Total synthesis of rutamycin B via Suzuki macrocyclization
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The macrolide rutamycin B containing 17 stereogenic
centres and a 26-membered ring was synthesized by a route
which features a chelate-controlled, double differentiating
aldol reaction and ring closure by means of a vinyl-vinyl
coupling.

Rutamycins A and B are structurally complex macrolide
antibiotics isolated from Streptomyces species.® A total synthe-
sis of rutamycin B (1) by Evans? confirmed the structural
assignment,® and the absolute configuration of 1 was deduced
from synthesis of the spiroketal segment obtained by degrada-
tion of the rutamycins#4 Herein, we report a convergent
synthesis of rutamycin B in which the 26-membered ring is
closed by means of a Suzuki macrocyclization.

Selective silylation of triol 25 took advantage of the different
steric environments of the three hydroxy groupsin this structure
and was accomplished by reaction with ButMe,SiCl, which
gave 3, and then by treatment with ButMe,SIOSO,CF; to yield
4 (Scheme 1). The remaining secondary alcohol was converted
to its benzoate 5, and the primary silyl ether was selectively
removed by treatment with HF-pyridine complex. The resultant
primary acohol 6 was oxidized to aldehyde 7, which was
subjected to a Takai reaction® with CHIz in the presence of
CrCl, to yield trans iodo alkene 8. After saponification of the
benzoate, the liberated alcohol 9 was reacted with diethoxy-
phosphorylacetyl chloride to give 10. Horner—Emmons con-
densation of the lithio anion of 10 with keto aldehyde 11,
previously prepared from methyl (2R)-3-hydroxy-2-methylpro-
pionate,” afforded «,f3-unsaturated ester 12.

Synthesis of the C9—C16 segment 26 of 1 was initiated by
asymmetric crotylation of (R)-13 with (E)-crotylboronate 14
derived from (S9-tartrate (Scheme 2).8 The acohol 15
resulting from re face addition to the aldehyde was converted to
the bis(silyl ether) 16, and the primary ether was selectively
cleaved to give 17. Thetosylate 18 of thisalcohol was displaced
with cyanide and the resultant nitrile 19 was reduced to 20 and
then to acohol 21. Thelatter was converted to itshis(silyl ether)
22 before ozonolysis to 23. The reaction of 23 with
(E)-crotylboronate 24 derived from (R,R)-tartrate8 afforded
alcohol 25 with good stereoselectivity (> 95:5) in this matched
(Felkin) addition to the si face of the aldehyde. Alcohol 25 was
protected as its p-methoxybenzyl (PMB) ether 26 and the latter
upon ozonolysis yielded 27.

Coupling of the (Z)-chlorotitanium enolate® of 12 and 17
gave the synssyn (Felkin) adol product 28 as the sole
stereoisomer (Scheme 3).10 A rationale for this high stereo-
selectivity invoking secondary complexation of the aldehyde
carbonyl with the PMB ether has been suggested previously,”
and it is noteworthy that the aldol reaction of 12 with 27 is
completely nonstereoselective when the PMB group of 12 is
replaced by a EtsSi ether. Thus, it appears that the PMB ether
not only obstructs the anti-Felkin pathway in this coupling, but

RO

i ,: 2R'=R?2=R3=H

; ,: 3R!=SiMe,Bu, RZ=R3=H
4 R!=R2 = SiMe,Bu, R® = H
! ’: 5R! = R? = SiMe,BuU!, R® = Bz

YL+ 6R!=H, R? = SiMe,Bu!, R3 = Bz

7
",

OSiMe,Bu!

7R=Bz, X=0
8 R =Bz, X = CHI ()

|:9R=H,X=CHI(E)

’jlo R = C(O)CH,P(O)(OEt),, X = CHI (E)

Vi
Vii

viii

OSiMe,But

"

o OSiMe,Bu!
11

/////

OSiMe,Bu!

12

Scheme 1 Reagentsand conditions: i, ButMe,SiCl, pyridine, AQNOgz, THF;
ii, ButMe,SiOSO,CF3, 2,6-lutidine, CH,Cl,, —78 °C, 66%; iii, BzCl, EtsN,
DMAP, CH,Cl,, 90%; iv, HF-pyridine, pyridine, 61%; v, (COCI),, DMSO,
Et3N; CHCl,, —78 °C, 96%; vi, CHI3, CrCl,, THF, 0 °C, 76%; vii, LiOH,
MeOH-H,O-THF, ~100%,; viii, (EtO),(O)PCH,COCI, pyridine, DMAP,
82%; ix, LDA, THF, then 11, —78 — 0 °C, 88%
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Scheme 2 Reagents and conditions: i, 14, 4 A MS (powder), toluene,
—78 °C, 86% (78% de); ii, ButMe,SIOSO,CF3, EtzN, CH,Cl,, 99%; iii,
NH4F, MeOH, heat, 85%; iv, TsCl, pyridine, 92%; v, NaCN, DM SO, 94%;
vi, DIBAL-H, toluene, —78 °C, 75%; vii, NaBH,, PriOH, 0 °C, 87%; viii,
ButMe,SICl, imidazole, DMF, 96%; ix, Os, CH,CI-MeOH, —78 °C,
Me,;S, 94%; X, 24, 4 A M'S (powder), toluene, —78 °C, 78% (> 98% de); xi,
PMBOC(=NH)CCl3, CF3SOzH, —10 °C, 68%; xii, O3, MeOH-CH,Cl,,
79%

plays a positive role by favouring attack at the re face of the
adehyde carbonyl by the si face of the titanium enolate.
B-Hydroxy ketone 28 was converted to its silyl ether 29, and
the PMB ether was cleaved to give 30, which was immediately
oxidized to 31 (Scheme 4). The primary silyl ether was
selectively removed from 31 and the resultant alcohol 32 was
oxidized to 33. Condensation of 33 with the dichlorome-
thylboronic ester 3411 of pinacol in the presence of CrCl, and
Lil afforded (E)-vinyl boronate 3512 which was subjected to
palladium-catalysed intramolecular coupling®3 in the presence
of Ag,0 and AsPhs. The ensuing macrocyclization proceeded
in good yield and furnished the tetrasilyl ether 36 of rutamycin
B, identical in all respects with a sample prepared from the
natural material by exhaustive silylation with ButMe,SiO-
SO,CF3. Final cleavage of the four ButMe,Si ethersfrom 36 by
sequentia addition of ag. HF in pyridine gave 1, identical with
natural rutamycin B.
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Scheme 4 Reagents and conditions: i, Dess-Martin periodinane, 93% from
29; ii, HF-pyridine, MeCN-H,O-CHCl3, 79%; iii, Dess-Martin period-
inane, 95%; iv, 34, CrCl,, Lil, THF, 76%; v, Pd(MeCN),Cl,, AsPhs, Ag,0,
THF, 70%; vi, ag. HF, pyridine, 4 d, 70%
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