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Summary: The di potassi urn sa.l ts of the bi s-[8]annul ene dian ion sandwich 

complexes of ytterbium(!!) and calcium(!!), a new class of [8]annulene 
. . ' . . 

sandwich compounds, have been synthesized and characterized. The identical 

IR spectra and similar x-ray powder patterns of these two compounds suggest 

that they have identical crystal structures and bond character~ 



We report a new class of bis-[8]annulene dianion1 sandwich complexes, 

K2[M(C8H8)2], 2 w·ith .. the synthesis .and characterizati.on of the. two complexes 

forM= Yb(II), l' and M = Ca, g. Although many sandwich compounds are 

2 

known for [8]annul ene dianion and Ln(I II) elements, 3 only one class of complexes 

with Ln(II}, Ln(c8H8) (Ln = Eu, Yb), has been reported. 4 Because of low 

solubility, the characterization of this class, thought to be polymeric, is 

ltmited to elemental analysis and infrared spectra. 5 Consequently, 1 is the 

first well characterized complex of (8]annulene with a 1~~-valent lanthanide. 

land g were synthesized by a procedure similar to the reported syntheses 

of Eu(C5H5)2
6 and Ln(C8H8).4 Two equivalents of cyclooctatetraene were added 

to a blue liquid ammonia solution of 2 equiv. of potassium and 1 equiv. of 

ytterbium or calcium m~tals. After the completion of the reaction (ca. 5 min 

at -33°C), evaporation of the liquid ammonia left a pale green pyrophoric 

powder for g or a bright orange pyrophoric powder for 1· The orange color of 

lis characteristic of ytterbium compounds solvated with ammonia. 7 When the 

solvated ammonia was removed, in vacuo, the color of the powder changed from 

orange to pink. When a 2:1 :1 ratio of cyclooctatetraene:ytterbium:potassium 

was used in the liquid ammonia reaction, the ·bright blue ytterbium{III) com­

pound, K[Yb(C8H8)2],
8 ~' was obtained. Yields from these reactions were 

essentially quantitative. 

The physical properties of the divalent ytterbium and calcium complexes 

are similar to those reported for the trivalent lanthanide complexes, 

K[Ln{C8H8)2].3a 1 and g are thermally stable, showing. no sign of decomposi-

tion when heated to 360~ sealed under argon, or to 200°C, in vacuo. 3 is -
thermally unstable and is converted to ! {and some unidentified decomposed 

material) when heated at 310°C sealed under argon, or to 200°C, .i.!:!. vacuo 

(10-3 mm)_. A mass spectrum of ! shows no m/e peak that can be attributed to 

t 

• 
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the ionization of the sandwich compound. l and 2 are insoluble in hydro-... ... 
carbon solvents such as hexane, toluene and benzene but are soluble in ethers 

such as diethyl ether, tetrahyqrofuran (THF), and l ,2-dimethoxyetnane (DME). 

Like all·of the lanthanide [8]annulene dianion complexes, the ytterbium and 

calcium complexes reported here exist as amorphous powders in ~he absence 6f 

coordinated ether molecules. Crystals of ether adducts were obtained by the 

slow diffusion of pentane into an ether solution of the complex. DME adduct 

is relatively stable and analyzes for one ether per potassium. 9 Crystals of 

the THF adduct rapidly decompose to an amorphous powder and give an adequate 

but less satisfactory analysis. 9 The ring proton resonance for the diamagnetic 

K2[Yb(C8H8)2] in THF-d8 appears as a sharp singlet (8=5.47 ppm) at.~50°C; the 

pe.ak broadens as the sample tube is warmed to room temperature. The temper-· · · 

ature dependence of the 1H-NMR spectrum of.the ytterbium( II) compl~x is· 

possibly due to electron or ligand exchange with traces of the paramagnetic 

singlet (~=5.49 ppm) at 27°C. 

l is a strong reducing agent, reacting with 02 (a. stoichiometric amount 

in tetrahydrofuran), CC1 4, c8H8, and U(C8H8)2 to form K[Yb(C8H8)2]; the presence 

of the ytterbium(III) complex was indicated by its visible spectrum. When 

l equiv. of l was added to a THF solution of 1 equiv. of UC1 4, the green 

solution turned brown and had the same visible spectrum as that reported for 

Li[U(C8H8)2]. 10 When exposed briefly to air, the brown solution turned green 

and had the visible spectrum of U(C8H8)2.11 

The sandwich structure of the K2[M(C8H8)2] salts is deduced by comparison 

of the infrared spectra of l and ~ with those of U(C8H8)2 and K[La(C8H8)2] in 

the region 600-~000 cm-l (Table 1). The infrared absorption bands have beeri 

. d . 1 12 ass1gne prev1ous y. 
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The infrared spectra and x-ray powder patterns of 1 and 2 suggest that 
. - -

13 
these two complexes have identical crystal structures. Since the ionic 

radii of Yb2+ and ca2+ are nearly identical ,
14 

this similarity of K2[Yb(C8H8)2J 

and K2(Ca(C8H8)2] is neither surprising nor unanticipated.
15 

These results 

further emphasize the lack of importance of the 4f orbitals in ·ytterbium(!!) 

chemistry; e.g. the ring-metal interaction in l is undoubtedly wholly ionic. 

Further studies directed at the elucidation of the crystal structure of 

K2[M(C8H8)2l and the reduction chemistry of l are in progress. 

~£~~~~1~22~~~~· We are indebted to Dr. Alan Zalkin and Professor David 
. 

Templeton for their assistance. This work was supported by the Director, Office 

of Energy Research, Office of Basic Energy Sciences, Chemical Sciences Division 

of the U.S. Department of Energy, under Contract No. DE-AC03-76SF00098. 

Supplementary Material Available: Infrared and x-ray powder spectra for 

l and ~· Ordering information is given on any current masthead page. 
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Table I. Comparison of infrared spectraa,b 

U(C8H8)2c K[La(C8H8)2] d K2[Yb(C8H8)2] K2[Ca(C8H8)2] assignmentd 

1 2 , ... ~ - -
·Q 

698 vs 680 vs 681 vs 683 vs p( CH), A2j..l 

746 s 740 m 739 m 740 m v( CC), A2j..l 

777 m 771 w p(CH), E1jJ 

792 m 795 w(br) 795 w(br) 

879 s 879 s 

900 s 892 s 885 s 888 s S( CH), E1jJ 
~ ~; ·;,, ,_ 

a vs, very strong; s, strong; m, medium; w, weak; br, broad.· b nujol mulls. 
c . d ref. 1 6 . ref. 1 2 . 
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Supplementary r~aterial 

fi_g. 1. Infrared spectra of K2[ca(C8H8)2] (top) and K2[Yb(C8H8)2] (bottom). 

Both samples contain residual tetrahydrofuran (THF). 

fig. 2. Infrared spectra of K2[ca (C8H8}2} (THF14 (top) and K2[Yb(C8H8}2]' (THF) 4 

Ct>ottom). 

Fig. 3.. Infrared spectra of K2[ca (~8H8 )2] · (DME) 2 (top l and K2[Yb(C8H8)2} (DME) 2 

(bottom}. 

Table 2. X-ray powder data. 

'"" \, 
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Figure 3 
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Table 2. X-ray powder data. 

K2[Yb(C8H8)2J·(DME) 2 K2[Ca(C8H8)2J·(DME) 2 
0 0 

£!ffil i !!_(& ; 

9.826 w+ 

8.801 w 

7.314 7.329 s- f!'_c 

s-

6.733 s 6.745 s t .,. 

6.360 w+ 6.405 w-

5.763 s- 5.772 s-

5.454 w-

4.874 w+ 4.901 w-

4.423 m 4.445 w 

4.306 w 

4.152 w- 4.128 w-

4.072 w- 3.934 w-

3.850 .m 3.850 m 

·3.612 w-

3.531 w-

3.427 w+ 3.427 w 

3.314 w- 3.308 w-

3.252 w- 3.252 w-

3.167 w 3.173 w+ 

3.102 w 3.097 w 
'" 2.971 2.983 \' m w 

2.943 m 2.938 w ' 
2.876 w 2.882 w-

2.771 w- 2.780 w-

2.726 w- 2.714 w-

intensity (i) w = weak, m = medium, s = strong 
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