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The mercury(I1) amide complex Hg[N(SiMe3)(2,6-iPr2C6H3)]2 
(1) was prepared by reaction of HgBr2 with Li[N(SiMe3)(2,6- 
iPr,C,H,)] in diethyl ether solvent. Redox transmetallation re- 
actions of 1 with elemental samarium, europium or ytterbium 
in THF solvent (THF = tetrahydrofuran), generated the novel 
divalent complexes Ln[ N( SiMe3) (2 ,6-iPrzC6H3)]2(THF)2 with 
Ln = Sm (2), Eu (3) and Yb (4). 4 was also synthesized by 
reaction of elemental ytterbium, HgPh2 and HN(SiMe3)(2,6- 
iFrzC6H3) in THF solvent. This generally more convenient ap- 
proach has also been applied to the preparation of Ln[N(Si- 

Me3)2]2(THF)2 [Ln = Sm (5) ,  Yb (6)] by reaction of the metals 
with HgPh2 and HN(SiMe& Thermal desolvation of 4 under 
high vacuum gave Yb[ N( SiMe3) (~ ,~ - IF~~C,H, ) ]~ (THF)  (7), 
whereas under identical conditions 6 yielded the solvent-free 
complex (Yb[N(SiMe3)2]2)2 (8). The new compounds 1-4 and 
7 are hydrocarbon soluble and 171Yb-NMR spectra were re- 
corded for 4, 6, 7 and 8.  X-ray crystal structure determinations 
of 2 and 4 revealed four-coordinate, distorted tetrahedral me- 
tal environments augmented by weak Ln...ipso-C(aryl) inter- 
actions. 

Introduction 
The chemistry of the Ianthanoid elements is dominated 

by complexes which have the metal in the trivalent statet2I. 
However, there is significant interest in complexes of the di- 
valent lanthanoids, accesible primarily for Sm (4f6), Eu (4f7), 
and Yb (4f14), due to their extensive redox chemistry. For 
example, Sm12 has proven to be an excellent one-electron 
reductant for selective transformations of organic sub- 
strate~[~], and reductive defluorination of fluorocarbons by 
organolanthanoid(I1) compounds has been Oxi- 
dations of divalent species such as Sm(C,Me,), and 
Yb(C5R,), (R = H or Me) have been utilized as a simple 
synthetic route to a number of unique LnCp,X spe- 
c i e ~ [ ~ ~ , ~ ~ , ~ ~ , ~ ]  and also expedited entry into lanthanoid(II1) 
catalytic Lanthanoid(I1) complexes containing 
the o-bonded organoamide ligand N(SiMe3), have yielded 
hydrocarbon-soluble and crystalline compounds (e.g. mono- 

[O] Part 14: Ret[lal. - [O0] Part 115: 

meric Ln[N(SiMe3),I2L, L = neutral donor(s), bimetallic 
Na(Ln[N(SiMe,),],) and dimeric (LnfN(SiMe3),],J2)[~. Re- 
cent research in lanthanoid(II1) amide chemistry has focused 
on complexes with modified silyl-amide ligands including 
bulky N(SiMe3)Ar (Ar = 2,6-Me2C6H3, 2,6-i%2C6H3), 
which has allowed the isolation of some rare examples of 
stable heteroleptic Ln(NRR')2X complexes['I. We now report 
the redox transmetallation syntheses and chemistry of di- 
valent lanthanoid amides incorporating m(SiMe,)(2,6- 
iPr2C6H3)] ligands, including the single crystal X-ray struc- 
ture analyses of L~[N(S~M~,)(~,~-ZF~,C~H~)]~(THF)~ (Ln = 
Sm, Yb; THF = tetrahydrofuran), as well as ne~7 halide-free 
syntheses of Ln[N(SiMe3)2]2(THF)2 (Ln = Sm or Yb) from 
the lanthanoid metal, HgPh, and HN(SiMe3l2. 
Results and Discussion 
Syntheses and Characterization 

Redox transmetallation syntheses of lanthanoid com- 
plexes (Scheme 1, n = 2 or 3) are well established and pro- 
vide convenient, halide-free preparative methods[2a,C]. 
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Scheme I 
L n + n M L  - Ln(L),,+nM 

Thus, for organoamidolanthanoids the syntheses of di- 
valent Ln[N(SiMe3j2],(DME) (DME = 1,2-dimethoxy- 
ethane) from Hg[N(SiMe3)2]2[9] or Sn[N(SiMe3)2]2[101 and 
elemental lanthanoids have been described. The new redox 
transmetallation reagent Hg[N(SiMe3)(2,6-zPr2C6H3)l2 (1) 
was synthesized by a standard metathesis reaction from 
Li[N(SiMe3)(2,6-zPr2C6H3)][1 l]  and HgBr2 in diethyl ether 
solvent [Scheme 2 (ii), R = 2,6-iPr2C6H3] followed by 
workup in petrol ether and sublimation. The white crystal- 
line, mildly air-sensitive product melts at 177- 179"C, con- 
siderably higher than the analogous Hg[N(SiMe3)& which 
is a liquid at room temperature (m.p. 11 0C)[121. Notable fea- 
tures in the NMR spectra of 1 were: (i) two iPr methyl 'H 
and 13C{'H) signals but only a single methine resonance, 
similar to that observed for Li[N(SiMe3)(2,6-iPr,C6H3)1["'] 
and similarly indicating restricted rotation of the aryl 
group, and (ii) a single, room temperature '99Hg{'H)-NMR 
line at 6 = - 1283 (relative to HgMe,) in [D~lbenzene soh-  
tion compared to 6 = -1061 for neat Hg[N(SiMe3)2]2[131. 
A molecular ion was absent in the mass spectrum and the 
only mercury-containing ion corresponded to loss of a 
methyl fragment from 1. The remaining ions appeared to be 
organic fragments, the most significant being N(SiMe3)(2,6- 
iPr2C6H3)+. Interestingly, an ion corresponding to 
[N(SiMe3)(2,6-iPr2C6H3)]2+ was also observed and presum- 
ably arose due to elimination of Hg(0) from 1 within the 
spectrometer. 
Scheme 2 

2 HN(SiMe3)RO) (Li[N(SiMq)R]}2 

HgBrz -2LiBr 
L n, HgPh2 'i' 

I HF HglN(SiMe3)Rlz 
1 

The transmetallation reaction of 1 with an excess of 
either Sm, Eu or Yb metals in THF solvent generated, in 
good yield, the new lanthanoid(I1) organoamide complexes 
Ln[N(SiMe3)(2,6-iPr2C6H3)]2(THF)2 [Ln = Sm (2), Eu (3), 
Yb (411 (Scheme 2 (iii), R = 2,6-iPr2C6H3). The mercurial 
was found to be more reactive with Eu and Yb, transmetall- 
ation occurring at room temperature, whereas heating to 
60°C was required for Sm. An excess of lanthanoid metal 
was used in these reactions to ensure complete consumption 
of the mercurial. No reaction was observed between 1 and 
Yb in diethyl ether at room temperature or in toluene at 
60 "C. 

The ytterbium complex 4 was also prepared by reaction 
of Yb metal, diphenylmercury and HN(SiMe3)(2,6- 
iPr2C6H3) [Scheme 2 (iv), R = 2,6-iPr2C6H3]. Synthesis of 
2 by this method was less satisfactory and only a very low 
yield (<So/) was obtained. This synthetic method was also 
advantgeously applied to the preparation of Ln[N(Si- 
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Me3)2]2(THF)2 [Ln = Sm (5), Yb (6)] from the appropriate 
lanthanoid element, diphenylmercury and HN(SiMe3)2 
[Scheme 2 (iv), R = SiMe3]. In these examples the reaction 
proved more general, with both Sm and Yb complexes 
readily accesible. 

The reactions described above parallel previous versatile 
syntheses of divalent organ~metal l ic[ '~~~~],  a r y l o ~ o [ ' ~ ~ * ~ ~ f l ,  
and organoamid0[ '~~~~1 lanthanoid complexes which have 
utilized Hg(C6F5)2 as the organomercury reagent. These re- 
dox transmetallation reactions have been shown for Yb[l4] 
to occur by initial formation of Yb(C6F,)z[151 followed by 
protolysis of the organoytterbium species by a weak organic 
acid (Scheme 3, R = C6F5). 

Scheme 3 

An analogous reaction sequence can be envisaged for the 
current examples (e.g. Scheme 3, R = C6H5). The forma- 
tion of YbPh2 from activated Yb and HgPh2 in THF solu- 
tion has been claimed on the basis of hydrolysis of reaction 
mixtures and further reaction chemistry (e.g. with Ph3SnCl 
giving PbSn)[161, but contrasts observations of mixed oxi- 
dation state products (by Vidnear-IR spectroscopy of fil- 
tered reaction ~olut ions)~ '~]  and the X-ray structure deter- 
mination of the Yb(II)Nb(III) complex Yb2Ph5(THF)4 
from Yb(C10H8)(THF), and HgPh2['*1. Recently the syn- 
thesis, from elemental lanthanoids activated by Ln13 and 
HgPh2, and the X-ray structure determination of trivalent 
L I I P ~ ~ ( T H F ) ~  (Ln = Er, Tm) have been described in ad- 
dition to further claims of reactions of HgPh2 with Eu and 
Yb leading to LnPh2(THF)2 (Ln = Eu, Yb)[191. 

These last observations provide an encouraging basis for 
the use of HgPh, in one-pot redox transmetallation/proto- 
lytic ligand exchange reactions, of which (iv) in Scheme 2 
represents the first successful applications. It has a distinct 
advantage over Hg(C6F5), due to the higher reactivity of 
the resulting "in situ" Ln-Ar species, consistent with the 
relative acidities of C6F5H (pK, in THF = 25)[14,] and 

HN(SiMe3)2 (pKd in THF = 30)[21] does not occur, and 
indicates that the synthesis of Yb[N(SiMe3)2]2 from Yb/ 
Hg(C6F5)2/HN(SiMe3)2, analogous to (iv) in Scheme 2, is 
unlikely. A wider application of Ln/HgPh,/HL reactions for 
the synthesis of lanthanoid complexes should be possible 
and this is currently being pursued. These preparations of 
Ln[N(SiMe3)2]2(THFj2 (Ln = Sm, Yb) represent a con- 
venient source of these synthetically valuable compounds 
from commercially available materials. Whilst the reactions 
were carried out using an excess of the lanthanoid metal to 
ensure complete consumption of the mercurial, the metal 
residues from these preparations, consisting of the excess 
lanthanoid metals and precipitated Hg, could be used as a 
source of activated lanthanoid metals in further reactions 
in which the presence of mercury could be tolerated. 

The amide complexes can be readily recrystallized from 
aliphatic solvents without loss of THE However, when 
heated to 150 "C under reduced pressure, 4 loses one mol- 

C6H6 (p& 43)r201. Indeed reaction of Yb(C6F5)2 with 
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ecule of THF and converts to orange-brown 
Yb[X(SiMe3)(2,6-iPr2C6H?)MTHF) (7) [Scheme 4 (v), R = 
2,6-iPr2C6H3]. Under the same conditions 6 loses both mol- 
ecules of THF, giving the known solvent-free dimer 
{Yb[N(SiMe3)]2}2 (8)[7d3hl [Scheme 4 (vi) R = SiMe?]. 

Scheme 4 

Ln[N(SiMq)R]2(THY)2 R=2,6.,-pr*cyN ( v j  ( V I j  y s 1 b l e 3  

< I 0-3 rorr 

Ln[N(SiMq)Rl2(THF) {LnPWMq)R1212 
7 8 

These results provide a direct comparison of N(SiMe& 
vs. N(SiMe,)(2,6-iPr,C6H3) ligation at the same metal cen- 
tre. The former is clearly less bulky given the structural 
characterization of dimeric and five-coordinate 
(Mlr\r(SiMe,)2]2Cl(THF))2, (M = Gd, Yb)["] in contrast 
to monomeric and four coordiante Nd[N(SiMe3)(2,6- 
iPrZC6H3)]2]C1(THF)[s]. The formation of THF-free and di- 
meric three-coordinate 8 suggests that 7 may be monomeric 
and three coordinate. It can be argued that the initial prod- 
uct from the desolvation of 6 is also a mono-THF complex 
viz. Ybm(SiMe&I2(THF) which may be unstable due to 
inadequate steric shielding of the metal centre and hence 
may dimerize and eliminate further THF to yield 8. 

The new lanthanoid organoamide complexes described 
above have been characterized by elemental analyses, IR 
and NMR spectra and by X-ray structure determination for 
2 and 4 (see below). Whilst the syntheses of a number of 
ether complexes of the type Ln[N(SiMe3)2]2(L)2 have been 
reportedL7I and 5 has been structurally 6 
has not been fully described until now. Spectral data for 
5[7e,fl and 8[7d,h] were in agreement with those reported. The 
'H-NMR data for 5[7e] has recently been updatedr7fl and are 
consistent with the current results. For 8, the I7'Yb-NMR 
resonance (6 = 784) recorded at 293 K appropriately lies 
between reported values at 263 K (6 = 796)rZ31 and 304 K 
(6 = 779)rz41. IR spectra were consistent with the presence 
of the amide ligand['l and coordinated THFC2'I. For dia- 
magnetic Yb (4f14), normal-range NMR spectra were ob- 
served whilst for Sm (4f6) there was a significant paramag- 
netic influence, although assignments were readily deter- 
mined by peak integration and multiplicities. However 
strongly paramagnetic Eu (4f') gave only a very broad peak 
(ca. 15 ppm) in an otherwise featureless spectrum. In all 
cases only a single set of ligand 'H and I3C resonances was 
observed and, for 4, 6, and 7, a single, broad I7'Yb-NMR 
line at room temperature (Table 1). Presumably these com- 
plexes undergo fast (on the NMR timescale) exchange pro- 
cesses possibly involving partial dissociation of the ether 
ligands and resulting in a time-averaged spectrum. The iPr 
'H resonances for 4 and 7 revealed one doublet and one 
septet for the methyl and methine groups respectively. How- 
ever, the 'H-NMR spectrum of 2, although paramag- 
netically shifted and broadened, clearly showed two broad 
peaks, each integrating for 12 protons and assigned to the 
iPr CH, groups, but only a single peak for the CH group. 

This parallels features of the spectra of Hg[N(SiMe3)(2,6- 
iPr2CSH3)I2 (above) and Li[N(SiMe3)(2,6-zl'r2CbH3)][11] and 
indicates restricted rotation of the 2,6-iPr2C6H3 group 
around the N-C bond, giving different iPr methyl environ- 
ments above and below the c6 plane. Given the virtually 
identical structures of 2 and 4 (see below), the single P r  
methyl resonance for the Yb complexes presumably results 
from accidental magnetic equivalence of the methyl en- 
vironments. The 171Yb-NMR resonances of complexes 4, 6 
and 7 (Table 1) were near the chemical shift region reported 
for Yb[N(SiMe3)2]2(0Et2)2[23]. Observed chemical shifts for 
4 and 6 in THF solution were at lower frequencies than in 
toluene and suggest differing structures. This may be due 
to partial dissociation of THF from 4 in noncoordinating 
media since higher frequency 171Yb-NMR peaks are gener- 
ally, but not always, associated with lower coordination 
numbers for closely related complexes [e.g. 4 and 7 (Table 
1): Yb(OAr)*(THF)? 6(I7lYb) = 286 at 233 K[14c1 and 
Yb(OAr)2(THF)2 6(17'Yb) = 345 at 298 K (Ar = 2,6-tBu2- 
4-MeC6H2)r7h1]. 

Table 1. '"Yb-NMR chemical shift data (6) for Yb(I1) diorgdno- 
amides 

7 
6 

Solvent 

OEtz 
THF 

toluene 
toluene 
THF 

toluene 
toluene 

PY 
toluene 
toluene 

T (K) 
193 

296 
296 
297 
296 
296 
293 
213 
193 

193 

s (171Yb) 

614[a1 
623 
629 
638 
670 
683 

784[Cl 
919 

947 
1228 

AVID (W 
70 
40 
40 
70 

200 
300 
200 
200 
190 
60 

La] lJ(I7'Yb-I4N) 117 Hz. - [''I This work. - ('1 Chemical shift data 
previously reported for (8): 6 = 796 at 263 KrZ31, 779 at 304 K["1. 

Crystal Structure Analyses 
The molecular structure, atom numbering scheme for one 

molecule of 2 and selected bond length and angle data for 
2 and 4 are shown in Figure 1. The structures of 2 and 4 
are similar in their overall geometric appearance and both 
showed two crystallographically independent molecules in 
the unit cell. However, whilst one molecule for 4 was well 
behaved, the second molecule was disordered over two posi- 
tions, except for Yb(2) and two of the aryl carbon atoms 
which were common to both disordered parts, and this pre- 
sumably contributed to the relatively large R indices for 4 
and the large estimated standard deviations of the bond 
length and angle data for the second molecule. The origin 
of the disorder is not known, but appears unlikely to be due 
to a phase transition induced by cooling. In the following 
discussion only data for the well behaved molecule in 4 are 
considered. The relative orientations of the amide ligand 
pair on a single metal were different in the two independent 
molecules in 2, such that, discounting minor bond length 
andrangle variations, the molecules are nonsuperimposable 
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Figure 1. (a) ORTEP plot of one independent molecule of 
Sm[N(SiMe3)(2,6-i-Pr2C6H3)2(THF)2 (2)["1, drawn at 30% probabi- 
lity level: hydrogen atoms are omitted for clarity; (b) side view of 

2 

Lal Selected bond distance (A) and angle (") data with estimated 
standard deviations in parentheses: 2 Sm(1)-N(1) 2.481(3), 
Sm(2)-N(2) 2.458(3), Sm(1)-O(1) 2.537(3), Sm(2)-0(2) 2.539(3), 
Sm(l)-C(14) 2.920(9), Sm(2).-C(24) 2.934(9), N(1)-Sm(1)-N(1)' 
127.0(2), N(2)-Sm(2)-N(2)' 121.6(2), O(1)-Sm(1)-O(1)' 
81.14(14), 0(2)-Sm(2)-0(2)' 84.28(13), Si( 1)-N( 1)-Sm( 1) 
138.4(2), Si(2)-N(2)-Sm(2) 137.3(2), C(l4)-N(l)-Sm(l) 93.5(2), 
C(24)-N(2)-Sm(2) 95.1(2). 4 (not shown) Yb(1)-N(l) 2.354(7), 

128.2(3), O(1)-Yb-O(1)' 90.5(3), Si(1)-N(1)-Yb 137.8(4), 
C(1)-N(1)-Yb(1) 96.8(5). Data for the second (disordered) mole- 
cule of 4 are listed in the supplementary material. 

Yb(1)-O(1) 2.390(6), Yb(l)...C(l) 2.872(9), N(1)-Yb-N(1)' 

mirror images in the solid state. 4 is similar although it is 
complicated by the disorder in the second molecule. 

The Sm and Yb atoms in 2 and 4 are surrounded princi- 
pally by the two oxygen atoms from the THF ligands and 
the two amide nitrogen atoms. These ligating atoms form 
a distorted tetrahedron (Figure la), a classical lanthanoid 
structural motif reminiscent of the numerous pseudo tetra- 
hedral Cp2LnL2 structuresL2]. A twofold rotation axis bi- 
sects the 0-Ln-0 angle. The distortions from a regular 
tetrahedral metal environments are evident from the large 
N-Ln-N and small 0-Ln-0 angles and presumably re- 
sult from steric repulsion between the two bulky amide li- 
gands. The geometry of the metal coordination sphere for 
2 is similar to the structure of the analogous 5[7e] but with 
larger N-Sm-N angles [e.g. for 5, N-Sm-N 118.0(3)0][7el 
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consistent with the increased steric bulk of N(SiMe3)(2,6- 
zFr2C6H3) compared with N(SiMe3)2. The metal-nitrogen 
distances in 2 are marginally longer than those in 5 [Sm-N 
2.442(9) and 2.424(9) A][7e], whilst the metal-oxygen dis- 
tances are smaller [Sm-0 5 2.586(9), 2.607(9) For 4, 
bond length data are similar to the appropriate bond 
lengths in four-coordinate Yb[N(SiMe3)2]2(Me2PCH2CH2- 
PMe2) Wb-N, 2.331(13) A][7b] and Yb(0-2,6-tBu2-4- 
MeC6H3)2(THF)2 pb-O(THF), 2.369(10) and 2.382(10) 
A][14c]. The differences in the bond lengths between 2 and 
4 are as expected given that the ionic radius for Sm(I1) is 
approximately 0.14 A larger than that of Yb(I1) for the 
same coordination The amide ligands are 
bound to the metal centre through a near-planar nitrogen 
p(') = 359.6-360.01 and there is a marked difference be- 
tween the Ln-N-Si and Ln-N-C angles. Associated 
with the acute Ln-N-C angles are, close Ln-.ipso-C(aryL) 
distances of 2.920(9) and 2.934(9) A for 2 and 2.872(9) A 
for 4 which, although long compared with Lno-C(Ph) of 
phenyllanthanoid complexes [egg. 2.51 l(8) A in Sm; 
(C5Me5)2Ph(THF)[27]; av. 2.42 A (terminal) and 2.60 A 
(bridging) in YbPh2(THF)(p-Ph)3Yb(THF)3['8]], are con- 
sidered weak but significant bonding interactions. Similar 
structural features have previously been observed for tri- 
valent Nd[N(SiMe3)(2,6-zFr2C6H3)]2Cl(THF) [Si-N-Nd 

A]@] and group-4 metal derivatives such as Zr[N(SiMe3)- 
(2,6-iPr2C6H3)]2C12[281. The latter is particularly instructive 
as one N(SiMe)(2,6-z?r2C6H3) ligand is similar to the above 
[i.e. Si-N-Zr 138.29(12)', @so-C-N-Zr 101.8(2)", 
Zr-@so-C 2.732(3) A] whilst the other shows near identical 
angles [Si-N-Zr 120.93(11)", ipsa-C-N-Zr 119.1(2)"] 
and has no close Zr-@so-C distance. In a recent review 
of lanthanoid complexes with neutral adonor  l igand~[~~] ,  
metal-carbon distances were compared by subtraction of 
the appropriate ionic radii. In the current $ructures, this 
yields values of 1.85, 1.86 (2) and 1.97 (4) A, which com- 
pare well with the range (1.89-2.22 A) for established ex- 
amples of intramolecular interactions involving lanthanoid 
elements and pendant ligand phenyl groups and also inter- 
molecular a-arene -Ln bonding observed in dimeric 
[Ln(OAr),12 (Ar = 2,6-iPr2C6H3) complexes[29]. In addition, 
agostic Ln-CH3 interactions typically observed in 
Ln( 11) - N( SiMe3)2 complexes[7] have Ln...C distances 
(Sm-H3C a Si, 3.32( 1) - 3.46( 1 ) and Yb-H3C - Si, 
2.86-3.50 A) often significantly longer than Ln.e.ips0-C in 
the present structures. 

We are grateful to the Australian Research Council for financial 
support and for an Australian Postdoctoral Fellowship (C. M. F.). 

139.4( l)O, ipso-C-N-Nd 96.7( l)", Nd-@so-C 2.8 14(2) 

Experimental Section 
The compounds described here are extremely air- and moisture- 

sensitive and consequently all operations were carried out in an 
inert atmosphere (argon, nitrogen). Handling methods and solvent 
purification were as described previouslyIlal. Light petroleum refers 
to the fraction boiling between 40-60°C. IR data (4000-650 
cm-I) were obtained for Nujol mulls sandwiched between NaCl 
plates with a Perkin Elmer 1600 FTIR spectrometer. Room tem- 
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perature (20°C) NMR spectra were recorded on a Bruker AC 200 
MHz ('H, I3C) or AM 300 MHz (lSSHg, I7'Yb) spectrometer. The 
chemical shift references were the residual solvent signals ([&,]ben- 
zene liH = 7.15, 6c = 128.0; [D,]THF 6~ = 1.73, 3.58, 6~ = 25.3, 
67.4) or external HgMez (neat) ('"Hg, 6 = 0.0) or Yb(C5Med2- 
(THF)2 (0.15 M solution in THF) (I7'Yb, 6 = 0.0). Degrees of sub- 
stitution for 13C nuclei were determined using 'H-13C J-modu- 
lation pulse sequences. [D6]benzene (Cambridge Isotopes) was 
dried over sodiumlpotassium alloy and [D,]THF (Cambridge Iso- 
topes) was dried over CaHz. The deuterated solvents were then 
vacuum-transferred to greaseless Schlenk tubes and stored under 
purified argon. Metal analyses were by EDTA titration with xy- 
lenol orange indicator and hexamine buffer of solutions prepared 
by digestion of accurately weighed samples in conc. HN03/2% 
conc. HzS04 followed by dilution with water. Microanalytical data 
(C, H, N) were determined either by the Campbell microanalytical 
service, University of Otago, New Zealand or by Chemical and 
Microanalytical Servies Pty. Ltd. Belmont, Australia. Lanthanoid 
elements as powders or distilled metal ingots were obtained from 
Research Chemicals or Rh8ne-Poulenc. Diphenyl mercury was 
purchased from Aldrich or prepared from PhHgOAc and PhMgBr 
and twice recrystallized from light petroleum before use. 
1,1,1,3,3,3-Hexamethyldislazane was obtained from Aldricli and 
dried over activated molecular sieves; N-trimethylsilyl-2,6-diisopro- 
pylaniline was prepared by a literature procedurel'"1. All amines 
were distilled into greaseless Schlenk tubes and stored under argon. 
N-Lithio-N-trimethylsilyl-2,6-diisopropylaniline was prepared by 
the literature method[' 'I. 

Bis[N- (2,6-diisopropylphenyl) - N -  (drimethylsilyljamido/- 
mercury(II) (1): A mixture of HgBrz (6.5 g ,  I8 mmol) and LipT- 
(SiMe3)(2,6-iPrzC6H3)] (9.2 g, 36 mmol) in diethyl ether (80 ml) 
was stirred at room temperature for 4 h. The solvent was removed 
under vacuum and the white residue was treated with light petro- 
leum (60 ml). The resulting grey-white suspension was filtered and 
the clear and colourless filtrate was evaporated to dryness and gave 
1 1.6 g (920/,) of white crystalline Hg[N(SiMe3)(2,6-iPr2C6H3)]2, 
which was further purified by vacuum sublimation (120- 130°C, 
lop3 Torr). - M.p.: 177-179°C. - IR: C = 1572 cm-' w, 1314 s, 
1247 vs, 1194 s, 1107 m, 1041 m, 951 s, 934 vs, 882 w, 851 s, 833 
vs, 793 s, 740 m, 723 m, 674 w. - 'H NMR ([D6]benzene): 6 = 
0.20 [s, 18 H, Si(CH,),], 0.99 [d, J = 7 Hz, 12H, CH(CH,)], 1.22 
[d, J =  7 Hz, 12H, CH(CH,)], 3.87 (sept, J =  7 Hz, 4H, CN), 
6.98 (s, 6H, rn-H, p-H). - l3C{IH) NMR ([D6]benzene): 6 = 2.5 
[Si(CH3),], 23.4 [CH(CH3)l, 24.5 [CH(CH3)], 27.4 (CHI, 123.5 (m- 

(toluene, 293 K): 6 = 1283 (AVI~Z 126 Hz). - MS (70 eV, EI): m/z 
(Yu.): 683 (679-685) (0.5) [M' - CH3], 496 (0.15) [{N(SiMe3)(2,6- 
zPr2C6H3)]2], 249 (35) [HN(SiMe')(2,6-iPr2C6H3)+], 248 (95) 
[N(siMe,)(2,6-iPr,C,H,)+], 73 (100) [%Me:]. - C30H5ZHgN2Si2 
(697.5): calcd. C 51.66, H 7.51, N 4.02; found C 51.60, H 7.59, 
N 4.48. 

Bis [ N-  (2,6 - diisop ropy lph eny I )  - N-  ( t rime t hy M y  l ) umido ] b is- 
(tetra~iydrofuran)~~~i~uriurn(IZ) (2): (a) A mixture of samarium 
powder (0.75 g? 5.0 mmol) and Hg[N(SiMe3)(2,6-iPr,C6H3)Iz (1.40 
g, 2.0 mmol) in THF (40 ml) was stirred at 60°C for 20 h. The 
resulting dark brown mixture was filtered to remove the precipi- 
tated Hg and excess of samarium metal, and the filtrate was evapor- 
ated to dryness. The solid residue was recrystallized from light pe- 
troleum (30 ml) and gave l .03 g (65%) of purple-brown crystals of 
Sni[N(SiMe3)(2,6-iPr2C,H3)]2(THF)2. - 1R: C = 1582 cm-' w, 
1412 s, 1316 s, 1254 vs, 1235 s, 1198 m, 1155 w, 1140 w, 1104 w, 
1028 ni, 946 vs. 875 m, 830 vs, 771 s, 735 br. m, 652 br. m. - 
NMR (200 MIIz, [&]benzene): 6 = -14.8 (br s, 4H, CH), -2.3 
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C), 125.0 (p-C), 143.3 (0-C), 146.4 (@SO-C). - '99Hg{1H) NMR 

[br. s, 12H, CH(CH3)], -1.8 [br. s, 18H, Si(CH3)3], 5.3 (br. s, SH, 
THF); 5.49 (d, J = 7 Hz, 4H, nz-H), 8.13 (t. J = 7 Hz, 2H, p-Hj, 
10.6 [br. s, 12H, CH(CH3)], 15.4 (br. s, SH, THF). ([DslbenZene/ 
[D8]-THF$ 2:l): 6 = -17.0 (br. s, 4H, CH), -2.9 [br. s, 12H, 
CH(CH3)], -1.4 [br. s, ISH, Si(CH3)'], 5.41 (d, I =  7 Hz, 4H, m- 
H), 7.4 [br. s, 12H, CH(CH3)], 8.32 (t, J =  7 Hz, 2H, p-H). - 
13C('H) NMR: ([D6]benzene): 6 = 13.7 [Si(CH3)3], 24.4 [br., 
CH(CH3)], 32.6, (THF), 63.2 (br., CH), 69.2 [br., CH(CH,)], 109.4 
@-C), 120.7 (THF), 129.8 (m-C), 162.0 (br., @so-C), 173.4 (br., o- 
C). - C38H68N202Si2Sm (791.5): calcd. C 57.66, H 8.66, N 3.54, 
Sm 19.00; found C 57.90, H 7.97, N 3.45, Sm 18.59. (b) A mixture 
of samarium powder (1.50 g, 10.0 mmol), HgPh2 (1.77 g, 5.0 
mmol), HN(SiMe,)(2,6-i-PrzC6H~) (2.49 g, 10 mmol) and mercury 
(ca. 0.1 g) in THF (60 ml) was stirred and heated at 65°C for 20 
h. The resulting dark brown mixture was filtered through a celite 
pad and the solvent was removed under vacuum. The brown oily 
residue was washed with light petroleum (30 ml) and the remaining 
dark purple-brown solid was recrystallized from hot light petro- 
leum (20 ml) and gave 0.11 g. (3.0%) of Sm[N(SiMe,)(2,6- 
iPr2ChH3)]Z(THF)2 (IR, IH-NMR identification). 

Bis[N-(2,6-diisoprop~~lphenyl) -N-  ~1rimethy1silyl)amidojbis- 
(tetrahydrofuraii)europiumj II) (3) A mixture of europium pieces 
(0.60 g, 4.0 mmol), Hg[N(SiMe3)(2,6-z~r2c6H3~l~ (0.35 g, 0.50 
mmol) and mercury (ca. 0.1 g) in thf (30 ml) was stirred at room 
temperature for 40 h. The resulting bright yellow solution with grey 
suspended solids was filtered through a celite pad and the filtrate 
was evaporated to dryness. Recrystallization of the yellow residue 
from light petroleum (20 ml) at -20 "C gave 0.27 g .  (68%) of bright 
yellow crystalline EU[N(S~M~~)(~,~-~P~~C,H~)]~(THF)~. - IR: C = 
1582 cm-I ni, 1412 s, 1316 s, 1254 vs, 1235 vs, 1198 m, 1154 w, 
1141 w, 1106 w, 1027 s, 946 br. vs, 875 m, 832 br. vs, 770 s, 733 m, 
652 m. - C38H68N202Si2Eu (739.1): calcd. C 57.55, H 8.64, N 
3.53; found C 58.82, H 9.21, N 4.00. 

Bis[N-(2,6-diisopropylphenyl)-N-( trimethylsilyl)amido]bis- 
(tetrahydrofuran )ytterbiumjII) (4) (a) A mixture of ytterbium 
powder (0.70 g, 4.0 mmol) and Hg[N(SiMe3)(2,6-iPr2C&3)]2 (1.40 
g, 2.0 mmol) in THF (30 ml) was stirred at room temperature for 
40 h. The resulting orange solution with grey suspended solids was 
filtered through a celite pad and the filtrate was evaporated to dry- 
ness. Recrystallization of the orange residue from hot light petro- 
leum (60 ml) gave 1.10 g. (67%) of Yb[N(SiMe3)(2,6- 
iPrzC6H3)]2(THF)2 as large orange crystals. - IR: C = 1582 cm-' 
w, 1415 s, 1312 s, 1250 s, 1237 s, 1196 m, 1154 w, 1143 w, 1107 w, 
1040 w, 1023 m, 934 br. s, 874 m, 831 br. s, 769 s, 732 br. m, 656 
m. - 'H NMR ([Dslbenzene): 6 = 0.46 [s, 18H, Si(CH3)3], 1.09 
(br. s, 8H, P-THF), 1.28 [d, J =  7 Hz, 24H, CH(CH3)2], 3.06 (br. 
s, SH, a-THF), 4.03 (sept, J = 7 Hz, 4H, CH), 6.87 (1, J =  8 
Hz, 2H, p-Hj, 7.09 (d, J =  8 Hz, 4H, m-H). -- I3CJ1Hj NMR 
([&]benzene): 6 = 4.5 [Si(CH3)3], 25.0 (P-THF), 25.7 [CH(CH,),], 
27.1 (CH), 69.5 (a-THF), 118.4 (p-C), 123.5 (m-C), 144.0 (0-C), 

Hz), (toluene, 293 K): 6 = 629 ( A v , , ~  40 Hz). - C3&68N202Si2Yb 
(814.2): calcd. C 56.06, H 8.42, N 3.44; found C 56.38, H 8.06, N 
3.48. (b) A mixture of ytterbium powder (1.73 g, 10.0 mmol), 
HgPhl (1.77 g, 5.0 mmol), HN(SiMe3)(2,6-iPr2C6H3) (2.49 g, 10.0 
mmol) in TIIF (60 ml) was stirred and heated at 65 "C for 20 h. The 
resulting orange solution with grey suspended solids was treated as 
above giving 1.98 g (48%) of Yb(N(SiMe3)(2,6-i-PrzC6H3)]2(THF)2 
(IR and 'H- and '3C('H}-NMR identification). - C3,HsBN2O2- 
Si2Yb (814.2): calcd. Yb 21.25; found Yb 21.11. 

152.9 (@SO-C). - 17'Yb NMR (THF, 293 K): 6 = 623 (AvI,~ 40 

Bis [ N, N - h is ( t r im e thy 1s i ly lam idn ) ] b is ( tetra hy dr ofu ran)  - 
samariurn(I1j (5) A mixture of samarium powder (1.50 g, 10.0 
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mmol), HgPhz (1.77 g1 5.0 mmol) and HN(SiMe& (1.61 g, 10.0 
mmol) in THF (60 ml) was stirred and heated at 60°C for 36 h. 
The resulting mixture was filtered through a celite pad and the dark 
purple-brown filtrate was evaporated to dryness. Recrystallization 
of the residue from light petroleum (15 ml) at -20°C gave 2.31 g 
(75%) of dark purple crystalline Sm[N(SiMe3)2]2(THF)2. - IR: 
0 = 1306 cm- '  w, 1241 s, 1172 w, 1154 w, 1066 vs, 1034 s, 919 w, 
873 S, 822 vs, 748 s, 723 m, 659 m. - 'H NMR ([D6]benzene): 8 = 
-1.30 (br. s, 8H, THF), -0.74 (br. s, 8H, THF), 4.73 [br. s, 36H, 
si(CH3)3]. - I3Cf1H) NMR ([D6]benzene): 6 = 25.3 (THF), 25.5 
[Si(CH3)3], 146.6 (THF). - CzoHSzN2O2Si4Srn (615.4): calcd. Sm 
24.44; found Sm 24.31. 

Bis[N, N-bis (trimethylsilylamido) ]his(  tetrahydrofuran) - 
ytterbfum(ZZ) (6) A mixture of ytterbium powder (1.73 g, 10.0 
mmol), HgPh2 (1.77 g, 5.0 mmol) and HN(SiMe3)2 (2.5 ml, 12 
mmol) in THF (40 ml) was stirred and heated at 60 "C for 20 h. The 
resulting orange solution with grey suspended solids was filtered 
through a celite pad and the filtrate was evaporated to dryness. 
Recrystallization of the orange residue from light petroleum (20 
ml) at -40°C gave 1.82 g (57%) of Yb[N(SiMe,),l2(THF), as 
bright orange crystals. - IR: P = 1237 cm-I vs, 1054 vs, 1028 s, 
970 w, 920 w, 872 vs, 824 vs, 747 s, 659 s. - 'H NMR ([D6]benzene): 
6 = 0.40 [s, 36H, Si(CH,),], 1.22 (br. s, 8H, P-THF), 3.53 (br. s, 
8H, a-THF). - 13C{'H) NMR ([D6]benzene): 8 = 5.6 [Si(CH3)3], 
25.0 (P-THF), 69.8 (a-THF). - I'IYb-NMR spectrum (toluene, 
294 K). 8 = 683 (Avl,* 300 Hz). - C20H52NZ02Si4Yb (638.0): 
calcd. C 37.65, H 8.22, N 4.39, Yb 27.12; found C 37.71, H 8.24, 
N 4.38, Yb 26.88. 

Bis[N- (2,6-diisopropylphenyl) - N -  ( tr  inze thylsilyl j arnido j -  
itetrahVdro~uraniytlerhiu~zjlZ) (7) Solid (4) (0.81 g, 1 .O mmol) was 
heated at 150°C under vacuum Torr) for 3 h. The resulting 
dark coloured material was recrystallized twice from light petro- 
leum (30 ml) at -30°C and yielded 0.35 g (47%) of 
Yb[N(SiMe3)(2,6-iPr2C6H&(THF) as red-brown crystals. - IR: 
0 = 1586 cm-' w, 1417 vs, 1333 w, 1310 s, 1256 s, 1236 vs, 1198 m, 
1142 w, 1104 w, 1050 w, 1039 m, 1015 m, 952 br. s, 867 w, 829 br. 
vs, 775 s, 739 br. m, 656 m. - 'H NMR ([D6]benzenc): 8 = 0.46 
(s, 18H, Si[CH3)3]. 0.86 (br. m, 4H,  b-THF), 1.21 [d, J =  7 Hz, 
24H, CH(CH3)2], 2.28 (br. m, 4H, a-THF), 4.03 (sept, J = 7 Hz, 

m-H). - 13C{1H) NMR ([Ddbenzene): 6 = 3.9 [Si(CH3)3], 24.8 

124.5 (m-C), 143.3 (OX), 150.8 (ipso-C). - I7lYb NMR (toluene, 
297 K): 8 = 638 ( A V ' / ~  70 Hz). - C34H60NZOSi2Yb (742.1): calcd. 
C 55.03, H 8.15, N 3.77; found C 55.43, H 8.23, N 4.36. 

4H: CH), 6.78 (t, J =  8 Hz, 2H, p-H), 7.01 (d, J =  8 Hz, 4H, 

[CH(CH,),], 25.0 (P-THF), 26.8 (CH), 68.8 (a-THF), 119.2 @C), 

Tetrakis[~N-bis(trimeth~lsilylamido]diytterbium~ZI) (8) Solid 
(6) (0.64 g, 1.0 mmol) was heated at 150°C under vacuum 
Torr) for 3 h. The resulting dark-coloured material was extracted 
with light petroleum (30 mi), filtered and the filtrate evaporated to 
dryncss and gave 0.35 g (SOYO) of {Yb[N(SiMe3)2]2)2 as a red-or- 
ange powder. - IR: ii = 1250 cm-' vs, 1018 br. s, 970 br. s, 863 s, 
830 br. vs, 755 m, 665 m. - 'H NMR ([D6]benzene): 6 = 0.35 [s, 
Si(CH,),]. - I7'Yb NMR (toluene, 293 K): 6 = 784 (AvIR 160 Hz). 
- C24H72N4Si8Yb2 (987.6): calcd. Yb 35.04; found Yb 37.10. 

X-ray Crystallography 

2. Crystal Data: C38N68N20$i2Smr M = 791.5 g mol-', crystal 
size 0.10 X 0.20 X 0.25 mm, a = 20.628(7), h = 9.9532(2), c = 
20.986(3) A, P = 102.23(2)", V = 421 l(2) A3, Z = 4, pcalcd = 1.249 
g ~ m - ~ ,  p = 1.421 mm-I, F(OO0) = 1664, monoclinic, space group 
P2ln (No. 13), two independent heavy-atom molecules in the asym- 
metric unit. 
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Single crystals were grown by slow cooling to room temperature 
of a hot saturated light petroleum solution. A representative crystal 
was selected at low temperature["] and glued to a glass fibre and 
placed in the cold nitrogen stream of the diffractometer. Intensity 
data were collected with an Enraf-Nonius CAD-4 diffractometer 
with graphite-monochromatized Mo-K, radiation (h  = 0.7107 A) 
at 240 K. A total number of 8239 measured reflections in the range 
1" < 2 0  < 50" (h,  k ,  +o were obtained with a variable scan time 
and a w - 2 0  scan technique; 6748 [R(int) = 0.02411 independent 
reflections of which 6698 were considered observed [F, > 4o(F,)] 
and were used for refinement. Lorentz and polarization corrections 
were applied to intensity data. Atomaic scattering factors used for 
neutral atoms were corrected for anomalous dispersion. The posi- 
tions of the two independent Sm atoms were determined from a 
three-dimensional Patterson synthesis. The calculated difference 
Fourier map revealed all other missing non-hydrogen atoms of both 
half Sm molecules. All non-hydrogen atoms were refined aniso- 
tropically. The hydrogen atoms were placed in idealized positions 
(C-H 0.96 A, tiis, = 0.08 A2). Refinement of 407 parameters was 
by full-matrix least squares. After all atoms had been added to the 
model an empirical absorption correction was applied (DIFABS[321 
min. 0983, max. 1.165). The final residual values were R1 = Z(/F,;6/ 

w = l/02(Fo); goodness of fit = ICw(lFol - IF,l)'/(n - p)J"* = 0.797; 
Ap(max./min.) = inax. 0.590 eA-3 and min. -0.694 eA-3. All cal- 
culations were performed on an IBM Risk 6000 computer using 
the SHELX 93[331 software package. Further details of the crystal 
structure investigation are available on request from the Director 
of the Cambridge Crystallographic Data Centre, 12 Union Road, 
GB-Cambridge CB2 1EZ (UK), on quoting the full journal citation 
and the depository number CSD-100029. 

- ~ F c ~ ) E ~ F , ~  = 0.0312; wR2 = [ C W ( I F ~ ~  - IFc1)2E~+'IF,12]1/2 = 0.0942, 

4. Crystal data: C38N68N202Si2Yb, M = 814.2 g mol-I, crystal 
size 0.20 X-0.20 X 0.15 mm, a = 21.454(7), b = 9.873(3), c = 

1.305 g cm-3, p = 2.35 mm-', F(OO0) = 1696, monoclinic, space 
group P2/n (No. l3), two independent heavy-atom molecules in the 
asymmetric unit. Single crystals were grown by slow cooling to 
room temperature of a hot saturated light petroleum solution. A 
representative crystal was covered in hydrocarbon oil and placed in 
the cold nitrogen stream of the diffractometer. Intensity data were 
collected with an Nicolet (Siemens) R3mN four-circle dif- 
fractometer with graphite monochromatized Mo-K, radiation (h = 
0.7107 A) at 173 K. A total number of 7506 measured reflections 
in the range 3" < 2 0  < 50" (-23 < h < 25, -11 < k 0, -25 
s I < 0) were obtained with a variable scan time and an w - 2 0  
scan technique; 7301 [R(int) = 0.09461 independent reflections of 
which 4177 were considered observed [F, 5 40(F0)] and were used 
for refinement. Structure solution was by Patterson methods and 
refinement of 582 parameters was by full-matrix least squares on 
P. One of the independent half molecules in the asymmetric unit 
was disordered over two positions, except for atoms Yb(2), C(21) 
and C(26); occupancies were allowed to freely refine. All non-hy- 
drogen atoms were refined anisotropically, thermal parameters for 
disordered atoms were restrained to reasonable values. The hydro- 
gen atoms were placed in idealized positions using a riding model. 
The final residual values [I > 20(1)] were R1 = 0.0591; wR2 = 
0.0868 (all data, R1 = 0.1380; wR2 = 0.1164), iv = [02(e) + 
(0.0272P)' + 4.31PI-' {P = [max.(e) + 2e]/3}; goodness of 
fit = 1.01:. Residual electron density max. 0.685 eA-3 and min. 
-0.828 eA-3. All calculations were performed on an IBM PC using 
the SHELX 93L39 software package. Further details of the crystal 
structure investigation are available on request from the Director 
of the Cambridge Crystallographic Data Centre, 12 Union Road, 

21.667(10) A, P = 115.53(3)", v =  4144(2) A', z =  4, Pcalcd = 
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