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1. Introduction stracts of papers presented at conferences, dissertations and
patents have mostly been excluded.
The review covers complexes of the lanthanides, actinides
and also scandium and yttrium, which contain metal—carbon
bonds as defined by Section 29 of Chemical Abstracts. Ab- 2. Lanthanides

2.1. Lanthanide complexes without supporting

* Corresponding author. Tek:49-391-6718327; cyclopentadienyl and cyclopentadienyl-like ligands
fax: +49-391-6712933. ,

E-mail addressfrank.edelmann@vst.uni-magdeburg.de Nekrasov et al.[1] published a new method for es-
(F.T. Edelmann). timating the degree of fragmentation of organo metal
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Scheme 1. Fragmentation of the LM(GOgomplexes.

complexes. The method is based on mass spectrometrictable 1

under electron impact with cleavage of the metal—ligand Average values of energies of metal-ligand bond cleav@lje if eV)

bond. This study used a representative selection of 67

and degree of fragmentation with the corresponding bond cleawdb} (

organometallic compounds of different classes such asComplex L DL (eV) a(l)

metal carbonyls, metallocenes, as well as cymantrene andcp,yy cp 3.20 05
(benzene)chromiumtricarbonyl derivatives. They chose for cp;sm Cp 4.07 0.47
example tris(cyclopentadienyl)lanthanide with the metal CpsTm Cp 4.50 0.43
Ln = Yb, Sm, Tm, Ho, Dy, Gd, Tb, Pr, Er, Nd, Lu. They de- CPsHo Cp 4.63 0.39
X . CpsDy Cp 4.70 0.40
veloped a correlation between the degree of fragmentatlonCp3Gd Cp 473 0.35
and the dissociation energy of metal-ligand bonds. CpsTb Cp 4.80 0.33
The ay—a4 is the fraction of ions fragmented with the cpsPr Cp 4.98 0.41
elimination of the CO grouphi—b, is the fraction of ions CpsEr Cp 5.00 0.36
fragmented with the elimination of the L ligand; and the ~ CPsNd Cp 5.08 0.40
CpsLu Cp 5.12 0.33

is the fraction of LM ions fragmented with the elimination

of the X fragment cheme 1 Hence, the following expres-
sions can be written for the total fractions of the eliminated

carbonyl groups and ligand L

be calculated from the following equations:

+IM(CO)] _ n
and a(X) = {m —>(m - j’;[l_n_illem_j]}

Y bi = 1-[LM(CO)3] + [LMCOQ] + [LM] + [(L-X)M]

Thea(L) values vary from 0 to 1 and are dimensionless.

In the general case, for thg,MX,, complex, the degree  This allows them to be used for comparison of the degree of
of fragmentation with cleavage of M—L and M—X bonds can fragmentation of different complexes with any ligands. The

Fig. 1. ORTEP view of the molecular structure of [(M?éCHz)zY(OCGHgBuz-Z,G)Z]{[(THF)3Li]2CI}.
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Fig. 2. ORTEP view of the molecular structure of [(WCHZ)ZLu(OQHéBuz—Z,G)Z][Li(THF) 4](THF)».

obtained results for metal-ligand bond cleavaBe,(eV)
of the tris(cyclopentadienyl)lanthanide were summarized in
Table 1

Evans et al.[2] synthesized cyclopentadienyl-free tri-
methylsilylmethyl lanthanide diert-butylphenoxide com-
plexes. The dialkyl-diaryloxide complexes [(W®&CH,).-
Ln(OCeHéBuz-2,6)z]‘ (Ln =Y, Lu) were prepared and
their reactivity studied and compared with cyclopentadienyl-
containing organolanthanide complexes. [@B&H,),Y-
(OCsHLBU2-2,6)]{[(THF)sLi] o.CI} (Fig. 1) was prepar-
ed from the reaction of YGlwith 2 equiv. of LICH:SiMes
and 2 equiv. of LiO@HgBuz-Z,G and crystallized with a
cation which can be viewed as a LiCl adduct of [Li(THP).
The lutetium complex [(MgSiCH,)oLu(OCsH,BU2-2,6)]
[Li(THF) 4](THF), was prepared analogousli¢. 2). Both

complexes have distorted tetrahedral coordination geome-

tries around the metals.
The neutral dialkyl-aryloxide complex (M8iCHy)2-
Y(OC6H§Buz-2,6)2(THF)2 polymerized ethylene and both

Ln(OAr),L, + DO

(6]

Ln=Sm,L=THF,x=3
Ln=Yb,L=THF,x=3

Ln=Sm, L=HMPA, x=2
Ln=Yb,L=HMPA, x=2

Ar = CgH,'Buy-2,6-Me-4

HMPA = hexamethylphosphoric triamide

Fig. 3. ORTEP view of the complex Sm(OA(ketyl)(THF)z.

OAr

ArO//l
L—lrn—L

O

o

Scheme 2. Synthetic routes of the ketyl complexes Ln(gkexyl)(L)2.



24 J.-Y. Hyeon, FET. Edelmann/Coordination Chemistry Reviews 247 (2003) 21-78

OA
A p q
THF— ST_THF
(0]
2N HCI

(]

»
8

(6]

Scheme 3. Hydrolysis and oxidation of the complex Sm(Q@&styl)(THF)s.

L o

LnCly(2:1) )\ 0
> Q Ln
o) o) In=Sm,La
\( I 7/

Fig. 4. ORTEP view of the molecular structure of the Li complex [2BeQ)CgHs]4SmLi.
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r.t.

#
2 (CsHyCHRNMey,Yb + Cop o [Cp'2Yb],Cp

r.t.
Cp*Lu(CHg)(DME)  + Cg ——————>  Cp*Lu(C4)(DME) + CoHg
toluene

Scheme 5. Formation of [&¥b]>Cso and CpLu(Cso)(DME).

anionic complexes were active in ring-opening polymeriza- in Sm(OG 3Hg)(OAN)2(HMPA), (1.404(10) A). The radical

tion. carbon atom in each ketyl unit is still in a%hybrid state
and the oxygen atom is in the same plane as the fluorenyl
2.1.1. Alkyl, alkynyl and arene complexes ring.

Hou et al[3] reported one electron reduction reactions of ~ Hydrolysis of the complex Sm(OAslketyl)(THF)
aromatic ketones by low-valent lanthanides. They obtained (Scheme Bgave the corresponding pinacol-coupling prod-
a series of lanthanide ketyl complexes with benzophe- uct, while air oxidation of this complex yielded fluorenone
none and fluorenone. Reactions with several different typesquantitatively.
of lanthanides reducing agents including Ln(CAL). Yasuda and coworkefgd] published the synthesis of the
(Ar = CgHo—'Bu—2,6-Me-4; Ln= Sm, Yb) Scheme P 2,6-dialkoxyphenyllanthanide complexes [2/64O)Cs-
with 1 equiv. of fluorenone in THF afforded the correspond- Hs]sLn (Scheme % Ln=Sm, La, Yb. The complexes
ing ketyl complexes Ln(OApYketyl)(L), in 85-90% vyield of Sm and La were obtained in the 1:1 and 2:1 equimo-
(Fig. 3. lar reaction of [2,64{(PrORCgHs]Li with anhydrous

All complexes have a similar structure in which one flu- LnClz in THF or LnCk(THF),, while the 3:1 reac-
orenone ketyl and two ArO ligands are placed at the equa-tion gave [2,6-{PrO»CgH3]4SmLi (Fig. 4 as a major
torial and two L are located at the apical positions of a product.
distorted trigonal bipyramid. The C-O bond lengths of the  In a 2:1 reaction Yb, the smallest of the three cations, re-
ketyl units are around 1.31 A, which are significantly longer acted with the Li-salt and formed [2,6RrO)CgHz]2YbCI
than those of fluorenone (1.21(3) A) and benzophenonewhich produced [2,6{PrO»CsH3]2Yb[CH(SiMe3),]oLi
(1.23(2) A), but shorter than that of the fluorenoxy unit by reaction with (SiMg)>CHLI.

Cisa1

e
cisn

Cie2 oS

c3s)  Ctsel

Ciss

Cis6

Ctid)

Fig. 5. ORTEP view of the molecular structure ofif¢CsHs)Sm(u-OCzoH20N20)]2(p-THF)(THF ).
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NaO
Cp,SmCI(THF) + —_—
vard)
NaO

[Cpsn’l(ﬂ—OC20H20Nzo)]z(ﬂ-THF)(THF)Z + 2CpNa + NaCl

Scheme 6. Synthesis of the complex{CsHs)Sm(u-OCoH20N20)]2(-THF)(THF),.

Me \ / 0—Yb—O Me

Scheme 7. Molecular structure of bis(2,6teit-butyl-4-methylphenolato-
0)(m®-methyl-cyclopentadienyl)(tetrahydrofuradyytterbium.

NMey) with Cgo the fullerenide complex [Ci¥b].Ceo
(Scheme » was obtained in 57 % yield. In the same
way fullerenide complexes of lutetium, @pu(Cgo)(DME)

Fig. 6. ORTEP view of the molecular structure of bis(2,&ati-but- (Scheme b and CpLu(Cgo)(DME)(CgH5CHs) were syn-
yl-4-methylphenolatdd)(n®>-methylcyclopentadienyl)(tetrahydrofura)- thesized. The complexes were characterized by their ele-
ytterbium.

mental analyses, IR and magnetic susceptibility.

2.1.2. Fullerenides, endohedral metallofullerenes and
lanthanide-filled carbon nanotubes

Bocharev et al[5] reported the synthesis of the first 2.2.1. Mono(cyclopentadienyl) complexes
Cso—fullerenide complexes of (cyclopentadienyl)ytterbium Ding and coworkerg6] reported the synthesis and the
and -lutetium. By treatment of G¥b (Cp*=CsHa(CH)y- crystal structure of a mono(cyclopentadienyl)samarium

2.2. Cyclopentadienyl complexes

clac

ci3n 1A} clBAl

o4
ciao

ClI6A)

Fig. 7. ORTEP view of the molecular structure of the compley?{CsHs)Yb(j-OCaoH20N20)]2(jw-THF)(THF).
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complex. Di(cyclopentadienyl)samarium chloride reacted
with 0.5 equiv. of disodium salts d)fans(i)—N,N—bis(sali—
cylidene)-1,2-cyclohexanediamine to give the mono(cyclo-
pentadienyl)samarium complex{-CsHs)Sm(u-OCpoH2o-
N20)]2(w-THF)(THF), (Fig. 5 Scheme § X-ray crystal
determination showed that the molecule is a dimer, in which
two (n5-CsH5)Sm(pL-OC20H20N20) units are connected
via a THF oxygen and two bridging oxygen atoms of the
Schiff base ligands.

The complex crystallizes in space gro@p. The aver-
age Sm-C bond lengths are 2.78(7) A and those of Sm-0O
(bridging THF oxygen and Schiff base oxygen) are 2.79(3)
and 2.43(4) A, respectively.

Shen and coworkefg] published the crystal structure of a
mono(cyclopentadienyl)aryloxo complex of ytterbium. The
crystals of the complex bis(2,6-tért-butyl-4-methylpheno-
lato-0)-(n°-methylcyclopentadienyl)(tetrahydrofuradjyt-
terbium [Yb(GsH230)2(CeH7)(C4HgO)] (Fig. 6, Scheme Y
crystallizes in the monoclinic space grolj2;/c having
a pseudo-tetrahedral geometry. The ytterbium atom is co-

C36

C34

C44

C46

ordinated by one methylcyclopentadienyl ligand and three Fig. 8. ORTEP view of the molecular structure of sfd(CHy)2

O-atoms. The Yb - Cp (centroid) distance is 2.355 A and
those of Yb—O(Ar) are 2.040 and 2.078 A. The formal
coordination number around the Yb atom is 6.

NMez]2Yb.

(Fig. 7). The complex is dimeric and crystallizes in the

Liu and Ding [8] also published the synthesis of the space groupy/c.

first mono(cyclopentadienyl)ytterbium Schiff base com-

plex. They obtained the complex in the reaction of YhCI 2.2.2. Bis(cyclopentadienyl) complexes

with 3 equiv. of NaCp in THF, followed by treatment with
trans(4)-N,N- bis(salicylidene) -1, 2- cyclohexanediamine
to give [(M>-CsHs)Yb(u-OCa0H20N20)]2(p-THF)(THF)

r.t.

Bocharev et al[5] published the synthesis of a new di-
(cyclopentadienyl)ytterbium complex, §84(CH2)2NMes]»
Yb (Fig. 8 Scheme B The complex was obtained by

YbL(THF), + 2 CsHy(CH,NMe, K ~———> [CsHy(CH),NMe,],Yb + 2 KI

THF

Scheme 8. Synthesis of §84(CH2)2NMez]2Yb.

Fig. 9. ORTEP view of the molecular structure of the complexsi€s)>Tm(w3-Cl)2K(THF)],,.
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treatment of (GH4(CHz2)2NMe2)K with Ybl, in THF at
room temperature (r.t.). Crystals of the complex are dark
red (almost black) and were characterized by elemental
analyses, MS'H- and13C-NMR spectroscopy.

The compound crystallizes in the monoclinic space group
C2/c. The coordination geometry may be described as a
distorted tetrahedron formed by two nitrogen atoms and two
cyclopentadienyl centroids.

Evans et al.[9] published the first structural data on
the pentamethylcyclopentadienyl complex of thulium
[(CsMes)2Tm(us-Cl)2K(THF)], (Fig. 9. The complex
crystallizes in the space groufy and the metal atom has
eight coordination. The polymeric structure of this com-
plex is generated by triply bridging chloride ligands, with
each chloride being connected to onesMes)2,Tm bent
metallocene unit and two K(THF) moieties in a T-shaped
geometry around the chloride.

Evans et al[10] reported structural studies of two new Fig. 10. ORTEP view of the molecular structure ok{@;PrSm(THF).
samarocene complexes. The isopropyl-tetramethylcyclopen-
tadienyl samarium complexes g(eflPr)sz(THF)

(Fig. 10 and [(GMe;PrpSmp(u-Cl) (Fig. 11) were syn-  (cgMes),Sm reacted with AgBPhin toluene to yield
thesized and characterized. The complexM€&;PrpSm- [(CsMes)2Sm][BPhy]. The crystal structure of this com-
(THF) crystallizes in the space group3:21 and has a  plex consists of a trivalent Mes)>Sm bent metallocene
141.6 ring centroid-Sm-ring centroid angle and an average ynit with a 2.702(3) A average Sm-G{iles) distance
Sm—C distance of 2.80(3) A. that is orientated toward two of the phenyl rings of the
The complex [(GMe;PrpSmb(u-Cl) crystallizes in the  [BPh]~ anion with 2.8525(3) and 2.917(3) A Sm-eciph)
space grougP1, and the two bent metallocene units of the distances.
complex are connected by an asymmetrical chloride bridge This complex reacted with K&/es in benzene to yield
which has a 169.88(45m(1)—-Cl-Sm(2) angle and 2.678(1) the sterically crowded complex &®les)sSm. This reac-
A Sm(1)-Cl and 2.891(1) A Sm(2)-Cl bond distances. The tion provides a convenient way to makes{@es)sLn com-

average distance of 2.69(2) A in Sm(l)—(E,(\llIeZPr) is plexes of lanthanide elements which do not have a readily
for Sm(lll) and the average distance of 2.80(2) A is for accessible divalent oxidation state.s{es)sNd (Fig. 13
Sm(2)-C(GMe;Pr), which is characteristic of Sm(ll). was also synthesized from [{®les),Nd][BPhy] in the reac-

The same authorg11l] published synthetic routes tion with LICH(SiMe); and KGMes. This complex has an
to obtain unsolvated lanthanide metallocene cations (n®-CsMes)sNd structure with a 2.86(6) A Nd—CEMes)
isolated as [(GMes).Ln][BPhy] (Fig. 12. Divalent distance.

Fig. 11. ORTEP view of the molecular structure of £MbjPr)ZSm]z(M—CI).
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Fig. 12. ORTEP view of the molecular structure of the complexM€&s),Sm][BPh].

Xie et al.[12] published the synthesis and reactivity of
the “Lewis base-free” cationic lanthanide metallocene com-
plexes of the type [CpLN]Y, (Y = BPh~, CB11BreHs ™,

Cp’ = 1,3-(M&sSi);CsH3) (Figs. 14-16 Schemes 9 and
10). These complexes were synthesized by treatment of un-
solvated C@Ln(ll) or [Cp,Lnl]2 with 1 equiv. of Ag(l)Y

or with 2 M equiv. of Ag(CB 1BrgHe) in toluene at r.t. The
reactivity of these complexes with respect to the coordinat-
ing nature of the counter ions was investigated.

Bulychev and coworkerfl3] published the synthesis of
divalent bulky substituted bis(dert-butyl-cyclopentadien-
yhytterbium complexes. The reaction between Xland
1,3+Bup,CsHsNa in diethyl ether or 1,2-dimethoxyethane
afforded (1,3tBup,CsH3),Yb(OEDL) (Fig. 17 and (1,3-
!BupCsHz3)2-Yb(DME) (Fig. 18, respectively. The com-

pound (1,2tBup,CsH3),Yb(DME) was also formed. The Fig. 14. ORTEP view of the molecular structure of the [Em(DME)["
’ ) cation.

Fig. 13. ORTEP view of the molecular structure of the complex Fig- 15. ORTEP view of the molecular structure of the ESm(THFY]*
(CsMes)3Nd. cation.
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|
) }
c2
C20 C29
\ @f

Fig. 16. ORTEP view of the molecular structure of the EF(THF)]*
cation.

" r.t.
Cploln + AgY ——»  [cpuln]Y + Ag
toluene -

M=Sm, Yb
Y = BPh",,CB, BrgHy

Fig. 17. ORTEP view of the molecular structure of the complex

Scheme 9. Synthesis of the Lewis base-free cationic metallocene Com'(1,3-tBuzC5H3)2Yb(OEt2).

plexes [CE,LN]Y.

r.t.
12 [CpYInl], + AgY —> [Cp"Ln]Y + Agl
toluene

M =Sm, Er
Y =CB,Br¢Hg

Scheme 10. Synthesis of the Lewis base-free cationic metallocene com-
plexes [CH,Ln]Y using a trivalent precursor.

complexes (1,3Buy,CsH3),Yb(OEL) and (1,2tBuyCs- “ c1
H3)2Yb(DME) were crystallized in the monoclinic space ' y
groupsP21/n, and C2, respectively. The complexes were
characterized by their elemental analysis aittNMR
spectroscopy.

Schumann et al[14] reported the synthesis and results
of the catalytic activity for the hydrosilylation of alkenes
and alkynes of new bent-sandwich lanthanide complexes
with bulky tetramethyliso-propylcyclopentadienyl lig-
ands. The trichlorides of yttrium, samarium and lutetium
reacted with 2 equiv. of Na[g]s/leiPr] in THF to form
[(m>-CsMe;Pry-LnCI(THF)] (Scheme 1)1

In subsequent metathesis reactions with LiCHNd
LICH(SiMe3), the corresponding complexes np¢Cs-
MeiPr)anCHs(THF)] (Ln =Y, Lu), and [(~q5-C5MeZPr)2- Fig. 18. ORTEP view of the molecular structure of the complex

. t
Ln{CH(SiMe3)2}] (Ln = Y, Sm) were formed$cheme 1P (2,2BuzCsH3)2Yb(DME).

e

c13

LnCly(THF), +2Na[CsMe/Pr] ——»  [(17-CsMe,Pr),LnCI(THF)] + 2 NaCl

Scheme 11. Formation of the complexeﬁ5[(CsMejPr)2LnC|(THF)], Ln =Y, Sm and Lu.
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[(17-CsMe, Pr),LnCI(THF)] + LiCH; —— [(7°-CsMe,'Pr),LnCH5(THF)] + LiCl
Ln=Y, Lu

[(17°-CsMe,'Pr),LnCI(THF)] + LiCH(SiMe;), PR [(77°-CsMe, Pr),Ln {CH(SiMe;),}] + LiCl
n=Y, Sm

Scheme 12. Formation of the corresponding methyl and bis(trimethylsily)methyl complexes.

Lnl(THF), +2Na[CsMe,/Pf] ——»  [(77-CsMe,Pr),LnCI(THF)] + 2 Nal
Ln=Sm, Yb

Scheme 13. Formation of the complexeg®CsMe;PrpLn(THF)].

In the 1:2 reaction of the chloro analogues 4(iHF), tively. The average Lu—Cp distances are 2.355(3) A, the
(Ln=Sm, Yb) with Na[GMe;Pr] in THF the diva-  Lu—Cldistance 2.516(2) A and the Lu—O(THF) 2.314(5) A.
lent metallocenes complexes npCsMe;PrpLn(THF)] The geometry around the lanthanide center in this com-
(Scheme 1Bwere formed. plex is very similar to that around the metal center of the ClI

The complexes were characterized by their elemen- analogue. The catalytic results are presentesiéation 2.8
tal analysis, mass spectrometry and NMR spectroscopy. Schumann et al[15] also published the preparations
The crystal structure of the complexesni{CsMe;Pr)- of donor-substituted lanthanoceneSclieme 1} ScCh
>LUCI(THF)] (Fig. 19 and [(nr15-CsMeiPr)2LuCH3(THF)] and the lanthanide trichlorides LngC(Ln = Nd, Sm, Ho,
(Fig. 20 were determined. The precatalytic activity of the Lu) were allowed to react stepwise first with (dimethy-
complexes for the hydrosilylation of alkenes and alkynes laminoethyl)cyclopentadienyl potassium (K& and then
was also investigated. with tetramethylcyclopentadienyl sodium (Na® or pen-

This structure is typical of bent metallocene species and tamethylcyclopentadienyl sodium (NaQp respectively,
the central lutetium atom is tetrahedrally surrounded by two t0 Yield the mixed sandwich complexes ©Ep*ScCl,
tetramethyliso-propylcyclopentadienyl ring centroids, the CPP°Cp*'LnCI (Ln = Nd, Sm, Ho, Lu) and CRCp*LuCl.
oxygen atom and the chlorine atom. The angles Cl-Lu—-O  Treatment of these precursors with methyllithium in@&t
and Cp(1)-Lu—Cp(2) are 87.17¢1and 137.22(1) respec-  afforded the chiral alkyl derivatives €pCp**ScMe and

cel)

Fig. 19. ORTEP view of molecular structure of the complex®}( Fig. 20. ORTEP view of molecular structure of the complex}(
CsMe;PrpLUCI(THF)]. CsMeZPrypLUCHz(THF)].
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. \
® = LnCl;(THF), m =
K - / \

-KCl /Lr}
N a¥ %

Q/\L”“‘\“\\ . R N® . /N\
e % ¥
a? %

Scheme 14. Synthetic routes for the donor-substituted unbridged lanthanocenes.

C(13)

Fig. 21. ORTEP view of the molecular structure of®egpHScCl.

cpP°CpHLnMe (Ln = Nd, Sm, Ho, Lu), respectively. Re-
action of CP°Cp*LuCl with LiCH»SiMez yields the corre-
sponding alkyl derivative C#Cp*LuCH,SiMes. The com-
plexes were characterized by their elemental analysis, MS
and NMR spectroscopy, as well as by single-crystal X-ray
structure analysis.

Single-crystal X-ray structure of ®8Cp*HScCl Fig. 21)
and CpP°Cp*HsScMe Fig. 22 were published.

Both molecules showed a similar structure. The CI <M
complex is one of the very few examples of a di(cyclo-
pentadienyl)scandium chloride without bridging chlorine
atoms. This terminal Sc—Cl distance is 2.4574(12) A shorter
than in a scandium chloride complex with bridging chlo-
rine atoms like [(GH3(SiMe3)2)2Sc(-Cl)]2 with 2.58 A.

The scandium metal atom is surrounded by four ligands

in a distorted tetrahedral geometry. The Sc-N distance is
2,396(3) A. The distance of the cyclopentadienyl center to c(12)
the scandium atom is not influenced by the steric surround-

ing in the molecule. Fig. 22. ORTEP view of the molecular structure ofRgpHScMe.

C(13)
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o) THF
LnCly(THF), +2K ~N L —
i, 12h Lnﬁ? P
-2KCl Q0

THF
N AN N
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— > S
LnCL(THF), +2K N Theat, 12h B
-2KCl w ;\
Ln=Y, Sm

Ph
i ) ; @\/SN

s
N — . —~
LnCly(THF), +2K N heat, 12h L \%/
-2KCl w}/ -
.""’//ph
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Scheme 15. Synthetic route to chiral nonracemic metallocenes of yttrium, samarium and lutetiuNt wit®-substituted side chain.

The bond angles around the metal differ only slightly system (LnCfg) with the corresponding oxygen-functiona-
from those in the Cl analogue. The Sc-N distance and thelized alcohol. All alcohols were chiral and used enantiomer-
Sc—C distances are only slightly longer then to those in ically pure Gcheme 1),
the CI derivative. The coordinating dimethylamino group 1H-NMR studies of the complexes they found that a new
decreases the Lewis acidity of the scandium atom resultingtype of species existe¢theme 18
in a weakening of the bond strength between scandium and

the carbon atom of the methyl group. Number Ln m®>-Cp Alkoxide  Color
The research group Schumann et[&6] also published ligand Q
the synthesis of novel chiral nonracemic metallocenes of yt- 1 Pr GHs MOP Almost white
trium, samarium and lutetium witN- or O-substituted side 2 Pr CHCsHs MOP Pale green
chain as ligandsScheme 15Figs. 23 and 24 The com- 3 Pr CHCsHs MPE Yellowish green
plexes were obtained by a metathetical reaction and oxi- 4 Pr GHs IBL Pale green
dation of the corresponding divalent compound. Using the 5 Pr CHCsHs IBL Pale green
stabilizing influence of the donor-substituted ligands, they g Pr CHCsHs EHB Pale green
were able to isolate lanthanide sandwich complexes with 7 Yb CHzCsHs MOP Orange
two different cyclopentadienyl ligandS¢heme 16Figs. 25 8 Yb CsHs MPE Bright yellow
and 26. 9 Yb CHsCsHs MPE Orange
Fischer and coworkerd17] synthesized nine new 10 Yb GsHs IBL Yellow

organolanthanide complexes of the general type [LpCp
(u.-OCHRDYZ)]5 (Cp = CsHs or CHsCsHa, RP=H or
Me) containing exclusively chiral, oxygen-functionalized  Five of the six praseodymium complexes built a stable in-
alkoxide ligands with &) = CHR®?OMe (R? = Me or tramolecular coordination & via an additional @>Pr bond
Ph), Z2 = COO'Bu, Z®=CH,COOEt. but not the corresponding ytterbium-homologues. Crystal
All complexes were obtained at low temperature in structures were determined for the complese§ig. 27),
toluene using a selected tris(cyclopentadienyl)lanthanide(lll) 7, 9 (Fig. 28 and 10. All four complexes crystallized in
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C(IOI)

Fig. 23. ORTEP view of the molecular structure of [§{®-n°m!-CsHy-
(CH2CH(Me)OMe)},Cl].

the monoclinic space group?;. Each of the four binuclear
complexes consists of tWCp,’ LnOY 0P 03} units with
three meridional oxygen atoms next to the Ln(lll) ion. Two
O-atoms belong to both Ln-atoms.

Baudry-Barbier et al[18] synthesized new alkyl and
ally derivatives of cyclopentadienyl samarium complexes.
The complexes were synthesized from SmCl),
(Cp = Me3CGCsHy) and the magnesium derivative GBmCl Fig. 24. ORTEP view of the molecular structure of fl(&)-n®m'-CsHg-
MgCla(THF),. (CH(Ph)CH:NMey) }2Cl].

In the presence of the Lewis base 1,3-diisopropylimida-
zoline-2-ylidene C(NPr)(CMe), crystals of the mono  SmCk was reacted first with 3 equiv. of NaCp in THF fol-
adduct CpSm(GHs)[C(N*Prp(CMe)] (Fig. 29 was lowed by subsequent treatment with (SHHN-(1-phenyl

obtained. ethyl)salicylideneamine to afford the title compound
The catalytic activity of these samarium complexes in (Scheme 19Fig. 30.
isoprene polymerization is presentedSaction 2.8 The product was obtained in 32% yield and characterized

Liu et al. [19] reported the synthesis and characteriza- by elemental analysis (C, H, N and Nd) and infrared spec-
tion of a chiral bis(cyclopentadienyl) samarium complex. troscopy as well as X-ray structure analysis.

1. THF, heat, 12 h

N\ ‘\\\Cl
C MesNa
X N 5 &)
LnCly(THF), K THF, heat, 12 h

-KCl, -NaCl

Ln=Y, Lu
Ph
/L THF heat, 12h
N\ \\\\\U
2. CsMesNa
A . b
LnCL(THF), + K THF, heat, 12 h
-KCL, -NaCl
Ph
Ln=Y, Sm, Lu

Scheme 16. Synthetic route for the mixed chiral lanthanide complexes.
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Fig. 26. ORTEP view of the molecular structure ofJ{CsMes)Lu
{(9-n°m"-CsHa(CH(Ph)-CH:NMe) } Me].

[7° 9

Fig. 25. ORTEP view of the molecular structure ofnJ¢CsMes)-
Y {(9-1°m!-CsHa(CH(Ph)CHNMey) }CI].

The molecule crystallized in dimeric units. The two (., o \ \ ‘
. X P Cp Cp o C
U A AL UNY L0
samarium centers are each bonded to two Cp rings and .«L“\O/L“y _— D
three oxygens: one from a THF molecule and the other two A Cp' Cp ,j) Cp'
from Schiff bases inup-fashion, to form a distorted trigonal ©
bipyramidal geometry with two oxygen atoms occupying Scheme 18. Schematic view of the two structural alternatives.

the apical sites, while the centers of cyclopentadienyl rings

OMe

HO\/'\ (S)-(+)-2-methoxypropanol

OMe

o X (S)-(+)-2-methoxy-2-phenylethanol

HO
0
Mo/\ ethyl-3-(R)-(+)-hydoxybutyrate

HQ
/'\H/ 0\)\ (R)-(+)-isobutyllacetate
0

Scheme 17. Formulae and names of the functionalized alcohols used as ligand precursors.
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Fig. 27. ORTEP view of the molecular structure of the complex

CI201 Ci216) and aup-oxygen are at the triangular plane. The average
Sm—-C bond lengths for Sm1 are 2.82 and 2.70 A, while
those for Sm2 are 2.66 and 2.76 A. The Sm—-0 distances for
Sm1 are 2.399, 2.278 and 2.650 A, and for Sm2 are 2.377,
2.484 and 2.55 A,

Mak and coworkerg20] presented the synthesis of six
new organolanthanide fluoride complexes and reported
their reactivity. First, they synthesized a useful fluorinating
reagent $chemes 20 and 21MesNHF and treated it with
[(Me3Si),CsHs]sLn, Cp’ = (Me3Si)CsHz or (CsHs)Ln
in an equimolar ratio. This way they obtained [CmF]s,

Ln = La, Nd, Sm, GdFig. 31, and [(GH5s)2LnF(THF)]2,
Ln =Y, Yb (Fig. 32. All the complexes were fully char-
acterized by elemental analyses, fR-, 13C-NMR spec-
troscopy, mass spectrometry and X-ray analysis.

Crel

Fig. 28. ORTEP view of the molecular structure of the com@ex

Fig. 29. ORTEP view of the molecular structure of’ €3m(GHs)[C(N*Pr)(CMe)].
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1. 3 equiv. NaCp

P

SmC13 .
2. (8)-(+)-N-(1-phenylethyl)salicylidenamine

=0
*

CHNHCH(CH;)Ph

(n*-CsHs)(n

2

(CsHs)(CsHy)Sm(OCHCHNHCH(CH,)CH.

Scheme 19. Synthesis of chiral samarium complex

50
2 C49
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/ c47
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(CsH5)(CsH)Sm(OCHsCHNHCH(CH;)C¢Hs.
Fig. 30. ORTEP view of the molecular structure of the complex
THF
Cp"sLn + Me;NHF —> 12[Cp",LnF], + MesN + Cp'H
Ln = La, Nd, Sm, Gd

Scheme 20. Synthesis of the organolanthanide fluoride complexes.

To investigate the effect of substituents at the Cp ring on  The authors investigated reactions of §SmF}L with
the formation and molecular structure of organolanthanide sodium, CNa, AICl;, (CsHs)3SiOH, and 2,6-Pr>Ce-

fluoride compounds, compounds of the type {OpF(THF)] HzOH. Sodium was shown to reduce [SmF}L to

were prepared. CpySm(THF). Upon treatment of [CBmF} with an ex-
THF
CpsLn + Me;NHF ——> 12[Cp,LnF], + MesN + CpH
In=Y,Yb

Scheme 21. Synthesis of organolanthanide fluoride complexes.
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Fig. 32. ORTEP view of the molecular structure of §t&),YF(THF)]..

cess amount of CfNa in THF no CgSm was isolated.
Reaction of this complex with 1 equiv. of anhydrous AJCI
gave [CESmMCIp (Scheme 2R The bimetallic compound
Cp;Sm(u-F)(u-CIAICI, was not isolated.

[CpySmFL reacted with 1 equiv. of (§Hs)3SiOH or
2,6-Pr,CeH30H in THF to give the unexpected products,
[(C6H5)3S|O]3sm(THFb and (2,6£PrZCGH30)3sm(THFb, Fig. 33. ORTEP view of the molecular structure of [(Sm([18]-
respectively. crown-6)][SmC]-0.5GsHe.

Lappert et al[21] reported cyclopentadienide displace-
ment reactions from a lanthanocene 5Cp (Ln = Sm,

Yb) by a crown ether. They obtained the lanthanide

toluene
[Cp",SmF], + ALCly ——— [Cp",SmCI], + AlLCLF,
Scheme 22. Reaction between [SmF}L and AbCls.

s [CP"Yb([18]-crown-6)][Cp"]3CcHe yellow
Ln=Yb

Cp",Ln Cp" =n’-CsH;(SiMes),-1,3

— > [Cp"Sm([18]-crown-6)][Cp";Sm]0.5C4Hy  brown
Ln=Sm

Scheme 23. Formation of cationic lanthanide(ll) complexes.
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complexes [CfSm([18]-crown-6)][SmCy]-0.5GHs and
[Cp”Yb([18]-crown-6)][CH’']-3CsHs  (Scheme 2B The
complexes were analyzed by IRH-, 13C-, 2°Si-NMR
spectroscopy.

Lappert et. al also reported the first cationic lanthanide
complexes of samarium and ytterbium. They synthesized
these complexes [Ci®m([18]-crown-6)][CESm]-0.5CHe
(Fig. 33 and [CP'Yb([18]-crown-6)[C{']-3CsHg, (Cp'=
1°-CsH3(SiMes),-1,3] by reaction between bis(cyclopenta-
dienyl) lanthanide and [18]-crown-6 ether in benzene.

The complexes were characterized by IR ahd-,
295i{1H}-, 17Yb{1H}-NMR spectroscopy and single-crystal
X-ray diffraction. The samarium complex consists of two
separate ions. The cation [Cpm([18]-crown-6)] has a
sandwich-like structure and the samarium is located within
the cavity of the quasi-parallel Cpand the crown ligand.
Through the interaction with the central Sm atom and one
of the oxygen atoms of the crown ether, it is distorted. The
centroid of the Cf ring and the six oxygen atoms of the
crown ether form a strongly distorted pentagonal bipyra-
midal arrangement around Sm. The anion{&m)~ forms
an almost trigonal planar arrangement with respect to the
centroids of the three Cpligands, as in neutral molecule
CpzSm.

Spirlet and Goffart[22] studied the crystal structure
of the dimeric compound di-chloro-bis[t>-trimethyl-
silyl-cyclopentadienyl)samarium(lil)],  (§H13Si)4SmCh
(Fig. 34 The crystal is triclinic, space groupl, and the

39
4 D
c(5) ) \\\,5 a3
/l O El®
Cee) | C(3) 7. N =
\ * Q C(12)
H
cm \1 7)c@ cuo) <A4C(11)
//// C(16) '
= e \ cun
'§ / ' \)vl
X/
i» §‘) C(18)
S 5 S
NQ@) c(5) \\\

(Y caq

Fig. 35. ORTEP view of the molecular structure of §t&Me),YbTz],.

corresponding Sm complex. The anion is such that two Cp

Sm atom has pseudo-tetrahedral coordination geometrygroups lie an across inversion center with the disorder only

like the corresponding Yb derivatives. The four centroids
of the monosubstituted cyclopentadienyl rings showed a

partially resolved.
Huang and coworkers[23] reported the synthesis

square-planar arrangement. The mean bond lengths Sm—Cand structural characterization of 5-phenyl tetrazolate

(2.754(3) A) and Sm-C (2.68(1) A) are longer than the
corresponding bond lengths Yb—ClI (2.643(2) A) and Yb—C
(2.599(9) A).

The ytterbium complex also consists of two separate ions.
The cation [CfYb([18]-crown-6]" is very similar to the

Fig. 34. ORTEP view of the molecular structure of ydehloro-bis-
[(m®-trimethylsilylcyclopentadienyl)-samarium(lil)].

organolanthanide complexes. By treatment gH{gMe)sLn

(Ln = Yb, Er, Dy, Gd) and 5-phenyl-1H-tetrazole (TzH)
they obtained complexes of the type §@&xMe)LnTz]>
(Fig. 395. For the metals Yb and Er the complexes crys-
tallized in the space groug2/c and the molecules are
centrosymmetric dimers in which each ytterbium atom is
coordinated by two methylcyclopentadienyl groups and
three nitrogen atoms of the bridging Tz ligands to form a
distorted trigonal-bipyramidal geometry.

The complexes [(§H4Me),LnTz], with Dy and Gd
crystallized as isomorphous crystals in the space group
P1. The complexes have two disconnected structural units
[(CsHaMe)(CsHs5)LnTz)2 (Fig. 36 and [(GHaMe),LnTz]

(Fig. 36, when there was a small amount ofs{@&Me),Ln-
(CsHs) present in the (§HsMe)sLn. The complex crys-
tallized in one asymmetrical unit, which each of the
tetrazolate-bridged dimers having an inversion center. The
bridging unit LipNg is planar and all three structures reveal
an unusual bonding mode of the tetrazolate ligand, in which
the tetrazolate group acts as both a bridging and chelating
ligand, with the nitrogen atoms at 1st, 2nd and 3rd position
taking part in bonding.

Shen and coworker$24] published the synthesis of
bis(methylcyclopentadienyl)piperidino lanthanides and in-
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Fig. 37. ORTEP view of the complex (MgB4)2ErNCsH19(HNCsH10).

vestigated their catalytic behavior in the polymerization
of methyl methacrylate. The neutral amido complexes
(MeCsHg)2LnCsH10(HNCsH10) (Fig. 37, Scheme 24with

Ln =Yb, Er, Y, were obtained by the reaction of anhy-
drous LnCjwith MeCsH4Na followed by treatment with
LINCsH10.

In this complex the Er—N(1) and Er—N(2) distances are
2.464(7) and 2.159(8) A, respectively. The large disparity
in the Er—N bond lengths showed that the complex exhibits ¢
two different Er—N bonding modes: donor bond for the bond
distance 2.464(7) and the lanthanide amido bond.

Hou and coworkerq25] published the heterometallic
dimer “ate” complex iridocenium dichlorobis(pentamethylc-

yclopentadienyl)samarate, [§®es)2Ir] T[(CsMes)>SmCI|~ Fig. 38. ORTEP view of the iridocenium dichlorobis(pentamethylcyclo-
(Fig. 38 Scheme 2b In the reaction of (6Mes)- pentadienyl)-samarate.
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LnCl; + 2 —_—
’ Na " NaCl
R@ D
toluene / 0 °C O

Scheme 24. Synthetic route to neutral amido lanthanide complexes.

THF

[(CsMes)Sm(p-OAD], + [{(CsMes)rCl(u-Cl)}p] ———
~(ArO),Sm, IrCl,

+
CsMe;s CsMes~ . ,Cl
\ m

CsMe
C5Me/5 S

THF
(CsMes),Sm(THF), + [{(CsMes)IrCl(u-Ch)},]

-IrC 12

Scheme 25. Synthesis of the iridocenium dichlorobis(pentamethylcyclopentadienyl)-samarate.

Deacon et al[26] reported a facile new synthetic route

SM(-OAr),, Ar = 2,6-(Bu),-4-MeGsHy) or (CsMes),- to obtain [CpYbF(THF)],. Reaction of CpYb(DME) with
SM(THF) with equivalents of [GMeslIrCI(-Cl)]> in perfluorodecalin or perfluoro(methylcyclohexane) in THF
THF gave the ate-complex. The complex represents theyields the title compound. These are the first examples of
first example of a structurally characterized metalloce- C—F activation of saturated perfluorocarbons by a lanthanide
nium lanthanocene dihalide complex which consist of a organometallic Gcheme 2B
[(CsMes)2SmCh]~ anion and a [(GMes).Ir] T cation. Bulychev and coworkerf27] published the synthesis of

The complex crystallized monoclinic in space grdefa/ a novel hetero-metallic complexn$-1,3-BuxCsHz)>Yb-
m. The two Cp ligands in the [(GMes).Ir] T cation are (n-D)2Al(m?-1,3+BuyCsHs) (Scheme 27Fig. 39. This co-
almost parallel to each other and arranged eclipsed, with themplex was obtained by the reaction ®f¢1,3-BuyCsHz),-
torsion angles between the two Me groups being less than 2 ' Yb-OEt with AID 3-Et,O or AID2((n2-1,3-+Bu,CsHz)-Et,O

THF
Cp,YB(DME) + CyoFg —_— [Cp,YBF(THF)],
-DME
+ unsaturated fluorocarbons
THF
szYb(DME) + C(')Fl ICF3 _— [szYbF(THF)]2
-DME

+ unsaturated fluorocarbons

Scheme 26. Synthetic route of dimeric [YbE§THF)], by C—F activation of perfluorocarbons.



42 J.-Y. Hyeon, FET. Edelmann/Coordination Chemistry Reviews 247 (2003) 21-78

AID; « Et;,0
N W
\\"
>‘ \ RN

\\\\“"\
Yb Yb‘D(
/ I\ AD,(BuyCity)* EGO ‘
$ §
Scheme 27. Synthetic routes to the hetero-metallic compiexL(3-*BuyCsHs), Yb(pu-D)2Al(m2-1,34BupCsHa).

in diethyl ether. This complex containing an ¥#) and the dilithium salt of 2,2-bis(3-trimethylsilylcyclopentadie-
a three coordinated Al cation is stable due to interac- nyl)propane [(CH)2C(CsH3-3-Si(CHg)3z)2Li2] and ytter-
tion of m-electrons of the allyl group of the2-bonded bium(lll) chloride.

Cp ring with an unoccupied orbital of the aluminum The crystal has a monoclinic structure and the average

atom. Yb—Cl, Yb—Cp bond lengths are 2.57 and 2.30 A, respec-
tively, and CI-Yb—CI, Cp—Yb—Cp bond angles 85.and
2.2.3. Ansa-cyclopentadienyl complexes 113.6, respectively.

Bulychev et al.[28] published the synthesis and the The reaction between the ytterbium ate-complex and
structural study of newansaytterbium complexes. The a 50% excess of LiBil afforded the borohydridansa
ate-complexrac-(CHz)2C[Cs5H3-3-Si(CHg)3]2Yb(j2-Cl)2- ytterbocene complex{rac-(CHs)>C[CsH3-3-Si(CH)3]2-
Li(OEtp)2 (Fig. 40 Scheme 2Bwas obtained in ether from  Yb[(j2-H)2B(je2-H)2]2Li(THF) 2} o (Scheme 2

Fig. 39. ORTEP view of the molecular structure of the complg¥1,3-BuzCsHz3)>Yb(-D)2Al(12-1,3+Buy,CsHs).
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Scheme 28. Synthetic route to thec-(CH3)2C(CsH3-3-Si(CHs)3)2Yb(w2-Cl)2Li(OEtz)2 complex.

The borohydridoansaytterbocene complexFHg. 41) The same research group, Bulychev and coworkers
crystallized triclinic. Average Yb-B, Yb—Cp bond lengths [29] published the synthesis and crystal structure of
are 2.59 and 2.33 A, and B-Yb-B, Cp—Yb—Cp angles are ansaytterbocenes with a short bridge and bulky substituents.

96.3 and 111.0, respectively. (CH3)2E[3-(CH3)2ECsH3] 2Lz (E = C, Si), the lithium salt
\./ - \o/ ~N
AR e S
'p 2 LiBHy/Et,0 P /
Y, WCl/, . W BH,
YBY, - 1 < O~ e
% a” Ny 2 LiCl KL{’OO
/ / )
S'/ Si |:>
1 \\‘ \
SN N\ J

Scheme 29. The reaction between ate-ytterbium complexes with 4.iBH
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cua)

ci2

Fig. 41. ORTEP view of the molecular structure of borohydradsaytterbocene complex.

of the ligand reacted with Ybglto yield the complexes at Cp(1)-Yb—Cp(2), Cl(1)-Yb—CI(2) were 113.4{3and
rac-(CHs)>C[3-!BuCsHz] 2 Yb(-Cl),Li(OEty), (Fig. 42 86.12(9), respectively.
and the monosolvatethese(CHz)2Si[3-(CHg)2SiCsH3] 2- The bond lengths of Yb—Cp(1) and Yb—Cp(2) are 2.316(7)
YbCI(THF) (Fig. 43, respectively. The complexes were and 2.335(7) A, and Yb—CI 2.496 (2) and Yb-0 2.316(8) A.
characterized by their elemental analyses and X-ray struc-The angles of Cp(1)-Yb-Cp(2) and O-Yb—Cl are 122.5(3)
ture determination. and 92.0(2), respectively.

The bond lengths of Yb—Cp(1) and Yb—Cp(2) are 2.31(1)  Baudry-Barbier et a[18] synthesized anionic mono-sub-
A and 2.32(1) A, while the bond lengths at Yb—CI(1) stitutedansacyclopentadienyl samarium complexes. In the
and Yb—CI(2) are 2.574(3) and 2.578(3) A. The angles reaction between Smg{ITHF); and [Me,C2(CsH4MgCl),-

SmCl;  +  [MeyCy(CsHMgC,J(THF), ———  [MeyCa(CsHy),1SmCI(THF)MgCL(THF),

‘ 2 C4HsLi(dme)

+ LiCl

Scheme 30. Formation of the complex [M&(CsH4)2]Sm(GsHs),Li.
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€23

Fig. 43. ORTEP view of the molecular structure mese(CHz),Si[3-(CHg)2SiCsH3]2 YbCI(THF).

45
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Scheme 31. Six new bridged ligands.
(THF)4 under sonification they obtained thasacyclopen- All of the divalent samarium complexes were synthesized
tadienyl samarium complex [M€;(CsH4)2]SMCI(THF)- by the reaction of the dipotassium salt of the corresponding
MgCl>(THF), as brick-red powder. This complex formed ligand with Sm) (Scheme 3P
with 2 equiv. of GHsLi(dme) the complex [MgCo(CsHa)2]- These bridged bis(cyclopentadienyl) samarium com-
Sm(GHs),Li (Scheme 3] plexes exhibit various structures with regard to the bridg-
The catalytic activity of this complex is presented in ing group and the position of substituents on the Cp
Section 2.8 rings: rac-'Bu, MeSi(2-MezSi-4-'BuCsH»),Sm(THF)

Yasuda and coworkerf80] published six new divalent  (A) (Fig. 44); rac-‘BuMe;Si, MeSi(2-Me3Si-4-BuMe,Si
samarium complexes with bridged bis(cyclopentadienyl) lig- CsH2)2Sm(THF) (B) (Fig. 495; C1 symmetric MeSi[2,4-

ands. The ligands are depictedScheme 31 (MesSi)2Cs5H2][3,4-(Me3sSi)2CsH2)2]Sm(THF ) (C); meso
iMe; .
R ' Me3Sy/,"
K Si K* 1/2 Sm1, R
—_—
‘ R } i Sm(THF)n

Me3Si \\\R

Me3SI
racemic

R = 'Bu, 'BuMe,Si

Scheme 32. Synthesis of the M#(2-Me&Si-4-'BuCsH2)2Sm(THF) and rac-Me;Si(2-Me3Si-4-f BuMez-SiCsH2)2Sm(THF Y.
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Fig. 44. ORTEP view of the molecular structure of M&2-Me;Si-4-
tBUCsH2)2SM(THFY.

Fig. 45. ORTEP view of the molecular structure of }&2-Me;Si-4-
[1,2-(Me&;Si)(MezSiOSiMe)](3-BuCsH2),Sm(THF), (D); BUCsH2)2SM(THFY.
Cy, symmetric (PhSi), PhSIi[3,4-(MesSi)2CsH2]2Sm-
(THF)2 (E); Cy, symmetric [(SiOSR], [1,2-(MexSiOSi-
Me2)2](3-!BuCsH2),Sm(THF) (F). The structures of\, (Scheme 3% The trichlorides of yttrium, samarium and
B, D, andF were confirmed by X-ray crystallography. The lutetium react with 2 equiv. of Na@E4*Bu) and followed
complex D showed the highest activity for the polymer- by 1 equiv. of NaBH to give monomeric complexes of
izations of polyethylene (610° g of PE per mol h) and  type [(n°-CsHa!Bu),LnBH4(THF)]. The methyl derivatives
the complexC afforded the highest molecular weight of of the complexes §{°>-CsH4'Bu),LnBH4(THF)] were also
polyethylene K1, = 145x10%. Only racemic complexes formed by the same procedure with 2 equiv. of NgNiB4R)
A and B could polymerize 1-olefins such as 1-pentene and 1 equiv. of NaBhl

and 1-hexene. The compléxinduces catalytic cyclopoly- The complexes were characterized by elemental analysis,
merization of 1,5-hexadiene to give poly(methylene-1,3- NMR spectroscopy and mass spectrometry. In addition, the
cyclopentane)§cheme 3B crystal structures of the complexes}¢CsMes),SmBH;-

Schumann et al[31] reported the synthesis of mono- (THF)] (Fig. 46) and [(°-CsMesEt),YBH 4(THF)] (Fig. 47)
meric bis(cyclopentadienyl)lanthanide tetrahydroborates were determined.

Me3S}',/,.

tBu W

Sm(THF),

Y

‘\‘Bu

Me;St

racemic

Scheme 33. Cyclopolymerization of 1,5-hexadiene to poly(methylene-1,3-cyclopentane) induced’ BuMe, Si(2-MesSi-4-f BuCsH2)2Sm(THF ).
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LnCly(THF), + 2Na(CsH,Bu) + NaBH, ————»

[(n°~CsH,'Bu),LnBH,(THF)] + 3 NaCl

In=Y,Sm, Lu
LnCl3(THF), + 2Na(CsMe4R) + NaBH, ———

[(n°~CsMe,R),LnBH,(THF)] + 3 NaCl
R=H, Me, Et, 'Pr, Ln = Y, Sm, Lu

Scheme 34. Synthesis of monomeric bis(cyclopentadienyl)lanthanide tetrahydroborates.

The samarium ion is coordinated by the two pen-  The reaction of 2 equiv. of Li[§H4(CH;)2PMey] with 1
tamethylcyclopentadienyl ring centroids, the THF oxygen equiv. of Y(CRSGs)3 in the presence of LiBr afforded the
atom, and the boron atom in an approximately tetrahe- disubstituted yttrium bromide derivativ&¢heme 38
dral fashion according with angles of 89.0(4P0.0(4y The stabilization by intramolecular coordination of the
for B81-Sm(1)-0O(1) and B82-Sm(2)-0(2), respectively. phosphano functionalities prevents both the dimerization of
The average Sm(1)-Cp, Sm(2)-Cp distances are 2.452(1the system and the coordination of donor solvents. Tem-
and 2.459(8) A. The ytterbium atom is coordinated in a perature dependent measurement of NMR spectra showed
distorted tetrahedron by the two pentamethylcyclopenta- that the system is not involved in any dynamic processes.
dienyl ligands, the THF oxygen and the boron atom. The The Y atom is surrounded in a slightly distorted trigonal
molecular structure shows two hydroborate hydrogen atomsbipyramidal fashion and the two phosphorus atoms occupy
bridging yttrium and boron. The action of the tetrahy- the apical positions. The Y-P bond lengths are 2.960(1) and
droborate group as a bidentate ligand is very common for 2.933(1) A. The distances are only slightly longer than in
analogous compounds of metals, which are comparable innon-cyclopentadienyl stabilized Y-P complexes. The aver-
size to Y or smaller than Y. The yttrium hydrogen bonds age Y—Cp (center) distance (2.39 A) agrees well with that
differ in length d(Y-H(112)=2.27 (5) A, d(Y-H(111}> found in other Y(lIl)—cyclopentadienyl complexes.

2.42(7) A). Molander et al.[33] synthesized three nevansa

Karsch et al.[32] published dimethylphosphinoethyl- cyclopentadienyl lanthanide complexeScheme 3y and
cyclopentadienyl complex of yttrium. The reaction of investigated their catalytic activitie§igs. 49 and 5D
Li[Cs5H4(CH2)2PMe] and yttrium triflate formed bis-
(dimethylphosphinoethylcyclopentadienyl)yttriutig. 48
with an intramolecular coordination of the phosphinoethyl
chain. The ligand Li[GH4(CH,).PMey] was synthesized
from spiro[2.4]hepta-4,6-diene upon treatment with LiBMe
according toScheme 35

cash

Fig. 46. ORTEP view of the molecular structure ofJ{CsMes),- Fig. 47. ORTEP view of the molecular structure of,J(CsMe4Et),-
SmBHy(THF)]. YBH4(THF)].
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Fig. 48. ORTEP view of the complex bis(dimethylphosphinoethylcyclopentadienyl)yttrium.

THF

+ LiPMe, ———>

THF
2 Li[CsHy(CH,),PMe,] + LiBr + Y(CF;80;); ————> Br—Y"
-3 LiCF3S0;

Mez

Scheme 36. Synthesis of the complex bis(dimethylphosphinoethylcyclopentadienyl)yttrium.

The catalytic activities are presentedSection 2.8

2.2.4. Tris(cyclopentadienyl) complexes

Dehnicke et al[34] reported phosphoraneiminato com-
plexes of ytterbium, dysprosium and erbium. The complexes
were prepared by reactions of the cyclopentadienyl lan-
thanide chlorides [Ln(€§Hs)2Cl],> with LINPPhg in boiling
toluene Echeme 3B All three compounds crystallized iso-
typically in the orthorhombic space grofica. Two of the
three phosphoraneiminato groups link the metal atoms via
p2-N bridges to form almost planar M, four-membered
rings. The third NPPhgroup is terminally bonded. The mag-
netic susceptibility of [Dy(CsHs)3(NPPh)3]-3C7Hg has
been determined in the temperature range 1.7-300 K.

In the dimeric molecules [MCps(NPPHR)2] (Figs. 51-53,
the metal atoms together with two N-atoms form slightly
Fig. 49. ORTEP view of the molecular structure of M&CP'Bus- distorted MN2-four ring. One of the two metal atoms is
YCH2TMS(THF). coordinated by cyclopentadienyl in the way ¢t and by
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'‘Bu
'Bu
1. YC13' THF’;S
AN toluene ~_
si Li > e .
/o 2 2. LiCH,TMS . SY—CH,TMse THF
‘Bu

'‘Bu
TMS
B ™S ]
1. YC13' THF&S
~ toluene S~
/ 2. MelLi, Et,0 -
™S

Scheme 37. Synthesis of the nansacyclopentadienyl lanthanide complexes.

3 LnCp,Cl + 3 LiNPPh; rle?i> [Ln,Cp;(NPPhy);]* 3 C,Hy + LnCp; + 3 LiCl
oluene

Ln =Y, Dy, Er

Scheme 38. Synthetic routes for the complexes@m(NPPH)3].

Fig. 50. ORTEP view of the molecular structure of [MBCp™S,YMe].,.

Fig. 51. ORTEP view of the molecular structure 0b[€sHs)3(NPPh)3].
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Fig. 52. ORTEP view of the molecular structure of E0gsHs)s- Fig. 53. ORTEP view of the molecular structure of J&2sHs)3(NPPH)s].

(NPP)3].

Shen and coworkers[36] investigated the crystal
one NPPB~ forming nearly a straight line. The second structure of the ate-complex trisutylcyclopentadienyl)
metal atom is coordinated by two cyclopentadienyl ligands praseodymiums-bromo-tris(tetrahydrofuran)lithium. The

in anvm?® coordination mode. complex [Li(C4HgO)3}Br{Pr¢BuCp)}] (Fig. 54 has
Thiele et al[35] reported the first organolanthanide com- a distorted pseudo-tetrahedral geometry around the

plex with a pyrene ligand. Treatment of [QmCl(-Cl)2- ten-coordinated Pr atom. ThéBuCp)lPr unit and the

Li(THF)] with pyrene and potassium in toluene formed red- Li(THF)3* cation are connected by&Br atom.

dish violet crystals of [(CfLaCl)3(C16H10)]- In the com- Lappert and coworkerf37] achieved the first synthesis

plex, there is an unusual coordination between La atom andof a subvalent organolanthanum complex [K([18]-crown-6)-
the pyrene ligand. The X-ray analysis showed that Lal and (n?-CgHe)2][LaCpb!)2(p-n8:m8-CeHg)]-CeHe (Cp™t = m°-
La2 were coordinated to oppositely lying rings of the pyrene CsH3zBu5-1,3) (Fig. 55. The complex can be formulated as
ligands. The bond length lies between 2.76 and 3.07 A. The a salt containing as anion two &pa(ll) moieties bridged
La3 is coordinated to the central ring of the pyrene system by an8-benzenide monoanionic ligand. The compound was
and this coordination can be described asjdmond. The formed by the reaction between an excess of K gHE
bond length of La3—C4, and La3—C5 lay by 2.82 and 2.84 A. and [18]-crown-6 at 20C.
Lal and La2 are coordinated distorted tetraedrally, but La3  Bulychev et al.[27] obtained §°-1,3+Bu,CsH3)3Yb
is coordinated in a distorted trigonal bipyramidal fashion.  (Fig. 56 in high yield. In the catalytic reaction of 1-hexene
Karsch et al[32] synthesized a novel tris(dimethylphos-  with (n°-1,3¢Bu,CsHs3),Yb-OEt and Al'Bus, they also
phinoethylcyclopentadienyl) lanthanum comple&ckeme obtained the product in high yield.

39). The reaction of 3 equiv. of Li[§H4(CH2)2PMe with Deacon et al[38] published the synthesis of triphen-
1 equiv. of La(CRSGs)3 led to formation of the homoleptic  ylphosphine oxide complexes of the tris(cyclopentadienyl)-
compound La[GH4(CH2)2PMe]s. lanthanides with Lnr=La, Nd, Sm, Yb, Gd. By treat-

THF
3 Li[C5H,(CH,),PMe,] + La(CF;80;); —_
-3 LiCF;S0,

Scheme 39. Synthesis of tris(dimethylphosphinolethylcyclopentadienyl)lanthanum.
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B

Fig. 54. Molecular structure and ORTEP view of the compléki(C4HgO)3}Br{Pr¢BuCp)}].

ment of CpLn(THF) with OPR; (R = Ph, o-tolyl, Bu™) 2.2.5. Complexes with cyclopentadienyl and
they observed formation of different products. While cyclooctatetraenyl ligands

with the metals Ln=La, Nd, Sm, Yb the complexes Evans et al[39] published the synthesis of a new se-
[CpsLn(OPPR)] were mainly formed, the metal Gd formed ries of bimetallic triple-decker sandwich samarium com-
mainly unsolvated CGyf5d and a small amount of [G@d- plexes containing two cyclopentadienyl and one cyclooc-
(OPPR)]. tatetraenyl ligand, [(EMesR)SM(THF)b(u-n8:m8-CgHsg),

An attempted synthesis of [Gb(OPBW;)] yielded R = Me, Et. These complexes can be prepared by allow-
mainly [{CpYb(OPBW)}20]. The crystal structure of ing [(CsMesR)Sm(u-1)(THF)2]2 to react with 1 equiv. of
[Cp3Yb(OPPR)] (Fig. 57 was determined by single-crystal K>CgHg in toluene.

X-ray structure determination. The complex crystallized In the diglyme adduct of the complex [{@esR)Sm-
in the monoclinic space grouf2;, containing formal  (THF)]2(uw-1%:m8-CgHg) (Scheme 4pthe dianion (GHg)?~
ten-coordinated ytterbium with distorted pseudo-tetrahedral is sandwiched between two [{®lesR)Sm(THF)]" cations
coordinating geometry. with a 137.6. This bent triple-decked metallocene has

[CpsNd(OPBWY,)] (Fig. 58 was found to crystallize in ~ 2.91(2) A Sm-C(GMes) and 2.96(5) A Sm—C(§Hg) av-
the trigonal space group31/c and contains ten coordinated erage distances.
neodymium with a trigonal arrangement of the oxygen atom Both the THF and diglyme complexesFig. 59
and the Cp ring centroids. Scheme 4] could be desolvated at 30-50 under high

cugd

Fig. 55. ORTEP view of the molecular structure of [K([18]-crown«f}XCsHs)2][LaCpt’2)2(-1%:m8-CeHs)]-CeHs.
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Bu2 c2
Bul
C30 c3
c
C4 Cs
Cie g Ci4
M‘#\ Bu3
c17
ci6 c15
Bu4
Fig. 56. ORTEP view of the molecular structur¢5(1,3—tBU2C5H3)3Yb.
vacuum to give [(EMesR)Smp(p-n8:m8-CgHg). However, furan)holmium(lll). .The complex was synthesized from
no metallocene structures with three parallel rings like CoHzNa and HoG4 in 0.8:1 mole ratio in THF. The com-
(CgHs)-U and [(GsHg)2Ce]™ were formed. pound was characterized by elemental analyses and spec-
troscopy and the structure was determined by single-crystal
2.3. Indenyl complexes X-ray diffraction. The crystal is monoclinic, space group

P21/m, and the holmium atom has a distorted octahedral ge-
Kong et al.[40] published the synthesis and crystal struc- Ometry with one five-membered ring centroid of an indenyl
ture of the complex dichloro(indenyl) tris(tetrahydrohydro- ligand, three THF oxygen atoms and two chloride anions.

Cl4}

Fig. 57. ORTEP view of the molecular structure of the complexs{G{OPPR)].
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Scheme 40. Synthetic route for KResR)Sm(THF)b(-1:m8-CgHg).

CisA)

Fig. 58. ORTEP view of the molecular structure of the complexs[Gb
(OPBW)].

Fig. 59. ORTEP view of the molecular structure of §(@esR)Sm-
The average Ho—C, Ho—Cl and Ho—O distances are 2.675,(diglyme)b(p-n®:n?-CgHs).
2.612 and 2.382 A, respectively.

Huang and coworkerf@1] published four new bis(inden-  mal stability of the complexes has been studied by the tem-
yDlanthanide thiolate complexe$S¢heme 4p of the type perature dependence of their ESR spectra as well as TG and
(CoH7)2LNSR(THF). These complexes were formed in the DTA measurements.
reaction of tris(indenyl) lanthanide with equimolar amounts  The ESR spectra show that, at low temperature, the
of thiols. The complexes were characterized by elemental g-value, which is close to the free-electron spin value, may
analyses, IR spectroscopy and MS spectrometry. The ther-be assigned to the 4f Nd ion. When the temperature

R R
@‘ 0 4?*
\Sm/ \Sm
30-50 °C
_— R = Me, Et
107 torr

G/;n v

Scheme 41. Desolvation of the complexessi@4R)Smp(n-18:m8-CgHg).
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THF
(CoH,)sLn(THF) + RSH

e

Ln=Pr, NN

_

55

(CoH7),LnSR(THF) + CoHy

X N N

Scheme 42. Syntheses of bis(indenyl)lanthanide thiolate complexes.

OMe
HK

2) LnCly(thf),

> o\Ll

Ln=Y, La, Nd, Gd, Ho, Lu

Scheme 43. Synthesis of chiral lanthanocene chlorides with an ether-functionalized indenyl ligand.

is higher than 400 K, they-value and relative intensity

changed, probably owing to the paramagnetism of decom-

posed organic ligand radicals.

Qian et al. [42] published the synthesis and char-
acterization of chiral lanthanocene chlorides with an
ether-functionalized indenyl ligan&¢heme 4B The com-
plexes were formed by the reaction of 1-(2-methoxyethylind-
enyl) potassium (in situ) with the corresponding anhydrous
lanthanide chlorides in THF (Le= Y, La, Nd, Gd, Ho, Lu)
(Fig. 60.

The X-ray crystal structures of these complexes indicated
that they are unsolvated monomeric complexes wittaas
arrangement of both the side arm and indenyl rings in the
solid state. All complexes amac-isomers and have similar
structures in the solid state. The ytterbium complex crystal-
lized in the triclinic system space groutl, while the lan-
thanum, neodymium and gadolinium complexes crystallized
in the orthorhombic system witRna2; (for La) andPbca
(for Nd and Gd). The ytterbium complex is shown here as
the representative complekig. 61).

The approximate planar indene rings gPebonded to the

central metals and the both indene rings and sidearms adopt

atrans configuration.

The complexes were characterized by IR, mass spectrom-

etry, IH-and 13C-NMR spectroscopy.

Guan and Fischef43] published the synthesis of the
base-free tris(indenyl) lanthanide(lll) complexes.

The base-free complexes [Ln{E7)3], (CoH7 = indenyl,
Ln = Nd, Pr, La) were prepared from the corresponding
tetrahydrofuran adducts [Ln¢El7)3-THF]. The strictly
THF-free complexes are obtained when the thermal

degradation is carried out at higher temperatures be-
tween 120 and 150C and a better vacuum x110-3
mbar) for sufficiently long periods of at least 5 h. The
base-free complexes are extremely sensitive to air and
moisture. Interestingly the base-free systems differ no-
tably in color from their THF adducts~{gs. 62 and 68

60. of the intermolecular contacts of three

lllustration
[(CsMe4R)Smpb(p-18:m8-CgHg) units.

Fig.
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Nd(CgH7)3:violet-red Nd(GH7)s-THF: green
Pr(GHg7)3: deep red Pr(gH7)3-THF: pale green
La(CgH7)3: faintly yellow La(GH7)3-THF: almost
colorless
[«
c4 o] "'/"!/ ’I//II,
A (I cio Fig. 63. ORTEP view of the molecular structure of the complex

La(CoH7)s.

While base-free tris(indenyl)Pr and tris(indenyl)Nd are
isostructural, the La complex adopts a different structural
pattern.

The positions of the metal ion and the centers of the
six-membered rings are close to the plane spanned by the
centers of the three five-membered ring fragments of the in-
denyl ligands.

2.4. Complexes with cyclooctatetraenyl ligands

Ephritikhine and coworkers[44] reported the syn-
thesis of the first (cyclooctatetraenyl)lanthanide boro-
hydride, (COT)Nd(BH)(THF)> (Scheme 4% By treat-
ment with Nd(BH;)3(THF) with KoCOT in THF the cy-
clooctatetraenyl Nd complex was obtained. This complex
could be transformed into [(COT)Nd(THH)BPhs] and

Fig. 61. ORTEP view of the molecular structure of the ytterbium complex

[CoHgCH2CH,OCH;z]2YCI. (COT)Nd(Cﬁ)(THF) with NHEt3BPh, and KCﬁ, respec-
tively.
Both the cyclooctatetraenyl complex and the cation re-

o “Ep O S0 acted with KCf§ to form (COT)Nd(Cp)(THF),.
- =0 The complexes were characterized by their IR spectra,
and X-ray crystal determinations.

The complex (COT)Nd(BW)(THF), (Fig. 64 is built up
of two monomeric units, which are bridged by two BH
groups. Each Nd atom is in a three-legged piano-stool en-
vironment, defined by the boron, the oxygen atom and the
CgHg ligand. It is interesting to note the ligation mode of the
BH4 ligand: the boron atom is linked to each metal center
via a pp-hydrogen (H(2) and H(4)), the other two H atoms
(H(1) and H(3)) bridge the B and both Nd atoms ing

Fig. 62. ORTEP views of the molecular structure of the complexes
Nd(CgH7)3 and PI’(Q)H7)3.

KyCgHg
Nd(BH,);(THF ) - (COT)NA(BH,)(THF),
NHEt;BPh,
KCp*
KBH,
KCp* COT)Nd(Cp*)(THF
[(COT)NA(THF),][BPh,] - (COT)NA(Cp*)(THF)

Scheme 44. Synthesis of COT neodymium compounds.
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2.5. Complexes with pentafulvalenyl ligands

Nief and Ricard45] reported the preparation of pentaful-
valenyl dilanthanide(ll) complexes. In a one-step treatment
of the zerovalent metals’@®utyl-substituted pentafulvalene
derivative yielded pentafulvalenyl dilanthanide(ll) sand-
wich complexes (Ln= Sm, Yb). A two-electron transfer of
a lanthanide towards the 10-p electron system of a penta-
fulvalene (Pf) gave a Bf dianion, consisting of two linked
6-p electron Cp anions, and a L# cation, which by re-
combination would yield a pentafulvalenyl sandwich com-
plex incorporating two Ln elements in thell oxidation
state.

In the ytterbium case, a 60:40 mixture of two Yb(ll) iso-
mers could be isolated in 68% yiel&¢heme 45 The iso-
mers differentiate from one another by the alignment of the
!Bu substituents on both Cp rings of the tPf ligands. In the
major isomer of Yb complex, theBu substituents on both
Cp rings of the tPf ligands are eclipsed.

Fig. 64. ORTEP view of the molecular structure of [(COT)NdBH The C-Yb bond distances were 2.64-2.79 A and the

(THP)L:. O-Yb bond distances 2.44-2.45 A. In both isomers there is
no metal interaction Yb-Yb (4.94-5.00 A).

fashion. This coordination type of the borohydride ligand  In the samarium case, only the anti, anti-compound sim-

was encountered only once before in the cerium compoundilar to the anti, anti-ytterbium compound was obtained

[CsH3BUL)2Ce(BHu)]2. In the cation the Nd atom is situ-  (Scheme 4B

ated in a slightly distorted square pyramidal environment. The C—Sm bond distances lie between 2.80 and 2.90 A

The COT-Nd-O and O-Nd-O angles average are 123(5) and the O—Sm distance is 2.57 A. In the samarium(ll) com-

and 72.5(5), respectively. The bond distances Nd—C and plex there is no Sm—Sm metal interaction (4.93 A). The

Nd-O are unexceptional with 2.64(2) and 2.53(2) A, respec- complexes were characterized by chemical analysis as well

tively. as'H- and13C-NMR spectroscopy.
‘Bu
R R > R
O Rw WAy N e’ 4
/
| ‘Bu THF-Yb Yb—THF = THF-Yb Yb—THF
. THF/ r.t.
2 Bu —_— R R
Yb/ 1wt. % HeCl, : ; >’$ ) R
R
R R
Bu ) i
syn, syn anti, anti

Scheme 45. Synthesis of pentafulvalene complexes of ytterbium.

Bu
R R
| Bu THF-Sm Sm—THF
. THF/ .1,
2 Bu
> R
Sm/ 1wt % HeCl,
R
[ R
Bu
anti, anti

Scheme 46. Synthesis of a pentafulvalene complex of samarium.
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/C : 1. toluene/ether /O
Melin . + le - Mell:.Si

Me'SI\Cl 2. H3O+ Me' + LiCl

@ carbon

Scheme 47. Synthesis of the new bridged ligand with cyclopentadienyb-aadboranyl groups.

2.6. Complexes with heteroatom five-membered ring
ligands

Xie et al. [46] reported the synthesis and applications
of a new bridged ligand MgSi(CsHs)(C2B10H11) incor-
porating both cyclopentadienyl anod-carboranyl groups
(Scheme 4Y. This ligand was synthesized by the reaction
of Me3Si(SiGHs)Cl with LioCoB1gH10.

This ligand can be easily converted into the monoanion,
dianion or trianion, respectively, enabling the synthesis of a
wide range of organometallic complexe&scheme 48

Treatment of the monoanion with 1 equiv. of N¢gClI
in THF gave [MeSi(CsHa)(C2B10H11)INdCI2(3THF) Fig. 65. ORTEP view of the molecular structure of [M#CsH4)(Co-
(Fig. 65. The crystal is monomeric with a pseudo-octahedral BjgH;1)]NACIy(THF)s.
coordination geometry around the Nd metal typical of
(CsHs)NdCIl(THF)3 complexes. There is no intramolecu- The trianion did not form the expected organoneodym-
lar interaction between B—H of the carborane cage and theium chloride complexes [MgSi(CsH4)(C2B1oH10)]NdCI-
metal ion. (THF),, but instead the ion-paired complefMe,Si(CsHa)-

Reaction of the dianionic ligand with 0.5, respectively, 1 (CyB19H10)}2Nd][Li(THF)4] was formed Fig. 67). The
M equiv. of NdCk in THF formed [MeSi(CsH4)(C2B10- metal atom is surrounded in distorted-tetrahedral geometry.
H11)]2NdCI(THF) (Fig. 66). This complex showed distorted Two intramolecular Nd—C s-bonds occurred with Nd—C
trigonal bipyramidal geometry. Here, there is also no in- distances of 2.58 and 2.61 A.
tramolecular interaction between the B—H of the carborane  The same authoi#7] reported the synthesis of a mixed

cage and the metal ion. lanthanacarborane incorporating-cyclopentadienyl and
/@ Na
NaH Me/"”si
> Me \@ monoanion

=
»

Mc” THF| MeLi Meln.g, Me

L e M O é dianion

> Me/h-S i K, trianion

® carbon

Scheme 48. Formation of the mono-, di- and trianion Naf$16CsH4)(C2B1oH11)], Li2[Me2Si(CsH4)(C2B10H10)] and Kz[Me2Si(CsHg)(C2BgHo)].



J.-Y. Hyeon, F.T. Edelmann/Coordination Chemistry Reviews 247 (2003) 21-78

Fig. 66. ORTEP view of the molecular structure of [P&¥CsHj)-
(C2B10H11)]2NdCI(THF).

Fig. 67. ORTEP view of the molecular structure dfMe>Si(CsHa)-
(C2B10H10) }2Nd] ™.

m8-carboranyl ligands. They treated lanthanide iodides Lnl
Ln = Sm, Yb, with the ligand [MgSi(CsH4)(C2B10H11)]Na
in THF and obtained [M£Si(C;B10H11)(CsH4)1SM(THF)
(Fig. 68 and [MeSi(CB10H11)(CsHa)l2Yb(THF)
(Fig. 69. The samarium atom was coordinated by cy-
clopentadienyl and carboranyl and formed a mixed samar-
iumacarborane monomeric complex. An unexpected redox
reaction led to the first mixed Sm carborane incorporating
m®-cyclopentadienyl- and®-carboranyl ligand.

The Sm isn°-bonded to the cyclopentadienyl ring,
m8-bonded to the hexagonahB, face of GB1gH11 cage,

Fig. 68. ORTEP view of the molecular structure of [pM8&(C>B10H11)-
(CsH4)ISM(THF ).

59

Fig. 69. ORTEP view of the molecular structure of [p8#(CyB10H11)-
(CsHa)l2YB(THF)2.

and coordinated to two THF molecules in a distorted tetra-
hedral geometry.

In the case of the ytterbium complex, the metal atom is
coordinated by two cyclopentadienyl units and did not form
a mixed cyclopentadienyl/carboranyl ytterbium complex.

The Yb-complex adopts a pseudo-tetrahedral bent-metal-
locene motif. There is no interaction between?Yband
any one of the B-H bonds from the carborane. The two
cages stay away from each other to avoid intramolecular
repulsion. The average Yb—C distance is 2.725 A and the
average Yb—O distance 2.426(2) A. No mixed Yb—carborane
cyclopentadienyl complexes were formed, because ¥l
a less powerful reducing agent than Smi

2.7. Organolanthanide complexes in organic synthesis

Dalpozzo and De Nindg48] published a new effective
method for the synthesis @,y-unsaturated ketones. Their
preparation is often complicated by a tendency toward rear-
rangement to produce mixtures of conjugated and unconju-
gated ketones. The use of “dry” cerium(lll) chloride allowed
the regiocontrolled addition of organolithium to enaminon.

Dalpozzo and De Nino also published the facile and
convenient synthesis @,y-unsaturated ketones via silanol

70. ORTEP of the molecular structure of

view
[(CsMes)2Sm(u-O,CCHCHCH,) .

Fig.
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o uN-—Ph

MeCeCl,

)\/CU)\/‘\
p-Tol

69 %

W
A p-Tol

MeLi/ TMEDA

/J\/\ Br

—Ph

/ﬁ\)N\)\
7 p-Tol

LTMP/TMSCI

o un-Ph
2L e A

Scheme 49. Synthesis of-unsaturated ketones via cerium-mediated addition.

\ @ NHPh 1. C,HyCeCl, X CH OH NPh
/Sli Z EEE— + _Si
2. HA 1~
b
HA a b

HCL10 % 100 0
CH;COOH 10 % 96 4
CH;COOH 5 % 47 53
CH,COOH/ CH;COONa traces >99

Scheme 50. Quenching of the reaction between butyl cerium chloride and 1-(trimethylsilpHeaylamino)pent-3-en-2-one with various acid solutions.

elimination of silylated enaminoneS¢heme 49 They ob-

[(CsMes)2Sm(w-02CCsHs)] 2, respectively, in >90% vyield

tained exclusively the desired compound by quenching the (Scheme 5L

reaction with HCI Gcheme 50

Evans et al[49] investigated CQ insertion chemistry
of organoallylsamarium compounds. €Qeacted with
(CsMes)2Smn3-CH,CHCH,) and (GMes)2Sm(GsHs) to
form [(CsMes)2Sm-(u-O2,CCH,CHCH,)]2 (Fig. 70 and

CO,
(CsMes),Sm— —_—
toluene

(CsMes)2Sm@2-0,CCH,CHCH,) exists as a  sol-
vated species in THF. The sulfur analogue,Q®acted
with (CsMes)>Smn3-CH,CHCH,) (Scheme 5pto form
(CsMes)2Smn2-S,CCH,CH=CH,), which subsequently
isomerized to (EMes)>Smn?-S,CCH=CH,CH>) (Fig. 71).

/

07~ \O0

(CsMes)Sm /Sm(CSMeS)
0N—0

/

Scheme 51. C@Insertion with (GMes)2Smm3-CH,CHCH,) under formation of [(EMes)2Sm(u-02CCH,CHCH)]».
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S
Cs, / — 48 h
(CsMes),Sm 9 _ (CsMes),Sm >
toluene \S

S

(CsMes)sz/ >f
™~

S

Scheme 52. CSreaction with (@Me5)28m(n3—CH2CHCHz).

CO,
(CsMes),Sm(THF), _—
toluene

Fig. 72. ORTEP view of the molecular structure of §{@es),Smp-
(1-m?m?-02CCQy).

Fig. 71. ORTEP view of the molecular structure of sies),-
SMn2-S,CCH=CH,CHy).

product, (GMes)2Sm(-n%:m1-S,CO)SM(GMes)>(THF)

The same research gro(ip0] also investigated the re- (Fig. 73, which has one (§Mes)2Sm unit involved in a
activity of CO, and COS towards divalent and trivalent four-membered SmSCS ring, while the othegl&s)>Sm
organosamarium complexes.s{@es),Sm(THF) (Scheme unit is bound to THF and the oxygen of theCGR
53) reductively couples C@in THF at r.t. to form an oxalate  ligand.
complex, [(GMes)2Smp(n-1n2:12-0.CCQ,) (Fig. 72. The The reaction of the samarium complex §(@es),Smp-
samarium metal is formally eight-coordinated. (u-nt:m1-NoPhp) with excess C@at —78°C in THF gave

The reaction of COS with (§Mes5),Sm(THF) (Scheme (CsMes)2Sm(-n2:m -PhNN(CGQ)Ph]Sm(THF)(GMes)2
54) is more complicated and generated a disproportionation (Scheme 55Fig. 74) in >90% vyield.

S
CcoS /7N

(CsMes),Sm(THF), —————— (CsMeg),sm 0 —Sm(CsMes),
THF \S«'

Scheme 54. Dispropotionations reaction of COS witgMEs),Sm(THF).

O

CeH R Y
(CsMeg),Sm,_ Cetls CO,/THF (CSMES)ZSm/ N0 o CaMeg(THE)
NN
CoHls SmCMeg),  /8°C N—
\
C6H5 C6H5

Scheme 55. Formation of the complexsMes)>Sm(u-mZ:mt-PhNN(CQ)Ph]Sm(THF)(GMes)s.
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ci7

Fig. 74. ORTEP view of the molecular structure of the complexM&s)>Sm[u-m2:m1-PhNN(CG)Ph] Sm(THF)(GMes),.

Ishii and coworker$51] reported the synthesis of 1,3-diol Ishii and coworkerg52] also investigated coupling reac-
diesters through a coupling reaction with aldehydes andtions of aliphatic aldehydes catalyzed by*gpm(THF).
oxime esters catalyzed by bis(pentamethylcyclopentadie- They obtained 1,3-diol monoesters from the aliphatic alde-

nyl)samarium $cheme 5% hydes in good yieldsScheme 5).
The group investigated the affects of changing the catalyst Kishi and coworkerd53] published the use of methyl-
and other conditionsTable 2. cerium reagents formed by the reaction of Ge#2id methyl-
They also investigated the coupling reaction of five alde- lithium. This reagent adds cleanly to morpholine amides to
hydes catalyzed by CpSm(THF) (Table 3. give the corresponding methyl ketones. In the presence of a
NOH
(0]

O

(6] o}
0.1 mmol Cp*,Sm(thf), )]\

toluene, 50 °C, 3h

1 mmol 3 mmol

Scheme 56. The coupling reaction of cyclohexanone oxime acetate with butyraldehyde in the presence of catalytic amounts of samarium compounds.
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Table 2 0 MelLi (excess)

Coupling reactions of cyclohexanone oxime acetate with butyraldehyde )]\ J/ oH
under different conditions R N\ +> R/jVMe
Run Catalyst Solvent Yield (%) OMe THF/ RT Me

12 Cp*2Sm(thfp Toluene 68 Me

20 Cp*2Sm(thf, Toluene 68

3 Cp*2Sm(thf) Toluene 77 R=

4 Cp*2Yb(thf), Toluene 62 -

5 Sm(OPryg THF 56

6 Smbp THF - MeO

7 Smg THF - Scheme 58. No formations reaction of methyl ketones by MeLi.
8 Sm(OTfy THF -

a Cyclohexarjone oxime acetate (1 mmol) was reac_ted with butyralde-  The MeCeCJ acts as a Lewis acid, coordinating to the
2{%%0(2 ?;Tg')h"n the presence of catalyst (0.1 mmol) in a solvent (L ml) v 00n atom, decreasing the basicity of nitrogen and thereby
b Cp*,Smithfp (0.05 mmol) was used. increasing the electrophilicity of the amide carbonyl func-

¢ Butyraldehyde (2 mmol) was used. tion.
Takaki et al.[54] published an investigation of the regio-
large excess of methyllithium, no tertiary alcohol formation and stereochemistry effects of {@es)>,Sm(THF), on the
was observed3cheme 58 electrophilic trapping of allylic compoundsS¢heme 6))
The authors also tested the reactivity of “MeCg£Cl  They observed that the nature of the electrophiles has a
(Scheme 5P towards sterically crowded,B-unsaturated  remarkable influence on the regio- and stereochemistry of
amides. The results are shownTable 4 the electrophilic trappingSchemes 61—63

Table 3
Reaction of cyclohexanone oxime acetate with various aldehydes catalyzed*p8ngihf)y

Run Aldehyde Product Yield %
0 o h [0}
R\/kH /’\OA')\O)'\/.{
R

1 R=H R=H 70
2 R =Me R=Me 70
3 R="Pr R="Pr 54

76

'Pr

o) o (o}
4 %n /J\o/\{/\o)]\'pr

0 °Hex o)
5 O/CHO /J\O/Ef\o)J\CH“
OH o)
0 “aCp*,Sm(thf), 0
-~ R /H\/R +
R\/‘k > O R
H toluene, r.t., 1 h OH
R
|

R= CH3, C2H5, nC3H7, iC3H7’ nC4H9

44

Scheme 57. Trimerization of aliphatic aldehydes to 1,3-diol monoesters catalyzed*pSngghf).
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o OH
0 .
"MeCeCl," + /¥
)l\ 2 - R)I\M R Me
R™ X -78°C, 15 min e Me
1 2
Scheme 59. Addition reactions of “MeCecClto tertiary amides.
Table 4 Zhao and coworker$55] reported an efficient method
Additions of “MeCeC}" to tertiary amides derived from dihydroacinnamic  for the preparation of mono-heterocyclic compounds such
acid _ _ ' as substituted tetrahydrofurans with high stereoselectivity
Entry  Amine (x) MeCeC} \f)'/e'd of 1 le_*go via intramolecular § O-cyclization of alkoxides, which
— (equiv.) () (1:2) is a nucleophilic displacement with a simultaneous allylic
1 Dimethylamine 1 70 100:0
rearrangementSchem
2 Dimethylamine 3 60 70:30 earrangement3cheme 64
3 Diethylamine 1 20 50:50 . .
4 Diethylamine 3 30 70:30 2.8. Organolanthanide catalysis
5 Diisopropylamine 3 No reaction  100:0
6 Pyrrolidine 1 85 100:0 Schumann et aJ14] reported the catalytic activity of vari-
; g!ﬁiﬂﬂ!ﬂi ; gg 188;8 ous lanthanide alkyl complexes (B&ction 2.2.2 The com-
9 Morpholine 1 80 100:0 plexes were utlllzgd as c_atalysts for hydrosnyla_mon in the re-
10 Morpholine 3 94 100:0 action of phenylsilane with selected commercially available
11 Hexamethyleneimine 1 95 60:40 alkenes and alkynes. The results are summarizédlbie 5.
12 Hexamethyleneimine 3 90

R3

R3
4
| R
R'\‘)\‘/OBH 2 Cp*,Sm(thf), R /l\ + Cp*,SmOBn
—_—
R2 R rt, 1h R?  SmCp*,

Scheme 60. Regio- and stereochemistry effects gMg&),Sm(thf), on the allylic compound.

R3
1 R4 O:O 3HO
RN OHR? R
_— 4 R\ A
2
R SmCp*, Rl OR2 R> R*
Scheme 61. Electrophilic trapping of allylic samarium complexes with cyclohexanone.
R3

R4 . . R’ R’
R;SiCl R;slww LR \A(Si&
R! R?

RZ SmCp*, rt R* R*

Scheme 62. Regioselectivity on the reaction of allylic samarium complexes with tris-alkylsilyl chlorides.

OH
OH S
RE R RS Ry, 4
4 n
Rl\/\/R - . LMR4 + R R
/I\ R , R!

syn

w2
g
Q
ae]
*
[y}
=

anti

Scheme 63. Stereoselectivity in the reaction of allylic samarium complexes with acetophenone.
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/\ 3 Br ) /\ 0,
X 1//\/0}/\\;"‘/ A Sn2'-type X M

Scheme 64. IntramoleculaSreaction of alkoxide with a simultaneous allylic rearrangement.
Table 5

Hydrosilyation of alkenes and alkynes utilizing catalytinff(csMezPr)anR(THF)X] (R=Me,x=1,Ln=Y (4) and Lu 6); R = CH(SiM&3)2, x =0,
Ln=Y (6) and Sm 7))

Substrate Products Catalyst Yield @6)
1 1-Decene 1-(Phenylsilyl)decane 4b 96
b 95
6P 95
7 93
2 2-Nonene 3-(Phenylsilyl)nonane; 2-(phenylsilyl)nonane; 1-(phenylsilyl)nonane 4° 23 (1.6:1.09
5¢ 25 (1.5:1.09
6° 21 (1.5:1.09
7° 66 (0.7:1.09
3 (R)-(+)-Limonene R)-(+)-4-[1-((Phenylsilyl)-methyl)ethyl]-1-methyl-1-cyclohexene 48 40
5¢ 51
6° 42
7 82
4 1,5-Hexadiene [(Phenylsilyl)methyl]cyclopentane 4 96
5f 94
6 94
7 97
5 2-Nonyne 2-(Phenylsilyl)-2-nonene; 3-(phenylsilyl)-2-nonene 49 83 (3.2:1.04
59 77 (3.9:1.0
69 78 (4.0:1.0
79 77 (2.7:1.00
6 4-Methyl-2-hexyne 4-Methyl-2-(phenylsilyl)-2-hexene 49 69
59 74
69 72
79 75
a |solated yields.
b2hatrt
€36 hatrt.
d Ratio of 3-(phenylsilyl)nonane, 2-(phenylsilyl)nonane and 1-(phenylsilyl)nonane.
€96 h at r.t.
f Ratios were determined on the crude mixture by fused silica capillary GC.
912 h at 50°C.

h Ratio of 2-(phenylsilyl)nonane and 3-(phenylsilyl)nonane.

Table 6

Polymerization of isoprene (5, ratio isoprene/catalyst 1500)

Catalyst Yield (%) Mw trans-1,4(%) cis-1,4(%) 3,4 (%) Reaction time (h) Th1)
[Cp'2SM(GHs)], 0

[Me4Ca(CsHa)2]Sm(GsHs)2Li(dme) 62 8000 95 1 4 12 260
(CsHs)Li(dioxane) 100 - 27 53 20 25 110
Sm(GHs)4Li(dioxane) 55 24000 28 45 27 3 200

2 TO = mole of monomer transformed per mole of catalyst per hour.

Y

Li

Scheme 65. Dissociation of an allylic ligand from [M&(CsH4)2]Sm(GsHs)2Li under formation of free coordination for diene.
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The catalytic reaction takes place with high regioselectiv- 0.5 [Cp™S,YCH;],

ity, and the silyl group is delivered preferentially to the less

hindered carbon atom of the double or triple bond. ;
Baudy-Barbier et al[18] reported the results of the | PhSiH;

catalytic activity of alkyl and allyl complexes in isoprene u
polymerization. Anionic allyensacyclopentadienyl samar- ., SiH,Ph
ium complex exhibited especially good activity for the

stereospecific 1,4rans polymerization of isopreneTéble R2

€=

6). The dissociation of an allylic ligand in this com- "(Cp™ ), YH"
pound is easy and allows the coordination of the diene

(Scheme 6pb

Molander and Dowdy[56] investigated the catalytic

PhSiH;

cyclization/silylation reaction Scheme 6p of sterically
hindered dienes using non-hindered complexes,3e
(CsH3SiMes), YCH(TMS), (Table 3 and [CPMS,LnMe], Rl

(Ln =Y, Lu) (Table §.

The precatalyst reacts with the silane viacabond R2

R‘ Y(cp™S), Y(CpTMS)

metathesis reaction to generate an organolanthanide hy- R2

dride, releasing the alkyl group. This hydride then inserts
the least hindered olefin, placing the metal at the terminus of

Table 7

Scheme 66. The catalytic cycle for the cyclization/silylation of 1,5-dienes.

Cyclization/silylation reactions catalyzed by M&(CsH3SiMes),YCH(TMS),

substrat Products conditions, temp, time,
isolated yield
1 /\/Y QCSMRM 90 OC; 12 h, 76 %
R=H)
’ 110°C, 2 h, 66 %
/ SiHRPh
)6
cl
’ 90 °C, 48 h, 58 %
Metn, / SiHRPh
e
QE/\
4 n=0 90 °C, 14 h, 58 %
5 n=1 90°C,24h,79 %
° 90 °C, 24 h, 68 %

[><j/\smzph
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Table 8
Cyclization/silyation reactions catalyzed by [(®F).YMe],
substrate products conditions, temp, time,

isolated yield

1 rt, 12h,92 %
gh
Ph H
SiHRPh
s g,
2 Ph SiHRPh rt, 12 h, 95 %
Ph
3 OTBDPS OTBDPS rt, 16 h, 74 %
/\/Y : SiHRPh
e
4 rt, 20 h, 49 %
Q @A“‘Hrm‘
5 SiHL,Ph rt, 16 h, 70 %
%\
OTBDMS
OTBDMS

the carbon chain. The hydrocarbyl thus formed undergoes
intramolecular olefin insertion through a chair-like transi- 0.5 [Cp™S,LnCH, ],

tion structure before reacting with the silane wigbond

metathesis.

Molander et al. also investigated the catalytic effects of %
varying substituents and substitution pattern in cyclization R VH;
reactions of 1,5-dienes. The cyclization results are presented
in Table 9

The same research groyp7] reported investigations
of the intramolecular hydroamination of sterically hin-
dered alkenes using organolanthanide complexes. The Me
non-hindered catalyst system [(@°).LnMe], is able to KNH
add to hindered alkenes providing products containing qua- R
ternary centers. This process tolerates a wide variety of sub-
stitution pattern, allowing the construction of monocyclic
as well as fused and bridged bicyclic heterocycles. !

The organometallic complex enters the catalytic cycle R e
with metalation of the amine nitrogen. This is followed by KNH\L P2
an intramolecular olefin insertion to generate a hydrocarbyl R
intermediate which undergoes s-bond metathesis with an-
other primary amine to complete the cyckcheme 6)

/LnCpTVIS

Scheme 67. Catalytic cycle for intramolecular hydroamination.
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Hydroamination of hindered alkenes catalyzed by [(¢$).LnMe],2

entry substrate product Procedure”, temp, time,
isolated yield
R RM 5
€ R
H,N )E><Me
N Me
H
1 1R=Me 2 A,°70°C,2h,93%
B, 70 °C, 1h, 70 %
2 3R=H 4 A, 120°C, 12h,95 %
3 SR=Ph 6 B, rt, 1h, 98 %
4 7R =-(CHy)s- 8 B, ‘rt, 1 h, 92 %

5 9n=1
6

1In=2
7

Ph

HN ~CAL

v LA

15

HN
17
N,

Ph
y NH,

£

10 19R=Me,R'=H

11 21R=H,R'=Me

A, 140°C, 14 d, 90 %
B,120°C,2d,80%

B, 140 °C, 7d,90 %

B: 120 °C, 7d, 90 %

B.° 120 °C, 2d, 100%

B, 120 °C, 5 min, 94 %

B, 120 °C, 48 h, 97 %

B,120°C,3d,91 %

“ICpm’szMe]z was used as the precatalyst unless otherwise noted. "Procedure A: The reaction was run neat in a

sealed tube. Procedure B: The reaction was rum in CgDg in a sealed NMR tube. c[CpTMSszMe]z was used as the

precatalyst.
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Laho---Hpg Lan,
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Scheme 68. The front side (FS) and back side (BS) addition of ethylene polymerisation.

Ziegler and coworkerf8] published a systematic study
of ethylene polymerization catalyzed b§ dnd & tran-
sition metals. The study has been carried out on the com-
plexation of ethylene to a number of @L]JMC ,H5%+2+
fragments [M= Y(lIl), La(lll), Lu(lll), Ce(IV), Th(IV)];

L = Cp2~, where a hydrogen on thgcarbon of the ethyl
unit is bound to the metal in an agostic interaction. Dis-
cussions are also given of the relative preference for front
side (ethylensynto B-agostic bond) versus backside (ethy-
leneanti- to B-agostic bond) coordination by the olefin as a
function of the central atom, the auxiliary ligand set L and
the strength of the -agostic bon8dheme 68 It was found
shown that the -agostic bond strength in the [L]M{E pre-
cursor follows the order ¥ La> Lu.

Hou et al [59] investigated and demonstrated the catalytic
activity of CsMes/ER-ligated Sm(ll) complexes (ER OAr,
SAr) for one-step block copolymerization of ethylene with
styrene. This is the first example of block-copolymerization
of two different simple olefin monomers in a mix-

ture. The catalytically active 4BMes/ER-ligated Sm(ll)
complexes $cheme 6P were easily obtained by re-
actions of (GMes),SM(THF) with 1 equiv. of KER
(ER = OCgH3"Pr-2,6, OGH2!Buy-2,6-Me-4, SGH,Pr3-
2,4,6) in THF yielded in 85-90%.

The results of the polymerization are presented in
Table 10

Nomura et al.[60] published a novel transformation
reaction of living poly(tetrahydrofuran) from cationic
into anionic propagations species. This species was
formed by end-capping of living poly(THF) with potas-
sium iodide 6cheme 7D followed by the reduction with
bis(pentamethylcyclopentadienyl)samarium {&3m). The
formed terminal anionic carbanion is active for the polymer-
ization of tert-butyl methacrylate (TBMA),s-caprolatone
(CL), s-valerolactone (L) and leads to the selective forma-
tion of unimodal block copolymers.

Marks et al.[61] described catalytic tandem C-N and
C-C bond-forming reactionsS¢heme 7)Linvolving the in-

THF CSMCS\ ,/CsMesK(THF),
€ m m
(CsMes),Sm(THF), ~ + KER EEEE—— S
rt,5h / N

85-90%

ER L
co
1. ER = OC¢H;'Pry-2,6, L= THF, n =2
2. ER = OC4H;'Buy-2,6-Me-4, L= none, n = 2
3. ER = SC¢H; Pr3-2,4,6, L= THF, n = |

Scheme 69. Formation of catalytically active samarium complexes.
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Table 10
Block Copolymerization of ethylene and styrene by samarium(ll) compl&x8%
Run Catalyst Amount of Reaction Yield (g) PS M, © Mw/M, ¢ T (°C)d
styrene (ml) time content (x107%4
(min) THF Toluene Toluene (Mol%)
solvent solvent insolvent
(PS¥ (<108°C) (108°C)
(PESY (PEy

1 1 0 10 1.0 33.0 2.49 133.1
2 1 4 30 3.64 245 1.93
3 1 3 30 0.46 2.14 Trace 34 15.9 1.97 129.3
4 1 5 30 1.29 2.83 Trace 48 14.6 1.82 120.0
5 1 7 30 1.37 2.94 Trace 68 15.1 1.92 119.0
6 1 10 30 2.40 3.99 Trace 81 13.1 1.84 115.1
7 2 5 30 0.10 1.60 Trace 38 7.8 2.36 127.2
8 3 5 30 0.23 2.55 Trace 37 10.7 2.01 f.d.

a Conditions: precatalyst, 0.05 mmol; ethylene, 1 atm; the total volume of styrene and toluene, 25 ml; r.t., unless otherwise noted.

Q@ "~ o a o o

Not determined.

CHst O\/\/\)\O@ - > CHEOS A N A

Scheme 70. Transformation reaction of living poly(tetrahydrofuran) with potassium iodide.

tramolecular hydroamination/bicyclization and intermolecu-

OTf

- . CH#O\A/\)\O/\/\/Sme*Z

2Cp*,Sm

Polystyrene content in the copolymers determined3§-NMR in o-dichlorobenzene/CDglat 125°C.
Determined at 135C against polystryrene standard by GPC.
Determined by DSC (second scan, 20—-3G).
PS, polystyrene; PES, block ethylene—styrene copolymer; and PE, polyethylene.
Reaction was carried out in the absence of ethylene.
Atactic polystyrene (100% conversion).

The same work group of Marks et 462] reported the

lar hydroamination/cyclization of olefines and alkynes using catalytic hydroamination/cyclization of aminoallenes medi-
the organolanthanide complexes *@InCH(SiMe3)2 and
Me»SiCp2LnCH(SiMes)»(Cp*=m°-MesCs, Cp = MesCs
and Ln= Sm, Nd) as precatalysts.

ated by organolanthanideSc¢heme 72

In principle, two regioisomeric products are possible

starting from aminoallenes.

Aminoallene Combined yield (%) Tetrahydropyridine 2-Vinylpyrrolidine Ratib
1R=H;R=H,n=1 91 4aR=R =H 5aR=H,n=1 90:10
2R=CH3;R=H,n=1 95 b R=CHs, R=H 5b R=CHz,n=1 87:13
B3R=H;RR=CHz,n=2 95 6R=H, R =CHs 6 only
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Scheme 71. Proposed pathway for organolanthanide catalyzed sequential C—N and C—C bond formation.

Knjazhanski et al.[63] published the polymerization At low temperatures, the complexesYbAIH 3-NEt3
of methyl methacrylate catalyzed by alane complexes produced more stereoregular polymers than the catalyst
of bivalent ytterbocenes, JYbAIH3-NEt; (L = CsMes, LoYb-THF.
1-SiMesInd, 9-SiMgFlu) (Table 11 Scheme 78 The Mao and Sherj64] investigated the catalytic activity of
catalytic activities were estimated and found to be a few (diisopropylamido)bis-(methylcyclopentadienyl)lanthanides
times greater than those of their monometallic analogues(MeCsH4)>Ln[N(?Pr)](THF) (Ln = Yb, Er, Y) in the poly-
LoYb-THF. The polymerization was shown to proceed merization of methyl methacrylat&dble 13. The catalytic
via the formation of a catalytically active intermediate activity of the complexes increases with an increase of the
LoYbAIH [OC(OMefFC(Me)CH,C(Me)(COMe)] which ionic radii of the metal elements: Y >Er>Yb. The poly-
was proposed to exist in various forms. At low tempera- merization reactions can be carried out over a broad range
tures, the stereochemistry is controlled by the metalloceneof polymerization temperatures from78 to 40°C. The re-
architecture. sults of GPC indicated that the humber-average molecular
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Scheme 72. Proposed catalytic cycle for organolanthanide-mediated hydroamination/cyclization of aminoallenes.

weights (M,,) of polymers obtained exceed 1000° and
the molecular distributionMy/M,) becomes broad with

tuted indenyl or fluorenyl ligand (1-SiMé&d),Yb(THF),
(9-SiMesFlu),Yb(THF) in the stereoregular polymeriza-

the increase of temperature. Furthermore, highly syndio- tion of methyl methacrylate. The formation of isotac-
tactic PMMA can be obtained by lowering the reaction tic rich PMMAs from complex (9-SiMgFlu),Yb(THF)

temperature te-78°C.
Knjazhanski et al[65] investigated the catalytic activ-

ity of bivalent organolanthanides with unbridged substi- twistedconformation.

Ln-R

Ln R
o s L aadin
Y / ,4 addition 0/
MeO initiation —

MeO

was proposed to be associated with the fluctuation
of the 9-trimethylfluorenyls around a >Csymmetric

The  formation of  multi
Ln
0

. O

conjugate OMe

addition MeO

R
propagation

Scheme 73. Polymerization mechanism of methyl methacrylate catalyzed by alane complexes of bivalent ytterbocenes.



J.-Y. Hyeon, F.T. Edelmann/Coordination Chemistry Reviews 247 (2003) 21-78 73

Table 11

Polymerization conditions and properties of PMMA obtained with bivalent ytterbocene deri¢atives

Run  Catalyst structure TECC) M, %5 (x107%)  M,%% (x10%) MwM," Rr mr mnf IEY (%) A°(x1079)
1 (CsMes)2Yb-THF 0 205.8 100 1.20 84 13 3 97 1.00

2 (CsMes)2Yb-THF —40 220.9 100 151 89 10 1 90 0.46

3 (CsMes)2YbAIH 3-Net3 0 115.5 100 181 66 23 11 87 11.41

4 (CsMes)2YbAIH 3-Nets —-40 118.3 100 1.74 93 6 1 84 1f285.08y
5 (C5Me5)2YbAIH3NEL3" —40 970.4 1000 1.85 92 7 1 97

6 (SiMezInd),Yb-THF —40 224.2 100 142 17 11 72 89 0.42

7 (SiMesInd)2 YbAIH 3-NEtz —40 137.6 100 1.72 14 11 75 73 172@.20p
8 (SiMesFlu),Yb-THF —40 244.1 100 1.62 4 24 72 82 0.23

9 (SiMesFlu)2YbAIH 3-NEts —40 126.9 100 2.08 3 18 79 79 0fo@1.39y
10 A —40 54.3 50 1.69 92 7 1 92 5.56

a8 [MMA] = 2 ml, solvent-toluene 50 ml, mon per catalyst1000.

b By GPC related to PS standards.

¢ By 13C-NMR.

d Initiator efficiently (xM, %M, %S k = 2 for LoYb-THF, k= 1 for LoYbAIH 3-NEts).

€ Catalytic activity (Ysonversiox (Myp) 1 xmin~1), given as mean value calculated for the points well fitted on the linear sections of the kinetic curves.
f Including a 20 min induction period.

9 Substracting a 20 min induction period.

h Mon per catalyst= 10 000.

i Mon per catalyst= 500.

Table 12
Polymerization of MMA with (MeGH4)2Yb[N(*Pry](THF)?
Run Initiator concentration (mol%) T (°C) Conversion (%) M, (x1073) Mw/M,, Tacticity

rr (%) rm (%)
1 0.2 40 97.1 268 2.10 72.8 27.2
2 0.2 25 97.8 350 2.00 73.3 26.7
3 0.2 0 99.9 431 1.79 81.0 19.0
4 0.2 —78 100 410 1.72 87.7 12.3
5 0.07 40 45.2
6 0.1 0 97.3 510 1.66
7 0.07 0 96.2
g° 0.2 0 36 50 7.9
9o° 0.2 0 100 125 1.14

@ Reaction condition: solvent, toluene; solvent/[MMAJ10 vol./vol.; reaction time, 2 h.
b Initiator, (R)-(neomenthyl)LaN(TMS); solvent, toluene; reaction time, 160 h.
¢ Initiator, (MeGsH4)2YbNCH,CH,CH,CH,CH,CHy(HNCH,CH,CH,CH,CHj); solvent, toluene; solvent/[MMA]= 10 vol./vol.; reaction time 2 h.

R
J— R!
R 1p2 OH
— 1) 2 Sml,; THP 2) R’ R°C=0; 1h
B 2
X -15°Ctort R 90 %
-15°C; 15 min +

3)H;0°

X =1, R = n-CoH,g; R'= CH;, R?= C,H;

. <1%
E/Z=98/2

Scheme 74. Preparation and reactions of allylic samarium species.
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/‘ THP 3. Actinides

R\/I/-\ 3.1. Cyclopentadienyl complexes
j Smly ‘\ 3.1.1. Bis(cyclopentadienyl) complexes
D,0 \[(\ Ephritikhine and coworkerf68] described the synthesis
0 of the first organo uranium(lV) triflates, [U(Cp(OTf)2],

Scheme 75. Regioselectivity of reactions with allylic samarium species. [U(Cp)2(OTf)2(py)], [U(Cp)s(OTf)], [U(COT)(OTM2(py)]
and [U(OTfu(py)]. These complexes were synthesized by
protonation of amide or alkyl precursors with pyridinium
) , ) triflate. The crystal structures of [U(Cp(OTf)2(OHy)]
(syndicPMMA-blockiso-PMMA) polymers from the mix- (Fig. 79 and [U(Cp}(OTfH(CNBU)] (Fig. 76 were deter-
ture of rac- and meseisomers of (1-SiMgind),Yb(THF) mined.
was ratio_nalize_d on the basis of competing conj_ugate addi-  The monomeric complex adopts a bent-sandwich config-
tion and inversion of the metallocene conformation. uration with an unsymmetrical arrangement of the OTf and
. Namy "?md coworke@G_] Investigate |so_IabIe allyl samar- H>0 ligands in the equatorial girdle, and a nearly ideal trig-
ium species. These species are formed in tetrahydropyran a5 bipyramidal structure with the Cp groups occupying
—15°C by the reaction of Smiwith (E)-1-iodo-2-dodecene o equatorial vertices.
(Schemes 74 and y5 . _ Rabinovich et al.[69] published the synthesis of the
Evans et al[67] investigated the reactlwty_ of sterically bis(pentamethylcyclopentadienyl)thorium (IV) iodide com-
crowded (GMes)sSm (Scheme 7pwith a variety of sub- 100 o Thi,. This complex was synthesized from the
strates including CO, THF, ethylene, hydrogen, nitriles, qibromo derivative CtThBr, using a slight excess
isonitriles, isocyanates, 1,3,5,7-cyclooctatetraene, azoben-; trimethylsilyl iodide as a halide exchange reagent
zene and P{P=E (E= O, S, Se). The reactions include (Scheme 7Y

polymerization, insertion, ring-opening, and reduction. De— The thorium complex CThl, (Fig. 77) exhibits a bent
pending on the substrate {{es)sSm can react as if it etai0cene structure and crystallizes in the monoclinic
were a bulky alkyl complex of the formula. éMeE')Zst space groufP21/n. The complex was characterized Hi-,

in which R is anm'-CsMes group or as if it were the 13C-NMR, IR spectra, and elemental analyses.
zwitterionspecies [(§Mes)2Sm]T[CsMes]~ in which the ' '
[CsMes]~ component is a one-electron reductant. In the
former mode, the samarium compound reacted with CO to
form (CsMes)2Sm(G,C7Mes), which has a ligand contain-
ing a nonclassical carbocationic center.

(CsMes)3Sm reacts with Hto form [(CsMes)2Sm(-H)] 2,
opens the ring of THF to form (#Mes)2SM[O(CH)4(Cs-
Mes)](THF) and reacts with PhNCO to form ¢®les),Sm-
OC(GMe5)N(Ph)C(NPh)O. (gGMes)3Sm reduces PO
to form PPh, (CsMes),, and [(GMes)2Smb(p-0). In
general (GMes)3Sm reduces PPE, (E=S, Se) to
form (GMes)2 and [(GMes)2Sm(THF)p(n-E). With
cyclooctatetraene this samarium complex reacts to form
(CsMes5)Sm(GHg) and (GMes)2, and MgCNC(j-O).

In general, (GMes)3Sm reduces PIPE, (E=S, Se) to
form (CsMes), and [(GMes)2Sm(-CN)(CNCMe;)]s.
This complex also initiates the polymerization of ethylene. Fig. 75. ORTEP view of the molecular structure of [U(QOTf)2(OH)].

Scheme 76. Reaction of sterically crowdeds&s)ssm with two CO to form nonclassical carbocationic complexM@s)2Sm(G,C7Mes).
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Fig. 76. ORTEP view of the molecular structure of [U(g(@Tf)(CNBu')].

benzene

Cp, ThBr, + 2 MesSil ———» Cp,’Thl, + 2 Me;SiBr

Scheme 77. Formation of bis(pentamethylcyclopentadienyl)thorium(lV) iodid&; T, through halide exchange reaction.

Ci6

Fig. 77. ORTEP view of the molecular structure of*gphl,.

Burns and coworkerg70] published the synthesis of
the bis(imido)uranium(lV) complexes [§Me5)2U(NR),
(R = Ph, 1-Ad) Scheme 78 The complexes were obtained
in a one-pot reaction with high yield.

Na/Hg

NR
[(CsMes),UCL] ———  [(CsMes),UCI(NaCl)] ——> 1/2 [ [(CsMes) s o

In this reaction, the double bond is cleaved by the ura-
nium metal center§cheme 79 This is only possible if the
f-orbital is involved in the cleavage of the double bond. For
the d-transition metals such a cleavage is symmetry forbid-
den.

Two possible reaction mechanisms were proposed
(Scheme 80Fig. 79.

Marks and coworkerg/ 1] published the synthesis of ster-
ically encumbered perfluoroaryl borane complex.

The ligand PBB was synthesized fromgFgBr in several
reaction steps as shown 8theme 81

The reaction of tris(2/22’-nonafluorobiphenyl)borane
(PBB) with Cp2ThMe (Cp' = n°-CsMes) affords the
base-free cationic complex &TrhMetMePBB™.

3.1.2. Tris(cyclopentadienyl) complexes

Lappert and coworkers[72] published seven new
tris(cyclopentadienyl) thorium(IV) and uranium(lV) com-
plexes. Three of these complexes were obtained as mixed
tris(cyclopentadienyl)thorium(lV) complexes by treat-
ment of [CEThCl] and [CE! ThCl] with the lithium or
potassium (cyclopentadienyl) reagent: [Qpp*)ThCI],
[CpL(Cp)ThCI] and [CE'(Cp’B)ThCI]. The four other
tris(cyclopentadienyl) thorium and uranium complexes
were prepared by transmetallation between MG@ind
lithium cyclopentadienyl derivatives. The complexes were
characterized by their C and H analyses, NMR spec-
tra, El mass spectra and single-crystal X-ray diffraction.

[NR]

[NR] = PhNNPh, 1-AdN

Scheme 78. Synthesis of bis(imido)uranium complexes.
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Ph ,Ph
7 N
. M— || . AP
Mo | == [ —
N N NPh
Ph Ph
symmetry forbidden for d-metal
symmetry allowed for f~metal
Scheme 79. Cleavage of &N double bond by metals.
al + | ] RN, | NR |

RN
[(CsMes),UCKNaCh] —= [(CSMeS)ZUQNR —> | [(CsMes)U=NR| —» [(CsMes)zU'éNR

N
z=z

z—

RNNR | ca 1 +2

RN; [ NR |
[(CsMes),UCI(NaCl)] ——= [(CsMes)zl,J/\NR —> | [(CsMes)u. ;

— 7
R | _ [(CsMes):Us \R |

-1

R

Scheme 80. Possible route to formation of uranium imido complexes.

[Cp = M°-CsHs; Cp’ = 1°-CsH3(SiMes)»-1,3; CRR = 1°- ods with the inclusion of spin-orbit coupling. The calculated
CsH4CH(SiMes),; Cp't = n°-CsHa(SiMesBut)»-1,3; Cpf structure of Pa(COB)with scalar relativistic corrections is
= n%-CsMes; CpP”’ = ﬂS-C5H3BU§-1,3]- intermediate between those of Th(C@and U(COT». The

first 20 vertical ionization energies and the magnetic moment
of Pa(COT} have been predicted based on the spin-orbit
calculation. A comparison of the calculated infrared vibra-

Li and Bursten[73] investigated the geometric structure tional frequencies and absorption intensities of Pa(GOT)
and electronic properties of thelaommex protactinocene with available experimental data is presented, and the vibra-
Pa(COT) using gradient-corrected density functional meth- tional spectra are assigned.

3.2. Complexes with cyclooctatetraenyl ligands

Cl29)  C(30!

Ci301

Fig. 78. ORTEP view of the complex bis(adamantylimido)bis(pentamethylcyclopentadienyl)uranium.
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Br Li F

F .

F F BuLi F F C6F5L1
—_— B ——_— | —_—

rt
F F F F F
F F F CyFsLi
Recycle
E F F F F. F F, F
C6F SBF
F F —_— F F
metal-halogen
exchange
F g Li F F FooBr F
E F K F E F K F
Buli/-78 °C
F F _— F F
pentane/ether
F F Br F F F Li F
BCl;

E 1) sublimation at 140 °C/ 10 torr
- PBB* OFt,
2) recrystallization from pentane
CeFs F
3

Scheme 81. Synthetic route leading to tris(22nonafluorobiphenyl)borane (PBB).
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Am™-hydroxide, -cyanide, -cyanate and -nitrile ions were (5] m.N, Bocharev, I.L. Fedushkin, V.I. Nevodchikov, A.V. Protchenko,
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