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Summary: Reduction of bis(tri-tert-butylcyclopentadienyl)dys-

prosium(lll) complexes by potassium/graphite in the presence

of a crown ether afforded structurally characterized organo-
dysprosium(ll) ate complexes, a new class e@aliint organo-

lanthanide compounds. The organodysprosium(ll) borohydride
ate complex was oxidized by hexachloroethane into a structur-

ally characterized organodysprosium(lll) dichloride ate complex
and was also shown to reduetlly couple diphenylacetylene.

The overwhelming majority of divalent organolanthanides
possess Sty EU', or Yb' as the metal; outside this series,
only a few T complexe$® and a single LAcompleX have
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As potential precursors, [(EP.Dy(BH,)] (1), [(Cp™)2DyBr]
(2), and [(C#Y).Dyl] (3) were synthesized in fair yield by

been structurally characterized recently. There are two main reaction of [KC#] with [Dy(BH 4)3(THF)3], DyBrs, and Dyk,
reasons for the paucity of these latter types of complexes. First,respectively, in refluxing toluen¥.(Scheme 1).

suitable “non-classical” precursors such as M = La—Nd,
Gd—Tm, Lu), in which M is in the oxidation state-1l, only
exist with Tm, Dy, or N&° and are less easily available than
Smb, Eulb, or Ybl,. Second, M ions are very strong reducing

1 (Figure 1),2, and3 were characterized by elemental analysis
and X-ray crystallography. We also attempted to use NMR as
an alternative method of characterization, and we found that,
despite the high paramagnetism of 'Qyacceptable proton

agents and at the same time are very oxophilic; thus, polar spectra of complexes—3 could be obtained. The spectra span
reaction media such as THF can be a problem because ofca 400 ppm and display three very broad peakg,(= 2 kHz)

possible oxidation of M by the solvent®11Therefore, stable
THF-solvated “non-classical” divalent organometallic com-
plexes, made by metathesis of Mith anionic ligand precur-
sors, have only been obtained so far with=MTm2356the
less reducing of the “non-classical” set.

However, it is also possible to obtain unsolvated divalent
complexes of L&A and Tm by reduction of organometallic
trivalent precursors: Lappértised potassium metal and [18]-
crown-6 to transform [La(Cf] into the anionic [K([18]crown-
6)(17%-CeHe)2l[{ La(CP'2)} 2(4-7%1°-CeHe)] (Cp" = 1>-CsHatBuy-
1,3), and we recently used K@ nonpolar solvents to reduce
[(Cp™,Tml] to the homoleptic [Tm(CH),] (Cp™ = #°-CsH,-
tBus-1,2,4)% We felt that this route would be well-suited for
the synthesis of hitherto unknown organodysprosium(ll) com-
plexes, since D4 is the second least reducing ion of the “non-
classical” serig-13 after Tn?™.
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polytechnique.edu.
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that we attribute to the thrdert-butyl groups on the ring. The
inequivalence of these groups implies restricted rotation around
the metat-ring centréd axis, a phenomenon that has been
already observed in the related [pCe(GFs)].1°

In contrast to [(C}).Tml], attempted reduction df—3 with
KCs in toluene or cyclohexane was unsuccessful. However,
when KG was used in the presence of 1 equiv of [18]crown-6
at room temperature, the solutions immediately turned dark red
and we observed a dramatic change in the proton NMR spectra.
The peaks attributed to theert-butyl groups had shifted ca.
100-250 ppm to low field, while a new peak appeared between
—32 and—63 ppm. We were able to isolate dark red crystals
from toluene or cyclohexane solutions, and X-ray crystal-
lographic analyses showed that the structures of the products
obtained by reduction of and2 were those of ate complexes:
[(Cp™).Dy(u-X)K([18]crown-6)] (4, X = BH4; 5, X = Br).
Charge balance indicates tisand5 are indeed DY complexes.

(12) Nugent, L. J.; Baybarz, R. D.; Burnett, J. L.; Ryan, JJLPhys.
Chem.1973 77, 1528-1539.

(13) Mikheev, N. B.Inorg. Chim. Actal984 94, 241-248.

(14) Synthesis ofl: in the glovebox, a mixture of [Dy(Bijs(THF)3]
(0.30 g, 0.71 mmol) and KCH(0.42 g, 1.56 mmol) was placed in a Schlenk
tube fitted with a J. Young valve. Dry toluene (20 mL) was vacuum-distilled
onto this mixture at=78 °C, and the suspension was warmed to room
temperature. The reaction mixture was heated to reflux with stirring for 48
h. After that time the yellow solution was cooled to room temperature and
centrifuged. The solvent was evaporated, and the crude product was
recrystallized from pentane at30 °C and was obtained as a colorless
powder in 57% yield (0.26 g, 0.40 mmofH NMR (300 MHz, GD12): o
(ppm) —6 (br s,w12 & 2 kHz, tBu),—173 (br swy;z ~ 2 kHz, tBu),—275
(br s,wy;2 ~ 1 kHz, tBu). Anal. Calcd for @Hs,BDy (644.17): C, 63.39;

H, 9.70. Found: C, 63.38; H, 9.91. Crystals suitable for X-ray diffractometry
were obtained from pentane &80 °C.

(15) Maron, L.; Werkema, E. L.; Perrin, L.; Eisenstein, O.; Andersen,
R. A. J. Am. Chem. So005 127, 279-292.
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Figure 3. ORTEP plot (50% ellipsoids) of one molecule of [Qp

Dy(u-Cl).K([18]crown-6)] (7). Hydrogen atoms have been omitted
Figure 1. ORTEP plot (50% ellipsoids) of one molecule of [(Qp for clarity.
Dy(BH,)] (1). Hydrogen atoms (except those on the borohydride)

have been omitted for clarity. Scheme 3
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The only previous example of a lanthanate complex featuring
a crown ether complexed potassium halide is that of & Ho
compound that has three Cp groups bonded to the meta}; [Cp
Ho(u-Cl)K([18]crown-6)],1” while in [(Cp)Dy(u-1)K([18]-
3 crown-6)] @—6) only two Cg" groups are coordinated to thy
) Although it is not possible to distinguish between"D§°:
expectedies = 10.607ug) and Dy (f%: expectedics = 10.646
us) on the basis of magnetic momentsywe believe that the
dramatic shift observed by NMR frofr3 to 4—6 is indicative
of a change of oxidation state; however, we next attempted to
obtain more evidence of the divalent nature of dysprosium in

Figure 2. ORTEP plot (50% ellipsoids) of one molecule of [(Qp
Dy(u-BH4)K([18]crown-6)] (). Hydrogen atoms (except those on
the borohydride) have been omitted for clarity.

Scheme 2 complexesi—6 by their reaction with oxidants. This proved to
tBu tBu be surprisingly challenging; for instance, reaction4ofvith
@\ KCqg @\ thallium phospholide, [TI(GH4P)], precipitated thallium metal
Bu \ 1Bu [18]crown-6 IBU(O / b i _ ;

Bu Dy-X — 2 gy Dy X2 \ ut gave back instead of the ex.pected _phospholyl substl_tuted
/@ g’r"(’:e’l‘_'e / Dy'" complex. Eventually, reaction @fwith C,Cls resulted in

tBu {Bu etz tBu tBu Q e an immediate color change to yellow and we were able to isolate
3%z o, Xz crystals of an oxidation product, which was characterized by
3:X=| 6:X=1 X-ray diffraction as the DY ate complex [(C}§).Dy(u-Cl)2K-

([18]crown-6)] 7) (Scheme 3 and Figure 3).
The X-ray data for the product isolated by reductiorBafere Potassium coordination similar to that ihhad previously
less satisfactory because of disorder problems which could notbeen found in palladium and platinum chemisttg,.g. in [(7%-
be adequately modeled; however, the overall geometry of the cis-pent-2-ene)PitCl),K([18]crown-6)] 2°2and also in a uranyl

molecule could be obtained and was similar to tha4 ehd5. complex, [UQ(u-Br)4K,([18]crown-6)].2
Thus, we could assign it the structure®f [(Cp™),Dy(u-1)K-
([18]crown-6)] (Scheme 2 and Figure %). (17) Zaeni, A.; Edelmann, F. T.; Kaehler, T.; Olbrich, F. Private

In addition,4—6 have similar but not identical proton spectra; communication to the CCDC, 2003, CCDC Deposition No. 178656.

i — (18) Evans, W. J.; Allen, N. T.; Ziller, J. WI. Am. Chem. SoQ00Q
the new peak appearing betweer82 and —63 ppm was 122 1174911750,

attributed to the protons belonging to the crown ether. (19) Reaction o6 with hexachloroethane: addition of hexachloroethane
(14 mg, 79umol) to a solution of6 (75 mg, 79u«mol) in toluene (8 mL)
(16) Synthesis of: in the glovebox, a mixture of [(CH).Dy(BH4)] (100 led to an immediate color change from dark red to yellow. The solvent

mg, 156 umol) and [18]crown-6 (42 mg, 15@mol) was placed in a was reduced, and pentane was slowly added onto the solution. After 24 h
centrifugation tube and dissolved in cyclohexane (8 mL). After addition of white crystals of7 were obtained in 28% yield (22 mg, 22nol). *H NMR

KCg (42 mg, 312¢mol) the reaction mixture was shaken, immediately giving (300 MHz, tolueneds): 6 (ppm)—10 (br s,wy;» = 0.3 kHz, [18]crown-6),

a dark red solution from which the product precipitated over 24 h at room —67 (br s,wy» = 0.6 kHz, tBu). Crystals suitable for X-ray diffractometry
temperature. The supernatant was removed, and the precipitate was takemvere obtained from THF/pentane at room temperature.

up in toluene (15 mL). After centrifugation, the solution was evaporated, (20) (a) Schwieger, S.; Wagner, C.; Bruhn, C.; Schmidt, H.; Steinborn,
yielding pure4 as a dark red powder (95 mg, 1@ol, 64% yield).*H D. Z. Anorg. Allg. Chem2005 631, 2696-2704. (b) Konkol, M.; Wagner,
NMR (300 MHz, toluenedg): 6 (ppm) 343 (br sywi2, = 3 kHz, tBu), 133 C.; Schwieger, S.; Lindner, R.; Steinborn, 2.Anorg. Allg. Chem2005

(br s,wi, = 3 kHz, tBu),—49 (br s,wi, = 2 kHz, [18]crown-6),—178 (br 631, 1456-1462.

s, wiz = 3 kHz, tBu). Crystals suitable for X-ray diffractometry were (21) Danis, J. A;; Lin, M. R.; Scott, B. L.; Eichhorn, B. W.; Runde, W.
obtained from toluene at30 °C. H. Inorg. Chem.2001, 40, 3389-3394.
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Finally, since Evans has shown that diphenylacetylene could

be reduced by decamethylsamaroéémad Dyb,'8 we under-
took the reaction o# with diphenylacetylene. The solution

instantaneously turned green. However, since we were unable

to obtain crystals from the reaction mixture, we decided to
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drolysis and (b) Bochkarev and Schumann have recently shown
that Tmh-induced reductive coupling of pyridine resulted in
the formation of a 4,4dihydro-4,4-bipyridinyl Tm" bimetallic
complex?* On the other hand, reduction of diphenylacetylene
by Dyl, exclusively affordectis-stilbene!®

In summary, we have isolated a series of stable organodys-
prosium(ll) complexes, a new class of “non-classical” low-valent
organolanthanides, and have shown evidence of their reducing
properties. Our next goal will be to study in more detail the
reactivity of these complexes, particularly with small mol-
ecules: reduced "MK systems have recently shown to activate
nitrogen?®
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isolate crystalline E,E)-1,2,3,4-tetraphenylbuta-1,3-diend),(

which was characterized by proton NMR, mass spectroscopy,
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and an X-ray crystal structure. When the hydrolysis was full experimental details, paramagnetic NMR spectra, and ORTEP

performed with DO, (E,E)-1,2,3,4-tetraphenylbuta-1,3-diene-

plots of all structurally characterized compounds and a CIF file

1,4-d, was obtained. In this reaction, tetraphenylbutadiene likely 9iving crystallographic data. This material is available free of charge
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Dy'" species followed by coupling of the resulting radical and
subsequent hydrolysis of the [[3y—C bonds (Scheme 4). In
relation to this, (a) reduction of diphenylacetylene with lithf&m
or TiCly/Zn?30 also produces tetraphenylbutadiene after hy-
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