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Experimental Section

General Consideration. All manipulations were conducted under a nitrogen atmosphere
using standard Schlenk or dry-box technique. 'H and "“C{'H} NMR spectra were
recorded on 400 MHz instruments (JEOL JNM-ECZ400S). The chemical shifts were
referenced to the residual resonances of deuterated solvents. Elemental analyses were
performed on a PerkinElmer 240011 series CHN analyzer. X-ray crystal data were
collected by Rigaku RAXIS-RAPID imaging plate diffractometer. ESI-MS spectra were
recorded on Bruker micrOTOF ESI-TOF. Unless specified, all reagents were purchased
from commercial suppliers and used without purification. Acetonitrile, nitromethane,
dichloromethane, toluene, diethyl ether, CD3NO2 and CD3CN were purified according to
the standard procedures. Pdx(dba);-CHCI3,I5! Pta(dba)s-CHCI3,5%! Pt(styrene)2Cla,[S*)
[C7H7][BF4],54 [Pd2Pt(C7H7)2(CH3CN)3][BF4]2 (2),15 and

[PdPt2(C7H7)2(CH3CN)3][BF4]2 (3)!5%! were prepared according to the literature.

Synthesis of [Pd,Pt(C7H7)2(Ph-C=C-Ph)(CH3CN):][BF4]2 (2a): Complex 2 (106.8 mg,
1.20 x 10" mmol) and diphenylacetylene (214.9 mg, 1.21 mmol) were dissolved in
nitromethane. The mixture was stirred for 30 min at room temperature and evaporated in
vacuo. The resultant solid was dissolved in nitromethane. After filtration, the filtrate was
reprecipitated with toluene to afford a red powder of complex 2a (103.1 mg, 1.01 x 107!
mmol, 84% yield). 'H NMR (400 MHz, CD3NO, 25 °C) § 7.45 (t, J = 7.4 Hz, 2H, H>),
7.38 (t,J=7.4Hz, 4H, H3), 7.14 (d,J= 7.4 Hz, 4H, H4), 4.85 (s, 14H, H1). *C {'H} NMR
(100.5 MHz, CD3NO2, 25 °C) & 133.3 (singlet with a Pt satellite doublet, Jc.pi = 46 Hz,
C4) 131.6 (s, C2), 130.5 (s, C3), 123.8 (singlet with a '°°Pt satellite doublet, Jc-pt = 38 Hz,

Cs), 78.9 (s, Cs), 78.2 (s, C1).
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Figure S1. 'H NMR spectrum
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Synthesis of [PdPt2(C7H7)2(Ph-C=C-Ph):(CH3CN)][BF4]2 (3a): Complex 3 (112.2 mg,
1.15 x 10" mmol) and diphenylacetylene (409.9 mg, 2.30 mmol) were dissolved in
nitromethane. The mixture was stirred for 30 min at room temperature and evaporated in
vacuo. The resultant solid was dissolved in nitromethane. After filtration, the filtrate was
reprecipitated with toluene to afford a brown powder of complex 3a. Recrystallization
from nitromethane/toluene gave crystals of complex 3a (116.4 mg, 9.31 x 10 mmol,
81% yield). '"H NMR (400 MHz, CD3NO2, 25 °C) § 7.56-7.47 (m, 4H, Hz and Hi1), 7.43
(m, 8H, Hs and Hio), 7.23 (d, J = 6.8 Hz, 8H, H4 and Ho), 4.72 (s, 14H, Hi). 3C{'H}
NMR (101 MHz, CD3NOz, 25 °C) 6 134.2 (s, Co), 133.1 (s, Cs), 132.1 (s, C11), 131.9 (s,
C2), 130.9 (s, Cs or Cio), 130.5 (s, C3 or Cio), 124.0 (s, Cs or Cs), 123.9 (s, Cs or Cs), 79.4

(s, Cs and C7), 70.3 (s, C1).

=
L H H
oL H N Ho  Hio Hqs
L cy C3=Cy4 Co=C1o I :
L ) / N _ / N H—C4,Cq3:N
2BF4” Hz_Cz\ /CS_C6:C7_C8\ /C11_H11 ,11
(L =Ph—C=C—Ph) N7 7
(L' = CH4CN)

S5



CHD,NO,

i1 | fre

T T T T T T
8.0 7.0 6.0 5.0 4.0 3.0 20

ppm
Figure S2. 'H NMR spectrum of complex 3a. o = [PdPty(C7H7)2(Ph-C=C-

Ph)>(CH;CN)][BF4]..

Synthesis of [Pd4Pt2(C7H7)4(CH3CN)4][BF4]2 (4): To an acetonitrile solution of
[Pd2Pt(C7H7)2(CH3CN)3][BF4]2(2) (315.8 mg, 3.56 x 10! mmol) was added Cp2Co (69.6
mg, 3.68 x10"! mmol), and stirred for 3 h at room temperature. The reaction mixture was
filtered through Celite and toluene was added to the filtrate to give a dark purple solid.
The precipitate was dissolved in acetonitrile and reprecipitated by toluene four times to
afford a dark purple powder of complex 4. Recrystallization from acetonitrile/diethyl
ether gave crystals of complex 4 (201.7 mg, 1.33 mmol, 75% yield). '"H NMR (400 MHz,
CDsCN, 25 °C) § 3.85 (singlet with a '°°Pt satellite doublet, Ju-pt = 8.8 Hz, 28H, Hi).
BC{'H} NMR (101 MHz, CD3CN, 25 °C) & 64.6 (singlet with a '*°Pt satellite doublet,

Jcpt = 12 Hz, C1). Anal. Calcd. for CisH40B2FsN4Pd4Pt2: C, 28.48; H, 2.66; N, 3.69.
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Found: C, 28.47; H, 2.65; N, 3.91.

< L—|2+

L\ -
Pd. g’ " Hy Hy
L/Pd/Pt_\ Q( H—C,-C4=N
<: : |

0
L 2BF4
(L = CH4CN)

CHD,CN

y = 2 N2 LI i

n!«_, 50 4‘0 »;'u 2.0 1||| 0 ppm

Figure S3. 'H NMR spectrum of complex 4. 0 = [PdsPt2(C7H7)4(CH3CN)4][BF4]2, x =

impurities.

Synthesis of [Pd:Pts(C7H7)4(CH3CN)4|[BF4]2 (5): To an acetonitrile solution of
[PdPt2(C7H7)2(CH3CN)3][BF4]2 (3) (131.0 mg, 1.34 x 10"! mmol) was added Cp2Co (28.4
mg, 1.50 x 10! mmol), and stirred for 72 h at room temperature. The reaction mixture
was filtered through Celite, and toluene was added toluene to the filtrate to give a dark

brown solid. The precipitate was dissolved in acetonitrile and reprecipitated with toluene
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three times to afford a dark brown powder of complex 5 (51.7 mg, 3.05 x 10 mmol, 46%
yield). "H NMR (400 MHz, CDsCN, 25 °C) § 3.95 (s, 14H, Hi), 3.74 (s, 14H, Ha), 1.95
(s, 12H, Hz). BC{'H} NMR (101 MHz, CD3CN, 25 °C) § 118.3 (s, C4), 58.4 (singlet with
a '%Pt satellite doublet, Jc-pi = 15 Hz, C2), 57.9 (singlet with a Pt satellite doublet, Jc-
pt = 16 Hz, C1), 1.32 (s, C3). Anal. Calcd. for CssH40B2FsN4Pd2Pts: C, 25.50; H, 2.38; N,

3.30. Found: C, 25.89; H, 2.45; N, 3.41.
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Figure S4. 'H NMR spectrum of complex 5. o = [Pd2Pt4(C7H7)4(CH3CN)4][BF4]2, x =

impurities.
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Synthesis of [Pd:Pt4y(C7H7)4(Ph-C=C-Ph):(CH3CN):][BF4]2 (5a): Complex 5 (55.3 mg,
3.26 x 102 mmol) and diphenylacetylene (31.3 mg, 0.176 mmol) were dissolved in
nitromethane. The mixture was stirred for 1 h at room temperature and evaporated in
vacuo. The resultant solid was dissolved in nitromethane. After filtration, toluene was
added to the filtrate to give a dark green precipitate. The precipitate was washed with
toluene to afford a dark green powder of complex 5a (40.4 mg, 2.05 x 10 mmol, 63%
yield). Recrystallization from nitromethane/benzene gave crystals of complex 5a'. 'H
NMR (400 MHz, CD3CN, 25 °C) 6 7.55 (m, 4H, o—Ph), 7.47 (m, 6H, m—Ph and p—Ph),
7.37 (s, 6H, benzene), 7.36 (s, 6H, m—Ph and p—Ph), 7.06 (m, 4H, o—Ph), 4.31 (s, 14H,
Hi), 4.26 (s, 14H, Hz). “C{'H} NMR (100.5 MHz, CD3NO2, 25 °C) § 134.4 (s, o—Ph),
133.6 (s, 0o—Ph), 130.8 (s, p—Ph), 130.6 (s, p—Ph), 130.2 (s, m—Ph), 130.1 (s, m—Ph), 129.7
(s, benzene), 126.6 (s, ipso-Ph), 126.2 (s, ipso-Ph), 82.3(s, C=C), 61.9 (s, C2), 61.2 (s, C1).

Anal. Calcd. for Cs2Hs4B2FsPd2Pts-CsHe: C, 39.96; H, 2.96. Found: C, 39.57; H, 2.59.

(L =Ph—C=C-Ph)
(L' = benzene)
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Figure S5. 'H NMR spectrum of complex 5a'. o = [Pd2Pts(C7H7)4(Ph-C=C-
Ph)2(CH3CN)2][BF4]2, x = impurities.
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Generation of [Pd2Pt4(C7H7)4(PMe2Ph)4][BF4]2 (Sb): To a CD3CN solution of complex
5 (7.8 mg, 8.0 x 10~ mmol) was added PMe2Ph: (4.6 uL, 3.2 x 10* mmol) at ambient

temperature. Reaction mixture was monitored by NMR measurement.
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Figure S6. '"H NMR spectrum of complex 5b.
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Electrochemical Measurements: The cyclic voltammograms were obtained by ALS
600A electrochemical analyzer. The cell was placed in a grove box under an atmosphere
of N2. A 1.6 mm diameter Pt working electrode, Pt wire counter electrode, and Ag/Ag+
reference electrode were used. The electrochemical measurement was made in CH3CN
with 1.0 mM of complex 2 or 3 and [1n-Bu4N][BF4] (0.1 M). A scan rate is 0.1 V s\,
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Figure S7. The cyclic voltammogram of [Pd2Pt(C7H7)2(CH3CN)3][BF4]2 (2) in CH3CN.

An arrow indicates sweep direction.
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Figure S8. The cyclic voltammogram of [PdPt2(C7H7)2(CH3CN)3][BF4]2 (3) in CH3CN.

An arrow indicates sweep direction.
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Computational Details: All calculations were carried out with Gaussian09 program
package (Revision D.01).15 Geometrical optimization was performed with DFT method
using the M06 functional.[>”! Core electrons of Pd and Pt were replaced with Stuttgart-
Dresden-Bonn relativistic effect core potentials (ECPs) and their valence electrons were
represented by (8s7p6d)/[6s5p3d] basis set.[58] Usual 6-311G(d) basis sets were used for
other atoms.”  The optimized structures of [(p3-C7H7)2(HCN)2PdPtPt—PtPdPt(ps3-
C7H7)2(HCN)2)** (5"-PtPt) and [(u3-C7H7)2(HCN)2Pt2Pd—PdPt2(pus-C7H7)2(HCN)2 >
(5"'-PdPd) were depicted in Figures S9 and S10. Cartesian coordinates of the optimized
geometries of 5'"-PtPt and 5'"-PdPd were shown in Tables S1 and S2. The Gibbs

energies (298.15 K, 1 atm) of 5'""-PtPt and 5''-PdPd were summarized in Table S3.
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Table S1. Cartesian coordinates (in A) of the optimized geometry of [(u3-
C7H7)2(HCN)2PdPtPt—PtPdPt(p3-C7H7)2(HCN)21** (5"'-PtPt).

Symbol X Y V4

Pd -3.7558380 -1.2345824 1.0809715
Pd 3.7525087 1.1019167 1.2167628
N -5.5264038 2.1088610 -1.8338108
N -4.6896909 -2.7924452 24591708
N 5.5400086 -1.8799357 -2.0527974
N 4.6664347 2.4935060 2.7734794
C -4.4757305 -0.9785823 -1.9341837
C -4.4591744 -2.0302620 -0.9798887
C -3.3344807 -2.7751960 -0.5030157
C -1.9823501 -2.5699530 -0.7634054
C -1.3382000 -1.5759480 -1.5545984
C -1.9651970 -0.5295113 -2.2967442
C -3.3556656 -0.2900554 -2.5116148
C -4.3987173 1.8198662 1.2120331
C -4.4111455 0.7419418 2.1343593
C -3.2995538 0.1371185 2.8012467
C -1.9404281 0.3605551 2.6081250
C -1.2688565 1.2374625 1.7049330
C -1.8777505 2.1332143 0.7730597
C -3.2627922 2.4297794 0.5819835
C 3.2849659 -2.4811355 0.3015349
C 1.8965648 -2.2183182 0.5119615
C 1.2730533 -1.4440543 1.5378576
C 1.9298555 -0.6744304 2.5426622
C 3.2848964 -0.4579936 2.7704774
C 4.4074700 -0.9697736 2.0461487
C 4.4107348 -1.9345111 1.0052255
C 3.3466531 0.5700835 -2.4604188
C 1.9568706 0.7858844 -2.2138479
C 1.3346956 1.7456616 -1.3579996
C 1.9853410 2.6410746 -0.4608169
C 3.3388436 2.8111504 -0.1847875
C 4.4600194 2.1247599 -0.7490685
C 4.4707357 1.1901410 -1.8176848
C -6.2663239 27714185 -2.4048408
C -5.2759355 -3.5282789 3.1136607
C 6.2977713 -2.4659418 -2.6812143
C 5.2384203 3.1594240 3.5102946
H -5.4364180 -0.8069439 -2.4176245
H -5.4312407 -2.4723980 -0.7681875
H -3.5723895 -3.6941176 0.0302724
H -1.3103830 -3.2999198 -0.3112255
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Figure S9. The optimized geometry of [(u3-C7H7)2(HCN)2PdPtPt—PtPdPt(us-
C7H7)2(HCN)2]** (5"'-PtPt).

Table S2. Cartesian coordinates (in A) of the optimized geometry of [(u3-
C7H7)2(HCN)2Pt2Pd—PdPt2(us-C7H7)2(HCN)2)** (5"'-PdPd).

Symbol X Y Z

N 5.2250750 -2.3043070 2.1539690
N 4.5920310 2.5026150 -2.4739510
N -4.5958510 -2.4798750 -2.4946570
N -5.2238090 2.2854740 2.1748870
C 4.3433540 -1.9658580 -1.0211500
C 4.3351240 -0.9180160 -2.0038110
C 3.1870950 -0.3626400 -2.6711710
C 1.8283570 -0.5847130 -2.4210280
C 1.1899760 -1.4414220 -1.4907440
C 1.8295030 -2.3089200 -0.5663650
C 3.2080890 -2.5896870 -0.3995150
C 4.5000360 0.9113250 1.9531120
C 4.4884160 1.9279930 0.9373140
C 3.3510080 2.6726220 0.4653870
C 1.9951870 2.4957080 0.7654410
C 1.3581000 1.5809430 1.6378850
C 1.9883320 0.5873410 2.4331650
C 3.3688270 0.3312260 2.6236450
C -3.1838900 0.3847010 -2.6658310
C -1.8253190 0.6062620 -2.4121400
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H 6.5126090 -3.6160490 3.3976470

H 5.5526310 3.9212880 -3.8850550
H -5.5606800 -3.8837320 -3.9176490
Pt 4.0415470 -0.9371310 0.8826440
Pt -3.8228230 -1.0000040 -0.9977640
Pt 3.8225410 1.0086940 -0.9893340
Pt -4.0409270 0.9297830 0.8910280
Pd -1.3622490 0.1195040 0.2556810
Pd 1.3620550 -0.1233440 0.2562930

Figure S10. The optimized geometry of [(u3-C7H7)2(HCN)2Pt2Pd—PdPta(ps-
C7H7)2(HCN)2)*" (5''-PdPd).
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Table S3. The summary of Gibbs energies of 5'"'-PtPt and 5"'-PdPd.

Model Complex Sum of electronic and thermal Free | AG (298.15 K, 1
Energies (Hartree/Particle) atm) (kcal/mol)

Complex 5'"'-PtPt -2189.261648 -

Complex 5"'-PdPd -2189.243546 11.4
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X-ray Crystallographic analyses: A crystal of suitable dimensions was mounted on a
CryoLoop (Hampton Research Corp.) with a layer of paraton-N oil and placed in a
nitrogen stream at 123(2), 143(2) or 153(2) K.  All measurements were performed on a
R-AXIS RAPID imaging plate with graphite-monochromated Mo-Ka. (0.71075 A)
radiation. The structure was solved by direct method (SIR 92(5!% or SIR9715!!)) and
refined on F? by full-matrix least-squares methods; using SHELXL 97, 2014/1 or
2018/3.15121 Non-hydrogen atoms were anisotropically refined. H-atoms were included
in the refinement on calculated positions riding on their carrier atoms. The function
minimized was [Ew(Fo?- Fc?)?] (w =1/ [6? (Fo?) + (aP)? + bP]), where P = (Max(F0?%,0)
+2Fc?) / 3 with 6*(Fo?) from counting statistics. The function R1 and wR2 were (X||Fo|
- |Fc|]) / Z|Fo| and [Ew(Fo? - Fc?)? / Z(wFo*)]"2, respectively. The ORTEP-3 program was

[S131  Crystal data for the structures reported in this paper have

used to draw the molecule.
been deposited in the Cambridge Crystallographic Database Center: CCDC 2094329

(2a"), CCDC 2094330 (3a'), CCDC 2094331 (4), and CCDC 2094332 (5a").
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X-ray Crystallographic Data

Crystal data for 2a': C3oH27B2FsNPd2Pt, M, = 983.05, monoclinic, space group P21 (no.
4). a = 9.0000(17) A, b = 11.736(2) A, ¢ = 14.406(3) A, B = 90.775(4)°, Z =2, V =
1521.5(5) A3, F(000) = 932, D= 2.146 g cm™, u(MoKa) = 58.093 cm™!, T = 153 K,
22815 reflections collected, 6885 unique (Rint = 0.1127), 397 variables refined with 5156

reflections with /> 2c(/) to R = 0.0879. CCDC 2094329.

Crystal data for 3a': C42H36B2FsOPdPt2, M, = 1226.91, triclinic, space group P-1 (no. 2).
a = 10.2863(3) A, b = 10.8987(4) A, ¢ = 17.5682(5) A, a = 104.1710(9)°, B =
103.2030(9)°, y=92.3928(11)°, Z =2, V' =1849.13(10) A3, F(000) = 1160, Dc=2.204 g
em?, (MoKa) = 81.04 cm™, T= 153 K, 35926 reflections collected, 6957 unique (Rint =
0.0947), 506 variables refined with 6296 reflections with /> 2c(J) to R = 0.0501. CCDC

2094330.

Crystal data for 4: C36H40B2FsN4PdaPt2, M, = 1518.12, triclinic, space group P-1 (no. 2).
a=11.4221(4) A, b=13.8137(4) A, c = 14.3901(4) A, o= 83.8592(8)°, S = 76.9542(9)",
y=71.2097(9)°, Z =2, V'=2092.55(11) A3, F(000) = 1412, Dc=2.409 g cm™, z{MoKa)
=84.09 cm!, T= 143 K, 30310 reflections collected, 7365 unique (Rint = 0.0893), 509

variables refined with 6878 reflections with /> 2c(/) to R = 0.0388. CCDC 2094331.

Crystal data for 5a': C7iHe3B2FsPd2Pts, M = 2083.05, triclinic, space group P-1 (no. 2).
a=12.7384(3) A, b=15.0444(4) A, c = 16.3890(4) A, a=89.1192(7)°, B = 80.0982(7)°,
y="75.3532(7)°, Z=2, V=2992.19(12) A%, F(000) = 1950, Dc=2.312 g cm™, z{MoKa)

=99.36 cm™!, T= 123 K, 71514 reflections collected, 13682 unique (Rint = 0.0580), 784
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variables refined with 12530 reflections with /> 26(/) to R = 0.0257. CCDC 2094332.
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F4

Figure S11. ORTEP of complex 2a'

Table S4. Selected Bond Distances (A)

Pd1-Pt] 2.791(2) Pt1-C16 2.19(2)
Pd2-Pt1 2.714(3) C15-C16 1.34(4)
Pd1-Pd2 2.750(3) Pt1-Pd1-Pd2 58.65(7)
Pd1-N1 2.17(3) Pt1-Pd2-Pdl 61.44(7)
Pd2-F4 2.48(3) Pd1-Pt1-Pd2 59.91(7)
Pt1-C15 2.20(2)
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Figure S12. ORTEP of complex 3a'

Table S5. Selected Bond Distances (A)

Pd1-Ptl 2.7950(11) P©2-C30 2.183(13)
Pd1-Pt2 2.7405(11) C15-C16 2.130(18)
Pt1-Pt2 2.7691(7) C29-C30 2.25(2)
Pd1-Ol 2.268(11) Pd1-Pt1-Pt2 59.01(3)
Pt1-Cl15 2.225(13) Pd1-Pt2-Ptl 60.96(3)
Pt1-C16 2.222(12) Pt1-Pd1-Pt2 60.02(2)
Pt2-C29 2.188(13)
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Figure S13. ORTEP of complex 4

Table S6. Selected Bond Distances (A)

Pd1-Pd2 2.7034(7) Pd3-N3 2.194(6)
Pd1-Pt] 2.7931(6) Pd4-N4 2.203(6)
Pd2-Pt1 2.8132(5) Pt1-Pd1-Pd2 61.544(16)
Pd3-Pd4 2.6850(7) Pt1—Pd2-Pd1 60.797(15)
Pd3-Pt2 2.7984(5) Pd1-Pt1-Pd2 57.659(15)
Pd4—Pt2 2.8449(6) Pt2—Pd3-Pd4 62.466(16)
Pt1—Pt2 2.6793(3) Pt2—Pd4—Pd3 60.721(16)
Pd1-NI1 2.167(7) Pd3-Pt2—Pd4 56.813(16)
Pd2-N2 2.227(6)
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—o
Figure S14. ORTEP of complex 5a'

Table S7. Selected Bond Distances (A)
Pd1-Ptl 2.8540(3) Pt4—C43 2.167(4)
Pd1-Pt2 2.7324(4) Pt4—-C44 2.163(4)
Pd2—Pt3 2.8325(4) Pt1-Pd1-Pt2 59.854(8)
Pd2-Pt4 2.6889(4) Pt1-Pt2—Pd1 62.240(8)
Pt1-P(2 2.7891(2) Pd1-Pt1-Pt2 57.906(3)
Pt1-Pt3 2.6935(2) Pt3—Pd2-Pt4 60.698(8)
Pt3—-Pt4 2.7925(2) Pt3—Pt4—Pd2 62.195(8)
Pd1-C57 2.612(5) Pd2—Pt3—-Pt4 57.107(8)
Pd2-F6 2.457(3) Pd1-Pt1-Pt3 148.156(9)
Pt2—-C29 2.182(4) Pt1-Pt3—-Pt4 160.806(9)

Pt2—-C30 2.176(5)
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