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Abstract: Chrysin, was also known as 5,7-dihydroxyl flavone, with many different biological 
activities such as antioxidant, antiviral, antidiabetic, and anti-anxiety, etc. A chrysin derivative, 
5,7-dihydroxyflavone-8-sulfonate potassium, was synthesized by sulfonation reaction under room 
temperature to improve its water-solubility and bioavailability. And the derivative was investigated 
by elemental analysis, nuclear magnetic resonance (NMR) and X-ray single-crystal diffraction, 
respectively. The crystal structure analysis shows that 5,7-dihydroxyflavone- 8-sulfonate potassium 
belongs to orthorhombic system. In its crystal structure, sulfonate oxygen atoms and flavone 
carbonyl oxygen atoms coordinate with potassium ions, and K-O coordination forms a 
one-dimensional polyionic chain. There’s π···π stacking interaction between the adjacent flavonoid 
skeletons. The self-assembly of the compound into a three-dimensional supramolecular structure 
was performed by π···π stacking and K-O coordination. Meanwhile, the interaction between the 
compound and calf thymus DNA (ct-DNA) was investigated by fluorescence spectrometry, and the 
results showed that the interaction between the derivative and DNA was stronger than that of the 
chrysin. 

1.  Introduction 
Chrysin, also named 5,7-dihydroxyl - flavone, is a kind of natural flavonoid compound widely 

existing in nature. It has a variety of physiological activities, such as anti-diabetes, anti-anxiety, 
anti-oxidation, anti-virus and anti-cancer activity, and etc [1-4]. In order to improve the 
physiological activity of chrysin, many of its derivatives have been synthesized, such as a series of 
5,7-dialkoxy flavones, 5-hydroxy-7-alkoxy flavones, 8-amino-5,7-dihydroxy flavone and 
6-amino-5,7-dihydroxy flavone, etc [5]. Many researchers investigated the bioactivity of its 
derivatives [6-9]. Other studies have been carried out on the interactions between chrysin and its 
derivatives and biomacromolecules [10-12]. The researchers found that the introduction of sulfonic 
acid group into flavones molecular could improve the water solubility and biological activity. 
Daidzein-3'-sulfonate sodium was synthesized and studied anti-hypoxic- ischemic activity, which 
proved that the water-solubility and anti-hypoxic-ischemic activity of the compound were superior 
to daidzein [13]. Pusz sulfonated chrysin to obtain chrysin-4'-sulfonate sodium and synthesized 
complexes with chrysin-4'-sulfonate ligand acting with different metal ions, respectively [14-16]. In 
this paper, a new type of chrysin derivative, 5,7- dihydroxyflavone-8- sulfonate potassium (shown 
in Figure 1) was synthesized by sulfonation reaction at room temperature. It was characterized by 
NMR, FT-IR, and its crystal structure was determined by X-ray single crystal diffraction. The effect 
of the derivative on ct-DNA was investigated by fluorescence spectrometry.  
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Figure 1 Simple chemical structure of 5,7- dihydroxyflavone-8- sulfonate potassium. 
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2. Experiment 
2.1 Instruments and reagents  

Bruker-300 NMR spectrometer (TMS as internal standard, DMSO-d6 as solvent), PE-2400 
element analyzer, Bruker Smart-1000 CCD type single crystal diffraction, Sartorius electronic 
balance, Hitachi F-4600 fluorescence spectrometer, Bruker Tensor-27 Fourier transform infrared 
spectrometer (FT-IR), Agilent Cary60 UV visible spectrophotometer. 

Chrysin (Xi’an Ruisaen bio-tech Co. LTD, the purity is more than 98 percent), Ethidium bromide 
(EB, Sigma), three hydroxy-methyl amino-methane (Tris, Sigma), calf thymus DNA (ct-DNA, 
Beijing Solaibao Technology Co. LTD) was determined by the UV spectrum of A260/A280>1.8, 
showed its purity conforms to the requirement. 50mmol·L-1 Tris-50 mmol·L-1NaCl buffer solution 
of pH7.2 and acetic acid- sodium acetate buffer solution with pH5.8 were prepared in accordance 
with the regular method. The experimental used reagents were of analytical grade. 

2.2 Synthesis and characterization 
2.0 g chrysin was weighed and placed in 25 ml round bottom flask, then 10 ml concentrated 

H2SO4 was added into and reaction for 15 h at room temperature. Next 40 ml saturated KCl 
solution was poured into the flask. When yellow precipitation was precipitated, standing for 5 h, 
and then pumped filtration, the filter cake was washed to neutral with a saturated KCl solution. The 
filter cake was recrystallized in ethanol-water (volume ratio of 1:1) as the solvent, and then the 
derivative was obtained. Lastly the derivative was dried in vacuum at 105degrees celsius for 10 h 
and the yield was 78 percent. The melting point of this compound is 293 degrees celsius 
(decomposition). 

With TMS as internal standard and DMSO-d6 as solvent, the obtained derivative was 
characterized by NMR. Then using KBr as diluent, by pressing tablet, the infrared spectrogram of 
the derivative was determined by Fourier transform infrared spectrometer. Next, an appropriate 
amount of the derivative saturated solution was prepared using ethanol-water (volume ratio of 2:1) 
as the solvent, let stand at room temperature, and the light yellow block-shaped single crystal was 
obtained after 3 days for structural testing. 

3. Results and discussion 
3.1 Synthesis of 5,7- dihydroxyflavone-8- sulfonate potassium 

As early as 10 years ago, some researchers used concentrated sulfuric acid H2SO4 as sulfonating 
agent to obtain the sulfonated products of chrysin. Some researchers sulfonated chrysin at 140 
degrees celsius and obtained only B loop sulfonated product chrysin-4'-sulfonic acid [14]. And the 
A ring sulfonated product of chrysin-6-sulfonic acid was obtained at 80 degrees Celsius [12]. In this 
paper, with the concentrated H2SO4 as sulfonating agent, a new chrysin A loop sulfonated product 
chrysin -8- sulfonic acid was synthesized at room temperature (r.t). It was also the velocity control 
product obtained at low temperature. The reaction has the advantages of mild conditions and easy 
treatment of products. Their synthesis routes were shown in Figure 2. And three products are 
isomers, which are sulfonated products of concentrated H2SO4 and chrysin at different 
temperatures.  
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Figure 2 The synthesis routes of three sulfonated products. 

3.2 Spectral data analysis 
The infrared spectral data of the compound are as follows: IR (cm-1, KBr) V: 3458, 1637, 1601, 

1571, 1453, 1230, 1185, 1092, 1047, 837, 766, 691. In the IR spectrum, the wide absorption peak at 
3458 cm-1 was the hydroxyl absorption peak, while the vibration absorption peak of carbonyl 
appeared at 1637 cm-1.Absorption peaks at 1092 cm-1 and 1047 cm-1 were characteristic absorption 
of sulfonic acid groups, indicating that sulfonic acid groups were introduced into the molecules of 
chrysin. 

NMR data are as follows: 1H-NMR (ppm, DMSO-d6, 300 MHz) δ: 13.24 (s, 1H, H-C5-OH), 
12.64 (s, 1H, H-C7-OH), 8.52 (s, 2H, H-C2', C6'), 7.73 (s, 3H, H-C3', C4', C5'), 7.27 (s, 1H, H-C3), 
6.36 (s, 1H, H-C6); 13C-NMR (DMSO-d6, 75 MHz) δ: 182.5 (4-C), 163.8 (5-C), 161.7 (2-C), 160.7 
(7-C), 152.7 (8a-C), 132.4 (1' -C), 130.7 (4'-C), 129.3 (3' -C, 5'-C), 127.4 (2' -C, 6'-C), 110.7 (8-C), 
104.9 (4a-C), 104.3 (3-C), 99.1 (6-C). In 1H-NMR spectra, the chemical shift δ in the absorption 
peak of 13.24 ppm and 12.64 ppm were absorption peaks of hydroxyl hydrogen at 5-C and 7-C, 
respectively. Their chemical shift data are high than normal phenolic hydroxyl hydrogen because of 
the two intramolecular hydrogen bonds O(1)-H(1)···O(7) and O(2)-H(2)···O(3). Compared 
with 1H-NMR spectrum of chrysin, absorption peak of hydrogen atom at 8-C in chrysin A loop 
disappear. This indicates that the sulfonate group was introduced into the 8-C position of the chrysin 
molecule. In the 13C-NMR spectrum, the chemical shift of carbonyl carbon atoms was 182.5 ppm 
and that of 8-C was 110.7 ppm. 

3.3 Crystal structure 
The size of single crystals was selected as 0.37 mm × 0.20 mm × 0.13 mm, a diffraction 

experiment was performed by the Bruker Smart-1000 CCD type single crystal diffractometer. Ray 
of Mo-K α diffraction was used at 0.71073 Å wavelength to scan in omega (ω) with graphite 
monochromator. At 293K 13998 diffraction point was collected, of which 2367 independent 
diffraction intensity data. All calculations were completed by SHELXS97 program. The 
crystallographic data and structure analysis of parameters are shown in Table 1.  

Table 1 Crystallographic parameter. 
Empirical formula C15H9O7SK 
Formula weight 372.38 
Crystal system Orthorhombic 
Space group Pc 
a, b, c (Å) a=19.0846(19), b=20.6555(19), c=7.5148(7) 
V (Å3) 2962.3(5) 
Z, Dc (mg/m3) 8, 1.670 
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μ (mm-1) 0.537 
F (000) 1520 
h, k, l -21≤h≤22, -24≤k≤22, -7≤l≤8 
θ range (º) 1.45 ~ 25.10 
Total reflections/Unique [Rint] 13998/2637 [Rint = 0.0492] 
Final R Indices [I>2σ(I)] R1 = 0.0423, wR2 = 0.1080 
R Indices (all data) R1 = 0.0713, wR2 = 0.1287 
GOF(S) 1.043 
∆ρ×10-3/(e•nm-3) 0.205, -0.262 

 
Figure 3 The coordination environment of the K(I) in molecular C15H9O4SO3K.  

Atomic ellipsoids are drawn at 30 percent probability level. The dashed lines indicate hydrogen 
bonds. Symmetry codes are as follows, (i) x, y, 1+z. (ii) x, 1/2−y, 1/2+z. (iii) 1/2−x, y, 1/2+z. (iv) −x, 
1−y, 1−z. 

Molecular formula C15H9O4SO3K, molecular structure consists of a potassium ion K (I) and a 5, 
7- dihydroxyflavone -8- sulfonate anion (seen Figure 3). The bond lengths and bond angles of 5, 7- 
dihydroxyflavone -8- sulfonate anion are basically the same as 5, 7- dihydroxyflavone -6- sulfonate 
anion [12]. The dihedral angle of A loop [C(1) -C(6)] and C loop [O(4) /C(1) /C(6) -C(9)] is 
1.27(14)°, and the dihedral angle of loop B [C(10) -C(15)] and benzoapyrene ring A/C [O(4) /C(1) 
-C(9)] is 7.26 (15)°. The whole flavonoid skeleton is basically coplanar, and the average offset 
distance of each atom relative to the least square plane is 0.051 Å. K (I) coordination number is 5, 
coordination atoms are from sulfo oxygen atom O(5)i [symmetric code (i): x, y, 1+z.], O(6), O(6)ii 
[symmetric code (ii): x, 1/2-y, 1/2+z.] and O(7)iii [symmetric code (iii): 1/2-x, y, 1/2+z.] and 
carbonyl oxygen atom O(3)iv [symmetric code (iv): -x, 1-y, 1-z.], respectively. The bond length of 
K–O bond are as follows: 2.755(3) Å for K–O(6), 2.753(2) Å for K–O(6)ii, 2.643(2) Å for K–O(3)iv, 
2.675(2) Å for K–O(5)i, 2.654(3) Å for K–O(7)iii, respectively. In addition, the two intramolecular 
hydrogen bonds exists in the molecular, O(1)-H(1)···O(7) and O(2)-H(2)···O(3), respectively. They 
are formed by the hydroxyl hydrogen atom and the sulfonic oxygen atom and the carbonyl oxygen 
atom respectively, and their bond lengths and bond angles are 2.588 Å, 2.604 Å and 152°, 148º, 
respectively. In addition, there may be π···π accumulation in the flavonoid skeletons. Thus π···π 
stacking action and K-O coordination make it possible to self-assemble into three-dimensional 
supramolecular structures. This needs further study.  

3.4 Determination of interaction with ct-DNA 
Using methanol as solvent, chrysin and its derivative 5,7- dihydroxyflavone-8- sulfonate 

potassium solution were prepared, respectively. Their concentrations were all 3.0×10-4 mol·L-1. 
Firstly, two solutions 3.0×10-5 mol·L-1 ethidium bromide (EB) for 1.0 ml and 3.12×10-5 mol·L-1 
ct-DNA solution for 1.0 ml were added respectively into 10 ml scale test tube, then shake the tube 
and keep reaction for 30 min at room temperature. Secondly, different amounts of compounds to be 
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tested were added, respectively. After 30 min, dilute with the buffer solution to scale. Finally, their 
fluorescence emission spectra were measured at 550 nm ~ 750 nm with the excitation wavelength 
of 525 nm and slit Ex and Em 10 nm as scanning conditions, respectively. 

Ethidium bromide (EB) as a fluorescence probe with a high sensitivity, good selectivity. Its own 
fluorescence is very weak, but its flat molecule structure can have a single insertion with double- 
stranded DNA, which greatly enhances its fluorescence [12]. If the addition of small organic 
molecule M to the EB-DNA system can have an embedding effect similar to that of EB occurs on 
DNA, this small molecule will compete with EB for the same DNA binding site. Furthermore, if the 
interaction between the small molecule M and DNA molecule is stronger, EB will be squeezed out 
of the DNA double helix structure to form a new M-DNA system, thus significantly reducing the 
fluorescence intensity of EB-DNA. The results of the effects of chrysin and its derivative 5,7- 
dihydroxyflavone-8- sulfonate potassium on the fluorescence intensity of EB-DNA system are 
shown in Figure 4. With the increase of the concentration of chrysin, the fluorescence spectrum of 
the system hardly changed (seen in Figure 4A). As the concentration of the derivative increased, the 
fluorescence intensity of the system gradually decreased (seen in Figure 4B), indicating that the 
interaction between the derivative and DNA was stronger than that of chrysin. This was probably 
because the introduction of sulfonic acid group enhanced the interaction between the derivative and 
DNA, which would provide certain experimental basis for the development of new drugs derived 
from chrysin. 

  
Figure 4 Effect of chrysin(A) and 5,7- dihydroxyflavone-8- sulfonate potassium (B) on the emission 

spectra of EB-DNA system. 
a~e: absence (a) and presence (b, c, d, e) of increasing, (0, 1.5, 3.0, 4.5, 6.0)×10-5 mol·L-1 chrysin 

and 5,7- dihydroxyflavone-8- sulfonate potassium, respectively. 

4. Conclusion 
A derivative of chrysin, 5,7-dihydroxyflavone-8-sulfonate potassium, was synthesized by 

sulfonation reaction under room temperature to improve its water-solubility and bioavailability. And 
the derivative was investigated by elemental analysis, FT-IR, NMR and X-ray single-crystal 
diffraction, respectively. The results indicate 5,7-dihydroxyflavone- 8-sulfonate potassium belongs 
to orthorhombic system. In its crystal structure, sulfonate oxygen atoms and flavone carbonyl 
oxygen atoms coordinate with potassium ions, and K-O coordination forms a one-dimensional 
polyionic chain. There’s π···π stacking interaction between the adjacent flavonoid skeletons. The 
self-assembly of the compound into a three-dimensional supramolecular structure was performed by 
π···π stacking and K-O coordination. Meanwhile, the interaction between the compound and 
ct-DNA was investigated by fluorescence spectrometry, and the results showed that the interaction 
between the derivative and DNA was stronger than that of the chrysin. It would provide certain 
experimental basis for the development of new drugs derived from chrysin. 

Acknowledgments 
This work was supported by a provincial key discipline-pharmacy and its construction project 

194



from Xi’an Medical University (2016YXXK19), 2019 Shaanxi Province University Innovation and 
Entrepreneurship Education course (No.129), National Natural Science Foundation for Youth 
(81903579) and the Scientific Research Program Funded by Shaanxi Provincial Education 
Department (14JK1620). 

References 
[1] Jae Seung Hong, Jing Hui Feng, Jung Seok Park, et al. Antinociceptive effect of chrysin in 

diabetic neuropathy and formalin-induced pain models. Animal Cells and Systems, 2020, 24(3): 
143-150.   

[2] Germán-Ponciano León Jesús, Puga-Olguín Abraham, De Jesús Rovirosa-Hernández María, et 
al. Differential effects of acute and chronic treatment with the flavonoid chrysin on anxiety-like 
behavior and Fos immunoreactivity in the lateral septal nucleus in rats. Acta pharmaceutica 
(Zagreb,Croatia), 2020, 70(3): 387-397. 

[3] Neha Rani, Dharamvir Singh Arya. Chrysin rescues rat myocardium from ischemia-reperfusion 
injury via PPAR-γ/Nrf2 activation. European Journal of Pharmacology, 2020, 883: 173389. 

[4] Wen-Hui Zhang, Shuang Chen, Xiong-Li Liu, et al. Study on antitumor activities of the 
chrysin-chromene-spirooxindole on Lewis lung carcinoma C57BL/6 mice in vivo. Bioorganic 
＆ Medicinal Chemistry Letters, 2020, 30(17): 127-135. 

[5] Synthesis, Biological Evaluation and Molecular Modeling Studies of Novel C (7) Modified 
Analogues of Chrysin. Letters in Drug Design ＆ Discovery, 2020, 17(7): 873-883. 

[6] Xinli Li, Yi Cai, Fan Yang, et al. Synthesis and molecular docking studies of chrysin 
derivatives as antibacterial agents. Medicinal Chemistry Research, 2017, 26(10): 2225-2234. 

[7] Al-Oudat Buthina Abdallah, Alqudah Mohammad Ali, Audat Suaad Abdallah, et al. Design, 
synthesis, and biologic evaluation of novel chrysin derivatives as cytotoxic agents and 
caspase-3/7 activators. Drug design, development and therapy, 2019, 13: 423-433. 

[8] Ni Chen, Ru Wang, Liu-Jun Lu, et al. Synthesis of chrysin derivatives and screening of 
antitumor activity. Journal of Asian Natural Products Research, 2020, 22(5): 444-451. 

[9] Debnath Sudhan, Kanakaraju Manupati, Islam Minarul, et al. In silico design, synthesis and 
activity of potential drug-like chrysin scaffold-derived selective EGFR inhibitors as anticancer 
agents. Computational biology and chemistry, 2019, 83: 107-156. 

[10] Ferrado Joana B, Perez Adrián A, Ruiz Maria C, et al. Chrysin-loaded bovine serum albumin 
particles as bioactive nanosupplements. Food ＆function, 2020, 11(7): 6007-6019. 

[11] Ewa Marzec, Marta Świtalska, Maria Winiewska‐Szajewska, et al. The halogenation of natural 
flavonoids, baicalein and chrysin, enhances their affinity to human protein kinase CK2. 
IUBMB Life, 2020, 72(6): 1250-1261. 

[12] Zhang Zunting, Chen Lili. Synthesis and crystal structure of chrysin derivatives and their 
interaction with DNA. Acta Pharmaceutica Sinica, 2007, 55 (5): 492-496. (in Chinese). 

[13] Liu Qianguang, Zhang Zunting, Xue Dong. Synthesis, crystal structure and activity of daidzein 
sulfonates. Chemical Journal of Chinese Universities, 2003, 24(5): 820-825. (in Chinese). 

[14] J. Pusz, B. Nitka, S. Kopacz, et al. Synthesis and Physicochemical Study of Solid Complexes of 
Ti(IV), Zr(IV), and Zn(II) with Chrysin. Russian Journal of General Chemistry, 2003, 73(4): 
634-637. 

[15] J. Pusz, S. Wolowiec. Solid compounds of Ce (III), Pr(III), Nd(III), and Sm(III) ions with 
chrysin. Journal of Thermal Analysis and Calorimetry, 2012, 110(2): 813-821. 

[16] J. Pusz, E. Woźnicka, S. Wołowiec, et al. New solid compounds of Tb (III), Ho(III), Er(III) and 

195



Yb(III) with chrysin. Journal of Thermal Analysis and Calorimetry, 2009, 97(3): 987-992. 

196


	1.  Introduction
	2. Experiment
	3. Results and discussion
	4. Conclusion
	Acknowledgments
	References



