Multiple Metal-Carbon Bonds. 6.! The Reaction of
Niobium and Tantalum Neopentylidene Complexes with
Simple Olefins: a Route to Metallocyclopentanes

Sir:

Primary alkylidene complexes® have been postulated as
active intermediates in several important transition metal
catalyzed reactions such as olefin metathesis,? rearrangement
of strained hydrocarbons,* and formation of cyclopropanes
from diazoalkanes and olefins.’ However, only Nb and Ta
primary alkylidene complexes have so far been isolated and
characterized. These are proving to be invaluable in probing
the question of how nucleophilic® alkylidenes react with typical
functional groups. We wish to report here that nucleophilic
nonpentylidene complexes of Nb and Ta react rapidly with
primary olefins to give a new olefin formed by rearrangement
of a postulated intermediate metallocyclobutane complex. The
isolable metal-containing product in several instances is a
metallocyclopentane complex formed by cycloaddition of two
olefins to the metal-containing fragment which remains.

The reaction between M(CH;CMe;)»Cl;% (M = Nbor Ta)
and TICsHs at 25 °C in toluene gives neopentane and
M(n3-CsHs)Cl.(CHCMes)3t (1, M = Ta; 2, M = Nb). The
intermediate, presumably M(»3-CsH;s)Cl,(CH>CMes),, ev-
idently “decomposes” by a-hydrogen atom abstraction.” The
residue obtained after filtering off TIC] was recrystallized from
pentane/toluene (5:1) at —40 °C to give 1in 70% yield (Calcd
for TaCoH,sCls: C, 31.03; H, 3.90; Cl, 18.32. Found: C,
31.17; H, 4.05; CI, 18.30; Bernhardt), or 2 in 15% yield (Calcd
for NbCoH,sCls: C, 40.17; H, 5.05; Cl, 23.71. Found: C,
40.19; H, 5.16; ClI, 23.66; Bernhardt). The 'H and !13C NMR
spectra for 1 and 2 are entirely consistent with formulation as
neopentylidene complexes.® A molecular weight measurement
suggests 1 is a monomer in benzene.'® 1 is thermally stable
(unchanged after 3 hat 150 °C in benzene in a sealed tube or
sublimation at | um and 65 °C), but reacts readily with moist
air. As in other tantalum alkylidene complexes® the neo-
pentylidene a-carbon atom is believed to be nucleophilic, e.g.,
1 reacts with HCI at =78 °C in toluene to give Ta(n*-
CsHs)Cl3(CH,CMe3) in 95% isolated yield.'! Alkylidene
complexes of this type are important in two respects: (i) the 14
valence electron count should in theory allow an incoming li-
gand to coordinate to the metal; and (ii) the only obviously
reactive, or at least potentially the most reactive ligand, is the
neopentylidene ligand.

Ethylene (45 psi) reacts readily with 1 dissolved in pentane
at 25 °C. The red color first deepens then lightens to yellow-
orange in 3-5 min as orange crystals fall from solution (vide
infra). The organic product of this reaction is almost exclu-
sively 4,4-dimethyl-1-pentene (Table I). The yield of 3,3-
dimethyl-1-butene, the metathesis product, is insignificant and
the yield of tert-butylcyclopropane must be <£5%. The major
organic product of the reaction of 1 with propylene, styrene,
and cis-3-hexene results from an analogous but selective “in-
sertion” of neopentylidene into an olefinic C~H bond (cf.
propylene and styrene). A qualitative comparison suggests that
the rate of reaction of these four olefins with 1 decreases in the
order ethylene > propylene > styrene 3> cis-3-hexene. The fact
that @,8-dimethylstyrene did not react appreciably under
conditions where ¢is-3-hexene was consumed is consistent with
this general trend.!? The reaction of 2 with ethylene also gives
4,4-dimethyl-1-pentene, but in lower yield.

We believe that the olefin adds to the metal-neopentylidene
double bond to give one metallocyclobutane intermediate!3
selectively (e.g., 3, 4, and 5, Scheme I), the one which is con-
sistent with the neopentylidene ligand’s nucleophilic proper-
ties.'* A specific hydrogen atom shift from Cg to the tert-
butyl-substituted C,, in 3, 4, and 5 is one means of generating
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Table 1. Products of the Reaction of 1 and 2 with Olefins#

Products

_’_/= 91 + 3%)b,c _'_//_ (~3%)¢
L/ N\0me LT (<0.04%)¢

ﬁ (86 + 6%)bic

Ph

\.=,\+ (95 £ 10%)d.€
DJ (or isomers; > 50%)f

_+/‘= (62 £ 3%)b.c

aSolvent = mesitylene, pentane, or C,D,; T = 25 °C unless other-
wise noted. Minor product yields were measured only for the first
example. & Identified by GLC and 'H NMR comparison (in C, D)
with an authentic sample. ¢GLC yield based on internal standard
(a saturated hydrocarbon). Proposal based on 'H NMR comparison
(in C4Dy) with the spectrum of rrans-propenylbenzene. € Yield deter-
mined in C,D, by "H NMR vs. internal cyclohexane standard. / The
mass and "H NMR spectra are consistent with the major olefin prod-
uct being one of this type.

Compd Olefin

1 CH,=CH, (45 psi)

1 CH,CH=CH, (45 psi)
1 PhCH=CH,
(3 molin C,Dy)

1 cis-3-Hexene
(neat, 120 °C)

2 CH,=CH, (45 psi)

18l Hz 123Hz

128 Hz

| | 1)

e b e N i e e
CDs 112.8ppm 89.7ppm 33.5ppm

Figure 1. The 67.89-MHz gated decoupled '3C spectrum of 6 in C4Dg at
25°C.

Scheme 1. Proposed Metallocyclobutane Intermediates
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the observed product.'S Note that (i) the same factors which
determine how the olefin adds to the neopentylidene ligand'4
apparently govern the way in which an olefin adds to a postu-
lated tungsten alkylidene complex in one type of olefin me-
tathesis system;'® and (ii) the rearrangement observed here
is the third most obvious fate of a metallocyclobutane complex.
The only other example of a reaction between an alkylidene
complex [(CO)sW=C(C¢H4R),, R = H or CH3} and various
nonfunctionalized olefins gave metathesis and cyclopropane
products;'?%17 no olefin products resulting from rearrangement
of the intermediate metallocyclobutane complex were re-
ported.'®
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The organometallic product of the reaction of 1 with eth-
ylene (vide supra) can be isolated in 95% yield; it has the em-
pirical formula TaCgH 3Cl; (Calcd for TagH,3Cl,: C, 28.98;
H, 3.51; Cl, 19.01. Found: C, 29.03; H, 3.63;Cl, 19.17; Bern-
hardt). Yellow-orange crystals of 6 darken under nitrogen in
one day at 25 °C (more slowly under 600 mm of C,Hy), but
keep indefinitely at =30 °C.

The —40 °C 60-MHz 'H NMR spectrum of 6 in toluene-ds
under 1 atm of ethylene shows a 7°-CsHj resonance at  4.60,
a small peak for free, dissolved ethylene at 7 4.75, and two
broad peaks (ca. 20-Hz wide) and two sharper peaks (ca.
10-Hz wide) at 7 6.35, 7.15, 7.95, and 8.10, respectively, of
approximately equal area, and a total area of eight protons vs.
7°-CsHs. On warming to 40 °C, the broad pair coalesces with
the sharper pair to give two peaks at 7 7.25 and 7.60; the peak
for free ethylene remains sharp and does not shift apprecia-
bly.

The 67.89-MHz gated decoupled '3C spectrum of 6 in C¢Dg
at 25 °Cisshown in Figure I. The two triplet resonances are
separated by about 60 ppm. This result seems inconsistent with
their being due to two types of ethylene carbon atoms, since
all known chemical shifts for ethylene carbon atoms in widely
differing neutral complexes lie in the range 20-60 ppm
downfield of Me4Si.'® Secondly, the '/ ¢y coupling constants
for the two types of carbon atoms are those expected for sp?
hybridized carbon atoms, not coordinated ethylene.2® To-
gether, these facts suggest that ground state 6 is actually a
metallocyclopentane complex. Accordingly, 6 reacts with Br;
in diethyt ether at =78 °C to give 1,4-dibromobutane (0.83 per
Ta)?* and 1,4-dibromoethane (0.18 per Ta),?4 and with CO
(3 atm) in diethyl ether at —78 °C (followed by warming to
25 °C) to give cyclopentanone (0.50 per Ta)2* and nearly in-
soluble TaCp(n*-CsHs)Cl2(CO),® (0.55 per Ta; vco (cm™!)
= 20455, 1962 s). These results unambiguously demonstrate
that a metallocyclopentane complex can be formed from two
simple olefins.?’ The variable temperature 'H NMR results
noted above, however, need not be ascribed to the reverse of
that process (followed by rotation of each cthylene about the

metal-cthylene bond axis),?” since pseudo-rotation in “five-

coordinate” Clz(nS-CsHs)TaCHZCHZCHZEHZ would yield
a result indistinguishable by '"H NMR,

The organometallic product (7) of the reaction of 1 with
propylene at 0 °C is also an isolable metallocycle analogous
to 6. Full details of the stereochemistry, variable temperature
'H and '*C NMR spectra, and role in catalytic processes of
7, 6, and other isolable metallocycles prepared from olefins will
be reported separately.
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