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Synthesis, Reactivity, and Stereochemistry of
n*-Diene-Molybdenum Complexes. Metallocyclopentene
Intermediacy in an Intramolecular

Trans-Cis Olefin Isomerization

Sir:

Transition metal complexes of 7%-conjugated dienes exhibit
interesting intramolecular rearrangements’ and provide im-
portant intermediates in synthetic applications. We wish to
report the preparation and characterization of a new class of
n*-diene complexes which display a previously unobserved type
of stereochemical nonrigidity and provide synthons for a va-
riety of stereoselective olefin reactions and interconversions.

The coordinated butadiene cation 1 was readily prepared
by hydride abstraction? from the anti-croty}l complex 2a and
was fully characterized by elemental analysis® and spectro-
scopic data. This reaction was extended to substituted deriv-
atives as indicated in Chart 1. For example, the 2,3-dimethyl
and unsymmetrical 2- and 1-methylbutadiene cations 3, 4, and
5 have been prepared through similar sequences involving 6,
7,and 8.

Cation 1 displays temperature-dependent '"H NMR spectra
consistent with its formulation as exo and endo conformational
isomers, which equilibrate with a AG* of 14.1 kcal/mol. The
endo conformer is more stable based upon comparison of 'H
NMR results with the n3-allyl complexes 9 and 10, in which
the anti and syn protons respectively resonate at lower and
higher field in the endo conformers.4> This assignment was
confirmed by the low temperature '"H NMR spectrum of the
corresponding #°-indenyl complex 11.6 Furthermore, the 'H
NMR assignments for 1and its homologues compare favorably
with those for related n*-butadiene complexes (Table I).7-12
Infrared spectra are consistent with the proposed equilibrium.
Complex 1 displays two strong carbonyl bands at 2055 and
2005 cm™! and a clearly discernable band of lower intensity
at 1985 cm™! in nitromethane.

At =60 °C the conformer ratio for 1 (Kexoyendo) is 0.21
((CD3),CO) as compared to neutral 9 where K = 4.7 or 10
where K = 0.38.13

Reduction (NaBH;CN, THF, —~78°C) of both 1 and 4
proceeds stereospecifically to return the starting allyl com-
plexes 2a and 7 in 55-60% yield. On the basis of steric effects,
attack at C-4 would be expected in 4'4 and the specificity was
unexpected. As both #3-allyl complexes 7 and 12 bear an
anti-methyl substituent, relative energies of the endo con-
formers are comparable. Since a 2-methyl substituent tends
to promote population of endo-allyl conformers and since
anti-methyl substituents strongly favor the exo orientation,
these opposing effects will tend to destabilize 12 and may de-
termine the greater effective reactivity of C-1.

Cation § appears to react with lower regioselectivity than

Chart I. Cationic Diene Complexes Derived from Allyl Complexes
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Allyl Complexes

No. R, R, R, R, R,
2a Me H H H H
2s H Me H H H
6 Me Me Me H H
1 Me Me H H H
8sa Me H H H Me
8ss H Me H H Me
9 H H H H H
10 H H Me H H
12 Me H Me H H
13 Et H H H H
14 a H H H H
Diene Complexes
No.a R, R, R, R,
1 H H H H
3 Me Me H H
4 H Me H H
5t H H H Me
5¢ H H Me H

R, = CH,C(CH,),CHO.

1 or 4 upon reduction, providing a 65% yield of isolated iso-
meric products. While 8sa is the major product, 30% of the
mixture is the anti-1-ethyl complex, 13.'415

Production of 13 may occur by either reduction of 5t at C-4
or stereospecific attack on the isomeric cation 8¢ at C-4. In the
isomeric 1-anti-methylbutadiene cation, S¢, reduction at C-1
would not be expected, as this would lead to an 53-allyl complex
bearing two anti-methyl substituents.* Thus, under predictable
conditions this procedure permits the conversion of #*-allyl
complexes from the internal to the external mode while
maintaining the anti configuration.

The use of complexes of type 11in the preparation of func-
tionalized 1-anti-allyl complexes is illustrated in the smooth
enamine alkylation of 1 with isobutyraldehyde pyrrolidine
enamine (CH3;CN, 0 °C). Complex 14 was formed stereo-
specifically in the anti configuration in 76% isolated yield.'6

In addition to endo-exo conformational averaging, cation
5 executes an additional structural rearrangement which is
manifested by further line broadening at high temperature.
In the limiting spectrum of 5 (~50 °C, 270 MHz) resonances
due to four isomeric complexes are observed. These are clearly

Table I. "H NMR Assignments for Selected n*-Diene Cations as BF;~ Salts?

6(J in Hz)
Complex Temp, °C n5-CsHs H., H, H, CH;
1 endo -70 6.13 2.28(d, 9.6) 3.07(d, 7.4) 6.45
1 exo =70 6.13 2.09 (dd, 8.02,2.0) 3.36 (dd, 7.4, 2.0) 6.17
1av 50 6.08 2.23(d,9.2) 3.18(d, 7.4) 6.39 (m)
3av 20 5.98 2.03 (s) 3.09 (d, 1.5) 2.55(s)
4 av 30 6.03 2.00 3.06 (dd, 7.3, 1.8) 6.29 (t, 8.6) 2.56 (s)
2.22 3.12
5t cndo -50 6.05  2.20(d, 10.7) 2.98 (d, 7.8) 6.22 (m) 1.77 (d, 5.9)
3.41 (m) 6.34 (m)
5av 60% 5.90 2.55 6.15 (m) 1.81 (d, 6.2)
3.25 6.25 (m)

@ Only the shifts of the major isomer are given in the low temperature spectra. ® At 60 °C the H., and H, resonances are coalesced to a broad
y ) g p p

signal (v, = 40 Hz).
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indicated by the presence of four methyl doublets at 6 1.765,
1.740, 1.830, and 1.810 and four cyclopentadienyl singlets at
6 6.050, 6.034, 6.129,and 6.113 in the ratio of 222:93:22:1. The
four sets of coordinated piperylene resonances are consistent
with those expected based on the possibilities arising from
exo-endo and cis-trans isomerism.

As the temperature was raised the signals assigned to
endo-cis and exo-cis, as well as those assigned the endo-trans
and exo-trans, isomers averaged pairwise. Thus at —32 °C two
sets of resonances have averaged and one observes two methyl
doublets at 61.77 and 1.84 and two cyclopentadienyl singlets
at 6 6.045 and 6.125, respectively, in the ratio of 11:1. In-
creasing the temperature results in further line broadening in
the methyl and cyclopentadienyl regions. These signals co-
alesce at 20 °C to two sharp resonances, a doublet (6.0 Hz) and
a singlet at 6 1.82 and 6.04, respectively. At this temperature
the resonances assigned to the syn and anti protons on the
unsubstituted terminal diene carbon atoms show broadening.
A process by which this exchange may be accomplished is one
involving the formation of a solvated metallocyclopentene
intermediate.!’
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Configurational interconversion of syn and anti substituents
in 5 may be achieved by flip of the metallocycle envelope fol-
lowed by collapse to the n*-butadiene structure. Passage
through a metallocyclopentene intermediate also serves to
interconvert conformational isomers, but it is a path of higher
energy than the rotational motion corresponding to that ob-
served for 1, The 'H NMR spectrum of cation 5 at 70 °C in
the presence of | equiv of piperylene shows sharp resonances
for the piperylene,'® whereas the syn and anti protons are ex-
tremely broad. Thus we conclude that the configurational
averaging is intramolecular.

In addition to the unusual stereochemical nonrigidity dis-
played by the 7*-diene cations, the #3-allyl complexes derived
by stereospecific addition reactions can be used as intermedi-
ates in homologation sequences by activation with
NOPF.'?

We are continuing to explore the stereochemistry associated
with these species and to enlarge the scope of their reactivi-

ty.
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Effect of Molecular Structure on Mesomorphism. 3.
4-Nitrophenyl 4'-Decyloxybenzoate: A Liquid
Crystal with Novel Mesomorphic Properties!
Sir:

As nonideal behavior of binary liquid crystal mixtures is of
considerable current interest both from a theoretical viewpoint
and in device technology, we wish to report the unusual x-ray

diffraction of 4-nitrophenyl 4’-decyloxybenzoate (1) and its
relation to nonlinear mixture properties of 1. This compound

ON-@-00C <0)»-0C1oH,
1

was prepared by the reaction in pyridine of 4-nitrophenol and
4-decyloxybenzoyl chloride. Repeated recrystallization of
crude product from ethanol-water afforded 1 as a white
crystalline solid. It melts at 55 °C to a smectic A phase and at
77.5 °C transforms from the smectic A phase to an isotropic
liquid. The smectic phase often appears, between microscope
slide and coverslip, in a homeotropic texture, but can be ob-
tained in a focal-conic fan texture. An x-ray photograph of 1
at 62 °C in its smectic phase showed two prominent diffraction
rings. Using the relation A = 2 d sin 8, the outer diffuse ring
corresponds to a D value of 4.65 A, related to the intermolec-
ular distance in the smectic layers. This value is consistent with
current theory.2 The sharp, intense inner ring corresponds to
a d value of 31.4 A—considerably greater than the length, /,
of 27.4 A for the most extended molecular configuration of 1.
This is quite unusual. Almost without exception this d value,
thought? to be related to smectic layer thickness, tends to be
several angstroms less than the molecular length. A notable
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