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Abstract: 2,4-Disubstituted N-tosylpyrrolidines were prepared from olefins via N-tosykziridination. 

benseneselenolate ring-opening and reductive radical cyclization. Aziahelenation of olefins, followed by 

reduction, N-tosylation, N-allykztion Md reductive moW cyclkation. &ded 3.4-disubstituted N- 

tosy~pyrrol~nes. 0 1998 Elsevier Science Ltd. All rights reserved. 

Free radical cyclization is an attractive method for ring construction in synthetic organic chemistry.’ The 

facile and highly regioselective cyclization of the 5hexenyl radical (eq. 1) has not only been useful for the 

construction of cyclopentanes, but also been applied extensively for the preparation of tetrahydrofurar? and 

pyrrolidine derivatives. The interest in pyrrolidine synthesis is largely motivated by the many interesting 

biological activities of substituted pyrrolidine derivatives? There are synthetically useful radical cyclizations 

described where nitrogen has been introduced into all six positions” of the 5-hexenyl radical. Among the five 

6 

3 

6 
. 

3 

reactions affording pyrrolidines, the 3-aza-S-hexenyl radical cyclization has received only limited interest.6 

Although early calculations predicted that the radical cyclization would give a 99/l ratio of exe and end0 

products,‘o it was only recently confirmed by experiment for the N-methyl derivative that the 3-aza-S-hexenyl 

radical cyclizes with a low activation energy (22 kl mol.‘) giving the 5-exo trig product exclusively.” Thus, it 

undergoes ring-closure some 70 times faster than the parent 5-hexenyl radical. 

We recently reported radical-based methodology for tetrahydrofuran synthesis.’ In the newly developed 

procedure, epoxides were tegiospecifically ring-opened by selenolate or telhuolate reagents and the carbon 

chalcogen bonds of the 0-allylated p-hydroxyalkyl aryl chalcogenides used as sources of 3-oxa-5-hexenyl 

radicals. In view of the efficient methods recently developed for N-tosylaziridination of olefins,‘2 we thought 

it would be interesting to try to adopt the above methodology to pyrrolidine synthesis. Ring-opening of 

axiridines by selenolate reagents is essentially an unexplored” reaction. As shown in eq. 2 and the Table, N- 

tosylaziridines 1, prepared by N-tosylaziridination of terminal olefins, were re.giospecifically ring-opened by 

benseneselenolate ion from the sterically least hindered side to afford N-tosyl-P-aminoalkyl phenyl selenides 2. 
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N-allylation to give radical precursors 3 occured efficiently at ambient temperature in DMF containing ally1 

bromide and sodium hydride. AIBN-induced reductive radical cyclization in benzene containing tributyltin 

hydride afforded 2,4-disubstituted pyrrolidines 4 as a mixture of diastereomers. Unfortunately, the N- 

tosylaziridine from styrene (1; R=Ph) was ring-opened to give an inseparable l/3 mixture of compound 26 and 

its regioisomer. The pure compound 2d was instead prepared by N-tosylamidoselenation of styrene.13 

Unexpectedly, according to NOESY and NOE difference experiments, the cis-2,4-disubstituted pyrrolidines 

were predominantly formed in the radical cyclizations.‘4 We hypothesize that this is due to an unfavourable 

interaction between the tosyl group and the equatorial 2-substituent in the chair-like transition state of the 

cyclization reaction. N-tosylaziridinated 1,3-cyclohexadiene (le) was ring-opened at the allylic position by 

benseneselenolate ion. Allylation and ring-closure afforded pyrrolidine 4e as a 1.6/l mixture of exe and endo 

isomers. In contrast, the exolendo ratio was l/2.7 for pyrrolidine 4f obtained similarly from cylohexene 

(Table). 

In azidoselenation of terminal olefins a radical mechanism accounts for the introduction of selenium at the 

most substituted carbon (eq 3).” Thus, the regiochemistry of double bond functionalization is opposite to that 
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observed in ring-opening of aziridines. Reduction of azides 5 to the corresponding amines 6 was effected using 

lithium aluminum hydride or triphenylphosphinemydrolysis. Following N-tosylation and N-allylation, reductive 

radical cyclization of compounds 8 afforded 3,4-disubstituted N-tosylpyrrolidines 9 as a mixture of 

diastereomers (Table).16 Except for compound 9b, carrying a bulky phenyl group in the 3position, cis-3,4- 

disubstituted products were predominantly formed (Table). The ring-closure of compound &I (derived from 

3,4dihydropyran) was highly diastereoselective affording a 10/l mixture of endo and exe products. As shown 

for the conversion of methylenecyclopentane to pyrrolidine 9e, the methodology is also suitable for the 

construction of quartemary centers. 

In both types of radical cyclization described, it would be desirable to increase the diastereoselectivity. We 

are presently trying to run the reactions at lower temperature using triethyl borane as an initiator. 



2431 

Table Pyrrolidines from olefins via N-tosylaziridinationkidoselenation 

z;to;it;;; 6-Aminoalkyl N-tosyl B-amino- AkAllyl-N-tosyl b- Py&idine 

product 
phenyl selenide alkyl phenyl sels aminoalkyl phenyl (% yiekla) 

(% yielda) nide (% yielda) selenide (% yielda) 

la R=C8H,3 

1 b R=CH,Ph 

lc R=CH20Ph 

NTs 

le 

0 NTs 
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R 1 
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2b R=CH2Ph(81) 3b (87) 

2c R=CH20Ph(81) 3c (92) 

2d R=Phb 3d (89) 

cx;y;; a;; 

26 (83) 3e (85) 
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4a R=CsH,3(92) 
cis/trans=3/1 
4b R=CH2Ph (77) 
cis/trans=3/1 
4c R=CH20Ph(79) 
cis/trans=2/1 
4d R=Ph (79) 
cisltrfln~~2.541 

9a R=CsH, 3(85) 
cisltrans=2/1 

7b R=Ph (62) 6b (98) 9b R=Ph(82) 
cisttrans4 I2 

7c R=CH,OPh (60) 6c (71) 9c R=CH20Ph(99) 
cis/trans=2/1 

7d 64 9d (89) 
exo/endo=l/l 0 

56 6e (91) 76 (52) 

a isolated yields b prepared according to ref. 13 

6e (81) 9e (85) 
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Pyrrolidines can also be efficiently prepared by 5-exo-dig cyclization of 3-aza-5-hexynyl radicals. The 

precursors to such species were conveniently prepared by replacing ally1 bromide for propargyl bromide in 

equations 2 and 3. Thus, compounds 10 - 13 were prepared in 50-70 % yields from the appropriate 

phenylselenides. 

ob NTs 

10 R=hexyl 11 FkPh. CHPOPh 12 13 

In conclusion, we have developed novel procedures for pyrrolidine synthesis. With enantiomerically pure 

aziridines becoming increasingly more available, we feel that the methodology described would also prove 

attractive for asymmetric synthesis. 
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