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summary: Thcacidcatalyzcdremy(emcntof5cycbdscynol Pb&yclof4A.0&1(~2-one 
htbsbaadrmnbycarboathirtcm~axpaiamnstopmctcdbyamechlmiwthatdocamt 

involve an axI1 of 5cyclodecymne. 

Riswelllmorml-3thatScycloalLynmsundagoafacile~g~twhich~~thefamation 

ofauansanaular~ bond. !kvcral mechanisms have been pmposcd for this reaction. The 

rne&anismfiv~byHardingandco-workas 3*4 involves a highly strain4 anti-Btedt oxue t An 

atmctive altcmativc which avoids invoking this improbable inmmalk begins with the fommion of an 

~~12. which nucla@ilically attacks the acetylene to form the requisite carbond bud 

As shown in Scheme I there arc three possible pathways which employ the enol as a starting point. Two 

options feature the addition of the cnol oxygen to the acetylene ptior to forming the ttnnsatmular carbon- 

carbon bond. These pathways in&de symmctical anti-Bredt intumcdiates 3 and 6 which should not be as 

mabKXlasthcoxetein~ate 

Hi&in@ presented evidence in support of the oxctc mechanism by showing that Gxtyn-2-one 

teamngal in acid to l-acctyl-2-ethyl-l-cyclopentcne and 2,3-dimethylcyclohcxcnone. The absence of3- 

ethylcyclohexcnonc appears to rule out the at01 mechanism. Ncvcrthelcss. amdcls of 1 demonstrate that the 

double bond is horribly twisted with very little overlap between the two porbitals. 

We~haethensultsofacarbonthirteenlabelingexpaimntaimedatresolvingthisdilemma As 

shown in Scheme I a carbon thhtecn placed at the number five acetylenic carbon (C-NMR 83.3 ppm) of I 

cyclodccynanc will distinguish among the thtee en01 pathways I-III and the oxcte tmchanissn. pathway IV. 

‘The synthesis of the tequlred labeled Sq&dcqnone was accomplished in nine steps (Scheme Il) 

accdingtothclitcnuurcpmccd~3*~-’ stattingffotn3-bromo-l-phcnylpmpancandcarbonthirBXn 

labeled potassium cyanide8 disso1va.l in acctonitrilc with the addition of 1.0 g of Scxmvn-6 ether.9 since 

7163 



7164 

SCHEME I I 
Pathway1 3O%ASO%B 
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tbesynthesisim&edsomanystepswedeci&dtouse2O%eltmWntof~thhteen. Vnlloughoutthe 

~~thepositiondtbelabetwasdemminedby13C_NW8ndOC-~. stmingfml3O.1gof3- 

bmnFl-phenylpfapme, 1.5 gof#Mcyc~ WQC obmid. The product was S99% labeled 

atthenmnberfivepositioaas)udgcdbyl3C-NEJIR 

SCHEME II 
0 

5 Ii 
I) KCN, CH,CN, 12-C-2 II) 12N HCI Iii) PPA iv) n,RhlAllO, 
V) ctox vi) soxax vii) ua, DuF vin) yo, no’ ix) TAHNH+ CH,CO#H 

TABLE I 
Y laC in Product 
cl c2 co 

CARBON NNR REsoNAN at (ppnl) 151 loo loo 

Awnlins mu-4 -ky u 0 >OO 0 
1.a Ha MOOH (onh~s) 0 wan 0 
+ON H#O, qumw MaOH 0 *@a 0 

‘Ibe labeled S-13C-5-cyclodeqmme was sut$cted to thm distinct reaction caditions that have been 

shown in the past to induce the remangement (Table I). One of the issues which Harding investigated was 

whether water was inmpomd into the product. In all cases we investigated, anhydmus or aqueous. 

virtuallyalldthelabeledcarbonlocatedatthenumbafivecarbonofScycbdecyMmwasfwrdatdre 

carbonyl carbon of bicyclo[4.4.01-1(6)decen-2-one. 

This result unequivocally rules out all en01 pathways because these mchanisms all require at least 50% 

afthecarbonthirtemtoappearatthecarbonscompiisingthedoyblebondinthe~~(saesChaneI). 

Tkis result is consistent with the Hading oxete mechanism. Hading’s lgO and our 13C experiments 

clearly demunstrate that the oxygen atom in S-cyclodecynone is the ssme oxygen atom in the product, At 

issueisthttimingoftheoxygenmigrationwithinaamokcularcarboncarbonbondfomration. InHadingk 
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