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Mixed potassium—lanthanide wheel-shaped-structured, hexanuclear Recently, we reported an approach in which lanthanide
coordination oligomers of composition [(17°-CsHs)Ln(NPhy),- coordination oligomers and polymers (chains and layers) can
{N(PPhy),} ;K(THF)s], (Ln = Er (1a), Yb (1b)) and an octanuclear be built up by using relatively small ligand3As a result

coordination polymer of composition [(175-CsHs)Sm(NPhy),- of the insufficient shielding of the lanthanide atom, metalate

complexes are formed. By using suitable polydentate ligands,
these metalate complexes can be connected via the counte-
rion, thus forming coordination polymers. The shape of the
polymer depends on the ligand and on the ion radius of the
lanthanide atom. Other groups have shown previously that
anionic lanthanide phenoxidéd* and pyrazolaté8 may

form chains and layers by coordination of the aromatic

{N(PPh,)2}K].. (2) were synthesized. All presented compounds
can be obtained in moderate yields in a one-pot procedure, in
which the potassium salts KNPh, and [K(THF),N(PPh,),] as well
as NaCsHs are reacted with anhydrous samarium, erbium, and
ytterbium trichloride in THF.
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Figure 1. Solid-state structure dfa showing the atom labeling scheme,
omitting hydrogen atoms.

lab is surrounded by four ligands, resulting in a metalate
substructure of compositionf-CsHs)Ln(NPhy)A{ N(PPh)2}] .
The whole ring ofla,b consists basically of two [K(THFR)

which wheel-shaped structures of potassium and lanthanide;;5.cHs)Ln(NPhy)A N(PPh);} ] and two [K(THFLN(PPh),]
atoms are obtained by using small ligands, which bridge the ynijts. In contrast to most other metalate complexes, the

metal atoms byr coordination to aromatic rings.

Reaction of [(5-CsHs)ErCly] with the amido compounds
KNPh, and [K(THF}N(PPh),] (n = 1.25 and 1.5 in THF
and crystallization from THR-pentane (1:2) lead to the
hexanuclear, wheel-shaped-structured compouyteJéHs)-
Er(NPh){ N(PPh)2} .K2(THF)4]2 (18). Compoundla and
the Yb analoguelb, can also be obtained in moderate yield
in a one-potreaction, in which the potassium salts KNPh
and [K(THFLN(PPh),], as well as NagHs, are reacted with
anhydrous erbium or ytterbium trichloride in THF, followed
by crystallization from THF/pentane (Scheme!13® The

cations not only are surrounded by solvent molecules but
also coordinate via & interaction onto the {f>-CsHs)Ln-
(NPh){N(PPh)2}]~ unit. K1 is #5-coordinated onto the
CsHs ring, whereas K2 igj?- and 7%-coordinated onto the
phenyl ring of the NPhgroup. As a result of the electrostatic
interactions between the aromatic rings and the potassium
ions, the K-C distances vary over a wide range. In Figure
1, all C—K interactions up to a value of 350 pm, a
conservative limit for K-C interactions, are marked as dotted
lines!® A comparable bridging via an NRhgroup was
observed in the monomeric complexes [(TENR(PhN),-

solid-state structures of the new complexes were established_n{N(SiMes),} 5] (Lh = Gd, Yb)2°

by single-crystal X-ray diffractiof? The lanthanide ion of

(16) Roesky, P. W.; Gamer, M. T.; Puchner, M.; GreinerChem. Eur.
J. 2002 8, 5265-5271.

(17) The bonding situation in the schemes is simplified for clarity.

(18) Synthesis of jf>-CsHs)Ln(NPhp){ N(PPh)2} :Ko(THF)4]2 (Ln = Er
(1a), Yb (1b)). Route A: A total of 20 mL of THF was added to a
mixture of 150 mg (0.55 mmol) of Ergland 44 mg (0.50 mmol) of
NaGsHs, and the mixture was stirred for 18 h at room temperature.
The mixture was filtered and the solvent taken off in vacuo. A total
of 207 mg (1.00 mmol) of KNPhand 20 mL of THF were added to
the remaining residue, and the mixture was stirred for amd@Hteat
room temperature. Then, again the solvent was taken off in vacuo
and 500 mg (1.00 mmol) of [K(THREN(PPh),] was added. Then 20
mL of THF was added to the remaining residue. After stirring for
another 18 h, the mixture was filtered and the filtrate concentrated.
After the addition ofn-pentane, pink crystalline plates were obtained.
Route B: A total of 20 mL of THF was added to a mixture of 0.73
mmol of LnCk, 64 mg (0.73 mmol) of NagHs, 730 mg (1.46 mmol)
of [K(THF)nN(PPh)2], and 303 mg (1.46 mmol) of KNBhand the
mixture was stirred for 16 h at room temperature. Then the mixture
was filtered and the filtrate concentrated. After the addition of
n-pentane, crystalline plates were obtainge. Yield: 56% (route
B), pink crystals. IR (KBr [cnml]): 3051 (W, vc=cH), 2994 (W,vchH),
2914 (m,vch), 1576 (s,vc=c), 1480 (s), 1431 (s), 1293 (m), 1093
(w), 986 (m,vpc), 972 (M), 896 (M), 749 (s), 739 (s), 697 (vs). Anal.
Calcd for GgeH194EK 4NgOgPs2C4HgO (3480.45): C, 65.59; H, 5.96;
N, 3.15. Found: C, 65.49; H, 5.87; N, 3.2Ih. Yield: 36% (route
B), red crystals. IR (KBr [cmY]): 3045 (W, vc=ch), 2994 (W,vch),
2975 (m,vch), 2870 (M), 1577 (Syc=c), 1482 (s), 1431 (s), 1290 (s),
986 (shvpe), 972 (s), 896 (m), 748 (s), 736 (s), 697 (vs). Anal. Calcd
for C1geH194KaNgOgPsYb2-2C4HgO (1781.97): C, 65.38; H, 5.94; N,
3.14. Found: C, 65.17; H, 5.86; N, 3.14.
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In the {K(THF),—N(PPh),—K(THF)2}* unit, K1 binds
to the nitrogen atom whereas K2 interacts with the phos-
phorus atoms. A similar structural motive is found in the
starting material [K(THFR)sN(PPh),].16 Also somer inter-
actions to the phenyl rings are observed. Thus, {tke
(THF),—N(PPh),—K(THF),} ™ unit can be considered as a
cutout of the solid-state structure of [K(THEN(PPh),].

The magnetic properties of compoufdb show a weak
antiferromagnetic interactioft.

By using the same reaction conditions as those for the
synthesis ofla,b but performing the synthesis with samarium
as the center metal and later optimizing the stoichiometric
ratios, one obtains a coordination polymer of composition
[(175-CsHs)SM(NPhH){ N(PPh)2} K] (2) in moderate yields

(19) Single-crystal X-ray diffraction datata (Co/H105ErKoN4OsPy (1776.19)
= 0.51aTHF), Brucker Smart 1000 CCD, space groep (No. 2)
with a= 13.450(3) A= 17.818(3) Ac = 20.331(4) i,a = 66.649-
(5)°, p = 83.754(5), y = 77.588(5) at 173 K,Z = 2,V = 4367.3-
(15) A3, p = 1.351 g cm3, 20max= 61°, 54523 reflections collected,
26299 independent reflection® = 0.0562). The structure was
solved by Patterson methods (SHELXS9@nd SHELXL-97°) and
refined by full-matrix least-squares techniques using 13667 reflections
with | > 20(1) to R1= 0.0582 and wR2= 0.1495.

(20) Karl, M.; Harms, K.; Dehnicke, KZ. Anorg. Allg. Chem1999 625,
1774-1776.

(21) (a) Kahn, OMolecular MagnetismJohn Wiley & Sons: New York,
1993. (b) Plass, WChem. Unserer Zeit998 32, 323-333.
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(Scheme 2}722 For compound2, the solid-state structure
was established by single-crystal X-ray diffraction (Figure

2).22 Compound?2 can be considered as an octanuclear,

wheel-shaped-structured g compound, in which the
potassium cations bridge the 7fCsHs)Sm(NPhH),{ N-
(PPh)2}]- metalate anions (Figure 2). In the center of the
ring rectangular to the ring plane, a crystallograpbi@xis

is observed. In Figure 2, all €K interactions up to an
arbitrary range of 3.5 A are marked as dotted lifeBy
using these criteria, potassiunviscoordinated by the £E1s
ring andz,* andn®-coordinated to the phenyl rings of the
NPh, groups. Moreover, potassium also#%coordinated
onto one phenyl ring of an NRhgroup of a neighboring

UR

-CsHs)Sm(NPR){ N(PPh)2} ]~ unit, thus acting as a knot

between the octanuclear wheel-shaped-structure# Sunits
(Figure 2). In contrast to compourié,b, which consists of

(22)

(23)

(24)
(25)

Synthesis of [{>-CsHs)Sm(NPh){ N(PPh)2} K] (2): A total of 20
mL of THF was added to a mixture of 100 mg (0.39 mmol) of SgnCl
34 mg (0.39 mmol) of NagHs, 194 mg (0.39 mmol) of [K(THF)N-
(PPh)2], and 162 mg (0.78 mmol) of KNBhand the mixture was
stirred for 16 h at room temperature. Then the mixture was filtered
and the filtrate concentrated. After the additionngpentane, yellow
crystalline prisms were obtained. Yield: 98 mg (24%), yellow crystals.
IR (KBr [cm~1]): 3050 (W, ve—cr), 2998 (M,vcy), 2979 (M, vew),
1576 (S,vc=c), 1481 (s), 1431 (s), 1293 (s), 1093 (m), 986 (wg),
972 (m), 896 (m), 749 (s), 738 (s), 695 (m). Anal. Calcd fesHze
CIN2O-P4Yb (1121.40): C, 59.98; H, 5.03; N, 2.50. Found: C, 59.91;
H, 4.89; N, 2.31. Anal. Calcd for £&H4sKN3P,SmC4HgO (1047.41):

C, 65.36; H, 5.10; N, 4.01. Found: C, 65.04; H, 5.13; N, 3.96.
Single-crystal X-ray diffraction date2 (Cs7HssKNzOP,Sm (1047.41)

= 2-THF), Brucker Smart 1000 CCD, space grddga (No. 88) with
a=29.512(5) Ac = 23.318(7) A at 173 KZ = 16,V = 20310(8)
A3 p = 1.370 g cm3, 20max = 46.5, 68159 reflections collected,
7305 independent reflection®;{; = 0.1287). The structure was solved
by Patterson methods (SHELXS#&and SHELXL-97%) and refined
by full-matrix least-squares techniques using 5163 reflections lwith
> 20(l) to R1= 0.0509 and wR2= 0.1745. Crystallographic data
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Figure 2. Solid-state structure d showing the atom labeling scheme,
omitting hydrogen atoms.

isolated rings, in compour@lthe rings are connected to each
other, thus forming a three-dimensional polymeric structure.
The average €K distance is 331.5(9) pm, which clearly
shows the weak electrostatic interaction in the molecule.
Compared to compoundab, no THF molecules are
coordinated to the potassium ions. This is a result of the
increased number of interactions to the aromatic rings. In
contrast tola,b, the bridging between the potassium atoms
and the metalate units takes place exclusively via the NPh
group and thef>-CsHs)™ ring. The{N(PPh),} ~ ligand is

not involved.

In summary, it can be emphasized that the reaction of
anhydrous samarium, erbium, and ytterbium trichloride with
relatively small potassium amido compounds, which contain
some phenyl rings, gives unusual products. Metalate com-
plexes are formed as a result of the insufficient shielding of
the lanthanide atom by the small ligands. By using suitable
ligands, these metalate complexes are connected to each other
via the potassium ion. The cation bridges the metalate units
via 7t coordination to aromatic rings, thus forming wheel-
shaped-structured coordination oligomers and polymers. The
shape of the microstructure seems to depend on the ionic
radius of the lanthanide atom. To the best to our knowledge
of coordination chemistry, the setup of the presented potas-
sium lanthanide wheel-shaped-structured coordination oli-
gomer and polymer is unique.
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