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FREE RADICAL REACTIONS IN SYNTHESIS.
TOTAL SYNTHESIS OF ISOAMIJIOL.

Gerald Pattenden*and Graeme M. Robertson
Department of Chemistry, The University, Nottingham, NG7 2RD.

Summary: The dolastane carbon framework present in
iscamijiol(1l) is elaborated from the enamine(5) using seven
carbon-carbon bond forming reactions, four of which involve

free radical intermediates.

Illustrations of the use of free radical intermediates in the synthesis
of both natural and non-natural organic compounds have burgeoned in recent
years.1 In this Letter we highlight further scope for the use of free .
radicals by describing a total synthesis of the marine metabolite isoamijiol
(1), starting from cyclopentanone, which uses seven carbon-carbon bond
forming reactions, four of which involve free radical intermediates.

Isocamijiol(1l) is the principal secondary metabolite in the brown

seaweed Dictyota linearis, where it co-occurs with amijiol(2a) and

amijidictyol(Zg);2 extracts of D.linearis are reported to show pronounced
antimicrobial activity. A novel and unusual feature of isocamijiol is the
presence of an bis-allylic alcohol unit associated with ring C; this
feature is also found in capnellenediol(3)3 and the artolide 1actone(4).4

Our overall strategy for the synthesis of the {'dolastane') carbon
skeleton present in isocamijiol involved first elaboration of the 5,7-ring
fused (A/B)} portion(ll) by an intramolecular [2+2] photocycloaddition
(viz 7= 8)-intermolecular reductive coupling (viz 8-—>10)- cyclobutane
fragmentation (viz 10-=11) sequence, followed by annulation of ring C using
intramolecular reductive coupling of the terminal acetylenic ketone inter-
mediate (14b)(to 15).

Thus, acylation of the enamine(5) derived from cyclopentanone, with
4-methyl-4-pentanoyl chloride,5 followed by hydrolysis, first gave the
1,3-dione(6) as a pale yellow liguid, b.p. 77-9°C at 0.lmm Hg. Treatment of
the dione with tert-butyldimethylsilyl chloride in the presence of
triethylamine then led to the silyl enol ether(7), present as a 3:2 mixture
of exo- and gggg—isomers.6 Irradiation of (7) in hexane, through Pyrex

filtered light from a 450 watt medium pressure lamp (8h), produced a single
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photoadduct, m.p. 39-41°C, in 68% yield.7 The structure of this adduct was
established as (8), following fragmentation and aldolisation (aqueous HF,
then aqueous NaOH) to the highly crystalline tricyclic alcohol (9), m.p.
152-4°C whose constitution was proven by single crystal X-ray analysis.
Addition of a dilute solution of the photoadduct (8) in acetone to a
slurry of Ti°(from TiCl3 and Li wire)9 under dimethoxyethane, over 4h
(motor-syringe) resulted in smooth intermolecular reductive coupling
- 1.56-2.4(m, 12H),
1.69(d4, J1.6,:CMe), 1.64(d, J1.5, :CMe), 0.93(Me), O.86(SiBut), 0.04(siMe),

0.02(SiMe) p.p.m. Fragmentation of the cyclobutane ring in (10), was easily
10

producing (76%) the alkene(1l0) as a colourless oil, §

accomplished by brief treatment with aqueous HF, leading to the central

azulenone intermediate (11; 62%),11 colourless oil, vmax1695cm._l,5H2.65
(m, :CCgMez), 2.54(2H, 4-H), 2.41(m, 2H, 6-H), 1.86=2.02(m, :CCEZ),
1.52-1.85(m, 6H), 1.01(Me), 0.97(d4, J6.8, CHMe), 0.94(d, J6.8, CHMe)p.p.m.
Alkylation of the enolate derived from (11){LiHMDS, HMPA in THF at
-15°C) with the iodo-alkyne(12) was both regio- and stereo- selective,
producing the a-epimer(l3) of the substituted azulenone. Treatment of (13)
with sodium hydride in dimethoxyethane, followed by addition of methyl
iodide and stirring at 25°C for 24h then led to the bis-alkylated azulenone
(l4a; 60%)12 present as a 4:1 mixture of o- and B- epimers, i.e. (l4a)
predominating. Deprotection of the tri-isopropylsilylacetylenic ketone(1l4a)
(Bu4§§, THF, 25°C, 2min) revealed the terminal acetylenic ketone intermediate
(14b) which, in the presence of sodium naphthalene radical anion {THF, 25°C,

3min) gave the deoxyisoamijiol(15; 41%) as a colourless oil.13

The trans-
geometry about the B/C ring junction in (15) followed conclusively from
inspection and comparison of n.m.r. spectral data with those of model
systems and natural isoamijiol (e.g. 61.35 and 0.78 p.p.m. for angular Me
groups in (15) and 61.34 and 0.77p.p.m. for the Me groups in natural
isoamijiol).l?
The synthesis of (+)-isoamijiol(1l) was then completed by treatment of
(15) with selenium dioxide in the presence of t-butylhydroperoxide, which
produced the syn-orientated bis-allylic alcohol(l).15 The synthetic
isoamijiol did not separate from naturally derived material in mixed
chromatography, and their p.m.r. spectral data were superimposable. A small
amount (10-15%) of the triene-diol (16) was also produced during the
oxidation of (15), and all attempts to separate the compound from the

synthetic iscamijiol proved unsuccessful.
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