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Abstract: 6-Chloro-2-(furan-2-yl)-4-oxo-4H-chromen-3-yl acetate consist of acetylated 2-furan 
substituted chromene molecule was prepared. The single crystal of compound was obtained by the 
slow evaporation technique. Thermal studies were carried out by thermogravimetric (TGA) and 
differential calorimetric analysis (DSC). The crystal structure was obtained by single crystal x-ray 
diffraction which crystallizes in the monoclinic space group P21/n with cell parameter a= 5.0656(3) 
Å, b= 4.4661(10) Å, c= 18.4123(14) Å and Z = 4. 

Keywords: Single crystal-hydrogen bonding, Intermolecular packing, Thermal study, Chromene 

Introduction 

Chromones constitute one of the major class of naturally occurring compounds whose 
carbon skeleton is widely distributed throughout plant kingdom and it exist in wide range of 
structural and biological diversity and also as flavonoids (2-phenyl chromone derivatives)1,2. 
Flavonoids are well known for their antioxidant properties which protect organism from 
oxidative stress by destroying reactive species that would otherwise destroy cell3,4.  

 Foods containing flavonoids lower the risk of cancer, heart disease and rheumatoid arthritis5. 
Flavonoids are also recognized moiety for antifungal, cytotoxic, neuroprotective and HIV-
inhibitory antimicrobial and antifungal properties6-13. The synthesis, spectral study and biological 
activity significance for flavone molecule 6-chloro-2-(furan-2-yl)-4-oxo-4H-chromen-3-yl 
acetate was reported14-16. In this work, we report the crystallographic studies to have more insight 
view of molecular structure and physical property of title compound. Additionally, UV-Visible 
and thermal studies of furan substituted acetyl chromene were carried out. 
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Experimental  

0.5 g of 6-chloro-2-(furan-2-yl)-4-oxo-4H-chromen-3-yl acetate was dissolved in chloroform: 
ethanol mixture (25:50 mL) in 200 mL beaker. The beaker was wrapped with aluminum foil and 
small holes were made in order to evaporate the solvent. The beaker was kept for 18 hours at 
room temperature. Crystals appeared on walls of beaker were carefully collected and analyzed 
under microscope. The crystals with uniform dimension were sending for single crystal analysis. 

Method and materials  

All the chemicals and solvents were obtained from Merck (LR grade) and were used without 
further purification. UV-Visible spectra was recorded on Perkin Elmer lambda 35 instruments 
and scanned over entire region of 200-800 nm and the data processed with UV Win Lab 
software. DSC thermogram was recorded on a Q-100 instrument (TA Instrument, New Castle, 
USA). Sample weighing 2-3 mg was heated in crimped aluminium pan with pierced lead from 
30 to 210 °C at a rate of 10 °C/min. Nitrogen was used as purging gas under ambient flow rate. 

 The mass loss of the sample as a function of temperature was determined using a TGA 
Q-500 instrument (TA Instruments, New Castle, USA). The sample was placed in open 
platinum crucible and heated at the rate of 25 °C/min in the range of 30-300 °C under a 
nitrogen purge (20 mL/min). The DSC and TGA data was processed using universal analysis 
2000 software (version 4.3 A). 

 Single crystal data were collected on an oxford Xcalibur Mova diffractometer17 
equipped with Eos CCD detector utilizing MoKα radiation (λ = 0.71073 Å). The structure 
was solved by direct methods and refined with full matrix least-squares technique by using 
ShelX18. All non-hydrogen atoms were refined anisotropically whereas the positions were 
geometrically fixed and refined isotropically for all the hydrogen atoms. All calculations 
were performed using PLATON19 in the WinGX software package20. 

Results and Discussion 

The compound 6-chloro-2-(furan-2-yl)-4-oxo-4H-chromen-3-yl acetate crystallizes in a 
monoclinic system, space group P21/n with Z=4. The crystallographic and refinement details 
are given in Table 1. The molecule of 6-chloro-2-(furan-2-yl)-4-oxo-4H-chromen-3-yl 
acetate adopts a nearly planar conformation as shown in Figure 1. Intermolecular packing is 
mainly guided through various C−H⋅⋅⋅O hydrogen bonds (Figure 2 and Table 2). Type-I 
Cl⋅⋅⋅Cl contacts21{d(Cl⋅⋅⋅Cl)= 3.42 Å)}observed across the centre of inversion as shown in 
Figure 2 is a noteworthy aspect of the crystal packing. Additionally, the π⋅⋅⋅π [d(Cg1⋅⋅⋅Cg2) 
=3.8950(16) Å and d(Cg2⋅⋅⋅Cg3)=3.6724(13) Å] and C−Cl⋅⋅⋅π [d(Cl⋅⋅⋅Cg3) =3.6697(13) Å] 
interactions further interconnect the molecules generating a three-dimensional network. [The 
ring centroid are defined as Cg1: O(3)-C(10)-C(11)-C(12)-C(13); Cg2: O(1)-C(1)-C(2)-
C(3)-C(4)-C(9) and Cg3: C(4)-C(5)-C(6)-C(7)-C(8)-C(9)]. 

UV-Visible study 

Band at 203.19 and 253.25 are characteristic peak of furan while 256.17 nm is overlapped 
band of benzenoid and heteroaromatic furan moiety (Figure 3). The broad and intense band 
at 361.65 nm corresponds to π-π* transition of enone which on acetylation causes 
hypsochromic effect in title compound due to its electron withdrawing effect causes λmax 

shifts to 328 nm. The spectra also resemble the spectrum of flavonoids predicted through 
semi empirical and ab initio method. Both the compounds are transparent to visible region. 
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Table 1. Crystal data and structure refinement 

Crystal Data 
Formula C15H9ClO5 

Formula weight 304.67 
Color Colorless 

Crystal morphology Block 
Temperature/K 295(1) 

Radiation Mo Kα 
Wavelength/Å 0.71073 
Crystal system Monoclinic 

Crystal dimension, mm 0.30×0.20×0.20 
Space group P21/n 

a (Å) 5.0656(3) 
b (Å) 14.4661(10) 
c (Å) 18.4123(14) 
β  (°) 93.376(7) 

Volume (Å3) 1346.89(5) 
Z 4 

Index range -6 ≤ h ≤6,-17≤ k ≤17,-22≤ l ≤22 

Absorption correction (multi-scan) Tmin = 0.9147, Tmax=0.9420 
Density, g/mL 1.50 

µ, 1/mm 0.302 
F (000) 623.9 

θ (min, max) 2.6, 26.0 
No. Unique Refln 2644 

reflection with I > 2σ(I) 1428 
R int 0.046 

No. of parameters 191 
R_obs, wR2_obs 0.046, 0.108 

∆ρmin, ∆ρmax (eÅ-3) -0.269, 0.237 
Goodness of fit on F2

 0.898 

CCDC No 846821 

 
Figure 1. ORTEP diagram of 6-chloro-2-(furan-2-yl)-4-oxo-4H-chromen-3-yl acetate drawn 
at 50% ellipsoidal probability. Hydrogen atoms are omitted for clarity 
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Figure 2. Packing diagram of 6-chloro-2-(furan-2-yl)-4-oxo-4H-chromen-3-yl acetate 
viewed down the a-axis, type-I Cl⋅⋅⋅Cl contact and C−H⋅⋅⋅O intermolecular hydrogen bonds 
are shown by the dotted lines 

Table 2. Intermolecular hydrogen bonds in 6-chloro-2-(furan-2-yl)-4-oxo-4H-chromen-3-yl 
acetate 

 
Figure 3. UV spectra of  (a)  6-chloro-2-(furan-2-yl)-3-hydroxy-4H –chrome-4-one and 
(b) 6-chloro-2-(furan-2-yl)-4-oxo-4H-chromen-3-yl acetate     

D–H…A r(D–H)/Å r(D–A)/Å r(H···A)/Å ∠ D– H…A /º Symmetry 
C8−H8⋅⋅⋅O5     0.93     3.240(4)           2.401(2)           150.0(1) -x-1/2,+y+1/2,-z+1/2 
C11−H11⋅⋅⋅O5     0.93      3.770(4)           2.959(2)           146.5(1) x+1,+y,+z 
C15−H15B⋅⋅⋅O5    0.96      3.324(4)           2.570(2)           135.5(2) x+1,+y,+z 
C15−H15A⋅⋅⋅O2    0.96      3.396(4)   2.518(2) 152.0(2) -x,-y,-z+1 
C15−H15C⋅⋅⋅O3    0.96      3.503(4)           2.716(2)           139.5(2) -x+1/2,+y-1/2,-z+1/2 
C13−H13⋅⋅⋅O2 0.93      3.500(4)           2.617(2)           158.7(2) x+1/2,-y+1/2,+z-1/2 
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Figure 4. TGA-DSC of 6-chloro-2-(furan-2-yl)-4-oxo-4H-chromen-3-yl acetate 

Thermal behavior (DSC and TGA) 

TGA-DSC graph shown in Figure 4 represents thermogravimetric analyses of 6-chloro-2-
(furan-2-yl)-4-oxo-4H-chromen-3-yl acetate under N2. Molecule is stable up to 137 °C and 
undergoes decomposition on further heating; the event shows a weight loss of 100% in the 
temperature range of 137-299 °C. 

Conclusion 

Crystallographic study of 6-chloro-2-(furan-2-yl)-4-oxo-4H-chromen-3-yl gave deep insight 
to the intermolecular and intramolecular interactions within the molecule, which is helpful in 
determination of stability of molecule. Moreover, type-I Cl⋅⋅⋅Cl weaker interaction in 
molecule was identified which will be helpful to study pharmacodynamic properties of 
biological active molecules in future. 
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Supplementary data 

Crystallographic data for the structure reported in this work including anisotropic 
displacement parameters, full bond lengths, bond angles and dihedral angles have been 
deposited with the Cambridge Crystallographic Data Center with CCDC No 846821. 
Available free of charge via www.ccdc.cam.ac.uk/data_request/cif or by contacting The 
Cambridge Crystallographic Data 
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