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1. | , t r a c t i o n  

The review presents complexes of the lanthanides, actinides and also scandium 
and yttrium, which contain metal-~carbon bonds as defined by section 29 of Chemical 
Abstracts. Abstracts of pa~rs  presented at conferences, dissertations and patents 
have mostly ~ n  excluded. 

Several surveys of the organometallic compounds of f+elements have appeared in 
1~5. H. ~humann et a!. [1] reviewed organometailic ~-complexes of ~andium, 
yttrium and the lanthanides in the oxidation state Ln + 3 with aromatic ligands. The 
review is focumd on the most successful methods for preparation of the compounds 
and their molecular structures. Organometallic complexes of rare earth metals with 
cyclo~ntadienyl, cyclooctatetraenyi, indenyi, fluoren~l and other aromatic n-ligands 
are considered in this comprehensive review (773 references). 

W.J+ Evans [2] de~ribed an approach to ancillary ligand sets via heterometallic 
stabilization as an alternative to the bis(~ntamethylcyclo~ntadienyl ) coordination 
in organometallic lanthanide chemistry. The purpo~ of the review article is to 
encourage development of new non~cyclo~ntadienyl ligand environments for 
yttrium and the lanthanides { 53 ret'erences)+ 

F.T+ Edelmann [ 3] published a review on rare e~lrth cyclooctatetraenyl complexes. 
Various tyt~+ of mono+ and bis(q~+cycio~'tatetraenyl)lanthanide complexes with 
n~et~ds in + 2+ + 3 ~nd + 4 oxid~+~|ion states were considered° Synthesis, reactivity 
and structural ~t~l~:Cts of the compound~ were discussed i+~ det~il (74 rei~'rences)~ 

2, Lmnthmnhk~ 

2, I, Lanthanhh, complexes witho++t supporlh++g cyclope++ta+h+enyl and c),clopentadi++++vl- 
like It,san+ 

2 L I A/kyL alky,yl a,d arc,m+ comtdews 
M,F, Lapl~rt and coworkers [4] published the synthesis and characteriza- 

tion of a series of ytterbium(il) alkyl complexes, [Yb(Ct|R~)~(OEt~)~] and 
[ Yb(CHR~)~Na] ( R ~ SiMe:0 were synthesized by reactions of Ybl~ with two and 
t r~  equivalents of NaCHR+: 

{-)li,~ 

Yb|~ + 2NaCHR~ . . . .  +[ Yb(CHR~}~(OEt~)~] +++ 2N~+~i 

h e ~ n e  

Yb|~ + 3NaCHR~++[ Yb(CHR~):~Na] + 2Nai 

R ~ SiMe:~ 
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Treatment of [ Yb(OR'j~(OEt~)z] (R' =C~,H~Bu, - 2 , 6 - M e - 4 )  with two equiva- 
lents of KCHR. led to a mixture of the products [Yb(CHR:)z(OEt~)~ and 
[ Yb(CHR:) (OR') (OEt2).,]" 

OEI 2 
o, ~'~ 'J" 4u [ Yb(OR )2(OEt2)2] + ..KCHR,----~[ Yb(CHR)z(OEtz)2] 

+ [ Yb(CHR 2)(OR') (OEt 2)2] + KOR' 

The complex [ Yb(CHRz)z(tmen)] was obtained by reaction of [Cp~'Yb(OEt2)2] with 
LiCHR~ in the presence of tmen (MezNCHzCH2NMe2): 

Oi~t 2 

[Cp~Yb (OEt 2)z] + 2LiCH R ~ + tmen---*[ Yb(CHR.,)2( tmen)] + 2 LiCp* 

[ '~ b(CHR 2)2(OEt.')2] reacled readily with 1,2-bis(dimethylphosphino)ethane ~dmpe) 
or with C~, ~4(NHR)2-1,4: 

[ Yb(CHR_,)..(OEL,)2] + drape-*[ Yb(CH R ~.)2(dmpe)] + 2OEt2 

[ Yb(CHRzJz(OEIzJ2] + C~,Ha(N HR)2-- 1 , 4 ~ .  

[{ Yb(CHR ~)(OEt~)} 2C.H4(NR)~ r=.. 1,4] + 2CH2R2 

The complex [{ Yb(CROI[a-OEI)(OEt2)] z] was synthesized by reaction of Ybl2 with 
KCR:v The OEt ligand in the product could result |'tom the cleavage of OEI2 by 
KCR~ or [Yb(CR.O2]: 

Ybl~ + 2KCR:~-.[ Yb(CR~)~] 4 2KI 
O | t ~  

[YI (( R~0~] I/2[{Yb(CR~)Itt (re Ii.,I)(()EI~JI~I+,(,IIR~+C to, =~' 

K ('R.~ e ~ OEI ~ ~-,,('H R :~ + ( '!t  ,C!| :, t ~, K()EI 
|)||~ 

Ybl~ + 2KCR:~+ KOEt ....... ,.-1/2[{ Yb(('RO(p .... OEt)(OEt~)}~]+ 2KI 

Lewis.base adducts of [{Yb(NRz)(poNR~)}~] were obtained by |reatmenl with 
NCsHa(CH~R)o2 or NCsH,dCHR2)-2 in hcxane: 

1{ Yb( NR.,)(la .=~ N R,~) } 21 + 4NC~H4(CHXR ) - 2 

-.2[{Yb(NR2)z{NC5H4(CHXR)-212] X = H o r R  

The complexes [Yb{NCsH4(CHR)-2}~(dme)] and [K{Yb[NC~ti4(CHR)°2[~} 
{dmeh] were also synthesized by reactions of Ybl2 with 2 and 3 equivalents of 
[ K{ NCsH4(CHR)-2}(dme) (OEtz)], respectively. The compounds obtained in this 
work were characterized by IH and heteronuclear NMR-spectroscopy. The complex 
[{ YbtC(SiMe:03)(p-OEt)(OEt~)} 2] was characterized also by X-ray crystallography. 
The molecule consists of an ethoxo-bridged dimer, with each Yb atom in a dif~torted 
tetrahedral geometry (Fig, !), The .,,v-,'a,,-,~., ~,. Y b C  and Y b O E t  bond lengths are 
2.573(13) and 2.27( ! ) A, respectively, 

W.J, Evans et ai, [ 5] published the synthesis and structure of a homoleptic anionic 
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c(9)  s)9 Ao( 

c(2)o6 4) " 

Fig, I. Molecular structuw of [IYb(C(SiMe3h)(~t-OEt)lOEt:)}2]. 

yttrium trimethylsilylmethyl complex, {(Me~SiCH2),,(MesCO)t_=Y(la-OCMe3)4 
[Li(THF)]4(la~-CI)}*[Y(CH2SiMe:04]-. The complex was obtained by reaction 
of YCI~ with 2 equivalents of LiCH2SiMe3 and 2 equivalents of LiOCMe3. 
In the [Y(CH2SiMe~h] anion (Fig. 2) the yttrium atom adopts a tetrahedral 
arrangement with C-Y=C angles ranging from 105,9(3) to 113.2( 3F and with 
an average Y=C bond distance of 2.42(2)A. The geometry of the 
cation { ( Me~SiCH :)o,( Me:~CO)~ _ ~,Y (V-~?Me:.d4[ Li( THF )h(tq-CI )1 + is a distorted 
bicap~d square antiprism (Fig. 3 ) with the Y and CI atoms in the capping positions, 
tbur Li atoms in one square i~tce of the antiprism and tk~ar ~ M e ~  groups in the 
other ~uare fi~ce, The average Y-O(It°OCMe~) and Y CI distances in the cation 
al~ 2,270(5) and 3,263(2) A, respectively, 

M, Westerhauscn el al. [6] reported |he synthesis and structure of a 

05 

Pc, 

C8 

Fig, 2, S|rlicture of t te  i YiCH~SiM%h] .... anion° 
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C32 C~ 

C20 

CS2 

C42~ 

io7 

)C44 

:4:) 

Fig, 3. Structure of the Me,CO°containing component 
(Me~CO)I ~ ~Y(la-OCMe,O4[ Li(THF )],dp~-CI )} ' cation. 

C ~  

of the disordered {( Me~SiCH :)., 

( . t  20).dot~J-adduct of Y [CH (StMe.02]3: 

Y (?1:~ + 3 LiCH ( StMe .~)2°~( Et 20 )~Li (p ,,-CI ) Y [CH (SiMe,~)~]:~ + .. Ll(: ! 

In the s|t~ucture of (Et~O)3Li(p-CI)Y[CH(SiMe~)2]:~ (Fig. 4) the Y and Li atoms 
are tetrahedrally coordinated and are connected via the p~ Clobridge. The Y C I | A  
fragment is almost linear (175.9). The Y C bond distances al'e ranging from 
2,415(7) to 2.435(7)A, while the Y-CI distance is 2.598(2)A. 

C311 C51 

@  ;cs2cs, 
c 13 ,,hosa q ,,cs4 

C32t K5 .,k I~'%-'3~ O,,oC41 

C222 C||I 

C222 C113 

Fig. 4. Molecular structure of (EtzO)3Li(p-CI)YICH(SiMe0zh. 
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D.J. Berg et al. [7] prepared an yttrium alkyl adduct with deprotonated 
4,13-di~-  18-crown-6 (DAC): 

Y [CH2SiMe3]3(THF)2 + H2DAC-, Y[DAC ][CH2SiMe3] + 2SiMe4 + 2THF 

The complex Y[DAC][CH2SiMe3] was characterized by tH, t3C and 89y NMR 
s~t roscopy and by X-ray diffraction. In the monomeric structure (Fig. 5) the 
yttrium arrangement can be considered as consisting primarily of trigonal-planar 
coordination of alkyl- and two amido groups with secondary coordination of four 
ether oxygens. The Y-C and the two Y-N bond distances are 2.45(2), 2.27(2) and 
2.26(2) ~, reslxlctively. The analysis of the X-ray structure revealed that the yttrium 
atom in this compound has no agostic interactions with the alkyl group. The 
complex Y[DAC][CH2SiMe~] decomposes slowly in the solid state at room temper- 
ature and decompo~s more rapidly in benzene solution thereby eliminating TMS. 

H. Schwarz et al. [8] applied hybrid methods such as a mixing of Hartree-Fock 
exchange and density functional exchange to the cationic methyl complexes 
MCH~ ° (M =Sc=Cu, La, H£Au). The methods were shown to be a promising 
alternative to rigorous high level ab initio theory for description of singly bonded 
o~n-shell transition metal complexes. According to these methods the bond dissoci- 
ation energies for ~ C H j  ~ and tbr LaCH] ~ are in the range from 51.5 to 76.1 and 
from 52.7 to 59.3 kcal tool ...... ~, restx~ctively. 

K.oH. Thiele et al. [9] reported the synthesis and pro~rties of some 
1,4-diarylo i .3-butadiene lanthanide complexes. The complexes Cp* La 
(1,4~Ph~C,,H4) ' DME. Cp*LaI 1,4-1o-MeO-C.H4} ~C4H4] ' 2DME. [Li(THF ):d 

C~ 

CB~ 

¢16  

03 -__- . . . .  01 

04 
Cl 

C~ 

12 

Fig~ 5, Mol~ula~ ~ structure ot" Y I DAC ];[CH,,Si Me ~] ( DAC ~ deprotonatcd 4, i 3-diaza- 18-~:~o~ n4, L 
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[Sm(I,4-Ph2C4H4)2], [ Li(DME)][{ 1,4-(p-CH3-C~,H4)2C4H4} LuCI,] and 
[Li(DME)][{I,4-(o-MeO-C6H,02C4H,~}LuCI2] were prepared by reactions of the 
appropriate cyclopentadienyllanthanide halides with 1,4-diaryl-l,3-butadienes in the 
presence of alkali metals. 

DME 

Cp*Lal2 + 2Li + RCH =CH - C H  =CHR . . . . .  ; 

Cp*La (RCH = CH - CH = CHR). nDME + 2Lil 

(R =C6Hs, n= 1; R = o -  MeO-C6H4; n=2)  

THF 

Cp*SmCI, + 2 1,4- Ph.,C4H~ + 2Li---+ 

[Li(THF)3][Sm( 1,4+ Ph,C+H,~),] + LiCI + ... 

tmt+ 
Cp*t, uCl, + 2 I ,4 -  PhzC+H + + 2Li---~ 

[Li( DME)][ 1+4 - RzC4H~)LuCIz] + Cp+Li +.. .  

(R = p -  Me-C6H4, o -  M e O -  C~,H4) 

Reaction of SmCI,dTHF)3 with lithium and 1,4-diphenyl-l,3°butadiene led to the 
formation of [Li(THF),d[Sm(I,4-Ph2C4H4)2]. One more samarium complex, 
[I,4-(p-MeC~,H,02C4H,dSmI'3THF was obtained by the reaction of melallic 
samarium with 1,4+(p-MeC~,H4)2C,aI+t,~ in the presence of iodine. 

Ht |"  

SmCIdTHF).~ +4Li + 2 1,4 ....... Ph~C~ll,0 ............... + 

[Li(TltF)4][Sm[ 1,4 ........ Ph~C+lt4):,j + 3LiCI 

+ l i i l  ~ 
. . . . . . .  L J ~ ( " ,  Ill II 

11.4 .... (p =~ MeCc, l+|a)C4t14lSml ' 3TH F 

The complexes have been studied by elemental analysis, iR, NMR and El-MS 
s~ctroscopy. 

P. Biagini et al. [10] published the synthesis and catalytic activity of new 
Ln(q6.arene)(AIX~R)3 derivatives. The complexes Ln(q"-C,H~Me)(AICi++Me),~ 
(Ln=Nd,  San or Y), Ln(q*-C~,HsMe)(AICI3Et)3 (Ln=Pr  or Nd), 
Gd(q"-C~HsMe)(AIBr+Me):~, Nd(q",C,H~Me)(AIXo~Me).~ (X+~Br or I) and 
Nd(q%C~,H:~M%)(AICI3R)3 {R =~ Me or El) were synthesized by treatment of the 
appropriate Ln(rl%arene){ AIX4}3 precursors with the corresponding AIR~ in toluene 
solution. 

Ln{q +' .......... arene)( AIX4)~, + 1.5AIR~+~ Ln(q* ...... arene)(AIX3R ):~ + 1.5AIX2R 

The molecular structure of Nd(q%C~,H~Me}{A!C!3Me)3 was studied by X+ray 
diffraction (Fig. 6). The Nd atom is located in the center of the basal plane tbrmed 
by five CI atoms and has a distorted pentagonal bipyramidai coordination arrange- 
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c~(a} 

Fig. 6. Molecular structure of Nd(q'~oCoHsMe~(AICI~Meh. 

merit. The N d C I  bond distances in the plane range from 2.848(4) to 2.884(4~ A, 
while the Nd~CI(4) distance (out of the plane) is essentially shorter with 2.784(2) A. 
The Nd~C bond distances are ~ t w ~ n  2.91(I) to 3.03(1i A. Catalytic activity of 
the Ln(q%arenej(AIX~R)~ derivatives in the polymerization of butadiene and ethy- 
lene has also l'~en investigated in the cour~ of this study. 

2,1.2~ t~ut~h~dral metalh~/hlleren~' a.d hmthanide~Iilh,d carbota mmoluhes 
K,B~ She!imov et al0 invesligatcd lhe ":~' ~ ~ ......... • . . . .  . . . . .  _ Laoc~ ntanlmg ~a~ ~ n c!us!ers LaC~ [ 1 i, 121 

and Latin, ' [12,13]0 The cluster ca|ions were generated by laser vapofieation of a 
composite LaC~/gt~aphile i~od, !hen the clus|e~s were maSSosel¢cled and illj~led in|o 
a drift lul l ,  Thr.cc fitnfilies of ring isomers~ Laocontaining graphite shcels and 
metallofulle~nes were ob~:rv~xl for the LaC~ ~ clusters. The suggest~xt geometry ibr 
the ring isomers are a La atom inserted into a carbon ring, a La inside a carbon 
ring and various LaC, and C~. rings |'used logether. I~-'~'"~ ,~a,~ ~, and all LaC~ ~ lullerenes 
with n ~ 38~90 were found to ~ endohedral, while ihllerenes were non-endohedral, 
Annealing p r i e s t s  in the LaC,; fullerenes |br larger clusters led to |brmation of 
i~dllerenes and graphite sh~x~ts. The graphite sh~t was f~uad to ~ the main isomeriza- 
tion prt~uct |br clusters with 3 0 3 4  carbon atom% while |br clusters with more 
than 38 atoms > ~ %  of the rings are convertt~ into metalloi'ullerenes [ I ! ]. In the 
case of La2(~ [131 the emciency of encapsulalion of a s~ond La atom inside a 
fullerene cage was found to ~ substantially lower than that of the first. Both 
diendohedra| ful|ei~enes and fidlerenes with one non°endohedral metal atom were 
ob~rv~  for L,a~C~' clu~l,crs, The autho,e,~ ,t ggested that the reduced efictet cy lbr 
encapsulating the second La could also result from stabilization of the 
La(La ,}* or La@C, La ~ geome|ry by the endohedral La alomo 

M, Llu and J,M, Cowley [14,15] studi~J the encapsulation of lanthanum carbide 
in carbon nanotu~s and nanopanicles, The samples were studi~ by high-resolution 
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electron microscopy (HREM), scanning transmission el~tron microscopy (STEM), 
sel~ted-area el~tron diffraction (SAED) and ele,:tron nanodiffraction. The com- 
pounds most likely to be tbrm~ inside nanotubes include u-.La(hcp), [3-La(fcc), 
La2C3(bc~:'), u-LaC2(bc tetragonal) and [3-LaC2(fcc). For ~-LaC2 it was found that 
two crystals could be ibrmed within a tube or a particle. The angle (orientation 
difference) between the two encapsulated neighboring ~-LaC2 crystals was approxi- 
mately 15 '~. The crystal in the middle region had the 002 fringes perpendicular to 
the tube wall while the one above has the 002 fringes slightly tilted with respect to 
the tube wall. The accompanying numerous polyhedral nanoparticles showed pentag- 
onal cross-sections in projection. All crystals encapsulated inside the nanotubes were 
observed to be located at or near the tube end. The preliminary examination of the 
~-LaC~, samples by the nanodiffraction technique has given no indication of the 
existence of intermediate layers between carbon atoms and the encapsulated material. 

H. Funasaka et al. [ 16] reported the synthesis of lanthanum compounds encapsu- 
lated within carbon nanoparticles. The encapsulation procedures were carried out 
by varying the lanthanum compounds (La2Oj, LaB~, and LaN ) filled in the positive 
graphite electrode. The tbrm of the core materials in the graphite cage was revealed 
to vary with the composite anode prior to arc discharge. For a La203/graphite 
composite anode, a LaN/graphite composite anode and a LaBUgraphite composite 
anode the corresponding encapsulated forms were LaC2, La and LAB6, respectively. 

M. Ata et al. [17] used X-ray diffraction, high-resolution electron microscopy 
(HREM) and magnetic characterization for an investigation of carbon nanotubes 
tilled with gadolinium carbide crystals. According to these measurements the gadolin- 
ium metal was incorporated in the form of GdC2 as single crystals as well as an 

cm. dco "' • i ,  l '  ) " growlh mec|mnisms of meted " "bi amorphous cat b d~ in the same mm tube. The 
filled carbon nanotubes was discussed. 

2.2. ('ychq~e, tadien)'l comph'xcs 

2.2./, M~mo( O'c/openladi¢104) ccmq~lexes 
S.J. Swamy and H. Schumann [18] reported the synlhesis and characterization of 

9,(pentamethylcyclopentadienyl)lanthanidefluorene complexes. The compounds 
were obtained by the one pot reaction of LnCI3 (Ln = Sin, Yb, Lu) wilh NaCsMes 
followed by treatment with the TMED adduct of 2,2',dilithiobiphenyl (Scheme 1). 
The complexes were characterized by elemental analyses as well as their I R and 
~lol NMR spectra. 

M.N. Bochkarev el al. [19] investigated reactions of cyclopentadienyl naphthalene 
complexes of lutetium with C- and N-unsaturated compounds. Reaction 
of CpLuCtoHs(THF)2 with azobenzene in THF led to a binuclear diphenyihydra- 
zido complex, [CpLu{THF)]2(Ph2N2)~. Similar treatme~t of CpLuC~oFId DME) 
with diphenylacetylene i~r~ DME yielded the binuclear complex 
[CpLu(DME)]2[I,!-~-4,4-tt°(Ph)C(Ph)C=~:~C(Ph)C(Ph)], which was structurally 
characterized. In the structure (Fig. 7) the two Lu atoms of the CpLu(DME) 
fi'agments are bound by a bridging [C4Ph4] 4 ..... !igand. The central C4 Fragment is 
planar (within 0.03/~). Lu412 ~C(C4Ph,0 cr-bond lengths are 2.280(7) and 2.336(7) A 
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LaCI~ + NaC~J~4e~ "- - - - - -~  CsMe.~LnCh(THF)~ + NaC! 

Ln = Sn~ Yb, ba 

+ 2 LiCI 

Scheme I. 

017~ 

Cl~S~ 

~e ~ , 

C(8~ 

:':So~ 

C(2~ 

( l i t  

Cl1~o) 

Fig. 7, Molecular  structure o f  [CpLu( D M E  )]~[ I. 1 oll4Ao~lq Ph)C( PhIC ...... C~ Ph)(~{ Ph)], 

~tnd the avera~ Lu . ( ° (p )  dislam~ is 2.62 A The C4Ph4 ligand has an asymmetrical 
profiler.like structure, which provides chirality to the mok~ule on the whole. Two 
enantiomcric ibrms of the mol~uk~ were found in lhe crystal of 
[CpLu(DME)h[ I,i-p~A-H°(PhjC(Ph)C-.~:C{Ph)C{ Ph)j. The audlors suggcs|cd 
that the Lu central atoms in Ihe moK~uie are bonded by lwo alkylidene type carbon 
bridget,s :\C ~ connect~:~ by ~he ethene group. 

2CpLuC~,)H~( TH F )a + 2PhaN ~-~,{CpLu ( TFIF )h( Ph~N ~)~ + 2C io|-!s 

2CpLuC~oI!s{ DME) + 2PhC ~ CPh 

[CpLu(DME)]~[p ~o( Ph)C( Ph)C =C{ Ph)C{ Ph)] + 2C~oIls 
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W. Kretschmer und K.-H. Thiele [20] prepared a series of cyclopentadienyl- 
lanthanide i,3-butadiene complexes including (C~Me5)La(C4H~) • Mgl, • 
3THF, {C~Me,dCe(C4H~)" MgBr2.2THF, (C~Mes)Nd(C,iH6) • MgCI,. 2THF, 
[ 1,3-(t-C,IHgJ~C~H3]Nd(C~H6). MgCI 2 • 2THF, (C,~H5~Er(C4H6) • MgCI2.2THF, 
[I,3-(t-C~Hg),CsH~]Lu(C,iH~)'MgCI2.2THF" by the reaction of the appro- 
pilate cyclopentadienyllanthanide dihalides with (C4H6)Mg(THF)2. Subsequent 
reactions of (C~Mes)Nd(C4H6).MgCIz-2THF with diphenylamine and of 
(CsMes)Ce(C~H6). MgBr,. 2THF with carbon dioxide were also investigated. The 
products were characterized by elemental analyses, IR, ~H and t3C NMR and EI-MS 
s~ctroscopy. 

Cp* LnX 2(Tilt"),, + {C,IIL,) Mg(THF )2~-oCp* Ln (C,~H,0 • MgX2" nTHF 

Cp*=Cstts, CsMes or 1,3-(t-C4ttg)2CsH.~, 

Ln= La, Ce, Nd, Er or Lu: X =CI, Br or l: n= 2 or 3 

T t t F  

(CsMe~iNd{C4Ho). MgCI,. 2THF + 3HNPh2 

(C~MesiNd( NPha)~ ' HNPh2 
" MtICI 2. C a i l ~ .  ' 21111!: 

DMF 
q~ {CsMe~)Ce(C4HD' MgBr2" 2THF + 2CO, 

M g l i r ~ .  2 T I l t :  

l('s MesICe(O~CC.iloI,COD~ 

X. Zhou et al. [21] reporled the synthesis and struclure ofa new organolanlhanide 
oxo complex, (MeCstt4):~Yb4(li-Cl)dll~-Cliltl4-O)('t'HF}3. The compound was 
oblamed t'roln the reaclion of Nat (sHaMe) wilh YhCI~ and Yb(  (.! in TI tF .  In the 
sll'tlCllll'e of I Me('~ltDo~Yb4(ti-('l h,(ll~o('l } { h - O l l T i l i :  )~ t l:ig. 8} lliC folli ° Yb fllonls 
ibrm a distorted tetrahedron. Thiee Yb atoms arc coordinated by one bridging 
oxygell aioln, [kltlr brklging chlorine ltlonis and a C~t!4Meqigand to give a distorl¢~d 

'~ ' ") . . . .  ) ~ .... "'+ " brktging oclahedral geoil'lelry, while the k urlh 7b  ak in  is c~cldl lhl led by one 
oxygen alom, three bridging chlorine atoms and three telrahydrofuran molecules. 
The average Yb-C(Cp-ring) distance is 2.59(2)A, the triply bridging Y b C I  di:~o 
tances are 2.79(4)-2.81(4) A, the doubly bridging YbCI  bond lengths are 
2.60(4)-2.71(4)/~ and the Yb-O(la4 oxide) dislances are 2.13(I } 2.29(i ) A. 

* 2.2. Bls(~i.ch,lnmadi~m.l) complexes 
M.-R. Spirlet and J. C;ollhrt [22] prepared tile ytlerbium comple× 

[ Yb(rlS-C'sH4SiMe3}~(~l=Ci )]~ by the reaction of Yb(l~ witll Li(( ~ttI4SIMeo0 in THF. 
According to X-ray diffraction die compound has a typical dimeric structure wilh 

o 

two bridging chlorine aloni~. The b~CI bond lengths are 2.643(2) and 2.659(2) A, 
tlae Yb~C distances range from 2.570(9} to 2.634(8)A. 

X. Zhou et al. [23] investigated the thermolytic reactivity of Cp2HoCI and pub~ 
lished the structure of [(C5H3C]['| ...... CHCIo|2C=~CHCs}| ,0a|° ' |o2CI~]~, , ,  The latter com- 
pound was obtained by sublimation of Cp2HoCI at 235'~C. The polymeric 
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C:i$ 

c,~ 

) ct~ 

Fig. 8. Mol~ular structure of (Mc~sli~~Yb,~(~-C|)dial-C! }(tI~.-O)(THF h. 

two-dimensional infinite network of the compound consists of (Csit3CH ~ 
CHCH~C~CHC~H4hHo:CI~ units, in luch each holmium atom is coordinated by 
a monosubsfituted ~lLCp group° a disubstituted qS-Cp group and two bridging 
chlorine aloms~ The-  ~,1 . . . .  ' ~ 3 o ' ~  ey¢.opent~d!¢nyi groups are or(= ss hnked together by th°"o~n 
cyc!o~ntad.tene trialkeny! chMns0 The average ~O ~(ir!!O~gt#tt)gtilUl~l 1'~'(':~)dIS # 
~aOC~S ~md HO ....... O! bond lengths are 2063(2) and 2,67(1 ) A, resl~ttvely, 

~humann et al, [24] re~w|cd the react,tons of LnCl:s ( Ln ~ Ho, Tin, Lu) witll 
Na(C~Me4H) in THF to give the ¢~rrespondmg dleyco|~ntadtcnyl complexes 
(CsMe4H hLnCI(THF). The Ln{ I1 )~compiexes (CsMe4H)ILn(THF h ( Ln ~ Sin, 
Yb) were also synthesiz~ by the ~actions of the appropriate Lnl~ with two equiva- 
lents of Na(CsMe~H) in "FHF. The cbtaln~ complexes we~ characterized by 
elemental anaiy~s, as well as EI-MS, tH and ~'~C NMR s ~ t r a ,  

H. ~humann et al. [251 also p r e p a ~  lanthanide metalh~ene complexes contain- 
ing the ¢hyietramethylcydo~ntad|enyl ligand. Reactions of LnCh(THFL 
(Ln~Y, Nd, Sin, Lu) with Na(CsMe~Et) in THF gave the corres~nding 
{CsMe4Et hLnCI(THF ) complexes. Tile bis(ethyltetramethylcyclol~n,~adi:-,~ yl )lan- 
thanide chlorides were converted into the amtde'- s {CsMe4E )~LniN~iMe.O2]°t . . . .  
or alkyl complexes (C~Me4Et)~Ln[CH(SiMed~] by reaction with equimolar 
amounts of either : aN{S~Me0~ or LiCH~SiMeO~ in |oluene. The tom,rends 
C ' :2 (sMe~Et)~Y[N(SiMe:0~]' d o ' "  ' . .~. an. (CsMe,~E~hSm[CH(S~Me0~] were characterized by 

Xoray crystallography,• in (CsMe~EI hY[N (SiMe:O~] the yttrium ate' ~m• is coordinated 
by two CsMe~Et ligands and one bis(trimethylsilyl)amido !igand and has a 
pseudo-trigonal l ~ ~hstances and Y~.,.N bond p.anar arran~.'ment, The average Y:=C{I~ s) ,°' -, 
lengths are 2,678(2) ~nd 2,276(3~ . ' ~  ~ A, resl~:tively. In (CsMe,~Et)~Sm{CH(SiMe3)~] 

2' (It:iS, 9) the ~marium atom also adopts a p~udo-trigonai planar co,ordination 
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Fig. 9. Mo!~ular structure of [(C~Me~Et),Sm {CH(. IMed~l], 

sphere with two C.~Me4Et-ligands and one CH(SiMe3)z-li~and. The 
average Sm-C(qS-CsMe4Et) distances are 2.732(3) and 2.740(3)A, and the 
Sm-C(CH(SiMe3)z) 6-bond length is 2.502(3)A. The authors presume ~,.agostic 
bonds between tile methyl groups of the N(SiMe3)2 or CIt(SiMe3)2 ligands and the 
lanthanide center in both structures. 

LnCI3(THF)x +2Na(CsMe4Et) (CsMe4Et)2LnCI(THF)+2NaCI 

(C~Me4Et)2LnCI (THF) + NaN ( SiMe3)2 -~ 

(CsMe4Et)zLn[N (SiMe3)2] + NaCI 

SIMe3)2, (C~Me4EI)2LnCI(THF)+ LiCH( ' ~ 

(CsMe4Et)zLn[CH(SiMe3)2]+LiCI Ln=Y, Nd, S~l, Lu 
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H. ~humann et ai. [26] also used the sodium salt of the ethyltetramethylcyclo- 
pentadienyl ligand for the synthesis of the correspondent samarium(ll) and 
ytterbium(ll ) complexes, (CsMe4Et)2Ln(THF) ( Ln = Sm or Yb). The compounds 
were characterized by NMR and MS spectroscopy and the structure of 
(CsMe4Et)2Yb(THF) was dete~ined by X-ray diffraction. The ytterbium complex 
has a typical bent metaUocene structure, in which the Yb atom is coordinated by 
two rlS-CsMe4Et-ligands and one oxygen atom of the solvating THF. Ytterbium 
has the formal coordinatio ~- number 7. The average Yb-C(ring) distance is 
2.692(7) A and the angle CpeWb-Cp¢ is 144.5 °. 

TIfF 
Lnl a(THF )x + 2Na (C~ Me4Et)---RCsMe4Et )2Ln( THF ) + 2Nal 

M.G. Silva-Va!enzuela et al. [27] reported the synthesis and characterization ol'a 
tetramethylurea adduct of a bis(cyclopentadienyl) ytterbium(ll) complex, 
Cp2Yb(TM U )2 (TM U = 1,1,3,3-tetramethylurea). The compound was obtained by 
addition of (CHa)aNCON(CHa)2 to Cp2Yb(THF)a, which was previously synthe- 
sized by reduction of CpaYbCI(THF) with sodium naphthalenide. The complex was 
characterized by metal analysis, IR and ~H NMR s ~ t r a  and by single~rystal X-ray 
diffraction. In the structure (Fig. 10) the ytterbium atom has a distom.ut tetrahedral 
arrangement ll:nmed by the two q~-Cp rings and two oxygen atoms of the TMU 
ligands. The Yb~C distances range from 2.708(9} to 2.760(9)~, while the Yb~O 
distance is 2.325{ 5) ~. 

D.J. Schwartz and R.A. Andersen [28l invesligated interactions of 
Cp~Yb(Cp*~C~Me~) with tria!kylphosphines (MesP, Eto~P, MeaPCHaPMea 
and 1,2o(MeaP)aC,.,H4) and R ~ P X  derivatives (MealK), El d~N H, 
MeaPhPCHSiMea° MeaPhPCli{a} i!l s~lulion. I"h¢ in!eraclions and |he oblained 

:' ~" ' ~ pa Y b( McaP(~ It ,PMe~). adducl~, Cp~Yb(PMeala, (:t~gb{PMe:~}, Cp~gb{PE|~), (" * , ..... ' . . . . .  
Cp~Ybl!+2o{MeaP)aC,t|4], Cp~Yb(OPMed, Cp~Yb{ItNPEI:~). CpgYbiOPMeda, 

¢4 
c~ 

¢ta 

Fig IO, Moleeul¢~r ~|ruclure ~|" ¢2paYb~ °FM U )a { I°M U ~ 1, | ,3,3~|¢t~ame~hy!me,~ 
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CpSYb(HNPEt3)2, CpSYb(Me2PhPCHSiMe3) and Cp2Yb(Me2Ph~H2), have 
been investigated by ~H, ~3C, 3tp, t~tyb and variable-temperature NMR sp~tro- 
scopy. It was found that tJvbp is significantly reduced for 1:2 phosphine adducts, 
relative to the 1:1 adducts. The barrier for the intermolecular exchange for phosphine 
oxide and imine adducts is much higher and the 2Jvb p values for 1"1 adducts are 
one order of magnitude smaller than the analogous one-bond values for the phos- 
phine derivatives. The ylide adduct CpSYb(Me2PhPCHSiMe3) was also charac- 
terized by, X-ray crystallography. In the structure (Fig. 11) the Yb-C21 distance 
(2.69(2) A) and other parameters indicate a direct Yb-C interaction, supplemented 
by a secondary y-CH3 interaction. 

The same authors and G.E. Ball  [29] also studied interactions of 
Cp~Yb(Cp*=CsMes) with cis-P2PtX2 complexes (P2=ch¢lating phosphine; 
X=H,  CH3). The obtained complexes, [{cis-(Me3C)2PCH2CH2P(CM¢3)2} 
Pt(I~-H)zYbCp~'], [{cis-(Cy)2PCH,~CH2P(Cy)2}Pt(la-H)2YbCp2*], [{cis-(iPr)2PCH2 
CH,p(ipr)2} Pt (I~-CH3)2YbCp~] and [{cis-(iPr)zPCH2CH2p(ipr)2}Pt(t~-CHa) 
(~l-H)YbCp~] have been investigated by NMR spectroscopy. The latter two com- 
pounds were characterized also by their X-ray structures. In the structure of 
[{cis-(iPr),PCH~CH2P(iPrh}Pt(~t-CH3)2YbCp~] (Fig. 12) the Pt and Yb atoms are 
connected via the two bridging methyl groups. The Pt...Yb separation is 
4.0391(5)A, the Yb-C(I~CH,O distances are 2.908(8) and 2.88(1)A, and the 
Pt-C-Yb angles arc 106.8(3) ~' and 107.5(4) ~', There was tbund a rare agostic 
Coto!~Yb bonding mode fi)r the bridging methyl groups. The Yb-H(I~-CH3) 
distances are ranging from 2.30 to 3.80A. For the structure of 
[{cis.(tPr)2PCH2CH~P(~Pr)2}Pt(~-CH3)(~I-H)YbCp~] the hydrogen atoms on the 
bridging methyl group and the hydride ligand were not located. In this structur the 
P tYb  separation is 3,388(9)A and the ~b C(ll~C|t:O distance is 2.79(2)A. in 
¢olllri|s| |0 the agostic interactions observed for the previous structure, structural 
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Fig. I I. Molecuhr structure of Cp~Yb(Me2PhPCftSiMe~O. 
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Fig. 12. Molecular structure of  [{ cisq~Pr),J~lt:CH~P(?r):} Pt(tt*CHs)aYbCp~]. 

parameters I~r [{cis-(?r)2~H2CH2P(IPr)2}Pt(poCHa)(p-H)YbCp~'! were tbund to 
be consistent with a Pt~C Yb interaction. 

K,-H. Thiele and R. ~ifert [30] prepared a series of ~nnethyllanthanocene 
and lutetit~ene vinyl complexes, [Li(DME):~][Cp~'La(C4H~j], Cp~LaCPh °:~ 
CMe~, 2THF, Cp~Lu(CH ~CH~), LiCI, DME and Cp~LuCPh~:~CMez • 
2MgCI~ 0 DME° The compounds were obtained by reactions of the appropriate 
pr~ursors Cp~Ln(p.CI)~K(DME)~ ( L . ~ L a  or Lu) with LiCtt~CH~ or wilh 
MgB~'Ph .... CMe~ The complexes were charaderi~ed by ~i! and ~:~C NMR Sl~Ctroo 
scopy~ 

/f~MI 
C p~ La(ta ~ CI )~K ( DME)~ + LiCH ~ Ctt~ --o~ 

?H C 

[Li( DME):~][--p~ La(C4Hj] + LiCI + KCi 
'II]|E/O|~I ~ 

Cp~La(ll .... Cl )~K(DME)~ + MgBff~?h ~ C M e 2 ~  
2|]Mi~ 

(p~ LaCPh ~ CMe~ ~ 2T|tF + MgB~?I + KCI 
|I}MI; 

paLu(p~CI)~K(DME)~+ LiCH C H ~ *  

Cp~, Lu(CH ~CH~)" LiCI' DME + KCI + DME 

K,°H~ Thiele and coworkers [31] also published |he synthesis and characterization 
of some Cp~Ln(DAD)ocomplexes. The r ~,~ ' '  . . . .  * ~ tact|on of (p~ La(~°(l )zK( DME)~ with 
one ~uiva!ent of Na~(DAD) [DAD~o~(PhJN~:,C(Ph)C(Ph)~N(Ph)} in the 
p nee of DAD or with two ~uivalen|s of Na(DAD) gave ihe ionic complex 
[Na(DAD)]][CpSL~(DAD)] ~Scheme 2 ). The interaction of Cp~Y(p-CI )~Li(OEt~ja 
with Na(DAD) [DAD -~ N(C~,tt,c4-Me)~:: C(PhjC(Ph) ~= N(C~,H~-Me)] led io the 
Cp~Y(DAD) complex, whk:h was struclurally charac|eriztat. The DAD !igand in 
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the complex is r~uc~d to the radical anion. In the structure (Fig. 13) the yttrium 
atom has a pseudo-tetrahedral coordination arrangement ibrm~ by the two Cp*- 
groups and two N atoms of the cis-l,4-diazadiene. The Y-(qS-Cp*-ring) and Y-N 

o 

distances are 2.408(4) and 2.362(6) A, respectively. The metallacycle Y(N-C-C-N ) 
is planar. 

K. Jacob et al. [ 32] reported the synthesis and structure of the novel heterotrimetal- 
lic complex Li[Cp2Y(FcN)2] (FeN = 2-dimethylaminomethylferrocenyl). The com- 
pound was obtained by the reaction of [Cp2YC|]2 with two equivalents of 
2-dimethylamino-methylferrocenyl lithium in THF solution. In the structure 
(Fig. 14) the central Y atom is pseudo-tetrahedrally coordinated by two 
qs-CsHs.ligands and by two q~-6-bonded cyclopentadienyl rings from the dimethyl- 
aminomethylferrocenyl groups. The Y~C(q~-o-Cp)distance is 2.534(3)A and the 
angle (qt-o-Cp)C-Y-C(qt-~o~Cp) is 89.37(11 )o. The lithium atom also adopts a 
tetrahedral arrangement which is formed by the two N atoms of the 
Me2NCH,-substituents and by the C atoms of the Cp rings. 

[Cp~,YC! ]:~ + 4Li( FeN )--, 2Li[Cp2Y ( FeN )2] + ,~LIC i 

F. Shen et al. [33] prepared new bis(cyclor~zntadienyl)lanthanide complexes 
with the 2.naphthoyltrifluoroacetonato chelating ligand, CpzLn(CtoHTCOCH- 
COCF0(THF) (Ln= Ho, Fr) and Cp2Ln(CIoH7COCHCOCF3)( Ln -~ Pr, Sin). The 
complexes were characterized by elemental analyses and IR spectroscopy, and the 
structure of Cp2Ho(CtoHTCOCHCOCFO(THF) was determined by X-ray diffrac- 
tion. In the structure {Fig. 15) the central Ho atom is coordinated by two 
q~,C~Ll~digands, two oxygen aloms of the 2..naphthoyltrifiuo|'oacetonato ligand and 
one oxygen of a TItF molecule. The Ito =(i p(cent.} distances are 2.402 and 2 371 ?~ 

.... , dl~,la aces are 2.250{ 3 ) and 2.306{4} A and the Ho~.O(CtoHTCOCHCOCFs) 's, t "~' 
G. Lin and W.-T. Wong {34] reported the synthesis and crystal slruc|ure of the 

divalent ytterbium complex {qs-C~!t,~PPh~)~Yb{|)ME). The comp{)und was 

CI3 

w C4 
L.~=~ C~O 

C|9 C|S 
t i e  m 

ca 

C9 

Fig. 13. Molecular slruc|ure of Cp~Y[N(C{,H4-4-Me) .... C{ Ph)C( Phi ...... N(C~,H~,4oMe)]. 
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.. CI... //L 
Ln "M' + n N a  + 

\ L  h 
k 

Ln = La, M = K, L = DME; Ln = Y, M = Li, L = ~O 

(n~2) THF 

-KCt NaCI 

R 

(g, Ph) 

R 

_IN... ̀ .Ph 

R 

., Lg~[, NaCI 

R 

rh 

v (R "~ Meo4,oC~,Ih) 

obtainoJ by reaction l~tw~n the thallium derivative [(q~:II"%C~H4PPh~)TI]~,~, and 
ex~ss of metallic ytterbium in THF followed by extraction with DME. According 
to an X°ray structure determination in the molecule (qLC~H,~PPh~)~Yb(DME) the 
Yb atom is coordinated by two rlLCsH4PPh~-rings and by two oxygen alums of 
the solvent D~,4E molecule, but Yb is not coordinat~,~ by the phosphorus atoms of 
the substituents. Thus, the-ytterbium has a distorted ~etrah~ral coordi~ation 
arran~ment. The Y b C  distant~s ~r~:' ranged from 2.666 ~o 2.747 A with a mean 
value of 2.7!0 A. 

The ~me autho~ [35] also prepared the trigonat organoerbium cluster 
[Na(DME):~]~[I(Ph~?~H4)zEr}~do~:O)(~L-OH)2] by reacdon of ErCl3 with 
Ph:~?sH4Na in the presence of ~t~aces of wa~e~. The ct~ml~und w~s character- 

by elemental analysis, IR, "~P NMR ~nd single~rysl~|i X-ray diffraction. 
The s:tructut~ consists of d i ~ t e  cation |Na(DME)3] + t rod  ~:~nion 
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Fig. 14. Molecul~:tr s lructure o |  IJICp.,Y( FeN )~] ( FeN = 2-dimel i ly laminomethyl fer rocenyl  ). 
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Fig° 15. Molecu lar  slrl,llctt|r¢ o f  °1"ill" ), 

[{(Ph2PCsH,0zEr}3(~L~ .... O)(tb-OH)z] ...... pairs. In the anion (Fig, 16) three 
(Ph2PCsFti4)aEr li'agments are linked by one p3-oxygen and two p2-hyd~o;~y groups 
in a triangular array, Two erbium atoms have a coo|~dination number of eight, while 
lhe third erbium atom is nine-coordinated. The average Er,-C(Ph2PCsH4} and Er,,~O 
distances are 2.72 and 2,16(2)A, respectively. 
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Fig 1{~, Sl~uc|t~re of ihe 1{1 ph~l!:~ 3!,d~l:~,~ ,~{t,~c(.ll(lto(}l| hl anion, 

J,S, Xia et al, 136] published a new ~ynthetic route to C p ~ Y b ( T H F  h. The complex 
was obtained I~y redtlction of + ~ t : Y b ( I ( T I | F  ) with +' - ~ + ..... "+ potassium. The 

;~ ~: ~ ~ ~ i ~ ..... ~ , ~ . . ~ ~ com~und was charact~rzed by elemental analyses. IR s[~tr(scopy and Xoray 

K, Tak~ki et ai, |37] ~ported the generation of organosamarium rlS-allyl com- 
plexes by reductive cleavage of al!ylic ethers with Cp$Sm ,THF). (Scheme 3). The 
second product of these reactions is the samarium ~nzyloxide Cp~ Sm~H2Ph, 

2 Cp*~Sr~tFh ~, o 

R ~ 

,~ R ~ " ~  ~ ~ / g  

RI T ~ ~ R 4 R  ~ OBn ~ ~  (P*;~Sm~-'~~)~ R~ 

R ~ 

R~ ~L Me or Ph, R~ H or Me, g~ H or Me, g ~ l |  or M¢~ OBn ~ ClhPh 

Scheme 3~ 

K, Takaki and coworkers [38] a|so published ihe generation of ailenic s ~ ' " ~amarmm 
complexes from propargylic [~nzyl ethers and Cp*SmlTHF)z (~heme 4), 



E T. Edehnann, I:K. Gun'ko/Coordination ChemLvtrr Revwws 165 (1997) 163-237 183 

R2 R.~ 

\oan 
-~, 2 C p * , S ~ ~  ................. ~" + C p * 2 S n ~ B n  

Cp :Sin 

R I = Ph or nBu ;  R 2 = El, Me, Ph or nBu; R 3 = H or Me; O B n  = OCH2Ph 

Scheme 4. 

W.J. Evans et al. [39] reported the synthesis and structure of the mixed-metal 
complexes [PPh4][(Cp~Sm)2Mo(p-S)4] and [PPh4][Cp*Sm(~t-S)2WS2]. The com- 
pounds were obtained by reaction of Cp~Sm(THF)2 with [PPh4]2MoS4 and 
[PPh4]2WS4. According to an X-ray structure detemlination (Fig. 17) the cation 
[(Cp~'Sm)2Mo(p-S)4}]- contains two essentially identical Cp*Sm(~t*S)2 units with 
eight-coordinated Sin(Ill) atoms The Sm-S distances are 2.784(2)-2.796(2) A. 
In the structure of cation [Cp~Sm(~t-S)2WS2] ~ the Sm atom is bound to the 
tungsten center by two bridging sulfur atoms. The Sm-S distances are 2.817(8)- 
2.841(7) A. 

w.J. Evans and coworkers [40] also published the synthesis and structure of a 
nonclassical 7-norbornadienyl carbocation, Cp~'Sm(O2C~Mes), which was obtained 
by the reaction of Cp~Sm and CO i:~ toluene. According to X-ray data the compound 
(Fig. 18) contains a OaCTMes-ligand, which originates from the five ring carbon 
atoms of a Cp* group and the carbon atoms of two CO molecules. The seven non.. 
methyl carbon atoms of the ligand adop|  a norbornadiene structure. The symmetry- 
equivalent Sm~O bonds are 2.347(2)A. the average Sm C(CsMe~) distance is 
2.73 A. 

( p.~ Sm+ ~o( 0--, (p.~ Sm (0.:( ~ M e ~ } 

activation of ethers and sulfides by organ~ lano J.H. 'I~uben el al. [41] reported the ~ ~ ' ' ' ' ~ '~ 

$4 

S2 
53 

Fig. 17. Structure of I[Cp~Sm]~Mo(j~-S h} ~ cation° 
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C$' 

Ct3 

C~ 

C~7' 

OrS' 

C l ~ " ~ ~ ,  Cl~ C s ~ ~ I  C~a ' 
C15 

¢12 ClO 
C~ 

Cll 

Fig° t8~ Structure of (p~SmiO,C~Mc~). 

thanide hydrides. (CpSLnH): (Ln=Y, L a, Ce; Cp* =CsMe~)cleave dialkyl ethers 
R ~)R to form alkoxides Cp2 LnOR and CpSLnOR', and alkanes. The interactions 
of (CpSLnHh with EhO, ~BuOMe, tBuOEt, "BuOEt, THF, 1,4-dioxane, furan, 
ethyl vinyl ether and allyl ethyl ether were sludied. The authors used NMR tu~ 
ex~riments for monitoring the reactions. The pr~ducl, of the reaction ~tween 
(Cp~YH)2 and 1,4~dto~anc (Scheme 5). (Cp~Y).,(i.~-(~ i_ ~CII~O) (TIIF)~, was char- 
acierized by X°ray crystallography, In the strut|irate (1:i$~ 19} |wo Cp~Y(TtlF) units 

~. C6 

C4 , C? 

C2 

C9 

Cl4n 
C t ~  

C22 

C~ 

C~3 

CITR 

~ 4  

Fig 19 S1ructu~ of ~ICp~Y )gi,~-(X?ti~CH~O)~ THI: }~, 
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with distorted tetrahedral arrangement are bridged by a glycolate |igand. The 
Y-O(~I-OCH2CH~O) distance is 2.042(4)A,, the Y-Cp*(centroid) distances are 
2.413{3) and 2.421 (7) A. 

C-O bonds of alkoxides such as Cp~LnOEt were cleaved also by (Cp~LnH)2 to 
give bimetallic complexes (Cp~Ln)z(~t-O). The structure of the THF adduct 
(Cp~Ce)z(p-O)(THF)2 was determined by X-ray diffraction. The complex consists 
of two Cp*Ce fragments linked by a nearl:~ linear oxygen bridge. The Ce-O(p-) 
distances are equal (2.185(4) and 2.183(5) A), the angle Cel-O-Ce2 is I75.9(2) °. 
In contrast to ethers, activation of organic sulfides by (Cp~YH)2 led to the corre- 
sponding metalation products (Scheme 6 ) .  

(Cp*2LnH)2 + 2 ROR' ~ Cp*2LnOR + Cp*zLnOR' + ~ + R'H 

Ln = Y, La, Ce; Cp* = C~Me~ 

~ t F  
-ethane * /--O--YCp* 

(Cp*2YH) 2 + 0 0 ~" C p * ~ Y ~ O ~ /  
N.__/ THF THF 

Sdleme 5. 

(Cp*~Y!!)~ ..... 

Me~S 
. o Cp*2YCH:~SM e 

o 112 

/SMe 

Scheme 6o 

* ) J.H. Teuben et al. [42] alsc~ described reactions of (Cp~Lnit)2 ( Ln = Y, La) and 
" • 9 ~ N Cp2Y(,,-(~,H4CHz Me2) with esters (ethyl acetate, ethyl benzoate, ethylacrylate, 

ethyl 2-methylpropanoate) and amides {N,N.dimethylacetamide) (Scheme 7). The 
molecular structure of the product of the reaction of Cp~Y{2-C, I I4CH2NMe2) with 
ethyl acetate, [Cp~'Y(~t-OCMeo~CHC(OEt)O)]2, was determined by X-ray diffrac- 
tion. The structure (Fig. 20) is dimeric with two equivalent Cp~'Y{~t-()CMe -~. 
CHC(OEt)O}-fragments. The Y O dis|ances are 2.179{ 2) and 2.292~ 2~ ~. 

(Cp*LnH)2 4, MeCOOEI ~ 9c,,~, 

((,p~ LnH )2 + PhCO( El ~=, 2C ~ 13K)EI + Cp~ !~nOCH ,Ph 

Y.K. Gun'ko et ai. [43] reported the activalion of a C.~-~O bond hi dimetho×yethane 
{DME) by reaction of a tris{cyciopentadienyi)lanthanide complex with an alkali 
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c ~  

Fig, 20, Mol~ular struclute of [Cp~'Y(I~°OCMel IChCHCIOE| )OjJ.~, 

metai in DM E. The ' " ~3~ " " ~ mtelactu:n of' [Ln(p~] (Ln Ce, Cp"~q-,C~l!~Bu~-.l,3 or 
- - ( ,p ~ q-Cs!| :dgiMe)O with metallic l i th ium or l~)tassmm 

h~ DME led to the i'ormalioa of alkoxide complexes, [{LnCp~ (l, ioOMe)l~] 
and [Nd{qoC~|"|;dSiMe~)~oI03]~(p°OMe)~Li(DME)], The la|ler complex ai~d 
[l(,e(q°(.,~H~Bu~° 1,3 h(l~°OMe)] ~] were d~ara~lert~cd by X°ray cl'ys~a!h:)g~'aphy, in 
the d)mer|¢ structur~ of [{Ce(q°C,~H~Bu~-1,3)~()i-OM¢)} ~] two ~.[ ~1..e fi'agmcnts arc 
bound by lwo bridging ()Me-groups. The mean Ce .O bond dislance is 2.376(4) A 
and the Ce--Cp'(centroid) distances are Z596 and 2o5~A. The structu!'e 
of [Nd{q-CsH~(SiMe0~°I,3}~(~t°OMe}2Li(DME)] (Fig. 2[) contains one 
Cp~Nd-fra~ent connoted with the Li ion via two OMe-bridges. The central |bur° 
mem~red NdOLiO ring is almost planar. The N d O  bond tength and 

. re. ~n:t~ve!y. Nd Cp"(ce~troid) distances are 2.25(1) and 2.58 A, s - '  
I[)MI~ 

[LnCp!~] + M + DME . . . .  ~{LnC.p~(~ ...... OMe)}~l 

,~, " C W '  o . . . . . . . . . .  " S ' ~  , Ln ..(e, I " q  ....... C~|l!~Bth 1,3 or q (~l.l.~(,,,~ Ic),~, M=Li ,  K; 

D,M|?i 

[Nd{ q .......... (?~I"|.~(SI.Mc).~.:~] + Li + DME ........... , 

[ Nd {q -° C'sH,~( Si M.e:~)a I ~(~..=- OMe}~Li( DME )] 

W.J. Evans e~ al. [44] published the synihesis and s~ructure of 
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c(6) ,  Sl(;z l  

C{IL) 

C(S) 

D °,,,, 

C115) 

¢(~}t 
~ ¢(:tlt) 

Fig, 2 I. Molecular stnlclure of [ Nd { q-CsH~(SiMe0ao 1,3 } e.{lL~-OMelaLi( DM E }]. 

{ K[(ta-Cp)aNd(tt-O-C~,H~Mez-2.6)2]}., which was obtained by the reaction of KCp 
with [Nd(OAr)3(THF)~]a (At =C6H~Me~o2.6)in T}|F. According to X-ray diffrac° 
ti~m studies (Fig, 22) the [Cp~Nd(OAr)~] anions in the complex arc connected 
to give a two-dimensional klyered struclure by K '  cations bridged by arene 
aml cych~pent~:u]ienyl rings, Each p~ta~sium atom connects four different 
[CpaNd(OAr)a] .... anions and is surrounded by lwo bridging Cp-gmups and Iwo 

C{llo) " ~ C I I 3 0 1  r~ 

Cf23~ 

Cq24~ 

UI21J 

~l'i2J 

;~111 

Fig  22. Molecul~tr structure 
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brid#ngarenes. The K-C(Cp) and the K-C(arene) distances range from 3.01(2) to 
3.37 (2) A and from 3.17 (2) to 3.54(2) A, res~tively. The neodymium atom in the 
[CpzNd(OAr)2]- anions has a distorted tetrahedral arrangement. The Nd-CCp 
distances are in the range of 2.75(5)-2.82(2)A, (2.79(6)A average) and the 
Nd=O(OAr) ~ n d  lengths are 2,206(12) and 2.1~( 11 ) A. 

(I/2)[Nd(OAr)3(THF)z]z + 2KCp 

--,(I/n){ K[(p- Cp)zNd (p -  OAr)z]}, + KOAr (At" = C6H,aMe2-2,6) 

Y.H. Lin et ai. [45] reported syntheses and crystal structures of 
Cp~Nd(~t-CI)zNa(DME)~ and Cp~'Nd(p-OMe)zNa(DME)z. The first com- 
plex was obtained by reaction of NdCI3 with NaCp*. Methoxylation 
of Cp~( Nd (p-Cl)~Na ( DM E ): led to the methoxide derivative 
Cp~'Nd(p-OMe)zNa(DME)~. Both of the complexes were structurally characterized. 

(Cp*:LnH)z + MeCOOEt ~ 2 Cp*:LnOEt 

(Cp*~LnH)~ + PhC~Et  ===~ 2 Cp*aLnOEt + Cp*~Ln~H~Ph 

A Me NM¢~ NMe~ 

Me, 

Schei~e 7~ 

Z.oZ. Wa et al, [46] published the synthesis, characterization and study of 
the thermal stability of dimefic bis(cyclo~ntadienyi)lanthanide furylmethoxid¢ 
complexes, 

The~ compounds were obtained by the metathetical reaction of the appropriate 
Cp~Ln with furfuryl alcohol in THF solution. The complex~ were characterized by 
eletr~ental a~atyses, IR, MS and X-ray phot~lectron s~,ctra, Investigation of the 
thertnal stability of the compounds has shown that they decompose into 
Cp~Ln and Ln(ORh, 

Z,.Z. Wu et al, [47] also prepared the binuclear organohmthanide alkoxides 
[Cp~Yb(p-~H~CH~CH~CH~CH0]:~ and [Cp~L~{p-OCH~CH~CHMe~)}z {Ln~oDy, 
Yb) by the similar reaction of Cp,~Ln wi~h au equimo!ar amount of the 
alcohol HOR (R~CH~CH~CH~CH~CH,~ or CHzCH,CHMez), The complexes 
[Cp:Yb(~CKgH~CH~CH:CHzCH~)]~ and [Cp~Yb(p-OCH2CH~CHMe2)h ( Fig. 23 ) 
were charnels. ~ed by X-r~ay crystallography, In the ~wo dimeric structures the 
ytterbium atom is coordinated by two Cp ligands and two oxygen atoms of a lkoxide 
!ig~nds to form a distorted tetrahedra| geometry, The central Yb,,O~ metallacycles 
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C($) 

C(4) C(3) Eta)  

C(:) C(21), 

C(I) 

Zl'sO 
Cc23~ 

Yb* 

O* 
C(liJ 

C(15) 

C(t3) 

Cliab 

Fig, 2], Molcculai ~ s~l~uciul"c of [( 'p~Yb(tLo()('It;~CIt:( ' t ' IMc~)I:, 

in the two molecules are completely planar. The Y b O  botld lengths and 
the average Yb~C(Cp) distance lbr [Cp2Yb(~-OCH~Ctl~CH~CH~CH~)]2 arc 
2.17(I), 2.19(I) and 2.59(2),~, respectively. The same parameters for 
[Cp,Yt (Ia-OCH:CHzCHMe2)]z are 2.210(6), 2.184(7) and 2.60(2) ,~, res~ctively. 

Z.-Z. Wu et al. [48] also used the related reaction of Cp3Ln (Ln=Pr, Gd, Dy 
and Yb) with an equimolar ainount of acetoxime for the synthesis of bis(cyclopenta° 
dienyl) lanthanide acetoximate d~'rivatives, [Cp~Ln(tt,llZ-ONCMez)]z. The complex 
[CpzGd(la,qLONCMez)]2 was char~,:terized by X-ray diffraction. In the binuc!ear 
structure (Fig. 24) each Gd atom is coordinated by two Cp-ligands, two oxygen 
atoms and one nitrogen atom of ONCMe2 to form a distorted trigonal bipyramidal 
arrangement (oxygen and nitrogen atoms in lhe axial positions). The gadolinium 
has the formal coordination number nine. The Gd, O bond lengths are in the range 
from 2.25( l ) to 2.38( I )/~. The average Gd~C(Cp) and Gd-N distances are 2.68(2) 
and 2.42(1 ) A, respectively. 

TItF 
2Cp3Ln + 2HONCMe2--~[Cp2LnlI~,q2 - ONCMe2)]2 + 2C5H,, 
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" I 

,,3c(:~ 

Fig. 24. Mol~ular structure of [Cp:Gd(la,rtZ-ONCMe,)]2. 

G.B. Deacon et al. [49] reported the synthesis and structure of ytterbiocene acetato 
complexes. The complex (qs-CsH4PPhz)2Yb(tl-O~CMe) was obtained by the 
oxidation of Yb(CsH4PPh2)~ with Hg(OzCMe)2 in THF. The structures of 
(qs-C~H4PPh2)~(~t-OzCMe) and analogously obtained Cp2Yb(~t-O2CMe) 
(Fig. 25) wen determined by X.ray diffraction. Both complexes have a dimeric 
structure with two a~tate bridges. However, the crystal structure of 
(q~oC~H4PPh~hYb(l~loOzCMe) contains one dimer, while (qS-CpP)~Yb(l~-O~CMe) 
ha~ two similar but inde~ndenl dimer~ A and B. The ytterbium atom iu both 
complexes is fonnaily n|ne~oordlnated by two qo~yclo~ntad!enyl !|gand~, two 
oxygen atoms from the chelating and bridging acetato ligand, and e'le oxygen atom 
fi'om the other. Thus, the O~CMeoligand is i~wolved in a bridging tridentate coordina- 
tion, The Yb=O distan~s the (q~oCslol4PPh~)~Yb(~l-O~CMe) range from 2.282(4) 
to 2.454(4)A and the Yb~Cp(~nt,) distances are 2.332 and Z323 A. The Yb~O 
distalr¢cs for Cp~Yb(IaoO~CMe) range from 225( I ) to 2.42( 1 ) and the Yb~Cp(cent.) 

Fig, 25, Mol~u|ar sttucture of [Cp~Yb~p~zCMe~]z, 
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distances are 2.324 ahd 2.287 ~, for the different A and B molecules. 

2Yb(CsH4PPh2)2 ÷ Hg(O2CMe)2-~2 (CsH4PPh2)2Yb(O2CMe) + Hg~ 

F.T. Edelmann et al. [50] prepared bis015-cyclopentadienyl)lanthanide(III) com- 
plexes with bulky alkoxide and thiolate ligands. The alkoxide complexes 
Cp2Yb(THF)(ORF) [Ln=Nd, Sin, Yb; RF=2,4,6-tris(tdfluoromethyl)phenyl, 
-C6H2(CF3)3-2,4,6] were obtained by reaction of the appropriate CpaLn with 
2,4,6-tris(trifluoromethyl)phenol (RFOH) (SchemeS). The thiolate complex 
Cp2Yb(THF)(SRF) was prepared analogously from CpaYb and RFSH. According 
to X-ray diffraction studies Cp2Yb(THF)(SRF) (Fig. 26) is a monomer, in which 
the ytterbium atom is coordinated by two rlS-Cp-rings, one sulfur of the 
SC6H2(CFa)a-2,4,6-1igand and one oxygen of a solvating THF molecule. Thus the 
ytterbium has a pseado-tetrahedral coordination arrangement and the formal coordi- 
nation number 8. The average Yb C distances and Yb S bond lengths am 2.306 and 
2.639(3) A, respectively. 

S.A. Vinogradov et al. [51 ] synthesized new organolanthanide complexes contain- 

Cp~La + HO CF3 ~ ~ . L ~ ~ C F ~  + 

CF~ , CF~ 

Scheme 8, 

m 

c o  

¢m 

m 

lm 

m 

Fig. 26. Molecular structure of Cp2Yb(THF)(bRf~), 
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ing a 6-bonded 1,3-dithiane, [Ln(CsH4But)2(C4HTSz-I,3)]'LiCI-2THF (Ln=Lu  
or Y; THF=tetrahydrofuran). The compounds were obtained according to 
Scheme9 and have been characterized by single-crystal X-ray diffraction. In 
[Lu(CsH4But)2(C4HTS2-1,3)] • LiCI-2THF (Fig. 27) the Lu atom is coordinated by 
two rlS-CsH4But-rings, a bridging chlorine iigand and the 6-bonded carbon atom 
of 1,3-dithiane to f o ~  a pseudo-tetrahedral coordination arrangement. The central 
f r ~ e n t  of the structure is a pentagon, formed by the Lu atom, 1,3-dithiane and 
one LiCI unit. The Lu C(rl s) distances are in the range from 2.56(2) 0 to 2.70(2) A,, 
the Lu-C! and Lu-C(1,3-dithiane) distances are 2.570(5) and 2.45(2) A, respectively. 
The structure of [Y(CsH4But)2(CaHTS2-1,3)] • LiCI. 2THF is similar to that of the 
lutetium analogue. The average Y-C(rl s) distances are 2.65(3) and 2,68(3)A and 
the Y-CI and Y~C(1,3-dithiane) distances are 2.638(6) and 2.47(3 ) A, res~ctively, 

~ r . t ,  Sh I t j~C~H~)2 ] 2 Na(C~H4B~) + LnCI~ - ~ - - - - - - ~  

1.3.S2C4H~ ¢ L ~  tht~ O°C,I h L Li(C,l~S2" i,3) J 

O°C, lO h 

[Lt~C ~H4Bu~C+H,S2- 1.3)].LiCI. 2 ~  

Ln~ Lu, Y 

Scheme 9~ 

W.A. King and T.J. Marks [52] reported measurements of metal~silicon 
bond disruption en~halpies fi~r a series of met;~lh~cene complexes including 

' . ~ . . . . . . . . . .  .~ , .... . ..... '~, Cp~ SmStH (SiMe~)~ The c :m~ple×es were studied by todmoiytt litt~~lion c~tlorimetry, 
The ti'eatment of Cp~SmSiH(SiM¢~)~ with a stoichiome|ric amount of Mel gave 
MeSiH(SiMe~)~ and (Cp~Sml)~. 

* " ' ~"' /~ (Cp2Sml)~o~ MeSiH(SiMe~)z Cp~SmSIH(SIMe~)~ + MeI~ I ~ ..... " * 

Fig.. 27. Mokxuiar sltructu~ of  [Lu(CsH~Bu'}~iCaH~S,-I,3~]. LiC[.. 2THV. 
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The resulting D(Sm-Si) value of 43( 5 ) kcai mol - t was calculated from the equation: 

D [Cp,*Sm - Sill (SiMe3)z] = D[Cp~Sm - I ] 

+ D[(SiMe3)zHSi- Me] + AH~,,~ - D[Me-  I] 

(where AHrxn = - 52(1 ) kcal mol - t) 

T.V. Timofeeva et al. [53] calculated and reproduced molecular conformations of 
the bent sandwich metallocenes MCp2 including LnCp$ (Ln=Sm, Eu, Yb). The 
molecular mechanics calculations were carried out with the MM3 program, using 
standard optimization procedures. The calculations revealed that the bending is 
mainly a result of nonbonding interactions, especially attraction between the 
Cp-ligands. Crystal packing forces are not a major factor determining the degree of 
bending. When the interplanar distances between the planes of Cp rings are short 
(i.e. for metals with a small ionic radius), the ligands have parallel orientation. 
When the metal atom in MCp2 has a large ionic radius, the interplanar distances 
are longer and the ligand planes do not stay parallel. The influence of bulky 
substituents on the bending angle was also elucidated. 

2.2.3. l?is( o,clopenmdienyl) complexes 
W. de Oliveira et al. [54] prepared tris(cyclopentadienyl) lanthanides Cp3Ln 

(Ln = Nd, Yb) by the reaction of anhydrous lanthanide(Ill) methanesulphonates 
Ln(OSO,~Cf3h with NaCp in THF. The obtained compounds were characterized 
by elemental analysis, inductively coupled argon plasma atomic and IR sp~trometry. 

T.P. Hanusa el al. [55] reported a cyclo~ntadienyl ring metathesis of Cp3Ln 
(Ln ~ La, Nd, Sin)with bis(pentamethy!cyclo~ntadieny! )calcium Cp~Ca in toluene 
to give mixed toing organolanthanide complexes Cp~LnCp. According to X-ray 

¢¢ns|sts of monomeric units, dil|?action c'rystallography the compound Cp~NdCp - )  ~' ~' 
T_!e in whdl the Nd atom is coordinated by two tl~-C~Me5 and one q~-C~|~i~ rin~s. I ,  

average Nd=C distances [br both the C~Me~ and C#l~ rings are 2.76o~2.79 A. 
toluene 

Cp~Ca + Cp3Ln ~ C p ~  LnCp + Cp2Ca 

D.C. Chadwick and R.A. Andersen [56] published the synthesis and crystal 
structure of [(Me3ChCsH3bCe. This complex as well as [(Me3Si)2C~H3]3Ce were 
obtained by reaction of Ce(OSOzCF3)3 with the corresponding magnesium cyclo~n- 
tadienides Mg(RzCsH3)2 (R =SiMe3, Bu t) in THF. According to X-ray diffraction 
[(Me3C)zC5H3hCe has a monomeric structure with three ordered (Me3C)2CsH3 
rings and C3h symmetry. The average Ce~ring(centroid) distance and 
Cent.~-Ce--Cent. angle are 2.59 A and 120", res~ctively. 

2Ce(OSOzCF3)3 + 3Mg(RzCsHa)2~2Ce(R2CsH3)3 + 3Mg(OSOzCF3)2 

R = SiMe~, Bu t 

H. Schumann et al. [24] prepared the homoleptic tris(tetramethylcyclopentadie- 
nyl) complexes Ln(CsMe4H)3 (Ln= La, Nd, Sm, Tb) by reaction of LnCI3 with 
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Na(CsMe4H) in THF. The complexes Ln(CsMe4H)3 (Ln=La, Sm) were charac- 
terized by X-ray crystallography. The compounds have typical monomeric structures. 
The Ln-CsMe4H(cent.) distances are 261.6(6)pm for lanthanum and 248.91,8)pm 
for the samarium complex. 

W.-K. Wong et al. [57] synthesized neodymium ylide complexes of the type 
(CsH4R)3NdCH2P(Me)Ph2 (R=H,  Bu t) by refluxing of (CsH4R)aNdCI" LiCI wi.th 
one equivalent of Li[(CH2)(CH2)PPh2] in THF. The compounds were characterized 
by single-crystal X-ray diffraction. In (CsHs)3NdCH2P(Me)Ph2 (Fig. 28) the Nd 
adopts a distorted tetrahedral geometry formed by three rlS-Cp-fings and one carbon 
atom of the CH2P(Me)Ph2 iigand. The mean Nd-C(Cp) distances are 2.76, 2.78 
and 2.79 A, and the Nd-C(CH2P(Me)Ph2) distance is 2.O1(2)A. The complex 
(CsH4But)3NdCH:P(Me)Ph2 has a similar structure in which the average Nd~C(Cp) 
distances are 2.82, 2.86 and 2.87 A, and the Nd~C(CH2P(Me)Ph2) distance is 
2.66(2) A. Solution dynamics of the compounds were also studied. The authors 
suggest that there exists an equilibrium in solution: 

(CsH4R)aNd ~-CH 2P(Me) Ph2 + THF ~ (CsH4R)3Nd( THF ) + CH 2 = P(Me) Ph, 

( R = H, Bu t) 

M. Shimizu et al, [58]  u ~  tris(isopropylcyclopentadienyl)lanthanum 
L a(ioC3H~C~H4)~ as a precursor for the preparation of ferroelectfic lanthanum- 
modified lead zirconate titanate (PLZT) thin films by metalorganic chemical vapor 
deposition (MOCVD). Liquid La(ioC~H~CsH4),~ is a promising precursor for 
MOCVD because it is very easy to control its v~por pressure in the process, 

~'t C4 

Fig, 28, Mo|~u]ar stl'uctui~e of [Cp~NdCH~P(Me~.Ph~]~ 
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2.2.4. Complexes with o,clopentadienyl and O,doocmtetraenyl ligands 
W.J. Evans et al. [59] reported the synthesis and structure of a cydooctatetraenyl 

sandwich complex of europium(ll ), [Cp*(THF)aEu]2(p-CsH8). The compound was 
synthesized by the reaction of K_,CsHs with EuCl3 followed by interaction with 
KCp* in THF. At~ording to X-ray diffraction the complex has an inverse sandwich 
structure (Fig. 29), in which the COT ring is located symmetrically between two 
Eu(ll) atoms. Each europium is coordinated by one rls-CsHs ring, one rlS-CsMe~ 
group and two solvating THF molecules and has a formal coordination number of 
10. The Eu-C(Q~Mes) average distances are 2.86(2) and 2.878(7),A. The average 
distances Eu-C(CsHa) for the two europium centers are 2.92(3) and 2.91 (6) A. The 
planar Calls ring is nearly perpendicular to the Eu-Eu vector and the 
(CaHa-cxnt.)oEu-(CsMes-cent.) angles are 139.1 and 137.9 °. 

I. K2CaH 8 
EuCI3 --------~ [(CsMes) (THF)2Eu]a[~- (qs: q8 _ CsHs)] 

2. KCsMe5 

The ylidic olefin complex ( C s H s ) Y C p * C H 2 = =  C N  (Me)C(Me)=C(Me)N (Me) was 
prepared by H. Schumann et al. [60] using the reaction of (CsHs)YCp* with 
1,3,4,5-tetramethyl-2-methylenimidazoline (Scheme 10). The compound was charac- 
terized by X-ray diffraction. In the structure (Fig. 30) the yttrium atom is coordi- 
nated by one qs-CsH8 ring and one qs-CsMe 5 ligand and the exocyclic carbon 
atom of the 1,3A,5-tetramethyl-2-methylenimidazoline iigand (CsHt4N2). The 
Y=o(CsHs-cent.), Yo4CsMes-cent.) and Yo-C(CsHt4N2) distances are 1.895(15), 
2.410i 13) al~d 2.624( I 1 )/k, respectively. 

J. Jin et al. [61] published syntheses and crystal structures of 
(C~H~)Nd (CsI"t,~CsH4)( TH F )2 and [(CaH~)Gd (C~HoC~H4) ( THF)][(C~H~)Gd 
(C~HgC~H4)(THF).,]. The complexes were obtained by the reaction between fine 

C34 

Cl, 

C19t 

C43 

C16 

C24 

C33 

Cl4 ~ c2~,'~l~C2a 

C44 

02 

C42~,~,~.~i~"~ ~ 0 3 ~ C 3 7  

C41 

C2 

C38 

pCl 

C7 

CI0 
C29 

C39 
C30 

Fig. 29. Molecular structure of [Cp*(THF)2Eu]z(p-CHHa)o 

c4o ~---a.J c31 

C28 
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C8 

CI3 

CI:2 

C11 

\ 

C~ 

C:2 

C10 

C4 

C6 

Fig. 30. Mol~ular structure of (CsHs)YCp*[CH~ ~CN( Me)C(Me)=C( Me)N(Me)I. 

I 

(C~I~)Y(CsMes) ~ CH: 

1 

I 

~heme 100 

appropriate anhydrous LnCI3 (Ln ~ Nd, Gd) and C~H~C~H4Na (or K~CsHs} in 
THF (C~H.C~H4~cyclo~ntylcyclopcntadicnyl) followed by reaction with 
K~C~Hs (or CsH~sH,INa) in THF (Scheme ! i). |n the structu~ of 
(CsHs)Nd(CsH~C~H~)(THF)2 (Fig, 31) the Nd atom is coordinated by one 
rtsC H ring, one qsoC~H~C~H,~ ligand and two oxygen atoms of solvating THF 
mol~ules. The Nd a tom has a f~rmal coordination numl~r of 10 and a twisted 
pseudootetrah~tral coordination ar~mgement. The Nd.~(CsHs<ent.) and 
Nd~(C~H,C~H4-~nt.) distances ate 2.011 and 2.5~ A, res~tively, while the two 
Nd~O(THF) distances are 2.654 and 2.619A. The cryslal structure of 
[(CsHs)Gd(CsH~C~H~) (THF)][(CsHs)Gd(CsH,~CsH~)(THF)J consists of two inde- 
pendent complexes, (CsHs)Gd(C~HgCsH4)(THF) and (CsHs~Gd(C~HgC~H4) 
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(:48 
¢ 13 C43 ¢42 

¢ |2 I i 0 ~ ¢ 4 7  
C44 

CI C3| C38 

C2 21 C33 

~ c3s 

0 ~ ¢22 C34 
¢23 

Fig. 31. Molecular structure of (CsHs)Nd(CsH,~CsH.D(THF)z. 

(THF)2. The latter complex has a structure similar to the above-mentioned neodym~ 
ium analogue. The correspondent Gd-(CsHs-cent.) and Gd-(CsHgCsH4-cent.) dis- 
tances are 1.958 and 2.4.64 A, the two Gd~O(THF) distances are 2.629 and 2.617 A. 
in the molecule of (CsHs)Gd(CsHgCsH4)(THF) the Gd atom is coordinated 
by one qs-CsHs- and one qS-CsH,~CsH~-Iigand and an oxygen of only one 
THF molecule. The Gd atom has a pseudo-triangular arrangement and a [brmal 
coordination number of 9. Here the Gdo~(CsHs-ce~lt.), Gdoo(CsHoCsH,~-cent.) and 
Gd~O(THF) distances are 1.875, 2.419 and 2.469 A, respectively. 

LnCI~ + Cs %~CsH4Na . 

Ln ~ Nd, 

Scheme I I0 

2.3. Imhvo,I comph, xes 

W.J. Evans et al. [62] investigated the reactivity of samarium{ 11) in a bis(indeny! ) 
coordination environment and compared it with that of Cp$Sm(THF)2. Reaction 
of the organosamarium(ll) indenyl complex (CgHT)zSm(THF): with excess N20 
yielded the complexes [(C9HT)zSm(THF)]2(~t-O) and (CgHThSm(THF). Treat- 
ment of two equivalents of (C,~H.7)zSm(THF)~ with 1,2-diiodoethane gave 
(C9HT)3Sm(THF) and (C,~HT)SmI2(THF)2. These two compounds could be synthe- 
sized also by reaction of SmCI~ with three equivalents of KC9H7 in THF for 
(C,}HThSm(THF) and by reaction of Sin|3 with one equivalent of KC9H7 ia THF 
for (C9HT)Smlz(THF)z, respectively. Two equivalents of (CgHT)zSm(THF)x also 
react with one equivalent of 1,3,5,7-cyclooctatetraene ~CsHa) to form 
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(CgHT)aSm(THF) and (CgHT)Sm(CsHs)(THF)x. Reaction of two equivalents of 
(CgHT)zSm(THF)x with one equivalent of azobenzene led to (C9HT)3Sm(THF) 
and [(C9HT)Sm(N2Ph2)(THF)]x. The complexes [(C9HT)2Sm(THF)]2(tI-O), 
(CgHT)aSm(THF), (C9HT)SmI2(THF)3 and the 2,2'-bipyridine adduct 
(CgHT)Sm(CaHs)(CtoHsN2) were characterized by X-ray diffraction. In the structure 
of [(CgHT)zSm(THF)]2(~t-O)(Fig. 32) two (C9HT)2Sm(THF) fragments are bound 
by a bridging oxygen ligand. Each samarium is formally eight-coordinated. The 
average Sm-C(CgH~) and Sm-(~t-O) distances are 2.79(6) and 2.078( 1 ) A, respec- 
tively. The structure of (CgH~hSm(THF) is similar to that of other tris(cyciopenta- 

OD 

Fig, 33. Structure of (C~Hv~Sm(CsHsHCloHsN~L 



E 7". Edebnmm. E K Gun'ko/Coordination Chemistry Ret,iews 165 (199Z) t63-237 i ~ )  

dienyl)lanthanide complexes solvated with THF. The average Sm-C(CgHT) distance 
is 2.80(12)A. The complex (CgH~)SmI2(THF)3 crystallizes with two molecules in 
the unit cell. In the structure the Sm atom has a distorted octahedral arrangement 
with the CgH~-rings and iodine atoms in a mer-trans orientation. The average 
Sm-C(CgHT) distance is 2.75(2) A and the two Sm-I bond lengths are 3.130(6) and 
3.113(13) A. The ball and stick structure of (C9HT)Sm(CaHs)(CloHsN2) is shown 
in Fig. 33. 

THF. 15 min 

(CgHT)2Sm(THF).,, + N20 + 

[(CgHT)2Sm ( THF )]2Bt - O) + ( CgH-~)aSm ( TH F ) 
THF. 10 rain 

2(CgH~)2,Sm(THF)~ + ICH2CH21 . . . .  --) 

(CgHT)aSm (THF) + (CgH~)SmI2( I'HF)2 
THF, 15 rain 

2(C9H~).,Sm(THF)., + CsHs + 

(CgHT)Sm(CsHs)(THF L, + (CgHT)3Sm{ THF) 
THF. I h 

2(C,)H~)~Sm(THF).~ + PhN= NPh-- - - -*  

(C,)H~hSm (THF ~ + [(CgH-p)Sm(N.,Ph2) (TH F)]~, 

Z. Ye et al. [63] reported the synthesis and molecular structure of 
[Na(THF)(,][(qs-C,)H.~hPr(~t-Cl)Pr(qS-CgH.t)3]. The complex was obtained by the 
reaction of P~13 with sodium indenide (molar ratio 1:0.8) in THF. The structure 
consists of the [(q%CgH~)3Pr(~-Cl)Pr(q~-C,,H~):d '~ anion and a [Na(THF)~,] + 
cation. In the" ' t . . - s amo~ two praseodymium metal center, are bound by the bridging 
chlorine atom, Each Pr atom is coordinated by three indenyl and one chloride ligand 
to form a distorted pseudootetrahedra! geometry. The Pr,,C(Coti~) distances range 
t~om Z730(9) to ,,.937(7) A while the [ r~CI bond length is Z8272(6) A. 

The same authors [641 prepared the complex tris(indenyl)(tetrahydrofuran)o 
praseodymium, (CoH~hPr(THF), by reaction of PrCI3 with sodium indenide in 
a 1:0,8 molar ratio in ~FHF solution. The complex crystallizes with two dis- 
connected structural isomers in one asymmetrical unit [(C,~H~)3Pr(I)OC4Hg] 
[(CgH~hPr(2)OC4Ha] (Fig. 34). Each Pr atom is coordinated by three q%CgH7 
ligands and one THF molecule and has a distorted pseudo-tetrahedral arrangement. 
The average Pr( 1 )-C(CgH~) and Pr(2)-C(CgHT) distances are equal with 2.836 A. 
The Pr( 1 )-~O(THF) and Pr(2)~O(THF) distances are 2.553(4) and 2.542(4) A. 

2.4. Complexes with heteroatom five-membered ring I&ands 

H. Schumann et al. [65] reported the synthesis and X-ray structure of the monopyr- 
rolyl complex (pyr*)YbCI2(THF)2 (pyr*=NC4HhBu2-2,5). The compound was 
obtained by the reaction of YbCI~(THF)3 with Na[pyr*] in THF. In the structure 
(Fig. 35) the Yb atom is coordinated by the azacyclopentadienyl ligand 
(NC4H~Bu2-2,5) in ~-fashion, two chlorine ligands and two THF molecules. The 
Yb has a distorted trigonal bipyramidal coordination environment with both chloride 
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c2-- .C~c3 
CI~.¢~,~  C 4 C7 

"~"k-~=\ /7"k, ~cn:t 

C~ O..J/.  %.. ' '  C,~ 

Fig. 34. Structure of [(CgH ~hPr( 1 )~4Hs][(C~H~hPr( 2)OC4Hs]. 

C|3 

C|2 

t¢~2 

¢6 

e~ 

Fig, 35, Mol~ular ~lructur¢ of [(pyr~)YbCI~(THF)~] (pyr* ~ NCaH[Bu~oL5 L 

and pyrrolyl ligands in the equatorial and the oxygen atoms of the two THF groups 
in axial posmons, The Yb@yr (cent.) distance is 232.6 pro, the two Yb-CI bond 
lengths an  251.2(!) and 252.!(2)pro, and the YbO(THF)  distances are 229.5(3) 
and 232.0(3) pro. 

YbCI ~(TH F )3 + Na[ pyr*]-.( pyr ~) YbCla( THF )r + NaCI 

(pyr ~ NC4H~Bu~ = 2,5) 

F, Mathey el ~d, [(~] prepared and ch~raclerized by X-ray diffraction 
several phospholylsamarium(lll) complexes, Reaction of KTmp (Trap= 
2,3~4,5otetramethylphospholy!) with SmCI3 in a 3:1 molar ratio in toluene yield~ 
the complex [(Tmp)6Sm~(KCl)~(CvHshk, According to X-ray crystallography 
the com~3und has a polymeric structure (Fig. 36), which is made up of two 
crystaliographicaUy different eight-mem~red rings [Sml =PI 1 =KI =CII ]2 and 
[Sm2=P45=K2oCI2h connoted by [SmI=~=K2| and [Sm2-P40-KI] links. Each 
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i ~ 

C19 C~ C22 

Fig. 36. Structure of [(Tmp}~,Sm~( KC! }~(C~Hsb],. 

Sm atom is coordinated by two Trap ligands in n-fashion, one Trap ligand through 
the phosphorus atom and one bridging Cl atom to give a pseudo-tetrahedrai arrange- 
ment. The Sm~P bond lengths r~mge from 2.92 to 2.95 A. The K atom also has a 
pseudo-tetrahedral environment formed by the one n-coordinated Trap ligand, one 
~-toluene molecule, one bridging chlorine atom and one phosphorus atom of the 
Trap ligand tYom another unit. The K~C(toluene} bond lengths range tYom 3.17 to 
3.55A -and the K~CI distance is 3.00A. The complex [(rl%Dmp)4|~l-(q~,q~) ~ 
Dmp}zSm~] (Dmp~ 3,4.dimethylphospholyl) was synthesized in a similar manner 
l}om KDmp and SmCb in a 3:1 molar ratio in toluene. According to an Xoray 
dflilactl~n study the compound ha. a dimeric structt~re in which two 
(q~-DmpjaSm fragmen|s are bridged by two po(q~,q~)oDmp ligands. Once again 
each Sm atom has a pseudo-tetrahedral coordination arrangement. 

2.5. Complexes with o,clooctatelraenyl Iigamls 

H. Schumann and F.T. Edelmann et al. [67] published the synthesis and character° 
ization of monomeric (cyclooctatetraenyl)lanthanide benzamidinate complexes of 
the type (CsHs)Ln[4-RC6H4C(NSiMe.O2](THF) (R = H, OMe; Ln = Y, Ce, Pr, Nd, 
Sin, Tm, Lu: R =CF3; Ln=Y, Tin, Lu). The compounds were synthesized by 
reactions of [(CaHa)Ln{~I-CI)(THF):]2 or [(CsHs)Ln(Ia-OsSCF3)(THFh]2 with 
Na[4-RC6H4C(NSiMe3)2] (R=H,  OMe, CF,d or Li[PhC(NSiMe3)2] in THF 
(Scheme 12). [(CsHs)Ln(B-CI)(THFh]2 (Ln=Ce, Pr, Nd, Sin) was also reacted 
with Li[PhzP(NSiMe3h] in THF to give the correspondent (cyclooctatetra- 
enyl) [diphenyl-bis(trimethylsilylimino)phosphinato] complexes (CaHs)Ln[Ph2P 
{NSiMe3h](THF). The molecular structures of (CsHa)Tm[PhC(NSiM%)2] 
(THF), (CsHs) Lu [4-MeOC(,H4C(NSiMe3)2](THF) and (CsHs)Nd[Ph2P 
(NSiMesh](THF) were determined by single-crystal X-ray diffraction. The crystal 
structures of (CsHs)Tm[PhC(NSIMe3)2](THF) and (CsHs)Lu[4-MeOC~,H4C 
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(NSiMe3)2](THF) (Fig. 37) are similar with the exception that the thulium com- 
pound contains solvent molecules (toluene~ in the unit ceil. In both complexes the 
Ln ÷ a ion is coordinated by one na-CsHa ring, two nitrogen atoms of the chelating 
~nzamidinato ligand and one THF molecule. In the thulium complex the 
Tm~CsHs(cent.) distance is 179.0 pm and the two Tm-N bond lengths are 234.0(4) 
and 234.7(3)pro. In the lutetium compound the corresponding Lu-CsHs(cent.) 
and Lu-N bond lengths are 175.6, 230.8(3) and 232.4(3)pm, respectively. In the 
stntcture of (CaHe)Nd[Ph2P(NSiMea)z](THF) (Fig. 38) the neodymium is also 
~ordinat~ by one qa-CsH s ring, two nitrogen atoms of the chelating 
diphenyl-bis(trimethylsilylimino)phosphinate anion and one THF molecule. The 
PNzNd-cycl¢ is almost planar. The Nd-CsHa(cent.) distance is 195.5 pm and the two 
Nd~N bond len~hs are equal (247.2(3) and 247.3(3)pro). The isolated completes 
were also fully characterized by ~H, t3C, 29Si, :~tp NMR, MS and Raman spectra. 

M. Dolg et al. [68] carried out large-scale state-average multi-configuration self- 
consistent field, configuration interaction, averaged coupled-pair functional and 

C2: 

Cd 
c3 ~ . . . .  ,K l ]c t6  

Fi$~ ~7, Stl~uctut'e of (C~H~)Lu[4oM~7~H~C( NSiMed~](THF L 

Fig, 38, Structmve of (C~H~)Nd{Ph~P( NSiMe~)J~ THF L 
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Scheme 12. 

spin=orbit configuration interaction calculations ibr the cerocene sandwich complex 
Ce(C~Hsh. On the basis of these calculations the authors concluded that 
Ce(CsHsh is essentially a Ce(III ) compound, i.e. a Ce :s + ion with a 4f i configuration 
and iwo ~sr~i ligands. The covalent contributions to metaLring bonding in 
C,e(CsHs)z result mainly from the cerium 5d orbitals, whereas the 4f orbitals retain 
an atomic-like character in the molecular environment. The calculated 
Ce=CsHgring) distance of 2.0:5 A still shows a substantial error when compared to 
the experimental value of 1.97 A. 

2.6. Organolanthanide complexes in organic synthesis 

R.M. Giuliano et al. [69] used methylcerium compounds for additions to 
pentodialdo-l,4-furanoses. The addition of a methylcerium unit to incorporate the 
branching methyl group at C-3 in a 2.deoxyfi~ranosid-3-ulose was found to be 
superior to either Grignard reagents or methy!litium. 

J.W. Tim~rlake et ai. [70] reported the use of CH3CeCI2 for the preparation of 
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2-(2,4,6-tfimethyiphenyl )-2-propanol and 2A,6-trhiaethylacetophenone. It ,v,,s found 
that a single addition of CH3CeCI2 to 2,4,6-trimethylbenzonitrile led to the imine, 
while it was necessary to add CH3CeCb twice to p-methylbenzonitrile in order to 
obtain the corresponding imine, (Scheme 13). 

", CH~C~ ~. ~ ~ H~o=~ 

Scheme 13. 

J. Betz and M. Heu~hmann [71] reported the formation of homoallylic amines 
(Z.diastereomers) from the appropriate imines in the presence of vinylcerium 
dichloride (~heme 14). The intermediate CH~=~CHCeCI2 was prepared from 
CH~ ~CHMgBr and CcCh. The use of CH~ ~:~CHCeCI2 enabled the authors also to 
tr~nsform some chiral imines to l-pr~ucts with high diastereoselectivity. 

RI~J~R ~ R ! ~ R~ R ~ 

R ~ ~ Me, PI~ or 4,,MeOC~I~ ', R ~ ~ Me, or H ; 

R ~ ~ C~Ph, ~ C~r-CH2OM¢ or CHMc~CH~OMe 

~hcme 14. 

G, Ulibarri ¢t al~ [72] reported the reaction of dichlorocerium trimethylsi!ylacety- 
lide with an ~,y-un~turated ketone (~heme 15). 

M e O , C , ~ ~ , , , ~ ' ~  ~ , s ~ c ~ L  M ~ : : ~ h . , ' ~ - - - "  ) 

P,M.J. Jung et al. [73] also employed cerium ~rimethylsilytacelylide additions to 
3'~ketonueleosides (~heme 16). The ethynylcerium reagents (RCeCi~) gave the best 
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yields and the highest degree of diastereoselectivity for ribo- and xylo-derivatives, 
respectively. 

R'O e 

THF, -78"C 

R'O--~ n 

H O ~ T B D M S  

R' = T B D M S  or H ; R = TMS-C--=:C-; Base  = A d e n k ~  or  Uracil 

T B D M S  =tert-butyldimcthyhilyb; 'RM" = RLi, R2C¢C! or RCeCIz 

Scheme 16. 

M. Kunishima et al. [74] found alkynylsamarium derivatives to be involved as 
intermediates in Smlz-mediated coupling reactions between iodoalkynes and ketones 
or aldehydes (Scheme 17). The reactions led to the formation of propargyl alcohols. 

O Sml.+ R ~ H  
R ~ I  + l L RtJ R'~, Sok~I~I-HMPA R 2 -"-  

R = n-Cdt,7; R* = R 2 =Bu 

Scheme 17. 

H. Ya,+suda+ et al. [75] used Cp~SmMe(THF) as initiator for syntheses of mono+ 
dispersed methyl methacrylate (MMA) oligomers (M, ~ 2500; M~/M, < 1.10)0 The 
oligomerization proceeds . . . . .  via a samarium enolate as the propagating species," +'+-s and 
lhe teat!ion of the living o!igomer wi|h p-toltmldel!yde produced p+tolyl hydroxy+ 
+!~ethyl+tcimm,:~lct o l i g o M M A  {,,,+ . . . . .  18). 

2. L Organolanthanule cataO,sis 

X. Yang et al. [76] patented the organolanthanide hydrides [(CsMes)2LnH ]2 ( Ln = 
Sin, Lu) as catalysts for the copolymerization of methylenecyclopropane and simple 
olefins {ethylene, propylene or styrene). The polymerization goes via a lanthanide- 
mediated [3-alkyl shift ring-opening process and results exomethylene functionalized 
polyolefins of the type {-(CHzCHR)+,+-[CH2CH:~C(CH2)]~, ,~,~} (R =H, CH3 or Ph). 

P.-F. Fu and T.J. Marks [77] reported that PhSiH~ is an efficient and selective 
chain transfer agent in a-olefin polymerization and copolymerization catalyzed by 
[Cp~'LnHh (Ln=Y, La, Sin, Lu) and [Me2Si(CsMe4)2]LnCH(SiMe3)2 (Ln=Sm, 
Nd). Some characteristic data of the ethylene polymerization are presented in 
Table 1. Organolanthanide-catalyzed ethylene/l-hexene and ethylene/styrene copoly- 
merization processes were also investigated. 

T.J. Marks et al. [78] investigated the stereocontrol in the polymerization of 
methyl methacrylate mediated by ci:~ral organolanthanide metallocenes. Hydride, 
hydrocarbyl and amide bis(cyclopentadienyl) complexes (Scheme 19) were used as 
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RCHO 
Me 

~MMA)=., 

R Me 

" - ~ ~  COOMe 

H ~ 

~heme 18, 

R Me 
I I 

COOMe 

Table I 
Ethylene polymeri~tion catMy~zxi by organolanthanide complex~ in the p~nc¢  of PhSiH~ [77] 

Cat~lDt/ PhSiH~ Reaction Yield Activiiy (kg of PE/mol M~ 
ptee~lMy~t (M) ti~e (ram) (g) of Lnatmh) (× I0 ~'~) 

M~/M~ 

[C:~ ~mv| ]~ 0.02 3 1.30 897 98 6 1.8 
[Cp~mH]~ 0°03 4 |,5S 776 7S°| 2,1 
{cp~SmHh 0~0~ ~ 0,69 713 $7o 2~| 
[Cp~SmHh 0~24 ~ 0,80 8~7 7~6 4~ 
[Cp[SmH]~ 0~74 2 0~33 342 4.4 4.3 
[Cp~LuH]~ 074 4 o,~0 ~74 ~¢~ 
ICp|YHh o~74 2 o ~  3~ a~9 2.~ 

[M¢#i(C~M¢~)~ 0.74 25 O,M 2~6 2.9 
Sm=CH(SiMe~h 

precatalysts in these plusses ,  The achiral hydride pr¢catalysts yielded syndiotactic 
PMMA with narrow polydispcrsities (Mw/Mn~ 1.02-1.05 ). The polydispcrsity of 
PMMA from the chiral and achiral hydrocarbyl precatalysts are larger than those 
from the hydride precatalysts, and amide prccatalysts gave the highest poly- 
dis~rsities. 

W3, Evans et ak [79] studied the samarium~atalyzed ~lymerization of ethylene 
under hydrogen by field desorption mass s~trometD'  (FD-MS). The complexes 
Cp~Sm, Cp~Sm(THF)~, [Cp~Sm(~-H)]2, [Cp~Sm|2(PhCHCHPh), [Cp~Sm]2 
( P h C ~ )  and [Cp[Sm]~(PhC,~Ph) were used as catalysts. According to FD-MS the 
v~iety of p~ursors  ga~ the ~me FD-MS data, which confimlcd the ex_istenc¢ of 
one common prima~ catalytic cycle for all of these samarium complexes. The 
mechanism of the ~lymeri~tion p r o s  is presented in Scheme 20. The FD-MS 
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g = H, CH(SiMe~h 

t , .  I 

t 
t 

I 
! 
! 
| 

I 
t 
| 

i 
| 
| 
| R* , 
t 
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~ 
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A 

I + b ~ n ~  I {obm¢~l 

Ln ~Y, g~ CH(SiMea)2 or H; 

Ln ~ La, g = N(SiMe3)2 

Scheme 19. 

Ln ®Sin, g ~ CH(SiM¢~)2, 

Ln = Lu, g = N(SiM¢3)2 

and NMR data on the formation of D-(CH2CH2).-D from CH2~CH2 under D2 
and H4CH2CH2).-H from CD2=CDz under H2 were consistent with the termina- 
tion of the polymerization by hydrogenolysis. The 13-hydrogen elimination is not 
competing with hydrogenolysis as a termination mechanism. The data showed also 
no evidence for radical-based polymerization in the system. Styrene was not polymer- 
ized by these compounds but according to FD.MS styrene could be incorporated 
into the polyethylene. 

H. Yasuda et al. [80,81] also used Cp~SmMe(THF) and Cp~'YMe(THF) as 
catalys~s for living polymerizations and copolymerizations of alkyl acrylates. Some 



e& 1 + CH2=CH2 

kemc 20. 
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bis-lanthanoid initiators M-L-M (M - organolanthanide complex, L - function- 
alized linking group that is covalently bound to each of the two metal atoms). The 
catalyst Cp.,*Sm(~t-qa-allyl)(ll-q3-allyl)SmCp~ polymerized acrylate esters or Iac- 
tones (A) to give narrow molecular weight distribution polymers of formula 
(A).(L)(A)m (L - (CH2)6). The addition of a second monomer (B) led to triblock 
copolymers of the type (B)o(A).(L) (A)m(B)j, (Scheme 21 ). 

2n monomer A 
Cp,zSm(Knker)SmCp, 2 - -  -.~ CP*aSm(A)a(lmkerXA)hSmCp* 

2n monomer B cleavase from ~. (B)a(A).0inkerXA)a(B) n 
- - °  ~ "  c a t a l y s t  

Scheme 21. 

H. Yasuda and E. lhara [83] patented the preparation of a block copolymer of 
an olefin and an ethylenically unsaturated monomer (0~-olefins with 3 and more 
C-atoms, vinyl and vinylidene compounds) or lactone by using bis(cyclopcntadienyl) 
complexes of the lanthanides, scandium or yttrium with bridged Cp-ligands ( Fig. 39), 
wherein Cp is a cyciopentadienyl ring; R 1 is a substituent on the Cp ring (an alkyl 
group or a silicon-containing hydrocarbon substituent) having 1 to 20 C-atoms; X 
is a divalent hydrocarbon or a silicon-containing hydrocarbon unit having 1 to 20 
C-atoms: j is an integer from 1 to 5; R2 is an aikyl group or a silicon-containing 
hydrocarbon unit having 1 to 12 C-atoms; R3 is an alkyl group having I to 20 

y R+ 
'(Donor)+ 

(i) 
Ln. a ttivak~ rare earth tmtal 
(Sc, Y or landm~e) 

(2) 
L~ a divalent rare earth metal 
(Sin, Eu or Yb ) 

ST~//2"Me3Sb4"tBa" R R4 

2-M%Sb4-tBt~Cp 

s ~ / ~ L a  ,,0~onor), 
2+M¢3Sb4-tI~C p 

O) 
La- a uivaZem rare earth ~ 
(So, Y or ~ )  

(4) 
L~ a d i v a ~  r ~  e a ~  n ~  
($nx ~ or Yb ) 

Fig. 39. Catalysts for preparing block copolymers of monoolefins. 
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C-atoms; R 4 is a methyl or a bis(trimethylsilyl)methyl group; Donor is a compound 
selected from the group consisting of a ketone, an ester, an ether and an amine 
having 1 to 12 C-atoms; n is 0 or 1; m is an integer of from 0 to 2. 

P. Biagini et al. [9] investigated the catalytic activity of new 
Ln(~6-arene)(AIX~R)~ derivatives in the po lyme~t ion  of butadiene and ethylene. 
A_IH(~o-Bu)~ and MgBu, were used as cocatalysts. Some results of butadiene and 
ethylene polymerization with the MgBu~ cocatalyst are presented in Table 3 and 
Table 4, respectively. 

F. Xu et al. [84] published the selective dimerization of butanal to afford 
butyl butyrate catalyzed by (CsH~But)~LnCI (Ln=Yb, Er), (C~H4Me)zYbCI, 
(CsH~But)LnCI2 (Ln=Yb, Nd) or (CsH4Me)YbCI2 in the presence of n-BuLl at 
0 °C. The yields of butyl butyrate were found to be dependent on the lanthanocene 
complex structures. 

B.-J. Deelman et al. [85] reported the oligomerization of 2-cycloalken-l-ones 
cataly~d by organolanthanide hydrides of the type [Cp~'LnH]z (Ln = Y, La). It was 
found that [Cp~LaH]2 complex showed a higher activity (~ 150 mmol monomer per 
tool precatalyst per hour at 25 °C) than the yttrium analogue (~  100 h-~). The 
average degree of oligomefi~fion of 2.7=3.5 at 25 °C increased at higher reaction 
tem~rature (by 15 at 100 °C). The authors reported also that the complexes 
[Cp~LnH]2 (Ln=Y, La) were active catalysts for the oligomerization of 
2-eyclohexen-l-one. 

Table 3 
Butadiene ~lymeri~ation in the pre~n~ of the ATHAL/MgBuz catalytic system (ATHAL .... a toluenic 
~olution of c~aly~! ob!~i.n.¢d_ by t.he reaction of lhe parent Ln(qO°areae)(AIX~)0~ with 1.5 equivalents of 
AIH(/so~Bu)~) 

Ln ( rl%~ ~ue) ( AIX4)~ Time Co|-t v = 1,4oc4,~ ~ 1,4ormns 1,2- Mw M./M. 
(mia) % ( )  (%) (%,) (%) ( ~ I0 ~) 

[&(~A%C~H~Me) (AICI~)~ 20 92 96.9 2,2 0~9 81)7 12 
Pr(~oCoH~Me)(AII4)~ 30 94 88.2 10,8 1.0 408 9 
Nd01~oC~HsMe) (AICI4)~ 15 73 97.4 1.8 0.8 994 7 
~ (rI~=C~HsMe)(AICI4)~ 15 70 86.8 12.8 0.4 n.d. n,d, 
Y(rI6-C~HsMe)(AICI,~)~ 20 87 0.4 99~5 0.I n.d. n.d, 

Table 4 
Ethylene polymeriTation in the preface of the ATHAL/MgBu~ catalytic system (ATHAL .... a toluenic 
solution of catalyst oblained by the reaction of the parent Ln(q~.arene)(AIXa)~ with 1°5 equivalents of 
AIH (tso- Bu )~ ) 

La(~l~°arene)(AIX~h T P Time 
(~C) (a~na) (min} 

Nd (rt~oC~,H~Me) (AICla)~ 50 5 
Nd(la%C~HsMe)(AICI4)~ 70 6 30 
Y(q~C~HsMe)(AICla)~ 70 6 60 

Activity = g polymer × g of Ln ~ a × arm ~ t × h ~ .  

Activity M,~ Mw/M. 

91 495 1| 
148 598 32 
170 616 8 
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T. Imori et al. [86] published the dehydropolymerization of secondary stannanes 
to high molecular weight polystannanes by metallocene catalysts including 
Cp~SmCH(SiMe3)2. The latter catalyst produced only small oligomers with 
Mn =600 and Mw = 1000. 

T.J. Marks et al. [87] investigated regioselection and enantioselection in olefin 
hydrosilylation catalyzed by organolanthanide complexes Cp~LnCH(SiMe3)2 
(Ln-Y,  La, Nd, Sin, Lu), Me2Si(CsMe4)2SmCH (SiMe3)2, 
Me2Si (CsMe4) (R*CsH4)SmCH (SiMe3)2 (R* = chiral auxiliary). 

According to NMR studies the first Ln-C/Si-H initiation processes are a major 
pathway for hydrosilylation and warrant additional scrutiny. 

L,SmCH (SiMea)2 + PhSiH a -'* L,SmH + Phil 2SiCH (SiMe3)2 

An increasing Ln ÷a ionic radius correlates with increasing hydrosilylation 
turnover frequencies and 2,l-regioselectivity for styrenic and related olefins. 
Opening the metal coordination sphere by connecting the ancillary ligands 
(Cp~Ln-~Me2Si(CsMe4)2Ln or Me2Si(CsMe4)(R*CsH4)Ln) also effected a further 
enhancement in both turnover frequency and regioselectivity. The rate of styrene 
hydrosilylation was depressed by strongly a-electron-withdrawing para substituents 
and was slightly accclcrated by more n-electron-releasing para substituents (e.g. 
OMe). The observed turnover frequencies were as high as 400 h -~ (60 °C) for 
styrenic olefins and > 1000 h-~ (90 °C) for l.hexene. The chiral organolanthanide 
prccatalysts Me2Si (CsMe4)[(-)menthylCsH4] SmCH (SiMe3)2 ((R)-Sm) and 
Me2Si(CsMe4)[(-)menthylCsH4]SmCH(SiMe3)2 ((S)-Sm) effected the enantioselec- 
tire hydrogenation of 2-phenyl-l-butene (Scheme 22) with turnover frequencies in 
the order 9000° 19 000 h ~ t at 25 "C and 1.0 arm of H2. The kinetics of the hydrogena- 
tion obey the following equation: v=k[Sm]*/2[o!cfin]°[H~] t. D~O qucnchh~g of the 
asymmetric hydrosilylation gave PhCD(CH3)(CH2CH3) and PhSiH2D as products. 
Cyclohydrosilylation of 1,5.hexadiene catalyzed by the samarium comp- 
lexes Cp~SmCH(SiMe3)2, Me2Si(CsMe4)2SmCH(SiMc:02 and Me2Si(CsMe4)[(~°) 
menthyICsH4]SmCH(SiM%)2 ((R)-Sm) yielded four major products (Fig. 40). The 
probable hydrosilylation m~hanism is considered to be that of the analogous olefin 

O) (2) 

Pl~Si 
(3) (4) 

Fig. 40. Products of cyclohydrosilylation of 1,5-hexadiene catalyzed by organosamarium complexes. 
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hydrogenation process, with rapid olefin insertion into the Ln-H bond followed by 
turnover-limiting Si-H/Ln-C transposition. 

~ + ~ 
cata~t ~ (s)-(+) 
l~ptare ~___...~ 

(R)-(-) 

Scheme 22. 

G.A. Molander and W.H. Retsch [88] reported the selective hydrosilylation of 
alkynes catalyzed by the organoyttrium complex Cp~'YMe(THF). The hydrosilyl- 
ation of a symmetrical alkyne (5-decyne) yielded a single stereoisomer (E)-alkenylsi- 
lane. The reactions of unsymmetriol alkynes gave not only a single stereoisomer 
but ~t1~o only one regioisomer in high yield. The proposed catalytic cycle is shown 
in ~heme 23. The use of Cp~YbCH(SiMe3)2 as precatalyst enabled to improve the 
regioselectivity for hydrosilylation of unsymmetrical alkynes. 

Cp*2YMe(THF) 

: PhSi]t~ 

H 

Cp* ~ C~Me~ 

 cp', L ..vcp., 

~hcl~lc 2L 

G,A, Molander and P.J, Nicots [89] also published sequential cyclization/sily!ation 
reactions of 1,5odienes and 1,6-dienes catalyzed by Cp~YMe(THF), The reaction 
tolerates a humor of functional groups and proceeds with good yields and diastereo- 
selectivities, The obtain~ phenyisilane products can ~ easily converted to syntheti- 
cally more versatile alcohols (~heme 24), 
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phs~ 
Ph cyek~sar~ 

Ph 1. HBF4-OEt,, Ph 

iPhH2 2. KF, KIICOa, t~O, 
THF, MeOH 
reflttx. 18 h 

Scheme 24. 

J.H. Teuben et al. [90] investigated the organolanthanide complexes 
Cp.,*LnCH(SiMe3)2 (Ln=Y, La), Cp~YMe(THF), [Cp~YH]2, Cp2YCH(SiMea)2 
and Cp2YCH(SiMea)2(Et20) as catalysts for the hydroboration of l-hexene using 
catecholborane as boration agent (Schen~e 25). The complex Cp~LaCH(SiMe3)2 
exhibited the highest activity, but the yttrium analogue was found to be much 
less active. Other permethylyttrocene compounds such as Cp~YMe(THF) 
and [Cp~YH]2 were moderately active, while the sterically more accessible 
Cp2YCH(SiMe3)2 and Cp2Y[CH(SiMe3)2](Et20) showed an increasing acti- 
vity. Benzamidinato complexes such as [PhC(NSiMe3)z]2YCH(SiMe3)2, 
[PhC(NSiMe3)2]2YCH2Ph (THF) and [PhC( NCMe3)2],YCH (SiMe3)2 were also cat- 
alytically active but the activity was essentially lower than that of the CP~ 
LaCH(SiMe3).,. 

1~"~"'~ "+'\BH 3.3 ~,1% m~tdeoml2__~ 
+ C~)o, 23 °C 

Scheme 25. 

N.S. Radu and T. Don Tilley [91] investigated the mt~hanism of 6-bond metathesis 
reactions of Cp~SmCH(SIMe3)+' ~ + with silicon~hydrogen bonds. The study showed flint 
a seemingly simple 6-bond metathesis process in fact premeds by a more complex 
autoc~mdytic mechanism medialed by a reactive hydrkte complex (~heme 26). 

initiat~n 

I~C(SiMe3)2 Cp*2Sm-H " ~  //H2Si(SiMe3)2 

Cp* ~ rP°C~M¢~ L 

Cp,zSm.CH(SiMe+) 2 H2 Cp,zSm.S~(ShMe:+~ 

Scheme 26. 

M. Takeno et al. [92] reported the organosamarium complex Cp~'Sm(THF)2 to 
act as a catalyst tbr a new type of coupling reactions of vinyl esters with aldehydes 



214 F. I". Edelmann, ).K. Gun'ko / Co~dination Chem~try Reviews 165 (1.~7) 163-237 

(Scheme 27). The reactions led to the corresponding diesters in good yields. The 
proposed m~hanism might involve an eight-membered alkoxy samarium :intermedi- 
ate with the subsequent intramolecular hydride shift reaction to give the diesters 
and regenerated samarium species. 

o o Cp*zS~TSFh 
; ~ o " " %  + ~ ' ~ H  . 7  ~. 

R ~ m  

o ~ o 

R,, ~ CH~, I~ = CH~, c-C6H~, rn-C~H~, CH(CH~)z,, C(CH~h,C6H s, 2-CH~C6H4, 
4-CH:~C61~, 4,-ClC6H~; g~ ~ n-CsH)), CH~=CH, CH~CH~H, R~ = C6H s 

Scheme 27. 

3. Acfi~d~ 

3. I. Actinide complexes without supporting cyciopenta&'enyl ligand~" 

3.1.1. Alkynyl and a-hydrocarbyl complexes 
D. Baudry et al. [93] published the synthesis and reactivity of alky- 

ny! (silylamido)uranium complexes, [{N(SiMe3h}.~U~C~CRI(R~C(CH0.~, 
(CH2),CH3, n ~ 2~5). The compounds were obtained by reaction of 
[{N(SiMe~d~}2UCH~SiMe~NSiMe~] with the appropriate terminal a!ky~es. 
Treatment of ~he a!kynyl(silyiamido)uranium compiexes with a stoichio~ 
metric amounl of acetone led to the corresponding uranium a!koxides 
[{ N(SiMe~)2} :~U=O=CMe:C~CR]. The following hydrolysis of the latter complexes 
with aqu~us HCI afforded the ~°acetylenie alcohols. 

[{N(SiM%h)~UCH~SiMe~NSiMe3] + HC ~CR-* 

[{N(SiMe3h}aU-C ~CR] R ~C(CH3)3. (CH.,),CH~. n=2 ....... 5 

[{ N(SiMe~h),~U ~C ~CR] + Me~C ~0~* 

[{ N (SiMe3h } 3U - O  - CMe2C ~ CR] 

[{ N(SiMe3):} 3U-O-CM¢~C ~ CR] + H~O + -~ H~Me, ,C ~ CR + [U ] 

A. Pires de Matos et al. [94] reported the synthesis and reactivity of 
hydrotris (pyrazolyl)borate o°hydrocarbyl uranium(IV) complexes The 
com~unds [ UCI~(2.CH~C6H~NMe~)L*] and [ UCI~(2-C6H4 CH~NM¢2)L*] (L* = 
HB(3,5.Me2p~)~) we~ synthesis| by treatment of [UCI2L*(THF)] with 
Li(2-CH~C6H4NMe~) and Li(2~C6H4CH2NrM¢2), resp~tively. The i~lated com- 
pounds wen characterized by their elemental analyses, IR and !H NMR spectra. 
The complexes [UCI~(2-CH2C6H4NMe2)L*] and [UCIz(2-C6H4CHzNMegL*] were 
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found to exhibit fluxional behavior in C6D6 solution at room temperature. 

[UCI2L*(THF)] + Li(2-CH2C6H4NMe2)~ 

[ UCI2( 2 - CH2C6H4N Me2) L*] + LiCI 

[UCI2L*(THF)] + Li(2-  C6H4CH2NMe2)-+ 

[ UCI2(2 - C6H4CHzNMe2)L*] + LiCI 

M. Ephritikhine et al. [95] published the synthesis and crystal structure of the 
novel cycloheptatrienyl sandwich complex [K(C12H2406)][U0"I-C7HT)2]. Reaction 
between UCI4, metallic potassium and an excess of cycloheptatriene in THF gave 
the complex K[U(q-C.~H.~)2]. Subsequent treatment of K[U(rI-C-~HT)2] with 
18-crown-6 in THF yielded crystals of [K(Cj_,H2406)][U(q-CTHT)z]. The complex 
was also alternatively prepared from UCI4 or U(BH4)4 and four equivalents of 
KCTH9 in THF followed by addition of 18-crown-6 to the filtered solution. 
Acco=ding to X-ray diffraction crystallography the complex consists of discrete 
[K(18-crown-6)] + cations and [U(q-CTHT)z]- anions. The anion [U(q-CTHT)2]= 
has a sandwich structure with two parallel cycloheptatrienyl rings in a staggered 
conformation (Fig, 41 ). The U~C distances are equal within experimental error with 
an average value of 2'53(2) A. The question of the uranium oxidation state in the 
complex is discussed. 

3.2. Cydopentadienyl complexes 

3.2.1. Mono(cyclopentadienyl) complexes 
M.F, Lappert et al, [96] prepared two new mono(cyc!opente.dienyl )thorium(iV) 

compounds. [IThCp C!3hNaC!(OEt~)}2] and [ThCp"'Cl~(pmdeta)] (Cp"'= 
q-C~|ol~(SiMe:O~.l.2A; pmdeta= MeN(CHSH~NMeDD. The complexes were syn- 

NaCp "' " ' thesi,zed by reaction of ThCh with ~ , or [NaCp"'(pmdeta)[. The compGund 
[{ ThCp"'CI3)2NaCI(OEh)}2] was characterized by X-ray diffraction. The structure 

C(4~] C(O9 

C(SW) C~ 

C(S") C(5~ 

C(~ C(4) 

Fig. 41. Structure of [U(rpCTHTh] ~" anion. 



216 E T. &~h, hnann. E K. Gun'ko / Coordination Chemistry Reviews 165 (199D 163-237 

is tetranuclear (two Th and two Na atoms) and contains eight la2- and two 
I,t3-bridging chloride ligands. Each thorium atom has a distorted octahedral arrange- 
ment. Th is coordinated by a Cp"' and one triply bridging chloride ligand in axial 
positions and by four laz-bridging chlorides in equatorial positions. The two 
Th-Cl(~3) dis~nces are 2.857(3) and 2.875(2) ,~k. The Th-CI(p2) bond lengths are 
2.849(3) and 2.861(3) A. 

D.M. Barnhart et al. [97] synthesized the mono(cyclopentadienyl)thorium com- 
plex [(rI-C~Hs)Thz(O-i-Pr)7]3 by the reaction between ThBr4(THF)4 and one equiva- 
lent of TlCp in THF follow~ by addition of three equivalents of KO-i-Pr to the 
mixture. According to X-ray diffraction studies the hexanuclear complex has a cyclic 
structure in which three binuclear [(wCsHs)Th2(O-i-Pr)7] units are linked together 
by the bridging (la-rlS:rlS)-cyclo~ntadienyl ligands (Fig. 42). Each thorium is coordi- 
nated by an rlS-cyclopentadienyl ring, three brid#ng and two terminal iso-propoxide 
ligands to give a distorted octahedral geometry. The Th-C(Cp) bond lengths range 
from 2.95(2) to 3.02(2) A and the three Th~Cp(cent.) distances are 2.748(3), 2.75(3) 

~{)A) 

C(22A) 

Xg) 

Of a) 

1 ~ %, 

¢¢:~, " \  " ,  ",! f 

C(10~ 

00) 

o(l) 

}C(l)) 

Fig, 42, Mokxular strucime of {CpT|~(O i~Pr}~L~ 
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o 

and 2.73(3) A. The average Th-O(term3 distance is ,. "~' 14(,'~) A, while the average 
Th-O(bridg.) distance is 2,41 (2)A. 

A. Pires de Matos et al. [94] prepared methyl derivatives of monocyclopentadienyl 
hydrotris(pyrazolyl ) borate uranium complexes [ UCI2_.,,CpMe~.L*] (L*= 
HB(3,5-Me2pz)3, x=  1, 2) by reaction of [UCI2CpL*] with the appropriate amount 
of LiMe in toluene. The compounds were characterized by IR and ~H NMR 
spectroscopy. 

[ UCI2CpL*] + xLiMe~[ UCI2_ xCpMe,,L*] + xLiCl 

L* = HB(3,5- Me2pz)3, x = 1,2 

D. Baudry et al. [98] synthesized and characterized by ~H and t~B NMR 
the monocyclopentadienyl uranium borohydrides Cp*U(BH4)3(Cp*=CsMes; 
CsMe4H; CsMe4PPh2; C5H5, CsH4PPh2; CsMe4PPh2(BH3); CsH4PPhz(BH3)). A 
correlation between the electronic density around the uranium and the chemical 
shifts of the nuclei were studied. The shift (6, ppm) of the BH4-groups for the 
both tH and ltB nuclei was Jbund to increase in the order CsMes< 
CsMe4H < CsMe4PPh2 < CsHs, CsH4PPh,, < CsMe4PPhz(BH3) < CsH4PPh,,(BH3). 

M.S. Gill and V.S. Sagoria [99] prepared and characterized by elemental 
analysis, IR, t~F NMR and MS spectroscopy cyclopentadienyl uranium(IV) 
i]-diketonates and alkoxides, CpU(L)3 (Cp=CsI'i~, L=CH3COCHCOCF3 ~, 
C4H3SCOCHCOCF~ °, CF3COCHCOCF:i ~, C3HF~,O °~ and C3H3F40°). For the 
complex CpU{CH3COCHCOCF3) 3 the temperature dependence of the vapor pres- 
sure was studied in the temperature range 303~ 377 K. 

D.L. Clark et al. [100] synthesized the mono(pentamethylcyclopenta- 
dienyl)uranium(!V) sulfido complex [Cp*UI~('I'HF}.dzS by oxidation of 
Cp*UI~(Tt!IF)0~ with one or two equivalents of CS~ in toluene. Alter prolonged 
slanding lhe solution of [Cp*LI!~4THF):d~S in THF yielded crystals of 
.... 1, ~ IJ ~(||~ol ) ( t r ios  )(|12ol )31:~, X o r a y  s l r u c l u r a l  c h , l | d c t u |  |za | l~ 1~ ot" l a t t e r  

pound has shown that this is a triangular homometallic cluster, in which three 
uranium atoms are linked by one triply bridging sulfido ligand and three doubly 
bridging and one triply bridging iodide ligands (Fig. 43). Each uranium atom has 
a distorted octahedral geometry formed by coordination of one Cp* ring, one 
la~-sulfido ligand, two tta-, one laa- and one terminal iodide li~ands. The average 
U-~oC(CsMes) and U-layoS bond lengths are 2.71 and 2.75(,2)A, respectively. The 
U-l(term.) distances with an average value of 2.952(5)A are shorter than the 
U~ttzo~l distances with an average of 3.096(8)/~. The U I, tr~l distances were tbund 

S' " . . . . . . .  S to be ,lgmficantly different for the three uranium atom~ (3.240(5), 3.289(5)and 
3.353(4) A). 

2Cp*U i z( TH F ),~ + CS2 ~ [Cp* U ! 2('l'tt F ):~]2S 

M. Ephritikhine et a!. [I01] prepared the mono(cyclopentadienyl)uranium(V) 
complex [Cp*U(NMe2)3(THF)][BPh4] by oxidation of the neutral tetravalent 
precursor [Cp*U(NMe~)3] by AgBPh4 in THF. The crystal structure of 
[Cp*U(NMez)3(THF)][BPh4] consists of discrete cationo-anion pairs. In the cation 
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Fig~ 43~ Mol~ular slructur¢ of Cp~U~(tL~ol )(p?S)(p~ol )~1~ 

[Cp*U ( NMe~)~(THF)] + ( Fig. 44) the uranium atom has a pseudo-trigonal bipyrai 
midal arrangement formed by the centroid of the C~Me~oring and an oxygen atom 
of THF in apL¢~l positions and t h ~  nitrogen atoms of the amido groups in 

. . . .  * " dlo tances are 2.47(4) and ~uatonal posmons. The U=Cp (cent.)and U=O(THF! 's 
2,55(2)A~ ~ ~ t i v e l y .  The U-N(NMez) bond lengths are 2.25(2), 2.31(3) and 
2,3SS(S) A. 

The same authors [102] reported the synthesis and structure of the ionic 
u~aaium(lV) ey¢lol~ntadieay! complex [Cp*U(NEt2)~(THF)~[BPh4]. The 
co~pound was obtained by protoaolysis of the neutral amide pre- 
eu~or [Cp*U(NEt2)~] with NHEt3BPh4. In the structure of the cation 
[Cp*II(NEta)2(THF)~ + the uranium atom is five-coordinated by one Cp*-ring, two 
nierogen atoms of the amido groups and two oxygen atoms of solvating THF 
molecules, The geometry of the cation can be described as a distorted trigonal 
bipyr~id with the Cp*~ring ~ntroid and ~wo nitrogen atoms of NEh groups in 
~uatorial and two oxygen atoms of the THF mol~ules in orthogonal positions. 
The U~Cp*(cent,) and the average U~N(NEta) distances are 2,50( 1 ) and 2.17( 1 ) A, 
res~fively, 

P, Scott and P,B, Hitchcock [ 103 ] preparec4 a series of amino(tfiamido) cyclope~ta- 
dienyl uranium and thorium complexes [ML(CsRs)] (M=U, Th; R=H~ Me; 
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N(2) 

N(3) 

N(1) 

Fig. 44, Slructure of [Cp*U(NMezh(THF)]" calion. 

L ~ N(CH~CH~NSiMe3)3) by reaction of the corresponding chlorides [{ ML(CI)} 2] 
with the appropriate Na(C~R0 salts in THF. T!~? ~,mp!ex [UL(C~Me~)] was 
characterized by single-crystal X°ray diffraction. In the structure (Fig. 45) the 
uranium atom is coordinated by one Cp*-ring and four nitrogens of the 
N(CH2CH2NSiMe3)3 ligand. The U=Cp*(cent.) distance is 2.58 ~ while the U~N 
distances range from 2.25 to 2.264(15)fL The complexes [ML(C~R~)] were found 

Si(3)~ 
C(6)C~C(6) )C(~S) 

C(7) It(S) 

~d ~ 

Uc(2~) 

Fig. 45. Molecular structure of [ UL(CsMe~)] ( L = N (CHzCHzNSiMe3)3). 
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to be fluxional exhibiting apparent three-fold symmetry on the NMR time scale in 
solution at room temperature. 

3.2.2. Bis(cyclopentadienyl) complexes 
J.W. Gilje and R.E. Cramer et al. [ 104] prepared the uranium sufimine derivative 

Cp~UCI2(~SPh2) by reaction of Cp~'UCI2 with HNSPh2. The compound was 
characted~d by single-crystal X-ray diffraction (Fig. 46). In this complex the ura- 
h i m  atom is coordinated by two Cp*-rings, two chloride ligands and one nitrogen 
of the sufimine ligand. The U=Cp*(~nt.) distances are 2.52 and 2.48 A. The U-CI 
bond lengths are 2.648(8) and 2.693(8)A and the U-N distance is 2.44(3)A. 
Hydrolysis of Cp~'UCI2(HNSPh2) with HNSPh2"H20 led to crystals of the 
U(IV)/U(V) complex [Cp*(CI)(HNSPh2)U(~ta-O)(t~a2-O)2U(CI)(HNSPh2)a]v 
A~ording to X-ray crystallography the compound is a cluster formed by four 
co-planar uranium atoms, which are linked by two ~ts- and four ~t2-oxygen atoms 
(Fig. 47). There are two types of uranium atoms in the cluster. Two uranium atoms 
are bound each to one 1%" and two ~t2-oxygen atoms, one Cp*-ring, one chloride 
ligand and one HNSPh2 ligand to give a coordination number of 8. The two other 
uranium atoms in the cluster have the coordination number 7 caused by the coordina- 
tion of one chloride ligand, one ~3" and two ~%-oxygen atoms and two HNSPhz 
ligands to each metal atom. 

J.W. Gilje and R.E. Cramer et al. [105] also reported the synthesis and structure 
of Cp:Th[(CH2)(CH~)PPh~]v The complex was obtained by the reaction of 
Cp~ThCI with [Li(CH:)(CH:)PPh~]. However, as was previously reported, the 
analogous reaction between Cp~UC! and [Li(CH~)(CH2)(CH2)PPhz] led to 
Cp~U~CHPPh~CH~. In the molecule of Cp~Th[(CH~)(CH~)PPh~h the thorium 
atom is coordinated by two rl~oC~H~orings trod two bidentate ylide ligands ( Fig. 48). 
The Th atom has a distorted tetrahedral arrangement. The ttverage Th C(Cp) 
and ThCp(¢ent.) distances are 2.89(2) and 2.64A, rest~ctively. The 
Th=C((CH~)(CH~)PPh~) ~ n d  lengths are 2.77(2) and 2.67(1)A. 

D.S,J, Arney and C.J, Burns [106] report~ the synthesis and properties of 
organouranium(iV) and -(Vl) imido cemplexes. Monoimido complexes of 
uranium(IV) we~ synthesiz~ by metathesis or direct protonation reactions 

Fig. 46. Mol~uk~r struclur¢ of Cp~UCI~ HNSPh.,L 
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Fig. 47. Molecular structure of [Cp(CI)(HNSPh2)U(o3-O)(I%-O)zU(CI)(HNSPhz)2]2 (Ph groups are 
removed tbr clarity). Selected bond distances (A,): U(l)-C(CsMes) range from 2.753(15) to 2.851(13); 
U(I}-O{3), 2,302112); UII)~O(IA), 2.265(11); U(I)o+O(2A), 2.192(13); U(2VO(2), 2.358(10); 
U(2)r+O(2AL 2.296(11); UI2FO(I), i.964(14); U(2)°O(3), !.977(13); U(I)+CI(I), 2.746(7); 
U(2),+C1(2), 2,803(5); U( I FN( II ), 2.465( 13); U(2)+,Nt21 ), 20515114); U(2)-N(22), 2.563(16). 

C13 

C44 
43 

Fig. 48. Molecular structure of Cp2ThIICHz)(CH2)PPhz]z. 

(Scheme 28). Obtained from Cp.,*UMeCI and lithium anilide in the presence of 
teramethylethylenediamine (TMED), the complex [Li(TMED)][Cp~'U(NC~,H+)Ci] 
has been characterized by X-ray diffraction. The complex has a typical o'+bent 
metallocene" structure with an average U CCp* distance of 2.77(2)A and 
a Cp*(cent.)+U-+Cp*(cent.) angle of 132.4 '+. The U-oCI and U+N(NCoHs) 
bond lengths are 2.690(5) and 2.051(14)A,, respectively. The complex 
Cp~U(N+.o2,4,6-tBuaCoH2) prel:yared by protonafion of Cp~UMe2 with 
H2N+2,4,6-tBu3C6H2 was also structurally characterized. The structure is presented 
in Fig. 49. The most interesting feature of the molecule is the very short U=N bond 
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~(glo) 

Fig. 49. Molecular structure of Cp~U (N~2,4,6-tBu3C6H2). 

length of 1.952(12)A. The average U-C(Cp*) and U-Cp*(cent.) distances are 
2.790(12) and 2.515 A,, respectively. Organometallic complexes of uranium( VI ) with 
organoimido and oxo functional groups of the type Cp~'U(=NR)(----E) (E=NR 
or O) have been prepared by two-electron oxidative atom transfer using organic 
azides, amine N-oxides or nitrous oxide. Another way of synthesizing these com- 
pounds is the reductive cleavage of 1,2-disubstituted hydrazines (Scheme 29). 

/ 

Scheme 28, 

M,F, Lappert et al, [107] reported the synthesis, spectro~opie properties and 
crystal structures of [ML~CI~ [M-~Th or U; L=rt-CsH3(SiMe3h-l,3] and 
[UL:X~ (X ~ Br, I or BHg, The synthetic routes are summarized in Scheme 30. 
According to X-ray diffraction studies the complexes [M {CsH3(SiMe3)z-l,3}zClz] 
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Scheme 29. 

(M=U or Th) and [U{CsHa(SiMe3h-l,3!2X2] (X=Br or BH4) are mono- 
merit, isostructural (space group C2/c) and have typical sandwich 
bis(cyclopentadienyl)actinoid(IV) halide structures. The iodo complex 
[UICsH~(SiM%h-I,3)~I2] is also monomeric but crystallizes in the space group 
P212t2t and has non-equivalent q-CsHa(SiMe3)2-1,3 and iodide ligands (Fig. 50). 
In the complex the average UooCp distance is 2.71(2)A and the Uool bond 
lengths arc 2.953(2) and 2.954(2)A. tH and rib NMR investigations of 

cp(?) ~0o) 

Fig. 50. Molecular structure of [U{CsHa(SiMeah-I,3}212]. 
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[M { CsH3(SiMe3)2-1,3 } 2(BH4)2] complexes revealed fluxional processes for the com- 
pounds in solution. 

Met, ~ [ UL~C~ 

M= Uo~a~, N,~O 
= n . c , H , ( s ~ ) : -  ],3 

[ ~ x 2 ]  [ l~.,.~FI,,)~] 
M = U , X = B r ,  I M = U o r T h  

Scheme 30. (i) 2 LiL, THF (OEt2 for Th), ca. 20 °C, ca. 15 h; (ii) BXa ( X --- Br or I ), n-C~,H~4, ca. 20 "C, 
ca, 3 h; (iii) excess of NaBH4, OEt2-THF, ca. 20 °C, 12 h. 

M.F. Lappert et al. [96] published the synthesis and characterization of 
seven new bis(cyclot~ntadienyl)thorium(IV) compounds, [ThCp~'CI2(OEt2)], 
[ThCp'g'CI2], [ThCp~'Br:(THF )], [ThCp~'CI2], [ThCp~tCI2(dmpe)], [ThCp~ 
(CI){CH(SiMea)z}] and [ThCp~(acac)Cl] (Cp"'=q-CsH,,(SiMe3)3-1,2,4;Cp*= 
rI-CsMe~; Cp~ t = rl-=CsH3(SiMe2But)2 - 1,3; pmdeta = MeN(CH2CH2NMe2)2, 
drape = (Me2PCH2)2 and acacH = MeCOCHaCOMe). The complexes 
[ThCp~'CI2(OEt)2] and [ThCp~'CI2] were obtained by reaction of ThCI4 and LiCp'" 
in Et~O followed by sublimation of the evaporated reaction mixture in vacuo. 
[ThCp~'Br~(THF)] was synthesized by reaction of [Th(q-CsH3(SiM%),,-I,3)2Ci2] 
with LiCp* and subsequent treatment of the product with BBr:~. The organothorium 
bromide was characterized by X-ray diffraction. The structure has a distorted edge° 
c~ppcd Letrahedral geometry (Fig. 51 ). The thorium atom is five coordinated by 
tw~ Cp*orings~ two bromides and one oxygen of tl c .  ~ lvatm~ TIlt m~ lecule. ~1 he 
Th Cp*(ceni~.) and ThBr  distances ate 2,535 and 2.895(2) A, respectively. Thorium 

Fig, 51, Mol~ular  structure of [Cp~ThBr~(THF }]. 
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complexes with the q-CsH3(SiMezBut),,-1,3 ligand were prepared according 
to Scheme 31. The compounds [ThCp~tCI2(dmpe)] (disordered) and 
[ThCp~(CI){CH (SiMe3)2}] were studied by X-ray diffraction crystallography. In the 
crystal structure of [ThCp~(CI){CH (SiMe3)2}] the thorium has a distorted tetrahe- 
dral environment formed by two Cp tt ring centroids, the carbon atom of the 
CH(SiMe~)2 ligand and one chloride ligand. The Th-Cptt(cent.) distances are 2.53 
and 2.52 A and the angle Cptt(cent.)-Th-Cptt(cent.) is 126.7 °. The Th-CI and 
Th-C(CH(SiMea)a) bond lengths are 2.607(6) and 2.55(2)A, respectively. 

[ ThCp"2C~(dmpe)] 

TI~I~ + LiCp n __ (0~  [ 11d3p.2C12 } 

Cp tt = CsH3(SiMe~ug~- i,3 

[ ThCp"2{CH(S~e92}¢ 

(iv_)~ [ ThCp"2(acae)Cl] 

Scheme31. (i) 2 LiCp tt, OEtz, 48h, ca. 25'~C; (ii) dmpe, PhMe, 5h, 70-80°C; (iii) 
Li{CH(SiMe3),,}, OEt2, 48 h, ca. 25 °C; (iv) Na(aeac), OEtz, 48 h, ca. 25 °C. 

D. Baudry et al. [98] reported the synthesis and ~H and ttB NMR study 
of the bis(cyclopentadienyl)uranium borohydrides Cp~'U(BH4)2 (Cp* =CsMes; 
CsMe4H; CsMe4PPh2; CsHs, CsH4PPh2; CsMe4PPh2(BH3); CsH4PPh2(BH3)). A 
correlation between the electronic density around the uranium and the chemical 
stairs of the nuclei was investigated. 

M.S. Gill and V.S. Sagoria [99] synthesized and characterized by elemental analy- 
sis, IR, ~'~F NMR and MS spectroscopy a bis(cyclopentadienyl) uranium(IV) com- 
plex with a fluorinated diketonate !igand, [Cp2LJ(C4H3SCOCHCOCF3)2]. 

M. Ephritikhine et al. [101] prepared and characterized by X-ray diffraction the 
uramum( ) conplex [Cp~'U(NEt~)2I[BPh4]. The compound bis(cyclopenladienyl) , ' V , t 

was obtained by oxidation of the neutral tetravalent precursor [Cp~U(NEt2)2] by 
AgBPh4 in THF. The crystal structure of [CpSU(NEt2)2][BPh4] consists of discrete 
cation-anion pairs. The cation [Cp~U(NEt2)2] + has the pseudootetrahedral geome- 
try. The uranium atom is coordinated by two Cp* rings and two nitrogen atoms of 
the NEt2 ligands. The average U=C distance is 2.76(2)A and the two U-N bond 
lengths are 2.167(9) and 2.162(9) A. 

The same authors [102] also reported the synthesis of the cationic uranium(IV) 
bis(cyclopentadienyl) complexes [Cp*U(NEt2)(THF)][BPh4] ( R = H  or Me) and 
[CpzU(NMez)(THF)][BPh4] by protonolysis of the correspondent neutral amido 
precursors [Cp~'U(NR ~)2] (R'= Me or Et) with NHEt~BPh4. The compounds have 
been characterized by elemental analysis and tH NMR spectroscopy. 

N.S. Radu et al. [108] published synthesis of metaloxyketene thorium complexes 
via "double insertion" of carbon monoxide into thofium~osilicon bonds (Scheme 32). 
The structure of Cp~Th(CI)[OC(:=C=O)Si(SiMe3)3] has been studied by X-ray 
diffraction. In the structure the ketene unit is oriented roughly in the plane bisecting 
the CP*orings (Fig. 52). The Th-Cl and Th-O bond distances are 2.651(5) and 
2.15 ( 1 ) A, respectively. 
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Fig. 52, Molecular structure of CpSThtCI )[OC(=C=O)Si(SiMe3h], 

P. Scott and P.B. Hitchcock [1~] reported the synthesis, structure and 
electg~ochemistry of the first fulvalene actinide complex [(Me4FvhFeThCI2] 
(Me4Fv= 1,2,3A-tetramethylfulvalene). The compound was obtained by reac- 
tion of dilithio[ l,i'-bis(tetramethylcyclopentadienyl)ferrocene] with ThCI4 in THF 
(~heme 33). According to X-ray diffraction the complex consists of two tetramethyl- 
fulvalene fragments bridging the Fe and ThCh centers (Fig. 53). The average 

9 

Th=C(Cp) and Th~CI bond distances are 2.79 and 2.63 A, respectively. An ek~tro- 
chemical study revealed a quasi-reversible couple at ~0.15 V vs an internal standard 
of ferrocene. 

3.2.3~ ??is( cyclopemadl~,nyl) complexes 
L Parry ¢t al. [110] published the synthesis and crystal structure of the uranium 

car~nyl adduct (CsMe~HhU(CO). The compound was prepared by reaction of 
the uranium(lll) complex (CsMe~H hU with CO at ca. I arm at room temperature. 
In the structu~ of (CsMe4HhU(CO) the carbonyl ligand is bound through the 
carbon atom to the uranium ~nter (Fig. 54), The three U-Cp(cent.) distances are 
2.528, 2.535 and 2.531 A, The U:C(CO) bond length is 2.383(6)A. 

(CsMe4H hU + CO~(CsMeaH hU(CO) 

R.A. Andersen ¢t al, [i11] reported reactions of a compound containing a 
uranium(IV) tertiary alkyl bond. The tertiary alkyl complex (M~'sH~hU(t-Bu) 
was p repa~  by ~action of {M~H~hUX (X =CI, MeCsH~) with t-BuLl in 
toluene. T~atment of (MeC,~H4),~U(toBt0 w~th Lewis bases (L=PMe3, THF, 
toP~CN, t-BuNC~ EtNC) led to the reduced uranium(Ill) base derivatives 
(M~H93U(L),(MeCsH~)3U(t-Bu) reacted with CO under latin to giv: 
the uranium(IV) acyl  c~mplex (MeC~H4hU[C(O)-t-Bu], The complex 
(M~sH~hU(t-Bu) also reacted slowly with ethylene (210 psi) to form the ethylene 
monoinsertion product (M~g?sH,=)3U(CH2CH~-t-Bu). Treatmem of various thorium 
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Fig. 53. Molecular structure of [(Me4Fv)zFeThCbj (Me4Fv = 1,2,3,4-tetramethylfulvalene). 
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Fig~ 54, Mol~ular structure of {CsMcaH hU {(0), 

complexes of the type (MeCsH4hThX (X ~CI. 1~ MeC~H. O ~-2,6-Me~C~H3) with 
t°BuLi in toluene 1~ to intractable pr~ducts only. However, the ionic complexes 
[(RC~H4)STh][BPIh] (R~Me~Si, t-Bu) reacted with t-BuLi to give the thorium 
hydrides i. RCsH4)3ThH. 

toluene 
MeC~H4hUX + t =  BuLl =-==~ ( MeCsHjhU{t  =o Bu) + LiX 

X ~ CI. MeC~H4 
|o|¢.en¢ 

( M ~ s H ~ ) 3 U ( t  ~o Bu) + L ~  { MeC~H4hU(L) 

L ~ PMe~, THF.  t ~o BuCN, t o~ BuNC, EtNC 
lo|uen¢ 

( M e C s H ~ h U ( t -  B u ) + C O - - ~  ( M e C s H 4 h U ( C ( O ) -  t ~  Bu} 
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toluene 

(MeCsH4)3U(t- Bu) + H,C = CH2---~ (MeCsH4)3U(CH_,CH2 - t -  Bu) 

D. Baudry et al. [98] synthesized and characterized by ~H and lib NMR a 
number of tris(cyclopentadienyl)uranitma borohydrides Cp~UBH4 (Cp'= CsMe5; 
CsMe4H; CsMe4PPh2; CsHs, CsH4PPh2; CsMe4PPh_~(BH3); CsH4PPh2(BH3)). The 
authors established a correlation between the electronic density around uranium 
and the chemical shifts of the nuclei directly bound to the paramagnetic uranium 
center. 

M.S. Gill and V.S.  Sagoria [99] reported the synthesis of tris- 
(cyclopentadienyl)uranium(IV) complexes with fluorinated ligands CpaU(L) 
(L=CFsCOCHCOCF3, CHaCOCHCOCFs, C,sHaSCOCHCOCF~. The com- 
pounds were characterized by elemental analysis, IR, ~'}F NMR and MS 
spectroscopy. 

M. Ephritikhine et al. [102] prepared the cationic uranium(IV ) tris(cyclopentadie- 
nyl) complex [CpaU( FHF)][BPh4] by protonolysis of the corresponding neutral 
amide [CpsU(NEt2)] with NHEtsBPh4. The complex was characterized by elemental 
analysis and ~H NMR spectroscopy. 

W.A. King and T.J. Marks [52] measured metal-silicon bond disruption enthalpies 
for a series of metallocene complexes including Cp3USi(SiMe3)a. The complex was 
synthesized by treatment of CpaUCI with LiSi(SiMe3h" 3TItF in diethyl ether. The 
thermodynamic data were obtained by titration calorimetry with 12. 

CpaUSi(SiMe3)3 + 12 ~Cp3UI + ( Me3Si )3Sil 

The resulting D[Cp3U, Si{SiMe3h] value of 37(3) kcal tool ...... ~ was calculated fi'om 
the equation: 

D[Cp:~U .... Si(SiMe03]~ D[Cpo~U ~ i] 

+D[(SiMe:0:~Si ........ !]+AH,~. .... D[l ....... i] 

(where Alt,.~. ~ = 58( 1 ) kcal tool ~ ~) 

3.2.4. Mixed cych>pentadk, nybcyclooctatetmenyl and <T<'looctatetraenyl complexes 
M. Ephritikhine et al. [ 101 ] prepared the cationic (cyclooctatetraenyl)uranium( V ) 

complex [U(rI-CsHs)(NEtz)2(THF)][BPh4] by oxidation of the neutral tetravalent 
precursor [U(wCsHa)(NEh)z] with one equivalent of AgBPh4 in THF. Treatment 
of [U(tl-CsHs)(NEt2)z] with Tl(rI-CsHs) gave the mixed neutral cyclopentadienyl- 
cyclooctatetraenyi uranium complex [U(q-CsHs)(q-CsHs)(NEt2)2]. The isolated 
compounds were characterized by elemental analyses and tH NMR spectroscopy. 

The same authors [102] also reported the synthesis of the cationic uranium 
(IV) cyclooctatetraenyl and cyclopentadienyl-cyclooctatetraenyl complexes 
[ U (q-Calls) ( NEt 2) ( THF )2][ BPh4] and [ U(rI-CsH s) (wCsH8) ( THF )z][ BPh4] ( R = 
H, Me). The compounds were obtained by protonolysis of the corresponding 
neutral amide precursors with NHEt3BPh4 (Scheme 34). The complex 
[Cp*U (rI-CaHs)(THF)z][ BPh4] was characterized by single-crystal X-ray diffraction. 
The structure consists of discrete cation-anion pairs. In the cation 
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[Cp*U(vl-CaHs)(THFh] + (Fig. 55) the uranium atom has a pseudo-tetrahedral 
coordination environment. The average U-C(Cp*) and U-C(CaHs) distances are 
2.74(1) and 2.65(2)A res~tively, and the angle (Cp*)~,,t-U-(CsHa)c~nt is 
139.6(5) ° . 

[u(sFAh('n~h]taPh,]: ~ F J ( n - c ~ _ ]  

[U(r~C~gsX~CsndO'nFh]aVh, 
(~/J (R=H°rMc) ~ )  I (,t) 

Scherae 34. (i) K~(CsHs); (ii) NHEhBPh4; (iii) cyclopentadiene; (iv) K{CsHs) or KCsMes. All reacaons 
in THF. 

A. Streitwieser et al. [ 112] prepared and investigated by IH NMR 1,1 '-dimesitylur- 
a n ~ n e  (Fig, 56). The compound was synthesized by reaction of UCI4 with the 
potassium salt of the mesityl~yclooctatetraene dianion in THF. The ~H NMR 

C4i~ C41~ 

Fig, $5, Structure of jCp*U{~I~C~H~)(THF)~]' cation, 

~C~~cH~ 
U 

CH:~ 
F~, 56, Structu~ tbnnuh of |,|~dhnesitylu~m~eae, 
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spectrum revealed that the mesityl groups are in a locked position with exo- and 
endo-ortho-methyl groups. The two mesityl rings were found to be held close to each 
other, presumably by van der ~Sals attraction. 

M. Dolg et al. [68] calculated large-scale state-average multi-configuration self- 
consistent field, configuration interaction, averaged coupled-pair functional and 
spin-orbit configuration interaction calculations for thorocene, Th(CsHa)2. It was 
found that thorocene has a tAzs(Atg) ground state and single-determinant wavefunc- 
tion may be pictured as a Th(IV) compound with 5f°n~2~ configuration. The 
calculated Th-CsHa(r!ng) distance of 2.03 A was in good agreement with the experi- 
mental value of 2.00 A. 

3.3. Organoactinide catalysis 

M.S. Eisen et al. [ 113] reported the organoactinide-catalyzed oligomerization of 
terminal acetylenes. Reaction of Cp~AcMe2 (Cp* =CsMes; Ac= U, Th) with excess 
of tert-butylacetylene led mainly to the head-to-tail dimer 2,4-di-tert-butyl-1-butene- 
3-yne and to traces of the head-to-head dimer (E).l,4.di-tert.butyl-l-butene-3-yne 
(Scheme 35). The analogous reaction with excess of HC~CSiMe3 yielded small 
amounts (< 5%) of the head.to-tail dimer 2,4-bis(trimethylsilyl)-l-butene-3-yne 
and large amounts (90=95%) of the head-to-tail-to-head trimer (E)-I,4,6- 
tris(trimethylsilyl)-l,3-hexadiene-5-yne (Scheme 35). The plausible reaction mecha- 
nism was discussed. 

I B t ~ C H  . . . . . . . . .  -¢"  
Ae ~ ~!K U 

~tBu 

Cp*~AoMt~ 

Scheme 35. 
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