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Abstract —— The aglycones of the l6-membered ring macrolide antibiotics, niddanclide,
carbonolide B, and platencnolide Wl, were synthesized via the Yamaguchi esterification
of the C1-Cl0 segment and the C11-Cl5 segment, prepared stercoselectively from D-

glucose, followed by an intramolecular Wittig-Horner type cyclization.

Among a great number of macrolide antibiotics isclated mainly from Streptomyces since the first
discovery of pikromycin in 195C, the l6-membered macrolides represented by carbomycins, leucomy-
cins, spiramycins, and maridomycins form the largest group, and their aglycones are classified
into four types I, IT, TIII, and IV according to their oxidation levels.

For the stereoselective synthesis of these aglycones it seems promising that type I aglycones
are first synthesized and then reduced and/or oxidized to yield type 1I, III, and TV aglyvcones,
although conformational coentrol of the l6-membered ring of type I compounds is presumably
essential. Recently, we reported highly stereoselective syntheses of typical macrolide aglycones
such as methynclide, pikreonolide, and tylonolide via the macrocyclization using the Wittig-
Horner react]‘on.2 This methodology was now applied to the synthesis of type I aglycones, nidda-
nolide {1), carbonclide B (2), and platenonolide W; {3). Although there are two excellent
precedents for the synthesis of carbomycin B jtself3 and 2,1' this report may provide an addi-
ticnal and improved synthetic method, in which 1, 2, and 3 were synthesized via the ester
coupling between segment 1 and segment 2 followed by the intramolecular Wittig-Horner cycliza-

ticn,
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Segment | (4) was readily synthesized from (8)-malic acid via 67 and 7 by a series of conven-

ticnal reactions,
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{a) 1) MPMCI, NaH, DMSO-THF (4:3) {94%]; 2) 1% HzS0,-MeQH: 3) TsCl, Py., CHoCly (70%,
2 steps). {b) 1) LiAlH,, ether, (94%]); 2) DDQ, CHoClo-HpO; 3) MNO,, CHLCl, (74%, 2 steps).

Since the configuration at C3-C8 ig identical te that at the same positions of tylonolide, the
methodolegy employed in the synthesis of segment 2 of tylonolidezc’f was directly applicable to
the synthesis of 5, which has only a difference, a methoxy group at C4 instead of a methyl
group., The alcohol (8),2C’f easily synthesized from D-glucose, was first protected with a 4-

methoxybenzyl (MPM) group6

and then converted to the epoxide (9) in the usual way in order to
invert the configuration at C5 (based on D-glucose). Ring opening with sodiuvm benzyl oxide and
subsequent methylation gave 10 in excellent yield. The acetonide of 10 was cleaved in the usual
way,7 and the resulting aldehyde (11) was treated with a Wittig-Horner reagent of the sodium
salt of trimethyl l-phosphonopropionate to give the (Z)-o,B-unsaturated cstcr,s which, without
purification, was converted to the lactone {12) by trealment with potassium carbonate, In order
to increase the sterecselectivity of the reduction of the double bond of 12, the lactone was
converted to the anomerically pure §-lactolide via reduction with DIRAL followed by isoprepyl
protection of the resulting lactol. Selective hydrogenaticn of the benzyl (Rn) group and the C7-
C8 double boné, not of the MPM group, was achieved by use of Raney nickel {W2) catalyst, The

stereoselectivity at €8 was 9 : 1,

{c) 1) MPMCI, NaH, DMF-THF {97%); 2) 2% H,50,-MeCH; 3) TBDMSCI, imicazole, CH,Cl, (64%, 2 steps);
4) MsCl, Py. (88%); 5) 1N HCI, THF {91%); 6) K,CO3, MeOH (86%;}. (d) 1) BnOH, NaH, DMF {98%); 2) Mel,

NaK, DMSO, THF (100%). (g) 1) 3N H,SQ,, dioxane, r, 48 h; 2) NalCy, H,0, MeOH [36% (100% based on

consumed 10), 2 steps]. (f) 1) MeQ,CCHMaPG{CMe),, NaH, THF, -80°C; 2) KoGO,, MeOH (65%, 2 steps).
(@) 1) DIBAL, tcluene; 2) CSA, iPrOH (75%, 2 steps); 3) Raney Ni-W2, H,, EtOH (83%).

The final chiral center at C3 was constructed as follows, Swern oxidation of 13 gave the alde-

hyde, which was treated with allyleributyltin in the presence of magnesium bromide at —60° ¢ a
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{h) 1} DMSO, (COCI,, CHyCly (98%); 2) CHp=CHCH,SnBus, MgBry Et,0, CH,Cly, -60°C (87%). (1) 1N HCI, THF
(80%); 2) NaBH,, CaCl,, EtOH (81%); 3} Me,C(OMa)p, CSA, benzene (90%). (j} 1) DMSO, (COCH,, CHoCls (91%)
2} MePO(OMe);, nBuLi, THF (99%): 3) PDC, DMF (87%). (K) KMNnGO,, NaiO,, NaHCO,, acetone (80%).

chelation-controlled addition readily occurred almost completely stereoselectively (72 : 1) Lo
give 14,10 whose configuration was confirmed after conversion of 14 te 13 via three reactions,
acid-hydrolysis, reduction with calcium borohydride, and protection with an isepropylidene
group. In the nmr spectrum of 15, NOF from the axial methyl group of the isopropylidene group te
H, (12.4%) and H, (8.3%7} was clearly observed. Swern oxidation of 15 gave the aldehyde, which

was treated with the lithio derivative of dimethyl methanephosphonate and then pyridinium

dichromate (PDC) to give the B-keto phosphonate (16). Oxidation of the terminal olefin of 16 was
12

carried out under Lemiex-ven Rudloff's conditions, and segment 2 (5} was isolated in good
8

yield.
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19 : R=CCMe
20 - R=COE1

{l) Cl3CgHLCOC!, DMAP, toluene, 3.5 h, rt (78%). (m) K,COj, 18-crown-6, toluene, 1, 17 h (57%).
{n} 1) DDQ, CH,oCl-H,0 {84%s); 2} DMSQ, {CCCl)z, CH,Cl, (95%); 3) 1N HCI-THF (1: 3} (84%). (0)

1) MPMOH, CSA (93%); 2) for 19, Ac,0, TEA, DMAP (96%); for 20 (EtCO),0, TEA, DMAP (75%).

{p} 80%-TFA, 0°C {2, 92% ; 3, 97%).
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Fsterification of 4 and 5 was carrjed out by the Yamaguchi method, and the resulting ester

(17) was subjected to the intramolecular Wittig-Horner type cyclization by Nicolapu's met.hod}"“L
using powdered potassium carbonate and 18-crown-6 in tcluene at rocom temperature to give the 16—
membered dienone (18).15 Removal of the MPM group by DDQ oxidatjonf’ followed by Swern oxidation
gave the aldehyde, and the remaining isopropylidene protection was removed  with hydrochloric
acid to give niddanclide (1)16 in good yield. After protection of the hemiacetal with an MPM
group, acetylation of the (3-hydroxy group gave 19, Similarly, treatment with propionic anhy-
dride gave 20, Removal of the MPM protecting group of 19 and 20 under acidic conditions readily

aftorded carbonolide B (2)” and platenonolide W) (3),18 respectively, in excellent vields,
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