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SYNTHETIC STUDIES OF POLYENE MACROLIDES, SYNTHESIS OF A C29-37
FRAGMENT FOR AMPHOTERICIN B AND NYSTATIN
Dee W. Brooks* and Rosemary P Kellogg
Department of Chemistry, Purdue University, West Lafayette, Indiana 47907
Summary  An enantioselective synthesis of a C29-37 fragment common to both amphotericin B l
and nystatin 2 1s described from ethyl 3(5)-hydroxybutanoate
The polyene macrolide antibiotic group of microbial derived natural products, have a
rich chem1ca1] and med1c1na12 history The absolute structure of amphotericin B l has been
established by X-ray analysis 3 The structures of other members, such as nystatin %’ have
been proposed based on numerous chemical studies together with MS and NMR spectral ana]ys1sﬂ
At the present time there 1s a noticeable lack of synthetic studies of the polyene macrohdes.5
We wish to report an enantiospecific synthesis of a C29-C37 fragment common to both
amphotericin B ] and nystatin £, as the first part of our efforts to develop a convergent
total synthesis. Qur synthetic scheme utilizes, 1 an efficient microbial reduction of a
B-ketoester to generate the required chirality at C37, 2. a stereoselective alkylation of
a B-hydroxyester, 3. a stereoselective aldol condensation, and 4 a Wittig-Horner reaction
to add the olefinic unit

amphotericin B | R= 0 CHy nystatin 2

OH

Microbial reduction of ethylacetoacetate with actively fermenting Bakers' yeast provided
ethyl 3(S)-hydroxybutanocate 3 as a readily available chiral starting material 6 Alkylation
of the dianion of 3 with methyliodide gave (25,35)-4 1n 70% yield with greater than 95% stereo-
selectivity 7 The aldehyde 7 was prepared 1n 60% yield by the following steps, protection of
the hydroxy group as a tert-butyldimethylsilyl ether, reduction of the ester ® with Tithium
borohydride, and oxidation of the alcohol 4 with pyridinium chlorochromate.
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a) (1) 1lithium diisopropylamide (LDA) (2.2 equiv.), tetrahydrofuran (THF), -50°C, lh. (2) add
iodomethane (2.0 equiv.) and hexamethylphosphoramide (5 0 equiv.), -50°C, 1h, 70% b)t-butyl~
dimethylsilylchlorade (TBDMSC1l) (1 1 equiv.), imidazole (3.0 equiv.) dimethylaminopyridine (DMAP)
(0 1 equiv.), dimethylformamide (DMF), 60°C, 16h. c¢) L1BH, (2 equiv ), THF, reflux, 16h d)
pyridinium chlorochromate (PCC) (1.5 equiv ), CHyCl,, 25° C 2h, 60% overall from 4
The aldol condensat1on8 of chiral aldehyde { was studied with two different nuc]eoph1]es

1 the Tithium enolate of 2-methyl-2-trimethylsilyloxy-3-pentanone g (react1on1), and
2 the E-vinyloxyborane of S-phenyl propanethioate 9 (reaction 2).1 The adducts from
reaction 1 were directly treated with periodic acid to provide a mixture of 1someric lactones
12 S1lylation provided derivatives which could be readily separated by gas and liguid
chromatography n Two major products ]1a (40%) and 11p (15%) were obtained 12 The structures
were 1n1tially assigned on the basis of their 470MHz TH NMR spectra 13 The adducts from
reaction 2 were directly treated with aqueous methanolic hydrogen peroxide to provide the
lactanes 10 Smmlar s11y1at1on provided 11a (50%) and NAR (20%). 12
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e) 8 generated by LDA (1.0 equlv.), THF, -78°, add 7, stir 10 min at —78°C, quench with 1N HCL
3 equiv HY). f) HIO. (5 equiv), aqueous methanol (1 1), stir at 25°C, 16h prepared
as in ref 10, ether, 0°C, add l, stir 30 min at 25°C, quench with methanolic H20 10 equiv),
stir 1h at 50°C h) TBDMSCL (1 2 equiv ), imidazole (3.0 equiv), DMAP (0.1 equiv ), DMF,
60°C, 24h

The chiral Tactone AAR represents a potential precursor for the C33-37 fragment of both
1 and 2 In order to confirm the absolute structure of 1la, 1t was converted to the tr1acetate
N% and compared to the corresponding triacetate derived from degradation of both 1 and g
A1l three triacetates showed 1dentical 'H and 13C NMR spectra]5 and specific rotations as
follows, synthetic )3, [a]%3 =+42°+0.2, )3 from], +44°+02 (11t ref 14, + 4 6° +
05 (c =0 51, ether), 13 from 2, +43° +0 2 (a1l ¢ = 1 0, ether)

k,1, 1,3

&A& % or %

Aco™

Ac

1) L1AlH, (4 equiv), THF, 25°C, lh. 3) acetic anhydride (10 equiv), pyridine (20 equiv), 25°C,
16h k) 03, methanol, -78°C, 15 min 1) Hy, Pt0,, methanol, 25°C, 2h.
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We next investigated the application of the Wittig-Horner reaction to add an olefinic
un1t representing €29-32 to a chiral aldehyde representing C33-37 of l and % The thiol ester
adduct %Q obtained by treatment of the i1nitial adduct from reaction 2 with cold pH 7 buffered
aqueous methanolic hydrogen peroxide served as an efficient precursor to the desired aldehyde
%Z as follows. Protection of the hydroxy group of l& as a benzoate ester allowed simple
purification of the major desired 1somer &éa by column chromatography]6 Selective reduction
of the thiol ester group with Tithium borohydride gave the alcohol LQ which was oxidized with
pyridinium chlorochromate to provide the aldehyde il 1n 40% overall y1eld from,z Condensation
of the sodium anion of methyl 4-(d11sopropylphosphinyl)2-butenoate with i{ gave the desired
(E,E)-dieneester i@ in 65% y1e]d17 which represents a €29-37 synthetic fragment of l and,g

0
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m,n,o o
—_— ) —_—
H . | z0 z
4 R=S1 < a7 13a X=COSC,H,
R | R 16, X=CH,OH

M X=CHO

m) benzoyl chloride (1 2 equiv), pyridine (1 2 equiv), DMAP (0 1 equav), 25°C, 24h n) L1BH,
(2 equiv), THF, 0°C, 2h. o) PCC (1 5 equiv), dichloromethane, 25°C, lh, 40% overall from 1
p) (1C3H70)3 POCHZCH=CHCOOCH3 (1 2 equiv), NaH (1 2 equiv), toluene, 25°C, 30 min

Further work toward the total synthesis of polyene macrolides 1s 1n progress
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