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Abstract: A tactically new approach to the asymmetric synthesis of the piperidine 
alkaloids (+)-coniine, (−)-coniceine, (+)-β-conhydrine, (+)-sedamine and (+)-allosedamine 
has been developed. The key step is the elaboration of the piperidine template equipped 
with suitably functionalized appendages at the stereodefined C-2 position. Subsequent 
manipulation of the appropriate functionalities gave rise to the targeted compounds in 
high yields and high level of enantioselectivity. 

 

Introduction 
 
The piperidine ring is a ubiquitous structural feature of numerous naturally occurring 
alkaloids and can be frequently recognized in the structure of drug candidates [1]. The 
interest in piperidine alkaloids is well displayed by the wealth of published material 
detailing their sources and biological activities and their structural diversity makes them 
interesting proving grounds for organic chemists. As a consequence numerous methods 
have been developed for the synthesis of substituted piperidines in a stereo- and 
enantioselective manner [2] and interest in their chemistry continues unabated. 
 
Piperidine alkaloids incorporating a stereogenic center at C-2, as exemplified by (+)-
coniine (1), (−)-coniceine (2), (+)-β-conhydrine (3), (+)-sedamine (4) and (+)-allosedamine 
(5) (Figure 1), fall into this category and consequently have attracted considerable 
attention from the synthetic community. 
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Objectives and Synthetic Strategy 
 
We were then interested in developing a feasible and highly stereoselective route giving 
rise to the specific embodiment of these piperidine alkaloids presented in Figure 1. The 
salient features of the synthetic strategy are (i) the early creation of the C-2 stereogenic 
center of the piperidine unit on reliance with the highly diastereoselective 1,2-addition on 
chiral SAMP-hydrazones [3] and (ii) the creation of the piperidine template by ring closing 
metathesis which ranks highly in the hierarchy of synthetic tactics for the elaboration of 
nitrogen containing ring systems [4]. 
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Figure 1.  
 
 
 

Enantioselective Synthesis of ( S)-(+)-Coniine ( 1). 
Extension to the Synthesis of ( −−−−)-Coniceine ( 2). 
 
To test the viability of our conceptually new synthetic approach the synthesis of the 
structurally simple piperidine alkaloid (+)-coniine (1) was envisaged since it was 
anticipated that its elaboration could serve as a testing ground and provide foundation for 
extension to more complex and functionalized systems. 
 
 

1. (S)-(+)-Coniine (1) 
 
The first facet of the synthesis was the assembling of the requisite dienehydrazide 8a, 
which was readily obtained by the three-step sequence depicted in Scheme 1. This olefinic 
precursor was obtained essentially as single diastereoisomer detectable by NMR making 
evident the high selectivity of the initial diastereofacial 1,2-addition process allowing 
introduction of the absolute stereochemistry early in the sequence. 
RCM reaction with Grubb's second generation ruthenium catalyst proceeded uneventfully 
to afford diastereopure enehydrazide (S,S)-9a. Catalytic hydrogenation afforded hydrazide 
(S,S)-10a and subsequent treatment of (S,S)-4a with BH3 . THF triggered off the formation 
of the NH free model with the concomitant release of the chiral appendage, thereby 
providing high yield of the targeted alkaloid 1 with excellent enantioselectivity. 
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Scheme 1. 
 

2. (−)-Coniceine (2) 
 
This bicyclic alkaloid is a representative member of the biologically active indolizidine 
alkaloids that have been isolated from the skin secretions of neotropical amphibians [5]. 
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Its elaboration was readily achieved as depicted in Scheme 2 starting from the 
diastereopure (S,S)-9b. This diastereochemically enriched enehydrazide equipped with a 
protected hydroxypropyl appendage was accessed via the synthetic route depicted in 
Scheme 1 starting from the appropriate aliphatic aldehyde 6b. 
Treatment of (R,S)-10b with magnesium monoperoxyphthalate afforded the virtually 
enantiopure NH free piperidone (R)-11b. 
The subsequent deprotonation/annulation/lactam reduction sequence delivered the 
piperidine alkaloid (−)-Coniceine (2) in high yield and excellent enantioselectivity. 
 
 
 

Enantioselective Synthesis of (+)- ββββ-Conhydrine ( 3). 
 
This piperidine alkaloid is representative of the hemlock alkaloids isolated from the seeds 
and leaves of the poisonous plant Conium maculatum L. whose extracts were used in the 
ancient Greece to get rid of criminals and undesirable intellectuals, for example Socrates 
[6]. 
 
Initially we planned to synthesize the carboxaldehyde derivative 13 and we surmised that 
treatment of diastereopure 13 with EtMgBr would provide the potential for a direct access 
to the piperidine template tailed with the required hydroxypropyl appendage. The highly 
functionalized compound (R,S)-13 was obtained in high yield and high enantioselectivity 
as outlined in Scheme 3. Disappointingly, when diastereopure (R,S)-13 was allowed to 
react with EtMgBr a 2:3 mixture of (R,R,S)-14 and (R,S,S)-14 diastereoisomers was 
obtained. 
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We then set out to achieve the alternative strategy depicted in Scheme 4 which secured 
the stereochemistry of the hydroxyalkyl appendage on the piperidine template at an early 
stage of the synthesis. Interestingly, when bis-olefin 15, readily assembled as portrayed in 
Scheme 4, was subjected to RCM a 55:45 mixture of diastereomerically pure 16 along with 
the NH free piperidine 17 was obtained. This unprecedented phenomenon had no impact 
on the outcome of the process since the targeted (+)-β-conhydrine (3) could be readily 
accessed from 16 and 17 as well. 
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Enantioselective Synthesis of (+)-Sedamine ( 4) 
      and (+)-Allosedamine ( 5). 
 
The 1,3-aminoalcohol moiety is found in many synthetic and natural products possessing 
physiological activities and is the integral part of a variety of potent drugs [7]. It is also the 
most distinguishing structural feature of 2-(2-hydroxyalkylsubstituted)piperidine based 
alkaloids such as sedamine and allosedamine. This type of alkaloid has been shown to 
display memory enhancing properties and may be effective for the treatment of cognitive 
disorders [8]. 
A new synthetic approach to these compounds has been developed and is outlined in 
Scheme 5. 
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Noteworthy, for the reduction of the carbonyl functionality of diastereopure 18 a variety of 
reducing agents were screened. By making use of K-selectride a 1:3 mixture of the 
diastereoisomeric forms 19 and 20 was obtained. 
 
 
 

Conclusion  
 
In summary we have devised a new, general and flexible method for the highly 
enantioselective synthesis of chiral piperidines. The method tolerates the presence of 
diverse functionalized appendages at C-2, namely 1- and 2-hydroxyalkylated moieties. 
The main advantages of this synthetic method lie in the readily availability of the aliphatic 
and aromatic aldehyde SAMP-hydrazone precursors. In addition, with the present 
synthetic approach, optically active antipodes of the titled compounds should be readily 
accessed by simple choice of the RAMP chiral auxiliary. 
 
 
 

References  
 
[1] (a) Jones, T. H.; Blum, M. S. Alkaloids: Chemical and Biological Perspectives; Pelletier, 
 S. W., Ed.; Wiley: New York, USA, 1983; Vol. 1, Chapter 2, pp 33-84. (b) Fodor, G. B.; 
 Colasanti, B. Alkaloids: Chemical and Biological Perspectives; Pelletier, S. W., Ed.; Wiley: 
 New York, US, 1985; Vol. 3, Chapter 1, pp 1-90. (c) Schneider, M. J.  Alkaloids: Chemical 
 and Biological Perspectives; Pelletier, S. W., Ed.; Wiley: New York, USA, 1996; Vol. 10, 
 Chapter 3, pp 155-315. (d) Strunz, G. M.; Findlay, J. A. The Alkaloids; Brossi, A., Ed.; 
 Academic Press: London, GB, 1985; Vol. 26, Chapter 3, pp 89-183. (e) Numata, A.; Ibuka, 
 I. The Alkaloids; Brossi, A., Ed.; Academic Press: New York, USA, 1987; Vol. 31, pp 193-
 315. (f) Angle, R. S.; Breitenbucher, J. G. Studies in Natural Products Chemistry. 
 Stereoselective Synthesis (Part J); Atta-ur-Rahman, Ed.; Elsevier: Amsterdam, NL, 1995; 
 Vol. 16, pp 453-502. 
[2] (a) Laschat, S.; Dickner, T. Synthesis 2000, 1781-1813. (b) Bailey, P. D.; Millwood, P. A.; 
 Smith, P. D. J. Chem. Soc., Chem. Commun. 1998, 633-640. (c) Weintraub, P. M.; Sabol, 
 J. S.; Kane, J. M.; Borcherding, D. R. Tetrahedron 2003, 59, 2953-2989. (d) Felpin, F.-X.; 
 Lebreton, J. Eur. J. Org. Chem. 2003, 3693-3712. (e) Couty, F. Amino Acids 1999, 16, 297-
 320. 
[3] Job, A.; Janeck, C. F.; Bettray, W.; Peters, R.; Enders, D. Tetrahedron 2002, 58, 2253-
 2329. 
[4] (a) Phillips, A. J.; Abell, A. D. Aldrichimica Acta 1999, 32, 75-89. (b) Cossy, J.; Willis, C.; 
 Bellosta, V.; BouzBouz, S. Synlett 2000, 1461-1463. (c) Cossy, J.; Willis, C.; Bellosta, V.; 
 BouzBouz, S. J. Org. Chem. 2002, 67, 1982-1992. (d) Schultz-Fademrecht, C.; Deshmukh, 
 P. H.; Malagu, K.; Procopiou, P. A.; Barrett, A. G. M. Tetrahedron 2004, 60, 7515-7524. (e) 
 Deiters, A.; Martin, S. F. Chem. Rev. 2004, 104, 2199-2238. (f) Lebrun, S.; Couture, A.; 
 Deniau, E.; Grandclaudon, P. Synthesis 2006, 3490-3494. 
[5] For reviews on indolizidine alkaloids, see: (a) Franklin, A. S.; Overman, L. E. Chem. Rev. 
 1996, 96, 502. (b) Michael, J. P. Nat. Prod. Rep. 1999, 16, 675. (c) Michael, J. P. Nat. Prod. 
 Rep. 2005, 22, 603. 
[6] (a) Vetter, J. Food Chem. Toxicol. 2004, 42, 1373–1382. (b) Reynolds, T. R. 
 Phytochemistry 2005, 66, 1399–1406. 
[7] (a) Friedrichs, E.; Christoph, T.; Buschmann, H. In Ullmann's Encyclopedia of Industrial 
 Chemistry; McGuire, J. L. , Ed.; Wiley-VCH: Weinheim, 2000. (b) Kochi, T.; Tang, T. P.; 
 Ellman, J. A. J. Am Chem. Soc. 2003, 125, 11276-11282 and references cited therein. (c) 
 Casiraghi, G.; Zanardi, F.; Rassu, G.; Spanu, P. Chem. Rev. 1995, 95, 1677–1716. 
[8] Meth-Cohn, O.; Yu, C.-Y.; Lestage, M.-C.; Lebrun, D.-H.; Cagniard, P.; Renard, P. Eur. Pat. 
 1 050 531, 2000; Chem. Abstr. 2000, 133, 350144. 




