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Abstract
C15H10BrClO2 monoclinic P21/c (no. 14), a = 9.2173(6) Å,
b = 20.7174(14) Å, c = 6.9035(4) Å, β = 99.332(3)°,
V = 1300.83(14) Å3, Z = 4, Rgt(F ) = 0.0153, wRref(F

2) = 0.121,
T = 173(2) K.

CCDC no.: 2154587

The crystal structure is shown in the figure. Table 1 con-
tains crystallographic data and Table 2 contains the list of
the atoms including atomic coordinates and displacement
parameters.

Source of material

A stirred mixture of (E )-1-(5-bromo-2-hydroxyphenyl)-3-
(4-chlorophenyl)prop-2-en-1-one (0.50 g, 1.48 mmol) and

piperidine (0.15 g, 1.78 mmol) in ethanol (10 mL) was
heated at 80 °C for 2 h and then allowed to cool to RT. The
mixture was quenched with an ice-cold water and the
resulting precipitate was filtered and recrystallized
from ethanol to afford 6-bromo-4′-chloroflavanone as a
yellow solid. (0.38 g, 92%), mp.158–159 °C (EtOH) (Lit. [4]
157–159 °C). The crystals for X-ray analysis were prepared
by slow evaporation from CH2Cl2.

Experimental details

X-ray single crystal data were collected on a Bruker D8
Venture diffractometer with graphite-monochromated
Moκα (λ = 0.71073 A) radiation at 173 K using an Oxford
Cryostream 600 low-temperature controller. Data reduc-
tion was carried out using the program SAINT+, version

Table : Data collection and handling.

Crystal: Colorless plate
Size . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Bruker SMART, 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 programs [], WinGX
and ORTEP [], SHELX []
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6.02 [1] and empirical absorption corrections were made
using SADABS [1]. The structure was solved in the WinGX
[2] Suite of programs, using intrinsic phasing through
SHELXT [3] and refined using full-matrix least-squares/
difference Fourier techniques on F2 using SHELXL-2017 [3].
All hydrogen atoms were placed at idealized positions and
refined as riding atoms with isotropic parameters 1.2 or 1.5
times those of their parent atoms. The largest difference
density peaks must be attributed to a slight disorder of the
bromo substituent distributed over several postions.

Comment

Flavanones (2,3-dihydro-2-phenylchromen-4-ones) are
compounds widely distributed in the plant families Com-
positae, Leguminosae, Lamiaceae and Rutaceae [5]. These
heterocyclic compounds have attracted significant interest
due to their wide range of pharmacological properties
including anticancer, antimicrobial, antiproliferative, anti-
inflammatory, cardiovascular, antimalarial, antiangiogenic,
radical scavenging and hypotensive activities [6]. Their

biological properties are closely related to the skeleton
and substitution patterns, which continue to motivate
research on their synthesis and evaluation of their bioac-
tivity [7]. They are readily accessible via acid- or base-
mediated cyclization (intramolecular Michael addition)
of the corresponding chalcone (1,3-diphenyl-2- propene-
1-one) precursors prepared, in turn, via acid- or base-
mediated Claisen–Schmidt condensation reaction between
2-hydroxyacetophenones and benzaldehyde derivatives
[6, 7]. The introduction of one ormore halogen atoms into A
or B-ring of flavonoids affords the corresponding haloge-
nated derivatives with potential biological activity [8].
Halogen atom/s are very useful to modulate the electronic
and steric characteristics of drugs and may also influence
the hydrophilic-hydrophobic balance of the molecules [9].
Although the flavanone nucleus does not exert any anxi-
olytic activity [10], substitution at position 6 of the flava-
none nucleus with a bromine atom was found to lead to
6-bromoflavanone [11] or 6-bromoflavone derivatives with
elevated anxiolytic properties [12]. Halogenated flava-
nones, on the other hand, are not only of interest from the
medicinal chemistry context [9, 11], their conformations
and crystalline structures continue to attract attention
to explore non-covalent (intramolecular and intermolec-
ular) interactions, control molecular conformations and
improve the physicochemical properties (durability, solu-
bility and bioavailability) of the drug molecules.
Based on the diverse biological activities of flavanone de-
rivatives and our longstanding interest in their synthesis
and chemical transformation, we decided to synthesize
6-bromo-4′-chloroflavanone and study its geometry in the
solid state.

This compound crystallizes in the monoclinic space
group P21/c containing a singlemolecule in the asymmetric
unit as shown in the Figure. The racemic naturally occur-
ring naringenin (5,7,4′-trihydroxyflavanone/5,7-dihydroxy-
2-(4-hydroxyphenyl)chroman-4-one) was also found to
crystallize in amonoclinic crystal system in the space group
P21/c with one molecule in the asymmetric unit [13]. The
solid-state structures of the pure R- and S-enantiomers of
naringenin, on the other hand, were previously found to
crystallize in the monoclinic space group P21 with two in-
dependent molecules having slightly different geometries
[13].

The single crystal structure of the title compound
shows the two aromatic rings (A and B) are linked by a
pyranone ring (C), which adopts a chair-like conformation
in which C9 atom deviates from the plane drawn through
the remaining five atoms of this heterocycle with a bond
angle, O(2)–C(9)–C(8), of 110.3(3)°. The 2-phenyl ring oc-
cupies a quasi-equatorial orientation relative to the flat-
tened portion of the heterocyclic ring and the methine

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

x y z Uiso*/Ueq

C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
O . () . () . () . ()
O . () . () . () . ()
Cl . () . () . () . ()
Br . () . () . () . ()
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hydrogen atom is anti to one of the methylene hydrogen
and gauche to the other. A similar orientation of the
2-phenyl group was observed before in the crystal struc-
tures of the racemic and pure enantiomers of naringenin
[13]. The ipso angle α for substituted benzene derivatives is
sensitive to the electronwithdrawing inductive effect of the
substituent and this observation has previously been
rationalized in terms of the hybridization effects of the ipso
carbon [14]. The presence of bromine atom on the A ring
resulted in alternate positive and negative internal angle
distortion effect, and the trend is as follows: ipso angle,
C(5)–C(4)–C(3) = 121.5(4)°; ortho angles, C(2)–C(3)–
C(4) = 119.8(4)° & C(4)–C(5)–C(6) = 119.2(4)°; meta angles,
C(3)–C(2)–C(1) = 119.5(4)° and C(1)–C(6)–C(5) = 119.6(4)° and
para angle, C(2)–C(1)–C(6) = 120.4(4)°. The 2-(4-chlorophenyl)
group exhibits a similar trend: ipso angle, C(14)–C(13)–
C(12) = 122.3(4)°, ortho angles, C(13)–C(12)–C(11) = 117.8(5)° &
C(13)–C(14)–C(15) = 119.0(4)°; meta angles, C(10)–C(11)–
C(12) = 120.6(4)°, C(10)–C(15)–C(14) = 120.5(4)°; and para
angle, C(15)–C(10)–C(11) = 119.8(4)°.

This contribution, which forms part of our long-
standing interest on the geometry and conformation of
halogenated oxygen-based heterocycles represents in our
view a valuable contribution to the dataset of flavanones of
medicinal potential. Since aryl halides represent important
intermediates in metal-catalyzed cross-coupling reactions,
nucleophilic aromatic substitution reactions and for
the generation of free-radical intermediates [15], the re-
ported compound represents a suitable scaffold for further
chemical transformation to generate polycarbo-substituted
derivatives.

Acknowledgements: TheUniversity of theWitwatersrand for
X-ray diffraction data using the single-crystal diffractometer
purchased through the NRF Equipment Programme (UID:
78572).
Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.
Research funding: This project was funded by the
University of Limpopo, University of South Africa and the
National Research Foundation (NRF, SA) in South Africa
(UID: 138285).
Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

1. Bruker. APEX-3, SAINT+, Version 6.02 (Includes XPREP and
SADABS); Bruker AXS Inc.: Madison, Wisconsin, USA, 2016.

2. Farrugia L. J. WinGX and ORTEP for Windows an update. J. Appl.
Crystallogr. 2012, 245, 849–854.

3. Sheldrick G. M. SHELXT – integrated space-group and crystal-
structure determination. Acta Crystallogr. 2015, 71, 3–8.

4. Albogami A. A., Karama U., Mousa A. A., KhanM., Al-Mazroa S. A.,
Alkhathlan H. Z. Orient: simple and efficient one step synthesis of
functionalized flavanones and chalcones. J. Chem. 2012, 28,
619–626.

5. Iwashina T. The structure and distribution of the flavonoids in
plants. J. Plant Res. 2000, 113, 287–299.

6. Khan M. K., Zill-E-Huma, Dangles O. A comprehensive review on
flavanones, the major citrus polyphenols. J. Food Compos. Anal.
2014, 33, 85–104.

7. Zhang X., Khalidi O., Kim S. O., Wang R., Schultz V., Cress B. F.,
Gross R. A., Koffas M. A. G., Linhardt R. J. Synthesis and
biological evaluation of 5,7-dihydroxyflavanone derivatives as
antimicrobial agents. Bioorg. Med. Chem. Lett. 2016, 26,
3089–3092.

8. Bernini R., Pasqualetti M., Provenzanoa G., Tempesta S.
Ecofriendly synthesis of halogenated flavonoids and evaluation
of their antifungal activity. New J. Chem. 2015, 39, 2980–2987.

9. Safavi M., Esmati N., Ardestani S. K., Emami S., Ajdari S.,
Davoodi J., Shafiee A., Foroumadi A. Halogenated flavanones as
potential apoptosis-inducing agents: synthesis and biological
activity evaluation. Eur. J. Med. Chem. 2012, 58, 573–580.

10. Wang Q., Han Y., Hong X. Ligands of the GABAa receptor
benzodiazepine binding site. CNS Drug Rev. 1999, 5, 125–144.

11. Ognibene E., Bovicelli P., Adriani W., Saso L., Laviola G.
Behavioral effects of 6-bromoflavanone and 5-methoxy-
6,8-dibromoflavanone as anxiolytic compounds. Prog. Neuro–
Psychopharmacol. Biol. Psychiatry 2008, 32, 128–134.

12. Marder M., Viola H., Wasowski C., Wolfman C., Waterman P. G.,
Cassels B. K., Medina J. H., Paladini A. C. 6–bromoflavone, a high
affinity ligand for the central benzodiazepinereceptors is a
member of a family of active flavonoids. Biochem. Biophys. Res.
Commun. 1996, 223, 384–389.

13. Nesterov V. V., Zakharov L. N., Nesterov V. N., Calderon J. G.,
Longo A., Zaman K., Choudhury F. K., Farrell W., Shulaev V.,
Richmond M. G. 5,7–dihydroxy-2-(4-hydroxyphenyl)chroman-
4-one (naringenin): X-ray diffraction structures of the naringenin
enantiomers and DFT evaluation of the preferred ground-state
structures and thermodynamics for racemization. J. Mol. Struct.
2017, 1130, 994–1000.

14. Demaison J., Rudolph H. D., Császár A. G. Deformation of the
benzene ring upon fluorination: equilibrium structures of all
fluorobenzenes. Mol. Phys. 2013, 111, 1539–1562.

15. Racys D. T., Sharif S. A. I., Pimlott S. L., Sutherland A. Silver(I)-
catalyzed iodination of arenes: tuning the Lewis acidity of
N-iodosuccinimide activation. J. Org. Chem. 2016, 81, 772–780.

M.M. Maluleka and M.J. Mphahlele: Crystal structure of C15H10BrClO2 477


	Crystal structure of 6-bromo-2-(4-chlorophenyl)chroman-4-one (6-bromo-4′-chloroflavanone), C15H10BrClO2
	Source of material
	Experimental details
	Comment
	Acknowledgements
	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 1
  /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


