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&li&Xt et ai. [ill reported the synthesis, properties, and X-ray structures 
Of severa! !anthanidc arene-bridged arplonide dimers. The reaction of 
2.6-diisopropylpheIloi with the monomeric: amides Ln[N(SiMe,),], (Ln = Nd, 
Sm. Erj in toluene under reflun gave the tris(aryloxide) complexes 
Ln,(0-2.6-i-PrzC,H,)6 

2L!![1”(S8~le,),],~ + 6HOAr z Ln,!e)Ar),S6HN(SiMe,), 

The addition of :i Lewis base SUC!I as THF to a benzene solution of Ln,(OAr), 
bd to the cleavage of the dimeric unit and formation of moncmcric THF bis-adducts 
L,n(O-2.6-i..Pr2C.I-IJ13(THX;)? 

Ln =Nd, Sm, Er; Ar=2,6-i-PrlC,H3 

The bis(TKF)adduct of lutetium Lu(O-2,6-i-Pr,C,H3)3!THF)2 was prepared by 
the interaction of Lu[N(SiMe&], with three equivalents of 2,6-diisopropyiphenol 



Ln = Sm. Pr? Gd and Yb: Ar = 2.6~i-Pr2C,H, 

Six k>thaiiide complexes containing _. 7 6-diisoprtrp~jlpbenoxid: ligation: hove been 
examined by single-crystal X-ray diikict~on iechniqlies: Ln,10Ar!, f Ln = Nd, Sm) 
and LII(OA~),(THF)~ {Ln = Er. Lu. Pr. Gd) frti = ?,6-i-PrzC,H,). Tire moiecu!es of 

Ln,(OArf, contain sentrosymmet:?. dimeri.: Ln,(O-~.h-i-Pr2C,,Ft,,f, -nits bridged 
by intermolecular qh-r-awe interactions of a UL ique aryloxide ligand (Fig. 3:. The 
coordination geometry of each lanthanide atom approximate%; a Wee-legged piano 
stool. Each metal is bound to three Winkal aryioxide oxygen etoms, 2nd six carbon 

atoms of one of the aromatic rings of an argloxidc !igand are bound to the s:Lnkmetry- 
related metal atom in the dimeric unit. 
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Previously knoen 4f-e!ement-li-arene compieres dispiag the three basic structural 
types exempiified by r(~-areae)LniAii’l,),;, (I). t’h(B-.?,O-Pl7,C,I-i,)i (iI) axd !Q- 
arene),Gd (111) (Fig. 9). The n-arene-dimets Ln,(OAr), (Ln =Nd, Sm) represent a 
new structural type h 4f-element-ii-arene complexes (IV). 

The four bijadducts Ln10-?,6-i-FrzC,M,);ITHF)? [f-n= Er, Lu, Pr, Cd) are 
isostrnctural The molecular structure consists of 8 lanibamde metal centre coordi- 
uated in a distorted trigonal bipyramidnl fashion by three equatorial aryioxide and 
tw ami TtiiF iigands (Fig. 10). 

Biagmi et ai. [I21 described a SCL’ES of new mixed-bridged alkyd--alkoxy lanthanide 
compIcxes. The compks ~Ln(i-i-O”B’j),,(ii-Me),iAliMe,),] (Ln = Pi, Nd, Y) were 
obtained from the reaction of AHe with Ltl(Q”Bu), in toluene. 

(L.n=Pr, Nd, Y j 

Tie complex [Nd(u-O’Bu),(li-Me!,(AIMeZ,31 was characterized by singie-crystal 
X-ray difiraciion. In the structure (Fig. i I) the Nd atom is bonded to three c;ystalIo- 
graphically equivaleilt moieties ,,+YBu), (p-Me). (Alk!e2)) giving rise to a highly 



distorted octahedral ccordination. The distances Nd-O( 1) any! Nd-C( 5) are 
2X3( 71 h and 2.783(11) A respective!y. 

Greeves et al. [ 13) investigated the diastereoseiective adclibx~ of organoceriam 
reagents to aldehydes and cyclic ketones. The orgau-ticerium reagents were prepared 
according to Scheme 4. 

The reagents were used in the ieactiotl with the Crar~:‘s origkal aidehyde 
(Scheme 5) and wirh various cyclohexanoues (Scheme 6). 



R = Me, nE(u, Pil 

Scheme 5 

Schemr 6 

The diastereoselectivity of these chiral dialkoxy- and diaryloxyorgacccerium rea- 
gents in the reactions was compared with that ofconventional srganocerium reagents. 

Capp et al, [14] reported an improved high-pressure toluene extraction of the 
lanthanum-contaiIIillg Wlcreaes La@, for even II from 74 to 90. La@,, was coaxed 
from the prewashed soot with a high-pressure, high-temperature extraction technique 
which could be called a ‘bomb’ extraction. Analysis of the toiuene extract of the 
lanthanum bomb soot was accomplished by laser desorption Fourier transform ion 
cyclotron resonance mass spectrometry (LD/FT/ICP,/MS). ‘The positive ion mass 
spectrum was dominated by La@C,f but also showed other La@C: i including 
a=74, 76, 78, 80, 84, 86, 88 and 90. Analysis of peak intensities suggested lhat, by 
mass, the material was 20% La@, and 1 I % La@C,,. The average size of an empty 
fullerene in the sample was 100.9 carbon atoms. 



2.2.1. ~~onr~ic~~~lnpe,z~di~n~~/~ comphrs 
Zhou et a!. [lS] reported the synthesis and s?ructure of CpYC12(THFj, ‘Cp= 

C,K). The complex was obtained by reaction of YCI, with one equivalent nfscdium 
cyclopentadienyl in THF. The co.mplev CpYCI,(THFj, is monomeric rvith the centra: 
metal Y coordinated by oue Cp. three oxygen atoms from three THF mole~ler, 
and two chlorine atoms to form a distorred octahedral geometry. The a:‘erage 
Y-C(Cp) bond is 2.6563) A. T’ne ‘i-C1 bot;d i:ogths are Z.h30i8! w and 2.6?5(7) ,i 
respectively. The complex is isostructural with knorr- :: 01 ganoiaarkm~dz derkarives 
of Nd. Gd, Ho. Er and Yb. 

Depaoli et al. [16] reported the crysrai structure of CpEuCl, (THFj, tF>g. 1?j. 
The structure has a nonaxial symmetry about the Eu(lII) ion in agreement wtth the 
observed asymmetr) parameter of 0 44. 

Evans et al. [l?] published Lie synthesis and characterization of the pen!+ 
metl~~lcyclopen~adienyl complex of rrii,alent europitim IIC,?~~~,~EE:~OCS~~,~- 
(j.kQCMe,)],. 

toiiisne 
“Eu,(OCMe,),Cl,tTHFi2”i 3KC5hIe5 ---- 

Tne comp!ex is dimeric (Fig. 13). The plane f5rmecl by tie eaqkam atnms md 

the two oxygen atoms of the bridgin g ligands is perpendicuiar to the pi2liC formed 
by the two &Me, ring centroids and the oxygen atoms from the terminai CXXe, 
groups. 

Edelmann and coworkers [ 181 reported the synthesis and WLIC~WC of the 
i(C,Mer)SmlS,PtOMe),i-,lZ The complex was obtained by the reaction of 
(C,Me,j~Sm(THFf, v,ith the f(MeOl,P~SiS], 

The structure of the complex 1s dimeric with triply bridging O,O’-dimethvldjthio- 
phosphate ligands in which oue of the methoxy groups is involved ii: the coordination 
to samarium [Fig. 14j. The samarium a:om has a formal coordination? number of 
nine. The Sm-S bond distances ran ge From ?9&9(2j So 304.712) A. 

Bercaw and coworkers [?9] investigatei’ the mode! Ziegler-Natta +olefin 
polymerization catalysts derived from ~rllt5-C,Me,)SiMez(~~-~C~Ie~i~~ I%&)- 
Sc(p,-HI], and [i(q’-C,Mr,jSiMe:(rI’-pliCMe,ilSc(~~-~~~~*C~~CI~~j]~ 1% 

scandium hydride complex ~(Cp*SINRj(PMe,)Sc(~,-H)12 ((Cp”SiNKj- 
(i~j-C,Me,lSiMe2(~‘-NCMe,ll was obtained by hydrogenation of 
(Cp*Si~~)ScCH(Si~4e~)~ i, the presence of P%Ie,. The reaction {Schem: 7) of the 
complex with two eyuivalsnts of ethylene leads to rbe ethylene-bridged scandium 



ce 

dirner (jt,r12.9”-C,N,j~(Cp*SiNRjiPMe,lSe],. in the structure of (l;.$,q’- 
C,HJ)L(Cp”SiNR)(PMe,)Sc], (Fig. 15) the Sc,(~i:~z~q’-C,N,~ core is the :rrost un- 
usual feature. The C-C bond length of the ethylene bridge (1.433(123 8, is 





Accordit1g 10 the _, ray slruclure analysts. the SOlllpki w 

CPf,CH,CH,)Z[(Cp”SiNR)Sc], is a dimer wvi~lt a ihree-cen:re, two-electron propvf- 
bridged core, [SC,(~L-CH~CH:CH,)~]. The SC-C-Q bride angle of 89.4(7;- is 
considerably more Acura than the corre~pnn3ng 5c.H -SC angIft ( 114.1 1 in ihit 
[(Cp”SiNR)( Phle,!Sc(~,-FI;],. Bulkier alkyi ligands such ibs Z-methylpentyl an<! 
isobulyf do ml form stahk palkyl bridges. as they readily and mow compelitively 
retain 134~~ in their ctsordinatmn sphere. Rearrion of [(Cp*SiNR)[ P!vfc,)Sc(f.~ 
2-H)]2 with styrenc led to a double-insertion product (S&me 3) arising From sc+en- 
tial 1,2- and 2,f-styrene ins&on. 

The dimeric PMe,-free alkyl complex~ such as I~-CH,CF!2Ci-I,~,- 
[(Cp*SiNR)Sc& arc considerably more active catalyst precursors for wMn poly- 
merization than the C(Cp”SiNR}(Ph’le,)Sc(~li2-H)],. 
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benzophenor.eoxime ( HL !j or cyclohexanoneoxime (HL 2) in E-IF. The compouruds 
were charactzrized by elemental analyses. IK and h4S spctrra. Accordirg to the &la 
these complexes were found to be dimers with oxo-bridged bonds. 

THF 
IIL.,+HL2-k2Cp,Ln ------+ (Cp,Ln,L ,L I)i2CCHB 

Ml”X 
‘Mu et al. [26j published the synthes:s and X-ray cq~stal structure oOk[ac:toneox- 

irnatobis(cyclopentadienyl)gadoiiniumf CCp2Gdjl--9*-ONCMe2)j,. The ::ampiex 
was obtained by the reaction of Cp,Gd with acetone oxime (HONC!vfe2j in ‘WT. 
According to the X-ray structure the moIecuie is asymmetric with the (I-8 fragment 
of the oximeto-group acting as both a bridging and side-on donaling @and I I-‘ig. f7 !. 
The Gd atom has a distorted trigcYnal-bipyramidaI yeometrp with oxyge:! and nitro- 
gen atoms in an axial position. The GdZN, unit forms a ~ear~~ar~~~e~o~~an~ which 
contains the rhombic quadrilateral unit Gd,C&. Ti!e average Gd-C(Q) disraace is 
2.68(2) A, the Gd-0 bond distances range from 2.E( I ] 10 3.35( I ) A. 

Wang et al. [Zi] rcportcui the syralhesis of [CI’ISln(i~“-C’,Il?!iTT-IF!I by khe 

reaction of ~.‘p&~CJ with sodium allyloxypn)p~nylidf-/aide in THF. 
THP 

(.pzSrrri‘lii~aC-CCH,OCMLCH-CMI? -- TC’p,Sm(rlS-C,H,jiTtrF)I 

Accordkg to the X-ray structure the Sm atom it? the conipiex [CpzSiB(lj 
S-tJl,)(THF)] has a tetrahedral arrai:gemtnt (Fig. 18 I. The iigafld ~~‘-C:,tl, is the 
anionic form ofcycluhexen+w. The Srn-X(!c) distnimcc is liS0 A iX{ le: represents 
the plane formed bg fjllr), C(I?!, C{ i3i. C(19) and C(101.5 

&NXXl et al. 7;2S] irivestigated ihf re@ospec!ilc rq!lacex:eM oh i-iuorine by 
hqirogen in an aromatic ring induced by YbCp,(dmei. Tk reac,cliolt oi- pentafiuorn- 
bmzoic acid with CpzYhidmej gave, after hydrolysis, the Z.jA,j-tctrirnhorobemoic add. 
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Guan et al. [29] described the synthesis and crystal structure of a bisicyclapenta- 
dienyl)amido complex of neodymium. rti(DME)~]CCpzNd(NPhz;Z3. The complex 
was obtained by the reaction of NdCI,.ZLiCI .nTWF. GpNa and LiNPhz in Fir’ 
followed by recrystallization from DME. 

?irYPhz 
NdCI,.ZLiCl’rlTHFi-ZCplc’a~Cg,NdCI. L~C?~XTI~F ------) 

[LiiDhilE),][C1?2Nd(NPh,)2] t XiC! 

According to the X-ray structure the comples consists of the anion 
[Cp,NdiNPh,)J- aJ?d the calion [Li(DME&]- (Fig. b-i. ‘Q’ In the anian the Nd 
atom has a distorted tetrahedral arrangement. The average Nd-fp distances are 
2.783(8), 2.767(9) A and the Nd-N distance is 2.32817) 8. 



Qian et ai. [Xl] published the synthesi, and X-ray crystal structure 
of bis~2-me~~roxysthyi)cyclopentadieny?)j rare earth metal chlorides. The 
series of bis[!2-methoxyrthylicJ;clopcntadienyl21 lanthanide chlorides 
(CH,OCH,CI-I,C,H,),LnCt (Ln = La, Pr. Nd. Sm. Gd, Dy, Ho, Er, Tm. Yb, IA Y) 
were obtained by the reaction of the corresponding LnC1, with two equivalents of 
CH,OCH,CH,C,H,Na. 

All t&z p omplexes have been characterized by clemental analyses. MS, IR and 
NMR sp~f: The complexes (CH,0CH,CH,CjH,)2LnCI (Ln=La, Dy, Yb) have 
aiso been studled by X-ray diflkaction analyses. The structure of 
!CH,0CIizH,C,H,jzLaC31 is dimeric with two chloride bridges (Fig. 20). Besides 
two cyclo~tentadienyl ligands and two chlorine atoms, each lanthanum atom is 
coordinated by two oxygen atoms from the CHJOCfIzCH,-groups. The formal 
coordination number of La is ten and the metal atom has a distorted octahedral 
arrangement. in coatrast, the structures of the Dy and Yb anaiogues are monomeric. 
The cooriinalion of the Ls atoms by two Q-rings, one chlorine atom and two 
oxygen atoms form distorted trigonal bipyramids. Tnus the structures of the com- 
plexes depend on ihe radius of the ianthanide ions. 

Ian et al. 1311 aiso reported the syntheses and X-ray crystal structures 
ofQ’ bis~~2-methox~et~~~l)cyclo~entadi~~~yI] rare ea.rth iodides (Me@ 



CH#-l,C,H,)2Ln~ (Ln=La or Y ). The complexes were obtained according to 
equation 

lHF 
(MeOCH,CH2C,H,),J~nCl+NaI + (MeOCHzCI-!,CSH,)ZLnl;NaCi 

Ln-La, Y 

The lanthanum and yttrium complexes are isostructural. In the molecu!es (Fig. 21) 
the Ln atom is coordinated by two cyclopentadienyl iigands. one iodine atom and 
two oxygen atoms. The structure has a trigonal bipyramidal coordination geometry. 
The most striking feature of these compounds is the formation of the imramolecular 
coordination bond from the oxygen atom of I he &and to the central rare earth meta!. 

Zhang et ai. [?I?] prepared the complexes (C4H,0CH,C5H4)2L~K!I (Ln=Nd. Gd, 
Dy, Yb) from the appropriate lanthanide trichiorides and sodium tetrahydrofurftlryl- 
cyclopentadienide in THF, The dysprosium derivative (CIH,OCH,CjH&DyC! was 
characterized by X-ray crystallography. The structure has C, symmetry about the 
Dy-Cl axis. Tbe centra! Dy atom is coordinated by :w5 Cp. two oxygens of tetrahy- 
drofurfuryl and one chlorine to form a distorted trigonal bipyramid. The two oxygen 
atoms are at both apices, and chlorine. dysprosium and the two Cp-centroids form 
the equatorial plane. 

Deng et al. i33] pubiished the synthesis, spectroscopic and X-ray crystallographic 
characterization of new early organolanthanide, organoyttrium hydride and organo- 
holmium hydroxide complexes. Bisi2-metho~~yethylcycicrpentadiengl) hydride 
complexes of the type LINleOCH2CII-CSH,),L~(~l-H)12 Itn=La, Pr. Ho, Yi 
were obtained by reaction of the corresponding ha!ide precursors [(MeOCH2CHs 
C,H,),Ln(p-Cl)], with excess NaH in THF. 



.4ccording to an X-ray structure determination and IR data the complex 
[(MeQCFI,CH,CSH,fzY(~-H)12 is dimerized via hydrogen-bridges (Fig. 22). In the 
unit cell there are two dimers which are not identical, but in both dimers each Y 
atom is coordinated by two cyciopentadienyl iigands, one oxygen from one ether 
substituent-group and two hydrogen atoms. Thus eaA Y atom has a distorted 
trigonal bipyramidal coordination geometry (if the cyciopentadienyl rings are 
regarded as occupying a single polyhedral vertex). The average lengths of Y-C(Q) 
bonds for the two dimers are 2.676, 2.6’4 4 and 2.674, 2.633 A. 

The product of hydrolysis lih:eO(‘:i,CH,CSH4)zHo(~-OH)]* of the holmium 
hydride was also obtained and structuralty characterized. The complex forms a dimer 
with two hydroxyl-bridges. The Ho atom has a distorted trigonal-bipyramidal 
arrangement with the three oxygen atoms nearly lying in the equatorial plane. The 

Fig. 22. Molecular structure of [(McOCH,CH,CSH,!,Y(~H)],. 



(MeOCH,CH,C,H,)zLnCl i- NaBH, -* i MeCCH&S,C,H&Li;t Bi-I,) 

+ NaCi 

Ln = La, Pr, Nd, Sm or Gd 

The complexes have been characterized by elemental analyses. MS, “H NMR and 
IR spectra. The praseodymium and neodymium tetrahydroborate complexes have 
also been structuraliy characterized. Both complexes are monomeric (Fig. 23) with 
the metal ions coordinated by two @p-rings, two MeOC!I,CH2- and one 
B&-groups. Since the hydride hgands cannot be located. the courdination environ- 
ment about the central metal was difficult to describe. The 59-B and N&B distances 
are 2.75? w and 2.664 .tf respectively. 

The same cyclopentadienyl ligand was used by Deng et al. [?A] in the synthesis 
cf organolanthanide complexes [LniC,H,CH,CH,OMe),(THFJICCoo,I 
(Ln = Sm or Yb, thf=tetrahydrofuran). The compiexes were obtained by the reaction 
of [Ln(C,W?CW,CM-O?Jle!211 with K[CotCO),,] in THF. or by the one-ekctror! 



Lia ana Wang 136) reported the synthesis and structural chawterizatton of the 
sodium and ytterbium (dipl~e~~ylphosphi~~o~cyclupe~~tadienyl comp!ex [{(C,H,),P(I~ 
‘-CSH4)JZYb(~-CI),Na(C,H,,0,),]. The complex was obtained from the reaction 
of anhydrous YbCi, with C(C,Fl,i2P(C,H,)Na(C4H,,02132 in THF. The structure 
(Fig.251 consists of discrete bimetallic molecules in which {(C,H,),P(q 
5-C,H4)jzYb and Na(DME) fragments are brrdged by two Cl- ligands. The metal 
geometry of ytterbium and sodium can be described as distorted tetrahedral and 
distorted octahedra: respectiveiy. The Yb-C distances range From 2.611(6) to 
2.635(5) A: the separatitin between two metal centres is 3.951(1] A. 

Van den Hende et al. [37] published the synthesis and X-ray structures 
of ytterbocene(II) complexes containing pendant pyridyl groups, [Yb(CpX12] 
(Cp” = 115-CjH,(R)CCMe,(CHri,i,C,H,N-2]-i,~ R = H or SiMe, and rz=0 or I). 

THF 
2KCp” +YbI, ---+ [‘i’ b(Cfj2] 

Fig. 24. Structure af cation [k’b(C,H,CHZCH~OMeEzl’THFJ]~. 
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The structure of [(‘BuC,H,iZY(l.t-SePh)lz C,H, consists oidimeric molecules wi!h 
two bridging SePh groups (Fig. 27). The Y2Se, unit is planar, with the Y-Se distances 
2.915( 1) and 2.912( f ) A. The coordination of the Y atoms is that of a distorted 
tetrahedron Cp,YSe,. Each bridging Se atom :s on top of a tripoaa! pyramid 
with the two Y atoms and the ipso-carhon atom of lhc phenyl group forming the 
base. 

Piers ct al. [39] published the syn!hesis and study of the pertl~ethyiscandocene 
chakJgc!iointes and chalcogenides, Use of either efementaf telfcrium or Tee-P”&, 
allowed for incorporation of one tellurium atom to form the germethylscandocene 
tellurolate (Scheme 13). The insertion of elemental selenium into the SC-C bond of 
(C,Me,i&CH,SiMe, gave the analogous selcnolate (C,Me,)$c SeCH$iMe,. 

The tektroiates are monomeric, as inferred from the X-ray structure of 

(C,Mc,)zScTeCN,C,Hs (Fig. 28). The tellurolate Ii gond occupies the central position 
of the merallocene wedge. The ligand features an sp’-hybridize~d tellurium atom 
(SC-TeeCl = 121.61(21);‘), the Sc-Te bond distance is 2.8337( 14) A. 

The reaction of tellurium or selenium with the dcuteride (CjMe5)&D led to 
chakogenide dimers [(C,Me,),Sc]z(u-E) (E :Te, Se). 

E=Te. Se 



The tel!uride dimer /1(CSMe,)2S2],(~..Te) was aiso obtained by the thermal or 
photochemical extrusion of TeR, from the tel;urolates (C,Me,)&TeR. According 
to X-ray structures the c:m~lAexes [(C,Me5)zSc],~p-E) are pchaicogenide dimers 
with a slightly distorted Dzd symmetry (Fig. 29). The SC-E bond distances are 
7.5425( 16 j A Car E=Se and 2.75X( 12) A for E=Te; the SC-E-SC bridges are 
nearly linear. 



C6 C 

Fie. 39. Molewiar rlructut’e of [IC~M~,),SC]&-T~). 

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

Using the 1.2-[ZH,]-neohexyl stereochemical probes, Piers [40] has also demon- 
strated that the extrusion of TeR2 from permethylscandocene tellurolales proceeds 
via a concerted transition state (Scheme 15), 

Evans et al. [41] described the syntheses and study of the series of organosamar- 



Scheme 14. 

ium complexes wiih Group 16 &vent anions: [(C,Me,)2Sm(TH%)]Z(~-~)~ 
[(C,Me,)zSn~]Z(E3)(THF) (E= S, Se. rej. [(C,Me,),Sm],(Y-r~Z:ri’-T~~) anti mixed 
chalcogenide complexes [(C,Me,)zSm]z( E,E,‘)(TM F) (n + b = 3). 

E=Se,Te 

2(C,Me,)$m(THF), + Ph,P=E-*I(C,MeS)2Sm(THF~J~(~-E)t P&P 

E=S. Se 

2(C,Me,f,Sm(THF), i-excess E,jC(Cj~~e,)2Snl],0(THF) 

E=Se, Te 

2(C,Ivle,),Sm(THF),+3:GS,~i(C,Me,),Sm],(S,)(THF) 

[(C,Mc,),Sm],(Sj)(THF)+PMe,~[(C,Mej)2Sm]z(~-il’:rlZ-Te,f+Me3P=Te 

[(C,Me,),Sm(THF)]2(r-Te)+Se,--*[(C,Me,)zSn~J,(Se,Te,)(TNF) 

+ other products 



i BCH(D)=CHB~I’. ! eq&.; 
ii Te-PBtP3, i ecpiv.: 

iii, 90 “C ,24 h; 
iv, hv, IO rnin 



1 id. A Gm’ko. E T Ecfdniuw~ Cbowljiiutim~ Ciw:ni.s;r~~ XCWL’II:~ I5h i 1996) I-- 89 15 

Complexes [(C_(S~Me_(S})_jZ}Sm]_j2~( E-{3f)(THFj can also be intercon- 
verted with [(C_(5)Me_(51)-{21Sm (THF)]_.{2)(n-Ej. 

[(C,nile,!,Sm(THl~)]~(~~-E)~(2~.~)~.,~~(C~~~~)~Srn]~( I;,)(TIHF) 

E=Se,Te 

C(C,Me,jZSm],(E,)(TNF)+2PPh,-~[(C,Me,),Sm(T~~F~]~(~~-~jiPh,P=E 

E=S, Se 

The complexes [:(C,Me,),Sln(TMF)],(bl-E) (E: = S, Se, Te) are isostrucrural 
(Fig. 30) and have a formally eight-coordinate local environment around each Sm 
atom. The Sm-E distances follow a progression consistent with the differences in 
the radii of the chalcogens (Sm-Te= X998( 2) .k G--Se = 2.782( 1) A and 
Sm-S =2.663( 1 j A). 

Complex {(CsMe,),Sm],(Se,f(THF) (Fig. 3:) contains two distinct types of Sm 
atom. Sm( 1) is for.!Aly nine-coordinate and Sm(2) is formally eight-coordinate. The 
Sm-Se distances m the molecule (3.007( l), 3.19S( 1) and 2.917( 1) A) are much Longer 
than the corresponding distances in [(C,Ma,j,Sm(THF)],(y-Se). 

In the structure of [(C,Me,),Sm],(u-t;‘:$-Te,! (Fig. 32), the two bent metallocene 
units are oriented such that the four pentamethylcyclopentadienyl ring centroids 
describe a squar; plane rather than a tetrahedron. The Sm-Te distances are 3.213(l) 
and 3.204( 1) A. The Te -Te distance of 2.773( 1) A is in the single bond range. 

Scholz et al. [42] reported the reactions of [(C,Me,)LLa(p-CI j,K(dme)] with 
sodium 2,3-dimethylquinoxa!ine (Scheme 16) or with ‘odixm phenozine. The reac- 
tions led to dimeric compicxes which were structurally char,tcterized. The structure 



Fig. 31. Molecular strucmre of [[C,MeS)ZSm],(Se,)(THF) 

Fig. 32. Molecular structure of [(C,MeS)aSm],(~-‘l”:q2-Te,). 

with 2,3-dimethylquinoxaline contains two Cp,*La fragments, which are bound by 
the quinoxaline dianion. The La-N distances are 2.409(4) and- 2.444(4) A. The 
La-C(dimethylquinoxaline) distances of 2.903(2) and 2.89I(5) A are essentially 
longer than La--C(Cp*) (from 2.789 to 2.806 A) or La-C distances in the ion 
[La(r13-C3H,),]- (La-C,, 2.811 A). The phenazine complex (Fig. 33) has a s@lar 
dimeric siructure with the La-N( 1) and La-C(22) distances being 2.452(2) A and 
2.931(2) A respectively. 

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



was obtained by the reactions of (q5-C,Me,)&~ with various aromatic hydrocarbons 
and related nitrogen heterocycles. The reaction with anthracene (Scheme 17) gave 
the C(CsMejizSmlzC~-113-‘73-(C1,H,~~l. 

According to X-ray data (Fig. 34) the planar C&II, unit in thp complex is 
coordinated on each side by the (C,Me,),Sm groups with the shortest 
Sm-C(poiycyclic ligand) distances of 2.595(4) A, 2S40(4) A and 2.791(4) A for C(9); 
C(9a), and C( I ) carbon atoms (anthracene numbering) respectively. 

The analogous reaction (Scheme IS) with pyrene led to the complex 
[(C,Mej)zSm],[ll-‘13-r13-(C~~~,~)]. which was also structurally characterized. In the 

Scheme 17. 



complex, two (C,Me&Sm units also coordinated to opposite sides of the planar 
poly~yclic system, but they are on the same end of the tetracyclic unit. The 
Sm-C(poIycyclic liganaj distances range from 2.560 to 2.806(4) A. 

(C,Me,),Sm was also found to react in a similar manner with 2,3-bellzallthracene. 
9-methylanthracene, acenaphthyiene and phenazirle to +i. [(C, hile,),Sm]2[1-I-r13-rlz- 



(C,,HdI. I(C,Me,)2SmlZ(C,,H,Z). C(C,Mes),Sml,iC,ZH,), and DC,Mes),Smlz- 
[1-1-‘1~-ii~-(C,~H~N2)1 respectively. The complexes [fC,Me,),Sm],[~-ilj-ri3- 
(C18H12)1 and [(C5Mef.)LSm]2[~-173-173‘(C12HKN2!1 were also structurally 
characterized. 

The reaction of (C,Me&Sm with azu!ene ;lroduced (C,Me,),Sm. and another 
product which was not fully established. A similar reaction with acridine (C,,H,N) 
led to the complex [(CjMeS)zSm]2[p-q3-q3-(C,3HgN),3 (Scheme 19) which, accord- 
ing to X-ray diffraction, contains nonpianar C,,H9N units. The Sm-N distance is 
2.380(5) A. The polycyclic i&and in the complex [(C,~~ej)2Sm],[IJ-?“-r13- 
(C13H9N)Z] exhibits a larger deviation from planarity (20.25 A) than any of the 
prebiously described complexes. 

Arduen_eo et. al. [43] described the synthesis and structures of new lanthanide 
carbene complexes. 1,3,4.5-Tetramethyiimidazol-2 ylidene reacted with bis(penta- 
methylcyclopentadienyl)samarium according to Scheme 20 giving the samarium(B) 
carbene complexes. 

Schumann et al. [45] reported the synthesis of new carbene complexes of divalent 
samarium and ytterbium. T!;e (imidaz o!-2-y!idene)lanthanidc (Sm, Y3j complexes 
were obtained from 1.3,4,5-tetramethyl-imidazol-2-ylidene or l,l-diisopropyl- 
2,3-dimethylimidazol-2-ylidene and the corresponding bis(cyclopentadieny1) com- 
plexes of Sm(II) and Yb(II) (Scheme 21). 

The molecular structure of the ytterbium carbene complex (C,H:Bu,),Yb- 
CN(Me)CMe=Ch&fi(Me) was studied by X-ray diffraction (Fig. 35j. In the 



Scheme 20. 

structure the seven-coordinated Yb atom has a pseudo-trigonai hgand-arrangement. 
The Yb-C27 distance is 2.5%!3) 8. 

Tilley and coworkers [46] prepared lanthanide-tungsten heterobimetailic com- 
plexes via n-bond metathesis. Reaction of [W(C,H,),H,] with [( Ln(C,Me,),H},] 
(Ln=Y, Sm) in toluene at room temperature (Scheme 22) led to the metallated 
cyclopentadienyl derivative [(C,Me,)ZLn(p-q1,q5-C5H4)(p-H}ZW(C5H5j]. The 
molecular structure of the samarium complex consists of two metallocene fragments 
linked by a Sm-C(C,H,) bond (Fig. 36). The Sm-W distance (3.402( 1) A) is greater 
than the sum of the atomic radii for Sm and W. suggesting the absence of a direct 
Sm-W bond. The overall conformation of the molecllle implied the presence of 
bridging hydride ligands. 

Radu and Tilley [47] also reported about o-bond metathesis reactions involving 
lanthanide-silicon and lanthanide-hydrogen boncX. The lanthanide sibyl complexes 
CpTLnSiH(SiMe,), (Ln=Sm, Nd. Y: Cp* = n”-C,Me,) were obtained by reaction 
of the appropriate CpfLnCH(SiMe& with SiH,(SiMe,),. 

Cp,*LnCH(SiMe& I Cp:LnSiH(SiMe,), 
+ --3 + 

SiHz(SiMe,), CH,(SiMe,), 



Scheme ?I 

The silyl complexes Cp:LnSiH(SiMe3), are monomeric in pentane solution but 
in the solid state they contain an intermolecular Ln...CH,-Si interaction,. The c- 
bond metathesis reaction proceeds via a second-order autocatalytic process catalysed 
by [CpTLnH],. The above-mentioned reactions of [(Ln(C,Me&Hj2] (Ln=Y, Sm) 
Gth [VV’(C~H~)~H~] (Scheme 22) were also discussed in the work. The borohydlide 
complexes Cpf Ln (q’-H,RMes,) (Mes=mesityl. Ln = Sm, Y) were synthesized from 
[Cp:LnH], and [IHBM~s,]~. 



3! 

Fig. 15. Moleculsr structure of (C,H:Bu,),Yb-CN(Me)Chle-CMeN(Me) 

Scheme 22 

Teuben and coworkers [48] reported the synthesis and properties of 
CpfY(2-pyridyl) (Cp” =C,Me,). The complex was obtained from [CpzYH], and 
pyridine. 

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

The structure of the CO insertion complex [Cp:Y],[‘-q2:q2-OC(NC,II,),I 
(Fig. 37) consists of two normal bent CpTY units that are bridged by a p-$:q 
‘-dipyridyl ketone fragment. The product of ethylene insertion 
Cp:YCH&HJZ-N&H,) gave c-bond metathesis with pyridine to form 



3ethylpyridine and Cp:Y(Z-pyridyl). The complex CpzYCH,CH,(Z-NC&) 
decomposes to the isomers Cp:Y[Z-NC,H,(6-Et)] and Cp:YCHMe(2-NC,il,i at 
80 ?C. 

Marks and coworkers [49] investigated the bis(polymethy!cycIopPntadiengl)lan- 
thanide hydrocarbyl complexes CpjLnCH(SiMe,), and IMe,SiCp”,LnCH(SiMe,1, 
(Cp’= $-(CH3)&; Cp”= $-(CH&&; Ln= La, Ce, Nd, Sm, Lu) by rclarivistic ab 
initio and DV-Xa calculations and gas-phase UV photoelecrron spect:oscapg. The 
investigations revealed that the lanthanide-l&and bonding interactions are domi- 
nated by the metal 5d orbita!s. Thi: m-ml 4f orbita!s are oniy margina!lp involved 
in the bonding The ionization from the Ln--r bonding orbital represents the Iowest- 
energy, nearly constant PE feature foi!owe d by in-Q ionization in the He I spectra, 
Metal f’ ionizations, observed in the He II spectra of the Ce. Nd, Sm and Lu 
complexes, were interpreted on the basis of the states generated upon ionization of 
the f’ ground states. They had either the form of low inte13shy onset features for Ce, 
Nd and Sm complexes, or of intense structures in the 16-17 eV range in the spectrum 
of the Lu compound. Trends in the 4, Ei ionizations are consistent with a gradual 
energetic stabilization of 4f orbit& across the lsnthanide series. Metal 4f orbitals 
appear core-like in character in the f” Lu compies. 

2.2.3. T~is(c~~~lopn~ta~ie~~~l) c~rnpkws 

Chen et al. [SO] published the syntheses and crystal structures of ($- 
C,Hj)zLn(‘~HF) (Ln=Ce, Er). Tine reaction of (NW,),Ce(NO,!~ with C&,Na in 
THF fed to the Ce[fIf ) complex (C,H,f,Ce(THF). The authors also made an attempt 
to obtain a cydaoctadienyl bis(cycfopenradienp1 )erbiurn complex by the reaction 





..__ .  __ 



This structure, as well as the structure of (CjH,)~Dy(THF)9 was also reported by 
Wu et al. [52]. The complexes were obtained by r-efluxing [Cp,SmO(CH,),CH,], 
and [Cp2DySfCH,),CH& (Cp=C,H,) in THF. 

THF 
3[Cp,Ln(p-L ,I? ---+ 4Cp,Cn i- 2LnL 3 

dl”\ 

Ln = Sm. L = O(CH,),CH,; Ln = Dy, L = S(CHJ&H, 

The complexes are isostructura! with the kwwn complexes Cp,Ln(THF) 
(Ln=La. Pr, Nd, Gd and Lu). 

Knjazhansky et ai. [53] reported the synthesis and structure of the complex 
[Ai132(0C,Hs),][(r7--CjIf5);Yb(~-Na)Yb(r75-C5H,,,f, which was obtained by the 
reaction of Na[(CsH5)3Yb] with alumir,ium hydride in THF. 

[AiHr(OC,HB)4]r(~lj-C5H5)3Yb(ll-Na)Ybjii~-CgIIj)3] +NaA1H, 

The strueturr (Fig. 38) consists of the anion t(q5-C,H,)3Yb(~-Na)Yb(rlj- 
CSHjj3]- and the iziion ~AIHz(OC,H,),] A, In the cation the Al atom has an 



octahedral environmenr with bond angles close to 90 The aa~ion contains EWD 
[(n’-C,H,),Yb]- fragments a.nd the Na- ion bound by iomc interactions. The 
Yb...Na distance (3.5411) A) is sufhciently iargc that the iateraction c:;n be cancideri:d 
as a purely ionic qne. 

Depaoh et a!. [ 163 described the europium-351 k&%sbaucr spectra of sclvere: 
organoeuropium(iI1) compounds including ii-~‘-C,I-?,i3Eu(TIIFj. Tile curopium-i5I 
Miissbauer spectrum of (q5-CSH,)3Eu(TH F) reveal& a :veak but dpyfi11i;e coi’a en2 I- 
interaction between the 4f orbital3 of Eu( 10) and the iigands. 

Ren et al. [ 541 reported the synth,+s ano X-ray structure of an crgari~lanrba~um 
complex [f’BuCpj,LaCaii(THF),f. The componnd was obtained by rk reaction of 
LaCI, .2LiCI with two equiralenrs of ‘BnCpKa irr R-IF. Fn the s?ructijre ibe cenrraii 
La3- is coordmated to three ‘BuCp groups and one chiande to f:;;.m a disrorizd 
tetrahedron (Fig. 39). The two unns ~BuCp),La any A ti(THF)- are connec?ed by a 
single chloride bridge. 

Sun et al. [55] published the synthesis and crystal stsucrare of 
~MeJC,Cp,SmCI(THF)J2. The complex was synthesized by the rractio?~ of 
SmCI, with the Me,C,(CSIi,MgCll,ifHFj in THF. The stri;ciure of 
[Me,C,Cp,SmCI(THF)]z is dimeric (Fig. 40). Two Sm atoms are bri&ed by is4’o 
chlorjne atoms to form two unsymmetrica! k. in-C1 bonds (Sm--C! distance is k.78. 
2.84 A). The two i‘p rings are in eclipsed conformation. 

Paolwcci et al. [!I&] reported the synthesis of ne~v bisicyclopeatadian?‘aianthairide 
chtoddes (Scheme 23;). The compounds nere characterized by- eleme: aE z.na!ysees, 
IR, MS. “f-a :4ic:‘I and X-ray photoelecr:or, s p&rcsca~v. i he reaciim i!i - p t 1% 0 
equivalents of PrCI,(THF), and three equivaienis of NuZL-. “5~-fCYI,CS,~1.1)2C~H3N-~ 



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

Scheme 71. 

led to the complex. which according to etementai analysis, has the formula 
~(2.h-(CH,CsW4)1CsH,N)3PrZ]. Some preliminary studies of the catalytic properties 
of the bis(cyclopentadienyi)lanthartide chlotides in the reduction 01” hex-l-ene bv 
LiAf& were also carried Ctut. 

GrPper et al. r,m described the new tanthanocenophanes 
C(OMe,SiC,H,),IPrCl(TL-IF)], (x= 1 or 2) and i(OMe,SiC,H,),IYbCllz The 



complexes were synthesized by the reaction of the potassium sait of 
1.1.3.3~tetramethyl-1.3-dicyc!opentadienyi disiloxane wit:1 PrC1, cr YbcJI,. According 
to the X-ray structure determination the complex [{CMe,Sic’,H,JZ) YbC1ll is a 
Cl-bridged dimer. In the molecule of [{OniIe,Sic5r-I,)Z)YbCr:z the ring-biidginp 
--Me,SiOSiMe,-group is posmoned asymmetricaily with respect to the Cl-Yb--C!’ 
plane. The YbbCp(cent.) distances are 229.0(7) and 228.1(7) A. 

Qian and Zhu [ 581 published the synthesis of a series of furan-bridged bis(cycio- 
pentadienyl) lanthanide (kb, Sm or Nd) and yttrium (Scheme 33) complexes. 

The compounds were characterized by elemental analyses, MS, IA and “H NMR. 
The reactivity of organolanihanide hydrides generated in situ from the 
[Ln(CjH,),CI]-NaH system was studied. The authors come to the conclusion that 
the reactivity can be tuned not only by varying the ligxnds but aiso by taking 
advantage of the lanthanide contraction. The goal of acquiring mere reactive organo- 
ianthanide hydrides can be achieved by- selecting the appropriate iigands and using 
the early lanthanide metals. 

Piers et al. [59] investigated the insertion of elemental teilurium into the scandi- 
um-carbon bonds of the ansu-scandocene aIkyl{ftzeso-(tH,),Sif(t-CJHg)C:HdfZ; 
Sc(CH,SiMe,)(DpScR). The chemical procedures are summarized in Scheme 26. 

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

Schumann et al. [SU] reported the synthesis and characterization of the 
C(LBuC,H,)SiMe,(C,R/ie,)]Ln(u-C1)zLi(OEt2)z ILn=La, Lu) (Scheme 27) aud the 
chiral tris(cyclopentadieny1) complexes i(‘~~~C~H,jSi.Mel(C~~~e~)] Ln!CjMelH) 
(THF) (Ln = La. Nd) (Scheme 27). 

According to X-ray analysis. in the structure of [(“EuC,I-rj)SiMe2(CiMe,)]- 
La(C,Me.,H)(THFj the La atom adopts a distorted tetrahedral arrangement. which 
is formed by the three cyclopentadienyl rings and one THF molecule (Fig.. 42). This 
complex, as well as the other cnmpiexes. were characterized also by their “Ii and 
13C NMR and MS spectra. 
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Hajela and Bercaw [61] reported that the reaction of permethylscandocene 
complex OpSc(H)(PMe,) [Op= ((qj-CSMe,),SiMez)) with isobutene produced 
O~SC((CH,CH(CH,)~I(PM~,), which siowly decomposed to afford the OpSc(CH,)- 
(PMe,) along with isobutene. 2-methylpentane. isobutene. 2-metl?yi-1-pentene, 
propane and n-pentane (Scheme 28). 

A transient observed in the reaction sequence has been unambiguously 
characterized as OpSc(CH,CH,CH,)(PMe,f. The two C, products, 2-methylpcn- 
tane. &methyl-l-pentene and rr-pentane, were formed according to Eqs. (I)-( IO). 

O~SC:(CH~C~[CH,)~}(PM~,~~[O~S~CH~CH~CH~)~]+PM~, (1) 

[O~SCCH~CH(CH,)~]+[O~SCCH~]+CH,=CHCH, (2) 

[OpScH] iCHZ=CHCH,+[OpScCH,CHzCHjS (3) 

[OpScCH,CH,CH,]+CHZ=CHCH, +[O~SCCH~CH(CIH,)CH~CH~CHJ 

[OpScCH,CH(CH,)CHZCM,CH,I + PMe, --* 

OpScCH,PMe, +CH,CH(CH,)CIi,CH2CH, 

(4) 

(5) 

(6) 

+ Pt”fez 

Scheme 23. 



[OpScCH,CH(CH,)CH2CH,CH,J-+ (7) 
[OpScCH,] + CH,-CHCH,CH,CH, 

[OpScCH,]+PMe,+OpSc(CH,)(PMe,) (81 

~OpSc~J+CH,=CHCH2CH,CFI,--,~OpScCHICH2CII,CM,CH,~ _ (‘lb 

[3pScCHzCH,CHzCHzCH3] + PMe, --) (IO) 

OpScCH,PMe, +CH3CHJJH,CH,CH, 

P-Ethyl migration is not observed for the derivative OpScjCHzCH(CzHj)- 
CH2CH,I(PMe,), obtained from reaction of 2-e&y!-i-butene with OpSc(H)( PMe,). 

Marks and coworkers [62] described the synthesis. characterization, and ccmfigu- 
rational interconversions of chiral, C,-symmetric organoianthanicie halides. amides, 
and hydrocarbyls. The Me,Si(Cp”H )(R*CpH) ancillary iigands and t!le correspond- 
ing dilithium derivatives were obtained according to the Scheme 29. The chiral 
Me,SiCp”(R*Cp)Ln(p-CI),Li(ether), complexes were synthesized by transmeta!ation 
of .Me$iCp”(R*Cp)L& with the appropriate lanthanide triehloride. 

1. THF 
Me,SiCp”(R*Cp)Li, + LcCi, ----+ 

2. rii20 
Me,SiCp”(R*Cp)Ln(@Zl)zLi(EtzO)z + LiCl 

R * = (+ )-neomenthjl: Ln = La: Nd. Sm. Y. Lu: 

R * = (-)-menth::l. LOT = Sm. Y, Lu; 

R * = (-)-phenyimenthyl. Ln = Y 

The mono-DME adducts can be prepared by the analogous reaction in the 
presence of DME. Diastereomers produced are epmeric witb respect to the nrienra- 
tioin of the chiral auxiliary on the Cl 3 group relative to the lanrhanide centre (G. Ii): 

G(S) H(S! 

The molecuiar structure 0: (R!-iL3ezSiCp”[(+)-neo~~ent~~~,~CplLo(y- 
C1),Li(etherj, is shown in Fig. 43. The X-ray diffraction anafysis reveals a single 
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Scheme 29. 

planar chiral configuration of the diastereotopic, chirally substituted Cp group, i.e. 
the (R)-configuration. Chiral organoianthanide hydrocarbyls and amides were 
prepared according to the folIowing equations: 

f to,ueae 
Me,SiCp”(R*Cp)Ln(@TI),ti(S), i LiCH(TMS), - -----+ 

2. penlane 
MelSiCp”(R(Cp)LnCH(TMS), -t 2LiCI 

Me,SiCp”(R*Cp)Ln(p-Cl )2Li(S)z + MN(TMS), ------+ 
2. pentane 



Me,SiCp”(R”cp)Lnl\ltT~MS)~ -I-MC!+~LK’I 

R* = (+)-neomenthyl. En = La. Nd, Sm. Y, Lu: 

R * = (-)-menthyl, Ln = Sm, Y. Ln; 

R* =f-)-phenylmenthyl, Ln= Y 

The spectroscopic data supported solution strucwes f, J and K. L for the pair e: 
hydrocarbyl and amido complexes respectively: 

The reactions of (R)-Me2SiCp’[(+)- neomenthyICp]Lui~-Cli,Liietherl, with the 
other alkylating reagents were a!so investigated. 



Me,SiCp”[(+)-neomenthylCp] Lu(p-CI)2Li(ether), + Li(Z-C6H1CH,NMe2) 
1. Loluene 

, Me,SiCp”[(i-)-neomenthylCp] T.u(ll’-2-C,H,CH2NMe3)+ LiCI 
2. peninne 

MezSiCp”[(+)-neomenthylCpj Lu(p-Ci),Li(ether), -:- Li(CH,),PMe, 

+ l\/le,SiCp~‘[(+)-neomenthylCpjLu(ll’-(CH~),PMe,)+LiCl 
2. peniane 

Low-temperature single crystal X-ray structural determinations were carried out 
on selected hydrocarbyl (E=CH) and amide (E =N) complexes to establish the 
azrsolute configuration (Q(S) and R(R)): 

X-ray analyses of (R)-Me,SiCp’[(-)-menthylCp]LnCH(TMS)2 complexes 
(Ln =Y, Sm) showed that each unit cell contains two crystallographicalfy indepen- 
dent molecules (A and B) with the same planar chiral (R)-configurations (Fig. 44). 



Fig. 45. Moleclllar StruCtUreF or (S)-~~~,Slfp”[(+i-ncornsnrh)lCp]SmN[TZISJ~ IAi a:,d 
(S)-Me,SiCp”[(-I-menthylCp]SmN(TMS}2 (Bl 

Diffraction analyses of (S)-iLleZSiCp’l(+)-leomenthyICp]SmN(TklSJZ (A) and 
(Sj-MeZSiCp”~(-)-menthyiCp]SmN(TMS)L (a) indicate the (Si-configuration in 
both complexes (Fig. 45). while analysis of Me,SiCp”t(-)-menttrylCp]YN(TI\/S)2 
indicated the (IO-configuration in the two independent molecules. 

The hydrocarbyl and amide complexes Me,SiCp’( R *Cp)LnR ( R = CH- 
(SiMe,),, N(SiMe,),, r$-2-C,H,CH2NMe,, q2-(CH,)zPMe2) are protolyzed by 
alkylamines, presumably forming organolanthanide amide-amine adducts. 

MezSiCp”( R*Cp)inR + 2H,NR’ -Me,SiCp”(RrCp)Ln(NHP.‘)(NH,R’j;Rti 

The Me,SiCp’( R*Cp)Li~CH(SiMe& complexes also undergo lrydrogencdysis of 
the E(TMS), group, afhording CH2(SiMe,), and a hydride complex. 

rMe,SiCp”(R *Cp)L;f,CH(SiMe~,& f 2H,+ 

CMezSiCp”(R”Cp)L~~H], -1-2CH,(Sih4e~)~ 

Thus the work has presented the first systematic study oh the synthetic. spectro- 
scopic and structural properties of chira! osganaianrhaaides. 

Evans et al. [vir] published the synthesis and striiczures of indenyi and fluor-enyi 
complexes of Sm(H), which were prepared by the reactions between the 



SmI,(THFj2 and the corresponding potassium salts in THF. 

After crystaitization of (C9H,),Srn(THF) front THF. crystals of the trisolvate 
(C,H;J2 Sm(THF), were obtained. The crystallographic data for the latter complex 
were not complete owing to decomposition of the crystal during the X-ray diffraction 
experiment. 

According to the X-ray structure the fhaorenyl complex (C,,H,j2Sm(THF)2 is an 
eight-coordinate disolvated complex (Fig. 46). The average Sm-C(ring) distance is 
2.90(7) A. Several bond distances and angles in the (C,,H,h SmfTHF), suggest that 
the effective steric bulk of the fluorenyl ligand is less than that provided by the 
CsMe, l&and. 

2.3.2. Heterocycles 
Jubb and Gambarotta [64] described the preparation of a low-vaient samarium 

macrocyclic complex and its reaction with dinitrogen to form a tetrahthiurn hydrazide 
salt (Scheme 30). 

The X-ray crystal structure determination of C(?‘HF),ii(OEPG)Sm12(N,Li,) has 
shown a dimeric complex where two (THF),Li(OEPG)Sm units are bridged by a 
planar NZLi, moiety placed on a symmetry centre (Fig. 47). The crystal structure 
indicated that the molecule arises from the aggregation of two 
(THF),Li(OEPG)Sn units, formal!y containing Sm(JII), with an N2ii4 unit. The 
magnetic moment of 2.72 J+ per dimeric complex was also as expected for a 
Sm(IlI) species. 

Fig. 45. Moleculrr ~tru~iure of (C,,H,),Sm(THF),. 





2.4. Co~iqdixe:fs :virA c~‘!oo~lurcr~ric~~~~ iiwds 

Mash& et al. [65] published a p*-~paraiion of monocyclooctatetraenyl-lanlharr- 
ide complexes from metallic ianthani~,;~ md 0xidaW. The iodo(~,~lanctatctraenyl) 
cotnplexes of lanthanides LnI(n”-cot j(THF!,, ,LO ~-.L-C8tlR; Ln==La, Ce, Pr; 0~3; 
Ln x Nd. TV = 2: Ln = Sm, !I = 1) have beeit prepared by the one-pot reaction of metallic 
lanthanides with cyciooctatrtraene in t!le ::resence of an equimo!ar amount of iodine 
in THF. 

Lu(mezai1i-C,H,+;SA101/EIZ21ziL~li(C,Hg)(TSF),, 

Ln = La. Ce, Pr. 8 = .3; Ln = Nd. n = 2; Li7 = Sm. !! = i 

Blotno- and chloro-b:.idged binuclear complexes of samarium. [Sm(p- 
X)(cot)(THF),], (X = B:. C1 i, were also prepared by the reaction of stmarium metal 
with cyclooctatetraenc in the presence of 1.2-dibromoethane or Ph,PC’12. 

2Sm+2C,H, + Ph,PCi2-+[Sm(p-Cl !(C8H,)(THF1JZ 

Reaction among Sm. COT, and diphenyl disulphide in THF in the presence of a 
catalytic amount of iodine afforded [Sm(~-SPh)(COT)(THF) 1]2. S;milarly. [Sm(p- 
SC6HZMe3-2,4.6)(COT)(THF)J2 and CSmi’-SCs%iPr,-2.4,6fiCOT)(THF)]~ were 
prepared. A benzeneselenolate complex iSm(p-SePh)(COT)(THF) Ji was also 
prepared by the same procedure. 

tS1n+2C,H8 + 12ArEEAr-- i’[Srn(l~--EArr!C,,Si,)(TH~),,1~ 

EAr=SCBH5, ~=2: EAr=SC,H,Me,, n=2 

EAr=SC,H;Pr31 G= 1: BAr=SeC,H,. r?=2 

The molecu!ar structure c,f [Sm(:l-SePllj(C~:r)(THF) J2 was studied bp X-ray 
diffraction (Fig. 4Sj. The samarium ;to.m has a pseudo square pyramldal and foar- 
legged piano-stool geometry Coordlriirted by one @nar C,Hs ring, two bridging 
selenium atoms. and two oxygen atom> of THF. The Sm,Sc, unrt is exactly p!anar. 
and two bridging selenik,m i&ands are in a distortca trigcnal-planar geometry. The 
Sm-Se bond distances are 3.015(2) ,:nd X174/2) 8. 

Edelmann and coworkers [66] prepared [Li(THFj,J[Ce(COT)J and (THFj,- 
Na(@XT)Ce(iQT) (COT = r18-cyclooctatetraeilyl(2-)) complexes. The comp!ex 
[Li(THF’),][Ce(COT),] was obtained as a by-product frotz [(COT)Ce@- 
CI)(T”HFj& and L~CH(S~MC,)~ in THF. The structure consisis of sek~rated ions’ 
pairs (Fig. 49). In the anion [Ce(COT)J the cctltral Ce atom is coordin&d by 
two ~8-cyclooctate~raeryi rings to form a sandwich The Ce( 1 j-fOT(ccntruid) 
distance is X14.3(4) A. In the cation [Li(THF)J+ the Ll has tetrahedral arranpemznt, 
which is formed by the coordination of four THF molecules. 

The complex (THF),Na(u-COTfCe(COT) was separated from the reaction of 
[(COT)C~(C(-Cl)(THFj,1, with ‘BuN=CEGCH=N”Bu in THF In the structure of 
(THF)3Na(~I-COT)Ce(COTj (Fig. 50), cerium and sodium are bound by the bridg- 





C-3a 

c 23 

g)Cd 
, 
I 

C C-k 

C C-&l 
c.5 1 C-k 

Fig. SO. Structure of (THF),N3(~-COT)Ce(COT) 
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The structure of C(CQT)NdI~-O,SCF,)(THF)Z]? consists of dimeric molecu!es 
with two bridging tdflate-anions between two Nd atoms (Fig. 51). The 
Nd( 1 9-COT( l)(ceMroid) distance is 111X5( 2) pm, the average Nd-0 distance for 
triffate ligands is 248.6(3) pm. 

The monomeric iodides (COT)Ln( I)( THF), (Ln = Nd, Sm) \vere synthesized by 

the reaction of lanthanide triiodides with K,COT: 

THF 
Lnl,(THF),-+-K&N, --f 



The neodymium derivative (COT)Nd(l)(THF)3 is isostructurel with the p-&c&y 
described (COT)fe(If(THF),. ‘The Ed-1 distance is 32X.7; 1) pm. 

MiEimann and Edeimazn CM] also reported the sqthesis of some yttrium 
half-sandtuich cyclooctatetraenyl complexes. The complex &xfTlYfp- 
O,SCF,)(THF)], was obtained from Y(03SCFjj3 and K&JOT in THF. Rex&cm 
OI [(COT)Y(p-@3SCF3)(THF)], ivit2 pyrazoIylborate anions gave rbe mann- 
merit half-sandwich complexes (C0TfY(HBpz3) aed (COTfY[HB(3.5-~~e,ps)jf, 
The yttrium benznmidinates (COT)Y ~MeOC,H,C(1\3SjMe,),3THF and (CQT)~- 
fCF,C,H,C(NSi~le,iz]~THF) were prepared similarly. ‘The traa$mer,t of [(CoT)l’- 
(p-OjSCF3)(THF)IZ v;jlb j,jjl’i i’ *+ $i’\f. L i !cd to the jirriu-p ;rilosphaze-r;i: de& 
ative (COT)Y[Ph2P(NS16;c,13:; i i~t : Ail q+r&z:ic procsdu~es are shonm in the 
Scheme 31. The new organoyttrinm complexes have been characterized by elemental 
analyses and spectroscopic methods. including s9Y WMIIR spectroscopi. 

Zhang et al. [6P] published the sgnthesis and crysta’l strwtwe of [(C,H,)Dy{~t- 
OCH,(CH2)2CH-C’rf,j(THF)]2. The compfex ~~C,H~)DVI~;-OCH,ICH,~,CH= 
CI-I,)ITHFj], W;IS spthckd by the reaction of Dpt”i, and K,f,H, in THF. 
followek Sp the addition of NaOCHr(CH,),CH-C’H2. 

DYCI~~-K?CHH,~(C,H,ID~CI(THF),+~’~QCH~!CH~~~C~~=CN,~ 

t(C,H,iDy(1?-OC112iCNZ)2CH-CW,~(THF)],rKCI 

The complex has a dimeric structure (Fig. 51). Each dysprosium is coor~i~~~~te~ 
by one C&s ligand. one THF and two bridging E3CH,iCW2)2CW=CH, groups. 
The average Dy-C(C,H, ring) distance is 2.593(6) A. 



Kiiimazm et a.. 1701 published the synthesis of some Ce(t!I). Ce(iV) and 
U(W) cyclocta:c~raenyl complexes. The reaction of the ditithium salt of 1,4- 
bis(trimeth~lsilyI)cyclooctatetraene with anhydrous eerium trichloride led lo the 
anionic sandwich complex, which was immediately converted to the neutral Ce( IV) 
derivative by oxidation with c~cess of silver iodide (Scheme 32). 





r 

Li et al. [71] showed that the complex (~5-Me,C,),Sn;CH(TMS), ser;~~ as a 
precatalyst for the efftcieni and re_aiospecific hydroamination;cfcfizatioll of aiiphatic 
and aromatic aminoalkynes RC-C’(CH2),,NH, to yiefd the corresponding heterocy- 
cles (Scheme 35). 

Marks and coworkers [72] investigated the C,-symmetric 
~~e,Si(iMe,C,)(C,H,R)-LIIE(SiMe,}Z (Ln =La. Nd, Sm. I’. Lu; E = pi, CH: 
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Sche:ur 37 

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

Yang et ai. [73] reported on efiorts to broaden the scope of polymeriz- 
atior~~copoiymcrizatlon usmg efiicientI1; prepared methylenecyclopmpa!le and orga- 
nolanthanide ca~aiysis of the type Z(rl;S-CjMe,12Lt-,iil? (Ln = JA. Sm). The homo- 
polymerization of methylenecyclcpropane in the pl-esence of [(qS-C5MeS)ZLuH]Z 
proceeds cleanly to afford ring-ope,::d. rso-methylene product. However, polymer 
yields are low dsd the polymerization process cecws before monomer consumption 
is complete. The larger Sm -3 Ion ef%cts catalytic methylenec~clopropane dimeriza- 
tion to yield the known !,2-dimethylene-3-ineihyicqctopeniane. 

A probable mechanism for the reaction invokes P-H elimination and the intermedi- 
acy of a 1,3-d&e fragment (Scheme 39). 

Evatls and Katsumata investigated the poiyrnerizatioa ( i E-caprolactone [74] and 
copalymerization of elhylene c;rbot:atr: and c-caproiactcne 1751 by samarium com- 
pIeses. Scme characteristics of the ~aialysts are shown in Tables 1 and 2. 

A variety of Sm(II) complexes p:nerate a ring-opening polymerization system 
with e-caprolactone in reactions wfiich initially itwolve oxidation of the metal. The 
(C,Me&-SmfTHF), reaction has been shown to be an active polymerization system 
which maintains activity after all of the initial batch of monomer is consumed [74]. 
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The same authors [77] alho reported the hydro:~i!yiat~on of dienes cataiysed hy 
Cp,*NdCH(Sihle3)2 (Scheme 40). 

Two ditrer-ent catalytic cycles are possible for the hydroaiiylation: ow involving a 
hydridometal species as a key intermediate and the oiher being based on sily:..&al 
species (Cycles A md B. Scheme 31). 

In contrast, hydrosilylation of 1,s. and 1,6-dimes proceeded through ir::ramolecu- 
lar C-C bond formatian to give (siiylmethy! )cyclcqxxtanes. 

Qian c? al [78] published the regioselectir, in acylative cleavage of cyclic ethers 
c;rralysr. bar 1% I’p,YCI or 10% LIKES (L,n=Y, Yb, Er. Cd, Pr, Ce. La). Heavy 
rare eartn trichlorides we:e much more ca;alyticallv active than the iigh:er ones. 

1 .O eq. 
63% 5% 7 1% 
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