration, C.P.; funding acquisition, C.F. and C.P. All authors have read and agreed to the
published version of the manuscript.



Molbank 2025, 2025, M2012 7 of 8

Funding: This research received no external funding.

Data Availability Statement: The original contributions presented in the study are included in the
Supplementary Materials; further inquiries can be directed to the corresponding author.

Acknowledgments: Authors are greatly thankful to Cyril Colas, from the ICOA platform (UMR 7311
CNRS/University of Orléans), for the HRMS analysis.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Dhaliwal, J.S.; Moshawih, S.; Goh, K.W.; Loy, M.J.; Hossain, M.S.; Hermansyah, A.; Kotra, V.; Kifli, N.; Goh, H.P.; Dhaliwal, S.K.S.;

et al. Pharmacotherapeutics Applications and Chemistry of Chalcone Derivatives. Molecules 2022, 27, 7062. [CrossRef] [PubMed]
2. Chen, S.; Wang, X.; Cheng, Y.; Gao, H.; Chen, X. A Review of Classification, Biosynthesis, Biological Activities and Potential

Applications of Flavonoids. Molecules 2023, 28, 4982. [CrossRef] [PubMed]
3. Hsieh, Y.-H.; Hsu, P.-H.; Hu, A.; Cheng, Y.-J.; Shih, T.-L.; Chen, J.-J. Synthesis of Flavonols and Assessment of Their Biological

Activity as Anticancer Agents. Molecules 2024, 29, 2041. [CrossRef] [PubMed]
4. Bano, S.; Javed, K.; Ahmad, S.; Rathish, I.G.; Singh, S.; Chaitanya, M.; Arunasree, K.M.; Alam, M.S. Synthesis of Some Novel

Chalcones, Flavanones and Flavones and Evaluation of Their Anti-Inflammatory Activity. Eur. J. Med. Chem. 2013, 65, 51–59.
[CrossRef]

5. Sun, Z.-G.; Li, Z.-N.; Zhang, J.-M.; Hou, X.-Y.; Yeh, S.M.; Ming, X. Recent Developments of Flavonoids with Various Activities.
Curr. Top. Med. Chem. 2022, 22, 305–329. [CrossRef]

6. Mbakidi-Ngouaby, H.; Pinault, E.; Gloaguen, V.; Costa, G.; Sol, V.; Millot, M.; Mambu, L. Profiling and Seasonal Variation of
Chemical Constituents from Pseudotsuga menziesii Wood. Ind. Crops Prod. 2018, 117, 34–49. [CrossRef]

7. Abdullah, I.; Phongpaichit, S.; Voravuthikunchai, S.P.; Mahabusarakam, W. Prenylated Biflavonoids from the Green Branches of
Garcinia dulcis. Phytochem. Lett. 2018, 23, 176–179. [CrossRef]

8. De Oliveira, J.C.S.; David, J.P.; David, J.M. Biflavonoids from the Bark Roots of Poincianella pyramidalis (Fabaceae). Phytochem. Lett.
2016, 16, 18–22. [CrossRef]

9. Menezes, J.C.J.M.D.S.; Campos, V.R. Natural Biflavonoids as Potential Therapeutic Agents against Microbial Diseases. Sci. Total
Environ. 2021, 769, 145168. [CrossRef]

10. Ren, M.; Li, S.; Gao, Q.; Qiao, L.; Cao, Q.; Yang, Z.; Chen, C.; Jiang, Y.; Wang, G.; Fu, S. Advances in the Anti-Tumor Activity of
Biflavonoids in Selaginella. Int. J. Mol. Sci. 2023, 24, 7731. [CrossRef]

11. Nafisah, N.; Sugita, P.; Arifin, B.; Wahyudi, S.T. Biflavonoid Anti-Inflammatory Activity of the Araucariaceae Family—A Review.
Trop. J. Phytochem. Pharm. Sci. 2024, 3, 411–423. [CrossRef]

12. He, X.; Yang, F.; Huang, X. Proceedings of Chemistry, Pharmacology, Pharmacokinetics and Synthesis of Biflavonoids. Molecules
2021, 26, 6088. [CrossRef] [PubMed]

13. Escobar, C.A.; Fernández, W.A.; Trujillo, A.; Santos, J.C.; Roisnel, T.; Fuentealba, M. Synthesis, Characterization, and Crystal
Structure of 2′,2′′-Dihydroxy-3,3′′′-Bichalcone and Its Related Chalcone–Flavanone and Biflavanone Analogs. Tetrahedron Lett.
2014, 55, 5271–5274. [CrossRef]

14. Mdee, L.K.; Yeboah, S.O.; Abegaz, B.M. Rhuschalcones II-VI, Five New Bichalcones from the Root Bark of Rhus pyroides. J. Nat.
Prod. 2003, 66, 599–604. [CrossRef]

15. Li, H.-Y.; Nehira, T.; Hagiwara, M.; Harada, N. Total Synthesis and Absolute Stereochemistry of the Natural Atropisomer of the
Biflavone 4′,4′ ′ ′,7,7′ ′-Tetra-O-Methylcupressuflavone. J. Org. Chem. 1997, 62, 7222–7227. [CrossRef]

16. Lin, Y.-M.; Flavin, M.T.; Cassidy, C.S.; Mar, A.; Chen, F.-C. Biflavonoids as Novel Antituberculosis Agents. Bioorganic Med. Chem.
Lett. 2001, 11, 2101–2104. [CrossRef]

17. Nising, C.F.; Schmid, U.K.; Nieger, M.; Bräse, S. A New Protocol for the One-Pot Synthesis of Symmetrical Biaryls. J. Org. Chem.
2004, 69, 6830–6833. [CrossRef]

18. Mihigo, S.O.; Mammo, W.; Bezabih, M.; Andrae-Marobela, K.; Abegaz, B.M. Total Synthesis, Antiprotozoal and Cytotoxicity
Activities of Rhuschalcone VI and Analogs. Bioorganic Med. Chem. 2010, 18, 2464–2473. [CrossRef]

19. Ducki, S.; Rennison, D.; Woo, M.; Kendall, A.; Chabert, J.F.D.; McGown, A.T.; Lawrence, N.J. Combretastatin-like Chalcones as
Inhibitors of Microtubule Polymerization. Part 1: Synthesis and Biological Evaluation of Antivascular Activity. Bioorganic Med.
Chem. 2009, 17, 7698–7710. [CrossRef]

20. Boumendjel, A.; McLeer-Florin, A.; Champelovier, P.; Allegro, D.; Muhammad, D.; Souard, F.; Derouazi, M.; Peyrot, V.; Toussaint,
B.; Boutonnat, J. A Novel Chalcone Derivative Which Acts as a Microtubule Depolymerising Agent and an Inhibitor of P-Gp and
BCRP in in-Vitro and in-Vivo Glioblastoma Models. BMC Cancer 2009, 9, 242. [CrossRef]

https://doi.org/10.3390/molecules27207062
https://www.ncbi.nlm.nih.gov/pubmed/36296655
https://doi.org/10.3390/molecules28134982
https://www.ncbi.nlm.nih.gov/pubmed/37446644
https://doi.org/10.3390/molecules29092041
https://www.ncbi.nlm.nih.gov/pubmed/38731532
https://doi.org/10.1016/j.ejmech.2013.04.056
https://doi.org/10.2174/1568026622666220117111858
https://doi.org/10.1016/j.indcrop.2018.02.069
https://doi.org/10.1016/j.phytol.2017.12.004
https://doi.org/10.1016/j.phytol.2016.02.017
https://doi.org/10.1016/j.scitotenv.2021.145168
https://doi.org/10.3390/ijms24097731
https://doi.org/10.26538/tjpps/v3i9.1
https://doi.org/10.3390/molecules26196088
https://www.ncbi.nlm.nih.gov/pubmed/34641631
https://doi.org/10.1016/j.tetlet.2014.07.111
https://doi.org/10.1021/np020138q
https://doi.org/10.1021/jo970670w
https://doi.org/10.1016/S0960-894X(01)00382-1
https://doi.org/10.1021/jo0490393
https://doi.org/10.1016/j.bmc.2010.02.055
https://doi.org/10.1016/j.bmc.2009.09.039
https://doi.org/10.1186/1471-2407-9-242


Molbank 2025, 2025, M2012 8 of 8

21. Farhang, M.; Akbarzadeh, A.R.; Rabbani, M.; Ghadiri, A.M. A Retrospective-Prospective Review of Suzuki–Miyaura Reaction:
From Cross-Coupling Reaction to Pharmaceutical Industry Applications. Polyhedron 2022, 227, 116124. [CrossRef]
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