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The dodecacyclic polyindoline alkaloid psycholeine (1) was
isolated from the New Caledonian plantPsychotria oleoidesin
1992 by Se´venet and co-workers using a bioactivity-guided
fractionation approach.1 This novel natural product is reported
to be the first non-peptide antagonist of the somatostatin family
of receptors, and therefore is of potential therapeutic interest.2

Psycholeine (1), [R]20D -150, is structurally remarkable having
a central achiral hexacyclic core that is adorned with two
pyrroloindolines of the same absolute chirality. The achiral
hexacyclic unit also is found inmeso-calycanthine (3), which
is obtained by acid-catalyzed rearrangement of the bis(pyrro-
loindoline) alkaloidmeso-chimonanthine (2).3 In this com-
munication, we report the first stereocontrolled total syntheses
of meso-chimonanthine (2) andmeso-calycanthine (3) as the
initial step in the development of a strategy for the total synthesis
of psycholeine (1).4

Past synthetic efforts directed toward bis(pyrroloindoline)
alkaloids have produced predominantly the racemic isomers
either by oxidative dimerization of oxindoles (or tryptamines)3,5

or from dialkylation of 3,3′-bis(oxindoles).6 We anticipated that
meso-chimonanthine (2) could be constructed from cyclohexene
7, an intermediate that contains the two key quaternary carbon
centers present in2 and 3 (Scheme 1). Cyclohexene7 was

envisaged as arising from isoindigo (4), which is available in
one simple high-yielding step from commercially available
oxindole and isatin.7 We conjectured that the pivotal conversion
of 4 to 7 could be accomplished by a reductive dialkylation,
whose stereochemical outcome would derive from chelate
assembly6.8

Isoindigo (4) was first converted toN-benzyl derivative5.9
Treatment of5 with 2 equiv of SmI2 apparently generates the
samarium diolate, since (N-benzyl)dihydroisoindigo was ob-
tained upon protolytic quenching.10,11 However, this dianion
did not react to an appreciable extent withcis-1,4-dichloro-2-
butene even in the presence of HMPA at room temperature.12

The presumed lithium diolate obtained upon treatment of (N-
benzyl)dihydroisoindigo with 2.1 equiv ofn-BuLi did react at
room temperature withcis-1,4-dichloro-2-butene to deliver a
mixture of the desiredmeso product 7 and an isomeric
cyclobutane resulting from SN2′ closure. Related experiments
with the potassium diolate (formed from reaction of (N-benzyl)-
dihydroisoindigo with 2.2 equiv of KHMDS) gave a similar
product distribution. After some experimentation, a remarkable
procedure for converting5 into 7 was discovered. Isoindigo5
was reduced at room temperature with 2 equiv of SmI2 in the
presence of 10 equiv of LiCl and then alkylated at this
temperature withcis-1,4-dichloro-2-butene. After 8 h, cyclo-
hexene7was isolated in 82% yield. None of the corresponding
dl isomer was observed by1H-NMR analysis of the crude
reaction mixture or of any chromatographic fraction, suggesting
that diastereoselectivity for this process was at least 20:1.
Although it is tempting to invoke transmetalation (Smf Li)
to explain this reaction, subtle changes in the samarium
coordination sphere or degree of aggregation brought about by
the added halide salt could be responsible for the reaction
outcome.13 It should be noted that these reaction conditions
provide a room temperature alternative to lithium in liquid
ammonia, which in the present case would not have been
compatible with the benzyl protecting groups in5.
The conversion of cyclohexene7 tomeso-chimonanthine (2)

proved challenging due to the facile cleavage of the doubly
benzylic C3a,C3a′ bond.14 However, a satisfactory means of
attaining the desired oxidation state at C8a,C8a′ was found when
7 was treated with sodium bis(2-methoxyethoxy)aluminum
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hydride (Red-Al®) in refluxing benzene to provide hexacycle8
in high yield. The unusual structure of this intermediate was
verified by X-ray crystallography.15,16 The cyclohexene ring
then was cleaved to provide diol9 through sequential reaction
of 8 with OsO4-N-methylmorpholineN-oxide (NMO), lead
tetraacetate (LTA), and NaBH4. This unstable diol was im-
mediately converted into diazide10, which was obtained in 78%
overall yield from8. Reduction of10 to the corresponding
diamine11 followed by exposure of11 to excess Me3Al at room
temperature provided the desired bis(pyrroloindoline)12 in 68%
yield. Reductive methylation of12 yielded 13, which upon
treatment with Na/NH3 deliveredmeso-chimonanthine (2), mp
199-201°C (lit.5a,3bmp 198-203 and 199-202°C),17 in 92%
yield. Since a comparison sample ofmeso-chimonanthine (2)
was unavailable, the structure of synthetic2 was confirmed by
single crystal X-ray analysis.16 Finally, exposure of2 to hot
dilute acetic acid providedmeso-calycanthine (3), mp 264-
267 °C (lit.3b mp 265-268 °C).3,18

In summary, a concise, stereocontrolled route tomeso-
chimonanthine (2) andmeso-calycanthine (3) has been devel-
oped. The sequence features an unusual samarium-mediated
reductive dialkylation to control the relative stereochemistry of
the two critical quaternary centers. Application of this chemistry
to the total synthesis of psycholeine (1) will be described in
due course.
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Scheme 1a

a Key: (a) SmI2, LiCl, THF, rt; cis-1,4-dichloro-2-butene, rt, 82%; (b) RedAl, PhH, rtfreflux, 78%; (c) OsO4, NMO, acetone, H2O, 96%;
Pb(OAc)4, EtOH, PhH, 0°C; NaBH4, 94%; (d) HN3, Ph3P, MeO2CNNCO2Me, THF, 0°C, 87%; (e) Ph3P, H2O, THF; (f) Me3Al, PhH, 68%; (g)
CH2O, NaCNBH3, MeCN, H2O, 87%; (h) Na, NH3, THF, -78 °C, 92%; (i) AcOH, H2O, 100°C, 25%.
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