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Summary: A new series of tantalum complexes incorpo-
rating bis(trimethylsilyl)benzamidinate ligands has been
prepared and fully characterized; examples include
species with alkyl, alkylidene, and imido functionalities.

Amidinates are a versatile group of ligands containing
two nitrogen donor atoms, related in structure to (and
isoelectronic with) carboxylates. They are known to
coordinate to an exceedingly wide range of metals and
non-metals,»~3 usually binding through both nitrogens
in a bidentate fashion to one or two metal centers. We
are interested in comparing the chemistry of metal bis-
(amidinate) systems with the more commonly studied
bis(cyclopentadienyl) ligand fragment, with the expecta-
tion that the lower electron count at the metal in the
former will lead to enhanced electrophilic behavior
relative to Cp,M systems.*

Considering the usefulness of amidinate ligands in
early transition metal chemistry,>~10 it is somewhat
surprising that there are relatively few reports of
tantalum amidinates,!1~1 particularly in light of the
wealth of interesting organotantalum chemistry re-
ported to-date.l”18 (Trimethylsilyl)benzamidinate de-
rivatives are particularly attractive for our purposes:
they are simple to prepare and handle, they display
excellent solubility in nonreactive solvents, their steric
bulk dissuades dimerization, and electronic factors may
be probed by substitution on the phenyl group.*® Fol-
lowing our recent studies of (porphyrin)TaR; com-
plexes,?° we now describe an entry into related amidi-

® Abstract published in Advance ACS Abstracts, February 15, 1997.

(1) Edelmann, F. T. Coord. Chem. Rev. 1994, 137, 403.

(2) Barker, J.; Kilner, M. Coord. Chem. Rev. 1994, 133, 219.

(3) Dehnicke, K. Chem.-Zeit. 1990, 114, 295.

(4) Duchateau, R.; vanWee, C. T.; Meetsma, A.; vanDuijnen, P. T;
Teuben, J. H. Organometallics 1996, 15, 2279.

(5) Hao, S. K.; Berno, P.; Minhas, R. K.; Gambarotta, S. Inorg. Chim.
Acta 1996, 244, 37.

(6) Gomez, R.; Duchateau, R.; Chernega, A. N.; Teuben, J. H,;
Edelmann, F. T.; Green, M. L. H. J. Organomet. Chem. 1995, 491, 153.

(7) Gomez, R.; Duchateau, R.; Chernega, A. N.; Meetsma, A.;
Edelmann, F. T. Teuben, J. H.; Green, M. L. H. J. Chem. Soc., Dalton
Trans 1995, 217.

(8) Hagadorn, J. R.; Arnold, J. Organometallics 1994, 13, 4670.

(9) Hagadorn, J. R.; Arnold, J. 3. Am. Chem. Soc. 1996, 118, 893.

(10) Hagadorn, J. R.; Arnold, J. Organometallics 1996, 15, 984.

(11) Dehnicke, K.; Ergezinger, C.; Hartmann, E.; Zinn, A.; Hosler,
K. J. Organomet. Chem. 1988, 352, C1.

(12) Drew, M. G. B.; Wilkins, J. D. J. Chem. Soc. Dalton Trans. 1974,
1973.

(13) Drew, M. G. B.; Wilkins, J. D. J. Chem. Soc. Dalton Trans. 1975,
2611.

(14) Merzweiler, K.; Fenske, D.; Hartmann, E.; Dehnicke, K. Z.
Naturforsch. 1989, 44b, 1003.

(15) Schrumpf, F.; Roesky, H. W.; Subrahmanyan, T.; Noltemeyer,
M. Z. Anorg. Allg. Chem. 1990, 583, 124.

(16) Wilkins, J. D. J. Organomet. Chem. 1974, 80, 349.

(17) Abel, E. W.; Stone, F. G. A.; Wilkinson, G. Comprehensive
Organometallic Chemistry I1; Pergamon: New York, 1995.

(18) Crabtree, R. H. The Organometallic Chemistry of the Transition
Metals, 2nd ed.; Wiley: New York, 1994, p xvii.

S0276-7333(96)01052-7 CCC: $14.00

Scheme 1
Qo Cl3Ta(=NAM)(THF), TaCl2Bzs Q CH,Ph
OTa: A LIPhC(NSMes),] ~ —= o crh
cl” “cHyph
i TaMe,Cl,
LiN(S\'Megbi
e CH3 HOTt Q /CHa CHaPn
T ot -~ Ja—CH, CTa— CHyPh
N A N\
O CHa CHgs CHPh

MeZNPhHBPw \io

. ) )
EtgPCHSiMey C\ /CH:, BPh,

CH
QS QYN
Ta Ta—O
& o N e
: W
- CHy
O: [PhC(NSiMeg)], Ar = (2,6/Pr,CgHa), Bz = CHCgHs

nate chemistry with the synthesis and characterization
of a new series of tantalum bis(benzamidinate) com-
plexes involving alkyl, alkylidene, and imido function-
alities.

As shown in Scheme 1, reaction of 2 equiv of the
lithium benzamidinate [PhC(NSiMej3),]Li with trimeth-
yltantalum dichloride gave [PhC(NSiMe3),] TaMes, which
was isolated as beige crystals in reasonable yields from
concentrated hexanes.?!

The trimethyl derivative dissolves in hydrocarbons
and ethers to form air-sensitive solutions that are stable
for several days at room temperature. Somewhat
surprisingly for an early transition metal organometal-
lic, the solid may be handled in air briefly without
detectable decomposition. Room-temperature 1H NMR
spectroscopy shows broad resonances for the metal-
bound methyls; upon cooling of the sample to —60 °C
this signal splits into two peaks of relative ratio 2:1
indicating two different methyl environments that in-
terconvert with a AG* at the coalescence temperature
(0 °C) of 12.7 kcal/mol. X-ray crystallography, carried
out on the closely related p-tolylbenzamidinate deriva-
tive, confirmed the inequivalence of the methyl groups,
as shown in Figure 1.22 The metal-bound methyls are
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© 1997 American Chemical Society



Downloaded by CARLI CONSORTIUM on June 30, 2009
Published on March 18, 1997 on http://pubs.acs.org | doi: 10.1021/0m961052t

1112 Organometallics, Vol. 16, No. 6, 1997

Figure 1. ORTEP drawing of [TolC(NSiMej3);].TaMe; with
50% probability thermal ellipsoids (methyl groups on
silicons removed for clarity).

Figure 2. ORTEP drawing of [PhC(NSiMe3),],TaMe,(Os-
SCF3) with 50% probability thermal ellipsoids (methyl
groups on silicons removed for clarity).

arranged in an arc with the two outer carbons, C(10)
and C(11), 130° apart, and the inner carbon, C(12), 75—
80° from the outer two. While the Ta—C bonds appear
to be inequivalent (2.22(1), 2.26(1), and 2.29(1) A), the
relatively high esd’s suggest that at least the latter two
values are effectively equivalent. The Ta—N distances
range from 2.15(1) to 2.29(1) A with the amidinates
being bound asymmetrically, such that there is one
short and one long Ta—N bond in each amidinate, which
in turn leads to the observation of inequivalent C—N
bonds. As is common in bis(amidinate) complexes, the
two longest M—N bonds are seen when ligands with a
strong trans influence are present. In this instance
these appear to be the two methyl groups C(2) and C(3).
For comparison, the Ta—C and Ta—N bond lengths are
effectively identical to those seen in [CyN(SiMes);]»-
TaMeCl, (Ta—C 2.22(2) and Ta—N 2.04—2.12(2) A).12

The trimethyl complex reacts rapidly with 2 equiv of
CO (1 atm) at room temperature to produce the ene-
diolate L,Ta(OMeC=CMeO)Me, isolated as red needles
from hexane. The structure is of low symmetry as
judged by 'H NMR spectroscopy, with the TMS protons
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appearing as four distinct peaks and the remaining
three methyls each giving rise to a singlet. The ene-
diolate methyls are shifted downfield to 2.5 ppm,
compared to 0.6 ppm for the remaining Ta-bound
methyl. Upon heating of the sample to 330 K, two of
the TMS resonances coalesce, as do the two downfield
methyl resonances, with a calculated AG* of 16.5 kcal/
mol (at 57 °C). In the 13C derivative (from use of 13CO)
a strong 13C singlet was observed at 110.8 ppm which
splits the enediolate methyl protons into two
doublets.2023-26 The 13C resonance is upfield of that in
the related cationic Ta enolate species [(OEP)Ta-
(OMe3C=13CMeO)][BPh4] which is seen at 142 ppm.2°
Solution IR spectroscopy revealed stretches at 1618
(ve=c), 1247, and 1162 cm™! (vc—o), which are similar
to those seen in related actinide bis(cyclopentadienyl)
enediolate complexes.2

Reaction of the trimethyl with HOTf gave good yields
of the dimethyltriflate complex, whose solubility in
relatively nonpolar solvents such as ether and benzene
suggests that the triflate ligand is covalently bound in
these solvents. In contrast, conducting solutions are
formed in solvents with higher dielectric constants, such
as acetonitrile, indicating the formation of the 1:1
electrolyte {L,TaMe,} T[OTf]~. The solid compound is
virtually isomorphic with the trimethyl, displaying
almost identical unit cell parameters as determined by
X-ray crystallography.?’” The geometry is also quite
similar, with the triflate ligand and the two methyls
situated in the previously observed arclike fashion and
the triflate located at an outer position. The Ta—0O and
Ta—C bond lengths, 2.175(7) and 2.18(1) A, may be
compared to the structurally related compound, [N3N]-
TaMe(OTf), which exhibits a longer Ta—0 bond (2.243
A) but a comparable Ta—C bond length of 2.159 A.28

The free bis(amidinato)tantalum dimethyl cation was
obtained as its tetraphenylborate salt by reaction of
[Me;NPhH][BPh,] with the trimethyl complex in CH»-
Cl, or THF. The product is not soluble in hexanes or
ether, sparingly soluble in benzene, and soluble in polar
solvents such as methylene chloride and THF. As is
common for complexes of this type, the compound
prefers to oil out of solution; nonetheless microcrystal-
line solids can be obtained by careful recrystallization.
The 'H NMR spectrum taken in CDCl3 shows a sharp
singlet at 1.60 ppm for the Ta methyls, close to the
corresponding value in the triflate derivative.

Deprotonation of the dimethyl cation with MesP=
CH; or Et3P=CH(SiMe3) gave L,Ta(=CH,)Me, a rare
example29—3! of a tantalum methylidene. The 'H NMR
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resonance of the methyl group is in the same region as
that seen for the complexes above. At 6 4.1 ppm, the
proton signal of the methylidene is significantly upfield
from that seen for Cp,Ta(=CH3)Me (6 10.22 ppm), being
closer to values seen for mono-Cp-containing alkylidenes
such as CpTa(CH'BU)ClI; (6 3.63 ppm).31:32 In the 13C
spectrum, the methylene appears as in the usual range3*
at 6 192.5 ppm (g, Jcn 118 Hz).%5 Further evidence
for the proposed structure comes from the reaction with
protic acids, which regenerates the dimethyl cation, and
X-ray crystallography, which clearly establishes the
geometry. Unfortunately, disorder between the methyl
and methylidene groups, which are related by a C, axis,
limits its usefulness somewhat.3® We note, however,
that the apparent “Ta—C” bond (2.02(2) A, an average
of the Ta—C and Ta=C bonds) is effectively identical to
that seen for the Ta=CH, bond in Cp,TaMe(CHy)
(2.03(1) A).37.38

Reaction of BzzTaCl, with lithium benzamidinate
afforded the mono(amidinate) complex LTaBz3Cl which
was unreactive toward further amidinate substitution.
Treatment with LiN(SiMe3), gave the benzylidene LTa-
(=CHPh)Bz, along with HN(SiMe3s), and LiCl. This
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reactivity mirrors that seen by Schrock for the Cp
analogue CpTa(CH;Ph)3Cl.3°

Finally, the terminal imido complex L,Ta(=NAr)CI
was easily synthesized by treatment of Ta(=NAr)Cl;-
(THF)2 with 2 equiv of lithium benzamidinate. The
compound is quite soluble in nonpolar solvents and was
isolated from hexanes as a bright yellow crystalline
solid. 'H NMR spectroscopy shows two inequivalent
isopropyls at room temperature, no doubt due to hin-
dered rotation as a result of the bulk of the aryl group.*°

Further work aimed at probing reactivity of these
compounds is in progress.
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