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The previously proposed concept of “inorganic metallocenes” of group 3 and rare-earth elements has been tested
by preparing a series of novel disiloxanediolates with metals displaying different ionic radii. For the smaller scandium
and yttrium, approximately planar arrangements of the disiloxanediolate frameworks with solvent and chloride ligands
in trans positions were found. Thus, the compounds [{ (Ph;SiO),0} »{ Li(DME)} ,]ScCI(THF/DME) (2; DME = 1,2-
dimethoxyethane and THF = tetrahydrofuran) and [{ (Ph,Si0),0} »{ Li(THF).} 2] YCI(THF) (3) can be described as
heterobimetallic inorganic ring systems or metallacrown complexes with “in-plane” coordination of the metal. In
contrast, “out-of-plane” geometries with cis coordination of additional ligands were identified in the praseodymium
derivatives [{ (Ph,SiO),0} o{ Li(THF)2}{ Li(THF)} ]Pr(ze-Cl).Li(THF), (4) and [{(Ph,SiO),0} »{ Li(DME)} ;]PrCI(DME)
(5). These compounds can be viewed as analogues of the known metallocene derivatives (CsMes),Pr(u-Cl),Li-
(THF), and (CsMes),PrCI(THF). The molecular structures of 2-5 have been determined by X-ray diffraction.

Introduction Scheme 1
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The organometallic chemistry of the rare-earth elements Ph~3i/o\ Ph
continues to be a highly attractive field of research, in & 5

particular because of the numerous applications of organo-
lanthanides in catalysSisnd organic synthesfsAn increas-
ingly important area focuses on the development of non-
cyclopentadienyl organolanthanide compleXés.the first
papers of this series, we proposed the novel concept of
“inorganic lanthanide metallocene¥’lt was based on the
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experimental finding that a new class of heterobimetallic
lanthanide disiloxanediolates (Scheme 1a) share structural
similarities with the well-known metallocenes containing
pentamethylcyclopentadienyt=( CsMes) ligands (Scheme
1b). The latter form a large and well-investigated class of
organolanthanides, with many of them displaying high
catalytic activities in various olefin transformatiohk both
cases, bulky ligands effectively block one side of the central
lanthanide ion, leaving room for functional groups X €
Cl, N(SiMe&;),, alkyl, H, etc.) as well as additional solvent
molecules L [L = EtO, tetrahydrofuran (THF), 1,2-
dimethoxyethane (DME), etc.] in cis positions.

Structurally characterized examples of the new lanthanide
disiloxanediolates included the gadolinium bis(trimethylsi-
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lyl)amide [ (PhSiO)0} Li(THF),].GdAN(SiMes),, which can gadolinium) and that the ionic radii of of the group 3 metal
be regarded as an disiloxanediolate analogue of the knownions Sé" and Y¢* are apparently small enough to fit into

compounds (eMes),LnN(SiMe;3),.° The inorganic variety is  the cavity of the surrounding metallacrowns.

based on the bidentate disiloxanediolate ligandBRD),0]%".

This particularly useful ligand gives rise to a variety of Experimental Section

unusual and unexpected structures especially when combined General Methods. All reactions were carried out in an atmo-

W'th.alka“ metal$ a_”f?' early j[ranSItlon metals. Mos_t sphere of dry nitrogen either in a drybox (M. Braun Labmaster
previously reported disiloxanediolate complexes contain the 130 and 150B-G) or with the use of standard Schienk techniques.
[(PhSiO),0]*" dianion coordinated tonemetal atom ina  Solvents were dried over sodium benzophenone and freshly distilled
chelating fashion. In all of these cases, a comparison with under nitrogen prior to use. IR spectra were recorded on a Perkin-
metallocene derivatives bearing tih@onanionic GMes~ Elmer FT-IR spectrometer system 2000. NMR spectra were
ligand would be meaningless. What makes the heterobime-recorded on a Bruker DPX FT-NMR spectrometéf NMR, 400

tallic lanthanide disiloxanediolates shown in Scheme 1a MHz; *C NMR, 101 MHz;?*Si NMR, 79.5 MHz). Chemical shifts
special is the fact that in these compounds one negative@r® reported in ppm and referenced to residual solvent resonances

charge of each [(RBIO)O]?" ligand is compensated for by ~(*H and**C NMR) or an external standaré@’gi NMR (TMS) =0
a Lit ion. The resulting formallymonanionic lithium ppm]. Elemental analyses were performed at the Chemistry

. . . Department of the Otto-von-Guericke-Universitasing a Leco
disiloxanediolate moieties seen as a whole can now take the

le of th i . | I o CHNS 932 apparatus. Melting and decomposition points were
role of the GMes" ligands in regular metallocene derivatives. measured on an Electrothermal IA 9100 apparatus. The starting

A structural analogy between the two classes of compoundsmagerials 1,1,3,3-tetraphenyl-1,3-disiloxaned){ScCh(THF )3, 10
is reached when the lithium disiloxanediolate units are anhydrous LnGJ(Ln =Y, Pr). 1 and LiN(SiMe),12 were prepared

coordinated to the central lanthanide ion in a bent geometry, according to published procedures.

as is the case in the previously reported complg®!f- [{ (Ph;SiO),0} »{ Li(DME) },]ScCI(THF/DME) (2). At room
SiO)0} Li(THF),],GdAN(SiMe)..* It should, however, be  temperature, 3.35 g (20.0 mmol) of LiN(SiN)e was added to a
made clear that the term “inorganic metallocenes” should suspension of 1.80 g (4.9 mmol) of Sg@IHF); in 100 mL of

not be stressed to the limit. It should mainly be understood DME. The mixture was stirred for 12 h and treated with 4.10 g
in terms of a steric similarity, i.e., the blocking of one side (9-9 mmol) of solidl. The final reaction mixture was heated under
of a lanthanide ion leaving room for functional groups and reflux for 1 h. A white precipitate (LiCl) was filtered off. The
solvent molecules arranged in the cis position. This can be solution was concentrated to a volume of about 60 mL and stored

effected by two bulky @Vles~ ligands or, as in our case, by for 1 week at 2°C. This afforded the formation of thick needle-
o e . NN ! shaped crystals (4.70 g, 81%). Anal. Calcd f ILi,O
two lithium disiloxanediolate moieties connected to each S 2Ped Crystals (4.70 g, 81%) o2 CILTOr1.00

ScSj (taken into account the disordered THF and DME according
other. However, the metallocene analogy by no means, he x-ray analysisM, = 1183.38): C, 60.90; H, 5.90. Found:

implies an electronic analogy becauseMes™ is a six- C, 60.04; H, 5.591H NMR (400.1 MHz, THFég, 20°C): 6 7.80—

electron donor whereas our ligand system donates a total 0f7.70 (m, 16 Ho-Ph), 7.25-7.11 (m, 24 Hm-Ph+ p-Ph), 3.42 (s,

eight electrons. 12 H, OCH), 3.24 (s, 18 H, OCh). 13C NMR (100.6 MHz, THF-
The study presented here was carried out in order to find ds, 20°C): 6 139.7-125.7 (Ph), 70.9 (CkD, DME), 57.1 (CHO,

out how the structures of heterobimetallic group 3 and DME). #*Si NMR (79.5 MHz, THFds, 20 °C): 6 —52.8. IR

lanthanide disiloxanediolates vary with the ionic radius of (KBr): 3438, 3068, 3046, 3000, 2937, 1591, 1568, 1451, 1428,

the metal ion employed. We report here the preparation and1367, 1244, 1193, 1120, 1081, 955, 872, 825, 743, 701, 531, 440,

L . S . 410 cnmt. Mp: 245-255°C (dec).
characterization of new heterobimetallic disiloxanediolates Ph.SIOLOb A Li(THE YCITHE) (3). A mi £0.98
of scandium, yttrium, and praseodymium. The results clearly [{ (PheSI0),0} o LI(THF) 2} JYCI(THF) (3). A mixture of 0.

. N . -.> g (5.0 mmol) of YCkand 2.51 g (15.0 mmol) of LIN(SiMg, was
show that “inorganic metallocenes” are formed mainly with dissolved in 200 mL of THE and stirred for 24 h at room

the early and middle lanthanide elements (praseodymium andtemperature_ A total of 4.15 g (10.0 mmol) bfwas added. The

reaction solution was kept under reflux @ h and after cooling to

(5) (@) Schumann, H.; Meese-Marktscheffel, J. A.; EsseChem. Re. ; ;
1995 95, 865. (b) Edelmann, F. T. Complexes of Scandium, Yttrium roo_m tempe.rature was filtered ov_er a p4 gla§s frit to_separate a
and Lanthanide Elements. Bomprehensie Organometallic Chem-  White precipitate from the clear, slightly yellowish solution. After
istry Ill; Crabtree, R. H., Mingos, D. M. P., Eds.; Elsevier: Oxford, the volume of the solution was reduced in vacuum to 20 mL, the

lLJ-K-,HZ('JV(I)f_S;NFIJ 1. I M- Shah. S. A A= Sull A N product crystallized in the cold (2C) in the form of colorless
©) oo $tr21\r/1a51|§97"3§6§.’ S. A A Sullivan, A. C. Chem. blocks. Yield: 5.08 g (77%). Anal. Calcd for/@HgsCILi,01,Si,Y

(7) (a) Motevalli, M.; Shah, D.; Sullivan, A. Cl. Chem. Soc., Dalton ~ (M: = 1390.98): C, 62.17; H, 6.01. Found: C, 61.59; H, 588.
Trans 1993 1849. (b) Hursthouse, M. B.; Hossain, M. A.; Motevalli, = NMR (400.1 MHz, THFég, 20°C): 6 7.75-6.90 (m, br, Ph), 3.62,

M.; Sanganee, M.; Sullivan, A. d. Organomet. Cheni199Q 381, 1 oy

293. (c) Motevalli, M.; Shah, D.; Sullivan, A. Q. Organomet. Chem 1.76 (THF).™*C NMR (100.6 MHz, THF¢, 20°C): 6 142'(.) (pso

1996 513 239. C), 135.9, 135.1, 128.4, 127.3 (Ph), 67.44, 25.26 (TFSi.NMR
(8) (@) Hossain, M. A.; Hursthouse, M. B.; lbrahim, A.; Mazid, M.;  (79.5 MHz, THFdg): not detected due to low solubility. IR

Sullivan, A. C.J. Chem. Soc., Dalton Trank989 1347. (b) Motevalli, (KBr): 3068, 3047, 3000, 2978, 2879, 1591, 1568, 1486, 1460,

M.; Shah, D.; Shah, S. A. A,; Sullivan, A. Q. Chem. Soc., Chem.

Communl994 2427. (c) Lazell, M.; Motevalli, M.; Shah, S. A. A,;

Simon, C. K. S.; Sullivan, A. CJ. Chem. Soc., Dalton Tran$996 (9) Harris, G. I.J. Chem. Soc1963 5978.

1449. (d) Kapoor, R. N.; Cervantes-Lee, F.; Campana, C. F.; (10) Westerhof, A.; de Liefde Meijer, H. J. Organomet. Chenl976

Haltiwanger, C.; Abney, K.; Pannell, K. Hnorg. Chem.2006 45, 116, 319.

2203. (e) Fandos, R.; Gallego, B.; Otero, A.; Radez, A.; Ruiz, M. (11) Freeman, J. H.; Smith, M. LJ. Inorg. Nucl. Chem1958 7, 224.

J.; Terreros, PDalton Trans.2007, 871. (12) Wannagat, U.; Niederpmy H. Chem. Ber1969 94, 1540.
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Heterobimetallic Lanthanide Disiloxanediolates

Table 1. Crystallographic Data 02—5

2 3 4 5
formula GsoHe9.2dCILI 201164504 C72HgzClLi 2012SisY Cr0Hg4CloLiz011.5rSis CeoH70CILi 2012PrShy
fw 1183.38 1390.98 1454.36 1285.76
T (K) 210(2) 210(2) 200(2) 210(2)
cryst syst, space group orthorhombca mononclinic,P2(1)/m monoclinic,P2(1)h monoclinic,P2(1)lc
unit cell dimens (A, deg) a=17.034(2) a=13.0818(6) a=14.0067(2) a=17.5599(12)

b= 20.649(2) b=17.1151(8) b= 22.8399(4) b= 17.3036(11)
c=35.785(4) c=17.1817(8) c=23.0701(4) c=21.4873(14)
a=90 =90 a=90 =90
B=90 B =92.599(1) S =90.64 S =99.681(2)
y =90 y =90 y =90 y =90
V (A3) 12586(2) 3843.0(3) 7379.9(2) 6435.9(7)
Z, calcd density (gem~3) 8,1.249 2,1.202 4,1.309 4,1.327
abs coeff (mm?) 0.292 0.910 0.853 0.929
F(000) 4979 1458 3016 2656
6 range for data 2.28-29.60 2.00-26.07 1.71+28.29 2.25-29.54
collection (deg)
limiting indices —20=< h = 23, —16< h <16, —17=<h =17, —20=<h =23,
—8=<k=28, —21<k=21, —29=< k= 30, —22<k=22,
—44 <1< 48 —21=<1=<21 —29<1<15 —26<1<29
reflns collected/unique 38949/15 373 55 738/7598 55 545/16 954 34 460/13 946

completeness to

abs corr

max and min transmn
refinement method

data/restraints/param
GOF onF?
final Rindices
(I > 20(1)]
Rindices (all data)
largest diff peak and
hole, eA—3

1429, 1373, 1307, 1252, 1186, 1120, 1036, 1019, 996, 962, 861,
843, 743, 714, 701, 684, 620, 529, 418 ¢mMp: 125-145°C

(dec).

[{ (Ph;SiO),0} A Li(THF) 2} { Li(THF) }]Pr(u-Cl),Li(THF) 2 (4).
A mixture of 1.24 g (5.01 mmol) of Prghnd 2.51 g (15.0 mmol)
of LiN(SiMej3), was dissolved in 200 mL of THF, and the resulting
solution was stirred for 24 h at room temperature. A total of 4.15
g (10.0 mmol) ofl was added to the clear, yellowish solution. The
reaction solution was kept under reflux f® h and after cooling to

white precipitate from the clear, slightly yellowish solution. After

[R(int) = 0.0270]
0 =29, 60 86.8%
SADABS
0.8921 and 0.8443
full-matrix least squares
onF?
15 373/0/1003
1.009
R; = 0.0528 wR, = 0.1263

R; = 0.0775wR, = 0.1400
0.450 and—-0.400

[R(int) = 0.10510]
6 = 26.07, 96.4%
SADABS
0.8389 and 0.6589
full-matrix least squares
onF?
7598/0/486
1.057
R; = 0.0584 wR, = 0.1802

Ry =0.0743wR, = 0.1877
1.085 and-0.338

[R(int) = 0.0319]
6 = 28.29, 92.5%
multiscan
0.7266 and 0.6751
full-matrix least squares
onF?
16 954/0/847
1.036
R1 = 0.0415wR, = 0.1151

R; = 0.0535wR, = 0.1231
1.267 ane-0.724

[R(int) = 0.0192]
0 =29.54, 77.5%
SADABS
0.8360 and 0.6538
full-matrix least squares
onF?
13 946/0/721
0.995
R; = 0.0352wR, = 0.0901

R; = 0.0434 wR, = 0.0978
0.860 and-0.769

X-ray Crystallographic Studies of 2—5. The intensity data of
2—5 were collected on a Stoe IPDS 2T diffractometer with Mo

Ko radiation. The data were collected with the Stoe XAREA

program usingv scans. Numeric absorption correction was applied.
The space groups were determined with ¥iRREPprogram, and
the structures were solved by direct metho8$ELXS-9Y and
refined with all data by full-matrix least-squares methodsFen
usingSHELXL-973 CCDC-651314%), CCDC-6513163), CCDC-
651313 4), and CCDC-6513155) contain the detailed crystal-
room temperature was filtered over a P4 glass frit to separate alographic data for the compounds reported here. These data can be
obtained free of charge from the Cambridge Crystallographic Data

the volume of the solution was reduced in vacuum to 100 mL, the Centre at www.ccdc.cam.ac.uk/data_request/cif. Data collection
product crystallized in the cold in the form of colorless platelets. parameters are given in Table 1.
Yield: 4.69 g (68%). Anal. Calcd for £&HgoCloLi30:,PrSiy (M, =

1418.35): C, 57.58; H, 5.69. Found: C, 57,28; H, 557NMR
(400.1 MHz, THFdg, 20°C): 6 7.71-7.63 (m, br, Ph), 3.47, 1.72
(THF). 13C NMR (100.6 MHz, THFég, 20°C): 6 139.1 {pso-C),
135.3, 129.1, 128.6, 128.3 (Ph), 68.1, 26.3 (THESi NMR (79.5
MHz, THF-ds, 20 °C): 6 —46.6. IR (KBr): 3069, 3048, 3001,

Results and Discussion

The starting material 1,1,3,3-tetraphenyl-1,3-disiloxanediol,
PhSi(OH)OSIiPR(OH) (1), is readily accessible from cheap
precursors. Hydrolysis of B8&iCl, in the presence of

2957, 2878, 2376, 2347, 2342, 1620, 1591, 1569, 1487, 1457, 1429 ammonium carbonate affordsin yields up to 51%. Minor
1374, 1307, 1252, 1186, 1122, 1043, 996, 954, 843, 742, 715, 700,byproducts in this synthesis are diphenylsilanedioLbS*h

662, 619, 527, 498 cm. Mp: 119-130°C (dec).

[((Ph2;SiO),0),(Li(DME)) ,]JPrCI(DME) (5). This compound
was obtained by recrystallization 4ffrom DME. Anal. Calcd for
C60H70C|Li2012PrSi4 (Mr = 128576) C, 56.05; H, 5.49. Found:
C, 54.35; H, 5.36!H NMR (400.1 MHz, THFés, 20°C): 6 7.07—
5.42 (br), 3.57, 3.37 (br, DME)}3C NMR (100.6 MHz, THFels,

20 °C): o 138.7 {psoC), 133.0, 128.0, 126.0 (Ph), 72.7, 59.0
(DME). 2°Si NMR (79.5 MHz, THFdgs, 20 °C): 6 —57.8. IR
(KBr): 3068, 3048, 3000, 2929, 2853, 1631, 1591, 1568, 1485,
1453, 1428, 1385, 1307, 1247, 1189, 1120, 1084, 1033, 967, 858,(13)
843, 743, 713, 701, 683, 620, 530, 493, 415 &nMp: 310~

335°C (dec).

(OH), (6%), and hexaphenyltrisiloxanediol, fH(OH)-

OSiPhOSIPh(OH) (18%)? The preparation of heterobime-
tallic disiloxanediolates of scandium and yttrium was
performed as illustrated in Schemes 2 and 3 in analogy with
the previously developed methédn the first step, ScGl
(THF)3 or anhydrous YGlwas allowed to react with LiN-
(SiMe;3), in order to produce in situ the “ate” complexes

(a) Sheldrick, G. M.SHELXL-97 Program for Crystal Structure
RefinementUniversita Gottingen: Gidtingen, Germany, 1997. (b)
Sheldrick, G. M.SHELXS-97 Program for Crystal Structure Solution

Universita Gottingen: Gdtingen, Germany, 1997.

Inorganic Chemistry,

Vol. 46, No. 24, 2007 10385



Scheme 2

0
ScCl(THF); + 4LIN(SiMes), + 2 PhoSi™ “SiPh,
OH OH

Scheme 3

. _0 HF
YClz + 3LiN(SiMes)z +2 Ph,Si \?ith (THF)

OH OH

[(MesSi)N]sM(u-Cl)Li(THF)3.14 The addition of 2 equiv of

1 to the resulting reaction mixtures produced colorless or
slightly yellowish solutions from which the new heterobi-
metallc disiloxanediolateg (Ph.SiO),0} A Li(DME)} ;]ScCl-
(THF/DME) (2) and [ (Ph:SiO)0} o{ Li(THF)2} o] YCI(THF)

(3) could be isolated in high yield(81%; 3, 77%). The
scandium derivativ@ was isolated in the form of colorless,
needlelike crystals, while the yttrium compleX forms
colorless blocks. Both are soluble in THF and DME but
virtually insoluble in aliphatic hydrocarbon.

NMR data of2 and3 were only slightly informative and
showed resonances due to the phenyl substituents as well as
coordinated solvent molecules (THF and DME). It should
be pointed out that this chemistry strongly relies on the results
of X-ray diffraction studies when it comes to definite
statements about the structures of new compounds. The mole-
cular and crystal structures of battand3 were determined

DME
B — (@]
-2 LiCl \

-2 LiCl

Giessmann et al.

THF/DME

DME
Jomtd PT/Ph

Ph_ Ph y
s o—Si
\

/Si—o:,j""
K
SimO
\
P’ Ph f_,/|

DME Cl

O
s
O—S|\
Ph Ph

N o

Sim==O
\

v
‘\O—Si/

p\h\ Ph

o ph bt

(THF),®!

Cl43) ~=

by X-ray diffraction. Suitable single crystals of the scandium _ _ _

. . . Figure 1. Molecular structure o2. For clarity, only thépso-carbon atoms
complex were Obtame_d from DME, while the yttrium com-  qf the phenyl substituents and the oxygen atoms of the DME ligands at
pound was recrystallized from THF. The structures are lithium are shown. Selected bond lengths [A] and angles [deg]: Sc(1)

; in Ei i _CI(1) 2.4920(7), Sc(BHO(1) 2.0600(14), Sc(HO(3) 2.0729(16), Sc(H
depicted in Figures 1 and 2, respectively, and Table 1 sum O] 2.0622(14), S(HOB) 2.0715(15), Se(HO(G) 2.2917(16), O(LS

marizes the crystal data of all new compounds reported here.gc1y-0(3) 95.61(6), CI(1ySc(L)-O(1) 92.58(4), O(L)Sc(1)-O(6)

In the solid-state structure @f the central scandium adopts — 83.88(6), Cl(1)-Sc(1)-0(3) 95.35(5), O(3) Sc(1)-0(4) 83.81(6), CI(1)

i inati i Sc(1)-O(4) 96.25(5), O(4)ySc(1)-0(6) 95.61(6), CI(1)ySc(1)-O(6)

a distorted octahedral coordination geometlry (Flgur(_e 1). 90.63(6). O(13 Se(L)-O(9) 86 83(8), O(3) Se(1L)-O(9) 86.30(7). CI(1.
Because of the use of SeCTHF); as the starting material  s¢1)-0(9) 178.30(5), O(4)Sc(1)-0(9) 84.34(6). O(6)Sc(1)-0(9)
and carrying out the reaction in DME, both solvent molecules 87.72(6).
are coordinated to scandium with a statistical disorder of ca _ . .
40/60 (THF/DME). The coordinated DME ligand is bonded plane like a metallacrown ether ligaffdThe Se-O distances
in a monodentate fashion. One of the DME ligands coordi- Within this ring system are in the range of 2.0600(14)
nated to lithium is also disordered. One oxygen of the

coordinated solvent and a chloride ligand occupy the trans (15)

For recent work on metallacrowns, see: (a) Lehaire, M.-L.; Scopelliti,
R.; Severein, K.Chem. Commun2002 2766. (b) Butler, J. M.;

positions. With 178.30(5) the CI(1)-Sc(1)}-0(9) unit is
almost linear. An inorganic{[Ph.SiO),0} A Li(DME)}2]>~
ring system is wrapped around the*Son in the equatorial

(14) (a) Zhou, S.-L.; Wang, S.-W.; Yang, G.-S.; Liu, X.-Y.; Sheng, E.-H.;
Zhang, K.-H.; Cheng, L.; Huang, Z.-XPolyhedron2003 22, 1019.
(b) Martin-Vaca, B.; Dumitrescu, A.; Gornitzka, H.; Bourissou, D.;
Bertrand, G.J. Organomet. Chen2003 682, 263.
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Jablonsky, M. J.; Gray, G. MOrganometallics2003 22, 1081. (c)
Siu, P. K. M;; Lai, S.-W.; Lu, W.; Zhu, N.; Che, C.-MEur. J. Inorg.
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smaller Sé". Again the oxygen of the coordinated THF
ligand and a chloride ligand occupy the trans positions. The
Cl(1)—Y(1)—O(4) angle is 159.5(2) A symmetry plane
running through Li(1), Y (1), CI(1), O(4), and Li(2) bisects
the molecule. The average—O distance within the metal-
lacrown system is 2.221(2) A. A number of structurally
characterized molecular yttrium siloxide species have been
described in the literature. Typical-YO distances in the
Y—0O-Si units are, e.g., 2.13(2) A in Y(OSIBTHF),:
THFaand 2.248(4) in [(§Hs)Y (NPPh)(u-OSiMeNPPh)]»+
4toluenet’®

Praseodymium was then employed as a representative of
the larger early lanthanide elements. The ionic radius 6f Pr
in hexacoordinate complexes is 1.13 A. The reactions leading
Figure 2. Molecular structure 08. For clarity, only theipso-carbon atoms to the first praseodymium disiloxanediolates are summarized
of the phenyl substituents and }\he ogyger; at%ms of ¥the 1T'42F5g%a2ds are in Scheme 4. At first, anhydrous PgQVas allowed to react
f('z;’;”_n(‘)(sl‘?%c_tzefg?gfleflr;ggg)[ 2]_222(3;‘795(51[}8?3{) 2%2)(4)" 0(57\)’ with 3 equiv of LiN(SiMe), in order to produce in situ the
Y(1)—0(3) 95.79(9), C(-Y(1)—0O(4) 179.5(1), O(LyY(1)—O(L) 82.2- “ate” complex [(M&Si):N]sPr(u-Cl)Li(THF)3.24 Subsequent
(1), O(1)-Y(21)—CI(1) 95.90(7), O(3) Y(1)—0O(3) 82.2(1), O(3)-Y(1)~ treatment of the resulting solution with 2 equivléfforded
Cl(1) 99:20(7), O(1y¥(1)~0(4) 81.2(1), O ¥(1)~O(4) 81.2(1). a clear yellowish solution from which the new compound
2.0729(16) A. This can be favorably compared with the [{(P@Sioko}?{ Li(THF)_Z}{Ifi(THF)}]Pr(“'C|)2Li(THF)2(4)
Sc-O distances in previously reported molecular species was isolated in 68% yield in the form of colorless platelets.
comprising Se-O—Si units*16 As expected, the SeO A single-crystal X-ray diffraction study of revealed the
distance to the coordinated solvent is significantly longer presence of a heterobimetallic praseodymium disilox-
[2.2917(16) A]. The most important result of this structural anediolate, which fits into the concept of “inorganic metal-
study is the finding that the scandium derivat®eoesnot locenes” (Figure 3). This result clearly demonstrates the
fit into the concept of “inorganic metallocenes”. Obviously, dependence of the molecular structures of these compounds
the ionic radius of St (0.885 A for coordination number on the ionic radius of the central Enion. In 4, the
6)is asmall enough tofitinto the cavity of tHgPh.SiO),0} .- [{ (PheSIO)0} o Li(THF)}{ Li(THF)}]*" ligand system is
{Li(DME)}.]¢ ligand system so that in this case the in- coordinated to praseodymium in a slightly bent arrangement,
plane metallacrown form is clearly favored. because the PFion is too large to fit into the cavity of the

An X-ray crystal structure determination of the yttrium metallacrown. As a consequence, the additional ligands are
complex3 revealed a similar result for¥ (ionic radius of now forced into the cis positions. Retention of LiCl leads to
1.040 A for coordination number 6). As shown in Figure 2, the formation of a typical “ate” complex in which praseody-
this compound too adopts the metallacrown type structure mium and lithium are connected via two bridging chloride
with nearly octahedral coordination, although the largér Y  ligands. As depicted in Scheme 5, this type of complex is
ion is not contained as perfectly in the metallacrown as the quite common in the chemistry of bis(pentamethylcyclopen-
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Figure 3. Molecular structure of. For clarity, only thepso-carbon atoms

of the phenyl substituents and the oxygen atoms of coordinated THF are
shown. Selected bond lengths [A] and angles [deg]: PrQi(1) 2.346(2),
Pr(1)-0(3) 2.301(2), Pr(1yO(4) 2.310(2), Pr(xyO(6) 2.341(2), Pr(ty

Cl(1) 2.791(1), Pr(1}CI(2) 2.909(1), Li(3)-Cl(1) 2.349(6), Li(3)-CI(2)
2.336(6), Li(1)-Cl(2) 2.667(6), O(1)}Pr(1y-0O(3) 83.90(7), O(4)yPr(1)

O(6) 84.40(7), O(3)yPr(1)-0O(6) 134.24(7), O(3)yPr(1y-0O(4) 76.01(7),
O(1)—Pr(1y-0O(6) 74.91(7), Cl(1}Pr(1)-CI(2) 78.87(2).

Scheme 5
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Figure 4. Molecular structure 05. For clarity, only thepso-carbon atoms

of the phenyl substituents and the oxygen atoms of coordinated DME are
shown. Selected bond lengths [A] and angles [deg}-®t 2.389(2), P+

07 2.658(2), Pr0O3 2.358(2), PrO8 2.701(2), PrO4 2.364(2), PrO6
2.367(2), Pr-Cl 2.768(1), O+Pr—03 84.23(6), C+Pr—03 102.08(5),
01-Pr—06 71.60(6), C+Pr—01 86.41(5), O3 Pr—04 75.56(6), C-Pr—

04 156.36(5), O4Pr—06 84.48(6), C+Pr—06 110.35(5), C+Pr—07
75.09(5), O7Pr—08 62.06(7), C-Pr—08 77.87(5).

In contrast to the trans arrangement of the chloride and
solvent ligands ir2 and 3, the chloride ligands id are in
the cis positions. The CI(HPr(1)-CI(2) angle is 78.87-
(2)°. The distances between Li(3) and the bridging chloride
ligands are 2.349(6) A [CI(1)] and 2.336(6) A [CI(2)],
respectively. One lithium is coordinated by two THF
molecules, while the other one has only one THF ligand. In
the latter case, there is an additional weaker LHT)(2)
interaction with a distance of 2.667(6) A. Because of this
weak Li—Cl bond, the overall structure @f approaches a
trigonal-prismatic coordination geometry. The— dis-

4 nicely demonstrates the structural relationship between theiances to the disiloxanediolate ligands range from 2.301(2)

“inorganic metallocenes” or out-of-plane metallacrowns with
their well-known GMes counterparts.
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2002 647, 245. (b) Tupper, K. A.; Tilley, T. DJ. Organomet. Chem.
2005 690 1689. (c) Meermann, C.; Sirsch, P.;'riicoos, K. W.;
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(17) For selected references on yttrium siloxides, see: (a) McGeary, M.
J.; Coan, P. S,; Folting, K.; Streib, W. E.; Caulton, K.I@org. Chem.
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A [Pr(1)—0(3)] to 2.346(2) A [Pr(1>0O(1)]. Here a com-
parison with literature values is difficult because apparently
no praseodymium siloxides have been structurally character-
ized in the past. The compound Pr(OSiRTHF)z- THF™

has been reported, but its structure has not been determined
by X-ray methods. In any case, the most important result of
the crystal structure determination 4fis the fact that this
compound can be regarded as an “inorganic metallocene”
or out-of-plane metallacrown complex.

The coordinated LiCl can be removed by recrystallization
of 4 from DME as illustrated in Scheme 4. This results in
the formation of the neutral heptacoordinated complex
[{ (PhSiO)L0} A LI(DME) } )]PrCI(DME) (5), which was also
characterized by analytical and spectroscopic methods as well
as a single-crystal X-ray structure analysis. Figure 4 depicts
the molecular structure &. Here again the praseodymium
is coordinated to the{[Ph.SiO)0}{ Li(DME)},]?>" ligand
system in an out-of-plane arrangement. Thus, the compound
also belongs to the group of “inorganic metallocenes” or out-
of-plane metallacrowns. A terminal chloride ligand and a
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chelating DME complete the coordination sphere around the equatorial plane and additional ligands in the trans positions.
praseodymium. The overall coordination geometry can be In contrast, the larger Prion affords the heterobimetallic
best described as monocapped trigonal prismatic. Structurallydisiloxanediolates4 and 5, which can be regarded as
related lanthanide metallocenes of the typeMEs).LnCI- “inorganic metallocenes” or out-of-plane metallacrown com-
(THF) are well establishet. The average PrO distance to plexes. Thus, the ligand system reported here provides a
the disiloxanediolate ligands is 2.370(2) A, and the-Pr1 rational way to block one side of a larger lanthanide ion and,
Cl1 bond length is 2.768(1) A. presumably, control the reactivity of the lanthanide.

In summarizing the results reported here, we have clearly
demonstrated that the structural chemistry of heterobimetallic
lanthanide disiloxanediolates is more diverse than previously
anticipated. The outcome of reactions between KMe
Si)N]sM(u-CI)Li(THF)3'* and 1 strongly depends on the
ionic radius of the group 3 or lanthanide metal. In the case
of scand|u_m and yFtnum, the.octahedral cqmple_X&s&ndS . comments on the “inorganic metallocene”/metallacrown
were obtained, which according to X-ray diffraction studies

. > concept.
can be best described as novel metallacrown complexes with

the lithium disiloxanediolate ligand systems arranged in the ~ Supporting Information Available: CIF files giving X-ray
structural data fo2—5. This material is available free of charge
(19) Review: Edelmann, F. T. lBomprehensie Organometallic Chemistry ~ via the Internet at http://pubs.acs.org.

II; Abel, E. W., Stone, F. G. A., Wilkinson, F., Eds.; Pergamon

Press: Oxford, U.K., 1995; Vol. 4, p 211. IC701227N
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