N
N

N

HAL

open science

Structural diversity in the borohydrido lanthanides
series: first isolation and X Ray crystal structure of
ionic [Sm(BH4)2(THF)5]+[Cp*’Sm(BH4)3]-
Fanny Bonnet, Marc Visseaux, Abderrafia Hafid, Denise Barbier-Baudry,
Marek M Kubicki, Estelle Vigier

» To cite this version:

Fanny Bonnet, Marc Visseaux, Abderrafia Hafid, Denise Barbier-Baudry, Marek M Kubicki, et al..
Structural diversity in the borohydrido lanthanides series: first isolation and X Ray crystal structure of
ionic [Sm(BH4)2(THF)5]+[Cp*’Sm(BH4)3]-. Inorganic Chemistry Communications, 2007, 10, pp.690.
10.1016/j.inoche.2007.03.005 .  hal-00265075

HAL Id: hal-00265075
https://hal.science/hal-00265075
Submitted on 18 Mar 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00265075
https://hal.archives-ouvertes.fr

Structural diversity in the borohydrido lanthanides series: first isolation

and X Ray crystal structure of ionic [Sm(BH4),(THF)s] " [Cp*'Sm(BH,)3]".

Fanny Bonnet,” Marc Visseaux*,” Abderrafia Hafid," Denise Baudry-Barbier,” Marek
M. Kubicki, *' Estelle Vigier."!

Graphical abstracts

Two new borohydrido complexes of samarium were prepared:
[Sm(BH4)2(THF)s] [Cp*'Sm(BH,)3] (1) and Cp*',Sm(BH4)(THF) (3) (Cp*’ = CsMe,"Pr). X
Ray studies revealed that 1 displays an unprecedented ionic structure comprising a half

samarocene moiety, whereas 3 is monomeric and bears a terminal BH, ligand.
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Abstract.

The reaction of Sm(BH,)3;(THF); with a half equivalent of KCp*’ (Cp*’ = CsMey4"Pr) affords
a compound comprising one Cp*’ ligand and three THF molecules per two Sm atoms,
[Cp*' Smy(BH4)s(THF)3], according to analytical data. Crystals of the penta-THF adduct 1,
showing the same 'H NMR spectrum except for the quantity of THF, could be isolated from a
solution of half-samarocene Cp*'Sm(BH4)2(THF), 2. X Ray structure determination of 1
revealed an ionic compound [Sm(BH,):(THF)s] [Cp*'Sm(BH,);] with two discrete
mononuclear Sm polyhedrons. The expected neutral samarocene Cp*';Sm(BH4)(THF) (3)
could be obtained from the reaction of Sm(BH,4)3;(THF); with two equivalents of KCp*’. X
Ray structure analysis showed that 3 is a monomeric complex bearing a terminal borohydride

ligand. All BH4 ligands in 1 and 3 exhibit an n*-H;BH bonding mode.



Since the last decade, an impressive number of reports have been devoted to

polymerisation catalysis with lanthanide-based catalysts, and particularly in the fields
concerning olefins [1, 2], conjugated dienes and styrene [3]. Recently, we described the
syntheses of (very) uncommon examples of early half-lanthanidocenes, Cp*'Ln(BH4),(THF),
(Cp*' = CsMe4"Pr; Ln =Nd, n=2; Ln = Sm, n = 1) and their use as precatalysts for trans-1,4-
stereospecific polymerisation of isoprene in combination with dialkylmagnesium reagents [4,
5]. These powerful precatalysts were structurally characterized as desolvated clusters,
[Cp*'Ln(BH4)z]6, from slow toluene crystallisation, whereas the crude compounds were
identified as solvated materials.
In consideration of a high level of catalytic performance of these materials, it was of
importance to understand the rules of the synthesis of such precatalysts, in order to achieve
the mastering of their preparation. We studied at the NMR scale the displacement of the BH,4
groups of the precursor Sm(BH4)3(THF); by successive additions of aliquots of KCp*'. These
experiments suggested that, whereas the reaction with 1 equiv. of the cyclopentadienyl
reagent afforded the known Cp*’Sm(BH4)2(THF) (2), a new compound was formed in 50 %
yield by using 0.5 equivalent of the reagent. This new compound could be isolated in the
presence of five THF per Sm, as the ionic pair [Sm(BH,)(THF)s] [Cp*'Sm(BHy):]. The
biscyclopentadienyl derivative Cp*';Sm(BH4)(THF) (3), was normally obtained after a total
addition of two equivalents of KCp*'. In this communication we present the syntheses and the
X ray crystal structures of the two new complexes 1 and 3 and we discuss the mechanism of
their formation.

By treatment of Sm(BH4);(THF); [6] with 0.5 equivalent of KCp*’ (Scheme 1,
pathway 1) in toluene, and after usual work up, an analytically pure monocyclopentadienyl
bimetallic complex of overall formula [Cp*Smy(BH4)s(THF);] was obtained (see
supplementary data).

i: toluene

SM(BH,)3(THF)3 + 1/2 KCp*' ————— 1/2 [Cp*'Smy(BHy)5(THF)3]

ii: toluene )
CpSM(BH,)2(THF) — o= {[SM(BH,)(THF)s]"[Cp*Sm(BH,)s]}
2 hydrolysis 1

Scheme 1. Synthesis of the monocyclopentadienyl bimetallic complex



"H NMR analysis established the presence of one Cp*’ for 5 BHy4 groups and 3 THF.
The BH4 groups provided one unique signal which supports the hypothesis that in solution all
BH, groups are under a fast fluxional exchange on the NMR time scale [7]. Unfortunately, all
attempts to get crystals suitable for X ray analysis by adding various quantities of THF in a
pentane solution of the complex were unsuccessful. X ray quality crystals of a
monocyclopentadienyl bimetallic compound were in fact obtained from a solution of
Cp*'Sm(BH,),(THF), 2, after partial hydrolysis (Scheme 1, pathway ii). The 'H NMR
spectrum of a sample of these crystals was identical to this of the bimetallic compound
obtained by ionic metathesis (pathway 1), except that the THF signals integrated for 5
molecules. Their structure was established as the ionic pair trisborohydrido cyclopentadienyl
samarate(I11) of bisborohydrido pentatetrahydrofurane samarium(I1T)
[Sm(BH,)2(THF)s] [Cp*'Sm(BH,)3], 1.

In the presence of a 2/1 Cp*’ ligand / Sm(BH4)3(THF); ratio (Eq. 1) the expected
borohydrido samarocene Cp*';Sm(BH4)(THF) (3) could be readily obtained (yield 68 %) (see
supplementary data).

1. toluene

Sm(BH,4)3(THF); + 2 KCp*
2. pentane

Cp*,SmBH,(THF) + 2KBH,  Eq.1
3

Its "H NMR spectrum was similar to that recorded in the preliminary experiment (see above
[6]), except the quantity of THF which could be now unambiguously established as one
molecule per Sm atom. The corresponding resonances (0 = -0.9 and —1.6 ppm) were found
typical of (Cp®),SmX(THF) samarocenes (Cp® is a cyclopentadienyl ligand, X = Cl, BH,) [8,
9], and show that the THF molecule remains coordinated to the paramagnetic center in
solution, whereas the BH, signal, as well as that of complex 1, appeared at high fields, in the
usual range of chemical shifts for paramagnetic samarium complexes [4, 10]. After storage at
room temperature of a pentane solution, a crop of orange bright crystals suitable for X Ray

studies could be collected (see supplementary data).

(Table 1)

Crystallographic and refinement data of complexes 1 and 3 are gathered in Table 1.
The compound 1 is an ion pair association of coordination Sm cation [Sm(BH4),(THF)s]" and
of organometallic Sm anion [Cp*'Sm(BH4)3]" (Figures la and 1b) that alternate in the

orthorhombic (Pbca space group, Z=8) unit cell without particular cation — anion interaction.



The cations and the anions occupy the independent sets of general positions of Pbca group.
The cation exhibits the pentagonal bipyramidal geometry (Figure 1) with two BH, ligands
placed in axial positions and with five oxygen atoms of THF molecules at the equatorial sites.
The anion has a pseudo tetrahedral tri-legged piano-stool geometry (Figure 2). The Sm-B
distances therein (six coordination) falling in a narrow range of 2.582(5) to 2.586(5) A are
slightly shorter than in the cation (seven coordination) where they are equal to 2.596(5) and

2.614(5) A.

(Figure 1)
(Figure 2)

1 is an ionic complex [Sm(BH,)2(THF)s] [Cp*' Sm(BH,4)s] containing discrete ions in
the crystal lattice. A similar structure was published for an yttrium borohydride,
[Y(BH4)2(THF)4] [Y(BH,4)3] where the Y atom is in a formal tetrahedral coordination (anion)
with four BHy4 groups or in octahedral coordination (cation) with two BH4 and four THF
ligands. [11] Because of the smaller size of the yttrium atom than that of samarium, there are
only four THF molecules in the coordination sphere of Y atom in the cation. A seven
coordination in cationic [LnXy(THF)s]" species with #rans — pentagonal bipyramidal
geometry has been already found in some lanthanide ionic complexes [12-17]. The pseudo-
tetrahedral tri-legged piano-stool geometry of the anion [Cp*'Sm(BH4)3] in 1 (Figure 1b) is
not common. A few precedent structures of this type have been reported in the lanthanides
series [18-22]. The Sm-B distances in the cation (2.59(6) and 2.61(3)A) and in the anion
(2.58(6) and 2.58(2)A) of 1, as well as IR data, are compatible with a tridentate Sm—(n’-H);B-
H mode of bonding, likely distorted however, as already observed [23, 24]. A borohydride
anionic compound of trivalent uranium, showing very similar distances and angles, was also
described. [25] The formal stoichiometry of 1 is Cp*’SmyXs(THF)s (X = BH4). To our
knowledge, the same overall stoichiometry has been reported only on one occasion, for the
Sm(III) complex with X = Cl: [Cp(THF),SmCIpCl,SmCl;(THF)3] but the structure of this last
complex is different. [26] Because of the presence therein of a less sterically demanding
cyclopentadienyl (Cp vs. Cp’*) and of the chlorides (vs. BH4), a molecular dinuclear structure
results for, with THF molecules distributed over both metals and with two chloride bridges.

Mononuclear Cp*',Sm(BH4)(THF), 3 crystallizes in triclinic P-1 space group with one

molecule in the asymmetric unit. The molecular structure of 3 is typical of bent metallocenes.



The O (THF) and B (BH,) atoms are located in the plane bisecting that of CNT1-Sm—CNT?2
(CNT are the centroids of Cs rings). The Sm atom in 3 has a pseudo-tetrahedral geometry
with eight—coordinated metal (Figure 3). The hydrogen atoms of BH4 could be located from
difference Fourier map. The borohydride ligand is bound to the metal in a typical n’-mode
with B-H, Sm-H and B-H-Sm parameters falling in the ranges of 1.12(4) to 1.19(4) A, 2.40(4)
to 2.50(4) A and 66(2) to 71(2)°, respectively. It is noteworthy that the Sm-B distance
(2.62(2) A) is typical of monomeric borohydrido samarocenes bearing a tridentate terminal
BH, group [10, 27]. The Cp* analogue of 3, Cp*,Sm(BH4)(THF), synthesized differently in
two steps, i.e. by salt metathesis starting from LnCl; or its THF adduct, followed by the
subsequent substitution of the last chloride by a borohydride, displays a very similar structure
[9]. However, the hydrogen atoms of the tetrahydroborate ligand could not be located in this
last case, thus preventing an exact description of the inner coordination sphere of the central
samarium atom. The molecular structure of 3 (molecular shape and metric parameters) is
closely related to those of Cp*;Nd(BH4)(THF) [23] and of (CsMe4Et),Y(BH4)(THF) [9]. The
Cp*’ ligand is neither bulky nor electron-rich enough to allow, like in the case of CsH'Pry, the
isolation of a non solvated compound [10, 28]. With a less bulky di-substituted Cp ring [29],
or a diketiminate (NRCR’),CH [30], a dimeric structure is observed, whereas an anionic ‘ate’
complex, (tmp,Ln(BH4);" (tmp = tetramethylphospholyl) was isolated in the electronic
deficient phospholyl series [31].

(Figure 3)

In the treatment of Sm(BH4)3(THF); with 0.5 equivalent of KCp*', we expected the
formation of 50 % of Cp*'Sm(BH4),(THF) (2) in company with unreacted Sm(BH4)3(THF);3.
However, according to the 'H NMR spectrum, it was clear than the result was not a 1:1
mixture of these two complexes. Due to the well-known exchange ability of the BH4 groups
[7, 32], the observation of a single borohydride signal in the NMR spectrum was not
surprising, but the new set of signals of the Cp*' group denoted the presence of a different,
plausibly bimetallic, compound: [Cp*'Smy(BH4)s(THF),]. In order to check the formation of
such a dinuclear compound by direct comproportionation, an experiment consisting of the
mixing of equal quantities of the neutral 2 and of Sm(BH4);(THF);, at the NMR scale in
CsDs, has been carried out (Eq. 2). The 'H spectrum recorded immediately was the same as

that obtained previously for 1.



Cp*'Sm(BH4)2(THF) + Sm(BH4)3(THF)3 — [Cp*‘sz(BH4)5(THF)4] Eq 2

This clearly indicates that the bimetallic compound results from the reaction of a half-
samarocene, in particular obtained by ionic metathesis with KCp*’, with Sm(BH4)3(THF)s.

The ionic nature of complex 1 is quite surprising in view of the well-known covalency and
neutral character of borohydrido complexes of lanthanides [33]. 1 probably results from

ligands exchange (Eq. 3), followed by the formation of the ionic pair (Eq. 4).

[CP*SM(BHa)s(THF)s] — > [Sm(BH4)2(THF),Cp*Sm(BHa)3] Eq. 3
[SM(BH)2(THF),Cp*SM(BH,)s] — = [SM(BH,),(THF)sI [Cp*Sm(BH,)s]  Eq. 4
1

To our knowledge, the sole homologue of 1, CpSmCI(THF),(U-Cl);SmCI,(THF)3, is a
covalent compound. However, one can not affirm that 1 does not exist under a neutral form in
solution, undergoing reversible auto-ionization to give rise to the ionic pair [34]. This would
be in agreement with 1) the good solubility of this compound in aromatic solvents and ii) the
observation of a single average BH; "H NMR signal. The formation of the ionic compound 1
would occur only in the presence of the required quantities of THF. Less soluble, it would
then crystallize. Similar auto-ionizations were reported; they are always observed in THF [15,
35, 36]. However, their origin has never been discussed. The driving force of such process
would probably be the concomitant formation of two stable lanthanide molecular species (see
the above-mentioned references): a tetrahedral anionic monocyclopentadienyl one, and an

heptacoordinated cationic one.

Conclusion.

The results presented in this paper are illustrative of the structural diversity in the
lanthanides chemistry, and especially in the borohydride series. Metathetic reaction between
Sm(BH4)3(THF); as valuable precursor and Cp*’K yielded two new organolanthanide
compounds bearing 1/2 and 2 Cp*’ per Sm atom. With a sufficient amount of THF, the
mononuclear ionic complex 1, containing discrete [Sm(BH4)(THF)s]" cation and
[Cp*’Sm(BH4)3]" anion was isolated. Stereo-electronic effects of the borohydride ligand
strongly influence the ionic nature of 1 with respect to chloride in its chloro homologue,

whereas they allow the isolation of a neutral monomeric structure for the samarocene 3.



Supplementary material

All experimental details for the syntheses of complexes 1 and 3, including preliminary "H

NMR experiments. CCDC 603086 and 603087 contain the supplementary crystallographic

data for 1 and 3, respectively.
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Table 1. Crystallographic data for complexes 1 and 3.

1 3

Colour orange red
Shape Irregular Irregular
Size (mm) 0.33x0.25x0.03 0.30x0.20x0.10
Chemical formula C3,H7905B5Sm, CxHs5cBOSm
Formula weight 898.74 563.84
Crystal system Orthorhombic Triclinic
Space group Pbca (61) P-1(2)
T(K) 120 110
a (A) 15.8765(2) 8.592(5)
b (A) 16.6759(2) 10.678(5)
c(A) 33.4264(6) 15.163(5)
o (©) 90 91.355(5)
B (°) 90 102.833(5)
v ©) 90 90.972(5)
V (A% 8849.8(2) 1355.7(11)
Z 8 2
Dot (g.cm™) 1.349 1.381
p (MoKa), (Mm™) 2.659 2.182
A (MoKo), (A) 0.71073 0.71073
F(000) 3680 586
0 range (°) 1.018 ; 21.036 2.32;29.39
hkl ranges h [0; 16] [-11; 10]

k [0 16] [-14 ; 14]

1 [0; 33] [-18 ; 20]
collected reflections 8939 9324
unique reflections 4729 6765
observed reflections 3906 5190
(Rin) 0.021 0.040
Parameters 477 306
restraints 0 0
Goodness-of-fit on 1.043 0.987

F2

R(F), Rw(F?)*

(1>26(D)] 0.0275, 0.0598 0.0438, 0.0709
2\a

552)’ Rw(E” (all 0.0395, 0.0643 0.0737,0.0784

w’/a, b 0.0227, 22.5500 0.0232, 0.000

Pmax; Pmin (e~ A_S)

1.288, -0.480

1.223,-1.181

R(F)=Z||Fo| - [Fel//Z|Fo|; RW(EF?) = [EW(Fo2 — FZ[w(F2 12 P w = 1/[0X(F2) + (aP)* + bP)
with P = (F,* + 2F2)/3
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Figures captions

Figure 1. ORTEP drawing (30 % probability level) of the cationic molecule in 1. Selected
bond distances (A) and angles (deg): Sm2-B4 2.622(8), Sm2-B5 2.623(8), Sm2-01 2.485(3),
Sm2-02 2.491(3), Sm2-0O3 2.483(4), Sm2-O4 2.495(4), Sm2-O5 2.473(3), Sm2-Hb4l
2.36(5), Sm2-Hb42 2.45(5), Sm2-Hb43 2.39(6), Sm2-Hb51 2.40(5), Sm2-Hb52 2.37(5),
Sm2-HbS3 2.34(5), B4-Sm2-BS5 176(6), sum of five O-Sm2-O neighbour angles 360.6.

Figure 2. ORTEP drawing (30 % probability level) of the anionic molecule in the structure of
1. Selected bond distances (A) and angles (deg) (CP is the geometrical center of C1-C5
atoms): Sm1-CP 2.405, Sm1-B1 2.592(8), Sm1-B2 2.589(8), Sm1-B3 2.583(8), mean of nine
Sm1-n*Hb 2.41(6), mean of nine B-n*Hb 1.11(6), mean of three B-Hb terminal 1.12(6), CP-
Sml1-B1 114.3, CP-Sm1-B2 112.7, CP-Sm1-B3 116.4, mean of three Sml-B-Hb terminal
175(4).

Figure 3. ORTEP drawing (30 % probability level) of metallocene 3. Selected bond distances
(A) and angles (deg) (CP1 and CP2 are the geometrical centers of C1-C5 and C6-C10 rings,
respectively): Sm — CP1 2.458, Sm — CP2 2.471, CP1 — Sm — CP2 133.65, Sm — B 2.621(5),
Sm -0 2.483(3), B— Sm — O 87.7(1), mean of three Sm — H(bridging) 2.45(4), mean of three
B — H(bridging) 1.14(5), B — H4b 1.15(4), Sm — B — H4b 171(2).
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