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Abstract

The reaction of substitution of carbon monoxide BfOMe} in the complex (u-
n?PhC(S)=C(S)Ph)RCO) 1 under thermal activation afforded two colored compds: a
binuclear disubstituted complex (u-PhC(S)=C(S)PHIF®)}[P(OMek], 2 and a

mononuclear iron disubstituted compley’RhC(S)=C(S)Ph)Fe(CO)[P(OM#) 3. Mass

spectrometry’H NMR, IR and electrochemical studies establisted two (CO) have been

substituted by P(OMeg)n complexe and3. The X-ray studies show that the two P(OMe)
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ligands are in apical positions in trans of theiroiron bound of complek and in equatorial
positions in comple®. However, the substitutiaaction of (CO) by P(OMeg)n complexl
under electron transfer catalysis (ETC) led to tm®nosubstituted compound (u-

PhC(S)=C(S)Ph)R£CO)[P(OMe)] 4.

Keywords: [FeFe] hydrogenase; Carbon monoxide substitutioniyoi® hexacarbonyl

complex; Thermal activation; Electron transfer baia; Single-crystal X-ray study

1. Introduction

Among vital hydrogenase enzymes, [FeFe] hydrogenase receiving a special attention,
due to their unusual structures and their catalgbever in production of hydrogen. The
crystal structure of the [FeFe] hydrogenase was feported in 1998 by Petestal. [1] and
later by Nicoletetal [2]. The binuclear complexes of iron whose streesuare close to those
of the [FeFe] hydrogenase complexes have been krfiorwvmore than 80 years [3]. Since
[FeFe] hydrogenase crystal structure publicatio $bme complexes containing a Fe2S2
core have attracted the interest of chemists [4H8¢se complexes are easily synthesized and
have been studied as structural and functional osirof enzyme active site [9]. The catalytic
properties for hydrogen generation by models ofFffehydrogenases can be modified by
substitution of one or two (CO) by more donor ligann order to increase the electron
density at the iron atoms enhancing its basicitys Bubstitution reactions can be carried out
under thermal activation [10,11], photochemicalivation [12,13] and Electron Transfer
Catalysis (ETC) or electrochemical activation [B},land is of major importance in

organometallic and coordination chemistry in cotio@cwith catalytic processes.
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The carbon monoxide substitution by a ligand L mdomor than (CO) has been largely
investigated in iron polynuclear complexes [16—Bihuclear compoundgun>*ROCS)(-
SMe)Fe(CO) [16] and [(L-RSFe(CO)] [25] reacted with P(OMg)under ETC activation
to afford monosubstituted compounds firstly anchtbiee disubstituted products [17,18,28].
The results are apparently consistent with the sogpirule that one (CO) substitution occurs
at each metal centre [29]. However kinetic studiB®§ and sequential use of P(OMand
P(OCDy)3[31] have revealed that the participation of bndgligands does not be neglected
and the second (CO) substitution may be not exadsion the unsubstituted metal center.
Under thermal activation, Lagadet al. [32] studied the (CO) substitution in the binuclea
complexes [R1C(S)SR2]HEO) and established that, with ligands such as L =Mr)Q)
CNR or PHPh monosubstituted products were exclusively obthinEor all carbon
monoxide substitutions by trimethyl phosphate inodi hexacarbonyl complexes carried out
under thermal or electron transfer catalysis atibma [23, the same monosubstitution
regioselectivity was observed in each case. Biranal®n complexes with sulfured organic
bridges are generally stable during their therreattion with ligands more donor than (CO)
[27,33] Surprisingly, we have observed an unusual Fe-Fé lotmavage in the complex (u-
n?PhC(S)=C(S)Ph)RCO) 1 [34] during its thermal reaction with P(OMe)

This work is a part of aiming to perform substibatireactions of (CO) by ligands more donor
in iron complexes having close resemblance to ifvendunit of the [FeFe] hydrogenase
under thermal and ETC activations. In complewhen P(OMe) was used in substitution
under thermal activation two complex2and3 were obtained (Scheme. The X-ray studies
show that the two P(OMgare in apical positions in trans of the iron — itmund in complex

2 and in equatorial positions in compl@éxHowever the ETC substitution reaction led to the

monosubstituted compourl(Scheme 1) according with spectroscopy and eldotoecal
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analysis. In order to understand these exchangadigeactions, the electrochemical behavior

of complexedl, 2, 3 and4 was investigated and the results are reported here.

Scheme 1

2. Experimental

2.1. Physical measurements

'H NMR spectra were recorded at 89.55 MHz, in CD/@th TMS as internal standard. Mass
spectra were recorded with a Varian MAT 311 sp@ttobometer at 70 eV at CRMPO
(Rennes, France). Elemental analyses were carrigdbyg Service Central d’Analyse
(Vernaison, France). The electrochemical experisyamre carried out in a three — electrode
thermostated cell with a PAR 362 potentiostat cedppb a Kipp and Zonem XY recorder. Pt
micro disc and a saturated calomel electrode (S@&¥ used as working and reference
electrodes, respectively. Diffraction measuremaitsingle crystals of complexesand3
were made at 293 K on a Kappa CCD diffractometauk@& AXS BV, 1997 — 2004)
equipped with a graphite monochromatic using Mo rfddiation § = 0.710732'\). Crystal
data collection reduction and refinement were agimimed with COLLECCT (Nonius,
1998), SCALEPACK and DENZO [35] programs. The dtnoe was solved by SIR 2002 [36]
and refined by using SHELXL-97 [37]. The hydrogeanas were located in Fourier maps
but introduced in calculated positions and treagdiding on their parent C atom, with 0.95
(aromatic) and with Uiso(H) = 1.2 Ueq (aromatic ©mas). The molecular graphical was
showed with ORTEP — 3 [38] program and material poblication was prepared with

WinGX 1.7 software [39,40].
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2.2. Reagents

The supporting electrolyte BNBF, (Fluka, Purum) was recrystallized in a mixture of
methanol and water (1/1), dried at 120°C and used.A2 M concentration. Diiron
nonacarbonyl (Strem Chemical, 99%), trimethylphagph(Fluka, Purum, 97%) and
diphenylacetylene (Aldrich, 99%) were used as kaxki Toluene, petroleum ether, ethanol,

CH,Cl, and DMF (SDS, analytical grade) were stored ov&rmdolecular sieves before use.

2.3. Preparations

2.3.1. Reaction of (”PhC(S)=C(S)Ph)F£CO) 1 with P(OMe} under thermal activation

Diiron hexacarbonyl compouridwas prepared according to the literature [34]. ¢ (5
mmol) was added to compouhdl.5 mmol) in dry toluene (20 ml). The mixture,tive dark
and under nitrogen, was heated at 45°C for 1 h.prbgress of the reaction was followed by
thin layer chromatography. The reaction productsevgeparated by chromatography on thin
layer of silica gel and elution with petroleum eth€he isolated complexes wer2:(30%)
and3 (25%). They were purified by crystallization fraethanol solution. All yields are based

on (Ph(CS)Ph)Fe(COX.

2.3.1.1. Complex2. (u-PhC(S)=C(S)Ph)RECOU[P(OMe)],, m.p. 137°C.'*H NMR &:
7.2(m) ppm. IR(KBr):v CO = 1920; 1930; 1950; 2020 &mMass spectrum: Mfound

685.9329; M calc. 685.9348.
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2.3.1.2. Complex3. (?PhC(S)=C(S)Ph)Fe(CO)[P(OM#&), m.p. 148°CH NMR &: 7.2(m)

ppm. IR(KBr):v CO = 1950 cnt. Mass spectrum: Mound 574.0071; Mcalc. 574.0100.

2.3.2. Reaction of (u”PhC(S)=C(S)Ph)F£CO) 1 with P(OMe}under ETC

P(OMe} (5 mmol) was added to complex diiron hexacarbdnyd4] (0.38 mmol) in CHCI,

0.1 M Buy,N"BF, (25 ml), in the dark and under nitrogen. The e@d#gsis was carried out
by holding the potential at -0.85 VersusSCE and was stopped when the electrolyzing
current dropped sharply and the change in curreached minimal. After filtration,
evaporation of the solvent and chromatography dicasgel the complexd (70%) was

isolated and was purified by crystallization frothanol solution.

2.3.2.1. Complex4. (u-PhC(S)=C(S)Ph)CO)P(OMe) m.p. 101°C*H NMR §: 7.2(m)
ppm. IR(GCl,): v CO = 1950; 1990; 2000; 2060 ¢mMass spectrum: fMfound 589.90017;

M™ calc. 589.90084.

3. Results and discussion

3.1. Thermal reaction dfwith P(OMe}

Under thermal activation an excess of P(OMmacted with Ph(CgphFe(CO) 1 and
afforded two colored compounda{30 %) and3 (25 %). Spectroscopic (Mas$JNMR, IR)
analysis showed that compl@was a disubstituted binuclear compound. The IRtspe of

2 on KBr pellet displayed intense bands between E#D2020 ciiwhich were assigned to
the terminal carbonyl coordinated to iron atomssMspectrometry confirmed the presence of
two P(OMe}in the compoun@. The aromatic proton resonance was assigned tathplex

6
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multiplet centered aé 7.2 ppm. Compoun@ was a mononuclear complex carrying two
P(OMe} ligands. The formation of complekinvolves the occurrence of a fragmentation on
the iron carbonyl complek during its thermal reaction with P(OMe)n order to understand

this reaction, we investigated the cyclic voltammpedf complex1 in the presence of

P(OMe} ligand.-and-the-of complekwas-performed.

3.2. Reaction df with P(OMe) under ETC

3.2.1. Cyclic voltammetry of compléx

In CH.Cl,, at room temperature, compléxunderwent one two-electron reversible reduction
step and the reduction potential was observed0a9 V versusSCE (Fig.1). However, the
lability of 1 may be disclosed in the presence of a donor ligéfiten a ligand P(OMe)was
added into solution of, the cyclic voltammogram (Fig.1) showed the typioahavior of a
(CO) substitution by P(OMeXxatalyzed by electron transfer occurring at thbade surface
[41, 42]. The cathodic peak C1 (Epc = - 0.9@¢&rsusSCE) ofl decreased while a peak C2,
corresponding to the superposition of two peakpeaped at more negative potential (Epc = -

1.30 VversusSCE) and indicated the formation of mono and diitilded complexes.

Fig. 1

3.2.2. Electrolysis of compléxin the presence of P(OMg)

The addition of an excess of P(OM#&) a solution ofl. under ETC led to the monosubstituted
complex4. The electrolysis (45 min) was carried out at850V versusSCE, in the dark and
under nitrogen atmosphere. The mixture was treatet separated by chromatography on

7
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silica gel. No fragmentation of the iron carbonghtlex 1 was observed and the expected

monosubstituted complek(70%) was isolated.

3.2.3. Voltammetric studies

To understand the mechanism substitution reactiollammetric studies of the complex&s

3 and4 were performed.

a. Cyclic voltammetry of complex

Under N atmosphere complekwas reduced in CKLI, solution in a single chemically
reversible two—electron step4(&,) at - 1.5 V versus SCE (Fig.2). These observations
indicate that the bielectronic reduction of comp2dg made according to a mechanism ECE
where the chemical step may be the Fe-S bond dedeading to the anic2f according to
the described reduction of4$PhS-)FgCO) with 2 equiv of electrons [43]. The chemical

step of this mechanism is also reversible.

2 + 2 —= 2%

—~————

Under CO atmosphere, the diani@f is not stable. The coordination of (CO) induced
replacement of the two P(OMgdigands and at the reverse scan, voltammogram lexy¢lae
formation of the hexacarbonyl compléxFig.2, system @A,). At more negative potentials
an insertion of (CO) on the dianio® can lead, after Fe-Fe bond cleavage, to an
heptacarbonyl complex (Scheme 2) whose oxidation is observed at -Ove@rgusSCE (peak

Aj3) according to an ECEC mechanism.
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Fig. 2

Scheme 2

b. Cyclic voltammetry of compleX

Under N atmosphere compleR was reduced in Cil, solution in a single chemically
reversible two—electron step (Fig.3, systepAg) at - 1.25 WersusSCE in comparison with
the intensity of the reduction current of the comxpl. The obtained dianio* was also
stable and involved an ECE mechanism with a rebkrsihemical step where the chemical

step may be the Fe-S bond cleavage leading taniba 3.

3 +280 =—/———= 3

Under CO atmosphere, the voltammogram shows areagttivity of the dianior8®. Indeed,
during the first potential scan a new reversiblstayn G/A, appeared at - 0.9 VersusSCE
assigned to tricarbonyl mononuclear compxScheme 3) which oxidizes around -0.5 V

versusSCE (Fig.3, peak A according to an ECEC mechanism.

Fig. 3

Scheme 3
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c. Cyclic voltammetry of complek

Under N atmosphere the binuclear compouhdias reduced in Cil, solution in a single
chemically reversible two—electron step (Fig.4,k3e@ and A) observed at - 1.15 Versus
SCE (Fig.4) in comparison with the intensity of teduction current of the compléx These
observations indicate that the dianiéfiwas stable and involved an ECE mechanism with a

reversible chemical step where the chemical stepbaahe Fe-S bond cleavage.

4 + 2¢ 4%

The difference between the reduction potentialsonfiplexesl and4 is about of 300 mV and
is in agreement with a monosubstitution of (COP{§OMe}.

Under CO atmosphere the voltammogrand §Fig.4) showed that P(OMggan be replaced
by (CO) after reduction of complekinto dianion4®. During the reverse scan, two reversible
systems A/C, and As/C; were observed at - 0.9 V and - @&rsusSCE, respectively. #C;
was attributed td/1% systemand AJ/Cs; may be assigned to the syst&f8> oxidation and
reduction, according to the hypothesis that we haweady formulated during the study of

precedent complexes studies under CO atmosphener(tec?).

Fig. 4

The structures a2 and3 were not clearly specified and an X-ray determamatvas needed to

prove the proposed formulas in order to followthi discussions on our results. However,

10
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the crystal structure of complexcould not be determined because of the poor qualitire

relevant crystals.

3.3. X —Ray crystal analysis

3.3.1. X — Ray crystal analysis of compouad

Crystals of comple® were triclinic with space group P-1. The X — Raydy of 2 established
that it was a binuclear disubstituted complex. Apeeted, the molecular geometry of
complex2 is analogous to that of its parent arene ditheothiron complexl. The molecular
structure (Fig. 5) shows that one CO substituticcues on each metal center, according to the
empirical rule [29]. The two P(OMgare in apical positions in trans of the iron — itmyund
(Fig. 5). The Fe-Fe bound length [2.4797&&1)is in accordance with that observed injfe
btdt)(CO)(P(OEt}),] complex [33] and is slightly shorter than thatsetved in the starting
complex1 [34]. The average Fe-P distances and Fe-Fe-P aag#e®.1703 A and 150.275°,
respectively and are comparable to those obsemedhé selenium analogous complexes
[44]. The average Fe-S-Fe angle and C-O distanc65.94° and 1.146%,, respectively are
in the same ranges of similar complexes [33]. TeeS-bonds ir2 are slightly longer (ca.
0.0137 A) than that in the unsubstituted compolidde to the stronger-donor properties of
phosphite ligands compared to carbonyl groups [B4ystal data collection parameters and
some of selected bond lengths and bond anglesgixggr in Tables 1 and 2, respectively. In
the crystal packing, the components of the strectue linked via intermolecular C-H....O

and C-H....S hydrogen bonds (Table 3) to form a zjgtwin along tha-axis (Fig.6).

11
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Fig. 5

Collection parameters are shown in Table 1, andctsd bond distances and angles are

tabulated in Table 2.

Tablel

Fig.6

Table?2

3.3.2. X —ray crystal analysis of compouid

Crystals of complexd were orthorhombic with space groug,f° The X — Ray study 08
established that it was a mononuclear disubstitutad complex with trigonal-bipyramidal
geometry. The [HsCSL group was coordinated to the iron atom throughtihe Fe — S
bounds. The Fe — S bond lengths 2.1932(14) A ahfi23(13) A are comparable to those
observed for sulfur analogues [45] and were shalni@n those obtained in complexe§34]
and 2. The dithio diphenylethylene groups were coordidai the single iron with the two
similar -S-C(Ph) and the mean (1.7315 A) of theC(®h) bond lengths was shorter than that
observed in complexeks[34] and2. The P atoms were coordinated in an equatoriatipos
with Fe-P bond lengths [2.1452(14) A and 2.1220(Af)and S-Fe-P angles [117.74(5)°,

144.05(5)°, 89.04(5)°and 95.87(5)°] are in accocgarwith those observed in similar

12
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complexes [45]. The coordination of the metal centas completed by one carbonyl in
apical position [170.56(16)°]. The Fe—CO bond (D(B} A) is slightly shorter than that
observed in the complek [34] and can be due to the back-donation of the iron atom
towards the carbonyl [23]. O2 and C2 atoms of P(RMeoup present a severe disorder. The
refined model using constraints corresponds tailution of these two atoms with 0.70 and
0.60 for O2 and C2 respectively (Fig. 7). Its caystnd collection parameters are shown in
Table 1, and selected bond distances and anglemlautated in Table 2. In the molecular
stacking up of the comple8, every two molecules are interpenetrated and dinka
intermolecular C—H....O hydrogen bond (Table 3), fimgna zigzag chain along theaxis at

c =0 or c = 1/2 (Fig. 8). The double bond PhC(B)€h (C5=C6 of 1.3273 (5) A) in
complex?2 is shorter than that observed in comp8%C8=C9 of 1.364 (6) A) and can be

explained by a greater steric consideration inctimaplex2.

Fig.7

Fig.8

Table3

3.4. Proposed mechanism for the formation of complexgand 4

The formation oP, 3 and4 are summarized in the scheme 4. However the merhaof the

reaction of complexl with an excess of P(OMg)kould proceed according to a system

13
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composed of consecutive and competitive reactibhas the monosubstituted compléxs
firstly formed, whatever the thermal [33] or E.T[45] activation. Starting from an excess of
the P(OMe), under thermal activation, complek could be involved in two competitive
substitution reactions (Scheme 5). The first oneldbde a (CO) exchange reaction consistent
with the empirical rule that one (CO) substitutmecurs at each metal center [29] leading to
the complexX2. The second (CO) substitution could occur on Hmesalready substituted iron
atom of2 or 4 leading to a fragmentation resulting from the imaot steric effect and the
resulting high charge density on this iron leadinghe complexd. Fe(CO)? fragment could

be formed as decomposition product of complexes4.

Scheme 4

Scheme5

4. Conclusion

In this study, we have reported that exchange cgtheactions by P(OMe)n complex (u-
n°PhC(S)=C(S)Ph)RCO) 1 lead to three complexes, depending on the usédatioh. A
binuclear disubstituted complex (u-PhC(S)=C(S)PH}F®@u[P(OMe)], and a mononuclear
iron disubstituted complexntPhC(S)=C(S)Ph)Fe(CO)[P(OM#) were obtained under
thermal activation. When using electron transfeéalgais the monosubstituted compound (u-
PhC(S)=C(S)Ph)R€CO)[P(OMe)] was obtained. All the synthetized complexes were
characterized by spectroscopic analysis (Md$$s, NMR, IR). Cyclic volammetry of
complexesl-4 were carried out and showed that they underwerd single chemically
reversible two-electron reduction step. ExchangeCof by P(OMe) induced by electron

transfer were observed in the complex@PhC(S)=C(S)Ph)RCO). Under CO atmosphere

14
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P(OMe} were replaced by CO ligand in a chemical reveesiitép. The X-ray studies of (u-
PhC(S)=C(S)Ph)RCO)[P(OMe)], and (°PhC(S)=C(S)Ph)Fe(CO)[P(OM&) were
established and showed that the P(O)\eg in apical positions in the binuclear disubgsid
complex and are in equatorial positions in the nmmetear iron disubstituted complex.
Finally the exchange reaction of carbonyl by P(OMeh the complex (u-
n*PhC(S)=C(S)Ph)RCO) is not selective and the two ways (thermal adtveand electron

transfer catalysis) did not lead to the same comgsu
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Table 1 Crystal data and refinement details for X-ray structure determination of complexes 2 and 3

Complex 2 Complex 3
Molecular formula CaaHzgFe2010P2S2 C21H2sFe07P2S;
Formula weight (g mol™) 714,25 574,40
T(K) 293(2) 293(2)
Crystal system Triclinic Orthorhombic
Space group P-1 Pcab
a(A) 11.7332(6) 13,0590(5)
b (A) 14.5531(6) 14,7910(5)
c(A) 10.5775(6) 27,4550(5)
a (%) 103.35(5) 90
B (°) 101.02(3) 90
v (°) 71.20(3) 90
Volume (A% 1591.7 5303,09(29)
Z 2 8
Color red violet
Peal (g cm™) 1.490 1.440
1 (cm™) 11.91 8,84
Bmin - Bmax 1-25 1.5-26.4
Measured data 5559 63108
Reflections used 2304 5417
Fooo 721.9 2382.7
Radiation MoKa(Graphite Monochromated) MoKa(Graphite Monochromated)
Wave length (A) 0.71073 0.71073
No. data with | > 20 3929 3595
number of parameters 380 317
Rint 0.040 0.0801
Ri(l > 20) 0.03446 0.0695
WR> 0.04570 0.1762

GOF 1.614 1.077




Table 2 Selected bond lengths (A) and angles (°) in complexes 2 and 3

Complex 2

Complex 3

Bond lengths (A)

Fe(1)-S (1)
Fe(1)-S (2
Fe(1)-P (1)
Fe(1)-C (1)
Fe(1)-C(2)
S(1)-C(5)
S(2)-C(6)
C(®)-C(6)
/

Fe(2)-S (1)
Fe (2)-S (2
Fe (2)-P (2
Fe(2)-C @)
Fe(2)-C@4)
Fe (1) - Fe (2)

Angles (°)

S (1)-Fe (1)-S (2)
S (1)-Fe (1)-P (1)
/
S (2)-Fe (1)-C (1)
S (1)-Fe (1)-C (1)
S (2)-Fe (1)-P (1)
S (1)-C (5)-C (6)
Fe (1)-S (1)-C (5)
Fe (1)-S (2)-C (6)
/
/
Fe (2)-Fe (1)-P (1)
Fe (1)-Fe (2)-P (2)
S (1)-Fe (2)-S (2)
S (1)-Fe (2)-P (2)
S (2)-Fe (2)-P (2)
Fe (2)-Fe (1)-S (1)
Fe (2)-Fe (1)-S (2)

2.2821(1)
2.2771(1)
2.1681(1)
1.7545(1)
1.7659(3)
1.8179(3)
1.8219(9)
1.3273(5)
/
2.2921(1)
2.2615(1)
2.1725(1)
1.7643(3)
1.7651(13)
2.4797(1)

78.95(1)
100.11(1)
/

89.86(1)

160.73(1)
103.77(2)
116.14(1)
101.98(1)
102.61(1)

/

/
150.57(1)
149.98(1)
79.06(1)
103.59(2)
99.31(1)
57.37(1)
56.58(1)

Bond lengths (A)

Fe (1) - S (1)
Fe (1) - S (2)
Fe (1) - P (1)
Fe (1) - C (7)
/
S(1)-C(8)
S(2)-C(9)
C(8)-C(9)
Fe (1) - P (2)
/

/
/
/
/
/

Angles (°)

S (1)-Fe (1)-S (2)
S (1)-Fe (1)-P (1)
S (1)-Fe (1)-P (2)
S (2)-Fe (1)-C (7)
S (1)-Fe (1)-C (7)
S (2)-Fe (1)-P (1)
S (1)-C (8)-C (9)
Fe (1)-S (1)-C (8)
Fe (1)-S (2)-C (9)
P (2)-Fe (1)-P (1)
S (2)-Fe (1)-P (2)

~ ~ —~ — ~ ~—

2.1932(14)
2.1523(13)
2.1452(14)
1.740(5)

/
1.727(4)
1.736(4)
1.364(6)
2.1220(14)

~ O~~~ -~ -

88.10(4)
89.04(5)
95.87(5)
87.38(14)
170.47(15)
144.05(5)
119.1(3)
106.66(15)
107.95(14)
98.20(5)
117.74(5)
/

/
/
/
/
/




Table 3 Hydrogen bonds (A) and angles (°) in complexes 2 and 3

D-—H..A D-H H..A D.A D-—H..A
Complex 2 C11-H4 ..05" 0.99 2.36 3.261(2) 148

C9-H2..s2" 1 2.99 3.246(6) 176
Complex 3 C19- H19...07™ 0.93 2.62 3.993(3) 125

Symmetry codes: (i) -x+1,-y+1,-z+1; (i) -x,-y+1,-z+1. (iii) X,y-1/2,-z+1/2.
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Fig.1. Cyclic voltammetry of 2 mM of complekin CH,Cl,0.1 M ByN*BF; ; Pt electrode; scan

rate 0.1 VS. ____ Complexi alone;
excess of P(OMe)

and
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E(V vs SCE)
1

-1.0

-1.5

Fig.2. Cyclic voltammetry of 2 mM of compleXin CH,Cl,0.1 M ByN*BF; ; Pt electrode; scan

rate 0.2 V &.

Complexd (2 mM) under N atmosphere.

—— ComplexX2 under N atmosphere;

Complexunder CO atmosphere.
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Fig.3. Cyclic voltammetry of 2 mM of compleXin CH,Cl,0.1 M BuN'BF, ; Pt electrode; scan rate
0.2V s ___ Complexdunder N atmosphere; ...... Complekunder CO atmosphere.

4pA Cl1
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0 -0.5 -1.0 -1.5

Fig.4. Cyclic voltammetry of 2 mM of comple4 in CH,Cl, 0.1 M BuN'BF;, ; Pt electrode; scan rate
0.2 vst. _ Complext under N atmosphere; ...... Complekunder CO atmosphere.



Fig.5. Molecular structure of compleXwith thermal ellipsoids at 30% probability. Hydesgatoms
are omitted for clarity.

Fig.6. The crystal packing viewed along axisDashed lines indicate intermolecular C- H....O @rd
H....S hydrogen bonds which join molecules into essliehains along theeaxis direction.



C1

Fig.7. Molecular structure of complekwith thermal ellipsoids at 30% probability. Hydeygatoms
are omitted for clarity.

<

Fig.8. The crystal packing viewed along agisDashed lines indicate C—H....O intermolecular
hydrogen bond, forming a zigzag chain alonglilais at c = 0 and ¢ = 1/2.
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Scheme 5. Proposed mechanism of reactiorlafith P(OMe)



Carbonyl exchange by P(OMe);in (p1-n?PhC(S)=C(S)Ph)Fe,(CO); lead to three
complexes

Thermal activation lead to a binuclear and a mononuclear iron disubstituted
complexes

Under electron transfer catalysis a binuclear monosubstituted complex was obtained
Complexes volammetry showed a chemical two electrons reversible reduction step
When P(OMe); was added CO substitutions were induced by electron transfer
catalysis



