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ABSTRACT

The synthesis of a rigid, tubular sexithiophene is reported. Close intermolecular Cl---Cl interactions play a significant role in defining the

crystal structure.

In 1978, Kauffmann reported the synthesis of both tetra- bithiophené. Despite their novel structure, these cyclic
[2,3-thienylene] and hexa[2,3-thienylene] (24% and 4% oligothiophenes disappeared from the literature for almost

isolated vyield, respectively; see Figure 1) via the GuCl
promoted oxidative homocoupling of 3s8ilithio-2,2'-

Figure 1. Three cyclic oligothiophenes and the hypothetical self-
assembled nanotube, compouzgd
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20 years. During this hiatus, the interestsnconjugated
materials with novel topologies increased dramatically.
Beginning in 1999, we focused our attention on the afore-
mentioned cyclic oligothiophenes, having reported tetra[2,3-
thienylene] as a building block for both molecular electro-
mechanical actuators (“molecular musclésihd extended
double heliced. In addition, lyoda recently reported the
synthesis of planar variants of tetra[2,3-thienyleheél-
though tetra[2,3-thienylene] is conformationally analogous
to its parent [8]annulene, cyclooctatetraene, expansion of the
macrocycle by one extra bithiophene unit yields the rigid
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and tubular hexa[2,3-thienylene], compouhdHerein we

report the synthesis and crystal structure of the hexachloro

derivative of compound, compound?.

Our impetus for pursuing the hexachloro derivative of
compoundl came, in part, from the desire to investigate
how intermolecular G}-Cl interactions would dictate solid-
state packing, as such interactions traditionally play a
significant role in determining crystal structufgdn the case
of compound?, each of the two ends of the tubular molecule

possess three coplanar chlorine atoms that should act to orient

adjacent molecules. In one possible scenario;Clinterac-
tions could linearly align the long molecular axisdélong
the imaginary line formed by joining the centroid of each
molecule. As depicted in Figure 1 by the hypothetical
supramolecular assemb, this interaction would yield a
supramolecular nanotube mdtihlternatively, C-Cl---CI-C

interactions may radiate in an approximately linear sense
(with respect to the C—CI bond) to yield a zigzag-type

arrangement (Figure 2). In this report, the latter of the two
motifs is observed.

Figure 2. X-ray crystal structure of compour2ishowing 3.452
A Cl---Cl interactions (dashed lines). Disordered THF has been
omitted for clarity.

Given the low reported yield of compourid we wished
to pursue an alternative synthetic strategy. In analogy to our
synthesis of regioregular tetra[2,3-thienylene]s via cyclization
of the corresponding linear tetrathiophénege envisioned
synthesizing compoun@lvia its parent linear sexithiophene.
The synthesis of compourtlis shown in Scheme 1 and is
built on the following three premises: (1) thethienyl
position is more reactive than tifiethienyl position toward
electrophillic attack and Pd(0) insertion (oxidative addi-
tion);1° (2) aryl bromides, but not aryl chlorides, undergo
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Scheme 1

ey

4 X=Br
d
L~ 5X=58nBu,

3+5(2eq)—»x

aReagents: (a) 2.1 equiv of NBS, DMF, 84%; (b) 2.4 equiv of
NCS, DMF, 80°C, 90%; (c) () 1.05 equiv ofn-BuLi, THF, —78
°C, (ii) i-PrOH, =78 °C, 76%,; (d) (i) 2.1 equiv oh-BuLi, Et0,
—78°C, (ii) BusSnCl; (e) Pd(PP}), toluene, 27%; (f) 2.15 equiv
of NBS, DMF, 60°C, 98%; (g) (i) 2.0 equiv oh-BuLi, EO, —78
°C, (ii) CuCk, Et,0, 20%.

facile lithium—halogen exchandé;and (3) arylbromides
typically undergo palladium- and nickel-catalyzed cross-
coupling faster than aryl chloridé3*With specific regard
to premise 1, the reactivity of 3;Bithiophene toward
electrophillic attack follows the order2 2' > 5=5"> 4
= 4'3 Thus, bromination of 3,2bithiophene with 2 equiv
of NBS, followed by chlorination with 2 equiv of NCS,
yields the key building block, compourgl Compound3
serves as both the central bithiophene unit of linear hexathie-
nylene, compound, as well as the precursor to the two
terminal bithiophene moieties, compoubdScheme 1).
Unlike the numerous reports demonstrating facile cross-
coupling ofa,a’-oligo- and polythiophen€e'd; 26 the assembly
of hexathienylené via the cross-coupling o8 and5 was
troublesome. In our hands, the optimized procedure (27%
yield of 6') entailed a Stille-type cross-coupling using
toluene as solvent and Pd(RRphas catalyst (premise 3,
Scheme 1). Of the many conditions screened during this
optimization, it is interesting to note that although zerovalent
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(17) Compound 6. A room-temperature toluene solution (12 mL) of
compoundb (2.45 mmol), compoun@ (1.22 mmol), and Pd(RR), (0.049
mmol) was stirred for 1 h and then heated to 2Q0for 12 h. The reaction
mixture was cooled and extracted with brinetCompound was isolated
from the crude by drying the organic extract over MgSfliering, removing
volatile components under reduced pressure, and purifying by silica gel
column chromatography (hexane). Compowndas isolated as a yellow
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nickel cross-coupling between 2- or 3-thienylmagnesium-
bromide and 2- or 3-bromothiophene gives nearly quantita-
tive yield of the corresponding bithiophefe?° the analo-
gous reaction to prepare compoudds unproductive.

As a final step, compoun@?' was prepared in 20%
isolated yield (racemic) by lithiumkalogen exchange of the
two bromines of compoun@?? (achiral) with butyllithium
(premise 2), followed by oxidative coupling with CuClIn
agreement with Kauffmann’s observations, prodzicbuld
not be obtained when Feoxidants (FeGlor Fe(acag) were
used!

Compound2 is a colorless solid (onset of absorption at
320 nm), indicating poorr-orbital overlap within the [12]-

Figure 2 shows the crystal structure of compo@nbdiote
that included molecules of disordered THF have been omitted
for clarity. The dashed lines in Figure 2 represent 3.452 A
Cl---Cl interactions, of which there are four per molecule.
With respect to these interactions, compo@ndteracts with
four nearest neighbors to yield the aforementioned zigzag
motif, as depicted in Figure 2. The remaining two -GCl
interactions (not shown) extend along th@xis of the unit
cell, at a length of 3.706 A. Having established that
intermolecular Cl---Cl interactions in this system are sig-
nificant directing entities, we attempted to obtain an alterna-
tive packing motif by avoiding solvent inclusion and thus
performed a sublimation of compourl Although com-

annulene equator of the macrocycle. This is commensuratepound 2 sublimed without degradation, it did not yield

with the experimentally determined 102 &verage value of
the S-C—C—S dihedral angle (determined by X-ray crystal-
lography). Unlike tetra[2,3-thienylene], this angle is relatively
fixed in a twisteds-transconformation. Compound exhibits
relatively good solubility in chlorinated solvents and in THF.
X-ray crystallographic data for single crystals of compound
2 grown in CC}, and CHCI, could not be sulfficiently refined
but did show unequivocal evidence of solvent inclusion via
Cl---Cl interactions between solvent and substrate. In general
it was found that the crystal morphology of compouad
varied dramatically as a function of solvent, and only
crystallization from THF consistently provided plates suitable
for X-ray analysis.

powder in 27.0% yield*H NMR (CDCls) 6 6.75 (s, 2H), 6.59 (d, 2H] =
1.54 Hz), 6.41 (d, 2H]) = 2.05), 6.27 (s, 2H)}3C NMR (CDCk) ¢ 134.86,

crystals of X-ray quality. Our investigations into other
polymorphs of compoun@ continue.

In addition to influencing solid-state structure, the place-
ment of a chlorine at each of the six periphesathienyl
positions of compoun@ was also pursued in an effort to
provide reactive sites for further synthetic transformations,
such as covalent extension of the macrocycle via cross-
coupling chemistry3~2% Furthermore, the synthesis estab-

lished herein should be readily modified to prepare the parent

hexa[2,3-thienylene], compourid In this regard, it is worth
noting that compound serves to hold three (twisted)trans
bithiophene units rigidly in three-dimensional space. The
electrochemical polymerization of such a building block
should result in a highly rigid, porous, and cross-linked
polythiophene; ideally providing a polymer network some-

134.15, 133.77, 132.33, 131.03, 130.88, 129.01, 128.61, 128.10, 127.48What analogous to that observed in the crystal structure of

126.19, 121.33. HRMS calcd 697.7081, obsd 697.7057.
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was removed under reduced pressure, and the crude was purified by

fractional recrystallization (CkClo./hexanes) to provide compourddas a
white powder in 20.0% yield'H NMR (CDClk) 6 6.70 (s, 6H). Crystal

structure is shown in Figure 2, and crystallographic data has been deposited

in the Cambridge Crystallographic Data Centre Database.

(22) Compound 7.1H NMR (CDCls) 6 6.90 (s, 2H), 6.20 (s, 2H), 6.13
(s, 2H). 13C NMR (CDChk) 6 134.80, 133.65, 132.29, 131.65, 131.45,
130.14, 129.77, 128.71, 128.35, 127.68, 127.37, 107.62. HRMS calcd
855.5271, obsd 855.5297.
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