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Homoleptic arene transition metal complexes have a rich history
in chemistry? are significant precursors to numerous inorganic,
organometallic, and organic compouridand hold considerable
promise as electro- and photoactive substrafése most important
routes to these substances are the metal atom vapor and Fischer
Hafner syntheses.However, neither method has been used to
directly produceanionic species, which in some cases are more
accessible or stable than analogous cations or ne@tfalsiuch

less investigated route to these species involves arene anion rey

ductions of transition metal halides, metallocenes, and related
reactants:® This method promises to be particularly effective in
the synthesis of anionic homoleptic arene transition metal com-
plexes. In 1983, it was proposed that the reduction of J&gl
alkali metal naphthalenes provided bis(naphthalene)tantatate(1
as an intermediate in the synthesis of [Ta(g]OY Establishing

the nature of this naphthalenetantalate has been of considerable

interest, in part, because bis(benzene)tantalufh(g) the only
previously known homoleptic arene complex for the heaviest group
5 element! Also, because tantalum has an atomic radius between
that of zirconium and molybdenu#,which exclusively provide
the 18 electron homoleptic naphthalene complexes #fZr(
CioHg)3]?~ ¥ and [Mo(;5-CioHg)2], 142 Prespectively, it was not ob-
vious, on the basis of steric considerations, whether tantalum would
prefer to form [Tag*CioHg)s] ~, [Ta@;8-CioHs)2] ~, or a mixture
thereof!4c We now report on the isolation, structural characteriza-
tion, and some chemical properties of tiishaphthalene)tantalate-
(1-), 1, the first homoleptic naphthalene complex of a third row
(5d) transition metal and the first unsubstituted arenetantataje(1

Addition of TaCk to 6 equiv of sodium naphthalene in 1,2-
dimethoxyethane, dme, at60°, as previously described in det&i?
provided within minutes a deep red-brown reaction mixture.
Filtration at —60 °C gave a yellow-brown solid, which was
crystallized from tetrahydrofuran, THF, to give a homogeneous,
bright yellow-orange pyrophoric powder of composition [Na(THF)]-
[1], by "H NMR.%¢ Treatment of [Na(THF)] with 18-crown-6
or cryptand 2.2.2 in THF gave much less air sensitive and
satisfactorily pure yellow-orange microcrystals of [Na(18-crown-
6)(THF)][1] or [Na(crypt 2.2.2)]L] (Scheme 1), respectively2

IH and'3C NMR spectra ofl in solution were independent of
the cation and indicated thatwas the only naphthalene complex
present in solutioA® Specifically, proton-couplet?C NMR spectra
show only one sharp singlet at +149.0 ppm, which is in the
characteristic region for quaternary carbons finaphthalene
complexes? Single-crystal X-ray structural characterization of [Na-
(crypt 2.2.2)]0] confirmed the formulation ofL on the basis of

Scheme 1. Synthesis and Some Reactions of 1 and 22

TaCl+6NaC,H, %» [Na(THF)][1] %gﬁ»[Na(L)(THm,][l]

[Na(THF)][1]+3C,H,, Xy [Na(THF),][2] {5 [Na(L)][2]

[Na(L)][2] + 3 COT My [Na(L))[TaCOT),]

a Reagents, conditions, isolated percent yields: {ijHg = naphthalene,
me,—60 to+20 °C, 12 h; (ii) THF, 20°C, 55%; (iii) L = 18-crown-6x
=1, THF, 20°C, 62%; (iv) L= crypt 2.2.2x = 0, THF, 20°C, 76%; (v)
Ci14H10 = anthracene, THF, 28C, 6 h, 52%; (vi) L= crypt 2.2.2, THF, 20
°C, 99%; (vii) L= crypt 2.2.2, THF, 12 equiv of COT, 2TC, 12 h, 94%.

Figure 1. Molecular structure ofl; 50% probability thermal ellipsoids;
hydrogens omitted for clarity. Selected bond lengths (A)—T#1) 2.342-
(4), Ta—C(2) 2.375(4), TarC(3) 2.394(3), TaC(4) 2.368(4), C(1)yC(2)
1.455(5), C(2)-C(3) 1.368(5), C(3yC(4) 1.451(5).

nonplanar naphthalene units boundidsconjugated dienes in an
approximately trigonal prismatic array about tantalum. Overall, the
structure ofl is very similar to that found for trig*-naphthalene)-
zirconate(2-), the only other structurally characterized homoleptic
naphthalenemetalaté and bears a striking resemblance to that of
tris(p*-butadiene)molybdenum(®¥® Notably, group 5 analogues
of this molybdenum complex are unknown; howevemay be
considered to be a substituted version thereof.

Chemical properties df are consistent with its characterization
as the first synthon for “naked” atomic TaFor examplel readily
reacts in THF with excess CO at ambient pressut60(°C, 10
min) and 3 equiv of anthracene (2, 6 h) to provide salts of
yellow [Ta(CO)}]~, 99% vyield, and orange [Ta{@i0)s] ", 2
(Scheme 1)!H and3C NMR spectra unambiguously established

NMR datal® In particular, the anion (Figure 1) is well separated that2in solution was tris(1-4¢*-anthracene)tantalatet), the first
from an unexceptional cation and contains three essentially identicalhomoleptic anthracene complex of a group 5 mé&tahd only the
third one known, the others being §#Ci4H10),?° and [Cog*-

* To whom correspondence should be addressed. E-mail: ellis@chem.umn.edu. C14H10)2] ~.* The conversion of to 2 involves the displacement of
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bound naphthalene by anthracene, which is an unprecedented Eg; éistrllg]c, E;.A_c‘r:]. %heén.lReiz?Z 30, 38? «I'sll_nd rzfegences tlhtireidn. "
: : schenbproich, C.; Salzer, rganometallics, oncise Introduction
_rea(_:tlon for ahomoleptlcsystem. Exchange of both naphthalenes 2nd ed.; VCH: Weinheim Germany, 1992; pp 3452,
in bis(naphthalene)chromium(0) by 1,4-dimethylnaphthalene under (6) For example, the 18 electron bis(y#-anthracene)cobaltatet) is far
i ; P ; ; _ more stable than the analogous neutral complex. Brennessel, W. W.; Ellis,
cgmparatlvely forcing condlt'lons (128C, 25 h) to yield bis(1,4 J. E., unpublished results. See also ref 1.
dimethylnaphthalene)chromium(0) appears to be the only known (7) Henrici-Olive G.; Olive S.J. Am. Chem. Sod97Q 92, 4831. See also:

related reaction involving multiple polyarene substitutions on one Tg&kiriz% N.; Timms, P. LJ. Chem. Soc., Dalton Trans. (1972999)
metal centef! (8) Blackburn, D. W.; Britton, J. D.; Ellis, J. Bngew. Chem., Int. EA992
Treatment of [Na(THRJ[2] in THF with 1 equiv of cryptand 31, 1495. . .
. S . . (9) Dewey, C. G.; Ellis, J. E.; Fjare, K. L.; Pfahl, K. M.; Warnock, G. F.
2.2.2 rapidly caused quantitative precipitation of slightly soluble Organometallics1983 2, 388.
orange-red microcrystals of [Na(crypt 2.2.2]][A single-crystal (10) %8'5?‘15{3 lG.lgl?;;8 Green, M. L. HI. Chem. Soc., Dalton Trans. (1972
X-ray s.tudy on the latter salt confirmed thg formulation20bn (11) In contrast, relatéd cationic,AneutraI, and anionic complexes of vanadium
the basis of the NMR data. Structural propertie afe remarkably %nd niobium é‘,ﬁe n”{%'LESéSB“Z?e‘(’g ) (S) Cdaldgrz;zz% F.; Plgmg?lﬁn], FG
L . ; [ rganomet. Che . andy, J. A.; Prout, K.; Cloke, F.
similar to those ofl; for example, the average interatomic distances G. N.. deLemos, H. C.. Wallis, J. M. Chem. Soc., Dalton Trans. (1972

associated with the Ta-diene units in these anions are statistically 1999)1988 1475. (c) Cloke, F. G. N.; Courtney, K. A. E.; Sameh, A.
i ical22 ; indi A.; Swain, A. A. Polyhedron1989 8, 1641. (d) Fochi, D.; Braga, D.;
identical? Stryctural ewdenpe indicates that both naphthalene and Sabatino, POrganometallics1988 7, 565.
anthracene bind about as tightly to the tantalum atonisand?2. (12) Emsley, JThe Elements3rd ed.; Clarendon Press: Oxford, 1998.

ivi i (13) Jang, M.; Ellis, J. EAngew. Chem., Int. Ed. Engl994 33, 1973.
.Thus’ the driving force fgr the conversion blto 2 appears to be . (14) (@) Thi, N. P. D.; Spichiger, S.; Paglia, P.; Bernardinelli, G:n#ig, E.
influenced more by the displacement of naphthalene and restoration P.. Timms, P. LHelv. Chim. Actal992 75, 2593. (b) Pomije, M. K.;

of its full aromaticity than by any intrinsic differences in the donor/ Kurth, C. J.; Ellis, J. E.; Barybin, M. VOrganometallics.997, 16, 3582.

t biliti f hthal d anthra@@Fer th (c) For areview of electronic effects iff- andzS-arene metal complexes,
acceptor apilities of napnthalene and antnracérer these reasons, see: Muetterties, E. L.; Bleeke, J. R.; Wucherer, E. J.; Albright, T. A.
it was expected the, like 1, would also function as a labile source 1 (élrll_em. REe._ %/882 82i<4(%9'|: - Barvbin M. V.- Pomie. M. Cherm.e
of “naked” Ta in chemical reactions. Indee#l,undergoes facile (1s) 3.139% Tpp nock: B e Barybin, M. Vs Fomie, M. BhemsEur.

substitution reactions with a variety of good acceptor ligands such (16) Caution: [Na(THF)][1] spontaneously ignites in perfluoroalkanes under
an argon atmospheréd NMR (300 MHz, 298 K, fg] THF): 6 1.79 (m,

as Pk, P(OMe}, and conjugated ponené%For example2 _reacted_ 4H; THF), 2.81 (M, 6H; H.), 3.62 (m, 4H: THE), 3.78 (m, 6H, £3),
with 1,3,5,7-cyclooctatetraene, COT, in THF to provide a high 6.25 (M, 6H; Hgor67, 6.34 (M, 6H; H70rs9. °C{1H} NMR (75 MHz,

; f 298 K, [dg]THF, THF resonances omitted)) 61.5 (s; G4), 109.2 (s;
yields of deep purple [Ta(COT)) (Scheme 1)..A single crysta}l Co, 1183 (S Gooro), 1195 (5 G7orad 149.0 (S Gag ppm..
X-ray structure confirmed the nature of this previously known anion, Assignments based 8h—13C heteronuclear multiple quantum correlation
which is essentially isostructural with the niobium complex infPh (HMQC) and trends previously established #gfnaphthalene ane®-

25 anthracene‘ complexéd? but no unique assignment ofs& Cs7 OF
AS][Nb(COT)]. corresponding hydrogens was possible.

i i i ic (17) (a) 18-Crown-6=1,4,7,10,13,16-hexaoxacyclooctadecane; cryptand 2.2.2
The present study establishes for the first time that a homoleptic =4,7,13,16,21,24-hexaoxa-1.10-diazabicyclo[8.8.8]hexacosane. (b) Skell,

arene tantalum complex, [TigtCioHs)s] , 1, is readily accessible P. S.; McGlinchey, M. JAngew. Chem., Int. Ed. Engl975 14, 195.
in good yields by alkali metal naphthalene reductions of TaCl (18) Crystal data for [Na(crypt 2.2.2)[. CagHedNoNaQsTa; triclinic; yellow
: b ful for th | lorati plate; space grouf1; a = 13.397(1),b = 13.501(1),c = 14.046(1) A;
promises to be a very useful precursor for the general exploration a = 70.564(1); = 63.203(1);y = 82.918(1); V = 2137.4(3) &, Z =
of low-valent tantalum chemistry, which remains poorly in- 2; Td= 173(1‘2%1'(;0 F;;glue of 0.0361 for 9640 independent reflections;
: 1a,26 : goodness of fit, 0.992.
vestigated.=*°Efforts are gnderway to _p_repare other homoleptic (19) [Na(THF)][2] has also been prepared independently by the reduction of
polyarene complexes of third row transition metals, becd.esed 'll'aCIS with sodium anthracene in dme, details to be presented elsewhere.
: H NMR (300 MHz, 298 K, fls] THF): 6 1.79 (m, 8H; THF), 3.25 (m,
2 represent the very first examples of such substances. 6H; Hy.), 3.62 (m, 8H: THF), 3.77 (m, GH;%),P_S?, (s, 6H: Ha19),
. . . 6.92 (m, 6H; , 7.26 (M, 6H; . H} NMR (75 MHz,
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