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1.  Experimental Details 

 

1.1  General methods and instrumentation 

 

All manipulations were performed under an argon atmosphere using standard Schlenk 

techniques. All solvents were freshly distilled under argon from sodium/benzophenone (THF, 

toluene), CaSO4 (acetone), or CaH2 (acetonitril, methyliodine) and stored over molecular 

sieve (3 Ǻ) (acetone, acetonitril, methyliodine) prior to use. C6D6 and thf-d8 were vacuum 

transferred from potassium/benzophenone into thoroughly dried glassware equipped with 

Young teflon valves. Air sensitive compounds were stored and weighed in glove boxes 

(Braun MB150 G-I and Unilab system). Solution NMR spectra were recorded using Bruker 

Avance instruments operating at 
1
H Larmor frequencies of 300 or 400 MHz; chemical shifts 

are given relative to TMS for 
13

C and 
1
H. Coupling constants J are given in Hertz as positive 

values regardless of their real individual signs. The multiplicity of the signals is indicated as s, 

d, or m for singlets, doublets, or multiplets, respectively. Since we observe in many cases 

“through cage” couplings, we consider the “back-lobe-to-back-lobe” interaction as “bond”, 

which is also reflected in the superscript numbering for the coupling constants (
n
J). The 

abbreviation br. is given for broadened signals. Note that Mes-substituted heavy 

[1.1.1]propellanes and bicyclo[1.1.1]propellanes of group 14 show distinctive resonances in 

their 
1
H NMR spectra. Due to the special arrangement of the Mes ligands, three signals for the 

Me groups (each 18 H) and two resonances for the aromatic protons in meta position (each 6 

H) of the Mes ligands are usually observed for unsubstituted [1.1.1]propellanes or 

symmetrically 1,3-disubstituted bicyclo[1.1.1]pentanes. For unsymmetrically 1,3-

disubstituted bicyclo[1.1.1]pentanes, however, the number of resonances is doubled and the 

integrals are bisected according to the non-equivalence of the bridgehead atoms. IR spectra 

were recorded on a Bruker Alpha FT-IR spectrometer using using the ATR technique 

(attenuated total reflection) on bulk material, and the data are quoted in wavenumbers (cm
1

). 

The Raman spectra were measured on a Bruker MultiRAM spectrometer with a Ge detector 

(Laser, 1064 nm, 500 mW). The intensities of the absorption bands are indicated as vs (very 

strong), s (strong), m (middle), w (weak), vw (very weak), br (broad). UV/Vis spectra were 

recorded on a Varian Cary 100 Scan in Quartz tubes (d = 1 cm) in a THF solution. Mass 

spectra and elemental analyses were recorded by the institutional technical laboratories of the 

Karlsruhe Institute of Technology (KIT). 

 

1.2 Starting materials 

Hexakis(2,4,6-trimethylphenyl)trisiladistanna[1.1.1]propellane (1)
[S1]

 was prepared according 

to literature methods. Lithium acetylide ethylendiamine complex (LiC≡CHen), 

sodiumacetylide, and lithium hexamethyldisilazide were purchased from ABCR and Sigma-

Aldrich and used as received. 
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1.3 Synthesis of the title compounds 

2,2,4,4,5,5-hexakis(2,4,6-trimethylphenyl)-1,3-dimethyl-2,4,5-trisila-1,3-

distannabicyclo[1.1.1]pentane (2) (see also Figures S1S5) 

To a stirred solution of 1 (50 mg, 0.048 mmol) in 20 mL THF was added dropwise a 0.032 M 

solution of methyl lithium in Et2O (10% excess) at 78°C. Stirring was continued for 20 min. 

Then methyl iodide was added in excess to obtain the desired compound 2. The solvent was 

removed in vacuo and the residue was dissolved in 25 mL of toluene and filtered. The filtrate 

was concentrated to about 7 mL and then layered with 20 mL of acetonitrile to obtain yellow 

crystals (42 mg, 0.039 mmol, 82 %). Mp. (sealed tube under Ar): > 200°C (decomp.). 
1
H 

NMR (300.1 MHz, C6D6, ppm): δ = 1.28 (
2
J(

1
H,

119
Sn) = 40.3 Hz, 

3
J(

1
H,

119
Sn) = 11 Hz, 

SnCH3), 2.10 (s, 18 H, p-CH3), 2.32 (s, 18 H, o-CH3), 2.59 (s, 18 H, o-CH3), 6.29 und 6.66 

(s, 12 H, m-H). 
13

C{
1
H} NMR (75.5 MHz, C6D6, ppm): δ = 2.2 (SnCH3), 21.4 (p-CH3), 

27.0 (o-CH3), 129.2 and 129.8 (m-CH), 133.7 (SiC), 137.8 (p-C(CH3)), 144.4 and 145.7 (o-

C(CH3)). 
29

Si NMR (59.6 MHz, C6D6, ppm): δ = 59 (
1
J(

29
Si,

119
Sn) = 263 Hz). 

119
Sn{

1
H} 

NMR (111.9 MHz, C6D6, ppm): δ = 222 (
1
J(

29
Si,

119
Sn) = 263 Hz, 

1
J(

117
Sn,

119
Sn) = 4877 

Hz). UV/Vis (THF, nm): λmax = 290 (ε = 1000 M
1

 cm
1

), 252 (shoulder). IR (ATR, cm
1

): ν = 

404 (vs), 429 (vs), 464 (m), 492 (s), 549 (vs), 567 (m), 570 (vs), 614 (m), 693 (m), 727 (s), 

796 (b), 842 (s), 875 (w), 1012 (vs), 1025 (vs), 1082 (m), 1092 (m), 1260 (m), 1287 (vw), 

1365 (vw), 1377 (vw), 1372 (w), 1406 (w), 1434 (w), 1446 (m), 1464 (w), 1494 (vw), 1603 

(w), 2853 (vw), 2911 (w), 2962 (w), 3019 (vw). Elemental analysis, found (%): 62.82, H: 

6.50; calculated for C56H72Si3Sn2: C: 63.05, H: 6.80. EI MS (70 eV) m/z (%): 1065.84 (30). 

 

Synthesis of 3 and 4 via sodium acetylide: A suspension sodium acetylide (22% in Xylene, 

10% excess) and 1 (50 mg, 0.048 mmol) was stirred in THF at 10°C until the purple colour 

disappeared; methyl iodide was instantly added. After the solvent was removed, the residue 

was extracted with toluene, filtered and the solvent was removed under reduced pressure. The 

NMR spectra showed the formation of a mixture of 3 and 4 (ca. 20:80). The solid crude 

product was dissolved in THF and another crop of sodium acetylide (200% excess) was added 

to a 10 mL suspension of the previous product mixture. The suspension was stirred for 60 min 

at 10°C. Addition of an excess of methyl iodide resulted in the formation of 4. The solvent 

was removed in vacuo and the residue was extracted with toluene. After reducing the volume 

to about 2 mL, the solution was layered with 25 mL of acetonitrile to obtain yellow crystals of 

4 (35 mg, 0.032 mmol, 66% based on 3). For spectral data, see 3 and 4. 

 

1-Ethynyl-2,2,4,4,5,5-hexakis(2,4,6-trimethylpheny)-3-methyl-2,4,5-trisila-1,3-

distannabicyclo[1.1.1]pentane (3) (see also Figures S6S11) 

Via lithium acetylide ethylenediamine complex: To a stirred solution of 1 (30 mg, 0.029 

mmol) in 10 mL THF was added dropwise a 0.05 M (9 mg in 20 mL of THF) solution of 

LiC≡CHen in THF at ambient temperature until the solution became colourless. Stirring was 

continued for 10 min. after which methyl iodide was added in excess. The solvent was 

evaporated in vacuo and the residue was dissolved in 15 mL toluene and filtered. The filtrate 

was concentrated under vacuum to about 7 mL and afterwards layered with 20 mL acetonitrile 

to obtain colourless crystals (23 mg, 0.021 mmol, 73 %). Mp. (sealed tube under Ar): >230°C 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



5 

(decomp.). 
1
H NMR (400.1 MHz, C6D6, ppm): δ = 1.29 (s, 3 H, 

2
J(

1
H,

119
Sn) = 44 Hz, 

4
J(

1
H,

119
Sn) = 16 Hz, SnCH3), 2.08 (s, 18 H, p-CH3), 2.28, 2.48, 2.58, 2.71 (s, each 9 H, o-

CH3), 2.38 (s, 1 H, 
3
J(

1
H,

119
Sn) = 11Hz, 

4
J(

1
H,

119
Sn) = 5Hz, HCCH), 6.28, 6.32, 6.65, 6.68 (s, 

each 3 H, m-H). 
13

C NMR (100.6 MHz, C6D6, ppm): δ = 5.9 (SnCH3), 21.4 (p-CH3), 25.5, 

25.7, 26.9, 27.6 (o-CH3), 91.2 (SnC≡CH), 98.4 (SnC≡CH), 129.5, 130.1, 132.5, 132.6 (m-

CH), 138.2 (SiC), 138.4 (p-CCH3) 144.1, 145.1, 145.4, 146.5 (o-CCH3). 
29

Si NMR (59.6 

MHz, C6D6, ppm): δ = 56 (
1
J(

29
Si,

119
SnMe) = 281 Hz, 

1
J(

29
Si,

119
SnC≡CH) = 300 Hz). 

119
Sn{

1
H} (111.9 MHz, C6D6, ppm): δ = 245 (

1
J(

29
Si,

119
SnC≡CH) = 281 Hz, 

1
J(

117
Sn,

119
Sn) = 

7127 Hz, SnCH3), 282 (
1
J(

29
Si,

119
SnC≡CH) = 300 Hz, 

1
J(

117
Sn,

119
Sn) = 7127 Hz, SnC≡CH). 

IR (ATR, cm
1

): ν = 405 (vs), 430 (vs), 464 (w), 502 (w), 549 (s), 566 (w), 615 (s), 658 (w), 

727 (m), 749 (w), 843 (m), 959 (m), 1026 (m), 1257 (vw), 1286 (vw), 1365 (vw), 1406 (vw), 

1450 (m), 1492 (w), 1602 (w), 2917 (w), 3023 (w), 3277 (vw). UV/Vis (THF, nm): λmax = 288 

(ε = 30000 M
1

cm
1

). Elemental analysis, found (%):C: 63.37, H: 6.50; calculated for 

C57H70Si3Sn2: C: 63.58, H: 6.55. EI-MS (70 eV) m/z (%): 1076 (2). 

1-(prop-1-yn)-2,2,4,4,5,5-hexakis(2,4,6-trimethylphenyl)-3-methyl-2,4,5-trisila-1,3-

distannabicyclo[1.1.1]pentane (4) (see also Figures S12S17) 

To a stirred solution of 1 (30 mg, 0.029 mmol) in 10 mL THF was added an excess of lithium 

acetylide ethylenediamine complex (5 mg, 0.05 mmol) at ambient temperature. Stirring was 

continued for 10 min. Then methyl iodide was added in excess and all volatiles were removed 

in vacuo. The residue was dissolved in 20 mL toluene and filtered. To this solution was added 

an excess of lithium hexamethyldisilazide (10 mg, 0.06 mmol). The solution was left stirring 

for 1h and afterwards an excess of methyl iodide was added. The solution was filtered and 

concentrated to about 8 mL and covered with acetonitrile to obtain slightly yellow crystals (22 

mg, 0.020 mmol, 69 %). Mp. (sealed tube under Ar): >200°C (decomp.) 
1
H NMR (400.1 

MHz, C6D6, ppm): δ = 1.30 (s, 3 H, 
2
J(

1
H,

119
Sn) = 44 Hz, 

3
J(

1
H,

119
Sn) = 16 Hz, SnCH3), 

1.74 (s, 3 H, 
4
J(

1
H,

119
Sn) = 11 Hz, SnCCMe), 2.08 (s, 18 H, p-CH3), 2.30, 2.50, 2.60, 2.74 

(s, each 9 H, o-CH3), 6.28, 6.32, 6.65, 6.68 (s, each 3 H, m-H). 
13

C{
1
H} NMR (100.6 MHz, 

C6D6, ppm): δ = 6.5 (SnCH3), 5.1 (SnCCCH3), 20.7 (p-CH3), 24.8, 24.9, 26.1, 26.9 (o-

CH3), 82.5 (SnCCCH3), 106.9 (SnCCCH3), 128.3, 128.7, 129.0, 129.1 (m-CH), 132.0 

(SiC), 137.4 (p-CCH3), 143.5, 144.6, 144.7, 145.7 (o-CCH3). 
29

Si NMR (59.6 MHz, C6D6, 

ppm): δ = 57 (
1
J(

29
Si,

119
SnMe) = 281 Hz, 

1
J(

29
Si,

119
SnC≡CMe) = 308 Hz). 

119
Sn{

1
H} NMR 

(111.9 MHz, C6D6, ppm): δ = 241 (
1
J(

29
Si,

119
SnC≡CMe) = 281 Hz, 

1
J(

117
Sn,

119
Sn) = 6942 Hz, 

SnCH3), 281 (
1
J(

29
Si,

119
SnC≡CMe) = 308 Hz, 

2
J(

117
Sn,

119
Sn) = 6942 Hz, SnC≡CMe). 

UV/Vis (THF, nm): λmax = 390 (ε = 1000 M
1

 cm
1

), 252 (shoulder). IR (ATR, cm
1

): ν = 404 

(vs), 430 (vs), 465 (w), 505 (m), 550 (vs), 567 (w), 596 (vs), 614 (m), 615 (s), 662 (m, 695 

(w), 731 (s), 843 (vs), 984 (s), 1025 (s), 1127 (b), 1178 (m), 1233 (s), 1286 (m), 1309 (w), 

1366 (w), 1406 (m), 1443 (m), 1494 (m), 1547 (vw), 1603 (w), 2147 (vw), 2726 (vw), 2854 

(vw), 2917 (w), 2945 (w), 2966 (w), 3019 (vw). EI-MS (70 eV) m/z (%): 1089.41 (45). 

Elemental analysis, found (%): C: 65.65, H: 6.70; calculated for C58H72Si3Sn2•C7H8 (as 

supported by 
1
H NMR data of the sample and the X-ray crystal structure, see Figure S30): C: 

65.99, H: 6.82. 
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1,2-bis(2,2,4,4,5,5-hexakis(2,4,6-trimethylphenyl)-3-methyl-2,4,5-trisila-1,3-

distannabicylo[1.1.1]pentan)ethyne (5) (see also Figures S18S25) 

To a THF solution (10 mL) of 1 (20 mg, 0.019 mmol) was added dropwise a 0.011 M (10 mg 

in 10 mL of THF) solution of lithium acetylide ethylenediamine complex in THF at room 

temperature until the solution turned colourless. After stirring for additional 10 min. a 0.01 M 

(12.5 µL methyliodine in 20 mL of THF) methyl iodide solution (2 mL) was added. To this 

mixture was added a slight excess of lithium hexamethyldisilazide (7 mL of a 0.003 M (10 mg 

in 20 mL) THF solution). After 5 min. of stirring, a 2.5 mM (25 mg, 0.025 mmol in 10 mL of 

THF) solution of 1 in THF was added dropwise until the colour of the solution turned slightly 

purple. To this solution was added another 2 mL of the methyl iodide solution. All volatiles 

were evaporated in vacuo and the residue was dissolved in 10 mL toluene and filtered. The 

filtrate was concentrated to a half and 5 was obtained as colourless crystals at 4°C (25 mg, 

0.012 mmol, 65%) Mp. (sealed tube under Ar): >270°C (decomp.) 
1
H NMR (400.1 MHz, 

THF-d8, ppm): δ = 1.16 (s, 6 H, 
2
J(

1
H,

119
Sn) = 44 Hz, 

3
J(

1
H,

119
Sn) = 14 Hz, SnCH3), 2.11 (s, 

18 H, o-CH3), 2.15 (s, 36 H, p-CH3), 2.29, 2.32 (s, each 9 H, o-CH3), 2.35, 2.51, 2.52 (m, 36 

H, o-CH3), 6.16, 6.22, 6.69, 6.75, 6.77 (m, 24 H, m-CH). 
13

C NMR (100.6 MHz, THF-d8, 

ppm): δ = 5.7 (SnCH3), 21.2, 21.3 (o-CH3), 25.6, 25.8 , 26.0, 26.9, 27.8 (p-CH3), 88.6 

(SnC≡CSn), 129.0, 129.4, 130.0, 130.4 (m-CH), 133.1, 133.3(SiC) 138.4 (o-CCH3), 144.6, 

145.6, 145.7, 146.9 (p-CCH3). 
29

Si NMR (59.6 MHz, THF-d8, ppm): δ = 57 (
1
J(

29
Si,

119
SnMe) 

= 279 Hz, 
1
J(

29
Si,

119
SnC≡C) = 305 Hz). 

119
Sn NMR (79.5 MHz, THF-d8, ppm): δ = 295 (s, 

1
J(

117
Sn,

119
Sn) = 6770 Hz, 

1
J(

29
Si,

119
Sn) = 305 Hz, SnC≡C), 296 (s, 

1
J(

117
Sn,

119
Sn) = 6760 Hz, 

1
J(

29
Si,

119
Sn) = 305 Hz, SnC≡C), 237 (

1
J(

117
Sn,

119
Sn) = 6770 Hz, 

1
J(

29
Si,

119
Sn) = 279 Hz, 

SnMe). IR (ATR, cm
1

): ν = 404 (vs), 430 (vs), 454 (w), 464 (w), 502 (s), 548 (s), 566 (m), 

587 (m), 596 (m), 614 (w), 664 (vw), 693 (m), 727 (m), 842 (s), 876 (vw), 916 (vw), 982 (w), 

1028 (m), 1099 (w), 1150 (vw), 1191 (vw), 1236 (w), 1286 (w), 1307 (w), 1364 (w), 1379 

(vw), 1406 (m), 1435 (w), 1463 (w), 1494 (vw), 1544 (vw), 1602 (m), 2289 (vw), 2916 (w), 

2946 (w), 3020 (vw). Raman (powder, Laser 500 mW, 1064 nm), cm
1

): ν =76 (vs), 123 (s), 

176 (m), 224 (vw), 287 (vw), 324 (m), 340 (w), 410 (vw), 438 (s), 505 (m), 538 (m), 571 (w), 

601 (w), 719 (vw), 785 (vw), 1008 (m), 1052 (m), 1092 (m), 1175 (w), 1263 (vw), 1289 (m), 

1376 (w), 1467 (w), 1553 (vw), 1604 (s), 2000 (w), 2043 (m), 2285 (vw), 2329 (vw), 2723 

(vw), 2857 (w), 2917 (s), 3022 (w). UV/Vis (THF, nm): λmax = 287 (ε = 150 M
1

 cm
1

), 251 

(shoulder). Elemental analysis, found (%): C: 63.23, H: 6.62; calculated for C112H138Si6Sn4: 

C: 63.22, H: 6.54. Due to the high molecular mass and non-ionic character of the compound, 

we were not able to collect EI or ESI mass spectra for 5. 
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1.4 Details on the DFT studies 

 

Slightly modified model systems q2 and q5 consisting of Ph substituents were used for the 

calculations, which were performed with the TURBOMOLE program package.
[S2]

 The 

geometries were optimized in D3 (q2) or C1 (q5) symmetry at the (RI)-BP86
[S3]

 level with the 

def2-TZVP basis sets.
[S4]

 The coordinates of the minimum structures are compiled at the end 

of the Supporting Material (Section 5; Cartesian coordinates in bohr units). For molecular 

orbital plots, see Figure S26. 
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2. Figures 

 
 

 

Figure S1 
1
H NMR spectrum of 2 (400.1 MHz, C6D6); see schematic drawing for numbering. 
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Figure S2 
13

C NMR spectrum of 2 (100.6MHz, C6D6). 
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Figure S3 
119

Sn{
1
H} NMR spectrum of 2 (79.5 MHz, C6D6). 
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Figure S4 UV/Vis spectrum of 2 in THF. 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



12 

 

 

Figure S5 ATR-IR spectrum of 2. 
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Figure S6 
1
H NMR spectrum of 3 (400.1 MHz, C6D6); see schematic drawing for numbering. 
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Figure S7 
13

C NMR spectrum of 3 (100.6MHz, C6D6); see schematic drawing for numbering. 
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Figure S8 
119

Sn{
1
H} NMR spectrum of 3 (79.5 MHz, C6D6). The signals marked with an 

asterisk are due to 
1
J(

119
Sn,

119
Sn) couplings between the bridgehead tin atoms (expected value 

= 7455 Hz). The second pair of signals has not been observed due to their very small 

intensity. For a related spectrum see ref. [S5].    = unknown impurity. 

* * * 
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Figure S9 
1
H NMR spectrum of 3 in the region of the terminal alkyne proton.  
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Figure S10 UV/Vis spectrum of 3 in THF. 
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Figure S11 ATR-IR spectrum of 3. 
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Figure S12 
1
H NMR spectrum of 4 (400.1 MHz, C6D6); see schematic drawing for 

numbering. 
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Figure S13 
13

C NMR spectrum of 4 (100.6 MHz, C6D6); see schematic drawing for 

numbering. 
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Figure S14 
119

Sn{
1
H} NMR spectrum of 4 (79.5 MHz, C6D6). The signals marked with an 

asterisk are due to 
1
J(

119
Sn,

119
Sn) couplings between the bridgehead tin atoms (expected value 

= 7260 Hz). The second pair of signals has not been observed due to their very small 

intensity. For a related spectrum see ref. [S5]. 

* * 
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Figure S15 
1
H NMR spectrum of 4 in the region of the CCCH3 group. 
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Figure S16 UV/Vis spectrum of 4 in THF. 
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Figure S17 ATR-IR spectrum of 4. 
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Figure S18 
1
H NMR spectrum of 5 (400.1 MHz, THF-d8); see schematic drawing for 

numbering. 
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Figure S19 
1
H NMR spectrum of 5 in C6D6 (300 MHz). 
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Figure S20 
13

C NMR spectrum of 5 (100.6 MHz, THF-d8); see schematic drawing for 

numbering. 
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Figure S21 
119

Sn{
1
H} NMR spectrum of 5 (79.5 MHz, THF-d8). The signals marked with an 

asterisk are due to 
1
J(

119
Sn,

119
Sn) couplings between the bridgehead tin atoms (two of those 

on the right hand side; (expected values = 7082 and 7073 Hz). The corresponding satellites 

have not been observed due to their small intensity. 

 

* 
* 
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Figure S22 UV/Vis spectrum of 5 in THF. 
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Figure S23 ATR-IR spectrum of 5. 
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Figure S24 Raman powder spectrum of 5. 
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Figure S25 Section of the Raman powder spectrum of 5. 
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Figure S26 Frontier orbitals of q2 and q5: a) LUMO of q2, b) HOMO of q2 (degenerate set 

of e symmetry, only one is shown), c) LUMO of q5, d) HOMO of q5. Calculations were 

performed at the RI-DFT, BP86/def2-TZVP level. Molecular orbital plots were drawn with 

gOpenMol.  

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



34 

3. Crystal structures and structural parameters 

 

3.1 General conditions  

 

In each case, single crystals were obtained at room temperature from a toluene solution, 

which was layered with acetonitrile. In order to avoid degradation, the single crystals were 

mounted on glass fibers using perfluoropolyether oil and cooled rapidly in a stream of cold N2 

using an Oxford Cryosystems Cryostream unit. Diffraction data were measured using a STOE 

STADI 4 diffractometer with CCD detector and graphite-monochromated MoK (0.71073 Å) 

radiation. All calculations were performed using SHELXTL (ver. 6.12) program suite.
[S6]

 The 

structures were solved by direct methods and successive interpretation of the difference 

Fourier maps, followed by full matrix least-squares refinement (against F
2
). All non-hydrogen 

atoms were refined anisotropically (for exceptions, see below). The contribution of the 

hydrogen atoms, in their calculated positions, was included in the refinement using a riding 

model. Upon convergence, the final Fourier difference map of the X-ray structures showed no 

significant peaks. All details of the structure solution and refinements are given in the 

Supporting Information (CIF data). Furthermore, crystal data collection and processing 

parameters are given in the Tables S1-S3. A full listing of atomic coordinates, bond lengths 

and angles and displacement parameters for the structures 3, 4, and 5 have been deposited at 

the Cambridge Crystallographic Data Centre. 

 

The crystal structure of 2 contains several disordered solvent molecules, which could not be 

refined appropriately, even by measuring different single crystals from different batches. The 

best refinement (R1 = 0.0908, wR2 = 0.2747) was reached by placing three (isotropic) six-

membered carbon rings (representative for disordered toluene lattice molecules; AFIX 66 

restraint in SHELXL) on the disordered positions. Due to this problem, no structural 

parameters are discussed and no cif-file has been generated for 2. However, in order to 

illustrate the connectivity within 2, the 1,3-dimethyl substituted bicyclo[1.1.1]pentane core 

structure is shown in Figure S27, relevant unit cell parameters are given in the caption. One 

molecule of 3 crystallises with three toluene molecules with 50% occupancy each, as 

indicated by the formula C57H70Si3Sn2  1.5 C7H8 in Table S1. These carbon atoms were not 

refined anisotropically. Furthermore, the methyl and the ethynyl substituent of 3 were found 

to be statistically disordered due to a comparable steric demand of both substituents. The two 

positions were refined against each other by using first a free variable (FVAR) and finally 

fixed occupation factors of 2 x 50%. Compound 5 crystallises with two acetonitrile and six 

toluene solvent molecules in the crystal lattice. Four of the latter show occupancies of 100% 

and 50%, while the third toluene molecule could only be refined as (anisotropic) benzene ring 

(representative for a disordered toluene molecule; AFIX 66 restraint in SHELXL) with an 

occupancy of only 25% (formula C112H138Si6Sn4  0.5 C6H6  3 C7H8  2 C2H3N in Table S3) 

Furthermore, the 50% and 25% toluene molecules are located on special crystallographic 

positions and had to be refined by using appropriate instructions (PART1 in SHELXL). 
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3.2 Crystal Data, Data Collection, and Structure Refinement for (2), 3, 4, and 5. 
 

 

 

 
Figure S27 Displacement ellipsoid plot (30% probability) of 2; hydrogen atoms of the Mes 

ligands have been omitted and carbon atoms of the Mes substituents have been drawn with 

arbitrary radii for clarity; selected cell data: monoclinic, P21/c, a = 1086.8(2) pm, b = 

3345.4(7) pm, c = 1978.4(4) pm, β = 99.77(3)°, V = 7089(2) 10
6
 pm

3
, Z = 4. 
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Figure S28 Displacement ellipsoid plot (30% probability) of 3; hydrogen atoms of the Mes 

ligands have been omitted and carbon atoms of the Mes substituents have been drawn with 

arbitrary radii for clarity. Selected bond length (pm) and angles (°): Sn1
…

Sn2 315.7(1), Sn1–

Si1 262.2(2), Sn1–Si2 261.2(2), Sn1–Si3 262.3(1), Sn2–Si1 261.9(2), Sn2–Si2 262.0(2), Sn2–

Si3 262.0(2), Si–C 189.8(5)–190.8(5), Sn1C2 199(1), Sn1C1' 235(2), Sn2C2' 200(2), 

Sn2C1 235(2), C2C3 115.6(9), C2’C3’ 108(2); Sn1–Si1–Sn2 74.1(1), Sn1–Si2–Sn2 

74.2(1), Sn1–Si3–Sn2 74.1(1), Si1–Sn1–Si2 87.4(1), Si1–Sn1–Si3 87.4(1), Si2–Sn1–Si3 

87.5(1), Si1–Sn2–Si2 87.3(1), Si1–Sn2–Si3 87.4(1), Si2–Sn2–Si3 87.5(1), Sn2C2’C3’ 

176.7(20), Sn1C2C3 177(2).  
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Table S1 Crystal data for 3.  

 

Compound 3 

Elemental formula C57H70Si3Sn2  1.5 C7H8 

Molar mass 1214.98 

Crystallographic system Triclinic 

Space group P1 

Cell constants a /pm = 1117.0(2)  α /° = 64.00(3) 

b /pm = 1830.7(4)  β /° = 80.10(3) 

c /pm = 1971.4(4)  γ /° = 86.56(3) 

V [10
6
 pm

3
] 3569(1) 

Z 2 

µ [mm
1

] 0.783 

Calc. density [g/cm
3
] 1.131 

Crystal dimensions [mm] 0.30 x 0.30 x 0.20 

Measurement temperature [K] 200 

2θmax [°] 50.00 

Measured reflexes 30550 

Independent reflexes 12505 (Rint = 0.0678) 

Parameter / Restraints 655 / 82 

R1 0.0488 

wR2 (all data) 0.1466  

Residual electron density [10
6

 e/pm
3
] 1.355 / 0.670 

Diffractometer type Stoe Stadi4 with CCD detector 
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Figure S29 Displacement ellipsoid plot (30% probability) of 4; hydrogen atoms of the Mes 

ligands have been omitted and carbon atoms of the Mes substituents have been drawn with 

arbitrary radii for clarity. Selected bond length (pm) and angles (°): Sn1
…

Sn2 315.8(1), Sn1–

Si1 260.5(1), Sn1–Si2 261.7(1), Sn1–Si3 262.5(1), Sn2–Si1 260.5(1), Sn2–Si2 261.0(1), Sn2–

Si3 262.0(1), Si–C 189.0(4)–190.8(4), Sn1C1 215.1(4), Sn2C2 210.4(4), C2C3 113.3(5), 

C3C4 151.2(6); Sn1–Si1–Sn2 74.3(1), Sn1–Si2–Sn2 74.4(1), Sn1–Si3–Sn2 74.3(1), Si1–

Sn1–Si2 88.4(1), Si1–Sn1–Si3 86.6(1), Si2–Sn1–Si3 87.1(1), Si1–Sn2–Si2 87.7(1), Si1–Sn2–

Si3 86.8(1), Si2–Sn2–Si3 86.9(1), Sn1–C2–C3 177.2(4), C2–C3–C4 179.6(6). 
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Table S2 Crystal data for 4. 

 

Compound 4 

Elemental formula C58H72Si3Sn2  C7H8 

Molar mass 1182.94 

Crystallographic system monoclinic 

Space group P21/c 

Cell constants a /pm = 1138.4(2) 

b /pm = 2650.2(5)  β /° = 91.70(3) 

c /pm = 1944.4(4) 

V [10
6
 pm

3
] 5864(2) 

Z 4 

µ [mm
1

] 0.951 

Calc. density [g/cm
3
] 1.340 

Crystal dimensions [mm] 0.20 x 0.10 x 0.10 

Measurement temperature [K] 200 

2θmax [°] 50.00 

Measured reflexes 40243 

Independent reflexes 10267 (Rint = 0.0872) 

Parameter / Restraints 653 / 0 

R1 0.0436 

wR2 (all data) 0.1114  

Residual electron density [10
6

 e/pm
3
] 0.875 / 0.834 

Diffractometer type Stoe Stadi4 with CCD detector 
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Figure S30 Displacement ellipsoid plot (30% probability) of 5; hydrogen atoms of the Mes 

ligands have been omitted and carbon atoms of the Mes substituents have been drawn with 

arbitrary radii for clarity. Selected bond length (pm) and angles (°): Sn1
…

Sn2 318.7(2), Sn1–

Si1 262.5(2), Sn1–Si2 261.6(2), Sn1–Si3 260.4(2), Sn2–Si1 260.9(2), Sn2–Si2 262.7(2), Sn2–

Si3 262.8(2), Si–C 190.0(6)–192.2(6), Sn1C1 213.8(4), Sn2C2 217.1(5); Sn1–Si1–Sn2 

75.0(1), Sn1–Si2–Sn2 74.9(1), Sn1–Si3–Sn2 75.0(1), Si1–Sn1–Si2 86.5(1), Si1–Sn1–Si3 

87.1(1), Si2–Sn1–Si3 86.6(1), Si1–Sn2–Si2 87.7(1), Si1–Sn2–Si3 87.5(1), Si2–Sn2–Si3 

85.9(1); atoms denoted with an apostrophe are generated by x+1, y+1, z+1. 
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Table S3 Crystal data for 5.  

 

Compound 5 

Elemental formula C112H138Si6Sn4  0.5 C6H6  3 C7H8  2 C2H3N 

Molar mass 2525.09 

Crystallographic system triclinic 

Space group P1 

Cell constants a /pm = 1349.3(3)  α /° = 113.74(3) 

b /pm = 1595.0(3)  β /° = 108.71(3) 

c /pm = 1786.5(4)  γ /° = 96.95(3) 

V [10
6
 pm

3
] 3298(1) 

Z 1 

µ [mm
1

] 0.851 

Calc. density [g/cm
3
] 1.271 

Crystal dimensions [mm] 0.15 x 0.15 x 0.10 

Measurement temperature [K] 200 

2θmax [°] 50.00 

Measured reflexes 22218 

Independent reflexes 11460 (Rint = 0.0624) 

Parameter / Restraints 755 / 123 

R1 0.0596 

wR2 (all data) 0.1812 

Residual electron density [10
6

 e/pm
3
] 1.942 / 1.175 

Diffractometer type Stoe Stadi 4 with CCD detector 
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5. Coordinates of the calculated structures 

 

 
 

q2: 

 

H    -0.5170026   -0.8972891   -4.2019921 

H    -0.5185739    0.8963819   -4.2019921 

H     1.0355765    0.0009072   -4.2019921 

C     0.0000000    0.0000000   -3.8440280 

H     0.5119154    6.5756427   -1.4182756 

H     5.4387159   -3.7311531   -1.4182756 

H    -5.9506313   -2.8444896   -1.4182756 

H     1.4177271    4.2824294   -1.5599416 

H    -4.4175562   -0.9134270   -1.5599416 

H     2.9998291   -3.3690024   -1.5599416 

H    -0.9774475   -3.1323729   -1.8440653 

H    -2.2239908    2.4126808   -1.8440653 

H    -1.8665721   -5.4327358   -1.9918229 

H    -3.7716012    4.3328667   -1.9918229 

H     5.6381733    1.0998691   -1.9918229 

H     3.2014383    0.7196921   -1.8440653 

C     0.1836659    5.8202270   -0.7018461 

Sn    0.0000000    0.0000000   -1.6554993 

C     4.9486315   -3.0691728   -0.7018461 

C    -5.1322974   -2.7510542   -0.7018461 

C     0.6890556    4.5215318   -0.7816787 

C    -4.2602893   -1.6640262   -0.7816787 

C     3.5712336   -2.8575056   -0.7816787 

C    -0.6428403   -3.8813497   -1.1227464 

C    -1.1486483   -5.1809365   -1.2094177 

C    -3.0399273    2.4973909   -1.1227464 

C    -3.9124984    3.5852269   -1.2094177 

C     5.0611468    1.5957096   -1.2094177 
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C     3.6827676    1.3839589   -1.1227464 

H    -1.1290973    7.1702767    0.3632361 

H     6.7741905   -2.6073114    0.3632361 

H    -5.6450932   -4.5629653    0.3632361 

C    -0.7369168    6.1540277    0.2964544 

C     5.6980027   -2.4388252    0.2964544 

C    -4.9610859   -3.7152025    0.2964544 

C    -3.1935292   -1.5149537    0.1284895 

H    -1.1290973   -7.1702767   -0.3632361 

H    -5.6450932    4.5629653   -0.3632361 

C     0.2847762    3.5231543    0.1284895 

C     2.9087530   -2.0082006    0.1284895 

H     6.7741905    2.6073114   -0.3632361 

C    -0.7369168   -6.1540277   -0.2964544 

C    -4.9610859    3.7152025   -0.2964544 

C     0.2847762   -3.5231543   -0.1284895 

C     5.6980027    2.4388252   -0.2964544 

C    -3.1935292    1.5149537   -0.1284895 

Si   -2.0612824    0.0000000    0.0000000 

Si    1.0306412   -1.7851229    0.0000000 

C     2.9087530    2.0082006   -0.1284895 

Si    1.0306412    1.7851229    0.0000000 

C     5.0611468   -1.5957096    1.2094177 

C    -1.1486483    5.1809365    1.2094177 

C    -3.9124984   -3.5852269    1.2094177 

C    -3.0399273   -2.4973909    1.1227464 

C    -0.6428403    3.8813497    1.1227464 

C     3.6827676   -1.3839589    1.1227464 

C     0.1836659   -5.8202270    0.7018461 

C     0.6890556   -4.5215318    0.7816787 

C    -4.2602893    1.6640262    0.7816787 

C    -5.1322974    2.7510542    0.7018461 

C     4.9486315    3.0691728    0.7018461 

C     3.5712336    2.8575056    0.7816787 

H     5.6381733   -1.0998691    1.9918229 

H    -1.8665721    5.4327358    1.9918229 

H    -3.7716012   -4.3328667    1.9918229 

H    -2.2239908   -2.4126808    1.8440653 

Sn    0.0000000    0.0000000    1.6554993 

H     0.5119154   -6.5756427    1.4182756 

H    -0.9774475    3.1323729    1.8440653 

H     1.4177271   -4.2824294    1.5599416 

H    -4.4175562    0.9134270    1.5599416 

H     3.2014383   -0.7196921    1.8440653 

H     5.4387159    3.7311531    1.4182756 

H    -5.9506313    2.8444896    1.4182756 

H     2.9998291    3.3690024    1.5599416 

C     0.0000000    0.0000000    3.8440280 

H    -0.5170026    0.8972891    4.2019921 

H     1.0355765   -0.0009072    4.2019921 

H    -0.5185739   -0.8963819    4.2019921 
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q5: 

 

H    -3.7909876    0.8261035   -7.1176142 

H    -5.6547258   -0.7097221   -6.4954593 

C    -3.8793862    0.4591319   -6.0936612 

C    -4.9247637   -0.4020946   -5.7442935 

H    -2.1269495    1.5121566   -5.3922989 

H     4.4015147   -4.7213377   -5.4922704 

H    -4.7790240    5.4134992   -4.6777365 

H     5.5148068    2.7362289   -6.1712704 

H     3.7368303    4.4573164   -5.8592607 

C    -2.9471211    0.8430900   -5.1275765 

H     2.6396285   -2.9869837   -5.8218372 

C     4.3767598   -3.8369977   -4.8533858 

C     4.8278226    2.6670850   -5.3257706 

H    -6.2217361    3.3846383   -4.5387219 

C     3.8308224    3.6321853   -5.1513362 

C     3.3895156   -2.8639042   -5.0382776 

C    -4.7192715    4.7567613   -3.8083259 

H     6.1060694   -4.4245525   -3.6970822 

C     5.3323142   -3.6702798   -3.8485499 

C    -5.0330243   -0.8751971   -4.4354468 

H     5.7201399    0.8581461   -4.5798870 

C    -5.5283956    3.6207553   -3.7298980 

C     4.9435590    1.6100761   -4.4211363 

H    -5.8483609   -1.5575493   -4.1831350 

C     3.3617546   -1.7310624   -4.2230730 

H     2.5888264   -0.9770928   -4.3876075 

C    -3.0603553    0.3693702   -3.8174221 

C     2.9534057    3.5323426   -4.0693693 

H     2.1708378    4.2791931   -3.9271140 

H    -3.1999938    5.9361026   -2.8188898 

C     5.2985891   -2.5366213   -3.0324460 

C    -3.8345446    5.0495318   -2.7658106 

C    -4.1038601   -0.4968091   -3.4441759 

H    -2.3189466    0.6754805   -3.0760825 

C     4.3154992   -1.5453173   -3.2010957 

H     6.0516104   -2.4227878   -2.2494707 

C     4.0702174    1.4937924   -3.3197999 

C     3.0740475    2.4743171   -3.1643794 
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C    -5.4514094    2.7820479   -2.6150697 

H    -6.0896130    1.8972436   -2.5710878 

H    -2.6486370   -5.5777852   -3.5581088 

H     2.3767458    2.4095440   -2.3265346 

H    -2.6467318   -3.1239104   -3.2767759 

C    -3.7618842    4.2101391   -1.6526078 

C    -3.3696279   -5.1111663   -2.8843207 

Si    4.2508603    0.0220725   -2.1428327 

C    -3.3687511   -3.7249620   -2.7198537 

H     2.2011245   -5.3822060   -1.5599883 

H    -4.2965797   -6.9830414   -2.3217692 

C    -4.5679107    3.0569191   -1.5557928 

H     6.2357882    5.4490618   -2.2750964 

C    -4.2930519   -5.8996323   -2.1908624 

H     3.8565547   -7.0989645   -0.8315574 

C    -4.2873352   -3.0934798   -1.8562126 

H    -3.0724349    4.4591462   -0.8430308 

Si   -4.2618983   -1.2077441   -1.6962110 

H     8.4997452   -0.7914832   -0.7500700 

C     3.0240781   -5.1048876   -0.8995471 

H     4.6952772    7.2462930   -1.4913778 

C     3.9517126   -6.0660930   -0.4922687 

C    -5.2127925   -5.2931343   -1.3324517 

C    -5.2071367   -3.9056618   -1.1688759 

C     5.5003975    5.2398708   -1.4966118 

H    -5.9372866   -5.9002582   -0.7874066 

H    -5.9331586   -3.4485612   -0.4928557 

H     2.4074579   -3.0466049   -0.7849663 

H    -8.5347911    0.1368518   -0.9563906 

C     4.6363254    6.2460552   -1.0589124 

H     6.1064534    3.1855772   -1.2937131 

C     3.1453771   -3.7835949   -0.4607672 

H    -8.4787240   -1.3329387    0.0705063 

C     5.0009255   -5.6999910    0.3570192 

H     5.7273814   -6.4467698    0.6830613 

C     5.4244820    3.9611755   -0.9384499 

C     8.1611052    0.1112058   -0.2296603 

H     8.4948237    1.0020247   -0.7731924 

C    -8.1714452   -0.2846675   -0.0127765 

Sn    5.9784715    0.1068933   -0.1398951 

Si   -4.4433195    1.9684654   -0.0132717 

C     4.1931562   -3.3935863    0.3926775 

C     5.1178455   -4.3796954    0.7948760 

Sn   -5.9899067   -0.1799644    0.0215566 

H     8.5614061    0.1254730    0.7900941 

C     3.6970397    5.9664549   -0.0612167 

Sn    2.7019938    0.1235068   -0.0059442 

Sn   -2.7154855   -0.0250897    0.0906909 

C     0.6094760    0.0963075    0.0679676 

H     3.0191579    6.7480951    0.2866903 

C    -0.6228540    0.0605721    0.0950710 

C     4.4889350    3.6581740    0.0673179 

H     5.9360020   -4.1141844    1.4686315 

H    -8.5711535    0.2891879    0.8306254 

H    -6.2195159    4.1458665    0.9510085 

C     3.6261266    4.6882639    0.4956629 

Si    4.3750483   -1.6279127    1.0502424 

Si    4.3830043    1.9547249    0.8866745 

C    -4.3846650    3.1175579    1.4902593 
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C    -5.3993296    4.0800267    1.6700260 

H     2.8933135    4.4905504    1.2809543 

H    -2.2264674   -3.1046531    1.0839465 

H    -6.1685644    5.7017043    2.8683398 

H    -1.9456680   -5.5192129    1.5202254 

C    -5.3724124    4.9642060    2.7498536 

C    -2.9873137   -3.6346047    1.6614254 

Si   -4.3392452   -1.0744320    1.8894640 

C    -3.3401613    3.0806472    2.4311559 

C    -2.8239172   -5.0006327    1.9078882 

H    -2.5337911    2.3526899    2.3171415 

C    -4.1051876   -2.9352643    2.1505249 

C    -3.7804074   -5.6975020    2.6487644 

C     4.5714260   -1.7426605    2.9295253 

H     2.8494059   -3.0429377    3.1656449 

H     6.0538149    3.5315703    2.7623744 

H    -3.6535761   -6.7638422    2.8432267 

C    -5.0574378   -3.6562869    2.9001381 

C     4.3130122    2.2340225    2.7578368 

C    -4.3249861    4.9086548    3.6749371 

C    -3.3082757    3.9657443    3.5121515 

C    -4.8997968   -5.0215309    3.1448377 

H    -5.9314863   -3.1416494    3.3065458 

H     6.3310504   -0.4884851    3.0778605 

C     3.6650526   -2.5247375    3.6746961 

H    -6.2381365    0.9646632    3.1065639 

H    -5.6499953   -5.5591513    3.7278607 

C     5.2725316    3.0673799    3.3689989 

C     5.6118320   -1.1015315    3.6256109 

H    -4.3008303    5.6012429    4.5179149 

C    -4.5417199   -0.2888058    3.5997420 

H    -2.4854865    3.9170959    4.2271382 

H     2.5519728    1.0281218    3.1316215 

C    -5.5503510    0.6467105    3.8929886 

C     3.3153913    1.6718167    3.5741250 

H    -2.8872177   -1.4038703    4.4541175 

C    -3.6754303   -0.6721282    4.6444392 

C     3.7937027   -2.6553163    5.0585483 

C     5.2372681    3.3232087    4.7408006 

C     5.7465963   -1.2327633    5.0101762 

H     3.0787873   -3.2645083    5.6147086 

H     5.9899609    3.9727949    5.1915852 

C    -5.6920768    1.1814069    5.1759211 

H    -6.4833436    1.9051391    5.3774386 

C     3.2756023    1.9273582    4.9474180 

H     6.5633010   -0.7256230    5.5263240 

C     4.8366433   -2.0096817    5.7302527 

C    -3.8124624   -0.1386575    5.9272128 

C     4.2367574    2.7530164    5.5342191 

C    -4.8228723    0.7897502    6.1966720 

H     2.4900155    1.4800820    5.5583998 

H    -3.1304609   -0.4508419    6.7203186 

H     4.9395175   -2.1137150    6.8117111 

H    -4.9333018    1.2039488    7.2002731 

H     4.2054503    2.9556780    6.6060834 
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