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The complex (Cs2[La(OAr)s]} (Ar = C&Pri2-2,6), from 
LaC13 or La~(0Ar)~  and CsOAr in tetrahydrofuran, has an 
unprecedented polymeric structure in which 
five-coordinate [La(OAr)#- anions are bonded to 
caesium in a three- dimensional network solely by Ar-Cs 
n bonds, whilst {Na[Nd(Odpp),]} (dpp = Cb&Ph2-2,6), 
from NdC13 and NaOdpp in 1,3,5-tri-tert-butylbenzene at 
300 "C, has an unexpected monomeric structure with 
sodium bonded to three oxygens and encapsulated by 
three phenyl groups of [Nd(Odpp),]-. 

Metathesis reactions between alkali-metal reagents and lan- 
thanide halide derivatives dominate synthetic routes to a wide 
range of inorganic and organometallic lanthanide complexes. 
However, there are many cases in which the alkali-metal 
reagent is retained within the lanthanide coordination sphere 
giving salt or 'ate' complexes.2 Thus, in the sole reported 
examples of anionic homoleptic aryloxolanthanide(II1) com- 
plexes { M[Ln(O-C6H3Pri2-2,6)4]}, (M = K, Cs), Ln(OAr)4- 
units are linked to the alkali metal by multihapto n-arene 
interactions and also in some cases oxygen bridging to give a 
one-dimensional chain or two-dimensional  sheet^.^ We now 
report that further exploration of homoleptic anionic aryloxo- 
lanthanide(rr1) complexes has revealed two unique new ways of 
incorporating alkali metals into lanthanide complexes. First, use 
of the large caesium ion and the largest lanthanide has given the 
first five-coordinate anionic aryloxolanthanide complex 
{ Cs2[La(OAr),] } , which has a three-dimensional extended 
structure held together exclusively by caesium-n-arene inter- 
actions. Secondly, use of the bulkier 2,6-diphenylphenolate 
ligand has given the molecular bimetallic { Na[Nd(Od~p)~] } , 
which unexpectedly is monomeric owing to encapsulation of 
sodium by phenyl groups. 

Reaction of anhydrous lanthanum trichloride with caesium 
2,6-diisopropylphenoxide (mol ratio 1 : 5) in tetrahydrofuran 
(thf), followed by removal of solvent and crystallization of the 
reddish purple residue from toluene, leads to the isolation of the 
dicaesium complex { C S ~ [ L ~ ( O A ~ ) ~ ]  } 1 [eqn. (l)]. 1 may also be 
prepared in higher yield from the reaction of La2(OAr)64 with 
caesium 2,6-diisopropylphenoxide (mol ratio 1 : 4) in thf at 
room temperature for 72 h [eqn. (2)], followed by crystallization 
from hot toluene. 

LaC13 + 5 CsOAr --+ { C S ~ [ L ~ ( O A ~ ) ~ ] }  + 3 CsCl (1)  

La2(OAr)6 + 4 CsOAr -+ 2{ Cs2[La(OAr),]) (2) 

Reaction of neodymium trichloride with NaOdpp-O.5thf in 
1,3,5-tri(tert-butyl)benzene (tbb) at 240-300 "C followed by 
annealing at 120°C to induce crystallization gave (Na- 
[Nd(Od~p)~]  } 2 [eqn. (3)] in high yield. 

thf 

thf 

1 

240-300 "C 
NdC13 + 4NaOdpp { Na[Nd(Od~p)~] } + 3NaC1 (3) 

tbb 2 

The overall solid-state structure of 1$ features a network of 
alternating [La(0Ar),l2- anions and Cs+ cations held in an 
extended three-dimensional structure by means of multiple 
caesium-y-arene interactions. Each unit cell contains two 
crystallographically independent five-coordinate lanthanum 
metal centres, which are each ligated by five 2,6-diisopropyl- 
phenoxide ligands in a pseudo-trigonal bipyramidal geometry. 
One of the unique [La(OAr)#- anions [containing La( l)] 
coordinates two unique caesium cations [Cs(2) and Cs(3)] by 
means of Cs-q-arene interactions as shown in Fig. 1. The 
second [La(oA1-)~]2- anion [containing La(2)] lies on a twofold 
axis such that the two caesium cations coordinated to its 
aryloxide ligands are symmetry-related. The overall three- 
dimensional structure of 1 may be considered to be built up from 
layers of two-dimensional sheets containing Cs+ cations and 
[La(0Ar),l2- anions. Each two-dimensional sheet is comprised 
of one-dimensional chains of alternating [La(0Ar),l2- anions 
and Cs(2) cations cross-linked by interactions of Cs(3) with 
both La( 1)- and La(2)-containing [La(OAr>,]2- moieties. The 
two-dimensional sheets are further held together in a stacked 
three-dimensional array through the interactions of Cs( 1)  with 
both La( 1)- and La(2)-containing [La(0Ar),l2- moieties from 
adjacent sheets. The three-dimensional structure features chan- 
nels which contain four toluene solvent molecules for every 
three C S ~ [ L ~ ( O A ~ ) ~ ]  units. 

1 appears to be the first structurally characterized example of 
a lanthanide metal centre coordinated by five aryloxide ligands, 
and possesses a geometry similar to that observed in the 
uranium(1v) complex [Li(thf)4][U(OC6H3Pri2-2,6)5] ., The av- 
erage La-0 distance of 2.32 A [cf. U-0 of the uranium(1v) 
complex: 2.15( 1)-2.19(2) A15 is larger than < La-Odpp > (2.24 
A) of five-coordinate [La(Odpp)3(thf)2]6a,b and longer than 

4 
Fig. 1 Ball-and-stick view of a portion of 1 
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terminal L a 4  bond lengths in complexes with coordination 
number 6-8,2b,6c,d indicative of marked steric crowding at the 
metal centre. 

The three unique caesium cation environments all consist 
exclusively of multihapto Cs-C interactions, with no Cs-0 
contacts of c4.6 8, being present within the structure. Cs(1) is 
found to make Cs-C contacts of <4.0 A with a total of 19 
carbon atoms. The principal interactions are two q6-arene 
interactions [ Cs-C ranges 3.32( 2)-3.82( 2), 3.44( 3)-3.5 7 (3) A] 
and an q4-interaction with a third arene moiety. Cs(1) also 
makes significant interactions with two methyl groups [Cs-C 
3.81(2), 3.42(3) A] in addition to a methine carbon atom. These 
Cs-C distances lie within the range of 3.35(4)-4.12(1) A found 
in other structurally characterized complexes containing Cs- 
arene interactions.7 The coordination environment of Cs(2) is 
similar to that described for Cs(l), in that it also contacts 19 
carbon atoms at separations of <4.0 A. Once again, two q6- 
arene interactions are the primary contacts with Cs-C distances 
in the range 3.40(2)-3.75(2) A. Cs(3) makes 18 carbon contacts 
of c4.0 A. Two q6-arene interactions with Cs-C distances 
ranging from 3.41(3) to 3.79(3) A make up the majority of the 
coordination environment of this caesium cation, with an q4- 
arene interaction and two methyl group contacts completing the 
bonding sphere. 

The X-ray structure of { Na[Nd(Odpp)4] } 2$ reveals two 
independent but very similar monomeric molecules (2a, 2b); 2a 
is shown in Fig. 2. In 2, each neodymium is coordinated by the 
oxygen of one terminal and three bridging (Nd-O-Na) Odpp 
ligands in a highly distorted tetrahedral array, whilst sodium is 
surrounded by three bridging oxygen and three phenyl groups, 
one from each of the bridging Odpp ligands. The three phenyl 
groups encapsulating sodium not only block association 
through intermolecular interactions (cf. 1) but also form 
intramolecular x-Ph-Na interactions. With the limit of ca. 
3.0-3.1 A for Na-C(Ph) n bonding established for the 
unsolvated (only x-Ph bonded) sodium of { Na[(C2Pb)- 
Na(OEt2)2]},*, rings 12, 26 and 36 of 2a are ql-, , and q2- 
bonded respectively to sodium (all Na-C c 3.00 x - a l l  other 
Na-C >3.20 A). For 2b, similar bonding can be proposed, 
although three of the five Na-C distances are in the range 
3.00-3.05 A and there is an additional Na-C contact at 
3.1 13( 10) A. Oxygen bridging between Nd and Na in 2a leads 
to small < Obr-Nd-Obr > (85.9') and large < Obr-Nd-Oter > 
(127.7") angles, but only a marginally longer c Nd-Obr > 
distance (2.239 A) than Nd-Ot, [2.208 &4)]. <Nd-O> is 
similar to that of [Nd(Od~p)~(thf)] (2.193 A),6b which has 

Fig. 2 One of the molecules 2a of the bimetallic 2 

additional intramolecular q3-Ph-Nd bonding, and to Nd-0 
[2.21 l(8) A] of the p-(O,q6-Ph)-OArligand of [Nd2(Ok)6], but 
significantly longer than <Nd-Ot,,> (2.122 A) of the last 
~ o m p l e x . ~ ~  Neodymium contacts to C(462) and C(222) are 
within or close to the range [2.898(12)-3.183(10) A] for 
established intra- or inter-molecular n-Ph-Nd bonding in 
{ K[Nd(OAr)4] ] ,3u [Nd(Odpp)3(thf)]6b and [Ndz(oAr)6],4u and 
are considered significant interactions. Interaction of 2 with 
bis(2-methoxyethyl) ether (diglyme) gives [Na(diglyme)2]- 
[Nd(Odpp)4] containing the first discrete homoleptic aryloxo- 
lanthanide complex ani0n.9 
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Footnotes 
1- Present address: L A W ,  Mail Stop G739, D. L. C.; LANL, Mail Stop 
C346, J. G. W. 
$ Crystallographic data: for 1; C208H2&s6La3OI5, M = 4241.8, 
orthorhombic, space grou P21212, a = 18.472(2), b = 40.259(6), c = 
14.750(2) A, U = 10969 13 ,  D, = 1.284 g cm-3, Z = 2, T = 173 K. Final 
R1 = 0.067 and wR2 = 0.17 for 8274 observations with F > 40(F). For 2: 
C72H52NaNd04, M = 1148.4, triclinic, space group P i ,  a = 21.232(6), 
b = 21.250(8), c = 13.912(4) A, (Y = 81.32(3), p = 80.82(2), y = 
63.85(3)", U = 5539 A3, D, (Z = 4) = 1.38 g ~ m - ~ .  Conventional R on IF I 
= 0.048, R, (statistical weights) = 0.044. Atomic coordinates, bond 
lengths and angles, and thermal parameters have been deposited at the 
Cambridge Crystallographic Data Centre (CCDC). See Information for 
Authors, Issue No. 1. Any request to the CCDC for this material should 
quote the full literature citation and the reference number 182/135. 
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