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Summary: Zirconocene complexes of two strained cy-
clopropenes, bicyclo[3.1.0]hex-5-ene and bicyclo[4.1.0] -
hept-6-ene, have been prepared by elimination of
bicyclo[3.1.0]hexane and bicyclo[4.1.0] heptane from bis-
(bicyclo[3.1.0]hexyl)- and bis(bicyclo[4.1.0]heptyl)-
zirconocene in the presence of MesP. The bicycloalkene
complexes undergo reaction with diphenylacetylene to
give reductive coupling products which react with HCl to
give bicycloalkyl-substituted cis-stilbenes.

B8-Hydrogen elimination to give # complexes is among
the most ubiquitous reactions of alkyl groups s-bonded to
electron-deficient transition metals.! However, for reasons
that are obscure, s-bonded cyclopropanes normally do not
undergo thisreaction.?3 Asaresult, prior toarecent report
by Buchwald, cyclopropane complexes of transition metals
have only been available from ligand exchange reactions®
and complexes of unstable cyclopropenes such as bicyclo-
[4.1.0Jhept-6-ene (1), bicyclo[3.1.0]hex-5-ene (2),® and
tricyclo[4.1.0.027]hept-1(7)-ene (3)!° have not been ac-
cessible.
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Buchwald recently reported the preparation of a zir-
conocene complex of cyclopropene (4; perhaps better
represented as a metallabicyclobutane) by warming the ¢
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complex in the presence of Me;P.41! This suggested that

MesP X7
szZ(MZ} —— Cpazr =

Warm Me; Cp2r3 PMe;
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zirconocene complexes of cyclopropenes such as 1-3 might
be synthesized similarly. At this time, we report the
successful use of Buchwald’s method for the preparation
of zirconocene complexes of 1 (completely characterized)
and its more highly strained homologue 2 (spectral and
chemical evidence).l? Attempts to apply this method to
the preparation of a complex of 3 failed.
Bis(cyclopropyl)zirconocenes § (for comparison), 8, 9,
and 10 were prepared by reaction of 2 equiv of the
appropriate cyclopropyllithiums!? with dichlorozirconocene
(Scheme I for 9 and 10). Both 9 and 10 were formed as
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mixtures of inseparable stereoisomers (1:3:0.5and 1:1:0.05
exo—exo, exo—endo, and endo—endo, respectively; stereo-
chemistry assignments based on Jy,_u,) even when
prepared from stereochemically pure exo-bicycloalkyl
bromides. All of the ¢ complexes are unstable to air and
decompose fairly rapidly at room temperature under
nitrogen in both solution and the solid state. Cyclopropene
complexes (accompanied in each case by the corresponding
saturated hydrocarbons; identified by NMR) were formed
by warming C¢Dg solutions of the ¢ complexes in the
presence of an excess of Me;P (Scheme II).16 Asexpected,
only those complexes with at least one cis 8-hydrogen (exo—
exoand exo—endo) gave cyclopropene products; both endo—
endo isomers (e.g. 9¢) were inert, showing no tendency to
eliminate an a-hydrogen to give either a cyclopropylidene
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or an allene complex.l’” Formation of 13-16 required
somewhat more severe conditions for reaction than did
the parent bis(cyclopropyl)zirconocene 5,18 and 8 showed
significant decomposition with at most traces of the desired
product when heated in the presence of Me;P at 80 °C
overnightin CgDg. Whether the latter is due to poor kinetic
accessibility of the 8-hydrogen,!? strain in the potential
cyclopropene complex (or metallopropellane), or both is
unknown. Both 9 and 10 gave mixtures of cyclopropene
isomes (13-16), although their ratios are notably different
(13:15=1:1,14:16 = 95:5). Reasons for thisratherstriking
difference are presumably steric in origin but are not clear
from models. The larger preponderance of 14 in the
product mixture permitted complete NMR assignments,
analysis, etc. (stereochemical assignment based on NOE),
although we were unsuccessful in attempts to grow asingle
crystal suitable for X-ray study. The nearly equal mixture
of 13 and 15 was isolated as a white precipitate but could
not be induced to crystailize, and their extreme instability
(for instance, purification attempts even as mild as simply
washing with appropriate solvents led to significant
decomposition) precluded unique NMR assignments. As
aresult, structure assignments rest heavily on the ultimate
conversion of 13 and 15 to 21 and 22 (vide infra).

(16) Spectral properties of selected complexes are as follows. 4: 'H
NMR (300 MHz, C;D;) 5 5.28 (5H, d, *Jp_y = 1.8 Hz), 5.25 (5H, d, *Jp_y
= 1.9 Hz), 2.55 (1H, m), 1.75 (1H, m), 0.96 (9H, d, 2Jp.y4 = 6.0 Hz), 0.91
(1H, m), 0.60 (1H, m); *C NMR (75 MHz, C;Ds) ¢ 102.82, 101.86, 36.21,
35.77, 36.70, 30.66 (d, 'Jp_c = 25.1 Hz). 13 and 15: 'H NMR (300 MHz,
CyDy) 6 5.32 (10H, t), 5.28 (5H, d, *Jp.y = 1.83 Hz), 5.27 (5H, d, *Jp_y
= 1,74 Hz), 2.68 (1H, m), 1.0~2.20 (15 H, m), 0.92 (9H, d, 2Jp_y; = 3.45 Hz),
0.90 (9H, d, Jp_y = 3.51 Hz), -0.28 (m, 1H). All 13C signals could not
be assigned due to the presence of an impurity. However, the four Cp
signals (in CsDs) of the two isomers appeared at ¢ 102.83, 102.39, 102.29,
102.05. 'H NMR assignments for 14 are based on NOE and decoupling
experiments. The vinyl proton in 14 appeared at high field (0.32 ppm)
analogous to the zirconocene ethylene complex.!!c 14: 'H NMR (C¢Dy)
8 5.26 (d, 5H, :‘J}:_H =18 HZ, C5H5), 5.23 (d, 5H, RJP_H =17 Hz, C5H5),
3.12 (m, 1H), 1.52-2.16 (m, 7H), 1.10 (br, 1H, sp?® H of cyclopropyl), 0.89
(d, 2Jp_y = 5.8 Hz, 9H, PMe,), 0.32 (m, 1H); 13C NMR § 102.27, 101.77,
44.66, 44.32, 42.68, 37.43, 32.59, 27.26, 21.53, 17.11 (d, !Jp_c = 18 Hz); 3P
NMR (C;D;;, 85% H,PO, as external reference)  —1.01. 16: 'H NMR &
5.28 (d, 5H, "Jp_H =18 HZ), 5.24 (d, 5H, 3Jp_)-] =17 HZ), 0.89 (d, 9H, ZJP_H
= 5.8 Hz). Other peaks cannot be observed due to the low concentration.
For the same reason, only the two Cp signals in the 1*C NMR of 16 could
be identified: 6 102.33, 102.81. Distinction between 14 and 16 was made
by an NOE experiment in which the methyl protons on PMe; were
irradiated and the resonance assigned to the vinyl hydrogen showed 8.2%
enhancement. 17: 'H NMR (300 MHz, CsD¢) 6 6.76-7.16 (8H, m), 6.65
(2H, m), 6.02 (5H, s), 5.58 (5H, 8), 2.17 (1H, m), 0.8-1.8 (7H, m). 19: 'H
NMR (300 MHz, C,Dy) § 7.22 (2H, m), 6.62 (2H, m), 5.97 (5H, s), 5.52
(5H, 8), 2.1 (1H, m), 0.8-1.8 (TH, m).

(17) It is interesting that, in both the six- and seven-membered rings,
when compared with the exo—endo isomer, reactions of the exo—exo
complexes were significantly faster than expected solely on the basis of
probability. This is presumably due to steric congestion (clearly seen for
all conformations from molecular models) in the transition state as the
hydrogen is delivered to the developing saturated hydrocarbon.

(18) Strain apparently significantly retards §-hydrogen elimination in
zirconocene complexes, Kinetics are not available, but conditions required
for “complete” reaction for Cp,ZrR; as R was changed from n-butyl to
bicyclo[3.1.0]hexyl increased from below 20 °C (unspecified time;
dibutyl)!'ef to 35 °C for 10 h (R = cyclobutyl)!e to 45 °C for 20 h (R =
cyclopropyl) to 55 °C for 20 h (R = bicyclo[3.1.0Thexyl).
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Chem. Soc. 1989, 111, 9113.
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In reactions analogous to those for other zirconocene
alkene complexes*!! (including the cyclopropene complex
from 5),* warming either 9 or the cyclopropene complexes
(13, 15 or 14, 16) with diphenylacetylene in CgDg gave the
respective metallocyclopentene adducts 17-20 (oils)12.16:20
as inseparable pairs of isomers. Significantly, 9 and 13,
15 gave identical ratios of 17:19 (1:1.8, respectively),
consistent with the 16-electron intermediate 11. Con-
nectivities in the diphenylacetylene complexes 17-20 were
confirmed by treating each mixture with HCl, which
quantitatively (NMR) converted them into their corre-
sponding hydrocarbons 21-242! (stereochemistry con-
firmed by NOE) in the same ratio as their six- and seven-
membered-ring precursors (1:1.8 and 1:1.4, respectively).
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(20) 'H NMR assignments of the major and minor isomers are based
on the structures of their respective protonolysis products.

(21) Pure samples of 22 and 24 were obtained by careful fractional
crystallization from pentane at -10 °C.



