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Experimental Section 
General Procedures. All manipulations involving the air- and moisture-sensitive compounds were 
carried out by using standard Schlenk technique under argon purified by passing through a hot column 
packed with BASF catalyst R3-11 or a glovebox. All the solvents used for reactions were distilled under 
argon after drying over an appropriate drying agent or passed through solvent purification columns. 
THF was further dried by stirring with Na/K alloy at room temperature in the glovebox prior to use 
unless otherwise noted. n-Hexane was further distilled from n-butyllithium under vacuum. Lithium 
dispersion (purchased from Kanto Chemical Co., Inc., containing 1% sodium) was washed with hexane 
before the use to make a lithium powder. Most of reagents were used without further purification unless 
otherwise specified. NMR spectra were recorded on 500 MHz or 400 MHz spectrometers. Chemical 
shifts are reported in ppm relative to the residual protiated solvent for 1H, BF3·OEt2 for 11B, deuterated 
solvent for 13C, and CFCl3 for 19F. Data are presented in the following space: chemical shift, 
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, sept = septet, br = broad, v = 
virtual), coupling constant in hertz (Hz), and signal area integration in natural numbers. IR spectra were 
recorded on Shimadzu FTIR-8400. Melting points were measured on MPA100 Optimelt Automated 
Melting Point System and are uncorrected. Gas chromatograph was recorded on Shimadzu GC-2014 
equipped with Sincarbon ST 5MS/Sil capillary column (3 ID, 1 μm df, 4 m). The bromoborane precursor 
for a preparation of 11 and Ag[B(C6F5)4]·(C6H6)3

2
 were synthesized according to the literature.  

 
Preparation of 2. In a glovebox, a suspension of 
bromoborane (4.67g, 10.0 mmol), lithium powder (347 
mg, 50.0 mmol), and naphthalene (256 mg, 2.00 mmol) 
in THF (40 mL) was stirred at −35 °C overnight. The 
reaction mixture was filtered through a pad of Celite to afford a red solution. After solvents were 
evaporated under reduced pressure in a 250 mL Schlenk flask, n-hexane (60 mL) was added to a residue. 
To the resulting suspension, BF3·OEt2 (1.15 mL, 10.0 mmol) was added at −78 °C and then slowly 
warmed to ambient temperature over a period of hour. The solvent was removed in vacuo and the crude 
product was recrystallized from n-hexane to give yellow crystals of 2 (2.33 g, 58%). mp: 243.8-245.6 
°C; 1H NMR (C6D6, 500 MHz) δ 7.15 (t, JHH = 8 Hz, 4H), 7.04 (d, JHH = 8 Hz, 8H), 5.88 (s, 4H), 3.08 
(sept, JHH = 7 Hz, 8H), 1.09 (d, JHH = 7 Hz, 24H), 1.00 (d, JHH = 7 Hz, 24 H); 11B NMR (C6D6, 160 
MHz) δ 25 (brs), 83 (brs); 19F NMR (C6D6, 470 MHz) δ 66.0 (s); 13C NMR (C6D6, 125 MHz) δ 146.1 
(4°), 140.7 (4°), 127.6 (CH), 123.6 (CH), 121.9 (CH), 28.6 (CH), 25.6 (CH3), 23.9 (CH3). Anal. Calcd. 
for C52H72B3FN4: C, 77.62; H, 9.02; N, 6.96. Found: C, 77.38; H, 9.18; N, 6.76. 
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Preparation of 3.  To a solution of 2 (503 mg, 0.630 mmol) in THF 
(10 mL),  chlorotrimethylsilane (1.65 mL, 12.5 mmol) was added 
and the resulting mixture was refluxed for 3 days. After solvents 
were evaporated under residue pressure, the product was 
recrystallized from THF/n-hexane to give yellow crystals of 3 (306 mg, 60%). Ovelapping signals in 
13C NMR spectrum with those of C6D6 prevents a complete assignment. Therefore, the 13C NMR 
spectrum was recorded by using CD2Cl2 solution. For comparison, 11B NMR data is also shown here. 
mp: 165.7-168.2 °C (dec.); 1H NMR (C6D6, 500 MHz) δ 7.15 (t, JHH = 8 Hz, 4H, overlapped with 
C6D5H), 7.04 (d, JHH = 8 Hz, 8H), 5.90 (s, 4H), 3.14 (sept, JHH = 7 Hz, 8H), 1.10 (d, JHH = 7 Hz, 24H), 
1.01 (d, JHH = 7 Hz, 24 H); 1H NMR (CD2Cl2, 500 MHz) δ 7.17 (t, JHH = 8 Hz, 4H), 7.03 (d, JHH = 8 Hz, 
8H), 5.95 (s, 4H), 2.88 (sept, JHH = 7 Hz, 8H), 1.00 (d, JHH = 7 Hz, 24H), 0.85 (d, JHH = 7 Hz, 24 H); 
11B NMR (C6D6, 160 MHz) δ 26 (brs), 103 (brs); 11B NMR (CD2Cl2, 160 MHz) δ 26 (brs), 98 (brs); 13C 
NMR (CD2Cl2, 101 MHz) δ 146.1 (4°), 141.1 (4°), 127.5 (CH), 123.8 (CH), 122.8 (CH), 28.7 (CH), 
25.8 (CH3), 23.7 (CH3). Anal. Calcd. for C52H72B3ClN4: C, 76.07; H, 8.84; N, 6.82. Found: C, 75.86; H, 
8.93; N, 6.72. 
 
Reaction of 3 with silver salt. In a glovebox, to a bright yellow 
ether (2 mL) solution of 3 (21.3 mg, 0.0260 mmol) and 1,3,5-
trimethoxybenzene (2.2 mg, 0.013 mmol, as an internal standard 
for NMR yield) in a 5 mL vial equipped with a septum, a solution 
of Ag[B(C6F5)4]·(C6H6)3 (29.2 mg, 0.0292 mmol) in ether (0.5 mL) was added at room temperature to 
give white solid and colorless solution. The reaction mixture was filtered through a pad of Celite and all 
solvents were evaporated and the crude product dissolved in C6D6. The NMR spectrum was compared 
with the isolated 5 to estimate 1H NMR yield of 5. 
 
GC analysis for reaction of 3 with silver salt. In a glovebox, 3 (4.1 mg, 5.0 μmol) and 
Ag[B(C6F5)4]·(C6H6)3 (5.6 mg, 5.0 μmol) were placed in a 5 mL vial equipped with a septum. After an 
addition of ether (0.30 mL) to the mixture, the reaction mixture was stirred for 5 min. Gases in the 
headspace of the vial were collected up to 15 mL by a gas-tight syringe together with atmospheric argon 
inside the glovebox (sample A). A part (7 mL) of sample A was analyzed by GC (Figure S4). On the 
other hand, ethylene (1 mL) and argon (49 mL) were collected by a gas-tight syringe (sample B) from 
two gas-filled Schlenk flasks (ethylene and argon, respectively). A part (10 mL) of sample B was 
analyzed by GC (Figure S5). Furthermore, a mixture of sample A (5 mL) and sample B (3.5 mL) was 
analyzed by GC (Figure S6). 
 
Reaction of 3 with silver salt in CD2Cl2. By a replacement of ether in the above experiment with 
CD2Cl2, an NMR sample was prepared to monitor the reaction. The obtained 1H and 11B NMR spectra 
are illustrated in Figure S3 and S4. Immediate disappearance of 3 and appearance of new species was 
detected. 1H NMR (CD2Cl2) δ 0.76 (d, J = 7 Hz, 12H), 0.94 (d, J = 7 Hz, 6H), 0.95 (d, J = 7 Hz, 6H), 
1.03 (d, J = 7 Hz, 6H), 1.14 (d, J = 7 Hz, 12H), 2.59 (sept, J = 7 Hz, 2H), 2.68 (sept, J = 7 Hz, 2H), 2.73 
(sept, J = 7 Hz, 2H), 4.78 (s, 2H), 6.07 (s, 2H), 7.14 (d, J = 8 Hz, 4H), 7.19 (d, J = 8 Hz, 2H), 7.25 (d, J 
= 8 Hz, 2H), 7.30 (t, J = 8 Hz, 2H), 7.42 (s, 1H), 7.48 (t, J = 8 Hz, 1H), 9.02 (s, 1H); 11B NMR (CD2Cl2) 
δ −17.0 (s), 23.7 (br), 38.1 (br), 65.7 (br). Six doublets (2:2:1:1:1:1) and three septets (2:1:1) for methyl 
and methine protons of Dip substituents would indicate that one diazadihydroborole ring remained but 
that another ring became unsymmetrical. Further identification was unsuccessful. 
 
Independent synthesis of 5. A solution of 2 (105 mg, 0.130 
mmol) and lithium hydroxide (14 mg, 0.58 mmol) in THF (2.5 
mL) was refluxed for overnight. After all the volatiles were 
removed under reduced pressure, the product was recrystallized 
from ether to give colorless crystals of 5 (58.8 mg, 56%). As a 
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second method to obtain 5, a solution of 2 was passed through silica-gel column chromatography with 
n-hexane/dichloromethane under air. Recrystallization of the eluting material from THF/n-hexane gave 
white crystals of 5. Single crystals suitable for X-ray analysis were obtained from CH2Cl2 solution of 5. 
mp: >300 °C (from 223 °C, co-solvated THF molecules are evaporated); 1H NMR (C6D6, 500 MHz) δ 
7.15 (t, JHH = 8 Hz, 4H), 7.06 (d, JHH = 8 Hz, 8H), 7.00 (s, 1H, this signal disappeared by a treatment 
with D2O), 5.90 (s, 4H), 3.14 (brs, 8H), 1.11 (d, JHH = 7 Hz, 24H), 1.00 (d, JHH = 5 Hz, 24 H); 1H NMR 
(CD2Cl2, 500 MHz) δ 7.17 (t, JHH = 8 Hz, 4H), 7.04 (d, JHH = 8 Hz, 8H), 6.71 (s, 1H), 5.88 (s, 4H), 2.91 
(brs, 8H), 0.99 (d, JHH = 7n Hz, 24H), 0.81 (d, JHH = 7 Hz, 24 H); 11B NMR (C6D6, 160 MHz) δ 26.0 
(brs), 69.5 (brs); 11B NMR (CD2Cl2, 160 MHz) δ 25.6 (brs), 68.5 (brs); 13C NMR (CD2Cl2, 101 MHz) δ 
146.3 (4°), 140.9 (4°), 127.5 (CH), 123.8 (CH), 121.7 (CH), 28.4 (CH), 25.6 (CH3), 23.7 (CH3). IR 
(KBr) νOH = 3524 cm−1. Anal. Calcd. for C52H73B3N4O·Et2O: C, 76.72; H, 9.54; N, 6.39. Found: C, 
76.55; H, 9.40; N, 6.34. 
 
X-ray Crystallography. A suitable crystal was mounted with mineral oil to the glass fiber and 
transferred to the goniometer of a diffractmeter (RIGAKU/MSC7-Mercury or MSC10-Saturn CCD) 
with graphite-monochromated Mo Kα radiation (λ = 0.71073 Å) to 2θmax = 50°. The structures were 
solved by direct methods with SIR-973 and refined by full-matrix least-squares techniques against F2 
(SHELXL-97).4, 5  The intensities were corrected for Lorentz and polarization effects. The non-
hydrogen atoms were refined anisotropically.  Hydrogen atoms were placed using AFIX instructions. 
 
Table S1.  Crystal data and structure refinement for 3 and 5. 
 

 3 5·1/4(n-hexane) 
formula C56H80B3ClN4O C107H153B6N8O2 
fw 893.12 1648.23 
T (K) 103(2) 93(2) 
λ (Å) 0.71070 0.71070 
cryst syst Triclinic Monoclinic 
space group P-1 P21/c 
a, (Å) 11.478(5) 11.446(3) 
b, (Å) 12.946(6) 19.069(4) 
c, (Å) 19.381(8) 46.618(11) 
α, (°) 103.183(5) 90 
β , (°) 98.129(5) 92.284(3) 
γ , (°) 103.201(5) 90 
V, (Å3) 2672.6(19) 10167(4) 
Z 2 4 
Dcalc, (g / cm3) 1.110 10.77 
μ  (mm-1) 0.112 0.062 
F(000) 968 3588 
cryst size (mm) 0.60 × 0.40 × 0.30 0.25 × 0.20 × 0.10 
2θ range, (deg) 3.02 to 25.00 3.05 to 25.00 
reflns collected 17544 74497 
indep reflns/Rint 9187 / 0.0360 17856 / 0.0835 
params 653 1149 
GOF on F2 1.105 1.190 
R1, wR2 [I>2σ(I)] 0.0904, 0.2316 0.0833, 0.2006 
R1, wR2 (all data) 0.1163, 0.2529 0.1081, 0.2261 
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Figure S1. 11B NMR spectrum of 2. 
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Figure S2. 1H NMR spectrum of crude mixture in the reaction of 3 with Ag[B(C6F5)4] in CD2Cl2 (rt, 10 
min.) 
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Figure S3. 11B NMR spectrum of crude mixture in the reaction of 3 with Ag[B(C6F5)4] in CD2Cl2 (rt, 10 
min.) 
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Figure S4. GC chart for the reaction of 3 with silver salt. 

 
Figure S5. GC chart for the authentic sample. 

 
Figure S6. GC chart for a mixture of the reaction of 3 with silver salt and the authentic sample. 
 

ethylene
(23.20 min) argon 

(3.90 min) 

ethylene
(23.18 min) argon 

(3.95 min) 

N2 
(4.29 min) 

contaminated CO2 
(15.54 min) 

ethylene
(23.18 min) argon 

(4.07 min) 

N2 
(4.41 min) 

contaminated CO2 
(15.52 min) 

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



 

S7

References 
S1. Y. Segawa, Y. Suzuki, M. Yamashita and K. Nozaki, J. Am. Chem. Soc., 2008, 130, 16069-

16079. 
S2. K. Ogawa, T. Kitagawa, S. Ishida and K. Komatsu, Organometallics, 2005, 24, 4842-4844. 
S3. A. Altomare, M. C. Burla, M. Camalli, G. L. Cascarano, C. Giacovazzo, A. Guagliardi, A. G. G. 

Moliterni, G. Polidori and R. Spagna, J. Appl. Crystallogr., 1999, 32, 115-119. 
S4. G. M. Sheldrick, University of Göttingen, Göttingen, Germany, 1997. 
S5. G. M. Sheldrick and T. R. Schneider, in Macromolecular Crystallography, Pt B, Academic 

Press Inc, San Diego, 1997, pp. 319-343. 
 

 

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


