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Abstract

Ci14H,4CLSn, orthorhombic, P2,2;2; (no. 19), a = 8.2912(1) A,
b =9.6221(1) A, c = 18.5616(2) A, V = 1480.82(3) A%, Z = 4,
Rg((F) = 0.0142, WR,e¢(F?) = 0.0347, T = 100 K.

CCDC no.: 2097904

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

Source of material

The title compound was prepared following a multi-step
synthesis. Initially, 4-methylphenylmagnesium bromide
was prepared from the Grignard reaction, con
ducted in tetrahydrofuran, of magnesium (Merck) and
4-bromotoluene (Fluka). Subsequently, tetra(4-methyl-
phenyl)tin was synthesised from the reaction of stannic
chloride (Fluka) with 4-methylphenylmagnesium bro-
mide in a 1:4 M ratio. Tetra(4-methylphenyl)tin (10.0 g,
20.7 mmol) and anhydrous stannic chloride (Fluka, 5.39 g,
20.7 mmol) were mixed in a round-bottomed flask fitted
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Table 1: Data collection and handling.

Crystal: Colourless prism

Size: 0.09 x 0.07 x 0.05 mm
Wavelength: Cu Ka radiation (1.54184 A)
u: 16.8 mm™*

Diffractometer, scan mode:
Bmax, completeness:
N(hk[)measuredr N(hk[)uniquey Rint:
Criterion for lops, N(hkl)g:
N(param)reﬁned:

Programs:

XtalAB Synergy, w

67.0°, >99%

38312, 2639, 0.040

Iobs >2 U(Iobs): 2618

157

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

with a reflux condenser. The reaction mixture was then
heated with stirring in an oil bath at 473-493 K for 3 h. The
resulting brown viscous liquid was dissolved in chloro-
form (150 mL) and boiled with activated charcoal for
10 min. After filtration, the chloroform solution was
concentrated to a small volume. Slow evaporation of the
concentrated solution gave the product as a white crys-
talline solid. Yield: 5.35 g (69.5%). M.pt (Stuart SMP30
digital melting point apparatus; uncorrected): 321-322 K
(Lit. [5]: 322-323 K). IR (Bruker Vertex 70v FTIR Spec-
trometer; cm™Y): 1560 (m) v(C=C), 794 (w) v(C-H), 277 (w)
v(Sn-Cl). '"H NMR (Bruker Ascend 400 MHz NMR spec-
trometer; CDCls; ppm relative to Me,Si): 6 2.41 (s, 6H,
CHs), 7.29-7.47 (m, 4H, Ph-H), 7.54-7.67 (m, 4H, Ph—H).
Bc{'H} NMR (as for '"H NMR): § 21.7 (CH;), 130.5, 133.5,
134.9, 142.3 (Ph-C).

Experimental details

The C-bound H atoms were geometrically placed
(C-H=0.95-0.98 A) and refined as riding with Us,(H) = 1.2—
1.5Ueq(C). The crystal was refined as an inversion twin with
the minor component = 0.074(7).

Comment

In crystal engineering endeavours, to systematically
replace substituents while retaining space group symmetry
offers opportunities to tailor chemical and physical
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

Atom X y z Uiso*/Ueq
Sn 0.55837 (3) 0.53509 (2) 0.34302 (2) 0.02290 (7)
Cl1 0.56232 (15) 0.33157 (8) 0.41163 (5) 0.03720 (19)
Cl2 0.31081 (10) 0.52845 (10) 0.28244 (4) 0.03371 (18)
c1 0.5463 (5) 0.7073 (3) 0.41350 (16) 0.0220 (6)
c2 0.4743 (4) 0.8302(3) 0.39066 (17) 0.0240 (7)
H2 0.427956 0.835529 0.343940 0.029*
c3 0.4701 (4) 0.9443 (3) 0.43564(17) 0.0250 (7)
H3 0.421188 1.028018 0.419476 0.030*
C4 0.5369 (4) 0.9382(3) 0.50481 (16) 0.0243 (7)
C5 0.6073 (4) 0.8141 (4) 0.52696 (18) 0.0265 (7)
H5 0.652294 0.807884 0.573918 0.032*
cé 0.6131 (4) 0.6999 (3) 0.48201 (18) 0.0239 (7)
H6 0.662612 0.616295 0.497929 0.029*
c7 0.5358 (5) 1.0640 (3) 0.55302 (19) 0.0347 (8)
H7A 0.540008 1.034330 0.603490 0.052*
H7B 0.436823 1.117408 0.544716 0.052*
H7C 0.629677 1.122278 0.542248 0.052*
c8 0.7400 (4) 0.5162(3) 0.26390 (17) 0.0236 (7)
c9 0.7637 (4) 0.6277 (3) 0.21719 (19) 0.0281 (8)
H9 0.698230 0.708345 0.221031 0.034*
Cc10 0.8830 (4) 0.6206 (3) 0.1652 (2) 0.0296 (7)
H10 0.897950 0.696945 0.133443 0.036*
C11 0.9816 (4) 0.5042 (3) 0.15818 (18) 0.0265 (7)
C12 0.9548 (5) 0.3925(3) 0.20462 (17) 0.0275 (7)
H12 1.019064 0.311249 0.200175 0.033*
c13 0.8357 (4) 0.3980 (3) 0.25727 (17) 0.0253 (7)
H13 0.819593 0.321236 0.288646 0.030*
C14 1.1155 (4) 0.5018 (4) 0.10386 (19) 0.0347 (9)
H14A 1.080827 0.550186 0.060062 0.052*
H14B 1.142538 0.405248 0.092130 0.052*
H14C 1.210588 0.548329 0.123880 0.052*

properties. This concept is no better illustrated than by the
chloro/methyl exchange [6]. As electronegative-chloride
and electropositive-methyl groups occupy approximately
the same volume, substitution of one by the other in the
same crystal symmetry potentially enables control of, for
example, electronic properties in the crystalline manifold.
In continuation of on-going studies of opportunities
offered by the chloro/methyl exchange [7, 8], herein, the
crystal and molecular structures of (4—MeCgH,),SnCl,
hereafter (I) and a known compound [5], was studied and
compared with the recently reported crystal structure of the
chloro analogue (4-CIC¢H,),SnCl, [9].

The molecular structure of (I), which lacks crystallo-
graphic symmetry, is shown in the figure (70% displace-
ment ellipsoids). The donor set defining an approximate
tetrahedral geometry for the tin atom is C,Cl,, with the
range of angles subtended at the tin atom being 104.55(4)°,
for Cl1-Sn-CI2, to 122.12(13)° for C1-Sn-C8, in accord
with expectation as the rings have a greater steric pro
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file. The Sn—-Cl bond lengths are experimentally distinct
[Sn—Cl1 = 2.3362(8) A and Sn—Cl2 = 2.3413(8) A], whereas
the Sn—C distances are equivalent [Sn—C1 = 2.112(3) A and
Sn—C7 = 2.114(3) A]. The observed molecular geometry for
() and patterns in bond lengths match very closely that
noted for (4—CIC¢H,),SnCl, [9].

In accord with the distance criteria in PLATON [10],
the only directional intermolecular contact in the cry
stal of (I) is a weak methyl-C—H---m(4-tolyl) contact
[C14-H14b---Cg(C1-C6): H14b---Cg(C1-C6)' = 2.90 A,
C14---Cg(C1-C6)' = 3.527(4) A with the angle at H14b = 123°
for symmetry operation (i) 2 — x, -1/2 + y, 1/2 - z] occur-
ring within helical chains along the b-axis. This description
of the molecular packing differs significantly from the
observed molecular packing in (4—CIC¢H,),SnCl,, which is
not isostructural with (I). Prominent in the crystal of
(4-CICg¢H,),SnCl, were Sn---Cl secondary-bonding as well
as C—Cl---mr(phenyl) contacts [9].

To gain a further appreciation of the molecular pack-
ing, a detailed analysis of all surface contacts in the crystal
of (I) was conducted by the calculation, using Crystal
Explorer 17 [11], of the Hirshfeld surfaces and two-
dimensional fingerprint plots (full and delineated into
individual contacts), following established protocols [12].
The analysis revealed the dominance of three types of
surface contacts, namely H---H [38.4%], Cl---H/H:--Cl
[3.7%] and C---H/H---C [28.2%)] with the next most signifi-
cant contacts being Cl---C/C---Cl at 1.6%.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Research funding: Crystallographic research at Sunway
University is supported by Sunway University Sdn Bhd
(Grant No. GRTIN-IRG-01-2021).

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.

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

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

4. Farrugia L. J. WinGX and ORTEP for Windows: an update. /. Appl.
Crystallogr. 2012, 45, 849-854.

5. Kozeschkow K. A., Nadj M. M. Untersuchungen iiber metallorganische
verbindungen, IV. Mitteil: Uber aromatische stannonséuren und
einige ihrer reaktionen. Chem. Ber. 1934, 67, 717-721.



DE GRUYTER

. Edwards M. R., Jones W., Motherwell W. D. S., Shields G. P. Crystal
engineering and chloro-methylinterchange — a CSD analysis. Mol.
Cryst. Lig. Cryst. 2001, 356, 337-353.

. Yeo C. I, Tiekink E. R. T. Crystal structure and molecular

packing of O-ethyl (2-chlorophenyl)carbamothioate,

CoH10CINOS. Z. Kristallogr. N. Cryst. Struct. 2018, 233,

651-653.

. Tan S. L., Tiekink E. R. T. Non-covalent interactions involving
remote substituents influence the topologies of supramolecular
chains featuring hydroxyl-O-H---O(hydroxyl) hydrogen bonding
in crystals of (HOCH,CH,),NCES)N(H)(CgH,Y-4) for Y = H, Me, Cl
and NO,. CrystEngComm 2021, 23, 1723-1743.

9.

10.

11.

12.

K.M. Lo et al.: Crystal structure of C;4,H;4,ClbSn —— 1213

Lo K. M., Lee S. M., Tiekink E. R. T. Crystal structure of
dichloridobis(4-chlorophenyl-k()tin(IV), C;,HgCl,Sn.

Z. Kristallogr. N. Cryst. Struct. 2021, 236. NCRS-2021-0271.
SpekA. L. checkCIF validation ALERTS: what they mean and how to
respond. Acta Crystallogr. 2020, E76, 1-11.

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.

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.



	Crystal structure of dichlorido-bis(4-methylphenyl-κC1)tin(IV), C14H14Cl2Sn
	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


