
G. McKenna Burns LabDiscovery and Development of Small Molecule
Hepatitis C Treatments

v  	170	million	Hepa..s	C	(HCV)	cases	worldwide	
v  60%	of	these	are	genotype	1	

v  15-30%	liver	cirrhosis	within	20	years		
v  Responsible	for	500,000	deaths	annually	
v  	Modern	small	molecule	treatments	have	

~90%	cure	rate.	
v  Bloodborn	infec.on	
v Major	Targets:	NS3,	NS4A,	NS5A	

Pharma:	the	major	players	
v  Simprevir,	Johnson	and	Johnson	(2013)	genotype	1	

v  Sofosbuvir,	Gilead	(+Merck	patent	dispute)	(2013)	genotype	1,2		
v  Harvoni,	Gilead	(2014)	genotype	1,4,5,6	
v  Viekira	Pak,	AbbVie	(2014)	genotype	1	
v  Technivie,	AbbVie	(2015)	genotype	4	
v  Daclatasvir,	BMS	(2015)	genotype	3	
v  Zepa<er,	Merck	(2016)	genotype	1,4	

amfar.org	
hcvadvocate.org	



G. McKenna Burns LabThe Molecules

N

O

OH

OPN
H

OPh

O

F

Me

NH

O

O

Me

O

iPrO

Sofosbuvir

F F

N

NHN NH

N

O

iPr

HN

OMeO

N

H

O
HN

iPr

O

OMe

Ledipasvir

Harvoni, Gilead

HN NH

O O

O

H
N S

O

O

O

N

Me
OMe

N

S

Me

Me

Simeprevir

Olysio, Janssen Pharmeceutica

N

N

O

H

H

O NH
N

O

tBu

O OMe

O
NH

O

NH
S

O O

N ON

NH

N

HN N

N

OHN

iPr
O

MeO

O

NH

iPr

MeO

O

Elbasvir

Grazoprevir

Zepatir, Merck



G. McKenna Burns LabLedipasvir

v  Combina.on	treatment	with	
sofosbuvir	(NS5B	inhibitor)	

v  Approved	2014	
v  Average	cost	of	course	of	

treatment:	$84,000	
v  Cost	per	pill:	$1,125	

v  NS5A	inhibitor	
v  94-99%	cure	rate	for	genotype	

1	HCV	
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G. McKenna Burns LabLedipasvir: Medicinal Chemistry Route
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G. McKenna Burns LabLedipasvir: The Biology

J.	Med.	Chem.	2014,	57,	2033-2046.	



G. McKenna Burns LabSimprevir

v  Combina.on	treatment	with	
sofosbuvir	

v  Approved	2014	
v  Average	cost	of	course	of	treatment:	

$66,360	
v  Cost	per	pill:	$790	
v  NS3/4A	inhibitor	

v  90%	cure	rate	for	genotype	1	HCV	
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G. McKenna Burns LabSimprevir: Medicinal Chemistry Route
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Bioorg.	Med.	Chem.	Le3.	2008,	18,	4853.		



G. McKenna Burns LabSimprevir: Discovery and Biology

Bioorg.	Med.	Chem.	Le3.	2008,	18,	4853.		



G. McKenna Burns LabZepatier

v  Approved	January	2016	
v  Average	cost	of	course	of	treatment:	

$54,600	
v  Cost	per	pill:	$650	

v  NS3/4A	inhibitor	(grazoprevir),	NS5A	
(elbasvir)	

v  92-97%	cure	rate	for	genotype	1	and	4	
HCV	
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G. McKenna Burns LabElbasvir: The Strategy

ChemMedChem,	2013,	8,	1930.	



G. McKenna Burns LabElbasvir: Medicinal Chemistry Route
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G. McKenna Burns LabElbasvir: The Biology

ChemMedChem,	2013,	8,	1930.	



G. McKenna Burns LabElbasvir: Two Enatioselective Syntheses
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G. McKenna Burns LabGrazoprevir: Medicinal Chemistry and Biology

ACS	Chem.	Biol.	2013,	8,	1469.	



G. McKenna Burns LabGrazoprevir: An Enatioselctive Total Synthesis

Org.	Le3.	2013,	15,	4174.	



G. McKenna Burns LabGrazoprevir: An Enatioselctive Total Synthesis

Org.	Le3.	2013,	15,	4174.	


