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- DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. :
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’ummarz‘ The dipotassium salts of the bis-[8]annu1ene'dianion sandwich
comp1exes of ytterbium(II) and ca1c1um(II), a new class of {8]annu1ene |

sandw1ch compounds, have been synthes1zed and character1zed The 1dent1ca1

IR spectra and s1m1]ar x-ray powder patterns of these two compounds suggest

that they have identical crysta] ‘structures and bond character



We report a new class of bis-[8]annu1ene dianion]

sandwich complexes,

KZ[M(-C8H8)2],_2 with the synthesis. and characterization of the. two complexes

for M = Yb(II), 1, and M = Ca, 2. Although many sandwich compounds are '

known for [8]annulene dianion and Ln(III) e]ements,3 only one class of complexes
A N

with Ln(II), Ln(C8H8) (Ln = Eu, Yb), has been reported.” Because of low

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

limited to e]emehta] ana]ysis and infrared spectra.5

Consequently, 1 is the
first well characterized complex of [8]annulene with a Tow-va]ent_]anthanide.
o 1 and 2 were synthesized by a procedure’similar toffﬁé.reported syntheses
of Eu(CsHé)z6 and Ln(C8H8).4 Two equivalents of cyclooctatetraene were added
to a blue 1iquid ammonia solution of 2 equiv. of potassium and 1 equiv. of
: yt?erbium or ca]ﬁium meétals. After the~comp1etion of the reaction_(ca. 5 min
at -33°C), evaporatidn of the liquid ammonia left a pale green pyrophoric |
powder for 2 or a bright orange pyrophoric powder for l. The orange color of
1 is 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. vwheh 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 3, was obtaingd. Yields from these reactions were
essentially quantitative. | |
The;physical properties of the divalent ytterbium and calcium complexes
are similar to those reported for the triva]ént lanthanide complexes,
K[Ln(C8H8)2].3a 1 and 2 are thermally stable, showing no sign of decomposi-
tion when heated to 360°C sealed under argon, or to 200°C, in vacuo. 3 is
thermally unstable and is converted to 1 (and some unidentffied decomposed
material) when heated at 310°C sealed under argon, or to 200°C, in vacuo

(10'3 mm). A mass spectrum of 1 shows no m/e péak that can be attributed to



o

the jonization of the sandwich compound. 1 and 2 are insoluble in hydro-
carbon solvents such as hexane, toluene and benzene but are soluble in ethers
such as diethyl ether, tetrahydrofuran (THF), and 1,2-dimethoxyethane (DME).
Like all-of the lanthanide [8]annulene dianion complexes, the ytterbium and
calcium complexes reported here exist as amorphous powders in‘fhe absence of"
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 ana]ysis.9

The ring proton resonance for the diamagnetic
Kz[Yb(C8H8)2] in THF-dg appears as a sharp singlet (6=5.47 ppm) at .-50°C; the:
peak broadens as the sample tube is warmed to room temperature. The”témper-ﬁif?'

]H-NMR spectrum of the ytterbium(II) complex is "

ature dependence of the
possibly due to electron or 1igand exchange with traces of the paramagnetic
K[Yb(C8H8)2]. The‘ring proton resonance for K2[Ca(CSH8)2] occurs as a-sharp “*%
singlet (6=5.49 ppm) at 27°C. '

1 is a strong reducing agent, reacting with 0, (a stoichiometric amount
in tetrahydrofuran), CCly, CgHg, and U(Cs“s)é to form K[Yb(C8H8)2]; the presence
of the ytterbium(III) complex was indicated by its visible spectrum. When
1 equiv. of 1 was added to a THF solution of 1 equiv. of UC14, the green
solution turned brown and had the same visible spectrum as that reported for
L1'[U(C8H8)2].]0 When exposed‘briefly to air, the brown solution turned green
and had the visible spectrum of U(C8H8)2.]] |

The sandwich structure of the KZ[M(C8H8)2] salts is deduced by comparison
of the infrared spectra of 1 and 2 with those of U(C8H8)2.and K[La(C8H8)2] in

the region 600-7000 cn”!

12

(Table 1). The infrared absorption bands have been

assigned previously.
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The infrared spectra and x-ray powder patterns of 1 and 2 suggest that
these two complexes have identical crystal s'cructu\r'es.]3 Since the ionic

radii of Yb2+ and Ca2

* are nearly 1’den'c1'<‘:a1,]4 this similarity of-KZ[Yb(C8H8)2]
and Kz(Ca(C8H8)2] is neither sufprising nor unantic*ipated.]5 These results
further emphasize the lack of importance of the 4fvorbita1s in ytterbium(II)
cﬁemistry;.e.g. the ring-metal interaction in 1 is,undoubted1y wholly donic.

Further studies directed at the elucidation of the crystal structure of

Kz[M(CBHS)Z]*and the reduction chemistry of 1 are in progress.

Qggggylggg@ggg. We are indebted to Dr. Alan Zalkin and Professor David

Templeton for their assistance. This work was suppobted 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-ACO03-76SF00098.

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

1 and 2. Ordering information is given on any current masthead page.
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Table I. Comparison of infrared spectraa’b

U(c8H8)2°‘ K[La(CSHB)Zjd Ko[Yb(Cghg),1 K, [Ca(CgHg),] assignmentd
- ! 2 |
| - 698 vs 680 vs | 681 vs 683 vs ~ p(CH), A
746 s 740 m : 739 m 740 m - v(CC), Aju
777 m | 77’.W | - o(CH), Eq
792 m | | 795 w(br) 795 w(br)
| | 879 s  819s
900 s 892 s 885 s 888 s B(CH), Equ
a Vs, very strong; s, strong; m, medium; w, weak; br, broad. - b nujol mulls.
d

€ ref. 16. ref. 12.
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Supplementary Material

Fig. 1. Infrared spectra of KZCCa(C8H8)2] (top) and Kz[Yb(Cng)ZJ (bottom).

Both samples contain residual tetrahydrofuran (THF).

<

Fig. 2. Infrared spectra of KZ[Ca(£8H8)2]-(THF)4 (top) and.KZ[Yb(C8H8)2]'(THF)4
| (bottom). | '

Fig. 3. Infrared spectra of Kz[ca(c8H8)2]'(DME)2 (top) and kz[Yb(CSHg)z]-(DME)2
(bottom). '

Table 2. X-ray powder data.

1
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Figure 1
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Figure 3
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~Tab]e 2. X-ray powder data.

K,LYb(CgHg),1" (DME),

d(A)

9

.826

8.801

7.

H B OO O O O

N NN NN w W Ww W W

intensity (i)

314
733
.360
.763
.454
.874
.423

.152
072

.850 -

.427
.314
.252
. 167
.102
971
.943
.876
771
.726

w

Ko[Ca(Cghg), 1" (DME),

i

w+

weak, m = medium, s = strong

(<]

d(A)

g O O N

NN RN W W W W W W W W oW s s s s

.329
.745
.405
772

.901
.445
.306
128
.934
.850
-3.612
.531
427
.308
.252
173
.097
.983
.938
.882
.780
714

i
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