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Early transition metal catalysis largely involves complexes with Scheme 1

the metal center in its highest %doxidation state. Oxidative
addition—reductive elimination sequences, which are of prime
importance to many processes catalyzed by noble metal complexes, 2P f
are therefore very rare for these metals. To extend the possibilities Etz0 TLd [PANMe HIB(CeFa
for useful catalytic conversions with non-noble metals, it would Cl/TLTMe R ? ;'i:i;

be desirable to facilitate two-electron redox reaction steps for these Me/ Me -2MeH

metals. Recently, we reported cationic monocyclopentadienyl 1 2

titanium catalysts that selectively trimerize ethylene to 1-hexene,
by virtue of a pendant arene moiety on the Cp ligdit@bmputa-
tional studies on the catalytic cycle have shown the process to

involve the Ti(ll)/Ti(IV) couple, in which the low-valent state in

particular is stabilized by interaction with the pendant arfehleus, CHy CHs
a pendant arene group may be more generally useful to stabilize ©B(CeFs)a ©B(CeFs)e
low-valent states for non-noble metals. A 3 B

For the group 5 metal Ta, examples of “low-valent” complexes
with z8-arene ligands have been reported, but these are more
appropriately described as 7-metallanorbornadienes, through reso

nance contribution of a Ta(V) species, with a doubly reduced arene POnds (Table S1). The ring is folded by 8.6(5glong the
(cyclohexa-2,5-diene-1,4-diyf)Here we report the cationic tanta- C(19)-C(112) axis. It should be noted that the distortions of the

lum complexesj5-Ar-CMe,5-CsHaJ Ta(R)" (R = "Pr, H; Ar = arene moiety are much smaller than in Ta(lll) arene complexes
3,5-dimethylphenyl), bearing an arene-substituted cyclopentadienyl where the arene is not linked to a Cp ligand and the overlap between

ligand involvingansa(r75-CsHa,-arene) coordination. These spe- metal d- and areng*-orbitals is optimal (ring folding up to 344

) . "
cies show migratory insertion reactions as well as ambivalent has been observed for e(KZtee)Ta_(OAr)zCI).. N(_e_vertheless, the
[Ta(lll)<Ta(V)] character structural parameters & clearly indicate significant resonance

As starting material, the complex [Ar-CMe5-CsH ] TaMe;Cl contribution from the Ta(V)/dienediyl structurB,(Scheme 1). The

1 . . )
(1) was prepared by treatment of Tal with [Ar-CMe,-CsHa]- H NMR resonances of the pendant arengiare shifted upfield
Li in toluene and obtained as yellow-orange crystals in 67% isolated

considerabler-localization, with contracted C(116YC(111) and
C(113)-C(114) bond lengths and elongation of the remainirgdC

yield. Addition of 2 equiv of"PrMgCl to 1 at —50 °C in EtO "8 C‘“Qm oo g gt
afforded, after gradual warming to room temperature and extraction c§‘<”;§:s & o ? @C‘Z
with and crystallization from pentane, dark red crystals of the @ S~z “
cyclometalated speciegF3,5-MeCsH-CMey-175-CsHy  Ta("Pr)- % ca I & I .
(CsHe) (2) in moderate yield (33%) (Scheme %1)H NMR P | p—— 0 mm& g .
spectroscopy shows thatis present in @Dg solution as a 80:20 S—gen \ j\; crr % Jere
mixture of two isomers, presumably corresponding to two orienta- S — @ cmi@- e
tions of the methyl substituent on the coordinated propene moiety. oo m’ 1 Qe
In the solid state? is found to be present as a single isomer (Figure o= o
1), although redissolution of these crystals again produced the abovem on o - o o
mixture of isomers, suggesting an equilibrium. The coordinated u& C;;(’; * P i
propene shows predominant tantalacyclopropane character, as see_ &~ o o Q;—%m ot Cisa
from its Ta—C bond lengths (that with 2.174(4) and 2.150(4) A lie ¢ Tat - @I"---qi,-.cma
within the range observed for tantalum alkyls) and the elongated s = PG S Dones
C—C bond of 1.472(6) &. oy ?‘; ge P NS N

Treatment of2 with 1 equiv of the Bransted acid [PhNM4]- . “:g;m i | ——— o

113 C118

[B(CegFs)4] in CsDsBr results in liberation of propene and quantita-
tive formation of {[#5-Ar-CMe,-15-CsH,]Ta("Pr)} [B(CsFs)4] (3,
Scheme 1). On a preparative sclayas isolated in 88% yield as Fi 1. Molecular structures of (from left to right and top to botto2n)
. igure 1. u uctu i ;
dark greenish-brown crystals from bromobenzene/hexane. An X-ray 3, 4-THF, ands with 50% probability ellipsoids. The anion (G 4-THF,

structure determination (Figure 1) shows the presencegaigostic and5) and hydrogens (except those on C(1183iand Ta-H in 4-THF)
"Pr group. The €C distances within the £fragment manifest are omitted for clarity.
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Scheme 2 and often stabilized by electron donation of a-M o-bond into
propene the COz* orbital,!* 5 is a stable compound in spite of the apparent
©B(CeFs), ©B(CaFs)s high-valent character of the metal center and absence 6&lksl

o—m* backdonation (Gikyi—Ta—Cearbonyi = 84.9(2)).11¢ Reaction
of 3 with PhSSPh at room temperature immediately gives the

s 2 \r"a/\/ cationic dithiolate alkyl comple®. Liberation of the pendant arene
P2 moiety from the metal center i@ is seen from the shift of itsH
PhSSPh\ 5 % NMR signals back into the aromatic regiah7.3—6.9 ppm). This
THF oxidative addition reaction shows that, despite the considerable
©B(CeFs)s Ta(V)/dienediyl B) character o8B, it can readily display reactivity
Q B(Ce sl corresponding to a Ta(lll) compound.
<L/ Thus, in cationicansaCp-arene complexes of tantalum, the
lo coordination of the pendant arene allows resonance stabilization
F,hS/Ta\ of low-valent species, resulting in ambivalent character. It causes
ATHF g om considerable differences in chemistry relative to the isoelectronic

neutral tantalocene analogues. The catiamsaCp-arene tantalum
complexes can display both migratory insertion and oxidative
addition reactions. Use of these intramolecular interactions thus
could provide a fruitful strategy to give early transition metals a
more “noble” character.

(0-ArH: 6 4.55/4.23p-ArH: 2.22 ppm), consistent with formation
of an#n8-adduct and partial disruption of the aromaticity. Tie
NMR spectrum of3 at —30 °C also shows features characteristic
for a S-agostic alkyl group. The-CH, protons are diastereotopic
(6 0.61 and—0.54 ppm), and thg-CH, resonances are broad and
shifted significantly upfield¢ —1.9 and—5.9 ppm). The-agostic Acknowledgment. Financial support was provided by NRSC-
TalPr structure o8 stands in marked contrast to the isoelectronic  Catalysis.
neutral group 5 metalafisa)metallocene analogues, which have ) ) ) o )
olefin—hydride ground state&.” Two-Dimensional EXSY NMR Supporting Information Available: Text giving full experimental
: : : d characterization data, and crystallographic data for compdjnds
spectroscopy at 78C (at which temperature the diastereotogpic an . o ) .
and 8-CH, groups are coalesced) shows exchange between a3 4 THF, and§. This material is available free of charge via the
1 . ; Internet at http://pubs.acs.org.

propyl *H resonances, suggesting the dynamics occur through a
thermally accessible olefirhydride intermediaté.

The reaction oB with H, in bromobenzene results in immediate
formation of the corresponding cationic hydrid¢Scheme 2). As
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