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Abstract
C22H22N2O9, monoclinic, P21/c (no. 14), a = 7.7374(3) Å,
b = 29.1082(11) Å, c = 8.7595(3) Å, β = 96.853(3)∘, V = 1958.74(13)
Å3, Z = 4, Rgt(F ) = 0.0520, wRref (F 2) = 0.1501, T = 100 K.

CCDC no.: 2302388

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

1 Source of materials

All reagents and chemicals were purchased from com-
mercial sources and used without further purification. A

mixture of 7-hydroxy-3-(4-hydroxyphenyl)-4H-chromen-
4-one (0.013 g), sodium nitrite (0.035 g), 6 mol/L nitric acid
(1.0mL) and water (10mL) was sealed in a 20mL vial and
stood for 10min. The mixture was sonicated for 1 min. The
mixturewas heated at 363 K for 24 h. Themixturewasfiltered
and the residue was washed with water. The residue was
dried at 353 K. 7-hydroxy-3-(4-hydroxy-3-nitrophenyl)-4H-
chromen-4-one (0.015 g) was obtained. A mixture of nitro
compound described before (0.015 g), piperidine-4-carboxylic
acid (0.026 g), N,N-dimethyl formamide (1 mL), methanol
(3mL) and formaldehyde solution (20 μL, 37 %) was sealed in
a 20mL vial and sonicated for 10min. Then the mixture was
heated at 363 K for 24 h. The mixture evaporated for one day
at room temperature. Red block shape crystals of 1-
((7-hydroxy-3-(4-hydroxy-3-nitrophenyl)-4-oxo-4H-chromen-
8-yl) methyl)piperidin-1-ium-4-carboxylate monohydrate
were obtained. 1H NMR (400MHz, DMSO-d6) δ:8.50 (s, 1H, H9),
8.16 (d, J = 2.1 Hz, 1H, H11), 7.92 (d, J = 8.8 Hz, 1H, H3), 7.73 (dd,
J = 8.7, 2.1 Hz, 1H, H15), 7.16 (d, J = 8.7 Hz, 1H, H14), 6.91 (d,
J = 8.8 Hz, 1H, H2) 3.97 (s, 2H, H16A and H16B), 2.92 (m, 3H,
H17B, H21B, H19), 2.32 (m, 2H, H17A, H21A), 1.87 (m, 2H, H18B,
H20A), 1.59 (m, 2H, H18A, H20B). 13C NMR (100MHz, DMSO-d6)
δ:175.74 (C7), 174.47 (C22), 163.45 (C1), 155.16 (C5), 153.67 (C9),
152.30 (C13), 136.57 (C12), 135.43 (C15), 125.77 (C3), 125.26 (C10),
122.68 (C8), 121.20 (C11), 119.14 (C14), 116.05 (C4), 115.34 (C6),
108.37 (C2), 52.05 (C16), 51.76 (C17 and C21), 39.73 (C19), 27.75
(C18 and C20). IR spectra (potassium bromide pellet) were

Table : Data collection and handling.

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

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

Programs: CrysAlisPRO [], Diamond [],
SHELX [, ]

*Corresponding author: Dong-Mei Yao, School of Chemical and
Biological Engineering, Hechi University, Yizhou District, Hechi, Guangxi,
546300, P.R. China, E-mail: dmyao47@163.com
Hai-Lin Chen, Xian Li, Ze-Ping Luo, Yan-Ping Wang and Jian-Jing Lan,
School of Chemical and Biological Engineering, Hechi University, Yizhou
District, Hechi, Guangxi, 546300, P.R. China. https://orcid.org/0000-0001-
9471-8109 (H.-L. Chen)

Z. Kristallogr. - N. Cryst. Struct. 2023; 238(6): 1215–1217

Open Access. © 2023 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/ncrs-2023-0412
mailto:dmyao47@163.com
https://orcid.org/0000-0001-9471-8109
https://orcid.org/0000-0001-9471-8109


recorded on a Nicolet 6700. IR (v/cm−1): 3005, 2856, 2704, 1625,
1573, 1525, 1445, 1423, 1396, 1373, 1343, 1308, 1265, 1244, 1211, 1183,
1644, 1094, 1077, 1041, 962, 926, 823, 802, 785, 764, 717, 687, 640,
551, 495, 456, 428.

2 Experimental details

Carbon-bound H atoms with the exception of H15 and H9
were placed in calculated positions and were included in the
refinement in the riding model approximation, with Uiso(H)
set to 1.2Ueq(C). The oxygen-bound, nitrogen-boundH atoms,
H15 andH9were located on a difference Fouriermap. TheO5
and O6 atoms were disordered.

3 Comment

Numerous publications describe the nitrated derivatives
and Mannich base derivatives of flavonoids [5, 6]. Some
derivatives of flavonoids possess important biological ac-
tivities. Our previous investigations showed that daizein
Mannich base derivatives of amino acid or aliphatic amine
react with nitrating agent [7–9]. To extend this research, we
investigated a new synthetic route. Nitro group was first
introduced on the 3'-position of ring B of daidzein. Then we
used the intermediate to react with piperidine-4-carboxylic
acid by Mannich reaction and got the title compound. The
presence of several groups in daizein derivatives expands
the capability of studying their biological activity.

The title structure contains one zwitterion and one water
molecule in the asymmetric unit (cf. the figure). The bond
distances and bond angles are in normal ranges [7–9]. The
dihedral angle between planar rings B (C10–C15) and C (C7–C9/
O3/C5/C4) is 1.59∘. There are two π-π stacking interactions be-
tween phenyl rings from adjacent molecules. The centroid-
centroid distance of C1–C6 phenyl rings and C10–C15 phenyl
rings is 4.05 Å. The centroid-centroid distance of C10–C15
phenyl rings is 3.97 Å. The nitrogen atom N2 is protonated.
There exist various O–H⋯O and N–H⋯O hydrogen bonds.
Together with hydrogen bonds interactions and π-π stacking
interactions a three dimensional network is obtained.

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

Atom x y z Uiso*/Ueq

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

Table : (continued)

Atom x y z Uiso*/Ueq

HA −. . . .*
HB −. . . .*
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