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ABSTRACT

ClemmensenReductionisoftheimportantorganicchemical

reactionisusedforthereductionfrom carbonyltoch2group.In

traditionalclemmensenreductionusesveryharsh

conditions.Effortshavebeenmadetogivesomeevidencefor

thecomplexpathwaysingleelectrontransfer.Thisreview

focusesonmakingthereaderawareofthisdevelopment

towardsclemmensenreduction.
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INTRODUCTION

Clemmensenreduction isa chemicalreaction describedas

a reduction of ketones (or aldehydes)

to alkanes using zinc amalgam andconcentrated hydrochloricacid.This

reactionisnamedafter ErikChristianClemmensen,aDanishchemist.

TheoriginalClemmensenreductionconditionsareparticularlyeffective

atreducing aryl-alkyl ketones, suchasthoseformedina Friedel-Crafts

acylation.Thetwo-stepsequenceofFriedel-Craftsacylationfollowedby

Clemmensenreductionconstitutesaclassicalstrategyfortheprimary

alkylationofarenes.With aliphatic orcyclicketones,modified

Clemmensenconditionsusingactivated zinc dustinananhydrous

solutionofhydrogenchlorideindiethyletheroraceticanhydrideismuch

moreeffective.[1]

Thesubstratemustbetolerantofthestronglyacidicconditionsofthe

Clemmensenreduction(37%HCl).Severalalternativesareavailable.

Acid-sensitivesubstratesthatarestabletostrongbasecanbereduced

usingthe Wolff-Kishnerreduction;afurther,mildermethodfor

substratesstabletohydrogenolysisinthepresenceof Raneynickel is

thetwo-step Mozingoreduction.[1]

Inspiteoftheantiquityofthisreaction,themechanism ofthe

Clemmensenreductionremainsobscure.Duetotheheterogeneous
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natureofthereaction,mechanisticstudiesaredifficult,andonlya

handfulofstudieshavebeendisclosed.[7] Mechanisticproposals

generallyinvokeorganozincintermediates,sometimesincluding

zinc carbenoids,eitherasdiscretespeciesorasorganicfragments

boundtothezincmetalsurface.However,thecorrespondingalcoholis

believednottobeanintermediate,sincesubjectionofthealcoholto

Clemmensenconditionsgenerallydoesnotaffordthealkaneproduct.

ErikChristianClemmensen (August12,1876–May21,1941)was

a Danish-American chemist.Heismostcommonlyassociatedwith

the Clemmensenreduction,amethodforconvertinga carbonyl

group intoa methylenegroup.

HeisbestknownforthereactionthathedevelopedwhileatParke,Davis

&Co.Thisreactioninvolvesthereductionof ketones usingazinc

amalgam and HCl.Ithasbeenemployedinthepreparationofpolycyclic

aromaticsand aromatics containinglinearhydrocarbonsidechains,the

latternotbeingobtainablefrom a Friedel-Craftsalkylation

TheClemmensenreductionreactionandWolffKishnerreduction

reactiondifferinafewconditions.InClemmensenReaction,the

conversionofketonesoraldehydesintoalkanestakesplace,whereas,in

thecaseofWolff-KishnerReaction,theconversionofcarbonylgroups

intomethylenegroupstakesplace.Theseconversionsareprocessedby

reducingfunctionalgroups.Boththereactionsrequirespecificreaction

conditionsandthecatalystforthesuccessfulprogressionofthe

reaction.
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Alkanefrom alkenylchloride(halide)canbepreparedfrom anyorganic

compoundwhichcanbetransformedintoalkenylhalide.

Thereactioniswidelyusedtoconvertthecarbonylgroupintoamethyl

group.Preparationofpolycyclicaromaticsandaromaticscontaining

unbranchedsidehydrocarbonchain.Thereactionhelpstoreducethe

aliphatic and mixed aliphatic-aromatic carbonylcompounds. The

reduction ofClemmensen is mostwidely used to transform acyl

benzene(from acylationbyFriedel-Crafts)toalkylbenzene.

TheGeneralReaction:

Scheme1:generalclemmensenreduction

Mechanism:

Scheme2:Mechanism ofclemmensenreduction
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LiteratureReview

Rearrangementofa-AminoketonesduringClemmensen

Reduction.TheFateofAsymmetryatthea-Carbon2

Scheme3:rearrangementsofa-aminoketones

Theresolutionof1,2-dimethyl-2-ethyl-3-piperidonehasbeeneffected,

andtheopticallyactiveketonehasbeensubjectedtoClemmensen

reduction.Thelossofopticalactivityand,hence,ofasymmetryatthea-

carbonatom duringtheClemmensenreduction-rearrangementofthisa-

aminoketoneisconsistentwiththeconceptofinitialcleavageoftheCor

-Nbond.[2]

astudyoftheeffectofringsizeontherearrangementofmonocyclic

aaminoketones'supportsthishypothesis.Likewiseastudyofthe

electrolyticreductionofaaminoketones6hasindicatedclearlythatthe
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natureoftheproductsobtainedrequiredinitialCa-Ncleavageofthea-

aminoketone,followedbysuchfurtherreductionoftheresulting

intermediateaswilloccurattheparticularcathodeemployed.The

presentinvestigationwasundertakentodeterminethefateof

asymmetryatthea-carbonatom ofana-aminoketoneundergoing

Clemmensenreduction,sincelossofopticalactivityduringtheprocess

wouldbeconsistentwithinitialcleavageoftheCa-Nbond.

Itwasnecessarytoselectana-aminoketonewhichwouldnotbe

racemizedbyhydrochloricacidalone.Itwasalsonecessarytoascertain

thecourseoftheClemmensenreductionofthecorrespondingracemica

-aminoketonebeforeproceedingwiththeopticallyactiveform.The

compound1,2-dimethyl-2-ethyl-3-piperidone(I)satisfiedthese

conditions,sinceithasnoenolizablehydrogenonthe2-carbonand

sincetheracemicform of1,2-dimethyl-2-ethyl-3-piperidonehasbeen

showntogive1-methyl-2-s-butylpyrrolidine(111)onClemmensen

red~ction.~

Thesynthesisofruc-l,2-dimethyl-2-ethyl-3-piperidone(I)7wasimproved,

andresolutionoftheaminoketonewasaccomplishedthroughtheuseof

dibenzoyl-D-tartaricacid.Thelesssolubleform (inSO%ethanol)ofthe

opticallyactivesaltofIwasrecrystallizedtonearlyconstant,maximum

rotationandmeltingpoint,andwasthendecomposedtogivethefree

base.Itwasnotestablishedthatthe(+)-1,2-dimethyl-Z-ethy1-3-

piperidonethusobtainedwastheopticallypuredextrorotatory

enantiomorph,buttheliquidexhibitedsufficientopticalactivity(a=0.79'

ina1-dm.tube)tovalidateconclusionsbaseduponobservedlossor

retentionofactivityduringitsreduction.Theidentityoftheresolved
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aminoketoneIwascheckedbyelementalanalysisandbytheinfrared

absorptionmaximum at1712em.-',indicativeofthepresenceofthe

ketonecarbonyl.TheClemmensenreductionof(+)T1,2-dimethyl-2-ethyl

-3-piperidoneyielded1-methyl-2-s-butylpyrrolidine(III),asindicatedby

microanalysisandbytheabsenceofinfraredabsorptioninthe3and6p

regions.Theproductwasdevoidofmeasurableopticalactivity,andit

wasconvertedinquantitativeyieldtoapicratewhichwasidenticalwith

thatoftheinactive1-methyl-2-s-butylpyrrolidineobtainedfrom

Clemmensenreductionofruc-1,2-dimethyl-2-ethyl-3-piperidine.~The

completelossofopticalactivityduringtheprocessisconsistentwith

theoccurrenceofCa-NbondscissioninItoyieldasanintermediatethe

2°-aminoketoneI1(orprotonated),sincesuchas-butylketone,evenif

asymmetricasinitiallyformedwouldberacemizedextremelyrapidlyin

therefluxinghydrochloricacid.

Clemmensenreductionofdiosgeninandkryptogenin:synthesis

of[16,16,22,22,23,23-2H6]-(25R)-26-hydroxycholesterol
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Amixtureofdiosgenin(2)(0.10g;0.24mmol),Zndust(2.25g,34.4

mmol)andethanol(15.0ml)wasrefluxedfor15minandthen37%HCl

(7.0ml)wasaddedduringaperiodof15min.[3]Attheendofthe

addition,thereaction,monitoredbyTCL(CH2Cl2/MeOH,97:3,v/v),was

cooledtoroom temperatureandfilteredtoremoveZndust.[4]CH2Cl2

(20.0ml)wasthenaddedtothesolutionandtheorganiclayerwas

washedwithwater,aqueoussaturatedNaHCO3andwater.[5]The

organicphasewasdriedwithNa2SO4andthesolventevaporatedat

reducedpressure.Theresiduewaspurifiedbyflashchromatography

(CH2Cl2/MeOH,99:1,v/v)togivetheproduct4asawhitesolid(0.050g,

50%).[6]

Kryptogenindiacetate(5)waspreparedbyanovernightreactionfrom

kryptogenin(3)(0.2g,0.46mmol),aceticanhydride(0.4ml)andpyridine

(0.8ml)in82%yield(0.206g).[7]Toasolutionofkryptogenindiacetate

(5)(0.1g,0.18mmol)inEtOH(14.0ml),Zndust(1.64g,25.0mmol)was

addedandthemixturestirredandrefluxedfor15min.Then37%HCl

(3.0ml)wasaddeddropwiseduringaperiodof15minandthereaction,

monitoredbyTLC(petroleum ether/AcOEt,70:30,v/v),wasslowly

cooledtoroom temperature.AfterfiltrationofZndust,CH2Cl2(20.0ml)

wasaddedandtheorganiclayerwaswashedwithwater,aqueous

saturatedNaHCO3andwater.[8]Theorganicsolutionwasdriedwith

Na2SO4andthesolventevaporatedatreducedpressure.[9]Theresidue

waspurifiedbyflashchromatography(petroleum ether/AcOEt,80:20,

v/v)togivetheproduct1asawhitesolid(0.055g,76%).[10]Mp

169–170◦C
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Inordertoobtainthedeuteratedderivativesofcompound4,we

performedtheClemmensenreductionunderourconditionsusing

deuteratedreagents.[11]NMRspectraoftheproductcouldonlysuggest

thatlabelingwaslocatedinthesidechainandtheintegrationofthe

complexsignalsbetween0.90and2.30ppm indicatedinvolvementof

positionsgoingfrom C21toC24.Analysisofmassspectrashowsthata

variablenumberofdeuterium atomswererandomlyincorporatedinto

thestructure.[12]Table1reportsthefragmentationpatternofunlabeled

andlabeled(25R)-cholest-5-en-3,16,26-triol(4)derivatizedas

trimethylsilylether(mol.wt.634).[13]Themostintensepeakinthenon-

deuteratedcompoundisatm/z454representingthe[M-(Me3SiOH)2]

ionthatbecomesm/z456indeuterated4correspondingtoan

enrichmentoftwodeuterium atomsandisaccompaniedbycloseions

atm/z457,458,459ofvariableintensities

TheClemmensenReductionof3-Bromofluorenone
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Scheme4:reductionof3-bromofluronone

Scheme4

Inthissynthesis,asmallamountofacompound(mp267-268•Ž)was

isolatedduringthecourseofthedeaminationprocess.From theinfrared

spectrum (1705cm-1(C=0),1510,1340cm-1(NO2))andtheanalytical

results(C,51.25;H,1.95%),thiscompoundwasidentifiedasthe2-nitro-

6-bromofluorenone(mp267-268•Ž)reportedbyM.V.Bhatt

ducedbytheprocedureemployedwithfluorenoneand2-

bromofluorenone,usingtolueneasthesolvent.From thereaction

products,3-bromofluorenol(II),4J3-bromofluorene(III),4)3,3'-dibromo-

9,9'-dihydroxy-9,9'-bifluorenyl(IV),3,3'-dibromo-9-hydroxy-9,9'-

bifluorenyl(V),3,3'-dibromo-9,9'-bifluorenyl(VI),')andanunknown

compoundwithameltingpointof225•Ž(VII)wereisolatedbymeansof

acombinationofrecrystallizationandcolumnchromatography.[14].

TheexperimentalresultsaresummarizedinTable1.TheformationofIV

reachedamaximum after4-5hr.reaction.TheyieldsofcompoundsIII
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andVI4graduallyincreasedduringthistime.TheIRspectraofIVandV

wereverysimilartothoseof2,2'-dibromo-9,9'-dihydroxy-9,9'-

bifluorenyland2,2'-dibromo-9-hydroxy-9,9'-bifluorenylrespectively.The

reductionofIV(Run7)alsogaveV,whichwasconvertedtoared3,3'-

dibromo-9,9'-bifluorenylidene(X)byalkali.AlthoughVIandVIIgavethe

sameelementaryanalysesandverysimilarIRandNMRspectra,the

structureofVIIisnotclearatpresent.WhenIVwasheatedwithsulfuric

acidinaceticacid,itaffordedspiro[3-bromofluorene-9,9'(10')-3'-

bromophenanthrene]-10'-one(VIII)bypinacolrearrangement;thiswas

thenreducedto3,3'dibromophenanthreno[9',10':9,10]phenanthrene

(IX),asisillustratedinChart2.ThepinacolrearrangementofIV,

however,didnotoccurduringthereduction.TheIRspectraofVIIIandIX

wereverysimilartothoseofthecorresponding2-bromosubstituted

compounds.

ModifiedClemmensenreductionofsomepolycyclic

alkylarylketones.Comparisonofzincdustandgranulatedzinc

action.

Scheme5
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Unsubstitutedarylalkylketoneswerereducedtocorrespondent

alkylareneswithmoderateyields.Reactionsproceedsmoreslowlythan

foralkylphenylketones[1],probably,duetomorehydrophobiccharacter

ofcompoundsused.[15]Additionofsolventimmisciblewithwatersome

increasesyields,additionofsolventsmisciblewithwaterincreases

yieldssignificantly.Yieldsofhydroxy-substitutedcompoundswere

higher,thanfornon-phenoliccompounds.[16]Additionofsolvent

misciblewithwateralsoincreasestheyield.

Inmostofrunswehaveusedzincdust.Forcomparison,wehaveused

granulatedzincandzincdustforreductionIatoIIa.Wehavefoundthat

reductionwithgranulatedzincproceedsduringlongertimethanwith

zincdust,nootherdifferenceswehaveobserved.[17]

To0.1molofalkylarylketoneand0.3molofzincdust50mlofwaterand

50mlofconcentratedhydrochloricacidwereadded.Thereaction

mixturewasheatedwithrefluxcondenseratrefluxduring24hr.Each6

hours5mlofconcentratedhydrochloricacidwasadded.Thereaction

mixturewasmonitoredwithTLC.[18]Aftertheendofreactionthe

reactionmixturewascooledandextractedwithethylether.Afterdrying

withsodium sulphate,filtration,andremovingofsolventtheresidue

purifiedbycrystallisation.

To0.1molofalkylarylketoneand0.3molofzincdust50mlofwater,50

mlofconcentratedhydrochloricacid,and50mlofsolventwereadded.

Thereactionmixturewasheatedwithrefluxcondenseratrefluxduring

24hours.Each6hours5mlofconcentratedhydrochloricacidwas

added.ThereactionmixturewasmonitoredwithTLC.Aftertheendof

reactionthereactionmixturewascooled,waterlayerseparatedand
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extractedwithethylether.[19]Combinedorganicsolutionsweredried

withsodium sulphate,filtered,andsolventswereremovedatreduced

pressure.Theresiduepurifiedbycrystallisation.[20]

ModifiedClemmensenreductionofsomediarylketoneswith

non-amalgamatedzinc
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Incourseofourinvestigationdirectedtoreplacezincamalgam fornon-

amalgamatedzincinClemmensenreductionofcarbonylgroupto

methylenegroup(preceedingposter[1])wehaveinvestigatedreduction

ofsomediarylketones.

UnsubstitutedbenzophenoneIwasreducedwithzincdustwithout

additionalsolventtodiphenylmethaneIIwithlowyield.BenzpinaconeIII

wasisolatedasthemainproduct.Reductioninethanol-watermedium

proceedswithmoderateyieldsofIIandIII.[21]

4-HydroxybenzophenoneIVwasreducedtocorrespondent4-

hydroxydiphenylmethaneVwithzincdustorwithgranulatedzincwith

highyield.Pinacone-typeby-productwasnotdetected.

1-BenzoylnaphthaleneVIwasreducedto1-benzylnaphthaleneVIIwith

moderateyield.Additionofethanolcosolventdidnotimproveyield

significantly

ReductionofanthroneVIIIwasproceedstodihydroanthraceneIXand

hexahydroanthraceneXmixture.Additionofsolventmisciblewithwater

alsoincreasestheyieldofIX.
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Conclusion

Clemmensenreductionisanorganicchemicalreactionisused

forthereductionfrom carbonyltoch2groupalthoughvarious

methodshavebeenreportedthemechanism isstilluncleared

andsomeevidenceforthecomplexpathwaysingleelectron

transferhavebeenproposed.
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