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The reaction of Ln(BH,)3(THF); or LnCls(THF); with 1 equiv of KCp*' ligand (Cp* = CsMeyn-Pr) afforded the new
monocyclopentadienyl complexes Cp*'LnXy(THF), (X = BH4, Ln = Sm, n =1, 1a, Ln = Nd, n = 2, 1b; X = Cl|,
Ln = Sm, n = 1, 3a) and [Cp*'LnXz]y (X = BH4, ' = 6, Ln = Sm, 2a, Ln = Nd, 2b; X = Cl, Ln = Nd, 4b).
All these compounds were characterized by elemental analysis and *H NMR. Crystals of mixed borohydrido/chloro-
bridged [Cp*'sLng(BH4)12—CI(THF)] (x = 10, n" = 4, Ln = Sm, 2a’, Ln = Nd, 2b"; x =5, n = 2, Ln = Sm,
2a'") were also isolated. Compounds 2a, 2b, 2a’, 2b', and 2a"" were structurally characterized; they all exhibit a
hexameric structure in the solid state containing the [Cp*sLnsXs(THF)] building block. The easy clustering of THF
adducts first isolated is illustrative of the well-known bridging ability of the BH, group. Hexameric 2a was found to
be unstable in the presence of THF vapors; this may be correlated to the opening of unsymmetrical borohydride
bridges observed in the molecular structure.

1. Introduction In the course of our studies concerning such heteroleptic
complexes, we were interested in the mastering of the
synthesis of monocyclopentadienyl derivatives. We focused
Lour attention on the early lanthanides neodymium and
samarium, the best candidates for catalysis applicafidfis.
In order to avoid the formation of bis-substituted complexes
or the rearrangement into homoleptic triscyclopentadienyl
derivatives, commonly observed in the early seties, used
(g1e tetramethylpropylcyclopentadieny$esn-Pr (here ab-
reviated as Cg¥, an analogue of the ubiquitous permeth-
ylcyclopentadienyl (@Mes = Cp*). That commercially
*To whom correspondence should be addressed. E-mail: available ligand allows a better interpretation of the NMR
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One of the major interests of the molecular chemistry of
rare earths, which has known a growing development since
the past decade, deals with its potential in homogeneou
catalysis, and particularly polymerization. In this specific
field, beside the traditional metalloceesor the linked Cp-
heteroatom “CGC” catalysts’ an alternative consists of the
elaboration of heteroleptic compounds. This new generation
of catalysts bears one Cp-type and one heteroatom-base
ligand5”
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Cp* ligands may be unambiguously established for boro- *H NMR recorded immediately showed a set of signals compatible
hydride complexes by comparison of the integral values with with the formula Cp*Sm(BH)2(THF)s.

that of the BH signal. The presence of the propyl chain
might induce as well a better solubility in nonpolar solvents

The following is a description of a bulk-scale synthesis: In the
glovebox, a flame dried vessel was charged with 800 mg (1.95

as some steric control around the metal. The electronic donor™mol) of highly purified Sm(BH)s(THF); (the purity was reached

ability of Cp* is expected to be similar to that of Cp*.
We performed our syntheses with LrIHF); and Ln-
(BH4)3(THF); as starting materials; the latter allow, if

by three cycles of toluene extraction and evaporation, and checked
by a negative AgN@test) and 395 mg (1.95 mmol) of Cji&.

The vessel was then connected to a vacuum line and toluene (30
mL) condensed at-78 °C. The mixture was allowed to warm to

necessary, synthetic work in nonpolar solvents, and the room temperature and stirred for 7 h; the color turned orange-red.

recording of NMR control spectra in deuterated benZéne.
The presence of the BHyroup may also lead to neutral or
less associated molecular structut&®n the other hand, the
chloride group may be more convenient for the alkylation

The salts were eliminated by filtration, and the solvent was removed
in a vacuum, leaving a deep-red solid. This crude material was
dissolved in pentane (15 mL), and filtered again in order to remove
some remaining salts. After evaporation of the solvent, 725 mg

of precatalysts at the time of generation of catalytic active (89% yield) oflaas a red solid was obtaineth NMR (C¢De): 6

species.

We present in this work the syntheses and characterization
of a series of new cyclopentadienyl complexes of samarium

and neodymium of general formula CphXy(THF), (X =
BHs4, Ln=Sm,n=1,1a Ln=Nd,n=2,1b; X =Cl, Ln
=Sm,n =1, 3a) and [Cp*LnX;]y (X = BH4 N =6, Ln

= Sm,2a, Ln = Nd, 2b; X = CI, Ln = Nd, 4b). The X-ray
structures oRa and?2b, as well as those of the unexpected
mixed chloro/borohydrido hexameric complexes [glpts-
(BH4)@a2-xCl(THF)y] (x=10,n" =4, Ln=Sm,2d, Ln =
Nd, 2b'; x = 5,n = 2, Ln = Sm, 2d") are described and
discussed.

2. Experimental Section

2.1. Instruments and Methods All operations were performed

2.18 (2H, GMeyn-Pr), 1.28 (5H, GMeyn-Pr), 0.92 (4H, THF) and
0.21 (4H, THF), 0.56 and 0.45 (12HsKesn-Pr), —17 (8H, BHy).

R (Nujol): v (cm™1) = 2434, 2282, 2216, 2161, 2151. Anal. Calcd
for C16H3sB,OSm: C, 46.25; H, 8.49. Found: C, 45.96; H, 8.41.
When stored for some days under an argon atmosphere, the red
solid turned out into a soft opaque coral substance. Its redissolution
in pentane (5 mL) and overnight standing at room temperature
yielded a crop (30% yield fata) of well-formed red crystals. X-ray
crystal structure analysis revealed the hexameric strugau®nce
more, when these crystals were stored in the flask with the traces
of mother liquor, they turned out into a coral powder. THENMR
spectrum of this powder was found to be identical to that recorded
for la

Cp*'Nd(BH4)2(THF) 2(1b) and [Cp*'Nd(BH4)2]s (2b). As de-
scribed for Sm, a preliminary NMR-scale synthesis (Nd{BH
(THF)3, 3 mg, 7.5umol; Cp*K, 1.5 mg, 7.5umol) showed the
immediate formation of a compound compatible with the formula

under argon using standard vacuum line techniques or in an argon-Cp* Nd(BH,)(THF)s.

filled Jacomex glovebox (©< 2 ppm).!H NMR spectra were

A description of the bulk-scale synthesis follows: 400 mg (0.98

recorded on a Bruker Avance 300 spectrometer at 298 K. Chemicalsmmol) of highly purified Nd(BH)s(THF)s (checked with AGNG

shifts are expressed in parts per millions downfield from external
TMS. IR spectra were recorded in Nujol mulls on a Bruker IFS/

as for Sm series) and 200 mg (0.98 mmol) of Gptvere stirred
overnight in THF (20 mL) at room temperature. The mixture was

66V spectrometer. Elemental analyses were performed with a Fisonssijtered, and the salts were rinsed with THF £5 mL) in order

EA 1108 CHON apparatus.

2.2. Reagents and StandardsSolvents were stored over sodium/
benzophenone ketyl and transferred by distillation to reaction
vessels. LnG(THF); was prepared by THF extraction of the
commercial LnCJ (Strem), and Ln(BB)3(THF); was obtained
following a published methot!. Cp*H was purchased from
Aldrich. The absence of the chloride in trisborohydrides was
established by the AgNgxest.

2.3. Syntheses. CpgK (Cp*' = CsMeyn-Pr). A THF solution
(20 mL) of 5 g (0.03 mol) of HCp*was slowly added at78 °C
to a suspension of KH (1.22 g; 0.03 mol) in 50 mL of THF. The

to extract more of the product. The combined solutions were
evaporated to dryness yielding 333 mg (71%) of a light blue powder
of crude Cp*Nd(BH,)(THF), (1b). Anal. Calcd for GoH43B20,-

Nd: C, 49.90; H, 9.00. Found: C, 48.66; H, 9.9%51 NMR
(CsDg): 0 95.70 (8H, BH), 8.53 (6H, GMeyn-Pr), 8.05 (6H
CsMeyn-Pr), 3.41 (3H, GMeyn-Pr), 1.87 (2H, GMeyn-Pr), —1.23
(8H, THF), —4.00 (8H, THF), one Ckigroup may be hidden in
the baseline. IR (Nujol)»v (cm™t) = 2418, 2274, 2217, 2160, 2140.

' This blue powder (100 mg) was dissolved in boiling pentane. A
slight quantity of salts was eliminated, and after 24 h standing at
room temperature, blue crystals2if could be collected. Numerous

mixture was allowed to reach room temperature. The color of the signals were observed in itsl NMR spectrum.

suspension turned to pale yellow. After 48 h of stirring, the solution

Cp*'SMChL(THF) (3a). SmCkE(THF)3 (930 mg, 1.97 mmol) and

was filtered and the solvent removed. The solid was washed with Cp*K (400 mg, 1.97 mmol) were stirred overnight in THF (30
pentane and dried under vacuum to yield 4.82 g (78%) of a white mL) at room temperature. After filtration (elimination of the salts)

solid.

Cp*'Sm(BH,)(THF) (1a) and [Cp*'Sm(BH,).]s (2a). The
following is a description of a preliminary NMR-scale synthesis:
SM(BH,)3(THF); (3.1 mg, 7.5umol) and 1 equiv of CpK (1.5
mg) were weighed in an NMR tube, and 0.4 mL gDgwas added.

(12) Barbier-Baudry, D.; Blacque, O.; Hafid, A.; Nyassi, A.; Sitzmann,
H.; Visseaux, M.Eur. J. Inorg. Chem200Q 2333-2336.

(13) Ephritikhine, M.Chem. Re. 1997, 97, 2193-2242.

(14) Mirsaidov, U.; Shaimuradov, I. B.; Khikmatov, MRuss. J. Inorg.
Chem.1986 5, 753.

the resulting bright orange-red solution was evaporated to dryness,
leading to an expanded sticky paste insoluble in a pentane/THF
(20/2 mL) mixture. The solvents were then evaporated again, and
20 mL of new pentane/THF (50/50) was added. A new off-white
precipitate was formed, the mixture filtered and the resulting
solution evaporated, leading to red oil, which solidified after
addition of 20 mL of pentane. The pentane was decanted, and the
brick-red solid dried under vacuumrfd h (740 mg, 82% yield).
Anal. Calcd for GegH»7ClLOSm: C, 42.08; H, 5.96. Found: C,
41.35; H, 5.56H NMR (THF-dg, 298K): numerous overlapped
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signals in the range 0-43.5 ppm. A recrystallization was under-  n-propyl substituents was observed for some Cp ligands without

taken with 100 mg of the red solid in 25 mL of a THF/pentane alteration of metal coordination. The hydrogen atoms of, Byands

(50/50) mixture. After a week at room temperature, orange-red could not be located from difference Fourier maps and were

crystals were obtained. Once taken out of the mother liquor in the neglected in final refinements. All other hydrogen atoms in the

glovebox, they immediately turned opaque. structures were included in calculated positions and isotropically
[Cp*'NdCl;], (4b). NdCI(THF); (923 mg, 1.97 mmol) and refined in a riding model. Crystallographic and refinement data are

Cp*'K (400 mg, 1.97 mmol) were stirred in THF (30 mL) overnight. gathered in Table 1.

The mixture was filtered to eliminate the salts, and the resulting ) )

light blue solution was evaporated. The residual solid was dissolved 3- Results and Discussion

in 30 mL of a THF/pentane (50/50) mixture, followed with a 3.1. Structural studies. 3.1.1. Hexamers [Cptn-

filtration. The solution was concentrated to a volume of 1 mL. _ . _ ;
Pentane (10 mL) was added and then slowly evaporated leading to(BH“)z]6 (23, Ln = Sm; 2b, Ln = Nd). The borohydride

: . .~ complexes2a and?2b are isostructural. The X-ray analyses
530 mg of a pale blue solid whose elemental analysis was consistent
with the formula Cp*NdCl, (4b) (71% vyield). Anal. Calcd for of these complexes revealed a nearly regular octahedral frame
CyH1CLND: C, 38.09; H, 5.06. Found: C, 38.97: H, 5.21. The Of metals, a rare class of molecular clusters in organolan-
1H NMR Spectrum showed numerous paramagnetic Signa|s (THF_ thanide SerieS. A” 12 edges Of the metalliC OCtahedron are

dg): 6 11.73,11.45,9.20, 6.7 (br), 4.142.3 (br), 9.43,9.01,8.07,  spanned with«>-BH, bridges. In bott2a and2b hexamers,

4.45, 3.90, 2.36;-5.5. each metal atom has a four-legged piano stool (tetragonal
Chloro/Borohydrido-Bridged Hexamers: Crystals of (u- pyramid) local geometry with formally seven coordinated

BH4),[Cp*'3sLn3Cls(THF)] 2, (Ln = Sm, 2d; Ln = Nd, 2b") and metal.

[Cp*'SM(BHa)zl6}{ (#2-BH4)[Cp*'sSmCls(THF)] 2 (2&"). The Both 2aand2b complexes crystallize in a monoclin@2/c

procedurt_es given below have only_ an informative meaning and are space group with eight hexamers in the unit cell. However,
not considered as usual operation modes because the rate ofyoqe gight hexamers do not lie in general positions allowed
contamination of starting borohydrides with residual chlorides was in the C2/c group. The multiplicity of the set of general

not defined. In a typical procedure (given f@b'), a mixture ivalent it 2/ . lto 8 d if it
containing 200 mg (0.49 mmol) of Nd(B}(THF); (*H NMR data equivaient positions | ¢ group IS equal to o, and It
would be the case for our structures, there should be only

correct!® but AgNG; test slightly positive) and 100 mg (0.49 mmol) - ) :
of Cp¥K in THF (10 mL) were stired ovemight at room One independent hexamer in the unit cell. In fact, four

temperature. The mixture was filtered to eliminate the salts, and hexamers (viz. bearing @athe Sm1, Sm2, and Sm3 atoms,
evaporation of the light blue solution gave a crude solid, from which namedC,-cluster) have crystallographic, symmetry with
the expected neutral complex was extracted with pentane (10 mL).B(11) and B(3) atoms placed on 2-fold axis (Figure 1a),
After a new filtration followed by concentration #, some pale-  whereas the second set of four clusters (Sm4, Sm5, and Sm6,
blue, transparent crystals were obtained (yield less than 10%). OnenamedCi-cluster) lies over the inversion centers (Figure 1b).
of them was selected for X-ray an'alysis, which reveatled a he>_<americ In the Co-clusters, the mean value of biLn distances is
{23"Z°EL?Lﬁ;ﬁﬁé‘;ﬁ*ﬁf&”sﬁﬁ%Tﬂz‘;’z‘!”F”z (2b), contain- o041 t0 5.205 A (5.138(H)5.233(1) A range) fola and

A similar procedure, conducted with sellmarium derivatives, led 0 5.239 A (5.176(1)5.269(1) A) for2b. The Ln-B—Ln

' ' bridges are symmetric with the mean-tB distance of 2.816

to the formation of red well-formed crystals among a coral-pink
powder, in low yield. X-ray studies carried out on one selected red A (range 2.783(5)2.888(14) A) for2a and of 2.840 A

crystal revealed the hexamae, homologous t&b'. (range 2.804(4)2.870(11) A) for2b. The mean values of
Crystals of2a’ were isolated from another experience carried LN—B—Ln angles are equal to 135.£2a) and 135.0 (2b).

out in similar conditions but with a different sample of starting In the second set of four centrosymmet@gclusters, the

Sm(BHy)s(THF)s, which is certainly less contaminated by chlorides Ln—Ln distances are slightly longer (5.217 A f2a, 5.255

than that leading to the formation a#. A for 2b). More interestingly, and contrary to tki&-clusters,
2.4. X-ray Structure Analyses.Selected crystals were mounted an asymmetry of bridging LaB distances is observed in

on a goniometric head in a glovebox purged with argon and Ci-clusters: there are two sets of six short (mean 2.662 A

immediately transferred (less than 3 min) on the goniometer unit (23) and 2.694 A 2b)) and of six long (mean 2.976 28)

of a Nonius KappaCCD diffractometer already prepared for low and 2.995 AZb)) ones. Note that the mean values of these

temperature (110 K) experiment under cold nitrogen stream. The distances (2.819 AZ(a) and 2.844 A 2b)) fit well the

unit cell determinations and data collections were carried out with corresponding values found f@s-clusters. As a consequence

Mo Ko radiation. The measured intensities were reduced with . .
Denzo and Scalepack progratisThe heavy atoms have been of the asymmetry in La B distances, there are also two sets

located either from direct methods or from Patterson syntheses with ©f sSmall (132.2 (2&) and 131.6 (2b)) and large (138.8(2a)
SHELXS97Y7 Other non-hydrogen atoms were found from subse- and 138.4(2b)) Ln—B—Ln angles, the means of them fitting
quent difference Fourier maps. The models were further refined well those ofCx-clusters.

with full-matrix least-squares (SHELXL9%)based or2. All non- The nature of the borohydride bridges is not directly given
hydrogen atoms in all structures were refined with anisotropic by X-ray data because the hydrogen atoms could not be
thermal parameters. In the structure2af’, a disorder of pending located. It is, however, well-known that the terminal BH
group acts either as a tridentatg-HsBH) or as a bidentate
(y?-H2BH,) ligandt?13.181%nd the mode of ligation may be

(15) Visseaux, M.; Dormond, A.; Baudry, Bull. Soc. Chim. Fr1993

130, 173-184.

(16) Otwinowski, Z.; Minor, W.Methods Enzymoll997, 276, 307—326.

(17) Sheldrick, G. MSHELXS97 and SHELXL9University of Gdtin- (18) Schumann, H.; Keitsch, M. R.; Demtschuk, J.; MuhleZSAnorg.
gen: Gidtingen, Germany, 1997. Allg. Chem.1998 624, 1811-1818.
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Table 1. Crystallographic Data for Complexes Studied by X-ray Diffraction

2a 2b 24 2b' 2a'
color red blue orange blue red
shape prism irregular prism prism prism
size (mnd) 0.15x 0.10x 0.03 0.25x 0.15x 0.05 0.20x 0.15x 0.10 0.6x 0.4x 0.2 0.25x 0.20x 0.15
chemical formula @H162B12Sms CroH16:B1oNds CgoH13802B2Cl10Sms CgoH13002B2Cl1o0Nds C77.24H15B7Cls0:Smg
fw 2059.84 2023.18 1205.06 1186.73 2253.02
cryst syst monoclinic monoclinic triclinic triclinic monoclinic
space group C2lc C2/c (No. 15) P1 (No. 2) P1 (No. 2) P2i/a (No. 14)
T(K) 120 120 110 110 110
a(h) 40.5603(5) 40.7065(3) 12.2203(4) 13.4131(5) 24.4601(3)
b (A) 16.5683(2) 16.6327(1) 12.3948(5) 13.8180(7) 16.3719(3)
c(A) 28.4245(4) 28.4858(3) 16.9574(7) 14.5334(8) 25.9070(4)
o (deg) 90.0000(0) 90.0000(0) 97.849(2) 70.127(3) 90.0000(0)
f (deg) 105.6023(6) 105.5873(3) 109.217(2) 67.838(2) 111.8850(10)
y (deg) 90.0000(0) 90.0000(0) 101.279(2) 85.979(3) 90.0000(0)
V(A3 18397.8(4) 18577.2(3) 2321.87(15) 2340.9(2) 9627.0(3)
z 8 8 2 2 4
Dcalca (9-cm™3) 1.487 1.447 1.724 1.684 1.554
u(Mo Ka) (Mm—1) 3.801 3.325 4.060 3.591 3.775
(Mo Ka) (A) 0.71073 0.71073 0.71073 0.71073 0.71073
F(000) 8208 8112 1186 1174 4466
0 range (deg) 1.018; 30.508 1.018; 30.508 1.018; 30.508 1.018; 30.508 1.018; 30.508
hrange F57;57] [-57; 57] [=17; 10] [-18; 16] [-31; 31]
k range F23; 22] [-22; 23] [-13; 16] [-19; 15] [-20; 21]
| range [40; 39] [-40; 40] [-21; 23] [-19; 16] [-34; 32]
collected refins 49010 49725 14357 14393 31312
unique 25882 26221 11556 11028 21011
obsd | > 20(1)] 12072 13740 7469 7909 16877
(Rint) 0.1374 0.0960 0.0413 0.0428 0.0318
params 812 812 451 460 1018
restraints 0 0 0 0 0
GOF onF? 0.948 0.959 1.019 1.024 1.020

R(F), Ru(F?2[l > 20(1)]
R(F), Ru(F?)? (all data)

w/a, b
Pmin, Pmax (e‘Ais)

0.0593, 0.0966

0.1925, 0.1265
0.0477,0.0000
—1.441,1.281

0.0516, 0.0935

0.1545, 0.1184

0.0504, 0.0000
—1.463, 1.438

0.0669, 0.1413

0.1205, 0.1643

0.0626, 17.9614
—1.891, 1.867

0.0574, 0.1285

0.0928, 0.1480

0.0663, 14.4391
—1.919,1.724

0.0439, 0.1035

0.0612, 0.1145

0.0477,59.3988
—2.111,1.583

aR(F) = SIIFo| — [FAUS|Fol; Ra(F?) = [SWF2 — FRZT[WFAAL2 bw = 1/[0A(Fe?) + (aP)2 + bP] with P = (F? + 2F2)/3.

deduced from IR data or from LB distances; the shortest
distance corresponds to a trihapgdligation. In dinuclear
dibridged [(cot)Nd(BH)(THF)],*° (cot= cyclooctatetraenyl)
and [(Cf-Bup).Ln(BH4)]2%2 (Ln = Ce, Sm), all four
hydrogen atoms qf,-BH, bridging ligands are involved in
the bonding with the metals in ap®3® mode with two
hydrogens acting ags-BLn, and the other two ag,-BLn.
The longer La-Ln distances (5.205 and 5.239 A, respec-
tively) and larger La-B—Ln (135.4 and 135.0) angles
observed folC,-hexamers with respect to those reported for
dibridged dinuclear structures (e.g., 4.360 A and 97ot

Nd dimer and 4.557 A and 105.7or Sm dimer) argue for

a break ofus-H—BLn; interactions observed in the dimer,
and transform the two BLn us-bridging hydrogens into the
terminal BH, ones. Theu,-H—BLn interaction found for
dimers is certainly retained in ti&-hexamers, as required
at least for the boron atoms located on 2-fold axi<Cafc
group (and by analogy of metric parameters for other B
atoms). Thus, the coordination mode of Bbtidges inC,-
hexamers igi-1*.

(19) Cendrowski-Guillaume, S.; Le Gland, G.; Nierlich, M.; Ephritikhine,
M. Organometallics200Q 19, 5654.

(20) Cendrowski-Guillaume, S.; Nierlich, M.; Lance, M.; Ephritikhine, M.
Organometallics1998 17, 786.

(21) Lobkovskii, E. B.; Gun’ko, Y. K.; Bulyshev, B. M.; Soloveichik, G.
L.; Antipin, M. Y. J. Organomet. Chen1991, 424, 343.

(22) Gun’ko, Y. K.; Bulyshev, B. M.; Soloveichik, G. L.; Belsky, V. K.
Organomet. Cheml992 424, 289-300.

On the other hand, there is an asymmetry of some 0.3 A
in Ln—B distances irCi-hexamers oRa and2b. The short
distances of 2.66 and 2.69 A, respectively, correspond well
to those observed for terminal trihapto+£n3-H;BH bond-
ing, while the long Lr-B ones of 2.976 A (2.995 A fa2b)
may be considered as related to a monodentatefiHBH3
type of bonding® Consequently, the best description of BH
ligation mode inCi-hexamers should be, likelya-1%* one.

We are so in the presence of a fluxional crystallo-chemical
Cp*'Ln(uz-n*Yurn¥-BHg)Ln Cp* system.

3.1.2. Mixed Chloro/Borohydrido Complexes: fi,-
BH4),[Cp*'sLnsCls(THF)] 2, (Ln = Sm, 24; Ln = Nd, 2b')
and  [Cp*'sSms(BH4)12[Cp* '6Sme(BH4)2Clio(THF) 5] -
0.25pentane (24). During the first attempts of syntheses
of 2a and 2b, the samples of Ln(BkJs(THF); starting
materials were contaminated with residual chlorides. Such
contamination is quite common, as reported by Mirsaidov
et all* They led in some cases to small quantities of X-ray
quality crystals of mixed chloro/borohydrido complexas,
2b', and2a’. Although quite unpredicted, the formation of
these well-defined product is worth noting because it shows
a subtle competition for crystallization between the com-
pounds with borohydride and chloride ligands. X-ray struc-
ture determinations revealed the hexameric molecules in
which the chlorine atoms substitute most of the;Bjrbups.

(23) Charpin, P.; Nierlich, M.; Vigner, D.; Lance, M.; Baudry, Bcta
Crystallogr. 1987, C43
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Figure 1. ORTEP drawings (30% probability level) @h-cluster (a) and
Ci-cluster (b) in the structure of samarium comp® Metric parameters
for isostructural neodymium compound are given in square bracRbls [
Selected mean bond lengths (A) and angles (deg) fol@cluster: Ln-
Ln = 5.205 [5.239], LA-CNT = 2.39 [2.41], Ln-B = 2.82 [2.84], Ln—
B—Ln 135.4 [135.0]Ci-cluster: Ln-Ln = 5.217 [5.255], LA-CNT = 2.39
[2.42], three short LaB = 2.66 [2.69], three long LAB = 2.98 [2.99],
three small La-B—Ln = 132.2 [131.6], three large LrB—Ln = 138.8
[138.4].
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Complexes2d and 2b' are built of discrete hexamers
Cp*'6Lne(BH4)2Clio(THF), (Ln = Sm: 2&, Ln = Nd: 2b'),
while 2&" contains a picturesque association of both the pure
(Sm/BH,) [Cp*'Sm(BH,),]¢ Ci-molecule, already found in
2a, together with the mixed CpSmMs(BH.).Clio(THF), one
observed in the structure dfd. The presence of THF
molecule in mixed Cl/BH hexamers is nhecessary to ensure
the stereoelectronic saturation of the cluster. Such a contribu-
tion of solvent molecule in a M@Imoiety, which is not
necessary for the homologous M(Bkiseries, is a general
feature in the f-metals chemistty2

Both 2d and2b’ compounds crystallize in centrosymmet-
ric triclinic space groupPl with one Cp*sLnsCls(THF)
formally cationic fragment and one BHanion in the
asymmetric unit. Howeve@d and2b' are not isostructural.

In fact, they differ as well in relative conformations of THF
and then-propyl substituent on the Cp ring bound to the Ln
atom bearing the THF ligand as in conformations of THF
itself. The torsion angles O(THFLn—CNT(centroid of G
atoms of Cp ring)-C(ipso carbon atom bearing-propyl)

are equal to 2% (“cis’ conformation2a samarium) and
143.6 (pseudo trans’ conformation 2b' neodymium)
(Figure 2). A value of 56.1was calculated for mixed Cl/
BH, hexamer in the structure ofa’ (samarium). All
structures reported in this paper are the molecular ones with
weak intermolecular van der Waals interactions, which seem,
however, to be strong enough for determination of confor-
mations (see, e.g., the values of tortion angles) in the mixed
Cl/BH, clusters.

There are twaus and threeu; bridging chlorine atoms in
each LnCls unit resulting in a hexagonal bipyramidal
polyhedron with La(u.-Cl)s base and twas-Cl atoms in
apical positions (Figure 2). The metal atoms in hexameric
molecules are arranged in a chairlike geometry with'Cp*
(THF) ends (Figure 3). The borohydrido bridge<2ia and
in 2b" are essentially symmetrical. The bridging mode of
BH, ligand in2a, 2b', and2d’ is best described ag-1*™.

Compound®a and2b' afford a (CpLn)Cls building block
which is not common, though already characterized by X-ray
diffraction for the late lanthanide§[CpYb(THF)}:Cls}  and
{[(Cp*Yb)3Cls]CIsK(DME),} —, 2526 as well as for the early
lanthanides, [(2,4-@&H111)sNdsCl12(THF),]?”. The molecular
shapes in the latter, bearing the “open” pentadienyl ligands
and NdCl;, heavy atom coré’ and the molecular shapes
found in 2 and 2b' with the Cp* cyclopentadienyl and
Lng(BH4).Clio core are similar. All of them consist of two
LnsCls fragments symmetrically bridged either with the
chloride (former pentadienyl complex) or with the-
borohydride (latter complexeza and2b' with cyclopenta-
dienyl ligands). One observes that in the structure2abf

(24) Baudry, D.; Charpin, P.; Ephritikhine, M.; Folcher, G.; Lambard, J.;
Lance, M.; Nierlich, M.; Vigner, JJ. Chem. Soc., Chem. Commun.
1985 1553-1554.

(25) Kretschmer, W. P.; Teuben, J. H.; Troyanov, $rigew. Chem., Int.
Ed. 1998 37, 88-90.

(26) Schumann, H.; Albrecht, I.; Gallagher, M.; Hahn, E.; Janiak, C.; Kolax,
C.; Loebel, J.; Nickel, S.; Palamidis, Polyhedron1988 7, 2307.

(27) Sieler, J.; Simon, A.; Peters, K.; Taube, R.; GeitnerJMDrganomet.
Chem.1989 362, 297.
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(a)

(b)

Figure 2. ORTEP drawings (30% probability level) of samari®d (a) and neodymiun2b’ (b) showing different Cp¥THF and THF conformations.
Metric parameters for neodymium complex are given in square brackg]s $elected mean bond lengths (A) and angles (deg)-CNT = 2.40 [2.43],
Ln1—-Ln2—Ln3 = 3.876 [4.125], Ln2-Ln3 = 5.585 [5.469], LA-u3-Cl1 = 2.93 [2.96], Ln-u3-Cl2 = 2.46 [2.88], Ln-u,-Cl = 2.77 [2.81], Ln-B = 2.83
[2.85], Ln2—-B—Ln3 = 161.4 [147.2]. Mean equivalent data for mixed Cl/Bidolecule in2a": Sm—CNT = 2.40, Sm+Sm2-Sm3= 4.102, Sm2-Sm3
= 5.425, Smruz-Cll = 2.94, Sm-u3-Cl2 = 2.90, Sm-u,-Cl = 2.78, Sm-B = 2.81, Sm2-B—Sm3 = 150.1.

2b', and2d’ there are two different sets of apical tps-Cl 3.2. Syntheses and ClusteringMonocyclopentadienyl
bonds in the hexagonal bipyramid of thesOfs moiety. The derivatives of lanthanides have been mostly described as
shorter one concerns the chloride atom located on the sidesolvated, monomeric, or dimeric specfé<® Some of them

of the THF ligand in a chair conformation of the hexametallic exist, however, as structurally well-defined clustér&The

unit (Figure 3), evidence for steric hindrances between the (28) Schumann, H.. Meese-Markischeffel, J.; EsseChem. Re. 1995

THF and one of the:s-Cl ligands. 95, 865-986.
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THF

Cp*’

Cp*’ Cp*’

THF
Figure 3. Chairlike structure of metallic atoms in complexga and2b'.

pseudo-octahedral hexametallic (“Cp’kisystems have been ~ Scheme 1. Syntheses of Monocyclopentadienylbisborohydrido
also reported for complex Sm/Se¢s® Yb/I,3* and Sm/ Complexes -

O(OH)2 clusters. The formation of a hexameric structure Ln(BH)3THE + KCp* —= 2R Cp*'Ln(BH,)(THF), + KBH,
generally appears to be the final step of a chemical 1a:Sm,n=1

transformation: desolvatioff,comproportionatiod! oxida- 1b:Nd,n=2

tion *>*%or hydrolysis?” Considering merely the larger early Al attempted crystallizations dfa or 1b in the presence
lanthanides, the monocyclopentadienylbishalogenide (or of THE to get crystals of Cptn(BHa)(THF), adducts were
pseudohalogenide) complexes affording a monomeric struc-ynsuccessful. Their infrared data do not correspond to single
ture are the neutral Cp*C£THF);** Cp*Ndlz(py)s,** and  trihapto BH, group but are in accordance with the presence
[(Cp*)Ln(BH4)A(THF)] (Ln = Nd, Sm, Cf' = CsHi-Pr,)* of both bidentate (bridging) and tridentate (terminal) 8H

or ionic KtmpSmCj (tmp = C4Me4P)* complexes. units37:38 Therefore, the complexity of IR spectra argue for
3.2.1. Synthesis of Borohydride ComplexesThe pro-  the formation of oligomers, likely dimers or trimers consid-

cedure was s_imilar to that used to prepare the neutral ering their solubility in pentane.

monomeric CHLN(BH4)(THF) (Ln = Sm and Ndy from 3.2.2. Clustering.After several days of storage under an

Ln(BH2)3(THF); but with the corresponding potassium salt argon atmosphere, the red microcrystalline sample of mono-

of the less bulky Cp*ligand. A THF adduct, Cp'Sm(BH)- cyclopentadienyl samarium derivatil@ was transformed

(THF) (18), was obtained in high yield (89% of red solid). into an opaque material. Some red crystals of X-ray quality

A blue powder was isolated (78% yield) in the same way, could be obtained after recrystallization of this opaque

from Nd(BH,)s(THF); but in THF instead of toluene (Scheme  material in pentane. Crystal structure determination revealed
1, eq 1).*H NMR spectrum and elemental analysis both agree gesolvated discrete hexameric molecules [Spi(BH:)2]s

with the formula Cp*Nd(BH.)2(THF). (1b). (2a) (see section 3.1.1). In the same manner, storage at room
temperature for several days of a solution of crddbein
(29) Anwander, R.Angew. Chem., Int. Ed1998 37, 599-602 and .
references therein. pentane afforded X-ray quality crystals of the cluster
(30) Evans, W. J.; Rabe, G. W.; Ansari, M. A,; Ziller, J. Whgew. Chem., [Cp*'Nd(BHél)z]6 (2b),

Int. Ed. Engl.1994 33, 2110-2111. ol ;
(31) Constantine, S. P.; De Lima, G. M.; Hitchcock, P. B.; Keates, J. M.; In an aStonIShmg way, isolated crystalsZa‘were found

Lawless, G. AJ. Chem. Soc., Chem. Comma®9§ 2421. unstable: within the time necessary to make the collection

(32) Evans, W. J.; Allen, N. T.; Greci, M. A,; Ziller, J. V@rganometallics - i
2001 30, 29362037, of X-ray data on one selected crystal, the other ones, standing

s 123.9216—9_217.ff . w lc<1987 6 were transformed into a coral powder. THel NMR
34 33""_2'2’;3 N. Huffman, J. C.; Bruno, J. \@rganometallicsl987 6, spectrum of this sample was the same as thatlaf
(35) Clark, D. L.; Gordon, J. C.; Scott, B. L.; Watkin, J. Bolyhedron

1999 18, 1389-1396. (37) Cendrowski-Guillaume, S.; Le Gland, G.; Lance, M.; Nierlich, M.;
(36) Nief, F.; Riant, P.; Ricard, L.; Desmurs, P.; Baudry-BarbierEDr. Ephritikhine, M.C. R. Chim.2002 5, 73—80.

J. Inorg. Chem1999 1041. (38) Marks, T. J.; Grynkewich, G. Whorg. Chem1976 15, 1302-1307.
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Scheme 2. Syntheses of Monocyclopentadienylbischloro Complexes
, __L.THF .
LnCl;,3THF + 1 KCp* 2 peatme Cp*LnCly(THF),
3a:x=1,Sm
4b :x=0,Nd

THF adducts, and for steric reasons the presence of too many
coordinated THF molecules may not favor the formation of
hexamers. The clustering of chloro compounds with complete
loss of ancillary molecules has been previously observed but
for complexes bearing unsubstituted Cp, e.g. CpkfiEIF)«

suggesting the trapping of THF vapors present in the flask (Ln = Yb, Sm), and it required high temperatufédt is

by the crystals oRa. Such instability of the crystals &a

not the case for our Cp'tomplexes.

in the presence of Lewis base may be correlated t0 & pexameric clusters with high chlorine atoms content could

structural feature: borohydride bridges in @ecluster of
2a are unsymmetrical-1°* mode of bonding). An asym-
metric Smf-CI)Sm bridging mode (2.678(1) and 2.891(1)
A) was already found but in a mixed valence {{&;i-Pr),-
Smp(u-Cl) complex3® We have a precursor able to undergo
an opening of the bridge in the presence of THF vapors.
Easy formation oRa is also illustrative of the well-known
bridging ability of the BH group, and similar behavior was
reported for the monomeric THF adduct (cot)Nd(BH
(THF),*® which loses one THF molecule, giving rise to the
dibridged dimer [(cot)Nd(BB(THF)],.2° Crystals of2b were

be otherwise obtained: mixed Cl/Bi2d, 2b', and2d'. They

had been isolated in an attempted synthesis of borohydrides
(see Experimental Section). It was found subsequently that
the starting material Ln(Bljs(THF)s could contain residual
NacCl (lanthanides trisborohydrides are often contaminated
by chloride residues using Mirsaidov’s proceddyeChlo-
rolanthanide complexes exhibit, however, a poor solubility
and always precipitate/crystallize more easily than the
analogous borohydrides. It is postulated that, in solution, in
the easy formed clusteBa and2b, the external B groups

can be substituted by chlorines, leading to less soluble chloro-

not unstable; this was tentatively attributed to the larger size .,sters which consequently crystallized.

of the neodymium atom, and the borohydride bridges are

less strained, and therefore less reactive tha?ain
3.2.3. Chloride and Chloro/Borohydride Complexes.
Because of the lower solubility of chloride derivatives with

Finally, it appears that the trinuclear [Cpl*nsCls(THF)]
unit found in the structures dfd, 2b', and2a’ is a basic
building block for extended molecular structures for “Cp”/
Ln/Cl systems. From our observations, the mixed chloro/

respect to the borohydride ones, the syntheses of the forme’borohydrido complexegd and2b’ could be considered as

were conducted in THF. After a similar workup as for
borohydrides, the reactions of SmJIHF); and NdC}-
(THF); with KCp*' afforded compounds corresponding to
the formula Cp*SmCL(THF) (3a) and [Cp*NdCl], (4b),

according to elemental analyses (Scheme 2). They correspon

more exactly to the following molecular formula: CBMC)-
(THF)os and Cp*NdCIl(THF); (calcd C, 41.28; H, 5.79
and C, 38.62; H, 5.18, respectively). The tendency of the

the most chloride-containing crystallizable compounds in this
mono-Cp* series.

é:onclusion

Several monocyclopentadienyl complexes of samarium and
neodymium with bulky tetramethylpropylcyclopentadienyl
(Cp*) ligand have been synthesized. X-ray structure analyses

larger neodymium atom to form associated species, together.5 ried out on pure monocyclopentadienyl borohydriges

with an easier desolvation, is classical behavior in early
lanthanides chemisti@f.

and 2b revealed the hexametallic clusters containing the
discrete molecules with symmetrigifn*1) and unsym-

Despite numerous attempts, we were not able to get themetrical (1,731 BH, bridges. Molecules a2awith unsym-

crystals of3aand4b. Their'H NMR spectrum could not be

metrical bridges may undergo an easy opening of the bridge

interpreted but was nevertheless informative: a high numberupon the action of Lewis bases. Clustering of solvatad
of resonances recorded is typical of the presence of nonmo-5nq4 1p may result from the concomitant presence, in the

nomeric specie®, probably similar to the polymeric chains
observed in [Cp*Ce(THF)]..3* The elemental analyses were
in quite accordance with the formation of mono-Cp*
compounds; the well-known rearrangement into biscyclo-

coordination sphere of the Ln metal, of borohydride groups
offering a good bridging ability, together with severely
reduced amount of THF.

We opted for presentation in this paper of some unpredict-

pentadienyl complexes did not oceur. Therefore, we used ably obtained mixed chloro/borohydrido compoun@s!(
these chloro complexes as starting materials and succeedegbv, and2a") for two reasons: (i) their crystallizations and

in some clean syntheses; the original heteroldjaic* NdCl-
[(p-toINCMe),CH]} . complex was isolatett.
One can ask for the reason for failure of formation of the

the nature of the products depend on subtle modifications
of crystallization medium (competition CI/Bj) and (ii) they
exhibit the hexametallic molecules such as in the Rae

pure crystallized chloro complexes whereas the borohydridesangop, x-ray studies carried out on these mixed compounds

were easily isolated. It must be remembered that the latter o\ ealed the trinuclear [ChLnsCls(THF)] fragment, which
ones are desolvated hexamers. The substitution of a boro-may be considered as a main building block in “Cp”/Ln/Cl

hydride for a chloride goes together with the formation of

(39) Evans, W. J.; Forrestal, K. J.; Ziller, J. Rolyhedron1998 17, 4015~
4021.

(40) Gromada, J.; Chenal, T.; Mortreux, A.; Ziller, J. W.; Leising, F.;
Carpentier, J. FChem. Commur200Q 2183-2184.

(41) Bonnet, F.; Visseaux, M.; Vigier, E.; Kubicki, M. M.; Barbier-Baudry,
D. Chem. Eur. J.in press.

chemistry.

The monocyclopentadienyl derivativéa and1b are the
convenient precursors for synthesis of heteroleptic early
lanthanide compounds. The presence of borohydrides renders
the syntheses softer than with the chlorides, leading to the
soluble compounds containing the NMR Bldrobe. The
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chloro complexe8a and4b are not structurally character- ligand may occur more readily than that of a pseudohalo-

ized, but as they stand, they were found to be useful genide BH group. Therefore, chloride complexes remain also

precursors for further syntheses. versatile precursors, as long as strong internal chloro-bridges
All these compounds are potential precursors for polym- are not formed.

erization catalysis. Generation of active species is generally

achieved by alkylation, and the displacement of a halogeno1C035444L
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