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Alkylidenes are important in organic and organometallic chem- Scheme 1

istrigs and coschhemistry because of their struptures, reactivities, /_C\ - H',,,,.C%C ~ C\H = H,C=C=C:
and interstellar/circumstellar presence. Propynylide(leCCCH) HC==CH
is the simplest alkynylcarbene that, along with abundant interstéllar 2 1 3
cyclopropenylidene2 and propadienyliden& (Scheme 1), has Chart 1
attracted substantial interest. Propynylidene is a proposed intermedi-
. . . . . CH CH CHy
ate in interstellar gH*5formation since photoisomerization between H C/// C// 2 Ié
1, 2, and3 is facile. m=c| < 7. I
i ) ) H M— C \

Experimentdi— and recent computatior¥&t°studies show that 4 M M/ ¥ /C\
1 has a triplet ground state and & geometry, although that 6 7 Mg M
geometry is only 0.£0.2 kcal mot? lower than theCs and C,, M=—C=C=CH, ME=C—CH,~C=M
geometries. The conformational potential energy of singlefca. How 5 Ny 1" //CH
11 kcal mot? above the tripléf) is similarly flat10-12 %’CH YCH No—o—crH v G2

Among the successes of organotransition metal chemistry is the N YN \ M M M/C/\
stabilization of reactive species. Double-8 activation of allene 9 M 4o M 12 13 M

represents a possible route to gHgligand, which could complex

in several ways (Chart 1, M= metal and ancillary ligands). Table 1. Experimental and Calculated Distances and Angles for

Examples are know# 17 for many of these, but not fdk2 or 13. 15

Here, we report preparation and characterization of a propynyl- distance (AYangle (deg) experimental theory
idene organodimetallic. MO calculations on free (MCSCF) and Ta(1}-Ta(1A) 2.8817(7) 2.930
complexed (RHF, DFT) HCCCH were used to understand the Eg);gg; ié%% iggg
bonding of this new organometallic ligand. c)-c) 1:370(8) 1385

The reaction of allene with thezdd? organoditantalum(lll) - Ta(l)-H(1)-Ta(1A) 97.9 100.0, 99.8
CsMesR),Tap(u-X)4 (R = Me (Cp*), Et; X = CI, Br)!8 leads to Ta(1}-C(1)-Ta(1A) 82.1(4) 83.4
complexatiod® rather than GH activation® An agostic G-H C(2)-C(1)-C(2A) 153.7(13) 144.5
interaction in §-CsMeyR),Tag(u-X)X 3(u-71,173-C3Ha) (14) may be ?;%i;—céa)_ﬂ(cz(é) 2391((52) gf_gg 61.6
antecedent to €H activation. Reduction of4 gives 15 (eq 1), Ta(1)-C(2)-C(1) 79.9(6) 80.3.80.1

Ta(1)-C(2)-H(2) 139(5) 151.0, 151.2

CH2
I

y R N aNo C, symmetry was imposed in the calculations. Transformation for
Ta__/._.H Ta 2 NaHQ Tk \\m : g ) experimentally equivalent atoms: Ax, —y, —z + 3/2.
" .

x* l\ %/ v 4 )/\H
15

via a double 1,3-C—H activation, with GH, and twou-hydride
ligands instead of an allenyl hydrideProductl5is dinuclear by
mass spectrometry, with high symmetry based on NMR spec-
troscopies. gH, ligand NMR data (X= CI) are unusual, with
downfield resonances for the hydrogeni(1.4), terminal carbons

(0 215.6,%3cy = 189), and central carbor (161.4). These data,
consistent with TeeC bonding to the IECCH carbons, could not
differentiate complexed (i.e., 12) from 2 (9 or 10).

Single-crystal diffractometd? revealed au-propynylidene co-
planar with two Ta atoms (Figure 1). Selected bond distances and
angles are listed in Table 1. The molecule has crystallographically
imposedC, symmetry. The HCCCH ligand is related forather that predicte® (172—4°) for 1, and the HCCCH ligand adopts a
than theu-alkylidene form (3). The HCCCH hydrogen was refined,  curved conformation that maximizes F& bonding. The C(2}y
but H(1) was not as this led to an unacceptably small Fali(L) C(1) distance (1.370(8) A) is longer than that in allene (1.308 A)
distance. The C(2)C(1)—C(2A) angle (153.7(13) is smaller than or predicted forl (1.273-1.279 A)? Tetracoordinate C(1) is planar,
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Figure 1. Thermal ellipsoid plot ofL5.
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These results show that propynylidene can be generated as an
organodimetallic ligand in solution by double-@i activation of
allene and that it can adopt a curved structure. Calculations show
that the HCCCH ligand is best described as an allenediyl-
idene(4-) with a planar tetracoordinate carbon.
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Figure 2. MOLDEN?’ plots of key MOs forl5 (with CsHs in lieu of
Cp*): (A) three-center, two-electron F&(1)—-Ta bond; B8) Ta—C(2)
o-bond; C) orthogonal views of TaC(2)—C(1) w-bond.
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JA020369J

J. AM. CHEM. SOC. = VOL. 125, NO. 7, 2003 1689



