Synthesis and characterization of dehydrothieno[18Jannulenes
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Use of a palladium/copper alkyne cross-coupling strategy
provides access to three tris(thiophene-fused) dodecade-
hydro[18]annulenes, including examples of both highly
symmetrical C;, and unsymmetrical C structures.

We have been investigating dehydrobenzoannulenes with the
aim of exploring diverse properties such as liquid crystalline
behavior, solid state polymerization, and nonlinear optical
activity.r Specifically, diacetylenic dehydrobenzoannulenes
(DBASs) and related phenylacetylene macrocycles? have been
shown to be useful precursors for a variety of carbon-rich
polymeric systems, such as ladder polymers,3 molecular tubes?
and novel alotropes of carbon.> Recently, we described a
simple yet versatile methodology for the preparation of site-
specifically functionalized DBAs.5 By applying a stepwise
synthetic route, we were ableto introduce donor and/or acceptor
functional groups on the phenyl rings in a discrete manner,
thereby permitting a detailed structure—property relationship
study of this class of macrocycles and thus making advances
toward molecular engineering.” In the course of further refining
the design for our target annulenes, we planned to introduce
thiophene rings in place of the phenyl moieties in the DBA
skeleton. The choice of thiophenein our annuleneswas inspired
by factors such as the chemical and electrochemical polymer-
izability of thiophene, environmental stability of macrocycles
containing thiophene, the ability to form two-dimensional -
systems useful for electronics and photonics, and interaction
among the individual macrocycles due to the lone pairs present
in the sulfur of thiophene rings® Herein we report the
preparation of three diacetylenic dehydrothieno[18]annulenes
(1-3, DTAS), including the synthesis of 2 and 3 which possess
unsymmetrical topologies.

Compounds 1-3 represent three of the seven possible
regioisomers resulting from thiophene fusion to the [18]annu-
lene core.® Other routes to thienoannulenes have relied on
metal-mediated intermolecular couplings.X® By virtue of the
structure of the starting materials, only C- and Dyy-Symmetric
macrocycles are produced. In order to probe the structure—
property relationships among the various structural isomers, itis
necessary to introduce the thiophene moieties in a stepwise
manner to produce DTAS possessing lower symmetries(Cy), i.e.
2and 3.11

The synthesis of 1, which illustrates the stepwise technique
for DTA assembly, was accomplished as shown in Scheme 1.
Sequential Sonogashira cross-coupling of 2-bromo-3-iodothio-
phene (4)12with 1-(trimethylsilyl)buta-1,3-diyne and (triisopro-
pylsilyl)ethyne, respectively, gavetriyne 5in 31%yield. In situ
protiodesilylation of 5 followed by Pd-catalyzed coupling®3
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with an equimolar amount 3-bromo-2-iodothiophenel2 fur-
nished bis-thiophene 6 as the major product in 40% yield.
Attachment of triyne 7, obtained in a reaction sequence similar
to regioisomeric triyne 5 starting instead with 3-bromo-
2-iodothiophene, provided the o,w-bis-protected polyyne 8.
Removal of the TIPS groups with BusNF in THFEtOH and
subsequent cyclization using CuCl-Cu(OAc), in pyridine
afforded 11 in 50% yield. In an analogous manner, 2t was
prepared from 4 and two equivalents of triyne 5, 3t from 4 and
two equivalents of the 3,4-regioisomeric triyne.11

In 1 and 2, the thiophene moieties are fused at the
2,3-positions to the [18]annulene core, the sole difference
between the macrocycles being the reversal of one thiophene
ring. Therefore, the overall st-conjugation of 2 is expected to be
similar to that of 1. In 3, two of the thiophene rings are fused to
the macrocycle through the 3,4-positions. The C3-C4 bondin a
thiophenering isknown to have less double bond character than
the C2—C3 bond.14 Asaconsequence, the overall conjugation of
annulene 3 is expected to be lower than that in 1 or 2. These
arguments are supported by the el ectronic absorption spectrafor
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Scheme 1 Reagents and conditions: i, 1-(trimethylsilyl)buta-1,3-diyne,
PdCl,(PPhs),, Cul, EtzN, rt; ii, (triisopropylsilyl)ethyne, PdCly(PPhs)s,
Cul, Et3N, 120 °C; iii, 3-bromo-2-iodothiophene, ag. KOH, PdCl,(PPhs),,
Cul, EtzN, 60 °C; iv, 7, aq. KOH, PdCl(PPhg),, Cul, Et3N, 60 °C; v,
BuyNF, EtOH, rt; vi, CuCl, Cu(OAc),, pyridine, O,, 60 °C.
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Fig. 1 Electronic absorption spectra for 1-3.

1-3 (Fig. 1). Quite expectedly, the spectra for 1 and 2 are
essentially identical. Both molecules have Ay a 428 nm;
however, Amax for 3 (401 nm) is significantly blue-shifted
comparedto 1 and 2, thusindicating alesser overall conjugation
in 3, as discussed above.

The thermal properties of 1-3 were studied using DSC and
TGA scans. The macrocycles do not melt upon heating; instead,
when heated above 150 °C, they are transformed into shiny
black solids that are completely insoluble in common organic
solvents. For example, DSC anaysis of 1 showed a sharp
exotherm at 168 °C. The TGA scan for 1 showed amost no
weight loss (<5%) at the temperature range corresponding to
the DSC exotherm. Therefore, the exotherm is most likely
attributable to a polymerization reaction occurring in the solid
state. Investigations to probe the polymerization reaction and
the resultant products are in progress.

In summary, we have developed a versatile route for the
synthesis of dehydrothieno[18]annulenes, including both sym-
metrically and unsymmetrically fused systems. A detailed
structure—property relationship study of this class of macro-
cyclesis currently underway.
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TOF): calcd. 390.50, found 390.47. 2: §4(CDCls, 299.96 MHz) 7.44-7.40
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m/z (MALDI-TOF): calcd. 390.50, found 390.68. 3: §4(CDCls) 7.61-7.57
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