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Crystal structure and biological activity of tetra-tosyl derivative of quercetin

Abstract: At present time one of the great interest is represented on the biologic activities of
quercetin a polyphenol relating to the class of flavonoids, natural products generally known for their
beneficial actions on health. With the aim of obtaining new derivatives of quercetin which would
possess a potential of showing valuable biological activity, 5-hydroxy-3,3’,4’,7-tetratosyl flavone was
synthesized by base catalyzed etherification of the starting material with 4-toluenesulfonyl chloride
(TsCl). The chemical structure of the derived molecule was established by X-ray crystallographic
analysis. The 'H and '3 C NMR spectra of this compound were interpreted using 2D NMR spec-
troscopy. The new synthesized compound was tested for cytotoxic and antiradical activities and its
other possible pharmacological properties were predicted using PASS software.

Keywords: quercetin, 5-hydroxy-3,3’,4’, 7-tetratosyl flavone, X-ray crystallographic analysis, IR—
, NMR spectroscopy, cytotoxic activity, DPPH, PASS.

Introduction. Quercetin (3,3’,4’,5,7-pentahydroxyflavone) 1 is a bioflavonoid, which is widely
distributed in foods such as vegetables, fruit, tea and wine, as well as in numerous food additives
and has a beneficial effect on human health [1]. Molecule 1 is an interesting compound for biological
targets as it is one of the most powerful antioxidants among polyphenols [2-4]. Quercetin 1 has
also demonstrated other pharmacological activities such as antiviral, antibacterial, anticancer and
anti-inflammatory effects |2, 5, 6].

We took interest in searching for new derivatives of flavonoid quercetin 1 with novel pharmaco-
logical activities. The present work describes the crystallographic data of a tetratosyl derivative of
quercetin 2, synthesis of which was carried out via interaction of quercetin 1 with 4-toluenesulfonyl
chloride in the ratio of 1:7 equivalents, respectively, and in the presence of Ko CO 3 as a catalyst
(Scheme 1). It is worth noting, that tosyl group might be easily replaced by other nucleophiles which
will contribute to the further transformation of molecule for discovering novel bioactivities.

T=Cl, K;C0;
DMF, rt, 450

1 2
Scheme 1. — Synthetic route towards quercetin tetratosylate 2
28
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Experimental section.

Materials and measurements. All reagents were used as obtained from their respective suppliers
without further purification, except quercetin 1, which was separated from rutin using gel chro-
matography on Sephadex LH-20. The purity of the compounds and course of the reaction were
monitored using thin layer chromatography on silica gel 60 F 954, with ethyl acetate and hexane
mixture as mobile phase. TLC plates were visualized under UV and using saturated solution of
FeCl 3. The melting point was determined on SRS OptiMelt apparatus. IR spectrum was recorded
on Cary 600 FT IR spectrometer and the values are expressed in cm ~'. 'H and ' C NMR spec-
tra were recorded on Avance III 500MHz Bruker spectrometer (Germany) operating in CDCl3 at
500.13 MHz and 125.76 MHz, respectively. Chemical shifts are reported in 6 ppm referenced to
TMS and the following programs were used to measure 2D dimensional spectra: COSY !'H-!H,
HMBC, HSQC, Dept.

Procedure for the synthesis of compound 2,5-hydroxy-3,3°,4°, 7-tetratosyl flavone. A mixture of
quercetin 1 (150 mg, 0.5 mmol), 4-toluenesulfonyl chloride (662.3 mg, 3.5 mmol) and K4 CO 3
(1371.8 mg, 10 mmol) in DMF (10 mL) was stirred at room temperature for 4.5 h. After disappear-
ing of starting material (monitored by means of TLC) the reaction was stopped and the catalyst
was filtered off. The filtrate was concentrated in vacuo and the obtained residue was dissolved in
ethyl acetate (25 mL). The organic layer was washed thoroughly with water, brine and dried over
Na 9 SO 4. The concentration of organic layer in vacuo followed by silica gel chromatographic purifi-
cation of the resulting residue using 30% ethyl acetate /hexane as an eluent afforded pure product 2
as a pale yellow crystal: mp 191.5 ° C. Yield: 60 mg, 13%.

IR: 1615, 1367, 1167, 1084, 992, 931, 813, 755, 664, 543 cm ~1.

LH NMR (500.13 MHz, CDCl3): 6 2.15 (3H, s, H-711), 2.43 (3H, s, H-711), 2.46 (6H, s, H-71V
and H-7V"), 6.40 (1H, d, H-6), 6.82 (1H, s, H-8), 7.24-7.39 (1H, d, H-27), 7.64-7.84 (1H, dd, H-57),
7.64-7.84 (1H, dd, H-67), 7.24-7.84 (16H, m) 12.00 (1H, s, OH-5).

13C NMR (125.76 MHz, CDCl3): § 21.70 (C-7V), 21.77 (C-71V"), 30.85 (C-7111), 31.57 (C-
711),101.78 (C-8), 106.22 (C-6), 109.59 (C-10), 124.38 (C-57), 124.90 (C-6 1), 128.24-128.62 (C-21 |
c-21 cell c2M celll Cc11V, c2V! c6V! Cc2V,C6"), 12832 (C-11), 12851 (C-
3), 129.84-130.37 (C-3 111 ¢-511 ¢3!V c-51V C-1V,C-3V,C-5Y), 130.37 (C-111), 131.79
(C-1111), 132.09 (C-311 ) C-511), 133.08 (C-31), 141.45 (C-41), 143.98 (C-417), 146.11-146.24
(C-4 11 C41V C-4V), 155.03 (C-9), 155.44 (C-7), 157.45 (C-5), 161.84 (C-2), 176.63 (C-4).

X-ray crystallographic analysis. A suitable crystal was selected and mounted on a nylon loop on a
Rigaku Oxford Diffraction Supernova Dual Source (Cu at zero) diffractometer equipped with an Atlas
CCD detector using w scans and CuKa (1 = 1.54184 A) radiation. The crystal was kept at 293.15 K
during data collection. The images were interpreted and integrated with the program CrysAlisPro
[Rigaku Oxford Diffraction (2015). Yarnton, England|. Using Olex2 [7], the structure was solved
with the ShelXS [8] structure solution program using direct methods and refined with the ShelXL [9]
refinement package using full-matrix least-squares minimization on F2. Non-hydrogen atoms were
anisotropically refined and the hydrogen atoms in the riding mode and isotropic temperature factors
fixed at 1.2 times U(eq) of the parent atoms (1.5 times for methyl and hydroxyl groups).

Cristal data for compound 2: C43H34015S4, M = 918.94 g/mol, triclinic, space group P-1 (No.
2), a = 11.6965(3) A, b = 13.4708(3) A, ¢ = 15.8046(4) A, o = 109.158(2)°, B = 102.688(2)°,
v = 107.284(2)°, V = 2114.61(10) A3, Z =2, T = 293.15 K, 1 (CuKa) = 2.679mm ', D cure
= 1.443 g/cm?, 40098 reflections measured (6.288° < 20 < 150.612°), 8571 unique (R =
0.0514, R sigma = 0.0287) which were used in all calculations. The final R was 0.0606 (I > 20 (I))
and wR o was 0.1873 (all data).

Results and discussion. The IR spectrum of compound 2 in comparison with IR spectrum of
quercetin 1 presents only one distinguishable region — the low energy band ranging from 1700 to 540
cm !, and shows disappearance of peaks respective to OH stretching vibration of phenols. There
are a series of absorption peaks is observed, including v (C=0) at 1615 cm ~!, v (-SO 5-O-) at 1367
em ' v (C-O-C) at 1167 cm ~! and v (C-H bending) at 1084, 992, 931, 813, 755, 664 cm ~!.
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In the ' H NMR spectrum of the synthesized compound 2 the OH hydrogen atom appears as
singlet at 12.00 ppm due to hydrogen bond between carbonyl group. The signals of & = 6.40 ppm,
6.82 ppm, 7.24-7.39 ppm, 7.64-7.84 ppm are from phenyl rings hydrogen atoms. The peaks at § =2.15
ppm, 2.43 ppm and 2.46 ppm are attributed to twelve ~CH 35— hydrogen atoms. Disappearance of
signals in the range from 9 ppm to 11 ppm provides us with right to affirm that four OH-groups,
which are located in this band of quercetin 11 H NMR spectra, were substituted by tosyl-groups.

In the '3 C NMR spectrum the CH 3-groups have the chemical shifts at 21.70, 21.77, 30.85 and
31.57 ppm, respectively. A signal at 176.63 ppm applies to carbonyl atom (C=O). The remaining
signals in the region from 101.78 to 161.84 correspond to the atoms of C(2), C(3) and benzene rings.

Ficure 1 — X-ray structure of the compound 2

The single crystal X-ray analysis confirms crystallization of compound 2 in the triclinic P-1 space
group. As shown in Fig. 1 the bulky substitutes due to their steric effects are located on the most
remote distances from each other: two tosyl-groups attached to C(27) and C(28) positions are settled
in opposite spaces of the almost perpendicular to them ring B. Selected bond lengths and angles of
the compound 2 listed in Table 1. The average S—O and S—C bond lengths are 1.614 A and 1.750,
respectively. In comparison with C-OH bond which length constitutes 1.347 jl, the value of the
bond lengths C—-OS are higher and within 1.390-1.401 A.

TaBLE 1 — Selected Bond Lengths (E) and Bond Angels (deg)

Lengths Angles

S(1)-0(4) 1.601(2) O(4)-S(1)-C(10) 103.88(13)
S(2)-0(7) 1.6235(17) | O(7)-S(2)-C(17) 98.89(10)
S(3)-0(10) 1.612(2) 0(10)-S(3)—-C(30) 103.86(10)
S(4)-0(37) 1.6209(19) | O(13)-S(4)-C(37) 103.65(12)
S(1)-C(10) 1.749(4) C(6)-0O(4)-S(1) 121.73(18)
S(2)-C(17) 1.746(2) C(1)-0O(7)-S(2) 117.78(14)
S(3)-C(30) 1.753(3) C(28)-0O(10)-S(3) 117.87(14)
S(4)-C(37) 1.752(3) C(27)-0O(13)-S(4) 119.30(16)
0O(3)-C(4) 1.347(4)

O(4)-C(6) 1.400(3)

O(7)-C(1) 1.390(3)

0(10)-C(28) 1.401(3)

O(13)-C(27) 1.393(3)
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CCDC 1835298 contains the supplementary crystallographic data for this paper and can be ob-
tained free of charge via www.ccde.cam.ac.uk/const /retrieving.html (or from the Cambridge Crys-
tallographic Data Center, 12, Union Road, Cambridge CB2 1EZ, UK; fax: +44-1223-336033; or
deposit@cedc.cam.ac.uk).

In order to study the biological activity of synthesized compound 2 we carried out tests to deter-
mine the cytotoxic and antioxidant activities.

Assessment of the cytotoxic activity was carried out by a known method, brine shrimp (Artemia
salina) lethality bioassay [10]. On the bases of the conducted experiment it was established that the
compound 2 in the all tested concentrations does not exhibit cytotoxicity.

Antioxidant activity screening by DPPH assay [11| showed that compound 2 has a low antioxidant
activity, proving responsibility of OH-groups for antioxidant activity of quercetin 1.

Basing on chemical structure of the synthesized tetratosyl derivative of quercetin 2 we predicted
its general biological potential via PASS software. The list of possible bioactivities of compound 2
is given in Table 2.

TABLE 2 — Predicted biological activity of the compound 2

P.* P* Activity

0,968 0,001 Hemostatic

0,910 0,004 Chlordecone reductase inhibitor
0,887 0,004 Membrane permeability inhibitor
0,875 0,003 Peroxidase inhibitor

0,872 0,004 Kinase inhibitor

0,847 0,002 MAO A inhibitor

0,855 0,023 Membrane integrity agonist

0,834 0,010 HIF1A expression inhibitor

0,773 0,004 P-benzoquinone reductase (NADPH) inhibitor
0,774 0,006 Vasoprotector

0,779 0,014 Anaphylatoxin receptor antagonist
0,758 0,004 MAP kinase stimulant

0,758 0,005 Histidine kinase inhibitor

0,746 0,002 15-Lipoxygenase inhibitor

P, - probability "to be active"
P; - probability "to be inactive"

In conclusion, the synthesis of the new quercetin derivative was accomplished by replacing pro-
tons of hydroxyl groups in 3, 7, 3’ and 4’ positions with tosyl groups in the presence of potassium
carbonate as a strong base. The structure of the obtained product was proved with X-ray crystallo-
graphic analysis and complemented with IR, ' H, ' C and 2D NMR methods. When assessing the
cytotoxic activity of the compound 2, its toxicity to the larvae of Artemia salina was not revealed.
Using DPPH method - ability to capture free radicals, lower activity was determined for compound
2 in comparison with standard substance - butylhydroxyanisole.
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