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Abstract

The dimeric hydride [Cp’,SmH], and the monomeric trisalkylborohydride Cp’,SmHBEL(THF), (Cp’' = CsH ,tBu) are obtained from
the starting dimeric chtoride [Cp,SmCl], by reaction with a hydridic reagent: NaHBE,. By hydrogenolysis of Cp>SmR (R = CH,SiMe,
or CH(SiMe,),) in the presence of an ancillary ligand as PMe;, a monomeric hydride: Cp,SmH(PMe,), is formed.

The trisalkylborohydride is fairly stable in solution when other new hydrides are only moderately stable: upon standing at room
temperature, an irreversible transformation into Cp,Sm is observed. All hydrides react with propanone to give the corresponding
alkoxide: [Cp,SmOCHMe,],.

The new alkyl complex [Cp’,SmMel, is isolated and ch d by NMR and el I analysis. After hydrogenolysis of this dimer
or by reaction of onz equivalent of NaHBEt, with the dimer [Cp>SmCl),. mixed bridged hydrides of the general formula Cp>Sm( u-
HX z-X)SmCp’, (X = Me or Cl) are formed. A mixed bridged chloroatkoxy complex Cp>Sm( -OCHR , X p1-Cl)SmCp, is also obtained.

© 1997 Elsevier Scicnce S.A.

1. Intreduction

Cyclopentadienyllanthanide hydrides and alkyls were
first reported fifteen years ago [1], but interest in the
chemistry of these extremely reactive species has re-
cently intensified because of their activity as polymeri-
sation catalysts for olefins, dienes or cyclic ethers [2].

Much of the mvesnganon was performed in the
bis(p dienyl) series, and the hy-
drides Cp; LoH (Cp = C;Mes) have been found very
active for the polymerisation of ethylene [3]. Unfortu-
nately, they did not polymerise a-olefins, but led to
stable allyl complexes [4]. If this lack of reactivity can
be ascribed io the steric hindrance due to the presence
of two bulky Cp”~ ligands, then to allow the polymerisa-
tion of a-olefins, it seemed necessary to use an early
lanthanide, which offers the highest degree of coordina-
tion and possibly reactivity, associated with less bulky
ligands.

In this way, recent significant results have been
obtained with allyl compl of h or
neodymium [5]. Another way could be to use a mono-
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— to less sensitive complexes toward oxygen and other
poisons. It was reported that the shielding effect of the
tertbutyl group is very efficient crystals of
[CsH,tBu,),LuH], are not destroyed by an exposure to
air within a few minutes [6]. Because samarium is still a
large lanthanide and the Cp’ ring (Cp’ = CsH tBu) is
much smaller than Cp*, we proposed the synthesis of
Cp,Sm-H species. Moreover, samarium derivatives are
very convenient for NMR studies in solution: these
paramagnetic complexes do not exhibit large line broa-
dening and well resol =d NMR spectra can be obtained,
even for complex mixtures. This paper reports the syn-
thesis and reactivity of Dbis(terbutyl)cyclopen-
tadienylsamarium hydrides.

2. Results
2.1. The hydridic route

2.1.1. In non umrdma!mg solvents
When a stoichi ic of a tol I
of NaHBEt, is added to a benzene solution of
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[Cp,SmCI],: 1 [7], a white precipitate of NaCl is imme-
diately formed and the bright yellow solution becomes
Pale yellow. When the reaction is monitored by 'H and
'B NMR, a new set of signals is recorde2 which
indicates the concomitant formation of BEt, (8''B = 86
ppm) and [Cp,SmH], 2 (Cp signals at §=18.5 and
10.32 ppm, tBu at §= —3.75 ppm) and ca. 15% of
Cp,Sm: 3 (Cp signals at 6= 21.46 and 13.91 ppm, (Bu
at = —3.82 ppm) [7].

[CpSmC1],
1
Cp'=C;H, tBu

NaHBE,
> [Cp,SmH], + NaCl + BEt, + CpSm
2 3

‘The Sm-H signal of 2 is not found, but the hydridic
nature of this complex is established by its chemical
reactivity (see below). The dimeric structure of 2 is
confirmed by comproportionation reactions with other
dimeric complexes (see below). When the crude solu-
tion is distilled at room temperature under reduced
pressure and the solvents trapped in a second NMR
wbe, BEt, can be identified. If the remaining part is
now dissolved in benzene, the only complex present in
the solution is Cp;Sm: 3.

2.1.2. In the preseace of coordinating ligands

If the above experiments are reproduced, without the
crude solution being distilled, but 0.1 ml of THF being
added instead, the signals of 2 and BEt; disappear and
the new spectra are interpreted in the terms of the
formation of Cp,SmHBEt,(THF),: 4. A ''B signal is
now recorded at 45.6 ppm and the Sm~H-B signal is
found at 8= —23 ppm whereas the 'H Cp signals are
at 12.2 and 10.8 ppm and the tBu signal at 0.98 ppm.

When THF (4 eq.) is added before the hydridic
reagent, the same spectra are recorded, but the concur-
rent formation of 3 is significantly reduced (to ca. 5%
instead of 15 or 20%). After 24 h at ambient tempera-
ture the spectrum remains unchanged. The solvents are
then evaporated, the residue dissolved in deuteriated
benzene: the signals of 4 are still present, THF signals
integrate for 8H, the percentage of 3 remains low, near
15%. After 10 min at 50°C this percentage increases to
30%. When solutions containing 4 are kept at room
temperature, the proportion of 3 increases slowly: 40%
of 3 is present after three days.

THF
[Cp.SmH], - Cp,SmHBE1,(THF),
2 BEi, 4

When PMe; (1 or 2 eq.) is added before NaHBEt,,
the same types of spectra are obtained, with new Cp
signals at 13.7 and 11.07 ppm. These results are in good

agreement with the formation of the hydride
Cp, SmHBEL,(PMe,), 4'; 3 is also present (10%).

PMe;
[Cp,SmCl], > Cp,SmCI(PMe,),
1

NaHBEt

> ' Cp,SmHBEt,(PMe,),
"

Complex 4' is not as stable as 4: after 5 h at room
temperature, the spectra show significant modifications,
the signals became larger, the amount of 3 increases and
some new signals appear. After three days, only 3 is
present in the solution, and an unidentified brown pre-
cipitate deposits.

It is noteworthy that, when tricisopropylphosphine is
added instead of trimethylphosphine before NaHBE,,
the dimeric hydride 2 is obtained (Cp signals at 18.4
and 10.33 ppm). It seems that the basic, but much more
bulky trisisopropylphosphine is sterically unable to co-
ordinate the chloride 1 and, therefore, does not take part
in the reaction with NaHBEt,.

2.2. Hydrogenolysis experiments

The alkyl derivatives Cp,SmCH(SiMe,;), 5 and
Cp,SmCH,SiMe,(PMe,) 6 are synthesized in NMR
tubes by mixing a stoichiometric amount of 1 with the
convenient LiR reagent in deuteriated benzene. To get 6
it is necessary to coordinate the phosphine before the
addition of RLi to avoid the redistribution leading to 3.
These complexes are characterized by 'H NME and
used without further purification.

e o ; H,
SR CpSmCHEMe), 5t (CpismH,
ke ¢ o 2
L‘(‘Hﬁm,s Cp;SmCH SiMes(PMey) § ————— Cp’;SmH(PMe,),
6 2

After degassing, the tubes are pressurized with H, (1
atm). The hydrogenolysis of 5 is slow at room tempera-
ture: after 6 h, ca. 30% of the hydride 2 and 20% of the
triscyclopentadieny! 3 are formed and about 40% of 5 is
still present. When the hydrogenolysis is performed in
the presence of PMe,, the monomeric hydride 2' (Cp
sigrals at 11.8 and 11.1, tBu at —0.97 ppm) is ob-
taineu. The latter is also obtained by hydrogenolysis of
6.

2.3. Mixed bridged hydrides

2.3.1. Hydridic route
When the progressive addition of NaHBEt;, to dimeric
1 is monitored by NMR, the signals of 1 decrease and
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the signals of the hydride 2 increase. After addition of
one equivalent of NaHBEt; for two Sm—Cl units, ca.
30% of 1 is still present, 2 is formed in ca. 30% yield
and a new set of signals: four Cp and one tBu is
recorded (Cp: 8= 18.95, 17.35 and 10.58, 10.33 ppm;
tBu: 8= —2.29 ppm). The amount of this new product
is about 40% (estimated by integration of the Cp signals
at 50°C).

When equal amounts of 1 and 2 in benzene solution
are mixed, the same set of signals is also recorded, near
the signals of 1 and 2.

These facts can be interpreted by the formation of a
dinuclear mixed bridged chlorohydride Cp,Sm( p-
HX p-CSmCp), 7. This dinuclear form is in equilib-
rium with both the dimeric chloride 1 and hydride 2.

1 +1/2 NaHBEty Cp'ﬁm(c“; SmCpy a—— 142

7

This equilibrium is temperature dependent: the pro-
portion of 7 increases upon raising the temperature.
However, heating of the mixture led to the formation of
a considerable amount of 3.

When THF is added to the mixture, the signals of 2
and 7 disappear and only 1 and the monomeric solvated
hydride 4 are present. In the same manner, when THF is
added before addition of NaHBEt,, only 4 is formed.

H.
cP'§m< CI> SmCpy + BEt
I (cpsmall, « Cp';SmHBEt(THF),
1 a

2.3.2. Hydrogenolysis

The new methyl complex [Cp,SmCH,], 8 was syn-
thesized from 1 and a diethylether solution of methyl-
lithium. After usual workup, the unsolvated dimeric 8
was isolated as yellow microcrystals and identified by
NMR and elemental analysis. No crystal suitable for
X-ray analysis could be obtained.

[Cpusmel), S [CpiSmMe],
1 8

The hydrogenolysis expetiments are monitored by
NMR. Hydrogenolysis (I atm H,) is found to be slow:
aiter 2 days, ca. 60% of 8 is d and the pl
consumption requires one week. The NMR spectra show
the formation of only small amounts of the unsolvated
dimeric hydride 2, the major component exhibits four
Cp signal (8= 12.13, 16.7,11.25 and 11.12 ppm), one
tBu signal at —2.21 ppm and one methyl signal at —20
ppm. This set of signals is in good agreement with the

formation of the bridged complex Cp5Sm{ p-H) (p-
Me)SmCp’, 9. Hydrido-alkyl bridged lanthanoid com-
plexes were recently described {8). The formation of 9
is not observed in the presence of coordinating solvents.

H, o B .
(Cp'SmMe], —2= CpEmT > SmCp
s Me
9

2.4. Reactivity of [Cp',SmH], 2 and other hydrides

BH; in tol lution reacts i diately with 2 to
give the known borohydride [Cp,SmBH,], [9] The
same has been obtained tiona-

a L
tion reaction between 3 and Sm(BH ,);(THF);, foilowed
by the removal of the solvents.

[Cp:SmH], + 2BH, — [Cp,SmBH, ],
2
Propanone reacts with 2, 2', 4 or 4' to give the
alkoxide 10. This new complex is identified by compar-

ison with a sample obtained by alcoholysis of the
methyl derivative 8.

1CpSml H

cP',Sm< Z) SmCp,

0

Addition of one equivalent of propanone to the crude
mixture containing 1, 2 and 7 led to the formation of the
new chloroalkoxy bridged complex Cp.Sm[ u-
OCH(CH,), X p-C)SmCp), 11 identified by comparison
with an authentic sample obtained by mixing stoichio-
metric amounts of 1 and 10 in toluene or in CD;.

Y

[CpSmClly + [CpSmOCHMely —= Cpsm{ > SmCp'
1
n

3. Discussion
3.1. Unsolvated complexes

Polymeric forms are not commeon for unsolvated
derivatives (C;H,R),LaX of the early lanthanides [10].
Trimetallic units (cristallised with solvated alkali metai
ions) were often reported, but only for late lanthanide
(Er, Lu, Y) complexes, containing non substituted Cp
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Table 1 Table 3
'H NMR data of dimeric complexes 'H NMR data of [CpSmCl], in the presence of coordinating ligands
Cp tBu Other Ligand Cp tBu Ligand

[Cp>SmCl], 1 175123 —1.92 None 175 123 —1.92

[CpiSmH], 2 1851032 =375 Hnot found PiPr, 2eq 17.5 12,31 -1.92

[Cp>SmMe], 8 1461193  —-094 —26.1(Me) PMe, | eq 17.18 12.19 -1.75 0.40

[CP,SmOCH(CH ).}, 10 14951398 034  —82(CH,) PMe, 1.5 ¢eq 1650 11.98 —147 0.47

—39.4(CH) PMe; 2eg 16.50 11.96 -1.35 0.51

THF 2 eq 1741 12.27 —1.83 342134
THF 20 eq 11 broad -1.14 id

rings [11). Most of the complexes of the early lan- THE d 1049 1039 045 id

thanides are dimeric, except for those containing very
bulky X ligands (X = CHSi(CH,), for example). The
starting chloride {Cp, SmCl], is known to be dimeric [7]
and preliminary X-ray analysis of [Cp,SmOiPr] also
reveals a dimeric structure [12). Thoagh the structure of
other complexes [Cp>SmX]. (X = Me, H) has not been
established by X-ray analysis or otherwise, one can
consider these complexes as dimers, on the basis of the
known structure of other analogous complexes:
[{Cp>NdMel, [13] and [Cp5SmH),] (Cp" = C H,tBu,)
9]

When two dimers of general formula [Cp’,SmX], and
[Cp,SmY], are mixed togetber in a non coordinating
solvent, new complexes [Cp,SmuX-uYCp,] are ob-
tained (7 and 11). The comproportionation is not com-
plete and the three partners can be observed in solution.
Exchange is slow at ambient temperature and could not
be detected by spin saturation transfer. NMR data of
tiese new complexes are reported in Tables 1 and 2.
The presence of an unsymmetrical bridge allows the
observation of four Cp signals. Neutral complexes with
unsymmetrical bridges are not so numerous as the dimers
but some have been described: a p-H, p-Cl bridged
complex, [Me,Si(CsH;tBu,),Yb),( uH-uCl) [14] and 2
u-H, w-alkyl complex [15]. The formation of the hy-
drido/methy} dinuclear complex 9 during hydrogenoly-
sis of the m~thyl bridged dimer 8 is postulated in view
of the NMR data, because four Cp signals are also
found. This complex is more resistant towards hy-
drogenolysis than 8: After one week, 8 is almost en-
tirely consumed and only traces of 2 arc found. A
similar stability towards hydrogenolysis has been re-
ported for the previously described u-H, p-alkyl com-
plex [15].

The NMR spectra of these unsolvated complexes
generally exhibit well separated Cp signals; the largest
difference in the chemical shift (A8=ca. 8 ppm) is
recorded for the hydride 2. For mixed dinuclear com-
plexes, the chemical shifts of the Cp signals are very
close to those of the parent compounds.

3.2. Opening of the bridged dimers by ancillary ligands

In the Tables 3 and 4, and Table 5 are reported the
NMR data of the soivated species [Cp>SmX, L] (X = CI,
H, Me; L = THF or PMe;) in ihe presence of a stoi-
chiometric quantity (or an excess) of an ancillary lig-
and.

The chemical shift of the H atoms of [Cp,SmCl}, is
not strongly affected by the addition of 1 or 2 equiva-
lents of PMe,: A8=1 and 0.3 ppm (Cp) and 0.5 ppm
(tBu) or by addition of 4 equivalents of THF: 48 = 0.1
and 0.05 ppm (Cp), 0.1 ppm (tBu). The coordination of
these ligands is reversible, and the dimeric starting
materials were recovered after distillation of the sol-
vents and pumping off the solids. Therefore, it seems
reasonable to believe that only one molecule of Lewis
base is weakly coordinated to each metal atom of the
dimer, without opening of the bridge, leading to com-
plexes analogous to the known
[(CsH Me), Sm(THF)u-Cl], which is dimeric in the
solid state as established by X-ray structural analysis
[16].

More than 10 equivalents of THF are necessary to
bring about any great modification of the NMR spec-
trum of {Cp,SmCI],: when 20 eq. of THF are added to

Table 4
'll'nhle 2 'H NMR duta of [Cp,SmH], in the presence of THF or (PMe,) and
H NMR data of ical dinucl I BEt,

Cp 1Bu Other Ligand Cp tBu THF(PMe,) BEt,
CpySm( p-HX, - CDSmCP, 7 17.3510.30 —2.39 H rax tuand None 18.5 10.32 -3.75

18.95 10.58 2 PME, 13.7 11.07 -1.79 024 1.14 -49
Cp,Sm( u-HX p-Me)SmCp’, 9 17.13 11.24 -221 —22(Me) i THF i21111.26 —005 210055 1.10 —-5.14

16.7 11.12 3 THF 1216 1107 0.08 2.80 1.95 1.225.26
Cp’, Smi u-OCH(CH,, ), - 1754 1296 —~073 -6.58(CH,) 4 THF 12171102 009 0.07 1.09 094 —5.28
(-CHSmCg'\ 11 15751249 ~30{H) 10 THF 12171195  0.12 337131 id.
CpLSm( u-MeX ;+-Ch)- 1653 12,02 -1.39 -245(CH,) 50 THF 12.151081  0.13 351143 id
SmCp', 12 15.7211.83 100 THF  12.151002  0.13 351143 id
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3.3. Stability of the alkyls derivatives

5 and 8 are stable in solution whereas 6

Table 5
'H NMR data of [Cp’,SmMel, in the presence of oxygenated ligands
Cp tBu Me Ci I
None 1461193 —-0.94 —26.1
Diethylether 10 eq 1461193 -0.94 --26.1
THF 10eq 14.6 11.93 -0.94 —26.1
THF 100 eq 13.711.5 0.0t ~25
THF d,, 7.847.63 0.62 6.43

a benzene solution, a new large unresolved Cp signal is
observed at 11 ppm and the 1Bu signal is shiftzg of 0.8
ppm. The monomeric adduct obtained by dissolving the
dimer in devteriated THF exhibits two neighbour Cp
signals at 8= 10.5 and 10.4 ppm. Quite similar values
(8=10.1 and 9.5 ppm) were observed for the above
mentioned [(C H;Me), Sm(THF)-Cl], when dissolved
(probably with bridges opening) in deuteriated THF.

For the hydride 2, obtained by the hydride route,
drastic changes in the spectra are recorded after addition
of one eq. of THF per samarium moiety: the two well
separated Cp signals (8= 18.5 and 10.3 ppm) of the
starting material now appear very close at 12.1 and 11.2
ppm. These chemical shifts are only slightly modified
by the subsequent addition of 2 te 100 eq. of THF. The
coordination of BEt;, as shown by the "B NMR spec-
tra unambiguously establish the monomeric naiure of
the complex in the presence of THF (similar coordina-
tion of BEt, was aiso observed for neodymium hydrides
[17]). The assistance of BEt, as Lewis acid is not
necessary to open the bridge. The same chemical shifts
changes were observed for 2, obtained by hydrogenoly-
sis of 5 the addition of PMe, afforded a new hydridic
species with two Cp signals at [1.8 and 11.1 ppm.
Subsequent addition of PMe, or THF did not lead to
significant change of these signals.

It appears from Tables 1-4 that a large difference
between the Cp signals is generally observed for the
unsolvated bridged structures, whereas in monomeric
solvated species this difference become= very small:
A8=0.2 ppm for Cp,SmCHTHF), and 0.1 ppm for
Cp,SmMe(THF),, and A48 = 0.7 ppm for
Cp,SmH(THF),, 2. We piopose that this is related to
the electron deficiency of the metal in the unsolvated
dimers which would induce electron density transfer
from the ligand to the metal allowing the signals to be
shifted.

This fact, which seems to be general for this type of
complexes of samarium, is of importance: a correlation
might be possible between the NMR data and the
structure of the complexes in solution.

Concerring the alcoxyde [Cp’, SmOiPr],, 10, which is
a dimer in the solid state, it is »oteworthy that the
addition of THF (10 to 100 eq.) does not imply modifi-
cations of the 'H NMR spectrum. Thus, THF seems to
be not strong enough to open the Sm-O Sm bridges,
and this ¢ ins dimeric in sol

is only observable in the presence of PMe,. All attempts
to obtain 6 free from ancillary ligand have failed, only
the tris derivative Cp,Sm 3 was formed. Generally the
form in which a Cp,LnX unit is formed, i.e., an elec-
tron deficient dimer or a monomeric solvate
Cp,LnX(solvent), depends on whether the solvent (or
an ancillary ligand) will strongly coordinate to the metal
and whetlier the X group is a good bridging ligand. It
seems that the CH,SiMe; lizand does not allow the
dimerisation (which is easy for the methyl derivative)
and is too small to prevent the disproportionation with
formation of 3. The very bulky CH(SiMe,), ligand is
known to allow the formation of stable aikyls [9] and §
is probably monomeric.

3.4. Nature of [Cp,SmH], 2 and hydrides 2', 4. 4'. 7
and 9

The hydridic nature of 2 was established unambigu-
ously by its chemical reactivity:

— BH; in toluene soluti d immicdiately with
2 to give the known borohydride [Cp>SmBH L. The
obtention of a tetraborohydride or 2 dihydrodialkylbo-
rate by BH; or BHR, insertion in an organometallic (f
element) M—H bond was previously described [18]

— The reaction with propanone afforded the alkox-
ide 10 identified by comparison with an authentic sam-
ple obtained by alcoholysis of the methyl derivative 8.
The alkoxide 10 was also obtained from the other
hydridic species 2, 4 and 4'. The same alkoxyde 10 was
also prepared by alcoholysis of 3.

— The structure of 2’ was first established by chem-
ical correlation: it was formed by hydrogenolysis of the
alkyl complexes 6 and 5 (after addition of PMe; in this
latter case). It was also formed by addition of PMe; on
the dimer 2.

— The hydrido-chloro bridged complex 7 (always
obtained mixed with 2 and unreacted 1) treated by the
stoichiometric amount of propanone aﬁ'ordcd the
chloroalkoxyde 11 (mixed with ca.
is noteworthy that the comproporti
tween pure 1 and 10 leads to 80% of 11; the same
experiments conducted from 1 and 2 lead only to ca.
50% of 7.

— Treatment of the hydrido-methyl complex 9 with
propanone afforded a new alkoxo-compound; its NMR
spectrum  showed one isopropyl group per two
(tBuCp),Sm unit.

3.5. Stability of the hydrides

Solutions coataining 2’ cannot be concentrated and
evaporated to dryness nor stored at ambient temperature
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even for a few hours without noticeable or complete
decomposition to give 3.

The hydride 2 is more stable and solutions can be
stored for a few days; the disappearance of the hydride
is complete within ten days. When freshly prepared
solution of 2 are evaporated the percentage of 3 in-
creases from 15 to 30%. To successfully obtain the
electron deficient dimer 2 it seems necessary to sfart
from a dinuclear structure, which is retained during the
synthesis:

— By the hydridic route, one can assume that when
the HBEt, anion reacts with the dimeric chloride 2,
only one Sm~Cl-Sm bridge is opened and the elimina-
tion of BEt; and NaCl occurs with the concomitant
formation of a new Sm-H-Sm bridge, to form the
(doubly bridged) hydrido-chloro complex 7. This com-
plex is in equilibrium with the dimers 1 and 2, and
during the ligand exchanges variable quantity of Cp;Sm,
3 are also formed. The addition of the second eq. of
hydridic reagent allows, by the same way, the formation
of the dimer 2.

— Hydrogenolysis of lanthanide alkyls has been
known for years [1,10] to form the corresponding hy-
drides. The transient formation of the monomeric
Cp,SmH likely occurs when CpiSmCH(SICH,)., § is
left under hydrogen; but in concurrence with the dimeri-
sation which leads to 2, the disproportionation of the
ur. ‘able hydride moiety is observed, leading o a high
percentage (nearly 60%) of 3. In contrast, hydrogenoly-
sis of the dimer 8, performed in a non coordinating
solvent, does not lead (% tarze amount of 3 but first to a
new dinuclear hydrido-zlk:i derivative.

Non surprisingly the wris(alkylborane) supported hy-
dride 4 is the most stable the decomposition into 3 is
slow and solutions can be stored during days, but
crystals could not be obtained, even by of
cong d sol with p

The different hydrides: dimeric or tris alkylborane
supported, do not react with the toluene, as does
Cp, SmH [19]. During the storage cf hydride solutions
in the presence of toluene, the formation of 3 occurs but
no new par gnetic signais ¢ with the forma-
tion of a benzy! derivative were observed. This is not
surprising: It is known [20] that the reactivity of the
monoalkyl substituted or unsubstituted Cp complexes is
very similar (exceot that the former which exhibit a
better solubility) and the Co,LnH hydrides [21] are
synthesized in the p of toluene and do not react
with it.

Syntheses of related complexes containing a (alane
supported) Cp,SmH moiety were reported: [(Cp,Smp,-
HX p1,-H, AIHXTHP), [22] and {(Cp,Sm,( p,-HN g2,
H), Al p,-H),(TMEDA)], [23]. These complexes were
characterized in the solid state by the X-ray crystal
structure determination. Nothing was mentioned about
their structure in solution and no NMR data are avail-

able, nevertheless, one could assume that the alumino-
hydride bridging moiety remains coordinated when the
compounds are dissolved in a convenient solvent.

3.6. Formation of Cp’,Sm 3

The formation of 3 is observed when hydrides or
alkyls are synthesized or during the attempts to get
crystals, when solution are stored for days. The mecha-
nism of these reactions was not really investigated,
several factors may be involved. The rearrangement is
favoureG by the concentration of crude solution, by
raising of the temperature and likely by the presence of
salts in THF solution: in the synthesis of 1 in THF the
formation of 3 (5 to 15%) is observed. After removal of
the salts from the crude product and after removal of 3
by cold pentane, no further formation of 3 is observed
in non polar solvents.

In a polar medium, cne can postulate that the libera-
tion of a Cp’ ligand occurs after the coordination to ihe
metal of the starting material of solvent molecules or
chloride ions; this allows the rapid reaction of the Cp
anion on a Cp,SmH moiety leading to 3.

In non polar solvents, the ligand exchanges generally
occur by concerted bimolecular reactions, favoured by
the concentration. The disproportionation of a Cp,SmH
unit could lead to a mixture containing 3 and a dihy-
dride species:

2(Cp,SmH), — 2Cp,Sm + (Cp'SmH, ),

No signals corresponding to the dihydride could be
depicted in crude mixtures; however such a complex
could be insoluble in benzene or toluene. In an other set
of experiment from neodymium hydrides, a set of sig-
nals consistent with the formation of such monocy-
clopentadienyl-dihydride species was observed.

4. Conclusion

Samarium hydrides were characterized in solution.
The dimeric unsolvated hydride 2 is moderately stable.
It was not possible to increase significantly its stability
by coordinating phosphine or THF ligands. This led to
monomeric solvated forms which invariably rearrange
and lead to the known CpSm. In contrast the
monomeric hydride 4 which is coordinated to a
trisalkylborane molecule is fairly stable.

5. Experimental
5.1. General procedures

All experiments were performed under a dry nitrogen
or argon 4 using d Schlenk or glove
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box (JACOMEX) techniques. Solvents were stored un-
der argon on sodium-benzophenone and distilled imme-
diately before use. The compounds CpiSm [7],
Li(CHTMS), [24] and LiCH,TMS [25] were synthe-
sized following published methods. KCp' was made by
action of KH over Cp'H [26] For the synthesis of
Sm(BH ();(THF), the procedure was slightly modified
(TIBH, was used instead of NaBH,) [27].

The 'H NMR spectra were collected on a Bruker
AC-200 spectrometer. The ''B NMR spectra were
recorded on a Bruker DRX-500 spectrometer at 160
MHz and the chemical shifts were measured versus
BF;, Et,0 in CDCl; as an external reference. The
elemental analyses have been periormed on a Fisons EA
1108 apparatus or at the Service Central d’Analyse du
CNRS.

All the syntheses from 10 mg of 1 were performed in
NMR tubes after dissolution in 0.4 ml of C,Dy and
monitored by 'H NMR. Yields were generally estimated
by integration of the cyclopentadienyl signals or some-
times by integration of the tBu signals.

6. (Cp,SmCD,, 1

It was synthesized according to Wayda's method [7]
but using KCp' in toluene instead of LiCp’ in THF.
Anal. Found: C, 50.04; H, 6.00. C;,H;,Sm,Cl,. Calc.:
C, 50.49; H, 6.12.

6.1. Hydrides

6.1.1. Hydride [Cp,SmH],, 2

(a) 10 mg of 1 were dissolved in C,D, and 23.7 ul
of a 1 M toluenic solution of NaHBEt; were added by a
syringe. After 30 min at room temperature, the con-
sumption of the starting materials was complete and ca.
85% of 2 and ca. 15% of 3 were formed. After S days,
the solution contained 50% of 2 and 50% of 3.

(b) To a solution of the hydride 2 (containing 15% of
3) obtained from 8 mg of 1 and 19.7 ul of NaHBet; as
described above, 9 ul of a toluenic solution of BH,,
SMe, (2M) were added. The solution contained the
borohydride [Cp’,Sm-BH,}, as the major product.

6.1.2. Hydride Cp,SmHBEt (THF),, 4

In a similar experiment, THF (2 eq./Sm) was aaded
to 1. After addition of 0.5 eq. of NaHBEt, (11.7 ul),
the sol d solvated 1 (ca. 50%),
hydride 4 (ca. 50%) and a small amount (ca. 3%) of 3.
After complete addition of NaHBEt, (23.4 ul), only 4
and 5% of 3 were present. No significant change oc-
curred after 24 h at room temperature. After removal of
the solvents and redissolution in C,D,, the solution
contained 10% of 3. The same sample was heated 15
min at 50°C, the amount of 3 raised up to 30%.

6.1.3. Hydride Cp’,SmHBEt,(PMe;),, 4

The same experiment was performed with addition of
PMe; (5 pl, 2 eq/Sm) instead of THF. The solution
contained 4’ (65%), 3 (20%) and 15% of unidentified
products. After 10 min at 50°C, the amount of 3 was
50%.

6.2. Hydrogenolysis experiments

6.2.1. From Cp,SmCH(SiMe,),. 5

(a) 10 mg of 1 and 4 mg of LiCH(SiMe,), were
dissolved in C4Dj. The orange solution containing 5 [8
C,D,=18.55 (CH), 15.7C and 10.06 (Cp), —1.58
(broad. SiMe,), —3.75 (tBu)] and a small amount of 3
(5%) was frozen, degassed and pressurised with H, (1
atm). A slow reaction occurred; after 6 h, the yellow
solution 1 50% of d § and equivalent
amounts of 2 and 3 were formed. After 2 days, oaly 3
was present with traces of § and 2.

(b) To a solution of § obtained in the same way, 2.3
pl of PMe; were added. After 6 h under hydrogen
pressuire (1 atm), 98% of the starting material was
consumed; *he solution contained 2’ {8 C D, = 11.80
and 11.07 (Cp), 0.30 (PMe,), —1.00 (tBu)] (75%) and
3 (25%).

6.2.2. From Cp,SmCH,SiMe (PMe ), 6

To 10 mg of 1 dissolved in C¢D;, were added first
2.3 ul of PMe,, then 2.1 mg of LiCH,SiMe;. After
stirring by ultra-sounds the solution contained & [8
C,D, = 11.75 and 10.39 (Cp), 10.4 (broad, CH,), 1.16
(PMe,), —0.49 (tBu)] and a very small amount of 3
(2%). After 4.5 h under hydrogen (1 atm), the hy-
drogenolysis was nearly complete; 2' (85%), 3 (8%), 6
(2%) and some impurities were present.

6.2.3. Mixed bridged hydride Cp’Sm(pu-HX p-
cnsmCp,, 7

(a) 10 mg of 1 were dissolved in 0.4 ml of C,D; and
11.7 pl of a 1 M solution of NaHBEt, was added by a
syringe. After 15 min, the solution contained less than
5% of 3 and 2 mixture of 1, 2 and 7 in the rate 1/1/3.
The amount of 3 increased slowly (10% after 4 h at
rcom femperature).

In the same tube, 11.7 ul of the solution of NaHBEt,
was added. The yellow—orange solution contained only
the dihydride 2 and ca. 15% of 3. After 24 h, the
amounts of 2 and 3 were 60% and 40%, respectively.

(b) To a solution of 2 prepared from 10 mg of 1 and
234 pl of NaHBEt,, 8 mg of 1 were added. After
stirring, the NMR spectrum of the solution was the
same as above described.

6.2.4. Synthesis of [Cp,SmMel,. 8
(a) In a NMR tube, 10 mg of 1 (0.024 mmol) were
dissolved in C,D; and 15 pl of MeLi (1.6 M in
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diethylether) were added and the solution immediately
analyzed. The ption of 1 was complete and the
formation of 8 was nearly quantitative. with traces (less
than 2%) of 3.

(b) A solution of 457 mg (1.07 mmol) of 1 in 20 ml
of toluene was added slowly at room temperature to a
stirred solution of MeLi (0.73 ml of 1.6 M solution in
diethylether) in 15 ml of toluene. 15 mia after the end
of the addition, the pale yellow solution was filtered and
toluene was removed under reduced pressure at room
temperature. To eliminate 3, the yellow—osange powder
was cooled with liquid nitrogen, 1 ml of pentane was
condensed and i diately separated after liquefaction.
The crude yellow powder (347 mg, yield 80%) still
contained ca. 5% of 3 (by NMR). To obtain an analyti-
cally pure sample (free of 3 and of LiCl) as a microcrys-
talline yellow powder, five cycles of extraction with 5
ml of pentane at room temperature were necessary.
Each extraction was followed — after evaporzdon of

was stirred 12 h, filtered and the solvent was removed.
After addition of 4 ml of pentane (at 0°C) the solution
was filtered; after concentration, 85 mg of yellow-
brown crystals were obtained (yield 25%). The sample
was contaminated by ca. 5% of 3.

(c) To a solution of the hydride 2 (containing 15% of
3) obtained from 10 mg of 1 and NaHBEt, as described
above, 1.3 ul of propanone were added. The red orange
solution contained 10 and unchanged 3.

The same experiment performed from the hydrides
2', 4 and 4' afforded also 10.

In the presence of a large excess (10 to 100 eq.) of
THF the NMR spectrum of 10 is not altered.

6.2.7. Mixed chloroalkoxide Cp’,Sml u-OCH(CH, ), I ju-
ClSmCp), 11

(a) 9.8 mg of 1 and 10.1 mg of 10 were dissolved in
C¢D, and stored 48 h at room temperature. The solution

the solvent — by washing with 0.5 ml of cold pentane,
as described above, 1o eliminate last traces of 3. Anal.
Found: C, 56.56; H, 7.14. C;;Hg,Sm,. Calc.: C, 55.96;
H, 7.17.

6.2.5. Mixed bridged hydride Cp,Sm(p-H)(p-
Me)SmCp, 9

10 mg of 8 were dissolved in C.D,, the solution was
frozen, degassed and pressurized with H,. A slow
reaction occurred, after 2 days the solution contained
60% of unchanged 8, a very small amount of 3, traces
of the dihydride 2 and ca. 40% of the mixed hydride 9.
During the reaction the percentage of 3 increased: after
7 days, the reaction was complete, 3 (30%), 9 (25%)
and 2 (25%) were present in the solution with non
identified components.

6.2.6. Alkoxide [Cp',Sm-OCH(CH,), 1. 10

(a) To a solution of 200 mg (0.47 mmol) of 1 in
toluene (30 ml), were added 0.33 ml of an etheral
solution (1.6 M) of MeLi (0.52 mmol). The solution
turned pale yellow while LiCl deposited. After 20 min,
a solution of isopropanol (40 ul; 0,52 mmol) in toluene
(10 ml) was added. The mixture turned deep yellow
immediately and was allowed to stand at room tempera-
wre for 2 h. The solvents were evaporated off and
pentane (40 ml) was added. After filtration, concentra-
tion to ca. 15 ml, and standing 24 h at room tempera-
ture, large yellow crystals were ottained. Concentration
of the mother liquor (ca. 5 ml) gave a second crop of
crystals (total yield: 96 mg; 45,3%). Anal. Found: C,
54.73; H, 7.25. C;,HSm,0,. Calc.: C, 55.85; H,
7.31.

(b) 383 mg (0.75 mmol) of 3 were dissolved in
pentane and 57.4 ul (0,75 mmol) of isopropanol were
added slowly by a syringe. The yellow—brown solution

contained ca. 40% of 11 and 30% each of 1 and 10.
After heating 4 h at 65°C the rates were 70%, 15%,
15% respectively, they became unchanged after 16 h at
65°C.

(b) To a solution obtained as above from 4 mg of 1
and 4.7 pl of NaHBEt, and containing the hydrochlo-
ride 7 (mixed with 1 and 2, 25% each and 3, 5%), 0.4
pl of propanone were added. After 1 h, the solution
contained ca. 65% of 11, 20% of 10 and 10% of 3.

6.2.8. Mixed chloroalkoxide Cp',Sm(u-CH;) p-
Cl)SmCp,, 12

A solution of 8 is prepared from 10 mg of 1 and
MeLi (ether solution, 14 ul); the solvents are evapo-
rated, 0.4 m! of C, Dy and 9 mg of 1 are added. With
the signals of 1 and 8, a set of new signals is observed
and tentatively attributed to 12.
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