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S1. General remarks

General Considerations: All reported relevant compounds are fully characterized by multinuclear
NMR spectroscopy, IR- and Raman spectroscopy, elemental analysis and X-ray crystallography.
Manipulations were performed in a Glovebox MB Unilab or using Schlenk techniques under an
atmosphere of purified nitrogen or nitrogen or argon, respectively. Dry, oxygen-free solvents
(CH,Cl,, CH3CN, C¢HsF, 0-CgHyF, (distilled from CaH,), n-hexane, n-pentane (distilled from
potassium)) were employed. Deuterated benzene (C¢Dg) was purchased from Sigma-Aldrich and
distilled from potassium. Anhydrous deuterated acetonitrile (CD;CN) and dichloromethane
(CD,Cl,) were purchased from Sigma-Aldrich. All distilled and deuterated solvents were stored
over molecular sieves (4 A: CH,Cl,, CD,Cl,, C¢HsF, C¢H4F,, C¢Ds, n-hexane; 3 A: CH;CN,
CDsCN)). All glassware was oven-dried at 160 °C prior to use. Compounds 4[OT{]8!, 6!5%] and
AuCl(tht)[33] were prepared according to procedures given by literature. Reagents Fe,(COy),
Pd(PPh;), and Pt(PPh;), were purchased from Sigma Aldrich and used as received. NMR spectra
were measured on a Bruker AVANCE III HD Nanobay ('H (400.13 MHz), '3C (100.61 MHz), 3'P
(161.98 MHz) '°F (376.50 MHz),*’Si (79.94 MHz), %3Pt (86.01 MHz)) 400 MHz UltraSield or on
a Bruker AVANCE III HDX, 500 MHz Ascend ('H (500.13 MHz), 3C (125.75 MHz), 3'P
(202.45 MHz) '°F (470.59 MHz)). All 3C NMR spectra were exclusively recorded with composite
pulse decoupling. Reported numbers assigning atoms in the 13C spectra were indirectly deduced
from the cross-peaks in 2D correlation experiments (HMBC, HSQC). Chemical shifts were
referenced to dmms = 0.00 ppm ('H, 13C, #Si), dcrcis = 0.00 ppm (°F), dnspoacssesy = 0.00 ppm (31P)
and Oxapicis = 0.00 ppm (1°°Pt). Chemical shifts (o) are reported in ppm. Coupling constants (J) are
reported in Hz. For P; compound 63" which gives rise to a higher order spin-system in the *'P {'H}
NMR spectrum, the resolution-enhanced 3'P {'H} spectrum was transferred to the software gNMR,
version 5.0.153 The full line shape iteration procedure of gNMR was applied to obtain the best
match of the fitted to the experimental spectrum. 'J(PP) coupling constants were set to negative
values, 5>l and all other signs of the coupling constants were obtained accordingly. The designation
of the spin system was performed by convention. The furthest down field resonance is denoted by
the latest letter in the alphabet, and the furthest upfield by the earliest letter. Melting points were
recorded on an electrothermal melting point apparatus (Biichi Switzerland, Melting point M-560)

in sealed capillaries under Argon atmosphere and are uncorrected. Infrared (IR) and Raman spectra
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were recorded at ambient temperature using a Bruker Vertex 70 instrument equipped with a RAM
IT module (Nd-YAG laser, 1064 nm). The Raman intensities are reported in percent relative to the
most intense peak and are given in parenthesis. An ATR unit (diamond) was used for recording IR
spectra. The intensities are reported relative to the most intense peak and are given in parenthesis
using the following abbreviations: vw = very weak, w = weak, m = medium, s = strong, vs = very
strong. Elemental analyses were performed on a Vario MICRO cube Elemental Analyzer by

Elementar Analysatorsysteme GmbH in CHNS mode.



S2. Experimental details
S2.1. Reaction of 4|OTf] with Mg to S[OTf]

Cgl _|[OTf] \( Compound 4[OTf] (1?0 mg, 0.37 mmol) and Mg (10 mg,
Clt)\ ~ /%) ® ®N 0.40 mmol) were combined together and THF (4 ml) was added.

_§_< I( The suspension turned into a yellowish solution after 30 min
reaction time at room temperature. After 12h the yellow
suspension was filtered and the filtrate was concentrated to 2 ml and stored at —35 °C. NMR
spectroscopic investigation of the filtrate revealed the formation of compound 5[OTf]. Single

crystals suitable for X-ray analysis were obtained from the filtrate which was stored at —35 °C.
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Figure S1.3'P NMR spectrum of 5[OTf] (300 K, C¢Ds capillary).

Figure S2. Molecular structure of 5" in 5{OT{]-CH,Cl,; hydrogen atoms, solvate molecule and anion are omitted for

clarity and thermal ellipsoids are displayed at 50% probability.



S2.2. Preparation of [(Lc)4P4][OTf]4 (3[OTH]y)

oT A fluorobenzene solution (4 ml) of 1,4-bis(trimethylsilyl)-1,4-

o @O — . . (4 ml) ( ylsilyl) .
P—P ® _ @/Nj< dihydropyrazine (6) (254 mg, 1.12 mmol) was added dropwise
o F Re 5 :N 2\¢  to a solution of 4{OTf] (484 mg, 1.12 mmol) in fluorobenzene

5
4 (6 ml). During the addition the reaction solution turned into a

red suspension. The red suspension was stirred for 12 h. After Filtration and washing the residue
with fluorobenzene (3 x 3 ml) 3[OTf]4 was dried in vacuo and obtained as colorless, air and
moisture sensitive solid.

Yield: 345 mg (86%); m.p.: 259 °C - 261 °C; Raman (50 mW, in cm™"): v=2983(17), 2948(27),
1609(26), 1454(14), 1411(26), 1389(15), 1354(29), 1307(9), 1273(100), 1252(16), 12248,
1190(6), 1151(19), 1107(5), 1091(10), 1032(19), 1012(5), 978(5), 961(5), 887(7), 796(11),
755(12), 696(7), 584(7), 574(9), 545(8), 506(26), 460(10), 447(10), 414(7), 403(8), 394(9),
360(15),348(17),313(11),281(9),212(9); IR (ATR, in cm!): v=3394(vw), 2997(vw), 2947(vw),
1732(vw), 1685(vw), 1607(w), 1545(vw), 1489(w), 1468(w), 1444(w), 1410(w), 1398(w),
1377(w), 1340(w), 1266(s), 1246(vs), 1220(s), 1145(s), 1091(w), 1027(vs), 976(w), 934(w),
904(vw), 845(vw), 795(w), 753(w), 690(w), 634(vs), 572(m), 516(s), 483(vw), 467(vw), 398(w),
372(vw); 'TH NMR (CDsCN, 300 K, in ppm): 6 = 1.68 (48H, d, 3Jux = 6.81 Hz, 5H), 2.46 (24H, s,
H3), 5.64 (8H, s(br), H4); BC{1H} NMR (CD;CN, 300 K, in ppm): d = 10.65 (8C, s, C3), 20.81
(16C, s, C5), 55.21 (8C, s(br), C4), 120.95 (4C, q, 'Jcr = 323 Hz, -CF3), 133.34 (4C, s(br), C1),
134.90 (8C, s, C2); ”F NMR (CDsCN, 300 K, in ppm): 6 = -79.3 (12F, s, -CF3); 3P NMR
(CDsCN, 300 K, in ppm): 6 = -55.7 (4P, s); elemental analysis: calculated for
CugHsoF 1oNgO12P4S4: C: 40.0, N: 7.8, H: 5.6, S: 8.9; found: C: 39.8, N: 7.8, H: 5.4, S: 9.3.
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Figure S3. 3'P NMR spectrum of the reaction of 4[OTf] with 6 after 3 h (240 K, THF-dg). The resonances can be
assigned as follows: 6(P) = 107.8 ppm to 4%; 6(P) = -29.1 ppm to intermediate 72; §(P) = —55.7 ppm to 3**; and AB,
spin system d(P) =—142.5 ppm, 6(Pg) =—-130.8 ppm to 83".

S2.3. Reaction of 4|OTf] with 6 and one equivalent of nBuyN[Cl]

Compound 4[OTf] (40 mg, 0.09 mmol), 6 (21 mg, 0.09 mmol) and nBuN[CI] (25 mg,
0.09 mmol) were combined and 1.5 ml THF was added. The vigorously stirred reaction mixture
turned immediately red upon addion of the solvent and slowly into orange. After 12 h the
supernatant was investigated by means of 3'P NMR spectroscopy which revealed three singlet
resonaces at o(P) =—-124.3 ppm, o(P) = —54.8 ppm and J6(P) =—-30.3 ppm which we assign to 107,
3% and 7%, respectively. After 30 h, the 3'P NMR spectrum gives rise to an additional resonance
at o(P) =-21.8 ppm being assigned to chloride-bridged cation 5*. From this reaction we conclude
that the addition of a chloride source quenches the reduction process by the reaction with 6 and
slowly forms chloride-bridged cation 5% by the reaction with 7>*. In addition, we observe a Cl-

induced degradation!S®l leading to the formation of 10"
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Figure S4. 3'P NMR spectra of the reaction of 4[OTf] with 6 and one equivalent of nBusN[Cl] after 12 h (bottom;
top; 300 K, C¢Dg¢-capillary) and after 30 h (top; 300 K, THF-dg). The resonances can be assigned as follows: 6(P) =—
124.3 ppm to 10*; 6(P) = —54.8 ppm to 3**; 6(P) =-30.3 ppm to 7*>* and 6(P) =-21.8 ppm to 5*.

S2.4. Preparation of [(Lc);P,][OTf]; (9]OTH]3)

@ —I[on]3 3[OTft]4 (160.0 mg, 0.11 mmol) was dissolved in CH3;CN

- /PEi",Px L@ @L _ @/N | (2 ml) and a yellow solution of 6 (25 mg, 0.11 mmol) in

— ﬁ /PAP\%/ "“N~~s CH3CN (1.5 ml) was slowly added at room temperature
A——Px 5

AN accompanied by a color change to red-orange. The
reaction mixture was stirred for 8 h and the solvent was removed in vacuo. The crude material was
suspended in THF (2 ml) and filtered. The precipitate was washed with THF (2 x 1 ml) and dried
in vacuo. P; compound 9[OTf]; was obtained as colorless, air and moisture sensitive powder.

Yield: 41 mg, (61%); m.p.: 249 °C — 251 °C; Raman (50 mW, in cm™): v =2975(23), 2941(31),
2741(8), 1614(42), 1455(39), 1400(51), 1356(56), 1246(100), 1222(32), 1191(31), 1152(43),
1089(36), 1031(50), 980(29), 886(33), 791(39), 753(38), 677(32), 572(37), 545(37), 510(37),
456(57), 402(36), 380(6), 361(11), 346(7), 310(6), 275(17), 216(6); IR (ATR, in cm!): v =
2992(vw), 2942(vw), 1612(vw), 1459(vw), 3196(w), 1377(vw), 1256(vs), 1220(w), 1137(s),
1027(s), 978(vw), 903(vw), 804(vw), 790(vw), 752(w), 689(vw), 634(vs), 570(w), 515(m),
463(vw); 'TH NMR (CD;CN, 260 K, in ppm): 6 = 1.54 (18H, d, 3Jyy =, HX), 1.62 (18H, d, *Jyy =,
HX), 2.44 (18H, s, HX), 4.86 (6H, s(br), HX); 13C{IH} NMR (CD;CN, 260 K, in ppm): 6 = 10.52



(6C, s, C3), 19.96 (6C, s, C5), 20.10 (6C, s, C6), 54.60 (2C, s, C4), 55.15 (6C, s, C4), 120.93 (3C,
q, 'Jer = 321 Hz, -CF3), 133.23 (6C, s, C2), 133.30 (3C, pseudo d, 'Jcp = 82 Hz, C1); F NMR
(CD;CN, 260K, in ppm): 6 = -79.1 (9F, s, -CF3); 3P NMR (CD;CN, 260 K, in ppm):
AA’ABXX'X"" spin system d(P5) = —178.5 (3P), o(Pg) = —164.9 (1P), o(Px) = 13.2 (3P);
elemental analysis: calculated for C3sHg0FoNgOoP;S3: C: 35.9, N: 7.0, H: 5.0, S: 8.0; found: C:

36.2,N:6.9,H: 4.9, S: 8.1.

Table S1: Parameter of the iteratively fitted 3'P NMR spectrum of the AA’A”’BXX X" spin system of 93*.

iterated parameter value
chemical shift O -178.7 ppm
O -165.2 ppm
Sx 12.9 ppm
line widths Vin(A) 14.5 Hz
vin(B) 12.2 Hz
Via(X) 14.1 Hz
coupling constants 'J(AX) =1J(A'X")=1J(A"'X"") -406.1 Hz
JAA)=JA'A")="JA"A) -211.1Hz
IJ(BX)=1JBX")=1JBX") -354.6 Hz
2J(AB) =2J(A'B) =2J(A’'B) 31.0 Hz
2JAX)=2JA'X")=2J(A""X) 5.6Hz
2JXX)=2J(X'X")=2JX"X) -59Hz
1246
13.2 ’
# -1785
t\ -164.9 ,“
| O——
200 100 0 100 200 ppm

Figure S5. 3P NMR spectrum of the reaction of 3[OTf], with 6 after 8 h (300 K, C¢Ds capillary). The resonances can
be assigned as follows: 6(P) =—-124.6 ppm to 10*; and AA’A”'BXX'X"" spin system J(Ps) = d(P4) = —178.5 ppm,
do(Pg) =—164.9 ppm, J(Px) = 13.2 ppm to 93*.



S2.5. Preparation of [(n,-LcP=PL)Fe(CO),4][OTo], (12[O0Tf],)

, oT 5 9 3[OTf], (176.0 mg, 0.12 mmol) and Fe,(CO)y (95.2 mg,
oc co [T, \(

OC—Fe—CO ®N-2 0.25 mmol) were combined in a sealed tube and 2 mL
7 ©) _ 7
=27
N

O P P"/L@ ~ Aacctonitrile as well as 1.5 mL THF were added. The reaction

X mixture was stirred at ambient temperature for 12 h and

turned into a yellow solution. After the addition of Et,O (10 ml) a yellow precipitate was formed.
After filtration the solid was dried in vacuo and 12[OTf], was obtained as yellow, air and moisture
sensitive powder.

Yield: 208 mg, (98%); m.p.: 176 °C — 178 °C; Raman (50 mW, in cm!): v =2979(5), 2950(30),
2116(35), 2076(26), 2051(21), 1622(29), 1448(13), 1409(34), 1352(67), 1285(100), 1223(5),
1153(12), 1084(11), 1032(33), 884(11), 785(15), 753(11), 700(5), 609(5), 584(5), 572(6), 548(5),
512(26), 489(7), 454(9), 424(5), 410(10), 384(19), 347(10), 313(24), 292(6), 272(5), 212(5); IR
(ATR, in cm™): v=2989 (vw), 2944 (w), 2115 (m), 2074 (m), 2048 (s), 1621 (w), 1449 (w), 1395
(w), 1379 (w), 1305 (vw), 1261 (vs), 1221 (m), 1142 (s), 1115 (m), 1030 (s), 976 (w), 903 (vw),
784 (vw), 752 (w), 700 (w), 636 (vs), 602 (s), 582 (s), 571 (s), 516 (m), 489 (m), 446 (w), 421 (W),
411 (w), 398 (w), 380 (w), 368 (w), 359 (w); 'TH NMR (CD,Cl,, 260 K, in ppm): d = 1.73 (24H,
s(br), H5, H5", H6, H6"), 2.43 (12H, s(br), H3, H3"), 5.46 (2H, s(br), H4), 5.89 (2H, s(br), H4");
BC{'H} NMR (CD,Cl,, 260 K, in ppm): 6 = 11.08 (2C, s, C3), 11.31 (2C, s, C3"), 20.85 (2C, s,
C5),20.92 (2C,s,C5),21.20 (2C, s, C6),21.55 (2C, 5,C6"), 54.60 (2C, s, C4), 54.94 (2C, 5, C4"),
121.06 (2C, q(br), Jer =321 Hz, -CF3), 131,44 (2C, s, C2), 133.15 (2C, s, C2"), 143.02 (2C,
pseudo t, 'Jcp = 56 Hz, C1), 200.18 (2C, pseudo t,%Jcp = 6 Hz, C7), 201.42 (2C, s, C7"); ’F NMR
(CD,Cl,, 260 K, in ppm): 6 = —78.9 (6F, s, -CF3); 3'P NMR (CD,Cl,, 260 K, in ppm): 6 = —49.8
(2P, s); elemental analysis: calculated for C,sHyoFsFeN4OoP,S,: C: 37.8, N: 6.3, H: 4.5, S: 7.2;
found: C: 37.4,N: 6.4, H: 4.2, S: 6.8.



S2.6. Preparation of [(n,-LcP=PLc)Pd(PPhs)][OTf], (13[OTf],)

A THF suspension (4 ml) of Pd(PPh3), (170 mg, 0.14

PhaPy. PaPhy
Xy X ®N mmol) was added to a stirred solution of 3[OTf], (106
% PA£PA @ @L - %_1</sz<3 mg, 0.07 mmol) in acetonitrile (3 ml). The color of the
5/‘&6 reaction mixture turned immediately red after the
© addition of the metal containing suspension. Stirring

©\ /@10 overnight and removing the volatiles in vacuo produced

PPhj =

’ J:N 7 o anred oil. This oil was washed several times with Et,O
(4 x 2 ml) until the oil turned into a precipitate. The

precipitate was filtered, washed with n-hexane (2 ml) and subsequently dried in vacuo. 12[OTf],

was obtained as red, air and moisture sensitive solid.

Yield: 174 mg (93%); m.p.: 182 °C — 184 °C; Raman (50 mW, in cm!): v=3060(38), 2988(5),
2945(23), 1621(19), 1586(57), 1439(9), 1407(28), 1343(33), 1281(100), 1186(6), 1149(14),
1095(29), 1030(42), 1000(90), 883(5), 785(14), 752(10), 700(9), 618(9), 572(7), 552(5), 525(38),
452(5), 401(5), 347(10), 312(5), 278(5), 257(10), 176(9); IR (ATR, in cm'): v = 3055(vw),
2983(vw), 1618(vw), 1479(vw), 1435(w), 1388(vw), 1375(vw), 1262(vs), 1220(w), 1140(w),
1093(vw), 1029(s), 998(vw), 901(vw), 747(m), 694(s), 635(vs), 570(w), 515(vs), 505(vw),
490(vw), 449(vw), 432(vw), 418(vw); '"H NMR (CDsCN, 300 K, in ppm): 6 = 1.28 (12H, d,
3Jyn = 6.98 Hz, H5), 1.33 (12H, s, H6), 2.30 (12H, s(br), H3), 5.41 (4H, s(br), H4) 7.11-7.20 (12H,
m, H8), 7.28 (12H, t(br), 3Jyg = 7.41 Hz, H9), 7.46 (6H, t(br), 3Jyy = 7.41 Hz, H10); BC{'H}
NMR (CDsCN, 300 K, in ppm): 6 = 10.29 (4C, s, C3), 20.36 (4C, s, C5), 21.02 (4C, s, C6), 53.43
(4C, s(br), C4), 121.64 (2C, q, 'Jcr = 321 Hz, -CF3), 129.05 (12C, pseudo t, Jcp = 5 Hz, C9), 130.53
(4C, s(br), C2), 131.21 (6C, s, C10), 132.23 (6C, d, 'Jcp =42 Hz, C7), 133.63 (12C, pseudo t,
Jep =7 Hz, C8), 143.56-145.11 (2C, m, C1); 1F NMR (CD;CN, 300 K, in ppm): 6 =-79.3 (6F, s,
-CF;); 3P NMR (CD;CN, 300 K, in ppm): 6(P») = 10.2 (2P, s(br), d(Px) = 23.5 (2P, ZJpp = 29 Hz);
elemental analysis: calculated for CqoH7oFsN4,O¢P,S,Pd: C: 53.3, N: 4.2, H: 5.2, S: 4.7; found: C:
53.0,N:4.2,H:4.9,S: 4.4.
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Figure S6. Variable temperature 3'P NMR spectra of 13[OTf], (CD;CN). The extension at 240 K reveals the spin

system of higher order which we attribute to a rotational isomer of 13[OTf],.

S2.7. Preparation of [(2-LcP=PLc)Pt(PPh;),][OTf], (14[OTH],)

A THF suspension (4 ml) of Pt(PPh;), (155 mg, 0.124

PhaPy. PxPhal o2
X XS © ®N mmol) was added to a stirred solution of 3[OTf]; (90
@L/PALPA@ L= _%_1</sz<3 mg, 0.062 mmol) in acetonitrile (3 ml). After five
5/‘& . minutes of stirring, the color changed from yellow to
© orange. Stirring overnight and removing the volatiles in

©\ /@10 vacuo produced an orange oil. This oil was dissolved in

PPhg =

’ “F+’N 7 o CH,Cl, (2 ml) and n-hexane (6 ml) was added until a
precipitate was formed. The precipitate was filtered,

washed with n-hexane (2 x 2 ml) and subsequently dried in vacuo. 14[OTf], was obtained as

yellow, air and moisture sensitive solid.
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Yield: 157 mg (88%); m.p.: 159 °C — 161 °C; Raman (50 mW, in cm™): v=3060(43), 2988(20),
2941(36), 1622(26), 1586(64), 1574(22), 1443(27), 1409(35), 1343(50), 1282(100), 1223(11),
1187(16), 1150(21), 1096(34), 1031(65), 1001(98), 883(12), 784(22), 752(17), 701(12), 688(13),
619(18), 572(13), 549(16), 538(20), 515(46), 459(16),421(16), ; IR (ATR, in cm™"): v=23055(vw),
2982(vw), 2936(vw), 2879(vw), 1620(w), 1587(vw), 1573(w), 1480(w), 1463(w), 1436(m),
1388(w), 1376(w), 1262(vs), 1220(w), 1189(w), 1140(m), 1113(s), 1095(m), 1029(s), 999(m),
988(w), 931(w), 902(w), 849(vw), 784(m), 750(s), 649(s), 635(vs), 571(m), 536(m), 517(vs),
495(m), 455(m), 422(m), 392(m), 374(w), 363(w); 'TH NMR (CD,Cl,, 300 K, in ppm): J = 1.34
(12H, s, H5), 1.40 (12H, s, H6), 2.37 (12H, s(br), H3), 5.63 (4H, s(br), H4) 7.13-7.19 (12H, m,
HS), 7.26 (12H, t(br), 3Juy = 7.31 Hz, H9), 7.46 (6H, t(br), 3Jyy = 7.31 Hz, H10); BC{'H} NMR
(CD,Cl,, 300 K, in ppm): 6 = 10.91 (4C, s, C3), 21.01 (4C, s, C5), 21.72 (4C, s, C6), 53.10 (4C,
s(br), C4), 121.22 (2C, q, 'Jcr = 321 Hz, -CF3), 128.95 (12C, d, *Jcp = 10 Hz, C9), 130.53 (4C, s,
C2), 131.63 (6C, d, 'Jcp =52 Hz, C7), 131.81 (6C, s, C10), 133.63 (12C, d, 2Jcp = 12 Hz, CB),
140.66-142.12 (2C, m, C1); F NMR (CD,Cl,, 300 K, in ppm): 6 =-79.0 (6F, s, -CF3); 3'P NMR
(CD,Cls, 260 K, in ppm): 5(Pa) =—42.7 (2P, dd, 2Jpp = 40 Hz, 2Jpp = 29 Hz, 'Jpp, = 236 Hz), 8(Px)
= 25.1 (2P, 2Jpp = 40 Hz, 2Jpp = 29 Hz, 'Jpp, = 3280 Hz); 1Pt NMR (CD,Cl,, 260 K, in ppm): &
= -5016.0 (tt, 'Jpp=3280Hz, !Jpp=236Hz); elemental analysis: calculated for
CeoH70FsN4Og4,S,Pt: C: 50.0, N: 3.9, H: 4.9, S: 4.5; found: C: 49.7, N: 3.8, H: 4.7, S: 4.2.
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Figure S7. Variable temperature 3'P NMR spectra of 14[OTf], (CD;CN). The extension at 260 K reveals the spin

system of higher order which we attribute to a rotational isomer of 14[OTf],.
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Figure S8. %Pt NMR spectrum of 14[OTf], (260 K, CD;CN). The low intensity triplet of triplet resonance is

attributet to a rotational isomer of 14[OTf],.
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S2.8. Preparation of [((L¢)4P4)AuClL][OTHf]; (15[OTf]5)

3[OTf]; (160.0 mg, 0.11 mmol) was dissolved in
5 O o o —(

Lc. Au ®N CH;CN/THF (1 ml/1.5 ml) and a colorless suspension of
CPX/ p\‘@ @LC:_%_</ |
® P/IA\P'X Le ""N-2~¢ AuCl(tht) (25 mg, 0.44 mmol) in THF (2 ml) was slowly
LR 5

© e 4N\g added in portions at room temperature accompanied by a

color change to yellow. The reaction mixture was stirred for 8 h. A grey residue was filtered off
and the solvent was removed in vacuo. The remaining orange-colored oil was suspended in THF,
filtered and a yellow precipitate was obtained after 10 minutes. The recrystallization step was
repeated for 4 more times. The obtained yellow precipitate was combined, filtered and dried in
vacuo. The five-membered P;Au-complex 15[OTf]; was obtained as yellow, air and moisture
sensitive powder.
Yield: 92 mg, (57%); m.p.: 115 °C — 117 °C; Raman (60 mW, in cm™!): v = 2946(33), 1607(39),
1453(9), 1405(28), 1355(48), 1272(100), 1149(19), 1085(7), 1032(15), 978(5), 884(6), 790(10),
754(6), 573(5), 492(5), 445(8), 429(5), 393(10), 347(5), 312(50), 294(5); IR (ATR, in cm™!): v =
2939(vw), 1606(vw), 1456(vw), 1395(w), 1376(vw), 1259(vs), 1220(w), 1145(s), 1113(vw),
1085(vw), 1028(vs), 978(vw), 901(vw), 788(vw), 751(w), 694(vw), 635(vs), S71(w), 543(vw),
516(m), 442(vw), 419(vw); TH NMR (CD,Cl,, 260 K, in ppm): 6 = 0.76 (6H, d, Jun = 6.94 Hz,
H18), 1.08 (6H, s(br), H21), 1.67 (6H, s(br), H22), 1.69 (6H, d, 3Jyy = 6.94 Hz, H19), 1.87 (6H,
d, 3Juyy = 6.87 Hz, H7), 1.92 (6H, d, 3Jyy = 6.87 Hz, H10), 1.99 (6H, 3Juyy = 6.97 Hz, HR), 2.02
(6H, *Juy = 6.97 Hz, H11), 2.39 (6H, s, H15), 2.48 (6H, s, H4), 2.52 (6H, s, H5), 2.61 (6H, s, H16),
5.24 (2H, sept, 3Jyg = 6.94 Hz, H17), 5.52 (2H, s(br), H20), 5.95 (4H, sept, *Juny = 6.97 Hz,
H6/H9); BC{!H} NMR (CD,Cl,, 260 K, in ppm): 6 = 10.93 (4C, s, C4/C5), 11.15 (4C, s,
C15/C16), 19.53 (2C, s, C19), 20.52 (2C, s(br), C22), 20.71 (2C, s, C10), 20.87 (2C, s, C7), 21.24
(2C, s(br), C21), 21.61 (2C, s, C11), 21.83 (2C, s, C18), 22.22 (2C, s, C8), 54.64 (2C, dd,
3Jcp = 13 Hz, C6), 55.28 (2C, pseudo t, 3Jcp = 15 Hz, C17), 55.95 (2C, d, 3Jcp =52 Hz, C20),
56.36 (2C, s(br), C9), 120.84 (3C, q, 'Jcr = 321 Hz, -CF3), 132.95 (2C, s, C2), 133.03 (2C, dd,
Jep =71 Hz, 3Jcp =22 Hz C12), 134.24 (2C, s, C14), 134.47 (2C, s, C3), 135.39 (2C, s, C13),
137.95 (2C, d pseudo t, 'Jcp = 78 Hz, 3Jcp = 14 Hz C1); ’F NMR (CD,Cl,, 260 K, in ppm): 0 = —
79.1 (9F, s, -CF3);
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3P NMR (CD,Cl,, 260 K, in ppm): AA’BB’ spin system 6(P») =-49.9 (2P), 6(Pg) = -24.7 (2P);
elemental analysis: calculated for C47HgyCl,FgNgO9P,S;Au: C: 36.2, N: 7.2, H: 5.2, S: 6.2; found:
C:359,N:6.2,H:4.9, S: 6.6.

Table S2: Parameter of the iteratively fitted 3'P NMR spectrum of the AA’XX" spin system of 15,

iterated parameter  value

chemical shift N -52.4 ppm
Ox -21.7 ppm
line widths via(A) 11.0 Hz
vin(X) 11.0 Hz
coupling constants 'J(AX)=1J(A’X") -107.7 Hz
IJ(AA") -171.2 Hz
2J(AB)=2J(A'B) 107.6 Hz
3J(BB") 8.0 Hz
-65.4
1082 246 497
]
100 50 0 50 100 450 ppm

Figure S9. 3P NMR spectrum of the reaction of 3[OTf], with 1 equivalent AuCl(tht) after 12 h (300 K, C¢Dg
capillary). The resonances can be assigned as follows: 6(P) = 1078.2 ppm to 1*; AA'BB’ spin system 0(P,) =—
49.9 ppm, 5(Pg) = —24.7 ppm to 15°* and 6(P) = —55.4 ppm to 3.

14
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Figure S10. 3'P NMR spectrum of the reaction of 3[OTf], with 4 equivalents AuCl(tht) after 8 h (300 K, C¢Dy
capillary). The resonances can be assigned as follows: 6(P) = 107.8 ppm to 1*; and AA'BB’ spin system 5(P,) =—
49.9 ppm, 6(Pg) = —24.7 ppm to 15%*; and asterisk is assigned to an unidentified side product.

Alternative procedure to the formation of 15[OTf];

3[OTf]4 (50.0 mg, 0.03 mmol) was dissolved in CH;CN/THF (1 ml/1.5 ml) and a colorless
suspension of AuCl(tht) (14 mg, 0.04 mmol) and nBuy,N[CI] (10 mg, 0.03 mmol) in THF (2 ml)
was slowly added in portions at room temperature accompanied by a color change to yellow. The
reaction mixture was stirred for 12 h. The solvent was reduced to 1 ml in vacuo and 3'P NMR
experiments of the crude material revealed the complete consumption of 3[OTf], and the formation

of 15[OTf]; in 70 % yield (see figure S11).

-49.9

107.8

-55.7

| | [ I [
100 50 0 50 4100  ppm

Figure S11.3'P NMR spectrum of the reaction of 3[OTf], with 1 eq. AuCl(tht) and 1 eq. nBuyN[C]] after 12 h (300 K,
Cg¢Dg capillary). The resonances can be assigned as follows: d(P) =107.8 ppm to 1*; and AA'BB’ spin system
O(P,) =-49.9 ppm, §(Pg) = —24.7 ppm to 15°"; §(P) =—55.4 ppm to 3*". and asterisk is assigned to an unidentified

side product.
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S3. Crystallographic Details
S3.1 Structure solution and refinement

Suitable single crystals were coated with Paratone-N oil or Fomblin Y25 PFPE oil, mounted using
a glass fiber and frozen in the cold nitrogen stream. X-ray diffraction data were collected at low
temperature as indicated in tables S3, S4 and S5 on a Rigaku Oxford Diffraction SuperNova
diffractometer using either Cu K,, radiation (A = 1.54184 A) or Mo K,, radiation (A = 0.71073 A)
generated by micro-focus sources. The data reduction and absorption correction was performed
using CrysaAlisPro,!57] respectively. For further crystal and data collection details see tables S3,
S4 and S5. Using Olex2[58, the structures were solved with SHELXS/TS1 by direct methods and
refined with SHELXLIS!01 by least-square minimization against F? using first isotropic and later
anisotropic thermal parameters for all non-hydrogen atoms. Hydrogen atoms were added to the
structure models on calculated positions using the riding model. Images of the structures were
produced with Olex2[5!!] software.

Crystals of 5[OTf]-CH,Cl, were measured and refined as inversion twin. The ratio of the twin
components was refined to 62:38. The structure of 3[OTf],2CH;CN exhibits disorder of two triflat
anions and one isopropyl group. They were restrained using the SIMU command. The C-C bond
distances of the disordered isopropyl group are constrained using DFIX.
9[OTf]53-0.8CH3CN-1.7CH,Cl, was crystallized from a mixture of acetonitrile and
dichloromethane. Both solvents are present in the crystal lattice. To account for the disorder of
solvent molecules and triflat anions and to obtain a meaningful converging structure model SADI
and SUMP restraints as well as several SIMU restraints were applied. The trications are not
disordered and well resolved. Crystals of 9[OTf], exhibit one triflat anion disordered over two
positions. The minor component was restrained using SIMU. 13[OTf],-3C¢HsF and
14[OTf],-3C¢HsF crystallized isostructural with fluorobenzene in the crystal lattice. All solvent
molecules and one or two anions are disordered over two positions, respectively. SADI and SIMU
restraints were applied to obtain a meaningful converging structure model. 15[OTf];-3CH,Cl, was
crystalized from a mixture of dichloromethane and pentane. Two triflate ions and one
dichloromethane molecule is disordered on a special position. To achieve a stable refinement these
moieties were restrained using SIMU. The relatively high R;, is due to sample wobbeling during

measurement.
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Table S3. Crystallographic data and details of the structure refinements of compounds 5[OTf]-CH,Cl,,

3[OTf]s-2CH;CN and 8[OTf].

3[0Tf]42CH;CN 5[O0T{]-CH,Cl, 8[OTf];
formula CsyHgsF1oN1g012P4Ss CosHyy ClsF3N4O5P,S C36HgoFoNOoP3S3
M. /g 1522.41 762.86 1080.99
mol™!
color, habit colorless block colorless block colorless block
crystal monoclinic orthorhombic monoclinic
system
space group P2/c Pca2, P2,/n
alA 19.31294(18) 11.51562(4) 23.0670(2)
b/ A 16.76136(17) 10.67077(3) 12.77419(14)
c/ A 23.1443(2) 29.25903(9) 16.55090(19)
al® 90 90 90
p/° 105.4253(10) 90 103.7111(10)
yl° 90 90 90
v/ A3 7222.20(13) 3595.366(18) 4737.94(9)
V4 4 4 4
T/K 104.6(7) 102(1) 100.0(10)
Cry/sﬁinilze 0.313x0.273x0.124  0.296x0.206x0.075  0.189x0.127x0.087
p./ gem 1.400 1.409 1.515
F(000) 3180 1584 2256
Axka! A 1.54184 (X = Cu) 1.54184 (X =Cu) 0.71073 (X = Mo)
Oin / ° 3.2810 3.021 2.349
Orax / ° 76.4770 76.739 28.700
-24<h<24 -13<h<14 -31<h<31
index range -21<k<15 -9<k<13 -15<k<17
-28<1<27 -36<1<35 -22<1<21
4/ mm™! 2.851 5.475 0.350
absorption . . .
! multi-scan gaussian gaussian
correction
refl. 45993 38748 56620
collected
refl. unique 15049 7366 12235
Rint 0.0372 0.0579 0.0310
reflection
obs. 13385 7373 10099
[F>20(F)]
residual
density 1.26/ -0.64 0.25/-0.30 0.72/-0.53
min / max /
e A3
parameters 1040 392 613
GOOF 1.026 1.050 1.026
R,
[1>26(1)] 0.0559 0.0210 0.0393
wR, 0.1621 0.0579 0.0962
CCDC 1884157 1884156 1884161
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Table S4. Crystallographic data and details of the structure refinements of compounds 9[OTf];-0.8 CH;CN-1.7CH,Cl,,
12[OT{], and 13[OTf],-3C4HsF

9[OT{]5-0.8CH;CN-1.7CH,Cl,

12[OTf], 13[OTf],-3C¢HsF

formula C30.44He6.01Cl3.37F9Ng 8sNoP7S3  CosHaoFsN4O1oP2S,Fe  CrgHgsFoN4OGP4S,Pd
M, / g mol™! 1384.11 888.55 1639.90
color, habit colorless block orange prism yellow needle
crystal system triclinic monoclinic monoclinic
space group P-1 P2/n P2/n
alA 13.83853(13) 14.4005(3) 15.02480(18)
b/ A 17.90754(17) 15.3233(3) 19.8179(3)
cl/A 27.2960(2) 17.8619(3) 25.7120(4)
al® 101.3965(7) 90 90
ple 103.3332(8) 100.9141(17) 91.3090(12)
y/° 104.3661(8) 90 90
VA3 6138.77(10) 3870.18(12) 7654.00(19)
zZ 4 4 4
T/K 101(10) 100.0(4) 100.1(7)
CWS;“I‘L;‘ZG / 0.45x0.24x0.104 0.402x0.066x0.051  0.18x0.043x0.031
P/ gem 1.498 1.525 1.423
F(000) 2857 1832 3392
Axka! A 1.54184 (X =Cu) 0.71073 (X =Mo) 1.54184 (X =Cu)
Ornin 1 © 2.646 2.322 2.7980
Ornax | °© 76.878 28.700 76.0720
-17<h<17 -19<h<14 —-18<h<18
index range —22<k<20 -15<k<20 —24<k<24
-34<1<34 -24<1<22 -32<1<32
4/ mm™! 4.894 0.665 3.905
absorption . . .
correction gaussian gaussian gaussian
refl. collected 145167 27061 44109
refl. unique 25653 10001 15851
Rine 0.0279 0.0363 0.0458
reflection obs.
[F>26(F)] 24333 8508 12830
residual
density 0.84/-0.74 0.79/ -0.54 1.24/-1.07
min/ max /e
A3
parameters 1645 523 1081
GOOF 1.078 1.061 1.015
R, [I>20(D)] 0.0449 0.0453 0.0501
wR, 0.1262 0.1186 0.1328
CCDC 1884162 1884158 1884160
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Table S5. Crystallographic data and

details of the structure refinements of compound 14[OTf],-3C¢HsF and

14[OTf],-3CsHsF

formula C78H85F9N4O6P482Pt C49H85C17F9N809P4S3Au
M, / g mol™! 1728.58 1772.43
color, habit yellow needle yellow plate
crystal system monoclinic monoclinic
space group P2,/n P2/c
alA 14.98968(8) 30.6491(6)
b/ A 19.89396(13) 11.9065(2)
c/A 25.71449(16) 20.2311(5)
al® 90 90
ple 91.6799(5) 91.738(2)
yl° 90 90
v/ A3 7664.88(8) 7379.4(3)
V4 4 4
T/K 100.0(2) 100.0(2)
crystal size / mm? 0.263x0.043x0.034 0.372x0.192x0.061
oo/ gem™ 1.498 1.595
F(000) 3520 3588
Axka! A 1.54184 (X =Cu) 1.54184 (X =Cu)
Bin / © 2.7940 2.885
Ornax | °© 76.4240 74.531
-16<h<18 -31<h<38
index range —-24<k<25 -14<k<14
-32<1<32 -25<1<25
4/ mm! 5371 8.354
absorption correction gaussian gaussian
refl. collected 57628 79611
refl. unique 15980 15093
Rint 0.0295 0.1157
reflection obs.
[F>20(F)] 14507 13873
residual density 1.25/-124 1.76/-4.38
min / max /e A3
parameters 1149 998
GOOF 1.021 1.039
R, [[>20(D)] 0.0323 0.0613
wR, 0.0875 0.1647
CCDC 1884159 1904570
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S4. Computational Methods

S4.1 General Considerations

The geometry optimization has been performed at the PBE0-D3/def2-TZVP level of theory
without symmetry constrains by means of the Turbomole version 7.0 program.[5!21 The minimum
nature of the complexes has been checked by using frequency analysis. The orbital analysis and
NBO calculations!S!3] have been performed at the same level of theory using the Gaussian-09 and
the GaussView program to represent the molecular orbitals.!3'4! For the theoretical NMR studies
we used the DFT/GIAO (Gauge Including Atomic Orbitals) approach as implemented in the
Gaussian 09 program to estimate the 3'P NMR chemical shifts. The level of theory used was
PBE(/def2-TZVP and the molecular systems were completely optimized in acetonitrile. The
primary result of a quantum chemical calculation of NMR shifts is the absolute magnetic shielding
(o) (i.e., with respect to a naked nucleus). The chemical shift of a substance S with respect to a
reference compound is then given as: d6(S) = o(ref)—o(S). We have used phosphoric acid as
reference to estimate the chemical shift. At our level of theory, the absolute shielding of phosphoric
acid is 293 ppm, which is in quite good agreement with that previously reported in the literature at
the B3LYP/6-311G level (295 ppm).[S151 Tt should be kept in mind that the experimental reference
compound for 3'P NMR is 85% aqueous phosphoric acid, for which one can hardly obtain an

accurate theoretical magnetic shielding.
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S4.2 Additional discussion, Figures and Tables (see also main text)

Table S6: GIAO-NMR absolute magnetic shieldings (s, ppm) and chemical shifts (d, ppm) at the PBEO/def2-TZVP
level of theory in acetonitrile.

Compound Absolute shielding (o) Chemical shift (5)
H;PO, 293.0 0.0
2+
7 326.4 334

[(LcP(C)-P(CI)Lc)]2*

-5.900 eV

Figure S12. LUMO plots of the dicationic ligand [LcP=PLc]*" (left, a) and cationic diphosphene [Lc-P=P-Dipp]*
(right, b) using 0.04 a.u. isosurface at the PBE0/def2-TZVP functional. H-atoms omitted for clarity. LUMO energy
for [LcP=PLc]?>": —9.313 eV and for [Lc-P=P-Dipp]" = -5.900 eV.

The m-accepting property is related to the LUMO energy of the ligand and also its shape (ability
to overlap with the d orbitals of Fe). That is, if the energy of the LUMO is low, its electron
accepting ability increases. In Figure S10 we represent the LUMO of [LcP=PLc]*" (left) [Lc-P-
Lc]* (right). For ([LcP=PLc)*" the caclulations reveal that the LUMO is very low in energy
([LcP=PLc]*": -9.313 eV; due to the dicationic nature) and the orbital clearly corresponds to the 7-
antibonding P=P orbital, perfectly pre-organized to interact with the d atomic orbitals of the Fe(0)
metal atom. In case of the cationic diphosphene [Lc-P=P-Dipp]*, the shape of the LUMO orbital
is adequate comparable, however, not as low in energy (-5.900 eV) compared to [LcP=PLc]*

which we attribute to the dicationic charge in [LcP=PL¢]*".
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Figure S13. LUMO plots of the ligand PF; (left), PPh; (middle) and ‘Bu;P (right) using 0.04 a.u. isosurface at the
PBE0/def2-TZVP level of theory. H-atoms omitted for clarity. LUMO energy for PF3: —0.146 eV, for PPh;: —0.729
eV and for '‘BusP: 1.021 eV.

Also the PFj; ligand presents an adequate shape to act as a w-acceptor, in agreement with the CO
stretching frequencies ([(PF;)Fe(CO),]: 2101 cm™!, 2022 cm!, 2018 cm!, 1999 cm™).[516] The
other two ligands Ph;P and tBusP are not good m-acceptors taking into consideration this orbital
analysis. To further analyze this particular point, we have also computed the natural bond orbital
(NBO) analysis of the complexes 12* and [(PF3)Fe(CO),;]. We have focused our attention to the
second order perturbation analysis, since it is very convenient to study donor-acceptor orbital
interactions. We summarize in Table S6 the back-bonding donation from Fe(0) d atomic orbitals
to the P-ligand in complexes 12" and [(PF3)Fe(CO)4]. It is clear that the [LcP=PLc]?" ligands is
significantly more stabilized due to back-donation than the PF; ligand..

Table S7: Second order stabilization energy (E®, kcal/mol) due to back-bonding donation from d orbitals Fe(0) to
antibonding P—C or P—F orbitals or unfilled Rydberg atomic orbitals of P

Complex Accepting orbital of ligand E®

12 BD* (P-C) 35.77

[(PF3)Fe(CO).] BD* (P-F) 9.16
Ry* (P) 7.69

The optimized complexes of 12" and [(PF;)Fe(CO)4] are given in figure S11. The theoretical
distances are in good agreement (slightly shorter) with the experimental ones, giving reliability to

the level of theory.
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(b)

Figure S14. Optimized complexes 12+ (left, a) and [(PF;)Fe(CO),] (left, b). Distances in A. Experimental distances

in italics. H-atoms omitted for clarity.

S.4.3 Cartesian coordinates

S.4.3.1 [LcP=PL¢]* (Figure S12, lefi)
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S.4.3.1 [LcP=PDipp]* (Figure S12, right)
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S.4.3.3 PF; (Figure S13, left)
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S.4.3.5 'BusP (Figure S13, right)
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S.4.3.6 12* (Figure S14, left)
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S.4.3.7 [(PF3)Fe(CO),] (Figure S14, right)
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S.4.3.8 3*" (Figure 3)
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S.4.3.9 Intermediate 7°* (scheme 2, Table S6)
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.5863757
.2191218
.1309956
.1641820
.9995681
.0957925
.1799323
.0957725
.1199601
.3662990
.4177884
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c -3.0568 2.3764 -0.4387
H -2.0357 2.4253 -0.8463
c -3.9839 2.9443 -1.5026
H -3.9871 2.3230 -2.4099
H -3.6167 3.9415 -1.7845
H -5.0165 3.0703 -1.1539
c -3.0597 3.1336 0.8814
H -4.0443 3.1349 1.3694
H -2.7899 4.1825 0.6924
H -2.3269 2.7117 1.5850
C -5.7624 0.9967 0.3048
H -5.6683 1.9628 0.8142
H -6.4267 0.3684 0.9111
H -6.2640 1.1663 -0.6608
C -5.1774 -2.1138 0.5448
H -5.5610 -2.57717 -0.37717
H -6.0378 -1.6879 1.0759
H -4.7602 -2.9064 1.1758
c -2.1215 -2.5100 0.0039
H -1.1199 -2.2431 -0.3548
c -2.6875 -3.5149 -0.9882
H -3.6574 -3.9257 -0.6802
H -1.9893 -4.3606 -1.0647
H -2.7879 -3.0736 -1.9901
c -1.9770 -3.0301 1.4275
H -1.5650 -2.2604 2.0971
H -1.2842 -3.8840 1.4246
H -2.9241 -3.3856 1.8551
Cl -0.1529 -0.8769 -2.3317
Cl 0.0995 0.6825 2.3445
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