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tramolecular coupling (run 5). Likewise, aliphatic amide 1g
underwent deoxygenative coupling with Sm/Sml, in the presence
of HMPA!® upon heating at 110 °C (run 6).

Two mechanistic pathways can be proposed for this coupling
reaction, each beginning with a one-electron reduction of the amide
to afford anion radical 4a.'! The first postulates dimerization
of 4a followed by deoxygenation to provide vic-diaminoalkene.
The second hypothesis suggests that the initially formed anion
radical 4a undergoes further reduction to give a-aminocarbene
intermediate Sa. To explore the mechanism of this reaction, amide

e

0
4a 5a
1h having an olefinic unit at an appropriate position was prepared
and, upon subjection to the coupling conditions, yielded bicyclic
product 3h (41%) together with the coupling product 2h (12%)
(run 7). The formation of a three-membered ring is intriguing,!2
deserving additional inquiry into the stereochemistry of cyclo-
propanation.!* As represented in eqs 2 and 3, the reaction of
trans- and cis-3-hexenyl-substituted amides (¢trans- and cis-1i)
gave rise to exo and endo products 3i, respectively, with high

stereoselectivity.!* The stereospecificity observed in the cyclo-
propanation suggests the intermediacy of an a-aminocarbene.'*'
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In summary, this work describes the first example of efficient
deoxygenative coupling of amides, which has been achieved by
the novel combination of Sm with Sm1I,, and thus provides a
straightforward access to vic-diaminoalkenes. Further studies on
the scope and the precise mechanism of this coupling reaction are
underway.
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Recently there has been growing interest in the development
of efficient synthetic methods that can function as “nanosize
construction tools” for the assembly of geometrically well-defined
objects on the molecular level.! Interest in these nanoarchitectures
is driven by a diverse array of emerging ideas: the fabrication
of multienzyme arrangements that provide unique catalytic
possibilities,? the modular construction of large, discrete, and
ordered molecular assemblies from prefabricated molecular
components,’ the achievement of mechanical control on the na-
nometer scale,’ the assembly of devices that store and process
information on the molecular level,* the fabrication of molecular
monolayers of defined structure on the nanometer scale,’ and the
formation of perforated monolayers based on rationally designed
molecular pores.® We have previously described an efficient
method for synthesizing linear, phenylacetylene sequences’ and
showed how these could be cyclized into large planar macrocycles.?

* Nanoarchitectures. 4. For part 3, see: Zhang, J.; Moore, J. S. Aggre-
gation of Hexa(phenylacetylene) Macrocycles in Solution: A Model System
for Studying m—r Interactions. Submitted for publication.

!National Science Foundation Young Investigator, 1992-1997.
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Here we demonstrate that these methods can be extended to
include branched sequences which, upon double cyclization, yield
three-dimensional (3D) nanoscaffolding.

Macrobicyclic compounds® 1 and 2 were identified as interesting
targets to test the double-cyclization concept. These structures
represent fragments of trigonal networks whereby the aromatic
rings can be pictured as network vertices and the acetylene bonds
as network edges. The 120° bonding connectivity results from
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the all m-phenylacetylene repeat units. Out-of-plane angles are
realized by 90° torsions about sp—sp? carbon—carbon single bonds.
Compound 1 possesses 11 phenylacetylene repeat units and has
D,, symmetry while compound 2 contains 15 repeat units and has
C,, symmetry (in the conformations shown). Molecular models
show that 1 is conformationally stiff and unable to undergo large
torsional changes, while 2 can exist in a number of different
conformations. One of the conformations of 2 includes a “collapsed
form” in which the 15 aromatic rings are nearly all coplanar. This
conformation can be realized by concerted torsional rotation about
the set of six colinear bonds of macrobicyclic 2. As an indication
of the size of these molecules, the face-to-face separation between
the triconnected aromatic rings of 1 is approximately 11.4 A,

The synthesis of target macrobicyclics 1 and 2 was accomplished
by double-cyclization of branched sequences BS-2 and BS-4 as
shown in Scheme I. The symmetrical branch juncture of the
corresponding protected sequences BS-1 and BS-3 was obtained
by coupling 2 equiv of an a-diethyltriazene-w-ethynyloligo(phe-
nylacetylene) with dibromoarene 3. Further elaborations at the

SiMe,

Br Br
3

branch junctures were then carried out following our previously
reported repetitive phenylacetylene sequence synthesis.”' The
overall yields for the synthesis of BS-1 and BS-3 starting from
monomeric compounds were 54% and 30%, respectively. Following
deprotection at both ends, double-cyclization of BS-2 and BS-4
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proceeded smoothly to give macrobicyclics 1 and 2 in yields of
60% and 65%, respectively, after purification by silica gel chro-
matography.'!

The cyclization products were white solids that were soluble
in a wide range of organic solvents (e.g., CHCl,, benzene, THF).
The D;;, symmetry of 1 is evident from its '"H NMR spectrum.
This C,y,Hgs hydrocarbon has only seven chemical shift non-
equivalent aromatic protons in addition to a sharp singlet at § 1.07
ppm corresponding to the tert-butyl groups. The 'H NMR
spectrum of 2 is somewhat more complex since 17 chemical shift
nonequivalent aromatic protons are expected. Using H,H-COSY
NMR (300 MHz, benzene-d;), we have unambiguously identified
the six isolated aromatic spin systems expected for 2. The aromatic
spin systems consisted of the following types: A,X, ABX, A,X,
ABMX, ABX, and A,MX present in relative ratios 1:2:2:4:4:2,
respectively. The identification of these spin systems in their
expected relative ratios leaves little doubt about the constitution
of macrobicyclic 2. Further confirmation of chemical structure
has been obtained by FAB mass spectrometry.

Thin, hexagonal-shaped platelets of 1 have been grown from
1,4-dioxane. Interestingly, these crystals have proven to be fragile
and extremely sensitive to solvent loss.!? Crystals of 2 suitable
for single-crystal structure determination have not yet been ob-
tained. In summary, the combination of efficient double-
cyclization and the ability to prepare branched phenylacetylene
sequences of controlled structure offers chemists a powerful na-
noscale construction set. The design of functionalized scaffolding
that may order into nonclose packed hydrogen-bonded networks
is in progress. Given our observations on crystals of 1, such
materials have intriguing possibilities as microporous organic solids.
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A catalytic method for asymmetric reactions has long been a

considerable challenge in synthetic organic chemistry.! Indeed,
there have been many reports on chiral modifications of well-
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established catalysts such as phosphine-transition metals and
Lewis acids and bases.? However, there have been very few
reports on catalytic asymmetric carbon-carbon bond forming
reactions in which organolithiums are controlled by a catalytic
amount of asymmetric mediator.> We now describe a process
wherein the reaction of naphthyllithium 2 with naphthyl imine
3, containing a leaving group at C-1, is catalyzed by the dimethyl
ether of (R,R)-1,2-diphenylethane-1,2-diol (1),* leading to the
corresponding binaphthyl 7 in high enantiomeric excess (ee).’

The catalytic process (2.5 mol % of 1/2) is exemplified by the
following (Table I, entry 11): A solution of 1 (6.1 mg, 0.025
mmol) in toluene (1 mL) was added to a suspension of 2 (1.1
mmol, prepared from naphthylpropyltellurium and butyllithium)®
in toluene (5 mL), and the mixture was stirred for 10 min at 23
°C. A solution of 1-fluoro-2-naphthaldehyde (2,6-diisopropyl-
phenyl)imine (3d) (167 mg, 0.50 mmol) in toluene (1.5 mL) was
added to the mixture at ~78 °C, and the whole was stirred at —45
°C for 3.5 h. Usual workup and purification by silica gel column
chromatography (hexane/Et,0, 40/1) afforded (R)-N-(1,1’-bi-
naphthalen-2-ylmethylidene)-2,6-diisopropylaniline (5d) ([«]*p
-232° (¢ = 1.13, benzene)) in 82% ee and 97% yield” The
catalyst 1 was recovered quantitatively without any loss of optical
purity. Hydrolysis (H,0/CF,CO,H/Na,SO, in THF) of 5d and
then reduction (NaBH, in methanol) of the corresponding al-
dehyde 7 furnished (R)-8 ([a]**p +62.1° (¢ = 0.058, CHCIl5))?
in 80% yield. Optically pure aldehyde 7 was obtained by a single
recrystallization from ether/hexane in high yield. It is important
to note that the reaction did not proceed smoothly in the absence
of 1 in toluene, affording racemic 5d in only 17% yield (80%
recovery of 3d) (entry 12).

The nucleophilic aromatic substitution giving § consists of two
successive stereoselective processes; the first is enantioselective
conjugate addition of the naphthyllithium—diether complex 9 to
3 giving 4, and the second involves elimination of the LiX—diether
complex 6 from 4 in which transfer of central chirality to axial
chirality occurs, Regeneration of the complex 9 from 6 through
ligand exchange is essential for the propagation of the catalytic
asymmetric process.

We began our studies with the stoichiometric asymmetric re-
action of cyclohexylimines 3a—c bearing methoxy, ethoxy, and
fluoro leaving groups. Methoxy imine 3a was found to give, after
hydrolysis, 7 with the best ee of 85% (entry 1). The catalytic
version of this process, using 16 mol % of 1, gave 7 in 78% ee.
However, the chemical yield was only 29%, which corresponded
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