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Nature uses convergent biosynthesis to yield natural product
hybrids whose special properties derive from their enhanced
protein-interacting capabilities; two examples are the vinca
dimers and the cephalostatins (Scheme 1).[1]

We wish to determine whether non-natural small mole-
cules comprising two elements, each of which has structural
features reminiscent of those of natural products, might also
have special properties when used in small-molecule screens.
As a first step to address this question, we describe a synthesis
that results in examples of “hybrid” synthetic small molecules.

Scheme 1. Structures of naturally occurring small-molecule hybrids.
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We use a convergent diversity-oriented synthesis (DOS)[2,3]

strategy with synthetic fragments common to natural prod-
ucts[4] and both solution-phase/solid-phase and solid-phase/
solid-phase coupling methods (Figure 1).[5] The strategy
should enable other such hybrids to be made in the future
so that the above hypothesis can be tested.

Three natural product subunits, based upon bridged
piperidines, fused pyrrolidines, and spirocyclic oxindoles,
were selected for two different hybrid-library syntheses. The
key sublibrary-coupling steps are outlined in Scheme 2. The
bridged-piperidine sublibrary I synthesized in solution was
coupled to the fused-pyrrolidine sublibrary II immobilized on
a macrobead solid support to provide the bridged-piperidine/
fused-pyrrolidine hybrid library IV. The spirocyclic-oxindole

sublibrary III[6] was released from a macrobead solid support
and coupled to the fused-pyrrolidine sublibrary II to afford
the spirocyclic-oxindole/fused-pyrrolidine hybrid library V.
Sublibraries I, II, and III were synthesized in both enantio-
meric forms by using chiral-pool, chiral-catalysis, and chiral-
auxiliary approaches, respectively, to provide libraries IV and

V in four diastereomeric forms.[7]

The synthesis of sublibraries I–III is depicted
in Scheme 3. The monoterpene (+)/(�)-b-pinene
was chosen as the starting material for subli-
brary I to introduce chirality, complexity, and
rigidity (Scheme 3 A). The bicyclic skeleton of
pinene was used to construct a chiral, nonracemic,
structurally complex sublibrary with well-defined
topography. The synthesis of sublibrary I started
with a mercury(ii)-mediated Ritter reaction of
pinene, originally developed by Delpech and
Khuong-Huu,[8] under modified conditions.[9]

Analytically pure products were obtained after
simple acid–base extractions. The bicyclic amines
obtained after reduction with boron hydride were
subjected to a diversification step comprising two
processes to add an appending group (triazene
formation and reductive methylation) and one
skeleton-transforming reaction (Pictet–Spengler
cyclization). A hydroxy group was then installed
as a handle for the subsquent sublibrary-coupling

reaction. A 20-membered bridged-piperidine sublibrary I
with three different skeletons was synthesized in four steps in
solution without recourse to column chromatography.

The parallel synthesis of the fused-pyrrolidine sublibrary
II features a catalytic, asymmetric cycloaddition reaction of
an azomethine ylide (Scheme 3B) that was developed in the
course of these studies.[10] Three phenolic aldehydes were
loaded onto 500–600 mm polystyrene macrobeads,[11] con-
densed with methyl glycinate, and treated with tert-butyl
acrylate in the presence of silver(i) acetate–(R)/(S)-quinap as
the chiral catalyst. Amide coupling of the resulting pyrroli-
dines with N-Boc-protected amino acids (Gly, d-Leu, l-Phe,
and d-Pro), followed by removal of both the tert-butyl and N-
Boc protecting groups, provided the 24-membered fused-
pyrrolidine sublibrary II on macrobeads in five steps.

The spirocyclic-oxindole sublibrary III was also synthe-
sized in parallel on macrobeads by a Lewis acid catalyzed
variant[6] of the Williams three-component coupling reac-
tion[12] (Scheme 3C). This 16-membered spirocyclic-oxindole
sublibrary contains four different hydrogen-bond-acceptor
appendages and two differently oriented “handles” for
coupling to sublibrary II.

The final sublibrary-coupling step (I–II and II–III)
involved a PyBOP/DMAP-promoted esterification
(Scheme 2).[13] This convergent step provided a 480-mem-
bered bridged-piperidine/fused-pyrrolidine hybrid library IV
and a 384-membered spirocyclic-oxindole/fused-pyrrolidine
hybrid library V. For quality analysis, four representative
compounds from IV and four representative compounds from
V, which contain all building blocks, were analyzed by
1H NMR spectroscopy. In all cases, good levels of purity
were observed.[14] With the exception of the subset of

Figure 1. Linear and convergent approaches in diversity-oriented synthesis.

Scheme 2. Synthesis of libraries IV and V from sublibraries I, II and II,
III. Only one diastereomer is shown for libraries IV and V. a) 1. PyBOP,
DMAP, CH2Cl2, 23 8C, 16 h; 2. HF–py, THF, 23 8C, 2 h, then TMSOEt;
b) III, HF–py, THF, 23 8C, 2 h, then TMSOEt. DMAP=4-dimethylami-
nopyridine, py = pyridine, PyBOP= (1H-benzotriazol-1-yloxy)tripyrrolidi-
nophosphonium hexafluorophosphate, TMS= trimethylsilyl.
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compounds containing the p-bromoaryl triazene functional-
ity, standard conditions for cleavage from the macrobeads
yielded 37 of 43 compounds with > 80 % purity by LCMS.[15]

The convergent strategy described herein allows the
synthesis of complex small molecules through a short linear
sequence on solid supports. The small-molecule products
enable us to begin to determine whether the joining of
fragments imparts special protein-binding and/or protein-
modulating properties on the products in a manner reminis-
cent of natural product hybrids. The results of such experi-
ments with the small molecules described herein and others
synthesized in the future by other applications of this

convergent strategy will be made available
on the public database ChemBank.[16]
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