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The structurally intricate alkaloid stemofoline (1) (Figure 1)
was isolated from stems and leaves of the Asian treeStemona
japonicaby Irie et al. in 1970.1 Single crystal X-ray analysis of
the hydrobromide salt1 revealed a rigid pentacyclic core with a
pendant conjugated butenolide. The complex hexacyclic frame-
work of this alkaloid, which is reported to exhibit insecticidal
properties,2 has attracted considerable synthetic interest.3 Very
recently theE-alkene isomer of1, isostemofoline (2), has been
isolated from variousStemonaspecies in the laboratories of
Professor Yang Ye.4

We now report the first total synthesis of (()-isostemofoline.
Our retrosynthetic analysis (Scheme 1) proceeds by initial
disconnection of the butenolide and opening of the pentacyclic
core to aldehyde3. Appropriate functional group interconversions
suggest that3 could arise fromR,â-unsaturated ketone4. The
latter would result from sequential, stereocontrolled enolate
chemistry starting from the substituted nortropinone5, which in
turn could be assembled by a formal [4+ 3] cycloaddition
reaction upon the alkoxypyrrole6.

Selective oxidation5 of 1,2-hexanediol followed by protection
of the primary hydroxyl as the MOM ether provided ketone7 in
50% yield (Scheme 2). Regiospecific condensation of ketone7
with the mono-N,N-dimethylhydrazone of glyoxal6 provided the
dienone8 in 80% yield. Reductive cyclization of dienone8 with
sodium hydrosulfite in refluxing aqueous ethanol6 and protection
of the resulting unstable pyrrole as the tert-butyl carbamate
provided the desired pyrrole9.7

Assembly of the requisite nortropinone12 was best ac-
complished8 by the elegant Davies equivalent of the conventional
[4 + 3] cycloaddition. Reaction of pyrrole9 with vinyl diazoester
108 and Rh2(OCO(CH2)6CH3)4 provided bicyclic adduct11 in 90%
yield (Scheme 3).9 Cleavage of the enol silane withn-Bu4NF and
exo-specific hydrogenation, followed by nucleophilic decarbo-
methoxylation10 gave1211 in 60% yield. Numerous variants of

enolate chemistry12 were explored to create theR-axial-R′-
equatorial substitution pattern exemplified by aldehyde3. We
found that NaOMe catalyzed condensation of12 with furfural
gave theR,â-unsaturated ketone13 in 90% yield. Its olefin
geometry was determined to be as shown by nOe enhancement
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Figure 1.

Scheme 1

Scheme 2a

a Reagents: (a) 13% aqueous NaOCl, HOAc, 65%; (b) MOMCl, (i-
Pr)2NEt, CH2Cl2, 0° f RT, 93%; (c) KOEt, 80%; (d) Na2S2O4, EtOH,
H2O, 90 °C, 35%; (e) BOC2O, 4-DMAP, CH3CN, 72%.

Scheme 3a

a Reagents: (a) rhodium octanoate dimer, pentane, reflux, 90%; (b)
Bu4NF, THF, 65%; (c) H2, 5% Pd/C, MeOH, 90%; (d) H2O, DMSO,
150°C, 90%; (e) furfural, NaOH, MeOH, H2O, reflux, 90%; (f) LiHMDS,
1.1 equiv DMPU, THF, 0°C, then allyl iodide, rt, 91%; (g) toluene,
reflux, 86%.
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of the furan protons upon irradiation of the proximal bridgehead
proton. Alkylation of13using LiHMDS, DMPU, and allyl iodide
occurred in 91% yield to give a 2.4:1 mixture of14:15.
Stereoselective Claisen rearrangement13 of enol ether14afforded
desiredR,â-unsaturated ketone15 in 86% yield.

Oxidative cleavage of the terminal alkene in15with potassium
osmate/NaIO4,14 followed by selective Zn(BH4)2 reduction15 of
the aldehyde gave a hemiketal intermediate which was converted
by TIPSCl/imidazole16 to the TIPS-protected keto alcohol16 in
50% overall yield (Scheme 4). We could introduce the missing
C-methyl group by reaction of16 with methyllithium/DMPU in
ether17 at-40 °C to provide 1,4 adduct17as all single compound
having the desired methyl stereochemistry.18,19 At this point
O-desilylation and tosylation of the primary alcohol gave18,20

and subsequent ozonolysis gave acid19 in 56% overall yield.
The delicate conversion of acid19 to the aldehyde was achieved
through the mixed anhydride,21 selective sodium borohydride
reduction22 and Dess-Martin oxidation23 to give aldehyde20 in
30% overall yield.

Installation of the butenolide was carried out by addition of
the lithium anion of 4-methoxy-3-methyl-2(5H)-furanone24 (Scheme
5) to the aldehyde (20) to provide a 2:1 mixture of separable
diastereomeric alcohols (21) which with Dess-Martin oxidation
each gave the same 2:1 mixture of diastereomeric ketones22 in
36% overall yield. Ketones22 were stirred with trifluoroacetic

acid, followed by adjustment of the pH to 10 resulting in atandem
triple cyclizationto give a 67% yield of stemofoline hydrates23
showing only 1765 cm-1 butenolide carbonyl IR absorption and
four separate butenolide carbonyl13C-resonances, suggesting that
all four possible diastereomers of23 were present in ap-
proximately equal amounts.

Dehydration of 23 proved surprisingly difficult, typically
leading to a retro-aldol scission giving the pentacyclic lactone
24.25 However, (CF3SO2)2O uniquely led to loss of water from
23 and appearance of the characteristic chromophore at 295 nm.
Chromatography produced, in addition to24, asingleconjugated
butenolide having a UV spectrum and HRMS consistent with
stemofoline (1) but differing slightly in the high field proton NMR
from that published by Irie and also provided by Ye. The richly
detailed1H NMR spectrum of our product was however indis-
tinguishable from that of isostemofoline (2), kindly provided by
Professor Ye.26 TLC analysis (silica gel, 95:5 CH2Cl2:MeOH)
showed that our product co-eluted with natural isostemofoline
with an Rf ) 0.30, while stemofoline had anRf ) 0.36. This
route comprises the first total synthesis of (()-isostemofoline.
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Scheme 4a

a Reagents: (a) K2OsO4, NaIO4, Et2O, H2O, rt; (b) Zn(BH4)2, THF,
-10 °C, 52%; (c) TIPSCl, imidazole, DMF, 93%; (d) 2.2 MeLi, 1.1
DMPU, Et2O, -40 °C, 85%; (e) Bu4NF, THF, 90%; (f) TsCl, pyridine,
CHCl3, 90%; (g) O3, CH2Cl2; Me2S, 65%; (h)i-BuOCOCl,N-methyl-
morpholine, THF, 0°C; (i) NaBH4, MeOH; (j) Dess-Martin periodinane,
CH2Cl2, 30% overall.

Scheme 5a

a Reagents: (a) THF,-78 °C, 56%; (b) Dess-Martin periodinane,
CH2Cl2, 61%; (c) (1) CF3CO2H; (2) saturated aqueous NaHCO3, 67%;
(d) Tf2O, CH2Cl2, 2: 12%,24: 14%.
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