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Modulation of S-Centered Reactivity: Impact of Terminal
Ligands on Alkynyl Addition in [Fe,(u-S,)(CO),L,]

Complexes

Ines Bennour,” Lucile Chatelain,*® and Philippe Schollhammer*®

The reactivity of complexes [Fe,(u-S,)(CO),L,] (L=CO (1), PPh,
(2)), with lithium alkynylide reagents generated in situ, was
investigated. The behavior of the S,-bridge in these compounds
depends on the substitution at the diiron core. The reaction
with the hexacarbonyl derivative 1 leads to the formation of the
1,2-dithiolene bridged complex [Fe,(u-SCH=C(R)S)(CO)s (3%)
while the molecule [Fe,(u-SH)(u-SC=CR)(CO),(PPh,),] (5%), with
an open butterfly structure, is isolated when reacting the

Introduction

In nature, metalloenzymes containing Fe—S clusters in their
cofactor enable the efficient transformation of various small
molecules under mild conditions."™ Among them, [FeFe]-
hydrogenases are a family of enzymes, that allow the reversible
conversion of H, to HT. Their active site contains an
azadithiolato bridged diiron core whose the coordination
sphere is completed with cyanide and carbonyl ligands.>® A
large variety of bio-inspired Fe—S complexes has been exten-
sively studied to design novel catalysts for the conversion of
protons into H,. This is a crucial goal for the use of H, as a green
energy carrier."% In this context, the diiron compound [Fe,(u-
S,)(CO)l (NP is a key precursor for the synthesis of
bioinspired diiron species. Indeed, the reduction of 1 into its
parent dianion [Fe,(u-S),(CO)s]*~ (1*") affords a general pathway
for introducing various functionalized dithiolato bridges.”"*' In
contrast, the photoactivation of [Fe,(u-S,)(CO)s] (1) in the
presence of unsaturated substrates, such as alkene or alkyne,
results in a formal [2+ 2] addition at the sulfur atoms."*™® This
photochemical reaction affords a powerful route for preparing
the relatively scarce diiron complexes with a 1,2-dithiolene
bridge from alkyne.'®*?2 The limited number of such deriva-
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disubstituted derivative 2. The disubstituted dithiolene complex
[Fe,(u-SCH=C(Ph)S)(C0O),(PPh,),] (4™ can only be obtained by
substitution of carbonyls with PPh; in 3% In the presence of
piperidine, 5% isomerizes into the 1,1-dithiolene bridged
derivative 6°". The novel compounds 4-6 were synthesized and
characterized by IR and NMR spectroscopies. X-ray crystallo-
graphic studies of the dithiolene complexes 3*"-4"" allowed
their structural analysis.

tives, compared, for example, to their 1,2-benzenedithiolate
analogs™ may be attributed to the low commercial availability
of 1,2-dithiolene as well as their relative instability.”*” Therefore,
the controlled and straightforward synthesis of diiron dithio-
lenes is challenging.>'¢'82'%3% Apart from the [2+2] photo-
addition of alkyne with 1, an attractive route involving the
action of lithium alkynylide reagents on the complex [Fe,(u-
S,)(CO)4l (1), followed by a protonation step, was reported in
the 80s.28%

Moreover, the extension to the chemistry of mono and
disubstituted dithiolene bridged derivatives has been limited
due to the easy cleavage of dithiolene diiron complexes upon
substitution reactions of carbonyl with better o-donor ligands
in [Fe,(u-1,2-dithiolene)(CO)¢].2* To overcome this difficulty, the
replacement of carbonyl groups in the precursor 1 before
generating the dithiolene bridge was considered. The substitu-
tion of CO groups in 1 is a more intriguing process that one
might think, due to the presence of the redox active persulfido
bridge.”® Recent studies have revealed that the substitution of
a CO ligand in the compound [Fe,(u-S,)(CO)] (1) by a
triphenylphosphine does not follow the conventional ligand
exchange mechanism on the iron metal, highlighting the non-
innocent role of the (u-S,%") bridged ligand.”” Further theoret-
ical calculations indicate that the order of the S-S bond
depends on the substitution at the iron metal center in
complexes [Fe,(u-S,)(CO)_,(L),] (x=0, 2, 4), that might modify
the S-centered reactivity of such substituted species.*®

The literature on the activity of the S,*” ligand coordinated
to disubstituted diiron moiety {Fe,(CO),(L),’*" remains
limited.®®*® Besides there has not been any reported compar-
ison between the reactivity properties of the two derivatives
[Fe,(u-S,)(CO)] (1) and [Fe,(u-S,)(CO),(PPh,),1®"**4% (2) toward
unsaturated substrates.

In the study presented herein, we report the different
behavior of complexes [Fe,(u-S,)(CO),L,] (L=CO (1), PPh; (2)) in
the reaction with an lithium alkynylide reagent, selected for

© 2024 The Authors. European Journal of Inorganic Chemistry published by Wiley-VCH GmbH


http://orcid.org/0000-0003-4275-6087
http://orcid.org/0000-0001-8161-7878
https://doi.org/10.1002/ejic.202400061
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fejic.202400061&domain=pdf&date_stamp=2024-05-08

EurJIC

European Journal of Inorganic Chemistry

Research Article

doi.org/10.1002/ejic.202400061

Chemistry

Europe

European Chemical
Societies Publishing

preparing compounds with a dithiolene bridge. These results
confirm that the coordination environment at the diiron core in
[Fe,(u-S,)(CO),L,] modifies the S,-centered reactivity.

Results and Discussion
Complexes [Fe,(u-SCH=C(R)S)(CO)s] (3%) (R=Ph, C,H,) were

synthesized in high yield using a literature procedure.”**” Their
preparation involved the reaction of [Fe,(u-S,)(CO)4] (1) with an

lithium alkynylide reagent RCCLi (R=Ph, C,H,), at —78°C in
THF, followed by the addition of CF;CO,H (Scheme 1). The
nature of the substituent on the alkynyl chain did not influence
the reaction course, and a 1,2-dithiolene bridging ligand was
formed for various R groups. The crystallographic structure of
the complex 3™ was not reported previously. Single crystals
suitable for X-ray diffraction were obtained by slow evaporation
of acetonitrile solvent at —35°C. The structural determination
confirms the formula [Fe,(u-SCH=C(Ph)S)(CO)¢] and reveals a
butterfly {Fe,S,} core (Figure 1). The Fe—Fe and dithiolene C=C

S,
S Phl / \ PPhs
oc\ / \ co 2 PPhy THF N LD e
--------- o — l AN \,,,,/
o™ l \S/ \l”///
2
1) 10 (LDA, RCCH)
1)2.5 (LDA, RCCH) 2) CF,COOH
2) CF4COOH THF, -78°C
THF, -78°C o
R /
S S

.F _________ N\ ’I/
o™ \ g oc® ] \CO’/co
OC 3R 919 R: Ph, C4Ho OC 5Ph 899,
sHex 579,
PPhg 2 PPhg
THF N HF Piperidine P
THF
Ph/ H Ph//
$/5 PPh, PhyP. \5// S, PPh PheP & PPhg
RN y\ /CO THF N y\ s \ / \
"—_"_"'Fe"' \-Fe -------- 7 o T Y,
oc™{ \ "1co | \ “co oc® l \ “co
oc PPhy oc co oc co
7Ph 66% 4Ph 70% 6Ph 53%

Scheme 1. Synthesis of compounds 2-7°".

Figure 1. Molecular structures of [Fe,(u-SCH=C(Ph)S)(CO)¢] 3™ (left) and [Fe,(u-SCH=C(Ph)S)(CO),(PPh,),] 4™ (right) with thermal ellipsoids at 40% probability
(Hydrogen atoms and co-crystallized solvent molecule are omitted for clarity). Color atom’s: carbon in grey, oxygen in red, iron in blue, sulfur in orange,
phosphorous in purple. Principal bond distances: 3™ Fe1—-S1 2.2751(8), Fe1-S2 2.2746(8), Fe2—S1 2.2652(8), Fe2—S2 2.2879(8), mean Fe—CO 1.798(3) A 4™
Fe1-S1 2.291(1), Fe1-52 2.279(1), Fe2—S1 2.289(1), Fe2—52 2.283(2), Fe1—P1 2.250(1), Fe2—P2 2.241(1), mean Fe—CO 1.758(5) A
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bond lengths (2.4665(6) and 1.317(4) A, respectively) are in the
range of previously reported hexacarbonyl 1,2-dithiolene com-
plexes (Fe—Fe 2.4755(12)-2.4842(9)A and C=C 1.313(8)-
1.350(6) A).[19,21,25,33,35]

In contrast, the reaction of [Fe,(u-S,)(CO),(PPh;),] (2) with an
excess of RCCLi (R: Ph, CH,), followed by the addition of
CF;CO,H did not yield the expected bridged products [Fe,(u-
SCH=C(R)S)(CO),(PPh,),] (4%). Instead, the formation of com-
pounds [Fe,(u-SH)(u-SC=CR)(CO),(PPh,),] (5%) was observed
(Scheme 1). Molecules 5" and 5"** were purified by column
chromatography and isolated in good yields. The structure of
the compounds 5%, which contains a thiolato and an hydro-
sulfido bridges, was proposed in comparing their spectroscopic
data with those found in the literature.”*”

Complexes 5* exhibit similar characteristics. Their IR spectra
are typical of those of disubstituted derivatives with three
strong bands in the CO stretching vibrations region (1942, 1960
and 2004 cm™' for 5°" and 1942, 1960 and 2003 cm™' for 5"
(Figures 53-54)).%¥ High field (<0 ppm) 'H NMR signals and two
resonances around 85 ppm in the C-{'"H} NMR spectra corre-
spond to the —SH and the triple bond C=C of the -S—C=C-R
bridging ligands, respectively.”** The observation of several
resonances in the *'P-{"H} NMR spectra is consistently assigned
to the presence of four possible isomers, related to the relative
orientations (equatorial or axial) of SH and SR group (Scheme S1
and Figures S11-515).% Despite several crystallization attempts,
the unstability of compounds 5* stored in solution has
prevented the obtention of crystals suitable for XRD analysis. It
is worth noting that compounds 3" and 5" are less stable
than their 3™ and 5™ counterparts, which hindered further
studies.

Piperidine has been used to catalyze the reaction of the
complex [Fe,(u-SH),(CO)s] with various unsaturated reagents,
that afforded bis-thiolato derivatives.*" It was also shown that
such a reagent may promote the isomerization of the open
form [Fe,(u-SH)(u-SR)(CO)] into dithiolato complexes [Fe,(u-
S,R)(CO)¢s] with one or two-carbon bridge between the two
sulfur atoms, depending on the nature of the group R.

Following a similar strategy, we observed that adding half
an equivalent of piperidine to a THF solution of compound 5™
at room temperature over several days, resulted in its complete
transformation into a novel species. After purification, the main
product was not the hoped-for complex 4™ with a 1,2-
dithiolene  bridge, but the molecule [Fe,(u-S,C=CH-
(Ph))(CO),(PPh,),] (6°") in which the two iron metals are bridged
by a 1,1'-dithiolene ligand.”®***? The IR spectrum of 6™ displays
Vo bands very close to those of 2 and 57 (Figure S5). The
assignment of the bridge to a 1,1"-dithiolene rather than a 1,2-
dithiolene group was achieved through "C-{'H} and "“C-'H
HMQC NMR spectra (Figures S16-519). The downfield resonance
at 149.7 ppm in the *C-{"H} NMR spectrum corresponds to the
—C(S,)= carbon, while the resonance at 115.8 ppm is attributed
to the =CH(Ph) carbon. *C-"H HMQC NMR spectrum shows that
this later signal is correlated with the resonance at 4.38 ppm in
the '"HNMR spectrum, which allows to identify the sole non-
aromatic proton of this ligand. The presence of two isomers is
suggested by the two resonances observed in the *'P-{"H} NMR
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spectrum at both room and low temperatures. Their structures
are proposed in Scheme S2. Upon increasing the temperature,
no isomerization process was detected but decomposition of
6™ arose.

Noting that this pathway with the disubstituted disulfido
complex [Fe,(u-S,)(CO),4(PPh,),] (2) as precursor, failed to lead to
the desired substituted 1,2-dithiolene product 4™, we inves-
tigated the reactions of substitution in the hexacarbonyl 1,2-
dithiolene compound 3. The addition of one equivalent of
PPh; to a THF solution of 3™ resulted in the substitution of one
CO by the phosphine, which afforded the complex [Fe,(u-
SCH=C(Ph)S)(CO)s(PPh,)] (7*") in good yield. In the presence of
an excess of PPh; in THF the molecule 7™ was slowly and
quantitatively transformed into [Fe,(u-SCH=C(Ph)S)(CO),(PPh,),]
(4™"). Heating the solution at 40°C moderately accelerated the
reaction time without decomposition into monometallic spe-
cies, as previously reported for such 1,2-dithiolene bimetallic
complexes.***! The IR spectrum of 7™ shows, in the v, region,
a typical pattern for monosubstituted derivatives [Fe,(u-dithio-
late)(CO)s(L)], with four strong bands at 2051, 1993, 1980 (sh)
and 1936 cm™' (Figure S6). The 'H NMR spectrum in CD,Cl, is
consistent with the formula [Fe,(u-SCH=C(Ph)S)(CO),L], with a
singlet resonance of SCH= observed at 5.69 ppm. The
BC{"H} NMR spectrum supports also the presence of a 1,2-
dithiolene ligand. The resonances of the carbon atoms of the
=CH and =CPh groups is attributed through "C-'H NMR
correlation analysis (134.9 ppm for =CH and 159.0 ppm for
=CPh). At room temperature, only one resonance is observed in
the 3'P-{"H} NMR spectrum. Upon, decreasing the temperature
this signal splits into three singlets, which are assigned to three
isomers of 7°" related to the position (apical or basal) of PPh,
and the relative orientation of the dithiolene R—C=C—H group
(Figures S20-523).

The IR spectrum of 4™ displays three strong bands in the
carbonyl region at 2000, 1954 and 1936 cm™' (Figure S2),
consistent with a symmetrically disubstituted diiron complex.
One resonance is detected in the *'P-{'"H} NMR whatever the
temperature, which suggests that only one isomer, with a
symmetrical geometry is favored. It is noteworthy that the
resonance of the —SCH= group is shielded of about 1 ppm, at
4.80 ppm, compared to 3™ and 7™. The "*C-{'H} spectrum is
consistent with 1,2-dithiolene features (Figures S7-5S10). Single
crystals of complex 4™ were grown at —35°C in a THF/Toluene
solution. In accordance with the spectroscopic data, the X-ray
structure reveals the presence of the symmetrical di-apical
isomer (Figure 1). Each iron center adopts a distorted square
pyramidal geometry with a PPh; in apical position, the two
sulfur atoms of the 1,2-dithiolene bridge and two carbonyl
ligands in basal position. Their coordination sphere is supple-
mented with a Fe—Fe single bond according to the effective
atomic number rule. The Fe—Fe bond distance of 2.4939(8) A
and the C=C bond length of the 1,2-dithiolene (1.315(5) A) are
within the range of those observed for analogous structures
from 2.4797(1) to 2.525(2) A, and 1.303(8) to 1.3273(5) A,
respectively.2'*4

The two phosphine ligands are in an eclipsed orientation in
the apical position. As shown in Figure S1, the replacement of
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two CO by PPh; has a slight effect on the Fe—Fe and S-S
distances in 1 and 2. The Fe—Fe and the average of Fe-S
lengths are longer by 0.007(1) A and 0.016(1) A, respectively, in
2 compared to 1. The Fe—C distances are shorter by 0.023(1) A
(Table 1 in Sl) in 2 than in 1 due to the expected better n-back
donation from the iron centers to the carbonyl groups. The S-S
bond is increased by 0.008(1) A in 2 compared to 1. When
comparing the molecular structures of complexes 3™ and 4™,
or those of other derivatives with ethanedithiolate (edt*”) or
benzenedithiolate (bdt?") bridges (Table 1 in SI), similar struc-
tural changes are observed upon the replacement of two CO by
two PPh;. A lengthening of 0.0273(7) A and 0.010(4) A is
observed for the Fe—Fe and the Fe—S bonds, respectively, in 47
compared to 37,

This study reveals the significant difference in the reactivity
of compounds 1 and 2 toward lithium alkynylide reagents. In
the case of 1, a 1,2-dithiolene is obtained, while starting from 2,
no reaction occurred with less than 10 equivalents of RCCLi and
no bridging 1,2-dithiolene is formed. Instead, the formation of a
bimetallic complex with two different bridges (u-SH and u-S—C=
C—Ph) is observed. The rationalization of some aspects of the
reactivity of the S,-bridged diiron moiety [Fe,(u-S,)(CO)l,
reported in pioneering works, remained obscure until
recently.®’? The formation of ‘closed’ or ‘open’ isomers, 1,2-
dithiolene, 1,1-dithiolene or (u-SH)(u-SC=CR), depends on the
stability of the anionic intermediate species formed upon the
addition of the lithium alkynylide reagent, which are C- or S-
centered (Scheme 2), as well as the nature of the electrophile
added in the second step.” Obviously, the difference of
reactivity between 1 and 2 arises from the different substitution
at the diiron core in those complexes. The replacement of two
CO in 2 by PPh; ligands, in apical position, increases both the
steric congestion of the p-S, site and the electron density at the
diiron core, which favor the cleavage of the S-S bond and the
stabilization of the S-centered anionic intermediate, preventing
its transformation into 1,2-dithiolene upon protonation. Such a
rationalization of the different pathways of this reaction
depending on the substitution at the diiron core is reminiscent

Ic=c—R °
Ic=c—R
S35 S%s
oc 3 co PhgP. S PPh
NN NN
o™’ \ o oo™/ \ “co
ocC co ocC [e]e]
1 2
R
R
(b) J \Ic@
R
o
T§(l:/ /c/// /C
L. & //3\ L Lo S48 L Lo S48 L
\‘Fé{-{:ﬁ—l’iF / N /\ e/ /_ f&F /
o™/ N "o oc™'{ N0 ot Y| \ “co
oC ocC B co c
L=CO L =PPh,

Scheme 2. (a) Mechanistic proposition for the acetylide addition to the p-S,
site in 1 and 2; (b) Possible C- and S-centered monoanionic intermediates
resulting from addition of lithium alkynylide to complexes 1-2.
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of the recent computational study.”® It demonstrated that the
conversion of the tetrahedrane persulfido form {Fe',(u-S,)} into
its butterfly bis-sulfido {Fe",(u-S),} in [Fe(u-S,)(CO)s_(PMe;),]
species is favored upon substitution of CO by phosphine. The
addition of such c-donor ligands increases the electron density
at the diiron core and stabilizes the disulfide-Fe'Fe" redox state.
Finally, the isomerization of 57" to 4™ was ruled out in presence
of piperidine. Instead, bridging 1,1’-dithiolene 6™ was obtained.
This result may be attributed to the easier rearrangement
formed by the addition of the deprotonated sulfido ligand on
the linear —C=C—Ph fragment (transformation B to C in
Scheme 2). Furthermore, the aromatic group is located out-
wards from the {Fe,S,} core in a less sterically crowded
environment in 6™, as shown in the crystallographic structure
of complex [Fe,(u-SCH=C(Ph)S)(CO)] (3*"), compared to 4™

Conclusions

The reactivity of the two complexes, [Fe,(u-S,)(CO),L,] (L=CO
(1); PPh; (2) with RCCLi reagents was considered to prepare 1,2-
dithiolene compounds [Fe,(u-dithiolene)(CO),L,] (L=PPh;) with
an electron-rich diiron site. This unsaturated dithiolene bridge
can be post-functionalized for introducing various features in
the second sphere of coordination of those dinuclear com-
plexes. Our study revealed that the nature of the terminal
ligands at the diiron core (CO vs PPh;) in the compounds [Fe,(u-
S,)(CO),L,] orientates differently their S,-centered reactivity. The
pathway, which allows the formation of 1,2-dithiolene bridge,
requires the introduction of this bridge before the substitution
of CO groups by better c-donor ligands, even if the last step of
this sequence may induce the cleavage of the dinuclear
framework in reason of the electron-withdrawing properties of
such unsaturated dithiolene bridge.

Further studies are now ongoing to functionalize 1,2-
dithiolene complexes with Lewis acidic function to extend a
strategy recently established in our group for H, activation."¥

Experimental Section

General Experimental Details

All reactions were carried out under an atmosphere of Ar or N,
using Schlenk or glovebox techniques for the syntheses. Anhydrous
toluene, THF, pentane and hexane were distilled over sodium,
degassed and stored under Ar. CH,Cl, were distilled over CaH,,
degassed and stored under Ar. Deuterated solvent were degassed
by a minimum of three freeze-pump-thaw cycles and dried over
activated molecular sieves (3 A or 4 A). Lithium diisopropylamide
solution (2 M in THF), trifluoroacetic acid and PPh; were used as
received from Acros Organics, Sigma Aldrich or Baker. PhCCH,
hexyne and piperidine were degassed and dried over molecular
sieves prior to use. The complex2 was synthesized following
literature procedure.”® Complexes 3% were synthesized according
to the literature.” The NMR spectra ('H, “C-{'"H}*'P-{'H}) were
respectively recorded at room temperature in deuterated solvents
with a Bruker Avance 400 or Avance Ill HD 500 spectrometer of the
“Service RMN-SM de I'Université de Bretagne Occidentale”. They
were referenced to SiMe, ('H, '*C), H;PO, (*'P). Variable Temper-
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ature-NMR experiments were performed with a Bruker Avance Il
HD 500 spectrometer. The infrared spectra were recorded with
PerkinElmer spectrometer in solution. Chemical analyses were
made by the “Service d'Analyses - Chromato - Masse BioCIS - UMR
8076", Chatenay-Malabry (France). Single-crystal X-ray diffraction
data were collected at 150-170K on an Oxford Diffraction
X-Calibur-2 CCD diffractometer, equipped with a jet cooler device
and a graphite-monochromated Mo—Ka radiation (A 0.71073).
Deposition Numbers 2324412 (for 3™), 2324411 (for 4™) contain the
supplementary crystallographic data for this paper. These data are
provided free of charge by the joint Cambridge Crystallographic
Data Centre and Fachinformationszentrum Karlsruhe Access Struc-
tures service.

Synthesis and Characterization of [Fe,(u-
SCH=C(Ph)S)(C0),(PPh;,),] (4™

705.7 mg of PPh; (2.69 mmol, 3 eq.) were added to a solution of
[Fe,(u-SCH=C(Ph)S)(CO),] (3" (400 mg, 0.897 mmol, 1 eq.) in 40 mL
of THF. The mixture was stirred at 40°C for one week. The solvent
was evaporated to dryness under reduced pressure. The obtained
residue was chromatographed using pentane as an eluent. CH,Cl,
was slowly added to the eluent to accelerate the migration of the
products. The main fraction with red color was collected and the
solvent was removed to give 580 mg (70%) of [Fe,(u-SCH=C-
(Ph)S)(CO),(PPh,),] (4™) as a sensitive brown-red solid. IR (CH,Cl,):
v, (cm™"): 2000, 1954, 1936. 'H-NMR (CD,Cl,, 400 MHz, 298 K): &
(ppm)=4.80 (s, TH, =CH), 6.6-7.06 (m, 5H, Ph—C), 7.28-7.62 (m, 30H,
Ph—P). 3'P-{"H} NMR (CD,Cl,, 162 MHz, 298 K): & (ppm)=60.04 ppm
(s, PPhs). *C-{"H} NMR (CD,Cl,, 125.8 MHz, 298 K): § (ppm)=125.4—
134.0 (Ph), 135.6 (s, =CH), 137 (d, P—C, Jpc =42 MHz), 156.5 (s, =CPh),
216.1 (m, CO). Elemental analysis: C, H, N analysis calculated for
CusHs6Fe,0,P,5,: C 63.04%, H 3.97 %; found C 62.80 %, H 4.09 %.

Synthesis and Characterization of [Fe,(u-SH)(u-
SC=CPh)(C0),(PPh,),] (5°") and [Fe,(u-SH)(u-
SC=C(C,H,))(CO),(PPh,),] (5")

An alkynylide solution, prepared from the addition of lithium
diisopropylamide (0.62 mL, 2M in THF, 1.23 mmol, 10eq.) to a
solution of phenylacetylene (0.140 mL, 1.27 mmol, 10eq.) or
hexyne (0.146 mL, 1.27 mmol, 10eq.) in 10 mL of THF at room
temperature, was cannulated to a cold solution (—78°C) of [Fe,(u-
S,)(CO),4(PPhs),] (2) (100.0 mg, 0.123 mmol, 1 eq.) in 20 mL of THF,
which turned dark yellow. (Note: The use of 2.5 equivalents lead to
unreacted precursor together with decomposed products.) This
reaction mixture was stirred for 30 min at —78°C. Then, 0.1 mL
(1.30 mmol, 10.6 eq.) of trifluoroacetic acid, was added, causing an
immediate red color change. Stirring was continued, at —78°C, for
30 min and then at room temperature for further 30 min prior to
removal of the solvent. The remaining black solid was filtrated on a
silica gel column using a cold mixture of pentane and dichloro-
methane (4:3) as eluent, which afforded a red solution of 5%. After
removing the solvent, [Fe,(u-SH)(u-SC=CR)(CO),(PPh,),] were ob-
tained as an air-sensitive red oily-powder. Relevant elemental
analysis and single crystals for XRD of 5% could not be obtained due
to their instability.

Data for 5™ 100 mg, 89%. IR (CH,Cl,): v(cm™") =2004, 1960, 1942.
'H NMR (CD,Cl,, 400 MHz, 298 K): & (ppm) = —3.97 (t, *Jey=5.85 Hz,
SH), —1.32 (t, *Jjpy=4.89 Hz, SH), —0.86 (br m, SH), —0.43 (br m, 1H,
SH), 7.31-7.53 (m, 35H, Ph). *'P-{"H} NMR (CD,Cl,, 162 MHz, 298 K): §
(ppm)=57.7, 56.6, 54,2, 53,7, 51,2 (s, PPh;). *C-{"H} NMR (CD,Cl,,
125.8 MHz, 298 K): 8 (ppm)=281.8, 89.4 (s, C=C), 123.9-136.6 (Ph),
216.9,217.3 (m, CO).
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Data for 5" 41 mg, 57%. IR (CH,Cl,): v,(cm™')=2003, 1960, 1942.
"H NMR (CD,Cl,, 400 MHz, 298 K): & (ppm)=—4.14 (t, *Jy=5.9 Hz,
SH), —1.23 (t, *Jpy=4.9 Hz, SH), —0.93 (br. t, SH), —0.45 (t, *Jpy=
1.7 Hz, SH), 0.92 (t, 3H, CH;), 1.39-1.55 (m, 4H, CH,CH,), 2.24
(—CH,—S), 7.42-7.57 (m, 30H, Ph). *'P-{'"H} NMR (CD,Cl,, 162 MHz,
298 K): & (ppm) =57.2, 54.4, 51.4 (s, PPh;).

Synthesis and Characterization of [Fe,(u-
S,C=CH(Ph))(C0),(PPh,),] (6™)

5 uL of piperidine (0.051 mmol, 0.5 eq) were added to a solution of
[Fe,(u-SH)(u-SC=CPh)(CO),(PPhy),] (5™ (100.0 mg, 0.109 mmol,
1eq.) in 20mL of THF. The color of the reaction solution
immediately changed from light red to dark red. After stirring in
the dark, at room temperature, for one week, the solvent was
evaporated to dryness under reduced pressure. The resulting
residue was chromatographed on a silica gel column with a mixture
of pentane:dichloromethane (10:2). After removing the solvent,
53 mg of [Fe,(u-S,C=CH(Ph))(CO),(PPhs),] (6™ were obtained as a
red powder (53%). No crystals suitable for XRD analysis were
obtained. IR (CH,Cl,): v,(cm™")=2000, 1954, 1938. 'H NMR (CD,Cl,,
400 MHz, 298 K): 6 (ppm)=4.38 (s, 1H, =CH), 6.62-7.08 (m, 5H,
Ph—C), 7.32-7.61 (m, 30H, Ph—P). *'P-{"H} NMR (CD,Cl,, 162 MHz,
298 K): & (ppm)=55.2, 57.7 ppm (s, PPh;). *C-{"H} NMR (CD,Cl,,
125.8 MHz, 298 K): & (ppm)=115.8 (s, CH(Ph)=), 125.9-136.3 (Ph),
135.9, 136.3 (P—C), 149.7 (C(S,) =), 216.9, 218.6 (m, CO).

Synthesis and Characterization of [Fe,(n-
SCH=C(Ph)S)(CO)s(PPh,)] (7™

58.8 mg of PPh; (0.224 mmol, 1 eq.) were added to a solution of
[Fe,(u-SCH=C(Ph)S)(CO)s] (3™ (100.0 mg, 0.224 mmol, 1eq.) in
20 mL of THF at room temperature. This mixture was stirred for
5 days. The solvent was then evaporated to dryness under reduced
pressure. The resulting residue was chromatographed on a silica gel
column with a mixture of hexane:dichloromethane (10:1) as eluent.
The first collected orange fraction corresponds to the unreacted
precursor [Fe,(u-SCH=C(Ph)S)(CO)¢] (3™). A second brown fraction
was collected and afforded, after removing the solvent, 100 mg of
[Fe,(u-SCH=C(Ph)S)(CO)s(PPh,)] (7" as an air-sensitive brown solid
(66%). IR (CH,Cl): v, (cm™): 2051, 1993, 1980, 1936. 'H-NMR
(CD,Cl,, 400 MHz, 298 K): § (ppm)=5.69 (s, TH, =CH), 6.97-7.21 (m,
5H, Ph—C), 7.35-7.42 (m, 15H, Ph—P). *'P-{"H} NMR (CD,Cl,, 162 MHz,
298K): & (ppm)=63.06 ppm (s, PPh,). "C{'H}NMR (CD,Cl,
125.8 MHz, 298 K): § (ppm)=125.0-133.8 (Ph), 134.9 (s, =CH), 135.8
(d, P—C, Joc=42 MHz), 159.0 (s, =CPh), 209 (s, CO), 213.5 (d, Jpo=
7.12 MHz, CO), 213.8 (d, Joc=7.54 MHz, CO). Elemental analysis: C,
H, N analysis calculated for C;,H,,Fe,05P,S,. (C¢Hy4)o>: C 55.45%,
H 3.44%; found C 55.29%, H 3.38 %.

Supporting Information

IR and NMR spectra are reported in the supporting information.
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