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Abstract—A transannular iodocyclisation reaction has directly furnished the DEF-ring system of the natural product FR182877.
However, higher yields of the DEF-ring system are obtained via transannular iodocyclisation followed by elimination of acetic

acid.
© 2003 Elsevier Ltd. All rights reserved.

Hexacyclinic acid 1 and FR182877 3 (Scheme 1) are two
structurally related hexacyclic polyketide natural prod-
ucts, which have been shown to have anti-tumour
activity.'* Due to its unique vinylogous carbonate
DEF-ring unit and greater activity, FR182877 has
received the most attention from synthetic chemists.
Several reports have appeared detailing synthetic
endeavors towards FR182877’s ring systems,’® to date
the most notable of which are the two total syntheses of
FR182877 by both the groups of Sorensen’ and
Evans.!” In contrast, there has been very little synthetic
activity in the area of the synthesis of hexacyclinic acid.
Recently, however, we completed studies which have
resulted in the first-reported synthesis of the DEF-ring
system of hexacyclinic acid utilising a transannular

addition of H,O

hexacyclinic acid 1

Scheme 1.

iodocyclisation strategy.!! The structural similarities

between hexacyclinic acid 1 and FR182877 3 suggest
that they may arise from the same biogenetic precursors
and have similar biosyntheses. We wished to investigate
the possibility that the DEF rings of hexacyclinic acid 1
and FR182877 3 could be synthesised from a common
synthetic precursor.

We reasoned that it may be possible to access the
FR182877 DEF-ring system from the same oxocarbe-
nium ion intermediate 2, which leads to the formation of
the hexacyclinic acid DEF-ring system (Scheme 1). In
this strategy, the formation of the DEF-ring system of
hexacyclinic acid requires addition of an oxygen
nucleophile to oxocarbenium ion 2, while the formation

loss of H*

FR182877 3
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of the DEF-ring system of FR182877 requires the loss of
a proton from 2.

The result which provided us with proof of this concept
came when we repeated our previous synthesis of the
DEF rings of hexacyclinic acid on a larger scale. Iodo-
cyclisation precursor 4 was synthesised according to our
previously published procedure.!" Upon treatment of 4
with acetyl hypoiodite, we were able to isolate cyclic
vinylogous carbonate 5 (5%), which corresponds to the
DF-ring functionality of FR182877 in addition to the
corresponding DF-ring system of hexacyclinic acid 6
(61%) (Scheme 2). The synthesis of a DEF-ring system
of FR182877 7 was completed by treatment of 5 with
40% aq HF in MeCN (100% yield), followed by quan-
titative removal of the tert-butyl ester and in situ lac-
tonisation with TFA in CH,Cl,.
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Scheme 2. Reagents and conditions: (i) AcOI, AcOH, (5) 5% and (6)
61%; (i) 40% HF, MeCN, 100%; (iii) TFA, CH,Cl,, 100%.

Encouraged by this result, we attempted to bias the
reaction to produce the FR182877 DF-ring system as
the major product rather than the hexacyclinic acid one.
However, despite many attempts we were unable to find
conditions to do this. We decided that this was probably
due to the nucleophilic nature of the acetic acid solvent,
trapping the oxocarbenium ion at a rate faster than that
of the desired loss of a proton. In an attempt to obviate
this, we conducted transannular iodocyclisation studies
in a series of non-nucleophilic solvents. As we have
previously reported, when the iodocyclisation was car-
ried out in CHCI; lactone 8 was formed.!! When the
reaction was carried out in Et,O, however, yet another
mode of cyclisation dominated. In this instance, iodo-
cyclisation occurred via the oxygen of the silyl ether to
generate [5.2.1] oxo-bicyclic ketone 9. This presumably
arises as the cyclisation occurs via the oxygen of the silyl
ether through a boat-boat conformation of the nine-
membered ring a-iodonium ion (Fig. 1). This cyclisation
liberated an equivalent of TBSI, which promoted
removal of the tert-butyl ester and subsequent decarb-
oxylation. The related bicyclic compound 10, in which
the ester unit is intact, was isolated when THF, MeCN
or MeOH were used as solvents. The use of other sol-
vents (DMF, DMSO, benzene, EtOAc, hexane, CCly,
TFA, pyridine or 1,1,1,3,3,3-hexafluoro-iso-propanol)
resulted in no reaction taking place.
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Figure 1.

From these studies it is clear that the nature of the
solvent plays a crucial role in determining which mode
of cyclisation dominates in any given reaction. As far as
we are able to tell, the nine-membered ring 4 does not
epimerise or enolise to any detectable extent in these
reaction solvents. As all of the products 5, 8 and 9/10
arise from the cyclisation of different oxygens onto dif-
ferent iodonium ions (either a- or B-) through different
conformations (Fig. 1), we can only conclude at present
that the solvent in some way stabilises one of these
iodonium ion conformations with respect to the other
possible iodonium ion conformations and that this
governs which of the products is formed.

As we were unable to influence the course of the iodo-
cyclisation reaction to provide access to greater quan-
tities of 5 we sought to develop a route to convert 6 into
a FR182877 DEF-ring system (Scheme 3). This was
achieved by the reductive removal of the iodine, either
via Bu3;SnH and catalytic AIBN or via catalytic transfer
hydrogenation. The dehalogenated DF-ring 11 was
treated with DBU,'? which provided 56% yield of 12 at
56% conversion after 15days. The DF-ring 12, now
contained the vinylogous carbonate unit required for the
construction of the DEF rings of FR182877. The syn-
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Scheme 3. Reagents and conditions: (i) Pd(PPh;)s, Bu;N, HCO,H,
DME, 23%; (ii)) DBU, MeCN, reflux, 56%; (iii) 40% aq HF, MeCN,
100%; (iv) TFA, CH,Cl,, 100%.
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thesis of a FR182877 DEF-ring 13 was achieved by
deprotection and lactonisation by sequential treatment
of 12 with aq HF in MeCN followed by TFA in CH,Cl,
in 100% yield over the two steps (Scheme 3).

In conclusion, we have shown that it is possible to access
the DEF-ring systems of both hexacyclinic acid 1 and
FR182877 3 from a common oxocarbenium ion inter-
mediate 2, and we believe that this provides support for
an alternative biosynthetic hypothesis to the one previ-
ously advanced.® ' However, we were able to obtain
greater yields of a FR182877 ring system by combining
the iodocyclisation event with an elimination reaction.
Work is ongoing in an attempt to increase the efficiency
of the iodocyclisation approach for the synthesis of
FR 182877 ring systems.
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