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An expeditious procedure for the direct formation of stereochemically well-defined macrodiolides is described. Cyclodimerizations of
enantioenriched C7 and C8 hydroxy esters 6 in the presence of catalytic amounts of distannoxane transesterification catalysts afford 14- to
22-membered macrodiolides 7-9 bearing up to six stereocenters. Additional structural diversity is introduced by further stereoselective reactions
on selected macrodiolides 7a, 7g, 10a, and 11.

For decades natural products have served as inspiration foiproduct-like compoundsbut infrequently in the context of
chemists engaged in target-oriented synthesis and methodolpolypropionate-containing moleculédVe have been en-
ogy development. An emerging area involves diversity- gaged in the development of allylic silanes bearing C-
oriented synthesisof libraries that resemble natural prod- @F ctod | @ Les, . Sello, J. K. Schreiber, S

2,3 . . P or selected examples, see: (a) Lee, D.; sello, J. K.; Schreiber, S.
ucts®* An underdeveloped strategy in library synthesis is | j am. chem. S04999,121, 10648. (b) Nicolaou, K. C.; Pfefferkorn,
one involving stereochemistry as a diversity element. This J. A;; Roecker, A. J.; Cao, G. Q.; Barluenga, S.; Mitchell, HJ.JAm.

; ; Chem. So0c2000, 122, 9939. (c) Pelish, H.; Westwood, N.; Feng, Y.;

approach has been used to prepare cyclic RGD peptides, ;i i mr oo ng A Chem. So@001 123 6740. (d)
B-turn peptidomimetic8 C-trisaccharide$and other natural-  Brohm, D.; Phillippe, N.; Mertzger, S.; Bhargava, A.; Muelle, O.; Lieb, F.;
Waldmann, HJ. Am. Chem. So2002,124, 13171.

T Cornell University. (4) Annis, D. A.; Helluin, O.; Jacobsen, E..Mngew. Chem., Int. Ed

(1) Schreiber, S. LScience2000,287, 1964. 1998,37, 190.

(2) Recent reviews: (a) Wessjohann, L.@urr. Opin. Chem. Biol2000, (5) Feng, Y.; Pattarawarapan, M.; Wang, Z.; Burgess].kOrg. Chem.
4, 303. (b) Hall, D. G.; Manku, S.; Wang, F. Comb. Chen001,3, 125. 1999,64, 9175.
(c) Ganesan, APure Appl. Chen001, 73, 1033. (d) Breinbauer, R.; Vetter, (6) Sutherlin, D. P.; Armstrong, R. WI. Am. Chem. S0d996,118,
I. R.; Waldmann, HAngew. Chem., Int. ER002,41, 2878. 9802.
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centered chirality. These reagents have been successfull{| GGG

employed in Lewis acid promoted crotylations, producing
highly diastereo- and enantio-enriched polypropionate-like
hydroxy ester8.We reasoned that these intermediates could

. e . Me R
be employed in a transesterification sequence to rapidly Mcogw cat. AorB )
assemble stereochemically diverse macrodiolides reminiscent L # HOOR X Me
of polyketide-derived natural products (Figure'd). " CT7 hydroxy ester 6
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Me Mo Me <\N II A Mo Me © solvents and concentrations known to be effective in dist-

) . Ve ) annoxane-promoted transesterifications (Table 1). Consistent
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Figure 1. Structures of representative macrodiolide natural prod-

ucts. Table 1. Effect of Solvent and Concentration on
Cyclodimerization

Figure 2 summarizes the synthesis of stereochemically
well-defined 14- and 16-membered macrodiolides resembling OMe cat. A

known polyketide-derived natural products. Our approach \)\KVCOzMe 10 mol%, reflux 7a
to theseC2-symmetric macrocycles emerged from studies Me 6a

on the cyclooligomerization of hydroxybutanoates docu-

mented by Seebadh.However, these substrates typically

produce mixtures of oligolides and may be limited in library yield concnin vyield
synthesis. We anticipated that transesterification of hydroxy entry solvent? (%)° entry CeHsCl (M) (%)b
esters6 would lead to initial production of an intermediate 1 toluene (0.02 M) 30 5 001 75

acyclic dimer, followed by intramolecular transesterification, 2 heptane (0.02 M) 20 6 0.05 50

to afford a macrodiolide product. This outcome was based 3  benzene (0.025 M) 58 7 0.02 30

on the assumption that cyclization of an initially formed 4  chlorobenzene (0.01 M) 75 8 0.5 10

dimer would be more favorable than oligomerization. Inthis  a ol reactions were run at reflux under a;Ntmosphere (36—48 h).
Letter, we report that enantioenriched hydroxy estées( b|solated yield of7a after silica chromatography.

i) are useful substrates for macrodiolide formation using
distannoxane transesterification catalydtproducing ste-
reochemically diverse homo- and heterodimé&rs3( and9)

in an efficient complexity-generation step.

with literature precedent, reactions were found to be sensitive
to solvent choice; heptane afforded mainly products from
oligomerization and use of toluene afforded the benzyl ester
(7) () Koide, K.; Finkelstein, J. M.; Ball, Z.; Verdine, G. L. J. Am.  of the hydroxy-ester substrate with trace amounts of ho-

Chem. Soc2001,123, 398. (b) Stavenger, R. A.; Schreiber, SAngew. ; ; ;
Chem., Int. EA2001.40, 3417, (c) Harrison, B. A.: Gierasch, T.: Neilan, modimer. Best results were obtained using chlorobenzene

C.; Pasternak, G. W.; Verdine, G. . Am. Chem. So2002,124.13352. at reflux with monomewa®1%o afford 16-membered mac-
(8) (a) Misske, A. M.; Hoffmann, H. M. RChem. Eur. J200Q 6, 3313. rodiolide 7ain high yield (entries 4 and 5). Not unexpectedly,

(b) Losey, H. C.; Jiang, J.; Biggins, J. B.; Oberthur, M.; Ye, X.; Dong, S. . . L . .

D.: Kahne, D.: Thorson, J. S.: Walsh, C. Chem. Biol.2002.9, 1305. reactions performed at higher dilution resulted in efficient
(9) Panek, J. S.; Yang, M.; Muler, J. Org. Chem1992,57, 4063. conversion tovawith reduced amounts of oligomers (entries
(10) (a) Helmidiol: Ruediger, K.; Zeek, A.; Grabley, S.; Thiericke, R.; 5 and 6)

Zerlin, M. J. Nat. Prod.1996,59, 539. (b) Pyrenophorol: Kis, Z.; Furger, : L . . .

P.; Sigg, HExperiential 969 25, 123. (c) Elaiophylin: Fiedler H P.; Worner After establishing reproducible reaction conditions, we

W.; Zahner H.; Kaiser H P.; Keller-Schierlein W.; Muller A. Antibiot. i H H
; ; » I v examined a series of stereochemically complementary mono-

1981,34, 1107. (d) Conglobatin: Westley, J. W.; Liu, C.; Evans, R. H,; . y P . .ry

Blount, J. F J. Antibiot. 1979,32, 874. mers to generate structurally diverse macrodiolides. As

Zb_(lc}) Plfgtngr, I%- AH; Blrulnnecrh_A-; 2"5;'1‘99%2,”96“”%%2 H.; Petter, W.;  shown in Table 2, cyclodimerization of hydroxy estées-i
inden, P.; seebach, biely. Im. AC , (0, . . .
(12) Otera, JChem. Rev1993,93, 1449. (b) Shimizu, I.; Nakagawa, using CatalySA (10 mol %) proceeded to afford homodimers

H. Tetrahedron Lett1992,33, 4957. 7a—i in moderate to high yield, together with varying
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s 200°C (300 W) in a Discovery-Explorer microwave system
Table 2. Homodimers Produced by Cyclodimerization for 7 min led to production of macrodiolidea (60%):°
Vield (%), Gme Cyclodimerization products may be further diversified

entry substrate macrodiolide ( dimer : trimer)® through the transesterification of two different monomers to
OMe produce heterodimers. This reaction sequence produces a
OMe o_¢ wMe separable mixture of macrodiolides (two homodimers and a
1 HOJ\l/\”COZMe ~ o- 751» (ﬁ h heterodimer). Scheme 1 summarizes preliminary experiments
Me 6a Me 7a 10:1)
OMe
O Me
2 HOWCOZMe o)'\/\/'\ 80, 43 I Scheme 1. Heterodimeric Macrodiolides Produced by
Me 6b \l/\/YO 7b > p Cyclodimerization
Me 0 >10:1) Ve
OBn
=~ = 8,72h e
\)\l/\/\COZMe - 0 (11.8:1) HO \ 0" ™o < K
Me 6c . o T¢ -8 COMe :
Ve
" den 6o cat A (10molo) o2 33%
OMe - () +
P QMe\ oBn o O/'\E)Mj M+ 56 h homodimer
T _=0B e 7a 25%;
H CO,Me BnO-{%\/O ’ n 84,48 h Ho \)\/\/COZMe a+
°  6d Me X 7d ¢ homodimer
OMe 6b 7b 20%.
oM oM
5 20e o M OMe
HO X o L Y
Y YTC0Me — ol 7e 45.48h o e
Me 4 o) (3 71) (:)MeMe OM _
Ve 7 :
be ® ome HOA S co,me _ ey
NHTs Me
NHTs A, Me 6 Me
B o) g cat. A (10 mol%) OMe
6 HO\/\E/\/\COZMG _O/\OL‘> 7f 58,96 h OMeMe 9a: 25%
Me gt " o (4.7:1) HO NGO 96 h a; 25%
e = = 2 +
ZTATS Me homodimer _ homodimer
2 e 6h 7925%; © 7h 20%.
MeQ Me e} IS
7 HOwCOZMe % 65, 48 h
M 14:1 . . o
- ® &g e % © 79 14D concerning the generation of heterodimeric macrol®lasd
OMe 9 through cyclodimerization of hydroxy esteés and 6b
e . . g
MeO Me Me and6g and6h (a 1:1 mixture ofsyn/antidiastereomers).
8 HO M/\CO " ° = Further functionalization of macrodiolides was investigated
p e . .. . .
e z _Mey ( 7n 43 Zz h in an effort to create additional structural diversity (Scheme
6h Ve © 2) 32 Stereoselective epoxidations of olefins in medium ring
OO“F’I‘Q and macrocyclic molecules are well-documented and may
Mey Me o™ N n afford high levels of stereocontrdlElectrophilic epoxidation
9 MeO SN AAoH M) Meg\b‘\“ ® 66,241 of macrodiolide7a (disubstituted olefin) afforded bisepoxides
OH G?Me Me™ Y ONMJ:rO “OoMe € 10a and 10b (dr = 2.5:1). In contrast, epoxidation of
o7 macrodiolide 7g containing a trisubstituted olefin led to

a Al reactions were conducted ingHsCl (0.01 M) with 10 mol % bisepoxidell as a single diastereomer.

catalystA at reflux.? Ratios were determined by HPLC/MS using ELS ; _
detection . Trimer not detected! Ratio was determined byH NMR (400 Slngle X-ray CryStaI structure analyses 04 and 9

MHz, CDCL). (Scheme 2) show that, in the solid state, both molecules adopt
a conformation that minimizes %&-strain!® Peripheral ep-

o ) , oxidatiort” leads to major bis-epoxidelDa and 11, which
amounts of macrotriolides. The methodology is suitable for yqih adopt conformations similar to those of their olefin
preparation of 14- (entry 2), 16- (entries 1 and&, and

22-membered (entry 9) macrodiolides, the latter incorporating  (15) Recent review: Wilson, N. S.; Roth G. Eurr. Opin. Drug

both peptide and polyketide featurésn preliminary studies, Disﬁ%ﬁ%eDgfv ggtoe?ngossr?e cataly&tfor this transformation (ca. 0.015

we have found that the cyclodimerization may be aCC""Jlerat’f'ldM) led to a 25-37% isolated yield of7ain a short reaction time of 10
using microwave irradiatio’ Treatment of monomeéa min.

; s di (17) For seminal papers on macrocyclic stereocontrol, see: (a) Still, W.
with 10 mol % distannoxane catalyst(0.02 M, GHsCl) at C.; Galynker, |.Tetrahedron1981,37, 3981. (b) Local conformer effects

in macrocycles: Vedejs, E.; Gapinski, D. M.Am. Chem. S04983,105,

(13) Craig, E. M.; Panek, J. £hem. Rev1995,95, 1293. 5059. (c) Vedejs, E.; Dent, W. H.; Gapinski, D. M.; McClure, C.XAm.
(14) For the biosynthesis of hybrid peptide-polyketide natural products, Chem. Soc1987,109, 5437.
see: Du, L.; Shen, BCurr. Opin. Drug Discaery Dev.2001,4, 215. (18) Hoffmann, R. WChem. Re»1989,89, 1841.
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Scheme 2. Postfunctionalization through Bis-epoxidation
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precursors in the solid state. In this case, substitution of thering opening). Parallel synthesis of complex macrodiolide
double bond dramatically increases the diastereoselectivityand related compounds is currently under investigation and
of the epoxidation, likely as a result of increased conforma- will be reported soon.

tional rigidity of 7917 Further diversification was achieved

by treatment of the macrodiolide bis-epoxides with DBU, ~ Acknowledgment. We thank the NIH for financial
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to 22-membered macrodiolides. Cyclodimerization of two
identical hydroxy esters using distannoxane catalysis affords
highly functionalized homodimers. The corresponding het-
erodimers were obtained by combining two different mon-
omeric hydroxyesters. Additional structural diversity is
introduced by further stereoselective post-functionalization
of macrodiolides (epoxidation followed by base-catalyzed 0L034608z

Supporting Information Available: Complete experi-
mental procedures and spectral data for all new compounds
and X-ray crystallographic files (in CIF format) for com-
pounds7a, 7g, 10aand 11. This material is available free
of charge via the Internet at http://pubs.acs.org.
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