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ABSTRACT

A dendrimer wherein the branching points are mechanical in nature has been synthesized. It contains two identical covalently linked bis-
dendrons and a core unit fused to two rings that encircle the two bis-dendrons. A “threading-followed-by-stoppering” approach is used in the
template-directed synthesis of a precursor bis[2]rotaxane, which undergoes stopper exchange four times to yield the dendrimer in which the
two bis-dendrons act as stoppers within the two [2]rotaxane subunits.

Dendrimer$ that incorporate noncovalently linked and to the different ring components (Figure 1a) of a [2]caterfane,
mechanically interlocked components at their branching to the dumbbell component (Figure 1b) of a [2]rotax&ne,
points are compounds that hold great promise for potential or to both the dumbbell and ring components of a [2]rotax-
applications in materials science as well as in macro- andan€ (Figure 1c). Examples have also been reported of
supramolecular chemistry. Most dendrimers reported to datedendrimers that have their components intertwined with the
are covalent moleculésg i.e., all the atoms are linked to  aid of reversible noncovalent bonds in pseudorotaxane-like
the core by a series of covalent bonds. There are, howevermotifs, either at their cor@s(Figure 1d) or on their
examples of dendrimers that have components that areperipherie® (Figure 1e).

mechanically interlocked. In such assemblies, the dendrons Dendrimers (a., Figure 1f) in which each branching unit
have been covalently attached to one or more of the occurs at a mechanically bonded junction, not covalently
components that are involved in the mechanical bond, i.e., bonded as usual, are molecules that had not been reported
when we began this program of reseattkVe have begun
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Scheme 1. Synthesis of the Bis-crown Eth@rand Its
Complexation with Dibenzylammonium Hexafluorophosphate
3-H-PR

Figure 1. Graphical representations of dendrimers with mechani-
cally interlocked or intertwined components.

preparing a dendrime8-2H-2PF (shown graphically in
Figure 1g) containing a combination of mechanical (first
generation) and covalent (second and third generations)
bonds at its branching points. The mechanical bonds utilized
at the branching points are associated with two [2]rotaxanes
wherein thedumbbellcomponents provide the branching and
two ring components link the two dumbbell components to
the core. In dendrimeB-2H-2PF, the stoppers on the
dumbbell-shaped components are composed of Fréchet-type
wedges that have two covalent branching points. To prepare
a dendrimer with mechanical bonds at all its branching
points, such as that represented graphically by (f) in Figure
1, the stoppers of the dumbbell-shaped component of every
rotaxane-like subunit would need to be ring-shagethus,
each repeating unit in the mechanical dendrimer would have
the characteristics of a conventional dendrimer repeatiunit
in that it contains two reactive sites (rings) at the branches
and one complementary reactive site (rod) at the pivotal
point.

The synthesis of the dendrim@2H-2PF starts with the
preparation of the bis-dibenzo[24]crown-8 c@by subject-
ing the hydroxymethyl-functionalizétimacrocyclic dibenzo-
[24]crown-8 1 to a high-yielding esterification with tere-
phthaloyl chloride (Scheme 1). To confirm tHatan act as
a suitable host for secondary dialkylammonium ions, we
investigated the binding o2 and its parent, dibenzo[24]-
crown-8 (DB24C8)5> with dibenzylammonium hexafluoro-
phosphate (3-H-Rjr in a mixture of CRQCN and CDCI,
(1:2). The binding of botl2 and DB24C8 with this salt

occurs under the expectébislow exchange regime in their
respectivéH NMR spectra (400 MHz, 25C) in this solvent
mixture.
The association constant{or the [DB24C8-3-H-Pk]
complex was determinétlby the single-point methddto
be 5300 M. K, values for the complexefH3-H-PR] and
[3-H-PRC2>3-H-PFK] could not be calculated so easily
since we could not determine by integration the concentra-
tions of thesadoublyandsingly threaded complexes. Since
we were able to integrate the signals for the uncomplexed
(i.e., [3-H-PK]) and “total complexed” (i.e.,4>3-H-Pk]
plus [3-H-PRkC2D>3-H-PK]) dibenzylammonium ions, we
derived® eq 1, which relates these two concentrations to the
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molar ratio mixture of2 and 3-H:-PK were obtained at
different concentrations in a GBON/CD,Cl, (1:2) solvent
mixture. From each spectrum, the concentration of com-
plexed dibenzylammonium salt (i.e.233-H-PK] plus
[3-H:-PRsC2>3-H-PK]) was plotted (Figure 2) against the

K, [3-H"PFg2(2K, [3-H'PFg] + 1)
Ki[3-H"PFg] + 2

[2223-H"PFg] + 2[3-H'PFg=223-H'PFg]

(1)
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Figure 2. Plot of the total concentration of the complexed
dibenzylammonium ions (y-axis) against the concentration of the
uncomplexed dibenzylammonium ions (x-axis) in the dilution of a
1:2 molar mixture o and3-H-PF; in CD;CN/CD.Cl, (1:2). The
solid line represents the line of best fit as defined by eq 1.

concentration of free salt (i.e., [3#) and the data points
were fitted to eq 1 by a nonlinear, least-squares, iterative
procedure. The values of the equilibrium constaKktsand
K,, for the first and second binding events were calculated
to be 66004 1600 and 130Gt 350 M™%, respectively?
Gratifyingly, these values suggest ttabinds to dialkyl-
ammonium ions with a similar strength as does DB24C8
itself.

The synthesis of the dendritic bis[2]rotaxa®&H-2PFk

Scheme 2. Synthesis of the Mechanically Interlocked
Dendrimer8-2H-2PFk and the Dumbbell-Shaped Covalent
Dendrimer9-H-PF;

is outlined in Scheme 2. We chose to use the approach of

“threading-followed-by-stoppering?® and then “stopper ex-
change™! The latter, a recently reportéd high-yielding
method, is a valuable technique for preparing dialkylammo-
nium ion/crown ether-based rotaxanes bearing benzylic
triphenylphosphonium ion stoppers, which can be exchanged
subsequently, for other stoppersvia Wittig reactions with
bulky aldehydes— without occurrence of disassemisi??
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Thus, once a benzylic triphenylphosphonium ion-stoppered
rotaxane is prepared, that core structure can be used, for
instance, in a dendrimer synthesis, without the risk of forming
unthreaded products.

The bis[2]rotaxane5-2H-6PF, carrying four benzylic
triphenylphosphonium stoppers, was prepared by first dis-
solving the pseudorotaxane componer@safd the bis-
(bromomethyl)-substituted dibenzylammonium derivatve
4-H-PF) in a mixture of CHCl, and MeNQ (threading),
and then treating this solution with a 3-fold excess of
triphenylphosphine (stoppering). The bis[2]rotax&R2H-
6PFs (37%) was obtained, along with the mono[2]rotaxane
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(28%) in which one of the crown ether rings is unoccupied, || NG

as well as the dumbbéll 6-H-3PF;, following counterion
exchange (NEPFR/H,0) and thorough drying. The bis[2]-
rotaxane5-2H-6PFk was subjected to a Wittig reaction by
treatment with NaH and the wedge-shaped aldettyde
(stopper exchange). This reaction resulted in a mixture of
isomeric (E/Z)-olefinic products that could not be separated
from each other. Reduction of their olefinic boAty
catalytic hydrogenation (#PtO,, 30 min) gave the bis[2]-
rotaxane 8-2H-2PFK in good yield. The benzylic tri-
phenylphosphonium-stoppered dumbléeHi-3PF was sub-
jected to the same reaction conditions. Thus, after Wittig
reaction and catalytic hydrogenation, a symmetric covalent
dendrimer9-H-PFK; was isolated in good yield.

The structures of the mechanical dendri&&H-2PF and
the covalent dendrime®-H-PF were confirmed spectro-

scopically and by elemental analysis. Signals were observed

by FABMS atm/z4446 and 2223, corresponding & H]*
and [8-2HF*, respectively. A peak was observed in the
ESMS of 9-H-PFR;, at m/z 1860 corresponding ta9fH]".
Partial '"H NMR spectra of the mechanical dendrimer
8-2H-2PFK, and its component® and 9-H-PFK;, are shown

in Figure 3. The signal of the protons of the & groups

in 8-2H-2PFK is shifted downfield by 0.93 ppm relative to
the corresponding signal in the covalent dendrigiét-PF;.
This change is characteristic of the binding of dibenzyl-
ammonium ions with DB24C8. The polyether signals of the
o-, 3-, andy-OCH; groups of the crown ether moieties are
shifted upfield in8-2H-2PFk between 0.07 and 0.36 ppm
relative to the corresponding signals 2n an observation
which is consistent with the shifts registered by DB24C8
and its derivatives upon complexation with dibenzylammo-
nium ions!® In addition, the signals of the:-, 3-, and
y-OCH, groups are more complicated 82H-2PF than in

Figure 3. Partial'H NMR (500 MHz, CDCl,) spectra of (a) the
bis-crown ether2, (b) the mechanical dendrim&2H-2PFk, and
(c) the covalent dendrimé-H-PF. (* = CH,CL,).

with mechanical branching points at more than one genera-
tion such as that depicted graphically in Figure 1f.

Acknowledgment. We thank the National Science Foun-
dation (CHE-9910199) and the Petroleum Research Fund,
administered by the American Chemical Society (PRF-
35071-AC4) for generous financial support. This material
is based upon work supported by the National Science
Foundation under equipment Grant CHE-9974928.

Supporting Information Available: 'H and'3C NMR

2, reflecting the enhanced asymmetry of crown ether moietiesspectra and mass spectra of compouiss-2H-6PF,

in 8-2H-2PFk (e.g., the difference between the chemical
environments of the four different-OCH, groups increases)
brought about by the presence of the dendritic wedge-
stoppered dumbbells.

We have demonstrated that Wittig-style stopper exchange

can be used effectively to construct a dendrimer with
rotaxane-like mechanical bonds at its branching points. This

6-H-3PF;, 8-2H-2PF;, and9-H-PF;, experimental procedures
for their preparation, and the derivation of eq 1. This material
is available free of charge via the Internet at http:/pubs.acs.org.

0OL016928T

(24) Since it is very difficult to separate under-reduced species from the
product, it is important to allow this reduction to reach completion. However,
over-reduction of the product, e.g., by cleavage of benzylic bonds, occurs

research opens the way to the construction of dendrimerswhen reaction times are longer than 30 min.
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