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Sequential sp>-sp’ Coupling Reactions in Polyene Macrolide
Synthesis. A Novel Approach to Macrolactin A
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Abstract: A combination of two intermolecular sp’-sp® (Stille and Suzuki) coupling reactions, is
employed to elaborate the precursor 2, used in an intramolecular Stille sp*-sp® macrocyclisation leading
to the hexaene macrolide system 1 found in the macrolactin family of bio-active marine metabolites.
Copyright © 1996 Elsevier Science Ltd

The macrolactins are a novel and unusual family of polyene macrolides which have recently been isolated
from a taxonomically undefined deep sea marine bacterium.! The parent aglycone, macrolactin A 1, shows a
structure based on a 24-membered macrolide incorporating three stereodefined (Z.E-; E,Z-; E.E-) 1,3-diene units
separated by four chiral secondary hydroxy/oxy centres. Macrolactin A is an extremely cytotoxic compound
which has been shown to inhibit B16-F10 murine melanoma cancer cells and mammalian Herpes simplex
viruses, and to protect T-lymphoblast cells against human HIV viral replication. The novel structure and
interesting biological profile shown by macrolactin A have combined to make the compound an interesting
synthetic target.” We now describe a total synthesis of the macrolactin structure which features the judicious use
of sp>-sp? coupling reactions’ to elaborate all three stereodefined 1,3-diene units in the compound, including a
final Stille macrocyclisation.

Scheme 1

The strategy we have followed to macrolactin A was based on the Stille sp>-sp’ macrocyclisation reaction
shown in Scheme 1, as a key step. This stratagem, which we have used earlier in an approach towards the
antitumoral antibiotic substance leinamycin,* has recently become a feature of several synthetic approaches w0
macrocyclic natural products.*® In turn, we also elected to synthesise the acylic precursor 2 sequentially from the
tetraene 3 and the diene 5, where the stereodefined 1,3-diene units in these precursors were elaborated similarly
by sp’-sp® coupling reactions involving vinylmetallic and vinyl halide partners (Scheme 2).

Thus, we first synthesised the E,E 1,3-diene 12 containing three of the chiral centres in macrolactin A, using
a Stille coupling reaction between the vinylstannane 6 and the vinyl iodide 11. The vinylstannane 6 was
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Scheme 2
smoothly prepared from the known chiral alcohol 77, following hydrostannation (Bu,SnH, AIBN, 80°C; 90%)
and acetylation (Ac,0, Et,N, DMAP; 88%),® whereas the vinyl iodide 11 was produced from the triol 8° via the
bis-methyl ether 9 (TBDMSCI, DMAP, Et,N, CH,Cl,; 94%: then NaH, Mel, THF; 89%), the aldechyde 10 (Na,
NH,, glyme; 84%, then DMSO, pySO,, Et,N; 68%), and a Takai reaction'® (CHI,, CrCl,, THF; 65%) with 10.
Treatment of a mixture of 11 and 6 with a solution of Pd(OAc), - Ph,As"' in DMF (RT, 8h) then resulted in
smooth Stille coupling to produce the E,E-diene 12 as a colourless oil in 94% yield.*

In readiness for the second sp>-sp® coupling reaction, the 1,3-diene 12 was now elaborated to the Z-vinyl
iodide 4 following: i, deprotection to the corresponding primary alcohol (TBAF, THF, 82%), ii, oxidation to the
aldehyde 13 (Dess-Martin periodinane; 82%); and iii, a Wittig reaction [I'Ph, P* CH, I, NaN(TMS),, HMPA,
THF; 53%]. The C, E-vinylstannane 15 was obtained from the known protected triol 14' produced from L-
malic acid, according to the details shown in Scheme 3. Several attempts were then made to couple the
vinylstannane 1§ with the vinyl iodide 4 under a variety of reaction conditions in the presence of different
palladium catalysts. Unfortunately, under all conditions, a mixture of new Z E- and E E- 1,3-dienes was always
obtained, in low yields, and only after extended reaction times. This observation is consistent with observations
made earlier by Stille et al*® in other coupling reactions involving Z-vinyl iodides. We then decided to carry out
the aforementioned coupling reaction to the tetraene 17 using a Suzuki reaction'* with the boronic acid 16
corresponding to 15. Thus, the vinylboronic acid 16 was smoothly produced from the vinylstannane 15
following tin- lithium transmetallation using butylithium and treatment with trimethylborate (62% overall). To
our pleasure when the vinyl iodide 4 and the vinyl boronic acid 16 were treated with palladium
tetrakis(triphenylphosphine) in the presence of thallium hydroxide,' the required newly formed Z,E- 1,3-diene
17 was isolated in 78% yield as a single isomer.

Deprotection of the silyl ether group in 17 (TBAF, THF, 81%), followed by oxidation of the resulting
alcohol (Dess-Martin periodinane; 89%), and a Takai reaction (Bu,SnCHBr,, Cr Cl,, Lil, DMF, THF; 28%)'°
next led to the vinyl stannane 18 as a colourless oil. The synthesis of the key intermediate 19 was now
completed following saponification of the ester group in 18 to the corresponding alcohol (K, CO,, MeOH; 80%),
and condensation with Z-iodoacrylic acid'’ (DCC, DMAP, -20°C; 80%).

When the vinyl stannane-vinyl iodide 19 was treated with Ph,As - palladium(O) dibenzylideneacetone dimer
(dry DMF, 60°C, 1h) it underwent smooth intramolecular Stille coupling to produce the macrocycle 20 in an
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unoptimised 58% yield. The stereochemistry shown in structure 20 for the synthetic protected macrolactin A
followed from extensive analysis of its nmr spectroscopic data, and comparison and correlation with similar data
recorded for the natural product. Unfortunately dearth of material did not permit us to fully study the deprotection
of synthetic 20 to natural macrolactin A. Nevertheless, treatment of the macrocyclic MOM bis-methyl ether 20
with dimethylboron bromide (CH,Cl,, -78°C)"® resulted in selective removal of the MOM group protection
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producing 21a, and further treatment of 21a with the same reagent at -20°C led to a mixture of the isomeric
mono-methyl ethers, 21b and 21¢, of macrolactin A.” Thus, a novel strategy towards the triple 1,3-diene based
macrolactin family of biologically important natural products, featuring sequential sp>-sp” coupling (two inter-
and one intra-molecular) reactions, has been realised, which should be applicable to a range of similar polyene
macrolides.
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