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Total synthesis of herboxidiene, a complex
polyketide from Streptomyces species A7847*
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Abstract: A formal total synthesis of the polyketide herboxidiebehas been achieved by
Horner-Wittig coupling of the side-chain fragment &f#(2) with the tetrahydropyran-2-
acetic acid derivative3] followed by desilylation of the resulting trien&3f and hydroxyl-
directed mono-epoxidation of the ensulsigzhomoallylic alcohol 20).

In 1992 a group at Monsanto (USA) detailed [1] the near complete structural elucidation of the polyke-
tide herboxidiene 1, a.k.a. TAN-1609) which they had isolated fr@treptomyces chromofuscus
A7847. The same group also revealed [1] that the molecule displays potent and highly selective phyto-
toxic properties such that at application rates of 35 g/acre it selectively controls various crop pests such
as oilseed rape, wild buckwheat, and morning glory while being harmless to wheat. Such properties,
which are remarkable for a polyketide, prompted efforts by Edmund’s group at Novartis AG [2] to re-
isolate herboxidiene and then, through a combination of X-ray crystallographic, chemical degradation
and chemical synthesis studies, to establish the full stereochemistry associated with cofijpound (
Such studies were accompanied by extensive SAR-work [3] as well as, thus far, unsuccessful efforts
[2,3] to develop a total synthesis of the compound. At about the same time, three Japanese groups [4—6]
reported isolating herboxidiene from various fermentation processes. One of these groups [4] reported
that the compound up-regulates gene expression of low-density lipoprotein receptors (and thereby low-
ering cholesterol levels in blood plasma), while another has reported [6] that it blocks the cell cycle at
the G2 phase in human and murine tumor cells by inducing apoptosis.
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The first total synthesis of herboxidiene was reported recently by Kocienski and coworkers [7]
who adapted elegant earlier work [8] that had culminated in the preparation of herboxidiene A, a
diastereoisomer of the natural product. We now report a (formal) total synthesis of the title compound
that differs, in a number of respects, from that described by the Glasgow group [7]. The present work
exploits the Katsuki—Sharpless epoxidation reaction, a chiral-pool starting material and substrate-direct-
ed transformations for establishing the correct stereochemistry associated with eight of the nine centers
of chirality contained in the target moleculg. (

*Lecture presented at the"LBternational Conference on Organic Synthesis (ICOS-13), Warsaw, Poland, 1-5 July 2000. Other
presentations are published in this issue, pp. 1577-1797.
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As enunciated previously [9,10] an obvious disconnection of tatyét between C10 and C11
S0 as to create substructures such as the side-chain moBauid phosphine oxide cor8) ¢hat could
be coupled to one another through a Horner-Wittig (HW) reaction. It was anticipated that the epoxide
moiety associated with herboxidiene could be introduced via C18-hydroxyl-directed epoxidation after
the HW-coupling step [7,11]. We have recently detailed [9] a synthesis of com@uiich{ starts with
the Katsuki—Sharpless asymmetric epoxidation of nerol, and shown that this phosphine oxide does cou-
ple in the appropriate fashion (i.e., with higtselectivity) with model aldehydes. A highly diastereos-
elective synthesis of the herboxidiene side-chain is shown in Fig. 1 and starts with the commercially
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Fig. 1Reagents and condition§) BnOC(NH)CC|, (1.2 mole equiv.), CkCl,, CE,SOH (cat.),ca. 0 to18 °C, 16

h; (i) Me(MeO)NH.HCI (1.55 mole equiv.);PrMgCl (3.0 mole equiv.), THF, -15 °C, 0.5 h; (iii)&=C(H)MgBr
(1.5 mole equiv.), THF, 0 °C, 0.5 h; (iv) Zn(BH CH,CL,, —78 to 0 °C, 4.5 h; (v) Mel (2.5 mole equiv.), KH (2.5
mole equiv.), THF, 0-18 °C, 6 h; (vi),@excess), CLLCI,, —78 °C, 1 h then DMS (1.0 mole equiv.), —=30-18 °C,
0.5 h; (vii) MgZn (1.0 mole equiv.), TiGI(1.0 mole equiv.), THF, —78 °C, 0.5 h; (viii) TBDMSCI (2.0 mole
equiv.), imidazole (3.0 mole equiv.), DMF, 60 °C, 3 h; (ix)(# atm.), Pd(OH) THF, 18 °C, 1 h; (x) SQ@pyri-
dine (3.0 mole equiv.), DMSO, CHI, 0 to 18 °C, 4 h then [, 0 °C, 1.0 h; (xi) HC=C(Me)Br (13.5 mole
equiv.),t-BuLi (27 mole equiv.), CuBr.DMS (6.9 mole equiv.),@f—78 °C, 3 h; (xii) (EtCQP (2.5 mole equiv.),
DMAP (cat.), GHN, 18 °C, 16 h; (xiii) LDA (1.3 mole equiv.), HMPA/THF (1:2 v/v), =78 °C, 0.5 h then
TBDMSCI (1.3 mole equiv) then heat at 50 °C, 6 h; (xiv) LiAd.0 mole equiv.), THF, 0 to 18 °C, 6 h; (xv)
Dess—Martin periodinane (2.5 mole equiv.), CH, 0 to 18 °C, 4 h; (xvi) Compourgi(1.0 mole equiv.) NaH (10
mole equiv.), THF, 55 °C, 2 h then o, (excess), CIECIZ, 18 °C, 16 h; (xvii) TBAF (1.5 mole equiv.), THF, 0-18
°C, 6 h; (xviii) t-BuOOH (3.0 mole equiv.), VO(acad)L.0 mole %), CHCL,, -8 °C, 72 h.
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available methyl (8)-3-hydroxy-2-methylpropionatef) (Aldrich, 99% ee). Compound)wasO-ben-
zylated under conditions which avoid racemization [12] and the resulting BiH&B] (97%) convert-
ed into the corresponding Weinreb ami@ (08%) {[a]p = +4.6 (c = 2.0)} using-propylmagnesium
chloride as base. Treatment of the latter compound with vinylmagnesium bromide afforded, after acidic
workup, the expected conjugated ketore(92%) which underwent a chelation controlled 1,2-reduc-
tion with zinc borohydride [14] at —78°C to giveca 8:1 mixture of allylic alcohol8) [15] (83%)
{[a]p = -9.6 (c = 2.8)} and the correspondiagti-isomer ¢a. 10%) {[a]p = +28.2 (c = 2.5)} which
could be readily separated from one another by preparative HRMe&thylation of compoundg, to
give (9) (85%) {[a]p = +12.2 (c = 1.3)}, followed by ozonolytic cleavage of the carbon—carbon double
bond afforded the unstable aldehyd6) (90%) {[a]p = +22.5 (c = 2.2)} which was immediately react-
ed with dimethylzinc in the presence of TjCl16] to give alcohol 11) (70%) {[a]p = +8.6 (c = 2.8)}
as the only isolable reaction product. The readily derived TBDMS-€1Re(80%) {[a]p = +10.4 (c
= 2.5)} was subjected to hydrogenolytic debenzylation and the ensuing 1°-alt8h@Q%6) oxidized
to the aldehydeld) using the Parikh—Doering reagent [17]. Reaction of the last compound with the
Gilman reagent obtained from 2-bromopropene then gave, via a chelation controlled process, the allylic
alcohol (15) [70% from (3)] {[ a]p = +3.2 (c = 1.2)}. The derived propionate estE8) (90%) {[a]p
=-22.0 (c = 1.6)} was subjected to an Ireland—Claisen rearrangement [10,18] involving sequential treat-
ment with LDA then TBDMSCI in HMPA/THF from —78 to 50 °C. The Ry&tereochemistry and the
(E)-geometry about the double-bond in the ensyjdginsaturated carboxylic acidl®) (75%) {[a]p =
+ 5.8 (c = 2.2)} were initially proposed on the basis of the well-defined outcomes associated with the
Ireland—Claisen rearrangements of related substrates under the same reaction conditions [7,10].
LiAIH ,-promoted reduction of compoundi7j afforded the corresponding alcohB) (80%) {[a]p =
+6.4 (c = 1.6)} which was converted, using the Dess—Martin periodinane, into the unstable C12-epimer
(80%) of the target aldehydg)( viz. 12-epi(2).

The stage was now set for the crucial HW-reaction involving phosphine @i and, thence,
the final stages of the total synthesis. In the event, coupling of aldehyags(23-and phosphine oxide
(3) could be effected with sodium hydride. The reaction was accompanied by epimerization of the for-
mer compound with the result that a 3:2 mixture of trier® (39%) {[a]p = +0.4 (c = 2.3)} and its
C12-epimer (26%) {i]p = +18.4 (c = 1.5)} was obtained. These products could be separated from one
another using semi-preparative HPLC techniques and desilylation of the chromatographically less-
mobile compound1(9) was accomplished using tetnebutylammonium fluoride (TBAF) in THF. The
resulting alcohol Z0) (68%) was then reacted wittert-butylhydroperoxide in the presence of
VO(acac), and in this way &a. 4:1 mixture of herboxidiene methyl este) (73%) {[a]p = + 1.3 (c
=0.2), lit. [7] [a]p = + 0.9 (c = 0.7)} and an isomer was obtained. These epoxides could also be sepa-
rated from one another by semi-preparative HPLC, and the spectral data obtained on the former prod-
uct matched, in all respects, those reported by Kocienski and coworkers [7].

The acquisition of herboxidiene methyl ester constitutes a formal total synthesis of herboxidiene
because it has been shown that the former material can be converted into coripbyraitvention-
al hydrolysis [7]. In principle the problems of controlling C-12 stereochemistry could be addressed by
effecting Ireland—Claisen rearrangement of teqilylketene acetal derived from propionate estéy (
S0 as to give 12pi(17) and, thence, aldehyd2) (7,18b]. Furthermore, there are indications in the lit-
erature [18b] thati-chiral aldehydes can participate in HW-reactions without epimerization/racemiza-
tion when NaN(SiMg), is used as base. Efforts to exploit such possibilities are currently underway in
our laboratories.
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NOTE ADDED IN PROOF

An improved synthesis of phosphine oxid® bas recently been reported [M. G. Banwell, M. D.
McLeod, R. Premraj, G. W. Simpsohust. J. Chenb3, 659 (2000)].
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