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Abstract: The stereoselectivesynthesieof a possibleintermediatefor the synthesisof the
narciclasinealkaloidsfromBglucoseisdescribed.The key step of the sequence ia a quinone
methds initiatedC@lZittiOfI reaction. @ 1997 Jj]sevier Science Ltd.

The Amafy//idaceae alkaloidsare a group of plant-derivednatural productswhich include
the powerful antimitotic agents, narciclasine (1),2 Iycoricidine(2),3 and pancratistatin (3).4 All
three compounds have been the subject of extensive synthetic investigations.s-s We have
reported a previous approach to these alkaloidssfand report here the refinement of our quinone
methide initiated cyclization strategy for the synthesis of a highly functionalized nitrocyclitol
derivative.
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3, Pancretietetin

The knownaldehyde4 was transformedto acetonide5 in 82% yield usinga modificationof
our previouslyreported route (Scheme 1).6f,9 In our earlier work,we had foundthe acetonideof 5
to be robust,and strongacid (6 N H&04 or HN03) was requiredto removethis protectinggroup.6f
In an effort to effect this deprotectionunder milder conditions,we examined Kim’sprocedurefor
MOM-ether cleavage.lo Treatment of 5 with excessethanethioland magnesiumbromideafforded
thioacetal 6 in 86Y0yield.g

Scheme 1.
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(a) ArZnCl(1.8 equiv),THF, -78 to O‘C, 85%; (b) MsCI (1.1 equiv),E~N (1.5 equiv),
ether,O‘C, 30 rein;LiAIH.t,O‘C to rt,20 rein,97%; (c) EtSH(10equiv),MgBr20Et2 (10
equiv),ether,O‘C to it, 21 h, 86%.
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Protectionof dioi6 as the bis-TBDMS ether followedby hydrolysisof the thioacetalafforded
aldehyde 7 in 63Y0 overall yield (Scheme 2).11 Nitro aldol reaction of 7 with nitromethane
afforded8 and 9 as an inseparablemixtureof diastereomera(1.8:1 ratio, IH NMR) in 80Y0yield.lz
Attemptsto improvethe diastereoselectivityby changingthe counterion(Li, Na), or the additionof
Lewis acids (MgBr2, ZnC12,SnC12)failed to providematerial in good yield and/or selectivity. For
example, reactionof 7 with t-BuOKin THF with 1 equivof MgBr2*Et20 (3 days, rt) afforded8 and 9
in an improved2,5:1 ratio,butthe yieldwas only 14%. Attemptsto forcethe reactionto completion
resulted in intractable product mixtures. The stereochemistry of 8 and 9 was assigned by
conversion to 12 and 13 (vide infra). Treatment of the 8/9 mixture with excess TBDMS-OTf
resultedin silylationof the alcoholand the nitrogroup. Flash chromatographyon silica gel (10:1
hexanes/ethylacetate) effectedhydrolysisof the silylnitronicester to affordthe protectedalcoholin
95% yield. Selective deprotectionof the phenolicTBDMS ether was achieved by treatment with
camphorsulfonicacid in methanolto afford IOa/tr (1.8:1 mixture)in 79’%.yield.g

Scheme 2.
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(a) TBDMS-OTf(2.9 aquiv),2,6-lutkfine(3.Oaquiv),CH2C12,O‘C 15minthanrt2 h, 79%; (b) HgC12(4equiv),HgO(5
aquiv),CH3CNifiZ.O10:1,tt, 1 h,SO%;(c) CH3N02,(10 @v), t-BuOK(1 aquiv),THF, O“C45 rein,SO%;(d)
TBDMS-OTf(4 equiv),2,64utidine(10 aquiv),CH2C12,O‘C 30 minthenIt67 h;fleshchromatography,95%; (e) CSA
(0.4 equiv),MeOH, rt,4 h, 79%.

Oxidation of phenols 10a/b with silver(1) oxidels afforded quinone methides 11a/b
(Scheme 3). The stage was now set for the key quinonemethidecyclization. After a brief survey
of bases (Et3N, NaH, DMAP), 4-(dimethylamino)pyridine was found to be the optimal base for
effectingthe cyclizationof the quinonemethides. Treatment of a methylene chloride solutionof
1la/b (1.8:1 mixture of diastereomers) with DMAP afforded 12 and 13 in 57% and 29Y0 yield
respectively.ls The ratio of 12 to 13 was 2:1, remarkably close to the ratio of the starting
diastereomers, 1.8 to 1. The combined yield of 12 and 13 after chromatography was 86Y0,
showingthe quinonemethideinitiatedcyclizationto be an efficientand stereospecificprocess.

Scheme 3.
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(a) AgzO(5squiv),uitreaound,CDC13,22-550C,14h, 96%; (b) DMAP(5aquiv),CH@2, ft.5 h,66%.
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The minor cyclization product, 13 possesses five of the six stereogenic centers of
pancratistatinin their correct relativeand absoluteconfiguration. Unfortunately,13 was the minor

diastereomer obtained in the cyclization. It seemed likely that 1lb afforded 13, the desired
productand that a stereoseJectiverouteto Ilb wouldresultin exclusiveformationof 13. As men-
tioned above, attemptsto improvethe stereoselectivityof the nitroaldol reactionof 7 failed. In an
effort to change the environmentabout the aldehyde, and hopefullyimprovethe stereoselectivity
of the nitro aldol reaction, 6 was convertedto the correspondingbenzylidine acetal by reaction
with benzaldehyde dimethylacetal. Selective hydrolysisof the thioacetalll afforded aldehyde 14
(Scheme 4). Nitro aldol reaction of 14 afforded a single adduct, 15 in 83% yield and >99:1
diastereoselectivity. Treatment of 15 with ethanethioland stannouschloride effected removal of
the benzylidineacetal withoutdehydrationof the p-hydroxynitrofunctionalityto afforda triol in 82%’.
yield. Protectionof the triol with excess TBDMS-OTf afforded a 91% yield of the corresponding
TBDMS ether. Selective removal of the phenolicTBDMS group was effected by treatment with
camphorsulfonicacid in methanolto afford IOb in 88Y0yield. Phenol IOb prepared by this route
was identical to 10b found in the IOa/1 Ob mixture that was prepared from 7. Thus by simply
adjustingthe protectinggroup on the diol, a stereoselectiveroute to IOb was realized with only
one additionalstep.

Scheme 4.
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14 15 IOb
(a) (MeO)2CHPh(5squiv),CSA(0.2squiv),C6H6,tt,20 rein,(100%); (b) HgC12(4aquiv),HgO(5squiv),
CH3CN/H2010:1,rt,20 rein,87%; (c) CH3N02, (10aquiv),t-BuOK(1 equiv),THF,O‘C, 35 rein,S3%; (d) EtSH(10
equiv),SnC12(1.0 squiv),CH2C12,tt,20 h,82%; (e) TBDMS-OTf(7 squiv),2,6-lutidine(8 equiv),CH2C12,O‘C to tt,
44 h, 91%; (f) CSA(0.4 equiv),MaOH,rt,4 h, 86Y0.

Oxidationof IOb with silver(1)oxidels affordedquinonemethide llb in 96% yield (Scheme
5). Treatment of llb with DMAP afforded13 as the sole cyclizationproductin 90Y0yield, thereby
showing that the cyclization of 11a and 11b was indeed stereospecific. The structure assign-
mentsfor 12 and 13 are based on IH NMR couplingconstantsand NOE-differencespectra.

Scheme 5.
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(a) AgzO(5equiv),ultrasound,CDCIS,24-57‘C,14h,86%;(b) DMAP(5aquiv),CH2CIZ,rt,3.5h,80’+’..
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In summary, we have prepared nitrocyclitol 13 from D-glucose derived aldehyde 4 in 11
steps and 29% overall yield. This work demonstratesthe versatilityof a quinone methide-based
pathwayfor the synthesisof the narciclasinealkaloids. Studiesto exploit this route are currently
under investigation.
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