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A STEREOSELECTIVE TOTAL SYNTHESIS OF (9S)-9-DIHYDROERYTHRONOLIDE A FROM D-CLUCOSE' 

Hitoshi Tone, Takao Nishi, Yuji Oikawa, Masataka 11.ikota, and Osamu Yonemitsu" 

Faculty of Pharmaceutical Sciences, IIokkaido University, Sapporo 060, .Japan 

Summary A rather facile stereoselective total synthesis of (9S)-9-dihydroerythronolide A 

starting from D-glucose was achieved via coupling of Cl-C6 and C7-Cl5 segments and subsequent 

macrolactonizotion. 

The well known macrolide antibiotic erythromycin A (1) has been an attractive synthetic 

target for modern synthetic chemists, because of its complex chemical structure as well as 

important biological activity, and many new synthetic methodologies have been developed.2 As 

part of our synthetic studies of mncrolide and polyether antibiotics by a common methodolo- 

we report here a rather facile total synthesis of 9-dihydroerythronolide A (3)' by use 

of some stereoselective reactions and suitable protecting groups. Two segments 4 (C7-Clj)' 

and 5 (Cl-C6) were first chosen as synthetic intermediates in one of our various synthetic 

approaches to 1, 2, and 3. 
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The trio1 (6)9 derived from D-glucose was first converted to a monobenzoate, and then the 

remaining diol was protected with a p-methoxyphenylethylidene group. lo After hydrolysis of 

the benzoate, Swern oxidation'1 readily gave the aldehyde (7), which was subjected to the 

Wittig reaction, followed by reduction to give the (E)-ally1 alcohol (8). m-CPBA oxidation of 

8 at -10 'C gave the epoxide (9) with 8 : 1 stereoselectivity. The regio- and stereoselective 

reductive opening of the epoxide ring was one of crucial steps in this total synthesis, and 

only the desired alcohol (10) was obtained in high yield by treatment with a large excess of 

NaBH3CN in the presence of BF3'0Et2 in refluxing THF.12*13 Benzoyl protection of the primary 

alcohol of 10 followed by selective removal of the ketal protection gave the trio1 (11). When 

11 was treated with 2-methoxypropene in the presence of a catalytic amount of PPTS at room 

temperature, 2a the expected kinetic product, 9,11-0-isopropylidene compound,16 was isolated 
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(A) 1) BzCl, PI, Cff2C12, rt, 100%; 2) p-MeOC6H4CMc(OMe)l, CSA, rt, 95%; 3: IN-KOH, ile!~ll, rt, 
98%; 4) (COC1)2, DXSO, Et3N, 100%. (B) I) Ph3P=CMcC02Et, EDC, reflux, 10OE: 2) LlAIH4, Et20, 
O"C, 942. (C) m-CPBA, CH2C12, -15---IO"C, 95X. (D) N&H~CN (12 eq), !+F‘~xJEL,) (G cq), THF, 
reflux, 892. (E) 1) BzC1, Py, CH2C12, rt, 84%; 2) 4N-HCl, 'I'HF, rt, 84%. (F) i) ?l$=C(Me)OMe, 
PPTS, CH2Cl _ i, rt, 89%; 
0 c 

2) MMCZ, i-Pr2EtN, CH2CI2, 45"C, 100%. (G) 1) lN-SaOH, ciiuxinr, 65-75 
, !OO%: 2) l‘sC1, ht3N, DYAP, CH2C12, reflux, 100X; 3) Yl,SNa, EtOH-DXf‘, I-vfluu, "02; 4) 

NnIO4, McOH-H20, rt, 97X 

in high yield. ?lM protection of the remaining tertiary alcohol readilk gab-c 12, which bras 

collvertctl to the C7-Cl5 segment (4) via treatment of a tosylate with PhSNa in c~xcellcnt 

yield.17*18 

The dial (13)l" derived also from D-glucose was protected as an acptonide, then removal of 

the Rn group followed by PCC oxidation gave the aldehyde, which was treated with the 

carbanion of 1,3-dithiane, and a stereoisomcric mixture (4.6 : Ij olainly consisting of the 

Cram adduct (14)was obtained. The acctonide group of 14 was removed, then the resulting 

primary alcohol was protected with a TBDPS group, and protection of the remaining dial give 

15, whose configuration was confirmed by observation of the NOF: (82) between an acetonide 

methyl group and each of Ha and Hb in the NMK spectrum. Finally, treatment of 15 with i\l~l 20 

gave the Cl-C6 segment (5) in high yield.21 

I! 1.4 l-3 
(H) 1) MqC(OMe)2, CSA, CH2C12, rt; 2) lO%Pd-C, Hz, 
sieves, CH2C12, rt, 

EtOfi, 96% (overall); 3) PCC, molecular 
82%; 4) 1,3-dithiane, n-BuLi, THF, -75+-7O"C, 86%. (I) 1) T~OH.H 0 

MeOH, r-t, 92%: 2) TBDPSCI, imidazole, DMF, Tt, 93%; 3)CH2=C(Mf)0Mc, PPTS, rt, 95%. (J) M~I: 
NaHC03, 90%MeCN, 7O"C, 88%. 
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Coupling of 5 and 4 (2 eq) in the presence of LDA (2 eq) at -80~-70°C proceeded quite 

smoothly to give a stereoisomeric mixture of 16 in high yield.23 Desulfurization with Rancy 

Ni and subsequent Swern oxidation 11 readily gave the h-keto compound, which was treated with 

a large excess of MeLi in THF at -85 "C. The Cram addition (non-chelation) took place rather 

rapidly to give 17 in excellent yield (7.2 : 1 stereoselectivity). Thus all chiral centers 

required for 3 were constructed. Four step conversion of 17 [MM protection of C6-OH group, 

desilylation with F-, Jones oxidation of the resulting primary alcohol, and final removal of 

the MPM protection by catalytic reduction or DDQ oxidation 25] gave the fully protected 

(except l-CO2H and 13-OH) seco-acid (18) in good yield. Macrolactonization of 18 was achieved 

only by Yamaguchi's method 26 at rather high concentratjon of DMAP. When a 2 mM toluene 

solution of a mixed anhydride, prepared from 18 and 2,4,6-trichlorobenzoyl chloride in the 

presence of Et3N, was added dropwise to an equal volume of refluxing 50 mM toluene solution 

of DMAP (25 eq) over a period of 39 h, the expected lactone (19) was isolated in 27% 

yield.27*28 Removal of the protecting groups of 19 with 50% AcOH readily gave the title 

compound (3).29 More efficient syntheses of 2 and 3 will be reported later. 
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(K) LDA, T"F, -80x-7o"c, 1.5h, 85%. (L) 1) Raney Ni (w-2), EtOH, rt, 83%; 2) (COC1)2, DMSO, 
Et3N> 92%; 3) MeLi (15 eq), THF, -85'C, lh, 95%. (M) 1) MMC~ i-Pr2EtN, CH2C12, 50-55"C, 
loo%: 2) n-Bu4NF, THF, 55--O“C, 94%; 3) 2.67M Jones reagent, kte2c0, -17"C, 78%; 4)10%Pd-C, 
H2. EtOH, 55C, 99%.(N) i) 2,4,6-c13CgH2cOCl, ELAN, THF, -ii) DMAP (25 es), toluene, reflux, 
39h, 27%. (0) 50%AcOH, rt, 91%. 
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Treatment of the ketone with MeLi (10 eq) in the, presence of II?lPA (40 eq) in ether at -86 
“C for 1 h also gave 17 in 95% yield with 5.6 : 1 stcreoselcctivity. L)n the other hand, 

in the absence of HMPA, the chelation controlled addition of MeLi in 17tmiicr c)ccurred quite 
smooth1.y to give the C6 epimer of 17 in quantitative yield with i : I slereo~elct.ivity. 
When the ketone was treated with Mc?l#I in ether or with McCeCl ) in TfIF, nc Ifaction _ 
occurred. 
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In this macrolactonization, concentration of DMAP was very important. Yields of 19 in 
various concentrations of DMAP are as follws [final mM of DMAP (Z yield of 19)]: 25 mM 
(27%); 9.5 m?l (14%); 6 mM (13%); 3 mM (0%). 
As pointed out by Stork,2’ an axial methyl group of 9,11-acetonide protectjon hindered 
this 1 actonizntion. Actually WL’ could not obtain 19 by the modified Corey method, 2b and 

also 20 gave only a trace of lactonization 
2g 

roduct, which was, however, obtained in 63% 

yield by highly reactive Yamaguchi’s method at high concentration of DIAF’. 
3, 18, 19, and a 6-O-MM derivative of 21 were identical with the respoctivp authentic 
samples derived from natural crythromycin A in terms of IK, KMR, and XS spectra. 
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