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Abstract—The synthesis of a chemical compound library using diversity-oriented synthesis (DOS) is discussed. The library is struc-
turally inspired by the Amaryllidaceae alkaloids, a family of natural products which has been known to demonstrate potent antiviral
and antineoplastic activity. Highlights of this work include the rapid, high-yielding construction of the octahydroindolinone core
and the solid-phase diversification of the lactam using a neutral phosphazene base.
� 2007 Elsevier Ltd. All rights reserved.
The octahydroindolinone ring system is a structural mo-
tif which is frequently observed in the Amaryllidaceae
family of natural products. These natural products have
demonstrated a wide range of biological activities
including antiviral, antitumor, acetylcholinesterase
inhibitory, immunostimulatory, and antimalarial activi-
ties.1 Representative members of the Amaryllidaceae
family, mesembrine (1) and obliquine (2), are shown in
Figure 1.

In pursuit of synthesizing novel chemical structures
using our diversity-oriented synthesis (DOS) platform,
we became interested in the octahydroindolinone frame-
work as a scaffold for a chemical compound library.
Using a chemistry-driven approach, we aimed to devel-
op an efficient, solution-phase route to an octahydroind-
olinone core, which contained three diversity sites that
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Figure 1. Octahydroindolinone ring system and Amaryllidaceae nat-
ural products.
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could be elaborated on solid-phase into a diverse, mul-
ti-thousand member compound library.

Recently, Padwa et al. have developed an elegant meth-
od to access the hexahydroindolinone framework via an
oxabicyclic intermediate using an intramolecular Diels–
Alder furan/ring-opening sequence.2–8 This oxabicycle,
rich in stereochemical complexity and exhibiting an
array of versatile functional groups, was recognized as
a potential starting point for a diversity-based chemical
compound library.

In accordance with a literature procedure, acylation of-
tert-butyl N-(2-furyl)carbamate (3) provided an interme-
diary imidofuran which underwent spontaneous [4+2]
cyclization at room temperature to provide 7-oxabicy-
clo[2.2.1]heptene 4 (Scheme 1).6 Initial efforts to install
diversity were focused on opening the oxa-bridge in an
SN2 0 fashion using nitrogen (sulfonamides, anilines, imi-
des, amines, etc.) and oxygen (primary alcohols and
phenols) nucleophiles in the presence of RhI catalyst.9,10

However, in all cases, the starting material was recov-
ered unchanged, perhaps due to reversible addition of
the nucleophile. Alternatively, it was found that treat-
ment of 4 with acetone or para-anisaldehyde in the pres-
ence of tin chloride cleanly provided the corresponding
acetals 5 and 6 in excellent yields.11 Irreversible trapping
of the oxonium ion by the newly generated alkoxide
likely accounts for the high regio- and diastereoselectiv-
ity was observed in the isolated products.12

Due to substrate compatibility issues encountered while
advancing the para-methoxybenzylidene acetal series,
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Scheme 1. Synthetic route to the core.
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Scheme 2. Preliminary solid-phase diversification.
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attention was focused on advancing acetonide 5. To this
end, hydrogenation of the vinyl imide of 5 led to exclusive
formation of the cis-ring fused product.13 Next, selective
deprotection of the acetonide in the presence of the Boc
group furnished diol 8. Since one of the hydroxyl groups
of 8 would serve as a handle for loading to solid support,
differentiation of the two alcohols was required at this
stage. Ultimately, it was found that catalytic dibutyltin
oxidecouldbeemployedtofacilitatearegioselectivenosyl-
ation to provide nosylate 9 in 76% yield.14–16 To our
knowledge, regioselective introduction of the nosyl (Ns,
para-nitrobenzenesulfonyl) protecting group via the
stannylene acetal has not been previously reported in the
literature. Deprotection of the Boc group with magnesium
perchlorate completed the synthesis of the octahydroind-
olinone core 10, the structure of which was confirmed by
single crystal X-ray analysis (see Fig. 2).6,17–19

In preparation for solid-phase diversification, the octa-
hydroindolinone core 10 was loaded onto polystyrene
LanternTM (Mimotopes L-series) with a loading level of
14.5 lmol/LanternTM. As shown in Scheme 2, cleavage
of the nosyl group using the Fukuyama protocol re-
vealed secondary alcohol 12, which was poised for sub-
sequent diversification.20,21 Additionally, lactam 11 was
functionalized with a series of activated electrophiles
using BTPP (tert-butylimino-tri(pyrrolidino)phospho-
rane), a neutral phosphazene base recently employed
by Shaw et al. in a similar transformation.22

In summary, we have developed a six-step route to a
novel octahydroindolinone core in 16% overall yield.
Figure 2. ORTEP diagram of compound 10.
The solution-phase sequence requires only two chro-
matographic purifications (intermediates 4 and 9) and
has been scaled to provide multi-gram quantities of 10.
Initial solid-phase chemistry involving nosyl deprotec-
tion and lactam functionalization has enabled entry into
two solid-phase diversification pathways. Further solid-
phase elaboration of this core and additional work on
related scaffolds will be reported in due course.
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