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Abstract
C20H19NO3, orthorhombic, P212121 (no. 19), a = 8.2965(7) Å,
b = 12.5111(11) Å, c = 16.2899(15) Å, V = 1,690.9(3) Å3, Z = 4,
Rgt(F ) = 0.0582, wRref (F 2) = 0.1257, T = 298.8(6) K.

CCDC no.: 2394920

Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters (Figure 1).

1 Source of material

The title compound, 7-(diethylamino)-3-(benzoyl)-2H-
chromen-2-one was synthesized according to the literature
methodology with slight modification.5,6 Ethanol was selected
as the solvent for the condensation between 4-dieth-
ylaminosalicylaldehyde and ethyl benzoylacetate. The syn-
thetic efficiency is dependend on the reaction temperature. In
a 100mL round bottom flask, 4-diethylaminosalicylaldehyde
(580mg, 3 mmol) and ethyl benzoylacetate (635mg, 3.3 mmol)
were mixed with 50mL anhydrous ethanol. Subsequently,
piperidine (0.02 mmol) was added and the reaction mixture
was refluxed for about 1 h. The reaction was monitored
with the methodology of thin layer chromatography (TLC).
Once one of the starting 4-diethylaminosalicylaldehyde
disappeared completely on the TLC plate, the reaction was
quenched by adding distilled water 20mL. The obtained
mixture was extracted with dichloromethane (30mL × 3) and
washed with distilled water (30mL × 3). Then, the organic
phase was dried over MgSO4. The volatile components was
evaporated on the rotary evaporating equipment. The residue
was purified by column chromatography on silica gel
(dichloromethane/ethyl acetate). The crystal cultivation was

carried in saturated ethanol solution into a NMR tube. After
slow evaporation, suitable crystal was selected for X-ray
diffraction and data was collected.

2 Experimental details

Hydrogen atoms attached to C atoms were placed geomet-
rically and refined using a ridingmodel approximation, with
d(C–H) = 0.93 Å, 0.97 Å, or 0.96 Å (–CH, –CH2, –CH3).
Uiso(H) = 1.2 Ueq(C) for CH or Uiso(H) = 1.5 Ueq(C) for CH3 and
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CH2 groups.3 One of the ethyl groups attached to nitrogen
atom is positionally disordered and rotates around the ni-
trogen atom. Therefore, it was split to parts with 53 and 47 %,
separately. SADI command was used to refine with identical
bond length. The anisotropic refinement of C13 was
restricted by ISOR command due to its larger thermal
ellipsoids.

3 Comment

7-(Diethylamino)-3-(benzoyl)-2H-chromen-2-one is attractive
due to coumarin-containing configuration and strong fluo-
rescencing character. Therefore, many fluorescent probes,
bio-markers, solar cells, etc. were developed based on the
coumarin core structure.7–11 The title compoundwith a build
in electron donor (diethylamino) and electron acceptor
(carbonyl) configured the strong intramolecular electron
push-pull system. Together with the specifically π system of
coumarin, an easily modifiable fluorescence emission could
be developed. Based on this strategy, the fluorescence
emissionmaximum can be shifted to longer wavelength (red
region).12,13 Bright emitting devices were fabricated by
doping fluorescent derivatives.

In the title crystal structure, the asymmetric unit con-
tains onemolecule. Both the bond lengths and the angles are
in the expected ranges. The core coumarin part is coplanar
with the root mean square error (RMSD) in distance esti-
mated to be 0.020 Å. Other groups, ethyl, carbonyl, and
benzene, are twisted out of the plane of coumarin. The dis-
tance of C2–C14 is determined to be 1.482(5) Å and shorter
than that of the saturated carbons. However, the carbonyl is
not coplanar with the coumarin and therefore the two parts
are not conjugated. Vice versa, the distance of N1–C7 is
estimated to be 1.351(5) Å, which is shorter than the distance
of N1–C10 (1.453 Å) andN1–C12 (1.500 Å). It demonstrates that

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

Atom x y z Uiso*/Ueq

O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
Ca . () . () . () . ()
HAa . . . .*
HBa

. . . .*
Cb . () . () . () . ()
HAb . . . .*
HBb

. . . .*
HCb . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () −. () . ()
H . . −. .*
C . () . () −. () . ()
H . . −. .*
C . () . () −. () . ()
H . . −. .*
C . () . () −. () . ()

Table : Data collection and handling.

Crystal: Yellow block
Size: . × . × .mm
Wavelength: Mo Kα radiation (. Å)
μ: .mm−

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

Programs: CrysAlisPRO, Olex, SHELX,

Table : (continued)

Atom x y z Uiso*/Ueq

H . . −. .*
C . () . () . () . ()
H . . . .*
CAc . () . () . () . ()
HCc . . . .*
HDc

. . . .*
CAd . () . () . () . ()
HDd

. . . .*
HEd . . . .*
HFd . . . .*

aOccupancy: .(), boccupancy: ., coccupancy: .(), doccupancy:
..
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the N1 conjugated with the coumarin framework, which can
effectively donate the electron toward the coumarin moiety.
Therefore, the donor (NEt2) and carbonyl group generates a
strong intramolecular “push-pull” effect. Based on this
“push-pull” electronic effect, the emission performance
could be modified effectively.14–18 Additionally, the amino
structure (N1/C7/C10/C12 or N1/C7/C10/C12A) does not
construct the ideal trigonal pyramid geometry but compla-
nar with the RMSD in distance 0.053 Å for N1/C7/C10/C12 and
0.093 Å for N1/C7/C10/C12A, respectively. It indicates that
there exists the electron donation character of N1 in some
degree. The adjacent parallel molecules are fixed by the
C–H⋯π interactions. The hydrogen atoms (H13A/H13B/H13F,
H16, and H8/H9) are located directly above the benzene
ring (C4/C5/C6/C7/C8/C9 and C15/C16/C17/C18/C19/C20). The
H⋯centroid distance ranges from 2.97 to 3.95 Å, which is
well inside the interval classified to 2.65 to 4.0 Å.19 The C–H
bonds point to the ring carbon rings center and corresponds
to a type III, VI, and V geometry. Besides the C–H⋯π in-
teractions mentioned above, typical C–H⋯O interactions
also found in the adjacent nonparallel molecules. The dis-
tances of C⋯O distances are 3.260–3.396 Å (C12⋯O1 and
C13⋯O3), which is well inside the interval of 3.0–4.0 Å
quoted byDesiraju.20 The angles between C12–H12B⋯O1 and
C13–H13A⋯O3 are 153.3 and 130.8°, which is also in agree-
ment with the above mentioned survey.20,21 The hydrogen
bond investigation is beneficial to analyse the solid emission
behavior of fluorescent dye molecules.22–25 The introduction
of oxygen atoms is the key factor for the configuration of
inter- or intra-molecular hydrogen bonds. The excited state
of dye molecules is highly dependend on the intermolecular
interactions, which determines the ration between radiative
and nonradiative channels.26 When there exist highly
stronger intramolecular interactions, the significant fluo-
rescence quench will not be avoided.27–30

The crystal lattices were mainly stabilized by the
hydrogen bonds and C–H⋯π interactions. Only two hydro-
gens (H12B and H13A) were involved in the establishment of
hydrogen bonds, which jointed the adjacent molecules side
by side. It should be noted that there are no π⋯π interactions
established in the crystal lattice. Both the hydrogen bonds
and C–H⋯π interactions analyzed above are weak intra-
molecular interactions, which facilitate the emission per-
formance in solid state.31 Without the establishment of π⋯π
interaction, parallel-displaced conformation also was not
observed, whichmay lead to regular tight packingmodel and
quench the fluorescence emission.32–36 The non-radiative
channel can be enhanced owing to the regular parallel
packing model.37,38 To the crystal of 7-(diethylamino)-3-
(benzoyl)-2H-chromen-2-one, the weak interaction, together
with the intramolecular electron “push-pull” effect, leads to

the character of strong emission.39–41 In conclusion, the
molecules are staggered layer by layer along the axis b, and
H⋯O contact joints the layers. Both the bond lengths and the
angles are in the expected ranges.42–44
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