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LANFHANIDES AND ACTINIDES 

ANNUAL SURVEY COVERING THE YEAR 1971 

F. CALDERAZZO 

Istituto di Chimica Generale ed Inorganica, University of Pisa. 56100 pisn (Italy) 

An excellent review article dealing with organometallic derivatives of Ianthanides and 
act&ides has appeared I. It covers the literature up to September 1970. 

I. Organometallic derivatives of lanthanides 

Full details concerning the reactions of ytterbium and europium metals with a?kyl and 
aq? iodides have been reported*. Prelimin ary results had been published earlier3. 
Ytterbium metal reacts with a&y1 and aryl iodides at -20” giving brown solutions in which 
species of the type “YbR(I)” were believed to be present, similar to the Grignard reagents. 
The assignment of structure comes from the following +servations. (i) The solutions have 
an iodine/ytterbium ratio close to 1; (ii) the magnetic susceptibility measurements of the 
solutions suggest the presence of ytterbium(I1: as indicated by the magnetic moment, 
which is substantially zero, as expected for ytterbium(U) off” configuration. 
Ytterbium(III) is reported to have magnetic moments around 4.5 BM; (iii) hydrolysis takes 
place promptly with formation of the appropriate hydrocarbon; (iv) benzophenone yielded 
Ph3C-OH by reaction with the solution obtained from ytterbium metal and iodobenzene. 
Some additional evidence was also gathered in support of the proposed formulation. Similar 
results were also obtained with europium and samarium. However, the latter metal was the 
slowest to react of the three, in agreement with the fact that samarium has the least stable 
bivaIeat state. 

This paper and the one by Hart and cowor$ers4 which appeared last year are the only 
reports existing in the literature concerning the existence of organometalk derivatives of 
lanthanides wi& alkyd and ary1 groups. 

Vapour pressure merasurements of tricyclopentadienyls bf praseodymium, neodymium, 
holmium and thulium were reported’ at different temperatures between 65 and 170”. The 

calculated values for the enthalpy changes of sublimation were the following. 
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Cycloo&tetraene~tio~mpIexes of cerium, praseodymium, neodymium and san&ium of a 

new type have been prepared6 by reacting the auhydrous t.richJorides with the cycloocta- 

tetraene dianion, abbreviated 2s COT’-, in tetrahydrofuran as solvent, such as for example: 

CeCls + COT*- + 2 THF 5 2 Cl- + %[Ce(COT)Cl(THF)a 1s (1) 

Preliminary results of an X-ray investigation’ show that the cerium derivative is a dimer 
with chloride bridges,.the coordination sphere being completed by two tetrabydrofuran 

groups per cerium atom. The molecular structure of the cerium compound is shown 
schematically as (I). 
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A compound which was believed to contain erbium-cobalt bonds was prepared’ by the 

foJJowing reaction: 

EI + ? Hg[Co(CO)4]z + 4 THF % 3 Hg + Er[Co(CO),]3 -4THF (2) 

The oom&rrd was isolated as a dark-red solid, sensitive to air and moisture. The infrared 

&ctrum had more bands .th.G expected if the compound has to be considered simply as an 
erbir.& derivative of the [Co(CO)4]- anion. The products of the thermal decomposition 
Were found to be CO and THF by mass spectrometry. More work on this and related. 

compounds &IS been &ounced’.. 
~. 

~. 
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II, Oqanometallic derivatives of actiides 
: 

The preparation of a compound containing an uranium+zarbon bond to a cyclohexylisci- 
cyanide group, ie. to a two-electron carbon donor, was achieved9 by the reaction of 
uranium tetraiodide with the l&and in hexane: 

U14~+4CsHIINC -+ UI&CNC6H1& (3) 

Reaction (3) was carried out at -So. The yellow compound is extremely sensitive to 
moisture and its infrared spectrum has the CN stretching vibration at 2190 cm-’ which. 
represents a 55 cm-’ increase with respect to the value for the free &and. This, of course, 
is to be attributed to the relatively high oxidation state of the central metal atom. 

The nuclear magnetic resonance spectrum of tetraallyluranium(IV) has been reportedlo . 

Three resonances were observed upfield with respect to tetramethylsilane as internal 
standard: the resonances were found at +18.70 ppm (doublet), +35.33 ppm (broad peak) 
and +59.75 ppm (doublet), in agreement with the rr-ally1 structure of the complex. 

Dicyclopentadienyl4ichlorouranium(IV) was prepared” by treating UCL with thallium 
cyclopentadienide in dimethoxyethane: 

IJCl4+2TKsH, ===% 
3h 

2 TlCl + U(C, Hs )2 Cl, 

The compound was reported to be green-brown, soluble in coordinating solvents, such as 
tetrahydrofurau and acetone. The magnetic moment was &ff = 2.65 BM.. 

I H Nh4R measurements on Th(Cs I&Me&, and U(Cs I&Me)4 have indicated12 that the 
rotation of the five-membered rings is hindered severely in these methyl-substituted 
compounds already at room temperature. 

Vapor pressure at different temperatures have been carried out’ on U(Cs Hs )sCl. The 
enthalpy of sublimation for this compound was found to be 27.7 kcal/mole. 

Triindenylchloro derivatives of thorium(W) and uranium(W) were prepared”. These 
compounds were obtained by the following general reaction: 

MC& + 3 KC9 H, + 3 KC1 + U(C, H7 )j Cl (5) 

(M=-.%zT) 

The thorium and uranium derivatives appear to be rather stable,thermally. The thorium 
derivative was reported to melt without decomposition at 181°, whereas the uranium 
compound does not apparently change upon heating up to 300”. The mass spectra of the 
two compounds show the molecular ions. The ’ H NlvlR spectrum of the diamagnetic 
thorium(Iv) derivative has an A2 B pattern for the five-membered ring protons at room’ 
temperature. In the absence of measurements at variable temperature, it was not possible to 
make suggestions about the type of bon_ding between the metal and the indenyl group; the 
infrared spectra of the two compoundsas nujol mull, on the other hand, would tend to 
exclude the presence of u-bonded (monohapto) indenyl rings. 
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The lat_j&cdnclusion was co-ed by an X-ray study14 of the uranium c&po.&ds~~ 

U(C,H,),Cl. The-three indenyl-tip and the chlorine atom are in an ap&oximate.@tra- 
‘hk+al &rrangement ‘ar&md thy central metal atom, as indiktkd in Fig. 1. The uraniurn~ 

- -:.:. 
: 

Fig. 1.. Molecuiar structure of triinden;~khloroumnium(IV). {From J.H. Bums and P.G. Laubereau, 
Inorg. Chem., 10 (1971) 2789.) 

carbon distances are in the range 2.67-2.89 a; however, three of the U-C distances within 
the five-membered rings are shorter than the orner two. For one of the indenyl groups, the 
three carbon atoms to which correspond the shorter uranium-carbon distances are 

indicated below as A, B, and C. The reported figures are the uranium-carbon distances. 
While the-results of this X-ray investigation exclude the o-bonded (monohapto) 
arranbment of the indenyl groups, a trihapto arrangement could still be conceivable. 

2.73 

cc? 00 
\ 

B 2.71 

C 

2.77 

Proton magnetic resonance shifts of U(CsHa)z have been reported”. The spectra were 

recorded as a function of temperature and the shifts were found to fall in the range 

+34.9-%7.7 ppm (with respect to Ca Hg ‘3 between 353 and 198 K. These largely 

positive contact shifts suggest a certa$ degree of covalency. 

More direct information concerning the bonding in these uranium(N) complexes were 
obtained by the measurements I6 of the proton chemical shifts in the methyl-substituted 

cornpound U(1,3,5,7-CgH&Ie4j2. The spectra were measured in THF-d, at variable 
temperature ‘knd two peaks were found wi@ an intensity ratio 3/l ; these resonances were 

kcordirigly attributed to the methyl .mti ring protons, respectively. The contact shifts were 
found to be of opposite sign for the methyl and the ripg protons; this was taken to suggest 

-spin-density @I mole&k orbit& of the n-type. Similar retilts were alSo obtained for the 

correspond&g neptunium(N) derivative16. 
: 
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The X-ray structure of bis(i,3,5,7-tetramethylcyclooctatetraene)urauium(iV) : 

U(1,3,5,7-C8HqMe,+)z has been solved”. The &ucture consists of two tetramethyl- 
substituted cyclooctatetraenti riigs b0nde.d to tiranium, as expected. However, an 

~interesting feature of the structure is that there tie two crys&llograpj&al.ly independent 
molecules in the unit cell, which.are different because of the orientation of the methy 
groups. h.one.of the molecules the methyl groups tie &ost eclipsed, whereas in the oth& 
the s&e groups are almost staggered. 

Absorption Spectra of tricyclopentadienyl-americium and -curium derivatives have been 
reported” . The data have &en compared with those for the corresponding derivatives of 
the lanthatides: praseodymium, neodymium and erbiu& The conclusion w-as that in both 
series the degree of covalency was very low, relative to the correspdnding aquo-ions, and 
that the lanthanide series was even less covalent than the actinide. one. 

A compound of formula C6H6Al&11zU was obtainedlg by the reaction of UCl, withAl 
and benzene in the presence of AlCl,. After 7 h reflux and cooling to room temperature, 
black crystals were obtained, insoluble in all common organic solvents, decomposed by basic 
solvents, such as tetrahydrofuran. The X-ray structure has now shown that this compound 
is an arene complex of uranium(II1) and its form& is therefore U(C6H6)(AlC14)3. The 
molecular structure consists of an uranium atom to which three AK& tetrahedra are 
bonded through UCI, Al bridges. The mean uranium-carbon distance is 2.91 f 0.01 A. The 
molecular structure of this compound is schematically shown in Fig. 2. 

Fig. 2. Molecular structure of UK, H,)@Kl,), . (From M. Cesari, U. Pedzetti, A. Zazzetta, G. Lugli and 
W- Marconi, Acta Chim. Inorg. (Padua), 5 (1971) 439.) 

A compound believed to contain uranium-mapganese bonds was obtained” by the reac- 
tion of UC14 with Na[Mn(CO)5] in tetrahydrofuran as solvent at room temperature: 

UC14 + 4 Na[Mn(CO)s] THF, 4 NaCl + U[Mn(CO)~]4 (66) 

The compound shows some bands at higher tiavenumbers than expected for the [Mn(CO)s]- 
anion. It is unstable in air, forming I~fn~(C0)~~ and with bromine in carbon tetrachloride 
yields the expected products of oxidation: 

WWCOIS 14 + 4 Br2 + U13r4 + 4 MIB~(CO)~ (7) 

References p. 178 



c78- F. C~&%ZZO : 

-&&&& -. /’ ‘. .-. __ 1:. ,_. ._ .. : _. 

:. 1 R.G. I&&ndJ.L. &ork.U&z;me& &en Rev.-A;7 (l!&.: ‘. 
2-D-F; Evans, G-V_ Fa@erley &d R.F. Phillips; J. Cheti Sot. A, (1971j 1931. .. ‘- 
3 :D.F; Ehns;G.V. Fa&krley and R.F. Phillips, C7zem. Commun; (197Oj.244; see aI& AS 197& 

~rgvzymrkrd -CT&m Rev. B, 9 (1970) 132. 
4 F.&:Har& iiG; Massey and Ek. Singh Saran, J. OrgzvwmetaL Chem., 21(!970) 147; see also 

_: AS 1970,I. OrgmrhetkZ Chen Rev. B, 9 (1970) .1;32. .- 
5. titi. Haug, L OrgariometuL.Ck& 30 (1971) 53. 
6 F. MareqIC.0. Hod8son and A. Streitwievr, J. OrganometaL- Gem, 28 (1971) C24. .I. 
7 Unpyblkhed results by IC.0. .Hodgson and K.N. Raymond, quoted from ref. 6. 
8. R.S. MarianeIli and M.T. Dumey, J. OrganometaL chehi.; 32 (1971) C41. 
9- F_ L? and.ti.E. Bufe, Angew. Uzem, 83 (1971) 294. 

10 N. PaIadino, G. LugIi, U. Pedretti, M. Brunelli and G. Giacometti, Chem Phys. Letters, 5 (1970) 15. 
11 P. ZaneIIa, S. FaIeschird, L. Doretti and G. Faraglia, J. Urganometal.. Chem, 26 (1971) 353; see also 

L.. Doretti, P. ZaneIla, S. l%eschlni and G. FaragIia, hoc. Vfh Intern. Cbn$ QrganometaL Chem. 
Moscow, 1971, p. 254. 

12 ‘R:Armnon and B. ICaneIIakopulos, Proc. Vh Interi CbnjT Organometal. Chem., Moscow. 1971; 
p. 35. 

13 P.G. Laubereau, & Ganguly, J.H. Burns, B.M. Benjamin, J.L. Atwood and J. Selbin, Inorg. Chem , 
i0 (1971) 2274. 

14 J.H. Burns and P-G. Laubereau,Inorg. Chem., 10 (1971) 2789. 
15 N. Edehtein, G.N. Lamar, F. Mares and A_ Streitwieser, Cheti Phys. Letters, 8 (1971) 399. 
16 A. Strcitwieser, D. Dempf, G.N. La Mar, D.G. Karraker and N. Edelstein,J. Amer. C7zem. L&C_, 

93 (1971) 7343. 
17 K-0. Hodgson, D. Dempf and K-N; Raymond, Chem Commun, (1971) 1592. 

18 LJ. Nugent, P-G. Laubereau, G-K_ Werner and ICL. Vauder Sluis, J. OrgmwmetaL C&em, 
27 (1971) 365. 

19 hf. Cesari, U. Pedretti, A. Zazzetta, G. Lugli and W. Marconi, Inorg. Ckim Acta {Padun/, 
5 (1971) 439. 

20 R-L. Bennett, M.I. Bruce and F.G.A. Stone, J. Organometaf. Chem, 26 (1971) 355. 

: 


