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Abstract: By takingadvantageof the novelSN2pagodane+ dcdecahedraneroutesa
preparativelypotentaccessto theparentpentagonaldodecahedrzne(2)wasexplored.Theone-
potcatalyticprocedure(Pd/C/HJstartingfroman eightfoldftmctiorudizedsecopagcdane(14,
CzoHnBrs(Co, CH3)2) exeds in shormessbu~ rathererratic(33-53%),falls out of the
competition.Thelongerroutevia 1,6-dicarboxylMibromododeca.bedranes(35,22)turnedout
as firstchoicewitha totalyieldof74-76%bzsedontheecmunonpagodaneprecursor(13).
@1997ElsevierScienceLtd.

Introduction - Prior work

The parent pentagonrddodecahedrane2 was a widelysoughttarget in organicsynthesis.’Subsequentto

the first successby the Paquettegroupzour pagodane-dodecahedranescheme3developedintoa powerfulsyn-

Scheme1

theticalternative(aldol-,SN2-approaches4).Dodecahedrane2 enjoysrenewedprominencebeingperhydroCZO

fidlerene.5$6In this paperwe detailour activitiesdirectedtowarda serviceablesynthesisof 2 whichwereorigi-

**Dedicatedt. ProfessorK vonE. Doeringonthe occasionof his80thbirthday.H. p. veryfondly
remembershis two post-docyearsat YaleUniversity(1957-59).
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nallybased on the &.J2pagodane+ dodecahedrsneroute3and were more recentlydecisivelyfurtheredby

majorimprovementsof thisapproach(SN2-New(l)and(2)).7

Our fist try at 2 (Scheme1,Route ‘A’),the Lewis-acidcatalyzedisomerizationof pagodane1, is highly

favorablein energytermssand,performedas a collaborativeeffortwithP. vonR. Schleyerand W. F. Maie#,

was successful,yet disappointinginthat theyieldswerenot betterthan8°/0. Evenworse,separationof 2 horn a

plethoraof additionalproducts(mainly7, “deadend”)meantsignificantloss.The parallelattemptswith G. A.

Olah and G. K. S. Prakash to effect the transformation1 -+ 2 with the help of super-acidsended with a

completefkilure- the discoveryofbis-cr-homoaromatic4c/2edicationsprovidingsomecomfort.10

Major hurdles in the two pathwayssubsequentlyconceptualizedfor stepwiseisomerization1 + 2-

abstractedwiththe hydrogenative/dehydrogenativesequences‘B’and‘C’in Scheme1- are the hyperstabilityof

monoene4 andaboveall the extremekineticstabilityof the secoskeleton7.11In fact, whensidetracks suchas

the conversionof 3 (4) to 7 wererestrictedby structuralmodificationsas e.g. in 9, the total yieldof dodecahe-

dranes2 and 10-12increasedto 35%.However,whenthe methylgroupsof 10-12couldnot be neatlyremoved

to give2, and separationwasveryinefficient,thesepathwaystoo wereout of competition.12

~.-cH,@ +cH3@-cH:cHJ@+@
9 10 11 12 2

utilization of the SN2Pagodane + Dodecahedrane Routes

Startingjom “SN2-intermediates”

The threeversionsof the SN2-routetlom 4-syn,9-syn-pagodane-diester13- a directoffspringof the pa-

godane synthesis13- to fimctionah.zeddodecahedranesmade the variouslybrominated diesters 14 - 17

(derivativesof 7, 8 (’B’)and3 (’A’)in Scheme1)availablein preparative(g) quantities.’”There was therefore

enoughimpetusto checktheirpotentialas precursorsof 2 underthe conditionsof a short one-pothydrogena-

tive/debrominativeprocedurein spiteof the potentiallimitationsstated above.1’After all, restrictionsin total

yieldcould potentiallybe compensatedby proceduraleconomy(Scheme2). Except 15, these substratesare

functionalizedin the four lateralpositionsto be connectedwhat shouldallowa multisteptransformationinto 2

throughhydrogenolysisof C-C02CH3/C-Br/C-0CH3bonds,lateralcyclization,fragmentingbromineelimina-

tion, and hydrogenation.Afterpracticingwith diesters(diacids)13, 23, 33-35,and dibromide22,1sand using

broad variation of catalyst, catalyst support, of their ratio, of the catalysts conditioning(dehydration,

deoxygenation,dispersion),of hydrogenpressure, temperatureand reaction time,gthe standard protocol

detailedin the experimentalsection(30mg samples)wasgenerallyapplied.In particular,veryrapidheatingup

to ca. 350 “C- with the consequenceof skeletalC-CbondrupturesandC02R + CH3reductions- was found

to be essentialin order to minimizereductionto secopagodsne7. The latter purpose was rdso served by

blowingout the evolvingHBr by a gentlestreamof hydrogen.Theyieldsof 2 were low for 15 (12%, > 50%

7), 16 (14%,> 50%6) and 17 (5Y0, > 50% 7) but remarkablyhigher(3M3~o) for 14. IHNMR and GC/MS

analysesfor a run with total consumptionof 14 demonstratedthe complexityof the reaction course and are
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Facit

Theroute horn pagodane-diester13 via its hexabromoderivative14 (SN2-New(l)7)into parentdodeca-

hedrane2 excellsby its shortnessbut cannotmeet the preparativestandard.With the SN2-New(2)route ffom

13to dodecahedrane-diester23 andthe Barton degradation(23+)35+22 + 2 the goal is now reachedstar-

tiig horn 13 in sixhighlyoptimized,expeditiousoperations(13 + 33 + 34 + 23 + 35 + 22 + 2), witha

c1
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total yieldof 74-76°Aon the 500mg-1 g scale.Theworkingtime is now measuredin weeks.Dodecahedrane

for everybody?This question has been answered before:’ The route from isodrin to 13 consistingof 14

operations(ZZ-MO/O total yield)remainslong and strenuous.Still, for us, with kg quantitiesof an early in-

termediate(11 in SchemeII, lit.13)in stock with the logisticand technicalpotential to master the total se-

quencewithin2-3 months,the enthusiasmwas strengthenedfor the projectswhichstart out from2 suchas the

generationof C20X20“balls”(X = OH F, Cl, Br) or of the missing,highlycontroversial,3bsmallestfullerene
(=20,5,37
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Experimental

Experimentaldata were recordedusingthe following:Meltingpoints (rep),Bock MonoscopM; analyti-

calTLC,Merck silicagel plateswithF254indicator;~ Perkin-Elmer457 and PhilipsPU 9706;UV, Perkin-

ElmerLambda15; IH ~ BrukerWM 250, AM 400 (if not specifiedotherwise,the 400 MHz spectraare
given);13c ~ AM400, (lr)0,6 MHZ);Ms,FinniganMAT312 (70 ev). Chemicalshh%were recordedre-

lativeto TMS(5= O),andcouplingconstantsare inHertz. For signalassignment,standardtechniquessuchas

homo-andhetereonucleardecouplingexperimentsor 2D FT COSYor heteroeorrelationspectrawere employed;

assignmentsindicatedwith * canbe interchanged.Generally,the ~H and C,H comectivitieswere established

by two-dimensionalhomo- and heteronuclearcorrelatedspectra. GC/MS/DS:Var3400/TSQ7000/MSS;Ion
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reproducedinFigure 1.Eight (of ca. 15)sideproductswithmlz= 262-276have been unequivocallyidentified

(knownhydrocarbons7,12,18, carbinol26) or tentativelyassigned(20, 21) by theirMS ffagrnentationpat-

13 CH30ZC
s

COZCH3

I

cH301:~;%H3 cH31%:&:W, W:&c02cH, CH30;&;02C”,

Br ,4 Br Br ,5 Br EC 16 17

C20H,zBr6(C02CH~)2 CzoH,~Br5(C02CH,)z C20H14Br4(C02CH& CzoHmBr2(C02CHJ)2

5% Pd/C/H2/350”C

4

2

@

>
.

~ ~ ~ .,c~~“ W@ ~
7 18 6 19 20 12 21

CZOH22(262) C20HZ4(264) C,,H2Z(274) C2,H,4(276)

.@R4+=
Scheme2

w- %&
L

%%2 %d-k
12 2

m-

3

-0
12 15 (mIn)18

—
II 40 1 30 1 2 0 I 1 0 (ppm)0 0 I

Figure1. lHNMR (left,CDC13,400MHz)andGC/MS(right)analysesof a crudeproductmixtureobtained
from14
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terns. In runs not taken to completeconversio%differingamountsof bromides22/24, of monoesters(of 6, 7

and 2 (25)), and of diester23 couldako be observed.It shouldbe realizedthat loss of ester groupsfkomthe

stericallyhighly congested lateral pockets is assisted by substantialgain in strain energy.16A reasonable

proposalas to howthe eightfimctionrditiesof 14are lost andthe eighthydrogenatomsare installeden routeto

2- supportedby the behaviorof the other three substratesand our limitedknowledgeabout intermediates-

beginswith attack at the geminallyfunctionalizedcarbonof the “open”lateral side (C4) and cyclizationby

eitherradicrdsubstitutio~or carbeneinsertionintothe oppositeC-Brbond(C14).Thisstep is followedby 1,4-

bromine elimination(27), hydrogenation(28), and again laterrd cyclization.Note that this sequenceis

established for the SN2-New(2)version.’ TransrmmdarC-C bond formations by radical substitu-

tionkecombinationhave repeatedlybeendeducedfromMS fragmentationpatterns,and seco(di)eneslike27/28

are, in contrastto parent bisseco(di)enes3/4, not hyperstableandare thereforeless proneto transannularbond

formations(cf. 4 +7, if at all 29, not 30, MM2).Onceagaiq separationof 2 on a preparativescalefromthe

chemicallyand structurallyvery similaradmixturesbecamea problem.Fractionalcrystallizationonlyfurnished

highlyenrichedsamplesof the least soluble2. Treatmentof the crude product mixturewith bromine- with

quantitativetransformationof 2 into its monobromide2417- was no way out of the dilemm~ as partial

brominationof other componentsagainprohibitedan economicrdseparation.

27 28 29 30

For completenessit shouldbe addedthat the secododecahedrane-diacid31, a derivativeof 6, and the

homododecahedrane32 under the conditionsappliedto 13 and 23 yielded 30-40% of 2 (not optimized),

submersedin the usualcomplexproductmixtures.

m-F 2—
a
0 )- “H

COZH o CN

H02C
31 32

To summarizethis section:With the functionalizationpattern present in the hexabromodiester14 the

“deadend” markedby the secopagodane7 in the originalroute ‘B’(Scheme 1) can be efficientlyovercome.

With two operationsleadingexpeditiouslyfrom 13 to 14 (SN2-New(l),86-90%7)this route is indeedimpres-

sivelyshort. Yet, with yieldsof 33-53%- thoughremarkablegiventhe numberand nature of bond-forming

andbond-breakingevents involved(betterthan 900/0for everysingleone) - and giventhe restrictionin sample

sizeand anrdyticrddeficiencies,this approachwasnot usefldfor preparativework.
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Startingfiom1,6-dl@nctionaIizeddo&cahe&anes

Generationof the parentskeleton2 startinghorn its 1,6-diester23 was an alternativesincethe $.J2route

hadpavedthe way(pagodane-diester13 + 23, nineoperations,55-65%).4”5Thisapproach- popularint!ie

cH302csco,cH3LcH302cs;:cH3:o;x;2c:.3.2c@co2c.3

13 Br 33 34 23

area of polycycles(pagodanes,13adamr@~es,19cubanes,m pentaprismanes21)- becamemost attractivewhen

the recent break-throughreducedthe route to 23 to mere three operationsand raisedthe total yieldto 85-

91Y0.7The somewhatmodified,nowroutinelyutilizedSN2-NeVJ(2)protocol13+33+34+23 is detailedin

the ExperimentalSection.Thus, enoughmaterialwas at hand to extensivelystudy the degradation23 + 2

(Scheme3). Of the fivemethodsoriginallyconsidered- (i) catalytichydrodecarboxylationof diacid35, (ii)in

situthermolysisof bis-N-hydroxy-pyridinethioneester 37,m(ii) iododecarboxylationof 35,13(iv) thermolysis

of bis-perester38,Xand(v)photolysisof bis-oximeester3924-the latter threeweregivenup at earlystages.It

was understooda priorithat methodsrelyingon the efficientinterceptionof dodecahedralradicalsmightface

problemsin that the parentC20H19radicalhas so far withstoodallattemptsfor its directcharacterization25and

that the three ~-positionedhydrogensprovidea gooddegreeof stericprotectionfor the radicalcenters.s

13536 37 r 38 39 1R OH Cl OSNC,H, 02C(CH3)J ONC(CEsH&

[@l)-”
R02C \“

H“

1-
40 d 25

I

22 2
Scheme3

(i). As the shortestprocedurecatalytichydrodecarboxylationof the two non-activatedtertiarycarboxyl

groups of 35 (quantitativelyprepared from diester 23) has been scrutinizedunder many of the conditions
det~led abovefor 14- in theEI-MS spectrumthe easeof COZeliminationis manifestedbym/z = 302(1OO%),

257 (#%o).The best results,withup to 65% of 2, were achievedwhena finelydispersed1:10mixtureof 35

and 50/0Pt/Alz03was kept at 350 ‘C for 10h undera slightHzpressure.The sublimedmaterialhad a purityof

better than 98?40- the GC/MS analysisrevealing12 (m/z= 284) and 19 (nv’z= 264) as impurities.Yet,

problemswiththe reproducibilityofyieldandpuritycouldnot be solvedto our satisfaction.

(ii).For the Barton degradationof 35 via 37 with interceptionof the dodecshedrylradicalsby hydrogen

atoms (tert-butylmercaptan)as obviousfirst choice, the yield of 2 under modifiedconditions- with and
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withoutirradiatio~sonificatio~andin linewithexperiencegatheredfor fictionalized analogss26- couldnot

be raisedabove 40%. Thisprocedurewas thereforegivenup. A highlyexpeditiousprotocol for the longer

alternative,bromodecarboxylation37+ 22 followedbyreduction22+2 wasworkedout, with carefidexclu-

sion of moisture,oxygenand light, and carefidlydried reagents(500 mg - 1 g scrde).To this end bis-acid

chloride36- ffeshlypreparedby reactinga suspensionof diacid 35 in benzene with oxalyl chloride and

carefi.dlyfreed fkomthe reagent- was treated as a homogeneoussolutionin CB3CIS(volubilityca. 6 mghnL)

with the N-hydroxypyridine-2-thionesodiumsalt, the solution refluxeduntil the yellowishcoloration had

disappeared.After a simplework-upprocedure,yieldsof up to 90% of pure, high-meltingdibromide22 (mp

266 ‘C) were obtained.After treatmentof the insolubleresiduewith CHZNZ,diester 22 and bromoester40

could be identifiedas the main parts of the missingmaterial. It should be added, that the Hunsdiecker

degradation’35+ 22witheitherthe Hg,28Pbwor Ag sa1ts30hadprovidedonlymodestyieldsof at best 30%0,

Volubilityand substitutionof dodecahedranesby brominewerejust two of the more trivialcomplications.The

reductionof dibromide22 was previouslycarriedout by irradiation(254 run)in the presenceof TTMS (Tns-

(trimethylsilyl)silane)3’withnearlyquantitativeyields;it hadto be learnt,however,that reproducibilityin larger

scalesagainwas not satisfactory.As a reliablerdtemative,the reductionis now performedwith Lihert-butyl

alcoholandis nearlyquantitativeandmoreconvenient.32

For dibromide22 (Cw)andbromoester40 (C,) IH, 13CNMR andMS data are presentedin Figure2 as

confirmationof their structure. Reference data for l,6-disubstituted dodecahedranes are found in the

literature.4’26

‘n:$i;;;:$$~ B&:::’” i:;;!!!i~:’” i;;!!;:;,”+]
3:66~,181-3.85 3.7 3:61 3.95

22 40

Figure2. IH, 13CNMRassignments(CDC13,400MHz)andselectedMS (H) fragmentsfor 22 and40

Sincefor the Paquette/Galluccistructuredeterminationof 2 onlya twinnedcrystalhad been available,33
the analysiswas repeatedwith a single-c~stalobtainedby chancefrom a benzenereaction solution(Figure
3).34Fromthe structuraldata in Table1 it canbe deducedthat there is a marginallybetter agreementwith the
W Valuesof Allingerfor gaseous 2 (Zh).3sThe structural details, Th symmetry and asymmetricunit

containingtwo carbonandtwo hydrogenatoms,are inperfectagreementwiththe impressiveoriginalanalysis.

Table1. Comparisonof SelectedCalculated(MM3)andExperimental
StructuralData (~ 0, of 2

C1-C2 cl-cl C2-C1-C1 C1-C2-C1 C2-C1-C2 d(msx)
w 1.545 1.545 108.0 108.0 108.0 4.331
(3’)
Exp. 1.5452(12)1.544(4) 107.97(7) 108.14(9) 107.79(13)4.333(3)
Exp. 1.541(2) 1.535(5) 107.9(4) 107.7(2) 108.1(1) 4.317(5)

Figure3. X-raystructureof2 (33)
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Source:EJ/CI[210°];EI: 70 eV,0.4 @ CI: 170eV, 0.45rm%Column:30 mDB5 CB [0.25mm/O.25~m],2

mL HeAnin;Temp.[°C]: 10(2)/20/280,Inj.: 235, Coupl.:280; Vol./Split:0.l@../l:2O.Brominewas distilled

beforeuse. The cyclizationexperimentswiththe “P2F”base38were performedwithbest possibleexclusionof

air andmoisture(glovebox);for the yieldsgivenperfectqualityof the baseis essential.

Dimethyl Undecacyclo[9.9 .0.02'9.03'7.0420.0%18.Od'1d.O8'15.O10'14.O12'1913.17..0 ]lcosane-1,6-dicarboxylate (23)

(Modiiiedversionof the protocolgivenin lit.’).

To a stirredsolutionof 34 (1.05g, 2.0 mmol,preparedfrom13via 33 as describedin lit.’)in anhydrous

benzene(100 rnL)a solutionof the “PzF”base (6.6 g, 20.0 mmol)in anhydrousbenzene(40 mL)was added.

After total conversion(15 rein), TLC, cyclohexaneJethylacetate = 4:1, Rf (34) = 0.15, Rf (intermediate

dodecahedradiene)= 0.40) anhydrousMeOH (5 mL, 123.5mmol) and Pal/C(5%, 160 mg) were added.

Hydrogengas was bubbledthroughthe stirredsolutionuntilno olefiniccomponentwas presentanymore(5-10

rein, TLC, 23 is not oxidizedby KMnOJ. The suspensionwas washedwith water (100 rnL),the aqueous

phaseextractedwith CHZCIZ(3x50mL).Thecombinedorganicphaseswere dried(MgSOd).Thesolutionwas

concentratedin vacuo and filteredthroughsilicagel (1.5/2crq CHzCIJethylacetate = 10:1,Rf (23) = 0.89).

After evaporationthe solidcolorlessresidueconsistedof pure23 (715-722mg, 95-96%).Elutionof the silica

gel with ethyl acetate (50 mL) gave the known monoesterderivativeof 35 (7-15 mg, 1-2%,Rf = 0.08,

CHzCIJethylacetate= 10:1).Themonoacidsof severalrunswerecombinedandconvertedinto23withCHZNZ

to bringthe total yieldof 23 up to 96-980A.

undecacyclo[9.9.0.02'9.03'7.0420.O$18.06'16.08'15.010'14.O12'191%17..0 ]lcosan*l,6-dicarboxylic Acid (35)

A suspensionof 23 (1000mg,2.66mmol)inmethanol/water(30mL,5:1)andNaOH(520mg,9.80

mmol)was heatedto refluxuntilthe solutionwashomogeneous(4-6h). Afterconcentrationinvacuo,the re-

siduewas dissolvedinwater (5-10mL)andaqueousHC1wasaddedundercooling(O-1O”C,pH< 1).Thepre-

cipitatewas filtered,washedwithcoldwater(pH= 7), anddriedat 120°Cfor 24 h. Colorlesspowder(921mg,

99 %): mpz 320”C;JR (KBr)3396(O-H),2934(C-H),1685(C=O),1396,1233,1014cm-l;IHNMR

(PP~) 811.95 (s, 2 COOH),3.68(m,2-,5 -,7-,11-, 16-,20-H),3.52(m,3-, 4-H),3.49-3.40(W 8-,9-,
10-, 12-, 15-, 17-, 18-, 19-~, 3.37(m, 13-,14-H);13CNMR([Ds]DMSO)5 179.0(2 C=O),83.9(C-1,-6),

70.4 (C-11, -16), 70.2 (C-2,-5,-7>-20),66.3(C-8,-9, -18,-19),66.3(C-1O,-12,-15, -17)*,66.2(C-3,-4, -

13,-14)*;MS (H) m/z (relativeintensity)interalia348~, 4), 330(33),302(100),274(12),257(44),215

(6). Anal.Crdcdfor C22H2004(348.42):C,75.84;fi 5.79.Found:C, ‘75.81;H, 5.48.

l,6-Dibromo-Undecacyclo[9.9.O.O1'9.O3'7.O4J0.OS1*.Od'1d.O&15.O10'14.O11'19.O13’17]ico5ane(22)

The suspensionof 35 (500 mg, 1.43rnmol)and oxalylchloride(10 mL, 74.3 mmol)in drybenzene(70

rnL)was heated to refluxuntil the mixturegot homogeneous(2-3 h). Mer concentrationin vacuo the solid

residue was freed from includedoxalyl chlorideby heatingat 40-50 OC/10-2Torr for 2 h. The colorless

crystallineresidue(547 mg, 100°/036) was dissolvedin dryBrCC13(100rnL),to the degaasedboilingsolution

under an argon countercurrentN-hydroxypyridine-2-thionesodiumsalt (700 mg, 4.67 rnmol)andDMAP(10
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mg) were added, the solutionwas heated to refluxuntil the yellow color had disappeared(30 rein). The

reactionmixturewas iiltered througha silicagel column(8/3 cm), the productelutedwith CC14(5”50ML).

Afterconcentrationinvacuothe colorless,crystallineresidueconsistedof practicallypure 22 (523mgj89 %):

mp 266”C;IR (KBr)2940(C-H), 1301,1239,845,829,735,616(C-Br)cm-lJIHNMR(CDCIJ63.93 (mj2-,

5-,7-, 11-,16-,20-H),3.81(m,3-, 4-H),3.63-3.58(rnj8-,9-, 10-,12-,15-,17-,18-,19-H),3.41(W 13-, 14-
H); (c@,) ~ 3.84(W 2-,5-,7-, 11-, 16-,20-H),3.48(q 3-, 4-H),3.22-3.08(nL8-,9-,10-, 12-, 15-,17-,18->

19-H),2.83 (~ 13-, 14-H);13CNMR(CDC13)695.0 (C-1,-6), 79.9(C-11,-16),79.5(C-2,-5,-7, -20),66.1

(C-13, -14)*, 65.3 (C-8,-9,-18, -19), 64.8 (C-1O,-12, -15, -17), 64.5 (C-3, -4)*; MS (M) tiz (relative

intensity)inter alia [419(17),417(19, ~-l), 415(15)],339, 337(100),259(7), 258(18),257(30), 191(8),

179(9),165(11),128(16),115(15);C2&Id3r2(418.2).

undecacyclo[9.9.0.02'9.03'7.04Jo.05'18.O616.Os'15.O1o'14.O12'1913,17..0 ]lcosane-1,6-dicarboxyclic Acid Dichloride

(36)

Compound36 wasnot isolatedandonlycharacterizedbytheNMRdata. IHNMR(C6D6,)63.68(nl 2-,

5-,7-, 11-, 16-,20-H)3.30(W 3-, 4-H),3.17-3.04(seriesof m, 8-,9-, 10-,12-,15-,17-,18-,19-H),2.98(m,

13-, 14-W;13CNMR (CDC13)5 177.8(2 C=O),94.3(C-1,-6),71.0(C-11>-16),70.7(C-2,-5>-7,-20),66.5

(C-3,-4)*,66.4(C-8,-9,-18, -19)**,66.3(C-1O,-12,-15, -17)**,66.0(C-13,-14)*.

29 3,7 .4,20.0S,1806,1608,1S010,14012,193)13,17.Methyl 6-Bromo-undecacyclo[9.9. O.O‘ .0 .0 . . . . . ]lcosan~l-carboxylate (40)

Thereactionmixtureas obtainedin the protocolfor 22waspouredintowaterand extractedwithCHZCL

(5’50ML);afterconcentrationinvacuo,the residuewasdissolvedinMeOH/CHzCIZ(1 / 1),undercoolingwith

ice, CHZNZwas addeduntil the yellowcolor remained.ExcessCHZNZwas destroyedwith formicacid. After

concentrationin vacuo the residuewas chromatographedon silicagel (CCb/n-hexane= 2/1) to give 22 (500

mg, 85VO),40 (30 mg, 5’%0)and 23 (2Omg, 4Yo).40: Colorlesscrystrds;Ill (K&) 2940 (C-H),2840 (C-H),

1725(C=O), 1240,735, 620 (C-Br) cm-l.IHNMR (250MHz,CDCIJ 83.8-4.0 (W 5-, 7-, 16-H)3.65-3.75

(m,2-,11-, 20-H),3.66(s, OCHJ, 3.61(m,3-, 4-H),3.55-3.45(m, 8-,9-, 10-, 12-,15-,17-,18-, 19-H),3.40

(13-, 14-H);13CNMR(CDC13)6178.9 (C=O),96.2(C-6),83.9(C-l), 80.1(C-16),79.9(C-5,C-7),71.0(C-

11),70.6 (C-2,C-20)**,66.9 (C-9,C-19),66.6(C-8,-18)*66.5(C-1O,C-12)*,66.1(C-15,C-17)*,65.7(C-

3, C-4)*,65.7 (C-13,C-14)*,52.3 (OCHJ; MS ()?1)3W!Z[399(1),398(2),396 (2, ti-1)], 317(56),259(22),

258(52),257(100),165(10),149(12),128(17),115(17),84(16),78(18).CdLIBrOz (397.3).

Undecacyclo[9.9. O.O2'9.O3'7.O44o.OS18.Of'1d.Oa1s.o’”’’4.012’19.013’17]icosane (2)

a) From 14

Thethree-necked50rnLflatbottomedflaskwitha finelypowdered(agatemortar)mixtureof 14 (30 mg,

0.04 mmol)andPal/C(5%) (150 mg)was carefidlydeoxygenatedand saturatedwithhydrogenby three times

evacuatingand refillingwithNz,thenwithHz.Theflaskwas dippedinto a preheatedmetalbath (350°C),kept

for 2 hat this temperaturewhileleadingthrougha soft streamof Hz.In orderto minimizelossof subliming2,

the gas was led througha cooler(20”C)fromwhichsublimed2 waswashedoffwithbenzene.Aflerextraction
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of the blacksolidwithbenzene(75 mL,2 ~ 50°C),fdtratiou and concentrationin vacuo, the crude colorless

solid (8-9 mg), analyzedby GCiMS (cf. Figure l.), was dissolvedin hot benzene (ea. 2 mL). From the

homogeneousclear solution3-5 mg (33-53%)of 2 crystallizedpracticallypure. The residue wntains the

complexmixtureof thewellsolublehydrocarbonsas showninFigure1.

In order to confu-mthe yieldof 2 obtainedhorn 14, the crude solidreactionmixturewas suspendedin

bromine(2 mL)and stirredunderexclusionof lightfor 24 h. After concentrationin vac-uofromthe brownish

crudesolidresidue,a complexmixtureof brorninatedhydrocarbons,by chromatographyon silicagel (20/1.5

c% CHZCIZ)as the maincomponentpurebromo-dodecahedrane24 (l/f= 0.62) was isolatedin yieldsbeingin

linewiththe resultsof GC/MSthe analyses.

Under the conditionsstated for 14 the hydrogenative/debrominativeprocedureyieldedfrom 15 12V0,

from16 14%,andhorn 17 5%of 2. TheGC/MSanalysesreverded7 as majorproductflom 15 and 17 (> 50%)

and6 from16(> sf)~o).

b)From35

In a sublimationvessel the finelypowderedmixtureof 35 (100 mg, 0.29 mmol) and Pt/Alz03 (s~o,

Aldrich)waskeptfor 3 hat 104Tom,thenwasheatedundera slightHzpressure(1 atm)for 8 h to 350°C.The

sublimedmaterialwas analyzedby GC/MS- the 35-48mg (47-65°/0)of crystalline2 were of better than 980/0

puri~. Twotrace componentswereidentifiedas 12and19.

c) From22

To a solutionof 22 (500mg, 1.20mmol)in tert-butylalcohol(5 rnL)lithiummetal (167 mg, 24 mmol)

was addedin smallportions,the mixtureheatedto refluxuntil total conversion(12 h, TLC, CCwn-hexane=

2/1,Rr(22) = 0.66;no 24 (Rr= 0.6, independentlydetermined).After concentrationin vacuo the residuewas

carefidlyextractedwith aqueous~Cl (5’20mL), the remainingsolidfiltered and dried in vacuo for 24 h

(P,O,). Sublimationat 200°C/10-2Torr provided300 mg (96 %) pure 2: mp 430 * 10”C;IH ~ (cab) C$

3.38 (s); ‘3CNMR(cob) 5 67.0;MS (EI)nv’z(relativeintensity)inter alia261 (23), 260 (100,M’), 259 (24),

129(5), 115(5);C20HZ0(260.4).2
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