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Abstract: Treatmentof 2-iodoethamdatkenylacetals,generatedby iodaetherizationfrnmbntyl vinyl
ether and atlytic atmhols, with phenylmagnesinm bromide in the presence of a catafytk amount of
FeC12 provided tetrahydrofuranderivatives in good yietds. At]yi 2-hafophenyl dh=S dSO fiOdXt

dihydmbenzofnranderivativesupontreatmentwithphenybnagnesinmbromidenndm FeCf2eatafysis.
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Carbon-carbonbondformationvia radical reactionsis one of the most important synthetic steps in the
constructionof organicmolecules.1 Recently,we have foundthat intramolecularradicalcyclizationof ally]2-

iodophenyletherand2-iodoethanalally]acetalhasbeen carriedout by meansof tribtttylmanganate(n-Bu3MnLi
or rs-Bu3MnMgBr).2We report here that the same-type cyclization reaction proceeded upon treatment of 2-

haloethanalallyl aceti and allyl 2-halophenylether with Gngnard reagents in the presenceof an Fe(II) salt

catalyst.

To a solution of iron(II) chloride (6.3 mg, 0.05 mmol) in THF (5 mL) was added phenylmagnesium

bromide(1.0M THF solution, 1.2mL, 1.2mmol)at O“C. After being stirred for 3 rein, a THF solution of 2-

iodoethanal prenyl acetal la (1.0 mmol) was added to the resulting brown-blacksolution. The mixture was
stirredfor 1 h at the same temperatureand pouredinto water (20 mL). Extractionwith hexane (20 mL x 3)
followedby silica gel columnchromatogmphyaffordeda tetrahydrofttmnderivative2a havingan isopropenyl

group(0.11g) in 52% yieldalongwithan isopropyl-substitutedproduct3a (139ZO)(Scheme 1).

Scheme 1
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Otherrepresentativeresultsare summarizedin Table 1. The startingmaterials,2-haioethanalacetals 1,

were easilyprepamxiby the reactionof allylicor propargylicalcoholswith enol ethers in the presenceof N-

haiosuccinimidein dichloromethane.3Severalcommentsare worthnoting. (1) 2-Bromoethanalacetals lb, lf,

and 1g were equallyeffectiveprecursorsas 2-iodoethanalacetals la, ld, le, and 1 h for radical cyclization.
Moreover,2-chloroethanalacetal IC gave 2a in 16Y0 yield upon treatment with PhMgBr under an FeC12
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Table 1. Iron(II)Chloride-CatalyzedRadicalCyclizationReactionof Haloacetal

Entry Substrate RMgBr Product(Yield)
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n-BuMgBr
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n-BuMgBr
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n-BuMgBr
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n-BuMgBr

PhMgBr
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2a: 42% 3a: 46%

2a: 77% 3a: <1%
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2a: 1% 3a: 5%
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catalyst. These resultswere in sharp contrastto those obtainedwith tributylmanganate.2The treatmentof 2-
bromoethanalprenylacetal lb with tnbutylmanganateprovided2a in only 41% yield and no trace of 2a was

detectedin thereactionof 2-cbloroethanalacetalIC withtributylmanganate.(2) The distributionof the products

(2 and3) heavilydependedon the natureof theGrignardreagentemployed. The use of PhMgBrdecreasedthe

formationof saturatedproduct3 comparedto the use of n-BuMgBr.4 This tendencywas more clearly seen in
the reactionof 2-bromoethanalallyl acetalsas substrates. For instance,whereastreatmentof 2-bromoethanol

acetal lb or lf with PhMgBrgave alkenyl-substitutedtetrahydrofumnderivative2a or 2f almost exclusively

(Entries2and IO),the reactionwith n-BuMgBrprovideda mixtureof 2a and 3a or 2f and 3f (Entries3 and
11). Thus,thecombineduse of 2-bromoethanalacetalswithphenylmagnesiumbromideis recommendedfor the
selectiveformationof alkenyl-substitutedtetrahydrofumnderivative2. (3) The carbon-carbontriple bond was
alsoeffectiveto trapa radicalintermediateintmmolecularly(Entries8 and 9). (4) (E)-Alkene2f was produced

selectively(E/Z = >95/5) in the cyclizationof 2-alkenylethers(Entry 10). (5) Treatmentof ld with PhMgBr
in the presenceof a catalytic amount of FeC12gave 2d as a mixture of two stereoisomerswhich could be

convertedinto a single isomeric trams Iactone by oxidation.5 (6) Not only primary alkyl halides but also

secondmybromidelg provedto cyclizeeffectivelyto givethedesiredproducts(Entries12and 13).
The cyclizationreactionwith a stoichiomericiron reagentwas studiedto clarify the reaction mechanism.

Whereastreatment of la with tributylironate6~7gave cyclized product 2a in only 12% yield along with

recoveredstartingmaterial(70Yo),the use of higherate complexn-Bu4Fe(MgBr)26gave a mixtureof 2a and
3a in77%combinedyield(2a/3a =35/65). Moreover,the reactionof la with Ph3FeMgBror Ph4Fe(MgBr)2
gavea mixtureof 2a and 3a in 8290or 55% combinedyield (2a/3a = 60/40 or 56/44), respectively. Upon

quenchingthese reactionmixtureswith D20, it was observedthat there was no deuterium incorporatedin the

product3a.8 Basedon these facts, we are temptedto assumethe followingreactionmechanism(Scheme2).9
Single-electrontransferfromthe ironate complexto haloacetal1 wouldgive an alkyl radicd 4 underdeparture
of the halogenatom. 5-Exomodecyclizationaffordsa carbonradical5. Part of the radical abstractshydrogen
fromthe solventto give3a. The rest recombineswithan alkyl ironspeciesto give 6. Dehydrometallationof 6
would provide the alkenyl product 2a. 10 In the case of the reaction with n-BuMgBr (R = n-Bu),
dehydroironationfrom the butyl iron moiety of 6 followedby reductiveeliminationwould provide us with

anotherrouteto saturatedproduct3a. In thecatalyticreaction,the Fe(0) species,generatedin the courseof the

formationof products2a and 3a, mightplaya criticalroleandreactwith 1 to give the radical4 and Fe(I). The
cyclizationof 4 into5 followedby recombinationwithFe(I)giving6 couldcompletethecatalyticcycle.

Scheme2
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We next turnedour attentionto the radicalcyclizationof aryl iodideand aryl bromidebearingan alkenyl

group. Treatmentof 2-iodophenylprenylether8a withPhMgBrin the presenceof a catalyticamountof FeCl~

provided benzofurzmderivative9 as a single product in 88% yield.l 1 Saturated benzofuranderivative,3-
isopropyl-2~-dihydrobenzofuranecould not be detected in the reaction mixture. N,iV-Dipremyl-2-iodoaniline

IOa gaveiV-prenyl-3-isopropenyl-2s-dihydroindole11 in 98% yield. Whereasthe reactionof bromide IOb

gave11 in SfF70yieldunderthe samereactionconditions,the useof 2-bromophenylderivative8b in place of an
iodo compoundafforded9 in only21%yieldin additionto the recoveredstartingmaterial8b (2570).

Scheme3
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