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Piperidines	a	Privileged	Heterocycle	

From	a	selecQon	of	640	FDA	approved	drugs.	
	J.	Med.	Chem.	2014,	57,	10257−10274		
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	J.	Med.	Chem.	2014,	57,	10257−10274		
Nat.	Prod.	Rep.	2008,	25,	139–165	
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Common	Synthesis	of	Piperidines	
•  Nucleophilic	subsQtuQon		
•  	ReacQon	of	amines	with	halides,	acQvated	alcohols,	three	membered	rings	

•  ReducQve	aminaQon		
•  	Intra/intermolecular	reducQve	aminaQon	

•  ReacQon	of	amides	with	alkenes	and	alkynes	
•  Intramolecular	Michael	addiQon,	radical	1,4	reacQon	of	amines	with	

alkenes,	hydroaminaQon,	reacQon	of	amines	with	alkynes	
•  ReacQon	of	dienes,	enynes	and	diynes	
•  Ring-closing	metathesis	Intramolecular	ene	reacQons,	ene	reacQons	(type	I),	ene	

reacQons	(type	III)	
•  Formal	ene	reacQons	(ene	halogenocyclizaQon,	π-allyl	complexes,	palladium	

cross-coupling,	iminium	caQons)	
•  Radical	cyclizaQons	
•  Radical	cyclizaQon	of	N-chloro	amino	alkenes,	radical	cyclizaQon	using	samarium	

or	Qn	
•  Dieckmann	condensaQon		
•  CycloaddiQons	
•  Imino	Diels-Alder,	Aza-diene	Diels-Alder	

•  DearomaQzaQon	of	pyridines	
Tetrahedron	2004,	60,	1701–1729,	
Nat.	Prod.	Rep.	2008,	25,	139–165	
Synthesis	2000,	13,	1781–1813			
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Dearomatization	of	Pyridines	
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Cu,	Sn,		

Mg,	Zn,	Sn,	
Li,	H-,	CN	
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Chem.	Rev.	2012,	112,	2642−2713	
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Ito	Group	Previous	work		
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Chem.	Commun.	2016	ASAP.	Chem.	Eur.	J.	2015,	21,	25,	9236	–	9241,	Angew.	Chem.	Int.	Ed.	2015,	54,	8809	–	8813.	
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Title	Paper	
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Reaction	Optimization	

CondiQons:	CuCl	(0.025	mmol),	ligand	(0.025	mmol),	2	(0.5	mmol),	bis(pinacolato)diboron	3	(0.6	mmol),	alcohol	(1.0	mmol),		
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	reacQon	was	carried	out	at	30	°C.	E	The	reacQon	was	carried	out	on	a	5	mmol	scale.	F	1	mol%	CuCl	and		
ligand	were	used.	G	The	reacQon	Qme	was	16	h.	H	The	reacQon	was	carried	out	at	0	°C	and	the	reacQon	Qme	was	1	h.	
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Substrate	Scope	
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Substrate	Scope:	Limitations	
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Derivatization	of	Tetrahydropyridines	
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Synthesis	of	(-)-Paroxetine	
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DFT	Calculations	for	Borylation	Pathway	

(B3PW91/cc-pVDZ).	RelaQve	G	values	(kcal/mol)	at	298	K,	1.0	atom	in	the	gas	phase.		
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N B(pin)MeO2C

(R)-enantiomer

N B(pin)MeO2C
(S)-enantiomer
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Deuterium	Labeling	
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Proposed	Mechanism	
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Conclusions	

•  Developed	a		novel	dearomaQzaQon/enanQoselecQve	borylaQon	of	
dihydropyridines.	

•  InteresQng	stereoretenQve	protonaQon	of	the	allylcopper(I)	intermediate	
•  Substrate	limitaQons	
•  Expedited	synthesis	of	chiral	3	subsQtuted	piperidines	
•  PotenQal	Med	Chem	applicaQons		
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Thanks	

Ja
m
es
	Jo

hn
so
n	
@
	W

ip
f	G

ro
up

	

18	

James Johnson @ Wipf Group Page 18 of 19 6/19/2016



Aggarwal’s	Cross	Coupling	
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