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A large number of novel carbazole alkaloids have been isolated from natural sources over the past years.* The 
continuing interest of synthetic organic chemists in these natural products derives from the fact, that many 
derivatives have unprecedented structural features and exhibit useful biological activities, Many research 
groups developed novel synthetic methodologies directed towards the total synthesis of carbazole alkaloids.3 
Our group focussed on the elaboration of convergent total syntheses via transition metal-mediated reactions.4 

For the synthesis of highly oxygenated carbazoles we developed an efficient process involving oxidative 
cyclization of appropriately fimctionalized tricarbonyl(q4-1,3-cyclohexadiene)iron complexes.5 Although of 
broad scope for the synthesis of l-oxygenated, 3-oxygenated, 3,4-dioxygenated, and 3,4,6-trioxygenated 
carbazole alkaloids,1,6 the method was only of limited success for the synthesis of 2-oxygenated carbazole 
derivatives.7 Because of this drawback we recently developed a novel molybdenum-mediated construction of 
the carbazole framework which is complementary to the iron-mediated approach.*,9 In the present study, we 
wish to report that our iron-mediated carbazole synthesis is useful for the synthesis of mro[3,2-alcarbazole 
alkaloids which is demonstrated by the first total synthesis of finostifoline.10 
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Retrosynthesis of furostifoline based on the iron-mediated construction of the carbazole nucleus leads to the 
iron complex salt 1 and 4-amino-7-methylbenzofuran 2 as the potential synthetic precursors (Scheme 1). Both 
building blocks should be combined in a consecutive iron-mediated C-C and C-N bond formation by 
regioselective electrophilic substitution of 2 with 1 followed by oxidative cyclization of the resulting transition 
metal complex to the carbazole. The complex salt 1 is readily available in large quantities by I-aza-1,3- 
butadiene catalyzed complexation of 1,3-cyclohexadienell and subsequent hydride abstraction with triphenyl- 
carbenium tetrafluoroborate. l2 A simple route to the 4-aminobenzomran 2 is outlined in Scheme 2. 
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The nitrophenol 3 is easily prepared from the corresponding nitroanilinelj and served already as precursor in 
our molybdenum-mediated total synthesis of dihydroxygirinimbine.y Bromoacetaldehyde diethylacetal was used 
as C2 moiety for the annulation of the furan ring. 14 Alkylation of the nitrophenol 3 with bromoacetaldehyde 

diethylacetal in presence of potassium carbonate in NJ-dimethylformamide under reflux afforded the ether 4 
which was hydrogenated to the arylamine 5. Prior to cychzation of the firran ring the amino group was 
protected by transformation into the phthalic imide 6. Annulation of the furan ring was then achieved by 

amberlyst 15 promoted cychzation 15 in chlorobenzene at 120°C and provided the protected aminobenzofuran 7 

in 93% yield. Cleavage of the imide by treatment with hydrazine in methanol at room temperature afforded the 
required 4-amino-7-methylbenzofuran 2. t6 By the present 5-step-sequence, 2 is available on a multigram scale 
in 52% overall yield based on the nitrophenol3. 
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The reaction of the 4-aminobenzofuran 2 with the dicarbonyl(~4-l,3-cyclohexadien~)(~5-cyclopentadienyl)- 
molybdenum hexafluorophosphate8,y gave the desired molybdenum complex only in 7% yield. However, 
electrophilic aromatic substitution reaction of 2 with the complex salt 1 took place exclusively in the S-position 
and provided regio- and diastereoselectively the iron complex 8 in quantitative yield (Scheme 3). According to 
the spectral data of 8,16 the regioselectivity (electrophilic substitution orlho relative to the amino function) and 
the diastereoselectivity (nucleophilic attack of the amine anti to the tricarbonyliron fragment) of this reaction 
were the same as previously found in analogous cases. I7 All attempted oxidative cyclizations using different 
manganese dioxides (commercial Mn02 and very active Mn02) as well as ferricenium hexafluorophosphate as 
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the oxidants resulted exclusively in decomposition. Cyclization of complex 8 with concomitant aromatization 
was finally achieved by oxidation in the air with an excess of iodine in pyridine at 90°C7,18 and afforded 
directly the fUro[3,2-alcarbazole alkaloid furostifoline. 
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The spectral data (UV, IR, *H-N@ and MS) of synthetic fUrostifoline16 are in full agreement with those 

reported by Furukawa and coworkers for the alkaloid, which was obtained from the root bark of Murraya 
euchrestifolia.10 The natural product was described as an oil, whereas we obtained fUrostifoline as colorless 
crystals (m.p. 174-175°C). 

Acknowledgements: This work was supported by the Deutsche Forschungsgemeinschaft (Gerhard-Hess 
Award) and the Fonds der Chemischen Industrie. 

References and Notes 
1. 
2. 

3. 

4. 

5. 

Part 34: H.-J. Knblker, G. Schlechtingen, Chem. Commun. 1996, submitted. 
D. P. Chakraborty in Prog. Chem. Org. Nat. Prod., Vol. 34 (Eds.: W. Herz, H. Grisebach, G W. Kirby), 

Springer, Wien, 1977, p. 299; D. P. Chakraborty, S. Roy in Prog. Chem. Org. Nat. Prod, Vol. 57 (Eds.: 
W. Herz, H. Grisebach, G. W. Kirby, C. Tamm), Springer, Wien, 1991, p. 71; D. P. Chakraborty in The 
Alkaloids, Vol. 44 (Ed.: A. Brossi), Academic Press, New York, 1993, p. 257. 
U. Pindur, Chimia 1990, 44, 406; J. Bergman, B. Pelcman, Pure Appl. Chem. 1990, 62, 1967; C. J. 

Moody, Synlett 1994, 68 1. 
H.-J. Knijlker in Advances in Nitrogen Heterocycles, Vol. I (Ed.: C. J. Moody), JAI Press, Greenwich 
(CT), 1995, p, 173. 
H.-J. KnGlker in Organic Synthesis via Organometulfics (Eds.: K. H. D&z, R. W. Hoffmann), Vieweg, 

Braunschweig, 1991, p. 119; H -J. Kniilker, Synlett 1992, 371. 



9186 

6. H.-J. Knolker, M. Bauermeister, Heterocycles 1991, 32, 2443; H.-J. KnoJker, M. Bauermeister, J.-B. 
Pannek, D. Blaser, R. Boese, Tetrahedron 1993, 49, 841; H.-J. Knolker, M. Bauermeister, Helv. C/rim. 
Actu 1993, 76, 2500; H.-J. Knolker, M. Bauermeister, Tetrahedron 1993, 49, 11221; H.-J. Kndker, M. 

Bauermeister, J.-B. Pannek, M. Wolpert, Synthesis 1995, 397; H.-J. Knolker, E. Baum, T. Hopfmann, 

Tetrahedron Lett. 1995, 36, 5339; H.-J. Knolker, T. Hopfmann, Syniett 1995, 981. 
7. H.-J. Knolker, M. Bauermeister, J. Indian Chem. Sot. 1994, 71, 345. 

8. H.-J. Knolker, H. Goesmann, C. Hofmamr, Synlett 1996, 737. 
9 H.-J. Knolker, C. Hofmann, Tetrahedron Lett. 1996, 37, in print. 

10. C. Ito, H. Furukawa, Chem. Phurm. Bull. 1990, 38, 1548. 
11. H.-J. Knolker, P. Gonser, Synlett 1992, 517; H.-J. Knolker, P. Gonser, P. G. Jones, Synlett 1994, 405. 
12. E. 0. Fischer, R. D. Fischer, Angew. Chem. 1960, 72, 919. 
13. F. Ullmann, R. Fitzenkam, Ber. Dtsch. Chem. Ges. 1905, 38, 3787; M. J. Astle, W. P. Cropper, J. Am. 

Chem. Sot. 1943, 65, 2398; T. Cohen, A. G. Dietz, J. R. Miser, J. Org. Chem. 1977, 42, 2053. 
14. R. Rohrkasten, M. Konrad inA4ethoden der Organischen Chemie (Houben-Weyl), Vol. E 6b (Ed.: R. P. 

Kreher), Thieme, Stuttgart, 1994, p. 94. 
15. Amberlyst 15 from Fluka (art, 06423). 
16. 4-Amino-7-methylbenzofuran 2: Light yellow oil, b.p. 60-62”C/O.O6 Torr; UV (MeOH): h = 219, 259, 

297 IR (film): v = 3354 (br), 2922, 1635, 1505, 1359, 1299, 1177, 1144, 1041, 878, 809, 770, 732, nm; 
622 cm-l; lH-NMR (400 MHz, CDCl,): 6 = 2.40 (s, 3 H), 3.60 (br s, 2 H), 6.40 (d, J= 7.7, 1 H), 6.64 
(d, J= 2.2, 1 H), 6.87 (d, J= 7.7, 1 H), 7.50 (d, J= 2.2, 1 H); 13C-NMR (100 MHz, CDCl,): 6 = 14.46 
(CH3), 103.46 (CH), 107.62 (CH), 112.09 (C), 115.77 (C), 125.68 (CH), 137.78 (C), 143.07 (CH), 

154.77 (C); MS (20°C): m/z (%) = 147 (M+, 100) 146 (99) 91 (6) 74 (5); HRMS: Calc. for CgHgNO 
(M+): 147.0684; found: 147.0674. 
Tricarbonyl(q4-cyclohexa-1,3-diene)iron complex 8: Yellow crystals, m.p. 116°C; UV (MeOH): h = 225, 
301 IR (KBr): v = 3445, 3365,3005, 2846, 2039, 1949, 1631, 1480, 1155, 745,625 cm-l; ‘H-NMR nm; 
(400 MHz, CDCl,): 6 = 1.65 (br d, J= 15.3, 1 H), 2.40 (ddd, J= 15.3, 11.1, 4.0, 1 H), 2.40 (d, J= 0.7, 
3 H),3.15-3.22(m, 2H), 3,49(dt,J= 11.1, 3.7, 1 H), 3.71 (brs,2H), 5.49-5.55(m,2H), 6.62(d,J= 
2.3, I H), 6.81 (s, 1 H), 7.51 (d, J= 2.3, 1 H); 13C-NMR (100 MHz, CDC13): 6 = 14.66 (CH3), 31.62 
(CH2), 38.54 (CH), 60.34 (CH), 65.71 (CH), 84.93 (CH), 85.64 (CH), 103.42 (CH), 112.05 (C), 116.26 
(C), 122.84 (C), 124.28 (CH), 134.17 (C), 143.51 (CH), 153.18 (C), 212.05 (3 CO); MS (75°C): 

m/z (‘%) = 365 (M+, 20) 337 (6) 309 (37), 281 (70) 279 (loo), 223 (41) 203 (81) 147 (42). Anal. 
Calc. for ClsHlSFeN04: C, 59.20; H, 4.14; N, 3.84. Found: C, 59.27; H, 4.26; N, 3 98. 
Furostifoline: Colorless crystals, m.p. 174-175°C; UV (MeOH): h = 211, 226, 237, 260, 274, 296, 3 19, 
333 IR (KBr): v = 3415, 1457, 1445, 1361, 1308, 1159, 1044, 878, 747, 679 cm-l; lH-NMR (500 nm; 
MHz, CDC&): 6 = 2.67 (d, J= 0.8, 3 H), 6.97 (d, J= 2.2, 1 H), 7.25 (dt, J= 0.9, 7.5, 1 H), 7.37 (ddd, 
J= 7.5, 7.2, 1.1, 1 H), 7.47 (br d, J= 8.0, 1 H), 7.71 (d, J= 2.2, 1 H), 7 77 (br s, 1 H), 8.05 (br d, J= 

7.7, 1 H), 8.21 (br s, 1 H); 13C-NMR (125 MHz, CDCl3): 6 = 15.45 (CH3), 103.72 (CH), 110.74 (CH), 
111,37(C), 11429 (C), 116.68 (CH), 117.85 (C), 119.58 (CH), 119.63 (CH), 124.01 (C), 124.30 (CH), 
131.00 (C), 138.87 (C), 143.76 (CH), 154.05 (C); MS (45°C): m/z (%) = 221 (M+, 100) 220 (56) 191 
(11) 110 (6). Anal. Calc. for Cl,HtlNO: C, 81.43; H, 5.01; N, 6.33. Found: C, 81.62; H, 5.35; N, 6.41. 

17. H.-J. Knolker, M. Bauermeister, J.-B. Pannek, Chem. Ber. 1992, 125, 2783. 
18. A. J. Birch, A. J. Liepa, G. R. Stephenson, Tetrahedron Lett. 1979, 3565. 

(Received in Germany I 1 October 1996; accepted 8 November 1996) 


