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Synthesis, structure & diphenylacetylene reduction
reactivity of a carbide-supported Fe4Mo2 carbonyl
cluster: a higher Fe-valence hydride intermediate
for enhanced selectivity

Emily Dick, † Chris Joseph, † Vincent M. Lynch and Michael J. Rose *

The novel four-iron, two-molybdenum cluster [(µ6-C)Fe4Mo2(CO)18]
2− (2) containing an interstitial

carbide has been structurally characterized and prepared from the corresponding Fe4 dianion [(µ4-C)

Fe4(CO)12]
2− (1) supported by two crowned alkali units in [K(benzo-18-crown-6)]+. In the X-ray structure

of 2, the two molybdenum atoms share an internal geometry of a cis orientation about the central

carbide, which indicates the stability of the well-known ‘butterfly’ Fe4C core found in the precursor 1, and

this finding is consistent with other bis-heterometal variants of general formula [Fe4M2] (M = Ni, Cu, Rh,

Au). Reactivity studies monitoring the reduction of diphenylacetylene (DPA) catalyzed by 2 showed selec-

tive reduction to cis-diphenylethylene. The effect of proton source pKa and steric bulk on DPA reduction

demonstrated that product selectivity is enhanced with increased steric bulk near the protonation site,

and that conversion increases with more acidic proton sources. Overall, increased selectivity is observed

with 2 compared with catalyst-free reactions, Fe-only clusters and the Fe5Mo variant. We attribute the

beneficial reactivity profile of cluster 2 to the electronic effect of the two Mo(0) centers, which lead to

higher valent iron sites in the hydride intermediate cluster(s), thus decreasing non-specific reduction and

increasing selectivity.

Introduction

Renewed interest in iron-carbide clusters in the last decade
has spurred the development of heterometal congeners of
such clusters, which may prove useful as a means of providing
access to higher valent clusters while maintaining the intersti-
tial carbide. Such clusters have found utility as catalysts in
Fischer–Tropsch,1 H2 splitting and proton reduction2–5 as well
as CO and CO2 reduction.6,7 Additionally, structural relevance
to the six-coordinate carbide of nitrogenase led DeBeer et al. to
conduct X-ray emission studies that provided insight into the
electronic structure of the delocalized orbitals of the iron-
carbide core.5,8,9 Research into converting bound carbon-
based ligands (CO, CS2, CN) or carbon-based electrophiles (CS,
CI4, CH2I2, CF2Br2 etc.) to a carbide unit has thus far proven
unfruitful – our work included10 – and thus developing a fun-
damental understanding of carbide as a ligand as yet remains
in the family of organometallic, low-valent metal carbonyl clus-
ters – some with bio-relevant metals (from nitrogenase:
namely Fe, Mo and V).

Since the report of the first tetra-iron-carbide cluster
[Fe4(μ4-C(COOMe))(CO)12]

−,11 the ‘open-face’ carbide cluster
has demonstrated increased reactivity compared with its
more ‘closed’ penta- and hexa-iron counterparts, thus serving
as a useful synthon for the development of heterometal
clusters.3,12–14 A survey of the Cambridge Crystallographic
Data Center (CCDC) reveals a number of published Fe4M2

clusters (M = d block metal) largely based upon heterometal
addition to the tetra-iron-carbide cluster [Fe4(μ4-C)(CO)12]2−

and the analogous penta-iron-carbide cluster, or alternatively
heterometal substitution of hexa-iron-carbide clusters.
Regarding 3d metals, reports employing copper as the hetero-
metal demonstrate the utility of a variety of copper-ligand
motifs. The limited number of structures containing any
d block heterometal (only Ni, Cu, Rh, Au), however,
indicate limited synthetic investigations and provide an
opportunity for further investigation.15–19 The Fe4M2 clusters
bear a variety of alternative non-CO ligands, including
halides, phosphines and nitriles. The oxidation state
of such clusters ranges from 0 to −2 with the cluster
[Fe4(μ6-C)(CO)14(CuCl)2]2− exhibiting the highest average
metal oxidation state of +1.17

Our group has examined ligand substitutions of the well-
characterized Fe6 clusters to understand the reactivity of hex-†Equal author contribution.

The University of Texas at Austin, Austin, TX 78757, USA.

E-mail: mrose@cm.utexas.edu

This journal is © The Royal Society of Chemistry 2026 Dalton Trans.

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

1 
M

ay
 2

02
6.

 D
ow

nl
oa

de
d 

on
 5

/2
2/

20
26

 1
:0

8:
58

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal

http://rsc.li/dalton
http://orcid.org/0000-0002-4487-4469
http://orcid.org/0000-0002-9763-5162
http://orcid.org/0000-0002-6960-6639
http://crossmark.crossref.org/dialog/?doi=10.1039/d6dt00524a&domain=pdf&date_stamp=2026-05-20
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6dt00524a
https://pubs.rsc.org/en/journals/journal/DT


airon-carbide clusters. Previous work has explored the substi-
tution of electrophilic sulfur sources (S2Cl2 and S8) and thio-
late (PhS-Cl) on Fe6

2− clusters, thus affording the first reported
thiolato-iron-carbide complex.20 We also demonstrated that by
using in situ oxidation, reactive, polyhedral skeletal electron
pair theory (PSEPT)–non-conforming clusters can be generated
that are more substitutionally active, in contrast to the substi-
tutionally inert Fe6

2− cluster. For example, our recent report
elucidated guidelines for cluster coordination of electron-
starved clusters by multidentate phosphine ligands: single
iron site coordination leads to cluster disproportionation,
whereas multi-iron site chelation provides intact penta-iron
clusters.14 Applying the same approach we have also investi-
gated substitution with phosphides and most importantly
thiolates, leading to a novel thiolate-bound intact hexa-iron
carbide cluster [Fe6(μ6-C)(μ2-Stol)(μ2-CO)2(CO)14]3−.21 This pre-
vious work provides insight into successful routes for substi-
tution reactions on six-iron clusters. In this work, we seek to
establish a new platform for investigating downstream ligand/
metal substitution reactions.

A previous report from our group utilized molybdenum as a
heteroatom for penta-iron-carbide clusters in an [Fe5Mo(μ6-C)
(μ2-CO)3(CO)14]2− cluster22,23 (selected for its nominal rele-
vance to the active site of nitrogenase), and demonstrated the
cluster’s catalytic activity towards selective reductions of diphe-
nyl acetylene. While previously reported,24 [Fe4Mo2(μ6-C)(μ2-
CO)2(CO)16]

2− (Fe4Mo2
2−, 2) was not crystallographically

characterized. In this work, we synthesize and utilize the novel
di-molybdenum iron-carbide cluster [Fe4Mo2(μ6-C)(μ2-
CO)2(CO)16]

2− (2) to examine its structural parameters and
reactivity toward reductions of diphenylacetylene (DPA).

Results & discussion
Synthesis

Synthesis of the di-anionic [Fe4(μ4-C)(CO)12]2− was accom-
plished through a series known reactions starting from the

well-characterized [Fe6(μ6-C)(μ2-CO)4(CO)12]2− cluster
(Scheme 1), followed by selective removal of two iron sites
using FeCl3 (as an inner-sphere oxidant), thus generating the
acetyl(ester)-capped carbide cluster [Fe4(μ4-C(COOMe))
(CO)12]

−.25 This four-iron cluster was protonated with triflic
acid to extrude methanol, thus providing the carbide-authentic
neutral cluster [Fe4(μ4-C)(CO)13].25 Subsequent reduction with
KC8 generates the key dianionic intermediate [Fe4(μ4-C)
(CO)12]

2− (1).25

In our previous report of the synthesis of the penta-iron
[Fe5Mo(μ6-C)(μ2-CO)3(CO)14]2− cluster, addition of a stoichio-
metric amount of Mo(cycloheptatriene)(CO)3 to the five-iron
cluster [Fe5(μ5-C)(μ2-CO)2(CO)12]2− resulted in the formation of
the target mono-molybdenum cluster [Fe5Mo(μ6-C)(μ2-
CO)3(CO)14]

2−. In contrast, stoichiometric addition of 1–2
equiv. of Mo(cycloheptatriene)(CO)3 to 1 led only to a mixture
of products (postulated from preliminary crystal structure
data) that co-crystallized and proved inseparable. Thus, to
isolate a pure crystalline sample of [K(benzo-18-c-
6)]2[Fe4Mo2(μ6-C)(μ2-CO)2(CO)16] (2), it proved necessary to
perform the reaction with an excess of Mo(chpt)(CO)3 (5
equiv.) and mild heating (80 °C) to drive the reaction to
completion.

X-ray structures of 1 & 2

Similar to previous reports on the structure of tetra-iron-
carbide clusters,25 the crystal structure data for 1 (Fig. S3)
revealed a four-coordinate carbide encompassed by four Fe
atoms fixed in a butterfly geometry. The crystal structure of 2
(Fig. 1) reveals that the core Fe4 ‘butterfly’ motif remains
unchanged from 1, imposing cis-Mo coordination about the
carbide. This is expected as there is no CCDC structure for a
tetra-iron–heterometal carbide or nitride cluster that does not
preserve the Fe4 butterfly motif. Upon insertion of the two
molybdenum centers, the average Fe–Fe bond contract and Fe–
Ccarbide bond lengths become elongated to 2.61(12) Å and 1.91
(4) Å, respectively. A trend in these contacts becomes apparent
upon comparing the Fe6, Fe5Mo and Fe4Mo2 cores (Table 1).

Scheme 1 Synthetic pathway to generate [K(benzo-18-crown-6)]2[Fe4Mo2(μ6-C)(CO)16(μ2-CO)2] (2).
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As Fe atoms are discretely replaced with Mo atoms, the Fe–Fe
bonds shorten, while the Fe–Ccarbide bonds elongate. In con-
trast to the comparison of Fe6 and Fe4 (in which the Fe4C
motif becomes overall compressed), the trend suggests that
the presence of the molybdenum atoms promote a displace-
ment of the carbide away from the Fe4 unit.

Diphenylacetylene reduction

The reactivity of the Fe4Mo2 cluster was examined and com-
pared to the iron-only Fe6 cluster in its activity for the
reduction of diphenylacetylene (DPA). A similar reduction of
ethyne is reported with the native nitrogenase enzyme and
follows literature precedent for the activation of alkynes by
iron carbonyls by bonding of the alkyne to the iron centers,
enforcing certain conformations leading to enhanced
selectivity.27,28 The reduction of DPA was pursued to provide
insight into selective reductions of triply-bonded functional
groups. Results are included below in Table 2, for the follow-
ing general (unbalanced) reaction (Scheme 2).

Initial investigations consisted of control reactions without
cluster for each proton source. Sodium perylinide [Na2(per)]
was selected over a stronger reductant (e.g. KC8), as our pre-
vious report demonstrated that while stronger reductants lead
to increased conversion, they also result in lower selectivity for

the cis-alkene product; thus, we opted for the reductant that
provides greatest selectivity. For the catalyst-free reaction of
Na2(per) with 2,4,6-trimethylanilinium triflate ([Me3AnH]OTf,
Scheme 3) a near-zero conversion of 0.09% was obtained, but
with surprising selectivity towards the intermediately reduced
diphenylethylene products (no observed diphenylethane), and
relatively high selectivity towards the desired cis product (0.89
cis/trans). Upon addition of the Fe6 cluster under the same
conditions, conversion was substantially increased (17.7%),
but selectivity was decreased for both alkene/alkane selectivity
(1.18) and for cis/trans selectivity (0.05) compared with the
catalyst-free reaction. The novel Fe4Mo2 exhibited nearly identi-
cal conversion and selectivity as Fe6, despite the differences in
structure. The addition of either cluster as a catalytic unit to
these reaction conditions increased conversion while decreas-
ing selectivity, in contrast to previous work with the analogous
Fe5Mo cluster, which resulted in increased conversion and
selectivity for the alkene and cis products.

Notably, comparison of the same reductions with a more
sterically encumbered proton source (2,4,6-tri-tert-butylanili-
nium triflate, [tBu3AnH]OTf) resulted in a different trend:
addition of catalytic Fe6 resulted in a 5-fold decrease in conver-
sion (15.9% to 2.7%) and a moderate decrease in alkene/
alkane selectivity (12.6 to 7.6) yet provided greater selectivity of
the cis versus trans product (0.01 to 0.22). Fe4Mo2 provided a
lower conversion (1.5%) than either the iron-only or catalyst-
free reactions with a marginally lower selectivity (9.9) for
alkene/alkane compared to the catalyst-free reaction (12.6), but
with the highest selectivity for the cis product observed (0.96
cis/trans) overall in this report. This trend towards lower con-
version but higher selectivity for the cis-alkene product is the
inverse of the trend observed with the less bulky [Me3AnH]
OTf; however, it does parallel the trend found previously for
Fe5Mo, which also exhibited increased selectivity despite
increased overall conversion. Comparison of [Me3AnH]OTf and
[tBu3AnH]OTf reactions demonstrated the same trend found
previously, with the more sterically encumbered proton source
resulting in decreased conversion but increased selectivity for
the cis-alkene product.

Temperature dependence was also investigated, initially
with [tBu3AnH]OTf. At both decreased (−20 °C) and elevated
(60 °C) temperature, the selectivity for the cis alkene product
decreased while selectivity for the alkene product over the
alkane product remained similar. At lower temperatures con-
version also decreased, however conversion remained
unchanged at elevated temperature—in both cases contradic-
tory to our previous work with Fe5Mo. Interestingly, a different
trend emerged with [Me3AnH]OTf, which exhibited greatly
increased selectivity for the cis product in the case of both
lowered and elevated temperature—despite decreased conver-
sion and selectivity for the alkene product (in both cases).

We also investigated the effect of pKa by using 2,6-dimethyl-
anilinium triflate ([Me2AnH]OTf), a proton source with identi-
cal steric bulk near the acidic site, but with a lower pKa due to
the absence of the para methyl group. The more acidic proton
source with Fe6 provided a remarkable 60.2% conversion—the

Fig. 1 ORTEP diagram (50% thermal ellipsoids) of 2. Hydrogens are
omitted for clarity. A complete ORTEP diagram of the full asymmetric
part of the unit cell is included in SI (Fig. S4).

Table 1 Average metal-carbide and metal–metal bond distances (Å) for
[K(benzo-18-crown-6)]2[Fe4(μ4-C)(CO)12] (1), (NEt4)2[Fe6(μ6-C)(μ2-
CO)4(CO)12],

26 [K(benzo-18-crown-6)]2[Fe5Mo(μ6-C)(μ2-CO)3(CO)14]
23

and [K(benzo-18-c-6)]2[Fe4Mo2(μ6-C)(μ2-CO)2(CO)16] (2)

Bond Fe4 (1) Fe6 Fe5Mo Fe4Mo2 (2)

Fe–Ccarbide 1.87 ± 0.11 1.88 ± 0.01 1.90 ± 0.05 1.91 ± 0.04
Fe–Fe 2.62 ± 0.04 2.66 ± 0.06 2.65 ± 0.01 2.61 ± 0.12
Mo–Ccarbide — — 2.11 ± 0.06 2.11 ± 0.02
Mo–Fe — — 2.91 ± 0.03 2.89 ± 0.05
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highest conversion observed in our work with these iron clus-
ters—but providing very poor cis and alkene selectivity. Fe4Mo2
resulted in decreased conversion, but notably a three-fold
increase in alkene selectivity. The seemingly outsized effect of
such a small increase in acidity indicates the presence of a
barrier to cluster protonation—which once overcome, greatly
increases reaction rate. This suggests that the iron-only cluster
Fe6 provides a more accessible protonated state than the
Fe4Mo2 cluster.

Mechanistic insight from electrochemistry, X-ray
photoelectron spectroscopy & 1H NMR

In our previous report we provided evidence that the catalytic
method proceeds first via two-electron reduction of the cluster
to a tetra-anionic cluster followed by subsequent protonation
to form a dihydride di-anionic cluster. To ensure this cluster
remained intact, IR spectra were collected before and after
reduction, showing a shift of an intense feature from
1928 cm−1 to 1894 cm−1, consistent with a two electron
reduction (Fig. S5). To further implicate a protonated
H2Fe4Mo2

2− cluster was formed, the IR spectrum was moni-
tored and a blue-shift from 1894 cm−1 to 2018 cm−1 was

observed, consistent with a two-electron oxidation back to a di-
anionic species. Evidence of the protonated cluster was also
observed in the 1H NMR spectrum after protonation (Fig. 2),
exhibiting resonances at δ = −22 and −26 ppm that correspond
to bridging hydride and dihydride species respectively—as
observed in the analogous (previously reported by Zacchini)
reaction of Fe6 (δ = −21 ppm) or Fe5Mo (δ = −26 ppm), as well
as the recent work with Fe6

4− (δ = −21, −27 ppm for mono-
and di-hydride species respectively).23,29

In our previous report, we provided evidence that the cata-
lytic mechanism proceeds first via two-electron cluster
reduction (eqn (1)) followed by protonation to generate a
hydride-supported di-anionic cluster (eqn (2)):

½M6�2� þ 2e� ! ½M6�4� ð1Þ

½M6�4� þ 2Hþ ! ½H2M6�2� ð2Þ

½H2M6�2� þ 2e� ! ½H2M6�4� ð3Þ
The hydride supported cluster can, itself, directly act upon

DPA, or undergo further two-electron reduction to then react
with substrate (eqn (3)). Binding of the DPA is theorized to

Table 2 Selected results from reductions of DPA to cis/trans-diphenylethylene and diphenylethane

Catalyst Reductant Proton source pKa Temp (°C) Convn (%) CvC/C–C ratio cis/trans ratio

None Na2(per) [Me3AnH]OTf 4.37 rt 0.09 CvC only 0.89
Fe6 Na2(per) [Me3AnH]OTf 4.37 rt 17.70 1.18 0.05
Fe4Mo2 Na2(per) [Me3AnH]OTf 4.37 rt 16.98 1.09 0.03
Fe4Mo2 Na2(per) [Me3AnH]OTf 4.37 −20 0.43 0.22 0.50
Fe4Mo2 Na2(per) [Me3AnH]OTf 4.37 60 1.08 0.19 0.95

None Na2(per) [tBu3AnH]OTf 3.30 rt 15.88 12.58 0.01
Fe6 Na2(per) [tBu3AnH]OTf 3.30 rt 2.68 7.62 0.22
Fe4Mo2 Na2(per) [tBu3AnH]OTf 3.30 rt 1.51 9.95 0.96
Fe4Mo2 Na2(per) [tBu3AnH]OTf 3.30 −20 0.27 9.82 0.61
Fe4Mo2 Na2(per) [tBu3AnH]OTf 3.30 60 1.20 9.37 0.28

Fe6 Na2(per) [Me2AnH]OTf 3.95 rt 60.23 1.32 ∼0
Fe4Mo2 Na2(per) [Me2AnH]OTf 3.95 rt 11.84 3.31 0.01

Scheme 2 Reduction of DPA and possible product outcomes.

Scheme 3 Anilinium triflate salts used as proton sources, including the pKa values for the relevant acidic protons.
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occur analogously to a previous report utilizing iron-carbonyl
species with a single iron site binding the DPA π system fol-
lowed by hydrogenation utilizing cluster bound hydrides.30 As
a control to investigate DPA binding the reduced 4-clusters 13C
NMR was collected after reacting Fe6 with KC8 and upon
addition of DPA the only carbide stretches observed corre-
sponded to the Fe6

2− and Fe6
4− species (δ = 483.71 ppm and

488.89 ppm respectively), consistent with previous work and
precluding a DPA bound cluster forming.31

Our previous report32 demonstrated that the Fe5Mo cluster
is an ‘electronic hybrid’ between Fe6

2− and Fe5
2− clusters,

nominally serving as a slightly reduced Fe5
2− cluster capped

with a slightly oxidized Mo rather than as an Fe5Mo2− cluster
with even charge distribution. As such, the iron sites in
Fe5Mo2− exhibit an average oxidation state of approximately
Fe+0.4, with a higher average oxidation state than in the case of
the iron-only Fe6

2− (Fe+0.33). We thus hypothesize there is a
similar, but even more pronounced effect with Fe4Mo2:
capping the Fe4

2− fragment with two neutral Mo(0) centers
promotes access to the most oxidized iron sites in the FexMoy
series, namely (or nominally, at least) as Fe+0.5. To test this

hypothesis, X-ray photoelectron spectra (XPS) were collected
for Fe6, Fe5Mo and Fe4Mo2 and analyzed in the Fe 2p region
( j=3/2 and 1/2) to determine the extent of oxidation at the iron
sites (Fig. 3a).33

Consistent with our hypothesis, the all-iron Fe6 cluster
demonstrated the lowest average iron oxidation state with an
binding energy of 708.05 eV.34 Upon substitution of iron for an
additional molybdenum, an increase in binding energy is
observed with Fe5Mo (708.31 eV) → Fe4Mo2 (708.39 eV) indicat-
ing a slightly higher average iron oxidation state in each case.
Unexpectedly, the difference between Fe6 and Fe5Mo is 0.26 eV
(attributable to a difference in oxidation state of ∼0.07),
whereas the nominally more oxidized iron sites in Fe4Mo2
differed from Fe5Mo by only 0.08 eV—despite an expected oxi-
dation state difference of ∼0.1.

The corresponding Mo 3d XPS spectra provide insight
regarding charge distribution across the clusters (Fig. 3b).
Previous work showed that the Mo site in Fe5Mo is slightly oxi-
dized, and this work further supports that conclusion with an
Fe5Mo Mo 3d binding energy of 228.18 eV compared to litera-
ture Mo(0) of 228.0 eV.32,35 Interestingly, the Fe4Mo2 cluster
exhibits further oxidized Mo sites (228.29 eV) and provides
insight regarding the small shift in Fe 2p features in the
Fe4Mo2 XPS spectrum (Fig. 3a): namely, that the iron sites do
not exhibit proportionally higher binding energy features (i.e.
average oxidation state does not increase as much as expected)
as the two Mo(0) sites experience some loss of electron
density in Fe4Mo2, compared with an invariant Mo(0)-‘like’
oxidation state in the Fe5Mo cluster. Despite this, Fe4Mo2 still
exhibits the highest energy Fe 2p binding energies (proxy for
most oxidized iron sites), and it would thus be expected for
the cluster to exhibit reactivity similar to the ‘free’ (uncapped)
Fe4 unit.

This is notable as the protonated Fe4
2− was crystallographi-

cally characterized36; however, protonation results in one Fe–
H–Fe bridging hydride and one carbide-based C–H ‘protona-
tion’ in HFe4(η2-CH)(CO)12; this cluster is readily deprotonated
and has limited stability in solution. However, further and/or

Fig. 2 1H NMR spectrum (400 MHz, CD3CN) in the hydride region after
reduction and protonation of 2, indicating the presence of hydride
species as the putative catalytic intermediate in the hydrogenation of
DPA.

Fig. 3 High-resolution X-ray photoelectron spectrum (XPS) of (a) the iron 2p region and (b) the molybdenum 3d region: pink, Fe6; green, Fe5Mo;
blue, Fe4Mo2.
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excess acid treatment results in carbide protonation (eventually
released as CH4), thus precluding the ‘bare’ Fe4 cluster’s
efficacy as a reduction catalyst.37 In contrast, the Mo2-capped
Fe4 unit in 2 in this work serves as an ‘inorganic protecting
group’, preventing carbide protonation and driving the for-
mation of an exclusively metal-based (no carbide protonation)
dihydride intermediate, overall producing a catalytically com-
petent species.

Overall, the XPS data indicate that Mo substituted clusters
with fewer iron sites have higher average oxidation states, thus
resulting in more tightly bound hydrides (compared with Fe6
or Fe5Mo) and rendering reactivity more selective. The catalysis
results above (Table 2) also indicate that the barrier to protona-
tion for Fe4Mo2 is important, with less sterically hindered
proton sources evidently overcoming the barrier and ‘over-pro-
tonating’ the cluster, thus resulting in more reactive but less
selective hydride intermediates. Alternatively, more sterically
hindered proton sources evidently ‘under-protonate’ the
cluster leading to less reactive but more selective substrate
conversions.

Cyclic voltammetry data was also collected was collected for
Fe6, Fe5Mo and Fe4Mo2 to provide further insight into the
reduction and oxidation potentials of the clusters—and poss-
ible accessibility of the two-electron reduced cluster intermedi-
ates (Fig. 4 and SI Fig. S10–20). Consistent with previous work
by Zacchini et al., the Fe6 cluster showed multiple and poorly
resolved redox features corresponding to the formation of
Fe6

4− and subsequent re-oxidation back to Fe6
2−; similar fea-

tures were observed for Fe5Mo, albeit at slightly higher poten-
tials. However in the case of Fe4Mo2, the highest oxidation
potential in the series is obtained—consistent with the oxi-
dation of more electropositive iron centers in Fe4Mo2 relative
to Fe6 and Fe5Mo. This observation further supports assign-
ment of higher average oxidation state iron sites in the Fe4Mo2
cluster.

Conclusion

In summary, we report a synthetic route to the structurally
characterized iron-dimolybdenum carbide cluster [K(benzo-18-
crown-6)]2[(μ6-C)Fe4Mo2(μ2-CO)2(CO)16] (2) by addition of Mo
(0) centers to a reduced four-iron carbide cluster (1), wherein
the Fe4 skeleton retains its ‘butterfly’ motif and enforces cis-
Mo2 coordination about the carbide. The carbide is structu-
rally displaced relative to the starting Fe4 framework and is
contracted towards the Mo sites. Reduction/protonation of 2
affords a cluster-di/hydride species that provides enhanced
selectivity for regioselective partial reduction of DPA to cis-
diphenylethylene product due to increased stability of higher
valent iron-hydride species, thus decreasing conversion but
enhancing selectivity. Future work will investigate substitution
of the strong field carbonyl ligand environment for FemMon
clusters with for more biologically relevant sulfur-based sup-
ports such as thiolates and sulfides (or phosphine/phosphide)
through our recently developed in situ, outer-sphere oxidation
method that renders clusters substitutionally active due to
their non-PSEPT (Wade–Mingos rules) electron count.14,21 We
expect that the capping effect of the molybdenum sites will
provide an increased extent of sulfide/thiolate (or phosphine/
phosphide) substitution compared with iron-only clusters by
promoting external L- and X-type ligand binding to the more
electropositive (higher average oxidation state) Fe4 iron
centers.
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