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ABSTRACT
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23

The fully functionalized core structure 23 of abyssomicin C (6) containing an oxabicyclooctane ring and a tetronate was prepared via a

Diels —Alder approach. After hydroxylation of lactone 10 to the
epoxidation furnished the desired
gave directly the core structure 23.

a-hydroxylactone 12, lactone opening led to the hydroxy ester 16. A directed
syn-epoxide 20. Acetylation of the tertiary hydroxyl group, followed by intramolecular Claisen condensation,

A large number of natural products are polyketides, and their absyssomicins, which are spiro tetronates with a new level

relative ease of formation is exploited frequently by bacteria
in the production of antibiotics. One type of polyketide
known as the spiro tetronatesontains an oxaspirobicyclic

of structural complexity:® In these antibiotics, the spiro
tetronic acid bridges the cyclohexane ring yielding a tricyclic
structure with an oxabicyclo[2.2.2]octane ring. Three abys-

unit in which a tetronate is attached in a spiro manner to a somicins have so far been isolated, with abyssomici®)C (
cyclohexene ring. In addition, the cyclohexene is bridged to being the most active one, inhibitirBtaphylococous aureus

the tetronate to give a macrocyclic ring. Some typical
structures are depicted in Figurédhd include okilactomycin
(1), tetronothiodin 2),* kijanolide @),° tetronolide 4),° and
AB88696F (5)7 Recently, the Stissmuth group described the
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at 4ug mL™*. Significantly, the abyssomicins showed activity
in a screen for the inhibition of thgaminobenzoatep@BA)
biosynthesis.

The fascinating and challenging structures of the abysso-
micins immediately caught our attention and led us to initiate
a program aimed at the total synthesis of abyssomicin C. In
a previous model study, we were able to show that the
tricyclic core structure can be fashioned from a spiro tetronic
acid via a transannular Mitsunobu lactonizatinThe

(8) Bister, B.; Bischoff, D.; Strébele, M.; Riedlinger, J.; Reicke, A.; Bull,
A. T.; Zéhner, H.; Fiedler, H.-P.; Stussmuth, R. Bngew. Chem2004,
116, 2628—2630Angew. Chem., Int. E®004,43, 2574—2576.

(9) Riedlinger, J.; Reicke, A.; Zahner, H.; Krismer, B.; Bull Alan, T.;
Maldonado Luis, A.; Ward Alan, C.; Goodfellow, M.; Bister, B.; Bischoff,
D.; Sissmuth, R. D.; Fiedler, H.-B. Antibiot.2004,57, 271—-279.

(10) Rath, J.-P.; Eipert, M.; Kinast, S.; Maier, M. &nlett2005, 314—
318.



A brief retrosynthetic analysis of the tricyclic core is shown
in Figure 2. Thus,7 would originate from the epoxids.
This compound itself can be traced back to the aceate
The acetat®, in turn, should originate from the cyclohexene
10. Some precedence for such a plan up to a spiro tetronate
exists in the work of Yoshit and Pagé? Nevertheless, issues
such as incorporation of all functional groups and controlling
the diastereoselective epoxidation had to be addressed.
The synthesis started from 2,4-hexadiéfh@l1), which
was subjected to an intramolecular Dieislder reaction with
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Figure 1. Representative structures of spiro tetronic acid deriva-
tives.

structural similarity of AB8696F and abyssomicin C allowed
us to put forward a biosynthesis hypothesis featuring a late-
stage transannular epoxide opening of the cyclohexane
epoxide by the tetronic acid. We asked ourselves whether
this strategy might work in a laboratory setting. In this paper

ethyl acrylate in the presence of a Lewis acid template
(Scheme 1). This reaction, described by Ward and Abbee,

Scheme 1. Formation of the Hemiacetdl5
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we describe the realization of this strategy and show that
the macrocyclic ring is not required to achieve regioselective
epoxide opening.
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Figure 2. Retrosynthesis of the core structufe
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could be run on a multigram scale but required chromatog-
raphy to remove polymeric byproducts. In the next step, the
lactonel0 was hydroxylated by oxygenation of the derived
enolate according to the Corey methdd®Due to the bowl
shape of10, hydroxylation from the convex face was
assumed**2The same was expected for the epoxidation of
the double bond withmCPBA. Surprisingly, however,
epoxidation ofl2 led mainly to epoxidd 3 (cis/trans= 1:9).
Continuing with the synthesis, the tertiary hydroxyl function
was acetylated and the resulting acetate subjected to an
intramolecular Claisen condensatibho give the tetronic
acid 15. The missing alkene hydrogen and other data
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indicated that15 actually is the hemiacetal. We were || NN

surprised to see that similar compounds in the literature are  gcheme 3. Synthesis of the Isomeric Epoxicdd and Its

depicted as the open tautontét? The structure of.5 could Cyclization t023
be additionally supported by X-ray analysis, which showed " o "
the hemiacetal and the relative stereochemistry. ' 1BUOOH, VO(acac), e
To prevent formation of the hemiacetal, the lactdr B0 ™ CH,Cly. 23 °C BrO ™\
was opened under basic conditions, and the carboxylate and ~ BnOC "OH (T1%) BrO,C' OH
primary hydroxyl functions were trapped @sbenzyl deriva- 16 o 20
tives (Scheme 2). Acetylation and epoxidation provided Ac,0, EtsN «Me 4| DA THF, 78 °C
DMAP, 23°C  BnO._ i 2. HCI (1M)
] 0 oo o e 624
Scheme 2. Synthesis of the Spiro Tetronic Acit® 21
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same time to the hydroxyl H.This would only be possible
if the opening had taken place as shown. In the final step,

epoxide 18. Again, mtramolecular Clalsen condensat|on the benzyl ether 023 was cIeaved by palladium-catalyzed

acid 19 is a rather polar compound. Characteristic is the
alkene H of the tetronic acid dt= 4.81 ppm. We thought
that epoxidation of the alken&7 had occurred syn to the
acetate. However, the tetronic aci@ was rather stable in Me
the presence of Lewis acids (BELO, CHCly; Ti(OiPr)s,
CH,CI,). Therefore, the stereochemistry was assigned as I
shown with the epoxide anti to the acetate. o\ 0
To steer epoxidation syn to the hydroxyl function, the BnO 0o
alcohol 16 was subjected to a directed epoxidation using 23 25 4 axial substituents
t-BUOOH in the presence of VO(aca¢bcheme 3}¢ These Me
conditions gave rise to thes-epoxide20in reasonable yield. HO MeO
Conversion to the acetat2l was accomplished under
standard conditions (A©, EtN). Subsequent addition of MeO o
the acetate to an LDA solution (THF78 °C) led to the o]
tetronic acid22. This compound can be isolated as a solid 23_Me
by silica gel chromatography, but in solution it is rather strain energy: 44.59
unstable and reacts to give a new compound. Careful spectral  [keal mol”']
analYSIS shovyed that in fact a regloselec.“ve tl’ans’annularFigure 3. Rationalization of the regiochemistry of the transannular
epoxide opening had taken place leading directly to the fully epoxide opening.
functionalized core structurg3 of abyssomicin C. Most
supportive in this regard was the HH#LOSY spectrum of
23. Thus, proton 6-H shows a cross-peak to 7-H and at the  while opening of 3,4-epoxycyclohexane carboxylic acids
usually takes place at the 3-positiBitsome hydroxymethyl
(14) Ward, D. E.; Abaee, M. rg. Lett.2000,2, 3937—3940. compounds are known to open at the 4-positioin the
(15) Corey, E. J.; Ensley, H. &. Am. Chem. Sod 975,97, 6908~ present case, we believe that opening to the 3-position

OH

6909.
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(1'-position in compoun@?2) would induce high strain in  these studies we also discovered surprising diastereoselective
the two five-membered rings. Furthermore, the axially epoxidations and the facile formation of hemiacetals such
oriented Me group would suffer from 1,3-diaxial interactions. as15. Further studies will now focus on an enantioselective
This assumption is supported by force-field calculations variant to 23 and closing of the macrocyclic ring. The
(Chema3D) that indicate a substantially higher strain energy hydroxymethyl group and the nucleophilic nature of the
(ASE = 6.39 kcal mot?) for the methyl derivative?5 Me tetronate should allow for the synthesis of many abyssomicin
over the isomeR3 Me. analogues, either with or without a macrocyclic bridge.
To summarize, we developed a concise route to the
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