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(Pentamethylcyclopentadienyl)samarium(ll) Alkyl was anticipated to show more diverse and higher reactivity than
Complex with the Neutral “CsMesK” Ligand: A its ER analogue3Analogous to the synthesis of Sm(Il) complexes
Precursor to the First Dihydrido Lanthanide(lIl) bearing the mixed @es/ER ligands:*"the reaction of (gMes),-
Complex and a Precatalyst for Hydrosilylation of Sm(THF} with 1 equiv of KCH(SiMe). afforded the corre-
Olefins sponding GMes/CH(SiMey).-ligated Sm(Il) complex [(EMes)-

SmM(CH(SiMg),)(CsMes)K(THF),]n (1) in 91% isolated yield as
green crystals, in which the “@es)K(THF),"” unit acts as a

Zhaomin Hou,* Yugen Zhang, Olivier Tardif, and neutral stabilization ligand (eq $)The overall structure of is
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Organolanthanide chemistry has witnessed spectacular growth
in the past 20 years. In this development, alkyl and hydrido similar to those previously reported for its ER analogtfemd

complexes bearing two substituted or unsubstituted cyclopenta- .
dienyl ligands have occupied a specially important place because3° &€ the SmCsMes bond distances (av 2.854(5) and 2.906(5)

of their high activity and unique behavior in various catalytic A in 1). The Sm-alkyl o-bond distance (2.652(9) A) ia is
processes Although mono(cyclopentadieny! or its derivative)- somewhqt shorter than those found in th.e only pther structurally
supported lanthanide(Halkyl and lanthanide(lIF-dihydride characterized Sm(H)alkyl complex SPiC(SiMe)(SiMe;,OMe})} .-
complexes are of great interest both structurally and chemically (THF) (2.787(5) and 2.845(5) A&y,but longer than those found

in comparison with the metallocene analogues, isolation and in Sm(Ill)—alkyl complexes such as {Wes),SmMe(THF) (2.48-
structural characterization of such a species has never beer(1) A).

achieved to date owing to ligand redistribution problems. We  When1 was stirred with 2 or more equiv of43iPh in THF,
report here the first example of a structurally characterized an orange-red crystalline product, [{@es)Sm(u-H),]e[(u-H)K-

(pentamethylcyclopentadienyl)lanthanide(ll) alkyl complix (THF).]5 (2), was obtained in 42% isolated yield after recrystal-

which upon reaction with kBiPh afforded the first lanthanide-  lization from THF/hexane (eq 2)An X-ray analysis has shown
(1) dihydride complex 2.34 Some preliminary results that
demonstrate the utility of these new compounds in catalytic HySiPh (5 equiv)
processes such as the hydrosilylation of olefins are also described. 1 _THRBSTC 0N | 1o e Sm@ueH)l-HKTHE D @)
During our recent studies on lanthanide(ll) complexes bearing —(MeaSi),CHSiH,Ph .
mixed pentamethylcyclopentadienyl@es) and a heteroatom- ~KCsMes 2 42%

containing monodentate anionic ligand (ER) (EROAr, SAr,
NRR, PHAr)> we became curious about the analogous lanthani- that2 is a polyhydrido Sm(Ill)/K cluster complex which consists
de(ll) alkyl or hydride complexes. Since the alkyl or hydride formally of six “(CsMes)SmH,” and three “KH(THF)” units
ligand itself could serve as an active site, such a Ln(ll) compound (Figure 1)¢ All hydrido ligands in2 could be located and refined.

(1) For recent reviews, see: (a) Ephritikhine, @hem. Re. 1997, 97, The six Sm atoms constitute a trigonal prism whose three squares
2193. (b) Schumann, H.; Meese-Marktscheffel, J. A.; EsseCHem. Re. are each capped by one K atom. There are 15 hydrido ligands in

1995 95, 865. (c) Edelmann, F. T. IrComprehense Organometallic this molecule, one being body-centered inga- H—Smg fashion
Chemistry || Abel, E. W., Stone, F. G. A., Wilkinson, G., Lappert, M. F., ’ 9 y s M

Eds.; Pergamon: Oxford, 1995; Vol. 4, p 11. (d) Schaverien, GAdd. and others each capping a metal triangle in eitherH—Sm .Or
Organomet. Cheml994 36, 283. (e) Molander, G. A.; Dowdy, E. Qop. us—H—SmK form. The whole molecule has crystallograpbig,
Organomet. Cheni.999 2, 119. (f) Yasuda, HTop. Organomet. Chertt999 symmetry. One three-fold axis passes through the &rcapped

2, 255. Anwander, R. Ii\pplied Homogeneous Catalysis with Organo- - h
metallic(?:)ompoundsCorniIs, ’IJBP Hermann?W. A., Eds.; \)/ICH: Weinhgeim, and th? Sr‘é}.ﬂs'centered H atoms. Perpend|CU|?-r to this three-
199()%;'?866‘;. wrally characterized lanthanidel) alky! | | fold axis exist three two-fold axes, each passing through both
or structurally characterized lanthanide(ll) alkyl or aryl complexes g ; ; . ;

without a Cp ligand, see: (a) Heckmann, G.; Niemeyer,JMAm. Chem. theus-centered H and one K atoms and bisecting a-88m prism
So0c.200Q 122 4227. (b) Forsyth, C. M.; Deacon, G. Brganometallics
200Q 19, 1205. (c) Clegg, W.; Eaborn, C.; I1zod, K.; O’Shaughnessy, P.; Smith, (6) Crystal data fofl: monoclinicC2 (no. 5),a = 34.204(6) Ab = 10.189-
J. D. Angew. Chem., Int. EAL997, 36, 2815. (d) Eaborn, C.; Hitchcock, P. (2) A, c=11.678(2) A,p = 102.016(4), V = 3981(1) &, Z = 4, D, =
B.; 1zod, K.; Lu, Z.-R.; Smith, J. DOrganometallics1996 15, 4783. (e) 1.274 g cm®. Ry(F?) = 0.0986,wR(F?) = 0.1413 for all independent data

Eaborn, C.; Hitchcock, P. B.; Izod, K.; Smith, J. D.Am. Chem. S0d.994 (9883) and 341 parameters. Far rhombohedraR3c (no. 167),a = b =
116, 12071. (f) Hasinoff, L.; Takats, J.; Zhang, X. W. Am. Chem. Soc. 24.601(1) Ac= 27.958(2) AV= 14654(2) R, Z=6,D.= 1.549 g cms.
1994 116 8833. Ry(F?) = 0.1004,wR(F?) = 0.1067 for all independent data (4746) and 166

(8) For monohydrido lanthanide(lll) complexes, see ref 1a and references parameters. The largest residual electron densities {8r662 e A3) and2
therein. For a structurally characterized monohydrido lanthanide(ll) complex, (1.930 e A3) were 0.89 and 0.93 A far from the central Sm atom, respectively.
see: Ferrence, G. M.; McDonald, R.; TakatsAdgew. Chem., Int. EA999 (7) Evans, W. J.; Chamberlian, L. R.; Ulibarri, T. A.; Ziller, J.\d. Am.

38, 2233. Chem. Soc1988 110, 6423.

(4) For examples of mono(pentamethylcyclopentadienyl) group 4 metal (8) The formation of from 1 and HSiPh might probably proceed through

polyhydride complexes, see: Visser, C.; van den Hende, J. R.; Meetsma, A.; o-bond metathesis of the SmHLCH(SiMe;), bond with a Si-H bond?8a

Hessen, B. Teuben, J. rganometallic2001, 20, 1620. followed by oxidation of the Sm(Il) center bysBiP® and ligand rearrange-
(5) (a) Hou, Z.J. Synth. Org. Chem. JpR001, 59, 82. (b) Hou, Z.; Kaita, ment/exchange between the resulting products such ad&FSmH,(Cs-

S.; Wakatsuki, Y Pure Appl. Chem2001, 73, 291. (c) Hou, Z.; Zhang, Y.; Mes)K(THF),” and “(CsMes)Sm(H)(SiHPh)(GMes)K(THF),". (MesSi),CHSIH-

Tezuka, H.; Xie, P.; Tardif, O.; Koizumi, T.; Yamazaki, H.; WakatsukiJY. Ph and KGMes were also isolated from this reaction, while another expected

Am. Chem. So200Q 122 10533. (d) Hou, Z.; Wakatsuki, Y. Alloys Compd. byproduct, “(GMes),SmSiHPh”, was not identified, possibly owing to its

200Q 303-304, 75. (e) Zhang, Y.; Hou, Z.; Wakatsuki, ¥lacromolecules instability ¢ Hydrogenolysis ofl with H, yielded an unidentified product.

1999 32, 939. (f) Hou, Z.; Tezuka, H.; Zhang, Y.; Yamazaki, H.; Wakatsuki, (a) Voskoboynikov, A. Z.; Parshina, I. N.; Shestakova, A. K.; Butin, K. P.;
Y. Macromoleculesl998 31, 8650. (g) Zhang, Y.; Hou, Z.; Wakatsuki, Y. Beletskaya, I. P.; Kuz’'mina, L. G.; Howard, J. A. Krganometallics1997,
Bull. Chem. Soc. Jpr998 71, 1381. (h) Hou, Z.; Zhang, Y.; Yoshimura, 16, 4041. (b) Forsyth, C. M.; Nolan, S. P.; Marks, TQrganometallics1991,

T.; Wakatsuki, Y.Organometallics1997, 16, 2963. 10, 2543. (c) Castillo, I.; Tilley, T. DOrganometallic200Q 19, 4733.
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Figure 1. Molecular structure of. (Top) A general view. (Bottom) A
view along the three-fold axis. The SnCsMes bonds are omitted for
clarity.

edge. The SmH bond distances of the;—H—Sm bonds (2.25-
(2) A) are almost the same as those of the H—SmK bonds
(2.23(4) and 2.26(6) A), which are much shorter than those of
the interstitialus—H—Sm bonds (2.8010(3) A). These SiH
bond distances could be compared with the £875 A bond
distance range reported for the SmHH bonds in samarocene
complexes. The Sm-CsMes bond distances i2 (av 2.745(6)

A) are typical for Sm(lll)-CsMes bonds, while the Sm-Sm
separations ir2 (3.6084(6) and 3.7133(5) A) are significantly
shorter than those found in the metallocene type Sm(lll)
complexes such as [(®les),Smu-H)], (3.905(3) A)° The K—H
bond distances i (2.58(4) and 2.89(7) A) can be compared
with those found in KOsk(PMePh) (2.52—-3.02 A}la and
[K(18-crown-6)][WHs(PMes)3] (2.684(6)-2.750(6) Ajib

(9) (8) Gun’ko, Y. K.; Bulychev, B. M.; Sizov, A. |.; Belsky, V. K;
Soloveichik, G. L.J. Organomet. Chen199Q 390, 153. (b) Gun’ko, Y. K.;
Bulychev, B. M.; Soloveichik, G. L.; Belsky, V. KJ. Organomet. Chem.
1992 424, 289. (c) Evans, W. J.; Ulibarri, T. A.; Ziller, J. VDrganometallics
1991 10, 134. (d) Desurmont, G.; Li, Y.; Yasuda, H.; Maruo, T.; Kanehisa,
N.; Kai, Y. Organometallics200Q 19, 1811.

(10) Evans, W. J.; Bloom, |.; Hunter, W. E.; Atwood, J.1.Am. Chem.
Soc 1983 105 1401.

(11) (a) Huffman, J. C.; Green, M. A.; Kaiser, S. L.; Caulton, KJGAm.
Chem. Soc1985 107, 5111. (b) Berry, A.; Green, M. L. H.; Bandy, J. A,;
Prout, K.J. Chem. Soc., Dalton Tran$991, 2185.
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Table 1. Hydrosilylation of Olefins by1?

substrate time product {ratio) yield/%
SiHzPh
P PhHoSi
CgHyy  3d 22N CgHyy + )\CSHW 95
{95 : 5)
=" "SiHPhy +
N 5h \_C 2 )\/\ SiHPh, 100
(85:15)
O / 17h @_/—SinPh 97
_ PhHeS! SiH,Ph
@(— 10h d\ + ©/\/ 100
(93:7)

a Conditions: substrate (1.0 mmol),s6iPh (1.1 mmol),1 (0.02
mmol), in toluene, at room temperature, unless otherwise noted.
b H,SiPh (1.1 mmol) was used instead o£SiPh.

The “self-assembly” of “(GMes)SmH,” to form a trigonal
prism Sng skeleton in2 is in contrast with what was previously
observed in the case of (cyclopentadienyl)lanthanide(lll) dichlo-
ride species such as “CpYhCand “CpSmC}’, which constituted
a Yhs octahedron in [CgYbeClig]~ and a Snp icosahedron in
[Cp12SmiCly], respectively?13As far as we are aware, complex
2 represents the first example of a structurally characterized
dihydrido lanthanide complé®2and also the first example of a
structurally characterized polyhydrido lanthanide cluster with an
interstitial hydrogen ator#: 17

In relation to the formation 02,2 1 showed good activity and
selectivity for the hydrosilylation of several types of olefins (Table
1).18 Some of these results are in contrast with those previously
reported for the lanthanide metallocene catal{&Eurther studies
on the reactivity ofl and 2 as well as on the synthesis and
reactivity of other lanthanide(ll) alkyl complexes analogou4 to
are in progres®
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(12) Kretschmer, W. P.; Teuben, J. H.; Troyanov, $rigew. Chem., Int.
Ed. 1998 37, 88.
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trigonal prism metal skeleton (N@'Pr).-Cl), see: Andersen, R. A.; Temple-
ton, D. H.; Zalkin, A.Inorg. Chem 1978 17, 1962.
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complexes, see: Evans, W. J.; Sollberger, M. S.; Khan, S. I.; Bail, &n.
Chem. Soc1988 110, 439 and references therein.
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Met 1977 52, 12. (b) Percheron-Ggan, A.; Lartigue, C.; Achard, J. Q.
Less-Common Mefl98Q 74, 1.

(16) For a review on heterometallic organometallic complexes of the
lanthanides, see: Soloveichik, G. New. J. Chem1995 19, 597.
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Chem., Int. Ed1998 37, 599.
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