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Experimental Section 

 

General Procedure. All experiments were performed using high-vacuum line techniques or in an 

argon atmosphere using an MBRAUN MB 150B-G glove box. All solvents were dried and 

degassed over potassium mirror in vacuum prior to use. NMR spectra were recorded on a Bruker 

AV-400FT NMR spectrometer (1H NMR at 400 MHz; 13C NMR at 100.6 MHz; 29Si NMR at 

79.5 MHz). High-resolution mass spectra were performed on Bruker Daltonics micrOTOF mass 

spectrometer with APCI (atmospheric pressure chemical ionization method). UV-Vis spectra 

were recorded on Shimadzu UV-3150 UV-Vis spectrophotometer. HPLC (JAIGEL-ODS 

column) and GPC (Gel Permeation Chromatography, JAIGEL-H column) separations were 

performed using recycling preparative JAI LC-918 and JAI LC-908W instruments, respectively.   

Tetrakis(trimethylsilyl)tetrahedrane [1] and tris(trimethylsilyl)tetrahedranyllithium 1 [2] were 

prepared according to the published procedures.  

 

Experimental Procedure and Spectral Data for Phenyl Tris(trimethylsilyl)tetrahedranyl 

Sulfide (2). 

   Tris(trimethylsilyl)tetrahedranyllithium 1 was prepared by the reaction of 

tetrakis(trimethylsilyl)tetrahedrane (172 mg, 0.506 mmol) and MeLi (112 mg, 5.06 mmol) in 

THF (2 mL) as described previously [2]. After removal of the solvent, dry hexane (5 mL) was 

added to precipitate the remaining MeLi in hexane. Tetrahedranyllithium 1 is soluble in hexane 

and thus it was separated from the excess MeLi. The hexane was removed in vacuo and then 

diphenyl disulfide (165 mg, 0.757 mmol) in toluene (4 mL) was added to 1. After 9 h stirring, the 

solvent was removed under vacuum and the residue was subjected to flash chromatography (SiO2, 

eluent: THF) to remove the inorganic salts. Purification of the product was performed by HPLC 
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(eluent tBuOMe:MeOH = 1:1), giving 2 as a colorless oil (104 mg, 55%). 1H NMR (C6D6, δ) 0.18 

(s, 27 H, SiMe3), 6.89 (t, J = 7.3 Hz, 1 H, ArH), 7.04 (t, J = 7.3 Hz, 2 H, ArH), 7.25 (d, J = 7.3 

Hz, 2 H, ArH); 13C NMR (C6D6, δ) –15.0 (C–SiMe3), –0.1 (SiMe3), 3.9 (C–S), 125.4, 127.2, 

128.8, 138.9; 29Si NMR (C6D6, δ) –2.2; UV-Vis (hexane) λmax/nm (ε) 273 nm (7300); HRMS 

(APCI) m/z: calcd for C19H32SSi3 (M+) 376.1527, found: 376.1544. 

 

Experimental Procedure and Spectral Data for 4-Nitrophenyl 

Tris(trimethylsilyl)tetrahedranyl Sulfide (3) and Crystallographic Data of 3. 

 In a similar manner to that for 2, tris(trimethylsilyl)tetrahedranyllithium 1, prepared by the 

reaction of tetrakis(trimethylsilyl)tetrahedrane (97 mg, 0.285 mmol) and MeLi (75 mg, 3.41 

mmol) in THF, was reacted with bis(4-nitrophenyl) disulfide (132 mg, 0.428 mmol) in toluene (5 

mL). The product was purified by HPLC (eluent tBuOMe:MeOH = 1:1) to afford 3 as yellow 

crystals (63 mg, 52%). Mp 51.5–54.0; 1H NMR (C6D6, δ) 0.13 (s, 27 H, SiMe3), 6.86 (d, J = 9.0 

Hz, 2 H, ArH), 7.84 (d, J = 9.0 Hz, 2 H, ArH); 13C NMR (C6D6, δ) –15.1 (C–SiMe3), –0.2 

(SiMe3), 2.2 (C–S), 123.8, 125.5, 145.6, 148.6; 29Si NMR (C6D6, δ) –2.3; UV-Vis (hexane) 

λmax/nm (ε) 324 nm (11800); HRMS (APCI) m/z: calcd for C19H32NO2SSi3 ([M + H]+) 422.1456, 

found: 422.14773. 

The single crystals of 3 for X-ray diffraction analysis were grown from an acetonitrile 

solution. Diffraction data were collected at 150 K on a Bruker APEXII CCD area detector with a 

rotating anode (50 kV, 30 mA) employing graphite-monochromatized Mo-Kα radiation (λ = 

0.71073 Å). The structure was solved by the direct method, using SIR-92 program, and refined 

by the full-matrix least-squares method by SHELXL-97 program [3]. Crystal data for 3 at 150 K: 

MF = C19H31NO2SSi3, MW = 421.78, triclinic, space group P–1, a = 9.3927(5), b = 17.0136(9), c 

= 17.3220(9) Å, α = 111.9630(10), β = 95.4370(10), γ = 99.0200(10)º, V = 2499.7(2) Å3, Z = 4, 
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Dcalcd = 1.121 g/cm3. The final R factor was 0.0322 (Rw = 0.0866 for all data) for 9204 reflections 

with I > 2σ(I), GOF = 1.021. 

 

Experimental Procedure and Spectral Data for 2,4-Dinitrophenyl 

Tris(trimethylsilyl)tetrahedranyl Sulfide (4) and Crystallographic Data of 4. 

In a similar manner to that for 2, tris(trimethylsilyl)tetrahedranyllithium 1, prepared by the 

reaction of tetrakis(trimethylsilyl)tetrahedrane (100 mg, 0.294 mmol) and MeLi (65 mg, 2.95 

mmol) in THF, was reacted with bis(2,4-dinitrophenyl) disulfide (142 mg, 0.356 mmol) in THF 

(5 mL). The product was purified by HPLC (eluent tBuOMe:MeOH = 1:1) to afford 4 as orange 

crystals (41 mg, 30%). Mp 91.5–93.5; 1H NMR (C6D6, δ) 0.12 (s, 27 H, SiMe3), 7.10 (d, J = 8.9 

Hz, 1 H, ArH), 7.95 (dd, J = 8.9 Hz, J = 2.4 Hz, 1 H, ArH), 8.51 (d, J = 2.4 Hz, 1 H, ArH); 13C 

NMR (C6D6, δ) –14.5 (C–SiMe3), –0.3 (SiMe3), 2.2 (C–S), 121.4, 126.1, 128.8, 143.7, 144.5, 

148.6; 29Si NMR (C6D6, δ) –2.4; UV-Vis (hexane) λmax/nm (ε) 362 nm (7900); (APCI) m/z: calcd 

for C19H30N2O4SSi3 (M+) 466.1229, found: 466.1182.  

The single crystals of 4 for X-ray diffraction analysis were grown from an acetonitrile 

solution. Diffraction data were collected at 120 K on a Bruker APEXII CCD area detector with a 

rotating anode (50 kV, 30 mA) employing graphite-monochromatized Mo-Kα radiation (λ = 

0.71073 Å). Crystal data for 4 at 120 K: MF = C19H30N2O4SSi3, MW = 466.78, monoclinic, space 

group P21/c, a = 20.2544(19), b = 13.9007(13), c = 20.932(2) Å, β = 117.6900(10)º, V = 

5218.5(9) Å3, Z = 8, Dcalcd = 1.188 g/cm3. The final R factor was 0.0560 (Rw = 0.1613 for all 

data) for 9937 reflections with I > 2σ(I), GOF = 1.112. 
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Figure S1. ORTEP drawing of 4 (30% thermal ellipsoids). Hydrogen atoms are omitted for 

clarity. Selected bond lengths (Å) and angles (deg): C1−C2 = 1.489(4), C1−C3 = 1.481(4), 

C1−C4 = 1.476(4), C2−C3 = 1.501(4), C3−C4 = 1.540(4), C4−C2 = 1.511(4), S1−C1 = 1.727(3), 

S1−C14 = 1.757(3), C2−Si1 = 1.836(3), C3−Si2 = 1.838(3), C4−Si3 = 1.836(3). C2−C1−C3 = 

60.7(2), C3−C1−C4 = 62.8(2), C4−C1−C2 = 61.3(2), C1−C2−C3 = 59.4(2), C1−C2−C4 = 

58.9(2), C1−C3−C4 = 58.5(2), C1−C3−C2 = 59.9(2), C1−C4−C2 = 59.80(19), C1−C4−C3 = 

58.8(2), C2−C3−C4 = 59.6(2), C3−C4−C2 = 58.9(2), C4−C2−C3 = 61.5(2), C1−S1−C14 = 

101.72(15). 
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Experimental Procedure and Spectral Data for Phenyl Tris(trimethylsilyl)tetrahedranyl 

Sulfone (5) and Crystallographic Data of 5. 

Phenyl tris(trimethylsilyl)tetrahedranyl sulfide 2 (49 mg, 0.13 mmol) was reacted with 

m-chloroperbenzoic acid (43 mg, 0.25 mmol) in CH2Cl2 (0.5 mL) for 2 h. The product was 

purified by gel permeation chromatography (eluent: toluene) to give 5 as colorless crystals (53 

mg, 90%). Mp 87.5–90.0; 1H NMR (C6D6, δ) 0.11 (s, 27 H, SiMe3), 6.92 (m, 3 H, ArH), 7.95 (d, 

J = 7.4 Hz, 2 H, ArH); 13C NMR (C6D6, δ) –10.7 (C–SiMe3), –0.6 (SiMe3), 16.4 (C–S), 127.5, 

128.8, 132.7, 143.6; 29Si NMR (C6D6, δ) –2.3.; HRMS (APCI) m/z: calcd for C19H33O2SSi3 ([M + 

H]+) 409.1504, found: 409.1507. 

The single crystals of 5 for X-ray diffraction analysis were grown from a hexane solution. 

Diffraction data were collected at 120 K on a Bruker APEXII CCD area detector with a rotating 

anode (50 kV, 30 mA) employing graphite-monochromatized Mo-Kα radiation (λ = 0.71073 Å). 

Crystal data for 5 at 120 K: MF = C19H32O2SSi3, MW = 408.78, monoclinic, space group P21/c, a 

= 17.366(3), b = 9.1430(16), c = 17.699(3) Å, β = 119.157(2)º, V = 2454.1(7) Å3, Z = 4, Dcalcd = 

1.106 g/cm3. The final R factor was 0.0321 (Rw = 0.0865 for all data) for 4590 reflections with I 

> 2σ(I), GOF = 1.008. 

 

Experimental Procedure for the Thermal Reaction of Phenyl 

Tris(trimethylsilyl)tetrahedranyl Sulfide (2). 

A benzene solution of 2 (103 mg, 0.27 mmol) was sealed in an NMR tube and heated at 120 

°C for 2 h. NMR analysis of the reaction mixture showed the complete absence of 2 and the 

formation of bis(trimethylsilyl)acetylene 6 (92%) and phenyl trimethylsilylethynyl sulfide 7 

(92%). The spectral data of the products were compared with those of authentic samples [4].   
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Experimental Procedure for the Thermal Reaction of Phenyl 

Tris(trimethylsilyl)tetrahedranyl Sulfone (5). 

A benzene solution of 5 (43 mg, 0.11 mmol) was sealed in an NMR tube and heated at 80 °C 

for 2 h. NMR analysis of the reaction mixture showed the isomerization of 5 to 

(phenylsulfonyl)tris(trimethylsilyl)cyclobutadiene 8, which was obtained as a red powder (40 mg, 

93%). 1H NMR (C6D6, δ) 0.07 (s, 9 H, SiMe3), 0.17 (s, 18 H, SiMe3), 6.88–6.91 (m, 3 H, ArH), 

7.98 (d, J = 6.4 Hz, 2 H, ArH); 13C NMR (C6D6, δ) –0.3, –0.2, 127.2, 129.1, 132.7, 141.6, 154.6, 

166.5, 169.2; 29Si NMR (C6D6, δ) –12.9, –12.2; UV-Vis (hexane) λmax/nm (ε) 346 nm (2000), 459 

nm (200); HRMS (APCI) m/z: calcd for C19H33O2SSi3 ([M + H]+), 409.1504, found 409.1528. 
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Table 1. Energy and atomic coordinates of 2 
 
Energy = ‒2009.95761289 A.U.  (B3LYP/6-31G(d)) 
________________________________________________________________________________ 
 Center     Atomic     Atomic              Coordinates (Angstroms) 
 Number     Number      Type              X           Y           Z 
________________________________________________________________________________ 
    1          6             0       -0.115065   -0.112466   -0.686143 
    2          6             0        0.516611   -0.668009    0.530686 
    3          6             0        1.367053   -0.145790   -0.593468 
    4          6             0        0.568334    0.831253    0.225624 
    5          6             0       -1.063257   -1.646061    2.969386 
    6          1             0       -1.017863   -0.670789    3.468819 
    7          1             0       -1.131698   -2.413843    3.750197 
    8          1             0       -1.989848   -1.681181    2.385503 
    9          6             0        0.355039   -3.653714    1.090571 
   10          1             0       -0.539992   -3.748068    0.464985 
   11          1             0        0.311692   -4.437816    1.856712 
   12          1             0        1.225894   -3.855900    0.456205 
   13          6             0        2.024474   -1.794099    2.929936 
   14          1             0        2.122123   -0.795498    3.371804 
   15          6             0        2.886881   -2.151591   -2.314418 
   16          1             0        2.876660   -2.911860   -1.524633 
   17          1             0        3.774695   -2.329027   -2.934173 
   18          1             0        2.003845   -2.313933   -2.943179 
   19          6             0        4.418423   -0.179078   -0.479209 
   20          1             0        4.454459    0.829131   -0.050419 
   21          6             0        2.943561    0.867569   -2.997395 
   22          1             0        2.071019    0.761388   -3.652270 
   23          1             0        2.946315    1.894134   -2.612691 
   24          6             0        2.193052    2.675752    2.033735 
   25          1             0        2.202562    1.936629    2.843536 
   26          1             0        2.255994    3.670294    2.492761 
   27          1             0        3.101338    2.527319    1.438397 
   28          6             0        0.667383    3.802668   -0.421569 
   29          1             0        1.538117    3.661597   -1.072424 
   30          1             0        0.713329    4.822694   -0.020120 
   31          1             0       -0.229721    3.730060   -1.047078 
   32          6             0       -0.891157    2.816272    2.059937 
   33          1             0       -1.820582    2.734387    1.485397 
   34          1             0       -0.861313    3.820948    2.500032 
   35          1             0       -0.941051    2.096157    2.885517 
   36          6             0       -2.860255   -0.192446   -1.210994 
   37          6             0       -3.974758   -0.433342   -2.027736 
   38          1             0       -3.834685   -0.706809   -3.070763 
   39          6             0       -5.261077   -0.323841   -1.503516 
   40          1             0       -6.117374   -0.512744   -2.145686 
   41          6             0       -5.452607    0.021388   -0.163120 
   42          6             0       -4.342436    0.257754    0.647584 
   43          1             0       -4.477630    0.527151    1.692006 
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   44          6             0       -3.048202    0.154647    0.131401 
   45          1             0       -2.193253    0.342960    0.769717 
   46         16             0       -1.251733   -0.340696   -1.984491 
   47         14             0        2.906189   -0.402060   -1.594643 
   48         14             0        0.455980   -1.937465    1.879247 
   49         14             0        0.631544    2.525057    0.973408 
   50          1             0        2.011179   -2.520385    3.752173 
   51          1             0        2.925204   -1.983693    2.334538 
   52          1             0        4.412971   -0.893568    0.352185 
   53          1             0        5.346480   -0.333018   -1.043643 
   54          1             0        3.841575    0.741880   -3.615003 
   55          1             0       -6.456682    0.103908    0.243533 
________________________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Selected Bond Lengths (Å): C1-C2 = 1.47930, C2-C3 = 1.50323, C3-C4 = 1.50449, C1-C3 
= 1.48539, C2-C4 = 1.53086, C1-S46 = 1.74063, S46-C36 = 1.79098, C2-Si48 = 1.85305, 
C4-49Si = 1.85261, C3-Si47 = 1.85391. 
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Table 2. Energy and atomic coordinates of 5 
 
Energy = -2160.34422963 A.U. (B3LYP/6-31G(d)) 
________________________________________________________________________________ 
Center     Atomic     Atomic              Coordinates (Angstroms) 
 Number     Number      Type              X           Y           Z 
________________________________________________________________________________ 
    1          6             0       -0.653604    0.774103    0.605602 
    2          6             0       -1.523508   -0.010999   -0.333765 
    3          6             0       -0.648710   -0.747887    0.638450 
    4          6             0       -0.044354   -0.008556   -0.486018 
    5         14             0       -0.509169   -2.264205    1.701518 
    6         14             0       -3.033887   -0.036772   -1.423505 
    7         14             0       -0.532852    2.331455    1.610049 
    8          6             0       -4.581700   -0.017295   -0.334646 
    9          1             0       -4.622304    0.881723    0.291661 
   10          1             0       -5.489434   -0.032545   -0.950579 
   11          1             0       -4.618112   -0.889010    0.329368 
   12          6             0       -2.968658    1.497526   -2.522715 
   13          1             0       -2.004917    1.561102   -3.040366 
   14          1             0       -3.762546    1.476638   -3.279426 
   15          1             0       -3.092010    2.415882   -1.936451 
   16          6             0       -2.963301   -1.613506   -2.460508 
   17          1             0       -3.754059   -1.622496   -3.220719 
   18          1             0       -1.997413   -1.696627   -2.971304 
   19          1             0       -3.088748   -2.508357   -1.839450 
   20          6             0       -1.937415   -2.266848    2.942299 
   21          1             0       -2.908270   -2.266733    2.433197 
   22          1             0       -1.897842   -3.157891    3.581026 
   23          1             0       -1.904601   -1.388195    3.597142 
   24          6             0       -0.606334   -3.779936    0.577388 
   25          1             0       -0.410380   -4.703054    1.136643 
   26          1             0       -1.598960   -3.871029    0.121306 
   27          1             0        0.122589   -3.715108   -0.238497 
   28          6             0        1.145371   -2.221122    2.617053 
   29          1             0        1.270888   -3.116007    3.239206 
   30          1             0        1.989992   -2.176776    1.920145 
   31          1             0        1.214024   -1.347041    3.275277 
   32          6             0       -0.635188    3.804743    0.431086 
   33          1             0       -1.621833    3.864666   -0.042793 
   34          1             0       -0.462224    4.749601    0.960918 
   35          1             0        0.107226    3.724417   -0.371125 
   36          6             0       -1.969783    2.368680    2.839935 
   37          1             0       -1.941032    3.282441    3.446317 
   38          1             0       -2.936852    2.343151    2.324317 
   39          1             0       -1.935650    1.514435    3.526233 
   40          6             0        1.115849    2.336896    2.537112 
   41          1             0        1.235045    3.260639    3.116866 
   42          1             0        1.182668    1.495242    3.236530 
   43          1             0        1.964929    2.262023    1.848263 
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   44         16             0        1.060722   -0.039331   -1.824136 
   45          6             0        2.694268   -0.015967   -1.067691 
   46          6             0        3.310464    1.210882   -0.811998 
   47          6             0        3.327278   -1.225542   -0.774243 
   48          6             0        4.577519    1.222197   -0.227483 
   49          1             0        2.810479    2.132612   -1.090554 
   50          6             0        4.594518   -1.201176   -0.190335 
   51          1             0        2.839573   -2.162109   -1.023388 
   52          6             0        5.215139    0.019416    0.086736 
   53          1             0        5.070454    2.169353   -0.027490 
   54          1             0        5.100564   -2.134764    0.038607 
   55          1             0        6.203000    0.033304    0.538919 
   56          8             0        0.893081    1.220845   -2.568812 
   57          8             0        0.899394   -1.337158   -2.502946 
________________________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Selected Bond Lengths (Å): C1-C2 = 1.50184, C2-C3 = 1.50116, C3-C4 = 1.47522, C1-C3 
= 1.52235, C2-C4 = 1.48697, C1-Si7 = 1.85711, C2-Si6 = 1.86264, C3-Si5 = 1.85710, 
C4-S44 = 1.73571, S44-C45 = 1.80034. 
 
 
 




























































































