COMMUNICATIONS

Annelated Heptathiophene: A Fragment of a
Carbon — Sulfur Helix**

Andrzej Rajca,* Hua Wang, Maren Pink, and
Suchada Rajca

Herein we describe the iterative synthesis of a novel
oligothiophene 1, in which the thiophene rings are cross-
conjugated and annelated into a helix.'}! Compound 1 may
also be viewed as a fragment of the unprecedented carbon—
sulfur (C,S) helicene.[**]
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The synthetic route to 1 consists of two iterations using 3,4-
dibromothiophene and 4,4’-dibromo-5,5'-di(trimethylsilyl)di-
thieno[2,3-b:3',2"-d]thiophene (4) as the tetrafunctionalized
starting modules for the first and second iterations, respec-
tively (Scheme 1). In each iteration, the modules are con-

nected and then annelated. As the chirality is introduced only
in the final annelation step, the stereochemical problems of
racemic synthesis are avoided.!%)

In the first iteration, 4,4'-dibromo-3,3'-bithienyl (2) is
prepared from 3,4-dibromothiophene by a mono Li/Br
exchange, as previously reported."'! The two most acidic a-
positions in 2 are TMS-protected to give 3. Following the
LDA-mediated lithiation of the unprotected a-positions in 3,
the reaction of the dilithiated 3 with bis(phenylsulfonyl)
sulfide gives the annelated product 4.1

In the second iteration, mono Li/Br exchange in 4 is not
successful. Therefore, one of the TMS groups in 4 is removed
to give 5 in which a modest selectivity for the mono Li/Br
exchange can be attained. The incomplete conversion of 4 into
a mixture of 5 and 6, can be monitored by thin layer
chromatography and NMR spectroscopy; after recycling (6 to
4 and then to 5), 5 is obtained in 80 % yield. Following the
single Li/Br exchange on 5, the resultant aryllithium species is
oxidized with CuCl, to give 7, which is subsequently annelated
to give 1.

'H and 3C NMR spectra indicate the expected twofold
symmetry for 1-4, 6, and 7. For 3, and 5-7, in which at least
one a-position of thiophene is not silylated, the IR spectra
show additional bands between 3094 and 3114 cm™! in the
C—H stretch region and the 'H NMR spectra display one
singlet in the aromatic region. In the EI mass spectra of 3-35,
isotopic clusters derived from M* and [M — CHj]* have

comparable intensities; for 1 and 7, the M+
regions have dominant intensity. For 1, the M™,

Iteratlor;r1 [M+2]*, [M+4]" peaks have masses within less
Zj + nBuli R 1. LDA dle‘hyl ™S N TMS than 2.6 ppm of the cglculated Yalues and
> CuCIz \ s 2 (phsoz)zs possess adequate relative amplitudes for
(40%) R=H 1. LDA, diethyl (65 %) C,,H,Si,Br,.
e ™, 3:_|2 o The structures of 4 and 1 were confirmed by
Iteration 2 (70%) single-crystal X-ray analysis (Figure 1).[1 In 4,
Br _ s 1. LDA, diethyl all the thiophene rings are approximately co-
A\ TMs L 2BuLi S _ether 4 planar.l'y The C—Br bonds are nearly parallel,
2(3;:3/?)'2 Br 7 —TvS 2 (P:Ef;z)zs with the C2---C7 distance of 3.68 A and the
“o%) Br1-C2-C7-Br2 torsion angle is 13.3°; therefore,
Br ™S . o
4 may also be viewed as a 3.7 A spacer molecule.
N S The structure of 1 shows the molecule has
s

Scheme 1. Synthesis of 1. LDA = lithium diisopropylamide, TMS = trimethylsilyl, TFA =

trifluoroacetic acid.
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approximate twofold symmetry and includes
one chloroform molecule, which is statistically
disordered over two positions. The Br---Br
distance is 3.90 A and the Br atoms are pointing
away from each other. The repulsion of the
facing terminal thiophene rings, and especially between the
bromine atoms, causes a relatively large interplanar angle
between the terminal thiophene rings, 180 —125.9=54.1°.
This is similar to the 58.5° for the interplanar angle between
the terminal benzene rings in [6]helicene. 151 The individual
thiophene rings are approximately planar with mean devia-
tions of the least-square planes between 0.01 and 0.04 A; the
angles between the least-square planes of neighboring thio-
phene rings are between 7.9 and 11.2°. With the middle
thiophene ring as a reference, the inner (C2, C3, C5, C7, C9,
C11, C13, C15) helix climbs 2.92 A and turns in-plane by 260°.
Analogous values for [6]helicene are 3.12 A and 317.7°,
respectively.'l In both 1 and [6]helicene, the helix climbs
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Figure 1. Molecular structure and conformation for helicene 1 and compound 4. Carbon, bromine, silicon, and sulfur
atoms are depicted with thermal ellipsoids set at the 50 % probability level: A) top view for 1, B) side view for 1, C) top
view for 4, and D) side view for 4.

for individual thiophene and benzene rings have similar
patterns, with the smallest steps for the internal rings.['®]
UV/Vis spectra for 1 and 4 in methylene chloride are
significantly different (Figure 2).['1 The integrated absorb-
ance in 1 is approximately twice that of 4. The bathochromic
shift for 1is rather substantial, considering that 1 and 4 possess
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Figure 2. Electronic absorption spectra of 1 and 4 in methylene chloride at
room temperature.

molecular connectivities of homologous cross-conjugated 7
systems.'®l Both the helical distortion in 1 and possible
conjugation through the sulfur atoms may affect the increased
n-electron delocalization in 1.

In summary, the iterative synthesis of a racemic carbon -
sulfur helicene 1 was developed. This synthetic route can be
applied to the synthesis of the higher homologue(s) of 1.
However, as the tetrafunctionalized module 1 is chiral, it
would be more efficient to use a single enantiomer of 1 (rather
than its racemate) as the starting material.l'%.
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Towards the DRED of Resin-Supported
Combinatorial Libraries: A Non-Invasive
Methodology Based on Bead Self-Encoding
and Multispectral Imaging**
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Combinatorial synthetic methods allow for the preparation
of large arrays of compounds as mixtures or individual
entities. In the latter case, split synthesis has proven to be ideal
in maximizing the number of compounds generated per
synthetic step.l!] While the composition of chemical libraries
produced using this method is predictable with a high level of
confidence, the structural elucidation of potent member(s)
after an activity assay remains a challenge. To unravel the
chemical nature of the active members several tactics based
on encoding methodologies?! or deconvolutive strategiesl®!
have been developed. Herein we introduce the principles
and describe preliminary studies towards the implementation
of an alternative approach, termed dual recursive deconvolu-
tion (DRED), that draws its strengths from both chemical
self-encoding techniques and deconvolution strategies.
DRED operates through the iterative identification of the
first and last randomized positions of the active members of
combinatorial libraries generated through split synthesis. The
last building block can be readily obtained from pool screen-
ing after the last coupling of the split synthesis, while the first
position can be “encoded” by the unique vibrational “finger-
print” of the resin beads used. Once the first and last positions
are identified, the second and second to last positions are
subjected to the same deconvolution process. Remarkably,
this exercise would dramatically simplify the synthetic and
screening efforts (Supporting Information). For instance, the
preparation and DRED of a 64-million hexapeptide library
would barely double the number of chemical steps required
for the split synthesis of the library (246 versus 120) and would
involve only 20 spectroscopically distinguishable beads
(DRED beads). Because the matrix is an encoding element
of the DRED strategy, libraries can be evaluated while still
attached to the bead or close to the beads from which they
were released.

The suitability of a near-infrared Raman imaging (NIRIM)
instrument!® as a tool for the simultaneous identification of
beads of various chemical composition was investigated. The
NIRIM uses fiber-bundle image compression (FIC) technol-
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