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ABSTRACT

4%*6A—-D

Utilizing coordination as a motif, the self-organization of six ditopic and four tritopic building blocks leads to the formation of nanoscale
adamantanoid frameworks.

Self-assembly via rational design has led to a fascinating The hydrocarbon adamantdres been well-known since
variety of two- and three-dimensional supramolecular struc- its discovery in petroleum residues in the 1930s. Its
tures. Such species are formed and held together by theframework is composed of four six-membered rings that are
noncovalent or dative interactions of predesigned building fused nearly strain-free in their thermodynamically most
blocks. One approach exploits transition-metal-mediated self- favored chair conformations. With its crystal lattice consisting
organizing processes, in which the coordination of suitable of an infinite adamantanoid network, the high-pressure
precursors serves as a viable recognition mnofffhis carbon allotrope diamofids also structurally related to this
methodology allows for the preparation of complex, nano- compound.

scopié supramolecules of predetermined shape, size, and To date, the only examples sklf-assemble@daman-

functionality3 tanoids have been reported by Saalfrank, et @hese
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framework results. As building blocR has a stereogenic

center in its carbon backbone, its assembly with tedton Scheme 2. Preparation of Chiral, Tritopic 109Tecton

leads to the first optically active adamantanbidoreover,

this aggregate serves as the first example of an adamantanoid

to have a nanoscale internal cavity. P — Yield: 25 % bé_Q
To test the limits of the structural design and the allowable  j~ XN~1"q N T BuL/THE o]

flexibility of the ditopic building block, the reaction of tecton M~/ .~ A N

3 with tritopic linker 2 was probed. AlthougB, with its 120 N | z N/ \_/

angle, does not fulfill the ideal requirements, the deviation N c = |

is apparently not substantial enough to prevent the self- SN

organization of the subunits into an adamantanoid, as »

spectroscopic data reveal.
Platinum containing linkerl is prepared as shown in
Scheme 1. A halogen exchange is carried out by reactingang can be monitored by multinuclear NMR. Of particular
diagnostic value are thi¢d and3'P{*H} NMR spectra of6

_ and 7, which indicate the formation of highly symmetrical
Scheme 1. Synthesis of Ditopic 109Corner Unit structures. Furthermore, in both cases the relative shifts of

these resonances are comparable in both direction and

absolute value. The protons in the positienandg to the

Pt(PEts)s pyridine-N both exhibit downfield shifts due to the loss of
- PEt, electron density upon coordination. The shifts for the
o-pyridyl protons were 0.19 ppm f& and 0.26 ppm fof7,
4 while the resonances of thpyridyl protons experience a

stronger influence with shifts of 0.66 ppm in the casesof

Pt Pt - Agl Pt Pt Scheme 3. Self-Assembly of the Adamantanoids
I” PEt; Et;P | TfO PEt Et;P OTt % s
73% 80 % g Q il g
5 1 [ E:>P\P{ p[/:Et_\ + 4 \
0" Pt e’ ot
2,2-bis(4-bromophenyl)propahwith tert-butyllithium and 1X= C(CHg)s, [1097] i
I, to yield compound4. Via 2-fold oxidative addition, 3X= C=0,[1207 CD:Cly, 1t 2 R="
Pt(PE$), is inserted ), followed by subsequent reaction with
AgOTf. As a result, bistriflatd can be isolated in good yield.
Precursor3 has been prepared according to previously _—
published literaturé. p

To synthesize an adamantanoid, a complementary tritopic
subunit A is required. Compoung, which fills this role, is Loy
synthesized by reacting lithiated tris(4-pyridyl)methdfol AL Ao
with 2-(R)-phenylbutyryl chloridé! The corresponding chiral
ester2 emerges in 25% yield as depicted in Scheme 2.

By combining dilute CCI, solutions ofl or 3 with 2 in
the proper 6:4 ratio, adamantanoi@snd 7 form, respec-
tively, in quantitative yield as determined by NMR (Scheme
3). The self-organization of these species is instantaneous
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and 0.74 ppm in that of. As a result of increased back- || IIGcTcNNGNGNGNGNEEEEEEEEEE

donation from the platinum to the phosphine moiety, the
protons of the methylene groups bonded to the phosphorus
show almost identical upfield shifts, 0.34 and 0.33 ppm, for
both compound$ and7, respectively. Thé'P{'H} signals
themselves are shifted upfield by 5.6 ppt.(4 = 2652
Hz) for 6 and 5.3 ppm Jpi—n = 2670 Hz) for7 relative to
starting materialsdl and 3. *3C{*H} and®F NMR spectra
are both consistent with the proposed structure.
Electrospray ionization mass spectrometry has proven to
be an indispensable tool in the corroboration of structural
assignments for self-assembled aggregates of this n&ture.
Both specie$ and7 show similar peak and fragmentation
patterns, lending further evidence to their structural similarity.
Peaks attributable to the consecutive loss of triflate counter-
ions, [M — 30Tf**{m/z= 3107 for6 (calcd 3105) and 3079
for 7 (calcd 3077), [M — 40Tf]** {m/z= 2293 for6 (calcd
2292) and 2272 foi7 (calcd 2271)} and [M — 50Tf]>*
{m/z= 1805 for6 (calcd 1804) and 1788 fat(calcd 1787},
where M represents the intact adamantanoid cage, were
detected. Furthermore, several fragments could be identified,
with the most dominant among them consisting of-& Figure 1. MM2 force field simulation of adamantanokl
charged 1:1 composition df and 1 or 3 minus one OTf
{m/z= 1616 for6 (calcd 1615) and 1601 fat(calcd 1601). expected for achiral adamantanoids. The diameter of the inner
When combined with the information obtained from NMR cavity of the cage along one of the-@xes is approximately
measurements, this mass spectral data provides strong suppog nm.

for the proposed structures 6fand7. In conclusion, herein we report the first self-assembled
Both 6 and 7 should be optically active, given that they adamantanoid cages that are chiral and in the nanoscale
each contain four of the chiral building blocks Optical range. These molecular architectures represent further unique

rotation studies indicate that this is indeed the case. More-members in the growing family of large supramolecular
over, the molarity-based specific rotatiog]4, is enhanced  entities, illustrating the versatility of an angle-directed,
compared to that of starting urit (—122) with values of transition-metal-mediated approach.

—261 for6 and—1168 for7. . )
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