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Enantioselective Synthesis of the Macrolide Scheme 1
Antibiotic Oleandomycin Aglycon
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polypropionate-derived macrolide antibiotics poses a formidable

challenge for stereoselective synthesis, and these target structures T ﬂ

have provided the stimulus for the development of a host of 0 o o/'\o o orR omPs

new enantio- and diastereoselective bond constructidnshis OJ\N . NG ST e

paper we illustrate, in the context of an efficient synthesis of L e Mo we Me Mo

oleandolide aglycon1),? how polypropionate chains may be PSP — Co-Cy4 Fragment

rapidly assembled using the chiadketoimide building block

2 and its associated aldol reaction methodology recently o 9 o o o

developed in these laboratori&s. OJLN)% o NW&
As illustrated in Scheme 1, the synthesis plan relied upon e e e

[-ketoimide2 for the construction of both the;€Cg and G— & 2 sn

3 3 . Fragments C1-C4 and Cg-C1p  Fragment C5-Cg
Ci4 oleandolide fragments. Concurrent application of a se-

quential aldol reduction strategy to both fragments established gcheme 2
8 of the 10 requisite stereocenters, while an imide enolate

alkylation reaction was employed to control the long C IS o
stereocenter in thesS Cg subunit. In the final stereoselective O\JN)‘J\ e X)sj\/jf bo [~ 3,X=Xg
transformation, the introduction of theg@poxide with the “an Ve Me 89% - 4, X =H
desired stereochemistry was effected through the directed VO- 9 o o o o oH
(acac)/t-BuO;H epoxidation of the 9§)-allylic alcohol prior OJKNM d X SN (g
to macrocyclizatio® This last step becomes much more e we 7 Me Me e
challenging to implement when it is postponed until after Bn 2 g
macrocycle construction as the two previous syntheses of i " e’fL”%
oleandolide have revealé&d. 0 o/l\o 0 o)\o

The synthesis of the £ Cs fragment began with the titanium- “ Wswﬂi X Mar
mediatedsynaldol reaction between aldehydéand 3-ketoim- e b e T
ide 2 (Scheme 2§28 This double stereodifferentiating reaction 7 6
(eq 1) proceeded in excellent yield with higimti Felkin 2 Reagents and conditions: (a) LDA, 2,3-dibromopropen@g to
diastereoselection. Treatment of aldol adduatith Zn(BH,). —35°C. (b) LiBH4, H20, 25°C. (c) (COCI}, DMSO, EtN, —78to 0

established the £hydroxyl stereocenteria a chelate-controlled  °C. (d) Ti(O4-Pr)Chk, EtN, 4, =78°C. (€) Zn(BH),, —78 to—50°C.

(f) (MeO)XCHPh, CSA, 10 Torr, 25C. (g) (M&Sn), Pd(PPB)a,
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A.; Norcross, R. DTetrahedron Lett1992 33, 1767-1770. (c) Paterson, L Me Me Me e @ steps)
|. Tetrahedron Lett1983 24, 1311-1314. (d) Tatsuta, K.; Ishiyama, T.; 2 Bn Diastereoselection 8 O OH QTIPS
Tajima, S.; Koguchi, Y.; Gunji, HTetrahedron Lett199Q 31, 709-712. 83:17 :
(e) Tatsuta, K.; Kobayashi, Y.; Gunji, H. Antibiot. 1988 41, 1520~ Xq~® 713 Me
1523. (f) Tatsuta, K.; Kobayashi, Y.; Gunji, H.; Masuda, Fetrahedron o  OTES OTIPS o oTesomps Me Me
Lett. 1988 29, 3975-3978. H : 9
(3) (@) Evans, D. A,; Clark, J. S.; Metternich, R.; Novack, V. J.; Sheppard, ) T Me -~ ho7e ~"13 " Me ‘ﬂgw
G. S.J. Am. Chem. S0d99Q 112, 866-868. (b) Evans, D. A.; Ng, H. P,; Ve  fte >99% Me Me i
Clark, J. S.; Rieger, I?qﬁ LTetrahedronl992 48, 2127-2142. 1 10
(4) The sequence ¢gi-ketoimide aldol coupling followed by reduction, L
thereby establishing four stereocenters in two steps, has been applied to _° R€agents and conditions: (a) Sn(QJ &N, acetaldehyder-78
the recent total syntheses of calyculin, rutamycin, and lonomycin: (a) Evans, °C. (b) NaBH(OAc}, HOAc, 25°C. (c) TIPS-OTf, 2,6-lutidine;-5
D. A.; Gage, J. R,; Leighton, J. 1. Am. Chem. S0d.992 114, 9434- °C. (d) TES-OTf, 2,6-lutidine, 25C. (e) LIOOH, 0°C. (f) (COClIY,
9453. (b) Evans, D. A.; Ng, H. P.; Rieger, D. . Am. Chem. S0d.993 DMF, 25 °C.
115 11446-11459. (c) Evans, D. A.; Ratz, A. M.; Huff, B. E.; Sheppard,
G. S.J. Am. Chem. S0d.995 117,3448-3467. ) ) ) ) )
(5) (a) The precedent for the stereochemical outcome of this reaction synreduction (diastereoselectiorD5:5f while subsequent diol

Tg%elezn ggtf?gﬂ}gt)ﬂi;?ég Plisr%rigl- Eéi/i\é\?vr ho"feéﬁre‘a’é’émr%'g&b ﬁgtasee_ protection afforded vinyl bromidé. Further elaboration of this

Hoveyda, A. H.; Evans, D. Ag Fu, G. Chem. Re. 1993 93, 1307~ intermediate to the 1,1-disubstituted vinylstann@empleted

1370. _ _ the synthesis of the ££Cg oleandolide subunit.

addilon 16 the aldhyce proved sither tselocive or resuted in decomposi- __1Ne Synthesis of the £ Cy4 subunit was initiated from the

tion. samef-ketoimide building block via a Sn(ll)-mediated aldol
(7) The known aldehydet was prepared fromN-propionyl-4-R)- reaction with acetaldehyde to afford the complimensyaldol

(phenylmethyl)-oxazolidinone in direct analogy to the reported procedure: i
Evans, D. A.; Bender, S. L.; Morris, J. Am. Chem. So4988 110, 2506— adduct (Scheme 3, eq % It is noteworthy that both of the

2526. requisitesyn aldol bond constructions may be accessed from
(8) Use of Ti(O#-Pr)Ck rather than the standard TiOlvas found to
maximize conversion in the coupling gfketoimide 2 with aldehyde4. (9) Oishi, T.; Nakata, TAcc. Chem. Red.984 17, 338-344.
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a2 Reagents and conditions: (a)ARtba}, i-PrLNEt, benzene, 28C. (b) HFpyr, 0°C. (c) Zn(BH,)2, —45 °C. (d) VO(acag, t-BuOOH, 25°C.
(e) TBS-OTHf, 2,6-lutidine,~78 °C. (f) LIOOH, 0°C. (g) E&N-HF, 25°C. (h) 2,4,6-trichlorobenzoyl chloridé,Pr,NEt, DMAP, 25°C. (i) HF-pyr,

25 °C. (j) SOypyr, E&N, 25 °C. (k) 20% Pd(OHYC, H, dioxane 25°C.

the @)-enolate of2 by judicious choice of metal center (eq 1
vs eq 2)% Subsequerdanti reduction of8 with NaBH(OAc)!°
and regioselective protection of thg#alcohol yielded triiso-
propylsilyl (TIPS) ethe® in good overall yield and selectivity.
At this stage, the G-hydroxyl moiety was protected as its
derived triethylsilyl (TES) ether with the anticipation that it
might be selectively revealed after fragment coupling in the
presence of the FOTIPS protecting groupv{de infra). Imide
hydrolysis followed by treatment with oxalyl chloride provided
the G—Ciy4 acid chloridell suitably activated for fragment
coupling.

The palladium-catalyzed acylatibrof vinylstannan& (C,—
Csg) with acid chloridell (Co—Ci4) proved to be an excellent
fragment coupling process (Rdba}, i-Pr.NEt, benzene, 25
°C, 88% vyield) (Scheme 4). The use of the trimethylstannyl
derivative was found to be essential for a high-yielding
transformation, in accord with literature precedent indicating
reaction sensitivity to steric effects at the stannyl moiéty.
Treatment of enond2a with HF-pyridine effected selective
deprotection of the G-OTES moiety in the presence of the
Ci3OTIPS ether, and the subsequent ZngBHreduction,
directed by the newly revealed 20OH, afforded allylic alcohol
13 with the desired9)-stereochemistry atdas a single isomer.
It is noteworthy that the analogous reduction of benzyl ether
12b, contrary to expectation, produced the undesiredR)9-(

that only the G-position was silylated; all attempts to modify
the Gj-alcohol failed. Nonetheless, this added protecting group
did attenuate the reactivity of the epoxide, possibly through
enforcing a conformation less prone to rearrangement by an
alteration of the hydrogen bonding network. Following imide
hydrolysis, the @-OTIPS ether was selectively removed in the
presence of the £OTBS moiety through the use of triethyl-
ammonium fluoride to afford5al3® Gratifyingly, the macro-
cyclization of this substrate proceeded in quantitative yield with
2,4,6-trichlorobenzoyl chlorid¥. Silyl deprotection, oxidation,
and acetal hydrogenolysis then afforded oleandolijlén(84%
overall yield. The spectral and chromatographic characteristics
of 1 proved identical to the published d&fa As further proof

of structure, the triacetate derivative dfwas also prepared,
and its properties proved to be identical to published data as
well.22

Synthesis of oleandolide was completed in 18 linear steps
with a 15% overall yield. Utilizing auxiliary-controlled aldol
reactions, directed reductions, and a directed epoxidation, the
10 stereocenters of oleandolide were established on the acyclic
carbon framework from the chir@-ketoimide building block
2.
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as shown for the conversion &# to 17 (eq 3).

In an attempt to inhibit this rearrangement, didlwas treated
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