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1. General Considerations

Unless specified otherwise, all manipulations were performed under an inert atmosphere using
standard Schlenk or glove-box techniques. Pentane, methylene chloride, diethyl ether, and
tetrahydrofuran were degassed by sparging with high purity argon, and were dried using a
GlassContour drying column. Methanol was dried over anhydrous copper(Il)sulfate, distilled and
stored over 4A molecular sieves; benzene-ds (Cambridge Isotopes) was dried over sodium
benzophenone ketyl, distilled, and stored over 4 A molecular sieves; chloroform-d (Cambridge
Isotopes) and methylene chloride-d, (Cambridge Isotopes) were dried over calcium hydride,
distilled, and stored over 4 A molecular sieves; dimethylsulfoxide-ds (Cambridge Isotopes) was
used as received. 'H, *C{'H}, and *'P{'"H} NMR spectra were acquired on a Varian Mercury
Broad Band 300 MHz, a Varian Mercury 300 MHz, or an Inova 500 MHz spectrometer. 2D
NMR spectra were obtained on an Inova 500 MHz spectrometer. Chemical shifts are reported in
8 (ppm). For 'H and “C{'H} NMR spectra, the residual solvent peak was used as an internal
reference, while >'P{'H} spectra were referenced to an 85% phosphoric acid external standard (0
ppm). Elemental analyses were performed at Complete Analysis Laboratory Inc., Parsippany,
New Jersey. The following materials were purchased and used as received: Thallium
Acetylacetonate ([Tl(acac)]) (Sigma-Aldrich), chloro(triethylphosphine)gold(I) (PEt;AuCl)
(Sigma-Aldrich), chloro(dimethylphenylphosphine)gold(I) (PPhMe,AuCl) (Sigma-Aldrich),
azidotrimethylsilane (TMSN3;) (Acros), 1,4-diethylnylbenzene (1,4-HC=C-C¢H4) (Sigma-
Aldrich). The following were prepared by literature methods: PEt;AuN3;,' PPh3AuN3,”
PEt;AuC=CC¢Hs,> PPhMe,AuC=CCg¢Hs,'  2,7-diethynyl-9,9-dihexyl-9H-fluorene,”  1,4-

2

PPh;AuC=C-C¢H,4 (3).°
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2. Synthesis

Synthesis of 1

PEt; AuC=CC¢Hs (42 mg, 0.1 mmol) and PEt;AuN; (36 mg, 0.1 mmol) were dissolved in 0.7 ml
CeDg at room temperature. After 72 h a white crystalline powder deposited from the reaction
medium. The white precipitate was collected, washed with cold toluene and pentane and then all
volatiles were removed in vacuo to give the product (yield: 64 mg, 83%). 'H NMR (500 MHz,
CDCls,25 °C, & (ppm)): 8.45 (d, *Juu = 6.8 Hz, 4H, HCy,), 7.27 (dd, *Jun = 7.4 Hz, 4H, HCs),
7.13 (dd, *Jun = 7.4 Hz, 2H, HC¢), 1.49 (dq, *Jun = 7.8 Hz, “Jyp = 7.8 Hz, 6H, HC3,), 1.47 (dq,
Jun = 7.8 Hz, “Jup = 7.8 Hz, 6H, HC4)), 1.08 (dt, *Juy = 7.3 Hz, *Jyp = 3.4 Hz, 9H, HCy,), 1.05
(dt, *Jyn = 7.3 Hz, *Jyp = 3.4 Hz, 9H, HC3,). “C{'H} NMR Shifts (500 MHz, CDCls, 25 °C, &
(ppm)): 152.7 (Cy3), 137.0 (C12), 127.7 (Cy5), 126.6 (C14), 125.1 (Cy), 17.3 (C42), 16.5 (C3), 8.5
(Cs1.C41). *'P{"H} NMR (121.4 MHz, CDCl; 25 °C, § (ppm)) & (ppm): 31.96 (s, Py), 20.64 (s,
P»). Anal. Calcd. (%) for C4H70AusNeP4: C, 31.06; H, 4.56; N, 5.43. Found: C, 31.13; H, 4.70;

N, 5.58.
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Synthesis of 2
Cay

‘ \\(|333
—~Cs2

31
038\ IL/C37

PPhMe,AuC=CC¢Hs (21.8 mg, 0.05 mmol) and PPhMe,AuN; (18.9 mg, 0.05 mmol) were
dissolved in 2 ml of toluene at room temperature and stirred for 24 h. During the reaction an off-
white crystalline powder deposited. The precipitate was collected and washed with cold toluene
and pentane followed by removal of all volatiles in vacuo to give the product (yield: 33.5 mg,
82%). 'HNMR (500 MHz, CDCl; 25 °C, & (ppm)): 8.32 (d, *Jun = 7.2 Hz, 4H, HC\4), 7.59 (dd,
3Jun = 7.6 Hz, *Jup = 12.4 Hz, 4H, HCsx,), 7.48 (dd, *Juy = 6.9 Hz, *Juyp = 10.3 Hz, 4H, HCs,),
7.43 (t, *Jun = 7.3 Hz, 2H, HCss), 7.40 (t, *Juy = 7.6 Hz, 2H, HCs34), 7.36 (t, *Juy = 8.1 Hz, 4H,
HCs3), 7.32 (t, *Jun = 8.1 Hz, 4H, HCs3), 7.27 (t, *Juu = 7.2 Hz, 4H, HC)s), 7.21 (d, *Jun = 7.0
Hz, 2H, HC), 1.47 (d, *Jup = 10.7 Hz, 3H, HCs7), 1.37(d, *Jup = 10.7 Hz, 3H, HCss), 1.31 (d,
*Jup = 10.7 Hz, 3H, HCsg), 1.28 (d, *Jup = 10.7 Hz, 3H, HCs;). *C{'H}NMR Shifts (500 MHz,
CDCl3,25 °C, 6 (ppm)): 152.6 (C12), 136.9 (Cy3), 135.0 (Cs1), 132.9 (C51), 131.1 (Csz,Csp), 130.8

(Cs4), 130.3 (Css), 128.8 (C33), 128.7 (Cs3), 127.9 (Cys), 126.5 (C14), 125.3 (C1g), 14.8 (Css), 14.6
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(C37.Cs7), 13.8 (C35). *'P{'"H} NMR (121.4 MHz, CDCl;.25 °C, & (ppm)): 11.79 (s, P4), -1.50 (s,
P»). Anal. Calcd. (%) for C4sHssAugNeP4: C, 35.44; H, 3.35; N, 5.17. Found: C, 35.56; H, 3.39;

N, 5.11.

Synthesis of 4

Compound 3 (20.8 mg, 0.02 mmol) and PPh;AuNj3 (20.1 mg, 0.04 mmol) were suspended in 1
ml of CHCls. After 2 h, the reaction mixture became a beige colored solution. The resultant
solution was filtered into a small test tube. After 48 h, crystals deposited in the test tube. The
crystals were collected, washed first with 2 ml of cold CHCl; and then 5 ml of pentane. After
washing all volatiles were removed in vacuo to give the product (yield: 27.8 mg, 68%). Anal.

Calcd. (%) for CgoHgsAugNgP4: C, 48.16; H, 3.15; N, 4.11. Found: C, 48.07; H, 3.07; N, 4.08.

Synthesis of 5

C7:C6 C‘I_CZ

/
\
Et3P—AUT<\_/C5-C4EC3—Au—P

/) k\

In a vial with a stir bar, 1 ml of THF was added into a mixture of PEt;AuCl (200 mg, 0.57 mmol)
and 1,4-HC=C-C¢H4 (30.6 mg, 0.30 mmol). To the THF solution, a methanol (20 ml) solution of
NaOH (228 mg, 5.7 mmol) was added. The mixture was stirred at room temperature for 12 h. A
light yellow powder precipitates and was collected by filtration. The powder was re-dissolved in
5 ml of toluene and filtered through a Celite® plug. The filtrate was concentrated to 0.5 ml and
10 ml of pentane was added to induce precipitation. The product was collected by filtration as a
yellow powder. (yield: 190 mg, 89%). '"H NMR (500 MHz, CDCl;,25 °C, 6 (ppm)): 7.30 (s, 4H,
HCg, HC7), 1.77 (dq, *Jun = 7.7 Hz, *Jup = 9.5 Hz, 12H, HC)), 1.17 (dt, *Juy = 7.7 Hz, *Jup =
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18.0 Hz, 18H, HC,). >C{'H} NMR Shifts (500 MHz, CDCl; 25 °C, & (ppm)): 131.9 (Cs), 123.2
(Cs, C7), 104.1 (Cy), 17.9 (C)), 8.9 (Co). *'P{'"H} NMR (121.4 MHz, CDCl;,25 °C, & (ppm)):

37.91 (s). Anal. Calcd. (%) for CooH34AuyPy: C, 35.03; H, 4.54. Found: C, 35.08; H, 4.48.

Synthesis of 7
CEC17
/
Cﬁcﬁ
¢
Cp B c—Ci
i [
11
EtsP—,, ' Co oo AU/P\/
— // \CS/CK 3
8 /
\C?CG

In a vial with a stir bar, 2 ml of THF was added into a mixture of PEt;AuCl (200 mg, 0.57 mmol)
and 2,7-diethynyl-9,9-dihexyl-9H-fluorene (115 mg, 0.30 mmol). To the THF solution, a
methanol (20 ml) solution of NaOH (228 mg, 5.7 mmol) was added under stirring. The
heterogenous mixture was stirred at room temperature for 12 h. Then, the supernatant was
removed by decanting. The dark yellow residue was extracted with 5 ml of toluene and filtered
through a plug of Celite®. The filtrate was concentrated to 0.5 ml and 10 ml of pentane was
added to induce precipitation. The product was collected by filtration as a light yellow powder
(vield: 180 mg, 62.5%). 'H NMR (500 MHz, C4D¢ 25 °C, & (ppm)): 7.81 (d, *Jun = 1.0 Hz, 2H,
HC), 7.73 (dd, *Juyn = 1.1 Hz, *Juyy = 8.0 Hz, 2H, HC), 7.33 (d, *Juy = 8.0 Hz, 2H, HC,), 1.85
(m, 4H, HC5), 1.05 (tq, *Jun = 7.6 Hz, 4H, HC ), 1.00 (dq, *Juu = 7.6 Hz, *Juyp = 10.8 Hz, 12H,
HGC,), 0.94 (tt, *Juy = 7.7 Hz, 4H, HC,4), 0.84 (tt, *Juy = 7.2 Hz, 4H, HC;s), 0.79 (m, 4H, HC,3),
0.74 (t, *Jun = 7.3 Hz, 6H, HC), 0.66 (dt, *Juy = 7.7 Hz, *Jup = 17.9 Hz, 18H, HC,). *C{'H}

NMR Shifts (500 MHz, C¢Ds,25 °C, & (ppm)): 150.8 (Co), 139.4 (Cs), 131.2 (Cs), 126.6 (Cyo),
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125.5 (Cs), 119.5 (C5), 104.0 (C4), 54.8 (C11), 40.5 (C12), 31.4 (Cys), 29.9 (C1a), 23.9 (C13), 22.8
(Cio), 17.4 (C»), 14.0 (Cy7), 8.5 (C1). *'P{'H} NMR (121.4 MHz, C¢Ds 25 °C, & (ppm)): 37.59

(s). Anal. Calcd. (%) for C41HgrAu,Po: C, 48.72; H, 6.18. Found: C, 48.50; H, 6.36.

Synthesis of 8

A 1 ml C¢Dg solution of 7 (40 mg, 0.398 mmol) and PEt;AuN; (28.6 mg, 0.800 mmol) was
added into a sealable NMR tube. The reaction medium was heated at 37 °C for 48 h. The solvent
was removed in vacuo and the resulting golden residue was sonicated for 5 min in 5 ml of
toluene. After sonication, the toluene supernatant was removed by decanting. The residue was re-
dissolved into 2 ml of dichloromethane. The solution was filtered through a plug of Celite® and
the solvent was removed in vacuo to provide the product (Yield: 56 mg, 81.5%). 'H NMR (500
MHz, CDCl3,25 °C, & (ppm)): 8.66 (d, *Juu = 7.8 Hz), 8.27(s), 7.50 (d, > Juy = 7.8 Hz), 2.09 (m),
1.91 (m), 1.51 (bs), 1.22-0.94 (m), 0.72-0.67 (m). *C{'H} NMR Shifts (500 MHz, CDCl; 25 °C,
O (ppm)): 153.43, 150.82, 138.92, 135.47, 125.20, 120.79, 117.70, 55.35, 41.09, 31.98, 22.78,
17.30,17.06, 16.68, 16.40, 14.03, 8.43. *'P{'H} NMR (121.4 MHz, CDCl; 25 °C, & (ppm)):
31.28 (s), 20.32 (s). Due to the significant broadness and overlapping signals, some resonances
were not able to be assigned. Anal. Calcd. (%) for Cs3HorAusNgP4: C, 36.90; H, 5.38; N, 4.87.

Found: C, 37.03; H, 5.26; N, 5.02.

PPhMezAuN3
C1 Cs—C4
/
—Au—R—C,
\ \\_/
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In a 100 ml round bottom flask, [Tl(acac)] (173 mg, 0.57 mmol) was suspended in a toluene (20
ml) solution of PPhMe,AuCl (200 mg, 0.54 mmol). The suspension was stirred at room
temperature for 6 h. Then, the mixture was filtered through a plug of Celite®. To the filtrate
TMSN;3; (0.14 ml, 122.6 mg, 1.07 mmol) and methanol (1 ml) were added. The reaction mixture
was stirred for another 12 h followed by filtered through a plug of Celite®. The filtrate was
concentrated to 1 ml and 15 ml of pentane was added to precipitate the product as an off-white
power (yield: 180mg, 88%). 'H NMR (500 MHz, CDCl;, 25 °C, 6 (ppm)): 7.72-7.68 (m, 2H,
HC3), 7.56-7.49 (m, 3H, HC4, HCs), 1.87 (d, *Jup = 10.7 Hz, 6H, HC,). °C{'H} NMR Shifts
(500 MHz, CDCl3 25 °C, § (ppm)): 132.9 (Cs), 131.77 (C3), 131.22 (Cy), 129.38 (Cy), 11.59 (C)).
S'P{'"H} NMR (121.4 MHz, CDCl3.25 °C, § (ppm)): 1.11 (bs). Anal. Calcd. (%) for CsH;; AuNsP:

C,2548; H,2.94; N, 11.14. Found: C, 25.67; H, 3.28; N, 10.93.
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3. NMR Spectra

NMR spectra of 1
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Figure S1. '"H NMR spectrum of 1 (500 MHz, CDCls), integration levels are set for % of the
complex.
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Figure S2. *'P{'H} NMR spectrum of 1 (121 MHz, CDCl).
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Figure S4. "H-""C gHMBC spectrum of 1 (500 MHz, CDCl;) (expanded region F2
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Figure S5. "H-""C gHMBC spectrum of 1 (500 MHz, CDCl;) (expanded region F2: 7.0-8.6 ppm).
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NMR spectra of 2
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Figure S6. 'H NMR spectrum of 2 (500 MHz, CDCls), integration levels are set for % of the
complex.
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Figure S7.°'P{'"H} NMR spectrum 2 (121 MHz, CDCl;).

S13



—

.

.27 E
L. F TR L L oo
rar ]Ti [ 'II"I:D r Tala 1 G [T o™ war 1 72 1 7.8

Figure S8. '"H NMR spectrum of 2, expansion of aromatic region (bottom) and TOCSY 1D

spectra with selective excitation at 7.61 ppm (middle) and 7.50 ppm (top).
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Figure S13. 'H NMR spectrum of 2, expansion of the aromatic region (bottom) and proton

spectra with selective *'P decoupling at 11.79 ppm (middle) and -1.50 ppm (top).

Figure S14. '"H NMR spectrum of 2, expansion of the aliphatic region (bottom) and proton

spectra with selective *'P decoupling at 11.79 ppm (middle) and -1.50 ppm (top).
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NMR spectra of 5
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Figure $16.*'P{'"H} NMR spectrum of 5 (121 MHz, CDCly).
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Figure S17. 'H-">C gHMBC spectrum of 5 (500 MHz, CDCl;).
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NMR spectra of 7
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Figure S18. '"H NMR spectrum of 7 (500 MHz, C¢D).
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Figure S19. '"H NMR spectrum of 7 (500 MHz, C¢Ds) (expanded region: 7.3-7.9 ppm).
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Figure S21. *'P{'"H} NMR spectrum of 7 (121 MHz, C¢Ds).

S22



= - - - - - - L
] 2 & 5 A 5 -] -
L
I:p1:—hf '_ a6k
0.7
- .74
I:I.I—: AT
7 3.
0.5
1 .4
I.ﬂ: i 100
7 1.0
1.1+
1.2
1.3
1.4
1.5
1.6
1.74
1.8
3 1.
1.8
:I I T T T T I T T T T I T T T T I T T T I T T T T I T T T | T T
a0 1s an 25 20 15 10
F1 {ppm)

Figure S22. "H-""C gHSQC spectrum of 7 (500 MHz, C¢Ds) (expanded region F1: 10-40 ppm;
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NMR spectra of 8
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Figure S26. 'H NMR spectrum of 8 (500 MHz, CDCl5).
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NMR spectra of PPhMe;AuN;
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Figure S32. "H NMR spectrum of PPhMe,AuN; (500MHz, CDCl3).
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Figure $33. *'P{'H} NMR spectrum of PPhMe,AuN; (121 MHz, CDCl;).
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4. Diffusion Order Spectroscopy (DOSY) NMR Analysis

The diffusion coefficients were measured on an Inova NMR spectrometer, operating at 500 MHz
for proton, equipped with a 5 mm indirect detection probe with z-axis gradients. The maximum
gradient field was 60 Gauss/cm. The experiment was a bipolar pulse pair stimulated echo
with convection compensation with a gradient time of 2 ms and a diffusion time of 100 ms. The
gradient power was arrayed in 15 steps, from 1 to 60 Gauss/cm. The temperatures were kept at
25 °C and no spinning was applied to NMR samples. The samples were studied in CDCl3, C¢Dg

and DMSO-dg. Tetramethylsilane (TMS) was used as an internal standard.

The Stokes-Einstein equation’ modified for the size of the diffusion molecule® was used for

simulated the pseudo-spherical hydrodynamic radii (1):

kT (1 +0.695 (ﬁ)z'm)

Ty

D=
6mnTy

D is the diffusion coefficient. k; is the Boltzmann constant. T is the absolute temperature. is the
hydrodynamic radii of the solvents. 1 is the viscosity of the solution. The 1 and r, of the solvents

are listed below” :

Solvent r.(A) 1 (x10* mPa-s)
CDCl; 2.65 5.28
CeDg 2.68 6.94
DMSO-ds  2.72 21.9

The hydrodynamic radii of complexes 1 and 2, as simulated from the diffusion coefficients (D)

were compared to the radii calculated from the single crystal structure studies (ESI section 7).
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The volumes of the complexes were derived from their unit cell volume and Z. The complexes

were assumed to be spherical.

'"H DOSY NMR Analysis of 1 and 2

Diffusion coefficients (D) of 1 and 2, the hydrodynamic radii (r,) simulated from the diffusion
coefficients and the radii (r) calculated from the crystal structure data are listed in the Table S1.

These experiments were done in CDCl; at 25 °C with a sample concentration of 50 uM.

Table S1. Diffusion coefficients of 1 and 2 and the comparison of the hydrodynamic radii with
the radii derived from the crystal structure data.

Complex Dx10"m*s™") r.(A) r (A)
1 6.96 + 0.03 6.50 6.60
2 6.25 + 0.03 7.12 6.63

Dissolving complex 1 in DMSO-d; at 25 °C establishes equilibrium between the Auy cluster and
the Au, intermediate due to the dissociation of 1. The diffusion coefficients of these two species
and their simulated hydrodynamic radii are listed in the Table S2. As the predicted ratio of r,
values between the Aus cluster and the Au, intermediate is about 1.2.'% Consistent with the
expected value, the ratio of 1 (Aus) and the dissociated complex Au; is 1.21. This experiment

was performed in DMSO-d; at 25 °C with the sample’s concentration as 5 uM.

Table S2. Diffusion coefficients and simulated hydrodynamic radii of the Auy cluster and Au,
intermediate of complex 1.

Complex D (10" m’s™) r.«(A)
1 (Auy cluster) 2.06 + 0.07 5.53
1 (Au, intermediate)  2.65£0.12 4.58

S32



"H DOSY NMR Analysis of 8

The diffusion coefficient (D) of 8 measured in CDCl3, the simulated hydrodynamic radius r,, and
the diameter of 8 measured by dynamic light scattering (DLS) in CH,Cl,, are listed in Table S3.
The experiments were performed at 25 °C with concentration as 5 pM and 0.5 pM for the 'H

DOSY NMR and DLS experiments, respectively.

Table S3. The diffusion coefficient in CDCl; and DLS in CH,Cl, of complex 8.

Complex D (x10™ m’s™) r. () DLS (A)

8 1.70 = 0.02 24.4 16.0

A variable concentration 'H DOSY NMR experiment of complex 8 was performed in C¢Dg at
25 °C with a concentration range from 5 to 50 uM. The diffusion coefficients of TMS in samples
of 10 uM and 30 uM were statistically the same within the experimental errors indicating that
the decrease in the diffusion coefficient with the concentration is due to an increase in the degree
of oligomerization. All the data are listed in the Table S4 (nm = “not measured”). A plot of the
diffusion coefficients vs concentration is depicted in Figure S36 and the red dash line represents

the diffusion coefficient changing trend.

Table S4. Variable concentration 'H DOSY NMR experiments of complex 8.

Concentration (uM) 5 10 20 30 50
Dof8(x 10" m’s™) 139+0.10 1.06£0.06 093+0.05 0.54+0.04 0.35+0.01
Dof TMS (x 10" m’s")  nm 2125+0.32 nm 20.78 = 0.64 nm
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A variable temperature (25 to 65 °C) 'H DOSY NMR experiment was performed on a sample of

8 with a concentration of 30 uM in C¢Ds. The diffusion coefficient at each temperature was

normalized to 25 °C by multiplying it with the ratio of the diffusion coefficients of TMS at 25 °C

vs current temperature. The normalized diffusion coefficients in the last row of the Table S5

demonstrate that the dissociation of 8 begins at temperatures higher than ca. 50 °C in C¢Dg,

Table S5. Variable temperature 'H DOSY NMR experiment of 8,

Temperature (°C) 25 35 45 65

D of 8 (x 10" m*s™) 0.54+0.02 0.61+0.03 0.74+0.03 1.26 +0.05
D of TMS (x 10" m?s™) 20.78 £0.64 24.38+0.52 28.78+0.77 33.23+1.10 37.29+1.26
normalized D of 8 (x 10" m’*s™)  0.54+0.02  0.52+0.03  0.54+0.03 0.7 +0.04

Titrating 8 with one equiv. of 1 in C¢Dg at 50 °C gave a series of complexes, as determined by

3P NMR spectroscopy (Scheme S1, Figure S37). The 'H DOSY NMR analysis of the mixture

reveals that there are three major species present in solution with diffusion coefficients listed in
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the Table S6. The diffusion coefficients confirmed that the higher order 8 was broken into

smaller capped complexes (m = 1,2 or 3 etc.), in which complex 1 is the capping reagent.

Scheme S1. Treating 8 with 1 in C¢Dg gave a series of small capped gold-oligomers.

EtsP PEty N
\ _
N Au—Au _ '\fij /

N=N N BtsP-aq ) -PEt
N = , N~N — N Au 3
Au—Au =<

, | EtsPp,” LN
EtsP  PEts EzR NN NAUPEt
CeDe AuN \\/\ R 3
1 _ > g

+
PEt; N PEts

=N\

N7 CN-AUL PE N-AL Q\(\ Au

“N- 3 -Au PEt _ - PEts

).:_< Al/,l R)§< AU 3 N=N

R Au >§( Au >§(R "
EtsP Au N, _ RsP Au-N,

Table S6. Diffusion coefficients of small capped complexes.

Species  Diffusion coefficient (x 107" m*s™)

1 4.17+0.12
2 3.84 £0.09
3 3.73£0.09
4 3.11+0.11
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Figure $37. *'P{'"H} NMR spectra for the titration 1 to 8 in C¢Ds at 50 °C.
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5. Variable temperature (VT) NMR studies of complexes 1 and 2

The VT NMR study of complex 1 in DMSO-d;

The ratios of Auyg cluster 1 vs the dissociated Au, species at different temperatures were

determined by NMR integration of the resonances at 8.33 ppm (Auy clusters) vs 8.18 ppm (Au,

intermediates) in the '"H NMR spectra. All the data for the Van’t Hoff plot (InKeq vs 1/T) was

derived and are listed in the Table S7. The enthalpy (AH) was determined from the slope of the

plot while the entropy (AS) was determined as the intercept (Figure 2(b)). The full spectra are

shown in Figure S38.

Table S7. Data for the Van’t Hoff plot of the dissociation process of 1 in DMSO-d.

temp Auy/Auy ratio Keq InKeq /T
30 1.94 1.91 0.65 0.0033
40 3.21 3.96 1.38 0.00319
50 5.11 7.35 1.99 0.00309
60 8.96 14.65 2.68 0.003
70 14.74 26.29 3.27 0.00291
: b
o] ) L 80°C L Jl
] 70 °C
g 0_05-: I’ Ii!
F 1) I 60 °C S VAV
g ] f{ ﬂ
= N A 50°C L l'-._d__, JI |. A
1a_ b B0 |y
s PRy e ol

8.0

75 7.0 6.5
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55

5.0 45 40

Chemical Shift (ppm)

35 30 25 20 15 10

Figure S38. Full spectra of VT NMR analysis of complex 1 in DMSO-d; (30-80 °C).
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The VT NMR study of complex 2 in DMSO-d;

The full spectra of VT analysis of 2 are shown in Figure S39. Due to the broadness of the spectra
after 60 °C, the ratio between Auy cluster 2 and the dissociated Au, intermediate cannot be
determined. Therefore, the enthalpy (AH) and entropy (AS) cannot be determined via Van’t Hoff
analysis. However, the four doublet resonances at 1.4 ppm are indicative of a Auy cluster in
solution. It can therefore be inferred that even at 80 °C, significant amounts of the Auy cluster 2

remain in the DMSO-d.
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Figure S39. Full spectra of VT analysis of complex 2 in DMSO-d; (30-80 °C).
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6. Infrared spectrum (IR) and Powder X-ray Diffraction (PXRD)
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Figure S40. IR spectrum of 6 in solid state.
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Figure S41. PXRD spectrum of 6.
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7. X-ray structure determination

X-ray experiment details of 1

Figure S42. Solid structure (hydrogens are removed for clarity) of 1.

The single crystals obtained from slow diffusion of pentane into dichloromethane solution of
complex 1 are suitable for the single crystal X-ray diffraction experiment. Figure S42 depicts the

solid state structure of the complex 1.

X-Ray Intensity data were collected at 100 K on a Bruker DUO diffractometer using MoKa

radiation (A = 0.71073 A) and an APEXII CCD area detector.
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Raw data frames were read by program SAINT' and integrated using 3D profiling algorithms.
The resulting data were reduced to produce hkl reflections and their intensities and estimated
standard deviations. The data were corrected for Lorentz and polarization effects and numerical

absorption corrections were applied based on indexed and measured faces.

The structure was solved and refined in SHELXTL2013,'"' using full-matrix least-squares
refinement. The non-H atoms were refined with anisotropic thermal parameters and all of the H
atoms were calculated in idealized positions and refined riding on their parent atoms. One ethyl
group on P1 and two on P4 are disordered and refined in two parts for each. The structure was
solved and refined in space group Pna2;. The structure was checked for the presence of mirror or
inversion symmetry but none was found, thus confirming the space group chosen. In the final
cycle of refinement, 11069 reflections (of which 10723 are observed with [ > 25(I)) were used to
refine 483 parameters and the resulting R;, wR; and S (goodness of fit) were 1.95%, 4.28% and
0.918, respectively. The refinement was carried out by minimizing the wR, function using F*
rather than F values. R, is calculated to provide a reference to the conventional R value but its

function is not minimized.

SHELXTLG6 (2008). Bruker-AXS, Madison, Wisconsin, USA.

Table S8. Crystal data and structure refinement for 1.

Identification code xy08

Empirical formula C40H70Au4N6P4
Formula weight 1546.76
Temperature 100(2) K
Wavelength 0.71073 A
Crystal system Orthorhombic
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Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

Pna?2,

a=17.0309(10) A o= 90°.
b=23.5362(14) A B=90°.
c=12.0454(7) A v =90°.

4828.3(5) A°

4

2.128 Mg/m’

12.283 mm’™

2912

0.322 x 0.023 x 0.023 mm’
1.476 to 27.500°.

-22<h=21, -29<k<30, -15<I<15
74359

11069 [R(int) = 0.0468]
100.00%

Analytical

0.8264 and 0.3022

Full-matrix least-squares on F*
11069 / 1 /483

0.918

R1=10.0195, wR2 = 0.0428 [10723]
R1=0.0227, wR2 = 0.0435
-0.016(3)

n/a

1.519 and -0.829 e.A

R1 = X(|[Fo| - [Fell) / £[Fol
WR2 = [S[W(Fo? - F2)21/ Siw(Fo2)? 112

S = [S[w(Fo? - Fe2)?1 / (n-p)] /2

w= 1/[62(F02)+(m*p)2+n*p], p= [max(F02,0)+ 2% Fcz]/3, m & n are constants.
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Table S9. Atomic coordinates (x 10%) and equivalent isotropic displacement parameters (A*x10%)
for 1. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

X y z U(eq)

Au(l)  1882(1)  5388(1)  1145(1)  16(1)
Au(2)  3456(1)  4770(1)  1214(1)  15(1)
Au(3)  2743(1)  4412(1)  3506(1)  12(1)
Au(d)  2353(1)  5670(1)  3529(1)  14(1)

P(1) 2172(1)  6186(1)  211(2) 21(1)
P(2) 3237(1)  3951(1)  302(2) 17(1)
P(3) 3824(1)  4409(1)  4644(1)  14(1)
P(4) 1160(1)  5636(1)  44202)  30(1)

N(1) 1476(3)  4636(3)  1780(5)  18(1)
N(Q) 796(3) 4432(2)  1336(5)  19(1)
N(3) 605(3) 3969(3)  1855(5)  19(1)
N(4) 3751(3)  55202)  1959(5)  15(1)
N(5) 4406(3)  57933)  1578(5)  22(1)
N(6) 4502(3)  6261(3)  2154(5)  20(1)

c(1) 1720(4)  4294(3)  2623(6)  15(1)
CQ) 1159(4)  3872(3)  2672(6)  18(1)
C(3) 1026(4)  3401(3)  3452(6)  19(1)
C(4) 1386(5)  3389(3)  4496(6)  26(2)
C(5) 1205(5)  2966(4)  5264(7)  32(2)

C(6) 630(5) 2541(4)  4994(7)  32(2)
C(7) 333(5) 2547(3)  3954(7)  31(2)
C(8) 496(4) 2963(3)  3191(6)  24(2)
C(11)  3424(4)  58293)  2808(5)  13(1)
C(12)  3918(4)  63003)  2925(6)  16(1)
C(13)  3892(4)  6776(3)  3703(6)  18(2)
C(14)  4166(4)  73103)  3390(7)  28(2)
C(15)  4155(5)  77593)  4123(8)  32(2)
C(16)  3886(5)  7690(3)  5193(7)  33(2)
C(17)  3608(6)  7175(4)  5510(7)  35(2)
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C(18)
Cc21)
C(22)
cl1Y
C(22")
C(23)
C(24)
C(25)
C(26)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C@41)
C(42)
C(43)
C(44)
C(41
C(42)
C(43")
C(44')
C(45)
C(46)
c(51)
C(52)
C(53)
C(54)
C(55)
C(56)

3604(5)
2565(11)
2043(14)
2286(17)
1680(20)
1337(5)
1043(5)
2986(5)
3082(5)
2288(4)
2164(5)
3960(4)
3816(4)
3235(5)
4028(7)
356(15)
91(13)
1223(11)
1243(13)
271(12)
298(11)
930(15)
1441(11)
836(5)
1369(5)
3599(4)
3416(4)
4218(4)
3604(5)
4658(4)
5132(4)

6717(3)
6810(5)
7013(7)
6813(8)
6933(10)
6406(3)
5917(4)
6076(4)
6522(4)
3917(3)
4376(4)
3812(3)
3276(3)
3321(3)
3193(4)
5939(12)
5657(9)
6085(7)
6756(9)
5663(9)
6170(8)
6249(10)
6685(8)
4983(4)
4745(4)
4606(3)
5244(3)
3694(3)
3252(4)
4852(3)
4637(4)

4770(6)
935(11)
1881(12)
1079(18)
1918(18)
-633(7)
-1348(7)
~760(7)
-1659(7)
-394(6)
-1249(7)
~778(6)
-1462(8)
1183(8)
1702(9)
3810(20)
2803(17)
5697(14)
5110(19)
3370(19)
2505(16)
5120(20)
5638(16)
5009(8)
5892(7)
6076(7)
6208(8)
4806(7)
5105(8)
4314(6)
3299(6)

28(2)
18(4)
32(5)
19(5)
29(7)
28(2)
39(2)
31(2)
41(2)
25(2)
37(2)
26(2)
35(2)
33(2)
64(4)
72(8)
43(5)
31(4)
44(5)
44(5)
41(5)
63(7)
35(4)
42(2)
42(2)
25(2)
27(2)
23(2)
33(2)
23(2)
29(2)

Symmetry transformations used to generate equivalent atoms:
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Table S10. Bond lengths [A] of 1.

Bond Length (A) Bond Length (A)
Au(1)-N(1) 2.048(6) N(5)-N(6) 1.312(8)
Au(1)-P(1) 2.2450(19) N(6)-C(12) 1.365(9)
Au(1)-Au(2) 3.0516(4) C(1)-C(2) 1.38(1)
Au(l)-Au(4) 3.0543(4) C(2)-C(3) 1.47(1)
Au(2)-N4) 2.042(6) C(3)-C4) 1.399(11)
Au(2)-P(2) 2.2505(19) C(3)-C(8) 1.407(9)
Au(2)-Au(3) 3.1318(4) C(4)-C(5) 1.393(11)
Au(3)-C(1) 2.060(7) C(5)-C(6) 1.381(11)
Au(3)-P(3) 2.2962(17) C(6)-C(7) 1.385(11)
Au(3)-Au(4) 3.0334(4) C(7)-C(8) 1.371(11)
Au(4)-C(11) 2.055(6) C(11)-C(12) 1.398(9)
Au(4)-P(4) 2.300(2) C(12)-C(13) 1.462(10)
P(1)-C(21") 1.818(19) C(13)-C(18) 1.383(11)
P(1)-C(23) 1.822(8) C(13)-C(14) 1.393(10)
P(1)-C(25) 1.833(8) C(14)-C(15) 1.376(11)
P(1)-C(21) 1.834(13) C(15)-C(16) 1.378(12)
P(2)-C(33) 1.821(7) C(16)-C(17) 1.356(12)
P(2)-C(31) 1.822(8) C(17)-C(18) 1.398(11)
P(2)-C(35) 1.823(8) C(21)-C(22) 1.522(19)
P(3)-C(55) 1.805(8) C(21-C(22" 1.47(3)
P(3)-C(53) 1.822(8) C(23)-C(24) 1.521(12)
P(3)-C(51) 1.826(8) C(25)-C(26) 1.518(11)
P(4)-C(41) 1.71(3) C(31)-C(32) 1.508(11)
P(4)-C(43") 1.72(2) C(33)-C(34) 1.526(10)
P(4)-C(45) 1.781(10) C(35)-C(36) 1.519(13)
P(4)-C(43) 1.869(17) C(41)-C(42) 1.45(3)
P(4)-C(41") 1.97(2) C(43)-C(44) 1.73(3)
N(1)-C(1) 1.361(9) C(41"-C(42" 1.58(3)
N(1)-N(2) 1.364(8) C(43")-C(44") 1.48(3)
N(2)-N(3) 1.299(8) C(45)-C(46) 1.506(13)
N(3)-C(2) 1.383(9) C(51)-C(52) 1.542(10)
N(4)-N(5) 1.367(8) C(53)-C(54) 1.518(11)
N4)-C(11) 1.373(8) C(55)-C(56) 1.55(1)

Symmetry transformations used to generate equivalent atoms:

S45



Table S11. Bond Angles [°] of 1.

Bond Angle (°) Bond Angle (°)
N(1)-Au(1)-P(1) 169.92(17) C(41"-P(4)-Au(4) 112.2(6)
N(1)-Au(1)-Au(2) 82.77(16) C(1)-N(1)-N(2) 110.1(6)
P(1)-Au(1)-Au(2) 102.67(5) C(1)-N(1)-Au(1) 133.4(5)
N(1)-Au(1)-Au(4) 85.73(16) N(2)-N(1)-Au(1) 116.4(4)
P(1)-Au(1)-Au(4) 103.39(5) N(3)-N(2)-N(1) 108.6(6)
Au(2)-Au(1)-Au(4) 81.196(9) N(2)-N(3)-C(2) 108.1(6)
N(4)-Au(2)-P(2) 174.66(17) N(5)-N(4)-C(11) 109.3(6)
N(4)-Au(2)-Au(1) 79.38(16) N(5)-N(4)-Au(2) 117.3(4)
P(2)-Au(2)-Au(1) 104.42(5) C(11)-N(4)-Au(2) 133.4(5)
N(4)-Au(2)-Au(3) 86.57(16) N(6)-N(5)-N(4) 108.7(5)
P(2)-Au(2)-Au(3) 97.78(5) N(5)-N(6)-C(12) 108.9(6)
Au(1)-Au(2)-Au(3) 79.118(9) N(1)-C(1)-C(2) 104.3(6)
C(1)-Au(3)-P(3) 170.5(2) N(1)-C(1)-Au(3) 124.3(5)
C(1)-Au(3)-Au(4) 87.22(19) C(2)-C(1)-Au(3) 131.3(5)
P(3)-Au(3)-Au(4) 99.95(5) C(1)-C(2)-N(3) 108.8(6)
C(1)-Au(3)-Au(2) 84.79(19) C(1)-C(2)-C(3) 132.6(7)
P(3)-Au(3)-Au(2) 102.46(5) N(3)-C(2)-C(3) 118.3(6)
Au(4)-Au(3)-Au(2) 80.237(9) C(4)-C(3)-C(8) 117.8(7)
C(11)-Au(4)-P(4) 171.1(2) C#4)-C(3)-C(2) 121.5(6)
C(11)-Au(4)-Au(3) 88.88(19) C(8)-C(3)-C(2) 120.6(7)
P(4)-Au(4)-Au(3) 99.44(5) C(5)-C(4)-C(3) 121.0(7)
C(11)-Au(4)-Au(l) 82.84(18) C(6)-C(5)-C(4) 120.3(8)
P(4)-Au(4)-Au(1) 101.49(7) C(5)-C(6)-C(7) 118.8(7)
Au(3)-Au(4)-Au(l) 80.624(9) C(8)-C(7)-C(6) 121.9(8)
C(21")-P(1)-C(23) 100.1(8) C(7)-C(8)-C(3) 120.2(7)
C(21"-P(1)-C(25) 113.6(10) N#4)-C(11)-C(12) 104.6(6)
C(23)-P(1)-C(25) 106.0(4) N#4)-C(11)-Au(4) 125.3(5)
C(23)-P(1)-C(21) 108.9(5) C(12)-C(11)-Au(4) 129.5(5)
C(25)-P(1)-C(21) 98.1(7) N(6)-C(12)-C(11) 108.5(6)
C(21")-P(1)-Au(1) 114.5(7) N(6)-C(12)-C(13) 120.6(6)
C(23)-P(1)-Au(1) 110.2(3) C(11)-C(12)-C(13) 130.9(6)
C(25)-P(1)-Au(1) 111.5(3) C(18)-C(13)-C(14) 117.5(7)
C(21)-P(1)-Au(1) 120.8(4) C(18)-C(13)-C(12) 121.9(6)
C(33)-P(2)-C(31) 105.3(4) C(14)-C(13)-C(12) 120.6(7)
C(33)-P(2)-C(35) 105.7(4) C(15)-C(14)-C(13) 121.0(8)
C(31)-P(2)-C(35) 103.4(4) C(14)-C(15)-C(16) 120.9(8)
C(33)-P(2)-Au(2) 112.9(3) C(17)-C(16)-C(15) 119.0(8)
C(31)-P(2)-Au(2) 114.2(3) C(16)-C(17)-C(18) 120.7(8)
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C(35)-P(2)-Au(2)  114.4(3) C(13)-C(18)-C(17)  120.9(7)

C(55)-P(3)-C(53)  105.5(3) C(22)-C(21)-P(1) 113.2(10)
C(55)-P(3)-C(51)  103.1(3) C(22)-C(21'-P(1)  118.4(15)
C(53)-P3)-C(51)  102.1(4) C(24)-C(23)-P(1) 111.0(5)
C(55)-P3)-Au(3)  119.8(2) C(26)-C(25)-P(1) 116.0(6)
C(53)-P3)-Au(3)  111.2(2) C(32)-C(31)-P(2) 114.0(6)
C(51)-P3)-Au(3)  113.2(2) C(34)-C(33)-P(2) 115.1(5)
C(41)-P(4)-C(45)  106.5(10) C(36)-C(35)-P(2) 113.5(7)
C(43)-P(4)-C(45)  117.3(9) C(42)-C(41)-P(4) 115(2)
C(41)-P(4)-C(43)  99.6(11) C(44)-C(43)-P(4) 100.4(12)
C(45)-P(4)-C(43)  100.3(6) C(42)-C(41')-P(4)  115.1(14)
C(43)-P(4)-C(41")  96.5(11) C(44)-C(43')-P(4)  130.8(18)
C(45)-P(4)-C(41")  92.6(7) C(46)-C(45)-P(4) 114.5(7)
C(41)-P(4)-Au(4)  119.4(9) C(52)-C(51)-P(3) 112.8(6)
C(43)-P(4)-Au4)  113.7(8) C(54)-C(53)-P(3) 113.9(5)
C(45)-P(4)-Au(4)  119.3(3) C(56)-C(55)-P(3) 113.3(5)

C(43)-P(4)-Au(4)  108.3(6)

Symmetry transformations used to generate equivalent atoms:

Table S12. Anisotropic displacement parameters (A*x 10%) for 1. The anisotropic displacement
factor exponent takes the form: -2rn’[ h* a**U'' + ... +2hka*b* U ].

Ull U22 U33 U23 Ul3 Ul2

Au(l)  15(1)  17(1)  14(1) (D) () 3D
Au@)  13(1)  17(1) 14 31 1(1) 0(1)
Au(3) 10(1)  14(1)  12(1)  o(l) 2(1) o)
Au@d)  12(1)  15(1)  15(1) -1 4(1) 0(1)
P(1)  26(1)  19(1)  17(1)  3(1) A1) 2(1)
P(2) 17(1)  19(1)  16(1)  -4(1)  1(1) 1(1)
P@3) 13(1)  16(1)  13(1)  0o(1) 21 1(1)
P@)  22(1)  22(1)  46(1)  2(1) 201 3(1)
N()  113) 23(3)  193)  1(2) 12)  2(2)
N@)  153)  24(3) 193)  1(3) 302) 1)
NG)  143)  26(3) 18(3) -33)  0(2) 2(3)

N@)  153)  203) 11(3) -22)  0Q) 0(2)
NG)  123)  27(3)  26(3) -2(3)  2(2) 0(3)
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N(6)

C(D)

C(2)

C@3)

C(4)

C®)

C(6)

C(7)

C(8)

c(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(23)
C(24)
C(25)
C(26)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(45)
C(46)
C(51)
C(52)
C(53)

14(3)
13(3)
18(4)
17(3)
26(4)
36(5)
36(5)
26(4)
25(4)
8(3)
13(3)
15(3)
24(4)
28(4)
36(5)
55(6)
44(5)
28(4)
34(5)
25(4)
46(5)
18(4)
33(5)
19(4)
28(4)
57(5)
98(10)
33(5)
42(5)
20(3)
30(4)
19(4)

22(3)
19(4)
20(4)
20(3)
25(4)
36(5)
28(5)
27(4)
21(4)
18(3)
17(4)
19(3)
26(4)
17(4)
22(4)
31(5)
17(4)
31(5)
52(5)
38(5)
43(5)
31(4)
47(5)
33(4)
42(5)
18(4)
38(6)
54(6)
52(6)
36(4)
31(4)
25(4)

24(3)
12(3)
14(3)
21(3)
27(4)
25(4)
34(5)
40(5)
27(4)
15(3)
19(3)
21(4)
34(5)
49(6)
42(5)
20(4)
23(4)
26(4)
30(5)
31(4)
34(5)
26(4)
29(5)
26(4)
36(4)
25(4)
57(7)
39(5)
31(5)
18(4)
22(3)
26(4)

-13)
-4(3)
-13)
13)
4(3)
8(4)
12(4)
1(4)
-13)
0(3)
303)
-13)
0(4)
-4(4)
-16(4)
-33)
-13)
94
6(4)
13(4)
13(4)
-8(3)
-4(4)
-13(3)
-19(4)
6(4)
-10(5)
-5(5)
8(4)
-4(4)
-12(4)
-2(3)

4(2)
0(2)
2(3)
3(3)
2(3)
-2(4)
-3(4)
“1(4)
3(3)
-1(2)
0(3)
-5(3)
6(4)
6(4)
_12(4)
4(4)
0(3)
-6(3)
“13(4)
6(3)
-2(4)
2(3)
-10(4)
7(3)
8(4)
-9(5)
-43(7)
15(4)
9(4)
-6(3)
0(4)
-3(3)

-2(2)
13)
2(3)
-2(3)
-903)
1(4)
-10(4)
-6(3)
-4(3)
2(3)
0(3)
2(3)
-6(3)
-2(3)
54
2(4)
-33)
10(4)
0(4)
-8(4)
-14(4)
-4(3)
8(4)
-4(3)
-6(3)
53)
17(6)
-4(5)
-3(4)
-3(3)
6(3)
303)
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C(54)
C(55)
C(56)

31(5)
17(4)
19(4)

42(5)
20(4)
27(4)

8(4)
0(3)
2(3)

24) 34
-71(3) -4(3)
3(3) 2(3)

Table S13. Hydrogen coordinates (x 10%) and isotropic displacement parameters (A*x 10°) for 1.

X y z U(eq)
H(4A) 1758 3673 4684 31
H(5A) 1444 2970 5976 39
H(6A) 559 2249 5512 39
H(7A) -28 2255 3764 37
H(8A) 250 2954 2483 29
H(14A) 4363 7366 2660 34
H(15A) 4336 8121 3887 38
H(16A) 3895 7998 5702 40
H(17A) 3414 7125 6243 42
H(18A) 3401 6361 5004 34
H(21A) 3090 6716 1235 22
H(21B) 2630 7123 394 22
H(22A) 2287 7341 2244 48
H(22B) 1976 6706 2421 48
H(220) 1529 7123 1585 48
H(21C) 2796 6781 1468 23
H(21D) 2322 7147 582 23
H(22D) 1820 7280 2325 43
H(22E) 1646 6614 2438 43
H(22F) 1172 6986 1551 43
H(23A) 908 6538 -143 34
H(23B) 1494 6726 -1115 34
H(24A) 595 6045 -1792 58
H(24B) 881 5602 -870 58
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H(24C)
H(25A)
H(25B)
H(26A)
H(26B)
H(26C)
HG3I1A)
H(31B)
H(32A)
H(32B)
H(32C)
H(33A)
H(33B)
H(34A)
H(34B)
H(34C)
H(35A)
H(35B)
H(36A)
H(36B)
H(36C)
H(41A)
H(41B)
H(42A)
H(42B)
H(42C)
H(43A)
H(43B)
H(44A)
H(44B)
H(44C)
H(41C)

1465
3480
2914
3534
3168
2607
2237
1868
1646
2571
2194
3973
4484
4234
3308
3814
2844
3069
3988
4193
4417
-81
482
371

511
759
1707
1286
758
1695
256

5790
6057
5702
6425
6894
6535
3542
3945
4329
4348
4749
4142
3782
3234
3306
2944
3374
2990
2852
3516
3130
5943
6339
5854
5262
5663
6033
6006
7042
6819
6787
5300

-1842
-328
-1122
-2126
-1316
-2117
-760
172
-1592
-1822
-891
-1288
-427
-2015
-1839
-970
1782
734
2165
2161
1115
4348
3623
2510
2975
2248
6182
6125
5698
4688
4611
2955

58
38
38
61
61
61
30
30
55
55
55
31
31
53
53
53
40
40
96
96
96
86
86
65
65
65
37
37
66
66
66
53
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H(41D)
H(42D)
H(42E)
H(42F)
H(43C)
H(43D)
H(44D)
H(44E)
H(44F)
H(45A)
H(45B)
H(46A)
H(46B)
H(46C)
H(51A)
H(51B)
H(52A)
H(52B)
H(52C)
H(53A)
H(53B)
H(54A)
H(54B)
H(54C)
H(55A)
H(55B)
H(56A)
H(56B)
H(56C)

222
-164
775

298

593

578

1115
1758
1788
308

785

1153
1408
1892
3142
4052
3299
2961
3871
4475
4625
3855
3204
3356
4471
5010
5572
4790
5335

5692
6150
6140
6533
6465
6124
6970
6869
6503
5041
4699
4385
5016
4679
4382
4507
5326
5343
5468
3580
3700
2880
3237
3355
5242
4868
4896
4624
4255

3801
2020
2055
2903
4601
5729
6011
5063
6182
5333
4407
6166
6507
5578
6333
6553
6988
5749
5972
4104
5393
5177
4520
5811
4161
4967
3157
2646
3453

53
61
61
61
75
75
52
52
52
50
50
62
62
62
30
30
41
41
41
28
28
50
50
50
28
28
43
43
43
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X-ray experiment details of 2

Figure S43. Solid structure (hydrogens are removed for clarity) of 2,

The single crystals obtained from slow diffusion of pentane into dichloromethane solution of
complex 2 are suitable for the single crystal X-ray diffraction experiment. Figure S43 depicts the

solid state structure of the complex 2.

X-Ray Intensity data were collected at 100 K on a Bruker DUO diffractometer using MoKa

radiation (A = 0.71073 A) and an APEXII CCD area detector.

Raw data frames were read by program SAINT' and integrated using 3D profiling algorithms.

The resulting data were reduced to produce hkl reflections and their intensities and estimated
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standard deviations. The data were corrected for Lorentz and polarization effects and numerical

absorption corrections were applied based on indexed and measured faces.

The structure was solved and refined in SHELXTL2013,'" using full-matrix least-squares
refinement. The non-H atoms were refined with anisotropic thermal parameters and all of the H
atoms were calculated in idealized positions and refined riding on their parent atoms. There are
two disordered phenyl rings on C1 and P4 and each was refined in three parts. All disordered
parts were constrained to maintain ideal hexagons using commands “AFIX 66”. The pivot atoms
of each group of disordered parts had their displacement parameters restrained to remain
equivalent throughout the refinement. In the final cycle of refinement, 11179 reflections (of
which 9946 are observed with I > 26(1)) were used to refine 523 parameters and the resulting R1,
wR2 and S (goodness of fit) were 3.39%, 8.60% and 1.163, respectively. The refinement was
carried out by minimizing the wR2 function using F2 rather than F values. R1 is calculated to

provide a reference to the conventional R value but its function is not minimized.

SHELXTLG6 (2008). Bruker-AXS, Madison, Wisconsin, USA.

Table S14. Crystal data and structure refinement for 2.

Identification code xy09

Empirical formula C48H54Au4N6P4

Formula weight 1626.71

Temperature 100(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2/c

Unit cell dimensions a=17.4114(12) A o= 90°
b=16.8969(12) A B=99.4513(14)°
c=16.7970(12) A v =90°

Volume 4874.6(6) A3
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Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

4

2.217 Mg/m®

12.173 mm

3040

0.162 x 0.156 x 0.113 mm’
1.186 to 27.499°.

-22<h<22, -21<k<21, -21<1<21
71946

11179 [R(int) = 0.0260]
100.00%

Analytical

Full-matrix least-squares on F2
11179/2 /523

1.163

R1 =0.0339, wR2 = 0.0860 [9946]
R1 =0.0405, wR2 = 0.0918
n/a

4.440 and -1.943 e.A

R1=2([Fol - [Fell) / X[Fol

WR2 = [S[W(Fo2 - Fc2)2] / X[w(Fo2)?1 12

S = [S[w(Fo2 - Fe2)?1 / (n-p)] /2

w= 1/[62(F02)+(m*p)2+n*p], p= [maX(F02,0)+ 2% Fcz]/3, m & n are constants.

Table S15. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (A2x
103) for 2. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X Y Z U(eq)
Aul 1594(1) 6100(1)  7419(1)  22(1)
Au2 3142(1)  6930(1)  7402(1)  19(1)
Au3 3655(1)  5640(1)  8683(1)  23(1)
Aud 2631(1)  4654(1)  7325(1)  24(1)
Pl 1146(1)  6338(1) 6079(1)  28(1)
P2 3199(1)  7905(1)  8326(1)  22(1)
P3 4864(1)  5386(1)  8460(1) 27(1)
P4 2043(1) 3767(1)  8058(1)  32(1)
N1 2603(4) 5824(4) 9049(4)  26(1)
N2 2598(4)  5788(5) 9857(4) 30(2)
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N3
N4
N5
N6
Cl1
C2
C3
C4
C5
Co6
C7
C8
C3'
c4
Cs'
Ceo'
CcT
Cg'
c3"
c4"
cs"
Co"
c7"
c8"
Cl1
Cl12
C13
Cl4
C15
Cl16
C17
C18
C21
C22
C23
C24
C25
C26
C27
C28
C31

1872(4)
3234(4)
3562(4)
3710(4)
1872(5)
1429(5)
577(6)
171(9)
-633(9)
-1031(6)
-626(7)
178(7)
558(10)
249(12)
-553(13)
-1046(9)
-737(12)
65(13)
564(9)
274(12)
-521(13)
-1027(9)
-737(11)
58(12)
3177(4)
3496(4)
3626(4)
4122(6)
4245(6)
3887(6)
3423(5)
3295(5)
84(5)
-315(6)
-1119(6)
-1537(6)
~1156(7)
-345(7)
1387(6)
1475(6)
3008(4)

5881(5)
6088(4)
6327(4)
5685(4)
5945(5)
6003(5)
6165(9)
5795(10)
5876(11)
6326(11)
6696(11)
6615(10)
6006(15)
6327(14)
6374(16)
6100(18)
5779(18)
5732(16)
6126(15)
6049(16)
6115(18)
6259(15)
6336(16)
6269(17)
5292(4)
5043(5)
4250(5)
4169(6)
3453(6)
2772(6)
2837(5)
3584(5)
6362(6)
5950(9)
5892(10)
6295(7)
6719(10)
6784(9)
5617(7)
7263(6)
8896(4)

9976(4)
6537(4)
5886(4)
5476(4)
8633(5)
9254(5)
9187(9)
9730(10)
9646(12)
9018(11)
8474(8)
8559(8)
9157(13)
9798(12)
9759(14)
9079(16)
8439(13)
8478(11)
9242(13)
9962(11)
9965(12)
9250(14)
8530(11)
8526(11)
6546(4)
5871(4)
5558(4)
4968(5)
4644(5)
4891(6)
5480(6)
5825(5)
5881(5)
6377(6)
6241(7)
5605(7)
5107(10)
5255(9)
5357(5)
5712(6)
7912(5)

30(2)
22(1)
26(1)
21(1)
25(2)
25(2)
26(2)
45(6)
65(8)
34(6)
37(5)
23(4)
26(2)
33(7)
39(8)
69(17)
51(10)
47(9)
26(2)
25(7)
45(10)
24(7)
23(7)
27(7)
20(1)
22(2)
24(2)
34(2)
39(2)
38(2)
36(2)
31(2)
33(2)
61(4)
66(4)
52(3)
86(5)
70(4)
46(3)
41(2)
22(2)
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C32 2743(5)  9013(5) 7094(5) 29(2)
C33 2575(5)  9771(5) 6795(5) 33(2)
C34 2675(5) 10409(6) 7316(5) 34(2)
C3s 2943(5)  10301(5) 8128(5) 32(2)
C36 3112(5)  9546(5) 8428(5) 27(2)
C37 4150(4)  7956(5) 8955(5) 27(2)
C38 2540(5)  7817(5) 9051(5) 31(2)
C41 5061(5) 4342(5) 8458(5) 29(2)
C42 4596(6) 3880(6) 7884(6) 40(2)
C43 4721(5) 3073(6) 7860(7) 42(2)
C44 5309(5) 2725(6) 8413(6) 35(2)
C45 5772(5) 3180(6) 8973(5) 37(2)
C46 5653(5) 3985(6) 9002(5) 31(2)
C47 5124(5) 5743(6)  7529(6) 39(2)
C48 5618(5) 5813(6) 9213(6) 41(2)
Csl1 953(6) 3678(9)  7810(10) 29(3)
C52 522(8) 4309(7) 8034(9)  34(5)
C53 -287(8)  4278(8)  7888(10) 42(5)
C54 -665(6)  3616(10) 7519(11) 42(6)
C55 -233(9)  2986(9)  7295(11) 63(8)
C56 575(9) 3017(8)  7441(11) 60(7)
cs1 940(9) 3869(14) 7860(12) 29(3)
C52' 471(13)  4120(15) 8405(10) 54(9)
C53' -333(12) 4129(16) 8181(13) 57(10)
C54' -669(9)  3887(16) 7412(15) 48(9)
C55' -200(12)  3635(15) 6866(11) 46(8)
C56' 604(11)  3626(14) 7090(11) 44(8)
Cs1” 1073(13) 3736(18) 7747(17) 29(3)
C52" 772(14)  4105(16) 7023(15) 33(9)
C54" -27(15)  4121(18) 6760(15) 44(10)
C53" -526(12) 3770(20) 7220(20) 54(13)
C55" -226(17)  3400(20) 7945(19) 66(15)
C56" 573(18)  3382(19) 8208(15) 51(12)
C57 2264(5) 3855(6) 9149(5) 36(2)
C58 2350(6)  2764(6) 7870(7) 46(2)
Table S16. Bond lengths [A] of 2.
Bond Length (A) Bond Length (A)
Aul-Cl 2.033(8) N5-N6 1.333(9)
Aul-P1 2.293(2) N6-C12 1.357(10)
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Aul-Au2
Aul-Au4
Au2-N4
Au2-P2
Au2-Au3l
Au3-N1
Au3-P3
Au3-Au4
Au4-Cl11
Au4-P4
P1-C28
P1-C27
P1-C21
P2-C38
P2-C37
P2-C31
P3-C41
P3-C47
P3-C48
P4-C51"
P4-C57
P4-C58
P4-C51
P4-C51'
NI1-N2
NI1-Cl1
N2-N3
N3-C2
N4-Cl11
N4-N5

3.0420(4)
3.0562(5)
2.059(6)
2.2539(19)
3.0882(4)
2.049(7)
2.240(2)
3.1336(4)
2.046(7)
2.286(2)
1.809(10)
1.816(10)
1.826(9)
1.813(8)
1.814(8)
1.823(8)
1.798(9)
1.802(9)
1.815(9)
1.69(2)
1.815(9)
1.821(11)
1.882(11)
1.902(16)
1.361(9)
1.363(10)
1.32(1)
1.341(10)
1.348(10)
1.376(9)

Cl1-C2
C2-C3
C2-C3
c2-C3"
C11-C12
C12-C13
C13-C18
C13-C14
C14-C15
C15-Cl6
Cl6-C17
C17-C18
C21-C22
C21-C26
C22-C23
C23-C24
C24-C25
C25-C26
C31-C32
C31-C36
C32-C33
C33-C34
C34-C35
C35-C36
C41-C42
C41-C46
C42-C43
C43-C44
C44-C45
C45-C46

1.400(11)
1.496(13)
1.498(18)
1.518(17)
1.407(10)
1.470(11)
1.374(12)
1.425(12)
1.356(13)
1.403(15)
1.379(14)
1.421(13)
1.361(16)
1.382(14)
1.384(14)
1.371(17)
1.353(19)
1.398(16)
1.389(11)
1.394(11)
1.390(12)
1.380(12)
1.378(12)
1.385(12)
1.392(12)
1.397(11)
1.383(14)
1.394(13)
1.369(14)
1.378(14)

Symmetry transformations used to generate equivalent atoms:

Table S17. Bond angles [°] of 2.

Bond Angle (°) Bond Angle (°)
Cl-Aul-P1 173.2(2) N6-N5-N4 108.2(6)
Cl-Aul-Au2 90.2(2) N5-N6-C12 107.8(6)
P1-Aul-Au2 93.99(6) N1-C1-C2 102.1(7)
Cl-Aul-Au4 84.5(2) NI1-Cl1-Aul 125.6(6)
P1-Aul-Au4 101.42(6) C2-Cl1-Aul 132.1(6)
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Au2-Aul-Aud
N4-Au2-P2
N4-Au2-Aul
P2-Au2-Aul
N4-Au2-Au3
P2-Au2-Au3
Aul-Au2-Au3
N1-Au3-P3
N1-Au3-Au2
P3-Au3-Au2
NI1-Au3-Au4
P3-Au3-Au4
Au2-Au3-Aud
Cl11-Au4-P4
Cl1-Au4-Aul
P4-Au4-Aul
Cl11-Au4-Au3
P4-Au4-Au3
Aul-Au4-Au3
C28-P1-C27
C28-P1-C21
C27-P1-C21
C28-P1-Aul
C27-P1-Aul
C21-P1-Aul
C38-P2-C37
C38-P2-C31
C37-P2-C31
C38-P2-Au2
C37-P2-Au2
C31-P2-Au2
C41-P3-C47
C41-P3-C48
C47-P3-C48
C41-P3-Au3
C47-P3-Au3
C48-P3-Au3
C51"-P4-C57
C51"-P4-C58
C57-P4-C58
C57-P4-C51

80.579(11)
172.43(19)
81.94(18)
105.63(5)
87.55(17)
93.52(5)
79.842(11)
171.99(18)
86.09(18)
101.02(6)
82.49(19)
102.40(6)
78.659(11)
170.5(2)
87.3(2)
100.14(6)
85.2(2)
102.02(6)
78.916(11)
103.4(5)
106.6(5)
103.4(4)
114.2(3)
117.4(3)
110.8(3)
103.3(4)
103.6(4)
105.7(4)
116.2(3)
111.6(3)
115.1(3)
104.6(5)
106.0(4)
102.5(5)
111.9(3)
117.2(3)
113.5(3)
110.5(10)
103.0(11)
103.4(5)
105.6(6)

N3-C2-Cl
N3-C2-C3
C1-C2-C3
N3-C2-C3'
C1-C2-C3'
N3-C2-C3"
C1-C2-C3"
C4-C3-C2
C8-C3-C2
C4'-C3'-C2
C8'-C3'-C2
C4"-C3"-C2
C8"-C3"-C2
N4-C11-C12
N4-C11-Auv4
C12-Cl11-Auv4
N6-C12-Cl11
N6-C12-C13
C11-C12-C13
C18-C13-C14
C18-C13-Cl12
C14-C13-C12
C15-C14-C13
C14-C15-Cl6
C17-C16-C15
C16-C17-C18
C13-C18-C17
C22-C21-C26
C22-C21-P1
C26-C21-P1
C21-C22-C23
C24-C23-C22
C25-C24-C23
C24-C25-C26
C21-C26-C25
C32-C31-C36
C32-C31-P2
C36-C31-P2
C31-C32-C33
C34-C33-C32
C35-C34-C33

111.0(7)
120.8(9)
128.1(9)
121.4(11)
126.2(11)
117.1(10)
131.8(11)
118.2(10)
121.5(10)
115.5(14)
124.5(14)
118.4(14)
121.5(14)
104.5(6)
125.1(6)
130.1(6)
109.4(7)
118.9(7)
131.7(7)
118.9(8)
122.2(7)
118.9(8)
121.2(9)
120.4(9)
119.2(8)
120.9(9)
119.4(8)
117.6(9)
118.7(7)
123.7(8)
122.6(11)
119.1(13)
119.5(10)
121.0(11)
119.8(12)
119.4(7)
121.2(6)
119.3(6)
120.3(8)
119.5(8)
120.7(9)
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C58-P4-C51
C57-P4-C51'
C58-P4-C51'
C51"-P4-Au4
C57-P4-Au4
C58-P4-Au4
C51-P4-Au4
C51'-P4-Au4
N2-N1-C1
N2-N1-Au3
C1-N1-Au3
N3-N2-N1
N2-N3-C2
C11-N4-N5
C11-N4-Au2
N5-N4-Au2

101.6(6)
102.1(7)
111.8(8)
111.6(10)
116.8(3)
110.3(4)
117.2(5)
112.0(7)
111.1(6)
116.5(5)
132.4(5)
108.0(6)
107.7(7)
110.1(6)
131.8(5)
116.7(5)

C34-C35-C36
C35-C36-C31
C42-C41-C46
C42-C41-P3
C46-C41-P3
C43-C42-C41
C42-C43-C44
C45-C44-C43
C44-C45-C46
C45-C46-C41
C52-C51-P4
C56-C51-P4
C52'-C51'-P4
C56'-C51'-P4
C52"-C51"-P4
C56"-C51"-P4

119.9(8)
120.0(7)
119.6(8)
117.5(6)
122.9(7)
119.8(9)
119.9(9)
120.5(9)
120.2(8)
120.2(8)
116.7(9)
123.3(9)
126.7(12)
113.2(12)
118.1(16)
121.9(16)

Symmetry transformations used to generate equivalent atoms:

Table S18. Anisotropic displacement parameters (A2>< 103) for 2. The anisotropic

displacement factor exponent takes the form: 2m2[h2a*2ull + . +2hka*b* U2,

Ull U22 U33 U23 Ul13 Ul2
Aul 18(1) 33(1) 15(1) 2(1) 1(1) 0(1)
A2 21(1) 24(1) 14(1) 2(1) 4(1) 2(1)
Au3 19(1) 30(1) 19(1) 2(1) 1(1) 1(1)
Aud 29(1) 24(1) 20(1) 3(1) 7(1) 2(1)
Pl 26(1) 40(1) 16(1) 1(1) -1(1) 2(1)
P2 20(1) 29(1) 16(1) -5(1) 4(1) 2(1)
P3 22(1) 33(1) 26(1) 2(1) 2(1) 2(1)
P4 32(1) 32(1) 32(1) 10(1) 6(1) -4(1)
N1 25(3) 36(4) 15(3) 4(3) 2(2) 0(3)
N2 29(4) 43(4) 18(3) 2(3) 3(3) 3(3)
N3 26(3) 42(4) 23(3) 10(3) 3(3) 8(3)
N4 24(3) 24(3) 17(3) 1) 2(2) 13)
N5 37(4) 25(3) 17(3) 1(3) 9(3) 2(3)
N6 24(3) 24(3) 15(3) 0(2) 4(2) 0(3)
Cl1 19(3) 25(4) 16(3) 3(3) 2(3) 2(3)
C12 25(4) 24(4) 16(3) 3(3) 3(3) 1(3)
C13 21(4) 30(4) 18(3) 3(3) -5(3) 5(3)
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Cl4
C15
Cleé
C17
C18
C21
C22
C23
C24
C25
C26
C27
C28
C31
C32
C33
C34
C35
C36
C37
C38
C41
C42
C43
C44
C45
C46
C47
C48
C57
C58

43(5)
45(5)
44(5)
37(5)
20(4)
25(4)
23(5)
31(5)
28(5)
33(6)
42(6)
45(6)
39(5)
18(3)
29(4)
41(5)
32(4)
30(4)
28(4)
21(4)
34(4)
25(4)
36(5)
27(4)
36(5)
25(4)
27(4)
28(4)
25(4)
34(5)
50(6)

36(5)
47(6)
30(5)
27(4)
41(5)
40(5)
131(12)
130(13)
57(7)
96(11)
86(10)
68(7)
60(6)
23(4)
32(4)
38(5)
35(5)
32(4)
35(4)
25(4)
37(5)
36(5)
42(5)
42(5)
34(5)
55(6)
42(5)
57(6)
49(6)
42(5)
30(5)

25(4)
25(4)
34(5)
41(5)
31(4)
29(4)
25(5)
39(6)
63(7)
117(13)
77(9)
20(4)
27(4)
24(4)
25(4)
19(4)
35(5)
32(4)
17(3)
31(4)
25(4)
24(4)
37(5)
55(6)
41(5)
31(4)
23(4)
34(5)
47(6)
31(4)
55(6)

0(4)
-7(4)
-10(4)
-5(4)
3(4)
-8(4)
1(6)
-11(7)
-22(6)
54(10)
41(8)
-13(4)
16(4)
-303)
-6(3)
-4(3)
0(4)
-15(4)
-8(3)
-3(3)
-5(3)
2(3)
-1(4)
-11(5)
S(4)
8(4)
13)
15(4)
-11(5)
13(4)
7“4

9(4)
4(4)
-9(4)
-2(4)
-2(3)
-1(3)
-6(4)
6(4)
-18(5)
-30(7)
-6(6)
-11(4)
9(4)
303)
2(3)
-13)
4(4)
2(3)
-13)
-6(3)
16(3)
13)
-9(4)
-4(4)
19(4)
7(3)
303)
11(4)
-3(4)
6(4)
4(5)

-14)
12(4)
9(4)
1(4)
-13)
4(4)
13(6)
-2(7)
11(5)
1(7)
-13(6)
19(5)
-5(5)
0(3)
-4(3)
3(4)
8(4)
2(3)
13)
-3(3)
-6(4)
4(3)
11(4)
5(4)
8(4)
11(4)
2(4)
3(4)
94
-3(4)
-6(4)

Table S19. Hydrogen coordinates (x 10*) and isotropic displacement parameters (A*x 10%) for 2.

X y z U(eq)
H4A 444 5488 10159 54
HS5A -910 5624 10017 78
H6A -1580 6381 8960 41
H7A -898 7003 8045 44
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H8A
H4'A
HS5'A
H6'A
H7'A
H8'A
H4"A
HS5"A
H6"A
H7"A
H8"A
HI14A
HIS5A
H16A
HI17A
HI8A
H22A
H23A
H24A
H25A
H26A
H27A
H27B
H27C
H28A
H28B
H28C
H32A
H33A
H34A
H35A
H36A
H37A
H37B
H37C
H38A
H38B
H38C
H42A
H43A
H44A

455
586
-765
-1595
-1074
277
620
-719
-1570
-1083
256
4372
4575
3963
3186
2983
-31
-1378
-2090
-1444
-88
1134
1203
1952
1242
2044
1319
2677
2392
2558
3011
3300
4153
4547
4264
2617
2645
2001
4194
4407
5388

6867
6514
6593
6132
5592
5513
5951
6063
6304
6434
6322
4624
3413
2273
2377
3621
5693
5577
6277
6976
7116
5766
5092
5603
7334
7256
7701
8573
9851
10927
10744
9472
8383
8062
7452
8265
7321
7815
4119
2756
2170

8188
10262
10197
9053
7974
8040
10451
10457
9252
8041
8034
4798
4249
4656
5656
6238
6836
6583
5514
4651
4925
4813
5491
5377
5145
5760
6033
6738
6236
7113
8480
8987
9351
8617
9238
9426
9354
8767
7509
7467
8402

28
39
46
83
61
57
29
54
29
28
33
41
47
45
43
38
73
80
63
104
84
69
69
69
62
62
62
35
40
41
38
33
40
40
40
46
46
46
48
51
43
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H45A
H46A
H47A
H47B
H47C
H48A
H48B
H48C
H52A
HS3A
H54A
HS55A
HS56A
H52B
HS53B
H54B
H55B
H56B
H52C
H54C
H53C
HS55C
H56C
HS57A
H57B
H57C
HS58A
H58B
HS58C

6177
5973
5645
5124
4746
6130
5558
5572
780
-582
-1217
-491
870
701
-654
-1219
-430
925
1114
-232
-1073
-567
779
2014
2068
2829
2109
2918
2189

2940
4297
5551
6323
5550
5659
5618
6391
4761
4708
3595
2534
2586
4286
4301
3893
3470
3454
4347
4374
3779
3156
3129
3421
4362
3829
2392
2726
2634

9341
9394
7477
7530
7074
9096
9749
9200
8286
8041
7419
7043
7288
8931
8554
7259
6340
6718
6709
6266
7041
8259
8702
9397
9315
9323
8202
8008
7298

44
37
58
58
58
62
62
62
41
51
50
76
72
65
68
58
55
53
40
52
65
80
61
54
54
54
68
68
68
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X-ray experiment details of 4

Figure S44. Solid structure (hydrogens are removed for clarity) of 4.

The single crystals depostied from the reaction mixutre are suitable for the single crystal X-ray

diffraction experiment. Figure S44 depicts the solid state structure of the complex 4.

X-Ray Intensity data were collected at 100 K on a Bruker DUO diffractometer using MoKa

radiation (A = 0.71073 A) and an APEXII CCD area detector.

Raw data frames were read by program SAINT' and integrated using 3D profiling algorithms.
y progr g g p g

The resulting data were reduced to produce hkl reflections and their intensities and estimated
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standard deviations. The data were corrected for Lorentz and polarization effects and numerical

absorption corrections were applied based on indexed and measured faces.

The structure was solved and refined in SHELXTL6.1,'"" using full-matrix least-squares
refinement. The non-H atoms were refined with anisotropic thermal parameters and all of the H
atoms were calculated in idealized positions and refined riding on their parent atoms. The
asymmetric unit contains half of complex 4 and two chloroform solvent molecules. In the final
cycle of refinement, 10005 reflections (of which 9177 are observed with I > 25(I)) were used to
refine 499 parameters and the resulting R;, wR; and S (goodness of fit) were 2.85%, 7.28% and
1.058, respectively. The refinement was carried out by minimizing the wR, function using F*
rather than F values. R, is calculated to provide a reference to the conventional R value but its

function is not minimized.

SHELXTLG6 (2008). Bruker-AXS, Madison, Wisconsin, USA.

Table S20. Crystal data and structure refinement for 4.

Identification code xy06

Empirical formula C86 H68 Au4 Cl112 N6 P4

Formula weight 2522.61

Temperature 100(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P1

Unit cell dimensions a=12.4497(8) A o=91.385(1)°.
b=12.8216(8) A B=106.155(1)°.
c=15.5296(10) A v =112.428(1)°.

Volume 2177.1(2) A3

Z 1
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Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Largest diff. peak and hole

1.924 Mg/m3

7.208 mm-1

1206

0.19 x 0.09 x 0.06 mm3

1.38 to 27.50°.

-16<h<16, -16<k<16, -20<1<20
54170

10005 [R(int) = 0.0498]
100.00%

Integration

0.6595 and 0.3398

Full-matrix least-squares on F2
10005 /0 /499

1.058

R1=0.0285, wR2 =0.0728 [9177]
R1=0.0317, wR2 = 0.0745
5.863 and -2.366 e.A-3

R1=2([Fol - [Fell) / X[Fol

WR2 = [S[W(Fo? - Fc2)2] / S[w(Fo2)?1)1 2

S = [S[w(Fo2 - Fe2)?1 / (n-p)] /2

w= 1/[62(F02)+(m*p)2+n*p], p= [maX(F02,0)+ 2% Fcz]/3, m & n are constants.

Table S21. Atomic coordinates (x 10%) and equivalent isotropic displacement parameters (A”x
10°) for 4. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

X y z U(eq)
Aul  8748(1)  2104(1)  7934(1)  15(1)
Au2  10874(1)  3226(1)  10125(1)  11(1)
Pl 6841(1)  819(1) 7716(1)  16(1)
P2 10103(1)  2975(1)  11313(1)  13(1)
N1 10541(3)  3133(3)  8170(2)  13(1)
N2 11072(3)  3407(3)  7506(2)  15(1)
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N3
Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cll1
C12
CI3
Cl4
CI5
Cl16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31

12272(3)
11405(4)
12518(4)
13777(4)
14044(4)
14755(2)
10986(2)
10532(2)
11254(5)
12387(5)
12850(5)
12153(4)
9934(4)
9917(4)
9704(4)
9532(4)
9586(4)
9782(4)
8585(4)
8251(4)
7097(4)
6278(4)
6603(4)
7765(4)
6778(4)
7111(4)
7115(4)
6786(4)
6476(4)
6481(4)
5688(4)
5954(4)

3897(3)
3454(3)
3937(3)
4454(3)
4583(3)
4877(2)
4051(2)
4786(2)
5578(4)
5635(4)
4923(4)
4140(4)
1640(4)
1508(4)
457(4)
-473(4)
-352(4)
713(4)
2974(3)
3437(4)
3455(4)
3008(4)
2554(4)
2537(4)
“12(4)
-936(4)
-1533(4)
-1230(4)
292(4)
318(4)
1380(4)
2505(4)

7889(2)
9000(3)
8308(3)
9418(3)
10363(3)
9070(2)
12308(2)
12615(2)
13398(3)
13866(3)
13558(3)
12778(3)
11752(3)
12640(3)
12931(3)
12344(3)
11473(3)
11177(3)
10960(3)
10172(3)
9881(3)
10361(4)
11137(4)
11446(4)
8653(3)
8674(3)
9401(4)
10117(4)
10112(3)
9386(3)
7619(3)
7474(3)

14(1)
13(1)
12(1)
13(1)
14(1)
14(1)
15(1)
19(1)
23(1)
26(1)
26(1)
22(1)
15(1)
18(1)
22(1)
20(1)
18(1)
17(1)
16(1)
18(1)
24(1)
25(1)
28(1)
23(1)
17(1)
23(1)
26(1)
26(1)
24(1)
20(1)
18(1)
20(1)
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C32 5078(5) 2952(5) 7391(3) 26(1)

C33 3932(5) 2275(5) 7448(4) 29(1)

C34 3665(5) 1158(5) 7588(4) 32(1)

C35 4526(4) 703(5) 7675(4) 27(1)

C36 6306(4) -218(4) 6696(3) 21(1)

C37 7140(5) -599(5) 6521(4) 33(1)

C38 6775(6) -1411(5)  5762(5) 44(2)

C39 5597(6) -1813(5)  5180(4) 40(1)

C40 4768(6) -1422(4)  5348(4) 34(1)

C41 5126(5) -627(4) 6109(3) 26(1)

Cl1 12479(1)  6258(1) 6260(1) 35(1)

CI2 13621(2)  4750(1) 5948(1) 44(1)

CI3 14995(1)  6769(1) 7285(1) 39(1)

C42 13538(4) 5680(4) 6761(3) 27(1)

Cl4 11054(1)  1696(1) 5424(1) 33(1)

CI5 8586(2) 1409(2) 5234(2) 61(1)

Cl6 10194(1)  3400(1) 4693(1) 33(1)

C43 10100(5) 2411(4) 5459(3) 25(1)
Table S22. Bond lengths (A) for 4.

Bond Length (A) Bond Length (A)
Aul-NI1 2.033(4) C18-C23 1.392(6)
Aul-P1 2.2374(11) C18-C19 1.402(6)
Au2-Cl 2.023(4) C19-C20 1.391(6)
Au2-P2 2.2822(10) C20-C21 1.386(7)
P1-C30 1.809(5) C21-C22 1.378(8)
P1-C24 1.826(5) C22-C23 1.401(7)
P1-C36 1.832(5) C24-C29 1.394(6)
P2-C18 1.814(4) C24-C25 1.395(6)
P2-C6 1.815(3) C25-C26 1.379(7)
P2-C12 1.817(4) C26-C27 1.381(8)
N1-N2 1.357(5) C27-C28 1.396(7)
NI1-C1 1.362(5) C28-C29 1.387(7)
N2-N3 1.323(5) C30-C31 1.391(6)
N3-C2 1.368(5) C30-C35 1.402(7)
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Cl1-C2
C2-C3
C3-C5
C3-C4
C4-C5#1
C5-C4#1
Co6-Cl1
C7-C8
C8-C9
C9-C10
C10-Cl11
C12-C17
C12-C13
C13-C14
C14-C15
C15-Cl6
Cl16-C17

1.407(6)
1.464(6)
1.395(5)
1.402(6)
1.392(5)
1.392(5)
1.392(5)
1.397(5)
1.368(8)
1.389(7)
1.385(7)
1.388(6)
1.399(6)
1.383(6)
1.394(7)
1.382(7)
1.404(6)

C31-C32
C32-C33
C33-C34
C34-C35
C36-C41
C36-C37
C37-C38
C38-C39
C39-C40
C40-C41
Cl1-C42
CI2-C42
CI3-C42
Cl4-C43
CI5-C43
Cl6-C43

1.392(7)
1.388(8)
1.379(8)
1.381(7)
1.382(7)
1.388(7)
1.401(7)
1.378(9)
1.388(9)
1.391(7)
1.760(5)
1.766(6)
1.759(5)
1.766(5)
1.757(5)
1.753(5)

Symmetry transformations used to generate equivalent atoms:

#1 -x+3,-y+1,-z+2

Table S23. Bond angles (°) for 4.

Bond Angle (°) Bond Angle (°)
NI1-Aul-P1 173.81(10) C13-C14-C15 120.0(4)
Cl1-Au2-P2 174.50(12) Cl16-C15-C14 120.5(4)
C30-P1-C24 105.5(2) C15-C16-C17 119.2(4)
C30-P1-C36 106.6(2) C12-C17-Cl16 120.8(4)
C24-P1-C36 105.7(2) C23-C18-C19 120.1(4)
C30-P1-Aul 116.27(15) C23-C18-P2 122.2(4)
C24-P1-Aul 110.55(14) C19-C18-P2 117.7(3)
C36-P1-Aul 111.51(15) C20-C19-C18 119.5(4)
C18-P2-Cé6 106.44(16) C21-C20-C19 120.3(5)
C18-P2-C12 105.9(2) C22-C21-C20 120.4(4)
Co6-P2-C12 103.83(17) C21-C22-C23 120.2(5)
C18-P2-Au2 109.63(15) C18-C23-C22 119.6(5)
C6-P2-Au2 115.63(9) C29-C24-C25 119.1(4)
C12-P2-Au2 114.62(14) C29-C24-P1 120.4(3)
N2-N1-C1 110.6(3) C25-C24-P1 120.3(4)
N2-N1-Aul 123.8(3) C26-C25-C24 120.3(5)
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C1-N1-Aul 124.5(3) C25-C26-C27 120.7(4)
N3-N2-N1 108.4(3) C26-C27-C28 119.5(5)
N2-N3-C2 108.3(3) C29-C28-C27 120.1(5)
N1-C1-C2 104.0(3) (C28-C29-C24 120.2(4)
NI1-Cl1-Au2 119.4(3) C31-C30-C35 119.2(4)
C2-Cl-Au2 136.5(3) C31-C30-P1 119.1(3)
N3-C2-C1 108.6(4) C35-C30-P1 121.7(4)
N3-C2-C3 121.0(4) C30-C31-C32 120.2(4)
C1-C2-C3 130.4(4) C33-C32-C31 120.2(5)
C5-C3-C4 117.7(4) C34-C33-C32 119.7(5)
C5-C3-C2 120.4(3) (C33-C34-C35 120.8(5)
C4-C3-C2 121.9(4) C34-C35-C30 120.0(5)
C5#1-C4-C3 120.9(4) C41-C36-C37 119.7(5)
C4#1-C5-C3 121.5(3) C41-C36-P1 122.9(4)
C11-C6-C7 119.4(2) C37-C36-P1 117.4(4)
C11-C6-P2 118.2(3) C36-C37-C38 119.9(5)
C7-C6-P2 122.38(9) C39-C38-C37 120.0(6)
C8-C7-C6 119.2(2) C38-C39-C40 120.1(5)
C9-C8-C7 120.7(4) C39-C40-C41 119.9(5)
C8-C9-C10 120.4(4) C36-C41-C40 120.4(5)
C11-C10-C9 119.8(5) CI3-C42-Cl1 110.7(3)
C10-C11-C6 120.5(4) C13-C42-CI2 109.9(3)
C17-C12-C13 119.1(4) Cl1-C42-CI2 110.8(3)
C17-C12-P2 118.8(3) C16-C43-C15 111.03)
C13-C12-P2 122.1(3) C16-C43-Cl4 111.2(3)
C14-C13-C12 120.5(4) C15-C43-Cl4 109.6(3)

Symmetry transformations used to generate equivalent atoms:

#1 -x+3,-y+1,-z+2

Table S24. Anisotropic displacement parameters (AZX 103) for 4. The anisotropic displacement
factor exponent takes the form: -2rn2[ h2 a*2Ull + . +2hka*b* UI2].

Ul1 U22 U33 U23 U13 Ul12
Aul  13(1) 141 17(1) (D) 5(1) 4(1)
Aw2  12(1)  12() 1K) 1) 5(1) 5(1)
Pl 14(1)  15(1)  19(1) 11 5(1) 5(1)
P2 15(1)  13(1)  12(1) (1) 5(1) 6(1)
NI 16(2) 112) 1220  0ol) 3(1) 6(1)
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N2
N3
C1
C2
C3
C4
C5
Co6
C7
C8
C9
C10
Cll1
C12
C13
Cl14
C15
Cl16
C17
Cl18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30

142)
13(2)
17(2)
11(2)
142)
15(2)
17(2)
19(2)
25(2)
38(3)
34(3)
20(2)
21(2)
16(2)
21(2)
26(2)
17(2)
18(2)
18(2)
15(2)
21(2)
26(2)
142)
19(2)
25(2)
12(2)
21(2)
23(2)
17(2)
23(2)
20(2)
15(2)

16(2)
15(2)
10(2)
10(2)
8(2)

13(2)
15(2)
13(2)
16(2)
13(2)
18(2)
24(2)
22(2)
18(2)
16(2)
22(2)
16(2)
13(2)
18(2)
13(2)
13(2)
20(2)
17(2)
21(2)
20(2)
13(2)
20(2)
14(2)
20(2)
23(2)
13(2)
22(2)

13(2)
12(2)
142)
12(2)
13(2)
15(2)
11(2)
15(2)
19(2)
22(2)
18(2)
24(2)
23(2)
15(2)
16(2)
19(2)
28(2)
21(2)
16(2)
19(2)
19(2)
26(2)
41(3)
46(3)
29(3)
21(2)
28(2)
36(3)
29(3)
24(2)
24(2)
17(2)

2(1)
1(1)
2(1)
0(1)
0(1)
3(2)
1(2)
2(2)
1(2)
1(2)
-1(2)
0(2)
-1(2)
2(2)
-1(2)
6(2)
7(2)
-1(2)
1(2)
-1(2)
-2(2)
-2(2)
-7(2)
1(2)
6(2)
2(2)
-1(2)
1(2)
8(2)
5(2)
1(2)
1(2)

3(1)
3(1)
3(2)
3(2)
0(2)
3(2)
3(2)
8(2)
8(2)
15(2)
7(2)
1(2)
6(2)
3(2)
7(2)
8(2)
6(2)
2(2)
3(2)
3(2)
4(2)
2(2)
3(2)
16(2)
15(2)
2(2)
3(2)
-3(2)
0(2)
9(2)
3(2)
2(2)

4(1)
3(D)
6(2)
4(1)
4(2)
6(2)
7(2)
6(2)
9(2)
10(2)
2(2)
2(2)
8(2)
9(2)
6(2)
10(2)
8(2)
8(2)
8(2)
6(2)
8(2)
15(2)
8(2)
6(2)
10(2)
2(2)
10(2)
10(2)
2(2)
5(2)
5(2)
9(2)
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C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
Cll1
CI2
C13
C42
Cl4
CI5
Cl6
C43

20(2)
34(3)
26(3)
16(2)
19(2)
19(2)
22(2)
40(3)
51(4)
39(3)
27(2)
36(1)
48(1)
24(1)
21(2)
43(1)
32(1)
44(1)
28(2)

26(2)
30(3)
43(3)
45(3)
30(3)
17(2)
35(3)
37(3)
30(3)
23(2)
19(2)
47(1)
46(1)
37(1)
30(3)
35(1)
56(1)
33(1)
29(2)

16(2)
23(2)
25(2)
34(3)
31(3)
19(2)
34(3)
48(4)
25(3)
22(3)
25(2)
27(1)
37(1)
40(1)
23(2)
30(1)
85(1)
25(1)
17(2)

3(2)
3(2)
2(2)
4(2)
8(2)
0(2)
-13(2)
-16(3)
-7(2)
-2(2)
3(2)
10(1)
2(1)
10(1)
11(2)
6(1)
14(1)
7(1)
1(2)

42)
7(2)
2(2)
6(2)
7(2)
7(2)
13(2)
28(3)
16(3)
-3(2)
0(2)
7(1)
-1(1)
6(1)
3(2)
13(1)
21(1)
9(1)
6(2)

12(2)
22(2)
25(2)
12(2)
9(2)
0(2)
0(2)
0(3)
-13)
3(2)
8(2)
25(1)
30(1)
-1(1)
7(2)
24(1)
A1)
21(1)
12(2)

Table S25. Hydrogen coordinates (x 10*) and isotropic displacement parameters (A*x 10°) for 4.

X y z U(eq)
H4A 13397 4297 10620 17
H5A 14599 4794 8432 17
H7A 9743 4746 12295 23
H8A 10955 6082 13607 28
H9A 12861 6166 14404 31
HI0A 13641 4971 13881 31
HI1A 12474 3661 12562 27
HI3A 10052 2144 13046 22
HI14A 9674 369 13531 26
HI5A 9377 -1196 12544 24
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HI16A
HI7A
HI19A
H20A
H21A
H22A
H23A
H25A
H26A
H27A
H28A
H29A
H31A
H32A
H33A
H34A
H35A
H37A
H38A
H39A
H40A
H41A
H42A
H43A

9493
9809
8808
6868
5487
6038
7992
7336
7345
6771
6262
6281
6737
5266
3333
2879
4332
7958
7340
5352
3957
4556
13259
10378

-981
799
3736
3775
3015
2252
2229
-1155
-2159
-1656
-71
963
2969
3722
2580
695
-67
-309
-1684
-2360
-1696
-363
5233
2833

11080
10577
9839
9351
10153
11464
11984
8185
9409
10608
10606
9389
7432
7295
7390
7625
7773
6916
5649
4662
4944
6225
7235
6084

21
21
22
28
30
33
27
28
31
31
29
24
24
32
35
39
33
40
53
48
41
31
32
30
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8. Photophysical study of complex 1 and 8

UV-Visible absorption spectra were recorded on a Shimadzu UV-1800 Spectrophotometer.
Corrected steady-state fluorescence spectra were acquired on a Photon Technology International
(PTI) spectrophotometer. All fluorescence measurements were performed using a 1 cm square

quartz cuvette.

Absorption and emission spectra of complex 1

1.0 1.0 1

i : A 5uM
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—— 100 uM|
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250 300 350 300 320 340 360 380 400 420 440 460
wavelength (nm) Wavelength (nm)

Figure S45. a) The UV-vis absorption spectrum of complex 1 (20 uM). b) The emission spectra
of complex 1 (excited at 285 nm). All experiments are performed in dichloromethane at 298 K.

The UV-vis absorption and emission spectra of complex 1 in dichloromethane at 298 K are
depicted in Figure S45. In the absorption spectrum (Figure S45a), there are two absorption bands
at 254 and 285 nm. Exciting DCM solutions of 1 at 285 nm provides one broad emission band at
324 nm (Figure S45b). The intensity of the emission is concentration dependent. As the

concentration of 1 increases, the emission intensity decrease due to the intermolecular quenching.
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Absorption and emission spectra of complex 9.
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Figure S46 a) The UV-vis absorption spectrum of complex 9 (20 uM). b) The emission spectra
of complex 9 (excited at 285 nm). All experiments are performed in dichloromethane at 298 K.
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Absorption and emission spectra of oligomeric 8.
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Figure S47. a) The UV-vis absorption spectra of complex 8 (5-50 uM). b) The emission spectra
of complex 8 (excited at 353 nm). c) Normalized emission spectra of complex 8 with
concentrations as 5 pM and 50 pM (excited at 353 nm). d) Emission spectra of complex 8
(excited at 285 nm). All the experiments are performed in dichloromethane at 298 K.

The UV-vis absorption and emission spectra of complex 8 in dichloromethane at 298K are

depicted in Figure S47. In the absorption spectra (Figure S47a), there are two major absorption

bands at 285 and 353 nm. In both absorption spectra of 1 and 8, the absorption band at 285 nm is

observed which is related to the Auy cluster core. The absorption band at 353 nm can be assigned

to the fluorene organic linker. In the emission spectra excited at 353 nm (Figure S47b), there is

only one major emission band at 425 nm. Interestingly, as the concentration of the DCM solution
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of 8 increases; the emission band significantly shifts towards the lower energy. Specifically,
comparing the emission band of a 50 uM sample with a 5 pM sample, there is an 18 nm red shift
(Figure S47c¢) which indicates in 50 uM sample 8 has a higher degree of oligomerization. Finally,
exciting a DCM solution of 8 at 285 nm (Figure S47d) results in an emission band at 320 nm,
which is almost identical to the emission spectra of complex 1 (Figure S45b) and indicates that

both 1 and 8 have the Auy cluster core.
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