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were observed; *'P{'H} NMR (C¢Dy, 85% H;PO, external): 6 =—319.4
(K,PR*). The reaction of KR* and PCl; in the molar ratio 2:1 gave
quantitative amounts of R*CIP-PCIR* (3(*'P) =188).5

3d: A solution of 1b (0.199 g, 0.500 mmol) in THF (2 mL) was added to
Cul (0.160 g, 0.840 mmol), and after 1 h the insoluble components were
removed by centrifugation. Hexameric dicopper supersilylphosphanediide
(3d) crystallized in the form of yellow-green prisms (yield ca. 50 %) from
the remaining solution in the course of five days. The compound 3d, which
was insoluble in organic media, was characterized by X-ray structure
analysis (Figure 5).
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Confinement of [ (H,0), N ([18]Crown-6) ] in a
Disc-Shaped Cavity Lined with Six Nickel()
Macrocycle Dimers Acting as Divergent
Receptor Molecules™*

Colin L. Raston,* Peter J. Nichols, and
Krisztian Baranyai

The nickel(i) complex [Ni(tmtaa)] (Equation (1)) and its
analogue with two methyl groups on each of the phenyl rings
of the ligand, [Ni(omtaa)], are versatile receptors for a range
of globular molecules.l') A 1:1 complex between [Ni(tmtaa) ]
and fullerene is known, in which the macrocycle acts as a
divergent receptor for Cg. A fullerene perches in each
macrocycle cavity in an infinite zigzag array.'! A similar
structure is found for C,, with [Ni(omtaa)].’! For smaller
globular molecules, including 1,2-dicarba-closo-dodecabor-
ane(12), tetraphosphorus trisulfide, tetraphosphorus triselenide,
and cyclo-octasulfur, the [Ni(tmtaa)] complex self associates
through aromatic faces into dimers and these dimers then act
as divergent homotopic receptors with a 1:2 ratio of guest:host
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species.I" 2l Inclusion complexes with [Ni(tmtaa)] form with
the solvent toluene; the unsolvated form has been found to
have at least three different structures. >l

Complementary sizes and curvatures of the interacting
components seems to be a prime determinant of the supra-
molecular outcomes. The molecule Ni(tmtaa) is rigid and
distorts into a saddle shape of C,, symmetry as a consequence
of the methyl groups otherwise clashing with the H-atoms on
the ortho-carbon atoms of the phenyl rings. In some of these
structures the metal macrocycle self associates through the
methyl-lined faces into dimers.?!

While the complexation chemistry of the TMTAA?~ ligand
to a range of metals, metalloids, and nonmetals is well
developed,”! its supramolecular chemistry is less known, 2
and the control of the assembly process to build engineered
solid-state architectures is problematic. We now report
remarkable findings on the host—guest chemistry of [Ni(tm-
taa) ]: The extended self association of the divergent receptors
around a large disc-shaped cavity which contains an
[18]crown-6 unit linked via two hydrogen-bonded water-
molecule bridges. Furthermore, the potential for the metal-
free molecule H,TMTAA, which also has a saddle shape,
towards forming self assembled complex with [18]crown-6 is
established. This complex has a different stoichiometry and
supramolecular synthon interplay relative to the [Ni(tm-
taa)]-crown ether complex.

The new compounds 1 and 2 were prepared by the slow
evaporation of solutions of the macrocyclic complex with
[18]crown-6 in CS,/hexane with a trace of water [Eq. (1) and
(2)]. Compound 1 was isolated from reactions involving 1:1
and 1:12 ratios of crown ether to macrocycle. These mole ratio

Hexane/CS, 1

e ) QI e
=N_ /Ni? [18]crown-6/H,0 )

4 Ni Y  ————— [H0); " ([18]crown-6)] < [{Nitmtaa)},]¢ (1)
N e

O

[Ni(tmtaa)]

W0
0!
Me/@, @ _&Me

H,TMTAA

USIerown8  ((Slcrown-6) (H,TMTAA), ] @
Hexane/CS , 2

experiments demonstrate the propensity of 1 to crystallise
from solution despite the weak intermolecular interactions. In
contrast, 2 only formed with excess [18]crown-6. UV/Vis
studies of mixtures of [Ni(tmtaa)] and [18]crown-6 in CS, and
toluene indicate strong interaction in solution (absorption
changes at submillimolar concentrations) but it was not
possible to determine the nature of the complexes formed in
solution or whether supermolecules of 1 are present.
Compound 1 crystallises!® in the space group R3(h); the
supermolecules reside on the 3 symmetry sites with the
asymmetric unit comprised of two molecules of [Ni(tmtaa)],
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one sixth of a molecule of [18]crown-6, and a water
molecule lying on a 3 symmetry axis (Figure 1). Dimers of
([Ni(tmtaa)]), are locked through the pendant aromatic rings
of the saddle-shaped monomers, an outcome of the comple-
mentarity of curvature between the two components as well as
Ni-1T,,ene interactions. The [18]crown-6 is cradled within the

Figure 1. Crystalline structure of 1: a) the extended structure (see Fig-
ure 2), and b) a supermolecule.

methyl-lined faces of six of these dimers. The divergent
receptor prowess of the dimers 2 is borne out by one methyl-
lined face directed towards the crown ether and the other
towards a neighboring supermolecule dimer: A pair of methyl
groups of one dimer lies in the concave cavity of another
dimer and vice versa. Thus, each unit of 1 is linked to six other
units, as depicted in cartoon form for the central super-
molecule in Figure 2. The two interaction styles described for
the [Ni(tmtaa)] complex (“locking” of pendant aromatic rings
and of methyl-lined faces) have been described previously.?!
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Figure 2. Simplified representation of the crystalline structure of 1.

The closest approach of the crown ether to the [Ni(tmtaa)]
molecules are the O-C ey, O-Cppenyi, and O-N;;,. distances
of 3.99(1), 3.96(1), and 3.92(1) A, respectively and C-Cretmyi»
C-Cppeny» and C-N;,. distances of 4.08(1), 3.83(1), and
3.75(1) A, respectively. Two water molecules perch on either
side of the crown ether and the oxygen atoms of the water
molecules are 3.44(2) A apart. The short 3.19(1) A distances
beween each Oy, atom and three crown-ether O, atoms
are consistent with hydrogen bonding. The three longer
contacts for the alternate crown-ether oxygen atoms is
3.36(1) A. The closest approach of the Op,o atom to
[Ni(tmtaa)] are to methyl groups at 3.29(1) A (Figure 1(b)).

The supermolecule 1 (Figure 1b), comprised of 15 interact-
ing components, is held together by hydrogen bonding, -
interactions, and van der Waals interactions. The shrouding of
[(H,O), N ([18]crown-6)] by six dimers is arguably a shape-
induced process; however, in the absence of the crown ether,
crystals have been obtained with the same unit cell param-
eters and with a similar arrangement of [Ni(tmtaa)] dimers
around the same shape and size cavity, in this case occupied by
a highly disordered CS, molecule ((CS,) C [{Ni(tmtaa)},]).”!

Compound 2 crystallizes!® in the space group P1 with a
molecule of H,TMTAA and one half of an [18]crown-6
molecules in the asymmetric unit. Layers of (H,TMTAA),
link through a mismatched overlap of methyl-lined faces, as
described previously? (distances: Cpeny-Cetiyts CnethyiCimines
Crnety-Cuemine are 3.904(3), 3.381(3), and 3.466(3) A, respec-
tively). These layers are separated by layers of discrete
[18]crown-6 molecules (Figure 3). The H,TMTAA layers
consist of dimers (H,TMTAA), aligned with coplanar ori-
entations of the pentanediimine fragments (about 4.0 A
apart) and result in the phenyl-lined surfaces presenting
themselves to the crown ether layers on the top and bottom.
The closest approaches of the crown ether to the H,TMTAA
molecule are [A]: O-Cpreny 3.360(3), O-Cpemy 3.509(3),
CpisironnsConeny 3-354(4). Cliggronns-Conttine 3-683(3). Cpsjeonn o
Crnemyt 4.092(3), and CiigjeromnsN 3.739(3).

The ability of [Ni(tmtaa)] and H,TMTAA to form novel
inclusion complexes suggests that other binary/ternary sys-
tems are likely. We note that in 1 the macrocycle dimers are
disposed to shroud the crown ether and associated water
molecules. Larger crown-ether systems may be accommodat-
ed by rotation of the macrocycle dimers relative to each other
when orientated closer to the equatorial plane of the super-
molecule. A similar potential exists for [Ni(omtaa)] towards
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Figure 3. Packing of [18]crown-6 in 2.

constructing new architectures, perhaps even with some
predictability, upon replacing the metal centers by para-
magnetic ones leading to materials with novel function.

Experimental Section

[Ni(tmtaa)] and H,TMTAA were prepared according to published
procedures.!'”! Other reagents and solvents were commercial products.

1: A CS, solution of [18]crown-6 (5 mg, 20 mL) was mixed with a CS,
solution of [Ni(tmtaa)] (102 mg, 20 mL). The mixture was layered with
hexane (equal volume) and allowed to evaporate slowly. The complex was
collected and washed with a small amount of hexane (m.p. 242-248°C).
Elemental analysis [% ]: caled: C 64.82, H 5.68, N 13.11; found: C 64.55, H
5.76, N 13.15.

2: A toluene solution of [18]crown-6 (13 mg, 20 mL) was mixed with a
toluene solution of H,TMTAA (34 mg, 20 mL). The mixture was layered
hexane (equal volume) and allowed to evaporate slowly. H,TMTAA
crystallised from solution and the collected crystals were washed with
hexane. From the filtrate and hexane washings, a small amount of 2
crystallised but was difficult to purify.
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Globular Amphiphiles: Membrane-Forming
Hexaadducts of Cg,**

Michael Brettreich, Stephan Burghardt,
Christoph Bottcher, Thomas Bayerl, Sybille Bayerl,
and Andreas Hirsch*

Most of the biological membrane-forming lipids are
double-chain phospho- or glycolipids with 16-22 carbon
atoms per chain and which may be mono- or polyunsaturated.
They perform many functions in biological systems. At the
interface between biology and materials sciences, the devel-
opment of artifical nanostructures as mimics of natural
systems or as prototypes of novel functional aggregates is
playing an important role. This article describes the synthesis
and the membrane and vesicle formation of a new class of
artificial lipids. They have a globular structure with the
spherical Cg, being used to define the molecular geometry.
Five pairs of dodecyl chains and one pair of polyamide
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dendrons are bound to Cy, in an octahedral [1:5]-addition
pattern!! by methylene bridges.?!

For a synthesis of the globular amphiphile 1 (see Scheme 2),
the alcoholP! 2 and malonyl dichloride were allowed to react
to yield malonate 3. A nucleophilic cyclopropanation reac-
tionl* 3 of Cg, with 3 leads to the monoadduct 4 (Scheme 1).

'\-\.J':- l
LZ.,E,U o
o AN

g -
ﬂ3u

2 H:ﬂJLDJr _

B: R = Bu —| 4
BER=H =
Scheme 1. Syntheses of dicarboxylic acid 6. a) Malonyldichloride, pyri-
dine, CH,Cl,; b) Cy,, DBU, CBry, toluene; c) 1) DMA, 2) CBr,, DBU,
didodecyl malonate, toluene; d)TFA, toluene. DBU = 1,8-diazabicy-

clo[5.4.0Jundec-7-ene, DMA = dimethylanthracene, TFA = trifluoroacetic
acid.

The five pairs of lipophilic C;, chains, which are in octahedral
positions relative to the first addend (Figure 1), were inserted
in one step by cyclopropanation of 4 with didodecyl malonate,

Figure 1. Octahedral positions relative to the first addend A' in a C,,
symmetrical hexaadduct of C.
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