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The Dimerization of Chiral Allenes: Pairs of
Enantiomers and Pairs of Homomers Furnish
Different Diastereomers**

Manfred Christl,* Stefan Groetsch, and Kurt Giinther

At room temperature, cyclonona-1,2-diene (1) can be
stored virtually unlimited. Proceeding at 130°C, its dimeriza-
tion furnishes the 1,2-bis(methylene)cyclobutane derivatives
cis-2, trans-2, and 3 in the ratio of 5:10:1 in the case of the
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racemic mixture, whereas a nearly pure enantiomer affords
almost only cis-2.! These findings suggest the interpretation
that the combination of a pair of homomers in racemic 1 gives
rise to cis-2 and that of a pair of enantiomers provides
preferentially trans-2 and additionally 3.

1,3-Diphenylallene (4) had been studied as a second
example for the dimerization of chiral nonracemic allenes.
By using a sample with an optical purity of 35 %, the optical
rotation did decrease to zero, however, the ratio of products
(cis-5, trans-5, and 6) was unchanged compared to that from
the dimerization of racemic 4.’ Assuming that the enantio-
meric excess could have been too small for the observation of
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a deviation from the behavior of racemic 4, we repeated the
experiments. On heating in CiD¢ at 80°C for five days,
racemic 4 was consumed to the extent of 93 % and yielded cis-
5, trans-5, and 6 in the ratio of 44:28:28. The pure enantiomers
of 4 were obtained by HPLC on Chiralcel ODB! and
dimerized to give predominantly cis-5 and 6 and only a small
proportion of trans-5 (cis-5:trans-5:6 =46:4:50). Therefore,
we conclude that in racemic 4 pairs of enantiomers prefer to
form trans-§, while pairs of homomers produce mainly cis-5
or 6.

Recently, we reported on the dimerization of racemic
1-phenylcyclonona-1,2-diene (7) in CDCl;, which occurs
already at 20°C with formation of cis- and trans-8 in the ratio
of about 1:2.1 The reaction has now been conducted in C,Dg
and the product ratio was found to be very close to 50:50. The
pure enantiomers of 7 were obtained by HPLC of the racemic
mixture on Chiralcel OD with hexane as eluant. Their
dimerization in C¢Dy (several weeks at 20°C) gave trans-8
with high preference (cis-8:trans-8=8:92). These results
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suggest the highly selective production of cis-8 from pairs of
enantiomers in racemic 7, whereas pairs of homomers furnish
trans-8; the ratio of the rate constants is 2:1. In comparison
with the situation in 1, the stereochemical course is reversed,
as the meso-form (cis-2 and cis-8, respectively) originates
from pairs of homomers there and from pairs of enantiomers
here. The optical activity of the trans-8 products, obtained
from (+)-7 and (—)-7, does not support the formation of
racemic mixtures.

The above results with 7 aroused our curiosity about
1-phenylcycloocta-1,2-diene (10). Some time ago we had
generated this cycloallene as a racemic mixture (rac-10) and
obtained its unusual dimer cis-11, which probably emerges
from the diradical intermediate 21 in a dead-end equilibrium
and rearranges slowly to cis-12 at 20 °C. Since cis-12 is the only
known cis dimer of a cycloallene with an eight-membered or a
smaller ring, it has also to be considered as unusual.l®]
Dimerizing rapidly even at —40°C, 10 cannot be observed
directly, which is why only its precursor 9 could be employed

rac-9 ~eH_ MelLi
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trans-12
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in the form of pure enantiomers. Racemic 9 (rac-9) was
resolved by HPLC on Chiralpak AD with hexane as eluant.
Optically active samples of 4 and 1 can in fact be prepared via
nonracemic frans-2,3-diphenylcyclopropylidene!” and from
nonracemic 9,9-dibromo-trans-bicyclo[6.1.0]nonanel®! by the
Doering — Moore — Skattebgl reaction, but the stereochemical
course of the conversion of (1R,7S)- and (1S8,7R)-9 into 10 was
unclear because of the absence of C, symmetry in these
substrates. The analysis of the ring opening of cyclopropyl-
idene to allene by quantum-chemical calculations reveals a
quite complex process.]

After treatment of the pure enantiomers of 9 with
methyllithium in diethyl ether we indeed observed at best a
very small quantity of cis-11 and cis-12 (error limit 6 %). The
only identified product was trans-12, which we had observed
previously on heating of cis-12 to 160°C.° For a short time
after each of the experiments had been carried out, another
product could be detected by 'H NMR spectroscopy. This
product rearranged completely to trans-12 within one day at
room temperature. Owing to the similarity of the data to those
of cis-11, we assign structure trans-11 to it. The optical activity
as well as HPLC on Chiralpak AD with isohexane as eluant
demonstrate the nonracemic nature of both trans-12 samples.

These experiments prove the highly selective conversion of
(1R,7S)- and (1S,7R)-9 into one enantiomer of 10 each
(presumably (M)-10 is formed from (1R,7S5)-9). Giving rise to
the dimers trans-12, the pure enantiomers 10 exhibit, at
variance with the racemic mixture, a behavior typical for
small-ring cycloallenes. Careful analysis of the crude product
from rac-9 indicated the presence of a small amount of trans-
12; the ratio of (cis-11 + cis-12):trans-12 was 95:5. Thus, rac-10
is a remarkable example for molecular recognition with
significant selectivity; pairs of enantiomers react 38 times
faster than pairs of homomers.

To rationalize these phenomena, we first consider the
energetics of the dimerization of the parent allene (13). Roth
and Schaffers!' determined AH* and AS* with high precision
to be 26.9 kcalmol~! and 25.9 calmol~!K~!, respectively, and
located the intermediate tetramethyleneethane diradical 14
about 32 and about 8 kcalmol~!, respectively, below the

transition state of its generation from two molecules of 13 and
the transition state en route to the final product, that is 1,2-
(bismethylene)cyclobutane (15). Quantum-chemical calcula-
tions attribute to the singlet state of 14 the conformation with
the allyl-radical subunits arranged perpendicularly to each
other."

Previously, we had proposed such diradicals as intermedi-
ates for the dimerization of rac-7 and rac-10, in the course of
which the ring closures should occur as least-motion proc-
esses, corresponding to a conrotation. Accordingly, it must be
assumed that stereoisomeric diradicals are generated selec-
tively from pairs of enantiomers and homomers, respectively,
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and are transformed to the products without extensive
isomerization.

En route to trans-5, the most likely diradical is 16, which
should be formed on the approach of (M)-4 and (P)-4 with
their sterically unhindered faces in the crossed arrangement

H, ,Ph
p H 'AC, / Ph
............ ¢ > . —=cCis-5+6
Ph H C. N
7
H Ph
(M)-4 (M)-4 17

along their C, axes. The corresponding transition state shows
equal interactions between the hydrogen atoms of one allene
subunit and the phenyl groups of the other with the effect that
the phenyl groups of 16 are as far away as possible from the
other half of the molecule.

The diradical 17 should be the precursor of cis-5 and 6. In
the corresponding transition state from two homomers of 4,
the hydrogen atoms of the allene subunits approach each
other in pairs rather closely. Forced by the steric crowding,
one hydrogen atom moves out of the way such that an allyl
radical moiety with an E,Z configuration is generated. With
regard to the formation of 5 and 6, the diradicals 16 and 17 as
well as their four diastereomers had been discussed in detail
previously, but without a definite conclusion.> 1

Transition states from two allene molecules in the crossed
arrangement have to be assumed also for the dimerization of 7
and 10. However, because of the variety of the possibilities
and of the steric interactions—even methylene groups not
directly linked to the allene moiety can impair the close
contact with the other molecule—the situation is not easily
comprehensible. Within the discussed mechanistic concept
though, there is no doubt that pairs of homomers of 7 and 10
give rise to the diradicals 18 and 19, respectively, which
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eventually collapse to give trans-8 and trans-12, whereas pairs
of enantiomers of 7 and 10 generate the diradicals 20 and 21,
respectively, from which cis-8 and cis-12 result. The non-
racemic nature of the trans products supports a considerable
conformative stability of 18 and 19, and the only small
admixtures of cis-8 and cis-12 confirm their configurative
persistence as well, that is only insignificant proportions of 18
and 19 isomerize to 20 and 21, respectively.
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Five-Coordinate Carbides in Ti-Al-C
Complexes™**

James E. Kickham, Frédéric Guérin, Jeffrey C. Stewart,
and Douglas W. Stephan*

Fifty years after the discovery of catalytic olefin polymer-
ization by Ziegler and Natta, polyolefin products are com-
modity chemicals. The production of these materials is a
significant driving force in our economy; one that continues to
inspire research. Over the last twenty years much effort has
been directed towards tunable “single-site catalysts”.['"*] The
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