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Confinement of halide ions within
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modification of halide-ion
selectivity
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ESI 1 Synthesis of the thf solvates 1Br(Li2.5thf), 2Br(Li5thf),
3Br(L125thf), 2105(L10525thf) and 31067(L1067367thﬂ

All syntheses were carried out using strict inert-atmosphere
techniques. The starting salts (EX3) were acquired from Aldrich
and were of the highest available purity.

PhPH, (0.33 mL, 3.0 mmol) was dissolved in thf (25 ml) and "BuLi
(3.75 mL, 6.0 mmol, 1.6 mol dm™ in hexanes) was slowly added at
room temperature. The yellow-green suspension was brought to
reflux (4 h) and then added at room temperature to a solution of
MeEX, in thf, prepared in situ by dropwise addition of MeLi (0.65
ml, 1.0 mmol, 1.0 mol dm™ in Et,0) at -78°C to a solution of EX;
[1.0 mmol, X= Br, E= Al (0.27g), Ga (0.31g), In (0.35g); X=1, E=
Ga (0.45g), In (0.49g)] dissolved in thf (10 ml). The stirred reaction
mixture was allowed to warm to room temperature (45 min) and
then brought to reflux overnight. The solvent was removed in
vacuo, replaced by ether (20 ml) and filtered (P3, Celite) in order to
separate the product from the insoluble LiX formed. After
removing the ether from the filtrate in vacuo, the remaining yellow
solid was dissolved in thf [4.0ml for 1Br(Li2.5thf) and
3167 (Lig673.67thf); 5.0ml for 2Br(LiSthf) and 3Br(Li2.5thf),
215 (Lig52.5thf)]. Storage at 5°C (7 days) gave high-quality cubic
crystals of 1Br(Li2.5thf) and 2Br (Li5thf), while cubic crystals of
3Br(Li2.5thf), 2Iy5(Lips2.5thf) and 3Iy¢7(Ligey3.67thf) were
obtained by storage at room temperature (24h).

Data for 1Br; Yield 154 mg, 23% [on the basis of the crysta;
formula 1Br(Li2.5thf)], '"H NMR (+ 25°C, 500.20 MHz, D¢
benzene), d/ppm = 8.52-7.07 (m, C-H Ph), 3.52 (m, -CH,-O thf),
135 (m, -CH,- thf), 029 (s, Me-Al), *P NMR (+ 25°C,
161.62MHz, thf with Dg-acetone capillary, rel. to 85%
H;PO4/D,0), §/ppm= -159.7 (br.s.). 'Li NMR (+25°C, 194.40MHz,
thf with Dg-acetone capillary, rel. to saturated LiCl/D,0), o/ppm =
1.85 (s) [br. shoulder at ca. 2.18], -0.32 (s). Elemental analysis C
58.2, H7.7, P 10.9; calc. for 1Br(Li2.5thf), C 59.6, H 7.0, P 13.7.
Data for 2Br(Li5thf); Yield 181 mg, 23%, [on the basis of
2Br(Li5thf)]. '"H NMR (+ 25 °C, 500.20 MHz, Dg-benzene),
d/ppm = 8.43 - 6.81 (m, C-H Ph), 3.50 (m, -CH,-O thf), 1.30 (m, -
CH,- thf), 0.26 (s, Me-Ga), *'P NMR (+25 °C, 161.9MHz, thf with
Dg-acetone capillary, rel. to 85% H;PO,/D,0), d/ppm = -148.9 (br.
mult.). Li NMR (+25°C, 194.40 MHz, Dg-benzene, rel. to
saturated LiCl/D,0), J/ppm = 2.64 (br. s), 1.80 (s). Elemental
analysis C 55.4, H 7.6, P 10.3; calc. for 2Br(Li'5thf) C 56.8, H 7.0,
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P 12.2. Data for 3Br(Li2.5thf); Yield 175 mg, 23 %, 'H NMR (+
25 °C, 500.20 MHz, D¢-benzene), o/ppm = 7.31-6.89 (m, C-H Ph),
341 (m, -CH,-O thf), 1.24 (m, -CH,- thf), 0.30 (s, Me-In). *'P
NMR (+ 25 °C, 161.97MHz, thf with Dg-acetone capillary, rel. to
85% H;PO,/D,0), d/ppm = -164.0 (brs.). 'Li NMR (+25°C,
194.40 MHz, Dg¢-benzene, rel. to saturated LiCl/D,0), é/ppm = 3.1
[br. shoulder at ca. 61.7]. Elemental analysis C 51.1, H 6.0, P 10.8;
cale. for 3Br(Li2.5thf), C 52.7, H 6.2, P 12.2. Data for
21y5.(Lig.s2.5thf); Yield 78mg, 11 %. 'H NMR (+ 25 °C, 500.20
MHz, D¢-benzene), d/ppm = 7.24-6.40 (mult., C-H Ph), 3.59 (mult.,
-CH,-O thf), 1.74 (mult., -CHx- thf), 0.43 (s, Me-Ga). *'P NMR
(202 MHz, 25°C, thf with Dg-acetone capillary) J/ppm = -150.6
(mult.). Elemental analysis C 51.6, H 6.9, P 13.4; calc. for
2[05(L10525thﬂ, C 578, H 68, P 13.4. Data for
367 (Ligg73.67thf); Yield 73 mg, 9 % J[on the basis of
31p.67(Liger3.67thf)], '"H NMR (+ 25 °C, 500.20 MHz, D¢-benzene)
o/ppm = 8.23-6.80 (m, C-H Ph), 3.39 (m, -CH,-O thf), 1.23 (m, -
CH,- thf), 0.29 (s, Me-In). *'P NMR (+25°C, 161.97 MHz, thf with
Dg-acetone capillary, rel. to 85% H;PO,/D,0), d/ppm = -171.1
(br.mult.). Li NMR (+25 °C, 194.40 MHz, D¢-benzene, rel. to
saturated LiCl/D,0), é/ppm = 3.0 (s) [br. shoulder at ca. 51.5].
Elemental analysis C 500, H 6.5, P 94; calc. for
310.67'(Li0_67'3.67thf), C 546, H 64, P12.2.

[Comment- the elemental analysis was complicated by the loss of
thf solvent from samples when exposed to a vacuum prior to
isolation. The values quoted are typical of those obtained for each
compound].

ESI § X-ray Crystallogrpahy

Crystal data  for  Liy[1Br].’4[Li(thf);].thf,  [2Br][Li(thf)s]thf,
Liy,[3Br]Y4[Li(thf),] Yathf, [21,]Y4[Li(thf)]. Yothf and
[31:4].%5[Li(thf)4].thf;, data were collected on a Nonius KappaCCD
diffractometer at 180(2)K. The structures were solved by direct methods
and in each case the heavy metal component of a 10-20% disorder with
the enantiomer was located and included in full-matrix least squares
refinement as a chiral twin on F? (G. M. Sheldrick, SHELX-97,
Gottingen, Germany, 1997). See ESI I for full dtails of the structural
results.

Ll%[lBr]l/z[Ll(thDﬂthf C134 H1ggA14BI‘Li17014“50P12, M= 27083, cubic,
space group F-43c, Z= 8, a=35.204(4)A, V= 43629(9)A°, u(Mo—-Ka) =
0.330mm ', pealc = 0.825 Mg m>. Total reflections collected 11370,
unique 1848 (Rint = 0.037). R1 = 0.066 [/>20(/)] and wR2 = 0.188 (all
data).

[2BI‘][L1(thf)4]thf C144H19(,BrGa4Li17017P12, M= 304742, cubic, space
group F-43c, 7= 8, a= 35.133(4)A, V= 43365(9)A°, uMoKa) =
0.806mm™', pcalc = 0.934 Mg m™. Total reflections collected 20149,
unique 3158 (Rint = 0.043). R1 = 0.067 [/>20(/)] and wR2 = 0.223 (all
data).

Lll/2[3Br]l/2[Ll(thf)4]l/2thf C134H1ggBrIn4Lil7014_5P12, M= 305965, cubic,
space group F-43c, Z= 8, a= 35.110(4)A, V= 43282(9)A’, u(Mo-Ka)=
0.732mm™", pcale= 0.939Mg m>. Total reflections collected 13481,
unique 1854 (Rint = 0.060). R1 = 0.070 [/>20(])] and wR2 = 0.208 (all
data).

[2'1%]'1/2[Li(thﬂ4].l/zthfZC134H133Ga410_50014_50P12, M= 285932, cubic, space
group F-43c, 7= 8, a= 35.0194)A, V= 42944(8)A°, u(Mo—Ka) =
0.696mm™', pcalc = 0.885 Mg m™. Total reflections collected 31422,
unique 1888 (Rint = 0.045). R1 = 0.052 [/>20(])] and wR2 = 0.151 (all
data).

[31,].%4[Li(thf)s].thf: Cisse7 Hiossslosr InsLitge701567P12, M = 3142.12,
cubic, space group F-43c, Z= 8, a= 35.312(4)A, V= 44033(9)A°, u(Mo—
Kao) = 0.633mm™’, pealc = 0.948 Mg m>. Total reflections collected
7636, unique 1592 (Rint = 0.048). R1 =0.070 [[>20(/)] and wR2 = 0.212x
(all data).
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115 Data for Li,[1Br].Y4 [Li(thf);].thf, [2Br][Li(thf),]thf,
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Li,,[3 Br]Y4[Li(thf)s] Y4thf, [2:1,,]4[Li(thf)s].%4thf and [371:.].25[Li(thf),].thf
can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html (or from The Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK;

fax: +44 1223 336 033; deposit@ccdc.cam.ac.uk).

Data were collected on a a Nonius KappaCCD diffractometer at
180(2)K. The structures were solved by direct methods and the
atoms of the giant cluster anions were located readily with the
central halide anion located on a site of 23 symmetry so the
asymmetric unit in each consists of single PPh, EMe, Li(thf) and
LiX group. In each case there was an isolated residual maximum
centrosymmetrically related to the heavy metal (E1). This was
attributed to small disorder of the cluster cage with its enantiomer.
Only the heavy metal component of the minor disorder component
was included in the refinement [occupancies ca. 7 % Al in
1Br(Li2.5thf), and 10 and 13 % Ga in 2Br(Li5thf) and
215 (Liy52.5thf), respectively, and 18 % In in 3Br(Li2.5thf) and
31y.67(Lig673.67thf), respectively. In each cluster anion there was a
conformational disorder of 2 C-atoms of the thf group of the the
unique Li(thf) ligand of the cluster. In 2Iy5(Ligs2.5thf) and
3167 (Lig673.67thf) reasonable displacement parameters for the
iodide atom at the centre of each cluster was achieved by assigning
it partial ocupancy (0.50 in 2Iy5(Ligs52.5thf) and 0.67 in
3[067(L1067367thf)

Only in the structures of 3Br(Li2.5thf) and 2Iy5(Ligs2.5thf) were
complete [Li(thf);]" counter anions unambiguously identified, and
in each the Li" cation lies on a 3-fold axis relating three of the THF
ligands and the fourth thf is severely disordered across a site of 23
symmetry. In each of 2Br(Li5thf) and 3ly¢;(Lige;3.67thf) a
poorly defined thf group (thought initially to be a solvate molecule)
was shown to belong to a [Li(thf),]" cation by introducing an Li
atom at the site identified in 3Br(Li2.5thf) and 2Iy5(Ligs2.5thf).
In each of the structures 2Br(Li5thf) and 3I47(Lij¢;3.67thf)
residual maxima of electron across a site of 23 symmetry was
assigned as the atoms of the highly disordered fourth thf and were
included in the refinement without their H-atoms. In 1Br a unique
thf group near a 3-fold axis was identified as part of a Li(thf)*"
cation but all attempts to locate a possible fourth THF were
unsuccessful. Constraints were applied to idealise the geometry of
the fully identifed THF group of each cations. An isolated group of
2 or 3 residual maxima on site of -4 symmetry at %, %, /2 were
assigned arbitrality as partial C- or O- atoms to correspond to one
thf solvate per cluster in the crystals of 1Br(Li2.5thf), 2Br and 3I,
and a half thf solvate in 3Br(Li2.5thf) and 2I,5(Ligs2.5thf); they
were included in the refinement without any contribution from their
H-atoms.

Anisotropic  displacement parameters were applied to full
occupancy atoms in all structures, which were treated as chiral

16s twins in the in full-matrix least squares refinement on F* (G. M.

Sheldrick, SHELX-97, Géttingen, Germany, 1997).

2 | [journal], [year], [vol], 00-00

This journal is © The Royal Society of Chemistry [year]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice




