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The salicylate enamide macrolides are an emerging class of

antitumor natural products that have attracted considerable interest

regarding both chemical synthesand biochemical mechanism of
action studies.Lobatamides A-F, unique members of this class
containing a 15-membered ring macrodilactone, were isolated in
1998 by Boyd et. al. from southwestern Pacific tunicéfes.
The absolute stereochemistry of the C15 divinylcarbinol of
YM-75518A% (identical to lobatamide A) was determined to be
(9 using modified Mosher ester analy4is he stereogenic centers
at C8 and C11 await confirmation by chemical synthesis. Like the
salicylihalamidega the lobatamides display high potency against
human tumor cell lines (mean panelsg¥alues approximately 1.6
nM),*2which may be derived from their ability to inhibit vacuolar-
type proton ATPasélIn light of the impressive biological activity
and unique functionality of the lobatamides, includingZa
trisubstituted olefin, divinylcarbinol moiety, an@-methyloxime
enamide side chain, we have targeted lobatamide C for synthesis
Herein, we report the first total synthesis and stereochemical
assignment of lobatamide C.

Retrosynthetic analysis of lobatamide C reveals two principal
fragments: the C1126 salicylate subuniB and the C+C10
enamide sectot (Figure 1). To construct the macrodilactone ring
system, we planned to utilize macrolactonization of precugsor
which is derived from esterification o8 and 4. Although the
configuration at C8 and C11 has not been determined, we first
focused our attention on the preparation of tisseeBantiomer o#
based on consideration of the absolute configuration of related
natural products salicylihalamide?2and the oximidined? Further
disconnection of fragmer@at the C18-C19 bond leads to benzylic
bromide 5 and Z-vinyl stannane6 via Stille cross-coupling.
Enamide subuni4 was envisaged to be derived from Cu (I)-
catalyzed amidation of vinyl iodidé with E-O-methyloxime amide
8.5

The synthesis of the enamide segmdénttommenced with
addition of the acetylenic alaheeagent derived from trimethylsilyl
acetylene toR)-ethyl-3,4-epoxybutanoa¥ to afford10 (Scheme
1). Hydroxyl protection using chlorodiethylisopropylsilane followed
by treatment of the resulting silyl eth&t with AGQNOy/NBSY/H,0°
afforded a bromoalkyn&2, which was converted tdg)-stannyl-
alkene 13 using Pattenden’s methdd.lodine exchange ofl3
furnished vinyl iodide7 with full retention of olefin stereochemistry.
After considerable experimentation, we found that copper(l)
thiophenecarboxylate (CuTC)-mediated vinylic substitutions of
with E-O-methyloxime amides® (1.2 equiv), CsCOs (1.2 equiv),
1,10-phenanthroline (0.5 equiv), and dba (0.2 ed@i{fDMA, 65
°C, 17 h) led to a 45% yield of enamidd, along with 10% of the
easily separabl@-oxime stereoisomer. Desilylation df4 using
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Figure 1. Retrosynthesis of lobatamide C
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aConditions: (a) tnmethylsnlyl acetylene-BuLi, —35 °C, toluene;
ELAICI, 0 °C; then9, 0°C, 72%; (b) DEIPSCI, imidazole, DMF, 97%; (c)
NBS, AgNG;, H,0, 98%; (d) BuSnH, Pd(PP¥)4, THF, —78°C, 1 h, rt, 1
h, 86%; (e) 3, THF, 0°C, 93%; (f)8, CuTC (0.5 equiv), G£Os, 1,10-
phenanthroline, dba, DMA, 6%, 17 h, 45% 14), 10% -oxime isomer);
(g) TBAF, THF, rt, 99%; (h) aq LiOH, THF/MeOH, rt, 77%.

TBAF afforded enamide alcohdl5, which was hydrolyzed with
LiOH to provide the labile enamide acid fragmeht

Benzylic bromide5 was prepared from readily available aryl
triflate 16 (Scheme 2). Treatment df6 with lithium dimethyl-
cupraté/Mel'°led to the production of 1,3-benzodioxan-4-ob@)(
Hydrolysis with KOH-= provided 6-methylsalicylic acid, which was
converted to cyanomethyl est&B.!> Protection of18 as a silyl
ether, followed by benzylic brominatidfi,afforded5. Synthesis
of the vinyl stannané required for sp—sp’ coupling with5 began
with hydrozirconation of protected alkyr0. Zirconocene-zinc
transmetalatioH followed by addition to configurationally stable
enal2118 afforded divinylcarbinoR3as a 1:1 nonseparable mixture
of diastereomers. Extensive studies were performed to establish the
proposeds configuration of the divinylcarbinol at C15, including
screening of various chiral amino alcohols. However, the best result
was obtained with 2:1R) with Wipf's amino thiol ligand22.%
Compound23 (inseparable 2:1 mixture of diastereomers) was
further advanced by silylation of the secondary alcohol followed
by lithiation—trimethylstannylation to afford vinyl stannaBgwhich
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aConditions: (a) MegCuLi, THF, —78°C; 0°C, Mel, 85%; (b) ag KOH/
THF, 100%; (c) CICHCN, Eg&N, acetone, 80%; (d) TBSCI, imidazole,
DMF, 99%; (e) NBS, AIBN, CCJ, 72%; (f) DEIPSCI, imidazole, DMF,
91%; (g) CpZrHCI, CHyCly, rt; EtZn, —78 °C, 10 min;22, —78— —30
°C, 1 h;21, —=30°C, 20 h, 68% &R = 2:1); (h) TBSCI, imidazole, DMF,
93%,; (i) n-BulLi, Et;O; Me3SnCl, 98%; (j) Pe(dbay—CHCl;, AsPhy, THF,
rt; 5, 6, 70°C, 3 h, 66%; (k) TBAF, O°C, 67%.

Scheme 3 @
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aConditions: (a) NByOH, MeOH, rt; azeotropic removal of wateS;
N&CO;, DMF, 2-butanone, 86C, 2 h; (b) HF-pyridine/pyridine, THF, rt,
43% (2 steps); (c) PRhDIAD, THF, rt; 2, 0 °C, 3 h, 52% 27, 26%;28,
26%); (d) HF-pyridine/pyridine, THF, rt, 52%d), 78% @9).
was coupled with benzylic bromidb using the conditions of
Kamlage et al? to furnish C11-C26 fragment25. Selective
deprotection oR5with TBAF at 0°C afforded the target salicylate
cyanomethyl estes.

Initial base-catalyzed fragment couplings between salicylate
cyanomethyl esteB and hydroxy estel5 failed to effect esteri-
fication without extensive levels of elimination of tjfesalicyloxy
ester. However, after extensive optimization, we found that the
tetrabutylammonium salt of enamide adigharticipated in smooth
esterification reactions with cyanomethyl esBefNa,CO;, DMF/
2-butanone, 8QC) to provide the desired salicylag6 (Scheme
3). The tetralkylammonium salt ¢f both increases solubility of
the enamide alcohol fragment, and likely blocksxadeprotonatioh
elimination pathway. Treatment @6 with HF-pyridine afforded
hydroxy acid2 (43%, 2 steps). BotB6 and2 are highly labile and
could only be purified by using reverse phase (C18) silica.
Gratifyingly, 2 was smoothly macrolactonized with use of Mit-
sunobu conditior®8 to afford the readily separable macrolactones
27 (26%) and28 (26%). However, the formation ¢f7 and28in
1:1 ratio indicates influence of the protected divinylcarbinol

stereocenter on the macrocyclization and thus necessitated inde-

pendent confirmation of the C15 stereochemistry. Desilylation of
27 and28 with HF-pyridine led to efficient production df (52%)
and its C15 epimeR9 (78%). The absolute configuration &fat
C15 was determined to b® by using modified Mosher’s ester
analysig! according to Suzumura’s proceddfeln addition,
independent synthesis of the RHiastereomers of employing
the same route from the enantiomer 20 showed that these
compounds did not match the natural prodiicByntheticl was

confirmed to be identical with data reported for natural lobatamide
C by H and13C NMR, [o]p, and TLCR values in three solvent
systems.

In summary, the first total synthesis of the antitumor natural
product lobatamide C has been accomplished and its absolute
configuration has been determined to bg &1S 15S Further
studies on the lobatamides and simplified analogues, as well as
their biological evaluation, are in progress and will be reported in
due course.
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