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LANTHANIDES AND ACXLNiDES 

ANNUAL SURVEY COVERLNG THE YEAR 1972 

F. CALDERAZZO 

lsfiluto dt Chrmrca Cenernle ed Inorganica. Lrnrverstty of Ptsa. 56100 Piso (Ilalyl 

I. Organometallic derivatives of lanthanides 

Considerable progress towards the characterisation of lanthanide o-bonds 
to carbon has been made wrth the preparatron of the aryllutetium derivative 
t L~(C,H,(CHJ)Z Ial-, Isolated [ 11 as it.s lithium derivative. The compound was 
prepared by the reaction of 2,6dimethylphenyllith~um with anhydrous 
lutetium trichloride in tetrahydrofdran (THF) at -78°C: 

LuCI, + 4 LiC6Hx(CHx): + 4 &Ha0 
THF ~ 

-78°C 

[Li(CaH@),I tLu{CoH3(CH3)2)41 + 3 LlCl (1) 

The X-ray structure of the lithium derivative has shown that the aryl groups 
are tetrahedrally arranged around the central metal atom, thus establtshing the 
first esample of coordination number four for a lanthanide element. Of 
particular interest are the lutetium-carbon lengths. These distances are 2.425, 
2.439, 2.442 and 2.501 A. Accordmg to Paulmg [2 1, the lutetrum ionic radius 
IS 0.93 A. It is interesting to compare the lutetium-carbon bond lengths with 
the sunllar distances for a 3d transition element. The average chromium-carbon 
bond length m the cationlc arylchromium(III) derivative cis-bis(2-methosy- 
phenyl)bis(2,2’-dipyridyl)iodide [3] IS 2.10 X. Considering that the Ionic 
radius of tnvalent chromium IS 0.69 X, the longer lutetium-carbon dktance 
experimentally found can be justified simply on the basts of the Increased size 
of the central metal atom. The X-ray structure of the aryllutetium(UI) derivative 
definitely established the esistence of G-bonds to aryl groups for lanthanide 
elements. Whether these bonds are predominantly ionic or covalent is probably 
a question which will not be settled soon. The present writer feels that it IS 
important for preparatrve chemists to make new contributions in this field of 
organometallic chemistry. 

The ‘H NMR and LR spectra of cyclohesylisocyanide ndducts of trrcyclo- 
pentadienyl derivatives of all the lanthanide elements from lanthanum to 
lutetium have been measured [4]_ The complexes have the general formula 
Ln(CjHS)xCNGHI I - The cerium, samarium, europium, gadolinium, dysprosium, 
erbium, thulium and lutetium derivatives were reported for the first time. In 
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agreement with the relatively high oxidation state of the central metal atom, an 
increase of the CN stretching frequency with respect to the uncoordinated SO- 
nitrile was observed in all the compleses. However, the observed CN stretching 
frequency depends on the atomic number of the central metal atom and, more 
specifically, on ib electron configuration. 

The Lewis acidity of the Ianthanide elements in their tricyclopentadieny! 
derivatives has been evidenced [5] by the formation of adducts with some 
carbonyl and nitrosy! complexes of d transition elements. Tris(methylcyclo- 
pentadieny!)samariu and [ Fe(CSHj)(C0)2]z form a l/2 adduct in benzene at 
room temperature: the infrared spectrum (nujol mulls) shows bands at 2024, 
1980 and 1700 cm-‘, the latter being attributed to the brid@ng CO groups 
coordinated to samarium through the oxygen atom. Evidence of osygen-bonded 
adducts with other metal carbony! derivatives and metal nltrosyl compleses 
was gathered in CH1C!2 solutions. This choice of Lhe solvent may, however, 
appear somewhat unfortunate since it had been shown [6] earlier that 
halogenated solvents react with [FeCSHj(CO):]:. 

Of particular Interest IS the molecular structure [7] of the amonic dicyclo- 
octatetraene comp1e.i of ce+ium( 111) whose wolatlon as its potassium diglyme 
denvative, [K(dig!ynle)] [Ce(CdHs)?], had been reported earlier by Streitwieser 
and co{vorkers [S]. As shown in Fig. 1, the anion ts of the sandwich type, 
similar to dicyclooct~tetraeneua.nium( IV): contrary to the uranrum analogue 
having Deb symmetry, however, m this case the two eight-membered rings are 
staggered thus leading to the Dad symmetry for the anion. A further interesting 
feature of the structure 1s that the potassium cation is coordinated not only to 
the osygen atoms oi diglyme. but also 50 one of the eight-membered rings. 

F,g 1 S~rucrurr of the [Ce(C,H,): I’ ;rruon fot-mlng 10” paw wrb IK(drglvn?e)l ’ (KO Hodson and 
KY. Raymond. Inorg. Cbem . 11 (1972) 3U30). 

The molecular structure of another cyclooctatetraene complex of 
cenum(III), [Ce(C8H8)C!(THF),]z has been investigated [9]. The comples was 
prepared [lo] by the reaction of cerium( III) chloride with K&H8 (l/l) in 
tetrahydrofuran (THF). The X-ray mvestigation has established that the 
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compound is a chlorine-bridged dimer. The coordmation of each of the cerium 

atoms consists of two chlorine atoms, two osygens of the THF units and a 
planar cyclooctatetraene ligand. 

The preparation of anhydrous cyanides of europium( II) and ytterbwm(I1) 
from the metals and NH,CN in Ilquid ammonia was reported [ 111: 

liq. NH3 
Eu(Yb) NH,CN r Eu(Yb)(CN), (2) 

The compounds lvere probably contaminated with the cyanides of Euul and 
YbIu. The relatively high wavenumber value of the CN stretching vibration of 
the solids led to the suggestion of some covalent character in the metal-carbon 
bond. 

II. Organometallic derivatives of actinides 

Thermally stable alkyl and aryl denvatives of uranlum(IV) af formula 
U(CjHs)JR have been reported by three groups of workers [ 12-151. The 
compounds were syntheswed by the classical alkylntion reactlons of U(CsH,),CI 
by either alkyl- and aryllithiums or Grignard reagents: 

U(CSHj)jCI + LiR p LlCl + U(CjH,)lR (3) 

L:‘(CgHS)JC1 + RhlgX h hlgXCl + U(C;,ll,)aR (4) 

The compounds with the following R ligands wer? reported: CH3 [ 13, I-I], 
n-&H, [13,14J,(CH,)xCCHz [l-l], dlyl [II], C,HjCHz [13], p-CH,C,H,CHz 
[13], I-C,F, [14], C,H,CsC [15], CbHj [12,13, ~.~],~-CZH~C~HJ [15], C,Fs 
[l-!]. It IS interesting noting that the reactIon of phenylllthlum \ylth U(CjHS)3Cl 
had been carried out earlier [IS] but. had not resulted in the formation of a 
pure product. The alkyl and aryl derlvatwes of uranium(IV) are remarkably 
stable thermally. The n-butyl compound was reported [ 14 ] to be completely 
decomposed at. 100°C only after 15 h In toluene solution; the phenyl, methyl 
and benzyl derivatwes are not decomposed upon heating at 150°C [ 131. This 
high thermal stability contrasts wth the very high sensltlwty to both osygen 
and water. Hydrolysis of the phenyl derivatives yields benzene [ 151. Reactlon 
with methanol gives cleavage of the uranium-carbon bond with formation of 
the methosy derwatlve 1151 and the hydrocarbon in substantially quantitative 
yields [ 131: 

U(CSHj)JR + ROH B RH + U(C,H,),OR (5) 

It has been observed [ 131, however. that the attack by methanol can also take 
place at the uranium-cyclopentadienyl bond with formation of cyclopentadiene 

U(C,Hj),OR 
ROH 

h U(OR), + CSHd (6) 

Cyclopentadlene is also an important fragment in the mass spectrum of the 
phenyl derivative [13]. The corresponding deuterated compound U(CSHj),C6DS 
gives the same fragment, thus showing that an intramolecular hydrogen shift 
between two cyclcpentadlenyl groups is occurring. 

These alkyl and aryl derivatives are paramagnetic wth peir in the neigh- 
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bourhood of 2.8 BM, which is typical of several uranium(IV) compounds off’ 
configuration. The proton resonance spectra can be observed and the presence 
of the paramagnetic center gives rise to very remarkable and umque upfield 
shifts. 

The borohydrido derivative of ura.nium(lV), U( BEI_,),, has a polymeric 
structure in the solid state [ 171 with four intermolecular bridging and two 
terminal BH, per uramum atom; tms Investigation by X-ray diffraction could 
not locate the hydrogen atoms. The uranium-boron bullding urit of the solid 
state structure is shown in Fig. 2 

@ terminal B 

0 bridging B 

F,g. 2. The arrangement of termmal and mtemolecul~ bndglng BH, urnma around U-IULII 111 U(BH,), 

(E.R. Banstem. T. 9. Kelderlmp. S.J. Llppard and J.J hk,> ml+. J. Amer. Chem. Sot.. 94 (1972) 2551) 

The vapour phase infrared spectrum of LJ(Bs), suggests that the compound 
is monomeric [ 181. The mass spectrum yielded the parent peak at m/e 298 and 
the infrared spectrurr is rather simple tbm suggesting a highly symmetrical 
molecule, probably with four terminal BH., groups. In the gas phase the 
uranium atom was suggested to tie bonded to the BH4 units via a triple intra- 
molecular hydrogen bridge of the type indicated below, thus resulting in a 
twelve-coordinate uranium atom. 

U 
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Some of the recent work with carbocyclic derivatives of uranium and 
heavier actinide elements has been reviewed [ 191. 

hlossbauer spectra of Np(CjHj),, Np(CiH,),CI and Np(CjH,),-THF have 
been measured 1201. From the isomer shift data obtamed, which were found 
to be considerably different born those of typtcal ionic compounds of 
neptunium(lV), it was concluded that in NP(C,H~)~ and Np(CjH5)3Cl a 
considerable contribution from covalency is operating in the formation of the 
bonds. On the other hand, in Np(C,H,), - 3THF, the ionic contribution to 
bonding was suggested to be predominant. 

Three new al.koxytricyclopenhdienyl derivatives of uranium( IV) were 
prepared and their proton magnetic resonance spectra measured [21]. The new 
compounds were U(CSHj)jOR (R = n-hexyl, cyclohesyl and cholesteryl). The 
large chemical shifts mduced by the paramagnetlc center were used to establish 
conformational details of the R groups. 

The comples U(CSHS)CIJ -drmethoxyethane v.as prepared [!2’2] by the 
reaction of anhydrous UCL, with cyclopentadlenylthailium in dunethoxy- 
ethane as solvent: 

(7) UC14 + TlCjHS h TIC1 + U(CSH~)CIJ 

The compound crystalhzed out as the dlmethosyethnne adduct and has a 
pert 2.59 Bhl. 

Substitution reactions at the eight-membered rings of “uranocene” 
systems were reported 1231. Treatment of l,l’-dimethosyuranocene with 
escess n-butyllithrum yielded U(C,H,-n-&H,), m good yields. A similar 
reaction was observed starting wtth U[CeH7N(CH;)J-I-]2. 

The complete detarls of the X-ray investigation on U(CsH,), have appeared 
[24]. The molecular structure is that of a sandwich type of comples with 
eclipsed planar cyclooctatetraene rings. The corresponding thorium denvatlve is 
rsomorphous and rsostructural. The mean metal-c:ubon distances are: 2.647 
(uranium) A ; 2.701 (thorium) X _ 

A molecular orb0x.l treatment of “uranocene”, U(CgHb)?. has been 
published [25], together with similar calculations for the correspondmg 
neptunium and plutonium derivatives. Better agreement with the observed 
magnetic susceptibrlity data for U( C8H,): and Np(CBHti), were found with thus 
molecular orbital treatment than with earlier predictions made by using 3 we& 

field model. 
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