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We have recently developed a new route to substituted 
piperidines from simple acyclic diazo ketone precursors by way 
of the Stevens [l,2]-shift of cyclic ammonium ylides.1 Previous 
reports of moderate to high levels of stereochemical retention by 
chiral migrating groups2 suggested the examination of diazo 
ketones bearing pendant, optically active a-amino acid derivatives. 
Further, the use of a cyclic amino acid such as proline would 
permit the rapid construction of more elaborate, bicyclic 
skeletons. Potential application to various lupin alkaloids34 (Chart 
I) can be envisioned, ranging from the simple quinolizidines 
lupinine (la) and epilupinine (lb) to more elaborate, biologically 
active compounds such as matrine (2) and sophocarpine (3). 
Reported herein are the preliminary results of these studies, 
including the use of the carbenoid/ylide/ [1,2] -shift methodology 
in the diastereoselective and enantioselective synthesis of epilu
pinine in five steps from proline benzyl ester. 

In analogy to the simple monocyclic examples, [1,2]-shift of 
spiro [4.5 ] ammonium ylide 7 should give the corresponding fused 
bicyclic quinolizidine skeleton 8 (Scheme 1). Placement of a 
carbalkoxy group adjacent to the nitrogen in the five-membered 
ring would ensure migration of that carbon1 and would leave in 
place a suitable precursor to the primary alcohol of lupinine or 
epilupinine. Our previous results suggested that the desired ylides 
7 could be formed from monocyclic diazo ketone 6 via Rh2(O Ac)4 
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Chart 1. Representative Quinolizidine Alkaloids 

H l H 
H<X 

I H 

GO 
<+)-ib 

Safe 
(racemlc) 

4 ^ - C O 2 R «at. 

/
homolysis and \ 
randomization \ 

X- X) 
7a 7b 

[1,2J-ShHtWRh 
retention 

RO2C O 
• - H " 

catalysis.5 Both relative and absolute stereochemistry are 
important issues in the key transformation of 6 to 8. The Stevens 
[1,2]-shift can apparently occur with high stereochemical reten
tion, despite the fact that a substantial body of mechanistic 
evidence suggests that it proceeds through a radical pair 
intermediate.6 If this held for diastereomeric ylides 7a and 7b, 
quinolizidines 8a and 8b each would be formed in significant 
enantiomeric excess. Starting with natural (L)-proline would 
furnish products enriched in the (.Reconfiguration at C-5. On 
the other hand, if the biradical intermediates survived long enough 
to randomize, 8a,b would be formed as racemates. 

Treatment of 5-bromo-1-diazo-2-pentanone (5) with (L)-proline 
benzyl ester (4a) (4 equiv)7 and triethylamine at 60 0C gave 
diazo ketone 6 in 80% yield (Scheme 2). Although attempts to 
determine the optical purity of 6 using chiral NMR shift reagents 
were unsuccessful, no racemization was detected in the analysis 
of the analogously prepared methyl ester 9.8 Exposure of diazo 
ketone 6 to catalytic Rh2(OAc)4 (3 mol %) in dichloromethane 
provided quinolizidines 8a and 8b in 74% yield as a 1:3 mixture 
of diastereomers.9 On the other hand, addition of a toluene 
solution of 6 to a refluxing mixture of Cu0 powder (0.5 equiv) 
in toluene or a refluxing solution of Cu (acac) 2 (5 mol %) in toluene 
gave 8a and 8b in 81-84% yield and as 6:94 and 5:95 ratios of 
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(8) Diazo ketone 9 derived from optically pure 4b was analyzed via 1H 
NMR using Eu(hfc)3, and the spectra were compared with those of racemic 
9. See supplementary material for details. 

(9) Ratios of 8a/8b were determined via integration of the benzyl ester 
methylene resonances in the 1H NMR spectra. 
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diastereomers, respectively.I0 Methyl ester substrate 9 furnished 
the corresponding methyl ester substituted quinolizidines in 
comparable yields, and with diastereomer ratios of 16:84-11:89. 

Analysis of major diastereomer 8b by chiral NMR shift reagent 
indicated that it was formed in ca. 65-75% ee." This level of 
stereochemical retention suggests that the high diastereoselectivity 
observed derives predominantly from preferential formation of 
ylide diastereomer 7b with stereospecific [l,2]-shift to give 
optically pure 8b. Formation of 7b requires approach of the 
metal carbenoid from the same face of the proline ring as the 
ester substituent. Prior to nucleophilic attack on the carbenoid 
the configuration of the amine nitrogen is mutable, and it may 
preferentially reside in a pyramidal form placing the vicinal groups 
trans, thus requiring approach of the carbenoid cis to the ester 
group.'2 The racemic portion of 8b presumably arises from achiral 
biradical 7c, and since the yield of racemate far exceeded the 
total yield of 8a, the overall diastereoselectivity of this process 
may also derive in part from an intrinsic selectivity in the 

(10) Significant catalyst effects on both carbenoid and ylide reactivity 
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recombination of 7c.13 Diastereoselective recombination by 7c 
to give racemic 8b may proceed through a transition state placing 
the hydrogen of the migrating carbon under the piperidone ring 
to minimize steric interactions involving the ester group. 

Conversion of 8b to epilupinine lb was carried out in three 
steps (Scheme 3). Thioketalization afforded dithiolane 10, which 
could be cleanly reduced to primary alcohol 11. Attempts to 
desulfurize 10 or 11 using Raney nickel or free radical conditions 
were unsuccessful. However, treatment of 11 with hydrazine/ 
Na0 in hot ethylene glycol14 led to (-)-lb in good yield. Analysis 
of the product both by optical rotation and via its MTPA ester 
confirmed that it was formed in 75% ee.15 

In summary, we have reported the synthesis of epilupinine in 
Five steps and 30% overall yield, starting from readily available 
proline benzyl ester. The key rearrangement step to generate the 
quinolizidine skeleton proceeds with high levels of diastereose
lectivity and moderate enantiospecificity. This route demonstrates 
the potential of ammonium ylide [1,2]-shift methodology for the 
efficient construction of polycyclic alkaloid skeletons. Efforts to 
understand and optimize the stereospecific shift of chiral migrating 
groups and to apply this chemistry to the enantioselective 
construction of more elaborate targets will be reported in due 
course. 
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