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ABSTRACT

The intramolecular [4 + 2]-cycloaddition of a 2-methylthio-5-amidofuran was used to create the azepinoindole skeleton present in the Stemona
alkaloid stenine. The rearranged cycloadduct was converted to stenine (1) in 11 additional steps via a sequence that features a Crabtree
catalyst directed hydrogenation (9f10), iodolactonization (2f11), and a Keck allylation (11f12).

The pyrrolo[1,2-a]azepine nucleus is a common structural
motif shared by several of the stemona alkaloids, including
stenine (1), whose hydroindole core skeleton contains six
contiguous stereocenters.1 Members of the stemona family
are generally classified into six groups according to their
structural features.2 Many of these alkaloids possess diverse
physiological properties3 as well as structural complexity and,
therefore, have attracted the interest of synthetic chemists.4

Previous syntheses of stenine have focused on the initial
construction of the hydroindole portion (BD rings), with
closure to the seven-membered azepine ring being postponed

until the end of the synthesis.5 We envisioned an alternative
approach, in which the azepine ring would be incorporated
at any early point in the synthetic sequence and then used
as a template for setting the required stereochemistry. Scheme
1 depicts the basic features of our strategy directed toward
stenine. Our synthesis relies on an intramolecular Diels-
Alder reaction of a 2-amido-5-alkylthio-substituted furan
(IMDAF) to create the azepinoindole skeleton.6 This is
followed by a series of reductions to set the syn-anti
stereochemical relationship at the incipient ring fusion sites
present in stenine. In this letter, we describe a highly efficient
synthesis of (()-stenine using this cycloaddition strategy that
we hope to extend to other members of the stemona family.

The required 2-methylthio-5-amidofuran (4) necessary for
the intramolecular [4+ 2]-cycloaddition reaction was
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prepared by a dimethyl(methylthio)sulfonium tetrafluoro-
borate (DMTSF)7 induced cyclization of imido dithioacetal
7 (Scheme 2).8 The synthesis of7 involved a mixed aldol

reaction of N-trimethylsilyl ε-caprolactam (5) with bis-
(methylsulfanylacetaldehyde)9 followed by quenching with
acetic anhydride to give amide6 in 80% yield. The resulting
lactam was acylated withtrans-5-chlorocarbonyl-pent-3-
enoic acid methyl ester10 in the presence of 4 Å powdered

molecular sieves as a neutral scavenger to furnish imide7
in 85% yield as a 4:1 mixture of diastereomers. Methyl-
sulfenylation of one of the methylthio groups of7 with
DMTSF induces a thionium-promoted cyclization, and the
resulting dihydrofuran readily loses acetic acid to furnish
the desired furan.11 Interestingly, amidofuran4 could not be
isolated under the conditions of its formation, as it rapidly
rearranged at room temperature to afford azepinoindole3 in
80% yield as a 1:1 mixture of diastereomers. Conformational
effects imposed by the placement of a carbonyl group within
the tether, combined with a rotational bias about the C(2)-N
bond, apparently enhances the rate of the IMDAF reaction
of 4 so that it occurs readily at 25°C.12

Removal of the methylthio group was easily accomplished
by treating 3 with Raney Ni in ethanol, which afforded
azepinoindole8 as a single diastereomer in 92% isolated
yield. Subsequent reduction of the keto group under Luche
conditions13 provided alcohol9 in 77% isolated yield as a
single diastereomer (Scheme 3). The next step involved a

controlled hydrogenation of the enamideπ-bond. Hindered,
substituted double-bonds are often difficult to hydrogenate,
requiring forcing conditions, and frequently lead to a mixture
of isomers.14 Indeed, the hydrogenation of9 under hetero-
geneous conditions using several palladium or rhodium
catalysts resulted in a mixture of products. Excellent stereo-
chemical control could be obtained, however, by hydrogena-
tion of 9 with the catalyst system [Ir(cod)pyr(PCy3)]PF6/
CH2Cl2 described by Crabtree and co-workers.15 The addition
of hydrogen is directed by the presence of the C10 hydroxyl
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Scheme 1

Scheme 2a

a Reagents: (a) LDA; (b) (MeS)2CHCHO; (c) Ac2O; (d)
MeO2CCH2CHdCHCH2COCl; (e) DMTSF, NEt3.

Scheme 3a

a Reagents: (a) Raney-Ni, EtOH; (b) NaBH4, CeCl3, MeOH; (c)
Crabtree’s catalyst, H2, CH2Cl2; (d) MsCl, NEt3, DBU, D.

1516 Org. Lett., Vol. 4, No. 9, 2002



group delivering the desired syn-anti stereochemistry at the
ring fusion sites.16 The relevant coupling constants in the
NMR spectrum of10 (J12 ) 10.2 Hz,J13 ) 5.5 Hz) were
fully consistent with its assignment and comparable in value
to those found in related ring systems.17 Final confirmation
of the stereochemistry comes from a single-crystal X-ray
analysis of10. This result demonstrates that rapid access to
the stereochemically correct azepinoindole moiety of stenine
(and related stemona alkaloids) can be achieved via a
Crabtree catalyst directed hydrogenation reaction. Regio-
controlled dehydration of alcohol10 to alkene2 sets the stage
for the formation of the butyrolactone ring. Before the
planned iodolactonization of theγ,δ-unsaturated ester,5

alcohol10was converted to the corresponding mesylate and
this was followed by treatment with DBU in refluxing
toluene to effect elimination providing2 in 64% yield. The
requirement of forcing conditions for elimination is undoubt-
edly related to the need of the system to adopt an antiperipla-
nar relationship of the mesylate and H4 proton (see10). This
can only be achieved by populating the more strained boat
conformation, thereby diminishing the rate of elimination.

The conversion of2 to stenine (1) was accomplished using
the sequence of reactions outlined in Scheme 4. Thus,
hydrolysis of the methyl ester with LiOH followed by
treatment with iodine gave iodolactone11 in 60% yield.5

Subsequent Keck allylation with allyltributyl-stannane18 using
the Hart/Wipf protocol5 furnished12 in 62% yield and with
excellent diastereoselectivity. Johnson-Lemieux oxidation19

of the allyl group afforded the expected aldehyde13, which
was treated with 1,2-ethanedithiol and BF3‚Et2O to give14
in 48% yield for both steps. Conversion of the amide to the
corresponding thioamide with Lawesson’s reagent20 provided
15 in 73% yield. Desulfurization with Raney nickel furnished
16 in 93% yield. Methylation of the lactone enolate derived
by treating16 with LDA followed by reaction with methyl
iodide afforded racemic stenine (1) in an overall yield of
2.1% for the 16-step sequence starting fromε-caprolactam.
Confirmation of the structure was obtained by comparison
of the spectral data with an authentic sample provided by
Professor Wipf.

In summary, this approach to stenine demonstrates the
utility of the intramolecular [4+ 2]-cycloaddition of 2-alkyl-
thio-5-amidofurans for preparing stereochemically complex
perhydroindole ring systems. All six stereocenters at the
azepinoindole core can be derived in high stereoselectivity
from the functionality present in the rearranged cycloadduct
3. Further application of this methodology toward the
construction of more complex stemona alkaloids is currently
in progress in our laboratory and will be reported at a later
date.
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Scheme 4a

a Reagents: (a)LiOH,H2O; (b) I2,MeCN;(c)CH2dCHCH2SnBu3,
AlBN; (d) OsO4, NaIO4; (e) HSCH2CH2SH, BF3‚Et2O; (f) Lawes-
son’s reagent; (g) Raney-Ni (h) LDA, HMPA, MeI.
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