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1. Experimental Details

General Procedures

All reactions treating air and moisture-sensitive compounds were carried out under argon and nitrogen atmosphere
using a high-vacuum line and standard Schlenk techniques, or a glove box as well as dry and oxygen-free solvents.
The 'H, BC{'H}, '°F, #Si{'H}, and *'P{'H} NMR spectra were recorded on a Bruker Avance III 500 FT NMR
spectrometer. The 'H and '*C NMR chemical shifts (in ppm) were referenced to residual 'H and '*C of the solvents;
benzene-ds ("H 6 7.16 and '*C 6 128.0). The '°F NMR chemical shifts were relative to C¢Fs in ppm. The 2°Si{'H}
NMR chemical shifts in C¢Dg were relative to MesSi. The 3'P NMR chemical shifts in C¢Ds were relative to 85%
aqueous H3POj4. Sampling of air-sensitive compounds was carried out using a VAC NEXUS 100027 type glove box.
Mass spectra (EI) were recorded on a JEOL JMS-Q1050 spectrometer. High-resolution mass spectra (HRMS) were
performed on a JEOL JMS-T100GCV spectrometer using a FD+(eiFi) method. Melting points (mp) were measured
by an OptiMelt MPA 100 automated melting point system. Elemental analyses were performed on a J-SCIENCE LAB
JM-11 at Research and Analytical Center for Giant Molecules (Graduate School of Science, Tohoku University).
Analytical thin-layer chromatography (TLC) was performed on an aluminum plate coated with silica gel (0.25 mm
thickness) containing a fluorescent indicator (silica gel 60F254, Merck). Flash silica gel column chromatography was

performed on silica gel 60N (spherical and neutral gel, 40—50 pm, Kanto).

Materials

Hexane, benzene, toluene and THF were dried by using a VAC solvent purifier 103991. Diethyl ether (Et,O) was
dried over LiAlH4. Benzene-ds (CsDs) was dried over molecular sieves MS 4A. Acetone was dried over molecular
sieves 3A. PCl; was dried with potassium carbonate. Lithium, Sg, triethylamine and copper(I) chloride were
commercially available and used without further purification. 1,1-Bis(dimethylphenylsilyl)ethylene S15' and
AuCgFs(tht)S? were prepared according to the published procedure.

Synthesis of Chlorophosphine 1

Sive.ph PhMe:S| siMe,Ph PhMe2S siMe,Ph
Ve i PCl; (0.55 eq.
2 #'H(E'O e‘j‘zj Li | Lithf)a] 2 (055 eq) P-Cl
SiMe,Ph U _ toluene, ~80 °Ctort, 2 h ‘
PhMe,Si SiMe,Ph PhMe,Si SiMe,Ph
1 1(26%)

In a Schlenk flask (100 mL) equipped with a magnetic stir bar, chopped lithium wires (0.76 g, 109 mmol), S1 (5.43
g, 18.3 mmol) and THF (60 mL) were added, and the mixture was stirred for 1 day at room temperature. Then the
resulting solution was transferred via a cannula to the other Schlenk flask (200 mL) equipped with a magnetic stir
bar. After removal of THF in vacuo, dry benzene (70 mL) was added to the flask. To the solution, PCl3 (1.38 g, 10.0
mmol) was added at —80 °C. The reaction mixture was allowed to warm gradually to room temperature over 2 hours.
Insoluble materials were filtered off and the volatiles were removed from the filtrate in vacuo. Washing with acetone

gave chlorophosphine 1 (1.59 g, 2.41 mmol) as colorless crystals in 26% yield.



1: colorless crystals; mp. 140-141 °C (decomp.); 'H NMR (500 MHz, C¢Ds, 296 K, 6): 0.15 (d, 6H, “Jpu = 1.5 Hz,
CH3), 0.28 (d, 6H, “/py = 2.0 Hz, CH3), 0.32 (s, 6H, CH3), 0.36 (s, 6H, CH3), 2.18-2.23 (m, 2H, CH»), 2.73-2.79 (m,
2H, CH,), 7.12-7.13 (m, 6H, Ph), 7.16-7.19 (m, 6H, Ph), 7.49-7.51 (m, 4H, Ph), 7.56-7.57 (m, 4H, Ph); BC{'H}
NMR (126 MHz, C¢Ds, 297 K, 8): 0.7 (d, CHs, *Jpc = 11.0 Hz), 2.9 (s, CH3), 3.1 (d, CH3, 3Jpc = 15.0 Hz), 4.1 (s,
CH3), 33.8 (d, C, 'Jec = 79.6 Hz), 36.9 (s, CHa), 127.9 (s, CH), 128.0 (s, CH), 129.2 (s, CH), 129.6 (s, CH), 135.7 (d,
CH, “Jec = 3.5 Hz), 135.9 (s, CH), 139.9 (d, C, *Jpc = 4.4 Hz), 141.9 (s, C); »’Si{'H} NMR (99 MHz, C¢Ds, 296 K,
0): —1.3 (d, SiMesPh, 2Jps; = 44.9 Hz), —0.3 (s, SiMe>Ph); *'P{'H} NMR (202 MHz, CsDs, 296 K, J) 199.4; MS (EI,
70 eV) m/z (%): 658 (1, M*), 488 (19, [M — Me,PhSiCl]"), 135 (100, [Me>SiPh]"); Anal. calcd for C3sHasCIPSis: C,
65.56%; H, 7.34%. Found: C, 65.17%; H, 7.40%.

Synthesis of Chlorophosphine Sulfide 2

PhMe2Si siMe,Ph PhMe2Si siMe,Ph
Sg (1.0 eq.), NEt; (excess
p—cl s ( q.) 3 ( ) P\:c:|
_ THF, rt, 2d S
PhMe,Si SiMezPh PhMe,si SiMesPh
1 2 (65%)

In a Schlenk flask (100 mL) equipped with a magnetic stir bar, 1 (670 mg, 1.02 mmol), Sg (287 mg, 1.12 mmol), Et;N
(7 mL), and THF (28 mL) were added, and the mixture was stirred at room temperature for 2 days. After the removal
of the volatiles, THF (50 mL) was added and the organic layer was washed with saturated Na,SOs3 aqueous solution
9 times to remove the residual Sg, dried with MgSOj4 and the solvent was evaporated under reduced pressure. Washing
the resulting yellowish brown solid with acetone and Et;O provided chlorophosphine sulfide 2 as a white powder
(460 mg, 6.67 x 10~ mmol) in 65% yield.

2: a white powder; mp. 168-170 °C (decomp.); 'H NMR (500 MHz, C¢Ds, 296 K, 6): 0.22 (s, 6H, CH3), 0.44 (s, 6H,
CH3), 0.46 (s, 6H, CH3), 0.51 (s, 6H, CH3), 2.71-2.84 (m, 4H, CH), 7.05-7.08 (m, 6H, Ph), 7.10-7.13 (m, 6H, Ph),
7.37-7.39 (m, 4H, Ph), 7.58-7.59 (m, 4H, Ph); 3C{'H} NMR (126 MHz, C¢Ds, 296 K, 6): 2.2 (s, CH3), 2.8 (s, CH3),
3.2 (s, CH3), 3.4 (s, CH3), 34.8 (d, CHy, 2Jpc = 12.1 Hz), 43.8 (d, C, 'Jpc = 13.1 Hz), 127.96 (s, CH), 127.97 (s, CH),
129.2 (s, CH), 129.4 (s, CH,), 136.1 (s, CH), 136.3 (s, CH), 141.0 (s, C), 141.0 (d, C, *Jpc = 11.3 Hz); *°Si{'"H} NMR
(99 MHz, C¢Ds, 297 K, 6): —0.55 (s, SiMe2Ph), —0.51 (appeared as a shoulder peak at —0.55 ppm, SiMe,Ph); *'P{'H}
NMR (202 MHz, C¢D¢, 297 K, 6): 138.1; HRMS (FD+(eiFi)) (m/z): [M]" caled for C36HssCIPSSis, 690.1980. Found:
690.1978; Anal. Caled for C36H4gCIPSSi4: C, 62.52; H, 7.00%. Found: C, 62.46; H, 7.02%.

Synthesis of Methylene(thioxo)phosphorane 3

PhMe;Si gime,Ph SiMe,Ph
Pl “p=s
S benzene, 60 °C, 15h _
PhMe,si SiMe2Ph PhMe,si SiMezPh
2 3 (98%: NMR yield)

(89%: isolated yield)
In a stock bottle (100 mL) equipped with a magnetic stir bar, 2 (950 mg, 1.44 mmol) and CsHe (15 mL) were added,

and then the mixture was stirred for 15 hours at 60 °C. Removal of benzene and chlorodimethylphenylsilane from
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the reaction mixture in vacuo and subsequent recrystallization from hexane provided 3 (637 mg, 1.23 mmol) as
colorless crystals in 89% yield. To estimate NMR yields, another experiment was carried out in a CsDg (0.5 mL)
solution using an NMR tube equipped with a J. Young valve. After the reaction, 3 and chlorodimethylphenylsilane
formed in 98% and 100% yields, respectively, based on the 'H NMR integrals using 1,3,5-tri(tert-butyl)benzene as
an internal standard.

3: colorless crystals; mp. 75-78 °C; 'H NMR (500 MHz, C¢Ds, 297 K, 6): 0.37 (s, 6H, CH3), 0.45 (s, 6H, CH3), 0.61
(s, 6H, CH3), 1.58 (dt, 2H, CHa, *Jpy = 34.5 Hz, *Juu = 7.5 Hz), 2.09 (dt, 2H, CHa, *Jpy = 16.5 Hz, *Jun = 7.5 Hz),
7.14-7.21 (m, 9H, Ph), 7.33-7.34 (m, 2H, Ph), 7.64-7.66 (m, 4H, Ph); 3C{'H} NMR (126 MHz, CsDs, 298 K, 9):
—1.9 (d, CHs, *Jpc = 4.2 Hz), —1.8 (d, CH3, *Jpc = 4.2 Hz), 0.9 (s, CH3), 30.9 (d, CHa, %Jpc = 15.9 Hz), 32.9 (d, CHa,
2Jpc = 16.4 Hz), 34.7 (s, C), 124.0 (d, C, 'Jpc = 65.9 Hz), 128.0 (s, CH), 128.2 (s, CH), 129.3 (s, CH), 130.0 (s, CH,),
134.2 (s, CH), 135.3 (s, CH), 137.1 (d, C, *Jpc = 1.6 Hz), 138.8 (d, C, *Jpc = 7.4 Hz); ?*Si{'H} NMR (99 MHz, C4Ds,
296 K, 6): —11.3 (d, SiMeyPh, 2Jpsi = 14.7 Hz), —1.1 (d, SiMe,Ph, 2Jpsi = 10.3 Hz); 3'P{'H} NMR (202 MHz, CsDs,
297 K, 9): 211.9; HRMS (FD+(eiFi)) (m/z): [M]" caled for CosH37PSSi3: 520.1661. Found: 520.1661; Anal. calcd for
C, 64.56; H, 7.16%. Found: C, 64.65; H, 7.19%.

Synthesis of Phosphaalkene 4

PhMeoSi  sime,Ph SiMe,Ph
\
P-Cl P
neat, 150 °C, 18 h ‘
PhMe,si SiMe2Ph PhMe,si SiMezPh

4 (90%: NMR yield)
(77%: isolated yield)

1
In a stock bottle (20 mL) equipped with a magnetic stir bar, 1 (201 mg, 3.05 x 10"! mmol) was added and stirred for
18 hours at 150 °C. After the removal of chlorodimethylphenylsilane from the reaction mixture in vacuo, the obtained
mixture was subjected to silica gel column chromatography (eluent: hexane; Rf = 0.1). Evaporation of the volatiles
afforded 4 as a colorless viscous oil (114 mg, 2.33 x 10~' mmol) in 77% yield. To estimate NMR vyields, another
experiment was carried out in a CsDg (0.5 mL) solution using an NMR tube equipped with a J. Young valve. After
the reaction, 4 formed in 90% yield based on the 'H NMR integrals using 1,3,5-tri(tert-butyl)benzene as an internal
standard.
4: a colorless viscous oil; '"H NMR (500 MHz, CsDs, 296 K, 6): 0.26 (s, 6H, CH3), 0.30 (s, 6H, CH3), 0.45 (s, 6H,
CHs), 2.22-2.26 (m, 4H, CHy), 7.14-7.24 (m, 9H, Ph), 7.42-7.43 (m, 2H, Ph), 7.53-7.54 (m, 4H, Ph); 3C{'H} NMR
(126 MHz, C¢Ds, 298 K, 6): —1.67 (d, CH3, *Jpc = 4.9 Hz), —1.5 (d, CH3, *Jpc = 5.2 Hz), —1.4 (d, CH3, 3Jpc = 6.8 Hz),
35.0 (s, CHa), 43.7 (d, C, 'Jpc = 63.4 Hz), 45.4 (d, CHa, 2Jpc = 12.0 Hz), 127.9 (s, CH), 128.3 (s, CH), 129.3 (s, CH),
129.4 (s, CH), 134.2 (s, CH), 135.0 (s, CH), 138.9 (d, C, *Jpc = 4.8 Hz), 139.0 (s, C), 198.5 (d, P=C, 'Jpc = 59.7 Hz);
2Si{'H} NMR (99 MHz, C¢Ds, 296 K, 6): —11.8 (d, SiMe,Ph, 2Jps; = 32.1 Hz), -3.9 (s, SiMe,Ph); 3'P{'H} NMR
(202 MHz, C¢Ds, 297 K, 9): 327.7, HRMS (FD+(eiFi)) (m/z): [M]" calcd for C2sH37PSis: 488.1941. Found: 488.1940;
Anal. calcd for C, 68.80; H, 7.63%. Found: C, 67.13; H, 7.68%. Although several attempts at careful elemental
analysis have been made, the experimental data was not within £0.4% of the theoretical value probably due to its

high viscosity and instability in the air.



Isolation of Thiaphosphirane 5

SiMe,Ph PhMe;Si
{ CuCl (20 mol%) S
p=s ——————~ P
CeDe, 70 °C, 2d
PhMe,si SiMezPh PhMe,si SiMezPh
3 5 (58%)

In a J. Young NMR tube, 3 (60 mg, 1.15 x 10~! mmol), CuCl (2.4 mg, 2.42 x 102 mmol) and C¢Ds (0.6 mL) were
placed at 70 °C for 2 days. After filtration and evaporation of C¢Ds, the obtained mixture was subjected to silica gel
column chromatography (eluent: hexane; Rf = 0.1). After the evaporation of the volatiles, 5 was obtained in 58%
yield as an analytically pure colorless viscous oil (24 mg, 4.62 x 102 mmol). The oil was solidified as colorless
crystals by recrystallization from a saturated hexane solution at room temperature.

5: colorless crystals; mp. 93-95 °C; 'H NMR (500 MHz, C¢Ds, 295 K, 6): 0.10 (s, 3H, CH3), 0.11 (s, 3H, CH3), 0.30
(s, 3H, CH3), 0.33 (s, 3H, CH3), 0.36 (s, 3H, CH3), 0.39 (s, 3H, CH3), 1.77-1.90 (m, 2H, CH»), 2.04-2.19 (m, 2H,
CH,), 7.13-7.23 (m, 9H, Ph), 7.40-7.42 (m, 2H, Ph), 7.45-7.47 (m, 2H, Ph), 7.62-7.64 (m, 2H, Ph); *C{'H} NMR
(126 MHz, C¢Ds, 300 K, 6): 3.2 (s, CH3) 3.1 (d, CHs, *Jpc = 5.5 Hz), —0.43 (d, CH3, *Jpc = 10 Hz), —0.42 (s, CH3),
0.1 (d, CHs, *Jpc = 5.5 Hz), 0.2 (d, CHs, *Jpc = 9.8 Hz), 25.4 (d, C, 'Jpc = 72 Hz), 28.4 (s, CH>), 35.7 (s, CHy), 41.2
(d, C, Upc = 54 Hz), 127.9 (s, CH), 128.1 (s, CH), 128.2 (s, CH), 129.4 (s, CH), 129.65 (s, CH), 129.72 (s, CH),
134.7 (s, CH), 135.2 (s, CH), 135.4 (d, CH, *Jpc = 3.7 Hz), 138.1 (d, C, *Jpc = 1.3 Hz), 139.0 (d, C, *Jpc = 1.3 Hz),
139.4 (s, C); ¥Si NMR (99 MHz, C¢Ds, 299 K, 6): —2.4 (d, SiMe2Ph, %Jpc = 14.9 Hz), -2.1 (d, SiMe,Ph, 2Jpc = 19.4
Hz), 1.3 (d, SiMeyPh, 2Jpc = 1.9 Hz); *'P{'H} NMR (202 MHz, C¢Ds, 295 K, 6): —29.6; HRMS (FD+(eiFi)) (m/z):
[M]* caled for CosH37PSSis: 520.1661. Found: 520.1661; Anal. caled for C, 64.56; H, 7.16%. Found: C, 64.60; H,
7.09%.

Synthesis of Thiaphosphirane Gold Complex 5Au

(a) From 3 in an NMR scale

SiMe,Ph PhMe,Si

,/AUCGFS S
AuCgF5(tht) (1.1 eq. -
eFs(tht) (1.1 eq.) 3 o+ Npoos . " ,, AL
CgDg, rt, 1d (82%) . "AuCgFs 60°C,6d (90%)
" PhMe,si SiMezPh PhMe,si SiMezPh
3Au (possible structure) 5Au
(8%) (7%)

(b) From 5 in a preparative scale to isolate 5Au

AuCeFs(tht) (10eq) o\

benzene, rt, 2 d (33%)

(a) From 3 in an NMR scale: In a J. Young NMR tube, 3 (10.2 mg, 1.96 x 10~2 mmol), AuCeFs(tht) (10 mg, 2.23 x
102 mmol) and CeDs (0.5 mL) were placed at room temperature for 1 day. The NMR spectra (Figs. S40 and S41)
indicated that a mixture of methylene(thioxo)phosphorane gold(I) complex 3Au and thiaphosphirane gold(I) complex
5Au were formed in 8% and 7% yield, respectively. Starting material 3 remained in 82%. Then, the reaction mixture

was heated at 60 °C for 6 days. The NMR spectra indicated that 3 and 3Au completely disappeared, and 5Au formed
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in 90% yield. The yields of the products were determined by 'H NMR spectrum using 1,3,5-tri(tert-butyl)benzene as
an internal standard.

(b) From 5 in a preparative scale to isolate SAuU: In a stock bottle (20 mL) equipped with a magnetic stir bar, 5 (74
mg, 1.42 x 10~ mmol), AuCeFs(tht) (71 mg, 1.57 x 10" mmol) and benzene (3 mL) were added and stirred for 1 day
at room temperature in the dark. Then, the reaction mixture was filtered off and the filtrate was evaporated under
reduced pressure. The obtained mixture was subjected to silica gel column chromatography (eluent: hexane; Rf =
0.1). Evaporation of the volatiles afforded 5Au as a colorless solid (42 mg, 4.75 x 102 mmol) in 33% yield.

5AuU: colorless solid; mp. 91-93 °C; 'H NMR (500 MHz, CsDs, 295 K, 6): 0.19 (s, 3H, CH3), 0.21 (s, 3H, CH3), 0.36
(s, 3H, CHs), 0.41 (s, 3H, CH3), 0.43 (s, 3H, CH3), 0.45 (s, 3H, CH3), 1.66-1.80 (m, 3H, CH») 1.91-1.99 (m, 1H,
CHy), 7.13-7.20 (m, 9H, Ph), 7.40-7.42 (m, 2H, Ph), 7.48-7.50 (m, 2H, Ph), 7.54-7.55 (m, 2H, Ph); *C{'H} NMR
(126 MHz, C¢Ds, 296 K, 5): =3.4 (s, CH3), —3.3 (s, CH3), —0.15 (d, CH3, *Jpc = 5.3 Hz), —0.09 (d, CH3, *Jpc = 1.5
Hz) 0.0 (d, CH3, *Jpc = 4.3 Hz), 1.1 (d, CH3, *Jpc = 2.8 Hz), 29.4 (d, C, Upc = 31.1 Hz), 28.7 (s, CH»), 34.2 (d, CHa,
2Jrc = 3.2 Hz), 38.6 (d, C, 'Jpc = 17.1 Hz), 128.3 (s, CH), 128.5 (s, CH), 128.6 (s, CH), 130.3 (s, CH), 130.4 (s, CH),
130.5 (s, CH), 134.7 (s, CH), 135.3 (s, CH), 135.9 (s, CH), 136.0 (d, C, *Jpc = 3.0 Hz), 136.91 (s, C), 136.93 (s, C),
139.1 (m, C), 141.1 (m, C), 148.7 (m, C), 150.5 (m, C); '°F NMR (470 MHz, C¢Ds, 295 K, 6): =161.9 to —161.7 (m),
—157.5 (t, *Jrr = 20.2 Hz), —115.2 to —115.1 (m); ®Si{'"H} NMR (99 MHz, CsDs, 295 K, 6): —2.3 (d, SiMePh, %Jps;
= 4.9 Hz), —0.8 (d, SiMesPh, 2Jpsi = 9.5 Hz), 1.6 (d, SiMesPh, 2Jpsi = 1.8 Hz); *'P{'H} NMR (202 MHz, CsDs, 296
K, 6): 32.0 (quint, *Jrp and >Jrp = 8.9 Hz); HRMS (FD+(eiFi)) (m/z): [M]" calcd for C34H37AuFsPSSis: 884.1247.
Found:884.1245; Anal. Calcd for C, 46.15; H, 4.21%. Found: C, 46.33; H, 4.41%.

Synthesis of Thiaphosphirane Sulfide 6

PhMe2Si sitte,Ph PhMe,Si
Sg (excess) S
- P\
p-Cl toluene, reflux, 20 h ~s
PhMe,si SiMe;Ph PhMe,si  SMezPh
1 6 (73%)

In a two necked flask (30 mL) equipped with a magnetic stir bar, chlorophosphine 1 (53 mg, 8.04x102 mmol), dry
toluene (3 mL) and Sg (190 mg, 0.741 mmol) were added, and the mixture was stirred for 20 hours under reflux
condition. Then, the reaction mixture was filtered off and the filtrate was evaporated under reduced pressure. The
obtained crude mixture was subjected to silica gel column chromatography (eluent: hexane; Rf = 0.05) to give 6 (32
mg, 5.84x1072 mmol) as a white solid in 73% yield.

6: a white solid; mp. 101-103 °C; '"H NMR (500 MHz, C¢Ds, 296 K, §): 0.40 (s, 3H, CH3), 0.41 (s, 3H, CH3), 0.43
(s, 3H, CH3), 0.47 (s, 3H, CH3), 0.53 (s, 3H, CH3), 0.59 (s, 3H, CH3), 1.40-1.51 (m, 1H, CH>) 1.80-1.92 (m, 3H,
CH), 7.11-7.18 (m, 9H, Ph), 7.50-7.54 (m, 4H, Ph), 7.56-7.58 (m, 2H, Ph); *C{'H} NMR (126 MHz, C¢Ds, 297 K,
0): =3.9 (s, CH3), —3.4 (d, CHs, *Jec = 1.5 Hz), —0.9 (d, CHs, 3Jpc = 4.7 Hz), —0.5 (s, CH3), 1.2 (d, CHs, *Jpc = 2.5
Hz), 1.3 (s, CH3), 29.3 (d, C, 'Jpc = 9.2 Hz), 29.6 (d, CHa, %Jpc = 4.3 Hz), 32.9 (d, CHy, 2Jpc = 10.8 Hz), 37.0 (d, C,
UJpc = 9.5 Hz), 128.0 (s, CH), 128.1 (s, CH), 128.3 (s, CH), 129.9 (s, CH), 130.0 (brs, CH, two signals were
overlapped), 134.7 (s, CH), 135.5 (s, CH), 136.0 (s, CH), 137.0 (d, C, *Jpc = 4.5 Hz), 137.5 (d, C, *Jpc = 4.0 Hz),



138.0 (d, C, *Jpc = 4.5 Hz); 2Si{'H} NMR (99 MHz, C¢Ds, 296 K, 6): —2.2 (s, SiMesPh), 0.2 (s, SiMesPh), 1.4 (d,
SiMe,Ph, 2/ps; = 6.0 Hz); 3'P{'H} NMR (202 MHz, C¢Ds, 297 K, 8): 42.0; MS (EL 70 eV) m/z (%) 552 (11, [M]"),
520 (2, [M— S]"), 417 (3, [M — SiMe,Ph]"), 385 (8, [M — S — SiMe,Ph]"), 135 (100, [Me>SiPh]"); Anal. caled for
CasH37PS2Sis: C, 60.82; H, 6.74%. Found: C, 60.58; H, 6.74%.

Estimation of Thermodynamic Parameters

SiMe,Ph

temperature ratio 3 : 6

CuCl (5 mol%)

A\
P=8 — > 3 +5 ° .
CeDs, 90 °C, 20 h 90 °C 1:5.96

PhMe,si SiMe2Ph 80 °C 1:6.60
3

70 °C 1:7.33

80°C,21h 70°C, 3d 60°C,4.5d 60°C 1:817

In a J. Young NMR tube, 3 (106 mg, 2.04 x 10~ mmol), CuCl (1.1 mg, 1.11 x 102 mmol) and C¢Ds (0.6 mL) were
placed at 90 °C for 20 h. The proceeding of the reaction was monitored by NMR spectroscopy. After the equilibrium
has reached, the ratio of 3:5 was determined to be 1:5.96. Similarly, equilibrium constants at 80, 70, and 60 °C were

estimated. A van’t Hoff plot (InK versus 1/7T plot) is shown in Fig. S1, and the thermodynamic parameters were

determined to be AH =-10.6 = 0.09 kJ-mol’!, A4S =—-14.2 + 0.26 J-mol "K', and 4G19s = —6.4 kJ-mol ™",
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Fig. S1 A van’t Hoff plot for the isomerization of 3 to 5.
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Fig. S7 'H NMR spectrum of 2 in C¢Ds at 296 K (+ = C¢HDs, x = toluene).
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Fig. S9 3C{'H} (dept135) NMR spectrum of 2 in CsDs at 296 K (+ = C¢HDs).
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Fig. S15 2°Si{'H} (dept45) NMR spectrum of 3 in CsDs at 296 K.
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I i 188.42
1l | 16.000 usec
JJ 6.50 usec
\iged Ao, 297.8 K
2.00000000 sec
r T 1 r T T i T T T 10 T T 1 T 0.03000000 sec
139 ppm 130 ppm 46 44 ppm 36 ppm -1 1
HANNEL f1 = =
gr) N () () 125.7703643 MHz
N N ] g} 13c
g g I < 12.00 usec
v ) ) PLW1 100.00000000 W
™~ ™~
| | ¢ £2
SFO2 500.1320005 MHz
NUC2 1H
1 CPDPRG[2 waltzlé
1 PCPD2 80.00 usec
PLW2 19.00000000 W
PLW12 0.29688001 W
PLW13 0.19000000 W

SF 125.7577279
EM

SSB 0
LB 1.00
0

PC 1.40

T T T T T T T T T T T

200 180 160 140 120 100 80 60 40 20 0 ppm

Fig. S18 3C{'H} NMR spectrum of 4 in C¢Ds at 298 K (* = CsD).
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Fig. S19 BC{'H} (dept135) NMR spectrum of 4 in CsDs at 297 K (+ = C¢HDs).
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Current Data Parameters

F2 - Processing parameters

MHz

Hz

NAME yuy-136
EXPNO 5
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220826

Time 23.48
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptspl35

TD 65536
SOLVENT CéD6

NS 180

DS 4

SWH 31250.000 Hz
FIDRES 0.476837 Hz
AQ 1.0485760 sec
RG 188.42

DW 16.000 usec
DE 6.50 usec
TE 297.1 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl ==

SFO1 125.7703643 MHz
NUC1 13C

P1 12.00 usec
P13 2000.00 usec
PLWO oW
PLW1 100.00000000 W
SPNAM[5] Crp60comp. 4
SPOALS 0.500
SPOFFS5 0 Hz
SPW5 22.00200081 W

NUC2 1H
CPDPRG[2 waltzlé

P3 10.00 usec
P4 20.00 usec
PCPD2 80.00 usec
PLW2 19.00000000 W
PLW12 0.29688001 W

F2 - Processing parameters
SI 32768

SF 125.7577279 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



a ©
l@ g ‘é’, Current Data Parameters
D W2 NAME yuy-136
o=~ EXPNO 13
v PROCNO 1
\ V F2 - Acquisition Parameters
N © Date_ 20220827
8 S8 Time 3.09
Q R INSTRUM spect
™ = e PROBHD 5 mm PABBO BB/
§ - PULPROG dept45
\/ ™ 65536
SOLVENT C6D6
NS 512
DS 4
SWH 39682.539 Hz
FIDRES 0.605507 Hz
AQ 0.8257536 sec
RG 188.42
DW 12.600 usec
DE 6.50 usec
TE 296.5 K
CNST2 6.5999999
D1 10.00000000 sec
! D2 0.07575758 sec
D12 0.00002000 sec
TDO 1
w phisheng CHANNEL f1
99.3617620 MHz
I T T 1 29si
! - 11.90 usec
5 10 ppm 23.80 usec
74.00000000 W
CHANNEL f2 =:
500.1320005 MHz
1H
CPDPRG[2 waltz65
P3 10.00 usec
P4 20.00 usec
PCPD2 80.00 usec
PLW2 19.00000000 W
PLW12 0.29688001 W
F2 - Processing parameters
SI 32768
SF 99.3617226 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
[ T T T T T T T
150 100 50 0 -50 -100 -150 ppm
Fig. S20 #Si{'H} (dept45) NMR spectrum of 4 in C¢Ds at 297 K.
N
I
N Current Data Parameters
N NAME yuy-136
:‘}l, EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20220825
| Time 13.24
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT C6D6
NS 16
Ds 4
SWH 100000.000 Hz
FIDRES 1.525879 Hz
AQ 0.3276800 sec
RG 188.42
DW 5.000 usec
DE 6.50 usec
TE 296.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =
202.4765806
31p
14.00 usec
50.00000000 W
CHANNEL f2 =
500.1320005
CPDPRG[2 waltzé5
PCPD2 80.00 usec
PLW2 19.00000000 W
PLW12 0.29688001 W
PLW13 0.19000000 W
F2 - Processing parameters
SI
SF 202.4562394 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
L PC 1.40
A e " ™
Wy w v oy WA W MRy
T T T T T T T T T 1
345 340 335 330 325 320 315 310 305 ppm

Fig. S21 3'P{'H} NMR spectrum of 4 in C¢Ds at 297 K.
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Current Data Parameters

NAME thiophosphirane
EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date_ 20231220
Time 19.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT C6D6
Ns 8
DS 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
aAQ 3.2767999 sec
RG 136.76
DW 50.000 usec
DE 6.50 usec
TE 294.8 K
D1 1.00000000 sec
TDO 1

=== CHANNEL f1 =:
SFO1 500.1330885 MHz
NUC1 1H
Pl 12.00 usec
PLW1 15.00000000 W

F2 - Processing parameters
65536

500.1299966 MHz
EM

WDW

SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters
NAME thiophosphirane
EXPNO 3
PROCNO i

F2 - Acquisition Parameters
20230829

Date_
Time
INSTRUM
PROBHD
PULPROG

spect

5 mm PABBO BB/
zgpg30

65536

C6D6

2048

4
31250.000
0.476837
1.0485760
188.42
16.000

2.00000000
0.03000000
1

CHANNEL f
125.7672204
13c

12.00
100.00000000

CHANNEL f2 ===

500.1320005

1H

CPDPRG[2 waltzlé

PCPD2 .00 usec

PLW2 19.00000000 W
PLW12 0.29688001 W
PLW13 0.19000000 W

F2 - Processing parameters
32768

125.7577279 MHz
EM

0
1.00 Hz
0

0.10

U
I T T T T T T
1 : : W 7.45 7.40 ppm 1.9 1.8 ppm
L\\\}g[’,,J - [N o
. A
I
I T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
Fﬂ%ﬁ%ﬁiﬁ:ﬁ?ﬂ I ® wﬁo =)
o|o|o(N OO |- o|oo|o|o
~lrlcilailo|e ol o allailaife|o
Fig. S22 '"H NMR spectrum of 5 in C¢Dg at 295 K (+ = C¢HDs).
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R R R R R R I B R B R R B L ) R o o G R B BB
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ool e i W
NN e
I
1 |
| | |
I o
[
AT | S T
1 313 () i r T T " T T T I T
: PP 1 129 128 ppm 28 26 ppm 0 -
=
2 8% $3R ¥ 3
o 99 SBE N 5 S \
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A o«
Y Vi
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N S S
139.5 139.0 ppm PC
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Fig. S23 3C{'H} NMR spectrum of 5 in C¢Ds at 300 K (* = CsD).
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Egg%ﬁg;%ﬁg‘;g ~ o © O © ln @ Current Data Parameters
STYE="NNOSIY==O Q O IOV~ N w1y NAME thiophosphirane
LYY YS D DO DP SN e = LIS O T T =~ Exeno 4
SRRQNINIINN 8 8 SSSSSSS GG PROCNO 1
k&\/ | | NI// F2 - Acquisition Parameters
it - © o _e Date_ 20230829
= = Time 1.00
eQR © ! NEg3 9 2Ry ToTo 82 w8 INSTRUM spect
B8y ¥ > o S © ©wN aggg BT — PROBHD 5 mm PABBO BB/
2222 SURURY RIS SSSs 999 D% D B e ae
\/ / | \\ |/ \// \/ SOLVENT c6D6
Ns 1024
i 4
\ | 31250.000 Hz
0.476837 Hz
1.0485760 sec
188.42
" 16.000 usec
6.50 usec
299.3 K
145.0000000
| 2.00000000 sec
0.00344828 sec
0.00002000 sec
1
HANNEL f1 =
S S L } T T 125.7672204
13C
ppm 129 128 ppm 12.00 usec
2000.00 usec
| PLWO ow
! PLW1 100.00000000 W
SPNAM[5] Crp60comp. 4
SPOALS 0.500
SPOFFS5 0 Hz
SPW5 22.00200081 W
I |
HANNEL f2 =:
SFO2 500.1315995 MHz
NUC2 1H
CPDPRG[2 waltzlé
P3 10.00 usec
P4 20.00 usec
PCPD2 80.00 usec
PLW2 19.00000000 W
PLW12 0.29688001 W
F2 - Processing parameters
SI 32
SF 125.7577279 MHz
WDW EM
SSB [
T T T T T T T T T T T T T T T T T LB 1.00 Hz
150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm S8 1 43

Fig. S24 3C{'H} (dept135) NMR spectrum of 5 in C¢Ds at 299 K (+ = C¢HDs).
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Fig. S25 2°Si{'H} (dept45) NMR spectrum of 5 in CsDs at 299 K.
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Current Data Parameters

NAME thiophosphirane
EXPNO 6
PROCNO 1
F2 - Acquisition Parameters
Date_ 20230829
Time
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept45
TD 65536
SOLVENT C6D6
NS 512
DS 4
SWH 39682.539 Hz
FIDRES 0.605507 Hz
AQ 0.8257536 sec
RG 188.42
DW 12.600 usec
DE 6.50 usec
TE 298.6 K
CNST2 6.5999999
D1 10.00000000 sec
D2 0.07575758 sec
D12 0.00002000 sec
TDO 1

Ci f1
SFOl1 99.3711938 MHz
NUC1 29si
Pl 11.90 usec
P2 23.80 usec
PLW1 74.00000000 W

ClI £2
SFO2 500.1320005 MHz
NuUC2 1H
CPDPRG[2 waltzé65
P3 10.00 usec
P4 20.00 usec
PCPD2 80.00 usec
PLW2 19.00000000 W
PLW12 0.29688001 W

F2 - Processing parameters

SF 99.3617226 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40



-29.623

Current D
NAME
EXPNO
PROCNO

F2 - Acqu
Date_
Time
INSTRUM
PROBHD
PULPROG
D

CHANNEL f1

ata Parameters
thiophosphirane
2

1

isition Parameters
20231223
19.19
spect
5 mm PABBO BB/
zgpg30
65536
Cc6D6
32

4
100000.000 Hz
1.525879 Hz
0.3276800 sec
188.42
5.000 usec
6.50 usec
295.3 K
2.00000000 sec
0.03000000 sec

202.4563350 MHz
31p

14.00
50.00000000 W

= CHANNEL f2 =

SFO2 500.1320005 MHz
NUC2 1H
CPDPRG[2 waltz65
PCPD2 80.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 W
PLW13 0.21600001 W
F2 - Processing parameters
SI 32768

SF 202.4562394 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40

T T T T
80 60 40 20 0 -20 -40 -60 -80

Fig. S26 *'P{'H} NMR spectrum of 5 in C¢Ds at 295 K.

T
-100

T
-120

Current
NAME
EXPNO
PROCNO

F2 - Ac
Date_
Time
INSTRUM
PROBHD
PULPROG

Data Parameters
yuy-thiophosphorane
1

1

quisition Parameters
20231228
23.01
spect
5 mm PABBO BB/
zg30
65536
C6D6
8

2
10000.000 Hz
0.152588 Hz
3.2767999 sec
76.66
50.000 usec
6.50 usec
296.1 K
1.00000000 sec
1

T T T T T T
9 8 7 6 5 4

38

Fig. S27 'H NMR spectrum of 6 in C¢Ds at 296 K (¢ = C¢HDs).
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ONONOOODNDNM=NOLDHOMON

- ~00®» 0 N ) SRR
SEENSIITNGEISIRIS 5 PYIBNIIPL o RYRTE Y current pata Parameters
BESNNEE8S2888888N 22:“::ggg§2vmmvvmm yuy-thiophosphorane

|
|
/
X
ZZ
\

F2 - Acquisition Parameters

e 5 A o S &N N S8 nate 20231229
s & RN L 3TE S38  §S8 e 0.05
8 9 S QSOTMHMAN~S - I @ @ ® INSTRUM spect;
S O © © o o PROBHD 5 mm PABBO BB
N RS RAEERER \\/ NV N/ soiemee Zopg30
| | | T T T T~ ™ 65536
\’ ‘\\\/ SOLVENT c6D6
[ [ NS 720
L] DS 4
I SWH 31250.000 Hz
| | ' | FIDRES 0.476837 Hz
AQ 1.0485760 sec
P \ RG 188.42
DW 16.000 usec
il L l DE 6.50 usec
“ k TE 297.3 K
D1 2.00000000 sec
136 135 ppm I T T T T T 1T T T T T T T T ';:33 0'03000002 nec
132 131 130 129 ppm 15 ppm 0 -1 -2 -3 ppm
QNN © O Cl £1
SN SFo1 125.7672204 MHz
NNNNNG n o T @ T OW0WMm NUC1 13c
R =X v © NS =Y P1 13.00 usec
SR D nwnmnyN 0
- NG o o 388 38 3N PLW1 110.00000000 W
DO D
NV VoV oy Ky LG c £
\/ \/ N // | sFo2 500.1320005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 W
I [ I PLW13 0.21600001 W
M F2 - Processing parameters
sI
! ! SF 125.7577279 MHz
138 ppmy WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T
160 140 120 100 80 60 40 20 0 ppm

Fig. S28 1*C{'H} NMR spectrum of 6 in C¢Dg at 297 K (* = C¢Dg).

‘#%88‘;2%3;& QOO memmmCurrentDataParameters
SOUNIRITNS S B ON® OSONR IR VN S NAME yuy-thiophosphorane
ESIRIANRER N888 2oncSSnge e ]
RCIRNCINCENA SN SRA SRA IR Mo NN mem QD P P PROCNO 1
\‘\N % (K- o N~ a \\ l/ \V F2 - Acquisition Parameters
D = © 99 Date 20231228
e TNSe S S MmN NR R 28 Time 23.19
S SRR 8RS I99 Y © INSTRUM spect
-~ RN e O I ™0 0 PROBHD 5 mm PABBO BB/
PULPROG deptspl35
\/ Y N VA VAN -
SOLVENT c6D6
1 ) NS 257
4
31250.000 Hz
0 0.476837 Hz
1.0485760 sec
188.42
16.000 usec
6.50 usec
296.6 K
145.0000000
| :ISO 59 T r T T I T T T D1 2.00000000 sec
1 N a1 (<] m D2 0.00344828 sec
I I Q PP 1§g ppm N %ppm PPM oo 0.00002000 sec
s s s &S o 0 .
2 R 2 88 QR c £1
SFo1 125.7672204 MHz
| | | \/ NuCl 13c
2 2 Pl 13.00 usec
P13 2000.00 usec
l I PLWO 0w
PLW1 110.00000000 W
1 ! SPNAM[5] Crp60comp. 4
A SPOALS 0.500
SPOFFS5 0 Hz
SPW5 28.40299988 W
CHANNEL f2 ===
500.1315995
1H
waltz16
12.00 usec
24.00 usec
.00 usec
15.00000000 W
PLW12 0.33750001 W

F2 - Processing parameters
32768

T T T T T T T T T T T T T T T T 8L
140 130 120 110 100 90 80 70 60 50 40 30 20 10 O pPM wow R R
0
iéB 1.00 Hz
GB 0
PC 0.80

Fig. S29 3C{'H} (dept135) NMR spectrum of 6 in CsDs at 297 K (+ = C¢HDs).
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N 32 Current Data Parameters
lg g; ,“2 N NAME yuy-thiophosphorane
e O EXPNO 6
. PROCNO 1
e RN~ "
N o o Q F2 - Acquisition Parameters
A ] ~ H Date_ 20231229
- - S N Time
INSTRUM spect
\/ | | PROBHD 5 mm PABBO BB/
PULPROG dept45
TD 65536
SOLVENT C6D6
NS 188
! DS 4
SWH 39682.539 Hz
FIDRES 0.605507 Hz
AQ 0.8257536 sec
RG 188.42
DW 12.600 usec
| DE 6.50 usec
TE 296.2 K
I CNST2 6.5999999
D1 10.00000000 sec
D2 0.07575758 sec
D12 0.00002000 sec
TDO 1
T T T T T CHANNEL £
2 1 0 -1 -2 ppm SFO1 99.3617620 MHz
NUC1 29si
Pl 11.90 usec
P2 23.80 usec
PLW1 74.00000000 W
CHANNEL f2 ==
500.1320005
waltz65
12.00 usec
24.00 usec
80.00 usec
15.00000000 W
PLW12 0.33750001 W
F2 - Processing parameters

T T T T T T T B
150 100 50 0 -50 -100 ppm ec

Fig. S30 °Si{'H} (dept45) NMR spectrum of 6 in C¢Ds at 296 K.

99.3617223 MHz
EM
0
1.00 Hz
0

1.40

)
N Current Data Parameters
Q} NAME yuy-thiophosphorane
g EXPNO 2
N PROCNO 1
F2 - Acquisition Parameters
Date_ 20231228
Time 23.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT C6D6
Ns 16
DS 4
SWH 100000.000 Hz
FIDRES 1.525879 Hz
AQ 0.3276800 sec
RG 188.42
DW 5.000 usec
DE 6.50 usec
TE 296.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =
202.4765806
31p
14.00 usec
50.00000000 W
'HANNEL f2 ==
500.1320005
CPDPRG[2 waltz65
PCPD2 80.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 W
PLW13 0.21600001 W
F2 - Processing parameters
SI 32768
SF 202.4562394 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T
140 120 100 80 60 40 20 0 -20 ppm

Fig. S313'P{'H} NMR spectrum of 6 in CsDs at 297 K.
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Z—0.434
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Current Data Parameters
NAME yuy-Authiophosphira
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20231202

Time 13.13
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT Cé6D6

NS 8

DS 2

SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG .79

DW 50.000 usec
DE 6.50 usec
TE 295.0 K

D1 1.00000000 sec
TDO 1

SFOl1 500.1330885 MHz
NUC1 1H

Pl 12.00 usec
PLW1 15.00000000 W

Processing parameters

500.1299966 MHz
EM

2.0 ppm 1.8
L 5
o
I T T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 -1 ppm
S|g|el8 (8 8|8|8
NNN'O_ o|m 0|m|©o

Fig. S32 '"H NMR spectrum of 5Au in C¢Ds at 295 K (¢ = C¢HDs, x = hexane).

S RIS ENS RSS2 8338R aennoar
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PP 88888 8 SIS NEEEN 3555505 °9999955q0q
IR AN NN NGNS NG INGINCENCENA IR SR I e R R R G N S A R IS B o]

TTTTesSsSSN—

g
|

Current Data Parameters
Ni yuy-Authiophosphira
8

EXPNO
PROCNO

1

F2 - Acquisition Parameters
2

Hz
Hz
sec

usec
usec

sec
sec

MHz

Hz

Date_ 0231203
® Time 4.23
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT Cé6D6
NS 4096
DS 4
SWH 31250.000
FIDRES 0.476837
AQ 1.0485760
RG 188.42
DW 16.000
DE 6.50
TE 295.7
Dl 2.00000000
D11 0.03000000
TDO 1
HANNEL f1 ==:
125.7672204
13c
Pl 13.00
PLW1 110.00000000
HANNEL f2
500.1320005
1H
CPDPRG[2 waltzlé
PCPD2 80.00
PLW2 15.00000000
PLW12 0.33750001
! PLW13 0.21600001
I
F2 - Processing parameters
SI 32768
! SF 125.7577279
! 1 WDW EM
I | SsB 0
LB 1.00
1 | GB 0
PC 1.40
(I | x| |x X%
Iarerd I A
T T T T T T T T T T T T
180 160 140 120 100 80 60 40 20 0 -20 ppm

Fig. S33 13C {'H} NMR spectrum of 5Au in C¢D at 296 K (» = C¢HDs, x = hexane).
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e N ° PP SYITOLORLYL
o N N S < [S) (<) Current Data Parameters
© ™~ - N SN S 'S 8 g 8 8 N® 8 % NAME yuy-Authiophosphira
K o XY =) (oI EXPNO 8
SRS X N NN ~=PPN® PROCNO 1
\/ \/ | \/ W/ F2 - Acquisition Parameters
Date_ 20231203
N © ™ © Q ~ O T OO 0 Time
o N Ny N aR SR A0 ®oDNS © N INSTRUM spect
:g ;; o S < =3 SO nm~ N PROBHD 5 mm PABBO BB/
SR LX) N NN - - I ] PULPROG 2gpg30
D 65536
\/ v | \ / \/ \\”\/// \ / SOLVENT C6D6
Ns 4096
DS 4
SWH 31250.000 Hz
FIDRES 0.476837 Hz
aAQ 1.0485760 sec
RG 188.42
! m Il \ DW 16.000 usec
1 1A DE 6.50 usec
" " | TE 295.7 K
D1 2.00000000 sec
u 57 u X D11 0.03000000 sec
L f TDO 1
I T T T T T T T I T T T T T T 1 T 1 C f1l
39 38 37 36 35 34 ppm 28 26 ppm 1.2 ppm 00 ppm -3 ppm F 1231672208 Max
Pl 13.00 usec
PLW1 110.00000000 W
C f2
SFO2 500.1320005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 15.00000000 W
PLW12 0.33750001 W
| PLW13 0.21600001 W
F2 - Processing parameters
sI
! SF 125.7577279 MHz
WDW EM
1 | SSB 0
LB 1.00 Hz
GB 0
x x x PC 1.40
1 i) o M,
T T T T T T T T T
35 30 25 20 15 10 5 0 -5 ppm

Fig. S34 3C {'H} NMR spectrum of 5Au (40 ppm to-10 ppm) in C¢Ds at 296 K (¢ = C¢HDs, x = hexane).

ST S § IIENSTB=RS 2588933 8R
o N© - =~ Q000NN TMOAL ST T ™~ Current Data Parameters
SS B OO ECCEBEEY OSSO N®OEEN NME  yuy-Authiophosphira
Ly T T OOOOONOOOON MMM ANNNANN N EXPNO 8
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Fig. S35 3C {'H} NMR spectrum of 5Au (155 ppm to 125 ppm) ) in CsDs at 296 K (+ = C¢HDs, x =hexane).
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Fig. S39 *'P{'H} NMR spectrum of 5Au in CsDs at 296 K.
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Fig. S41 F{'H} NMR spectrum of the reaction mixture of 3 and Au(CeFs)(tht) in C¢Ds at 295 K (» = Au(CeF5)(tht), « = 3Au,
*=5Au).
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3. Single Crystal X-ray Diffraction Analysis

Single crystals suitable for X-ray diffraction study were obtained by recrystallization under the following conditions:
from hexane at room temperature for 1, 5, 5Au, 6 and (2) from hexane at —30 °C for 3. Single crystal for data
collection was coated with paratone oil and mounted on a glass fiber, and then transferred to the cold gas steam of
the diffractometer. X-Ray diffraction data were collected on a Rigaku XtaLAB AFC10 diffractometer or Synergy-
DW diffractometer with HyPix-6000 hybrid pixel array detector using a graphite monochromated Mo-Ka radiation
(A=0.71073 A). Data reduction, scaling, and absorption corrections were performed using CrysAlisPro 1.171.40.39a
(Rigaku Oxford Diffraction, 2019) for AFC10 or CrysAlisPro 1.171.42.98a (Rigaku Oxford Diffraction, 2023) for
Synergy-DW. Empirical absorption corrections based on the multiple measurement of equivalent reflections were
applied using spherical harmonics implemented in SCALE3 ABSPACK scaling algorithm. The structures were solved
by direct method and refined by full-matrix least squares against £~ using all data (SHELXL-2019)%. Molecular

structures were analyzed by Yadokari-XG software.5*

Crystal Data of 1 (CCDC-2345108) (90 K)

Ci36HasCIPSis; FW 659.52; Monoclinic; space group P21/n, a = 16.1335(5) A, b=13.1016(3) A, ¢ = 16.7859(4) A, p
= 91.240(2)° V' = 3547.28(16) A3, Z =4, R1 = 0.0513 (I>20(I)), wR2 = 0.1255 (all data), GOF = 1.113,

(@) _ (b) :

Fig, S42 ORTEPs of 1. Thermal ellipsoids are shown at 50% probability level. The P-Cl moiety is disordered with a
ratio of 80:20. (a) major part and (b) minor part.
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Crystal Data of 3 (CCDC-2345109) (100 K)
C2sH37PSSis; FW 520.87; Monoclinic; space group P2i/c, a = 13.2702(3) A, b =12.9600(2) A, ¢ = 17.3599(3) A, p
— 107.126(2)°, V' = 2853.20(10) A%, Z= 4, R1 = 0.0296 (I>20(1)), wR2 = 0.0818 (all data), GOF = 1.035.

(b)

Fig. S43 ORTEPs of 3. Hydrogen atoms was omitted for clarity. Thermal ellipsoids are shown at 50% probability
level. (a) Top View; (b) Side View.

Crystal Data of 5 (CCDC-2345110) (100 K)
C2sH37PSSis; FW 520.87; Monoclinic; space group P2i/c, a =13.1508(2) A, b=9.7019(1) A, ¢ =22.7273(3) A, a =
90°, £=101.809(2)°, y=90°, V'=2838.35(7) A3, Z=4, R1 =0.0261 (I>25(I)), wR2 = 0.0706 (all data), GOF = 1.026.

(@) (b)

Cl g4

P1

C3N>{c4 C4
¢ c3 P1

C2
C1

S1

Fig. S44 ORTEP of 5. Hydrogen atoms was omitted for clarity. Thermal ellipsoids are shown at 50% probability
level. (a) Top View; (b) Side View.
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Crystal Data of 6 (CCDC-2345107) (150 K)
Ca2sH37PS,Si3; FW 552.93; Monoclinic; space group P21/n, a = 17.3438(4) A, b= 7.4997(2) A, c = 23.1443(6) A, p
—91.611(2)°, V'=3009.27(13) A3, Z =4, R1 = 0.0468 (I>20(I)), wR2 = 0.1178 (all data), GOF = 1.086.

@) (b)

Fig. S45 ORTEP of 6. Hydrogen atoms were omitted for clarity. Thermal ellipsoids are shown at 50% probability
level. One of four phenyl groups in the bottom left is disordered with a ratio of 63:37. (a) major part and (b) minor

part.
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Crystal Data of 5Au (CCDC-2345111) (100 K)
Cs6H37AuFsPSSis; FW 884.90; Triclinic; space group P-1, a = 13.87560(10) A, b= 20.18150(10) A, ¢ = 25.9410(2)
A, a = 88.5250(10)°, B = 91.611(2)°, y = 75.6800(10)°, ¥ = 7032.08(9) A3, Z = 8, R1 = 0.0293 (I>20(])), wR2 =
0.0576 (all data), GOF = 1.019.

(a)

5Au (Si = SiMe,Ph)

Fig. S46 (a) ORTEP of 5Au. Hydrogen atoms was omitted for clarity. Thermal ellipsoids are shown at 50%
probability level. Crystallographically four independent molecules exist in the asymmetric unit. These molecules
have almost the same structure. 5AuU has an almost linear two coordinate gold(I) complex [angle P1-Au—C¢Fs:
173.91(8)°], and the phosphorus atom coordinates to the gold atom. Intra- or intermolecular Au-S and Au-Au contacts
are not found. (b) Averaged bond lengths (A) and angles (°) around the thiaphosphirane moiety: P-Au 2.2607(7), P—
C?* 1.808(3), P-C® 1.818(3), P-S 2.0848(10), C*-P—C® 99.32(13), C*-P-S 57.22(9), C*>~P-S 108.44(10). P-C*-S
69.95(4), C*-S—P 54.67(3).
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4. Theoretical Calculations

All theoretical calculations were performed using Gaussian 09,5 GRRM 14,5 NBO7.0% (for NBO analysis, Wiberg
bond index, and NRT analysis), and Multiwfn programs (MBO analysis),*° IBOview (IBO analysis).5!%S!!
Geometry optimization and frequency analysis were carried out at the B3PW91-D3/B1 level of theory (B1: SDD for
Au and Cu, 6-31G(d) for other atoms) unless otherwise noted. Atomic coordinates of the optimized structures were
summarized in the “structures.xyz” file. No imaginary frequencies were found in the equilibrium structures of all
compounds and one imaginary frequency was found in the transition states. Reaction mechanisms were investigated
by using a combination of SADDLE job types in the GRRM program and each TS was checked by IRC analysis.
Intrinsic Bond Orbitals (IBOs) were calculated and visualized with IboView (Version 20211019) starting with the
wavefunction constructed PBE/def2-SVP basis set.

RSi Cu

RsSi SiR3

7
Cu =CuCl

\ E P...Cu: 0.04

Fig. S47 Selected Mayer bond order of 7.

IBO-128

IBO-138

Fig. S48 Selected intrinsic bond orbitals (IBOs) of 3, TS1, and 5.
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Table. S1 Experimentally Obtained and Calculated *'P NMR Chemical Shifts of 1-6, 5Au, and 3Au

Compounds
Chemical Shift 5(3'P) 1 2 3 4 5 6 5AU  n?P,S-3Au n2-P,C-3Au
Experimental (CgDg) +1994 +138.1 +2119 +327.8 -29.6 +420 +32.0 +196.4
Calculated* +243.7 +201.0 +225.8 +362.0 +0.5 +64.2 +12.0 +144.9 +220.6

*GIAO-revTPSS/def2-TZVP (PCM: benzene) level

350 \ \ \ \ \ \

—y=-11.817 + 0.90545x R’= 0.96721 °
300 -

250 -

200 -

100

Bexp(3'P) in ppm

50
° B (3'P) = 0.91 X B, (3'P) — 11.82

P S

0 50 100 150 200 250 300 350 400

6calc(31 P) in ppm

Fig. S49 (a) Linear relationship between experimentally obtained *'P NMR chemicals shifts [Sexp(*'P)] and GIAO-
calculated chemical shifts [8cac(*'P)]. According to the relationship, corrected chemical shifts [8con(*'P)] Were given

by the following equation: Scor(*'P) = 0.91 X Scale(*'P) — 11.8.
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