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Abstract

This work involved the synthesis and structural characterisation of two O-acylated derivatives of
6-hydroxycoumarin (6-coumarinyl 4-chlorobenzoate and 6-coumarinyl 4-tert-butylbenzoate). The structure of the
synthesised product was confirmed by various spectroscopic techniques, notably infrared (IR) spectroscopy,
proton ("H) nuclear magnetic resonance (NMR), carbon-13 (*C) NMR, and mass spectrometry. The appearance
of new IR vibrational bands, attributed to the new bonds formed, and the good correlation between the proton (*H)
NMR and carbon-13 (**C) NMR results confirm this conclusion.

1. Introduction

Coumarins represent a large class of oxygen-containing heterocycles that have attracted the attention of
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many researchers. These biologically active compounds play a major role in our society, as they form the basis
of many active ingredients used in the pharmaceutical, cosmetics and perfumery industries [1-4]. Although
these compounds are of natural origin, they can be obtained by total synthesis or by semisynthesis [5].
6-Hydroxycoumarin, a hydroxylated derivative of coumarin, belongs to a family of these aromatic compounds
that are widely distributed throughout the plant kingdom [6]. It is the presence of the simple coumarin ring
(benzo-a-pyrone) that confers pharmacological and therapeutic interest on these compounds [7,8].
Functionalising this ring with various groups can significantly optimise its properties [9]. The aim of this work
is to synthesise and determine, by spectrometry, the structures of two esters derived from 6-hydroxycoumarin.

2. Experimental Section
2.1. Synthesis

2.1.1. Summary

6-Coumarinyl benzoates were synthesised from 6-hydroxycoumarin by acylation with an acyl chlorides in
the presence of triethylamine (TEA) in tetrahydrofuran (THF) [10].
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6-hydroxycoumarine Chlorure de benzoyle 4-tertiobutylbenzoate de 6-coumarinyle (1)

la: R=CI; 1b: R =t-Bu

Scheme 1. Synthesis of 6-coumarinyl benzoates (1).

2.1.2. Procedure

In a 100 mL round-bottomed flask fitted with a condenser and containing 30 mL of THF, add one mole of
benzoyl chloride and three moles of triethylamine. With stirring, add one mole of the substrate (6-
hydroxycoumarin). The reaction mixture is refluxed for four (4) hours [11]. The resulting solution is poured
into a separating funnel containing forty (40) mL of chloroform and then acidified with a 10% dilute
hydrochloric acid solution. The organic phase is separated and washed with distilled water until the pH becomes
neutral. This is then dried over CaCl.. After filtration, the solvent is removed using a rotary evaporator. This
yields crude 6-coumarinyl benzoate, which is subsequently recrystallised from a chloroform-hexane solvent
mixture (1:3, v/v).

2.1.3. Equipment and measurements

The melting point was determined in capillary tubes using a Stuart SMP 11 apparatus. The IR spectrum was
recorded on a Bruker IFS 66/S (FT-IR) spectrometer. The 'H and '*C NMR spectra were recorded on a Bruker
AVANCE DPX300 spectrometer operating at 300 MHz at 25 °C. The electrospray ionisation mass spectra
(ESI-MS) were acquired on a Thermo Finnigan LCQ Deca XP ion trap mass spectrometer.
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2.2. Characterisation

Scheme 2. Numbering of the compound’s structure (1).

2.2.1. 6-coumarinyl 4-chlorobenzoate (1a)

White solid; mp: 95-98 °C; Rdt: 80%; Ry: 0.62 (acetone/hexane: 4/6).

IR (cm™): 1750 (C=0 Ester); 1710 (C=0 lactone); 1450 (C=C benzene); 1250 (C-O aliphatique); 1099
(C-O lactone); 910-800 (C-H aromatique); 750 (C-Cl).

RMN BC (ppm): 167.2 (Cyy); 162.5 (Cs); 151.5(C); 148.5 (Co); 145.5 (Ca); 141 (Cys); 135 (Crsar): 130

RMN H (ppm): 8.1 (d, 2H, H13_17); 7.85 (d, 2H, H14_16); 7.68 (d, IH, H4), 7.59 (d, 1H, H7), 7.26 (S, 1H,
Hy): 7.12 (d, 1H, Hy); 6.32 (d, 1H, Hy).

2.2.2. 6-coumarinyl 4-tert-butylbenzoate (1b)
Pale yellow crystals; mp: 162-164 °C, Rdt: 84%; Ry: 0.57 (acetone/ hexane: 4/6).

IR (cm™): 1740 (C=0, ester); 1710 (C=0, lactone); 1460 (C=C, aromatique); 1190 (C-O, ester); 1050 (C-
O, lactone); 3098 and 1240 (C-H, aromatique); 2950 (C-H, CHj).

RMN BC (ppm): 162.5 (Cy1); 160.94 (Cs); 156.16 (Cys); 150.85 (Ce); 148.65 (Co); 131.52 (Cy); 129.64
30.65 (Cho).

RMN 'H (ppm): 8.79 (d, 2H, Hy5.7); 8.18 (d, 2H, Hyuye); 7.8 (d, 1H, Hy); 7.73 (d, 1H, Hy); 7.31 (s, 1H,
Hs): 7.21 (d, 1H, Hy); 6.46 (d, 1H, Hy); 1.34 (s, 9H, CHy).

ESI-MS: m/z 323.03 [M+H] " and m/z 666.93 [2M+Na] *.

2.2.3. Crystal structure determination (1b)

Chemical formula: CyoH;304; molar mass: 322.34; crystal description: prism, colourless; melting point (K):
435-437; crystal system: monoclinic; Hall symbol: -C2yc; space group: C2/c; temperature (K): 100;
diffractometer: Bruker D8 Venture; wavelength (A): A = 0.71073; unit cell dimensions: a = 35.908 (4) A, b =
6.8473 (6) A, ¢ = 13.2661 (11) A; B = 98.915 (4)°; Volume (A3): 3222.3 (5); Z = 8; radiation type: MoKo;
absorption coefficient (mm™): 0.09; density (mg.m™2): 1.329; F(000): 1360; crystal size (mm): 0.20 x 0.15 x
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0.08; 4940 measured reflections; 60054 independent reflections; Rint = 0.061; (sin 6/A)max (A™") = 0.716; R[F?
> 26(F?)] = 0.044; wR(F?) = 0.124; S = 1.11; H-atom treatment: all H-atom parameters refined; 289 parameters;
Ap max (e A2)=0.30; Ap min (e A2)=-0.27 [4].
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Figure 1. Crystal structure.

3. Discussion

The absorption bands of the C=O carbonyl group appear at 1750 cm™" with high intensity for the ester group
and at 1710 cm™ for the lactone group with relatively high intensity [12,13]. The absorption bands between
910-800 cm™ correspond to the vibrational bands of the aromatic C—H bonds [14]. Similarly, the stretching
bands of the aliphatic C—O bond are observed at 1250 cm™ with high intensity [5,15]. As for the bands
appearing between 1600-1450 cm™, these correspond to the stretching vibrations of the aromatic C=C bonds
[16]. We observe the presence of a characteristic mid-infrared band of the Cl substituent located in the para
position of the phenyl ring (1a). This is the C—CI band at 750 cm™ [17,18]. The band observed at 2950 cm™ is
attributable to the stretching of the C—H bond of the tert-butyl group (1b).

The nuclear magnetic resonance spectrum shows most of the expected signals. The signals at 162 and 160
ppm correspond to carbonyls (C,_;;). The peaks between 145 and 115 ppm correspond to aromatic carbons,
with multiple signals for the two benzene rings. At 126.5 ppm there is a C,, carbon; equivalent C;3_1; and Ci4_
carbons have chemical shifts of approximately 135 and 130 ppm, respectively. The chemical shift at 141 ppm
is attributable to the carbon bearing the chlorine atom (CI-C) (1a). The most shielded carbons (aliphatic
carbons) generally appear at chemical shifts between 8.69 and 55.57 ppm [2]. In the spectrum of compound
(1b), the signal observed at 30.65 ppm is attributed to the tert-butyl group, consistent with its saturated aliphatic
nature. The 'H NMR spectra of the compounds show the expected number of signals. The aliphatic protons
appear at chemical shifts between 1.21 and 2.36 ppm [19]. The signal at 1.34 ppm is a 9H singlet corresponding
to the tert-butyl group. The other protons are aromatic and resonate between 6 and 9 ppm, with the expected
multiplicities.

Mass spectrometric analysis of the sample using positive-mode electrospray ionisation revealed the
presence, in solution, of a compound with a molecular mass of 322 g/mol and the molecular formula Cz0HisOa.
Consequently, this could be the compound 6-coumarinyl 4-tert-butylbenzoate.

4. Conclusion

We synthesised 6-coumarinyl 4-tert-butylbenzoate and 6-coumarinyl 4-chlorobenzoate. We obtained the

compounds with an average yield of 80%. We were able to confirm their structure using complementary
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spectroscopic methods; the good resolution of the spectra attests to the purity of the products. The infrared
spectra enabled us to identify the functional groups. Through the proton and carbon-13 NMR spectra, we
highlighted the expected chemical shifts and signal multiplicities. The ESI-MS spectrum of compound 1b
yielded a molecular mass of 322 g/mol, corresponding to the theoretical mass calculated from the molecular
formula CyH304. X-ray diffraction enabled us to determine the crystal structure of compound 1b. 6-
Hydroxycoumarin derivatives present themselves as potential candidates for the development of new bioactive
molecules, particularly in the pharmaceutical and cosmetic sectors. Further studies, particularly on their
biological properties, as well as in vivo and mechanistic investigations, will be necessary to better understand
their modes of action and confirm their therapeutic potential.
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