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A Short Synthesis of 2,3,4-Trihydrodibenzofuranes
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Summary. Treatment of 2:phenoxypropionic acid with polyphosphoric acid gave substituted
benzofuran-3-ones (2a—h), which were converted into 2,3,4-trihydrodibenzofuran-3-ones (4a—h) via the
compounds 3a-h. Clemmensen reduction of the compounds 4a-h gave the 2,3,4-trihydrodibenzo-
furanes (Sa—h).
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Eine einfache Synthese von 2,3,4-Trihydrobenzofuranen

Zusammenfassung. Behandlung von 2-Phenoxypropionsdure mit Polyphosphorsdure lieferte die
substituierten Benzofuran-3-one (2a—h), welche iiber 3a-h in die 2,3, 4-Trihydrodibenzofuran-3-one
(4a-h) Gbergefiihrt wurden. Durch Clemmensen-Reduktion von 4a-h wurden die gewiinschten
2,3,4-Trihydrobenzofurane (5a-h) erhalten.

Introduction

Benzofuran derivatives are of specific interest because of their antibacterial and
antifungal activities [1-4]. The estrogenic activity [5] of some furocoumarins has
been extensively recorded. Recently, syntheses of benzocondensed furanes, benzo-
furanopyrazoles and benzofuranopyrimidines have been reported [6-9]. We now
report an easy synthesis of new tricyclic dibenzofuran derivatives.

The strategy employed for the synthesis of the desired compounds involved the
polyphosphoric acid catalysed cyclization of the corresponding 2-phenoxypropionic
acids 1 to benzofuran-3-ones 2a—h, followed by reaction with methylvinylketone
in the presence of sodium methoxide to give compounds 3a—h. The latter are cyclized
by methanolic alkali to obtain 4a—h. Clemmensen reduction of compounds 4a-h
yields the desired 2,3,4-trihydrodibenzofuranes Sa—h. The overall yield of this 4 step
preparation is 60 to 80%,.

Experimental

All chemicals were of AR grade and used without further purification. Melting points were taken by
the open capillary method and are uncorrected. Proton magnetic resonance spectra were recorded
using TMS as an internal standard with a Perkin-Elmer R-32 90 MHz spectrometer. IR spectra were
recorded on a Shimazdu IR-437 spectrometer. Column chromatography was carried out using E.
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Table 1. Yields and melting points of 2b-h and 3b—h. All compounds gave

satisfying elemental analyses

Compound  Yield M.p. Molecular Molecular
(%) (°C) formula weight
2a 50 88 C,3H,0, 204.3
2b 60 90 C,H,,0, 176.2
2¢ 62 87 Ci0H100, 162.2
2d 60 100 C,0H,,0, 162.2
2e 58 85 CyoH,,0, 162.2
2f 55 93 C,oH,0,Cl 196.7
2g 59 82 CH,,0,C 210.7
2h 60 79 C{,H,,0, 190.2
3a 82 124 Cy-H,,0, 274.4
3b 75 98 C,sH 30, 246.3
3¢ 78 92 C,H,60, 2323
3d 69 114 C14H 604 2323
3e 77 105 Ci14H 60, 2323
3f 68 97 C,4H,50,Cl 266.3
3g 75 91 C,sH,,05Cl 280.8
3h 73 85 C,6H,,0, 260.3
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Table 2. IR and 'H NMR spectral data of compounds 2a~h and 3a-h

Compound IR (KBr) NMR (CDCl;)
viem™?) 4 (ppm)
2a 1710 (C=0), 1600 1.1(d, J=7.5Hz, 6H), 1.5(d, J = 7Hz, CHj;),
(C=C), 1060 (C-O-C) 2.3(s,CH,),3.2(m,CH),4.6(q,J = 7Hz, OCH),
6.9-7.3 (m, 2H, arom.)
2b 1710 (C=0), 1600 (C=C), 1.55(d, J =7.5Hz, CH;), 2.35 (s, 6H), 4.95
1060 (C-0O-C) (g, J = 7Hz, OCH), 6.55-7.15 (m, 2H, arom.)
2¢ 1715 (C=0), 1595 (C=C), 1.5(d, J =7Hz, CH,), 2.3 (s, CH,), 4.95
1065 (C-O-C) (q, J =7Hz, OCH), 6.9-7.2 (m, 3H, arom.)
2d 1710 (C=0), 1605 (C=C), 1.55(d, J =7Hz, CH,), 2.3 (s, CH;), 4.75
1065 (C-0-C) (q, J =7Hz, OCH), 6.9-7.2 (m, 3H, arom.)
2e 1700 (C=0), 1600 (C=0), 1.52 (d, J = 7THz, CH,), 2.3 (s, CH,), 4.76
1070 (C-0O-C) (g, J =7Hz, OCH), 6.6-7.1 (m, 3H arom.)
2f 1710 (C=0), 1600 (C=C), 1.53(d, J =7.5Hz, CH,;), 2.3 (s, CH3), 4.75
1070 (C-0O-C), 760 (C-Cl) (g, J =7Hz, OCH), 6.6-7.15 (m, 2H, arom.)
2g 1715 (C=0), 1600 (C=C), 1.58 (d, J = 7.5 Hz, 6H), 2.35 (s, 6H), 4.7
1065 (C-O-C), 760 (C-Cl) (g, J =7Hz, OCH), 7.0 (s, 1H, arom.)
2h 1710 (C=0), 1605 (C=C), 1.1(d, J=75Hz 6H), 2.3 (s, CH;), 3.2
1070 (C-0-C) (m, CH), 4.74 (s, CH,CO), 6.6-7.15
(m, 2H, arom.)
3a 1710 {(C=0), 1700 (C=0), 1.1(d, J="7.5Hz, 6H), 1.3 {t,J = 7Hz, CH,), 1.8
1600 (C=C), 1070 (C-O-C) (s, CH,), 2.1 (s, COCH,), 2.4 (t, J =7Hz,
COCH,), 2.3 (s, CH;), 3.2 (m, CH), 6.9-7.3
(m, 2H, arom.)
3b 1715 (C=0), 1700 (C=0), 1.3(t, J =7.0Hz, CH,), 1.65 (s, CH3;), 2.1
1600 (C=C), 1065 (C-0-C) (s, COCH,), 2.35 (s, 6H), 2.45 (t, ] =7 Hz,
COCH,), 6.1-7.1 (m, 2H, arom.)
3¢ 1710 (C=0), 1700 (C=0) 1.33(t, J=7Hz, CH,), 1.6 (s, CH;), 2.15
(s, COCH,), 2.3 (s, CH;), 2.4
(t, J=7Hz, COCH,), 6.4-7.2 (m, 2H, arom.)
3d 1710 (C=C), 1700 (C=0) 1.32 (t, J = 7Hz, CH,), 1.62 (s, CH;), 2.12
1605 (C=C), 1070 (C-O-C) (s, COCH,;), 2.35 (s, CH,;), 2.45
' (t, J=7Hz, COCH,), 6.9-7.15 (2H, arom.)
3e 1720 (C=0), 1700 (C=0) 1.33 (t, J = 7.1 Hz, CH,), 1.65 (s, CH3), 2.15
1600 (C=C), 1065 (C-O-C) (s, COCH,), 2.32 (s, CH;), 2.4
(t, J = 7Hz, COCH,), 6.6-7.15 (m, 3H, arom.)
3f 1715 (C=0), 1695 (C=0) 1.32 (t, J = THz, CH,), 1.62 (s, CH,), 2.15
1600 (C=C), 1065 (C-O-C) (s, COCH,;), 2.35 (s, CH;), 2.45
760 (C-Clj (t, J =7Hz, COCH,), 7.25 (m, 2H, arom.)
3g 1720 (C=0), 1700 (C=0), 1.35(t, J = THz, CH,), 1.65(s, CH3), 2.13
1605 (C=C), 1070 (C-0O-C), (s, COCHj;), 2.33 (s, 6H), 2.4
760 (C-CI) (t, J =7Hz, COCH,), 7.15 (s, 1H, arom.)
3h 1715 (C=0), 1700 (C=0), 1.1(d, J=75Hz 6H), 1.3 (t, J = 7Hz, CH,),

1600 (C=C), 1070 (C-0-C)

2.1 (s, COCH;), 24 (t, J = 7Hz, COCH,),
2.3 (s, CH;), 3.2 (m, CH), 5.1 (t, OCH),
6.6-7.15 (m, 2H, arom.)
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Merck silica gel-G (100-200 p particle size). 2-Phenoxypropionic acids were prepared from substituted
phenols and 2-chloropropionic acid as starting material by a known method [10].

General procedure for the preparation of benzofuran-3-(1H )-ones (2)

0.045 mol of the corresponding 2-phenoxypropionic acid were added to a stirred solution of 10.0 g in
15 ml phosphorus pentoxide orthophosphoric acid. The reaction mixture was heated for 2h at 80°C,
cooled and poured in ice-water (200ml). The neutralization of the reaction mixture with sodinm
bicarbonate gave a gummy solid which was dissolved in chloroform. Removal of the solvent under
vacuum gave a brownish mass which was recrystallized from methanol to furnish 2 (cf. Tables 1 and 2).

General procedure for the preparation of 2-(butan-3-'one-1'-yl )-benzofuran-3( 1H )-ones (3)

A solution of 12.7 mmol of 2 in methanol (10 ml) was treated with a I M sodium methoxide solution
in methanol (10 ml) and methylvinylketone (12.7mmol). The reaction mixture was refluxed for 6 h
cooled and the solvent removed under reduced pressure. The residue was treated with ice-water (100 ml)
and the separated semisolid mass was dissolved in ether. Removal of ether gave a solid which was
crystallized from methanol (cf. Tables 1 and 2).

General procedure for the preparation of 1,2,3-trihydrodibenzofuran-3-ones (4)

A solution of 10 mmol of 3 in methanol (10 ml) was heated with 2N sodium hydroxide (10ml) on a
steam bath for 6 h, cooled, concentrated and neutralized with 2N hydrochloric acid. The separated
solid was extracted with chloroform and the solvent was removed under reduced pressure to obtain
a solid which was recrystallized from methanol (cf. Tables 3 and 4).

Table 3. Yields and melting points of 4a—h and 5a-h. All compounds gave
satisfying elemental analyses

Compound  Yield M.p. Molecular Molecular
%) °O) formula weight
da 60 85 C,,H,,0, 256.3
4b 72 164 C,sH,40, 228.3
dc 74 132 C,H,,0, 2143
4d 70 120 C.H.,0, 214.3
de 68 145 C,4H,,0, 214.3
4f 72 185 C,,H,50,Cl 248.7
4g 73 144 C,sH,50,Cl 262.8
4h 69 172 Cy6H,:0, 2423
Sa 50 110 C,-H,,0 2423
5b 68 95 C,sH, 50 214.3
5¢ 72 92 C,H (O 200.3
5d 57 90 Ci4H, 60 200.3
Se 73 96 C,H, 60 200.3
5f 80 84 C,,H,50Cl1 234.8
5b 65 88 C,sH,,0CI 248.8

5h 82 110 C,¢H,40 2283
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General procedure for the preparation of 1,2,3-trihydrodibenzofuranes (5)

To a solution of 7.0 mmol of in 4 toluene (20 ml) and a suspension of mercuric chloride and zinc chloride
(10 g) in concentrated hydrochloric acid (15 ml) was added. The reaction mixture was refluxed for 26 h,
cooled and the separated organic layer was dissolved in ether. Removal of the solvent under reduced
pressure gave a solid which was recrystallized from methanol (cf. Tables 3 and 4).

Table 4. IR and 'H NMR spectral data of compounds 4a—h and Sa-h

Compound IR (KBr) NMR (CDCl,)
viem ™) é (ppm)
4a 1650 (C=0) 1600 (C=C) 1.1(d, J=75Hz, 6H), 1.32(t, J =7Hz, CH,),
1.6 (s, CH;), 2.35 (s, CH3), 2.4
{t, J=7Hz, COCH,), 3.3 (m, CH), 6.9-7.3
(m, 2H, arom.), 8.15 (s, =CH)
4b 1650 (C=0), 1600 (C=C) 1.25 (t, J = 7Hz, CH,), 1.55 (s, CHj;), 2.35 (s, 6H)
24(t,J=7Hz, COCH,), 6.9-7.1
{m, 2H, arom.), 8.15 (s, =CH)
4b 1645 (C=0), 1600 (C=C), 1.3 (t, J =7Hz, CH,), 1.55 (s, CH,), 2.3 (s, CH,),
245 (t, J =7Hz, COCH,), 6.7-7.1
(m, 3H, arom.), 8.18 (s, =CH)
4d 1650 (C=0), 1605 (C=C), 1.25(t, J = 7THz, 2H, CH,), 1.58 (s, CH;), 2.35
1070 (C-0-C) (s, CH;), 242 (t, J = THz, COCH,), 6.7-7.1
(m, 3H, arom.), 8.15 (s, =CH)
de 1650 (C=0), 1600 (C=C), 1.28 (t, J = 7Hz, CH,), 1.52 (s, CH;), 2.35
1065 (C-0-C) (s, CH3), 243 (t, J = 7THz, COCH,), 6.6-7.15
(m, 3H, arom.), 8.2 (s, =CH)
4f 1645 (C=0), 1600 (C=C), 1.3 (t, J =7Hz, CH,), 1.55 (s, CH,), 2.3
1070 (C-0-C), 755 (C-Cl) (s, CH,), 245 (s, COCH,), 7-7.2
{m, 2H, arom.), 8.17 (s, =CH)
4g 1650 (C=0), 1605 (C=C), 1.32 (t, J = 7Hz, CH,), 1.58 (s, CH;), 2.35
1065 (C-O-C), 760 (C-Ci) (s, 6H), 2.43 (t, J = 7Hz, COCH,), 7.15
(s, 1H, arom.), 8.2 (s, =CH)
4h 1645 (C=0), 1600 (C=C), 1.1(d,J=75Hz 6H),1.3(q, J =7.5Hz), 24
(t, J =7.5Hz, COCH,), 3.2 (m, CH), 4.8
(s, OCH), 6.6-7.1 (m, 2H, arom.), 8.12 (s, =CH)
Sa 1600 (C=C), 1060 (C-O-C) 0.9 (m, CH,), 1.1 (d, J =7Hz, 6H), 1.3
(t, J = 7Hz, CH,), 1.55 (s, CH;), 2.2
(t, J = 7Hz, CH,), 2.35 (s, CH,), 3.2 (m, CH),
6.16 (t, J = 7Hz, =CH), 6.8-7.15 (m, 2H, arom.)
5b 1600 (C=C), 1065 (C-O-C) 0.8 (m, CH,), 1.35(t, J = 7Hz, CH,), 1.55
(s, CH;), 2.2 (q, CH,), 2.35 (s, 6H), 6.2
(t, J = 7Hz,=CH), 6.9-7.2 (m, 2H, arom.)
5¢ 1605 (C=C), 1070 (C-O-C)  0.85 (m, 2H, CH,), 1.3 (t, J = 7Hz, CH,), 1.58
(s, CH,), 2.18 (g, J = 7Hz, CH,), 2.35 (s, CH,),
6.18 {t, J = 7THz, =CH), 6.9-7.15 (m, 3H, arom.)
5d 1600 (C=0) 1065 (C-0-C) 0.8-0.95 (m, CH,), 1.32(t, J = THz, CH,), 1.56

(s,CH3),2.15(q,J = 7Hz,CH,), 2.3(s,CH3),6.2
(t, J = 7Hz,=CH), 6.9-7.2 (m, 3H, arom.)
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Table 4. (continued)

Compound IR (KBr) NMR (CDCl,)
viem ™) é (ppm)
Se 1605 (C=C), 1070 (C-O-C)  0.8-0.92 (m, CH,), 1.33 (¢, J = 7Hz, CH,), 1.57

(s, CH;), 2.18 (q, J = 7Hz, CH,), 2.35 (s, CH;),
6.18 {t, J = 7Hz, =CH), 6.6-7.1 (m, 3H, arom.)

5f 1600 (C=C), 1065 (C-O-C)  0.85-0.95 (m, CH,), 1.3(t, J=7Hz, CH,), 1.5
760 (C-Cl) (s, CH3),2.22(q, J = 7THz, CH,), 2.28 (s, CH,),
6.18 (t, J = 7Hz, =CH), 6.9-7.2 (m, 2H, arom.)
5g 1605 (C=C), 1070 (C-0-C),  0.8-0.9 (m, CH,), 1.35 (t, J/ = 7THz, CH,), 2.2
760 (C-Cl) (q, J =7Hz, CH,), 2.35 (s, 6H), 6.18
(t, J =7Hz =CH), 7.1 (s, 1H, arom.)
5h 1600 (C=C), 1070 (C-O-C) 0.9 (m, CH,), 1.1(d, J =7.5Hz, 6H), 1.4

(q, J = 7Hz, CH,), 2.2 (q, J = 7Hz, CH,), 2.35
(s,CH3),3.2(m,CH),4.8(t,J = 7.5 Hz, OCH), 6.6
(s,=CH), 6.5-7.15 (m, 2H, arom.)

Acknowledgements

We thank the DST, New Delhi, India, for financial support and Prof. H. Junek and Prof. Mittelbach,
Institute of Organic Chemistry, Univ. of Graz, Austria, for useful suggestions.

References

[1] Mallipudi N. M., Holingshous J. G. (1980) Cyanamide Co. US Pat 164576
[2] Ahaluwalia V. K., Mann R, R. (1989) Indian J. Chem. 28B: 608
[3] Ahaluwalia V. K., Malika N. Q., Kumari S. (1989) Indian J. Chem. 28B: 1021
[4] Sangwan N. K., Verma B. S., Malik O. P, Dhindsa K. S. (1990) Indian J. Chem. 29B: 294
[5] Rao P., Srivarnarayan G. (1983) Indian J. Chem. 22B: 945
[6] Paranjape M. V., Wadodkar K. N. (1981) Indian J. Chem. 20B: 808
[7] Dholkia V. N, Trivedi K. N. (1973) Indian J. Chem. 50: 813
[8] Malik W. V., Mahesh V. K., Raisinghani M. (1971) Indian J. Chem. 9: 655
[9] Hogale (Deshmukh) M. B., Kharade D. R. (1991) J. Indian Chem. Soc. 68: 298
[10] Vogel A.1.(1980) Text Book of Practical Organic Chemistry, 4th ed. Pergamon, London, p. 1104

Received November 3, 1993. Accepted December 18, 1993



