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Synthesis of 6-Deoxyerythronolide B. Implementation of a General
Strategy for the Synthesis of Macrolide Antibiotics
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Abstract: The synthesis of 6-deoxyerythronolide B (1) has been completed using the B-ketoimide dipropionyl
building block 2 in the synthesis of the C,-C; and Cg-C;5 subunits, A convergent double stereodifferentiating
Mukaiyama aldol coupling reaction, a biomimetic deoxygenation, and a high-yield macrocyclization were
employed in an 18-step synthesis of this natural product. Copyright © 1996 Elsevier Science Ltd

6-Deoxyerythronolide B (1) is the first isolable biosynthetic precursor to erythromycins A and B, antibi-
otics best known for their potency against Gram-positive bacteria and mycoplasma.! Isolated from Saccha-
ropolyspora erythraea,? these antibiotics are biosynthesized by an iterative acylation-reduction sequence result-
ing in the linear incorporation of individual propionyl fragments into the evolving seco-acid.3 Recent method-
ology developed in this laboratory has addressed the assemblage of polypropionate structures from dipropionyl
building blocks such as 2 (Scheme I), rendering the laboratory-based strategy more convergent than the linear
biosynthetic assembly sequence.# In our synthesis of 1, described in this Letter, we have further extended the
biomimetic analogy by employing a C7-oxygenated precursor to the hypothetical 6-deoxyerythronolide B seco-
acid (Transform 1). In turn, this intermediate may be readily constructed through either of the illustrated con-
vergent aldol fragment coupling processes (Transforms 4 and 5). Since macrocyclization necessitates the hy-
droxyl oxidation state at Cg,’ either aldol adduct could serve as a precursor to the C7-oxygenated array. The
ensuing discussion describes our successful implementation of this synthesis plan.
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Both aldol assemblage strategies illustrated in Scheme I (Transforms 4 and 5) were investigated during
the course of this project. Based on strong precedent, the aldol bond construction represented by Transform 5
was initially examined. Unfortunately, this process failed to deliver the desired syn 6,8-Mee>Me
stereochemical relationship in the aldol adduct.6 However, preliminary studies on Mukaiyama aldol coupling
reactions suggested a possible solution to the bond construction represented by Transform 4.7:8 A discussion
of this successful approach to the target structure follows.

B-Ketoimide 2 provided an ideal entry to the stereochemical motif found in the C;-C7 subunit (Scheme
I). TiCly-mediated addition of 2 to methacrolein afforded the syn aldol adduct 3 in 90% yield and >99:1
diastereoselection.4¢9  Following quantitative syn reduction of the Ci-ketone (>99:1 selectivity) by
Zn(BHy)3,10 protection of the diol as the acetonide afforded olefin § in >99% yield. Hydroboration of this
olefin with 9-BBN proceeded with 85:15 diastereoselection to yield 73% of the desired anti product 6.11
Swern oxidation completed the synthesis of this fragment in 65% overall yield for the five-step sequence.
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The synthesis of the Cy-Cy 5 fragment (Scheme IIT) began with the Sn(OTf)2-mediated aldol reaction of B-
ketoimide 2 with propionaldehyde, affording a 94:6 ratio of diastereomers from which the desired syn adduct 8
could be crystallized in 84% yield.42 Reduction of 8 with Na(OAc)3BH2 provided in >99:1 selectivity the
anti reduction product 9,% which was immediately monosilylated with TBS-OTf to selectively protect the Ci3
alcohol in quantitative yield. Following a series of standard transformations, ethyl ketone 12 was obtained.
Formation of the (Z) silyl enol ether 13 (as a >95:5 ratio of olefin isomers) was achieved in 85% yield by se-
lective deprotonation with lithium 1,1,3,3-tetramethyl-1,3-diphenyldisilazide and silylation of the derived
lithium enolate with TMS-OTT in the presence of 2,6-lutidine.13
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a) Sn(OTH)z, EtsN, propionaldehyde, -78 °C, CHzCly. b) Na(OAc)ysBH, 25 °C, AcOH. c¢) TBS-OTY, 2,6-lutidine, 0 °C, CHzClp. d) AlMe3,
(MeO)MeNH-HCI, 0 °C, CHCly. ¢) EtMgBr, 0 10 25 °C, EgO. f) ChCC(NH)O(p-OMe)Bn, TFOH, 25 °C, CH:Cl. g)n-BuLi, (PhMesSi);NH,
TMS-OT, 2,6-lutidine, -78 to 25°C, THF.

With aldehyde 7 and silyl enol ether 13 in hand, the critical Mukaiyama aldol fragment coupling was at-
tempted. Treatment of one equivalent each of 7 and 13 with BF3+Et70 (10 equiv, CH2Cly, 1.5 h, -78 °C)
afforded a single aldol adduct with the desired sense of induction at both newly formed stereocenters in 83%
yield (eq 1). Through the intermediacy of an opentransition state. the enolsilane directed formation of the -



methy! stereogenic center, establishing the anti 8,10-Me<>Me relationship across the incipient carbonyl. It is
presumed that simultaneous 1,2 (Felkin) induction from the aldehyde established the configuration at the f-
stereocenter (C7). Subsequent studies have examined n depth the elements of stereoinduction in these types of
Mukaiyama aldol bond constructions.8
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Chelate-controlled reduction by Zn(BHy); afforded diol 15 in 95% yield as a single isomer, establishing
the Co-hydroxyl in the desired (S) configuration (Scheme IV).14 Following anhydrous DDQ oxidation, the
resultant benzylidene acetal 16 was isolated in >99% yield as a single acetal isomer, thereby differentiating the
C7 and Cg alcohols and constraining the Cg and Cj; hydroxyls as a prerequisite for macrocyclization.1415

With the successful installation of all the requisite stereocenters, it remained to deoxygenate the C7
position, macrocyclize, and oxidize the Cg position. Conversion of 16 to the C7-methyl xanthate (84% yield)
set the stage for a Barton radical deoxygenation which was achieved in 84% yield.16 In preparation for
macrocyclization, initial conversion to the carboxylic acid (LiOOH, 72% yield) was required to inhibit
elimination in the subsequent TBAF deprotection step. This latter transformation was effected in 88% yield,
providing seco-acid 18. Macrocyclization under modified Yamaguchi conditions afforded 19 in 86% yield.!”
This material was submitted to hydrogenolysis of the benzylidene acetal with Pearlman's catalyst (20%
Pd(OH)2/C) in isopropanol to yield 89% of diol 20. Finally, selective oxidation of the Co-hydroxyl by
PCC518 (76% yield) and treatment with HCI/THF!S (85% yield) afforded 6-deoxyerythronolide B (1). This
material proved identical in all respects with authentic samples of the natural product.
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a) Zn(BH,),, 0 °C, CH,Cly. b) DDQ, 25 °C, CH,Cl,. c) NaH, CS;, Mel, 0 to 25 °C, THF. d) n-Bu3SnH, AIBN, 110 °C. e) LiOOH, 0 °C,
THF. ) TBAF, 65 °C, THF. g) 2,4,6-ClzCsH,COCI, i-ProNEt, DMAP, 25 °C, benzene. h) 20% Pd(OH)»/C, 25 °C, i-PrOH. i) PCC, 25 °C,
CH,Cl,. j) IM HCI, 25 °C, THF.
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