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STEREOSELECTIVE SYNTHESIS OF THE MIDDLE (C10-C17) AND RIGHT (C18-C30) SEGMENTS,
AND THEIR COUPLING TO COMPLETE A FORMAL SYNTHESIS OF THE POLYETHER ANTIBIOTIC SALINOMYCIN'

Kiyoshi Horita, Satoshi Nagato, Yuji Oikawa, and Osamu Yonemitsu*

Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo 060, Japan

Summary The middle (Cl10-Cl17) and right (C18-C30) segments of the polyether antibiotic
salinomycin were stereoselectively synthesized from D-glucose, D-mannitol, and ethyl L-
lactate. Coupling of the two segments followed by construction of the bisketal ring system

gave the Cl0-C30 segment, which was already converted to salinomycin by Kishi.

Highly stereocontrolled synthesis of complex natural products such as polyether ionophore
and macrolide antibiotics is one of challenging subjects for modern synthetic organic
chemists to establish new synthetic methodologies., For the past few years, we also have
engaged in the synthetic work of a series of such complex natural products by a common
methodology starting from D-glucose. In the macrolide series, we recently reported highly

stereoselective syntheses of aglycons such as methynolide,2 3 4

pikronolide,” and tylonolide,
pointing out that suitable selection of protecting groups as well as stereoselective
reactions was extremely important. As the first extension to the polyether series, we now
report a stereoselective formal synthesis of salinomycin (1),5 describing the synthesis of
the middle (ClO—C17)8 (2) and right (C18-C30) segments (3) from D-glucose, D-mannitol, and

ethyl L-lactate, and their coupling to afford the C10-C30 segment (4L9

Because the middle segment (2) is identical with the Prelog-Djerassi lactonic acidlo with
respect to configuration of four chiral centers at Cl2, C13, Cl4, and Cl6, the method
developed for the synthesis of macrolide aglyconsz’B’4 was directly applicable to the synthe-
sis of 2. Five step conversion [methylation with Cul-MeLi, removal of the TBDMS protection,
benzylation, hydrolysis, and NaIO, oxidation] of 511 derived from D-glucose gave the aldehyde
(6). The Wittig-Horner reaction of 6 followed by treatment with K9CO4 readily gave an a8~
unsaturated lactone, which was converted to 7 via DIBAH reduction and isopropylation. Cata-
lytic hydrogenation of 7 with Raney Ni and then with Rh—A1203 gave 9 (13 : 1 stereoselec-
tion).12 Swern oxidation of 9 followed by treatment with EtMgBr in ether at -50°C gave only
the Cram adduct (2) in excellent yield.13

The right segment (3) was synthesized from 11 and 12, Diacetoneglucose (13) was converted
to 11 as follows. Five consecutive reactions [MPM protectionlsb’19 of 13, partial hydrolysis
of acetonides, NaIO4 oxidation, NaBH, reduction, and benzylation] readily gave 14, which was
converted to 15 in the usual way. Finally, selective removal of the benzyl protection with
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(A) 1) Cul, Meli, EtZO, -25°C, r.t, 100%; 2) IN~-HC1, MeOH, r.t., 89%; 3) Bn-C1, NaH, DMSO-THF
(3:1), 90%; &4) 4N-HC1, THF, 45°C, 98%; 5) NaIO,, THF-MeOH, r.t., 99%. (B) 1) (MeO)ZP(O)CHMe_
CO,Me, NaH, THF, -78~-15°C, 2) K5C03, MeOH, r.t., 74% (overall); 3) DIBAH, toluene, ~80°C;
4) CSA, Me,CHOH, r.t., 91% (overall). (C) 1) Raney Ni (W-2), EtOH; 2) Rh-A1404, EtOH, r.t.,
82% (overall). (D) 1) DMSO, (COC1)4, EesN, 100%; 2) EtMgBr, Et,0, -50°C, 897.

Raney~Ni18 followed by Swern oxidation gave 11.
Another synthon (12) was synthesized from 16 and 17.16 Wittig-Horner coupling followed by
reduction gave 18, which was then treated with EtMgBr in THF at -93°C. A chelation controlled

reaction16’20

proceeded to give quantitatively 19, which was then converted to 20 in the
usual way. Treatment of 20 with a large excess of NaH in DMSO-THF (1 : 1) gave directly the

expected tetrahydropyran (21).21 Final conversion of 21 into 12 was carried out via an ester.
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(E) 1) MPM~-C1, NaH, DMSO-THF, r.t., 100%; 2) ZZ—HZSOA, MeOH, r.t., 947%; 3) NalOy, MeOH—HZO,
r.t.y 4) NaBHa, 96% (overall); 5) Bn-C1l, NaH, DMSO-THF, 82%, (F) 1) 4N~HC1, THF, 55°C, 64%;
2) NaIoQ,, THF, MeOH-H,0, r.t., 100%; 3) LAH, THF, 0%C, 74%; 4) (MeO)ZCMeZ, CSA, acetone, 963%.
(G) 1) Raney Ni (W-2), EtOH, r.t., 87%; 2) DMSO, (C0C1)2, CHZCIZ, Et3N, 100%. (H) 1) NaH,
DMSO~THF, 0°C, 94%; 2) Pd-C, Hy, AcOEt, r.t., 98%7. (I) EtMgBr, THF, -93°C, 100%. (J) Bn-Br,
NaH, DMF, r.t., 100%Z; 2) 4N-HC1, THF, 50°C, 85%; 3) Ts-Cl, pyridine, r.t., 59%. (K) NaH,
DMSO-THF, r.t., 68%. (L) 1) CrO3, H,S80,4, acetone, 0°C; 2) CHyN,; 3) (MeO),P(0)Me, n-BuLi,
THF, -93°C, 64% (overall).

Wittig-Horner coupling of 11 and 12 followed by reduction gave quantitatively 22, which
was treated with MelLi in ether at -93°C. The chelation controlled reaction again occurred to
give 23 with an excelllent stereoselectivity (33 : 1).23 After removal of the acetonide
protection, the primary alcohol was protected with a TBDMS group to give 24, Swern oxidation
of the secondary alcohol led to form a hemiacetal accompanied by removal of the TBDMS group.
After conversion of the hemiacetal into a methyl acetal, the remaining primary alcohol was
oxidized to an aldehyde, which was readily converted to 324 via a dichloroolefin.??

Compound 2 was first converted to the aldehyde (25) and then coupled with 3 in the pres-
ence of n-BuLi at ~78 °C to give an acetylene-alcohol, which was readily oxidized to the
ynone (26). Treatment of 26 with a catalytic amount of CSA in MeOH gave a mixture of four

diastereoisomeric bisketals (27), which were separable into each isomer after conversion to
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(M) 1) NaH, DMSO-THF, 0°C, 100%; 2) Pd-C, Hy, AcOEt, 98%. (N) MeLi, Et,0, ~93°C, 87%. (0) 1)
IN-HC1, THF, r.t., 96%; 2) TBDMS-C1, imidazole, CH,Cl,, r.t., 95%. (P) 1) DMSO, (COC1),,
Et4N, 96%; 2) CSA, MeOH, r.t., 99%; 3) DMSO, (COC1)y, EtsN, 97%; 4) PhgP, PhHgCBrCl,, PhH,
89%; 5) n-BulLi, THF, -78°C, 94%.

the monoacetates (28).26 Since the four isomers of 28 showed quite different reactivities in
reduction with Lindler catalyst, better results were obtained when each isomer was reduced
separately,27 and the combined yield of a mixture of Z-olefins (29) was 677.

When the mixture (29) was treated with 80% AcOH, bisspiro-ketalization proceeded quite
smoothly. After removal of the acetyl protection, the resulting alcohol was oxidized with PCC
to give the ketone (30) as a mixture of three diastereoisomers (1.8 : 1.4 : 1.0). Treatment
of 30 with DDQ resulted in the removal of the benzyl protection for the tertiary alcoholz’3
as well as the MPM group.ls’19 After acetylation of the secondary alcohol of the resulting
diol, the acid-catalyzed isomerization with CSA in CH2C12 at room temperature gave the title

28

compound (4) with 17-epi configuration as the sole product, whose spectral data were

completely identical to those of the authentic sample derived from natural salinomycin (1).
Since 4 was converted to 1 after condensation with the left (C1-C9) segment29 by Kishi,7 a
formal synthesis of 1 has now been achieved. A highly improved total synthesis of 1 has also

been effected and will be reported soon.

Q

(Q) 1) IN-HC1, THF, 50°C; 2) LAH, THF; 3) CSA, Me,C(OMe)q; 4) (coCl),, DMSO, EtsN, CH,oC1,,
447 (overall). (R) 1) n-Buli, THF, -78°C, 82-92%; 2) Mn0O,, CH,C1,, 100%. (S) CSA, MeOH, SEZ.
(T) Lindler catalyst, H,, MeOH(ACOH), 67%. (U) 1) 80% AcOH, 69%; 2) KOH, aq MeOH, 60~70°C,
100Z; 3) PCC, molecular sieves, CH,Cl,, 81%. (V) 1) pDQ, CH2C12-H20(10 : 1); 2) Acy0, EtaN,
DMAP, CH,Cl,; 3) CSA, CHyCl,, 42% (overall).
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