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Lactams ＸＸ.'）DecarboxylationofUnsaturatedAcidsincorporated 
intoSix-MelnberedLactamSystems 

TozoFuJII,＊MAsAsHIOHBA，HIRosHIKoGEMandYuKoUEDA 

Faczl/妙ｑ／ｐﾉbαγ加ace"ﾒjcaノＳｃｊＢ"CBS，Ｋα"αzqu'αＵうzjzﾉβγｓｊｉ)ﾉ，
Ｔαﾙαγα－，"αcﾙﾉ，Ｋα"αｚａｚ０）α920,ノ”α〃

(ReceivedMay7，1981） 

Thethermaldecarboxylationofsomeunsaturatedacids(1,5,6,8,ａｎｄＯ)incorporated 
intosix-memberedlactamswasexamined・A1though8and9didnotundergodecarboxyla-
tionwhenheatedneatatl75-180oCand240-245oC，respectively，ｆｏｒ２ｈ，１，５，and6 
weredecarboxylatedinl,1,2,2-tetrachloroethaneatl35oC・Therelativeeaseofthe

reactionwasintheorderofl＞6＞5．Inthecaseofl,therate-decreasingeffectsobserved 
ondilutionandontheadditionoftrichloroaceticacidsuggestthereactiontobeadimeric 

mtermolecularprocess・

Keywords-unsaturatedlactamacid；pyridonecarboxylｉｃａｃｉｄ；cyclicdimer； 
thermaldecarboxylation；hydrogenbond；protonation；dimerictransitionstate；ＩＲ 
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Duringthecourseofourstudies2'3）onthestructureofl-benzyl-5-ethyl-1,2,5,6-tetra-
hydro-2-oxo-4-pyridineaceticacid(1),anintermediateinearliersteps4)ofourrecentraceInlc 
synthesesofthelpecacandAZα昭伽沈alkaloids5)andstructurallyparallelindoloquinolizidine

！
 

alkaloids,6)wefound2)thatonheatingatl30-140゜Cfor40minthisunsaturatedacidreadily
underwentdecarboxylationtｏｇｉｖｅａ５２:４８mixtureoftheisomericunsaturatedlactams 
3and4in９６％yieldThisdecarboxylationseemedunusuaUyeasybycomparisonwiththat 

reported71forsimpleβ,γ‐unsaturatedacids,butitwasassumed2)toproceedthroughaSix‐ 
memberedtransitionstate（２）byanalogywiththeusualcyclicintramolecularprocess． ）７） 

However,thestructureoflisuniqueinthattheβ,γdoublebondandthelactalncarbonyl 
groupareConjugated,andparticipationofthetransitionstate2insuchafaciledecarboxyl‐ 
ationwouldbeinsignificantsincetheloweredelectrondensityattheβ,γdoublebondslloUld 

iiii 
retardtheabstractionofthehydrogenatomfromthecarboxylgroup、Inthehopeofleatn‐
ingmoreabouttheeffectofthelactamcarbonylgroupandofidentifyingtheactualmechanism 
forthedecarboxylationofl,weinvestigatedthethermaldecarboxylationofsomestructural‐ 
lyrelatedlactamacids 

ThesubstratescoVeredbyinitialstudieswere5,2)6,8)８，，)and9,,)andtheywereseparate‐ 
lyheatedneatunderanatmosphereofnitrogenattemperatureshigherthantheirmeltjmg 
pointsbyca､２０.CThepyridone-4-aceticacid6underwentdecarboxylationveryeasily 
atl70-175oCinlh,givingthe４－methylpyridone7in97％yieldlnthereactionof51at 
l80oCfor4h,４wasobtainedin21％yleldwith61％recoveryof5、Theformationof4can-｜ 

beinterpretedintermsoftheknownisomerization2)ofthenormallydecarboxylatedprodlIct 
3、However,thepossibilityofslowisomerizationof5tolfollowedbyrapiddecarboxylation
ofthelatterto3andhencｅｔｏ４ｃａｎｎｏｔｂｅｒｕｌｅｄｏｕｔ・Whentheabovedecarboxylationwas
effectedwitheasyaccessｏｆair,asmallamountofanoilydehydrogenatedproductpresumed 
tobe20wasobtajnedaswellasalittle4・Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,thesubstrates8and9com-

pletelyfailedtodecarboxylatewhenheatedfor2hatl75-180oCand240-245oQrespCc-
tively・Inordertocomparethedecarboxylationratesroughly,ｃompoundsl，５，and6were
separatelyheatedinCl2CHCHCl2underidenticalconditions(135°Ｃ,２０ｍｍ),andtheextent 
ofdecarboxylationwasestimatedbyproductanalysis・Tablelsummarizestheseandthe

aboveresults、Itmaybeseenthatamongthenvesubstratesonlythree,namely,１，６，andl5，
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aJFesusceptibletothermaldecarboxylation・Theeasewithwhichdecarboxylationoccurs
decreasesintheorderofl＞6＞5．Thepresenceofthelactamcarbonylgroupconjugated 
withtheβ,γdoublebondinthefirsttwooftheseriessuggeststhatthelactamC=Oplaysanim-

portantroleinthereaction． 
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TABLELDecarboxylationofUnsaturatedLactamAcids 

Ｐｒｏｄｕｃｔ 

－－ 

Ｎｏ・ Yield 

（％） 

Reactionconditions 
Recovery 
oflactam 

acid(％） 

Lactamacid 

---

No．ｎｌｐ(．C） 
SolventTemp.(｡C）Ｔｉｍｅ 

（ｍin） 

96の

4４ 

２１ 

3＋４ 

３＋４ 

４ 

３＋４の

７ 

７ 

130-140 

135 

180 

135 

170-175 

135 

175－180 

240-245 

０
０
０
０
０
０
０
０
 

４
２
型
２
６
２
２
２
１
１
 

126-127の

153-154 

160-161の

nil 

C12CHCHCl2c） 
ｎｉｌ 

Ｃ１２ＣＨＣＨＣ１２ｃ） 
ｎｉｌ 

Ｃ１２ＣＨＣＨＣ１２ｄ 
ｎｉｌ 

ｎｉｌ 

１
１
５
５
６
 

５
１
１
 

５
６
９
 

9７ 

２５ ７４ 

１００ 

８３ 

６
８
９
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１
２
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１
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５
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llill 
WithslighteHervescence・
Ｆｒｏｍｒｅｆ２・

Ｆｉｖｅｍｌｏｆｔｈｅｓｏｌｖｅｎｔｗａｓｕｓｅｄｆｏｒ0.5mmolofthelactamacid 

lnaddition,thepresenceofunidentifiedneutralsubstanceswasindicatedonTLCanalysis・
Withdecompositi6n・Themeltmgpointisvariabledependｉｎｇｏｎｔｈｅｒａｔｅｏｆｒａｉｓｉｎｇｔｈｅｔｅｍｐｅｒature.B）
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lftheabovedimerictransitionstatemechanismisoperative,therateofthedecarboxyl-
ationoflinsolutionshouldbedependentｏｎｔｈｅｃｏｎｃｅｎｔｒａｔｉｏｎｏｆｌａｎｄｏｎｔｈｅｃoncentratiOn 
ofanextraacidWhenitisaddedTocheckthis,solutionsoflinC12CHCHCl2atvariohs 
concentrationswereseparatelyheatedatl35゜CwithorwithoutCCl3CO2H,astrongachd
solubleinthesolventusedTheprogressofthedecarboxylationwasfollowedbymeasurijlg 
theamountoftheunchangedlactamacidl、ItmaybeseenfromTablellthatintheabsenbe
ofCC13CO2Htherateofdecarboxylationdecreasedastheconcentrationoflwaslowerdd 
Clearly,theadditionofCCl3CO2HcausedaretardationofthedecarboxylationThismxjst 
beduetoprotonationoflatthelactamC=Ogroup1o)withaprotondissociatedfromCC13-
CO2H,WhichovercomesthecyclichydrogenbondinginlO,animmediateprecursorforthe 
dimerictransitioｎｓｔａｔｅｌｌ・Thesubstratelhasbeenpreparedfromanisomericmixtuire
ofethyl（l-benzyl-2-oxo-5-ethyl-4-piperidylidene)cyanoacetatebyacidhydrolysis（boiliPg 繍
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TABLEILDecarboxylationoflinCl2ＣＨＣＨＣ１２ａｔｌ３５ｏＣ 

Ｃoncentration 

---

Substrate(1)CCl3CO2H 
（M）（M） 

Reactiontime 

（ｍin） 
Decarboxylation 

（％） 

５
 

０
 

１
２
１
１
０
 

．
ｍ
０
２
．
ｍ
ｍ
０
 

１７ 

３５ 

３００ 

２５ 

７９ 

８７ 

０
０
４
０
０
０
 

５
５
１
５
５
５
 

５
５
 

５
０
０
 

２
２
２
０
０
０
 

●
●
●
●
●
●
 

０
０
０
０
０
０
 

TABLEIILInfraredGroupFrequenciesofl 
● 

似maX(Cm-1）
￣J--

LactanlC=Ｏα） Ｃ=ＯのCarboxylC=０

Concentration 

（M） 
Solvent 

1710 

1732 

1732 

1732 

1732 

1732 

1715 

1715, 

1720, 

1723, 

８
２
１
２
０
０
０
８
０
３
 

５
７
７
７
７
７
６
５
６
６
 

６
６
６
６
６
６
６
６
６
６
 

１
１
１
１
１
１
１
１
１
１
 

1576 

1597, 

1598, 

1600, 

５
２
１
 

１
 

５
１
０
０
０
 

，
４
２
１
０
０
２
０
０
０
 

ｍ
０
０
０
０
０
０
０
０
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Nujolb） 

Tetrahydrofuran 1628 

1628 

1628 

1626 

1626 

1590 

1590｡） 

1581,1611の

1592,1612 

Ｃ１２ＣＨＣＨＣ１２ 
1745の

1743の

1745 

α）Seethetextandref2fortheassignmentofthisband、
６）Datatakenfromref3． 
Ｃ）Ｂroad． 
。）Shoulder・

AcOH-aqHCl,１５ｈ).4.,.）Itisnowclearwhyitsurvivessuchavigoroustreatmentwith-
outanysignificantdecarboxylation・

TablelIIassemblestheIRfrequenciesofthelactamandthecarboxylC=ＯａｎｄｔｈｅＣ=C 
groupoflTheappearanceofstrongｂａｎｄｓａｔｌ５７６ｃｍ－１(lactam〃･=。)andl710cm-1
(carboxyl〃c=。)inthesolidstateisregardedasareflectionofintermolecularhydrogenbond-
ingofｔｈｅｃｙｃｌｉｃｄｉｍｅｒｌＯ・Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,ｔｈｅｔｗｏｌａｃｔａｍγc=obandsobservedintetra-
hydrofuransolutionsat0.1--0.4MconcentrationsuggestthecoexistenceofthecycUcdimer 
lOand/orhydrogen-bondedlinearpolymersandthesolvatedmonomerl5inwhichthelactam 
carbonylisfree・OndilutiontoOO1-0.05Ｍ,thepopulationofthefirstand/orthemjddle
speciesseemstobesupersededinimportancebythatofl5、Theabsenceofchangeinthe
carboxyl〃c=ｏａｎｄｉｎｔｈｅγc=condilutionsupportsnotonlythepresenceofthespeciesl5but
alsothecorrectnessoftheassignmentoflactamγc=oandTc-c,whichisoppositetowhathas 
beensuggested11）forsix-membereda,β-unsaturatedlactams・Thelactamγo=ofrequency
observedmCl2CHCHCl2solutionindicatesthatafairlylargepopulationofhydrogen-bonded 
speciessuchaslOstillexiｓｔｓｅｖｅｎａｔＯ・O05MconcentrationThismayexplainwhyde-
carboxylationofloccurredratherquicklyeveninO・OO5MsolutioninCl2CHCHCl2(Tablell)．

FinaUy,deuteriumlabelingwasusedtoexaminethefateofthecarboxylhydrogeｎａｔｏｍ 
ｏｆｌ・Whenthelabeledacidl6,generatedj〃ｓｊｊ〃ｆｒｏｍｌａｎｄＤ２０,washeatedinCl2CHCHCl2
ordimethylsulfoxideatl35oCorl45oCorunderrefluxforl5min-8h,mjxturesconsistingof 
l7，１８，ａｎｄｌ９ｉｎｖａｒｉｏｕｓｒａｔｉｏｓｗｅｒｅｏbtained、Sincethedistributionofdeuteriurnseemed
tobecomplicatedbypossiblescrambling7)ofthelabelfromthecarboxylgrouppriortodecar-
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wasidenticalwiththatofauthentiｃ8.9） 
ThermalTreatmentof9-Compound9，)（100ｍｇ)washeatedat240-245･Cfor2hasdescribedaboVe〉；

for8,andabrownsolidwasobtamedwithoutanylossinweight・Thesolidwaspartitionedbetweenbenzehenj
andl0％aq,NaOH、Theaq､NaOHextractsweremadeacidic(ｐＨ1)with10％aqHCLThepaleyellowi亭ｈ～Ji
precipitatethatresultedwascollectedbyfiltration,washedwithalittleH20,anddriedtorecover9(83ｍｇ，ｉｉｉ 
83％),mp220-225oC,whichwasidentical(bycomparisonoflRspectrum)withanauthenticsamp1e・Ｎｂ宅？
materialwasobtainedfromthebenzeneextractsdescribedabove．．， 
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