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The structure, 5, assigned to the resorcylic acid lactone L-783,290 has been prepared for the first time and
in a modular fashion using a Heck reaction to link the readily available fragments 8 and 14. Chemoenzy-
matic methods were used to prepare the latter fragment, in enantiopure form, from chlorobenzene.

� 2009 Elsevier Ltd. All rights reserved.
The mycotoxins known as resorcylic acid lactones (RALs) consti- Herein we describe the first synthesis of the structure, 5,

tute a significant group of 14-membered and benzannulated mac-
rolides that have been isolated from a wide range of microfungi.1

Representative examples of these types of natural products include
radicicol (1, a HSP-90 inhibitor),2 zearalenone (2, an oestrogen ago-
nist),3 hypothemycin (3, a MAP kinase inhibitor)4 and L-783,277 (4,
a MEK inhibitor).5 The remarkable range of potent biological prop-
erties displayed by such compounds has attracted a great deal of
attention.1 Indeed, a number of RALs are considered important
leads for the development of new therapeutic agents for the treat-
ment of a range of human disease states, particularly cancer.1 This
situation has resulted in extensive efforts to develop economical
and flexible routes to the RALs1,6 and various analogues.7
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assigned to L-783,290,5b the trans-isomer and co-metabolite of
the RAL L-783,277 (4).5,8 Both compounds were isolated from a
Phoma spp. (ATCC 74403) by bioassay-guided fractionation using
a kinase screen.5 L-783,277 is a potent and irreversible inhibitor
of MEK, a threonine/tyrosine-specific MAP kinase (IC50 of 4 nM)
and a slightly weaker inhibitor of Lck kinase (IC50 750 nM).
L-783,290 showed an IC50 of 300 nM when tested as an inhibitor
of MEK.
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Our synthesis is a modular one that combines three fragments

corresponding to C1–C6 + C120, C10–C60 and C80–O110 of target 5.
The key bond-forming events are shown in structure 5 and involve,
in order of execution, Heck coupling, esterification and ring-closing
metathesis (RCM) processes. In contrast to the other processes, the
Heck reaction is rarely applied in the synthesis of RALs1a,9 despite
the potential it offers for introducing relevant functionality found
in the C10–C30 region of many of the more biologically active mem-
bers of this class of natural product.

The synthesis of the aromatic fragment corresponding to
C1–C6 + C120 of target 5 was straightforward (Scheme 1). Thus,
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Scheme 1.
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subjection of the commercially available dimethoxyaniline 6 to a
Sandmeyer reaction using potassium iodide as the nucleophilic
source gave aryl iodide 7 in 71% yield. Reaction of the latter com-
pound with DMF/POCl3 under Vilsmeier–Haack conditions then
afforded, as a crystalline solid, the required and previously re-
ported10 benzaldehyde 8 (63%).

A chemoenzymatic pathway was employed in the enantiose-
lective assembly of the C10–C60 fragment. As shown in Scheme
2, the reaction sequence starts with the enantiomerically pure
and commercially available cis-1,2-dihydrocatechol 9 derived
from the whole-cell biotransformation of chlorobenzene.11 The
non-chlorinated double bond in this diene can be selectively
9 10
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Scheme 2.
hydrogenated in the presence of rhodium on alumina and the
resulting chlorocyclohexene12,13 readily converted, under con-
ventional conditions involving the use of 2,2-dimethoxypropane
(2,2-DMP) and p-TsOH in dichloromethane, into the acetonide
1013 (63%). Subjection of a methanolic solution of compound
10 to ozonolysis at �78 �C followed by treatment of the interme-
diate ozonide with dimethyl sulfide and in situ reduction of the
ensuing aldehyde with sodium borohydride gave the hydroxy es-
ter 11 in 76% yield. This was readily converted, under conditions
defined by Williams et al.,14 into the Weinreb amide 12 (90%)
which was itself converted into the corresponding o-nitrophenyl-
selenide 13 (89%) using conditions reported by Grieco et al.15 Fi-
nally, treatment of compound 13 with m-chloroperbenzoic acid
(m-CPBA) in CH2Cl2 and exposure of the resulting selenoxides
to diethylamine and oxygen then gave the olefin 14 (93%) re-
quired for the subsequent Heck reaction. The structure of this
pivotal building block was confirmed by a single-crystal X-ray
analysis.16

Extensive experimentation was required to achieve an opera-
tionally useful Heck coupling of aryl iodide 8 and terminal alkene
14 (Scheme 3). Under the best conditions identified thus far,17

heating a DMF solution of a 1:1.5 molar mixture of the substrates
in the presence of Pd(OAc)2, potassium carbonate and tetra-n-
butylammonium bromide (TBAB) at 80 �C for 40 h provided a ca.
8:1 mixture of coupling product 15 and its Z-isomer in 56% com-
bined yield at 80–90% conversion. Pinnick-type oxidation18 of the
chromatographically purified aldehyde 15 gave acid 16 in 75%
yield and the latter compound was hydrogenated in the presence
of 10% palladium on carbon to give the corresponding saturated
system 17 (97%). Subjection of acid 17 to Mitsunobu esterifica-
tion19 with the commercially available and enantiomerically pure
unsaturated alcohol 18 gave the ester/amide 19 (90%) that was
treated with vinyl magnesium bromide and so affording the diene
20 required for the pivotal RCM reaction. When a 1.5 mM solution
of compound 20 in CH2Cl2 was treated with Grubbs’ second-gener-
ation catalyst20 the smooth production of macrolide 21 was ob-
served and this was obtained in 48% overall yield from precursor
19. In the final step of the reaction sequence, compound 21 was
treated with BCl3 in CH2Cl2 at�78 �C6h and then subjected to aque-
ous work-up. This sequence resulted in simultaneous cleavage of
the C-2 O-methyl ether and hydrolysis of the acetonide unit thus
affording the target macrolide 1 in 60% yield and as a white, crys-
talline solid.
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Figure 1. Structure of compound 5 with labelling of selected atoms. Anisotropic
displacement ellipsoids display 30% probability levels. Hydrogen atoms are drawn
as circles with small radii.
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All the spectral data derived from compound 5 were entirely
consistent with the assigned structure,21 but the final confirma-
tion of this was secured through a single-crystal X-ray analysis
of its chloroform solvate.22 The derived ORTEP is shown in
Figure 1. No spectral data derived from the natural product L-
783,290 have been published and, thus far, our various efforts
to secure these have been unsuccessful. As such, we have been
unable to make relevant comparisons between the two sets of
data.

The results of the biological evaluation of compound 5 and the
adaptation of the protocols described here to the synthesis of other
RAL’s will be described in due course.
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Supplementary data (experimental procedures and product
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