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Abstract:

Reactions of 3-substituted 4,6-dimethoxybenzofurans with formaldehyde and aryl aldeydes in the presence of
acetic acid and phosphoryl chloride respectively give new macrocyclic calix[3]benzofurans, predominantly with
an unsymmetrical linkage pattern. Incorporation of a r-butyl substituent at the 3-position, however, leads to the
formation of only a trimer with a symmetrical linkage pattern. © 1999 Elscvier Science Lid. All rights reserved,
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Calixarenes are an important class of compounds which can act as hosts for guest
inclusion and therefore have application as catalysts.! Furan has been reported to react with

aldehydes or ketones under acidic condunons to give cyclic tetramers.2:3 Thiophen4,5 and
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electrophilic substitution, can react w1th yl aldehydes in the presence of phosphoryl
chloride to give calix[3]indoles exemplified by structure 1. 7
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As part of a programme aimed at expanding the range of calixarenes from other
activated heterocycies which behave as ambident nucleophiies, we describe the preparation of
new benzofurans and their reactions with aldehydes.

A classical route to prepare 4,6-dimethoxy-3-phenylbenzofuran was reported in 1959.8
Recently, Chen and coworkers have reported the synthesis of 6-methoxy-3-

phenylbenzofurans and analogues from the reaction of a-aryloxyketones with zeolite in
e under refluxing conditions for 16 h.9
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benzofurans. 3-Substituted 4,6-dimethoxybenzofurans 3 ¢ were prepared in two steps by
reactions of 3,5-dimethoxyphenol with appropriate alkylating agents followed by
intramolecular cyclisation of the resulting a-aryl(alkyl)oxyketones 2a-c in the presence of
trifluoroacetic acid for 1 h at room temperature.
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2a) R=Ph 88% 3a) R=Ph 80%
2b) R=4-BiCeH,  55% 3b) R=4-BiCeH, 84%
2¢) R=CMe; 96% 3c) R=CMe; 90%

Previously, we have shown that the treatment of activated 3,5-dimethoxyindoles with
formaldehyde does not result in the selective formation of macrocycles but gives
uncontrolled reactions.” In contrast to the activated indoles, benzofurans 3a and 3b react
with formaldehyde in refluxing acetic acid to afford both symmetrically linked 2,7:2,7:2,7-
and unsymmetrically linked 2,2:7,7:2,7-macrocyclic trimers 4a-5b in moderate yields.
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da) R=Ph 15% 5a) R=Ph 21%
4b) R=4-BrC;H, 18% 5b) R=4-BrCH, 26%
4c) R=CMe; 33% 5¢) R=CMe, 24%

When benzofuran 3¢ was treated with a large excess of formaldehyde under the same
conditions the only isolated product was the macrocyclic tetramer 6 in 9% yield.



The symmetrically linked isomers show a symmetrical pattern in their IH NMR spectra
whereas the spectra of isomers with the unsymmetrical linkages generally exhibit six signals
corresponding to the methoxy groups, three signals designated to the alkyl CH groups and
three signals for the aromatic protons at the benzofuran 5-positions.

Reactions of the two activated benzofurans 3a, b with aryl aldehydes in the presence o

phosphoryl chioride gave the macrocyclic trimers 7a-8c. The unsymmetricaily linked
isomers were the major products.
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7a) R=Ph, R'=Ph 0% 8a) R=Ph, R'=Ph 62%
7b) R=Ph, R'=4-MeCeH, 7% 8b) R=Ph, R'=4-MeC¢H, 82%
7c) R=4-BrC¢H,, R=Ph  13% 8c) R=4-BrC¢H,, R'=Ph  67%
74 R=CMe. R'=Ph 479, R4 R=C'Me... R'=Ph 0%
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The reason for such product distributions is probably due to the higher reactivity of the
2 position over 7 in the activated benzofurans. However, when 3-1-butyl-4,6-
dimethoxybenzofuran 3¢ was treated with benzaldehyde under the same conditions only a
symmetrically linked trimer 7d was obtained since in this case the position 7 is more reactive

because of the steric hindrance at position 2.

177 RTRATY . . ...,..-.11-. A ...m..m...n P | BT

The ‘H NMR specita of the syiminciriCany ana unsymincifiCauy O
were distinctively different. The unsymmetrically linked isomers generally show a signa

"i
3
2
>



4806 D. 8tC. Black et al. / Tetrahedron 55 (1999) 4

(lCSlgl]B[Eﬂ to one memoxy gl'Ollp well apart (aoou[ 0.4 Ppm ) from the other sxgnals ansmg
from the rest of the methoxy group protons. Furthermore, the signals corresponding to two
of the three alkyl CH groups are shifted upfield by about 1 ppm with respect to those in the
symmetrically linked isomers. For example, in the lH NMR spectrum of 8b one methoxy
signal appears at & 3.25 ppm and the other methoxy signals appear within a region of & 3.66-
3.75 ppm. The alkyl CH groups resonate at 6 5.39, 5.42 and 6.21 ppm in this specrum. By
comparison, the methoxy groups in the spectrum of 7b give rise to signals from § 3.46 -

3.81 nom. The gionals at 8 S.84. 6.01 and 6.04 are deonatPﬂ to alkvl CH groups The
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Compounds 8b and 8¢ were mixtures of two undetermined conformational isomers in a
ratio of almost 1:1 and the latter could be separated by flash chromatography. These
conformers relate to the axial or equatorial nature of methine aryl groups, which cannot be
interchanged by simple rotation processes.
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Figure 1. X-ray crystal structure of compound 7b.

Crystallography.

Crystal data of 7b. C72He00O9, M 1069.3, triclinic, space group PI, a 14.986(5), b
18 940/ ~ 16 1ASIYA ~ 100 SA/0)Y R Q7 SUD) ~ 1 270(1Y° V 2I1(NA3 DA 198 o
LI EMI\JJy & L1VATIO\IJMy W LVIZIUME), P AT JIN&Lfy [T LI\ 1] 3 ¥V LUJI\LJINT Yy LI L.&d KB
PN S 2 T £ 1" nenn-] MNecintal aiea N1 e NTA ey N TA v DO TNNO  smaian anAd
cm™2, L 2, WCy O.17 CIi ., LrySidl SIZ€ v.i< 0y V.15 DY v.i4 1T, 2omax 1vv, iiiil. aid
max.transmission factors 0.92 and 0.94. The number of reflexions was 3997 considered
observed out of 5798 unique data. Final residuals R, Rw were 0.072, 0.099 for the

observed data.
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diffractometer in 8/28 scan mode using graphite monochromatized copper radiation (A
1.54184A). Data were corrected for absorption using the analytical method of de Meulenaer
and TompalO. Reflexions with I > 36(I) were considered observed. The structure was
determined by direct phasing and Fourier methods.

For refinement, the structure was paramaterized as nine planar groups of three types,
benzfuran phenyl and toluene, and the remaining atoms were 1ncluded as mdeoendent
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nucieus and one for each ring. Hydrogen atoms were included in caiculated positions each
cycle, and their thermal motions were included in the appropriate group.

Reflexion weights used were 1/62(Fg), with 6(F) being derived from 6(Io) = [62(I)
+ (0.0415)2]11/2. The weighted residual is defined as Rw=(EwA2/ZwFq2)1/2,  Atomic
scattering factors and anomalous dispersion parameters were from International Tables for
X-ray Crystallography.ll Structure solution was by SIR9212 and refinement used RAELS.13
ORTEP-I114 running on a Power Macintosh was used for the structural diagram, and a DEC

Experimental

General: Melting points are uncorrected. Microanalyses were performed by Ms Reet
Bergman of the Australian National University and Mrs Berta Litvak at the University of
New South Wales. !H and 13C NMR spectra were obtained in deuterated chloroform on a
spectrometer. Infrared spectra were recorded on an ATI
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ss spectrometer at 70 eV ionizing potential with an i
temperature of 2100C. MALDI spectra were obtained on a DESTR ‘v'O x’ GER. Flash
chromatography was carried out using Merck silica gel 230-400 mesh Kieseligel 60, whilst
analytical thin-layer chromatography was performed on 0.2 mm plates precoated with silica

gel 60 Fa54.
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2-(3',5'-Dimethoxyphenoxy)acetophenone (2a)
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N AUIAWLIL Ul JyJTUHLIVUIVA Y PLIVIIVE (& J gy LULLL LIHIIVL ) AT ULULLIVAUULVERIVIIVAIG (& By
1£ A% o 1Y ol acalian Liiallnan (1 £ 5 1472 a1l in anratanas (AN 1Y wrac
10.44 IOi) and potassiuill vicaioonat (1.0 g, 10.25 HHIUL) Hl dCClOne (9v 1) was
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refluxed overnight. The solvent was evaporated and the crude residue extracted with
dichloromethane (40 ml). The extract was washed with water (2 x 10 ml) and evaporated to
give a pale yellow oil which was chromatographed (ethyl acetate:light petroleum, 20:80 and
then 25:75) to give 2-(3',5'-dimethoxyphenoxy)acetophenone (2a) (3.9 g, 88%) as colourless
crystals, m.p. 91-930C (from ethyl acetate/light petroleum). (Found: C, 70.5; H, 6.0.
C16H1604 requires C, 70.6; H, 5.9%). 1H NMR spectrum: & 3.76 (6H, s, 2 x OMe); 5.23
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spectmm m/z 272 M, 10%), 167 (8) 152
(KBr) Ymax 1714, 1650, 1120 cm-!.

2-(3',5'-Dimethoxyphenoxy)-4'-bromoacetophenone (2b)
A mixture of 3,5-dimethoxyphenol (2.0 g, 12.98 mmol), 2,4'-dibromoacetonhenone
(3.61, 12.98 mmol) and potassium bicarbonate (1.30 g, 12.98 mmol) i
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give 2-(3".5"-dimethoxyphenoxy)-4'-bromoacetophenone (2b) ( , 55 %) as colouriess
crystals, m.p. 106-108°C (from ethyl acetate/light petroleum). (Found. C, 54.8; H, 4.3.
C16H15BrOg4 requires C, 54.9; H, 4.3%). 1H NMR spectrum: 8 3.75 (6H, s, 2 x OMe); 5.14
(2H, s, OCHy); 6.11 (3H, s, aryl); 7.63 (2H, d, J 7.6 Hz, aryl); 7.85 (2H, d, J 7.6 Hz, aryl).
13C NMR spectrum: & 55.4 (2 x OMe), 70.8 (OCH2); 93.8, 93.9, 129.7, 132.1 (aryl CH);
129.1, 133.3, 159.7, 161.6 (aryl C); 193.6 (CO). Mass spectrum m/z 352 (M 81Br, 35%),
350 (M 79Br 35%), 185 (100). IR (KBr) vmax 2945, 2875, 1704, 1600, 1475, 1400, 1150
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i-(3',5'-Dimethoxyphenoxy)pinacoione (2c)

To a stirred solution of 3,5-dimethoxyphenyl (2.0g, 12.99 mmol) in dry methyl ethyl
ketone (30 ml) was added 1-chloropinacolone (2.15 ml, 95%, 16.40 mmol), potassium
hydrogen carbonate (1.30 g, 12.99 mmol) and sodium iodide (5.0 g, 33.33 mmol). The
mixture was refluxed overnight. The solvent was evaporated, water was then added and the
solution extracted with dichloromethane. The extract was dried, evaporated and
chromatographed (ethyl acetate/light petroleum, 5:95 and then 15:85) to give 1-(3',5'

dimethoyvnhenoxyvininaclone (2¢) (3 140 Q969%) ac colonrlece crvetale mn 66-6R0C (from
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0.U70). “ri INIVIN SPECITUi: O 1.24 (I, §, LIVi€3), 5./5 (01, §, 2 X UMC), 4.61 (<4, §, Lnjj,
6.06-6.11 (3H, m, aryl). !13C NMR spectrum: § 26.2 (CMe3); 43.1 (CMe3); 55.2 (2 x OMe);
68.7 (OCH2); 93.6 (aryl CH); 59.8 161 4 (aryi C); 209.0 (CO). Mass spectrum m/z 252
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M, 40%). IR (KBr) vmax 2948, 160, 1200, 1140 cm-1
4,6-Dimethoxy-3-phenylbenzofuran (3a)
A solution of ketone 2a (2.99 g, 10.99 mmol) in mﬂuoroacetlc acid was stirred for 1 h
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acetate:light petroleum, 20:80) to give 4,6-dimethoxy-3-phenylbenzofuran ( (
80%) as colourless crystals, m.p. 89-91°C (from ethanol) (lit.8 89-90°C). 1H
spectrum: § 3.81, 3.87 (6H, 2s, OMe); 6.37 (1H, d, J 2.0 Hz, HS); 6.69 (1H, d, J 2.0 Hz, H7);



7.33-7.64 (6H, m, aryl). 13C NMR spectrum: & 55.0, 55.3 (OMe); 88.1, 94.4 (C5, C7);
126.8, 127.7, 129.1 (aryl CH); 139.7 (C2); 109.6, 122.6, 1 322 154.5, 157.7, 159.0 (aryl C).
Mass spectrum m/z 254 (M, 100%), 239 (70), 211 (10), 139 (15). IR (KBr) vmax 3001,
2938, 1611, 1500, 1125 cm-l.
3-(4'-Bromophenyl)-4,6-dimethoxybenzofuran (3b)

Similarly as described for 3a, ketone 2b (1.0 g, 2.85 mmol) was treated with
trifluoroacetic acid to give 3-(4'-bromophenyl)-4,6-dimethoxybenzofuran (3b) (0.8 g, 84%)
as colourless crystals, m.p. 117-1180C (from ethyl acetate/light petroleum). (Found: C, 57.6;

H, 3.8. C16H13BrO3 requires C, 57.8; H, 3.9%). 'H NMR spectrum: & 3.81, 3.87 (6H, 2s,
OMe), 6.36 (1H, d, J 2.0 Hz, H7), 6.68 (1H, d, J 2.0 Hz, H5); 7.47-7.54, (5H, m, aryl). 13
NMR spectrum: & 55.4, 55.7 (OMe); 88.4, 94.7 (CS, C7); 103.8, 131.0, 139.8 (aryl CH),

109.5, 121.1, 121.8, 131.2, 154.5, 157.9, 159.3 (arylC). Mass spectrum m/z 334 (M 81Br,
100%), 332 (M 79Br, 100%). IR (KBr) vmax 2949, 1632, 1600, 1210, 1160 cm-1.

3-t-Butyl-4,6-dimethoxybenzofuran (3c)
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trifluoroacetic acid to give 3-r-butyl-4,6-dimethoxybenzofuran (3¢) (1.

colourless crystals, m.p. 87-899C (from ethyl acetate/light petroleum). (Found: C, 71.7; H,
7.8. C14H1803 requires C, 71.8; H, 7.7%). 'H NMR spectrum: 8 1.41 (9H, s, CMe3); 3.84,
3.92 (6H, 2s, OMe); 6.34 (1H, d, J 2.0 Hz, H7); 6.61 (1H, d, J 2.0 Hz, HS); 7.17 (1H, s, H2).
13C NMR spectrum: 30.2 (CMe3); 30.6 (CMe3); 54.9, 55.5 (OMe); 88.3, 94.0 (C5, C7);
137.4 (C2); 110.7, 131.1, 153.7, 158.4, 158.7 (aryl C). Mass spectrum m/z 234 (M, 70%),
219 (100). IR (KBr) vmax 2960, 1625, 1500, 1360, 1160, 1105 cm-1.
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A stirred solution of 3a (200 mg, 0.788 mmol) and an excess of formaldehyde (38% in

1 n

aqueous solution) in acetic acid (5 ml) was refluxed for 4 h. The resulting mixture was then
cooled at room temperature and then fiitered. The precipitate was chromatographed (ethyi
acetate:light petroleum, 10:90) to give two fractions. The first fraction contained
6,8,14,16,22,24-hexamethoxy-4,12,20-triphenyl-26,28,30-trioxaheptacyclo[17.5.2.23.9.
211,17,05,29,013,27 021,25 |triaconta-1(24),3,5(29),6,8,11,13(27),14,16,19,21(25),22-
dodecaene (4a) (30 mg, 15%) as colourless crystals, m.p. 278-281°C (from ethyl
acetate/light petroleum) (Found: C, 74.4; H, 5.5. C51H4209.H20 requires C, 75.0; H, 5.4).
rum: & 3.64, 3.68 (18H, 2s, 6 x OMe); 4.15 (6H, s, 3 x CH2); 6.25 (3H,
R
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2- hexamethoxy—4 12,24-triphenyl-25,28,30- trtoxaheptacvclol 17.
211,17 05,29 013,27 023,26 Jtriaconta-1(24),3,5(29),6,8,11,13(27),14,16,19,21,23(26)-
dodecaene (5a) (45 mg, 21%) as colourless crystals, m.p. 185-1870C (from ethyl
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NMR spectrum: & 3.69, 3.72, 3.77, 3.78 (18H, 4s, 6 x OMe); 3.97, 4.19, 4.32 (6H,
CH>); 6.32, 6.36, 6.37 (3H, 3s, benzofuran H5); 7.20-7.52 (15H, m, aryl). 13C NMR
spectrum: & 17.5, 22.5, 24.4 (CHy); 55.5, 55.6, 55.7, 56.2, 57.4, 571.9 (OMe); 91.0, 92.1,
92.8 (benzofuran CS5); 126.2, 126.5, 127.3, 127.6, 130.3, 130.4, 130.6 (aryl CH); 103.1,
106.7, 107.4, 111.6, 111.7, 117.1, 117.2, 132.8, 133.0, 134.3, 148.0, 148.2, 151.2, 151.8,
151.9, 152.4, 154.4, 155.0, 155.1, 155.4, 155.5 (aryl C). Mass spectrum m/z 799 (M+1). IR
(KBr) vmax 2930, 1625, 1500, 1330, 1210, 1100 cm-1.
Reaction of 3-(4'-bromophenyl)-4,6-dimethoxybenzofuran (3b) with
formaidehyde

A stirred solution of 3b (300 mg, 0.90 mmol) and an excess of formaldehyde (38%
aqueous solution) in acetic acid (8 ml) was refluxed for 4 h. The mixture was then cooled to
room temperature and the resulting precipitate was filtered and chromatographed to give two
fractions. The first fraction was 4,12,20-tri(4"-bromophenyl)-6,8,14,16,22,24-hexamethoxy-
26,28,30-trioxaheptacyclo[17.5.2.23.9.211,17 05,.29,013,27 021,25 [trigconta-1(24),3,5(29),6,8,
11,13(27),14,16,19,21(25),22-dodecaene (4b) (55 mg, 18%) as colourless crystals after

b 1J)e b

evaporation, m.p. 392-3940C (from ethyl acetate/light petroleum). (Found: C, 56.2; H,

C:1 aaRr2Na IHAO) reanirec (C 56 3 H 42 1TH NMR cnactrum- &8 167 17D (1RH 2¢ A
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x OMe); 4.10 (6H, s, 3 x CHj); 6.24 (3H, s, 3 x benzofuran HS5); 7.30 (6H, d, J 8.2 Hz, aryl);

M AR LYY 2 Y O AN XX < I 12 ATR AT . © A1 A ST N\, S8 L LA SMNRE N, NN L

f.4/7 (o, 4, J 8.2 Nz, aryl). *-C INIIK SpECIrum. o0 Z1.5 (Lin2), J25.0, J0.4 (UME), FU.0

(benzofuran C5); 130.4, 132.7 (aryl CH); 102.6, 111.7, 115.0, 120.3, 132.7, 151.7, 152.3,
154.4, 154.5 (aryl C). Mass spectrum m/z (MALDI) 1033 (M+1). IR (KBr) vpmax 2930,
1619, 1505, 1490, 1150, 1095 cm-1. The second fraction was 4,12,24-tri(4'-bromophenyl)-
6,8,14,16,20,22-hexamethoxy-25,28,30-trioxaheptacyclo[17.5.2.23.9.211,17 (5,29 013,27,

023,26 Jtriaconta-1(24),3,5(29),6,8,11,13(27),14,16,19,21,23(26)-dodecaene (5b) (82 mg,

26%) as colourless crystals, m.p. 213 2150C (from ethyl acetate/light petroleum) (Found:
C, 58.8: H, 3.9, (‘:1”9(\“1'0”9 rem

C, 58.8; H, 3.9. Cs1} Og reg .1; H, 3.8%). 'H NMR spectrum: ,3.71,
272 278 27 IQUH K¢ A v MNMMaY 224 A12 4972 (A 2w allbyl C'HAY A1 A 12 A 2§
3,13, 5.1Jy J3.01, \1011, J5, U A UIVIUJ, J.07, 7. 17, 7.0 \ULl, J5, @iyl 117 ), U.J1, U.JJ, U.JJ
153 4 B | [y .} TICN. "1 N2 »1 An F1NAYY o 1) 12/ ATRAD o mmbee . 8 1'-1 A N A AA 1
{on, 3§, D€zZoluran o), 7.Usb 47 (1, I, dryl). “~u INIVIR speiuuin. o I.4, LL.94, LS. 1
(alkyl CH2); 55.4, 55.5, 56.2, 57 3, 57.8 (OMe); 90.7, 91.8, 92.5 (benzofuran C5); 130.5,

130.7, 131.8, 132.1, (aryl CH); 102.7, 106.4, 107.2, 111.1, 116.1, 116.3, 120.3, 120.8,
120.9, 131.6, 133.2, 147.7, 148.1, 151.2, 151.6, 151.8, 152.3, 154.8, 155.2, 155.4, 155.5,
155.7 (aryl C). Mass spectrum m/z (MALDI) 1033 (M+1). IR (KBr) vmax 2949, 1621,

1520, 1200, 1110 cm-1.

A stirred soglution of 3¢ (200 me. 0.855 mmol) and an excess of dimethoxvmethane in
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.9; H, 8.1. C45H5409 requires C,
73.2; H, 7.4%). H NMR spectrum: 8 1. 42 (27H, s, 3 x CMe3) 3 83, 3.90 (18H, 2s, 6 x
OMe); 4.20 (6H, s, 3 x CH2); 6.29 (3H, s, 3 x benzofuran H5). 13C NMR spectrum: & 23.5
(CH»); 31.3 (CMe3); 31.7 (CMe3); 54.9, 56.5 (OMe); 90.2 (benzofuran C5); 103.7, 113.2,
122.0, 148.1, 151.2, 153.8, 154.9 (aryl C). Mass spectrum m/z (MALDI) 738 (M, 20%). IR
(KBr) vmax 2950, 1621, 1505, 1210, 1150, 1120 cm-1. The second fraction was 4, 12,24-tri-
t-butyl-6,8,14,16,20,22-hexamethoxy-25,28,30-trioxaheptacyclof17.5.2. 23,9 211,17 95,29

013, 27 023,26 Jtrigconta-1(24),3,5(29),6,8, 11,13(27),1 ,15 19,21,23(26)-dodecaene (5¢) (50
(from
7
/

LM 4= 4V vy Il yus | e S Iy’ 4 &£ L oS
r L4 1 73\ Iy »

mg, 24%) as colourless crystals m.p. 174 177

ID.-.".-.A f‘ '71"} Ll TA M, .

® N TLY NIRMADD conmmdemionas
(FOuUndG: «, 71 n, /.. \,43n34u Be¥
~

ethyl acetate/light petroleum)
7 5/ 0). *I1 INIVIIN dPCCU Ul U

l\

ren) W 98 AY N £0 ~ O

1.54 (27H, s, 3 x CMe3); 3.58, 3.82, 3.88

CHpy); 6.26, 6.27, 6.30 (3H, 3s, benzofuran H5). 13C NMR spectrum: & 16.8, 22.8, 297
(CHy); 31.5, 31.9, 32.0 (CMg3); 54.8, 54.9, 55.0, 55.4, 57.4, 57.6 (OMe); 89.8, 90.9, 92.4
(benzofuran CS5); 103.0, 106.2, 106.9, 109.4, 109.8, 110.2, 112.1, 112.2, 113.1, 116.6,
120.1, 122.3, 123.5, 123.6, 145.2, 148.2, 150.6, 150.7, 151.3, 154.7, 155.0 (aryl C). Mass
spectrum m/z (MALDI) 761 (M+23, 40%). IR (KBr) vpax 2931, 1609, 1510, 1220, 1110

cm-l,

Saiz

G2

Reaction of 3-f-butyl-4,6-dimethoxybenzofuran (3c¢) with formaldehyde

A stirred solution of 3¢ \LGG mg, 0.85 mmou and an excess of Iormalaenyae (36“/0
aqueous solution) in acetic acid (6 mi) was refluxed for 4h. The mixture was then cooled to
room temperature and the resulting precipitate was filtered and chromatographed to give
4,12,20,28-tetra-t-butyl-6,8,14,16,22,24,30,32-octamethoxy-33,35,37,39-
tetraoxanonacyclo[25.5.2.23,9.211,17 219,25 05,34,013,36, 021,38 029,40 ]tetraconta-1(40),3,5,7,
9(34),11,13,15,17(36),19,21,23,25(38),27,29,31-hexadecaene (6) as a colourless solid (19

mg, 9%), m.p. 201-203°C (from ethyl acetate/light petroleum). (Found C, 72.9; H, 7.6.

CeoH72012 requires C, 73.2; H, 7.4%). 'H NMR spectrum: & 1.30, 1.47, 1.53, 1.5 (36H,
4s, CMe3); 3.59-4.10 (8H, m, CHy); 3.60, 3.69, 378, 3.85, 3.89, 3.90, 3.99 (24H, 7s, 8 x
MNANA N\, £ 1L £ 10O £ NN leasmrrafizenss LIEN ANIRAD fevnnbsersenne S 1£40 NN L
ULWIC), V.10, V.17, V.LL DUCiIZVlL Ul all 110 NIVIIN dpCluuild. U 10.7, L4.V,

91.0, 91.7 (aryl CH); 103.6, 104.4, 105.9, 106.6, 106.8, llzz 1123 112.9, 121. 5 121. 9
123.2, 145.7, 146.6, 148.3, 148.6, 150.5, 150.8, 151.2, 153.9, 154.2, 154.7, 154.9, 155.0,
155.4 (aryl C). Mass spectrum m/z (MALDI) 984 (M+1). IR (KBr) vmax 2950, 1622, 1505,
1210, 1160, 1130 cm-1.

t
.

e
Q

o b

PUR A | cmAdiiio bacr Aol
TALUIC, wdsiiClu wu,u SUULULl 1YULUALU

solution (2%), dried and evaporated The crude residue was chromatographed (ethyl
acetate:light petroleum, 15:85) to give 6,8,14,16,20,22-hexamethoxy-2,4,10,12,18,24-
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hexaphenyl-25,28,30-irioxaheptacycio[17.5.2.2 23.9.211,17,05,29,013.27, 023,26 triaconta-1(24),
3,5(29),6,8,11,13(27),14,16,19,21,23(26)-dodecaene (8a) (100 mg, 62%) as a COlOllﬂCSS

solid, m.p. 310—3120C. (Found: C, 80.3; H, 5.8. Cg9Hs5409 requires C, 80.7; H, 5.3%). 1

NMR spectrum: § 3.33, 3.70, 3.73, 3.74, 3.75 (18H, 5s, 6 x OMe); 5.50, 5.58, 6.24, 6.28,
6.41, 6.46 (6H, 6s, 3 x benzofuran H5, 3 x alkyl CH); 6.62-7.35 (30H, m, aryl). 13C NMR
spectrum: § 38.1, 40.0, 41.0 (alkyl CH); 54.9, 55.4, 55.5, 56.7, 57.6, 58.0 (OMe); 91.9,

92.6, 92.7 (benzofuran C5); 125.2, 125.9, 126.0, 126.5, 126.7, 126.9, 127.1, 127.2, 127.4,
127.6, 127.8, 127.9, 1283, 128.8, 129.0, 130.1, 130.2, 130.5 (aryl CH); 108.4, 110.0, 110.7,
1117, 111.9, 113.4, 116.1, 117.1, 117.3, 1311, 132.5, 1327, 134.2, 139.2, 142.3, 143.5,
150.1, 150.2, 152.1, 152.4, 152.7, 154.4, 154.8, 155.1, 155.2, 155.3, 155.6 (aryl C). Mass
e b e e e FAA AT TOATN 1AAYT 7N A 1\ TN /7NN . ANAO 1£N" 1E8NEL 129N 1 2NN 11 AN
spectrum m/z (MALDI) 1027 (M+1). IR (KBr) vmax 2948, 1603, 1505, 1330, 1200, 1140,
1100 cm-1

Reaction of 4,6-dimethoxy-3-phenylbenzofuran (3a) with m-tolualdehyde
A stirred solution of 3a (200 mg, 0.787 mmol), m-tolualdehyde (0.09 ml, 0.787 mmol)
hosphoryl chloride (0.09 ml, 0.966 mmol) was refluxed in chloroform (5 ml) for 4h.

sulting solution was cooled to room temperature, washed with sodium hydroxide
Is)
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caene (7b) (20 , 7%) as colourless crystals, m.p. 190-1920C (f
acetate/hght petroleum). (Found C, 80.5; H, 6.0. C72HgpO9 requires C, 80.9; H, 5.7%). iH
NMR spectrum: & 1.97, 2.25, 2.37 (9H, 3s, Me); 3.46, 3.57, 3.66, 3.68, 3.71, 3.81 (18H, 6s,
OMe); 5.84, 6.01, 6.04 (3H, 3s, alkyl CH); 6.15-7.44 (27H, m, aryl). 13C NMR spectrum: &
20.8, 21.1, 21.3 (Me); 37.3, 39.2, 39.6 (alkyl CH); 55.6, 55.7, 55.8, 56.4, 57.1, 57.8 (OMe);

91.1, 91.4, 92.4 (benzofuran C5); 125.2, 125.8, 126.0, 126.2, 126.4, 127.2, 127.5, 127.8,
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Mass spectrum m/z (MALDI) 107() (M+1) IR (KBr) umax 2932 1612 1505
1130 cm-i. The second fraction was a mixture of two conformational isomers of
tri(4'-methylphenyl)-6,8,14,16,20,22-hexamethoxy-4,12,24-triphenyl-25,28,30-

trioxaheptacyclo[17.5.2.23.9.211,17 05,29 013,27 023,26 Jtriaconta-1(24),3,5(29),6,8,11,13(27),
14,16,19,21,23(26)-dodecaene (8b) (230 mg, 82%) as colourless crystals, m.p. 190-1930C
(from ethyl acetate/light petroleum) (Found' C, 80.6; H, 6.0. Cy2Hg00O9 requires C, 80.9;

18, 2.22, 2.27 (36H, 6s, 12xMe) 3.25,
6 541

,TO,I -

)
[\%]

CH); 549 55.4,
(benzofuran C5);
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N

AT (neens
U

. , 130.7 (ary 6,1 11.9, 113.7, 116.4, 116.7, 117.

5. , 126.0, 126.2, 126.5, 126.9, 127.0, 127.6, 128.2, 128.4, 128.9, 129.0, 129.1
9. 1300 130.5, 131.1, 132.5, 132.7, 133.9, 134.1, 134.2, 134.5, 135.5, 136.0, 136.2,
139.9, 140.6, 150.4, 150.6, 150.8, 151.0, 151.6, 152.1, 152.3, 152.4, 152.5, 152.6, 154.4,

154.7, 154.9, 155.2, 155.3, 155.5 (aryl C). Mass spectrum m/z (MALDI) 1070 M+1). IR
(KBr) vmax 2932, 1608, 1505, 1320, 1200, 1120, 1090 cm-1,
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Reaction of 3-(4'-bromophenyl)-4,6-dimethoxybenzofuran (3b) with
henzaldehvde

R/ CESLISERAT ARy Na W

To a stirred solution of 3b (110 mg, 0.33 mmol) and benzaldehyde (0.05 ml, 0.492

a fMNT1T w1l 1T YT saeanl) Thn
IUC \V.1 1, 1.V/70 11111IVUL). 11

i
2

mperature, washed with sodium hydroxide
solution (2%), dried and evaporated. The crude residue was chromatographed (ethyl
acetate:light petroleum, 15:85) to give three fractions. The first fraction was 4,12,20-tri(4'-
bromophenyl)-6,8,14,16,22,24-hexamethoxy-2,10,18-triphenyl-26,28,30-trioxaheptacyclo[

17.5.2.23.9.211,17 05,29 013,27 021,25 Jtrigconta-1(24),3,5(29),6,8,11,13(27),14,16,19,21(25),
22-dodecaene (7¢) (18 mg, 13%) as a colourless solid, m.p. 195-1980C (from ethyl
acetate/light petroleum). (Found: C, 65.9; H, 4.3. Cg9Hs51Br309 requires C, 65.6; H, 4.1%).

solution was refluxed for ‘Hl, cooled to r

C»
(o]
El

IH NMR spectrum: 8§ 3.92, 4.02, 4.08, 4.11, 4,12, 421 (18H, 6s, OMe); 6.26, 6.25, 6.39,
A~ K8 AT ATN AT Ac 2 v hanzafiran HS 2 v allv] (OHY- § QA7 R7 (077 m arvly Mace
V.JJ, UUT, U7 U \ULL, Uy J A Uldisuiulall 117, J A Qlbyl Ny, U7 7.017 \&TX1y 111, Qlylf. 1¥RASO
spectrum m/z (MALDI) 1261 (M+1). IR (KBr) vmax 2932, 1609, 1508, 1320, 1200, 1135,

3

1095 cm-!. The second fraction contained 4,12,24-tri(4'-bromophenyi}-6,8,14,16,20,22-
hexamethoxy -2,10,18-triphenyi-25,28,30-trioxaheptacyclo[ 17.5.2.23,9. 211,17 :
023.26]triaconta-1(24),3,5(29),6,8,11,13(27),14,16,19,21,23 (26)-dodecaene (8¢) (50 mg,
37%) as a colourless solid, m.p. 235-237°C (from ethyl acetate/light petroleum). (Found: C,
65.2; H, 4.2. CeoH51Br30g requires C, 65.6; H, 4.1%). 1H NMR: & 3.31, 3.67, 3.69, 3.72,
3.74 (18H, 5s, 6 x OMe); 5.31, 5.43, 6.22, 6.25, 6.34, 6.42 (6H, 6s, 3 x benzofuran HS, 3 x
alkyl CH); 6.52-7.37 (27H, m, aryl H). 13C NMR specttrum: 8 38.0, 39.8, 41.1 (alkyl CH);
57.6, 60.4 (OMe); 917, 92.4, 92.5 (h__n ofuran C5); 127.1, 127.7, 128.1,

l\)
~
—

54.9, 55.4, 56.7, §7.6, 60.4 (OMe); , 92.4, 92.5 (benzofuran CS5); 127.1, 127.7 128

1792 19727 1201 1217 121 R 12272 (arvl CHY- 1100 11046 111 1 111’) 11270 1167?
14O Ly LLO. 1y LIV Ly L J1ody 10100y 24l \QLYL Nrll)y 213VUVUy 21V Uy 23001y LI Reluy 1 1bsdy L1iViky
11£ A4 1NN 191 N 1712 19298 A 1% A 12N 1 1214 1229 120 &8 1A N 1A2 1 140 Q
1104, 12U.4, 1£41.YU, 143.3, 1£0.4, 1£0.9%, 10U.1, 1J1.94y 123.4, 130.J, 194.U, 1940.1, 177.0,
150.1, 152.0, 152.7, 154.4, 155.1, 155.2, 155.6, 155.8 (aryl C). Mass spectrum m/z
(MALDI) 1261 (M+1). IR (KBr) vmax 2956, 1600, 1050, 1398, 1345, 1200, 1100 cm-!

The third fraction was a conformational isomer of 8¢ (40 mg, 30%) as a colourless sohd,
m.p. 235-2370C (from ethyl acetate/light petroleum). (Found: C, 64.0; H, 4.3.
Cg9Hs51Br309.2H20 requires C, 63.9; H, 4.3%). 1H NMR spectrum: & 3.62, 3.66, 3.69,
3.72, 3.73, 3.90 (18H, 6s, OMe); 5.34, 5.54, 6.29, 6.31, 6.42 (6H, 5s, 3 x benzofuran H5, 3 x
alkyl CH); 6.44-7.39 (27H, m, aryl). 13C NMR spectrum: & 37.7, 40.9, 41.3 (alkyl CH);

55.3, 55.6, 57.0, 57.4, 57.7 (OMe); 91.7, 91.9, 92.0 (benzofuran C5); 126.8, 127.3, 128.4,
1724 192 Q 170N 12072 12085 13N7 12314 132 A (arvl CHY: TOR S 1101 1104, 111.6.
LL0,VUy 14£0.0, LAT. Uy 14T by LIVU.Jy LIV 1y 11Ty AJbV \QiJi Nvalyy AaVUIy 44V 0y 22007y = 3
111Q 114N 1184 1180 1109 179NQ 1700 1781 197964 121 & 12290 12Q 0 13QQ
111.0, 114.U, 110.4, 110.7, 1127.4, 14U.O, LLV.7y LLJ.hy LLI.5TTy 1D1.U,y, 1J4.7, 10Uy 2J7.7,
1A 141 A 18NN 1£NA1Q 121 A 187" 187 A 180 £ 1&2 7 1£AQ 188N 188 1 188 K%
140.9, 141.4, 10U.Z, 10U, 101.4, 104.2, 1J34.9, 104.0, 133.7, 1J9.0, 19J.U, 1JJ.4, 1JJ.J
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(ary! C). Mass spectrum m/z (MALDI) 1261 M+1). IR (KBr) vmax 2932, 1590, 1500,
AAn 11aAn 11nn _____1
1220, 1130, 1100 cm 1.

Reaction of 3-t-butyl-4,6-dimethoxybenzofuran (3c) with benzaldehyde

To a stirred solution of 3¢ (125 mg, 0.534 mmol) and benzaldehyde (0.05 ml, 0.492
mmol) in chloroform (5 ml) was added phosphoryl chloride (0.08 ml). The solution was
refluxed for 4h, cooled at room temperature, washed with sodium hydroxide solution (2%),
dried and evaporated. The crude residue was chromatographed (ethyl acetate:light

petroleum, 15:85) to give 4,12,20-tri-t-butyl-6,8,14,16,22,24-hexamethoxy-2,10,18-
triphenyl-26,28,30- trtoxaheptacyclo[ 17.5.2.23.9.211,17 95,29 013,27 021,25 Jtriaconta-1(24),3,5
(29},6,8,11,13(2,),14,16,19,21(25),22-d0dccaene (7d) (80 mg, 47%) as a colourless solid,
m.p. 287-290¢C (from ethyl acetate/light petroleum). (Found: C, 78.1; H, 6.8. C3He6Q9
requires C, 78.2; H, 6.9%). 1H NMR spectrum: 6 1.16, 1.18, 1.52 (27H, 3s, CMe3), 3.74,

3.80, 3.90, 3.92, 3.95, 4.00 (18H, 6s, OMe); 5.91, 6.03, 6.14, 6.24, 6.38, 6.52 (6H, 6s,
benzofuran H5, alkyl CH); 6.55-7.12 (15H, m, aryl). 13C NMR spectrum: & 30.7, 30.9, 31.4
(CMe3); 31.6, 32.2, 32.5 (CMe3); 39.4, 40.4, 41.6 (alkyl CH); 54.4, 54.8, 55.0, 55.7, 57.2,
57.6 (OMe); 89.4, 90.6, 91.7, (benzofuran C5); 124.4, 125.8, 126.8, 126.9, 127.1, 128.1,
128.2, 128.4, 130.4 (aryl CH); 106.1, 108.3, 112.4, 113.6, 114.4, 115.0, 121.4, 122.1, 127.7,
140.6, 141.7, 145.9, 148.4, 148.6, 148.7, 151.0, 151.2, 151.5, 151.8, 152.9, 153.7, 153.9,
154.2, 154.7 (aryl C). Mass spectrum m/z (MALDI) 967 (M+1). IR

) ctrum m/z (MAL (M- 4
1616, 1340, 1210, 1150, 1105 cm-1.
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