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acetone (1/1/8/2)
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Abstract
C43H78CaO22S2, monoclinic, P21 (no. 4), a = 18.2539(3) Å,
b = 15.3118(3) Å, c = 18.3718(4) Å, β = 91.2637(17)°, Z = 4,
V = 5133.65(18) Å3, Rgt(F ) = 0.0544, wRref(F

2) = 0.1622,
T = 293(2) K.

CCDC no.: 1881394

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

Source of material

Andrographolide calcium bisulfite crude product was
provided by Jiangsu Jiuxu Pharmaceutical Com. Ltd. To
begin with, the raw materials were dissolved in mixture of
absolute water and acetone and then slow evaporation at
room temperature for 3 days. Finally, we obtained the
crystals of the title compound.

Experimental details

All hydrogen atmos were located in calculated positions
and refined as riding atoms. The hydrogen atoms of tertiary
and secondary carbons for isotropic displacement factors
Uiso(H) were set to 1.2 times Ueq(C), 1.5 times Ueq(C) of
methyl hydrogen atoms and 1.5 times Ueq(O).

Comment

Andrographolide, a diterpenoid lactone, can be obtained
from the extract of traditional herbAndrographis paniculata
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with extraordinary efficacy for treating various diseases
including diarrhea, hepatic protection, rheumatoid
arthritis, upperrespiratory tract infection, cancer and so on
[4–7], and the Andrographolide’s contribution of these ef-
fects had been proved by pharmacological researches [8].
Furthermore, Andrographolide is a neuroprotection regu-
lator in central nervous system (CNS) [9]. Andrographolide
has been identified an anti-inflammatory, anti-bacteria and
anti-virus drug, however, which blocks its excellent clini-
cally application prospect for extremely poor water solubi-
lity and low bioavailability. Given inadequacies of
Andrographolide, researchers improved its solubility by
introducing hydrophilic sodium bisulfite group, resulting in
Andrographolide sodium bisulfite (ASB). In a recent study,
we found Andrographolide calcium bisulfite (ACB) which is
a related impurity of ASB.

The asymmetric unit contains four andrographolide
bisulfite anions, two calcium cations, two molecules of
acetone and 14 molecules of water. Ca1 adopts a distorted
polyhedron geometry by coordinating to four oxygen
atoms of hydroxyl from a pair of organic ligands and four
oxygen atoms of four water ligands (see the figure). In
contrast Ca1a is sevenfold coordinated by four hydroxy
groups of two organic ligands and three water ligands.

Table : Data collection and handling.

Crystal: Colourless
Size: . × . × . mm
Wavelength: Cu Kα radiation (. Å)
μ: . mm-

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

Programs: Bruker [], SHELX [, ]

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

Atom x y z Uiso*/Ueq

C . () . () . () . ()
HA . . . .*
HB . . . .*
C" . () . () . () . ()
H"A . . . .*
H"B . . . .*
C′ −. () . () . () . ()
H′A −. . . .*
H′B −. . . .*
CA . () . () . () . ()
HAA . . . .*
HAB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C" . () . () . () . ()
H"A . . . .*
H"B . . . .*
C′ −. () . () . () . ()
H′A −. . . .*
H′B −. . . .*
CA . () . () . () . ()
HAA . . . .*
HAB . . . .*
C . () . () . () . ()
H −. . . .*
C" . () . () . () . ()
H" . . . .*
C′ −. () . () . () . ()
H′ . . . .*
CA . () . () . () . ()
HA . . . .*
C . () . () . () . ()
C" . () . () . () . ()
C′ −. () . () . () . ()
CA . () . () . () . ()
C . () . () . () . ()
H . . . .*
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Table : (continued)

Atom x y z Uiso*/Ueq

C" . () . () . () . ()
H" . . . .*
C′ −. () . () . () . ()
H′ −. . . .*
CA . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C" . () . () . () . ()
H"A . . . .*
H"B . . . .*
C′ −. () . () . () . ()
H′A −. . . .*
H′B −. . . .*
CA . () . () . () . ()
HAA . . . .*
HAB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C" . () . () . () . ()
H"A . . . .*
H"B . . . .*
C′ −. () . () . () . ()
H′A −. . . .*
H′B −. . . .*
CA . () . () . () . ()
HAA . . . .*
HAB . . . .*
C . () . () . () . ()
C" . () . () . () . ()
C′ −. () . () . () . ()
CA . () . () . () . ()
C . () . () . () . ()
H . . . .*
C" . () . () . () . ()
H" . . . .*
C′ −. () . () . () . ()
H′ −. . . .*
CA . () . () . () . ()
HAA . . . .*
C . () . () . () . ()
C" . () . () . () . ()
C′ −. () . () . () . ()
CA . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
C" . () . () . () . ()
HE . . . .*
HF . . . .*
C′ −. () . () . () . ()
HC −. . . .*
HD −. . . .*
CA . () . () . () . ()

Table : (continued)

Atom x y z Uiso*/Ueq

HG . . . .*
HH . . . .*
C . () . () . () . ()
H . . . .*
C" . () . () . () . ()
H" . . −. .*
C′ −. () . () . () . ()
H′ −. . . .*
CA . () . () . () . ()
HA . . . .*
C . () . () . () . ()
C" . () . () −. () . ()
C′ −. () . () . () . ()
CA . () . () . () . ()
C . () . () . () . ()
H . . . .*
C" . () . () −. () . ()
H" . . . .*
C′ −. () . () . () . ()
H′ −. . . .*
CA . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C" . () . () −. () . ()
HE . . −. .*
HF . . −. .*
C′ −. () . () . () . ()
HC −. . . .*
HD −. . . .*
CA . () . () . () . ()
HG . . . .*
HH . . . .*
C . () . () . () . ()
C" . () . () −. () . ()
C′ −. () . () . () . ()
CA . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
C" . () . () . () . ()
HE . . . .*
HF . . . .*
C′ −. () . () . () . ()
HC −. . . .*
HD −. . . .*
CA . () . () . () . ()
HG . . . .*
HH . . . .*
C −. () . () . () . ()
HA −. . . .*
HB −. . . .*
HC −. . . .*
C" . () . () . () . ()
HG . . . .*
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Table : (continued)

Atom x y z Uiso*/Ueq

HH . . . .*
HI . . . .*
C′ . () . () . () . ()
HD . . . .*
HE . . . .*
HF . . . .*
CA . () . () . () . ()
HJ . . . .*
HK . . . .*
HL . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C" . () . () . () . ()
HE . . . .*
HF . . . .*
C′ −. () . () . () . ()
HC −. . . .*
HD −. . . .*
CA . () . () . () . ()
HG . . . .*
HH . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C" . () . () . () . ()
HG . . . .*
HH . . . .*
HI . . . .*
C′ −. () . () . () . ()
HD −. . . .*
HE −. . . .*
HF −. . . .*
CA . () . () . () . ()
HJ . . . .*
HK . . . .*
HL . . . .*
Ca . () . () . () . ()
CaA . () . () . () . ()
O −. () . () . () . ()
H −. () . () . () .*
O" . () . () . () . ()
H" . () . () . () .*
O′ . () . () . () . ()
H′ . () . () . () .*
OA . () . () . () . ()
HAC . () . () . () .*
O . () . () . () . ()
H . () . () . () .*
O" . () . () . () . ()
H" . () . () . () .*
O′ −. () . () . () . ()
H′ −. () . () . () .*
OA . () . () . () . ()
HAC . () . () . () .*

Table : (continued)

Atom x y z Uiso*/Ueq

O . () . () . () . ()
O" . () . () −. () . ()
O′ −. () . () . () . ()
OA . () . () . () . ()
O . () . () . () . ()
O" . () . () −. () . ()
O′ −. () . () . () . ()
OA . () . () . () . ()
O . () . () . () . ()
O" . () . () −. () . ()
O′ −. () . () . () . ()
OA . () . () . () . ()
O . () . () . () . ()
O" . () . () −. () . ()
O′ −. () . () . () . ()
OA . () . () . () . ()
O . () . () . () . ()
O" . () . () . () . ()
O′ −. () . () . () . ()
OA . () . () . () . ()
O . () . () . () . ()
HA . . . .*
HB . . . .*
OA . () . () . () . ()
HAA . . . .*
HAB . . . .*
O −. () . () . () . ()
HA . . . .*
HB −. . . .*
OA . () . () . () . ()
HAB . . . .*
HAC . . . .*
O −. () . () . () . ()
HA −. . . .*
HB −. . . .*
OA . () . () . () . ()
HC . . . .*
HD . . . .*
S . () . () . () . ()
S" . () . () −. () . ()
S′ −. () . () . () . ()
SA . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
O . () . () . () . ()
CA . () . () . () . ()
CA . () . () . () . ()
HD . . . .*
HE . . . .*
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The organic ligand andrographolide calcium bisulfite
consists of two fused cyclohexanes adopting chair confor-
mations and a nearly planar five-membered lactonic ring.
Ca–O distances are in the range of those observed in re-
ported Ca(II) complexes [10, 11]. The O–S distances coin-
cided with the normal ranges. And bond angles around the
central Ca (II) ion vary from 71.47 (13)° to 164.85 (19)°. The
Flack parameter (absolute configuration) was determined
to 0.003(7), thus the configuration at atoms C3, C4, C5, C9,
C10 and C12 are in R, R, S, R, S and R, respectively.

Acknowledgments: The Analysis and Testing Center of
ZhengzhouUniversity is acknowledged for the single crystal
X-ray diffraction facility.

Research funding: This work was supported by the Science
and Technology Bureau of Henan Province for the
Cooperation Research Project Fund (No. 152107000041
for WL) and Jiangsu Jiuxu Pharmaceutical Com. Ltd.
Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

1. Bruker. APEX3, SAINT–Plus, XPREEP; Bruker AXS Inc.: Madison,
Wisconsin, USA, 2017.

2. Sheldrick G. M. A short history of SHELX. Acta Crystallogr. 2008,
A64, 112–122.

3. Sheldrick G. M. Crystal structure refinement with SHELX. Acta
Crystallogr. 2015, C71, 3–8.

4. Suriyo T., Pholphana N., Rangkadilok N., Thiantanawat A.,
Watcharasit P., Satayavivad J. Andrographis paniculata extracts
andmajor constituent diterpenoids inhibit growth of intrahepatic
cholangiocarcinoma cells by inducing cell cycle arrest and
apoptosis. Planta Med. 2014, 80, 533–543.

5. Bensch K., Tiralongo J., Schmidt K., Matthias A., Bone K. M.,
Lehmann R., Tiralongo E. Investigations into the antiadhesive
activity of herbal extracts against Campylobacter jejuni.
Phytother. Res. 2011, 25, 1125–1132.

6. Dai Y., Chen S. R., Chai L., Zhao J., Wang Y., Wang Y. Overview of
pharmacological activities of Andrographis paniculata and its
major compound andrographolide. Crit. Rev. Food Sci. Nutr. 2019,
59, S17–S29.

7. Saxena R. C., Singh R., Kumar P., Yadav S. C., Negi M. P., Saxena
V. S., Joshua A. J., Vijayabalaji V., Goudar K. S., Venkateshwarlu
K., Amit A. A randomized double blind placebo controlled clinical
evaluation of extract of Andrographis paniculata (KalmCold) in
patients with uncomplicated upper respiratory tract infection.
Phytomedicine 2010, 17, 178–185.

8. Tan W., Liao W., Zhou S., Wong W. Is there a future for
andrographolide to be an anti-inflammatory drug? Deciphering its
majormechanisms of action.Biochem. Pharmacol.2017, 139, 71–81.

9. Lu J., Ma Y., Wu J., Huang H., Wang X., Chen Z., Chen J., He H.,
Huang C. A review for the neuroprotective effects of
andrographolide in the central nervous system. Biomed.
Pharmacother. 2019, 117, 109078.

10. Ding Y.-M., Li R.-P., Chang Y.-J., Zhao J., Liu H.-M., Li W. Crystal
structure of triaqua-bis(2-(6-hydroxy-5-(hydroxymethyl)-5,8a-
dimethyl-2-methylenedecahydronaphthalen-1-yl)-1-(2-oxo-
2,5-dihydrofuran-3-yl)ethane-1-sulfonato-κ2O,O′)calcium(II) –
ethanol (1/2), C44H76CaO19S2. Z. Kristallogr. NCS 2020, 235, 515–517.

11. Tai X. S., Wang X. Synthesis, structural characterization and
antitumor activity of a Ca(II) coordination polymer based on
4-formyl-1,3-benzenedisulfonate-2-furoic acid hydrazide ligands.
Crystallogr. Rep. 2017, 62, 242–245.

Table : (continued)

Atom x y z Uiso*/Ueq

HF . . . .*
CA . () . () . () . ()
HD . . . .*
HE . . . .*
HF . . . .*
OA . () . () . () . ()
O . () . () . () . ()
HB . . . .*
HC . . . .*
O . () . () . () . ()
HI . . . .*
HJ . . . .*
O . () . () . () . ()
HI . . . .*
HJ . . . .*
O . () . () . () . ()
HA . . . .*
HB . . . .*
O . () . () . () . ()
HB . . . .*
HC . . . .*
O . () . () . () . ()
HI . . . .*
HJ . . . .*
O . () . () . () . ()
HA . . . .*
HB . . . .*
O . () . () . () . ()
HM . . . .*
HN . . . .*
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