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Distribution of N-heterocyclic drugs in the FDA database
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Saturation

Flat 3D
[Pyridine]
• Most important heterocycle
• Established functionalization strategies
[Piperidine]
• 3-dimensional equivalent
• No unified functionalization strategy

Wang, Y. et al. DDDT 2021, Volume 15, 4289–4338.

Fsp3 = (number of sp3 hybridized carbons/total carbon count)
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Piperidine is a representative motif in drugs and natural products

Humblet, C. et al. J. Med. Chem. 2009, 52 (21), 6752–6756. 
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Two stage elaboration of 3D scaffolds analogous to “flatland” strategies
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Scalable, biocatalytic synthesis of hydroxylated piperidines

Preparative scale production of enantiopure piperidine building blocks 

Renata, H. et al. J. Am. Chem. Soc. 2021, 143 (3), 1673–1679. Renata, H. et al. ACS Cent. Sci. 2023, 9 (2), 239–251. 
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Enzyme discovery for building block construction

Hüttel, W. et al. Adv Synth Catal 2011, 353 (8), 1375–1383. 

Eluted in a fraction together with 13 mg 
trans-4-hydroxyproline. 
Product concentrations were determined by 
HPLC.
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Enzyme discovery and optimization for building block construction
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Enzyme discovery and optimization for building block construction

Vargas, C. et al. J Bacteriol 2006, 188 (11), 3774–3784. 

SaEctD was identified from Sphingopyxis alaskensis
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Preparative scale production of enantiopure piperidine building blocks 

>99:1 dr
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Radical cross-coupling 

Baran, P. S. et al. Science 2022, 375 (6582), 745–752. Baran, P. S. et al. J. Am. Chem. Soc. 2022, 144 (38), 17709–17720.

Baran, P. S. et al. J. Am. Chem. Soc. 2024, 146 (9), 6209–6216. Baran, P. S. Nature 2022, 606 (7913), 313–318. 
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Modular radical cross-coupling to simplify complex piperidine synthesis

3-Hydroxypipecolic acid diversification

Acid
activation

NHPI

PhI, cat. Ni(1) C-H oxidation

(2) Boc2O Decarboxylative
coupling

[This work] 3 steps
[Previous] 7-17 steps

Previous works
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Modular radical cross-coupling to simplify complex piperidine synthesis

NHPI

(1) C-H oxidation

(2) Boc2O

[This work] 5 steps
[Previous] 6 steps

Previous works

Acid
activation  cat. Ni, AgNP

Decarboxylative
coupling

Britton, R. et al. Org. Lett. 2013, 15 (8), 1914–1917. 

3-Hydroxypipecolic acid diversification

Appel reaction
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Modular radical cross-coupling to simplify complex piperidine synthesis

NHPI

(1) C-H oxidation

(2) Boc2O

[This work] 3 steps
[Previous] 6 steps

Previous works

Acid
activation

 cat. Ni

Decarboxylative
coupling

4-Hydroxypipecolic acid diversification

TFA

Szewczyk, J. M.  et al. Org. Lett. 2000, 2 (8), 1041–1043. 
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Modular radical cross-coupling to simplify complex piperidine synthesis

NHPI

(1) C-H oxidation

(2) Boc2O

[This work] 4 steps; R=Et, PG=Boc; 32
[Previous] 9 steps; R=Me, PG=H; 38

Previous works

Acid
activation

 cat. Ni

Decarboxylative
coupling

4-Hydroxypipecolic acid diversification

Adams, C. M. et al. J. Med. Chem. 2020, 63 (11), 5697–5722. 



15

Modular radical cross-coupling to simplify complex piperidine synthesis

(1) C-H oxidation

(2) Boc2O

[This work] 7 steps
[Previous] 12 steps

Previous works

 cat. Ni

Decarboxylative
Coupling, 48%

Dr ~ 1:1, separable
Both diastereomers are available

5-Hydroxypipecolic acid diversification
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Modular radical cross-coupling to simplify complex piperidine synthesis

4-Hydroxynipecotic acid diversification
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Modular radical cross-coupling to simplify complex piperidine synthesis

4-Hydroxynipecotic acid diversification
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Enzymatic C-H hydroxylation
Radical couplings

Pd-couplingsAromatic substitution

Summary

Preparative scale production of enantiopure piperidine building blocks 
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Thanks


