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Abstract: The first total synthesis of the furo[3,2-a]carbazole alkaloid furostifoline

was achieved using a convergent iron-mediated construction of the carbazole nucleus.
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A large number of novel carbazole alkaloids have been isolated from natural sources over the past years.2 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.
For the synthesis of highly oxygenated carbazoles we developed an efficient process involving oxidative
cyclization of appropriately functionalized tricarbonyl(n?-1,3-cyclohexadiene)iron complexes.5 Although of
broad scope for the synthesis of 1-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.” Because of this drawback we recently developed a novel molybdenum-mediated construction of
the carbazole framework which is complementary to the iron-mediated approach.8:? In the present study, we
wish to report that our iron-mediated carbazole synthesis is useful for the synthesis of furo[3,2-a]carbazole
alkaloids which is demonstrated by the first total synthesis of furostifoline. 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 1-aza-1,3-
butadiene catalyzed complexation of 1,3-cyclohexadiene!! and subsequent hydride abstraction with triphenyl-
carbenium tetrafluoroborate.!2 A simple route to the 4-aminobenzofuran 2 is outlined in Scheme 2.

91383



9184

The nitrophenol 3 is easily prepared from the corresponding nitroanilinel? and served already as precursor in
our molybdenum-mediated total synthesis of dihydroxygirinimbine.® Bromoacetaldehyde diethylacetal was used
as C, moiety for the annulation of the furan ring.14 Alkylation of the nitrophenol 3 with bromoacetaldehyde
diethylacetal in presence of potassium carbonate in N,N-dimethylformamide under reflux afforded the ether 4
which was hydrogenated to the arylamine 5. Prior to cyclization of the furan 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 cyclization!5 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 2.16 By the present 5-step-sequence, 2 is available on a multigram scale
in 52% overall yield based on the nitrophenol 3.
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The reaction of the 4-aminobenzofuran 2 with the dicarbonyl(n#-1,3-cyclohexadiene)(n3-cyclopentadienyl)-
molybdenum hexafluorophosphate®.? 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 ortho 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.!”7 All attempted oxidative cyclizations using different
manganese dioxides (commercial MnO, and very active MnO,) 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-!8 and afforded
directly the furo[3,2-a]carbazole alkaloid furostifoline.

(CO)sFe MeCN 25°C,2h
(100%)

1
2

(CO)3Fe—©
", CHa 35eq Iz air
pyrldlne 90°C,6 h
HoN o (36%)
8

Furostifoline
Scheme 3

The spectral data (UV, IR, 'H-NMR, and MS) of synthetic furostifolinel® are in full agreement with those
reported by Furukawa and coworkers for the alkaloid, which was obtained from the root bark of Murraya
euchrestifolia. 1% The natural product was described as an oil, whereas we obtained furostifoline as colorless
crystals (m.p. 174-175°C).
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