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Fig. 3. Meleculzr structure of [ Lal( THE Lfp-n i - PhCH - CHCH = CBPRiLal i THFL,]
Crellin et al. [4] used Fourier transform 1on cyclotron resonance mass specirome-
iry to show that Se(CD,); reacts with saturated alkunes larger than ethape i the
zas phase by a four centre o-bond metathesis reaction with methane elimination
(Scheme 1}. These processes involved little or no activation energy and occur prefer-
entially with primary carbon-Iy
Lipshutz ¢f al. [5] investigated th
selected nucleophiles ingluding n-BuCeC

wons of weposviriisopropylsilane with
and #-Bu,Cell The reaction led to »-

sily! alcohols which are readily oxidized to the corresponding triisopropyisiiyl acyl
sitanes. The yields {or the cerium complexes were less than 35%.

mxc}tt}phjé:_’ Ni,l/\\i‘/;nPS ___{91} N H/ANW)HPS

. H \

Si(iPry, of 0
TIPS - wiisopropylsilyl

Murakarmi and Ite [67 reported new carbon- carbon bond forming reactions via
new organc. mariom{I} imermediates. ix-Iminoalkyl samarium(TH } intermedic tes
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were generated by
{Scheme 2.

When a carbonyl cumpound was add
was formed {Scheme 3},

Unsymmetrical «-diketones were ob
hydroxy imines. 4-{rert-Butyldimethyls
Srals-mediated three-component ccﬂm%;
of 2-amino alcohols via reduction and sub gmu K i
insertion of 2.6-xylyi isocyanide nto an organic halide meuiated by S
a synihetic metb(»d for hydroxy dikeiones and vieinal trike

Liang et al. [ 77 deseribed the arety mm:ﬁ——
synthesized M the reaction of LaCly with Al
i
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Ln=Nd. Sm. G4, Yb

In the molecular struciure of %"i’s(: ¢
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Fig. 4. Molecular structure of Yhin®-C, Me ) ALCH), - MeC Hs.
{Clin the planejand Yb--CP {Clin the apical position) are 2.795 5« d 2.734(10} A
respe ctireg
Boje and Magull 78] reported the reaction between SmBr; and [(biph)Li,] in
THF. which led to the complex [(C,, H, 1SmBrithf}, 1, [C..H,.]

T4
H8mBr, + 6 biph)Li,] — HC Ha0SmBrithl )1, [CoHy g1+ 25m

+28mBr, +H, + 12LiBr

As result of this reaction. two biphenyl units are coupled 1o adord
HC,L H,iSmBrithf )], - [C,,H,, ] with the hydrocarbon C, H,, intercalated. In the
dimeric structure of (T, H, )5mBrithi 1, [CoH,,] (Fig. 5) the Sm ions are
bridged by two Br™. The Sm-Br distances are 2.986(2) and 2992¢2)A. Eack Sm
ion s aclahedrally coordinated.

212 Complexes with phosphine ligunds
Karsch et al. [97 descrived the dimeric complex [Sm{CH{PMe,}},1,, obtained
from [Sov{O,SCF;}] and [ LICH(PMe, ), 1

[Sm{(LSCF T4 3 LICH(PMe, ] - L Sm{CHPMe; b, 1

An X-ray struciure determination revesled o centrosymmetric dimer in a chair
conformation, formed by two bridging diphosphinomethanide ligands via the P(2}
and C{1} atoms {Fig. 61 Together with P{1}L C{1) is also a member of a three-
membered ring {SmCP) as a substructural unit. Both samarium atoms are addition-
ally ligated by two diphosphinomethanide ligand in a n-type coordination. Thus the
complex contains four r-type and two bridging o-type coordinated Jigands.

Crambarotla and coworkers [10] prepared and characterized the complexes
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Fig. 5. Molecular siructure of [(C, H,SmBrithi 11, (C 4,1

Fig & Molecular struciyre of [SmiCH{PMe,n 0

TCriPh, PC{EIPPh, 1, Hp-Chlp-CrH Y PPh, ), Cr PR, PCIH) PPR, )] and Smin
%.Ph, P(_(H;Ppn,} Thc samarium complex was oblained by the reaction of

CLICH{PPh, ),  with SmCL{THF ) 0 THF, Sm{n’-Ph, PCLHIPPR, T &5 mono-
meric with the Sm atom nine-coordinated by three identical diphosphinomethanide
tigands (Fig. 7). The Sm-C and Sm-P f"ﬁmﬁces range fom 2720% 0 2 JRHA

and from 2.818(3) 1o 2902 A respeciively.
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Fig. 7. Molecular structure of S [n’-Ph,PCHH)PPh],.

2.1.3. Alkoxides und aryloxides

Barnhart et al. [117] reported the synthesis, properties, and X-ray structures
of several lanthanmide arene-bridged aryloxide dimers. The reaction of
2,6-diisopropylphencl with the monomeric amides Lon{N(SiMey) 15 (Ln=Nd,
Sm, Er) in toluene under reflux gave the tris{aryloxide) complexes
Lny(0-2.6--Pr,CHy)s

wlnene
2Ln[N(SiMes),]; + 6HOAL ——— Lny{OAT), + EHN(SIMey),

reflux

The addition of a Lewis base such as THF to a benzene solution of Lns(OAr),
lzd 1o the cleavage of the dimeric unit and formation of monomeric THF bis-adducts
Ln(O-2.6--PryCHa)(THE), .

toluene

Liy{OAt)e +ATHF — 2Ln(OAr)( THF ),

Ln=Nd, Sm, Br; Ar=2,6--Pr,C H;

The bis(THF)adduct of lutetium Lu(O-2,6-i-PryC Hj)s( THF); was prepared by
the interaction of Lu[ N(SiMe,),]; with three equivalents of 2,6-diisopropyiphenol
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in refluxin 2 toluene in the presence of THE.
toluene THI
LufNiSiMe,), )5+ 3HOAr s LalOAN I THF L+ JHN{SIMe, ),

reflux
Ar=26--Pr,C H,

The reaction of anhydrous LnCl, (Lo=Sm, Pr, Gd and Yb} with
KO-26--Pr,CH, in THE also gave the bis(THF) adducts LniQ-2.64-
Pr,l" ds)(THF )

THF

LnCl, + 3KOAF — Ln{OAr),{THF ), + 3KCl

Ln=Sm, Pr, Gd and Yb; Ar=26--Pr,C,H,

Six lanthauide complexes containing 2.6-diisopropyiphenoxide ligation have been
examined by single-crystal X-ray diffraction techniques: Ln,{OAr), (La=Nd, Sm}
and Ln(OAr);(THF), {Ln=Er, Lu. Pr, Gé} {Ar=2,6-1-Pr,C H;). The molecules of
Ln,{OAr)s contain centrosymmetr.c, dimeric Lny{0-2.6-1-Pr,C H;) units bridged
by intermolecular n®-n-arene interactions of a urigue aryloxide ligand (Fig. 8. The
coordination geometry of each lanthanide atom approximates a three-legged piano
stool. Each metal is bound to three terminal aryloxide oxygen atoms, and six carbon
atoms of one of the aromatic rings of an arylexide ligand are bound to the svmmetry-
related metal atom in the dineric unit.

Fig. 8. Molecular structure of Ln{OAr. {Ln=Nd. Sm).
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Previously known 4f-clement-n-arene complexes display the three basic structural
types exemplified by [(n-arene)Ln(AICH ], (1), YH(O-2.6-Ph,C H)s (31} and (-
arene),Gd (IH) {Fig. 9). The n-arene-dimers Ln,{OAr), (Ln=Nd, Sm) represent a
aew structural type for 4lclement—n-arene complezes (V).

The four bisadducts Ln{0-2,6-i-Pr,CeH3):(THF), {Ln=Er, Lu, Pr, Gd} are
isostructural, The molecular structure consists of a lanthanide metal centre coordi-
nated in a distorted trigonal bipyramidal fashion by three equatorial aryloxide and
two axial THF ligands (Fig. 10).

Biagini et al. [ 127 described a series of new mixed-bridged alkyl-alkoxy lanthanide
complexes. The complexes [Ln{p-O"Buly(u-Me)(AlMe,),] (Ln=Pr, Nd, Y) were
obtained from the reaction of AlMe, with Ln{O'Bu), in toluene.

La(O'Bu); + 3AIMe, —[ Ln{p-O'Buy(p-Meh(AlMe,); ]
{Ln=Pr, Nd, Y}

The complex { Nd(u-O'Bu)s{j-Mel{AIMe,); ] was characterized by single-crystal
X-ray difiraction. In the structure { Fig. 11) the Nd atom is bonded to three crystallo-
graphically equivalent moieties \,-O'Bu), (1-Me), (AlMe,)) giving rise to a highly

Fig. 9. Basic structural types of 4f-element—n-arene compiexes.
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Fig. 11, Molecular structure of [Ndip-0'Buj iu-Meh{AlMe, 1]

distorted octahedral coordination. The distances Nd-O{1} and Nd-C{5) are
2303(7) A and 2.784(11) A respectively.

Greeves et al. [13] investigated the diastergoselective addition of organoceriom
reagents to aldehydes and cyclic ketones. The organocerium reagenis were prepared
according to Scheme 4.

The reagents were used in the reaction with the Cramm’s original aldehyde
(Scheme 3} and with various cyclohexanonses { Scheme 6).
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1) M6°C/ 0.5 ik “3§q~m 78 N,
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T THE T R U-sound ' /
f RL u (Q\ N
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/
Scheme 4.
OH OH
H z
P h\/C Y RCeX» P R Ph\/\R
e +
i TH |
T -18°C
Ch3 CH} CH3
Scheme 5.
R3
R3CeX~ . "
R2 , THF R& Lot
R -18°C R

Scheme 6.

The diastercoselectivity of these chiral dialkoxy- and diaryloxyorganceerium rea-
gents in the reactions was compared with that of conventional organocerium reagents.

2.1.4. Fullerenes

Capp et al, [14] reported an improved high-pressure toluene extraction of the
lanthanum-containing fullerenes La@C, for even n from 74 to 50. La@C, was coaxed
from the prewashed soot with a high-pressure, high-temperature extraction technique
which could be called a ‘bomb’ extraction. Analysis of the toluene extract of the
lanthanum bomb soot was accomplished by laser desorption Fourier transform ion
cyclotron resonance mass spectrometry (LD/FT/ICR/MS). The positive ion mass
spectrum was dominated by La@Cg, but also showed other La@C, , inctuding
n=74, 76, 78, 80, 84, 86, 88 and 90. Analysis of peak intensities suggested that, by
mass, the material was 20% La@C, and 11% La@Cs,. The average size of an empty
fullerene in the sample was 100.9 carbon atoms.
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2.2, Cyclopentadienyi complexes

2.2.1. Mono(cyclopentadienvl) complexes

Zhou et al. [15] reported the syuthesis and structure of CpYCL(THF), (Cp=
CsH;). The complex was obtained by reaction of YCI; with one equivalent o(sr,cﬁnm
cyclopentadieny! in THF. The complex CpYClL{ THF )5 is monomeric with the central
metal Y coordinated by one Cp, three oxygen atoms from three THF mo}m %
and two chiorine atoms to form a distorted octahedral geomeny. The average
Y-C{Cp) bond is 2.65(3}A. The Y-Cl boud leng gths are 263081 A and 7(’ (7} A
respectively. The complex is isostructuraf with known organclanthanide derivaiives
of Nd, Gd, Ho, Er and Yb.

Depaoli et al. [16] reporied the crysial structure of CpEuCl; (THE); {Fig 12
The structure has a nonaxial symmetry about the Eu(lI) ion in agreement with th
observed asymmetry parameter of 0.46.

Evans et al. [17] published 1iie synthesis and characterization of the penta-
methyleyclopentadienyl complex of irivalent europium [{C MegEu{OChe,)-
(u-OCMesj1;-

THF

EuCl; +2NaOCMe, “Eu{OCMe; ), THEF ™

24 h, - NaCl

tofucne
“Eus{OCMe,),Cly{ THF ),"+ 3K CsMes ———

1&h

[(CsMes) En(OC Me; p-OCMe, i1,

The complex is dimeric (Fig. 13). The plane formed by two europium at
the two oxygen atoms of the bridging ligands is perpendiculer to the plane formed
by the two C;Me, ring centroids and the oxygen atoms from the terminal OCMe,
groups.

Edelmann and coworkers [i8] reported the synthesis and siructure of the
i C5\465)Sm{SgP’{OMe}3}E]2 . The complex was obtained by the reaction of
( :, )gsm(THF)z with ihe [H‘v’!ﬁO)zP’(S!SEQ .

2C Mes), Sm(THF), + [(MeO}L, P(S1ST,[(Cs Mes)Sm{S, POMe) 111,

The structure of the complex is dimeric with triply bridging 0,0'-dimethyldithio-
phosphate ligands in which one of the methoxy groups is involved in the coordination
to samarium (Fig 14). The samarium atom has a formal coordination number of
nine. The Sm~§ bond distances range from 290.5(2) to 304.7{2) A

Bercaw and coworkers [19] investigated the model Ziegler-Natta v-olefin
polymerization catalysts derived from  [Hn-CsMey)SiMe,(n'-NCMe, )i PMe,)-
Se(u,-H)Y], and  [{(n°-CsMe,i8iMe,(n!-NCMe, )i Sclp,-CH,CH,CHYL, . The
scandium  bydride complex  [{Cp*SiNR){ PMe;)Sc{y,-HY),  (Cp*™SiNR}=
(°-CsMe,)8iMe,(n-NCMe,})  was  obtained by  hydrogemation  of
{Cp*SiNR)ScCH({SiMe,), in the presence of PMe;. The reaction {Scheme 7} of the
complex with two equivalents of ethylene leads to the ethylene-bridged scandium
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Fig 13 Moleenlar steucture of [1C Med Ea{OCMe ip-Oresll,.

dimer (1* n*-C,HA(Cp*SiNRJPMe;)Scl,. In the stucture of (pnZn™
CoH)(Cp*SiNR )(PMe,Sc], (Fig. 15) the Scy(n,n’ n*-C,H,) core is the TSt un-
usual feature. The C-C bond length of the cthylene bridge (1.433(12)A) is
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intermediate between that of a single and double C-C bond. comparable with the
bend lengths observed in transition metal olefin complexes.

Reaction oi [(Cp*SiNR){PMe;iSc{p,-Hil, with one equivalent of propylene
per scandium gave the PMe;-fiee  scandium  propyl  derivative {u-
CH,CH,CH3)[{Cp*SINR)Sc], (Scheme S).

ME?}C CMe,
\
N\
2 CHy=CHCH; - 807-25%C
-2 PMen
CH
Pk
= Hy
% H
L ~
et ’\

Meq(C CMe
Mes CH, 3
Scheme 6.
According  to  the v ray  strocture  analysis.  the  complex  {p-

CH,CH,CH;)[{Cp*SiNRSc], is a dimer with a thre¢-centre, two-electron propyl-
bridged core, [Scy(p-CH,CH,CH;),1. The Sc-C-8c¢ bridge angle of 89.402) 13
considerably more acute than the corresponding Sc-H-Sc angle (114.17) in the
[Cp*SINRY PMe,18c(y,-H3l,. Bulkier alkyl ligands such as Z-methylpentyl and
isobutyl do pot form stable p-alkyl bridges. as they readily and more competitively
retain PMe; in their coordination sphere, Reaction of [{Cp*SiNR})(PMe,)Se(n
,-HY], with styrene led to a double-insertion product {Scheme 9 arising from secuen-
tial 1,2- and 2,I-styrene insertion,

The dimeric PMej-free  alkyl complexes such as  (p-CH,CH,CH;j;-
[{Cp*SiNR)Sc], are considerably more active catalyst precursors for a-olefin poly-
merization than the [{Cp*SiNRI PMe,)Sci,-H) .
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Fig. 15, Molecular strucivre of o o HANCp* SINRY PMe,18C ],
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8 CHCHCH O SINR)Seh
Ju—

(n+ 2y === ]

oW }

\
(Co*SIRISe, w!(\ //i \}/m\j

r 1y

m
= {"Hs. CH.CH;, CHCH-CHy

The kinetic analysis of I-pentene polymerization catalysed by the above mentioned
complexes has been discussed.

Shen el al. {20} reported the synthesis of new organolanthanide complexes
[Colnll'}l, (Cp=CiHg: Ln=Gd Th, Dy, Ho, Er. Tm Yb HL=
benzophenoneozime; HL =8 - guinolmol} from Cp;Lo in THEF,

THF
2psln+2HL + 2HL' ——— [CpLnlL'}, + 2C H,

reffux
=(CeH,CNO, L' =8—C Hy:CHCHCH

The complexes have been characterized by elemental analyses, IR and MS spectro-
scopy. According to the data the complexes were considered to be oxo-bridged
dimers.

Schaverien {21,227 published the - athesis of reactivizy of. and olefin polymeriza-
tion hy the p,»h}dr de-p-atkyl comp -ands [Y(C Mes ) OCH Buy 1L (p-H pp-alkyl ).
The hydrogenation of Y{C:Me . HOANCH(SiMe;}), in hexane under 10bar of H,
yielded [Y(C;MeHOArp-Hil, (Scheme 10). The latter reacted with terminal

olefins H;C=CHR (R=H. Me. Et. »-Bu} to form the pmalkyl complexes
trans-{ YIC Meg{OA ] {u-Hyup-CH,CH, R) {Scheme 111 The . compounds poly-
merize z-olefins and dienes. The 1zaction of [ Y{C, Me s HOAN-HI], with the termi-
nal acetylene HC=CSiMe, led to the acetylide derivative [YICsMegiOAn]sl-H)
{-C==(81Me; ). Further treatment with excess of HC=(SiMe, in the presence
of THF gavc the monomeric  acetylide Y{C MefOAnC=CSiMe(THF),
{Scheme 12).

The methy] derivatives [ Y{C Mz HOAr(i-Me)}, and [Y{C; Mep-Mel, 1, Mr;
prepared by the reactions of V(T Me{OAr), with Meli fone equivalent and 1.6
equivalents respectively) Cleavage of the derivatives [ YIC, Me HOAr - Mayl, 2:
THF led to YIC Mo HOAr I Mel THF ).

The synthesis and i‘,’l‘yiiai smlaur of [LHTHFL I BuCpiYbiMNPh,),] we
deseribed by Mao et [23}. The complex was synthesized from the
t-butylcyclopentadieny! ytterbmm gichioride and three equivalents of LINDh,,

THF-wsane-toluene
(*BuCp)YbCl, + 3LiNPh, -~ e [LI{THF 1,1} BuCp}Yb{ NPh,},

=78 o

+2LiCt
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CsMes /QA“’
AN v H~(
AG R T
EXCOEY . \
HC=={SMey SiMeg

CgM&S ‘ /DAI‘
\Y — H HC=(SMe3

/ TH” 'j\ only inpresence of THF

AI‘O C 51“/165 v

SiMi
S

¢
y.
cMes (&
/

Scheme 12,

average Yb-N distance is 2.264(9} A. In the cation the lithium is coordinated by
four oxygen atoms from four THF molecules, forming a teirahedral structure with
average Li-O distances of 1.935(317 A,

Taube and Windisch [24] reported the preparation of the monocyclopentadienyl
tris(allyl Hanthanate(111} complexes [ Li{(C,HO.J1n*-Cp'La(n®-C3Hs)a] (Cp'=C
oHs, CsMes. CoHL,CaHel by partial protolysis of the [Li{C,HO,)5,] Latn
2.y H1,] with one equivalent of the corresponding HCp'

1. THF
JLHCHL O LalC H LT+ HOp e R—

2. BtpG-dioxane

LLHC 0, 1O LalCyHs 1+ Ci M

2.2.2. Bis(evelopenradienyl} complexes
Shen and Xie [25] prepared seven new organolanthamide complexes
{Cp.LnsL L3} {La=Gd. Th, Dy, Ho, Er, Tm, Yb; Cp=CsH from Cpsln and
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Fig. 16, Molecolar structure of [LHTHF LI BoCpiYbINPh L]

benzophenoneoxime (HL ;) or cyclohexanoneoxime (HL ,) in THF. The compounds
were characterized by elemental analyses, IR and MS specira. According to the data
these complexes were found to be dimers with oxo-bridged bonds.
THF
HL , +HL,+2Cp;Ln ——— (Cpyin,L L )4+ 2C:H,
reflux
Wu et al, [ 26 ] published the synthesis and X-ray crystal structure of bis{acetongox-
imatobis{cyclopentadienyl}gadolinium] [Cp,Gdiu-n>-ONCMe,)];. The complex
was obtained by the reaction of Cpy;Gd with acetone oxime (HONCMe,) m THF.
According to the X-ray structure the molecule is asymimetric with the O-N fragment
of the oximeto-group acting as both a bridging and side-on donating Jigand (Fig. 171,
The Gd atom has a distorted trigonal-bipyramidal geometry with oxygen and nitro-
gen atoms in an axial position. The Gd,N, unit forms g near-parallelogram which
contains the rhombic quadrilateral unit Gd,0,. Tiwe average Gd-C{Cpj} distance is
2.68(2) A, the Gd-O bond distances range from 2.25(1} to 2.38(1) A
Wang et al. [27] reported the synthesis of [CpSmin®-C HsHTHFT by the
reaction of Cp,SmCl with sodivm allyloxypropynylide in THF,
THE

Cp,Smi7l+ NaC = CCH,OCH,CH=CH, — [Cp.Sm{n®-C H{ THF ]

According to the Xeray structure the Sm atom is the complex [Cp,Smin
L HTHF)Y has a tetrahedral arrangement (Fig. 131 The ligand n-C H, s the
anionic Torm of cvclohexen-4-yne. The Sm-X(1c) distance is 2.500 A (X{1¢] represents
the plane formed by C(16}, C{17), C{131 C{19) and C{20

Deacon et al. [287 investigated the regiospecific replacement of fluorine by
hydrogen in an aromatic ring induced by YbCp,fdme). The reaction of pentafluoro-
benzoic acid with Cp, Yhidme) gave, after hydrolysis, the 2,3.4,5-tetrafuorobenzoic acid.




Fig. 18. Moleeular structure of [Cp,Smin®-C HsHTHF 1.

F F
F F . F
= (& Cpy Yb(dme)
P a——
CoH CO,H

sl
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The effects of coreductants Zn, Yb, Mg and activated (by I,) magnesium were

investisated. With activated magnesium as coreductant, near quantitative yields were

obtained. The defluorination of o-flucrobenzoic and 26-difluorobenzoic acid by

reaction with YbCp,(dme). activated magnesium and thallons cyclopentadienide
have also been achieved.

= () Cp, Yoldme) Mg(actio) TCp (7 )
XN F O AR
COH CO,H

X=HorF

Guan et al. [29] described the synthesis and crystal structure of a bistcyclopenta-
dienyl)amido complex of neodymium, [ Li{DME}]J{Cp,Nd{MNPh.};1. The complex
was obtained by the reaction of NdCl;-2LiCl nTHF, CpNa and LINPh, in THF
followed by recrystallization from DME.

2LiNPh,

NdCl, - 2LiCt - n THF 4 2CpNa~Cp, NdCI - LiCl- & THF ———

[Li{DME}][Cp.Nd({INPh,), ]+ 2LiCl

According tc the Xeray structure the complex consisis of the anion
[Cp,Nd(NPh;),]” and the cation [LI(DME)Y™ (Fig 19} In the amon the Nd
atom has a distorted tetrahedral arrangement. The average Nd-Cp distances are
2.783(8), 2.767(9) A and the Nd-N distance is 2.428(7) A.

Fiz. 19. Molecular structure of [ LI(DME},1[Cp, Ne(NPh,»1.
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Qian et al. [30] published the synthesis and X-ray crystal structure
of bisf{2-methoxyethyl)cyclopentadienyl)] rare ecarth metal chiorides. The
series of  bis[{2-methoxyethylicyclopentadieny!)]  lanthanide  chlorides
(CH,OCH,CH,C H,),LnCt {Ln=La, Pr, Nd. 8m, Gd, Dy, Ho, Er, Tm, Yb, L. Y)
were obtained by the reaction of the corresponding LnCl; with two equivalents of
CH;0CH,CH,CsH, Na.

LiCl, + 2CH, OCH,CH,C H Na—(CH,OCH,CH,C5H,J,LnCl + 2NaCl

All t%: omplexes bave been characterized by elemental analyses, MS, IR and
NMR spaute. The complexes (CH,OCH,CH,CyH, ), LoCl (Ln=1a, Dy, Yb} have
also been studied by X-ray diffraction analyses. The structure of
(CH,OCH,CH,CH,),LaCl is dimeric with two chloride bridges (Fig. 20). Besides
two cyclopentadieny! ligands and two chlorine atoms, each lanthanum atom is
coordinated by two oxvgen atoms from the CHOCH,CH,-groups. The formal
coordination number of La is ten and the metal atom has a distorted octahedral
arrangement. In contrast, the structures of the Dy and Yb analogues are monomeric.
The coorcination of ihe La atoms by two Cp-rings, one chlorine atom and two
oxygen atoms form distorted trigonal bipyramids. Tnus the structures of the com-
plexes depend on the radius of the lanthanide ions.

Qian et al. {31] also reported the syntheses and X-ray crystal structures
of  bisi{2-methoxyethyi)cyclopentadienyl] rare  carth  iodides (MeO-

C14!

Fig. 20. Malecular structure of (CH;0CH,CH,~CsH),LaCl.
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%

b, Joms

Fig. 21. Molccular structure of {MeOCH,CH,CH, ). Lal.

CH,CH,C;H,),Lnl (Ln=1La or Y). The complexes were obtained according o
equation

THEF

(MeOCH,CH,CH, ), LnCl+ Nal — (MeOCH,CH,CsHahLnl + NaCl

Ln=1La Y

The lanthanum and ytirium complexes are isostructural. In the molecules (Fig. 215
the Ln atom is coordinated by two cyclopentadienyl ligands. one iodine atom and
two oxygen atoms. The structure has a trigonal bipyrariidal coordination geometry.
The most striking feature of these compounds is the formation of the intramolecular
coordination bond from the oxygen atom of the ligand to the central rare earth metal.

Zhang et al. [ 227 prepared the complexes {C,H,OCH,C;H,),LoCl (Ln=Nd, Gd,
Dy, Yb) from the appropriate lanthanide trichlorides and sodium tetrahydrofurfuryl-
cyclopentadienide in THF. The dysprosium derivative {C,H,0CH,CsH ), DyCl was
characterized by X-ray crystaliography. The structure has C, symmetry about the
Dy-Cl axis. The central Dy atom is coordinated by two Cp, two oxygens of tetrahy-
drofurfuryl and one chlorine to form a distorted trigonal bipyramid. The two oxygen
atoms are at both apices, and chlorine, dysprosium and the two Cp-centroids form
the equatorial plane.

Deng et al. {337 published the synthesis, spectroscopic and X-ray crysiaflographic
characterization of new early organolanthanide, organoyttrium hydride and organo-
holmism hydroxide complexes. Bis(2-methoxryethyleyclopentadienyl) hydride
complexes of the type [(MeOCH,CH.C.H,),La(u-H)], (Lan=La, Pr. Ho, Yj
were obtained by reaction of the corresponding halide precursors [(MeOCH,CH,
CoH,), Lo{p-Cly}; with excess NaH in THF.
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THF
ny

- 2halt

[{MeCGCH,CH,C,H, ), Ln{p-Chi], + 2NaH

[(MeOCH,CH,C.H, ), Ln{u-H}],

According to an X-ray structure determination and TR data the complex
[(MeOCH,CH,CsH,), Y(u-H)], is dimerized via hydrogen-bridges (Fig. 22). In the
unit cell there are two dimers which are not identical, but in both dimers each Y
atom is coordinated by two cyclopentadienyl ligands, one oxygen from one ether
substituent-group and two hydrogen atoms. Thus each Y atom has a distorted
trigonal bipyramidal coordination geometry (if the cyciopentadienyl rings are
regarded &5 ocoupying a single polyhedral vertex). The average lengths of Y-C(Cp)
bonds for the two dimers are 2.676, 2.674 A and 2.674, 2.683 A.

The product of hydrolysis [{MeOCH,CH,CsH,),Ho(u-OH)], of the holmium
hydride was also obtained and structurally characterized. The complex forms a dimer
with two hydroxyl-bridges. The Ho atom has a distorted trigonal-bipyramidal
arrangement with the three oxygen atoms nearly lying in the equatorial plane. The

Fig. 22. Molecular structure of [{MeOCH,CH,CsH ), Y(u-H)l.
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average Ho-C(Cp) bonds lengths ars 2.694 and 2711 A

[{MeOCH,CH.CsH ), Hofp-H L, s

THf-hexane
[(MeOCH,CH,C;H, ), Ho(u-OH 1,

Pt

Deng et al. [34] alse described the synthesis  of  five new
bis[{2-methoxyethyl jcyclopentacienyl Jlanthanide tetrabydroborates {Ln=La, Py,
Nd, Sm or Gd) from the corresponding {MeOCH,CH,C H. 3, LnCl and NaBH,,

THF

{MeOCH,CH,CsHy),LnCl+ NaBH, > (MeOCH,CH,CsHy)pLon{BH,)

+MNall
La=La, Pr, Nd, Sm or Gd

The complexes have been characterized by elemental analyses, MS, 'H NMR and
IR spectra. The praseodymium and neodymium tefrahydroborate complexes have
alse been structurally characterized. Both complexes are monomeric (Fig. 23} with
the metal ions coordinated by two Cp-rings, two MeQCH,CH,- and one
BH,-groups. Since the hydride ligands canuot be located, the coordination eaviron-
ment about the central metal was difficult to describe. The Pr—B and Nd-B distances
are 2757 A and 2.664 A respectively.

The same cyclopentadieny! ligand was used by Deag et al. {35] in the synthesis
of organolanthanide complexes [La(CsH,CH,CH,OMe),(THF)][Co{CO),]
(Ln=S8m or Yb, thf=tetrahydrofuren). The complexes were obtained by the reaction
of [Ln(CH,CH,CH,O0Me),1] with KTCo{CO}] in THF, or by the one-electron

israd]

Fig. 23. Molecutar structure of {MeOCH,CH,CsH. L, Nd(BH, ).
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oxidation of [ Ln{CsH,CH,CH,OMeL{ THF)] with [Co,(CO] in THF. The X-ray
structure of the [Yb(CsH,CH,CH,0Mel{ THFICol(CO),] consists of discrete
[YB{CsHCH,CH,OMeh{ THF)1* cations and [Co(CO), 1" anions. The cation
adopts a very distorted trigonal-bipyramidal structure with the two oxygen
atoms of the chain on ihe axis of the trigonal pyramid (Fig 24). The
cemmid(mYb _centroid{2} angle is 12647, the average Yb-Ciring) bond distance
is 2.57(2} A. The anion has normal distances and angles and is well separated ‘rom
the cation.

Lin ang Wong [ 367 reported the synthesis and structural characterization of the
sodium and yrierbium (diphenylphosphinojcyclopentadienyl complex [{(CsHshP(n
S.CsHL), Yb{p-Cli Na(C H,,0,), 1. The complex was obtained from the reaction
of anhydrous YbCly with [(CoHs), P(CsH, I Na(CH 40,1, in THF. The structure
(Fig. 25) consists of discrete bimetallic molecules in which {(CeH:)P(n
5.C.H,),Yb and Na(DME) fragments are bridged by two CI™ ligands. The metal
geometry of ytterbium and sodium can be described as distoried tetrahedral and
distorted octabedral respectively. The Yb-C distances range from 2.611(6) t
2.635(5) A; the separatlon between two metal centres is 3.951(1) A

Van den Hende et al. [37] published the synthesis and X—ray structures
of ytierbocene(Il) complexes containing pendant pyridyl groups, [Yb(Cp®),]
(Cp* = n-CsH,(RI[CMe,(CH, ), CsH N-21-1.3; R=H or SiMe; and n=0or 1).

THF
2KCp* + YbI, — [Yb(Cp™),]

Fig. 24. Structure of cation {Yb(C.H,CH,CH,OMehL{ THF)1".
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Fig. 25 Molernlar structure of [HC Ho L Pin™ OB, Yip-CluMatCH 0005 ]

The crystal structures of [Yb{n-C;H(CMe,CH,CH N-2)}.] (Fig. 26} and
[Ybin-CoHs{SiMe; HCMe, CoH N 231,31, Tm\oheddzsmrte{if 15 i“a raianam&
ment of the ligands arcund the metal wuh the coordination of both the pyridyl
groups to the ytternium.

Beletskaya et al. [38] investigated the reaction of alkyl derivatives of yutrium
and lutetium with organic disulphides and disclenides. The series of dimeric
his{t-butvlcyclopentadienyl)ianthanide  organosulphides or  organoselenides
[{'BuC;H,LLnfn-EPhY], (Ln=Y, E=S, R=Ph "Bu, 'Bu or CH,Pk Lo=Y.
E=Se, R=Ph; Lo=Lu. E=§, R=Ph or CH,Ph; Lo=Lu, E=3e, R=Ph} were
obtained from the appropriate [(‘BuC H,),Lr{p-Me}j, and the corresponding
organic disuiphides RSSR or diphenylselenide PhSeSePh in benzene

benrene

W BuC HhEnip-Meil, + 2R, E; —— [*'BuC:H, ) Loluw-EPh], + 2MeER



30 Yi K. Gun'ko, F.T. Edetmann,Coordination Clemisivy Reviews 156 (J996) - 89

cua (3

cug)
C{ty

cqay ¢i6) 4 che)

czoif®) cus)
b ctz2) Vy

Fig. 26. Molecular strusture of [Ybin-CsP 1CMe, CHLCH N2, ]

The structure of [(‘BuC:H.,), Y(u-SePh)], - CoH,, consists of dimeric molecules with
two bridging SePh groups (Fig. 27). The Y,Se, unit is planar, with the Y-Se distances
2915(1) and 2.912(1)A. The coordination of the Y atoms is that of a distorted
tetrahedron Cp,YSe,. Each bridging Se atom is on top of a trigonal pyramid
with the two Y atoms and the ipse-carbon atom of the phenyl group forming the
base.

Piers et al. [39] published the synthesis and study of the permethylscandocene
chalcogenolates and chalcogenides. Use of either elemental tellurium or Te=P"Bu,
allowed for incorporation of one tellurium atom to form the permethylscandocene
tellurolate {Scheme 13). The insertion of elemental selenium into the Sc-C bond of
(CsMe.),3¢CH,SiMe, gave the analogous selenolate (CsMes),Sc-SeCH,SiMe;.

The tellurolates are monomeric, as inferred from the X-ray structure of
{CsMe;),ScTeCH,CyHs (Fig. 28). The tellurolate ligand occupies the central position
of the metallocene wedge. The ligand features an sp*-hybridized tellurium atom
(Sc~Te-C1=121.61{21)), the Sc-Te bond distance is 2.8337(14) A.

The reaction of tellurium or selenium with the deuteride (CsMe;),SeD led to
chalcogenide dimers [(CsMes),Sc]-(u-E) (E = Te, Se).

E (0.5 equiv)

(CsMes)Se-D 02 (0 Me. ), Sc-E-Se(CsMes)

N
2
hexane — Dy

E="Te.Se
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Fig. 27. Molecular structure of [{(BuCH,, Yip-SePin]. - C H,.

) =
/Q/\J;MR Tc_,__,, %ﬁ——-’?‘e}{

\& Te=Priiy

R = -CH,SiMe;, -CHaCeHs, eryith 7—CH(D)CH(D)IC4H9,

~CH3CH(D)(CH2):CH2CM€2, -C{,Hs, ‘CHQ(C"C;;I‘{Q)

Scheme 13.

The telluride dimer [(CsMes);Scl{n-Te) was also obtained by the thermal or
photochemical extrusion of TeR, from the telturclates (CsMes),ScTeR. According
{0 X-ray structures the complexes [(CsMes)Sclau-E) are p-chalcogenide dimers
with a slightly distoried Dy symmetry {Fig 29). The Sc-E bond distances are
2.5425(16) A for E=Se and 77378(1’)A for E="Te; the Sc-E-Sc bridges are
pearly linear.
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c10

Fig. 29. Molecutar structure of [{CsMes),Sc,(u-Te).

Thermal and photochemical interconversion of the permethylscandocene telluro-
lates have been studied with a variety of mechanistic experiments (Scheme 14).
Experiments utilizing tellurolates indicated that both the thermal and photochemical
eliminations of TeR, proceeded from a transition state without involving Te~C bond
cleavage, leading to R~ intermediates.

Using the 1,2-[2H,]-neohexy! stereochemical probes, Piers [40] has also demon-
strated that the extrusion of TeR, from permethylscandocene tellurolates proceeds
via a concerted transition state (Scheme 15).

Evans et al. {41] described the syntheses and study of the series of organosamar-
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ium complexes with Group 16 <lement anions: [(Cs Mes)vsm THF ) ],(p-E),
[{CsMes),SmI(Es}{THF) (E=S5, Se, ie). [(CsMes),Sm],{u- n%n>Te,) and mixed
chalcogenide complexes [{CsMes),Sm],(E,E,)(THF) (a+b=3).
2{CsMes),Sm(THF), -+ ( 1/x)E, »[(CsMes),Sm(THF)],(1-E)
E=2Se, Te
2{CsMe;),Sm(THF ), + Phy P=E>[(CsMe,),Sm{(THF)],(p-E) + Phs P
E=S,Se
2(CsMes),Sm(THF), +excess E, —[(CsMes),Sm,(Es)(THF)
E=Se, Te
2(CsMes),Sm(THF), + 3/88; —[(CsMes),Stno(S;)( THF)
[(CsMz5),Sm],(S;HTHF) + PMe;—[(CsMes),Sml, (n-2n?-Te,) + Me; P=Te

[(CsMes),Sm( THF)1,(11-Te) + Se, —[(CsMes),Sm,(Se, Te,( THF)

+ other products
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Complexes [(C_{5;Me_{5})_{2}Sm]_{2{E_{3}}{THF) can also be intercon-
verted with [{C_{5}Me_{5})_{2}Sm (THF)Y]_{2}u-E).

HCsMes), Sm(THF),(u-E) + (2/0)E, —~ HCsMe),Sm ] EsHTHF)

E=S8e, Te

[(CsMes),Sml,( E3)( THF) 4 2PPh; - [(Cs Me;s ), Sm{THF ) L,(0-E) + Ph; P=E
E=S§, Se

The complexes [(CsMesh,Sm{THF}L(W-E} {E=S, Se, Te) are isostructural
(Fig. 30) and have a formally eight-coordinate local environment around each Sm
atom. The Sm-E distances follow a progression consistent with the differences in
the radii of the chalcogens (Sm-Te=2998(2) A, Sm-Se =2.782(1) A and
Sm-S=2.663(1) A).

Complex [(CsMes),Sm,(Se:}(THF) (Fig. 31) contains two distinet types of Sm
atom. Sm( 1) is formally nine-coordinate and Sm(2) is formally eight-coordinate. The
Sm--Se distances in the molecule (3.007(1), 3.198(1} and 2.917(1) .7\} are much longer
than the correspending distances in [(CsMes),Sm(THF)1,(u-Se).

In the structure of [(CsMes),Sm,{u-nn2-Te,) (Fig. 32), the two bent metallocene
units are oriented such that the four pentamethyleyclopentadienyl ring centroids
describe a square plane rather than a tetrahedron. The Sm-Te distances are 3.213(1})
and 3.204(1) A. Tie Te -Te distance of 2.773(1) A is in the single bond range.

Scholz et al. [42] reported the reactions of [(CsMes), La(p-Cl),K(dme)] with
sodium 2,3-dimethylquinoxaline (Scheme 16) or with sedium phenazine. The reac-
tions led to dimeric compiexes which were structurally characterized. The structure

Fig. 30. Molecular structure of [(CsMes),Sm{(THF)1,(1t-S).
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Fig. 32. Molecular structure of [(CsMes),Sm],(p-12%n2-Te,).

with 2,3-dimethylquinoxaline contains two Cp¥La fragments, which are bound by
the gumoxaline dianion. The La-N distances are 2.409(4) andn 2.444(4)f\. The
La~C(dimethylquinoxaline) distances of 2.903(5) and 2.891(5) A are essentially
fonger than La-C(Cp*) (from 2.789 to 2.806 A) or La-C distances in the ion
[La(n3-C3Hs), ]~ (La~C,, 2.811 A). The phenazine complex (Fig. 33) has a similar
direric structure with the La-N(1) and La-C(22) distances being 2.452(2) A and
2.931(2) A respectively.

Evans et al. [43] investigated the reactivity of decamethylsamarocene with poly-
cyclic aromatic hydrocarbons. A series of new bimetallic complexes of samarium
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Scheme 16.

was obtained by the reactions of (n*-Cs;Me;),Sm with various aromatic hydrocarbons
and related nitrogen heteror‘yc es. The reaction with anthracene (Scheme 17) gave
the [(CsMes),Sm[p-n-n*«Cy4H )]

According to X-ray data {Fig. 34) the planar C,,H;, unit in the complex is
coordinated on each side by the (CiMes),Sm groups with the shortest
Sm~C(polycyclic ligand) distances of 2.595(4) VA, 2 .840(4) Aand2. 791(4) A for C(9),
C(9a), and C(1) carbon atoms {anthracene numbering) respectively.

The analogous reaction (Scheme 18) with pyrene led to the complex
[(CsMes),Sm1,[p-n>-12-(C o H )], which was also structurally characterized. In the

2 (CsMes)Sm + e [(C M)y Sl -1~ 1H(C p4H o]

(Ciatyo)

Scheme {7.
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Fig. 33. Molecular structure of [{CsMe;), Lal,CHgN,.

c8 oW

Fig. 34. Molecular structure of [(CMes),Sm]s fp-n* n? (0 Ho)l

complex, two (CsMes),Sm units also coordinated to opposite sides of the planar
polycyclic system, but they are on the same end of the tetracyclic unit. The
Sm~C(polyeyelic ligand ) distances range from 2.660 to 2.806(4) A.

{CsMes),Sm was also found to react in a similar manner with 2,3-benzanthracene,
9-methylanthracene, acenaphthylene and phenazine to giv: [(CsMes),Smi.{u-n3-n-
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2 (CsMeshSm + -—“” [(CsMes)Srd ,[1-1'- n3(Cigijol]

©€6ti0)

Scheme 18§,

(CigHpa)] [(CsMes,SmI(C s Hyp) [(CsMes),Sml{CiaHg),  and  [(CsMes);Sm,-
[w-m®n*+C,,HgN,)] respectively. The complexes [(CsMes),Sm,[u-n*-1-
(CsHy)] and  [(CsMes);Sml,[p-n®-n?{C,HgN,)]  were  also  structurally
characterized.

The reaction of (CsMes),Sm with azulene produced (CsMes);Sm. and another
product which was not fully established. A similar reaction with acridine (C3HgN}
led to the complex [(CsMes),Sm],p-n*-1n><(C3HsN), ] (Scheme 19) which, accord-
ing to X-ray diffraction, contains nonplanar C;3H¢N units. The Sm-N distance is
2.380(5)A. The polycyclic ligand in the complex [{C,Mes},Sm],[u-n’-n’-
(CsHsN), 1 exhibits a larger deviation from planarity (+0.26 A) than any of the
previously described complexes.

Arduengo et. al. [44] described the synthesis and structures of new lanthanide
carbene complexes. 1,3.4.5-Tetramethylimidazol-2 ylidene reacted with bis(penta-
methylcyclopentadienyl)samarium according to Scheme 20 giving the samarium(Il)
carbene complexes.

Schumann et al. [45] reported the synthesis of new carbene complexes of divalent
samarium and yiterbium. The (imidazol-2-ylidenejlanthanide {Sm, Yb) complexes
were obtained from 1.3,45-tetramethyl-imidazol-2-ylidene or 1.4-diisopropyl-
2.3-dimethylimidazol-2-ylidene and the corresponding bis(cyclopentadienyl}) com-
plexes of Sm(II) and Yb(1l) (Scheme 21}.

The molecular structure of the ytterbium carbene complex (CsHiBu,),Yb-
CN{Me)CMe=CMeN(Me) was studied by X-ray diffraction (Fig.35). In the

(CsMes)zsim
= = i
SN NN 2
2 (C5Me5)28m + - 3 SN
(Cy3HoN) i s A
Stm(C sMes),

[(CsMespSmilL1-m- n¥(CiaH oN),]

Scheme 19.
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structure the seven-coordinated Yb atom has a pseudo-trigonal ligand-arrangement.
The Yb-C27 distance is 2.55%13) A.

Tilley and coworkers [46] prepared lanthanide‘tungsten heterobimetailic com-
plexes via o-bond metathesis. Reaction of { W(CsHs),H, ] with [{Ln{(CsMes),H},]
(Ln=Y, Sm} in toluene at room temperature (Scheme 2) led to the metallated
cyclopentadienyl  derivative  [(CsMes),Ln(p-n',n>-CsH)p-H}, W(CsHs)].  The
molecular structure of the samarium complex consists of two metallocene fragments
linked by a Sm—~C(CsH,) bond (Fig. 36). The Sm-W distance (3.402(1) A)is greater
than the sum of the atomic radii for Sm and W, suggesting the absence of a direct
Sm-W bond. The overall conformation of the molecule implied the presence of
bridging hydride ligands.

Radu and Tilley [47] also reported about o-bond metathesis reactions involving
lanthanide—silicon and lanthanide—hydrogen bon::~ The lanthanide silyl complexes
CpiLnSiH(SiMe;), (Ln=Sm, Nd, Y: Cp* =n°>-(;Me;) were obtained by reaction
of the appropriate Cp¥ LnCH(SiMe,), with SiH,(SiMe,),.

Cp#¥LnCH(SiMe,), Cp¥LnSiH(SiMe,),
+ — +
SiH,(SiMe;), CH,(SiMe;),
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Scheme 21.

The silyl complexes Cp% LnSiH(SiMe;), are monomeric in pentane solution but
in the solid state they contain an intermolecular Ln---CH;-Si interaction. The o-
bond metathesis reaction proceeds via a second-order autocatalytic process catalysed
by [Cp¥LnH],. The above-mentioned reactions of [{ Ln{C;Me,),H},1(La=Y, Sm)
with { W(C:H;),H,] (Scheme 22) were also discussed in the work. The borohydride
complexes Cp#Ln (n°-H,BMes,) (Mes=mesityl, Ln=Sm, Y} were synthesized from
[Cp%LnH], and [HBMes,],.

JH

12[Cp*,LaH],  + 1/2[Mes;BH}, ——» Cp*yLi “BMes,

. ,

».Ho‘
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Fig. 35. Molecular structure of (CsHiBu,), Yb-CN(Me)CMe= CMeN (Me).

(CsMes)yS
1/2 [{Sm{CsMeshH} 9] + [W(Csts)Hs] ETRe W

&

Teuben and coworkers [487 reported the synthesis and properties of
Cp?Y(2-pyridyl) (Cp* =CsMes). The complex was obtained from [Cp¥YH], and
pyridine.

Scheme 22,

[Cp*aYHY, +2 pyridine. ———»- 2 Cp*,¥% Q
- 2

This compound reacts with hydrogen and Lewis bases (THF, Et,0, pyridine) as
well as with alkenes, alkynes and carbon monoxide {Scheme 23).

The structure of the CO insertion complex [CpfY 1,[p-n%n2-OC(NCsH,),]
(Fig. 37) consists of two normal bent Cp*Y units that are bridged by a p-n*n
Z.dipyridyl  ketone fragment. The product of ecthylene insertion
CpfYCH,CH,(2-NC;H,) gave o-bond metathesis with pyridipe to form
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cy1sy

Fig. 36. Molecular structure of [{CsMegd, La(u-n' n*-CsHolp-H, WIC H )L

2-ethylpyridine and Cp}Y(2-pyridyl). The complex Cp¥YCH,CH,{2-NCsH,)
decomposes to the isomers Cp¥Y[2-NCsH;(6-Et)] and CpfYCHMe(2-NCH,) at
80 °C.

Marks and coworkers [49] investigated the bis{polymethyleyclopentadienyljian-
thanide hydrocarbyl complexes Cp,LuCH(SiMe,), and Me,SiCp",LnCH{SiMs,),
(Cp’=1°<(CH;)sCs; Cp” =n><(CH;),Cs; Ln=La, Ce, Nd, Sm, Lu) by relativistic ab
initio and DV-Xe calculations and gas-phase UV photoelectron spectroscopy. The
investigations revealed that the lanthanide-ligand bonding interactions are domi-
nated by the metal 5d orbitals. The metal 4f orbitals are only marginally involved
in the bonding. The ionization from the Lu-{ honding orbital represents the lowest-
energy, nearly constant PE feature followed by Ln-Cp ionization in the He 1 spectra.
Metal ! ionizations, observed in the He II spectra of the Ce, Nd, Sm and Lu
complexes, were interpreted on the basis of the states generated upon ionization of
the {" ground states. They had eitker the form of low intensity onset features for Ce,
Nd and Sm complexes, or of intense structures in the 16-17 eV range in the specirum
of the Lu compound. Trends in the 4f' ionizations are consistent with a gradual
energetic stabilization of 4f orbitals across the lanthanide series. Metal 4f orbitals
appear core-like in character in the ' Lu complex.

2.2.3. Tris(cyclopentadienyl) complexes

Chen et al. [50] published the syntheses and crystal siructures of (n*-
CsH;);Ln(THF) {Ln=Ce, Er). The reaction of {NH,},Ce(NO,) with C;HsNa in
THF led to the Ce(111) complex {CsH;);Ce{ THF}. The authors also made an attempt
to obtain a cyclooctadienyl bis(cyclopentadienyl)erbium complex by the reaction
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Cp*yY & @ +OTHF ——— Cp*, Y (0 2-2-pyridyl) THF)

CraY QCJ > Cp"‘zY’l’@

Scheme 23.
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Fig. 37. Moleenlar stracture of {Cp5Y {u-n*m?-OCINC H 1.

of ErCl;-4THF with C;H, K and with C.HsNa. but the reaction gave
{CsH ), Fr{ THF} only. The complex (n*-CsH;1Ce{ THE Y and the analogous erbium
complex are not isostructural, but (n*-CsHs 3 Er(THE) is sostructural with known
(n°-C;Hs}:Ln{THF} (Ln="La, Pr, Nd, Gd. Dy, Y and Lub

Wang et al. [517 reported the formation and molecular structure of {n°-
CHy),Sm{THF). The complex was obtained from the reaction of {n’-
CH,15mClL{THF ), with NaC=CCH,0CH,CH=CH, in THF.

THE

3CPSMCly THF )y + 6NaC =CCH.OCH,CH=CH, ——

13[CpSm(C=CCH,0CH,CH =CH,),1; +6NaCl

THF
{3[CpSm{C=CCH,OCH,CH=CH,),}} — (1"-C;H:):5m{ THF}
+28m(C=CCH,0CH,CH=CH,);

The molecular structure of (n°-CoH:):Sm(THF} has a coordination sphere of
three n’-cyclopentadienyl ligands and one tetrahydrofuran to form a distoried
tetrahedron around the Sm atom.
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This structure, as well as the structure of (CsHs), Dy(THF), was also reported by
Wu et al. [527. The complexes were obtained by refluxing [Cp,SmO(CH,),CH;1,
and [Cp,DyS{CH,),CH, 1, (Cp=C;sH;) in THF.

THF

3[Cp,Ln(p-L)],

4Cp;Ln+2LnL ;

reflux
Ln=5m, L=0O(CH,),CH,; Ln=Dy, L =S(CH,},CH,;

The complexes are isostructural with the known complexes Cp;Ln(THF)
{Ln=La, Pr, Nd, Gd and Lu}.

Knjazhansky et al. [337 reported the synthesis and structure of the complex
[AIHM,(OC,Hg) J[(-CsHs) Yb{p-Na)Yb(n®-CsH;) ], which was obtained by the
reaction of Na[(CsH;); Yb] with aluminium hydride in THF.

INa[(CsHq), YD1+ 2A1H; - THF —
[ATH(OC Hg) JIm7-CsHs); Yo{u-NayYbin®-Cs Hs)y 1+ NaAlH,

The structure (Fig 38) consists of the anion [(n°-CsHs)hYb(u-Na)¥Yb(n?-
C:Hs)s]™ and the cation [AIHL{OC,Hg),1™. In the cation the Al atom has an

Fig. 38. Molecular structure of [AIH(OC, Hg) (n*-CsHs)s Ybip-NajYbin®-CsH,j 1
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octahedral environment with bond angles close to 90°. The anion contains two
[(n*-CsHs)h Yl fragments and the Na* ion bound by ionic iateractions. The
Yb---Na distance {3.54(1) A} is sufficiently large that the interaction can be considered
as a purely ionic one,

Depaoli et al. [16] described the europium-151 Massbauer spectra of several
organoeuropium( I1I) compounds including (n*-CsHs i, Eu{ THF). The curopium-151
Maéssbauer spectrum of (n°-C:Hs), Bu{ THF j revealad 2 weak but definile covalent
interaction between the 4f orbitals of Ev{11*} and the ligands.

Ren et al. [ 54] reported the synthesis and X-ray structure of an organniar
complex [{{BuCpi,LaCILI{{THF},]. The cemrﬁound was ¢biained by
LaCly - 2LiCH with two equivalents of 'BuCpNa in THF. In the structu
La3+ is coordinated to three ‘BuCp groups and one chloride to 1“{ 2 ff;;{smﬁ,
tetrahedron (Fig. 39). The two units ('BuCph Lz and Lt THF}~ connected by a
single chloride bridge.

R

2.2.4. Bridged cyclopentadienyl complexes

Sun et al. [55] published the synthesis and crystal
[Me,C,Cp,SmCI{THF)],. The complex was synthesized by the reactio
SmCl; with the Me,C(C;HMgClL{THF} in THF. The stracture of
[Me,C,Cp,SmCHTHF )], is dimeric (Fig. 40). Two Sm atoms are bridged by %ww
chlorine atoms to form twe unsymmetrical Sm~Cl bonds {(Sm-Cl distapce is 2.78.
2.84 A). The two Cp rings are in eclipsed conformation.

Paolucei et al. [ 56] reported the synthesis of new bis(cyclopentadiens ™}
chlorides {Scheme 24). The compounds were characterized by eleme: 23.2
IR, MS, ‘H NMR and X-ray photoeleciron spectroscopy. The 1
equivalenis of PrClL{THF ), and three equivalenis of Na,[264{CH,CoH ),

Fig. 39. Molecular stricture of [FBuCpi LaCILHTHE LT



48 Yu K Gus'ke, F T, Edelmann: Covrdination Chemistry Re dews 156 (1996) 1 -89

{354

Fig. 40. Molecular structure of [ Me,CoCp,SmCHTHF)),.

N . THE. i \
/@l FINGCp e ON

THE r1

Ln =Y, Pr, Nd, Sm. Dy, Er, Yb, or Lu.

Scheme 24,

led to the complex, which according to elementai analysis, has the formula
[(2.6-(CH,CsH,),CsH3N )3 Pry ] Some preliminary studies of the catalytic properties
of the bis{cyclopentadienyl)lanthanide chlorides in the reduction of hex-i-ene by
LiAIH; were also carried vut.

Griper et al.  [57] described the new  lanthanocenophanes
[{OMe,SiCsH,),} PrCHTHF)], (x=1 or 2) and [{OMe,SiCsH,),}YbCl], . The
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complexes were synthesized by the reaction of the potassium salt of
1,1.3,3-tetramethyl-1,3-dicyclopentadienyl disitoxane with PrCl; ¢r YbCl,. According
to the X-ray structure determination the complex [{COMe,8iC;H,),1YbCl], is a
Cl-bridged dimer. In the molecule of [{OMe,8iCH,),} YbCl], the ring-bridging
-Me,SiOSiMe,-group is positioned asymmetrically with respect to the Ci-Yb-CY
plane. The Yb--Cp(cent.) distances are 229.0(7) and 228.1{7} A

Qian and Zhu [ 58] published the synthesis of a series of furan-bridged bis{cycio-
pentadienyl) lanthanide {Yb, Sm or Nd) and yitrium {Scheme 23) complexes.

The compounds were characierized by elemental analyses, MS, IR and 'H WMR.
The reactivity of organolanthanide hydrides generated in situ {rem the
[Ln{C;H;),C1]-NaH system was studied. The authors come to the conclusion that
the reactivity can be tuned not only by varying the ligands bui aiso by taking
advantage of the lanthanide contraction. The goal of acquiring more reactive organo-
lanthanide hydrides can be achieved by selecting the appropriate ligands and using
the early lanthanide metals.

Piers et al. [59] investigated the insertion of elemental tellurium into the scandi-
urn—carbon bonds of the ansa-scandocene alkyl{meso-{CH,;),Si[{t-C,H )} Hi1s;
Sc(CH,SiMe; }{DpScR). The chemical procedures are summarized in Scheme 26.

The dimeric telluride DpSc—Te—ScDp was characterized by X-ray analysis as
the benzene solvate of its bis(trimethylphosphinej adduct DpSc(PMe,)-
Te—-Sc(PMe;)Dp (Fig. 41). The asymmetric unit of the complex consists of two
independent half-molecules {the Te atom is on an inversion centre}, which differ only
slightly in conformation. The Sc~Te-Sc cocrdination is, as a consequence, precisely
linear, with a mean Sc-Te bond distance of 2.875(5) A.

Schumann et al. [60] reported the synthesis and characterization of the
[(‘BuCsH;)SiMe,(C;Me, )] Lniu-Cly, Li(OEL,), (Ln=La, Lu} (Scheme 27) and the
chiral tris(cyclopentadienyl} complexes [{*BuC.H;)SiMe,(CsMey)Ln(CsMe H)
{THF){Ln=1La, Nd) (Scheme 27).

According to X-ray analysis, in the structure of [((BuC;H;)SiMef{CsMe,)]-
La(CsMe,H)(THF) the La atom adopts a distorted tetrahedral arrangement, which
is formed by the three cyclopentadienyl rings and one THF molecule {Fig. 42). This
complex, as well as the other complexes, were characterized also by their 'H and

BC NMR and MS spectra.
f\\
[
= ol f%\)
) in ——
\Cl/
0

Ln=7Y, Yb. SmorNd

Scherne 25.
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DpScCH,SiMe; [DpSctil,
I e 0.5 TeP-n-Bu,
50°C
hexane -t + P-n-Byg

hv
DpSc-Te\ D {Me3SiCHy)nTe  + DpSc—Te-—SeDp
R

A
PMes S 2 PMe
- 5
i
.‘l.ane—R ‘ Dp = /Si
Si
Dp CKPM 3 - Me;P,,l
all compounds .
u are meso somes DpSC——Te——SCDp
PMey
pM83
DpScA/
“Te-R

Scheme 26.

Fig.4l. Molecular structure of DpSc(PMe;}-Te-Sc(PMe;)Dp  (Dp= {meso-(CH,),Si[(1-C Ho)-
CsHs1,17).
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-

o o O

LaCl + Lb[(BuCsHy)SMex(CsMeg)] > S 1S + Ll
/e :?3,/

Ln=ia, Lu

v

{
g o
1nCly + Neagl(BuCH5)SMey(CsMeg)] + CsMegiNa ———s S pL + 3 NaCl

Scheme 27.

Fig. 42. Molecular structure of [(BuC,H,)8iMe, CsMe i latCMe B THT .
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Hajela and Bercaw [61] reported that the reaction of permethylscandocene
complex OpSc(H}PMe;) (Op={(n°-CsMey},SiMe,}) with isobutene produced
OpSci(CH,CH(CH,), H{(PMe,), which slowly decomposed to afford the OpSc(CH;)-
(PMe;) along with isobutene, 2-methylpentane, isobutene, 2-methyl-1-pentene,
propane and n-pentane {Scheme 28).

A transient observed in the reaction sequence has been unambiguously
characterized as OpSc(CH,CH,CH;}{PMe;}. The two Cy products, 2-methylpen-
tane, 2-methyl-1-pentene and n-pentane, were formed according to Egs. (1)~(10).

OpSci(CH,CH(CH,), {PMe, )~ [OpScCH,CH(CH,),] + PMe, (1
[OpScCH,CH(CH,),]-[OpSeCH, ]+ CH,=CHCH, 2)
[OpScH 1+ CH,=CHCH, -[0pScCH,CH,CH,] (3)

[OpScCH,CH,CH, ]+ CH,=CHCH, —»[OpScCH,CH(CH,)CH,CH,CH,]

(4)

[OpSeCH,CH(CH,)CH,CH,CH, ]~ (5
[OpScH]+CH,=C(CH,)CH,CH,CH,

[OpScCH,CH(CH,)CH,CH,CH, ]+ PMe, - (6)

OpScCH,PMe, + CH,CH(CH,)CH,CH,CH,

p

/@ . )\/ /L/\ Lo
Me,Si e PMeg o+ ~F AN AN
NCH,
\)ﬁ\é'\ o O igPNy

Scheme 28.
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[OpScCH,CH(CH;)CH,CH,CH;,]— (7
[OpScCH;]+CH,=CHCH,CH,CH,

[OpScCH, ]+ PMe, —»OpSc(CH,)( PMe,) (8)
[OpScH ]+ CH,=CHCH,CH,CH, - [OpScCH,CH,CH,CH,CH, ] {0

[OpScCH,CH,CH,CH,CH, ]+ PMe; - (10)
OpScCH,PMe, + CH,CH-CH,CH,CH,4

B-Ethyl migration is not observed for the derivative OpSc{CH,CH(C,H,)-
CH,CH;}(PMe;). obtained from reaction of 2-ethyl-i-butene with OpSc(H){(PMe;).

Marks and coworkers [62] described the synthesis, characterization, and configu-
rational interconversions of chiral, C,;-symmetric organolanthanide halides, amides,
and hydrocarbyls. The Me,8i(Cp"H R*CpH ) ancillary ligands and the correspond-
ing dilithium derivatives were obtained according to the Scheme 29. The chiral
Me,SiCp"(R*CpjLn{p-Cl), Li(ether), complexes were synthesized by transmetalation
of Me,SiCp”"(R*Cp)Li, with the appropriate lanthanide trichloride.

1. VHF
Me,SiCp"(R*Cp)Li, + LoCly ——s

2. E4;0
Me,SiCp"(R *Cp)La(u-Cl), Lil EL0), + LiCl
R¥* =(+)-neomenthyl, Ln=1a, Nd. Sm. Y. Lu;
R*=(—)-menthyl, Ln=8m, Y, Lu;
R* =(—)-phenylmenthyl, Ln=Y

The mono-DME adducts can be prepared by the analogous reaction in the
presence of DME. Diastereomers produced are epimeric with respect to the orienta-
tien of the chiral auxiliary on the Cp group relative to the lanthanide centre (G. Hy:

/

H(S)

G(S)

The  molecular  structure  of  {RM-Me,SiCp [{+ -neomenthiCplLulu-
Cl),Lifether), is shown in Fig. 43. The X-ray diffraction analysis reveals a single
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2LR

- ///
= pentane PN
2 &) Z;}
R* R*

(18,28, SR neomenthyt (I1S25,5Rymenty!  (15.2S,5R)»-phenymenthyl

Scheme 29.

planar chiral configuration of the diastereotopic, chirally substituted Cp group, i.e.
the (R)-configuration. Chiral organolanthanide hydrocarbyls and amides were
prepared according to the following equations:
1. toluene
Me,SiCp"(R*Cp)Ln(u-C1),Li(S), + LICH(TMS), — ——

2. peniane
Me,SiCp"(R(Cp)LnCH(TMS), + 2LiCl

1. toluene
Me,SiCp"(R*Cp)Ln{p-C1),Li(S), + MN(TMS}, —————

2. pentane
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Fig. 43. Molecular structure of (R)-Me,SiCp"[{-+}-neomenthylCp} Lulp-Cli, Li(ether),.

Me,SiCp (R *Cp)LaN{TMS), + MCl+ 2LiC1
R* =(+)neomenthyl, Ln=La, Nd,Sm. Y, Lu;

R*=(—)menthyl, Ln=Sm, Y, Ly;

R* ={~}-phenylmenthyl, Ln=Y

The spectroscopic data supported solution structures I, J and K, L for the pair of
hydrocarbyl and amido complexes respectively:

T, *

e .
L& Me;Si
Me3se’\ﬁL Sives >

R

The reactions of (R)-Me,SiCp'[(+)-neomenthylCp]Lu{p-Cl},Lifether), with the
other alkylating reagents were also investigated.
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Fig. 44. Structure of {R}-Me,SiCp {(—+-menthylCp]SmCH(TMS),.

Me,SiCp"[(+)-neomenthylCp] Lu(p-Cl); Li(ether); + Li(2-CgH,CH;NMe,)
1. tofuene
s Me,SiCp"[(+)-neomenthylCp] Lu(n?-2-C¢H,CH,NMe,) + LiCl
2. petane
Me,SiCp"[(+)-neomenthylCp] Lu(p-Cl), Liether), -+ Li(CH,), PMe,
1. toluene
s Me,SiCp [(+)-neomenthylCp]Lu{n®-(CH,), PMe,) + LiCl
2. pentane
Low-temperature single crystal X-ray structural determinations were carried out
cn selected hydrocarbyl (E=CH) and amide (E=N) complexes to establish the
wosolute configuration (Q(S) and R(R)):
I <

i
{
i
1
i
i
I
]
}
i
i
1
I
t
1
1
L]
i
1

QS) RR)

X-ray analyses of (R)}-Me,SiCp'[(~)-menthylCp]LuCH(TMS), complexes
(Ln=Y, Sm) showed that each unit cell contains two crystallographically indepen-
dent molecules (A and B) with the same planar chiral (R)-configurations (Fig. 44).



Fig. 45. Molecular  structures  of  (5)F-Me,SiCp [+ )neomenthyiCp]SmN(TMS), (A}  and
(8)-Me, SiCp"[(~1-menthylCp] SmN{TMS), (B}

Diffraction analyses of (S}Me,SiCp'[{+}-neomenthylCplSmN(TMS), (A} and
{§)-Me,SiCp"[(—)-menthyiCp] SmN{TMS}, (B) indicate the {S)-configuration in
both complexes {Fig. 45), while analysis of Me,SiCp"[{—}-menthylCp]YN{TMS},
indicated the (R)-configuration in the two independent molecules.

The hydrocarbyl and amide complexes Me,SICpIR*Cp)LoR (R=CH-
(SiMe;),, N{SiMe;),, n2-2-C4H,CH,NMe,, n?<{CH,},PMe,) are protolyzed by
alkylamines, presumably forming organolanthanide amide-amine adducts,

Me,SiCp"{ R*Cp)LnR + 2H,NR' = Me,SiCp"(R*Cp)La( NER } NH,R'} + RH

The Me,SiCp(R*CpiLnCH(SiMe;}, complexes also undergo hydrogenolysis of
the E{TMS), group, affording CH,{SiMe;}, and a hydrido complex.

Me,SiCp"(R *Cp}L.nCH(SiMe;); + 2H; -
[Me,SiCp"(R*CpiLnH], + 2CH,(SiMes),
Thus the work has presented the first systematic study of the synthetic, spectro-
scopic and structural properties of chiral organolanthanides.

2.3. Cyclopentadienyl-like complexes

2.3.1. Indenyl and fluorenyl complexes
Evans et al. {63] published the synthesis and struciures of indeny! and fluorenyi
complexes of Sm(If), which were prepared by the reactions between the
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SmI(THF), and the corresponding potassium salts in THF.
Smi(THF), + 2KCoH —(CoH ), Sm(THF) + 2K]
SmL(THF), + 2K C 3is = (Cy3HgpSm{THF ), + 2K1

After crystallization of {(CoH,1,Sm{THF) from THF, crystals of the trisolvate
(CoH7), Sm(THF); were obtained. The crystallographic data for the latter complex
were not complete owing to decomposition of the crystal during the X-ray diffraction
experiment.

According to the X-ray structure the fluorenyl complex (C3Hy),Sm(THF), is an
eight-coordinate disolvated complex (Fig. 48). The average Sm—C(ring) distance is
290(7) A. Several bond distances and angles in the (C3He)s Sm(THF), suggest that
the effective steric bulk of the fluorenyl ligand is less than that provided by the
CsMe; ligand.

2.3.2. Heterocycles

Jubb and Gambarotta [64] described the preparation of a low-valent samarium
macrocyclic complex and its reaction with dinitrogen to form a tetralithium hydrazide
salt {Scheme 30).

The X-ray crystal structure determination of [[THF),LI{OEPG)Sm],(N,Li,) has
shown a dimeric complex where two (THF),LI(OEPG)Sm units are bridged by a
planar N,Li, moiety placed on a symmetry centre (Fig. 47). The crystal structure
indicated that the molecule arises from the aggregation of two
(THF),LI{OEPG)Sm units, formally containing Sm(I1l), with an N,1ii, unit. The
magnetic moment of 272y per dimeric complex was also as expected for a
Sm(IIT) species.

Fig. 46. Moleculur structure of (C,;,Ho),Sm(THF),.
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{THFM {(0EPG)

Ny Li\ /%;I

SmCl(THF); + (OEPG)Liy(THF), m-w “green crystals” —Za ‘ K,\(N"\Li
s/
Sm

/
{(THF),L{OEFG)

{OEPG = octaethylporphyrinogen)

Scheme 30.

Fig. 47. Structure of [ THF 3, LOEPG8m ] M. Li (OEPG = octacthylporphyrinogeal.
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24. Complexes with cyclooctateiraenyl ligands
P ¥ )

Mashima et al. [65] published a preparation of monocyclooctatetraenyl-lanthan-
ide compleses from metallic lanthaniue, and oxidants. The iodolc clooctatetraenyl}
complexes of lanthanides Lal{nf-cotj( THF), (cot=CgHg: Ln=La, Ce, Pr, n=3;
Ln=Nd, n=2; Lo=Sm, n= 1} have beeu prepared by the one-pot reaction of meiallic
lanthanides with cyclooctatetraene in the oresence of an equimolar amount of iodine
in THF.

La(metal)+ CsHy + 1SMOVER2L, - Lal{CHg THF ),
In=LaCePrn=3Lo=Nd n=2Ln=8mnn=1

Bromo- and chloro-bridged binuclear complexes of samarium. [ Sm{p-
X)cot}(THF ), ]; (X =Bs. Cl), were also prepared by the reaction of samarium metal
with cyclooctatetraene in the presence of 1.2-dibromoethane or Ph;PCl,.

2Sm + 2C,Hg + Phy PCL, ~ [ Sm(u-Ci(CgHg( THF ), 1,

Reaction among Sm, COT, and diphenyl disulphide in THF in the presence of a
catalytic amount of iodine afforded [Sm{p-SPhYCOTHTHF) ,1,. S'milarly. [ Sm(p-
SCeH,Me,-24.6)(COT)(THF),], and [ Sm(p-SC,H}Pr,-2.4,6 (COT)HTHF )], were
prepared. A benzeneselenolate complex [Sm(p-SePh}(COTHTHF) ,]; was also
prepared by the same procedure.

28m 4 2C Hg + 12ArEEAr— 1 2[ Sm{p-EANC Hg)( THF), 1,
EAr=8C¢H;, n=2, EAr=SC¢H,Me;, n=2
EAr=SC.H\Pry, i=1; EAr=SeCyH. n=2

The molecular structure of [Sm{u-SePh{CCTHTHF) L], was studied by X-ray
diffraction (Fig. 48). The samarium zfom has a pseudo square pyramidal and {our-
legged piano-stool geometry coordinaied by one plonar CgHy ring, two bridging
selenium atoms, and two oxygen atoms of THF. The Sm,Se, unit is exactlv planar,
and two bridging selenium ligands are in a dlstortha trigonal-planar geometry. The
Sm-Se bond distances are 3.015(2) «nd 3.174(2) A.

Edelmann and coworkers [66] prepared { Li{THF),J[Ce(COT),] and (THF);-
Na(u-COT)Ce(OT) (COT =nB-cyclooctatetraenyl(2-)) complexes. The complex
[Li(THF),J[Ce(COT),] was obtained as a by-product from [(COT)Celp-
CH{THF), ], and LiICH(SiMe;), in THF. The structure consisis of separated ions’
pairs (Fig. 49), In the anion [Ce(COT);]" the central Ce atom is coordinated by
two n”—cyclooctaleg’raenyl rings to form a sandwich. The Ce(1)-COT{centroid}
distance is 204.3(4) A. In the cation [ Li{THF )] the Lt has tetrahedral arrangement,
which is formed by the coordination of four THF molecules.

The complex (THF);Na(u-COTYCe(COT) was separated from the reaction of
HCOT)Ce(p-CIH THF),], with ‘BuN=CH-CH=N"Bu in THF In the structure of
(THF); Na(p-COT)Ce(COT} (Fig. 50), cerium and sodium are bound by the bridg-
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Fig. 48 Molecular sivucture of [Smip-SePhyCOTHTHI L1,

""'?.,;-1

P

ot

Fuz 49 Structure of [La THE [ CoiCOT LY

ing p-ntin®-cyclooctatetraenyl ligand to give a lir
ment. The distances Ce{1)-COT{1{centroid}
201.8(1) and 208.1(1} A, the Na{1)-COT{2}{cen

The same authors {677 also published the &wd ¢
nyl lanthanide complexes with triflate and iox ix. s tion i the
anhydrous triflates Lot O, SCF )5 (Ln=Ce, Pr, Md, K,UOT gave the dimeric
complexes [{(COTILn{p-O.SCF,HTHF 1 1.,
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The siructure of {COT)Nd{(u-O;8CF;)(THF), 1, consists of dimeric molecules
with two bridging wiflate-anions between two Nd atoms (Fig. 51). The
Nd(1)-COT(1){centroid) distance is 193.5(2) pm, the average Nd-O distance for
trifiate ligands is 248.6(3) pm.

The monomeric iodides (COTILn(I)(THF); (Ln=Nd, Sm) were synthesized by
the reaction of lanthanide trijodides with K,COT:

THF
Lal;(THF ); + K,C H;y — i
Lo

o \
N

o
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Fig. 51. Molecular structure of {HCOT)NG(u-O,SCF U THF 1,1,

The neodymium derivative (COT)NA(I}( THF ), is isostructural with the previously
described (COT)Ce(I}(THF),. The Nd-1 distance is 328.7{1) pm.

Kilimann and Edelmann [68] also reported the synthesis of some yirium
haif-sandwich  cyclooctatetraenyl  complexes. The complex [{COT}Y{p-
O;SCF;{THF}], was obtained from Y{O,SCF;J; and K,COT in THF. Reaction
of [(COT)Y(p-O5SCF3)THF)], wiia pyrazolylborate anions gave the mono-
meric half-sandwich complexes (COT)Y{(HBpz,) and {COTIY[HB(LS- -Meypzl 1
The yttrium benzaraidinates (COTYY [MeOC, H C{NbiMe;)Z]THP and (COT)Y-
[CF3CH,CINSiIMe 3, Y THF) Mre prenar@ﬁ similarly. The treatment of [{COT)Y-
(U-O3SCFHTHEL with LifPh 1led 1o the yitrium phosphazene deriv-
ative (COT)Y[Ph,P(NSibe; ) 3 {15 1. All synihetic proceduses are shown in the
Scheme 31. The new organoytirium complexes have been characterized by elemental
analyses and spectroscopic methods. including *Y NMR spectroscops.

Zhang et al. [69] published the synthesis and crystal structure of [[C,H Dy -
OCH,(CH,),CH=CH, {{THF}};. The complex [{CsHDy{p-OCH{CH,,CH=
CH,}{THF}], was synthesized by the reaction of DyCl, and K,CeH; in THE.
followed by the addition of NaOCH,(CH,),CH=CH,.

DyCl, + K,CyHs ~(Ce Hg)DyCHTHF ), + NaOCH,{ CH,},CH=CH, —
[(CeHg) Dy p-OCH,{CH,),CH=CH,}(THF}], + KCi

The complex has a dimeric structure {Fig. 32). Fach dysprosium is coordinated
by ene CgHg ligand, one THF and two bndomg OCH{CH,L,CH=CH, groups.
The average Dy-C{CgHj, ring) distance is 2.593{6} A.
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(d) LifCF5CsH,C(NSiMes):], (e) Li PhaP(NSiMes )]

Scheme 31

Kilimann et a. [70] published the svnthesis of some Ce(ill}), CellV} and
U(IV} cycloctatetraenyl complexes. The reaction of the dilithium salt of 14-
bis(trimethylsilvl)cyclooctatetraene with anhydrous cerium trichloride led to the
anionic sandwich complex, which was immediately converted to the neutral Ce(1V)
derivative by oxidation with excess of silver iodide {Scheme 32}).
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Fig 52. Molecular structure of [(CoHIDV{p-OCHCH L, CH=CH, I THF ..
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Scheme 32
One more Ce{IV} sandwich complex was prepared by wetion between the
dipotassium salt of the L3,6-tris{trimethylsil }'E; y clooclatetracne mi cerium triflate

followed by oxidation of the ionic intermediate by Agl (Scheme 331

The structure of the latter complex was szudn.u by X-ray diffraction. In the
structure {Fig. 53) the two annulene rings are n’-coordinated 1o the Ce aiom. The
Cel-C distances range from 2670 to 275.1 pm. The wwo Cy-rings are 1ot coplanar
the ring-centroid-Ce-ring-centroid angle is 176,77

A redox reaction of {1144 Me;810CoH, .0 with cobaltocene afforded a novel
Ce(111) ionic complex. in which both the catien and the anion are sandwich come
plexes {Scheme 34},
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2.5, Organolanthanide catalysis

Li et al. [71] showed that the complex (n*-MesCy),SmCH(TMS), serves as a
precatalyst for the efficient and regiospecific hydroamination/cyclization of aliphatic
and aromatic aminoalkynes RC=C(CH,),NH, to yield the corresponding heterocy-
cles (Scheme 35).

Marks and coworkers [72] investigated the C,-symmetric
Me,Si(Me,Cs)(CsH3R)-LaE(SiMe;), {Ln=La, Nd, Sm, Y. Lu; E=N, CH:
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Scheme 35
R* =chiral auxiliary} "{}mpie xes as precatalysis for the efficient regio- and enantio-
selective  hydroamination/cyclization of the aminoolefins I-aminopent-d-ene,
2-aminohex-5-ene, ..m-dxmemn-immxmmem—i-me. and 22-dimethyl-i-aminohex-
S-ene to yield the corresponding heterocycles {Scheme 36}

cyclization of
% diastereosel-

The ([+)}neomenthyl precatalysts (Ln=Nd, Smy effect the
2-aminchex-5-ene to trans-2 S-dimethylpyrrolidine in greater than 93
ectivity at 23 “C {Scheme 371

The authors supposed that the basic mechanism for the present asymmeiric
aminoolefin hydroamination/cyclization by the chiral organolanthanides 5 ana-
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Scheme 37.

logous to the mechanism proposed for the achiral Cpiln-catalysed process
(Scheme 38).

Yang et al. [73] reported on efforts to broaden the scope of polymeriz-
ation/copolymerization using efficiently prepared methylenecyclopropane and orga-
nolanthanide catalysts of the type [(n°-CsMes),LnH ], {(Ln=Lu. Sm). The homo-
polymerization of methylenecyclopropane in the presence of [(n°-CsMes),LuH],
proceeds cleanly to afford ring-opeiizd, exo-methylene product. However, polymer
yields are low and the polymerization process ceases before monomer consumption
is complete. The larger Sm™? ion effects catalytic methylenecyclopropane dimeriza-
tion to yield the known 1,2-dimethylene-3-methylcyclopentane.

(Cp,Smily,
e
C¢Dy, 20 °C

A probable mechanism for the reaction invokes B-H elimination and the intermedi-
acy of a 1,3-diene fragment {Scheme 39),

Evans and Katsumata investigated the polymerization « f e-caprolactone [ 74} and
copolymerization of ethylene carborate and ¢-caprolactene {757 by samarium com-
plexes. Some characteristics of the catalysts are shown in Tables | and 2

A variety of Smi1l) complexes i=nerate a ring-opening polymerization system
with e-caprolactone in reactions which initially invelve oxidation of the metal. The
(CsMes),-Sm(THF), reaction has been shown to be an active polymerization system
which muintaing activity after all of the initial batch of monomer is consumed [ 74].
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1

e

Scheme 38,

Ethylene carborute can be incorporated into a caproiacione polymer using 2 SmfIl)
catalyst precursor to form rubbery polymer with up to 22% ethylene carbonate
content [ 751,

Taube and Windisch [24] reported the catalysis of butadiene pelymerization by
the complexes [LUC,HyO [ n*-Cp'Lal®-C3Hy ] (0p = CsHs. CoMe,. CoHat in
toluene under standard conditions with moderate activity aad high trans selectivity,
The results are presented in Table 3.
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'
|7
-SmH
——
Scheme 39,
Table 1
Polymerization of e-caprolaciane by divalent samarium comyplexes [ 74]
Simi{Il} complex Solvent Time Yield {wt.%) M, MM,
{CsMeg),Sm{THF ), toluene 1 min 5 9000 14
5 min 61 18000 17
th 99 63000 14
6h 98 35000 2.5
THF 5 min 7 31000 1.5
THF 1h A 56000 13
{CsMeshSm 1ojuene S min 55 17000 L5
{CoH-)Smi{THF), THF 5 min 98 30000 17
{CaHolSmi{THF), THF S min 94 24000 16
[t Me,Si1,NLSm{THF ), toluene  min 99 17000 30

Onozawa et al. {767 revealed that a wide variety of aldehydes are efficiently
dimerized to esters by a catalytic amount of (CsMes), LaCH{SiMe,), (En=Nd. Laj.

Cp*, LuCH(SMeq), O

{1 m%) (In= Nd, La) /l%/\
2 R-CHO > R R

benzene
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Table 2
Ethylene carbonate {EC)e-caprolactone {CL} copolymerization by divalent samanum complexes [75]
Catalyst Solvent EC/CL  Time Yield GPC EC congent {mol%)
{h} {wi.%)
M, MM, Cale Found
(CsMes),Sm{THF), toluenc  100/100 | 12 6000 19 22
6 54 43040 20 22
24 58 82000 19 21 22
& 76 8200 1¥ 23 kel
Apise 24 94 95000 19 13 it
THF 100,100 6 30 19000 1.7 12
24 39 34000 L9
(CoH,),8m(THF), 5 THF 190/100 6 14 18000 19 J$4]
(Cy3Hy), Sm(THF), THF VTR LE VI 63 W 23 13 i4
[{Me,Si),N1,Sm(THF), toluene 100/i00 | 30 o0 A7 23

Table 3
Results of butadiene polymerization catalyzed by the complexes [LHC,HyO) I -CpLain®-CiHaid
(Cp'=CsH; (1), CsMe; (21 CoH, (3))

Catalyst i i H 2 3

Temperature ("C) 25 50 36 54 30
Time of the reaction {h} 14 3 4 4 +
Yield (%} 71 43 25 57 74
Turnover number {mol C,H, (mol Lzy™ " n ! 102 284 308 284 367
1 4-trans-Polybutadiene (%) 73 74 74 82 56
1,4-cis-Polybutadiene (%} 11 12 18 12 k)
1 4-Polybutadiene (%) 6 7 & & i4

The necdymium catalyst was applied i, polvester synthesis starting with
dialdehydes.

Cp*,NICH(SMey), // ? \\%
= {1 mo¥h) f !
OFC—/MX%H@ > L
benzene, 60 °C f\ﬁ\ // /J
As T

A stoichiometsic reaction of the lanthanum complex with benzaldehyde indicated
the intermediacy of alkoxo complexes in the catalysis.

e Cpyla-0-CH
Pl

Cp*yLaCH(SMe;), RLSLE

{c SLaCHIS ey, CHSiMeg),
% |
| i

| O=Ciph
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The sams authors [77] a
Cp¥NJCH(SiMe;), {Scheme 40).

Iso reporied the hydrodilyiation of dienes catalysed by

Two different catalytic cycles are possible for the hydrosilylation: one involving a
hydridometal species as a key intermediate and the other being based on silyl...etal
species {Cycles A and B, Scheme 41).

In contrast, hydrosilylation of 1,3-

lar C—C bond formation fo give (silylmethyl

and 1.6-dienes proceeded through intramolecu-
jeyclopentanes.

Qian et al [78] published the regioselective acylative cleavage of cyclic ethers
catalyses by 1% OUp,YCl or 109% LnCl; (Ln=Y, Yb, Er. Gd, Pr, Ce, La). Heavy
rare eartn richlorides were much more catalyticallv active than the lighter ones.

Cp*,NdCHE Me,),
{J moba)

V +  PhSiH;

1.0eq.

NN+ PHSiH

1.3 eq.

INAPR + SiH
|

¥
[Nd}-8i
él
g;/“\/H
s . f\n.!] !5
SkH Y dimer \>
{\Jd -H
(Rapr o,
.&J
Cyck A

benmene, 60°C, 1 4

‘fiﬂzph f!HzF‘h SiH,Ph
+ +

\

.
/N /S

21%

63%

Cp*NACIKS Mes),
(1 mofo)

bervene. rt. 3h

84%
Scheme 40,
[Nd}-R + SiH
{Nd}-Si
Si/\\// ;‘?
fwdi-H =0y,
- i \\\\
SkH d‘m‘-?
I A4
HNd) S (=0,
U
{tdf: Cp*,Nd Cycle 83

Scheme 41,
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| CpyYCi
LU/“\R' + RCOCT 2225 RCOLCH,CH,CH,CHR'
orLnCh i
Ci

Yasuda [ 79] reported the preparation of lactone polymers at {ow temperature by
ring-opening pelymerization of lactones using the cyclopentadiznyl complexes
(CsRs),LnX, (R =H, Alk, siMe,: Ln=S8c. Y. La, Ce, Pr. Nd, Pm, Sm. Eu. Gd, Th
Dy. Ho, Er, Tm, Yo. Lu); X=C}, Br. i ¢ £ b=3} as catalysts

Geerts [80] patented a catalvtic system consisting of Cp, Y
C.H; or C;Meg; X =halogen; M =alkali metal: L =¢lectron donor ixgaﬁi: =12}
and an alkali or alkaline earth metal alkyl as cocatalyst. For exaiaple, ethylene was
polymerized by using (MesCs), Y{p-ClLK(THF), as catelyst and Buli as cocaralyst
in the presence of H,.

Yokota { 81] published catalysts containing organcaluminium compounds. Lewis
bases and (substituted} dicyclopentadienyi lanthanides for preparation of polyolefins
with controfled molecular weight. The polymerization of eihylene at 3 atm in Phide
in the presence of bis{pentamethylcyclopentadieny!jntetiom tetramethylaluminate
and THF -trimethylaluminium complex produced polyethylene with M, = 2670 and
M, /M, =2.17.

Schaverien [21,22] reported the g-olefin and diene polymerization catalysed b
the yttrium complexes [Y{C.Me jOC HiBu,Yp-HY], and [Y(C -.\fie 3 O 333
{p-H }(p-CHCHLR)Y. The compounds are qraie -component catalysts for the p of-
ization of x-olefins. Dissolution of [ Y{CsMes HOC H Buyu-HY, in it icmne Eeé
to slow polymerization to vield poly(i-hexene} with M =153700. M, -

M, /M,=167. The complex abio cyclopolymerized the nonconjugate
1,5-hexadiene to afford poly{methylene- i,3~{:afc§0pevtam’

Hajela < Bercaw [ 61] investigated the model Ziegler-Natia olefin polymeriza
tion system [ Me,Si(n’-CsMe, ), 1SciCH,CH{CH, ), |{ PMe,). The authors reported
the competitive chain transfer by -hydrogen and ﬁ—maiﬂ\i elimination for the system.

Woo et al. [82,83] carried out nonlocal density functional {DF) L&t"ﬂiafioﬁ s on
the insertion of ethylene into the metal-CH, bond of Kaminsky-type metallocenes
including Cp,ScCH; . The DF calculations revealed that the insertion into the
bis-Cp systems proceeds with 14 kJ moi"‘ '”Gr Cp,Sci’H;. This bagrier is mar a»:axu’fi}
influenced by zoing from the charged species Cp, ZrCHy 1o th
Cp,ScCH,.

Bisrwagen et al. [ 847 reported investigations of the geometries of he soelecironic
model complexes X;M-R including the complexes where M=Sc. X=C1 or (n°-
CsHsland R=H. CH,. SiH,. The Sc compounds strongly prefer a planar configura-
tion that is related to the electronic configuration of Se (4s*{3d)'. The resubts
suggested that [(n7-CsH ) Me,in’-fluorenyl;1Sc-R would not catalyse syndiotaciic
polymerization under thes: conditions,

d diene
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3. Actinides
3.1. Actinides complexes without supporring cyclopentadienyl liganes

3.1.1. Alkyl (ampiews

Domingos et al. [85] published the synthesis of the tetravalent uranium
hydrocarbyl compwnd< U(_x SCH(SiMe; L 1L*  (L¥=HEBE(3.5-Me-vz) ; and
UCH L {CH,(SiMe;), 11" by sali metathesis from UCLL*(THF) and the appro-
priate lithium alkyls:

UCLL*(THF )+ xLiR - UCH, _ R L* +xLiCl
R=CH{SiMe,},, x=1; R=CH,SiMe,, x=1,23

Reaction of UCL(CH,SiMe;}L* with stoichiometric amounts of ketones gave
tertiary alkoxide derivatives as a result of insertion of the ketone into the U-C hond:

UCHL(CH,8iMe;)L* + OCR,»UCL[OC(R},CH,SiMe, ] L*
R=Me. Et

Reaction of UCHL(CH, SiMe,;)L* with acetaldehyde and benzui-cvyde led to the
corresponding UCL[OC(HHRYCH,SiMe; ]L* (R = Me, Ph).

UCL(CH,SiMe,jL* + RCHO - UCL[OC{H)(R)CH,SiMe, JL*
R=Me, Ph

When UCLICH, SiMe,)L* reacted with two equivalents of aldehydes the reaction
gave same different products:

UL CH,SiMes)LF + 2ZRCHO - UCLIOCH (RINN Cs HL L
+ unidentifiedproducts
R=Me.Ph

The molecular structure of UCL{OC({H}{Me)(CH,5iMe,JL* consists of mono-
meric units with the uranium atom in a distorted-octahedral environment (Fig. 54).
The U-O distance is 203(7}A the average U-Cl and U-N bond distances are
261(1} A and 2.48(2) A respectively,

The structures of UCLIOC(HMR)NNC;H,]L* (R=Me (Fig.55), Ph} and
UCL[OC{Me), NNC,H,]L* consist of discrete molecules. In the structures the
wapium atom is seven-coordinate and displays capped-octahedral geometry.

3.1.2. Complexes with phosphine ligands

Edwards et al. { 86] studied the reaction of Th{ P{CH,CH,PMe,); 1, with carbon
monoxide, which led to the compound Th{OC[ P(CH,CH,PMe;j,}:} 5 The mole-
cule contains ten-coordinate thorium bonded to two di-anionic diphospha-secondary
alkoxy ligands generated as a result of CO insertion (Fig. 56}. Only two CO molecules
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Fig. S6. Molecular structure of ThIOQC PICH,CH L PMey)L T4 1.

have inserted, each between two metal phosphide bends, thereby coupling two
phosphido phosphorus atoms at each CO carbon atom generating two new tertiary
phosphines with concomitant formal reduction of the CO bond order from 3 to |
Each P,CO unit is w'-bonded to the thorium atom with one of the phosphorus
atoms coordinated to thorium. Although the geometry of the ten-coordinate thorium
atom cannot be described in terms of any idealized polvhedron, if each n*-PCO unit
is considered to occupy one coordination site then the geometry is distorted trans-
oetahedral

3.2, Cyclopenradienyvl complexes

32000 doso and bisi evelopentadionyl complexes )

Crrados ot ol [877 prepared several mono- and bis{pentamethyleyclopentadienyl)
borohydsides of uranivm (Scheme 423

The complex [UC. Mes),i BH,), T has been characterized by an X-ray crystal
structure analysis (Fig. 57). The molecule adopis a pseudo-tetrahedral beni-sandwich
configuration. The U-B and the average U-C bond distances are 2.38(3) A and
2.74(3) A respectively.

England ¢t al. [88] reported new syntheses of CpiThPh; and Cpi Th(Melaryl)
dertvatives. The complex CpfThPh, was obtained from CpfThCl, and PhMgBrn
the presence of p-diogane,

PN
=2 egur Phiviglhic CW“‘{?\J}
CpiThCl, e e e » CpiThlh, + MeCIBr{C HO0)

totuene. room temp
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) K(p* . |
U(BH,), P = [U(Cp*)BHy;)

2 KCp* Kump

[U(Cp*),(BH), ] [U(Cp*)(tmp)(BHy),]

Cp* = CsMes; tp = C.MeyP

Fig 42,

Fig. 57, Molecular strociure of U Me.(BH ), |

The arybhalide  nlermediates and e espueiive methylaryl complexes
CpiTh{Mejo-Ar) {o—-Ar=0-MecOC H,. o-MeC H, and 2.5-Me,CoH, were pre-
pared according to Scheme 43

The tolyl and zyly! derivatives exits us pairs of rotamers in solution. The halide
exehinge was observed in the prepiusation of the aryb-halide complexes when aryl
magnesium bromides were emiployed.
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Cpo® {ah
) Cpr*inCh 2 AR
o-ArMgX(x equiv) — - ” ‘ v
whiene, room mp. N
R‘IN’
o-Ar = o-MeOC gy, Xo= 3r,x= 1,3 Ry~ OMe, Ry 11
A e MeCgHg X = Ol xs | Ry Me, Ry H
oA LSMeplglls X - B, x= 1 Ry Ry Me
VN
cacess ) (O

i cguiv MieMgCl

Cpo* Th(o-ADY =7 ==
p2" Thio-An)Y mfm,m,.rmuw nan

Scheme 43

Fia et al. [89] reported the synthesis and properties of the cationic metal-
locene  complex  CpiThCH7 {'BuCH,CHIB(CF), LR (Cp*=n’-CsMe;).
The complex was obtained by <he protolytic  veaction of the
THN"Bu, 1" {'BuCHLCHIB(C Fs )1 H} 7 with Cpd Th{CH;),.

CGFS\‘ /Ii /LGFS toluene
K{THF}' HTHN"Bu, 1Y CL7 e ,
C(ES'/ \‘f \L( s R
[HM"Bu, T [ BoCH,CHIBICF. ),  HT +:.Q1
toluene
CpETHCH ), 4 THNBu, ] [ BuCH,CHIBIC,Fyh tH] ™
28 L

[CpsThCH, ] ['BuCH,CHIB(C, F oyt HT

The mono-THF adduct [Cpd Th{CHTHF T ['BuCH,,CHIB(C,iTs), 1, HT 7 has
b.en Ummc!rrztd by X-ray diffraction. The complex consists of well-separated
CpyThiCHOTHET and '‘BuCH,CH{BIC Fahi.H- mm (Fig. 58). The cation
adopts a bpm metallovene’ geomuetry wich the angl: Cp*ThCp® = 137.1° and with
the distunces Th C{1)= 24337y, Th-OQ{1y=72.455(4). Th- i,m&mv}—* 486 A. The
dicuciear amon contains an essentially planar four-membered ring with stgnificant
steric sereening of the p-I! functionality. The average B--Claryl) distance of 1.62 A
in the cation is shoricr than in typical CH,B(C, Fo)y compleses (1.64-1.66 Aj
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Fig. 58, Stracture of [Cp? THCH I THE | R0 CH O E),H

3.2.2. Triz( cvclopenradienyl) compiexes

Cloke et al. [90] reported the synthesis of tris(tetramethyleyclopentadienyl) deriva-
tives of the wranium and thorium [MCUn-CsMeHY] (M=U, ThY from
[LHCsMe 1] and the appropriate MO, in THE The products have been charas-
terized by variable-temperature NMR studies and the uraniam complex by Xeray
crystallography. In the molecular structurs of { UCHN-CsMo, M), (Fig. §9) tha U-{
vector lies on a crystallogra, hic three-old axis; the average U-C{CpY lengths are
279 A.

Ephritikhine and cowerkers [91] reported the reaction of salvrawd ketones
RCOCH,;R" with the trivalent wranium complex Cp,U(THFE) Jp =n-CsH)
{Schem~ 44). The reaclion gave an equemolar wmixture of the complexes
CpsU OCHRCH, R and Cp,U- OCR( = CHR'), The hydrolysis of the compounds
with deuterium ogide alforded vespectively the O-deuteraied pinacoly! aivohol and
the pinacolone,
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Me Me CH, Me At
~ 2 Cpyi(ry) - 20 o / s
2(';:{‘\ B (Sp_gl}&)wt',::\u 4 t‘mun(u{\ e D~O‘<H + 0=
St
B Hul But Bt U
Schens 44

Ephritikhine and coworkers [927 alse caleulated the “absolute’ bond disruption
enthalpies [DH{U-8)], neglecting solvent effects and possible U-U interaction in
L 5 U from the oxidative addilion reaction by balch-titration solution calorimetry in
toluene.

UL tL=Cp', Cp* or Ind®) 4 ¢ 20I88EG- UL SEL AH

0%

U(Cp* )+ /2 BuSS Bu—-UCp*y,5' Bu AH

ox

DLUL, ~8XT=1/2D7XS -SX] - Al

ox
The disruption enthalpy of the sulphur -sulphur bond was given by the expression:
D XS - 8X |=2AHUXS ), + AHYXS ~8X),

The derived values were as follows (kJ mol ™'y 25248 (Cp', Et) 26649 (Cp*.
Et}; 15848 (Cp*. 'Bu) and 158+ 8 (Ind®. Et}

Baudry ot all {937 investigated the reactivity of U H and U-C bonds i
clectron-poor cvelopenmuadienyluranium complexes, The orginouranium complexes
PO PR, BH LUK T X = CL Me) were synthesized according 1o Scheme 45 (1)
addition of bor ne and subsequen: reaction of the intermediate borrne adduct with
Ma{HBELT or LiMe; (i) addition of three equivalents of borane to the methyl
dervative or o the hydride [(CsH, PPhy UL
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= [(CsHyPPhy BH3),UCH
it} R R-

B
[(CHyPPR)SUR]  ——iem  [(C5HgPPhy BH);UR]

Scheme 45,

The womplexes [(Ca L PPhy, UX T X = Meo Hy were converted finally into the
compiex [{CsH PPh, - BH ), UBH,T sccording to Scheme 46,

The complexes [HCHPPh,-BH,LUCHT and  [(CsH PPy - BHLUBH,]
were casily reduced by sodivm  amalgam  to afford the ncultal complex
[(CH,PPh, - BHL ), UT.

3.2.3. Cyclopentadienyi-like complexes

Arliguic ¢t al. [94] published the ionic complexes [K{18-crown-6)][(NEt,);-
Ul " -CoHDUINEL Y] and  [U(BH ),(0C Hy)s [ BH,), Up-n” .0 -C Hy)-
U(BH,), 1 The [(NE),Ulen",n"-CoHAUINEL), 1™ anion was formed by treat-
ment of the amide complex [U(NEL,),] with K[C,H,]. Subsequent treatment of
the product with 18-crown-6 leads te [K{i8-crown-6)J[{NEt)Ue-n"n’-
CoHU(NEL),].

The ceaction between [U(BH),] and K[CoH,] gave K[(BH,),Ulp-n".n'-
C,H)U(BH,);] and the concomitant product {1I{BH,), 1. Recrystallization of the
mixture from THF-pentane ' d to the crystals of [U(BH)(OC, Hg)s JL{BH, LUl
7.0 7-CoHOUIBH ). The structure is composed of diserete cation-anion pairs. In
the anion {Fig. 60) each uraniuvm atom has a diztored tetrahedral environment
formed by the bridging C-H, ligand and three BH; groups. In the cation
[U(BH, (00, Hy)s 17 the U atom is moa yeite perfect pentagonal-bipyramidal
arrangement vith the tridentate boreaydride hgands in apical position.

Grados et al. [87] also published the syntheses of mono- and bis{tetramethylphos-
pholyljuranium  complexes  [UQtmp)Cl(Ly]  (imp=CyMe, P, L=THF or
L2=dimethoxycthane), [U{tmp)X,] (X=BH,, CH,Ph), [U(tmp)X,] (X=CL
BH,, alkyly or alkoxide) (Scheme 473,

The complex [UtmpiCLIDME) T was charvacterized by X-ray crystallography. In

) A . 1311 \
[NaHREL) 4 [(CqH,qPPh;)iUH} ~1 ;—“va {({:f;H,r;,Pph:'BI”IJ)‘_’.;UBI‘L;,]
- R 4]
(CstpPhyucy Tzs h
™
Meld ™, ... Bl . o
N PPl UMe] = [(CsH PPy BHy);UMe]

15 min

Scheme 46
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Fig. 60. Structure of anion [{BH, ), Ulp-q" n™-C,HHU(BH,),] .

1 Kunp, 1 DME in tolene

ucCl » [U(tmp)CLH(DME)]
I Kimp 1
2THF i ucl
toluene in DME

Uamp)Ch(THE),] <24 M 16 mp),CL)

[U(tmp)(BHa)s} + LICHPh — [U(tmp)(CH,Ph);] + 3LiBH,

[U(ump)o(BHa)s] + 2LIR — [U(tmp)y(R),] + 2LiBH,

Scheme 47.

the structure of [UltmpyCLIDME)] (Fig. 61} the coordination geometry acound
uranium i mer pueudo-octunedral with the tmp-ligand and oue oxygen atom ol the
DME molecule m teuns axial positons, while the other oxygen and three chlorine
atoms, which are coplanar within £0.07(1} A, constitute the equatorial plane.

The tetramethylphospholvl complexcs were compared with their above-mentioned
pentamethyleyclepentadieny! analogues (Scheme 42} Although the structures of
tetramethylphospholyl uranium(IV) complenes and theiv pentamethyleyclopenta-
dienyl counterparts are quite siilar, the different electronic effects of CoMey and
trp Hgands are manifested in the coordinating and redox properties of the complese,
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(53
@

)

N

cn Ci2

Fig. 61. Molecutar structure of [ UttmpICLIDMEL {imp = O, Me, P}

3.3. Complexes with eyelooctaterraenyvd ligands

Leverd et al. [957 described the complexes [U(COT)HSR),] (R="Bu, ‘Pr, ‘Bu),
which were obtained by treating [ U(<Z OT){BH,),] with an excess of the correspond-
ing thiol RSH or NaSR in toluens. The complex [U(COTHSPr), ] is built up of
two monomeric units which are bridged by four 5'Pr groups (Fig. 62). Each uranium
atom is five-coordinaic in a quite perfect square-pyramidal arrangement, f COT i3
considered as o monrdentate ligand. The U §'Pr distances range from 2.806(3} to
2.895(3) A, The reaci.on of the { U(COTHBH,),] with NaS'Bu led to the anionic
species [U(COTHS Bu)] 7, for example [Na(hI I UCOTHS Bu), T,

Edelmann and cowerkers [ 707 reported & uranium sandwich complex with the
1,3,6-{ Me;5i),CyHE™ ligand, which was obtained by the reaction of UCl, with two
equivalents of the dipotassium salt of the ligand (Scheme 48).

34, Organvactinide catalysis

Jig et al. 1897 reported the highly active catalyst for ethylene polymerization
and 1-hexene hydrogenation [Cpf ThCH, T [P BuCH,CH{B(C,Fs). b HT (Cp*=1’-
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Fig. 62. Molecular structure of { LCOT S Pr), ]

. ! SM&’;
K(lhﬂn l\dC}SL. @
,,II’SMES
uclh ) ?‘K‘
NSiMes
K{thf),

Scherg 48,

CyMeg) At 25 C, the activity of the compound was 58(1.1)x 10°g of linear
polyethylene (mol Thy ' h™ Patn ™ M= 58(11) s

Samsel 967 patented actinide metallocene catalysts for the chain growth reaction
of an w-olefin on an aluminium olyl A mixture of 15 mg (1°-CsMes), ThCl,, 200
wi undecene. 3 ml Et,Al and 5 ml PhMe was charged with ethylene to 100 psig, was
heated 10 min at 700, then reacted with 1 ml Me-agluminoxane for 30 mit; 2 mli
Me-aluminoxane was added to the mixture in two portions to give an Al alkyl with
C4_5, alkyl groups.
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