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1. Introduction

The review covers complexes of the lanthanides, actinides
and also scandium and yttrium, which contain metal—-carbon
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2. Lanthanides

Stanghellini et al[1] investigated the values &, the
ratio of the overall ©H bending and €H stretching IR in-
tensities of the cyclopentadienyl ligand, and reported them
for several organometallic complexes containing the Cp-M
unit (Table ). The parameteRr is related to several proper-
ties of the complexes, such as the ionic charge, the nature of
the metal and the ancillary ligands, thel€ bending force
constant and to the solid-state structure.

2.1. Lanthanide complexes without supporting
cyclopentadienyl and cyclopentadienyl-like ligands

€22

2.1.1. Alkyl, alkynyl and arene complexes
Niemeyer [2] published the synthesis and char-
acterization of the solvated ytterbium alkyl complex Fig. 1. ORTEP view of the complex (GEBU)sYb(THF),.
(CH2'Bu)3Yb(THF),. The complex was obtained in moder-
ate yield from the reaction of ytterbium metal with neopentyl
iodide (Scheme 1L The ruby-red air-sensitive crystals were
characterized by melting point, elemental analysis, IR, NMR measured at room and low temperatures. From the spec-
and UV/Vis spectroscopy and by X-ray crystallography tra obtained, a truncated crystal field splitting pattern was
(Fig. 2). derived and simulated by fitting the parameters of an em-
The ytterbium atom is located in the center of a trigonal Pirical Hamiltonian. For 39 assignments, a reduced r.m.s.
bipyramid with the neopentyl groups and the THF ligands deviation of 20. 4 cm!was achieved. The parameters derived
occupymg the equator|a| and axial posmons, respec- allowed the estimation of the crystal field strength produced
tively. by the bis(trimethylsilyl)methyl ligand, the insertion of this
Amberger and co-worker[§] investigated the electronic Ilgand into truncated empirical nephelauxetic and relativis-
structure of 0rganometa||io—-comp|exes of lanthanide el- tic nephelauxetic series, and the construction of experimen-
ements. The linear dichroism spectrum of an oriented tally based non-relativistic and relativistic molecular orbital
single crystal of tris[bis(trimethylsilyl)methyljerbium was Schemes in the f range.
Gambarotta and co-workef4,5] reported the synthesis
of calix-tetrapyrrole-supported samarium alkyl and alkenyl
complexes. The trivalent methyl and vinyl samarium

Table 1 L . .
Values of the IR intensity ratio between the-8 stretching and bending der_'vatlves supported by a c;allx—pyrrol_e ligand systeng-(Et
modes calix-pyrrole)(R)Sm3-Cl)[Li(THF)] 2[Li 2(THF)s]  (R=
Complex R Me_, CH=CHy) were prepared _via reaction of (_Et

, calix-pyrrole)(Cl)Sm[Lp(THF)3] with the corresponding
CpLi 38 S . .
CpNa 11 organolithium reagent. The dinuclear complexgtEalix-
CpK 17 pyrrole)Sm{(.-Cl)2[Li(THF) 2] }2 was alkylated in diethyl
CpTl 22 ether resulting in the formation of the isostructural alkyl
CpsLa 80 complex (Eg-calix-pyrrole)Sm{ (u-CHzg)2[Li(THF) 2] } 2.
g%ﬁe 1%3 Takats and co-workerg6] reported the reaction of
ChsFel 12 (TpMe:Me),Ssm with Hg(G=CPh) in THF, which afforded

the monomeric, base-free lanthanide alkynide complex
(TpVe:Me),sm(C=CPh) Fig. 2).

Roesky[7] published the first bridged aminotroponim-
inate complexes of lutetium and successfully synthesized
these complexes by the reaction of dipotassium-1,3-bis[2-
(isopropylamino)troponiminato]propane o[ Pr)TP], with
3'BuCHYbl, === (CH,Bu);Yb(THF), + 2 Ybl, lutetium trichloride.

The complex was characterized by single-crystal X-ray
crystallography. Roesky et al. also published a study of
4Yb + 6 'BuCHy] — (CH,Bu);YB(THF), + 3 Ybl, the reactivity with some selected derivatives such as alkyl,

amide m®-cyclopentadienyl ang?3-borohydride Scheme 2

Scheme 1. Successive formation of (€Bu)sYb(THF)z. andFig. 3).

3Yb + 3'BuCH,] —=  3'BuCH,YbI

3 ‘BuCH,YbI + 3 ‘BuCH,] — 3 'BuCH,Ybl, + 3 *CH,Bu

2Ybl; + Yb —= 3 YD,
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Fig. 3. ORTEP view of the molecular structure ¢¢Pr)TP}Lu(u-Cl)]>.

Gambarotta and co-workef8] studied mixed samar-
ium clusters supported by dipyrrolide ligands. Treatment of
Smb(THF),; with the potassium salt of the methylphenyl
dipyrromethanyl dianion in THF resulted in a rapid re-
action with formation of {[MePhC(GH3N)2]Sm}s(j-

Fig. 2. ORTEP view of the complex (¥§'%);Sm(C=CPh). D][K(THF)g]. Single-crystal X-ray determinations showed
that the complex is formed by a pentanuclear anion con-
sisting of five{[MePhC(GH3N)2]Sm}s units with the five

2 KN(SiMe,), 2 NaBH
-2 ‘ d 4
2KCl BN Cl/'

N
N—-—.l _"--_\/N
2 LuCl, + 2 K, [(iPr)TP] —————— L L j

v 2 K e CN/l\Cl/\ N

2 LiCHSiMe, 2Na(CH,)
-2 LiCl / \@aa
; N’I\

2 C Lu—(_H—SlMe y N I O
el - 'LTU_ O
- -

Scheme 2. Reactivity of the complei(Pr)TP}Lu(w.-Cl)]>.
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benzene or B, Me
(Tp™" MeyybH], + 2 CsHsR ——————= 2 (Tp™®" M) Yb(CsHR) + 2H,
toluene

samarium atoms pentagonally arranged around a central io-
dine atom. Each ligand bridges two samarium atoms with the !
pyrrole rings being in turar-bonded to one samarium and
o-bonded to a second.

R = H, SiMe;

Scheme 3. Synthetic route to mixed pyrazolyborate/cyclopentadienyl ytter-

2.1.2. Metallacarborane complexes bium(ll) complexes.

Xie and co-workers[9] reported the synthesis of
half- and full-sandwich lanthanacarboranes of theB§
carborane ligand. Treatment of LnClwith 1equiv.
of Nap[nido-7,8-GBgH11] in THF gave the half-
sandwich lanthanacarborane chloride compoungs- (
CoBoH11)Ln(THF)2(-Cl)2Na(THFY (Ln=Y, Er, Yb, Lu).
Recrystallization of the yttrium and ytterbium complexes
from a wet THF/toluene solution gave the ionic compounds
[LNCl2(THF)5][nido-C2BgH12] (Ln=Y, Yb). Reaction
of (T]S-CngHll)Ln(TH F)2(|.L-C|)2Na(TH Fb (Ln =Y,
Yb) with Nag[nido-7,8-GBgH11] in @ molar ratio of 1:1
in THF afforded the full-sandwich lanthanacarboranes
[(n®-C2BgH11)2Ln(THF);][Na(THF)2] (Ln =Y, Yb).

2.2. Cyclopentadienyl complexes

Evans et al[10] investigated the utility of electrospray
mass spectrometry for the characterization of air-sensitive
organolanthanides and related species. They investigated a
wide variety of lanthanide complexes, including divalent and
trivalent compounds, neutral and cationic species and com-
plexes with cyclopentadienyl as well as alternative ancil-
lary ligands. The spectra are sensitive to the composition of distortion Fig. 4). One of the pyrazolyl ringsisrotated in such
the complex and the oxidation potential of the lanthanide away as to bring both pyrazolyl nitrogens in bonding contact
ion. The [CELN][BPh4] (Ln=Nd, Sm, Y, Tm) complexes  with ytterbium, while the other two pyrazolyl moieties inter-
form the solvated parent ions [@m(MeCN),]*, whereas act in the normal way (lone-pair donation from 2-N). This
[Zr2(O'Prg]LnCp (Ln=Sm, Yb) form the unsolvated par- is evidenced by the large ¥iN12-N11-B torsional angle,
ent ions{[Zr2(O'Pr)g]LnCp}*. [CpsLn(MeCN),]* ions are 75.3(3), compared with 14.9(3)and 14.3(3) for the other
also observed in the spectra of Lp(CzHs) (Ln=Sm, Y) two pyrazolyl ringg11].
and CgLn(THF), (Ln=Sm, Eu, Yb). [CALn(u-)(THF)2]2 Barbier-Baudry et al[12] reported the synthesis of
(Ln=Sm, Yb, Eu) and L(THF), (Ln=Sm, Yb, Eu) gave the first half-metallocene bis(borohydrides) of lanthanides
differing sets of ions, depending on the specific metal. and actinides §cheme % They also determined the first
The spectra of dinuclear compounds, Cp(THF),]2(COT) structures of half-metallocene bis(borohydrides) of the lan-
(Ln=Sm, Yb), were also investigated. thanides. Reaction of the tetraisopropylcyclopentadienyl
sodium salt GH!PryNa with Ln(BHs)3(THF)3, Ln=Sm, Nd,
at room temperature afforded the analytically pure mono-

Fig. 4. Perspective view of (TRMe)Yh(CsH4SiMes).

2.2.1. Mono(cyclopentadienyl) complexes

Takats and co-workerfd 1] published the synthesis and
characterization of mixed pyrazolylborate/cyclopentadienyl
derivatives of divalent lanthanides. Reaction of
[(TpB-MeyypH], (TpBU“Me=hydrotris(3ter-butyl-5-me-
thylpyrazolyl)borate) with cyclopentadiene Hds) and
trimethylsilylcyclopentadiene (§HsSiMes) resulted in the
formation of the corresponding mixed-ligand complexes
(Tp BY-Meyyp(CsH4R) (R=H, SiMe) in quantitative yield.
The complexes were characterized by multinuclear NMR
spectroscopygcheme R

The complex (TP“Me)Yb(CsHsSiMes) was charac-
terized by single-crystal X-ray diffraction. This complex
consists of well-separated monomeric units withm
CsH4SiMes ring, but the Tﬁa‘”"\"e ligands exhibit an unusual

cyclopentadienyl complexes é8:Pr;)Sm(BHs)>(THF) and
(CsHPr)Nd(BH,4)2(THF) in 50-60% yield Figs. 5 and §
These complexes are thermally stable and melt without de-
composition around 17CC.

The same authors also synthesized a new half-metallocene
derivative of uranium, which is described in Secti®a.1

Ln(BH,);(THF)

:

(CsH'Pry)Na (CsH'Pr,)Ln(BH,),(THF)

Ln =Sm, Nd

Scheme 4. Synthesis of the complexesH®r;)Ln(BH4)2(THF).
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Fig. 5. ORTEP view of the complex (B’ Pr;)Sm(BHy)2(THF).

Xie and co-workers[13] synthesized the mono-, di-
and trianion of the compound ME(CsHs)(C2B1oH11)
(Scheme i [Me2C(CsHa)(C2B1oH11)] ™, [Me2C(CsHa)
(C2B10H10)]%~ and [M&C(CsHa)(nido-C2B1oH11)]3".

Fig. 6. ORTEP view of the complex §EI'Pr;)Nd(BHg)2(THF).

Reactions of Ln@ with the monoanion in molar
ratios of 1:1, 1:2 and 1:3 generated the mono-, bis- and
tris-ligated organolanthanide compoun@s-Me>C(CsHa)-
(C2B1oH12)ILNCI2(S),, ((S) = (THF)3, Ln=Er, Sm, (§)=
(DME)2, Ln=Nd) [n°-Me2C(CsHa)(C2B10H11)]2SmCl
(THF), and |®-MezC(CsHa)(C2B10H11)]3SmM0.5CHs,
respectively $cheme &

Reaction of LnCG with 1 or 2equiv. of the di-
anion gave the same compoundgmnY:c-MexC(CsHg)
(CzBloHlo)}an][Li(DME) 3], Ln=Sm, Ybh.

Treatment of f)2:m8-Me>C(CsH4)(C2B1oH11)]Er(THF),
with excess Na metal gave the first organolanthanide com-
pound containing am’-carboranyl ligand {[n°:n’-Me;,
C(CsHa)(C2B1oH11)]Er}2{Nas(THF)o}],  (Scheme ).
In the case of dysprosium, {[l°m’-MexC(CsHa)
(CzBloHll)]Dy}z{Na4(THF)9}]n was isolated in a
“one-pot” reaction of Dy and the monoanion in the
presence of excess Na metal. Treatment ffndm’-
Me2C(CsHa4)(C2B1oH11)IEr} 2{Nas(THF)o}],, with 2 equiv.
of ErCls in THF gave the novel tetranuclear cluster
[{n®m’-MexC(CsH4)(C2B10H11) }Er2(p-CI)(THF)3]2, in
which the EP* ions replace all N& ions in the
complex.

All these compounds were fully characterized by various
spectroscopic data, single-crystal X-ray analyses and elemen-
tal analysesKigs. 7-1).

Shen and co-workerd 4] successfully synthesized neu-
tral heteroleptic diphenylamido complexes of ytterbium:
(MeCsH4)2YbNPh(THF), (BuCsHg)2YbNPh(THF) and
Cp5YbNPhy. The complexes were obtained by the reaction of
ytterbocene chlorides with NaNPm THF or THF/toluene
at 0°C (Scheme B
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N Li = i
1.
n s
a 2 "BuLi Li » Q\C
toluene/Et,0 2. NH,CI/H,O S

Scheme 5. Synthesis of the neutral ligandbRECsH5)(C2B1oH11).

H g

Na* @ ve ECh  Me 7 % ATHF

H NaH /C Me™ Na; —_—" M~ ;. ~THF
— | /A )
: %1

- e
2 n-BuLi - @\ Li HMe Me \excess Na
C

\

.‘ ¢
/] @ \@ ErCly(THF), Qs:m
; ] e Drcsst,

Nay C
Na~

Scheme 6. Formation of Na[ME(CsH4)(C2B1oH11)]Na, Lizx[Mez-
C(CsH4)(C2B10H10)], and Na[Me,C(CsHa)(nido-C2B1oH11)]-

2 Na

The crystal structures of (MeEl4)2YbNPh(THF)
and CEYbNPh were determined by X-ray diffraction
analysis Figs. 12 and 13 respectively). The complex
(MeCsH4)2YbNPh(THF) has a distorted tetrahedral ar-
rangement around ytterbium by two Mg, groups, one
oxygen atom and one nitrogen atom.

The crystal structure of the complex fbNPh, is mono-
clinic (space grougP2;/n) and shows a triangular array of Yasuda and co-workergl5] published the synthe-
two Cp -ligands and one nitrogen atom surrounding ytter- sis and crystal structures of samarium complexes in-
bium with additional intramolecular Yim2-Ph chelate inter-  corporating bridged CpSiMesallenyl/propargyl ligands
actions. (Cp =(Me3Si)2(CsH2)) (Scheme ¥

Scheme 7. Formation of the tetranuclear clusteffn}n’-Me,C
(CsHa)(C2BagH11)]Er}2{Nas(THF)o .-

Fig. 7. Molecular structure of>-Me;C(CsH4)(C2B1oH11)]2SMCI(THF .
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Fig. 9. Molecular structure ofds—MeZC(C‘gH4)(CgBloHll)sz(THF)z].

tained by the reaction of the dilithium salt of thegShsub-
stituted ligand [(MgSi)2(CsHz3)]SiMe,CH,C=CSiPh with
. i SmCk (Scheme 11
S_Ig'(tolﬁérﬁ?_lecwar structure - of 1f-MezC(CsHe)(CzB1oHra)]sSm A conversion of the bonding mode fromt-propargyl
to n3-allenyl was observed by removing the coordinated
TMEDA molecule on the Sm center and exchanging two
The complex {[(Me3Si)2(CsH2)]SiMey(m3-C=C=C anions for two iodide anions in the compld(Me3Si),

[H]SiMe3)}SmChLi(TMEDA), (TMEDA=N,N,N',N- (CsH2)]SiMez(nt-CHC=CSiPh)} Sm(TMEDA)[Cl,Li-

tetramethylethylenediamine) was obtained by the reaction of (TMEDA)] (Scheme 12ndFigs. 14 and 1p

a dilithium salt of [(MgSi)2(CsH3)]SiMexCH,C=CSiMe; Fedushkin et al[16] published new half-sandwich com-

with SmCk (Scheme 1 plexes of lanthanum(lll) and ytterbium(ll). The ligand is a
An n!-propargyl complex{[(Me3Si)2(CsH2)]SiMex(n!- 1.5:1 mixture of isomeric 1,2- and 1,3-disubstituted with two

CHC=CSiPh)}Sm-(TMEDA)[CL,LiI(TMEDA)], was ob- dimethylaminoethyl side chain§¢heme 1B

041
042
Nw'e
02437 02
Na3 o
0 No
B2S
- B2B2SNCB32 =
2 LA S
B “%??ﬁ T /f
() 79 ‘I8
) N !

23 \Q' (-“\ 1 :
C23X ¥ B (.,:
C26 .m- . ¥

ASEF2 22
C27 X =
)Cc30
=3\
C28 Vi
€28

Fig. 10. Molecular structure of [1°:m7-MexC(CsH4)(C2B1oH11)]Er}2{Nag(THF)g}1,..
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Fig. 11. Molecular structure of[n®:m"-MexC(CsH4)(C2B1oH11)] YEr2(ju-
CI)(THF)3]2.

THF/toluene Cp, YbNPh,(THF), + NaCl

Cp', YbCI(THF) + NaNPh , —

Cp'=MeCsHy, 'BuCsHy, n =1
Cp'=CsMes,n=0

Scheme 8. Synthetic routes to the complexes (M&>YbNPh(THF),
(‘BuCsHa)2YbNPh(THF) and CYbNPh.

Fig. 14. ORTEP view of the compleX[(MesSi)2(CsH2)]SiMex(nS-
C=C=C[H]SiPts)}Sm[l,Li(TMEDA)].
Fig. 12. ORTEP view of the complex (MgB4)2 YbNPh(THF).

Me;SiSiMeg Ve
3
L®  [®OcH,c=CcsiR, 2\ |
: SICH,C=CSiR,

Me,SiCl, - >
Me;Si

R = Me, Ph

Scheme 9. Synthetic route to the formation of the bridgedSiile,allenyl/propargyl ligands.



J.-Y. Hyeon et al. / Coordination Chemistry Reviews 249 (2005) 2787-2844 2795

Me,Si,
Me;Si 1. 2 n-BuLi /@'ﬂmu AN f
\F \ TMEDA/THF I/,, g _cl / \
[ Si—CH,C=CSiMes ————————— ™
P | 2. SmCly \ N
MC}Si (,I—I l
QIML;
or
Me;Si.

siMe; N/

,,” /@\-/u\ /
s

WV

SiMey /|

Scheme 10. Formation of the complg{Me3Si)2(CsH2)]SiMez(n3-C=C=C[H]SiMe3) } SmCkLi»(TMEDA),.

MC;SL
MesSi 1. 2 n-BuLi SiMe; \]\{
’».\/ | TMEDA/THF , \, O,/
Si—CH,C=CSiPhy —————» AN '~
e | 2. SmCl, v /\ o N,
Me;Si _N\__J
I
SiPhy

Scheme 11. Formation of the complg{Me3Si),(CsH2)]SiMe;(n!-CHC=CSiPh) }Sm-(TMEDA)[Cl,Li(TMEDA)].

Me;Si,
SiMe; N/
\ /
i (Me3Si);CLi/Lil g s >Liy
MesSly o A
/@SiMe«, N/ toluene —_—
\ SiPh;,
n Cl~ \
,Sl SITI\ / L i
NN
“N\_JN Me;Si,
” (Me,Si),CHLI /@\'Sih’[eg \Nr \N P
i -~ SiMey o~
SiPhy m‘ nd "~ sicu LB
& x/\ SsiMe; N7 ONT
SiPh,

Scheme 12. Conversion of the bonding mode front-propargyl to m3-allenyl complex in {[(Me3Si)(CsH2)]SiMes(nt-CHC=CSiPh)}
Sm(TMEDA)[CI,Li(TMEDA)].

Addition of Lalz(THF)3 to the mixture in THF causes crystals Fig. 18. The non-crystallizing 1,3-isomer left in

the formation of the half-sandwich complexes’fntini- solution reacts with CiNa forming the polymeric mixed-
CsH3(CH2CHaNMes)o-1,2]Lab(THF)  and  [°mtim?t- metalloceneite complex Scheme 15
CsH3(CH2CHaNMe)o-1,3]Laly(THF) (Figs. 16 and 1) The reaction of §%mlint-CsHz(CH.CHoNMe)),-
which can be successfully separated because of theirl,2]YI(THF), with Cp'K or (CsH4'Bu)Na results in the
different crystal shapesStheme 1% formation of the sandwich complexeg’n’:n!-CsHz(CH,

The ligand isomeric mixture reacted with YTHF), to CHoNMe»),-1,2]YbCp  and  |®mtimi-CsH3(CH2CH,
form only [n°:m1:m1-CsH3(CH2CHaNMes)»-1,2]YI(THF) NMe>)2-1,2]Yb(m>-CsMe4'Bu), respectivelyFigs. 19-2).
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+ protropic shift
isomers

KH, THF,
H,

NMe

Scheme 13. The mixture of isomeric 1,2- and 1,3-disubstituted cyclopenta-
dienyl ligands.

Fig. 15. ORTEP view of the compleX[(MesSi)2(CsH2)]SiMex(nS-
C=C=C|H]SiPhs) }SmCICH(SiMeg)[Li(TMEDA) 5].

Fig. 16. ORTEP view of the complexP:n:m-CsHz(CH2CHaNMey),-
1,2]Laly(THF).

J.-Y. Hyeon et al. / Coordination Chemistry Reviews 249 (2005) 2787-2844

Fig. 17. ORTEP view of the complexP:nt:n1-CsHs(CH.CHNMey),-
1,3]Lab(THF).

The novel compounds have been characterized by elemen-
tal analysis, NMR spectroscopy and mass spectrometry.

Cai and co-workerqg17] synthesized mono(tetrahyd-
rofurfurylcyclopentadienyl)lanthanide dichloride and bis-
(tetrahydrofurfurylcyclopentadienyl)lanthanide chloride co-
mplexes. The bis(tetrahydrofurfurylcyclopentadienyl)lan-
thanide chloride complexes are mentioned in Seci@n2
The mono(tetrahydrofurfurylcyclopentadienyl)lanthanide
dichlorides were formed by the reaction of lanthanide
trichlorides with 1equiv. of tetrahydrofurfurylcyclopenta-

K+
Me,
Lal3(THF); + 1,2 and 1,3-isomers
NMe,
THF

-KI

Scheme 14. Formation of the half-sandwich complexes:r'in!-
CsH3(CH2CHaNMep),-1,2]Lalk(THF)  and  [1%:mtint-CsH3(CH2CH;
NMey)2-1,3]Lalk(THF).
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Fig. 18. ORTEP view of the complex;P:nt:n1-CsHs(CH.CHNMey),-

1,2]YI(THF)s.

Ybl,(THF), +

THF
-KI

Cp*K, THF
-KI

Scheme 15. Formation of the polymeric
CsH3(CH2CHaNMes),-1,3)ICP .

+

2797

Fig. 19. ORTEP view of the complexP:n:m-CsHz(CHCHaNMey),-
1,2]YbCp .

\

Me,

1.2 and 1,3-isomers

A1

THFE |

in situ Cp*Na, THF
v
Na-"

n

mixed-metalloceme complex {Na[uz-(m°>ntm-CsHa(CH2CH2NMez),-1,3)ICP Yb[pa-(n®:mtint-
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Fig. 20. ORTEP view of the complexP:n:im-CsHa(CHCHaNMey),-
1,2]Yb(n>-CsMe4'Bu).

dienyl (Cp) sodium salt in THF to give GnCly(THF),
(Ln=Dy, Ho, Gd) Scheme 15

The complex CfDyCly(THF), reacts with 1equiv. of
CpNa to yield the mixed-ring complex [EPpDyCl],. The

LnCly(THF) + NaCp® ——» o
-NaCl

Ln = Dy, Ho, Gd

Scheme 16. Formation of the complexes’IGCl>(THF), (Ln =Dy, Ho,
Gd).

Ephritikhine and co-workerg18] synthesized mono-
cyclopentadienyl neodymium complexes. Nd(B&{THF)3
reacts with CPpK and KC;Me4P to give the organometal-
lic derivatives (CP)Nd(BH4)2(THF) and [K(THF)]
[(C4Me4P)RNd(BHg)2]. Similarly Nd(BH4)3(THF)3 reacts
with KoCOT to give a mono(cyclooctatetraenyl)neodymium
complex, which is discussed in Sectidr.

De Oliveira and co-worker§l9] presented the synthe-
sis and characterization of chloro(vinylcyclopentadienyl)-
lanthanide complexes. Vinylcyclopentadienyl lithium was
added in different molar ratios [Lng]t[Li(C sH4CH=CH)]
of 1:1 or 1:2 to LnC} (Ln=La, Sm, Eu, Gd, Dy
and Er) to give mono(vinylcyclopentadienyl) complexes
of the type Ln(GH4CH=CH,)Cl, and for neodymium
and terbium the bis(vinylcyclopentadienyl) complexes
of the type Ln(GH4CH=CH,),Cl. The reaction of
bis(vinylcyclopentadienyl)mercury(ll) with powdered dys-
prosium in THF afforded the tris(vinylcyclopentadienyl)-
dysprosium complex Dy(§H4CH=CH,)3. All compounds

complexes were characterized by elemental analysis, IR andwere characterized by elemental analysis, complexomet-

mass spectroscopy.

C20

ric titration with EDTA, argentometric and thermal anal-

Fig. 21. ORTEP view of the polymeric mixed-metallocenge complex {Na[uz-(n®m1m-CsH3(CH,CHaNMe;),-1,3)ICP Yb[pa-(m>mtint-

CsH3(CH2CH2NMey)2-1,3)]CF 1.



J.-Y. Hyeon et al. / Coordination Chemistry Reviews 249 (2005) 2787-2844 2799

CoHgYD(THE), + szu —_— ’," , +CoHg +H,
L —7

7.= CH,CH,, CH,CH(ME),
CH,CH(CH,OBu), SiMe,

E=0,BuN

L= THF, DME

Scheme 17. The reactions of ytterbium naphthalenggH§) Yb(THF)y,
with chelating bifunctional cyclopentadienyl ligands.

SiMe,NHCMe,R

H

NF———I‘“““"”'I'HF

Fig. 22. ORTEP view of the complex of 1jf:n!-CsMesSiMe,-
NCMeR)Yb(u-H)(THF)]2.

Ln(CH,SiMes)5(THF),

-2 SiMey RMe,C i i - '
2 CH,SiMe; tane solution with 1 equiv. of (§MesH)SiMeaNHCMexR
R=Me, R=Et (R=Me, Et) at OC, the new complexes nP:m!-
Ln=Lu, Yb CsMesSiMeaNCMe;R)Ln(CHz SiMes)(THF) were formed

(Scheme 18

The complexes were characterized by elemental analysis
and*H, 13C, 2%si, and3!P NMR spectroscopy.

Both the lutetium and ytterbium alkyl complexes were
ysis, magnetic susceptibility and vibrational spectra in subjected to hydrogenolysis with dihydrogen or with phenyl-
the IR. silane in pentane at room temperature to give the dimeric

Bochkarev and co-workerf@0] published a convenient  hydrides [(%m!-CsMesSiMe;NCMe;R)Ln(w-H)(THF)]2
synthetic route to half-sandwich complexes of divalent ytter- (Ln=Lu, Yb, Y). Because of the thermal instability of the
bium. Reactions of ytterbium naphthalengg8sYb(THF),, alkyl complexes of lutetium and ytterbium, it proved advan-
with 2-cyclopentadienylethanol, 1-cyclopentadienylpropan- tageous to prepare the hydride complexes in a one-pot proce-
2-ol, 3-cyclopentadienyldimethylsilykrr-butylamine were  dure without isolating the alkyl complexeS¢heme 1%nd
studied. The bivalent ytterbium complexes with chelating Fig. 22.
bifunctional cyclopentadienyl ligandsv{f-CsHs)CH,CH, When the dimeric lutetium and yttrium hydrides are

Scheme 18. Formation of the complexap:f1-CsMesSiMe;NCMesR)
Ln(CH,SiMes)(THF), Ln=Lu, Yb.

(-O)IYB(THF),  [(m®-CsHs)CH2CHa(n!-0)]Yb(DME),
[(n°-CsHs)CH2CH(Me)(n*-0)]Yb(THF), [(n°>-CsHs)CH;
CH(CH,OC4Hg)(m*-0)]Yb(THF), and [{°-CsHs)SiMes

treated with excess PMgexchange against THF occurs
(Scheme 2@&ndFig. 23 [21].
By mixing equimolar amounts of the lutetium and yt-

(m*-N(‘Bu))]Yb(THF) were obtained and characterized trium hydrido complexes in§Dsg, the mixed complexes were
(Scheme 1y formed in a statistical 1:2:1 mixtur&¢heme 2)1[21].

Okuda and co-worker§21] investigated the synthesis The dimeric chloro complex {f:n!-CsMesSiMe-
and characterization of dimeric hydrido complexes of lan- NCMe;R)Y (u-CI)(THF)]2 could be synthesized by allow-
thanides containing a linked amido-cyclopentadienyl ligand. ing in situ formed “Y(CHSiMes),CI(THF),” to react with
When the tris[(trimethylsilyl)methyl] complexes of lutetium  the amino-cyclopentadiene {fesH)SiMe;NHCMezR in a
and ytterbium, (CHSiIMes)sLn(THF),, were treated in pen-  o-bond metathesiR1].

(|:Mc2k
THE \\N\‘;-M .
Me,Si %H\' \\\\\\\\\ SiMe,
H, (4 bar) or PhSiH;  Me;Si W _ L
2 | _ S W W \&
N—" L g : - 1\IJ THE
/ -SiMe, CMesR
RMe,C , 2
- CH,SiMe;
Ln=Lu, Yb Y

Scheme 19. Formation of the dimeric hydrides complexgs{(t-CsMesSiMesNCMexR)Ln(j.-H)(THF) .
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CMe,R
THF  WN-~g;
H AW SiMe, H
Me,Si 1 n/ \I'n‘\\\\\\ +2 PMe; Me,Si I 11/ \I I
M o M
N b H _— N\ \“\\\\\‘“ A HT S \N - SiMe,
T THF +2 THF Tl*f PMe;  PMe,
CMe,R CMesR CMeyR

Fig. 24. ORTEP view of the complex §8mCl.

Fig. 23. Molecular structure of the ff:n'-CsMesSiMesNCMexR)
Lu(PMes)(p-H)]2.
In the complex CPSmCI the Sm atom is surrounded by
CMe;R two Cp’ rings, one chlorine atom and two oxygen atoms of
| the side chain to form a distorted trigonal bipyramid. The
coordination number around the central metal j§H.
Treatment of the complex GBmMCI with 1equiv.
of NaPzMe (PzMe =3,5-dimethylpyrazolate) forms
CpSmPzMe (Fig. 25. X-ray structural analyses show

7 N ..
AN I=SiMe,

Lu+Y

Scheme 21. Equilibration reaction of lutetium and yttrium hydrido
complexes.

2.2.2. Bis(cyclopentadienyl) complexes

Barbier-Baudry et a[22] published a conclusion of stud-
ies relating the stability of lanthanide hydrides including the
bis(cyclopentadienyl)lanthanide hydride8({CsHz)>SmH
and (BuCsHg)>NdH.

As mentioned in Sectiof.2.], Cai and co-worker§l7] 8
synthesized bis(tetrahydrofurfurylcyclopentadienyl)lantha-
nide chloride complexes with Ln=Sm, D$¢heme 22nd

Fig. 249).

LnCly(THF), + 2NaCp® ——
-2 NaCl

Ln =Sm, Dy Cl/(ﬁ

Scheme 22. Formation of the complexesOrCl (Ln = Sm, Dy). Fig. 25. ORTEP view of the complex §8mPzMe.
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- M+

THF

PR,

R =Ph, 'Bu, 'Pr
M=Li

‘ 1/2 Li,PPh

THF

Fig. 26. ORTEP view of the complex §6,CH,CH,PMe,),YCI.

Scheme 23. Synthetic route to lithium phosphanoethylcyclopentadienyl adducts. The complexes &gmCI(PPh) (Ln=La, Nd, Eu,
derivatives. . .

Yb, Lu) were characterized by elemental analysis and IR
spectroscopy.

Karsch et al[24] published phosphanoethy! substituted

PR, cyclopentadienyl lanthanide complexes of typgOpX. The

e TR ] reaction of M[GH4CH2PRy] (R =Me, Cy,’Bu, Ph; M= Li,

2 m* F T X ’ K) with LnXs3 (Sc, Y, La, Lu, X=CI, CRSO5~) afforded
3(S¢, Y, La, Lu, ,
bis(cyclopentadienyl) metal complexe&scheme 2B

Two equivalents of lithium phosphanoethylcyclopentadi-
enide reacted with Sc, Y, La, Lu to give monomeric, solvent-
free complexesgcheme 24andFig. 26).

According to X-ray studies, the central lanthanide
Scheme 24. Synthetic routes to bis(phosphanoethylcyclopentadienyl) atom Is surroqnded in a trigonal-bipyramidal geome-
lanthanide complexes. try by two axial phosphano groups and two equato-

rial cyclopentadienyl groups with the third equatorial site
that the complexes GBmCI and CSmPzMe are un- occupied by the halide ligand. Using the dianionic lig-
solvated monomers. In the latter complex, the Sm atom and Lip[(CsH4CH>CH2)2PMe] phosphano-bridgednsa-
is coordinated by two Cprings, two nitrogen atoms of  metallocene derivatives [¢E14CH,CH2),PMe]Ln (Ln=Y,
3,5-dimethylpyrazolate and two oxygen atoms of the side Lu; X=CI~, CRS0O;™) were isolated. The complexes are
chains in a distorted tetragonal—bipyramidal geometry. The soluble in toluene, monomeric and free of coordinated sol-
coordination number at the Sm atom is 10. The strong vent ligand424] (Scheme 2h
intramolecular chelating coordination and the high steric ~ Lappert et al[25] synthesized the ytterbocene(lll) iodide
crowding result in a lower activity of G$mPzMe towards [(m®-CsH3(SiMe3)»-1,3)LYbI(THF). The complex was ob-
methylmethacrylate polymerizatigh7]. tained by the reaction of 2 equiv. of NajB3(SiMe3)2-1,3]

De Oliveira and co-workerg23] presented the syn-  with Ybl3(THF)2, which was obtained from Yb metal and an
thesis of a series of organolanthanide triphenylphosphaneexcess of (ICH), in THF (Fig. 27).

R =Me, Ph, ‘Bu,Cyr R,P
M =Li, K

Ln=3S8c, Y, La, Lu

X =Cl, Br, 0;SCF;

I\If‘[e
F
| e x THF
L[lX_‘g + N .
LiCl

Ln=Y,Lu
X =Cl, CF;804

Scheme 25. Formation of the phosphano-bridged-metallocene complexes.
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si1 CB8
C6

c21

Fig. 27. Molecular structure offf-CsHz(SiMes)2-1,3)L YbI(THF).

The heterobimetallic complex +§f-CsHs(SiMes),-
1,3 Yb(p-Cl)2Li(THF)2] was formed with YbG and
Li(m°-CsH3(SiMes)2-1,3) (Fig. 29.

Furthermore, the ytterbium(ll) complex 1ff-
C5H3(SiMe3)2-1,3)]Yb(OAI’)(THF)x (OAI’ZOCGHZIBUZ-
2,6-Me-4) was obtained during the reaction of either
Na[CsH3(SiMes)o-1,3]  or  [(°-CsHa(SiMes)2>-1,3)k
Yb(THF) with (OAr)Yb(THF);. The complex [°-
CsH3(SiMes)2-1,3)]Yb(OAr)(THF), was characterized by
1H and1’2Yb NMR spectroscopy.

Xie and co-workers [26] synthesized the an-
ionic heterometallic dichlorolanthanocene complexes
[(Megsi)2C5H3]2Ln(}L-C|)2Li(THF)4 (Ln:Er, Yb) and
[(Me3Si)2CsH3]2Yb(-Cl)2Li(THF)2 (Scheme 2B

Treatment of LnG with 2equiv. of C{Li
(Cp’ =(Me3Si),CsH3) in THF gave the ionic compounds
[((Me3Si)2CsH3)2Ln(p-Cl)2][LiI(THF) 4] (Ln=Er, Yb) in
good yields. Recrystallization of the ytterbium complex from
toluene afforded thete-compound [(MgSi),CsH3]2Yb(j-
Ch,Li(THF), (Figs. 29 and 3p

J.-Y. Hyeon et al. / Coordination Chemistry Reviews 249 (2005) 2787-2844

C25

Fig. 28. Molecular structure and atom-labeling scheme of®-[(
CsH3(SiMes)2-1,3) Yb(p-Cl),Li(THF) 2]

the Lr#* ion ism°-bonded to two Chligands and two termi-
nal chloride ions in a distorted tetrahedral geometry. The av-
erage distances are 2.66743’3&1 the erbium and 2.641(30&

in the ytterbium complex. The average-@l distances of
2.563(1)A in the erbium and 2.546(3 in the ytterbium
complex are comparable to each other if Shannon’s ionic
radii are taken into accouf@26].

The YB** ion is m°>-bonded to two cyclopentadienyl
rings ando-bonded to two doubly bridging chloride ions
in a distorted-tetrahedral geometry. The-€b—Cl angle of
84.89(3)& is smaller than that in CfNd(uw-Cl)>Li(THF),
but is significantly smaller than that of 102.77(3n
[{(Me3Si),CsH3}2YDCIL][Li(THF) 4] probably owing to the
bridging unit Yb(.-ClI),Li that forces the GFYb—CI angle
to be smallef26].

Lappert and co-workers[27] synthesized the bis
(substituted) cyclopentadienyl lanthanide(lll) halides
[CPRLN(n-C]z (Ln=Pr, Nd, Sm, Dy, Tb, V),
[CPiLn(n-X)]2 (X=Cl, Ln=La, Nd; X=I, Ln=Tm),
[(Cp§/SiMe2)Nd(pu—Cl)]2 and the bis(substituted cyclopen-
tadienyl)lanthanide(ll) complexes @pn(THF)z (Lh=Sm,

The complex consists of well-separated, alternating layersEu, Yb), CBYb(THF),, CELn(THF), (Ln=Sm, Yb),

of discrete tetrahedral anions [EmCl,]~ and tetrahedral
cations [Li(THF)}]* in a typical ionic lattice. In the anion,

THF

CpiLn(Ln=Sm, Eu, Yb), CpYb, CgiLn (Ln=Sm, Yb)
and (CI¥ SiMe2)Yb(THF), (CpR =m3-CsH4[CH(SiMes)2],

toluene

Cl
2 CpLi + LnCl;——= [Cp",LnCL][Li(THF),] ——— Cp"an< /L1(THF)Z
Cl

Ln=Er. Yb

-2 THF

Ln=YDb

Scheme 26. Formation of the heterometallic dichloroytterbium complex.
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Fig. 29. ORTEP view of the molecular structure of [Li(THK§(Me3Si),CsHz)2YbCI,].

Cpl =m®-CsH4(SiMey'Bu),  Cp!=n>-CsH3(SiMey'Bu),- in Section2.2.5 The bis(tetraiso-propylcyclopentadienyl)
1,3, C =1°-CsH3[CH(SiMes)»-3]) from the appropriate ~ Samarium complex is obtained from the reaction of 2 equiv.
LnCls, Tmls, Lnl, with the selected sodium or potassium of NaCp" with Sm, (Fig. 34andScheme 2

cyclopentadienidesSchemes 27 and 28 The Sm-Cp* distances_are 2.5, which is equiva-
The molecular structures of [@Nd(M-CD]z. [Cptthm(pL— lent to that in CgSm (2.53A) and the triple—deckeg com-

]2, and (Cf¥ SiMe2)Yb(THF), have been determined by  plex (GMe;R)Sm(COT)Sm(6MesR) (2.51 and 2.4 for

single-crystal X-ray diffraction studie§igs. 31-33. Sm-Cp). The Cp-Sm-Cp angle is 152 which is larger than
The complexes were characterized ¥y, 13C, 2°Si and in the permethylated analogue.

17yph NMR spectroscopy, elemental analysis and mass spec- Deacon et al[29] published oxidative synthetic routes

trometry. leading to pyrazolates and pseudo-pyrazolates of lan-

Visseaux et al.[28] synthesized base-free metal- thanides. CpYb reacted with TI(Phpz) and Tl(azin)
locenes of samarium and neodymium, using tétwa-
propylcyclopentadienyl as the ligand. The mixed metal-
locenes COTSmMCH and COTNACAH will be discussed

Fig. 30. ORTEP view of the molecular structure of [(3M&),CsH3]2Yb(j-
Cl)2Li(THF)». Fig. 31. ORTEP view of the molecular structure of @Nﬂ(val)]z.
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(Me;$i),HC. LHGIMey),
x 1. THF
2LnCl; +4KCp™ ———
2. sublimation /Cl\ / +4 KCI
(280-310 °C) b~
SR>
Ln = Pr, Nd, Sm, Dy. Tb. Y § <17
(Me;8i),HC CH(SiMe;),
"BuMe,S$i SiMe; Bu
« 1. THF
2LnCl; +4KCpW ——
imati cl SiMe,'B
2. sublimation BuMe,Si ]‘n/ \] / iMe,'Bu
g - n SiMe, Bu
'BuMczSiQ\
Ln=1La, Nd SiMe, Bu
SiMe, Bu
+ 4 KCl
BuMe,Si_ _:_._x;iMc;Bu
. L THF
2Tml; +4KCp™ ——
s . 1 S'M‘q"[}
2. sublimation BuMe,Si Tm/ \Tm/ iMe,'Bu
g T~ y SiMe, Bu
’BuMczSi%\
SiMe, Bu
SiMe, Bu
+ 4 KI

Scheme 27. Synthetic routes to the complexegmM—Cl)]z (Ln=Pr, Nd, Sm, Dy, Th, Y), [C§Ln(M—X)]2 (X=CI, Ln=La, Nd; X=1, Ln=Tm).

I. THF
2 NACI; + 2 K,[CsHy (CH(SIMey),)-3-SiMey] ——— 4 KCL +

2. sublimation

(Me;8i)HC. LH(SiMe3)
Q/CI\ / .
Me,Si Nd Nd SiMe,
S~
(Me;Si),HC CH(SiMey),
or
Me,
Si
¢ (SiMe
(Me;Si),HC Nd/ ~ CH(SiMey),
N “H(SiMex
(Me;Si),HC ; \(-1/ dy CH(SiMez)>
Si
Me,

Scheme 28. Synthetic route to the complexes E(GiMez)Nd(pL-Cl)]z.
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Fig. 32. ORTEP view of the molecular structure of flTn(u.-1)] .

(Phppz =3,5-diphenylpyrazolate, azin=7-azaindolate) vyi-
elding CgYb(Phppz) and CjYb(azin) Scheme 3D

The X-ray crystal structures of Gb(Phppz) and
CpsYb(azin) show eight-coordinated monomers with the

Fig. 33. ORTEP view of the molecular structure of Qf}BiMeg)Yb(THF)g.

2805

Sm

c(12) c)

Fig. 34. ORTEP view of (CH)>Sm.

Cp ligandsym®-bonded to the ytterbium atom and the di-
aza ligand chelating edge-on through the nitrogen atoms
(Figs. 35 and 3p

Treatment of neodymium metal with TI(Rbe) yields
Nd(Phpz)3(DME)2, which is a nine-coordinate monomer
with threen?-pyrazolate ligands and one chelating as well as
a unidentate DME ligand.

Oxidation of CESm with [TI(1,4,2-BSbG'Buy))/
[TI(1,2,4-RC,'Bup)] (approximately 4:1) gave a mixture
of Cp;Sm(1,2,4-BC>'Bup) and CSm(1,4,2-BSbG'Buy).

The former was shown to be a nine-coordinate monomer

THF
Sml, + 2 NnCp‘“ —_— (Cpm)gSm

Scheme 29. Formation of the unsolvated metallocen&(£3m.

S .
Cp*,Yb + TIL. — = [Cp*,Yb(L)]+ TI
L =Ph,pz, S = DME; L = azin, S = THF

Scheme 30. Oxidation of Gb with TI(Phypz) and Tl(azin) to give
Cp;Yb(Phepz) and CyYb(azin).
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Fig. 36. ORTEP view of the complex G@b(Phxpz).

Fig. 35. ORTEP view of the complex Gpb(Phypz).

Castillo and Tilley[30] synthesized CfSmSiH com-
plexes viao-bond metathesis of the-St—bond of phenyl-

with novel pseudo-pyrazolatg?-(P»)-[1,2,4-R%C>'Buy] co- silane. Reaction of PhSiHwith the samarium complexes
ordination of the triphosphacyclopentadienide ligand. Af- [Cp;Sm(u-H)]. leads to redistribution at silicon, yield-
ter metathesis routes to Ln(1,4,28bG'Buy), com- ing benzene, silane, PRiH,, PhsSiH and dehydrocoupling
plexes failed, redox transmetalation between ytterbium products.

metal and TI(1,4,2-4EC,'Bup) (E=Sh, P) containing [Cp5SmSiH]3 is a rare example of a lanthanide silyl
a substantial impurity of [Li(tmeda)[1,4,2-BEC,'Bus] complex and represents the first example of an f-element-

yielded the first lanthanide diphosphastibacyclopentadi- SiHz derivative. This complex activates the-G bond of
enide complex in a mixture with 1,2,4€,'Bu, species dimethyl sulfoxide (DMSO) to form the bridged species

[29]. Cp;Sm(DMSO)0SiHOSM(DMSO)CJ (Scheme 3L The
2 PhSiH; CgHg + 1/2 Ph,ySiH, + 1/2 SiH,
H
%S ™~ \_/
172 (-P‘z‘*m< _SmCp* > 1/3[Cp*SmSit]s
H
o L L OP(NMe,);
Ph Ph,C=0 L=0P(NMey), ., o
P N Cp*,Sm T Cp*Sm
Cp*:Sm —0O \giH$ \Sin | week OP(NMe;,),
L = OPPh,
OP(NMe,),
Mel 65°C
L = OPPh, -SiH,
- PP -
OPPhy L = OFFh; /0\
Cp*QSm\/ Cp*; Sm PPh,
I
+ MeSiH;

Scheme 31. Reactions of PhSiltith the samarium complex [GSm(u-H)]2.
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Fig. 37. ORTEP view of the complex GBmOCPRSiHz.

hard Lewis bases BRO and HMPA (HMPA = (MeN)3PO)
react with the SmSiH3; complex to produce the base
adducts CpSmSiHs(OPPR) and CESmSiHs(HMPA), re-
spectively[30]. Fig. 37 depicts the molecular structure of
Cp;SmOCPRSIH3.

Schumann and co-workef31] synthesized two catalyt-
ically active samarocene complexes, 36m(Pr-carben)
and [(GMe4Et)>Sm(CH)AI(CH3)3]2, and investigated
their catalytic activity in the living polymerization of
mesogenic methacrylate§ig. 38. CpsSm(THF) reacts
with  1,3-diisopropyl-4,5-dimethylimidazoline-2-ylidene,

Cc19

2807

ﬁ_\imhf[h-'

\|< + n ,u’\l[\ric:;_b Sn/
X{}JO ’

- -2

CHy—+

Scheme 32. Formation of the heterobimetallic samarocene complex
[(CsMesEt),Sm(e-Me)Al(Me)s] 2.

C3NaMe,'Pr, (=/Pr-carben), under formation of em(Pr-
carben). The SAMC, C-C and the exocyclic NC bond
lengths are in the normal range.

The heterobimetallic complex [MesEt),Sm(e-
Me)Al(Me)s], is easily formed by the reaction of
the THF adduct of bis[(ethyltetramethylcyclopentadi-
enyl)]samarium(ll) with AlMeg [31] (Scheme 32and
Fig. 39.

Andersen and co-workef82] investigated the syntheses
of the base-free ytterbocenes B, (Me4CsH4)2Yb and
[1,3-(Me3C)2CsH3]2Yb. All these complexes have been pre-
pared from their diethyl ether adducts by the toluene reflux
method: a toluene solution must be refluxing vigorously be-
fore the system is exposed to dynamic vacu@ohgme 33
andFigs. 40 and 41

In order to get the ether-free ytterbocene derived from
(Me4CsH)2Yb(OED), the complex was dissolved in toluene
and crystallized slowly at-40°C [32] (Fig. 42.

Fig. 38. ORTEP view of the complex (;Sm(Pr—carben).
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Fig. 39. ORTEP view of the heterometallic samarocene compleM@zEt),Sm(.-Me)Al(Me)3]>.

toluene » i i . solid is observed. The solid can be recrystallized from hot
CpYDOBY) — oo (oY (= MesCs LI MeO,CoHty) toluene to give dark green needles in good yield. This
complex shows thermochroism: at lower temperatures the
Scheme 33. Formation of the complexes, €. complex is green and turns reversibly orange at 130
(Fig. 43.

Carboranes with smaller dipole moments likera-

The structures of these base-free molecules have been decarborane and 2-dimethyktho-carborane also form com-
termined by X-ray crystallography. The complexes exhibit plexes with CgYb, which are more soluble and can be
bent structures in the solid state with centroid—metal—centroid crystallized from hexane at25°C [32] (Fig. 44).
angles ranging from 1320 147. Cp;Yb forms complexes Shen and co-workerg3] published novel anionic lan-
with ortho-, meta- and 1,2-dimethybrtho-carborane. The  thanocene amide complexes. Treatment of (Me£),LnCl
sterically and electronically unsaturated ytterbium center in with NaNPh in THF afforded the supramolecular amide
this complex is expected to coordinate any molecule with complexes  [Na(THRY-1°m>-MeCsHa)2Ln(NPhp)2],
a permanent dipole moment. The dipole momenamako- (Ln=Sm, Er). Both complexes have an alternating
carborane is 4.31 Da. Whemtho-carborane and GjYb are Cp-Ln—Cp—Na chain structure, and each lanthanide atom
mixed in hexane, an immediate precipitation of a green is coordinated by twon®>-MeCsHy rings and two NPh

YbU1A)

Ci7A)

Fig. 40. ORTEP view of the base-free ytterbocene compleg/@p
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Fig. 41. ORTEP view of the base-free ytterbocene complex [1,3-
(Me3C)2CsHz]2Yb.

Fig. 42. ORTEP view of the base-free ytterbocene complex (i), Yb.

ligands, while Na is coordinated by twg-MeCsHg rings
and two THF ligands without interacting with the amido
ligands Gcheme 34ndFigs. 45-47.

Deacon et al.[34] investigated the solubility of bis-
(cyclopentadienyl)samarium(ll) in THF/ether mixtures. The

2809

C(20A)

cD

Fig. 43. ORTEP view of the complex Gb(o-H2C2B10H10).

Fig. 44. ORTEP view of the complex §¥b(o-Me2C2B10H10).

result of their investigation is that bis(cyclopentadienyl)-
samarium(ll), also obtained from the reaction of samarium
with CppHg, is not soluble in a THF:ether mixture. Deacon
et al. [35] also synthesized the bis(cyclopentadienyl)-
fluoroytterbium(lll) complexes [CpYbF]s, [(MeCp)-
YbFla, [CpYbF(OPHh)]2, and [(MeCp}YbF(THF)l.
Oxidation of bis(cyclopentadienyl)ytterbium(ll) with per-
fluoro(methylcyclohexane) or perfluorodecalin in DME
gave unsolvated [GYYbF]sz. The analogous reaction of
bis(methylcyclopentdienyl)ytterbium(ll) yielded unsolvated
[(MeCplYDbF]4, whereas in THF the fluorination reaction
provides [(MeCp)YbF(THF)]4 (Scheme 3pb

Treatment of (Cp)YbF(THF) with triphenylphosphane
oxide gave [CpYbF(OPH)]2 (Scheme 3p

X-ray structure determinations of these cyclopentadi-
enyl fluoro complexes showed that [£&fbF]s is trimeric
with formal eight coordination around ytterbium and a
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planar (YbF} ring, whereas [(MeCp)bF]s is an eight-
coordinated tetramer having a puckered (YpEhg with
F—Yb—F angles of 90 and Yb-FYb angles close to 180
Both [(MeCp)»Yb(THF)]4 and [CpYbF(OPPR)]; are nine-
coordinate fluoride-bridged dime}35] (Figs. 48-50.
Sitzmann et al.[36] published the synthesis of met-
allocenes of samarium, europium and ytterbium with
the especially bulky cyclopentadienyl ligands tet@(

Fig. 47. Unit cell of [Na(THF)(u-n®m3-MeCsHa)oLn(NPh)2],
(Ln=Sm, Er).

Fig. 45. ORTEP view of the molecular structure of [Na(Tk{)}m>:m°-
MeCsH4)2Sm(NPB)2],.

Fig. 48. The molecular structure of [@pbF]s.

propyl)cyclopentadienide, 4EI(CHMez)4~, tri(tert-butyl)-
cyclopentadienide, §H>(CMes)s~ and pentago-propyl)-
Fig. 46. ORTEP view of the molecular structure of [Na(Tb{fp}n®m°>- cyclopentadienide, £ECHMe)s™. Octagso-propyl)metall-
MeCsH4)2Er(NPh)2].,. ocenes of the lanthanides Sm, Eu, Yb can easily be obtained
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(MeCsH,),LnCl + 2 NaNPh, THE _  (1/n)[Na(THF),(MeCsH,),Ln(NPh,),],
3

-NaCl Ln=Sm, Er

Scheme 34. Formation of supramolecular amide complexes of samarium and erbium.

3 Cp,Yb(DME) + CjFg W 3 [Cp,YDbF]; + unsaturated fluorocarbons

4 (MeCp), Yb((THF) + C yF;g — 3 [(MeCp), YbF]; + unsaturated fluorocarbons

Scheme 35. Formation of new bis(cyclopentadienyl)fluoroytterbium(lil) complexes.

whereas for the decag-propyl)europocene axial sym-
metry with parallel five-membered rings has been found
[36].

Qian and co-workers[37] synthesized monomeric
lanthanocene aryloxide complexes of the type
Cp2Ln(OCy14H13NO) (Ln=Sm, Er, Dy, Y). The reac-
tion of tris(cyclopentadienyl)lanthanides with the tridentate
Schiff-base N-1-(ortho-methoxyphenyl)salicylideneamine
in THF at room temperature afforded the monomeric
lanthanocene Schiff-base complexesQOC14H13NO)
(Ln=Sm, Er, Dy, Y), which have been characterized by
elemental analysis and mass spectra. The X-ray determina-
tion of the complex Cgsm(0OG4H13NO) showed that the
complex is monomeric and the metal center is coordinatively
saturated by two cyclopentadienyl rings and two oxygens
and one nitrogen from the Schiff-base ligargtheme 40
andFig. 54).

Fig. 49. The molecular structure of [(MeGY)oF]s.

3 [Cp,YBE(THP)], + 2 Ph;PO — = 3 [Cp, YbF(OPPhy)], + 2 THE

Scheme 36. Formation of the complex [QfpF(OPPR)],.

from the diiodides of the corresponding rare-earth elements
(Scheme 3andFig. 57).

The hexafert-butyl)metallocenes (Sm, Eu, Yb) show no
tendency towards coordination of donor solvent molecules or
alkali metal salt$36] (Scheme 3&ndFig. 52.

The decaiso-propyl)metallocenes have been syn-
thesized from the metal and the free peita(
propyl)cyclopentadienyl radical36] (Scheme 39and
Fig. 53.

The three europocenes odtafpropyl)europocene,
hexagert-butyl)europocene and dec¢af-propyl)europocene
show fluorescence in daylight or under UV irradiation
(336 nm).

The europocenes ociag-propyl)europocene and
hexagert-butyl)europocene are bent sandwich complexes, Fig. 50. The molecular structure of [@pbF(OPPh)]>.
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Sm

— =
THF, 79 %

MI, +2Na* Eu - |
THF. 46 % M

Yb
e

THF, 69 %

Scheme 37. Synthetic routes to oéta{propyl)metallocenes (Ln=Sm, Eu, Yb).

The average Sw#C bond distance is 2.723(;?‘) while foIIowgd by the addition of 1equiv. of Na.Bd-ﬁnd further
those of the metal center to the Schiff-base oxygens and ni-refluxing for 3h yielded the complex bigt-iso-propyl-

trogen atoms are 2.232(4), 2.572(4) and 2.53A(4pspec- tetramethylcyclopentadienyl)samarium(lil)(tetrahydrobora-
tively [37]. to)(THF) (Scheme 4AndFig. 55.

Schumann et al[38] investigated the synthesis of The complex shows a distorted tetrahedral arrangement
lanthanidocene complexes involving tridentate ligation around the central Sm(lll) atom. It consists of twe-iso-
of a tetrahydroborato ligand. Such lanthanidocene com- Propyltetramethylcyclopentadienyl ligands, one tetrahydro-
plexes play an important role in homogeneous catalysis. borato (BH ™) ligand and one coordinating THF molecule.
Treatment of samarium trichloride witkso-propyltetra- ~ The BHa™ unit of the complex coordinates as a tridentate
methylcyclopentadienyl sodium in refluxing THF for 3h

~,

C C 2l

Fig. 51. Molecular structure of octag-propyl)europocene. Fig. 52. Molecular structure of hexaf:-butyl)europocene.
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Sm

—
MI, + 2K* @ THF, 43 %

Yb
— =

THF, 60 %

o

Eu

e ———
MCl; + 3Na" O THF, 60 %

Scheme 38. Synthetic routes to hexatbutyl)metallocenes (Ln=Sm, Eu, Yb).

ligand with three bridging H atoms and one terminal H This complex subsequently reacts with hydrogen in
atom. Then®-iso-propyltetramethylcyclopentadienylligands THF to give SmH(THF), and 1,2-diphenylethane
in this bent-sandwich complex adopt a staggered conforma-(Scheme 43
tion [38]. The complex (PhCHCHPh)Sm(DMEWwas found to be
Pernin and Iberf39] published the synthesis and proper- an efficient catalyst in the block polymerization of styrene;
ties of bis(cyclopentadienyl)imidodiphosphinochalcogenido however, it is inert towards propylene. This stilbene complex
lanthanides. The complexes £M[N(QPPh)2] (Ln=La, of divalent samarium, (PhCHCHPh)Sm(DME)eacts with
Gd, Er, Yb for Q=Se; Ln=Yb for Q=S) have hexamethyldisilazane in DME to give the divalent samarium
been synthesized from the corresponding lanthanide amide [(MgSi),N]>Sm(DME) and 1,2-diphenyletharjé0]
tris(cyclopentadienyl) compounds and H[N(QBRh (Scheme 4%
(Scheme 4p
The structures of the complexes consist of al@pfrag-

ment, coordinated in an>-fashion by two chalcogen atoms
and an N atom of the imidodiphosphinochalcogenido lig-
and [N(QPPh)2] . In the complex CpYb[N(SePPh),] the
Cp2Yb moiety is coordinated im2-fashion by two Se atoms
of the [N(SePP$),]~ ligand (Figs. 56 and 5\ N
Bochkarev and co-workerl0] investigated the reac- (f/\ = 7~ \{Q

tions of some halides, cyclopentadienyl dichlorides and
bis(cyclopentadienyl) chlorides of lanthanides with alkali
metal adducts ofrans-stilbene, M[PhCHCHPh} (M= Li,

Na). The reaction of Sm(THF), with metallic lithium and
trans-stilbene in a 1:2.2 molar ratio in DME gave a stilbene
complex of divalent samarium, (PhCHCHPh)Sm(DMIE)

M =8m, Eu, Yb

AL
b S

Scheme 39. Synthetic routes to déeapropyl)metallocenes (Ln=Sm, Eu,
Yb). Fig. 53. Molecular structure of dedaf-propyl)europocene.
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. Qp

Cp,Ln(THF) + > \ OCH,

-CpH ©/(‘.H:N©

Scheme 40. Preparation of monomeric lanthanocene Schiff-base complexes
CpLn(OCi14H13NO) (Ln=Sm, Er, Dy, Y).

C0

Fig. 55. ORTEP view of the complex big{-iso-propyltetramethyl-
cyclopentadienyl)samarium(lll)(tetrahydroborato)(THF).

CpsLn + HN(QPPh,), ——> Cp;Ln[N(QPPhy),] + CpH

Ln =La, Gd, Er, Yb; Q = Se
Ln=Yb Q=S

Scheme 42. Synthesis of the complexesICPN(QPPh)2] (Ln=La, Gd,
Er, Yb; Q=S, Se).

Fig. 54. ORTEP view of the molecular complex of £3m(0G.4H13NO). possible. In contrast, the reaction of CpLu@IHF)3 with
Na*[PhCHCHPhY in a molar ratio of 1:2 in DME gave an
ate complex in 47% yield40] (Scheme 4b

The  binuclear  complexes (gﬁmb(p-nzin4- Evans et al[41] studied the reactions of GBmM(THF)

PhCHCHPh) and (CiBmy(u-nZm*PhCHCH) were and CgSm with Al(CH,CHMey)s. The reactions af-

prepared by the reaction of €m with cis-stilbene forded several products including th®go-butyl-bridged

and styrene, respectively. The reactions of lgaQlals, Sm-Al heterobimetallic species GBm[(w-CH,CHMe),-

NdClz, NdlIz and LuCk with 3 equiv. of M [PhCHCHPh} Al(CH>CHMey)2]. In contrast, no reaction was observed

(M=Li, Na) in THF or DME resulted in the formation of  between Al(CMg)s and CgSm, but CSm(THF) re-

dark-colored solutions and in the precipitation of NaCl, but acted to lose THF under formation of Al(CMe(THF) and

the isolation of pure Ln(lll) stilbene derivatives was not Cp;Sm.

1. THF/ 3h reflux
2 Na* +SmCly —»
2. NaBHy/ 3h reflux

-3 NaCl

Scheme 41. Synthesis of the complex y#s{so-propyltetramethylcyclopentadienyl)samarium(lil)(tetrahydroborato)(THF).
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Fig. 57. ORTEP view of the complex €pb[12-N(SPPh)]>.

DME
Sml,(THE), + 2 Li + 2 trans-PhCH=CHPh — (PhCHCHPh)Sm(DME),
2 Lil

THF
(PhCHCHPh)Sm(DME), + Hy — = SmH,(THF) + PhCH ;CH,Ph

Scheme 43. Reaction of samarium diiodide with metallic lithium rasmek-
stilbene, followed by the reaction with hydrogen.

DME
(PhCHCHPh)Sm(DME), + 2 (Me;Si);NH ——— [(Me;51),N],Sm(DME), +
-H
: PhCH,CH,Ph

Scheme 44. Formation of the samarium(ll) amide [§8igN]2-
Sm(DME).

DME

CpLuCly(THF); + 2 Na[PhCHCHPh] ———=
-2 NaCl

{CpLu[p-CH(Ph)CH(Ph)CH(Ph)CH(Ph)]} Na(DME),

Scheme 45. Reaction of CpLWCTHF)3 with Na*[PhCHCHPhT .

MEQSiCI'_)
2 _—
. THF
Li

dl-

4
S,

i@g
Scheme 46. Synthesis of the annelated trisubstituted cyclopentadiene lig-
ands.

meso-

2.2.3. ansa-Cyclopentadienyl complexes

Haltermann et al[42] published the three-step synthesis
of 2-methyl-4,5,6,7-tetrahydroitindene. This annelated
trisubstituted cyclopentadiene was bridged selectively to
form ethylene- or dimethylsilyl-bridged bis(2-methyl-
4,5,6,7-tetrahydro#-inden-1-yl) ligands $cheme 4%

YCl3z and LuC} reacted with the ligand bis(2-methyl-
4,5,6,7-tetrahydroinden-1-yl)dimethylsilane after lithiation
to form mesoldl stereocisomeric mixturd42] (Scheme 4).

Qian et al.[43] synthesized a series of new silylene-
bridged fluorenyl cyclopentadienghsa-lanthanocene chlo-
rides with Cs-symmetry, [RSi(Flu)(R(Cp))Ln(-Cl)]2
(Flu=Cy3Hs, Cp=GH3) (R=Me, R=H, Ln=Y, Lu, Dy,

Er) and R=Ph, R='Bu, Ln=Dy. The complexes were syn-
thesized by the reaction of anhydrous lanthanide chlorides
with the dilithium salt of the ligand MgSi(FIuH)(CpH). The
complexes were characterized by X-ray diffraction studies
(Scheme 4&ndFigs. 58 and 5p

Treatment of the resulting chlorides with ME(Sip)g
(M=Lior K, E=N, CH) gave the amide and hydrocarbyl
derivatives MeSi(Flu)(Cp)LnE(SiMeg)2 (E=N, Ln=Dy,

Er; E=CH, Ln=Dy) Scheme 48 All these amide and hy-
drocarbyl complexes show chelating structures and exhibitan
intramoleculary-agostic La-Me—Si interaction. These com-
plexes are active in the polymerization of methyl methacry-
late (SectiorR.6) [43] (Figs. 60 and 611

Anwander and co-worker§44] published the synthe-
sis of Co-symmetricansa-lanthanidocene amides via silyl-
amine elimination. According t&cheme 49reaction with
the bis(dimethylsilyl)amide precursors gave the correspond-
ing ansa-lanthanidocene amides complexEgys. 62—64.

Hou et al[45] published the synthesis and polymerization
reaction of a series of CfER-ligated lanthanide(ll) com-
plexes (ER = OAr, SAr, N&RR?). Reactions of CsSm(THF)
with 1 equiv. of KER in THF gave the Sm(ll) complexes
[Cp" SM(THF),(ER)(CP)K(THF),]oc (m=0 or 1;n=1 or
2; ER=0GH2'Buz-2,6-Me-4, OGH3'Pr-2,6, SGH2'Prs-
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1) n-BuLi, ELO " Q
2 2) LuCL(YClythfy), g N o
Si i ¥
s THH N 48h E}\“
dl

M =1Tu 1: 0.6 dl/meso Q
M=Y 1:09 dli/meso O
y, N
. T \ M\

meso

Scheme 47. Formation of thi#/meso stereoisomeric complexes in dependence of the central metals M=Y, Lu.

2,4,6, NHGH>'Bu,-2,4,6, or N(SiMa),) in highyields. This The similar reaction of CpYb(THF), with 1equiv. of
type of heteroleptic samarium(ll) complexes acts as a uniqgueKN(SiMe3), yielded the corresponding Yb(ll) complex
catalytic system, which cannot only polymerize styrene and [Cp" Yb(N(SiMe3),)(Cp )K(THF)2]ls. The reaction of
ethylene, but also copolymerize these monomers to blockthe dimethylsilyl-bridged bis(tetramethylcyclopentadienyl)
styrene—ethylene copolymers. The results of the polymeriza-samarium(ll) complex MgSi(CsMes)2Sm(THF)  with
tionreactions are presented in Secon(Schemes50and51  lequiv. of KOAr in THF gave [MgSi(CsMeg)(p.-

andFig. 65. CsMes)K(THF),Sm(OAr)L., which can be viewed as
— —2-
R—5—R "BuLi, ether R—S—R LnCls, ether/toluene
_— 2" 778 1020 °C
-78°C 10 20 °C
R _ R

R,

'R
-
?\/ ?ME(SIIMB;)Q
y Ln/CI

: ~ _— ‘~ _.S8iMe;
R - LLn toluene, rt .:Si N\ /E\
\\ Cl W Ll'l‘ SiMﬁz
R' A
wf
Si
d =z
R R

Ln=Dy, E=N,CH
R=Me,R=H,Ln=Y, Er, Dy
Ln=Y,Er, E=N,CH

R =Ph, R'="Bu, Y, Dy

Scheme 48. Synthetic routes@g-symmetricansa-organolanthanocene chlorides.
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Fig. 58. ORTEP view of the complex [M8i(Ci3Hg)(CsHa)Y(-Cl)]2
-(1/2)toluene.

a GMey/OAr-ligated Sm(ll) species coordinated by the
dimethylsilyl-bridged, neutral “EMe4sK” ligand [45]
(Scheme 52andFig. 66).

2817

Fig. 60. ORTEP view of the complex [M8i(Cy3Hg)(CsH4)]DyN(TMS),.

The use of NaN(SiMg), instead of KN(SiMs)> in the
reaction with CELNn(THF), afforded the “CpNa(THF)"-
coordinated Sm(Il) and Yb(ll) complexes. In contrast to the
“Cp”K”-coordinated complexes, which adopt a polymeric
structure through intermolecular-K.Cp™ interactions, the
“Cp”Na’-coordinated complexes are monomers owing to the

Fig. 59. ORTEP view of the complex [RP8i(C13Hg)(‘BuCsH4)Y (-Cl)]2-(1/2)toluene.
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Fig. 61. ORTEP view of the complex [M8i(Ci3Hg)(CsH4)]DyCH-
(TMS),.

coordination of THF to the sodium ida5] (Scheme 5&nd
Fig. 67).

2.2.4. Tris(cyclopentadienyl) complexes

Lappert and co-workerf46] investigated non-classical
organolanthanide chemistry. They treated t3|0p or
CpjLn (Cp'=7°-CsH4SiMey'Bu, Cp’ =1°-CsH3(SiMes)2-
1,3, Ln=La, Ce) with potassium and [18]-crown-6

in toluene and obtained the potassium salts [K([18]-

crown-6)(r]2—PhMe)z][(Cngn)z(pL-H)] and [K([18]-crown-
6)(m2-PhMe)][(CpsLn)2(p-n®:m8-PhMe)] (Scheme 54nd
Fig. 69.

Herrmann and co-workengl7] investigated the theore-
tical evidence for a symmetric Ln-(Si—H)B-diagostic in-
teraction inansa-lanthanidocene complexes. Density func-
tional calculations orunsa-bridged rare-earth disilylamide

Fig. 62. PLATON plot of [MeSi(Cp’)2]La[N(SiHMe3),].

o]

Fig. 65. ORTEP view of the complex [CBM(THF)(SGH2'Prs-2,4,6)
(CPK(THF) oo
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1. toluene, reflux
2. mesitylene, reflux
3. erystallization R

Ln[N(SiHMe,),|3(THF),  + K B — I Ln— N(SillMe,),
R -2 HN(SiHMe,),
e R
R E Ligand precursor Ln(yield)
Me,Si Me,Si(Cp''H) Y (82 %)
“\. j" La (96 %)
o
<:© Me,C Me,C(IndH), rac-Y (14 %)
\
o
S Me;,Si Me,Si(2-Me-IndH), rac-Sc (20 %)
N\ Ao rac-Y (52 %)
rac-La (49 %)
rac-Nd (44 %)
Ph rac-Lu (32 %)
Me,Si Me,Si(2-Me-4-Ph-IndH), YAl1'%)"
Y rac-La (13 %)
Y A A
i Me,Si Me,Si(2-Me-4,5-Benz-IndH); rac-Y (72 %)
Daw; rac-La (47 %)
- — rac-Lu (54 %)
g Me,Si Me,Si(FluH)» Y (7 %)

Scheme 49. Synthesis 65-symmetricansa-lanthanidocene amide complexes according to the extended silylamide route.

complexes confirm the presence of a new type of symmet- diluted CgEr-CNCgH11 could be explained. Using the calcu-
ric Ln- - -(Si-H)B-diagostic interaction. The interaction turns  lated wavefunctions and eigenvalues, the experimentally de-
out to be dominated by electrostatic effects, and the presencaermined dependence nﬁﬁ of powdered CpEr-CNCgH11
of vacant f-orbitals appears to be of minor importance for the could be reproduced by adopting an orbital reduction factor
bonding in this case. It was shown that only central metals of £ =0.985.
sufficient size allow a diagostic coordination mode owing to
steric hindrance. 2.2.5. Complexes with cyclopentadienyl and

Amberger and co-workerpl8] further investigated the  cyclooctatetraenyl ligands
electronic structure of organo f-element complexes. The ab- Qian and co-workers[49] synthesized mixed lan-
sorption spectrum of GGEr-CNCgH11 has been measured at  thanide sandwich complexes with cyclooctatetraenyl
room temperature. From the spectra, a truncated crystal fieldand cyclopentadienyl ligands containing a chelat-
(CF) splitting pattern was derived and simulated by fitting ing ether side chain. Lngl reacted with KCgHg in
the parameters of an empirical Hamiltonian. For 46 assign- THF in the ratio 1:1 at room temperature and formed
ments, a reduced r.m.s. deviation of 31cnwas achieved. ~ (COT)LnCkTHF, which was then treated with RCpK in
On the basis of the wavefunction of the CF ground state from THF (RCp=MeOCHCH,CsH,4 or C4H70CH,CH2CsHy)
these calculations, the 2.5K EPR spectrum of magnetically to yield the complexes (RCp)Ln(COT)(THF) (Ln=Nd,

Fig. 66. ORTEP plot of [MgSi(CsMes)(p-CsMea)K(THF), Sm(OAN L.
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s THF, THF ~
\‘ Me Me \K/
(Ar0),Sm(THF); + Cp*K e > Me “Me ™
1 m +Cp* —_— M M
2 3+ Lp KOA: J e & Me . 9
Me Me Me
\ Me
-KOAr \.. §m Jee
ArO
la: Ar=CgH,'Bu,-2,6-Me-4
Cp*K
Me
Me
Me 85% THF
Me Me
Sm Cp*Sm(THF); + KOAr
ArQ

Scheme 50. Synthesis of samarium(ll) complex with mixet/ER ligands.

Me
Me, Me Me . i
» \ _ ) Me; Me » -
C e KER/THE +CpK Y
—_—

Ln(THF), — —

Me Mg - KCsMes in 8592 % | M¢ : ; g .
L.
Me IER/ J ll\ Me
Me e (THP), -
Me

Ln = Sm, ER = OCgH,'Bus-2.6-Me-4; m = 0; n = 2
Ln = Sm, ER = OCgH3'Pry-2,6; m=1;n=2

Ln = Sm, ER = OC¢H3'Pr;-2,.6; m=0;n =1

Ln = Sm, ER = SC¢H,'Pry-2.4,6:m=1;n=1
Ln=Sm,ER = SC6H21Pr1—2,4,6; m=0;n=1

Ln = Sm, ER = NHCgH,'Buy-2.4,6; m = 0; n=2
Ln = Sm, ER = N(SiMe3);; m=0:n=2

Ln =Yb; ER = N(SiMe;),; m=0; n=2

Scheme 51. Synthesis of the TBR-ligated lanthanide(ll) complexes with the neutral *&pligand.

At = CgH,'Buy-2,6-Me-4,n =2
or
Ar=CgHy'Buy-2.6,n = 1

Scheme 52. Synthesis of [M8i(CsMes)(p.-CsMes)K(THF),Sm(OAN) ] .
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Me
Mes, & Me Me (THF)X
e, M
\ Mer, MM 9: Na
Me Me NaN(SiMes),/THF
Ln(THF) > Me
Me, Me r.t.3h Me M Me
3 e Ln/
| Me
Me' N
Me MesSi™ T SiMes
Me
In=8Sm,x=3
Ln=Sm,x=1
In=Yb,x=3
In=Yb,x=1

Scheme 53. Formation of the monomeric lanthanide complexeéNaXFHF).Cp’ LnN(SiMes)2 (Ln=Sm, Yb).

C ])X= Cp"
—_—

[K([18]-crown-6)(77—PhMe), 1[(Cp",L.n)» (17 :1°—PhMe)]

Ln=Ce, La
K + ([18]-crown-6)

Cp™iLln-
PhMe, 20 °C

[K([ 18]-crown-6)(77~PhMe),][(Cp'3Ln)y(1~H)] @ nPhMe

Ln=Ce,n'= 1
Ln=La,n=2

Scheme 54. Synthetic routes to the complexes [K([18]-crownZ6RhMe}][(Cp5Ln)2(-H)] and [K([18]-crown-6)@-PhMe}][(CpjLn)2(in-1®:m8-PhMe)].

Sm, RCp=MeOCHCH2CsHy; Ln=La, Nd, Sm, the cyclopentadienyl ring is coordinated to the central metal
RCp = GH7OCH,CH,CsH,) (Schemes 55 and 56 atom[49] (Fig. 69.

The crystal structures of the complexesn®{ The average bond lengths N@(n?2) and N&-C(n°) are
MeOCH,CH,CsH4)Nd(COT)(THF) and >-C4H7;OCH,- 2.697(2) and 2.749(23, respectively, while the N6O(THF)
CsH4)La(COT)(THF) were determinated by X-ray diffrac- and Nd-O(n?!) distances are 2.580(1) and 2.619%1)espec-
tion and revealed that the oxygen atom of the ether group ontively [49] (Fig. 70.

THF

LnCl, + K,COT ——  (COT)LaC(THF), + 2KCl
(COT)LnCI(THF), + MeOCH,CH,CsH,K —_—

-KCl O)—r—]lnd—()/

Scheme 55. Formation of the complexes (RCp)Ln(COT)(THF) (Ln=Nd, Sm, RCp =MeOB#CsHy).

THF
(COT)LnCI(THF), +  C4H;OCH,CsHK —— »
-KCl

Ln=La, Nd, Sm

Scheme 56. Formation of the complexes (RCp)Ln(COT)(THF) (Ln=La, Nd, Sm, RGplz@CH,CH,CsHy).
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Fig. 67. ORTEP plot of the monomeric samarium compleX NG THF),
Cp SmN(SiMe)s.

cs7
P
N (%& % c40
\c-s/s cas @

cad /

S

Fig. 68. ORTEP view of the complex [K([18]-crown-GR-PhMe)]
[(CpiCek(n-H)]-PhMe.

Fig. 69. ORTEP view of the molecular structure af>{MeOCH,CH,
CsH4)NA(COT)(THF).

The average bond lengths +@(n®) and La-C(n°) are
2.740(8) and 2.842(‘@, respectively. The LaO(THF) and
La—O—(n1) distances are 2.607(4) and 2.633%48].

Visseaux et al[28] investigated the synthesis of THF-
free metallocene of early lanthanides with highly substituted
cyclopentadienyl and cyclooctatetraenyl ligands. The com-
plexes were obtained by the reaction of (COT)LnCI(THF)
(Ln=Sm, Nd) with 1 equiv. of NaCpto give the correspond-
ing lanthanide(l1) metallocenes (COT)Lnéjin high yields
(Scheme 54andFig. 77).

Fig. 70. ORTEP view of the molecular structure of{C4H;OCH,
CsH4)La(COT)(THF).
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Fig. 71. ORTEP view of the complex (COT)Ndttp

The molecular structure of (COT)Ln¢p shows a achiral compound (COT)Lnf:n!-CsH4CH.CHaNMey]
slight bending; 1704 for the Cp-Sm-COT angle in were performed%cheme 5&ndFigs. 72 and 78
(coT)Smcy!, 165 in one independent conformer of In both complexes, the cyclooctatetraenyl ligand is dis-
(COT)NdCg" and 173 in the other. ordered. Through the additional intramolecular coordination

Schumann et al.[50] synthesized enantiomerically of nitrogen of the side chain the coordination number around
pure sandwich complexes of samarium and lutetium Lu3* is 9[50].
with donor-functionalized cyclopentadienyl ligands. The
reaction of K[§)-CsH4CH,CH(Me)OMe], K[(S)-CsHa-
CH>CH(Me)NMey] and  K[(S)-CsH4CH(Ph)CH:NMe,]
with the cyclooctatetraenyl lanthanide chlorides [(COT)
Ln(w-C)(THF)]2 (Lhn=Sm, Lu) yielded the mixed
cyclooctatetraenyl—cyclopentadienyl lanthanide complexes
(COT)SM[()-n°m*-CsH4CH,CH(Me)OMe],  (COT)Ln-
[(S)-1%:m!-CsH4sCHo.CH(Me)NMey] (Ln=Sm, Lu) and
(COT)LN[(S)-n°x*-CsHaCH(Ph)CHNMe] l(é_n =Sm, aqueous NECI solution Scheme 59
Lu). The complexes were characterized by, °C NMR This ligand can be conveniently converted into the
and mass spectsra.l Single-crystal X-ray determinations monoanion Li[MeC(CoHe)(C2B1oH11)] and the dianion
of (COT)LU[(S)m>m"-CsHaCH(Ph)CHENMez] and the | i Ve, (CoH7)(C2B1oH10)] by treatmentwith 1 or 2 equiv.

of "BulLi, respectively{51] (Scheme 6§
The dianion reacted with 1 equiv. of Sgnifollowed by
reaction (without isolation) with 1 equiv. of the monoan-

(COTILICITHF), + NaCpii— 0w (CODLACH*) ion, to give the redox productac-[Li(DME) ][ {n®:o-
MezC(CoHe)(C2B1oH10) }2Sm] [51] (Scheme 61L

Unlike the Smp case, an equimolar reaction between

Scheme 57. Formation of THF-free metallocenes of samarium and th€ dianion and Yl afforded the Yb(ll) compound
neodymium. [m®:0-MesC(CoHg)(C2B1oH10)2] YD(DME),. Reaction of

2.3. Complexes with indenyl and fluorenyl ligands

Xie and co-workers[51] published a new versa-
tile carbon-bridged ligand for organolanthanide chem-
istry, MeC(CoH7)(C2B1oH11). The ligand was prepared
by treatment of LiCy;BjoHi0 with lequiv. of 6,6-
dimethylbenzofulvene followed by hydrolysis with saturated

Ln = Sm, Nd
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——

RT.12h LT~y
-KCl @% R
- @
NMe; —— = N

122[(COT)Ln(u-CI)THF)], + K"

3 9

12[(COT)La(u-CIYTHR], + K >"RT.12h L
-
“Ph

Scheme 58. Formation of the chiral cyclooctatetraenyl—-cyclopentadienyl complexes.

LnClz3 with 1 or 2equiv. of the dianion vyielded chiral bis(2-methoxyethylindenyl)lanthanum and yt-
the organolanthanide dichloride and monochloride com- trium tetrahydroborate complexes. The complexes
pounds, f°-Me>C(CoHg)(C2B10H11)]GACL(THF), and (MeOCHCH>CgHg)2LNBH4  (Ln=Y, La) were syn-

[1°-MeoC(CoHe)(C2B10H11)]2LNCI(THF)(OER) (Ln=YY, thesized in high vyields by reaction of their chloride

Yb), respectivel\j51]. precursors (MeOCHCH,CgHg)2LNCl with excess NaBhl
Reaction of LnCGi with 2equiv. of the dianion in THF at room temperaturé&stheme 62

afforded ionic  compounds rac-[Li(DME) 2][{n®:c- Both complexes arezc-planar chiral lanthanocenes with

Me,C(CoHg)(CoB1oH10) }2LN] (Ln=Yb, Nd, Er). All trans orientation of then®-indenyl planes as well as the

these compounds were fully characterized by various coordinated side chains. The two molecular structures are
spectroscopic methods, single-crystal X-ray and elementalessentially identical except for the coordination mode of
analysig51]. BH;~. The Ln-O bond lengths are longer than those of
Qian et al. [52] published the stereoselective syn- the cyclopentadienyl analogues. The two bridgingHy
thesis and structural characterization ofic-planar distances of ¥H(27):2.33(5)& and Y—H(28):2.39(6)&
(see Fig. 74 are comparable to those of the cyclopen-
tadienyl analogue of 2.26(6) and 2.27@5) In con-
trast, the three hydrogen bridges between the lanthanum
and the boron atoms have significantly different—ta
distances LaH(27):2.38(5)&, La—H(28):2.50(6)& and
La—H(29) = 2.60(6)& (seeFig. 75. The two complexes have

C151 C141

Ci16l

C171

Fig. 72. ORTEP view of the complex [(COT)E(5)-n%n?- Fig. 73. ORTEP view of the complex [(COT){y®:m'-CsHsCH,
CsH4CH(Ph)CHNMe;}]. CHzNMez}].
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2 n-BulLi

H Li
1
H————> Li
toluene/Et,O

2) NH,CI/H,0 Q

Scheme 59. Formation of the new ligand M$CoH7)(C2B10H11).

"BuLi

\C/ O
_

hexane/ Et,0

2 "BuLi

Scheme 60. Formation of the mono- and dianion Lifk86CoHe)(C2B10H11)] and Liz[Me2C(CoH7)(C2B1oH10)]-

been fully characterized by elemental analyses, MS\MR

and IR spectra. The tetrahydroborate ion has been identifiedderived  ytterbocene(ll)

as slipped bidentateub-H)2BH> and tridentate(,-H)3sBH
ligands in the complexes, respectivéh?].

Fig. 74. ORTEP view of the complex (MeOGHH;CgHg)2YBH 4.

Anwander and co-worker$53] synthesized indenyl-
complexes [1-(SIHR2-R-
CoHs]2Yb(L)2 (R =Me, GHs; R'=H, Me; L =donor ligand)
via silylamine elimination from Yb[N(SiMg)2]2(THF),
(Scheme 63

The authors also investigated the fluxional behavior of the
stereoisomers in solution, the ratio and interconversion of

Fig. 75. ORTEP view of the complex (MeOGHH,CgHg),LaBHj.
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\/
C

b2

P~ THE
THF  THF

not isolated intermolecular

wt].

Proposed Species Proposed Species
not isolated not isolated

intramolecular
¢ -transfer ligand redistribution

S=DME, n=2

@ THE, n=4

[Li(S),]

C-H bond
reduction

Scheme 61. Intramolecular and intermolecular electron-transfer pathways to form the Sm(lll) corapHbi(DME) ][ {n®:c-MeyC(CoHe)-
(C2B10H10) }2Sm].

which are affected by the size and ring position of substituents
as well as the type of donor ligand, e.g. THF versus TMEDA

[53]. 2 (R-Ind)H,
Schumann et al.[54] published the synthesis and Yh|N(SiMc3)2]3(THF)zw.(R_md)z\(h(mm
characterization of the first bis- and tris[d-@lken-1- ri., 3h

yhindenyl]lanthanide complexes (Ln=Gd, Er, Y, Lu). -2 HNGiMe),

NaBH,
M o
{MeOCH,CH,CgHg),1.nCl ——— (MeOCH,CH,CyH),LnBH, + NaCl (R-Ind)H = ¢
r.t/48 h

THP) SiHMe
Ln=Y, La SiHMe SiHPh,

Scheme 62. Formation of the complexes (MeQCH;CgoHg)Ln(p- Scheme 63. Synthesis of ytterbium indenyl complexes via silylamine elim-
H),BH4_,, Ln=Y, La. ination.
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Me

Li

(o

CH,CH(CH,) X

THF
m=1,X=CL
n=2X=0Br
Me

R =H, Me

2827

n-Buli
—_—
hexane

Scheme 64. Synthesis of the ligands.

1-Allyl-2,4,7-trimethyl-1H-indene and 1-(3-buten-1-yl)-4,7-
dimethyl-1H-indene  were prepared from (2,4,7-
trimethylindenyl)lithium and allyl chloride or from

(4,7-dimethylindenyl)lithium  and  4-bromo-1-butene
(Scheme 6%

Subsequent reactions with the trichlorides of gadolin-
ium, erbium, yttrium, lutetium and ytterbium in THF gave
the bis[(1-allyl-2,4,7-trimethylindenyl)]lanthanide chloride
complexes kLnCI(THF) (Ln=Gd, Er), bis[(1-buten-1-yl)-
4,7-dimethylindenyl]lanthanide complexes (Ln=Y, Lu) or
the hetero bimetallicare complex bis[(1-buten-1-yl)-4,7-
dimethylindenyl]Yb.-Cl),Li(THF)2 [54] (Scheme 6%nd
Figs. 76 and 7x

The trichlorides of the comparatively large samarium and
lanthanum ions react with different molar amounts of bis[(1-
buten-1-yl)-4,7-dimethylindenyl]lithium in THF exclusively
to give the tris(indenyl) complexes tris[(1-buten-1-yl)-

c(113) i

© C(201)
i
W C209) B
N\

Fig. 76. ORTEP view of bis[(1-allyl-2,4,7-trimethylindenyl)]erbium chlo-
ride.

4,7-dimethylindenyl]samarium or tris[(1-buten-1-yl)-4,7-
dimethylindenyl]lanthanunp(-CI)Li(Et2O)s (Scheme 66
andFigs. 78 and 7P

Yasuda and co-worke[S5] realized a novel type of metal-
lotropic tautomerism: reversible and equilibrium isomeriza-
tion of bis°-MeszSi-fluorenyl) rare-earth metal complexes
to bis(%-MesSi-fluorene-AlR) rare-earth metal complexes.
This metallotropic tautomerism was effected by the addition
of aluminum trialkyls to the bimetallic complexes. Big¢
MesSi-fluorenyl)Sm(THF) was synthesized from (M8&i-
fluorenyl) potassium and Sa(THF),, and its molecular
structure was analyzed by X-ray diffractiocBgheme 6and
Fig. 80.

Bis(n®-MeszSi-fluorenyl-AlMes)Sm was synthesized by
the reaction of bia{>-MesSi-fluorenyl)Sm(THF) with
excess AlIMg. The corresponding reaction of excess
AlEt3 with bis(n®-MesSi-fluorenyl)Sm(THF) gave bis{°®-
MeszSi-fluorenyl-AIEg)Sm (Scheme 68 and Figs. 81
and 82.

2.4. Complexes with cyclooctatetraenyl ligands

Ephritikhine and co-workers[18] synthesized the
mono(cyclooctatetraenyl)neodymium complex (COT)-
Nd(BH4)(THF). This complex was obtained by the reac-
tion of Nd(BH;)3(THF)3 with K>COT. Treatment with
[NEtsH]BPhs afforded the cationic complex [(COT)Nd-
(THF)4][BPhg]. The heteroleptic compound (COT)Nd-
(Cp')(THF), the alkoxide [(COT)Nd(OEt)(THFR)] and
the thiolates Na[(COT)Nd(8Bu);] and [Na(THF}]-
[{(COT)Nd}2(n-S'Bu)3] were synthesized by treating
(COT)Nd(BHy)(THF) or [(COT)Nd(THF)][BPhs] with
the alkali metal salts of the corresponding anionic reagents
(Scheme 6%

The X-ray crystal structures of [(COT)Nd(OEt)(THE)]
and [Na(THF}][{(COT)Nd}2(w-S'Bu)s] have been deter-
mined {ig. 83.

The structure of the alkoxide comprises two monomeric
units that are linked by two bridging alkoxide ligands. This
geometry is similar to that of the other two crystallographi-
cally characterized [(COT)Ln(OR)(THR)tompounds. The
Nd—-C distances range from 2.678(4) to 2.703‘%4)and the
average NdC(COT) length is 2.69(1A (which is identical



2828

LnCly(THF),/ THE

J.-Y. Hyeon et al. / Coordination Chemistry Reviews 249 (2005) 2787-2844

Me
/
— LN g
- Me O

2
72 h/ RT
R=Me,n=1
R=H, n
Me
Li
YbCly/ THE

———

72 W/ RT

+ 2 LiCl

Ol
=

R=Me,n=1;Ln=Gd, Er
R=H, n=2:Y,Lu

Me

Me \
Cl ;
B Yb/ \[ i/THl
Nt S ar
Me

Me

+ LiCl

Scheme 65. Formation of the bis(indenyl)lanthanide complexes.

to that found in (COT)Nd(6H4CH>,CH,OMe) 2.697(2)&)
[18] (Fig. 84).

In  the crystal structure of toluene-solvated
[Na(THF)][{(COT)Nd}2(.-S'Bu)z], the two (COT)Nd
fragments are bridged by threéB8 groups. Each Nd atom

traenyl group is considered a monodentate ligand. The two
tetrahedra share the common trigonal basis defined by the S
atoms. This basal plane is parallel to the planar COT rings and
perpendicular to the COT(centroielld-Nd—COT(centroid)

axis. The COT ligation is quite similar to that found in the

has a pseudo-tetrahedral arrangement, if the cyclooctatecomplex [(COT)Nd(OEt)(THFY, with an average NeC

Fig. 77. ORTEP view of the heterometallic complex bis[(1-buten-1-yl)-4,7-dimethylindenylB),Li(THF) 2.



J.-Y. Hyeon et al. / Coordination Chemistry Reviews 249 (2005) 2787-2844 2829

SmCly(THF)y/ THF +3 LiCl
m JR—" -
72 W RT
m=12o0r3
Me
- @/U LaCly/ THF/Et,0
—_— i
> I RT + 2 LiCl
Me
e
m=1,20r3

Scheme 66. Synthesis of tris(indenyl)complexes of samarium and lanthanum.

bond length of 2.67(35)\. The Nd-S-Nd angles range from  in the triclinic space grou@l. Together with the bridging

88.50(5) to 91.0(3); the S(1)}-Nd—S(2) angles, which vary triflate ligands the cerium atoms form an eight-membered

from 71.3(2) to 87.0(2), due to coordination of S(1) and Ce04S, ring (Fig. 89.

S(2) to the sodium iofi8]. The complex [(COT)Ce(-O3SCR3)(THF);] 2 reacts with
Edelmann and co-workerf56] investigated the syn-  2equiv. of K[1,3/Bu,CsH3] to give the mixed-sandwich

thesis and characterization of half-sandwich complexes of complex (COT)Cef>-1,3/BuxCsHz) in 78% vyield [56]

the lanthanides containing cyclooctatetraenyl ligands. At (Scheme 7D

first they successfully characterized the crystal structure of  Also reported was the preparation of a series of new

[(COT)Ce(u-O3SCR)(THF),]2. The compound crystallizes  lanthanide half-sandwich complexes containing the 1,4-

Fig. 78. ORTEP view of tris[(1-buten-1-yl)-4,7-dimethylindenyl]samarium.
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C23a

C212

Fig. 79. ORTEP view of tris[(1-buten-1-yl)-4,7-dimethylindenyl]lanthanur@l)Li(Et,O)3

SiMes
SmIL(THE),
—_—
-2KI
K

Scheme 67. Formation of big{-MezSi-fluorenyl)Sm(THF).

Me;Si

AIR;

1
. 1
1
S‘M- Sm7. R

|1 < \THF THF / R

Al<

R = Me, Et & R

Q SiMe;

Scheme 68. A novel type of metallotropic tautomerism.
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THF
(COT)NA(BH,)(THF), + NaOEt ——»  1/2[(COT)Nd(OED)], +NaBH,

THF
[(COT)Nd(THF),][BPh;] + NaOEt ———=  /2[(COT)Nd(OED)]; +NaBH,

THF
(COT)NA(BH,(THF); + 2NaSBu ———  Na[(COT)Nd(S'Bu),] +NaBH,

THF
[(COT)Nd(THF),][BPh,] + 2NaS§'Bu ——  Na[(COT)Nd(S'Bu),] + NaBH,

Scheme 69. Synthesis of mono(cyclooctatetraenyl)neodymium complexes.

[(COT)Ce(-0sSCF;)(THF)s ], + 2 K[1,3-Bu,CsHy] ——» |
Ce

Scheme 70. Preparation of the mixed-sandwich complex (CORf€eB/BuzCsHa).

bis(trimethylsilyl)cyclooctatetraenyl ligand and additional Cp'Yb(COT) were determined for comparison with that of
heteroallylic, aryloxide and alkyl ligand56]. Cp'Lu(COT) (Fig. 86).
Evans et al [57] investigated the variability of The Ln-C(Cp') and Ln-C(COT) distances decrease from

(ring  centroidyLn-(ring  centroid) angles in the Sm to Lu with changes that follows the differences in
mixed ligand CpPp/COT complexes CpnCOT and

[Cp" Yb(THF)](n-n8:m8-CgHg)[YbCp']. The solid-state
structures of CpSm(COT), CpDy(COT), Cp Er(COT) and

10*
ol ; e

% C(1l)
can a

Fig. 80. ORTEP view of the complex big{-MesSi-fluoreny)Sm(THF). Fig. 81. ORTEP view of the complex big{-MesSi-fluorene-AlMa)Sm.
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3 C(16) of the complex and are compared to the data of unsol-
C ) vated [CPYb]o(COT). The Yb(1}-C(Cp ) average distance
(s cas is 2.683(3)& on the solvated side versus 2.615781)or the
wn o @ A unsolvated Yb(2}C(Cp') [57].

\" ) C@én

2.5. Organolanthanide complexes in organic synthesis

Ishii and co-worker$58] published the efficient synthe-
sis of dinitrile derivatives by the reaction of oxime esters

< C4) c@39) @:(45) N
cealZl 2 \J

el Cu3)
My NS

&7 \

C(38)

N\

, cog)©
.C(2G)‘/ ol 2

Fig. 83. ORTEP view of the complex [(COT)Nd(OEt)(THE)]

eight-coordinate metal radii. The complex [Ofio(THF)] (j.-
18:m8-CgHg)[YbCp'] was obtained from a reaction of one-
half equivalent of AJEte with 1 equiv. of CpYb(COT)(THF)
[57] (Fig. 87. Fi F(2)

The bond lengths and angles in this complex are sig- rig. 85. ORTEP view of the molecular structure of the complex
nificantly different on the solvated and unsolvated sides [(COT)Ce-OsSCR)(THF),]2.
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system. Tetrahydrofurylsamarium species generated from
iodobenzene and Smin THF deprotonate terminal alkynes

to yield the alkynylsamarium complex, whereas other alkyl-
samariums, such as ethyl-, isopropyl-, cyclohexyl- and cy-
clopentylsamarium intermediates, cannot be generated with
this procedure. Metal-metal exchange between an alkynyl-
lithium and Smj is also effective to produce alkynylsamar-
ium species. To reveal the properties of alkynylsamariums,
the authors examined their stability and reactivity towards
various electrophiles.

Molander and Rzag&0] demonstrated the synthetic util-
ity of the cationic lanthanide complex [Gpe][BPhy] as an
effective Lewis acid catalyst for the hetero-Diels—Alder reac-
tion between Danishefsky’s diene and substituted benzalde-
hydes Gcheme 71

Li and Zhand61] reported a direct access to a quaternary
carbon center utilizing an organosamarium reagent. They
treated lactams and acyclic amides containing aiildond
with allylsamarium bromide and obtained 2,2-diallylated ni-
trogen heterocycles and diallylated amides in good vyields
under mild conditions§cheme 7@

2.6. Organolanthanide catalysis

Qian et al[43] published the results of the stereospecific
polymerization of methyl methacrylate using the newa-
organolanthanides M8&i(Flu)(Cp)DyN(SiMg)2, Mes-
Si(Flu)(Cp)DyCH(SiMe)2, MesSi(Flu)(Cp)ErN(SiMe)2
and MeSi(Flu)(Cp)ErCH(SiMa)» as initiators for catalytic
reactions. They showed that the stereochemistry of the prod-
uct depends on the substitution of the lanthanide complexes,
the temperature and on solvent effects. The polymerization
rates in the reaction catalyzed by the amide complexes
increased when lowering the temperature, while those
catalyzed by hydrocarbyls decreased. It was also shown that
erbium complexes display a higher stereoselectivity than the
dysprosium species.

Douglass and Mark§62] investigated the catalytic in-
tramolecular hydrophosphination/cyclization of phosphi-
Fig. 87. ORTEP view of the complex [CE¥b(THF)](u-1%mn8- noalkenes and phosphinalkynes using organolanthanide pre-
CgHg)[YbCp']. catalysts of the type GhnCH(SiMe3)z (Ln=La, Sm, Y)

and MeSi(MesCs)('BUN)SmN(SiMe). (Scheme 73and
or acid anhydrides with cyanotrimethylsilane catalyzed by Table 2.
La(OPr). The reaction seems to proceed through the forma-  Boisson and co-workef§3] were successful generating
tion of acyl cyanides as intermediate, followed by the addition poly(ethaneco-1,3-butadiene) using the neodymocene
of Me3SIiCN to acyl cyanides. catalysts  CpNd(u-Cl)oLi(OEtp)2,  (‘BuCsMeys)2NdCl,

Kunishima et al.[59] developed three methods for (MesSiCsMey)2NdCl and [MeSi(3-Me3SiCsMes)2]NdCI.
generating alkynylsamarium complexes: (1) reduction of Polymers with molecular masses of 2000 up to 15000 were
iodoalkynes with Sml in the presence of HMPA, (2) de- produced with polymerization times of 30—60 min.
protonation at the terminal position of 1-alkynes either by Yasuda and co-worke$4] synthesized the alkyl com-
tetrahydrofurylsamarium intermediates generated from Phl plex M&Si(CsH3-3-R),SmCH(SiMe), and the correspond-
and Smj in THF, or (3) deprotonation by butyllithium fol-  ing lanthanide hydride, [MgSi(CsHz-3-RpSmH), which
lowed by metal-metal exchange with SimhAlkynylsamar- was structurally characterized by single-crystal X-ray analy-
iums arising from iodoalkynes with Semundergo coupling  sis. Detailed studies were performed to explain the catalytic
with carbonyl compounds under both Barbier and Grignard activity of this complexin the process of block copolymeriza-
conditions in benzene—HMPA or THF—-HMPA as a solvent tion of ethylene with polar monomers. The first step is the re-
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OMe

y A,

1. cat., toluene
+ PhCHO

2. CF3CO,H, CH,Cly
TMSO o Ph

Scheme 71. Hetero-Diels—Alder reaction between Danishefsky’s diene and substituted benzaldehydes.

THF SmBr
/\/ Br + Sm —_— /\/

I.t.

n Jn
SmBr THF =
/\/
0 +2 / r.t.
N
| AN
H

Scheme 72. Formation of 2,2-diallylated nitrogen heterocyles in the presence of allylsamarium bromide.

\].n + H,P W’

CH(SiMe3),

CHz(SiMeg)z

Scheme 73. Proposed catalytic cycle for organolanthanide-mediated hydrophosphination/cyclization of phosphinoalkenes and phosphinoalkynes.
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Table 2
Results of the organolanthanide-catalyzed hydrophosphination/cyclization of phosphinoalkenes and phosphinoalkynes

Substrate Product Precatalyst

H
P.
CpsSmCH(SiMe)
HZP/\/\/ Q/ o 2
Ph
|
g

CpLaCH(SiMes),

7/
H
Ph
J\/\/ L
Ph\/p F \/\,\rv Cp;LaCH(SiMe)
o
Ph
/ -
Ph
/P/><\/ CpsLaCH(SiMey),
H
H
b
on P Cp;SMCH(SiMe),, Cp;LaCH(SiMes)2, Cp;YCH(SiMes),,
H,P Me,Si(MesCs)('BuN)Sm(SiMe)2
i
Cp:LaCH(SIM
HP_~_ _——=="h @/\Ph PLACH(SIMe):
H

P.
=———TMS (YTMS Cp;LaCH(SiM&)2
Hzp/\/_':'_

/Cd{mc;
)
MeSi ﬂm/( SiM Hz
- S1vIe3 —_— -
S K
SiMe;
SiMe;

Mc;Si\CC'Pj/\ Sii@?}smm

_— L
Z ~o- .‘sm\\H/bm o N
Cb d) §iMe;

Me;Si Si \

Scheme 74. Formation of the binuclear samarocene hydride.

AN
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action of the monomeric M&i(CsHs-3-RpSmCH(SiMe)» temperature range, compared with those obtained using

with H under formation of the dimeric hydrid€¢heme 74  conventional radical initiators.

andFig. 88. Hou et al[45] published the results of the polymerization
Bonnafe and co-worker§s5] publishedL-iduronyl syn- of styrene in the presence of samarium(ll) complexes with

thons catalyzed by a vinyl cerium reagent opening a way to mixed CP/ER ligands (se@ables 3 and

an efficient preparation of 1,2,4-tfi-acetyl-30-benzyli.- Carpentier and co-worke[89] investigated the polymer-

iduronyl. ization of styrene in the presence of dialkylmagnesium or a

Bianconi and co-workerg66] reported surface func- combination of a chlorolanthanocene complex and dialkyl-
tionalization with polymer and block copolymer films us- magnesium. In the presence of butylethylmagnesiumser
ing organometallic catalysts. A layer of 5-hexenylsilane dibutylmagnesium, the styrene polymerization proceeds via
was generated on a silicon surface by reaction of a 5- thermal self-initiation, but is accompanied by a reversible
hexenyltrichlorosilane precursor with pretreated surfaces. transfer to dialkylmagnesium compounds giving oligostyryl-
These functionalized silicon substrates were exposed to amagnesium species. When the dialkylmagnesium is com-
THF solution of C§Sm(THF). bined with a lanthanocene such as;8d(u.-Cl)2Li(OEt?)o,

Junquan et al[67] studied the behavior of the polymer- an increase in activity is observed which is ascribed to ad-
ization of methyl methacrylate initiated by single-component ditional styrene polymerization initiated by in situ generated
catalysts of the type [O(#H4CsH3CH3)2]LnCl (Ln=Y, alkyl(hydride)lanthanocene species. The influence of various
Nd, Sm). The effects of temperature, time and molar ratio reaction parameters on the performance of this system has
(MMA/catalyst) on the polymerization behavior were stud- been investigated. The oligostyrenes have a relatively nar-
ied in detail. The results showed that higher temperature androw molecular mass distribution which can be explained by
longer time increased the catalytic activities. Kinetic stud- an efficient transfer between the chain-growing lanthanide
ies indicated that the polymerization rate has a first-order and the oligostyrylmagnesium species. Finally, the combina-
dependence on the concentration of MMA and catalyst, re- tion of butylethylmagnesium and GNd(u-Cl),Li(OEt,)2
spectively. The overall activation energy of polymerizationis has been used to produce (styrene-co-ethylene)block
33.9kJ/mol. copolymers.

Yasuda and co-workers[68] synthesized block Yasuda and co-workeff§0] described the first example
copolymers catalyzed by the organosamarium complex of well-controlled block copolymerization of 1-olefins with
Cp;SmMe(THF). Block copolymerizations of methyl methyl methacrylate ar-caprolactone using the unique dual
methacrylate (MMA) with butyl acrylate (BuA), trimethylsi-  catalytic function of organolanthanide complexes to be ac-
lyl methacrylate (TMSMA) with MMA, and TMSMA with tive towards polymerization reactions of polar and non-polar
BuA were performed. All copolymerizations proceeded monomers. The authors used bridged ,8Bi€CsR4)2LnH
quantitatively in a short period of time, and the resulting (Ln=Y, Sm) type complexes. These initiators are highly ac-
polymers exhibited a high molecular weigi{> 200 000) tive in copolymerization processes without the presence of
with narrow molecular weight distributiond#,/M, < 1.5). any cocatalyst$cheme 7p
The viscoelastic and adhesive properties of these block Thedimeric structure of the yttrium and samarium hydride
copolymers proved to be very useful, especially in the high complexes is converted into a monomeric structure in the first
step of the reaction. Subsequentreactions lead to a chain elon-
gation. The authors report the preparation of block copoly-
mers of hexene or pentene with methyl methacrylatesand
caprolactone, respectively. The molecular masses of the poly-
mers are in the range of 5000-15 000 with molecular mass
distributions of 1.4-2.1. Detailed studies were carried out on
the copolymerization of ethylene with methyl methacrylate,
e-caprolactone and 2,2-dimethyltrimethylene carboftg
Racemic Me;Si(CsH»-2-Me3Si-4/Bu),Sm(THF) or meso
Me,Si(Me;SiOSiMe)(CsH2-3'Bu)Sm(THF) catalyzed the
ABA-type triblock copolymerization.

Nodono et al[72] presented a novel chain transfer poly-
merization mediated by G@m(lll) species and organic com-
pounds. The studied chain polymerization involves the reac-
tion of organic compounds such as thiols or ketones with
an active bond between samarium(lll) and the enolate at the
living end of poly(methyl methacrylate). This chain transfer
reaction resulted in termination of the living chain end and
the regeneration of the active initiator which would consist
Fig. 88. ORTEP view of the binuclear samarocene hydride complex. of CpﬁSm(m) and deprotonated organic compounds.
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Table 3
Polymerization of styrene catalyzed by lanthanide(ll) complexes
Run Catalyst Run time Yield (%) My (x1074)2 MuIMp?
1 CpSM(THF)or2 1 day 0 - -
2 Sm(OAry(THF)3 1 day 0 - -
3 SM(N(SiM&)2)2(THF), 1 day 0 - -
4 la 30 min 89 347 1.73
5 1b 30 min 100 246 1.93
6 1c 150 min 79 17 1.45
7 1d 20 min 100 144 2.16
8 1le 10 min 100 24 2.45
9 1f 1 day 0 - -
10 Cg;Sm(OAr)p 1 day 0 - -
11 Cp;SM(OGH2'Buz-2,6-Me-4)(HMPA) 1 day 0 - -

Conditions: Sm(Il) compound, 0.05 mmol; styrene, 4 ml; toluene, 10 ml; room temperature.
2 Determined at 135C against polystyrene standard by GPC.

Table 4

Block copolymerization of ethylene and styrene by samarium(ll) complexes bearing mikéERdjgands

Run  Catalyst Styrene  Yield (g) PS content M, (x1074)° My /M.P

(ml) - (mol%)y?
THF-sol (PS)  Tol-sol (<108C) (PESyY  Tol-insol (108°C) (PEf

1 la 5 0.10 1.60 Trace 38 RS 2.36
2 1b 3 0.46 2.14 Trace 34 19 1.97
3 1b 5 1.29 2.83 Trace 48 14 1.82
4 1b 7 1.37 2.94 Trace 68 15 1.92
5 1b 10 2.40 3.99 Trace 81 1B 1.84
6 1c 3 0.06 1.31 Trace 13 13 221
7 1c 5 0.23 2.55 Trace 37 10 2.01
8 1c 7 0.27 2.74 Trace 43 13 1.73
9 1c 10 0.34 2.82 Trace 60 8 1.66

10 1d 3 1.89 1.21 Trace 36 B 3.75

11 le 5 4.55 Trace Trace - - -

Conditions: a precatalyst, 0.05 mmol; ethylene, 1 atm; total volume of styrene and toluene, 25 ml; room temperature, 30 min, unless otherwise noted.
a polystyrene content in the copolymers determined3@/NMR in ortho-dichlorobenzene/CD@CDCl, at 125°C.
b Determined at 135C against polystyrene standard by GPC.
¢ PS, atatic polystyrene; PES, block ethylene—styrene copolymer; PE, polyethylene.

Qian and co-workerf/ 3] presented polymerization reac- 2.7. Theoretical calculations, electronic structure
tions of methyl methacrylate catalyzed by different mixed determinations and gas-phase reactions
ligand lanthanocenes CpLnCl Schiff-base (Ln=Sm, Dy, Y
and Er) complexes, were the Schiff-base is deprotonsited Nakajima and Kayd74] published detailed studies of
(2-methoxyphenyl)salicylideneamine {4H13NO,). These organometallic clusters in the gas phase containing scandium
complexes were used for the polymerization of methyl orlanthanide metalsandaromaticligand systems such as ben-

methacrylate along with AlBu)s yielding poly-MMA with zene (Bz), Goor cyclooctatetraene. Novel network structures
narrow molecular weight distribution. were found in organometallic clusters between metal atoms
SiMe, ML y Me SiMe; H Me \g./Mc SiMe,
t hil
'BUMLQSI‘H | SiMe,'Bu lmﬁH ‘ﬁiMcz'Bu
Y<H Y Sm > m
'BuMe, St SiMe,'Bu DQ\ ‘Bu

SiMe; SiMey SiMes SiMe;

Scheme 75. Bridged organolanthanide hydrides of yttrium and samarium.
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produced by laser ablation and organic ligand molecules. Sizeare readily displaced to form the tris(pyridine) adduct
and structures of the clusters were determined using time ofCp’ Ul»(py)s, which exhibits amer-, trans-geometry in the
flight mass spectrometric techniques. For scandium—benzenesolid state, similar to that of the THF addu€id. 90.
clusters, SgBz,,, a multiple-decker sandwich structure was The metathesis reaction of Qply(THF); with
found @z, m) = (n, n + 1) inwhich the metal atoms and benzene 2equiv. of KN(SiMe), afforded the bis(amido) com-
are alternatingly piled up. A similar multiple-decker sand- plex Cp U[N(SiMe3).]> (Scheme 7&ndFig. 91).
wich structure was formed between lanthanide metal atoms  Single-crystal X-ray  diffraction studies of
and the organic ligand cyclooctatetraene (COT) consisting Cp U[N(SiMes),]» revealed that one methyl group of
of positively charged lanthanide ions and negatively charged
COT. co

Koch and co-worker$75] presented quantum chemical
investigations of the initial steps of the yttrium-mediated
polymerization of ethene and propene. The authors inves-
tigated the mechanistic details of the initial step of the poly-
merization brought about by a di(cyclopentadienyl)yttrium
hydride catalyst using approximate density functional the-
ory. In accord with the experimental information, the
overall reaction sequences £5fH + CoHy — CppY—CoHs
and CpYH + CzHg — Cp,Y—C3H7 were computed to be
exothermic by approximately 22.2 and 20.8 kcal molre-
spectively.

C(111)

3. Actinides )
cr112) 113

3.1. Cyclopentadienyl complexes

co4
3.1.1. Mono(cyclopentadienyl) complexes crs)
Barbier-Baudry et al.[12] successfully synthesized
the new mono(cyclopentadienyl)uranium  complex Fig. 89. ORTEP view of CHJl2(THF)s.
(CsHPry)U(BH4)3 (Scheme 7B
Burns and co-workers[76] published the synthe- caia

sis and characterization of mono(pentamethylcyclo-
pentadienyl)uranium(lll) complexes. The uranium(lll)

iodide precursor U(THF)4 reacts at ambient temperature

with 1 equiv. of sodium or potassium pentamethylcyclopen-
tadienide in THF to form the mono(cyclopentadienyl)

complex(lll) Cp Ulx(THF); (Scheme 7).

Inthe solid state, the complex exhibits a pseudo-octahedral
mer-, trans-geometry with the Cp~ ligand occupying one
axial position Fig. 89.

This mono(cyclopentadienyl) complex also provides a
convenient entry to a variety of other mono(cyclopentadienyl)
complexes of uranium(lll). In the presence of an excess of
pyridine, the coordinated THF ligands of Tl ,(THF)3 coa

C(4A)

. U(BH,)4 ;
(CsHPryNa —— = (CsHPry)U(BHy);

Ci7A)

Scheme 76. Synthesis of {8Pry)U(BH,)3.
Fig. 90. ORTEP view of CfJl,(py)s.

THF
UL(THF),; + Cp*K ——»  Cp*UL(THF); +KI THF
25°C Cp*UL(THF); +2 K(SiMej3); —— Cp*U[N(SiMe;)]; +2 KI
25°C

Scheme 77. Formation of the mono(cyclopentadienyl) complex
Cp' Ul(THF)s. Scheme 78. Formation of CP[N(SiMez)z]2.
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C(9)

o)

can

Fig. 91. ORTEP view of CHJ[N(SiMes)2]>.

Li(Bu'NSPh)
Cp*,UCl, >
- LiCl

Cp*,U(Bu'NSPh)CI

Scheme 79. Synthesis of §lp(n2-Bu'NSPh)CI.

each amido ligand is involved in an agostic interaction with
the uranium(lll) center.

3.1.2. Bis(cyclopentadienyl) complexes

Danopoulos et al[77] published the synthesis af?-
sulfenamido complexes of uranium. Thermally stahfe
sulfenamido complexes of uranium, W#Bu'NSPh) and
Crfz‘U(nz-Bu’NSPh)X, X=Cl, Br, have been prepared by
metathetical reactions of IN(Bu)SPh with UC}/PMe; and
Cp5UCI;, respectively $cheme 7@ndFig. 92.

Ephritikhine and co-workerfr8] published the synthe-

2839

Fig. 92. Molecular structure of qpl(nZ-Bu’NSPh)CI.

The complex crystallizes in the same space group §8)Cp
and both have similar unit cell constants. The@{Cp ) dis-
tances are equivalent to those ofjCp Thus the chloride
ligand in CigUCI does not appear to perturb the-O(Cp)
parameters, however, an exceptionally longQl bond of
2.90(1),& was observed. The homologous IT{- could be
synthesized from HgHScheme 8p

3.2. Complexes with cyclooctatetraenyl ligands

Ephritikhine and co-worker$80] synthesized the first
cationic borohydride and the first dicationic uranium com-
plexes by protonolysis of borohydride precursors. The
monocationic compound [(COT)U(BH{THF),][BPhs] was
prepared from (COT)U(BR2(THF) and 0.87 equiv. of
[NEtsH]BPhy in THF (Scheme 88

The reaction of the monocationic uranium complex
and [NEgH]BPhy in refluxing THF afforded the dication
[(COT)U(THF),]%~. However, an excess of the ammonium
salt was necessary to observe the complete formation of
the complex, which could not be isolated purely from the

sis and characterization of the first dithiolene complexes reaction mixture. Protonation of [(COT)U(B#L3][BPha]

of uranium. Treatment of CJCI, and U(COT)X%(THF),
(X=BHg4, n=0, X=1, n=2) with Ngdddt (dddt=5,6-
dihydro-1,4-dithiin-2,3-dithiolate) afforded the (dithio-
lene)uranium(lV) compounds GP(dddt) and after addition
of 18-crown-6 [Na(18-crown-6)]U(COT)(dddt)] (Section
3.2) (Scheme 8

3.1.3. Tris(cyclopentadienyl) complexes
Evans et al[79] studied the steric influence of the pen-

tamethylcyclopentadienyl ligand on the structural properties
of tris(n°-pentamethylcyclopentadienyl)actinides and syn-

thesized CRUCI and CUF. Starting from CgU they per-
formed the reaction with 1equiv. of PhCl and obtained
CpsUCI. Addition of another equivalent of PhCl led to
Cp5UCI; which was also isolated from the direct reaction
of Cp3UCI with 2 equiv. of PhCl $cheme 8andFig. 93.

\ S Nayddde
¥
/ \(‘l

N

i \ S 5
/U\SISJ

Scheme 80. Formation of Gip(dddt).

+ 2 PhCl ——— =  CpHUCH
-1/2 Cp*,

-Ph-Ph

Scheme 81. Formation of G Cl>.
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Fig. 94. ORTEP plot of the dicationic [(COT)4]?~.

Fig. 93. ORTEP plot of CfUCI.

20pHU + 2 HeF, 5 2CpnUF N(SiMey),
He L/ ©7 HpN(CHp)3NH(CH;);NH(CH;)3NH;

N N(SiMes),

Scheme 82. Formation of GPF. -HN(SiMes),
(L=OPPR and HMPA) was much more rapid, giving the
dication [(COT)ULg]?>~ (Scheme 84ndFig. 94). g
Single-crystal X-ray determinations show a three-legged P /\\
piano-stool configuration with @J—O angles of 84.0to N s
88.2 and COT-U-O angles b <yl
. gles between 127.and 128.7. The
uranium—cyclooctatetraene distance is 1.9/@(2\)ith u-C U
bond distances of 2.65; these values compare well with
those determined for the monocationic cyclooctatetraenyl scheme 85. Formation of the complex [(COTILHM*mM*-HN(CHz)3
complex [(COT)U(NE$)(THF)3]*. N(CHz)2N(CHg)3NH].
Ephritikhine and co-workel[81] synthesized and charac-
terized a dinuclear cyclooctatetraene uranium complex with forded the (dithiolene)uranium(lV) compound [Na(18-
a bridging tetra-amide ligand. The complex was prepared crown-6)p[U(COT)(dddtp] (dddt=dddt=5,6-dihydro-1,4-
by the transamination reaction of (COT)U[N(Sib)g]> with dithiin-2,3-dithiolate) Scheme 8p

HoN(CH2)3NH(CH2)2NH(CH>2)3NH-2. The crysotal structure This complex could be oxidized with AgBRhn THF
revealed the shortest-W distance 3.3057(A ever ob- to give the corresponding monoanionic uranium(V) com-
served in a molecular compoun8icheme 8&andFig. 95. plex [Na(18-crown-6)(THF)][(COT)U(dddi) (Scheme 87

Ephritikhine and co-workerg/8] also synthesized dithi-  andFig. 96).
olene complexes of uranium containing a cyclooctate- The uranium atom is coordinated by four sulfur atoms
traenyl ligand. The reaction of [(COT)WXTHF),] with and then8-bonded cyclooctatetraenyl ligand in a distorted-
Napdddt and subsequent reaction with 18-crown-6 af- square-pyramidal arrangemgns].

THF
(COT)U(BH,),(THF) + [NEt;H]BPhy— = [(COT)U(BH,)(THF),][BPh,] + BHg NEt;+0.5H,

Scheme 83. Preparation of the monocationic complex [(COT)UJBHHF),][BPhy].

THF
[(COT)U(BH,)L5][BPh,] +[ NEt ;H]BPh,— [(COT)U(BH,)L;][BPh,], + BHg NEt;+ 0.5 H,

L =OPPh; or HMPA

Scheme 84. Preparation of the dicationic complex [(COT)WRH]|[BPhy].
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Fig. 95. ORTEP view of the complex [(COT)bf-n*m*-
HN(CH3)3N(CH2)2N(CHz)3NH].

Evans et al. [82] published the synthesis of
[Cp’ (COT)UL,[COT] from CpiU and cyclooctatetraene.
Treatment of CpU with CgHg in a 2:3 ratio yielded the
cyclooctatetraenyl-bridged dimer [QEOT)U],[COT] and
Cp5(Scheme 8&ndFig. 97).

Ephritikhine and co-workers[83] synthesized and
characterized the first urana [l]ferrocenophane com-
plex. Reaction of UG with Lisfc.tmeda (fc=1,%
ferrocenylene, tmeda=tetramethylendiamine) gave the
tris(1,1-ferrocenylene) uranium complex [(py)sU(fc)s]
(py = pyridine) Fig. 99).

3.3. Organoactinide catalysis

Ephritikhine and co-workerf84] investigated dehydro-
coupling reactions of primary amines RNkvith PhSits
catalyzed by [(EfN)3U][BPhy]. This reaction gave the cor-

Fig. 97. ORTEP view of the complex [CCOT)U,[COT].

Na,dddt s St {7 S S
[(COT)UX,(THF),] - E I I ]
18-crown-6 S Al \hs S

S

X=BHy,n=0 [Na(18-crown-6)],
X=1 n=2

Scheme 86. Formation of [Na(18-crown-)J(COT)U(dddt}].

| .
] I > > g S Shinee. y-suiS S
S Snllll-U-ﬂl“!\ S ACBPh4
—_— |
O O G Eer S G S .
[Na(18-crown-6)(THF)]

[Na(18-crown-6)],

Scheme 87. Oxidation of [Na(18-crown-g)JCOT)U(dddt}] to [Na(18-crown-6)(THF)][(COT)U(ddd§).
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Scheme 88. Synthesis of the complex J[@OT)UL[COT].

Fig. 98. ORTEP plot of [Li(py)sU(fc)s]-py.

(Et,N);U ® + HC=CR

p =t ‘R\

\
\\L °R

HC=CR

HC=CR

(llgN)gU

responding aminosilanes PhSiH(NHR), (n=1-3). The
reactivity of RNH, for the reaction with a primary silane
(PhSiH) follows the order: primary >secondary > tertiary.
Similar dehydrocoupling reactions using secondary amines
with secondary silanes were found to be less reactive.
Homodehydrocoupling of the silane was found not to be
a competing reaction at room temperature. The hydride
[(RNH)2UH][BPhy], which is plausibly formed in the reac-
tion of [(RNH)3U][BPhy4] with PhSiHg is the likely interme-
diate complex in the catalytic cycle.

Eisen and co-workerf85] investigated the catalytic ac-
tivity of the cationic actinide complex [(EN)3U][BPhy] for
dimerization and hydrosilylation processes of alkynes. Fur-
thermore they could characterize the first f-element alkyne
m-complex  [(EpN)2U(C=C'Bu)(m?-HC=C'Bu)][BPhy].
Mechanistic studies showed that the first step in the
catalytic cycle is the formation of the acetylide complex
[(EtoaN)2U(C=CR)][BPhy] with the concomitant reversible
elimination of EpNH, followed by the formation of the
alkyne m-complex [(EEN)2U(C=CR)(RC=CH)][BPh4]
(Scheme 8%

S O,
(EtN),U—C=CR

RC=CH

ki

|

B

-HC=CR
K

® )
(ELN),U—C=CR  + EpNH

HC=CR

Scheme 89. Mechanism for the dimerization of terminal alkynes promoted b\N)@#1][BPha].
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