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Piperidines a Privileged Heterocycle
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Common Synthesis of Piperidines

Nucleophilic substitution

Reaction of amines with halides, activated alcohols, three membered rings
* Reductive amination
Intra/intermolecular reductive amination

* Reaction of amides with alkenes and alkynes

Intramolecular Michael addition, radical 1,4 reaction of amines with
alkenes, hydroamination, reaction of amines with alkynes

* Reaction of dienes, enynes and diynes

Ring-closing metathesis Intramolecular ene reactions, ene reactions (type 1), ene
reactions (type lll)

Formal ene reactions (ene halogenocyclization, m-allyl complexes, palladium
cross-coupling, iminium cations)

* Radical cyclizations
Radical cyclization of N-chloro amino alkenes, radical cyclization using samarium
or tin

* Dieckmann condensation

* Cycloadditions
Imino Diels-Alder, Aza-diene Diels-Alder

* Dearomatization of pyridines
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Dearomatization of Pyridines
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[to Group Previous work

5 mol % CuCl /L2 B(pin)
in)B-B(pin
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Chem. Commun. 2016 ASAP. Chem. Eur. J. 2015, 21, 25, 9236 — 9241, Angew. Chem. Int. Ed. 2015, 54, 8809 — 8813.
J. Am. Chem. Soc. 2015, 137, 1, 420 —424., J. Am. Chem. Soc. 2014, 136, 47, 16515 — 16521

Nature Chemistry 2010, 2, 972 - 976
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Title Paper

hydride R! R2 cat. CulL* R R?
1 »
R p | R2 source = | B,(pin), \Q

N — N ——> O._N _
N CICOR?® Y K(O-t-Bu) SE B(pin)
R%0 alcohol R0

* Unprecedented regio-, diastereo- and enantioselective

* Readily available starting materials
* Chiral boryl-tetrahydropyridines: Novel building blocks
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Reaction Optimization
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and K(O-t-Bu) (0.1 mmol) in THF. B NMR yield. C The ee values of (R)-4a were determined by HPLC analysis of the corresponding
benzoate ester. D The reaction was carried out at 30 °C. E The reaction was carried out on a 5 mmol scale. F 1 mol% CuCl and
ligand were used. G The reaction time was 16 h. H The reaction was carried out at 0 °C and the reaction time was 1 h.
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Substrate Scope
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Substrate Scope: Limitations

® NaBH, reduction did not proceed.
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® Other borylation product was formed.

CuCl (5 mol %)
(R,R)-QuinoxP* (5 mol %)

7 Me . . = * .
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THF,0°C,12h )
Alkyl substituent at 44% yield _
4-position 71% ee DOI: 10.1021/jacs.6b01375
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Derivatization of Tetrahydropyridines
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Synthesis of (-)-Paroxetine
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DFT Calculations for Borylation Pathway
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Deuterium Labeling
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Proposed Mechanism

-
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R = Me or fBu R”H g
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DOI: 10.1021/jacs.6b01375
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Applicable substrates

Conclusions =

R': Various substituents
R0 RZ: Small alky! substituents
R3: para- and meta-Substituted phenyl group

* Developed a novel dearomatization/enantioselective borylation of
dihydropyridines.

* Interesting stereoretentive protonation of the allylcopper(l) intermediate

e Substrate limitations

e Expedited synthesis of chiral 3 substituted piperidines

* Potential Med Chem applications
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Aggarwal’s Cross Coupling
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