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Absfract:Theradical3ageneratedfromN-vinylictrichloroacetamidela providedthe 5-endo-trig
cyclimtionproduct2a inbaitingtoluene,whereas,at roomtemperature,gavethe4-exe-trigcyclization
product9. Theresultsmaybeexplainedin termsof therevemibilityof4-exocyckation.
K31997ElsevierScienceLtd.Allrightsreserved.

Despite current interest in the chemistry of radical cyclizations leading to carbo- and heterocyclic
compounds,there are few reports on the 5-endo-trigland 4-exo-trig2cyclizationsof pent-4-enylradicals and

:trelatedspecies. This is probablybecausethe 5-endo-trigcyclizationis a disfavoredprocess,s and the 4-exo
,cyclizationis, in generrd,a reversibleprocessdueto thehighstrainof thecyclizedfour-memberedring systems,
therebyshiftingthe equilibriumto the startingradicals.z previousreportsfromour laboratoriesKwealedthat the

N-vinyliccarbamoylmethylradicals I, generatedfrom the correspondinga-halo amides,underwentbothtypes
~l]fcyclizationeff~tively to give y-lactams4and p-lactarns,srespectively. In general,the radicals I cyclizein a

:5-endo-trigmanner to give five-memberedradicals II, whereasthe 4-exo cyclization predominateswhen a

mtlfur-substituentis attachedto theiV-virtylicbond. Theeffectivenessof the4-exocyclizationcan be explained
in terms of the high stabilityof the resulting sulfur-substitutedradicals III. To extend this methodology,we

!subseqttentlyexaminedthe reactionsof a-chloroamides1 havinga sulfur-substituentat the C-2positionof the
Jv-(l-cyclohexen-l-yl) group, and found that the course of the cyclizations, i. e., 4-exe-trig vs. 5-endo-trig,

was strikingly affected by the reactiontemperatureemployed.
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A toluene solutionof Bu3SnH(1.3 equiv.) and AIBN (0.3 eqttiv.)was added slowly to a boiling solution

of la in tolueneduring 3.5 h to give l,4,5,6-tetrahydro-2H-indol-2-one2a6 in 84%yield.
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The formationof 2a from la wouldinvolvethe 5-endo-trigcyclizationof the carbamoylmethylradical3a

leadingto the five-memberedradical4a (SchemeI). This step is thenfollowedby eliminationof benzenethiyl
radical to give hexahydroindolone5a. Althoughtheexactmechanismfor the conversionof5a to 2a is obscure

at the momen~one possibleexplanationmay involvethe thermaleliminationof chlorideion with the aid of an
electron-donatingnitrogenatomto giveacyliminimnsalt6a, whichthenloseshydrogenchlorideto give2a.

SchemeI
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7a: X=Cl 8
7b:X = H

Interestingly,whena toluenesolutionof la and Bu3SnH(1 equiv.)was treated slowlywith triethylborane

(1quiv.) at roomtemperatureunderan oxygenatmosphere,spiroJ3-lactam96wasobtainedin 35%yieldalong

with the recoveredla (15%)andits partiallydechlorinatedproductlb (10%).
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The formationof 9 from la maybe explainedas proceedingvia anattackof molecularoxygen(usedas a

radicalinitiatorfor rriethylborane)on the radicalcenterof 7a, generatedby the 4-exocyclizationof3a (Scheme
I). Reductionof the resultinghydroperoxide8 withBu3SnHwouldgive ketone9. A similarreactionof la h
boiling toluene,however,gave again the 5-endocyclizationproduct2a in 51% yieldalongwith the recoveti
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le (24%). TheSemsultsclearlyindicatethat thecyclizationof la occmxpreferentiallyina4-exo-rnj mannerat
low (mom)tempesmure,whereasat muchhighertemperaturethe5-endo-rrigcyclizationpredominates.

In order to see the effect of substituent(s) a to the carbonyl group of amides on the course of the

cyclizations, we next examined the reaction of wa-dichloro amide lb with Bu3SnHand AIBN in boiling
toluene. This was found to give tetrahydroindolone2b6 and ~-lactam 106(a single stereoisomer)in 39 and
18%yields, respectively. The followingexperimentssuggestedthat the modes of cyclizationof lb am also

dependentupon the reaction temperatureemployed. Since the mwtion of amide lb with triethylboraneand
Bu3SnHat room temperaturewas verysluggish,the ~actions in boilingtolueneor benzeneby using AIBNas

an initiator were examined. The results are summarized in Table 1, which shows that the relatively low

temperature (80 “C) tends to increase the amount of the 4-exo cyclization product 10 with decrease in the
amountof the 5-enubcyclizationproduct2b (compareentries 1 and2, andentries3 and 4).

Table 1. Formationof2b and10fmmlb

Entry Temp. Yield(OA)
Hydride Solvent (“c) 2b 10 2b: 10

1 Bu3SnH toluene 110 39 18 2.2: 1
2 Bu&nH tsnzene 80 35 43 1 : 1.2
3 (Me@i)J3iH toluene 110 32 19 1.7: 1
4’) (Me#i)#iH benzene 80 14 29 1 :2.1
03594oflb ~~ recovered.

One possible explanationfor the results observedfor la,b maybe derived from the considerationof the

reversibility of the 4-exo cyclization. Thus, at low temperature, i. e., under the kinetically controlled

conditions,radicals3a,b cyclizepredominantlyin a Axe-trig mannerso as to avoida stericrepulsionlwlsveen
thephenylthiogroupandchlorineatom(s)in the transitionstatefor the5-endocyclization.Ontheotherhand, at
high temperature,the ring-openingof radicals7a,b rapidlyoccurs,and the resultingradicals3a,b can cyclize
in a 5-endo-trigmanner to give radicals 4a,b. A subsequenteliminationof benzenethiylradical fkom4a,b

wouldimmediatelyoccur to give 5a,b, so that the 5-en& cyclizationof 3a,b mightbe irreversible. In the case

of ami& lb, the 4-exocyclizationproduct 10 was formedin substantialquantityeven at higher temperature.
This is probably because the monochlorosubstitutedradical 3b is less stable than the dichloro substituted

radical3a, therebydescendingthe abilityof the ring-openingof 7b to 3b.7
Thus, we revealed that the reaction temperatureplayed an important role in deciding the course of the

cyclizationsof N-vinyliccarbamoylmethylradicals.8It is alson4evantto notethat the5-endo-trigcyclizationof

trichloro amide la provides a new entry to l,4,5,6-tetrahydro-2H-indol-2-ones which are versatile
intermediatesfm the synthesisof Erythrinaandlycorinealkaloids.9
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