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ABSTRACT
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The simple combination of tritopic pyridine donor linkers with a new flexible acceptor “clip” in a 2:3 stoichiometric ratio generates three-
dimensional M 3L, cages which possess large cavities in essentially quantitative yields.

The protein coats of most viruses possess an icosahedral opotential applications in host—guest chemitry’ and

dodecahedral shapé Mimicking these biological processes

catalysi$® 2" have been reported. Among these elegant 3D

intrigues and inspires people to fabricate elaborate three-supramolecular structures sM-type cage®d 26 represent the

dimensional (3D) architecturés® Among various strategies
to build 3D cages having well-defined cavities, coordination-
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driven self-assembly has proven to be a highly effective 2006,128, 3530—3531.

approach.*? Recently, a large number of 3D cages with
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simplest constructions and some of them exhibit unusual
properties. One noteworthy example is that of a trigonal
bipyramidal structuré? synthesized from Pd(ll) ions and

Herein, we report the synthesis of a new molecular clip
(7) (Figure 1) with multiple diethynylbenzene units and its
use in the self-assembly of several nanoscalar cages, with

calix[3]arene subunits, that was able to reversibly encapsulatepyridine-based tritopic donor ligands, resulting in a bigger

a molecule of G.
Recently, the self-assembly of a molecular “clipl)(
(Figure 1) as an efficient unit into highly symmetric trigonal

PEt;
Rt-ONO,
PEt;
PEt;
Et-ONO,
PEts

Figure 1. Structures of clipsl and7.

prismatic cages has been reported by our gfdép>*X-ray
crystallography ofl showed that this linker possesses the

necessary two labile coordination sites directed into a parallel

arrangement, like a molecular chpThe distance between
the two Pt centers i is 5.6 A. We consider this to be a
limitation in size because upon self-assembly with organic
donor subuniBathe cavity of the resulting 3D cage is small

and can accommodate only one nitrate anion. Hence, it is

important to design and synthesize a new molecular clip with
a larger Pt—Pt distance so that the nByi-cages based on
a bigger clip would have larger cavities.

In recent years, the design of oligomeric and polymeric
transition-metal complexes containimgbonded acetylene

cavity. Because these new cages possess larger cavities, they
may provide some interesting applications in hagiest
chemistry. Likewise, the presence of multiple diethynylben-
zene units may provide these 3D cages with new and
interesting electronic and photonic properties. The structures
of these 3D supramolecular cages were characterized by
multinuclear NMR {H and®'P), ESl/mass spectrometry, and
elemental analysis.

The synthesis of linkeY is very conveniently realized in
five steps from the commercially available 1,3-diethynyl-
benzene (Scheme 1). The Sonogashira coupling reaction of

Scheme 1. Synthesis of Acceptor Clig
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units has received considerable attention because of signifi-

cant variation in their physical properties compared to
conjugated organic oligomers and polym®&rs? In this area,
the diethynylbenzene unit{C=CGH,C=C-) has proven
to be a very useful tecton to build oligomeric and polymeric
materials with potential applications in the field of molecular-
scale electronic devicéd:38
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1,3-diethynylbenzene with 4 equiv of 1,3-diiodobenzene in
a mixture of THF and triethylamine generated 1,3-bis(1-iodo-
3-ethynylphenyl)benzen&, in the presence of cuprous
iodide/Pd(0) catalysts, in good vyield. 1,3-Bis(1,3-diethy-
nylphenyl)benzene5 was synthesized by the coupling
reaction of compoun@ with (trimethylsilyl)acetylene under
the same conditions as those in step 1, followed by
deprotection with KOH in a mixture of methanol and THF.
Compound5 was then reacted with 4 equiv trfans-Ptb-
(Et3)2 to give diiodometal comple¥, as reported in the
literature3® Subsequent halogen abstraction with AgOTf
resulted in the isolation of the bistriflate s@lin high yield.
This diplatinum linker7 displayed a singlet at 24.7 ppm
accompanied by concomitaft®Pt satellites. Attempts to
grow single crystals for X-ray diffraction studies dfailed,
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so the distance between the two Pt centers (14.45 A) wassembly. This change, as well as the decrease in coupling of

estimated using MM2 force-field stimulations. There are two the flanking'®*Pt satellites A'Jppi= ca.—75 Hz,9a; AlJpp;

significant differences betweehand 7. First, the distance = ca.—60 Hz, 9b), is consistent with back-donation from

between the two Pt centers is large7inompared to thatin ~ the platinum atoms. In thed NMR, the3-protons displayed

1. Second, the clif is rigid and the dihedral angle between a more dramatic downfield shift (0-4).6 ppm) with respect

the two Pt centers is°Qwhile the clip7 is quite flexible. to 8, and then-protons shifted only slightly (0-20.2 ppm).

The two Pt centers of are able to adopt any dihedral angle  The structures of the 3D cagBa and9b have also been

between @and 120 by rotation around the central acetylene confirmed by ESI/MS and elemental analysis. The ESI/MS

bonds. A similar arrangement is observed in polymers of peaks of cageSa and9b (Figure 2) are attributable to the

1,2-bis(3-pyridyl)ethyne and the analogue with relative metal

salts***1Flexible components are generally less predictable s

during self-assembly and have a tendency to generate

catenanes, helicates, or oligomeric prodd€t¥ Hence, there

are fewer examples of assemblies, especially 3D cages, 17102

derived from flexible building block&221474€Herein, we s

report the facile self-assembly of three-dimensional M sto. - y loors 1709 0\!

cages via the flexible organometallic clip s Tors ot
3D cagesQa and9b can be prepared by combination of joss1

acceptor clip7 and the tetrahedral donor tripo8a and8b

in a 3:2 ratio, respectively (Scheme 2). The self-assembly

Scheme 2. Self-Assembly of 3D Cage3a and9b 15057

[M-30Tf]> [M-4OTf]* [M-30Tf]* [M-4OT{]+
3 = Acceptor “Clip” 7 T C ‘
_|6+ Figure 2. Calculated (top) and experimental (bottom) ESI/MS
spectra of 3D cage8a (A) and 9b (B).
CD,Cl,
5 rt, 30 min

loss of triflate counterions [M~ 30Tf*t (m/z= 1511.4,
6 OTf" 9a; m/z= 1709.6,9b) and [M — 40Tf]**(m/z= 1096.3,
9a; m/z = 1245.0, 9b), where M represents the intact
assemblies. These peaks were isotopically resolved, and they
agree very well with the theoretical distribution as shown in
Figure 2.

When clip 7 was reacted with the planar tripod donors
10aand10b, respectively, in CECI, at room temperature,
different kinds of 3D cagedla and 11b were formed
(Scheme 3)3P{*H} NMR analysis of the reaction mixture

Ya, 9b

of the 3D cages can be verified BYP{*H} and'H NMR.
The3!P spectrum of each cage displayed a sharp singlet (ca
18.5 ppm9a; 16.0 ppm9b) shifted upfield from the starting Scheme 3. Self-Assembly of 3D Cagetlaand1lb

platinum donor7 by 6.2 and 8.7 ppm, respectively, which
suggests the formation of a discrete, highly symmetric as- 3 ‘ = Acceptor “Clip” 7
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is consistent with the formation of a single, highly sym- | NG

metrical species by the appearance of a sharp singlet (ca.

18.4 ppm,10a; 16.2 ppm,10b) with concomitant!®Pt

satellites, shifted upfield by 6.3 and 8.5 ppm, respectively,

as compared td. As expected, a decrease in coupling of

the flanking%Pt satellites was also observet!Jpp; = —

64 Hz,10a; AlJppy= — 45 Hz,10b). As expected, in thiH

NMR spectrum of cageklaand11b, thes-hydrogen nuclei

of the pyridine rings exhibited 0-40.6 ppm downfield shifts.
The ESI/MS spectra adflaand11b exhibited character-

istics very similar to those of the spectraSafand9b (Figure

3). The ESI/MS spectra showed two charged statas/at

1590.4

11556
11553 §

[M-40Tf]+

[M-30TH]3* [M-40Tf]+

[M-30TfJ**

Figure 3. Calculated (top) and experimental (bottom) ESI/MS
spectra of 3D cages$la(C) and11lb (D).

= 1589.6 (11a) anan/z= 1593.6 (11b) andn/z= 1154.8
(11a) andm/z= 1157.9 (11b), corresponding to the [M
30Tf]** and [M — 40Tf]*" species, respectively, and their
isotopic resolution is in excellent agreement with the
theoretical distribution.

Unfortunately, all attempts to grow X-ray quality single
crystals failed. Hence, a simple molecular model was
obtained using MM2 force-field simulation to visualize the
size and shape of the 3D ca@a (Figure 4). The diameter
of the inner cavity of this cag®§) is about 3.2 nm, whereas

3994

Figure 4. Space-filling model of 3D cagBa optimized with the
MM2 force-field simulation (triethylphosphine ligands have been
removed after the optimization for clarity).

the same for the cage derived from the tritopic lini8ar
and clip1 is ca. 2.0 nnt> This suggests that our caga
possesses a bigger cavity, and this can be attributed to the
larger size of our newly designed molecular clip

In summary, we report the design of supramolecular cages
9a,9b, 11a, andl1bbased on a flexble clig with multiple
diethynylbenzene units as a modular subunit synthesized by
means of coordination-driven self-assembly. This enriches
the library of three-dimensional architectures. Despite its
ability to form oligomeric products considering its flexible
nature, clip7 prefers to self-assemble into closed, discrete
ensembles. This provides further evidence of thermodynamic
control favoring formation of discrete entities over oligomeric
networks. The structure of these 3D cages which possess
large cavities was established by multinuclear NMR and ESI/
MS spectral data along with elemental analysis.
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