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Figure S1
!H NMR spectrum of [NEt,][Fe,(CO)s(AulPr)] ([NEt,J[11]) in CD;COCDj; at 298 K.

Figure S2
BC{IH} NMR spectrum of [NEt,][Fe;(CO)s(AulPr)] ([NEt,J[11]) in CD;COCDj at 298 K
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Figure S3
BCYIH} NMR spectra in the carbonyl region of [NEt,][Fe;(CO)s(AulPr) ([NEt,J[11])] in
CD;COCD;s at 273 K and 213 K.

213K

273 K

260 250 240 230 220 210 1200

S.3



Figure S4
IH NMR spectrum of [NBuy][AusFe;(CO)s(IMes),] ([NBu,J[13]) in CD,Cl, at 298 K.?
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Figure S5
!H NMR spectrum of [NBuy][AusFe;(CO)s(IMes),] ([NBu,J[13]) in CD,Cl, at 298 K.?
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Figure S6
'H NMR spectrum of [NMe,] ;[Au(IMes),] [Au3{Fe(CO).}s] ([NMe,] [Au(IMes),][8]) in CD;CN at

298 K.
T T T A T T
Figure S7
BC{IH} NMR spectrum of [NMe,] ,[Au(IMes),] [Aus{Fe(CO).}s;] ([NMe,],[Au(IMes),][8]) in
CD;CN at 298 K.!
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Figure S8
3SIPLIH) NMR spectrum of Fe(CO) (AulMes)(AuPPh;) (6) in CD;COCDs at 298 K.3
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Figure S9
3IPLIH) NMR spectra in CD;COCDj; at 298 K of (a) Fe(CO) (AulMes)(AuPPhs) (6) and (b) the

mixture obtained after thermal treatment of 6. The three resonances at op 40.8, 40.1 and 38.5 ppm

in (a) and (b) corresponded to 6, 14 and 15, respectively.
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Figure S10
3SIPIH) NMR spectrum of [Au(IMes),] [Aus{Fe(CO)4}»(PPhs),] ([Au(IMes),][15]) in CD;COCDj; at
298 K.

Figure S11
TH NMR spectrum of [Au(IMes),] [Aus{Fe(CO),}2(PPh;s),] ([Au(IMes),][15]) in CD;COCD; at 298
K.
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Figure S12

BCYIH} NMR spectrum of [Au(IMes),] [Aus{Fe(CO),} »(PPhs),] ([Au(IMes),][15]) in CD;COCD;

at 298 K.
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Figure S13
TH NMR spectrum of [Au;sS{Fe(CO) ,} «(IPr),]"* (17) in CD;COCDj at 298 K.
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Figure S14
BCYIH} NMR spectrum of [Au;sS{Fe(CO) 4 «(IPr)4]* (17) in CD;COCDs at 298 K.
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Figure S15
9F NMR spectrum of [Au;sS{Fe(CO) 4} 4(IPr)4]* (17) in CD;COCD3 at 298 K, which shows the

typical resonances of [BF 4]~
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Figure S16
Molecular structure of [Fe;S(CO)o]%> (9). (green Fe; orange S; red O; grey C)
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Figure S17

Views of the potential solvent accessible voids present within the crystal packing

[AusS{Fe(CO) 4} 4(IPr) /" (17) along the crystallographic axes a, b, and c.
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Main bond distances (4) and angles (deg) of the two isomers of [AusFe>(CO)s(PPhs),]~ (15).

Table S1

15a 15b*
Au(1)-Fe(1) 2.529(3) 2.547(9)
Au(2)-Fe(1) 2.560(4) 2.601(11)
Au(2)-Fe(2) 2.586(4) 2.601(11)
Au(3)-Fe(2) 2.538(3) 2.547(9)
Au(1)-Au(2) 2.9353(15) 2.9177(14)
Au(2)-Au(3) 2.8855(14) 2.9177(14)
Au(1)-P(1) 2.259(6) 2.271(10)
Au(3)-P(3) 2.278(6) 2.271(10)
Fe(1)-Au(1)-P(1) 174.02(19) 173.03)
Fe(2)-Au(3)-P(3) 172.96(18) 173.03)
Fe(1)-Au(2)-Fe(2) 170.01(12) 180.0
Au(1)-Fe(1)-Au(2) 70.45(9) 69.03)
Au(2)-Fe(2)-Au(3) 68.53(9) 69.0(3)
Fe(1)-Au(1)-Au(2) 55.27(9) 56.4(2)
Fe(2)-Au(3)-Au(2) 56.53(9) 56.4(2)
Fe(1)-Au(2)-Au(1) 133.12(9) 54.59(16)
Fe(2)-Au(2)-Au(3) 54.94(8) 54.59(16)
Au(1)-Au(2)-Au(3) 132.00(4) 180.00(10)

Fe(2)
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* Au(2) in 15b is located on an inversion centre making Au(1)/Au(3) and Fe(1)/Fe(3) equivalent.




Table S2
Properties of the Fe-Au (3,-1) b.c.p in 10, 11, 15a and 15b (electron density, p; potential energy

density, V; energy density, E; Laplacian of electron density, v* p). All the quantities were reported

ina.u.
Compound Bond p Vv E V2P
10 Fe-Au 0.047  -0.039 -0.013  0.054
11 Fe-Au 0.046  -0.038 -0.012  0.054
15a Fe-Aucentral 0.050 -0.043 -0.014 0.064
Fe-Auerminal 0.060 -0.053 -0.017  0.077
15b Fe-Aucentral 0.049  -0.043 -0.013  0.064
Fe-AUerminal 0.060 -0.052 -0.017  0.076
Table S3
Main bond distances (4) and angles (deg) of [Au;sS{Fe(CO) ) 4(IPr)J" (17).
Range Average
Auc-Au, 2.702(2)-2.874(2) 2.753(6)
Au-Aug 2.724(2)-2.733(2) 2.728(3)
Au.-Fe 2.625(5)-2.650(5) 2.636(9)
Auc-S 2.7641(13)-2.7995(16) 2.777(3)
Aug-Narbene 2.04(4) 2.04(4)
Au.--C(O) 2.636(4)-2.723(4) 2.684(10)

Au, = Au atoms of the Au;, cube-octahedron

Aug = Au atoms of the AulPr fragments.
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Table S4
Properties of the (3,-1) b.c.p. involving Au centres in the model compound
[Au1s5{Fe(CO) 4} ,(NHC)J?* (NHC = 1,3-dimethylimidazol-2-ylidene). Electron density, p;
potential energy density, V; energy density, E; Laplacian of electron density, V* p. All the quantities
are reported in a.u.

Bond p Vv E vip

(a) Au-S 0.042 -0.034 -0.005 0.099
(b) Au-Fe 0.052 -0.047 -0.014 0.077
(c) Au-Au 0.043 -0.042 -0.008 0.106
(d  Au-Au 0.057 -0.062 -0.015 0.123
(¢) Au-Au 0.055 -0.056 -0.014 0.112

() Au-NHC 0.139 -0.193 -0.068 0.233
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Table S5

Crystal data and experimental details for [Au(IMes),][Aus{Fe(CO)}>(PPh;),]-0.67CH,CI,,
[Au(IPr),][HFe(CO)4], [NEt,]>[Fe;S(CO)q], [NEL,][Fe;(CO)1o(CCH3)J,
[Au;6S{Fe(CO) 4 4(IPr) ] [BF 4] ,»solv, and [NEt,][Fe,(CO)s(AulPr)]+1.5toluene

[Au(IMes),]
[Au3{Fe(CO)4},(PPh3),]- | [Au(IPr),] [HFe(CO)4] | [NEty];[Fe;S(CO)o]
0.67CH,Cl,,

Formula Cs6.67H79 33AU4Cl 33Fe,N4O5P, CssH7AuFeN4Oy CysHaoFe3N,O9S
Fw 2313.64 1142.01 712.20
LK 100(2) 100(2) 100(2)

A, A 0.71073 0.71073 0.71073

Crystal

Triclinic Monoclinic Monoclinic
system
Space Group P1 C2/ec Pc
a, A 11.9307(8) 16.9272(10) 14.1253(10)
b, A
23.7175(17) 17.9331(10) 11.3116(8)
c, A 24.8265(17) 18.0055(11) 19.4702(13)
o, ° 116.667(2) 90 90
B, 95.568(2) 97.405(2) 90.966(2)
v, ° 92.779(2) 90 90
Cell Volume,
It 6214.6(8) 5420.1(6) 3110.5(4)
Z 3 4 4
D, g cm™? 1.855 1399 1.521
u, mm'! 7.535 3.019 1.498
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F(000) 3336 2340 1480
Crystal size,
- 0.18x0.15x0.12 0.16x0.13x0.11 0.16x0.12x0.10
6 limits, © 1.615-25.100 1.662-25.668 1.800-25.995
Reflections
collected 74357 29792 39325
Independent
reflections 22142 [Riy = 0.1330] 5117 [Riy = 0.1077] | 12171 [Riy = 0.0799]
Completeness
00 max 99.9% 100.0% 100.0%
Data/
restraints / 2212472218/ 1392 5117/279 /339 12171/ 842/ 838
parameters
Goodness on
fit on F2 1.135 1.048 1.034
R, (I>24(D) 0.1276 0.0491 0.0592
WR; (all data) 0.2534 0.0652 0.1056
Largest diff.
peak and 6.357 / -7.695 1741/ -2.168 0.619/-0.716
hole, e A-3
[NEty][Fe3(CO)10(C | [Au1cS{Fe(CO)4}4(IPr)4][BF, | [NEty][Fe;(CO)s(AulPr)]-1.5¢
CH,)] Ja-solv oluene
Formula CyoHp3FesNOyg Ci24H144Au16Fe4sNgO16S Cs3 sHesAuFeoN;O5
Fw 604.94 5409.39 1189.77
LK 100(2) 100(2) 100(2)
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A, A

0.71073 0.71073 0.71073
Crystal o
Monoclinic Tetragonal Monoclinic
system
Space _
P2/n P42,c P2/c
Group
a, A 14.3389(5) 22.4854(5) 19.541(2)
b, A
12.0119(5) 22.4854(5) 15.5847(16)
c, A 14.7414(6) 15.9065(4) 17.4146(19)
a, ° 90 90 90
B, 109.1130(10) 90 95.924(3)
T, ° 90 90 90
Cell
Volume, 2399.06(16) 8042.2(4) 5275.0(10)
AS
Z 4 2 4
De, g cm™ 1.675 2.234 1.498
u, mm! 1.844 14.938 3.371
F(000) 1232 4912 2420
Crystal
size, mm 0.19x0.16x0.14 0.14x0.12x0.10 0.19x0.16x0.12
6 limits, © 1.720-25.050 1.568-25.092 1.048-24.998
Reflections
collected 28656 115672 52756
Independe
4249 [Riy = 0.0344] 7150 [Rine = 0.1949] 9230 [Ryy = 0.1023]
nt
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reflections

Completen
ess to 0

max

100.0%

100.0%

99.2%

Data /
restraints /

parameters

4249 /6/312

7150/37 /358

9230/516/616

Goodness

on fit on F?

1.062

1.107

1.232

Ry (I>
20(D))

0.0296

0.0514

0.1235

wR; (all
data)

0.0640

0.1799

0.2778

Largest
diff. peak

and hole, e

A3

1.230/-0.419

2.538/-2.124

6.990/-5.097
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Figure S18
DFT-optimized geometry of 10. Selected computed bond lengths (4): Fe-Fe 2.588; Fe-Au 2.693,
2.704; Fe-CO(terminal) 1.759, 1.789, 1.790, 1.759, 1.789, 1.790; Fe-CO(bridging) 1.960, 1.961,
1.963, 1.963; Au-C 2.059. Colour map: Au, yellow; Fe, green; O, red; N, blue; C, grey. Hydrogen

atoms are omitted for clarity.
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