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The synthesis of well-defined redox-active nanoscale structures

is of major interest for the design of electronic and/or logical

functions on a nanometer scale and requires adequate functional

building blocks such as wires, switches, batteries!ettlerein

we present the synthesis and isolation of the nanoscale polyun-

saturated molecular cycléds-4 presenting an annular arrangement
of 4, 6, 8, and 10 reducible subunits linked by unsaturated bridges.
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Scheme 1: Synthesis of the Macrocycles 1, 2, 3, arfd 4

F £ A Bra_Br Br_Br
NC. N g oM CHO  b)  OHC cHo ¢ | $° |
ey - —
F F F R RS’ SR
3 R A
5 6

R=p-1Bu-CgHy Rep-tBu-CgHy
7 8
lo
Rl § R P> R
RS R
R
2
R'=TBDMS R'=R?=TBOMS R'=R’=TBDMS
R=p-tBu-CgHs Rep-tBu-CgH, R=p-tBu-CgHs
13 1 9
9 |7 o) n o)
U R'=H R'=H, R%=TBDMS R'=H, R=TBDMS
T ReptBuCeHs R=p-{Bu-CgHy R=p-Bu-CeHy
14 12 10
9 9)
h) R'=R%=H R'=R%=H
1,2,3,4 — Rep-tBu-CeHa Rep-Bu-CgHy
16 15

a(a) PhMe, DIBAL-H, RT; (b) DMI, NaSR, RT;(c) CBrs, PPh,
CH,Cl,, RT; (d) LDA, THF, —78 °C, CI-TBDMS; (€) THF, AcOH,
TBAF, RT; () CuAcH20, CHCE, 60°C; (g) THF, TBAF, RT;(h) 2 x
104 M 16 in CHCL, 5.5 equiv CuAg-H,0, CHCE, 60 °C.

oxidation (p-doping), reducible wires are susceptible to n-doping
through reduction and may therefore show higher electron
mobility.

Poly(phenylthio) aromatic systems, well-known for their host
guest chemistry in the solid statdave been shown to possess
remarkably low reduction potentiaisAs electron-acceptor sites
they have already been incorporated in a macrobicyclic ligjand
and in reducible rodlike molecular wires, basedpediacetylene-
linked poly(phenylthio)-substituted benzeriédn particular the
promising electrochemistry of the latter prompted us to investigate
other types of nanostructures based on diacetylene-linked poly-
(phenylthio)-benzene subunits.

Herein we present the synthesis, the structural characterization,
and some physical properties of the cyclic structutest, in
which 4,6,8, and 10 tetrp{tert-butylthiophenyl)benzene subunits
are connected in thenetaposition by diacetylene bridges as
sz-conjugation connectorsmetaAcetylen- and/or diacetylen-
linked benzene cores as building blocks for conformationally rigid
and shape-persistent cyclic macromolecules have been de-
scribed*? and oxidative acetylene-coupling strategies have
already been used to form cyclic structuté®

Starting from tetrafluoro isophthalonitrile, the cyclic structures
were synthesized in eight steps (Scheme 1). Reduction of the

These macrocyclic structures are able to store several eleCtronsisophthalonitri|e5 gave the tetrafluoro isophthaloaldehy@lén

and have therefore features of “molecular batteries”.

The bottom-up approach to nanoscale structures via chemical
synthesis leads to geometrically defined, size- and shape-
persistent, monodisperse systetw¥ith electron-accepting units
as building blocks, the structures are enriched by their reducibility
and are of particular interest as electron reservairgeducible
molecular wires.Whereas entities built from electron-rich groups
(i.e., thiophené, pyrrolé®) lead to electronic conduction upon
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45% yield. Substitution of the fluorines Ipytert-butylthiophenyl
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8 in yields greater than 90%. Reduction with excess lithium transitions at longer wavelength were observed at about 345; 390
diisopropylamide (LDA), followed by quenching withert- 400, and 445 nm for the smallest cydeWith increasing size
butyldimethylsilyl chloride gave the doubly protected bis-silyl of the rings, the 398400 nm transition dominates the longer
diacetylene9 in 56% yield. Single deprotection with tetra wavelength transitions. These transitions presumably arise from
n-butylammoniumfluoride (TBAF) with 1.5 equiv of acetic acid electronic interactions between poly(phenylthio)benzene and
in wet THF yielded the monosilylated diacetylet@in 48% yield. diacetylene units. Excitation df~4 in CH,Cl, at 400 nm results
Oxidative acetylene coupling gave the doubly silylated didfer in a moderately intense structureless fluorescence with maxima
in 75% yield. The same procedure as fballowed the single between 520 and 580 nm. Whereas the larger rihgdisplay
deprotection of compountl to form the monoprotected dimer  each a broad maximum at about 53870 nm,1 shows a sharper
12in 45% yield. The acetylene coupling procedure already used emission at about 525 nm with a shoulder toward longer
for 10 successfully transformed dimé® to the tetramet3 in wavelengths. The difference in the UV/vis and fluorescence
88% vyield. Full deprotection df3with TBAF in wet THF yielded spectra ofl compared t@—4 may be due to the higher ring strain
the tetrameric diacetylene compouldiin 70% yield. Subsequent  in the smallest cycle.
oxidative acetylene coupling d# was performed in pseudo high Of particular interest are the redox properties of this new series
dilution conditions. Finally, 14% of the cyclic tetrameric structure of macrocycles with respect to ring size. The cyclic voltammetry
1 could be isolated by column chromatography as an orange dye.data, collected in a 0.1 M TBAPIEMF solution with a three
The compound was identified and characterizedtdyand *C electrode setup, are given as formal reduction potentials with
NMR and FAB-mass spectrometry. respect to SCE. The relative number of electrons was determined

Another synthetic strategy focused on the formation of cyclic by measurements at limiting current with a rotating disk electrode.
structures starting from the deprotected diacetylene mon@éer None of the compound$—3 is oxidized up to+1.3 V. The
or dimer 16. Attempts starting from the monoméss yielded tetrameric cycld has a reversible two-electron reductior-dt.07
complex mixtures, from which no defined compound could be V and two reversible one-electron reductions-dt19 and—1.44
isolated. However, a FAB-MS analysis of such a mixture V, respectively. The hexameric cyciehas a reversible three-
presented peaks at 3907 for a pentamer and at 3125 for a tetramefelectron reduction at1.09 V, a reversible one-electron reduction
Whether these peaks arise from open diacetylene units or fromat —1.24 V, and a reversible two-electron reduction-dt40 V.
closed cyclic structures could not be clarified. The octameric cycl@ displays one broad reduction wave at about

When a 0.2 mM solution of diacetylene dim&é in CHCl; —1.09 V with a large shoulder toward more negative values; it
with 5.5 equiv of copper acetate monohydrate was heated to 60arises probably from the unresolved overlay of several reductions.
°C for 16 h, clearly defined spots could be observed by TLC In contrast to the-diacetylene linked linear rod8a trend toward
(silica, hexane/BO 9/1) of the reaction mixture, and the resulting more positive values for the first reduction potential is not
products could be isolated by preparative TLC. Several cyclic observedm-Diacetylene benzenes are known to be conjugation
structures were obtained in quite acceptable yields consideringpassive center$. The fact that in the present case these groups
the goal pursued: 10% of the tetranigrl7% of the hexame2 are themselves the redox active subunits does not overcome this
as main product, 12% of the octan@&rand finally 2% of the passivity, so that they behave more or less as isolated units. On
decamerd. The diameters of the cyclic compounds are about 2 the other hand, the combination of several independent reducible
nm for 1 (distance between peripheral sulfur atoms) and 2.6 nm sites in a single molecule gives to compounest the character
for 2. The diameters of the larger macrocyclgdsand 4 is of electron reservoifsor “molecular batteries”.
dependent on the shape of the rings and may be up to 3.2 and |n summary, the set of cyclds-4 was synthesized in one step
3.6 nm respectively for a fully planar arrangement. All four from the corresponding dimet6 in useful global yield. Their
compounds gave satisfactotd NMR spectra corresponding to  solubility and stability combined with their structural, optical, and
the highly symmetric cyclic structure, and in particular, no free electrochemical properties make them promising candidates for
acetylene-H was observed. The first three compounds were asthe design of nanoscale molecular devices for molecular electron-
well identified and characterized by théiC NMR spectra, but ics and photonics.
not enough material was available for the decathegfAB-MS
signals were observed for the tetranterand the hexameg, Acknowledgment. Supported by the CNRS (URA 422). The Autors
whereas the method failed for the larger rilggand4. MALDI- thank Professor F. Diederich and P. Weyermann for the MALDI-TOF
TOF MS analysis o8 and4 yielded a regular pattern, for which ~ MS analysis.
the peak with the highest mass corresponded to the molecule ions.
The peaks with lower masses corresponded to the loss of up to  Supporting Information Available: - Detailed synthetic procedure and
four tert-butyl benzenes ottert-butyl thiophenols. All four spectroscopic characterization of compoufed6; UV/vis and normal-
compounds were light-orange dyes and soluble in organic solvents'fzed fl?orr:escence S‘?]ec”abfz' 3, anhd4 (PDF). This material is available
such as ChCl,, CHCh, or toluene. ree of charge via the Internet at http://pubs.acs.org.
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