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Abstract: Treatment of 2,3-substituted 1,4-dioxanes 4 with catalytic amount of camphorsulfonic acid in dichloromethane al
room temperature aforded substituted furans. © 1999 Elsevier Science Ltd. All rights reserved.
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Furans are important functional groups that can be found in many natural products! and have frequently
been used as intermediates in organic synthesis.2 Consequently, the construction of the furan ring has stimulated
the continued development of new methods.3 As part of our general interest in the synthetic applications of 1,4-
dioxene (2,3-dihydro-1,4-dioxin) 1,4 we recently reported the behaviour of allylic alcohols 2, readily prepared by
the addition of dioxenyllithium to ketones and aldehydes,5 towards nucleophilic displacement reactions in the
presence of a Lewis acid.® For instance, 2 reacts with various silyl enol ether such as 1-(trimethylsilyloxy)-
cyclohexene in the presence of lithium perchlorate (LiClOy4) in ether or a catalytic amount of trimethylsilyl
trifluorosulfonate (TMSOTY) in acetonitrile to afford 2,3-disubstituted 1,4-dioxanes 3 in high yields (eq 1). In
this communication we report the use of these compounds in a new approach for the preparation of substituted
furans under mild conditions.
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This method was found while attempting the synthesis of compounds 4 by acid-catalyzed isomerization of
5. Thus, treatment of § with a catalytic amount (5% equiv) of camphorsulfonic acid (CSA) in dichloromethane at
room temperature for 15min provided only one product, isolated in 95% yield after flash chromatography.
Contrary to our expectations, its spectral data were not consistent with ketone 4. In particular, the IR spectrum
did not show any signal corresponding to a carbonyl absorption; the 13C NMR spectrum contained resonances for
four quaternary sp?, instead of the two expected for 4, and two tertiary sp2. After careful analysis of the 'H and
13C NMR spectra,” structure 6 was assigned to this compound. Oxidation of 6 with one equivalent of
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dimethyldioxirane8 at -20°C provided dienedione 77 in nearly quantitative yield (eq 2). This result, which is in
agreement with previous observations on the oxidation of furans,? provides a strong support for the structure of
6.

The ease of this reaction prompted us to investigate it in greater detail, and we therefore prepared the
steroid derivative 9. The addition of 1,4-dioxenyllithium to 5o-androstan-3-one gave allylic alcohol 8 as a
separable mixture of 3B and 3o epimers (ca 3:2 ratio) in 81% combined yield (Scheme 1). Treatment of the major
3B—OH isomer with 1-(trimethylsilyloxy)-cyclohexene in the presence of TMSOTS (0.05 equiv) in acetonitrile at
-30°C to —20°C afforded 9 as a mixture of four isomers wich were unseparable by flash chromatography.
Exposure of this crude mixture to a catalytic amount of CSA in CH)Cl; furnished a crystalline compound (53%
overall yield) which showed the same spectroscopic data for the furyl moiety as for 6.7 The structure 10 was
unambiguously assigned by X-ray crystallographic analysis. 10
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Scheme 1

The formation of the furan ring can be rationalized as illustrated below for the case of 6. Protonation of
the dioxane ring probably occurs first and results in formation of the intermediate A which can undergo
cyclization followed by aromatization to furnish 6.
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In the same way, cycloheptylidene 12 and cyclopentylidene 13 led to 2-cycloheptenyl- and 2-
cyclopentenyl-4,5,6,7-tetrahydro-benzofurans 14 and 15 in 80% and 68% yield respectively (Scheme 2). As for
6, furans 10, 14, and 15 underwent oxidation with dimethyldioxirane to afford dienediones 11, 16 and 17
respectively in high yield. 2-Cycloalkyl-5,6,7,8-tetrahydro-4H-cyclohepta<b>furans 20 and 217 were also
prepared from the readily available tertiary alcohols 18 and 19 in good overall yield (Scheme 2).
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In contrast, treatment of cyclopentanone derivatives 23 and 24 with CSA under the same conditions as
above, gave the 3,4-disubstituted 1,4-dioxenes 25 and 26 as the sole isolated products in high yield (72% yield
in two steps from the corresponding allylic alcohols). In this case, the absence of the expected furans is

presumably due to the strain which could result from the cyclization process.
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When the ketone side chain was linear such as 2-oxo-propy! group in 27 and 28, the treatment with CSA
led to a mixture of furans 29 and 30 along with the 3,4-disubstituted 1,4-dioxenes 31 and 32 in modest overall

yield (40-50%).
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27 n=1 29
28 n=2 30 32
In conclusion, we have described a mild method for the preparation of synthetically valuable substituted

furans from readily accessible 1,4-dioxene and ketones as starting materials.



2524

References and Notes

1.

2.

10.

Keay, B. A.; Dibble, P. W. In Comprehensive Heterocyclic Chemistry II: Katritzky, A. R., Rees, C. W,, Scriven,
E.F. V., Bird, C. W., Eds; Pergamon: Oxford, 1996, Vol 2, pp 395-436.

For reviews see: Heaney, H.; Ahn, J. S. In Comprehensive Heterocyclic Chemistry 1I: Katritzky, A. R, Rees, C.
W., Scriven, E. F. V., Bird, C. W., Eds; Pergamon: Oxford, 1996, Vol 2, pp 297-350. Shipman, M. Contemp.
Org. Synth. 1995, 2, 1-17. Piancatelli, G.; D’ Auria, M.; D'Onofrio, F. Synthesis, 1994, 867-889. Lipshutz, B.
H. Chem. Rev. 1986, 86, 795-819

For recent reviews on the synthesis of furans see: (a) Hou, X. L.; Cheung, H. Y.; Hon, T.Y.; Kwan,P.L.; Lo, T.
H.; Tong, S. Y.; Wong, H. N. C. Tetrahedron, 1998, 54, 1955-2020. (b) Gilchrist, T. L. J. Chem. Soc., Perkin
Trans. 1 1998, 615-628. (c) Friedrichsen, W. In Comprehensive Heterocyclic Chemistry II. Katritzky, A. R.
Rees, C. W.; Scriven, E. F. V. ; Bird, C. W., Eds; Pergamon: Oxford, 1996, Vol 2, pp 351-393. For more recent
references: Hemndon, J. W.; Wang, H. J. Org. Chem. 1998, 63, 4564-4565. Iwasaw, N.; Ochiai, T., Maeyama, K.
J. Org. Chem. 1998, 63, 3164-3165; Graus, G. A.; Wan, Z. Synlett 1997, 1259-1260. MaGee, D. L, Leach, J.
D. Tetrahedron Lett. 1997, 38, 8129-8132. Tso, H. H.; Tsay, H. Tetrahedron Letr. 1997, 38, 6869-6870.
Gabriele, B.; Saleno, G. J. Chem. Soc. Chem. Commun. 1997, 1083-1084.

For recent studies on the use of dioxene in synthesis, see : (a) D. Boger, Y. Zhu, J. Org. Chem. 1994, 59, 3453-
3458; (b) Hanna, 1.; Prangé, T.; Zeghdoudi, R. Tetrahedron Lett. 1996, 37, 7013-7016. (c) Baylon, C.; Hanna,
1. Tetrahedron Lett. 1995, 36, 6475-6478. (d) Hanna, 1. Tetrahedron Lett. 1995, 36, 889-892.

Fétizon, M.; Goulaouic, P.; Hanna, L; Prangé, T. J. Org. Chem. 1988, 53, 5673-5679.

Hanna, 1. ; Ricard, L. Tetrahedron Lett. 1999, 40, 863-866.
All new compounds were fully characterized by their spectroscopic and analytical data. Selected compounds:
6: colorless oil, TH NMR (200MHz,CDCl3) § 1.55-1.95 (m, 8H), 2.10-2.30 (m, 4H), 2.39 (t, J=6Hz, 2H), 2.59
(t, J=S.4Hz, 2H), 597 (s, 1H), 6.15-630 (m, I1H) ppm. 13C NMR (503 MHz, CDCly)
8 153.4 (C), 149.5 (C), 127.5 (C), 120.7 (CH), 118.0 (C), 104.6 (CH), 25.2 (CHp), 25.0 (CHp), 23.3 (2
CHy), 22.6 (CHp), 22.5 (CHp), 22.2 (CHp) ppm. 7: IR (CClg) Vmax 1704, 1655 cm™!. IH NMR (200 MHz,
CDCl3) § 1.50-1.65 (m, 4H), 1.75-2.05 (m, 4H), 2.10-2.35 (m, 4H), 2.45-2.70 (m, 4H), 6.23 (s, 1H), 6.75-
690 (m, 1H) ppm. !13C NMR (503 MHz, CDCl3) §204.1 (C), 194.6 (C), 148.8 (C), 141.8 (CH),
139.9 (C), 128.8 (CH), 42.9 (CHp), 35.9 (CHp), 26.2 (CHp), 26.0 (CHp), 25.8 (CHy), 22.8 (CHp), 21.8
(CHy), 21.7 (CHp) ppm. 10: mp 150-153°C (petroleum ether), [a], +64 (¢ 0.42, CHCl3), IH NMR (400
MHz, CDCl3) § 0.71 (s, 3H), 0.77 (s, 3H), 2.39 (t, ]=5.8 Hz, 2H), 2.58 (t, J=6Hz, 2H), 5.98 (s, 1H), 6.12 (d,
J=6Hz,1H) ppm. !3C NMR (50.3.6MHz, CDCl3) 3 153.1(C), 149.6 (C), 126.2 (C), 119.7 (CH),
118.2 (C), 104.7 (CH), 54.6 (CH), 54.3 (CH), 41.4 (CH), 40.8 (C), 40.6 (CHp), 40.1 (CH2), 39.0 (CHp),
36.1 (CH), 34.9 (C), 32.3 (CH3), 30.0 (CH»), 28.9 (CHp), 25.7 (CH3), 23.3 (3CHy), 22.3 (CHp), 21.2 (CHyp),
20.6 (CHp), 17.5 (CH3), 12.0 (CH3) ppm. 11: IR (CClg) Vmax 1705, 1655, 1548 cm"!. IH NMR (400 MHz,
CDCl3) 8 0.69 (s, 3H), 0.70 (s, 3H), 2.52 (t, J=6.8 Hz, 2H), 2.60 (1, J=6Hz, 2H), 6.23 (s, 1H), 6.71 (d,
J=6Hz,1H) ppm. 13C NMR (100.6MHz, CDCl3) & 204.1 (C), 194.5 (C), 148.6 (C), 140.7 (CH),
138.9 (C), 129.0 (CH), 54.4 (CH), 54.0 (CH), 42.9 (CHj), 41.0 (CH), 40.9 (CHy), 40.7 (C), 40.4 (CHy),
38.8 (CHy), 35.9 (CH), 35.8 (CHy), 34.8 (C), 32.0 (CH2), 28.5 (CHy), 27.7 (CHp), 25.9 (CH2), 25.7 (CHy),
25.5 (CHp), 21.2 (CHp), 20.5 (CHy), 17.5 (CH3), 12.1 (CH3) ppm. 20: colorless oil, IH NMR
(400MHz,CDCl3) § 1.62-1.85 (m, 10H), 2.15-2.25 (m, 4H), 2.45 (t, J=6Hz, 2H), 2.76 (t, I=5.4Hz), 2H), 5.94
(s, 1H), 6.09-628 (m, 1H) ppm. 1!3C NMR (503 MHz, CDCl3) 8152.1(C), 151.4¢(
C), 127.2 (C), 122.0 (C), 120.5 (CH), 107.5 (CH), 30.9 (CH2), 29.0 (CHy), 28.8 (CHy), 26.7 (CHp), 26.2
(CHp), 25.2 (CHy), 24.9 (CHp), 22.5 (CHp), 22.4 (CHy) ppm.

Adam, W.; Bialas, J.; Hadjiarapoglou, L. Chem. Ber. 1991, 124, 2377.

For the oxidation of furans with dimethyldioxirane see: Boukouvalas, J.; Lachance, N. Synlert, 1998, 31-32.
Adam, W; Schuhmann, R. M. Liebigs Ann. 1996, 635-640. Adam, W.; Hadjiarapoglou, L.; Peters, K.; Sauter,
M. J. Am. Chem. Soc. 1993, 115, 8603-8608. Adger, B. M.; Barett, C.; Brennan, J.; McKervey, M. A.; Murray,
R. W. J. Chem. Soc. Chem. Commun. 1991, 1553-1554.

Unpublished results of Dr. L. Ricard, Ecole Polytechnique, Laboratoire Hétéroéléments et Coordination.



