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General Methods

Unless otherwise stated, all reactions and manipulations were performed using standard
Schlenk techniques. All solvents were purified by distillation using standard methods.
Commercially available reagents were used without further purification. NMR spectra were
recorded by using a Bruker 400 MHz spectrometer. Chemical shifts are reported in ppm from
tetramethylsilane with the solvent resonance as the internal standard ("H NMR CDCl;: 7.26 ppm;
3C NMR CDCl;: 77.0 ppm). Mass spectra were recorded on the HP-5989 instrument by EI/ESI
methods. X-ray diffraction analyses were performed by using a Bruker APEX-II CCD X-ray
diffractometer.

Compound 1 were prepared according to the literature method.!

Preparation and characterization

Synthesis of the trigold complex 2

A mixture of 1 (200 mg, 0.20 mmol) and PPh; (105 mg, 0.40 mmol) in DCE was stirred for 3
h. All volatiles were removed under vacuum, the resulting solid was dissolved in DCM, and the
solution was filtered through a pad of Celite. Water (5 mL) was added to the filtrate and
vigorously stirred for a few minutes, the organic phase was transferred to a test tube and then the
solvents were evaporated. In a nitrogen-filled round-bottom flask, the crude product was washed
twice with diethyl ether, then dissolved in THF (6 mL) and the solution was cooled to -78
°C,.KHMDS (1 M in THF, 220 pL, 1.1 equiv.) was added dropwise, and then AuCIl-SMe, (59 mg,
0.20 mmol) and triphenylphosphine (52 mg, 0.20 mmol) were added. After the mixture was
stirred for 15 min at -78 °C, the cooling bath was removed, and the solution was warmed to room
temperature. After further stirring for 4 h at room temperature, all volatiles were evaporated in
vacuo and the crude product was purified by column chromatography using silica gel (v/v,
DCM/EtOH = 20:1) to afford the pure 2 as a yellow solid (200 mg, 55%). 'H NMR (400 MHz,
CDCl;3) 6 = 7.58 (t, J = 7.4 Hz, 1H, Hy,), 7.49 (t, J = 7.0 Hz, 3H, Ha,), 7.44 (t, J = 7.8 Hz, 2H,
Hay), 7.41-7.30 (m, 18H, Hp,), 7.30-7.27 (m, 2H, Hy,), 7.26-7.21 (m, 7H, Ha,), 7.19 (t, J= 6.8 Hz,
6H, Hy,), 7.06 (dd, J = 12.4, 7.6 Hz, 6H, Hy,), 6.83 (dd, J=12.8, 7.6 Hz, 6H, H,,), 3.09-2.99 (m,



2H, CH(CHs;),), 2.94-2.71 (m, 2H, CH(CH;),), 1.25 (d, J = 6.8 Hz, 6H, CH3;), 1.16 (d, J = 6.8 Hz,
6H, CH3), 1.08 (t, J = 6.6 Hz, 12H, CH;); *C NMR (100 MHz, CDCl;) 6 = 203.24 (d, 2J cp =
115.5 Hz, N-C(Au)=N), 200.77 (d, 2J c.p = 129.2 Hz, C=C(Au)-N), 163.37 (d, 2J cp = 117.4 Hz,
C-C(Au)=C), 160.24 (dd, 3J cp = 6.4 Hz, *J cp= 3.6 Hz, C=0 ), 145.45 (s, N-C,,), 145.34 (s, N-
Car), 143.71 (s, Cay), 137.44 (s, Cap), 133.92 (d, 2J c.p = 13.5 Hz, PPh;), 133.65 (d, 2/ c.p = 13.8 Hz,
PPhs), 133.42 (d, 2/ cp = 13.6 Hz, PPh;), 131.90 (s, Cya,), 131.37 (s, Cay), 130.97 (s, Cap), 130.46
(s, Cap), 129.94 (s, Cpy), 129.54 (s, Cay), 129.34 (s, Ca,), 128.99 (d, 2Jcp = 11.6 Hz, PPhs), 128.88
(d, 2Jcp = 11.3 Hz, PPh;), 127.70 (s, Ca,), 127.13 (s, Ca,), 124.44 (s, Cay), 124.05 (s, Cay), 29.44
(s, CH(CHs;),), 28.60 (s, CH(CHj;),), 28.33 (s, CH(CHj;),), 24.45 (s, CH3), 24.40 (s, CH3), 24.27 (s,
CHs3), 23.94 (s, CH;); 3'P NMR (162 MHz, CDCl3) 6 = 42.24 (d, J = 5.0 Hz), 41.07 (d, J = 4.7
Hz), 38.55. Anal. calcd. for Cg;H;90Au;CIN,OP5(1.5 CH,CL): C, 51.29; H, 4.23; N, 1.43; found: C,
51.31; H, 4.61; N, 1.43; HRMS (MALDI): m/z [M-CI]* calcd. for Cg,H79Au;N,OP;*: 1791.4396;
found: 1791.4161.

Synthesis of the trinuclear gold-silver complex 3

In a nitrogen-filled round-bottom flask, a solution of 1 (200 mg, 0.20 mmol) in THF (6 mL)
was cooled to -78 °C, KHMDS (1 M in THF, 440 pL, 2.2 equiv.) was added dropwise and then
AgOT{(PPh;) (208 mg, 0.40 mmol) was added. After the reaction mixture was stirred for 15 min
at -78 °C, the cooling bath was removed, and the solution was warmed to room temperature. After
4 h at room temperature, all volatiles were evaporated in vacuo and the crude product was
purified by column chromatography using silica gel (v/v, PE/EA = 3:1) to afford pure 3 as a
yellow solid (212 mg, 72%). 'H NMR (400 MHz, CDCl3) 6 = 7.54 (t, J = 6.6 Hz, 1H, H,,), 7.44
(t,J=7.8 Hz, 2H, H,,), 7.42-7.31 (m, 13H, Hy,), 7.25-7.20 (m, 8H, H,,), 7.19-7.13 (m, 6H, Ha,),
7.08 (dd, J=12.0, 7.2 Hz, 6H, Hy,), 3.13-3.05 (m, 2H, CH(CHj3),), 2.94-2.85 (m, 2H, CH(CHa),),
1.31-1.22 (m, 18H, CH3), 1.16 (d, J = 6.4 Hz, 6H, CH3); *CNMR (100 MHz, CDCls) ¢ = 204.36
(dd, 'J c.ag= 253.0 Hz, Jwag-wag = 18.3 Hz, N-C(Ag)=N), 199.16 (d, %/ c.p = 128.9 Hz, C=C(Au)-
N), 161.24 (d, 2J cp = 118.6 Hz, C=C(Au)-C), 160.27 (dd, 3J cp = 10.0 Hz, *J cp = 4.1 Hz, C=0),
145.89 (s, Cay), 144.86 (s, N-Cy,), 144.50 (s, N-Cy,), 139.40 (s, Cy,), 134.08 (d, 2J cp = 13.6 Hz,
PPh;), 133.83 (d, 2J c.p = 13.8 Hz, PPh3), 131.17 (s, Ca,), 130.88 (s, Car), 130.38 (s, Ca,), 129.88
(s, Car),129.35 (s, Cay), 129.18 (s, Cap), 129.07 (s, Cay), 128.85 (d, “J c.p = 3.8 Hz, PPh3), 128.74
(d, *J cp = 3.6 Hz, PPh;), 124.41 (s, Cyuy), 124.12 (s, Cyu,), 28.47 (s, CH(CHs;),), 28.26 (s,
CH(CHs;),), 24.69 (s, CH3), 24.59 (s, CH3), 24.37 (s, CH3), 24.33 (s, CH3); 3'P NMR (162 MHz,
CDCl;) 0 = 4255 (d, J = 6.0 Hz), 41.06 (dd, J = 6.0, 3.4 Hz). Anal. caled. for
CesHesAuClAgN,OP, (0.5 CH,Cl,): C, 51.00; H, 4.31; N, 1.84; found: C, 50.96; H, 4.30; N, 1.50.



Synthesis of the trinuclear gold-copper complex 4

A mixture of 1 (200 mg, 0.20 mmol) and PPh; (105 mg, 0.40 mmol) in DCE was stirred for 3 h.
All volatiles were removed under vacuum, the resulting solid was dissolved in DCM, and the solution
was filtered through a pad of Celite. Water (5 mL) was added to the filtrate and the mixture was
vigorously stirred for a few minutes, the organic phase was transferred to a test tube and then the
solvents were evaporated. The crude product was washed twice with diethyl ether to afford a solid that
was placed in a nitrogen-filled round-bottom flask, disssolved in THF (6 mL) and after the solution
was cooled to -78 °C, KHMDS (1 M in THF, 220 pL, 1.1 equiv.) was added dropwise, then
CuBr-SMe, (41 mg, 0.20 mmol) was added. After the mixture was stirred for 15 min at -78 °C, the
cooling bath was removed, and the solution was warmed to room temperature. After 4 h at room
temperature, all volatiles were evaporated in vacuo and the crude product was purified by column
chromatography using silica gel (v/v, DCM/EtOH = 100:1) to afford pure 4 as a yellow solid (218 mg,
74%). '"H NMR (400 MHz, CDCl;) § = 7.45 (t, J = 7.8 Hz, 1H, Ha,), 7.42-7.30 (m, 13H, Hy,), 7.25-
7.19 (m, 10H, Ha,), 7.19-7.13(m, 6H, Hj,,), 7.12-7.04 (m, 6H, Ha,), 3.13-3.04 (m, 2H, CH(CHj;),),
2.94-2.86 (m, 2H, CH(CHs;)y), 1.29 (dd, J = 7.2, 5.2 Hz, 12H, CHs;), 1.24 (d, J = 6.8 Hz, 6H, CHj),
1.16 (d, /= 6.8 Hz, 6H, CH3); '3C NMR (100 MHz, CDCl;) 6 = 199.44 (d, 2/ c.p = 128.3 Hz, C=C(Au)-
N), 198.57 (s, N-C(Cu)=N), 160.88 (d, 2/ cp = 119.1 Hz, C=C(Au)-C), 160.53 (dd, 3Jcp = 5.9 Hz, *J
cp= 3.8 Hz, C=0), 145.05 (s, N-Ca,), 144.62 (s, N-Cy,), 138.15 (s, Ca,), 134.14 (d, 2J c.p = 13.6 Hz,
PPh;), 131.15 (s, Cay), 131.01 (s, Cay), 130.50 (s, Ca,), 130.00 (s, Ca,), 129.48 (s, Ca,), 128.86 (d, 4
cp = 4.2 Hz, PPh;), 128.75 (d, %J cp = 4.0 Hz, PPh;), 124.25 (s, Ca,), 123.97 (s, Car), 29.56 (s,
CH(CH3),), 28.53 (s, CH(CHs;),), 28.30 (s, CH(CHj3),), 24.68 (s, CH3), 24.59 (s, CH3), 24.36 (s, CHa);
3P NMR (162 MHz, CDCl3) 6 = 42.66 (d, J = 6.2 Hz), 41.16 (d, J = 6.2 Hz). Anal. calcd. for
CesHgsAuBrCuN,OP»: C, 52.06; H, 4.37; N, 1.90; found: C, 52.23; H, 4.17; N, 1.43.



NMR Spectra
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Computational Details

Gaussian 09 suite of program? was employed for all the density functional theory (DFT)
calculations utilizing the TPSS functional’* with Grimme’s D3-BJ’ correction in combination
with the triple- basis set def2-TZVPP.%7 Solvent corrections were based on the integral equation
formalism version of polarizable continuum model (IEF-PCM)®1° for 1,2-dichloroethane (¢ =
10.125) during the geometries optimization of the complexes. This theoretical methodology has

recently been validated to yield good structural parameters for Au-carbene complexes.!!!3
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M = Au(2), Ag(3), Cu(4); L = PPhy

Ar

HOMO LUMO

Figure S1: HOMO and LUMO orbitals of complex 2.



0.7041 (sp™*7)c3 + 0.7101(sp'") ¢y

o bond 7 bond

0.7183(sp"") s + 0.6958(sp>*%) ¢4 0.5335(sp®03d"1%) s u; + 0.8458(sp?%3)cy

¢ bond ¢ bond

Figure S2: All the NBOs of bonding and lone pair including C4 at the most stable Lewis
structure of complex 2. The NBO of coordinative bond between C4 and Aul is identified, mainly

composed of C4 hybrid orbital.



0.7041 (Sp"")cs + 0.7101(sp"5) s 0.6821(p)cs + 0.7313(p)cs

o bond 7 bond

0.8122(sp'88)x; + 0.5833(sp>)c3 (p")cs

¢ bond coordinative bond

Figure S3: All the NBOs of bonding and lone pair including C3 at the most stable Lewis
structure of complex 2. The NBO of coordinative bond between the lone pair of carbene C3 and

Au2 is identified.



0.8730(p)~1 + 0.4878(p)c1

o bond 7 bond

0.8018(sp'¥")n; + 0.5976(sp>2%) ¢,

¢ bond coordinative bond

Figure S4: All the NBOs of bonding and lone pair including C1 at the most stable Lewis
structure of complex 2. The NBO of coordinative bond between the lone pair of carbene C1 and

Au3 is identified.



0.7028 (Sp"*)cs + 0.7113(sp"**) s 0.6801(p)cs + 0.7331(p)cs

o bond 7 bond

n\f’a‘,\

J
0.7178(sp"*")cs + 0.6963(sp>**)c4 0.5374(sp"%3d*1%) ., + 0.8433(sp*5)c4
¢ bond ¢ bond

Figure S5: All the NBOs of bonding and lone pair including C4 at the most stable Lewis
structure of complex 3. The NBO of coordinative bond between C4 and Aul is identified, mainly

composed of C4 component.



0.7028 (Sp"*)cs + 0.7113(sp"**) s 0.6801(p)cs + 0.7331(p)cs

o bond 7 bond

0.8114(sp'**)n; + 0.5845(sp'*) 3 (Sp"*®)cs

¢ bond coordinative bond

Figure S6: All the NBOs of bonding and lone pair including C3 at the most stable Lewis
structure of complex 3. The NBO of coordinative bond between the lone pair of carbene C3 and

Au2 is identified.
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0.8077 (sp™#3)n2 + 0.5896(sp>?") ¢y 0.8779(p)n2 + 0.4788(p)c1

o bond 7 bond

9
Y
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0.8066(sp'-%®)x; + 0.5911(sp>33)¢, (sp™*Hcr

¢ bond coordinative bond

Figure S7: All the NBOs of bonding and lone pair including C1 at the most stable Lewis
structure of complex 3. The NBO of coordinative bond between the lone pair of carbene C1 and

Ag3is identified.



0.7032 (Sp")cs + 0.7110(sp"5) s 0.6791(p)cs + 0.7340(p)cs

o bond 7 bond

0.7175(sp"*?) s + 0.6965(sp>%) 4 0.5369(sp®23d"1%) s u; + 0.8437(sp*%5)cy

¢ bond ¢ bond

Figure S8: All the NBOs of bonding and lone pair including C4 at the most stable Lewis
structure of complex 4. The NBO of coordinative bond between C4 and Aul is identified, mainly

composed of C4 component.



0.7032 (Sp")cs + 0.7110(sp"5) s 0.6791(p)cs + 0.7340(p)cs

o bond 7 bond
»
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0.8107(sp'83)n; + 0.5855(sp**)c3 (p*")cs
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Figure S9: All the bonding and lone pair NBOs of C3 at the most stable Lewis structure of

complex 4. The coordinative bond between the lone pair of carbene C3 and Au2 is identified.



0.8788 (p)n2 + 0.4773(pP)c1

o bond 7 bond

0.8032 (sp*%)x; + 0.5957(sp>3!)¢ (p™%)cy

¢ bond coordinative bond

Figure S10: All the NBOs of bonding and lone pair including C1 at the most stable Lewis
structure of complex 4. The NBO of coordinative bond between the lone pair of carbene C1 and

Cu3 is identified.



X-Ray Crystallography.

Each crystal was mounted on a glass fiber. Crystallographic measurements were made on a
Bruker Smart Apex 100 CCD area detector using graphite monochromated Mo-Ka radiation (Ay,.
ka = 0.71073 A). The structures were solved by direct methods (SHELXS-97) and refined on F2
by full-matrix least squares (SHELX-97) using all unique data. All the calculations were carried
out with the SHELXTL18 program.

Key details of the crystal and structure refinement data are summarized in Table S1-3. Further
crystallographic details may be found in the respective CIF files, which were deposited at the
Cambridge Crystallographic Data Centre, Cambridge, UK [CCDC 1528973 (2), CCDC 1528969
(3), and CCDC 1528970(4).



Table S1. Crystal Data, Data Collection, and Structure Refinement for 2, 3 and 4,

2

3

4

Identification code

cu dm16773 Om

mo_dml16818 Om

mo_dm16837 Om

Formula CgH79Au;N,OP; C,oH76AgAu,CIN,O;P, CesHgsAu,BrCuN,OP,
Formula weight 1792.28 1592.52 1476.49
T,K 130 130 130
crystal system Monoclinic Triclinic Monoclinic
space group P12l/c1 P-1 P12l/c1
a, A 13.9827(9) 13.8956(12) 18.6441(15)
b, A 14.8116(11) 16.1336(14) 14.8478(13)
c, A 36.774(2) 16.6738(14) 24.590(2)
, deg 90 78.9410(10) 90
, deg 90.166(3) 78.141(2) 107.238(2)
, deg 90 65.151(2) 90
Volume, A3 7616.1(9) 3296.1(5) 6501.2(9)
VA 4 2 4
Deyie, Mg / m? 1.563 1.605 1.509
absorption
coefficient, mm- 11.576 4.869 5.528
F(000) 3500 1572 2888

crystal size, mm

0.05x0.03 x 0.02

0.12x 0.08 x 0.07

0.1 x0.08 x0.05

20 range, deg 2.403 to 66.673 1.631 to 30.770 0.87 to 30.65
reflections 37074/12906 [R(int) 33851/20197 66695/12760
collected /unique =0.0692] [R(int) =0.0417] [R(int) = 0.1063]
data / restraints/
12906 /0 / 828 20197/0/742 12760 /36 / 684
parameters
goodness of
1.043 0.969 1.027
fit on F?
final R indices R1=0.0500, R1=10.0427, R1=0.0417,
[I>2(D)]° wR2 =0.1367 wR2 =0.0756 wR2 =0.0861
R indices R1=10.0588, R1=0.0803, R1=0.0735,
(all data) wR2 =0.1437 wR2 =0.0866 wR2 =0.0972
lgst diff peak

and hole, e/A3

1.642 and -1.898

2.333 and -1.360

1.031 and -1.727
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