JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by The Libraries of the | University of North Dakota

Communication

Spirodiepoxides in Total Synthesis: Epoxomicin
Sreenivas Katukojvala, Kristin N. Barlett, Stephen D. Lotesta, and Lawrence J. Williams
J. Am. Chem. Soc., 2004, 126 (47), 15348-15349+ DOI: 10.1021/ja044563c * Publication Date (Web): 04 November 2004
Downloaded from http://pubs.acs.org on April 5, 2009

CHj
5N B
OO H
H i~ M N,
HAC orBs _—= HC™ N N
° CHs CHs O .
3 CHs CHj
spirodiepoxide epoxomicin

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 3 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja044563c

JIAIC[S

COMMUNICATIONS

Published on Web 11/04/2004

Spirodiepoxides in Total Synthesis: Epoxomicin

Sreenivas Katukojvala, Kristin N. Barlett, Stephen D. Lotesta, and Lawrence J. Williams*

Department of Chemistry and Chemical Biology, Rutgers, The Stateetdity of New Jersey,
Piscataway, New Jersey 08854

Received September 8, 2004; E-mail: ljw@rutchem.rutgers.edu

Substrate-directed and reagent-controlled asymmetric alkene Scheme 1

epoxidation and subsequent nucleophilic epoxide opening are 5 (\O

among the most widely used strategies for introducing molecular oo HaG AN O.n\
complexity in target-oriented synthedi¥.et the analogous oxida- CHy = >—)_<"CH OH
tion/nucleophilic opening of the intrinsically stereogenic allene 3 mCy, ’

remains unexplored in synthegi§he oxidation products, spiro-
diepoxides (e.g.3), can in principle serve as synthetically useful 9y C he

. . . 3 3
three-carbon units of bond formation and stereochemistry and

4 ™
provide direct access to highly functionalized and highly enan- CH ﬁ I(\(H\r%
3 H o

tioenriched ketones and ketone derivatives. Here we present an i
efficient route to the potent and selective proteasome inhibitor 5 = \R H,.._:
epoxomicirf (1) and thus establish the first use of the spirodiepoxide VR w R Epoxomicin (1)

functional group in total synthesis.
Proteasome targeting has emerged as a new modality for theScheme 2 &

potential treatment of diseases ranging from malaria to cdncer. he T R >\N
The importance of understanding and controlling proteasome 3)—):_\% 6 . OHOgH
function led us to design new approaches to epoxomiti (n HsC HSC\;)KE ’
the most concise approach, the functionality and stereochemical §R-IBS 19:R=LBu L, e
arrangement of simplified structur® present inl, would be SR Teoes  JxRIEOM™ v
orchestrated simultaneously (Scheme 1), and modifications in the O e, e A Sk,
peripheral highlighted portions o2 would not encumber the « Lt sown. 6 — - Hsch)KE
synthetic route. Spirodiepoxides of tyBeould serve as precursors ¢ g "'kaHSES L, O
HaC"" ~OBn 16: R' = NHBz

to such target systems. In the presence of a suitable nucleophile CHy 16:R=NHB2
such species should undergo regioselectiyg2 ®actions. Enan- 14 (X = Ha:HB, 1:1) 18 19 R=N;
tiomerically pure spirodiepoxide would be derived from oxidation " Ne_/—x\ Ns

S " 3

of optically pure, and appropriately protected, allene (&)gwhich >_): = —° i b@fo\ ~ | H< A\ 2Cts

would arise in turn from aldehyde, alkyne, and organometallic HC -
precursors. The highlighted substituents of these precursors cor- 2
rgspond to those indicated & QX|dat|on of 5, first 'at the less aReagents and conditions: (i) DMDO, acetord0 to 23°C, 2 h: then
hindered face of the more substitutebond, would give rise t@ nucleophile (see Supporting Information); (i) DMDO, acetor&Q to 23
as the major isomer. This approach would require identification of °C, 2 h; (iii) BuNN3, CHCL, —30 °C, 2 h; 30%. Major isomers shown.
a hydroxyl protecting group fds and a nitrogen nucleophile suitable =~ SES= SOQ.CH;CH,Si(CHs)s.
for spirodiepoxide opening. N-alkylated product.6 predominated, albeit in modest yield (30%),
The pioneering work of Crandall stands as the only reported when benzamide was first treated withBuLi. Benzenesulfonamide
systematic analysis of spirodiepoxideghus, simple allenes may  in the presence of bakgave adduci7 (75%), but under neutral
be oxidized to spirodiepoxides, which rearrange in the presence of conditions no product was observed. In hopes of indudihg
acid. A number of nucleophiles have been successfully added toalkylation of an amide precursor, we prepahe@cyl sulfonamide
spirodiepoxides, and consistent withZSsubstitution, the ratio of 18 by using our thio acid/azide amidati8rinder a variety of
products corresponds to the ratio of oxidation products. conditions (DIEA, KCOs, LIHMDS, NaHMDS, or KHMDS), no
To initiate our studies, a series GFprotected hydroxy allenes  reaction with the spirodiepoxide took place. In the absence of base,
(6—13) was prepared and oxidized with dimethyldioxirane (DMDO), however, an unstable adduct formed and then decomposed upon
as shown in Scheme 2. Functional group compatibility and treatment with fluoride. While sodium azide added slowly to
approximate ratios of oxidation products were determinedtby  spirodiepoxides derived from, tetrabutylammonium azide added
NMR analysis of the crude spirodiepoxidegVhile benzoatel3 rapidly even at low temperature to gii® in 73% yield.

CHs

led to ortho estet4, silyl and alkyl ether protection is compatible When the spirodiepoxide derived from allenyl mesyl2@avas
with the spirodiepoxide functionality and gave the corresponding exposed to tetrabutylammonium azide, epox2@avas formed in
spirodiepoxides in ratios of approximately 2:1. 30% yield. Azide appears to preferentially open the spirodiepoxide

To proceed towardl, suitable nitrogen nucleophiles were rather than displace the neopentyl-like mesylate (@&e The
identified by exposure to spirodiepoxides derived from allérie nascent vicinal alkoxide displaces the mesylate to form a new
Addition of benzamide under neutral conditions lecDtalkylation/ epoxide, which resists subsequent azide opening. AZdmnd the
cyclization and gave oxazolinek5 in 44% vyield, whereas the  amine derived by reduction proved unstable and therefore were not
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a Reagents and condltlons: (- }-N-methylephedrine, Zn(OTH) Et:N,
toluene, rt, 2 h, TBSOCKCCH then23 14 h, 93%,>95% ee; (ii) a. MsClI,
EtsN, DCM, —65 to 23°C, 2 h; b. MeMgBr, CuBr, LiBr, THRert-butyl
ether,—65 to 23°C, 2 h, 91%; (iii) a. DMDO,—40 to 23°C, 1.5 h; b.
BusNN3, CHCEL, —20 to 23°C, 1 h, 73% (3:1 dr); c. 10% Pd/C, H
(Boc)0-K,CO;s, EtOAC, rt, 12 h, 91%; d. TFA, OC, 13 min; (iv) a.26,
HCl-lle-OMe, DCC, HOBT, E{N, DMF, 0 to 23°C, 12 h, 93%; b. 25%
TFA—DCM, 10 to 23°C, 40 min; c. TEA, AgO, DMAP, DCM, 0 to 23
°C, 3 h, 95%; d. 5% NaOH, MeOHH0, rt, 2 h, 99%; €27, DCC, HOBT,
DCM—DMF, rt, 3 h, 92%; f. 10% Pd/C, i1 MeOH, rt, 2 h, 100%; (VR5,
DIEA, DCC, HOBT, DCM-DMF, rt, 4 h, 86%; (vi) a. TBAF, THF, 0 to
23°C, 1 h, 89%; b. MsClI, DIEA, DCM,—40 to 23°C, 1 h; c. KCOs;,
THF—H20, rt, 3 h, 93%; d. TFA, 0 to 23C, 20 min, 88%.

advanced. Amines related 18, however, were stable to manipula-
tion leading tol, as described below.

The optimized synthesis of epoxomicin is presented in Scheme
3. Isovaleraldehyde was subjected to asymmetric alkynytion
form 24 (93% yield,>95% ee). The alcohol was converted to the
mesylate and subsequently transformed into alapon copper-
mediated! Sy2' displacement (91%). As described above, treatment
of 6 with DMDO?!? followed by exposure to azide smoothly
produced19 (>95% er) in 73% vyield (3:1 ratio of separable
diastereomers). In situ reduction/protection (91%) and then treat-
ment with acid converted the major azido alcohol to the stable crude
amine salt25) ready for peptide coupling. DCC-promoted coupling
of 26 with methyl isoleucinate (93%), Boc removal and acetylation
(95%), saponification (99%), coupling to threon2& (see inset),
and then hydrogenolysis ga28 (92%, two steps), which smoothly
coupled with25 to furnish29 (86%, 19 — 29). Exposure o9 to
fluoride cleaved the silyl ether-protecting group (89%). The resultant
primary alcohol was converted to the mesylate and cyclized to give
the epoxide (93%), and then ttext-butyl ether was removed (88%)
to producel.

Spectral data for synthetit proved identical to published data
for naturall, including [o]p?® —64.0 € 0.47, MeOH), lif2 —66.1
(c 0.50, MeOH), and confirms the stereochemical assignments in

Scheme 3. Chemical correlation secured the syn stereochemistry

of the major isomers af5—17, 19, and22 as shown in Scheme 2.
Nucleophilic opening of a spirodiepoxide effectively establishes

specific stereochemical communication across a carbonyl. As

depicted in eq 1, oxidation/nucleophilic opening installs three

Ean

L = large substituent; S = small substituent

o]

— (Eq 1)
Nu OH

functional groups, nucleophile, ketone, and alcohol, with syn

selectivity. Importantly, this transformation is achieved in the
absence of other stereodirecting functionalities. This report also
establishes that chiral spirodiepoxides can be prepared and ma-
nipulated on gram scalé.Coupled with the two-step assembly of

all the carbon atoms of the targeted substructure, this method is a
highly efficient, flexible, and modular synthesis of highly func-
tionalized ketones and their derivatives. In addition to disclosing
the selective reaction of a spirodiepoxide in the presence of a
mesylate and several new and diverse reactions of spirodiepoxides
(e.g. formation of ortho estdrd, oxazolinel5, and azido epoxide

22), we have completed the synthesis of epoxomicin in an overall
yield of 26% from23 (20% including all steps). This route should
also provide new epoxomicin analogues with improved activity and
selectivity. Issues such as the scope of compatible functional groups
and nucleophiles, control of regioselective nucleophilic addition,
stereoselective oxidation of the allene precursors, and elucidation
and exploitation of the mechanisms of spirodiepoxide opening are
under investigation.
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