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Abstract
C21H18O6, triclinic, P1 (no. 2), a = 7.2187(4) Å, b = 9.3833(7) Å,
c = 13.6874(13) Å, α = 85.933(7)°, β = 81.991(7)°, γ = 69.983(7)°,
V = 862.35(12) Å3, Z = 2, Rgt(F ) = 0.0418, wRref(F 2) = 0.1233,
T = 295(2) K.

CCDC no.: 2406363

The crystal structure of (E )-3-((E )-3-(4-ethoxy-3-
methoxyphenyl)-1-hydroxyallylidene) chroman-2,4-dione is
presented in the Figure. Table 1 provides the crystallographic
data, while Table 2 lists the atoms along with their atomic
coordinates and displacement parameters.

1 Source of material

The synthesis was performed in two reaction steps. First,
3-acetyl-4-hydroxycoumarin was obtained through the
acetylation of 4-hydroxycoumarin, following a previously
published method.5 The final product was synthesized by
condensing 3-acetyl-4-hydroxycoumarin and 4-ethoxy-3-
methoxybenzaldehyde. The reaction was conducted in
chloroform with a catalytic amount of piperidine. The
resulting product was purified using silica gel column
chromatography with a hexane/ethyl acetate solvent system
(1.5:1, v/v) and dissolved in acetone. Crystals were formed by
slow evaporation of the solvent.

2 Experimental details

All hydrogen atoms bonded to carbon were refined in
idealized positions using the ridingmodel, withUiso = nUeq (n
= 1.5 for methyl groups and n = 1.2 for other hydrogen atoms)
while the hydrogen atom associated with O4 was refined
freely.

Table : Data collection and handling.

Crystal: Orange prism
Size: . × . × .mm
Wavelength: Cu Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: Gemini S (Oxford Diffraction), ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, ,, .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), ,
N(param)refined: 

Programs: CRYSALISPRO, SHELX,, PLATON
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3 Comment

Naturally and synthetically derived hybrid molecules inte-
grate two or more pharmacophoric units into onemolecular
scaffold. These structures are promising candidates for

developing therapeutic agents due to their ability to exhibit
diverse modes of action.6 Coumarins and chalcones are two
important classes of natural products recognized for their
wide range of pharmacological activities.7–13 These com-
pounds are excellent building blocks for synthesizing the
coumarin–chalcone hybrid scaffolds, which may serve as
potent bioactive agents.14 4-Hydroxycoumarin occurs as the
structural core of many natural products. At the same time, its
chemical properties make it particularly interesting for chem-
ical transformations.15 The acetylation of 4-hydroxycoumarin
produces 3-acetyl-4-hydroxycoumarin, an excellent precursor
for synthesizing targeted coumarin–chalcone hybrids via
Claisen–Schmidt condensation with aromatic aldehydes. Here,
we report the crystal structure of one such compound.

The structure exhibits prototropic tautomerism,
where a hydrogen atommigrates from the hydroxyl group
O3 to the adjacent keto group O4. Similar behavior
has been previously reported in 3-(1-(2-(4-hydroxy-3,5-
dimethoxybenzylidene)hydrazinyl)ethylidene)chroman-
2,4-dione dihydrate,16 3-(1-(2-((5-methylthiophen-2-yl)
methylene)hydrazinyl)ethylidene)chroman-2,4-dione,17

and (Z )-3-(1-(2-((E )-4-isopropylbenzylidene)hydrazinyl)
ethylidene) chroman-2,4-dione,18 where the hydrogen
atom migrates from the hydroxyl group to a neighboring
nitrogen atom.

The electron delocalization is evident in the O3–C4–C3–
C9–O4 fragment, a feature characteristic of keto-enol
tautomerism, where two oxygen atoms are bridged by
resonance-assisted hydrogen bond. The formally double
C4–O3 bond and formally single C9–O4 bond exhibit com-
parable lengths (1.2804(18) and 1.2817(18) Å, respectively),
which are longer than typical C=O double bonds in cyclo-
hexanones (1.211 Å), and shorter than C–OH single bonds in
enols (1.333 Å).19 Furthermore, the C3–C4 bond (1.418(2) Å) is
shorter than typical Csp2–Csp2 single bonds (1.465 Å), while
the C3–C9 bond (1.4383(19) Å) is longer than the expected
Csp2=Csp2 double bond in enol tautomers (1.362 Å).19

Geometrical parameters of the O4–H4⋯O3 hydrogen bond
are as follows: d(D–H) = 1.05(3) Å, d(H⋯A) = 1.36(3) Å,
d(D⋯A) = 2.3995(14) Å, α(D–H⋯A) = 167(3)°.

Intermolecular interaction energies were calculated
using the CE-B3LYP model20 via CrystalExplorer21 revealing
that two strongest interactions occur between the reference
molecule and two neighbors stacked along crystallographic
axis a. The dimer comprising the reference molecule and
neighboring molecule, related by the symmetry operation
1 − x, 1 − y, 1 − z exhibits an interaction energy of Eint = −88
kJ mol−1, while the interaction with the neighboring mole-
cule described by the symmetry operation −x, 1 − y, 1 − z has
Eint = −86 kJ mol−1. Distances between mean molecular

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
H . () . () . () . ()*
O . () . () . () . ()
O . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C′ . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C′ . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
HC . −. . .*
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planes are approximately 3.4 Å, with the molecules stacking
in such a way that virtually all atoms are separated by
slightly more than their van der Waals contact distances.

Three rings are involved in stacking interactions
(Cg⋯Cg distance less than 4.5 Å): Ω(1) – O3–C4–C3–C9–O4–
H4; Ω(2) – O1–C2–C3–C4–C4′–C8′, and Ω(3) – C12–C13–C14–
C15–C16–C17. Dimer with strongest interaction involves Ω(1)
⋯Ω(4) stacking with parameters d(Cg1⋯Cg4) = 3.864(5) Å,
α = 1.9(4)°, and Ω(2)⋯Ω(4) stacking with
d(Cg1/Cg4) = 3.8768(9) Å, α = 4.72(7)°, where α is dihedral
angle between mean ring planes. In contrast, the second
strongest dimer interaction involves Ω(1)⋯Ω(4) stacking
with d(Cg1⋯Cg4) = 4.162(5) Å and α = 1.9(4)°.

These interactions form a columnar arrangement of
molecules, which constitutes the basic structural motif (BSM)
of the crystal structure.22 The interaction energies within the
BSMaccount for 57.4 %of the total interaction energieswithin
the first coordination sphere of the reference molecule.
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