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(+)-Ikarugamycin (1), the initial member of a novel class of
macrocyclic lactam tetramic acid antibiotics possessing a range
of biological activity, was isolated in 1972.! The structure and
absolute stereochemistry of 1 was assigned in 1976 employing a
combination of chemical degradation and spectroscopic methods.?
A retrosynthetic analysis of 1 led to the identification of tetracyclic
ketone 2 as a key intermediate. A convergent, highly stereose-
lective synthesis of (+)-2 was developed in our laboratories em-
ploying a key intramolecular Diels—Alder reaction to assemble
the required as-hydrindacene nucleus.* An efficient, convergent
solution to the formidable challenge presented by the tetramic
acid-containing macrocyclic lactam subunit of 1 was also devised
in our laboratories utilizing a new ketene-mediated cyclization
for the construction of the 16-membered macrocyclic lactam ring.*
Herein we describe the application of this strategy to the total
synthesis of (+)-1.°

In order to implement the aforementioned sequence to (+)-1
beginning with (+)-2, elaboration of 2 to a differentially protected
tricyclic dialdehyde 3 was required to allow the sequential con-
struction of the E and Z unsaturated carbonyl residues present
in 1 (Scheme I). With suitably differentiated appendages in place,
coupling of the Z unsaturated carbonyl function with an appro-
priately protected L-ornithine derivative, followed by macro-
cyclization and formation of the tetramic acid, then completes
the conversion to 1.

Elaboration of (+)-2 (mp 65-67 °C, [a]p®® + 103° (¢ 2.8,
CHCl;)) was initiated by oxidation with PhI(OAc), to afford a
mixture of acyloins 4 (4:1 «/B) in 68% yield (Scheme I).5’
Subsequent oxidative cleavage of 4 with Pb(OAc), in anhydrous
CH,0H and immediate protection of the resulting ester aldehyde
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9Reagents: (a) PhI(OAc), (1.2 equiv), KOH (2 equiv), CH;0H, 25
°C, 8 h then Amberlyst-15, THF-H,0 (95:5 (v/v)), 25 °C, 24 h; (b)
Pb(OAc), (1.05 equiv), CH;OH-THF (1:1 (v/v)), 0 °C, 0.5 h then
Amberlyst-15, 3A molecular sieves, CH;0H, 25 °C, 16 h; (c) Di-
BAL-H (2 equiv), THF, 0 °C, 2 h; (d) PDC (2 equiv), 3A molecular
sieves, CH,Cl,, 25 °C, 0.5 h, then DBU (catalytic), CH,Cl,, 0 °C,
72-120 h; (e) 7 (1.2 equiv), KHMDS (1.2 equiv), THF, 0 °C — 25§
°C, 4 h; (f) Amberlyst-15, CH;CN-H,0 (9:1 (v/v)), 25 °C, 12 h; (g)
9 (1 equiv), K,CO; (6 equiv), 18-¢c-6 (10 equiv), PhCH;, =20 °C — 0
°C, 4 h; (h) NH,OAc (4 equiv), Pd(PPh;), (catalytic), dioxane, 25 °C,
24 h,

Scheme II¢
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9Reagents: (a) mesitylene sulfonyl chloride (1 equiv), Et;N (1
equiv), THF, 25 °C, 10 min then 12 (2-3 equiv), DMAP (3—4 equiv),
THF, 25 °C, 4 h; (b) HOAc (xs), Pd(PPh;), (catalytic), THF, 25 °C,
12 h; (¢) PhCH;, 105 °C, 8-10 h; (d) +-BuOK (2 equiv), +-BuOH, 0
°C, 15 min; (e) anhydrous TFA (0.01 M in substrate), 72 °C, 5 min.

cleanly provided ester acetal 5§ (90% from 4). Utilizing standard
chemistry, 5 could be converted to aldehyde acetal 6, which as
expected underwent epimerization to the more stable trans al-
dehyde 3 on exposure to DBU (62% overall from 4).3° Installation
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of the trans unsaturated ketene precursor was then effected by
Horner-Emmons reaction of 3 with dioxinone phosphonate 7
which afforded exclusively the required E unsaturated dioxinone
8 in 65% yield.!®

The required Z olefinic side chain was then elaborated via a
cis selective Horner—-Emmons reaction!! of the aldehyde obtained
by mild hydrolysis of 8'2 with allyl bis-trifiuoroethylphosphono-
acetate 9 providing the Z allyl ester 10 (19:1 Z/E).'*> Depro-
tection of allyl ester 10 with Pd(PPh,), (catalytic) and NH4OAc
then afforded acid 11 with no detectable double bond isomerization
(78% overall from 8).!4
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The crucial coupling of acid 11 and the primary amine derived
from ammonium salt 12, which proved to be remarkably sensitive
to reaction conditions, was realized via addition of 12 to the mixed
mesitylene sulfonic anhydride derived from 11 and subsequent
treatment with DMAP providing allyl carbamate 13 (60-80%
yield).'$!7 Deblocking of 13 (Pd(PPh;), (catalytic)/HOAc) to
secondary amine 14 (95%) has now set the stage for formation
of the macrocyclic lactam.'

As hoped, heating a dilute solution of 14 in PhCH; (102-107*
M) at 105 °C for 8-10 h cleanly provided the macrocyclic bis-
amide 15 (~80% yield) via intramolecular trapping of the re-
sulting highly electrophilic acyl ketene.!8

Transannular Dieckmann cyclization of the highly constrained
bis-amide 15 proceeded with noteworthy facility employing
standard conditions (+-BuOK/t-BuOH) affording the penultimate
intermediate N-(2,4-dimethoxybenzyl)ikarugamycin (16) in 75%
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yield.!® Deprotection of 16 was then achieved by brief heating
of a solution of 16 in anhydrous TFA (0.01 M) at 72 °C providing
synthetic (+)-ikarugamycin (1) in 55% yield which was chro-
matographically and spectroscopically indistinguishable from
natural (+)-1.2-22

The foregoing total synthesis confirms both the structure and
absolute stereochemistry previously assigned to (+)-ikarugamycin
(1) by Ito and Hirata.? The sequence for conversion of (+)-2 to
(+)-ikarugamycin (1) proceeds in about 12 steps. Overall,
(+)-ikarugamycin (1) is available in about 28 steps (longest linear
sequence) from L-glyceraldehyde acetonide.
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The isolation in 1972 of (+)-ikarugamycin (1),% an antibiotic
possessing antiprotozoal, antiamoebic, and gram-positive activity,

was followed quickly by its characterization as a structurally
unusual macrocyclic lactam embodying both an enoyltetramic acid

HO

2

moiety and a trans,anti cis-decahydro-as-indacene subunit.> The
challenge surrounding construction and proper amalgamation of
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