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Abstract
CysHyBr,CIsN,Sn,  monoclinic,  P2/c (no.  14),
a = 10.93721) A, b = 23.1045(1) A, ¢ = 11.1856(1) A,

B = 106.942(1)°, V = 2703.91(4) A%, Z = 4, Rg(F) = 0.0167,
WRe(F?) = 0.0393, T = 100 K.

CCDC no.: 2100827
Table 1 contains crystallographic data and Table 2 contains

the list of the atoms including atomic coordinates and
displacement parameters.

Source of material

The 4-chlorophenylmagnesium bromide was prepared
from the Grignard reaction of magnesium (Merck) and
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Table 1: Data collection and handling.

Crystal: Colourless prism

Size: 0.11 x 0.06 x 0.05 mm
Wavelength: Cu Ka radiation (1.54184 A)
u: 13.8 mm’

Diffractometer, scan mode:
Bmax, cOMpleteness:

N(hkD measureds N(hk[)unique’ Rint:
Criterion for lops, N(hk{)g:
N(param)reﬁned:

Programs:

XtaLAB Synergy, w

67.1° 599%

33,913, 4828, 0.030

lobs > 2 0(Iobs), 4720

303

CrysAlis™®° [1], SHELX [2, 3],
WinGX/ORTEP [4]

4-bromochlorobenzene (Fluka) [in tetrahydrofuran].
Tetra(4-chlorophenyl)tin was synthesised from the reaction
of stannic chloride (Fluka) with 4-chlorophenylmagnesium
bromide in a 1:4 M ratio. Then, tetra(4-chlorophenyl)tin
(0.56 g, 1 mmol) and 4-dimethylaminopyridine hydro-
bromide perbromide (Sigma, 0.37 g, 1 mmol) were dissolved
separately in ethanol (50 mL) and refluxed for 3 h. The so-
lution was filtered and colourless crystals were isolated upon
cooling to room temperature. Yield: 0.39 g (53.0%). M.pt
(Stuart SMP30 digital melting point apparatus; uncorrected):
443-446 K. IR (Bruker Vertex 70v FTIR Spectrometer; cm™):
1647(s) v(C=N), 1564 (m) v(C=C), 1213 (m) v(C-N). '"H NMR
(Bruker Ascend 400 MHz NMR spectrometer; CDCls; ppm
relative to Me,Si): 6 3.26 (s, 6H, CH3), 6.74 (d, 2H, J = 7.6 Hz,
Pyr-H), 7.41-7.58 (m, 12H, Ph-H), 8.1 (d, 2H, ] = 7.6 Hz, Pyr—
H); N-H not obs. ®C{'H} NMR (as for 'H NMR): 40.3 (CH5),
106.5, 129.1, 129.8, 134.6, 136.9, 138.1, 157.4 (Ph—C).

Experimental details

The C-bound H atoms were geometrically placed (C—H = 0.95—
0.98 A) and refined as riding with Usso(H) = 1.2-1.5U4(C).

Comment

The most closely related literature precedent to the title salt
[HNCsH,NMe,-4][(4-CIC¢H,);SnBr,], hereafter (I), is that of
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

Atom X y z Uiso*/Ueq
Sn 0.63974 (2) 0.64027 (2) 0.49327 (2) 0.01374 (4)
Br1 0.68992 (2) 0.53357 (2) 0.41966 (2) 0.01794 (5)
Br2 0.58593 (2) 0.75285 (2) 0.55734 (2) 0.01852 (5)
Cl1 0.68523 (6) 0.55697 (2) 1.07652(5) 0.03297 (12)
Cl2 0.06916 (4) 0.61027 (3) 0.07387 (5) 0.03105 (12)
Cci3 1.14326 (5) 0.74996 (2) 0.35204 (5) 0.02950(12)
C1 0.66374 (16) 0.61341(8) 0.68234(17) 0.0162 (4)
C2 0.72681 (17) 0.64767 (9) 0.78515(19) 0.0184 (4)
H2 0.763042 0.683599 0.771842 0.022*
c3 0.73708 (18) 0.62983 (9) 0.90633 (19) 0.0210 (4)
H3 0.781964 0.652725 0.975805 0.025*
C4 0.68081 (19) 0.57811(9) 0.92412 (19) 0.0234 (4)
C5 0.6169 (2) 0.54339 (9) 0.82474(19) 0.0242 (4)
H5 0.578417 0.508123 0.838421 0.029*
cé 0.61049 (18) 0.56127 (9) 0.70474 (18) 0.0203 (4)
Hé 0.568628 0.537310 0.635973 0.024*
c7 0.45310 (17) 0.63465(8) 0.36284 (18) 0.0152 (4)
Cc8 0.41610 (18) 0.67073(9) 0.25912 (18) 0.0195 (4)
H8 0.472108 0.700546 0.249073 0.023*
c9 0.29813 (19) 0.66381 (10) 0.16971 (19) 0.0230 (4)
H9 0.273523 0.688494 0.098801 0.028*
Cc10 0.21726 (17) 0.62032 (9) 0.18592 (18) 0.0207 (4)
C11 0.25093 (18) 0.58432(9) 0.28888 (19) 0.0219 (4)
H11 0.193936 0.555058 0.299454 0.026*
C12 0.36930 (18) 0.59150 (9) 0.37671(19) 0.0200 (4)
H12 0.393515 0.566619 0.447324 0.024*
Cc13 0.79704 (16) 0.67764 (8) 0.44376 (18) 0.0158 (4)
Cl4 0.88807 (19) 0.70998 (9) 0.53146 (19) 0.0210 (4)
H14 0.877311 0.716632 0.611598 0.025*
Cc15 0.99407 (18) 0.73263 (9) 0.50377 (19) 0.0215 (4)
H15 1.056132 0.754322 0.564299 0.026*
C16 1.00760 (18) 0.72299 (9) 0.38615 (18) 0.0182 (4)
c17 0.91855 (18) 0.69153 (9) 0.29641 (18) 0.0199 (4)
H17 0.928852 0.685733 0.215815 0.024*
c18 0.81359 (17) 0.66852 (9) 0.32645 (17) 0.0177 (4)
H18 0.752484 0.646320 0.266115 0.021*
N1 0.42164 (16) 0.83364 (8) 0.32415(18) 0.0268 (4)
H1N 0.4830 (18) 0.8100 (9) 0.363 (2) 0.032*
N2 0.09412 (15) 0.92419 (8) 0.15652 (17) 0.0230 (4)
c19 0.3708 (2) 0.86802 (10) 0.3943 (2) 0.0272 (5)
H19 0.410121 0.870051 0.481959 0.033*
C20 0.26427 (19) 0.89986 (10) 0.3420(2) 0.0254 (4)
H20 0.230130 0.924170 0.392828 0.031*
C21 0.20385 (18) 0.89686 (9) 0.2112 (2) 0.0207 (4)
c22 0.26543 (19) 0.86245 (9) 0.1404 (2) 0.0230 (4)
H22 0.232416 0.861132 0.051948 0.028*
c23 0.37158 (19) 0.83144(10) 0.1994 (2) 0.0255 (4)
H23 0.410949 0.807862 0.151571 0.031*
C24 0.0276 (2) 0.95824(12) 0.2287 (2) 0.0369 (6)
H24A 0.026822 0.936805 0.304086 0.055*
H24B -0.060435 0.965505 0.177766 0.055*
H24C 0.071913 0.995211 0.252620 0.055*
C25 0.04387 (19) 0.92537 (9) 0.0206 (2) 0.0261 (5)
H25A 0.101960 0.947459 -0.014240 0.039*
H25B -0.040560 0.943745 -0.003469 0.039*
H25C 0.036431 0.885714 -0.011786 0.039*
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the triphenyl analogue [5]. The motivation behind recent
structural studies [6, 7] which involve the inclusion of
halide substituents in the substituents of organotin com-
pounds is to evaluate the propensity of halogen-bond for-
mation in their crystals. In continuation of these studies,
full crystallographic details of (I) are described herein.

The asymmetric unit of the title structure of (I) is shown
in the figure (70% displacement ellipsoids). The tin atom in
the anion is penta-coordinated by two bromido atoms and
three ipso-carbon atoms derived from the 4-chlorophenyl
groups. The, trans-CsBr, donor set defines an approximate
trigonal-bipyramidal geometry with the Sn atom lying
0.0520(11) A out of the C;-plane in the direction of the Brl
atom. The axial angle, Br1-Sn-Br2, is 177.134(8)°. A
discrepancy is noted in the Sn—Br bond lengths with Sn—
Br1[2.7055(2) A] being shorter than Sn—Br2 [2.8056(2) A] by
about 0.1 A.

Similar structural features are noted in the literature
precedent [HNC;H,NMe,-4][Ph;SnBr,], but as the anion has
crystallographically imposed two-fold symmetry, the two
Sn-Br bond lengths are equivalent [2.7801(3) AJ; the Br-
Sn—Br angle is 178.64(2)°.

The most prominent connection between the constitu-
ents of the salt in the crystal is a charge-assisted pyridinium-
N-H---Br hydrogen bond [see the Figure; N1-Hiln---Br2:
Hin---Br2 = 2.51(2) A, N1---Br2 = 3.2841(19) A with angle at
Hin = 147.4(18)°]. This feature of the molecular packing
readily accounts for the elongation of the Sn-Br2 bond
length with respect to the Sn—Br1 bond (see above). Layers of
molecules, two molecules thick, assemble in the ac-plane
and feature pyridinium-phenyl-C-H---Br [C23-H23---Br2"
H23---Br2' = 2.81 A, C23---Br2' = 3.740(2) A with angle at
H23 = 165° for symmetry operation (i) x, 3/2-y, —1/2+z] and
methyl-C-H---Br [C25-H25b---Br1": H25b---Brl® = 2.87 A,
C25---Br1® = 3.823(2) A with angle at H25b = 165° for (ii) —1+x,
3/2-y, —1/2+z] interactions. Additional stability to the layers
is afforded by close methyl-C-H:--m(chlorophenyl) and
phenyl-Cl---ri(chlorophenyl) contacts. The layers stack
along the b-axis without directional interactions between
them [8].

To gain more insight into the molecular packing,
following literature precedents [9], the Hirshfeld surfaces
and two-dimensional fingerprint plots were calculated on
the two-molecular aggregate with the use of Crystal Ex-
plorer 17 [10]. The overwhelming majority of surface
contacts involve H, i.e. H---H [27.1%], Cl---H/H---Cl
[25.6%], C---H/H---C [24.2%] and, to a lesser extent,
Br---H/H---Br [12.8%)]. The next most significant contacts,
reflecting, in part, the intra-layer phenyl-Cl---m(chlor-
ophenyl) contacts are Cl---C/C---Cl, at 4.9%. Putative
halogen-bonding contacts between Cl and Br are negli-
gible and occur at separations greater than the respective
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sums of the van der Waals radii [8], i.e. Br---Cl/Cl---Br 3.

[0.7%)] and Cl---C] [0.3%)].

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted

manuscript and approved submission. 6.

Research funding: Crystallographic research at Sunway
University is supported by Sunway University Sdn Bhd
(Grant No. GRTIN-IRG-08-2021).

Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

1. Rigaku Oxford Diffraction. CrysAlis™°; Rigaku Corporation: Oxford,

UK, 2018. 10.

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

Sheldrick G. M. Crystal structure refinement with SHELXL. Acta
Crystallogr. 2015, €71, 3-8.

. Farrugia L. J. WinGX and ORTEP for Windows: an update. /. Appl.

Crystallogr. 2012, 45, 849-854.

. Norhafiza I., Lo K. M., Ng S. W. 4-(Dimethylamino)pyridinium

dibromidotriphenylstannate(IV). Acta Crystallogr. 2008, E64, m720.
Lo K. M., Lee S. M., Tiekink E. R. T. Crystal structure of trans-
dichloridobis(4-chlorophenyl-k(%)-(1,10-phenanthroline-k*N,N’)
tin(IV) dimethylsulphoxide solvate, C54H,,Cl,N,0SSn.

Z. Kristallogr. NCS 2020, 235, 1327-1329.

. Lo K. M, Lee S. M., Tiekink E. R. T. Crystal structure of

dichloridobis(4-chlorophenyl-kC)tin(IV), C1.HgCl,Sn. Z. Kristallogr.
NCS 2021, 236, https://doi.org/10.1515/ncrs-2021-0271.

. SpekA. L. checkCIFvalidation ALERTS: what they mean and how to

respond. Acta Crystallogr. 2020, E76, 1-11.

. Tan S. L., Jotani M. M., Tiekink E. R. T. Utilizing Hirshfeld surface

calculations, non-covalent interaction (NCI) plots and the
calculation of interaction energies in the analysis of molecular
packing. Acta Crystallogr. 2019, E75, 308-318.

Turner M. J., McKinnon J. J., Wolff S. K., Grimwood D. }.,
Spackman P. R., Jayatilaka D., Spackman M. A.. Crystal Explorer
(V17); The University of Western Australia: Australia, 2017.


https://doi.org/10.1515/ncrs-2021-0271

	Crystal structure of 4-(dimethylamino)pyridinium dibromido-tris(4-chlorophenyl-κC)stannate(IV), C25H23Br2Cl3N2Sn
	Source of material
	Experimental details
	Comment
	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


