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Detailed experimental procedure: 

Reactions were performed in an N2 atmosphere using standard Schlenk technique. Solids were 

handled in a GS glovebox in an Ar atmosphere. Solvents were dried with sodium and 

benzophenone and distilled prior to use. Pentane was dried with CaH2 and distilled prior to use. 

Pt(PPh3)4 was acquired from Sigma Aldrich and used as received. R3PAuGe9Hyp3 (R = Et, Bu) 

were synthesized according to literature procedures.S1 

NMR spectroscopy 

NMR spectra were recorded on a Bruker AVIII-300WB spectrometer or a Bruker AVII+500 

spectrometer. 1H-, 13C-, and 29Si-NMR spectra are referenced to Me4Si and 31P-NMR spectra are 

referenced to 85 % H3PO4 as external standards. 1H-NMR spectra were calibrated to the residual 

proton signal of the solvent (C6D6 7.16 ppm, toluene-d8 2.08 ppm).S2 

(Bu3P)Au(PPh3)PtGe9(Hyp)3 1 

Pt(PPh3)4 (173 mg, 139 µmol) and Bu3PAuGe9Hyp3 (250 mg, 139 µmol) were separately 

weighed into a 100 ml round bottom flask and dissolved in 25 ml of THF each. The solutions 

were stirred and cooled to -78 °C. The bright red solution of Bu3PAuGe9Hyp3 was then added to 

the yellow solution of Pt(PPh3)4 via a steel cannula. The solution becomes orange when the 

addition is finished and warmed to room temperature while stirring overnight. The solution 
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turned into a dark red and the solvent was then removed in vacuo. The remaining dark red-brown 

solid was extracted with pentane and stored at -30 °C for crystallization. To obtain crystals 

suitable for single crystal diffraction analysis, the resulting orange crystals have been 

recrystallized in heptane. Orange rod shaped crystals haven been received in 30 % yield. As can 

be seen in figure S7 the reaction is in an equilibrium state as both  

+Bu3PAuGe9Hyp3 and Pt(PPh3)4 are still present in the mixture before purification. We can 

estimate about 67 % of the crude product consisting of 1, but only 30 % can be isolated in 

crystalline form.  

1H-NMR (300 MHz, C6D6): δ = 0.36 (s broad, 54 H, -Si(SiMe3)3), 0.73 (s, broad, -Si(SiMe3)3), 

0.89 (t, 9 H, PCH2CH2CH2CH3, 
3JHH = 6.80 Hz), 0.96-1.24 (m, broad,  18 H, 

PCH2CH2CH2CH3)*, 1.11-1.22 (m, 12 H, PCH2CH2CH2CH3)*, 7.10, 7.24, 7.32, 8.39 (m, broad, 

15 H, PPh3), 6.94-7.06 and 7.72-7.79 (m, Pt(PPh3)4), 
31P{1H}-NMR (121.5 MHz, C6D6), -5.35 

(s, PPh3), 24.72 (s, Pt(PPh3)4), 41.35 (d, -PPh3, 
3JPP = 1.16 Hz), 46.45 (d, -PnBu3, 

3JPP = 1.16 Hz), 

29Si-inept-nd-NMR (99.4 MHz, toluene-d8) -3.64 (m, decomposition product**), -8.57 (m, 

Si(SiMe3)3), -9.77 (m, Si(SiMe3)3), -95.98 ((m, Si(SiMe3)3), -104.90 ((m, Si(SiMe3)3) ppm. 

* Co-crystallized heptane and pentane lead to an impossible to determine fine structure in the 

alkyl signal region. 

** 29Si-NMR spectrum was recorded after the VT measurement, so the signal at -3.64 ppm is 

attributed to the small amount of a decomposition product realized at higher temperatures. 
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(Et3P)Au(PPh3)PtGe9(Hyp)3 2 

 

Pt(PPh3)4 (105 mg, 87 µmol) and Et3PAuGe9Hyp3 (150 mg, 87 µmol) were separately weighed 

into a 100 ml round bottom flask and dissolved in 25 ml of THF each. The solutions were stirred 

and cooled to -78 °C. The bright red solution of Et3PAuGe9Hyp3 was then added to the yellow 

solution of Pt(PPh3)4 via a steel cannula. The solution becomes orange when the addition is 

finished and warmed to room temperature while stirring overnight. The solution turned into a 

dark red and the solvent was then removed in vacuo. The remaining dark red-brown solid was 

extracted with pentane and stored at -30 °C for crystallization. (Et3P)Au(PPh3)PtGe9(Hyp)3 was 

obtained in the form of red blocks, suitable for single crystal x-ray diffraction with 27 % yield. 

NMR-spectra 

 

Figure S1: 1H-NMR-spectrum of 1 in C6D6 at room temperature. 
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Figure S2: 31P-NMR-spectrum of 1 in C6D6 at room temperature. * denotes cocrystallized 

Pt(PPh3)4 

 

Figure S3: 31P-NMR-spectrum of 1 in C6D6 at room temperature, to show the platinum satellites 

with coupling constants of  1JP-Pt = 2077.65 Hz and 3JP-Pt = 241.18 Hz. 
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Figure S4: : 31P-NMR-spectrum of 1 in C6D6 at room temperature, to show the3JP-P coupling in 

the cluster. 

 

 

Figure S5: 29Si-ineptd-nd-NMR-spectrum of 1 in toluene-d8 at room temperature. 
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Figure S6: Part of the 1H-NMR-spectrum of 1 in toluene-d8 at -40 °C. 

 

 

Figure S7: 31P-NMR spectrum of the crude reaction mixture before purification. Besides the 

product peaks, all reactands and free PPh3 can be identified. The integrals hint that there are 

about 67 % of 1 compared to Pt(PPh3)4.  
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Details for Quantum chemical calculations: 

Quantum-chemical calculations were carried out with the RI-DFTS5 version of the TurbomoleS3 

program package by employing the BP86-functional.S4 The basis sets were of SVPS6 quality. The 

TmoleX clientS7 was used as graphical user interface and for illustrating the molecular orbitals. 

 

Figure S8: Geometry optimized structure of 2 

Point group:    C1 

Energy:    -25113.90050436305 Hartree 

Lowest vibrational eigenvalue: 5.30 cm-1 

HOMO-LUMO-gap:   1.816 eV 

 

Atomic coordinates: 

Au -1.968202 0.212830 -2.024790 

Pt 0.181018 -0.723608 -0.574254 

Ge 0.175649 1.842114 -0.963739 

Ge -1.846827 0.240354 0.801914 

P -3.795581 0.570773 -3.503041 

Ge -0.028643 -0.936869 2.305776 

Ge 2.330544 0.918334 0.272583 

Ge 2.131972 -1.549047 1.032533 

P 0.301791 -2.556262 -2.074835 

Ge -1.020095 2.641119 1.161283 

C -4.121059 -0.852120 -4.662523 

C -3.709869 2.085715 -4.593138 

C -5.430922 0.792828 -2.636978 

C 0.750647 -0.824285 -4.284334 

Ge 2.137760 0.557539 2.950548 

Ge -0.320487 1.461615 3.388576 

Si -0.828614 -2.519629 4.037525 

Ge 1.489136 2.872703 1.852068 
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Si 4.528665 1.700924 -0.562582 

C 0.902081 -2.137675 -3.792059 

C 1.340395 -4.054203 -1.697946 

C -1.369174 -3.321777 -2.402995 

Si -2.304350 4.692411 1.536645 

C -3.046515 -1.079168 -5.733254 

C -2.300405 2.466500 -5.066985 

C -5.816340 -0.362097 -1.704390 

C 1.165171 -0.494614 -5.585760 

Si -0.278371 -4.753140 3.408142 

Si -3.196403 -2.286341 4.229026 

Si 0.182799 -2.055522 6.159817 

Si 4.190647 3.643521 -1.912166 

Si 5.540760 -0.019149 -1.866204 

Si 5.975040 2.236370 1.271147 

C 2.726555 -3.865227 -1.485634 

C 1.499088 -3.111211 -4.625609 

C 0.808307 -5.356649 -1.585295 

C -2.338880 -3.297626 -1.377290 

C -1.682703 -3.963540 -3.621312 

Si -4.394524 4.109325 2.530437 

Si -1.100220 6.190275 2.960611 

Si -2.656353 5.723802 -0.582357 

C 1.746897 -1.471369 -6.412195 

C -0.788193 -5.081623 1.604336 

C -1.197418 -6.025087 4.502323 

C 1.597762 -5.053333 3.570120 

C -4.079444 -2.998157 2.690796 

C -3.708124 -0.459805 4.404044 

C -3.841802 -3.223619 5.766323 

C -0.556915 -0.491953 6.962863 

C 2.071512 -1.848437 6.032061 

C -0.144422 -3.526920 7.339951 

C 3.381073 3.184791 -3.579532 

C 5.866980 4.488581 -2.280875 

C 3.074979 4.924480 -1.049988 

C 4.320701 -0.639228 -3.189291 

C 6.047014 -1.485208 -0.752395 

C 7.101349 0.604790 -2.778301 

C 6.025886 0.853020 2.579291 

C 5.454761 3.866344 2.112764 

C 7.760961 2.459213 0.619248 

C 3.560148 -4.954539 -1.186867 

C 1.916199 -2.779136 -5.926416 

C 1.645241 -6.445286 -1.280390 

C -3.587555 -3.916974 -1.557107 

C -2.936719 -4.573240 -3.805088 

C -5.191770 2.625104 1.635798 

C -4.148148 3.655717 4.365197 

C -5.616816 5.577057 2.427644 

C -0.428075 5.326531 4.518765 

C -2.278786 7.585314 3.530883 

C 0.357667 6.984708 2.022785 

C -3.327875 7.502221 -0.383669 

C -1.047875 5.801099 -1.599813 

C -3.935061 4.713883 -1.583297 

C 3.021961 -6.249214 -1.082558 

C -3.891300 -4.555153 -2.772818 

H -1.884454 -4.966100 1.458336 

H -0.507651 -6.117674 1.305777 

H -0.273429 -4.380153 0.912608 

H 6.355300 -0.115624 2.143136 

H 6.740966 1.127022 3.389515 

H 5.027290 0.690499 3.044538 

H 1.857630 -6.073332 3.203448 

H 1.939649 -4.973355 4.625836 

H 2.174246 -4.316887 2.965839 

H 2.501295 -1.676641 7.046300 

H 2.557125 -2.751425 5.601118 

H 2.347890 -0.980766 5.391159 

H 3.487516 5.241234 -0.067338 

H 2.055474 4.515308 -0.870923 

H 2.971889 5.830763 -1.691221 

H -4.815209 -0.378166 4.506504 

H -3.402429 0.127033 3.508528 

H -3.242700 0.017276 5.293887 

H -4.954250 -3.161828 5.808832 

H -3.560360 -4.299458 5.751987 

H -3.445035 -2.781311 6.707072 

H 6.864804 -1.202096 -0.052878 

H 6.413153 -2.335066 -1.374390 

H 5.190398 -1.845775 -0.138439 

H 3.162490 4.108589 -4.164141 

H 2.421275 2.643570 -3.421254 

H 4.043209 2.538863 -4.197513 

H 3.328501 -0.881262 -2.750330 

H 4.710223 -1.553631 -3.692804 

H 4.149828 0.131944 -3.971827 

H -2.582946 8.162957 0.112892 

H -3.552376 7.941021 -1.383726 

H -4.261985 7.531032 0.219468 

H 0.931453 7.653357 2.705732 

H 1.057407 6.210443 1.636087 

H 0.010886 7.597375 1.161076 

H -5.209299 6.492954 2.909333 

H -5.865040 5.830333 1.372738 

H -6.569523 5.315957 2.944704 

H -1.712517 8.332711 4.134168 

H -2.743137 8.121675 2.674345 

H -3.098831 7.190199 4.170917 

H -5.179596 -2.836291 2.770617 

H -3.902120 -4.090996 2.580622 

H -3.724796 -2.492694 1.764230 

H -4.935814 4.716999 -1.097016 

H -4.050986 5.136733 -2.608357 

H -3.597927 3.656907 -1.674938 

H -2.299033 -5.964500 4.356773 

H -0.989342 -5.883288 5.585101 

H -0.878354 -7.057225 4.226175 

H -0.258873 6.385884 -1.078241 

H -0.641562 4.780042 -1.780698 

H -1.235519 6.282098 -2.587998 

H 8.416408 2.812431 1.449356 

H 7.824485 3.203464 -0.204378 

H 8.181780 1.499222 0.246369 

H -4.518087 1.738840 1.647045 

H -5.418222 2.864948 0.573152 

H -6.146766 2.341902 2.136238 

H 7.566384 -0.235573 -3.344799 

H 6.850100 1.404023 -3.510646 

H 7.866998 1.010529 -2.082010 

H 5.542218 4.731204 1.418008 

H 4.401454 3.822463 2.470399 

H 6.110001 4.068042 2.991841 

H -1.236246 4.835395 5.103687 

H 0.071017 6.074127 5.178460 

H 0.320956 4.545595 4.258769 

H -0.445452 0.397244 6.302188 

H -0.035548 -0.275077 7.924096 

H -1.639954 -0.618182 7.185182 

H -3.411586 2.829647 4.481088 

H -5.111956 3.321702 4.814580 

H -3.781603 4.525120 4.954980 

H 6.337176 4.881818 -1.352249 

H 5.711781 5.351180 -2.970144 

H 6.591823 3.795126 -2.761264 

H 0.240926 -3.278612 8.356474 

H 0.378510 -4.448009 6.999565 

H -1.226811 -3.763302 7.435212 

H -6.773936 -0.133707 -1.187004 
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H -5.038398 -0.522582 -0.926036 

H -5.952066 -1.317704 -2.255885 

H -2.038157 -1.201015 -5.281174 

H -3.271505 -2.004937 -6.306926 

H -3.001080 -0.241126 -6.462215 

H -5.339283 1.739420 -2.058561 

H -6.209201 0.960886 -3.417935 

H -4.400912 1.924171 -5.453017 

H -4.139200 2.914451 -3.987023 

H -2.338576 3.393325 -5.681371 

H -1.627782 2.654627 -4.201843 

H -1.835599 1.669317 -5.685391 

H -5.118626 -0.677887 -5.130361 

H -4.210761 -1.756103 -4.019139 

H -0.268112 -5.529932 -1.737389 

H 4.637601 -4.784948 -1.027217 

H -2.107034 -2.780081 -0.431434 

H 3.164804 -2.858372 -1.575653 

H 1.047666 0.540138 -5.948198 

H 0.320565 -0.050520 -3.624278 

H -3.165282 -5.070744 -4.762662 

H 1.652218 -4.137283 -4.254237 

H -0.944985 -3.989473 -4.439127 

H 3.676044 -7.104057 -0.843335 

H 2.383652 -3.550196 -6.561543 

H -4.326311 -3.896530 -0.738986 

H -4.871366 -5.040622 -2.915405 

H 2.081553 -1.210449 -7.430114 

H 1.212360 -7.456458 -1.199709 

 

 

Orbital Pictures of 2 

 

Figure S9: Orbital picture of HOMO-1 of 2. 

 



 S10 

 

Figure S10: Orbital picture of  HOMO of 2. 
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