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Figure S1. Variable temperature *'P{'H} NMR spectra at 400 MHz of complex 3 in MeOD.

Only the resonance due to the P(OEt); ligand is shown.
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Figure S2. Cyclic voltammetry of 0.65 mM complex 1 (CH,Cl,/NBu4PF¢ solution) at scan rates

(V-sh) = (a) 0.2 (black), 0.5 (red), 1 (blue), 2 (green), (b) 1 (black), 2 (red), 4 (blue), 6 (green), 8

(violet) and 10 (dark yellow). E is in V against the ferrocenium/ferrocene couple. The arrows

indicate the scan direction.

( a ) 100
oo | ¥=60.562x+8.1073
R? = 0.9996
80
70
L/ nA
r 60
50
40
30
0.4 06 0.8 1
pl2

1.2

y=45.916x+27.676
R*=0.9867

35

Figure S3. Plots of the cathodic current (/,°) versus square root of scan rate (v 2 (V'S'l)l/z)

obtained from the cyclic voltammetry of complex 1 in (a) Figures S2a and (b) Figure S2b.
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Figure S4. Cyclic voltammetry of 3.13 mM O=P(Ph)(CH,Cl), (CH,Cl,/NBu4PF{ solution) at 0.2
V-s1). E is in V against the ferrocenium/ferrocene couple. Glassy carbon disk (d = 1.6 mm). The

arrows indicate the scan direction.
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Figure S5. Cyclic voltammetry of 0.408 mM complex 2 (CH,Cl,/NBuyPF¢ solution) at scan
rates (V-s'!) equal to 1 (black), 2 (red), 3 (blue), 4 (green) and 6 (purple). E is in V against the

ferrocenium/ferrocene couple. The arrow indicates the scan direction.



Table S1. Results of DFT calculations of 5 and 6 in the neutral, monoanionic and dianionic state

as well as P1, P2 and the reduced species derived from them (See the paragraph discussing the

structure of P and Figures S10 and S11).

Erfau] NImag  Stabilization [kJ-mol-']

5 -2799.196753 1* 0

5 -2799.260484 1* -167.3
5% -2799.206017 0 -24.3
5a* -2799.225453 0 -75.4
Sb* -2799.212985 0 -42.6

6 -3024.944206 0 0

6 -3025.014420 0 -184.3
6* -3024.951196 0 -18.4
6a* -3024.963479 0 -50.6
6b% -3024.956772 0 -33.0
P1 -3256.248118 0

P2 -3256.238331 0
P1- -3256.269607 0
P1° -3256.190197 0
P20 -3256.182587 0

* One imaginary frequency corresponds to the rotation of the PMes ligand with respect to the

[Fe,S,] cluster core and is of very low intensity.



Figure S6. Calculated molecular structures and selected bond lengths [pm] of 5: Fel-Fe2 249.7,
Fel-S1 234.0, Fel-S2 234.4, Fe2-S1 234.7, Fe2-S2 234.3, Fel-P2 226.3, P1-O1 149.7; 5-: Fel-
Fe2 274.0, Fel-S1 237.8, Fel-S2 237.9, Fe2-S1 240.0, Fe2-S2 239.7, Fel-P2 234.1, P1-0O1
150.0; 5*: Fel-Fe2 350.7, Fel-S1 236.9, Fel-S2 244.7, Fe2-S1 242.2, Fe2-S2 239.9, Fel-P2
220.0, P1-O1 151.2; 5a*: Fel-Fe2 265.2, Fel-S1 231.1, Fel-S2 254.3, Fe2-S1 237.9, Fel-P2

224.0, P1-0O1 151.5; 5b*: Fel-Fe2 271.8, Fel-S1 244.0, Fe2-S1 234.7, Fe2-S2 245.1, Fel-P2

220.2, P1-O1 151.6.



Figure S7. Calculated molecular structures and selected bond lengths [pm] of 6: Fel-Fe2 250.6,
Fel-S1 232.6, Fel-S2 233.1, Fe2-S1 233.1, Fe2-S2 233.3, Fel-P2 219.0, P1-O1 149.8; 6°: Fel-
Fe2 276.3, Fel-S1 236.9, Fel-S2 237.8, Fe2-S1 237.7, Fe2-S2 238.4, Fel-P2 219.8, P1-0O1
150.2; 6*: Fel-Fe2 344.7, Fel-S1 240.7, Fel-S2 240.4, Fe2-S1 244.0, Fe2-S2 239.7, Fel-P2
210.0, P1-O1 150.8; 6a>: Fel-Fe2 272.5, Fel-S1 236.7, Fel-S2 245.7, Fe2-S1 232.9, Fel-P2
214.7, P1-O1 151.6; 6b*: Fel-Fe2 273.9, Fel-S1 234.7, Fe2-S1 235.9, Fe2-S2 244.6, Fel-P2

211.1, P1-O1 151.6.



Figure S8. Calculated molecular structures and selected bond lengths [pm] of 1: Calculated
molecular structures and selected bond lengths [pm] of 1: HF = -2451.489710 a.u., NImag = 0,
Fel-Fe2 251.2, Fel-S1 231.9, Fel-S2 231.9, Fe2-S1 232.7, Fe2-S2 232.7, P1-O1 149.7; 1-: HF =
-2451.571974 a.u. (-216.0 kJ-mol-! relative to 1), NImag = 0, Fel-Fe2 281.0, Fel-S1 237.3, Fel-
S2 237.3, Fe2-S1 236.9, Fe2-S2 236.9, P1-O1 150.1; 12: HF = -2451.521008 a.u. (-82.2 kJ-mol!
relative to 1), Nlmag = 0, Fel-Fe2 352.7, Fel-S1 239.3, Fel-S2 240.8, Fe2-S1 241.3, Fe2-S2
239.5, P1-O1 151.2; 1a%: HF = -2451.528961 a.u. (-13.1 kJ-mol-! relative to 1), NImag = 0, Fel-

Fe2 273.0, Fel-S1 234.8, Fe2-S1 235.9, Fe2-S2 244.2, P1-O1 151.5.
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Figure S9. Calculated molecular structures and selected bond lengths [pm] of 3: HF = -
3142.854678 a.u., NImag = 0, Fel-Fe2 251.7, Fel-S1 232.6, Fel-S2 232.9, Fe2-S1 233.0, Fe2-
S2232.9, Fel-P2 220.8, P1-O1 150.0; 3-: HF = -3142.922307 a.u. (-177.6 kJ-mol"! relative to 3),
Nimag = 0, Fel-Fe2 278.5, Fel-S1 236.3, Fel-S2 237.1, Fe2-S1 237.9, Fe2-S2 237.6, Fel-P2
221.9, P1-01 150.3; 3*: HF = -3142.860589 a.u. (-15.5 kJ-mol! relative to 3), NImag = 0, Fel-
Fe2 344.8, Fel-S1 240.9, Fel-S2 241.1, Fe2-S1 244.5, Fe2-S2 239.7, Fel-P2 210.8, P1-O1
151.0; 3a%: HF = -3142.872079 a.u. (-45.7 kJ'-mol™! relative to 3), NImag = 0, Fel-Fe2 272.6,
Fel-S1 236.7, Fel-S2 245.8, Fe2-S1 232.6, Fel-P2 215.3, P1-O1 151.7; 3b*: HF = -
3142.867376 a.u. (-33.3 kJ-mol! relative to 3), NImag = 0, Fel-Fe2 274.3, Fel-S1 235.1, Fe2-S1

236.4, Fe2-S2 244.7, Fel-P2 211.7, P1-O1 151.5.



Structure of P.

Another important question that arose during the electrochemical investigations was the
molecular structure of compound P, which is formed by the reaction of the doubly reduced form
of 3 with CO. We therefore calculated compounds with one additional CO ligand starting either
from 32 or 3a%. In the case of 3a%" as the substrate, we used a compound with two bridging CO
ligands as the starting point for geometry optimization. Nevertheless, a convergence in the
calculations was only reached after significant structural changes in the cluster core ending up
with a situation in which a Lewis acid-Lewis base adduct, namely P1, consisting of a trigonal
pyramidal [Fe(CO),] and a square planar {Fe(CO),(P(OEt);)[(SCH;),(Ph)P=0]} fragment linked
by an iron iron contact is observed (Figure S10). By forming this adduct, the coordination
geometry of the first iron is completed to a distorted trigonal bipyramidal coordination
environment and the second iron then shows a distorted octahedral geometry. The iron-iron
interaction is quite weak with a bond length of 312.5 pm. Perhaps this long distance shows how
the compound might decompose. If on the other hand the thermodynamically less stable dianion
3% is used as the substrate for CO addition, one of the Fe-S bonds in the symmetrical [Fe,S;]
core is broken upon geometry optimization. The resulting structure P2 still shows one bridging
sulfur that coordinates a [Fe(CO);] and a {Fe(CO),(P(OEt);)[(SCH;),(Ph)P=0]} fragment
(Figure S10). Both iron atoms exhibit trigonal bipyramidal coordination environments. The
overall reactions for the formation of P1 and P2 from the respective starting compounds are
slightly exothermic with an enthalpy of -33.9 kJmol'! (P1) and -38.4 kJ'mol!' (P2).
Nevertheless, P1 is 25.7 kJ-mol-'more stable than P2 if only those calculated compounds are

compared. Table S1 above shows the DFT total energies Et and the number of imaginary



frequencies for all stationary points calculated for P1 and P2 as well as selected calculated bond

lengths.

P1 P2

Figure S10. Calculated molecular structures and selected bond lengths [pm] of dianionic species
P1: Fel-Fe2 312.5, Fel-S1 2429, Fel-S2 243.4, Fel-P2 219.5, P1-O1 151.8; P2: Fel-Fe2

451.3, Fel-S1 241.2, Fel-S2 248.5, Fe2-S2 243.9, Fel-P2 212.1, P1-O1 150.7.

It has also been shown by cyclic voltammetry (Figure 6 and Scheme 3) that compound P
undergoes a reversible oxidation process. We therefore calculated both monoanionic and neutral
species with the calculated structures of P1 and P2 as the starting geometries. Whereas the
geometry optimization of P2 after one-electron oxidation did not converge, the corresponding
monoanionic species from P1 could be calculated. In both cases neutral compounds that would
be obtained from the loss of two electrons from P1 or P2, respectively, could be calculated. The

corresponding structures are depicted in Figure S11. The monoanion derived from P1 shows the



same connectivity pattern although it is obvious that upon loss of one electron the iron-iron bond
length as well as the distances of Fel towards the coordinating sulfur atoms are shortened. If
another electron is removed, electron demand in the cluster core is compensated by one of the
sulfur atoms moving into a bridging position again. In addition, the iron-iron distance is further
diminished. The same trend is observed if P2 is oxidized. If two electrons are removed the iron
atoms are again moved into close proximity to each other resulting in the same [Fe,S,] cluster
core for P2° as in P1°. Both compounds are therefore isomers, which just differ in the dihedral
angle of the Fe(CO), group with respect to the rest of the molecule as well as in the conformation
of the six-membered FeS,C,P ring. In summary, the addition of CO to the reduced species
followed by oxidation of the resulting cluster compounds P1 and P2 results in the formation of
compounds with the same connectivity as it has been observed for 3a?- and 3b*. As it is expected
from the Wade-Mingos rules, the composition of a transition metal cluster compound is
determined by the number of electrons in the cluster irrespective whether electrons are provided

by additional ligands (P1°, P2?) or by reduction (3a%, 3b*).



P1 P1° P2

Figure S11. Calculated molecular structures and selected bond lengths of P1-: Fel-Fe2 303.1,
Fel-S1 235.9, Fel-S2 236.1, Fel-P2 228.4, P1-O1 151.0; P1': Fel-Fe2 283.6, Fel-S1 240.3,
Fel-S2 230.1, Fe2-S2 235.8, Fel-P1 223.1, P1-O1 150.6; P2': Fel-Fe2 282.4, Fel-S1 240.0,

Fel-S2 227.3, Fe2-S2 235.7, Fel-P1 221.2, P1-O1 150.2.
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Molecular coordinates of 1

12-, Fe2-Komplex, S2-Phosphanoxid-verbrueckt, Dianion
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Molecular coordinates of 1a%

la2-, Fe2 (CO)6-Komplex, Dianion umgelagert

Created by GaussView 5.0.8
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2, Fe2-Komplex,
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Molecular coordinates of 2a?

2a2-, Fez2-Komplex, S2 mit Phosphanoxidbruecke und PPh3

Created by GaussView 5.0.8
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3, Fe2-Komplexk,

Created by GaussView 5.0.8
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Molecular coordinates of 3-

3-, Fe2-Komplex, S2-Phosphanoxid-verbrueckt, P(OEt)3

Created by GaussView 5.0.8
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Molecular coordinates of 3%

32-, Fe2-Komplex, S2-Phosphanoxid-verbrueckt, P(OEt)3

Created by GaussView 5.0.8
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Molecular coordinates of 3a%

3a2-, Fe2-Komplex, Dianion umgelagert, P (OEt)3

Created by GaussView 5.0.8
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Molecular coordinates of 3b?

3b2-, Fe2-Komplex, Dianion umgelagert, P (OEt)3

Created by GaussView 5.0.8
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5, Fe2-Komplex,

Created by GaussView 5.0.8
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Molecular coordinates of 5a%

5a2-, PME3 an Fe mit zwei S-Koordinationen

Created by GaussView 5.0.8
46 44 0 O O O O O O 0 O 0

-1.2092 0.6971 -0.5264 Fe 0 O 0 O
-2.3699 2.0193 0.8593 P 0O 0 0 O
-0.0327 -1.0559 -1.4655 S 0O 0 0 O
-4.2239 1.9493 0.8316 C 0O 0 0 O
-2.1006 3.8447 0.6514 C 0O 0 0 O
-2.0527 1.8368 2.6780 C 0O 0 0 O
-2.6818 -0.3556 -0.8852 C 0O 0 0 O
-1.3088 1.7741 -1.8693 C 0O 0 0 O
0.8300 1.6412 0.6646 S 0O 0 0 O
-1.6016 -1.8386 0.1428 Fe 0O O O O
1.6753 -1.1373 -0.7632 C 0O 0 0 O
-4.5716 2.1000 -0.1921 H 0O 0 0 O
-4.5499 0.9578 1.1482 H 0O 0 0 O
-4.6581 2.7090 1.4912 H 0O 0 0 O
-1.0299 4.0337 0.7474 H 0O 0 0 O
-2.4169 4.1398 -0.3518 H 0O 0 0 O
-2.6567 4.4259 1.3958 H 0O 0 0 O
-2.6075 2.5830 3.2593 H 0O 0 0 O
-2.3529 0.8345 2.9859 H 0O 0 0 O
-0.9823 1.9522 2.8575 H 0O 0 0 O
-3.7783 -0.3574 -1.3641 O 0O 0 0 O
-1.4599 2.4667 -2.8016 O 0O 0 0 O
1.9667 1.7990 -0.7734 C 0O 0 0 O
-2.2369 -3.2203 -0.7492 C 0O 0 0 O
-2.8159 -1.6106 1.3657 C 0O 0 0 O
-0.3960 -2.4303 1.3064 C 0O 0 0 O
2.8108 0.2317 -1.2183 P 0O 0 0 O
1.6167 -1.1595 0.3225 H 0O 0 0 0
2.1461 -2.0587 -1.1176 H 0O 0 0 O
1.4187 2.1096 -1.6663 H 0O 0 0 O
2.7528 2.5363 -0.5809 H 0O 0 0 O
-2.6892 -4.1768 -1.2412 © 0O 0 0 O
-3.6433 -1.4759 2.1856 O 0O 0 0 O
0.3328 -2.8892 2.0954 O 0O 0 0 O
4.1989 0.0560 0.0058 C 0O 0 0 O
3.3994 0.1835 -2.6136 O 0O 0 0 O
4.0271 0.1271 1.3958 C 0O 0 0 O
5.4834 -0.1470 -0.5112 C 0O 0 0 O
5.1262 -0.0008 2.2453 C 0O 0 0 O
3.0348 0.3040 1.7981 H 0O 0 0 O
6.5803 -0.2818 0.3407 C 0O 0 0 O
5.5971 -0.1935 -1.58%94 H 0O 0 0 0
6.4035 -0.2085 1.7225 C 0O 0 0 O
4.9816 0.0575 3.3198 H 0O 0 0 O

O O OO OO OO OO ODIODOIODODODODODODODODODIODODIODODIODODODODODODODODODOODOODOOOOOoOOo
O O OO OO OO OO OO OODODODODIODODODODODIODOIODOIODOODOODOODODOODOLOOLODODOOOOOoO
O O OO OO OO OO OO ODODODODODODODODODODIODODIODODIODODIODODODODODODODOOOOOOOOOoOo
O O OO OO OO OO OO OODODODODIODIODODODODIODODIODOIODOODOODODODODODOLODOLOODOOOOOoO
O O OO OO OO OO OO ODIODODODODODODODODODIODODIODODIODODIODODODODODODODOOOOOOOOOoOOo
O O OO OO OO OO OIODOODODODODIODIODODIODODIODODIODOODOODOODODODODODOOOODOOOOOoO
oNoNoNoNeoNoNoloholohoNoloNoloNoloNololNoNoNolNololNololololNeololNololololololeoloelolNollolNoleolNo]
O O OO OO OO OO OO OODODIODODIODODODODODIODODIODOIODOIODODIODODODODODOLOOODOOOOOOoO



0
0

-0.4435 -0.0736 H

-0.3145

7.5716
7.2551

2.3887 H

11
12

13
14

15
16
17
18

19
20

21

22

23
10 24
10 25
10 26
11 27
11 28
11 29

23 27

0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
2
2
2
1
2
4
4
4
1
4
1
4
1
4
1
1

23 30

23 31

0
0
0
0
0
0
0
0
0

24 32
25 33
26 34
27 35
27 36
35 37

35 38

37 39

37 40

38 41

38 42

39 43

39 44

0
0
0

41 43
41 45

43 46



Molecular coordinates of 5b?

5b2-, PMe3 an Fe mit nur einer S-Koordination

Created by GaussView 5.0.8
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Molecular coordinates of 6

6, Fe2S2 Phosphanoxid-verbrueckt,

Created by GaussView 5.0.8
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Molecular coordinates of 6

6-, Fe2-Komplex, S2-Phosphanoxid-verbrueckt, P (OMe) 3

Created by GaussView 5.0.8
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Molecular coordinates of 6%

62-, Fe2-Komplex, S2-Phosphanoxid-verbrueckt, P (OMe)3

Created by GaussView 5.0.8
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Molecular coordinates of 6a%

6az2-, Fe2-Komplex, S2 mit Phosphanoxidbruecke, P (OMe) 3

Created by GaussView 5.0.8
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Molecular coordinates of 6b?

6b2-, Fe2S2 mit Phosphanoxidbruecke, P (OMe) 3

Created by GaussView 5.0.8
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Molecular coordinates of 7

7, Monoanion - CO

Created by GaussView 5.0.8
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Fe (CO)4 direkt an Fe

Molecular coordinates of P1-
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Molecular coordinates of P1°

P10, neutral, Fe(CO)4 direkt an Fe
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Molecular coordinates of P2°

P20, neutral, Fe(CO)4 ueber S gebunden

Created by GaussView 5.0.8
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