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SYNTHETIC STUDIES OFANTITUMORMACROLIDELAULIMALIDE:
ENANTIOSELECTIVESYNTHESISOFTHEC3-C14SEGMENTBYA CATALYTIC

HETERODIELS-ALDERSTRATEGY

ArunK. Ghosh,* PackiarajanMathivananandJohnCappiello

DepartmentofChemistry,Universityof Illinoisat Chicago,
845 WestTaylorStreet,Chicago,Illinois60607.

Abstract: The C3-C14 segment of the novel antitumoragent laulimalidehas been constructed
enantioselectively by utilizing a catalytic asymmetric hetero Diels-Alder reaction of
benzyloxyacetaldehydeand Danishefsky’sdiene followedby Ferrier rearrangementand asymmetric
CO13JUgak reactionas the key steps.@1997Elsevier ScienceLtd.

Laulimalide 1 also known as figianolideB, is a 20-memberedmacrolideisolated from the
IndonesianspongeHyatteZla Sp.1 Morerecently,laulimalidehas alsobeenisolatedfroman Okinawan
spongeFasciospongia rinzosa.2 Laulimalide representsa new and novelclass of macrolidewith
potentcytotoxicityagainstthe KB cell line with an IC50 vaiueof 15 ng/mL.lb The cytotoxicityof
laulimalideagainstP388,A549,HT29andMEL28cell linesis alsoin therangeof 10-50ng/mL(IC50
values).2b The gross structureof laulimalidewas establishedby NMR studiesand more recentlyits
absoluteconfigurationhas beenelucidatedby X-raycrystallographicanalysis.2aIn viewof its limited
supplyand uniquestructuralfeaturesas well as its potentialutilityas an anticanceragent, synthetic
studiesof laulimalidebecameof interestto us. Herein, we report on the asymmetricsynthesisof the
C3-C14segmentof laulimalidein whicha chiralbis(oxazoline)-metalcomplexcatalyzedheteroDiels-
Alder reaction, a Ferrier type rearrangementof the derivedglycal and diastereoselectiveconjugate
additionwereutilizedto set theC-9,C-5andC-11asymmetriccenters.
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Chiralbis(oxazoline)-metalcomplexcatalyzedcycloadditionreactionshavereceivedincreasing
attentionin recent years.3 We recently reported4constrainedchiral bis(oxazoline)-metalcomplex
catalyzed hetero Diels-Alder reactions of Danishefsky’sdiene and alkyl glyoxalates to provide
dihydropyranonederivativesup to 72M0ee. In an effort to furtherimprovethe enantioselectivityin
this catalytic process, we have investigatedthe scope and utility of readily accessible bidentate
aldehydessuchas benzyloxyacetaldehyde5 and 1,3-dithianecarboxaldehyde6. Of particularinterest,

2427



2428

0

+

L MqSi

Y

s

)’#s]

I
,.H O 5 OBn

o chid catalyst Chid catalyst
4

J

‘j+;) ;;3 ““m”&’_;

11R = tBu

dihydropyranone derivatives resulting from such cyclocondensationreactions are appropriately
functionalizedfor the synthesisof Iaulimrdidesegment2. As shownin Table 1,cyclocondensationof
aldehyde57and Danishefsky’sdiene4 in thepresenceof 10%Cu(II)-bis(oxazoline)complexprovided
good yield (62-76%) of versatile dihydropyranone78 in high enantiomericexcess. Constrained
ligands9 and 123eare particularlyeffectiveproviding2S and 2R-dihydropyranonesin 85 and 87%
ee’srespectively. In comparison,phenyland t-butylbasedbis(oxazoline)ligands10and 11 are less
effective(51 and 389Z0ee). Cyclocondensationof 1,3-dithianecarboxaldehyde69 with constrained
Cu(II)-bis(oxazoline)12 complex also afforded the dihydropyranone8 in 46% yield and 81% ee
comparedto Cu(II)-bis(oxazoline)Iigand10whichhas shown5970eelo andonly20%isolatedyield.

Table 1. Cu(II)-bis(oxazoline)catalyzedHeteroDiels-AlderReactionat -78°C

Entry Aldehyde Ligwd Time (h) 7. Yielda 70eeb Config.c

1. 5 10 9 76 51 2s

2. 5 11 9 72 38 2R

3. 5 9 11 76 85 2s

4. 5 12 9 62 87 2R

5. 6 12 9 46 81’ 2s
6. 6 10 10 20 59’ 2R

“After silica gel chromatography. bBychiral HPLC and comparison of optical
rotation. CBycomparison of optical rotation.

For synthesisof the C3-C14segmentof laulimalide,dihydropyranone7 was prepared on a
multigram scale.11 To append the hydroxyethylside chain and to establish the C-5 stereocenter
appropriately,a Ferrier type rearrangementof the correspondingglycal acetate was sought. Thus,
dihydropyranone7 was reducedwith 1.5 equivof DIBALin benzeneat 0° to 5°C for 2 h and the
resultingglycalwas acetylatedwith 1.5equivof Ac20 and3 equivof Et3Nin CH2C12in thepresence
of a catalytic amount of DMAP at 23°C for 6 h to provide 13 in 66’%0yield (from 7). Ferrier
rearrangementof 13 with2 equivof tert-butyldimethylsilylvinylether12and stoichiometricamountof
Montmorilloniteclay K-1013as theLewisacidin CH2C12at O“Cfollowedby NaBH4reductionof the
resulting mixture of aldehydes afforded good yield (65-70’70from 13) of the dihydropyran14
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(diastenmmericratio>95:5by IH and 13C-NMR).Protectionof thealcoholwithMOMC1and zTY2NEt
furnishedtheMOMderivative15in 88% yield.

To elaboratethe C-n methylgroupwith appropriatestereochemistry,the benzylgroup in 15
was deprotectedby exposureto sodiumin liquidammonia(65%yield). Mesylationof the resulting
alcoholfollowedby displacementwith tetraethylammoniumcyanideprovidedthe cyanide16 (77!%
yield). Reductionof 16 with DIBAL resulted in aldehydewhich was immediatelyexposed to a
Homer-Emmonsolefination reaction to afford the trans CL&unsaturated ester 17 in 45% yield.
Saponificationof 17 with aqueousLiOHaffordedthecorrespondingCG~-unsaturatedacid whichwas
convertedto N-enoylsultam18 (73%yield)utilizing(lS)-(+)-2,10-camphorsultam.Treatmentof 18
with 4 equivof Me2CuLiin Et20 at -78°Cfor 8 h affordedthe conjugateadditionproduct19in 68%
yield(basedon 30%recoveryof 18). The IH-NMR(400MHz)analysisafterchromatographyreveals
the presenceof a mixtureof (90:10)diastereomers.Interestingly,reactionof Me2CuLiwith the N-
enoylsultamderivedfrom(lR)-(+)-2,10-camphorsultarnproceededsmoothlyin 3 h (norecoveryof 18),
providingthecorrespondingdiastereomers(mixtureratio5:95by IH-NMR)in 76%isolatedyield. The
depictedconfigurationis assignedbasedon Oppolzer’smodel.14However,eitherC-n methylisomer
of laulimalidecan be preparedselectivelyby an appropriatechoiceof camphorsultam.
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Scheme1: (a) K-10,%TBS, CHZCIZ,O“C,2h;(b)NaB& MeOH,O“C,30rein;(c)MOMCI,iPrzNEt,
CH2C1Z,23°C,8 h; (d) Na liq.NH3,-78”C,I h; (e) MsC1,Et3N, DMAP,CH2C1Z,O°C,30rein;
(f)n-Et@+CN,CH3CN-PhH(1:1),reflux,4 h; (g) Dibal-H,EtzO,-78”C, 4 h; (h) NaH,THF,O“C,
(EtO)zP(0)CHzCOzEt,1h;(i)1MLiOH,23”C,6h;(j)Me-jCCOCl,Et3N,THF,O°CthenN-lithiosultam,
-78”C,2 h;(k)MezCuLi,EIzO,-78”C,8h;(m) IMLiOH,23”C,5h;(n) MeLi,THF,O“CthenTMSCI.

Our next syntheticstrategywas to convert the sultam19 to themethyl ketone2 whichwould
enable us to introduce the C-15 hydroxylgroup by an aldol type reaction with an appropriately
functionalizedepoxyaldehyde3. Thus, removalof the chiral auxiliaryaffordedthe corresponding
acid which was treatedwith 5 equiv of MeLi at O“Cfollowedby workupwith excessof TMSC1
accordingto Rubottomprocedure15to furnish 2 (cxD23” -55.6; c, 0.18,CHC13)in 63 %yield.16
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In summmy, the C3-C14 segment of antitumor macrolide laulimalide has been synthesized in
optically active form utilizing dihydropyranone 7, prepared enantioselectively by a chiral
bis(oxazoline)-metal complex catalyzed hetero Diels-alder reaction as the key step. Further synthetic
studies of laulimaide are currently under investigation.

Acknowledgment:Financialsupportof thisworkby theUniversityof Illinoisat Chicagoand by the
NationalInstituteof Health(GM 53386)is gratefullyacknowledged.
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