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1. Introduction

Fused heterocyclic rings are present as partial structures in diverse
natural products. For this and other reasons, since long ago, synthesis
of fused heterocyclic ring systems such as pyrrolo-indoles,1 carbaz-
oles,2 furo-indoles, etc. is a matter of interest for chemists.

The furo[2,3-b]indole ring system is at the core of many natural
products.3–8 Due to the biological activity9–13 associated with this
ring system and its derivatives and its use as a synthetic interme-
diate in the synthesis of numerous alkaloids, several methods have
been reported for the synthesis of this ring system.14–47 In spite of
this voluminous work, even today construction of this ring system
is an attractive goal for demonstrating the efficacy of newer syn-
thetic protocols. The Wittig olefination–Claisen rearrangement
protocol developed in our laboratory48,49 has been applied exten-
sively in the total syntheses of natural products50–52 and heterocy-
clic compounds.53–57 We herein describe the successful application
of Wittig olefination–Claisen rearrangement protocol58 in a four-
step synthesis of furo[2,3-b]indoles.

Reaction of o-nitro benzaldehyde (1a) with allyloxymethylene
triphenylphosphorane, under optimized reaction conditions50 gave
allyl vinyl ether (2a) in good yield (Scheme 1). The 1H NMR spec-
trum showed that the allyl vinyl ether (2a) was an inseparable
mixture of E- and Z-isomers. All attempts to separate the E- and
Z-isomers did not materialize, but the ratio of these isomers was
determined from NMR spectrum (Table 1).

The Claisen rearrangement of the allyl vinyl ether (2a) was
effected by heating it in refluxing anhydrous xylene to give the cor-
responding 4-pentenal (3a) in good yield. Double bond of 4-pentenal
(3a) was ozonolyzed to get the di-aldehyde. This di-aldehyde, being
found to be unstable and acid sensitive, was used as such for the next
step. The attempted reduction of the nitro group in (3a) to the amine
using Ra–Ni/H2 or Pd/C–H2 in methanol ended up in the formation of
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a complex mixture of products. Most likely the sensitive 1,4-di-alde-
hyde functionality is getting affected under the reaction conditions.
Reduction of the nitro group under basic conditions using NaSH,59

generated from the mixture of sodium sulfite and sodium bicarbon-
ate in the presence of methanol, was carried out, which avoided the
side reactions. From this reaction, furo[2,3-b]indole (4a) was iso-
lated directly in good yield (Table 1).

After the successful preparation of furoindole (4a), the general-
ity of this method was studied. For this purpose, substituted o-ni-
tro benzaldehydes were used. All these compounds smoothly
reacted under the above reaction conditions to give the corre-
sponding furo[2,3-b]indoles (4b–g) in good yields (Table 1).

In conclusion, herein we have developed a short and efficient
synthesis of furo[2,3-b]indole, with good overall yield, by using
Wittig olefination–Claisen rearrangement methodology.

2. Experimental section

2.1. General procedure for the Wittig reaction

To a stirred and cooled (0 �C) suspension of allyloxy methylen-
etriphenylphosphonium salt (1.2 equiv) and aldehyde (1.0 equiv)
in dry THF was added potassium tertiary butoxide (1.2 equiv) in
a dropwise manner. After addition, the mixture was further stirred
for 40–45 min at 0 �C (TLC check). Then it was diluted with water
and extracted with ether (3 � 50 ml). The combined ether layer
was washed with water, dried over anhydrous sodium sulfate,
and concentrated under reduced pressure. The crude product was
purified by column chromatography using hexane/ethyl acetate
(98:1) solvent system to get allyl vinyl ethers (2a–g) in good yields.
The E- & Z-isomers were inseparable and hence were carried for-
ward for further reactions as such.

2.2. General procedure for the Claisen rearrangement

The inseparable mixture of E- and Z-allyl vinyl ethers (2a–g)
was dissolved in dry xylene and the resulting reaction mixture
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Scheme 1. Reagents and conditions: (i) Ph3P+CH2OCH2CH@CH2Cl� (1.2 equiv), t-BuO�Na+ (1.2 equiv), dry THF, 0 �C, 40–45 min; (ii) dry xylene, reflux, 5–7 h; (iii) O3, Dry
DCM, Me2S, 0 �C 20 min; (iv) Na2S (2 equiv), NaHCO3, methanol, reflux 12 h.
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was heated at 144 �C for 5–7 h (TLC check). Xylene was removed
under reduced pressure; the crude product was directly loaded
on a silica gel column using 1–2% of ethyl acetate/hexane system
as an eluent to get pure 4-pentenals (3a–g).

2.3. General method for the ozonolysis

The 4-pentenals (3a–g) were dissolved in dry DCM and the
reaction mixture was cooled at 0 �C. Through a stirred and cooled
reaction mixture, ozone gas was passed for about 20 min (TLC
check). After completion of the reaction, excess of Me2S was added
Table 1
Wittig olefination–Claisen rearrangement protocol for the synthesis of furo[2,3-b]indoles

Sr. No. Aldehydes Allyl vinyl ether
% Yield (Z:E) 2a–

1a

CHO

NO2 75 (1:2.03)

1b

CHO

NO2

MeO

MeO 70 (1:1.04)

1c

CHO

NO2

MeO

MeO
Br 71 (1:0.78)
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MeO
Cl

80 (1:0.45)

1e

CHO

NO2

MeO

MeO
OMe
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1f
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NO2

MeO

MeO
OMe

Br

72 (1:1.04)

1g

CHO

NO2

O

O 72 (1:1.56)
to effect the reduction of intermediate ozonoide to get di-aldehyde.
As the di-aldehyde was found to be unstable it was used as such for
the next reaction without purification.

2.4. General method for the reductive cyclization

Two equivalents of sodium sulfide was dissolved in a minimum
amount of water then sodium bicarbonate was added to it until the
solution became saturated. The reaction mixture was cooled at 0 �C
and methanol was added slowly to the reaction mixture, sodium
carbonate got precipitated. The reaction mixture was filtered. To
s
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a stirred solution of di-aldehyde in methanol, the freshly prepared
solution of NaSH was added and the reaction mixture was refluxed
for 12 h to get tricyclic furo[2,3-b]indoles (4a–g) in good yields.

2.5. Spectral data for 8H-furo[2,3-b]indole

IR (Neat): m = 3409.9, 2920.0, 1602.7, 1452.3, 1234.4 cm�1; 1H
NMR (CDCl3, 300 MHz): d = 7.15–7.21 (m, 2H), 7.25–7.34 (m, 2H),
7.92–8.15 (m, 3H); 13C NMR (CDCl3, 75 MHz): d = 111.8, 118.0,
119.3, 120.3, 122.7, 123.7, 125.5, 126.2, 128.2, 139.2; GC–MS (rel-
ative intensity): m/z = 157. Anal. Calcd for C10H7NO (157.17): C,
76.41; H, 4.48; N, 8.91. Found: C, 76.57; H, 4.55; N, 8.85.

Acknowledgments

The authors S.W.C., Y.S.B., D.D.G., A.P.D., A.S.B., V.B.N., and D.R.B.
thank CSIR, New Delhi for the financial support.

References and notes

1. Samsoniya, S. A.; Targamadze, N. S. Russ. Chem. Rev. 1994, 63, 815–832.
2. Thevissen, K.; Marchand, A.; Chaltin, P.; Meert, E.; Cammue, B. Curr. Med. Chem.

2009, 16, 2205–2211.
3. Salway, A. H. J. Chem. Soc. 1911, 99, 2148–2159.
4. Robinson, B. J. Chem. Soc. 1964, 1503–1506.
5. Joule, J. A. In Indoles Part IV: The Mono Terpenoid Indole Alkaloids; Saxtone, J. E.,

Ed.; John Wiley & Sons, 1983; pp 244–259.
6. Bohrmann, H.; Lau Cam, C.; Tashiro, J.; Youngken, H. W., Jr. Phytochemistry

1969, 8, 645–652.
7. Morales-Ríos, M. S.; Suárez-Castillo, O. R.; Joseph-Nathan, P. J. Org. Chem. 1999,

64, 1086–1087.
8. Tius, M. A.; Wang, L. Org. Lett. 2007, 9, 647–650.
9. Robinson, B.. In The Alkaloids; Manske, R. H. F., Ed.; Academic Press: New York,

1968; Vol. X,. Chapter 5.
10. The Alkaloids; Manske, R. H. F., Ed.; Academic Press: New York, 1971; Vol. XIII,.

Chapter 4.
11. Yu, Q.; Liu, C.; Brzostowska, M.; Chrisey, l.; Brossi, A.; Greig, N. H.; Atack, J. R.;

Soncrant, T. T.; Rapoport, S. I.; Radunz, H. Helv. Chim. Acta 1991, 74, 761–766.
12. Brzostowska, M.; He, X.; Greig, N. H.; Stanley, S. I.; Brossi, A. Med. Chem. Res.

1992, 2, 238–246.
13. Kawashima, A.; Seto, H.; Kato, M.; Yasuda, A.; Uchida, K.; Otake, N. J. Antibiot.

1986, 39, 1495–1497.
14. Grandberg, I. I.; Dashkevich, S. N. Chem. Heterocycl. Compd. 1971, 326–327.
15. Onaka, T. Tetrahedron Lett. 1971, 4391–4392.
16. Saito, I.; Imuta, M.; Matsugo, S.; Matsuura, T. Hukusokan Kagaku Toronkai Koen

Yoshishu 1975, 8, 49–53.
17. Ikeda, M.; Matsugashita, S.; Tamura, Y. J. Chem. Soc. Perkin Trans. 1 1977, 1770–

1772.
18. Ishibashi, H.; Mita, N.; Matsuba, N.; Kubo, T.; Nakanishi, M.; Ikeda, M. J. Chem.

Soc. Perkin Trans. 1 1992, 2821–2825.
19. Ikeda, M.; Matsugashita, S.; Yukawa, C.; Yakura, T. Heterocycles 1998, 49, 121–

126.
20. Wenkert, E.; Alonso, M. E.; Gottlieb, H. E.; Sánchez, E. L.; Pellicciari, R.; Cogolli,

P. J. Org. Chem. 1977, 42, 3945–3949.
21. Bocchi, V.; Casnati, G.; Marchelli, R. Tetrahedron 1978, 34, 929–932.
22. (a) Saito, I.; Imuta, M.; Matsugo, S.; Matsuura, T. J. Chem. Soc., Chem. Commun.

1982, 977–979; (b) Saito, I.; Morii, T.; Matsugo, S.; Matsuura, T. J. Am. Chem.
Soc. 1975, 97, 7191–7193; (c) Duchstein, H. Arch. Pharm. 1985, 318, 127–134;
(d) Saito, I.; Matsugo, S.; Matsuura, T. J. Am. Chem. Soc. 1979, 101, 7332–7338.
23. Shishido, K.; Shitara, E.; Komatsu, H.; Hiroya, K.; Fukumoto, K.; Kametani, T. S. J.
Org. Chem. 1986, 51, 3007–3011.

24. Shishido, K.; Azuma, T.; Shibuya, M. Tetrahedron Lett. 1990, 31, 219–220.
25. Last, K.; Hoffmann, H. M. R. Synthesis 1989, 901–905.
26. Marino, J. P.; Bogdan, S.; Kimura, K. J. Am. Chem. Soc. 1992, 114, 5566–5572.
27. Takano, S.; Moriya, M.; Ogasawara, K. J. Org. Chem. 1991, 56, 5982–5984.
28. Horne, S.; Taylor, N.; Collins, S.; Rodrigo, R. J. Chem. Soc., Perkin Trans. 1 1991,

3047–3051.
29. Clark, A. J.; Jones, K. Tetrahedron 1992, 48, 6875–6882.
30. Kurita, J.; Kikuchi, K.; Aruga, T.; Tsuchiya, T. Heterocycles 1992, 34, 685–688.
31. Pei, X. F.; Bi, S. Heterocycles 1994, 39, 357–360.
32. Yu, Q.; Lu, B.; Pie, X. F. Heterocycles 1994, 39, 519–525.
33. Longmore, R. B.; Robinson, B. Collect. Czech. Chem. Commun. 1967, 32, 2184–

2192.
34. Morales-Rios, M. S.; Garcia-Martinez, C.; Bucio, M. A.; Joseph-Nathan, P.

Monatsh. Chem. 1996, 127, 691–699.
35. Morales-Rios, M. S.; Bucio-Vàsquez, M. A.; Joseph-Nathan, P. J. Heterocycl.

Chem. 1993, 30, 953–956.
36. Morales-Rios, M. S.; Suàrez-Castillo, O. R.; Garcia-Martinez, M. A.; Joseph-

Nathan, P. Synthesis 1998, 1755–1759.
37. Morales-Rios, M. S.; Suárez-castillo, O. R.; Trujillo-Serrato, J. J.; Joseph-Nathan,

P. J. Org. Chem. 2001, 66, 1186–1192.
38. Morales-Rios, M. S.; Suárez-castillo, O. R.; Joseph-Nathan, P. Tetrahedron 2002,

58, 1479–1484.
39. Morales-Rios, M. S.; Santos-Sànchez, N. F.; Joseph-Nathan, P. J. Nat. Prod. 2002,

65, 136–141.
40. Morales-Rios, M. S.; Santos-Sànchez, N. F.; Fragoso-Vàzquez, D. A.; Villagómez-

Ibarra, J. R.; Joseph-Nathen, P. Tetrahedron 2003, 59, 2843–2853.
41. Suàrez-Castillo, O. R.; Garcia-Velgara, M.; Morales-Rios, M. S.; Joseph-Nathan,

P. Can. J. Chem. 1997, 75, 959–964.
42. Kawasaki, T.; Tang, C.; Koizumi, E.; Nakanishi, H.; Sakamoto, M. Heterocycles

1998, 48, 975–980.
43. Sunazuka, T.; Shirahata, T.; Tsuchiya, S.; Hirose, T.; Mori, R.; Harigaya, Y.;

Kuwajima, I.; Omura, S. Org. Lett. 2005, 7, 941–943.
44. Sunazuka, T.; Yoshida, K.; Kojima, N.; Shirahata, T.; Hirose, T.; Handa, M.;

Yamamoto, D.; Harigaya, Y.; Kuwajima, I.; Omura, S. Tetrahedron Lett. 2005, 46,
1459–1461.

45. Trost, B. M.; Quancard, J. J. Am. Chem. Soc. 2006, 128, 6314–6315.
46. Kawasaki, T.; Takamiya, W.; Okamoto, N.; Nagaoka, M.; Hirayama, T.

Tetrahedron Lett. 2006, 47, 5379–5382.
47. Rivera-Becerril, E.; Joseph-Nathan, P.; Pérez-Álvarez, V. M.; Morales-Rios, M. S.

J. Med. Chem. 2008, 51, 5271–5284.
48. Kulkarni, M. G.; Pendharkar, D. S.; Rasne, R. M. Tetrahedron Lett. 1997, 38,

1459–1462.
49. Kulkarni, M. G.; Dawavala, S. I.; Doke, A. K.; Pendharkar, D. S. Synthesis 2004, 17,

2919–2926.
50. Kulkarni, M. G.; Dhondage, A. P.; Borhade, A. S.; Gaikwad, D. D.; Chavhan, S. W.;

Shaikh, Y. B.; Ningdale, V. B.; Desai, M. P.; Birhade, D. R.; Shinde, M. P.
Tetrahedron Lett. 2009, 50, 2411–2413.

51. Kulkarni, M. G.; Dawavala, S. I.; Shinde, M. P.; Dhondage, A. P.; Borhade, A. S.;
Chavhan, S. W.; Gaikwad, D. D. Tetrahedron Lett. 2006, 47, 3027–3029.

52. Kulkarni, M. G.; Rasne, R. M.; Davawala, S. I.; Doke, A. K. Tetrahedron Lett. 2002,
43, 2297–2298.

53. Kulkarni, M. G.; Pendharkar, D. S. J. Chem. Soc., Perkin Trans. 1 1997, 21, 3127–
3128.

54. Kulkarni, M. G.; Pendhakar, D. S. Tetrahedron 1997, 53, 3167–3171.
55. Kulkarni, M. G.; Rasne, R. M. J. Chem. Soc., Perkin Trans. 1 1998, 16, 2479–2480.
56. Kulkarni, M. G.; Rasne, R. M. Synthesis 1997, 12, 1420–1424.
57. Kulkarni, M. G.; Dawavala, S. I.; Dhonndge, A. P.; Gaikwad, D. D.; Borhade, A. S.;

Chavhan, S. W. Tetrahedron Lett. 2006, 47, 1003–1005.
58. This protocol has previously been employed for the synthesis of 3-allyl

indoles.57 Compounds 2a–c and 2g, are not new compounds and along with
other compounds, they were used for the synthesis of 3-allyl indoles.

59. Porter, H. K. Org. React. 1973, 20, 455–474.


	A short and efficient synthesis of furo[2,3-b]indoles
	Introduction
	Experimental section
	General procedure for the Wittig reaction
	General procedure for the Claisen rearrangement
	General method for the ozonolysis
	General method for the reductive cyclization
	Spectral data for 8H-furo[2,3-b]indole

	Acknowledgments
	References and notes


