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Abstract. An electrochemicallydriven, catalytic, Pd(0)/Cr(II) mediated
coupling of organic halides with aldehydes is described. The reaction
proceedesundermild conditionsand the influenceof reactionconditionsand
the mechaoismare brieflydiscussed. 01997 Elsevier ScienceLtd.

TheCr(lI)/Ni(0)mediatedcouplingof vinylandarylhalideswithaldehydes(theNozdi-Hiyama-k’.rhi
reaction)has beenwidelyappliedin organicsynthesis.lThe reactivityof organochromium@I)intermediates
under the mild reaction conditionsand the chemoseIectivityfor aldehydesin the presence of all other
functionalgroups offers attractive advantagesover other conventionalorganometalliccarbonyladdition
reagents.However,the reactionhas sufferedfromthe requirementfor greaterthan stoichiometricamountsof
divalentchromiumsaltsalthoughit is catalyticin nickel.Wenowreportan electrochemicallydrivenNozaki-
Hiyama-Kishireactionwhichpermitsthe use of catalyticamountsof Cr@) saltsin combinationwithcatalytic
amountsof Pal(O)(Scheme 1).2$3

The broad outline of the mechanisminvolvesoxidativeadditionof a vinyl- or aryl-halide(1) to a

zerovalentpalladiumcomplexfollowedbytransmetallationwitha chromiumsalt andadditionof the resulting

organochromateto an aldehyde(2).4In the presenceof an oxophile2ILi(I)saltsor TMSC1]the O-Cr(HJjbond
is cleaved and the liberated Cr(III) is reduced to Cr(lI) on the electrode surface. Detailed mechanistic
investigations(e.g.thenatureof organicligandexchangereactionandreactivationofpalladium)areunderway
in ourlaboratory.

R1—X

(1)

)
Cr(II)/Pd(0)

+ i’,

R2 + ne

(2)

Scheme 1

6307

OH

A
R1 R2

[3)



6308

As it canbe seenfromTable 1, bothvinylandarylhalides(1) reactwithaldehydes(2) in thepresence
of the Cr@)/Pd(0)catalystcombinationunderconstantcurrentconditions.s

Table 1

Entry x RI R2 Yield(%)
1 Br 2-propenyl Ph 69
2 Br 2-propenyl 2-Naphthyl 55
3 Br 2-propenyl 0 >

(u
I

62

o~
4 I Ph Ph 66
5 I Ph 2-Naphthyl 54
6 Br Ph Ph 57
7 Br Ph 2-Naphthyl 51

Prelimimuyoptimisationof theprocessshowedthat the currentdensitymustbe preciselycontrolledto
avoid side reactions(biaryl formationor inactivationof mediator),that further increasingthe molarityof
LiC104(oxophileand supportingelectrolyte)does not influencethe yields and that the best results were
obtainedwhenfourligandequivalentsper palladiumprecatalystwereemployed.

The advantagesof this electrochemicalprotocolare mild reactionconditions,ease of scale-up,and
reductioninwaste.WethankLeedsUniversityandZenecaforsupport.
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Generalprocedure:Electrolysisof the organichrdide (leq), aldehyde(1.2eq), CrC12(lOmol%)and
O.lmol%Pd(OAc)2/0.4mol%PPh3 was performedin O.lM LiC104in dry DMF, in a thermostatted
dividedH-typeglasscell underconstantcurrentconditions(40mAcm-2).A carbonworkingelectrodeand
a platinumauxiliaryelectrodewere employedundera N2 atmosphereand reactionswere run until t.1.c.
monitoringshowedthe absenceof startingmaterial.Usualworkupof the catholyteaffordedthe products
(Table 1).
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