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Abgtmct: N-(N’JT-Dialkykninoakenyl)benzouiazoles, derived from secondary amiaes and unsatumtcd aldehydes, 
eacted with samarium diiodide (SmIZ) to affcad, through an a-amino radical in&mediate, 5-exe and 6-exe cyclization pdu*s 
with good diastenoselectivity. 

Methods based on !kee radical chemistry have enjoyed increasing popularity in recent years’” and are now 

commonplace in any rationally designed synthetic endeavor. Cycliition reactions of derivatives of the 5-hexenyl 

radical have proven to be particularly useful in the synthesis of carbocycles. To a lesser extent, the heteroatom- 

stabilized 5-hexenyl radicals have also found useful applications in the synthesis of carbocycles and 

heterocycles6-14. Thus, 2-aza-S-hexenyl radicals afford pyrrolidines when the olefinic portion of the radical is 

activated and/or the nitrogen substituent is part of an electron-withdrawing grot~p*~~~~~~. 

While the tin hydride method remains the most frequently employed for radical generation, the use of the 

one-electron reducing agent samarium diiodide (SmI2) has recently seen a rapid gt~wth’~. 2-Azaalkyl radicals 

have been generated by the action of SrnI2 on iminium salts’* or o-iodobenzyl tertiary amines16, but only in the 

former case was the radical used in a subsequent cyclization step leading to various nitrogen-containing 

hetemcyclic systems. 

We have recently shown17 that a-dialkylaminoalkylbenzotriazole derivatives 1, when treated with 

equimolar amounts of SmI2 under mild conditions, afford 2-azaallcyl radicals, which undergo dimerization to 

form vicinal diamines (scheme 1). The key feature of this reaction is the fast dissociation in solution of substrates 

1 to afford reactive iminium cations** which readily accept one electron from SmI2. As an extension of this new 

methodology, we now report on the intramolecular trapping of a-ammo carbon radicals, generated in this 

fashion, with suitably positioned tethered electron deficient olefins (scheme 2). S-Exo- and 6-exo cyclization 

products are in this way obtained in moderate yields. 

Scheme 1 
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The a-dialkylaminoalkenylbenzotriazole cyclization substrates 2 are easily prepared from an aldehyde, 

benzotriazole and a secondary amine by stirring overnight at 25°C in the presence of 4 A molecular sieves. These 

substances cannot be conveniently purified and are used as crude products in the cyclization step19. As 

expected18, their lH- and 13C-NMR spectra indicate that these adducts exist in solution as equilibrium mixtures 

of 1- and 2-substituted benzotriazoles and. therefore, that they readily dissociate into an iminium cation and the 

benzotriazolyl anion (scheme 1). 

BT = 1. or 2-Benzotriazolyl 

Scheme 2 

Initial cyclization studies were conducted on a substrate 2 derived from the aldehyde 4 (Table 1, entry 1), 

which contains an unactivated oletin moiety. When this benzotriazole derivative was treated at 2X! with a 0.1 M 

THF solution of SmI2. two equivalents of the reagent were rapidly consumed but the yield of cyclized products 5 

and 6 (Table 1) amounted to only a combined 29 % u)*21. Unidentified side products accounted for most of the 

remaining mass. A likely explanation is that a radical 3 (scheme 2) formed but was not reactive enough to 

undergo cyclization with an unactivated olefin. Similar observations have been reported on 2-aza-S-hexenyl 

radicals generated by the tin hydride method l”*13*14. The transformation of the amine functionality into 

amidelo, sulfonamide13*14 or carbamatell in order to reduce its stabilizing22 effect on the radical has been 

succesfully used to overcome this problem. Similarly, the protonation’ 1*22 of the a-amino radical results in a 

faster cyclization step, as does the activation by a radical-stabilizing group on the olefinic double bondlo*ll. 

Our results using double bonds activated by phenyl, carbalkoxy or cyan0 groups are collected in Table 1. 

Clean reactions and good yields of 5- and 6-exo cyclization products are realized when the strong electron- 

withdrawing groups CO2Et or CN are used. The phenyl group does not seem to provide enough activation. as 

only diamine17 products were obtained for the substrate derived from the aldehyde 15 (Table 1, entry 8). The 

reactions leading to cyclopentane derivatives appear to be highly diastereoselective. The cis diastereoisomer was 

the predominant product in all reactions of adducts derived from the aldehydes 7 and 11 (Table 1, entries 2-7) 

and in some cases the only one obtained (Table 1, entries 2-3). Furthermote. the diastereomeric ratios obtained in 

cyclopentanes derived from the aldehyde 11 are very close to the ratio of geometric isomers in the starting 

aldehyde. It is therefore tempting to suggest that there is a correlation between the product stereochemistry and 

the olefin geometry. The diastemoselectivity drops, however, in the single 6-exo process studied and now the 

tram product predominates (Table 1, entry 9). Nevertheless, the reasonable yield obtained for the benzopyran 

derivative 17 is remarkable for this kind of a 6-exo cyclization 23. The cis stereochemistry of the cyclopentane 

derivatives has been assigned on the basis of the available experimental24 and theoreticalZ*26 data reported in 

the literature for 5-hexenyl radical cyclizations. The assignments are supported by N.O.E. studies performed on 

14, and the observation of y-gauche effects6*27-29 in the 13C-NMR spectra of 12-14. The stereochemistry of 

the rest of the cyclopentane products was assigned by analogy to these. The stereochemistry of I7 was deduced 

by coupling constant analysis and the observation of a t3C!-NMR y-gauche effect. 
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Table 1. Preparations of Cyclic Products from Aldehydes, Benzotriazole, and Amines 

Entry Aldehyde Amine Product(s)” Yieldb (%) 

1 

2 

6 ll (PhCHZ)ZNH 

I ll (CH2=CH-CH2)2NH 

1 

(E : Z = 6535) 

0 

(1 N 

0 

0 w 

h 

(F’hCH2)2NH 

0 

0 PI 

ii 

29 

70 

(cis:d’= 81:19) 

60 
(ciszbans = 68~32) 

63 
(cis:trans = 6733) 

65 
(cirtmns = 7OS) 

42~) 
(rrans:cis = 6oM) 

a Cyclization reactions were conducted by dropwise addition of O.lM SmI2 to the berwtrkuole adduct in THF at 25% unless 

otherwise noted. h Yields refer to isolated purified material and are given for two step, starting from the aldehyde. Numbers within 

brackets indicate actual cyclization yields for the second step in cases where substantial mass loss ocurred during the pnparation of the 

benzotriazole adducts. c Reaction run at OT. d No cyclic product was oh@ined gee n&rencc 17. 
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In conclusion, radicals generated by reduction of N-(N’,N’-dialkylarninoalkenyl)benzoniazoles (2) with 

SmI2 effectively participate in S-exo and 6-exo cyclizations to afford carbocycles and heterocycles with good 

stereochemical control. Since substrates 2 are readily obtained l* from aldehydes and secondary arnines the 

method represents a convenient entry into amino-substituted cyclic products from simple starting materials. 

Further work, aimed at delineating the full scope of this process and its application to the synthesis of nitrogen 

heterocycles is currently underway. 
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