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The activation of molecular oxygen by transition metals and 
the chemistry of metal dioxygen complexes are intensely 
investigated areas of research.1 The rewards are practical 
applications to synthesis and potential understanding of biologi­
cal processes. Although the lanthanides and actinides have a 
great affinity for oxygen donor ligands, and f-element oxides 
occupy an important place in the chemistry of these elements,2 

this high oxophilicity also disfavors the formation of simple 
dioxygen complexes. Indeed, with the exception of the per-
oxyuranates3 there are only a few actinide complexes containing 
the ,«-»72:?72-peroxo bridge,4 and to the best of our knowledge, 
there is only one example of a structurally characterized 
lanthanide complex, (w-772:J72-02)[La{N(SiMe3)2}2(OPPh3)]2.5 

It is well recognized that steric factors can play a crucial role 
in stabilizing reactive species and metal complexes with unusual 
coordination number or geometry. Thus the use of the highly 
hindered hydrotris(3-fert-butyl-5-methylpyrazolyl)borate and 
hydrotris(3-tert-butyl-5-isopropylpyrazolyl)borate ligands al­
lowed the isolation of the first side-on-bonded superoxo— 
Co(II), (Tp'Bu-Me)Co(?72-02),6a and superoxo-Cu(II), (Tp'Bu'^)-
Cu(?/2-02),6b complexes, respectively. In lanthanide chemistry, 
the successful isolation of a unique series of dinuclear species, 
(C5MeS)2Sm(M-L)Sm(C5Me2^ (L = styrene,7a HNNH,7b N2,

7c 

Bi2,7d Te27e), was attributed to the stabilizing effect provided 
by the cage-like environment of the four C5Me5 ligands. 

In a previous communication,8 we reported that reaction of 
Sm(TpMe2)2 (TpMe2 = HB(3,5-Me2pz)3) with azobenzene in a 
1:1 or 2:1 ratio yielded the same mononuclear product, (TpMe2)2-
Sm(»72-PhN=NPh). This contrasts the behavior of Sm(C5Me5)2, 
which gives both mononuclear (C5MeS)2Sm(^-PhN=NPh)(THF) 
and dinuclear (C5Me5)2Sm(u-?72-PhN=NPh)Sm(C5Me5)2.9 We 
rationalized that the bulky nature of the TpMe2 ligands prevented 
formation of a bridged dinuclear complex. Consistent with this 

f Faculty Service Officer, Structure Determination Laboratory. 
(1) (a) Martell, A. E., Sawyer, D. T., Eds. Oxygen Complexes and Oxygen 

Activation by Transition Metals; Plenum Press: New York, 1988. (b) Klotz, 
I. M., Kurtz, D. M. Jr., Guest Eds. Metal Dioxygen Complexes. Chem. 
Rev. 1994, 94, No. 3. 

(2) Comprehensive Inorganic Chemistry, Bailar, J. C, Jr., Emeleus, H. 
J., Nyholm, R., Tratman-Dickenson, A. F., Eds.; Pergamon Press: Oxford, 
1973; Vols. 4 and 5. 

(3) (a) Battacharjee, M.; Chaudhuri, M. K.; Purkayastha, R. N. D. Inorg. 
Chem. 1986, 25, 2354 and references therein, (b) Connor, J. A.; Ebsworth, 
E. A. V. Adv. Inorg. Chem. Radiochem. 1964, 6, 345. 

(4) (a) Rose, D.; Chang, Y. D.; Chen, Q.; Zubieta, J. Inorg. Chem. 1994, 
33, 5167. (b) Doyle, G. A.; Goodgame, D. M. L.; Sinden, A.; Williams, D. 
J. J. Chem. Soc, Chem. Commun. 1993, 1170. (c)Charpin, P. P.; Folcher, 
G.; Lance, M.; Vigner, M. N. D. Acta Crystallogr. 1985, C41, 1302. (d) 
Haegele, R.; Boeyens, J. C. A. J. Chem. Soc, Dalton Trans. 1977, 648. 

(5) Bradley, D. C; Ghotra, J. S.; Hart, F. A.; Hursthouse, M. B.; Reithby, 
P. R. J. Chem. Soc, Dalton Trans. 1977, 1166. 

(6) (a) Egan, J. W., Jr.; Haggerty, B. S.; Rheingold, A. L.; Sendlinger, 
S. C; Theopold, K. H. /. Am. Chem. Soc. 1990, 112, 2445. (b) Fujisawa, 
K.; Tanaka, M.; Moro-oka, Y.; Kitajima, N. J. Am Chem. Soc. 1994, 116, 
12079. 

(7) (a) Evans, W. J.; Ulibarri, T. A.; Ziller, J. W. J. Am. Chem. Soc. 
1990, 112, 2314. (b) Evans, W. J.; Kociok-Kohn, G.; Leong, V. S.; Ziller, 
J. W. Inorg. Chem. 1992, 31, 3592. (c) Evans, W. J.; Ulibarri, T. A.; Ziller, 
J. W. J. Am. Chem. Soc. 1988, 110, 6877. (d) Evans, W. J.; Gonzales, S. 
L.; Ziller, J. W. J. Am. Chem. Soc. 1991,113, 9880. (e) Evans, W. J.; Rabe, 
G. W:; Ziller, J. W.; Doedens, R. J. Inorg. Chem. 1994, 33, 2719. 

(8) Takats, J.; Zhang, X. W.; Day, V. W.; Eberspacher, T. A. Organo-
metallics 1993, 12, 4286. 

assumption we now report that Sm(TpMe2)2 reacts with dioxygen 
at low temperature to give the first example of a lanthanide 
superoxo complex. 

When a slurry of purple Sm(TpMe2)2 (1) in toluene was stirred 
at —78 0C under an atmosphere of dioxygen, the solid slowly 
dissolved and after ca. 3 h an intensely colored red solution 
was obtained (eq 1), a vivid demonstration of ready reaction 
between 1 and 62. As the solution was allowed to warm to 

A/. 0,(g), 1 atm 

Sm(TpMeV 
1 (purple) 

toluene, -78 0C 
red solution 

-78 °C to room temperature 

(TpMe2)2Sm(?72-02) (1) 
2 (pale green) 

room temperature, and excess dioxygen was removed, the color 
changed from red to pale green. Compound 2 was obtained as 
a pale green solid.10 Characterization of 2 proved challenging, 
while the nature of the "red solution" remains unresolved. 

Compound 2 is soluble in polar solvents such as THF, CH3-
CN, and CHCI3 and aromatic solvents like toluene, but only 
sparingly soluble in aliphatic hydrocarbons. The solid com­
pound is thermally robust. It does not undergo any visible 
change up to 130 °C under a dynamic vacuum. The 1H NMR 
spectrum is deceptively simple and exhibits only a single set 
of pyrazolyl resonances, three signals in a 3:3:1 ratio. The 
pattern of the signals remains temperature invariant down to 
-100 0C. The ' 1B NMR spectrum displays one peak. Although 
uninformative as to the molecular structure, the NMR features 
established that the Tp1*2 ligand remained intact in the molecule. 
The highest mass peak in the mass spectrum corresponded to 
the (M+ — O2) fragment. The UV spectrum of the compound 
in CH2CI2 solution exhibited an intense absorption at 240 nm 
(e = 4.8 x 103 M -1 cm"1), slightly shifted from the charac­
teristic band of KO2 (250(1) nm, e = 2686(29) M"1 cm"1; ref 
11), and first hinted at the possible presence of the superoxide 
ligand in compound 2. However, the complex is ESR-silent 
down to —176 0C. Good evidence for Ch- coordination came 
from the Raman spectrum of the complex. As shown in Figure 
1, all bands, except the peak at 1124 cm-1, remain unchanged 
in a sample prepared with '8C>2. This band is in the region 
associated with the stretching of the superoxo ligand,12 and as 
expected, the band shifts to lower frequency (1059 cm-1) upon 
isotopic substitution. The observed shift of 65 cm-1 is exactly 
as predicted for a pure O-O stretch from the change in reduced 
mass. 

Final corroboration came from a single-crystal X-ray analysis. 
The study showed that the crystal contains well-separated, 
monomeric (TpMe2)2Sm(?72-02) units,13 Figure 2. The dioxygen 
ligand is bonded to samarium in a symmetrical, side-on fashion; 
the Sm-O distances, 2.329(3) and 2.321(3)A, are nearly 
identical. The 0—0 bond distance is 1.319(5)A and is 
consistent with the superoxo formulation of the O2 ligand. The 
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Figure 1. Raman spectra of (a) (TpMe2)2Sm(?;2-1602) and (b) (Tp1^)2-
Sm(j72-,802). Spectral features marked with an asterisk are artifacts 
arising from subtraction of the CD2Cl2 solvent spectrum. Spectra were 
excited with 25 mW of 457.9 nm light and detected with a CCD detector 
coupled to a single monochromator. Total accumulation time was 5 
min for each sample. Frequencies are accurate to ±1.5 cm-1. 

length of this bond is somewhat longer than the corresponding 
distances in (Tp'Bu'Me)Co(?72-02) (1.262(8) A)6a and (Tp'Bu-ipr)-
Cu(772-02) (1.22(3) A)6b but in the range of the values found in 
NaO2 (1.33(6) A)14a and KO2 (1.28(7) A).14b Both TpMe2 ligands 
are coordinated to samarium in a ?73-fashion. The coordination 
geometry is best described as distorted pentagonal bipyramidal 
with N22 and N42 occupying the axial sites and N12, N32, 
N42, N52 and the midpoint of the O 2

- ligand spanning the 
equatorial positions. The distances to the axial pyrazolyl 
nitrogens (average 2.493(5) A) are shorter than to the equatorial 
nitrogens (average 2.62(2) A) and reflect the less congested 
nature of the former sites. The same is true in the related 
(TpMe2)2Sm(?72-azobenzene)8 and (Tp^)2Sm(J;1-OC6H2-
(CMe3)20)15 complexes. Complex 2, like the above compounds, 
has approximate C2 symmetry in the solid state, but contrary to 
the azobenzene derivative, which maintains a rigid structure in 
solution, complex 2 is highly fluxional. The low activation 
energy for the fluxional process is obviously due to the lack of 
substituents on the O 2

- moiety. The isolation and stability of 
2 are direct consequences of the unique environment provided 
by the two TpMe2 ligands. It can be seen in the figure that the 
two TpMe2 ligands provide a protective cradle which shields the 
O 2

- ligand, in particular by methyl groups C17 and C67. 
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Figure 2. Structure of (TpMe2)2Sm(r72-02) (2). Important bond lengths 
(A, standard error on Sm-O/N 0.003A) and bond angles (deg) are as 
follows: Sm-Ol 2.329, Sm-02 2.321, 0 1 - 0 2 1.319(5), Sm-N12 
2.642, Sm-N22 2.498, Sm-N32 2.591, Sm-N42 2.488, Sm-N52 
2.619, Sm-N62 2.647; N22-Sm-N42 159.0(1), O l - S m - 0 2 
33.0(1). 

Binding of O 2
- to samarium is strong. The ligand is not 

displaced by donor solvents such as THF or CH3CN. However, 
preliminary reactivity studies show that it can participate in 
oxygen transfer reactions, delivering one oxygen atom to 
triphenylphosphine; the nature of the resultant samarium 
complex is under investigation. 

In summary, we have shown that the unique protective, 
cradle-like, environment provided by the two TpMe2 ligands has 
allowed the isolation of the first superoxo lanthanide complex. 
It is tempting to postulate that this same coordination environ­
ment may allow the stabilization of other unusual diatomic 
moieties. The scope of this postulate is under intense scrutiny 
as are the reactivity of 2 and the nature of the "red solution". 
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