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Swnmary: Rhodium(H) catalyzed decomposition of vinyldiazomethanes containing either (R)-pantolactone or(S)- 
lactahz as chiral auxikary in the presence of N-(tert-butoxycarbonyl)pyrrole restdted in an enanthelective entry to 
tropiines by a tandkm cyciopropanationlCope rearrangement. 

For close to a century, the tropane alkaloids have occupied a prominent position as targets for organic 

synthesis.1 In recent years a resurgence of interest in these compounds has occurred, particularly with the 

recognition that 3-aryl-8-azabicyclo[3.2.l]octane-2-carboxylates (1) are valuable probes to study the 

neurochemistry of cocaine abuse? Currently, the most practical synthesis of 1 is through the 1,4-addition of 

Grignard reagents to anhydroecgonine methyl ester (2) which is derived from cocaine.**3 As more varied 

structural derivatives of 1 are required, an alternative synthesis which does not begin with cocaine would be 

highly desirable. We have recently reported that a new approach for the synthesis of aopane alkaloids is possible 

through the reaction of rhodium-stabilized vinylcarbenoids with pytroles. 4 In this communication we describe the 

extension of this process into an asymmetric mode leading to a short synthesis of enantiomerically enriched (-)-2. 

C’-‘,-N 

Asymmetric cyclopmpanation with vinyldiazomethanes containing either (R)-pantolactone or @)-lactate as 

chiral auxiliary offers a practical alternatives to the usual approach of asymmetric cyclopropanation employing 

chiral catalysts.6 In order to apply this strategy to the synthesis of 2, the vinyldiazomethanes 3a7 and 3b were 

required. The diazoacetoacetates 4 were prepared by reaction of the appropriate alcohol with diketene followed 

by a diazo transfer reaction with p-acetamidobenzenesulfonyl azide. Reduction of 4 to the alcohols 5 was readily 

achieved with either sodium borohydride (for 4a7) or lithium (tert-butoxy)aluminum hydride (for 4b). The 

alcohols 4 were dehydrated* to form the vinyldiazomethanes 3a7 (58% yield) and 3b (23% yield). 
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A fairly narrow window of reaction conditions exists for the successful formation of tropanes from the 

reaction of rhodium(II)-stabilized vinylcarbenoids with pyrroles. 4 The vinyldiazomethanes with single electron 

withdrawing groups are prone to rearrangement to pyrazoles and must’ be used immediately. Non-polar solvents 

are required or the vinylcarbenoid will display electrophilic character at the vinyl terminus. Moderately vigorous 

reaction conditions (mfluxing hexane or toluene) were originally required to ensure rapid Cope rearrangement of 

the pynolinocyclopropane intermediate and thus avoid bis cyclopropanation of the pyrrole. As low tempe.ratures 

would be expected to enhance the extent of stereoselection, modified conditions were developed whereby a chilled 

(0 “C) solution of 3 in pentane was added dropwise over 4 h to a stirred solution of the rhodium(B) carboxylate 

(0.01 equiv) and N-(rerc-butoxycarbonyl)pyrrole (5 equiv) in pentane, heated under reflux. After removal of 

excess pyrrole by flash chromatography, the diastereoselectivity was determined by NMR analysis of the crude 

reaction mixtures at 95 T.9 Based on our results on cyclopropanation of styrene,s rhodium(B) octanoate was 

chosen as catalyst and this led to the tropane system 6a in 66% de with the (S)-ethyl lactate derivative 3a. The 

(R)-pantolactone derivative 3b resulted in similar levels of asymmetric induction on formation of 6b (69% de). 

Significantly lower levels of diastereoselectivity was observed when the bulkier rhodium(B) pivalate catalyst was 

used (Table 1). 
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Table 1: Formation of 6 by rhodium@) catalyzed decomposition of 3 

Determination of the absolute stereochemistry of the tandem cyclopropanation/Cope rearrangement was 

achieved through conversion of the initial product 6a to anhydroecgonine methyl ester 2. The chiral auxiliary in 

6a was removed through methanolysis to give the methyl ester 7 (92% yield, [a]# = +35.3 ’ (CHCl3, c 2.28). 

Catalytic hydrogenation of 7 with Wilkinson’s catalyst, followed by deprotection with TFA and reductive 

methylation with sodium cyanoborohydride generated enantiomerically enriched (-)-anhydxoecgonine methyl ester 

(47% yield from 7, -60% ee, [U]D25 = -25.7 ‘(MeOH, c 1.48), lit valuelu = -43 ’ (MeOH, c 1.5)). The (R)- 

pantolactone auxiliary was shown to have resulted in the opposite asymmetric induction to (S)-lactate by 

methanolysis of 6b to predominantly em-7 (83% yield, [U]D 25 = -36.6 o (CHC13, c 0.295)) as this product 

displayed the opposite optical rotation to the product derived from 6a. 

The asymmetric induction parallels the results that we have previously obtained in the cyclopropanation of 

styrene and may be rationalized as illustrated in Scheme 3.5 The critical element of this model is that the carbonyl 

of the chiral auxiliary is considered to interact with one face of the carbenoid which directs attachment of the 

pyrrole to the opposite face. The preferred orientation of the (S)-ethyl lactate auxiliary is as shown in 8, whereby 

the methyl group at the stereogenic center is pointing away, from the bulk of the catalyst. A similar interaction 

between a carbenoid and ester funtionality has been proposed by Doyleq to explain the enantioselectivity observed 

with the Rh204 catalyst. The induced stereochemistry in the cyclopropanation step is then transformed to 

the final product by means of a Cope rearrangement of the divinyl cyclopmpane 9. 

Scheme 3 

In summary, the rhodium@) catalyzed decomposition of vinyldiazomethanes 3 in the presence of N-(fert- 

butoxycarbonyl)pyrrole leads to the enantioselective ,synthesis of (-)-anhydroecgonine methyl ester (2). In 

principle, this chemistry could be extended to more highly functionalized vinyldiazomethanes and pyrmles and 

thus the potential exists for the enantioselective synthesis of a range of tmpane derivatives. 
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