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Abstract: Reactivity studies of the classical divalent lanthanide compound [CpBz5
2Sm]

(CpBz5 = pentabenzylcyclopentadienyl-anion) towards diphenyl dichalcogenides and d-element
carbonyl complexes led to remarkable results. In the compounds obtained, a different number of Sm-
C(phenyl) interactions and differently oriented benzyl groups were observed, suggesting—despite
the preference of these interactions in [CpBz5

2Sm] described in previous studies—a flexible orienta-
tion of the benzyl groups and thus a variable steric shielding of the metal center by the ligand. The
obtained compounds are either present as monometallic complexes (reduction of the dichalcogenides)
or tetrametallic bridged compounds in the case of the d/f-element carbonyl complexes.

Keywords: samarium; reduction; pentabenzylcyclopentadienyl; carbonyl complexes; chalcogenides

1. Introduction

Pentabenzylcyclopentadiene (HCpBz5) was first synthesized by Hirsch and Bailey
in 1978 [1]. In 1986, Rausch et al. reported the first metal complexes featuring a CpBz5

ligand [2]. Subsequently, this ligand found use in the synthesis of a whole series of different
complexes [3–5]. In 2015, Trifonov et al. synthesized the first divalent lanthanide complexes
ligated by two CpBz5 ligands, obtaining the corresponding divalent complexes [CpBz5

2Ln]
with Ln = Eu(II), Yb(II) and Sm(II). Due to the sterically demanding ligand, as well as the
saturated coordination sphere of the lanthanides by π-interaction with one phenyl ring
per ligand, these compounds are present without any coordinating solvent at the metal
center (Scheme 1) [6]. Lewis base adducts with simultaneous abolition of the metal–phenyl
π-interactions could not be obtained even by specific reaction with donor molecules such as
THF, DME, PMe3, or TMEDA. Consequently, this inertness can serve as indirect evidence
for relatively strong Ln(II)-Ph π-interactions [6].

Scheme 1. Synthesis of [CpBz5
2Ln] with Ln = Sm, Eu, Yb according to Trifonov et al. [6].

Moreover, since substituents on Cp rings are known to have an influence on the reactiv-
ity of corresponding lanthanoidocenes [7], the reactivity towards small molecules (H2, SiH4,
N2, CO) and organic molecules with C-C multiple bonds (e.g., CH2=CH2, PhCH=CH2,
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trans-PhCH=CHPh, PhC≡CPh, Me3SiC≡CSiMe3) was also investigated. Surprisingly, no
reactivity was detected towards any of these molecules [6]. This observation is particularly
noteworthy for [CpBz5

2Sm], since [Cp*2Sm] (Cp* = pentamethylcyclopentadienyl) is shown
to be reactive towards some of these compounds (e.g., N2) [8]. The only reactivity observed
for this new group of lanthanoidocenes was the reduction of bipyridine and phenazine
by the samarium compound [6]. Thus, the coordination of the divalent lanthanides (Sm,
Eu, Yb) with two CpBz5 ligands results in a remarkable stabilization of the otherwise much
more reactive Ln(II) centers, which can be attributed to steric effects and their π-interaction
with the benzyl groups of the ligands [6,9]. Based on this, the present work deals with the
reactivity and stability of [CpBz5

2Sm] towards other readily reducible inorganic substrates,
which have been successfully reduced by us in previous work using divalent samarium
compounds, in order to gain deeper insights into the reactivity of [CpBz5

2Sm] and the
stabilization upon coordination with the sterically demanding CpBz5 ligand [10].

2. Results and Discussion

2.1. Reduction of Diphenyl Dichalcogenides with [CpBz5
2Sm]

The first attempts were the reactions of [CpBz5
2Sm] with Ph2E2 (E = Se, Te) (Scheme 2) [10].

Ph2E2 can be cleaved by twofold single-electron transfer (SET) to give the respective
selenol- or tellurolates. These reactions proceed under an E-E bond cleavage and result
in either bridged and bimetallic or monometallic complexes, depending on the ligands
used [11–13]. The reaction of [CpBz5

2Sm] with Ph2E2 (E = Se, Te) at room temperature in
THF gave yellow-orange solutions from which crystals of the monometallic compounds
[CpBz5

2Sm(SePh)] (1) and [CpBz5
2Sm(TePh)] (2) were obtained by evaporation of n-pentane

(Scheme 2). Compound 1 crystallizes with one molecule of the complex and one molecule of
n-pentane in the asymmetric unit. Compound 2 crystallizes without any solvent molecule
and with two molecules of 2 in the asymmetric unit (Figure 1). Due to the change in the
oxidation state of the samarium atom from +II to +III and the associated smaller ionic
radius (1.10 Å for Sm(III) and 1.36 Å for Sm(II)) [14], as well as the higher Lewis acidity,
the Sm-Cp(Ctr) (Ctr = centroid) distances for 1 and 2 (2.4628(4) Å for 1 and 2.4583(6) Å
for 2) are about 0.1 Å shorter than to those in [CpBz5

2Sm] (2.565(1) Å) [6]. As a result of the
[PhSe]− resp. [PhTe]− coordination, the metallocene angle, Cp(Ctr)-Ln-Cp(Ctr) of 1 and 2,
is smaller than in [CpBz5

2Sm] (139.67(2) (1) and 139.43(3) (2) vs. 141.8◦ in [CpBz5
2Sm]) [6].

While in the divalent compound, [CpBz5
2Sm] interactions with one phenyl ring of each

CpBz5 ligand with the samarium atom can be observed, in 1 and 2, these are only observed
for one phenyl ring in total, although a second phenyl ring is still oriented towards Sm,
respectively. The resulting distances of 3.077(7) Å (for Sm-C18 in 1) and 3.007(3) Å (Sm-C68
in 2) are in the range of those observed for [CpBz5

2Sm] (2.99–3.16 Å) [6].

Scheme 2. Reduction of Ph2E2 (E = Se, Te) with [CpBz5
2Sm].
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Figure 1. Molecular structures of 1 (left) and 2 (right) in the solid state. Hydrogen atoms and solvent
molecules are omitted for clarity. Selected bond lengths [Å] and angles [◦]: 1: Sm-Se 2.8679(8),
Sm-Cp(Ctr) 2.4628(4), Sm-C18 3.077(7), Sm-C58 3. 712(8), Se-C1 1.929(8), Sm-Se-C1 111.7(2), C11-C12-
C13 114.8(7), C51-C52-C53 118.6(7), Cp(Ctr)-Sm-Cp(Ctr) 139.67(2). 2: Sm-Te 3.1186(2), Sm-Cp(Ctr)
2.4583(6), Sm-C68 3.007(3), Sm-C18 3.780(3), Te-C1 2.132(3), Sm-Te-C1 109.81(7), C49-C66-C67 114.5(2),
C11-C12-C13 119.0(2), Cp(Ctr)-Sm-Cp(Ctr) 139.43(3).

Moreover, the interaction of the phenyl ring with the metal center also affects the
angles in the ligand, resulting in a smaller Cp-C-phenyl angle (C11-C12-C13 114.8(7)◦ vs.
C51-C52-C53 118.6(7)◦ for 1 and C49-C66-C67 114.5(2)◦ vs. C11-C12-C13 119.0(2)◦ for 2).
The distances to the other phenyl rings in each case are >3.7 Å, which is outside the range
of possible interactions. Both the Sm-Se (2.8679(8) Å) and Sm-Te distances (3.1187(2) Å)
are within the range of comparable compounds from the literature (Sm-Se 2.8837(6) Å for
[(Cp*2Sm)SePh(thf)] and Sm-Te 3. 1279(3) Å for [(Cp*2Sm)TePh(thf)]) [11]. In contrast, the
Sm-Se/Te-C1 angles of 111.7(2)◦ (1) and 109.81(7)◦(2) are 6◦ (1) and 3◦ (2) smaller than in
comparable compounds, e.g., 112.49(6)◦ in [(Cp*2Sm(TePh)(thf)] [11].

IR spectroscopic studies can also confirm the presence of monosubstituted aromatic
rings (benzyl and EPh) in compounds 1 and 2 (Figures S1 and S2). Thus, the typical aromatic
fingers (overtone and combination vibrations of the aromatic system) were detected as
very weak bands between 1665 and 2000 cm−1, and the relevant C-H out-of-plane (“oop”)
motions were seen as intense bands (e.g., 731 and 693 cm−1 for 2) [15]. Other bands were
assigned to the “in-plane” C-H bending vibrations (1074 and 1029 cm−1), the C-C stretching
vibrations of the aromatic ring (1600–1570 cm−1) and the C-H stretching vibrations of the
alkyl groups (2910–2830 cm−1) and aromatic rings (3085–3025 cm−1) [15].

2.2. Reduction of d-Metal Carbonyl Complexes with [CpBz5
2Sm]

After the successful reaction of [CpBz5
2Sm] with Ph2E2 (E = Se, Te), the reductions of

d-metal carbonyl complexes were investigated [10].
The first structurally characterized d/f-element carbonyl complex [(Cp*2Yb)2(OC)4

{(CO)7Fe3}] was obtained by Anderson et al. by the reduction of [Fe2(CO)9] with divalent
[Cp*2Yb(OEt2)] [16]. In general, in these reactions a SET from Ln(II) to the d-metal carbonyl
complex occurs, resulting in the formation of a [M(CO)x] anion and, if given, cleavage
of the M-M bond. In contrast, the formation of new M-M bonds is also possible. As a
consequence of such reductive approaches, different structural motifs were reported. These
include: (i) simple bimetallic complexes, (ii) bridging or polymeric structural motifs in
which the Ln(III) fragments are usually coordinated to the [M(CO)x] anions via carbonyl
bridges and (iii) new anionic d-metal carbonyl clusters without any coordination of the
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lanthanide ion to the carbonyl cluster [16–23]. In recent studies of our group, the steric
influence of various ligands on the product formation in the reductive synthesis of such
d/f-element carbonyl complexes has been specifically investigated for the first time [20,24].
In light of these observations, we felt challenged to study the reactivity of the super bulky
samarocen [CpBz5

2Sm] with various d-metal carbonyl complexes.
The reaction of [CpBz5

2Sm] with [Co2(CO)8] or [Mn2(CO)10] in toluene gave the
bridged tetrametallic complexes [(CpBz5

2Sm)2{(µ-OC)2Co(CO)2}2] (3) or [(CpBz5
2Sm)2

{(µ-OC)2Mn(CO)3}2] (4) (Scheme 3). The formation of these compounds can be explained by
twofold SET towards the d-metal carbonyl groups, resulting in cleavage of the metal–metal
bond. Subsequently, the resulting tetracarbonyl cobaltate or pentacarbonyl manganate
anions coordinate to two, now trivalent, Sm atoms of the [CpBz5

2Sm]+ units in a bridging
bonding mode. Complexes 3 and 4 both crystallize with half a molecule of the respective
compound and two (3) or three and a half (4) molecules of toluene in the asymmetric unit
(Figures 2 and 3). In contrast to compounds 1 and 2, compounds 3 and 4 feature only one
phenyl ring per [CpBz5

2Sm]+ unit oriented towards the Sm atom, while all other benzyl
moieties are rotated away from the latter. This is a result of the bulkier bridging carbonyl
metallate anions.

The Sm-phenyl distances observed here are above 3.8 Å for both 3 (Sm1-C80 3.828(3)
Å) and 4 (Sm1-C13 3.835(8) Å), so no Sm-phenyl interactions occur. The Sm-Cp distances
are further shortened compared to 1 and 2 (3: Sm1-Cp(Ctr) 2.4080(4)/2.4156(5) Å, 4: Sm1-
Cp(Ctr) 2.4214(4)/2.4410(4) Å), while the Cp-Sm-Cp angles are increasingly widened (3:
144.95(2)◦, 4: 141.71(2)◦). The Sm-O distances in 3 are 2.394(2) and 2.416(2) Å and thus
comparable to 2.409(5) and 2.424(5) Å in 4. The tetracarbonyl cobaltate anions in 3 occur in a
distorted tetrahedral geometry with C-Co-C angles between 113.72(12) and 104.88(13)◦. Due
to the coordination of O1 and O2 to the [CpBz5

2Sm]+ moieties and the resulting decreased
electron density in the highest occupied molecular orbital (HOMO) of the corresponding
carbonyl groups, the O-C bond lengths in these are longer than in the terminal ones (O3-C3
1.131(4) Å, O4-C4 1.137(4) Å), at 1.173(3) Å.

Scheme 3. Synthesis of [(CpBz5
2Sm)2{(µ-OC)2Co(CO)2}2] (3) and [(CpBz5

2Sm)2{(µ-OC)2Mn(CO)3}2] (4).
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Figure 2. Molecular structure of 3 in the solid state. Hydrogen atoms and solvent molecules are
omitted for clarity. Selected bond lengths [Å] and angles [◦]: Sm1-O1 2.394(2), Sm1-O2‘ 2.416(2),
Sm1-Cp(Ctr) 2.4080(4)/2.4156(5), Sm1-C80 3.828(3), Co1-C1 1.719(3), Co1-C2 1.723(2), Co1-C3 1.790(3),
Co1-C4 1.801(3), O1-C1 1.173(3), O2-C2 1.173(3), O3-C3 1.131(4), O4-C4 1.137(4), O1-Sm1-O2‘ 75.65(7),
Cp(Ctr)-Sm1-Cp(Ctr) 144.95(2), C1-Co1-C2 113.72(12), C1-Co1-C3 104.88(13), C1-Co1-C4 109.05(13),
C3-Co1-C2 111.07(13), C3-Co1-C4 109.51(13), C4-Co1-C2 108.52(12).

Figure 3. Molecular structure of 4 in the solid state. Hydrogen atoms and solvent molecules are
omitted for clarity. Selected bond lengths [Å] and angles [◦]: Sm1-O1 2.409(5), Sm1-O2‘ 2.424(5),
Sm1-Cp(Ctr) 2.4214(4)/2.4410(4), Sm1-C13 3.835(8), Mn1-C1 1.767(8), Mn1-C2 1.765(8), Mn1-C3
1.838(9), Mn1-C4 1.848(9), Mn1-C5 1.827(9), O1-C1 1.169(9), O2-C2 1.197(9), O3-C3 1.146(10), O4-C4
1.150(10), O5-C5 1.165(11), O1-Sm1-O2‘ 76.8(2), Cp(Ctr)-Sm1-Cp(Ctr) 141.71(2), C1-Mn1-C2 121.8(3),
C1-Mn1-C3 120.0(4), C1-Mn1-C4 89.5(4), C1-Mn1-C5 89.5(4), C2-Mn1-C3 118.2(4), C2-Mn1-C4 93.4(3),
C2-Mn1-C5 89.8(3), C3-Mn1-C4 89.7(4), C3-Mn1-C5 88.4(4).

The Co-C bond lengths are also affected by the different carbonyl functions (bridging
vs. terminal). Thus, these are shortened for the bridging carbonyl groups (Co1-C1 1.719(3) Å,
Co1-C2 1.723(2) Å) compared to the terminal ones (Co1-C3 1.790(3) Å, Co1-C4 1.801(3) Å).

In compound 4, the pentacarbonyl manganate anion forms a slightly distorted trigonal-
bipyramidal coordination polyhedron. As a result, the angles between the equatorial
carbonyl groups are all close to 120◦ (C1-Mn1-C2 121.8(3)◦, C1-Mn1-C3 120.0(4)◦, C2-
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Mn1-C3 118. 2(4)◦), while the angles between these and the axial ones are close to 90◦

(C1-Mn1-C4 89.5(4)◦, C1-Mn1-C5 89.5(4)◦, C2-Mn1-C4 93.4(3)◦, C2-Mn1-C5 89.8(3)◦, C3-
Mn1-C4 89.7(4)◦, C3-Mn1-C5 88.4(4)◦). Analogous to 3, also in 4, the C-O bonds of the
bridging carbonyl groups (O1-C1 1.169(9) Å, O2-C2 1.197(9) Å) are longer than in the
terminal ones. In addition, the C-O bond of the single terminal equatorial carbonyl group
is significantly longer than in the axial ones (O5-C5 1.165(11) Å (O5-C5) vs. 1.146(10) and
1.150(10) Å (O3-C3, O4-C4)). The Mn-C bonds are also shortened for C1 and C2 (1.767(8),
1.765(8) Å) compared to those of C3-5 (1.838(9), 1.848(9) and 1.827(9) Å) due to the bonding
of the associated carbonyl groups to the Sm(III) unit.

The presence of bridging and terminal carbonyl groups in 3 and 4 can also be confirmed
by IR measurements (Figures S3 and S4). In the corresponding spectra, the aromatic
fingers observed for 1 and 2 are overlaid by strong bands of carbonyl stretching vibrations.
For 3, this results in two bands at 2038 and 1972 cm−1, which can be assigned to the
terminal carbonyl groups by literature comparison (e.g., with [NMe3H][Co(CO)4]) [25].
The other two bands at 1814 and 1783 cm−1 are shifted towards lower wavenumbers
and can accordingly be assigned to the bridging carbonyl groups. These observations
are consistent with other d/f-element carbonyl complexes in the literature [16,18]. The
remaining observed bands in the IR spectrum of 3 are in agreement with the expected
bands for the CpBz5 ligand. For 4, a comparable IR spectrum is obtained with several bands
each for the terminal (from ca. 2006 to 1896 cm−1) and bridging (ca. 1814 to 1784 cm−1)
carbonyl groups.

Compound 3 thus represents only the second example of such a heterometallic Sm-
Co carbonyl complex, in which two Sm(III) units are bridged via the carbonyl groups
of two tetracarbonyl cobaltate anions, after [{(DippForm)2Sm(thf)}2{(µ-OC)2Co(CO)2}2]
presented by us in 2020 [24]. In other previously reported reactions of divalent Sm com-
pounds with cobalt carbonyl complexes, unbridged structural motifs or separated ion
pairs were obtained [26,27]. Bridging of two Sm units by a pentacarbonyl manganate
anion has previously been observed only for the polymeric species [{(Cp*)2Sm(thf)}(µ-
OC)2{Mn(CO)3}]n [20]. In other cases, only unbridged structural motifs or separated ion
pairs were obtained [20,28], making 4 the first example of such a tetrametallic Mn-Sm
complex with isocarbonyl bridges.

3. Experimental Section
3.1. Materials and Methods

All manipulations of water- and air-sensitive compounds were performed with ex-
clusion of moisture and oxygen in flame-dried Schlenk-type glassware either on a dual-
manifold Schlenk line, interfaced to a high vacuum (10−3 mbar) line, or in an argon-filled
MBraun glove box. Tetrahydrofuran and benzene were distilled under nitrogen from
potassium benzophenoneketyl before storage in vacuo over LiAlH4. Hydrocarbon solvents
were dried by using an MBraun solvent purification system (SPS 800), degassed and stored
in vacuo over LiAlH4.

Elemental analyses were carried out with an Elementar Vario Micro cube. IR spectra
were obtained on a Bruker Tensor 37 spectrometer equipped with a room temperature
DLaTGS detector and a diamond ATR (attenuated total reflection) unit. SmI2*(thf)2 [29],
HCpBz5 [2], KCpBz5 [5] and [CpBz5

2Sm] [6] were prepared following literature procedures.
General remark: No meaningful NMR spectra could be obtained due to the paramag-

netic nature of Sm.

3.2. Synthesis of Complexes

[CpBz5
2Sm(SePh)] (1) [10]: THF (8 mL) was added to a mixture of 60.0 mg (0.05 mmol,

1 eq.) [CpBz5
2Sm] and 7.9 mg (0.025 mmol, 0.5 eq.) Ph2Se2. The resulting reaction mixture

was stirred at room temperature for 12 h, and the resulting orange solution was filtered.
Single crystals of 1*n-pentane suitable for X-ray structural analysis were obtained by slow
evaporation of n-pentane into a concentrated THF solution. Crystalline yield: 25 mg (37%).
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IR (ATR): ν̃ [cm−1] = 3059 (m), 3025 (m), 2904 (w), 2834 (vw), 1947 (vw), 1876 (vw),
1801 (vw), 1600 (m), 1575 (m), 1492 (s), 1468 (m), 1449 (s), 1418 (w), 1241 (br,w), 1181 (w),
1153 (w), 1069 (m), 1028 (m), 983 (w), 907 (vw), 841 (vw), 794 (vw), 733 (s), 693 (vs), 666 (w),
614 (vw), 584 (w),551 (vw), 473 (m).

Elemental analysis: calculated (%) for [C86H75SeSm] (1337.8 g/mol): C 77.21, H 5.65;
found: C 76.32, H 5.75.

[CpBz5
2Sm(TePh)] (2) [10]: THF (10 mL) was added to a mixture of 83.0 mg (0.07 mmol,

1 eq.) [CpBz5
2Sm] and 14.37 mg (0.035 mmol, 0.5 eq.) Ph2Te2. The resulting reaction mixture

was stirred at room temperature for 12 h, and the resulting orange solution was filtered.
Single crystals of 2 suitable for X-ray structural analysis were obtained by slow evaporation
of n-pentane into a concentrated THF solution. Crystalline yield: 50 mg (52%).

IR (ATR): ν̃ [cm−1] = 3082 (w), 3059 (m), 3025 (m), 2905 (w), 2835 (vw), 1946 (vw),
1874 (vw), 1803 (vw), 1600 (m), 1570 (w), 1492 (s), 1468 (m), 1450 (s), 1433 (m), 1325 (vw),
1261 (vw), 1181 (vw), 1153 (vw), 1074 (w), 1029 (w), 1017 (w), 996 (vw), 906 (vw), 794 (vw),
731 (vs), 693 (vs), 613 (vw), 583 (vw), 473 (w), 455 (w).

Elemental analysis: calculated (%) for [C86H75TeSm] (1386.51 g/mol): C 74.50, H 5.45;
found: C 73.91, H 5.47.

[(CpBz5
2Sm)2{(µ-OC)2Co(CO)2}2] (3) [10]: Toluene (10 mL) was added to a mixture

of 60.0 mg (0.05 mmol, 1 eq.) [CpBz5
2Sm] and 8.55 mg (0.025 mmol, 0.5 eq.) [Co2(CO)8].

The resulting reaction mixture was stirred for 12 h at room temperature. Single crystals of
3*2 toluene suitable for X-ray structural analysis were obtained by cooling a concentrated
toluene solution to −35 ◦C. Crystalline yield: 30 mg (44%).

IR (ATR): ν̃ [cm−1] = 3084 (vw), 3061 (w), 3025 (w), 2907 (vw), 2038 (m), 1972 (s),
1814 (s), 1783 (vs), 1601 (w), 1493 (m), 1451 (m), 1327 (vw), 1180 (vw), 1075 (w), 1029 (w),
730 (m), 694 (s), 614 (vw), 567 (w), 511 (w), 477 (w).

Elemental analysis: calculated (%) for [C168H140Co2O8Sm2] (2705.55 g/mol): C 74.58,
H 5.22; found: The values found were reproducibly too low due to carbide formation.

[(CpBz5
2Sm)2{(µ-OC)2Mn(CO)3}2] (4) [10]: Toluene (5 mL) was added to a mixture of

66.0 mg (0.056 mmol, 1 eq.) [CpBz5
2Sm] and 10.9 mg (0.028 mmol, 0.5 eq.) [Mn2(CO)10], and

the resulting reaction mixture was stirred for 12 h at room temperature. Then, the obtained
suspension was carefully heated until a clear solution was obtained. Single crystals of
4*7 toluene suitable for X-ray structural analysis were obtained by subsequent cooling to
−35 ◦C. Crystalline yield: 30 mg (39 %).

IR (ATR): ν̃ [cm−1] = 3083 (w), 3060 (m), 3025 (m), 2917 (br,m), 2851 (w), 2006 (vs),
1972 (vs), 1944 (vs), 1896 (w), 1814 (s), 1784 (s), 1652 (vw), 1600 (m), 1540 (w), 1493 (vs),
1451 (s), 1325 (vw), 1181 (vw), 1155 (vw), 1074 (m), 1029 (m), 982 (vw), 902 (vw), 842 (vw),
730 (s), 694 (vs), 611 (vw), 547 (w), 512 (w), 476 (w), 418 (vw).

Elemental analysis: calculated (%) for [C170H140Mn2O10Sm2] (2753.58 g/mol): C 74.15,
H 5.12; found: The values found were reproducibly too low due to carbide formation.

3.3. Single-Crystal X-ray Crystallography Data Collection and Refinement

A suitable crystal was covered in mineral oil (Aldrich) and mounted on a glass fiber.
The crystal was transferred directly to the cold stream of a STOE IPDS 2 or a STOE StadiVari
diffractometer. All structures were solved by using the program SHELXS/T [30–32] and
Olex2 [33]. The remaining non-hydrogen atoms were located from successive difference
Fourier map calculations. The refinements were carried out by using full-matrix least-
squares techniques on F2 by using the program SHELXL [30,31]. In each case, the locations
of the largest peaks in the final difference Fourier map calculations, as well as the magnitude
of the residual electron densities, were of no chemical significance. Further details are given
in Table S1.

Crystallographic data (excluding structure factors) for the structures reported in
this paper have been deposited with the Cambridge Crystallographic Data Centre as a
Supplementary Materials (No. 2149615–2149618). Copies of the data can be obtained
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free of charge on application to CCDC, 12 Union Road, Cambridge CB21EZ, UK (fax:
(+(44)1223-336-033; email: deposit@ccdc.cam.ac.uk).

4. Conclusions

In the present work, it was shown that the super bulky divalent lanthanide compound
[CpBz5

2Sm] is more reactive than suggested by the initial studies of Trifonov et al. [6]. Thus,
the title compound could be used in various redox reactions both for the reduction of
diphenyl dichalcogenides and for the reductive synthesis of d/f-element carbonyl com-
plexes. While the products obtained in the former reaction form monometallic complexes
(1, 2), tetrametallic bridged compounds were obtained for the d/f-element carbonyl com-
plexes (3, 4). In all new compounds, a different number of Sm-C(phenyl) interactions and
also differently oriented benzyl moieties were observed, suggesting—despite the preference
of these interactions in [CpBz5

2Sm] described by Trifonov et al.—a flexible orientation of
these moieties and thus a variable steric shielding of the metal center by the ligand.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/inorganics10020025/s1, Figures S1–S4: IR Spectra of compounds 1–4;
Table S1: Crystal data and structure refinement of 1, 2, 3 and 4.
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