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The last decade has witnessed an explosive growth in the 
organometallic chemistry of the Ln(II) elements.1 This flurry 
of activity and interest can be traced directly to the easy availability 
of Lnl2 (Ln = Sm, Yb)2 and the preparation therefrom of soluble 
and reactive bis-ligated complexes Ln(CsMeS)2,

3 Ln{N(SiMe3)2}2-
(THF)2

4 (Ln = Sm, Yb), and YbKNSiMeJ)2CC6H4Rh(THF)2.
5 

However, despite the remarkable and often unique reactivity 
exhibited by these complexes, as shown in particular by Andersen,6 

Evans,7 and their co-workers, the number of mono-ligated Ln-
(II) complexes "LLnX" (X = halide) remains surprisingly small. 
Since the reactive Ln-X site is the key for the synthesis of mixed-
ligand "LLnER" (ER = amide, alkoxide, hydrocarbyl, hydride, 
etc.) type complexes, this lack of suitable starting material is a 
serious impediment for the development of this area of organo-
lanthanide chemistry. 

Evans et al. have reported the preparation and structure of 
[(C5Me5)Sm(M-I)(THF)2I2

8 and [(Me3Si)2NSm(M-I)(DME)-
(THF)]2,

4a but the complexes tend toward ligand redistribution 
to SmI2(THF)2 and SmL2. Schumann et al.9 have synthesized 
Cp'YbCl(B)2 (Cp' = C5H5, C5Me5; B = THF, V2DME), but, 
to our knowledge, there are no reports on attempted derivati-
zation of the complexes. The mixed-ligand complex (C5-
Me5)Yb(Sn(CH2

1Bu)3)(THF)2 has been reported by Cloke et 
al.10 

Here we report that the sterically demanding hydrotris(3-tert-
butyl-5-methylpyrazolyl)borate ligand (Tp'Bu'Me)n provides a 
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Scheme 1 

NaN(SiMe3J2 ^ (TplBu,Me )Yb(N(siM03)2) (2) 

K H B E ' 3 » (Tp1Bu1Me)Yb(IJ-HBEI3)ITHF) (3) 
TolueneMO'C 

Diethyl ether/-50"C 
_ ^ (Tp'B".Me)YbR(OEI2)„ 

R = CH(SiMe3I2, 11=0 (4) 
R = CH2SiMe3, n=1 (5) 

(Tp1Bu1Mi)YbI(THF) (1) 

unique coordination environment which allows the isolation of 
soluble, monomeric (Tp,BuMe) YbI(THF) (1) and (Tp18^)YbER 
type complexes. 

Treatment ofa THF solution of YbI2 with 1 equivof KTp'Bu'Me 

affords (Tp'Bu'Me) YbI(THF) (1), after simple workup, as a yellow 
powder in quantitative yield.12 Complex 1 is soluble in aromatic 
and ether-type solvents, but only sparingly soluble in hydrocarbons. 
The compound is stable in solution and has no tendency to 
disproportionate to Yb(Tp'Bu'Me)2 and YbI2. The monomeric 
nature of 1 has been confirmed by single-crystal X-ray structure 
analysis.13 As shown in Scheme 1 the Yb center is five 
coordinate.14 The coordination geometry can be described as 
distorted trigonal bipyramidal with N6 and O(THF) occupying 
the axial sites, the N6-Yb-0 angle being 145.8(2)°. The Yb-I 
bond length, 3.0536(8) A, is comparable to the average Sm-I 
distance of 3.049(5) A in (C5Me5)2SmI(THF).15 Since the ionic 
radii OfYb2+ and Sm3+ are similar,16 the presence of fewer ligands 
in 1 gives a good indication of the large steric size of the Tp'Bu-Me 

moiety. The Yb-O(THF) bond at 2.447(6) A is only slightly 
longer than 2.412(5) A found in (C5Me5)2Yb(THF)(C7H8)o.5.

3b 

The average Yb-N(Pz) bond length is 2.45(3) A, which is 0.1 
A shorter than the similar distances in Yb(Tpph)2," but very 
close to those found in Yb(TpMe*)2 (2.482(5) A;17 2.480(4) A18). 

The synthetic usefulness of 1 is clearly documented by the 
examples shown in Scheme 1. Reaction with 1 equiv of NaN-
(SiMe3)2 affords orange (Tp'Bu-Me)Yb{N(SiMe3)2} (2), in 61% 
isolated yield. In the solid state (Figure 1) the molecule has 
approximate C, symmetry, with one of the pyrazolyl rings and 
the planar amido ligand defining the mirror plane.19 The Yb 
center has a distorted tetrahedral arrangement. The distortion 
is manifested by the amido nitrogen being 18.6° off the Bl—Yb 
axis. Although steric repulsions may be largely responsible for 
this, electronic factors must also make a contribution. Indeed 
the two Yb-Nl-Si angles are vastly different; in particular the 
angle to SiI has contracted to 107.6(2)°. The resultant short 
Yb-C 1 distance of 3.064(5) A provides another example of agostic 
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Figure 1. ORTEP views of complexes 2 and 4; for clarity, only labels 
of relevant atoms are shown. 

interaction in a Ln(II)-N(SiMe3J2 complex.20 The agostic 
interactions are not strong enough to maintain a rigid structure 
in solution; all the pyrazolyl rings and SiMe3 groups are NMR 
equivalent. The average Yb-N(pz) distance of 2.46(2) A is 
identical to that observed in 1, and the Yb-Nl length is 2.382(5) 
A. 

In an attempt to synthesize the hydride complex, reaction of 
1 with a stoichiometric amount of KHBEt3 was carried out. 
However, instead of a hydride, crystallization from hexane gave 
(Tp'Bu,Me)Yb(M-HBEt3)(THF) (3), in 70% yield. The presence 
of the hydride bridge between Yb and BEt3 was confirmed by 
171Yb and 171YbJ1H) NMR experiments; the 200 Hz 171Yb-1H 
coupling constant is similar to the 170 Hz reported by Green21 

for [{(C5H5)2NbH2}2Yb-diglyme]. To our knowledge, this is the 
first example of a metal complex with a coordinated triethyl-
borohydride ligand. 

Alkylation of 1 provides a convenient route for the synthesis 
of the first well-characterized Ln(II) hydrocarbyl complexes. 
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Reactions of 1 with 1 equiv of KR (R = CH(SiMe3)2, CH2-
SiMe3) in diethyl ether at -50 0 C give, after simple work­
up, orange crystalline (Tp,Bu-Me)Yb{CH(SiMe3)2} (4) and 
(Xp-Bu1Me)Yb(CH2SiMe3)(OEt2) (5), respectively. The com­
pounds are freely soluble in aliphatic, aromatic, and ether type 
solvents and are thermally stable. The solid state structure of 4 
was determined,22 and preliminary results reveal an arrangement 
similar to 2. The CH(SiMe3)2 ligand is off the B l - Y b axis by 
15.0°, and the ligand itself is distorted. The Yb-C-Si angles are 
very different (Yb-Cl-SiI = 132(3)° and Yb-Cl-Si2 = 99-
(3)°), and the result is a short Y b - C 7 distance (3.08 A). There 
are few structural comparisons, but the Yb-C distance of 2.55-
(6) A appears somewhat longer than the Yb—C(terminal Ph) 
bonds of 2.39(6)-2.46(4) A in the mixed-valence Ph2Yb(THF)-
(M-Ph)3Yb(THF)3 complex.23 

Preliminary reactivity studies have established that compound 
2 readily undergoes metathetical reaction with HC=CPh to afford 
dark red (Tp'Bu-Me) Yb(C=CPh) (6) in good yield. This contrasts 
the behavior of (C5Me5)2Yb(OEt2) toward HC=CPh.2 4 The 
latter complex undergoes electron transfer reaction and gives a 
mixed-valence complex. Compounds 4 and 5 also react with 
hydrogen at room temperature and 1 atm of H2 ,5 faster than 4. 
Efforts are underway to characterize the products. 

In summary, use of the sterically demanding ligand Tp'Bu'Me 

has resulted in the isolation of the soluble, mono-ligated (Tp'Bu'Me)-
YbI(THF) (1). Compound 1 is a useful precursor to a new class 
of (Tp'BuMe)YbER complexes (ER = HBEt3, N(SiMe3)2, 
C=CPh, CH2SiMe3, CH(SiMe3)2). Complexes 4 and 5 are the 
first examples of well-characterized divalent lanthanide hydro­
carbyl complexes. The reactivity of the complexes and that of 
the analogous Sm derivatives25 are under active study. 
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