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prevent similar decomposition of 2 and 3 respectively; 2 and
3 can be heated to 100° in toluene-dg for 6 hr without
change (by 'H NMR).

Some simple reactions of 5a (Scheme II) confirm that
the methylene ligand is nucleophilic. It reacts with CDsl in
benzene or dichloromethane to give pure CH3D and 9a
(and it isomer, 9b) probably via intermediate 8, the exact
nature of which is unknown at this time. It forms an adduct
with AN(CH3); (10; cf. (CH3);PCH,AI(CH3)3)!'?2 which
reacts with bases like N(CyHs); to regenerate 5a. This
moderate, though significant, nucleophilic character of the
methylene ligand in 5a contrasts strongly with the electro-
philic character of Fischer-type carbene ligands,” or
=C(C6H5)2 in (CO)5VV[C(C6H5)2],321 both of which add
tertiary phosphines to form ylide complexes;'3 Sa does not.

The results presented here (i) suggest that an alkyl li-
gand’s a-hydrogen atoms are, in some instances, quite acid-
ic and can be removed by base leaving a nucleophilic car-
bene ligand; (ii) indicate how some carbene complexes
might decompose; and (iii) demonstrate that complexes of
the methylene ligand are viable.
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Structure of Bis(cyclopentadienyl)methylmethylene-
tantalum and the Estimated Barrier to Rotation
about the Tantalum-Methylene Bond

Sir:

The preceding paper' describes the characterization of
Ta(n’-CsHs)2(CH;3)(CHs) (1) and some related alkylidene
complexes. Since this is the first isolated transition metal
methylene complex, we undertook a structural investigation
in order to confirm and characterize the Ta-methylene
bonding. We report here the crystal structure of 1 and vari-
able temperature '"H NMR behavior of related complexes.

Crystals of 1 are monoclinic (space group P2,/c; a =
6.544 (4), b = 11.685 (2), ¢ = 15.339 (11) A, and 8 =
117.13 (5)°) with four molecules per unit cell. We mea-
sured one-half the total data sphere to get at least two inde-
pendent measurements for each reflection, corrected the
data for absorption (u(MoKea) = 110.2 cm™'), and aver-
aged symmetry equivalent reflections. All hydrogen atoms
were located and the methyl and methylene hydrogen
atoms’ positional parameters refined. Final R values? for
1279 reflections with F > ¢(F) are 0.026 for R and 0.032
for Rw.

The molecule (Figure 1) has idealized C;(m) point sym-
metry in which CH;-Ta-CH; (C-Ta-C) is the mirror
plane. The two eclipsed cyclopentadieny! rings are 2.10 A
from Ta where their centroids subtend an angle of 135.7
(3)°; the C-Ta-C angle is 95.6 (3)°. Details of the CHj li-
gand and its bonding to Ta are the following. (i) Within ex-
perimental error the CH; plane is perpendicular to the C-
Ta-C plane (88 (3)°) and the methylene carbon atom lies
in the Ta-CH, plane (0.03 (3) A out of the plane). (ii) The
Ta-C bond distance is 2.026 (10) A, (iii) The H-C-H
angle is 107 (9)°.

The methylene ligand orients perpendicular to the C-
Ta-C plane most likely because the p, orbital on the sp?-
hybridized C.,, can thereby overlap well with appropriate-
ly hybridized Ta orbitals lying in the C-Ta-C plane. A sim-
ilar argument involving overlap of ethylene #* orbitals was
put forward to account for ethylene’s in-plane bonding in
Nb(»*-CsHs)1(CaHs)(CaHa) 3

Since Ceqrb in 1 bears no substituents like -NR,, -OR, or
-Cg¢Hs, it can #-bond only with the metal. The perpendicu-
lar orientation and the high barrier to rotation (vide infra)
suggest a full double bond between Ta and CH». The bond
length (2.026 (10) A) is approximately midway between a
single (ca. 2.25 A, this work and ref 4) and “triple” Ta-car-
bon bond length (1.76 (2) A in [(CH;)3CCH;];-
Ta=CC(CHj3)3-Li(N,N’-dimethylpiperazine)*). Since the
range of known M-Cg, bond lengths is so great (ca.
1.95-2.15 A),% it is perhaps not surprising that the Ta-CH;
length falls within. Yet only M-C,,» bond orders less than
two have so far been postulated.¢

The 'H NMR spectra of Ta(n5-CsHs)(n>-CsHa-
CH3)(CH3)(CHy)' (2), Ta(n-CsHs)2(CH[CHC(CHzs)s]
(3),! and Ta(n°-CsHs)2(CH,C¢Hs)(CHC¢Hs)' (4) first
suggested that the carbene ligand in each did not lie in the
Cearv-Ta-Z plane (Z = CHj, Cl, and CH,CsHs, respec-
tively); i.e., (i) the n3-CsHs ligands in 3 and 4 are nonequiv-
alent (at 100 MHz); (ii) the benzyl a-protons in 4 are non-
equivalent and give an AB quartet (at 100 MHz; r 7.30 and
8.21, 2Jyy = 10.7 Hz); and (iii) the methylene protons in 2
also give an AB quartet (at 220 MHz 7 0.02 and 0.10,
2Juw = 7.7 Hz),

On warming 'H NMR samples of 3 and 4 the character-
istic nonequivalencies disappear, e.g., the spectrum of 4
(Figure 2) shows that the nonequivalent »°-CsHs groups
and the nonequivalent benzyl a-protons each equilibrate.
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Figure 1, The molecular structure of Ta(53-CsH;s)2(CH3)(CHa).
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Figure 2. The »°-CsHs (= 5.05) and benzyl a-proton signals in the
100-MHz 'H NMR spectrum of Ta(n5-CsHs)2(CH2CsHs)(CHC¢Hs)
in toluene-dg (* = toluene-d; traces of toluene-do).

Rapid hydrogen transfer between CH>CgHs or 5°-CsHs
and CHCg¢Hs in 4 can be ruled out since the benzylidene
proton (at 7 —1.03) does not take part in this process. The
220-MHz spectrum of an analog of 3, Ta(y’-
CsH4CH3)2(CH[CHC(CH3)3] (5),7 shows eight nonequiv-
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alent cyclopentadienyl proton resonances at 20° (consistent
with the molecule’s asymmetry) which coalesce® to four
(two protons each) on warming the sample to 106°. The
temperature dependent process therefore creates only one
symmetry plane.” Equilibration of #>-CsH4CH3 groups in 5
and, by analogy, 7°-CsHs groups in 3, via a tetrahedral-
planar-tetrahedral conformational change can therefore be
ruled out. “Rotation” of -CHR into the Ccarp-Ta-Z plane
(Z = Cl or CH,C¢Hs) in 3, 4, and §, either to the “inside”
or to the “outside”, is the only reasonable alternative. The
AG* values for this process in 3 and 4 are 16.8 £ 0.1 (at 323
K) and 19.3 £ 0.1 kcal/mol (at 393°), respectively.'®

In contrast, the resonance pattern for the methylene pro-
tons in 2, at 220 MHz (vide infra) and 100 MHz, does not
change on heating 'H NMR samples of 2 to 100° (2 de-
composes rapidly at this temperature). Based on these ob-
servations AG? for methylene rotation in 2 and, by analogy,
in 1, can be estimated as =21.4 kcal/mol.'" The true value
may be significantly larger since dve=~ 2J/uy at 100
MHz.1% Interestingly, this finding is consistent with the
calculated energy difference between a perpendicular and
in-plane methylene orientation in hypothetical [Ti(»’-
CsHs),(CH3)(CH>)]~, about 27 keal /mol."?

We believe the ordering of AG* (2 > 4 > 3) directly re-
flects the degree to which the ~-CHR ligand can form a
multiple bond by orienting perpendicular to the C.,,,-Ta-Z
plane. A model of 3, in which the carbene ligand rotates
most easily, shows that a strictly perpendicular
CHC(CHa3); ligand is sterically unfavorable. However,
since the CH; ligand has minimal steric requirements it can
form what must be close to a full double bond to Ta.
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