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PART A. EXPERIMENTAL SECTION

1. General information
All synthetic reactions were conducted under an argon atmosphere using a standard Schlenk

technique. Toluene and THF were dried over Na/benzophenone and were freshly distilled under
argon prior to use. 'H, *'P and '*C NMR spectra in solution were recorded on a Bruker AV400
MHz (external standard: tetramethylsilane for 'H and '*C, 85% H3POs for 3'P). The
phosphanylphosphaalkenes used were synthesized according to the literature.? CuCl, AgCl and
(tht)AuCl were purchased commercially.

2. Syntheses of the complexes.
2.1. Reactions of Ph2C=P-PrBu: or (p-MeO-Ph):C=P-PrBu: with CuCl.
2.1.1. Synthesis of [Ph2C=P-P(#Buz)-CuCl]z (Cul).
PhoC=P-PrBu; (100 mg, 0.292 mmol) was weighed together with CuCl (29 mg, 0.292 mmol) in

a Schlenk tube and then 8 mL of THF was added. The initially orange solution was mixed for 48
hours. After this time, the solution color changed from orange to orange—brown, and a precipitate
was observed. The solution was evaporated under vacuum, and then 60 mL of toluene was added.
After filtration, the clear dark orange solution was concentrated to a 10 mL volume and stored at
+4°C. After two days, orange crystals characterized as Cul appeared (181 mg, yield 70%).
Calculated elemental analysis (%) for C42HssClbP4Cuz: C, 57.14; H, 6.39. Found: C, 57.05; H,
6.47; melting point: 256-257°C.

'"H NMR (400 MHz, CDCls, 298 K) & 7.59, 7.51, 7.45, 7.32, 7.21 (20H, [Ph,C=P-P({Buy)-
CuCl]> — Hav), 1.44 (d, Jp.n = 14.1 Hz, 36 H, [PhoC=P-P(#Bu2)-CuCl]2) ppm.

BC{'H} NMR (100.6 MHz, CDCl3, 298 K) 4 209.3 (d, Jp-c = 60.2 Hz, [PhoC=P-P(Buz)-CuCl]>
— very weak signal located according to the 3C{'H}/'H-HMBC NMR spectrum), 145.46 (dd, Jp-
c =25.9 Hz, Jr.u = 8.1 Hz, [PhoC=P-P(1Buz)-CuCl]; — Car), 144.63 (dd, Jp.c = 13.6 Hz, Jp.u = 9.7

Hz, [PhoC=P-P(fBuz)-CuCl]> — Ca), 130.76 (d, Je-c = 5.0 Hz, [PhaC=P-P(tBuz)-CuCl]> — Ca,),



130.13 (s, Jp-c = 5.0 Hz, [PhoC=P-P(1Buz)-CuCl]> — Ca), 128.42 (d, Jp.c = 0.9 Hz, [PhoC=P-
P(tBuz)-CuCl]z — Car), 127.39 (d, Jp.c = 20.0 Hz, [PhoC=P-P(Buz)-CuCl]; — Car), 127.02 (dd, Jp-
c = 6.4 Hz, Jp.u = 1.8 Hz, [PhoC=P-P(1Bu2)-CuCl]; — Ca,), 36.44 (dd, Jp-c = 8.0 Hz, Jp.u = 5.5 Hz,
[PhoC=P-P{C(CH3)}-CuCl]2), 30.93 (dd, Jp.c = 6.44 Hz, Jp.u = 1.8 Hz, [PhoC=P-P {C(CHs).}-
CuCl]») ppm.

SP{IH} NMR (162 MHz, CDCls, 298 K) & 231.17 (d, Jep = 268.7 Hz, [PhoC=P-P(1Buy)-
CuCl)»), 37.44 (d, Jp-p = 268.7 Hz, [PhoC=P-P(Buz)-CuCl]2) ppm.

2.1.2. Synthesis of [(p-MeO-Ph)2C=P-P(#Bu2)-CuCl]z (Cu2).
(p-MeO-Ph)>,C=P-PBu; (100 mg, 0.248 mmol) was weighed together with CuCl (25 mg, 0.248

mmol) in a Schlenk tube, and then 10 mL of THF was added. The reaction solution was mixed for
24 hours. After this time, the initially red—orange solution color changed to brown—yellow.
Additionally, the precipitate in the solution was observed. The solution was evaporated under
vacuum, and then 15 mL of toluene was added. After filtration, the clear orange solution was
concentrated to 5 mL and stored at +4°C. After two days, orange crystals characterized as Cu2
appeared (212 mg, yield 72%). Calculated elemental analysis (%) for CeoHsoCl2O4P4Cuz (complex
Cu2 crystallized with one molecule of toluene in the unit cell): C, 60.70; H, 6.79. Found: C, 60.55;
H, 6.85; melting point: 199-200°C.

'TH NMR (400 MHz, CDCl3, 298 K) & 7.33, 7.01, 6.74 ppm, 16H, [(p-MeO-Ph),C=P-P({Buy)-
CuCl]2 — Har, from 7.20 to 7.05 (aromatic protons of one molecule of toluene), 3.86 (s, 3H, [(p-
MeO-Ph),C=P-P(tBu,)-CuCl]>), 3.73 (s, 3H, [(p-MeO-Ph),C=P-P(tBu,)-CuCl]>)], 2.26 (s, methyl
group protons of one molecule of toluene), 1.31 (d, Je.u = 14.2 Hz, 36 H, [(p-MeO-Ph),C=P-
P(#Buy)-CuCl]>) ppm.

BC{'H} NMR (100.6 MHz, CDCl3, 298 K) & 208.32 (d, Je-c = 57.2 Hz, [(p-MeO-Ph),C=P-

P(tBuz)-CuCl]2), 162.40 (d, Jp-c = 4.4 Hz, [(p-MeO-Ph),C=P-P(Buz)-CuCl]> — Car), 160.72 (s,



[(p-MeO-Ph),C=P-P(Buz)-CuCl]; — Ca), 138.84 (dd, Jp-c = 26.8 Hz, Jp.c = 8.4 Hz, [(p-MeO-
Ph),C=P-P(Buz)-CuCl]z — Car), 137.86 (s, toluene — Ca,), 136.66 (dd, Jp-c = 13.5 Hz, Jp.c =9.3
Hz, [(p-MeO-Ph),C=P-P(tBuz)-CuCl]: — Car), 129.30 (d, Jr-c = 19.9 Hz, [(p-MeO-Ph),C=P-
P(1Bu2)-CuCl]z — Car), 129.06 (s, [(p-MeO-Ph)>C=P-P(tBuz)-CuCl]> — Ca,), 128.76 (dd, toluene —
Car), 128.25 (s, toluene — Car), 125.33 (s, toluene — Cay), 115.62 (s, [(p-MeO-Ph),C=P-P(Bu,)-
CuCl]> — Car), 113.80 (s, [(p-MeO-Ph),C=P-P(1Bu2)-CuCl]z — Cay), 77.13 (t, chloroform), 36.35
(dd, Jp.c = 8.6 Hz, Jp.c = 5.4 Hz, [(p-MeO-Ph),C=P-P{C(CHj3).}-CuCl]2), 31.05 (dd, Jr-c = 8.6
Hz, Jp.c = 5.4 Hz, [(p-MeO-Ph),C=P-P {C(CH3),}-CuCl]>) ppm.

SP{TH} NMR (162 MHz, CDCI3, 298 K) 6 210.20 (d, Jp-p = 280.66 Hz, [(p-MeO-Ph),C=P-
P(tBuz)-CuCl]>), 40.82 (d, Jr-p = 280.66 Hz, [(p-MeO-Ph)>C=P-P(tBuz)-CuCl]>) ppm.

2.2. Reactions of Ph2C=P-PsBu: or (p-MeO-Ph)2C=P-PrBu: with AgCl.
2.2.1. Synthesis of [Ph2C=P-P(rBu2)-AgCl]: (Agl).
(Ph),C=P-PtBu> (100 mg, 0.292 mmol) was weighed together with AgCI (42 mg, 0.292 mmol)

in a Schlenk tube, and then 50 mL of THF was added. The reaction solution was mixed for 48
hours. After this time, the initially orange solution color changed to yellow. The solution was
evaporated under vacuum, and then 40 mL of toluene was added. After filtration the clear yellow
solution was concentrated to 10 mL and stored at +4°C. After 24 hours, yellow crystals
characterized as Agl appeared (184 mg, yield 65%). Calculated elemental analysis (%) for
Cs2Hs6ChPsAgy: C, 51.93; H, 5.81. Found: C, 51.85; H, 5.89; melting point: 208-209°C.

'TH NMR (400 MHz, CDCl3, 298 K) 6 7.62, 7.61, 7.48, 7.44, 7.34, 7.12, 7.10 (20H, [Ph,C=P-
P(Bu2)-AgCl]2 — Har), 1.42 (d, Jp-u = 14.8 Hz, [PhoC=P-P(1Bu2)-AgCl]>) ppm.

BC{'H} NMR (100.6 MHz, CDCls, 298 K) & 210.06 (dd, Jr-c = 57.2 Hz, Je.c = 1.08 Hz,
[PhoC=P-P(rBu2)-AgCl]>), 144.91 (dd, Jp.c = 26.3 Hz, Jp.n = 8.2 Hz, [PhoC=P-P(1Buz)-AgCl]> —

Car), 142.84 (dd, Joc = 13.7 Hz, Jo.u = 10.2 Hz, [PhaC=P-P(tBuz)-AgCl]> — Car), 131.20 (d, Jo-c



— 5.2 Hz, [PhoC=P-P(Buz)-AgCl]> — Car), 130.01 (s, [PhoC=P-P(Buz)-AgCl]> — Car), 128.57 (s,
[PhoC=P-P({Buz)-AgCl]2 — Car), 127.54 (d, Jo.c = 7.0 Hz, Jo-c = 1.6 Hz, [PhoC=P-P(1Bu)-AgCl]
—Car), 127.12 (d, Jp.c = 20.4 Hz, [PhoC=P-P(1Buz)-AgCl]2 — Car), 36.43 (dd, Jp.c =5.4 Hz, Jp.u =
43 Hz, [PhoC=P-P{C(CHs)}-AgCl]2), 30.93 (dd, Joc = 8.8 Hz, Jo = 4.6 Hz, [PhyC=P-
P{C(CH3)2}-AgCl]>) ppm.

3P{IH} NMR (162 MHz, CDCls, 298 K) & 223.77 (d, Jo-p = 291.4 Hz, [PhyC=P-P(tBuy)-
AgCl]), 51.93 (ddd, Jp-p =291.4 Hz, 'J(\Ag-3'P) = 582.9 Hz, LJ(1®Ag-3'P) = 627.8 Hz, [PhyC=P-
P(tBuy)-AgCl]2) ppm.

2.2.2. Synthesis of [(p-MeO-Ph).C=P-PrBuz-AgCl]: (Ag2).
(p-MeO-Ph),C=P-PBu; (100 mg, 0.248 mmol) was weighed together with AgCl (36 mg, 0.248

mmol) in a Schlenk tube, and then 10 mL of THF was added. The reaction solution was mixed for
24 hours. After this time, the initially red—orange solution changed to brown—yellow. Additionally,
cloudiness in the solution was observed. The solution was evaporated under vacuum, and then 15
mL of toluene was added. After filtration, the clear orange solution was concentrated to 10 mL
and stored at +4°C. After 24 hours, yellow crystals characterized as Ag2 appeared (183 mg, yield
68%). Calculated elemental analysis (%) for C42Hs6CloO4PsAgy: C, 48.72; H, 5.45. Found: C,
48.61; H, 5.60; melting point: 223-224°C.

THNMR (400 MHz, CDCl3, 298 K) 8 7.35, 6.98, 6.75, (16H, [(p-MeO-Ph),C=P-P(tBuz)-AgCl]>
—Har), 3.91 (s, 6H, [(p-MeO-Ph),C=P-P(1Buz)-AgCl]>), 3.75 (s, 6H, [(p-MeO-Ph),C=P-P(:Bu)-
AgCl]2), 1.31 (d, Jr-u = 14.9 Hz, 36 H, [(p-MeO-Ph),C=P-P(rBu2)-AgCl]2) ppm.

BC{'H} NMR (100.6 MHz, CDCl3, 298 K) & 208.90 (dd, Jr-c = 58.2, Jp-c = 3.0 Hz, [(p-MeO-
Ph),C=P-P(1Buz)-AgCl]2), 162.54 (d, Jr.c = 4.7 Hz, [(p-MeO-Ph).C=P-P(1Buz)-AgCl]> — Ca),
160.68 (s, [(p-MeO-Ph),C=P-P(tBuz)-AgCl]> — Car), 138.72 (dd, Je.c = 27.5, Jr.c = 8.3 Hz, [(p-

MeO-Ph),C=P-P(1Buz)-AgCl]> — Car), 135.11 (dd, Jo.c = 13.3, Joc = 9.9 Hz, [(p-MeO-Ph),C=P-



P(Buz)-AgCl]2 — Car), 129.34 (dd, Jp.c = 5.8, Jp.c = 1.5 Hz, [(p-MeO-Ph)2,C=P-P(1Bu,)-AgCl]> —
Car), 129.18 (d, Jr.c = 20.7 Hz, [(p-MeO-Ph)>C=P-P(tBu)-AgCl]> — Car), 115.13 (s, [(p-MeO-
Ph)>C=P-P(Buz)-AgCl]2 — Car), 113.84 (s, [(p-MeO-Ph),C=P-P(Buz)-AgCl]> — Car), 77.12 (t,
CDCls), 55.71 (s, [(p-MeO-Ph)>C=P-P(tBu2)-AgCl]>), 55.50 (s, [(p-MeO-Ph),C=P-P(tBux)-
AgCl]), 36.37 (dd, Je-c = 7.5 Hz, Jv-c = 3.3 Hz, [(p-MeO-Ph)C=P-P{C(CH3),}-AgCl]>), 31.27
(dd, Jo-c = 8.5 Hz, Jp-c = 3.9 Hz, [(p-MeO-Ph),C=P-P{C(CHj3),}-AgCl]>) ppm.

3MPpAHY NMR (162 MHz, CDCl3, 298 K) § 206.97 (dd, Jep = 294.7 Hz, 2J(Ag-3'P) = 11.7 Hz,
[(p-MeO-Ph),C=P-P(1Bu,)-AgCl]2), 52.41 (ddd, Jep = 294.7 Hz, 'J('*“’Ag-3'P) = 590.5 Hz,
(% Ag-3'P) = 625.4 Hz, [(p-MeO-Ph),C=P-P(tBuz)-AgCl],) ppm.

2.3. Reactions of Ph2C=P-P7Bu: or (p-MeO-Ph)2C=P-P¢Bu: with (tht)AuCl.
2.3.1. Synthesis of [Ph2C=P-P(rBuz)-AuCl] (Aul).
Ph,C=P-PtBu; (100 mg, 0.292 mmol) was weighed together with (tht)AuClI (94 mg, 0.292

mmol) in a Schlenk tube and placed in a cooling bath. Next, 10 mL of THF was added, and almost
immediately, the color changed from orange to orange—green. After three hours, the solution was
removed from the cooling bath, and the solvent was evaporated. The oily residue was treated with
15 mL of toluene, and the mixture was filtered and concentrated to 2-3 mL of its volume. The
solution was left at ambient temperature for 24 hours. After this time, colorless crystals appeared
and were characterized as Aul (104 mg, yield 62%). Calculated elemental analysis (%) for
Co1HasCliP2Aus: C, 43.88; H, 4.91. Found: C, 43.67; H, 5.02; melting point: 130-131°C.

TH NMR (400 MHz, C¢Ds, 298 K) & 7.52-6.92 (10H, [PhoC=P-P(Buz)-AuCl] — Ha:), 1.09 (d,
Jr.n = 15.4 Hz, 18 H, [(p-MeO-Ph),C=P-P(fBuz)-AuCl]) ppm.

BC{'H} NMR (100.6 MHz, C¢Ds, 298 K) 6 210.80 (dd, Jr-c = 58.1 Hz, Jp-c = 6.4 Hz, [Pho,C=P-
P(Buz)-AuCl], 145.46 (dd, Jp.c = 28.2 Hz, Jp.u = 10.9 Hz, [PhoC=P-P(tBuz)-AuCl — Ca,), 143.34

(dd, Jrc = 13.6 Hz, Jo = 10.9 Hz, [PhoC=P-P(1Buz)-AuCl — Ca), 131.00 (d, Joc = 4.5



Hz,[PhoC=P-P(tBuz)-AuCl] — Car), 129.56 (d, Je.c = 0.9 Hz, [PhoC=P-P(sBuz)-AuCl] — Ca),
128.36 (d, Jr-c = 14.5 Hz, [PhoC=P-P(tBu;)-AuCl] — Ca), 128.31 (d, Jp-c = 8.2 Hz, [PhoC=P-
P(1Buz)-AuCl] — Car), 38.14 (dd, Jp.c = 19.1 Hz, Jo.u = 5.4 Hz, [PhoC=P-P{C(CH3).}-AuCl]),
30.47 (dd, Jr-c = 5.4 Hz, Jp-u = 4.5 Hz, [PhoC=P-P{C(CHz3)2}-AuCl]) ppm.

SIP{IHY NMR (162 MHz, C¢Ds, 298 K) & 200.78 (d, Jp-p = 321.2 Hz, [PhoC=P-P(/Buz)-AuCl]),
66.96 (d, Jpp = 321.2 Hz, [PhoC=P-P(tBu2)-AuCl]) ppm.

2.3.2. Synthesis of [(p-MeO-Ph)2C=P-P(tBuz)-AuCl] (Au2).
(p-MeO-Ph),C=P-PBu; (50 mg, 0.124 mmol) was weighed together with (tht)AuCl (40

mg, 0.124 mmol) in a Schlenk tube and placed in a cooling bath. Next, 5 mL of THF was added,
and almost immediately, the color changed from dark—orange to brown. After three hours, the
solution was removed from the cooling bath, and the solvent was evaporated. The oily residue was
treated with 0.7 mL of toluene-dg and transferred to an NMR tube.

'"H NMR (400 MHz, CsDs, 298 K) 8 7.78-6.52 (8H, [(p-MeO-Ph),C=P-P(tBuz)-AuCl] — Ha),
3.68 (s, 6H, [(p-MeO-Ph)>C=P-P(tBuz)-AuCl], 3.16 (s, 3H, [(p-MeO-Ph),C=P-P(zBuz)-AuCl)),
1.07 (d, Jp.u = 15.4 Hz, 18 H, [(p-MeO-Ph),C=P-P(¢tBu2)-AuCl]), 3.57 and 1.36 (THF protons)
ppm.

BC{'H} NMR (100.6 MHz, CsDs, 298 K) & 209.88 (dd, Jp-c = 59.4, Jp.c = 7.3 Hz, [(p-MeO-
Ph),C=P-P(tBuz)-AuCl]), 163.01 (d, Jec = 4.5 Hz, [(p-MeO-Ph),C=P-P(tBuz)-AuCl] — Ca),
161.64 (s, [(p-MeO-Ph),C=P-P(tBuz)-AuCl] — Car), 138.99 (dd, Jp.c = 28.6, Jr.c = 10.4 Hz, [(p-
MeO-Ph),C=P-P(tBuz)-AuCl] — Car), 135.82 (dd, Jp.c = 13.62, Jp.c = 9.1 Hz, [(p-MeO-Ph),C=P-
P(tBuz)-AuCl] — Car), 132.45 (d, Jr-c = 0.9 Hz, [(p-MeO-Ph)>C=P-P(tBuz)-AuCl] — Ca,), 130.45
(d, Je.c = 5.4 Hz, [(p-MeO-Ph)C=P-P(tBuz)-AuCl] — Ca:), 115.34 (s, [(p-MeO-Ph),C=P-P(:Bu>)-
AuCl] — Car), 113.77 (s, [(p-MeO-Ph).C=P-P(Buz)-AuCl] — Ca), 55.23 (s, [(p-MeO-Ph)C=P-

P(tBuz)-AuCl]), 54.75 (s, [(p-MeO-Ph),C=P-P(tBus)-AuCl]), 38.23 (dd, Jp-c = 18.2 Hz, Jo.c = 5.4



Hz, [(p-MeO-Ph),C=P-P {C(CH3)}-AuCl]), 30.55 (dd, Jp.c = 5.4 Hz, Jo.c = 4.5 Hz, [(p-MeO-
Ph),C=P-P{C(CHj3)2}-AuCl]) ppm.

3PIH} NMR (162 MHz, CsDe, 298 K) & 199.77 (d, Jop = 330.9 Hz, [(p-MeO-Ph),C=P-
P(1Buz)-AuCl], 68.53 (d, Je-r = 330.9 Hz, [(p-MeO-Ph),C=P-P(1Buz)-AuCl]) ppm.

3.4. General method of stability study.
Complexes Cul, Cu2, Agl and Ag2 (100 mg) were put into Schlenk flasks (Cul: 0.113 mmol;

Cu2: 0.084 mmol; Agl: 0.103 mmol; Ag2: 0.092 mmol) and thermolyzed at 400°C for 30 min.
After heating, the obtained black powders were washed at room temperature with three portions
of THF (3 x 10 mL) and dried under vacuum. The following amounts were obtained: Cul, 15 mg;

Cu2, 17 mg; Agl, 24 mg; and Ag2, 26 mg. Black powders were tested by EDX.



PART B. X-RAY CRYSTALLOGRAPHIC DATA

The X-ray intensity data for Cul, Cu2, Agl, Ag2, Aul were measured with an IPDS2T
diffractometer equipped with an IPDS2T STOE image plate detector system and microfocus X-
ray sources providing Ka radiation by high-grade multilayer X-ray mirror optics for Mo (A =
0.71073 A) wavelengths. The all measurements were carried out at 120 K. The structures of the
compounds were solved by direct methods and refined against /2 with the Shelxs-2008 and ShelxI-
2008 programs' run under WinGX.?> Non-hydrogen atoms were refined with anisotropic
displacement parameters. The isotropic displacement parameters of all hydrogens were fixed to
1.2 Ueq for CH, CH2 and aromatic (1.5 times for methyl groups).

The crystallographic data for the structures of Cul, Cu2, Agl, Ag2, Aul reported in this paper
have been deposited in the Cambridge Crystallographic Data Centre as supplementary publication
No. CCDC 2194197-2194201. Copies of the data can be obtained free of charge upon application
to the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: (+44) 1223-336-033; E mail: depos-

it@ccdc.cam.ac.uk).
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Table S1. Crystallographic data for Cul, Cu2, Agl.

Cul Cu2 Agl
Empirical formula C21H28Cl11Cu1 P2 CesoHgoCu2CloO4P4 | C42Hs6Ag2CloP4
Formula weight 441.36 1187.1 971.38
Radiation source Mo-Ka Mo-Ka Mo-Ka
Wavelength [A] 0.71073 0.71073 0.71073
Crystal System triclinic triclinic triclinic
Space group P-1 P-1 P-1
a[A] 9.0536(9) 9.6767(9) 9.0194(6)
b[A] 9.0454(9) 10.2025(6) 9.2693(7)
c[A] 14.6284(18) 15.7136(9) 14.8213(12)
a[°] 76.264(9) 105.628(5) 75.449(6)
B 1] 73.160(9) 94.666(6) 75.801(6)
v [°] 67.682(8) 97.674(6) 66.277(5)
VA3 4168.4(3) 1469.39(19) 1083.38(15)
Z 2 1 1
Calculated Density [g-cm™] 1.396 1.342 1.489
T [K] 120(2) 120(2) 120(2)
u [mm™] 1.322 0.968 1.200
Theta range for data collection [°] | 2.46-26.93 2.14-29.51 2.44-29.43
-11<=h<=11 -12<=h<=12 -11<=h<=11
Index ranges -11<=k<=11 -12<=k<=13 -11<=k<=11
-19<=I<=19 -20<=1<=20 -18<=1<=18
Data / restraints / parameters 5015/0/232 7023/0/375 4682/0/233
Goodness-of-fit on F* 0.978 0.983 1.038
Final R indices 0.0916 0.0338 0.0918
[I>20(1)] 0.1884 0.0530 0.1188
R indices (all data) 0.2199 0.0770 0.2563
[>20(1)] (all data) 0.2755 0.0813 0.2796
Largest diff. peak and hole [e.A] | 0.891 and -1.026 | 0.454 and -0.378 | 2.623 and -1.528
CCDC 2194199 2194200 2194198
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Table S2. Crystallographic data for Ag2 and Aul.

Ag2 Aul
Empirical formula Cs2HesAgoCl204P4 | C21HosAuClIP,
Formula weight 1091.49 574.79
Radiation source Mo-Ka Mo-Ka
Wavelength [A] 0.71073 0.71073
Crystal System Monoclinic Monoclinic
Space group P2i/c P2i/c
a[A] 15.8278(7) 16.9857(6)
b[A] 15.4563(5) 7.4820(3)
c[A] 20.4611(8) 16.8471(6)
a[°] 90 90
L1°] 103.735(3) 95.629(3)
y[°] 90 90
VA3 4862.4(3) 2130.72(14)
Z 4 4
Calculated Density [g-cm™] 1.491 1.792
T[K] 120(2) 120(2)
u [mm™] 1.087 7.182
Theta range for data collection [°] | 2.28-29.25 2.41-29.59
-17<=h<=20 -23<=h<=23
Index ranges -20<=k<=20 -10<=k<=8
-27<=1<=26 -23<=1<=20
Data / restraints / parameters 11683/0/521 5718/0/232
Goodness-of-fit on F2 0.947 1.098
Final R indices 0.0611 0.0281
[>26(])] 0.1580 0.0670
R indices (all data) 0.0962 0.0347
[>20(])] (all data) 0.1197 0.0719
Largest diff. peak and hole [e.A] | 0.731 and -0.665 | 2.432 and -1.573
CCDC 2194197 2194201
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Figure S1. The molecular structure of Cul (ellipsoids are drawn at the 50% probability level;
hydrogen atoms have been omitted for clarity; equivalent position invoked by the additional A
letters in the atom labels: -x, 1-y, -z). Important distances (A) and angles (deg): P1-P2 2.2135(7),
P1-C1 1.7008(19), P2-Cul 2.2024(5), Cul-Cl1 2.2990(5), Cul-CI1A 2.3431(6), Cul-CulA
3.0356(5); C1-P1-P2 108.26(7), P1-P2-Cul 123.46(3), P2-Cul-Cl11 130.61(2), and C11-Cul-CIl1A
98.330(18), XCul =354.21(10).

Figure S2. The molecular structure of Ag2 (first molecule) (ellipsoids are drawn at the 50%
probability level; hydrogen atoms have been omitted for clarity; equivalent position invoked
by the additional A letters in the atom labels: 2-x, 2-y, 1-z). Important distances (A) and angles
(deg): P1-P2 2.211(2), P3-P4 2.225(2), P1-C1 1.683(6), P3-C24 1.698(6), P2-Agl
2.3976(16), P4-Ag2 2.3865(14), Agl-CI1 2.5059(15), Agl-Cl1A 2.6047(14), Ag2-CI2
2.4197(15), Ag2-CI2A 2.8188(15), Agl-AglA 3.2658(15); C1-P1-P2 106.5(2), C24-P3-
P4 109.6(2), P1-P2-Agl 123.52(8), P3-P4-Ag2 122.68(7), P2-Agl-Cl1 137.30(5), P4-
Ag2-Cl2 157.44(6), Cl1-Agl-Cl1A 95.20(4), and CI2-Ag2-CI2A 90.23(5), XAgl =
356.63(5).
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Figure S3. The molecular structure of Ag2 (second molecule) (ellipsoids are drown at the 50%
probability level; hydrogen atoms have been omitted for clarity; equivalent position invoked by
the additional A letters in the atom labels: 1-x, 1-y, 1-z). Important distances (A) and angles (deg):
P3-P4 2.225(2), P3-C24 1.698(6), P4-Ag2 2.3865(14), Ag2-Cl2 2.4197(15), Ag2-CI2A
2.8188(15), Ag2-Ag2A 3.7076(6); C24-P3-P4109.6(2), P3-P4-Ag2 122.68(7), P4-Ag2-
CI2 157.44(6), C12-Ag2-CI2A 90.23(5), £Ag2 = 359.25(5).

Figure S4. Arrangement of molecules in the crystal of Ag2.
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PART C. NMR SPECTUM SECTION
1. Reactions of phosphanylphosphaalkenes with CuCl

1.1. Reaction of PhoC=P-PtBu; with CucCl.

M231.47
M37.45

[rel)

| | ==

Figure S5.3'P{'"H} NMR (CDCls, 162 MHz) spectrum of [PhoC=P-P(tBu)-CuCl]> (Cul).

e 231.17 ppm, d, Jp-p = 268.7 Hz, [Pho,C=P-P(Bu,)-CuCl];
e 37.44 ppm, d, Jp.p = 268.7 Hz, [PhoC=P-P(1Buz)-CuCl]2;

T T
[ppm]
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Figure S6. 'H NMR (CDCls, 400 MHz) spectrum of [PhoC=P-P(Buz)-CuCl]> (Cul).

e 7.59,7.51,7.45,7.32 and 7.21 ppm, 20H, [PhoC=P-P(tBuz)-CuCl]> — Has;
e 1.44 ppm, d, Jp.u = 14.1 Hz, 36 H, [Ph,C=P-P(¢Bu;)-CuCl]y;
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Figure S7. *C{'H} NMR (CDCl3, 100.6 MHz) spectrum of [Ph,C=P-P(/Buz)-CuCl]; (Cul).

209.3 ppm, d, Jp.c = 60.2 Hz, [PhoC=P-P(Buz)-CuCl], — very weak signal located
according to the *C {'H}/'"H-HMBC NMR spectrum;

145.46 ppm, dd, Jp.c =25.9 Hz, Jp.u = 8.1 Hz, [Ph2C=P-P(tBu;)-CuCl]; — Cas
144.63 ppm, dd, Jp.c = 13.6 Hz, Jp.u = 9.7 Hz, [Ph2C=P-P(tBu;)-CuCl]; — Cas;
130.76 ppm, d, Jr-c = 5.0 Hz, [PhoC=P-P(1Bu2)-CuCl]; — Cas;

130.13 ppm, s, Jp.c = 5.0 Hz, [PhoC=P-P(/Buz)-CuCl]; — Car;

128.42 ppm, d, Je-.c = 0.9 Hz, [PhoC=P-P(tBuz)-CuCl]> — Cas;

127.39 ppm, d, Jr-c = 20.0 Hz, [PhoC=P-P(tBu,)-CuCl]> — Car;

127.02 ppm, dd, Jp.c = 6.4 Hz, Jp.u = 1.8 Hz, [PhoC=P-P(Buz)-CuCl]> — Cas;
36.44 ppm, dd, Jp.c = 8.0 Hz, Jp.u = 5.5 Hz, [PhoC=P-P{C(CH3).}-CuCl]2;
30.93 ppm, dd, Jr.c = 6.44 Hz, Jp.u = 1.8 Hz, [PhoC=P-P {C(CH3)2}-CuCl]z;
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Figure S8. *C{'H}/'H-HMBC NMR spectrum of Cul presenting the correlation of aromatic

protons and carbon atom of C=P bond system.
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1.2. Reaction of (p-MeO-Ph),C=P-PtBu, with CuCl.

31PfIH}

60 [rel)

M210.20
M 4082

50

40

T T T T T T T T T T T
200 o -200 [ppm]

Figure S9. 3'P{'H} NMR (CDCl;3, 162 MHz) spectrum of isolated [(p-MeO-Ph),C=P-P(1Bu.)-

CuCl]> (Cu2).

e 210.20 ppm, d, Jp-p = 280.7 Hz, [(p-MeO-Ph)>C=P-P(tBu;)-CuCl]2;
e 40.82 ppm, d, Jrpp = 280.7 Hz, [(p-MeO-Ph),C=P-P(¢Bu>)-CuCl]>;
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Figure S10. '"H NMR (CDCl3, 400 MHz) spectrum of isolated [(p-MeO-Ph),C=P-P(tBuz)-CuCl],

(Cu2).

e 7.33 ppm, 7.01 ppm, 6.74 ppm, 16H, [(p-MeO-Ph),C=P-P(fBu2)-CuCl]> — Ha;

from 7.20 to 7.05 ppm - aromatic protons of one molecule of toluene (present in the unit
cell);

3.86 ppm, s, 3H, [(p-MeO-Ph),C=P-P(1Buz)-CuCl];

3.73 ppm, s, 3H, [(p-MeO-Ph),C=P-P(1Buz)-CuCl];;

2.26 ppm, s, methyl group protons of one molecule of toluene (present in the unit cell);
1.31 ppm, d, Jp.u= 14.2 Hz, 36 H, [(p-MeO-Ph),C=P-P(fBu,)-CuCl];
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Figure S11. *C{'H} NMR (CDCls, 100.6 MHz) spectrum of isolated [(p-MeO-Ph),C=P-P(tBuz)-

CuCl]> (Cu2).

208.32 ppm, d, Jp.c = 57.2 Hz, [(p-MeO-Ph)>C=P-P(tBu;)-CuCl]y;

162.40 ppm, d, Jp.c = 4.4 Hz, [(p-MeO-Ph),C=P-P(tBuz)-CuCl]> — Ca;

160.72 ppm, s, [(p-MeO-Ph),C=P-P(Buz)-CuCl]; — Ca;

138.84 ppm, dd, Jp.c = 26.8 Hz, Jp.c = 8.4 Hz, [(p-MeO-Ph),C=P-P(tBu,)-CuCl]2 — Cas;
137.86 ppm, s, toluene — Cay;

136.66 ppm, dd, Jp.c = 13.5 Hz, Jo.c = 9.3 Hz, [(p-MeO-Ph),C=P-P(tBu,)-CuCl]2 — Cas;
129.30 ppm, d, Jr-c = 19.9 Hz, [(p-MeO-Ph),C=P-P(tBu;)-CuCl]2 — Cas;

129.06 ppm, s, [(p-MeO-Ph),C=P-P(tBuz)-CuCl]; — Ca;

128.76 ppm, dd, toluene — Car;

128.25 ppm, s, toluene — Ca;

125.33 ppm, s, toluene — Ca;

115.62 ppm, s, [(p-MeO-Ph).C=P-P(tBuz)-CuCl]2 — Cas;

113.80 ppm, s, [(p-MeO-Ph),C=P-P(Buz)-CuCl]; — Ca;

77.13 ppm, t, CDCl3;

55.66 ppm, s, [(p-MeO-Ph),C=P-P{C(CHz3).}-CuCl]z;

55.49 ppm, s, [(p-MeO-Ph),C=P-P{C(CH3),}-CuCl]y;

36.35 ppm, dd, Jr-c = 8.6 Hz, Jp.c = 5.4 Hz, [(p-MeO-Ph)>C=P-P {C(CH3),}-CuCl]2;
31.05 ppm, dd, , Jo.c = 8.6 Hz, Jp.c = 5.4 Hz, [(p-MeO-Ph),C=P-P {C(CHj3)2}-CuCl]y;
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Figure S12. *C{'H} NMR (CDCls, 100.6 MHz) spectrum of isolated [(p-MeO-Ph),C=P-P(tBuz)-

CuCl]2 (Cu2) in the range from 140 ppm to 110 ppm.
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2. Reactions of phosphanylphosphaalkenes with AgCl
2.1 Reaction of Ph.C=P-PtBu2 with AgCI.
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Figure S13. 3'P{'H} NMR (CDCl;3, 162 MHz) spectrum of [Ph,C=P-P-(Buz)-AgCl] (Agl).

223.77 ppm, d, Jp-p = 291.4 Hz, [PhoC=P-P(1Bu2)-AgCl]>, due to the low P-Ag coupling

constants by two bonds and wide signals, P-Ag coupling constants are visible;

51.93, ddd, Jo.p = 291.4 Hz, 'J('Ag->'P) = 582.9 Hz, 'J(®Ag->'P) = 627.8 Hz, [Ph,C=P-
P(tBuz)-AgCl]2;
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Figure S14. "H NMR (CDCls, 400 MHz) spectrum of isolated [PhoC=P-P(tBuz)-AgCl], (Agl).

o 7.62,7.61,7.48,7.44,7.34,7.12 and 7.10 ppm, 20H, [PhoC=P-P(tBu,)-AgCl]> — Har;
e 1.42 ppm, d, Jp.u = 14.8 Hz, [PhoC=P-P(rBu2)-AgCl]2;
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Figure S15. *C{!H} NMR (CDCls, 100.6 MHz) spectrum of isolated [PhoC=P-P(1Buz)-AgCl],

(Agl).

210.06 ppm, dd, Jp.c = 57.2 Hz, Jp.c = 1.08 Hz, [PhoC=P-P(1Bu2)-AgCl]>;
144.91 ppm, dd, Jr-c = 26.3 Hz, Jp.u = 8.2 Hz, [PhoC=P-P(:Buz)-AgCl]2 — Car;
142.84 ppm, dd, Jp.c = 13.7 Hz, Jp.u = 10.2 Hz, [PhoC=P-P(1Bu2)-AgCl]> — Cas;
131.20 ppm, d, Jp-c = 5.2 Hz, [PhoC=P-P(1Bu2)-AgCl]> — Cas;

130.01 ppm, s, [PhoC=P-P(1Buz)-AgCl]> — Cas;

128.57 ppm, s, [PhoC=P-P(1Buz)-AgCl]> — Cas;

127.54 ppm, d, Jp.c = 7.0 Hz, Jp.c = 1.6 Hz, [PhoC=P-P(tBuz)-AgCl]> — Cas;
127.12 ppm, d, Je-c = 20.4 Hz, [PhoC=P-P(/Bu2)-AgCl]> — Cas;

36.43 ppm, dd, Jp.c = 5.4 Hz, Jp.n = 4.3 Hz, [PhoC=P-P{C(CH3),}-AgCl]>;
30.93 ppm, dd, Jp.c = 8.8 Hz, Jp.u = 4.6 Hz, [PhoC=P-P{C(CHz3)2}-AgCl]2;
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2.2. Reaction of (p-MeO-Ph),C=P-PtBu, with AgCI.
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Figure S16. *'P{'H} NMR (CDCl;, 162 MHz) spectrum of isolated [(p-MeO-Ph)C=P-P(tBuy)-

AgCl]2 (Ag2).

e 206.97 ppm, dd, Jp-p = 294.7 Hz, 2J(Ag-*'P) = 11.7 Hz, [(p-MeO-Ph),C=P-P(1Bu,)-
AgCl]2, due to the low P-Ag coupling constant by two bonds and wide signals, only one

P-Ag coupling constant is visible;
e 52.41 ppm, ddd, Jpp = 294.7 Hz, 'J('“ Ag-3'P) = 590.5 Hz, 'J('®Ag-*'P) = 625.4 Hz, [(p-
MeO-Ph),C=P-P(tBu,)-AgCl]y;
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Figure S17. 'H NMR (CDCls, 400 Hz) spectrum of isolated [(p-MeO-Ph),C=P-P(1Buz)-AgCl],

(Ag2).

7.35 ppm, 6.98 ppm, 6.75 ppm, 16H, [(p-MeO-Ph),C=P-P(tBuz)-AgCl]> — Ha;
3.91 ppm, s, 6H, [(p-MeO-Ph),C=P-P(1Bu2)-AgCl]2;

3.75 ppm, s, 6H, [(p-MeO-Ph),C=P-P(1Bu2)-AgCl]2;

1.31 ppm, d, Jp.u = 14.9 Hz, 36 H, [(p-MeO-Ph),C=P-P(1Buz)-AgCl]>;
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Figure S18. >*C{'H} NMR (CDCls, 100.6 Hz) spectrum of isolated [(p-MeO-Ph),C=P-P(tBuy)-

AgCl]2 (Ag2).

208.90 ppm, dd, Jr.c = 58.2, Jp.c = 3.0 Hz, [(p-MeO-Ph),C=P-P(1Bu>)-AgCl]>;
162.54 ppm, d, Jp.c = 4.7 Hz, [(p-MeO-Ph),C=P-P(tBuz)-AgCl]> — Cas;

160.68 ppm, s, [(p-MeO-Ph),C=P-P(1Buz)-AgCl]> — Cas;

138.72 ppm, dd, Jp.c =27.5, Jp.c = 8.3 Hz, [(p-MeO-Ph),C=P-P(1Bu)-AgCl]> — Cas;
135.11 ppm, dd, Jp-c = 13.3, Jo.c = 9.9 Hz, [(p-MeO-Ph),C=P-P(/Buz)-AgCl]> — Car;
129.34 ppm, dd, Jp.c = 5.8, Jp-c = 1.5 Hz, [(p-MeO-Ph),C=P-P(tBux)-AgCl]> — Cas;
129.18 ppm, d, Jp-c = 20.7 Hz, [(p-MeO-Ph),C=P-P(tBu)-AgCl]> — Ca;

115.13 ppm, s, [(p-MeO-Ph).C=P-P(tBuz)-AgCl]> — Ca;

113.84 ppm, s, [(p-MeO-Ph).C=P-P(tBuz)-AgCl]> — Cas;

77.12 ppm, t, CDCl3;

55.71 ppm, s, [(p-MeO-Ph),C=P-P(tBuz)-AgCl]>;

55.50 ppm, s, [(p-MeO-Ph),C=P-P(tBuz)-AgCl]>;

36.37 ppm, dd, Je.c = 7.5 Hz, Jp-c = 3.3 Hz, [(p-MeO-Ph),C=P-P{C(CH3)}-AgCl];
31.27 ppm, dd, Jr.c = 8.5 Hz, Jp-.c = 3.9 Hz, [(p-MeO-Ph),C=P-P{C(CH3)2}-AgCl]>;
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Figure S19. *C{'H} NMR (CDCls, 100.6 Hz) spectrum of isolated [(p-MeO-Ph)C=P-P(tBuz)-

AgCl]2 (Ag2) in the range from 140 ppm to 110 ppm.
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3. Reaction of phosphanylphosphaalkenes with (tht)AuClI.
3.1 Reaction of PhoC=P-PtBuz with (tht)AuCl.

—
40 [rel]

— M220.78
M66.96

10

I
[

T T T T T T T T T T T T T T T T T r T T T T T T T T T T —
300 200 100 0 -100 -200 [ppm]

Figure S20.°'P{'H} NMR (C¢Ds, 162 MHz) spectrum of isolated [PhoC=P-P(tBuz)-AuCl] (Aul).

e 200.78 ppm, d, Jp-p = 321.2 Hz, [PhoC=P-P(1Bu,)-AuCl];
e 66.96 ppm, d, Jpp = 321.2 Hz, [PhoC=P-P(tBuz)-AuCl];
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Figure S21. '"H NMR (C¢Ds, 400 MHz) spectrum of [PhoC=P-P(1Buz)-AuCl] (Aul).

e from 7.52 ppm to 6.92 ppm, 10H, [Ph2C=P-P(Buz)-AuCl] — Hay;
e 1.09 ppm, d, Jo.u =15.4 Hz, 18H [PhoC=P-P(rBu2)-AuCl];

T T
tppm]
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Figure S22. *C{'H} NMR (C¢Ds, 100.6 MHz) spectrum of isolated [PhoC=P-P(tBuz)-AuCl]

(Aul).

210.80 ppm, dd, Jp-c = 58.1 Hz, Jp-c = 6.4 Hz, [PhyC=P-P(1Bu2)-AuCl];
145.46 ppm, dd, Jo.c = 28.2 Hz, Jou = 10.9 Hz, [PhyC=P-P(Bu2)-AuCl — Cas;
143.34 ppm, dd, Jp.c = 13.6 Hz, Jp.u = 10.9 Hz, [PhoC=P-P(1Buz)-AuCl — Car;
131.00 ppm, d, Jp-c = 4.5 Hz,[PhoC=P-P(/Buz)-AuCl] — Cas;

130.00 ppm, s, [PhoC=P-P(tBuz)-AuCl] — Ca;

129.56 ppm, d, Je-c = 0.9 Hz, [PhoC=P-P(¢Buz)-AuCl] — Ca;

128.36 ppm, d, Jp.c = 14.5 Hz, [PhoC=P-P(/Bu2)-AuCl] — Ca,

128.31 ppm, d, Jp-c = 8.2 Hz, [PhoC=P-P(¢Buz)-AuCl] — Ca;

38.14 ppm, dd, Jp.c = 19.1 Hz, Jp.u = 5.4 Hz, [PhoC=P-P{C(CH3)2}-AuCl];
30.47 ppm, dd, Jr-c = 5.4 Hz, Jp.u = 4.5 Hz, [PhoC=P-P{C(CH3).}-AuCl];
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Figure S23. '*C{'H} NMR (C¢Ds, 100.6 MHz) spectrum of isolated [PhoC=P-P(Buz)-AuCl]

(Aul) with additional presentation of range from 40 ppm to 25 ppm.

33




3.2. Reaction of (p-MeO-Ph).C=P-PtBu2 with (tht)AuCl.
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Figure S24. *'P{'H} NMR (C¢Ds, 162 MHz) spectrum of reaction mixture of (p-MeO-Ph),C=P-

PtBu; with (tht)AuCl.

e 199.77 ppm, d, Jp-p = 330.9 Hz, [(p-MeO-Ph),C=P-P(tBu;)-AuCl];
e 68.53 ppm, d, Jp-p = 330.9 Hz, [(p-MeO-Ph),C=P-P(tBuz)-AuCl];
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Figure S25. 'H NMR (C¢Ds, 400 MHz) spectrum of reaction mixture of (p-MeO-Ph),C=P-P/Bu,

with (tht)AuCl integrated for the [(p-MeO-Ph)>C=P-P(/Buz)-AuCl] complex.

from 7.78 ppm to 6.52 ppm, 8H, [(p-MeO-Ph),C=P-P(tBu;)-AuCl] — Hay;
3.68 ppm, s, 3H, [(p-MeO-Ph),C=P-P(1Buz)-AuCl];

3.16 ppm, s, 3H, [(p-MeO-Ph),C=P-P(1Buz)-AuCl];

1.07 ppm, d, Jp.u = 15.4 Hz, 18 H, [(p-MeO-Ph),C=P-P(Buz)-AuCl];
3.57 ppm and 1.36 ppm, THF protons;
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Figure S26. *C{'H} NMR (CDCl;, 100.6 Hz) spectrum of reaction mixture of (p-MeO-Ph),C=P-

PBu; with (tht)AuCl with marked shifts for the [(p-MeO-Ph)>,C=P-P(/Buz)-AuCl] complex.

209.88 ppm, dd, Jr.c =59.4, Jp.c = 7.3 Hz, [(p-MeO-Ph),C=P-P(fBuz)-AuCl];

163.01 ppm, d, Jp.c = 4.5 Hz, [(p-MeO-Ph),C=P-P(tBu)-AuCl] — Cas;

161.64 ppm, s, [(p-MeO-Ph),C=P-P(rBuz)-AuCl] — Ca;

138.99 ppm, dd, Jp.c = 28.6, Jp.c = 10.4 Hz, [(p-MeO-Ph)>C=P-P(1Buz)-AuCl] — Car,
135.82 ppm, dd, Jp.c = 13.62, Jp.c = 9.1 Hz, [(p-MeO-Ph)>C=P-P(1Buz)-AuCl] — Car,
132.45 ppm, d, Jp.c = 0.9 Hz, [(p-MeO-Ph),C=P-P(tBuz)-AuCl] — Cas;

130.45 ppm, d, Jp-c = 5.4 Hz, [(p-MeO-Ph),C=P-P(1Buz)-AuCl] — Cas;

115.34 ppm, s, [(p-MeO-Ph).C=P-P(tBuz)-AuCl] — Cas;

113.77 ppm, s, [(p-MeO-Ph),C=P-P(tBuz)-AuCl] — Cay;

55.23 ppm, s, [(p-MeO-Ph),C=P-P(¢Bu,)-AuCl];

54.75 ppm, s, [(p-MeO-Ph)C=P-P(¢Bu,)-AuCl];

38.23 ppm, dd, Jp.c = 18.2 Hz, Jp.c = 5.4 Hz, [(p-MeO-Ph),C=P-P{C(CHj3)}-AuCl];
30.55 ppm, dd, Je.c = 5.4 Hz, Jp.c = 4.5 Hz, [(p-MeO-Ph),C=P-P{C(CH3).}-AuCl];
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Figure S27. ’C{'H} NMR (CDCls, 100.6 Hz) spectrum of reaction mixture of (p-MeO-Ph)>C=P-

PtBu; with (tht)AuCl with marked shifts for the [(p-MeO-Ph)>,C=P-P(/Buz)-AuCl] complex.
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PART D. DFT RESULTS

All calculations presented in the paper were performed using the Gaussian 09 program
package.’ Molecular geometries of C=P and C=P-P ligands were optimized using density
functional theory at the B3PWO1 functional with 6-311++G(3df,2p) basis set.* > The B3PW91/6-
311++G(3df,2p) method has been chosen to compare the obtained results with the theoretical study
presented in the previous work on the electronic properties of C=P ligands.® Molecular geometries
were energy-optimized, and the most stable (the lowest energy) conformer was identified during
the potential energy surface scanning. The nature of the final gas-phase geometries as local minima
(no imaginary frequencies) on the potential energy surface was then validated by harmonic
frequency calculations at the same level of theory. NBO analysis was performed for optimized
gas-phase structures at the same B3PW91/6-311++G(3df,2p) level of theory by applying the NBO
3.1 module built-in Gaussian 09.”

The NBO (Natural Bond Orbitals) analysis, including Wiberg bond orders and second-order
perturbative estimates of donor-acceptor interactions in the NBO basis calculations discussed in
this paper, were performed on non-optimized X-ray structures of Cul, Cu2, Agl and Ag2 using
density functional theory at the WB97XD? ? level of theory with LANL2DZ basis set for Ag and
Cu atoms and Def2TZVP!% 18 9 for non-metals by applying implemented in Gaussian091 package

version of NBO 3.1 program.’
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Table 3. NBO analysis of P-lone pairs together with NPA

311++G(3df,2p) level of theory.

charges calculated at B3PW91/6-

s- and p-orbital contribution to lone

pairs (LP) NPA charges
Compound -LPc:p _ . LPrigu2 _ C=P-PtBu, | C=P-PtBU, B
s-orbital | p-orbital | s-orbital | p-orbital | jc=ptey | /c=ptBy | C=" FtBU2
[%] [%] [%] [%]
Ph,C=P-PtBu, 65.51 34.40 54.38 45.53 -0.358 0.341 0.576
[(p-MeO-Ph),C=P-PfBu, 65.44 34.46 54.16 45.74 -0.435 0.310 0.573
Ph,C=PtBu 62.98 36.95 - -0.410 0.717
(p-MeO-Ph),C=PrBu 63.05 36.88 - -0.434 0.68

Optimized structures and Cartesian coordinates
In all structures the hydrogen atoms (except those of P=C(H) moiety) were omitted for clarity.

Figure S28.
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Figure S29. Optimized structure of (p-(MeO)-Ph),C=P-P7Bu..
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Figure S30. Optimized structure of PhoC=P7Bu.
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Figure S31. Optimized structure of (p-(MeO)-Ph),C=P7Bu.
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PART E. EDS analysis

The topography analysis was carried out using FEI Quanta FEG 250 scanning electron
microscope (SEM), operating with secondary electron mode at an accelerating voltage of 20 kV
and in a high vacuum mode. The energy dispersive X-ray spectroscopy (EDS) measurements were
done using an EDAX Apollo X detector mounted with the SEM microscope.

The EDS analyses were repeated in at least 10 different areas for each sample, each time the
scan area was not smaller than 100 x 100 pm. The aim was to prevent the appearance of the signal
from the carbon abrasive tape used to mount the samples in the recorded EDS spectra. The average
depth of X-ray emission during the measurement is approx. 5 um. The representative EDS spectra

for each studied sample type were illustrated in Figures S35-S38.
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Figure S32. EDS spectrum for decomposed Cul complex.
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Figure S33. EDS spectrum for decomposed Cu2 complex.

Ag

Figure S34. EDS spectrum for decomposed Agl complex.
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Ag

Figure S35. EDS spectrum for decomposed Ag2 complex.
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Table S4. The average chemical composition (in at.%) obtained on the basis of not less than ten
EDS area analysis for each studied sample and M : P stoichiometries based on the EDS
examinations (M = Cu or Ag respectively).

Ag Cu P Cl O C M : P ratio
Cul - 57.5+43 | 385+25 | 24+0.1 - -- 1.5:1
Cu2 - 10,0+£3.0 | 85+2.1 | 1.2+04 | 11.8+1.4 | 68.5+4.1 1.2:1
Agl [ 89.4+£29 - 9.0£2.1 | 1.6+04 - - 99:1
Ag2 | 61.2+0.6 - 30.8+1.3 | 8.0+0.7 - - 20:1
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