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The advances of split-pool organic synthesis1 and high-
throughput biological screens2 have provided new opportunities
for the discovery of man-made molecules with novel biological
properties. Realization of these new opportunities will be ac-
celerated by the development of solid-phase reactions that
dramatically increase molecular complexity while simultaneously
accessing diverse structures. Biomimetic reactions that mimic
natural product biosyntheses3 are well suited to this approach
because they often convert simple starting materials to complex
structures under mild conditions. While this is an attractive
concept, two significant challenges are (1) developing biomimetic
transformations that access a diverse range of structures and (2)
performing these reactions in the solid-phase. This communication
reports the development of biomimetic reactions in the solid-phase
that result in one-step construction of tetracyclic molecules from
readily accessible starting materials. The reactions are based on
ones implicated in the biosynthesis of carpanone and other
members of the benzoxanthenone class of natural products.4

The biomimetic synthesis of carpanone (Scheme 1, [O])
PdCl2), first accomplished by Chapman, occurs by diastereose-
lective oxidative homocoupling of an electron-richo-hydroxy-
styrene followed by rapid endo-selective inverse electron demand
Diels-Alder cycloaddition.5 To broaden the scope of this

biomimetic synthesis, with the goal of constructing a split-pool
synthesis library of carpanone-like molecules more diverse than

those isolated from nature, it was necessary to develop a reaction
that would result in intermolecular oxidative heterodimerization
of dissimilaro-hydroxystyrenes. To our knowledge, this level of
selectivity has not been observed forâ,â-phenolic couplings in
natural or laboratory systems.

Our plan involved the use of electronically differentiated
o-hydroxystyrenes (Scheme 2). Under the influence of a suitable
oxidant, the oxidatively more reactive electron-rich phenol2,
immobilized in the solid-phase to reduce its propensity for
homodimerization, will react preferentially with the oxidatively
less reactive electron-deficient phenol1 in solution.6 Following
oxidative heterocoupling, inverse electron demand Diels-Alder
transition states3 and4 are possible. The electronically preferred
transition state4 should be favored affording tetracycle5 directly.7

In a single biomimetic reaction in the solid-phase, tetracyclic
molecules will be constructed with control over five stereocenters
and four initial positions of diversity (R1-R4).

Initially, we screened a series of oxidants for their ability to
cross-couple electronically differentiated substrates6 and 78

(Scheme 3). Only PhI(OAc)2 afforded heterocoupled product8.9

All other oxidants tested resulted in exclusive formation of9,
resulting from intrabead homocoupling.10 It is interesting to note
that PhI(OAc)2 was the only oxidant in the screen that did not
proceed through a phenoxy radical intermediate.11

Following HF-pyridine promoted removal from the solid-
phase (0.15 mmol/g) a 55% yield of tetracycle8 was isolated as
a single isomer, resulting from complete electronic control of the
inverse electron demand cycloaddition. The solid-phase reaction
afforded a 1.7:1 ratio of heterocoupled adduct8 and homocoupled
adduct9 starting from silicon-linked resin7 (Entry B). Compound
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9 resulted from an oxidative homocoupling between two mol-
ecules of7 attached to the same resin bead. Although lowering
the loading level of the resin resulted in a modest reduction in
intrabead reactions for entry B (Scheme 3) (0.3 mmol/gf 1:1
8/9; 0.15 mmol/gf 1.7:1 8/9; 0.075 mmol/gf 4:1), it was
crucial that the loading level remain as high as possible to facilitate
future biological screens. As a result of these issues combined
with the lack of detailed information regarding the orientation of
molecules attached to the solid-phase, the factors contributing to
intrabead coupling, excluding resin loading levels, had to be
determined on an empirical basis.12 A diminution in homocoupling
was observed when R contained amide bonds. For instance, the
silicon-based linker combined with an amide-based spacer (entry
C) provided the highest degree of heterocoupled product (5.3:1)
at a loading level of 0.15 mmol/g, whereas the silicon linker and
a hydrocarbon spacer (entry B) afforded only a slight preference
for heterocoupling (1.7:1). A trityl-based linker and an amide
spacer (entry A) afforded a 1:1 ratio of8 and9 (Scheme 3).

To explore the generality of the solid-phase biomimetic reaction
for diversity-oriented synthesis, a series of electron-deficient
phenols were constructed and tested in the solid-phase synthesis
(Scheme 4). Electron-withdrawing groups in the Y position of
10 that led to productive solid-phase heterocoupling included
amides (entriesA and B), ester (entryC), activated ester (D),
and acylated phenol (entryE). The X position tolerated alkyl and
heteroatom containing groups with isolated yields between 77
and 81%. In each case, the tetracyclic adducts were obtained as
single isomers resulting from complete electronic control during

the inverse electron demand Diels-Alder cycloadditions. A small
(∼10%) amount of compound9, resulting from dimerization of
7, was also isolated from these experiments.

In conclusion, biomimetic solid-phase synthesis of carpanone-
like molecules has been accomplished. Combining an amide-based
linker and silyl attachment to the solid-phase diminished compet-
ing intrabead coupling. These results highlight the intriguing
possibility of controlling reactions in the solid-phase by altering
the structure of the linker.13 In the six experiments reported in
this study, the biomimetic solid-phase reaction tolerated a range
of functionality, making it amenable to diversity-oriented synthesis
and construction of libraries of carpanone-like molecules. Experi-
ments are underway to functionalize the carpanone-like com-
pounds in the solid-phase en route to split-pool synthesis of a
100,000-member library and high-throughput biological screens.14

We are also investigating the correlation between solid-phase
linker structure and the control of site-site interactions in the
solid-phase.

Currently, biomimetic reactions and syntheses are used to
access a single natural product. If biomimetic reactions are
generalized, for the purpose of diversity-oriented synthesis, and
combined with split-pool synthesis techniques, they may become
a powerful method of constructing a wide range of natural
product-like structures for discovery of molecules with new
biological properties.
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Scheme 3a

a Conditions: (a)10 equiv of6, PhI(OAc)2, CH2Cl2-THF, agitation,
25 °C, 2 h. (b) For Si-linker: HF-pyridine, THF, 25°C, then TMSOMe.
For Trityl linker: 2% TFA, 20% Et3SiH, CH2Cl2.

Scheme 4a

a Conditions: (a) 10 equiv of10, PhI(OAc)2, CH2Cl2-THF, agitation,
25 °C, 2 h. (b) HF-pyridine, THF, 25°C, then TMSOMe. Isolated yields
are based upon resin7. For R, see entryC, Scheme 3.
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