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Abstract  

A number of ǇǊƻǘŜŎǘŜŘ ʲπŀƳƛƴƻ ƻǊƎŀƴƻȊƛƴŎ ǊŜŀƎŜƴǘǎ I derived from 

enantiomerically pure -hamino acids, were allylated with methyl 2-

(bromomethyl)prop-2-enoate II under copper catalysed conditions, to give a 

number of N-protected amino enoate substrates III in good yields. Deprotection 

and cyclisation under thermal conditions gave the lactams IV. Hydrogenation of 

the exo double bond gave separable 2-substituted-5-methyl piperidin-6-ones V 

in excellent yields (90%-93%) with varying diastereoselectivity, with a preference 

for cis-diastereoisomer in a range >19:1 to 2:1 (Scheme A). 

Scheme A 

Extension of this general methodology to a range of mesylated electrophiles VI, 

followed by deprotection and cyclisation under thermal conditions gave the 

more substituted lactams VIII. Hydrogenation of the unsaturated lactams VIII 

gave 2,5-disubstituted piperidin-6-ones IX in excellent yields (92%-94%)   

(Scheme B) with varying diastereoselectivity. 
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Scheme B 

2,6-Disubstituted piperidines were synthesized by reductive cyclisation of 5-oxo 

amine derivatives XII, prepared by 1,4-free radical conjugate addition of a 

selection of alkyl iodides X to a range of enones XI. Stereoselective reductive 

amination of the iminium salts XIII was carried out using Pd/C (10% w/w) over 

hydrogen gas at ambient pressure and temperature and produced 2,6-

disubstituted piperidines XIV exclusively as the cis-diastereoisomer, which were 

each converted to the corresponding hydrochloride salts (Scheme C).  
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Scheme C 

(-)-Indolizidine 167B and (-)-indolizidine 195H were synthesized by 1,4-free 

radical conjugate addition of alkyl iodide XV derived from enantiomerically pure 

L-proline to a selection of enones XVI, followed by deprotection and cyclisation 

to the iminium salts XVIII in quantitative yields. Finally, stereoselective 

hydrogenation of iminium salts gave the natural products XIXa and XIXb in good 

yields of 72% and 76% respectively (Scheme D).  

Scheme D
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1. Introduction  

1.1 Background  

Both piperidines and indolizidines are found in a range of natural products. The 

stereoselective synthesis of substituted piperidines and indolizidines has 

attracted much attention.1 Two groups of compounds within the piperidine 

family are the 2,5- and 2,6-disubstituted piperidines. Specific examples include 

Streptolutine, (-)-Hydroxysedamine, Scopolamine, Pinidine Slaframine,                 

(-)-Indolizidine 167B, (-)-Indolizidine 195H and (-)-Indolizidine 209D (Figure 1).2-6  

 

Figure 1 

Moreover there are a large number of simple substituted piperidines and 

indolizidines that have potentially useful biological activity like pipecolic acid, 

coniine, carpamic acid and (-)-coniceine (Figure 2).7-9 
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Figure 2 

This project will focus on diastereoselective synthesis of a range of disubstituted 

piperidines, particularly 2,5- and 2,6-disubstituted piperidines as well as the 

synthesis of (-)-indolizidine 167B and (-)-indolizidine 195H. 

 

1.2 Importance of 2,5 -Disubstituted Piperidines  

The synthesis of 2,5-disubstituted piperidines has attracted attention because 

these compounds are widespread in natural products and in significant bioactive 

molecules.10 For example, the stereoselective synthesis of pipecolic acid 

(piperidine-2-carboxylic acid) 1 and derivatives has received attention due to 

their powerful biological activities.11,12 Examples include 5-hydroxy-substituted 

pipecolic acids 2 and 3 which have been used in the synthesis of novel chiral    

six-membered PNA (Peptide Nucleic Acid) analogues (Figure 3).7,13  

 

Figure 3: Pipecolic acid and 5-hydroxypipecolic acid 
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Furthermore, the cis-2-diphenylmethyl-5-(4-fluorobenzylamino)-piperidine 4, 

exhibited the most activity and selectivity for the dopamine transporter (Figure 

4).14 

 

Figure 4 

 

1.3 Importance of 2,6 -Disubstituted Piperidines  

2,6-Disubstituted piperidines with alkyl substituent groups occur extensively in a 

number of important pharmacologically active compounds.15 Prior work in this 

area has concentrated on the diastereoselectivity in the synthesis of 2,6-

disubstituted piperidines.16,17 2,6-cis-Disubstituted piperidines (isosolenopsins) 

have been extracted from the poison of fire ants of the genus Solenopsis invicta, 

and showed insecticidal, antibacterial, necrotic, cytotoxic, antifungal and anti-

HIV properties (Figure 5).18-20  

 

Figure 5: Examples of isosolenopsins 

http://dictionary.sensagent.com/creation/en-en/#anchorSynonyms
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Additionally, prosopinine, prosophylline and their deoxo analogues have shown 

antibiotic activity, anaesthetic and analgesic properties, and also exhibited 

central nervous system stimulating properties (Figure 6).21  

 

Figure 6 

 

1.4 Importance of Indolizidines  

Indolizidine alkaloids are widely spread in natural products with a nitrogen-

bridged bicyclic construction, found in anti-Alzheimer drugs and in compounds 

used for the treatment of infectious microorganisms.22 For instance, indolizidines 

(-)-167B 5, (-)-195H 6 and (-)-209D 7 were obtained from the skin secretions of 

neotropical frogs, which play a significant role as defensive agents due to their 

toxicity.23 Moreover, indolizidines (-)-167B and (-)-209D are promising 

cardiotonic agents, and act as non-competitive blockers of neuromuscular 

transmission (Figure 7).24,25 

 

Figure 7 
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1.5 Previous Syntheses of Disubstituted Piperidines  

There are many approaches to the preparation of disubstituted piperidines. This 

section will summarize some of the common procedures for creating                

2,5-disubstituted and 2,6-disubstituted piperidines employing a cyclisation 

strategy, rather than starting with the piperidine skeleton. 

 

1.5.1 Preparation of 2,5 -Disubstituted Piperidines  

In this section a selection of previous methods for the synthesis of                     

2,5-disubstituted piperidines which are related to our target molecules will be 

reviewed.4,8,15,26,27  

 

1.5.1.1 Tandem hydrofo rmylation -condensation  

Bates and co-workers synthesized pseudoconhydrine 17 and its epimer 18 using 

a tandem hydroformylation-condensation process.28 This approach started 

through a sequence involving condensation of (S)-amino alcohol 8 with butanal, 

allylation with either allyl bromide and indium powder or allylzinc bromide.29 

Good diastereoselectivity for the allylation product 10 was obtained under 

carefully controlled conditions. Hydroformylation of 11 was achieved using 

rhodium acetate in THF under an atmosphere of CO and H2 correspondingly to 

give the protected amino aldehyde, which underwent cyclisation to give 12 

(Scheme 1). 
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Scheme 1 

Finally, treatment of compound 12 with osmium(VIII) tetroxide afforded cis-diol 

13, which was converted into the ketopiperidine 14, followed by reduction with 

K-Selectride® to give the trans-alcohol and the protecting group was removed to  

furnish pseudoconhydrine 17. Epi-pseudoconhydrine 18 was obtained by 

reduction of ketopiperidine 14 with sodium borohydride, followed by removal of 

the tosyl group (Scheme 2). 

Scheme 2 
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1.5.1.2 Diastereoselective Synthesis of ( 2S,5R)-5-Hydroxypipecolic Acid  

Blaauw and co-workers have described a diastereoselective synthetic approach 

to (2S,5R)-5-hydroxypipecolic acid 23 using a highly diastereoselective 

epoxidation reaction of an enantiomerically pure cyclic enamide intermediate.30 

(2S,5R)-5-Hydroxypipecolic acid 23 was synthesized in six steps starting with      

N-protection of 19 with Cbz-OSu, followed by methylation of the carboxylic acid 

with MeI to obtain the protected amino acid 20. This compound was treated  

with a catalytic amount of p-toluenesulfonic acid in refluxing toluene, promoting 

a cyclisation-elimination sequence leading to enamide 21.31 The key step in this 

route  was the epoxidation of 21 which was performed in MeOH using Oxone® 

leading to the 5-hydroxypipecolic acid derivative 22 with the trans-isomer 

favoured (96:4 dr). The next step was deprotection of the amine, followed by 

hydrolysis of the methyl ester and precipitation from aqueous acetone, to give 

the desired natural product 23 as the corresponding HCl salt (Scheme 3). 

 

Scheme 3 
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1.5.1.3 Synthesis of 5,6 -Dialkylpipecolic Acids  

Lubell and Swarbrick have reported a diastereoselective synthetic approach to 

enantiopure 5,6-dialkylpipecolate derivatives involving sequential aldol 

condensation followed by cyclisation via a diastereoselective reductive 

amination.32  

Reaction of lithium enolates of a number of ketones with aldehyde 24 gave the 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ʶ-ƻȄƻ ʴ-ƘȅŘǊƻȄȅ ʰ-N-(PhF)amino esters 25 in a range of yields   

40-81%. Conversion of  the hydroxyl group to a better leaving group was 

achieved by treatment of the compounds 25 with acetic anhydride and DMAP in 

pyridine to give the desired acetates 26, with ʰΣʲ-unsaturated ketones 27 as a 

by-product. Diastereoselective reductive cyclisation of acetates 26 using Pd/C 

(10% w/w) gave (2S,5S,6S)-5,6-dialkylpipecolates 28 as a single diastereoisomer. 

Finally, the esters 28 were converted to the corresponding hydrochloride salts 29 

by treatment with HCl in dichloromethane in quantitative yields (Scheme 4 and 

Table 1). 

 

Scheme 4 
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Table 1: Synthesis of 5,6-dialkylpipecolic acids  

entry Ketone R1 R2 
25 

(yield, %) 

26 (27) 

(yield, %) 

28 

(yield, %) 

a 1,3-Diphenylacetone Ph PhCH2 81 - 75 

b 2,2-Dimethyl-3-pentanone Me tBu 62 99 67 

c Cyclopentanone ҍ(CH2)3ҍ 75 77 (15) 82 

d Cyclohexanone ҍ(CH2)4ҍ 79 89 (6) 82 

e 2-Nonanone nC6H13 Me 40 95 82 

 

 

1.5.2 Preparation of 2,6 -Disubstituted Piperidines  

There have been a number of synthetic strategies developed for the preparation 

of 2,6-disubstituted piperidines, and some that give the products in an 

enantiomerically pure form.7,16,33-35 

 

1.5.2.1 Sonogashira and Suzuki cross-coupling reactions  

Sewald and Sadiq have developed an efficient route for the preparation of          

6-substituted (2R,6R)-pipecolic acid derivatives. This route started by sequential 

esterification and lactamization of (R)- -haminoadipic acid 30 to give                         

6-oxopipecolate 31,  followed by reacting with DMF and POBr3 to give the bromo 

compound 32 (Scheme 5).36  

Scheme 5 
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Sonogashira cross-coupling reactions  on the vinyl bromide 32 with terminal 

alkyne derivatives gave N-acyl substituted 2,3-dehydropiperidines 33       

(Scheme 6 and Table 2). 

 

Scheme 6 

 

Table 2: 

alkyne 33 (yield, %) alkyne 33 (yield, %) 

 77  74 

 72  75 

 68  80 

 
Finally, the compound 33 was reduced by NaCNBH3 in the presence of 

trifluoroacetic acid, followed by cleavage of the N-formyl group under acidic 

conditions gave methyl (2R,6R)-6-(2-phenylethynyl)-piperidine-2-carboxylate 34. 

Suzuki cross-coupling reaction was accomplished between compound 32 and a 

range of boronic acids under mild conditions to give the corresponding                

6-substituted (R)-pipecolates 35 in moderate yields (Scheme 7 and Table 3). 

 

Scheme 7 
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Table 3: 

Boronic acid 35 (yield, %) Boronic acid 35 (yield, %) 

 

72% 

 

53% 

 
74% 

 
48% 

 
66% N/A N/A 

 

 

1.5.2.2 Hydrozirconation / transmetalation / acylation  

Szymoniak and co-workers have described the preparation of 2,6-disubstituted 

piperidines using a hydrozirconation/acylation process.6  

Preparation of protected amino ketones 37 was achieved by applying a 

hydrozirconation/acylation sequence on the enantiomerically pure                       

N-Boc-protected 2-substituted homoallylic amines 36, which used 2.0 equivalent 

of the Schwartz reagent. Treatment of compound 37 with trifluoroacetic acid in 

dichloromethane resulted in deprotection and cyclisation to the iminium salts. 

Treatment with base gave the free iminium intermediate 38, which underwent 

reductive amination using sodium borohydride to give the 2,6-disubstituted 

piperidines 39 with diastereoselectivities  typically >19:1 with R1 = Ph, but much 

lower with other substituents (Scheme 8 and Table 4). 
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Scheme 8 

Table 4: Synthesis of Piperidines  

entry R1 R2 37 (yield, %) 39 (yield, %) dr 

a Ph Ph 70 77 >19:1 

b Ph 3-ClC6H4 50 87 >19:1 

c Ph 2-BrC6H4 56 81 >19:1 

d 2-OMeC6H4 Ph 45 73 >19:1 

e Ph Me 69 72 >19:1 

f Ph C-C3H5 51 88 >19:1 

g Ph iBu 72 73 >19:1 

h (E)-PhCH=CH Ph 56 47 4:1 

i (CH2)3-OBn n-C6H13 47 58 5.5:1 

 

The diastereoselectivity in the reduction step presumably arises through an axial 

hydride addition to a half-chair-like conformation, particularly when the R1 

substituent occupies in a pseudo equatorial position (Figure 8). 

 

Figure 8: Proposed origin of the cis-selectivity 
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1.5.2.3 Maruoka asymmetric allylation / Grubbs ȭ cross-metathesis / 

reductive cyclisation . 

Babu and co-workers have synthesized enantiomerically pure (-)-pinidinone 45 

by utilizing Maruoka asymmetric allylation and GrubbsΩ ƻƭŜŦƛƴ cross-metathesis as 

key steps.37 This approach started by selective protection of commercially 

available propane-1,3-diol 40, followed by oxidation to the aldehyde and 

enantioselective Maruoka allylation using BINOL complex (S,S)-I gave the 

homoallylic protected alcohol 42 with excellent enantioselectivity (98% ee).  

After several steps, DǊǳōōǎΩ cross-metathesis was achieved between olefin 

precursor 43 and methyl vinyl ketone to obtain cyclisation substrate 44. 

Treatment of compound 44 with Pd/C under hydrogen atmosphere,                  

Cbz-deprotection, and diastereoselective reductive cyclisation sequence led to 

the final product 45 (Scheme 9). 

 

 

 

 

 

 

 

 

 

 

Scheme 9 
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1.5.3 Preparation of Indolizidines  

There are many strategies for the preparation of indolizidines. This section will 

review the previous procedures to synthesize (-)-indolizidine 167B (5) and 

indolizidine 195H (6) which are our targets.  

 

Polniaszek and Belmont described the first enantioselective synthesis of               

(-)-indolizidine alkaloid 167B (5) in ten steps and approximately 23% overall yield 

from (S)-(-)- -hphenethylamine.38 Condensation of (S)-(-)- -hphenethylamine with 

succinic anhydride, followed by stereoselective reduction by lithium 

triethylborohydride gave stereoisomeric 95:5 of hydroxylactam 47, which on 

treatment with allyltrimethylsilane in the presence of stannic chloride afforded 

inseparable epimeric mixture of 48a:48b. The mixture of 48a and 48b was 

reduced with LiAlH4, then hydrozirconation with Cp2ZrHCl, followed by 

carbonylation gave a mixture of homologated aldehydes 49. Treatment of 

aldehydes 49 with excess trimethyl orthoformate gave the corresponding 

dimethyl acetals 50a and 50b, which separated by medium-pressure liquid 

chromatography. The amino nitrile 52 was obtained by sequential removal of the 

phenethyl group from 50a, followed by hydrolysis of the acetal 51 in the 

presence of hydrogen cyanide. Deprotonation of 52 by LDA and alkylation with 

propyl bromide gave alkylated amino nitriles 53, which were reduced by sodium 

borohydride to give the desired product 5 (Scheme 10). 
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Scheme 10 

 

Jefford and co-workers have described the enantioselective synthesis of                     

(-)-indolizidine 167B (5) in six steps in an overall yield of 15% starting from                     

D-norvaline.24 Condensation of D-norvaline 54 with 2,5-

dimethoxytetrahydrofuran 55 gave 1-pyrrolylacetic acid 56, which was converted 

ǘƻ ǘƘŜ ʰ-diazo ketone 57. Treatment of 57 with silver acetate afforded the acid 

58, which repetition of the diazomethane process gave the corresponding          

-hdiazo ketone 59. Decomposition of 59 by rhodium(II)acetate catalysis provided 
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the dihydroindolizinone 60. Finally, 60 was subjected to hydrogenation using 

Adams's  catalyst under acid conditions to give the desired product 5 in 67% yield 

(Scheme 11). 

Scheme 11 

 

Lhommet and co-workers have synthesized of (-)-indolizidine 167B (5) 

stereoselectively in eleven steps starting from (S)-pyroglutamic acid.39 The 

lactam ester 62 was obtained from (S)-pyroglutamic acid 61 in five 

straightforward steps: esterification, reduction, tosylation, reaction with cyanide, 

then acidic methanolysis. Reduction of 62, followed by amino group protection, 

gave amino alcohol 63, which was converted to the corresponding aldehyde 64. 

Wittig reaction on 64 gave the amino enone, then reduced to the corresponding 

saturated amino ketone 65 using Adams catalyst. Finally, sequential                   

Cbz-deprotection, and diastereoselective reductive aminition gave the target 5 in 

70% yield (Scheme 12). 
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Scheme 12 

 

 

Lee and co-workers have reported a stereoselective synthesis of (-)-indolizidine 

167B (5) in twelve steps starting from (S)-proline.40 The protected pyrrolidine 

acrylate 67 was obtained from (S)-proline 66 in four sequent steps (protection, 

borane reduction, oxidation, and Wittig reaction). Sequent hydrogenation and 

reduction of 67 was afforded 68. p-Aminoacrylate 69 was obtained by reaction of 

68 with ethyl propiolate, followed by conversion to the corresponding bromide. 

Treatment of 69 with Bu3SnH/AIBN resulted in a radical itermediates to give 70, 

which was reduced by LiAlH4, followed by conversion to the corresponding 

tosylated alcohol 71. The desired product 5 was obtained by treatment of 71 by 

lithium dimethylcuprate (Scheme 13). 
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Scheme 13 

 

Remuson and co-workers have synthesized (-)-indolizidine 167B (5) 

stereoselectively in nine steps and an overall yield of 17% starting from (3R)-3-

aminohexanoate 72.41 Ethyl (3R)-3-aminohexanoate 72 was condensed with 

succinic anhydride, followed by treatment with AcCl to yield imide 74. The imide 

74 was reduced by sodium borohydride to ethoxylactam 75, then treated with 

trimethylsilylmethylmagnesium chloride in the presence of CeCl3 to give a 

mixture of 77a and 77b. These isomers were reduced by LiAlH4 to give two 

separable isomers 78a and 78b, which were each converted into the ketones 79a 

and 79b. Compound 79b was converted to 79a by refluxing with 1N HCl for six 

days. Finally, compound 79a was converted into its dithiolane and sequential 

desulfurization using Raney nickel produced (-)-indolizidine 167B (5)  in 70% yield 

respectively (Scheme 14). 
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Scheme 14 

 

Kibayashi and co-workers have reported asymmetric synthesis route of                 

(-)-indolizidine 167B (5) in ten steps starting from (S)-2-(1-aminoethyl)- phenol.42 

Condensation of (S)-2-(1-aminoethyl)-phenol 80 with succinic anhydride gave the 

imide 81, which was reduced partially via Red-Al and treatment with acid 

resulted the N,O-acetal 82 as a single isomer. Allylation of 82 with 

allyltrimethylsilane gave the (5S)-allylated product 83a in high yield and 

diastereoselectivity, and 83b as a minor diastereomer. Methylation of 83a gave 

the methoxy derivative 84, followed by oxidative cleavage OsO4/NaIO4 afforded 

aldehyde 85, which was converted into the (E)-enone 86 using a                 

HornerςWadsworthςEmmons reaction, which was then hydrogenated to 87. 

Reduction of 87, and Dess-Martin oxidation of the resulting amino alcohol gave 
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amino ketone 88. Finally, sequential deprotection of the nitrogen protecting 

group, and intramolecular diastereoselective reductive amination gave the 

desired compound 5 in 93% yield as a single isomer (Scheme 15). 

Scheme 15 

Pereira and Corvo have synthesized of (-)-indolizidine 167B (5) in eight steps 

from racemic norvaline using a stereoselective addition of a carbon radical onto 

an optically pure acrylamide.43 Conversion of DL-norvaline 89 into a pyrrole 

carboxylic acid derivative 90, was followed by formation of the N-hydroxy 

thiopyridone ester 91. Irradiation of 91 at low temperature gave the 

corresponding carbon radical precursor, which added to (S)-N-(1-

phenylethyl)acrylamide to produce 92 in 53% yield, with (dr 53:47 of  S/R ratio). 

Removal of the chiral auxiliary and cyclisation occurred concomitantly by 

treatment of 92 with boron tribromide resulting in the cyclic ketone 93, which 

was ǘǊŜŀǘŜŘ ǿƛǘƘ ΨƴƛŎƪŜƭ ōƻǊƛŘŜΩ ǘƻ remove the thiopyridyl group to yield 94.    
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The compound 94 was hydrogenated over palladium/carbon in acetic acid to 

furnish to the desired (-)-indolizidine 167B (Scheme 16). 

 

Scheme 16 

 

Blechert and co-workers have reported enantioselective synthesis of                     

(-)-indolizidine 167B (5) in eight steps and an overall yield of 35% starting from 

cycloheptenediol-monoacetate,44 which was prepared from cycloheptene 95 in 

four steps. Mitsunobu reaction of 95 with N-nosyl-N-allylamine produced 

protected amine 96, followed by a sequence of protecting group replacement by 

Cbz-group, O-deprotection and O-silylation. Ruthenium-catalysed tandem ring-

rearrangement metathesis, followed by silyl ether cleavage of 97 gave amino 

alcohol 99, which converted to the corresponding ketone 100 using Dess-Martin 

oxidation. Treatment of compound 100 with Pd/C under hydrogen atmosphere, 

Cbz-deprotection, and diastereoselective reductive aminition sequence leading 

to the enantiomerically pure desired compound 5 (Scheme 17). 
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Scheme 17 

 

Bosch and co-workers have disclosed an enantioselective synthesis of                        

(-)-indolizidine 167B (5) in four steps starting from the bicyclic lactam 101.45  

Itself prepared from glutaric anhydride in four steps. Treatment 101 with a 

cyanocuprate reagent in the presence of BF3.Et2O gave 102. Red-Al reduction of 

102 gave the oxazolopiperidone 103, which reacted with the Grignard reagent 

derived from 2-(2-bromoethyl)-1,3-dioxane  to produce 104. Cleavage of the 

chiral auxiliary followed by diastereoselective hydrogenation using Pd/C         

(10% w/w) furnished the desired compound 5 (Scheme 18). 

 



  

  
  23 

 

Scheme 18 

 

Baskaran and Reddy developed a novel stereoselective synthesis of                       

(-)-indolizidine 167B (5) and (-)-indolizidine 195H (6) in ten steps from the 

ketoester 105.46 Treatment 105 with neutral titanium carbene reagent derived 

from Zn/TiCl4/ CH2Br2 gave the exocyclic olefin 106, which was reduced by LiAlH4 

to give the corresponding alcohol 107. The alcohol 107 was converted to 

azidoalkene 108, which on reaction with m-CPBA gave the epoxyazide 109 as a 

separable racemic mixture of cis : trans (1:3) diastereoisomers. Treatment of the 

trans-epoxyazide 109 with Lewis acid (EtAlCl2) followed by the addition of NaBH4 

gave the hydroxymethyl indolizidine 110, which was converted into the 

corresponding tosylate 111. Finally, copper catalysed reaction of 111 with 

EtMgBr at -78 °C, afforded enantiomerically pure desired compound (5). 

Treatment of the tosylate 111 with nBuLi in the presence of CuCN gave                 

(-)-indolizidine 195H (6) in optically pure form (Scheme 19). 
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Scheme 19 

 

Kamimura and co-workers have reported a stereoselective conjugate addition 

approach to synthesize of (-)-indolizidine 167B (5) in eight steps starting from the  

tosyloxymethylpyrrolidinone 112.47 Conversion to the 5-substituted 

pyrrolidinone 114 in two steps (iodination followed by Grignard reaction), 

followed by conjugate addition of 114 to (E)-1-nitropent-1-ene produced the 

corresponding nitroalkane 115 in high selectivity (dr 93:7). Treatment of 115 with 

OsO4 and NMO then NaIO4 gave aldehyde 116, which underwent intramolecular 

nitroaldol reaction under basic conditions to give indolizidinone 117. Sequential 

removal of the nitro and the hydroxyl groups gave 119, which was reduced by 

LiAlH4 to furnish to the desired compound 5 (Scheme 20). 

 



  

  
  25 

 

Scheme 20  

 

Ma and co-workers developed an enantioselective approach to synthesize           

(-)-indolizidine 167B (5) in seven steps from the 1-acetylpyridinium salt 120.48 

Reaction between 120 and 121 in the presence of the bis(oxazoline) ligand L and 

CuI gave dihydropyridine 122, which was hydrogenated partially to afford 

tetrahydropyridine 123. Allylation of 123 with allyltrimethylsilane produced 124 

as the only stereoisomer. Hydrogenation, deprotection with TMSI and         

AlMe3-mediated cyclisation gave lactam 119, which was reduced by LiAlH4 to 

furnish to the desired compound 5 (Scheme 21). 
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Scheme 21 

 

Sanderson and co-workers have disclosed a synthetic route to prepare                  

(-)-indolizidine 167B (5)  in five steps and an overall yield of 35% starting from   

N-Boc pyrrolidine.49 Enantioselective deprotonation of 125 by sec-BuLi/diamine 

(S,S) 126 and allylation in the presence of CuCN.2LiCl gave 127.                         

Exchange the N-protecting group to Cbz gave 128, which was converted to 129 

via olefin cross-metathesis, followed by Dess-Martin periodinane oxidation to 

give 130. Treatment of compound 130 with Pd/C under a hydrogen atmosphere,    

Cbz-deprotection, and diastereoselective reductive aminition sequence lead to 

the desired compound 5 (Scheme 22). 
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Scheme 22 

 

Settambolo and co-workers developed an optically active synthesis of                   

(-)-indolizidine 167B (5) in six steps from amino acid D-norvaline 54.25 

Esterification of 54 and condensation with 2,5-dimethoxytetrahydrofuran gave 

pyrrole 132, which was reduced to the corresponding aldehyde 133.             

Wittig olefination of 133 gave N-protected amino alkene 134,  which underwent 

cyclisation under rhodium catalysed conditions gave 135. Finally, compound 135 

was subjected to hydrogenation reaction using rhodium on carbon as catalyst to 

give the desired product 5 in 64% yield (Scheme 23). 

Scheme 23 
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Pellet-Rostaing and co-workers developed a synthetic approach to synthesize of   

(-)-indolizidine 167B (5) in five steps from 1-nitrobutane.50 Conjugate addition of 

1-nitrobutane to benzyl acrylate in the presence of benzyltrimethylammonium 

chloride under basic conditions  gave nitro-ester 137, which converted to 138 via 

reduction of the nitro group and removal of the benzyl ester. Treatment of 138 

with dimethoxytetrahydrofuran and sodium acetate gave pyrrole derivative 139, 

which underwent intramolecular Friedel-Crafts acylation in the presence of 

polyphosphoric acid to produce bicyclic adduct 94. Eventually, diastereoselective 

hydrogenation of 94 using Pd/C (10% w/w) in acetic acid resulted the compound 

(±)-5 in racemic form (dr  88%) (Scheme 24). 

 

Scheme 24 
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Yuefei Hu and co-workers developed a stereoselective approach to the synthesis 

of (-)-indolizidine 167B (5) and (-)-indolizidine 195H (6) in five steps from the 

precursor 140.51 Treatment of 140 with Grignard reagents gave 2-vinyl-6-alkyl 

piperidines 141 and 142, which were each ŎƻƴǾŜǊǘŜŘ ǘƻ ʰΣʲ-unsaturated 

aldehydes 143 and 144 by cross-metathesis reaction with but-2-enal in the 

presence of HoveydaςGrubbs (HG2) catalyst. Finally, Treatment each compounds 

143 and 144 with Pd/C under hydrogen atmosphere, Cbz-deprotection, and 

diastereoselective reductive aminition sequence gave enantiomerically pure 

compounds 5  and 6 (Scheme 25). 

 

Scheme 25 
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Pinho and Burtoloso have reported a diastereoselective synthetic route to           

(-)-indolizidine alkaloid 167B (5) in five steps from aldehyde NCbz-pyrrolidine 

146.52 Activation of (diethylphosphono)acetic acid with oxalyl chloride under dry 

conditions then reaction with diazomethane gave h Σʲ-unsaturated diazoketone 

145, which treated with NCbz-pyrrolidine precursor to produce 146. Irradiation 

of 147 in methanol gave the product 148, followed by hydrogenation using Pd/C 

in the presence of Et3N with concomitant Cbz-deprotection and 

diastereoselective reductive cyclisation gave the lactam 149. Finally, treatment 

of lactam 149 with propylmagnesium bromide, followed by stereoselective 

reduction using NaBH4 furnished to the enantiomerically pure compound 5 

(Scheme 26). 

 

Scheme 26 
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Cordero-Vargas and co-workers have described a synthetic route for                     

(-)-indolizidine alkaloid 167B (5) in seven steps from N-Boc proline ester 150.53 

Reduction of 150 with LiAlH4 gave the corresponding alcohol 151, which was 

converted to olefin 152 by Swern oxidation, followed by Wittig reaction. 

Treatment of 152 with ethyl iodoacetate in the presence of triethylborane gave 

153, which was converted to the iodo lactam 154. Removal of iodine gave the 

bicyclic lactam 149, which was treated with n-propylmagnesium chloride, 

followed by diastereoselective reduction using NaBH4 which resulted in the 

desired copound 5 (Scheme 27). 

 

 

Scheme 27 
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1.6 Jackson Group Chemistry  

The Jackson group reported the use of a reactive zinc/copper reagent 156 

prepared by treatment of the iodoalanine derived zinc reagent 155 with 

YƴƻŎƘŜƭΩǎ ǎƻƭǳōƭŜ ŎƻǇǇŜǊ ǎŀƭǘ ό/ǳ/bΦн[ƛ/LύΦ ¢Ƙƛǎ ȊƛƴŎ ŎǳǇǊŀǘŜ ǊŜŀƎŜƴǘ 156 reacted 

efficiently  with different allylic halides by an apparent SNн  ƳŜŎƘŀƴƛǎƳ ǘƻ 

provide a range of protected ŜƴŀƴǘƛƻƳŜǊƛŎŀƭƭȅ ǇǳǊŜ ǳƴǎŀǘǳǊŀǘŜŘ ʰ-amino acids 

(Scheme 28).54,55  

 

Scheme 28Υ {ȅƴǘƘŜǎƛǎ ƻŦ ǇǊƻǘŜŎǘŜŘ ǳƴǎŀǘǳǊŀǘŜŘ ʰ-amino acids 

This methodology was extended to the synthesis of enantiomerically pure  

ǳƴǎŀǘǳǊŀǘŜŘ ʲ- and -ɹamino acid derivatives using the reaction of zinc/copper 

reagents derived from L-aspartic and L-glutamic acids with allyl chloride to 

furnish allylated compounds in good yields (Scheme 29).56  

Scheme 29: Synthesis of unsaturated ̡- and ɹ -amino acid derivatives 

 
They observed that the use of a polar aprotic solvent reduced -̡elimination of 

the carbamate group ƛƴ ʲ-amino organozinc reagents. Moreover, the use of such 

solvents resulted in reliable formation of these zinc reagents and successful 

cross-coupling reactions under mild conditions. 




















































































































































































































































































































































