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Abstract:Thefnt chiralsynthesisof theSoychnosandOpldorrhizaatkatoid(-)-normalindinehas
beenaccomplishedthrougha routestartingfromL-ataninemethylesterandexploitingintramolecular
oxazobolefin Diels-Ahlerreaction.As a reauktheabsolutestereochemistryof nonnatindinehasken
lk.finedasrqneaentedbyfords (-)-1. 01997 ElsevierScienceLtd.

(-)-Norm~in~ne (1), amemberof the alk~oids containingthe indolo[2’,3’:3,41pyrido[l,2-blmipMtyri-
dine ring system,] was firat isolated by Massiot et al. in 1987from the root bark of Srrychnosjohnsonii
(Loganiaceae).2The structureand relativestereochemicalassignment,basedon its spectralproperties,were
subsequentlyconfirmedby tworacemicsynthesesof 1.3 ThereafterArbainet al. also reported the isolationof
thisalkaloidfromthe leavesof Ophiorrhizafilisfipula (Rubiaceae)andinferredits absolutecom@urationto be
(–)-1 on the basis of CD spectralevidence.4 With a view to verifyingthe correctnessof this inference,we
accomplisheda chiralsynthesisof thetargetcompound(-)-1 in thepresent work.

(-)-1 2 3

Fromthe retrosyntheticperspective,weenvisionedarteffkient constructionof thettaphthyridirteskeleton
of (–)-1by adoptingthe intramolecularDiels-Alderreactionof theoxazolederivative2,56whichin turnwould
be obtainedfrom3 via the formationof ring C and the subsequentintroductionof an appropriatedienophile.
Furthermore,therequisiteenantiomerof 3 wouldbe securedbyelaborationof M&nine methylester(4).

Asourpointof departure,theN-protectedaminoester5,7derivedfrom4, wasconvertedintotheoxazole
6 [mp 46.5-47.5 ‘C; [al~8 –85.1° (c 1.00, MeOH)18in 76%yield W treatmentwitha-lithiatedmethyl
isocyanideat –78 ‘C (THF,30rein)followedby warmingto O‘C andquenchingwithAcOHaccordingto the
methodof SchWkopf.9 The enantiomencpurityof 6 thus obtainedwas determinedto be 98% ee by chiral
HPLCanalysis. Afterdeprotectionof 6 (CF3CQH, CH2C12,roomtemperature,1 h, 97%yield),IW+lkylation

28 1300 (c 1.01, MeOH)] with 2-(3-indolyl)ethylbromide(i-pt’2~ttof the resultingprimaryamine7 [[alD - .

boilingTHF,7 &ys) waseffectedin a mannersimilarto thatemployedby Wrddmatm’sgrottp,10providingthe
&SiKXIamino Oxazde 3 [[a]: -39.5° (c 1.00,CHC13)]in 55%yield. Alternatively,3 possessinga parallel
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opticalpurityWaSalso obtainedfrom4 in 46%overallyieldthrough8 [[a]% -23.1° (c 1.01,CHU3); 66%],10
21 ~~~. (c 1,01,CHC13);94%], and 10 [mp 116-117“C; [a]~’ ‘29.20 (c 1.OO$9 [mp 136.5-137‘C; [a]D – .

CHC13);76%].
Fortheconstructionof ringC in theintermediate2, theaminooxazole3 wasfmt convertedintotheamide

11 [[a]~s -3g.g0 (c 1.00,CHCIJ] in 98%yieldbycondensationwithmonoethylmalonateusingthecoupling

magentdiethylphosphorocyanidatell(Et3N,DMF,roomtemperate, 2 h). TheBischler-Napieralskicyclize-
tion (POC13,boilingCH3CN,4 h) of 11andreductionof theresultingiminiumsalt 14withNaBH4(MeOI_LO
‘C, 1.5h) affotdedthe aminoester 13 as a 2: 1diastereoisomencmixturein 31%yield. The hydrogenat the
newlygeneratedstereogeniccenter [C(l)] in the major isomer 13awas assignedthe ct configurationon the
basisof the argumentof Polniaszek:12the hydrideattackwouldtakeplacepreferentiallyat the stericallyless
hinderedfaceof a conformerof theiminiumion 14withminimizedallylic1,3-strain.13Catalytichydrogenation
of 12 [[a]~s –24.0°(c 0.50, CHC13)I,14obtainedfrom14 in 46%yield (from11)by gasification,withp~
andhycbogen(AcOEt,1atm, roomtemperature,5 h) incteasedthe diastereosektivity to give a 3 : 1 mixttug
(93%)of 13aand 13b. On the otherhand,application
of the modifiedPictet-Spenglercyclizationlsto 3 [(i)
ethyl propiolate,CHC13,room temperature,40 h; (ii)
CF3C02H] gave a 1 : 2 mixture of 13a and 13b in
78% yield. By analogywith a considerationproposed y$QN ##~e
by Waldmann et aLIO for related systems, this

H
cyclizationis presumedto haveproceededvia the major 14 15

conformer15of the iminiumion.
We next focusedour attentionon the introductionof an olefinicdienophile,requiredfor the subsequent

intramolecukwoxazole-olefinDiels-Alderreaction,intotheaminoester13. Thus,reductionof theabove3: 1
mixtureof 13aand 13bwithdiisobutylaluminumhydride(CH2C12,-78 ‘C, 20rein)providedthecortespond-
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ing aldehyde(13:CHOfor C02Et),but initialattemptsatmethylenationof theakiehydeto givetheolefin2 (R
= H) wemall unsuccessful.However,the Wittigreactionof the aldehydewithethyl
&ne)aeetate (CH@2, roomtemperature,3 h) proceededsmoothly,affordinga 3: 1 mixtureof the (E)-estem
16. [J= 15.5Hz (olefinicprotons)]and 16b (J= 15.5Hz) anda 3: 1mixtureof the G?)-esters19a(J= 11.5
Hz) and 19b (J = 11.5H@in 59%and 26%overallyields(from13),respectively.

1) DIBAI-I
13 16.: la-H 17

2) Ph3P=CHCQEt 16b:1P-H 18

19a:la-H 20
19b:l&H

17
or
20

21 22 1) CF3CO#

I C_23:R=NHBW

AcOHtxylene,A 2) BuONO (-)-k R * H
DMF

Withthe oxazds-olefin derivatives16and 19in hanrl we set out to exploretheir intramolecularDieli+
Aldermetions. Best resultswereobtainedwhentbe3: 1mixtureof the (l?)-isomers16aand16bwasheated
in beilingtoloenefor24 h, producingtheadducts17[mp208-211“C(dee),[al& +136°(C0.4!4cHc13)l.nd
18 [mp 181-182 ‘C (dec),[a]~”-52.3° (c 0.51, CEKX3)I in W% and 5% Yields, reW@velY. None of
adductsariaingfiomtheminordiastereoisomer16bwereobtained In a similarfashion,the3: 1mixtureoftbe
(Z)-isomers19aand 19bprovidedtheadduct20[mp208-210“C (dec),[al: -4.3° (c 0.50, CHU3)I h 40%
yield. The sterwxhemistriesof 17, 18, and 20 were assignedon the basis of the appearanceof absorption
bandsdueto a Zrtmrquinolizidinenng16in theirIR spectraandtheresuhsof detailedNOEexperiments.

On rreatmentwith AcOH-xylene(1 : 5, reflux,8 h), 17 was convertedinto the aromaticester 22 [mp
198-200°C(dec),[a]f–268° (c 0.35,CHC13)Iandthedioi21 in 18%=1 64%field%w=tively. sim~
treatmentof 21 gave 22 in 13%yield togetherwith unaltered21 (62%). A parallelresult was also obtained
with20.17 Alkalinehydrolysis(LiOH,THF-MeOH-H20,room temperature,1.5h) of 22 followedby the
modifiedCartiusmmrrangementutilizingdiphenylphospboroazidate18(Et3N,boilingt-BuOfi 5 h)a&wdedthe
carbamate23 [mp 183-185‘C (dec),[al~l -205° (c 0.11,CHC13)l in a% yield. Fi~ly, ~tmentof 23 with
CF3C02H(CHZC12,roomtemperature,5 h) and subsequentreductivede~ination of * ~sulting W~i~
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withbutylnitriteinDMF19(70‘C, 30rein)providedthetargetcompound[(–)-1][mp122-126‘C, [a]~–212°
(c 0.29, CHC13)]in 40% yield. The UV (MeOH),IR (KBr),IH NMR (CDC13),and mass spectraand TLC
mobility(threesolventsystems)of the synthetic(–)-1werefoundto be virtuallyidenticalwiththoseof natural
notmalindine[mp 131–136‘C, [a]D–210°(c 0.1,CHC13)].4

In conclusion,the synthesisof theStrychnosandOphiorrhiza alkaloidnormalindinehasbeenachievedin
chiralform. Thepresentresultshavenot onlyestablishedthe stereoformula(–)-1to be a completeexpression
for normalindinebut also, to our knowledge,represent the fiist example for the chiral synthesis of the
indolopyridonaphthyridinealkaloids,featuringthe applicationof intramolecularoxazol~lefin Diels-Alder
reactionto a chid compound.
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