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Duringthedecadethathaselapsedsincepubl･

icationsofsomecomprehensivereviewsl～5),Our
knowledgeofthechemistryofpyrethrum has

greatlyincreased. Ithasbeenfounddesirable,

therefore,todevote.somepagesoftheSilver

JILbileeIssueofthisJournaltothechemistryof

pyrethrum.

Thedisclosureoftheheterogeneity ofthe

pyrethrolone6･7)hasmademuchoftheearlier

degrativeandsyntheticworkscarriedoutprior

to1945,includingtheoutstandingonesofStau･

dingerandRuzicka8),ofdubiousvalue. The

evidencefortheexistenceofandthecurrently

acceptedstructuresofthefourinsecticidalconsti･

tuents,cinerins-I,ⅠⅠ,pyrethrins-IandII.has
beensummarisedintheabove-citedreviews,to

whichthereaderisreferred. Itischienywith

thesubsequentdevelopmentsinpyrethrumchemi-

strythatthepresentarticleisconcerned.Litera-

turehasbeenconsulteduptoSeptemberof1960.

Asthepyrethrinsareesleys,bothstructuraland

syntheticproblemsconvenientlyresolvethemselves

intothoseofthekeEoaEcol107mOietyandthose

ofchrysalZtlLemtlcorpyretlm'cacidsmoietyand

consequently,thisaccountwillconvenientlyfollow
theseparatepartofthepyretbrins.
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Pyrethrin-I,-CII2-CII=CILCII=CII2,-Me
Pyrethrin-ⅠⅠ,-CTIrCIt--CII-CII=CIT2,-COOMe

Cinerin-I, -CII2-CII三CII-Me. -Me
Cinerin-17. -CIIrCII=CII-Me, -COOMe

CIIRYSANTIIElllCACID

canexistinfourstereoisomersduetothetwo

asymmetriccarbon atomsinthecyclopropane

ringandthenaturallyderivedacidhasbeensho☆n

tohavethe(+)-trams-configuration. Allisome･

ricacidshavebeensynthesised.Separatedand

opticallyresolvedbyIIarper9-ll)

NヱCIICOOEtMe･･C

Me2C-CIIICH-CMe2- - -I)cIトCOOEt
Me:C=CIトCII

.(ⅠⅠ) (ⅠⅠⅠ)

讐 "Cも ｡H･C｡0.I
MCヱC=CII-CH

(ⅠⅤ)

IIavingbeensuppliedwith2,5-dirnethylhexa-2.

4-dien'e(IT)fromReppesynthesis,theimproved

methodofsynthesishasnow enabledoneto

manufacturechrysanthemicacidsoncommercial

basisforincorporationasacomponentofallethrin

〔(Ⅰ):R=-CII2-CIt=CIl2,R′--Me〕.Extensiveand
elaborAtestudiesonesteriGcation,lactonisation,

hydration and catalytic hydrogenation ofthe

chrysanthemicacidshavebeenworkedoutby

Harper12-15). Oftheseachievements,theelucida-

tionofthestructureof(-)-pyrocinlS),originally

isolated from thepyrolysisofpyreAthrum by

JapaneseworkerlH 8',isofparticularintere占t.

(-)-β-Tsobutenylisohexano-㍗-1actone (Ⅴ) was
deducedtothislactoneandtheozonolysistogive

(+)-terebic acid (ⅤⅠ)hasmadepossiblethe

correlation｡oftheabsoluteconGgurationsofthe

opticallyactivechrysanthemicacidsto(-)一glycer-

aldehydethroughthekeyintermediates,(-)-iso-

propylsuccinic(ⅤⅠⅠ)and(-)一methylsuccinicacids･

Interrelationsoftheeplmericchrysanthemic

acidshavebeencompletedbytheconversionof

(+)-cis-Chrysanthemicacidinto(+)-pyrocin,
therebyrevealingthefactthattheenantiomeric

(-)-cZ'S-ChrysanthemicacidistheC(1)ePimerof
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CH=CMe2 COOH ･COOH
!

Me皇C-C-H O8Me皇C-C-H Me2CH-C-H
(+)-Erans-(IV) ) l l--う

0 C̀H2
＼/
C
ll
0

(Ⅴ)

(+)-trams-acid19). Thus,(+)-trams-,(-)-trams-,
(+)-cis-,and(-)-cis-chrysanthemicacidshave

the(lR:3R)-,(lS:3S)-,(lR:3S)-and(lS:3R)

-configurationsintheorderrespectively.

N2CHCN Me2C

(ⅠⅠ)- → 1〉cH-CN"-aS (ⅠⅤ)
MeヱC=CH-CH
(ⅤⅠⅠⅠ)

n̂othermodi丘edroutetothisacidhasbeen

dcyiscd20),involvingtheadditionofdiazoacetoni･

trilcto2,5-dimethylhexa-2,4-diene(II),followed

byalkaline hydrolysisoftheresultantchrys･

anthemonitrile(VIII)intoexclusivelylyans･chrys･

anthemicacid. Successivehomologationsofopti-

callyactiveandracemicchrysanthemicacidsby

meansofArndt･Eistertreactionyieldedthenext

higherhomologousacidswithlrans･isomers.whilst

withthecis･acid,ananomalousringexpansion

leading toacyclobutane derivative hasbeen

observed'11~糾).Modi丘edchrysanthemiCacidssuch

thatcontainsubstitutedary1-,halogenated-25,26)

andpiperonyl-sidechains27),havebeenprepared
andtheirallethronylestershavebeentestedfor

insccticidalactivity.Methyl(士)-cis-Chrysanthe･

matewasconverted.bytheactionofsodium t･

amylatcinbenzeneintothe(±)-trams-isomer28).

Thegeometricalstereochemistryofthecyclopro-

paneringofchrysanthemicacidportioninboth

naturalandsyntheticrethrins-Iwasreadilydecided

･ekC=CH-CH=CくC".e｡Me
(IX)
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0 CH2 CH2
＼/ l
C COOH
l1
0

(ⅤⅠ) (ⅤⅠⅠ)

bythecharacteristicbandsininfraredspectra的).

Lithium aluminumhydridereductionofchrysan･

themicacidsyieldedthecorrespondingalcobols,
chrysantbemol‡0),andsomeofitsestershave

beenclaimedtohaveinsecticidalactivity81).

'CFRYSANTtIEMtl加 DIOARBOXYLIOIAOIJ)

musthaveeithercis･ortrans･con丘gurationabout

thesidechaindoublebondinadditiontothatof

cyclopropaneandtherefore,eightstereoisomeric

forms- fourpairsoftrams,trams-;trams,cis-;
cis,irons-andSis,cL'S-raCemateS- arepossible.

Threeisomericacidsexceptcis,cis･form,have

beensynthesisedandtheirgeometricalconfigura.

tionswereassigned32-49). Bytreatingtrams-2,5-

dimethylsorbicacidester(ⅠⅩ)withethyldiazo･

acetate, (±)-1rans,trans- and (±)-cis,trallS-

chrysanthemum dicarboxylicacids,bothhaving

thetrans･sidechaindoublebond,wereobtained

inpreponderanceoftheformer. ThelraTIS･COnfi･

gurationofthestartingdimethylsorbicacidwas

evidencedinelaborateworks35,80,44,15).

Inanaltemativeroutetothisacid50-54)which

involvedtheadditionofdimethyldiazomethaneto

theesterofisomericα-methylmuconicacids(XI),
followedbythermaldecompositionofpyrazolinc

intermediate(ⅩⅠⅠ),(±)-trams,cis-and(士)-trolls.

Lrans-chrysanthemum dicarboxylic acids were

obtained.

Thisaffordsanotherevidenceforthegeometry

1)N2CHCOOEt Me2C
2)NaOH → M e 事) cH-Coon

) C-cH-CH
HOOC

(Ⅹ)

Me呈CN2

･eooc-cH=CH-CH=C'こ M: - MeOOCICH-C-CH二C'J .C｡Mel lI

(ⅩⅠ) Me皇CtJN
NII

(ⅩⅠⅠ)

1)-N2
_→ (Ⅹ)

2)NaOH
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ofchrysanthemumdicarboxylicacid.Ofthethree

raccmates thus obtained.thetralZS,ITOllS-acid

wasequatedwiththenaturallyderived(+)-acid

tbyinfraredspectraandtheopticalresolutionof

thesyntheticacidcomplctcdthetotalsynthesisof

chrysanthemum dicarboxylicacid叩,46).Selenium
dioxideoxidationofcllrySanthematesgavealdehy･

dieesters, which upon treatmentwithsilver

dioxide,yieldedchrysanthemumdicarboxylicacids

55,56). Thisconversionof(+)-trans-chrysanthe-

mic acid into (+)-trams,trams-chrysanthemum
dicarboxlicacidrevealedthatbothofthechrys･

anthemumcarboxylicacidsareofthesameoptical

seriesandhavethesame(+)-(1R.･3R)-conRgur･

ationwithregardsthetwoasymmetriccarbon

atoms. Thisinte汀elationwasalsoobtainedby

theozonolysisofmethyl(+)-Lrans-chrysanthe･

mateandofmethyl(+)-trans,trams-chrysanthe･

mum dicarboxylatetogive equallythe same

(1)methyl(2)hydrogen(-)-trams-caronate57).

Pyretbricacidswerepreparedbythepartial

hydrolysisofdimethyl(±)-LrallS,traflS-,(±)

-cis,trans-and(+)-Lrans,trallS-Chrysanthemum
dicarboxylatesandtheesteri丘cationswithalleth･

roloneaffordedthe丘rstsyntheticrethrins-1Ifor

testingtheinsecticidalactivity49). Methyl(+)

-tyans,trams-chrysanthemumdicarboxylate,when

treatedwith potassium methoxideinabsolute

methanol,racemisedintoexclusively(±)-Jrα〝∫,
trams-isomer. Adicarbanionwaspostulatedas

thetransitionintermediateinthisracemisation

andthecL'sjtranSinversionofchrysanthemateby
theactionofsodium I-amylate29)seemstohave

somecommonfeaturesinmechanism withthis

racemisation.

PyRETIIROLONE(XIII-a)ANDCINE.ROLONF.

(ⅩⅠⅠⅠ-b)

constitutingtheketoalcoholmoietyofthepyre･

thrins,eachpossessoneasymmetriccarbonat

41pOSitionandadoublebondcapableoEcL'S･ErallS

isomerism in2'-positionofthesidechainand,
therefore,fourstereoisomersarepossibleforeach.

Theabsolutecon6guration oftheasymmetric

carboninbothofthenaturallyderivedcyclopen･

tenoloneslwasestablishedtobethe(+)-S-confi･

guration byconvertingthese(+)-ketoalcohols

intothecorresponding(+)一methylethers(XIV).
followedbysuccessiveoxidationswithozoneand

thenhypobromitetogiveequallythe･same(-)

-methoxysuccinicacid(XV)whichhadbeencor･

relatcdwith(-)-glyceraldehyde5,-R2)

Me Me CoolI
l I I

･IbI･'CF:.R- Me"0'凸 :KO.3B,"eO竃 H
I

ー CII2I

(ⅩⅠⅠⅠ) ･ (ⅩⅠⅤ) (XV)

a,pyrethrolone, R=-CH2-CH-CH-CH-CH2

b,Cinerolone, R二 一CH2-CH=CH-Me

lnearlierworks,Cineroloneandpyrethrolone

wereisolatedinboth(+)-and(±)-forms,but

thelattermightprobablybeartefactwllichwas

formedduringisolationproceduresandonlythe

(+)-form occurrsinthenaturalesters. Ciner-
oloneanditsderivativesareratherstabletoheat,

whilstpyrethroloneanditsderivativesundergo

thermalisomerisationwithmigrationoftheside

chaindoublebondsintoconjugation with the

cyclopentenonering. Theseisomerisationsare

accompaniedbyanincreaseinthenegativerota-

tionsofthecompoundsandtheyprobablyexplain

thecon爪ictingrotationspreviouslyreportedfor

tlleSeCOmpOundsandresynthesisedpyrethrins63~

72). The点fthandsixthpyrethrolonesemicarba-

zoneswereconsideredtobeformedbyundergoing

thischangeduringrigorousfractionaldistillation.

Thisstructuralchangecannottakeplacewithout

affectingtherotaionsaswellasthegeometryof

thesidechaindoublebond. Itisnoexaggeration

tosaythatafterthechemicalstructureshadbeen

determined,worksonthenaturalrethroloneswere

concentratedtotheelucidationofthegeometryof
thesidechaindoublebond.Ourpresentknowledge

mayrevealthatthedisagreementfoundbetween

thesyntheticandthenaturalrethrolonesmay

reasonablyascribedtotheheterogeneityofthe

naturalpyrethrolonepreparationscausedbycon-

taminationofthe(±)-formP_and/orthosewith
rearrangedl'Joublebond. Thesynthesisof(±)

-cineroneanditshomologues73) wasthebstto

con丘rmthecyclopentenonestructurepresentedby

LaForge74-76'･Subsequently,3二methyl-2サ alkyl･
cyclopent-2-en-1-0neswerebrominatedwithN-
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CII2-CH2Cl･lCtI2-CHCIMeMgBr CH2-CHCI Na Br

とtI丑とH2→ 占打2JH｡1- → とH巴dHM｡ → Me~CH:CH-CH2~CHヱOH→
＼ / ＼ / ＼ / (ⅩⅤⅠ)
0 0 0

NaNH2 H2 PBr8
Me-CHBr-CHBr-CH巴ICH:OH→ Me-C≡C-CH2-CH20ⅠⅠ-う Me-CH=CH-CH2-CH20ⅠⅠ→
(ⅩⅤⅠⅠ) (ⅩⅤⅠⅠⅠ) (ⅩⅠⅩ)

Mg Et2CO3
Me-CH-CH-CH2-CH2Br→ Me-CH=CH-CH2-Cfr2-CO-Me→

(響 ) Acfa｡H 'XXI' Me｡｡｡H｡
Mc-CH=CII-CH2-CHrCO-CH2-CO2Et→ Me-CH-CH-CH2-Ct72-CO-CH2-COONa- -づ･

(ⅩⅩⅠⅠ) (XHII)
Me-CH=CH-CHl2lCH2-CO-CH2-CH(0H)-CO-Me→ (ⅩⅠⅠLb)

(ⅩⅩlV)

brom0SuCCinimideto4-bromoketones,whichwere

convertedviaacetoxyketoneinto(±)-4-bydroxy･

ketones77-81). Bythismeanswereprepared(±)

-dihydrocineroloneand(±)-tetrabydropyrethrol･

one82),therebyprovidingthe丘rstsyntheticevid･

enceforthe4-positionofhydroxygroupinnatural

retbrolones.ThesyntheticJrα〃∫･cineronewasnot

identicaIwiththecineronederivedbydegradation

ofnaturalcinerolone,pointingtothishavingthe

cL'S-COnfiguration. Harperdevisedthefourteen

rI2 H】∋r

Stagesynthesesofcineroloneandcinerone,whose

identitywithnaturallyderivedracemiccompounds

wasestablishedbydirectcomparisonofthesemi･

carba2:OneSandacetatesemicarbazones,aswell

asoftheirinfraredspectraS1,83-88).Soonafter,an

improvedtenstagesynthesisofcinerolone,involv･

ingn-pent-3-yn-1-01(XVIII)asthekeyinter･

mediate,wasdevised88).

(±)-tra12SICinerolonewassynthesisedbythe

followingroute81,85):

Mc-CII=CIトCHO→ Me-CH-Cll-CH20H→ Me-CH:CH-CH2Br
AcCHNaCOOEt
r =芸コ

NaOII
Me-CH=CH-CH2-CH(COMe)-COOEt→ (ⅩⅩⅠ)う(ⅩⅩⅠⅠ)う(ⅩⅩⅠⅠⅠ)う(XmV)う(ⅩlII-b)

Thelackofidentityof(±)-Jrα〟∫-cinerolone

withnaturallyderivedracemiccinerolonewhich

wasshown bycomparison ofsemicarba2;OneS,
acctatcscmicarbazonesand infraredspectra的),

providedfurtherevidenceforthecon丘gurations

Na2CO3

assignedtothesecompounds. Byadoptingthis

synthesistothatofthecis･isomer,IIarperhas

synthsised (±)-cisICinerolonein an improved

overallyield88).

NaOH PCl3
Me一cc1-CH-CH2C1 → Me-CCl=CH-CH20H → Me-C≡CICH20H →
AcCHNaCOOEt NaOII

McJCEC-CITPl. → .Me-C≡C-CH1-CH(COMe)-COOEt→ MとC≡Cl:Hll:HI-COIMc
H2→(ⅩⅩⅠ)う(ⅩⅩⅠⅠ)う(Ⅹ ⅠⅠⅠ)う(ⅩⅩⅠⅤ)う(ⅩⅠⅠトb)

Theresolutionofsynthetic(±)-cis-cinerolone

intoits(+)-and(-)-enantiomersbymeansof

(+)-or(-)-LyallS-ChrysanthematesemiCarbazones

andthesubsequentesteri丘cationwithenantiomeric

trans･Chrysanthemic acids completed thetotal

AcCIiNaCOOEt

18の

synthesisofcinerin-Ⅰ90).Whenthestartingalke･

nylchloride,RCl,isreadilyaccessible,thepro･

ductionofthecorrespondingalkenyl･rethrolone

isgreatlyfacilitatedinthefollowingsixstage

synthesisinactualoperation.

NaOH Et2COa
RCl- . . 一一〉Rイ:H(COMe)JCOOEt→ 良-CH21･COMe→ RICHrCO-CHIICOOEt

NaOH . MeCOCHO- NaOH
→ R-CH2ICO-CH2-COONa- → R-CHrCO-CH2-CH(OH)-COMe-う

Me
l

HO-凸 ::
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Manyanaloguesofcinerolonehavebeensyntbe･

sised in thisway and have bccn csterined

withthechrysanthemicncidstogiveanalogues

ofcinerin-IOI-95). Amongthesediscovcrics,the

commercialproductionofallethrin附,04-90hasbeen

dev占lopcdandnowsubstantialquantitieshavebeen

marketedataprlCeCOm parabletothatofpyre･

thrum.Inthesimilarmannertothatofcinerolone,
allethrolonewasresolved99)andesteriBedwith

enantiomerictyans-chrysanthemicacidstoafford

fouropticalisomersoftrans-allethrins100).

Acrystallineallethrin,α-dlJrα〝∫-allethrin,was

showntobearacemiccompoundof(+)-alleth･

ronyl(-)-trams-chrysanthemateand(-)-alle･

thronyl(-)-trams-chrysanthemate90･101). Thisis

anusefulstandardforbothchemicalandbio-ass･
l
aysofthepyrethroids.

Followingasimilarcoursetothatofcinerolone,
Harperhassynthesised(±)-irons-pyrethrolone

aswellas(±)-irons-pyrethronelO2).

Comparisonwithnaturallyderivedpyretbrolone

B-2showedlackofidentityandhence,itwas

concludedthatpyrethroloneBiscl-S-pyrethrolone.

Thisconl1gurationsoassignedwasfurthercon-

firmedbythecompleteidentityofcl'S･JraSmOne

withnaturallyderived(±)-dihydropyrethrone103).

Esterificationof(±)-trams-pyrethrolonewith(+)
-lrans-chrysanthem;cacidgaveatrL711S-pyrCthr王n-I

withconsiderableactivity. Endeavourhasbeen

CII2 CH2 CH
/ ＼ / ＼ / も
CH2 CH Cl2 CIT2 CIICIKOH CH2CIIHaPO4 LiAllll
I rr → 1 1 → 1 1 → CII乞三CH-CtI=CII-CIIO-iCI I2-CII-CTT=CIトCTT207I
CH2 CHEtOHCI72 CHOEt CH2 CHOEt
＼ / ＼ / ＼ /
0 0 0

PC18 AcCHNaCOOEt NaOtI

Et2CO3 NaOII
CHこ=CII-CH=CH-CH2CH2-CO-Me- → CH2TCHICII≡CII-CTT2-CN皇-COCTI2-COOEt- →

MeCOCIIO
CII2=CH-CH=CH-CH2-CH2-COICH2lCOONa-→

NaOtI
CH2亡CH-CH-CH-CH2-CH2-CO-CH2lCII(OfI)-CO-MC--う (Xm-a)

madetointroducecis-pent12,4-dienylsysteminto

cyclopentenolone,thelastpendingandthemost

difhcultprobleminpyrethrumchemistry. Using

theintermediateselaboratedinthepreliminary

YorklO4~108)ICrombiehasachievedthesynthesis

of(±)-cis-pyrethrolonelq5),whichwasfoundto

beidentical withpyrethroloneB-2ofnatural

origin.Thediasteroisomericmixtureofesters(+)
-CfsIPyrethronyl(+)-trans-chrysanthemateand

(-)-cl'S-Pyrethronyl (-)-transIChrysanthematc

wasprepared,theformerbeingthenaturalpyr･

ethrin-I.

Withmanyhomologuesandanalogues,varieties

ofstereoisomersofthepyrethroidsnow made

readilyavailablefortestinginginsecticidalacti･

γity,therelationshipbetweenchemicalstructures

andinsecticidalactivityhasbecomerevealedl･4･MB)

Inparticular,thestereocherrlicalconformation

theory,exempli丘ed.byacompletesetofstereo･
isomericallethrinsandcloselystrucuredmodはca･

tions.hasbeengreatlydevelopedinthelightof

theestablishedstereochemistryofpyrethroids9㌔tOO)

Abso叩tionandmetabolismbyinsectsofpyr･

ethroidswerefollowedbymeansofthemoderntracer

techniquewithI一°-labelledpyrethroidsl10-112)

ManyattemptsllaVebeenmadetosolvethe

vexedquestionof

Et..COS
cH2=CH-C≡C-Cli!-CTも-CO-Me→ CH2=CH-C=C-CH2-CH2-CO-CH2-C(プoEt･l

NaH

1)NaOHNaOH
→ CHz-CH一七 ≡CIClIt一七HrCO-CHrCH(OH)一七0-Me → (Ⅹ¶I-a)

2)MeCOCHO
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PyRETfIRlJNANALYSTS

butlittlehassofarbeenachieved. TheSell

titrimetricmethodl13),formerlywidelyused,was

madeobscurebecauseofitssubstantialfaults.

Theso-called■mercuryreductionmethodiscur一

rentlyemployed,butcorrectresultsareobtained

onlybystrictadherencetothespecifiedconditions,

which,likethefactorusedtocalculatetheresults,

arequiteempirical. Someimportantversionsof

thismethodwereproposedbuteven､thesemodi一

缶cationswerefarfrom makingitperfectl14～128)

Attemptshavealsobenmadetoutilisespectro･

photometrytodeterminethetotalpyrethrinsas

suchandanUV一methodwasinitiatedbyBeckley

l恥 LaHandwasdevelopedbyShukis133)incombi･

nationwithahigh vacuum technique. TheIR-

spcctrophotometricmethod134･135).polarographict48),

colorimctricandchromatographicmethods186~147)

havebccnprop〇sedfortheirclaimedaccuracy,

reproducibility.convenientandspeedyperforma･

nee.buttheirpracticalapplicationtotheassay

ofpyrelhroidsisprobably limited. Sincethe

problemofpyrethrumanalysisisamostentangled

one.itcannotbeexhaustedinthisbriefaccount

andtllereadershouldrefertothesummariesby

otherauthors149-157)

M tscz･:r.LANliOUSCOllPOUNDB

otherthanthepyrethroidshavebeelireportedto

tx!prcscnt,freeorcombined,inpyrethrum.

Pyrethrosinwas丘rstisolatedbyRoseandHalter

ascarlyas1937159~160), butitsstructuralproblem

llaSnOfurtherbeenprosecuteduntil1957.Barton

hasdeducedthefollowingdecagonalstructureto

thislactone161-2)

Pyrethrosinistheノ言rsEdecagonalierPenoids

foundinnatureandisofparticularinterstinits

biogeneticsignはcanceasapossibleprecursorof

mostofthebicyc_liesesquiterpenoids･β-Amyrin
orarelatedtriterpene168),cerylalcohol163),hent･

182

riacontaneandnonacosanet63),allthenormalpar･

a爪nsfrom C24-C26andpossiblehighermembers

184)an irritantphenoliccompound165),tiglic188).

palmiticandlinoleicacids187),chloropbyllinmixt･

uret85),lightoilwithcharacteristicodour169)and

ahydrocarbonClOH40169)havebeendetectedin

pyretbrum.
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TlleChemistryOfRotenoids.HiroshiFUJ(A.IllandMinoruNAEAJI五IA(DepartmentofAgricul･

turalChemistry.KyotoUniversity)

32. Rotenoidsの化学 深拓 拾,中島 稔 (京都大学 見学部 良薬化学研究室)

デ.)ス根は古くから魚苗として知らJL,また除虫菊

や煙草と並んで有力な殺虫剤でもあって,特にその有

効成分の代衣的なものであるrotenoneは昆虫に対し

て経口詔としては批酸鉛よりも放く接触Trtiiiとしてほ

nicotineの十数倍といわれる反面,温血動物にはタ耗啓

であるという特性のために多くの研究者の注目をひい

た天然物である.デリスやその他の植物からrotenone

削まじめとして,これと類似の化学構造の物質が次々

と111離され,, これらは総称して "rotenOid''と名付け

られている.Rotenoidsについてはすでに二,三の綜

説1･4)があるが,巾でも似托7!.=の瓜tf｢デl)ス｣-)は内
容の完壁さにわいて他の追随を許さぬものであり,

1940年頃までのrotenoidsに肝J-る化学的研兜が挽れ

なく記載されている.したがってここではそれ以降に

行われたrotenoidsの研兜に斑点をおき特に合成化学

の面を中心として記述する.

まずrotenoidsの化学的研究の歴史を概観するとデ

I)ス板の有効成分については1902年永井5)がその主成

分を畔離しrotenoneとぬ名して本格的な研死のEr'ut絹

が閃かれ,1928年武居6)によってrotenoneの正確な分

子式 C23H2208が与えられて噺くその化学構造の研兜

が宿敵となり,1932年に至って武居等7).Butenandt

等8)およびLaForge等9)の日･独･米三国の研兜印に

よってそれぞれ独立に全く閉じ川辺式が出されて

rotenoneの化学fl.Lt辺が決Ti:した.一万rotenoneの川

辺と柑 こ印々のrotenoidsもyrしくnt離されrotenone

の只性作であるdeguelinなどの化学川辺もrotenone

のfI.Ll辺を兆礎として唄次決起されていった.このよう

にしてrotenoidsの川辺が明かになって以後は主とし

て Robertson等によりその合成の研究が続けられて

多くの成果10)がえられたにもかかわらずrotenoidsの

全合成はできなかった..1958年になって宮野等11'によ

ってdehydrorotenoneをrotenoneに還元する巧妙な

方法が発見されて以来はじめてrotenoidsの全合成の

道が拓け,1959年には宮野等12)はdihydrorotenoneの

全合成に成功し1960年には深海等18)はdeguelinの,
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