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Figure 1, In (2/1) vs. 771 (K1) for reaction 1; cf. Table . Points a-c
represent solution experiments; points d and e refer to matrix photolys-
es.

Table I, Product Ratios from Ph,C and Isobutene as a Function of
Temperature®

Temp, °C 2/1 Av dev,?
0 0.243 0.0084
=77 0.682 0.007,
=130 3.07 0.04;
—155¢ 6.25 0.14;
—196¢ 44.6 7.57¢

@ Values were determined by GC® and are corrected for relative
detector response. ® Average deviation of # experiments, ¢ Solid
isobutene matrices were formed.

kcal/mol. However, AE%,, contains contributions from at least
four sources: activation energies for singlet addition (E25),
triplet abstraction (E2,), and triplet addition (E27), as well
as the differential singlet-triplet energy (AEs_7). If E2 is the
largest of the activation eqergies,‘3 and triplet addition is ne-
glected, then AES,, ~ (E5d — E&) + AEs_t. Taking an upper
limit of 3 kcal/mol for AEg_t,'®-%¢ and recalling that AE3,, =
1.1 keal/mol, we estimate that (E%T, — E2§) S 1.9 keal/mol.'4
That is, the activation energy for triplet abstraction'? is greater
than that for singlet addition, but the difference is smaller than
AFEg 1.'8 Thus, as temperature decreases for reaction 1, triplet
abstraction gains relative to singlet addition, because the in-
crease in triplet population more than offsets the higher acti-
vation energy needed for abstraction.

Analogous behavior may well be common for other aryl-
carbenes, viz., phenylcarbene,? phenylmethylcarbene,* and
fluorenylidene.!” More generally, we should expect similar
temperature dependent phenomena with other carbenes and
for other types of competitive singlet and triplet reac-
tions.!8.19

Finally, it will be noted from Figure 1, that less olefin is
formed in the —196 °C matrix experiment (point ¢) than is
predicted by simple extrapolation of the solution points; 2/1
predicted by extrapolation of points a-cis ~290 at —196 °C,
whereas the observed value is 44.6, With Ph,C and isobutene,
it is clear that temperature effects (i,e., differential energy
factors) are largely, if not exclusively, responsible for the
ultimate dominance of the triplet abstraction reaction in both
very cold solutions and frozen matrices. The suspicion is strong
that temperature effects must also be major influences in the
previously observed, analogous reactions of phenylcarbene3
and phenylmethylcarbene,*
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Selective Olefin Dimerization
via Tantallocyclopentane Complexes

Sir:

We have shown recently that a neopentylidene complex,
TaCp(CHCMe3)Cl,, reacts with ethylene to give 4,4-di-
methyl-1-pentene,' probably by transfer of a 8-hydrogen atom
selectively to the substituted a-carbon atom in an intermediate
tantallocyclobutane complex.? If the organometallic product
of the initial reaction, CpCl,TaCH,CH,CH,CH, (1), were
to decompose similarly,? it would be a catalyst for dimerizing

ethylene selectively to 1-butene, an almost unknown result for
metal hydride based homogeneous catalysts,* We present re-
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Figure 1, The 22.63-MHz '*C{'H} NMR spectrum of a mixture of cis-
and trans-Ta(7’-CsHs)Cly(CgHy4) (3) in toluene-ds (*) at 60 °C.}0

sults here which demonstrate that metallocyclopentane com-
plexes can be intermediates in selective dimerization of a
olefins. They also provide some idea of the scope of such a
catalytic reaction with these particular catalysts.
TaCpCl,(CHCMes) reacts with propylene in pentane at 0
°C to give 2,4,4-trimethyl-1-pentene (89%) and a thermally
unstable, yellow-orange crystalline organometallic product in
70% isolated yield (2). The *C{'H} NMR spectrum at 7 °C
in toluene-ds (Cpat 113.5, C, at 95.6, Czat 49.7, C, at 24.7)
suggests that it is a 3,8’-dimethyltantallocyclopentane complex
analogous to 1; the assignments are based on the multiplicity
of each peak (and 'Jcy) in the gated decoupled spectrum
(respectively a doublet (181 Hz), triplet (123 Hz), doublet
(126 Hz), and quartet (128 Hz)). The apparent plane of
symmetry (or C axis) is not real, however, as shown by the
ABCD pattern for the four nonequivalent protons on the
CsH4Me ring in_similarly prepared (n°-CsH4Me)-
Cl,TaCH,CH(Me)CH(Me)CH3; the methyl groups on Cg
and Cp therefore must be mutually trans in a tetragonal pyr-
amid (or, less likely, a trigonal bipyramid) in which C,and Cy,
Csand Cg, and C, and C, each equilibrate by “pseudorota-
tion”” on the NMR time scale.’ This can be confirmed by low
temperature '3C NMR studies; AG¥, ~ 12 kcal mol=!.6
TaCpCl;(CgHy,) (2) is relatively stable in solution at 0 °C
but decomposes rapidly at 35 °C in decane to give a 68% yield
of 2,3-dimethyl-1-butene and an unidentified brown powder.
In the presence of propylene 2,3-dimethyl-1-butene (93% of
the product mixture) is formed catalytically at approximately
the same rate.” In both the stoichiometric and the catalytic

H Me
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reaction we believe the rate-determining step to be a 3-hy-
drogen atom shift from Cgto C,, probably via a 3-butenyl Ta
hydride complex (eq 1, Cp and Cl ligands omitted). A second
primary product, 2-methyl-1-pentene (5% of the mixture),
probably forms by decomposition of the thermodynamically
(and/or kinetically) less favorable a,3’-dimethyltantallocy-
clopentane by what must be a more favorable transfer of the
B-hydrogen atom attached to the tertiary 8-carbon atom (eq
2). The origin of the third primary product, tetramethylethy-
lene (2% of the mixture), is unclear at this time.8

The reaction of TaCp(CHCMe;3)Cl, with |-butene yields
two major products. GC/mass spectral analysis suggests that
one of these (59% based on Ta) is the expected “cleavage”
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product, 2-ethyl-4,4-dimethyl- | -pentene (parent ion, 126; base
peak, 57). The other (101% based on Ta) is a dimer of 1-butene
(parent ion, 112; base peak, 55); i.e., 1-butene is dimerized
stoichiometrically before the catalyst is deactivated (cf. ref
7).

TaCpCl,(C4Hg) (1) is much more stable thermally than 2
but decomposes rapidly at 80 °C in mesitylene. Under 40 psig
of ethylene, 1-butene is formed selectively (~3% 2-butenes)
and catalytically.® However, two secondary products form
steadily (8% after 2 h; 19% after 5 h). By GC/mass spectral
analysis they both have the formula C¢H 5. We propose that
they are ethylene/ |-butene codimers formed by decomposition
of a “mixed” metallocycle.

Substituted tantallocyclopentane complexes are much more
stable thermally if a bicyclic system is formed. For example,
TaCpCl,(CHCMej3) reacts with 1,7-octadiene to give a pen-
tane-soluble, orange, crystalline product with the composition
TaCpCla(CgHy4) (3) in 65% isolated yield. (Caled: C, 36.56;
H, 4.48; Cl, 16.60. Found: C, 36.20; H, 4.65; Cl, 16.69.) It can
also be prepared from 1 and 1,7-octadiene. Its 22.63-MHz
13C{'"H} NMR spectrum at 60 °C (Figure 1) shows it to be a
mixture of complexes containing a tantallocyclopentane ring
cis or trans fused to a six-membered ring, i.e., cis-3 and
trans- 3, each of which shows only four types of ring carbons
due to “pseudorotation” about Ta (AG¥3 ~ 12 kcal mol~1).10

< -

C] n, | ‘\\\Cl
Cls,_ Tla‘ Gl “Ta

trans-3 cis-3 (one of two forms)

Only at ~100 °C does 3 decompose and catalytically convert
1,7-octadiene to a complex mixture of CgH 4 isomers such as
(we propose) a-methylmethylenecyclohexane. Studies of this
and similar “internal dimerizations” (e.g., of 1,6-heptadiene)
in metallobicyclic complexes are in progress.

The most obvious advantage of metallocycle dimerization
catalysts is the fact that isomerization of the primary product
is negligible, possibly since no metal-hydride complex, except
the postulated short-lived Ta®* butenyl-hydride catalytic in-
termediate, is present.

The Ta’* metallocycles are formed formally by coupling
two olefins around Ta3* ina “TaCpCl,” fragment; the redox
couple is therefore S+ = 3+, unusually high formal oxidation
states for metals involved in catalytic reactions. It is interesting
in this light to find that, though NbCpCl,(CHCMes)! does
react with propylene in decane to give 2,4,4-trimethyl-1-pen-
tene (60% yield), a paramagnetic brown powder forms con-
commitantly and no niobocyclopentane complex nor 2,3-
dimethyl-1-butene is formed.
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A Novel 16-Electron Cyclooctenyliron(II) Cation
Sir:

We wish to report the first isolated and well-characterized
example of the often-cited class of compounds [FeL3(xr-
enyl)]*. Early work on the protonation of diene iron tricar-
bonyl complexes with coordinating acids was shown to give the
18-electron w-enyliron tricarbonyl halides.! Protonation with
noncoordinating acids was originally thought to yield coordi-
natively unsaturated 16-electron enyliron tricarbonyl cations.?
It was later shown that the isolated products were actually
tetracarbonyl species with the extra carbonyl arising from
partial decomposition of the starting material.> More recently,
it has been shown that the interaction of butadiene*> and cy-
clohexadiene® iron tricarbonyl systems with strong acids gives

+

Fe(CO),
[
H
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Figure 1, Observed and calculated ' P{'H} spectra for 2 as a function of
temperature using an AB; model.

species formulated as o- allyl hydride complexes A. In the
case of cyclohexadiene species the formulation was modified
to include a three-center interaction involving the iron, hy-
drogen, and g-carbon of the allyl.®

Protonation of Fe(P(OMe)s3)3(ns-CsHiz)? (1, CgHya =
1,3-cyclooctadiene) with methanolic acids (such as HBF4,
HCl, CF;CO,;H, and CH3;CO;H) gives [Fe(P(OMe)3)3-
(n3-CgHy3)]* (2, CgH 3 = cyclooctenyl), conveniently iso-
+

lated as the BF4~ or BPhy™ salts. This ease of protonation is
in contrast to the strong acid systems'-6 necessary to effect the
protonation in the tricarbonyl systems. The greatly enhanced
basicity of phosphite analogues of carbonyl compounds has
been pointed out elsewhere.®® The field desorption mass
spectrum'® gives the parent cation at mass 537. The 3'P{'H}
NMR spectra shown in Figure | indicate the fluxional nature
of the complex; at room temperature the three phosphorus
nuclei are equivalent; at =70 °C the exchange process is frozen
out, resulting in a non-first-order AB; spin system (64 —173.7,
6 —168.6 ppm, Jap = 154 Hz). Lowering the temperature
further (to —140 °C) results in no additional changes. The
activation parameters for the fluxional process are AG¥ 45 =
14.4 kcal mol~', AH* = 16.5 kcal mol~', and AS* = 7.4 cal
mol~! deg™!.

The '"H NMR spectrum of 2 has several unusual features.
The cycloocteny! group displays the expected allylic resonances
at 5.54 (1,t)'" and 5.00 ppm (2, q) and resonances attributable
to eight of the aliphatic protons between 1.64 and 1.25 ppm.
There is an additional resonance at —6.54 ppm (2, br q) which
is assigned to protons endo to the metal (as indicated in 2) on
the carbon atom one bond removed from the allylic group.
Heteronuclear decoupling experiments show no observable
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