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Abstract
C25H30FN3O9,monoclinic, P21/n, a = 16.3585(4) Å, b = 7.8763(2) Å,
c = 18.7735(4) Å, ꞵ = 90.5690(10)°, V = 2418.74(10) Å3, Z = 4, Rgt
(F ) = 0.0410, wRref (F 2) = 0.1055, T = 170 K.

CCDC no.: 2361145

The molecular structure is shown in the figure. Table 1
contains the crystallographic data. The list of the atoms
including atomic coordinates and displacement parameters
can be found in the cif-file attached to this article.

1 Source of materials

Equimolar quantities of norfloxacin (0.032 g) and syringic
acid (0.020 g) in a 10 mL glass vial. The solid mixture was
subsequently treated with a binary solvent system con-
sisting of deionized water (2 mL) and absolute ethanol
(2 mL). The mixture was transferred to a temperature
-controlled magnetic stirring apparatus and gradually
heated to 30 °C under gentle agitation (200 rpm) until
complete dissolution was achieved. Through controlled

Table : Data collection and handling.

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

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

Programs: Bruker, Olex, SHELX,

*Corresponding author: Cheng-Jun Jiang, School of Biological and
Chemical Engineering, Zhejiang University of Science and Technology,
Hangzhou, Liuhe Road 318#, China, E-mail: jcj312@zust.edu.cn. https://
orcid.org/0000-0001-9297-9399
Xuan-Ang Li, School of Science, Zhejiang University of Science and
Technology, Hangzhou, Liuhe Road 318#, China

Z. Kristallogr. - N. Cryst. Struct. 2025; 240(3): 509–510

Open Access. © 2025 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-2025-0090
mailto:jcj312@zust.edu.cn
https://orcid.org/0000-0001-9297-9399
https://orcid.org/0000-0001-9297-9399


solvent evaporation, the system was maintained in a
metastable supersaturated state for 24 h to facilitate
crystal nucleation and growth. The resulting suspension
was vacuum-filtered through a Büchner funnel to isolate
the crystalline product. The obtained compound was char-
acterized as 4-(3-carboxy-1-ethyl-6-fluoro-4-oxo-1,4-dihy-
droquinolin-7-yl)piperazin-1-ium 4-hydroxy-3,5-dimethoxyben-
zoate monohydrate.

2 Experimental details

Absorption corrections were applied by using multi-scan
program.1 Using Olex2,2 the structure was solved with the
ShelXT3 structure solution program using Intrinsic Phasing
and refined with the ShelXL4 refinement package using
Least Squares minimisation. The H atoms were fixed, fixed
Uiso were set to 1.2 times of all C(H) groups, C(H,H) groups and
N(H,H) groups; 1.5 times of C(H,H,H,H) groups, O(H) groups
and O(H,H) groups.

3 Comment

Norfloxacin, a fluoroquinolone antibacterial agent, is widely
employed in treating infections caused byGram-positive and
Gram-negative bacteria.5 Like other fluoroquinolones, its
aqueous solubility exhibits a pronounced pH-dependent
profile due to zwitterion formation via proton transfer be-
tween the carboxylic acid group and the basic piperazine
ring.6 At physiological pH, norfloxacin suffers from limited
solubility and poor permeability, classifying it as a Bio-
pharmaceutics Classification System (BCS) Class IV drugwith
inherently low bioavailability.7 To address these limitations,
pharmaceutical salt/cocrystal engineering has emerged as a
strategic approach, wherein pairing the drug with a phar-
maceutically acceptable counterion can modulate its physi-
cochemical properties.8 Previous studies have demonstrated
the efficacy of salt formationwith organic acids in enhancing
norfloxacin’s solubility and dissolution performance.9–11 In
this study, we successfully designed, synthesized, and
structurally characterized a novel norfloxacin-syringic acid
salt. The asymmetric unit of the crystal structure [nor-
floxacin⋯syringic acid⋯H2O] comprises one norfloxacin
cation, one syringic acid anion, and one water molecule. Key

structural features include: A classical N–H⋯O hydro gen
bond formed between the N1H1A moiety of the piperazine
group and the O4 oxygen atom of syringic acid. Hydration-
mediated interactions where the O9–H9A group of water
forms hydrogen bonds with the O5 oxygen atom of syringic
acid. The crystal packing exhibits a distinctive two-fold
screw symmetry along the [0 1 0] axis, with screw compo-
nents positioned at (¼, y, ¼). This symmetry element con-
tributes to the three dimensional network formation
through systematic molecular repetition.

Acknowledgments: We would also like to thank Mr Jiyong
Liu from the Chemistry Instrumentation Center Zhejiang
University for X-ray crystallographic analysis.

References

1. Bruker. Apex3 v. 2016.9–0 and SAINT v. 8.37A; Bruker Axs Inc.: Madison,
Wisconsin, USA, 2016.

2. Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J.; Howard, J. A. K.;
Puschmann, H. J. Appl. Cryst. 2009, 42, 339–341.

3. Sheldrick, G. M. SHELXT – Integrated Space-Group and Crystal-
Structure Determination. Acta Crystallogr. 2015, A71, 3–8.

4. Sheldrick, G. M. Crystal Structure Refinement with SHELXL. Acta
Crystallogr. 2015, C71, 3–8.

5. Sun, Y. Y.; Gu, Z. N.; Jiang, C. J. The Crystal Structure of 4-(3-Carboxy-1-
ethyl-6-fluoro-4-oxo-1,4-dihydroquinolin-7-yl)piperazin-1-ium-2-
Carboxy-6-NitrobenzoateMonohydrate, C24H25FN4O10. Z. Kristalllogr. N.
Cryst. Struct. 2024, 239, 865–867.

6. Lin, S.; Lou, C.; Jiang, C. J. The Crystal Structure of 4-(3-carboxy-1-
Cyclopropyl-6-fluoro-8-methoxy-4-Oxo-1,4-dihydroquinolin-7-yl)-2-
methylpiperazin-1-ium 2,5-Dihydroxybenzoate Methanol Solvate,
C27H32FN3O9. Z. Kristalllogr. N. Cryst. Struct. 2023, 238 (5), 841–843.

7. Guo, X.; Zhao, P.; Jiang, C.; Ma, Y.; Miao, M. Atmospheric Oxygen
Mediated Oxidation Coupling of Primary and Secondary Alcohols:
Synthesis of Pyrazolo[1,5-a] Pyrimidines. Org. Biomol. Chem. 2025, 23,
2092–2095.

8. Basavoju, S.; Boström, D.; Velaga, S. P. Pharmaceutical
Cocrystal and Salts of Norfloxacin. Cryst. Growth Des. 2006, 6,
2699–2708.

9. O′Malley, C.; McArdle, P.; Erxleben, A. Formation of Salts andMolecular
Ionic Cocrystals of Fluoroquinolones and α,ω-dicarboxylic Acids. Cryst.
Growth Des. 2022, 22 (5), 3060–3071.

10. Gunnam, A.; Nangia, A. K. Novel Hydrate and Anhydrate Cocrystals/
Salts of Norfloxacin and Their Physicochemical Properties. Cryst. Growth
Des. 2023, 23 (6), 4198–4213.

11. Liang, D.; Li, F.; Duan, J.; Sun, W.; Yu, X. Two Novel Hydrate Salts of
Norfloxacin with Phenolic Acids and their Physicochemical Properties.
Antibiotics 2024, 13 (9), 888–900.

510 X.-A. Li and C.-J. Jiang: The crystal structure of norfloxacin salt


	The crystal structure of 4-(3-carboxy-1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinolin-7-yl)piperazin-1-ium 4-hydroxy-3,5-dimethoxybenzoate monohydrate, C25H30FN3O9
	1 Source of materials
	2 Experimental details
	3 Comment
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


