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Abstract: The f'trst asymmetric [4+3] cycloadditions of 2-aminoallyl cations derived from chiral ~-chloro 
imines to furan and pyrrole systems are reported. The absolute configuration of the major enantiomer of the 
bicyclic ketone 4a derived from the cycloadducts has been elucidated, and possible rationales for the observed 
stereoselectivity are discussed. © 1997 Elsevier Science Ltd. 

Despite many known variants of heteroatom-substituted ally1 cation mediated [4+3] cycloadditions, 1 

asymmetric versions of this process have only recently been reported. 2 In search of a chiral auxiliary which 

could mediate such selectivity, we have found that chiral ct-chloro imines (1, Scheme 1) could serve as efficient 

precursors to chiral 2-aminoallyl cations (2), 3 which are subsequently trapped by a furan or pyrrole in a facial 

and endo selective [4+3] fashion to give iminium salts (3). Mild hydrolysis cleaves the chiral amine auxiliary in 

such adducts to yield chiral bicyclo[3.2.1]octanone derivatives (4). 
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The sensitive ~-chloro imines I were readily prepared from the corresponding c¢-chloro ketones and only 

1.0 equivalent of the commercially available (S)- 1-ethylamines using our modification 4 of De Kimpe's protocol 

(Scheme 1). The enantioselective [4+3] sequence was initiated by treatment of 1 with AgBF4 (1 equiv.) 3 in 

CH2C12 at 22 °C under argon in the presence of excess furan or pyrrole, followed by acid hydrolysis (2N aq 

HCl-acetone, 1:1, reflux, 16 h). 5 The enantio-enriched cycloadduct ketones 4 were isolated; results are given in 

the Table. 

From most of the chiral imines examined, moderate yields and enantiomeric excesses (ee) up to 60% were 

obtained. Consistent with a previous report by De Kimpe, 3 we found it was necessary to reflux the reaction 

mixture (ca. 40 *C) involving the alkyl imine la  (entry 1) to ensure a sufficient reaction rate. Surprisingly, 

imines from aromatic auxiliaries (e.g. l b - l f ,  entries 2-4, 7-9) gave smooth cycloadditions even at room 
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temperature. Imines having bulkier (lc, entry 3) and electron-poor ( ld,  entry 4) substituents gave both lower 

yields and ee's. Overall, the (S)-l-phenylethylamine derived imine lb  (entry 2) gave the most favorable yields 

and ee's to 4a. 6 The use of more polar solvents (e.g. Et20, THF, MeCN, MeNO2) led to little or no 

cycloaddition. Neither reflux nor very low temperatures improved the yield or ee starting with lb  (entry 2). 

Table. Summary of Enantioselective [4+3] Cycloaddition-Hydrolysis Results a 

Product (4) Product (4) 
Entry Imine (1) Isolated Yield (ee) (%) Entry Imine (1) Isolated Yield (ee) (%) 

'"" ~ O  7 lb R = Ph CBZ_N~ 0 

Cl 4a 4d 23 (41) c 

1 la R = Cyciohexyl 4a 24 (40) b 8 ~ ( , ~  

2 lb R = Ph 4a 37 (60) b'c'd 

3 le R = Naphth 4a 17 (32) b Cl le 4e 13 (25) c 

4 ld R = 4-NO2-Ph 4a 5 (6) b 

9 Ph ( m i x ) ~ o  5 lb R = Ph N'~"~ 

Cl If 4f 16(44) b 4g 11(0) b 
4b 0 

6 l b R = P h  ~ O  lO ~ : % ' H  1 Cl ~ O  
4c 36 g 411 0 

a See note 5 for experimental procedures; b determined by IH NMR with chiral shift reagent Eu(tfc)3; c determined by 
HPLC using a Chiralcel OD column; d determined by chemical transformations and Mosher ester analysis, see text. 

The scope of the applicable dienes has been briefly surveyed. Furan was frequently the best [4+3] 

trapping agent for these chiral aminoallyl cations (entries 1-4, 8-9). Neither 2-methylfuran nor cyclopentadiene 

(entry 5) gave cycloadducts. The electron-rich 1-methylpyrrole gave only the alkylated product 4c 7 (entry 6). 

In the contrast, N-CBZ-pyrrole reacted analogous to furan, giving 4d (entry 7). 8 

Structural variation on the chiral allyl cation precursor has led to the spiro-tricyclic product 4e 9 (entry 8), 

but not to a doubly-bridged skeleton, as in 4h (entry 10). A less stabilized cation intermediate (from If, entry 

9) was also productive, leading to the optically active equatorial adduct 4f plus, interestingly, its racemic axial 

methyl epimer 4g as an inseparable mixture. 10 

The absolute configuration of the major enantiomer (-)-4a was determined as depicted below (Scheme 2), 

and was assumed applicable to the analogous major cycloadducts 4 listed in the Table. Sequential hydride 
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reduction and hydrogenation of 4a (60% ee, from entry 2) gave equatorial alcohol 511 as the major product 

separable from its axial epimer. The (R)-MTPA Mosher ester from alcohol 5 gave an inseparable mixture of 

two diastereomers in a 4:1 ratio, and standard 1H NMR analysis 12 of them led to preliminary assignment of the 
absolute configurations of (-)-5 and (-)-4a as drawn. Further X-ray single crystal structure determination of 

(-)-6,13 the pure major diastereomeric camphanic ester from 5, has unambiguously confirmed these 

assignments (Scheme 2). 

Scheme 2. 
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A tentative hypothesis for the observed cycloaddition diastereoselectivity is suggested (Scheme 3). 

Rotamer 7, the presumed energy minimum anticipated from computational studies on nucleophilic alkylations 

and 1,4- additions of related imines, 14 would explain the re facial preference of the diene approach, but not the 

big difference in reactivity between la and lh, or lh and ld. This difference could be explained by additional 

x-stabilization from possible allyl cation-arene interactions, as illustrated in rotamers 8 and 9. Consequently, 

dienes could attack preferentially from the less hindered re face of 8, not the si face of 9. The racemic axial 

cycloadduct 4g might arise from the equally populated cis and trans isomers of the chiral aminoallyl cationic 

intermediate 10 (Scheme 3). 

Scheme 3. 
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In conclusion, we have observed a novel route for certain enantioselective [4+3] cycloadditions based on 

chiral auxiliaries, and have elucidated the absolute steric course of such additions. Extensions and applications 

of this concept to related systems are under examination. 
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