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A series of butyl end-capped dehydrothieno[14]annulenes (DTAs) has been prepared. These compounds were further transformed into electron-
rich terthiophenes (3TPs) by reaction with sodium sulfide. The DTA and 3TP macrocycles were compared qualitatively using UV—vis spectroscopy,
and the latter were found to have lower energy absorptions. The conformations of these molecules were also examined by DFT-YFLP

computations.

Electron-rich unsaturated compounds have been of con-
siderable focus in recent years.! Conjugated acetylenic
systems, in particular,® have garnered the bulk of this
interest, which can be attributed to the ease of preparation®
and interesting materials properties such as nonlinear
optical (NLO) activity,* liquid crystalline behavior,® and
molecular switching.® Our group has had a long-standing
interest in the preparation of these highly unsaturated
systems, particularly arene/acetylene motifs such as de-
hydrobenzoannulenes (DBAs).”°
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Concurrently, conjugated thiophene systems have also
attracted much interest due to their highly conductive
properties, optical properties, and relative environmental
stabilities over many of their benzene-based analogues.*®**
Incorporating thiophenes into arene/acetylene motifs was
originally explored by the groups of Youngs (e.g., 1, Figure
1)*2 and Marsella (e.g., 2),** which produced macrocycles
of higher order symmetries through intermolecular cycliza-
tion reactions of simple synthons.*>*® Our desire for
improved syntheses via intramolecular ring closure led to
our initial communication that focused on the [18]annulene
skeleton (e.g., 3);** however, stability problems with the
intermediate thienyldiynes forced us to examine 14-
membered dehydrobenzothienoannulene (DBTA, e.g., 4, 5)
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Figure 1. Previously prepared DBTAs and DTAs.

and dehydrothienoannulene (DTA, e.g., 6) topologies, with
greater success.*®

To further our understanding and scalability of thiophene-
containing macrocycles, we elected to incorporate o-buty-
lated thiophenes as part of the macrocycle (e.g., 7—12) to
improve solubility and, more importantly, to protect the
compounds from unwanted oxidation.***® The added stability
conferred by the alkyl chain should also permit us to
investigate the conversion of the diacetylene linker into a
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thiophene ring by reaction with Na,S.}” The resultant
terthiophenes (3TPs, e.g., 13—18) contain more sr-electron
density from the thiophene sulfur atom and better electron
delocalization than the diyne linker. Furthermore, the bridg-
ing 1,2-diethynylarene unit limits the rotation of the 3TPs,
ideally coplanarizing the 3TP moiety and thus enhancing
mr-orbital overlap further. We report herein the synthesis and
optical properties of DBTAs/DTAs 7—12 and their conver-
sion into 3TPs 13—18 (Figure 2).

Figure 2. Target thieno-fused dehydro[l4]annulenes 7—12 and
3TPs 13—18.

As in previous work, the macrocycles were assembled
from basic building blocks, namely core dihaloarenes 19 and
20 and differentially silylated diynes 24 and 26, through a
convergent design. Bromoiodothiophenes 19 and 20 were
prepared according to Scheme 1. lodination of commercially
available 2-butylthiophene furnished 21. Use of the lithium—
halogen “dance” reaction®® afforded 22 in 42% yield for the
two steps. NBS bromination of 22 provided multigram
quantities of 19 in 36% overall yield. Regioisomer 20 was
easily prepared in an analogous manner: bromination of
2-butylthiophene and subsequent lithium-halogen dance
reaction on 23 followed by iodine quench generated arene
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20 in 90% overall yield. Halides 19 and 20 were subsequently
converted into protected diynes 24 and 26 by sequential
Sonogashira cross-coupling with (trimethylsilyl)acetylene
(TMSA) and (triisopropylsilyl)acetylene (TIPSA) in excellent
yields (vide infra).

[14]DBTAs 7 and 8 and [14]DTAs 9 and 12 possess two
fused thiophenes in a “symmetrical” orientation on the lower
portion of the annulene and thus were assembled via 2-fold
cross-coupling of the respective diyne to a central dihaloarene
core. Scheme 2 illustrates a representative synthesis starting
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from 19. Sequential Sonogashira reactions with TMSA and
TIPSA afforded diyne 24 in 94% yield for the two steps.
Selective removal of the TMS group with K,CO3 in MeOH
followed by cross-coupling to 1,2-diiodobenzene furnished
tetrayne 25 in 78% yield. Protiodesilylation with TBAF and
subsequent acetylenic homocoupling utilizing PdCI,(dppe)
catalyst, Cul cocatalyst, and iodine as an oxidant®?° gave
8 in 57% yield.

[14]DTAs 10 and 11 possess two fused thiophenes in
unsymmetrical orientations on the lower portion of the
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annulene and are thus formed by sequential cross-couplings
to the dihaloarene “crown”. Scheme 3 shows a representative

Scheme 3
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synthesis of “unsymmetrical” DTA 10. Dihalothiophene 20
was sequentially cross-coupled with TMSA and TIPSA under
Sonogashira conditions to afford 26 in 91% yield. Selective
desilylation of 26 with K,COs, cross-coupling to 1 equiv of
arene 19, and then cross-coupling of the resultant bromodiyne
to monodesilylated 24 furnished 27 in 48% combined yield.
Macrocyclization was performed as before utilizing the
Pd(I)/Cu(l) catalyst system under oxidizing conditions,
affording 10 in 53% vyield.

Formation of the 3TPs was accomplished easily by treating
the corresponding [14]annulenes with Na,S in 2-methoxy-
ethanol (Scheme 2). A summary of the syntheses of all six
annulenes and the 3TPs is given in Table 1. Attempting 3TP

Table 1. Synthesis and Yields of DBTAs and DTAs 3—14

monodesilylated
diyne (equiv)

precursor, annulene, 3TP, yield
arene 24 26 yield (%) yield (%) (%)
19 2 pre7, 80 7, 64 13,46
19 2 pre8 (25), 78 8, 57 14,38
19 2 pre9, 52 9, 52 15,43
20 1 (second) 1 (first) prelO (27),48 10,53 16,58
20 1 (first) 1 (second) prell, 56 11,66 17,16
19 2 prel2; 69 12,32 18,42

formation on the previously reported nonalkylated
macrocycles™®® afforded promising results; however, the
products were found to be extremely unstable to air and light,
decomposing rapidly after a few hours to give uncharacter-
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izable mixtures.*® In contrast, all of the butylated products
were much more stable to air, light, and silica gel, though
overall yields were somewhat lower than their nonbutylated
counterparts. >

The UV-—vis spectra for DBTAs 7 and 8 and the
corresponding 3TPs 13 and 14 are shown in Figure 3a.
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Figure 3. UV—uvis absorption spectra of (a) 7—8, 13—14, (b) 9—-12,
and (d) 15—18. All spectra were recorded in CH,Cl, at analyte
concentrations of 15—25 uM.

Compared to 4 and 5, electronic donation of the two butyl
groups in 7 and 8 red shifts the respective peaks by 6—12
nm. The previously noted trends with thiophene orientation
are also maintained: an increased extinction coefficient and
red shift are observed for both 5 (408 nm) and 8 (422 nm)
with “down” oriented thiophenes (sulfur atom adjacent to
the butadiyne linkage) compared to 4 (374 nm) and 7 (381
nm) with “up” thiophenes, whereas the highest intensity peak
is slightly blue-shifted for 5 (325 nm) and 8 (331 nm) over
4 (329 nm) and 7 (337 nm). Upon terthiophene formation,

3976

the lowest energy bands in 13 and 14 are significantly red-
shifted from 7 and 8 (381 — 415 and 422 — 442 nm,
respectively), thus reflecting enhanced electron delocalization
within the 3TP macrocycles over the diacetylenic DBTAs.
Additionally, thiophene connectivity via a-a linkages as in
14 affords a smaller HOMO—LUMO gap than the o-f
thiophene links in 13, which is a well-established phenom-
enon 2!

The UV—uvis spectra for DTAs 9—12 are depicted in
Figure 3b. The most intense peak is approximately the same
for 9—12 (ca. 345 nm), with slight variations in vibronic
structure, and is red-shifted compared to 5 (335 nm), again
due to the electron donation of the butyl groups. In the low
energy region, the most red-shifted peak belongs to 9 (415
nm) followed by DTAs 11 and 12, with a common peak at
412 nm, and then 10 (409 nm). Analogous to what was
observed with the nonalkylated [14]DTAs,*? there are no
discernible trends of the low energy absorptions with respect
to thiophene orientation.

Sulfide-induced cyclization to generate 3TPs 15—18 results
in further red shifting (ca. 5 nm) of the main band to 350
nm, as well as a small bathochromic shift and broadening
of the low energy transitions (Figure 3c). In addition, there
is a new, very weak, low energy transition centered around
465—470 nm, a feature unique to the all-thiophene 3TPs
(Figure 3c inset).

DFT-YFLP calculations suppport the observed optical
behavior (see the Supporting Information). The optimized
structure for 14 shows a coplanar conformation across the
terthiophene having the lowest energy, whereas the structure
of 13 has an out of plane tilt of the central thiophene by ca.
20° due to H-atom interactions arising from the o-8
thiophene links. The coplanarity of 14 results in the lowest
energy/highest intensity absorption band, and the lack thereof
in 13 explains the reduced intensity and absence of fine
structure.

In conclusion, six o-butylated, thieno-fused dehydro[14]-
annulenes were prepared that exhibit enhanced stability and
synthetic scalability over their unsubstituted counterparts,
which allows for subsequent conversion to a class of linked
terthiophenes with enhanced planarity. Future reports will
discuss the electrochemical and emissive properties of the
butylated DTAs and 3TPs.
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