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The diiron aminocarbyne complexes [Fe2{µ-CN(Me)(R)}(µ-CO)(CO)(NCMe)(Cp)2][SO3CF3]
(R = Xyl, 1a; R = Me, 1b; R = CH2Ph, 1c; Xyl = 2,6-Me2C6H3) undergo replacement of the co-
ordinated nitrile by halides, diethyldithiocarbamate, and dicyanomethanide to give [Fe2{µ-CN(Me)
(R)}(µ-CO)(CO)(X)(Cp)2] complexes (R = Me, X = Br, 4a; R = Me, X = I, 4b; R = CH2Ph, X =
Cl, 4c; R = CH2Ph, X = Br, 4d; R = CH2Ph, X = I, 4e; R = Xyl, X = SC(S)NEt2, 5a; R = Me, X =
SC(S)NEt2, 5b; R = Xyl, X = CH(CN)2, 7), in good yields. The molecular structure of 5a shows an
unusual η1 coordination mode of the dithiocarbamate ligand. Similarly, treatment of [M2{µ-CN(Me)
(R)}(µ-CO)(CO)(NCMe)(Cp)2][SO3CF3] (M = Fe, R = Xyl, 1a; M = Fe, R = Me, 1b; M = Ru, R =
Xyl, 2a; M = Ru, R = Me, 2b) with a series of phosphanes generates the cationic complexes [M2{µ-
CN(Me)(R)}(µ-CO)(CO)(P)(Cp)2][SO3CF3] (M = Fe, R = Xyl, P = PPh2H, 6a; M = Fe, R = Xyl,
P = PPh3, 6b; M = Fe, R = Xyl, P = PMe3, 6c; M = Fe, R = Me, P = PMe2Ph, 6d; M = Fe, R = Me,
P = PPh3, 6e; M = Fe, R = Me, P = PMePh2, 6f; M = Ru, R = Xyl, P = PPh2H, 6g; M = Ru, R =
Me, P = PPh2H, 6h), in high yields. The molecular structure of 6a has been elucidated by an X-ray
diffraction study. The reactions of [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(NCR′)(Cp)2][SO3CF3] [R′ =
Me, 1a; R′ = tBu, 3] with PhLi and PPh2Li yield [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(Ph)(Cp)2] (8)
and [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(PPh2)(Cp)2] (9), respectively. The molecular structure of 8
has been ascertained by X-ray diffraction. Conversely, the reaction of 1a with MeLi generates the
aminoalkylidene compound [Fe2{C(Me)N(Me)(Xyl)}(µ-CO)2(CO)(Cp)2] (10).

Finally, the acetone complex [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(OCMe2)(Cp)2][SO3CF3] (12)
reacts with lithium acetylides to give complexes [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(C≡CR)(Cp)2]
(R = p-C6H4Me, 11a; R = Ph, 11b; R = SiMe3, 11c), in high yields. Filtration through alumina of
a solution of 11a in CH2Cl2 results in hydration of the acetylide group and C–Si bond cleavage,
affording [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO){C(O)Me}(Cp)2] (12).
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Introduction

Nitrile ligands are of widespread use in coordina-
tion and organometallic chemistry. They usually be-
have as labile ligands and their complexes are of-
ten considered equivalent to coordinatively unsaturated
species. However, in a number of cases, metal co-
ordination results in activation of nitriles toward nu-
cleophilic addition. Examples include the additions
of amines, alcohols and water, which have provided
routes to transform nitriles into the corresponding
azavinylidenes, amides, imidic esters, and aminid-
ines [1].
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We have found that nitrile ligands in dinuclear
complexes of the type [M2{µ-CN(Me)(R)}(µ-CO)
(CO)(NCMe)(Cp)2][SO3CF3] [M = Fe, R = Xyl,
1a; M = Fe, R = Me, 1b; M = Fe, R = CH2Ph,
1c; M = Ru, R = Xyl, 2a; M = Ru, R = Me,
2b] and [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(NCtBu)
(Cp)2][SO3CF3] (3) can react in both ways. Thus, ni-
triles in 1 – 3 are easily displaced by a number of differ-
ent ligands, including hydride, cyanide and halides [2],
thiocyanide and azide [3], amines and imines [4]. Dis-
placement of nitrile ligands by phosphanes has been
described for the analogous aminocarbyne complexes
[Fe2{µ-CN(Me)2}2(CO)(NCR)(Cp)2][SO3CF3]2 [5].
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Moreover, MeCN displacement by alkynes is assumed
to occur as a preliminary step in the observed alkyne
insertion into the metal-carbyne bond of complexes 1
and 2 [6].

On the other hand, examples of nucleophilic addi-
tion involving the nitriles in 1 – 3 are also known. In
particular, the addition of acetylides to the nitrile lig-
and in complexes [M2{µ-CN(Me)(Xyl)}(µ-CO)(CO)
(NCtBu)(Cp)2][SO3CF3] (M = Fe, Ru) results in
the formation of azavinylidene intermediates, which
can be transformed into the alkynyl-imine complexes
[M2{µ-CN(Me)(Xyl)}(µ-CO)(CO){N(H) = C(tBu)(C
≡CR′)}(Cp)2][SO3CF3] [7]. Likewise, arylnitrile lig-
ands in [Fe2{µ-CN(Me)(R)}(µ-CO)(CO)(p-NCC6-
H4R′)(Cp)2]+ have been shown to undergo nucleo-
philic addition of acetylides [8].

Herein, we report an extension of the nitrile substi-
tution reactions on complexes 1 – 3, including different
S-, P- and C-ligands.

Results and Discussion
Substitution reactions in diiron and diruthenium
aminocarbyne complexes

We have previously reported on the substitution
of the MeCN ligand in 1a by halides, to afford
the complexes [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(X)
(Cp)2] [X = Cl, Br, I] [2]. Now we have found that
the aminocarbyne complexes 1b and 1c also react with
an excess of LiCl, LiBr, or KI in refluxing CH2Cl2
to form the corresponding halide complexes 4a – e in
good yields (Scheme 1). The substitution reaction can
be extended to other ligands. Thus, 1a and 1b re-
act with NaSC(S)NEt2 resulting in the formation of
the dithiocarbamate complexes 5a and 5b, respectively
(Scheme 1).

Likewise, phosphanes can replace the acetonitrile
ligand in compounds 1 and 2. Hence, the com-
plexes 6a – h have been obtained in high yield by
treatment of the diiron complexes 1a – b and diruthe-
nium complexes 2a – b with a variety of phosphanes
(Scheme 2).

All compounds 4 – 6 were purified by chromatog-
raphy on alumina and characterized by IR and NMR
spectroscopy and elemental analysis. The molecular
structures of 5a and 6a have been ascertained by X-
ray diffraction studies (see below). The IR spectra (in
CH2Cl2 solution) of 4 – 6 exhibit the usual pattern con-
sisting of terminal and bridging carbonyl absorptions.
The 1H NMR spectra of 4c – e, 5a, 6a – c, 6g, reveal

Scheme 1.

Scheme 2.

the presence of two isomers. These are attributable to
the different orientations that R (CH2Ph or Xyl) and
Me can assume with respect to the non-equivalent Fe
or Ru atoms as a consequence of the double bond char-
acter of the µ-C-N interaction. As usually found in this
type of complexes, the isomers are present in compa-
rable amounts when R = CH2Ph, whereas the E iso-
mer prevails for R = Xyl [2 – 4]. This behaviour is sim-
ply explained on the ground of steric arguments, since
the more favourable configuration has the sterically de-
manding groups N-Xyl and L pointing in opposite di-
rections (see Chart 1).

Due to the mutual Cp position (cis and trans iso-
mers) further isomeric forms are, in theory, possi-
ble. However, IR and NMR data, including NOE in-
vestigations, indicate that compounds 4 – 6, in so-
lution, are exclusively cis. This is consistent with
the fact that analogous complexes containing the
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Chart 1. E-Z isomers in diiron µ-aminocarbyne complexes.

[Fe2(CO)2Cp2] frame are predominantly cis. Exam-
ples of the less common trans isomers include the re-
lated compound [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)
(NCS)(Cp)2] [3]. This complex was obtained from 1a
by replacing MeCN with SCN− at r. t., and quanti-
tatively converted into the corresponding cis isomer
upon heating at reflux in THF, suggesting that nitrile
substitutions might proceed via the formation of trans
intermediates which, then, isomerize to the more sta-
ble cis form. In the light of these considerations, we
have performed some of the reactions described in
Schemes 2 and 3 at r. t., with the aim of isolating, or
merely observing, the trans isomers of the described
products. Only in one case, namely in the reaction
of 1b with KBr, we were able to obtain 4a as a cis-
trans isomeric mixture (see details in the experimental
part). As expected, the reactions are sluggish and con-
versions are slower when performed at r. t.

Complexes 5a – b contain a dithiocarbamate lig-
and in an unusual η1-coordination mode (see be-
low). Dithiocarbamate ligands are usually coordinated
in an η2-fashion, both in poly- [9] and in mononu-
clear species [10]. The η1-mode is less common,
and is mainly found in mononuclear compounds [11],
whereas only few cases have been reported for polynu-
clear complexes [12, 13]. To the best of our knowledge,
5a represents the first example of a diiron compound
containing an η1-coordinated dithiocarbamate ligand.
A medium-intensity band at 1458 cm−1, observed in
the IR spectrum (in KBr pellets) of 5a, and assigned to
the C–N interaction of the dithiocarbamate frame, con-
firms that the ligand is monodentate. The SCS carbon
atom resonates at ca. 207 ppm.

It has to be remarked that the nitrile displace-
ment described above provides an efficient route to
the coordination of a variety of ligands, with higher
yields and under milder reaction conditions than
those of the corresponding CO displacements. In-
deed, the carbonyl complexes [Fe2{µ-CN(Me)(R)}(µ-
CO)(CO)2(Cp)2][SO3CF3] undergo CO displacement

Scheme 3.

only under irradiation or require higher thermal acti-
vation [5b]. On the other hand, it has to be noticed
that not all the ligands replace MeCN so efficiently
as those reported in Schemes 1 and 2. Thus, the reac-
tions of 1a with thiolates (i. e. PhSNa, nBuSNa) result
in the formation of mixtures of decomposition prod-
ucts. Likewise, no reaction was observed between 1a –
c or 3 and ROH (R = Me, Et), unless performed in the
presence of a base (e. g. Na2CO3). By this procedure,
the known bridging hydride complex [Fe2{µ-CN(Me)
(Xyl)}(µ-H)(CO)2(Cp)2] [2a] was obtained from 1a in
about 50 % yield, together with minor amounts of other
unidentified products.

Substitution of nitrile by a carbanionic reagent
(e. g. LiR) should provide a direct route to the for-
mation of Fe–C bonds, and the coordination of
alkyls, aryls or alkynyl ligands. However, it has to
be considered that diiron and diruthenium aminocar-
byne complexes can react with LiR in a variety of
ways. In fact, beside ligand substitution, other re-
action paths are available: i) nucleophilic addition
at CO or Cp ligands to give stable acyl and cy-
clopentadiene derivatives, respectively [14]; ii) reduc-
tion and fragmentation of the dinuclear frame [15];
iii) nucleophilic addition at the coordinated nitrile [7 –
8]; iv) removal of acidic protons [16]. This latter
possibility was observed previously upon treatment
of 1a – c with LiR: the MeCN ligand is deproto-
nated and rearranges to a cyanomethyl group afford-
ing the complexes [Fe2{µ-CN(Me)(R)}(µ-CO)(CO)
(CH2CN)(Cp)2] [16a]. Therefore, replacement of ni-
triles by carbanionic ligands in 1 – 2 has been limited,
so far, to the reaction with cyanide [2]. Other stabilized
carbanions are possible candidates to replace nitriles
in 1 – 2, due to their lower basicity and nucleophilic
character compared to LiR. Therefore, we first investi-
gated the reaction between 1a and CH(CN)2Na. The
reaction results in the formation of [Fe2{µ-CN(Me)
(Xyl)}(µ-CO)(CO){CH(CN)2}(Cp)2] (7) (Scheme 3).

The spectroscopic features of 7 are consistent with
those of the known cyanomethyl complex [Fe2{µ-
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Scheme 4.

CN(Me)(Xyl)}(µ-CO)(CO)(CH2CN)(Cp)2] [16a]. In
particular, the IR spectrum of 7 exhibits a band as-
signed to the C≡N groups (at 2214 cm−1), and the
13C NMR resonance for CH(CN)2 appers at low fre-
quencies (−22.0 ppm). It has to be remarked that the
reaction is not a general one and other stabilized car-
banions, like β -diketonates, failed to produce the ex-
pected ligand substitution.

In order to favour the coordination of more basic
ligands, avoiding deprotonation of the coordinated
nitrile, we have investigated the trimethylacetonitrile
complex [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(NCtBu)
(Cp)2][SO3CF3] (3) which does not contain acidic
α-protons. Indeed, addition of LiPh to a THF solution
of 3, at −30 ◦C, produces the expected replace-
ment of NCtBu, yielding the σ -phenyl complex
[Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(Ph)(Cp)2] (8).
Analogously, the complex [Fe2{µ-CN(Me)(Xyl)}(µ-
CO)(CO)(PPh2)(Cp)2] (9) was obtained by treatment
of 3 with LiPPh2 (Scheme 4). Compounds 8 – 9 have
been characterized by spectroscopy and elemental
analysis. The structure of 8 has been ascertained by
X-ray diffraction studies and mass spectrometry.

The NMR data of compound 8 definitely indicate
the presence in solution of one isomeric form (E iso-
mer), whereas significant amounts of the Z isomer are
present in 9. The low-frequency IR band of the bridg-
ing carbonyl in 8 (1775 cm−1) accounts for the strong
σ donation of the phenyl ligand. Several examples of
mono- [17] and polynuclear [18] complexes of iron and
ruthenium, containing phenyl groups acting as terminal
η1 ligands, have been reported. By contrast, only few
cases of η1-aryl-bridged complexes are known [19].

Interestingly, complex 9 can be obtained also
by treatment of [Fe2{µ-CN(Me)(Xyl)}(µ-CO)
(CO)2(Cp)2][SO3CF3] with LiPPh2, whereas attempts
to generate 9 by deprotonation of the corresponding
cationic species 6a were unsuccessful.

Scheme 5.

Unlike LiPh, LiMe fails to produce, upon reac-
tion with 3, the expected σ -methyl complex [Fe2{µ-
CN(Me)(Xyl)}(µ-CO)(CO)(Me)(Cp)2]. The reaction
affords the terminally bonded aminoalkylidene com-
pound [Fe2{C(Me)N(Me)(Xyl)}(µ-CO)2(CO)(Cp)2]
(10) (Scheme 5), which was isolated in low yield,
among other unidentified decomposition products.

Complex 10 has been characterized by spec-
troscopy and elemental analysis. Its spectroscopic
features are remarkably similar to those of re-
lated diiron aminoalkylidene complexes of the type
[Fe2{CHN(Me)(R)}(µ-CO)2(CO)(Cp)2] [R = Me, Et],
previously reported [20]. The IR band pattern, in the
carbonyl region, consists of two strong absorptions
at 1932 and 1710 cm−1, which accounts for one ter-
minal and two bridging CO ligands. The aminocar-
bene carbon resonance at δ = 275.5 ppm is within the
typical range of aminoalkylidene signals. The forma-
tion of 10 is presumably the result of a nucleophilic
attack of CH3

− at the bridging carbyne carbon atom
of 3. Generation of the aminocarbene ligand is fol-
lowed by a shift of the ligand from the bridging to the
terminal position, in agreement with the ascertained
higher stability of the terminal coordination [20]. How-
ever, other mechanisms should not be excluded. In
fact, the reaction might proceed via displacement of
the nitrile, followed by intramolecular coupling be-
tween the methyl and the aminocarbyne ligands. In
both cases, an additional CO ligand, probably aris-
ing from some parallel decomposition reactions, is re-
quired to provide stabilization to the otherwise unsat-
urated species. Finally, it is worth noting that the cor-
responding reaction of [Fe2{µ-CN(Me)(Xyl)}(µ-CO)
(CO)2(Cp)2][SO3CF3] with LiMe was reported to pro-
ceed via selective nucleophilic attack at the Cp ligand,
affording the complex [Fe2{µ-CN(Me)(Xyl)}(µ-CO)
(CO)2(Cp)(C5H5Me)] [14]. Therefore, the presence of
a nitrile ligand in the place of a carbonyl group com-
pletely changes the reaction outcome.

The reactions of 1 – 3 with acetylides are known
to proceed via deprotonation of MeCN or nucle-
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Scheme 6.

ophilic attack at the nitrile ligand rather than giv-
ing substitution of the nitrile and formation of
σ -alkynyl products [7, 8, 16a]. The reason is not at-
tributable to the instability of the σ -alkynyl com-
plexes because compounds of this type are known.
In fact complexes [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)
(C≡CR)(Cp)2] (R = p-C6H4Me, 11a; R = Ph, 11b;
R = SiMe3, 11c) were obtained by deprotonation
and acetylide deinsertion from the vinyliminium com-
plexes [Fe2{µ-η1:η3-C(R)=C(H)C=N(Me)(Xyl)}(µ-
CO)(CO)(Cp)2][SO3CF3] (R = Tol, Ph, SiMe3) [22].
In the light of these considerations, we have investi-
gated an alternative approach using acetone as labile
ligand in place of nitriles, as it was successfully done
in the case of [Fe2(µ-CNMe2)2(CO)(Me2C=O)(Cp)2]
[SO3CF3]2 [5b]. Thus, the complex [Fe2{µ-CN(Me)
(Xyl)}(µ-CO)(CO)2(Cp)2][SO3CF3] was treated with
trimethylamine-N-oxide in acetone solution and, sub-
sequently, reacted with LiC≡CR (R = p-C6H4Me,
Ph, SiMe3) in THF, leading to the formation of the
σ -alkynyl complexes 11a – c (Scheme 6).

Compounds 11a – c have been identified by compar-
ison of the IR and 1H NMR data with those reported in
the literature [21]. The results described in Scheme 6
show a direct and efficient route to σ -coordinated
alkynyl complexes which are by far less common [22]
than the species with bridging alkynyl ligands [23].
Alkynyl complexes are of great interest for several po-
tential applications such as non linear optics, lumines-
cent materials, and molecular devices [24].

A final consideration concerns the reactivity of
the complexes 11a – c. These are relatively stable ex-
cept 11c, which appears to be very sensitive to hydrol-
ysis. In particular, when chromatographed on alumina,
with CH2Cl2 as eluent, compound 11c is converted
into the acyl complex [Fe2{µ-CN(Me)(Xyl)}(µ-CO)
(CO){C(O)Me}(Cp)2] (12), in high yields (Scheme 7).

Compound 12 has been identified by spectroscopy
and comparison with the data reported in literature for

Scheme 7.

Fig. 1. ORTEP drawing of [Fe2{µ-CN(Me)(Xyl)}(µ-CO)
(CO){SC(S)NEt2}(Cp)2] (5a). Hydrogen atoms have been
omitted for clarity. Thermal ellipsoids are at the 30 % proba-
bility level.

analogous diiron aminocarbyne acyl-complexes [14].
Hydration of ruthenium-coordinated acetylides afford-
ing acyl derivatives is known [25], but usually requires
strong acids (HBF4, HOTf), whereas the reaction de-
scribed in Scheme 7 occurs under surprisingly mild
conditions.

Description of the molecular structures of 5a, 6a and 8

The structure models of the title compounds are
shown in Figs. 1, 2 and 3. Selected details are com-
pared in Table 1. The overall constitution is sim-
ilar in the three species. The cyclopentadienyl lig-
ands are in cis configuration and the dithiocarbamate
(5a), diphenylphosphane (6a) and phenyl (8) ligands
occupy equivalent terminal coordination sites. The
molecules are necessarily asymmetric, and while the
crystals of 5a and 6a are racemic, 8 contains homochi-
ral molecules. A significant configurational difference
is the orientation of the methyl and xylyl groups of
the bridging aminocarbyne ligand. The bulkier xylyl
is kept far from the dithiocarbamate and phenyl lig-
ands in 5a and 8, respectively, but close with respect
to the phosphane ligand in 6a. A rationale of this fea-
ture is found in the almost parallel alignment of the
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Table 1. Selected bond lengths (Å) and angles (deg) for
[Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO){SC(S)NEt2}(Cp)2]
(5a), [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(PPh2H)(Cp)2]-
[SO3CF3] (6a) and [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(Ph)
(Cp)2] (8).

5a 6a 8
Fe(1)–Fe(2) 2.515(3) 2.515(1) 2.505(1)
Fe(1)–C(1) 1.856(2) 1.919(4) 1.832(7)
Fe(2)–C(1) 2.022(1) 1.946(4) 2.020(6)
C(1)–O(1) 1.174(2) 1.167(4) 1.172(7)
Fe(2)–C(2) 1.759(2) 1.758(4) 1.756(7)
C(2)–O(2) 1.147(2) 1.144(5) 1.146(7)
Fe(1)–C(3) 1.864(1) 1.880(3) 1.819(5)
Fe(2)–C(3) 1.871(1) 1.897(3) 1.899(5)
N(1)–C(3) 1.313(2) 1.302(4) 1.320(7)
N(1)–C(4) 1.478(2) 1.493(4) 1.484(7)
N(1)–C(5) 1.454(2) 1.457(4) 1.449(6)
Fe(1)–S(1) 2.274(1) – –
Fe(1)· · ·S(2) 3.852(1) – –
Fe(1)–P(1) – 2.197(1) –
Fe(1)–C(Ph) – – 2.055(2)
Fe(1)–C(Cp)av 2.116 2.120 2.135
Fe(2)–C(Cp)av 2.116 2.125 2.133a

C(4)–N(1)–C(5) 113.1(1) 113.0(3) 114.0(4)
C(3)–N(1)–C(5) 123.5(1) 125.1(3) 123.1(4)
C(3)–N(1)–C(4) 123.0(1) 121.8(3) 122.8(4)
Fe(1)–C(3)–N(1) 136.7(1) 143.7(3) 140.7(4)
Fe(2)–C(3)–N(1) 138.6(1) 132.8(3) 134.4(4)
Fe(1)–C(1)–O(1) 147.8(1) 141.2(3) 147.3(5)
Fe(2)–C(2)–O(2) 130.7(1) 137.4(3) 131.4(5)
a Referred to the main image of the disordered Cp ligand (see Ex-
perimental Section).

Fig. 2. ORTEP drawing of the cation of [Fe2{µ-CN(Me)
(Xyl)}(µ-CO)(CO)(PPh2H)(Cp)2][SO3CF3], (6a). All hy-
drogen atoms except the one attached to P(1) have been omit-
ted for clarity Thermal ellipsoids are at the 30 % probability
level.

xylyl plane with that of a phosphane phenyl group (in-
terplanar angle ca. 8◦ and distance 3.36 Å). The ring
overlap is partial but enough to establish a graphite-
like π-π-stacking. In the common moieties of the three
species the cation of 6a shows some significant differ-

Fig. 3. ORTEP drawing of [Fe2{µ-CN(Me)(Xyl)}(µ-CO)
(CO)(Ph)(Cp)2] (8). Hydrogen atoms have been omitted for
clarity. Thermal ellipsoids are at the 30 % probability level.

ences from the neutral molecules 5a and 8. In particu-
lar a marked asymmetry is observed in 5a and 8 for the
bridging carbonyl ligand [C(1)O(1)] with a shorter dis-
tance from the Fe(1) atom which bears the anionic lig-
and. The effect, although less pronounced, is observ-
able also for the bridging aminocarbyne carbon atom
[C(3)] and can be attributed to a good σ -donation to
Fe(1) from the sulphur atom (5a) and phenyl group
(8) that induces more pronounced back-donation to the
bridging ligands with respect to Fe(2) bearing a termi-
nal CO ligand. The bond asymmetry is less pronounced
in 6a in part because the neutral phosphane is less ba-
sic than the anionic ligands, but also because the delo-
calization of the cationic charge allows a better charge
balance on the various atoms in 6a.

Conclusions
Displacement of the labile acetonitrile ligand in

the diiron and diruthenium µ-aminocarbyne com-
plexes 1 – 3 provides an effective route to the coor-
dination of a variety of ligands: halides, phosphanes
and dithiocarbamates. The latter exhibit an unusual
η1-coordination mode of the potentially bidentate
S-ligand.

Conversely, substitution of nitriles by lithium or-
ganyls is restricted to LiPh and limited to the use of
NCtBu which does not contain acidic protons. The lack
of general character of these substitution reactions is
due to the prevalence of other reaction paths, includ-
ing nucleophilic addition to the coordinated ligands.
However, the use of acetone in place of nitriles as a
labile ligand provides a successful route to the synthe-
sis of σ -alkynyl complexes by reaction with lithium
acetylides.
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Experimental Section

Materials and measurements

All reactions were routinely carried out under a nitro-
gen atmosphere, using standard Schlenk techniques. Sol-
vents were distilled immediately before use under nitro-
gen from appropriate drying agents. Chromatography sep-
arations were carried out on columns of deactivated alu-
mina (4 % w/w water). Glassware was oven-dried before
use. Infrared spectra were recorded at 298 K on a Perkin-
Elmer Spectrum 2000 FT-IR spectrophotometer and elemen-
tal analyses were performed on a ThermoQuest Flash 1112
Series EA instrument. ESI MS spectra were recorded on a
Waters Micromass ZQ 4000 instrument with samples dis-
solved in CH3CN. All NMR measurements were performed
on Varian Gemini 300 and Mercury Plus 400 instruments.
The chemical shifts for 1H and 13C were referenced to inter-
nal TMS. The spectra were fully assigned via DEPT experi-
ments and 1H-13C correlation measured through gs-HSQC
and gs-HMBC experiments [26]. Unless otherwise stated,
NMR spectra were recorded at 298 K; NMR signals due
to a second isomeric form (where applicable) are italicized.
NOE measurements were recorded using the DPFGSE-
NOE sequence [27]. All reagents were commercial prod-
ucts (Aldrich) of the highest purity available and used as
received. [Fe2(CO)4(Cp)2] was purchased from Strem and
used as received. Compounds [M2{µ-CN(Me)(R)}(µ-CO)
(CO)(NCMe)(Cp)2][SO3CF3] [M = Fe, R = Xyl, 1a; M =
Fe, R = Me, 1b; M = Fe, R = CH2Ph, 1c; M = Ru, R =
Xyl, 2a; M = Ru, R = Me, 2b] and [Fe2{µ-CN(Me)(Xyl)}
(µ-CO)(CO)(NCtBu)(Cp)2][SO3CF3] (3) were prepared by
published methods [2a, 7a].

Syntheses of [Fe2{µ-CN(Me)(R)}(µ-CO)(CO)(X)(Cp)2]
(R = Me, X = Br, 4a; R = Me, X = I, 4b; R = CH2Ph, X =
Cl, 4c; R = CH2Ph, X = Br, 4d; R = CH2Ph, X = I, 4e)

Complex [Fe2{µ-CN(Me)2}(µ-CO)(CO)(NCMe)(Cp)2]
[CF3SO3] (1b) (106 mg, 0.203 mmol), was dissolved in
THF (15 mL) and treated with KBr (75 mg, 0.630 mmol)
with stirring at r. t. for 12 h. Then, the mixture was chro-
matographed through alumina. An ochre yellow band, corre-
sponding to compound 4a, was collected using THF as elu-
ent. Yield: 44 mg, 50 %. – C15H16BrFe2NO2 (433.89): calcd.
C 41.52, H 3.72, N 3.23; found C 41.62, H 3.76, N 3.20. –
IR (CH2Cl2): ν(CO) = 1978 (vs), 1958 (s), 1797 (s), ν(µ-
CN) = 1574 (w) cm−1. – 1H NMR (CDCl3): δ = 4.74, 4.66,
4.48, 4.47 (s, 10 H, Cp), 4.76, 4.50, 4.30, 4.07 (s, 6 H, NMe);
cis/trans ratio 2 : 1.

Complex 4a was dissolved in CH2Cl2 and the solution
was stirred for 6 h at reflux temperature. The mixture was
filtered through alumina, and an ochre-yellow band, corre-
sponding to cis-4a was collected, using THF as eluent.

Compounds 4b – e were prepared by reacting 1b – c with
LiCl, KBr or KI, respectively, in boiling CH2Cl2 for 6 h. Suc-
cessive work-up was analogous to that described for 4a.

4b: Yield: 70 %; colour: brown. – C15H16Fe2INO2
(480.89): calcd. C 37.46, H 3.35, N 2.91; found C 37.54,
H 3.38, N 2.82. – IR (CH2Cl2): ν(CO) = 1973 (vs), 1793 (s),
ν(µ-CN) = 1567 (w) cm−1. – 1H NMR (CDCl3): δ = 4.67,
4.54 (s, 10 H, Cp), 4.48, 4.17 (s, 6 H, NMe).

4c: Yield: 73 %; colour: brown. – C21H20ClFe2
NO2(465.53): calcd. C 54.18, H 4.33, N 3.01; found
C 54.27, H 4.38, N 3.03. – IR (CH2Cl2): ν(CO) = 1978 (vs),
1799 (s), ν(µ-CN) = 1529 (w) cm−1. – 1H NMR (CDCl3):
δ = 7.70 – 7.40 (m, 5 H, CH2Ph), 6.77, 5.94, 5.67 (d, 2 H,
2JHH = 14.7 Hz, CH2Ph), 4.80, 4.72, 4.61 (s, 10 H, Cp),
4.56, 4.09 (s, 3 H, NMe); isomer ratio 6 : 5. – 13C{1H} NMR
(CDCl3): δ = 339.7, 339.2 (µ-C), 266.2, 265.5 (µ-CO),
212.0, 211.7 (CO), 136.0, 135.1 (ipso-Ph), 129.4 – 126.9
(CH2Ph), 86.6, 86.5, 86.4, 86.2 (Cp), 70.1, 69.6 (CH2Ph),
49.8, 48.9 (NMe).

4d: Yield: 87 %; colour: ochre yellow. – C21H20BrFe2
NO2 (509.98): calcd. C 49.46, H 3.95, N 2.75; found C 49.40,
H 4.02, N 2.66. – IR (CH2Cl2): ν(CO) = 1978 (vs), 1799 (s),
ν(µ-CN) = 1534 (w) cm−1. – 1H NMR (CDCl3): δ = 7.64 –
7.39 (m, 5 H, CH2Ph), 4.83, 4.76, 4.65 (s, 10 H, Cp), 4.08
(s, 3 H, NMe); isomer ratio 1 : 1. – 13C{1H} NMR (CDCl3):
δ = 129.4, 128.3, 127.4, 127.0 (CH2Ph), 86.6 (Cp).

4e: Yield: 70 %; colour: brown. – C21H20Fe2INO2
(556.98): calcd. C 45.28, H 3.62, N 2.51; found C 45.36,
H 3.71, N 2.51. – IR (CH2Cl2): ν(CO) = 1974 (vs), 1793 (s),
ν(µ-CN) = 1529 (w) cm−1. – 1H NMR (CDCl3): δ = 7.64 –
7.39 (m, 5H, CH2Ph), 6.74, 5.92, 5.73, 5.69 (d, 2H, 2JHH=
15 Hz, CH2Ph), 4.80, 4.72, 4.71, 4.60 (s, 10 H, Cp), 4.42,
4.08 (s, 3 H, NMe); isomer ratio 11 : 10. – 13C{1H} NMR
(CDCl3): δ = 337.5, 337.4 (µ-C), 267.3, 267.0 (µ-CO),
214.7, 214.4 (CO), 135.8, 135.3 (ipso-Ph), 129.4 – 127.0
(CH2Ph), 86.7, 86.6, 86.0, 85.8 (Cp), 71.9, 70.6 (CH2Ph),
51.1, 50.4 (NMe).

Syntheses of [Fe2{µ-CN(Me)(R)}(µ-CO)(CO){SC(S)NEt}2
(Cp)2] (R = Xyl, 5a; R = Me, 5b)

Complex 1a (100 mg, 0.158 mmol), was dissolved in THF
(15 mL) and treated with NaSC(S)NEt2 (32 mg, 0.187 mmol)
at reflux temperature for 45 min. Removal of the solvent
and chromatography on alumina gave a red band, which was
collected using a 1 : 1 mixture of CH2Cl2 and THF as elu-
ent. 5a: Yield: 74 mg, 79 %. – C27H32Fe2N2O2S2 (592.38):
calcd. C 54.74, H 5.44, N 4.73; found C 54.81, H 5.36,
N, 4.78. – IR (KBr pellets): ν = 1500 m (µ-CN), 1458
m (CN) cm−1. – IR (CH2Cl2): ν(CO) = 1967 (vs), 1810
(s) cm−1. – 1H NMR (CDCl3, 313 K): δ = 7.31 – 7.19 (m, 3
H, Me2C6H3), 5.07, 4.28 (s, 10 H, Cp), 4.61 (s, 3 H, NMe),
3.72 (m br, 4 H, NCH2), 2.69, 2.12 (s, 6 H, Me2C6H3), 1.09,
0.91 (m, 6 H, NCH2CH3). – 13C{1H} NMR (CDCl3, 313 K):
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δ = 333.5 (µ-C), 259.8 (µ-CO), 213.7 (CO), 207.2 (SCS),
148.5 (ipso-Me2C6H3), 133.3, 132.6, 130.9, 129.0, 126.9
(Me2C6H3), 88.0, 85.7 (Cp), 51.7 (NMe), 46.9 (NCH2),
18.6, 16.9 (Me2C6H3), 12.7 (NCH2CH3).

Complex 5b was prepared by the procedure described
for 5a, by reacting 1b with NaSC(S)NEt2. Crystals suitable
for X-ray diffraction were obtained from a CH2Cl2 solution
of 5a layered with petroleum ether, at −20 ◦C.

5b: Yield: 69 %, colour: red. – C20H26Fe2N2O2S2
(502.25): calcd. C 47.83, H 5.22, N 5.58; found C 47.91,
H 5.03, N 5.69. – IR (CH2Cl2): ν(CO) = 1966 (vs), 1810 (s),
ν(µ-CN) = 1567 (w) cm−1. – 1H NMR (CDCl3, 313 K):
δ = 4.96, 4.71 (s, 10 H, Cp), 4.44, 4.15 (s, 6 H, NMe),
3.74 (m br, 4 H, NCH2), 0.98 (m br, 6 H, NCH2CH3). –
13C{1H} NMR (CDCl3, 313 K): δ = 333.9 (µ-C), 261.8 (µ-
CO), 213.2 (CO), 208.3 (SCS), 87.3, 86.5 (Cp), 53.2, 50.9
(NMe), 46.9 (NCH2), 12.2 (NCH2CH3).

Syntheses of [Fe2{µ-CN(Me)(R)}(µ-CO)(CO)(L)(Cp)2]
[CF3SO3] (R = Xyl, L = PPh2H, 6a; R = Xyl, L = PPh3,
6b; R = Xyl, L = PMe3, 6c; R = Me, L = PMe2Ph, 6d;
R = Me, L = PPh3, 6e; R = Me, L = PMePh2, 6f); and
[Ru2{µ-CN(Me)(R)}(µ-CO)(CO)(L)(Cp)2][CF3SO3] (R =
Xyl, L = PPh2H, 6g; R = Me, L = PPh2H, 6h)

PPh2H (0.42 mmol) was added to a solution of 1a
(147 mg, 0.232 mmol) in THF (15 mL), and the mixture
was heated at reflux for 3 h. Then, the solvent was removed
and the residue, dissolved in CH2Cl2, was chromatographed
on alumina. The product 6a was obtained as a dark brown
fraction, using MeOH as eluent. Yield: 141 mg, 78 %. Crys-
tals suitable for X-ray diffraction were obtained from a
CH2Cl2 solution layered with diethyl ether, at −20 ◦C. –
C35H33NF3Fe2NO5PS (779.36): calcd. C 56.94, H 4.24;
found C 56.47, H 4.59. – IR (CH2Cl2): ν(CO) = 1979 (vs),
1809 (s), ν(µ-CN) = 1508 (m) cm−1. – 1H NMR (CDCl3):
δ = 7.72 – 7.19 (m, 13 H, Ph and Me2C6H3), 5.30, 5.04, 4.73,
4.54 (s, 10 H, Cp), 4.95, 4.44 (d, 1 H, 1JPH = 359.7 Hz,
PH), 4.37, 4.05 (s, 3 H, NMe), 2.83, 2.60, 2.03, 1.45 (s,
6 H, Me2C6H3); isomer ratio = 2 : 1. – 13C{1H} NMR
(CDCl3): δ = 331.7 (d, 2JPC = 16.2 Hz, µ-C), 262.3 (d,
2JPC = 18.0 Hz, µ-CO), 212.3 (d, 3JPC = 8.4 Hz, CO), 147.9
(ipso-Me2C6H3), 132.4 – 127.7 (Ph and Me2C6H3), 90.4,
88.6, 88.0, 87.7 (Cp), 53.4 (NMe), 18.3, 17.5 (Me2C6H3).
– 31P NMR (CDCl3): δ = 55.4 (d, 1JPH = 359.7 Hz), 52.8 (d,
1JPH = 351.2 Hz).

Complexes 6b – h were prepared by the procedure de-
scribed for 6a, by reacting 1a – b and 2a – b with the appro-
priate phosphine.

6b: Yield: 72 %; colour: brown. – C41H37F3Fe2NO5PS
(855.46): calcd. C 57.56, H 4.36; found C 57.61, H 4.42. –
IR (CH2Cl2): ν(CO) = 1985 (vs), 1797 (s) cm−1. – 1H NMR
(CDCl3): δ = 7.65 – 7.17 (m, 18 H, Ph and Me2C6H3), 5.03,
4.96, 4.52, 4.45 (s, 10 H, Cp), 4.54, 4.30 (s, 3 H, NMe),

2.73, 2.67, 2.07, 2.03 (s, 6 H, Me2C6H3); isomer ratio 3 : 1.
– 31P NMR (CDCl3): δ = 59.2, 57.7.

6c: Yield: 78 %, colour: brown. – C26H30NO5F3Fe2PS
(668.25): calcd. C 46.73, H 4.52; found C 46.92, H 4.29.
– IR (CH2Cl2): ν(CO) = 1972 (vs), 1801 (s). – 1H NMR
(CDCl3): δ = 7.26 (m, 3 H, Me2C6H3), 4.97, 4.46 (s, 10
H, Cp), 4.36 (s, 3 H, NMe), 2.59, 2.12 (s, 6 H, Me2C6H3),
1.22 (d, 9 H, 2JPH = 9.0 Hz, PMe3). – 13C{1H} NMR
(CDCl3): δ = 333.9 (d, 2JPC = 15.4 Hz, µ-C), 262.3 (d,
2JPC = 20.1 Hz, µ-CO), 214.8 (d, 2JPC = 3.0 Hz, CO),
147.9 (ipso-Me2C6H3), 132.7, 132.0, 129.9, 129.0, 128.8
(Me2C6H3), 88.3 (Cp), 54.8 (NMe), 18.8, 17.6 (Me2C6H3),
18.1 (d, 1JPC = 34.9 Hz, PMe3). – 31P NMR (CDCl3): δ =
26.3 (s).

6d: Yield: 80 %; colour: brown. – C24H27F3Fe2NO5PS
(641.20): calcd. C 44.96, H 4.24; found C 45.06, H 4.16. –
IR (CH2Cl2): ν(CO) = 1972 (vs), 1802 (s), ν(µ-CN) = 1573
(m) cm−1. – 1H NMR (CD2Cl2): δ = 7.40 – 7.12 (m, 5 H,
Ph), 4.99 (s, 5 H, Cp), 4.65 (d, 5 H, 3JPH = 1.2 Hz, Cp), 4.14,
4.10 (s, 6 H, NMe), 1.30 (d, 3 H, 2JPH = 9.2 Hz, PMe), 1.20
(d, 3 H, 2JPH = 12.0 Hz, PMe). – 13C{1H} NMR (CD2Cl2):
δ = 327.0 (d, 2JPC = 18.8 Hz, µ-C), 265.0 (d, 2JPC = 22.5 Hz,
µ-CO), 214.8 (CO), 138.2 (ipso-Ph, 1JPC = 44 Hz), 130.9,
129.7 (Ph), 89.7, 88.9 (Cp), 54.9, 54.0 (NMe), 18.5 (d, 1JPC =
30.3 Hz, PMe), 16.9 (d, 1JPC = 30.3 Hz, PMe).

6e: Yield: 81 %; colour: brown. – C34H31F3Fe2NO5PS
(765.34): calcd. C 53.36, H 4.08; found: C 53.51, H 4.12.
– IR (CH2Cl2): ν(CO) = 1986 (vs), 1793 (s), ν(µ-CN) =
1572 (m) cm−1. – 1H NMR (CDCl3): δ = 7.49 – 7.18 (m,
15 H, Ph), 5.07 (s, 5 H, Cp), 4.94 (d, 5 H, 3JPH=1.4 Hz,
Cp), 4.24, 4.14 (s, 6 H, NMe). – 13C{1H} NMR (CDCl3):
δ = 328.5 (µ-C), 267.5 (µ-CO), 211.1 (CO), 134.5 (ipso-Ph,
1JPC = 42.0 Hz), 133.5, 131.6, 129.3 (Ph), 90.4, 89.0 (Cp),
56.4, 52.9 (NMe).

6f: Yield: 80 %; colour: dark green. – C29H29F3Fe2
NO5PS (703.27): calcd. C 49.53, H 4.16; found C 49.51,
H 4.10. – IR (CH2Cl2): ν(CO) = 1976 (vs), 1798 (s), ν(µ-
CN) = 1567 (m) cm−1. – 1H NMR (CD3CN): δ = 7.55 – 7.39
(m, 10 H, Ph), 5.12, 4.90 (s, 10 H, Cp), 4.18, 4.16 (s, 6 H,
NMe), 1.51 (d, 3 H, 2JPH = 8.5 Hz, PMe).

6g: Yield: 85 %; colour: orange-yellow. – C35H33NO5F3
Ru2PS (869.82): calcd. C 48.33, H 3.82; found C 48.37,
H 3.76. – IR (CH2Cl2): ν(CO) = 1978 (vs), 1816 (s), ν(µ-
CN) = 1519 (m) cm−1. – 1H NMR (CDCl3): δ = 8.00 – 6.59
(m, 13 H, Ph and Me2C6H3), 5.69, 5.44, 5.10, 4.76 (s, 10
H, Cp), 5.34, 5.13 (d, 1 H, 1JPH = 360.6 Hz, PH), 4.16, 3.99
(s, 3 H, NMe), 2.53, 2.24, 1.60, 1.20 (s, 6H, Me2C6H3); iso-
mer ratio 3 : 1. – 31P NMR (CDCl3): δ = 36.0 (d, 1JPH =
367.7 Hz).

6h: Yield: 82 %; colour: orange-yellow. – C28H27NO5F3
Ru2PS (779.69): calcd. C 43.13, H 3.49; found C 43.21,
H 3.42. – IR (CH2Cl2): ν(CO) = 1972 (vs), 1808 (s), ν(µ-
CN) = 1592 (ms) cm−1. – 1H NMR (CDCl3): δ = 7.87 – 7.26
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(m, 10 H, Ph), 5.50, 5.34 (s, 10 H, Cp), 5.29 (d, 1H, 1JPH =
367.7 Hz, PH), 3.86, 3.27 (s, 6 H, NMe2). – 13C{1H} NMR
(CDCl3): δ = 298.8 (d, 2JPC = 11.3 Hz, µ-C), 237.5 (d,
2JPC = 11.9 Hz, µ-CO), 201.1 (d, 3JPC = 8.5 Hz, CO),
133.7 – 128.1 (Ph), 90.7, 90.1 (Cp), 54.3, 51.3 (NMe2). –
31P NMR (CDCl3): δ = 36.0 (d, 1JPH = 367.7 Hz).

Synthesis of [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO){CH(CN)2}
(Cp)2] (7)

Compound 1a (116 mg, 0.183 mmol), dissolved in THF
(10 mL), was treated with a THF solution (1.0 mL) of
NaCH(CN)2 (0.34 mmol), freshly prepared from CH2(CN)2
and Na.

The mixture was stirred at reflux temperature for 20 min;
then, the solvent was removed under vacuum. Chromatogra-
phy of the residue on alumina afforded a green band (75 mg,
0.147 mmol), corresponding to 7. Yield: 75 mg, 81 %. –
C25H23Fe2N3O2(509.16): calcd. C 58.97, H 4.55; found
C 59.06, H 4.47. – IR (CH2Cl2): ν(C≡N) = 2214 m, ν(CO) =
1963 (vs), 1801 (s) cm−1. – 1H NMR (CDCl3): δ = 7.36 –
7.07 (m, 3 H, Me2C6H3), 4.83, 4.82, 4.39, 4.27 (s, 10 H,
Cp), 4.81, 4.75 (s, 3 H, NMe), 2.67, 2.12 (s, 6 H, Me2C6H3),
−1.24, −1.35 (s, 1 H, CHCN2), isomer ratio 18 : 1. –
13C{1H} NMR (CDCl3): δ = 337.5 (µ-C), 264.1 (µ-CO),
214.3 (CO), 149.1 (ipso-Me2C6H3), 133.0, 132.1, 130.1,
128.6, 128.5 (Me2C6H3), 124.5, 121.8 (CHCN), 88.6, 87.4
(Cp), 51.9 (NMe), 18.4, 17.5 (Me2C6H3), −22.0 (CHCN2).

Reactions of 1a with MeO−/MeOH and EtO−/EtOH

Complex 1a (90 mg, 0.142 mmol), dissolved in MeOH
(10 mL), was treated at −30 ◦C, with a solution of NaOMe in
MeOH (0.2 mL, 0.196 mmol), freshly prepared from MeOH
and Na. The mixture was stirred for 2 h. Subsequently, the
solvent was removed under reduced pressure and the residue
was chromatographed on alumina. Elution with CH2Cl2 af-
forded a red band corresponding to [Fe2{µ-CN(Me)(Xyl)}
(µ-H)(CO)2(Cp)2]. Yield: 38 mg, 60 %. Complex [Fe2{µ-
CN(Me)(Xyl)}(µ-H)(CO)2(Cp)2] was also obtained by re-
acting respectively: 1a with EtOH/EtONa (yield: 59 %),
3 with MeOH/MeONa (yield: 62 %), or 1a with a saturated
solution of Na2CO3 in MeOH (yield: 48 %).

Synthesis of [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(Ph)(Cp)2]
(8)

A solution of 3 (108 mg, 0.160 mmol), dissolved in
THF (15 mL), was cooled to −30 ◦C and treated with
LiPh (0.21 mmol in cyclohexane/diethyl ether solution). The
mixture was stirred for 2 h, then it was filtered through
celite, and the solvent removed. Chromatography of the
residue on alumina, using CH2Cl2 as eluent, afforded a dark
green band, corresponding to 8. Crystals suitable for X-ray
diffraction were collected from a CH2Cl2 solution of 8 lay-
ered with petroleum ether, at −20 ◦C. Yield: 56 mg, 67 %.

– C28H27Fe2NO2(521.21): calcd. C 64.52, H 5.22; found
C 64.46, H 5.17. – IR (CH2Cl2): ν(CO) = 1958 (vs), 1775
(s), ν(µ-CN) = 1563 (w) cm−1. – 1H NMR (CDCl3): δ =
7.50 – 6.55 (m, 8 H, Me2C6H3 and Ph), 4.66, 4.13 (s, 10 H,
Cp), 4.45 (s, 3 H, NMe), 2.57, 2.22 (s, 6 H, Me2C6H3). –
13C{1H} NMR (CDCl3): δ = 340.8 (µ-C), 269.0 (µ-CO),
214.4 (CO), 156.1 – 121.6 (Me2C6H3 and Ph), 89.3, 86.8
(Cp), 52.7 (NMe), 19.1, 18.6 (Me2C6H3). – ESI-MS (ES+):
m/z (%) = 521 (27) [M]+, 465 (100) [M–2CO]+.

Synthesis of [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(PPh2)-
(Cp)2] (9)

A solution of 3 (90 mg, 0.145 mmol) in THF (15 mL) was
cooled to −30 ◦C and treated with LiPPh2 (0.188 mmol),
freshly generated from PPh2H and nBuLi, in THF solution
(2.0 mL). The mixture was stirred for 1 h, then the solvent
was removed. Chromatography of the residue on alumina,
using a 9 : 1 mixture of THF and MeOH as eluent, afforded
an emerald green band, corresponding to 9. Yield: 62 mg,
68 %. – C34H32Fe2NO2P (629.29): calcd. C 64.89, H 5.13;
found C 64.94, H 5.07. – IR (CH2Cl2): ν(CO) = 1981 (vs),
1786 (s), ν(µ-CN) = 1592 (m) cm−1. – 1H NMR (CDCl3):
δ = 7.72 – 7.22 (m, 16 H, Me2C6H3 and PPh2), 4.95, 4.71,
4.42, 4.25 (s, 10 H, Cp), 4.67 (s, 3 H, NMe), 2.69, 2.64,
2.23 (s, 6 H, Me2C6H3). Isomer ratio 3 : 1. – 13C{1H} NMR
(CDCl3): δ = 333.0 (µ-C), 267.6 (µ-CO), 213.1, 212.0 (CO),
151.0 – 125.6 (Ph and Me2C6H3), 89.0, 87.4, 87.3, 87.0 (Cp),
51.4 (NMe), 18.6, 18.5, 18.4, 18.2 (Me2C6H3). – 31P NMR
(CDCl3): δ = 34.7, 33.6.

Synthesis of [Fe2{C(Me)N(Me)(Xyl)}(µ-CO)2(CO)(Cp)2]
(10)

A solution of 1a (100 mg, 0.148 mmol) in THF (10 mL)
was cooled to −30 ◦C and treated with LiMe (0.17 mmol
in 0.17 mL of a diethyl ether solution). The mixture was
stirred for 2 h, then it was filtered though alumina. Subse-
quently, the residue was chromatographed on alumina and a
dark green band was collected using THF as eluent. Yield:
26 mg, 36 %. – C24H25Fe2NO3(487.15): calcd. C 59.17,
H 5.17, N 2.88; found C 59.04, H 5.05, N 2.74. – IR
(CH2Cl2): ν(CO) 1932 (vs), 1710 (vs) cm−1. – 1H NMR
(CDCl3) 7.32 – 7.15 (m, 3 H, Me2C6H3), 4.93 (s, 3 H, NMe),
4.77, 4.31 (s, 10 H, Cp), 2.05, 1.94 (s, 6 H, Me2C6H3), 1.72
(s, 3 H, FeCMe). – 13C{1H} NMR (CDCl3): δ = 288.6 (µ-
CO), 275.5 (FeCMe), 130.1 – 128.6 (Me2C6H3), 88.6, 87.8
(Cp), 49.4 (NMe), 38.3 (FeCMe), 18.3, 17.6 (Me2C6H3).

Syntheses of [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)(C≡CR)
(Cp)2] (R = Tol, 11a; R = Ph, 11b; R = SiMe3, 11c)

Complex [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO)2(Cp)2]
[CF3SO3] (100 mg, 0.161 mmol) was dissolved in acetone
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Compound 5a 6a 8
Formula C27H32Fe2N2O2S2 C35H33F3Fe2NO5PS C28H27Fe2NO2
M 592.37 779.35 521.21
T [K] 293(2) 293 293
Crystal size [mm3] 0.35×0.30×0.25 0.28×0.22×0.15 0.25×0.23×0.20
λ [Å] 0.71073 0.71073 0.71073
Crystal symmetry monoclinic monoclinic monoclinic
Space group P21/c P21/c P21
a [Å] 10.3866(7) 8.614(2) 8.6784(3)
b [Å] 18.613(1) 24.598(5) 13.7074(5)
c [Å] 14.0915(9) 15.629(3) 9.9854(3)
β [deg] 96.546(1) 92.57(3) 97.024(2)
Cell volume [Å3] 2706(3) 3308(1) 1178.93(7)
Z 4 4 2
Dc [Mg m−3] 1.454 1.565 1.468
µ(MoKα ) [mm−1] 1.253 1.050 1.256
F(000) [e] 1232 1600 540
θ limits [deg] 1.82 – 30.01 1.54 – 25.03 2.05 – 28.00
Reflections collected 34442 28825 14370
Unique obs. reflections (Fo ≥ 4σ(Fo)) 7880 5849 5686
Rint 0.0371 0.0687 0.0668
Goodness-of-fit-on F2 1.046 1.038 1.016
R1 (F)a, wR2 (F2)b 0.0299, 0.0745 0.0446, 0.1136 0.0543, 0.1122
Absolute structure parameter x – – 0.05(3)
Largest diff. peak and hole [e Å−3] 0.530 / −0.623 0.405 / −0.520 0.507 / −0.392

Table 2. Crystal data and ex-
perimental details for com-
plexes 5a, 6a and 8.

a R1 = Σ‖Fo|− |Fc|/Σ|Fo|.
b wR2 = [Σw(Fo

2 − Fc
2)2/

Σw(Fo
2)2]1/2, where w =

1/[σ2(Fo
2) + (aP)2 + bP],

where P = (Fo
2 +2F2

c )/3.

(15 mL) and treated with Me3NO (17 mg, 0.227 mmol). The
mixture was stirred for 30 min and filtered on a celite pad.
The volatile material was removed in vacuo. The residue
was dissolved in THF (15 mL) and treated, at −30 ◦C, with
a THF solution of LiC≡CTol (2.0 mL, 0.15 mmol), freshly
prepared from HC≡CTol and nBuLi. The mixture was
allowed to warm to r. t., stirred for an additional 40 min and
then filtered through a celite pad. Removal of the solvent
gave a yellow residue which was washed with petroleum
ether (2 × 20 mL) to afford 11a. Complex 11b – c were
obtained by the same procedure described for 11a, by
reacting 12 with LiC≡CPh and LiC≡CSiMe3, respectively.

Synthesis of [Fe2{µ-CN(Me)(Xyl)}(µ-CO)(CO){C(O)Me}
(Cp)2] (12)

Complex 11c (75 mg, 0.139 mmol) was chromatographed
on an alumina column (2 × 8 cm) with CH2Cl2 as elu-
ent. A green band was collected and yielded 12 as a green
powder upon removal of the solvent under reduced pres-
sure. Yield: 57 mg, 84 %. – C24H25Fe2NO3(487.15): calcd.
C 59.17, H 5.17, N 2.88; found C 59.16, H 5.20, N 2.79. –
IR (CH2Cl2): ν(CO) = 1962 (vs), 1773 (s), 1597 (ms) cm−1.
– 1H NMR (CDCl3): δ = 7.33 – 7.18 (m, 3 H, Me2C6H3),
4.84, 4.24 (s, 10 H, Cp), 4.30 (s, 3 H, NMe), 2.56, 2.44
(s, 6 H, Me2C6H3and C{O}Me), 2.29 (s, 3 H, Me2C6H3).
– 13C NMR (CDCl3): δ = 335.5 (µ-C), 270.3, 268.0 (µ-
CO and C{O}Me), 213.5 (CO), 147.6 (ipso-Me2C6H3),
134.3, 132.4, 129.3, 127.2 (Me2C6H3), 87.9, 85.3 (Cp), 51.0
(NMe), 45.9 (C{O}Me), 17.7, 16.7 (Me2C6H3).

X-Ray crystallography for 5a, 6a and 8

The diffraction experiments were carried out at r. t. on a
Bruker AXS SMART 2000 CCD based diffractometer using
graphite monochromated MoKα radiation (λ = 0.71073 Å).
Intensity data were measured over the full diffraction sphere
using 0.3◦ wide ω scans and a crystal-to-detector distance
of 5.0 cm. The software SMART [28] was used for collect-
ing frames of data, indexing reflections and determination
of lattice parameters. The collected frames were then pro-
cessed for integration by software SAINT [28] and an empir-
ical absorption correction was applied with SADABS [29].
The structures were solved by direct methods (SIR97) [30]
and subsequent Fourier syntheses, and refined by full-matrix
least-squares calculations on F2 (SHELXTL) [31] attributing
anisotropic thermal parameters to all non-hydrogen atoms. In
complex 8, the Cp ligand bound to Fe(2) was found disor-
dered over two positions and the site occupation factors were
refined yielding the values 0.60 and 0.40, respectively. The
methyl, methylene and arene hydrogen atoms were placed
in calculated positions and refined with idealized geometry,
whereas the H atom attached to P(1) in 6a was located in the
Fourier map and refined isotropically. The racemic mixture
of complex 8 crystallized as a conglomerate of chiral crys-
tals in the space group P21 for which the absolute structure
was determined. Further details of data collection and refine-
ment are listed in Table 2.

CCDC 625083 (5a), CCDC 625084 (6a) and CCDC
625085 (8) contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge
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from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data request/cif.
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