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Readily accessible “chiral aldehyde” equivalents play an impor- Scheme 1. Cycloaddition Reactions With 4-Naphthoxybutenolide#

tant role in organic synthestsEnantiopure 4-aryloxybutenolides
are readily available using a palladium-catalyzed asymmetric allylic HN &~ COEt
alkylation (AAA) in a dynamic kinetic asymmetric transformation FﬂH — H
as shown in eq 1. In the previous examples, the aryloxy group acted ©% 3 OAr o ﬁ OAr
6 3
oﬂosoc 3 (a) Ethyl diazoacetate, THR (94%). (b) 1,3-cyclohexad|ene, micro-

O

O wave.
1
+ ngpphz phz:b _ Q Table 1. TMM Cycloadditions to 4-Naphthoxybutenolide

HO.
OO 0 O 1) entry R= conditions yield dr (epi)®
2.5% Pdydbag-CHCls, CH,Clp H

. 0 aro o & H Toluene, 100C, 12 h 93 >98/2
2 30% BuyNCl, 0°C, 84% 3 (92-97% ee) 2 THF, 60°C, 24 h 93 ~98/2
. ) ) L by CNe THF, 60°C, 12 h 94 5.5/1
as a tether and was incorporated into the final pro#dcsignificant by Toluene, 100C, 6 h 01 94/6
aspect of the synthetic utility gf-aryloxy or y-alkoxybutenolides c Me Toluene, 100C, 48 h 60 >98/2 (1/1)
relies on the ability to transfer the chirality from thealkoxy center d Ph Toluene, 106C, 24 h 79 >98/2(4/1)

to thea and 3 carbons in intermolecular reactioh$Ve became . ) ) . .

S . S : . . - a All diastereomeric ratios are of the crude mixture. All diastereomers
'nt”gl'!ed by Fh.'s possibility in conjunction with our studies of  \ere separable by column chromatograghghiral center substituted with
enantioselectivity of cycloadditions of trimethylenemethapal- R group.¢ Olefin isomerized into conjugation with the nitrile.

ladium complexes (TMM-PdL,) for asymmetric syntheses of
cyclopentanoids. Asymmetric catalysis of this cycloaddition as well

: . Y ) selectivity and excellent facial selectivity. In the case of the cyano-
as using chiral auxiliaries on the acceptor has proven difffclut. y y 4

thi K t the utility of the chiral af i substituted TMM reaction (entry b), the exocyclic double bond of
IS work, we report the utility of the chiral acetalor asymmetric the initial product isomerized to the endocyclic position. The solvent

cycload_dltlons, notably those involving TMMDdLZ? effect on the facial selectivity in this case is also noteworthy, that
Previous reports have demonstrated the effectiveness of 5-men-

. . . - IS, higher diastereoselectivity in toluene than THF even though the
thyloxy-2-(5H)-furanoné in controling diastereoselectivity of 1,3- ¢ y0 g o considerably higher temperature. While the epimeric
dipolar and Diels-Alder cycloaddition$. For comparison, we

. ) ratio with respect to the methyl group in entry ¢ was 1:1, the ratio
examined an example of each as shown in Scheme 1. In both Casesy e phenyl case increased to 4:1 (entry d).
as with 5, facial selectivity of the cycloaddition as well as

ioselectivity in th f the 1 3-diool loadditi The utility of the chiral aldehyde equivalent in the TMAPdL,
regioselectivity in the case of the 1,s-dipolar cycloadaition was cycloaddition is demonstrated in the access it gives to a wide range
complete to give adducté and 7. The yields were excellent,

N : ) ; of cyclopentane-containing natural products. Interest in the biologi-
significantly higher in the case & compared tc for the Diels- yclop g P 9

. . . T cal properties of {)-brefeldin A 258 which continues to grow
Alder re?ﬁ:orﬁ VY?"ehv.ve pig%mzid;hg;/'wldelr reactlgtn tm significantly? provides a continuing stimulation for new synthetic
a nlcc)jrma ertr:a_ aj |o_n( ! ' :)f negz)y quanti f@lge strategied® The chemistry reported herein provides a new op-
Z/'g (250Wr§ir:)o ained using a microwave at TB(60 min) or portunity to enhance the efficiency of a synthesis of this significant
arget.
These results prompted us to examine the regio- and dlastereo- 9

As shown in Scheme 2, the TMM cycloaddua was trans-
7 .
selectivity of cycloadditions via TMMPdL.” (eq 2). As sum formed to ketonelO in 84% vyield, utilizing a one-pot dihydroxy-

lation—oxidative cleavage protocél.Ketonel0 was chemo- and

0 R SlMes diastereoselectively (dr 96:4) reduced to alcatibby the method
Q OAc of Yamamota!'? Without purification, the alcohol is silyl-protected

/A/j‘ —’c to afford intermediatd 2 in 74% yield (two steps.) Using a Merck
0T 0 20% gz'?j ;PO::)"’E"‘ protocol23 the lactonel 2 is opened to the Weinreb amide/aldehyde,
3 ° 2

liberated 2-naphthol is removed (94% recovered), and the aldehyde
is epimerized to afford the functionalized caot8 in 72% yield
(two steps).

Introduction of the upper side chain envisioned use of a new
*To whom correspondence should be addressed. E-mail: bmtrost@ prOt‘?C‘?' for fo_rmation oitransalnkenes from alkyne_s' Addition of
stanford.edu. the lithium anion of ethyl propiolate to the cofle in 5/1 THF/
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marized in Table 1, a range of TMM precursoBaf{ 8d) were
examined. All reacted well and gave complete control of regio-
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Scheme 2. Synthesis of the (+)-Brefeldin A Core? Scheme 4. Completion of the Total Synthesis?
y OTBS
H, ,OPMP
PT\//S\\/\/\/'< _a _ TBSO, /Cl/\ACOQEt opMp bic
oo 22
OTBS ’ OH
= AN NN
- TBSO,, CO,H d,e
WS COEt N R H
— 2!
_d.e_TBSO, /Crk e TBSO,, e 9 24 H 25
- ( a(a) KHMDS, DME, thenl7to rt (E/Z > 12/1, 81%). (b) C.A.N., 4:
© 14 OMe 1= acetone: water. jcl N agNaOH, THF, MeOH (76%, two steps). (d)
MsCI, EgN, 2,4,6-trichlorobenzoyl chloride, xs. 4-DMAP, toluere(61%).
H 9” p OTBS (e) TBAF, THF, rt (77%).
TBSO/,/<:i/\/\COzEt h, i TBSO/,’q\/\COzEt
/ M —_— . . .
H f 5 H ;.‘"1(“ The spectral data as well as the sign and magnitude of rotation
15" Me 17 0 matched those of an authentic sample -6j-prefeldin A. Thus,
a(a) NalQ, 5% 0sQ, THF/H,0 (84%). (b) DIBAL-H, B. H. T., Toluene (+)-brefeldin A is available in a convergent fashion from three
(>96/4 dr).(c) TBDMSOTT, pyridine (74%, two Steps). (dP(MgCl, components: aldehyde-amid8, ethyl propiolate, and sulfor2.

MeO(Me)NH-HCI, THF,—10 °C. (e) DBU, CHCl, (72%, two Steps). (f) All of the stereochemistry evolves from two palladium-catalyzed

LICCCO:Et, THF/HMPA = 5/1, —78 °C (>6:1 dr, 88%). (g) (EtQ)SiH, . . . .
1% Cp*RU(CHCN)sPRs, CH,Cl, (92%). (h) TBDMSOTY, pyridine, ChCly AAA reactions. The effectiveness of the introduction of the upper

(i) DIBAL-H, THF, —78 °C (81%, two Steps). side chain via the new methodology described which achieves a
clean chemoselective reduction of an alkyne twams-alkene is
Scheme 3. Lower Side Chain Synthesis® noteworthy. This work demonstrates the utility 8f which is
Me0,c0 N 2 \H/QOPMP L1 EtOZC\/\H/gpMP available via a catalytic asymmetric route, as a “chiral aldehyde”
18 equivalent, especially in TMMPdL, cycloadditions.
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60 °C (88%, two steps). Supporting Information Available: Experimental procedures for

7, 9a—9d, 14, 15 19, and 25 and characterization data for all
HMPA at —78 °C afforded propargyl alcohdl4 in 6:1 dr (88% compounds (PDF). This material is available free of charge via the
yield) with Felkin-Ahn control, whereas the epimer was also Intermet at http://pubs.acs.org.
available in 1:6 dr (92% yield) by simply using DME, presumably
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