JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Total Synthesis of Mycalamide A
Jeong-Hun Sohn, Nobuaki Waizumi, H. Marlon Zhong, and Viresh H. Rawal
J. Am. Chem. Soc., 2005, 127 (20), 7290-7291 DOI: 10.1021/ja050728I « Publication Date (Web): 04 May 2005
Downloaded from http://pubs.acs.org on March 25, 2009

Ph Ph

(.) O .
O\I]/\/ Pd (Il) e

mycalamide A

More About This Article

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

. Supporting Information

. Links to the 8 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/ja050728l

JIAIC[S

COMMUNICATIONS

Published on Web 05/04/2005

Total Synthesis of Mycalamide A

Jeong-Hun Sohn, Nobuaki Waizumi,™ H. Marlon Zhong,* and Viresh H. Rawal*
Department of Chemistry, The Umirsity of Chicago, 5735 South EllisvAnue, Chicago, lllinois 60637

Received February 3, 2005; E-mail: vrawal@uchiago.edu

Mycalamides A-D,! onnamides A-F 2 and theopederins-AL3 Scheme 1. Retrosynthetic Analysis
belong to a class of structurally related natural products. These com- oH R
pounds possess strong antitumor and antiviral activities, and some AOR

members display potencies at subnanomolar concentrations in cells Ve OH v,;:(

as a consequence of protein synthesis inhibftionparticular, mycal- {13 = Vg:(
amide A (1), isolated from a New Zealand marine sponge of the genus m ¥ m “OMe
Mycale also exhibits immunosuppressive action by blocking T-cell

activation in mice and is significantly more potent than FK-506 / ﬂ)
and cyclosporine A.The combination of intriguing biological

profile, structural complexity, and scarce supply of these natural 0. A_OR, gl (O
products has stimulated intense research efforts by synthetic chem- ,VH\L/\/ m TBDPSO “IOMe
ists, and total, formal, or partial syntheses of several members of 4 9 _OMOM
this family of compounds have been reportetiWe report here a OR1 ongu MONO
convergent synthesis of mycalamide A, wherein the two major parts 2 T\, Y\/ ? HO,

mycalamide A (1

of the target are synthesized through concise, stereocontrolled routes. o= . ~oTBDPS T OMO“CA’TBDPS
Our plan for the preparation of mycalamide A entailed linking vowd_omom | 10
of the pederic acid half2), which is found in all members of the " 1 Ho  OH
above family of compounds, with the mycalamine haJfthrough . SR )
. . . . . AOR; EtO,C  CO.Et
an amide bond (Scheme 4 Piastereoselective formation of this ] Hor Diethyl Diartrate (12)

bond has proven challenging, since the aminal group in mycalamine
is configurationally unstable under acidic, neutral, or basic Scheme 2. Synthesis of (+)-7-Benzoylpederic Acida
conditions?PWe devised a palladium-catalyzed tandem cyclization

sequence to construct the pederic acid framework. The exocyclic °’< O,(Ph o,<Ph

double bond containing pyran rinrgwas expected to arise from 7 Hoo ™~ o\","\,O LI o AL
an intramolecular Heck reaction ef-alkylpalladium specie%, 2 2 o 7(\/

which, in turn, was the expected product of a Wacker-type reaction ph Il 13 Il 14

of enolethe6.!! Since Pd(0) is produced at the end of the cascade, Me© o MeQ QB2 MeQ 0Bz

a secondary oxidant would be required to complete the catalytic ONAAOTES 9 | O OR
cycle. In the challenging trioxadecalin part, five out of the seven j%\JN m
carbons in this hicyclic ring system are stereogenic. Further analysis 15 9057 16

revealed that the oxygenated four-carbon fragment was derivable R-Me 1s)-_—\
from the abundant C2 symmetric compound, tartaric acid. aConditions: (a) EDC, DMAP, CLCl,, 91%. (b) CpTiMe,, PhCH;

Scheme 2 summarizes the tandem Wacker/Heck route to pederic80 CI 85%. ((;3) P;i'_%':/(g ’\%5: e;l(l)lllll) ?g;zo?ju'ﬁonﬁ MIZCI—)EHtOFILC(g%’;ée)
acid, the left-half of mycalamide A. Esterification of benzylidene- ?é;’%g”c‘i %XI'PEA CHCh, 935% (0)BzCIOD§\A?APaDIIF(>]EA CHCls 0N%.
protected glyceric acid with the known homoallylic alcohor,*® (g) PDC, DMF, 83%. (h) ChN,, EtO, quant.
using EDC, followed by Petasis methylenafityproduced enolether
14, possessing the carbons necessary for pederic acid and poisefour-step sequence to give the aldehyidein 77% overall yield.
for the Pd-catalyzed cyclization sequence. Syringe pump addition (Scheme 3) Chelation-controlled addition oftebutylprenylstan-
of 14to a mixture containing MeOH, HC(OMg)propylene oxide, nane to aldehyd&1 using ZnBs introduced the next stereocenter
benzoquinone as the stoichiometric oxidant, and 0.15 equiv obPdCl with >50:1 diastereoselectivifif:!6 Methylation of 10 (98%) was
in THF—DMF (20/1) at ambient temperature provided the desired followed by a new protocol devised to remove both MOM groups
tetrahydropyrari5in 78% yield as a 5.7:1 mixture of diastereomers. under mild conditions. Treatment with ZnBand n-BuSH in
Removal of the benzylidene group and selective TES protection of methylene chloride for a few minutes at room temperature removed
the primary alcohol followed by benzoylation of the secondary hy- both MOM groups and gave didl9 in 98% yieldl” Selective
droxyl gavel6in excellent yield. Slow addition df6to a mixture benzoylation of C(11-OH followed by MOM protection of the
of PDC in DMF converted the TES-protected hydroxyl directly to  remaining OH and removal of the benzoyl group afforded alcohol
the corresponding aciti7 (83%). For the purpose of characteriza-  20in good yield. Ozonolysis d20followed by acetylation produced
tion, the acid was converted to the corresponding methy! ekt a lactol acetate, which on treatment with 8BEt and allyltrim-

The synthesis of the right-half of mycalamide A commenced ethylsilane in methylene chloride furnish8ds a single diastere-
with diethyl p-tartrate (2), which was desymmetrized through a  omer in 66% vyield from20.8.9¢.d.18
In preparation for the dioxane formation, the TBDPS group was
"Present address: Pfizer Inc., Nagoya Laboratories, Taketoyo, Aiichi, Japan. Jemoved and the resulting alcohol was oxidized under Swern

* Present address: Johnson & Johnson Pharmaceuticals Research and Develo|
ment, L.L.C., Spring House, PA. conditions. Treatment of the resulting aldehyde with paraformal-
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Scheme 3. Synthesis of Mycalamine?@
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aConditions: (a) (MeQXH,, P,0Os, CH,Cl, (quant). (b) LAH, E3O
(86%). (c)n-BuLi, TBDPSCI, THF (quant). (d) (COCJ) DMSO, EtN
CH,Cl, (90%). () MeCCHCH:SNBUs, ZnBr,, CH,Cl, (90%). (f) NaH,
Mel, THF, 98%. (g) ZnBs (2.5 equiv),n-BuSH (3.0 equiv), room temp (rt),
8 min, CHCl,, 98%. (h) BzCl, DIPEA, CKCly, rt, 11 h, 80%. (i) CH-
(OMe), P05, CHCly, 1t, 3 h, 91%. (j) KkCOs, MeOH, rt, 3 h, 83%. (k)
03, Me;S, CHCly; Ac;0, DMAP, pyr; BR*OEL, CH,CHCH,TMS, CH,Cl>,
66%. (I) TBAF, THF, 91%. (m) (COC}) DMSO, NE&, CH,Cl. (n)
(CHOY),, concd HCI, THF; AgO, DMAP, pyr, 63%, dr 5.4:1. (0) OsQ
(DHQ)XPYR, KxCOs, KzFe(CN), t-BUuOH/H,0O, —3 °C (a-AcO 83%, dr
5.0:1;8-OAc 85%, dr 5.9:1). (p) AfO, DIPEA, DMAP, CHCl,, 92%. (q)
TMSNs, TMSOTf, CHCN, —78 to 0°C (quant). (r) H, Pd/C, EtOAc, 90%.

Scheme 4. Synthesis of Mycalamide A
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dehyde and concentrated HCI in THF-al5 to —10 °C directly
yielded the 4-hydroxy-1,3-dioxane, which upon acetylation afforded
trioxadecalin21 (57% yield from9). After asymmetric dihydroxy-
lation!® of 21, the diacetate of dioR2 was treated with TMSN

and TMSOTf to transform the anomeric acetate to an azide, which

on hydrogenation gave the desired mycalamine @3t,
For coupling the two partners, an extensive examination of

method&Prevealed that the reaction proceeded cleanly and in good

yield (61%) using PyAOP andPrNEt in (Scheme 4). However,
deprotection of the coupled product tvit N LiOH in THF gave
only C(10)epimycalamide A26%* (75%)2° which could not be
epimerized to mycalamide & Gratifyingly, when the coupling of
17 and 23 was carried out using DCC and DMAP in dichlo-

were developed for the preparation of either mycalamidé)fof
C(10)-epirmycalamide A 26).
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