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INHIBITORS OF TYROSINE KINASE 2 
MEDIATED SIGNALING 

RELATED APPLICATIONS 

[ 0001 ] This application is a continuation of U.S. applica 
tion Ser . No. 16 / 299,485 , filed Mar. 12 , 2019 , the entire 
contents of which are hereby incorporated herein by refer 
ence . U.S. application Ser . No. 16 / 299,485 claims priority to 
U.S. Provisional Application No. 62 / 641,728 , filed Mar. 12 , 
2018 , the entire contents of which are hereby incorporated 
herein by reference . 

[ 0004 ] Since the IL - 12 / 23 signaling pathways are medi 
ated by Jak2 / Tyk2 heterodimer via phosphorylation of 
STAT3 / 4 , developing Jak2 and Tyk2 inhibitors is of high 
interest to the scientific and medical community . See , e.g. , 
Liang et al . , J. Med . Chem . ( 2013 ) 56 : 4521-4536 . Blockade 
of Jak2 activity , however , is viewed as problematic since 
Jak2 also regulates the erythropoietin signaling pathway , 
and its inhibition is associated with unwanted hematologic 
toxicities such as anemia , neutropenia , and thrombocytope 
nia . See , e.g. , Liang supra ; Alabdulaali , Hematology 
Reviews ( 2009 ) 1 : e10 56-61 . Given the high degree of 
sequence homology between the Jak family kinase mem 
bers , development of selective Tyk2 inhibitors , sparing Jak2 
inhibition , presents a significant challenge . See e.g. , Liang 
supra . 

BACKGROUND 

SUMMARY 

[ 0005 ] Described herein are compounds of Formula ( I ) , 
and pharmaceutically acceptable salts thereof : 

RAB 
• R4a 

R3 

X4 

R ? ZI 

N 

RI 

[ 0002 ] The Janus kinase ( Jak ) family is composed of four 
phosphotransferases , Jak1 , Jak2 , Jak3 and Tyrosine kinase 2 
( Tyk2 ) , each of which associates with a distinct set of 
cytokine receptors , mediating a cascade of autophosphory 
lation and subsequent activation of Signal Transducer and 
Activation of Transcription ( STAT ) proteins . Activated 
STATs dissociate from the cytokine receptor and translocate 
to the cell nucleus to regulate transcription of selected 
STAT - dependent pro - inflammatory genes . Disruption or 
dysregulation of the Jak - STAT pathways , such as through 
genetic mutations or increased localized concentrations of 
inflammatory cytokines , is a key driver of various patholo 
gies . 
[ 0003 ] Significant evidence exists for the role of inflam 
matory cytokines , interleukin ( IL ) -12 and IL - 23 , in inflam 
matory and autoimmune diseases . IL - 23 shares a p40 sub 
unit with IL - 12 but each has a unique p19 subunit . It has 
been demonstrated that mice deficient in either p40 , p19 , 
IL - 12 , or IL - 23 are protected from disease in models of 
inflammatory bowel disease ( IBD ) and psoriasis . See , e.g. , 
Hue et al . , J. Exp . Med . ( 2006 ) 203 : 2473-2483 ( IBD ) ; Hong 
et al . , J. Immunol . ( 1999 ) 162 : 7480-7491 ( psoriasis ) . Dys 
regulated expression of IL - 12 and / or IL - 23 has been found 
in patients suffering from psoriasis and inflammatory bowel 
disease . See , e.g. , Lee et al . , J. Exp . Med . ( 2004 ) 199 : 125 
130 ( psoriasis ) ; Piskin et al . , J. Immunol . ( 2006 ) 176 : 1908 
1915 ( psoriasis ) ; Piskin et al . , Ex . Dermatol . ( 2004 ) 13 : 764 
772 ( psoriasis ) ; Duffin et al . , Dermatol . Ther . ( 2010 ) 
23 : 101-113 ( psoriasis ) ; Abraham and Cho , Annu . Rev. Med . 
( 2009 ) 60 : 97-110 ( IBD ) ; and Yen et al . , J. Clin . Invest . 
( 2006 ) 116 : 1310-1316 ( IBD ) . The anti IL - 12 / 23 p40 mono 
clonal antibody , ustekinumab ( Stelara® ) , has been found 
efficacious in the treatment of psoriasis and Crohn's disease 
( CD ) . See , e.g. , Mortezavi et al . , Curr . Treat . Options in 
Rheum . ( 2015 ) 1 : 197-209 ( psoriasis ) ; Settesoldi et al . , 
Expert Rev. Gastroenterol . Hepatol . ( 2014 ) 8 : 5-13 ( CD ) ; 
Rashid F. , Lichtenstein G. R. “ New Non - anti - TNF - a Bio 
logical Therapies for the Treatment of Inflammatory Bowel 
Disease . ” Pediatric Inflammatory Bowel Disease . Ed . 
Mamula P. , Grossman A. , Baldassano R. , Kelsen J. , 
Markowitz J .; Cham : Springer International Publishing AG , 
2017. pp 425-450 ( CD ) . Risankisumab , an anti - IL - 23 p19 
monoclonal antibody , has also been found efficacious in the 
treatment of psoriasis and Crohn's disease . See , e.g. , Papp et 
al . , N. Engl . J. Med . ( 2017 ) 376 : 1551-1560 ( psoriasis ) ; 
Rashid supra ( CD ) . 

wherein R ' , R2 , R3 , R44 , R46 , X ' , X² , X3 , X4 , XS , and n are 
as defined herein ; and pharmaceutical compositions com 
prising same . Compounds of Formula ( I ) may potently and 
selectively inhibit Tyk2 , with half maximal effective con 
centration ( EC50 ) ( as measured by the Tyk2 ( Tyk2 / Jak2 
PSTAT4 T - Blast ) alpha screen assay and Jak2 ( PTAT5 UT7 ) 
alpha screen assay , described herein ) of less than 4 uM , and 
with a 10 - fold to over 1000 - fold selectivity for Tyk2 over 
Jak2 . See , e.g. , Examples , Table C. 
[ 0006 ] Further described are methods of treating a disease 
comprising administering to a subject in need thereof an 
effective amount of a compound of Formula ( I ) , or pharma 
ceutically acceptable salt thereof , wherein the disease is 
inflammatory bowel disease ( e.g. , Crohn's disease , ulcer 
ative colitis ) or psoriasis . 
[ 0007 ] Further described are methods of preparing com 
pounds of Formula ( 1 ) , or salts thereof . For example , a 
compound of Formula ( I ) , or salt thereof , may be prepared 
by reacting a compound of Formula ( D ) , or salt thereof : 
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-continued 
( D ) ( H ) 

R46 R 45 
• R4a -R4a 

R3 R3 
X2 

X3 , 

-X4 X4 

R ? ZI LG4 

R 

( C ) 

with a compound of formula R - LG3 , wherein LG3 is a 
leaving group . 
[ 0008 ] Alternatively , a compound of Formula ( I ) , or salt 
thereof , may be prepared from palladium or copper cata 
lyzed coupling of a compound of Formula ( H ) , or salt 
thereof : 

R46 
R4a 
R3 

X2 

X4 ( H ) R4b R2 HN 
R4a off -R3 

PG 

LG4 ( B ) 
R46 R4a 

R3 
R 

x 84 

LG ? 
with a compound of Formula R ? C = O ) NH2 , or salt thereof , 
wherein LG4 is a leaving group . 
[ 0009 ] Further described are compounds of the below 
formula : 

( D ) G ) 
R46 R45 

-R4a R4a 

R3 R3 
72 
ty 

X ! 
X4 -X4 

R2 LG4 

ts 
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-continued -continued 
( I - iv ) ( F ) 

R45 R46 
-R4a -R4a 
R3 -R3 

X2 

X4 X4 

LG4 LGA 

N 

F 
Rla PG 

RID , 
and salts thereof , wherein n , Xl , X² , X3 , X4 , XS , R1 , R² , R3 , 
R4a , R45 , LG² , LG4 , Ria , Rib , Rlc , and PG are as defined 
herein . 

Definitions 

( I - v ) 
R46 

-R4a 

R3 

X4 

LG4 

Rla 
R 16 , 

[ 0010 ] Definitions of specific functional groups and 
chemical terms are described in more detail below . The 
chemical elements are identified in accordance with the 
Periodic Table of the Elements , CAS version , Handbook of 
Chemistry and Physics , 75th Ed . , inside cover , and specific 
functional groups are generally defined as described therein . 
Additionally , general principles of organic chemistry , as 
well as specific functional moieties and reactivity , are 
described in Organic Chemistry , Thomas Sorrell , University 
Science Books , Sausalito , 1999 ; Smith and March March's 
Advanced Organic Chemistry , 5th Edition , John Wiley & 
Sons , Inc. , New York , 2001 ; Larock , Comprehensive 
Organic Transformations , VCH Publishers , Inc. , New York , 
1989 ; and Carruthers , Some Modern Methods of Organic 
Synthesis , 3rd Edition , Cambridge University Press , Cam 
bridge , 1987 . 
[ 0011 ] Compounds described herein may comprise one or 
more asymmetric centers , and thus may exist in various 
stereoisomeric forms , e.g. , enantiomers and / or diastereom 
ers and / or geometric ( cis / trans or E / Z ) isomers in a compo 
sition . For example , compositions may comprise a mixture 
of stereoisomers , including racemic ( equal ) mixtures , non 
racemic ( scalemic ) mixtures that are enriched in one or more 
stereoisomer , or may comprise an individual stereoisomer in 
substantially pure ( > 99 % ) form . As used herein , “ enriched ” 
refers to a composition which comprises greater than ( > ) 
50 % of one stereoisomer over the sum total of other ste 
reoisomer ( s ) which may be present in the composition . In 
certain embodiments , a composition may comprise > 60 % , 
> 65 % , > 70 % , > 75 % , > 80 % , > 85 % , > 90 % , > 91 % , > 92 % , 
> 93 % , > 94 % , > 95 % , > 96 % , > 97 % , > 98 % , > 99 % , > 99.5 % , 
or > 99.9 % of one stereoisomer over the sum total of other 
stereoisomer ( s ) which may be present in the composition ; or 
may comprise less than ( < ) 0.1 % , < 0.5 % , < 1 % , < 2 % , < 3 % , 
< 4 % , < 5 % , < 6 % , < 7 % , < 8 % , < 9 % , < 10 % , < 15 % , < 20 % , 
< 25 % , < 30 % , < 35 % , < 40 % , < 45 % , or < 50 % of one stereoi 
somer over the sum total of other stereoisomer ( s ) which may 
be present in the composition . For simplicity , calculating 
enriched amounts of any of the stereoisomer ( s ) , if provided 
as pharmaceutically acceptable salt ( s ) in a composition , are 
based on the hypothetical amount of free base form . 

( I - vi ) 
R45 

R4a 
R3 

X2 

X ! 
X4 

LG4 

Rio Rla 
R1b , 
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[ 0012 ] Unless otherwise stated , structures depicted herein 
are also meant to include compounds that differ only in the 
presence of one or more isotopically enriched atoms . For 
example , compounds having the present structures except 
for the replacement of hydrogen by deuterium or tritium , 
replacement of 19F with 18F , replacement of a carbon by a 
13C- or 14C - enriched carbon , and / or replacement of an 
oxygen atom with 180 , are within the scope of the disclo 
sure . 

[ 0013 ] When a range of values is listed , it is intended to 
encompass each value and sub - range within the range . For 
example , “ C1-6 alkyl ” is intended to encompass , C1 , C2 , C3 , 
C4 , C5 , C6 , C1-6 , C1-5 , C1-4 , C1-3 , C1-2 , C2-6 , C2-5 , C2-4 , C2-3 , 
C3-6 , C3-5 , C3-4 , C4-6 , C4-5 , and C5-6 alkyl . 
[ 0014 ] “ Alkyl ” refers to a monovalent radical of a straight 
chain or branched saturated hydrocarbon group having from 
1 to 6 carbon atoms ( “ C1-6 alkyl ” ) . In some embodiments , an 
alkyl group has 1 to 5 carbon atoms ( “ C1-5 alkyl ” ) . In some 
embodiments , an alkyl group has 1 to 4 carbon atoms ( “ C1-4 
alkyl ” ) . In some embodiments , an alkyl group has 1 to 3 
carbon atoms ( “ C1-3 alkyl ” ) . In some embodiments , an alkyl 
group has 1 to 2 carbon atoms ( “ C1-2 alkyl ” ) . In some 
embodiments , an alkyl group has 1 carbon atom ( “ C1 
alkyl ” ) . In some embodiments , an alkyl group has 2 to 6 
carbon atoms ( “ C2-6 alkyl ” ) . Examples of C? alkyl groups 
include methyl ( C ) , ethyl ( C2 ) , n - propyl ( C3 ) , isopropyl 
( C3 ) , n - butyl ( CA ) , tert - butyl ( C4 ) , sec - butyl ( C4 ) , iso - butyl 
( CA ) , n - pentyl ( C3 ) , 3 - pentanyl ( C3 ) , amyl ( C3 ) , neopentyl 
( C3 ) , 3 - methyl - 2 - butanyl ( C5 ) , tertiary amyl ( C5 ) , and 
n - hexyl ( C. ) . 
[ 0015 ] “ Haloalkyl ” is an alkyl group wherein one or more 
of the hydrogen atoms are independently replaced by a 
halogen , e.g. , fluoro , bromo , chloro , or iodo . “ Perhaloalkyl ” 
is a subset of haloalkyl , and refers to an alkyl group wherein 
all of the hydrogen atoms are independently replaced by a 
halogen , e.g. , fluoro , bromo , chloro , or iodo . In some 
embodiments , the haloalkyl moiety has 1 to 6 carbon atoms 
( “ C1-6haloalkyl ” ) . In some embodiments , the haloalkyl moi 
ety has 1 to 5 carbon atoms ( “ C1-5 haloalkyl ” ) . In some 
embodiments , the haloalkyl moiety has 1 to 4 carbon atoms 
( " C1-4 haloalkyl ” ) . In some embodiments , the haloalkyl 
moiety has 1 to 3 carbon atoms ( “ C1-3 haloalkyl ” ) . In some 
embodiments , the haloalkyl moiety has 1 to 2 carbon atoms 
( “ C1-2 haloalkyl ” ) . In some embodiments , all of the 
haloalkyl hydrogen atoms are replaced with fluoro to pro 
vide a perfluoroalkyl group . Examples of haloalkyl groups 
include CF32 CHF , CFH , CF CF3 , CH , CF3 , 

CF CF CF3 , CC13 , CC13 , — CFC12 , CFC1 ,, and CF.Ci. 
[ 0016 ] " Carbocyclyl ” or “ carbocyclic ” refers to a mon 
ovalent radical of a monocyclic , non - aromatic , 3- to 6 - mem 
bered ring system having from 3 to 6 ring carbon atoms 
( “ C3-6 carbocyclyl ” ) and zero ring heteroatoms . In some 
embodiments , a carbocyclyl group has 3 to 4 ring carbon 
atoms ( “ C3-4 carbocyclyl ” ) . In some embodiments , a carbo 
cyclyl group has 4 to 6 ring carbon atoms ( “ C4-6 carbocy 
clyl ” ) . In some embodiments , a carbocyclyl group has 5 to 
6 ring carbon atoms ( “ C5-6 carbocyclyl ” ) . Exemplary C3-6 
carbocyclyl groups include , without limitation , cyclopropyl 
( C3 ) , cyclopropenyl ( C3 ) , cyclobutyl ( C4 ) , cyclobutenyl 
( CA ) , cyclopentyl ( Cs ) , cyclopentenyl ( C3 ) , cyclohexyl ( C ) , 
cyclohexenyl ( C6 ) , and cyclohexadienyl ( C6 ) . 
[ 0017 ] “ Heterocyclyl ” or “ heterocyclic ” refers to a mon 
ovalent radical of a monocyclic , non - aromatic , 4- to 6 - mem 
bered ring system having ring carbon atoms and 1 to 3 ring 

heteroatoms , wherein each heteroatom is independently 
selected from nitrogen , oxygen , and sulfur ( “ 4- to 6 - mem 
bered heterocyclyl ” ) . Exemplary 4 - membered heterocyclyl 
groups containing 1 heteroatom include , without limitation , 
azetidinyl , oxetanyl and thietanyl . Exemplary 5 - membered 
heterocyclyl groups containing 1 heteroatom include , with 
out limitation , tetrahydrofuranyl , dihydrofuranyl , tetrahy 
drothiophenyl , dihydrothiophenyl , pyrrolidinyl , and dihy 
dropyrrolyl . Exemplary 5 - membered heterocyclyl groups 
containing 2 heteroatoms include , without limitation , dioxo 
lanyl , oxathiolanyl and dithiolanyl . Exemplary 5 - membered 
heterocyclyl groups containing 3 heteroatoms include , with 
out limitation , triazolinyl , oxadiazolinyl , and thiadiazolinyl . 
Exemplary 6 - membered heterocyclyl groups containing 1 
heteroatom include , without limitation , piperidinyl , tetrahy 
dropyranyl , dihydropyridinyl , and thianyl . Exemplary 
6 - membered heterocyclyl groups containing 2 heteroatoms 
include , without limitation , piperazinyl , morpholinyl , dithi 
anyl , and dioxanyl . Exemplary 6 - membered heterocyclyl 
groups containing 3 heteroatoms include , without limitation , 
triazinanyl . 
[ 0018 ] As used herein , “ unsubstituted or substituted 
C3-6carbocycly1C1-3alkyl ” and “ unsubstituted or substituted 
4- to 6 - membered heterocycly1C1-3alkyl ” refer to an unsub 
stituted or substituted C3-6carbocyclyl or unsubstituted or 
substituted 4- to 6 - membered heterocyclyl attached to an 
unsubstituted C1-3alkyl group , and wherein the point of 
attachment to the parent molecule is on the unsubstituted 
C1-3alkyl group . 
[ 0019 ] As used herein , appending an “ -ene ” as a suffix 
designates a divalent radical , containing two points of 
attachment . For example , appending “ -ene ” to “ alkyl ” ( to 
provide " alkylene ” ) designates that group as a divalent alkyl 
group , and the two points of attachment may be anywhere 
and at any carbon of the alkyl group , which may be 
straight - chained or branched . Exemplary straight - chained 
alkylene groups include CH ( C alkylene ) , 
CH2CH2 ( C2 alkylene ) , CH2CH2CH2- ( Cz alky 

lene ) , and the like . Exemplary branched alkylene groups 
include - CH ( CH3 ) ( CZ alkylene ) , -CH ( CH2CH3 ) ( CZ 
alkylene ) , _CH_CH ( CH3 ) ( CZ alkylene ) , CH ( CH3 ) 
CH2 - ( Cz alkylene ) , C ( CH3 ) 2 ( Cz alkylene ) , and the 
like . 
[ 0020 ] “ Halo ” or “ halogen ” refers to fluorine ( fluoro , 
-F ) , chlorine ( chloro , Cl ) , bromine ( bromo , —Br ) , or 

iodine ( iodo , —I ) . 
[ 0021 ] “ Salt ” refers to any and all salts , and is produced 
from the ionic complexation of a basic compound with an 
inorganic or organic acid , or an acidic compound with an 
inorganic or organic base , to provide a compound which is 
electronically neutral . “ Pharmaceutically acceptable salt ” 
refers to those salts which are , within the scope of sound 
medical judgment , suitable for use in contact with the tissues 
of humans and lower animals without undue toxicity , irri 
tation , allergic response and the like , and are commensurate 
with a reasonable benefit / risk ratio . See also Berge et al . , J. 
Pharmaceutical Sciences ( 1977 ) 66 : 1-19 . A “ free base ” of a 
compound is the neutral and complexation - free ( e.g. , salt 
free ) form of the compound . In certain embodiments , a 
compound of Formula ( 1 ) may be a salt ( e.g. , a pharmaceu 
tically acceptable salt ) . In certain embodiments , e.g. , in the 
absence of reference to a pharmaceutically acceptable salt , 
a compound of Formula ( I ) may be present as the free base 
form . 
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DETAILED DESCRIPTION 

[ 0028 ] Described herein are compounds of Formula ( I ) , 
pharmaceutically acceptable salts thereof , and pharmaceu 
tical compositions comprising same : 

R45 
R4a 

R3 

R ? 

R ? 3rd 

[ 0022 ] A “ leaving group ” refers to a molecular fragment 
that departs with a pair of electrons in heterolytic bond 
cleavage wherein the molecular fragment is an anion or 
neutral molecule . A “ leaving group ” also refers to a molecu 
lar fragment which departs via a cross - coupling reaction . 
Exemplary leaving groups which depart with a pair of 
electrons in heterolytic bond cleavage include , but are not 
limited to , halo ( e.g. , chloro , bromo , iodo ) and activated 
hydroxyl groups , such as a trifluoromethanesulfonyl acti 
vated hydroxyl group ( OTA ) 4 - toluenesulfonyl activated 
hydroxyl group OTs ) , methanesulfonyl activated 
hydroxyl group OMs ) , benzenesulfonyl activated 
hydroxyl group ( OBs ) , or OS ( O ) 2OCHz . Exemplary 
leaving groups which depart via a cross - coupling reaction , 
include , but are not limited to , boronic acids or boronic 
esters ( e.g. , a dioxoborolane group , e.g. , tetramethyl dioxo 
borolane ) , trialkyl stannanes ( e.g. , ( R ' ) 3 Sn , wherein R ' is 
Cj - zalkyl ) , and halo ( e.g. , chloro , bromo , iodo ) . 
[ 0023 ] Amino protecting groups are described in detail in 
Protecting Groups in Organic Synthesis , T. W. Greene and 
P. G. M. Wuts , edition , John Wiley & Sons , 1999 . 
Exemplary amino protecting groups include , but are not 
limited to , ( i ) amide R - C = 0 ) groups , such as formyl , 
acetyl , chloroacetyl , trichloroacetyl , trifluoroacetyl , pheny 
lacetyl , and 3 - phenylpropanoyl ; ( ii ) carbamate RO 
( C = 0 ) groups , wherein R is methyl , ethyl , 9 - fluorenyl 
methyl ( Fmoc ) , 4 - methoxyphenacyl ( Phenoc ) , 2,2,2 
trichloroethyl ( Troc ) , 2 - trimethylsilylethyl ( Teoc ) , 
2 - phenylethyl ( hz ) , 1,1 - dimethyl - 2,2 - dibromoethyl ( DB - t 
Boc ) , 1,1 - dimethyl - 2,2,2 - trichloroethyl ( TCBoc ) , 1 - methyl 
1- ( 4 - biphenylyl ) ethyl ( Bpoc ) , 1- ( 3,5 - di - t - butylphenyl ) -1 
methylethyl ( t - Bumeoc ) , 2- ( 2'- and 4 ' - pyridyl ) ethyl ( Pyoc ) , 
t - butyl ( Boc ) , 1 - adamantyl ( Adoc ) , vinyl ( Voc ) , allyl ( Al 
loc ) , and benzyl ( Cbz ) ; ( iii ) sulfonamide R— ( SO2 ) 
groups , wherein R is toluene , benzene , methyl , trifluorom 
ethyl , and 2 - nitrobenene ; and ( iv ) alkyl R - CH2- groups , 
wherein R is benzene , toluene , paramethoxybenzene ( PMB ) , 
or 2- ( trimethylsilyl ) ethoxy ( SEM ) . 
[ 0024 ] A “ subject ” refers to a mammal , and includes , but 
is not limited to , humans ( i.e. , a male or female of any age 
group , e.g. , a pediatric subject ( e.g. , infant , child , adoles 
cent ) or adult subject ( e.g. , young adult , middle - aged adult 
or senior adult ) ) and / or other non - human mammals , for 
example , primates ( e.g. , cynomolgus monkeys , rhesus mon 
keys ) , cats , and / or dogs . 
[ 0025 ] “ Treat , ” “ treating ” and “ treatment ” refers to an 
action that occurs while a subject is suffering from the 
disease , and which reduces the severity of the disease , or 
retards or slows the progression of the disease or associated 
symptoms . 
[ 0026 ] An " effective amount ” of a compound , or a phar 
maceutically acceptable salt thereof , is an amount , alone or 
in combination with other therapies , which provides a thera 
peutic benefit in the treatment of a disease from which the 
subject suffers , or to delay or minimize one or more symp 
toms associated with the disease from which the subject 
suffers . 

[ 0027 ] " Inhibition " , " inhibiting " , " inhibit " and " inhibi 
tor ” , and the like , refer to the ability of a compound to 
reduce , slow , halt , or prevent activity of a particular in vivo 
or in vitro biological process ( e.g. , inhibition of Tyk2 , IL - 12 , 
and / or IL - 23 activity ) in a cell relative to vehicle . 

wherein : 
[ 0029 ] Rl is hydrogen , or R is unsubstituted or substituted 
C1 - galkyl , unsubstituted or substituted C3-6carbocyclyl , or 
unsubstituted or substituted 4- to 6 - membered heterocyclyl ; 
[ 0030 ] R² is —NH , NHR24 , OR24 , unsubstituted or 
substituted C1 - galkyl , or unsubstituted or substituted 
C carbocyclyl , and R2a is unsubstituted or substituted 
C1 - alkyl or unsubstituted or substituted Czcarbocyclyl ; 
[ 0031 ] R3 is hydrogen , ( C1 - zalkylene ) m - OR3a , ( C1 
zalkylene ) m - N ( R3 ) 2 , C1 - zalkyl , or C -zhaloalkyl , wherein m 
is 0 or 1 , and each instance of R3a is independently hydro 
gen , C1-3alkyl , or Cl - zhaloalkyl ; 
[ 0032 ] n is 0 or 1 , and each instance of R4a and R4b is 
independently hydrogen , halogen , Cl - zalkyl , or C1 - zha 
loalkyl , or R4a and R4b are joined to form an oxo EO ) 
group ; or 
[ 0033 ] nis 1 , R44 is hydrogen , C -zalkyl , or C1 - zhaloalkyl , 
and R4b is OH , OR4c , orOCO ) R4d , wherein each 
instance of R4C and R4d is independently unsubstituted or 
substituted C - zalkyl ; 
[ 0034 ] X is N or CRS , wherein RS is hydrogen , CN , 

unsubstituted substituted 
C1 - alkyl , and RSa is unsubstituted or substituted C1 - alkyl , 
unsubstituted or substituted C3-6carbocyclyl , unsubstituted 
or substituted C3-6carbocycly1C1-3alkyl , unsubstituted or 
substituted 4- to 6 - membered heterocyclyl , or unsubstituted 
or substituted 4- to 6 - membered heterocycly1C1-3alkyl ; 
[ 0035 ] each instance of X ' , X2 , X4 , and X® is indepen 
dently N or CH , provided no more than two of X2 , X ' , and 
X4 is N ; and 
[ 0036 ] each instance of substituted is independent substi 
tution with 1 , 2 , or 3 substituents selected from the group 
consisting of halogen , CN , OH , C1 - alkyl , C - 3ha 
loalkyl , OC1-3alkyl , and OC1-3haloalkyl . 
[ 0037 ] Compounds of Formula ( I ) may potently and selec 
tively inhibit Tyk2 , with half maximal effective concentra 
tion ( EC50 ) ( as measured by the Tyk2 ( Tyk2 / Jak2 PSTAT4 
T - Blast ) alpha screen assay and Jak2 ( PTAT5 UT7 ) alpha 
screen assay , described herein ) of less than 4 uM , and with 
a 10 - fold to over 1000 - fold selectivity for Tyk2 over Jak2 . 
See , e.g. , Examples , Table C. In certain embodiments , a 
compound of Formula ( I ) , or pharmaceutically acceptable 

OR5a , -NHR4 , or or 
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salt thereof , has an EC50 against Tyk2 of less than 3.5 uM , 
of less than 2 uM , of less than 1 uM , of less than 0.5 uM , of 
less than 0.1 uM , of less than 0.05 uM , or of less than 0.01 
uM , as measured by the Tyk2 ( Tyk2 / Jak2 PSTAT4 T - Blast ) 
alpha screen assay and Jak2 ( PTAT5 UT7 ) alpha screen 
assay , described herein . In certain embodiments , a com 
pound of Formula ( I ) , or pharmaceutically acceptable salt 
thereof , has a > 10 - fold , > 20 - fold , > 30 - fold , > 40 - fold , > 50 
fold , > 60 - fold , > 70 - fold , > 80 - fold , > 90 - fold , > 100 - fold , 
> 150 - fold , > 200 - fold , > 300 - fold , > 400 - fold , > 500 - fold , 
> 600 - fold , > 700 - fold , > 800 - fo > 900 > 1,000 - fold , or 
> 2,000 - fold selectivity for Tyk2 over Jak2 . 
[ 0038 ] In certain further embodiments , a compound of 
Formula ( 1 ) may potently and selectively inhibit Tyk2 , with 
a 10 - fold to over 1000 - fold selectivity for Tyk2 over Jakl ( as 
measured by the Jak1 ( PTAT3 TF1 ) alpha screen assay , 
described herein ) . See , e.g. , Examples , Table C. In certain 
embodiments , a compound of Formula ( 1 ) , or pharmaceuti 
cally acceptable salt thereof , has a > 10 - fold , > 20 - fold , 
> 30 - fold , > 40 - fold , > 50 - fold , > 60 - fold , > 70 - fold , > 80 - fold , 
> 90 - fold , > 100 - fold , > 150 - fold , > 200 - fold , > 300 - fold , 
> 400 - fold , > 500 - fold , > 600 - fold , > 700 - fold , > 800 - fold , 
> 900 - fold , > 1,000 - fold , or > 2,000 - fold selectivity for Tyk2 
over Jak1 . 
[ 0039 ] Compounds of Formula ( 1 ) may further comprise 
one or more stereocenters . In certain embodiments , the 
compound comprises a stereocenter on the carbon to which 
group R® is attached . For example , in certain embodiments , 
the compound is a stereoisomer of Formula ( I - a ) , or a 
pharmaceutically acceptable salt thereof . In certain embodi 
ments , the compound is a stereoisomer of Formula ( I - b ) , or 
a pharmaceutically acceptable salt thereof . 

[ 0040 ] In certain preferred embodiments , the compound of 
Formula ( I ) is a stereoisomer of Formula ( I - a ) . Without 
wishing to be bound by any particular theory , it is believed 
that the observed improved activity of stereoisomers of 
Formula ( I - a ) over their mirror images ( of Formula ( I - b ) ) is 
via maximized positive non - covalent interactions within the 
Tyk2 pseudokinase binding domain . 
[ 0041 ] ( i ) Groups R and R2 
[ 0042 ] As generally described herein , R ' is hydrogen , or 
R ! is unsubstituted or substituted C1 - alkyl , unsubstituted or 
substituted C3-6carbocyclyl , or unsubstituted or substituted 
4- to 6 - membered heterocyclyl , wherein each instance of 
substituted is independent substitution with 1 , 2 , or 3 sub 
stituents selected from the group consisting of halogen , 
CN , OH , C - zalkyl , C.zhaloalkyl , OC ) -zalkyl , and 
OC1-3haloalkyl . 

[ 0043 ] In certain embodiments , R ' is hydrogen . 
[ 0044 ] In certain embodiments , R is unsubstituted or 
substituted C1 - alkyl , unsubstituted or substituted C3-6car 
bocyclyl , or unsubstituted or substituted 4- to 6 - membered 
heterocyclyl , wherein each instance of substituted is inde 
pendent substitution with 1 , 2 , or 3 substituents selected 
from the group consisting of halogen , CN , OH , 
C1-3alkyl , C1 - zhaloalkyl , OC1 - zalkyl , and OC - ha 
loalkyl . 
[ 0045 ] In certain embodiments , Rl is an unsubstituted 
C1-6alkyl , or C1 - alkyl substituted with 1 , 2 , or 3 substituents 
selected from the group consisting of halogen , CN , OH , 
OC1 - zalkyl , and OC1-3haloalkyl . In certain embodi 

ments , R ' is unsubstituted C -zalkyl , or C1-3alkyl substituted 
with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , OH , OC -zalkyl , and _OC1 
shaloalkyl . In certain embodiments , R is unsubstituted 
C1-2alkyl , or C1 - alkyl substituted with 1 , 2 , or 3 substituents 
selected from the group consisting of halogen , CN , OH , 
40C1-3alkyl , and —OC1 - zhaloalkyl . In certain embodi 

ments , any of the aforementioned R ' groups is unsubstituted 
or substituted with 1 , 2 , or 3 halogen atoms . In certain 
embodiments , Rl is CH3 , -CHZF , CHF2 , or 
[ 0046 ] In certain embodiments , R ' is an unsubstituted 
C3-6carbocyclyl , or C3-6carbocyclyl substituted with 1 , 2 , or 
3 substituents selected from the group consisting of halogen , 
CN , OH , C1-3alkyl , C1 - zhaloalkyl , -OC1-3alkyl , and 
OC -3haloalkyl . In certain embodiments , R1 is unsubsti 

tuted C carbocyclyl , or C carbocyclyl substituted with 1 , 2 , 
or 3 substituents selected from the group consisting of 
halogen , CN , OH , C1-3alkyl , C1 - zhaloalkyl , 
zalkyl , and OC -3haloalkyl . In certain embodiments , R is 
unsubstituted C4carbocyclyl , or C4carbocyclyl substituted 
with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , OH , C1 - zalkyl , C1-3haloalkyl , 
OC1 - zalkyl , and OC -zhaloalkyl . In certain embodi 

ments , any of the aforementioned R ' groups is unsubstituted 
or substituted with 1 , 2 , or 3 halogen , CN , CH3 , 
CHZF , CHF2 , or CF3 groups . In certain embodi 

ments , Ri is C3-4carbocyclyl substituted with 1 , 2 , or 3 
halogen substituents , or 1 — CN substituent . In certain 
embodiments , R1 is : 

( I - a ) 
R41 

• R4a 

SIITRI 

-X4 
-CF3 . R2 

' N 

( I - b ) 
R46 

R4a 
OC1 oft R3 

X4 
R ? HM 
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( R ) ( S ) or F ) F ) 

1111111 F F 

wam 

or 
N. 

or 

or 

[ 0047 ] In certain embodiments , R ' is an unsubstituted 4 
to 6 - membered heterocyclyl , or 4- to 6 - membered hetero 
cyclyl substituted with 1 , 2 , or 3 substituents selected from 
the group consisting of halogen , CN , OH , C1 - zalkyl , 
C1 - zhaloalkyl , - OC1-3alkyl , and — OC1-3haloalkyl . In cer 
tain embodiments , R ' is unsubstituted 4- to 5 - membered 
heterocyclyl , or 4- to 5 - membered heterocyclyl substituted 
with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , OH , C1 - zalkyl , C1 - zhaloalkyl , 
OC -zalkyl , and OC -zhaloalkyl . In certain embodi 

ments , R is unsubstituted 4- to 5 - membered heterocyclyl 
containing 1 or 2 ring heteroatoms independently selected 
from the group consisting of oxygen and nitrogen , or is a 4 
to 5 - membered heterocyclyl containing 1 or 2 ring heteroa 
toms independently selected from the group consisting of 
oxygen and nitrogen and which is substituted with 1 , 2 , or 
3 substituents selected from the group consisting of halogen , 
CN , OH , C - zalkyl , C1-3 haloalkyl , OC1 - zalkyl , and 
OC1 - zhaloalkyl . In certain embodiments , R1 is unsubsti 

tuted oxetanyl , or Rl is oxetanyl substituted with 1 , 2 , or 3 
substituents selected from the group consisting of halogen , 
CN , OH , C1 - zalkyl , C1 - zhaloalkyl , OC -zalkyl , and 
OC -zhaloalkyl . In certain embodiments , R ' is unsubsti 

tuted tetrahydrofuranyl , or R ' is tetrahydrofuranyl substi 
tuted with 1 , 2 , or 3 substituents selected from the group 
consisting of halogen , CN , OH , C - zalkyl , C - zha 
loalkyl , OC1 - zalkyl , and OC1-3haloalkyl . In certain 
embodiments , any of the aforementioned R ' groups is 
unsubstituted or substituted with 1 , 2 , or 3 halogen , CN , 
-CH3 , CHZF , CHF2 , or CF ; groups . In certain 
embodiments , Rl is : 

[ 0048 ] As generally described herein , R2 is -NH2 , 
-NHR2a , OR2a , unsubstituted or substituted C1 - talkyl , 

or unsubstituted or substituted Czcarbocyclyl , and R24 is 
unsubstituted or substituted C1-6alkyl or unsubstituted or 
substituted Czcarbocyclyl ; and wherein each instance of 
substituted is independent substitution with 1 , 2 , or 3 sub 
stituents selected from the group consisting of halogen , 
CN , OH , C1 - zalkyl , C - zhaloalkyl , -OC -zalkyl , and 

-OC1-3haloalkyl . 
[ 0049 ] In certain embodiments , R2 is -NH2 , - NHR24 , or 
OR2a , wherein R24 is Cl - galkyl , or Cl - galkyl substituted 

with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , OH , OC -zalkyl , and OC 
zhaloalkyl . In certain embodiments , R² is —NH2 , -NHR2a , 

OR24 wherein R24 is Cj - zalkyl , or C1 - zalkyl substituted 
with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , OH , OC1-3alkyl , and OC1 
shaloalkyl . In certain embodiments , R2 is -NH2 , NHR24 , 

OR24 wherein R24 is C1-2alkyl , or C1 - zalkyl substituted 
with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , OH , OC - zalkyl , and OC 
shaloalkyl . In certain embodiments , R² is -NH2 , - NHR2a , 

OR24 wherein R24 is C alkyl , or C alkyl substituted 
with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , OH , OC1 - zalkyl , and OC1 
shaloalkyl . In certain embodiments , R2 is -NH2 , 
- NHCH3 , or —OCHz . 
[ 0050 ] In certain embodiments , R2 is Cl - alkyl , or 
Cl - talkyl substituted with 1 , 2 , or 3 substituents selected 
from the group consisting of halogen , CN , -OH , -OC1 
zalkyl , and OC -zhaloalkyl . In certain embodiments , R2 is 
Cj - zalkyl , or C1 - zalkyl substituted with 1 , 2 , or 3 substituents 
selected from the group consisting of halogen , CN , OH , 
OC -zalkyl , and OC1 - zhaloalkyl . In certain embodi 

ments , R2 is C1 - zalkyl , or C - alkyl substituted with 1 , 2 , or 
3 substituents selected from the group consisting of halogen , 
CN , OH , OC -zalkyl , and OC -zalkyl , and OC1-3haloalkyl . In cer 

tain embodiments , R2 is C alkyl , or C alkyl substituted with 
1 , 2 , or 3 substituents selected from the group consisting of 
halogen , CN , OH , OC1-3alkyl , and OC1-3ha 
loalkyl . In certain embodiments , R2 is CHz or -CH2OH . 
[ 0051 ] In certain embodiments , R2 is unsubstituted 
Czcarbocyclyl , or C carbocyclyl substituted with 1 , 2 , or 3 
halogen substituents . 
[ 0052 ] In certain embodiments , R2 is NH , -NHR2a , 
unsubstituted or substituted C1 - zalkyl , and R2a is unsubsti 
tuted or substituted C1 - zalkyl . 
[ 0053 ] In certain embodiments , R ' is CH3 , CHF , 
CHF 29 CF39 

( R ) 
or 

( R ) 5 
N 
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-continued 

( R ) 
or 

a 
46 

4a 

46 

C1 - zhaloalkyl , and Rubis - OH , OH , OR4c , or - OCCO ) R4d , 
wherein each instance of R4c and R4d is independently 
unsubstituted or substituted C1-3alkyl . 
[ 0062 ] In certain embodiments , n is 0 ; each instance of R4a 
and R46 is independently hydrogen , halogen , C1 - zalkyl , or 
C1 - zhaloalkyl ; or R4a and Rºb are joined to form an oxo 
GO ) group . In certain embodiments , n is 0 , and each 
instance of R4a and R46 is hydrogen . In certain embodi 
ments , n is 0 , and each instance of R4a and R45 is indepen 
dently halogen ( e.g. , fluoro ) . In certain embodiments , n is 0 , 
and each instance of R4a and R46 is independently C1 - zalkyl 
or C1 - zhaloalkyl ( e.g. , CH , or CF3 ) . In certain embodi 
ments , n is 0 , R42 is hydrogen and R4 is halogen ( e.g. , 
fluoro ) , C1-3alkyl , or C1-3haloalkyl ( e.g. , CH , or CF3 ) . 
In certain embodiments , n is 0 , and R4a and R are joined 
to form an oxo ( O ) group . 
[ 0063 ] In certain embodiments , n is 1 ; each instance of R4 
and R4h is independently hydrogen , halogen , C .zalkyl , or 
C1-3 haloalkyl ; or R4a and R4h are joined to form an oxo 
EO ) group ; or R44 is hydrogen , Cl - zalkyl , or C1 - zhaloalkyl , 
and R46 is —OH , OR4c , or OC ( O ) R4d , wherein each 
instance of Rtc and R4d is independently unsubstituted or 
substituted C1 - zalkyl . In certain embodiments , n is 1 , and 
each instance of R40 and R46 is hydrogen . In certain embodi 
ments , n is 1 , and each instance of R4a and R46 is indepen 
dently halogen ( e.g. , fluoro ) . In certain embodiments , n is 1 , 
and each instance of R4a and Rºb is independently C -zalkyl 
or C1 - zhaloalkyl ( e.g. , -CH , or CF3 ) . In certain embodi 
ments , n is 1 , R4a is hydrogen and R46 is halogen ( e.g. , 
fluoro ) , C1-3alkyl , or C1-3haloalkyl ( e.g. , CHz or CF3 ) . 
In certain embodiments , n is 1 , and R4a and R are joined 
to form an oxo ( O ) group . In certain embodiments , n is 1 , 
R42 is hydrogen , dialkyl , or C - zhaloalkyl , and R4 is OH , 

OCTO ) R4d , wherein each instance of R4c 
and R4d is independently unsubstituted or substituted 
dialkyl . In certain embodiments , n is 1 , R4a is hydrogen , and 
R46 is OH , OR * c , or OCEO ) R40 , wherein each R 4c 
and R4d is unsubstituted or substituted dialkyl . In certain 
embodiments , n is 1 , R is dialkyl or C1 - zhaloalkyl , and R * 
is —OH , OR4c , or OC = O ) R4d , wherein each instance 
of R4C and R4d is independently unsubstituted or substituted 
dialkyl . 
[ 0064 ] In certain embodiments , n is 0 or 1 , and each 
instance of R4a and R46 is hydrogen . In certain embodi 
ments , n is 0 or 1 , R4a is hydrogen , and R4 is halogen ( e.g. , 
fluoro ) . In certain embodiments , n is 0 or 1 , and each 
instance of R4a and R46 is halogen ( e.g. , fluoro ) . In certain 
embodiments , n is 0 or 1 , and each instance of R4a and R4 
is dialkyl or Cj - zhaloalkyl ( e.g. , CH3 ) . In certain embodi 
ments , nis 1 , R4a is hydrogen , dialkyl , or Chaloalkyl ( e.g. , 
CH3 ) , and R46 is OH , OR4c , OC ( O ) R40 

[ 0065 ] In certain embodiments , R² is hydrogen , OH , 
OCH3 , CH ( OH ) CH3 , CH , OH , CH2NH2 , CH3 , za CH2CH3 , each instance of R and R46 is hydrogen , and 

n is 0 or 1 . 
[ 0066 ] ( iii ) Groups XT , X2 , X ” , x4 , xs , and RS 
[ 0067 ] As generally described herein , each instance of X " , 
X ?, x4 , and X3 is independently N or CH , and X is N or 
CR " ; R is hydrogen , CN , OR5a , NHR54 , or unsub 
stituted or substituted C - Galkyl ; Rša is unsubstituted or 
substituted C1 - talkyl , unsubstituted or substituted C3-6car 
bocyclyl , unsubstituted or substituted C3-6carbocycly1C1 
zalkyl , unsubstituted or substituted 4- to 6 - membered het 
erocyclyl , or unsubstituted or substituted 4- to 6 - membered 

OR4C , 

and R2_NH2 , —NHCH3 , OCHZ , CH3 , or CH2OH . 
[ 0054 ] ( ii ) Groups R ’ , R4a , R4b , m , and n 
[ 0055 ] As generally described herein , R3 is hydrogen , 

( C1-3alkylene ) m - OR3a , - ( C ) -zalkylene ) m - N ( R3a ) 2 , 
C1 - zalkyl , or C - haloalkyl , wherein m is 0 or 1 , and each 
instance of R3a is independently hydrogen , Cl - zalkyl , or 
C1 - zhaloalkyl . 
[ 0056 ] In certain embodiments , R? is hydrogen . 
[ 0057 ] In certain embodiments , R² is ( C1 - zalkylene ) m 
OR3a , ( C1 - zalkylene ) .- N ( R3 ) 2 , C - zalkyl , or C -3ha 
loalkyl . 
[ 0058 ] In certain embodiments , Ris C - zalkyl or C - sha 
loalkyl . In certain embodiments , R3 is C - alkyl or C1-2ha 
loalkyl . In certain embodiments , R3 is C alkyl or 
C , haloalkyl . In certain embodiments , R3 is C alkyl or 
Chaloalkyl . In certain embodiments , R is CH , or 
CH , CHZ . 

[ 0059 ] In certain embodiments , wherein m is 0 and R3 is 
( C1 - zalkylene ) m - OR3a or- ( C -zalkylene ) m - N ( R34 ) 2 , R3 

may also be depicted as OR3a or — N ( R34 ) 2 , wherein each 
instance of R3a is independently hydrogen , C1-3alkyl , or 
Chaloalkyl . In certain embodiments R3 is OR3a . In cer 
tain embodiments , each instance of R3a is hydrogen . In 
certain embodiments , at least one R3a is C1 - zalkyl or C -3ha 
loalkyl . In certain embodiments , at least one R3a is C1 - zalkyl 
or Chaloalkyl . In certain embodiments , R34 is hydrogen or 
CHz . In certain embodiments , R3 is OCHZ . 

[ 0060 ] In certain embodiments , wherein m is 1 and R3 is 
- ( C ) -zalkylene ) .- OR3a , ( C ) -zalkylene ) .- N ( R34 ) 2 , each 
instance of Ra is independently hydrogen , C - zalkyl , or 
Cj - zhaloalkyl . In certain embodiments , R3 is ( C1 - zalky 
lene ) .- OR3a or - ( C ) -zalkylene ) -N ( R34 ) 2 , wherein m is 1 . 
In certain embodiments , R is ( C alkylene ) m 

( C alkylene ) m - N ( R34 ) 2 , wherein m is 1. In certain 
embodiments R is ( C alkylene ) m - OR3a , ( Czalkylene ) 
-OR3a , or ( Czalkylene ) m - OR3a , wherein m is 1. In 

certain embodiments R3 is ( C alkylene ) m - N ( R34 ) 2 , 
( C alkylene ) .- N ( R3 ) , or ( Czalkylene ) m - N ( R34 ) 2 , 

wherein m is 1. In certain embodiments R is ( C alkylene ) 
m - OR3a or ( C alkylene ) ,, - N ( R34 ) 2 , wherein m is 1. In 
certain embodiments , at least one instance of R3a is 
C1-3alkyl or C1-3haloalkyl . In certain embodiments , at least 
one instance of R3a is dialkyl or Chaloalkyl . In certain 
embodiments , at least one instance of R3a is CH3 . In 
certain embodiments , at least one instance of R3a is hydro 
gen . In certain embodiments , each instance of R3a is hydro 
gen . In certain embodiments , R is CH ( OH ) CH3 , 

CH , OH , or —CH NH2 . 
[ 0061 ] As generally described herein , n is 0 or 1 , and each 
instance of Ra and R4 is independently hydrogen , halogen , 
C1-3alkyl , or C1 - zhaloalkyl , or R4a and R4b are joined to form 
an oxo ( O ) group ; or n is 1 , R44 is hydrogen , C1 - zalkyl , or 

or 

4a 45 
OH or 

3a or 

46 

or 

or 
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or 3 substituents selected from the group consisting of 
halogen , CN , CN , OH , OH , OC - zalkyl , and OC - ha 
loalkyl . In certain embodiments , X ’ is CRS and RS is OR5a 
or NHR5a , wherein R5a is unsubstituted C -4alkyl , or 
C1-4alkyl independently substituted with 1 , 2 , or 3 substitu 
ents selected from the group consisting of halogen , CN , 

OC1 - zalkyl , and OC -zhaloalkyl . In any of the 
aforementioned embodiments , a substituted R 
independently substituted with one CN group . In 
certain embodiments , X is CRS and R5 is ORSA 
NHR50 , wherein RSa is selected from the group consisting 

of CHz , -CH2CH3 , CH ( CH3 ) 2 , CH2CH2OH , 
CH3CH2OCHA , CHF2 , CHF , CH , CN , 

5a group is 
OH or 

or 

( R ) ( S ) up 

heterocycly1C1-3alkyl ; each instance of substituted is inde 
pendent substitution with 1 , 2 , or 3 substituents selected 
from the group consisting of halogen , CN , OH , 
Cj - zalkyl , C1 - zhaloalkyl , OC1-3alkyl , and OC -3ha 
loalkyl ; provided no more than two of X² , X ” , and X4 is N. 
[ 0068 ] In certain embodiments , xlis N. In certain 
embodiments , X1 is CH . 
[ 0069 ] In certain embodiments , X2 is N. In certain 
embodiments , X² is CH . 
[ 0070 ] In certain embodiments , x is N. In certain 
embodiments , X3 is CRS . 
[ 0071 ] In certain embodiments , X4 is N. In certain 
embodiments , X4 is CH . 
[ 0072 ] In certain embodiments , XS is N. In certain 
embodiments , XS is CH . 
[ 0073 ] As generally described herein , no more than two of 
X² , X3 , and X4 is N , i.e. , none of X² , X , and X4 is N , or one 
or two of X² , X3 , and X4 is N. In certain embodiments , 
wherein none of X2 , X , and X4 is N , then X2 is CH , X² is 
CR , and X4 is CH . In certain embodiments , wherein one of 
X² , X3 , and X4 is N , then ( i ) X2 is CH , X3 is CRS , and X4 
is N , or ( ii ) X² is CH , X3 is N , and X4 is CH . In certain 
embodiments , wherein two of X2 , X ° , and X4 is N , then X2 
is CH , X3 is N , and X4 is N. 
[ 0074 ] In certain embodiments , only one of X , X ?, X , 
X + , and X® is N , e.g. , in certain embodiments , X ' is N , X 
is CH , X3 is CRS , X4 is CH , and X is CH . In certain 
embodiments , only two of X ' , X² , X3 , x4 , and XS is N , e.g. , 
in certain embodiments : ( i ) X ? is N , X3 is N , and X² , X , and 
X4 are not N ; or ( ii ) Xl is N , X4 is N , and X² , X3 , and X5 
not N. In certain embodiments , only three of X1 , X2 , X3 , X4 , 
and XS is N , provided no more than two of X² , X3 , and X 
is N , e.g. , in certain embodiments : ( i ) x1 is N , X4 is N , X5 
is N , and X2 and X3 are not N ; or ( ii ) X ! is N , X ’ is N , X5 
is N , and X and X4 are not N. In certain embodiments , X 
is N , X2 is CH , X3 is N or CRS , X4 is CH or N , and X5 is CH 

?? , " OH , 

( R ) ( S ) 

OH OH 

HO 

7 . and 
are 

HO 

5a 

or N. 

or or 

[ 0080 ] In certain embodiments , X3 is CRS and RS is 
OR or —NHR5a , wherein R5a is unsubstituted or sub 

stituted C3-6carbocyclyl or unsubstituted or substituted 
C3-6carbocycly1C1-3alkyl , and wherein the substituted 
C3 - carbocyclyl is independently substituted with 1 , 2 , or 3 
substituents selected from the group consisting of halogen , 
CN , OH , C1-3alkyl , C1 - zhaloalkyl . — OC1-3alkyl , and 
OC1 - zhaloalkyl . In certain embodiments , X ’ is CRS and 

R5 is OR $ a or NHR50 , wherein RSa is unsubstituted or 
substituted C3-4carbocyclyl or unsubstituted or substituted 
C3-4carbocycly1C1-3alkyl , wherein the substituted C3-4car 
bocyclyl group is independently substituted with 1 , 2 , or 3 
substituents selected from the group consisting of halogen , 

OH , C1-3alkyl , C1 - zhaloalkyl . -OC1 - zalkyl , and 
OC -3haloalkyl . In certain embodiments , X3 is CRS and 

R is OR5a or - NHR50 , wherein R5a is : 

CN , 
OC . 

[ 0075 ] In certain embodiments , X ’ is CR and R is hydro 
gen . 
[ 0076 ] In certain embodiments , X3 is CRS and RS is CN , 
OR5a –NHR5a , unsubstituted substituted 

C1 - alkyl ; RSa is unsubstituted or substituted C1 - alkyl , 
unsubstituted or substituted C3-6carbocyclyl , unsubstituted 
or substituted C3 - carbocycly1C1 - zalkyl , unsubstituted or 
substituted 4- to 6 - membered heterocyclyl , or unsubstituted 
or substituted 4- to 6 - membered heterocycly1C1-3alkyl ; each 
instance of substituted is independent substitution with 1 , 2 , 
or 3 substituents selected from the group consisting of 
halogen , CN , OH , C - zalkyl , C1 - zhaloalkyl . 
zalkyl , and OC1-3haloalkyl . 
[ 0077 ] In certain embodiments , X ’ is CR and RS is CN . 
[ 0078 ] In certain embodiments , X3 is CRS and R5 is 
OR or —NHR50 , wherein R5a is unsubstituted or sub 

stituted C1 - alkyl , unsubstituted or substituted C3 - carbocy 
clyl , unsubstituted or substituted C3 - carbocycly1C -zalkyl , 
unsubstituted or substituted 4- to 6 - membered heterocyclyl , 
or unsubstituted or substituted 4- to 6 - membered heterocy 
cly1C1 - zalkyl ; and each instance of substituted is indepen 
dent substitution with 1 , 2 , or 3 substituents selected from 
the group consisting of halogen , — CN , OH , C1 - zalkyl , 
C1-3haloalkyl , OC -zalkyl , and OC1-3haloalkyl . 
[ 0079 ] In certain embodiments , X3 is CRS and RS is 

-NHR54 , wherein R5a is unsubstituted 
C1 - alkyl , or Cl - galkyl independently substituted with 1 , 2 , 

OH OH 5a 

or 

mm 

5a 
[ 0081 ] In certain embodiments , X3 is CRS and R5 is 
OR or - NHR 5a , wherein R5a is unsubstituted or sub 

stituted 4- to 6 - membered heterocyclyl or unsubstituted or 
substituted 4- to 6 - membered heterocycly1C1-3alkyl , 
wherein the substituted 4- to 6 - membered heterocyclyl 

OR a or 
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from the group consisting of hydrogen , CN , CN , CH3 , 
CH , F , CHF CH , OCH , OCHZ , 
OCH CHz , -OCH ( CH3 ) 2 OCH2CH2OH , 
OCH , CH_OCHZ , OCHF2 , OCH CN , 

CF39 
OR5a or 

( R ) ( S ) 

OH , " OH , 

group is independently substituted with 1 , 2 , or 3 substitu 
ents selected from the group consisting of halogen , CN , 
OH , C4 - alkyl , Cl - zhaloalkyl . -OC - zalkyl , andOC . 

zhaloalkyl . In certain embodiments , X3 is CRS and RS is 
NHR50 , wherein R5a is unsubstituted or sub 

stituted 4- to 5 - membered heterocyclyl or unsubstituted or 
substituted 4 to 5 - membered heterocycly1C - zalkyl , 
wherein the substituted 4- to 5 - membered heterocycly1 
group is independently substituted with 1 , 2 , or 3 substitu 
ents selected from the group consisting of halogen , CN , 
OH , C1 - alkyl , C1 - zhaloalkyl , -OC1 - zalkyl , and 

zhaloalkyl . In certain embodiments , X3 is CR and R5 is 
OR $ a or —NHR50 , wherein R5a is unsubstituted or sub 

stituted 4 - membered heterocyclyl or unsubstituted or sub 
stituted 4 - membered heterocycly1C1-3alkyl , wherein the 
substituted 4 - membered heterocyclyl group is independently 
substituted with 1 , 2 , or 3 substituents selected from the 
group consisting of halogen , CN , OH , C1 - alkyl , 
C1-3 haloalkyl . -OC - zalkyl , and OC1-3haloalkyl . In cer 
tain embodiments , the 4 - membered heterocyclyl is an oxeta 
nyl ring . In certain embodiments , X3 is CRS and R5 is 
OR5a or —NHR52 , wherein R5a is : 

-OC1 ( R ) ( S ) 

OH OH 

unha ( R ) 

( R ) 

HO HO 
and OH , OH , 

or 

erdrur 

[ 0082 ] In certain embodiments , X3 is CR and R5 is unsub 
stituted C1 - galkyl or C1 - alkyl substituted with 1 , 2 , or 3 
substituents selected from the group consisting of halogen , 
CN , OH , C1 - zalkyl , C1 - zhaloalkyl , OC1-3alkyl , and 
OC1-3haloalkyl . In certain embodiments , X is CR and 

R is unsubstituted Cl - galkyl or Cl - galkyl substituted with 1 , 
2 , or 3 substituents independently selected from the group 
consisting of halogen , CN , OH , OC -zalkyl , and 
OC -3haloalkyl . In certain embodiments , X3 is CRS and 

R > is unsubstituted C? - galkyl . In certain embodiments , X3 is 
CR and R? is unsubstituted C1 - zalkyl . In certain embodi 
ments , X3 is CRS and R is unsubstituted C1-2alkyl . In 
certain embodiments , X ’ is CRS and R? is C1 - alkyl substi 
tuted with 1 , 2 , or 3 substituents independently selected from 
the group consisting of halogen , CN , OH , OC1 
3alkyl , and OC1 - zhaloalkyl . In certain embodiments , X3 is 
CR and R5 is C4-3alkyl substituted with 1 , 2 , or 3 substitu 
ents independently selected from the group consisting of 
halogen , CN , OH , OC1 - zalkyl , and —OC1-3ha 
loalkyl . In certain embodiments , X3 is CRS and R5 is 
Cj - zalkyl substituted with 1 substituent selected from the 
group consisting of OH , OC -zalkyl , and OC - 3ha 
loalkyl . In certain such embodiments , R $ is C1-3alkyl sub 
stituted with 1 substituent that is OC1 - zalkyl . In certain 
embodiments , X ’ is CR and R is C1 - alkyl substituted with 
1 , 2 , or 3 substituents independently selected from the group 
consisting of halogen , CN , OH , OC1-3alkyl , and 
OC -zhaloalkyl . In certain embodiments , R is C alkyl 

substituted with 1 substituent selected from the group con 
sisting of —OH , OC1 - zalkyl and OC1-3haloalkyl . In 
certain embodiments , R is CHz . In certain embodiments , 
R isCH F , CHF2 , CF3 , or CH , OCHz . 
[ 0083 ] In certain embodiments , Xl is N ; X2 is CH ; X4 is 
CH or N ; XS is CH or N ; X3 is N or CRS , and RS is selected 

CN , OR5a , 

( iv ) Various Combinations of Certain Embodiments 
[ 0084 ] In certain embodiments of Formula ( I ) , xl is N ; X ?, 
X4 , and XS are each CH ; X3 is N or CRS ; R ' is unsubstituted 
or substituted C1-3alkyl , unsubstituted or substituted 
C3-4carbocyclyl , or unsubstituted or substituted 4- to 
5 - membered heterocyclyl ; R2 is -NH2 , NHR24 , unsub 
stituted or substituted Cz - zalkyl , and R2a is unsubstituted or substituted C1-3alkyl ; R * is ( C1-3alkylene ) m - OR34 , ( C. 
zalkylene ) m - N ( R39 ) 2 , C1 - zalkyl , or C1-3 haloalkyl , wherein 
each instance of R34 is independently hydrogen , Cl - zalkyl , 
or C1 - zhaloalkyl ; m is 0 or 1 ; n is 0 or 1 ; each instance of R4 
and R46 is hydrogen ; RS is hydrogen , 
NHR $ a , or unsubstituted or substituted C1 - alkyl , wherein 

R $ a is unsubstituted or substituted Cl - galkyl , unsubstituted 
or substituted C3-6carbocyclyl , unsubstituted or substituted 
C3 - carbocycly1C1-3alkyl , unsubstituted or substituted 4- to 
6 - membered heterocyclyl , or unsubstituted or substituted 4 
to 6 - membered heterocycly1C1-3alkyl ; and wherein each 
instance of substituted is independent substitution with 1 , 2 , 
or 3 substituents selected from the group consisting of 
halogen , CN , OH , C - zalkyl , C - zhaloalkyl , -OC . 
zalkyl , and OC1 - zhaloalkyl . 
[ 0085 ] In certain embodiments of Formula ( 1 ) , Xl is N ; X ?, 
X4 , and X ) are each CH ; X3 is N or CR ; R is unsubstituted 
or substituted alkyl ; R2 is - NH , NHCH ,, _CH , or 
CH2OH ; R * is ( Cy - zalkylene ) m - OR34 , C1 - zalkyl , or 
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-OR3a 

R5 is 

C1 - zhaloalkyl ; m is 0 or 1 ; n is 0 or 1 ; R4a and R4h are each 
hydrogen ; and wherein each instance of substituted is inde 
pendent substitution with 1 , 2 , or 3 substituents selected 
from the group consisting of halogen , CN , OH , 
Cl - zalkyl , C1 - zhaloalkyl , —OC1 - zalkyl , and -OC1-3ha 
loalkyl . certain embodiments , R $ is hydrogen . In certain 
embodiments , R is CN . In certain embodiments , RS is 

OR5a . In certain embodiments , R5 is —NHR 5a . In certain 
embodiments , R is unsubstituted or substituted C1 - galkyl . In 
certain embodiments , the compound is a stereoisomer of 
Formula ( I - a ) , or pharmaceutically acceptable salt thereof . 
[ 0086 ] In certain embodiments of Formula ( I ) , Xl is N ; X ?, 
X4 , and XS are each CH ; X3 is N or CRS ; R is unsubstituted 
or substituted C3-6carbocyclyl : R ’ is NH , NHCHz , 
CH3 , or CH2OH ; Riis ( C -zalkylene ) m - OR3a , 

C1 - zalkyl , or C1 - zhaloalkyl : m is 0 or 1 ; n is 0 or 1 ; R4a and 
R46 are each hydrogen ; and wherein each instance of sub 
stituted is independent substitution with 1 , 2 , or 3 substitu 
ents selected from the group consisting of halogen , CN , 
OH , C1-3alkyl , C1 - zhaloalkyl , OC1-3alkyl , and — OC1 

zhaloalkyl . In certain embodiments , R is hydrogen . In 
certain embodiments , R5 is CN . In certain embodiments , 
R® is ORSA . In certain embodiments , RP is NHRSA . In 
certain embodiments , RS is unsubstituted or substituted 
C1 - alkyl . In certain embodiments , the compound is a ste 
reoisomer of Formula ( I - a ) , or pharmaceutically acceptable 
salt thereof . 

[ 0087 ] In certain embodiments of Formula ( I ) , x ' is N ; X ?, 
X4 , and X are each CH ; X3 is N or CRS ; R is unsubstituted 
or substituted 4- to 5 - membered heterocyclyl ; R2 is -NH2 , 
–NHCH , CHz , or CH2OH ; R is ( C1 - zalkylene ) m 
OR34 , C1 - zalkyl , or C1-3haloalkyl ; m is 0 or 1 ; n is 0 or 1 ; 
R4a and R4b are each hydrogen ; and wherein each instance 
of substituted is independent substitution with 1 , 2 , or 3 
substituents selected from the group consisting of halogen , 
CN , OH , C - zalkyl , C.zhaloalkyl . -OC - zalkyl , and 
OC -zhaloalkyl . In certain embodiments , R * is hydrogen . 

In certain embodiments , R5 is CN . In certain embodi 
ments , R is OR5a . In certain embodiments , R5 is 
-NHR $ a . In certain embodiments , R is unsubstituted or 

substituted C1 - alkyl . In certain embodiments , the com 
pound is a stereoisomer of Formula ( I - a ) , or pharmaceuti 
cally acceptable salt thereof . 
[ 0088 ] In certain embodiments , of Formula ( I ) , xl is N ; 
X2 , X4 , and Xs are each CH ; X3 is CRS ; R is unsubstituted 
C1 - zalkyl , or unsubstituted or substituted 4 - membered het 
erocyclyl , wherein substituted is independent substitution 
with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , OH , C - zalkyl , C - zhaloalkyl , 
OC -zalkyl , and OC zhaloalkyl ; R2 is CHz ; R * is 
( C1 - zalkylene ) m - OR3a wherein m is 0 or 1 ; n is 1 ; R4a and 
are each hydrogen ; and RS is dialkyl substituted with 1 

substituent selected from the group consisting of —OH , 
OC -zalkyl or - OC - 3haloalkyl . In certain embodiments , 

the compound is a stereoisomer of Formula ( I - a ) , or phar 
maceutically acceptable salt thereof . 
[ 0089 ] In certain embodiments , of Formula ( I ) , X ! is N ; 
X ?, X4 , and XS are each CH ; X3 is CR ; R1 is unsubstituted 
C1 - zalkyl ; R2 is CHz ; R3 is ( C - zalkylene ) , .- OR3a 
wherein m is 0 ; n is 1 ; R4a and R4b are each hydrogen ; and 
RS is C alkyl substituted with 1 substituent selected from the 
group consisting of OH , OC -zalkyl or OC1-3ha 

loalkyl . In certain embodiments , the compound is a stereoi 
somer of Formula ( I - a ) , or pharmaceutically acceptable salt 
thereof . 
[ 0090 ] In certain embodiments , of Formula ( I ) , Xl is N ; 
X ?, x4 , and X are each CH ; X3 is CRS ; R ' is unsubstituted 
or substituted 4 - membered heterocyclyl , wherein substituted 
is independent substitution with 1 , 2 , or 3 substituents 
selected from the group consisting of halogen , CN , OH , 
C1 - zalkyl , di - haloalkyl , OC -zalkyl , and OC -3ha 
loalkyl : R² is CH3 ; Rºis ( C1 - zalkylene ) m - OR3a wherein 
m is 0 ; n is 1 ; R4a and R46 are each hydrogen ; and RS is 
C alkyl substituted with 1 substituent selected from the 
group consisting of OH , OC -zalkyl or OC - zalkyl orOCj - zha 
loalkyl . In certain embodiments , the compound is a stereoi 
somer of Formula ( I - a ) , or pharmaceutically acceptable salt 
thereof . 
[ 0091 ] In certain embodiments , of Formula ( I ) , Xl is N ; 
X ?, x4 , and X are each CH ; X3 is CRS ; R is unsubstituted 
C1 - zalkyl ; R² is CH3 ; R is ( C1 - zalkylene ) m 
wherein m is 0 ; n is 1 ; R4a and R46 are each hydrogen ; and 

OR5a wherein R $ a is C1 - alkyl substituted with 1 
substituent selected from the group consisting of —OH , 
OC - zalkyl or - OC - zhaloalkyl . In certain embodiments , 

the compound is a stereoisomer of Formula ( I - a ) , or phar 
maceutically acceptable salt thereof . 
[ 0092 ] In certain embodiments , of Formula ( 1 ) , X ' is N ; 
X ?, x4 , and X5 are each CH ; X is CRS ; R ' is unsubstituted 
Cl - zalkyl ; R2 is CHZ ; R3 is ( C - zalkylene ) ,, - OR3a 
wherein m is 1 ; n is 1 ; R4a and R45 are each hydrogen ; and 
Ris C alkyl substituted with 1 substituent selected from the 
group consisting of OH , OC - zalkyl or OC - 3ha 
loalkyl . In certain embodiments , the compound is a stereoi 
somer of Formula ( I - a ) , or pharmaceutically acceptable salt 
thereof . 
[ 0093 ] In certain embodiments , of Formula ( I ) , X ' is N ; 
X ?, X4 , and X5 are each CH ; X3 is CRS ; R is unsubstituted 
or substituted 4 - membered heterocyclyl , wherein substituted 
is independent substitution with 1 , 2 , or 3 substituents 
selected from the group consisting of halogen , CN , —OH , 
C -zalkyl , C.zhaloalkyl , OC -zalkyl , and OC - ha 
loalkyl ; R ’ is CH3 ; R * is ( C - alkylene ) -OR34 wherein 
m is 1 ; n is 1 ; R4a and R4h are each hydrogen ; RS is C alkyl 
substituted with 1 substituent selected from the group con 
sisting of OH , OC1-3alkyl or OC - zhaloalkyl . In 
certain embodiments , the compound is a stereoisomer of 
Formula ( I - a ) , or pharmaceutically acceptable salt thereof . 
[ 0094 ] In certain embodiments , of Formula ( I ) , Xl is N ; 
X ?, X4 , and X5 are each CH ; X3 is CRS ; R is unsubstituted 
C -zalkyl ; R2 is CH3 ; R is CHz ; R3 is ( C1-3alkylene ) m - OR3a 
wherein m is 1 ; n is 1 ; R4a and R46 are each hydrogen ; and 
RS is OR $ a wherein RSa is C1 - alkyl substituted with 1 
substituent selected from the group consisting of OH , 
OC -zalkyl or - OC - 3 haloalkyl . In certain embodiments , 

the compound is a stereoisomer of Formula ( I - a ) , or phar 
maceutically acceptable salt thereof . 
[ 0095 ] In certain embodiments of Formula ( I ) , Xl is N ; X ?, 
X4 , and X5 are each CH ; X3 is CRS ; R ' is unsubstituted 
C - zalkyl ; R2 is CHz ; R3 is CH3 ; R3 is ( C1 - zalkylene ) m - OR3a 
wherein m is 0 ; R4a and R46 are each hydrogen ; RS is 
OR $ a wherein R $ a is C3-6carbocyclyl substituted with 1 

substituent selected from the group consisting of —OH , 
OC1 - zalkyl and OC1 - zhaloalkyl ; and n is 1 . 

[ 0096 ] In certain embodiments of Formula ( I ) , X1 is N ; XP , 
X4 , and XS are each CH ; X3 is CRS ; R is unsubstituted 

R43 
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C1-3alkyl , C1 - zhaloalkyl , 40C1-3alkyl , and OC -zalkyl , and OC - ha 
loalkyl . In certain embodiments of Formula ( II - a ) , R ' is 
CH3 , CHF , -CHF2 , CF3 , 

C - zalkyl ; R2 is CH3 ; R is ( C1-3alkylene ) m - OR3a 
wherein m is 1 ; R4a and R4h are each hydrogen ; R5 is 
ORSa wherein RSa is C3-6carbocyclyl substituted with 1 

substituent selected from the group consisting of —OH , 
OC -zalkyl and OC - zhaloalkyl ; and n is 1 . 

[ 0097 ] In other embodiments of Formula ( I ) , ( I - a ) , or ( I - b ) , 
wherein Xl is N , X² , X4 , and X5 are each CH , and X3 is CRS , 
provided is a compound of Formula ( II ) , ( II - a ) , or ( II - b ) : 

( R ) ( S ) 
F ) 

( II ) F 
R46 IT 

ITET 
R4a 

R3 
or 

R5 

R ? 
H 
N po 

R ! 
( II - a ) 

R43 
R4a 

fuerill R3 

R5 NH22 
R ? HN 1S 

N 
--- 
R ! 

( II - b ) 
R 45 

[ 0099 ] In certain embodiments of Formula ( II - a ) , R2 is 
-NH2 , - NHR2q , unsubstituted or substituted dialkyl , and 
R24 is unsubstituted or substituted C1 - alkyl , wherein each 
instance of substituted is independent substitution with 1 , 2 , 
or 3 substituents selected from the group consisting of 
halogen , CN , OH , OC1-3alkyl , and OC1-3ha 
loalkyl . In certain embodiments of Formula ( II - a ) , R² is 

NHCHZ , OCHZ , CHz , or CH , OH . 
[ 0100 ] In certain embodiments of Formula ( II - a ) , R3 is 

( Cl - zalkylene ) -OR3a , ( C1 - zalkylene ) ,, - N ( R3 ) , 
C1 - zalkyl , or C1 - zhaloalkyl , wherein each instance of R3a 
independently hydrogen , C1 - zalkyl , or C1 - zhaloalkyl ; and m 
is 0 or 1. In certain embodiments of Formula ( II - a ) , R3 is 
OH , OCHz , -CH ( OH ) CH3 , CH , OH , CH2NH2 , 
CH ,, or — CH CH . 

[ 0101 ] In certain embodiments of Formula ( II - a ) , n is 1 . 
[ 0102 ] In certain embodiments of Formula ( II - a ) , each 
instance of R4a and R46 is hydrogen . 
[ 0103 ] In certain embodiments of Formula ( II - a ) , RS is 
hydrogen , OR5a , —NHR5a , or unsubstituted or 
substituted C1 - alkyl , and RSa is unsubstituted or substituted 
Cl - galkyl , unsubstituted or substituted C3 - carbocyclyl , 
unsubstituted substituted C3-6carbocycly1C1-3alkyl , 
unsubstituted or substituted 4- to 6 - membered heterocyclyl , 
or unsubstituted or substituted 4- to 6 - membered heterocy 
cly1C1-3alkyl , wherein each instance of substituted is inde 
pendent substitution with 1 , 2 , or 3 substituents selected 
from the group consisting of halogen , CN , OH , 
C -zalkyl , Cl - zhaloalkyl . OC4 - zalkyl , and OC1-3ha 
loalkyl . In certain embodiments of Formula ( II - a ) , RS is 
hydrogen , CN , CHz , CH , F , 
CH , OCH , -OCH , OCH2CH3 , OCH ( CH3 ) 2 , 
OCH , CH , OH , OCH2CH2OCH3 , OCHF 
OCH CN , 

• R4a 

R3 CN , 
R5 

or 

R ? 

N 
1 
R ? 

CHF2 , CF3 , 
22 

or a pharmaceutically acceptable salt thereof . In certain 
embodiments , the compound is of Formula ( II - a ) , or a 
pharmaceutically acceptable salt thereof . 
[ 0098 ] In certain embodiments of Formula ( II - a ) , R ' is 
unsubstituted or substituted C1-3alkyl , unsubstituted or sub 
stituted C3.4carbocyclyl , or unsubstituted or substituted 4- to 
5 - membered heterocyclyl , wherein each instance of substi 
tuted is independent substitution with 1 , 2 , or 3 substituents 
selected from the group consisting of halogen , CN , OH , 

( R ) ( S ) 

?? , " OH , 
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-continued -continued 

or ryte 3 FIT 
? ( S ) 

( R ) 

HO HO 

?? , or R - NH ,, - NHCH3 , OCH , CHz , orCH , OH ; R * is 
OH , OCHZ , CH ( OH ) CH3 , CH2OH , CH , OH , CH NH , 
CH3 , or CH2CHz ; each instance of R4a and R45 is 

hydrogen ; R is hydrogen , CN , CH_F , CHF 
CH , OCHZ , OCHz , _OCH , CH , OCH 

( CH2 ) 2 , OCH , CH , OH , OCH_CH_OCH3 , OCHF , 
-OCH CN , 

CH3 , 2 

CF3 , 

O. 

" OH , kte 
hthe OH 

( S ) 

( S ) ( R ) 

HO HO 

[ 0104 ] In certain embodiments of Formula ( II - a ) , Rl is 
unsubstituted or substituted C1 - zalkyl , unsubstituted or sub 
stituted C3-4carbocyclyl , or unsubstituted or substituted 4- to 
5 - membered heterocyclyl ; R² is NH3 , NHR24 , unsub 
stituted or substituted C1 - zalkyl , and R24 is unsubstituted or 
substituted C -zalkyl ; R? is – ( C1 - zalkylene ) m - OR34 , ( C. 
zalkylene ) m - N ( R3 ) 2 , C - alkyl , or C1 zhaloalkyl , wherein 
each instance of R34 is independently hydrogen , Cl - zalkyl , 
or C1 - zhaloalkyl ; m is 0 or 1 ; n is 1 ; each instance of R4a and 
R46 is hydrogen ; R * is hydrogen , CN , OR54 , - NHR5a , 
or unsubstituted or substituted C1 - alkyl ; RSa is unsubsti 
tuted or substituted C1 - alkyl , unsubstituted or substituted 
C3-6carbocyclyl , unsubstituted or substituted C3 - carbocy 
cly1C1-3alkyl , unsubstituted or substituted 4- to 6 - membered 
heterocyclyl , or unsubstituted or substituted 4- to 6 - mem 
bered heterocycly1C1-3alkyl ; and wherein each instance of 
substituted is independent substitution with 1 , 2 , or 3 sub 
stituents selected from the group consisting of halogen , 
CN , OH , C - zalkyl , C - zhaloalkyl , OC1 - zalkyl , and 
OC -zhaloalkyl . 

[ 0105 ] In certain embodiments of Formula ( II - a ) , Rl is 
CH , CHF , CHF , CF3 , 

?? , ?? , or 

Ako ( R ) ( 5 ) 

and n is 1 . 

[ 0106 ] In yet other embodiments of Formula ( II ) , ( II - a ) , or 
( II - b ) , wherein R is ( C -zalkylene ) -OR34 , provided is a 
compound of Formula ( III ) , ( III - a ) , or ( III - b ) : 
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( III ) 
R46 

-R4a 
- ( C1-3alkylene ) m - OR3a 

R5 I ETT 
IIIT 

N ro R2 
or 

R ! ot 
( III - a ) 

R46 
R4a tot ( C1-3alkylene ) m - OR3a 

-R5 

R ? You R ! 
( III - b ) 

R46 
R42 
( C1 - zalkylene ) m - OR3a 

[ 0108 ] In certain embodiments of Formula ( III - a ) , R2 is 
NH , -NHR24 , unsubstituted or substituted C1 - zalkyl , 

and R2a is unsubstituted or substituted dialkyl , wherein each 
instance of substituted is independent substitution with 1 , 2 , 
or 3 substituents selected from the group consisting of 
halogen , CN , -?? , OC1-3alkyl , and OC1-3ha 
loalkyl . In certain embodiments of Formula ( II - a ) , R2 is 
-NH2 , - NHCH3 , OCHZ , CHz , or —CH OH . 
[ 0109 ] In certain embodiments of Formula ( III - a ) , R3a is 
hydrogen . In certain embodiments of Formula ( III - a ) , R3a is 
hydrogen and m is 0. In certain embodiments of Formula 
( III - a ) , R3a is hydrogen and m is 1. In certain embodiments 
of Formula ( III - a ) , R3a is C -zalkyl . In certain embodiments 
of Formula ( III - a ) , R34 is C -zalkyl and m is 0. In certain 
embodiments of Formula ( III - a ) , R34 is C -zalkyl and m is 1 . 
In certain embodiments of Formula ( III - a ) , R3a is C1-3ha 
loalkyl . In certain embodiments of Formula ( III - a ) , R is 
C1-3haloalkyl and m is 0. In certain embodiments of For 
mula ( III - a ) , R3a is C1 - zhaloalkyl and m is 1. In certain 
embodiments of Formula ( III - a ) , R3a is hydrogen or CHz . 
[ 0110 ] In certain embodiments of Formula ( III - a ) , n is 1 . 
[ 0111 ] In certain embodiments of Formula ( III - a ) , each 
instance of R4a and R46 is hydrogen . 
[ 0112 ] In certain embodiments of Formula ( III - a ) , RS is 
hydrogen , CN , OR5a , - NHR5a , or unsubstituted or 
substituted C1 - talkyl , and R $ a is unsubstituted or substituted 
C1 - alkyl , unsubstituted or substituted C3-6carbocyclyl , 
unsubstituted or substituted C. carbocycly1C - zalkyl , 
unsubstituted or substituted 4- to 6 - membered heterocyclyl , 
or unsubstituted or substituted 4- to 6 - membered heterocy 
cly1C1-3alkyl , wherein each instance of substituted is inde 
pendent substitution with 1 , 2 , or 3 substituents selected 
from the group consisting of halogen , OH , 
C -zalkyl , Cl - zhaloalkyl . OC4 - zalkyl , and OC -3ha 
loalkyl . In certain embodiments of Formula ( III - a ) , RS is 
hydrogen , CN , CN , CH3 , CH_F , CF 
CH_OCH3 , OCH3 , OCH2CH3 , OCH ( CH3 ) 2 , 
OCH2CH2OH , OCH_CH_OCH3 , OCHF 
OCH CN , 

RS 
N 

R ? Y 
CN , 

CHF 3 

22 

or a pharmaceutically acceptable salt thereof . In certain 
embodiments , the compound is of Formula ( III - a ) , or a 
pharmaceutically acceptable salt thereof . 
[ 0107 ] In certain embodiments of Formula ( III - a ) , Rl is 
unsubstituted or substituted C1 - zalkyl , unsubstituted or sub 
stituted C3-4carbocyclyl , or unsubstituted or substituted 4- to 
5 - membered heterocyclyl , wherein each instance of substi 
tuted is independent substitution with 1 , 2 , or 3 substituents 
selected from the group consisting of halogen , CN , OH , 
C -zalkyl , C1 - zhaloalkyl , -OC -zalkyl , and OCha 
loalkyl . In certain embodiments of Formula ( III - a ) , Rl is 
CH3 , CHF , CHF2 , CF3 , 

( R ) 

" OH , 
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-continued -continued 
( R ) ( 5 ) 

( S ) 

OH OH 
O ; 

nhun ( S ) 

( S ) ( R ) 
R2 - NH ,, - NHCH3 , OCH3 , CH3 , or CH2OH ; R3a 
is hydrogen or CHz ; m is 0 or 1 ; each instance of R4a and 
R46 is hydrogen ; R * is hydrogen , CN , CH , CH , F , 

CH , OCH , OCH ,, _OCH , CHz , 
-OCH ( CH3 ) 2 -OCH2CH2OH , OCH_CH_OCH3 , 
-OCHF2 , OCH CN , 

CHF 22 CF 39 HO 
OH , 

HO 
or OH , 

( R ) ( S ) Moko OH , " OH , 

( R ) ( S ) 

OH OH 

( R ) het ( S ) 11111. ( R ) 

HO HO 

[ 0113 ] In certain embodiments of Formula ( III - a ) , R ' is 
unsubstituted or substituted C1 - zalkyl , unsubstituted or sub 
stituted C3-4carbocyclyl , or unsubstituted or substituted 4- to 
5 - membered heterocyclyl ; R2 is -NH2 , — NHR24 , unsub 
stituted or substituted C -zalkyl , and R24 is unsubstituted or 
substituted C1 - zalkyl ; R3a is independently hydrogen , 
C1-3alkyl , or C1 - zhaloalkyl ; m is 0 or 1 ; n is 1 ; each instance 
of R4a and R46 is hydrogen ; R * is hydrogen , CN , ORS , 
NHRSa , or unsubstituted or substituted C1 - alkyl ; RSa is 

unsubstituted or substituted C1 - alkyl , unsubstituted or sub 
stituted C3 - carbocyclyl , unsubstituted substituted 
C3-6ca cycly1C1-3alkyl , unsubstituted or substituted 4- to 
6 - membered heterocyclyl , or unsubstituted or substituted 4 
to 6 - membered heterocyclyC1 - zalkyl ; and wherein each 
instance of substituted is independent substitution with 1 , 2 , 
or 3 substituents selected from the group consisting of 
halogen , OH , C1 - zalkyl , Cj - zhaloalkyl . -OC1 
zalkyl , and OC1-3haloalkyl . 
[ 0114 ] In certain embodiments of Formula ( III - a ) , Rl is 
CH3 , CH , F , CHF2 , CF3 , 

or 

?? , OH , or 

CN , min 
O ; 

EX F 

N N 

( R ) and n is 1 . 

[ 0115 ] In other embodiments of Formula ( II ) , ( II - a ) , or 
( II - b ) , wherein R3 is OR3a ( wherein m is 0 ) , provided is 
a compound of Formula ( IV ) , ( IV - a ) , or ( IV - b ) : 
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( IV ) 
R 45 

( R ) 
R4a 

-OR3a 
RS 

N N 

R ? ZI ( R ) DB or 

R 

( IV - a ) 
R46 

• R4a 

HOR3a 
RS 

R ? NH2 , 
N 

1 1s 
R1 

( IV - b ) 
R46 

[ 0117 ] In certain embodiments of Formula ( IV - a ) , R2 is 
-NH , NHR24 , unsubstituted or substituted C -zalkyl , 
and R24 is unsubstituted or substituted C1-3alkyl , wherein 
each instance of substituted is independent substitution with 
1 , 2 , or 3 substituents selected from the group consisting of 
halogen , CN , OH , OC1 - zalkyl , and -OC1 - zha 
loalkyl . In certain embodiments of Formula ( IV - a ) , R² is 

NHCH3 , OCH3 , CH3 , or CH2OH . 
[ 0118 ] In certain embodiments of Formula ( IV - a ) , R3a is 
hydrogen . In certain embodiments of Formula ( IV - a ) , R3a is 
C1 - zalkyl . In certain embodiments of Formula ( IV - a ) , R3a 
C1-3haloalkyl . In certain embodiments of Formula ( IV - a ) , 
R34 is hydrogen or CH 
[ 0119 ] In certain embodiments of Formula ( IV - a ) , n is 1 . 
[ 0120 ] In certain embodiments of Formula ( IV - a ) , each 
instance of R4a and R46 is hydrogen . 
[ 0121 ] In certain embodiments of Formula ( IV - a ) , RS is 
hydrogen , CN , OR5a , —NHR5a , or unsubstituted or 
substituted C1 - alkyl , and RSa is unsubstituted or substituted 
C1 - galkyl , unsubstituted or substituted C3-6carbocyclyl , 
unsubstituted substituted Cz - carbocycly1C1 - zalkyl , 
unsubstituted or substituted 4- to 6 - membered heterocyclyl , 
or unsubstituted or substituted 4- to 6 - membered heterocy 
cly1C1-3alkyl , wherein each instance of substituted is inde 
pendent substitution with 1 , 2 , or 3 substituents selected 
from the group consisting of halogen , CN , OH , 
C1 - zalkyl , C1 - zhaloalkyl , OC1 - zalkyl , and OC1-3ha 
loalkyl . In certain embodiments of Formula ( IV - a ) , R $ is 
hydrogen , CN , CH3 , CH3 , CH , F , CHF , CF 
CH , OCHZ , OCH3 , OCH CH3 , OCH ( CH3 ) 2 , 
OCH CH , OH , OCH CH2OCH3 , OCHF 
OCH.CN , 

• R4a 

OR3a 
R5 

or 

R ? 

N 

39 

( R ) ( S ) 

or a pharmaceutically acceptable salt thereof . In certain 
embodiments , the compound is of Formula ( IV - a ) , or a 
pharmaceutically acceptable salt thereof . 
[ 0116 ] In certain embodiments of Formula ( IV - a ) , R ' is 
unsubstituted or substituted C1 - jalkyl , unsubstituted or sub 
stituted C3-4carbocyclyl , or unsubstituted or substituted 4- to 
5 - membered heterocyclyl , wherein each instance of substi 
tuted is independent substitution with 1 , 2 , or 3 substituents 
selected from the group consisting of halogen , CN , OH , 
C1 - zalkyl , C1 - zhaloalkyl , -OC -zalkyl , and OCha 
loalkyl . In certain embodiments of Formula ( IV - a ) , RI is 
CH3 , CHF , CHF2 , CF3 , 

" OH , OH , 

metry 
OH 



OCHF2 , 
( S ) 

( R ) 

( R ) ( S ) 
HO 

or OH , " OH , 

( R ) ( S ) 

OH OH 

palkyl , or Ci - zhaloalkyl ; n is 1 ; each instance of Ra and 
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-continued R2 - NH2 , - NHCH3 , OCHZ , CH3 , or CH2OH ; R3a 
is hydrogen or CHz ; each instance of Ra and R4b is 
hydrogen ; R is hydrogen , CN , OCH_CH_OCH3 , 

OCH CN , 

HO 
?? , ?? , ?? , 

?? , ?? , 
[ 0122 ] In certain embodiments of Formula ( IV - a ) , Rl is 
unsubstituted or substituted C1-3alkyl , unsubstituted or sub 
stituted C3-4 carbocyclyl , or unsubstituted or substituted 4- to 
5 - membered heterocyclyl ; R2 is -NH2 , NHR24 , unsub 
stituted or substituted C - zalkyl , and Rza is unsubstituted or 
substituted Cj - zalkyl ; R3a is independently hydrogen , 
R46 is hydrogen ; R5 is hydrogen , CN , OR54 , NHR5a , 
or unsubstituted or substituted dialkyl ; RSa is unsubstituted 
or substituted C1 - alkyl , unsubstituted or substituted dicar 
bocyclyl , unsubstituted or substituted C3-6carbocycly1C1 
zalkyl , unsubstituted or substituted 4- to 6 - membered het 
erocyclyl , or unsubstituted or substituted 4- to 6 - membered 
heterocyclyldialkyl ; and wherein each instance of substi 
tuted is independent substitution with 1 , 2 , or 3 substituents 
selected from the group consisting of halogen , CN , OH , 
C1-3alkyl , C1-3haloalkyl , OC1-3alkyl , and OC1-3ha [ 0124 ] Exemplary compounds of Formula ( I ) include , but 
loalkyl . are not limited to , the compounds listed in Tables A1 , A2 , 
[ 0123 ] In certain embodiments of Formula ( IV - a ) , R1 is and B1 , and pharmaceutically acceptable salts thereof : 
CH , CHF , _CHF2 , –CF3 , 

TABLE A1 

MORA hbet ( R ) ( S ) ( R ) 

HO HO 
or 

mhm ay 
Exemplary compounds wherein Rl is not hydrogen 

( R ) ( S ) ( 1 ) F 

F , F , 111110 
( R ) 

N 

H2N II.BG or 
ot ( R ) -1- ( 3- ( 6- ( 3 

methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 



US 2020/0255423 A1 Aug. 13 , 2020 
18 

TABLE Al - continued TABLE Al - continued 

Exemplary compounds wherein R ' is not hydrogen Exemplary compounds wherein R ' is not hydrogen 
( 4 ) 

( 1a ) 

( R ) 

H2N . y N. 

( S ) -1- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( R ) -N- ( 3- ( 4- ( methoxymethyl ) 
6- ( 3 - methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1- ( oxetan - 3 
yl ) -1H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 
( 1.2 ) ( 4.2 ) 

10 

( R ) F 

N 
N F 

H2N 

N 

( R ) 
F 

F 

1- ( 1 - ( ( R ) -2,2 
difluorocyclopropyl ) -3- ( 6 - ( ( R ) 
3 - methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( S ) -N- ( 3- ( 4- ( difluoromethyl ) 
6- ( 3 - methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1- ( oxetan - 3 
yl ) -1 H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 
( 12a.3 ) 

( 3.3 ) 
110 

( R ) : N 
( R ) 

N 

H?N . 
H2N . YO N. 

( R ) 

F 

F ( R ) -1- ( 3- ( 6- ( 3 
ethyltetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

1- ( 3- ( 4 - cyano - 6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - ( ( R ) -2,2 
difluorocyclopropyl ) -1H 

pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 
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TABLE Al - continued TABLE Al - continued 

Exemplary compounds wherein Rl is not hydrogen Exemplary compounds wherein Ri is not hydrogen 
( 12b.2 ) 

( 1a.2 ) 
F 

( R ) ulo 
( R ) 

F 

H2N . HN 

( R ) 

1- ( 3- ( 4- ( difluoromethyl ) -6 
( ( R ) -3 - methoxytetrahydrofuran 

3 - yl ) pyridin - 2 - yl ) -1 - ( ( R ) 
tetrahydrofuran - 3 - yl ) -1H 

pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( R ) -1- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) -3 

methylurea 

( 4.3 ) 
( 12b.3 ) * 1110 F 

110 F 
( R ) F 

F 

H2N . 

1- ( 3- ( 4- ( difluoromethyl ) -6 
( ( R ) -3 - methoxytetrahydrofuran 

3 - yl ) pyridin - 2 - yl ) -1 - ( ( S ) 
tetrahydrofuran - 3 - yl ) -1H 

pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( R ) -N- ( 3- ( 4- ( difluoromethyl ) 
6- ( 3 - methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1- ( oxetan - 3 

yl ) -1H - pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

( 4.4 ) 
( 1.3 ) 

11110 
( R ) 

H2N 

N 

F 

1- ( 1 - ( ( S ) -2,2 
difluorocyclopropyl ) -3- ( 6 - ( ( R ) 
3 - methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( S ) -N- ( 3- ( 4 - methoxy - 6- ( 3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1- ( oxetan - 3 

yl ) -1H - pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 
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TABLE Al - continued TABLE Al - continued 

Exemplary compounds wherein Rl is not hydrogen Exemplary compounds wherein Rl is not hydrogen 

( 12b.4 ) ( 15.3 ) 

" 10110 F 
( R ) 

N F 

H2N . H2N . 

( S ) -1- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) 

4 - methylpyridin - 2 - yl ) -1 
methyl - 1H - pyrrolo [ 2,3 

c ] pyridin - 5 - ylyurea 

( R ) -1- ( 3- ( 4- ( difluoromethyl ) 
6- ( 3 - methoxytetrahydrofuran 
3 - yl ) pyridin - 2 - yl ) -1- ( oxetan 

3 - yl ) -1H - pyrrolo ] 2,3 
c ] pyridin - 5 - yl ) urea ( 1b.4 ) 

( 13 ) 

H2N HN 

H2N yod 
1- ( 3- ( 6- ( 3 - methoxyoxetan - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 1- ( 1 - methyl - 3- ( 6- ( oxetan - 3 

yl ) pyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea ( 5 ) 

11110 ( 16.2 ) 
( R ) 

N ( R ) 

H?N . mo 
( R ) -1- ( 3- ( 6- ( 3 

methoxytetrahydrofuran - 3 - yl ) 
4 - methylpyridin - 2 - yl ) -1 
methyl - 1H - pyrrolo [ 2,3 

c ] pyridin - 5 - yl ) urea 

( R ) -N- ( 3- ( 4 - methoxy - 6- ( 3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1- ( oxetan - 3 

yl ) -1H - pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 
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TABLE Al - continued TABLE Al - continued 

Exemplary compounds wherein R ' is not hydrogen Exemplary compounds wherein R ' is not hydrogen 
( 5.2 ) 

O ( 14.2 ) 
OH 

HN 

( R ) 

N- ( 3- ( 4 - methoxy - 6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - ( ( R ) 

tetrahydrofuran - 3 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

N- ( 3- ( 6- ( 3 - hydroxyoxetan - 3 
yl ) -4 - methoxypyridin - 2 - yl ) -1 
methyl - 1H - pyrrolo [ 2,3 
c ] pyridin - 5 - yl ) acetamide 

( 14.3 ) 
OH 

( 5.3 ) 
( 5 ) 

yo N 

( R ) 
N- ( 3- ( 6- ( 3 - hydroxyoxetan - 3 
yl ) -4 - isopropoxypyridin - 2 - yl ) 

1 - methyl - 1H - pyrrolo [ 2,3 
c ] pyridin - 5 - yl ) acetamide N- ( 3- ( 4 - methoxy - 6 - ( ( S ) -3 

methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - ( ( R ) 

tetrahydrofuran - 3 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( 2 ) 

111110 
( R ) 

( 14 ) 
OH 

H2N . ya ( R ) -N- ( 3- ( 4- ( methoxymethyl ) 
6- ( 3 - methoxytetrahydrofuran 
3 - yl ) pyridin - 2 - yl ) -1 - methyl 
1 H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

1- ( 3- ( 6- ( 3 - hydroxyoxetan - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 
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TABLE Al - continued TABLE A1 - continued 

Exemplary compounds wherein R ' is not hydrogen Exemplary compounds wherein Rl is not hydrogen 

( 2.2 ) ( 6.2 ) 

111110 
( R ) 

N N 

HN 

N 

( R ) -N- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) 

4 - methylpyridin - 2 - yl ) -1 
methyl - 1H - pyrrolo [ 2,3 
c ] pyridin - 5 - yl ) acetamide 

( S ) -N- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) 
4- ( oxetan - 3 - ylmethoxy ) pyridin 

2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 
( 2.3a ) ( 6.3 ) 

( R ) 

IL 

( R ) -N- ( 3- ( 6- ( 3 
ethyltetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( R ) -N- ( 3- ( 4- ( cyanomethoxy ) 
6- ( 3 - methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

( 6 ) 
( 14.4 ) 

( R ) 1110 
- * 11110 

O 

N 

HO 

( R ) -N- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) 
4 - oxetan - 3 - ylmethoxy ) pyridin 

2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

N- ( 3- ( 4 - ( ( ( S ) -4 - hydroxybutan 
2 - yl ) oxy ) -6 - ( ( R ) -3 

methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 
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TABLE Al - continued TABLE Al - continued 

Exemplary compounds wherein R is not hydrogen Exemplary compounds wherein Rl is not hydrogen 

( 14.5 ) ( 2.5 ) 
( R ) ** 110 

" OH 

mo 
N- ( 3- ( 4 - ( ( S ) -2 

hydroxypropoxy ) -6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( S ) -N- ( 3- ( 4 - cyano - 6- ( 3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

( 14.6 ) ( 2.6 ) 

1110 
( R ) 

( R ) 

OH 

HN 

N N. 

N- ( 3- ( 4 - ( ( R ) -2 
hydroxypropoxy ) -6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( R ) -N- ( 3- ( 4 - cyano - 6- ( 3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

( 7 ) ( 2.4 ) 
( R ) 110 

( R ) 
( S ) 

OH 

14 

( S ) -N- ( 3- ( 4- ( methoxymethyl ) 
6- ( 3 - methoxytetrahydrofuran 
3 - yl ) pyridin - 2 - yl ) -1 - methyl 
1 H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

N- ( 3- ( 4 - ( ( R ) -3 
hydroxybutoxy ) -6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 
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TABLE A1 - continued TABLE A1 - continued 

Exemplary compounds wherein R ' is not hydrogen Exemplary compounds wherein Ri is not hydrogen 

( 8 ) ( 15.2 ) 
OH 10 

ZT H?N HN 

( R ) -N- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) 
4 - oxetan - 3 - yloxy ) pyridin - 2 
yl ) -1 - methyl - 1 H - pyrrolo [ 2,3 

c ] pyridin - 5 - yl ) acetamide 
( S ) -1- ( 3- ( 6- ( 3 - hydroxyoxetan 

3 - yl ) pyridin - 2 - yl ) -1 
( tetrahydrofuran - 3 - yl ) -1H 

pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea ( 9 ) 

( R ) 1.1.1110 ( 16 ) 
( S ) 

OH 

YO 
N- ( 3- ( 4 - ( ( S ) -3 

hydroxybutoxy ) -6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( R ) -N- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

( 15 ) 
OH ( 2.7 ) 

O F 

N F 

H2N mo ( R ) 

( R ) -1- ( 3- ( 6- ( 3 - hydroxyoxetan 
3 - yl ) pyridin - 2 - yl ) -1 

( tetrahydrofuran - 3 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( S ) -N- ( 3- ( 4- ( difluoromethyl ) 
6- ( 3 - methoxytetrahydrofuran 
3 - yl ) pyridin - 2 - yl ) -1 - methyl 
1 H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 
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TABLE Al - continued TABLE Al - continued 

Exemplary compounds wherein R ' is not hydrogen Exemplary compounds wherein Ri is not hydrogen 

( 16a ) ( 2.8 ) 
( S ) mo 

ma 
( R ) -N- ( 3- ( 4- ( difluoromethyl ) 
6- ( 3 - methoxytetrahydrofuran 
3 - yl ) pyridin - 2 - yl ) -1 - methyl 
1 H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( S ) -N- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

( 17 ) 
OH ( 10 ) 11110 

You 
N 

( R ) -N- ( 3- ( 4- ( 2 
hydroxyethoxy ) -6- ( 3 

methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

N- ( 1 - ( ( trans ) -3 
cyanocyclobutyl ) -3- ( 6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 
OH ( 11 ) 

( 2.9 ) 

N 

HN 

N- ( 3- ( 4 - ( ( trans ) -3 
hydroxycyclobutoxy ) -6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

( S ) -N- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 
yl ) pyrazin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 
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TABLE Al - continued TABLE Al - continued 

Exemplary compounds wherein Rl is not hydrogen Exemplary compounds wherein Rl is not hydrogen 
( 2.10 ) ( 172 ) 

11110 os 
H7 TV 

( R ) -N- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 
yl ) pyrazin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

N 

OH ( 11a ) N- ( 1 - ( ( cis ) -3 
cyanocyclobutyl ) -3- ( 6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

N 

( 17.2 ) 
N- ( 3- ( 4 - ( ( trans ) -3 

hydroxycyclobutoxy ) -6 - ( ( S ) -3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

* 11110 F 

N F 
OH ( 11.2 ) 

( R ) 

ZT 
N 

N- ( 3- ( 4 - ( ( cis ) -3 
hydroxycyclobutoxy ) -6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

N- ( 1 - ( ( trans ) -3 
cyanocyclobutyl ) -3- ( 4 

( difluoromethyl ) -6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 
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TABLE A1 - continued TABLE A1 - continued 

Exemplary compounds wherein R ' is not hydrogen Exemplary compounds wherein Rl is not hydrogen 
( 2.11 ) 

( 12.2 ) 

( R ) 
EN ( 5 ) 

N 

H2N . N 

( R ) -N- ( 3- ( 4 - cyano - 6- ( 3 
ethyltetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 
( S ) -1- ( 3- ( 4 - cyano - 6- ( 3 

methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea ( 22.2 ) 

' N 
( 17.3 ) ( R ) 

F 
( R ) 

F 

F 

HV 

N- ( 3- ( 4 - cyano - 6 - ( ( S ) -3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - ( ( R ) -2,2 
difluorocyclopropyl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( 12 ) 
( R ) 

Z N 

H2N . 

N- ( 1 - ( ( cis ) -3 
cyanocyclobutyl ) -3- ( 4 

( difluoromethyl ) -6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( R ) -1- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 

yl ) pyrazin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 
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TABLE Al - continued TABLE Al - continued 

Exemplary compounds wherein Rl is not hydrogen Exemplary compounds wherein R ' is not hydrogen 
( 2a.3 ) 

( 17.4 ) 

( R ) 

N 

( R ) 

N 
N- ( 3- ( 4 - cyano - 6 - ( ( R ) -3 

methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - ( ( R ) -2,2 
difluorocyclopropyl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 
N- ( 1 - ( ( trans ) -3 

cyanocyclobutyl ) -3- ( 6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 - yl ) 

4 - methylpyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( 12.3 ) 

H2N . 

N 

( 2a.4 ) 

( R ) -1- ( 3- ( 4 - cyano - 6- ( 3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( 12.4 ) 

F 

H?N . 

N N- ( 3- ( 4 - cyano - 6 - ( ( S ) -3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - ( ( S ) -2,2 
difluorocyclopropyl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( S ) -1- ( 3- ( 4- ( methoxymethyl ) 
6- ( 3 - methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 
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TABLE Al - continued TABLE Al - continued 

Exemplary compounds wherein Rl is not hydrogen Exemplary compounds wherein Rl is not hydrogen 

( 2a.5 ) 
( 17.5 ) 

11110 ( R ) 

( S ) 

N- ( 3- ( 4 - cyano - 6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - ( ( S ) -2,2 
difluorocyclopropyl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

N- ( 1 - ( ( cis ) -3 
cyanocyclobutyl ) -3- ( 6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 - yl ) 

4 - methylpyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( 3 ) 

( R ) 111110 

H2N 

N 

( 18 ) 
1110 

( R ) -1- ( 3- ( 4- ( methoxymethyl ) 
6- ( 3 - methoxytetrahydrofuran 
3 - yl ) pyridin - 2 - yl ) -1 - methyl 
1 H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) urea N. 

( 3.2 ) 
Hv 

( 5 ) 

H2N 

( R ) -N- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1- ( 3 
methyloxetan - 3 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( S ) -1- ( 3- ( 6- ( 3 
ethyltetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 
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TABLE Al - continued TABLE Al - continued 

Exemplary compounds wherein R ' is not hydrogen Exemplary compounds wherein Rl is not hydrogen 
( 18a ) 

( 12.5 ) 

F 

F 

H?N . 
' N F 

( R ) -1- ( 3- ( 4- ( difluoromethyl ) 
6- ( 3 - methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( R ) -N- ( 1- ( 3 - fluorooxetan - 3 
yl ) -3- ( 6- ( 3 

methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

( 12.6 ) ( 19 ) 

( R ) 

N N 

H2N H7 ZL H2N 

? 
( R ) -1- ( 3- ( 4 - methoxy - 6- ( 3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( R ) -1- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1- ( 3 
methyloxetan - 3 - yl ) -1H 

pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 
( 12.7 ) 

( 20 ) 

- * 11110 

N 

H2N . 

( S ) -1- ( 3- ( 4 - methoxy - 6- ( 3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( R ) -N- ( 3- ( 4 - methoxy - 6- ( 3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 
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TABLE Al - continued TABLE Al - continued 

Exemplary compounds wherein R ' is not hydrogen Exemplary compounds wherein Rl is not hydrogen 
OH ( 21 ) OH ( 22 ) 

ya mo N 

( S ) -N- ( 3- ( 6- ( 3 
( hydroxymethyl ) tetrahydrofuran 

3 - yl ) pyridin - 2 - yl ) -1 - methyl 
1 H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( S ) -N- ( 3- ( 6- ( 3 
( hydroxymethyl ) tetrahydrofuran 

3 - yl ) -4 
( methoxymethyl ) pyridin - 2 - yl ) 

1 - methyl - 1H - pyrrolo [ 2,3 
c ] pyridin - 5 - yl ) acetamide OH ( 21a ) 

( R ) 

( 23 ) 

11110 
N ( R ) 

mm N 

( R ) -N- ( 3- ( 6- ( 3 
( hydroxymethyl ) tetrahydrofuran 

3 - yl ) pyridin - 2 - yl ) -1 - methyl 
1H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 
( R ) -N- ( 3- ( 4- ( methoxymethyl ) 
6- ( 3 - methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrazolo [ 3,4 - c ] pyridin - 5 

yl ) acetamide 
( 12a.2 ) 

( R ) ( 20a ) 

N 

H2N 

YA F 

1- ( 3- ( 4 - cyano - 6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - ( ( S ) -2,2 
difluorocyclopropyl ) -1H 

pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( S ) -N- ( 3- ( 4 - methoxy - 6- ( 3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 
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TABLE A1 - continued TABLE A2 - continued 

Exemplary compounds wherein R ' is not hydrogen Exemplary compounds wherein Rl is not hydrogen 

( 2.3 ) 
OH ( 22a ) 

( R ) 

CL 

( R ) -N- ( 3- ( 6- ( 3 
( hydroxymethyl ) tetrahydrofuran 

3 - yl ) -4 
( methoxymethyl ) pyridin - 2 - yl ) 

1 - methyl - 1H - pyrrolo [ 2,3 
c ] pyridin - 5 - yl ) acetamide 

( S ) -N- ( 3- ( 6- ( 3 
ethyltetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( 22.2 ) 

TABLE A2 
F Exemplary compounds wherein R ' is not hydrogen 

( 16.5 ) TO 
N. 

H2N 
( R ) -N- ( 3- ( 4- ( difluoromethoxy ) 
6- ( 3 - methoxytetrahydrofuran 
3 - yl ) pyridin - 2 - yl ) -1 - methyl 
1H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

OH ( 22.3 ) ( S ) -1- ( 1 - methyl - 3- ( 6- ( 3 
methyltetrahydrofuran - 3 

yl ) pyrazin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( 15.6 ) 
( R ) 

N 

H2N . YO 
( R ) -1- ( 1 - methyl - 3-6- ( 3 
methyltetrahydrofuran - 3 

yl ) pyrazin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

N- ( 3- ( 6 - ( ( R ) -3 - ( ( S ) -1 
hydroxyethyl ) tetrahydrofuran - 3 
yl ) -4- ( methoxymethyl ) pyridin 

2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 
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TABLE A2 - continued TABLE A2 - continued 

Exemplary compounds wherein R ' is not hydrogen Exemplary compounds wherein R ' is not hydrogen 

( 22.4 ) ( 22.7 ) 
OH 

( R ) OH 

ZI 

N- ( 3- ( 6 - ( ( R ) -3 - ( ( R ) -1 
hydroxyethyl ) tetrahydrofuran - 3 
yl ) -4- ( methoxymethyl ) pyridin 

2 - yl ) -1 - methyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( R ) -N- ( 3- ( 6- ( 3 
( hydroxymethyl ) tetrahydrofuran 
3 - yl ) -4 - methoxypyridin - 2 - yl ) 

1 - methyl - 1H - pyrrolo [ 2,3 
c ] pyridin - 5 - yl ) acetamide 

( 22.8 ) OH 
( 5 ) 

( 22.5 ) OH 
( 5 ) F 

( S ) -N- ( 3- ( 4- ( difluoromethyl ) 
6- ( 3 

( hydroxymethyl ) tetrahydrofuran 
3 - yl ) pyridin - 2 - yl ) -1 - methyl 
1 H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( S ) -N- ( 3- ( 6- ( 3 
( hydroxymethyl ) tetrahydrofuran 

3 - yl ) -4- ( 2 
methoxyethoxy ) pyridin - 2 - yl ) 

1 - methyl - 1H - pyrrolo [ 2,3 
c ] pyridin - 5 - yl ) acetamide 

( 22.9 ) 
OH 

( R ) ( 22.6 ) 
S OH 

( S ) -N- ( 3- ( 6- ( 3 
( hydroxymethyl ) tetrahydrofuran 
3 - yl ) -4 - methoxypyridin - 2 - yl ) 

1 - methyl - 1H - pyrrolo [ 2,3 
c ] pyridin - 5 - yl ) acetamide 

( R ) -N- ( 3- ( 6- ( 3 
( hydroxymethyl ) tetrahydrofuran 

3 - yl ) -4- ( 2 
methoxyethoxy ) pyridin - 2 - yl ) 

1 - methyl - 1H - pyrrolo [ 2,3 
c ] pyridin - 5 - yl ) acetamide 
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TABLE A2 - continued TABLE A2 - continued 

Exemplary compounds wherein Rl is not hydrogen Exemplary compounds wherein R ' is not hydrogen 

( 22.10 ) 
( 26 ) . - 11110 

F og N ( R ) 

H 
HO maa N 

N- ( 3- ( 4 - ( ( R ) -2 
methoxypropoxy ) -6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

( R ) -N- ( 3- ( 4- ( difluoromethyl ) 
6- ( 3 - methoxytetrahydrofuran 
3 - yl ) pyridin - 2 - yl ) -1 - methyl 
1 H - pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) -2 - hydroxyacetamide 

( 24 ) 
( R ) 

TABLE B1 

Exemplary compounds wherein Rl is hydrogen 

( 1 - NH ) 

HO 

H2N ( R ) -2 - hydroxy - N- ( 3- ( 4 
( methoxymethyl ) -6- ( 3 

methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 1- ( 3- ( 6- ( 3 

methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1H - pyrrolo [ 2,3 

c ] pyridin - 5 - yl ) urea ( 25 ) ..11110 
( 2 - NH ) 

111110 
( R ) 

H 

N 

( R ) -N- ( 3- ( 4- ( 2 
methoxyethoxy ) -6- ( 3 

methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1 - methyl - 1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

( R ) -N- ( 3- ( 4 - methoxymethyl ) 
6- ( 3 - methoxytetrahydrofuran 

3 - yl ) pyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin 

yl ) acetamide 
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TABLE B1 - continued TABLE B1 - continued 

Exemplary compounds wherein R ' is hydrogen Exemplary compounds wherein Rl is hydrogen 

( 5 - NH ) ( 8 - NH ) 
( R ) 

( R ) 

N 

( R ) -N- ( 3- ( 4 - methoxy - 6- ( 3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

5 - yl ) acetamide 

( R ) -N- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) 
4 - oxetan - 3 - yloxy ) pyridin - 2 
yl ) -1 H - pyrrolo [ 2,3 - c ] pyridin 

5 - yl ) acetamide 

( 6 - NH ) ( 9 - NH ) 

110 1110 

( S ) 

OH 

( R ) -N- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) -4 
( oxetan - 3 - ylmethoxy ) pyridin - 2 
yl ) -1H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

N- ( 3- ( 4 - ( ( S ) -3 - hydroxybutoxy ) 
6 - ( ( R ) -3 

methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1H - pyrrolo [ 2,3 

c ] pyridin - 5 - yl ) acetamide 

OH ( 10 - NH ) ( 7 - NH ) 
- * 11110 ( R ) 

( R ) 

OH 

N- ( 3- ( 4 - ( ( R ) -3 
hydroxybutoxy ) -6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

( R ) -N- ( 3- ( 4- ( 2 
hydroxyethoxy ) -6- ( 3 

methoxytetrahydrofuran - 3 
yl ) pyrazin - 2 - yl ) -1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 
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TABLE B1 - continued TABLE B1 - continued 

Exemplary compounds wherein R ' is hydrogen Exemplary compounds wherein R is hydrogen 

( 12 - NH ) 
1110 os 

Yo H?N . 

( R ) -1- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

( 17 - NH ) 
( R ) -N- ( 3- ( 6- ( 3 

methoxytetrahydrofuran - 3 
yl ) pyridin - 2 - yl ) -1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

OH ( 21 - NH ) 

N 

( 13 - NH ) 

H2N . 
N- ( 3- ( 6- ( 3 

( hydroxymethyl ) tetrahydrofuran 
3 - yl ) pyridin - 2 - yl ) -1H 

pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide 

( 23 - NH ) 

( R ) 
1- ( 3- ( 6- ( oxetan - 3 - yl ) pyridin - 2 
yl ) -1 H - pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) urea 

( 16 - NH ) 

( R ) -N- ( 3- ( 4- ( methoxymethyl ) 
6- ( 3 - methoxytetrahydrofuran 

3 - yl ) pyridin - 2 - yl ) -1H 
pyrazolo [ 3,4 - c ] pyridin - 5 

yl ) acetamide 

N- ( 3- ( 6- ( 3 
methoxytetrahydrofuran - 3 

yl ) pyridin - 2 - yl ) -1H 
pyrrolo [ 2,3 - c ] pyridin - 5 

yl ) acetamide 

[ 0125 ] In certain embodiments , a composition comprises a 
compound , or pharmaceutically acceptable salt thereof , of 
Table A1 , A2 , or Table Bi , in an enriched amount , i.e. , 
> 50 % , > 60 % , > 65 % , > 70 % , > 75 % , > 80 % , > 85 % , > 90 % , 
> 91 % , > 92 % , > 93 % , > 94 % , > 95 % , > 96 % , > 97 % , > 98 % , 
> 99 % , > 99.5 % , or > 99.9 % , of the compound , or pharma 
ceutically acceptable salt thereof , of Table Al or Table B1 , 
over the sum total of other stereoisomer ( s ) present in the 
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composition ; and / or wherein the composition comprises 
< 0.1 % , < 0.5 % , < 1 % , < 2 % , < 3 % , < 4 % , < 5 % , < 6 % , < 7 % , 
< 8 % , < 9 % , < 10 % < 15 % , < 20 % , < 25 % , < 30 % , < 35 % , 
< 40 % , < 45 % , or < 50 % of other stereoisomer ( s ) present in 
the composition . 
[ 0126 ] In certain embodiments , the compound , or phar 
maceutically acceptable salt thereof , is selected from the 
compounds listed in Tables Al or A2 . 
[ 0127 ] In certain embodiments of Table A1 or A2 , wherein 
n is 1 , R3 is -OR3a ( wherein m is 0 ) , and the compound is 
a stereoisomer of Formula ( I - a ) , the compound of Formula 
( I ) is selected from the group consisting of Ex # 1 , # 1.2 , # 1.3 , 
# 1a.2 , # 16.2 , # 2 , # 2.2 , # 2.6 , # 2.8 , # 2.10 , # 2a.3 , # 2a.5 , # 3 , 
# 4 , # 4.3 , # 5 , # 5.2 , # 6 , # 6.3 , # 7 , # 8 , # 9 , # 10 , # 11 , # 11.2 , # 12 , 
# 12.3 , # 12.5 , # 12.6 , # 12a.2 , # 12a.3 , # 12b.2 , # 12b.3 , # 12b.4 , 
# 14.4 , # 14.5 , # 14.6 , # 16 , # 17 , # 17a , # 17.2 , # 17.3 , # 17.4 , 
# 17.5 , # 18 , # 18a , # 19 , # 20 , # 23 , # 22.2 , # 22.10 , # 24 , # 25 , 
# 26 , and pharmaceutically acceptable salts thereof . In cer 
tain embodiments , the compound of Formula ( I ) is selected 
from the group consisting of Ex # 1 , # 2 , # 3 , # 4 , # 5 , # 6 , # 7 , 
# 8 , # 9 , # 10 , # 11 , # 12 , # 14.6 , # 16 , # 17 , # 18 , # 19 , # 20 , # 24 , 
# 25 , # 26 , and pharmaceutically acceptable salts thereof . 
[ 0128 ] In certain embodiments of Table A1 or A2 , wherein 
n is 1 and Ris C -zalkyl , the compound of Formula ( I ) is 
selected from the group consisting of Ex # 3.2 , # 3.3 , # 2.3 , 
# 2.3a , # 2.11 , # 1b.5 , # 16.6 , and pharmaceutically acceptable 
salts thereof . In certain embodiments , wherein n is 1 , R is 
C1 - zalkyl , and the compound is a stereoisomer of Formula 
( I - a ) , the compound of Formula ( I ) is Ex # 1b.5 , # 2.3 , or # 3.2 , 
or a pharmaceutically acceptable salt thereof . 
[ 0129 ] In certain embodiments of Table Al or A2 , wherein 
n is 1 , R is- ( C -zalkylene ) ..- OR3a , and m is 1 , the 
compound of Formula ( I ) is selected from the group con 
sisting of Ex # 21 , # 21a , # 22 , # 22a , # 22.3 , # 22.4 , # 22.5 , 
# 22.6 , # 22.7 , # 22.8 , # 22.9 , and pharmaceutically acceptable 
salts thereof . In certain embodiments , wherein n is 1 , R² is 
- ( C ) -zalkylene ) .- OR?a , m is 1 , and the compound is a 
stereoisomer of Formula ( I - a ) , the compound of Formula ( I ) 
is Ex # 21 , # 22 , # 22.3 , # 22.4 , # 22.5 , # 22.6 , # 22.8 , or a 
pharmaceutically acceptable salt thereof . 
[ 0130 ] In certain embodiments of Table A1 or A2 , wherein 
n is 0 , the compound of Formula ( I ) is selected from the 
group consisting of Ex # 1b.4 , # 13 , # 14 , # 14.2 , # 14.3 , # 15 , 
# 15.2 , and pharmaceutically acceptable salts thereof . In 
certain embodiments , the compound of Formula ( 1 ) is 
selected from the group consisting of Ex # 13 , # 14 , # 15 , and 
pharmaceutically acceptable salts thereof . 
[ 0131 ] In certain embodiments of Table A1 or A2 , wherein 
n is 1 , R is ( C - zalkylene ) -OR34 or C4 - zalkyl , m is 0 or 
1 , and the compound is a stereoisomer of Formula ( I - a ) , the 
compound of Formula ( I ) is selected from the group con 
sisting of Ex # 1 , # 1.2 , # 1.3 , # 1a.2 , # 1b.2 , # 2 , # 2.2 , # 2.3 , 
# 2.6 , # 2.8 , # 2.10 , # 2a.3 , # 2a.5 , # 3 , # 4 , # 4.3 , # 5 , # 5.2 , # 6 , 
# 6.3 , # 7 , # 8 , # 9 , # 10 , # 11 , # 11.2 , # 12 , # 12.3 , # 12.5 , # 12.6 , 
# 12a.2 , # 12a.3 , # 12b.2 , # 12b.3 , # 12b.4 , # 14.4 , # 14.5 , # 14.6 , 
# 16 , # 17 , # 17a , # 17.2 , # 17.3 , # 17.4 , # 17.5 , # 18 , # 18a , # 19 , 
# 20 , # 21 , # 22 , 23 , # 1b.5 , # 22.2 , # 22.3 , # 22.4 , # 22.5 , # 22.6 , 
# 22.8 , # 22.10 , # 24 , # 25 , # 26 , and pharmaceutically accept 
able salts thereof . 
[ 0132 ] In certain embodiments , the compound of Formula 
( I ) is selected from the group consisting of Ex # 2 , # 4 , # 10 , 
# 11 , # 14.6 , # 22 , and pharmaceutically acceptable salts 
thereof . In certain embodiments , the compound of Formula 
( I ) is Ex # 2 , or a pharmaceutically acceptable salt thereof . In 

certain embodiments , the compound of Formula ( I ) is Ex # 4 , 
or a pharmaceutically acceptable salt thereof . In certain 
embodiments , the compound of Formula ( I ) is Ex # 10 , or a 
pharmaceutically acceptable salt thereof . In certain embodi 
ments , the compound of Formula ( I ) is Ex # 11 , or a 
pharmaceutically acceptable salt thereof . In certain embodi 
ments , the compound of Formula ( I ) is Ex # 14.6 , or a 
pharmaceutically acceptable salt thereof . In certain embodi 
ments , the compound of Formula ( I ) is Ex # 22 , or a 
pharmaceutically acceptable salt thereof . 

[ 0133 ] ( v ) Pharmaceutical Compositions and Methods 
of Use 

[ 0134 ] Further provided herein are pharmaceutical com 
positions comprising a compound of Formula ( I ) , or a 
pharmaceutically acceptable salt thereof , and a pharmaceu 
tically acceptable excipient . In certain embodiments , a com 
pound of Formula ( I ) , or a pharmaceutically acceptable salt 
thereof , is provided in an effective amount in the pharma 
ceutical composition . 
[ 0135 ] Pharmaceutical compositions comprising com 
pounds of Formula ( I ) , or pharmaceutically acceptable salts 
thereof , may comprise a mixture of stereoisomers , including 
racemic ( equal ) mixtures , or non - racemic ( scalemic ) mix 
tures enriched in one or more stereoisomer . For example , in 
certain embodiments , the composition comprises a com 
pound of Formula ( I ) , or pharmaceutically acceptable salt 
thereof , in an enriched amount , i.e. , > 50 % , > 60 % , > 65 % , 
> 70 % , > 75 % , > 80 % , > 85 % , > 90 % , > 91 % , > 92 % , > 93 % , 
> 94 % , > 95 % , > 96 % , > 97 % , > 98 % , > 99 % , > 99.5 % , or 
> 99.9 % , of stereoisomer ( I - a ) over the sum total of stereoi 
somers ( I - a ) and ( I - b ) in the composition ; and / or wherein the 
composition comprises < 0.1 % , < 0.5 % , < 1 % , < 2 % , < 3 % , 
< 4 % , < 5 % , < 6 % , < 7 % , < 8 % , < 9 % , < 10 % , < 15 % , < 20 % , 
< 25 % , < 30 % , < 35 % , < 40 % , < 45 % , or < 50 % of stereoisomer 
( I - b ) over the sum total of stereoisomers ( 1 - a ) and ( I - b ) in the 
composition . In certain embodiments , the composition com 
prises > 95 % of stereoisomer ( I - a ) over the sum total of 
stereoisomers ( I - a ) and ( I - b ) in the composition , and / or 
comprises < 5 % of stereoisomer ( I - b ) over the sum total of 
stereoisomers ( I - a ) and ( I - b ) in the composition . In other 
embodiments , the composition comprises a compound of 
Formula ( I ) , or pharmaceutically acceptable salt thereof , in 
an enriched amount , i.e. , > 50 % , > 60 % , > 65 % , > 70 % , > 75 % , 
> 80 % , > 85 % , > 90 % , > 91 % , > 92 % , > 93 % , > 94 % , > 95 % , 
> 96 % , > 97 % , > 98 % , > 99 % , > 99.5 % , or > 99.9 % , of stereoi 
somer ( I - b ) over the sum total of stereoisomers ( I - a ) and 
( I - b ) in the composition ; and / or wherein the composition 
comprises < 0.1 % , < 0.5 % , < 1 % , < 2 % , < 3 % , < 4 % , < 5 % , 
< 6 % , < 7 % , < 8 % , < 9 % , < 10 % , < 15 % , < 20 % , < 25 % , < 30 % , 
< 35 % , < 40 % , < 45 % , or < 50 % of stereoisomer ( I - a ) over the 
sum total of stereoisomers ( I - a ) and ( 1 - b ) in the composition . 
In certain embodiments , the composition comprises > 95 % 
of stereoisomer ( I - b ) over the sum total of stereoisomers 
( I - a ) and ( I - b ) in the composition , and / or comprises < 5 % of 
stereoisomer ( I - a ) over the sum total of stereoisomers ( I - a ) 
and ( I - b ) in the composition . 
[ 0136 ] In certain embodiments , the pharmaceutical com 
position comprises > 90 % of stereoisomer ( I - a ) over stereoi 
somer ( 1 - b ) , or comprises < 10 % of stereoisomer ( I - b ) . In 
certain embodiments , the composition comprises > 91 % of 
stereoisomer ( I - a ) over the sum total of stereoisomers ( l - a ) 
and ( 1 - b ) in the composition , or comprises < 9 % of stereoi 
somer ( I - b ) over the sum total of stereoisomers ( I - a ) and 
( I - b ) in the composition . In certain embodiments , the com 
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Further provided are compounds of Formula ( I ) , or phar 
maceutically acceptable salts thereof , or compositions com 
prising same , for use in a medicament , e.g. , for use in the 
treatment of inflammatory bowel disease ( IBD ) and / or pso 
riasis . In certain embodiments , the disease is Crohn's dis 
ease . In certain embodiments , the disease is ulcerative 
colitis . In certain embodiments , the disease is psoriasis . In 
certain embodiments , the effective amount is an amount 
effective in inhibiting Tyk2 , IL - 12 , and / or IL - 23 activity . In 
certain embodiments , the subject is a human subject . 

( vi ) Preparative Methods 

position comprises > 92 % of stereoisomer ( I - a ) over the sum 
total of stereoisomers ( I - a ) and ( I - b ) in the composition , or 
comprises < 8 % of stereoisomer ( I - b ) over the sum total of 
stereoisomers ( I - a ) and ( I - b ) in the composition . In certain 
embodiments , the composition comprises > 93 % of stereoi 
somer ( I - a ) over the sum total of stereoisomers ( I - a ) and 
( 1 - b ) in the composition , or comprises < 7 % of stereoisomer 
( I - b ) over the sum total of stereoisomers ( I - a ) and ( I - b ) in the 
composition . In certain embodiments , the composition com 
prises > 94 % of stereoisomer ( I - a ) over the sum total of 
stereoisomers ( I - a ) and ( 1 - b ) in the composition , or com 
prises < 6 % of stereoisomer ( I - b ) over the sum total of 
stereoisomers ( I - a ) and ( I - b ) in the composition . In certain 
embodiments , the composition comprises > 95 % of stereoi 
somer ( I - a ) over the sum total of stereoisomers ( I - a ) and 
( I - b ) in the composition , or comprises < 5 % of stereoisomer 
( 1 - b ) over the sum total of stereoisomers ( 1 - a ) and ( I - b ) in the 
composition . In certain embodiments , the composition com 
prises > 96 % of stereoisomer ( I - a ) over the sum total of 
stereoisomers ( I - a ) and ( 1 - b ) in the composition , or com 
prises < 4 % of stereoisomer ( I - b ) over the sum total of 
stereoisomers ( I - a ) and ( I - b ) in the composition . In certain 
embodiments , the composition comprises > 97 % of stereoi 
somer ( I - a ) over the sum total of stereoisomers ( I - a ) and 
( I - b ) in the composition , or comprises < 3 % of stereoisomer 
( I - b ) over the sum total of stereoisomers ( I - a ) and ( I - b ) in the 
composition . In certain embodiments , the composition com 
prises > 98 % of stereoisomer ( I - a ) over the sum total of 
stereoisomers ( I - a ) and ( I - b ) in the composition , or com 
prises < 2 % of stereoisomer ( I - b ) over the sum total of 
stereoisomers ( I - a ) and ( I - b ) in the composition . In certain 
embodiments , the composition comprises > 99 % of stereoi 
somer ( I - a ) over the sum total of stereoisomers ( I - a ) and 
( 1 - b ) in the composition , or comprises < 1 % of stereoisomer 
( I - b ) over the sum total of stereoisomers ( I - a ) and ( I - b ) in the 
composition . In certain embodiments , the composition com 
prises > 99.5 % of stereoisomer ( I - a ) over the sum total of 
stereoisomers ( I - a ) and ( I - b ) in the composition , or com 
prises < 0.5 % of stereoisomer ( I - b ) over the sum total of 
stereoisomers ( I - a ) and ( I - b ) in the composition . In certain 
embodiments , the composition comprises > 99.9 % of ste 
reoisomer ( I - a ) over the sum total of stereoisomers ( I - a ) and 
( I - b ) in the composition , or comprises < 0.1 % of stereoiso 
mer ( I - b ) over the sum total of stereoisomers ( I - a ) and ( I - b ) 
in the composition . 
[ 0137 ] Pharmaceutically acceptable excipients are well 
known to those skilled in the art , and include liquid vehicles 
such as water . Pharmaceutical compositions may be pre 
pared by bringing the compound of Formula ( 1 ) , or phar 
maceutically acceptable salt thereof , into association with 
one or more pharmaceutically acceptable excipients , and 
then , if necessary and / or desirable , shaping and / or packag 
ing the product into a desired single- or multi - dose unit . 
[ 0138 ] Compounds of Formula ( I ) , their pharmaceutically 
acceptable salts , and pharmaceutical compositions compris 
ing same , may be administered to and useful for treatment 
of subjects suffering from inflammatory bowel disease 
( IBD ) ( e.g. , Crohn's disease , ulcerative colitis ) and / or pso 
riasis . Accordingly , provided are methods of treating a 
disease , comprising administering to a subject in need 
thereof an effective amount of a compound of Formula ( I ) , 
or a pharmaceutically acceptable salt thereof , or a pharma 
ceutical composition thereof , to the subject , wherein the 
disease is inflammatory bowel disease ( IBD ) or psoriasis . 

[ 0139 ] Further provided herein are exemplary methods of 
preparing compounds of Formula ( I ) , and salts thereof . See , 
e.g. , Schemes 1-9 below , and the Examples . 
[ 0140 ] In one aspect , as depicted in Schemes 1 and 2 , 
provided is a method of preparing a compound of Formula 
( I ) , or salt thereof , comprising treating a compound of 
Formula ( D ) , or salt thereof , which comprises a free NH 
moiety , with a functionalizing reagent ( i.e. , a reagent used to 
replace the hydrogen on the NH group with a non - hydrogen 
R ' group ) to provide a compound of Formula ( I ) , wherein R1 
is unsubstituted or substituted C1 - talkyl , unsubstituted or 
substituted C3-6carbocyclyl , or unsubstituted or substituted 
4- to 6 - membered heterocyclyl . 
[ 0141 ] For example , as depicted in Scheme 1 , Step S3 , in 
certain embodiments , the method comprises treating a com 
pound of Formula ( D ) , or salt thereof , with a compound of 
formula RP - LG , or salt thereof , to provide a compound of 
Formula ( I ) , wherein LG is a leaving group , and R ! is 
unsubstituted or substituted C1 - galkyl , unsubstituted or sub 
stituted C3-6carbocyclyl , or unsubstituted or substituted 4- to 
6 - membered heterocyclyl . See Scheme 1 , Step S3 . In certain 
embodiments , LG ’ is halo ( e.g. , chloro , bromo , iodo ) or an 
activated hydroxyl group ( e.g. , -OTf , OTS , OMs , or 
OBs ) . In certain embodiments , the method comprises 

treating a compound of Formula ( D ) , or salt thereof , with a 
compound of formula R - LG * , or salt thereof , wherein Rl is 
CH3 , an unsubstituted or substituted cyclopropyl , an 

unsubstituted or substituted cyclobutyl , an unsubstituted or 
substituted oxetanyl , an unsubstituted or substituted tetra 
hydrofuranyl , and LG is halo ( e.g. , chloro , bromo , iodo ) or 
an activated hydroxyl group ( e.g. , OTf , OTS , OMs , 
or - OBs ) . In certain embodiments , the method comprises 
treating a compound of Formula ( D ) , or salt thereof , with 
dimethyl sulfate , methyliodide , or methylbromide ( in other 
words , a compound of formula RP - LG , or salt thereof , 
wherein R ' is — CHz and LG is -OS ( O ) 2OCH3 , -Br , or 
-I ) to provide a compound of Formula ( 1 ) , or salt thereof , 

wherein Rl is CHz . In certain embodiments , the method 
comprises treating a compound of Formula ( D ) , or salt 
thereof , with 3 - iodooxetane ( in other words , a compound 
formula RP - LG ' , or salt thereof , wherein R ' is oxetanyl and 
LG? is iodo ) , to provide a compound of Formula ( I ) , or salt 
thereof , wherein Rl is 3 - oxetanyl . In yet other embodiments 
of Scheme 1 , Step S3 , the method comprises treating a 
compound of Formula ( D ) , or salt thereof , with formalde 
hyde under reductive amination conditions , to provide a 
compound of Formula ( 1 ) , or salt thereof , wherein Rl is 
- CH3 . 
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[ 0142 ] In yet other embodiments , compounds of Formula 
( I ) , and salts thereof , are synthesized from compounds of 
Formula ( D ) , and salts thereof , following the procedure as 
shown in Scheme 2. For example , in certain embodiments , 
the method comprises treating a compound of Formula ( D ) , 
or salt thereof , with an oxetan - 3 - one of Formula ( X ) , 
wherein Rla and Rib may be the same or different , and are 
each independently hydrogen or CH3 , followed by trap 
ping of the in situ generated hemiaminal by fluorination 
( e.g. , using a fluorinating reagent , such as bis ( 2 - methoxy 
ethyl ) aminosulfur trifluoride , ( diethylamino ) sulfur trifluo 
ride , or 1- ( chloromethyl ) -4 - fluoro - 1,4 - diazoniabicyclo [ 2.2 . 
2 ] octane ditetrafluoroborate ) to provide a fluorinated 
compound of Formula ( I - i ) , or salt thereof . See , e.g. , Scheme 

2 , Step S3 - A . In certain embodiments , the method further 
comprises treating the compound of Formula ( I - i ) , or salt 
thereof , with a reducing agent to provide a compound of 
Formula ( I - ii ) , or salt thereof . See , e.g. , Scheme 2 , Step 
S3 - B . In certain alternative embodiments , the method fur 
ther comprises replacing the fluorine of the compound of 
Formula ( I - i ) , or salt thereof , with a group Rle , wherein Rle 
is C1 - zalkyl , C1 - zhaloalkyl , _OC1-3alkyl , or OC ha 
loalkyl to provide a compound of Formula ( I - iii ) , or salt 
thereof . See , e.g. , Scheme 2 , Step S3 - C . In certain embodi 
ments , the compound of Formula ( I - i ) , or salt thereof is 
treated with CH2MgBr , CH2CH MgBr , or NaOH in 
CH , OH , to provide a compound of Formula ( I - iii ) , or salt 
thereof , wherein Rlc is CH3 , CH2CH3 , or OCHZ . 
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[ 0143 ] In certain embodiments , the compound of Formula 
( D ) , or salt thereof , is prepared from a compound of Formula 
( C ) , or salt thereof , by deprotection of an amino protecting 
group , PG " . See Scheme 1 , Step S2 . In certain embodiments , 
PG1 is CH2 - phenyl , SEO ) RG or C ( = O ) ORG 
wherein R is alkyl or phenyl , and wherein each instance of 
phenyl is unsubstituted or substituted by halogen , C1 
zalkyl , - OC1 - zalkyl , or —NO2 . In certain embodiments , 
PG ' is a t - Butoxycarbonyl ( Boc ) group , or a toluenesulfonyl 
( Ts ) group , or a 2 - nitrobenenesulfonyl ( Ns ) group , or a 
paramethoxybenzyl ( PMB ) group . 
[ 0144 ] In certain embodiments , the compound of Formula 
( C ) , or salt thereof , is prepared from the cross - coupling of a 
compound of Formula ( A ) , or salt thereof with a compound 
of Formula ( B ) , or salt thereof , wherein LG1 and LG2 are 
leaving groups , which may be the same or different . See 
Scheme 1 , Step S1 . In certain embodiments , LG and LG2 

are each halogen groups ( e.g. , Cl , —Br , —I ) , or one of 
LG and LG is a boronic acid or boronic ester ( e.g. , a 
dioxoborolane group , such as tetramethyldioxoborolane ) 
and the other of LG and LG2 is a halogen group ( e.g. , - C1 , 
-Br , -I ) , and the cross - coupling reaction is facilitated 
using a palladium catalyst ( e.g. , PdCi ( dppf ) -DCM adduct ; 
Pd2 ( dba ) 3 ) . 
[ 0145 ] Alternatively , in certain embodiments , a compound 
of Formula ( I ) , or salt thereof , is prepared from coupling a 
compound of Formula ( H ) , or salt thereof , wherein LG4 is a 
leaving group ( e.g. , Cl , Br , —I ) with a compound of 
Formula R ? C O ) NH2 , in the presence of a palladium 
catalyst ( e.g. , Pd ( dba ) ) or a copper catalyst ( e.g. copper ( 1 ) 
iodide , such as wherein LG4 is — 1 ) . See Scheme 3 , Step S7 . 
In certain embodiments , R2 is -NH2 . In certain embodi 
ments , LG4 is - Br . In certain embodiments , LG4 is —I . 
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Scheme 3 . 
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[ 014 ] In certain embodiments , the compound of Formula 
( H ) , or salt thereof , is prepared by treating a compound of 
Formula ( G ) , or salt thereof , with a compound of formula 
R - LG3 , or salt thereof , wherein LG is a leaving group , and 
R ' is unsubstituted or substituted Cl - galkyl , unsubstituted or 
substituted C3-6carbocyclyl , or unsubstituted or substituted 
4- to 6 - membered heterocyclyl , as described herein . See 
Scheme 3 , Step S6 . In certain embodiments , LG3 is halo 
( e.g. , chloro , bromo , iodo ) or an activated hydroxyl group 
( e.g. , -OTf , OTs , -OMs , or - OBs ) . In certain embodi 
ments , the method comprises treating a compound of For 
mula ( G ) , or salt thereof , with a compound of formula 
RP - LG " , or salt thereof , wherein R ' is CH3 , an unsubsti 
tuted or substituted cyclopropyl , an unsubstituted or substi 
tuted cyclobutyl , an unsubstituted or substituted oxetanyl , or 
an unsubstituted or substituted tetrahydrofuranyl , and LG ’ is 
halo ( e.g. , chloro , bromo , iodo ) or an activated hydroxyl 
group ( e.g. , OTf , —OTS , OMs , or OBs ) . In other 
embodiments of Scheme 3 , Step S6 , the method comprises 
treating a compound of Formula ( G ) , or salt thereof , with 
dimethyl sulfate , methyliodide , or methylbromide ( in other 
words , a compound of formula R - L? » , or salt thereof , 
wherein R ' is CHz and LG3 is -OS ( O ) 2OCH3 , Br , or 
-I ) to provide a compound of Formula ( H ) , or salt thereof , 

wherein Rl is CH3 . In certain embodiments , the method 
comprises treating a compound of Formula ( G ) , or salt 
thereof , with 3 - iodooxetane ( in other words , a compound 
formula RP - LG ’ , or salt thereof , wherein Rl is oxetanyl and 
LG? is iodo ) , to provide a compound of Formula ( H ) , or salt 
thereof , wherein R ' is 3 - oxetanyl . In yet other embodiments 
of Scheme 1 , Step S3 , the method comprises treating a 
compound of Formula ( G ) , or salt thereof , with formalde 

hyde under reductive amination conditions , to provide a 
compound of Formula ( H ) , or salt thereof , wherein Rl is 
- CH . 
[ 0147 ] In yet other embodiments of Scheme 3 , Step S6 , 
and Scheme 4 , the method comprises treating a compound 
of Formula ( G ) , or salt thereof , with an oxetan - 3 - one of 
Formula ( X ) , wherein Rla and R16 may be the same or 
different , and are each independently hydrogen or — CH3 , 
followed by trapping of the in situ generated hemiaminal by 
fluorination ( e.g. , using a fluorinating reagent , such as 
bis ( 2 - methoxyethyl ) aminosulfur trifluoride , ( diethylamino ) 
sulfur trifluoride , or 1- ( chloromethyl ) -4 - fluoro - 1,4 - diazoni 
abicyclo [ 2.2.2 ] octane ditetrafluoroborate ) to provide a fluo 
rinated compound of Formula ( I - iv ) , or salt thereof . See , 
e.g. , Scheme 4 , Step S6 - A . In certain embodiments , the 
method further comprises treating the compound of Formula 
( I - iv ) , or salt thereof , with a reducing agent to provide a 
compound of Formula ( I - v ) , or salt thereof . See , e.g. , 
Scheme 4 , Step S6 - B . In certain alternative embodiments , 
the method further comprises replacing the fluorine of the 
compound of Formula ( I - iv ) , or salt thereof , with a group 
Rlc , wherein Rio is C -zalkyl , C - zhaloalkyl , OC1 - zalkyl , 
or OC - 3haloalkyl to provide a compound of Formula 
( I - vi ) , or salt thereof . See , e.g. , Scheme 4 , Step S6 - C . In 
certain embodiments , the compound of Formula ( I - iv ) , or 
salt thereof is treated with CH3MgBr , CH , CH_MgBr , or 
NaOH in CH , OH , to provide a compound of Formula ( I - vi ) , 
or salt thereof , wherein Rlc is CH3 , CH2CH3 , or 
OCHZ . 



US 2020/0255423 Al Aug. 13 , 2020 
42 

Scheme 4 . 

R4b R46 
• R4a - R4a 

-R3 R3 Rii 
• R4a 
R3 Rla 

X4 X2 ( 1 ) * R16 
LGH LGH 

X ! S6 - B 

X4 ( 2 ) trapping X5 ts 
LG4 ' N S6 - A F Rla Ria 

" R16 R16 

( I - iv ) ( I - v ) 
R 45 

R4a 
12 

R3 

S6 - C 

X4 

LG4 

ots 
2 R lo R la 

" R16 

( I - vi ) 

or 

[ 0148 ] In certain embodiments , the compound of Formula 
( G ) , or salt thereof , is prepared from a compound of Formula 
( F ) , or salt thereof , by deprotection of an amino protecting 
group , PG " . See Scheme 3 , Step S5 . In certain embodiments , 
PG " is CH2 - phenyl , SEO ) , RO CO ) ORG 
wherein RG is alkyl or phenyl , wherein each instance of 
phenyl is unsubstituted or substituted by halogen , C1 
zalkyl , OC -zalkyl , or NO2 . In certain embodiments , 
PG is a t - Butoxycarbonyl ( Boc ) group , a toluenesulfonyl 
( Ts ) group , a 2 - nitrobenenesulfonyl ( Ns ) group , or a param 
ethoxybenzyl ( PMB ) group . 
[ 0149 ] In certain embodiments , the compound of Formula 
( F ) , or salt thereof , is prepared from the cross - coupling of a 
compound of Formula ( E ) , or salt thereof with a compound 
of Formula ( B ) , or salt thereof , wherein LG ' and LG² are 
leaving groups , which may be the same or different . See 
Scheme 3 , Step S4 . In certain embodiments , LG and LG ? 
are each halogen groups ( e.g. , Cl , Br , —I ) ( wherein one 
LG or LG2 is first converted in situ to a boronic acid or 
ester ) , or one of LG and LG2 is a boronic acid or boronic 
ester ( e.g. , a dioxoborolane group , such as tetramethyldi 
oxoborolane ) and the other of LG ! and LG2 is a halogen 
group ( e.g. , Cl , Br , I ) , and wherein the cross - cou 
pling reaction is facilitated using a palladium catalyst ( e.g. , 
PdCl ( dppf ) -DCM adduct ; Pd2 ( dba ) 3 , Pd ( OAc ) 2 , chloro ( 2 

dicyclohexylphosphino - 2,4,6 - triisopropyl - 1,1 - biphenyl ) 
[ 2- ( 2 ' - amino - 1,1 ' - biphenyl ) ] palladium ( II ) ( XPhos - Pd - G2 ) , 
or ( 2 - dicyclohexylphosphino - 2 ' , 4 ' , 6 ' - triisopropyl - 1,1 - biphe 
nyl ) [ 2- ( 2 ' - amino - 1,1 ' - biphenyl ) ] palladium ( II ) methanesul 
fonate ( XPhos - Pd - G3 ) ) . 
[ 0150 ] In certain embodiments , compounds of Formula 
( B ) , and salts thereof , wherein m is O and R3 is OR3a or 
-N ( R34 ) , may be prepared following the method depicted 
in Scheme 5. For example , in certain embodiments , a 
compound of Formula ( J ) , or salt thereof , may be coupled to 
a compound of Formula ( K1 ) or ( K2 ) , or salt thereof , 
wherein PG² is hydrogen or an amino protecting group , and 
LG2 and LG? are leaving groups which may be the same or 
different , to provide a compound of Formula ( K1A ) or 
( K2A ) , or salt thereof . See Scheme 5 , Steps S8 and S10 . In 
certain embodiments , PG2 is hydrogen , CH2– phenyl , 
-S ( O ) , RC or C ( O ) ORG wherein RG is alkyl or 
phenyl , wherein each instance of phenyl is unsubstituted or 
substituted by halogen , C -zalkyl , OC1 - zalkyl , or 
-NO2 . In certain embodiments , PG² is hydrogen , a t - Bu 
toxycarbonyl ( Boc ) group , a toluenesulfonyl ( Ts ) group , a 
2 - nitrobenenesulfonyl ( Ns ) group , or a paramethoxybenzyl 
( PMB ) group . In certain embodiments , the compound of 
Formula ( J ) , or salt thereof , is treated with a base ( e.g. , 
n - butyllithium , s - butyllithium , or t - butyllithium ) in order to 
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form a metalated ( e.g. , lithium ) anion before treatment with 
a compound of Formula ( K1 ) or ( K2 ) , or salt thereof , to 
provide a compound of Formula ( B1A ) or ( B2A ) , or salt 
thereof . In certain further embodiments , the compound of 
Formula ( B1A ) , or salt thereof , is treated with a compound 
of R3aLG? , or salt thereof , wherein R3a is C1 - zalkyl or 
C - zhaloalkyl , and LG? is a leaving group , to provide an 
alkylated product of Formula ( BIB ) , or salt thereof . See 
Scheme 5 , Step S9 . Alternatively , in certain further embodi 
ments , the compound of Formula ( B2A ) , or salt thereof , is 
treated with a compound of R3aLG or R3bCHO , or salt 
thereof , wherein R3a is C -zalkyl or Cl.zhaloalkyl , and R3b 
is C1 - alkyl or C1 - zhaloalkyl , to provide an alkylated product 
of Formula ( B2B ) , or salt thereof wherein R3a is C1-3alkyl or 
C1-3 haloalkyl ( from reaction with RŽALG “ ) , or CH2 C1 
zalkyl or -CH2 - C1 - zhaloalkyl ( from reaction with 
R3 CHO ) , and the other R3a is hydrogen , or C1 - zalkyl or 
C1-3haloalkyl ( from additional reaction with R3LG ) . See 
Scheme 5 , Step S11 . 

[ 0152 ] In certain embodiments , the compound of Formula 
( B3A ) , or salt thereof , is treated with an epoxidizing reagent 
( e.g. , meta - chloroperoxybenzoic acid ) to provide an epoxi 
dized compound of Formula ( B3B ) , or salt thereof . See 
Scheme 6 , Step S13 . In certain embodiments the epoxidized 
compound of Formula ( B3B ) , or salt thereof , is treated with 
an acid ( e.g. , a Lewis acid such as scandium triflate or boron 
trifluoride etherate , or an inorganic acid such as sulfuric 
acid ) to provide the rearranged product of Formula ( B3C ) , 
or salt thereof . See Scheme 6 , Step S14 . 
[ 0153 ] The aldehyde functional group of the compound of 
Formula ( B3C ) , or salt thereof , may be synthetically 
manipulated to provide various compounds of Formula ( B ) , 
and salts thereof . For example , the compound Formula 
( B3C ) , or salt thereof , may be reductively aminated with a 
compound of Formula NH ( R34 ) 2 , or salt thereof , to provide 
a compound of Formula ( B3E ) , or salt thereof . See Scheme 
6 , Step S15 . Alternatively , the aldehyde functional group 
may be reduced ( e.g. , using NaBH4 ) to a -CH2OH moiety , 
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[ 0151 ] In certain embodiments , compounds of Formula 
( B ) , and salts thereof , wherein R is ( C4-3alkylene ) m 
OR34 , ( C1 - alkylene ) , - N ( R34 ) 2 , C - alkyl , or Cha loalkyl , may be prepared following the method depicted in 
Scheme 6. For example , in certain embodiments , a com 
pound of Formula ( J ) , or salt thereof , may be coupled to a 
compound of Formula ( K3 ) , or salt thereof , using with a 
base ( e.g. , cesium carbonate , potassium phosphate , sodium 
carbonate ) and a palladium catalyst ( e.g. , PdCi ( dppf ) -DCM 
adduct ; Pd ( dba ) ; ) , wherein LG² and LG? are leaving 
groups , which may be the same or different , to provide a 
compound of Formula ( B3A ) , or salt thereof . See Scheme 6 , 
Step S12 . 

and optionally alkylated with a compound of R3 « LG , or salt 
thereof , wherein LG? is a leaving group , to provide a 
compound of Formula ( B3D ) , or salt thereof , wherein R3a is 
hydrogen ( from reduction ) or R3a is C1-3alkyl , or Cj - zha 
loalkyl ( from subsequent optional alkylation ) . See Scheme 
6 , Step S16 . Alternatively , the aldehyde functional group 
may be homologated to an olefin ( e.g. , upon treatment with 
trialkylsilylmethyl Grignard ( e.g. , ( CH3 ) 2 SICH , MgCl , fol 
lowed by treatment with a Lewis Acid ; or upon treatment 
with a phosphonium ylide ( e.g. , CH PPhz ) via a Wittig 
homologation reaction ) to provide a compound of Formula 
( B3F ) , or salt thereof . See Scheme 6 , Step S17 . The olefinic 
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compound of Formula ( B3F ) , or salt thereof , may then be 
reduced ( e.g. , using hydrogenation conditions , such as H , 
and Pd / C ) to provide a compound of Formula ( B3G ) , or salt 
thereof . See Scheme 6 , Step S18 . Alternatively , the aldehyde 
functional group may be treated with a nucleophilic ( alky 
lating ) agent , such as a methyl or ethyl Grignard reagent 
( e.g. , CH3MgBr , CH2CH MgBr ) to provide a compound of 
Formula ( B3H ) , or salt thereof , wherein R ' is C1 - alkyl , and 
R3a is hydrogen or R3a is C1 - zalkyl , or C1 - zhaloalkyl ( from 
subsequent optional alkylation ) . See Scheme 6 , Step S21 . 

example , in certain embodiments , a compound of Formula 
( J ) , or salt thereof , is coupled to a compound of Formula 
( K4 ) , or salt thereof , wherein LG2 , LG? , and LG ” are leaving 
groups , which may be the same or different , to provide a 
compound of Formula ( B4A ) , or salt thereof . In certain 
embodiments , one of LGS and LG7 is a boronic acid or 
boronic ester ( e.g. , a dioxoborolane group , such as tetram 
ethyldioxoborolane ) , the other of LG and LG is a halogen 
group ( e.g. , Cl , Br , —I ) , and LG2 is a halogen group 
( e.g. , C1 , -Br , -I ) . In certain embodiments , LGS is a 
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R 

OR3a OR3a 

X ! 74 X ! X4 

LGP LGP LG ? 
( B3G ) ( B3D ) ( B3H ) 

[ 0154 ] In certain embodiments , compounds of Formula 
( B ) , and salts thereof , wherein R3 is hydrogen , may be 
prepared following the method depicted in Scheme 7. For 

boronic acid or boronic ester ( e.g. , a dioxoborolane group , 
such as tetramethyldioxoborolane ) , and each of LG and 
LG2 are halogen groups , which may be the same or different . 
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Scheme 7 . 

LG : - * 
S19 

• R4a 
n 

to provide a boronate ester of Formula ( B - 6B ) , or salt 
thereof , wherein each RP is C1 - zalkyl , or each RP is joined 
to form a 5- to 6 - membered ring optionally substituted with 
1 , 2 , 3 , or 4 C1 - zalkyl groups . See Scheme 9 , Step S22 . In 
certain embodiments , the boronate ester of Formula ( B - 6B ) , 
or salt thereof , may be converted to a compound of Formula 
( B - 6C ) , or salt thereof , upon treatment with an oxidizing 
reagent ( e.g. , potassium peroxomonosulfate ) , followed by 
subsequent alkylation ( e.g. , with a compound of formula 
R5aLG® , wherein LG? is a leaving group ) to provide a 
compound of Formula ( B - 6D ) , or salt thereof . See Scheme 
9 , Steps S23 - S24 . In certain embodiments , LG8 is halo ( e.g. , 
chloro , bromo , iodo ) or an activated hydroxyl group ( e.g. , 
-OTf , —OTS , OMs , or —OBs ) . 

LGP 
LG7 

( K4 ) 
R46 R4a 

n 

9 

x ! 84 
Scheme 9 . 

LG R46 R4a 
( B4A ) at R3 

S22 

X4 

LG2 

[ 0155 ] In certain embodiments , compounds of Formula 
( B ) , and salts thereof , wherein R3 is C1-3alkyl or C1-3ha loalkyl , may be prepared following the method depicted in 
Scheme 8. For example , in certain embodiments , a com 
pound of Formula ( L ) , or salt thereof , may be cyclized to the 
ether ( such as using Mitzunobu conditions ( e.g. , PPhz and an 
azodicarboxylate , such as diethyl azodicarboxylate ( DEAD ) 
or diisopropyl azodicarboxylate ( DIAD ) ) , to provide a com 
pound of Formula ( B5 ) , or salt thereof . 

( B - 6A ) 

R46 R4a 
Scheme 8 . ORB 

X2 R3 
?? , 82 B 

' ORB S23 
R3 

X4 
HO S20 

x ! X4 LG 
( B - 6B ) 

LG R46 R4a 
( L ) 

R3 -R3 
OH : - * : -K ? S24 

X4 X4 

LG LG2 
( B - 6C ) ( B5 ) R46 R4a 

R3 
* OR 5a 

5a 

X4 

[ 0156 ] In certain embodiments , compounds of Formula 
( B ) , and salts thereof , wherein X is N and X ’ is CH , may 
be further synthetically manipulated to install a OR 
group at X ° . For example , in certain embodiments , a com 
pound of Formula ( B - 6A ) , or salt thereof , may be treated 
with an iridium or ruthenium dimer species ( e.g. , 1,5 
cyclooctadiene methoxyiridium dimer or pentamethylcyclo 
pentadienyl ruthenium dichloride dimer ) and optionally a 
ligand ( e.g. , 4,4 ' - di - tert - butyl - 2 ' , 2 ' - bipyridine ) in combina 
tion with ( RPO ) B - B ( ORP ) 2 ( e.g. , bis ( pinacolato ) diboron ) 

LG2 
( B - 6D ) 
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( vii ) Embodiments 1-125 substituted Cl - galkyl , unsubstituted or substituted C3-6car 
bocyclyl , or unsubstituted or substituted 4- to 6 - membered 
heterocyclyl . [ 0157 ] Embodiments 1-125 are further provided herein . 

Embodiment 1 

[ 0158 ] a compound of Formula ( 1 ) 
Embodiment 3 

[ 0167 ] The compound of Embodiment 2 , or a pharmaceu 
tically acceptable salt thereof , wherein R ' is an unsubstituted 
C1-6alkyl , or dialkyl substituted with 1 , 2 , or 3 substituents 
selected from the group consisting of halogen , CN , OH , 

OC1-3alkyl , and —OC1-3haloalkyl . R4b 
• R4a 

Embodiment 4 R3 
: 82 [ 0168 ] The compound of Embodiment 3 , or a pharmaceu 

tically acceptable salt thereof , wherein Ri is unsubstituted 
C1 - zalkyl , or C1 - zalkyl substituted with 1 , 2 , or 3 substituents 
selected from the group consisting of halogen , - CN , -OH , 
OC -zalkyl , and OC1-3haloalkyl . 

X4 
ST 

R ? 

ts Embodiment 5 

[ 0169 ] The compound of Embodiment 2 , or a pharmaceu 
tically acceptable salt thereof , wherein Rl is unsubstituted or 
substituted C carbocyclyl . R 

Embodiment 6 
[ 0170 ] The compound of Embodiment 5 , or a pharmaceu 
tically acceptable salt thereof , wherein R1 is unsubstituted 
C carbocyclyl , or C carbocyclyl substituted with 1 , 2 , or 3 
substituents selected from the group consisting of halogen , 
CN , -OH , C1 - zalkyl , C1-3haloalkyl . -OC4-3alkyl , and 
OC1-3haloalkyl . or or 

Embodiment 7 

[ 0171 ] The compound of Embodiment 5 , or a pharmaceu 
tically acceptable salt thereof , wherein Rl is unsubstituted 
Carbocyclyl , or Carbocyclyl substituted with 1 , 2 , or 3 
substituents selected from the group consisting of halogen , 
CN , OH , C1 - alkyl , C1-3haloalkyl , OC1 - zalkyl , and 
OC1-3haloalkyl . 

Embodiment 8 

or a pharmaceutically acceptable salt thereof ; 
wherein : 
[ 0159 ] R ' is hydrogen , or R ' is unsubstituted or substituted 
C1-6alkyl , unsubstituted or substituted C3-6carbocyclyl , or 
unsubstituted or substituted 4- to 6 - membered heterocyclyl ; 
R2 is -NH , NHR24 , OR2a , unsubstituted or substi 
tuted C - alkyl , unsubstituted substituted 
Czcarbocyclyl , and R2a is unsubstituted or substituted 
Cl - alkyl or unsubstituted or substituted Czcarbocyclyl ; 
[ 0160 ] R3 is hydrogen , ( Cy - zalkylene ) m - OR3a , - ( C 
zalkylene ) m - N ( R3a ) 2 , C - zalkyl , or Cl - zhaloalkyl , wherein m 
is 0 or 1 , and each instance of R34 is independently hydro 
gen , C1 - zalkyl , or C1-3haloalkyl ; 
[ 0161 ] n is 0 or 1 , and each instance of R4a and R4b is 
independently hydrogen , halogen , C1 - zalkyl , or C4-3ha 
loalkyl , or R4a and Rºb are joined form an oxo ( O ) 
group ; or 
[ 0162 ] nis 1 , R4a is hydrogen , C1 - zalkyl , or C1-3haloalkyl , 
and R46 is - OH , OR4c , or OCEO ) R4d , wherein each 
instance of R4c and R4d is independently unsubstituted or 
substituted C1-3alkyl ; 
[ 0163 ] X3 is N or CR® , wherein RS is hydrogen , CN , 

unsubstituted substituted 
Cl - alkyl , and RSa is unsubstituted or substituted C1 - galkyl , 
unsubstituted or substituted C3-6carbocyclyl , unsubstituted 
or substituted C3-6carbocycly1C1-3alkyl , unsubstituted or 
substituted 4- to 6 - membered heterocyclyl , or unsubstituted 
or substituted 4- to 6 - membered heterocycly1C1-3alkyl ; 
[ 0164 ] each instance of X1 , X² , X4 , and > is indepen 
dently N or CH , provided no more than two of X ?, X , and 
X4 is N ; and 
[ 0165 ] each instance of substituted is independent substi 
tution with 1 , 2 , or 3 substituents selected from the group 
consisting of halogen , CN , OH , C - zalkyl , C - 3ha 
loalkyl , - OC ) -zalkyl , and OC1 - zhaloalkyl . 

[ 0172 ] The compound of Embodiment 5 , or a pharmaceu 
tically acceptable salt thereof , wherein Rl is C3 - carbocyclyl 
substituted with 1 , 2 , or 3 halogen substituents , or 1 - CN 
substituent . 

ORSA , NHR4 , or or 
Embodiment 9 

[ 0173 ] The compound of Embodiment 2 , or a pharmaceu 
tically acceptable salt thereof , wherein R is unsubstituted or 
substituted 4- to 6 - membered heterocyclyl . 

Embodiment 10 
[ 0174 ] The compound of Embodiment 9 , or a pharmaceu 
tically acceptable salt thereof , wherein R is unsubstituted 4 
to 5 - membered heterocyclyl containing 1 or 2 ring heteroa 
toms independently selected from the group consisting of 
oxygen and nitrogen , or 4- to 5 - membered heterocyclyl 
containing 1 or 2 ring heteroatoms independently selected 
from the group consisting of oxygen and nitrogen and which 
is substituted with 1 , 2 , or 3 substituents selected from the 
group consisting of halogen , CN , OH , C - zalkyl , 
C1 - zhaloalkyl . -OC1-3alkyl , and OC1 - zhaloalkyl . 

Embodiment 2 

[ 0166 ] The compound of Embodiment 1 , or a pharmaceu 
tically acceptable salt thereof , wherein R is unsubstituted or 
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Embodiment 11 Embodiment 18 

[ 0175 ] The compound of Embodiment 10 , or a pharma 
ceutically acceptable salt thereof , wherein R is unsubsti 
tuted oxetanyl , or oxetanyl substituted with 1 , 2 , or 3 
substituents selected from the group consisting of halogen , 

CN , OH , C -zalkyl , C - zhaloalkyl , -OC - zalkyl , and 
OC1 - zhaloalkyl . 

[ 0182 ] The compound of any one of Embodiments 1-13 , 
or a pharmaceutically acceptable salt thereof , wherein R² is 
unsubstituted C carbocyclyl , or C carbocyclyl substituted 
with 1 , 2 , or 3 halogen substituents . 

Embodiment 19 

Embodiment 12 [ 0183 ] The compound of any one of Embodiments 1-13 , 
or a pharmaceutically acceptable salt thereof , wherein Rais 
-NH2 , - NHCH3 , OCHZ , CHz , or CH , OH . [ 0176 ] The compound of Embodiment 10 , or a pharma 

ceutically acceptable salt thereof , wherein Rl is unsubsti 
tuted tetrahydrofuranyl , or tetrahydrofuranyl substituted 
with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , OH , C - zalkyl , C1 - zhaloalkyl . 
OC4 - zalkyl , and OC -3 haloalkyl . 

Embodiment 20 

[ 0184 ] The compound of any one of Embodiments 1-19 , 
or a pharmaceutically acceptable salt thereof , wherein n is 1 . 

Embodiment 13 Embodiment 21 
[ 0177 ] The compound of Embodiment 1 , or a pharmaceu 
tically acceptable salt thereof , wherein R is CH3 , 

CH , F , CHF , CF3 , 
[ 0185 ] The compound of any one of Embodiments 1-19 , 
or a pharmaceutically acceptable salt thereof , wherein n is 0 . 

2 : 

Embodiment 22 

my ( R ) 

[ 0186 ] The compound of any one of Embodiments 1-21 , 
or a pharmaceutically acceptable salt thereof , wherein R3 is 

( Csalkylene ) ,, - OR34 , ( C - alkylene ) ,, - N ( R34 ) , 
Cl - zalkyl , or C1.zhaloalkyl . 

F. 

* F , F , 

Embodiment 23 

[ 0187 ] The compound of Embodiment 22 , or a pharma 
ceutically acceptable salt thereof , wherein R3 is ( C1 
zalkylene ) -OR3a or ( Cl - zalkylene ) , .- N ( R34 ) . F 

( R ) 
or 

Embodiment 24 

[ 0188 ] The compound of Embodiment 22 or 23 , or a 
pharmaceutically acceptable salt thereof , wherein R3 is 

( C1-3alkylene ) m - OR3a ( C1 - zalkylene ) m - N ( R39 ) 2 and 
m is 0 . 

( S ) or 

Embodiment 25 

Embodiment 14 
[ 0189 ] The compound of Embodiment 22 or 23 , or a 
pharmaceutically acceptable salt thereof , wherein R3 is 

( C1 - zalkylene ) ..- OR4 or -C - zalkylene ) -N ( R3 ) 2 and 
m is 1 . [ 0178 ] The compound of any one of Embodiments 1-13 , 

or a pharmaceutically acceptable salt thereof , wherein R² is 
—NHR2a , OR24 , or unsubstituted or substituted 

C1 - alkyl , and R2a is unsubstituted or substituted C -galkyl . 
–NH2 , Embodiment 26 

Embodiment 15 
[ 0190 ] The compound of Embodiment 22 , or a pharma 
ceutically acceptable salt thereof , wherein R is C - zalkyl or 
C1 - zhaloalkyl . [ 0179 ] The compound of Embodiment 14 , or a pharma 

ceutically acceptable salt thereof , wherein R2 is -NH Embodiment 27 
Embodiment 16 

[ 0180 ] The compound of Embodiment 14 , or a pharma 
ceutically acceptable salt thereof , wherein R2 is unsubsti 
tuted or substituted Cmalkyl . 

[ 0191 ] The compound of any one of Embodiments 1-21 , 
or a pharmaceutically acceptable salt thereof , wherein R3 is 
hydrogen . 

Embodiment 28 
Embodiment 17 

[ 0181 ] The compound of Embodiment 16 , or a pharma 
ceutically acceptable salt thereof , wherein R2 is unsubsti 
tuted or substituted C1 - zalkyl . 

[ 0192 ] The compound of any one of Embodiments 1-21 , 
or a pharmaceutically acceptable salt thereof , wherein R3 is 
OH , OCH , CH ( OH ) CHz , CH ( OH ) CHz , CH3 , CH2CH3 , 
CH , OH , or CH2NH2 . 
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Embodiment 29 

( R ) ( S ) [ 0193 ] The compound of any one of Embodiments 1-28 , 
or a pharmaceutically acceptable salt thereof , wherein each 
instance of R4a and R46 is hydrogen . to OH , " OH , 

Embodiment 30 ( R ) 

[ 0194 ] The compound of any one of Embodiments 1-29 , 
or a pharmaceutically acceptable salt thereof , wherein X is 
N. 

OH OH 

Embodiment 31 

( R ) [ 0195 ] The compound of any one of Embodiments 1-29 , 
or a pharmaceutically acceptable salt thereof , wherein X3 is 
CRS . 

HO 
OH Embodiment 32 OH 

[ 0196 ] The compound of Embodiment 31 , or a pharma 
ceutically acceptable salt thereof , wherein RS is hydrogen . ( R ) -- 1111 !!! 

Embodiment 33 min nhu [ 0197 ] The compound of Embodiment 31 , or a pharma 
ceutically acceptable salt thereof , wherein R5 is CN . HO 2 

or Embodiment 34 

when 
[ 0198 ] The compound of Embodiment 31 , or a pharma 
ceutically acceptable salt thereof , wherein R is OR $ a or 
NHR5a , wherein Rsa is unsubstituted Cl - galkyl or 

C1 - alkyl independently substituted with 1 , 2 , or 3 substitu 
ents selected from the group consisting of halogen , CN , 
OH , OC1 - zalkyl , and OC1-3 haloalkyl . 

ho 
Embodiment 35 

Embodiment 38 
[ 0202 ] The compound of Embodiment 31 , wherein R is 
unsubstituted Cl - alkyl or C1 - alkyl substituted with 1 , 2 , or 
3 substituents selected from the group consisting of halogen , 
CN , OH , C1-3alkyl , C1 - zhaloalkyl , OC1 - zalkyl , and 
OC1-3haloalkyl . 

[ 0199 ] The compound of Embodiment 31 , or a pharma 
ceutically acceptable salt thereof , wherein RS is OR $ a or 
-NHRSa , wherein Rsa is unsubstituted or substituted 

C3-6carbocyclyl or unsubstituted or substituted C3-6carbo 
cycly1C1 - zalkyl , and wherein the substituted C3 - carbocyclyl 
is independently substituted with 1 , 2 , or 3 substituents 
selected from the group consisting of halogen , CN , OH , 
C1-3alkyl , C1 - zhaloalkyl , OC1 - zalkyl , and OC1-3ha 
loalkyl . 

Embodiment 39 

[ 0203 ] The compound of Embodiment 38 , wherein RS is 
Cj - zalkyl substituted with 1 substituent selected from the 
group consisting of -OH , OC1-3alkyl and —OC1 - zha 
loalkyl . Embodiment 36 

Embodiment 40 
OR $ a or 

[ 0204 ] The compound of Embodiment 39 , wherein R5 is 
C1 - zalkyl substituted with 1 substituent that is - OC1 - zalkyl . 

[ 0200 ] The compound of Embodiment 31 , or a pharma 
ceutically acceptable salt thereof , wherein R is 
-NHR50 , wherein R5a is unsubstituted or substituted 4- to 

6 - membered heterocyclyl or unsubstituted or substituted 4 
to 6 - membered heterocycly1C1-3alkyl , wherein the substi 
tuted 4- to 6 - membered heterocyclyl group is independently 
substituted with 1 , 2 , or 3 substituents selected from the 
group consisting of halogen , CN , OH , C1 - zalkyl , 
C1 - zhaloalkyl , OC1-3alkyl , and OC -3haloalkyl . 

Embodiment 41 

[ 0205 ] The compound of Embodiment 39 , wherein RS is 
dialkyl substituted with 1 substituent selected from the 
group consisting of - OH , OC1-3alkyl and OC1-3ha 
loalkyl . Embodiment 37 

Embodiment 42 [ 0201 ] The compound of Embodiment 31 , or a pharma 
ceutically acceptable salt thereof , wherein R? is hydrogen , 
CN , CH3 , CH F , CHF2 , CF3 , —CHOCHZ , 
OCHZ , OCH2CH3 , OCH ( CH3 ) 2 , OCH CH2OH , 
OCH , CHOCHZ , OCHF2 , -OCH CN , 

[ 0206 ] The compound of any one of Embodiments 1-41 , 
or a pharmaceutically acceptable salt thereof , wherein X is 
N. 
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Embodiment 43 

[ 0207 ] The compound of any one of Embodiments 1-42 , 
or a pharmaceutically acceptable salt thereof , wherein X2 is 
CH . 

[ 0223 ] m is 0 or 1 ; and 
[ 0224 ] n is 0 or 1 ; 
[ 0225 ] wherein substituted is independent substitution 
with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , OH , C1-3alkyl , C1-3haloalkyl . 
OC1 - zalkyl , and OC1-3haloalkyl . Embodiment 44 

Embodiment 51 [ 0208 ] The compound of any one of Embodiments 1-43 , 
or a pharmaceutically acceptable salt thereof , wherein X4 is 
CH . 

Embodiment 45 
v [ 0209 ] The compound of any one of Embodiments 1-44 , 

or a pharmaceutically acceptable salt thereof , wherein XS is 
CH . 

Embodiment 46 

[ 0226 ] The compound of Embodiment 50 , or a pharma 
ceutically acceptable salt thereof , wherein : 
[ 0227 ] Xl is N ; 
[ 0228 ] X² , X4 , and xs are each CH ; 
[ 0229 ] X is N or CRS ; 
[ 0230 ] R ! is unsubstituted or substituted C1 - zalkyl , 
wherein substituted is independent substitution with 1 , 2 , or 
3 substituents selected from the group consisting of halogen , 
CN , —OH , OC1 - zalkyl , and OC1-3haloalkyl ; 

[ 0231 ] R2 is —NH2 , NHCHz , -CH3 , or CH2OH ; 
[ 0232 ] Riis ( C - zalkylene ) .- OR3a , C - zalkyl , or 
C1 - zhaloalkyl ; 
[ 0233 ] R4a and R46 are each hydrogen ; 
[ 0234 ] m is 0 or 1 ; and 
[ 0235 ] n is 0 or 1 . 

[ 0210 ] The compound of any one of Embodiments 1-29 
and 31-41 , or a pharmaceutically acceptable salt thereof , 
wherein X² is CH , X3 is CRS , and X4 is CH . 

Embodiment 47 

[ 0211 ] The compound of any one of Embodiments 1-29 , 
or a pharmaceutically acceptable salt thereof , wherein X is 
N ; X2 is CH ; X + is CH or N ; X is CH or N ; and X3 is N or 
CRS . 

Embodiment 52 

Embodiment 48 

[ 0212 ] The compound of Embodiment 47 , or a pharma 
ceutically acceptable salt thereof , wherein Xl is N ; X² is CH ; 
X4 is CH ; XS is CH ; and X3 is N or CRS . 

Embodiment 49 

[ 0213 ] The compound of Embodiment 47 , or a pharma 
ceutically acceptable salt thereof , wherein X ' is N ; X² is CH ; 
X4 is CH ; XS is CH ; and X3 is CRS . 

[ 0236 ] The compound of Embodiment 50 , or a pharma 
ceutically acceptable salt thereof , wherein : 
[ 0237 ] Xl is N ; 
[ 0238 ] X² , X4 , and X5 are each CH ; 
[ 0239 ] X is N or CRS : 
[ 0240 ] R is unsubstituted or substituted C3-4carbocyclyl , 
wherein substituted is independent substitution with 1 , 2 , or 
3 substituents selected from the group consisting of halogen , 
CN , OH , C1 - zalkyl , C1-3haloalkyl , OC1-3alkyl , and 
OC1 - zhaloalkyl ; 

[ 0241 ] R² is - NH2 , - NHCHZ , CHz , or CH2OH ; 
[ 0242 ] Ris ( C - zalkylene ) .- OR3a , Cj - zalkyl , or 
C1-3haloalkyl ; 
[ 0243 ] R4a and R4h are each hydrogen ; 
[ 0244 ] m is 0 or 1 ; and 
[ 0245 ] n is 0 or 1 . 

Embodiment 50 

Embodiment 53 

[ 0214 ] The compound of Embodiment 1 , or a pharmaceu 
tically acceptable salt thereof , wherein : 
[ 0215 ] Xl is N ; 
[ 0216 ] X² , X4 , and Xs are each CH ; 
[ 0217 ] X is N or CRS : 
[ 0218 ] R is unsubstituted or substituted C -zalkyl , unsub 
stituted or substituted C3-4carbocyclyl , or unsubstituted or 
substituted 4- to 5 - membered heterocyclyl ; 
[ 0219 ] R2 is -NH2 , NHR24 , OR2a , unsubstituted or 
substituted C1-3alkyl , and R24 is unsubstituted or substituted 
C -zalkyl ; 
[ 0220 ] R is ( C1-3alkylene ) m - OR34 , ( C1-3alkylene ) m 
N ( R34 ) 2 , C - zalkyl , or C zhaloalkyl , wherein each instance 
of R3a is independently hydrogen , C1 - zalkyl , or C1-3ha 
loalkyl : 
[ 0221 ] each instance of R4a and R46 is hydrogen ; 
[ 0222 ] R $ is hydrogen , CN , OR5a , 
unsubstituted or substituted C1 - alkyl , wherein R $ a is unsub 
stituted or substituted C1 - talkyl , unsubstituted or substituted 
C3 - carbocyclyl , unsubstituted or substituted C3-6carbocy 
cly1C1-3alkyl , unsubstituted or substituted 4- to 6 - membered 
heterocyclyl , or unsubstituted or substituted 4- to 6 - mem 
bered heterocycly1C1-3alkyl ; 

[ 0246 ] The compound of Embodiment 50 , or a pharma 
ceutically acceptable salt thereof , wherein : 
[ 0247 ] Xl is N ; 
[ 0248 ] X² , X4 , and X ' are each CH ; 
[ 0249 ) X is N or CRS : 
[ 0250 ] R ' is unsubstituted or substituted 4- to 5 - membered 
heterocyclyl , wherein substituted is independent substitution 
with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , CN , OH , C1-3alkyl , C1 - zhaloalkyl , 

OC1-3alkyl , and OC1-3haloalkyl ; 
[ 0251 ] R2 is -NH2 , - NHCHZ , CH3 , or CH2OH ; 
[ 0252 ] Riis ( C1-3 alkylene ) m - OR3a , C1-3alkyl , or 
C1-3haloalkyl ; 
[ 0253 ] R4a and R46 are each hydrogen ; 
[ 0254 ] m is 0 or 1 ; and 
[ 0255 ] n is 0 or 1 . 

NHR4 , or 
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Embodiment 54 [ 0292 ] R² is CH3 ; 
[ 0293 ] R3 is ( C - zalkylene ) m - OR3a wherein m is 0 ; 
[ 0294 ] R4a and R46 are each hydrogen ; 
[ 0295 ] R5 is OR $ a wherein RSA is dialkyl substituted 
with 1 substituent selected from the group consisting of 
OH , -OC1 - zalkyl and OC -zhaloalkyl ; and 

[ 0296 ] n is 1 . 

Embodiment 58 

[ 0256 ] The compound of Embodiment 50 , or a pharma 
ceutically acceptable salt thereof , wherein : 
[ 0257 ] Xl is N ; 
[ 0258 ] X² , X4 , and Xs are each CH ; 
[ 0259 ) X3 is CRS : 
[ 0260 ] R is unsubstituted C1 - zalkyl , or unsubstituted or 
substituted 4 - membered heterocyclyl , wherein substituted is 
independent substitution with 1 , 2 , or 3 substituents selected 
from the group consisting of halogen , CN , OH , 
C1-3alkyl , C1 - zhaloalkyl , OC1-3alkyl , and OC - ha 
loalkyl : 
[ 0261 ] R² is CH3 ; 
[ 0262 ] R3 is ( C .zalkylene ) m - OR3a , 
[ 0263 ] R4a and R45 are each hydrogen ; 
[ 0264 ] RS is dialkyl substituted with 1 substituent selected 
from the group consisting of —OH , OC4-3alkyl and 
OC1-3haloalkyl ; 

[ 0265 ] m is 0 or 1 ; and 
[ 0266 ] n is 1 . 

[ 0297 ] The compound of Embodiment 1 , or a pharmaceu 
tically acceptable salt thereof , wherein : 
[ 0298 ] X is N ; 
[ 0299 ] X2 , X4 , and Xs are each OH ; 
[ 0300 ] x is CRS : 
[ 0301 ] R is unsubstituted C1 - zalkyl ; 
[ 0302 ] R2 is CH3 ; 
[ 0303 ] Riis ( C - zalkylene ) m - OR3a wherein m is 1 ; 
[ 0304 ] Ra and Rºb are each hydrogen ; 
[ 0305 ] Ris C alkyl substituted with 1 substituent selected 
from the group consisting of —OH , —OC1 - zalkyl and 
OC -zhaloalkyl ; and 

[ 0306 ] n is 1 . Embodiment 55 

Embodiment 59 

naceu 

[ 0267 ] The compound of Embodiment 50 , or a pharma 
ceutically acceptable salt thereof , wherein : 
[ 0268 ] X is N ; 
[ 0269 ] X² , X4 , and Xs are each CH ; 
[ 0270 ) X is CRS : 
[ 0271 ] RP is unsubstituted dialkyl ; 
[ 0272 ] RP is CH3 ; 
[ 0273 ] R? is ( C1 - zalkylene ) m - OR34 wherein m is 0 ; 
[ 0274 ] R4a and R45 are each hydrogen ; 
[ 0275 ] RS is dialkyl substituted with 1 substituent selected 
from the group consisting of —OH , OC1-3alkyl and 
OC -zhaloalkyl ; and 

[ 0276 ] n is 1 . 

[ 0307 ] The compound of Embodiment 1 , or a pharma 
tically acceptable salt thereof , wherein : 
[ 0308 ] Xl is N ; 
[ 0309 ] X ?, x4 , and XS are CH ; 
[ 0310 ) X3 is CRS : 
[ 0311 ] Rl is unsubstituted or substituted 4 - membered het 
erocyclyl , wherein substituted is independent substitution 
with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , OH , C4-3alkyl , Cj - zhaloalkyl , 
OC1 - alkyl , and OC1-3haloalkyl ; 

[ 0312 ] R² is CH3 ; 
[ 0313 ] R3 is ( C - zalkylene ) m - OR3a wherein m is 1 ; 
[ 0314 ] R4a and R46 are each hydrogen ; 
[ 0315 ] RS is C alkyl substituted with 1 substituent selected 
from the group consisting of OH , OC1 - zalkyl and 
OC1 - zhaloalkyl ; and 

[ 0316 ] n is 1 . 

Embodiment 56 

Embodiment 60 

[ 0277 ] The compound of Embodiment 1 , or a pharmaceu 
tically acceptable salt thereof , wherein : 
[ 0278 ] X1 is N ; 
[ 0279 ] X² , X4 , and X® are OH ; 
[ 0280 ] X² is CRS ; 
[ 0281 ] RP is unsubstituted or substituted 4 - membered het 
erocyclyl , wherein substituted is independent substitution 
with 1 , 2 , or 3 substituents selected from the group consist 
ing of halogen , CN , OH , C1 - zalkyl , C1-3haloalkyl , 
OC1 - zalkyl , and OC1 - zhaloalkyl ; 

[ 0282 ] R2 is CHZ ; 
[ 0283 ] R is ( C1 - zalkylene ) m - OR3a wherein m is 0 ; 
[ 0284 ] R4a and R45 are each hydrogen ; 
[ 0285 ] R is dialkyl substituted with 1 substituent selected 
from the group consisting of OH , OC4-3alkyl and 
-OC -zhaloalkyl ; and 

[ 0286 ] n is 1 . 

[ 0317 ] The compound of Embodiment 1 , or a pharmaceu 
tically acceptable salt thereof , wherein 
[ 0318 ] Xl is N ; 
[ 0319 ] X ?, x4 , and X5 are each CH ; 
[ 0320 ] X is CRS : 
[ 0321 ] Rl is unsubstituted C4-3alkyl ; 
[ 0322 ] R2 is CH3 ; 
[ 0323 ] R3 is ( Cy - zalkylene ) m - OR3a wherein m is 1 ; 
[ 0324 ] R4a and R45 are each hydrogen ; 
[ 0325 ] RS is OR $ a wherein R5a is C1 - zalkyl substituted 
with 1 substituent selected from the group consisting of 
OH , OC1-3alkyl and — OC1-3haloalkyl ; and 

[ 0326 ] n is 1 . Embodiment 57 

[ 0287 ] The compound of Embodiment 1 , or a pharmaceu 
tically acceptable salt thereof , wherein 
[ 0288 ] Xl is N ; 
[ 0289 ] X² , X4 , and Xs are each CH ; 
[ 0290 ] X3 is CRS ; 
[ 0291 ] Ri is unsubstituted dialkyl ; 

Embodiment 61 
[ 0327 ] The compound of Embodiment 1 , or a pharmaceu 
tically acceptable salt thereof , wherein : 
[ 0328 ] Xl is N ; 
[ 0329 ] X² , X4 , and X ” are each CH ; 
[ 0330 ] X is CRS : 
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Embodiment 64 

[ 0348 ] The compound of Embodiment 1 , wherein the 
compound is of Formula ( II - a ) : 

( II - a ) 

[ 0331 ] R is unsubstituted C -zalkyl ; 
[ 0332 ] R² is CH3 ; 
[ 0333 ] Ris- ( C.zalkylene ) ,, - OR3a wherein m is 0 ; 
[ 0334 ] R4a and R46 are each hydrogen ; 
[ 0335 ] R?is -OR $ a wherein RSa is C3 - carbocyclyl sub 
stituted with 1 substituent selected from the group consisting 
of OH , OC -zalkyl and OC -zhaloalkyl ; and 
[ 0336 ] n is 1 . 

R46 
• R4a 

silt R3 
RS 

Embodiment 62 R2 

R1 

or a pharmaceutically acceptable salt thereof . 

[ 0337 ] The compound of Embodiment 1 , or a pharmaceu 
tically acceptable salt thereof , wherein : 
[ 0338 ] Xl is N : 
[ 0339 ] X² , X4 , and X are each CH ; 
[ 0340 ] X3 is CRS ; 
[ 0341 ] RP is unsubstituted C1 - zalkyl ; 
[ 0342 ] RP is CHZ ; 
[ 0343 ] Ris ( C.zalkylene ) ,, - OR3a wherein m is 1 ; 
[ 0344 ] R4a and R46 are each hydrogen ; 
[ 0345 ] R $ is -OR $ a wherein R $ a is C3-6carbocyclyl sub 
stituted with 1 substituent selected from the group consisting 
of OH , OC - zalkyl and OC1-3haloalkyl ; and 
[ 0346 ] n is 1 . 

Embodiment 65 
[ 0349 ] The compound of Embodiment 1 , wherein the 
compound is of Formula ( II - b ) : 

( II - b ) 
R45 

-R4a 

R3 

RS 

Embodiment 63 R ? N 

[ 0347 ] The compound of any one of Embodiments 1-62 , 
wherein the compound is of Formula ( I - a ) : N 

R1 

or a pharmaceutically acceptable salt thereof . 

( I - a ) 
Embodiment 66 

[ 0350 ] The compound of Embodiment 1 , wherein the 
compound is of Formula ( II - a ) : R46 

• R4a 

HR3 ( II - a ) X2 R46 
f R4a X ! oft -X4 esset R3 

R ? R5 

N 

R ! R ? mo R ] 

or a pharmaceutically acceptable salt thereof . or a pharmaceutically acceptable salt thereof , 
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cly1C1-3alkyl , unsubstituted or substituted 4- to 6 - membered 
heterocyclyl , or unsubstituted or substituted 4- to 6 - mem 
bered heterocycly1C1 - zalkyl ; 
[ 0364 ] nis 0 or 1 ; and 
[ 0365 ] each instance of substituted is independent substi 
tution with 1 , 2 , or 3 substituents selected from the group 
consisting of halogen , CN , OH , C1-3alkyl , C1-3ha 
loalkyl . OC1-3alkyl , and OC1-3haloalkyl . 

Embodiment 68 

wherein : 
[ 0351 ] R ' is unsubstituted or substituted C -zalkyl , unsub 
stituted or substituted C3-4carbocyclyl , or unsubstituted or 
substituted 4- to 5 - membered heterocyclyl ; 
[ 0352 ] R² is NH2 , NHR24 , unsubstituted or substi 
tuted C1 - zalkyl , and R2a is unsubstituted or substituted 
C1 - zalkyl ; 
[ 0353 ] Riis ( C.zalkylene ) . -OR34 , ( C1 - zalkylene ) m 
N ( R3 ) 2 , C - zalkyl , or C -zhaloalkyl , wherein m is 0 or 1 , 
and each instance of R3a is independently hydrogen , 
C1 - zalkyl , or C1-3haloalkyl ; 
[ 0354 ] each instance of R4a and R46 is hydrogen ; 
[ 0355 ] R is hydrogen , CN , OR 5a NHR 50 , or 
unsubstituted or substituted C1 - alkyl , wherein R $ a is unsub 
stituted or substituted C1 - galkyl , unsubstituted or substituted 
Cz - carbocyclyl , unsubstituted or substituted Cz.gcarbocy 
cly1C1-3alkyl , unsubstituted or substituted 4- to 6 - membered 
heterocyclyl , or unsubstituted or substituted 4- to 6 - mem 
bered heterocycly1C - zalkyl ; 
[ 0356 ] n is 0 or 1 ; and 
[ 0357 ] each instance of substituted is independent substi 
tution with 1 , 2 , or 3 substituents selected from the group 
consisting of halogen , CN , CN , OH , C - zalkyl , C - zha 
loalkyl . OC1-3alkyl , and OC1-3haloalkyl . 

[ 0366 ] The compound of Embodiments 64-67 , or a phar 
maceutically acceptable salt thereof , wherein Rl is - CHz , 

CH , F , CHF , CF , 

( R ) ( S ) 
F 

F , * F , 

N 

Embodiment 67 
or [ 0358 ] The compound of Embodiment 1 , wherein the 

compound is of Formula ( II - b ) : IIIT 
( II - b ) ( 5 ) 

R4 
R4a 

R3 

-RS 
N Embodiment 69 

R ? [ 0367 ] The compound of any one of Embodiments 64-68 , 
or a pharmaceutically acceptable salt thereof , wherein R² is 
-NH2 , - NHCHZ , OCHZ , CH3 , or - CH2OH . 

Embodiment 70 R ? 

[ 0368 ] The compound of any one of Embodiments 64-69 , 
or a pharmaceutically acceptable salt thereof , wherein Ris 
OH , OCHz , CH2OH , CH_NH2 , CH ( OH ) CH3 , 
CH3 , or CH CHz . 

Embodiment 71 

or a pharmaceutically acceptable salt thereof , 
wherein : 
[ 0359 ] Rl is unsubstituted or substituted C -zalkyl , unsub 
stituted or substituted C3-4carbocyclyl , or unsubstituted or 
substituted 4- to 5 - membered heterocyclyl ; 
[ 0360 ] R2 is -NH2 , NHR24 , unsubstituted or substi 
tuted C1 - zalkyl , and R24 is unsubstituted or substituted 
C1 - zalkyl ; 
[ 0361 ] R is- ( C -zalkylene ) , .- OR34 , ( C - zalkylene ) 
N ( R34 ) 2 , C1 - zalkyl , or Cj - zhaloalkyl , wherein m is 0 or 1 , 
and each instance of Ra is independently hydrogen , 
C - zalkyl , or C .zhaloalkyl ; 
[ 0362 ] each instance of R4a and R44 is hydrogen ; 
[ 0363 ] RS is hydrogen , CN , OR5a , 
unsubstituted or substituted C1 - alkyl , wherein RS is unsub 
stituted or substituted Cl - alkyl , unsubstituted or substituted 
C3 - carbocyclyl , unsubstituted or substituted C3 - carbocy 

[ 0369 ] The compound of any one of Embodiments 64-70 , 
or a pharmaceutically acceptable salt thereof , wherein each 
instance of R4a and R46 is hydrogen . 

Embodiment 72 

NHR54 , or 
5 a 

[ 0370 ] The compound of any one of Embodiments 64-71 , 
or a pharmaceutically acceptable salt thereof , wherein RS is 
hydrogen , CN , CH , F , 
CHOCHZ . OCHZ . OCH , CH , OCH ( CH3 ) 2 , 
OCH CH2OH , OCH_CH_OCH3 , OCHF2 , OCH CN 

CH3 , CHF 22 CF3 , 
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Embodiment 75 
[ 0373 ] The compound of Embodiment 1 , wherein the 
compound is of Formula ( III - a ) : 

( III - a ) 
R45 

( R ) ( S ) 

OH , " OH , 
R4a 

the the 11 ( C1-3alkylene ) m - OR3a 

RS 

R ? HN ( S ) 

( S ) ( R ) 

HO R ! 
OH OH 

V HO 
or 

or a pharmaceutically acceptable salt thereof , 
wherein : 
[ 0374 ] Rl is unsubstituted or substituted C -zalkyl , unsub 
stituted or substituted C3-4carbocyclyl , or unsubstituted or 
substituted 4- to 5 - membered heterocyclyl ; 
[ 0375 ] RP is -NH2 , -NHR24 , unsubstituted or substi 
tuted C1 - zalkyl , and R2a is unsubstituted or substituted 
Cl - zalkyl ; 
[ 0376 ] R3 is- ( C ) -zalkylene ) m - OR3a , ( C1 - zalkylene ) m 
N ( R34 ) 2 , Cl - zalkyl , or C - zhaloalkyl , wherein m is 0 or 1 , 
and each instance of R3a is independently hydrogen , 
C1 - zalkyl , or C1 - zhaloalkyl ; 
[ 0377 ] each instance of R4a and R46 is hydrogen ; 
[ 0378 ] RS is hydrogen , CN , ORS , NHRSa , or 
unsubstituted or substituted dialkyl , wherein R5a is unsub 
stituted or substituted C1 - alkyl , unsubstituted or substituted 
C3-6carbocyclyl , unsubstituted or substituted C3-6carbocy 
cly1C1-3alkyl , unsubstituted or substituted 4- to 6 - membered 
heterocyclyl , or unsubstituted or substituted 4- to 6 - mem 
bered heterocycly1C -zalkyl ; 
[ 0379 ] n is 0 or 1 ; and 
[ 0380 ] each instance of substituted is independent substi 
tution with 1 , 2 , or 3 substituents selected from the group 
consisting of halogen , OH , C1-3alkyl , C1-3ha 
loalkyl , OC1 - zalkyl , and OC1-3haloalkyl . 

Embodiment 76 
[ 0381 ] The compound of Embodiment 74 or 75 , or a 
pharmaceutically acceptable salt thereof , wherein Rl is 
CH3 , CH F , CHF2 , CF3 , 

Embodiment 73 

[ 0371 ] The compound of any one of Embodiments 64-72 , 
or a pharmaceutically acceptable salt thereof , wherein n is 1 . 1 

Embodiment 74 
CN , 

[ 0372 ] The compound of Embodiment 1 , wherein the 
compound is of Formula ( III - a ) : 

( III - a ) 
R46 

R42 

( C1 - zalkylene ) m - OR3a 

R5 

F , 

R ? You 
Te Tx II 
IEBT 

N 

R ! or 

or a pharmaceutically acceptable salt thereof . 
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-continued -continued 
OH , ?? , or 

( 5 ) 

mahn 
Embodiment 77 

0 . 

[ 0382 ] The compound of any one of Embodiments 74-76 , 
or a pharmaceutically acceptable salt thereof , wherein R2 is 
–NH , NHCH ,, NHCHZ , OCHZ , OCHz , -CH3 , or CH2OH . 

Embodiment 78 

[ 0383 ] The compound of any one of Embodiments 74-77 , 
or a pharmaceutically acceptable salt thereof , wherein R3a is 
hydrogen or —CHz . 

Embodiment 83 
[ 0388 ] The compound of any one of Embodiments 74-82 , 
or a pharmaceutically acceptable salt thereof , wherein n is 1 . 

Embodiment 84 
[ 0389 ] The compound of Embodiment 1 , wherein the 
compound is of Formula ( IV - a ) : 

Embodiment 79 

[ 0384 ] The compound of any one of Embodiments 74-78 , 
or a pharmaceutically acceptable salt thereof , wherein m is 
0 . 

Embodiment 80 ( IV - a ) 
R45 

[ 0385 ] The compound of any one of Embodiments 74-79 , 
or a pharmaceutically acceptable salt thereof , wherein m is 
1 . 

HL • Rta 
f..OR3a 

R5 
Embodiment 81 N 

[ 0386 ] The compound of any one of Embodiments 74-80 , 
or a pharmaceutically acceptable salt thereof , wherein each 
instance of R4a and R46 is hydrogen . 

R ? 

Embodiment 82 N 

R1 [ 0387 ] The compound of any one of Embodiments 74-81 , 
or a pharmaceutically acceptable salt thereof , wherein RS is 
hydrogen , CN , CHZ , CHZF , CHF , 
CHOCHZ , OCH3 , OCH CH3 , OCH ( CH3 ) 2 , 
OCH , CH , OH , OCH_CH_OCHZ , 
OCH , CN , 

CF3 , 

OCHF 22 

or a pharmaceutically acceptable salt thereof . 
Embodiment 85 

[ 0390 ] The compound of Embodiment 1 , wherein the 
compound is of Formula ( IV - a ) : 

( IV - a ) 
R46 

( R ) ( 5 ) • R4a 
?? , " OH , PERIOR3a 

( R ) ( S ) 
RS 

N OH OH 

R2 

( S ) ( R ) 

R1 
HO HO 

or a pharmaceutically acceptable salt thereof , 
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Embodiment 88 

[ 0400 ] The compound of any one of Embodiments 84-87 , 
or a pharmaceutically acceptable salt thereof , wherein R3a is 
hydrogen or CHZ . 

Embodiment 89 

[ 0401 ] The compound of any one of Embodiments 84-88 , 
or a pharmaceutically acceptable salt thereof , wherein each 
instance of R4a and R46 is hydrogen . 

wherein : 
[ 0391 ] R is unsubstituted or substituted C1 - zalkyl , unsub 
stituted or substituted C3-4carbocyclyl , or unsubstituted or 
substituted 4- to 5 - membered heterocyclyl ; 
[ 0392 ] R2 is -NH2 , NHR24 , unsubstituted or substi 
tuted C1 - zalkyl , and R2a is unsubstituted or substituted 
C1 - zalkyl ; 
[ 0393 ] R3a is independently hydrogen , C1-3alkyl , or 
C1 - zhaloalkyl ; 
[ 0394 ] each instance of R4a and R46 is hydrogen ; 
[ 0395 ] RS is hydrogen , CN , OR5a , NHR5a , 
unsubstituted or substituted C1 - galkyl , wherein RSa is unsub 
stituted or substituted C1 - alkyl , unsubstituted or substituted 
C3-6carbocyclyl , unsubstituted or substituted C3 - carbocy 
cly1C1-3alkyl , unsubstituted or substituted 4- to 6 - membered 
heterocyclyl , or unsubstituted or substituted 4- to 6 - mem 
bered heterocycly1C -zalkyl ; 
[ 0396 ] n is 0 or 1 ; and 
[ 0397 ] each instance of substituted is independent substi 
tution with 1 , 2 , or 3 substituents selected from the group 
consisting of halogen , CN , OH , C1 - zalkyl , C1-3ha 
loalkyl . -OC - alkyl , and OC1 - zhaloalkyl . 

or 

Embodiment 90 

[ 0402 ] The compound of any one of Embodiments 84-89 , 
or a pharmaceutically acceptable salt thereof , wherein R5 is 
hydrogen , CN CN , CH3 , CH , F , CF3 , 
CHOCH3 , OCH3 , OCH , CH , OCH ( CH3 ) 2 , 

-OCH CH2OH , OCH_CH_OCHZ , OCHF 
- OCH CN , 

CHF2 , 

Embodiment 86 ( R ) ( S ) 

OH , POH , [ 0398 ] The compound of Embodiment 84 or 85 , or a 
pharmaceutically acceptable salt thereof , wherein R ' is 

CH3 , CH_F , CHF2 , CF39 ( R ) ( S ) 

OH OH mogu ( R ) 
F F 

F , F , whe nhu 
N 

( S ) ( R ) 

HO 
OH OH M 85.88 + LE HO 

or 

( R ) ( 5 ) 

ben to or 

Embodiment 87 
Embodiment 91 

[ 0399 ] The compound of any one of Embodiments 84-86 , 
or a pharmaceutically acceptable salt thereof , wherein R * is 
-NH2 , - NHCH3 , OCH3 , CH3 , or CH2OH . 

[ 0403 ] The compound of any one of Embodiments 84-90 , 
or a pharmaceutically acceptable salt thereof , wherein n is 1 . 
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Embodiment 92 
( I - ii - II - a ) 

R46 [ 0404 ] The compound of Embodiment 1 , wherein the 
compound is of Formula ( 1 - i ) or ( I - iii ) : • R4a 

R3 

RS 
( I - ii ) 

R46 
R4a 

R ? HZ 
-R3 

.R la X4 

R2 Rib 
or 

( I - iii - II - a ) 
R 46 

N R4a 
.R la oft 1111 R3 
R16 

or RS 

R ? 

ts 
N 

Rio 
.R la 

( I - iii ) R 16 
Reb 

-R42 & R3 .X ? X ! 
X4 

R ? 

ts 

Rio 
• R la 

R16 

or a pharmaceutically acceptable salt thereof , 
wherein : 
[ 0406 ] each of Rla and R16 is independently hydrogen or 
CH3 ; 

[ 0407 ] Rle is C -zalkyl , C1-3haloalkyl , 40C1-3alkyl , or 
OC1-3haloalkyl ; 

[ 0408 ] RP is --NH2 , -NHR24 , unsubstituted or substi 
tuted C -zalkyl , and R2a is unsubstituted or substituted 
C1 - zalkyl ; 
[ 0409 ] R3 is ( C1 - zalkylene ) m - OR34 , ( C1 - zalkylene ) m 
N ( R3 ) 2 , C - zalkyl , or Chaloalkyl , wherein m is 0 or 1 , 
and each instance of R3a is independently hydrogen , 
Cj - zalkyl , or C1 - zhaloalkyl ; 
[ 0410 ] each instance of R4a and R46 is hydrogen ; 
[ 0411 ] R5 is hydrogen , CN , OR5a , NHR5a , or 
unsubstituted or substituted C1 - alkyl , wherein RS4 is unsub 
stituted or substituted C1 - alkyl , unsubstituted or substituted 
C3-6carbocyclyl , unsubstituted or substituted C3-6carbocy 
cly1C1-3alkyl , unsubstituted or substituted 4- to 6 - membered 
heterocyclyl , or unsubstituted or substituted 4- to 6 - mem 
bered heterocycly1C1 - zalkyl ; 
[ 0412 ] n is 0 or 1 ; and 
[ 0413 ] each instance of substituted is independent substi 
tution with 1 , 2 , or 3 substituents selected from the group 
consisting of halogen , CN , OH , C1 - zalkyl , C1-3ha 
loalkyl , OC1-3alkyl , and OC1 - zhaloalkyl . 

or a pharmaceutically acceptable salt thereof , wherein each 
of R1 la and Rib is independently hydrogen or CH3 , and Rle 
is C1-3alkyl , C1-3haloalkyl , OC1-3alkyl , or OC1-3ha 
loalkyl . 

1 

Embodiment 93 

[ 0405 ] The compound of Embodiment 64 , or a pharma 
ceutically acceptable salt thereof , wherein the compound is 
of Formula ( I - ii - II - a ) or ( I - iii - Il - a ) : 
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Embodiment 94 Embodiment 99 

[ 0414 ] The compound of Embodiment 92 or 93 , or a 
pharmaceutically acceptable salt thereof , wherein R2 is 
NH , NHCH ,, OCHz , -CH3 , or -CH2OH . 2 : 

Embodiment 95 

[ 0419 ] The compound of Embodiment 98 selected from 
the group consisting of compounds # 1 , # 1.2 , # 1.3 , # 1a.2 , 
# 1b.2 , # 2 , # 2.2 , # 2.6 , # 2.8 , # 2.10 , # 2a.3 , # 2a.5 , # 3 , # 4 , # 4.3 , 
# 5 , # 5.2 , # 6 , # 6.3 , # 7 , # 8 , # 9 , # 10 , # 11 , # 11.2 , # 12 , # 12.3 , 
# 12.5 , # 12.6 , # 12a.2 , # 12a.3 , # 12b.2 , # 12b.3 , # 12b.4 , # 14.4 , 
# 14.5 , # 14.6 , # 16 , # 17 , # 17a , # 17.2 , # 17.3 , # 17.4 , # 17.5 , 
# 18 , # 18a , # 19 , # 20 , # 23 , # 22.2 , # 22.10 , # 24 , # 25 , # 26 , and 
pharmaceutically acceptable salts thereof . 

[ 0415 ] The compound of any one of Embodiments 92-94 , 
or a pharmaceutically acceptable salt thereof , wherein R3 is 
OH , OCHZ , CH , OH , CH2NH2 , CH ( OH ) CH3 , 
CH3 , or CH2CH3 Embodiment 100 

Embodiment 96 [ 0420 ] The compound of Embodiment 98 selected from 
the group consisting of compounds # 3.2 , # 3.3 , # 2.3 , # 2.3a , 
# 2.11 , # 16.5 , # 1b.6 , and pharmaceutically acceptable salts 
thereof . 

[ 0416 ] The compound of any one of Embodiments 92-95 , 
or a pharmaceutically acceptable salt thereof , wherein Ris 
hydrogen , CN , CH , CH , F , 
CH_OCH , OCHZ , OCH , CH , OCH ( CH3 ) 2 , 
OCH CH2OH , OCH_CHOCHZ , 
OCH , CN , 

CF3 , CHF 23 
OCHF 22 Embodiment 101 

[ 0421 ] The compound of Embodiment 98 selected from 
the group consisting of compounds # 21 , # 21a , # 22 , # 22a , 
# 22.3 , # 22.4 , # 22.5 , # 22.6 , # 22.7 , # 22.8 , # 22.9 , and phar 
maceutically acceptable salts thereof . ( R ) 

" OH OH , Embodiment 102 
( R ) ( S ) [ 0422 ] The compound of Embodiment 98 selected from 

the group consisting of compounds # 16.4 , # 13 , # 14 , # 14.2 , 
# 14.3 , # 15 , # 15.2 , and pharmaceutically acceptable salts 
thereof . 

OH OH 

muhu much nhu Embodiment 103 
( S ) ( R ) 

O. 

HO HO 

?? , ?? , or 

[ 0423 ] The compound of Embodiment 98 selected from 
the group consisting of compounds # 1 , # 1.2 , # 1.3 , # 1a.2 , 
# 1b.2 , # 2 , # 2.2 , # 2.3 , # 2.6 , # 2.8 , # 2.10 , # 2a.3 , # 2a.5 , # 3 , # 4 , 
# 4.3 , # 5 , # 5.2 , # 6 , # 6.3 , # 7 , # 8 , 89 , # 10 , # 11 , # 11.2 , # 12 , 
# 12.3 , # 12.5 , # 12.6 , # 12a.2 , # 12a.3 , # 12b.2 , # 12b.3 , # 12b.4 , 
# 14.4 , # 14.5 , # 14.6 , # 16 , # 17 , # 17a , # 17.2 , # 17.3 , # 17.4 , 
# 17.5 , # 18 , # 18a , # 19 , # 20 , # 21 , # 22 , # 23 , # 1b.5 , # 22.2 , 
# 22.3 , # 22.4 , # 22.5 , # 22.6 , # 22.8 , # 22.10 , # 24 , # 25 , # 26 , and 
pharmaceutically acceptable salts thereof . 

mhm Embodiment 104 

[ 0424 ] The compound of Embodiment 1 , wherein the 
compound is selected from the group consisting of any one 
of the compounds listed in Table B1 , or a pharmaceutically 
acceptable salt thereof . 

Embodiment 105 

Embodiment 97 [ 0425 ] A pharmaceutical composition comprising a com 
pound of any one of Embodiments 1-104 , or a pharmaceu 
tically acceptable salt thereof , and a pharmaceutically 
acceptable excipient . [ 0417 ] The compound of any one of Embodiments 92-96 , 

or a pharmaceutically acceptable salt thereof , wherein n is 1 . 

Embodiment 98 Embodiment 106 

[ 0418 ] The compound of Embodiment 1 selected from the 
group consisting of any one of the compounds listed in 
Tables Al or A2 , or a pharmaceutically acceptable salt 
thereof . 

[ 0426 ] The composition of Embodiment 105 comprising a 
compound of Formula ( 1 ) , or pharmaceutically acceptable 
salt thereof , in > 90 % amount of stereoisomer ( I - a ) over the 
sum total of stereoisomers ( I - a ) and ( 1 - b ) in the composition : 
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( I - a ) 
R45 

Embodiment 112 
[ 0432 ] A method of preparing a compound of Formula ( I ) 
of Embodiment 1 , or salt thereof , from a compound of 
Formula ( D ) , or salt thereof , or from a compound of Formula 
( H ) , or salt thereof : 

• R4a 

*** 11R3 

( D ) X ! 
X4 R45 

R4a 
R ? ZI 

-R3 

R1 X4 

R2 

N. 

( I - b ) 
R46 

R4a 
( H ) 

R3 
• R4a 

R3 
-X4 X ? 

R ? X Y X4 t's 
N LG4 

R ! ts 
N 

R ? 
Embodiment 107 

[ 0427 ] A method of treating a disease comprising admin 
istering an effective amount of a compound of any one of 
Embodiments 1-104 , or pharmaceutically acceptable salt 
thereof , or a pharmaceutical composition of any one of 
Embodiments 105-106 , to a subject in need thereof , wherein 
the disease is inflammatory bowel disease or psoriasis . 

Embodiment 108 

wherein LG4 is a leaving group ; 
[ 0433 ] ( i ) the method comprising treating a compound 
of Formula ( D ) , or salt thereof , with a compound of 
formula R - LG , wherein R is optionally substituted 
Cl - alkyl , optionally substituted C3-6carbocyclyl , or 
optionally substituted 4- to 6 - membered heterocyclyl , 
and LG? is a leaving group , to provide a compound of 
Formula ( I ) , or salt thereof ; or 

[ 0434 ] ( ii ) the method comprising treating a compound 
of Formula ( D ) , or salt thereof , with formaldehyde , 
under reductive amination conditions , to provide a 
compound of Formula ( I ) , or salt thereof , wherein Rl is 
CHz ; or 

[ 0435 ] ( iii ) the method comprising treating a compound 
of Formula ( D ) , or salt thereof , with an oxetan - 3 - one of 
Formula 

[ 0428 ] The method of Embodiment 107 , wherein the 
disease is inflammatory bowel disease . 

Embodiment 109 

[ 0429 ] The method of Embodiment 108 , wherein the 
inflammatory bowel disease is Crohn's disease . 

Embodiment 110 
( X ) [ 0430 ] The method of Embodiment 108 , wherein the 

inflammatory bowel disease is ulcerative colitis . 
Rla 

Embodiment 111 
Rlb , 

[ 0431 ] The method of Embodiment 107 , wherein the 
disease is psoriasis . 
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wherein each of Rla and Rib is independently hydrogen or 
CH3 , followed by trapping of the in situ generated hemi 

aminal by fluorination to provide a fluorinated compound of 
Formula ( I - i ) : 

( I - iii ) 

• R4a 

R3 

A3 
X ! 

( I - i ) X4 
R43 

R4a R ? 

t 
R3 

Rlc R la 

R16 X4 

R ? 

or salt thereof ; or 
F 

Rla M R 15 , 

[ 0438 ] ( iv ) the method comprising coupling a com 
pound of Formula ( H ) , or salt thereof , with a compound 
of Formula RPCEO ) NH2 , or salt thereof , in the pres 
ence of a palladium or copper catalyst , to provide a 
compound of Formula ( I ) , or salt thereof . 

Embodiment 113 

or salt thereof , 
[ 0436 ] optionally wherein the compound of Formula 

( I - i ) , or salt thereof , is treated with a reducing agent to 
provide a compound of Formula ( I - ii ) : 

[ 0439 ] The method of Embodiment 112 , wherein the com 
pound of Formula ( D ) , or salt thereof , is prepared from a 
compound of Formula ( C ) : 

( C ) 
R45 

( I - ii ) R4a 
R46 

R4a R3 
X2 

R3 
X ! 

X4 
X ! 

X4 R2 

As R2 

PG 
Rla 

R1B , 

or salt thereof , by deprotection of an amino protecting 
group , PG " . 

Embodiment 114 

or salt thereof , or 
[ 0437 ] optionally wherein the fluorine of the compound 
of Formula ( I - i ) , or salt thereof , is replaced with a group 
Ric , wherein Rlc is C - zalkyl , C - zhaloalkyl , OC 
zalkyl , or OC1-3 haloalkyl to provide a compound of 
Formula ( I - iii ) : 

[ 0440 ] The method of Embodiment 113 , wherein the com 
pound of Formula ( C ) , or salt thereof , is prepared from 
cross - coupling of a compound of Formula ( A ) : 



US 2020/0255423 Al Aug. 13 , 2020 
60 

( A ) LG 
R ? .R la 

ts 
N 

PG 

or salt thereof , with a compound of Formula ( B ) : 
wherein each of Rla and Rlb is independently hydrogen or 
CH3 , followed by trapping of the in situ generated hemi 

aminal by fluorination to provide a fluorinated compound of 
Formula ( I - iv ) : 

( B ) 
R40 R4a ( I - iv ) 

R45 R3 
• R4a 
R3 

X ! X ? 

x ! LG 

LGA or salt thereof , wherein LG and LG are each independently 
leaving groups . 

N Embodiment 115 F 
R la 

[ 0441 ] The method of Embodiment 112 , wherein the com 
pound of Formula ( H ) , or salt thereof , is prepared from a 
compound of Formula ( G ) : 

RIS , 

( G ) 
45 

• R4a 

or salt thereof , 
[ 0445 ] optionally wherein the compound of Formula 

( I - iv ) , or salt thereof , is treated with a reducing agent to 
provide a compound of Formula ( I - v ) : R3 

( I - v ) X ! R45 -84 • R4a 
LG4 -R3 

X2 
N 

X ! 
X4 

LG4 

R la 

-R16 , 

or salt thereof ; 
[ 0442 ] ( i ) the method comprising treating a compound 
of Formula ( G ) , or salt thereof , with a compound of 
formula RP - LG? , wherein R ' is optionally substituted 
C1 - alkyl , optionally substituted C3-6carbocyclyl , or 
optionally substituted 4- to 6 - membered heterocyclyl , 
and LG is a leaving group , to provide a compound of 
Formula ( H ) , or salt thereof ; or 

[ 0443 ] ( ii ) the method comprising treating a compound 
of Formula ( G ) , or salt thereof , with formaldehyde , 
under reductive amination conditions , to provide a 
compound of Formula ( H ) , or salt thereof , wherein R1 
is — CHz ; or 

[ 0444 ] ( iii ) the method comprising treating a compound 
of Formula ( G ) , or salt thereof , with an oxetan - 3 - one of 
Formula 

or salt thereof , or 
[ 0446 ] optionally wherein the fluorine of the compound 
of Formula ( I - iv ) , or salt thereof , is replaced with a 
group Rlc , wherein Rle is C1 - zalkyl , Cy - zhaloalkyl , 
OC -zalkyl , or - OC - 3haloalkyl , to provide a com 

pound of Formula ( I - vi ) : 
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or salt thereof , with a compound of Formula ( B ) : 
( I - vi ) 

R46 
• R4a ( B ) 

R46 
R3 R4a 

R3 

X ! X4 
LG4 

LG 

Rio 
R la or salt thereof , wherein LG- and LG2 are each independently 

leaving groups . * R16 
Embodiment 118 

or salt thereof . [ 0449 ] A method of preparing a compound of Formula 
( II - a ) of Embodiment 64 or 66 , or salt thereof , from a 
compound of Formula ( D - II - a ) , or salt thereof , or from a 
compound of Formula ( H - II - a ) , or salt thereof : Embodiment 116 

[ 0447 ] The method of Embodiment 115 , wherein the com 
pound of Formula ( G ) , or salt thereof , is prepared from a 
compound of Formula ( F ) : ( D - II - a ) 

R46 
• R4a 

( F ) -11R 3 R46 
R4a -R5 

R3 

R ? 

X4 

LG4 
( H - II - a ) 

R4b 
' N • R4a 

PG Ill1 R3 

-R " ; or salt thereof , by deprotection of an amino protecting 
group , PG1 . 

LG4 
Embodiment 117 

N [ 0448 ] The method of Embodiment 116 , wherein the com 
pound of Formula ( F ) , or salt thereof , is prepared from the 
cross - coupling of a compound of Formula ( E ) : R ? 

( E ) 
LG 

LG4 

wherein LG4 is a leaving group ; 
[ 0450 ] ( i ) the method comprising treating a compound 

of Formula ( D - II - a ) , or salt thereof , with a compound 
of formula Rl - LG3 , wherein Rl is optionally substi 
tuted C - galkyl , optionally substituted Cz - carbocyclyl , 
or optionally substituted 4- to 6 - membered heterocy 
clyl , and LG is a leaving group , to provide a compound 
of Formula ( II - a ) , or salt thereof ; or 

[ 0451 ] ( ii ) the method comprising treating a compound 
of Formula ( D - II - a ) , or salt thereof , with formaldehyde , 

N 

PG 
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under reductive amination conditions , to provide a 
compound of Formula ( I ) , or salt thereof , wherein Rl is 
CHz ; or 

[ 0452 ] ( iii ) the method comprising treating a compound 
of Formula ( D - II - a ) , or salt thereof , with an oxetan - 3 
one of Formula 

with a group Rlc , wherein Rle is C1 - zalkyl , C1 - zhaloalkyl , 
OC -zalkyl , or - OC -zhaloalkyl , to provide a compound 

of Formula ( I - iii - II - a ) : 

( I - 111 - II - a ) 
R46 

• R4a 

11R3 

Rla RS , 
* R15 , 

R ? 
la and R16 wherein each of R is independently hydrogen or 

CH3 , followed by trapping of the in situ generated hemi 
aminal by fluorination to provide a fluorinated compound of 
Formula ( I - i - II - a ) : 

N Rio 
R la 

t -R16 ( I - i - II - a ) 
R4b 

R42 
or salt thereof ; or 

1R3 

RS , 
[ 0453 ] ( iv ) the method comprising coupling a com 
pound of Formula ( H - II - a ) , or salt thereof , with a 
compound of Formula RPCEO ) NH2 , or salt thereof , 
in the presence of a palladium or copper catalyst , to 
provide a compound of Formula ( I - II - a ) , or salt thereof . R ? 

Embodiment 119 
F 

Rla [ 0454 ] The method of Embodiment 118 , wherein the com 
pound of Formula ( D - II - a ) , or salt thereof , is prepared from 
a compound of Formula ( C - II - a ) : R 15 

( C - II - a ) or salt thereof , optionally wherein the compound of Formula 
( I - i - II - a ) , or salt thereof , is treated with a reducing agent to 
provide a compound of Formula ( I - ii - II - a ) : 

R46 
R4a 

" R3 
( I - ii - II - a ) 

R46 -R5 
• Ra 

... R3 R ? 

-R5 , 
N 

R ? PG Z. 

or salt thereof , by deprotection of an amino protecting 
Rla group , PG1 . 

* R16 Embodiment 120 

or salt thereof , or optionally wherein the fluorine of the 
compound of Formula ( I - i - Il - a ) , or salt thereof , is replaced 

[ 0455 ] The method of Embodiment 119 , wherein the com 
pound of Formula ( C - II - a ) , or salt thereof , is prepared from 
cross - coupling of a compound of Formula ( A - II - a ) : 
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[ 0460 ] with an oxetan - 3 - one of Formula 
( A - II - a ) 

LG1 
R ? 

N. • Rla 

PG Rab , 

or salt thereof , with a compound of Formula ( B - II - a ) : [ 0461 ] wherein each of Ria and Rlb is independently 
hydrogen or - CH3 , followed by trapping of the in situ 
generated hemiaminal by fluorination , to provide a 
fluorinated compound of Formula ( I - iv - II - a ) : ( B - II - a ) 

R46 
„ R4a 

( I - iv - II - a ) 
R5 Rii 

R4a 

( 111R3 
LG RS , 

or salt thereof , wherein LG and LG2 are each independently 
leaving groups . LG4 

Embodiment 121 
N F 

Ria [ 0456 ] The method of Embodiment 118 , wherein the com 
pound of Formula ( H - Il - a ) , or salt thereof , is prepared from 
a compound of Formula ( G - II - a ) : R16 

( G - II - a ) 
R4b 

R4a 
or salt thereof , 

[ 0462 ] optionally wherein the compound of Formula 
( I - iv - Il - a ) , or salt thereof , is treated with a reducing 
agent to provide a compound of Formula ( I - v - II - a ) : HIDR3 

RS , 
( I - v - II - a ) 

R4b 
LG4 R4a 

!!! R3 

-R5 , 

LG 

R la 

R15 

or salt thereof ; 
[ 0457 ] ( i ) the method comprising treating a compound 
of Formula ( G - II - a ) , or salt thereof , with a compound 
of formula R - LG ’ , wherein R is optionally substi 
tuted C1 - alkyl , optionally substituted C3-6carbocyclyl , 
or optionally substituted 4- to 6 - membered heterocy 
clyl , and LG is a leaving group , to provide a compound 
of Formula ( H - II - a ) , or salt thereof ; or 

[ 0458 ] ( ii ) the method comprising treating a compound 
of Formula ( G - II - a ) , or salt thereof , with formaldehyde , 
under reductive amination conditions , to provide a 
compound of Formula ( H - II - a ) , or salt thereof , wherein 
Rl is _CHz ; or 

[ 0459 ] ( iii ) the method comprising treating a compound 
of Formula ( G - II - a ) , or salt thereof , 

or salt thereof , or optionally wherein the fluorine of the 
compound of Formula ( 1 - iv - II - a ) , or salt thereof , is replaced 
with a group Rl , wherein Rle is C -zalkyl , Cl - zhaloalkyl , 
OC1 - zalkyl , or - OC1 - zhaloalkyl , to provide a compound 

of Formula ( I - vi - II - a ) : 
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or salt thereof , with a compound of Formula ( B - II - a ) : 
( I - vi - II - a ) 

R46 
• Rta ( B - II - a ) 

R46 R4a " 111R3 
" AIR R5 

LG4 
LG 

Rio Rla H or salt thereof , wherein LG and LG2 are each independently 
leaving groups . 

" R16 
Embodiment 124 

a compound selected from the group consisting of [ 0465 ] 
or salt thereof . 

Embodiment 122 ( D ) 
R46 [ 0463 ] The method of Embodiment 121 , wherein the 

compound of Formula ( G - II - a ) , or salt thereof , is prepared 
from a compound of Formula ( F - II - a ) : 

• R4a 
-R3 

X2 
A X1 

X4 
( F - II - a ) R2 

R4a 

fost R3 
( H ) 

-RS R46 
R4a 
R3 

LG4 X2 

X ! 
N -X4 
PG LG4 

or salt thereof , by deprotection of an amino protecting 
group , PG ?. 

R ! Embodiment 123 ( C ) R45 [ 0464 ] The method of Embodiment 122 , wherein the 
compound of Formula ( F - II - a ) , or salt thereof , is prepared 
from the cross - coupling of a compound of Formula ( E - II - a ) : 

R4a 
R3 

X2 
( E - II - a ) X1 ots 

LG -X4 
LGH 

R2 HN 

PG1 
PG 
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-continued -continued 
( B ) ( I - vi ) 

R46 R45 
R4a 

-R4a 
R3 -R3 

„ X4 
74 

G LG4 

N 

( G ) .R le 
R4b R la 

• R4a " R15 , 
R3 

X4 

LGA 
( F ) 

R41 
R4a 

R3 

( I - iv ) R45 
X4 

• R4a 
LG4 oft ts 

N 

X ! 
X4 PG 

LGA 

fs and salts thereof , wherein n , X1 , X2 , X3 , X4 , XS , R1 , R2 , R3 , 
R4a , R45 , LG2 , LG4 , R14 , R15 , Rlc , and PG are as defined 
in Embodiments 112-117 . F 

Rla 

" R1b , Embodiment 125 

( I - v ) [ 0466 ] a compound selected from the group consisting of : R45 

xt R4a 
R3 ( D - II - a ) 

R 4b 

R4a 

-X4 11R3 
LG4 RS , 

R2 
Rla 

R16 , 
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-continued -continued 
( H - II - a ) ( I - iv - II - a ) R46 R46 

R4a -R4a 
11R3 cons R3 

-RS , -RS , 

LG4 LG4 

R1 Ria H R 16 

( C - II - a ) 
R46 

R4a 

-2011R3 ( I - v - II - a ) 
R46 

-RS , Rta 
IR3 

IT 
R ? 

-RS , 

N 

PG LG4 

Rla 
( B - II - a ) 

R45 R1b 
R4a ?? RS ( I - vi - II - a ) LG R45 

-R4a 
... !! R3 

( G - II - a ) 
R46 

-R4a 

... 111R3 LG4 

RS , 

Rie 
Rla 

LG4 X R 15 

IZ . 
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-continued 
( F - II - a ) 

R46 

-R4a 
1 R3 

-RS , 

LG4 

EXAMPLES 
[ 0467 ] In order that this disclosure may be more fully 
understood , the following Examples are set forth . It should 
be understood that these examples are for illustrative pur 
poses only and are not to be construed as limiting this 
disclosure in any manner . 

Analytical Methods 
[ 0468 ] Analytical data was included within the procedures 
below or in the tables of examples . Unless otherwise stated , 
all ' H NMR ( proton nuclear magnetic resonance ) data were 
collected on a Varian 400 MHz Mercury Plus , Inova , or 
400 - MR instrument , and chemical shifts are quoted in parts 
per million ( ppm ) . LC / MS ( liquid chromatography / mass 
spectrometry ) data is referenced to the table of LC / MS 
conditions using the lower case method letter provided in 
Table A. Chiral separation methods are referenced using the 
number provided in Table B. Reverse HPLC ( high pressure 
liquid chromatography ) purifications were conducted on a 
19x100 mm Atlantis Prep T3 OBD ( 5 um particles ) column . 
R = retention time . 

PG 

and salts thereof , wherein n , R1 , R2 , R ’ , R40 , R45 , RS , LG > , 
LG4 , R14 , R1b , Ric , and PG are as defined in Embodiments 
118-123 . 

TABLE A 
LC / MS methods 

Method Conditions 

a 

b 

? 

d 

The gradient was 5-60 % Mobile phase B in 0.75 minutes then 60-95 % Mobile phase 
B to 1.15 minutes with a hold at 95 % Mobile phase B for 0.75 minutes ( 1.3 
mL / minutes flow rate ) . Mobile phase A was 10 mM ammonium acetate ; Mobile phase 
B was HPLC grade acetonitrile . The column used for the chromatography is a 4.6 x 50 
mm MAC - MOD Halo C8 column ( 2.7 um particles ) . Detection methods are diode 
array ( DAD ) and evaporative light scattering ( ELSD ) detection as well as 
positive / negative electrospray ionization . 
The gradient was 5-60 % Mobile phase B in 1.6 minutes then 60-95 % Mobile phase B 
to 2.2 minutes with a hold at 95 % Mobile phase B for 0.1 minutes ( 1.0 mL / minutes 
flow rate ) . Mobile phase A was 0.1 % Formic acid buffer ; Mobile phase B was HPLC 
grade acetonitrile . The column used for the chromatography is a 2.1 x 30 mm Halo - 2 
C8 column ( 2 um particles ) . Detection methods are diode array ( DAD ) and 
evaporative light scattering ( ELSD ) detection as well as positive / negative electrospray 
ionization . 
The gradient was 5-60 % Mobile phase B in 1.5 minutes then 60-95 % Mobile phase B 
to 2.5 minutes with a hold at 95 % Mobile phase B for 1.2 min ( 1.3 mL / minutes flow 
rate ) . Mobile phase A was 10 mM ammonium acetate ; Mobile phase B was HPLC 
grade acetonitrile . The column used for the chromatography is a 4.6 x 50 mm MAC 
MOD Halo C8 column ( 2.7 um particles ) . Detection methods are diode array ( DAD ) 
and evaporative light scattering ( ELSD ) detection as well as positive / negative 
electrospray ionization . 
The gradient was 5-60 % Mobile phase B in 1.6 minutes then 60-95 % Mobile phase B 
to 2.2 minutes with a hold at 95 % Mobile phase B for 0.1 minutes ( 1.0 mL / minutes 
flow rate ) . Mobile phase A was 10 mM ammonium acetate ; Mobile phase B was 
HPLC grade acetonitrile . The column used for the chromatography is a 2.1 x 30 mm 
Waters Cortecs C18 column ( 1.6 um particles ) . Detection methods are diode array 
( DAD ) and evaporative light scattering ( ELSD ) detection as well as positive / negative 
electrospray ionization . 
The gradient was 80-65 % Mobile phase B in 1.80 minutes then 65-40 % Mobile 
phase B to 2.80 minutes with a hold at 40 % for another 1.20 minutes ( 1.3 mL / minutes 
flow rate ) . Mobile phase A was 10 mM ammonium acetate ; Mobile phase B was 
HPLC grade acetonitrile . The column used for the chromatography is a 4.6 x 50 mm 
X - bridge column ( 3.5 um particles ) . Detection methods are diode array ( DAD ) and 
evaporative light scattering ( ELSD ) detection as well as positive / negative electrospray 
ionization . 
The gradient was 1-90 % Mobile phase B in 3.4 minutes , 90-100 % Mobile phase B in 
0.45 minutes , 100-1 % B in 0.01 minutes , and then held at 0 % Mobile phase B for 
0.65 minutes ( 0.8 mL / minutes flow rate ) . Mobile phase A was 0.0375 % 
trifluoroacetic acid in water ; Mobile phase B was 0.018 % trifluoroacetic acid in 
acetonitrile . The column used for the chromatography was a 3.0 x 50 mm Shim - pack 
XR - ODS column ( 5 um particles ) . Detection methods are diode array ( DAD ) and 
evaporative light scattering ( ELSD ) detection as well as positive / negative electrospray 
ionization ( MS ) . 
The gradient was 5-95 % Mobile phase B in 1.0 minutes , 95-100 % Mobile phase B in 
0.80 minutes , 100-5 % Mobile phase B in 0.01 minutes , and then held at 5 % Mobile 
phase B for 0.39 minutes ( 1.0 mL / min flow rate ) . Mobile phase A was 0.0375 % 

e 

f 

bo 
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TABLE A - continued 

LC / MS methods 

Method Conditions 

trifluoroacetic acid in water , mobile phase B was 0.018 % trifluoroacetic acid in 
acetonitrile . The column used for the chromatography was a ZORBAX Eclipse 
XDB - C18 2.1 * 30 mm , 3.5 um . Detection methods are diode array ( DAD ) and positive 
electrospray ionization ( MS ) . 

TABLE B 

Chiral separation methods 

Method Conditions 

1 

2 

3 

4 

5 

6 

7 

The gradient was 5 % Mobile phase B for 9.5 minutes then step to 70 % Mobile phase 
B and hold for 4 minutes ( 20 mL / minutes flow rate ) . Mobile phase B was 80:20 
HPLC isopropyl alcohol : acetonitrile ; Mobile phase A was HPLC grade heptane with 
0.2 % diethanolamine ( DEA ) added . The chromatography used a Daicel IG , 20 x 250 mm 
column ( 5 um particles ) . 
The gradient was 8 % methanol in CO2 ( 80 mL / minutes , 100 bar , 45 ° C. ) . Cycle time 
was 3.5 minutes , with single run time of 12.5 minutes . HPLC grade methanol was used 
with SFC grade CO2 . The chromatography used a Daicel IG , 21 x 250 mm column 
( 5 um particles ) . 
The gradient was 5.5 % 80:20 isopropyl alcohol : acetonitrile in CO2 ( 70 mL / minutes , 
100 bar , 35 ° C. ) . Cycle time was 2.2 minutes , with single run time of 5 
minutes . HPLC grade isopropyl alcohol and acetonitrile was used with SFC grade 
CO2 . The chromatography used a YMC - SB , 30 x 150 mm column ( 5 um particles ) . 
The gradient was 6 % methanol in CO2 ( 90 mL / minutes , 90 bar , 25 ° C. ) . Cycle time 
was 2.4 minutes with single run time of 6 minutes . HPLC grade methanol was used 
with SFC grade CO2 . The chromatography used a Daicel IG 21 x 250 mm column 
( 5 um particles ) . 
The gradient was 5 % Mobile phase B for 7 minutes then step to 50 % Mobile phase B 
and hold for 4 minutes ( 20 mL / min flow rate ) . Mobile phase B was 80:20 HPLC 
dichloromethane : ethanol ; Mobile phase A was HPLC grade heptane . The 
chromatography used a Daicel IF 20 x 250 mm column ( 5 um particles ) . 
The gradient was 4 % Mobile phase B for 15.5 minutes ( 20 mL / min flow 
rate ) . Mobile phase B was 80:20 HPLC grade isopropyl alcohol : acetonitrile ; Mobile 
phase A was HPLC grade heptane . The chromatography used a YMC - SC 20 x 250 mm 
column ( 5 um particles ) . 
The gradient was 4 % methanol in CO2 ( 80 mL / minutes , 100 bar , 40 ° C. ) . Cycle time 
was 4 minutes , with single run time of 6 minutes . HPLC grade methanol was used 
with SFC grade CO2 . The chromatography used a YMC - SA 30 x 150 mm column 
( 5 um particles ) . 
The gradient was 5 % methanol in CO2 ( 85 mL / minutes , 100 bar , 30 ° C. ) . Cycle time 
was 3 minutes , with single run time of 9 minutes . HPLC grade methanol was used 
with SFC grade CO2 . The chromatography used a Daicel IG 21 x 250 mm column 
( 5 um particles ) . 
The gradient was 4 % ethanol in CO2 ( 80 mL / minutes , 100 bar , 40 ° C. ) . Cycle time 
was 4 minutes , with single run time of 10 minutes . 200 proof ethanol was used with 
SFC grade CO2 . The chromatography used a YMC - SC 30 x 150 mm column ( 5 um 
particles ) . 
The gradient was 55 % Mobile phase B for 15 minutes ( 20 mL / minutes flow rate ) . 
Mobile phase B was 80:20 HPLC grade dichloromethane and isopropanol ; Mobile 
phase A was HPLC grade heptane with 0.2 % diethylamine added . The 
chromatography used a YMC - SA 20 x 250 mm column ( 5 um particles ) . 
The gradient was 35 % Mobile phase B for 30 minutes ( 20 mL / minutes flow 
rate ) . Mobile phase B was EtOH ; Mobile phase A was HPLC grade heptane . The 
chromatography used a Daicel IF 20 x 250 mm column ( 5 um particles ) . 
The gradient was 17 % 1 : 1 dichloromethane : methanol in CO2 with 0.2 % diethylamine 
modifier ( 90 mL / minutes , 100 bar , 30 ° C. ) . Cycle time was 6.5 minutes , with single 
run time of 9 minutes . HPLC grade methanol and dichloromethane were used with 
SFC grade CO2 . The chromatography used a YMC - SB 30 x 150 mm column ( 5 um 
particles ) . 
The gradient was 50 % Mobile phase B for 13 minutes ( 20 mL / minutes flow rate ) . Mobile 
phase B was 80:20 HPLC grade dichloromethane : 200 proof ethanol ; Mobile 
phase A was HPLC grade heptane with 0.2 % diethylamine added . The 
chromatography used a YMC - SA 20 x 250 mm column ( 5 um particles ) . 
The gradient was 10 % EtOH in CO2 ( 60 mL / minutes , 100 bar , 30 ° C. ) . Cycle time 
was 3.5 minutes , with single run time of 6 minutes . HPLC grade EtOH was used with 
SFC grade CO2 . The chromatography used a Daicel IF 20 x 250 mm column ( 5 um 
particles ) . 

8 

9 

10 

11 

12 

13 

14 
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TABLE B - continued 

Chiral separation methods 

Method Conditions 

15 

16 

17 

18 

19 

20 

21 

22 

The gradient was 20 % ethanol with 0.2 % diethylamine modifier in CO2 
( 75 mL / minutes , 100 bar , 35 ° C. ) . Cycle time was 5 minutes , with single run time of 
11 minutes . 200 proof ethanol was used with SFC grade CO2 . The chromatography 
used a YMC - SB 30 x 150 mm column ( 5 um particles ) . 
The gradient was 25 % ethanol with 0.2 % diethylamine modifier in CO2 
( 70 mL / minutes , 100 bar , 35 ° C. ) . Cycle time was 4.5 minutes , with single run time of 
12 minutes . 200 proof ethanol was used with SFC grade CO2 . The chromatography 
used a YMC - SB 30 x 150 mm column ( 5 um particles ) . 
The gradient was 4 % ethanol with 0.2 % diethylamine in CO2 ( 80 mL / minutes , 100 
bar , 40 ° C. ) . Cycle time was 4 minutes , with single run time of 10 minutes . 200 proof 
ethanol with SFC grade CO2 . The chromatography used a YMC - SC 30 x 250 mm 
column ( 5 um particles ) . 
The gradient was 28 % Mobile phase B for 25 minutes ( 20 mL / minutes flow rate ) . Mobile 
phase B was HPLC grade isopropyl alcohol ; Mobile phase A was 
HPLC grade heptane . The chromatography used a YMC - SB 20 x 250 mm column 
( 5 um particles ) . 
The gradient was 2 % Mobile phase B for 9.5 minutes ( 20 mL / minutes flow rate ) . 
Mobile phase B was 200 proof ethanol ; Mobile phase A was HPLC grade heptane . 
The chromatography used a YMC - SC 20 x 250 mm column ( 5 um particles ) . 
The gradient was 40 % Mobile phase B for 25 minutes ( 20 mL / min flow rate ) . Mobile 
phase B was HPLC grade 80/20 dichloromethane : isopropyl alcohol with 0.2 % 
diethylamine added ; Mobile phase A was HPLC grade heptanes with 0.2 % 
diethylamine added . The chromatography used a YMC - SA 21 x 250 mm column 
( 5 um particles ) . 
The gradient was 25 % Mobile phase B for 25 minutes ( 20 mL / minutes flow rate ) . Mobile 
phase B was HPLC grade Ethanol ; Mobile phase A was HPLC grade 
heptanes . The chromatography used a Daicel IG 20 x 250 mm column ( 5 um 
particles ) . 
The gradient was 25 % Mobile phase B for 15 minutes ( 20 mL / flow rate ) . Mobile 
phase A was Heptane HPLC grade , mobile phase B was 80/20 
dichloromethane / isopropyl alcohol HPLC grade . The column used for the 
chromatography is a 21 ~ 250 mm Daicel IG ( 5 um particles ) . Detection method was 
diode array ( DAD ) . 
The gradient was 20 % Mobile phase B for 16 minutes ( 20 mL / flow rate ) . Mobile 
phase A was Heptane HPLC grade , mobile phase B was 80/20 
dichloromethane / isopropyl alcohol HPLC grade . The column used for the 
chromatography is a 20 x 250 mm YMC - SC ( 5 um particles ) . Detection method was 
diode array ( DAD ) . 
The gradient was 11 % methanol in CO2 ( 70 mL / minutes , 100 bar , 30 ° C. ) . Cycle time 
was 6.5 minutes , with single run time of 10 minutes . HPLC grade methanol was used 
with SFC grade CO2 . The chromatography used a YMC - SA , 30 x 150 mm column 
( 5 um particles ) . 
The gradient was 30 % methanol in CO2 ( 60 mL / minutes , 100 bar , 55 ° C. ) . Cycle time 
was 4.5 minutes , with single run time of 9 minutes . HPLC grade methanol was used 
with SFC grade CO2 . The chromatography used a YMC - SA , 30 x 150 mm column 
( 5 um particles ) . 
The gradient was 16 % methanol in CO2 ( 95 mL / minutes , 100 bar , 25 ° C. ) . Cycle time 
was 6 minutes , with single run time of 10 minutes . HPLC grade methanol was used 
with SFC grade CO2 . The chromatography used a YMC - SA , 30 x 150 mm column 
( 5 um particles ) . 
The gradient was 27 % Ethanol in CO2 ( 80 mL / minutes , 100 bar , 40 ° C. ) . Cycle time 
was 3.15 minutes , with single run time of 6 minutes . HPLC grade Ethanol was used 
with SFC grade CO2 . The chromatography used a Daicel IG , 30 x 150 mm column 
( 5 um particles ) . 
The gradient was 20 % Mobile phase B for 16 minutes ( 20 mL / minutes flow 
rate ) . Mobile phase B was 80:20 HPLC grade dichloromethane : isopropyl 
alcohol ; Mobile phase A was HPLC grade heptane . The chromatography used a 
YMC - SC , 20 x 250 mm column ( 5 um particles ) . 

23 

24 

25 

26 

27 

28 
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Synthetic Methods -continued 
Br 

1. Preparation # 1 : tert - Butyl 5 - acetamido - 3 - bromo 
1H - pyrrolo [ 2,3 - c ] pyridine - 1 - carboxylate 

[ 0469 ] men 
S1 ya 

Yves 
Br 

S2 

[ 0473 ] To a solution of N- ( 3 - bromo - 1H - pyrrolo [ 2,3 - c ] 
pyridin - 5 - yl ) acetamide ( 19.25 g , 76 mmol ) ( Preparation # 1 , 
Step 1 ) in acetonitrile ( 600 mL ) was added cesium carbonate 
( 49.4 g , 152 mmol ) followed by dimethyl sulfate ( 7.53 mL , 
80 mmol ) . The reaction stirred with a mechanical stirrer for 
about 30 minutes at ambient temperature . After 30 minutes , 
an additional portion of dimethyl sulfate ( 0.362 mL , 3.79 
mmol ) was added and stirred for about 10 minutes . The 
reaction was diluted with water and ethyl acetate , the layers 
were separated , the aqueous layer was extracted with ethyl 
acetate three times , the combined organic layers were dried 
over MgSO4 , filtered , and concentrated under reduced pres 
sure to provide the product ( 19.4 g , 96 % yield ) . LC / MS 
( Table A , Method b ) R , 0.38 minutes ; MS m / z : 268 , 270 
( M + H ) 

Br 

N 

Boc 

Step 1 : N- ( 3 - bromo - 1H - pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) 
acetamide 

3. Preparation # 3 : 1- ( 3 - Bromo - 1 - methyl - 1H - pyrrolo 
[ 2,3 - c ] pyridin - 5 - yl ) urea 

[ 0474 ] 

Br 

[ 0470 ] To a suspension of N- ( 1H - pyrrolo [ 2,3 - c ] pyridin - 5 
yl ) acetamide ( 39.9 g , 228 mmol ) in dimethyl formamide 
( 227 mL ) was added N - bromosuccinimide ( 40.5 g , 228 
mmol ) at room temperature . The reaction was stirred for 
about 20 minutes . A brown precipitate formed , which was 
collected by filtration and dried in oven overnight to provide 
the product ( 46.5 g , 183 mmol , 80 % yield ) . LC / MS ( Table 
A , Method a ) R = 0.19 minutes ; MS m / z : 254 , 256 ( M + H ) * . mm 

??? Br 

H2N 

9 Br 

Step 2 : tert - butyl 5 - acetamido - 3 - bromo - 1H - pyrrolo 
[ 2,3 - c ] pyridine - 1 - carboxylate 

[ 0471 ] A flask was charged with N- ( 3 - bromo - 1H - pyrrolo 
[ 2,3 - c ] pyridin - 5 - yl ) acetamide ( 15 g , 59.0 mmol ) , di - tert 
butyl dicarbonate ( 16.27 mL , 70.8 mmol ) , and 4 - dimethyl 
amino pyridine ( 0.721 g , 5.90 mmol ) in acetonitrile ( 295 
mL ) . The mixture stirred at room temperature for about 1 
hour , filtered , and the filtered material washed with acetoni 
trile ( 50 mL ) to provide the product ( 14.8 g , 71 % yield ) . ' H 
NMR ( 400 MHz , Dimethyl sulfoxide - do ) d 10.57 ( s , 1H ) , 
8.95 ( d , 1H ) , 8.21 ( m , 1H ) , 8.09 ( d , 1H ) , 2.10 ( d , 3H ) , 1.62 
( s , 9H ) . LC / MS ( Table A , Method a ) R = 1.51 minutes ; MS 
m / z : 354 , 356 ( M + H ) * . Boc = t - Butoxycarbonyl . 

H?N HN 

2. Preparation # 2 : N- ( 3 - Bromo - 1 - methyl - 1H - pyr 
rolo [ 2,3 - c ] pyridin - 5 - yl ) acetamide 

Step 1 : 3 - bromo - 1 - methyl - 1H - pyrrolo [ 2,3 - c ] pyri 
din - 5 - amine hydrochloride 

[ 0472 ] 

YYY - 
[ 0475 ] N- ( 3 - bromo - 1 - methyl - 1H - pyrrolo [ 2,3 - c ] pyridin 
5 - yl ) acetamide ( 8 g , 29.8 mmol ) ( Preparation # 2 ) in 5N 
aqueous HC1 ( 29.8 mL , 149 mmol ) and dioxane ( 99 mL ) 
was heated to 85 ° C. for 2 hours . The solvent was concen 
trated under reduced pressure to provide a residue , which 
was taken up in 10 % methanol / dichloromethane , dried over 
MgSO4 , and filtered through a pad of Celite? to provide the 
product ( 7.11 g , 83 % yield ) . ' H NMR ( 400 MHz , Dimethyl 
sulfoxide - d ) 8 8.65 ( s , 1H ) , 8.15 ( s , 1H ) , 6.76 ( s , 1H ) , 3.14 
( s , 3H ) . 
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yield ) . ' H NMR ( 400 MHz , Dimethyl sulfoxide - do ) 8 11.30 
( s , 1H ) , 8.18 ( s , 1H ) , 7.54 ( s , 1H ) , 6.38 ( s , 1H ) , 5.21 ( br , 2H ) . 
Boc = t - Butoxycarbonyl . 

Step 2 : 1- ( 3 - bromo - 1H - pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) 
urea 

Step 2 : 1- ( 3 - Bromo - 1 - methyl - 1H - pyrrolo [ 2,3 - c ] 
pyridin - 5 - yl ) urea 

[ 0476 ] 3 - Bromo - 1 - methyl - 1 H - pyrrolo [ 2,3 - c ] pyridin - 5 
amine hydrochloride ( 2.61 g , 9.94 mmol ) and N , N - diiso 
propylethylamine ( 6.95 mL , 39.8 mmol ) in tetrahydrofuran 
( 99 mL ) was cooled to -78 ° C. and phosgene ( 15 wt % in 
toluene ) ( 7.84 mL , 10.94 mmol ) was added dropwise over 
15 minutes . The mixture was allowed to stir for 15 minutes 
before a 7 M methanolic solution of ammonia ( 11.36 mL , 80 
mmol ) was added dropwise via syringe . The solution was 
then warmed to room temperature and stirred for 1 hour , 
then quenched with water and brine , and diluted with ethyl 
acetate . The layers were separated , the aqueous phase was 
extracted with 10 % methanol / ethyl acetate , and the com 
bined organic layers were concentrated to provide a residue , 
which was triturated using acetonitrile to provide a triturated 
material . The aqueous phase was also filtered to provide a 
filtered material . The filtered material and the triturated 
material were combined to afford the product ( 1.94 g , 72 % 
yield ) . ' H NMR ( 400 MHz , Dimethyl sulfoxide - do ) 8 8.81 
( s , 1H ) , 8.53 ( d , J = 1.1 Hz , 1H ) , 7.71 ( s , 1H ) , 7.62 ( s , 1H ) , 
6.50 ( s , 2H ) , 3.84 ( s , 3H ) . 

4. Preparation # 4 : tert - Butyl 3 - bromo - 5 - ureido - 1H 
pyrrolo [ 2,3 - c ] pyridine - 1 - carboxylate 

[ 0477 ] 

[ 0479 ] To 3 - bromo - 1H - pyrrolo [ 2,3 - c ] pyridin - 5 - amine ( 30 
g , 141 mmol ) in tetrahydrofuran ( 707 mL ) and 4 - dimethyl 
amino pyridine ( 98 mL , 566 mmol ) was added phosgene 
( 15 % solution of in toluene ) ( 111 mL , 156 mmol ) dropwise 
via syringe at about -60 ° C. After the completion of the 
addition , the mixture stirred for 45 minutes at -78 ° C. and 
a solution of 7M ammonia in methanol ( 162 mL , 1132 
mmol ) was added at -78 ° C. The mixture warmed to room 
temperature over 2 hours , then quenched with 200 mL of 2 
M aqueous NaOH , and allowed to stir for 20 minutes , then 
extracted with ethyl acetate ( 4x100 mL ) . The combined 
organic layers were dried over MgSO4 , filtered , and con 
centrated to provide the product ( 36 g , 100 % yield ) . ' H 
NMR ( 400 MHz , Dimethyl sulfoxide - do ) d 11.67 ( s , 1H ) , 
8.74 ( s , 1H ) , 8.40 ( d , J = 1.1 Hz , 1H ) , 7.71 ( s , 1H ) , 7.57 ( s , 
1H ) , 6.52 ( s , 2H ) . 

Step 3 : tert - butyl 3 - bromo - 5 - ureido - 1H - pyrrolo [ 2,3 
c ] pyridine - 1 - carboxylate 

[ 0480 ] 1- ( 3 - Bromo - 1H - pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) urea 
( 10.94 g , 42.9 mmol ) , di - tert - butyl dicarbonate ( 12.17 g , 
55.8 mmol ) , N , N - diisopropylethylamine ( 14.84 mL , 86 
mmol ) , and 4 - dimethylamino pyridine ( 0.052 g , 0.429 
mmol ) in tetrahydrofuran ( 214 mL ) was stirred at room 
temperature for 48 hours . The reaction was partitioned 
between ethyl acetate ( 100 mL ) and water ( 100 mL ) . A large 
amount of solid was distributed between the 2 layers . The 
solids were filtered off , dried under reduced pressure over 
night . The combined organic layers were dried over MgSO4 , 
filtered , and concentrated under reduced pressure to provide 
a residue , which was triturated with acetonitrile ( 50 mL ) at 
40 ° C. for 1 hour , then filtered and dried under reduced 
pressure to provide the product , which was combined with 
the previously collected solids to give desired product ( 8.21 
g , 53 % yield ) . ' H NMR ( 400 MHz , Dimethyl sulfoxide - do ) 
8. 9.05 ( s , 1H ) , 8.85 ( d , J = 1.0 Hz , 1H ) , 8.06 ( s , 1H ) , 7.77 ( s , 
1H ) , 6.57 ( s , 2H ) , 1.63 ( s , 9H ) . Boc = t - Butoxycarbonyl . 

5. Preparation # 5 and # 5a : ( R ) -2 - Bromo - 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) -4 - methylpyridine and 
( S ) -2 - bromo - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) -4 

methylpyridine 
[ 0481 ] 

Br 

Si 

Boc 
Br 

H2N 
S2 

Br 
H 
N. HN . 

S3 

Br 

H2N , 

N 

Boc so S1 

Br Br Step 1 : 3 - bromo - 1H - pyrrolo [ 2,3 - c ] pyridin - 5 - amine 
[ 0478 ] tert - Butyl 5 - acetamido - 3 - bromo - 1H - pyrrolo [ 2,3 - c ] 
pyridine - 1 - carboxylate ( 51 g , 144 mmol ) ( Preparation # 1 ) in 
dioxane ( 600 mL ) and 5.0 N aqueous HC1 ( 144 mL , 720 
mmol ) were heated to 70 ° C. for 20 hours . The solvents were 
removed under reduced pressure , the residue partitioned 
between ethyl acetate and aqueous NaOH / NaHCO3 at 
pH = 10 , the organic layer was dried over MgSO4 , filtered , 
and concentrated to provide the product ( 30.8 g , 100 % 

OH S2 

Br 
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-continued 

a 
6. Preparation # 6 and # 6a : ( R ) -2 - Bromo - 4 

( methoxymethyl ) -6- ( 3 - methoxytetrahydrofuran - 3 - yl ) 
pyridine and ( S ) -2 - bromo - 4 - methoxymethyl ) -6- ( 3 

methoxytetrahydrofuran - 3 - yl ) pyridine 
[ 0484 ] + 

Br 
( R ) 

OH OH 

( 5 ) 
S1 S2 G Br Br Br Br 

Br N ( S ) 

S3 ( 5a ) 

Step 1 : 3- ( 6 - bromo - 4 - methylpyridin - 2 - yl ) tetrahy 
drofuran - 3 - ol 

Br Br 

S4 

OH 

Br 

[ 0482 ] 2,6 - Dibromo - 4 - methylpyridine ( 3.76 g , 
mmol ) in dichloromethane ( DCM ) ( 80 mL ) was cooled to 
-78 ° C. under nitrogen . n - Butyl lithium ( 2.5 M in hexanes ) 
( 6.59 mL , 16.48 mmol ) was added dropwise , maintaining 
the internal temperature to less than -70 ° C. The solution 
became a suspension after the addition was complete and 
stirred at -78 ° C. for 15 minutes . A solution of dihydrofuran 
3 ( 2H ) -one ( 1.548 g , 17.98 mmol ) in 2 mL of DCM was 
added over 3 minutes , keeping the internal temperature to 
less than -60 ° C. After the addition was complete , the 
temperature went back down to -78 ° C. and stirred for 30 
minutes . The reaction was quenched with saturated aqueous 
NH4Cl and extracted with DCM . The organic portion was 
dried over MgSO4 , filtered , and concentrated to provide a 
residue , which was purified by silica gel column , eluting 
with 0-50 % ethyl acetate / heptanes , to provide the product 
( 2.13 g , 55 % yield ) . LC / MS ( Table A , Method b ) R = 1.15 
minutes ; MS m / z : 258 , 260 ( M + H ) * . 

+ do Br Br 
( R ) ( S ) 

( 6 ) ( 6a ) 
Step 2 : ( R ) -2 - bromo - 6- ( 3 - methoxytetrahydrofuran 

3 - yl ) -4 - methylpyridine and ( S ) -2 - bromo - 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) -4 - methylpyridine 

[ 0483 ] A flask was charged with 3- ( 6 - bromo - 4 - methyl 
pyridin - 2 - yl ) tetrahydrofuran - 3 - ol ( 2.525 g , 9.78 mmol ) and 
was dissolved in tetrahydrofuran ( 98 mL ) and cooled to 0 ° 
C. before the addition of NaH ( 1.1 eq , 60 % dispersion in 
mineral oil ) . The reaction stirred warming to room tempera 
ture for 15 minutes before the addition of iodomethane 
( 0.918 mL , 14.67 mmol ) . The reaction stirred at room 
temperature for 1 hour . The reaction was cooled in an ice 
bath and quenched slowly with sat aq NH_Cl . The reaction 
was extracted into dichloromethane . The organic portion 
was dried over MgSO4 , filtered , and concentrated under 
reduced pressure to provide racemic product ( 2.60 g , 9.55 
mmol , 98 % yield ) . The product was further purified via 
chiral HPLC ( Table B , Method 1 ) to provide the ( R ) isomer 
( 0.836 g , 32 % yield , 99 % ee , R = 10.4 minutes , optical 
rotation = ( - ) ) and to provide the ( S ) isomer ( 0.831 g , 31 % 
yield , 99 % ee , R = 8.6 minutes , optical rotation = ( + ) ) . LC / MS 
( Table A , Method b ) R = 1.33 minutes ; MS m / z : 272 , 275 
( M + H ) . 

Step 1 : ( 2,6 - dibromopyridin - 4 - yl ) methanol 
[ 0485 ] 2,6 - Dibromoisonicotinic acid ( 25 g , 89 mmol ) dis 
solved in tetrahydrofuran ( THF ) ( 89 mL ) was cooled to 0 ° 
C. before the dropwise addition of borane THF - complex , 
then the mixture was heated at 50 ° C. for 3 hours . The 
reaction was cooled , and methanol ( MeOH ) ( 30 mL ) was 
added , the reaction was then heated to 50 ° C. for 10 minutes . 
The mixture was then concentrated , and chased with an 
additional 50 mL of MeOH . The residue was partitioned 
between ethyl acetate and saturated aqueous Na2CO3 . The 
combined organic phase was dried over anhydrous MgSO4 , 
filtered , and concentrated to provide the product ( 23.26 g , 87 
mmol , 98 % yield ) . LC / MS ( Table A , Method b ) R , -0.86 
minutes ; MS m / z : 268 , 280 ( M + H ) * . 

Step 2 : 2,6 - dibromo - 4 - methoxymethyl ) pyridine 
[ 0486 ] A flask was charged with ( 2,6 - dibromopyridin - 4 
yl ) methanol ( 7.9 g , 29.6 mmol ) and dissolved in tetrahy 
drofuran ( 118 mL ) . The reaction was cooled to 0 ° C. before 
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7. Preparation # 7 : 
2,6 - Dichloro - 4-1,3 - dioxolan - 2 - yl ) pyridine 

[ 0489 ] 

CI CI CI 

the addition of NaH ( 60 % dispersion in mineral oil ) ( 1.421 
g , 35.5 mmol ) . The reaction stirred for 15 minutes at 0 ° C. 
then , iodomethane ( 2.0 mL , 32.6 mmol ) was added in one 
portion , and the reaction stirred , warming to room tempera 
ture over 30 minutes . The reaction was slowly quenched 
with water , and NH4Cl and extracted into ethyl acetate . The 
organic portion was dried over MgSO4 , filtered , and con 
centrated under reduced pressure . The crude product was 
purified via silica gel chromatography eluting with 0-60 % 
ethyl acetate / heptanes to provide the product ( 5.09 g , 18.12 
mmol , 61.2 % yield ) . LC / MS ( Table A , Method b ) Rt = 1.41 
minutes ; MS m / z : 280 , 282 ( M + H ) * . 

S1 S2 

HO OH 
CI . CI CI 

S3 

Step 3 : 3- ( 6 - bromo - 4 - methoxymethyl ) pyridin - 2 - yl ) 
tetrahydrofuran - 3 - ol 

a [ 0487 ] In round - bottomed flask , 2,6 - dibromo - 4 
( methoxymethyl ) pyridine ( 10.72 g , 38.2 mmol ) was dis 
solved in dichloromethane ( DCM ) ( 127 mL ) . The solution 
was stirred over MgSO4 for 10 minutes , and then filtered 
into the reaction flask . The reaction was cooled to -78 ° C. 
under nitrogen before the dropwise addition of n - butyl 
lithium ( 2.5 M in hexanes ) ( 16.79 mL , 42.0 mmol ) , main 
taining the internal temperature less than -70 ° C. The 
reaction stirred at -78 ° C. for 50 minutes , then a solution of 
dihydrofuran - 3 ( 2H ) -one ( 3.94 g , 45.8 mmol ) in 5 mL of 
DCM was added , keeping the internal temperature less than 
-60 ° C. After addition was complete , the temperature was 
cooled to -78 ° C. , and stirred at - 78 ° C. for 10 minutes . The 
reaction was quenched into saturated aqueous NH4Cl and 
extracted with DCM . The organic portion was dried over 
MgSO4 , filtered , and concentrated to give crude product . 
The material was purified via silica gel column , eluting with 
0-50 % ethyl acetate / heptanes to provide the product ( 5.68 g , 
19.71 mmol , 52 % yield ) . LC / MS ( Table A , Method b ) 
R = 1.04 minutes ; MS m / z : 288 , 290 ( M + H ) * . 

Step 1 : ( 2,6 - dichloropyridin - 4 - yl ) methanol 
[ 0490 ] To a solution of 2,6 - dichloroisonicotinic acid ( 100 
g , 521 mmol ) in tetrahydrofuran ( THF ) ( 521 mL ) at 0 ° C. 
was added borane - THF complex ( 1M in THF ) ( 781 mL , 781 
mmol ) dropwise from an addition funnel , keeping the inter 
nal temperature around 30 ° C. After the addition was com 
plete , the mixture was heated at 50 ° C. for 4 hours . The 
reaction was poled , and methanol ( MeOH ) ( 100 mL ) was 
added dropwise via addition funnel until the bubbling sub 
sided , then heated to 50 ° C. for 20 minutes . After that time , 
the mixture was concentrated to about 500 mL volume , and 
100 mL of MeOH was added and rotovaped again to give 
crude residue , which was then partitioned between ethyl 
acetate and saturated aqueous NaHCO3 . The organic portion 
was separated , dried over MgSO4 , filtered , and concentrated 
to provide the product ( 105 g , 92 % yield ) . LC / MS ( Table A , 
Method b ) R = 0.84 minutes ; MS m / z : 179 , 181 ( M + H ) * . 

Step 4 : ( R ) -2 - bromo - 4 - methoxymethyl ) -6- ( 3 
methoxytetrahydrofuran - 3 - yl ) pyridine and ( S ) -2 
bromo - 4 - methoxymethyl ) -6- ( 3 - methoxytetrahydro 

furan - 3 - yl ) pyridine 

was [ 0488 ] A flask charged with 3- ( 6 - bromo - 4 
( methoxymethyl ) pyridin - 2 - yl ) tetrahydrofuran - 3 - ol ( 5.68 g , 
19.71 mmol ) and was dissolved in tetrahydrofuran ( 99 mL ) 
and cooled to 0 ° C. before the addition of NaH ( 60 % 
dispersion in mineral oil ) ( 1.183 g , 29.6 mmol ) . The reaction 
stirred warming to room temperature for 15 minutes before 
the addition of iodomethane ( 1.849 mL , 29.6 mmol ) . The 
reaction stirred at room temperature for 2 hours . The reac 
tion was cooled in an ice bath and quenched slowly with 
saturated aqueous NH_C1 . The reaction was extracted into 
ethyl acetate . The organic portions were dried over MgSO4 , 
filtered , and concentrated under reduced pressure to give 
crude racemic product , that was purified via chiral SFC 
( Table B , Method 2 ) to provide the ( R ) -isomer ( 2.3 g , 39 % 
yield , 96 % ee , R = 2.9 minutes , optical rotation = ( - ) ) and the 
( S ) -isomer ( 2.2 g , 37 % yield , > 99 % ee , R = 2.7 minutes , 
optical rotation = ( + ) ) . LC / MS ( Table A , Method b ) R = 1.25 
minutes ; MS m / z : 302,304 ( M + H ) * . 

Step 2 : 2,6 - dichloroisonicotinaldehyde 
[ 0491 ] To a solution of oxalyl chloride ( 2.70 mL , 30.9 
mmol ) in dichloromethane ( DCM ) ( 50 mL ) was added a 
solution of dimethyl sulfoxide ( 4.78 mL , 67.4 mmol ) in 
DCM ( 50 ml ) dropwise at -78 ° C. under nitrogen . After 10 
minutes , a solution of ( 2,6 - dichloropyridin - 4 - yl ) methanol ( 5 
g , 28.1 mmol ) in DCM ( 50 mL ) was added dropwise at –78 ° 
C. The mixture was stirred for 15 minutes and then trieth 
ylamine ( 19.57 mL , 140 mmol ) was added dropwise at – 78 ° 
C. After the addition , the reaction was stirred at - 78 ° C. for 
1 hour . The cooling bath was removed and water ( 150 mL ) 
was added at 20 ° C. The mixture was extracted with DCM 
( 3x100 mL ) . The organic layers were combined , dried over 
Na2SO4 , filtered , and concentrated under reduced pressure 
to provide the product ( 4.5 g , 86 % yield ) . ' H NMR ( 400 
MHz , Chloroform - d ) d = 10.01 ( s , 1H ) , 7.68 ( s , 2H ) . 

Step 3 : 2,6 - dichloro - 4- ( 1,3 - dioxolan - 2 - yl ) pyridine 
[ 0492 ] To a solution of 2,6 - dichloroisonicotinaldehyde 
( 25.3 g , 144 mmol ) in toluene ( 205 mL ) and ethylene glycol 
( 12.06 mL , 216 mmol ) was added p - toluenesulfonic acid 
monohydrate ( 0.54 g , 2.87 mmol ) in one portion . The 
reaction was heated to reflux for 16 hours with Dean - Stark 
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-continued 
Si 

HO 
Ci . 

trap apparatus . The reaction cooled to room temperature , 
and 200 mL of ethyl acetate was added and quenched by 
addition of aqueous NaHCO3 . The layers were separated and 
the aqueous phase extracted ( 2x20 mL ) with ethyl acetate . 
The combined organic extracts were then washed once more 
with NaHCO3 , dried over MgSO4 , filtered , and concen 
trated . The product was purified via silica gel chromatog 
raphy eluting with 5-40 % ethyl acetate : heptanes to provide 
the product ( 24.8 g , 78 % yield ) . LC / MS ( Table A , Method 
b ) ; R = 1.30 minutes ; MS m / z : 219.9 , 221.9 ( M + H ) * . 

S5 

8. Preparation # 8 and # 8a : ( R ) -2 - Chloro - 6- ( 3 - ethyl 
tetrahydrofuran - 3 - yl ) isonicotinonitrile and ( S ) -2 

chloro - 6- ( 3 - ethyltetrahydrofuran - 3 - yl ) isonicotinoni 
trile 

CI . 

S6 

[ 0493 ] 

S1 

CI . 

S7 

CI 

S2 

S8 

ci . ( R ) ( S ) 

+ 

S3 

( 8 ) ( 8a ) 

ci N. 

S4 

Step 1 : 2 - chloro - 6- ( 3,6 - dihydro - 2H - pyran - 4 - yl ) -4 
( 1,3 - dioxolan - 2 - yl ) pyridine 

[ 0494 ] In a 2 L 3 - neck flask , a mixture of 3,6 - dihydro 
2H - pyran - 4 - boronic acid pinacol ester ( 12.7 g , 60.5 mmol ) , 
2,6 - dichloro - 4- ( 1,3 - dioxolan - 2 - yl ) pyridine ( 14.14 g , 64.3 
mmol ) ( Preparation # 7 ) and cesium carbonate ( 29.5 g , 91 
mmol ) in dioxane ( 580 mL ) and water ( 95 mL ) was 
degassed with nitrogen for 40 minutes , then added [ 1,1 ' - bis 
( diphenylphosphino ) ferrocene ] dichloropalladium ( II ) -di 
chloromethane adduct ( Pd ( dppf ) C12 - DCM adduct ) ( 2.468 g , 

O 
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3.02 mmol ) . The reaction was heated at 60 ° C. for 2 hours . 
The reaction was removed from heat and allowed to cool to 
room temperature . Reduced volume of reaction to about 200 
mL , then diluted with ethyl acetate ( 500 mL ) and water ( 300 
mL ) . The organic layers were separated , washed with brine 
( 150 mL ) , dried over MgSO4 , filtered , and concentrated 
under reduced pressure . The crude material was purified via 
silica gel chromatography eluting with 0-40 % ethyl acetate / 
heptanes to provide the product ( 9.23 g , 57 % yield ) . ' H 
NMR ( 400 MHz , Dimethyl sulfoxide - dod 7.53 ( d , J = 1.0 Hz , 
1H ) , 7.40-7.34 ( m , 1H ) , 6.86 ( tt , J = 3.0 , 1.6 Hz , 1H ) , 5.83 ( s , 
1H ) , 4.28 ( q , J = 2.8 Hz , 2H ) , 4.08-3.95 ( m , 4H ) , 3.81 ( t , 
J = 5.4 Hz , 2H ) , 2.49-2.46 ( m , 2H ) . 

trimethylsilylmethyl magnesium chloride ( 4.7 ml , 4.69 
mmol ) dropwise . The reaction stirred at 0 ° C. for 30 min 
utes , then quenched at this temperature by adding aqueous 
NH_CI ( 50 mL ) . The reaction was then diluted with diethyl 
ether ( 60 mL ) , and the organic layers were washed with 
brine ( 15 mL ) , dried over MgSO4 , filtered , and concentrated 
under reduced pressure to provide the product ( 1.35 g , 93 % 
yield ) . LC / MS ( Table A , Method a ) R = 1.70 minutes ; MS 
m / z : 354 , 372 ( M + H ) * . 

Step 2 : 2- ( 3,7 - dioxabicyclo [ 4.1.0 ] heptan - 6 - yl ) -6 
chloro - 4- ( 1,3 - dioxolan - 2 - yl ) pyridine 

[ 0495 ] To a solution of 2 - chloro - 6- ( 3,6 - dihydro - 2H 
pyran - 4 - yl ) -4- ( 1,3 - dioxolan - 2 - yl ) pyridine ( 9.23 g , 34.5 
mmol ) in dichloromethane ( DCM ) ( 345 mL ) , cooled to 0 ° 
C. , was added meta - chloroperbenzoic acid ( m - CPBA ) ( 8.50 
g , 37.9 mmol ) . The reaction was removed from the cooling 
bath and stirred at room temperature for 16 hours . The 
reaction was then heated to 35º C. for 2 hours . Additional 
m - CPBA ( 0.892 g , 5.17 mmol ) was added and the reaction 
stirred at 35 ° C. for an additional 2.5 hours . The solution was 
diluted with DCM ( 100 mL ) and the organic layers were 
washed with NaHCO3 ( 2x300 mL ) , followed by brine ( 300 
mL ) , then dried over MgSO4 , filtered , and concentrated 
under reduced pressure . The crude material was purified via 
silica gel chromatography eluting with 0-45 % ethyl acetatel 
heptanes to provide the product ( 8.8 g , 90 % yield ) . ' H NMR 
( 400 MHz , Dimethyl sulfoxide - do ) 8 7.48 ( dt , J = 1.3 , 0.6 Hz , 
1H ) , 7.37 ( dt , J = 1.2 , 0.6 Hz , 1H ) , 5.84 ( d , J - 0.6 Hz , 1H ) , 
4.08-3.94 ( m , 5H ) , 3.89 ( d , J = 13.5 Hz , 1H ) , 3.62-3.46 ( m , 
2H ) , 3.46-3.40 ( m , 1H ) , 2.80-2.65 ( m , 1H ) , 2.00 ( dt , J = 14.9 , 
5.4 Hz , 1H ) . 

Step 5 : 2 - chloro - 4- ( 1,3 - dioxolan - 2 - yl ) -6- ( 3 - vinyltet 
rahydrofuran - 3 - yl ) pyridine 

[ 0498 ] To a solution of 1- ( 3- ( 6 - chloro - 4- ( 1,3 - dioxolan - 2 
yl ) pyridin - 2 - yl ) tetrahydrofuran - 3 - yl ) -2 - trimethylsilyl ) 
ethan - 1 - ol ( 1.43 g , 3.84 mmol ) in acetonitrile ( 54.9 mL ) at 
0 ° C. was added dropwise boron trifluoride diethyl etherate 
( 0.487 mL , 3.84 mmol ) . The reaction was removed from 
cooling bath and heated to 50 ° C. for 90 minutes . The 
reaction as then cooled to room temperature and added 
aqueous NaHCO3 ( 40 mL ) . Extracted into ethyl acetate ( 60 
mL ) , then washed organic layers with brine ( 20 mL ) , dried 
over MgSO4 , filtered , and concentrated under reduced pres 
sure to provide crude product that was used in the next step . 
LC / MS ( Table A , Method a ) R = 1.32 minutes ; MS m / z : 282 
( M + H ) * 

Step 6 : 2 - chloro - 4- ( 1,3 - dioxolan - 2 - yl ) -6- ( 3 - ethyltet 
rahydrofuran - 3 - yl ) pyridine 

[ 0499 ] To a nitrogen filled flask was added 10 % palladium 
on carbon ( 0.355 g , 0.334 mmol ) followed by a solution of 
2 - chloro - 4- ( 1,3 - dioxolan - 2 - yl ) -6- ( 3 - vinyltetrahydrofuran 
3 - yl ) pyridine ( 0.94 g , 3.34 mmol ) in ethyl acetate ( 60 mL ) . 
The flask was evacuated and backfilled the flask with 
hydrogen from balloon . The reaction stirred for 25 minutes 
at room temperature . The reaction was filtered over a pad of 
Celite® rinsing with ethyl acetate . The solvent was concen 
trated under reduced pressure to provide the product ( 0.93 g , 
98 % yield ) . LC / MS ( Table A , Method a ) R = 1.38 minutes ; 
MS m / z : 284 ( M + H ) * . 

Step 3 : 3- ( 6 - chloro - 4- ( 1,3 - dioxolan - 2 - yl ) pyridin - 2 
yl ) tetrahydrofuran - 3 - carbaldehyde 

[ 0496 ] To a solution of 2- ( 3,7 - dioxabicyclo [ 4.1.0 ] heptan 
6 - yl ) -6 - chloro - 4- ( 1,3 - dioxolan - 2 - yl ) pyridine ( 2 g , 7.05 
mmol ) in dioxane ( 70 mL ) was added scandium ( II ) trifluo 
romethanesulfonate ( 0.347 g , 0.705 mmol ) . The reaction 
was heated to 80 ° C. for 8 minutes . The reaction was then 
cooled to room temperature , and the volume of dioxane was 
reduced to about 30 mL . The remaining solvent was diluted 
with ethyl acetate ( 100 mL ) and added aqueous NaHCO3 ( 50 
mL ) . The organic layers were dried over MgSO4 , filtered , 
and concentrated under reduced pressure . The product was 
purified via silica gel chromatography eluting with 15-60 % 
ethyl acetate / heptanes to provide the product ( 1.62 g , 81 % 
yield ) . ' H NMR ( 400 MHz , Dimethyl sulfoxide - da ) 8 9.69 
( s , 1H ) , 7.48 ( dd , J = 1.2 , 0.5 Hz , 1H ) , 7.46 ( dd , J = 1.2 , 0.5 Hz , 
1H ) , 5.85 ( d , J = 0.5 Hz , 1H ) , 4.41 ( d , J = 9.2 Hz , 1H ) , 
4.11-3.89 ( m , 6H ) , 3.84 ( dd , J = 7.3 , 6.9 Hz , 2H ) , 2.65 ( dt , 
J = 12.7 , 6.8 Hz , 1H ) , 2.41 ( dt , J = 12.8 , 7.3 Hz , 1H ) . 

Step 7 : 2 - chloro - 6- ( 3 - ethyltetrahydrofuran - 3 - yl ) 
isonicotinaldehyde 

[ 0500 ] solution of 2 - chloro - 4- ( 1,3 - dioxolan - 2 - yl ) -6- ( 3 
ethyltetrahydrofuran - 3 - yl ) pyridine ( 0.925 g , 3.26 mmol ) in 
tetrahydrofuran ( 32 mL ) and HCl ( 5N , aq ) ( 6.52 mL , 32.6 
mmol ) was heated to 55 ° C. for 3 hours . The reaction was 
cooled to room temperature , diluted with water ( 80 mL ) then 
added solid NaHCO3 until gas evolution ceased . The organic 
layers were extracted from aqueous layer with ethyl acetate 
( 100 mL ) , and then the organic layer was washed with brine 
( 40 mL ) , dried over MgSO4 , filtered , and concentrated under 
reduced pressure . The residue was purified via silica gel 
chromatography , eluting with 0-40 % ethyl acetate / heptanes 
to provide the product ( 0.62 g , 79 % yield ) . LC / MS ( Table A , 
Method a ) R = 1.32 minutes ; MS m / z : 240 ( M + H ) * . 

Step 4 : 1- ( 3- ( 6 - chloro - 4- ( 1,3 - dioxolan - 2 - yl ) pyridin 
2 - yl ) tetrahydrofuran - 3 - yl ) -2- ( trimethylsilyl ) ethan - 1 

ol 

Step 8 : ( R ) -2 - chloro - 6- ( 3 - ethyltetrahydrofuran - 3 - yl ) 
isonicotinonitrile and ( S ) -2 - chloro - 6- ( 3 - ethyltetrahy 

drofuran - 3 - yl ) isonicotinonitrile 
[ 0501 ] To a solution of 2 - chloro - 6- ( 3 - ethyltetrahydro 
furan - 3 - yl ) isonicotinaldehyde ( 0.616 g , 2.57 mmol ) dis 
solved in ethanol ( 8.57 mL ) was added hydroxylamine 
hydrochloride ( 0.714 g , 10.28 mmol ) . The reaction was 

[ 0497 ] To a solution of 3-6 - chloro - 4- ( 1,3 - dioxolan - 2 - yl ) 
pyridin - 2 - yl ) tetrahydrofuran - 3 - carbaldehyde ( 1.11 g , 3.91 
mmol ) in diethyl ether ( 39 mL ) cooled to 0 ° C. was added 
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S6 

S7 

heated to 75º C. for 70 minutes . The reaction was removed 
from heat , and then concentrated under reduced pressure . To 
the mixture was added ethyl acetate ( 60 mL ) and aqueous 
NaHCO3 ( 40 mL ) . The organic portion was separated , dried 
over MgSO4 , and concentrated under reduced pressure . The 
residue was then dissolved in pyridine ( 3.7 mL , 46.3 mmol ) , 
and mesyl chloride ( 0.401 mL , 5.14 mmol ) was added . The 
reaction was heated to 75º C. for 15 minutes . The reaction 
was then removed from heat , diluted with water ( 20 mL ) , 
and ethyl acetate ( 40 mL ) was added . To this biphasic 
mixture was added brine ( 10 mL ) to help layer separation . 
The organic layers were then separated , dried over MgSO4 , 
filtered , and concentrated under reduced pressure . The resi 
due was purified via silica gel chromatography , eluting with 
0-100 % ethyl acetate / heptanes to give a racemic product , 
that was further purified via chiral SFC ( Table B , Method 3 ) 
to provide the ( R ) -isomer ( 0.15 g , 25 % yield , 96 % ee , 
R = 3.9 minutes ) and the ( S ) -isomer ( 0.15 g , 25 % yield , 99 % 
ee , R = 2.8 minutes ) . ' H NMR ( 400 MHz , Chloroform - d ) 8 
8.00 ( dd , J = 1.1 , 0.4 Hz , 1H ) , 7.96 ( dd , J = 1.1 , 0.4 Hz , 1H ) , 
4.01 ( d , J = 8.7 Hz , 1H ) , 3.85 ( td , J = 8.3 , 5.9 Hz , 1H ) , 
3.80-3.68 ( m , 2H ) , 2.41 ( ddd , J = 12.6 , 8.2 , 5.9 Hz , 1H ) , 
2.09-1.94 ( m , 1H ) , 1.80 ( qd , J = 7.5 , 4.5 Hz , 2H ) , 0.62 ( t , 
J = 7.4 Hz , 3H ) . 

9. Preparation # 9 and # 9a : ( R ) -2 - Chloro - 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) isonicotinonitrile and 

( S ) -2 - chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) 
isonicotinonitrile 

[ 0502 ] 

For 
Fas 
& S8 

NC . 
S9 

S1 

0111 " ) N Br NC NC . 
( R ) ( S ) 

+ 
OH S2 

CI CI 

( 9 ) ( 9a ) 
S3 

54 

$ 26 

Step 1 : 3- ( 6 - chloropyridin - 2 - yl ) tetrahydrofuran - 3 - ol 
[ 0503 ] 2 - Bromo - 6 - chloropyridine ( 44.44 g , 231 mmol ) 
was dissolved in dichloromethane ( DCM ) ( 770 mL ) , stirred 
in a 3 neck 2 L reaction flask and then cooled to -78 ° C. 
n - Butyllithium ( 1M in THF ) ( 106 mL , 266 mmol ) was 
cannulated into an addition funnel and then added dropwise 
into the reaction , maintaining the temperature below -69 ° C. 
The reaction was stirred for 20 minutes . Dihydrofuran - 3 
( 2H ) -one ( 22.86 g , 266 mmol ) was dissolved in minimal 
DCM and then added into the reaction dropwise . The 
reaction was allowed to slowly warm to room temperature . 
After the reaction had reached room temperature , it was 
quenched with ammonium chloride solution ( 200 mL ) and 
then the layers were separated . The aqueous layer was 
extracted with DCM and then the organic layer was washed 
with brine ( 200 mL ) . The organic layer was dried over 
MgSO4 and then concentrated to dryness . The crude residue 
was purified by silica gel chromatography eluting with 
0 % -100 % ethyl acetate in heptanes to provide the product 
( 33.5 g , 71 % yield ) . LCMS ( Table A , Method a ) R = 0.67 
minutes ; MS m / z : 200 , 202 ( M + H ) * . 

OH 

S5 do 95 
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ane ( DCM ) ( 348 mL ) , stirred in a 500 mL reaction flask and 
cooled to 0 ° C. Triethylamine ( 12.6 mL , 91 mmol ) was 
added to the reaction , then triflic anhydride ( 70 mL , 1M 
solution in DCM ) was added dropwise to the reaction while 
keeping cold . The reaction was stirred at -5 ° C. in an 
ice / acetone bath . After 30 minutes , the reaction was 
quenched with a sodium bicarbonate solution ( 100 mL ) . The 
layers were separated and the organic phase was washed 
with sodium bicarbonate solution ( 50 mL ) and then brine 
( 50 mL ) . The organic phase was then dried over MgSO4 and 
concentrated to dryness to afford a crude residue , which was 
purified via silica gel chromatography , eluting with 0 % -50 % 
ethyl acetate / heptanes to provide the product ( 19.0 g , 75 % 
yield ) . LCMS ( Table A , Method a ) R = 1.67 minutes ; MS 
m / z : 362 , 364 ( M + H ) * . ' H NMR ( 400 MHz , Chloroform - d ) 
8 7.43 ( s , 1H ) , 7.18 ( s , 1H ) , 4.18-4.00 ( m , 6H ) , 3.95 ( dd , 
J = 9.7 , 1.6 Hz , 2H ) , 3.25 ( s , 2H ) , 2.67-2.52 ( m , 2H ) , 2.38 
2.27 ( m , 2H ) , 0.96-0.74 ( m , 1H ) . Tf = _SO2CF3 . 

Step 2 : 
2 - chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyridine 

[ 0504 ] 3- ( 6 - Chloropyridin - 2 - yl ) tetrahydrofuran - 3 - ol 
( 19.2 g , 96 mmol ) was dissolved in tetrahydrofuran ( 321 
mL ) and then stirred in a 1 L flask at room temperature . NaH 
( 60 % dispersion in mineral oil ) ( 7.69 g , 192 mmol ) was 
added and then the reaction was stirred for 10 minutes . After 
the bubbling ceased , iodomethane ( 7.82 mL , 125 mmol ) was 
added and then the reaction was allowed to stir for 12 hours 
at room temperature . Upon conversion of the starting mate 
rial , the reaction was cooled to room temperature and then 
reverse quenched into 300 mL aqueous ammonium chloride 
solution and then extracted ( 2x200 mL ) with ethyl acetate . 
The combined organic layer was washed with brine and then 
dried over MgSO4 and concentrated to dryness to provide 
the product ( 19.7 g , 86 % yield ) . LCMS ( Table A , Method a ) 
R = 0.92 minutes ; MS m / z : 214 , 216 ( M + H ) * . 

Step 3 : 2 - chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) 
4- ( 4,4,5,5 - tetramethyl - 1,3,2 - dioxaborolan - 2 - yl ) pyri 

dine 

[ 0505 ] 2 - Chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyri 
dine ( 19.7 g , 92 mmol ) was dissolved in cyclohexane ( 307 
mL ) , stirred in a 1 L flask and degassed with a stream of 
nitrogen . Then 4,4 ' - di - tert - butyl - 2,2 - bipyridine ( 0.495 g , 
1.844 mmol ) , bis ( 1,5 - cyclooctadiene ) diiridium ( I ) dichloride 
( 0.619 g , 0.922 mmol ) , and 4,4,4,4,5,5,5,5 ' - octamethyl - 2 , 
2 ' - bi ( 1,3,2 - dioxaborolane ) ( 28.1 g , 111 mmol ) were each 
added to the flask and then the reaction was heated to 75º C. 
for 1 hour . The reaction was cooled to room temperature . 
The solvent was concentrated under reduced pressure and 
then the crude material was triturated with heptanes and 
filtered to provide a solid . The filtrate was concentrated and 
then the trituration / filtration was repeated to provide addi 
tional solids . The combined solids were dried overnight in a 
vacuum oven to provide the product ( 26.2 g , 84 % yield ) . 
LCMS ( Table A , Method a ) R = 0.75 minutes ; MS m / z : 257 , 
259 ( M + H ) * ( boronic acid ) ' H NMR ( 400 MHz , Chloro 
form - d ) 8 7.73 ( d , J = 0.8 Hz , 1H ) , 7.57 ( d , J = 0.7 Hz , 1H ) , 
4.17-4.00 ( m , 4H ) , 3.95 ( d , J = 9.6 Hz , 1H ) , 3.18 ( s , 3H ) , 2.62 
( dt , J = 13.2 , 8.5 Hz , 1H ) , 2.36 ( dddd , J = 13.3 , 7.0 , 4.4 , 1.3 Hz , 
1H ) , 1.34 ( s , 13H ) . 

Step 4 : 2 - chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) 
pyridin - 4-01 

( 0506 ] 2 - Chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) -4- ( 4 , 
4,5,5 - tetramethyl - 1,3,2 - dioxaborolan - 2 - yl ) pyridine ( 26.2 g , 
77 mmol ) was dissolved in THF ( 154 mL ) , stirred in a 1 L 
flask at 0 ° C. Potassium peroxomonosulfate ( 49.8 g , 81 
mmol ) was dissolved in water ( 154 mL ) and then added to 
the flask and stirred at room temperature . After 20 minutes , 
the reaction was complete . The reaction was quenched with 
200 mL sodium thiosulfate and then extracted with ethyl 
acetate ( 2x100 mL ) . The combined organic layers were 
washed with brine ( 100 mL ) and then concentrated to 
dryness . The crude product was purified via silica gel 
chromatography , eluting with , 10-100 % ethyl acetate / hep 
tanes to provide the crude product ( 21.3 g , 93 mmol ) which 
was used in the next step . LCMS ( Table A , Method a ) 
R = 0.79 minutes ; MS m / z : 230 , 232 ( M + H ) + . 

Step 5 : 2 - chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) 
pyridin - 4 - yl trifluoromethanesulfonate 

[ 0507 ] 2 - Chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyri 
din - 4 - ol ( 16.0 g , 70 mmol ) was dissolved in dichlorometh 

Step 6 : 2 - chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) 
4 - vinylpyridine 

[ 0508 ] 2 - Chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyri 
din - 4 - yl trifluoromethanesulfonate ( 15 g , 41.5 mmol ) was 
dissolved in dioxane ( 173 mL ) and water ( 34.6 mL ) and 
degassed with a stream of nitrogen for 10 minutes . Potas 
sium phosphate ( 17.60 g , 83 mmol ) , [ 1,1 ' - bis ( diphenylphos 
phino ) ferrocene ] dichloropalladium ( II ) -dichloromethane 
adduct ( Pd ( dppf ) C12 - DCM adduct ) ( 1.455 g , 2.073 mmol ) , 
and 4,4,5,5 - tetramethyl - 2 - vinyl - 1,3,2 - dioxaborolane ( 7.74 
mL , 45.6 mmol ) were each added , and then the reaction was 
heated to 85 ° C. After 30 minutes , the reaction was cooled 
to room temperature and then poured into 5 % aqueous 
cysteine solution ( 200 mL ) and then diluted with ethyl 
acetate ( 100 mL ) and stirred for 10 minutes . The layers were 
separated and then the aqueous layer was extracted with 
ethyl acetate . The combined organic layers were washed 
with brine and then dried over MgSO4 and concentrated to 
dryness . The crude material was purified via silica gel 
chromatography eluting with 0 % -50 % ethyl acetate / hep 
tanes to provide the product ( 8.0 g , 80 % yield ) . LCMS 
( Table A , Method a ) R = 1.28 minutes ; MS m / z : 240 , 242 
( M + H ) * . ' H NMR ( 400 MHz , Chloroform - d ) 8 7.40 ( dd , 
J = 1.4 , 0.5 Hz , 1H ) , 7.20 ( dd , J = 1.4 , 0.5 Hz , 1H ) , 6.63 ( dd , 
J = 17.6 , 10.9 Hz , 1H ) , 5.99 ( dd , J = 17.5 , 0.4 Hz , 1H ) , 5.55 
( dd , J = 10.9,0.4 Hz , 1H ) , 4.16-4.01 ( m , 3H ) , 3.96 ( dd , J = 9.7 , 
0.3 Hz , 1H ) , 3.20 ( s , 3H ) , 2.68-2.56 ( m , 1H ) , 2.33 ( dddd , 
J = 13.2 , 7.0 , 4.4 , 1.3 Hz , 1H ) , 0.91-0.82 ( m , 1H ) . 

Step 7 : 2 - chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) 
isonicotinaldehyde 

[ 0509 ] 2 - Chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) -4 - vi 
nylpyridine ( 6.26 g , 26.1 mmol ) was dissolved in dichlo 
romethane ( DCM ) ( 34.8 mL ) , acetonitrile ( 34.8 mL ) , and 
water ( 60.9 mL ) and was vigorously stirred in a reaction 
flask at 0 ° C. Ruthenium ( III ) chloride hydrate ( 0.118 g , 
0.522 mmol ) was added and then sodium periodate ( 22.34 g , 
104 mmol ) was added batch wise over 5 minutes . The 
reaction was warmed to room temperature . After one hour , 
the reaction was quenched with sodium thiosulfate ( 100 mL ) 
and then extracted with DCM ( 2x100 mL ) . The combined 
organic layers were washed with brine and then dried over 
MgSO4 and concentrated to dryness . The crude material was 
purified via silica gel chromatography , eluting with 0 % -60 % 
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ethyl acetate / heptanes to provide the product ( 4.02 g , 64 % 
yield ) . LCMS ( Table A , Method a ) R = 1.0 minutes ; MS m / z : 
242 , 259 ( M + H ) * . ' H NMR ( 400 MHz , Dimethyl sulfoxide 
do ) d 10.05 ( d , J 0.6 Hz , 1H ) , 7.88 ( dd , J = 1.2 , 0.6 Hz , 1H ) , 
7.84 ( dd , J = 1.2 , 0.6 Hz , 1H ) , 4.03 ( dt , J = 9.7 , 0.8 Hz , 1H ) , 
3.96-3.89 ( m , 2H ) , 3.80 ( dd , J = 9.7 , 0.5 Hz , 1H ) , 3.27 ( d , 
J = 0.6 Hz , 1H ) , 2.45-2.31 ( m , 2H ) . 

OH S4 ( S ) 
+ 

Br Br 

( 10a ) Step 8 : ( R ) -2 - chloro - 6- ( 3 - methoxytetrahydrofuran 
3 - yl ) isonicotinonitrile and ( S ) -2 - chloro - 6- ( 3 

methoxytetrahydrofuran - 3 - yl ) isonicotinonitrile 
( R ) 

Br 

( 10 ) 

[ 0510 ] To a stirring solution of 2 - chloro - 6- ( 3 - methoxytet 
rahydrofuran - 3 - yl ) isonicotinaldehyde ( 2.5 g , 10.34 mmol ) 
in ethanol ( 34.5 mL ) , at room temperature , was added 
hydroxylamine hydrochloride ( 2.88 g , 41.4 mmol ) , and then 
the reaction was heated to 75º C. for 30 minutes . The 
reaction was then concentrated and then dissolved in ethyl 
acetate ( 50 mL ) , washed with sodium bicarbonate ( 10 mL ) , 
dried over MgSO4 , and concentrated to dryness . The mate 
rial was dissolved in pyridine ( 15 mL , 185 mmol ) at room 
temperature and then methanesulfonyl chloride ( 1.209 mL , 
15.52 mmol ) was added and the reaction was then heated to 
75 ° C. for 90 minutes . The reaction cooled to room tem 
perature and was diluted with water ( 100 mL ) and then 
extracted ( 2x75 mL ) with dichloromethane . The combined 
organic layers were washed with water ( 50 mL ) and brine 
( 50 mL ) , dried over MgSO4 , and then concentrated to 
dryness . The crude material was purified via silica gel 
chromatography , eluting with 0-100 % ethyl acetate in hep 
tanes to afford racemic product . The racemic product was 
further purified via chiral SFC ( Table B , Method 4 ) to 
provide the ( R ) -isomer ( 1.2 g , 50 % yield , 96 % ee , R = 2.6 
minutes ) and the ( S ) -isomer ( 1.107 g , 45 % yield , > 99 % ee , 
R = 2.4 minutes ) . LCMS ( Table A , Method a ) R = 1.18 min 
utes ; MS m / z : 239 , 241 ( M + H ) * . ' H NMR ( 400 MHz , 
Chloroform - d ) 8 7.71 ( d , J = 1.2 Hz , 1H ) , 7.45 ( d , J = 1.2 Hz , 
1H ) , 4.19-4.02 ( m , 4H ) , 3.94 ( d , J = 9.8 Hz , 1H ) , 3.26 ( s , 3H ) , 
2.58 ( ddd , J = 13.3 , 8.6 , 7.7 Hz , 1H ) , 2.35 ( dddd , J = 13.3 , 7.2 , 
4.8 , 1.2 Hz , 1H ) . 

Step 1 : 3 - ethyldihydrofuran - 2 ( 3H ) -one 
[ 0512 ] A solution of lithium diisopropylamide ( 1M in 
THF ) ( 13.00 mL , 26.0 mmol ) was added to tetrahydrofuran 
( THF ) ( 25 mL ) at -78 ° C. in a reaction flask and stirred for 
5 minutes . Methyl butyrate ( 2.84 mL , 25 mmol ) was added 
in THF ( 12.5 mL ) slowly at -78 ° C. and stirred for 30 
minutes . 1,3,2 - Dioxathiolane 2,2 - dioxide ( 3.23 g , 26.0 
mmol ) was added slowly in THF ( 12.5 mL ) and then the 
reaction was slowly allowed to warm to room temperature 
over 2 hours . The reaction was diluted with methanol ( 15 
mL ) and then evaporated to remove the volatiles . The crude 
residue was dissolved in aqueous 20 % H2SO4 ( 6 mL ) and 
toluene ( 50 mL ) and then the biphasic mixture was heated at 
reflux with vigorous stirring for 6 hours . The organic phase 
was separated and the aqueous phase was extracted with 
ethyl acetate ( 3x50 mL ) . The combined organic phases were 
washed with sodium bicarbonate , brine , and dried over 
MgSO4 and concentrated to dryness to afford crude residue . 
The residue was purified via silica gel chromatography 
eluting with 0-50 % ethyl acetate / heptanes to provide the 
product ( 1.3 g , 46 % yield ) . ' H NMR ( 400 MHz , Chloro 
form - d ) 8 7.80-7.74 ( m , 1H ) , 7.33 ( dt , J = 8.0 , 0.8 Hz , 1H ) , 
4.31 ( ddd , J = 8.9 , 8.5 , 3.1 Hz , 1H ) , 4.21-4.13 ( m , 1H ) , 
2.49-2.44 ( m , 1H ) , 2.41-2.34 ( m , 1H ) , 1.97-1.81 ( m , 2H ) , 
1.50 ( ddq , J = 13.9 , 8.6 , 7.4 Hz , 1H ) , 0.99 ( t , J = 7.5 Hz , 3H ) . 

10. Preparation # 10 and # 10a : ( R ) -2 - Bromo - 6- ( 3 
ethyltetrahydrofuran - 3 - yl ) pyridine and ( S ) -2 - bromo 

6- ( 3 - ethyltetrahydrofuran - 3 - yl ) pyridine 

[ 0511 ] 

S1 S2 

Step 2 : 3- ( 6 - bromopyridin - 2 - yl ) -3 - ethyldihydro 
furan - 2 ( 3H ) -one 

[ 0513 ] 3 - Ethyldihydrofuran - 2 ( 3H ) -one ( 1.0 g , 8.76 mmol ) 
and 2 - bromo - 6 - fluoropyridine ( 1.542 g , 8.76 mmol ) were 
added to a microwave vial and dissolved in toluene ( 14.6 
mL ) . Lithium bis ( trimethylsilyl ) amide ( 1N in tetrahydro 
furan ) ( 8.76 mL , 13.14 mmol ) was added and then the 
microwave vial was heated at 120 ° C. in a microwave for 45 
minutes . The reaction was quenched with ammonium chlo 
ride and then extracted with ethyl acetate ( 2x30 mL ) . The 
combined organic layers were washed with brine ( 10 mL ) 
and then dried over MgSO4 and concentrated to dryness . The 
crude residue was purified via silica gel chromatography , 
eluting with 0 % -50 % ethyl acetate / heptanes to provide the 
product ( 1.23 g , 52 % yield ) . LCMS ( Table A , Method a ) 
R = 1.44 minutes ; MS m / z : 270 , 272 ( M + H ) * . ' H NMR 6 

S3 

Br 
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( 400 MHz , Dimethyl sulfoxide - do ) 8 7.80 ( ddd , J = 8.0 , 7.4 , 
0.5 Hz , 1H ) , 7.61 ( dd , J = 7.8 , 0.5 Hz , 2H ) , 4.38 ( dddd , J = 8.8 , 
8.2 , 4.4 , 0.4 Hz , 1H ) , 4.26-4.15 ( m , 1H ) , 2.84 ( dddd , J = 13.0 , 
7.4 , 4.4 , 0.5 Hz , 1H ) , 2.45-2.36 ( m , 1H ) , 2.12-2.00 ( m , 1H ) , 
2.00-1.89 ( m , 1H ) , 0.83-0.77 ( m , 3H ) . 

triethylamine ( 20 mL , 146 mmol ) ) in acetonitrile ( 100 mL ) 
dropwise at 0-5 ° C. under a nitrogen atmosphere . The 
mixture was warmed to 25 ° C. with stirring for 1 hour . Four 
additional reactions were set up as described above , all five 
reactions were combined , and the mixture was cooled to 0 ° 
C. The suspension was filtered to provide the product ( 100 
g , 50 % yield ) . ' H NMR ( 400 MHz , Dimethyl sulfoxide - do ) 
8 = 3.74 ( s , 3H ) , 4.23 ( d , J = 6.00 Hz , 2H ) , 6.91 ( d , J = 8.80 Hz , 
2H ) , 7.25 ( d , J = 8.80 Hz , 2H ) , 7.41 ( d , J = 9.20 Hz , 2H ) , 8.26 
( d , J = 9.20 Hz , 2H ) , 8.53 ( t , J = 6.00 Hz , 1H ) . 

Step 3 : 
2- ( 6 - bromopyridin - 2 - yl ) -2 - ethylbutane - 1,4 - diol 

[ 0514 ] 3- ( 6 - Bromopyridin - 2 - yl ) -3 - ethyldihydrofuran - 2 
( 3H ) -one ( 1.26 g , 4.66 mmol ) was dissolved in tetrahydro 
furan ( 18 mL ) and toluene ( 4.66 mL ) in a reaction flask and 
lithium borohydride ( 0.508 g , 23.32 mmol ) was added to the 
flask , which was heated to 60 ° C. for 2 hours . The reaction 
was cooled to room temperature and then quenched with 
aqueous ammonium chloride and acidified with 1M aqueous 
HCl and then neutralized with aqueous sodium bicarbonate . 
The mixture was extracted with dichloromethane ( 2x40 
mL ) , dried over MgSO4 , and concentrated to dryness , to 
provide the crude product which was used in the next step . 
LCMS ( Table A , Method a ) R = 0.95 minutes ; MS m / z : 274 , 
276 ( M + H ) * 

12. Preparation # 12 : tert - Butyl 3 - bromo - 5- ( 3- ( 4 
methoxybenzyl ) ureido ) -1H - pyrrolo [ 2,3 - c ] pyridine 

1 - carboxylate 

[ 0518 ] 

Br 

H2N 
S1 

Br 

H2N 
S2 

N 

Boc 
Br 

ZI HN 
PMB 

Step 4 : ( R ) -2 - bromo - 6- ( 3 - ethyltetrahydrofuran - 3 - yl ) 
pyridine and ( S ) -2 - bromo - 6- ( 3 - ethyltetrahydrofuran 

3 - yl ) pyridine 
[ 0515 ] 2- ( 6 - Bromopyridin - 2 - yl ) -2 - ethylbutane - 1,4 - diol 
( 1055 mg , 3.85 mmol ) was dissolved in tetrahydrofuran ( 38 
mL ) and stirred in a reaction flask at 0 ° C. Triphenylphos 
phine ( 1.1 g , 4.24 mmol ) was added to the reaction . Diiso 
propyl azodicarboxylate ( 749 ul , 3.85 mmol ) was added 
dropwise and then the reaction was slowly warmed to room 
temperature . After two hours , the reaction was diluted with 
water ( 20 mL ) and then extracted with ethyl acetate ( 2x20 
mL ) . The combined organic layers were washed with brine , 
and then dried over MgSO4 and concentrated to dryness . The 
crude material was purified via silica gel chromatography , 
eluting with 0 % -50 % ethyl acetate / heptanes , and further 
purified via chiral HPLC ( Table B , Method 5 ) to provide the 
( R ) -isomer ( 380 mg , 38 % yield , > 99 % ee , R = 7.8 minutes ) 
and the ( S ) -isomer ( 340 mg , 34 % yield , > 99 % ee , R = 10.2 
minutes ) LCMS ( Table A , Method a ) R = 0.96 minutes ; MS 
m / z : 274 , 276 ( M + H ) * . 

Boc 

11. Preparation # 11 : 4 - Nitrophenyl 
4 - methoxybenzylcarbamate 

Step 1 : tert - butyl 5 - amino - 3 - bromo - 1H - pyrrolo [ 2,3 
clpyridine - 1 - carboxylate 

[ 0519 ] To a solution of 3 - bromo - 1H - pyrrolo [ 2,3 - c ] pyri 
din - 5 - amine ( 50 g , 236 mmol ) ( Preparation # 4 , Step 1 ) and 
4 - dimethylamino pyridine ( 1.4 g , 10 mmol ) in acetonitrile ( 1 
L ) was added a solution of di - tert - butyl dicarbonate ( 54 g , 
248 mmol ) in acetonitrile ( 500 mL ) dropwise at 0 ° C. The 
reaction mixture was stirred at 0-5 ° C. for 1 hour . The 
solvents were concentrated under reduced pressure to give a 
residue that was triturated with acetonitrile : water ( 1:10 , 500 
mL ) and dried to provide the product ( 66 g , 85 % yield ) . ' H 
NMR ( 400 MHz , Dimethyl sulfoxide - d ) 8 = 1.60 ( s . 9H ) , 
5.86 ( br s , 2H ) , 6.46 ( d , J = 1.20 Hz , 1H ) , 7.89 ( s , 1H ) , 
8.57-8.68 ( m , 1H ) , 8.63 ( s , 1H ) . Boc = t - Butoxycarbonyl . 

[ 0516 ] 

-NO2 

NO2 

Step 2 : tert - butyl 3 - bromo - 5- ( 3- ( 4 - methoxybenzyl ) 
ureido ) -1H - pyrrolo [ 2,3 - c ] pyridine - 1 - carboxylate 

[ 0520 ] A mixture of tert - butyl 5 - amino - 3 - bromo - 1H - pyr 
rolo [ 2,3 - c ] pyridine - 1 - carboxylate ( 22 g , 70.5 mmol ) and 
diisopropylethylamine ( 49 mL , 282 mmol ) in toluene ( 220 
mL ) was stirred at 25 ° C. for 10 minutes . A solution of 
4 - nitrophenyl 4 - methoxybenzylcarbamate ( 32.0 g , 106 
mmol ) ( Preparation # 11 ) in toluene ( 220 mL ) was added 
dropwise under nitrogen . The resulting mixture was stirred 
at 110 ° C. for 5 hours . The reaction was cooled to 25 ° C. and 

[ 0517 ] To a solution of 4 - nitrophenyl chloroformate ( 29.4 
g , 146 mmol ) in acetonitrile ( 200 mL ) was added a solution 
of ( 4 - methoxyphenyl ) methanamine ( 20 g , 146 mmol ) and 
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concentrated on vacuum to get a residue , which was purified 
via silica gel chromatography eluting with 0-100 % dichlo 
romethane : tetrahydrofuran to afford a residue . The residue 
was triturated with dimethylformamide , then 2 - methyltetra 
hydrofuran , to provide the product ( 58.8 g , 52 % yield ) . ' H 
NMR ( 400 MHz , Dimethyl sulfoxide - do ) d = 1.62 ( s , 9H ) , 
3.32 ( s , 2H ) , 3.73 ( s , 3H ) , 4.30 ( d , J = 5.73 Hz , 2H ) , 6.90 ( d , 
J = 8.60 Hz , 2H ) , 7.25 ( d , J = 8.60 Hz , 2H ) , 7.68 ( br s , 1H ) , 
7.78 ( s , 1H ) , 8.08 ( s , 1H ) , 8.85 ( s , 1H ) , 9.15 ( s , 1H ) . 
PMB - 4 - methoxybenzyl . 

mmol ) and the mixture was heated to about 85 ° C. with 
stirring . After 4 hours of heating , the reaction was cooled to 
room temperature . The reaction was filtered , and the filtered 
product rinsed with diethyl ether , and dried to constant mass 
in a vacuum oven at about 70 ° C. to provide the product ( 63 
g , 91 % yield ) . LC / MS ( Table A , Method e ) R = 1.42 minutes ; 
MS m / z : 365.9 , 367.8 ( M + H ) * . 

13. Preparation # 13 : 1- ( 3 - Bromo - 1 - tosyl - 1H - pyr 
rolo [ 2,3 - c ] pyridin - 5 - yl ) urea 

[ 0521 ] 

Br 

ZL 
S1 

Step 3 : 1- ( 3 - bromo - 1 - tosyl - 1 H - pyrrolo [ 2,3 - c ] pyri 
din - 5 - yl ) urea 

[ 0524 ] A flask was charged with 3 - bromo - 1 - tosyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - amine , 2 hydrochloric acid ( 30.31 g , 
69.0 mmol ) as a suspension in tetrahydrofuran ( 690 mL ) . To 
this mixture was added triethylamine ( 28.9 mL , 207 mmol ) . 
After cooling the reaction mixture to an internal temperature 
of about – 75 ° C. , phosgene ( 15 % solution in toluene ) ( 54.2 
mL , 76 mmol ) was slowly added , then ammonia ( 7M 
solution in MeOH ) ( 79 mL , 552 mmol ) was slowly added . 
The reaction was allowed to slowly warm to room tempera 
ture . After about 10 minutes , the reaction was quenched by 
the addition of about 30 mL of water and was allowed to 
warm to room temperature overnight . The mixture was 
treated with an additional 120 mL of water , then the reaction 
was filtered under vacuum , and the filtered material tritu 
rated with 5 % methanol / ethyl acetate . The filtered material 
was dried in a vacuum oven at about 70 ° C. to provide the 
product ( 21.6 g , 71 % yield ) . LC / MS ( Table A , Method e ) 
R = 1.37 minutes ; MS m / z : 408.8 , 410.8 ( M + H ) * . ' H NMR 
( 400 MHz , Dimethyl sulfoxide - do ) d 9.08 ( s , 1H ) , 8.81 ( d , 
J = 1.1 Hz , 1H ) , 8.26 ( s , 1H ) , 7.97-7.89 ( m , 2H ) , 7.72 ( d , 
J51.1 Hz , 1H ) , 7.45-7.33 ( m , 2H ) , 6.50 ( s , 2H ) , 2.31 ( s , 3H ) . 

N 
Br 

S2 

N 

Ts 
2HCI Br 

H?N 
S3 

N 

Ts 

14. Preparation # 14 : 1- ( 3 - Bromo - 1 - tosyl - 1H - pyr 
rolo [ 2,3 - c ] pyridin - 5 - yl ) -3 - methylurea 

[ 0525 ] Br 

H2N 

2HCI Br 

H2N 
Ts 

Ts 
Br 

HN 

Ts 

Step 1 : N- ( 3 - bromo - 1 - tosyl - 1H - pyrrolo [ 2,3 - c ] pyri 
din - 5 - yl ) acetamide 

[ 0522 ] To a dimethylformamide ( 265 mL ) suspension of 
N- ( 3 - bromo - 1H - pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) acetamide ( 40 . 
42 g , 159 mmol ) ( Preparation # 1 , Step 1 ) stirring at about 0 ° 
C. was added NaH ( 60 % dispersion in mineral oil ) ( 7.37 g , 
175 mmol ) . After stirring for about 10 minutes , 4 - toluene 
sulfonyl chloride ( 31.8 g , 167 mmol ) was added . The 
reaction stirred for about 3 hours , then diluted with water 
( 250 mL ) , and the reaction was filtered . The filtered material 
was rinsed twice with water before drying in a vacuum oven 
at about 70 ° C. to provide the product ( 64 g , 99 % yield ) . 
LC / MS ( Table A , Method e R = 1.48 minutes ; MS m / z : 
407.8 , 409.9 ( M + H ) * . Ts = 4 - toluenesulfonyl . 

[ 0526 ] In a round - bottomed flask , 3 - bromo - 1 - tosyl - 1H 
pyrrolo [ 2,3 - c ] pyridin - 5 - amine 2 hydrochloric acid ( 32.1 g , 
73.1 mmol ) ( Preparation # 13 , Step 2 ) in tetrahydrofuran 
( 700 mL ) was added to give a tan suspension . Diisopropy 
lethylamine ( 50.6 mL , 292 mmol ) was added and stirred 
until dissolution occurred , giving a dark brown solution . The 
solution was cooled to about -78 ° C. in a dry ice / acetone 
bath , and 15 % phosgene in toluene ( 57.4 mL , 80 mmol ) was 
added dropwise via an addition funnel , keeping the tem 
perature less than about -70 ° C. After the addition was 
complete , the mixture was stirred for about 30 minutes at 
about –78 ° C. Methylamine ( 2.0 M in tetrahydrofuran , 292 

Step 2 : 3 - bromo - 1 - tosyl - 1H - pyrrolo [ 2,3 - c ] pyridin 
5 - amine , 2 hydrochloric acid 

[ 0523 ] To a dioxane ( 448 mL ) suspension of N- ( 3 - bromo 
1 - tosyl - 1H - pyrrolo [ 2,3 - c ] pyridin - 5 - yl ) acetamide ( 64.02 g , 
157 mmol ) was added HCl ( 5M in water ) ( 157 mL , 784 
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mL , 585 mmol ) was then added dropwise via an addition 
funnel at about -78 ° C. After the addition was complete , the 
reaction mixture was allowed to warm to room temperature . 
The reaction was quenched with water ( 120 mL ) and stirred 
for about 2 days . The organic layers were removed under 
reduced pressure to provide a residue , which was filtered , 
washing with water . The residue was triturated with 5 % 
methanol / ethyl acetate ( 200 mL ) for 1 hour , filtered , wash 
ing with ethyl acetate , and then dried under reduced pressure 
at about 50 ° C. to provide the product ( 25.5 g , 79 % yield ) . 
LC / MS ( Table A , Method b ) R = 1.47 minutes ; MS m / z : 423 , 
425 ( M + H ) * . ' H NMR ( 400 MHz , Dimethyl sulfoxide - do ) 8 
9.18 ( s , 1H ) , 8.83 ( d , J = 1.0 Hz , 1H ) , 8.29 ( s , 1H ) , 7.95 ( d , 
J = 8.4 Hz , 2H ) , 7.67 ( d , J = 1.0 Hz , 1H ) , 7.42 ( d , J = 8.6 Hz , 
2H ) , 7.22 ( d , J = 5.6 Hz , 1H ) , 2.70 ( d , J = 4.7 Hz , 3H ) , 2.34 ( s , 
3H ) . Ts = 4 - toluenesulfonyl . 

imidazole ( 0.592 g , 8.69 mmol ) , and 4 - dimethylamino pyri 
dine ( 0.531 g , 4.35 mmol ) . The reaction stirred at room 
temperature for about 16 hours . The reaction was then 
diluted with water ( 10 mL ) and brine ( 40 mL ) , and extracted 
into diethyl ether ( 60 mL ) . The organic layers were dried 
over MgSO4 , filtered and concentrated under reduced pres 
sure to a residue , which was purified via silica gel chroma 
tography , eluting with 0-25 % ethyl acetate / heptanes , to 
provide the product ( 1.37 g , 92 % yield ) . LC / MS ( Table A , 
Method a ) R = 2.10 minutes ; MS m / z : 344 , 346 ( M + H ) * . ' H 
NMR ( 400 MHz , Dimethyl sulfoxide - do ) 8 7.91-7.79 ( m , 
1H ) , 7.70-7.56 ( m , 2H ) , 4.97-4.87 ( m , 2H ) , 4.74 ( d , J = 1.0 
Hz , 2H ) , 0.92-0.85 ( m , 9H ) , -0.00 ( d , J = 0.4 Hz , 6H ) . 

16. Preparation # 16 : 2 - Bromo - 6- ( 3 - ( ( tert - butyldim 
ethylsilyl ) oxy ) oxetan - 3 - yl ) -4 - methoxypyridine 

[ 0530 ] 15. Preparation # 15 : 2 - Bromo - 6- ( 3 - ( ( tert - butyldim 
ethylsilyl ) oxy ) oxetan - 3 - yl ) pyridine 

[ 0527 ] 

Br Br Si 
Si 

S1 S2 
N N Br 

Br 
HO 

Br 

Br 

S2 Step 1 : 3- ( 6 - bromopyridin - 2 - yl ) oxetan - 3 - ol 
[ 0528 ] A solution of 2,6 - dibromopyridine ( 10 g , 42.2 
mmol ) in dichloromethane ( DCM ) ( 211 mL ) was cooled to 
about – 78 ° C. and n - butyllithium ( 2.5M in hexanes , 18.57 
mL , 46.4 mmol ) was added dropwise , keeping the internal 
temperature below -68 ° C. The reaction stirred at about 
-78 ° C. for about 15 minutes before adding oxetan - 3 - one 
( 3.25 mL , 50.7 mmol ) as a neat oil slowly . The temperature 
increased to about –50 ° C. , and the reaction was cooled to 
about -78 ° C. and stirred for about 30 minutes before 
pouring into a vessel with saturated aqueous NH4Cl and 
DCM . The reaction stirred for 1 hour warming to room 
temperature . The layers were separated and extracted from 
the aqueous with DCM three times . The combined organic 
layers were dried over MgSO4 , filtered , concentrated to a 
residue , which was triturated with diethyl ether to provide 
the product ( 7.44 g , 77 % yield ) LC / MS ( Table A , Method a ) 
R = 0.65 minutes ; MS m / z : 230 , 232 ( M + H ) + . 

Si Si 

S3 
Br Br 

Step 2 : 2 - bromo - 6- ( 3 - ( ( tert - butyldimethylsilyl ) oxy ) 
oxetan - 3 - yl ) pyridine 

[ 0529 ] To a solution of 3- ( 6 - bromopyridin - 2 - yl ) oxetan - 3 
ol ( 1 g , 4.35 mmol ) in dimethylformamide ( 8.05 mL ) was 
added tert - butyldimethylsilyl chloride ( 1.179 g , 7.82 mmol ) , 

OH 
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Step 1 : 2 - bromo - 6- ( 3 - ( ( tert - butyldimethylsilyl ) oxy ) 
oxetan - 3 - yl ) -4- ( 4,4,5,5 - tetramethyl - 1,3,2 - dioxaboro 

lan - 2 - yl ) pyridine 

J = 2.1 Hz , 1H ) , 4.95-4.82 ( m , 2H ) , 4.79-4.64 ( m , 2H ) , 3.86 
( s , 3H ) , 0.88 ( s , 9H ) , 0.01 ( s , 6H ) . 

17. Preparation # 17 : 2 - Bromo - 6- ( 3 - ( ( tert - butyldim 
ethylsilyl ) oxy ) oxetan - 3 - yl ) -4 - isopropoxypyridine 

[ 0534 ] 

Si 

Br Br 

[ 0531 ] In a 100 mL flask , ( 1,5 - cyclooctadiene ) ( methoxy ) 
iridium ( I ) dimer ( 0.154 g , 0.232 mmol ) , 4,4 ' - di - tert - butyl 
2,2 ' - bipyridine ( 0.125 g , 0.465 mmol ) , and bis ( pinacolato ) 
diboron ( 5.90 g , 23.23 mmol ) were added under a stream of 
nitrogen , followed by methyl tert - butyl ether ( 19.36 mL ) 
( “ the catalyst solution ” ) and the reaction was degassed for 
about 10 minutes . In a separate 250 mL flask , 2 - bromo - 6 
( 3 - ( ( tert - butyldimethylsilyl ) oxy ) oxetan - 3 - yl ) pyridine ( 4 g , 
11.62 mmol ) ( Preparation # 15 ) and methyl tert - butyl ether 
( 58.1 mL ) ( “ the bromopyridine solution " ) were degassed 
with nitrogen . Added 15 mL of the catalyst solution to the 
bromopyridine solution and heated to about 60 ° C. under 
nitrogen for about 1 hour . The reaction was concentrated 
under reduced pressure to a residue , which was purified via 
silica gel chromatography , eluting with 0-50 % ethyl acetate / 
heptanes to provide the product ( 4.9 g , 90 % yield ) . LC / MS 
( Table A , Method a ) R = 1.76 minutes ; MS m / z : 388 , 390 
( M + H ) * . ' H NMR ( 400 MHz , Dimethyl sulfoxide - do ) 87.79 
( d , J = 0.8 Hz , 1H ) , 7.65 ( d , J = 0.8 Hz , 1H ) , 4.88 ( d , J = 6.7 Hz , 
2H ) , 4.72 ( s , 2H ) , 1.33-1.23 ( m , 12H ) , 0.89 ( d , J = 0.7 Hz , 
9H ) , -0.03 ( d , J = 0.7 Hz , 6H ) . 

OH 

Step 2 : 2 - bromo - 6- ( 3 - ( ( tert - butyldimethylsilyl ) oxy ) 
oxetan - 3 - yl ) pyridin - 4 - ol 

[ 0532 ] To a vigorously stirred solution of 2 - bromo - 6- ( 3 
( ( tert - butyldimethylsilyl ) oxy ) oxetan - 3 - yl ) -4- ( 4,4,5,5 - te 
tramethyl - 1,3,2 - dioxaborolan - 2 - yl ) pyridine ( 4.87 g , 10.36 
mmol ) in tetrahydrofuran ( 34.5 mL ) was added a solution of 
Oxone ( 7.00 g , 11.39 mmol ) in water ( 34.5 mL ) . The 
reaction stirred at room temperature for about 30 minutes . 
The reaction was quenched with saturated aqueous Na2S2O3 
( 100 mL ) and extracted into ethyl acetate ( 120 mL ) . The 
organic layers were washed with brine ( 30 mL ) , dried over 
MgSO4 , filtered and concentrated under reduced pressure to 
a solid . Triturated the solid with heptanes and filtered , then 
rinsed with dichloromethane and filtered to provide the 
product ( 3.21 g , 86 % yield ) . LC / MS ( Table A , Method a ) 
R = 1.84 minutes ; MS m / z : 360 , 362 ( M + H ) * . ' H NMR ( 400 
MHz , Dimethyl sulfoxide - do ) 8 11.32 ( s , 1H ) , 6.95 ( d , J = 1.9 
Hz , 1H ) , 6.91 ( d , J = 1.9 Hz , 1H ) , 4.92-4.81 ( m , 2H ) , 4.65 ( d , 
J = 6.7 Hz , 2H ) , 0.89 ( s , 9H ) , 0.02 ( s , 6H ) . 

[ 0535 ] To a solution of 2 - bromo - 6- ( 3 - ( ( tert - butyldimeth 
ylsilyl ) oxy ) oxetan - 3 - yl ) pyridin - 4 - ol ( 1.6 g , 4.44 mmol ) 
( Preparation # 16 , Step 2 ) in dimethylformamide ( 44.4 mL ) 
was added 2 - iodopropane ( 0.888 mL , 8.88 mmol ) and 
potassium carbonate ( 1.227 g , 8.88 mmol ) . The reaction 
stirred at room temperature for about 16 hours . The reaction 
was quenched with brine ( 40 mL ) , then added ethyl acetate 
( 60 mL ) and water ( 30 mL ) . The organic layers were 
separated and washed again with brine ( 30 mL ) , dried over 
MgSO4 , filtered and concentrated under reduced pressure , to 
provide a residue , which was purified via silica gel chro 
matography , eluting with 0-20 % ethyl acetate / heptanes , to 
provide the product ( 1.72 g , 96 % yield ) . LC / MS ( Table A , 
Method a ) R = 2.32 minutes ; MS m / z : 402 , 404 ( M + H ) . ' H 
NMR ( 400 MHz , Dimethyl sulfoxide - do ) 8 7.17 ( dd , J = 2.1 , 
0.8 Hz , 1H ) , 7.06 ( dd , J = 2.1 , 0.8 Hz , 1H ) , 4.92-4.87 ( m , 2H ) , 
4.87-4.73 ( m , 1H ) , 4.70-4.61 ( m , 2H ) , 1.27 ( dd , J = 6.0 , 0.8 
Hz , 6H ) , 0.88 ( d , J = 0.8 Hz , 9H ) , 0.00 ( d , J = 0.8 Hz , 6H ) . 

18. Preparation # 18 and # 18a : ( R ) -2 - Bromo - 4- ( dif 
luoromethyl ) -6- ( 3 - methoxytetrahydrofuran - 3 - yl ) 

pyridine and ( S ) -2 - bromo - 4- ( difluoromethyl ) -6- ( 3 
methoxytetrahydrofuran - 3 - yl ) pyridine 

[ 0536 ] 

Step 3 : 2 - bromo - 6- ( 3 - ( ( tert - butyldimethylsilyl ) oxy ) 
oxetan - 3 - yl ) -4 - methoxypyridine OH 

Si S2 

Br N Br Br Br 

[ 0533 ] To a solution of 2 - bromo - 6- ( 3 - ( ( tert - butyldimeth 
ylsilyl ) oxy ) oxetan - 3 - yl ) pyridin - 4 - ol ( 1.6 g , 4.44 mmol ) in 
dimethylformamide ( 44.4 mL ) was added iodomethane 
( 0.555 mL , 8.88 mmol ) and potassium carbonate ( 1.227 g , 
8.88 mmol ) . The reaction stirred at room temperature for 
about 90 minutes . The reaction was quenched with brine ( 40 
mL ) , ethyl acetate ( 60 mL ) and a little water to help dissolve 
salts ( 15 mL ) . The organic layers were separated and washed 
again with brine ( 30 mL ) , dried over MgSO4 , filtered and 
concentrated under reduced pressure to provide a residue , 
which was purified via silica gel chromatography , eluting 
with 0-25 % ethyl acetate / heptanes , to provide the product 
( 1.6 g , 96 % yield ) . LC / MS ( Table A , Method a ) R = 2.15 
minutes ; MS m / z : 374 , 376 ( M + H ) * . ' H NMR ( 400 MHz , 
Dimethyl sulfoxide - do ) d 7.21 ( d , J = 2.1 Hz , 1H ) , 7.10 ( d , 

S3 S4 

OH 

Br Br Br " 
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-continued 

S5 

Br 26 
To 

Step 3 : 3- ( 6 - bromo - 4- ( 1,3 - dioxolan - 2 - yl ) pyridin - 2 
yl ) tetrahydrofuran - 3 - ol 

[ 0539 ] To a solution of 2,6 - dibromo - 4- ( 1,3 - dioxolan - 2 - yl ) 
pyridine ( 19 g , 61.5 mmol ) in dichloromethane ( 200 mL ) 
was added n - butyl lithium ( 1M in hexanes ) ( 54.1 mL , 135 
mmol ) dropwise with stirring at -78 ° C. for 15 minutes . 
Dihydrofuran - 3 ( 2H ) -one ( 6.35 g , 73.8 mmol ) was added , 
and the reaction mixture was stirred at the same temperature 
for 30 minutes . The reaction was then allowed to warm to 
20 ° C. and stirred for 12 hours . This procedure was repeated 
two more times on same scale , and then combined for 
workup . The reaction was quenched with saturated aqueous 
solution NH4Cl ( 500 mL ) and extracted with dichlorometh 
ane ( 2x250 mL ) . The organic portion was dried over NaSO4 , 
filtered , and concentrated to give a residue , which was 
purified via silica gel chromatography , eluting with 50 : 1 to 
10 : 1 petroleum ether : ethyl acetate , to provide the product 
( 26 g , 40 % yield ) . LC / MS ( Table A , Method f ) R = 0.95 
minutes ; MS m / z : 316 , 318 ( M + H ) * . 

S6 

Br 

F Gye Br Br 
( R ) ( S ) 

( 18 ) ( 189 ) 

Step 4 : 2 - bromo - 4- ( 1,3 - dioxolan - 2 - yl ) -6- ( 3 
methoxytetrahydrofuran - 3 - yl ) pyridine 

[ 0540 ] To a solution of 3- ( 6 - bromo - 4- ( 1,3 - dioxolan - 2 - yl ) 
pyridin - 2 - yl ) tetrahydrofuran - 3 - ol ( 10 g , 31.6 mmol ) in tet 
rahydrofuran ( 10 mL ) was added NaH ( 60 % dispersion in 
mineral oil ) ( 1.5 g , 38.0 mmol ) at 0 ° C. The reaction stirred 
at 0 ° C. for 30 minutes , before the addition of methyl iodide 
( 2.9 mL , 47.4 mmol ) . The reaction was stirred at 0 ° C. for 
13 hours . The reaction was extracted with ethyl acetate ( 20 
mL ) and NH4C1 ( 20 mL ) , then the organic layer was 
separated , concentrated to provide a residue , which was 
purified via silica gel chromatography , eluting with 50 : 1 to 
10 : 1 petroleum ether : ethyl acetate , to provide the product ( 7 
g , 60 % yield ) . LC / MS ( Table A , Method f ) R = 1.07 minutes ; 
MS m / z : 330 , 332 ( M + H ) . 

Step 1 : 2,6 - dibromoisonicotinaldehyde 
[ 0537 ] To a solution of oxalyl chloride ( 14.43 mL , 165 
mmol ) in dichloromethane ( DCM ) ( 400 mL ) was added a 
solution of dimethyl sulfoxide ( 25.5 mL , 360 mmol ) in 
DCM ( 400 mL ) dropwise at -78 ° C. under nitrogen . After 10 
minutes , a solution of ( 2,6 - dibromopyridin - 4 - yl ) methanol 
( 40 g , 150 mmol ) ( Preparation # 6 , Step 1 ) in DCM ( 400 mL ) 
was added dropwise at – 78 ° C. The mixture was stirred for 
15 minutes and then triethylamine ( 104 mL , 749 mmol ) was 
added dropwise at -78 ° C. After the addition , the reaction 
was stirred at -78 ° C. for another 1 hour . The cooling bath 
was removed , and water ( 500 mL ) was added to the reaction 
at 20 ° C. The mixture was extracted with DCM ( 200 mL ) , 
and then the organic layers were combined , dried over 
Na2SO4 , filtered and concentrated under reduced pressure to 
provide the product ( 30 g , 67 % yield ) . ' H NMR ( 400 MHz , 
chloroform - d ) 8 9.97 ( s , 1H ) , 7.86 ( s , 2H ) . 

Step 5 : 2 - bromo - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) 
isonicotinaldehyde 

[ 0541 ] To a solution of 2 - bromo - 4- ( 1,3 - dioxolan - 2 - yl ) -6 
( 3 - methoxytetrahydrofuran - 3 - yl ) pyridine ( 18 g , 54.5 mmol ) 
in water ( 180 mL ) was added HCl ( 180 mL , 5924 mmol ) , 
and the reaction was stirred at 50 ° C. for 2 hours . The 
reaction was then cooled to room temperature , adjusted to 
pH = 7 , and extracted with ethyl acetate ( 200 mL ) . The 
organic layer was concentrated and purified via silica gel 
chromatography , eluting with 50 : 1 to 1 : 1 petroleum ether : 
ethyl acetate , to provide the product ( 7 g , 43 % yield ) . 
LC / MS ( Table A , Method f ) R = 1.03 minutes ; MS m / z : 286 , 
288 ( M + H ) * . Step 2 : 2,6 - dibromo - 4- ( 1,3 - dioxolan - 2 - yl ) pyridine 

[ 0538 ] A suspension of 2,6 - dibromoisonicotinaldehyde 
( 2.313 g , 8.73 mmol ) in toluene ( 29 mL ) was treated with 
ethane - 1,2 - diol ( 0.732 mL , 13.10 mmol ) and 4 - methylben 
zenesulfonic acid hydrate ( 0.332 g , 1.746 mmol ) and was 
refluxed with a Dean Stark trap for 20 hours . The reaction 
showed complete conversion to the desired product . The 
reaction was cooled , and quenched with water , and extracted 
with dichloromethane . The combined organic layers were 
dried , and concentrated and purified via silica gel chroma 
tography , eluting with 12-100 % ethyl acetate / heptanes , to 
provide the product ( 1.6 g , 62 % yield ) . LC / MS ( Table A , 
Method a ) R = 1.33 minutes ; MS m / z : 308 , 310 ( M + H ) + . 

Step 6 : ( R ) -2 - bromo - 4- ( difluoromethyl ) -6- ( 3 
methoxytetrahydrofuran - 3 - yl ) pyridine and ( S ) -2 
bromo - 4- ( difluoromethyl ) -6- ( 3 - methoxytetrahydro 

furan - 3 - yl ) pyridine 
[ 0542 ] To a solution of 2 - bromo - 6- ( 3 - methoxytetrahydro 
furan - 3 - yl ) isonicotinaldehyde ( 7 g , 24.47 mmol ) in dichlo 
romethane ( DCM ) ( 70 mL ) at -78 ° C. was added diethyl 
aminosulfur trifluoride ( 16.16 mL , 122 mmol ) over a period 
of 10 minutes . The reaction was warmed to 15º C. and 
stirred for 2 hours . The reaction mixture was carefully 
poured into ice water ( 40 mL ) and extracted with DCM 
( 3x80 mL ) . The combined organic layers were washed with 
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NaHCO3 solution ( 20 mL ) , water ( 30 mL ) , and brine ( 30 
mL ) , dried over Na2SO4 , and concentrated to give the 
racemic product ( 4.9 g ) . LC / MS ( Table A , Method f ) R = 3 . 
82 minutes ; MS m / z : 310 ( M + H ) * . The racemate was further 
purified via chiral HPLC ( Table B , Method 6 ) to provide the 
( R ) -isomer ( 2.1 g , 42 % yield , > 99 % ee , R = 12.6 minutes , 
optical rotation = ( + ) ) and the ( S ) -isomer ( 2.0 g , 41 % yield , 
> 93 % ee , R = 14.2 minutes , optical rotation = ( - ) ) . ' H NMR 
( 400 MHz , Chloroform - d ) 8 = 7.62 ( s , 1H ) , 7.54 ( s , 1H ) , 
6.78-6.46 ( m , 1H ) , 4.19-4.07 ( m , 3H ) , 3.98 ( d , J = 9.7 Hz , 
1H ) , 3.25 ( s , 3H ) , 2.64 ( td , J = 8.4 , 13.2 Hz , 1H ) , 2.37 ( dddd , 
J = 1.1 , 4.7 , 7.1 , 13.1 Hz , 1H ) . 

was cooled to 0 ° C. , and 60 % NaH in oil dispersion ( 0.365 
g , 9.11 mmol ) was added portionwise . The mixture was 
stirred for 15 minutes at 0 ° C. , then iodomethane ( 1.291 mL , 
20.71 mmol ) was added dropwise via a syringe . After 3 
hours , additional NaH ( 0.099 g , 4.14 mmol ) was added , and 
stirred 15 minutes and additional iodomethane ( 0.258 mL , 
4.14 mmol ) was added . The reaction stirred at room tem 
perature for 2 days . The reaction was quenched with satu 
rated aqueous ammonium chloride ( 100 mL ) , and ethyl 
acetate ( 100 mL ) was added . The layers were separated and 
extracted with ethyl acetate ( 2x75 mL ) . The combined 
organic layers were dried over MgSO4 and the solvent was 
concentrated under reduced pressure . The crude material 
was purified via silica gel chromatography , eluting with 0 to 
80 % ethyl acetate : heptanes to give the crude product ( 2.0 g ) , 
which was further purified by chiral SFC ( Table B , Method 
7 ) to provide the ( R ) -isomer ( 0.921 g , 36 % yield , 95 % ee , 
R = 2.1 minutes ) and the ( S ) -isomer ( 0.975 g , 38 % yield , 
> 99 % ee , R = 2.3 minutes ) . LC / MS ( Table A , Method a ) 
R = 0.94 minutes ; MS m / z : 306.81 ( M + H ) * . 

19. Preparation # 19 and # 19a : ( R ) -2 - Iodo - 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) pyrazine and ( S ) -2 
iodo - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyrazine 

[ 0543 ] 

Si S2 
OH 20. Preparation # 20 and # 20a : ( R ) -2 - Bromo - 6- ( 3 

methoxytetrahydrofuran - 3 - yl ) pyridine and ( S ) -2 
bromo - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyridine 

[ 0546 ] 

+ 

( R ) ( S ) HO . 
Br 

S1 S2 ( 19 ) ( 192 ) N N 

Br Br 

Om 
( R ) ( 5 ) 

+ 

Br Br 

( 20 ) ( 20a ) 

Step 1 : 3- ( 6 - iodopyrazin - 2 - yl ) tetrahydrofuran - 3-01 
[ 0544 ] To a solution of 2,6 - diiodopyrazine ( 4.931 g , 14.86 
mmol ) in dichloromethane ( DCM ) ( 150 mL ) was added 
MgSO4 , and the solution was stirred for 15 minutes . The 
solution was then filtered into a heat dried flask and cooled 
to -78 ° C. in an acetone / dry ice bath . n - Butyl lithium in 
hexanes ( 2.5 mM , 6.24 mL , 15.60 mmol ) was added drop 
wise via a syringe keeping the temperature less than -65 ° C. , 
and the reaction was stirred for 30 minutes at -78 ° C. A 
solution of dihydrofuran - 3 ( 2 - H ) -one ( 2.56 g , 29.7 mmol ) in 
DCM ( 150 mL ) was added dropwise via syringe and the 
reaction was allowed to come to room temperature . The 
reaction stirred at room temperature overnight . The reaction 
was then quenched with saturated aqueous ammonium chlo 
ride ( 150 mL ) , the layers were separated and extracted with 
DCM ( 2x75 mL ) , the combined organic extracts were dried 
over MgSO4 , and the solvent was concentrated under 
reduced pressure to provide a residue . The residue was 
purified via silica gel chromatography , eluting with 
30-100 % ethyl acetate : heptanes to provide the product ( 2.4 
g , 56 % yield ) . LC / MS ( Table A , Method a ) R = 0.70 minutes ; 
MS m / z : 292.91 ( M + H ) * . 

Step 1 : 3- ( 6 - bromopyridin - 2 - yl ) tetrahydrofuran - 3 - ol 
[ 0547 ] To a solution of 2,6 - dibromopyridine ( 5 g , 21.11 
mmol ) in dichloromethane ( DCM ) ( 100 mL ) cooled to about 
-78 ° C. was added n - butyllithium ( 2.5M in hexanes ) ( 9.29 
mL , 23.22 mmol ) dropwise , maintaining internal tempera 
ture below –74 ° C. The reaction was stirred at this tempera 
ture for 15 minutes , then 3 - oxotetrahydrofuran ( 2.18 g , 25.3 
mmol ) was added in one portion . The reaction was stirred for 
about 40 minutes at about -78 ° C. Poured the reaction into 
a mixture of saturated aqueous NH4Cl ( 110 mL ) and DCM 
( 80 mL ) and stirred for about 30 minutes . Separated the 
organic layers and dried over MgSO4 , filtered , and concen 
trated under reduced pressure to provide a residue , which 
was purified via silica gel chromatography , eluting with 
0-50 % ethyl acetate / heptanes , to provide the product ( 3.85 
g , 75 % yield ) . LC / MS ( Table A , Method a ) R , 0.75 minutes ; 
MS m / z : 244 , 246 ( M + H ) * . 

Step 2 : ( R ) -2 - iodo - 6- ( 3 - methoxytetrahydrofuran - 3 
yl ) pyrazine and ( S ) -2 - iodo - 6- ( 3 - methoxytetrahydro 

furan - 3 - yl ) pyrazine 
[ 0545 ] A solution of 3- ( 6 - iodopyrazin - 2 - yl ) tetrahydro 
furan - 3 - ol ( 2.42 g , 8.29 mmol ) in tetrahydrofuran ( 41 mL ) 
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Olim . ?? . HO 
( R ) 

+ 

( 21 ) ( 21a ) 

Step 2 : ( R ) -2 - bromo - 6- ( 3 - methoxytetrahydrofuran 
3 - yl ) pyridine and ( S ) -2 - bromo - 6- ( 3 - methoxytetrahy 

drofuran - 3 - yl ) pyridine 
[ 0548 ] In a round - bottomed flask , 3- ( 6 - bromopyridin - 2 
yl ) tetrahydrofuran - 3 - ol ( 7.20 g , 29.5 mmol ) and NaH ( 60 % 
in oil dispersion ) ( 1.652 g , 41.3 mmol ) in tetrahydrofuran 
( 300 mL ) were added to give a yellow suspension . The 
reaction stirred for 15 minutes and then iodomethane ( 1.8 
mL , 29.5 mmol ) was added and the mixture was stirred at 
room temperature overnight . An additional amount of NaH 
( 60 % in oil dispersion ) ( 0.472 g , 11.80 mmol ) was added 
and stirred for 15 minutes , then iodomethane ( 0.735 mL , 
11.80 mmol ) was added . After 2 hours , the reaction was 
quenched with saturated aqueous ammonium chloride , 
extracted with dichloromethane , which was dried over 
MgSO4 , and concentrated to provide the racemic product 
( 6.6 g , 98 % yield ) . LC / MS ( Table A , Method a ) R = 1.06 
minutes ; MS m / z : 258 , 260 ( M + H ) * . The racemate was 
further purified via chiral SFC ( Table B , Method 8 ) to 
provide the ( R ) -isomer ( 3.33 g , 43 % yield , > 99 % ee , R = 1 . 
22 minutes ) , and the ( S ) -isomer ( 3.30 g , 42 % yield , > 99 % 
ee , R = 1.05 minutes ) . LC / MS ( Table A , Method a ) R = 1.06 
minutes ; MS m / z : 258 , 260 ( M + H ) * . 

Step 1 : 3- ( 6 - chloropyridin - 2 - yl ) tetrahydrofuran - 3 - ol 
[ 0550 ) 2 - Bromo - 6 - chloropyridine ( 44.44 g , 231 mmol ) 
was dissolved in dichloromethane ( DCM ) ( 770 mL ) , stirred 
in a 3 neck 2 L reaction flask and then cooled to -78 ° C. 
n - Butyl lithium ( 2.5 M in hexanes ) ( 106 mL , 266 mmol ) was 
cannulated into an addition funnel and then added dropwise 
into the reaction , maintaining the temperature below -69 ° C. 
The reaction was stirred for 20 minutes . Dihydrofuran - 3 
( 2H ) -one ( 22.8 g , 266 mmol ) was dissolved in minimal 
DCM and then added into the reaction dropwise . The 
reaction stirred , slowly warming to room temperature over 
40 minutes . The reaction was quenched with ammonium 
chloride solution ( 200 mL ) and then separated layers , 
extracting the aqueous with DCM and then washing the 
organic layer with brine ( 200 mL ) . The organic layer was 
dried over MgSO4 and then concentrated to dryness to 
provide a residue , which was purified via silica gel chro 
matography , eluting with 0-100 % ethyl acetate : heptanes to 
provide the product ( 32.7 g , 70 % yield ) . LC / MS ( Table A , 
Method a ) R -0.67 minutes ; MS m / z : 200 , 202 ( M + H ) * . 

21. Preparation # 21 and # 21a : ( R ) -2 - Chloro - 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) pyridin - 4 - ol and ( S ) -2 
chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyridin - 4 

ol 

[ 0549 ] 

HO 
Br 

S1 S2 

CI 

é 
S3 

Step 2 : 
2 - chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyridine 

[ 0551 ] 3- ( 6 - Chloropyridin - 2 - yl ) tetrahydrofuran - 3 - ol ( 13 . 
52 g , 67.7 mmol ) was dissolved in tetrahydrofuran ( 226 mL ) 
and NaH ( 60 % dispersion in oil ) ( 4.88 g , 122 mmol ) was 
added carefully at 0 ° C. and the reaction was stirred for 10 
minutes . Iodomethane ( 5.51 mL , 88 mmol ) was then added 
and the reaction was allowed to stir overnight at room 
temperature . The reaction was then quenched into an ammo 
nium chloride solution ( 300 mL ) and diluted with ethyl 
acetate ( 100 mL ) . The layers were separated and the aqueous 
phase was extracted with ethyl acetate ( 2x200 mL ) . The 
combined organic layers were washed with brine , dried over 
MgSO4 , filtered and concentrated to provide the product 
( 14.1 g . 98 % yield ) . LC / MS ( Table A , Method a ) R = 0.95 
minutes ; MS m / z : 213 , 215 ( M + H ) * . S4 

Step 3 : 2 - chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) 
4- ( 4,4,5,5 - tetramethyl - 1,3,2 - dioxaborolan - 2 - yl ) pyri 

dine 

0 

?? . 
S5 

[ 0552 ] A solution of 2 - chloro - 6- ( 3 - methoxytetrahydro 
furan - 3 - yl ) pyridine ( 42.29 g , 198 mmol ) and bis ( pinacolato ) 
diboron ( 60.3 g , 238 mmol ) in cyclohexane ( 660 mL ) was 
sparged with nitrogen for 30 minutes , then chloro ( 1,5 
cyclooctadiene ) iridium ( I ) dimer ( 1.33 g , 1.979 mmol ) and 
4,4 ' - di - tert - butyl - 2,2 - bipyridine ( 1.06 g , 3.96 mmol ) were 
added and the mixture was heated at 75 ° C. for 1 hour . The 
reaction was cooled to room temperature and the solvent 
was concentrated under reduced pressure to provide a resi 

N 
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?? . 

due , which was triturated with heptanes overnight , filtered , 
and the filtered material washed with heptanes and dried 
under reduced pressure at 50 ° C. to provide the product ( 48 
g , 71 % yield ) . LC / MS ( Table A , Method a ) R = 0.77 minutes ; 
MS m / z : 257.90 ( M + H ) * ( Boronic acid mass ) . ' H NMR 
( 400 MHz , Dimethyl sulfoxide - do ) 8 7.63 ( d , J = 0.8 Hz , 1H ) , 
7.50 ( d , J = 0.7 Hz , 1H ) , 4.04 ( dd , J = 9.6 , 1.1 Hz , 1H ) , 
3.99-3.88 ( m , 2H ) , 3.80 ( d , J = 9.6 Hz , 1H ) , 3.08 ( s , 3H ) , 2.43 
( dt , J = 13.2 , 8.4 Hz , 1H ) , 2.39-2.30 ( m , 1H ) , 1.32 ( s , 12H ) . 

( S ) 

CI 

Step 4 : 2 - chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) 
pyridin - 4-01 ( S ) 

( 22a ) 

[ 0553 ] A solution of 2 - chloro - 6- ( 3 - methoxytetrahydro 
furan - 3 - yl ) -4- ( 4,4,5,5 - tetramethyl - 1,3,2 - dioxaborolan - 2 - yl ) 
pyridine ( 53.30 g , 157 mmol ) in tetrahydrofuran ( 300 mL ) 
was cooled to 0 ° C. , and a solution of potassium peroxy 
monosulfate ( 101 g , 165 mmol ) in water ( 300 mL ) was 
added dropwise via addition funnel , keeping the temperature 
below 30 ° C. The reaction was stirred at room temperature 
for 20 minutes , then quenched with saturated aqueous 
sodium thiosulfate ( 400 mL ) , extracted with ethyl acetate 
( 2x200 mL ) , dried over MgSO4 , filtered and concentrated 
under reduced pressure to provide a residue , which was 
purified via silica gel chromatography , eluting with 5-50 % 
ethyl acetate : heptanes , to provide the product ( 46.2 g , 98 % 
yield ) . LC / MS ( Table A , Method a ) R = 0.80 minutes ; MS 
m / z : 230.00 ( M + H ) * . 

[ 0556 ] The starting material ( ( R ) or ( S ) -2 - chloro - 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) pyridin - 4 - ol ) ( 500 mg , 2.177 
mmol ) ( Preparation # 21 ) was dissolved in dimethylforma 
mide ( 8.7 mL ) , stirred in a reaction vial at room temperature . 
Cesium carbonate ( 1.0 g , 3.27 mmol ) and iodomethane ( 204 
ul , 3.27 mmol ) were added to the vial and then the reaction 
was heated at 40 ° C. for 30 minutes . The reaction was cooled 
to room temperature and then diluted with 5 mL water and 
10 mL ethyl acetate . The mixture stirred for 20 minutes . The 
layers were separated and extracted with ethyl acetate ( 2x10 
mL ) . Washed and combined the organic portion with brine 
and then dried over MgSO4 and concentrate to dryness to 
provide the desired product : the ( R ) -isomer ( 410 mg , 77 % 
yield ) . LC / MS ( Table A , Method a ) R = 1.08 minutes ; MS 
m / z : 243 , 245 ( M + H ) + ; or the ( S ) -isomer ( 450 mg , 85 % 
yield ) . LC / MS ( Table A , Method a ) R = 1.08 minutes ; MS 
m / z : 243 , 245 ( M + H ) * . 

Step 5 : ( R ) -2 - chloro - 6- ( 3 - methoxytetrahydrofuran 
3 - yl ) pyridin - 4 - ol and ( S ) -2 - chloro - 6- ( 3 - methoxytet 

rahydrofuran - 3 - yl ) pyridin - 4 - ol 

[ 0554 ] 2 - Chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyri 
dine ( 46.2 g ) was further purified via chiral SFC ( Table B , 
Method 9 ) to provide the ( R ) -isomer ( 21.6 g , 49 % yield , 
> 99 % ee , R = 5.6 minutes ) and the ( S ) -isomer ( 97 % ee , 
R = 6.1 minutes ) . LC / MS ( Table A , Method a ) R = 0.80 min 
utes ; MS m / z : 230.00 ( M + H ) * . 

23. Preparation # 23 : ( R ) -2 - Chloro - 6- ( 3 - methoxytet 
rahydrofuran - 3 - yl ) -4- ( oxetan - 3 - ylmethoxy ) pyridine 

[ 0557 ] 
22. Preparation # 22 and # 22a : ( R ) -2 - Chloro - 4 methoxy - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyridine 

and ( S ) -2 - chloro - 4 - methoxy - 6- ( 3 - methoxytetrahy 
drofuran - 3 - yl ) pyridine 

[ 05551 ?? , Olin .1.11 S2 
( R ) ( R ) 

a 
HO 

CI 

( R ) 
S1 

OH OTs 
CI 

and 
( R ) 

Step 1 : oxetan - 3 - ylmethyl 
4 - methylbenzenesulfonate 

[ 0558 ] In a round - bottomed flask , 3 - oxetane methanol 
( 0.919 g , 10.43 mmol ) , triethylamine ( 2.181 mL , 15.65 
mmol ) , and 4 - toluenesulfonyl chloride ( 2.187 g , 11.47 
mmol ) in dichloromethane ( DCM ) ( 25 mL ) were added to 
give a colorless solution . 4 - Dimethylamino pyridine ( 0.064 

CI 

( 22 ) 
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g , 0.522 mmol ) was added and the mixture was stirred at 
room temperature for about 16 hours . Quenched the reaction 
with saturated aqueous NH4Cl ( 10 mL ) and separated the 
layers . Extracted the aqueous layer with DCM ( 2x10 mL ) 
and the combined organic layers were washed with saturated 
aqueous NaHCO3 ( 10 mL ) and brine ( 10 mL ) . Dried the 
organic layer over MgSO4 and concentrated under reduced 
pressure to provide a residue , which was purified via silica 
gel chromatography , eluting with 10 to 100 % ethyl acetate : 
heptanes , to provide the product ( 1.71 g , 66 % yield ) . LC / MS 
( Table A , Method a ) R = 1.10 minutes ; MS m / z : 243 
( M + H ) * . ' H NMR ( 400 MHz , Dimethyl sulfoxide - do ) & 
7.87-7.78 ( m , 2H ) , 7.55-7.46 ( m , 2H ) , 4.56 ( dd , J = 8.0 , 6.2 
Hz , 2H ) , 4.24 ( d , J = 6.6 Hz , 2H ) , 4.20 ( t , J = 6.1 Hz , 2H ) , 
3.29-3.18 ( m , 1H ) , 2.43 ( s , 3H ) . 

in dichloromethane ( DCM ) ( 27.7 mL ) , and stirred at room 
temperature for 1 hour . The reaction was quenched with 
saturated NH4Cl and extracted with DCM . The organic 
portion was dried over MgSO4 , filtered , and concentrated 
under reduced pressure to give a residue , which was purified 
via silica gel chromatography , eluting with 0-50 % ethyl 
acetate / heptanes , to provide the product ( 1.82 g , 67 % yield ) . 
' H NMR ( 400 MHz , Dimethyl sulfoxide - do ) 8 7.78-7.68 ( d , 
2H ) , 7.52-7.40 ( d , 2H ) , 4.50 ( s , 1H ) , 4.13-3.96 ( m , 2H ) , 
3.65-3.52 ( m , 1H ) , 2.39 ( s , 3H ) , 1.66-1.48 ( m , 2H ) , 1.00 ( dd , 
J = 6.1 , 0.6 Hz , 1H ) , 0.98 ( s , 3H ) . ( NMR showed 4 : 1 mixture 
of isomers ) . Ts = 4 - toluenesulfonyl 

Step 2 : ( R ) -2 - chloro - 6- ( 3 - methoxytetrahydrofuran 
3 - yl ) -4- ( oxetan - 3 - ylmethoxy ) pyridine 

[ 0559 ] To a solution of ( R ) -2 - chloro - 6- ( 3 - methoxytetra 
hydrofuran - 3 - yl ) pyridin - 4 - ol ( 0.909 g , 3.96 mmol ) ( Prepa 
ration # 21 ) in dimethylformamide ( DMF ) ( 33.0 mL ) cooled 
to about 0 ° C. was added NaH ( 60 % dispersion in mineral 
oil , 0.190 g , 4.75 mmol ) . The reaction stirred for about 20 
minutes , then a solution of oxetan - 3 - ylmethyl 4 - methylben 
zenesulfonate ( 1.15 g , 4.75 mmol ) in 1 mL DMF was added 
slowly . Removed the reaction from ice bath and heated to 
about 100 ° C. for about 90 minutes . Continued heating to 
100 ° C. for an additional 1 hour , then left at room tempera 
ture for about 2 days . Added brine ( 80 mL ) and ethyl acetate 
( 100 mL ) to the reaction mixture , and a little water to clarify 
the solution . Separated the organic layers , then extracted the 
aqueous layer again with ethyl acetate ( 30 mL ) . Combined 
the organic layers and washed with brine ( 50 mL ) , dried over 
MgSO4 , filtered and concentrated under reduced pressure to 
provide a residue , which was purified via silica gel chro 
matography , eluting with 10-70 % ethyl acetate / heptanes , to 
provide the product ( 0.822 g , 69 % yield ) . LC / MS ( Table A , 
Method a ) R = 1.00 minutes ; MS m / z : 300 ( M + H ) * . 24 . 
Preparation # 24 : ( R ) -4- ( 2 - Chloro - 6 - ( ( R ) -3 - methoxytetra 
hydrofuran - 3 - yl ) pyridin - 4 - yl ) oxy ) butan - 2 - ol 

Step 2 : ( R ) -4- ( 2 - chloro - 6- ( R ) -3 - methoxytetrahy 
drofuran - 3 - yl ) pyridin - 4 - yl ) oxy ) butan - 2 - ol 

[ 0561 ] To a solution of ( R ) -2 - chloro - 6- ( 3 - methoxytetra 
hydrofuran - 3 - yl ) pyridin - 4 - ol ( 0.270 g , 1.176 mmol ) ( Prepa 
ration # 21 ) in dimethylformamide ( DMF ) ( 5.88 mL ) cooled 
to 0 ° C. was added NaH ( 60 % dispersion in mineral oil ) 
( 0.056 g , 1.411 mmol ) . The reaction stirred for 10 minutes , 
then a solution of ( R ) -3 - hydroxybutyl 4 - methylbenzenesul 
fonate ( 0.373 g , 1.528 mmol ) in 0.5 mL DMF was slowly 
added . Allowed the reaction to warm to 50 ° C. for 1 hour . 
The reaction was cooled to room temperature and added 
brine ( 20 mL ) and ethyl acetate ( 40 mL ) . The aqueous layer 
was separated and the organic layer was washed with brine 
( 10 mL ) . The organic portion was dried over MgSO4 , 
filtered and concentrated under reduced pressure to provide 
crude product ( 0.265 g , 75 % yield ) . LC / MS ( Table A , 
Method b ) R = 1.14 minutes ; MS m / z : 302 , 304 ( M + H ) * . 

25. Preparation # 25 : ( R ) -2 - Chloro - 6- ( 3 - methoxytet 
rahydrofuran - 3 - yl ) -4- ( oxetan - 3 - yloxy ) pyridine 

[ 0562 ] 

HO 
S2 

( R ) 

S1 
OH 

( R ) 

OH OTS 

?? . OINT 
S2 

( R ) ( R ) 

7 CI 

OH OH 
Si 

( R ) OH ( R ) OTs CI 

Step 1 : ( R ) -3 - hydroxybutyl 
4 - methylbenzenesulfonate 

[ 0560 ] A flask was charged with ( R ) - ( - ) - 1,3 - butanediol 
( 1.0 g , 11.10 mmol ) , 4 - dimethylamino pyridine ( 0.136 g , 
1.110 mmol ) , triethylamine ( 1.619 mL , 12.21 mmol ) , and 
4 - methylbenzene - 1 - sulfonyl chloride ( 2.327 g , 12.21 mmol ) 

Step 1 : oxetan - 3 - yl 4 - methylbenzenesulfonate 
[ 0563 ] In a round - bottomed flask , oxetan - 3 - ol ( 3.00 g , 
40.5 mmol ) , triethylamine ( 8.47 mL , 60.7 mmol ) , and 
4 - toluenesulfonyl chloride ( 8.49 g , 44.5 mmol ) in dichlo 
romethane ( DCM ) ( 25 mL ) were added to give a colorless 
solution . 4 - Dimethylamino pyridine ( 0.247 g , 2.025 mmol ) 
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was added and the mixture was stirred at room temperature 
for about 16 hours . The reaction was quenched with satu 
rated aqueous NH4C1 ( 20 mL ) and separated layers . 
Extracted aqueous with DCM ( 2x20 mL ) and the combined 
organic layers were washed with saturated aqueous 
NaHCO3 ( 20 mL ) and brine ( 20 mL ) . Dried the organic layer 
over MgSO4 and concentrated under reduced pressure to a 
residue , which was purified via silica gel chromatography , 
eluting with 10-100 % ethyl acetate / heptanes , to provide the 
product ( 7.98 g , 86 % yield ) . LC / MS ( Table A , Method a ) 
R = 1.10 minutes ; MS m / z : 243 ( M + H ) * . ' H NMR ( 400 
MHz , Dimethyl sulfoxide - do ) 8 7.87-7.78 ( m , 2H ) , 7.55-7 . 
46 ( m , 2H ) , 4.56 ( dd , J = 8.0 , 6.2 Hz , 2H ) , 4.24 ( d , J = 6.6 Hz , 
2H ) , 4.20 ( t , J = 6.1 Hz , 2H ) , 3.29-3.18 ( m , 1H ) , 2.43 ( s , 3H ) . 
Ts = 4 - toluenesulfonyl . 

( R ) 

Step 1 : ( S ) -3 - hydroxybutyl 
4 - methylbenzenesulfonate 

Step 2 : ( R ) -2 - chloro - 6- ( 3 - methoxytetrahydrofuran 
3 - yl ) -4- ( oxetan - 3 - yloxy ) pyridine [ 0566 ] flask was charged with ( S ) -butane - 1,3 - diol ( 1.00 

g , 11.10 mmol ) , triethylamine ( 1.347 g , 13.32 mmol ) , 4 - di 
methylamino pyridine ( 0.136 g , 1.110 mmol ) , and 4 - meth 
ylbenzene - 1 - sulfonyl chloride ( 2.327 g , 12.21 mmol ) in 
dichloromethane ( DCM ) ( 27 mL ) . The reaction stirred at 
room temperature for 1 hour . The reaction was quenched 
with saturated NH4Cl and extracted with DCM . The organic 
portion was dried over MgSO4 , filtered , and concentrated 
under reduced pressure to give a residue , which was purified 
via silica gel chromatography , eluting with 0-50 % ethyl 
acetate / heptanes , to provide the product ( 0.288 g , 1.179 
mmol , 10.62 % yield ) . LCMS ( Table A , Method b ) R = 1.19 
minutes ; MS m / z : 245 ( M + H ) * . 

[ 0564 ] To a solution of ( R ) -2 - chloro - 6- ( 3 - methoxytetra 
hydrofuran - 3 - yl ) pyridin - 4 - ol ( 0.300 g , 1.306 mmol ) ( Prepa 
ration # 21 ) in dimethylformamide ( DMF ) ( 10.89 mL ) 
cooled to about 0 ° C. was added NaH ( 60 % dispersion in 
mineral oil ) ( 0.063 g , 1.568 mmol ) . The reaction stirred for 
about 10 minutes , then added a solution of oxetan - 3 - yl 
4 - methylbenzenesulfonate ( 0.358 g , 1.568 mmol ) in 1 mL 
DMF slowly . Heated the reaction to about 100 ° C. for about 
16 hours . The temperature was then increased to 115 ° C. for 
about 2 hours . The reaction was cooled to room temperature , 
then brine ( 30 mL ) and ethyl acetate ( 50 mL ) were added . 
The aqueous layer was separated and organic layers washed 
with brine ( 20 mL ) . The organic layers were dried over 
MgSO4 , filtered and concentrated under reduced pressure to 
provide a residue , which was purified via silica gel chro 
matography , eluting with 10-70 % ethyl acetate / heptanes , to 
provide the product ( 0.325 g , 87 % yield ) . LC / MS ( Table A , 
Method a ) R = 0.99 minutes ; MS m / z : 286 ( M + H ) * . ' H NMR 
( 400 MHz , Dimethyl sulfoxide - do ) 86.93 ( d , J = 2.1 Hz , 1H ) , 
6.91 ( d , J = 2.1 Hz , 1H ) , 5.48 ( tt , J = 6.0 , 4.7 Hz , 1H ) , 4.95 
( ddd , J = 7.2 , 6.0 , 1.0 Hz , 2H ) , 4.56 ( ddt , J = 7.4 , 4.6 , 1.2 Hz , 
2H ) , 3.99 ( dd , J = 9.6 , 1.1 Hz , 1H ) , 3.96-3.85 ( m , 2H ) , 3.77 
( d , J = 9.6 Hz , 1H ) , 3.08 ( s , 3H ) , 2.45-2.34 ( m , 1H ) , 2.30 
( dddd , J = 13.2 , 6.4 , 4.5 , 1.1 Hz , 1H ) . 

Step 2 : ( S ) -4 - ( ( 2 - chloro - 6 - ( ( R ) -3 - methoxytetrahy 
drofuran - 3 - yl ) pyridin - 4 - yl ) oxy ) butan - 2 - ol 

[ 0567 ] To a solution of ( R ) -2 - chloro - 6- ( 3 - methoxytetra 
hydrofuran - 3 - yl ) pyridin - 4 - ol ( 0.21 g , 0.914 mmol ) ( Prepa 
ration # 21 ) in dimethylformamide ( DMF ) ( 3.6 mL ) cooled 
to 0 ° C. was added NaH ( 60 % dispersion in mineral oil ) 
( 0.044 g , 1.097 mmol ) . The reaction stirred for 10 minutes 
at 0 ° C. , then added a solution of ( S ) -3 - hydroxybutyl 
4 - methylbenzenesulfonate ( 0.290 g , 1.189 mmol ) in 0.5 mL 
DMF slowly . Allowed the reaction to warm to 50 ° C. for 2 
hours . The reaction was cooled to room temperature and was 
partitioned between ethyl acetate and water . The organic 
portion was dried over MgSO4 , filtered , and concentrated 
under reduced pressure to provide the product ( 0.270 g , 98 % 
yield ) . LCMS ( Table A , Method b ) R = 1.13 minutes ; MS 
m / z : 302 , 304 ( M + H ) * . 

26. Preparation # 26 : ( S ) -4 - ( ( 2 - Chloro - 6 - ( ( R ) -3 
methoxytetrahydrofuran - 3 - yl ) pyridin - 4 - yl ) oxy ) bu 

tan - 2 - ol 

[ 0565 ] 27. Preparation # 27 : ( R ) -2 - ( ( 2 - Chloro - 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) pyridin - 4 - yl ) oxy ) etha 

nol 

HO [ 0568 ] 

( R ) 
S2 

?? . 
Br 

OH 
CI ( R ) 

OH OH 

OH OTS 



US 2020/0255423 Al Aug. 13 , 2020 
89 

-continued 
OH 

** 1110 
( R ) 

[ 0569 ] A solution of ( R ) -2 - chloro - 6- ( 3 - methoxytetrahy 
drofuran - 3 - yl ) pyridin - 4 - ol ( 0.300 g , 1.306 mmol ) ( Prepara 
tion # 21 ) in dimethylformamide ( DMF ) ( 6.5 mL ) was 
treated with NaH ( 60 % dispersion in mineral oil ) ( 0.063 g , 
1.568 mmol ) , and allowed to stir for 30 minutes . The 
reaction was then treated with 2 - bromoethanol ( 0.326 g , 
2.61 mmol ) and allowed to stir overnight at 85 ° C. An 
additional equivalent of bromoethanol was added . The reac 
tion was quenched with water , and extracted with ethyl 
acetate , dried over MgSO4 , filtered and concentrated to 
provide the product ( 0.350 g , 98 % yield ) . LCMS ( Table A , 
Method a ) R , = 0.77 minutes ; MS m / z : 274.2 ( M + H ) * . 

28. Preparation # 28 : 4 - Trans ) -3- ( benzyloxy ) cy 
clobutoxy ) -2 - chloro - 6- ( 3 - methoxytetrahydrofuran - 3 

yl ) pyridine 

sodium borohydride ( 0.150 g , 3.97 mmol ) was added . The 
reaction stirred at 0 ° C. for 1 hour . The reaction was 
quenched with water ( 50 mL ) and extracted with dichlo 
romethane ( 2x75 mL ) . The combined organic layers were 
washed with brine ( 75 mL ) and dried over MgSO4 , filtered 
and concentrated to provide the product ( 0.679 g , 96 % 
yield ) . ( 95 : 5 mixture of cis : trans isomers by NMR ) ' H NMR 
( 400 MHz , Dimethyl sulfoxide - do ) 8 7.37-7.24 ( m , 5H ) , 
4.99 ( d , J = 6.6 Hz , 1H ) , 4.33 ( s , 2H ) , 3.74-3.62 ( m , 1H ) , 3.54 
( ttd , J = 7.7 , 6.5 , 0.5 Hz , 1H ) , 2.58-2.50 ( m , 2H ) , 1.78-1.68 
( m , 2H ) . Bn = benzyl . 

Step 2 : ( cis ) -3- ( benzyloxy ) cyclobutyl 
methanesulfonate 

[ 0572 ] A solution of ( cis ) -3- ( benzyloxy ) cyclobutanol 
( 0.679 g , 3.81 mmol ) and triethylamine ( 0.797 mL , 5.71 
mmol ) in dichloromethane ( 19 mL ) was cooled to 0 ° C. , and 
methanesulfonyl chloride ( 0.355 mL , 4.57 mmol ) was added 
dropwise . The reaction stirred warming to room temperature 
over 2 hours . Added saturated aqueous ammonium chloride 
( 20 mL ) . Separated the layers and washed with saturated 
aqueous sodium bicarbonate ( 20 mL ) and brine ( 20 mL ) . 
Dried over MgSO4 and concentrated under reduced pressure 
to provide the crude product ( 0.907 g , 93 % yield ) . LCMS 
( Table A , Method a ) R = 1.30 minutes ; MS m / z : 256.93 
( M + H ) * 

Step 3 : 4 - ( ( trans ) -3- ( benzyloxy ) cyclobutoxy ) -2 
chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyridine 

[ 0573 ] A solution of 2 - chloro - 6- ( 3 - methoxytetrahydro 
furan - 3 - yl ) pyridin - 4 - ol ( 0.677 g , 2.95 mmol ) ( Preparation 
# 21 , Step 4 ) in DMF ( 29.5 mL ) was cooled to 0 ° C. , and 
NaH ( 60 % in mineral oil dispersion ) ( 0.142 g , 3.54 mmol ) 
was added . The reaction was stirred for 10 minutes , then 
( cis ) -3- ( benzyloxy ) cyclobutyl methanesulfonate ( 0.907 g , 
3.54 mmol ) in dimethylformamide was added . After 15 
minutes , the temperature was increased to 50 ° C. and let stir 
for 16 hours . The temperature was raised to 80 ° C. and 
continued to stir for 16 hours . The temperature was raised to 
100 ° C. and stirred for an additional 16 hours . The reaction 
cooled to room temperature and added brine ( 150 mL ) and 
ethyl acetate ( 300 mL ) , and water added until solution was 
clarified . Extracted the aqueous layer with ethyl acetate ( 100 
mL ) . Dried the organic portion over MgSO4 and concen 
trated under reduced pressure to provide a residue , which 
was purified via silica gel chromatography , eluting 10 to 
80 % ethyl acetate / heptanes , to provide the product ( 650 mg , 
56 % yield ) . LCMS ( Table A , Method a ) R = 1.86 minutes ; 
MS m / z : 390.13 ( M + H ) * . 

29. Preparation # 29 : 
2 - Chloro - 6- ( oxetan - 3 - yl ) pyridine 

[ 0574 ] 

[ 0570 ] 

OH 

S3 

' N 

OH 

S2 4-4 OBn OBn OBn 
OBn 

01 . 

?. 

CI 
Step 1 : ( cis ) -3- ( benzyloxy ) cyclobutanol 

[ 0571 ] A solution of 3- ( benzyloxy ) cyclobutanone ( 0.700 
g , 3.97 mmol ) in ethanol ( 50 mL ) was cooled to 0 ° C. , and 
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Step 1 : 3 - oxocyclobutanecarbonitrile [ 0575 ] A solution of nickel ( II ) iodide ( 0.522 g , 1.670 
mmol ) and ( 1R , 2R ) -2 - aminocyclohexanol hydrochloride 
( 0.253 g , 1.670 mmol ) in isopropyl alcohol ( IPA ) ( 8.35 mL ) 
was degassed with nitrogen for 10 minutes before adding 
sodium bis ( trimethylsilyl ) amide ( 8.77 mL , 8.77 mmol ) , and 
to this solution was added a solution of 2 - chloro - 6- ( 4,4,5 , 
5 - tetramethyl - 1,3,2 - dioxaborolan - 2 - yl ) pyridine ( 2.0 g , 8.35 
mmol ) and 3 - iodooxetane ( 3.07 g , 16.70 mmol ) in degassed 
IPA ( 8.35 mL ) . The reaction was allowed to stir at 120 ° C. 
for 1 hour . The reaction mixture cooled to room temperature , 
and then was partitioned between water / NH4Cl and ethyl 
acetate , and separated the phases . Extracted the aqueous 
layer with ethyl acetate ( 3x30 mL ) , dried over MgSO4 , 
filtered and concentrated to provide a residue , which was 
purified via silica gel chromatography , eluting with 0-60 % 
ethyl acetate / heptanes , to provide the product ( 0.50 g , 35 % 
yield ) . LCMS ( Table A , Method a ) R , -0.70 minutes ; MS 
m / z : 169.8 ( M + H ) * . 

30. Preparation # 30 : ( S ) -Tetrahydrofuran - 3 - yl 
methanesulfonate 

[ 0576 ] 

[ 0579 ] To a mixture of 3 - methylenecyclobutanecarboni 
trile ( 10 g , 107 mmol ) in dichloromethane ( DCM ) ( 200 mL ) , 
acetonitrile ( 200 mL ) , and water ( 300 mL ) was added 
ruthenium ( III ) chloride ( 0.668 g , 3.22 mmol ) , followed by 
small portions of sodium periodate ( 92 g , 430 mmol ) at 0 ° 
C. The reaction mixture was stirred at 20 ° C. for 18 hours . 
This procedure was repeated 2 other times on same scale . 
The reaction mixtures were then combined for work up . The 
mixture was filtered , and the aqueous phase was extracted 
with DCM ( 3x1000 mL ) . The organic phases were com 
bined , dried over MgSO4 , filtered , and concentrated to 
provide the product ( 32 g , 75 % yield ) . ' H NMR ( 400 MHz , 
Chloroform - d ) 83.20-3.32 ( m , 1H ) , 3.54 ( d , J = 8.33 Hz , 4H ) . 

?? 

Step 2 : 3 - hydroxycyclobutanecarbonitrile 
[ 0580 ] A solution of 3 - oxocyclobutanecarbonitrile ( 32 g , 
336 mmol ) in methanol ( 330 mL ) was cooled to 0 ° C. before 
the addition of NaBH4 ( 6.37 g , 168 mmol ) portionwise . The 
mixture was stirred at 0 ° C. for 1 hour . The reaction mixture 
was quenched by saturated aqueous NaHCO3 and extracted 
with ethyl acetate ( 800 mL ) . The organic layer was dried 
over Na2SO4 , filtered , and concentrated . This procedure was 
repeated on the same scale two more times and combined for 
purification via silica gel chromatography , eluting with 10 : 1 
to 1 : 1 petroleum ether : ethyl acetate , to provide the product 
( 30.3 g , 296 mmol , 70 % yield ) . ' H NMR ( 400 MHz , 
Chloroform - d ) d 2.22-2.38 ( m , 2H ) , 2.45-2.80 ( m , 1H ) , 
2.50-2.80 ( m , 2H ) , 2.95-3.28 ( m , 1H ) , 4.13-4.65 ( m , 1H ) ( a 
mixture of 8 : 1 cis : trans products by NMR ) . 

OH OMs 

( 5 ) ( S ) 

[ 0577 ] To a solution of ( S ) -tetrahydrofuran - 3 - ol ( 12.71 
mL , 159 mmol ) in dichloromethane ( DCM ) ( 318 mL ) at 
-10 ° C. in a brine ice bath was added triethylamine ( 26.6 
mL , 191 mmol ) followed by dropwise addition of methane 
sulfonyl chloride ( 13.64 mL , 175 mmol ) via syringe such 
that the internal temperature did not go above 0 ° C. The 
reaction stirred for 4 hours at 0 ° C. Water ( 15 mL ) was added 
and the mixture stirred for 5 minutes . Then saturated aque 
ous sodium bicarbonate was added . The layers were sepa 
rated and the aqueous phase was extracted with dichlo 
romethane . The combined organic extracts were washed 
with water , diluted with HCl and then NaHCO3 , dried over 
MgSO4 , filtered through a pad of silica gel , and the filtrate 
concentrated to provide the product ( 22.1 g , 80 % yield ) . ' H 
NMR ( 400 MHz , Dimethyl sulfoxide - do ) 8 5.31-5.27 ( m , 
1H ) , 3.83-3.67 ( m , 4H ) , 3.19 ( d , J = 0.8 Hz , 3H ) , 2.19 ( dtdd , 
J = 14.4 , 8.4 , 6.0 , 0.7 Hz , 1H ) , 2.10-2.00 ( m , 1H ) . 

31. Preparation # 31 : 3 - Cyanocyclobutyl 
methanesulfonate 

[ 0578 ] 

Step 3 : 3 - cyanocyclobutyl methanesulfonate 
[ 0581 ] To a cooled ( 0 ° C. ) solution of 3 - hydroxycyclobu 
tanecarbonitrile ( 5 g , 51.5 mmol ) in dichloromethane ( 103 
mL ) and triethylamine ( 21.53 mL , 154 mmol ) was added 
methanesulfonyl chloride ( 4.39 mL , 56.6 mmol ) dropwise 
via syringe , and the mixture was stirred for about 2 hours . 
The reaction was quenched by addition of NaHCO3 and 
diethyl ether . The layers were separated and the aqueous 
phase was extracted with diethyl ether ( 3x30 mL ) . The 
combined organic extracts were washed with brine , dried 
over MgSO4 and filtered . The solvent was concentrated 
under reduced pressure to provide the product ( 8.1 g , 90 % 
yield ) . ’ H NMR ( 400 MHz , Chloroform - d ) d 5.03-4.83 ( m , 
1H ) , 3.03 ( d , J = 0.8 Hz , 3H ) , 2.98-2.85 ( m , 2H ) , 2.85-2.64 
( m , 3H ) . Ms = _SO , Me . 

32. Preparation # 32 : 2,2 - Difluorocyclopropyl 
4 - methylbenzenesulfonate 

[ 0582 ] 

S1 S2 
S1 

CN CN C1 
HO MsO 

S3 S2 

CN CN 
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-continued Step 1 : 3- ( 6 - bromopyridin - 2 - yl ) oxetan - 3 - ol aty [ 0586 ] To a solution of 2,6 - dibromopyridine ( 10 g , 42.2 
mmol ) in dichloromethane ( DCM ) ( 211 mL ) stirring at -78 ° 
C. was added n - butyl lithium ( 2.5 M in hexanes ) ( 18.58 mL , 
46.4 mmol ) in a dropwise manner such that the internal 
temperature did not exceed -67 ° C. After 20 minutes , 
3 - oxetanone ( 3.25 mL , 50.7 mmol ) was then added as a neat 
oil in a dropwise manner . After 1 hour , the reaction was 
quenched at low temperature by the addition of saturated 
aqueous ammonium chloride . After warming to room tem 
perature , the mixture was separated and the aqueous portion 
was extracted with DCM . The combined extracts were dried 
over anhydrous MgSO4 , filtered , and concentrated to pro 
vide a residue , which was triturated with diethyl ether to 
provide the product ( 6.8 g , 68 % yield ) . ' H NMR ( 400 MHz , 
Dimethyl sulfoxide - do ) 8 7.78 ( t , J = 7.8 Hz , 1H ) , 7.60 ( dd , 
J = 11.1 , 7.6 Hz , 2H ) , 6.69 ( s , 1H ) , 4.86 ( d , J = 6.2 Hz , 2H ) , 
4.64 ( d , J = 6.2 Hz , 2H ) . 

Step 2 : 2 - bromo - 6- ( 3 - methoxyoxetan - 3 - yl ) pyridine 

Step 1 : vinyl 4 - methylbenzenesulfonate 
[ 0583 ] Into a flask containing anhydrous tetrahydrofuran 
( THF ) ( 120 mL ) was added n - butyl lithium ( 2.5 M in 
hexanes ) ( 50.4 mL , 126 mmol ) under nitrogen , and the 
mixture was stirred at 35 ° C. for 4 hours . After being cooled 
to -78 ° C. , a solution ofp - toluenesulfonyl chloride ( 20 g , 
105 mmol ) in THF ( 50 mL ) was added dropwise over 30 
minutes . The resulting mixture was stirred at - 78 ° C. for 1 
hour and warmed to room temperature and stirred for 
another 1 hour . An additional nine reactions were set up as 
described above and combined for workup . The reaction 
mixture was poured into water ( 800 mL ) and extracted with 
ethyl acetate ( 3x800 mL ) . The organic phase was washed 
with brine ( 8 L ) , dried over Na2SO4 , filtered , and concen 
trated under reduced pressure . The residue was purified by 
column chromatography on silica gel , eluting with 100 : 1 to 
10 : 1 petroleum ether / ethyl acetate , to provide the product 
( 105 g , 45 % yield ) . ' H NMR ( 400 MHz , Chloroform - d ) 8 
7.80 ( d , J = 8.38 Hz , 2H ) , 7.36 ( d , J = 8.16 Hz , 2H ) , 6.61 ( dd , 
J = 13.45,5.95 Hz , 1H ) , 4.89 ( dd , J = 13.67 , 2.43 Hz , 1H ) , 4.69 
( dd , J = 5.95 , 2.43 Hz , 1H ) . 

Step 2 : 2,2 - difluorocyclopropyl 
4 - methylbenzenesulfonate 

[ 0584 ] To a solution of vinyl 4 - methylbenzenesulfonate 
( 10 g , 45.4 mmol ) in xylenes ( 160 mL ) was added NaF 
( 0.212 g , 5.04 mmol ) at 20 ° C. The mixture was heated to 
120 ° C. and trimethylsilyl 2,2 - difluoro - 2- ( fluorosulfonyl ) 
acetate ( 68.2 g , 272 mmol ) was added at 120 ° C. and stirred 
for 34 hours . An additional five reactions were set up as 
described above and combined for workup . After cooling , 
the reaction mixtures were combined and concentrated to 
provide a residue , which was purified by column chroma 
tography on silica gel eluting with 100 : 1 to 30 : 1 petroleum 
ether / ethyl acetate , to provide the product ( 30.2 g , 37.9 % 
yield ) . ' H NMR ( 400 MHz , Methanol - da ) 8 1.59 ( ddt , 
J = 15.93 , 10.47 , 4.99 , 4.99 Hz , 1H ) 1.84 ( ddd , J = 17.53 , 
14.22 , 9.48 Hz , 1H ) 2.48 ( s , 3H ) 4.40 ( ddt , J = 11.63 , 9.21 , 
2.37 , 2.37 Hz , 1H ) 7.48 ( d , J = 8.16 Hz , 2H ) 7.80-7.89 ( m , 
1H ) 7.84 ( d , J = 8.38 Hz , 1H ) . 

33. Preparation # 33 : 
2 - Bromo - 6- ( 3 - methoxyoxetan - 3 - yl ) pyridine 

[ 0585 ] 

[ 0587 ] To a solution of 3- ( 6 - bromopyridin - 2 - yl ) oxetan - 3 
ol ( 1.1 g , 4.85 mmol ) in tetrahydrofuran ( 16.15 mL ) stirring 
at 0 ° C. was added NaH ( 60 % dispersion in mineral oil ) 
( 0.22 g 5.33 mmol ) . After 5 minutes , iodomethane ( 0.348 
mL , 5.57 mmol ) was added as a neat oil in a dropwise 
manner . The ice bath was removed and the mixture was 
allowed to warm to room temperature . After 6 hours the 
reaction was quenched by the addition of saturated aqueous 
ammonium chloride ( 20 mL ) . The mixture was separated 
and the aqueous portion was extracted with ethyl acetate . 
The combined extracts were dried over anhydrous MgSO4 , 
filtered , and concentrated to provide a residue , which was 
purified by silica gel chromatography , eluting with 0-30 % 
ethyl acetate / heptanes , to provide the product ( 1.08 g , 90 % 
yield ) . ' H NMR ( 400 MHz , Dimethyl sulfoxide - do ) 8 7.89 
7.81 ( m , 1H ) , 7.65 ( dd , J = 7.9 , 0.8 Hz , 1H ) , 7.53 ( dd , J = 7.6 , 
0.9 Hz , 1H ) , 4.85 ( dd , J = 6.9 , 0.9 Hz , 2H ) , 4.73 ( dd , J = 6.9 , 
0.9 Hz , 2H ) , 3.14 ( s , 3H ) . 

34. Preparation # 34 : tert - Butyl 5 - bromo - 3- ( 4,4,5,5 
tetramethyl - 1,3,2 - dioxaborolan - 2 - yl ) -1H - pyrrolo [ 2 , 

3 - c ] pyridine - 1 - carboxylate 

[ 0588 ] 

Br 

S1 

# S1 

Br Br 
Br Br . 
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Step 1 : tert - butyl 5 - bromo - 1H - pyrrolo [ 2,3 - c ] pyri 
dine - 1 - carboxylate 

36. Preparation # 36 : 2 - Chloro - 6- ( 3 - methoxytetrahy 
drofuran - 3 - yl ) pyridin - 4 - yl acetate 

[ 0593 ] 

?? . 

[ 0589 ] To a suspension of 5 - bromo - 1H - pyrrolo [ 2,3 - c ] 
pyridine ( 10 g , 50.8 mmol ) in acetonitrile ( 50 mL ) were 
added 4 - dimethylamino pyridine ( 0.62 g , 5.08 mmol ) and 
di - tert - butyl dicarbonate ( 12.9 mL , 55.8 mmol ) while stir 
ring at room temperature for 45 minutes . The reaction was 
diluted with water ( 40 mL ) , and the reaction filtered to 
provide a filtered product , which was rinsed with water , and 
dried in a vacuum oven at 60 ° C. to provide the product 
( 12.1 g , 80 % yield ) . LC / MS ( Table A , Method b ) R = 1.73 
minutes ; MS m / z : 296.73 , 298.71 ( M + H ) + . Boc = -Butoxy 
carbonyl . 

CI 

Step 2 : tert - butyl 5 - bromo - 3- ( 4,4,5,5 - tetramethyl - 1 , 
3,2 - dioxaborolan - 2 - yl ) -1H - pyrrolo [ 2,3 - c ] pyridine - 1 

carboxylate 

a 

[ 0590 ] A flask was charged with tert - butyl 5 - bromo - 1H 
pyrrolo [ 2,3 - c ] pyridine - 1 - carboxylate ( 10 g , 33.7 mmol ) , 
4,4 ' - di - tert - butyl - 2,2 ' - bipyridine ( 0.181 g , 0.673 mmol ) and 
cyclohexane ( 102 mL ) , degassed with nitrogen for 10 min 
utes , and bis ( pinacolato ) diboron ( 25.6 g , 101 mmol ) and 
bis ( 1,5 - cyclooctadiene ) diiridium ( I ) dichloride ( 0.226 g , 
0.337 mmol ) were added . The reaction was sealed and 
heated to 75º C. for 110 minutes . The reaction was removed 
from heat , filtered , the filtered product was rinsed with 
acetonitrile ( 10 mL ) , dried in the oven , and then further 
triturated with heptanes , to provide the product ( 11.02 g , 
77 % yield ) . LC / MS ( Table A , Method b ) R = 2.23 minutes ; 
MS m / z : 423 , 425 ( M + H ) * . 

[ 0594 ] In round - bottomed flask , 2 - chloro - 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) pyridin - 4 - ol ( 0.677 g , 2.95 
mmol ) ( Preparation # 21 , Step 4 ) in acetyl chloride ( 0.585 
mL , 8.23 mmol ) , and triethylamine ( 1.434 mL , 10.29 mmol ) 
in tetrahydrofuran ( 68.6 mL ) were added . 4 - Dimethylamino 
pyridine ( 0.084 g , 0.686 mmol ) was added and the mixture 
was stirred at room temperature for 30 minutes . The reaction 
was filtered , and the filtrate concentrated to provide a 
residue , which was purified via silica gel chromatography , 
eluting with 10 to 100 % ethyl acetate : heptanes , to provide 
the product ( 1.3 g , 70 % yield ) . LC / MS ( Table A , Method a ) 
R = 1.13 minutes ; MS m / z : 271.98 ( M + H ) * . 35. Preparation # 35 : ( R ) -Tetrahydrofuran - 3 - yl 

methanesulfonate 37. Preparation # 37 : ( S ) -2 - Chloro - 6- ( 3 - methoxytet 
rahydrofuran - 3 - yl ) -4- ( oxetan - 3 - ylmethoxy ) pyridine 

[ 0591 ] 
[ 0595 ] 

OH OMs 

( R ) ( R ) 

?? , 
( S ) 

Ci 

( 5 ) 

[ 0592 ] To a solution of ( R ) -tetrahydrofuran - 3 - ol ( 9.1 mL , 
114 mmol ) in dichloromethane ( DCM ) ( 100 mL ) at -10 ° C. 
in a brine ice bath was added triethylamine ( 23 mL , 170 
mmol ) followed by dropwise addition of methanesulfonyl 
chloride ( 9.7 mL , 125 mmol ) via syringe such that the 
internal temperature did not go above 0 ° C. The reaction 
stirred for 3 hours at 0 ° C. Water ( 15 mL ) was added and the 
mixture stirred for 5 minutes . Then saturated aqueous 
sodium bicarbonate was added . The layers were separated 
and the aqueous phase was extracted with DCM . The 
combined organic extracts were washed with water , diluted 
with HCl and then NaHCO3 , dried over MgSO4 , filtered 
through a pad of silica gel , and the filtrate concentrated to 
provide the product ( 15.8 g , 84 % yield ) . ' H NMR ( 400 
MHz , Dimethyl sulfoxide - do ) 8 5.31-5.27 ( m , 1H ) , 3.83-3 . 
67 ( m , 4H ) , 3.19 ( d , J = 0.8 Hz , 3H ) , 2.19 ( dtdd , J = 14.4 , 8.4 , 
6.0 , 0.7 Hz , 1H ) , 2.10-2.00 ( m , 1H ) . Ms = _SO Me . 

[ 0596 ] To a solution of ( S ) -2 - chloro - 6- ( 3 - methoxytetrahy 
drofuran - 3 - yl ) pyridin - 4 - ol ( 0.178 g , 0.775 mmol ) ( Prepara 
tion # 21a ) in dimethylformamide ( DMF ) ( 6 mL ) cooled to 
about 0 ° C. was added NaH ( 60 % dispersion in mineral oil ) 
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39. Preparation # 39 : 4 - ( ( ( S ) -4- ( Tert - butyldimethyl 
silyl ) oxy ) butan - 2 - yl ) oxy ) -2 - chloro - 6 - ( ( R ) -3 

methoxytetrahydrofuran - 3 - yl ) pyridine 
[ 0599 ) 

Omu . ?? . 

( 0.037 g , 0.93 mmol ) . The reaction stirred for about 20 
minutes , then added a solution of oxetan - 3 - ylmethyl 4 - meth 
ylbenzenesulfonate ( 0.225 g , 0.930 mmol ) ( Preparation # 23 , 
Step 1 ) in 1 mL DMF slowly . The reaction was removed 
from the ice bath and heated to about 100 ° C. for about 90 
minutes . The temperature was increased , heating to 100 ° C. 
for an additional 1 hour , then left at room temperature for 
about 2 days . Brine ( 80 mL ) and ethyl acetate ( 100 mL ) were 
then added to the reaction mixture . The organic layers were 
separated and the aqueous layer was extracted with ethyl 
acetate ( 30 mL ) . The organic layers were combined and 
washed with brine ( 50 mL ) , dried over MgSO4 , filtered and 
concentrated under reduced pressure to provide a residue , 
which was purified via silica gel chromatography , eluting 
with 10-70 % ethyl acetate / heptanes to provide the product 
( 0.156 g , 67 % yield ) . LC / MS ( Table A , Method a ) R = 1.01 
minutes ; MS m / z : 300 ( M + H ) * . 

( R ) S3 

OH OTBS OTBS 

S1 S2 
( R ) ( R ) ( R ) 

OH OH OTS 
OTBS 

38. Preparation # 38 : ( R ) -2 - ( ( 2 - Chloro - 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) pyridin - 4 - yl ) oxy ) ac 

etonitrile ( S ) 
O111 .. 

[ 0597 ] ( R ) 

Om .. CI 
?? , 

( R ) 

CI 

Olen . 
( R ) 

CI 

Step 1 : ( R ) -4 - ( ( tert - butyldimethylsilyl ) oxy ) butan - 2 
ol 

[ 0600 ] A flask was charged with ( R ) -butane - 1,3 - diol ( 1.00 
g , 11.10 mmol ) , imidazole ( 1.13 g , 16.64 mmol ) , 4 - dimeth 
ylamino pyridine ( 0.136 g , 1.110 mmol ) , and tert - butyldim 
ethylsilyl chloride ( 2.00 g , 13.32 mmol ) in dichloromethane 
( 37.0 mL ) at 0 ° C. The reaction stirred warming to room 
temperature . The solvent was concentrated under reduced 
pressure to provide the product . ' H NMR ( 400 MHz , 
Dimethyl sulfoxide - do ) 8 4.25 ( d , v = 4.8 Hz , 1H ) , 3.70-3.64 
( m , 1H ) , 3.64-3.57 ( m , 2H ) , 1.54-1.41 ( m , 2H ) , 1.02 ( d , 
J = 6.2 Hz , 3H ) , 0.83 ( s , 10H ) , 0.01-0.02 ( m , 10H ) . TBS = tert 
butyldimethylsilyl . 

Step 2 : ( R ) -4 - ( ( tert - butyldimethylsilyl ) oxy ) butan - 2 
yl 4 - methylbenzenesulfonate 

[ 0601 ] A flask was charged with ( R ) -4 - ( ( tert - butyldimeth 
ylsilyl ) oxy ) butan - 2 - ol ( 2.57 g , 12.57 mmol ) , p - toluenesul 
fonyl chloride ( 5.27 g , 27.7 mmol ) , and 4 - dimethylamino 
pyridine ( 0.538 g , 4.40 mmol ) in pyridine ( 20 mL ) at 0 ° C. 
The reaction warmed to room temperature and stirred . 
Quenched the reaction with water and extracted with diethyl 
ether ( 2x30 mL ) . The organic portion was dried over 
MgSO4 , filtered , and concentrated to give a residue , which 
was purified via silica gel chromatography , eluting with 
0-30 % ethyl acetate / heptanes , to provide the product ( 2.35 
g , 52 % yield ) . LC / MS ( Table A , Method b ) R = 2.27 min 
utes ; MS m / z : 359 ( M + H ) * . 

Step 3 : 4 - ( ( ( S ) -4 - ( ( tert - butyldimethylsilyl ) oxy ) bu 
tan - 2 - yl ) oxy ) -2 - chloro - 6 - ( ( R ) -3 - methoxytetrahydro 

furan - 3 - yl ) pyridine 
[ 0602 ] To a solution of ( R ) -2 - chloro - 6- ( 3 - methoxytetra 
hydrofuran - 3 - yl ) pyridin - 4 - ol ( 500 mg , 2.177 mmol ) ( Prepa 

[ 0598 ] To a solution of ( R ) -2 - chloro - 6- ( 3 - methoxytetra 
hydrofuran - 3 - yl ) pyridin - 4 - ol ( 495 mg , 2.155 mmol ) ( Prepa 
ration # 21 ) in dimethylformamide ( 7 mL ) was added cesium 
carbonate ( 1053 mg , 3.23 mmol ) and bromoacetonitrile ( 180 
ul , 2.59 mmol ) , and then the reaction was stirred at room 
temperature for 45 minutes . The reaction was then quenched 
with water and then extracted with ethyl acetate ( 2x30 mL ) . 
The combined organic layers were washed with water ( 100 
mL ) and then brine , dried over MgSO4 , filtered , and con 
centrated to provide a residue , which was purified via silica 
gel chromatography , eluting with 0-70 % ethyl acetate / hep 
tanes , to provide the product ( 458 mg , 79 % yield ) . LC / MS 
( Table A , Method a ) R = 1.35 min .; MS m / z : 269 , 271 
( M + H ) + . 
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41. Preparation # 41 : 4 - ( ( cis ) -3- ( Benzyloxy ) cyclobu 
toxy ) -2 - chloro - 6 - ( ( R ) -3 - methoxytetrahydrofuran - 3 

yl ) pyridine 

[ 0605 ] 

ration # 21 ) in dimethylformamide ( DMF ) ( 10.9 mL ) was 
added NaH ( 60 % dispersion in mineral oil ) ( 113 mg , 2.83 
mmol ) , and the reaction was stirred at room temperature for 
5 minutes . ( R ) -4 - tert - butyldimethylsilyl ) oxy ) butan - 2 - yl 
4 - methylbenzenesulfonate ( 937 mg , 2.61 mmol ) was then 
added in minimal DMF and then the reaction was warmed 
to 50 ° C. for 4 hours . The reaction was quenched with water 
and then extracted with ethyl acetate ( 2x20 mL ) . The 
combined organic portion was washed with water ( 50 mL ) 
and brine ( 10 mL ) , dried over MgSO4 , filtered , and concen 
trated to provide a residue , which was purified via silica gel 
chromatography , eluting with 0-80 % ethyl acetate / heptanes , 
to provide the product ( 560 mg , 62 % yield ) . LC / MS ( Table 
A , Method a ) R = 2.32 minutes ; MS m / z : 416 , 418 ( M + H ) + . 

OH 

CI S4 

OBn OBn OBn OBn 
40. Preparation # 40 : ( R ) -4- ( Methoxymethyl ) -2- ( 3 
methoxytetrahydrofuran - 3 - yl ) -6- ( tributylstannyl ) 

pyridine 
Si S2 S3 

[ 0603 ] ????? OH OH 0 = = 

NO2 ( R ) 

On gor 
Br 

OBn 

( R ) 

H110 

Sn ( Bu ) 3 

Step 1 : trans - 3- ( benzyloxy ) cyclobutyl 
4 - nitrobenzoate 

[ 0604 ] A solution of ( R ) -2 - bromo - 4- ( methoxymethyl ) -6 
( 3 - methoxytetrahydrofuran - 3 - yl ) pyridine ( 1 g , 3.31 mmol , 
Preparation # 6 ) in dichloromethane ( DCM ) ( 22 mL ) was 
cooled to -78 ° C. and was treated with 2.5 M butyllithium 
in tetrahydrofuran ( 1.45 mL , 3.64 mmol ) . The reaction 
stirred for about 20 minutes before adding tributylchlo 
rostannane ( 1.3 mL , 4.96 mmol ) at –78 ° C. The reaction was 
warmed to room temperature , and was quenched with 
ammonium chloride , then extracted with DCM . The com 
bined organic layers were dried over MgSO4 , filtered , and 
concentrated to provide the product . ' H NMR ( 400 MHz , 
Dimethyl sulfoxide - do ) 8 8.48 ( s , 1H ) , 7.45 ( s , 1H ) , 4.49 
4.45 ( m , 2H ) , 4.03-3.94 ( m , 1H ) , 3.94-3.84 ( m , 2H ) , 3.84 
3.74 ( m , 1H ) , 3.32 ( d , J = 0.7 Hz , 2H ) , 3.02 ( d , J = 2.3 Hz , 2H ) , 
2.29 ( dddd , J = 13.3 , 6.7,4.4 , 1.2 Hz , 1H ) , 1.62-1.51 ( m , 9H ) , 
1.34-1.24 ( m , 12H ) , 1.11-1.04 ( m , 10H ) , 0.84 ( t , J = 7.3 Hz , 
17H ) . Bu = n - butyl . 

[ 0606 ] A solution of ( cis ) -3- ( benzyloxy ) cyclobutanol 
( 1.865 g , 10.46 mmol ) ( Preparation # 28 , Step 1 ) , 4 - nitroben 
zoic acid ( 1.749 g , 10.46 mmol ) , and triphenylphosphine 
( 3.29 g , 12.56 mmol ) in tetrahydrofuran ( THF ) ( 100 mL ) 
was cooled to about 0 ° C. , and diisopropyl azodicarboxylate 
( 2.472 mL , 12.56 mmol ) was added dropwise . After the 
addition was complete , the reaction stirred at room tempera 
ture for 2 hours . Removed the solvent under reduced pres 
sure to provide a residue , which was then dissolved in a 
mixture of diethyl ether and heptanes . Filtered the precipi 
tate which formed through Celite® and removed the diethyl 
ether from the filtrate under reduced pressure . As the diethyl 
ether was removed , a solid precipitated out . Filtered off the 
solid and removed the heptanes to provide a residue , which 
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42. Preparation # 42 : 4 - ( ( S ) -2 - ( ( Tert - butyldimethyl 
silyl ) oxy ) propoxy ) -2 - chloro - 6 - ( ( R ) -3 - methoxytetra 

hydrofuran - 3 - yl ) pyridine 
was purified via silica gel chromatography , eluting with 
10-60 % ethyl acetate / heptanes , to provide the product ( 2.8 
g , 82 % yield ) . ' H NMR ( 400 MHz , Dimethyl sulfoxide - do ) 
8 8.40-8.30 ( m , 2H ) , 8.24-8.15 ( m , 2H ) , 7.40-7.26 ( m , 5H ) , 
5.37-5.27 ( m , 1H ) , 4.42 ( s , 2H ) , 4.34 ( tt , J = 6.0 , 4.8 Hz , 1H ) , 
2.49-2.42 ( m , 4H ) . Bn = benzyl . 

[ 0610 ] 

Step 2 : trans - 3- ( benzyloxy ) cyclobutanol 
?? . W.11110 

S3 

OH OTBS 

[ 0607 ] In a round - bottomed flask , trans - 3- ( benzyloxy ) cy 
clobutyl 4 - nitrobenzoate ( 2.981 g , 9.11 mmol ) and potas 
sium carbonate ( 2.52 g , 18.21 mmol ) in methanol ( 19.51 
mL ) and water ( 3.25 mL ) were added to give a white 
suspension . The reaction stirred at room temperature for 16 
hours . Filtered off the precipitate that had formed and 
removed the solvent from filtrate . Added ethyl acetate to the 
residue , and washed with saturated aqueous sodium bicar 
bonate and water . Dried the organic portion over MgSO4 , 
filtered , and concentrated under reduced pressure to provide 
the product ( 1.7 g , 95 % yield ) . ' H NMR ( 400 MHz , Dim 
ethyl sulfoxide - do ) d 7.37-7.24 ( m , 5H ) , 4.95 ( d , J = 5.2 Hz , 
1H ) , 4.34 ( s , 2H ) , 4.32-4.23 ( m , 1H ) , 4.15 ( ttd , J = 6.8 , 4.1 , 
0.5 Hz , 1H ) , 2.23-2.13 ( m , 2H ) , 2.07-1.96 ( m , 2H ) . 

....... S1 S2 
( S ) ( S ) ( S ) 

OH OTS OTS 
OTBS 

On 
( R ) 

Step 3 : trans - 3- ( benzyloxy ) cyclobutyl 
methanesulfonate 

CI 

Step 1 : ( S ) -2 - hydroxypropyl 
4 - methylbenzenesulfonate 

[ 0608 ] A solution of trans - 3- ( benzyloxy ) cyclobutanol 
( 1.62 g , 9.09 mmol ) and triethylamine ( 1.9 mL , 13.63 mmol ) 
in dichloromethane ( DCM ) ( 60 mL ) was cooled to 0 ° C. , and 
methanesulfonyl chloride ( 0.846 mL , 10.91 mmol ) was 
added dropwise . The reaction stirred warming to room 
temperature over 36 hours . Saturated aqueous ammonium 
chloride ( 50 mL ) was added to the reaction mixture . Sepa 
rated the layers and washed with saturated aqueous sodium 
bicarbonate ( 50 mL ) and brine ( 50 mL ) . The organic portion 
was dried over MgSO4 , filtered , and concentrated to provide 
the product ( 1.86 , 80 % yield ) . ' H NMR ( 400 MHz , Dim 
ethyl sulfoxide - do ) 8 7.39-7.24 ( m , 5H ) , 5.19-5.10 ( m , 1H ) , 
4.39 ( s , 2H ) , 4.29-4.21 ( m , 1H ) , 3.15 ( s , 3H ) , 2.45 ( dd , 
J = 6.1 , 5.4 Hz , 4H ) . 

Step 4 : 4 - ( ( cis ) -3- ( benzyloxy ) cyclobutoxy ) -2 
chloro - 6 - ( ( R ) -3 - methoxytetrahydrofuran - 3 - yl ) pyri 

dine 

[ 0611 ] To a solution of ( S ) - ( + ) - 1,2 - propanediol ( 2.506 g , 
32.9 mmol ) and 4 - methylbenzene - 1 - sulfonyl chloride ( 6.91 
g , 36.2 mmol ) in dichloromethane ( DCM ) ( 80 mL ) was 
added triethylamine ( 6.89 mL , 49.4 mmol ) , followed by 
4 - dimethylamino pyridine ( 0.201 g , 1.647 mmol ) . The reac 
tion stirred at room temperature for 16 hours . Quenched the 
reaction with saturated aqueous ammonium chloride ( 20 
mL ) and separated the layers . Extracted the aqueous portion 
with DCM ( 2x20 mL ) and the combined organic layers were 
washed with saturated aqueous sodium bicarbonate ( 20 mL ) 
and brine ( 20 mL ) . Dried the organic portion over MgSO4 , 
filtered , and concentrated under reduced pressure to provide 
a residue , which was purified via silica gel chromatography , 
eluting with 10 to 100 % ethyl acetate : heptanes to provide 
the product ( 4.56 g , 60 % yield ) . ' H NMR ( 400 MHz , 
Dimethyl sulfoxide - do ) d 7.82-7.75 ( m , 2H ) , 7.51-7.44 ( m , 
2H ) , 4.96 ( d , J = 4.6 Hz , 1H ) , 3.85-3.72 ( m , 3H ) , 2.42 ( s , 3H ) , 
0.98 ( d , J = 6.1 Hz , 3H ) . Ts = 4 - toluenesulfonyl . 

Step 2 : ( S ) -2 - ( ( tert - butyldimethylsilyl ) oxy ) propyl 
4 - methylbenzenesulfonate 

[ 0609 ] ( R ) -2 - Chloro - 6- ( 3 - methoxytetrahydrofuran - 3 - yl ) 
pyridin - 4 - ol ( 0.561 g , 2.443 mmol ) ( Preparation # 21 ) in 
dimethylformamide ( DMF ) ( 12 mL ) was cooled to 0 ° C. and 
NaH ( 60 % in oil dispersion ) ( 0.117 g , 2.93 mmol ) was 
added . The reaction stirred for 10 minutes , then trans - 3 
( benzyloxy ) cyclobutyl methanesulfonate ( 0.751 g , 2.93 
mmol ) in DMF ( 12 mL ) was added . The reaction was heated 
to 100 ° C. for 32 hours . The reaction was cooled to room 
temperature then added brine ( 100 mL ) and ethyl acetate 
( 150 mL ) . Added water until salts were solubilized . Sepa 
rated the layers and extracted the aqueous portion with ethyl 
acetate ( 100 mL ) . Dried the organic portion over MgSO4 , 
filtered and concentrated to provide a residue , which was purified via silica gel chromatography , eluting with 10-80 % 
ethyl acetate : heptanes , to provide the product ( 0.717 g , 75 % 
yield ) . LC / MS ( Table A , Method a ) R = 1.82 minutes ; MS 
m / z : 390.14 ( M + H ) * . 

[ 0612 ] To a cooled ( 0 ° C. ) solution of ( S ) -2 - hydroxypro 
pyl 4 - methylbenzenesulfonate ( 1.50 g , 6.51 mmol ) , tert 
butyldimethylsilyl chloride ( 1.080 g , 7.17 mmol ) , and imi 
dazole ( 0.665 g , 9.77 mmol ) in dichloromethane ( DCM ) ( 50 
mL ) , was added 4 - dimethylamino pyridine ( 0.080 g , 0.651 
mmol ) , and the mixture stirred warming to room tempera 
ture over 36 hours . Filtered off the precipitate that had 
formed and removed the solvent under reduced pressure 
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from the filtrate to provide a residue , which was purified via 
silica gel chromatography , eluting with 0 to 100 % ethyl 
acetate / heptanes , to provide the product ( 2.08 g , 92 % yield ) . 
LC / MS ( Table A , Method a ) R = 2.22 minutes ; MS m / z : 
345.10 ( M + H ) * . TBS = tert - butyldimethylsilyl . 

Step 3 : 4 - ( ( S ) -2 - ( ( tert - butyldimethylsilyl ) oxy ) 
propoxy ) -2 - chloro - 6 - ( ( R ) -3 - methoxytetrahydro 

furan - 3 - yl ) pyridine 
[ 0613 ] To a cooled ( 0 ° C. ) solution of ( R ) -2 - chloro - 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) pyridin - 4 - ol ( 0.500 g , 2.177 
mmol ) ( Preparation # 21 ) in dimethylformamide ( DMF ) ( 10 . 
89 mL ) was added NaH ( 60 % in oil dispersion ) ( 0.104 g , 
2.61 mmol ) . The reaction stirred for 10 minutes , then 
( S ) -2 - ( ( tert - butyldimethylsilyl ) oxy ) propyl 4 - methylbenze 
nesulfonate ( 0.900 g , 2.61 mmol ) in DMF ( 10.89 mL ) was 
added . The reaction was heated to 100 ° C. for 16 hours . The 
reaction cooled to room temperature , and the solvent was 
concentrated . Added water ( 25 mL ) and extracted the aque 
ous portion with dichloromethane ( 2x50 mL ) . Dried the 
combined organic layers over MgSO4 and concentrated 
under reduced pressure to provide a residue , which was 
purified via silica gel chromatography , eluting with 0-60 % 
ethyl acetate / heptanes to provide the product ( 0.51 g , 58 % 
yield ) . LC / MS ( Table A , Method a ) R = 2.26 minutes ; MS 
m / z : 402.18 ( M + H ) * . 

added triethylamine ( 6.89 mL , 49.4 mmol ) , followed by 
4 - dimethylamino pyridine ( DMAP ) ( 0.201 g , 1.647 mmol ) . 
The reaction stirred at room temperature for 16 hours . 
Quenched the reaction with saturated aqueous ammonium 
chloride ( 20 mL ) and separated the layers . Extracted the 
aqueous portion with DCM ( 2x20 mL ) and the combined 
organic layers were washed with saturated aqueous sodium 
bicarbonate ( 20 mL ) and brine ( 20 mL ) . Dried the organic 
portion over MgSO4 , filtered , and concentrated under 
reduced pressure to provide a residue , which was purified 
via silica gel chromatography , eluting with 10 to 100 % ethyl 
acetate : heptanes , to provide the product ( 4.8 g , 63 % yield ) . 
' H NMR ( 400 MHz , Dimethyl sulfoxide - d ) 8 7.82-7.75 ( m , 
2H ) , 7.51-7.44 ( m , 2H ) , 4.96 ( d , J = 4.6 Hz , 1H ) , 3.85-3.72 
( m , 3H ) , 2.42 ( s , 3H ) , 0.98 ( d , J = 6.1 Hz , 3H ) . 

Step 2 : ( R ) -2 - ( ( tert - butyldimethylsilyl ) oxy ) propyl 
4 - methylbenzenesulfonate 

[ 0616 ] To a cooled ( 0 ° C. ) solution of ( R ) -2 - hydroxypro 
pyl 4 - methylbenzenesulfonate ( 1.50 g , 6.51 mmol ) , tert 
butyldimethylsilyl chloride ( 1.080 g , 7.17 mmol ) , and imi 
dazole ( 0.665 g , 9.77 mmol ) in dichloromethane ( DCM ) ( 50 
mL ) was added 4 - dimethylamino pyridine ( 0.080 g , 0.651 
mmol ) , and the mixture stirred warming to room tempera 
ture over 36 hours . Filtered off the precipitate that had 
formed and removed the solvent under reduced pressure 
from the filtrate to provide a residue , which was purified via 
silica gel chromatography , eluting with 0 to 100 % ethyl 
acetate / heptanes , to provide the product ( 1.7 g , 75 % yield ) . 
LC / MS ( Table A , Method a ) R = 2.22 minutes ; MS m / z : 
345.10 ( M + H ) * . TBS = tert - butyldimethylsilyl . Ts = 4 - tolu 
enesulfonyl . 

Step 3 : 4 - ( ( R ) -2 - ( ( tert - butyldimethylsilyl ) oxy ) 
propoxy ) -2 - chloro - 6- ( R ) -3 - methoxytetrahydro 

furan - 3 - yl ) pyridine 
[ 0617 ] A solution of ( R ) -2 - chloro - 6- ( 3 - methoxytetrahy 
drofuran - 3 - yl ) pyridin - 4 - ol ( 0.524 g , 2.2 mmol ) ( Preparation 
# 21 ) in dimethylformamide ( DMF ) ( 11 mL ) was cooled to 
0 ° C. and NaH ( 60 % in oil dispersion ) ( 0.1 g , 2.7 mmol ) was 
added . The reaction stirred for 10 minutes , then ( R ) -2 - ( ( tert 
butyldimethylsilyl ) oxy ) propyl 4 - methylbenzenesulfonate 
( 0.94 g , 2.7 mmol ) in DMF ( 10.89 mL ) was added . The 
reaction was heated to 100 ° C. for 16 hours . The reaction 
cooled to room temperature , and the solvent was concen 
trated . Added water ( 25 mL ) and extracted the aqueous 
portion with dichloromethane ( 2x50 mL ) . Dried the com 
bined organic layers over MgSO4 and concentrated under 
reduced pressure to provide a residue , which was purified 
via silica gel chromatography , eluting with 0-60 % ethyl 
acetate / heptanes to provide the product ( 0.555 g , 58 % 
yield ) . LC / MS ( Table A , Method a ) R = 2.26 minutes ; MS 
m / z : 402.18 ( M + H ) * . 

44. Preparation # 44 : ( 3-6 - Chloropyridin - 2 - yl ) tetra 
hydrofuran - 3 - yl ) methanol 

[ 0618 ] 

43. Preparation # 43 : 4- ( R ) -2 - ( ( Tert - butyldimethyl 
silyl ) oxy ) propoxy ) -2 - chloro - 6 - ( ( R ) -3 - methoxytetra 

hydrofuran - 3 - yl ) pyridine 
[ 0614 ] 

On 
?? . 

( R ) 

S3 

CI 

OH OH OTBS 

S1 S2 
( R ) ( R ) ( R ) 

OH OTS OTS 
OTBS 

( R ) 

( R ) 

CI 

Br 

S1 S2 

N 
Step 1 : ( R ) -2 - hydroxypropyl 

4 - methylbenzenesulfonate 

[ 0615 ] To a solution of ( R ) - ( + ) - 1,2 - propanediol ( 2.506 g , 
32.9 mmol ) and 4 - methylbenzene - 1 - sulfonyl chloride ( 6.91 
g , 36.2 mmol ) in dichloromethane ( DCM ) ( 80 mL ) was 

CI 
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-continued 

S3 S4 

OH 

Step 3 : 3-6 - chloropyridin - 2 - yl ) tetrahydrofuran - 3 
carbaldehyde 

[ 0621 ] 2- ( 3,7 - Dioxabicyclo [ 4.1.0 ] heptan - 6 - yl ) -6 - chloro 
pyridine ( 2.15 g , 10.16 mmol ) was dissolved in dioxane ( 50 
mL ) before the addition of scandium ( III ) triflate ( Sc ( OTf ) 3 ) . 
The reaction mixture was heated to 80 ° C. for 20 minutes , 
then cooled to room temperature and concentrated to dry 
ness to provide a residue , which was purified via silica gel 
chromatography , eluting with 0-40 % ethyl acetate / heptanes , 
to provide the product ( 1.3 g , 60 % yield ) . ' H NMR ( 400 
MHz , Dimethyl sulfoxide - do ) d 9.66 ( s , 1H ) , 7.93-7.84 ( m , 
1H ) , 7.47-7.40 ( m , 2H ) , 4.38 ( d , J = 9.2 Hz , 1H ) , 3.91 ( d , 
J = 9.3 Hz , 1H ) , 3.81 ( t , J = 7.1 Hz , 2H ) , 2.64-2.56 ( m , 1H ) , 
2.36 ( dt , J = 12.9 , 7.4 Hz , 1H ) . 

Step 4 : ( 3- ( 6 - chloropyridin - 2 - yl ) tetrahydrofuran - 3 
yl ) methanol 

[ 0622 ] 3- ( 6 - Chloropyridin - 2 - yl ) tetrahydrofuran - 3 - carbal 
dehyde ( 1.1 g , 5.20 mmol ) was dissolved in ethanol ( EtOH ) 
( 26 mL ) before the addition of NaBH4 ( 0.197 g , 5.20 mmol ) . 
The reaction was stirred at room temperature for 30 minutes , 
then the EtOH was concentrated off and the remaining 
residue was dissolved in ethyl acetate , and washed with 
sodium bicarbonate until the pH = 7 . The organic portion was 
then washed with brine , dried over MgSO4 , filtered , and 
concentrated to provide the product ( 1.1 g , 99 % yield ) . 
LC / MS ( Table A , Method a ) R = 0.69 minutes ; MS m / z : 241 , 
216 ( M + H ) * 

45. Preparation # 45 and # 45a : ( R ) - ( 3- ( 6 - Bromo - 4 
( methoxymethyl ) pyridin - 2 - yl ) tetrahydrofuran - 3 - yl ) 
methanol and ( S ) - ( 3- ( 6 - bromo - 4- ( methoxymethyl ) 

pyridin - 2 - yl ) tetrahydrofuran - 3 - yl ) methanol 
[ 0623 ] 

Step 1 : 
2 - chloro - 6- ( 3,6 - dihydro - 2H - pyran - 4 - yl ) pyridine 

[ 0619 ] 2 - Bromo - 6 - chloropyridine ( 9.62 g , 50.0 mmol ) , 
2- ( 3,6 - dihydro - 2H - pyran - 4 - yl ) -4,4,5,5 - tetramethyl - 1,3,2 
dioxaborolane ( 10.0 g , 47.6 mmol ) , and cesium carbonate 
( 23.26 g , 71.4 mmol ) were each added sequentially to a 500 
mL reaction flask and then dissolved in dioxane ( 204 mL ) 
and water ( 34.0 mL ) . The mixture was degassed with a 
stream of nitrogen for 10 minutes , before the addition of 
[ 1,1 ' - bis ( diphenylphosphino ) ferrocene ] dichloropalladium 
( II ) -dichloromethane adduct ( Pd ( dppf ) C12 - DCM adduct ) 
( 1.944 g , 2.380 mmol ) . The reaction was heated at 65 ° C. for 
4 hours . The reaction was cooled to room temperature , and 
poured into 200 mL of water with cysteine and stirred 
overnight with 100 mL ethyl acetate . The reaction mixture 
was extracted with ethyl acetate and the combined organic 
layer was washed with brine , dried over MgSO4 , and 
concentrated to dryness . The residue was purified via silica 
gel chromatography , eluting with 0-40 % ethyl acetate in 
heptanes , to provide the product ( 7.1 g , 76 % yield ) . ' H NMR 
( 400 MHz , Dimethyl sulfoxide - do ) 8 7.81 ( t , J = 7.8 Hz , 1H ) , 
7.51 ( dd , J = 7.8 , 0.7 Hz , 1H ) , 7.33 ( dd , J = 7.9 , 0.7 Hz , 1H ) , 
6.78 ( tt , J = 3.1 , 1.6 Hz , 1H ) , 4.24 ( 9 , J = 2.9 Hz , 3H ) , 3.78 ( t , 
J = 5.5 Hz , 3H ) , 2.45-2.43 ( m , 1H ) . 

Br 
S1 

Br 

S2 

Step 2 : 2- ( 3,7 - dioxabicyclo [ 4.1.0 ] heptan - 6 - yl ) -6 
chloropyridine Br 

S3 $ 3 . 
N 

Br 

[ 0620 ] 2 - Chloro - 6- ( 3,6 - dihydro - 2H - pyran - 4 - yl ) pyridine 
( 3.0 g , 15.33 mmol ) was dissolved in dichloromethane 
( DCM ) ( 153 mL ) , and stirred in a 500 ml flask cooled to 0 ° 
C. in an ice bath . meta - Chloroperoxybenzoic acid ( 4.47 g , 
19.93 mmol ) was added and the bath was removed and the 
reaction was stirred at room temperature overnight . The 
reaction was quenched with sodium bicarbonate and then 
extracted with DCM . The organic layer was washed with 
brine , dried over MgSO4 , and concentrated to dryness . The 
residue was redissolved in ethyl ether and washed with 
bicarbonate , and then dried over MgSO4 , and concentrated 
to provide a residue , which was purified via silica gel 
chromatography , eluting with 0-50 % ethyl acetate / heptanes , 
to provide the product ( 4 g , 95 % yield , 85 % purity ) . LC / MS 
( Table A , Method a ) R = 0.94 minutes ; MS m / z : 212 , 214 
( M + H ) * 

S4 

Br 
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-continued 
OH 

( R ) 

N 

Br 

( 45 ) 
+ 

OH 

( S ) 

N 

Br 

( 45a ) 

( 1.45 g , 81 % yield ) , LC / MS ( Table A , Method a ) R = 1.16 
minutes ; MS m / z : 301 , 303 ( M + H ) * . 

Step 3 : 3- ( 6 - bromo - 4 - methoxymethyl ) pyridin - 2 - yl ) 
tetrahydrofuran - 3 - carbaldehyde 

[ 0626 ] A solution of 2- ( 3,7 - dioxabicyclo [ 4.1.0 ] heptan - 6 
yl ) -6 - bromo - 4 - methoxymethyl ) pyridine ( 1.45 g 4.83 
mmol ) in dioxane ( 24 mL ) was stirred at room temperature 
before the addition of scandium ( III ) triflate ( Sc ( OTf ) 3 ) 
( 0.071 g , 0.145 mmol ) . The reaction was heated to 80 ° C. for 
20 minutes . The reaction was then concentrated to dryness 
to provide a residue , which was purified via silica gel 
chromatography , eluting with 0-75 % ethyl acetate : heptanes , 
to provide the product ( 1.13 g , 78 % yield ) , LC / MS ( Table A , 
Method a ) R = 1.19 minutes ; MS m / z : 300 , 302 ( M + H ) * . 

Step 4 : ( R ) - ( 3- ( 6 - bromo - 4- ( methoxymethyl ) pyridin 
2 - yl ) tetrahydrofuran - 3 - yl ) methanol and ( S ) - ( 3-6 
bromo - 4 - methoxymethyl ) pyridin - 2 - yl ) tetrahydro 

furan - 3 - yl ) methanol 
[ 0627 ] A solution of 3- ( 6 - bromo - 4 - methoxymethyl ) pyri 
din - 2 - yl ) tetrahydrofuran - 3 - carbaldehyde ( 1.13 g 3.76 
mmol ) in ethanol ( 19 mL ) was cooled to 0 ° C. before the 
addition of NaBH4 ( 0.142 g , 3.76 mmol ) . The reaction 
stirred warming to room temperature over 20 minutes . The 
solvent was concentrated under reduced pressure and the 
residue was diluted with 50 mL ethyl acetate and washed 
with ammonium chloride . The organic layer was washed 
with brine , dried over MgSO4 and concentrated to dryness . 
The residue was purified via silica gel chromatography , 
eluting with 10-100 % ethyl acetate : heptanes , to provide the 
racemic product . The product was further purified via chiral 
HPLC ( Table B , Method 21 ) to provide the ( R ) -isomer 
( 0.346 g , 31 % yield , > 99 % ee , R = 12.52 minutes ) and the 
( S ) -isomer ( 0.342 g , 30 % yield , > 99 % ee , R = 14.62 min 
utes ) . LC / MS ( Table A , Method a ) R = 1.19 minutes ; MS 
m / z : 300 , 302 ( M + H ) * . 

46. Preparation # 46 and # 46a : ( S ) -2 - chloro - 6- ( 3 
methyltetrahydrofuran - 3 - yl ) pyrazine and ( R ) -2 
chloro - 6- ( 3 - methyltetrahydrofuran - 3 - yl ) pyrazine 

[ 0628 ] 

Step 1 : 2 - bromo - 6- ( 3,6 - dihydro - 2H - pyran - 4 - yl ) -4 
( methoxymethyl ) pyridine 

[ 0624 ] 2,6 - Dibromo - 4 - methoxymethyl ) pyridine ( 2.79 g , 
9.93 mmol , Preparation # 6 , Step 2 ) , 2- ( 3,6 - dihydro - 2H 
pyran - 4 - yl ) -4,4,5,5 - tetramethyl - 1,3,2 - dioxaborolane ( 2.191 
g , 10.43 mmol ) and potassium phosphate ( 4.22 g , 19.86 
mmol ) were dissolved in dioxane ( 40 mL ) and water ( 8 mL ) 
and degassed with a stream of nitrogen . Tris ( dibenzylide 
neacetone ) dipalladium ( 0 ) ( Pd ( dba ) z ) ( 0.227 g , 0.248 
mmol ) and 18,3R , 5R , 7S ) -1,3,5,7 - tetramethyl - 8 - phenyl - 2,4 , 
6 - trioxa - 8 - phosphaadamantane ( PaPH ) ( 0.145 g , 0.497 
mmol ) were added to the flask and was heated to 80 ° C. for 
20 minutes . The reaction was cooled to room temperature 
and then poured into a 5 % aqueous cysteine solution ( 100 
mL ) and diluted with 50 mL of ethyl acetate . The mixture 
was stirred for 10 minutes and the layers were then sepa 
rated . The aqueous layer was extracted with ethyl acetate . 
The combined organic layers were washed with 50 mL of 
brine , dried over MgSO4 and concentrated to dryness to 
provide a residue , which was purified by silica gel chroma 
tography , eluting with 0-50 % ethyl acetate : heptanes , to 
provide the product ( 1.70 g , 60 % yield ) , LC / MS ( Table A , 
Method a ) R = 1.34 minutes ; MS m / z : 284 , 286 ( M + H ) * . 

CI 
S1 S2 

N 

Step 2 : 2- ( 3,7 - dioxabicyclo [ 4.1.0 ] heptan - 6 - yl ) -6 
bromo - 4 - methoxymethyl ) pyridine CI 

111 ... ( S ) CI 

OH DO ( 46 ) S3 
OH 

[ 0625 ] A solution of bromo - 6- ( 3,6 - dihydro - 2H - pyran - 4 
yl ) -4 - methoxymethyl ) pyridine ( 1.7 g , 5.98 mmol ) in 
dichloromethane ( DCM ) ( 59 mL ) was cooled in an ice bath 
for 10 minutes before the addition of meta - chloroperoxy 
benzoic acid ( 2.011 g , 8.97 mmol ) . The reaction stirred 
overnight at room temperature , then quenched with 20 mL 
of aqueous sodium bicarbonate . The organic layer was 
separated and then concentrated to dryness , and the residue 
was redissolved in 50 mL ethyl ether and washed with 
aqueous sodium bicarbonate , 20 mL brine , then dried over 
MgSO4 , and concentrated to dryness to provide a residue , 
which was purified via silica gel chromatography , eluting 
with 0-70 % ethyl acetate : heptanes , to provide the product 

??? ( R ) 08 ( 46a ) 
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Step 1 : 3- ( 6 - chloropyrazin - 2 - yl ) -3 - methyldihydro 
furan - 2 ( 3H ) -one 

47. Preparation # 47 : ( R ) -2 - chloro - 4- ( difluo 
romethoxy ) -6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyri 

dine 
[ 0632 ] 

F 

OH 

[ 0629 ] To a tetrahydrofuran ( THF ) ( 37 mL ) solution of 
diisopropylamine ( 2.3 mL , 16.16 mmol ) was added n - butyl 
lithium ( 2.5 M in hexanes , 5.92 mL , 14.81 mmol ) while 
stirring at -78 ° C. After stirring for 5 minutes , alpha - methyl 
gamma - butyrolactone ( 1.416 mL , 14.81 mmol ) was added 
in a dropwise manner . After stirring at 0 ° C. for 15 minutes , 
the reaction mixture was cooled to -75 ° C. , and 2,6 
dichloropyrazine ( 2.0059 g , 13.46 mmol ) was added in a 
dropwise manner as a solution in THF ( 7.5 mL ) . The 
mixture stirred warming to room temperature overnight . The 
reaction mixture was diluted with saturated aqueous sodium 
bicarbonate solution and was extracted with dichlorometh 
ane ( 2x10 mL ) . The combined extracts were dried over 
anhydrous sodium sulfate , filtered and concentrated under 
reduced pressure . The product was purified via silica gel 
chromatography eluting with 0-40 % ethylacetate / heptanes 
to give the desired product ( 2.5 g , 76 % yield ) . LC / MS ( Table 
A , Method d ) R = 0.75 minutes ; MS m / z : 213 , 215 ( M + H ) * . 

CI N 
( R ) ( R ) 

Step 2 : 
2- ( 6 - chloropyrazin - 2 - yl ) -2 - methylbutane - 1,4 - diol 

[ 0633 ] To a suspension of ( R ) -2 - chloro - 6- ( 3 - methoxytet 
rahydrofuran - 3 - yl ) pyridin - 4 - ol ( 150 mg , 0.653 mmol , 
Preparation # 21 ) in dichloromethane ( DCM ) ( 3.2 mL ) and 
potassium hydroxide ( aqueous , 20 % w / w ) ( 1.0 g , 3.92 
mmol ) at 0 ° C. , bromodifluoromethyl trimethylsilane ( 0.2 
mL , 0.30 mmol ) was added . The reaction mixture was 
allowed to stir vigorously at 0 ° C. for 30 minutes before 
diluting with water and extracting with DCM ( 3 times ) . The 
combined organic extracts were washed with brine , dried 
over magnesium sulfate , filtered , and concentrated under 
reduced pressure . The residue was purified by silica gel 
chromatography , eluting with 4 to 40 % ethyl acetate in 
heptanes , to afford the desired product ( 0.16 g , 89 % yield ) . 
' H NMR ( 400 MHz , Dimethyl sulfoxide - do ) 7.58 ( t , 
J = 72.3 Hz , 1H ) , 7.38 ( d , J = 2.1 Hz , 1H ) , 7.28 ( d , J = 2.1 Hz , 
1H ) , 4.02 ( dd , J = 9.6 , 1.1 Hz , 1H ) , 3.98-3.88 ( m , 2H ) , 3.80 
( d , J = 9.6 Hz , 1H ) , 3.10 ( s , 3H ) , 2.47-2.27 ( m , 2H ) . 

[ 0630 ] A solution of 3-6 - chloropyrazin - 2 - yl ) -3 - methyldi 
hydrofuran - 2 ( 3H ) -one ( 2.5 g , 11.95 mmol ) in methanol 
( MeOH ) ( 40 mL ) was treated with NaBH4 ( 1.3 g , 35.9 
mmol ) stirred at 25 ° C. overnight . The reaction mixture 
was quenched with saturated aqueous sodium chloride and 
extracted with dichloromethane ( DCM ) . The DCM layer 
was dried over anhydrous sodium sulfate , filtered and con 
centrated under reduced pressure . The product was purified 
via silica gel chromatography eluting with 100 % ethylac 
etate to give the desired product ( 1.8 g , 64 % yield ) . LC / MS 
( Table A , Method d ) R , = 0.40 minutes ; MS m / z : 217 , 219 
( M + H ) * . 

48. Preparation # 48 : ( R ) -2 - chloro - 4- ( 2 - methoxy 
ethoxy ) -6- ( 3 - methoxytetrahydrofuran - 3 - yl ) pyridine 

[ 0634 ] 

Step 3 : ( S ) -2 - chloro - 6- ( 3 - methyltetrahydrofuran - 3 
yl ) pyrazine and ( R ) -2 - chloro - 6- ( 3 - methyltetrahydro 

furan - 3 - yl ) pyrazine 

OH 

N CI ( R ) ( R ) 

[ 0631 ] A solution of 2- ( 6 - chloropyrazin - 2 - yl ) -2 - meth 
ylbutane - 1,4 - diol ( 5.5 g , 25.6 mmol ) in tetrahydrofuran 
( THF ) ( 256 mL ) was treated with sodium hydride ( NaH ) 
( 60 % dispersion in mineral oil ) ( 2.4 g , 56.3 mmol ) while 
stirring at -35 ° C. After stirring for 5 minutes , p - toluene 
sulfonyl chloride ( 5.4 g , 28.1 mmol ) was added to the 
reaction mixture . The reaction was heated at reflux for 4 
hours . The reaction mixture was quenched with saturated 
aqueous sodium chloride and extracted with ethyl acetate 
( EtOAc ) . The organic layer was dried over anhydrous mag 
nesium sulfate , filtered and concentrated under reduced 
pressure . The residue was purified via silica gel chromatog 
raphy eluting with 0-60 % EtoAc in n - heptanes to give 
racemic product . The product was further purified via chiral 
HPLC ( Table B , Method 22 ) to provide the ( S ) -2 - chloro - 6 
( 3 - methyltetrahydrofuran - 3 - yl ) pyrazine ( 0.78 g , 15 % yield , 
> 99 % ee , R = 9.35 minutes ) and ( R ) -2 - chloro - 6- ( 3 - methyl 
tetrahydrofuran - 3 - yl ) pyrazine ( 0.82 g , 16 % yield , > 99 % ee , 
rt = 6.44 minutes ) . LC / MS ( Table A , Method d ) R = 0.87 
minutes ; MS m / z : 199 , 201 ( M + H ) * . 

[ 0635 ] A flask was charged with ( R ) -2 - chloro - 6- ( 3 
methoxytetrahydrofuran - 3 - yl ) pyridin - 4 - ol ( 15 g , 65.3 
mmol , Preparation # 21 ) and dimethylformamide ( DMF ) 
( 218 mL ) . To the mixture was added sodium hydride ( 60 % 
dispersion in mineral oil ) ( 3.13 g , 78 mmol ) portionwise . 
The reaction mixture was stirred at room temperature . After 
30 minutes , 1 - bromo - 2 - methoxyethane ( 12.3 mL , 131 
mmol ) was added and the reaction was heated to 80 ° C. for 
90 minutes . The reaction mixture was cooled to room 
temperature , quenched with 400 mL of water and extracted 












































































































































