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Abstract:A stereoselectivesynthesisof a filly protectedC1-CIO-polyol-flagmentof nystatin
Al is described. The oxy-Cope rearrangement of the chiral aldol product 1 affords the
aldehyde3 as the key intermediatewhich is convertedinto the natural product fragmentby
enantioselectivesllylborationand intramolecularconjugateadditionof a herniacetal-alkoxide.
@

NystatinAl is a member of the large groupof over 200 polyene macrolideantibioticswhich have been
discoveredso far.’ Based upon their strong antifungalactivity some of them like nystatin Al have become
important clinical agents for the treatment of life-threateningfungal infections. The molecular structure of
nystatinAl is devided into a polyene sectionof six doublebonds and a polyol part of eight hydroxygroups
which are positionedmainly in a 1,3-relationship.Such 1,3-diolmotifs are also foundin many othermembers
of this class of naturalproducts,thus the searchfornew stereoselectiveroutes towardsthe synthesisof 1,3,5,..-
polyolstructureshas been an areaof activeresearchfor the past severalyears.z
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We wish to present hem a novel and stereoselectiveapproachtowards the C1-CIO-polyolfiagrnent of
gement of chiral aldol products.4This methodologywasnystatin A13which is based on the Cope rearran

recently developedin our laborato~ and has been successftdlyapplied for the synthesis of enantiopureand
highlysubstitutedtetrshydropyrans5andpiperidines.6

The chiral aldehyde3 readilyavailable Cope rearrangementof aldol product 1 was envisagedas the
key intermediatein our synthesis.It alreadycontainsthreehydroxygroupsof the C1-CIO-fragmentof nystatin
Al in a masked form: the aldehyde to be converted into the C7-hydroxygroup by enantioselective
allylboration,the phenyldimethylsilylgroup to be traded for the C5-hydroxygroup by oxidative desilylation
andthe enoatemoietyto be used for the introductionof the C3-hydroxygroupby conjugateadditionof an oxa-
nucleophile.The reason for the use of a l-silyl-1,5-dienein this context is the poor performanceof l-alkoxy-
1,5-dienesin the Coperearrangernent.7
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The aldol product la was prepared in good yield according to the aldol
methodology.8The sts23dardsilyloxy-Coperearrangementof lb (R= SiMeJ was completewithin 20-30min
in toluene at 180°C (10:1 stereoselection). Apparently, the k activation energy of the sigmatropic
rearrangementis significantly lower for the silyl-substituted 1,5-dienescompared to the alkyl-substituted
ones.9Therefore,we reasonedthat a Coperearrangementof the unprotectedaldolproduct la (R=H) mightbe
feasiblewith only minor amountsof retro-aldolproductsbeing produced.This side reaction usually prevents
the use of the freealdolproductsin the Cope rearrangement.Underthe optimizedconditions(CHZCIZ,135°c
12 h) the desired product 2 was obtained in 54Y0yield as a single stereoisomer atler chromatographic
purification(Scheme 1). In addition, the comespondingretro-aldolproducts were isolated in 36% and 32~0
yield, respectively,and were routinelyused for the aldol reactionagain.Thus, the total yield for the oxy-Cope
rearrangementcalculated on conversionamounts to 80Y0.27dsis thefirst o a

w i s
We assume that the rearrangementproceeds through the depicted chairlike transition state A with an axial
hydroxyand an equatorialcarboximidegroup. Transesterificationof the irnide 2 (MgCIOMe,CHZC12,O“C)
proceededcleanlyto furnishthe melhylester3 in 73?40Yield.’”
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Schemel

Withthe key intermediate3 availablein enantiopureformand goodoverallyield we turnedour attention
to the elaborationof the C1-Clo-f@mentof nystatinAl (Scheme2). Enantioselectiveallylationusing
allylbis(2-isocaranyl)boranel’and benzylation (C13CC=NHOBn,TK)H)12gave rise to 4 which already
contains two chiral centers and constitutes the completecarbon backboneof the target molecule. Oxidative
desilylationunder retention of configuration a two-step procedure(1. BF3-AcOH,2. H20Z,NsHCOJ’3
producedthe &hydroxy-u,P-enoate5 in good overall yield, Treatmentof 5 with benzaldehydeand KOtBu
transformedthe C5-hydroxygroupinto the benzylidenehemiacetalalkoxidewhichnow addedto the enoateto
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install the protectedC3-hydroxygroupsyn-stereoselect,ively(25:1stereoseled.ion).’4This conjugateadditionis
known to be thermodynamicallycontrolled to deliver the dioxane 61s with all substituents in equatorial
positions.

Scheme 2
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a) allylbis(2-isocaranyl)borane,Et20, -78°C,30 minj thenH202, MeOH,rt, 30
rein; b) C13CC=NHOBn,TK)H, CH2C12,O“C,4 h; c) BF3(AcOH)2,CH2C12,rt, 5 rein; d) H202, NsHC03,
KF, MeOH, THF, rt, 5 h; e) KOtBu, PhCHO, CH2C12,O°C,1 h; f) BH3-THF,THF, O“C,1 h, then H202,
NaOH;g) Ac20, pyridine,rtj 6 h; h) Pal/C,H2,EtOH;i) HF, CH&N, rt 1h.

Finally,hydroborationof the terminalolefinand acetyhttionproduceda fidly protected,enantiopureCl-
Clo-polyolhgment of nystatin Al 7. Upon hydrogenolysisand treatment with acid the benzyl protecting
groups were removed and lactonizationoccurredto afford the known lactone 8’6 whose spectroscopicand
analyticalpropertieswere identicalwith the publisheddata.3

In conclusion,we have achieveda very shortand stereoselectivesynthesisof the C1-CIO-polyol-tlagment
of nystatinAl with a highlyselectiveand efficientoxy-Coperearrangementof a chiral aldolproductas the key
step. The strategypresentedhere is expectedto be applicableto the synthesisof even more complexpolyol
naturalproductswhichwe are now activelypursuing.
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[a]~’”= -13.0°(c= 0.5, CHC13);‘H (200MHz,CDC1,):5= 1.30-1.80(m, 4 H, 4-H2,6-HZ),2.04 (dt, J=
14.0,7.0 Hz, 1 H, 8-H), 2.33-2.45(m, 1 H, 8-H), 2.47 (old,J= 15.5, 5.5 Hz, 1 H, 2-H), 2.70 (old,J=
15.5,7.0 Hz, 1 H, 2-H), 3.60-3.75(m, 1 H, 7-H), 3.70 (s, 3 H, OMe), 3.95-4.10(m, 1 H, 5-H), 4.18-
4.35 (m, 1 H, 3-H),4,46 (d, Y=15.5Hz, 1 H, benzyl-H),4.61 (d, J= 15.5Hz, 1 H, benzyl-H),5.11 (d,
J= 17.0Hz, 1 H, IO-H),5.14 (old,J= 10.5, 1.0 Hz, 1 H, 1O-H),5.54 (s, 1 H, acetal-H), 5.86 (ddt, J=
17,0, 10.5,7.0 Hz, 1 H, 9-H), 7.28-7.38(m, 10H, phenyl-H);‘3C(50 MHz, CDC13):d= 36.84, 38.19,
39.80,40.72 (C-2, C-4, C-6, C-8), 51.75(OMe),70.67(benzyl-C),73.15,73.74,74.38 (C-3, C-5, C-7),
100.6(acetal-C),117.5(C-1O),126.0,127.6,128.0,128.1,128.4,128.6,138.4,138.6(phenyl-C),134.5
(C-9), 171.2(CO).
[a]~20= +16.0° (C= 0.8, CHC13);‘H (500MHz, CDC13):8= 1.50-1.65(m, 2 H, 8-H2),1.67-1.86(m, 4
H, 6-H2,9-Hz),1.94(dt,J= 14.0,8.0 Hz, 1H, 4-H),2.07 (s, 3 H, OAC),2.09 (me, 1H, 4-H),2.65 (br d,
J= 17.0Hz, 1 H, 2-H), 2.71 (old,J= 17.0,4.0 Hz, 1 H, 2-H), 3.00-3.60(brs, 2 H, 2x OH), 3.84 (me, 1
H, 7-H),4.09 (t, J= 6.0 Hz, 2 H, 10-HZ),4.34-4.40(m, 1 H, 3-H),4.94 (me, 1 H, 5-H); ‘3C (125MHz,
CDC13):3= 20.99,24.71, 33.75,35.51, 38.38,42.75,62.31,64.36, 68.51, 75.00, 170.8, 171.4.All new
compoundswere filly characterizedby IRj W MS, NMR and combustionanalysis.


