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Summary: Reaction of (PNP)Li with Taproduces pentagonal-

bipyramidal (PNP)Tak (2). Alkylation of 2 with MeMgBr PPr2 ppr2
allows for the isolation of (PNP)TaMg3). (PNP)TaMa (3) \ /CH3 —CHCMe, _CHPh
evolves thermally and/or photochemically into a bis(meth- CH2 I <
ylidene) complex (PNP)T&(CH>) (4). The identity of the latter PPrOTf Q\/ .CH2Ph
has been established by X-ray structural, NMR spectroscopic 2

and DFT computational studies. It does not appear that

possesses agostic interactions in solution. Flgure 1. First methylldene complexA) and examples of PNP-

High oxidation state transition metal complexes containing SuPported TiB) and Zr C) alkylidenes.
double metal-carbon bonds (usually termed Schrbckrbenes
or alkylidenes) have attracted significant attenfioim, part
because of their importance in catalytic alkene metattiekie

majority of alkylidene complexes possess at least one bulky E/PPrz 1)n BuLi E/PPrz

Scheme 1. Synthesis of 2, 3, and 4

substituent on the alkylidene carbon; this steric protection is aF4
important against bimolecular decomposition pathwiays. 2) TaFs

addition, alkylidenes are often generatedoiabstractioffrom PP"z
a di- or polyalkyl precursor. Such reactions are assisted by steric P)TaF,, 2
pressure, and larger alkyls are more prone-abstraction than

methyls. On the other hand, exploration of the simplest ligands MeMgBr
has always been attractive to organometallic chemists. In the

context of metal alkylidenes, the GHigand (methylene or

methylidene) is the smallest and simplest possible ligand. PPr2 PPr2
Although the first methylidene compleXA( Figure 1) was CH Aor hv

among the first alkylidenes reportecelatively few methylidene N~T / 2 -— TaMe4
complexes have been reported sid€eTo the best of our Hy

knowledge, no complexes with two terminal methylidene ligands PPr PPr2
attached to the same metal have been unambiguously character- (PNP)Ta(=CH.),, 4 (PNP)TaMe,, 3

ized’ Our group, as well as Mindiola et al., have recently used
the ancillary pincer PNP ligaido support remarkably resilient
alkylidene compounds of TB) and Zr C), and even a transient
Ti alkylidyne in Mindiola’s studies, prepared layabstractior?.

In the PNP system, the steric pressure to prometdstraction
and steric protection of the bis(alkylidene) products is afforded

by the bulky phosphine arms, the coordination of which to the

metal is enforced by the rigidity of the PNP construction. We

surmised that the PNP ligand should be suitable to support
related organometallic compounds of Ta as well. Here we report
a well-characterized example of a Ta complex bearing two
methylidene ligands.
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brandeis.edu. Reaction of (PNP)I%* with TaFs afforded (PNP)Taf(2) in
T Brandeis University. good isolated yield (Scheme 1). We selected a metal fluoride
#Earlham College. instead of a more traditional metal chloride precursor because
° University of Kentucky. of the smaller size of fluorine (and thus more accommodatin
(1) Crabtree, R. HThe Organometallic Chemistry of the Transition . . . ) X 9
Metals 4th ed.; Wiley-Interscience: Hoboken, NJ, 2005; p 309. of the high coordination number 2) and the convenience of
% §CEroct, S. gghem. Ré%r.]ZOOZI 12C|lE t};(l)%ﬁ 45 3748 19F NMR. The solid-state structure @fwas determined in the
chrock, R. RAngew. Chem., Int. \ . _ ; ; ; ;
(4) () Schrock, R. RAcc, Chem. Re4979 12, 98. (b) L, L. Hung, course of an X-ray dlffra_ctlon study (Flggre 2). The envwonme_nt
M.: Xue, Z.J. Am. Chem. Sod995 117, 12746. about Ta can be described as approximately pentagonal bipy-
(5) Schrock, R. RJ. Am. Chem. Sod.975 97, 6577. ramidal. Two of the fluorides occupy the axial sites, and PNP

_(6) A series of matrix-isolated early metal methylidenes displaying and the other two fluorides occupy the equatorial sites. Only
significant distortions have recently been characterized by infrared spec-

troscopy: Andrews, L.; Cho, H.-GOrganometallic2006 25, 4040.
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Figure 2. ORTEP! drawing (50% probability ellipsoids) o2 Figure 3. ORTEP! drawing (50% probability ellipsoids) of
showing selected atom labeling. Hydrogen atoms and all methyl spowing selected atom labeling. Hydrogen atoms and all methyl
groups are omitted for clarity. Selected bond distances (A) and groups are omitted for clarity.

angles (deg): Ta1F31, 1.892(2); TatF32, 1.929(2); TatF33,
1.899(2); TatF34, 1.946(2); TatP2, 2.6556(11); TaiNs5,
2.174(3); Tat-P8, 2.6663(11); P2Tal-P8, 139.61(3).

onel%F resonance was observed at®Z2(6 —195.9 ppm) and
only one resonance in tR&P{1H} spectrum as a telltale quintet
(6 48 ppm,Jp—r = 58 Hz). Upon lowering the temperature to
—70°C, two resonances of equal intensity{187.2,—221.8
ppm) were detected b\F NMR, consistent with the presence
of two types of F in the solid-state structure. Reaction of (PNP)-
TaF, with 4 equiv of MeMgBr resulted in complete replacement
of four fluorine ligands with methyl groups with formation of
(PNP)TaMa (3), which was isolated in 60% yield upon workup.
Both 2 and3 display time-average@, symmetry on the NMR
time scale at 22°C with only a single TaMe resonance

Figure 4. DFT-optimized structures of (PNPTa(=CH), (5, left)
and of4 (right).

observable byH (6 1.12, t, 6 Hz) Orlsc{ 'H} (0 66.7) NMR:© An X-ray structural determination confirmed the presence of
Thermolysis of3 led to slow conversion to (PNP)FaCH;). two crystallographically equivalent methylene ligands attached
(4) via apparenti-abstraction (methane observed'ByNMR). to the Ta center (Figure 3). The coordination environment about

4 can also be produced via photolysis®f% = 350 nm). The  the Ta center can be described as a heavily distorted trigonal
photolytic synthesis ofl is faster and results in material of bipyramid. The greatest distortion is in the-Pa—P angle
greater purity. Ph_otolytic transformations obkR)TaMe; and (149.201(15)), presumably a consequence of the chelate
(ArO);TaMes to give (RN2)Ta(=CH,)(CHs)*? and (ArO)Ta- constraint. The TaC distance of 1.9385(17) A is well within
(=CH,)(CHs),' respectively, have been reportebNR is @ the range for the known FeC double bonds.In particular,
cyclic bis(phosphine)/bis(amido) ligand). In contrast, (PNP)-  this distance is similar to the FC distances in the range 1:93
ZrMes is thermally stabl& Presumably, the higher coordination 5 oo A for (mesityl)(MgP),Ta(=CHCMe;), and (MeSiCHy)-
number for T¥ versus ZV is conducive tox-abstraction. (MesP),Ta(=CHSiMey),’ the other crystallographically char-
The methylené*C{'H} NMR resonance (tJcp = 6 Hz) of acterized approximately trigonal-bipyramidal tantalum bis-
4 was detected at 233.9 ppm. The methylene hydrogensdof  (3ikylidenes). Crystallographic evidence for a T-shaped arrange-
gave rise to two broad resonances in tHeNMR spectrum at  ment of the CH hydrogen atoms about the alkylidene carbon
22°C ato 8.7 and 7.9 ppm. Two well-resolved doublefs{  was found in difference Fourier maps. Although this geometry
= 10 Hz) were observed at15 °C, indicating nonequivalence s typical of agostic alkylidenes and their inclusion improved
of the two hydrogen atoms on the same carbon. We proposethe refinement statistics, hydrogen atom positions from X-ray
that the rotation about the FeC bond is responsible for the  gjffractometry can be unreliable, particularly when in close
site exchange. The activation parameters for the exchange Wergyroximity to heavy atoms such as Ta. Spectroscopic evidence

determined AH* = 52(2) kJ/mol,AS" = —29(6) J/(moiK)) in solution and DFT calculations (vide infra) do not support
by temperature-dependent NMR line shape analysis ir-tte this agostic model.
to +80 °C range!* The modest negative value &' supports For an agostic Chkigroup, one would expect tHécy values

the notion of an intramolecular procegsdisplayed apparent  and the chemical shifts corresponding to the two hydrogens to
C syrgmetry in the NMR spectra in the'15 to +80 °C be drastically different. The agostic hydrogens typically exhibit
range* <100 Hz Jcy values (substantially lower than a standdgg

0T b dal (PNPYAX(X = O, allg) o al for a C(sp)—H or even a C(sh—H bond). A nonagostic
rigonal bipyramidal = Cl, alkyl) compounds also ~ ; 3
displayC, symmetry in solution by NMR and in the solid stdté Square- hydrogen of a T-shaped methylidene should exhiliavalue

planar PNP complexes (e.g., (PNP)PJCIn the other hand, displays, comparable to a standaddy value for a C(spyH bond. For
symmetry in solution despit€, symmetry in the solid? example, Templeton et al. reported [W{(CO)(=CH,)]BF,

(11) ORTEP plots were created using Ortep-3 for Windows. Farugia, L. i iani ; | i
3. Appl. Crystallogr 1997, 30, 565. an agostic cationic methylidene of'\#6 The agostic and the

(12) Chamberlain, L. R.; Rothwell, I. P.; Huffman, J. £.Am. Chem. ~ Nonagostic methylidene hydrogens resonated &t9 (Jen =
Soc 1986 108 1502.

(13) Fryzuk, M. D.; Johnson, S. A.; Rettig, S.Grganometallics1999 (15) (a) Churchill, M. R.; Youngs, W. Jnorg. Chem 1979 18, 1930.
18, 4059. (b) Diminnie, J. B.; Hall, H. D.; Xue, ZChem. Commurl996 2383.

(14) Reich, H. JWIinDNMR: Dynamic NMR Spectra for Windows J. (16) Enriquez, A. E.; White, P. S.; Templeton, J.J.Am. Chem. Soc

Chem. EducSoftware 3D2. 2001, 123 4992.
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Figure 5. Distances (A) and angles (deg) from the XRD structure
of 4 (bottom numbers, black) and the DFT structure$§ ¢hiddle,
red) and4 (top, blue).

93 Hz) and 9.1 Jcn = 191 Hz) ppm, respectively. This is in
contrast to the similar chemical shifts for the two £tydrogens
observed fod. Because of the poor solubility &, we were
able to determine only th&y value of 128 Hz for the resonance
at ¢ 8.7 ppm. Although this value is somewhat smaller than is
expected for a C(8p—H bond, it is too large for an agostic
C—H and also too small to correspond to the nonagosti¢iC
of a T-shaped CHlligand.

To obtain further insight, we resorted to DFT studies. We

have optimized structures (Figure 4) of the bis(methylidene)

complexes4 and5 for both the full ligand and the simplified

(17) (a) DeMott, J. C.; Guo, C.; Foxman, B. M.; Yandulov, D. V;
Ozerov, O. V.Mendelee Commun2007, 17, 63. (b) Fan, L.; Foxman, B.
M.; Ozerov, O. V.Organometallic2004 23, 326.

Communications

PNP" ligand that bears PHarms. DFT reproduced the XRD-
determined positions of the heavy atoms with a great degree of
accuracy (Figure 5). While DFT evidences a minor distortion
from an idealized trigonal plane for the GHigands, the
geometry is far from T-shaped and probably should not be
termed agostic. This is in accord with the solution NMR
data.

In summary, we have prepared a rare example of a stable
transition metal bis(methylidene) complex, (PNP)aH,)2
(4), with a unsaturated metal center. Agostic interactions with
the methylidene hydrogen atoregclusiely in the solid state
cannot be ruled out, but the solution NMR and DFT evidence
is inconsistent with agostic interactions4n
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