e 25 W Coordination Chemistiy Reviews 141 (1995) ﬂmm
ELSEVIER -61 —_—

a4

Lanthanides and actinides.
Annual survey covering the year 1992 &

Ulnke Kilimann, Frank T. Edelmann®

Chemisches Institut der Otto-von-Guericke-Universitar Magdeburg, Magdeburg, Germany

Received 5 Juiy 1993

Keywords: Lanthanides; Actinides
1, Iatroduction

This review has been restricted io compounds of the lanthanides and actinides
containing M —C bonds as defined by Section 29 of Chemical Abstracts. The prelan-
thanides Sc, Y and La have been included because of their simlar size and charge
to the lanthanides. Abstracis of papers presenied at conferences. dissertations and
patenis have mositly been excluded.

Several general review articles on f-clement organometailic compounds appeared
1n 1992, Ephritikhine [ 1] published a survey of organocactinide chemistry, focusing
on work done since 1985 {184 references}. Complexes with cyclopeniadienyl and
other dienyls (pentadienyi, cyclohexadienyl, indenyl, phospholyl}, cycloociatetraenyl
and arene ligands, hydrocarbyls and hydrides and the structures and stability of
some organoactinides were the subject of this review. Two annual surveys were
published by R.D. Rogers and L.M. Rogers covering the years 1987-198% (370
references) [2] and 1990 102 referencesj [3]. These reviews have been resiricted to
compounds of the lanthanides and actinides containing M—C bonds.

A few more specialized review articles also appeared in 1992. Fryzuk [4] reported
on ligand design in inorganic chemistry. Tn this article an overview is given of the
strategy used to design the tridentate ligand ~ N{SiMe,CH,PR,),, which is suitable
for coordination to both late and early transition metals. Exiension of this chemistry
to Group 3 (Y, La) elements and the lanthamides {Ce, Sm, Eu, Er, Yb, Lu) is also
discussed (total of 38 refercnces}. Evans et al. [ 5] published a study of the reactiviiy
of hydrazines with organometallic samarium complexes (46 references). This study
shows that there is sufficient space in the coordination environment generated by
two (CsMe,},Sm units to derivatize substrates inside the cavity formed by four
CsMe; rings, Giardello et al. [ 6] reviewed organo-i-element thermochemisiry. This
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publication shows implications for reaciivity and bonding derived from metai-ligand
bonding energetics {27 references).

2. Lanthanides
2.1. Cyclopentadienyl and cyclopentadienyl-like compounds

2.1.1. Monocyclopentadienyl compounds

Schumann et al. [7] prepared CpLu[CH,CH(Me)CH,NMe, J(Cl){THF}), and
CpLu[(CH,}NMe, J(Ci}{ THF), (Cp=cyclopentadienyl anion C,H;s; THF =teira-
hydrefuran) by the reaction of CpLuClL,{(THF}), with LiCH,CH(Me)CH,NMe, or
Li{CH,};NMe,:

LuCl, + NaCp + LiCH,CH(Me)}CH,NMe,

— ¥, Cp [a[CH,CH{MeCH; NMe, JC(THF);
-Nadl, —Li

CpLuClL(THF ), + Li(CH2)3NMe2-TLi_§Cp Lu[{CH,), NMe, {C1){THF),
The complexes CpLu{OSO,CF;),(THF), (n=1, 2) bave been shown to react with
two equivalents of R,As{CH,);MgCl (R ="Bu,Me) to give CpLu[{CH, AR, 15
CpLu{OSO,CF1),(THF )+ 2CIMg(CH, AsR,

THF

Cp Lu[(CH,); AsR;],

— 2CIM(SO,CF,)

Fig. 1. CpLu[CH,CH(Me}CH,NMe, J(Ci{THF},. (Reproduced with permission from Journal of
Organometallic Chemistry.}
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The crystal structure of CpLu[CH,CH{Me}CH,NMe, JCIHTHE), was deter-
mined (Fig. 1) and reveals Lu—C(Cpj=264.3 pm and Lu —O{THF}=236.5 pm.

Schaverien [8] veported that the reaction of La{Cp*){CH{SiMe;}},
{Cp* = peniamethylcyclopeniadienyl anion CsMes ) with { PhiNMe,HBPh, affords
zwitterionic La{Cp*}{CH(Si1Me;), } BPh,. This product reacts irreversibly with THF
under displacement of the coordinated tetraphenylborate te afford the first cationic
lanthanide alkyl complex [ La(Cp*H{CH{SiMe,}, }{THF ), 1BPh,:

Me
Me. Me

' [PuNMe HIBPh, . tolumo Me ® Me
Me;Si—Ci \ g
SiMe BPhy
[TI!F

(CMeg)La [(CHSMeg),|

-]
L3 THE  ppy,

Schaverien [9] also prepared several y-n-alkyl species [{ Y{Cp*HOA®)} (- H Hp-
CH,CH,R}] (R=H, Me, nBu; OAr=0OC,H;'Bu, ), which were formed by the reaction
of terminal alkenes H,C=CHR {R=H, Me, aBu) with [{Y{Cp*}{OAriH)},].
Reaction with HC=CSiMe, produced the alkynyl compound
Y (Cp*HOAD , (p-H ) p-C=C8iMe, }] {Scheme 1). The use of these new species as
models for the first insertion step tn alkene polymerization was also discussed.

Cundari [ 10] reported ab initic molecular orbital {MO) calcuiations of transition
metal imido complexes of the formula CpLaNH (La=Sc, Y, La). which have been
experimentally characterized. These Cp complexes are chosen because of high symme-
tey (O, ). preference of Sc triad metals for the +3 oxidation state and structural
similarity to Ir{IT1) imido complexes.

The compound CpGdCL(THF); has been prepared by Wu et al. [11] by the
reaction of NaCp with GdCl; in 2:1 molar ratio in THF:

THF

3NaCp + 3GACl, — i 3(CpGdCl,) s Cp,Gd- THF +2GdCl,

A crystal structure determination shows the complex to be monomenc (Fig. 2).
The gadolinivm has a distorted octabedral geomeiry coordinated by one Cp ring
ceniroid, three THF oxygen atoms and two chloride anions. The average
Gd—O{THF) distance is reported to be 239.7 pm. The Gd —C(Cpj} bond lengths
range from 267.3 to 269.1 pm and average 268.3 pm.
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Scheme 1. [Y]=Y{C;Me; }{OAr);, PE=polvethylene.

Fig. 2. CpGdCl;{THF},. {Reproduced with permission from Journal of Coordination Chemistry.)

The same gadolinium compound CpGdCl, -(THF); was also prepared and struc-
turally characterized by Ke et al. [12].
Jacob et al. [13] observed the formation of CpYb{FcN}, in the reaction of
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[Cp,¥YBCl], with two equivalents of Li{FcN) ([ 2-(dimethylaminomethyl)ferro-
cenyl Jlithium);

@I}NM&: NM&:

Fe Li + [epavect)s MJ @—F
Mw‘b
F\\:5

The thermally stable compound was charactenized by spectroscopic data, magnetic
moments and elemental analysis.

Jacob et al. [14] reported the synthesis of the organolanthanide(1Il) derivaiives
(CpiLad FcN)Cl (Ln=Dy, Ho) and {Cp}Dyi{FeN),-2.5THF by the treaiment of
CpLaCl, with (FeN)Li:

)

CoHLnCl + n(FeN)Li 5 CHLn(FeN),Cly_, + nLiCl
W

La=Dy,n=12; Ln=Ho.n=1

CH,DyCl, + 2{FeN)Li s C,H,Dy( FcN}, -2.5THF + 2LiC
0°C

The complexes have been characterized by elemental analysis, IR, 'H auclear
magnetic resonance {(NMR}), *C NMR, UV-visible spectra, mass spectra and their
effective magnetic moments.

Yu et al. [15] investigated the synthesis and thermal stability of the pyrrolyl
complex CpLn{pyr),(THF) {pyr=pyrrolyl=NCH,; Lu=8m, Dy, Yb, Lu). They
found that complexes of the type Cp,LnL{THF} are thermally more stable than
those of the type CpLaL,{THF) {L =ligand}):

2{C;H)Lnl, =(CHs),LnL +LnlL;,

The mass spectra of lanthanide organometallics of the type CpLn{acac), (Ln=Ce,
Nd, Sm, Gd, Dy, Er, acac= acetylacetonato} have been studied by Liang et al. [16]
under electron impact conditions and the fragmentation paiterns are proposed on
the basis of hnked scan information of meiastable transition mn the first field-free
region. The dispropertionation reaction forming (Cp),Ln and Ln{acac); may take
place when these complexes reach a certain evaporation temperature,

2.1.2. Biscyclopentadienyl compounds

The same authors [ 16] also described the mass specira of the biscyclopentadienyl
complexes (Cp)Lnfacac) {(Ln=Ce, Nd, Sm, Gd, Dy, Er.

The formation of stable heterobimetallic compounds of the formula (Cp)l,La{FcN)
{Ln=Y. Dy, Ho) from the corresponding cyclopentadienylianthanide{1If)chlorides
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(Cp),LnCl and (FcN)Li was described by Jacob et al. [14]:
(CsHs),LnCl+{FcN }Li%(CSHS)ZLn{FcN)+LiCl

Jusong ¢t al. [17] proposed a new synthetic rouie to (Cp),Yb(THF),. This
compound was obtained by the reaction of Yb{l, with NaCp in the presence of
potassium cyclooctadienide in THF. The crystal structure of the complex was deter-
mined and discussed.

Conticelle et al. [ 18] reported on a chelating ligand system which was designed
to preserve {Cp*j,Ln stereoelectronic properties while providing a rigid, chiral tem-
plaic for lateral-transverse substrate enantioface discrimination, The ligand synthesis
is shown in Scheme 2. The enantiopure auxiliaries {R*} provide lateral steric discrimi-
nation and ensure that the resulting organolanthanides are diastereomeric.

Molander and Hoberg [ 19] reported that CpfYMe{THF) is an efficient catalysi

MeSiCt
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Scheme 2. Synthesis of chiral organosamarium hydrocarbyls: (i} NaH,/THF; (i) THF, {iii) LiCH,TMS/
pentane; {iv) SmCl, /THF; {v} diethyl ether; {(vi) LiCH{TMS), /toluene.
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for the selective reduction of substituted dienes (Scheme 3). The facile process that
has been developed provides excellent selectivities and yields of the reduced
compounds.

Namy et al. [20] investigated the action of Sm(Cp), or Smi, on alkyl halides in
the hope of gaining a more general understanding of the formation of organosama-
rium species. Sm(Cp), and alkyl halides pave organosamarium compounds stable at
—10°C and reactive towards electrophiles. Sml; did not give stable alkylsamarium
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Fig. 3. [LWTHF R LIl Se(C,BH,, HC Me H{ CH{(SiMe, ), 1 1,. (Reproduced with permission from Acta
Crystallographica.)
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Fig. 4. (Cp);Lu(CH, 1 NMe,. {Reproduced with permission from Jouraal of Crganometallic Chemistry.)

species. These studies established that Sm{Cpj, is able to replace Sml, in Barbier
reactions and to reduce benzyl or allyl halides to afford the corresponding samarium
organomeiallics.

The structure of the permethylcyclopentadienyl carbollide scandium complex
[Li{THF), 1Li[8¢{C,BoH,, T Me  }{CH(SiMe;}, } ], was discussed by Mash et al.
[21] {Fig. 3: Sc—centroid(Cp*)=220.5 and 219.2 pm).

The two compounds (CphLu(CH,,NMe, (Fig. 4 Lu—N=2371pm;
Lu—centroid(Cp)=249.1 and 230.7 pm; Lu—Cf{alkyl)=222.1 pm) and (Cp),Y[#*
O,C{CH, 3, NMe, ] (Fig. 5: Y —C(Cp)=264.6, 264.8 pm and 2660, 266.6 pm} have
been prepared and structurally characterized by Schumann et al. {22]. The latetium
alky! species (Cp),Lu{CH,);NMe, was formed by the reaction between LuCl;, NaCp
and Li{CH,};NMe, in the molar ratio 1:2:1, while an analogous reaction of LuCl,,
NaMeC H, and LiCH,CH(Me)CH,NMe, generates the corresponding methyicyclo-
pentadienyl complex {MeC;H, ,Lu[CH,CH{Me}CH,NMe, |:

.

-

T2 Ta0n - LiCT ;

3
LuCly+ LICH,CH{Me)CHNMe, — o {CL LaCH,CH(Me)CH;NMe, [ THF) |

LuCl + 2NaCp + Li(CH;);NMe,

+ ZMaMaC H,
—
- Wl
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Fig. 5. {(Cp), Y [#*-O,C{CH, 1, NMe, }. (Reproduced with permission [fom Journal of Organometailic
Chemistiy }

The treatment of YCl, with iwo equivalenis of NaCp and omne equivalent of
Li(CH,);NMe, in the presence of CO, yields the yttrium carboxylate (Cp),Y [i1-
0,C(CH;);NMe,

THE! OO,

-2 80, O 2 ;Y‘Hor"

Yasuda et al. [23] described the first example of well-controlied block copolymer-
ization, which was made possible by the unique dual catalytic function of (Cp*);LnR
{Ln=8m, ¥b, Lu; R=H, Me) organclanthanide(1ll) complexes towards both polar
and non-polar olefins (Scheme 4}.

YCL,+2NaCp + L{CH;);NMe;

Mg Me
(CMe,SmACHCH R DA, {CgMe_‘}sz{)-(IJ%-CHZ—(-&-CHZ}—;I—fCHZC}H,—,R
OMe QOMe
R=H, Me
(CHyky
m (l)__-go
(CoMegSm—~CHOHAZR

= (CMeySmfO-CRACH ) (RtCH HER
O
R=H Me,x=3,4

Scheme 4. MMA = methyl methacrylate.
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Gur’ko et al. [ 24] reported the formation of {C,H,'Bu, ),Smiu?-D),AID{TMEDA)
(TMEDA =tetramethylethylenediamine} by the reaction of (C;Hi'Bu,},Sm{THF)
with AID, in cther in the presence of TMEDA, They also determined the crystal
structure of this new compound (Fig. 6: Sm—centroid(Cp}=250.9 and 249.8 pm).
The metal atoms are bonded by the double bridge Smi),Al. The coordination
polvhedron of Al is a trigonal bipyramid.

Siebald et al. [25] prepared three compounds with metal-carbon o bonds. The
reaction of LiC(IN;)SiMe; with (Cp*),LaCl {(Ln=Y, Lu, Yb} (prepared in situ
by adding LiCp* to anhydrous LnCl; in THF) formed the complexes
[Ln{C{N,}SiMe, {Cp*L{THF}]:

|SM03
Ca
- )\_/i LS N
LiC(NSMe; + ClLn{CMes), 2 . D

The products are thermally sensitive hygroscopic solids and have been charac-
terized by IR and 'H NMR spectroscopy.

Zhou and Wu [26] reported the synthesis, thermal stability and crystal structure
of (Cp), YRHOC ,,H, )(THF) (Fig. 7), which was isolated by the reaction of (Cpl,Yb

Fig. 6. {CHy'Bu,),Sm(-DRLAID{TMEDA).  {Reproduced  with  permission from  Journal of
Crganometallic Chemistry.}
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c2i  c25

Fig. 7. {Cp), YB{OC (H-){THF). {Reproduced with permission {rom Journal of Organometailic
Chemnstry }

with z-naphthol (HNP) in THF. The average Yb—C(Cp) distance 1s 260.2 pm and
the Yb— O(THF} and Yb—OG{NP) distances are 230.1 and 206.1 pm respectively.
The compound loses the coordinated THF molecule readily by heating under vacuum
to give dimeric [(Cp), YB{NP}];, which finally undergoes disproportionation o give
{CphYb and Yb(NP); on heating above 230°C.

Heeres et al. [27] studied the reactivity of early lanthanide hvdrocarbyls
{Cp*1,LnCH(SiMe,), (Ln=La, Ce) towards keiones. No reaction was observed with
the bulky di-tert-butyl ketone. The corresponding lanthanum hydride [{Cp*),LaH 1,
is more reactive and afforded the additien product (Cp*),LaOCH('Bul,-
[O=C{Bu},]. The enolate-ketone adducts (Cp*),LnOC(E}=C(H}Me[O=CE4;]
{Ln=La, Ce} were formed by the reaction of 3-pentanone with the hydrocarbyls.
The formation of lanthanide aldelates {Cp*),LnOCMe,CH,C{(=0Me (Ln=La. Cc)
was observed when the carbyls were treated with acetone:

(CMeoLnCH(SMes), - 2 /?\ —_— (C_ﬁMeg}zLD(:? - CHySiMey)

The crystal structure of the cerium compound was also published (Fip. &:
centroid—Ce—centroid = 133.6%;, Ce—ceniroid(Cp*) =281 and 283 pm). The com-
pound crystallizes in monomeric units with the central cerium atom in a disiorted
tetrahedral environment.

The bis(cyclopentadienyl) derivaies {(Cp),Sm{FeNYTHF and (Cp),Er(FcN} were
prepared by Jacob et al. [ 13] by the treatment of (Cp),LnClH{THF} with Li(FeN):

(CsHs1,LaCl(THF) + Li(FeN)— (CHi),Ln{ FeN ) THF), + LiCl
wcC

La=8Sm, n=1,Ln=Er, n=0
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c7

ce

c9

Fig. 8. {Cp*),CeOCMe,CH,C{=0iMe. (Reproduced with permission from Organometallics

The compounds are thermally stable but very sensitive to air and moisture.

The bimetallic compound (Cp),Sm(OCH,F¢) has been synthesized by Gorniizka
et al. [ 28] by the reaction of Na[FeCH,O] (Fc=ferrocenyl} with [{Cph,SmCl], in
THF. It was proposed that the complex is dimerized via alkoxide bridges:

112(CsH,SmCl + NafFeCHLO) > @Fe—@-cﬁzo—&nj

Deacen et al. [ 29] studied the reaction of diphenylphosphinocyclopentadiene with
Ybi{C,F;}, or with yiierbiom metal and Hg(CsF5); in THF to give the phosphino-
ytierbocene [ Yb(CsH,PPh, },(THF)]:

Yb +2CH, PPh, —» Yb(CsH,PPh,), + 2C,F H
Yb + Hg(C(,Fs)z + 2C5H5PPh2 —> Yb(C§H4PPh2)Z + Hgl + 2C6I“5H

Redox transmetallation between yiterbivm metal and THC;H,PPh,} in DME
(1,2-dimethoxyethane) gives thallium metal and [Yb{C;H,PPh,),(DME}]. The
ytterbium—transition metal heterobimetallics [Yb(THF}C;H,PPh,}L,Z2T - nPhMe
{Z=Ni{CO},, Mo{COQ},, PtMe,; n=4% or 1} have been prepared by the reaction of
[¥Yb{THF}C,H,PPh,},] with Ni{COL(PPh;};, Mo(CO){nbd) {(nbd=rnorbona-
diene) or PtMe,{ced) {cod =cycloocta-1,3-diene) in toluene. The crystal structure of
FTYb{THF),(C,H,PPh,},Ni{CO),] was also reported (Fig. 9). Formal eight-
coordination is observed for the ytterbium atom with a pseudotetrahedral array of
two THY oxygen atoms and the centroids of two »°-C;H,PPh; ligands, which have
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Fig. 9. [ ¥YB(THFL(C,H PPh,,Ni(CO), 1. {Reproduced with permission from Australian Journal of
Chemistry.}

an eclipsed configuration. The Yb— Ni separation {475.1 pm)} rules out any metal -
metal interaction. The average Yb—centroad{Cp) distances are 243.8 and 2429 pm.

Ziegler et al. [30] performed a densiiy fuactional study on the activation of
hydrogen-hydrogen and hydrogen—carbon boads by {Cp}),Sc--H and {Cp)Sc- R
(R =methyl, ethyl, propyl, vinyl, aceiylide}. Geomeiry optimizations reveal an agostic
interaction for R =ethyl, whereas methyl and propyl are bound to the metal centre
without agostic interactions.

Schumann et al. [ 31] described the partial hydrolysis of {O(CH,CH,C:H 1 1-
Y(Cp} and [QO{CH,CH,C.H,), |JHo{CH,CH;). which results in the formation of
the compounds { MeCH,),Y{H,0} and (MeC.H,);Hoi{H,O). The crysial structure
of the holmium complex was also determined {Fig. 10). This holmium derivative was
the first water adduct of an organometallic compound of the lanthanides to be
characterized crystallographically. The average Ho —C(Cpj distance is 269 pm and
the centroid(Cp)—Ho—centraid{Cp} angle 15 118.4°,

Bied et a). [ 32] studied the synthesis and reactivity of benzylic and allylic samarium
compounds. These species were prepared by the reaction of beazylic or aliylic
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Fig. 10, (MeCH, ) Hol{H.0). (Reproduced with permission from Zeitschrift fiir Anorganische und
Allgemeine Chemie}

chlorides with Sm(Cp), (Scheme 5). The products offer a wide scope of reactivity
towards aldehydes, ketones and acid chlorides.

Harrison and Marks [ 33] reported that organolanthanides are effective homogen-
eous catalysts for olefin hydroboration and disclosed initial observations on scope,
selectivity and mechanism (Scheme 6}). (Cp*),LaR (Ln=La, Sm; R=H,
CH(SiMe,),), (Me,Si(Me,CsH,SmCH(SiMes}), and {Cp*),.Sm(THF) complexes
catalyse the room temperature hydroboration of a variety of dry, degassed olefins
with catecholborane at efficient rates.

Divalent solvent-free bis(2-methoxyethyleyclopentadienyl} organolanthanide com-
plexes (MeOCH,CH,C;H,},8m and (MeOCH,CH,C H,), Yb have been synthesized
by Deng et al. [ 34] by the interaction of (MeQCH,CH,C.H,)K with Lnl,{Ln=Sm,
Yb)

Lnl, + 2(MeOCH,CH,CsH, K = (MeOCH,CH,CsH,),Ln + 2KI
The struciure of (MeOCH,CH,C.H,),Yb(THF) is presented in Fig 11

(Yb--centroid{Cp)=2440 ptny; centroid —Yb-—centroid =128.4°). The two ring
centroids of the 2-methoxyethylcyclopentadienyl rings, the two oXygen aioms of

ACH,C1 + 2 Sm(CeHy); ———— CBm(CHy); + ACHSm(CsHy)
Ar= Bo
e
ACHD

Scheme 5.
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Scheme 6. Proposed mechanism of homogencous organclanthanide-catalysed olefin hydroboration.

ether-substituted groups on the rings and the oxygen atom of the THF form a
distorted trigonal bipyramid around the central yiterbium ion.

Green et al. { 35] studied the magnitude and sign of the geminal coupling constants
*Jasoy “Jeny and the isotope shift, together with the temperature dependence of
this shift, for [ Y{#*-Cp*),{CH,D){THF)]. The isotopic shift for this complex is
essentially temperature independent.

Molander and Hoberg [ 36] presented the first use of organoyttrium catalysts in
reductive cyclization reactions of 1,5- and 1,6-dienes. The catalytic cycie investigated
is shown in Scheme 7. Cyclization of 1,5-hexadiene was initially explored utilizing
ECp*),YH], as a catalyst in the presence of H,. Cyclization of 1,6-dienes is also
quite efficient, although the reaction is complicated by reduction of the olefins to
form acyclic alkanes.

Drago et al. [ 37] studied organometailic bond dissociation energics. The organo-
metallic catimers (fragments forming the positive end of the dipoie) include e.g. the
samarium catimer [n*-{Cp*),Sm] — {or some other Mn, U, Mo, Ir, Th, Ru, Pt and
Zr catimers). The animers {fragments forming the negative end of the dipole) include
organics, halogens and inorganics.

Bis(2-methoxyethylcyclopentadienylytirium and ytterbium tetrahydroborates
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Fig. 11. (MeOCH,CH,C;H,),Ybi THF). {Repreduced with permission from Journal of Organometallic
Chemistry.}

Cp*;YMe(THF)

H
: }\ _rCHy

H
3 L)
( 1] Rg
(¥
Hy

H H
I &
R YCp*, R =
(ke { % ~YCp*,

Scheme 7.
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{CH,OCH,CH,C.H,),LnBH, (Ln=Y, Yb} have been synthesized by Deng ¢t al.

[387] by the reaction of bis{2-methoxyethylcyclopentadienyljlanthanide chlorides
with sodium borohydride in THF at room temperature:

LaCl, + 2CH,0CH,,CH,CH,Na -2 (CH,OCH,CH,CH, ), LnCl+ 2NaCl

(CH,OCH,CH,C H,),LnCl + NaBH,
I, (CH,OCH,CH,CsH,),LaBH, + NaCl

La=Y, Yb

The crysial structures of both complexes have been determined (Fig 12:
Y —centroid(Cp)=239.2 and 2434 pm; Y —B=277.3 pm; Fig. 13: Yb—B=280.0 pm;
Yb~—ceniroid{Cpi=235.7 and 239.4 pm). The structures reveal intramolecular coor-
dination bonds between lanthanide metal and ligand oxygen atoms. The ietrabhy-
droborate ligands are coordinated to yttrium and ytterbium in a bidentate fashion.

Fig. 13. (CH,OCH,CH,CH,LYbBH,. {Reproduced with permission from Acta Chimica Sinica,)
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Matsunaga | 39] studied electron transfer reactions of bis{pentamethylcyciopenta-
dienyliytierbium with organotransiiion metal complexes. The divalent lanthanide
complex {Cp*),Yb reacts with methylcopper to produce a base-free yiterbium— Me
complex of the formula (Cp*),YbMe. This product forms an asymmeiric, methyi-
bridged dimer in the solid state. The trivalent titanium species (Cp*LTiX (X =},
Br, Me, BH,) form bimetallic coordination complexes with {Cp*),Yb. The magnetic
behaviour of the products indicated that electron transfer did not occur. The solid
state siructures of the chloride and bromide complexes show unusual bond angles
for the balide bridges between ytterbium and titanium. The bimetallic Me complex
coniains a linear Me bridge between ytterbium and titantum.

Gagné et al. [40] studied the kinetics, mechanism and diasterepselectivity of the
cyclization of N-unprotected amino olefins. They reported the efficient, regiospecific
(Cp*),LnR (R=H, CH(SiMe,),, 1°-C;Hs, N(SiMe,);; Ln=La, Nd, Sm, Y, Lu)-
catalysed hydroamination—cyclization of the amino olefins H,NCHR'R?*CH=CH,
to yield the corresponding heterocycles HNCH{R')R?*CHCH, (R}, R?=H, {CH,),;
H, CMe,CH,; H, (CH,);; CH,, (CH,),; H, CH(Me)CH,; o-C H,, CH,) (Scheme 8).
The crystal structure of (Cp*),LaNHCH,{H,NCH;) was also discussed (Fig. 14).

Yu et al. [ 15] investigated the synthesis and thermal stability of pyrrolyl complexes
of the general formula (Cp),Ln{pyr); -, (THF) {(pyr=pyrrolyl=NC,H,; Ln=8m,
Dy, Yb, Lu; n=0, 1, 2). They are classified into three series; Ln(pyrly{(THF},
CpLn{pyr),{ THF) and (Cp),Lalpyr)(THF). (Cp),Ln(pyrt{ THF) tends to dispropor-
tionate into (CphLn and La(pyr), at high temperatures:

3(CsH; ), Lol =2{CH;)sLn+ Lok,
L =ligand

H
o

- mtraenobeczlar cyclization

(CMespiaR
HZNU
RH

(R = H, CH(TMS);, 0 *C3Hs, N(TMS))

(CMesin-fo
S D
BN ™ i n |
(CsMes}zl-ﬂNb

Scheme 8.
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Fig. 14, (Cp*),LaNHCH.({H,NCH,;). {Reproduced with permission from Journal of the American
Chemical Society.)

SCF-Xu-SW calculations have been carried out on {Cp),Yb(C,H;) and
{Cp),Yb{CO), by Min [41]. Both non-relativistic and relativistic schemes have been
tried. CO interacts with Yb more strongly than C,H, does; the coordinating effect
of a o ligand is stronger than that of a = ligand. The results of these calculations
are consistent with the experimental resulis thai the divalent compounds are vnstabie
and easily oxidized.

The first example of high molecular weight poly(methyl methacrylate) with unusu-
ally narrow polydispersity was reporied by Yasuda et al. [42] using the unique
catalytic function of organolanthanide (111} complexes. They also described the reac-
tion of [{Cp*),SmH], with MMA (MMA=methyl methacrylate} to yield the
organolanthanide (111} intermediate (Cp*},.Sm{MMA),H. The crystal structure of
this complex 1s presented in Fig. 15.

Folga et al. [43] reported a theoretical study on the hydrogen exchange reaction
between (Cph,Lu—H or {Cp*),Lu—H and H,. This study was based on approximate
density functional theory.

Deacon et al. [441 studied the synthesis and crystal struciure of
{ YB{Cpi,{OPPh,; }(OPPh,C:H,)]. This compiex was prepared by the reaction of
{Yb{Cp),{DME)] (DME=12-dimethoxyethane) with thalliem(I)diphenylphos-
phoryleyclopentadienide and triphenylphosphine in THF;

Yb(CsHs), + PhyPO + TI(CsH,Ph,PO)
L T1] 4+ [ YB(CHy ), (OPPhy (OPPH,C.H, )] ( THF)
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Fig. 15 {Cp*);Sm(MMARLH. {Reproduced with permission from Journal of the American Chemical
Society.)

The crystal structure of the compound (Fig. 16; Yb—centroid(Cp)=2334 and
230.6 pm; ceniroid— Yb—centroid = 127.7°) shows it to be monomeric with eighi-
coordinated ytterbinm and a pseudotetrahedral arrangement of the centroids of two
n°-bonded cyclopentadienyl rings and the oxygen atoms of Ph,PO and
(OPPh,C;H,) ™, rather than 10-coordinated with #*-(C;H,PPh,0)".

Evans et al. [45] reporied the synthesis and crystal strocture of [{(Cp*).Sm}
{NH,NH,)(THF))BPh,, which was ©prepared by protonation of
[{{Cp*),Sm{THF )} ,(u-n* 1 #*-HNNH)] with two equivalents of (Et;NH)BPh, in
THF {(Fig. 17: average Sm—C(Cp*)=27).2 pm; Sm—N=2492 and 2523 pm;
N—N=147.1 pm; centroid —Sm —centroid = 138.9°):

D + 2 (Et;NH)BPh,

Q\‘“\)' '

ol |0

Sy BPh, + o BPb,

o

THF
BN
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Fig. 16, [Yb{Cp),(OPPh {OPPh,C H,)]. {Reproduced with permission from Auvstralian Joursal of
Chemistry.)

Fig. 17. [{{Cp*}.Smi{NH,NH, THF)]BPh,. (Reproduced with permission from Anrgewandie Chemie.)

This molecule is considered a model complex for the biclogical fixation of

molecular nitrogen.
Jahns et al. [46] published an INDO (this model is a semiempirical valence

electron method) study of two para-dimetallated o-phenylene complexes
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[{(Cp*)M}2CsHaT(M = Sc, Lu). The lutetium complex has a small M—C2¥'—Cp*!
angle of 88°. This unusuval geometry is atiributed to an agostic interaction between
the metal atom and the (C—H), group of the o-bonded aryl ring. The corresponding
angle of the amalogous scandivm compound is reporied to be 118°. The article
described a detailed analysis of the bonding situation in these iwo organolanthanide
complexes.

Makhaev and Borisov [ 47] prepared bis{cyclopentadienyl )tetrahydroborato com-
plexes of scandium from the reaction of scandium tetrahydroborate with sodium
cyclopentadienides:

Sc(BH, )s(THF), 4 2CsHNa— (C,H),ScBH, + 2NaBH,

Sc{BH,}),(THF), 4 2MeC H,Na —(MeC,H, ),ScBH, + 2NaBH,

2.1.3. Bridged cyclopentadienyl compounds
Schumann et al [22] reported that the solvent-free rare earth triflates
[Cp,Lo{O8SG,CF;}],{Ln=8c and Lu) are dimeric:

CE 0
Q o—"'s"“*o\p
- /
2 In(OSOLCFyy+4NaCp  —ime™ I"‘\ -
0PN

Wang et al. [48] studied the reaction of Cp;Ln (Ln=Pr, Nd, Sm, Gd, Dy, Ho,
Er, Y, Tm, Yb} with cyclohexanoneoxime in THF to yield [{Cp),La(ONCgH ,}],:

2(CsH)aLn + 2CeH ;oNOH —s [(CoH;NOYL(CsH, ), T, + 2CsHe

The complexes are considered to be oxygen-bridged dimers. Disproportionation
on heating was observed for Ln=Pr, Nd, Sm. The compounds were characterized
by mass spectral data and IR spectroscopy.

Bochkarev et al. [49] described the synthesis and crystal structure (Fig. 18:
Yb—Cp—Yb=1800") of the polymeric two-dimensional multidecker complex
[(°-Cp)V (p-9°: 7%-C1oHg ) YO{ THF }{(5°-Cp)],., which was formed by the reaction of
{Cp}),V with an excess of {C,;Hz)Yb(THF), in THF:

(CyHg ) YB(THF), +{C:H;),V

THE

— [(r*-CsHy )V (un®:-CoHa ) YO(THF) (*-CsHs 1],

The product was also obtained by the treatment of Ybl,{ THF}, with an equimolar
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Fig. 18. [{(7"-CptVipen® . 7-C cHg 'Y THF )y -Cp)l,. (Reproduced with permission from Inorganica
Chimica Acta)

mixture of KCp and K [(Cp)V{(C oHs)] in THF. The molecular structure consists of

infinite zigzag chains (Fig 19) formed by {#°-Cp)Yb moieties and with one

{(73-CpyV(#°-C,oHy} unit coordinated »? via the naphthalene to each Yb atom.
Deng et al [50] reported the formation and crystal structure of

Fig. 19. ORTEP plot of [U*-CPIVEu-n®: 5*-CioHle) Yo THF Myp*-Cpl], showing the infinite zigzag chain
formed by cyclopentadienylyiterbium moieties. (Reproduced with permission from Inorganica C himica
Acta)
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[{CH;OCH,,CH,CsH, ),Er{u-OH)],. This compound was obtained by the partial

hydrolysis of (CH,OCH,CH,CH,),ErCl;
(: :; B
\E//C'\ /l o
~— /Er
\O/\/@ Y
H

The molecular structure (Fig. 20) shows the hydroxyl groups bridging with dis-
tances Er—O=225.8 and 221.7 pm and the methoxyethyl group coordinating with
distances Er— O =254.2 pm. The Er—centroid(Cp) distances are 239.8 and 216.8 pm
and the centrotd —Er—centroid bond angles are 71.6° and 73.2°.

The dimeric complexes [("BuCp),LaCl], (Lo=Pr, Gd, Er} were prepared by Song
et al. [51] by the reaction of lanthanide trichlorides with two equivalents of sodium

KCp+ErCl T [Cp ErC]] 22T

=, G168 ci6r*

o183

< 2

Fig. 20. {{CH;OCH,CH,CH, ),Er(¢-OH)],. (Reproduced with permission from Polyhedron.)
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t-butylcyclopentadienide in THF.
LaCl; + 2Na{BuCp) 5 (‘BuCp),LaCl(THF), + 2NaCl

Ln=Pr, Nd, u=2; Ln=Yb, n=1

These complexes are thermally stable and soluble in ethers and aromatic solvents.
The praseodymium and gadolinium complexes were also structurally characterized
(Fig. 21). The crystal structures show that the two complexes are sosiructural. The
iwo (‘BuCpl,Ln units are linked by symmetrical chloride bridges and the coor-
dination number for both complexes is eight. The Pr- centroid(Cpl and
Gd—centroid{Cp) distances are 2490 and 241.7 pm respectively and the
centroid — Pr—centroid and centroid—Gd —centroid angles are 130.7° and 130.3
respectively.

Marsh et al. [ 52] determined the crystal structure of the silicon-bridged bis(substi-
tuted Cpyttrium complex [Li(THF L] Y(C,HgS54:1C1, ] (Fag. 22). There are two
virtually identical molecules in the asymmetric unit. In each molecule the Y atom is
tetrahedraily coordinated to a substituted Si-bridged bis(cyclopentadienyl)iigand
and iwo Cl ions. The Li atom is separated by 235 pm from each (I ion and two
molecules of THF are connected to the Li. thus completing its tetrahedral coordina-
tion sphere.

Hajela et al. [ 53] determined the crysial siructure of a permethylcyclopentadienyl-
u-tetramethylcyclopentadienylmethylene scandium dimer {Fig. 23). Two bis{penta-
methvicyclopentadienyl }scandium molecules are joined across a cenire of symmeiry.
One of the Cp* methyl groups has lost an H atom. The S¢—centroid (Cp*) distances
are 218.1 and 221.2 pm.

Fig. 21. [{'BuCp},PrCi],. {Reproduced with permission from Polyhedron.
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Fig. 22. JTLI{THF ), Jf Y{Cos HysS8i5)C0, ). (Reproduced with permission from Acta Crystallographica.)

cHF
€

iy

Fig. 23. [Sc{CsMe; )€ gH ), 1. {Reproduced with permission from Acta Crystallographica.}

Schaefer et al. [ 54] reported the synthesis and crystal structure of a silicon-bridged
scandium complex of the formula {(4°-CsMe,)SiMe,[4°-CH,CH,CH,P-
(CMe;), 1} ScCH(SiMe; ), (Fig 24:  Sc—centroid{Cp}=220.3 pm; Sc—centroid
{Cp*)=220.0 pm}.

Jin et al. [35] prepared the dimeric erbium complex {{CHCsH, )Er
(THF }J(4-Cl)s(p3-C1),Na(THF ), } - THF  (CsHCH, = cyclopentylcyclopentadi-
enyl) by the reaction of ErCl, with one equivalent of C;H,CsH Na:

2E5Cl, + 2CsHyCsH,Na

AL {H{CsHCsH)E(THF)], (15-Cls{3-C1),Na{ THF ), } + NaCl
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Fig. 2. 1{7-CsMe,)SidMe, [ -CsH ;CH,CH,P{CMe; ), 11ScCHUSiMe, ). { Reproduced with permission
from Acta Crystallographica.)

The compound crystallizes from hexane/THF and the crystal structure shows
(Fig. 25 Er—centroid=234.4 pm} that each erbium atom is surrounded by one
C. HyC,H, ligand, two p3-Cl, two #,-C} and one THF in a distorted octahedral
arrangement.

The crystal structures of [ Lo{'BuCp),{-OH}]; (La=Nd. Dy} were discussed by
Herrmann et al. [56] (Fig. 26 Nd—centroid =246.7 and 250.9 pm: centroid—

cie

Fig 25. IHCHoCsHy )Er{( THF Y1 24p,-Cl )3 3e,-ClaNa{ THEY, | THE. 1 Reproduced with permission from
Poiyhedron.}
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al4t.]

Fig. 26. [ NA{'BuCp);(u-OH )], . {Reproduced with permission from Chemische Benchie.)

Nd —centroid = 124.5% for the dysprosium complex: Dy—centroid=237.8 and
241.2 pim; centroid— Dy —centroid=125.5°). These complexes were formed by the
partial hydrolysis of Ln{'BuCpj;.

Wang et al. [57] reported the reaction of (Cp*),Sm with excess hydrazine to
give the yellow crystalline tetranuclear organolanthanide hydrazido complex
[Cp*Sm 1 NHNH ),(NHNH,},{ NH,}, in high yields:

4(CsMe,),Sm + 6N, H,
—[{CsMe;)Sm],( NHNH,),(NHNH}, + 4C;MesH + 2H,

The product was crystallographically characterized (Fig. 27. Sm—Cp*=250.3 and
262.0 pm), showing the molecule to consist of a distorted tetrahedral arrangement
of samarium atoms with bridging hydrazido anions on each edge of the tetrahedron.

Stehr and Fischer [58] prepared and structurally characterized [(Cp),Yb{u-

0,SCF, )1, {Fig. 28). The reaction of Yb(O;8CF;}; with NaCp in toluene produced
the compound:

2YB(O,SCF, )3 + 4NaCsHs 275 [(45-CsH,), Yb(4-O;5SCF; ), + 4N2aO,SCF;
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Fig. 28. [Cph Ybip-O.8CF )1, (Reproduced with permission from Journal of Organometallic
Chemistry

This compiex contained bridging triflate ligands with Yb—centroid(Cp) distances
of 227.7 and 2279 pm.

Evans et al. [59] showed that (Cp*}),8m reacts with Sb("Buj, in toluene to form
[Cp*):Smls(p-n*: 12 4*-Sby}(THF). The crystal structure of this compound is
depicted in Fig. 29. The (Sb;)*~ ion has indistinguishable Sb— Sb distances of 268.9
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Fip. 29. [(Cp*},Smly(p-n® 1% 1'-Sby M THF ). { Reproduced with permission from Journal of the Chemical
Society, Chemical Communications.}

and 268.6 pm. Five of the six Sm—S8b distances fall in the narrow range of
316.2-320.5 pm.

Schumann et al.  [31] reported the partial hydrolysis  of
[C{CH,CH,C:H,),1Y{(C;H,CH,), which resulis in the formation of the complex
[{O(CH,CH,CsH, ), } Yin-OH}], (Scheme 9).

The crystal structure of the complex was deiermined (Fig. 30) and shows a
dinaclear complex with two bridging hydroxyl groups. The average yttrium—cyclo-
pentadienyl carbon distance is reported to be 269.2 pm.

Evans et al. [45] reported the syathesis and crystal structure of
[{(Cp*),Sm{THF)} ,(p-n* 1 #*-HNNH)], which was formed by the treatment of
[H{Cp*),Sm},(pu-n? : 7*-HNNH ] with THF {Fig. 31}. The average Sm —centroid({Cp)
distance is reported to be 282.4 pm and the average centroid —Sm-—centroid angle
15 125.8°

s Ty + YCl ———= 0 Y-Cl + 2NaC)
Na® ‘ @

Scheme 9.
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Fig 30. [O{CH,CH,C;H,): Y{u-OHY]).. (Reproduced with permission from Zeitschrift fiir Anorganische
und Aligemeine Chemie))

Fig. 31 [HCp*,Smi THF }} 5t p-n% : p*-HNNH1]. { Reproduced with permission from Angewandte Chemie )

Gun'ko et al. [60] reported the reaction of lanthanidocene aluminohydrides
{CpsLnAlH, L), (Cp"=C;H,'Bu,; Ln=Ce, Sm; L=THF, NEt,} with an excess of
triethylamine-alane to form unsolvated hydrides [{Cp”),Lafu-H)1,:

NEt,

Cp;LaCl +2NaAlH, g (CpsLnAlH,NEt;), +2AIH,; NEt; +(CpiLlnH},
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The samarium complex was also obtained by the redox reaction of {Cp”),Sm-THF
with AlH,-NEi,:

Cp;Sm-THF + AlH, - NEt,—2 1(CpiSmH), + Al + NEt, + H,

The crystal structures of the two lanthanidocene hydrides and of [(Cp”),Sm(y-
BH,)1, were determined: [(Cp"),Celu-H)], (Fig. 32: Ce—ceniroid(Cp”)=255 and
252 pm; centroid --Ce-—centroid = 133.5°), [(Cp }.Smig-H)], (Sm—centroid{Cp")=
247 and 245 pm; centroid —Sm—centroid = 121.5°} and [(Cp”),Sm{u-BH, )1, (Fig. 3%
Sm—centroid{Cp") =246 pm; centroid —Sm —centroid = 115.3°).

Hitchock et al. [ 61] prepared lanthanocene{I1} complexes of the formula [{Ln(y-
CsH,(S8iMe,),-1,3);1 . 1 (Ln=Yb, Eu) by the desolvation via sublimaiton of [ Yb(n-
C H.(SiMe,),-1,3),{0Et,)] and [ En{n-C:H;(SiMe,),-1,3},{ THF}] (Scheme 10}.

The two complexes were siructurally characterized {Fig 34: centroid—Yb—
centroid=138.0°; Yb—centroid(Cp)=238.2 and 236.6 pm; Fig. 35: Eu—centroid
{Cpi=2576 and 261.0pm; centroid—Evu—centroid=122°). Each complex has
unigue intermolecular agostic-like interactions. The ytierbium derivative adopts a
beat metallocene conformation. The europium compound exhibits an unprece-
dented conformation with a cyclopentadienyl ring bridging #°: #° between two non-
equivalent curopium atoms,

Three binuclear organolanthanide complexes of the formula [(Cp),Ln{p-
OCH,CH,CH,}]; (Ln=Dy, Ho, Yb} have been synthesized by Wu et al. [62] by

Fig. 32. [{C,H;'Bu,),Ceip-HY];. {(Reproduced with permission from Jouraal of Organometallic
Chemistry.)
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Fig. 33, [(C H;Bu,).Smin-BH,1],. (Reproduced with permission from Jouwrnal of Organometaliic
Chemistey.)

= 0 (1}
| : M=K = [ Ybprz{?EtZ)] ii "
Lal{THF), IMCp” in =2 [ EuCp" A Tt if)] sublitne [(anp 2 ]

brown Ln= Yb (puple}
L= Bu{red)

&
i

Scheme 10.

the reaction of (CplLn with equimolar amounts of n-propanol in THF:
2(CsH; )L+ 2HOCH,CH,CH;,

= 2CHe+ [{CsHs L Lontp-OCH,CH,CH, ),

The crystal siructure of the ytierbium compound was also determined {Fig, 36).
The Yb,O, enit is planar and the yiterbium atom is coordinated by two Cp ring
centroids and two oxygen atoms of two n-propoxide ligands to form a distorted
tetrahedral geometry., The average Yb—Ci(Cp) bond distance is reported to be
2589 pm and the average Yb— O distance is 219.9 pm.

Jizhv et al. {63] determined the crysial structure of (C;HoC;H )Er,-
(p2-Clig{pa-C)(j,-OHTHF ). The complex is composed of four Er atoms bridged
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Fig. 34, [{ Ybin-CsH,(8iMe, )-1.3k ), ). (Reproduced with permission {rom Journal of Organometallic
Chemistry.}

Fig. 35. [{Eu(y-C;H1{5iMe;}-1.3);}..]. (Reproduced with permission from Journal of Organometallic
Chesnistry.)
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Fig. 36. [ICp),Ybiu-OCH,CH,CH,)1,. { Reproduced with permission from Polvhedron.)

by seven Cl atoms and one O atom, with three of the Er atoms each bonded to a
cyclopentyleyclopentadienyl group and the other Er atom bonded to three THF
ligands. The Er atoms constitute a distorted tetrahedron.

Jizhu et al. [64] prepared complexes of the formula (CHC H,)LLnCl{THE),
{Ln=Nd, Sm, n=1; Ln=Er, Yb, n=0) by the treatment of LnCl, with sodium
cyclopentyleyclopeniadienyl in THF:

LaCl, + 2Na{CHoCH ) by (CsHoCsH, ), LnCH THF), + 2NaCl

The crystal structures of [(CsHoCsH1LSmCHTHF}, and [{CHCH,)LEe(ClL ],
were determined. The central metal atom in the samarium complex is coordinated
to two cyclopentyleyclopeniadienyl rings, two bridging chiorine atoms and one THF,
forming a distorted trigonal bipyramid. The central metal atom in the erbium
complex is coordinated to two cyclopentylcyclopentadienyl rings and twe bridging
chlorine atoms, forming a pseudotetrahedron.

Chaode et al. [65] reported the synthesis and crystal structure of a tetramethyi-
ethylene-bridged dicyclopentadienylsamarium{IIl} complex of the formula
[{CH41,Co{CH, Y, 18m(Cp)Y THF). The samarium atom is bonded to three cyclopen-
tadieny! rings and an oxygen atom of the THF hgand. The three centroids of ihe
cyclopentadienyl rings and the O form a ietrahedral configuration around the
samariom atom. The average Sm-—C(Cp) bond distances for the three cyclopenta-
dienyl giroups are 272.3, 276.3 and 278.3 pm. The Sm—O bond is 253.1 pm.

The crystal structure of the dimeric complex [{Cp),ErCI{THF}], was discussed
by Jizhu et al. [66]. The oxygen atom of the THF ligand is bonded to Er** and



36 U, Kilimann and F. T. Edelmann/Coordination Chemistry Reviews I4F { 1995) 1-61

the bond length of Er—Q is 249.1 pm. The average bond leagth of Er—C(Cp} is
264.9 pm. The Er---Er distance is 442 pm and the Cl—Er—Cl bond angle is 72.2°.

2.1.4. Triscyclopentadienyl compounds

Schumann et al. [67] reported the synthesis and crystal structure {Fig. 37
La—centroid(Cp)=256.1, 259,1 and 265.1 pm; centroid—La—centroid=115°, 118°
and 119°} of the monomeric derivative CpLa{C H PPh,}),(THF), which is formed
by the reaction of LaCl, with TIC;H PPh, and NaCp in 1:2:1 molar ratio:

LaCl + NaCp —anr™ CpLaCl{THF); PPh,

| +2TICH,PPE, . @ @

-2Ta /La
a— O O
a0l

LaChy + 2TICHPPR, —oe—= [ (CsHPPh L aCK THF)]

PPh;

Adam et al. [68] found that the adduct {Cp),Sm(NCCH;) crystallizes not only
in the already reported orthorhombic form but also as a triclinic modification
{Fig. 38: Sm—centroid{Cp}=276.3 pm)}.

{(MeOCH,CH,CsH,);Ln {Ln=La, Pr} complexes have been synthesized by
Qian et al. [69] by the reaction of LaCl, with MeOCH,CH,C;H,Na in THF:

LnCl, + 3MeQOCH,CH,CH,Na — (MeOCH,CH,C3H,);Ln + 3NaCl

Fig. 37. CpLa(C;H,PPh;},{THF). {Reproduced with permission frem Journal of Organometallic
Chemistry.)
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Fig, 38. {Cp)Sm{NCCH,). {Reproduced with permission from Journal of Organometallic Chemstry)

The crystal structure of (MeOCH,CH,C . H,),Pr (Fig. 39) shows the complex to
be monomeric. The coordination number of the central Pr atom is 11. The
Pr —centroid{Cp) bond distances are reported to be 254.2, 2548 and 256.9 pm and
the centroid —Pr—centroid angies are 119.0°, 121.7° and 119.3°.

Gao et al. [70] reporied the synthesis and crystal structure of [Li(DME},1"-
[{(n*-Cp)NdCH:] . which was prepared by the reaction of NdCl,-2LiClL two
equivalents of NaCp and one equivalent of phenyliithium in THF at —78 C
{DME =dimethoxyethane). The complex consists of the separated ion patrs
[Li{DME),1* and [{#*-Cp}sNdC¢Hs ]~ . The neodymium atom is connected to three
n*-bonded cyclopentadienyl rings and one o-bonded phenyl in a distorted tetrahedral
arrangement with Nd—C{c}=259.3, 261.3 and 260.1 pm and Nd -C({Cp}=2829,
282.0 and 282.9 pm (Fig. 40).

Maier et al. [71] determined the eleciric dipole moments of
Pr{N{SiMe;}, |.{ THF} and (CphPr{NCC,Hj) with quasi-C;, molecular symmetry
and of Sc[N{S8iMe,;),1; and (CphLa(NCC,H:) with Dy, molecular symmetry in
benzene solutions. The compounds with Dy, symmetry do not exhibit a dipole
moment, while the compounds with C,, symmetry show a dipole moment higher
than 4 D),

Maier and Kanellakopulos [72] measured the dielectric constantis and dipole
moments of 1:1 adducts of the triscyclopentadienyl compounds of ihe trivalent
lanthanides La to Lu {with the exception of the Pm compiex} with coordinated THF,
{Cp);La(THF). The crystal siructure of (Cp);Dy{ THF ) was alsc determined {Fig. 41:
Dy--centroid{Cp)=247.2, 2467 and 2447 pm: centroid—Dy—centroid=113.9",
119.6° and 118.9°).

Borisov et al. [ 73] studied the triple-point temperatures of the triscyclopentadienyl
complexes of lanthanum, cerium, praseodymium, neodymium, samarium and
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X Y]

'"'\‘;." [o]3: HIR TP

Fig. 39. (MeOCH,CH,C:H,};Pr. (Reproduced with permission from Jourpal of Organometallic
Chemistry.)

Fig 40. [Li{ DME);][(n°-Cp}NACH;]. {Reproduced with permission from Journal of Organometallic
Chemistry.)
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Fip. 41. {CphDy(THF). (Reproduced with permission from Journal of Organometallic Chenistry. )

gadolinium. The vapour pressures of these complexes have been measured by the
static method in the temperature range 240-390°C. The heats of sublimation were
calculated from the temperature variation of the vapour pressure.

Qian et al. {74] studied the isomerization of several 1-alkenes catalysed by
organclanthanide complex/sodium hydride ((Cp);Ln/NaH; Ln=Y, Er, Lu} systems
in THF at 45°C {Scheme 11). These reactions afford cis- and trans-2-alkenes in very
good yields. The effects of solvents and = ligand of the complexes on this isomerization
were also determined.

Schulz and Amberger [75] inspected single crystals of various ester adducts

(CsHshln + NaH

|THF
'

[(CsHs)zLﬂ(}i‘H}(fHF}]:

(Csﬂs}anH

(Csﬁs)an

Scheme 11. Catalytic cvcle.
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derived from (Cpj;Ln (Ln=La, Pr, Sm, Th, Er, Tmj} in a polarizing microscope, The
crystal struciure of the butylacetate (BA) adduct derived from (Cp);La was deter-
mined (Fig 42 La—centroid{Cp)=2589, 2595 and 2587 pm; centroid-——La--
centroid=117.27, 118.4" and 116.53°). The complex crystallizes in the molecular space
group P2, /n with four molecules in the unit cell. Selecied regions of the o, o and n
absorption spectra of (CplsLa(BA): Pr were interpreted.

The crystailization properties of 150 adducts derived from (Cp);Ln and (Cp');Ln
{Cp'=CsHsR; R=methyl, ethyl, t-butyl, benzyl, phenyl, trimethylsilyl) have been
examined by Schulz et al. [76]. The crystal structures of (CpiPr(BA) (BA=#n-
butylacetate) and (Cp), Th{ NCCH,} were determined. The Pr—centroid(Cp) dis-
tasnices are 255.3, 255.6 and 235.0 pm; the Tb—centroid{Cp} distances are reported
to be 244.2, 246.7 and 245.6 pm (Figs. 43 and 44).

The absorption spectrum of a Cp;Nd{NCCHS,}, single crystal has been measured
by the same auothors [77] using liguid nitrogen as coolant. From these data a
truncaied crystal field splitting pattern could be derived.

Apostolidis et al. [78] reported the resulis of absorption, emission and magne-
tochemical measuremenis on mono- and bisacetonitrile adducts derived from
{Cp)sPr. On the basis of these measuremenis, the truncated crystal field splii-
ting pattern of {Cp), Pr{NCCH,), the structure of which was determined by Schulz
et al. [76], could be derived. The absorption and luminescence spectra of
(Cp)yPr{NCCH,), lead to two different splitting patterns.

Song et al. [79] described the synthesis of the byproduct [('BuCp);NdBrLi-
{(THF); ], which was formed by the treatment of {BuCp),NdCl with one equivalent
of phenyllithium in THF {the phenyliithium solution used in this study contained
LiBr, so that one bromine atom coordinates to the Nd atom). In this experiment
the authors attempied to obtain the complex ((BuCp),NdCH; - 2THF:

{‘BuCp)szCl-2THF+LiC6H5%(’BuCp)szcﬁHs-QTHF

[}
(9]
]

Car

Fig. 42. {(Cp)LaiBA). (Reproduced with permission from Journal of Organometailic Chemisiry.)
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£

Fig. 44. (Cp), Th{NCCH,). {Reproduced with permission from Journal of Organometallic Chemistry.)

The crystal structure shows that the neodymium atom is bonded to three tert-
butyl-cyclopentadienyl groups and one bromine atom, forming a distorted pseudo-
tetrahedron (Fig. 45: Nd—Br=297.8 pm; Nd -centroid{Cp)=2557. 2565 and
258.2 pm; centroid— Nd —centroid=117.0° and 1i6.0%).

The formation of some sublimable homoleptic tris(tert-butylcyclopeniadienyi}
complexes of the formula Lr('BuCp), (Ln=Nd, Dy, Tm) was reported by Herrmann
et al. [56]:
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LJCe2s

Fig. 45, [{'BuCp),NdBrLi{THF),]. {Reproduced with permission frem Polyhedron.}

LnX, + 3K'('BaCpy — o= Lo(*BuCp}(THF),

in=Nd X=C_l
La=Dy, X-Ci )(@
Ln=Tm X =1 .

Subbm i

=

These compounds were obtained by the reaciion of LnCl; with the potassium salt
K{BuCp) in THF. Their thermal behaviour makes them potential precursors for
metalorganic chemical vapour deposition (MOCVD) techniques.

2.1.5. Compounds with cyclooctatetraenyl and cyclopentadienyl ligands

Visseaux et al. 807 reported the synthesis of dimethylphosphineotetramethyleyelo-
pentadiene, HC;Me,PMe,, and its potassiumm salt KC;Me,PMe,. Reactions of
KCsMe,PMe, with [{COT)Sm(p-Cl1){THF}, ], {COT =#°-CgHE ™) gave compounds
such as (COTSm(C,R,PR}}{THF), (R=H, Me; R'=Me, Ph; n=0, 2}

$[(COT)SmCI(THF), 1, M—:‘%» {COT)Sm(C,R PR, THF),

M=Li; R=H; R'=C;H;; n=2; blue
M=K; R=CH;; R'=CH;; n=0; red-brown
M=K; R=R'=CH;; n=0; dark green crystals, deep red solution
All these metallophosphines reacted with CpRh(CO), to form phosphido-bridged

bimetallic samarium(IIljrhodium{l) compiexes (COTISm(u-C:R,PR;IRh(Cp)—
(CO) (R=H, Meg; R'=Me, Ph);
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ICHORMCO):)

(COTISm{C,R,PRO(THF) o (COTISmip-CsR PRYRBCH HCO)

R=H: R'=C,H,
R ECHs; R EC&HS
R=R’'=CH,

The crystal structure of {(COT)Sm(Cs;H,PPh,}(THF), was determined and
discussed {Fig. 46: Sm—centroid(Cpy=252.7 pm; Sm—centroidiCOT)=198.4 pm:
centroid{Cpi— Sm—centroid (COT )= 137.17). The complex exhibits a very distorted
pseudotetrahedral geometry.

Ke et al. [81] described the synthesis of (7°-Cp}Ln{n*-COT K THF), (Ln=Pr. Nd.
Gd) by the reaction of LnCly with NaCp and K,COT in THI:

LaCly + NaCyH + K;CgHg s (7°-CsHy )Ln(*-CgHg  THF), + 2K C1 + NaCl

The crystal structure of (>-Cp}Pr{n®-COT} THF}, was determined. The ceatroids
of the Cp ring and the COT ring and the two oxygen atoms {rom the two THF
figands form a distorted tetrakedron.

2.1.6. Compounds with cyclooctatetraenyl and other ligands
(COTILn{CyH, {{ THF), {Ln=Pr, Nd) complexes were prepared by Ke et al. [82]
by the reaction of LrCl, with K{CsH-} {C;H, =indenyl) in the presence of K,COT

Fig. 46. {COTISm(C,H, PP, K THF},. (Reproduced with permission from Journal of Organometallic
Chemisiry.}
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in THF:

LnCly + K ,CoHg + K(CoHy) ——s {CyHy )L{CoH, H THF ), + 3K Cl

The crystal structure of the prasecodyminm compound showed that a five-
membered ring centroid of CyH,, the COT centroid and the two oxygen atoms from
the two THF ligands form a distorted tetrahedral geomeiry arcund the metal.

2.1.7. Compounds with trimethyisilylalky! ligands

Schaverien and Nesbitt [83] prepared series of related complexes
[La(Cp*}{CH{SiMe,},}51, [Ln{Cp*), {CH(SiMe,}),}] (Ln=La, Lu), [La{CH-
{SiMe; ), }2{z-Cl}K ] and the homoleptic tris-alkyls [ Ln{CH({SiMe,},};] Ln=Lu,
La) to investigate the factors influencing the fluxionality of their CH{SiMe,}, groups.
The determinations of these complexes have shown that the CH(SiMe,), groups
remnain rather mobile in the solid state. It is suggested that in electrophilic complexes
containing a CH(SiMe, ), ligand the metal may be stabilized by a g-Si—Me—M
interaction:

SIp
Ln:}:u/

\ \Siﬁ

Me‘r/

2.2, Compounds without supporting cyclopentadieny! ligands

2.2.1. Indenyi compounds

Fuxing et al. [84] reported the synthesis of indenylgadolinium dichloride &nstetra-
hydofuranate, {CoH,GdCl,-3THF)THF, by the reaction of Gd(l, with KC,H, in
THE:

THF

GdCl, + KCoH, — (CyH,GACL, - 3THF)THF + KCl

A crystal structure determination showed the Gd in the centre of the octahedron
and a coordination number of eight {Fig 47). The Gd—centroid (five membered
ring) distance is 247 pm.

Jusong et al. [85] described the synthesis of triindenyllanthanide complexes (-
C,H,L,Ln{THF)} (Ln=Nd, Gd, Er} by the reaction of LnCl, with indenylpotassium
and cyclooctadienylpotassium in THF. The crysial structures of (7°-C,H,); Ln{ THF)
{Ln=Nd, Gd) were discussed.

2.2.2. Alkoxides
The monomeric chelate [La{CH{S8iMe;),}{1,1'-{2-OCH,'Bu,-3,5),}1 was pre-
pared by the reaction of [La{CH{SiMe,),},] with one equivalent of 3,3',5,5-t¢tra-
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04

caz

g 47 (C,H.GdCY, 3THF)THF. (Reproduced with permission from Journal of Osganometallic
Chemistry.)

tert-butytbiphenyl-2,2"-diol by Schaverien et al. [86] {Scheme 12). The mono- and
tris-THF adducis have been synthesized and the tris-THF adduct was characterized
by a crystal structure determination (Fig. 48). The lanthanum atom is ligated by a
o-bonded alkyl group with a bond length La—C(alkyl)=267.6 pm. The La—O(bis-
phenoxide) distances are 227.1 and 221.7 pm. The reaction of [ La{CH({8iMe, ), } {1.1'-

OH  [LalCH(SMesh)] 0 y d’SiMea
a—

- o, - A
qu T ¢

1HF

Sivie,
0
\La/ C\ .
i o Siley
l | THF

Scheme 12,
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Fig 48, [La{CH(SiMe;}, } {1.1{2-OCH, Bu,-3,5,L, HTHF),]. (Reproduced with permission from
louraal of the Chemical Society, Chemical Communications.)

(2-OC4H,'Bu,-3,5),3] with 3,3%-bis(triphenylsilyl}-1,1'-binaphthyl-2,2'-diol affords
[La{CH{SiMe;),} {1,1"-{2-0C,H:81Ph;-3), }{OEt,}], which was also described in
Ref. [86].

2.2.3. Alkyl and arene compounds

Namy et al. [ 20] performed some Barbier reactions in the presence of samarium(II)
iodide in THF. It is concluded that under standard conditions (in the absence or
presence of hexamethylphosphoramide} an unstable and reactive organosamarium
species is formed, which is immediately trapped by the carbonyi compound. The
mechanisin of the reaction of n-dodecyl iodide or benzyl bromide with cyclobutanone
is shown in Scheme 13. The authors found evidence thai organosamarivum species
are present under the Barbier reaction conditions and are probably invelved in the
product formation for intermolecular reactions, which should be useful for synthetic
applications.

King and Marks [ 87] published thermochemical information on some formally
zero-valent lanthanide  bis(arene) sandwich complexes of the formula
La(#%1,3,5-'Bus;CsH,); (La=Y, Gd, Dy, Ho, Er). These investigations indicate that
the metal-arene bonds are very sirong.

Reetz et al, [88] published their experiences with ligand effects in selective carbonyl
addition reactions of cerium reagents. These ceriom complexes RCe{Q'Pr);MgX
(R =methyl, phenyl; X =Cl) react selectively with aldehvdes in the presence of ketone
functionality. The compounds were prepared by the reaction of cerium trisoprop-
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Sml y l [HF
R
/ lSmla

Smiz + Rl pomi, - ——r— R
lEtOD
H0
R-D 3 l
OH

R =00l
R CHCH,

Scheme 13,

oxide with RMgCl or RLi&:
RMgCl + Ce(O'Pr)y —» RCe{O'Pr};MgCl
RLi+ Ce(Q'Pr), »RCe{Q'Pr);Li
{ R = methyl, n-butyl, phenyl)

The Ce-Mg complexes are highly aldechyde selective in simple competifion reac-
tions involving 1: 1 mixtures of benzaldehyde and acetophenone,

Bauschiicher et al. [89] comipared the coupled cluster (CCSD{T)} and internally
contracted averaged coupled pair functional (ICACPF) levels of theory for the
calculation of the MCHJ binding energies for M =S¢ to Cu. The conclusion is that
the CCSD(T) method yields binding energies that are in excellent agreement with
the ICACPF results.

2.2.4. Ferrocenyl compounds

Jacob et al. [ 13] reported the reactions of anhydrous lanthanide trichlorides LaCl,
(Lan=La, Ce, Pr, Nd, ¥b) with [2-{dimethyiaminomethyliferrocenyl jlithium
{Li{FcN)) to give complexes of the type (FeN),LaCl, { FeN Lo LICE THF {Ln=Ce,
Pr, Nd} and (FcN};Yb:

LaCl3+3Li(FcN}—m—zy(FcN)zLaCl+Li(FcN)+2LiCl
—

LnCl; 4+ 3Li(FeN)—s (FeN ), Ln- LiCl- THF + 2LiCl
it N 0
Ln=Ce, Pr, Nd

YbCi, + 3Li(FcN)E§+(FcN}3Yb +3LiCl
203
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The compounds possess high thermal stability, which can be explained by the
chelating properties of the FcN ligand.

Dark red crystalline [(FeN}, Yb{u-Cl),Li{ THF), ] has been prepared by Gornitzka
et al. [90] by the treatment of anhydrous YbCl, with (FeN)Li in 1:2 molar ratio:

NM” S LiTHE),
YbCL + 2 Fe Li @—F
@) L@
Fe

This complex represents the first example of a diorganolanthanide(1II) halide
containing o-bonded organic ligands. The molecular structure of the complex has
been deiermined and discussed (Fig. 49). Yb—C=2651 and 237.2pm;
Cl—Yb—Ci=80.9").

3. Actinides
3.1. Cyclopentadienyl and cyclopentadienyl-like compounds
3.L.1. Monocyclopentadienyl compounds

Eisen and Marks [9i] reported kinetic and mechanistic studies of arene hydro-
genation by the supporied organoactinide complex (Cp)Th{CH,CHs)/DA

Fig. 49. [(FeNRYb{u-Cl1)L,Li{THF),]. (Reproduced with permission from Journal of Organometallic
Chemistry }
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{DA =dehydroxylated vy-alumina). This derivative is a highly active catalyst for
ethylene polymerization and propylene hydrogenation, but it is not active for propyl-
ene polymerization.

3.1.2. Biscyclopentadienyl compounds

Arney et al. [92] reported the synthesis and structure (Fig 5G:
centroid(Cp*}— U —ceniroid{Cp*) = 141.97) of the first bis{organoimidoj complex of
uranium( VI), (Cp*),U{NCgH;),. The reaction of {Cp*},U{CH;)C! with one equiva-
lent of LINHC H; in diethyl ether in the presence of one equivalent of TMEDA
resuls in the formation of brown-orange [ Li{ TMEDA)J(Cp*), U{NC H)Cl:

(CsMe,),U(CH,)Cl + LINHC H, + TMEDA

{C,Heyy

—TO’ [ Li{ TMEDAY(CsMe,),U(NCH;)Cl

4

The addition of one equivalent of phenyl azide to the lithium compound n diethyl
ether results in the formation of {Cp*),U{NCH;i,:

[ Li TMEDA)JCsMes), U(NC,H,)Cl + N,C H 'C—H\;"O (CsMes),UINCH,),

Another preparation of the uranium{ V1) complex was also achieved by the reaction
of 1-lithio-1,2-diphenylhydrazine with {Cp*},U(CH,}Cl in diethyl ether:

1, HO
—_—

(CsMes ),U(CH,)Cl + LiN(CH,)NH(C Hs) (CsMes ), UNCH; ),

Il

The crystal structures of the two isostructural complexes [{Cp*),UCL, ] (Fig. 51:
U - centroid{Cp*}=2473 pm; ceniroid —U - centroid = 132.1%) and [{Cp*),ThCl,]
(Th— centroid =253.4 pm; centroid —Th— centroid=1284") were determined and
discussed by Spirlet et al. [93]. The coordination geornetry about the actinide atom
is that of a distorted tetrahedron formed by the two Cl atoms and the centroids of

%g‘ s SO

: Cl
oy
foryiy3 Cital

Fig. 50. (Cp*),U{NCH;),. {Reproduced with permission from Journal of the Amernican Chemical Society )
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Fig. 51. [{Cp*LUCL,]. {Reproduced with permission from Acta Crystallographica.)

the two cyclopentadienyl rings. The molecular geomeiry of both complexes appears
to be heavily influenced by intramolecular non-bonded interactions. The complexes
were prepared by the reaction of uranium (or thorium) tetrachioride and potassium
pentamethyicyclopentadienylide:

pentane

UC14+ QKCSMES ——;\’E-? (CsMeS)QUCIE

3.1.3. Triscyciopentadienyl compounds

Maier and Kanellakopulos [72] measured the diglectric constants and dipole
momenis of the complexes (Cp),An{THF) {An=Th, U, Np, Pu). From the partiai
electric moment for the metal-oxygen bond, the distribution of the 5f electrons with
respect to the total electric dipole moment of the molecule was calculated.

Berthet et al. [ 94] reported that the addition of H™ to [{C;H, R} U] {(R=H, Me,
SiMe;, 'Buj or sodium amalgam reduction of the U(1V) hydrides [(C;H, R UH]
(R=SiMe,, ‘Bu) afforded the hydrtdo-bridged anions [{CsHR):,UHU{CH,R), T~
{R=H, Mg} or the monomeric anions [(CsH,R);UH] ™ (R=SiMe,, ‘Bu}(Scheme 14).
The crystal structure of [Na{18-crown-6)(THF), [{CsH,SiMe,)UHU{CH,-
SiMe;),] was also discussed (Fig. 52: centroid{Cp)—U=257.1, 2558 and 2570
pm). This compound was obtained from an equimolar mixture of [ Na{18-crown-
6)][{CsH,SiMe; ), UHT and [{C;H, SiMe,},U].

Villiers et al. [ 95] reported the transformation of the triscyclopentadienyluranium
acyl complexes [U(5°-Cp)s(n>-COR)] leading to the corresponding alkylbenzene
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[(CsHRRY] {CHRRBUH

R = §Me, ortBu R = SiMe; or*Bu

. B;NH]E%P&] NafHg) . TIEPh,
Na!*llis-cm\m—b 18- crowa-6

{ Na(18-crown-6) ] [ (CHRPUHU(CH R ); | — [ Nal 18-crown-6)] [ (CsHR)UH |

R = SiMa,, By
R = Sivie;

{CsHRKU(THF)
B =H. ke

Nall || [BsNHIBPR;

[NATHF)J|(CHR)UHUCHR) |
R=H Me

Scheme 14.

Fig. 52, [ Nat18-crown- 6 THF), JH{CH, SiMe; 3, UHUIC H SiMc,),]. (Reproduced  with  permission
from Journal of Grganemetallic Chemistry.}

molecules C,H;R {Scheme 15) (R =Me, "Ba, ‘Pr, ‘Bu). These derivatives have been
formed by deoxygenation of the acyl group and ring enlargement of a cyclopentadi-
enyl ligand. The authors reported that in the Fischer—Tropsch reaction, CO iasertion
into metal-alkyl species is generally considered as a chain termination step, leading
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o [M]«C—R +— = [M]—C—R
NS &

)R —=—»
/’HF

o]
4
(TFEF)M\,—\/C_R [(THF) M =O]n + @—R
O

Scheme 15. [M1=U{(Cp),; R =Me, "Bu, ‘Pr, ‘Bu.

to oxygenated products, even if carbene or alkyl complexes could be obtained by
treating acyl derivatives with metal hydnde species.

Berthet and Ephritikhine [96] described the reaction of the uranium{IV) hydride
(C:H,SiMe;);UH with carbon dioxide to give {C;H,SiMe, ), UOCHO, which re-
acted further with (C:H,SiMe;),UH to form the dioxymethylene complex
{CsH, SiMe, ;UOCH,0OU{C;H,SiMe;),. This complex is thermally stable and
its photolysis by UV light gave ({(C;H,SiMe,),U),(4-O) (Scheme 16}. The reaction
of the dioxymethylene complex with [PPh,H])Br quantifatively produced
{C H,SiMe, };UBr.

Zwick et al. [97] reported an alternative synthesis of (4°-Cp),Pu{THF) by the
reaction of plutonum triiodide with three equivalents of LiCp in THFE:

Pul,{ THF ), + 3Li(CsH) —— (CsH ) Pu(THF) + 3Lil

3.1.4. Tetrakiscyclopentadienyl compounds
Gramoteeva et al. [98] studied reactions of (Cp},U with the aryl halides PhBr,
PhCH,Cl and Ph;CCL The direction of the reaction was determined by the structure

CpUOCHO + Cp'yUH —» Cp'U—OCH,0-UCy'; ~— 2 Cp3UH + €0,

o N

Cp',UOUCD, Cp'3UBr

Cp' = C,H,S5Me;

Scheme 16.
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of the aryl halide. PhBr gave {Cp);UPh and (Cp),UBr, whereas PhCH,Cl gave
{Cp);UCH, (I and CpU{CH,Ph),, while Ph,CCl gave oniy {Cp;UCL

3.2. Compounds without supporting cyclopentadieny!t ligands

3.2.1. Alkyl and arene compounds

Zwick ei al. [97] prepared homoleptic alkyl compiexes of the formula
An[CH{SiMe;);])s (An=Np, Pu) by the reaction of three equivalents of
LiCH{SiMe,}, with An[0O-2,6-(t-C,H,},CsH;1; in hexane:

An[0-26-(t-CyHs),CoH, 15 + SLICH(SiMe, ),
~ An[CH(SiMes ), 5 + 3LiO-2.6--C,Hy)CoH,

Both complexes are extremely air sensitive and thermally unstable, decomposing
as solids within 1-2 days to intractable materials.

Eisen and Marks [91] reported a kinetic and mechanistic study of facile arene
hydrogenation with the supported organoactinide complex Th(1,3,5-CH,C H;-
Me,) /DA {DA =dehydroxylated y-alumina). They found that the activity for
benzene hydrogenation follows the order (Cp)Th{benzyl);/DA < Th{l.3,5-
CH,C H;Me, ), /DA < Th{s*-allyl),/DA.

3.2.2. Aliyl compounds
Eisen and Marks [91] prepared tetraallylthorium by the low temperature reaction
of ThCl,(THF), with an excess of allylmagnesium bromide in diethyl ether:

ThCL,(THF), + 4(C,Hs)MgBr —E;‘sﬁé Th(7*-C3Hs)a( Et,0), + 4MgClIBr

tolucne, pentane
i it

Th{n*-C;H;)(Et,0), Th(p*-C,Hs), + 2E1,0

The product is stereochemically non-rigid in solution, with the exchange of syn
and anti n’-allyl protons observable by variable-temperature dynamic 'H NMR
spectroscopy (Scheme 17). Marks and Eisen also reported kinetic and mechanistic
studies of arene hydrogenation by supported tetraallylthorium {Scheme 18}, Th(y*-
allyl) /DA, which presents an interesting contrast to both conventional homogeneous
and heterogencous arenc hydrogenation catalysis.

Ha Hy Ha Ha
—Hp Hp H
Hc;:‘-':‘l“_ w— Hc—é - ?— He =—= l}— He
| He Ha He Hp | “Ho
Ta Th Th Th
/I\ /IN /N /I\

Scheme 17
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Th‘—}

H;

Scheme 18. Possibie scenario for Thip®-aliyll,/DA—<atalysed arene hydrogenation.

3.2.3. Heteroatom five-membered ring anions

Gradoz et al. [99] reporied the synthesis, crystal structure and some derivatives
of chlorotris(tetramethylphospholyljuranium. They used the tetramethylphospholyl
group (#-Cy;Me,P =tmp) which is a steric mimic of the Cp* ligand, while rendering
the metal centre more electrophilic. The uranium complex [ U{tmp},Cl] was obtained
by the treatment of UC], with three equivalents of tmpK in toluene, The complex
[U{tmp),Cl, ] was prepared by the reaction of UCl, with only one eguivalent of the
phospholyl anion. [U{tmp}h<Cl] was a precursor for a series of [U{tmp); X 1 deriva-
tives (Scheme 19). The crystal structure of chiorotris(tetramethylphospholyl Juranium
revealed that the three phospholyl ligands are pentahapto bonded to the uranium
(Fig. 33 U~Cl=2671pm; U—P=2927pm; U-—centrotd({ring)=261.1 pm;
centroid—U-—centroid=119.1°).

uq,  — = [UmpCl) — [ Utmp)s]
E P
RECSYeY [ Uttmp)sMe] [ Uemp}s01Px ]

Scheme 19. Reapgents and conditions: (i) tmpK, 16 b; (i) KBE;H, 2 b; (iii} tmpK (one equivalent), 1 k;
{iv) MeLi, 2 b; {v} ‘PrONa, 2 h. All reactions in toluene.
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cigl

cn

Fig. 53, [Uin-C Mg, P1,Ci]. {Reproduced with permission [rom Journal of the Chemical Society, Chemical
Communications.)

Fig. 54. [{L{COTHBH, }u-OF), . {Reproduced with permission from Journal of the Chemical Society.
Dalton Transactions.h

3.2.4. Cyclooctatetraeny! complexes

The alkoxide derivatives [ U(COTHBH,HOR)] and [U{COTHOR),| (COT =n*-
CgHi™; R=Et, ‘Pr, ‘Bu} were prepared by Arliquie et al. [ 100] by the treatment of
[WW(COTHBH,), ] with ROH. The complexes of the formula [U{COT)}BH,)(OR}]
are monomeric in THF, whereas the other compounds [U{COTHOR),] are di-
meric in this solvent and monomeric in pyridine. The crystal structures of



56 U Kifimarn and F.T. Edelmann/Coordination Chemistry Reviews 141 { 1995) -6

Fig. 55. [{UHCOTHOP{u-O'Pri};]. { Reproduced with permission from Journal of the Chemical Society,
Daiton Transactions.)

[{U{COT){BH,}{u-OEt)},] and {{U{COT)(O'Pr){u-O'Pr)} , ] have been determined
{Fig. 54: U—centroid{COT)=1941pm; U-—B=2535pm; U—U=3789pm;
Fig 55 U-—centroid(COT)=199.2 and 198.3 pm; U—U=378.1 pm}. Both com-
plexes are dimeric in the solid siate and the two monomeric units are bridged by
two alkoxide groups.
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