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1- General procedure

Unless otherwise noted, all experiments were carried out under an argon atmosphere by
using standard Schlenk techniques or in a UNICO glovebox. All solvents were dried by 4A
molecular sieves or potassium mirror before use. 'H, 13C, and 3'P NMR spectra were recorded
on a Bruker AVANCE-400 (400, 101, and 162 MHz, respectively) spectrometer, and 2°Si NMR
spectra were recorded on a Bruker AVANCE-500 (99 MHz) spectrometer. All melting points
were determined on a Mel-Temp capillary tube apparatus and were uncorrected. Elemental
analyses were carried out at the Molecular Analysis and Life Science Center of Saitama
University. X-ray photoelectron spectra (XPS) were acquired on a Kratos AXIS-NOVA
spectrometer with a monochromatic Al Ko X-ray source (1486.6 eV) using a pass energy of 20
eV. To provide a precise energy calibration, the XPS binding energies were referenced to the
C 1s peak at 284.6 eV. All materials were obtained from commercial supplier and used without
further purification except chlorosilylene 13!, [Pd(PPhs),4]%2, and [PdMe,(tmeda)]S3, which were

prepared by the respective literature procedures.

2- Experimental procedures and characterization data
2-1 Synthesis of tris(silylene) palladium(0) complex 2

In a Schlenk tube, [Pd(PPh;),] (507.0 mg, 0.44 mmol) and silylene 1 (688.6 mg, 1.77
mmol) were dissolved into toluene (7 mL) at ambient temperature. The resulting brown solution
was stirred for 1 h at the temperature. All volatiles were removed under reduced pressure, and
the residue was washed with Et,0O (ca. 10.0 mL) and dried under reduced pressure to give
tris(silylene) palladium(0) complex 2 (513.1 mg, 92%) as reddish brown crystals. Mp. 236-237
°C (decomp.). 'H NMR (C¢Dg, 400 MHz): & 1.50 (s, 54H, CHj3), 7.10-7.20 (m, 3H, Ar),
7.21-7.26 (m, 6H, Ar), 7.36—7.41 (m, 3H, Ar), 7.58 (br s, 6H, Ar), 8.47-7.53 (m, 6H, Ar), 8.82
(br s, 6H, Ar). BC{'H} NMR (C¢Dg, 101 MHz): & 32.6 (d, Jcp = 6 Hz, CH3), 53.5 (C), 128.7
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(d, Jep = 122 Hz, CHa,), 128.8 (d, Jep = 13 Hz, CHay,), 131.5 (d, Jcp = 94 Hz, Cy,), 131.6 (d,
Jep = 84 Hz, Cy,), 132.5 (br, CHa,), 132.5 (br, CHy,), 134.7 (d, Jep = 12 Hz, CHy,), 136.0 (d,
Jep = 13 Hz, CHy,). 2Si{'H} NMR (C¢Ds, 99 MHz): 6 75.8 (d, Jsip = 9 Hz). *'P{'H} NMR
(CgDg, 202 MHz): 6 40.3 (s). Anal. Caled for C4HgsNSi3P3Cl5Pd: C, 56.33; H, 6.62; N, 6.57.

Found: C, 56.51; H, 6.59; N, 6.33.
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Figure S1. 'H NMR spectrum (400 MHz, 25 °C, C¢Dg) of 2.
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Figure S2. BC{'H} NMR spectrum (101 MHz, 25 °C, C¢Dg) of 2.
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Figure S3.3'P{'H} NMR spectrum (162 MHz, 25 °C, C¢Dy) of 2.
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Figure S4. 2°Si{'H} NMR spectrum (99 MHz, 25 °C, C¢Dg) of 2.

2-2 Reaction of [PdMe,(tmeda)| with 1

In a J. Young NMR tube, [PdMe,(tmeda)] (62.0 mg, 0.24 mmol) and 1 (72.2 mg, 0.18
mmol) were dissolved into C¢Dg (0.5 mL) at ambient temperature. The resulting brown solution
was kept for 12 h at the temperature. The reaction mixture was filtered, and all volatiles of the
filtrate were removed under reduced pressure. The obtained residue was recrystallized from
C¢Dg at room temperature to give tetranuclear palladium cluster 3 (35.4 mg, 37%) as orange
crystals. Mp. 275-277 °C (decomp.). 'H NMR (CD,Cl,, 400 MHz): 6 1.11 (s, 54H, CH;),
7.76-7.81 (m, 18H, Ar), 8.69-8.74 (m, 12H, Ar). BC{'H} NMR (CD,Cl,, 101 MHz): 5 33.1
(d, Jcp =5 Hz, CH3), 54.9 (C), 125.9 (d, Jcp = 96 Hz, Cy,), 129.8 (d, Jcp = 20 Hz, CHy,), 134.6

(d, Jep = 3 Hz, CH,y), 136.7 (d, Jop = 13 Hz, CHy,). 2Si {'H} NMR (CD,Cly, 99 MHz): 5 184.2
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(d, Jsip = 9 Hz). 3'P{!H} NMR (CD,Cl,, 202 MHz): & 48.2 (s). Anal. Calcd

C60H84N6Si3P3C13Pd42 C, 4508, H, 530, N, 5.26. Found: C, 4540, H, 538, N, 5.02.
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Figure S5. 'H NMR spectrum (400 MHz, 25 °C, CD,Cl,) of 3.
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Figure S6. 3C{'H} NMR spectrum (101 MHz, 25 °C, CD,Cl,) of 3.

Figure S7.3'P{'H} NMR spectrum (162 MHz, 25 °C, CD,Cl,) of 3.
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3- Crystallographic data collection and structure determination

Brown single crystals of 2 were grown from saturated THF solution at room temperature.
Orange single crystals of 3 were obtained from saturated C¢Dg¢ solution at room temperature.
The intensity data were collected at 120 or 150 K on a Bruker SMART APEX II diffractometer
employing graphite-monochromated MoKa radiation (A = 0.71073 A). Structures were solved
by direct methods (SHELXT)3* and refined by full-matrix least-squares procedures on F? for
all reflections (SHELXL).S5 Hydrogen atoms were located by assuming ideal geometry and
were included in the structure calculations without the further refinement of the parameters.
The crystallographic data for the structures reported in this paper have been deposited with The
Cambridge Crystallographic Data Centre as supplementary publication nos. 2259953 (2) and
2259954 (3).
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Table S1. Crystallographic data and details of refinement for 2 and 3.

2 3
Formula CeoHgsCI3NgP5PdSi; CeoHgsCI3NgP3Pd,Si3,2(CeHg)
Formula weight 1279.26 1754.67
Color brown orange

Crystal size / mm
Temperature / K
Crystal system
Space group

a /R

b /A

c /A

a/ deg.

b/ deg.

g/ deg.

v /A3

Z

Deyiea / g cm
No. of unique data
No. of parameters
No. of restraints
Ry (I>2s(D))

WR; (all data)

GOF

0.11 x 0.09 x 0.04

150
triclinic
P-1
15.160(3)
15.382(3)
15.980(3)
108.610(3)
104.396(3)
100.007(3)
3288.2(11)
2

1.292
11884

703

0.0709
0.1495

1.829

0.19x0.17 x 0.14
120
triclinic

P-1
14.9430(12)
15.0116(12)
18.1731(14)
80.8930(10)
76.3520(10)
76.1360(10)
3823.6(5)

2

1.524
13903

891

246

0.0385
0.1129

1.034
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4- Computational details

The geometry has been optimized with the Gaussian-09 programS® using
B3PWI91/LANL2DZ for Pd and 6-31G(d,p) for the others level of theory on 3. Harmonic
vibrational frequencies were calculated in order to verify that these structures correspond to
energy minima (all frequencies are real) or to transition states (only one imaginary frequency
corresponding to the transition vector). The optimized structures were subjected to natural bond
orbital (NBO) analysis at the same level of theory using the NBO method®” with the NBO 6.0

program.S8

Atomic Coordinates for 3 at B3ALYP-D3/6-31+G(d,p) level of theory.

Pd -0.008057  -0.016528 0.182537 C 3.293708  -5.188302 0.026722
Pd 2.516452 0.643964  -0.402591 C 3.950020 4.543030  -0.628207
Pd -0.740635  -2.590262  -0.066066 C 3.289700 6.531072 0.597496
Pd -1.869398 1.905118 0.292820 C -5.298347  -2.954133  -0.014367
P 1.265364 4.659549 0.008464 C 1.405343 3.464481 2.605112
P -4.686102  -1.249981  -0.030510 C 0.125572 6.063505 0.070407
Cl -3.558909 3.469283 1.018702 C -6.124068  -0.155287  -0.143991
P 3.445261  -3.387373 0.092782 C -1.123766 5.877116 0.675061
Cl 4.566127 1.265540  -1.540318 C 2.603461  -2.807029  -2.586437
Cl -1.143461  -4.930083  -0.391298 C 0.590001 3.697860  -2.600943
Si 0.667999 2.153775  -0.003012 C -5.080366  -0.869168 3.188136
Si -2.226778  -0.492121 0.082502 C 4.288239  -5.993392  -0.553161
Si 1.501112  -1.705638 0.003561 C 2.621154  -2.495799 2.685097
N -3.623969  -0.878336 1.190439 C 6.082181  -3.837393 0.967607
N 2.468519  -2.662285 1.221490 C 5.206405  -2.995472 0.260910
N 1.010400 3.508343 1.177021 C 2.086284  -5.763698 0.443892
N 2.645750  -2.576136  -1.118152 C -6.000672 1.147889 0.355240
N 0.935782 3.535615  -1.168210 C 1.851202  -1.622566  -3.198208
N -3.495870  -0.952398  -1.151260 C 5.665099  -1.760354  -0.214186
C -3.675565  -1.155396 2.646283 C 0.517077 2.416728 3.283892
C 2.948615 5.326823  -0.040439 C -6.525489  -3.290862 0.581769
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Pd1-Si11 2.281A

Pd1-Si12 2271 A

Pd1-Si13 2272 A

Pd2-Si11 2.420 A

Pd2-Si13 2.592 A

Pd3-Si12 2.575 A

e Pd3-Si13 2411 A
Pd4-Si11 2.567 A

9 Pd4-Si12 2.433 A
Pd1-Pd2 2.674 A

Pd1-Pd3 2.687 A

Pd1-Pd4 2678 A

T’I:

LUMO+12 (-0.46 eV) HOMO-14 (-6.10 eV) HOMO-43 (-8.03 eV)

Figure S10. Selected Kohn-Sham orbitals of 3 (isovalue = 0.023 au).
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p-orbital (Si) split p-orbital (Si) lone pair (Si)
Figure S11. NBO orbitals of cluster 3.

5- Plausible formation mechanism for 3
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Figure S12. Plausible formation mechanism for 3.
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6- XPS study for 3
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Figure S13. Survey spectrum of 3.

Name  Pos. FWHM L.Sh. Area  %Area

Pd3d 33576 173 GL(30) 241343 1428 Pd 3d
b Pd3d 33726 1.74 GL(30) 787129 4657 Pd 3 d 5/2

Pd3d 34078 149 GL(30) 73518 4.35 / \
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- |

L PdO

” Pd 3d,, / \
% / \\ ff \
AU

., / N
/ -\
T 'y \\ [ X i
» TRy A = \ j ‘l.
WA it < \

340
Binding Energy (eV)

Figure S14. XPS spectrum of 3 in the Pd 3d region.

S16



7- References

S1 S. Takahashi, J. Sekiguchi, A. Ishii and N. Nakata, Angew. Chem., Int. Ed., 2020, 60, 4055—
4059.

S2 J. E. Baeckvall, J. E. Nystroem and R. R. Nordberg, J. Am. Soc. Chem., 1985, 107, 3676—
3686.

S3  W. D. Graaf, J. Boersma, W. J. J. Smeets, A. L. Spek and G. V. Koten, Organometallics,
1989, 8, 2907-2917.

S4 G. M. Sheldrick Acta Crystallogr., Sect. A: Found. Adv., 2015, 71, 3-8.

S5 G. M. Sheldrick Acta Crystallogr., Sect. C: Struct. Chem., 2015, 71, 3-8.

S6 M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J .R. Cheeseman,
G. Scalmani, V. Barone, B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li,
H. P. Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M. Ehara,
K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai,
T. Vreven, J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E.
Brothers, K. N. Kudin, V. N. Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A.
Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene,
J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo,R. Gomperts, R. E. Stratmann,
O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin, K.
Morokuma, V. G. Zakrzewski, G. A. Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A.
D. Daniels, O". Farkas, J. B.Foresman, J. V. Ortiz, J. Cioslowski and D. J. Fox, Gaussian09,
Revision D.01, Gaussian, Inc., Wallingford, CT, 2009.

S7 A.E.Reed, R. B. Weinstock and F. Weinhold. J. Chem. Phys., 1985, 83, 735-746.

S8 E. D.Glendening, J. K.Badenhoop, A. E.Reed, J. E.Carpenter, J. A.Bohmann, C.
M.Morales, C. R.Landis and F.Weinhold, NBO 6.0, Theoretical Chemistry Institute,

University of Wisconsin, Madison., W1, 2013, http://nbo6.chem.wisc.edu/.
S17



