
Supporting Information 

for 

Elucidation of LiX Salt-Effect in Lithiumorganic Reagents 

Daniel Stern, Nils Finkelmeier and Dietmar Stalke* 

Institut für Anorganische Chemie, Universität Göttingen, Tammannstrasse 4, 37075 Göttingen, Germany 

* To whom correspondence should be addressed. Fax: +49-551-393459. 

Email: dstalke@chemie.uni-goettingen.de 

 

Contents: 

(1) Experimental details and physical data 

(2) X-ray crystallography 

(3) Table S1. Crystallographic data for structural analyses of compound 1, 2, 3 and 4 

(4) Bond lengths and angles for compounds 1, 2, 3 and 4 

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



(1) Experimental details and physical data 

All manipulations were carried out under dry nitrogen inert gas atmosphere by using modified Schlenk 
techniques[S1] or in an argon drybox. THF, diethylether and DME were freshly distilled from sodium-
potassium alloy prior to use. The employed reactant 9,10-dibromoanthracene was synthesized according 
to literature procedures.[S2] NMR spectra were recorded on Bruker Avance 300, 400 or 500 spectrometer. 
The chemical shifts δ are given in ppm with tetramethylsilane (1H and 13C) as external standard. 
Elemental analyses were performed at the Analytisches Labor des Institutes für Anorganische Chemie der 
Georg-August-Universität, Göttingen.  
 
9,10-Dibromoanthracene: A solution of 1.0 g (5.61 mmol) anthracene in 20 mL CHCl3 was treated at rt 
with two eq. Br2 (0.58 mL, 11.32 mmol) in 10 mL of CHCl3. After stirring for additional four h the 
solvent was removed i. vac. and the crude yellow reaction product was purified by re-crystallization from 
CH2Cl2 yielding the product as yellow needles; Yield: 2.39g (98%);  1H-NMR (400 MHz, CDCl3): δ = 
8.62-8.56 (m, 4H, H1,4,5,8), 7.66-7.61 (m, 4H, H2,3,6,7); 13C{1H}-NMR (100 MHz, CDCl3): δ = 131.06 (s, 
4C, C4a,8a,9a,10a), 128.28 (s, 4C, C1,4,5,8), 127.47 (s, 4C, C2,3,6,7), 123.53 (s, 2C, C9,10). EI-MS: m/z (%): 
335.9 (100) [M]+, 254.9/256.9 (9/9) [M - Br]+, 176 (61) [M - 2 Br]+. CH, found. (calc.) [%]: C 49.69 
(50.04), H 2.26 (2.40). 
 
9-Bromo-10-lithiumanthracene: A suspension of 10 mmol of dibromo anthracene in 80 mL diethyl 
ether was cooled to -15 °C and over 30 min exactly 10 mmol of a 2.25 M nBuLi-solution in hexane was 
added drop wise. The obtained clear orange solution was stirred for 30 min at 0 °C and then the solvent 
was reduced in vacuo to one third of the original volume. Subsequently, the solution was cooled to -78 °C 
and the solid formed during the cooling process was isolated by filtration, washed with 5-10 mL of cold 
hexane and dried in vacuo for 10 min.  
 
[Br(C14H8)Li · {thf}2]2 (1): 0.1 mmol of 9-Bromo-10-lithiumanthracene were dissolved in 10 mL of 
diethyl ether and cooled to  -15 °C. Four equivalents of cold THF were added slowly and afterwards 
insoluble residue was removed by filtration. The solution was stored at -25 °C for crystallization and after 
ca. 24 h crystals that were suitable for diffraction experiments were obtained. 
 
[Br(C14H8)Li · {dme}]2 (2): 0.1 mmol of 9-Bromo-10-lithiumanthracene were dissolved in 10 mL of 
diethyl ether and cooled to  -15 °C. Two equivalents of cold DME were added slowly and afterwards 
insoluble residue was removed by filtration. The solution was stored at -25 °C for crystallization and after 
ca. 24 h crystals that were suitable for diffraction experiments were obtained. 
 
[Br(C14H8)Li • LiBr • {thf}4] (3): 0.1 mmol of 9-Bromo-10-lithiumanthracene were dissolved in 10 mL 
of diethyl ether and cooled to  -15 °C. One equivalent of LiBr (as a standard solution in THF) was added 
slowly. Afterwards insoluble residue was removed by filtration. The solution was stored at -25 °C for 
crystallization and after ca. 24 h crystals that were suitable for diffraction experiments were obtained. 
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[Br(C14H8)Li • LiBr • {dme}2] (4): 0.1 mmol of 9-Bromo-10-lithiumanthracene were dissolved in 10 mL 
of diethyl ether and cooled to  -15 °C. One equivalent of LiBr (as a standard solution in THF) was added 
slowly. Then two equivalents of DME were added to the solution. Afterwards insoluble residue was 
removed by filtration. The solution was stored at -25 °C for crystallization and after ca. 24 h crystals that 
were suitable for diffraction experiments were obtained. 
 
Due to poor solubility in non-donating NMR solvents such as benzene d-6 or toluene d-8, acquisition of 
NMR data was not successful for 1 to 4. Although the solubility of 1 to 4 in THF d-8 is good, this solvent 
is not suitable for acquisition of NMR data which resemble the solid state structures. In the presence of an 
excess amount of strongly donating solvents such as THF, the dimeric structures observed in the solid 
state is not retained and the AnLi.LiX integrity is not maintained. Therefore only non-donating NMR 
solvents would lead to sensible results resembling the solid state structure.  
Elemental analyses of 1 to 4 were also unsuccessful. Due to high reactivity towards aerial oxygen, no 
satisfying results were achieved for 1 and 2. Although 3 and 4 show greater stability towards oxygen, the 
loosely bound donor molecules which evaporate during the analytical process hampered the acquisition of 
reliable CHN analytical data. 
 
(2) X-ray crystallography. 
Single crystals were selected from the Schlenk flasks under argon atmosphere and covered with 
perfluorated polyether oil on a microscope slide, which was cooled with a nitrogen gas flow using the X-
TEMP2.[S3] An appropriate crystals were selected using a polarize microscope, mounted on the tip of a 
glass fibre, fixed to a goniometer head and shock cooled by the crystal cooling device. For 1, 2 and 3 data 
were collected on a Bruker SMART-APEXII Quazar diffractometer with D8 goniometer (100 K, Mo Kα 
radiation, λ = 71.073 pm; INCOATEC Quazar mirror optics),[S4] for 4 data was collected on a Bruker 
APEXII Ultra diffractometer with D8 goniometer (100 K Mo Kα radiation, λ = 71.073 pm; INCOATEC 
Helios mirror optics). The data were integrated with SAINT,[S5] and an empirical absorption correction 
(SADABS) was applied.[S6] The structures were solved by direct methods (SHELXS) and refined on F2 
using the full-matrix least-squares methods of SHELXL.[S7] All non-hydrogen atoms were refined with 
anisotropic displacement parameters. All hydrogen atoms bonded to sp2 (sp3) carbon atoms were assigned 
ideal positions and refined using a riding model with Uiso constrained to 1.2 (1.5) times the Ueq value of 
the parent carbon atom. Crystallographic data (excluding structure factors) have been deposited with the 
Cambridge Crystallographic Centre, the CCDC numbers are listed in Table S1. Copies of the data can be 
obtained free of charge from The Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif. 
 
[S1]  W. Schlenk, J. Holtz, Ber. Dtsch. Chem. Ges. 1917, 50, 262. 
[S2]  a) G. Schwab, D. Stern, D. Stalke, J. Org. Chem. 2008, 73, 5242; b) G. Schwab, D. Stern, D. 

Leusser, D. Stalke, Z. Naturforsch. B. 2008, 62, 711; c) Z. Fei, N. Kocher, C. J. Mohrschladt, H. 
Ihmels, D. Stalke, Angew. Chem. 2003, 115, 807; Angew. Chem. Int. Ed. 2003, 42, 783. 
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[S3]  a) T. Kottke, D. Stalke, J. Appl. Crystallogr. 1993, 26, 615-619; b) D. Stalke, Chem. Soc. Rev. 
1998, 27, 171-178. 

[S4] T. Schulz, K. Meindl, D. Leusser, D. Stern, J. Graf, C. Michaelsen, M. Ruf, G. M. Sheldrick, D. 
Stalke, J. Appl. Crystallogr. 2009, 42, 885-891. 

[S4]  SAINT v7.34A in Bruker APEX v2.1-0, Bruker AXS Inst. Inc., Madison (WI, USA), 2008. 
[S5]  G. M. Sheldrick, SADABS 2008/1, Göttingen (GER), 2008. 
[S6]  G. M. Sheldrick, Acta Crystallogr. Sect. A 2008, 64, 112. 
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(3) Table S1. Crystallographic data for the structural analyses of compounds 1, 2, 3 and 4. 

 1 2 3 4 

empirical formula C44H48Br2Li2O4 C36H36Br2Li2O4 C82H104Br5Li5O10 C22H28.25Br1.75Li2O4 

CCDC no. 766244 766245 766246 766247 

formula weight 814.52 706.35 1683.90 510.22 

T [K] 100(2) 100(2) 100(2) 100(2) 

crystal system triclinic monoclinic triclinic monoclinic 

space group P1 P21/n P1 C2/c 

a [Å] 12.477(2) 10.578(2) 9.3818(18) 19.891(3) 

b [Å] 17.529(3) 9.1589(19) 14.470(3) 8.2807(13) 

c [Å] 19.792(3) 15.943(3) 28.554(5) 32.847(5) 

α [°] 64.145(2) 90.00  88.542(3) 90.00 

β [°] 78.987(2) 90.795(3) 85.980(2) 101.332(2) 

γ [°] 89.269(2) 90.00 89.426(3) 90.00 

V [Å3] 3811.4(11) 1544.4(6) 3865.5(13) 5304.7(14) 

Z 4 2 2 8 

ρcalcd, Mg m-3 1.419 1.519 1.447 1.278 

μ, mm-1 2.169 2.664 2.657 2.696 

F(000) 1680 720 1732 2075 

θ range for data 
collection [°] 

2.193 - 26.763 2.30 - 25.45 1.41 - 25.14 2.22 - 25.39 

no. of reflections 
collected 77094 15536 57729 30017 

no. of independent 
reflections 14441 2840 13688 4837 

Data / restraints / 
parameters 14441 / 0 / 937 2840 / 0 / 201 13688 / 1021 / 1215 4837 / 610 / 330 

GooF 1.073 1.030 1.047 1.081 

R1, wR2[ I > 2σ(I)]a 0.0355, 0.0953 0.0423, 0.1113 0.0731; 0.1843 0.0537, 0.1287 

R1, wR2 (all data) 0.0452 / 0.0996 0.0503, 0.1162 0.0899; 0.1937 0.0701, 0.1355 

largest diff peak, hole 
[e Å-3] 0.697 / -0.766 1.833 / -0.538 3.952 / -0.784 1.634 / -0.718 

aR1 = Σ||Fo|-|Fc||/Σ|Fo|; bwR2 = [Σw(Fo
2-Fc

2)2/Σw(Fo
2)2]0.5 

 

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



<<
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /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


