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A convenient route to thieno[3,2-b]thiophene-2-carboxyaldehyde (1) for the synthesis of new 5-n-decylthieno[3,
2-b]thiophene-2-carboxylic acid (10) is described. A class of novel supramolecular liquid-crystalline complexes
are formed starting from 10 or 5-n-decylthiophene-2-carboxylic acids and stilbazoles, through intermolecular

hydrogen bonding.

The synthesis and characterization of hydrogen-bonded liquid
crystals have recently drawn increasing attention.! By way of
the molecular recognition and self-assembly of suitably func-
tionalized similar or dissimilar molecules through hydrogen
bonding, a variety of supramolecular liquid crystals can be
constructed simply and spontaneously. Although many supra-
molecular liquid crystals formed by interaction of various
hydrogen donors and acceptors have been reported, the use of
heterocyclic carboxylic acid as a donor in this system hitherto
remains unexplored. Here we report the preparation and char-
acterization of a novel class of thieno[3,2-b]thiophene- and
thiophene-containing supramolecular liquid-crystalline com-
plexes (Fig. 1) where the 5-n-decylthieno[3,2-b]thiophene-2- or
5-n-decylthiophene-2-carboxylic acid®> and trans-4-alkoxy-4'-
stilbazoles® are used as building components.

A convenient route to thieno[3,2-b]thiophene-2-carboxy-
aldehyde (1)* from the available methyl 3-hydroxy-5,6-
dihydrothieno[3,2-b]thiophene-2-carboxylate (2)7 was devel-
oped for the synthesis of the required 5-n-decylthieno[3,2-b]
thiophene-2-carboxylic acid (10) (Scheme 1). Treatment of 2
(24.4 mmol with methanesulfonyl chloride (MsCl, 29.7 mmol)
and triethylamine (64.5 mmol.) in CH,Cl, (100 mL) at room
temperature gave the mesylate 31 as a solid in 98% yield after
purification by flash chromatography (silica gel, hexane—ethyl
acetate, 3:1). Reductive removal of the methanesulfonyl
group from 3 to afford 5 was accomplished by treatment of 3
(7.2 mmol) with sodium iodide (36 mmol) and Zn-Ag (72
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mmol) in anhydrous DMSO (20 mL) under nitrogen at 80 °C
for 26 h, presumably via the iodo intermediate 4.8 After fil-
tration, extraction (CHCI;), and purification by flash chroma-
tography (silica gel, hexane—ethyl acetate, 15 :1), methyl 5,6-
dihydrothieno[ 3,2-b]thiophene-2-carboxylate BTt was
obtained as a solid in 80% yield. Reaction of 5 with LiAlH,
(2.5 equiv.) in anhydrous diethyl ether afforded the crude
alcohol 6, which was directly treated with an excess of MnO,
(10 equiv.) in CH,Cl, by stirring at room temperature for 24 h
giving the aldehyde 1 in 91% overall yield from 5. A smooth
oxidation of the alcohol functionality as well as the dihydro-
thiophene ring occurred in one flask. The spectral data of 1
are identical with those previously reported.®

Synthesis of the new hydrogen-bonded donor 10 is straight-
forward as shown in Scheme 1 by sequential protection, alkyl-
ation and deprotection reactions wherein the crude
intermediates 7 and 8 were used without purification.® Thus
to a stirred solution of 7° (1.88 mmol) in anhydrous THF (50
mL) and haxamethylphosphoramide (HMPA, 12.2 mmol) at
— 78°C was added Bu"Li (1.98 mmol) dropwise. The reaction
mixture was stirred at the same temperature for 1 h prior to
the addition of n-iododecane (2.12 mmol). After stirring for
another 1 h, the resultant mixture was allowed to warm grad-
ually to — 60°C and quenched with aqueous THF. The crude
product 8 was obtained by eluting the reaction mixture
through a silica gel column (hexane—ethyl acetate, 5:1) to
remove HMPA. Further treatment of 8 with a catalytic
amount of tosylic acid (0.2 equiv.) in refluxing acetone for 4 h
gave 91 as a solid after purification by flash chromatography
(silica gel, hexane—ethyl acetate, 35 : 1) (87% overall yield from
1). It is noteworthy that the use of HMPA (6.5 equiv.) as a

+ Compounds: 3: mp 66-67°C; 'H NMR & 3.26 (t, 2 H, J = 8 Hz),
3.34 (s, 3 H), 3.77 (t, 2 H, J = 8 Hz), 3.86 (s, 3 H); MS m/z 294 M *,
100), 216, 215, 187, 184, 144, 100, 71. Exact mass calcd for
CoH,,05S; : 293.9690; found: 293.9689; 5: mp 55.5-56°C; 'H NMR
83.23(t,2H,J =8Hz),3.77 (t, 2 H, J = 8 Hz), 3.86 (s, 3 H), 7.46 (s, 1
H); MS m/z 200 (M ™, 100), 169, 141, 140, 97, 69. Exact mass calcd for
CgH,0,S, : 199.9966; found: 199.9971; crude 6: 'H NMR & 1.72 (t, 1
H,J =59 Hz),3.17 (t, 2 H,J = 8 Hz), 3.74 (t, 2 H, J = 8 Hz), 4.71 (d,
2H,J=59Hz), 672 (s, 1 H);9: mp 40.5-41°C; '"H NMR & 0.88 (t, 3
H, J = 6.8 Hz), 1.28 (br m, 14 H), 1.73. (m, 2 H), 291 (t, 3 H, J =74
Hz), 7.01 (s, 1 H), 7.84 (s, 1 H), 9.91 (s, 1 H); MS m/z 308 (M*), 183,
182, 181 (100), 153. Exact mass calcd for C,,H,,0S,: 308.1269;
found: 308.1269; 10: 'H NMR & 0.88 (t, 3 H, J = 7.1 Hz), 1.28 (br m,
14 H), 1.73. (m, 2 H), 2.91 (t, 3 H, J = 7.6 Hz), 6.99 (s, 1 H), 7.99 (s, 1
H); MS m/z 324 (M ™), 199, 198, 197 (100), 175, 153, 149, 121, 90, 43,
41. Exact mass calcd for C;,H,,0,S, : 324.1218; found: 324.1231.
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Scheme 1 Reagents and conditions (i) MSCI, Et;N, CH,Cl,, 25°C;
(ii) Nal, Zn-Ag, DMSO, 80 °C; (iii) LiAlH,, Et,0, 25°C; (iv) MnO,,
CH,Cl,, 25°C; (v) HOCH,CH,OH, TsOH, C,Hg, reflux; (vi) Bu"Li,
n-C,oH,,I, THF, HMPA, —78-60°C; (vii) TsOH, acetone, reflux;
(viii) Ag,0O, Et,0—MeOH, O-25°C

cosolvent for the alkylation of 7 is crucial. In the absence of
HMPA, less than 10% of the alkylated product 8 was
obtained under the reaction conditions. Oxidation of 9 was
carried out by treatment of an ethereal solution of 9 (1.2 mmol
in 40 mL ether) with the vigorously stirred semisolid Ag,0*°
(prepared from 2.85 mmol aq. AgNO; and 5.61 mmol aq.
NaOH) at 0°C for 10 min prior to the addition of 20 mL
MeOH. The reaction mixture was stirred at room temperature
for another 3 h. The silver suspension was removed by fil-
tration and washed with hot water. The cold filtrate was acid-
ified with concentrated hydrochloric acid precipitating the
acid 10 (90% yield), which was further purified by re-
crystallization from 95% EtOH.

The two novel classes of hydrogen-bonded liquid-crystalline
mesogens nSzTT and nSzT (Fig. 1) containing three different
aromatic rings within the extended rigid core are simply pre-
pared by the slow evaporation of a tetrahydrofuran solution
of 10 (TT) or 5-n-decylthiophene-2-carboxylic acid (T) and
trans-4-alkoxy-4’-stilbazole in a 1 : 1 molar ratio. Their phase-
transition temperature ranges are listed in Table 1.

All new hydrogen-bonded complexes nSzTT and nSzT
(n=4, 8, 12 or 16) are found to behave as one single com-
ponent and exhibit different mesomorphic properties from
their original constituents. As indicated in the Table 1, the
new hydrogen donor 10 (TT) exhibits both smectic C and
nematic (N) phases.!' Trans-4-alkoxy-4-stilbazoles (nSz,
n=4, 8 12 or 16) are known to have narrow ranges of
smectic B and E phases®® while the 5-n-decylthiophene-2-car-
boxylic acid (T) itself is nonmesogenic.> However, only the
smectic A (S,), smectic C and two unidentified smectic X and
X' (Sx and Sy) phases are observed for complexes nSzTT and
nSzT, and the nSzTT (n = 4, 8, 12 or 16) series possess neither

Table 1 Phase-transition temperatures® of hydrogen-bonded complexes nSzTT and #SzT from a 1 :1 molar ratio of trans-4-alkoxy-4'-stilbazoles
(nSz) with 5-n-decylthieno[3,2-b]thiophene 2-carboxylic acid (TT) or 5-n-decylthiophene-2-carboxylic acid (T)

T 80.6 (20.0) 1302041) _136406) 168.3 (9.0)
70.1(17.3) 118.2 (36.4) 130.8(2.1) 164.6 (8.1)
nSzTT
77.5 (22.0) 90.5(10.7) 102.0 (b) 183.0 (19.3)
(n=4) K 2 X Sc "
360638 4956.0) * 67.50.8) 101.0 (b) 1799 (18.3)
80.1(7.3) 104.1(0.9) 172.3 (b) 181.9(17.3)
(n=8) Sx Sc A
733(39) 101.4(1.5) 1715 (b) 178.6(18.1)
53.8(2.0) /88.5(4.1) 122.3(5.8) 179.6 (29.4)
= s
(n=12) K 35.0(3.8) X "1194(62) Se 176.6 (29.0)
6 K 78.4(3.7) o, 105 176.7 (33.1)
(=16 55.5(4.4) X T1159(7.2) S 173.0(30.9)
nSzT
61.7(25.9) 132.3(18.3)
(n=4) K R
54.7(0.9) 128.1(18.9)
_o K 60.6(42.2) g, 86209 o _1100() 136.8 22.1)
n=%) 253 (409) X %3069 < T1080(m) T 133.1(208)
40.5(23.2) , 533 (4.5) 102.2(7.9) 135.7(24.6)
= /. S¢ P —————— 1
(n=12) R 5009, X 78084) X ~988@83) ¢ 317 (347
73.6(52.4 105.5 (10.9) 1323 (24.3)
(n=16) K $24) Sc 1
230343 T01.8(11.2) 128.0024.1) _

“ Phase-transition temperatures (°C) and the corresponding enthalpies (J g™, in parentheses) were determined by the second heating and cooling
scans (heating and cooling rate of 10°C min~?') of differential scanning calorimetry using a Perkin Elmer DSC-7 calorimeter; abbreviations: K
and K’ = crystalline phases, Sy = unidentified smetic phase, I = isotropic liquid. * The enthalpy was too small to be detected by DSC and the
phase-transition temperature was assigned by polarizing optical microscopy.
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the nematic nor the smectic B and E phases. In contrast to the
pure dimeric acids TT and T, the smectic A phase is appar-
ently introduced in both complexes nSzTT and nSzT by the
hydrogen-bonded interaction between the acid and stilbazole
components. In addition, this interaction suppresses the
nematic phase displayed by the dimeric acid TT. It is noted
that the ranges of smectic A phase become wider for both
nSzTT and nSzT bearing shorter alkoxy tails of the stilbazole
moieties, and the smectic A phase disappears (replaced by the
smectic C phase) for those with longer alkoxy chains (12SzTT,
16SzTT, 12SzT and 16SzT). Significantly, the tilted layered
(smectic C) phase is stabilized (i.e. with a wider range of the S¢
phase) by the binary extended core, and the complex 8SzTT
has the widest range of the S phase (~68 °C) in both series.
Such a trend is consistent with that of similar benzenoid
homologues of thermotropic mesogens.!2

It is also interesting that the new supramolecular liquid-
cystalline complexes nSzT having a kinked molecular struc-
ture exhibit stable mesophases similar to those of the more
rod-like complexes nSzTT, although with relatively narrow
mesophase ranges and lower transition temperatures. This
phenomenon is comparable with that of similar benzenoid
supramolecular liquid-cystalline complexes having an angular
structure.!® It might be attributable to the reduced packing
efficiency of the nonlinear configuration in the nSzT series.

In summary, we report herein a convenient synthesis of
thieno[ 3,2-b]thiophene-2-carboxyaldehyde (1) as the precur-
sor to 5-n-decylthieno[ 3,2-b]thiophene-2-carboxylic acid (10).
Novel supramolecular liquid crystals nSzTT and nSzT are
readily formed from 10 or 5-n-decylthiophene-2-carboxylic
acid and stilbazoles through intermolecular hydrogen
bonding. The present results suggest that the use of suitable
heterocyclic acids as hydrogen-bonded donors could be of
value in the design of new supramolecular liquid crystals.
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