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Sm or Zn-Induced Coupling Reactions. A Facile Route to 1,2-lXketones
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Abstract: Couplingefketo cyanides1 into 1,2-diketenes2 hasbeenpertbrmedby
theactionof Snr12orZn12 in tetrahydrofumnat ambienttemperaturein highyields.
@ 1997ElsevierScienceLtd.

Recentlymrium metal its salts and organossmarimucompoundshave been widelyemployedas
uaeiid reagents or catalysts in organic aynthesis.1Srnce pioneering studies by IGgan and co-workers
demonstratedthe particular effectivenessof samariumdiiodideas a strong one-eleetrontransfer reduoing
agent,2the utilisationof Sm12m syntheticorganicchemistryhas been dramaticallydocumented.3Hereinwe
wish to report a novel one-pot procedurefor the couplingof keto cyanidesto form 1,2-diketonesusing
sammiumdiiodideand/or zinc iodide as catalyst.The reactionproceeds efficientlym high yieldsat ambient
temperature.However,to our knowledgethere are no literaturereportaon the coupliagof keto cyanidesto
form 1,2-diketones.Severalmethodsfor the synthesisof 1,2-diketoneaare reported which rncludeacylorn
condensationof esters with sodiummet~4 couplingof acid chlorides5and seleniumdioxideoxidationof
variousmonoketones.4~6a-Diketonesare alsoavailablethroughoxidativeprocedure suchas the me reaction
of singletoxygenwith alkenes7or by the oxidationof acetyleneswith Na104/Ru02.8 Recentlydiethyl[l-

@l(erYl)-1-(trimethYlailoxy)methyllphoaphonatewas alsoeruployed9.Howevermost of these methodshave
some disadvantagesm relation to their general applicability,selectivity, availability,number of steps,
operationalconvenience,or yields.As a resultthere is alwaysa considerablerntereatm findingmore selective
methods.Ournewmethodcoupleswitheasea widevarietyof acylcyanidesdirectlyto formthe corresponding
1,2-diketonesandtherewasno evidencefor the formationof anya-ketol type ofbyproducta.

Srn12orZn12
RCOCN ~ RCOCOR

THF
1 2

In a typicalprocedure,benzoylcyanide(0.13g,1mmol)dissolvedm drytetrahydrofimut(5ml)under
nitrogenwas addedslowlyto a solutionof samariumdiiodide(0.80g,2 mmol)m tetrahydrofhrsn(1OIUI)and
stirredat room temperature.The reactionstarts immediately,as indicatedby the fast disappearanceof the
characteristicblue-greencolorof Srrd2.Af&er25 reins.,dilHCIwaaaddedandextractedwithdiethylether(3 x
20ml). The ether extract was washed with sodiumbicarbonatesolution,dried over sodium aulphate,and
concentratedunderreducedpressureto ailiord2a m 800/0yieldexclusively.Similarlyketo cyanidea(lb-h) were
reactedandthe corresponding1,2-diketoneswere obtainedm 75-80°Ayielda.The structuresof the diketones
were unambiguouslyidentifiedon the basis of their phyaicochemicaldata (JR ~ MS). me reds ~d
scopeof this reactionare shownin the table.Aliphaticketo cyanideIh was alsocoupledwith Srn12to directly
formthe 1,2-diketone,howeverthe reactioncompletiontime was about 90 mina.The reactioncondition are
tolerantof the estergroup(entry lg) andof the ethermp-MeOC6H4COCN(entry if). Furthermore,aromatic
halidesshowedremarkableselectivityto givethe diketonewithoutanydehalogenation(entry lb & Ic). When
Sm12ia replaced by inexpensiveZn12the couplingproceeda effectivelywithonlyoneequivalentof Zn12

7603



7604

comparedwithtwo equivalentsof Sm12andthe productswere obtainedm almostcomparableyields.In most
casesthe reactionis over within(25-40)reinswith Sm12howeverthe reactiontakes a little more time with
ZSI12.Furtherincreasingthe reactiontimegaveno significantimprovementinyieldbut ratherformationof the
comespondingbenzornoccurred.

Althoughthe detailedmechanismofthia reactionis not clearat this atage,it is likelythat the reaction
starts by an electrontransfer from Sm12to RCOCN.The radical anion (RCOCN): thus formedcould be
cleavedrntoRC@andCWThe radicalRCO-candirneriaernto 1,2-diketonesor it canbe reducedrntoan acyl
anion specie%which on acylationgives the correspondingdiketones.lo More detailed studies aimed at
expandingthe scopeof the reactionandto understandits mechanismaremprogress.

In conclusio~the presentnew methodhas someadvantagesover the existingmethodsand will
makea uaeiidand importantaddition.The mainadvantagesof thisnew methodare mildreactionconditions,
reducedreactiontimes,lackof aideproductsandbetteryieldsthanthe classicalmethoda.

Table: Srrr12/Zrr12catstyzedcouplingofkato cyanidesinto 1,2-dikatones

entry R sd2a Reaction Yieldb zrs12 Reaction Yields
equivaterrts time(rnins) 70 equivalents time(mirrs) %

la C6H5 2 25 82 1 30 78

lb 4CIC6H4 2 30 75 1 40 66
IC 4-IC~ 2 35 80 1 45 70
Id 4-MeC&4 .2 35 75 1 50 68
le 4-N02C#Q 2 40 70 1 65 70
lf 4MaOC& 2 35 80 1 40 75
lg 4-MeOOCC~ 2 35 75 1 45 70
lh n-C8H17 2 90 65 1 75 65

%112is preparedfromsamariummetsrtand l,2-diiodoethsneand storedin THFsolutionunderan inertatmosphere.b~] the
yiel@sreferto isolatedchromatograpbicallypuremmporrnds,
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