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Abstract

A series of homooxacalix[n]thiophenes (1,, n = 3~7) was prepared from 2,5-thiophenedimethanol in a one-pot
way via acid-catalyzed dehydration under mild conditions.  X-Ray crystallographic analysis revealed that
homooxacalix[3]thiophene (1;) has helical chirality in the solid state. © 1999 Elsevier Science Ltd. All rights reserved.
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Homooxacalix[r]arenes represent the host molecules of current interest due to the dual
characteristics of calixarenes and crown ethers.  They exhibit specific affinity for alkali and
alkaline-earth metal cations [1-3], ammonium ions [2-6], lanthanide ions [7.8], and
buckminsterfullerene Cg, [9,10].  Their heterocycle analogs, homooxacalix[3]furan [11,12]
and -[n]pyridines (n = 2~4) [11,13,14], were prepared via a stepwise procedure by Cram about
twenty years ago. However, oxacalix[n]thiophenes have not been prepared so far. In
recent years, calix[n]thiophenes linked directly by sulfur [15,16], silicon [17,18] or
phosphorus [18] have been prepared in 1-25 % yields, which prompt us to communicate our
results as well. Herein, we report a one-pot preparation of a series of
homooxacalix[n]thiophenes (1,, n = 3~7) via acid-catalyzed dehydration of 2,5-
thiophenedimethanol. ~ Furthermore, the solid state structures of 1, and 1, were elucidated by
X-ray crystallography.

A typical experimental procedure is as follows: to a solution of 2,5-thiophenedimethanol
(2.0 mmol) in dry THF (100 cm’) was added trifluoromethanesulfonic acid (TfOH, 0.20
mmol) under an argon atmosphere.  The mixture was magnetically stirred for 7 h at 30 °C,
then quenched by the addition of several drops of dil. NaHCO, agq., and concentrated to about
1/4 in volume.  After the addition of dil. NaHCOQ, aq. (60 cm®) to the concentrated mixture,
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it was extracted with AcOEt (60 cm?®) three times. The combined extracts were
concentrated and the residue was subjected to flash column chromatography on silica gel
(hexane/AcOEt = 2/1) to give a mixture of homooxacalix[z]thiophenes, which were separated
using GPC in the yields shown in Table 1.  The isolated macrocycles were characterized by
MALDI-TOF-MS spectra as well as by conventional analyses.'

A catalytic amount of Brgnsted acid (TfOH) and/or Lewis acid such as Sn(OTf), and
Hf(OTY), facilitated dehydration under mild conditions probably due to the m-electron-rich
nature of the thiophene ring. This is in marked contrast to the preparation of
homooxacalix[3]arene, where an excess amount of TfOH and high temperatures were required
[19]. Although the isolated yields of 1, are not satisfactory at present,” a wide range of
homooxacalix[n]thiophenes (n = 3~7) is directly obtainable in a one-pot procedure. The
reaction time was optimized after the time-course plot of the yields of 1;and 1, under the
conditions. Among several Lewis acids such as ZnCl,, CeCl,, and M(OTf), (M = Ag, Hf, La,
Sc, Yb) examined as catalyst or co-catalyst, Hf(OTf), was found to improve the yields (run 3).

Table 1  One-pot preparation of homooxacalix[#]thiophenes (1,-1,).

Run Catalyst Reaction time Yields (%)*
(mol%) (h) 1, 1, 1, 1, 1, Total’
1 TfOH (10) 7 3.8 11.3 6.2 38 2.4 27.5
2 TfOH (5)/Sn(OTf), (5) 6 8.1 8.0 4.8 1.9 08 236
3 Hf(OTY), (10) 2 6.0 12.9 6.3 4.5 2.1 31.8

* Yields after GPC isolation.  ® Combined yields from 1, to 1,.

! Selected data for 1,: 1, white solid. '"H NMR (200 MHz, CDCl,) 8 4.73 (12H, s, CH,), 6.77 (6H, s, ArH). *C NMR (50 MHz,
CDCL,) 8 66.9, 124.6, 143.0. MALDI-TOF-MS (pos) calcd for C gH40,S; 378.54. Found: 378.85 (M*%). Mp. 174-175 °C (from
hexane/CH,Cl,) Anal. calcd for Cj4H,;0S;: C, 57.12; H, 4.79. Found: C, 56.89; H, 4.71; 14 white solid. '"H NMR (200 MHz, CDCl;)
5 4.69 (16H, s, CH,), 6.86 (8H, s, ArH). "C NMR (50 MHz, CDCly) & 66.5, 125.8, 141.8. MALDI-TOF-MS (pos) calcd for
C,,H,,0,5;Na 527.71. Found: 527.75 (M+Na"). Mp. 162-164 °C (from hexane/CH,Cl,). Anal. caled for C,H,40,84: C, 57.12; H,
4.79. Found: C, 56.90; H, 4.78; 1, yellow oil. '"H NMR (200 MHz, CDCl,) 3 4.67 (20H. s, CH,), 6.88 (I10H, s, ArH). 3C NMR (50
MHz, CDCl,) § 66.3, 126.2, 141.3. MALDI-TOF-MS (pos) caled for CyH;,058;Na 653.88. Found: 653.30 (M+Na"); 14 yellow oil.
'H NMR (200 MHz, CDCl,) 8 4.67 (24H, s, CH,), 6.88 (12H, s, ArH). BC NMR (50 MHz, CDCly) & 66.1, 126.3, 141.4.
MALDI-TOF-MS (pos) calcd for C;H,,0,S.Na 780.06. Found: 779.67 (M+Na"); 1, yellow oil. '"H NMR (200 MHz, CDCl;) 8 4.66
(28H, s, CH,) 6.87 (14H, s, ArH). “C NMR (50 MHz, CDCl;) 566.1, 126.3, 141.4. MALDI-TOF-MS (pos) caled for C,,H,,0,5,Na
906.24. Found: 906.17. (M+Na").

2 The rest was considered to be linear and larger cyclic polyethers from the 'H-NMR spectrum of the crude product.
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The structures of compounds 1;and 1, were elucidated by X-ray crystallographic analyses
and shown in Figure 1.3

R )
}

)

Figure 1. ORTEP drawings of 1,(a) and 1, (b).

4

M O P M
Figure 2.  Molecular packing of 1.

? Crystal data for 13 C,H,;;0;S;, M = 378.54, monoclinic, P2/n (#14), @ = 15.182(2), b = 5.774(2), ¢ = 20.126(2) A, B =
102.570(8)°, V = 1722.1(7) ALzZ=4, prismalic, colorless, 0.24 x 0.06 x 0.24, (Cuy,) = 1.54178, of 2868 reflections collected, 2084
was taken as observed (I>3.06(1)). 272 parameters, R = 0.034, Rw = 0.053, GOF = 1.29. For 1 C, H,,0,8,, M = 504.72,
monoclinic, P2,/a (#14), a = 9.0613(8), b = 11.940(2), ¢ = 11.2007(9) A, B = 98.069(7)°, V = 1199.8(2) A’, Z = 2, prismatic,
colorless, 0.20 x 0.20 x 0.10, (Cuy,) = 1.54178, of 1893 reflections collected. 1544 was taken as observed (I>3.0s(I)). 146
parameters, R = 0.037, Rw = 0.067, GOF = 1.49.
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The ORTEP drawings (Figure 1) revealed that 1, has helical chirality, while 1, adopts a 1,2-
alternate conformation in the solid state.  Three thiophene rings of 1, make different
dihedral angles to the plane defined by three oxygen atoms; 89.21, 29.03 and -58.10°,
enforcing three sulfur atoms S1, S2 and S3 to point into the cavity in a helical manner, as
shown in Figure 1a, where the P configuration is observed.  In addition, the packing view of
1, (Figure 2) shows that the columns stacked along the b axis are constructed with either
enantiomers, M or P, while each column along the ¢ direction has the helix structure of
alternately opposite sense.  Although omitted from Figure 2 for clarity, every column along
the a axis occupies the same configuration.

As for the functionality, a few homooxacalix[r]thiophenes were found to have inclusion
ability for ammonium and pyridinium cations by 'H-NMR and/or extraction experiments
[12,13,20].

We are now making efforts to improve the yield of homooxacalix[r]thiophenes and thus
elaborated conditions will be used for the preparation of homooxacalix{n]furans and
-[n]pyrroles in future.
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