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SYNTHETIC STUDIES TOWARDS THE ACYLTETRONIC ACID IONOPHORE M 139603
Annette M. Doherty and Steven V. Ley*
Department of Chemistry, Imperial College, London SW7 2AY, UK.
Summary: The synthestis of the optically pure tetrahydrofuran fragment of the acyltetronic
acid tonophore M139603 from (S)-(+)-methyl-3- hydroxy-2-methylpropionate is described

and its comparison made with authentic material derived from the natural product by degra-

dation.

Since the discovery of the novel acyltetronic acid antibiotic M139603 (1) by the

1CI group,] several papers have appeared describing its structura1,]’2 biosynthetic3 and
2,4

metal binding properties. Here we report the first synthetic studies in this area.

(1) ™ 139603 R=R: H
(2) R=Me R':Ac

M139603 sodium salt (1) R=Na, R]=H, was first converted to the substituted derivative
* (2) R=Me, R
reaction with acetic anhydride in pyridine at room temperature followed by protonation
with 20% aqueous phosphoric acid in ethanol/acetone (1:1) and treatment with ethereal
diazomethane. Selective ozcnolysis of (2) at -78° in CH2C12 and triphenylphosphine work-up
gave the two aldehydes (3) and (4) in 91 and 98% yields respectively. Reduction of (4)
with sodium borohydride in methanol at -20°C gave the tetrahydrofuran fragment (5) in

= Ac for degradation work. This was achieved in 80% overall yield by

93% yield which is also the target molecule for total synthesis, vide infra.
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(S)-(+)-Methy1-3-hydroxy-2-methylpropionate was converted to the protected cis-alkene

(6) in 44% overall yield following standard procedures. The high cis-selectivity in the
Wittig reaction for the formation of (6) was obtained by allowing the cooled (-78°C) reaction
mixture to warm rapidly to room temperature. The bulky tbutyldipheny]sﬂyl protecting

group in {(6) was deliberately chosen to bias the regioselectivity in the next reaction

in favour of the required dichloroketene adduct (7) as opposed to the regioisomer (8).

Thus slow addition of trichloroacetyl chloride to a refluxing mixture of the cis-alkene

(6) and freshly prepared zinc-copper couple in diethyl ether afforded a 75% yield of an
unstable 6:1 mixture of adducts (7) and (8). The use of other less bulky substituents,

such as thiophenyl, in place of the tbutyldipheny]sﬂ_y]oxy group in (6) gave poor regio-
chemical control, typically only a 2:1 ratio in favour of the required isomer. Since (7)

and (8) were unstable no effort was made to separate these isomers. Instead they were
dechlorinated using the zinc and solid NH4C1 in THF /methanol method5A and the major cyclobut-
anone then oxidised under Baeyer-Villiger conditions to a 77% yield of a separable 1:1
mixture of diastereoisomeric lactones (9) and (10) (Scheme). The lactone (9) was further
elaborated by reduction with Dibal in toluene, coupled with carboethoxymethylidenetriphenyl-
phosphorane and reduced with Dibal in THF to the trans-allylic alcohol {11) in 66% overall
yield. The use of THF in the 1last reaction was crucial since attempts to perform the

Dibal reduction in toluene led to substantial quantities of cyclic material. In the

next phase of the synthesis we planned that the allylic hydroxyl in {10) would permit

use of the enantioselective Sharpless epoxidation6 and that under the reaction conditions
spontaneous tetrahydrofuran ring formation would occur.7 Thus,when (11) was treated with
titanium (IV) isopropoxide (2 eq), L-(+)-diethyltartrate (2.4 eq) and tbutylhydroperoxide

(5 eq)H at -20°C an excellent yield (75%) of the water soluble diol (12) was obtained

after a sodium fluoride work-up.8

Now that the hydroxyl group in (10) had served its
purpose as a directing group for the epoxidation it could be removed by reduction Fo introduce
the necessary terminal methyl substituent. This was achieved by conversion of (12) to

the primary mesylate and hence to the selenide (13) by displacement with sodium phenyl-
selenide (prepared under ultrasonic conditions)®in THF in 51% yield. Direct conversion

of (12) to (13) using various methods was unsuccessful. Finally, (13) upon rapid treatment
with Raney nickel in ether gave (14) (100%) which could be alkylated and deprotected with
tetra-n-butylammonium fluoride to the target tetrahydrofuran (5) (72%) (Scheme), [a]zsD

+ 38.8° (c 5.0, CHC13); Vinax (film) 3450; & (250 MHz) 0.75 (3H, d, J 7 Hz, CH(ﬂg)CHZOH),
0.90 (3H, d, J 7 Hz, C~3 CH3), 1.08 (3H, d, J 6.5 Hz, CH(Me)OMe), 1.63 (1H, dd, J 12.5

and 6.5 Hz, 4—Hu), 1.83 (1H, m, 1'-H), 1.95 (1H, ddd, J 12.5, 9.5, and 7 Hz, 4-HB), 2.29

(1H, m, from decoupling, J 7, 6.5, and 4 Hz, 3-H), 3.33 (1H, m, 1"-H), 3.36 (3H, s, OMe),
3.50 - 3.67 (44, m, 2'-H, OH and 2-H), and 3.98 (1H, ddd, J 9.5, 6.5, and 5 Hz, 5-H).

This synthetic compound was identical in all respects to that derived earlier by degradation
of the natural product.
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Reagents for Scheme

a)tBuPh251C1/DMAP/Et3N, RT b) Dibal in toluene, -78°C c) (COC])Z, DMSO, 2 eq, -60°C
d) CH3CH=PPh3, -78°C, RT e) C13CCOC1, In/Cu, EtZO, reflux, 5h, f) Zn, NH4C1, THF /MeCH,
RT, 24h gq) H o0, 3 eq, HOAc (glacial), 5°C, 8h, h) Dibal in toluene, -78°C

i) Ph p= CHCOZEt CH2C12, 24h j) Dibal in THF, -78°C k) Ti(01Pr)4 2 eq, L(+)DET 2.4
eq, tBuOOH 5 eq, -20°C, 6h, 1) MsC1, Hinigs base, -30°C m) PhSeNa, THF n) Raney

(Ni), ether, 10 min o)} NaH, DMPU, Mel, 3h p) n-Bu4NF, THF, RT.
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Additionally this chemical synthesis of (5) unambiguously established the absolute
configuration of the natural product about which there was some doubt.9 Derivatisation of
(5) and coupling studies with (3) and other novel aldehydes are presently under investigation.
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Footnotes
+ A1l new compounds gave satisfactory spectral and microanalytical data.

A The commonly used Zn/HOAc method was much less successful in this example.

++ Attempted epoxidation of the allylic alcohol (10) under ‘standard' Sharpless conditions6
was unsuccessful.

¢ S.V. Ley and I. 0'Neil, unpublished observations.
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