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hathewayi , Clostridium phytofermentans , Clostridium sac 
charolyticum , Clostridium indolis , Clostridium methoxyben 
zovorans , Clostridium citroniae , Clostridium asparagi 
forme , Clostridium chauvoei , Clostridium sartagoforme , 
Clostridium tetani , Clostridium botulinum , Desulfovibrio 
desulfuricans , and Desulfovibrio alaskensis . Among these 
species , strains exhibiting a high abundance of CutC 
include , but are not limited to , Proteus hauseri ZMd44 , 
Proteus mirabilis ATCC29906 , Klebsiella oxytoca- , 
Escherichia coli MS 69-1 , Escherichia fergusonii ECD227 , 
Paenibacillus thiaminolyticus , Paenibacillus alvei TS - 15 , 
Paenibacillus uliginis N3 / 975 , Streptococcus dysgalactiae 
subsp . equisimilis ATCC 12394 , Streptococcus intermedius 
ATCC 27335 , Streptococcus suis YS10-2 , Streptococcus 
castoreus DSM 17536 , Streptococcus merionis , Streptococ 
cus ovis , Collinsella tanakaei YIT 12063 , Anaerococcus 
hydrogenalis DSM 7454 , Anaerococcus tetradius ATCC 
35098 , Anaerococcus obesiensis , Anaerococcus vaginalis 
ATCC 51170 , Eubacterium sp . 68-3-10 , Eubacterium sp . 
AB3007 , Lachnospiraceae bacterium , Hungatella 
hathewayi , Clostridium phytofermentans ISDg , Clostridium 
saccharolyticum WM1 , Clostridium indolis DSM 755 , 
Clostridium methoxybenzovorans SR3 , Clostridium citro 
niae WAL - 17108 , Clostridium asparagiforme , Clostridium 
chauvoei JF4335 , Clostridium sartagoforme MUI , 
Clostridium tetani 12124569 , Clostridium botulinum F 
230613 , Clostridium sporogenes ATCC15579 , Desulfovi 
brio desulfuricans subsp . desulfuricans ATCC 27774 , and 
Desulfovibrio alaskensis G20 . 
[ 0007 ] In some embodiments , disclosed are compounds 
consisting of a cation and a pharmaceutically acceptable 
counterion , wherein the cation is a structure of formula ( 1 ) : 

QUATERNARY AMMONIUM SALTS AS 
INHIBITORS OF TRIMETHYLAMINE 

PRODUCTION 
[ 0001 ] This application claims priority to U.S. provisional 
application No. 62 / 776,459 , filed Dec. 6 , 2018 , the disclo 
sure of which is incorporated herein by reference in its 
entirety . 
[ 0002 ] Disclosed herein are novel compounds , pharma 
ceutical compositions comprising the same , and methods of 
using the same . 
[ 0003 ] Mammalian microbiota can engage in a bidirec 
tional communication with the mammalian host system . In 
some instances , mammalian microbiota may be responsible 
for producing enzymes that can mediate formation of patho 
logic metabolites . These metabolites , in sufficient quantities , 
can compromise the host's health and often lead to debili 
tating diseases . 
[ 0004 ] For example , choline - trimethylamine lyase ( CutC ) 
from Clostridium sporogenes and from Proteus mirabilis 
can mediate production of trimethylamine ( TMA ) from 
choline . Trimethylamine can be also oxidized in vivo ( e.g. , 
by Flavin monooxygenase 3 ( FMO3 ) ) to produce a trimeth 
ylamine N - oxide ( TMAO ) . Trimethylaminuria can be char 
acterized by elevated TMA and / or TMAO levels in a subject , 
a decreased rate of conversion of TMA to TMAO in a 
subject , or a high ratio of TMA to TMAO in a subject . 
Trimethylaminuria often leads to , e.g. , cardiovascular dis 
ease , reduced or impaired kidney function , kidney disease , 
chronic kidney disease , end - stage renal disease , or diabetes 
mellitus . 
[ 0005 ] There is a need for therapeutic strategies that 
address disease etiology . In particular , there is a need for 
therapeutic strategies that target enzymatic production of the 
pathogenic , bacterial metabolites . 
[ 0006 ] The present disclosure provides novel compounds 
which may act as inhibitors of enzymatic production of 
pathogenic , bacterial metabolites , pharmaceutical composi 
tions comprising at least one of such compounds , and 
methods of using the same , such as , for example , in methods 
for modulating an autoimmunity marker in a subject , and in 
methods of treating an autoimmunity disorder in a subject . 
In some embodiments , the disclosure provides compounds 
for the inhibition of choline - trimethylamine lyase ( CutC ) . In 
some embodiments , the disclosure provides compounds for 
the inhibition of carnitine monooxygenase ( CntA ) . In some 
embodiments , the disclosure provides compounds for the 
inhibition of betaine reductase . In some embodiments , com 
pounds of the present disclosure consist of a cation and a 
pharmaceutically acceptable counterion . In some embodi 
ments , the cation includes at least one glycoside or acylated 
sugar , and thus the cation is a conjugate which can be 
advantageous for targeted delivery to a tissue ( e.g. , a small 
intestine ) having the highest abundance of CutC from 
Clostridium sporogenes and / or Proteus mirabilis . CutC may 
be found and targeted in a host of other bacterial species , 
including , but not limited to , Proteus hauseri , Klebsiella 
oxytoca , Escherichia coli , Escherichia fergusonii , Paeniba 
cillus thiaminolyticus , Paenibacillus alvei , Paenibacillus 
uliginis , Streptococcus dysgalactiae , Streptococcus interme 
dius , Streptococcus suis , Streptococcus castoreus , Strepto 
coccus merionis , Streptococcus ovis , Collinsella tanakaei , 
Anaerococcus hydrogenalis , Anaerococcus tetradius , 
Anaerococcus obesiensis , Anaerococcus vaginalis , Eubac 
terium sp . , Lachnospiraceae bacterium , Hungatella , 

( 1 ) 

R4 - N - R2 *** R3 

a 

wherein 
[ 0008 ] Riis 

[ 0009 ] C2-6 alkyl substituted with O- ( acylated sugar ) 
or isosorbide , wherein said C2-6 alkyl is further option 
ally substituted with oxo and / or methene ; 

[ 0010 ] C4 cycloalkyl optionally substituted with 
hydroxyl , ethynyl , or - O- ( acylated sugar ) ; or 

[ 0011 ] Cz cycloalkyl substituted with C1-6 alkyl , 
hydroxyl , ethynyl , or - O - acylated sugar ) ( 

[ 0012 ] C3-4 cycloalkyl C1-2 alkyl ; 
[ 0013 ] R² is C2-6 alkyl optionally substituted with one or 
two hydroxyl , oxo , and O- ( acylated sugar ) ; 
[ 0014 ] or R and R2 , together with the nitrogen atom to 
which both are attached , combine to form a 4- or 5 - mem 
bered heterocyclic ring optionally substituted with ethynyl 
or — ( CH2 ) n - OR or an acylated sugar , wherein n is 0 or 1 , 
R $ is hydrogen or an acylated sugar ; 
[ 0015 ] R3 is C1-6 alkyl optionally substituted with a halo 
gen or hydroxyl ; and 
[ 0016 ] R * is Cl- , alkyl or propargyl . 
[ 0017 ] In some embodiments , provided herein are com 
pounds consisting of a cation and a pharmaceutically accept ' 
able counterion , wherein the cation is a structure of formula 
( II ) : 

> 

n 

1-6 
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or 

( II ) 
R ! 

R4 — N - R ? 2 

R3 or 

> 

a 

. 6 

. 

2 2 

3 

9 2 9 

2 > 
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or 

wherein 
[ 0018 ] Riis 

[ 0019 ] C1-6 alkyl optionally substituted with one or 
more oxo , hydroxyl , halogen , cyano , COOMe , 
amino , methene , ethenyl , ethynyl , hydroxyphenyl , C3-4 
cycloalkyl , OCH CH2OH , —HNC ( O ) OCMez , 
SMe , OMe , -HNS ( O ) 2Me , -SO3H , B ( OH ) 2 , 

POZH , PO , Hz , PCO ) ( OCH , CH ) P ( O ) ( OH ) H2 ( 2 , —P 
( OCH CH3 ) , heteroaryl ring ; 

[ 0020 ] phenyl ; 
[ 0021 ] benzyl ; 
[ 0022 ] C3-4 heterocyclyl optionally substituted with C 

alkyl 
[ 0023 ] C4 heterocycloalkyl C , alkyl ; or 
[ 0024 ] C4 cycloalkyl ; 

[ 0025 ) R² is 
[ 0026 ] C1-6 alkyl optionally substituted with one or two 
hydroxyl , oxo , methene , cyano , ethynyl , —HNC ( O ) H , 

C = C — CH2OH ; or 
[ 0027 ] - HN ( CH2 ) ; C ( O ) OH ; 

[ 0028 ] or R1 and R² , together with the nitrogen atom to 
which both are attached and optionally one or more addi 
tional heteroatoms , combine to form a 4-8 membered mono 
or bi - cyclic heterocycle optionally substituted with ethynyl , 
trifluoromethyl , CH , Ph , OH , or ( CH2OH ; 
[ 0029 ] R is methyl or propargyl ; and 
[ 0030 ] R * is methyl or propargyl , 
[ 0031 ] with the proviso that 
[ 0032 ] ( 1 ) when two of R ' , R2 , RS , and R + are methyl and 
one of the other two of R ' , R2 , R3 , and R * is propargyl , then 
the other of R ' , R2 , R " , and R * is not methyl , a monoha 
lomethyl , CH CH , OH , COOH , ( CH ) C ( O ) OH , or 
CH , C ( CH ) CN ; and 

[ 0033 ] ( 2 ) when two of R ' , R2 , RS , and R + are methyl and 
one of the other two of R1 , R2 , R3 , and R + is CH CH OH 
or - CH2C ( O ) OH , then the other of R1 , R2 , R3 , and R4 is not 
a monohalomethyl . 
[ 0034 ] In some embodiments , provided herein are com 
pounds consisting of a cation and a pharmaceutically accept 
able counterion , wherein the cation is a structure of formula 
( III ) : 

P ( O ) ( OCH , CH3 ) 2 , -P ( O ) ( OH ) ( OCH CH ) , 
5 - membered heteroaryl ring ; 

[ 0037 ] R2 is 
[ 0038 ] C1-6 alkyl optionally substituted with one or two 

hydroxyl , oxo , methene , cyano , ethynyl , HNC ( OH , 
C = C — CH2OH ; or 

[ 0039 ] HN ( CH2 ) 2C ( O ) OH ; 
[ 0040 ] or R1 and R2 , together with the nitrogen atom to 
which both are attached and optionally one or more addi 
tional heteroatoms , combine to form a 4-8 membered mono 
or bi - cyclic heterocycle optionally substituted with ethynyl , 
OH , or ( CH2OH ; 

[ 0041 ] RP is C - 6 alkyl optionally substituted with a halo 
gen , hydroxyl , or ethynyl ; and 
[ 0042 ] R4 is C1-6 alkyl or propargyl , 
with the proviso that 
[ 0043 ] ( 1 ) when two of R1 , R² , R3 , and R * are methyl and 
one of the other two of R1 , R² , Rº , and R4 is propargyl , then 
the other of R ' , R2 , R3 , and R4 is not methyl , a monoha 
lomethyl , CH2CH2OH , — COOH , ( CH2 ) 4C ( O ) OH , or 
CH_C ( CH ) CN ; and 

[ 0044 ] ( 2 ) when two of R ' , R² , R3 , and R4 are methyl and 
one of the other two of R ' , R2 , Rº , and R * is CH CH OH 
or -CH2C ( O ) OH , then the other of R1 , R² , R3 , and R4 is not 
a monohalomethyl . 
[ 0045 ] In some embodiments , the disclosure provides a 
pharmaceutical composition comprising a pharmaceutically 
acceptable excipient and at least one of the compounds 
described above . 
[ 0046 ] In some embodiments , provided herein is a method 
of modulating a trimethylaminuria marker in a subject in 
need thereof , the method comprising administering to the 
subject in need thereof a therapeutically effective amount of 
at least one of the compounds or pharmaceutical composi 
tions disclosed herein . In some embodiments , the trimeth 
ylaminuria marker is the trimethylamine and / or trimethyl 
amine oxide level in the subject’s blood , plasma , serum , or 
urine . 
[ 0047 ] In some embodiments , provided herein is a method 
of treating or preventing a dis associated with elevated 
levels of trimethylamine ( TMA ) or trimethylamine N - oxide 
( TMAO ) , a decreased rate of conversion of TMA to TMAO , 
or a high ratio of TMA TO TMAO in a subject in need thereof , 
the method comprising administering a therapeutically 
effective amount of at least one of the compounds or 
pharmaceutical compositions disclosed herein to the subject . 
In some embodiments , the method further comprises detect 
ing the presence of one or more genetic variants of the 

of the subject in need before the administering 
step . In some embodiments , the disease associated with 
elevated levels of TMA or TMAO , a decreased rate of 
conversion of TMA to TMAO , or a high ratio of TMA to 
TMAO is a cardiovascular disease , reduced or impaired 
kidney function , kidney disease , chronic kidney disease , 
end - stage renal disease , or diabetes mellitus . In some 
embodiments , the cardiovascular disease is angina , arrhyth 
mia , atherosclerosis , cardiomyopathy , congestive heart fail 
ure , coronary artery disease , carotid artery disease , endo 
carditis , coronary thrombosis , myocardial infarction , high 
blood pressure / hypertension , hypercholesterolemia , hyper 
lipidemia , mitral valve prolapse , peripheral artery disease , or 
stroke . 
[ 0048 ] In some embodiments , provided herein is a method 
of inhibiting a CutC choline lyase - mediated conversion of 

a 
2 

9 

> 2 

FMO3 gene 

( III ) 

R4 — N — R ? 

R3 

wherein 
[ 0035 ] Riis 

[ 0036 ] C1-6 alkyl optionally substituted with one or 
more oxo , hydroxyl , halogen , cyano , COOM , 
COOH , methene , ethenyl , ethynyl , C3.4 cycloalkyl , 
-OCH2CH2OH , SMe , OMe , —HNS ( O ) 2Me , 
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a 

a 

the 

sure or 

a 

choline to trimethylamine , the method comprising contact 
ing at least one of the compounds or pharmaceutical com 
positions disclosed herein with the CutC choline lyase . 
[ 0049 ] In some embodiments , provided herein is a method 
of inhibiting a CntA carnitine monooxygenase - mediated 
conversion of carnitine to trimethylamine , the method com 
prising contacting at least one of the compounds or phar 
maceutical compositions disclosed herein with the CntA 
carnitine monooxygenase . 
[ 0050 ] In some embodiments , provided herein is a method 
of inhibiting a betaine reductase - mediated conversion of 
betaine or gamma - butyrobetaine to trimethylamine , the 
method comprising contacting at least one of the compounds 
or pharmaceutical compositions disclosed herein with the 
betaine reductase . 
[ 0051 ] In some embodiments , provided herein is a method 
of treating a subject in need of treatment for trimethylam 
inuria comprising contacting bacteria in vivo with a thera 
peutically effective amount of at least one of the compounds 
or pharmaceutical compositions disclosed herein to the 
subject . In some embodiments , the bacteria are localized in 
the colon of the subject . 
[ 0052 ] In some embodiments , the present disclosure pro 
vides a method of modulating a trimethylamine marker in a 
subject in need thereof , the method consisting of adminis 
tering to the subject in need thereof a therapeutically effec 
tive amount of at least one compound of the present disclo 

a pharmaceutical composition of the present 
disclosure . 
[ 0053 ] In some embodiments , the trimethylaminuria 
marker is the trimethylamine and / or trimethylamine oxide 
levels in the subject's blood , plasma , serum , or urine . 
[ 0054 ] In some embodiments , the present disclosure pro 
vides a method of treating or preventing a disease associated 
with trimethylaminuria in a subject in need thereof , the 
method comprising administering a therapeutically effective 
amount of at least one pharmaceutically acceptable salt of at 
least one compound of the present disclosure or a pharma 
ceutical composition of the present disclosure to the subject . 
[ 0055 ] In some embodiments , provided herein is a method 
of identifying a subject suffering from trimethylaminuria , or 
predicting a predisposition for developing trimethylaminura 
in a subject , comprising : ( i ) analyzing a sample from the 
patient to detect the presence of at least one FMO3 genetic 
variant in the patient , and ( ii ) identifying identifying a 
subject suffering from trimethylaminuria or predicting a 
predisposition for developing trimethylaminura in a subject . 
In some embodiments , the method further comprises ( iii ) 
administering a therapeutically effective amount of at least 
one of the compounds or pharmaceutical compositions dis 
closed herein to the subject . 
[ 0056 ] In some embodiments , the FMO3 genetic variant is 
identified based on public databases reporting pathogenic 
variants associated with TMAU . In some embodiments , the 
FMO3 genetic variant is identified based on predicted loss of 
function of the FMO3 gene product , such as variants intro 
ducing frameshifts or premature stop codons into the coding 
sequence of FMO3 . In some embodiments , the variant is 
identified based on predicted structural modification to the 
exonic sequence of FMO3 . In some embodiments , the 
FMO3 genetic variant is chosen from g . - 2092 to 10145del , 
g.94G > A + A29A2 : A30 , g.110T > C , g.11145A > G , 
g.11148G > T , g.11166G > A , g.11177A > G , g.11185dela , 
g.111926 > T , g.11239T > C , g.15036A > G , g.15123T > A , 

g.15137G > T , g.15153C > T , g.15526_15527delTG , 
g.15531T > A , g.15533T > C , g.15539C > A , g.18177G > A , 
g.18225G > C , g.21429G > T , g.21460G > T , g.21680G > T , 
g.21684G > A , g.21702delf , g.23580delf , g.24486G > A , 
g.24592C > T , g.24608G > A , g . 24658C > T , and g.24682C > T . 
[ 0057 ] As used herein , the term “ acyl , ” as used herein , 
represents a chemical substituent of formula C ( O ) -R , 
where R is alkyl , alkenyl , aryl , arylalkyl , cycloalkyl , het 
erocyclyl , heterocyclyl alkyl , heteroaryl , or heteroaryl alkyl . 
An optionally substituted acyl is an acyl that is optionally 
substituted as described herein for each group R. Non 
limiting examples of acyl include fatty acid acyls ( e.g. , short 
chain fatty acid acyls ( e.g. , acetyl , propionyl , or butyryl ) ) . 
[ 0058 ] The term “ acylated sugar , ” as used herein , refers to 
a carbohydrate , sugar acid , or sugar alcohol having one or 
more hydroxyls substituted with an acyl ( e.g. , a fatty acid 
acyl ) . In some embodiments , the carbohydrate is a mono 
saccharide . In some embodiments , the carbohydrate is a 
disaccharide . In some embodiments , the fatty acid acyl is a 
short chain fatty acid acyl ( e.g. , propionyl or butyryl ) . An 
acylated sugar can be a compound or a monovalent group . 
When an acylated sugar is a monovalent group , group 
includes one and only one valency for attaching to another 
molecular fragment . When an acylated sugar is covalently 
bonded to a carbon atom of another molecular fragment , the 
valency is on an oxygen atom of the acylated sugar . When 
an acylated sugar is covalently bonded to an oxygen atom of 
another molecular fragment , the valency is on the anomeric 
carbon atom of the acylated sugar . Non - limiting examples of 
a monosaccharide include arabinose , xylose , fructose , galac 
tose , glucose , glucosinolate , ribose , tagatose , fucose , and 
rhamnose . Non - limiting examples of a disaccharide include 
lactose , sucrose , melibiose , gentiobiose , kojibiose , cellobi 
ose , maltose , trehalose and chitobiose . Non - limiting 
examples of a sugar acid include xylonic acid , gluconic acid , 
glucuronic acid , galacturonic acid , tartaric acid , saccharic 
acid , or mucic acid . Non - limiting examples of sugar alco 
hols are glycerol , erythritol , theritol , arabitol , xylitol , tibitol , 
mannitol , sorbitol , galactitol , fucitol , iditol , or inositol . 
[ 0059 ] The term “ acyloxy , ” as used herein , represents a 
chemical substituent of formula OR , where R is acyl . An 
optionally substituted acyloxy is an acyloxy that is option 
ally substituted as described herein for acyl . 
[ 0060 ] The term “ alcohol oxygen atom , " as used herein , 
refers to a divalent oxygen atom , where at least one valency 
of the oxygen atom is bonded to an spä - hybridized carbon 
atom . 
[ 0061 ] The term “ alkanoyl , ” as used herein , represents a 
chemical substituent of formula C ( O ) R , where R is 
alkyl . An optionally substituted alkanoyl is an kanoyl that 
is optionally substituted as described herein for alkyl . 
[ 0062 ] The term " alkoxy , ” as used herein , represents a 
chemical substituent of formula OR , where R is a C1-6 
alkyl group , unless otherwise specified . An optionally sub 
stituted alkoxy is an alkoxy group that is optionally substi 
tuted as defined herein for alkyl . 
[ 0063 ] The term “ alkenyl , ” as used herein , represents 
acyclic monovalent straight or branched chain hydrocarbon 
groups containing one , two , or three carbon - carbon double 
bonds . Alkenyl , when unsubstituted , has from 2 to 12 carbon 
atoms ( e.g. , 1 to 8 carbons ) , unless specified otherwise . 
Non - limiting examples of the alkenyl groups include ethe 
nyl , prop - 1 - enyl , prop - 2 - enyl , 1 - methylethenyl , but - 1 - enyl , 
but - 2 - enyl , but - 3 - enyl , 1 - methylprop - 1 - enyl , 2 - methylprop 
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aryl ; thiol ; and cyano . Each of the substituents may itself be 
unsubstituted or substituted with unsubstituted substituent ( s ) 
defined herein for each respective group . 
[ 0070 ] The term “ aryl alkyl , ” as used herein , represents an 
alkyl group substituted with an aryl group . An optionally 
substituted aryl alkyl is an aryl alkyl , in which aryl and alkyl 
portions may be optionally substituted as the individual 
groups as described herein . 
[ 0071 ] The term “ aryloxy , ” as used herein , represents a 
group OR , where R is aryl . Aryloxy may be an optionally 
substituted aryloxy . An optionally substituted aryloxy is 
aryloxy that is optionally substituted as described herein for 
aryl . 
[ 0072 ] The term " carbamate linker , ” as used herein , refers 
to a group R ? ( CO ) -R2 , where Rl is a bond to an alcohol 
or phenolic oxygen atom , and R2 is a bond to a nitrogen 
atom . 
[ 0073 ] The term " carbohydrate , ” as used herein , refers to 
a monosaccharide , disaccharide , or an oligosaccharide or an 
analog of the following structure : 

a 

RB OH 
or R ? OH , 

?? : OH 
HO OH 

OH 

1 - enyl , and 1 - methylprop - 2 - enyl . Alkenyl groups may be 
optionally substituted as defined herein for alkyl . 
[ 0064 ] The term “ alkyl , ” as used herein , refers to an 
acyclic , straight or branched , saturated hydrocarbon group , 
which , when unsubstituted , has from 1 to 12 carbons ( e.g. , 
1 to 6 carbons ) , unless otherwise specified . Alkyl groups are 
exemplified by methyl ; ethyl ; n- and iso - propyl ; n- , sec- , iso 
and tert - butyl ; neopentyl , and the like , and may be option 
ally substituted , valency permitting , with one , two , three , or , 
in the case of alkyl groups of two carbons or more , four or 
more substituents independently selected from the group 
consisting of : alkoxy ; acyloxy ; alkylsulfinyl ; alkylsulfonyl ; 
amino ; aryl ; aryloxy ; azido ; cycloalkyl ; cycloalkoxy ; halo ; 
heterocyclyl ; heteroaryl ; heterocyclylalkyl ; heteroarylalkyl ; 
heterocyclyloxy ; heteroaryloxy ; hydroxy ; nitro ; thioalkyl ; 
thioalkenyl ; thioaryl ; thiol ; cyano ; oxo ( O ) ; thio ( S ) ; 
and imino NR ' ) , where R ' is H , alkyl , aryl , or heterocy 
clyl . Each of the substituents may itself be unsubstituted or , 
valency permitting , substituted with unsubstituted substitu 
ent ( s ) defined herein for each respective group . 
[ 0065 ] The term “ alkylene , ” as used herein , refers to a 
divalent , straight or branched , saturated hydrocarbon , in 
which two valencies replace two hydrogen atoms . Alkyl , 
when unsubstituted , has from 2 to 12 carbon atoms ( e.g. , 2 
to 6 carbons ) , unless specified otherwise . Non - limiting 
examples of the alkylene group include methylene , ethane 
1,2 - diyl , ethane - 1,1 - diyl , propane - 1,3 - diyl , propane - 1,2 
diyl , propane - 1,1 - diyl , propane - 2,2 - diyl , butane - 1,4 - diyl , 
butane - 1,3 - diyl , butane - 1,2 - diyl , butane - 1,1 - diyl , and 
butane - 2,2 - diyl , butane - 2,3 - diyl . An optionally substituted 
alkylene is an alkylene that is optionally substituted as 
described herein for alkyl . 
[ 0066 ] The term “ alkylsulfinyl , ” as used herein , represents 
a group of formula -S ( O ) - ( alkyl ) . An optionally substituted 
alkylsulfinyl is an alkylsulfinyl that is optionally substituted 
as described herein for alkyl . 
[ 0067 ] The term “ alkylsulfonyl , ” as used herein , repre 
sents a group of formula S ( O ) 2- ( alkyl ) . An optionally 
substituted alkylsulfonyl is an alkylsulfonyl that is option 
ally substituted as described herein for alkyl . 
[ 0068 ] The term “ alkynyl , ” as used herein , represents an 
acyclic , monovalent , straight or branched chain hydrocarbon 
groups containing one , two , or three carbon - carbon triple 
bonds . Alkynyl , when unsubstituted , has from 2 to 12 carbon 
atoms ( e.g. , 2 to 6 carbons ) , unless specified otherwise . 
Non - limiting examples of the alkynyl groups include ethy 
nyl , prop - 1 - ynyl , prop - 2 - ynyl , but - 1 - ynyl , but - 2 - ynyl , but 
3 - ynyl , and 1 - methylprop - 2 - ynyl . An optionally substituted 
alkynyl is an alkynyl that is optionally substituted as defined 
herein for alkyl . 
[ 0069 ] The term “ aryl , ” as used herein , represents a 
mono- , bicyclic , or multicyclic carbocyclic ring system 
having one or two aromatic rings . Aryl group may include 
from 6 to 10 carbon atoms . All atoms within an unsubsti 
tuted carbocyclic aryl group are carbon atoms . Non - limiting 
examples of carbocyclic aryl groups include phenyl , naph 
thyl , 1,2 - dihydronaphthyl , 1,2,3,4 - tetrahydronaphthyl , fluo 
renyl , indanyl , indenyl , etc. The aryl group may be unsub 
stituted or substituted with one , two , three , four , or five 
substituents independently selected from the group consist 
ing of : alkyl ; alkenyl ; alkoxy ; acyloxy ; amino ; aryl ; aryloxy ; 
azido ; cycloalkyl ; cycloalkoxy ; halo ; heterocyclyl ; het 
eroaryl ; heterocyclylalkyl ; heteroarylalkyl ; heterocyclyloxy ; 
heteroaryloxy ; hydroxy ; nitro ; thioalkyl ; thioalkenyl ; thio 

where RP is H , optionally substituted C1-6 alkyl , or CH2 
?? . 
[ 0074 ] The term “ carbohydrate ” may refer to a compound 
or to a monovalent or multivalent chemical substituent . 
When the term " carbohydrate ” refers to a chemical substitu 
ent , the valence ( s ) reside on the anomeric carbon atom 
and / or alcohol oxygen atoms . An optionally substituted 
carbohydrate is a carbohydrate , in which at least one 
hydroxyl is substituted with an acyl ( e.g. , a fatty acid acyl ) . 
[ 0075 ] The term " carbonate linker , ” as used herein , refers 
to a group R ? —C ( 0 ) -R2 where Rl is a bond to first 
alcohol or phenolic oxygen atom , and R² is a bond to a 
second alcohol or phenolic oxygen atom . 
[ 0076 ] The term “ carbonyl , ” as used herein , refers to a 
divalent group _C ( 0 ) — . 
[ 0077 ] The term “ carboxylate , " as used herein , represents 
group COOH or a salt thereof . 
[ 0078 ] The term " cycloalkoxy , ” as used herein , represents 
a group OR , where R is cycloalkyl . An optionally sub 
stituted cycloalkoxy is cycloalkoxy that is optionally sub 
stituted as described herein for cycloalkyl . 
[ 0079 ] The term " ester bond , ” as used herein , refers to a 
covalent bond between an alcohol or phenolic oxygen atom 
and a carbonyl group that is further bonded to a carbon atom . 
[ 0080 ] The term “ fatty acid , ” as used herein , refers to a 
short - chain fatty acid , a medium chain fatty acid , a long 
chain fatty acid , a very long chain fatty acid , or an unsatu 
rated analogue thereof , or a phenyl - substituted analogue 
thereof . Short chain fatty acids contain from 1 to 6 carbon 
atoms , medium chain fatty acids contain from 7 to 13 carbon 
atoms , and long - chain fatty acids contain from 14 to 22 
carbon atoms . A fatty acid may be saturated or unsaturated . 
An unsaturated fatty acid includes 1 , 2 , 3 , 4 , 5 , or 6 
carbon - carbon double bonds . In some embodiments , the 
carbon - carbon double bonds in unsaturated fatty acids have 

> 
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Z stereochemistry . In some embodiments , the carbon - carbon 
double bonds in unsaturated fatty acids have E stereochem 
istry . 
[ 0081 ] The term “ fatty acid acyl , ” as used herein , refers to 
a fatty acid , in which the hydroxyl group is replaced with a 
valency . In some embodiments , a fatty acid acyl is a short 
chain fatty acid acyl . 
[ 0082 ] The term “ fatty acid acyloxy , ” as used herein , 

OR , where R is a fatty acid acyl . 
[ 0083 ] The term " glycoside , ” as used herein , refers to a 
monovalent group that is a monosaccharide , disaccharide , or 
sugar acid having a valency on an anomeric carbon . Non 
limiting examples of monosaccharides include arabinose , 
xylose , fructose , galactose , glucose , ribose , tagatose , fucose , 
and rhamnose . Non - limiting examples of disaccharides 
include lactose , sucrose , melibiose , gentiobiose , kojibiose , 
cellobiose , maltose , trehalose and chitobiose . Non - limiting 
examples of sugar acids include xylonic acid , gluconic acid , 
glucuronic acid , galacturonic acid , tartaric acid , saccharic 
acid , or mucic acid . 
[ 0084 ] The term “ glycosidic bond , ” as used herein , refers 
to a covalent bond between an oxygen atom and an anomeric 
carbon atom in a monosaccharide , disaccharide , or sugar 
acid having an anomeric carbon atom . 
[ 0085 ] The term “ halogen , ” as used herein , represents a 
halogen selected from bromine , chlorine , iodine , and fluo 
rine . 
[ 0086 ] The term “ heteroaryl , ” as used herein , represents a 
monocyclic 5- , 6- , 7- , or 8 - membered ring system , or a fused 
or bridging bicyclic , tricyclic , or tetracyclic ring system ; the 
ring system contains one , two , three , or four heteroatoms 
independently selected from the group consisting of nitro 
gen , oxygen , and sulfur ; and at least one of the rings is an 
aromatic ring . Non - limiting examples of heteroaryl groups 
include benzimidazolyl , benzofuryl , benzothiazolyl , benzo 
thienyl , benzoxazolyl , furyl , imidazolyl , indolyl , isoinda 
zolyl , isoquinolinyl , isothiazolyl , isothiazolyl , isoxazolyl , 
oxadiazolyl , oxazolyl , purinyl , pyrrolyl , pyridinyl , pyrazi 
nyl , pyrimidinyl , qunazolinyl , quinolinyl , thiadiazolyl ( e.g. , 
1,3,4 - thiadiazole ) , thiazolyl , thienyl , triazolyl , tetrazoly , 
dihydroindolyl , tetrahydroquinolyl , tetrahydroisoquinolyl , 
etc. The term bicyclic , tricyclic , and tetracyclic heteroaryls 
include at least one ring having at least one heteroatom as 
described above and at least one aromatic ring . For example , 
a ring having at least one heteroatom may be fused to one , 
two , or three carbocyclic rings , e.g. , an aryl ring , a cyclo 
hexane ring , a cyclohexene ring , a cyclopentane ring , a 
cyclopentene ring , or another monocyclic heterocyclic ring . 
Examples of fused heteroaryls include 1,2,3,5,8,8a - hexahy 
droindolizine ; 2,3 - dihydrobenzofuran ; 2,3 - dihydroindole ; 
and 2,3 - dihydrobenzothiophene . Heteroaryl may be option 
ally substituted with one , two , three , four , or five substitu 
ents independently selected from the group consisting of : 
alkyl ; alkenyl ; alkoxy ; acyloxy ; aryloxy ; alkylsulfinyl ; 
alkylsulfonyl ; amino ; arylalkoxy ; cycloalkyl ; cycloalkoxy ; 
halogen ; heterocyclyl ; heterocyclyl alkyl ; heteroaryl ; het 
eroaryl alkyl ; heterocyclyloxy ; heteroaryloxy ; hydroxyl ; 
nitro ; thioalkyl ; thioalkenyl ; thioaryl ; thiol ; cyano ; = 0 ; O 
-NR2 , where each R is independently hydrogen , alkyl , 

acyl , aryl , arylalkyl , cycloalkyl , heterocyclyl , or heteroaryl ; 
COOR “ , where R4 is hydrogen , alkyl , aryl , arylalkyl , 

cycloalkyl , heterocyclyl , or heteroaryl ; and CON ( R ) , 
where each R is independently hydrogen , alkyl , aryl , ary 
lalkyl , cycloalkyl , heterocyclyl , or heteroaryl . Each of the 

substituents may itself be unsubstituted or substituted with 
unsubstituted substituent ( s ) defined herein for each respec 
tive group . 
[ 0087 ] The term “ heteroaryloxy , ” as used herein , refers to 
a structure OR , in which R is heteroaryl . Heteroaryloxy 
can be optionally substituted as defined for heteroaryl . 
[ 0088 ] The term " heterocyclyl , ” as used herein , represents 
a monocyclic , bicyclic , tricyclic , or tetracyclic non - aromatic 
ring system having fused or bridging 4. , 5. , 6- , 7- , or 
8 - membered rings , unless otherwise specified , the ring sys 
tem containing one , two , three , or four heteroatoms inde 
pendently selected from the group consisting of nitrogen , 
oxygen , and sulfur . Non - aromatic 5 - membered heterocycly1 
has zero or one double bonds , non - aromatic 6- and 7 - mem 
bered heterocyclyl groups have zero to two double bonds , 
and non - aromatic 8 - membered heterocyclyl groups have 
zero to two double bonds and / or zero or one carbon - carbon 
triple bond . Heterocyclyl groups have a carbon count of 1 to 
16 carbon atoms unless otherwise specified . Certain hetero 
cyclyl groups may have a carbon count up to 9 carbon atoms . 
Non - aromatic heterocyclyl groups include pyrrolinyl , pyr 
rolidinyl , pyrazolinyl , pyrazolidinyl , imidazolinyl , imidazo 
lidinyl , piperidinyl , homopiperidinyl , piperazinyl , pyridazi 
nyl , oxazolidinyl , isoxazolidiniyl , morpholinyl , 
thiomorpholinyl , thiazolidinyl , isothiazolidinyl , thiazolidi 
nyl , tetrahydrofuranyl , dihydrofuranyl , tetrahydrothienyl , 
dihydrothienyl , pyranyl , dihydropyranyl , dithiazolyl , etc. 
The term “ heterocyclyl ” also represents a heterocyclic com 
pound having a bridged multicyclic structure in which one 
or more carbons and / or heteroatoms bridges two non - adja 
cent members of a monocyclic ring , e.g. , quinuclidine , 
tropanes , or diaza - bicyclo [ 2.2.2 ] octane . The term " hetero 
cyclyl ” includes bicyclic , tricyclic , and tetracyclic groups in 
which any of the above heterocyclic rings is fused to one , 
two , or three carbocyclic rings , e.g. , a cyclohexane ring , a 
cyclohexene ring , a cyclopentane ring , a cyclopentene ring , 
or another heterocyclic ring . Examples of fused heterocy 
clyls include 1,2,3,5,8,8a - hexahydroindolizine ; 2,3 - dihyd 
robenzofuran ; 2,3 - dihydroindole ; and 2,3 - dihydrobenzothi 
ophene . The heterocyclyl group may be unsubstituted or 
substituted with one , two , three , four or five substituents 
independently selected from the group consisting of : alkyl ; 
alkenyl ; alkoxy ; acyloxy ; alkylsulfinyl ; alkylsulfonyl ; ary 
loxy ; amino ; arylalkoxy ; cycloalkyl ; cycloalkoxy ; halogen ; 
heterocyclyl ; heterocyclyl alkyl ; heteroaryl ; heteroaryl 
alkyl ; heterocyclyloxy ; heteroaryloxy ; hydroxyl ; nitro ; thio 
alkyl ; thioalkenyl ; thioaryl ; thiol ; cyano ; = 0 ; = S ; -NR2 , 
where each R is independently hydrogen , alkyl , acyl , aryl , 
arylalkyl , cycloalkyl , heterocyclyl , heteroaryl ; 
COOR4 , where R4 is hydrogen , alkyl , aryl , arylalkyl , 
cycloalkyl , heterocyclyl , or heteroaryl ; and __CON ( R ) 2 , ; 
where each RP is independently hydrogen , alkyl , aryl , ary 
lalkyl , cycloalkyl , heterocyclyl , or heteroaryl . 
[ 0089 ] The term " heterocyclyl alkyl , ” as used herein , 
represents an alkyl group substituted with a heterocyclyl 
group . The heterocyclyl and alkyl portions of an optionally 
substituted heterocyclyl alkyl are optionally substituted as 
the described for heterocyclyl and alkyl , respectively . 
[ 0090 ] The term " heterocyclyloxy , " as used herein , refers 
to a structure - OR , in which R is heterocyclyl . Heterocy 
clyloxy can be optionally substituted as described for het 
erocyclyl . 
[ 0091 ] The terms “ hydroxyl ” and “ hydroxy , ” as used 
interchangeably herein , represent —OH . A hydroxyl substi 

or 
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tuted with an acyl is an acyloxy . A protected hydroxyl is a 
hydroxyl , in which the hydrogen atom is replaced with an 
O - protecting group . 
[ 0092 ] The term “ hydroxyalkyl , ” as used herein , refers to 
a C1-6 alkyl group that is substituted with one or more 
hydroxyls , provided that each carbon atom in the hydroxy 
alkyl is attached either to no more than one hydroxyl . 
Non - limiting examples of hydroxyalkyls include hydroxym 
ethyl , 2 - hydroxyethyl , and 1 - hydroxyethyl . 
[ 0093 ] The term “ methene , ” as used herein , represents a 
double bonded carbon atom ( e.g. , the structure of methene 
may be shown as = CH2 ) . 
[ 0094 ] The term “ modulating , " as used herein , refers to an 
observable change in the level of a marker in a subject , as 
measured using techniques and methods known in the art for 
the measurement of the marker . Modulating the marker level 
in a subject may result in a change of at least 1 % relative to 
prior to administration ( e.g. , at least 5 % , 10 % , 15 % , 20 % , 
25 % , 30 % , 35 % 0 , 40 % , 45 % , 50 % , 55 % , 60 % , 65 % , 70 % , 
75 % , 80 % , 85 % , 90 % , 95 % or at least 98 % or more relative 
to prior to administration ; e.g. , up to 100 % relative to prior 
to administration ) . In some embodiments , modulating is 
increasing the level of a marker in a subject . Increasing the ? 
marker level in a subject may result in an increase of at least 
1 % relative to prior to administration ( e.g. , at least 5 % , 10 % , 
15 % , 20 % , 25 % , 30 % , 35 % , 40 % , 45 % , 50 % , 55 % , 60 % , 
65 % , 70 % , 75 % , 80 % , 85 % , 90 % , 95 % or at least 98 % or 
more relative to prior to administration ; e.g. , up to 100 % 
relative to prior to administration ) . In other embodiments , 
modulating is decreasing the level of a marker in a subject . 
Decreasing the marker level in a subject may result in a 
decrease of at least 1 % relative to prior to administration 
( e.g. , at least 5 % , 10 % , 15 % , 20 % , 25 % , 30 % , 35 % , 40 % , 
45 % , 50 % , 55 % , 60 % , 65 % , 70 % , 75 % , 80 % , 85 % , 90 % , 
95 % or at least 98 % or more relative to prior to adminis 
tration ; e.g. , up to 100 % relative to prior to administration ) . 
In embodiments in which a parameter is increased or 
decreased ( or reduced ) in a subject following a step of 
administering a composition described herein , the increase 
or decrease may take place and / or be detectable within a 
range of time following the administration ( e.g. , within six 
hours , 24 hours , 3 days , a week or longer ) , and may take 
place and / or be detectable after one or more administrations 
( e.g. , after 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 or more administrations , 
e.g. , as part of a dosing regimen for the subject ) . 
[ 0095 ] The term “ oxo , ” as used herein , represents a diva 
lent oxygen atom ( e.g. , the structure of oxo may be shown 
as = O ) . 
[ 0096 ] The term “ pharmaceutically acceptable salt , " as 
used herein , represents those salts which are , within the 
scope of sound medical judgment , suitable for use in contact 
with the tissues of humans and animals without undue 
toxicity , irritation , allergic response and the like and are 
commensurate with a reasonable benefit / risk ratio . Prin 
ciples for preparing pharmaceutically acceptable salts are 
well known in the art . For example , pharmaceutically 
acceptable salts are described in Berge et al . , J. Pharma 
ceutical Sciences 66 : 1-19 , 1977 and in Pharmaceutical 
Salts : Properties , Selection , and Use , ( Eds . P. H. Stahl and 
C. G. Wermuth ) , Wiley - VCH , 2008. The salts can be pre 
pared in situ during the final isolation and purification of the 
compounds described herein , by reacting the free base group 
with a suitable electrophile , by use of an alkylating agent or 
via exchange resin , or by exchanging in solution . Represen 

tative counterions useful for pharmaceutically acceptable 
salts include acetate , adipate , alginate , ascorbate , aspartate , 
benzenesulfonate , benzoate , bisulfate , borate , butyrate , cam 
phorate , camphorsulfonate , citrate , cyclopentanepropionate , 
digluconate , dodecylsulfate , ethanesulfonate , fumarate , glu 
coheptonate , glycerophosphate , hemisulfate , heptonate , 
hexanoate , bromide , chloride , iodide , 2 - hydroxy - ethane 
sulfonate , lactobionate , lactate , laurate , lauryl sulfate , 
malate , maleate , malonate , methanesulfonate , 2 - naphthale 
nesulfonate , nicotinate , nitrate , oleate , oxalate , palmitate , 
pamoate , pectinate , persulfate , 3 - phenylpropionate , phos 
phate , picrate , pivalate , propionate , stearate , succinate , sul 
fate , tartrate , thiocyanate , toluenesulfonate , undecanoate , 
valerate salts , and the like . 
[ 0097 ] The term “ phenolic oxygen atom , ” as used herein , 
refers to a divalent oxygen atom within the structure of a 
compound , where at least one valency of the phenolic 
oxygen atom is bonded to an spa - hybridized carbon atom 
within an aromatic ring . 
[ 0098 ] The term “ physiological conditions , " as used 
herein , refers to the conditions prevalent in vivo . For 
example , incubation in simulated gastric fluid ( SGF ) or 
simulated intestinal fluid ( SIF ) at physiologically relevant 
temperatures ( e.g. , about 36-37 ° C. ) may be used to simulate 
physiological conditions representative of a stomach or 
upper intestine , respectively . Colon conditions may be simu 
lated using a slurry of a healthy human fecal matter under 
anaerobic conditions . 
[ 0099 ] The term “ prevent , ” as used herein in reference to 
the medical effect of a compound of the disclosure on a 
subject , refers to minimizing or partially or completely 
inhibiting the development of the associated disease , disor 
der , or condition . Non - limiting examples of the disease , 
disorder , or condition are those described herein . 
[ 0100 ] The term " protecting group , " as used herein , rep 
resents a group intended to protect a hydroxy , an amino , or 
a carbonyl from participating in one or more undesirable 
reactions during chemical synthesis . The term “ O - protecting 
group , " as used herein , represents a group intended to 
protect a hydroxy or carbonyl group from participating in 
one or more undesirable reactions during chemical synthe 
sis . The term “ N - protecting group , " as used herein , repre 
sents a group intended to protect a nitrogen containing ( e.g. , 
an amino or hydrazine ) group from participating in one or 
more undesirable reactions during chemical synthesis . Com 
monly used O- and N - protecting groups are disclosed in 
Greene , “ Protective Groups in Organic Synthesis , ” 3rd Edi 
tion ( John Wiley & Sons , New York , 1999 ) , which is 
incorporated herein by reference . Exemplary O- and N - pro 
tecting groups include alkanoyl , aryloyl , or carbamyl groups 
such as formyl , acetyl , propionyl , pivaloyl , t - butylacetyl , 
2 - chloroacetyl , 2 - bromoacetyl , trifluoroacetyl , trichloro 
acetyl , phthalyl , o - nitrophenoxyacetyl , a - chlorobutyryl , 
benzoyl , 4 - chlorobenzoyl , 4 - bromobenzoyl , t - butyldimeth 
ylsilyl , tri - iso - propylsilyloxymethyl , 4,4 - dimethoxytrityl , 
isobutyryl , phenoxyacetyl , 4 - isopropylpehenoxyacetyl , 
dimethylformamidino , and 4 - nitrobenzoyl . 
[ 0101 ] Exemplary O - protecting groups for protecting car 
bonyl containing groups include , but are not limited to : 
acetals , acylals , 1,3 - dithianes , 1,3 - dioxanes , 1,3 - dioxolanes , 
and 1,3 - dithiolanes . 
[ 0102 ] Other O - protecting groups include , but are not 
limited to : substituted alkyl , aryl , and aryl - alkyl ethers ( e.g. , 
trityl ; methylthiomethyl ; methoxymethyl ; benzyloxymethyl ; 
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siloxymethyl ; 2,2,2 , -trichloroethoxymethyl ; tetrahydropyra 
nyl ; tetrahydrofuranyl ; ethoxyethyl ; 1- [ 2- ( trimethylsilyl ) 
ethoxyJethyl ; 2 - trimethylsilylethyl ; t - butyl ether ; p - chloro 
phenyl , p - methoxyphenyl , p - nitrophenyl , benzyl , 
p - methoxybenzyl , and nitrobenzyl ) ; silyl ethers ( e.g. , trim 
ethylsilyl ; triethylsilyl ; triisopropylsilyl ; dimethylisopropy 
Isilyl ; t - butyldimethylsilyl ; t - butyldiphenylsilyl ; tribenzylsi 
lyl ; triphenylsilyl ; and diphenymethylsilyl ) ; carbonates 
( e.g. , methyl , methoxymethyl , 9 - fluorenylmethyl ; ethyl ; 2,2 , 
2 - trichloroethyl ; 2- ( trimethylsilyl ) ethyl ; vinyl , allyl , nitrop 
henyl ; benzyl ; methoxybenzyl ; 3,4 - dimethoxybenzyl ; and 
nitrobenzyl ) . 
[ 0103 ] Other N - protecting groups include , but are not 
limited to , chiral auxiliaries such as protected or unprotected 
D , L or D , L - amino acids such as alanine , leucine , phenyl 
alanine , and the like ; sulfonyl - containing groups such as 
benzenesulfonyl , p - toluenesulfonyl , and the like ; carbamate 
forming groups such as benzyloxycarbonyl , p - chlorobenzy 
loxycarbonyl , p - methoxybenzyloxycarbonyl , p - nitrobenzy 
loxycarbonyl , 2 - nitrobenzyloxycarbonyl , p - bromobenzy 
loxycarbonyl , 3,4 - dimethoxybenzyloxycarbonyl , 3,5 
dimethoxybenzyl oxycarbonyl , 2,4 
dimethoxybenzyloxycarbonyl , 
4 - methoxybenzyloxycarbonyl , 2 - nitro - 4,5 - dimethoxyben 
zyloxycarbonyl , 3,4,5 - trimethoxybenzyloxycarbonyl , 1- ( p 
biphenylyl ) -1 - methylethoxycarbonyl , a , a - dimethyl - 3,5 - di 
methoxybenzyloxycarbonyl , benzhydryloxy carbonyl , 
t - butyloxycarbonyl , diisopropylmethoxycarbonyl , isopropy 
loxycarbonyl , ethoxycarbonyl , methoxycarbonyl , allyloxy 
carbonyl , 2,2,2 , -trichloroethoxycarbonyl , phenoxycarbonyl , 
4 - nitrophenoxycarbonyl , fluorenyl - 9 - methoxycarbonyl , 
cyclopentyloxycarbonyl , adamantyloxycarbonyl , cyclo , 
hexyloxycarbonyl , phenylthiocarbonyl , and the like , aryl 
alkyl groups such as benzyl , triphenylmethyl , benzyloxym 
ethyl , and the like and silyl groups such as trimethylsilyl , 
and the like . Useful N - protecting groups are formyl , acetyl , 
benzoyl , pivaloyl , t - butylacetyl , alanyl , phenylsulfonyl , ben 
zyl , t - butyloxycarbonyl ( Boc ) , and benzyloxycarbonyl 
( Cbz ) . 
[ 0104 ] The term “ subject , ” as used herein , represents a 
human or non - human animal ( e.g. , a mammal ) that is 
suffering from , or is at risk of , disease , disorder , or condi 
tion , as determined by a qualified professional ( e.g. , a doctor 
or a nurse practitioner ) with or without known in the art 
laboratory test ( s ) of sample ( s ) from the subject . Non - limit 
ing examples of diseases , disorders , and conditions include 
those described herein . 
[ 0105 ] The term " sugar acid , ” as used herein , refers to a 
monosaccharide , in the linear form of which one or both 
terminal positions are oxidized to a carboxylic acid . There 
are at least four classes of sugar acids : aldonic acid , ulosonic 
acid , uronic acid , and aldaric acid . Any of the four sugar acid 
classes may be used in conjugates disclosed herein . Non 
limiting examples of sugar acids include xylonic acid , 
gluconic acid , glucuronic acid , galacturonic acid , tartaric 
acid , saccharic acid , or mucic acid . 
[ 0106 ] The term “ sugar acid acyl , ” as used herein , refers 
to a monovalent group that is a sugar acid having a car 
boxylate , in which OH is replaced with a valency . 
[ 0107 ] The term “ thioalkenyl , ” as used herein , represents 
a group -SR , where R is alkenyl . An optionally substituted 
thioalkenyl is thioalkenyl that is optionally substituted as 
described herein for alkenyl . 

[ 0108 ] The term “ thioalkyl , ” as used herein , represents a 
group SR , where R is alkyl . An optionally substituted 
thioalkyl is thioalkyl that is optionally substituted as 
described herein for alkyl . 
[ 0109 ] The term “ thioaryl , ” as used herein , represents a 
group SR , where R is aryl . An optionally substituted 
thioaryl is thioaryl that is optionally substituted as described 
herein for aryl . 
[ 0110 ) “ Treatment ” and “ treating , ” as used herein , refer to 
the medical management of a subject with the intent to 
improve , ameliorate , stabilize , or cure a disease , disorder , or 
condition . This term includes active treatment ( treatment 
directed to improve the disease , disorder , or condition ) ; 
causal treatment ( treatment directed to the cause of the 
associated disease , disorder , or condition ) ; palliative treat 
ment ( treatment designed for the relief of symptoms of the 
disease , disorder , or condition ) ; and supportive treatment 
( treatment employed to supplement another therapy ) . 
( 0111 ] The compounds described herein , unless otherwise 
noted , encompass isotopically enriched compounds ( e.g. , 
deuterated compounds ) , tautomers , and all stereoisomers 
and conformers ( e.g. enantiomers , diastereomers , E / Z iso 
mers , atropisomers , etc. ) , as well as racemates thereof and 
mixtures of different proportions of enantiomers or diaste 
reomers , or mixtures of any of the foregoing forms as well 
as salts ( e.g. , pharmaceutically acceptable salts ) . 
[ 0112 ] Other features and advantages of the disclosure will 
be apparent from the disclosure . 
[ 0113 ] As mentioned above , provided herein are com 
pounds , pharmaceutical compositions , and methods of their 
use . The compounds of the disclosure may target the pro 
duction of pathogenic metabolites by certain bacteria in a 
subject , thereby reducing the pathogenic metabolite levels in 
the subject . 
[ 0114 ] The compounds of the disclosure may be a conju 
gate of the disclosure , e.g. , those compounds including a 
glycoside or an acylated sugar . Upon administration of the 
conjugate of the disclosure , the conjugate may be cleaved in 
vivo to remove the glycoside or an acylated sugar from the 
compound and to release the corresponding unconjugated 
compound of the disclosure . Conjugates of the disclosure 
may be advantageous in therapeutic applications benefitting 
from a particular tissue - targeted delivery of an unconjugated 
compound of the disclosure . 
[ 0115 ) Compounds of the disclosure that include at least 
one glycoside or at least one acylated sugar are conjugates . 
Compounds having a fatty acid acyl ( e.g. , a short chain fatty 
acid acyl ) attached through an ester bond are also conju 
gates . 
[ 0116 ] Acylated sugars that may be used in the conjugates 
disclosed herein include an acyl ( e.g. , a fatty acid acyl ) and 
a core selected from the group consisting of a carbohydrate 
( e.g. , a monosaccharide or disaccharide ) , sugar acid , and 
sugar alcohol . For example , an acylated sugar may be a 
monovalent group of the following formula : 

L • ( R. ) m 
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where [ 0127 ] Non - limiting examples of acylated sugars are : 
a 

ORFA 

ORFA ORFA ORFA 

RFAO 
ORFA , 

ORFA ORFA R 

RB RB ORA 

and 

R40 ORA R40 ORA 

ORA 

FA 
a 

[ 0128 ] where 
[ 0129 ] R is H , CH3 , or CH ORFA ; [ ( 0130j each RF4 is independently H or a fatty acid acyl 
( e.g. , a short chain fatty acid acyl ) ; 
[ 0131 ] each R4 is independently H or fatty acid acyl ; and 
[ 0132 ] RB is H , CH3 , CHOR " , OCHZ , 
COOCHz , or COOH . 
[ 0133 ] In some embodiments , the disclosure provides a 
compound of a cation and a pharmaceutically acceptable 
counterion , where the cation is chosen from the following 
cations : 

3 : 

1 

[ 0117 ] L is a bond to a pharmaceutically active agent , a 
compound of formula ( 1 ) , a compound of formula ( II ) , a 
compound of formula ( III ) , a carbonate linker , or a carbam 
ate linker ; 
[ 0118 ] group A is a core selected from the group consisting 
of carbohydrate ( e.g. , a monosaccharide or dissaccharide ) , 
sugar acid , and sugar alcohol ; 
[ 0119 ] each R is independently an acyl bonded to an 
oxygen atom in group A ; and 
[ 0120 ) m is an integer from 0 to the total number of 
available hydroxyl groups in group A ( e.g. , 1 , 2 , 3 , 4 , or 5 ) . 
[ 0121 ] In some embodiments , L may be attached to a 
carbon atom in group A ( e.g. , an anomeric carbon atom or 
a carbonyl carbon atom ) . In some embodiments , L may be 
attached to an oxygen atom in group A ( e.g. , an alcoholic 
oxygen atom , a phenolic oxygen atom , or a carboxylate 
oxygen atom ) . 
[ 0122 ] In some embodiments , at least one R is a fatty acid 
acyl . 

[ 0123 ] In some embodiments , the fatty acid ( s ) are short 
chain fatty acid acyls . In some embodiments , the short chain 
fatty acid acyl is a C3-6 short chain fatty acid acyl ( e.g. , 
propionyl or butyryl ) . 
[ 0124 ] In some embodiments , the acylated sugar is per 
acylated , i.e. , all of the available hydroxyls in the acylated 
sugar are substituted with an acyl . 
[ 0125 ] A monosaccharide may be , e.g. , arabinose , xylose , 
fructose , galactose , glucose , ribose , tagatose , fucose , or 
rhamnose . In some embodiments , the monosaccharide is 
L - arabinose , D - xylose , fructose , galactose , D - glucose , D - ri 
bose , D - tagatose , L - fucose , or L - rhamnose ( e.g. , the mono 
saccharide is D - xylose ) . A disaccharide may be , e.g. , lactose , 
sucrose , melibiose , gentiobiose , kojibiose , cellobiose , malt 
ose , trehalose and chitobiose . A sugar acid may be , e.g. , 
aldonic acid , ulosonic acid , uronic acid , or aldaric acid . A 
sugar acid may be , e.g. , xylonic acid , gluconic acid , glu 
curonic acid , galacturonic acid , tartaric acid , saccharic acid , 
or mucic acid . A sugar alcohol may be , e.g. , glycerol , 
erythritol , threitol , arabitol , xylitol , tibitol , mannitol , sorbi 
tol , galactitol , fucitol , iditol , or inositol . 
[ 0126 ] An acylated sugar may be covalently linked to a 
pharmaceutically active agent through a carbon - oxygen 
bond that is cleavable in vivo , a carbonate linker , or a 
carbamate linker . The carbon - oxygen bond may be , e.g. , a 
glycosidic bond or ester bond . Acylated sugars having a 
monosaccharide , disaccharide , or a sugar acid as a core may 
be covalently linked to a pharmaceutically active agent 
through a carbon - oxygen bond that is cleavable in vivo ( e.g. , 
a glycosidic bond or ester bond ) , a carbonate linker , or a 
carbamate linker . In the sugar acid core , one or both car 
boxylates may be present as O - protected versions ( e.g. , as 
alkyl esters ( e.g. , methyl or ethyl esters ) ) . Acylated sugars 
having a sugar alcohol as a core may be covalently linked to 
a pharmaceutically active agent through a carbon - oxygen 
bond that is cleavable in vivo ( e.g. , an ester bond ) , a 
carbonate linker , or a carbamate linker . 
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[ 0134 ] In some embodiments , the disclosure provides a 
compound of a cation and a pharmaceutically acceptable 
counterion , where the cation is chosen from the following 
cations : 
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[ 0135 ] In some embodiments , provided here are com 
pounds consisting of a cation and a pharmaceutically accept 
able counterion , wherein the cation is chosen from the 
following cations : 
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F OH stry [ 0136 ] The disclosure provides a compound consisting of 
a cation and a pharmaceutically acceptable counterion , 
where the cation is a structure of formula ( I ) : 

( 1 ) 219 

R4 - N - R2 
OH , 

R3 
220 

N + 

OH , 

221 

?? , 

222 
OH 

N + B 
?? , 

wherein 
[ 0137 ] Riis 

[ 0138 ] C2-6 alkyl substituted with O - acylated sugar ) ( 
or isosorbide , wherein said C2-6 alkyl is further option 
ally substituted with oxo and / or methene ; 

[ 0139 ] C4 cycloalkyl optionally substituted with [ 
hydroxyl , ethynyl , or - O - acylated sugar ) ; or O- ( 

[ 0140 ] C ; cycloalkyl substituted with C1-6 alkyl , 
hydroxyl , ethynyl , or O- ( acylated sugar ) 

[ 0141 ] C3-4 cycloalkyl C1-2 alkyl ; 
[ 0142 ] RP is C2-6 alkyl optionally substituted with one or 
two hydroxyl , oxo , and O - acylated sugar ) ; ( 
[ 0143 ] or R1 and R ?, together with the nitrogen atom to 
which both are attached , combine to form a 4- or 5 - mem 
bered heterocyclic ring optionally substituted with ethynyl 
or— ( CH2 ) n OR $ or an acylated sugar , wherein n is 0 or 1 , 
R $ is hydrogen or an acylated sugar ; 
[ 0144 ] R3 is C1-6 alkyl optionally substituted with a halo 
gen or hydroxyl ; and 
[ 0145 ] R4 is C1-6 alkyl or propargyl . 
[ 0146 ] In some embodiments , the cation comprises at least 
one acylated sugar . In some embodiments , the acylated 
sugar is chosen from groups of formula ( A ) , groups of 
formula ( B ) , and groups of formula ( C ) : 

223 

are ?? , a 

224 

225 
F 

N 
OH , ( A ) 

226 RB entrum 
RAO ORA 

ORA 
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and 

[ 0155 ] In some embodiments , acylated sugar is a group of 
formula ( C ) : 

( C ) ( B ) 
RB GORA ORA 

R40 ORA R4O ORA 

ORA 
and 

( C ) 
GORA 

R4O ORA 

ORA 

wherein 

[ 0147 ] each R4 is independently H or fatty acid acyl ; and ] 
[ 0148 ] RP is H , C - galkyl , C - galkylene - OR4,0C . 
salkyl , -COOCsalkyl , or -COOH . , 
[ 0149 ] In some embodiments , acylated sugar is a group of 
formula ( A ) . 

where 
[ 0156 ] each R4 is independently H or fatty acid acyl ; and 
[ 0157 ] Ris H , CH3 , CH2 - ORA , OCHz , 
COOCH3 , or COOH . 

[ 0158 ] In some embodiments , in groups of formula ( A ) , 
( B ) , and ( C ) , each R4 is independently chosen from fatty 
acid acyls . In some embodiments , each R4 is independently 
chosen from short chain fatty acid acyls . 
[ 0159 ] In some embodiments , the acylated sugar is chosen 
from groups of formula ( A ) . 
[ 0160 ] In some embodiments , at least one R4 is H. In some 
embodiments , at least one R4 is COCHz . In some embodi 
ments , at least one R4 is COCH2CH3 . In some embodi 
ments , at least one R4 is COCH , CH CHz . 
[ 0161 ] In some embodiments , at least three R4 are H. In 
some embodiments , at least three R4 are COCHz . In some 
embodiments , at least three R4 are COCH2CH3 . In some 
embodiments at least three R4 are COCH2CH2CHZ . 
[ 0162 ] In some embodiments , RP is H. In some embodi 
ments , RB is CH3 . In some embodiments , RB is 
CH , OH . In some embodiments , RP is CH2 OCOCHZ . 

In some embodiments , RB is CHOCOCH CHz . In 
some embodiments , RP is COOH . In some embodiments , 
RB is COOCHZ . 
[ 0163 ] In some embodiments , RP is H , CH3 , CH , 
OR4 , - OCHZ , COOCH3 , or COOH . In some embodi 
ments , RB is H , C1 - alkyl , or C1 - alkylene - ORA 
wherein R4 is H or fatty acid acyl . 
[ 0164 ] In some embodiments , RB is H , CH3 , or 
CH2 OR4 , wherein R4 is H or fatty acid acyl . In some 

embodiments , RB is OC - alkyl , OC1 - alkyl , COOC1 - alkyl , or 
COOH . In some embodiments , RB is OCH ,, 
COOCH3 , or — COOH . 

[ 0165 ] In some embodiments , the acylated sugar is a 
group of the following formula : 

( A ) 

RB 

R40 ORA , 
ORA 

where 

[ 0150 ] each R4 is independently H or fatty acid acyl ; and 
[ 0151 ] RP is H , CH3 , CH , OR “ , OCHz , 
COOCH3 , or COOH . 

[ 0152 ] In some embodiments , acylated sugar is a group of 
formula ( B ) : 

H 

( B ) 
RB ORA 

R40 ORA Me 
nu 

or 

where 

[ 0153 ] each R4 is independently H or fatty acid acyl ; and 
[ 0154 ] RP is H , ZCHz , _CH OR4 , OCH3 , , 
COOCH3 , or — COOH . , 
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[ 0166 ] In some embodiments , the acylated sugar is a 
group of the following formula : 

consisting of hydroxyl , oxo , and O - acylated sugar ) . In ( 
some embodiments , R1 and R ?, together with the nitrogen 
atom to which both are attached , combine to form a 4- or 
5 - membered heterocyclic ring optionally substituted with 
ethynyl or ( CH2 ) n - OR4 , wherein n is 0 or 1 , and R4 is 
hydrogen or an acylated sugar . In some embodiments , RS is 
hydrogen . In another embodiment , Rº is C -6 alkyl substi 
tuted with a halogen or hydroxyl . In some embodiments , R + 
is propargyl . In some embodiments , R4 is C1-6 alkyl . 
[ 0168 ] In some embodiments , R ' is C2-6 alkyl substituted 
with - acylated sugar ) and is optionally further substi 
tuted with oxo ; R2 is methyl ; R3 is C1-6 alkyl ; and R4 is 
propargyl . In some embodiments , R1 is C2-6 alkyl substituted 
with isosorbide and is optionally further substituted with oxo 
and / or methene ; R2 is methyl ; R * is C1-6 alkyl ; and R * is 
propargyl . In some embodiments , R ' is C2-6 alkyl substituted 
with O- ( acylated sugar ) and is optionally further substi 
tuted with oxo . In some embodiments , R is C2-6 alkyl 
substituted with —O - acylated sugar ) and further substi 
tuted with oxo . 
[ 0169 ] In some embodiments , R1 is chosen from C , alkyl 
substituted with O- ( acylated sugar ) and optionally further 
substituted with oxo and C4 alkyl substituted with O 
( acylated sugar ) and optionally further substituted with oxo . 
[ 0170 ] In some embodiments , Rl is chosen from C , alkyl 
substituted with O - acylated sugar ) and optionally further ( 
substituted with oxo . In some embodiments , R ' is chosen 
from C2 alkyl substituted with O- ( acylated sugar ) and 
further substituted with oxo . In some embodiments , Rl is 
chosen from C4 alkyl substituted with O- ( acylated sugar ) 
and optionally further substituted with oxo . In some embodi 
ments , Rl is chosen from C4 alkyl substituted with O 
( acylated sugar ) and further substituted with oxo . 
[ 0171 ] In some embodiments , R ' is ?2.6 alkyl substituted 
with isosorbide and is optionally further substituted with oxo 
and / or methene . In some embodiments , isosorbide is chosen 
from groups of formula ( C ) : 

H 

Me you 
or ? 

( C ) 
OH . 

Ons moins 
O 

mfum 
[ 0167 ] In some embodiments , R ' is C2-6 alkyl substituted 
with - O- ( acylated sugar ) , wherein said C2-6 alkyl is further 
optionally substituted with oxo . In some embodiments , R ' is 
C2-6 alkyl substituted with oxo and O- ( acylated sugar ) . In 
some embodiments , R ' is C3-4 cycloalkyl substituted with 
hydroxyl , ethynyl , or O - acylated sugar ) . In some 
embodiments , R ' is C3-4 cycloalkyl C1-2 alkyl . In some 
embodiments , R2 is methyl . In some embodiments , R2 is 
C2-6 alkyl , wherein the C2-6 alkyl is substituted with one or 
two substituents independently selected from the group 

[ 0172 ] In some embodiments , R ' is C2 alkyl substituted 
with isosorbide . In some embodiments , R ' is ?2.6 alkyl 
substituted with isosorbide and further substituted with oxo 
and / or methene . In some embodiments , R ' is C2-6 alkyl 
substituted with isosorbide and further substituted with oxo . 
In some embodiments , R ' is C2 alkyl substituted with isosor 
bide and further substituted with oxo . In some embodiments , 
R ! is C2-6 alkyl substituted with isosorbide and further 
substituted with methene . In some embodiments , R ' is ?2.6 
alkyl substituted with isosorbide and further substituted with 
oxo and methene . In some embodiments , Rl is 

2 
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OH . 
substituted with oxo and C4 alkyl substituted with O 
( acylated sugar ) and optionally further substituted with oxo ; 
wherein the acylated sugar is chosen from groups of formula 
( A ) , groups of formula ( B ) , and groups of formula ( C ) : Olen 

TI 

( A ) 

RP 

R40 ORA and 

In some embodiments , Rl is ORA 
( B ) 

RB ORA 
OH . 

O11 
R40 ORA and 

( C ) C 
ORA 

R40 ORA 

ORA 

[ 0182 ] wherein 
[ 0183 ] each R4 is independently H or fatty acid acyl ; 
and 

[ 0184 ] RP is H , CH3 , CH2 - OR4 , CHOR “ , OCHZ , 
COOCHz , or COOH . 

[ 0185 ] R2 is methyl ; 
[ 0186 ] Ris methyl ; and 
[ 0187 ] R * is propargyl . 
[ 0188 ] In some embodiments , R is chosen from C , alkyl 
substituted with isosorbide and optionally further substituted 
with oxo and Cz alkyl substituted with isosorbide and 
optionally further substituted with oxo and methene ; 
[ 0189 ] wherein isosorbide is chosen from groups of for 
mula ( C ) : 

( C ) 

[ 0173 ] In some embodiments , R ' is C3-4 cycloalkyl C -2 
alkyl . In some embodiments , R ' is C3-4 cycloalkyl C , alkyl . 
In some embodiments , R ' is cyclopropylmethyl . In some 
embodiments , R is cyclobutylmethyl . 
[ 0174 ] In some embodiments , R² is C2-6 alkyl optionally 
substituted with one or two hydroxyl , oxo , and —O- ( acy 
lated sugar ) . In some embodiments , R2 is methyl . 
[ 0175 ] In some embodiments , R and R2 , together with the 
nitrogen atom to which both are attached , combine to form 
a 4- or 5 - membered heterocyclic ring optionally substituted 
with ethynyl or ( CH2 ) n ORS or an acylated sugar , 
wherein n is 0 or 1 , R $ is hydrogen or an acylated sugar . 
[ 0176 ] In some embodiments , R is C1-6 alkyl optionally 
substituted with a halogen or hydroxyl . In some embodi 
ments , R3 is C1-6 alkyl . In some embodiments , R3 is C1-6 
alkyl optionally substituted with a halogen or hydroxyl . In 
some embodiments , R3 is C1-6 alkyl optionally substituted 
with a halogen and / or hydroxyl . In some embodiments , R3 
is C1-6 alkyl optionally substituted with a halogen or 
hydroxyl . In some embodiments , R? is C1-6 alkyl substituted 
with a halogen . In some embodiments , R is C1-6 alkyl 
substituted with a hydroxyl . 
[ 0177 ] In some embodiments , R3 is C , alkyl optionally 
substituted with a halogen . In some embodiments , R is C , 
alkyl substituted with a halogen . 
[ 0178 ] In some embodiments , R * is C1-6 alkyl or propar 
gyl . In some embodiments , R * is C , alkyl or propargyl . In 
some embodiments , R * is propargyl . 
[ 0179 ] In some embodiments , R ' is C2-6 alkyl substituted 
with O- ( acylated sugar ) and is optionally further substi 
tuted with oxo ; R2 is methyl ; R3 is C1-6 alkyl ; and R4 is 
propargyl . 
[ 0180 ] In some embodiments , R ' is C2-6 alkyl substituted 
with isosorbide and is optionally further substituted with oxo 
and / or methene ; R2 is methyl ; R3 is C1-6 alkyl ; and R * is 
propargyl . 
[ 0181 ] In some embodiments , R1 is chosen from C2 alkyl 
substituted with O- ( acylated sugar ) and optionally further 

OH 

Olu . 

mehr 
[ 0190 ] R2 is methyl ; 
[ 0191 ] R is methyl ; and 
[ 0192 ] R * is propargyl . 
[ 0193 ] In some embodiments , R ' is C3-4 cycloalkyl C1-2 
alkyl ; R2 is C2-6 alkyl optionally substituted with one or two 
hydroxyl , oxo , and O - acylated sugar ) ; or Rl and R2 , 
together with the nitrogen atom to which both are attached , 
combine to form a 4- or 5 - membered heterocyclic ring 
optionally substituted with ethynyl or— ( CH2 ) n OR or an 
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( II ) 

R4 — N — R2 RIZIR R3 

acylated sugar , wherein n is 0 or 1 , R * is hydrogen or an 
acylated sugar ; R is C1-6 alkyl optionally substituted with a 
halogen or hydroxyl ; and R4 is C1-6 alkyl or propargyl . In 
some embodiments , R ' is C3-4 cycloalkyl C , alkyl . In some 
embodiments , R ’ is C2 alkyl optionally substituted with one 
or two hydroxyl groups . In some embodiments , R1 and R2 
together with the nitrogen atom to which both are attached , 
combine to form a 5 - membered heterocyclic ring optionally 
substituted with ethynyl , OH , or -CH2OH . In some 
embodiments , R ’ is C , alkyl optionally substituted with a 
halogen . In some embodiments , R4 is C , alkyl or propargyl . 
[ 0194 ] In some embodiments , provided herein are 
method of treating a subject in need thereof , the method 
comprising administering to the subject in need thereof a 
therapeutically effective amount of a compound of the 
invention , a pharmaceutical composition of the invention , or 
the compound of formula ( I - a ) or ( I - b ) , where the compound 
of formula ( I - a ) is : 

1 

a 

( I - a ) 
29 

R ! ? + 

-R3 

R2 or 

wherein 
[ 0207 ] Riis [ 

[ 0208 ] 01-6 alkyl optionally substituted with one or 
more oxo , hydroxyl , halogen , cyano , COOMe , 
amino , methene , ethenyl , ethynyl , hydroxyphenyl , C3-4 
cycloalkyl , OCH CH2OH , -HNC ( O ) OCMez , 
SMe , OMe , HNS ( O ) , Me , S03H , B ( OH ) 2 , 

PO3H2 , PO2H2 , —P ( O ) ( OCH2CH3 ) 2 , —P ( O ) ( OH ) 
( OCH CH ) , heteroaryl ring ; 

[ 0209 ] phenyl ; 
[ 0210 ) benzyl ; 
[ 0211 ] C3-4 heterocyclyl optionally substituted with C , 

alkyl 
[ 0212 ] C4 heterocyclylalkyl C , alkyl ; or 
( 0213 ] C4 cycloalkyl ; 

[ 0214 ] RP is 
[ 0215 ] 01-6 alkyl optionally substituted with one or two 
hydroxyl , oxo , methene , cyano , ethynyl , -HNC ( O ) H , 

C = C — CH2OH ; or 
[ 0216 ] HN ( CH2 ) 2COOH ; ) 

[ 0217 ] or R and R2 , together with the nitrogen atom to 
which both are attached and optionally one or more addi 
tional heteroatoms , combine to form a 4-8 membered mono 
or bi - cyclic heterocycle optionally substituted with ethynyl , 
trifluoromethyl , CH Ph , OH , or - ( CH2 ) OH ; 
[ 0218 ] R is methyl or propargyl ; and 
[ 0219 ] R4 is methyl or propargyl , 
[ 0220 ] with the proviso that 
[ 0221 ] ( 1 ) when two of R ' , R2 , R ’ , and R * are methyl and 
one of the other two of R ' , R2 , R ’ , and R * is propargyl , then 
the other of R1 , R² , R3 , and R4 is not methyl , a monoha 
lomethyl , CH2CH2OH , COOH , ( CH2 ) _C ( O ) OH , or 
CH2C ( CH2 ) CN ; and 

[ 0222 ] ( 2 ) when two of R ' , R2 , R3 , and R4 are methyl and 
one of the other two of R ' , R ?, Rº , and R * is CH CH OH 

CH_C ( O ) OH , then the other of R1 , R2 , R3 , and R4 is not 
a monohalomethyl . 
[ 0223 ] In some embodiments , provided herein are com 
pounds consisting of a cation and a pharmaceutically accept 
able counterion , wherein the cation is a structure of formula 
( III ) : 

where 

[ 0195 ) R is H or C1-3 alkyl optionally substituted with 
hydroxyl ; 
[ 0196 ] R2 is H or C1-3 alkyl optionally substituted with 
hydroxyl ; 
[ 0197 ] R3 is absent or alkyl ; 
[ 0198 ] Z is absent or a pharmaceutically acceptable coun 
terion present in the stoichiometric ratio appropriate for the 
compound of formula ( I - a ) to have no net charge , 
[ 0199 ] when R3 is ab Zº is absent ; and 
[ 0200 ] where the compound of formula ( 1 - b ) is : 

9 

( I - b ) or 

29 avy II X - OH 
R1 

11 R2 

where 
( III ) 

R4 — N — R ? -- R 

[ 0201 ] n is 2 , 3 , or 4 ; 
[ 0202 ] X1 is C , S , or P ; 
[ 0203 ] R ' is propargyl or C - alkyl ; 
[ 0204 ] R² is absent , hydroxyl , or oxo ; 
[ 0205 ] Zº is a pharmaceutically acceptable counterion 
present in the stoichiometric ratio appropriate for the com 
pound of formula ( I - b ) to have no net charge . 
[ 0206 ] In some embodiments , provided herein are com 
pounds consisting of a cation and a pharmaceutically accept 
able counterion , wherein the cation is a structure of formula 
( II ) : 

Rl 
wherein 
[ 0224 ] Riis 

[ 0225 ) C1-6 alkyl optionally substituted with one or 
more oxo , hydroxyl , halogen , cyano , COOMe , 
COOH , methene , ethenyl , ethynyl , C3-4cycloalkyl , 
OCH CH2OH , —SMe , Me , HNS ( O ) 2Me , 

a 
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or 

3 9 

9 

2 

9 

2 

2 

PO ) ( OCH , CH3 ) 2 = P ( O ) ( OH ) ( OCH , CH3 ) , or , 
5 - membered heteroaryl ring ; 

[ 0226 ] RP is 
[ 0227 ] C1-6 alkyl optionally substituted with one or two 
hydroxyl , oxo , methene , cyano , ethynyl , -HNC ( O ) H , 

C = C — CH2OH ; or 
[ 0228 ] HN ( CH2 ) 2COOH ; ) 3C ( ) 

[ 0229 ] or R1 and R2 , together with the nitrogen atom to 
which both are attached and optionally one or more addi 
tional heteroatoms , combine to form a 4-8 membered mono 
or bi - cyclic heterocycle optionally substituted with ethynyl , 
OH , or - ( CH2OH ; 
[ 0230 ] R3 is C1-6 alkyl optionally substituted with a halo 
gen , hydroxyl , or ethynyl ; and 
[ 0231 ] R4 is C1-6 alkyl or propargyl , 
with the proviso that 
[ 0232 ] ( 1 ) when two of R ' , R2 , R3 , and R4 are methyl and 
one of the other two of R1 , R2 , R ’ , and R * is propargyl , then 
the other of R1 , R2 , R3 , and R * is not methyl , a monoha 
lomethyl , CH , CH , OH , COOH , ( CH ) C ( O ) OH , or , – ) 
CH_C ( CH ) CN ; and 

[ 0233 ] ( 2 ) when two of R1 , R2 , R3 , and R * are methyl and 
one of the other two of R1 , R² , R3 , and R4 is CH2CH2OH 
or -CH2C ( O ) OH , then the other of R1 , R2 , R3 , and R4 is not 
a monohalomethyl . 
[ 0234 ] In some embodiments , in cations of formula ( II ) or 
( III ) , R² , R3 , and R * are methyl . 
[ 0235 ] Production of trimethylamine by CutC may be 
inhibited using the compounds described above . Accord 
ingly , a method of inhibiting a CutC choline lyase - mediated 
conversion of choline to trimethylamine includes contacting 
the compound described above with the CutC choline lyase . 
[ 0236 ] Inhibition of CutC may lead to the modulation of 
trimethylaminuria markers . Accordingly , a method of modu 
lating a trimethylamine marker in a subject in need thereof 
includes administering to the subject in need thereof a 
therapeutically effective amount of the compound described 
above ( e.g. , as a pharmaceutical composition ) . The trimeth 
ylaminuria marker can be , e.g. , trimethylamine and / or trim 
ethylamine oxide levels in the subject's blood , plasma , 
serum , or urine . The amount of the trimethylaminuria 
marker can be reduced in accordance with the methods of 
the disclosure . 
[ 0237 ] Trimethylaminuria and the associated cardiovascu 
lar disorders can be treated using the compounds described 
above . Accordingly , a method of treating a subject in need 
thereof includes administering to the subject in need thereof 
a therapeutically effective amount of the compound 
described above . For example , a method of treating or 
preventing a disease associated with trimethylaminuria in a 
subject in need thereof includes administering a therapeuti 
cally effective amount of the compound described above 
( e.g. , as a pharmaceutical composition ) . The disease asso 
ciated with trimethylaminuria may be , e.g. , a cardiovascular 
disease , reduced or impaired kidney function , kidney dis 
ease , chronic kidney disease , end - stage renal disease , or 
diabetes mellitus . The cardiovascular disease may be , e.g. , 
angina , arrhythmia , atherosclerosis , cardiomyopathy , con 
gestive heart failure , coronary artery disease , carotid artery 
disease , endocarditis , coronary thrombosis , myocardial 
infarction , high blood pressure / hypertension , hypercholes 
terolemia , hyperlipidemia , mitral valve prolapse , peripheral 
artery disease , or stroke . 

[ 0238 ] In some embodiments , provided herein is a method 
of modulating a trimethylaminuria marker in a subject in 
need thereof , the method comprising administering to the 
subject in need thereof a therapeutically effective amount of 
at least one of the compounds or pharmaceutical composi 
tions disclosed herein . In some embodiments , the trimeth 
ylaminuria marker is the trimethylamine and / or trimethyl 
amine oxide level in the subject's blood , plasma , serum , or 
urine . 
[ 0239 ] In some embodiments , provided herein is a method 
of treating or preventing a disease associated with elevated 
levels of trimethylamine ( TMA ) or trimethylamine N - oxide 
( TMAO ) , a decreased rate of conversion of TMA to TMAO , 
or a high ratio of TMA to TMAO in a subject in need thereof , 
the method comprising administering a therapeutically 
effective amount of at least one of the compounds or 
pharmaceutical compositions disclosed herein to the subject . 
In some embodiments , the method further comprises detect 
ing the presence of one or more genetic variants of the 
FMO3 gene of the subject in need before the administering 
step . In some embodiments , the disease associated with 
elevated levels of TMA or TMAO , a decreased rate of 
conversion of TMA to TMAO , or a high ratio of TMA to 
TMAO is a cardiovascular disease , reduced or impaired 
kidney function , kidney disease , chronic kidney disease , 
end - stage renal disease , or diabetes mellitus . In some 
embodiments , the cardiovascular disease is angina , arrhyth 
mia , atherosclerosis , cardiomyopathy , congestive heart fail 
ure , coronary artery disease , carotid artery disease , endo 
carditis , coronary thrombosis , myocardial infarction , high 
blood pressure / hypertension , hypercholesterolemia , hyper 
lipidemia , mitral valve prolapse , peripheral artery disease , or 
stroke . 
[ 0240 ] In some embodiments , provided herein is a method 
of inhibiting a CutC choline lyase - mediated conversion of 
choline to trimethylamine , the method comprising contact 
ing at least one of the compounds or pharmaceutical com 
positions disclosed herein with the CutC choline lyase . 
[ 0241 ] In some embodiments , provided herein is a method 
of inhibiting a CntA carnitine monooxygenase - mediated 
conversion of carnitine to trimethylamine , the method com 
prising contacting at least one of the compounds or phar 
maceutical compositions disclosed herein with the CntA 
carnitine monooxygenase . 
[ 0242 ] In some embodiments , provided herein is a method 
of inhibiting a betaine reductase - mediated conversion of 
betaine or gamma - butyrobetaine to trimethylamine , the 
method comprising contacting at least one of the compounds 
or pharmaceutical compositions disclosed herein with the 
betaine reductase . 
[ 0243 ] In some embodiments , provided herein is a method 
of treating a subject in need of treatment for trimethylam 
inuria comprising contacting bacteria in vivo with a thera 
peutically effective amount of at least one of the compounds 
or pharmaceutical compositions disclosed herein to the 
subject . In some embodiments , the bacteria are localized in 
the colon of the subject . 
[ 0244 ] In some embodiments , the present disclosure pro 
vides a method of modulating a trimethylamine marker in a 
subject in need thereof , the method consisting of adminis 
tering to the subject in need thereof a therapeutically effec 
tive amount of at least one compound of the present disclo 

a pharmaceutical composition of the present 
disclosure . 

a 

a 

a 

sure or 
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[ 0245 ] In some embodiments , the trimethylaminuria 
marker is the trimethylamine and / or trimethylamine oxide 
levels in the subject’s blood , plasma , serum , or urine . 
[ 0246 ] In some embodiments , the present disclosure pro 
vides a method of treating or preventing a disease associated 
with trimethylaminuria in a subject in need thereof , the 
method comprising administering a therapeutically effective 
amount of at least one pharmaceutically acceptable salt of at 
least one compound of the present disclosure or a pharma 
ceutical composition of the present disclosure to the subject . 
[ 0247 ] The compounds disclosed herein may be formu 
lated into pharmaceutical compositions for administration to 
human subjects in a biologically compatible form suitable 
for administration in vivo . Pharmaceutical compositions 
typically include a compound as described herein and a 
physiologically acceptable excipient ( e.g. , a pharmaceuti 
cally acceptable excipient ) . 
[ 0248 ] The compound described herein can also be used in 
the form of the free acid / base , in the form of salts , zwitte 
rions , or as solvates . All forms are within the scope of the 
disclosure . The compounds , salts , zwitterions , solvates , or 
pharmaceutical compositions thereof , may be administered 
to a subject in a variety of forms depending on the selected 
route of administration , as will be understood by those 
skilled in the art . The compounds described herein may be 
administered , for example , by oral , parenteral , buccal , sub 
lingual , nasal , rectal , patch , pump , or transdermal adminis 
tration , and the pharmaceutical compositions formulated 
accordingly . Parenteral administration includes intravenous , 
intraperitoneal , subcutaneous , intramuscular , transepithelial , 
nasal , intrapulmonary , intrathecal , rectal , and topical modes 
of administration . Parenteral administration may be by con 
tinuous infusion over a selected period of time . 
[ 0249 ] For human use , a compound disclosed herein can 
be administered alone or in admixture with a pharmaceutical 
carrier selected regarding the intended route of administra 
tion and standard pharmaceutical practice . Pharmaceutical 
compositions for use in accordance with the present disclo 
sure thus can be formulated in a conventional manner using 
one or more physiologically acceptable carriers having 
excipients and auxiliaries that facilitate processing of com 
pounds disclosed herein into preparations which can be used 
pharmaceutically 
[ 0250 ] This disclosure also includes pharmaceutical com 
positions which can contain one or more physiologically 
acceptable carriers . In making the pharmaceutical compo 
sitions of the disclosure , the active ingredient is typically 
mixed with an excipient , diluted by an excipient or enclosed 
within such a carrier in the form of , for example , a capsule , 
sachet , paper , or other container . When the excipient serves 
as a diluent , it can be a solid , semisolid , or liquid material 
( e.g. , normal saline ) , which acts as a vehicle , carrier or 
medium for the active ingredient . Thus , the compositions 
can be in the form of tablets , powders , lozenges , sachets , 
cachets , elixirs , suspensions , emulsions , solutions , syrups , 
and soft and hard gelatin capsules . As is known in the art , the 
type of diluent can vary depending upon the intended route 
of administration . The resulting compositions can include 
additional agents , e.g. , preservatives . 
[ 0251 ] The excipient or carrier is selected on the basis of 
the mode and route of administration . Suitable pharmaceu 
tical carriers , as well as pharmaceutical necessities for use in 
pharmaceutical formulations , are described in Remington : 
The Science and Practice of Pharmacy , 21st Ed . , Gennaro , 

Ed . , Lippencott Williams & Wilkins ( 2005 ) , a well - known 
reference text in this field , and in the USP / NF ( United States 
Pharmacopeia and the National Formulary ) . Examples of 
suitable excipients are lactose , dextrose , sucrose , sorbitol , 
mannitol , starches , gum acacia , calcium phosphate , alg 
inates , tragacanth , gelatin , calcium silicate , microcrystalline 
cellulose , polyvinylpyrrolidone , cellulose , water , syrup , and 
methyl cellulose . The formulations can additionally include 
lubricating agents , e.g. , talc , magnesium stearate , and min 
eral oil ; wetting agents ; emulsifying and suspending agents ; 
preserving agents , e.g. , methyl- and propylhydroxy - benzo 
ates ; sweetening agents ; and flavoring agents . Other exem 
plary excipients are described in Handbook of Pharmaceu 
tical Excipients , 6th Edition , Rowe et al . , Eds . , 
Pharmaceutical Press ( 2009 ) . 
[ 0252 ] These pharmaceutical compositions can be manu 
factured in a conventional manner , e.g. , by conventional 
mixing , dissolving , granulating , dragee - making , levigating , 
emulsifying , encapsulating , entrapping , or lyophilizing pro 
cesses . Methods well known in the art for making formu 
lations are found , for example , in Remington : The Science 
and Practice of Pharmacy , 21st Ed . , Gennaro , Ed . , Lippen 
cott Williams & Wilkins ( 2005 ) , and Encyclopedia of Phar 
maceutical Technology , eds . J. Swarbrick and J. C. Boylan , 
1988-1999 , Marcel Dekker , New York . Proper formulation 
is dependent upon the route of administration chosen . The 
formulation and preparation of such compositions is well 
known to those skilled in the art of pharmaceutical formu 
lation . In preparing a formulation , the compounds can be 
milled to provide the appropriate particle size prior to 
combining with the other ingredients . If the compound is 
substantially insoluble , it can be milled to a particle size of 
less than 200 mesh . If the compound is substantially water 
soluble , the particle size can be adjusted by milling to 
provide a substantially uniform distribution in the formula 
tion , e.g. , about 40 mesh . 
[ 0253 ] The dosage of the compound used in the methods 
described herein , or pharmaceutically acceptable salts or 
prodrugs thereof , or pharmaceutical compositions thereof , 
can vary depending on many factors , e.g. , the pharmacody 
namic properties of the compound ; the mode of administra 
tion ; the age , health , and weight of the recipient ; the nature 
and extent of the symptoms ; the frequency of the treatment , 
and the type of concurrent treatment , if any ; and the clear 
ance rate of the compound in the subject to be treated . One 
of skill in the art can determine the appropriate dosage based 
on the above factors . The compounds used in the methods 
described herein may be administered initially in a suitable 
dosage that may be adjusted as required , depending on the 
clinical response . In general , a suitable daily dose of a 
compound disclosed herein will be that amount of the 
compound that is the lowest dose effective to produce a 
therapeutic effect . Such an effective dose will generally 
depend upon the factors described above . 
[ 0254 ] A compound disclosed herein may be administered 
to the subject in a single dose or in multiple doses . When 
multiple doses are administered , the doses may be separated 
from one another by , for example , 1-24 hours , 1-7 days , or 
1-4 weeks . The compound may be administered according to 
a schedule , or the compound may be administered without 
a predetermined schedule . It is to be understood that , for any 
particular subject , specific dosage regimes should be 
adjusted over time according to the individual need and the 
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to 9 g , 
8 , 0.5 g , 0.5 

g to 1.5 

2 

8 , 0.5 

professional judgment of the person administering or super 
vising the administration of the compositions . 
[ 0255 ] The compounds may be provided in a dosage form . 
In some embodiments , the unit dosage form may be an oral 
unit dosage form ( e.g. , a tablet , capsule , suspension , liquid 
solution , powder , crystals , lozenge , sachet , cachet , elixir , 
syrup , and the like ) or a food product serving ( e.g. , the active 
agents may be included as food additives or dietary ingre 
dients ) . In certain embodiments , the dosage form is designed 
for administration of at least one compound disclosed 
herein , where the total amount of an administered compound 
is from 0.1 g to 10 g ( e.g. , 0.5 g 0.5 g to g , 0.5 g 
to 7 g , 0.5 g to 6 g to 5 g to 1 g , 0.5 g to 1.5 
g . 0.5 g to 2 g , 0.5 g to 2.5 g 1 g 1 g to 2 g 1 g 
to 2.5 g , 1.5 g to 2 g , 1.5 g to 2.5 g , or 2 g to 2.5 g ) . In other 
embodiments , the compound is consumed at a rate of 0.1 g 
to 10 g per day ( e.g. , 0.5 g to 9 g , 0.5 g to 8 g , 0.5 g to 7 g , 
0.5 g to 6 g to 5 g 0.5 g to 1 g per day , 0.5 g to 1.5 
g per day , 0.5 g to 2 g per day , 0.5 g to 2.5 g per day , 1 g 
to 1.5 g per day , 1 g to 2 g per day , 1 g to 2.5 g per day , 1.5 g 
g to 2 g per day , 1.5 g to 2.5 g per day , or 2 g to 2.5 g per 
day ) or more . The attending physician ultimately will decide 
the appropriate amount and dosage regimen , an effective 
amount of the compound disclosed herein may be , for 
example , a total daily dosage of , e.g. , between 0.5 g and 5 
g ( e.g. , 0.5 to 2.5 g ) of any of the compound described 
herein . Alternatively , the dosage amount can be calculated 
using the body weight of the subject . When daily dosages 
exceed 5 g / day , the dosage of the compound may be divided 
across two or three daily administration events . 
[ 0256 ] In the methods of the disclosure , the time period 
during which multiple doses of a compound disclosed herein 
are administered to a subject can vary . For example , in some 
embodiments doses of the compounds are administered to a 
subject over a time period that is 1-7 days ; 1-12 weeks ; or 
1-3 months . In other embodiments , the compounds are 
administered to the subject over a time period that is , for 
example , 4-11 months or 1-30 years . In yet other embodi 
ments , the compounds disclosed herein are administered to 
a subject at the onset of symptoms . In any of these embodi 
ments , the amount of the compound that is administered may 
vary during the time period of administration . When a 
compound is administered daily , administration may occur , 
for example , 1 , 2 , 3 , or 4 times per day . 
[ 0257 ] A compound described herein may be administered 
to a subject with a pharmaceutically acceptable diluent , 
carrier , or excipient , in unit dosage form . Conventional 
pharmaceutical practice may be employed to provide suit 
able formulations or compositions to administer the com 
pound to subjects suffering from a disorder . Administration 
may begin before the subject is symptomatic . 
[ 0258 ] Exemplary routes of administration of the com 
pounds disclosed herein or pharmaceutical compositions 
thereof , used in the present disclosure include oral , sublin 
gual , buccal , transdermal , intradermal , intramuscular , par 
enteral , intravenous , intra - arterial , intracranial , subcutane 
ous , intraorbital , intraventricular , intraspinal , 
intraperitoneal , intranasal , inhalation , and topical adminis 
tration . The compounds desirably are administered with a 
physiologically acceptable carrier ( e.g. , a pharmaceutically 
acceptable carrier ) . Pharmaceutical formulations of the com 
pounds described herein formulated for treatment of the 
disorders described herein are also part of the present 
disclosure . In some embodiments , the compounds disclosed 

herein are administered to a subject orally . In some embodi 
ments , the compounds disclosed herein are administered to 
a subject topically . 
[ 0259 ] The pharmaceutical compositions contemplated by 
the disclosure include those formulated for oral administra 
tion ( “ oral dosage forms ” ) . Oral dosage forms can be , for 
example , in the form of tablets , capsules , a liquid solution or 
suspension , a powder , or liquid or solid crystals , which 
contain the active ingredient ( s ) in a mixture with physiologi 
cally acceptable excipients ( e.g. , pharmaceutically accept 
able excipients ) . These excipients may be , for example , inert 
diluents or fillers ( e.g. , sucrose , sorbitol , sugar , mannitol , 
microcrystalline cellulose , starches including potato starch , 
calcium carbonate , sodium chloride , lactose , calcium phos 
phate , calcium sulfate , or sodium phosphate ) ; granulating 
and disintegrating agents ( e.g. , cellulose derivatives includ 
ing microcrystalline cellulose , starches including potato 
starch , croscarmellose sodium , alginates , or alginic acid ) ; 
binding agents ( e.g. , sucrose , glucose , sorbitol , acacia , alg 
inic acid , sodium alginate , gelatin , starch , pregelatinized 
starch , microcrystalline cellulose , magnesium aluminum 
silicate , carboxymethylcellulose sodium , methylcellulose , 
hydroxypropyl methylcellulose , ethylcellulose , polyvi 
nylpyrrolidone , or polyethylene glycol ) ; and lubricating 
agents , glidants , and antiadhesives ( e.g. , magnesium stear 
ate , zinc stearate , stearic acid , silicas , hydrogenated veg 
etable oils , or talc ) . Other physiologically acceptable excipi 
ents ( e.g. , pharmaceutically acceptable excipients ) can be 
colorants , flavoring agents , plasticizers , humectants , buffer 
ing agents , and the like . 
[ 0260 ) Formulations for oral administration may also be 
presented as chewable tablets , as hard gelatin capsules 
where the active ingredient is mixed with an inert solid 
diluent ( e.g. , potato starch , lactose , microcrystalline cellu 
lose , calcium carbonate , calcium phosphate or kaolin ) , or as 
soft gelatin capsules where the active ingredient is mixed 
with water or an oil medium , for example , peanut oil , liquid 
paraffin , or olive oil . Powders , granulates , and pellets may be 
prepared using the ingredients mentioned above under tab 
lets and capsules in a conventional manner using , e.g. , a 
mixer , a fluid bed apparatus or a spray drying equipment . 
[ 0261 ] Controlled release compositions for oral use may 
be constructed to release the active drug by controlling the 
dissolution and / or the diffusion of the active drug substance . 
Any of a number of strategies can be pursued in order to 
obtain controlled release and the targeted plasma concen 
tration versus time profile . In one example , controlled 
release is obtained by appropriate selection of various for 
mulation parameters and ingredients , including , e.g. , various 
types of controlled release compositions and coatings . 
Examples include single or multiple unit tablet or capsule 
compositions , oil solutions , suspensions , emulsions , micro 
capsules , microspheres , nanoparticles , patches , and lipo 
somes . In certain embodiments , compositions include bio 
degradable , pH , and / or temperature - sensitive polymer 
coatings . 
[ 0262 ] Dissolution or diffusion - controlled release can be 
achieved by appropriate coating of a tablet , capsule , pellet , 
or granulate formulation of compounds , or by incorporating 
the compound into an appropriate matrix . A controlled 
release coating may include one or more of the coating 
substances mentioned above and / or , e.g. , shellac , beeswax , 
glycowax , castor wax , carnauba wax , stearyl alcohol , glyc 
eryl monostearate , glyceryl distearate , glycerol palmitoste 
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arate , ethylcellulose , acrylic resins , dl - polylactic acid , cel 
lulose acetate butyrate , polyvinyl chloride , polyvinyl 
acetate , vinyl pyrrolidone , polyethylene , polymethacrylate , 
methylmethacrylate , 2 - hydroxymethacrylate , methacrylate 
hydrogels , 1,3 butylene glycol , ethylene glycol methacry 
late , and / or polyethylene glycols . In a controlled release 
matrix formulation , the matrix material may also include , 
e.g. , hydrated methylcellulose , carnauba wax and stearyl 
alcohol , carbopol 934 , silicone , glyceryl tristearate , methyl 
acrylate - methyl methacrylate , polyvinyl chloride , polyeth 
ylene , and / or halogenated fluorocarbon . 
[ 0263 ] The liquid forms in which the compounds and 
compositions of the present disclosure can be incorporated 
for administration orally include aqueous solutions , suitably 
flavored syrups , aqueous or oil suspensions , and flavored 
emulsions with edible oils , e.g. , cottonseed oil , sesame oil , 
coconut oil , or peanut oil , as well as elixirs and similar 
pharmaceutical vehicles . 
[ 0264 ] Dosages for buccal or sublingual administration 
typically are 0.1 to 500 mg per single dose as required . In 
practice , the physician determines the actual dosing regimen 
which is most suitable for an individual subject , and the 
dosage varies with the age , weight , and response of the 
particular subject . The above dosages are exemplary of the 
average case , but individual instances exist where higher or 
lower dosages are merited , and such are within the scope of 
this disclosure . 
[ 0265 ] For buccal administration , the compositions may 
take the form of tablets , lozenges , etc. formulated in a 
conventional manner . Liquid drug formulations suitable for 
use with nebulizers and liquid spray devices and electrohy 
drodynamic ( EHD ) aerosol devices will typically include a 
compound disclosed herein with a pharmaceutically accept 
able carrier . In some embodiments , the pharmaceutically 
acceptable carrier is a liquid , e.g. , alcohol , water , polyeth 
ylene glycol , or a perfluorocarbon . Optionally , another mate 
rial may be added to alter the aerosol properties of the 
solution or suspension of compounds disclosed herein . 
Desirably , this material is liquid , e.g. , an alcohol , glycol , 
polyglycol , or a fatty acid . Other methods of formulating 
liquid drug solutions or suspension suitable for use in 
aerosol devices are known to those of skill in the art ( see , 
e.g. , U.S. Pat . Nos . 5,112,598 and 5,556,611 , each of which 
is herein incorporated by reference ) . 
[ 0266 ] The compounds may also be formulated for nasal 
administration . Compositions for nasal administration also 
may conveniently be formulated as aerosols , drops , gels , and 
powders . The formulations may be provided in a single or 
multidose form . In the case of a dropper or pipette , dosing 
may be achieved by the subject administering an appropri 
ate , predetermined volume of the solution or suspension . In 
the case of a spray , this may be achieved , for example , by 
means of a metering atomizing spray pump . 
[ 0267 ] The compounds may further be formulated for 
aerosol administration , particularly to the respiratory tract 
by inhalation and including intranasal administration . The 
compounds for nasal or inhalation administration will gen 
erally have a small particle size for example on the order of 
five ( 5 ) microns or less . Such a particle size may be obtained 

by means known in the art , for example by micronization . 
The active ingredient is provided in a pressurized pack with 
a suitable propellant , e.g. , a chlorofluorocarbon ( CFC ) , for 
example , dichlorodifluoromethane , trichlorofluoromethane , 
or dichlorotetrafluoroethane , or carbon dioxide , or other 
suitable gas . The aerosol may conveniently also contain a 
surfactant , e.g. , lecithin . The dose of drug may be controlled 
by a metered valve . Alternatively , the active ingredients may 
be provided in a form of a dry powder , e.g. , a powder mix 
of the compound in a suitable powder base , e.g. , lactose , 
starch , and starch derivatives , e.g. , hydroxypropylmethyl 
cellulose , and polyvinylpyrrolidine ( PVP ) . The powder car 
rier will form a gel in the nasal cavity . The powder compo 
sition may be presented in unit dose form for example in 
capsules or cartridges of e.g. , gelatin or blister packs from 
which the powder may be administered by means of an 
inhaler . 
[ 0268 ] Aerosol formulations typically include a solution 
or fine suspension of the active substance in a physiologi 
cally acceptable aqueous or non - aqueous solvent and are 
usually presented in single or multidose quantities in sterile 
form in a sealed container , which can take the form of a 
cartridge or refill for use with an atomizing device . Alter 
natively , the sealed container may be a unitary dispensing 
device , e.g. , a single dose nasal inhaler or an aerosol 
dispenser fitted with a metering valve which is intended for 
disposal after use . Where the dosage form comprises an 
aerosol dispenser , it will contain a propellant , which can be 
a compressed gas , e.g. , compressed air or an organic pro 
pellant , e.g. , fluorochlorohydrocarbon . The aerosol dosage 
forms can also take the form of a pump - atomizer . 
[ 0269 ] The compounds described herein for use in the 
methods of the disclosure can be administered in a pharma 
ceutically acceptable parenteral ( e.g. , intravenous or intra 
muscular ) formulation as described herein . The pharmaceu 
tical formulation may also be administered parenterally 
( intravenous , intramuscular , subcutaneous or the like ) in 
dosage forms or formulations containing conventional , non 
toxic pharmaceutically acceptable carriers and adjuvants . In 
particular , formulations suitable for parenteral administra 
tion include aqueous and non - aqueous sterile injection solu 
tions which may contain anti - oxidants , buffers , bacteriostats , 
and solutes which render the formulation isotonic with the 
blood of the intended recipient ; and aqueous and non 
aqueous sterile suspensions which may include suspending 
agents and thickening agents . For example , to prepare such 
a composition , the compounds disclosed herein may be 
dissolved or suspended in a parenterally acceptable liquid 
vehicle . Among acceptable vehicles and solvents that may 
be employed are water , water adjusted to a suitable pH by 
addition of an appropriate amount of hydrochloric acid , 
sodium hydroxide or a suitable buffer , 1,3 - butanediol , Ring 
er's solution and isotonic sodium chloride solution . The 
aqueous formulation may also contain one or more preser 
vatives , for example , methyl , ethyl or n - propyl p - hydroxy 
benzoate . Additional information regarding parenteral for 
mulations can be found , for example , in the United States 
Pharmacopeia - National Formulary ( USP - NF ) , herein incor 
porated by reference . 

a 
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[ 0279 ) Non - limiting embodiments of the present disclo 
sure include the following : 
1. A compound consisting of a cation and a pharmaceutically 
acceptable counterion , wherein the cation is chosen from : 

Me 

Me Me 

11 

Me Me 

Me 

2 

Me Me 

Me Me 

[ 0270 ] The parenteral formulation can be any of the five 
general types of preparations identified by the USP - NF as 
suitable for parenteral administration : 

[ 0271 ] ( 1 ) “ Drug Injection : " a liquid preparation that is 
a drug substance ( e.g. , a compound disclosed herein or 
a solution thereof ) ; 

[ 0272 ] ( 2 ) “ Drug for Injection : " the drug substance 
( e.g. , a compound disclosed herein ) as a dry solid that 
will be combined with the appropriate sterile vehicle 
for parenteral administration as a drug injection ; 

[ 0273 ] ( 3 ) “ Drug Injectable Emulsion : ” a liquid prepa 
ration of the drug substance ( e.g. , a compound dis 
closed herein ) that is dissolved or dispersed in a suit 
able emulsion medium ; 

[ 0274 ] ( 4 ) " Drug Injectable Suspension : " a liquid 
preparation of the drug substance ( e.g. , a compound 
disclosed herein ) suspended in a suitable liquid 
medium ; and 

[ 0275 ) ( 5 ) “ Drug for Injectable Suspension : " the drug 
substance ( e.g. , a compound disclosed herein ) as a dry 
solid that will be combined with the appropriate sterile 
vehicle for parenteral administration as a drug inject 
able suspension . 

[ 0276 ] Exemplary formulations for parenteral administra 
tion include solutions of the compounds prepared in water 
suitably mixed with a surfactant , e.g. , hydroxypropylcellu 
lose . Dispersions can also be prepared in glycerol , liquid 
polyethylene glycols , DMSO and mixtures thereof with or 
without alcohol , and in oils . Under ordinary conditions of 
storage and use , these preparations may contain a preserva 
tive to prevent the growth of microorganisms . Conventional 
procedures and ingredients for the selection and preparation 
of suitable formulations are described , for example , in 
Remington : The Science and Practice of Pharmacy , 21st Ed . , 
Gennaro , Ed . , Lippencott Williams & Wilkins ( 2005 ) and in 
The United States Pharmacopeia : The National Formulary 
( USP 36 NF31 ) , published in 2013 . 
[ 0277 ] Formulations for parenteral administration may , 
for example , contain excipients , sterile water , or saline , 
polyalkylene glycols , e.g. , polyethylene glycol , oils of veg 
etable origin , or hydrogenated napthalenes . Biocompatible , 
biodegradable lactide polymer , lactide / glycolide copolymer , 
or polyoxyethylene - polyoxypropylene copolymers may be 
used to control the release of the compounds or biologically 
active agents within the compounds . Other potentially useful 
parenteral delivery systems for compounds include ethyl 
ene - vinyl acetate copolymer particles , osmotic pumps , 
implantable infusion systems , and liposomes . Formulations 
for inhalation may contain excipients , for example , lactose , 
or may be aqueous solutions containing , for example , poly 
oxyethylene - 9 - lauryl ether , glycocholate and deoxycholate , 
or may be oily solutions for administration in the form of 
nasal drops , or as a gel . 
[ 0278 ] The parenteral formulation can be formulated for 
prompt release or for sustained / extended release of the 
compound . Exemplary formulations for parenteral release of 
the compound include : aqueous solutions , powders for 
reconstitution , cosolvent solutions , oil / water emulsions , sus 
pensions , oil - based solutions , liposomes , microspheres , and 
polymeric gels . 
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-continued 2. The compound according to embodiment 1 , wherein the 
cation is chosen from : 102 

7 

OM Me 

Oui .. 
Me Me 

11100 Me Onun 
103 Me 

Me 

N + 11110 

Omron 
Me Me 

Me 01111 

Me 
104 

Me 

19 

01100 
Me 

+ 
N 

105 Me Me 
1111111 Me Ounni CD3 

Me 

Me 

and 

111110 D3C Oll ... 77 

D3C 
CD3 

One 
106 

OH 
Ollon . 

" OH Homo 
OH 



US 2022/0041641 Al Feb. 10 , 2022 
49 

-continued -continued 
78 

97 

OM . 

011 . 

Oltro .. 
One 

N + .F , 

79 

98 
OH 

O. N + F , 

Holm . " OH 
0111 

OH 

99 
OH 

N + CI , 

80 MIOH HO 
OH 

OM . 100 
OH 

and 

' N 011 ... 
" OH HOM . 

OH 

101 

86 Om 

OM 

Ollnou . 
Our 

011 ) . 

Nt N 

F 



US 2022/0041641 A1 Feb. 10 , 2022 
50 

3. A compound consisting of a cation and a pharmaceutically 
acceptable counterion , wherein the cation is chosen from : 
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F NI and 

11. The compound of embodiment 4 , wherein 
[ 0297 ] R ' is chosen from C2 alkyl substituted with O 
( acylated sugar ) and optionally further substituted with oxo 
and C4 alkyl substituted with O - acylated sugar ) and ( ) 
optionally further substituted with oxo ; 
[ 0298 ] wherein the acylated sugar is chosen from groups 
of formula ( A ) , groups of formula ( B ) , and groups of 
formula ( C ) : 

229 

F. 

( A ) 4. A compound consisting of a cation and a pharmaceutically 
acceptable counterion , wherein the cation is a structure of 
formula ( I ) : RB 

R40 ORA and 1 RE R4 — N — R2 ORA 
( B ) 

R3 RB ORA . R40 ORA and 

mur 

( C ) C 
ORA 

R40 ORA 

ORA 
1-2 

OCH3 , 

wherein 
[ 0280 ] Riis 

[ 0281 ] C2-6 alkyl substituted with O - acylated sugar ) 
or isosorbide , wherein said C2-6 alkyl is further option 
ally substituted with oxo and / or methene ; 

[ 0282 ] C4 cycloalkyl optionally substituted with 
hydroxyl , ethynyl , or — O - acylated sugar ) ; or 

[ 0283 ] Cz cycloalkyl substituted with C1-6 alkyl , 
hydroxyl , ethynyl , or O - acylated sugar ) 

[ 0284 ] C3-4 cycloalkyl C - 2 alkyl ; 
[ 0285 ] R² is C2-6 alkyl optionally substituted with one or 
two hydroxyl , oxo , and 0- ( acylated sugar ) ; 
[ 0286 ] or R1 and R ?, together with the nitrogen atom to 
which both are attached , combine to form a 4- or 5 - mem 
bered heterocyclic ring optionally substituted with ethynyl 
or - ( CH2 ) n OR $ or an acylated sugar , wherein n is 0 or 1 , 
RS is hydrogen or an acylated sugar ; 
[ 0287 ] R3 is C1-6 alkyl optionally substituted with a halo 
gen or hydroxyl ; and 
[ 0288 ] R * is C1-6 alkyl or propargyl . 
5. The compound of embodiment 4 , wherein R ' is C2-6 alkyl 
substituted with O- ( acylated sugar ) and is optionally 
further substituted with oxo . 
6. The compound of embodiment 4 or 5 , wherein R² is 
methyl . 
7. The compound of any one of embodiments 4 , 5 , and 6 , 
wherein R3 is C1-6 alkyl . 
8. The compound of any one of embodiments 4-7 , wherein 
R4 is propargyl . 
9. The compound of embodiment 4 , wherein 
[ 0289 ] Rl is C2-6 alkyl substituted with O- ( acylated 
sugar ) and is optionally further substituted with oxo ; 
[ 0290 ] R2 is methyl ; 
[ 0291 ] R3 is C1-6 alkyl ; and 
[ 0292 ] R4 is propargyl . 
10. The compound of embodiment 4 , wherein 
[ 0293 ] R ' is C2-6 alkyl substituted with isosorbide and is 
optionally further substituted with oxo and / or methene ; 
[ 0294 ] R2 is methyl ; 
[ 0295 ] R3 is C1-6 alkyl ; and 
[ 0296 ] R * is propargyl . 

[ 0299 ] wherein 
[ 0300 ] each R4 is independently H or fatty acid acyl , 

provided at least one R4 is a fatty acid acyl ; and 
[ 0301 ] RP is H , CH3 , CH , OR4 , 

COOCH3 , or COOH ; 
[ 0302 ] RP is methyl ; 
[ 0303 ] R3 is methyl ; and 
[ 0304 ] R * is propargyl . 
12. The compound of embodiment 4 , wherein 
[ 0305 ] R ' is chosen from C2 alkyl substituted with isosor 
bide and optionally further substituted with oxo and Cz alkyl 
substituted with isosorbide and optionally further substituted 
with oxo and methene ; 
[ 0306 ] wherein isosorbide is chosen from groups of for 
mula ( C ) : 

2 

( C ) 
OH 

Olin .. 

impan 
[ 0307 ] R2 is methyl ; 
[ 0308 ] RP is methyl ; and 
[ 0309 ] R * is propargyl . 
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the other of R1 , R² , R " , and R4 is not methyl , a monoha 
lomethyl , CH CH , OH , COOH , ( CH ) C ( O ) OH , or 
CH , C ( CH , CN ; and 

[ 0330 ] ( 2 ) when two of R ' , R2 , R3 , and R4 are methyl and 
one of the other two of R1 , R2 , R ’ , and R * is CH CH OH 

CH2C ( O ) OH , then the other of R1 , R2 , R3 , and R4 is not a monohalomethyl . 
20. A compound consisting of a cation and a pharmaceuti 
cally acceptable counterion , wherein the cation is a structure 
of formula ( III ) : 

or 

n 
a 

1-6 

( III ) 

13. The compound of embodiment 4 , wherein 
[ 0310 ] Ris C3-4 cycloalkyl C1-2 alkyl ; 
[ 0311 ] R² is C2-6 alkyl optionally substituted with one or 
two hydroxyl , oxo , and 0 - acylated sugar ) ; 
[ 0312 ] or R1 and R2 , together with the nitrogen atom to 
which both are attached , combine to form a 4- or 5 - mem 
bered heterocyclic ring optionally substituted with ethynyl 
or— ( CH2 ) n - ORS or an acylated sugar , wherein n is 0 or 1 , 
R * is hydrogen or an acylated sugar ; 
[ 0313 ] RP is Cl- . alkyl optionally substituted with a halo 
gen or hydroxyl ; and 
( 0314 ) R4 is C1-6 alkyl or propargyl . 
14. The compound of embodiment 13 , wherein R ' is C3-4 
cycloalkyl C , alkyl . 
15. The compound of embodiment 13 or 14 , wherein R2 is 
C2 alkyl optionally substituted with one or two hydroxyl 
groups . 
16. The compound of embodiment 13 , wherein R ' and R ?, 
together with the nitrogen atom to which both are attached , 
combine to form a 5 - membered heterocyclic ring optionally 
substituted with ethynyl , OH , or CH2OH . 
17. The compound of any one of embodiments 13-16 , 
wherein R ’ is C , alkyl optionally substituted with a halogen . 
18. The compound of any one of embodiments 13-17 , 
wherein R4 is C , alkyl or propargyl . 
19. A compound consisting of a cation and a pharmaceuti 
cally acceptable counterion , wherein the cation is a structure 
of formula ( II ) : 

R4 — N — R2 

R3 

a 

( II ) 

R — N . 

R4 - N - R2 
R3 

a 

2 

wherein 
[ 0331 ] Rl is 

( 0332 ] C1-6 alkyl optionally substituted with one or 
more oxo , hydroxyl , halogen , cyano , COOMe , 
COOH , methene , ethenyl , ethynyl , C3-4 cycloalkyl , 
OCH CH , OH , SMe , OMe , -HNS ( O ) 2Me , 
P ( O ) ( OCH CH3 ) 2 , P ( O ) ( OH ) ( OCH CH3 ) , or , 

5 - membered heteroaryl ring ; 
[ 0333 ] R2 is 

[ 0334 ] C1-6 alkyl optionally substituted with one or two 
hydroxyl , oxo , methene , cyano , ethynyl , -HNC ( OH , 
or —C = C — CH2OH ; or 

[ 0335 ] -HN ( CH2 ) 2C ( O ) OH ; [ 0336 ] or R1 and R ?, together with the nitrogen atom to 
which both are attached and optionally one or more addi 
tional heteroatoms , combine to form a 4-8 membered mono 
or bi - cyclic heterocycle optionally substituted with ethynyl , 
OH , or ( CH2OH ; 

[ 0337 ] R3 is C1-6 alkyl optionally substituted with a halo 
gen , hydroxyl , or ethynyl ; and 
[ 0338 ] R4 is C1-6 alkyl or propargyl ; 
[ 0339 ] with the proviso that 
[ 0340 ] ( 1 ) when two of R " , R2 , R3 , and R * are methyl and 
one of the other two of R ' , R² , R3 , and R4 is propargyl , then 
the other of R1 , R² , R3 , and R4 is not methyl , a monoha 
lomethyl , -CH2CH2OH , COOH , ( CH2 ) 4C ( O ) OH , or 
CH , C ( CH ) CN ; and 

[ 0341 ] ( 2 ) when two of R " , R ?, R , and R * are methyl and 
one of the other two of R1 , R2 , R3 , and R4 is CH CH OH 
or – CH2C ( O ) OH , then the other of R ' , R2 , R3 , and R4 is not 
a monohalomethyl . 
21. A pharmaceutical composition comprising a pharmaceu 
tically acceptable excipient and the compound of any one of 
embodiments 1 to 20 . 
22. A method of modulating a trimethylaminuria marker in 
a subject in need thereof , the method comprising adminis 
tering to the subject in need thereof a therapeutically effec 
tive amount of the compound of any one of embodiments 1 
to 20 or the pharmaceutical composition of embodiment 21 . 
23. The method of embodiment 22 , wherein the trimethyl 
aminuria marker is the trimethylamine and / or trimethylam 
ine oxide levels in the subject's blood , plasma , serum , or 
urine . 
24. A method of treating or preventing a disease associated 
with elevated levels of trimethylamine ( TMA ) or trimeth 
ylamine N - oxide ( TMAO ) , a decreased rate of conversion of 

> 

9 

wherein 
[ 0315 ] Riis 

[ 0316 ] C1-6 alkyl optionally substituted with one or 
more oxo , hydroxyl , halogen , cyano , COOMe , 
amino , methene , ethenyl , ethynyl , hydroxyphenyl , C3-4 
cycloalkyl , _OCH , CH , OH , HNC ( O ) OCMe 
SMe , OMe , HNS ( O ) 2Me , —SO3H , B ( OH ) 2 , 

PO3H2 , PO , H2 , P ( O ) ( OCH CH3 ) 2 , -P ( O ) ( OH ) 
( OCH CH3 ) , heteroaryl ring ; 

[ 0317 ] phenyl ; 
[ 0318 ] benzyl ; 
[ 0319 ] C3 . , heterocyclyl optionally substituted with C , 

alkyl 
[ 0320 ] C4 heterocycloalkyl C , alkyl ; or 
[ 0321 ] C4 cycloalkyl ; 

[ 0322 ] R2 is 
[ 0323 ] C1-6 alkyl optionally substituted with one or two 
hydroxyl , oxo , methene , cyano , ethynyl , HNC ( O ) H , 
or —C = C — CH2OH ; or 

[ 0324 ] HN ( CH2 ) ; C ( O ) OH ; 
[ 0325 ] or R1 and R2 , together with the nitrogen atom to 
which both are attached and optionally one or more addi 
tional heteroatoms , combine to form a 4-8 membered mono 
or bi - cyclic heterocycle optionally substituted with ethynyl , 
trifluoromethyl , CH , Ph , OH , or ( CH2OH ; 
[ 0326 ] Ris methyl or propargyl ; and 
[ 0327 ] R * is methyl or propargyl , 
[ 0328 ] with the proviso that 
[ 0329 ] ( 1 ) when two of R1 , R2 , R3 , and R4 are methyl and 
one of the other two of R ' , R2 , R " , and R * is propargyl , then 

> 

a 
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Compound 1 : N , N - dimethyl - N - 2- ( 2R , 3R , 4S , 5R , 
6R ) -3,4,5 - tris ( butyryloxy ) -6 - ( ( butyryloxy ) methyl ) 
tetrahydro - 2H - pyran - 2 - yl ) oxyethyl ) prop - 2 - yn - 1 

aminium iodide 

TMA to TMAO , or a high ratio of TMA to TMAO in a 
subject in need thereof , the method comprising administer 
ing a therapeutically effective amount of the compound of 
any one of embodiments 1 to 20 or the pharmaceutical 
composition of embodiment 21 to the subject . 
25. The method of embodiment 24 , further comprising 
detecting the presence of one or more genetic variants of the 
FMO3 gene of the subject in need before the administering 
step . 
26. The method of embodiment 24 , wherein the disease 
associated with elevated levels of trimethylamine ( TMA ) or 
trimethylamine N - oxide ( TMAO ) , a decreased rate of con 
version of TMA to TMAO , or a high ratio of TMA to TMAO 
is a cardiovascular disease , reduced or impaired kidney 
function , kidney disease , chronic kidney disease , end - stage 
renal disease , or diabetes mellitus . 
27. A method of inhibiting a CutC choline lyase - mediated 
conversion of choline to trimethylamine , the method com 
prising contacting the compound of any one of embodiments 
1 to 20 with the CutC choline lyase . 
28. A method of inhibiting a CntA carnitine monooxy 
genase - mediated conversion of carnitine to trimethylamine , 
the method comprising contacting the compound of any one 
of embodiments 1 to 20 with the CntA carnitine monooxy 
genase . 
29. A method of treating a subject in need of treatment for 
trimethylaminuria comprising contacting bacteria in vivo 
with a therapeutically effective amount of the compound of 
any one of embodiments 1 to 20 or the pharmaceutical 
composition of embodiment 21 to the subject . 
30. The method of embodiment 29 , wherein the bacteria are 
localized in the colon of the subject . 
[ 0342 ] The following examples are meant to illustrate the 
disclosure . They are not meant to limit the disclosure in any 
way . 

[ 0344 ] Step 1 : 
[ 0345 ] A mixture of ( 3R , 4S , 5S , 6R ) -6- ( hydroxymethyl ) 
tetrahydropyran - 2,3,4,5 - tetrol ( 20 g , 111.01 mmol , 1 eq ) and 
butanoyl butanoate ( 96.59 g , 610.58 mmol , 99.89 mL , 5.5 
eq ) in Pyridine ( 200 mL ) was degassed and purged with N2 
for 3 times , and then the mixture was stirred at 20 ° C. for 12 
h . TLC indicated the starting material was consumed com 
pletely and one new spot formed . The reaction mixture was 
filtered and concentrated under reduced pressure to give a 
residue . The residue was purified by column chromatogra 
phy ( SiO2 , Petroleum ether / Ethyl acetate = 1 to 20 : 1 ) . [ ( 2R , 
3R , 4S , 5R ) -3,4,5,6 - tetra ( butanoyloxy ) tetrahydropyran - 2 - yl ] 
methyl butanoate ( 100 g , crude ) was obtained as colorless 
oil . 
[ 0346 ] Step 2 : 
[ 0347 ] To a mixture of [ ( 2R , 3R , 4S , 5R ) -3,4,5,6 - tetra ( bu 
tanoyloxy ) tetrahydropyran - 2 - yl ] methyl butanoate ( 10 g , 
18.85 mmol , 1 eq ) in THF ( 100 mL ) was added MeNH , aq . 
solution ( 2.4 g , 30.91 mmol , 40 % purity , 1.64 eq ) in one 
portion at 20 ° C. under N2 . The mixture was stirred at 20 ° 
C. for 12 h . TLC indicated [ ( 2R , 3R , 4S , 5R ) -3,4,5,6 - tetra 
( butanoyloxy ) tetrahydropyran - 2 - yl ] methyl butanoate was 
consumed completely and one new spot formed . The reac 
tion mixture was filtered and concentrated under reduced 
pressure to give a residue . The residue was purified by 
column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 1 / 0 to 20 : 1 ) . Compound [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri 
( butanoyloxy ) -6 - hydroxy - tetrahydropyran - 2 - yl ] methyl 
butanoate ( 5 g , 10.86 mmol , 57.6 % yield ) was obtained as 
colorless oil . 
[ 0348 ] Step 3 : 
[ 0349 ] To a mixture of [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri ( butanoy 
loxy ) -6 - hydroxy - tetrahydropyran - 2 - yl ] methyl butanoate ( 2 
g , 4.34 mmol , 1 eq ) and DBU ( 330.58 mg , 2.17 mmol , 
327.31 UL , 0.5 eq ) in DCM ( 20 mL ) was added 2,2,2 
trichloroacetonitrile ( 6.27 g , 43.43 mmol , 4.35 mL , 10 eq ) in 
one portion at 20 ° C. The mixture was stirred at 20 ° C. for 
12 h . TLC showed [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri ( butanoyloxy ) 
6 - hydroxy - tetrahydropyran - 2 - yl ] methyl butanoate was con 
sumed completely and one new spot formed . The reaction 
mixture was filtered and concentrated under reduced pres 
sure to give a residue . The residue was purified by column 
chromatography ( SiO2 , Petroleum ether / Ethyl acetate = 30 / 1 
to 20 : 1 ) . Compound [ ( 2R 3R , 4S , 5R ) -3,4,5 - tri ( butanoy 
loxy ) -6- ( 2,2,2 - trichloroethanimidoyl ) oxy - tetrahydropyran 
2 - yl ] methyl butanoate ( 1.8 g , 2.98 mmol , 68.5 % yield ) was 
obtained as colorless oil . 
[ 0350 ] Step 4 : 
[ 0351 ] To a solution of [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri ( butanoy 
loxy ) -6- ( 2,2,2 - trichloroethanimidoyl ) oxy - tetrahydropyran 
2 - yl ] methyl butanoate ( 1 g , 1.65 mmol , 1 eq ) and 2 - bromo 
ethanol ( 247.90 mg , 1.98 mmol , 140.85 uL , 1.2 eq ) in DCM 
( 10 mL ) was added BF3.Et20 ( 1.17 g , 8.27 mmol , 1.02 mL , 
5 eq ) . The mixture was stirred at 0 ° C. for 3 h and then 
warmed to 20 ° C. stirred for 12 h . TLC indicated [ ( 2R , 3R , 
4S , 5R ) -3,4,5 - tri ( butanoyloxy ) -6- ( 2,2,2 - trichloroethanimi 
doyl ) oxy - tetrahydropyran - 2 - yl ] methyl butanoate was con 
sumed completely . The reaction mixture was filtered and 
concentrated under reduced pressure to give a residue . The 
residue was purified by column chromatography ( SiO2 , 

a 

EXAMPLES 

Example 1 : Preparation of Exemplary Compounds 
[ 0343 ] In the following examples , the title compounds 
may exist as a trifluoroacetate salt after prep - HPLC but one 
of ordinary skill in the art would understand that the salt may 
be changed by conventional methods of salt formation . 

I 

Nt 

** 111110 Om 
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-- Compound 3 : N , N - dimethyl - N- ( 2 - ( ( ( 3R , 4R , 5R ) -3,4 , 
5 - tris ( butyryloxy ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) 

ethyl ) prop - 2 - yn - 1 - aminium Iodide 

Petroleum ether / Ethyl acetate = 30 / 1 to 20 : 1 ) . Compound 
[ ( 2R , 3R , 4S , 5R ) -6- ( 2 - bromoethoxy ) -3,4,5 - tri ( butanoyloxy ) 
tetrahydropyran - 2 - yl ] methyl butanoate ( 0.8 g , 1.41 mmol , 
85.3 % yield ) was obtained as colorless oil . 
[ 0352 ] Step 5 : 
[ 0353 ] A mixture of [ ( 2R , 3R , 4S , 5R ) -6- ( 2 - bromoethoxy ) 
3,4,5 - tri ( butanoyloxy ) tetrahydropyran - 2 - yl ) methyl butano 
ate ( 0.1 g , 176.22 umol , 1 eq ) , N - methylprop - 2 - yn - 1 - amine 
( 36.53 mg , 528.67 umol , 44.02 UL , 3 eq ) in THF ( 3 mL ) was 
degassed and purged with N2 for 3 times , and then the 
mixture was stirred at 20 ° C. for 2 hr under N2 atmosphere , 
then warmed to 70 ° C. and stirred for 12 h . TLC indicated 
[ ( 2R , 3R , 4S , 5R ) -6- ( 2 - bromoethoxy ) -3,4,5 - tri ( butanoyloxy ) 
tetrahydropyran - 2 - yl ] methyl butanoate was consumed com 
pletely and one new spot formed . The reaction mixture was 
filtered and concentrated under reduced pressure to give a 
residue . The residue was purified by prep - TLC ( SiO2 , Petro 
leum ether / Ethyl acetate = 2 : 1 ) . Compound [ ( 2R , 3R , 4S , 5R ) 
3,4,5 - tri ( butanoyloxy ) -6- [ 2- [ methyl ( prop - 2 - ynyl ) amino ] 
ethoxy ] tetrahydropyran - 2 - yl ] methyl butanoate ( 0.03 g , 54 
umol , 30.6 % yield ) was obtained as colorless oil . 
[ 0354 ] Step 6 : 
[ 0355 ] A mixture of [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri ( butanoy 
loxy ) -6- [ 2- [ methyl ( prop - 2 - ynyl ) amino ) ethoxy ] tetrahydro 
pyran - 2 - yl ] methyl butanoate ( 0.06 g , 107.98 umol , 1 eq ) , 
Mei ( 30.65 mg , 215.96 umol , 13.44 L , 2 eq ) in THF ( 3 mL ) 
was degassed and purged with N , for 3 times , and then the 
mixture was stirred at 20 ° C. for 2 hr under N , atmosphere . 
LC - MS showed [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri ( butanoyloxy ) -6 
[ 2- [ methyl ( prop - 2 - ynyl ) amino ) ethoxy ] tetrahydropyran - 2 
yl ] methyl butanoate was consumed . The reaction mixture 
was filtered and concentrated under reduced pressure to give 
a residue . The residue was purified by prep - HPLC ( water 
( 0.1 % TFA ) -ACN ] . The title compound ( 0.007 g , 12.1 umol , 
11 % yield ) was obtained as colorless oil . LCMS ( M * ) : 570.3 
' H NMR ( 400 MHz , DMSO - do ) d 5.33 ( t , J = 9.5 Hz , 1H ) , 
5.04-4.81 ( m , 3H ) , 4.37 ( d , J = 2.5 Hz , 2H ) , 4.22-4.00 ( m , 
6H ) , 3.62 ( t , J = 4.9 Hz , 2H ) , 3.09 ( s , 6H ) , 2.33-2.11 ( m , 8H ) , 
1.61-1.38 ( m , 8H ) , 0.93-0.78 ( m , 12H 

[ 0357 ] This compound may be synthesized according to 
the experimental procedure described for Compound 1 . 

I 

** 111110 

1 

Compound 4 and Compound 53 and Compound 84 : 
N , N - dimethyl - N- ( 2 - ( ( ( 3R , 4S , 5S ) -3,4,5 - tris ( butyry 
loxy ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn 

1 - aminium iodide 
N [ 0358 ] This compound may be synthesized according to 

the experimental procedure described for Compound 1 . ** 11111 ON 

I 

** 111110 
Om . 

Compound 2 and Compound 51 : N , N - dimethyl - N 
( 2 - ( ( ( 3R , 4S , 5R ) -3,4,5 - tris ( butyryloxy ) tetrahydro 
2H - pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium 

lodide 

[ 0356 ] This compound may be synthesized according to 
the experimental procedure described for Compound 1 . 
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Compound 5 : N , N - dimethyl - N- ( 2 - ( ( ( 3R , 4R , 59,6S ) 
3,4,5 - tris ( butyryloxy ) -6 - methyltetrahydro - 2H - pyran 

2 - yl ) oxyethyl ) prop - 2 - yn - 1 - aminium lodide 
[ 0359 ] This compound may be synthesized according to 
the experimental procedure described for Compound 1 . 

1 

hexanes to yield 1- ( 2 - bromoethoxy ) -2,3,4,6 - tetra - O - acetyl 
beta - D - glucopyranose ( 8.9 g , 19.5 mmol , 38 % ) . 
[ 0363 ] Step 2 : 
[ 0364 ] Compound 1- ( 2 - bromoethoxy ) -2,3,4,6 - tetra - O 
acetyl - beta - D - glucopyranose ( 1.7 g , 3.7 mmol , 1 eq ) was 
stirred with sodium iodide ( 0.614 g , 4.1 mmol , 1.1 eq ) for a 
few minutes , followed by addition of 3 - dimethylamino - 1 
propyne ( 1.2 mL , 11.1 mmol , 3 eq ) . The reaction mixture 
was stirred overnight at 40 ° C. filtered , then cooled to 4 ° C. 
in the fridge for recrystallization . The crystals were washed 
with cold acetone to yield the title compound as a white 
crystalline solid ( 300 mg , 0.51 mmol , 14 % , iodide salt 
confirmed by ion chromatography ) . The remaining filtrate 
was concentrated and washed with cold acetone and ethyl 
acetate to yield the title compound as an amorphous powder 
( 1.2 g , 2.05 mmol , 55 % , iodide salt - confirmed by ion 
chromatography ) . LCMS ( M + ) : 458.1 ' H NMR ( 400 MHz , 
DMSO - do ) d 5.26 ( t , J = 9.5 Hz , 1H ) , 4.98-4.77 ( m , 3H ) , 4.36 
( d , J = 2.5 Hz , 2H ) , 4.24-3.97 ( m , 6H ) , 3.67-3.54 ( m , 2H ) , 
3.08 ( s , 6H ) , 2.05-1.89 ( m , 12H ) . 

Oum . 

Compound 6 : N , N - dimethyl - N- ( 2 - ( ( ( 3S , 4R , 5R , 6S ) 
3,4,5 - tris ( butyryloxy ) -6 - methyltetrahydro - 2H - pyran 

2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium Iodide 
[ 0360 ] This compound may be synthesized according to 
the experimental procedure described for Compound 1 . 

OUT 

Omm . 

I 

Onn . 
Compound 8 : N , N - dimethyl - N- ( 2 - ( ( ( 3R , 4S , 5R ) -3,4 , 

5 - triacetoxytetrahydro - 2H - pyran - 2 - yl ) oxy ) ethyl ) 
prop - 2 - yn - 1 - aminium iodideiodideiodideiodideio 

dide 

Compound 7 : N , N - dimethyl - N- ( 2 - ( ( ( 2R , 3R , 4S , 5R , 
6R ) -3,4,5 - triacetoxy - 6- ( acetoxymethyl ) tetrahydro 
2H - pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium 

Iodide 

, 

[ 0361 ] Step 1 : 
[ 0362 ] Compound B - D - Glucose pentaacetate ( 20 g , 51.2 
mmol , 1 eq ) was dissolved in DCM ( 100 mL ) and cooled to 
0 ° C. under N2 , followed by addition of 2 - bromoethanol ( 5.5 
mL , 77.6 mmol , 1.5 eq ) and boron trifluoride diethyl ether 
ate ( 32 mL , 259 mmol , 5 eq ) . The ice bath was removed and 
the reaction was stirred at room temperature overnight . 
Silica was added to the reaction mixture and solution was 
concentrated to dryness to dry - load onto silica before puri 
fication by column chromatography ( gradient : 0-100 % 
EtOAc in hexanes , product eluted around 40-50 % EtoAc in 
hexanes ) . Fractions containing product were concentrated 
and recrystallized by dissolution in ethyl acetate , followed 
by slow addition of hexanes until crystals started to form , at 
which point it was placed in the fridge for further crystal 
lization . The white crystals were filtered and washed with 

[ 0365 ] Step 1 : 
[ 0366 ] To a solution of ( 3R , 4S , 5R ) -tetrahydropyran - 2,3 , 
4,5 - tetrol ( 20 g , 133.22 mmol , 1 eq ) in Pyridine ( 200 mL ) 
was added acetyl acetate ( 108.80 g , 1.07 mol , 99.82 mL , 8 
eq ) at 15 ° C. The mixture was stirred at 15 ° C. for 12 hr . TLC 
indicated new spots formed . The reaction mixture was 
concentrated under reduced pressure to give yellow oil . The 
oil was diluted with ethyl acetate 100 mL and washed with 
H20 ( 100 mL * 3 ) . The combined organic layers were 
washed with brine 100 mL , dried over anhydrous sodium 
sulfate , filtered and the filtrate was concentrated under 
reduced pressure to give yellow oil . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 1 : 0 ) . Compound [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetra 
hydropyran - 3 - yl ] acetate ( 42 g , crude ) was obtained as a 
yellow oil . 
[ 0367 ] Step 2 : 
[ 0368 ] To a solution of [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetra 
hydropyran - 3 - yl ] acetate ( 21 g , 65.98 mmol , 1 eq ) in THF 
( 120 mL ) was added aq . MeNH2 ( 7.51 g , 72.58 mmol , 30 % 
purity , 1.1 eq ) at 15 ° C. The mixture was stirred at 15 ° C. for 
12 hr . TLC indicated new spots formed . The reaction mix 
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- Compound 9 : N , N - dimethyl - N- ( 2 - ( ( ( 3R , 4R , 5R ) -3,4 , 
5 - triacetoxytetrahydro - 2H - pyran - 2 - yl ) oxy ) ethyl ) 

prop - 2 - yn - 1 - aminium bromide 
[ 0375 ] This compound may be synthesized according to 
the experimental procedure described for Compound 7 . 

I 

ture was concentrated under reduced pressure to give a 
residue . The residue was purified by column chromatogra 
phy ( SiO2 , Petroleum ether / Ethyl acetate = 1 : 1 to 0 : 1 ) . Com 
pound [ ( 3R , 4S , 5R ) -4,5 - diacetoxy - 6 - hydroxy - tetrahydropy 
ran - 3 - yl ] acetate ( 9 g , 32.58 mmol , 49.38 % yield ) was 
obtained as a yellow solid . 
[ 0369 ] Step 3 : 
[ 0370 ] To a solution of [ ( 3R , 4S , 5R ) -4,5 - diacetoxy - 6 - hy 
droxy - tetrahydropyran - 3 - yljacetate ( 5 g , 18.10 mmol , 1 eq ) 
in DCM ( 20 mL ) was added DBU ( 1.38 g , 9.05 mmol , 1.36 
mL , 0.5 eq ) and 2,2,2 - trichloroacetonitrile ( 26.13 g , 181.00 
mmol , 18.15 mL , 10 eq ) at 15 ° C. The mixture was stirred 
at 15 ° C. for 1 hr . TLC indicated a new spot formed . The 
reaction mixture was concentrated under reduced pressure to 
give a residue . The residue was purified by column chro 
matography ( SiO2 , Petroleum ether / Ethyl acetate = 1 : 1 ) . 
Compound [ ( 3R , 4S , 5R ) -4,5 - diacetoxy - 6- ( 2,2,2 - trichloro 
ethanimidoyl ) oxy - tetrahydropyran - 3 - yl ) acetate ( 6 g , 14.26 
mmol , 78.81 % yield ) was obtained as a yellow oil . 
[ 0371 ] Step 4 : 
[ 0372 ] To a solution of [ ( 3R , 4S , 5R ) -4,5 - diacetoxy - 6- ( 2,2 , 
2 - trichloroethanimidoyl ) oxy - tetrahydropyran - 3 - yl ] acetate 
( 3 g , 7.13 mmol , 1 eq ) and 2 - bromoethanol ( 891.27 mg , 7.13 
mmol , 506.41 UL , 1 eq ) in DCM ( 30 mL ) was added 
BF3.Et20 ( 5.06 g , 35.66 mmol , 4.40 mL , 5 eq ) at 0 ° C. The 
mixture was stirred at 0 ° C. for 2 hr . TLC indicated new 
spots formed . The reaction mixture was quenched by addi 
tion H2O ( 30 mL ) at 0 ° C. , and extracted with ethyl acetate 
( 50 mL * 3 ) . The combined organic layers were washed with 
brine 30 mL , dried over anhydrous sodium sulfate , filtered 
and the filtrate was concentrated under reduced pressure to 
give a residue . The residue was purified by column chro 
matography ( SiO2 , Petroleum ether / Ethyl acetate = 10 : 1 to 
1 : 1 ) . Compound [ ( 3R , 4S , 5R ) -4,5 - diacetoxy - 6- ( 2 - bromoeth 
oxy ) tetrahydropyran - 3 - yl ] acetate ( 1.3 g , 3.39 mmol , 
47.57 % yield ) was obtained as a white solid . 
[ 0373 ] Step 5 : 
[ 0374 ] To a solution of [ ( 3R , 4S , 5R ) -4,5 - diacetoxy - 6- ( 2 
bromoethoxy ) tetrahydropyran - 3 - yl ] acetate ( 1.3 g , 3.39 
mmol , 1 eq ) in acetone ( 20 mL ) was added N , N - dimethyl 
prop - 2 - yn - 1 - amine ( 564.06 mg , 6.79 mmol , 719.46 uL , 2 
eq ) and Nal ( 1.02 g , 6.79 mmol , 2 eq ) at 15 ° C. The mixture 
was stirred at 80 ° C. for 4 hr . LCMS showed the desired 
compound was detected . TLC indicated 50 % of [ ( 3R , 4S , 
5R ) -4,5 - diacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] 
acetate ( 1.3 g , 3.39 mmol , 1 eq ) remained . The mixture was 
stirred at 80 ° C. for 8 hr . The reaction mixture was concen 
trated under reduced pressure to give a residue . The residue 
was purified by column chromatography ( SiO2 , Petroleum 
ether / Ethyl acetate = 1 : 1 to Ethyl acetate : Methanol = 1 : 1 ) The 
title compound ( 530 mg , 1.03 mmol , 30.30 % yield ) was 
obtained as a white solid . LCMS : ( M + H * ) : 386.1 ' H NMR 
( 400 MHz , Deuterium Oxide ) 8 5.10 ( t , J = 7.6 Hz , 1H ) , 
4.93-4.79 ( m , 2H ) , 4.71 ( d , J = 6.1 Hz , 1H ) , 4.20-4.14 ( m , 
3H ) , 4.06 ( dd , J = 12.3 , 4.7 Hz , 1H ) , 3.98-3.90 ( m , 1H ) , 
3.70-3.59 ( m , 2H ) , 3.50 ( dd , J = 12.3 , 7.9 Hz , 1H ) , 3.19-3.13 
( m , 1H ) , 3.11 ( s , 6H ) , 2.02-1.92 ( m , 9H ) . 

2 

Compound 10 and Compound 56 : N , N - dimethyl - N 
( 2- ( 3R , 4S , 5S ) -3,4,5 - triacetoxytetrahydro - 2H 

pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium Iodide 
[ 0376 ] Step 1 : 
[ 0377 ] To a mixture of ( 2R , 3S , 4S ) -2,3,4,5 - tetrahydroxy 
pentanal ( 10 g , 66.61 mmol , 1 eq ) in pyridine ( 100 mL ) was 
added Ac20 ( 40.80 g , 399.65 mmol , 37.43 mL , 6 eq ) in one 
portion at 25 ° C. under N2 . The mixture was stirred at 25 ° 
C. for 12 hours . TLC indicated one new spot formed . The 
reaction mixture was concentrated under reduced pressure to 
remove pyridine . The residue was purified by column chro 
matography ( SiO2 , Petroleum ether / Ethyl acetate = 30 / 1 to 
0/1 ) . Compound [ ( 3S , 4S , 5R , 6S ) -4,5,6 - triacetoxytetrahydro 
pyran - 3 - yl ) acetate ( 20 g , crude ) was obtained as yellow oil . 
[ 0378 ] Step 2 : 
[ 0379 ] To a mixture of [ ( 3S , 4S , 5R , 6S ) -4,5,6 - triacetoxytet 
rahydropyran - 3 - yl ) acetate ( 10 g , 31.42 mmol , 1 eq ) in DCM 
( 100 mL ) was added 2 - bromoethanol ( 5.89 g , 47.13 mmol , 
3.35 mL , 1.5 eq ) and BF3.Et20 ( 22.30 g , 157.10 mmol , 
19.39 mL , 5 eq ) in one portion at 0 ° C. under N2 . The 

: 

a 
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Compound 12 : N , N - dimethyl - N- ( 2 - ( ( ( 3S , 4R , 5R , 
6S ) -3,4,5 - triacetoxy - 6 - methyltetrahydro - 2H - pyran 

2 - yl ) oxyethyl ) prop - 2 - yn - 1 - aminium bromide 
[ 0383 ] This compound may be synthesized according to 
the experimental procedure described for Compound 7 . 

mixture was heated to 25 ° C. and stirred for 12 hours . TLC 
indicated [ ( 3S , 4S , 5R , 6S ) -4,5,6 - triacetoxytetrahydropyran 
3 - yl ] acetate was consumed and one new spot formed . The 
reaction mixture was quenched by addition of H2O ( 50 mL ) , 
and then diluted with H2O ( 100 mL ) and extracted with 
DCM ( 100 mL * 2 ) . The combined organic layers were dried 
over Na2SO4 , filtered and the filtrate was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 20 / 1 to 0/1 ) . Then the residue was purified by 
prep - HPLC [ water ( 0.10 % TFA ) -ACN ) . ' HNMR indicated 
the compound [ ( 3S , 4S , 5R , 6S ) -4,5 - diacetoxy - 6- ( 2 - bromo 
ethoxy ) tetrahydropyran - 3 - yl ] acetate ( 1.2 g , 3.13 mmol , 
9.97 % yield ) was obtained as yellow oil and compound [ ( 3S , 
4S , 5R , 6R ) -4,5 - diacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropy 
ran - 3 - yl ] acetate ( 2.3 g , 6.00 mmol , 19.10 % yield ) was 
obtained as yellow oil . 
[ 0380 ] Step 3 : 
[ 0381 ] To a mixture of [ ( 3S , 4S , 5R , 6S ) -4,5 - diacetoxy - 6 
( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] acetate ( 1 g , 2.61 
mmol , 1 eq ) in acetone ( 10 mL ) was added Nal ( 430.29 mg , 
2.87 mmol , 1.1 eq ) in one portion at 25 ° C. under N2 . Then 
N , N - dimethylprop - 2 - yn - 1 - amine ( 1.08 g , 13.05 mmol , 1.38 
mL , 5 eq ) was added . The mixture was heated to 90 ° C. and 
stirred for 2 hours . TLC indicated [ ( 3S , 4S , 5R , 6S ) -4,5 - diac 
etoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] acetate was 
consumed and one new spot formed . The reaction mixture 
was filtered and the filtrate was concentrated under reduced 
pressure to give a residue . The residue was purified by 
column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 10 / 1 Ethyl acetate : Methanol = 3 / 1 ) .dimethyl - prop - 2 
ynyl- [ 2 - [ ( 2R , 3R , 4S , 5S ) -3,4,5 - triacetoxytetrahydropyran - 2 
yl ] oxyethyl ] ammonium ( 318 mg , 617.64 umol , 23.67 % 
yield , 99.7 % purity , I ) was obtained as white solid . LCMS : 
( M + ) : 386.2 1H NMR ( 400 MHz , Chloroform - d ) d 5.26-5 . 
20 ( m , 1H ) , 5.08 ( dd , J = 10.0 , 7.4 Hz , 1H ) , 4.99 ( dd , J = 10.0 , 
3.5 Hz , 1H ) , 4.75 ( t , J = 3.0 Hz , 2H ) , 4.48 ( d , J = 7.4 Hz , 1H ) , 
4.37-4.26 ( m , 1H ) , 4.17-4.06 ( m , 2H ) , 4.09-4.00 ( m , 1H ) , 
3.95 ( dd , J = 13.3 , 2.5 Hz , 1H ) , 3.66 ( dd , J = 13.4 , 1.5 Hz , 1H ) , 
3.46 ( s , 6H ) , 2.82 ( t , J = 2.5 Hz , 1H ) , 2.10 ( s , 3H ) , 2.04 ( s , 
3H ) , 1.95 ( s , 3H ) ) ) ) . ) . 

Cl 

• 111110 NY 

Olo . 

- 

Br 

N 

Compound 13 : N , N - dimethyl - N- ( 2 - oxo - 2 - ( ( ( 3R , 4S , 
5R , 6R ) -3,4,5 - tris ( butyryloxy ) -6 - ( ( butyryloxy ) 

methyl ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) ethyl ) prop - 2 
yn - 1 - aminium chloride 

[ 0384 ] Step 1 : 
[ 0385 ] To a mixture of [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri ( butanoy 
loxy ) -6 - hydroxy - tetrahydropyran - 2 - yl ] methyl butanoate ( 1 
g , 2.17 mmol , 1 eq ) and 2 - chloroacetyl chloride ( 735.76 mg , 
6.51 mmol , 518.14 uL , 3 eq ) in DCM ( 10 mL ) was added 
pyridine ( 858.82 mg , 10.86 mmol , 876.35 uL , 5 eq ) in one 
portion at 20 ° C. The mixture was stirred at 20 ° C. for 12 h . 
TLC showed [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri ( butanoyloxy ) -6 - hy 
droxy - tetrahydropyran - 2 - yl ) methyl butanoate was 
sumed completely and one new spot formed . The reaction 
mixture was filtered and concentrated under reduced pres 
sure to give a residue . The residue was purified by column 
chromatography ( SiO2 , Petroleum ether / Ethyl acetate = 1 / 0 
to 20 : 1 ) . Compound [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri ( butanoy 
loxy ) -6- ( 2 - chloroacetyl ) oxy - tetrahydropyran - 2 - yl ] methyl 
butanoate ( 0.8 g , crude ) was obtained as colorless oil . 
[ 0386 ] Step 2 : 
[ 0387 ] A mixture of [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri ( butanoy 
loxy ) -6- ( 2 - chloroacetyl ) oxy - tetrahydropyran - 2 - yl ] methyl 
butanoate ( 0.2 g , 372.44 umol , 1 eq ) and N , N - dimethylprop 
2 - yn - 1 - amine ( 92.89 mg , 1.12 mmol , 118.48 uL , 3 eq ) in 

con 

Compound 11 : N , N - dimethyl - N- ( 2 - ( ( ( 3R , 4R , 5S , 
6S ) -3,4,5 - triacetoxy - 6 - methyltetrahydro - 2H - pyran 

2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium bromide 

[ 0382 ] This compound may be synthesized according to 
the experimental procedure described for Compound 7 . 
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C1 
acetone ( 3 mL ) was stirred at 90 ° C. for 0.5 h . LCMS 
showed [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri ( butanoyloxy ) -6- ( 2 - chloro 
acetyl ) oxy - tetrahydropyran - 2 - yl ] methyl butanoate was con 
sumed completely . The reaction mixture was filtered and 
concentrated under reduced pressure to give a residue . The 
residue was purified by prep - HPLC [ water ( 0.1 % TFA ) 
ACN ] . The title compound ( 0.049 g , 67 umol , 18 % yield ) 
was obtained as colorless oil . LCMS ( M * ) : 584.3 1H NMR 
( 400 MHz , DMSO - d ) 8 6.30 ( d , J = 3.4 Hz , 1H ) , 5.46-5.35 
( m , 1H ) , 5.25-5.11 ( m , 2H ) , 4.80-4.63 ( m , 2H ) , 4.61-4.46 
( m , 2H ) , 4.30-3.98 ( m , 4H ) , 3.30-3.16 ( m , 6H ) , 2.37-2.10 
( m , 8H ) , 1.63-1.41 ( m , 8H ) , 0.95-0.75 ( m , 12H ) . 

** 111110 

C1 Compound 16 and Compound 54 : N , N - dimethyl - N 
( 2 - oxo - 2 - ( ( ( 3R , 45,5S ) -3,4,5 - tris ( butyryloxy ) tetra 
hydro - 2H - pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - ami 

nium chloride * 

Omnes . [ 0390 ] This compound may be synthesized according to 
the experimental procedure described for Compound 13 . 

Cl 

** 11111 
Compound 14 and Compound 52 : N , N - dimethyl - N 
( 2 - oxo - 2 - ( ( ( 3R , 4S , 5R ) -3,4,5 - tris ( butyryloxy ) tetra 
hydro - 2H - pyran - 2 - yl ) oxy Jethyl ) prop - 2 - yn - 1 - ami 

nium chloride 

[ 0388 ] This compound may be synthesized according to 
the experimental procedure described for Compound 13 . 

Compound 17 and Compound 60 : N , N - dimethyl - N 
( 2 - oxo - 2 - ( ( ( 3R , 4R , 59,6S ) -3,4,5 - tris ( butyryloxy ) -6 
methyltetrahydro - 2H - pyran - 2 - yl ) oxy Sethyl ) prop - 2 

yn - 1 - aminium chloride 
- 

Gorica [ 0391 ] This compound may be synthesized according to 
the experimental procedure described for Compound 13 . 

OM CI ?? 
Olms . 

Olen 
Compound 15 : N , N - dimethyl - N- ( 2 - oxo - 2 - ( ( ( 3R , 4R , 
5R ) -3,4,5 - tris ( butyryloxy ) tetrahydro - 2H - pyran - 2 - yl ) 

oxy ) ethyl ) prop - 2 - yn - 1 - aminium chloride 
[ 0389 ] This compound may be synthesized according to 
the experimental procedure described for Compound 13 . 
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Compound 18 : N , N - dimethyl - N- ( 2 - oxo - 2 - ( ( ( 3S , 4R , 
5R , 6S ) -3,4,5 - tris ( butyryloxy ) -6 - methyltetrahydro 
2H - pyran - 2 - yl ) oxy Jethyl ) prop - 2 - yn - 1 - aminium 

chloride 

CI 

N 

[ 0392 ] This compound may be synthesized according to 
the experimental procedure described for Compound 13 . Ounnen 

OM . 
9 

Compound 20 and Compound 55 : N , N - dimethyl - N 
( 2 - oxo - 2 - ( ( ( 3R , 4S , 5R ) -3,4,5 - triacetoxytetrahydro 
2H - pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium 

chloride 

110 . 

Olin od [ 0397 ] This compound may be synthesized according to 
the experimental procedure described for Compound 19 . 

CF3 

ci 

N 

01111o . Compound 19 : N , N - dimethyl - N- ( 2 - oxo - 2 - ( ( ( 2R , 3R , 
4S , 5R , 6R ) -3,4,5 - triacetoxy - 6- ( acetoxymethyl ) tetra 
hydro - 2H - pyran - 2 - yl ) oxylethyl ) prop - 2 - yn - 1 - ami 

nium trifluoroacetate 
On 

Compound 21 : N , N - dimethyl - N- ( 2 - oxo - 2 - ( ( ( 3R , 4R , 
5R ) -3,4,5 - triacetoxytetrahydro - 2H - pyran - 2 - yl ) oxy ) 

ethyl ) prop - 2 - yn - 1 - aminium chloride 

[ 0398 ] This compound may be synthesized according to 
the experimental procedure described for Compound 19 . 

Cl 

N + 

[ 0393 ] Step 1 
[ 0394 ] Compound 2,3,4,6 - tetra - O - acetyl - D - glucopyra 
nose ( Carbosynth , 2 g , 5.7 mmol , 1 eq ) was dissolved in 
DCM ( 10 mL ) , followed by addition of 2 - chloroacetyl 
chloride ( 1.4 mL , 17.6 mmol , 3 eq ) , DMAP ( 0.6 g , 4.9 
mmol , 0.9 eq ) , and DIPEA ( 3 mL , 17.2 mmol , 3 eq ) . The 
reaction mixture was stirred at room temperature overnight , 
followed by filtration and multiple purifications by column 
chromatography ( 0-100 % EtoAc in hexanes ) to yield 1- ( 2 
chloroacetoxy ) -2,3,4,6 - tetra - O - acetyl - D - glucopyranose ( 0.8 
g , 1.9 mmol , mixture of anomers , 33 % yield ) . 
[ 0395 ] Step 2 
[ [ 0396 ] Compound 1- ( 2 - chloroacetoxy ) -2,3,4,6 - tetra - O 
acetyl - D - glucopyranose ( 0.6 g , 1.4 mmol , 1 eq ) was dis 
solved in acetone , followed by addition of sodium iodide 
( 0.6 g , 4.0 mmol , 3 eq ) . The reaction was stirred for a few 
minutes , and dimethylamino - 1 - propyne ( 0.5 mL , 4.6 mmol , 
3.3 eq ) was added . The reaction was stirred at room tem 
perature overnight , then filtered . The filtrate was concen 
trated , diluted with DMSO and water , then purified by 
reverse phase C18 column chromatography ( 0.1 % TFA in 
95 % water / 5 % MeCN to 100 % MeCN ) . Fractions contain 
ing product were lyophilized to yield an off - white powder 
( 230 mg , 0.39 mmol , 28 % yield , TFA salt ) . LCMS ( M + ) : 
472.4 ' H NMR ( 400 MHz , DMSO - d6 ) 8 6.27 ( d , J = 3.6 Hz , 
1H ) , 5.35 ( t , J = 9.9 Hz , 1H ) , 5.17-5.08 ( m , 2H ) , 4.76-4.62 
( m , 2H ) , 4.53 ( d , J = 2.5 Hz , 2H ) , 4.30-3.97 ( m , 4H ) , 3.26 ( s , 
6H ) , 2.08-1.91 ( m , 12H ) . 

111110 
a 

. 

Compound 22 and Compound 57 : N , N - dimethyl - N 
( 2 - oxo - 2 - ( ( ( 3R , 45,5S ) -3,4,5 - triacetoxytetrahydro 
2H - pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium 

chloride 

[ 0399 ] This compound may be synthesized according to 
the experimental procedure described for Compound 19 . 
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CI 
Compound 25 : N , N - dimethyl - N- ( prop - 2 - yn - 1 - yl ) -4 
( ( ( 3R , 4S , 5R , 6R ) -3,4,5 - tris ( butyryloxy ) -6 - ( ( butyry 
loxy ) methyl ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 

aminium bromide 

a O 

O. 

Compound 23 : N , N - dimethyl - N - 2 - oxo - 2- ( 3R , 4R , 
55,6S ) -3,4,5 - triacetoxy - 6 - methyltetrahydro - 2H 

pyran - 2 - yl ) oxy Jethyl ) prop - 2 - yn - 1 - aminium chloride 

[ 0400 ] This compound may be synthesized according to 
the experimental procedure described for Compound 19 . 

[ 0402 ] Step 1 : 
[ 0403 ] To a solution of [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri ( butanoy 
loxy ) -6- ( 2,2,2 - trichloroethanimidoyl ) oxy - tetrahydropyran 
2 - yl ] methyl butanoate ( 1.5 g , 2.48 mmol , 1 eq ) and 4 - bro 
mobutan - 1 - ol ( 455.33 mg , 2.98 mmol , 1.2 eq ) in DCM ( 15 
mL ) was added BF3.Et20 ( 1.76 g , 12.40 mmol , 1.53 mL , 5 
eq ) . The mixture was stirred at 0 ° C. for 3 h and then warmed 
to 20 ° C. and stirred for 12 h . LC - MS showed [ ( 2R , 3R , 4S , 
5R ) -3,4,5 - tri ( butanoyloxy ) -6- ( 2,2,2 - trichloroethanimidoyl ) 
oxy - tetrahydropyran - 2 - yl ] methyl butanoate was consumed 
completely . The reaction mixture was filtered and concen 
trated under reduced pressure to give a residue . The residue 
was purified by column chromatography ( SiO2 , Petroleum 
ether / Ethyl acetate = 20 / 1 to 3 : 1 ) . Desired compound [ ( 2R , 
3R , 4S , 5R ) -6- ( 4 - bromobutoxy ) -3,4,5 - tri ( butanoyloxy ) tetra 
hydropyran - 2 - yl ) methyl butanoate ( 1 g , crude ) was obtained . 
as colorless oil . 
[ 0404 ] Step 2 : 
[ 0405 ] To a mixture of [ ( 2R , 3R , 4S , 5R ) -6- ( 4 - bromobu 
toxy ) -3,4,5 - tri ( butanoyloxy ) tetrahydropyran - 2 - yl ] methyl 
butanoate ( 0.2 g , 335.84 umol , 1 eq ) and N , N - dimethylprop 
2 - yn - 1 - amine ( 83.76 mg , 1.01 mmol , 106.83 uL , 3 eq ) in 
Acetone ( 3 mL ) stirred at 90 ° C. for 2 h under N2 . LCMS 
showed [ ( 2R , 3R , 4S , 5R ) -6- ( 4 - bromobutoxy ) -3,4,5 - tri ( bu 
tanoyloxy ) tetrahydropyran - 2 - yl ] methyl butanoate was con 
sumed completely . The reaction mixture was filtered and 
concentrated under reduced pressure to give a residue . The 
residue was purified by prep - HPLC ( water ( 0.10 % TFA ) 
ACN ) . The title compound ( 0.019 g , 28 umol , 8.3 % yield , 
mixture of anomers , Br ) was obtained as colorless oil . 
LCMS ( Mº ) : 598.4 ' H NMR ( 400 MHz , DMSO - d ) : 
5.41-5.27 ( m , 1H ) , 5.11-4.77 ( m , 3H ) , 4.35 ( dd , J = 10.3 , 2.6 
Hz , 2H ) , 4.23-3.97 ( m , 4H ) , 3.79-3.65 ( m , 1H ) , 3.59-3.44 
( m , 1H ) , 3.11-3.04 ( m , 6H ) , 2.34-2.11 ( m , 8H ) , 1.80-1.39 
( m , 12H ) , 0.96-0.78 ( m , 12H ) . 

CI 

Olun . I 

OUDr . 

2 

Compound 24 : N , N - dimethyl - N- ( 2 - oxo - 2 - ( ( ( 3S , 4R , 
5R , 6S ) -3,4,5 - triacetoxy - 6 - methyltetrahydro - 2H 

pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium chloride 

[ 0401 ] This compound may be synthesized according to 
the experimental procedure described for Compound 19 . Br 

* 10 Online 

Br 

N 

** 111110 Olinn . Compound 26 : N , N - dimethyl - N- ( prop - 2 - yn - 1 - yl ) -4 
( ( 3R , 4S , 5R ) -3,4,5 - tris ( butyryloxy ) tetrahydro - 2H 

pyran - 2 - yl ) oxy ) butan - 1 - aminium bromide 
[ 0406 ] Step 1 
[ 0407 ] To a solution of ( 3R , 4S , 5R ) -tetrahydropyran - 2,3 , 
4,5 - tetrol ( 10 g , 66.61 mmol , 1 eq ) in Pyridine ( 100 mL ) was g 
added butanoyl butanoate ( 63.22 g , 399.66 mmol , 65.38 mL , 
6 eq ) . The mixture was stirred at 25 ° C. for 10 h . TLC 
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Br 

N + 

** 111110 Oltre 
Olun . 

Compound 27 and Compound 67 : N , N - dimethyl - N 
( prop - 2 - yn - 1 - yl ) -4 - ( ( ( 3R , 4R , 5R ) -3,4,5 - tris ( butyry 
loxy ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - ami 

nium bromide 

[ 0416 ] This compound may be synthesized according to 
the experimental procedure described for Compound 26 . 

Br 

showed the starting reactant was consumed . The mixture 
was concentrated . The crude product [ ( 3R , 4S , 5R ) -4,5,6 - tri 
( butanoyloxy ) tetrahydropyran - 3 - yl ] butanoate ( 64.89 g , 
crude ) was obtained as yellow oil . 
[ 0408 ] Step 2 
[ 0409 ] To a solution of [ ( 3R , 4S , 5R ) -4,5,6 - tri ( butanoy 
loxy ) tetrahydropyran - 3 - yl ] butanoate ( 10 g , 23.23 mmol , 1 
eq ) in THF ( 100 mL ) was added MeNH , aq . solution ( 4.33 
g , 41.81 mmol , 30 % purity , 1.8 eq ) in H2O . The mixture was 
stirred at 25 ° C. for 10 h . TLC showed the starting reactant 
was consumed . The mixture reaction was concentrated . The 
residue was purified by flash silica gel chromatography 
( PE : EA = 5 : 1 ) . [ ( 3R , 4S , 5R ) -4,5 - di ( butanoyloxy ) -6 - hydroxy 
tetrahydropyran - 3 - yl ] butanoate ( 2.65 g , 6.61 mmol , 28.4 % 
yield , 90 % purity ) was obtained as yellow oil . 
[ 0410 ] Step 3 
[ 0411 ] To a solution of [ ( 3R , 4S , 5R ) -4,5 - di ( butanoyloxy ) 
6 - hydroxy - tetrahydropyran - 3 - yl ] butanoate ( 500 mg , 1.39 
mmol , 1 eq ) in DCM ( 10 mL ) was added 2,2,2 - trichloroac 
etonitrile ( 2.00 g , 13.87 mmol , 1.39 mL , 10 eq ) and DBU 
( 105.61 mg , 693.68 umol , 104.56 UL , 0.5 eq ) . The mixture 
was stirred at 25 ° C. for 10 h . TLC showed the starting 
reactant was consumed . The mixture was concentrated . The 
residue was purified by flash silica gel chromatography 
( PE : EA = 5 : 1 ) . Compound [ ( 3R , 4S , 5R ) -4,5 - di ( butanoyloxy ) 
6- ( 2,2,2 - trichloroethanimidoyl ) oxy - tetrahydropyran - 3 - yl ] 
butanoate ( 0.5 g , 792.42 umol , 57.1 % yield , 80 % purity ) 
was obtained as a white solid . 
[ 0412 ] Step 4 
[ 0413 ] To a solution of [ ( 3R , 4S , 5R ) -4,5 - di ( butanoyloxy ) 
6- ( 2,2,2 - trichloroethanimidoyl ) oxy - tetrahy - dropyran - 3 - yl ] 
butanoate ( 400 mg , 792.42 umol , 1 eq ) and 4 - bromobutan 
1 - ol ( 181.88 mg , 1.19 mmol , 1.5 eq ) in DCM ( 40 mL ) was 
added BF3.Et20 ( 562.34 mg , 3.96 mmol , 489 uL , 5 eq ) 
under dark at 0 ° C. and stirred for 3 h . Then the mixture was 
stirred at 25 ° C. for 12 h . TLC showed the starting reactant 
was consumed . The mixture was concentrated . The residue 
was purified by silica gel chromatography ( PE : EA = 5 : 1 ) . 
[ ( 3R , 4S , 5R ) -6- ( 4 - bromobutoxy ) -4,5 - di ( butanoyloxy ) tetra 
hydropyran - 3 - yl ] butanoate ( 160 mg , crude ) was obtained as 
yellow oil . 
[ 0414 ] Step 5 
[ 0415 ] A solution of [ ( 3R , 4S , 5R ) -6- ( 4 - bromobutoxy ) -4,5 
di ( butanoyloxy ) tetrahydropyran - 3 - yl ] butanoate ( 643 mg , 
1.30 mmol , 1 eq ) and N , N - dimethylprop - 2 - yn - 1 - amine 
( 323.70 mg , 3.89 mmol , 412.88 UL , 3 eq ) in acetone ( 10 mL ) 
was stirred at 90 ° C. for 3 h . LCMS showed the product 
formed . The mixture was concentrated . The residue was 
purified by prep - HPLC ( column : Xbridge 150 * 30 mm * 10 
um ; mobile phase : [ water ( 0.1 % TFA ) -ACN ) ; B % : 25 % 
55 % , 10 min ) . The title compound ( 10 mg , 16.9 umol , 1.3 % 
yield , mixture of anomers , Br ) was obtained as yellow oil . 
LCMS ( M + ) : 498.3 ' H NMR ( 400 MHz , Chloroform - d ) 8 
5.45-5.12 ( m , 1H ) , 4.95-4.74 ( m , 3H ) , 4.46-4.32 ( m , 2H ) , 
3.80-3.67 ( m , 2H ) , 3.58-3.35 ( m , 4H ) , 3.31-3.18 ( m , 6H ) , 
2.91-2.79 ( m , 1H ) , 2.32-2.10 ( m , 6H ) , 1.87-1.45 ( m , 10H ) , 
0.93-0.79 ( m , 9H ) . 

Compound 28 and Compound 59 : N , N - dimethyl - N 
( prop - 2 - yn - 1 - yl ) -4 - ( ( ( 2S , 3R , 4S , 5S ) -3,4,5 - tris ( bu 
tyryloxy ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 

aminium bromide 

[ 0417 ] Step 1 : 
[ 0418 ] To a solution of ( 3R , 4S , 5S ) -tetrahydropyran - 2,3,4 , 
5 - tetrol ( 5 g , 33.30 mmol , 1 eq ) in pyridine ( 50 mL ) was 
added butanoyl butanoate ( 31.61 g , 199.83 mmol , 32.69 mL , 
6 eq ) . The mixture was stirred at 25 ° C. for 12 h . TLC 
showed the starting reactant was consumed . The mixture 
was concentrated . [ ( 3S , 4S , 5R ) -4,5,6 - tri ( butanoyloxy ) tetra 
hydropyran - 3 - yl ] butanoate ( 15 g , crude ) was obtained as 
yellow oil . 
[ 0419 ] Step 2 
[ 0420 ] To a solution of [ ( 3S , 4S , 5R ) -4,5,6 - tri ( butanoyloxy ) 
tetrahydropyran - 3 - yl ] butanoate ( 15 g , 34.84 mmol , 1 eq ) in 
THF ( 50 mL ) was added MeNH , aq . solution ( 5.41 g , 52.27 
mmol , 30 % purity , 1.5 eq ) and stirred at 25 ° C. for 12 h . TLC 
showed the starting reactant was consumed . The mixture 
reaction was concentrated . The residue was purified by 
column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 10 / 1 to 5 : 1 ) . [ ( 3S , 4S , 5R ) -4,5 - di ( butanoyloxy ) -6 - hy 
droxy - tetrahydropyran - 3 - yl ] butanoate ( 4 g , 8.88 mmol , 
25.5 % yield , 80 % purity ) was obtained as yellow oil . 



US 2022/0041641 A1 Feb. 10 , 2022 
66 

title compound ( 21 mg , 34.5 umol , 1.1 % yield , Br ) was 
isolated as a yellow oil . LCMS ( M + ) : 498.2 ' H NMR ( 400 
MHz , DMSO - do ) 8 5.20-5.14 ( m , 1H ) , 5.11 ( dd , J = 10.1 , 3.6 
Hz , 1H ) , 4.95 ( dd , J = 10.1 , 7.7 Hz , 1H ) , 4.57 ( d , J = 7.7 Hz , 
1H ) , 4.30 ( d , J = 2.6 Hz , 2H ) , 4.06-4.00 ( m , 1H ) , 3.85-3.76 
( m , 2H ) , 3.76-3.66 ( m , 1H ) , 3.56-3.42 ( m , 1H ) , 3.03 ( s , 6H ) , 
2.31 ( t , J = 7.2 Hz , 2H ) , 2.24 ( td , J = 7.2 , 3.5 Hz , 2H ) , 
2.17-2.09 ( m , 2H ) , 1.73-1.62 ( m , 2H ) , 1.60-1.38 ( m , 8H ) , 
0.95-0.76 ( m , 9H ) . 

Br 

N 

** 111110 

On 

[ 0421 ] Step 3 
[ 0422 ] To a solution of [ ( 3S , 4S , 5R ) -4,5 - di ( butanoyloxy ) 
6 - hydroxy - tetrahydropyran - 3 - yl ] butanoate ( 2 g , 5.55 mmol , 
1 eq ) and 2,2,2 - trichloroacetonitrile ( 8.01 g , 55.49 mmol , 
5.56 mL , 10 eq ) in DCM ( 20 mL ) was added DBU ( 422.42 
mg , 2.77 mmol , 418.24 UL , 0.5 eq ) at 25 ° C. and stirred for 
12 h . TLC showed the starting reactant was consumed . The 
mixture was concentrated . The residue was purified by 
column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 10 / 1 to 3 : 1 ) . [ ( 3S , 4S , 5R ) -4,5 - di ( butanoyloxy ) -6- ( 2 , 
2,2 - trichloroethanimidoyl ) oxy - tetrahydropyran - 3 - yl ] 
butanoate ( 1.5 g , 2.67 mmol , 48.2 % yield , 90 % purity ) was 
obtained as yellow oil . 
[ 0423 ] Step 4 
[ 0424 ] [ ( 3S , 4S , 5R ) -4,5 - di ( butanoyloxy ) -6- ( 2,2,2 - trichlo 
roethanimidoyl ) oxy - tetrahydropyran - 3 - yl ] butanoate ( 1.5 g , 
2.97 mmol , 1 eq ) and 4 - bromobutan - 1 - ol ( 682.05 mg , 4.46 
mmol , 1.5 eq ) was dissolved with DCM ( 20 mL ) and stirred 
at 0 ° C. for 3 h in dark . BF3.Et20 ( 2.11 g , 14.86 mmol , 1.83 
mL , 5 eq ) was added into the mixture at 0 ° C. and stirred for 
12 h at 25 ° C. TLC showed the starting reactant was 
consumed . The mixture was concentrated . The residue was 
purified by flash silica gel chromatography ( SiO2 , Petroleum 
ether / Ethyl acetate = 5 / 1 ) . Compound [ ( 3S , 4S , 5R ) -6- ( 4 - bro 
mobutoxy ) -4,5 - di ( butanoyloxy ) tetrahydropyran - 3 - yl ] 
butanoate ( 1.6 g , crude ) was obtained as brown oil . 
[ 0425 ] Step 5 
[ 0426 ] To a solution of [ ( 3S , 4S , 5R ) -6- ( 4 - bromobutoxy ) 
4,5 - di ( butanoyloxy ) tetrahydropyran - 3 - yl ] butanoate ( 1.6 g , 
3.23 mmol , 1 eq ) in acetone ( 10 mL ) was added N , N 
dimethylprop - 2 - yn - 1 - amine ( 805.47 mg , 9.69 mmol , 1.03 
nL , 3 eq ) and stirred at 90 ° C. for 2 h . LCMS showed the 
product formed . The mixture was concentrated . The residue 
was purified by prep - HPLC ( column : Luna C18 100 * 30 5u ; 
mobile phase : [ water ( 0.1 % TFA ) -ACN ) ; B % : 25 % -50 % , 
12 min ) . The title compound ( 42 mg , 69 umol , 2.1 % yield , 
Br ) as a yellow oil was obtained . The anomer ( Compound 
29 ) was also isolated . LCMS ( M * ) : 498.3 ' H NMR ( 400 
MHz , DMSO - d ) 8 5.30-5.24 ( m , 1H ) , 5.22 ( dd , J = 9.9 , 3.6 
Hz , 1H ) , 5.06-4.97 ( m , 2H ) , 4.33 ( d , J = 2.6 Hz , 2H ) , 4.04 ( t , 
J = 2.4 Hz , 1H ) , 3.92 ( dd , J = 13.4 , 1.6 Hz , 1H ) , 3.66-3.57 ( m , 
2H ) , 3.50-3.28 ( m , 3H ) , 3.05 ( s , 6H ) , 2.37-2.29 ( m , 2H ) , 
2.25 ( td , J = 7.2 , 2.3 Hz , 2H ) , 2.14 ( td , J = 7.2 , 1.8 Hz , 2H ) , 
1.78-1.66 ( m , 2H ) , 1.62-1.39 ( m , 8H ) , 0.94-0.77 ( m , 9H ) . 

Compound 30 : N , N - dimethyl - N- ( prop - 2 - yn - 1 - yl ) -4 
( [ ( 2R , 3R , 4R , 59,6S ) -3,4,5 - tris ( butyryloxy ) -6 - methyl 
tetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - aminium bro 

mide 

Br 

[ 0428 ] Step 1 : 
[ 0429 ] To a solution of ( 3R 4R , 5R , 6S ) -6 - methyltetra 
hydro - 2H - pyran - 2,3,4,5 - tetraol ( 10 g , 60.92 mmol , 1 eq ) in 
Pyridine ( 100 mL ) was added butanoyl butanoate ( 57.82 g , 
365.51 mmol , 59.79 mL , 6 eq ) at 25 ° C. The mixture was 
stirred at 25 ° C. for 12 h . TLC indicated new spots formed . 
The reaction mixture was concentrated under reduced pres 
sure to give a residue . The reaction mixture was washed with 
saturated sodium bicarbonate solution 300 mL ( 100 mL * 3 ) 
and extracted with ethyl acetate 100 mL . The organic layer 
were washed with brine 50 mL , dried over anhydrous 
sodium sulfate , filtered and concentrated under reduced 
pressure to give ( 3R , 4R , 59,6S ) -6 - methyltetrahydro - 2H 
pyran - 2,3,4,5 - tetrayl tetrabutyrate ( 34 g , crude ) as yellow 
oil . 
[ 0430 ] Step 2 : 
[ 0431 ] To a solution of ( 3R , 4R , 59,6S ) -6 - methyltetra 
hydro - 2H - pyran - 2,3,4,5 - tetrayl tetrabutyrate ( 34 g , 76.49 
mmol , 1 eq ) in THF ( 20 mL ) was added MeNH , aq . solution 
( 10.69 g , 137.68 mmol , 40 % purity , 1.8 eq ) at 25 ° C. The 
mixture was stirred at 25 ° C. for 12 hr . TLC indicated new 
spots formed . The reaction mixture was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 10 / 1 to 1 : 1 ) to give ( 3R , 4R , 59,6S ) -2 - hydroxy - 6 
methyltetrahydro - 2H - pyran - 3,4,5 - triyl tributyrate ( 18 g , 
48.1 mmol , 62.9 % yield ) as yellow oil . 
[ 0432 ] Step 3 : 
[ 0433 ] To a solution of ( 3R , 4R , 55,6S ) -2 - hydroxy - 6 - meth 
yltetrahydro - 2H - pyran - 3,4,5 - triyl tributyrate ( 5 g , 13.35 
mmol , 1 eq ) in DCM ( 50 mL ) was added DBU ( 1.02 g , 6.68 
mmol , 1.01 mL , 0.5 eq ) and 2,2,2 - trichloroacetonitrile ( 19 . 
28 g , 133.54 mmol , 13.39 mL , 10 eq ) at 25 ° C. The mixture 
was stirred at 25 ° C. for 2 h . TLC indicated new spots 

2 

a Compound 29 and Compound 66 : N , N - dimethyl - N 
( prop - 2 - yn - 1 - yl ) -4 - ( ( ( 2R , 3R , 4S , 5S ) -3,4,5 - tris ( bu 
tyryloxy ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 

aminium bromide 
[ 0427 ] This compound was synthesized according to the 
experimental procedure described for Compound 28. The 

2 
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Br 

tut 
*** 11110 Olmos 

Compound 32 : N , N - dimethyl - N- ( prop - 2 - yn - 1 - yl ) -4 
( ( ( 3R , 4S , 5R , 6R ) -3,4,5 - triacetoxy - 6- ( acetoxymethyl ) 
tetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - aminium bro 

mide 

formed . The reaction mixture was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 10 / 1 to 1 : 1 ) to give ( 2S , 3S , 4R , 5R ) -2 - methyl - 6- ( 2 , 
2,2 - trichloro - 1 - iminoethoxy ) tetrahydro - 2H - pyran - 3,4,5 
triyl tributyrate ( 4 g , 7.7 mmol , 57.7 % yield ) as yellow oil . 
[ 0434 ] Step 4 : 
[ 0435 ] To a solution of 4 - bromobutan - 1 - ol ( 766.84 mg , 
5.01 mmol , 1 eq ) and ( 2S , 3S , 4R , 5R ) -2 - methyl - 6- ( 2,2,2 
trichloro - 1 - iminoethoxy ) tetrahydro - 2H - pyran - 3,4,5 - triyl 
tributyrate ( 2.6 g , 5.01 mmol , 1 eq ) in DCM ( 30 mL ) was 
added BF3.Et20 ( 3.56 g , 25.06 mmol , 3.09 mL , 5 eq ) at 0 ° 
C. The mixture was stirred at 0 ° C. for 3 hr . The mixture was 
stirred at 25 ° C. for 12 hr . TLC indicated new spots formed . 
The reaction mixture was concentrated under reduced pres 
sure to give a residue . The residue was purified by column 
chromatography ( SiO2 , Petroleum ether / Ethyl acetate = 20 : 1 ) 
to give ( 3R 4R , 58,6S ) -2- ( 4 - bromobutoxy ) -6 - methyltetra 
hydro - 2H - pyran - 3,4,5 - triyl tributyrate ( 600 mg , 1.2 mmol , 
23.5 % yield ) as yellow oil . 
[ 0436 ] Step 5 : 
[ 0437 ] To a solution of ( 3R , 4R , 59,6S ) -2- ( 4 - bromobu 
toxy ) -6 - methyltetrahydro - 2H - pyran - 3,4,5 - triyl tributyrate 
( 600 mg , 1.18 mmol , 1 eq ) in Acetone ( 5 mL ) was added 
N , N - dimethylprop - 2 - yn - 1 - amine ( 293.73 mg , 3.53 mmol , 
374.66 UL , 3 eq ) at 25 ° C. The mixture was stirred at 90 ° C. 
for 2 h . LCMS showed the desired compound was detected . 
The reaction mixture was concentrated under reduced pres 
sure to give a residue . The residue was purified by prep 
HPLC ( column : Luna C18 100 * 30 5u ; mobile phase : [ water 
( 0.1 % TFA ) -ACN ) ; B % : 25 % -55 % , 12 min ) to give the title 
compound ( 150 mg , 253 umol , 21.5 % yield ) as a yellow oil . 
LCMS ( M + ) : 512.3 ' H NMR ( 400 MHz , DMSO - D ) : 
5.16-5.06 ( m , 2H ) , 4.91 ( t , J = 9.9 Hz , 1H ) , 4.78 ( d , J = 1.6 Hz , 
1H ) , 4.34 ( d , J = 2.5 Hz , 2H ) , 4.00 ( t , J = 2.5 Hz , 1H ) , 
3.87-3.76 ( m , 1H ) , 3.65 ( dt , J = 9.9 , 6.1 Hz , 1H ) , 3.50-3.40 
( m , 1H ) , 3.40-3.31 ( m , 2H ) , 3.06 ( s , 6H ) , 2.38-2.08 ( m , 6H ) , 
1.81-1.68 ( m , 2H ) , 1.62-1.39 ( m , 8H ) , 1.10 ( d , J = 6.2 Hz , 
3H ) , 0.90 ( t , J = 7.4 Hz , 3H ) , 0.87-0.75 ( m , 6H ) . 

[ 0439 ] Step 1 : 
[ 0440 ] To a mixture of [ ( 2R , 3R , 4S , 5R ) -3,4,5 - triacetoxy 
6- ( 2,2,2 - trichloroethanimidoyl ) oxy - tetrahydropyran - 2 - yl ] 
methyl acetate ( 1 g , 2.03 mmol , 1 eq ) and 4 - bromobutan 
1 - ol ( 372.69 mg , 2.44 mmol , 1.2 eq ) in DCM ( 10 mL ) was 
added BF3.Et20 ( 1.44 g , 10.15 mmol , 1.25 mL , 5 eq ) in one 
portion at 0 ° C. under N2 . The mixture was stirred at 0 ° C. 
for 3 h and then heated to 20 ° C. and stirred for 12 h . TLC 
indicated the starting material was consumed completely . 
The reaction mixture was filtered and concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 5 / 1 to 2 : 1 ) . [ ( 2R , 3R , 4S , 5R ) -3,4,5 - triacetoxy - 6- ( 4 
bromobutoxy ) tetrahydropyran - 2 - yl ] methyl acetate ( 1 g , 
crude ) was obtained as colorless oil . 
[ 0441 ] Step 2 : 
[ 0442 ] To a mixture of [ ( 2R , 3R , 4S , 5R ) -3,4,5 - triacetoxy 
6- ( 4 - bromobutoxy ) tetrahydropyran - 2 - yl ] methyl acetate ( 0.2 
g , 413.82 umol , 1 eq ) and N , N - dimethylprop - 2 - yn - 1 - amine 
( 103.20 mg , 1.24 mmol , 131.64 UL , 3 eq ) in acetone ( 3 mL ) 
was stirred at 90 ° C. for 2 h . LC - MS showed [ ( 2R , 3R , 4S , 
5R ) -3,4,5 - triacetoxy - 6- ( 4 - bromobutoxy ) tetrahydropyran - 2 
yl ] methyl acetate was consumed completely . The reaction 
mixture was filtered and concentrated under reduced pres 
sure to give a residue . The residue was purified by prep 
HPLC [ water ( 0.1 % TFA ) -ACN ) . The title compound ( 0.006 
g , 10.5 umol , 2.5 % yield , mixture of anomers ) was obtained 
as colorless oil . LCMS ( M + ) : 486.2 ' H NMR ( 400 MHz , 
DMSO - d ) d 5.44-5.19 ( m , 1H ) , 5.15-4.65 ( m , 3H ) , 4.39 
4.32 ( m , 2H ) , 4.22-3.94 ( m , 4H ) , 3.75-3.65 ( m , 1H ) , 3.59 
3.35 ( m , 3H ) , 3.13-3.04 ( m , 6H ) , 2.15-1.89 ( m , 12H ) , 
1.79-1.74 ( m , 2H ) , 1.66-1.58 ( m , 2H ) . 

Br 

Ollness 
Olin 

Br 

** 111110 Compound 31 and Compound 58 : N , N - dimethyl - N 
( prop - 2 - yn - 1 - yl ) -4 - ( ( ( 3S , 4R , 5R , 6S ) -3,4,5 - tris ( bu 
tyryloxy ) -6 - methyltetrahydro - 2H - pyran - 2 - yl ) oxy ) 

butan - 1 - aminium bromide 

[ 0438 ] This compound may be synthesized according to 
the experimental procedure described for Compound 30 . 
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** 111110 Onn 

Compound 34 : N , N - dimethyl - N- ( prop - 2 - yn - 1 - yl ) -4 
( ( ( 3R , 4R , 5R ) -3,4,5 - triacetoxytetrahydro - 2H - pyran 

2 - yl ) oxy ) butan - 1 - aminium bromide 
[ 0453 ] This compound may be synthesized according to 
the experimental procedure described for Compound 33 . 

Br 

7 

Compound 33 : N , N - dimethyl - N- ( prop - 2 - yn - 1 - yl ) -4 
( ( ( 3R , 4S , 5R ) -3,4,5 - triacetoxytetrahydro - 2H - pyran - 2 

yl ) oxy ) butan - 1 - aminium bromide 
[ 0443 ] Step 1 
[ 0444 ] To a solution of ( 3R , 4S , 5R ) -tetrahydropyran - 2,3 , 
4,5 - tetrol ( 10 g , 66.61 mmol , 1 eq ) in Pyridine ( 100 mL ) was 
added acetyl acetate ( 40.80 g , 399.65 mmol , 37.43 mL , 6 
eq ) . The mixture was stirred at 25 ° C. for 10 h . TLC showed 
the starting reactant was consumed . The mixture was con 
centrated . Compound [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetrahy 
dropyran - 3 - yl ] acetate ( 10.6 g , crude ) was obtained as a 
white solid . 
[ 0445 ] Step 2 
[ 0446 ] To a solution of [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetra 
hydropyran - 3 - yl ) acetate ( 5 g , 15.71 mmol , 1 eq ) in THF ( 50 
mL ) was added MeNH , aq . solution ( 2.93 g , 28.28 mmol , 
30 % purity , 1.8 eq ) . The mixture was stirred at 25 ° C. for 10 
h . TLC showed the starting reactant was consumed . The 
mixture reaction was concentrated . The residue was purified 
by flash silica gel chromatography ( PE : EA = 2 : 1 ) . [ ( 3R , 4S , 
5R ) -4,5 - diacetoxy - 6 - hydroxy - tetrahydropyran - 3 - yl ] acetate 
( 1.53 g , 4.98 mmol , 31.7 % yield , 90 % purity ) was obtained 
as a yellow solid . 
[ 0447 ] Step 3 
[ 0448 ] To a solution of [ ( 3R , 4S , 5R ) -4,5 - diacetoxy - 6 - hy 
droxy - tetrahydropyran - 3 - yl ] acetate ( 1 g , 3.62 mmol , 1 eq ) in 
DCM ( 20 mL ) was added 2,2,2 - trichloroacetonitrile ( 5.23 g , 
36.20 mmol , 3.63 mL , 10 eq ) and DBU ( 275.55 mg , 1.81 
mmol , 272.82 uL , 0.5 eq ) . The mixture was stirred at 25 ° C. 
for 10 h . TLC showed the starting reactant was consumed . 
The mixture was concentrated . The residue was purified by 
flash silica gel chromatography ( PE : EA = 5 : 1 ) . Compound 
[ ( 3R , 4S , 5R ) -4,5 - diacetoxy - 6- ( 2,2,2 - trichloroethanimidoyl ) 
oxy - tetrahydropyran - 3 - yl ] acetate ( 1.09 g , 2.07 mmol , 
57.3 % yield , 80 % purity ) was obtained as a white solid . 
[ 0449 ] Step 4 
[ 0450 ] To a solution of [ ( 3R , 4S , 5R ) -4,5 - diacetoxy - 6- ( 2,2 , 
2 - trichloroethanimidoyl ) oxy - tetrahydropyran - 3 - yl ] acetate 
( 1.09 g , 2.59 mmol , 1 eq ) and 4 - bromobutan - 1 - ol ( 594.79 
mg , 3.89 mmol , 1.5 eq ) in DCM ( 10 mL ) was added 
BF3.Et20 ( 1.84 g , 12.96 mmol , 1.60 mL , 5 eq ) in dark and 
stirred at 0 ° C. for 3 h . Then the mixture was stirred at 25 ° 
C. for 12 h . TLC showed the starting reactant was consumed . 
The mixture was concentrated and purified by flash silica gel 
chromatography ( PE : EA = 5 : 1 ) . [ ( 3R , 4S , 5R ) -4,5 - diacetoxy 
6- ( 4 - bromobutoxy ) tetrahydropyran - 3 - yl ) acetate ( 429 mg , 
835 umol , 32.2 % yield , 80 % purity ) was obtained as yellow 
oil . 
[ 0451 ] Step 5 
[ 0452 ] The solution of [ ( 3R , 4S , 5R ) -4,5 - diacetoxy - 6- ( 4 
bromobutoxy ) tetrahydropyran - 3 - yl ) acetate ( 429 mg , 1.04 
mmol , 1 eq ) and N , N - dimethylprop - 2 - yn - 1 - amine ( 260.16 
mg , 3.13 mmol , 331.84 UL , 3 eq ) in acetone ( 10 mL ) was 
stirred at 90 ° C. for 3 h . LCMS showed the product formed . 
The mixture was concentrated . The residue was purified by 
prep - HPLC ( column : Xbridge 150 * 30 mm * 10 um ; mobile 
phase : [ water ( 0.1 % TFA ) -ACN ) ; B % : 25 % -55 % , 10 min ) . 
The title compound ( 10 mg , 23.2 umol , 2.2 % yield , mixture ) 
was obtained as a yellow oil . LCMS ( M + ) 414.2 ' H NMR 
( 400 MHz , Chloroform - d ) d 5.5-5.1 ( m , 1H ) , 5.0-4.8 ( m , 
3H ) , 4.6-4.4 ( m , 2H ) , 3.9-3.7 ( m , 2H ) , 3.7-3.4 ( m , 4H ) , 
3.4-3.2 ( m , 6H ) , 3.0-2.6 ( m , 1H ) , 2.4-2.0 ( m , 9H ) , 2.0-1.6 
( m , 4H ) . 

Compound 35 and compound 62 : N , N - dimethyl - N 
( prop - 2 - yn - 1 - yl ) -4 - ( ( ( 2S , 3R , 4S , 5S ) -3,4,5 - triacetox 
ytetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - aminium 

bromide 

a 

a 

[ 0454 ] Step 1 
[ 0455 ] To a solution of ( 3R , 4S , 5S ) -tetrahydropyran - 2,3,4 , 
5 - tetrol ( 3 g , 19.98 mmol , 1 eq ) in Pyridine ( 50 mL ) was 
added acetyl acetate ( 12.24 g , 119.90 mmol , 11.23 mL , 6 eq ) 
and then the mixture was stirred at 25 ° C. for 12 h . TLC 
showed the starting reactant was consumed . To the mixture 
was added H2O ( 250 mL ) at 0 ° C. , extracted with Eto Ac 
( 300 mL ) and the organic layer was concentrated . The 
residue was purified by column chromatography ( SiO2 , 
Petroleum ether / Ethyl acetate = 10 / 1 to 4 : 1 ) . [ ( 3S , 4S , 5R ) -4 , 
5,6 - triacetoxytetrahydropyran - 3 - yl ) acetate ( 5 g , crude ) was 
obtained as yellow solid . 
[ 0456 ] Step 2 
[ 0457 ] To a solution of [ ( 3S , 4S , 5R ) -4,5,6 - triacetoxytetra 
hydropyran - 3 - yl ) acetate ( 5 g , 15.71 mmol , 1 eq ) in THF ( 50 
mL ) was added MeNH , aq . solution ( 2.44 g , 23.56 mmol , 
30 % purity , 1.5 eq ) and stirred at 25 ° C. for 12 h . TLC 
showed the starting reactant was consumed . The mixture 
reaction was concentrated . The residue was purified by 
column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 10 / 1 to 5 : 1 ) . [ ( 3S , 4S , 5R ) -4,5 - diacetoxy - 6 - hydroxy 
tetrahydropyran - 3 - yl ) acetate ( 2 g , 6.5 mmol , 41.5 % yield , 
90 % purity ) was obtained as yellow solid . 
[ 0458 ] Step 3 
[ 0459 ] To a solution of [ ( 3S , 4S , 5R ) -4,5 - diacetoxy - 6 - hy 
droxy - tetrahydropyran - 3 - yl ] acetate ( 2 g , 7.24 mmol , 1 eq ) 
and 2,2,2 - trichloroacetonitrile ( 10.45 g , 72.40 mmol , 7.26 
mL , 10 eq ) in DCM ( 10 mL ) was added DBU ( 551.11 mg , 
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3.62 mmol , 545.65 uL , 0.5 eq ) at 25 ° C. and stirred for 12 
h . TLC showed the starting reactant was consumed . The 
mixture was combined work - up with another batch in 
Et16408-556 . The combined mixture was concentrated . The 
residue was purified by column chromatography ( SiO2 , 
Petroleum ether / Ethyl acetate = 20 / 1 to 3 : 1 ) . [ ( 3S , 4S , 5R ) -4 , 
5 - diacetoxy - 6- ( 2,2,2 - trichloroethanimidoyl ) oxy - tetrahydro 
pyran - 3 - yl ] acetate ( 1.5 g in total ) was obtained as white 
solid . 
[ 0460 ] Step 4 
[ 0461 ] [ ( 3S , 4S , 5R ) -4,5 - diacetoxy - 6- ( 2,2,2 - trichloroetha 
nimidoyl ) oxy - tetrahydropyran - 3 - yl ) acetate ( 500 mg , 1.19 
mmol , 1 eq ) and 4 - bromobutan - 1 - ol ( 236.46 mg , 1.55 mmol , 
1.3 eq ) was dissolved with DCM ( 5 mL ) and stirred at 0 ° C. 
for 3 h in dark . BF3.Et20 ( 843.55 mg , 5.94 mmol , 733.52 
UL , 5 eq ) was added into the mixture at 0 ° C. and stirred for 
12 h at 25 ° C. TLC showed the starting reactant was 
consumed . The mixture was concentrated . The residue was 
purified by flash silica gel chromatography ( SiO2 , Petroleum 
ether / Ethyl acetate = 5 / 1 ) . [ ( 3S , 4S , 5R ) -4,5 - diacetoxy - 6- ( 4 
bromobutoxy ) tetrahydropyran - 3 - yl ) acetate ( 500 mg , crude ) 
was obtained as brown oil . 
[ 0462 ] Step 5 
[ 0463 ] To a solution of [ ( 3S , 4S , 5R ) -4,5 - diacetoxy - 6- ( 4 
bromobutoxy ) tetrahydropyran - 3 - yl ] acetate ( 500 mg , 1.22 
mmol , 1 eq ) in acetone ( 5 mL ) was added N , N - dimethyl 
prop - 2 - yn - 1 - amine ( 303.22 mg , 3.65 mmol , 386.76 UL , 3 
eq ) and stirred at 90 ° C. for 2 h . LCMS showed the product 
formed . The reaction mixture was concentrated . The residue 
was purified by prep - HPLC ( column : Luna C18 100 * 30 5u ; 
mobile phase : [ water ( 0.1 % TFA ) -ACN ] ; B % : 1 % -30 % , 12 
min ) . The title compound ( 120 mg , 290 umol , 23.8 % yield ) 
was obtained as colorless oil . LCMS ( M * ) : 414.2 ' H NMR 
( 400 MHz , DMSO - do ) 8 5.30-5.25 ( m , 1H ) , 5.22 ( dd , J = 9.9 , 
3.6 Hz , 1H ) , 5.06-4.97 ( m , 2H ) , 4.36 ( d , J = 2.6 Hz , 2H ) , 4.07 
( t , J = 2.5 Hz , 1H ) , 3.93 ( dd , J = 13.4 , 1.5 Hz , 1H ) , 3.71-3.61 
( m , 2H ) , 3.51-3.34 ( m , 3H ) , 3.08 ( s , 6H ) , 2.13-2.01 ( m , 6H ) , 
1.96 ( s , 3H ) , 1.82-1.72 ( m , 2H ) , 1.61 ( q , J = 6.7 Hz , 2H ) . 

give [ ( 2S , 3S , 4R , 5R ) -4,5,6 - triacetoxy - 2 - methyl - tetrahydro 
pyran - 3 - yl ] acetate ( 16 g , 48 mmol , 79 % yield ) as a colorless 
oil . 
[ 0466 ] Step 2 
[ 0467 ] To a solution of [ ( 2S , 3S , 4R , 5R ) -4,5,6 - triacetoxy 
2 - methyl - tetrahydropyran - 3 - yl ) acetate ( 16 g , 48.15 mmol , 1 
eq ) in THF ( 160 mL ) was added MeNH , aq . ( 6.73 g , 86.67 
mmol , 40 % purity , 1.8 eq ) at 25 ° C. The mixture was stirred 
at 25 ° C. for 12 hr . TLC indicated new spots formed . The 
reaction mixture was concentrated under reduced pressure to 
give a residue . The residue was purified by column chro 
matography ( SiO2 , Petroleum ether / Ethyl acetate = 10 / 1 to 
0 : 1 ) to give [ ( 2S , 3S , 4R , 5R ) -4,5 - diacetoxy - 6 - hydroxy - 2 
methyl - tetrahydropyran - 3 - yl ] acetate ( 8 g , 28 mmol , 57 % 
yield ) as a white solid . 
[ 0468 ] Step 3 
[ 0469 ] To a solution of [ ( 2S , 3S , 4R , 5R ) -4,5 - diacetoxy - 6 
hydroxy - 2 - methyl - tetrahydropyran - 3 - yl ) acetate ( 3 g , 10.34 
mmol , 1 eq ) in DCM ( 30 mL ) was added DBU ( 786.71 mg , 
5.17 mmol , 778.92 uL , 0.5 eq ) and 2,2,2 - trichloroacetoni 
trile ( 14.92 g , 103.35 mmol , 10.36 mL , 10 eq ) at 25 ° C. The 
mixture was stirred at 25 ° C. for 2 hr . TLC indicated new 
spots formed . The reaction mixture was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 10 : 1 to 9 : 1 ) to give [ ( 2S , 3S , 4R , 5R ) -4,5 - diacetoxy 
2 - methyl - 6- ( 2,2,2 - trichloroethanimidoyl ) oxy - tetrahydropy 
ran - 3 - yl ] acetate ( 3 g , 6.9 mmol , 66.8 % yield ) as a yellow 
oil . 
[ 0470 ] Step 4 
[ 0471 ] To a solution of [ ( 2S , 3S , 4R , 5R ) -4,5 - diacetoxy - 2 
methyl - 6- ( 2,2,2 - trichloroethanimidoyl ) oxy - tetrahydropy 
ran - 3 - yl ) acetate ( 1.5 g , 3.45 mmol , 1 eq ) and 4 - bromobu 
tan - 1 - ol ( 686.49 mg , 4.49 mmol , 1.3 eq ) in DCM ( 15 mL ) 
was added BF3.Et20 ( 2.45 g , 17.26 mmol , 2.13 mL , 5 eq ) at 
0 ° C. The mixture was stirred at 0 ° C. for 3 hr . The mixture 
was stirred at 25 ° C. for 12 hr . TLC indicated new spots 
formed . The reaction mixture was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 10 : 1 to 1 : 1 ) to give [ ( 2S , 3S , 4R , 5R ) -4,5 - diacetoxy 
6- ( 4 - bromobutoxy ) -2 - methyl - tetrahydropyran - 3 - yllacetate 
( 300 mg , 705 umol , 20 % yield ) as a yellow oil . 
[ 0472 ] Step 5 
[ 0473 ] To a solution of [ ( 2S , 3S , 4R , 5R ) -4,5 - diacetoxy - 6 
( 4 - bromobutoxy ) -2 - methyl - tetrahydropyran - 3 - yl ] acetate 
( 250 mg , 587.9 umol , 1 eq ) in acetone ( 5 mL ) was added 
N , N - dimethylprop - 2 - yn - 1 - amine ( 146.61 mg , 1.76 mmol , 
187.00 UL , 3 eq ) at 25 ° C. The mixture was stirred at 90 ° C. 
for 4 hr . LCMS showed the desired compound was detected . 
The reaction mixture was concentrated under reduced pres 
sure to give a residue . The residue was purified by prep 
HPLC ( column : Luna C18 100 * 30 5u ; mobile phase : [ water 
( water ( 0.1 % TFA ) -ACN ) ; B % : 10 % -35 % , 12 min ) to give 
the title compound ( 47 mg , 90.6 umol , 15.4 % yield , mixture 
of anomers ) as a yellow solid . LCMS ( M * ) : 428.2 ' H NMR 
( 400 MHz , DMSO - do ) 8 5.12-5.03 ( m , 2H ) , 4.87 ( t , J = 9.8 
Hz , 1H ) , 4.79 ( d , J = 1.6 Hz , 1H ) , 4.34 ( d , J = 2.6 Hz , 2H ) , 4.01 
( t , J = 2.5 Hz , 1H ) , 3.86-3.75 ( m , 1H ) , 3.70-3.60 ( m , 1H ) , 
3.50-3.36 ( m , 1H ) , 3.39-3.31 ( m , 2H ) , 3.06 ( s , 6H ) , 2.09 ( s , 
3H ) , 2.02 ( s , 3H ) , 1.92 ( s , 3H ) , 1.79-1.68 ( m , 2H ) , 1.64-1.46 
( m , 2H ) , 1.11 ( d , J = 6.2 Hz , 3H ) . 

Br 

On 

Compound 36 : N , N - dimethyl - N - prop - 2 - yn - 1 - yl ) -4 
( ( 3R , 4R , 55,6S ) -3,4,5 - triacetoxy - 6 - methyltetra 

hydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - aminium bromide 
[ 0464 ] Step 1 
[ 0465 ] To a solution of ( 3R , 4R , 5R , 6S ) -6 - methyltetrahy 
dropyran - 2,3,4,5 - tetrol ( 10 g , 60.92 mmol , 1 eq ) in Pyridine 
( 100 mL ) was added acetyl acetate ( 37.31 g , 365.51 mmol , 
34.23 mL , 6 eq ) at 25 ° C. The mixture was stirred at 25 ° C. 
for 12 hr . TLC indicated new spots formed . The reaction 
mixture was concentrated under reduced pressure to give a 
residue . The residue was purified by column chromatogra 
phy ( SiO2 , Petroleum ether / Ethyl acetate = 10 : 1 to 1 : 1 ) to 
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[ 0477 ] Step 2 : 
[ 0478 ] To a mixture of [ ( 3R , 4S , 5R , 5R ) -3,4,5 - tri ( butanoy 
loxy ) -6- ( butanoyloxymethyl ) tetrahydropyran - 2 - yl ] 4 - bro 
mobutanoate ( 0.2 g , 328.14 umol , 1 eq ) and N , N - dimethyl 
prop - 2 - yn - 1 - amine ( 81.84 mg , 984.41 umol , 104.38 UL , 3 
eq ) in Acetone ( 3 mL ) was stirred at 90 ° C. for 2 h . LCMS 
showed [ ( 3R , 4S , 5R , 6R ) -3,4,5 - tri ( butanoyloxy ) -6- ( butanoy 
loxymethyl ) tetrahydropyran - 2 - yl ] 4 - bromobutanoate ( 0.2 g , 
328.14 umol , 1 eq ) was consumed completely . The reaction 
mixture was filtered and concentrated under reduced pres 
sure to give a residue . The residue was purified by prep 
HPLC [ water ( 0.1 % TFA ) -ACN ] . The title compound ( 0.028 
g , 40.4 umol , 12.3 % yield , mixture of anomers , Br ) was 
obtained as a colorless oil . LCMS ( M + ) : 612.3 ' H NMR 
( 400 MHz , DMSO - do ) 8 6.28-5.95 ( m , 1H ) , 5.56-5.34 ( m , 
1H ) , 5.20-4.94 ( m , 2H ) , 4.44-4.35 ( m , 2H ) , 4.30-4.12 ( m , 
2H ) , 4.10-3.98 ( m , 2H ) , 3.45-3.30 ( m , 2H ) , 3.14-3.06 ( m , 
6H ) , 2.78-2.40 ( m , 2H ) , 2.34-2.13 ( m , 8H ) , 2.06-1.88 ( m , 
2H ) , 1.61-1.40 ( m , 8H ) , 0.93-0.79 ( m , 12H ) . 

Compound 37 and Compound 37 : N , N - dimethyl - N 
( prop - 2 - yn - 1 - yl ) -4 - ( ( ( 3S , 4R , 5R , 6S ) -3,4,5 - triacetoxy 

6 - methyltetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 
aminium bromide 

[ 0474 ] This compound may be synthesized according to 
the experimental procedure described for Compound 36 . 

Br 

* 111110 OM 
Br 

???? . 

Compound 39 : N , N - dimethyl - 4 - oxo - N- ( prop - 2 - yn 
1 - yl ) -4 - ( ( ( 3R , 4S , 5R ) -3,4,5 - tris ( butyryloxy ) tetra 

hydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - aminium bromide 
[ 0479 ] This compound may be synthesized according to 
the experimental procedure described for Compound 38 . 

Br 
Compound 38 : N , N - dimethyl - 4 - oxo - N- ( prop - 2 - yn 
1 - yl ) -4 - ( ( ( 3R , 4S , 5R , 5R ) -3,4,5 - tris ( butyryloxy ) -6 

( butyryloxy ) methyl ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) 
butan - 1 - aminium bromide 

** 011110 O10 . 
a Olun 

[ 0475 ] Step 1 : 
[ 0476 ] To a mixture of [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri ( butanoy 
loxy ) -6 - hydroxy - tetrahydropyran - 2 - yl ] methyl butanoate ( 1 
g , 2.17 mmol , 1 eq ) in DCM ( 10 mL ) was added 4 - bro 
mobutanoyl chloride ( 1.21 g , 6.51 mmol , 755.05 UL , 3 eq ) 
and Pyridine ( 858.82 mg , 10.86 mmol , 876.35 uL , 5 eq ) in 
one portion at 20 ° C. under N2 . The mixture was stirred at 
20 ° C. for 12 h . TLC showed indicated [ ( 2R , 3R , 4S , 5R ) -3,4 , 
5 - tri ( butanoyloxy ) -6 - hydroxy - tetrahydropyran - 2 - yl ] methyl 
butanoate was consumed completely . The reaction mixture 
was filtered and concentrated under reduced pressure to give 
a residue . The residue was purified by column chromatog 
raphy ( SiO2 , Petroleum ether / Ethyl acetate = 10 / 1 to 5 : 1 ) . 
Compound [ ( 3R , 4S , 5R , 5R ) -3,4,5 - tri ( butanoyloxy ) -6- ( bu 
tanoyloxymethyl ) tetrahydropyran - 2 - yl ] 4 - bromobutanoate 
( 1.5 g , crude ) was obtained as colorless oil . 

Compound 40 and Compound 68 : N , N - dimethyl - 4 
oxo - N- ( prop - 2 - yn - 1 - yl ) -4 - ( ( ( 3R , 4R , 5R ) -3,4,5 - tris 

( butyryloxy ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 
aminium bromide 

[ 0480 ] This compound may be synthesized according to 
the experimental procedure described for Compound 38 . 
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Compound 41B and Compound 65 : N , N - dimethyl 
4 - oxo - N- ( prop - 2 - yn - 1 - yl ) -4 - ( ( ( 2S , 3R , 45,5S ) -3,4,5 
tris ( butyryloxy ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) butan 

1 - aminium bromide 
[ 0485 ] This compound was synthesized according to the 
experimental procedure described for Compound 41. The 
title compound ( 30 mg , 48.1 umol , 4.9 % yield , Br ) was 
obtained as a yellow oil . LCMS ( M * ) : 512.3 ' H NMR ( 400 
MHz , DMSO - do ) d 5.81 ( d , J = 7.8 Hz , 1H ) , 5.40-5.28 ( m , 
1H ) , 5.27-5.08 ( m , 2H ) , 4.43-4.35 ( m , 2H ) , 4.15-3.84 ( m , 
4H ) , 3.40-3.31 ( m , 2H ) , 3.09 ( s , 6H ) , 2.49-2.14 ( m , 8H ) , 
1.97-1.90 ( m , 2H ) , 1.66-1.42 ( m , 6H ) , 0.93 ( t , J = 7.4 Hz , 
3H ) , 0.92-0.80 ( m , 6H ) . 

Compound 41A : N , N - dimethyl - 4 - oxo - N- ( prop - 2 
yn - 1 - yl ) -4 - ( ( ( 2R , 3R , 4S , 5S ) -3,4,5 - tris ( butyryloxy ) 

tetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - aminium bro 
mide Br 

*** 11110 

[ 0481 ] Step 1 
[ 0482 ] [ ( 3S , 4S , 5R ) -4,5 - di ( butanoyloxy ) -6 - hydroxy - tetra 
hydropyran - 3 - yl ] butanoate ( 500 mg , 1.39 mmol , 1 eq ) and 
4 - bromobutanoyl chloride ( 771.84 mg , 4.16 mmol , 482.40 
UL , 3 eq ) was dissolved with DCM ( 5 mL ) . Then Pyridine 
( 548.70 mg , 6.94 mmol , 559.90 uL , 5 eq ) was added into the 
mixture and stirred for 12 h at 25 ° C. TLC showed the 
starting reactant was consumed . The reaction mixture was 
concentrated . [ ( 3R , 4S , 5S ) -3,4,5 - tri ( butanoyloxy ) tetrahydro 
pyran - 2 - yl ] 4 - bromobutanoate ( 0.5 g , crude ) was obtained as 
colorless oil . 
[ 0483 ] Step 2 
[ 0484 ] To a solution of [ ( 3R , 4S , 5S ) -3,4,5 - tri ( butanoyloxy ) 
tetrahydropyran - 2 - yl ] 4 - bromobutanoate ( 500 mg , 981.58 
umol , 1 eq ) in Acetone ( 5 mL ) was added N , N - dimethyl 
prop - 2 - yn - 1 - amine ( 244.80 mg , 2.94 mmol , 312.24 uL , 3 
eq ) and stirred at 90 ° C. for 2 h . LCMS showed the product 
formed . The mixture was concentrated . The residue was 
purified by prep - HPLC ( column : Luna C18 100 * 30 Su ; 
mobile phase : [ water ( 0.1 % TFA ) -ACN ] ; B % : 25 % -50 % , 
12 min ) . The title compound ( 67 mg , 107 umol , 11 % yield , 
Br ) as a yellow oil was obtained . The anomer ( Compound 
42 ) was also isolated . LCMS ( M * ) : 512.3 ' H NMR ( 400 
MHz , DMSO - do ) d 6.23 ( d , J = 3.6 Hz , 1H ) , 5.41-5.35 ( m , 
1H ) , 5.32 ( dd , J = 10.7 , 3.4 Hz , 1H ) , 5.18 ( dd , J = 10.7 , 3.6 Hz , 
1H ) , 4.39 ( d , J = 2.6 Hz , 2H ) , 4.17-4.06 ( m , 2H ) , 3.80 ( dd , 
J = 13.4 , 2.0 Hz , 1H ) , 3.41-3.34 ( m , 2H ) , 3.10 ( s , 6H ) , 
2.70-2.58 ( m , 2H ) , 2.43-2.34 ( m , 2H ) , 2.34-2.14 ( m , 4H ) , 
2.05-1.90 ( m , 2H ) , 1.66-1.44 ( m , 6H ) , 0.97-0.81 ( m , 9H ) . 

Compound 42 : N , N - dimethyl - 4 - oxo - N- ( prop - 2 - yn 
1 - yl ) -4- ( 3R , 4R , 59,6S ) -3,4,5 - tris ( butyryloxy ) -6 

methyltetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - ami 
nium bromide 

[ 0486 ] This compound may be synthesized according to 
the experimental procedure described for Compound 38 . 

Br 

tut 
O11 

OII 
Br 

** 11111 

Compound 43 : N , N - dimethyl - 4 - oxo - N- ( prop - 2 - yn 
1 - yl ) -4 - ( ( ( 2S , 3S , 4R , 5R , 6S ) -3,4,5 - tris ( butyryloxy ) -6 
methyltetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - ami 

nium bromide 
[ 0487 ] Step 1 : 
[ 0488 ] ( 3S , 4R , 58,6S ) -6 - methyltetrahydro - 2H - pyran - 2,3 , 
4,5 - tetraol ( 5 g , 30.46 mmol , 1 eq ) was dissolved in Pyridine 
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Compound 44 : N , N - dimethyl - 4 - oxo - N- ( prop - 2 - yn 
1 - yl ) -4-2R , 3S , 4R , 5R , 6S ) -3,4,5 - tris ( butyryloxy ) -6 
methyltetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - ami 

nium bromide 

a 

[ 0495 ] This compound was synthesized according to the 
experimental procedure described for Compound 44. The 
title compound ( 19 mg , 31 umol , 5.5 % yield ) was isolated 
as a yellow oil . LCMS ( M * ) : 526.3 ' H NMR ( 400 MHz , 
Chloroform - d ) 8 6.38 ( s , 1H ) , 5.41-5.35 ( m , 3H ) , 4.54-4.50 
( m , 2H ) , 4.33-4.26 ( m , 1H ) , 3.75-3.71 ( m , 2H ) , 3.35 ( s , 6H ) , 
2.89 ( s , 1H ) , 2.67-2.62 ( m , 2H ) , 2.44 ( t , J = 7.3 Hz , 2H ) , 2.21 
( dd , J = 24.3 , 16.5 Hz , 6H ) , 1.80-1.66 ( m , 2H ) , 1.68-1.57 ( m , 
4H ) , 1.18 ( d , J = 6.1 Hz , 3H ) , 1.02 ( t , J = 7.4 Hz , 3H ) , 0.93 ( t , 
J = 7.3 Hz , 6H ) . 

( 50 mL ) and butanoyl butanoate ( 28.91 g , 182.75 mmol , 
29.90 mL , 6 eq ) was added . The mixture was stirred at 25 ° 
C. for 12 h . TLC indicated the starting material was con 
sumed completely . The reaction mixture was concentrated 
under reduced pressure to give a residue . ( 3S , 4R , 5R , 6S ) -6 
methyltetrahydro - 2H - pyran - 2,3,4,5 - tetrayl tetrabutyrate 
( 12.8 g , crude ) was obtained as yellow oil . 
[ 0489 ] Step 2 : 
[ 0490 ] To a solution of ( 3S , 4R , 5R , 6S ) -6 - methyltetra 
hydro - 2H - pyran - 2,3,4,5 - tetrayl tetrabutyrate ( 12.5 g , 28.12 
mmol , 1 eq ) in THF ( 100 mL ) was added MeNH , aq . 
solution ( 5.24 g , 50.62 mmol , 30 % purity , 1.8 eq ) . The 
mixture was stirred at 25 ° C. for 12 h . TLC indicated the 
starting material was consumed completely . The reaction 
mixture was concentrated under reduced pressure to give a 
residue as colorless oil . The residue was purified by column 
chromatography ( SiO2 , Petroleum ether / Ethyl acetate = 10 / 1 
to 3 : 1 ) . ( 3S , 4R , 5R , 6S ) -2 - hydroxy - 6 - methyltetrahydro - 2H 
pyran - 3,4,5 - triyl tributyrate ( 4.0 g , crude ) was obtained as a 
colorless oil . 

[ 0491 ] Step 3 : 
[ 0492 ] To a solution of ( 3S , 4R , 5R , 6S ) -2 - hydroxy - 6 - meth 
yltetrahydro - 2H - pyran - 3,4,5 - triyl tributyrate ( 1 g , 2.67 
mmol , 1 eq ) in DCM ( 10 mL ) was added 4 - bromobutanoyl 
chloride ( 1.49 g , 8.01 mmol , 928.66 UL , 3 eq ) and Pyridine 
( 1.06 g , 13.35 mmol , 1.08 mL , 5 eq ) . The mixture was 
stirred at 25 ° C. for 12 h . TLC indicated the reaction was 
completed . The reaction mixture was concentrated under 
reduced pressure to give a residue as yellow oil . The residue 
was purified by column chromatography ( SiO2 , Petroleum 
ether / Ethyl acetate = 15 : 1 to 5 : 1 ) . ( 3S , 4R , 5R , 6S ) -2 - ( ( 4 - bro 
mobutanoyl ) oxy ) -6 - methyltetrahydro - 2H - pyran - 3,4,5 - triyl 
tributyrate ( 600 mg , crude ) was obtained as a yellow oil . 
[ 0493 ] Step 4 : 
[ 0494 ] To a solution of ( 3S , 4R , 5R , 6S ) -2 - ( ( 4 - bromobu 
tanoyl ) oxy ) -6 - methyltetrahydro - 2H - pyran - 3,4,5 - triyl tribu 
tyrate ( 0.3 g , 573.16 umol , 1 eq ) in acetone ( 10 mL ) was 
added N , N - dimethylprop - 2 - yn - 1 - amine ( 142.94 mg , 1.72 
mmol , 182.33 uL , 3 eq ) . The mixture was stirred at 90 ° C. 
for 2 h . LCMS showed the desired compound was detected . 
The reaction mixture was concentrated under reduced pres 
sure to give a residue as brown liquid . The residue was 
purified by prep - HPLC ( column : Xbridge 150 * 30 mm * 10 
um ; mobile phase : [ water ( 0.1 % TFA ) -ACN ] ) to give the 
crude product ( 0.12 g , 227.86 umol , 39.75 % yield ) as a 
brown liquid . Then the crude product was purified twice by 
prep - HPLC ( column : Luna C18 100 * 30 5u ; mobile phase : 
[ water ( 0.1 % TFA ) -ACN ] ) to afford the title compound ( 9.5 
mg , 16 umol , 2.7 % yield ) and the anomer ( Compound 45 ) 
as yellow oils . LCMS ( M * ) : 526.3 ' H NMR ( 400 MHz , 
Chloroform - d ) 8 5.60 ( d , J = 8.3 Hz , 1H ) , 5.28-5.18 ( m , 2H ) , 
5.05 ( dd , J = 10.4 , 3.5 Hz , 1H ) , 4.43 ( s , 2H ) , 3.90 ( q , J = 6.4 
Hz , 1H ) , 3.57-3.53 ( m , 2H ) , 3.25 ( s , 6H ) , 2.81 ( s , 1H ) , 
2.52-2.46 ( m , 2H ) , 2.36 ( td , J = 7.3 , 2.2 Hz , 2H ) , 2.23-2.09 
( m , 4H ) , 2.02 ( s , 2H ) , 1.71-1.59 ( m , 2H ) , 1.57-1.44 ( m , 4H ) , 
1.15 ( d , J = 6.4 Hz , 3H ) , 0.93 ( t , J = 7.4 Hz , 3H ) , 0.84 ( t , J = 7.4 
Hz , 6H ) . 

Br 

** 11110 - Oll . 

Compound 45 : N , N - dimethyl - 4 - oxo - N- ( prop - 2 - yn 
1 - yl ) -4 - ( ( ( 3R , 4S , 5R , 6R ) -3,4,5 - triacetoxy - 6- ( acetox 
ymethyl ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 

aminium bromide 

[ 0496 ] Step 1 : 
[ 0497 ] To a mixture of [ ( 2R , 3R , 4S , 5R ) -3,4,5 - triacetoxy 
6 - hydroxy - tetrahydropyran - 2 - yl ) methyl acetate ( 2 g , 5.74 
mmol , 1 eq ) and Pyridine ( 2.27 g , 28.71 mmol , 2.32 mL , 5 
eq ) in DCM ( 10 mL ) was added 4 - bromobutanoyl chloride 
( 3.19 g , 17.23 mmol , 2.00 mL , 3 eq ) in one portion at 25 ° 
C. under N2 . The mixture was stirred at 25 ° C. for 12 hours . 
TLC indicated SM 1 was consumed completely and one new 
spot formed . The reaction mixture was filtered and concen 
trated under reduced pressure to give a residue . The residue 
was purified by column chromatography ( SiO2 , Petroleum 
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Br 
ether / Ethyl acetate = 5 / 1 to 2 : 1 ) . Desired compound [ ( 3R , 4S , 
5R , 6R ) -3,4,5 - triacetoxy - 6- ( acetoxymethyl ) tetrahydropy 
ran - 2 - yl ] 4 - bromobutanoate ( 1.5 g , crude ) was obtained as 
colorless oil . 

110 
[ 0498 ] Step 2 : 
[ 0499 ] To a mixture of [ ( 3R , 4S , 5R , 6R ) -3,4,5 - triacetoxy 
6- ( acetoxymethyl ) tetrahydropyran - 2 - yl ] 4 - bromobutanoate 
( 0.2 g , 402.18 umol , 1 eq ) and N , N - dimethylprop - 2 - yn - 1 
amine ( 100.30 mg , 1.21 mmol , 127.94 UL , 3 eq ) in Acetone 
( 3 mL ) was stirred at 90 ° C. for 2 hours . LC - MS showed the 
reaction was completed . The reaction mixture was filtered 
and concentrated under reduced pressure to give a residue . 
The residue was purified by prep - HPLC [ water ( 0.1 % TFA ) 
ACN ] . The title compound ( 0.039 g , 67.2 umol , 16.7 % 
yield , mixture of anomers , Br ) was obtained as colorless oil . 
LCMS ( M + ) : 500.2 ' H NMR ( 400 MHz , DMSO - d ) & 
6.30-5.92 ( m , 1H ) , 5.52-5.21 ( m , 1H ) , 5.17-4.90 ( m , 2H ) , 
4.43-4.36 ( m , 2H ) , 4.28-4.10 ( m , 2H ) , 4.09-3.97 ( m , 2H ) , 
3.45-3.32 ( m , 2H ) , 3.14-3.07 ( m , 6H ) , 2.75-2.43 ( m , 2H ) , 
2.08-1.89 ( m , 14H ) . 

Compound 48 and Compound 64 : N , N - dimethyl - 4 
oxo - N- ( prop - 2 - yn - 1 - yl ) -4 - ( ( ( 3R , 4S , 5S ) -3,4,5 - triac 
etoxytetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - ami 

nium bromide 

Br 

N + 

* 11110 Onun 

[ 0502 ] Step 1 
[ 0503 ] [ ( 3S , 4S , 5R ) -4,5 - diacetoxy - 6 - hydroxy - tetrahydro 
pyran - 3 - yl ] acetate ( 200 mg , 724.01 umol , 1 eq ) and 4 - bro 
mobutanoyl chloride ( 402.80 mg , 2.17 mmol , 251.75 UL , 3 
eq ) was dissolved with DCM ( 2 mL ) . Then Pyridine ( 286.35 
mg , 3.62 mmol , 292.19 uL , 5 eq ) was added into the mixture 
and stirred for 12 h at 25 ° C. TLC showed the starting 
reactant was consumed . The reaction mixture was concen 
trated . The residue was purified by column chromatography 
( SiO2 , Petroleum ether / Ethyl acetate = 10 / 1 ) . [ ( 3R , 4S , 5S ) -3 , 
4,5 - triacetoxytetrahydropyran - 2 - yl ] 4 - bromobutanoate ( 200 
mg , 400 umol , 55 % yield , 85 % purity ) was obtained as a 
yellow oil . 
[ 0504 ] Step 2 
[ 0505 ] To a solution of [ ( 3R , 4S , 5S ) -3,4,5 - triacetoxytetra 
hydropyran - 2 - yl ] 4 - bromobutanoate ( 200 mg , 470.34 umol , 
1 eq ) in acetone ( 5 mL ) was added N , N - dimethylprop - 2 
yn - 1 - amine ( 117.30 mg , 1.41 mmol , 149.62 UL , 3 eq ) and 
stirred at 90 ° C. for 2 h . LCMS showed the product formed 
and the starting reactant was consumed . The mixture reac 
tion was concentrated . The residue was purified by prep 
HPLC ( column : Luna C18 100 * 30 5u ; mobile phase : [ water 
( 0.1 % TFA ) -ACN ) ; B % : 1 % -30 % , 12 min ) . The title 
compound ( 30 mg , 63.0 umol , 13.4 % yield , mixture of 
anomers ) was obtained as a colorless oil . LCMS ( M * ) : 428.1 
' H NMR ( 400 MHz , DMSO - d ) 8 6.26-5.75 ( m , 1H ) , 
5.37-5.23 ( m , 2H ) , 5.22-5.04 ( m , 1H ) , 4.42-4.35 ( m , 2H ) , 
4.16-3.77 ( m , 3H ) , 3.43-3.30 ( m , 2H ) , 3.12-3.06 ( m , 6H ) , 
2.66-2.57 ( m , 2H ) , 2.19-1.94 ( m , 11H ) . 

a 

Compound 46 and Compound 53 : N , N - dimethyl - 4 
OXO - N- ( prop - 2 - yn - 1 - yl ) -4 - ( ( ( 3R , 4S , 5R ) -3,4,5 - triac 
etoxytetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - ami 

nium bromide 

[ 0500 ] This compound may be synthesized according to 
the experimental procedure described for Compound 45 . 

Br 

* 111110 O11 

Br 

N 

* 11111 
Compound 47 : N , N - dimethyl - 4 - oxo - N- ( prop - 2 - yn 
1 - yl ) -4- ( 3R , 4R , 5R ) -3,4,5 - triacetoxytetrahydro - 2H 

pyran - 2 - yl ) oxy ) butan - 1 - aminium bromide 
[ 0501 ] This compound may be synthesized according to 
the experimental procedure described for Compound 45 . 
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Compound 49 : N , N - dimethyl - 4 - oxo - N- ( prop - 2 - yn 
1 - yl ) -4 - ( ( ( 3R4R , 55,6S ) -3,4,5 - triacetoxy - 6 - methyl 

tetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - aminium bro 
mide 

-9 

[ 050 ] Step 1 
[ 0507 ] To a solution of [ ( 2S , 3S , 4R , 5R ) -4,5 - diacetoxy - 6 
hydroxy - 2 - methyl - tetrahydropyran - 3 - yl ] acetate ( 1 g , 3.45 
mmol , 1 eq ) in DCM ( 10 mL ) was added pyridine ( 1.36 g , 
17.23 mmol , 1.39 mL , 5 eq ) and 4 - bromobutanoyl chloride 
( 1.92 g , 10.34 mmol , 1.20 mL , 3 eq ) at 25 ° C. The mixture 
was stirred at 25 ° C. for 12 hr . TLC indicated new spots 
formed . The reaction mixture was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 15 : 1 to 5 : 1 ) to give [ ( 3R , 4R , 55,6S ) -3,4,5 - triac 
etoxy - 6 - methyl - tetrahydropyran - 2 - yl ] 4 - bromobutanoate 
( 1.2 g , 2.73 mmol , 79.3 % yield ) as a yellow oil . 
[ 0508 ] Step 2 
[ 0509 ] To a solution of [ ( 3R 4R , 59,6S ) -3,4,5 - triacetoxy 
6 - methyl - tetrahydropyran - 2 - yl ] 4 - bromobutanoate ( 200 mg , 
455.32 umol , 1 eq ) in acetone ( 5 mL ) was added N , N 
dimethylprop - 2 - yn - 1 - amine ( 113.55 mg , 1.37 mmol , 144.84 
UL , 3 eq ) at 25 ° C. The mixture was stirred at 90 ° C. for 4 
hr . LCMS showed the desired compound was detected . The 
reaction mixture was concentrated under reduced pressure to 
give a residue . The residue was purified by prep - HPLC 
( column : Luna C18 100 * 30 5u ; mobile phase : [ water ( 0.1 % 
TFA ) -ACN ) ; B % : 5 % -35 % , 12 min ) to afford the title 
compound ( 71 mg , 132 umol , 30.0 % yield , mixture of 
anomers ) as a yellow solid . LCMS ( M + ) : 442.2 ' H NMR 
( 400 MHz , DMSO - do ) 8 5.97-5.74 ( m , 1H ) , 5.18-4.71 ( m , 
3H ) , 4.39-4.32 ( m , 2H ) , 4.07-3.88 ( m , 2H ) , 3.40-3.29 ( m , 
2H ) , 3.10-3.03 ( m , 6H ) , 2.67-2.50 ( m , 2H ) , 2.19-1.86 ( m , 
11H ) , 1.13-0.98 ( m , 3H ) . 

[ 0512 ] Step 2 
[ 0513 ] To a solution of [ ( 2S , 3R , 4R , 5S ) -4,5,6 - triacetoxy 
2 - methyl - tetrahydropyran - 3 - yl ) acetate ( 10g , 30.09 mmol , 1 
eq ) in THF ( 50 mL ) was added MeNH , aq . solution ( 5.61 g , 
54.17 mmol , 30 % purity , 1.8 eq ) and stirred at 25 ° C. for 12 
h . TLC showed the starting reactant consumed . The mixture 
reaction was concentrated . The residue was purified by 
column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 10 / 1 to 5 : 1 ) . [ ( 2S , 3R , 4R , 5S ) -4,5 - diacetoxy - 6 - hy 
droxy - 2 - methyl - tetrahydropyran - 3 - yl ] acetate ( 6 g , 18.60 
mmol , 61.8 % yield , 90 % purity ) was obtained as yellow oil . 
[ 0514 ] Step 3 
[ 0515 ] To a solution of [ ( 2S , 3R , 4R , 5S ) -4,5 - diacetoxy - 6 
hydroxy - 2 - methyl - tetrahydropyran - 3 - yl ) acetate ( 1 g , 3.45 
mmol , 1 eq ) and 4 - bromobutanoyl chloride ( 1.66 g , 8.96 
mmol , 1.04 mL , 2.6 eq ) in DCM ( 20 mL ) was added 
Pyridine ( 1.36 g , 17.23 mmol , 1.39 mL , 5 eq ) . The mixture 
was stirred at 25 ° C. for 12 h . TLC showed the starting 
reactant consumed . The mixture was concentrated . The 
residue was purified by flash silica gel chromatography 
( PE : EA = 5 : 1 ) . [ ( 3S , 4R , 5R , 6S ) -3,4,5 - triacetoxy - 6 - methyl 
tetrahydropyran - 2 - yl ] 4 - bromobutanoate ( 1.93 g , crude ) was 
obtained as yellow oil . 
[ 0516 ] Step 4 
[ 0517 ] To a solution of [ ( 3S , 4R , 5R , 6S ) -3,4,5 - triacetoxy 
6 - methyl - tetrahydropyran - 2 - yl ] 4 - bromobutanoate ( 1.83 g , 
4.17 mmol , 1 eq ) in acetone ( 20 mL ) was added N , N 
dimethylprop - 2 - yn - 1 - amine ( 1.04 g , 12.50 mmol , 1.33 mL , 
3 eq ) . The mixture was stirred at 90 ° C. for 12 h . LCMS 
showed the starting reactant was consumed . The mixture 
was concentrated . The residue was purified by prep - HPLC 
( column : Xbridge 150 * 30 mm * 10 um ; mobile phase : [ water 
( 0.1 % TFA ) -ACN ) ; B % : 1 % -60 % , 10 min ) . The title 
compound ( 100.9 mg , 183.5 umol , 4.4 % yield , mixture of 
anomers , Br ) was obtained as a colorless oil . LCMS ( M + ) : 
442.2 ' H NMR ( 400 MHz , Chloroform - d ) 86.4-6.3 ( m , 1H ) , 
5.4-5.3 ( m , 3H ) , 4.6-4.4 ( m , 2H ) , 4.3-4.2 ( m , 1H ) , 3.8-3.6 
( m , 2H ) , 3.34 ( s , 6H ) , 2.9 ( s , 1H ) , 2.7-2.5 ( m , 2H ) , 2.2-2.0 
( m , 11H ) , 1.16 ( d , 3H ) . 

Br 

Olun . 

Compound 50 : N , N - dimethyl - 4 - oxo - N- ( prop - 2 - yn 
1 - yl ) -4 - ( ( 3S , 4R , 5R , 6S ) -3,4,5 - triacetoxy - 6 - methyl 

tetrahydro - 2H - pyran - 2 - yl ) oxy ) butan - 1 - aminium bro 
mide o 

Olmo .. [ 0510 ] Step 1 
[ 0511 ] ( 3S , 4R , 55,6S ) -6 - methyltetrahydropyran - 2,3,4,5 
tetrol ( 5 g , 30.46 mmol , 1 eq ) was dissolved with Pyridine 
( 50 mL ) and acetyl acetate ( 18.66 g , 182.76 mmol , 17.12 
mL , 6 eq ) was added to the mixture . The mixture was stirred 
at 25 ° C. for 12 h . TLC showed the reaction was completed . 
The mixture was concentrated . [ ( 2S , 3R , 4R , 5S ) -4,5,6 - triac 
etoxy - 2 - methyl - tetrahydropyran - 3 - yl ] acetate ( 10 g , crude ) 
was obtained as yellow oil . 

N + 

- 
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Compound 51 : dimethyl ( prop - 2 - yn - 1 - yl ) ( 2 - { [ ( 2R , 
3R , 4S , 5R ) -3,4,5 - tris ( butanoyloxyloxan - 2 - yl ] 

oxy } ethyl ) azanium 
[ 0518 ] This compound may be synthesized according to 
the experimental procedure described for Compound 1 . 

umol , 16.60 % yield , 2CF , Coo was obtained as a 
colorless oil . LCMS : ( M + / 2 ) : 197.1 ' H NMR ( 400 MHz , 
Methanol - d4 ) d 5.39-5.33 ( m , 2H ) , 4.93 ( t , J = 5.4 Hz , 1H ) , 
4.62-4.45 ( m , 8H ) , 4.16-3.88 ( m , 4H ) , 3.64 ( t , J = 2.5 Hz , 
2H ) , 3.38 ( d , J = 2.8 Hz , 12H ) . 

OH 
OI . 

N 

0 

F 

F F 
2CF3COO 

N 

???? ?????? Compound 70 : N- ( 2 - ( ( ( 39,3aR , 6R , 6R ) -6 - hydroxy 
hexahydrofuro [ 3,2 - b ] furan - 3 - yl ) oxy ) -2 - oxoethyl ) -N , 
N - dimethylprop - 2 - yn - 1 - aminium trifluoroacetate 

[ 0523 ] Step 1 : 
[ 0524 ] To a solution of ( 3R , 3aR , 6S , 6R ) -2,3,3a , 5,6,6a 
hexahydrofuro [ 3,2 - b ] furan - 3,6 - diol ( 300 mg , 2.05 mmol , 1 
eq ) in ACN ( 8 mL ) was added K2CO3 ( 283.71 mg , 2.05 
mmol , 1 eq ) and 2 - chloroacetyl chloride ( 231.85 mg , 2.05 
mmol , 163.27 UL , 1 eq ) at 0 ° C. Then the mixture was stirred 
at 15 ° C. for 2 h under N2 . TLC indicated one major new 
spot was detected . Compound [ ( 38,3aR , 6R , 6aR ) -3 - hy 
droxy - 2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 6 - yl ] 
2 - chloroacetate was obtained as liquid ( ~ 2.05 mmol , 8 mL 
in ACN ) . The crude product was used into the next step 
without further purification . 

a 

Compound 69 : N , N ' - ( ( ( ( 3R , 3aR , 6S , 6aR ) -hexahy 
drofuro [ 3,2 - b ] furan - 3,6 - diyl ) bis ( oxy ) ) bis ( 2 - oxoeth 
ane - 2,1 - diyl ) ) bis ( N , N - dimethylprop - 2 - yn - 1 - ami 

nium ) bistrifluoroacetate 
[ 0519 ] Step 1 : 
[ 0520 ] To a solution of ( 3R , 3aR , 6S , 6R ) -2,3,3a , 5,6,6a 
hexahydrofuro [ 3,2 - b ] furan - 3,6 - diol ( 500 mg , 3.42 mmol , 1 
eq ) in CHC13 ( 5 mL ) was added pyridine ( 1.62 g , 20.53 
mmol , 1.66 mL , 6 eq ) and ( 2 - chloroacetyl ) 2 - chloroacetate 
( 2.34 g , 13.69 mmol , 4 eq ) at 0 ° C. The mixture was stirred 
at 15 ° C. for 12 h . TLC indicated new spots formed . The 
reaction mixture was quenched by addition aq . HCI ( 1M , 10 
mL ) and extracted with ethyl acetate ( 20 mL * 3 ) . The 
combined organic layers were washed with brine ( 20 mL ) , 
dried over anhydrous sodium sulfate , filtered and concen 
trated under reduced pressure to give a residue . The residue 
was purified by column chromatography ( SiO2 , Petroleum 
ether / Ethyl acetate = 20 / 1 to 5 : 1 ) . Compound [ ( 3R , 3aR , 6S , 
6aR ) -6-2 - chloroacetyl ) oxy - 2,3,3,5,6,6a - hexahydrofuro [ 3 , 
2 - b ] furan - 3 - yl ] 2 - chloroacetate ( 750 mg , 2.51 mmol , 
73.29 % yield ) was obtained as a yellow oil . 
[ 0521 ] Step 2 : 
[ 0522 ] To a solution of [ ( 3R , 3aR , 6S , 6R ) -6- ( 2 - chloro 
acetyl ) oxy - 2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - yl ] 
2 - chloroacetate ( 550 mg , 1.84 mmol , 1 eq ) in ACN ( 3 mL ) 
was added N , N - dimethylprop - 2 - yn - 1 - amine ( 336.30 mg , 
4.05 mmol , 428.95 UL , 2.2 eq ) at 15 ° C. The mixture was 
stirred at 80 ° C. for 4 h . The reaction mixture was concen 
trated under reduced pressure to give a residue . The residue 
was purified by prep - HPLC ( column : Xbridge 150 * 30 
mm * 10 um ; mobile phase : [ water ( 0.1 % TFA ) -ACN ) ; B 
% : 1 % -20 % , 10 min ) . The title compound ( 190 mg , 305.22 

: 

[ 0525 ] Step 2 : 
[ 0526 ] To a solution of [ ( 3S , 3aR , 6R , 6aR ) -3 - hydroxy - 2,3 , 
3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 6 - yl ] 2 - chloroacetate 
( 2.05 mmol , 8 mL in ACN , 1 eq ) was added N , N - dimeth 
ylprop - 2 - yn - 1 - amine ( 170.65 mg , 2.05 mmol , 217.67 UL , 1 
eq ) . The mixture was stirred at 70 ° C. for 10 h under N2 . 
LCMS showed expected mass was detected . The reaction 
mixture was filtered and concentrated under reduced pres 
sure to give a residue . The residue was purified by prep 
HPLC ( column : Xbridge 150 * 30 mm * 10 um ; mobile phase : 
[ water ( 0.1 % TFA ) -ACN ) ; B % : 1 % -10 % , 10 min ) to give 
N- ( 2 - ( ( ( 38,3aR , 6R , 6R ) -6 - hydroxyhexahydrofuro [ 3,2 - b ] 
furan - 3 - yl ) oxy ) -2 - oxoethyl ) -N , N - dimethylprop - 2 - yn - 1 
aminium trifluoroacetate ( 34 mg , 107.86 umol , 5.25 % yield , 
CF3C00— ) as colorless oil . LCMS : ( M + ) 270.1 ' H NMR 
( 400 MHz , Methanol - d4 ) d 5.33 ( t , = 2.3 Hz , 1H ) , 4.59 ( t , 
J = 2.7 Hz , 4H ) , 4.53 ( s , 2H ) , 4.41-4.22 ( m , 1H ) , 4.08 ( d , 
J = 2.3 Hz , 2H ) , 3.89 ( dd , J = 8.9 , 6.3 Hz , 1H ) , 3.68-3.62 ( m , 
1H ) , 3.55 ( dd , J = 8.9 , 7.0 Hz , 1H ) , 3.41 ( s , 6H ) . 
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Ons 

2CF3C02 

g , 17.08 mmol , 4 eq ) . Then to the mixture was added iodine 
( 4.33 g , 17.08 mmol , 3.44 mL , 4 eq ) . The mixture was 
stirred at 15 ° C. for 2 h . LCMS showed the starting reactant 
was consumed . The reaction mixture was quenched by 
addition 15 % aq . Na S204 ( 10 mL ) at 0 ° C. , and extracted 
with EtoAc ( 10 mL * 3 ) . Then the organic layer was dried 
over Na2SO4 and concentrated reduced pressure . The resi 
due was purified by column chromatography ( SiO2 , Petro 
leum ether / Ethyl acetate = 50 / 1 to 20 : 1 ) . Compound ( 3R , 3aR , 
6S , 6aR ) -3,6 - bis ( 2 - iodoethoxy ) -2,3,3a , 5,6,6a 
hexahydrofuro [ 3,2 - b ] furan ( 1.2 g , 2.64 mmol , 61.91 % 
yield ) was obtained as yellow oil . 
[ 0533 ] Step 4 : 
[ 0534 ] To a solution of N , N - dimethylprop - 2 - yn - 1 - amine 
( 1.10 g , 13.21 mmol , 1.40 mL , 6 eq ) in acetone ( 10 mL ) was 
added ( 3R , 3aR , 6S , 6R ) -3,6 - bis ( 2 - iodoethoxy ) -2,3,3a , 5,6 , 
6a - hexahydrofuro [ 3,2 - b ] furan ( 1 g , 2.20 mmol , 1 eq ) . The 
mixture was stirred at 90 ° C. for 4 h . LCMS showed the 
starting reactant was consumed . The mixture was concen 
trated under reduced pressure . The residue was purified by 
prep - HPLC ( column : Xbridge 150 * 30 mm * 10 um ; mobile 
phase : [ water ( 0.1 % TFA ) -ACN ) ; B % : 1 % -60 % , 10 min ) . 
N , N ! - ( ( ( ( 3R , 3aR , 6S , 6R ) -hexahydrofuro [ 3,2 - b ] furan - 3,6 
diyl ) bis ( oxy ) ) bis ( ethane - 2,1 - diyl ) ) bis ( N , N - dimethylprop - 2 
yn - 1 - aminium ) bistrifluoroacetate ( 470 mg , 793.22 umol , 
36.02 % yield , 100 % purity , 2CF3CO2- ) was obtained as 
colorless oil . LCMS : ( M2 + / 2 ) : 183.2 ' H NMR ( 400 MHz , 
DMSO - do ) : 4.63 ( t , J = 4.6 Hz , 1H ) , 4.51 ( d , J = 4.5 Hz , 1H ) , 
4.39 ( dd , J = 11.9 , 2.5 Hz , 4H ) , 4.13-4.01 ( m , 4H ) , 4.01-3.83 
( m , 5H ) , 3.81 ( dd , J = 8.9 , 6.5 Hz , 1H ) , 3.72 ( dd , J = 10.3 , 3.6 
Hz , 1H ) , 3.68-3.51 ( m , 4H ) , 3.45 ( dd , J = 8.9 , 7.1 Hz , 1H ) , 
3.14-3.07 ( m , 12H ) . 

Compound 71 : N , N - ( ( ( 3R , 3aR , 6S , 6R ) -hexahy 
drofuro [ 3,2 - b ] furan - 3,6 - diyl ) bis ( oxy ) ) bis ( ethane - 2 , 
1 - diyl ) ) bis ( N , N - dimethylprop - 2 - yn - 1 - aminium ) bis 

trifluoroacetate 

2 2 

OH 

Omas : 

: O111a . 

N + 

CF3COO 

[ 0527 ] Step 1 : 
[ 0528 ] To a solution of ( 3R , 3aR , 6S , 6R ) -2,3,3a , 5,6,6a 
hexahydrofuro [ 3,2 - b ] furan - 3,6 - diol ( 4 g , 27.37 mmol , 1 eq ) 
in DMF ( 40 mL ) was added NaH ( 3.28 g , 82.11 mmol , 60 % . 
purity , 3 eq ) at 0 ° C. for 0.5 h . Then to the mixture was added 
2 - bromoethoxy - tert - butyl - dimethyl - silane ( 19.64 g , 82.11 
mmol , 3 eq ) . The mixture was stirred at 15 ° C. for 11.5 h . 
TLC showed the starting reactant was consumed and three 
new spots formed . The reaction mixture was quenched by 
addition of H2O ( 30 mL ) at 0 ° C. , and extracted with EtOAC 
( 30 mL * 3 ) . Then the organic layer was dried over Na2SO4 
and concentrated under reduced pressure . The residue was 
purified by column chromatography ( SiO2 , Petroleum ether / 
Ethyl acetate = 50 : 1 to 20 : 1 ) . Compound 2 - [ [ ( 3R , 3aR , 6S , 
6R ) -3- [ 2- [ tert - butyl ( dimethyl ) silylloxyethoxy ) -2,3,3a , 5,6 , 
6a - hexahydrofuro [ 3,2 - b ] furan - 6 - yl ] oxy ] ethoxy - tert - butyl 
dimethyl - silane ( 3.35 g , 7.24 mmol , 26.45 % yield ) was 
obtained as yellow oil . 
[ 0529 ] Step 2 : 
[ 0530 ] To a solution of 2 - [ [ ( 3R , 3aR , 6S , 6aR ) -3- [ 2- [ tert 
butyl ( dimethyl ) silyl ] oxyethoxy ] -2,3,3a , 5,6,6a - hexahydro 
furo [ 3,2 - b ] furan - 6 - yl ] oxyJethoxy - tert - butyl - dimethyl - silane 
( 2.3 g , 4.97 mmol , 1 eq ) in THF ( 20 mL ) was added 
pyridine.hydrofluoride ( 2.81 g , 19.88 mmol , 2.56 mL , 70 % , 
4 eq ) . The mixture was stirred at 15 ° C. for 12 h . TLC 
showed the starting reactant was consumed and one new 
spot formed . The mixture was concentrated under reduced 
pressure . The residue was purified by column chromatog 
raphy ( SiO2 , Petroleum Ether : Ethyl Aacetate = 0 : 1 
EA : EtOH = 20 : 1 ) . Compound 2 - [ [ ( 3R , 3aR , 6S , 6R ) -6- ( 2 - hy 
droxyethoxy ) -2,3,3,5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 
yl ] oxyJethanol ( 800 mg , 3.42 mmol , 68.72 % yield ) was 
obtained as yellow oil . 
[ 0531 ] Step 3 : 
[ 0532 ] To a solution of 2 - [ [ ( 3R , 3aR , 68,6aR ) -6- ( 2 - hy 
droxyethoxy ) -2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 
yl ] oxy ] ethanol ( 1 g , 4.27 mmol , 1 eq ) in THF ( 10 mL ) was 
added imidazole ( 1.16 g , 17.08 mmol , 4 eq ) and PPh3 ( 4.48 

- 

to 

Compound 72 : 343 : N- ( 2- ( 3R , 3aR , 6S , 6aR ) -6 
hydroxyhexahydrofuro [ 3,2 - b ] furan - 3 - yl ) oxy Jethyl ) 
N , N - dimethylprop - 2 - yn - 1 - aminium trifluoroacetate 

[ 0535 ] Step 1 : 
[ 0536 ] To a solution of ( 3R , 3aR , 68,6aR ) -6 - benzyloxy - 2 , 
3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - ol ( 1.9 g , 8.04 
mmol , 1 eq ) in DMF ( 30 mL ) was added NaH ( 482.47 mg , 
12.06 mmol , 60 % purity , 1.5 eq ) at 0 ° C. and stirred for 0.5 
h . Then 2 - bromoethoxy - tert - butyl - dimethyl - silane ( 2.89 g , 
12.06 mmol , 1.5 eq ) was added to the mixture and stirred at 
15 ° C. for 9.5 h . TLC indicated three new spots formed . The 
reaction mixture was quenched by addition of H2O ( 40 mL ) 
at 0 ° C. , and then diluted with EtOAC ( 40 mL ) and extracted 
with EtoAc ( 40 mL * 3 ) . The combined organic layers were 
dried over Na S04 , filtered and the filtrate was concentrated ) 



US 2022/0041641 A1 Feb. 10 , 2022 
77 

a 
[ 0545 ] Step 6 : 
[ 0546 ] To a solution of ( 35,3aR , 6R , 6R ) -6- [ 2- ( dimethyl 
amino ) ethoxy ] -2,3,3,5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 
ol ( 500 mg , 2.30 mmol , 1 eq ) in ACN ( 10 mL ) was added 
3 - bromoprop - 1 - yne ( 301.15 mg , 2.53 mmol , 218.22 UL , 1.1 
eq ) . The mixture was stirred at 15 ° C. for 5 hr under N2 . 
LCMS showed desired compound was detected . The reac 
tion mixture was filtered and the filtrate was concentrated 
under reduced pressure to give a residue . The residue was 
purified by prep - HPLC ( column : Waters Xbridge Prep OBD 
C18 100 * 19 mm * 5 um ; mobile phase : [ water ( 0.1 % TFA ) 
ACN ) ; B % : 1 % -10 % , 10 min ) to N- ( 2 - ( ( ( 3R , 3aR , 6S , 6R ) 
6 - hydroxyhexahydrofuro [ 3,2 - b ] furan - 3 - yl ) oxy ) ethyl ) -N , N 
dimethylprop - 2 - yn - 1 - aminium trifluoroacetate ( 290 mg , 
785.20 umol , 34.12 % yield , CF3COO- ) as colorless oil . 
LCMS : ( M + ) 256.1 1H NMR ( 400 MHz , Methanol - d4 ) 8 
4.80 ( t , J = 4.4 Hz , 1H ) , 4.48 ( d , J = 2.6 Hz , 2H ) , 4.44 ( dd , 
J = 4.2 , 1.2 Hz , 1H ) , 4.27-4.21 ( m , 1H ) , 4.23-4.13 ( m , 2H ) , 
3.99-3.93 ( m , 2H ) , 3.96-3.86 ( m , 2H ) , 3.79 ( ddd , J = 14.2 , 
8.8 , 2.4 Hz , 1H ) , 3.67 ( ddd , J = 14.2 , 5.0 , 2.2 Hz , 1H ) , 
3.62-3.53 ( m , 2H ) , 3.30 ( d , J = 1.8 Hz 6H ) . 

OH 

Oinose 

under reduced pressure to give a residue . The residue was 
purified by column chromatography ( SiO2 , Petroleum ether / 
Ethyl acetate = 20 / 1 to 0 : 1 ) to give 2 - [ [ ( 3R , 3aR , 6S , 6R ) -6 
benzyloxy - 2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - yl ] 
oxylethoxy - tert - butyl - dimethyl - silane ( 1.9 g , 4.82 mmol , 
59.88 % yield ) as yellow oil . 
[ 0537 ] Step 2 : 
[ 0538 ] To a solution of 2 - [ [ ( 3R , 3aR , 6S , 6R ) -6 - benzy 
loxy - 2,3,3,5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - yl ] oxy ] 
ethoxy - tert - butyl - dimethyl - silane ( 1.9 g , 4.82 mmol , 1 eq ) in 
THF ( 20 mL ) was added pyridine ; hydrofluoride ( 2.05 g , 
14.45 mmol , 1.86 mL , 70 % purity , 3 eq ) . The mixture was 
stirred at 15 ° C. for 10 hr under N2 . TLC indicated one new 
spot formed . The reaction mixture was filtered and the 
filtrate was concentrated under reduced pressure to give a 
residue . The residue was purified by column chromatogra 
phy ( SiO2 , Petroleum ether / Ethyl acetate = 10 / 1 to 0/1 ) to 
give 2 - [ [ ( 3R , 3aR , 6S , 6R ) -6 - benzyloxy - 2,3,3a , 5,6,6a - hexa 
hydrofuro [ 3,2 - b ] furan - 3 - ylJoxyJethanol ( 1.1 g , 3.92 mmol , 
81.49 % yield ) as yellow oil . 
[ 0539 ] Step 3 : 
[ 0540 ] To a solution of 2 - [ [ ( 3R , 3aR , 6S , 6R ) -6 - benzy 
loxy - 2,3,3,5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - ylloxy ] 
ethanol ( 1.1 g , 3.92 mmol , 1 eq ) in THF ( 50 mL ) was added 
PPh3 ( 2.32 g , 8.83 mmol , 2.25 eq ) and imidazole ( 801.44 
mg , 11.77 mmol , 3 eq ) . Then 12 ( 2.49 g , 9.81 mmol , 1.98 
mL , 2.5 eq ) was added to the mixture and stirred at 15 ° C. 
for 2 hr . TLC indicated one new spot was detected . The 
reaction mixture was filtered and the filtrate was concen 
trated under reduced pressure to give a residue . The residue 
was purified by column chromatography ( SiO2 , Petroleum 
ether / Ethyl acetate = 20 / 1 to 0/1 ) to give ( 3R , 3aR , 6S , 6R ) 
6 - benzyloxy - 3- ( 2 - iodoethoxy ) -2,3,3a , 5,6,6a - hexahydrofuro 
[ 3,2 - b ] furan ( 1.5 g , 3.84 mmol , 97.96 % yield ) as yellow oil . 
[ 0541 ] Step 4 : 
[ 0542 ] A mixture of ( 3R , 3aR , 6S , 6R ) -6 - benzyloxy - 3- ( 2 
iodoethoxy ) -2,3,3,5,6,6a - hexahydrofuro ( 3,2 - b ] furan ( 1 g , 
2.56 mmol , 1 eq ) in THF ( 10 mL ) was dropped to dimeth 
ylamine ( 2 M , 10.00 mL , 7.80 eq , THF ) and degassed and 
purged with N2 3 times , and then the mixture was stirred at 
15 ° C. for 10 hr under N , atmosphere . TLC indicated one 
new spot was detected . LCMS showed desired compound 
was detected . The reaction mixture was quenched by addi 
tion of H20 ( 10 mL ) at 15 ° C. , and then diluted with EtOAC 
( 10 mL ) and extracted with EtoAc ( 10 mL * 3 ) . The com 
bined organic layers were dried over Na2SO4 , filtered and 
the filtrate was concentrated under reduced pressure to give 
2 - [ [ ( 3R , 3aR , 6S , 6R ) -6 - benzyloxy - 2,3,3a , 5,6,6a - hexahy 
drofuro [ 3,2 - b ] furan - 3 - yl ] oxy ] -N , N - dimethyl - ethanamine 
( 0.8 g , crude ) as yellow oil . LCMS : ( M + H + ) 308.1 
[ 0543 ] Step 5 : 
[ 0544 ] To a solution of 2 - [ [ ( 3R 3R , 6S , 6R ) -6 - benzy 
loxy - 2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - yl ] oxy ] -N , 
N - dimethyl - ethanamine ( 0.9 g , 2.93 mmol , 1 eq ) in EtOH 
( 100 mL ) was added Pd ( OH ) 2 / C ( 0.9 g , 20 % purity ) . The 
mixture was stirred at 80 ° C. for 12 hr under H2 ( 50 Psi ) . 
TLC indicated one major new spot was detected . The 
reaction mixture was filtered and the filtrate was concen 
trated under reduced pressure to give a residue . The residue 
was purified by column chromatography ( SiO2 , Petroleum 
ether / Ethyl acetate = 5 / 1 to 0/1 ) to give ( 3S , 3aR , 6R , 6aR ) -6 
[ 2- ( dimethylamino ) ethoxy ) -2,3,3,5,6,6a - hexahydrofuro 
[ 3,2 - b ] furan - 3 - ol ( 0.5 g , 2.30 mmol , 78.60 % yield ) as yel 
low oil . 

Br ??? ????? 
3 

Compound 73 : N- ( 2 - ( ( ( 3R , 3aR , 6S , 6R ) -6 - hydroxy 
hexahydrofuro [ 3,2 - b ] furan - 3 - yl ) oxy ) -2 - oxoethyl ) -N , 

N - dimethylprop - 2 - yn - 1 - aminium bromide 
[ 0547 ] Step 1 : 
[ 0548 ] To a solution of ( 3R , 3aR , 6S , 6R ) -6 - benzyloxy - 2 , 
3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - ol ( 500 mg , 2.12 
mmol , 1 eq ) in DCM ( 5 mL ) was added TEA ( 428.29 mg , 
4.23 mmol , 589.13 uL , 2 eq ) . Then 2 - chloroacetyl chloride 
( 262.92 mg , 2.33 mmol , 185.16 UL , 1.1 eq ) was dropped to 
the mixture at 0 ° C. and stirred at 15 ° C. for 10 hr . TLC 
indicated ( 3R , 3aR , 6S , 6R ) -6 - benzyloxy - 2,3,3a , 5,6,6a 
hexahydrofuro [ 3,2 - b ] furan - 3 - ol was consumed completely 
and one new spot formed . The reaction mixture was 
quenched by addition of H2O ( 5 mL ) at 15 ° C. , and then 
diluted with EtoAc ( 5 mL ) and extracted with EtoAc ( 5 
mL * 3 ) . The combined organic layers were dried over 
Na2SO4 , filtered and the filtrate was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 0 / 1 to 1/1 ) to give [ ( 3S , 3aR , 6R , 6aR ) -3 - benzyloxy 
2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 6 - yl ] 2 - chloroac 
etate ( 230 mg , 735.42 umol , 34.75 % yield ) as yellow oil . 
[ 0549 ] Step 2 : 
[ 0550 ) A mixture of [ ( 35,3aR , 6R , 6R ) -3 - benzyloxy - 2,3 , 
3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 6 - yl ] 2 - chloroacetate 
( 230 mg , 735.42 umol , 1 eq ) in THF ( 5 mL ) was dropped to 
dimethylamine ( 2 mL , 2M , in THF ) and degassed and 
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purged with NZ 3 times . And then the mixture was stirred at 
15 ° C. for 10 hr under N2 atmosphere . TLC indicated 
[ ( 35,3aR , 6R , 6R ) -3 - benzyloxy - 2,3,3a , 5,6,6a - hexahydro 
furo [ 3,2 - b ] furan - 6 - yl ] 2 - chloroacetate was consumed com 
pletely and one new spot formed . LCMS showed desired 
mass was detected . The reaction mixture was quenched by 
addition of H2O ( 5 mL ) at 15 ° C. , and then diluted with 
EtoAc ( 5 mL ) and extracted with EtoAc ( 5 mL * 3 ) . The 
combined organic layers were dried over Na2SO4 , filtered 
and the filtrate was concentrated under reduced pressure to 
give a residue . The residue was purified by prep - TLC ( SiO2 , 
DCM : MeOH = 10 : 1 ) to give [ ( 39,3aR , 6R , 6R ) -3 - benzyloxy 
2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 6 - yl ] 2- ( dimethyl 
amino ) acetate ( 180 mg , 503.03 umol , 68.40 % yield , HCl ) as 
yellow oil . LCMS : ( M + H + ) 322.1 
[ 0551 ] Step 3 : 
[ 0552 ] A mixture of [ ( 38,3aR , 6R , 6R ) -3 - benzyloxy - 2,3 , 
3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 6 - yl ] 2- ( dimethyl 
amino Jacetate ( 180 mg , 503.03 umol , 1 eq , HCI ) and 
Pd ( OH ) 2 / C ( 0.18 g , 20 % purity ) in EtOH ( 20 mL ) was 
degassed and purged with H , 3 times . And then the mixture 
was stirred at 60 ° C. for 10 hr under H2 ( 15 Psi ) atmosphere . 
LCMS showed desired compound was detected . The reac 
tion mixture was filtered and the filtrate was concentrated 
under reduced pressure to give a residue . The residue was 
purified by prep - TLC ( SiO2 , DCM : MeOH = 10 : 1 , 5 % 
NHZH2O ) to give compound [ ( 3S , 3aR , 6R , 6aR ) -3 - hydroxy 
2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 6 - yl ] 2- ( dimethyl 
amino ) acetate ( 100 mg , 432.44 umol , 85.97 % yield ) as 
colorless oil . LCMS : ( M + H + ) 232.1 
[ 0553 ] Step 4 : 
[ 0554 ] To a solution of [ ( 3S , 3aR , 6R , 6R ) -3 - hydroxy - 2,3 , 
3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 6 - yl ] 2- ( dimethyl 
amino ) acetate ( 100 mg , 432.44 umol , 1 eq ) in ACN ( 5 mL ) 
was added 3 - bromoprop - 1 - yne ( 56.59 mg , 475.69 umol , 
41.01 UL , 1.1 eq ) . The mixture was stirred at 15 ° C. for 10 
hr . LCMS showed desired mass was detected . The reaction 
mixture was filtered and the filter cake was concentrated 
under reduced pressure to give N- ( 2 - ( ( ( 3R , 3aR , 66,6aR ) -6 
hydroxyhexahydrofuro [ 3,2 - b ] furan - 3 - yl ) oxy ) -2 - oxoethyl ) 
N , N - dimethylprop - 2 - yn - 1 - aminium bromide ( 60 mg , 131 . 
92 umol , 30.51 % yield , 77 % purity , Br— ) as a white solid . 
LCMS : ( M + ) 270.1 ' H NMR ( 400 MHz , DMSO - d ) & 
5.26-5.16 ( m , 2H ) , 4.75 ( t , J = 5.3 Hz , 1H ) , 4.57-4.40 ( m , 
4H ) , 4.21 ( d , J = 4.8 Hz , 1H ) , 4.17-4.11 ( m , 1H ) , 4.08 ( t , 
J = 3.5 Hz , 1H ) , 3.77 ( d , J = 4.2 Hz , 2H ) , 3.71 ( d , J = 9.4 Hz , 
1H ) , 3.64 ( dd , J = 9.4 , 3.2 Hz , 1H ) , 3.24 ( s , 6H ) . 

Compound 74 : N- ( 2-3S , 3aR , 6R , 6R ) -6 - hydroxy 
hexahydrofuro [ 3,2 - b ] furan - 3 - yl ) oxy Jethyl ) -N , N 
dimethylprop - 2 - yn - 1 - aminium trifluoroacetate 

[ 0555 ] Step 1 : 
[ 0556 ] To a solution of ( 3S , 3aR , 6R , 6aR ) -6 - benzyloxy - 2 , 
3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - ol ( 7 g , 29.63 
mmol , 1 eq ) in DMF ( 70 mL ) was added NaH ( 1.78 g , 44.44 
mmol , 60 % purity , 1.5 eq ) at 0 ° C. and stirred for 0.5 h . Then 
2 - bromoethoxy - tert - butyl - dimethyl - silane ( 10.63 g , 44.44 
mmol , 1.5 eq ) was added to the mixture and stirred at 15 ° C. 
for 11.5 h . TLC indicated ( 3S , 3aR , 6R , 6aR ) -6 - benzyloxy - 2 , 
3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - ol was consumed 
completely and two new spots formed . The reaction mixture 
was quenched by addition of H2O ( 80 mL ) at 0 ° C. , diluted 
with EtoAc ( 80 mL ) and extracted with EtOAC ( 100 mL * 4 ) . 
The combined organic layers were dried over Na2SO4 , 
filtered and the filtrate was concentrated under reduced 
pressure to give a residue . The residue was purified by 
column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 0 / 1 to 2/1 ) to give 2 - [ [ ( 3S , 3aR , 6R , 6aR ) -6 - benzy 
loxy - 2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - yl ] oxy ] 
ethoxy - tert - butyl - dimethyl - silane ( 4.2 g , 10.64 mmol , 
35.93 % yield ) as yellow oil . 
[ 0557 ] Step 2 : 
[ 0558 ] To a solution of 2 - [ [ ( 3S , 3aR , 6R , 6aR ) -6 - benzy 
loxy - 2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - yl ] oxy ] 
ethoxy - tert - butyl - dimethyl - silane ( 4.2 g , 10.64 mmol , 1 eq ) 
in THF ( 40 mL ) was added HF.Py ( 4.52 g , 31.93 mmol , 4.11 
mL , 70 % , 3 eq ) . The mixture was stirred at 15 ° C. for 12 hr 
under N2 . LCMS showed desired mass was detected . TLC 
indicated 2 - [ [ ( 3S , 3aR , 6R , 6aR ) -6 - benzyloxy - 2,3,3a , 5,6,6a 
hexahydrofuro [ 3,2 - b ] furan - 3 - yl ] oxy ] ethoxy - tert - butyl - dim 
ethyl - silane was consumed completely and one new spot 
formed . The reaction mixture was filtered and the filtrate 
was concentrated under reduced pressure to give a residue . 
The residue was purified by column chromatography ( SiO2 , 
Ethyl acetate / Methanol = 1 / 0 to 0/1 ) to give 2 - [ [ ( 3S , 3aR , 6R , 
6aR ) -6 - benzyloxy - 2,3,3,5,6,6a - hexahydrofuro [ 3,2 - b ] 
furan - 3 - yl ] oxy ] ethanol ( 1.67 g , 5.96 mmol , 55.97 % yield ) as 
yellow oil . LCMS : ( M + H + ) 281.1 
[ 0559 ] Step 3 : 
[ 0560 ] To a solution of 2 - [ [ ( 35,3aR , 6R , 6aR ) -6 - benzy 
loxy - 2,3,3,5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - yl ] oxy ] 
ethanol ( 1.67 g , 5.96 mmol , 1 eq ) in THF ( 17 mL ) was added 
PPh3 ( 3.52 g , 13.40 mmol , 2.25 eq ) and imidazole ( 1.22 g , 
17.87 mmol , 3 eq ) . Then 12 ( 3.78 g , 14.89 mmol , 3.00 mL , 
2.5 eq ) was added to the mixture and stirred at 15 ° C. for 12 
hr . TLC indicated two new spots formed . The reaction 
mixture was filtered and the filtrate was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 50 / 1 to 2/1 ) to give ( 38,3aR , 6R , 6aR ) -6 - benzyloxy 
3- ( 2 - iodoethoxy ) -2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan 
( 2 g , 5.13 mmol , 86.03 % yield ) as yellow oil . 
[ 0561 ] Step 4 : 
[ 0562 ] A mixture of ( 35,3aR , 6R , 6aR ) -6 - benzyloxy - 3- ( 2 
iodoethoxy ) -2,3,3,5,6,6a - hexahydrofuro ( 3,2 - b ] furan ( 2 g , 
5.13 mmol , 1 eq ) in THF ( 20 mL ) was dropped to dimeth 
ylamine ( 20 mL , 2 M , in THF ) and degassed and purged 
with N , 3 times , and then the mixture was stirred at 15 ° C. 
for 10 hr under N2 atmosphere . TLC indicated one new spot 
formed . LCMS showed desired compound was detected . 
The reaction mixture was quenched by addition of H2O ( 30 
mL ) at 15 ° C. , and then diluted with EtoAc ( 30 mL ) and 
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Compound 76 : ( 3 - { [ ( 3R , 3aR , 6S , 6R ) -6 - hydroxy 
hexahydrofuro [ 3,2 - b ] furan - 3 - yl ] oxy } -2 - methyl 

idene - 3 - oxopropyl ) dimethyl ( prop - 2 - yn - 1 - yl ) azanium 
[ 0568 ] This compound may be synthesized according to 
the experimental procedure described for Compound 344 . 

0 

CF3 

Ollo 
as 

extracted with EtOAC ( 30 mL * 4 ) . The combined organic 
layers were dried over Na2SO4 , filtered , and the filtrate was 
concentrated under reduced pressure to give a residue . The 
residue was purified by column chromatography ( SiO2 , 
Ethyl acetate / Methanol = 1 / 0 to 0/1 ) to give 2 - [ [ ( 35,3aR , OR , 
6aR ) -6 - benzyloxy - 2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] 
furan - 3 - yl ] oxy ] -N , N - dimethyl - ethanamine ( 1.9 g , 4.36 
mmol , 85.16 % yield , HI ) as yellow oil . LCMS : ( M + H + ) 
308.1 
[ 0563 ] Step 5 : 
[ 0564 ] To a solution of 2 - [ [ ( 35,3aR , 6R , 6aR ) -6 - benzy 
loxy - 2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - yl ] oxy ] -N , 
N - dimethyl - ethanamine ( 1.9 g , 4.36 mmol , 1 eq , HI ) in 
EtOH ( 40 mL ) was added Pd ( OH ) / C ( 1.4 g , 20 % purity ) . 
The mixture was stirred at 80 ° C. for 10 hr under H2 ( 15 Psi ) . 
TLC indicated one new spot formed . The reaction mixture 
was filtered and the filtrate was concentrated under reduced 
pressure to give ( 3R , 3aR , 6S , 6R ) -6- [ 2- ( dimethylamino ) 
ethoxy ) -2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 - ol 
yellow oil without further purification . 
[ 0565 ] Step 6 : 
[ 0566 ] To a solution of ( 3R , 3aR , 6S , 6R ) -6- [ 2- ( dimethyl 
amino ) ethoxy ] -2,3,3a , 5,6,6a - hexahydrofuro [ 3,2 - b ] furan - 3 
ol ( 0.88 g , 4.05 mmol , 1 eq ) in ACN ( 10 mL ) was added 
3 - bromoprop - 1 - yne ( 530.02 mg , 4.46 mmol , 384.07 uL , 1.1 
eq ) . The mixture was stirred at 15 ° C. for 10 hr . LCMS 
showed desired mass was detected . The reaction mixture 
was concentrated under reduced pressure to give a residue . 
The residue was purified by prep - HPLC ( column : Waters 
Xbridge BEH C18 100 * 30 mm * 10 um ; mobile phase : 
[ water ( 0.1 % TFA ) -ACN ) ; B % : 1 % -10 % , 10 min ) to give 
N- ( 2 - ( ( ( 35,3aR , 6R , 6aR ) -6 - hydroxyhexahydrofuro [ 3,2 - b ] 
furan - 3 - yl ) oxy ) ethyl ) -N , N - dimethylprop - 2 - yn - 1 - aminium 
trifluoroacetate ( 671 mg , 1.82 mmol , 44.85 % yield , 100.0 % 
purity , CF3CO2- ) as yellow oil . LCMS : ( M + ) 256.1 1H 
NMR ( 400 MHz , Methanol - d4 ) 4.56-4.46 ( m , 2H ) , 4.38 
( d , J = 2.6 Hz , 2H ) , 4.31-4.22 ( m , 1H ) , 4.15-3.96 ( m , 4H ) , 
3.93-3.80 ( m , 2H ) , 3.75-3.65 ( m , 2H ) , 3.56 ( t , J = 2.5 Hz , 
1H ) , 3.48 ( dd , J = 8.8 , 7.2 Hz , 1H ) , 3.23 ( s , 6H ) . 
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Compound 102 : N , N - dimethyl - N - 2 - oxo - 2 - ( ( ( 2S , 
3R , 4S , 5R , 6R ) -2,3,5 - triacetoxy - 6- ( acetoxymethyl ) 
tetrahydro - 2H - pyran - 4 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 

aminium trifluoroacetate 
[ 0569 ] Step 1 : 
[ 0570 ] Tetrahydrofuran ( 5 mL ) was added to 60 % NaH 
( 0.2 g , 5.0 mmol , 1.3 eq ) in mineral oil under nitrogen , 
followed by addition of TBAI ( 71 mg , 0.22 mmol , 0.05 eq ) , 
then cooled to 0 ° C. Compound 1,2 : 5,6 - Di - O - isopropy 
lidene - a - D - glucofuranose ( Sigma Aldrich , CAS : 582-52-5 , 
1 g , 3.8 mmol , 1 eq ) in THF ( 3 mL ) was added dropwise , 
followed by dropwise addition of benzyl bromide ( 0.55 mL , 
4.6 mmol , 1.2 eq ) . The ice bath was removed and the 
reaction was warmed to 55 ° C. , and stirred overnight . The 
reaction was quenched with methanol ( 1 mL ) , then filtered 
and loaded onto silica . Purification by column chromatog 
raphy ( 100 % hexane to 100 % ethyl acetate ) yielded 3 - ben 
zyl - 1,2 : 5,6 - Di - O - isopropylidene - a - D - glucofuranose as 
viscous oil ( 877 mg , 2.5 mmol 65 % yield ) . 
[ 0571 ] Step 2 : 
[ 0572 ] Compound 3 - benzyl - 1,2 : 5,6 - Di - O - isopropylidene 
a - D - glucofuranose ( 877 mg , 2.5 mmol , 1 eq ) was dissolved 
in TFA ( 1 mL ) followed by addition of water ( 1 mL ) , then 
stirred overnight . The reaction solution was concentrated by 
rotary evaporation , and the solids were precipitated out in 
ethyl acetate and washed with diethyl ether . Solids were 
dried in vacuo to 3 - benzyl - beta - D - glucopyranose as a white 
solid ( 400 mg , 1.48 mmol , 59 % yield ) . 
[ 0573 ] Step 3 : 
[ 0574 ] Compound 3 - benzyl - beta - D - glucopyranose ( 400 
mg , 1.48 mmol , 1 eq ) was stirred in acetic anhydride ( 1.6 
mL , 16.9 mmol , 11.4 eq ) and pyridine ( 1.6 mL , 19.9 mmol , 
13.4 eq ) overnight at room temperature . The reaction was 
concentrated by rotary evaporation and purified by column 
chromatography ( 100 % hexanes to 100 % ethyl acetate ) to 
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Compound 75 : ( 3 - { [ ( 38,3aR , 6R , 6aR ) -6 - hydroxy 
hexahydrofuro [ 3,2 - oxopropyl ) dimethyl ( prop - 2 - yn - 1 

yl ) azanium 

[ 0567 ] This compound may be synthesized according to 
the experimental procedure described for Compound 344 . 
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yield 3 - benzyl - 1,2,4,6 - tetra - O - acetyl - beta - D - glucopyranose 
as a waxy solid ( 436 mg , 0.99 mmol , 67 % yield ) . 
[ 0575 ] Step 4 : 
[ 0576 ] Compound 3 - benzyl - 1,2,4,6 - tetra - O - acetyl - beta 
D - glucopyranose ( 500 mg , 1.14 mmol , 1 eq ) was dissolved 
in methanol ( approximately 10 mL ) , and flowed through an 
H - cube hydrogenation flow system with a 10 % Pd / C catalyst 
cartridge at 0.4 mL / min and hydrogen pressure at 30 bar . 
Reaction was continuously fed through the H - cube until 
completed as monitored by LCMS . If necessary , the car 
tridge was replaced . The solution was concentrated by rotary 
evaporation and dried in vacuo to yield 1,2,4,6 - tetra - O 
acetyl - beta - D - glucopyranose ( 170 mg , 0.49 mmol , 43 % 
yield ) . 
[ 0577 ] Step 5 : 
[ 0578 ] Compound 3 - benzyl - 1,2,4,6 - tetra - O - acetyl - beta 
D - glucopyranose ( 170 mg , 0.49 mmol , 1 eq ) was dissolved 
in DCM ( 2 mL ) , followed by addition of chloroacetyl 
chloride ( 0.11 mL , 1.38 mmol , 2.8 eq ) and pyridine ( 0.12 
mL , 1.49 mmol , 3 eq ) . The reaction was stirred overnight , 
filtered , concentrated , and purified by column chromatog 
raphy ( 100 % hexanes to 100 % ethyl acetate ) to yield 3- ( 2 
chloroacetoxy ) -1,2,4,6 - tetra - O - acetyl - beta - D - glucopyra 
nose as a yellow viscous oil ( 0.19 g , 0.45 mmol , 91 % yield ) . 
[ 0579 ] Step 6 : 
[ 0580 ] Compound 3- ( 2 - chloroacetoxy ) -1,2,4,6 - tetra - 0 
acetyl - beta - D - glucopyranose ( 0.19 g , 0.45 mmol , 1 eq ) was 
dissolved in acetone ( 4 mL ) , followed by addition of sodium 
iodide ( 0.1 g , 0.68 mmol , 1.5 eq ) . The reaction was stirred 
for a few minutes , and 3 - dimethylamino - 1 - propyne ( 0.144 
mL , 1.3 mmol , 3 eq ) was added . The reaction was stirred at 
room temperature overnight , then filtered . The filtrate was 
concentrated , diluted with DMSO and water , and injected 
onto reverse phase C18 column chromatography ( 0.1 % TFA 
in 95 % water / 5 % MeCN to 100 % MeCN ) . Fractions con 
taining product were lyophilized to yield an off - white pow 
der ( 113 mg , 0.19 mmol , 43 % yield ) . LCMS ( M + ) : 472.1 ' H 
NMR ( 400 MHz , DMSO - do ) 86.00 ( d , J = 8.2 Hz , 1H ) , 5.64 
( t , J = 9.5 Hz , 1H ) , 5.11-4.98 ( m , 2H ) , 4.58-4.44 ( m , 4H ) , 
4.29-4.10 ( m , 3H ) , 4.00 ( dd , J = 12.5 , 2.3 Hz , 1H ) , 3.21 ( s , 
6H ) , 2.12-1.93 ( m , 12H ) . 

Compound 77 : ( fluoromethyl ) ( methyl ) ( prop - 2 - yn - 1 
yl ) ( 2 - { [ ( 2R , 3R , 4S , 5R , 6R ) -3,4,5 - tris ( acetyloxy ) -6 
[ ( acetyloxy ) methyl ] oxan - 2 - yl ] oxy } ethyl ) azanium 

[ 0581 ] Step 1 : 
[ 0582 ] To a mixture of [ ( 2R , 3R , 4S , 5R , 6S ) -3,4,5,6 - tetraac 
etoxytetrahydropyran - 2 - yl ] methyl acetate ( 20 g , 51.24 
mmol , 1 eq ) in DCM ( 300 mL ) was added 2 - bromoethanol 
( 9.60 g , 76.86 mmol , 5.46 mL , 1.5 eq ) and BF3.Et20 ( 36.36 
g , 256.19 mmol , 31.62 mL , 5 eq ) in one portion at 0 ° C. 
under N2 . The mixture stirred at 25 ° C. for 12 hours . TLC 
indicated the starting material was consumed and one new 
spot formed . The reaction mixture was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 20 / 1 to 0/1 ) . Compound [ ( 2R , 3R , 4S , 5R , 6R ) -3,4,5 
triacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 2 - yl ] methyl 
acetate ( 10 g , 21.97 mmol , 42.87 % yield ) was obtained as 
white solid . 
[ 0583 ] Step 2 : 
[ 0584 ] To a mixture of [ ( 2R , 3R , 4S , 5R , 6R ) -3,4,5 - triac 
etoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 2 - yl ] methyl 
acetate ( 2 g , 4.39 mmol , 1 eq ) and N - methylprop - 2 - yn - 1 
amine ( 1.67 g , 24.16 mmol , 2.01 mL , 5.5 eq ) in THF ( 5 mL ) 
was added Na2CO3 ( 931.26 mg , 8.79 mmol , 2 eq ) and Nal 
( 658.51 mg , 4.39 mmol , 1 eq ) in one portion at 25 ° C. under 
at 25 ° C. under N2 . Then mixture was heated to 70 ° C. and 
stirred for 12 hours . TLC indicated the stating material was 
consumed and one new spot formed . LCMS showed the 
expected mass was detected . The reaction mixture was 
filtered and the filtrate was concentrated under reduced 
pressure to give a residue . The residue was purified by 
column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 20 / 1 to 0/1 ) . Compound [ ( 2R , 3R , 4S , 5R , 6R ) -3,4,5 
triacetoxy - 6- [ 2- [ methyl ( prop - 2 - ynyl ) amino ) ethoxy ] tetrahy 
dropyran - 2 - yl ] methyl acetate ( 1.6 g , crude ) was obtained as 
a yellow oil . LCMS : ( M + H + ) : 444.3 @ 0.125 min 
[ 0585 ] Step 3 : 
[ 0586 ] To a mixture of [ ( 2R , 3R , 4S , 5R , 6R ) -3,4,5 - triac 
etoxy - 6- [ 2- [ methyl ( prop - 2 - ynyl ) amino ) ethoxy ] tetrahydro 
pyran - 2 - yl ] methyl acetate ( 1 g , 2.26 mmol , 1 eq ) in acetone 
( 10 mL ) was added fluoro ( iodo ) methane ( 1.80 g , 11.28 
mmol , 5 eq ) in one portion at 25 ° C. under N2 . The mixture 
was heated to 90 ° C. and stirred for 2 hours . TLC indicated 
the starting material was consumed and one new spot 
formed . LCMS showed one main peak with expected mass 
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was detected . The reaction mixture was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 10 / 1 to Ethyl acetate / Methanol = 3 / 1 ) . Then the resi 
due was purified by prep - HPLC [ water ( 0.1 % TFA ) -ACN ) . 
The title compound ( 266 mg , 441.46 umol , 19.58 % yield , 
98 % purity , TFA ) was obtained as colorless oil . LCMS : 
( M + ) : 476.2 ' H NMR ( 400 MHz , Chloroform - d ) 8 5.72 ( d , 
J = 48.1 Hz , 2H ) , 5.24 ( t , J = 9.5 Hz , 1H ) , 5.08 ( t , J = 9.4 Hz , 
1H ) , 4.99 ( t , J = 8.8 Hz , 1H ) , 4.65-4.58 ( m , 3H ) , 4.40 ( s , 1H ) , 
4.32-4.18 ( m , 5H ) , 3.82-3.73 ( m , 1H ) , 3.42 ( s , 3H ) , 2.91 ( s , 
1H ) , 2.07 ( dd , J = 21.9 , 12.1 Hz , 12H ) . 

2H - pyran - 3,4,5 - triyl triacetate , Iodide ( 1.6 g , 37 % ) as a 
yellow oil that crystallized upon standing . 
[ 0591 ] Step 3 : 
[ 0592 ] To a stirred solution of ( 2S , 3S , 4R , 59,6S ) -2- ( ac etoxymethyl ) -6- ( 2- ( dimethylamino ) ethoxy ) tetrahydro - 2H 
pyran - 3,4,5 - triyl triacetate , iodide ( 1.15 g , 1 Eq , 2.10 mmol ) 
in 10 mL anhydrous DCM at room temperature , chlor 
oiodomethane ( 766 ul , 5 Eq , 10.5 mmol ) was added fol 
lowed by DIEA ( 0.40 mL , 1.1 Eq , 2.32 mmol ) . Vial was 
sealed and flushed with nitrogen . Reaction was heated to 40 ° 
C. and stirred for 2.5 hours . Reaction was allowed to come 
to room temperature , concentrated by rotary evaporation , 
and purified by normal phase HPLC ( 0-10 % methanol in 
DCM ) to give N- ( chloromethyl ) -N , N - dimethyl - 2 - ( ( ( 2S , 3S , 
4R , 58,6S ) -3,4,5 - triacetoxy - 6- ( acetoxymethyl ) tetrahydro 
2H - pyran - 2 - yl ) oxy ) ethan - 1 - aminium , Iodide ( 250 mg , 
19.9 % ) as a slightly yellow solid . LCMS ( M + ) : 468.3 . ' H 
NMR ( 400 MHz , DMSO - do ) d 5.33 ( s , 2H ) , 5.28 ( t , 1H ) , 
4.99-4.81 ( m , 3H ) , 4.19 ( dd , 1H ) , 4.16-4.01 ( m , 4H ) , 3.72 
3.67 ( m , 2H ) , 3.15 ( s , 6H ) , 2.03 ( s , 3H ) , 2.02 ( s , 3H ) , 1.99 
( s , 3H ) , 1.94 ( s , 3H ) . 
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Compound 78 : N- ( chloromethyl ) -N , N - dimethyl - 2 
( ( ( 2S , 3S , 4R , 55,6S ) -3,4,5 - triacetoxy - 6- ( acetoxym 
ethyl ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) ethan - 1 - ami 

nium Iodide 
** 110110 Ole ... 

Compound 79 : N- ( fluoromethyl ) -N , N - dimethyl - 2 
( ( ( 2S , 3S , 4R , 59,6S ) -3,4,5 - triacetoxy - 6- ( acetoxym 
ethyl ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) ethan - 1 - ami 

nium Iodide 

[ 0587 ) Step 1 : 
[ 0588 ] To a solution of ( 2S , 3R , 4S , 5R , 6R ) -6- ( acetoxym 
ethyl ) tetrahydro - 2H - pyran - 2,3,4,5 - tetrayl tetraacetate ( 60.0 
g , 1 Eq , 154 mmol ) in anhydrous DCM ( 300 mL ) at 0 ° C. 
under nitrogen , 2 - bromoethan - 1 - ol ( 28.8 g , 16.3 mL , 1.5 Eq , 
231 mmol ) was added followed by BF3OEt2 ( 109 g , 97.4 
mL , 5 Eq , 769 mmol ) . The reaction was stirred at room 
temperature for 18 hrs . Reaction was quenched slowly with 
300 mL of H2O in an ice bath and 50 mL of saturated sodium 
bicarbonate was added . The layers were separated . The 
water layer was washed 2x with 200 mL DCM . Organic 
layers were combined , concentrated and residue was puri 
fied by normal phase flash chromatography ( 0-40 % ethyl 
acetate in hexanes ) . Filtrate was concentrated and recrystal 
lized by dissolving in minimal ethyl acetate and adding 
hexanes until crystals began forming , then solution was 
cooled to 4 ° C. overnight . Crystals were collected and 
washed with cold 1 : 2 ethyl acetate / hexanes followed by cold 
hexanes . ( 2R , 3R , 4S , 5R , 6R ) -2- ( acetoxymethyl ) -6- ( 2 - bro 
moethoxy ) tetrahydro - 2H - pyran - 3,4,5 - triyl triacetate ( 39.41 
g , 56.3 % ) was obtained as a white crystalline solid . 
[ 0589 ] Step 2 : 
[ 0590 ] To a stirred solution of ( 2S , 3S , 4R , 59,6S ) -2- ( ac 
etoxymethyl ) -6- ( 2 - bromoethoxy ) tetrahydro - 2H - pyran - 3,4 , 
5 - triyl triacetate ( 3.60 g , 1 Eq , 7.90 mmol ) in 16 mL 
anhydrous THF , 2 M dimethylamine in THF ( 16.0 mL , 4.0 
Eq , 32.0 mmol ) was added followed by sodium iodide ( 1.2 
g , 1 Eq , 7.9 mmol ) . Reaction was stirred under nitrogen at 
room temperature for 18 hours , filtered , and concentrated . 
Residue was purified by normal phase flash chromatography 
( 0-10 % methanol in DCM ) to give ( 2S , 3S , 4R , 59,6S ) -2 
( acetoxymethyl ) -6- ( 2- ( dimethylamino ) ethoxy ) tetrahydro 

[ 0593 ] Step 1 : 
[ 0594 ] To a solution of ( 2S , 3R , 4S , 5R , 6R ) -6- ( acetoxym 
ethyl ) tetrahydro - 2H - pyran - 2,3,4,5 - tetrayl tetraacetate ( 60.0 
g , 1 Eq , 154 mmol ) in anhydrous DCM ( 300 mL ) at 0 ° C. 
under nitrogen , 2 - bromoethan - 1 - ol ( 28.8 g , 16.3 mL , 1.5 Eq , 
231 mmol ) was added followed by BF30Et2 ( 109 g , 97.4 
mL , 5 Eq , 769 mmol ) . The reaction was stirred at room 
temperature for 18 hrs . Reaction was quenched slowly with 
300 mL of H2O in an ice bath and 50 mL of saturated sodium 
bicarbonate was added . The layers were separated . The 
water layer was washed 2x with 200 mL DCM . Organic 
layers were combined , concentrated and residue was puri 
fied by normal phase flash chromatography ( 0-40 % ethyl 
acetate in hexanes ) . Filtrate was concentrated and recrystal 
lized by dissolving in minimal ethyl acetate and adding 
hexanes until crystals began forming , then solution was 
cooled to 4 ° C. overnight . Crystals were collected and 
washed with cold 1 : 2 ethyl acetate / hexanes followed by cold 
hexanes . Yielded ( 2R , 3R , 4S , 5R , 6R ) -2 - acetoxymethyl ) -6 
( 2 - bromoethoxy ) tetrahydro - 2H - pyran - 3,4,5 - triyl triacetate 
( 39.41 g , 56.3 % ) as a white crystalline solid . 

> 
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[ 0595 ] Step 2 : 
[ 0596 ] To a stirred solution of ( 2S , 3S , 4R , 58,6S ) -2- ( ac 
etoxymethyl ) -6- ( 2 - bromoethoxy ) tetrahydro - 2H - pyran - 3,4 , 
5 - triyl triacetate ( 2.00 g , 1 Eq , 4.39 mmol ) in 8.8 mL 
anhydrous THF , dimethylamine ( 792 mg , 8.8 mL , 4.0 Eq , 
17.6 mmol ) was added followed by sodium iodide ( 658 mg , 
1 Eq , 4.39 mmol ) . Reaction was stirred under nitrogen at 
room temperature for 18 hours , filtered , and concentrated . 
Residue was purified by normal phase flash chromatography 
( 0-10 % methanol in DCM ) to give ( 2S , 3S , 4R , 58,6S ) -2 
( acetoxymethyl ) -6- ( 2- ( dimethylamino ) ethoxy ) tetrahydro 
2H - pyran - 3,4,5 - triyl triacetate , Iodide ( 1.0 g , 42 % ) as a 
yellow oil that crystallized upon standing . 
[ 0597 ] Step 3 : 
[ 0598 ] To a stirred solution of ( 2S , 3S , 4R , 59,6S ) -2- ( ac etoxymethyl ) -6- ( 2- ( dimethylamino ) ethoxy ) tetrahydro - 2H 
pyran - 3,4,5 - triyl triacetate , Ilodide ( 517 mg , 1 Eq , 946 umol ) 
in 15 mL anhydrous dichloromethane at room temperature , 
fluoroiodomethane ( 757 mg , 320 uL , 5 Eq , 4.73 mmol ) was 
added followed by DIEA ( 135 mg , 0.18 mL , 1.1 Eq , 1.04 
mmol ) . Reaction vessel was flushed with nitrogen , then 
reaction was stirred for 2 hours at 40 ° C. Reaction was then 
allowed to come to room temperature , concentrated , and 
purified by normal phase flash HPLC 0-10 % MeOH in DCM 
to give N- ( fluoromethyl ) -N , N - dimethyl - 2 - ( ( ( 2S , 3S , 4R , 5S , 
6S ) -3,4,5 - triacetoxy - 6- ( acetoxymethyl ) tetrahydro - 2H 
pyran - 2 - yl ) oxy Jethan - 1 - aminium , lodide ( 231 mg , 42.1 % ) 
as a light yellow solid . LC - MS ( M + ) : 452.3 . ' H NMR ( 400 
MHz , Chloroform - d ) d 5.75 ( s , 1H ) , 5.63 ( s , 1H ) , 5.22 ( t , 
1H ) , 5.06 ( t , 1H ) , 4.95 ( dd , 1H ) , 4.75-4.68 ( m , 1H ) , 4.49 
4.37 ( m , 1H ) , 4.33-4.14 ( m , 5H ) , 3.85 ( ddd , 1H ) , 3.51 ( t , 
6H ) , 2.12 ( s , 3H ) , 2.09 ( d , 3H ) , 2.04 ( d , 3H ) , 2.00 ( s , 3H ) . 

triacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 2 - yl ] methyl 
acetate ( 10 g , 21.97 mmol , 42.87 % yield ) was obtained as 
white solid . 

[ 0601 ] Step 2 : 
[ 0602 ] To a mixture of [ ( 2R , 3R , 4S , 5R , 6R ) -3,4,5 - triac 
etoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 2 - yl ] methyl 
acetate ( 2 g , 4.39 mmol , 1 eq ) in THF ( 20 mL ) was added 
Nal ( 658.51 mg , 4.39 mmol , 1 eq ) and Na2CO3 ( 931.26 mg , 
8.79 mmol , 2 eq ) in one portion at 25 ° C. under N2 . Then 
N - methylcyclopropanamine ( 2.60 g , 24.16 mmol , 5.5 eq , 
HCI ) was added . The mixture was heated to 70 ° C. and 
stirred for 12 hours . TLC indicated [ ( 2R , 3R , 4S , 5R , 6R ) -3,4 , 
5 - triacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 2 - yl ] 
methyl acetate was consumed and one new spot formed . The 
reaction mixture was filtered and the filtrate was concen 
trated under reduced pressure to give a residue . The residue 
was purified by column chromatography ( SiO2 , Petroleum 
ether / Ethyl acetate = 20 / 1 to 0/1 ) . Compound [ ( 2R , 3R , 4S , 
5R ) -3,4,5 - triacetoxy - 6- [ 2- [ cyclopropyl ( methyl ) amino ] 
ethoxy ] tetrahydropyran - 2 - yl ] methyl acetate ( 1.4 g , 3.14 
mmol , 71.54 % yield ) was obtained as yellow oil . LCMS : 
( M + H + ) : 446.3 
[ 0603 ] Step 3 : 
[ 0604 ] To a mixture of [ ( 2R , 3R , 4S , 5R ) -3,4,5 - triacetoxy 
6- [ 2- [ cyclopropyl ( methyl ) amino ) ethoxy ] tetrahydropyran - 2 
yl ] methyl acetate ( 1.4 g , 3.14 mmol , 1 eq ) in Acetone ( 15 
mL ) was added Mel ( 2.23 g , 15.71 mmol , 978.26 UL , 5 eq ) 
in one portion at 25 ° C. under N2 . Then mixture was heated 
to 90 ° C. and stirred for 2 hours . TLC indicated the starting 
material was consumed and one new spot formed . The 
reaction mixture was concentrated under reduced pressure to 
give a residue . The residue was purified by column chro 
matography ( SiO2 , Petroleum ether / Ethyl acetate = 10 / 1 to 
Ethyl acetate : Methanol = 3 / 1 ) . Compound N , N - dimethyl - N 
( 2 - { [ ( 3R , 4S , 5R , 6R ) -3,4,5 - tris ( acetyloxy ) -6 - [ ( acetyloxy ) 
methyl ] oxan - 2 - yl ] oxy } ethyl ) cyclopropanaminium iodide ( 1 
g , 1.70 mmol , 54.17 % yield , 100 % purity , I ) was obtained as 
yellow solid . LCMS : ( M + ) : 460.2 ' H NMR ( 400 MHz , 
Chloroform - d ) 8 5.21 ( t , J = 9.6 Hz , 1H ) , 5.04 ( t , J = 9.7 Hz , 
1H ) , 4.94 ( dd , J = 9.7 , 8.0 Hz , 1H ) , 4.67 ( d , J = 8.0 Hz , 1H ) , 
4.51-4.42 ( m , 1H ) , 4.36-4.06 ( m , 6H ) , 3.83 ( dt , J = 10.2 , 3.5 
Hz , 1H ) , 3.70-3.60 ( m , 1H ) , 3.20 ( d , J = 9.6 Hz , 6H ) , 2.16 
1.97 ( m , 12H ) , 1.29-1.21 ( m , 2H ) , 1.09-0.96 ( m , 2H ) . 

- 

Olun .. 
19 

Compound 80 : N , N - dimethyl - N- ( 2 - { [ ( 3R , 4S , 5R , 
6R ) -3,4,5 - tris ( acetyloxy ) -6 - [ ( acetyloxy ) methyl ] 
oxan - 2 - yl ) oxy } ethyl ) cyclopropanaminium Iodide 

I Oo 
One 9 

[ 0599 ] Step 1 : 
[ 0600 ] To a mixture of [ ( 2R , 3R , 4S , 5R , 6S ) -3,4,5,6 - tetraac 
etoxytetrahydropyran - 2 - yl ] methyl acetate ( 20 g , 51.24 
mmol , 1 eq ) in DCM ( 300 mL ) was added 2 - bromoethanol 
( 9.60 g , 76.86 mmol , 5.46 mL , 1.5 eq ) and BF3.Et20 ( 36.36 
g , 256.19 mmol , 31.62 mL , 5 eq ) in one portion at 0 ° C. 
under N2 . The mixture stirred at 25 ° C. for 12 hours . TLC 
indicated the starting material was consumed and one new 
spot formed . The reaction mixture was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 20 / 1 to 0/1 ) . Compound [ ( 2R , 3R , 4S , 5R , 6R ) -3,4,5 

01115 . 
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Compound 81 : dimethyl ( prop - 2 - yn - 1 - yl ) ( 2 - { [ ( 2R , 
3R , 4S , 5R , 6R ) -3,4,5 - tris ( acetyloxy ) -6 - ( { [ ( 2S , 3R , 4S , 
5S , 6R ) -3,4,5 - tris ( acetyloxy ) -6 - [ ( acetyloxy ) methyl ] 
oxan - 2 - yl ] oxy } methyl ) oxan - 2 - yl ] oxy } ethyl ) azanium 

Iodide 

umol , 5.6 % yield , 100 % purity , was obtained as white 
solid . LCMS : ( M + ) : 746.3 ' H NMR ( 400 MHz , Methanol 
d4 ) d 5.49-5.43 ( m , 1H ) , 5.37-5.27 ( m , 3H ) , 5.24-5.02 ( m , 
3H ) , 4.95 ( dd , J = 9.7 , 8.0 Hz , 1H ) , 4.79 ( d , J = 8.0 Hz , 1H ) , 
4.51-4.39 ( m , 2H ) , 4.38-4.26 ( m , 2H ) , 4.24-4.16 ( m , 1H ) , 
4.14-4.05 ( m , 2H ) , 3.95-3.87 ( m , 1H ) , 3.84-3.72 ( m , 3H ) , 
3.65-3.58 ( m , 1H ) , 3.28 ( s , 6H ) , 2.20-1.95 ( m , 21H ) . 

Ollt . 

OH 

CF3COO 

Compound 82 : dimethyl ( prop - 2 - yn - 1 - yl ) ( 2 - { [ ( 2R , 
3R , 4S , 55,6S ) -3,4,5 - tris ( acetyloxy ) -6 - carboxyoxan 

2 - yl ] oxy } ethyl ) azanium trifluoroacetate 

[ 0605 ] Step 1 : 
[ 0606 ] Preparation of solution 1 : Ac20 ( 64.31 g , 629.94 
mmol , 59 mL , 21.56 eq ) and NaOAc ( 4.21 g , 51.32 mmol , 
1.76 eq ) was stirred at reflux under N2 . ( 3R , 4S , 5S , 6R ) -6 
[ [ ( 2S , 3R , 4S , 5R , 6R ) -3,4,5 - trihydroxy - 6- ( hydroxymethyl ) 
tetrahydropyran - 2 - yl ) oxymethyl ] tetrahydropyran - 2,3,4,5 
tetrol ( 10 g , 29.21 mmol , 1 eq ) in toluene ( 150 mL ) was 
stirred at 100 ° C. Then the mixture was added to solution 1 
and stirred at 100 ° C. for 1 hour . TLC indicated one new spot 
formed . The reaction mixture was poured into ice water ( 400 
mL ) , extracted with ethyl acetate ( 200 mL * 3 ) . The com 
bined organic layers were washed with NaHCO3 ( 200 
mL * 2 ) , dried over Na S04 , filtered and the filtrate was 
concentrated under reduced pressure to give a residue . The 
residue was purified by column chromatography ( SiO2 , 
Petroleum ether / Ethyl acetate = 20 / 1 to 0/1 ) . Compound 
[ ( 2R , 3S , 4S , 5R , 6S ) -3,4,5 - triacetoxy - 6 - [ [ ( 2R , 3R , 4S , 5R , 6S ) 
3,4,5,6 - tetraacetoxytetrahydropyran - 2 - yl ] methoxy ] tetrahy 
dropyran - 2 - yl ] methyl acetate ( 5.8 8.55 mmol , 29.26 % 
yield ) was obtained as white solid . 
[ 0607 ] Step 2 : 
[ 0608 ] To a mixture of [ ( 2R , 3S , 4S , 5R , 6S ) -3,4,5 - triac 
etoxy - 6 - [ [ ( 2R , 3R , 4S , 5R , 6S ) -3,4,5,6 - tetraacetoxytetrahy 
dropyran - 2 - yl ] methoxy ] tetrahydropyran - 2 - yl ] methyl 
acetate ( 5.8 g , 8.55 mmol , 1 eq ) in DCM ( 50 mL ) was added 
2 - bromoethanol ( 1.60 g , 12.82 mmol , 910.31 UL , 1.5 eq ) and 
BF3.Et20 ( 6.07 g , 42.74 mmol , 5.27 mL , 5 eq ) in one portion 
at 0 ° C. under N2 . Then the mixture was heated to 25 ° C. and 
stirred for 12 hours . TLC indicated [ ( 2R , 3S , 4S , 5R , 6S ) -3,4 , 
5 - triacetoxy - 6 - [ [ ( 2R , 3R , 4S , 5R , 6S ) -3,4,5,6 - tetraacetoxytet 
rahydropyran - 2 - yl ] methoxy ] tetrahydropyran - 2 - yl ] methyl 
acetate was consumed and one new spot formed . The 
reaction mixture was quenched by addition of H2O ( 50 mL ) , 
diluted with H2O ( 50 mL ) and extracted with ethyl acetate 
( 50 mL * 3 ) . The combined organic layers were dried over 
Na2SO4 , filtered and the filtrate was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 20 / 1 to 0/1 ) . [ ( 2R , 3S , 4S , 5R , 6S ) -3,4,5 - triacetoxy - 6 
[ [ ( 2R , 3R , 4S , 5R ) -3,4,5 - triacetoxy - 6- ( 2 - bromoethoxy ) tetra 
hydropyran - 2 - yl ] methoxy ] tetrahydropyran - 2 - yl ] methyl 
acetate ( 2 g , crude ) was obtained as yellow oil . 
[ 0609 ] Step 3 : 
[ 0610 ] To a mixture of [ ( 2R , 3S , 4S , 5R , 6S ) -3,4,5 - triac 
etoxy - 6 - [ [ ( 2R , 3R , 4S , 5R ) -3,4,5 - triacetoxy - 6- ( 2 - bromoeth 
oxy ) tetrahydropyran - 2 - yl ) methoxy ] tetrahydropyran - 2 - yl ] 
methyl acetate ( 2.00 g , 2.69 mmol , 1 eq ) in Acetone ( 20 mL ) 
was added Nal ( 443.53 mg , 2.96 mmol , 1.1 eq ) and N , N 
dimethylprop - 2 - yn - 1 - amine ( 1.12 g , 13.45 mmol , 1.43 mL , 
5 eq ) in one portion at 25 ° C. under N2 . Then the mixture 
was heated to 80 ° C. and stirred for 10 hours . TLC indicated 
[ ( 2R , 3S , 4S , 5R , 6S ) -3,4,5 - triacetoxy - 6 - [ [ ( 2R , 3R , 4S , 5R ) -3,4 , 
5 - triacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 2 - yl ] 
methoxy ] tetrahydropyran - 2 - yl ] methyl acetate 
sumed and one new spot formed . LCMS showed desired m / z 
was detected . The reaction mixture was filtered and the 
filtrate was concentrated under reduced pressure to give a 
residue . The residue was purified by prep - HPLC ( water 
( 0.1 % TFA ) -ACN ) . The title compound ( 136 mg , 155.67 

: 

: 

[ 0611 ] Step 1 : 
[ 0612 ] To a solution of ( 2S , 3S , 4S , 5R ) -3,4,5,6 - tetrahy 
droxytetrahydropyran - 2 - carboxylic acid ( 10 g , 51.51 mmol , 
1 eq ) in DMF ( 100 mL ) was added DBU ( 8.63 g , 56.66 
mmol , 8.54 mL , 1.1 eq ) , stirred for 15 min at 25 ° C. , and 
then 3 - bromoprop - 1 - ene ( 7.48 g , 61.81 mmol , 1.2 eq ) was 
added to the mixture at 0 ° C. The mixture was stirred for 10 
h at 25 ° C. under N2 . TLC showed the starting reactant was 
consumed and one new spot formed . The mixture was 
concentrated . The residue was purified by column chroma 
tography ( SiO2 , Petroleum ether / Ethyl acetate = 30 / 1 to 0/1 ) . 
Allyl ( 2S , 3S , 4S , 5R ) -3,4,5,6 - tetrahydroxytetrahydropyran 
2 - carboxylate ( 10 g , 38.43 mmol , 74.60 % yield , 90 % purity ) 
was obtained as a white solid . 
[ 0613 ] Step 2 : 
[ 0614 ] To a solution of allyl ( 2S , 3S , 4S , 5R ) -3,4,5,6 - tetra 
hydroxytetrahydropyran - 2 - carboxylate ( 10g , 42.70 mmol , 1 
eq ) in Pyridine ( 100 mL ) was added Ac20 ( 43.59 g , 426.98 
mmol , 39.99 mL , 10 eq ) . The mixture was stirred at 25 ° C. 
for 12 h . TLC showed the starting reactant was consumed 
completely and one new spot formed . The reaction was 
clean according to TLC . The residue was purified by column 
chromatography ( SiO2 , Petroleum ether / Ethyl acetate = 20 / 1 
to 2/1 ) . Allyl ( 2S , 3S , 4S , 5R ) -3,4,5,6 - tetraacetoxytetrahydro 
pyran - 2 - carboxylate ( 13 g , 29.08 mmol , 68.10 % yield , 90 % 
purity ) was obtained as a yellow solid . 
[ 0615 ] Step 3 : 
[ 0616 ] To a mixture of allyl ( 2S , 3S , 4S , 5R ) -3,4,5,6 - tet 
raacetoxytetrahydropyran - 2 - carboxylate ( 5 g , 12.43 mmol , 
1 eq ) , 2 - bromoethanol ( 4.66 g , 37.28 mmol , 2.65 mL , 3 eq ) 
in DCM ( 50 mL ) at 0 ° C. was added BF3.Et20 ( 17.64 g , 
124.27 mmol , 15.34 mL , 10 eq ) , purged with N2 3 times , and 
then the mixture was stirred at 25 ° C. for 12 h under N2 
atmosphere . To the mixture was added H2O ( 30 mL ) , the 
mixture was extracted with EtoAc ( 10 mL * 3 ) , the organic 
layer was dried over Na2SO4 , filtered , and the filtrate was 
concentrated . The residue was purified by prep - HPLC [ wa 
ter ( 0.10 % TFA ) -ACN ) . Allyl ( 2S , 3S , 4S , 5R ) -3,4,5 - triac 

. 

was con 
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etoxy - 6-2 - bromoethoxy ) tetrahydropyran - 2 - carboxylate 
( 660 mg , 1.27 mmol , 10.23 % yield , 90 % purity ) was 
obtained as yellow oil . 
[ 0617 ] Step 4 : 
[ 0618 ] To a solution of allyl ( 2S , 3S , 4S , 5R ) -3,4,5 - triac etoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 2 - carboxylate 
( 280 mg , 599.24 umol , 1 eq ) in ACN ( 10 mL ) was added 
pyridine ( 56.00 mg , 787.39 umol , 65.73 ul , 1.31 eq ) and 
Pd ( PPh3 ) 4 ( 84.00 mg , 72.69 umol , 1.21 eq ) at 0 ° C. The 
mixture was stirred at 0 ° C. for 1 h . TLC showed the starting 
reactant was consumed . The reaction mixture was concen 
trated . The residue was purified by prep - HPLC [ water ( 0.1 % 
TFA ) -ACN ) . Compound ( 2S , 3S , 4S , 5R ) -3,4,5 - triacetoxy - 6 
( 2 - bromoethoxy ) tetrahydropyran - 2 - carboxylic acid ( 156 
mg , 346.91 umol , 28.95 % yield , 95 % purity ) was obtained 
as a yellow solid . LCMS : ( M + H + ) : 427.0 . 
[ 0619 ] Step 5 : 
[ 0620 ] To a solution of ( 2S , 3S , 4S , 5R ) -3,4,5 - triacetoxy - 6 
( 2 - bromoethoxy ) tetrahydropyran - 2 - carboxylic acid ( 67 mg , 
156.84 umol , 1 eq ) in acetone ( 5 mL ) was added N , N 
dimethylprop - 2 - yn - 1 - amine ( 65.19 mg , 784.18 umol , 83.15 
UL , 5 eq ) . The mixture was stirred at 80 ° C. for 12 h . LCMS 
showed the reactant was consumed completely . The reaction 
mixture was concentrated . The residue was purified by 
prep - HPLC [ water ( 0.1 % TFA ) -ACN ) . The title compound 
( 6 mg , 12.84 umol , 8.19 % yield , 90 % purity ) was obtained 
as a yellow solid . LCMS : ( M ) : 430.2 ' H NMR ( 400 MHz , 
Deuterium Oxide ) 8 5.35 ( t , J = 9.6 Hz , 1H ) , 5.13-4.97 ( m , 
3H ) , 4.31-4.15 ( m , 3H ) , 4.12-4.04 ( m , 1H ) , 3.98-3.88 ( m , 
1H ) , 3.84-3.74 ( m , 1H ) , 3.58 ( dd , J = 14.5 , 4.2 Hz , 1H ) , 
3.20-3.11 ( m , 7H ) , 1.98-1.87 ( m , 9H ) . 

. 

. 

Compound 85 : dimethyl ( prop - 2 - yn - 1 - yl ) ( 2 - { [ ( 2R , 
3R , 45,55,6S ) -3,4,5 - tris ( acetyloxy ) -6- ( methoxycar 

bonyl ) oxan - 2 - yl ] oxy / ethyl ) azanium bromide 
[ 0622 ] Step 1 : 
[ 0623 ] To a solution of methyl ( 2S , 3S , 4S , 5R , 6S ) -3,4,5,6 
tetraacetoxytetrahydropyran - 2 - carboxylate ( 5 g , 13.29 
mmol , 1 eq ) and 2 - bromoethanol ( 2.49 g , 19.93 mmol , 1.42 
mL , 1.5 eq ) in DCM ( 50 mL ) was added dropwise BFz.Et20 
( 9.43 g , 66.43 mmol , 8.20 mL , 5 eq ) at 0 ° C. , stirred at 0 ° 
C. for 1 h , then stirred at 25 ° C. for 11 h . TLC showed the 
starting reactant was consumed . The mixture was poured 
into H2O ( 50 mL ) at 0 ° C. , and extracted with DCM ( 20 
mL * 3 ) . The combined organic layer was dried over Na S04 , 
filtered , and the filtrate concentrated . The residue was puri 
fied by column chromatography ( SiO2 , Petroleum ether / 
Ethyl acetate = 30 / 1 to 3/1 ) . Methyl ( 2S , 3S , 4S , 5R , 5R ) -3,4,5 
triacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 2 
carboxylate ( 3 g , 5.44 mmol , 40.94 % yield , 80 % purity ) was 
obtained as colorless oil . 
[ 0624 ] Step 2 : 
[ 0625 ] To a solution of methyl ( 2S , 3S , 4S , 5R , 6R ) -3,4,5 
triacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 2 - carboxy 
late ( 260 mg , 589.27 umol , 1 eq ) in acetone ( 10 mL ) was 
added N , N - dimethylprop - 2 - yn - 1 - amine ( 244.94 mg , 2.95 
mmol , 312.42 uL , 5 eq ) , stirred at 90 ° C. for 2 h . LCMS 
showed the starting reactant was consumed . The mixture 
was concentrated . The residue was purified by prep - HPLC 
( column : Phenomenex Luna C18 100 * 30 mm * 5 um ; mobile 
phase : [ water ( 0.1 % TFA ) -ACN ) ; B % : 1 % -28 % , 12 min ) . 
The title compound ( 50 mg , 82.01 um 13.92 % yield , 86 % 
purity , Br— ) was obtained as white solid . 
[ 0626 ] LCMS : ( M + ) : 444.1 ' H NMR ( 400 MHz , Deute 
rium Oxide ) d 5.5 ( m , 1H ) , 5.2-5.1 ( m , 4H ) , 4.5 ( m , 1H ) , 
4.4-4.3 ( m , 2H ) , 4.2 ( m , 1H ) , 4.1 ( m , 1H ) , 3.9 m , 1H ) , 3.7 
( m , 3H ) , 3.3-3.2 ( m , 7H ) , 2.1-2.0 ( m , 9H ) . 

Oin ... NH 

Nt F 

I 

110 ... 
Compound 83 : ( 2 - { [ ( 2R , 3R , 4R , 5S , 6R ) -4,5 - bis 

( acetyloxy ) -6 - [ ( acetyloxy ) methyl ) -3 - acetamidooxan 
2 - yl ] oxy } ethyl ) dimethyl ( prop - 2 - yn - 1 - yl ) azanium 

[ 0621 ] This compound may be synthesized according to 
the experimental procedure described for Compound 7 . 

Br 
Compound 86 : N- ( fluoromethyl ) -N - methyl - N- ( 2- { 
[ ( 2R , 3R , 4S , 5R , 6R ) -3,4,5 - tris ( acetyloxy ) -6 - [ ( acety 
loxy ) methyl ] oxan - 2 - yl ] oxy } ethyl ) cyclopropan 

aminium Iodide 
+ 

Olen 
[ 0627 ] Step 1 : 
[ 0628 ] To a mixture of [ ( 2R , 3R , 4S , 5R , 6R ) -3,4,5 - triac 
etoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 2 - yl ] methyl 
acetate ( 2 g , 4.39 mmol , 1 eq ) in THF ( 20 mL ) was added 
Nal ( 658.51 mg , 4.39 mmol , 1 eq ) , Na2CO3 ( 931.26 mg , 
8.79 mmol , 2 eq ) and N - methylcyclopropanamine ( 2.60 g , 
24.16 mmol , 5.5 eq , HCl ) in one portion at 25 ° C. under N2 . 
The mixture was heated to 70 ° C. and stirred for 12 hours . 
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TLC indicated [ ( 2R 3R , 4S , 5R , 6R ) -3,4,5 - triacetoxy - 6- ( 2 
bromoethoxy ) tetrahydropyran - 2 - yl ] methyl acetate was con 
sumed and one new spot formed . LCMS showed one main 
peak with expected mass was detected . The reaction mixture 
was filtered and the filtrate was concentrated under reduced 
pressure to give a residue . The residue was purified by 
column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 50 / 1 to 0/1 ) . 1.2 g crude product was obtained . 200 
mg of the crude product was further purified by prep - HPLC 
[ water ( 0.10 % TFA ) -ACN ] to get 82 mg of product ( 99 % 
purity , TFA ) as white solid . The crude compound [ ( 2R , 3R , 
4S , 5R , 6R ) -3,4,5 - triacetoxy - 6- [ 2- [ cyclopropyl ( methyl ) 
amino ) ethoxy ] tetrahydropyran - 2 - yl ] methyl acetate ( 1 g , 
40.28 % yield , crude ) as white solid was used in the next step 
directly . LCMS : ( M + H ) + : 446.2 
[ 0629 ] Step 2 : 
[ 0630 ] To a mixture of [ ( 2R , 3R , 4S , 5R , 6R ) -3,4,5 - triac 
etoxy - 6- [ 2- [ cyclopropyl ( methyl ) amino ) ethoxy ] tetrahydro 
pyran - 2 - yl ] methyl acetate ( 1.78 g , 2.20 mmol , 1 eq ) in 
acetone ( 20 mL ) was added fluoro ( iodo ) methane ( 1.76 g , 
11.00 mmol , 5 eq ) in one portion at 25 ° C. under N2 . The 
mixture was heated to 90 ° C. and stirred for 2 hours . TLC 
indicated [ ( 2R , 3R , 4S , 5R , 6R ) -3,4,5 - triacetoxy - 6- [ 2- [ cyclo , propylmethyl ) amino Jethoxy ] tetrahydropyran - 2 - yl ) methyl 
acetate was consumed and one new spot formed . LCMS 
showed one main peak with expected mass was detected . 
The reaction mixture was concentrated under reduced pres 
sure to give a residue . The residue was purified by column 
chromatography ( SiO2 , Ethyl acetate : Methanol = 1 / 0 to 3/1 ) . 
The title compound ( 1.11 g , 58 % yield 99 % purity , 14 ) was 
obtained as yellow solid . LCMS : ( M + ) : 478.2 H NMR ( 400 
MHz , Methanol - d4 ) 8 5.58 ( s , 1H ) , 5.46 ( s , 1H ) , 5.32 ( t , 
J = 9.5 Hz , 1H ) , 5.08 ( t , J = 9.8 Hz , 1H ) , 4.98 ( dd , J = 9.7 , 8.0 
Hz , 1H ) , 4.86-4.81 ( m , 1H ) , 4.50-4.35 ( m , 1H ) , 4.30 ( d , 
J = 3.5 Hz , 2H ) , 4.27-4.10 ( m , 1H ) , 4.02-3.93 ( m , 1H ) , 
3.92-3.82 ( m , 2H ) , 2.97 ( dd , J = 6.0 , 2.2 Hz , 3H ) , 2.14-2.02 
( m , 9H ) , 2.00 ( s , 3H ) , 1.47-1.30 ( m , 2H ) , 1.12-0.95 ( m , 2H ) . 

0/1 ) . Compound [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetrahydropy 
ran - 3 - yl ] acetate ( 80 g , 251.35 mmol , 75.47 % yield ) was 
obtained as yellow oil . 
[ 0633 ] Step 2 : 
[ 0634 ] To a mixture of [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetra 
hydropyran - 3 - yl ] acetate ( 20 g , 62.84 mmol , 1 eq ) in DCM 
( 200 mL ) was added 2 - bromoethanol ( 11.78 g , 94.26 mmol , 
6.69 mL , 1.5 eq ) and BF3.Et20 ( 9.10 g , 62.84 mmol , 7.91 
mL , 98 % purity , 1 eq ) in one portion at 0 ° C. under N2 . The 
mixture was heated to 25 ° C. and stirred for 12 hours . TLC 
indicated [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetrahydropyran - 3 
yl ] acetate was consumed and one new spot formed . The 
reaction mixture was quenched by addition of H2O ( 100 
mL ) , and then diluted with H2O ( 200 mL ) and extracted with 
ethyl acetate ( 200 mL * 3 ) . The combined organic layers were 
dried over Na2SO4 , filtered and the filtrate was concentrated 
under reduced pressure to give a residue . The crude product 
was purified by re - crystallization from ethyl acetate : Petro 
leum ether ( 40 ml : 30 mL ) at 0 ° C. for 12h . The mixture was 
filtered and the filter cake was concentrated under reduced 
pressure to give a residue . The filtrate was purified by 
prep - HPLC [ water ( 0.1 % TFA ) -ACN ] . [ ( 3R , 4S , 5R , 6S ) -4,5 
diacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] acetate 
( 3.4 g , 8.87 mmol , 14.12 % yield ) was obtained as a white 
solid . Compound [ ( 3R , 4S , 5R , 5R ) -4,5 - diacetoxy - 6- ( 2 - bro 
moethoxy ) tetrahydropyran - 3 - yl ] acetate ( 3.5 g , 9.13 mmol , 
14.54 % yield ) was obtained as yellow oil . 
[ 0635 ] Step 3 : 
[ 0636 ] To a mixture of [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6 
( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] acetate ( 3.4 g , 8.87 
mmol , 1 eq ) in THF ( 30 mL ) was added Nal ( 1.33 g , 8.87 
mmol , 1 eq ) and Na2CO3 ( 1.88 g , 17.75 mmol , 2 eq ) in one 
portion at 25 ° C. under N2 . N - methylmethanamine ( 2 M , 
24.40 mL , 5.5 eq ) was added . The mixture was heated to 70 ° 
C. and stirred for 12 hours . TLC indicated [ ( 3R , 4S , 5R , 6S ) 
4,5 - diacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] 
acetate was consumed incompletely and one new spot 
formed . LCMS showed [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6- ( 2 
bromoethoxy ) tetrahydropyran - 3 - yl ] acetate was consumed 
and one main peak with expected mass was detected . The 
reaction mixture was filtered and concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Ethyl acetate : Metha 
nol = 1 / 0 to 1/1 ) . The 200 mg crude product was purified by 
prep - HPLC [ water ( 0.1 % TFA ) -ACN ) . Compound [ ( 3R , 4S , 
5R , 6R ) -4,5 - diacetoxy - 6- [ 2- ( dimethylamino ) ethoxy ] tetrahy 
dropyran - 3 - yl ) acetate ( 3.1 g , crude ) was obtained as yellow 
oil . Compound [ ( 3R , 4S , 5R , 6R ) -4,5 - diacetoxy - 6- [ 2- ( dim 
ethylamino ) ethoxy ] tetrahydropyran - 3 - yl ] acetate ( 14.7 mg , 
98 % purity ) was obtained as white solid . LCMS : ( M + H ) * : 
348.1 
[ 0637 ] Step 4 : 
[ 0638 ] To a mixture of [ ( 3R , 4S , 5R , 6R ) -4,5 - diacetoxy - 6 
[ 2- ( dimethylamino ) ethoxy ] tetrahydropyran - 3 - yl ) acetate ( 3 
g , 8.64 mmol , 1 eq ) in acetone ( 30 mL ) was added chloro 
( iodo ) methane ( 7.62 g , 43.18 mmol , 3.13 mL , 5 eq ) in one 
portion at 25 ° C. under N2 . The mixture was heated to 90 ° 
C. and stirred for 2 hours . LCMS showed [ ( 3R , 4S , 5R , 6R ) 
4,5 - diacetoxy - 6- [ 2- ( dimethylamino ) ethoxy ] tetrahydropy 
ran - 3 - yl ] acetate was consumed and one main peak with 
expected mass was detected . The reaction mixture was 
filtered and concentrated under reduced pressure to give a 
residue . The residue was purified by prep - HPLC ( water 
( 0.1 % TFA ) -ACN ) . Compound chloromethyl - dimethyl- [ 2 
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Compound 88 : ( chloromethyl ) dimethyl ( 2 - { [ ( 2R , 3R , 
4S , 5R ) -3,4,5 - tris ( acetyloxy ) oxan - 2 - yl ] oxy } ethyl ) 

azanium Iodide 

a 

[ 0631 ] Step 1 : 
[ 0632 ] To a mixture of ( 2R , 3R , 4S , 5R ) -tetrahydropyran - 2 , 
3,4,5 - tetrol ( 50 g , 333.04 mmol , 1 eq ) in pyridine ( 300 mL ) 
was added acetyl acetate ( 204.00 g , 2.00 mol , 187.16 mL , 6 
eq ) in one portion at 0 ° C. under N2 . The mixture was heated 
to 25 ° C. and stirred for 12 hours . TLC indicated one new 
spot formed . The reaction was clean according to TLC . The 
reaction mixture was concentrated under reduced pressure to 
give a residue . The residue was purified by column chro 
matography ( SiO2 , Petroleum ether / Ethyl acetate = 50 / 1 to 
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[ ( 2R , 3R , 4S , 5R ) -3,4,5 - triacetoxytetrahydropyran - 2 - yl ] oxy 
ethyl ] ammonium ( 315 mg , 589.41 umol , 6.82 % yield , 98 % 
purity , 14 ) was obtained as yellow oil . LCMS : ( M + ) * : 396.1 
[ 0639 ] Step 5 : 
[ 0640 ] To a mixture of [ ( 3R , 4S , 5R , 6R ) -4,5 - diacetoxy - 6 
[ 2- ( dimethylamino ) ethoxy ] tetrahydropyran - 3 - yl ] acetate 
( 2.8 g , 8.06 mmol , 1 eq ) in DCM ( 20 mL ) was added 
chloro ( iodo ) methane ( 7.11 g , 40.30 mmol , 2.93 mL , 5 eq ) 
and DIPEA ( 1.06 g , 8.06 mmol , 1.43 mL , 98 % purity , 1 eq ) 
in one portion at 25 ° C. under N2 . The mixture was stirred 
at 40 ° C. for 12 hours in a 50 mL sealed tube . TLC indicated 
[ ( 3R , 4S , 5R , 6R ) -4,5 - diacetoxy - 6- [ 2- ( dimethylamino ) 
ethoxy ] tetrahydropyran - 3 - yl ] acetate was consumed incom 
pletely and one new spot formed . LCMS showed one main 
peak with expected mass was detected . The reaction mixture 
was concentrated under reduced pressure to give a residue . 
The residue was purified by column chromatography ( SiO2 , 
Ethyl acetate : Methanol = 1 / 0 to 2/1 ) . The residue was then 
purified by prep - HPLC [ water ( 0.1 % TFA ) -ACN ) . Com 
pound chloromethyl - dimethyl- [ 2 - [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tri 
acetoxytetrahydropyran - 2 - ylloxyethyljammonium ( 617 mg , 
1.18 mmol , 14.6 % yield , 100 % purity , 1– ) was obtained as 
yellow solid . LCMS : ( M + ) * : 396.1 ' H NMR ( 400 MHz , 
Methanol - d4 ) 8 5.31 ( s , 2H ) , 5.32-5.22 ( m , 1H ) , 5.06-4.91 
( m , 2H ) , 4.73 ( d , J = 7.4 Hz , 1H ) , 4.35-4.26 ( m , 1H ) , 4.19 
4.02 ( m , 2H ) , 3.87-3.73 ( m , 2H ) , 3.52 ( dd , J = 11.7 , 9.6 Hz , 
1H ) , 3.29 ( s , 6H ) , 2.15-1.99 ( m , 9H ) . 

a 

Compound 90 : ( fluoromethyl ) dimethyl ( 2 - { [ ( 2R , 3R , 
4S , 5R ) -3,4,5 - tris ( acetyloxy ) oxan - 2 - yl ) oxy } ethyl ) 

azanium Iodide 
[ 0642 ] Step 1 : 
[ 0643 ] To a solution of ( 2R , 3R , 4S , 5R ) -tetrahydropyran - 2 , 
3,4,5 - tetrol ( 50 g , 333.04 mmol , 1 eq ) in pyridine ( 500 mL ) 
was added Ac20 ( 204.00 g , 2.00 mol , 187.16 mL , 6 eq ) . The 
mixture was stirred at 25 ° C. for 12 hr . TLC indicated 
( 2R , 3R , 4S , 5R ) -tetrahydropyran - 2,3,4,5 - tetrol 
sumed completely and one new spot formed . The reaction 
mixture was concentrated under reduced pressure . The resi 
due was purified by column chromatography ( SiO2 , Petro 
leum ether / Ethyl acetate = 80 / 1 to 0/1 ) . Compound [ ( 3R , 4S , 
5R ) -4,5,6 - triacetoxytetrahydropyran - 3 - yl ] acetate ( 100 g , 
314.19 mmol , 94.34 % yield ) was obtained as a yellow oil . 
[ 0644 ] Step 2 : 
[ 0645 ] To a solution of [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetra 
hydropyran - 3 - yl ] acetate ( 20 g , 62.84 mmol , 1 eq ) in DCM 
( 150 mL ) was added dropwise 2 - bromoethanol ( 11.78 g , 
94.26 mmol , 6.69 mL , 1.5 eq ) and BF3.Et , O ( 45.50 g , 
314.19 mmol , 39.57 mL , 98 % purity , 5 eq ) at 0 ° C. The 
mixture was warmed to 25 ° C. and was stirred at 25 ° C. for 
12 hr . TLC indicated [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetrahy 
dropyran - 3 - yl ) acetate was consumed completely and new 
spots formed . 5 batches were combined for work - up . The 
reaction mixture was quenched by addition of H2O ( 500 
mL ) at 25 ° C. and extracted with EtoAc ( 900 mL , 300 
mL * 3 ) . The combined organic layers were concentrated 
under reduced pressure to give a residue . The residue was 
purified by column chromatography ( SiO2 , Petroleum ether / 
Ethyl acetate = 20 / 1 to 0/1 ) . The crude product was purified 
by re - crystallization from ethyl acetate : Petroleum ether ( 40 
ml : 30 mL ) at 0 ° C. for 12h . Compound [ ( 3R , 4S , 5R , 6S ) -4 , 
5 - diacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] 
acetate ( 3 g , 7.83 mmol , 2.49 % yield ) was obtained as a 
white solid . The filtrate was purified by prep - HPLC ( water 
( 0.1 % TFA ) -ACN ] . Compound [ ( 3R , 4S , 5R , 5R ) -4,5 - diac 
etoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ) acetate ( 7 g , 
18.27 mmol , 5.81 % yield ) was obtained as a colorless oil . 
[ 0646 ] Step 3 : 
[ 0647 ] To a solution of [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6 
( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] acetate ( 1 g , 2.61 
mmol , 1 eq ) in THF ( 10 mL ) was added Me NH.THF ( 2 M , 
7.18 mL , 5.50 eq ) and DIEA ( 674.57 mg , 5.22 mmol , 909.12 
UL , 2 eq ) . The mixture was stirred at 70 ° C. for 12 hr . LCMS 
showed [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6- ( 2 - bromoethoxy ) 
tetrahydropyran - 3 - yl ] acetate was consumed completely and 
the expected mass was detected . The reaction mixture was 
concentrated under reduced pressure . The residue was puri 
fied by column chromatography ( SiO2 , Ethyl acetate / Metha 
nol = 100 / 1 to 0/1 ) . Compound [ ( 3R , 4S , 5R , 6R ) -4,5 - diac 
etoxy - 6- [ 2- ( dimethylamino ) ethoxy ] tetrahydropyran - 3 - yl ] 
acetate ( 500 mg , 1.44 mmol , 55.16 % yield ) was obtained as 
a yellow solid . 
[ 0648 ] Step 4 : 
[ 0649 ] To a solution of [ ( 3R , 4S , 5R , 6R ) -4,5 - diacetoxy - 6 
[ 2- ( dimethylamino ) ethoxy ] tetrahydropyran - 3 - yl ] acetate 
( 500 mg , 1.44 mmol , 1 eq ) in DCM ( 5 mL ) was added 
fluoro ( iodo ) methane ( 1.15 g , 7.20 mmol , 5 eq ) and DIEA 
( 186.04 mg , 1.44 mmol , 250.72 UL , 1 eq ) . The mixture was 
stirred at 40 ° C. for 3 hr . LCMS showed the reaction was 
completed and one main peak with expected mass was 
detected . The mixture was filtered and the filter cake was 
concentrated under reduced pressure to give a residue . The 
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Compound 89 : ( chloromethyl ) dimethyl ( 2 - { [ ( 3R , 4S , 
5S ) -3,4,5 - tris ( acetyloxy ) oxan - 2 - yl ] oxy } ethyl ) aza 

nium 

[ 0641 ] This compound may be synthesized according to 
the experimental procedure described for Compound 325 . - 

OM 

F 2 
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crude product was washed with ethyl acetate ( 10 mL ) . The 
mixture was filtered and the filter cake was concentrated 
under reduced pressure to give a residue . The title compound 
( 397 mg , 782.59 umol , 54.37 % yield , 100 % purity , ) was 
obtained as a white solid . LCMS : ( M + ) : 380.1 ' H NMR ( 400 
MHz , Deuterium Oxide ) d 5.35 ( s , 1H ) , 5.24 ( s , 1H ) , 5.14 ( t , 
J = 7.6 Hz , 1H ) , 4.96-4.83 ( m , 2H ) , 4.75 ( d , J = 6.1 Hz , 1H ) , 
4.21 ( d , J = 13.8 Hz , 1H ) , 4.10 ( dd , J = 12.3 , 4.7 Hz , 1H ) , 3.99 
( d , J = 13.6 Hz , 1H ) , 3.70-3.63 ( m , 2H ) , 3.54 ( dd , J = 12.3 , 7.9 
Hz , 1H ) , 3.13 ( d , J = 2.0 Hz , 6H ) , 2.06-1.97 ( m , 9H ) . 

9 
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Compound 91 and Compound 97 : ( fluoromethyl ) 
dimethyl ( 2 - { [ ( 3R , 4S , 5S ) -3,4,5 - tris ( acetyloxy ) oxan 

2 - yl ] oxy } ethyl ) azanium 
[ 0650 ) This compound may be synthesized according to 
the experimental procedure described for Compound 311 . 

-2 

[ 0653 ] Step 2 : 
[ 0654 ] To a solution of [ of [ ( 3R , 4S , 5R ) -4,5,6 - triacetox 
ytetrahydropyran - 3 - yl ] acetate ( 20 g , 62.84 mmol , 1 eq ) in 
DCM ( 150 mL ) was added dropwise 2 - bromoethanol ( 11.78 
g , 94.26 mmol , 6.69 mL , 1.5 eq ) and BF3.Et O ( 45.50 g , 
314.19 mmol , 39.57 mL , 98 % purity , 5 eq ) at 0 ° C. The 
mixture was warmed to 25 ° C. and stirred at 25 ° C. for 12 
hr . TLC indicated [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetrahydro 
pyran - 3 - yl ) acetate was consumed completely and two new 
spots formed . The reaction mixture was quenched by addi 
tion of H2O ( 500 mL ) and extracted with EtoAc ( 900 mL , 
300 mL * 3 ) . The combined organic layers were concentrated 
under reduced pressure to give a residue . The residue was 
purified by column chromatography ( SiO2 , Petroleum ether / 
Ethyl acetate = 20 / 1 to 0/1 ) . Two batches were obtained 
successively . The batch 1 was further purified by recrystal 
lization from ethyl acetate : Petroleum etherat 0 ° C. for 12h . 
Compound [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6- ( 2 - bromoeth 
oxy ) tetrahydropyran - 3 - yl ] acetate ( 3 g , 2.5 % yield ) was 
obtained as a white solid . The batch 2 was further purified 
by prep - HPLC ( water ( 0.1 % TFA ) -ACN ) . Compound [ ( 3R , 
4S , 5R , 6R ) -4,5 - diacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropy 
ran- n - 3 - yl ) acetate ( 7 g , 5.8 % yield ) was obtained as a color 
less oil . 

[ 0655 ) Step 3 : 
[ 0656 ] To a solution of [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6 
( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] acetate ( 1.8 g , 4.70 
mmol , 1 eq ) in THF ( 20 mL ) was added N - methylprop - 2 
yn - 1 - amine ( 1.79 g , 25.84 mmol , 2.15 mL , 5.5 eq ) and 
DIPEA ( 1.21 g , 9.39 mmol , 1.64 mL , 2 eq ) . The mixture was 
stirred at 70 ° C. for 12 hr . LCMS showed [ ( 3R , 4S , 5R , 6S ) 
4,5 - diacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] 
acetate was consumed completely and one main peak with 
expected mass was detected . The reaction mixture was 
concentrated under reduced pressure . The crude product 
( 300 mg ) was purified by prep - HPLC ( water ( 0.1 % TFA ) 
ACN ) . Compound [ ( 3R , 4S , 5R , 6R ) -4,5 - diacetoxy - 6- [ 2 
[ methyl ( prop - 2 - ynyl ) amino ) ethoxy ] tetrahydropyran - 3 - yl ] 
acetate ( 97 mg , 100 % purity , TFA ) was obtained as white 
solid . The other crude product [ ( 3R , 4S , 5R , 6R ) -4,5 - diac 
etoxy - 6- [ 2- [ methyl ( prop - 2 - ynyl ) amino ) ethoxy ] tetrahydro 
pyran - 3 - yl ] acetate ( 1.4 g ) was used into the next step 
without further purification . LCMS : ( M + H ) * : 372.1 
[ 0657 ) Step 4 : 
[ 0658 ] To a solution of [ ( 3R , 4S , 5R , 6R ) -4,5 - diacetoxy - 6 
[ 2- [ methyl ( prop - 2 - ynyl ) amino ) ethoxy ] tetrahydropyran - 3 
yl ] acetate ( 800 mg , 2.15 mmol , 1 eq ) in DCM ( 8 mL ) was 
added fluoro ( iodo ) methane ( 1.72 g , 10.77 mmol , 5 eq ) and 
DIPEA ( 278.40 mg , 2.15 mmol , 375.21 uL , 1 eq ) . The 
mixture was stirred at 40 ° C. for 3 hr . LCMS showed 
[ ( 3R , 4S , 5R , 5R ) -4,5 - diacetoxy - 6- [ 2- [ methyl ( prop - 2 - ynyl ) 
amino ) ethoxy ] tetrahydropyran - 3 - yl ) acetate was consumed 
completely and expected mass was detected . The reaction 
mixture was concentrated under reduced pressure . The resi 
due was purified by prep - HPLC [ water ( 0.10 % TFA ) -ACN ) . 
The title compound ( 234 mg , 20.5 % yield , 100 % purity , 1 ) 
was obtained as yellow oil . LCMS : ( M + ) : 404.1 & IH NMR 
( 400 MHz , Methanol - d4 ) : 5.65 ( s , 1H ) , 5.54 ( s , 1H ) , 5.26 
( t , J = 9.1 Hz , 1H ) , 5.03-4.91 ( m , 2H ) , 4.73 ( d , J = 7.3 , 0.7 Hz , 
1H ) , 4.57-4.51 ( m , 2H ) , 4.38-4.27 ( m , 1H ) , 4.19-4.05 ( m , 
2H ) , 3.93-3.79 ( m , 2H ) , 3.66 ( t , J = 2.6 Hz , 1H ) , 3.52 ( dd , 
J = 11.8 , 9.6 Hz , 1H ) , 3.30 ( d , J = 2.1 Hz , 3H ) , 2.12-2.01 ( m , 
9H ) . 
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Compound 92 : ( fluoromethyl ) ( methyl ) ( prop - 2 - yn - 1 
yl ) ( 2 - { [ ( 2R , 3R , 4S , 5R ) -3,4,5 - tris ( acetyloxy ) oxan - 2 

ylloxyethyl ) azanium Iodide 
[ 0651 ] Step 1 : 
[ 0652 ] To a mixture of ( 2R , 3R , 4S , 5R ) -tetrahydropyran - 2 , 
3,4,5 - tetrol ( 50 g , 333.05 mmol , 1 eq ) in pyridine ( 300 mL ) 
was added acetyl acetate ( 204.00 g , 2.00 mol , 187.16 mL , 6 
eq ) in one portion at 0 ° C. under N2 . The mixture was heated 
to 25 ° C. and stirred for 12 hours . TLC indicated one new 
spot formed . The reaction mixture was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Petroleum ether / Ethyl 
acetate = 50 / 1 to 0/1 ) . Compound [ ( 3R , 4S , 5R ) -4,5,6 - triac 
etoxytetrahydropyran - 3 - yl ] acetate ( 100 g , 314.19 mmol , 
94.34 % yield ) was obtained as yellow oil . 
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Compound 93 : ( fluoromethyl ) ( methyl ) ( prop - 2 - yn - 1 
yl ) ( 2 - { [ ( 3R , 4S , 5S ) -3,4,5 - tris ( acetyloxy ) oxan - 2 - yl ] 

oxyethyl ) azanium 
[ 0659 ] This compound may be synthesized according to 
the experimental procedure described for Compound 309 . 

+ 

F 
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[ 0662 ] Step 2 : 
[ 0663 ] To a mixture of [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetra 
hydropyran - 3 - yl ] acetate ( 20 g , 62.84 mmol , 1 eq ) in DCM 
( 200 mL ) was added 2 - bromoethanol ( 11.78 g , 94.26 mmol , 
6.69 mL , 1.5 eq ) and BF3.Et20 ( 9.10 g , 62.84 mmol , 7.91 
mL , 98 % purity , 1 eq ) in one portion at 0 ° C. under N2 . The 
mixture was heated to 25 ° C. and stirred for 12 hours . TLC 
indicated [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetrahydropyran - 3 
yl ] acetate was consumed and one new spot formed . The 
reaction mixture was quenched by addition of H2O ( 100 
mL ) , and then diluted with H2O ( 200 mL ) and extracted with 
ethyl acetate ( 200 mL * 3 ) . The combined organic layers were 
dried over Na S04 , filtered , and the filtrate was concentrated 
under reduced pressure to give a residue . The crude product 
was purified by re - crystallization from ethyl acetate : Petro 
leum ether ( 40 ml : 30 mL ) at 0 ° C. for 12h . The mixture was 
filtered and the filter cake was concentrated under reduced 
pressure to give a residue . The filtrate was purified by 
prep - HPLC [ water ( 0.1 % TFA ) -ACN ) . [ ( 3R , 4S , 5R , 6S ) -4,5 
diacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] acetate 
( 3.4 g , 8.87 mmol , 14.12 % yield ) was obtained as a white 
solid . Compound [ ( 3R , 4S , 5R , 5R ) -4,5 - diacetoxy - 6- ( 2 - bro 
moethoxy ) tetrahydropyran - 3 - yl ] acetate ( 3.5 g , 9.13 mmol , 
14.54 % yield ) was obtained as yellow oil . 
[ 0664 ] Step 3 : 
[ 0665 ] To a mixture of [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6 ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ) acetate ( 3.4 g , 8.87 
mmol , 1 eq ) in THF ( 30 mL ) was added Nal ( 1.33 g , 8.87 
mmol , 1 eq ) and Na2CO3 ( 1.88 g , 17.75 mmol , 2 eq ) in one 
portion at 25 ° C. under N2 . Then N - methylmethanamine ( 2 
M , 24.40 mL , 5.5 eq ) was added . The mixture was heated to 
70 ° C. and stirred for 12 hours . TLC indicated [ ( 3R , 4S , 5R , 
6S ) -4,5 - diacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] 
acetate was consumed incompletely and one new spot 
formed . LCMS showed ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6- ( 2 
bromoethoxy ) tetrahydropyran - 3 - yl ] acetate was consumed 
and one main peak with desired m / z was detected . The 
reaction mixture was filtered and concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO2 , Ethyl acetate : Metha 
nol = 1 / 0 to 1/1 ) . The 200 mg crude product was purified by 
prep - HPLC [ water ( 0.1 % TFA ) -ACN ) . Compound [ ( 3R , 4S , 
5R , 6R ) -4,5 - diacetoxy - 6- [ 2- ( dimethylamino ) ethoxy ] tetrahy 
dropyran - 3 - yl ] acetate ( 3.1 g , crude ) was obtained as yellow 
oil . Compound [ ( 3R , 4S , 5R , 6R ) -4,5 - diacetoxy - 6- [ 2- ( dim 
ethylamino ) ethoxy ] tetrahydropyran - 3 - yl ) acetate ( 14.7 mg , 
98 % purity ) was obtained as white solid . LCMS : ( M + H ) * : 
348.1 
[ 0666 ] Step 4 : 
[ 0667 ] To a mixture of [ ( 3R , 4S , 5R , 6R ) -4,5 - diacetoxy - 6 
( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ) acetate ( 3.5 g , 9.13 
mmol , 1 eq ) in THF ( 30 mL ) was added Nal ( 1.37 g , 9.13 
mmol , 1 eq ) , Na2CO3 ( 1.94 g , 18.27 mmol , 2 eq ) and 
N - methylmethanamine ( 2 M , 25.12 mL , 5.5 eq ) in one 
portion at 25 ° C. under N2 . The mixture was heated to 70 ° 
C. and stirred for 12 hours . LCMS showed [ ( 3R , 4S , 5R , 6R ) 
4,5 - diacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] 
acetate was consumed and one main peak with desired m / z 
was detected . The reaction mixture was filtered and concen 
trated under reduced pressure to give a residue . The 500 mg 
crude product was purified by prep - HPLC ( water ( 0.10 % 
TFA ) -ACN ) . Compound [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6 
[ 2- ( dimethylamino ) ethoxy ] tetrahydropyran - 3 - yl ] acetate 
( 34 mg , 73.69 umol , 5.12 % yield , 100 % purity , TFA ) was 
obtained as colorless oil . Compound [ ( 3R , 4S , 5R , 6S ) -4,5 

OM .. 

- 

.ci 

Compound 94 : ( chloromethyl ) dimethyl ( 2 - { [ ( 2S , 3R , 
4S , 5R ) -3,4,5 - tris ( acetyloxy ) oxan - 2 - yl ] oxy } ethyl ) 

azanium Iodide 

[ 0660 ] Step 1 : 
[ 0661 ] To a mixture of ( 2R , 3R , 4S , 5R ) -tetrahydropyran - 2 , 
3,4,5 - tetrol ( 50 g , 333.04 mmol , 1 eq ) in pyridine ( 300 mL ) 
was added acetyl acetate ( 204.00 g , 2.00 mol , 187.16 mL , 6 
eq ) in one portion at 0 ° C. under N2 . The mixture was heated 
to 25 ° C. and stirred for 12 hours . TLC indicated one new 
spot . The reaction was clean according to TLC . The reaction 
mixture was concentrated under reduced pressure to give a 
residue . The residue was purified by column chromatogra 
phy ( SiO2 , Petroleum ether / Ethyl acetate = 50 / 1 to 0/1 ) . 
Compound [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetrahydropyran - 3 
yl ] acetate ( 80 g , 251.35 mmol , 75.47 % yield ) was obtained 
as yellow oil . 
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diacetoxy - 6- [ 2- ( dimethylamino ) ethoxy ] tetrahydropyran - 3 
yl ] acetate ( 4.2 g , crude ) was obtained as yellow oil and the 
crude product was used into the next step without further 
purification . LCMS : ( M + H ) * : 348.1 
[ 0668 ] Step 5 : 
[ 0669 ] To a mixture of [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6 
[ 2- ( dimethylamino ) ethoxy ] tetrahydropyran - 3 - yl ] acetate 
( 4.2 g , 12.09 mmol , 1 eq ) in acetone ( 40 mL ) was added 
chloro ( iodo ) methane ( 10.66 g , 60.46 mmol , 4.39 mL , 5 eq ) 
in one portion at 25 ° C. under N2 . The mixture was heated 
to 90 ° C. and stirred for 2 hours . TLC indicated [ ( 3R , 4S , 
5R , 6S ) -4,5 - diacetoxy - 6- [ 2- ( dimethylamino ) ethoxy ] tetrahy 
dropyran - 3 - yl ] acetate was consumed and one new spot 
formed . LCMS showed one main peak with desired m / z . The 
reaction mixture was concentrated under reduced pressure to 
give a residue . The residue was purified by column chro 
matography ( SiO2 , Ethyl acetate : Methanol = 1 / 0 to 2/1 ) . 
Then the residue was purified by prep - HPLC [ water ( 0.1 % 
TFA ) -ACN ) . The title compound ( 26 mg , 49.64 umol , 
9.85 % yield , 14 ) was obtained as yellow oil . LCMS : ( M + ) * : 
396.0 ' H NMR ( 400 MHz , Methanol - d4 ) d 5.45-5.25 ( m , 
4H ) , 5.18 ( s , 1H ) , 4.42-4.31 ( m , 2H ) , 4.30-4.15 ( m , 2H ) , 
4.07-3.97 ( m , 1H ) , 3.82 ( t , J = 4.7 Hz , 2H ) , 3.32 ( s , 6H ) , 
2.16-2.04 ( m , 9H ) . 

Our 

to 25 ° C. and stirred for 12 hours . TLC indicated one new 
spot formed . The reaction mixture was concentrated under 
reduced pressure to give a residue . The residue was purified 
by column chromatography ( SiO ,, Petroleum ether / Ethyl 
acetate = 50 / 1 to 0/1 ) . Compound [ ( 3R , 4S , 5R ) -4,5,6 - triac 
etoxytetrahydropyran - 3 - yl ] acetate ( 100 g , 314.19 mmol , 
94.34 % yield ) was obtained as yellow oil . 
[ 0673 ] Step 2 : 
[ 0674 ] To a solution of [ of [ ( 3R , 4S , 5R ) -4,5,6 - triacetox 
ytetrahydropyran - 3 - yl ] acetate ( 20 g , 62.84 mmol , 1 eq ) in 
DCM ( 150 mL ) was added dropwise 2 - bromoethanol ( 11.78 
g , 94.26 mmol , 6.69 mL , 1.5 eq ) and BF3.Et20 ( 45.50 g , 
314.19 mmol , 39.57 mL , 98 % purity , 5 eq ) at 0 ° C. The 
mixture was warmed to 25 ° C. and stirred at 25 ° C. for 12 
hr . TLC indicated [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetrahydro 
pyran - 3 - yl ] acetate was consumed completely and two new 
spots formed . The reaction mixture was quenched by addi 
tion of H2O ( 500 mL ) and extracted with EtOAC ( 900 mL , 
300 mL * 3 ) . The combined organic layers were concentrated 
under reduced pressure to give a residue . The residue was 
purified by column chromatography ( SiO2 , Petroleum ether / 
Ethyl acetate = 20 / 1 to 0/1 ) . Two batches were obtained 
successively . The batch 1 was further purified by re - crys 
tallization from ethyl acetate : Petroleum ether at 0 ° C. for 
12h . Compound [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6- ( 2 - bromo 
ethoxy ) tetrahydropyran - 3 - yl ] acetate ( 3 g , 2.5 % yield ) was 
obtained as a white solid . The batch 2 was further purified 
by prep - HPLC [ water ( 0.10 % TFA ) -ACN ) . The title com 
pound ( 7 g , 5.8 % yield ) was obtained as colorless oil . 
[ 0675 ] Step 3 : 
[ 0676 ] To a solution of [ ( 3R , 4S , 5R , 6R ) -4,5 - diacetoxy - 6 
( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ) acetate ( 1.50 g , 3.91 
mmol , 1 eq ) in THF ( 15 mL ) was added N - methylprop - 2 
yn - 1 - amine ( 1.49 g , 21.53 mmol , 1.79 mL , 5.5 eq ) and 
DIPEA ( 1.01 g , 7.83 mmol , 1.36 mL , 2 eq ) . The mixture was 
stirred at 70 ° C. for 12 hr . LCMS showed [ ( 3R , 4S , 5R , 6R ) 
4,5 - diacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] 
acetate was consumed completely and one main peak with 
expected mass was detected . The reaction mixture was 
concentrated under reduced pressure . The crude product 
( 300 mg ) was purified by prep - HPLC [ water ( 0.1 % TFA ) 
ACN ) . Compound [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6- [ 2 
[ methyl ( prop - 2 - ynyl ) amino ) ethoxy ] tetrahydropyran - 3 - yl ] 
acetate ( 110 mg , 100 % purity , TFA ) was obtained as yellow 
oil . The other crude product [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy 
6- [ 2- [ methyl ( prop - 2 - ynyl ) amino ) ethoxy ] tetrahydropyran - 3 
yl ] acetate ( 600 mg , crude ) was used in the next step without 
further purification . LCMS : ( M + H ) * : 372.1 
[ 0677 ] Step 4 : 
[ 0678 ] To a solution of [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6 
[ 2- [ methyl ( prop - 2 - ynyl ) amino ) ethoxy ] tetrahydropyran - 3 
yl ] acetate ( 300 mg , 807.80 umol , 1 eq ) in DCM ( 3 mL ) was 
added fluoro ( iodo ) methane ( 645.95 mg , 4.04 mmol , 5 eq ) 
and DIPEA ( 104.40 mg , 807.80 umol , 140.70 UL , 1 eq ) . The 
mixture was stirred at 40 ° C. for 3 hr . LCMS showed 
[ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6- [ 2- [ methyl ( prop - 2 - ynyl ) 
amino ) ethoxy ] tetrahydropyran - 3 - yl ) acetate was consumed 
completely and the expected mass was detected . The reac 
tion mixture was concentrated under reduced pressure . The 
residue was purified by prep - HPLC [ water ( 0.10 % TFA ) 
ACN ) . Compound fluoromethyl - methyl - prop - 2 - ynyl- [ 2 
[ ( 2R , 3R , 4S , 5R ) -3,4,5 - triacetoxytetrahydropyran - 2 - yl ] oxy 
ethyl ] ammonium ( 95 mg , 29.1 % yield , 100 % purity , 1– ) 
was obtained as yellow oil . LCMS : ( M + ) : 404.1 ' H NMR 

N F 

I 

Compound 95 : ( fluoromethyl ) dimethyl ( 2 - { [ ( 3R , 4S , 
5S , 6R ) -3,4,5 - tris ( acetyloxy ) -6 - methyloxan - 2 - yl ] 

oxy } ethyl ) azanium 
[ 0670 ] This compound may be synthesized according to 
the experimental procedure described for Compound 311 . 

O 

OUT . 

N 

Compound 96 : ( fluoromethyl ) ( methyl ) ( prop - 2 - yn - 1 
yl ) ( 2 - { [ ( 2S , 3R , 4S , 5R ) -3,4,5 - tris ( acetyloxy ) oxan - 2 

yl ] oxy } ethyl ) azanium Iodide 
[ 0671 ] Step 1 : 
[ 0672 ] To a mixture of ( 2R , 3R , 4S , 5R ) -tetrahydropyran - 2 , 
3,4,5 - tetrol ( 50 g , 333.05 mmol , 1 eq ) in pyridine ( 300 mL ) 
was added acetyl acetate ( 204.00 g , 2.00 mol , 187.16 mL , 6 
eq ) in one portion at 0 ° C. under N2 . The mixture was heated . 
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[ 0685 ) Step 4 : ( 400 MHz , Methanol - d4 ) d 5.72 ( d , J = 2.1 Hz , 1H ) , 5.61 ( d , 
J = 2.1 Hz , 1H ) , 5.41 ( td , J = 9.8 , 2.5 Hz , 1H ) , 5.11-5.05 ( m , 
1H ) , 5.05-4.94 ( m , 2H ) , 4.61 ( dd , J = 2.8 , 1.4 Hz , 2H ) , 4.19 
( d , J = 12.4 Hz , 1H ) , 4.07-3.91 ( m , 2H ) , 3.91-3.83 ( m , 2H ) , 
3.77-3.61 ( m , 2H ) , 3.34 ( d , J = 2.1 Hz , 3H ) , 2.14-1.97 ( m , 
9H ) . 

Compound 97 : ( fluoromethyl ) dimethyl ( 2 - { [ ( 2S , 3R , 
4S , 5R ) -3,4,5 - tris ( acetyloxy ) oxan - 2 - yl ] oxy } ethyl ) 

azanium Iodide 

[ 0686 ] To a mixture of [ ( 3R , 4S , 5R , 6S ) -4,5 - diacetoxy - 6 
[ 2- ( dimethylamino ) ethoxy ] tetrahydropyran - 3 - yl ] acetate 
( 370 mg , 1.07 mmol , 1 eq ) in DCM ( 5 mL ) was added 
fluoro ( iodo ) methane ( 851.76 mg , 5.33 mmol , 5 eq ) . The 
mixture was stirred at 40 ° C. for 3 hours . LCMS showed 
desired mass was detected . The reaction mixture was filtered 
and concentrated under reduced pressure to give a residue . 
The residue was purified by prep - HPLC [ water ( 0.10 % 
TFA ) -ACN ] . The title compound ( 14 mg , 36.07 umol , 
3.39 % yield , 98 % purity ) was obtained as colorless oil . 
( M + ) : 380.1 ' H NMR ( 400 MHz , Methanol - d4 ) 8 5.58 ( s , 
1H ) , 5.47 ( s , 1H ) , 5.42 ( t , J = 9.7 Hz , 1H ) , 5.11 ( d , J = 3.7 Hz , 
1H ) , 5.07-4.96 ( m , 2H ) , 4.20 ( d , J = 13.2 Hz , 1H ) , 4.02 ( t , 
J = 11.0 Hz , 1H ) , 3.94-3.82 ( m , 2H ) , 3.82-3.74 ( m , 1H ) , 3.68 
( t , J = 10.8 Hz , 1H ) , 3.31 ( d , J = 2.1 Hz , 6H ) , 3.04-2.94 ( m , 
1H ) , 2.09-2.01 ( m , 9H ) . was con 
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Compound 98 : ( fluoromethyl ) dimethyl ( 2 - { [ ( 2R , 3R , 
45,5S , 6R ) -3,4,5 - trihydroxy - 6- ( hydroxymethyl ) oxan 

2 - yl ] oxy } ethyl ) azanium Chloride 

[ 0679 ] Step 1 : 
[ 0680 ] To a solution of ( 2R , 3R , 4S , 5R ) -tetrahydropyran - 2 , 
3,4,5 - tetrol ( 50 g , 333.04 mmol , 1 eq ) in pyridine ( 500 mL ) 
was added Ac20 ( 204.00 g , 2.00 mol , 187.16 mL , 6 eq ) . The 
mixture was stirred at 25 ° C. for 12 hr . TLC indicated 
( 2R , 3R , 4S , 5R ) -tetrahydropyran - 2,3,4,5 - tetrol 
sumed completely and one new spot formed . The reaction 
mixture was concentrated under reduced pressure . The resi 
due was purified by column chromatography ( SiO2 , Petro 
leum ether / Ethyl acetate = 80 / 1 to 0/1 ) . Compound [ ( 3R , 4S , 
5R ) -4,5,6 - triacetoxytetrahydropyran - 3 - yl ] acetate ( 100 g , 
314.19 mmol , 94.34 % yield ) was obtained as a yellow oil . 
[ 0681 ] Step 2 : 
[ 0682 ] To a solution of [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetra 
hydropyran - 3 - yl ) acetate ( 20 g , 62.84 mmol , 1 eq ) in DCM 
( 150 mL ) was added dropwise 2 - bromoethanol ( 11.78 g , 
94.26 mmol , 6.69 mL , 1.5 eq ) and BF3.Et20 ( 45.50 g , 
314.19 mmol , 39.57 mL , 98 % purity , 5 eq ) at 0 ° C. Th 
mixture was warmed to 25 ° C. and was stirred at 25 ° C. for 
12 hr . TLC indicated [ ( 3R , 4S , 5R ) -4,5,6 - triacetoxytetrahy 
dropyran - 3 - yl ) acetate was consumed completely and new 
spots formed . 5 batches were combined for work - up . The 
reaction mixture was quenched by addition of H2O ( 500 
mL ) at 25 ° C. and extracted with EtOAC ( 900 mL , 300 
mL * 3 ) . The combined organic layers were concentrated 
under reduced pressure to give a residue . The residue was 
purified by column chromatography ( SiO2 , Petroleum ether / 
Ethyl acetate = 20 / 1 to 0/1 ) . The crude product was purified 
by re - crystallization from ethyl acetate : Petroleum ether ( 40 
ml : 30 mL ) at 0 ° C. for 12h . Compound [ ( 3R , 4S , 5R , 6S ) -4 , 
5 - diacetoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] 
acetate ( 3 g , 7.83 mmol , 2.49 % yield ) was obtained as a 
white solid . The filtrate was purified by prep - HPLC [ water 
( 0.1 % TFA ) -ACN ) . Compound [ ( 3R , 4S , 5R , 6R ) -4,5 - diac 
etoxy - 6- ( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ] acetate ( 7 g , 
18.27 mmol , 5.81 % yield ) was obtained as a colorless oil . 
[ 0683 ] Step 3 : 
[ 0684 ] To a mixture of [ ( 3R , 4S , 5R , 5R ) -4,5 - diacetoxy - 6 
( 2 - bromoethoxy ) tetrahydropyran - 3 - yl ) acetate ( 0.5 g , 1.30 
mmol , 1 eq ) in THF ( 5 mL ) was added MeNH2 ( 810.49 mg , 
5.22 mmol , 20 % purity , 4 eq ) and Nal ( 195.59 mg , 1.30 
mmol , 1 eq ) in one portion at 25 ° C. under N2 . The mixture 
was stirred at 25 ° C. for 12 hours . LCMS showed the 
expected mass was detected . The reaction mixture was 
concentrated under reduced pressure to give a residue . The 
residue was purified by column chromatography ( SiO2 , 
Ethyl acetate / MeOH = 0 / 1 to 10/1 ) . The crude product [ ( 3R , 
4S , 5R , 6S ) -4,5 - diacetoxy - 6- [ 2- ( dimethylamino ) ethoxy ] tet 
rahydropyran - 3 - yl ] acetate ( 0.38 g , 1.09 mmol , 83.84 % 
yield ) was obtained as yellow oil , and used into the next step 
without further purification . 

: 

[ 0687 ] N- ( fluoromethyl ) -N , N - dimethyl - 2 - ( ( 3R , 4S , 5R , 
6R ) -3,4,5 - triacetoxy - 6- ( acetoxymethyl ) tetrahydro - 2H 
pyran - 2 - yl ) oxy ) ethan - 1 - aminium iodide ( 1.00 g , 1 Eq , 1.73 
mmol ) is dissolved in methanol ( 3 mL ) , followed by addi 
tion of 0.5M NAOMe in methanol ( 9.32 mg , 0.35 mL , 0.1 
Eq , 173 umol ) . The reaction was stirred at room temperature 
for a few hours , then concentrated by rotary evaporation . 
The sample was redissolved in MeOH , then purified by 
column chromatography ( C18AQ flash column , elutes at 
100 % Water with 0.1 % TFA ) . The pure fractions were 
lyophilized and collected . The product was redissolved in 
water and stirred with Amberlyst IRA - 400 Cl - resin ( 300 mg 
resin / 100 mg of TFA salt ) , then lyophilized to yield the title 
compound ( 0.400 g , 72.5 % ) ) . LCMS M + : 284.2 . ' H NMR 
( 400 MHz , Deuterium Oxide ) 8 5.39 ( s , 1H ) , 5.28 ( s , 1H ) , 
4.41 ( dd , J = 8.0 , 0.9 Hz , 1H ) , 4.35-4.25 ( m , 1H ) , 4.09-3.99 
( m , 1H ) , 3.87-3.79 ( m , 1H ) , 3.74-3.59 ( m , 3H ) , 3.45-3.33 
( m , 2H ) , 3.33-3.27 ( m , 1H ) , 3.31-3.19 ( m , 1H ) , 3.16 ( d , 
J = 2.1 Hz , 6H ) . 

9 

OH ?? ? 

N CI 

MOH HOM . 
OH 
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Compound 99 : ( chloromethyl ) dimethyl ( 2 - { [ ( 2R , 3R , 
4S , 5S , 6R ) -3,4,5 - trihydroxy - 6- ( hydroxymethyl ) oxan 

2 - yl ] oxy } ethyl ) azanium Chloride 
[ 0688 ] N , N - dimethyl - N- ( 2- ( 3R , 4S , 5R , 6R ) -3,4,5 - triac 
etoxy - 6- ( acetoxymethyl ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) 
ethyl ) cyclopropanaminium iodide ( 1.00 g , 1 Eq , 1.70 mmol , 
as synthesized in Compound 310 ) is dissolved in methanol 
( 3 mL ) , followed by addition of 0.5M NAOMe in methanol 
( 18.4 mg , 0.68 mL , 0.2 Eq , 340 umol ) . The reaction was 
stirred at room temperature for a few hours , then concen 
trated by rotary evaporation . The sample was redissolved in 
MeOH , then purified by column chromatography ( C18AQ 
flash column , elutes at 100 % Water with 0.1 % TFA ) . The 
pure fractions were lyophilized and collected . The product 
was redissolved in water and stirred with Amberlyst IRA 
400 Cl - resin ( 300 mg resin / 100 mg of TFA salt ) , then 
lyophilized to yield the title compound ( 0.200 g , 35.8 % ) . 
LCMS M + : 300.2 . ' H NMR ( 400 MHz , Deuterium Oxide ) 
8 5.15 ( s , 2H ) , 4.41 ( d , J = 7.9 Hz , 1H ) , 4.35-4.25 ( m , 1H ) , 
4.09-3.99 ( m , 1H ) , 3.83 ( dd , J = 12.3 , 2.2 Hz , 1H ) , 3.79-3.69 
( m , 2H ) , 3.63 ( dd , J = 12.3 , 5.8 Hz , 1H ) , 3.44-3.33 ( m , 2H ) , 
3.33-3.17 ( m , 2H ) , 3.20 ( s , 6H ) . 

Compound 101 : N , N - dimethyl - N- ( 2 - { [ ( 2S , 3R , 4S , 
5R , 6R ) -3,4,5 - tris ( acetyloxy ) -6 - [ ( acetyloxy ) methyl ] 

oxan - 2 - yl ) oxy } ethyl ) cyclopropanaminium 

[ 0690 ] This compound may be synthesized according to 
the experimental procedure described for Compound 312 . 

OH 

O. 
" OH HO . CF3C00 

OH 

Compound 103 : N , N - dimethyl - N- ( prop - 2 - yn - 1 - yl ) 
2 - ( ( ( 2R , 3R , 4S , 5R ) -3,4,5 - triacetoxy - 6 - methoxytetra 
hydro - 2H - pyran - 2 - yl ) methoxy ) carbonyl ) prop - 2 - en 

1 - aminium 2,2,2 - trifluoroacetate 

Compound 100 : N , N - dimethyl - N- ( 2 - { [ ( 2R , 3R , 4S , 
5S , 6R ) -3,4,5 - trihydroxy - 6- ( hydroxymethyl ) oxan - 2 

yl ] oxy } ethyl ) cyclopropanaminium Chloride 
[ 0689 ) N , N - dimethyl - N- ( 2 - ( ( ( 3R , 4S , 5R , 6R ) -3,4,5 - triac 
etoxy - 6- ( acetoxymethyl ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) 
ethyl ) cyclopropanaminium iodide ( 1.00 g , 1 Eq , 1.70 mmol , 
as synthesized in Compound 312 ) is dissolved in methanol 
( 3 mL ) , followed by addition of 0.5M NaOMe in methanol 
( 18.4 mg , 0.68 mL , 0.2 Eq , 340 umol ) . The reaction was 
stirred at room temperature for a few hours , then concen 
trated by rotary evaporation . The sample was redissolved in 
MeOH , then purified by column chromatography ( C18AQ 
flash column , elutes at 100 % Water with 0.1 % TFA ) . The 
pure fractions were lyophilized and collected . The product 
was redissolved in water and stirred with Amberlyst IRA 
400 Cl - resin ( 300 mg resin / 100 mg of TFA salt ) , then 
lyophilized to yield the title compound ( 0.200 g , 35.8 % ) . 
LCMS M + : 292.3 . ' H NMR ( 400 MHz , Deuterium Oxide ) 
8 4.40 ( dd , J = 8.0 , 1.0 Hz , 1H ) , 4.37-4.28 ( m , 1H ) , 4.12-4.02 
( m , 1H ) , 3.82 ( dd , J = 12.4 , 2.1 Hz , 1H ) , 3.69-3.57 ( m , 3H ) , 
3.44-3.33 ( m , 2H ) , 3.33-3.24 ( m , 1H ) , 3.24-3.16 ( m , 1H ) , 
3.16-3.08 ( m , 1H ) , 2.93 ( d , J = 2.0 Hz , 6H ) , 1.18-1.09 ( m , 
2H ) , 0.91-0.80 ( m , 2H ) . 

[ 0691 ] Compound 2 - carboxy - N , N - dimethyl - N- ( prop - 2 
yn - 1 - yl ) prop - 2 - en - 1 - aminium ( 315 mg , 2 Eq , 1.87 mmol ) 
and EDC ( 359 mg , 2 Eq , 1.87 mmol ) were stirred in DMF 2 . 
( 3 mL ) . Next ( 2R , 3R , 4S , 5R ) -2- ( hydroxymethyl ) -6 
methoxytetrahydro - 2H - pyran - 3,4,5 - triyl triacetate ( 300 mg , 
1 Eq , 937 umol ) was added to the solution and the reaction 
was stirred at room temperature overnight . The reaction 
mixture was injected directly onto reverse phase C18 col 
umn chromatography ( 5 % ACN in water with 0.1 % TFA to 
100 % ACN ) , and product containing fractions were lyo 
philized to yield N , N - dimethyl - N- ( prop - 2 - yn - 1 - yl ) -2 
( ( ( ( 2R , 3R , 4S , 5R ) -3,4,5 - triacetoxy - 6 - methoxytetrahydro 
2H - pyran - 2 - yl ) methoxy ) carbonyl ) prop - 2 - en - 1 - aminium 
2,2,2 - trifluoroacetate ( 18 mg , 3.3 % ) . LCMS M + : 470.1 . ' H 
NMR ( 400 MHz , DMSO - d6 ) d 6.90 ( s , 1H ) , 6.52 ( s , 1H ) , 
5.31 ( t , J = 9.7 Hz , 1H ) , 5.07 ( t , J = 9.9 Hz , 1H ) , 4.96-4.83 ( m , 
2H ) , 4.37 ( d , J = 2.5 Hz , 2H ) , 4.33-4.21 ( m , 4H ) , 4.11-4.05 
( m , 1H ) , 4.00 ( dt , J = 10.3 , 3.3 Hz , 1H ) , 3.34 ( s , 3H ) , 3.03 ( s , 
6H ) , 2.02-1.93 ( m , 9H ) . 
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Compound 104 : N , N - dimethyl - N- ( prop - 2 - yn - 1 - yl ) 
2 - ( ( ( ( 2R , 3R , 4S , 5R ) -3,4,5,6 - tetraacetoxytetrahydro 
2H - pyran - 2 - yl ) methoxy ) carbonyl ) prop - 2 - en - 1 - ami 

nium 2,2,2 - trifluoroacetate 
[ 0692 ] 2 - carboxy - N , N - dimethyl - N- ( prop - 2 - yn - 1 - yl ) prop 
2 - en - 1 - aminium ( 193 mg , 2 Eq , 1.15 mmol ) and EDC ( 220 2 
mg , 2 Eq , 1.15 mmol ) were stirred in DMF ( 3 mL ) . Next 
( 3R , 4S , 5R , 6R ) -6- ( hydroxymethyl ) tetrahydro - 2H - pyran - 2 , 
3,4,5 - tetrayltetraacetate ( 200 mg , 1 Eq , 574 mol ) was added 
to the solution and the reaction was stirred at room tem 
perature overnight . The reaction mixture was injected 
directly onto reverse phase C18 column chromatography 
( 5 % ACN in water with 0.1 % TFA to 100 % ACN ; two 
column purifications were performed ) , and product contain 
ing fractions were lyophilized to yield N , N - dimethyl - N 
( prop - 2 - yn - 1 - yl ) -2-2R , 3R , 4S , 5R ) -3,4,5,6 - tetraacetox 
ytetrahydro - 2H - pyran - 2 - yl ) methoxy ) carbonyl ) prop - 2 - en - 1 
aminium 2,2,2 - trifluoroacetate ( 33 mg , 9.4 % ) . LCMS M + : 
498.1 . HNMR ( 400 MHz , DMSO - d6 ) & 6.88 ( s , 1H ) , 6.51 
( s , 1H ) , 5.94 ( d , J = 8.3 Hz , 1H ) , 5.45 ( t , J = 9.6 Hz , 1H ) , 5.08 
( t , J = 9.4 Hz , 1H ) , 5.00 ( dd , J = 9.7 , 8.3 Hz , 1H ) , 4.36 ( d , J = 2.5 
Hz , 2H ) , 4.32-4.16 ( m , 5H ) , 4.08 ( t , J = 2.4 Hz , 1H ) , 3.02 ( s , 
6H ) , 2.11-1.90 ( m , 12H ) . 

resulting suspension was stirred at 0 ° C. for 30 mins . 
BFz.Et20 ( 218 g , 1.54 mol , 190 mL , 3.00 eq ) was added to 
the suspension drop - wise at 0 ° C. under N2 . After addition , 
the suspension was stirred at 20 ° C. for 18 hrs . TLC 
( Petroleum ether : Ethyl acetate = 2 : 1 , R , of material = 0.4 ) 
showed the reaction was completed . K2CO3 ( 280 g ) was 
added to the suspension in one portion , and the suspension 
was stirred for 30 mins . The suspension was filtered . The 
filtrate was washed by water ( 1500 mLx2 ) followed by brine 
( 1000 mL ) . The organic layer was dried over Na2SO4 , 
filtered and concentrated under vacuum to give a crude 
product . The crude product was purified by column chro 
matography ( SiO2 , Petroleum ether / Ethyl acetate = 100 / 1 to 
5/1 ) to give a solid . The solid was re - crystallized from 
MTBE / Petroleum ether ( 3 : 1 , 300 mL ) to give compound 2 
( 195 g , 388 mmol , 37.9 % yield ) as a white solid . 
[ 0695 ] Step 2 : 
[ 0696 ] To a solution of compound 2 ( 80 g , 159 mmol , 1.00 
eq ) in acetone ( 500 mL ) was added compound 2A ( 19.9 g , 
239 mmol , 25.3 mL , 1.50 eq ) . After addition , the solution 
was stirred at 40 ° C. for 16 hrs . TLC ( Petroleum ether : Ethyl 
acetate = 2 : 1 , Rf of material = 0.5 ) showed the reaction was 
completed . The solution was cooled to 0 ° C. and solid 
precipitated out . The solid was filtered , collected and con 
centrated under vacuum to give 3 ( 100 g , 171 mmol , 53.6 % 
yield ) as a white solid . 
[ 0697 ] Step 3 : 
[ 0698 ] N , N - dimethyl - N- ( 2- ( 3R , 4S , 5R , 6R ) -3,4,5 - triac 
etoxy - 6- ( acetoxymethyl ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) 
ethyl ) prop - 2 - yn - 1 - aminium iodide ( 3.00 g , 1 Eq , 5.12 
mmol ) is dissolved in methanol ( 3 mL ) , followed by addi 
tion of 0.5M NAOMe in methanol ( sodium methoxide ( 277 
mg , 10 mL , 1 Eq , 5.12 mmol ) ) . The reaction was stirred at 
room temperature for a few hours , then concentrated by 
rotary evaporation . The sample was dissolved in water , then 
purified by column chromatography ( C18AQ flash column , 
elutes at 100 % Water with 0.1 % TFA ) . The pure fractions 
were lyophilized to yield product N , N - dimethyl - N- ( 2 - ( ( ( 3R , 
45,5S , 6R ) -3,4,5 - trihydroxy - 6- ( hydroxymethyl ) tetrahydro 
2H - pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium 2,2,2 - trif 
luoroacetate ( 590 mg , 28.5 % ) ) . 
[ 0699 ] Step 4 : 
[ 0700 ] Compound N , N - dimethyl - N- ( 2 - ( ( ( 2R , 3R , 4S , 5S , 
6R ) -3,4,5 - trihydroxy - 6- ( hydroxymethyl ) tetrahydro - 2H 
pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium ( 0.300 g , 1 Eq , 
1.03 mmol ) was stirred in acetic - 2,2,2 - d3 anhydride ( 1.12 g , 
977 ?L , 10 Eq , 10.3 mmol ) and pyridine ( 817 mg , 836 uL , 
10 Eq , 10.3 mmol ) . The reaction was diluted in dichlo 
romethane then purified by column chromatography ( 100 % 
DCM to 10 % MeOH in DCM ; product elutes around 8 % 
MeOH in DCM ) . Fractions containing product were dried in 
vacuo to yield N , N - dimethyl - N- ( 2 - ( ( ( 2R 3R , 4S , 5R , 6R ) -3,4 , 
5 - tris ( acetoxy - d3 ) -6 - ( ( acetoxy - d3 ) methyl ) tetrahydro - 2H 
pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium 2,2,2 - trifluoro 
acetate ( 75 mg , 12 % ) . LCMS M + : 470.4 . ' H NMR ( 400 
MHz , DMSO - d6 ) d 5.26 ( t , J = 9.5 Hz , 1H ) , 4.99-4.74 ( m , 
3H ) , 4.36 ( d , J = 2.5 Hz , 2H ) , 4.24-3.94 ( m , 6H ) , 3.61 ( t , 
J = 5.0 Hz , 2H ) , 3.08 ( s , 6H ) . 

0 

CF3COO 
D1 
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D 

D 

Compound 105 : N , N - dimethyl - N- ( 2 - ( ( ( 3R , 4S , 5S , 
6R ) -3,4,5 - trihydroxy - 6- ( hydroxymethyl ) tetrahydro 
2H - pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium 2,2 , 

2 - trifluoroacetate 
[ 0693 ] Step 1 : 
[ 0694 ] To a solution of compound 1 ( 200 g , 512 mmol , 
1.00 eq ) in DCM ( 1000 mL ) was added 4A molecular sieves 
( 100 g ) . 2 - iodoethanol ( 88.1 g , 512 mmol , 40.0 mL , 1.00 eq ) 
was added to the suspension drop - wise at 0 ° C. and the 
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OH 
Om ... 

luoroacetate ( 590 mg , 28.5 % ) ) . LCMS M + : 290.2 . ' H NMR 
( 400 MHz , Deuterium Oxide ) d 4.43 ( d , J = 7.9 Hz , 1H ) , 
4.36-4.23 ( m , 3H ) , 4.11-4.00 ( m , 1H ) , 3.84 ( dd , J = 12.4 , 2.2 
Hz , 1H ) , 3.73-3.61 ( m , 3H ) , 3.46-3.35 ( m , 2H ) , 3.34-3.18 
( m , 3H ) , 3.18 ( s , 6H ) . 

HO 
OH F ti OH F HO ... 

F HO . 

NH Br 

. 

Compound 107 and Compound 131 : N- ( cyclopro 
pylmethyl ) -2 - hydroxy - N , N - dimethylethan - 1 - ami 

nium Bromide 
[ 0707 ] To a solution of 2- ( dimethylamino ) ethanol ( 1 g , 
11.22 mmol , 1.13 mL , 1 eq ) in THF ( 10 mL ) was added 
( bromomethyl ) cyclopropane ( 1.67 g , 12.34 mmol , 1.18 mL , 
1.1 eq ) at 20 ° C. The mixture was stirred at 20 ° C. for 12 h . 
The reaction mixture was filtered to give a residue . The 
residue was diluted with H2O ( 10 mL ) and extracted with 
ethyl acetate ( 10 mL ) . The water layer was freeze - drying to 
give N- ( cyclopropylmethyl ) -2 - hydroxy - N , N - dimethyl 
ethanaminium bromide ( 170 mg , 758.46 umol , 6.76 % yield ) 
as a white solid . MS : M * = 144.1 ' H NMR ( 400 MHz , D20 ) 
8 4.0 ( m , 2H ) , 3.5 ( m , 2H ) , 3.2 ( d , 2H ) , 3.1 ( s , 6H ) , 1.2 ( m , 
1H ) , 0.8 ( m , 2H ) , 0.4 ( m , 2H ) ppm . 

2 

Br 

HO 

Compound 106 : N , N - dimethyl - N - 2 - ( ( ( 3R , 4S , 5S , 
6R ) -3,4,5 - trihydroxy - 6- ( hydroxymethyl ) tetrahydro 
2H - pyran - 2 - yl ) oxy ) ethyl ) prop - 2 - yn - 1 - aminium 2,2 , 

2 - trifluoroacetate 
[ 0701 ] Step 1 : 
[ 0702 ] To a solution of compound 1 ( 200 g , 512 mmol , 
1.00 eq ) in DCM ( 1000 mL ) was added 4 A molecular sieves 
( 100 g ) . 2 - iodoethanol ( 88.1 g , 512 mmol , 40.0 mL , 1.00 eq ) 
was added to the suspension drop - wise at 0 ° C. and the 
resulting suspension was stirred at 0 ° C. for 30 mins . 
BF3.Et20 ( 218 g , 1.54 mol , 190 mL , 3.00 eq ) was added to 
the suspension drop - wise at 0 ° C. under N2 . After addition , 
the suspension was stirred at 20 ° C. for 18 hrs . TLC 
( Petroleum ether : Ethyl acetate = 2 : 1 , Rf of material = 0.4 ) 
showed the reaction was completed . K2CO3 ( 280 g ) was 
added to the suspension in one portion , and the suspension 
was stirred for 30 mins . The suspension was filtered . The 
filtrate was washed by water ( 1500 mLx2 ) followed by brine 
( 1000 mL ) . The organic layer was dried over Na2SO4 , 
filtered and concentrated under vacuum to give a crude 
product . The crude product was purified by column chro 
matography ( SiO2 , Petroleum ether / Ethyl acetate = 100 / 1 to 
5/1 ) to give a solid . The solid was re - crystallized from 
MTBE / Petroleum ether ( 3 : 1 , 300 mL ) to give compound 2 
( 195 g , 388 hol , 37.9 % yield ) as a white solid . 
[ 0703 ] Step 2 : 
[ 0704 ] To a solution of compound 2 ( 80 g , 159 mmol , 1.00 
eq ) in acetone ( 500 mL ) was added compound 2A ( 19.9 g , 
239 mmol , 25.3 mL , 1.50 eq ) . After addition , the solution 
was stirred at 40 ° C. for 16 hrs . TLC ( Petroleum ether : Ethyl 
acetate = 2 : 1 , Rf of material = 0.5 ) showed the reaction was 
completed . The solution was cooled to 0 ° C. and lots of solid 
precipitated out . The solid was filtered , collected and con 
centrated under vacuum to give 3 ( 100 g , 171 mmol , 53.6 % 
yield ) as a white solid . 
[ 0705 ] Step 3 : 
[ 0706 ] N , N - dimethyl - N- ( 2-3R , 4S , 5R , 6R ) -3,4,5 - triac 
etoxy - 6- ( acetoxymethyl ) tetrahydro - 2H - pyran - 2 - yl ) oxy ) 
ethyl ) prop - 2 - yn - 1 - aminium iodide ( 3.00 g , 1 Eq , 5.12 
mmol ) is dissolved in methanol ( 3 mL ) , followed by addi 
tion of 0.5M NAOMe in methanol ( sodium methoxide ( 277 
mg , 10 mL , 1 Eq , 5.12 mmol ) ) . The reaction was stirred at 
room temperature for a few hours , then concentrated by 
rotary evaporation . The sample was dissolved in water , then 
purified by column chromatography ( C18AQ flash column , 
elutes at 100 % Water with 0.1 % TFA ) . The pure fractions 
were lyophilized to yield product N , N - dimethyl - N- ( 2 - ( ( ( 3R , 
45,5S , 6R ) -3,4,5 - trihydroxy - 6- ( hydroxymethyl ) tetrahydro 
2H - pyran - 2 - yl ) oxylethyl ) prop - 2 - yn - 1 - aminium 2,2,2 - trif - ) ) 

Compound 108 : ( 2S ) -2- ( hydroxymethyl ) -1 - methyl 
1- ( prop - 2 - yn - 1 - yl ) pyrrolidin - 1 - ium bromide 

[ 0708 ] To a solution of [ ( 2S ) -1 - methylpyrrolidin - 2 - yl ] 
methanol ( 200 mg , 1.74 mmol , 206.19 L , 1 eq ) in DCM ( 5 
mL ) was added 3 - bromoprop - 1 - yne ( 247.89 mg , 2.08 mmol , 
179.63 UL , 1.2 eq ) . The mixture was stirred at 25 ° C. for 5 
h . Some solid precipitate out . The mixture was filtered and 
the filter cake was washed with DCM ( 5 mL * 2 ) and con 
centrated to dryness . Compound ( 2S ) -2- ( hydroxymethyl ) -1 
methyl - 1- ( prop - 2 - yn - 1 - yl ) pyrrolidin - 1 - ium bromide ( 346 
mg , crude ) was obtained as a white solid . ' H NMR ( 400 
MHz , DMSO ) 8 5.5 ( m , 1H ) , 4.3 ( m , 2H ) , 3.8 ( m , 5H ) , 3.3 
( s 6H ) , 2.0 ( m , 4H ) ppm . 

F 

Nt I 

HO 
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Compound 109 : ( 2S ) -1- ( fluoromethyl ) -2- ( hy 
droxymethyl ) -1 - methylpyrrolidin - 1 - ium iodide OH 

I 

-N 

[ 0709 ] To a solution of ( 3S ) -1 - methylpyrrolidin - 3 - ol ( 200 
mg , 1.98 mmol , 201.41 uL , 1 eq ) in DCM ( 5 mL ) was added 
fluoro ( iodo ) methane ( 379.48 mg , 2.37 mmol , 1.2 eq ) . The 
mixture was stirred at 25 ° C. for 5 h . MS showed desired 
compound was detected . The reaction mixture was concen 
trated under reduced pressure to remove solvent . The residue 
was dissolved in H20 ( 1 mL ) , washed with EtOAC ( 2 mL * 2 ) 
and lyophilized the aqueous phase to give a residue . Com 
pound ( 2S ) -1- ( fluoromethyl ) -2- ( hydroxymethyl ) -1 - meth 
ylpyrrolidin - 1 - ium iodide ( 111 mg , crude ) was obtained as a 
white solid . ' H NMR ( 400 MHz , DMSO ) 85.6 ( m , 3H ) , 3.8 
( m , 4H ) , 3.5 ( m , 1H ) , 3.1 ( s , 3H ) , 2.0 ( m , 4H ) ppm 

Compound 111 : 
N- ( 2 - hydroxyethyl ) -N , N - dimethylcyclopropanaminium 

Iodide 

I 

HO 

Compound 110 : 
2- ( hydroxymethyl ) -1,1 - dimethylpyrrolidin - 1 - ium 

lodide 

[ 0710 ] To a solution of ( 1 - methylpyrrolidin - 2 - yl ) metha 
nol ( 300 mg , 2.60 mmol , 1 eq ) and DMAP ( 159.11 mg , 1.30 
mmol , 0.5 eq ) in THF ( 5 mL ) was added ( Boc ) 20 ( 1.42 g , 
6.51 mmol , 1.50 mL , 2.5 eq ) at 25 ° C. The mixture was 
stirred at 25 ° C. for 12 h . LCMS showed the desired 
compound was detected . The reaction mixture was filtered 
and the filtrate was concentrated under reduced pressure to 
give a residue . The residue was purified by column chro 
matography ( SiO2 , Petroleum ether / Ethyl acetate = 3 : 1 to 
1 : 1 ) to give tert - butyl ( ( 1 - methylpyrrolidin - 2 - yl ) methyl ) 
carbonate ( 190 mg , 882.54 umol , 33.88 % yield ) as a yellow 
oil . 

[ 0711 ] To a solution of tert - butyl ( ( 1 - methylpyrrolidin - 2 
yl ) methyl ) carbonate ( 190 mg , 882.54 umol , 1 eq ) in THF 
( 5 mL ) was added Mel ( 250.53 mg , 1.77 mmol , 109.88 uL , 
2 eq ) at 25 ° C. The mixture was stirred at 25 ° C. for 5 h . 
LCMS showed the desired compound was detected . The 
reaction mixture was diluted with H2O ( 10 mL ) and 
extracted with ethyl acetate ( 10 mL ) . The water layer was 
freeze - drying to give 2 - ( ( ( tert - butoxycarbonyl ) oxy ) methyl ) 
1,1 - dimethylpyrrolidin - 1 - ium iodide ( 200 mg , 559.87 umol , 
63.44 % yield ) as a yellow solid . 
[ 0712 ] To a solution of 2 - ( ( tert - butoxycarbonyl ) oxy ) 
methyl ) -1,1 - dimethylpyrrolidin - 1 - ium iodide ( 180 mg , 503 . 
88 umol , 1 eq ) in HCl / dioxane ( 0.5 mL , 4M ) and dioxane ( 1 
mL ) was stirred at 25 ° C. for 2 h . The reaction mixture was 
concentrated under reduced pressure to give a residue . The 
residue was diluted with H2O ( 10 mL ) and extracted with 
ethyl acetate ( 10 mL ) . The water layer was freeze - drying to 
give 2- ( hydroxymethyl ) -1,1 - dimethylpyrrolidin - 1 - ium 
iodide ( 70 mg , 272.26 umol , 54.03 % yield ) as a yellow 
solid . MS : M = 130.1 ' H NMR ( 400 MHz , DMSO ) 8 3.9 ( m , 
2H ) , 3.7 ( m , 1H ) , 3.5 ( m , 2H ) , 3.2 ( s , 3H ) , 3.0 ( s , 3H ) , 2.3 
m , 1HO , 2.1 ( m , 2H ) , 1.8 ( m , 1H ) ppm . 

[ 0713 ] To a solution of N - methylcyclopropanamine ( 150 
mg , 2.11 mmol , 1.68 eq ) and ( 2 - bromoethoxy ) ( tert - butyl ) 
dimethylsilane ( 300 mg , 1.25 mmol , 1 eq ) in ACN ( 5 mL ) 
was added K2CO3 ( 173.32 mg , 1.25 mmol , 1 eq ) at 25 ° C. 
The mixture was stirred at 50 ° C. for 12 h . TLC indicated 
new spot formed . The reaction mixture was filtered and 
concentrated under reduced pressure to give a residue . The 
residue was purified by column chromatography ( SiO2 , 
Petroleum ether / Ethyl acetate = 5 : 1 to 1 : 1 ) to give N- ( 2 
( tert - butyldimethylsilyl ) oxy ) ethyl ) -N - methylcyclopropan 
amine ( 120 mg , 523.03 umol , 41.71 % yield ) as colorless oil . 
[ 0714 ] To a solution of N- ( 2 - tert - butyldimethylsilyl ) 
oxy ) ethyl ) -N - methylcyclopropanamine ( 70 mg , 305.10 
umol , 1 eq ) in THF ( 2 mL ) was added Mel ( 86.61 mg , 
610.20 umol , 37.99 UL , 2 eq ) at 25 ° C. The mixture was 
stirred at 25 ° C. for 12 h . The solid was filtered and the filter 
cake was concentrated to give N- ( 2 - ( ( tert - butyldimethylsi 
lyl ) oxy ) ethyl ) -N , N - dimethylcyclopropanaminium iodide 
( 50 mg , 134.64 umol , 44.13 % yield ) as a white solid . 
[ 0715 ] To a solution of N- ( 2 - tert - butyldimethylsilyl ) 
oxy ) ethyl ) -N , N - dimethylcyclopropanaminium iodide ( 20 
mg , 53.85 umol , 1 eq ) in H20 ( 2 mL ) was added KF ( 31.29 
mg , 538.54 umol , 12.62 UL , 10 eq ) at 25 ° C. The mixture 
was stirred at 25 ° C. for 12 h . The precipitation was 
separated out by filtration . And the filtrate was diluted with 
H2O ( 10 mL ) and extracted with ethyl acetate ( 10 mL ) . The 
water layer was concentrated under reduced pressure to give 
a residue . The residue was washed by acetonitrile ( 2 mL ) . 
The acetonitrile layer was filtered and the filtrate was 
concentrated under reduced pressure to give N- ( 2 - hydroxy 
ethyl ) -N , N - dimethylcyclopropanaminium iodide ( 10 mg , 
38.89 umol , 72.22 % yield ) as a white solid . ' H NMR ( 400 
MHz , D20 ) 8 4.1 ( m , 2H ) , 3.6 ( m , 2H ) , 3.2 ( m , 1H ) , 3.0 ( s , 
6H ) , 1.2 ( m , 2H ) , 0.9 ( m , 2H ) ppm . 

Br 

HOY 

Compound 112 : ( 3S ) -3 - hydroxy - 1 - methyl - 1- ( prop 
2 - yn - 1 - yl ) pyrrolidin - 1 - ium bromide 

[ 0716 ] To a solution of ( 3S ) -1 - methylpyrrolidin - 3 - ol ( 200 
mg , 1.98 mmol , 201.41 UL , 1 eq ) in DCM ( 5 mL ) was added 
3 - bromoprop - 1 - yne ( 282.27 mg , 2.37 mmol , 204.54 UL , 1.2 

a 
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F 
I 

eq ) . The mixture was stirred at 25 ° C. for 5 h . MS showed 
desired compound was detected . The reaction mixture was 
concentrated under reduced pressure to remove solvent . The 
residue was dissolved in H2O ( 1 mL ) , washed with EtOAC 
( 2 mL * 2 ) and lyophilized the aqueous phase to give a 
residue . Compound ( 3S ) -3 - hydroxy - 1 - methyl - 1- ( prop - 2 - yn 
1 - yl ) pyrrolidin - 1 - ium bromide ( 311 mg , crude ) was 
obtained as yellow oil . ' H NMR ( 400 MHz , DMSO ) 8 5.6 
( m , 1H ) , 4.4 ( m , 3H ) , 4.0 ( m , 1H ) , 3.6 ( m , 4H ) , 3.1 ( m , 3H ) , 
2.4 ( m , 1H ) , 1.9 ( m 1H ) ppm . 

HO 

Compound 115 : ( 3R ) -1- ( fluoromethyl ) -3 - hydroxy 
1 - methylpyrrolidin - 1 - ium lodide 

Br 
9 

HO 

[ 0719 ] To a solution of ( 3R ) -1 - methylpyrrolidin - 3 - ol ( 0.2 
g , 1.98 mmol , 217.16 UL , 1 eq ) in DCM ( 5 mL ) was added 
fluoro ( iodo ) methane ( 379.48 mg , 2.37 mmol , 1.2 eq ) . The 
mixture was stirred at 25 ° C. for 5 h . MS showed desired 
compound was detected . The reaction mixture was concen 
trated under reduced pressure to remove solvent . The residue 
was dissolved in H2O ( 1 mL ) , washed with EtOAC ( 2 mL * 2 ) 
and lyophilized the aqueous phase to give a residue . Com 
pound ( 3R ) -1- ( fluoromethyl ) -3 - hydroxy - 1 - methylpyrroli 
din - 1 - ium iodide ( 358 mg , crude ) was obtained as yellow 
oil . ' H NMR ( 400 MHz , DMSO ) 8 5.7 ( m , 1H ) , 5.4 ( m , 2H ) , 
4.5 ( m , 1H ) , 3.6 ( m , 4H ) , 3.2 ( s , 3H ) , 2.4 ( m , 1H ) , 1.9 ( m , 

Compound 113 : ( 3R ) -3 - hydroxy - 1 - methyl - 1- ( prop 
2 - yn - 1 - yl ) pyrrolidin - 1 - ium bromide 

1H ) ppm . 

N I ' 

[ 0717 ] To a solution of ( 3R ) -1 - methylpyrrolidin - 3 - ol ( 200 
mg , 1.98 mmol , 217.16 UL , 1 eq ) in DCM ( 5 mL ) was added 
3 - bromoprop - 1 - yne ( 282.27 mg , 2.37 mmol , 204.54 UL , 1.2 
eq ) . The mixture was stirred at 25 ° C. for 5 h . MS showed 
desired compound was detected . The reaction mixture was 
concentrated under reduced pressure to remove solvent . The 
residue was dissolved in H20 ( 1 mL ) , washed with EtOAC 
( 2 mL * 2 ) and lyophilized the aqueous phase to give a 
residue . Compound ( 3R ) -3 - hydroxy - 1 - methyl - 1- ( prop - 2 
yn - 1 - yl ) pyrrolidin - 1 - ium bromide ( 368 mg , crude ) was 
obtained as yellow oil . ' H NMR ( 400 MHz , DMSO ) d 5.6 
( m , 1H ) , 4.4 ( m , 3H ) , 4.0 ( m , 1H ) , 3.6 ( m , 4H ) , 3.1 ( m , 3H ) , 
2.4 ( m , 1H ) , 1.9 ( m 1H ) ppm . 

HO 

Compound 116 : 
( R ) -3 - hydroxy - 1,1 - dimethylpyrrolidin - 1 - ium Iodide 

Compound 114 : ( 3S ) -1- ( fluoromethyl ) -3 - hydroxy - 1 
methylpyrrolidin - 1 - ium Iodide 

[ 0718 ] To a solution of ( 3S ) -1 - methylpyrrolidin - 3 - ol ( 200 
mg , 1.98 mmol , 201.41 uL , 1 eq ) in DCM ( 5 mL ) was added 
fluoro ( iodo ) methane ( 379.48 mg , 2.37 mmol , 1.2 eq ) . The 
mixture was stirred at 25 ° C. for 5 h . MS showed desired 
compound was detected . The reaction mixture was concen 
trated under reduced pressure to remove solvent . The residue 
was dissolved in H20 ( 1 mL ) , washed with EtOAC ( 2 mL * 2 ) 
and lyophilized the aqueous phase to give a residue . Com 
pound ( 3S ) -1- ( fluoromethyl ) -3 - hydroxy - 1 - methylpyrroli 
din - 1 - ium iodide ( 111 mg , crude ) was obtained as a white 
solid . ' H NMR ( 400 MHz , DMSO ) 8 5.7 ( m , 1H ) , 5.4 ( m , 
2H ) , 4.5 ( m , 1H ) , 3.6 ( m , 4H ) , 3.2 ( s , 3H ) , 2.4 ( m , 1H ) , 1.9 
( m , 1H ) ppm . 

[ 0720 ] To a solution of ( 3R ) -pyrrolidin - 3 - ol ( 4 g , 32.37 
mmol , 3.81 mL , 1 eq , HCl ) in THF ( 50 mL ) was added 
NaOH ( 1.29 g , 32.37 mmol , 1 eq ) at 25 ° C. After addition , 
the mixture was stirred at this temperature for 20 min . Then 
paraformaldehyde ( 1.17 g , 38.84 mmol , 1.2 eq ) and 
HCOOH ( 4.82 g , 100.34 mmol , 3.1 eq ) were added 25 ° C. 
The resulting mixture was stirred at 60 ° C. for 5 h 40 min . 
TLC indicated the reaction was completed . The reaction 
mixture was cooled to 0 ° C. , quenched by addition 10N 
NaOH to pH about 10 , and extracted with EtoAc ( 30 
mL * 3 ) . The combined organic layers were washed with H2O 
( 100 mL * 1 ) , dried over Na2SO4 , filtered and concentrated 
under reduced pressure to give a residue . The crude product 
( 3R ) -1 - methylpyrrolidin - 3 - ol ( 0.7 g , crude ) as yellow oil 
was used into the next step without further purification . 
[ 0721 ] To a solution of ( 3R ) -1 - methylpyrrolidin - 3 - ol ( 0.2 
g , 1.98 mmol , 217.16 UL , 1 eq ) in DCM ( 10 mL ) was added 
Mel ( 561.32 mg , 3.95 mmol , 246.19 UL , 2 eq ) . The mixture 
was stirred at 25 ° C. for 12 h . Some solid precipitate out and 
the solid was filtered . The filter cake was washed with DCM 
( 5 mL * 2 ) and concentrated to dryness . Compound ( R ) -3 
hydroxy - 1,1 - dimethylpyrrolidin - 1 - ium iodide ( 333 mg , 
crude ) was obtained as a white solid . ' H NMR ( 400 MHz , 
DMSO ) 8 5.5 ( s , 1H ) , 4.5 ( m , 1H ) , 3.6 ( 4H ) , 3.2 ( s , 3H ) , 3.1 
( s , 3H ) , 2.4 ( m , 1H ) , 1.9 ( m , 1H ) ppm . 
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iodide . The resulting precipitate is collected and dried and 
recrystallized to afford the title compound . 

IC 

H 
HON 

H 

HO 

a Compound 120 : ( 15,2R ) -2 - hydroxy - N , N - dimethyl 
N- ( prop - 2 - yn - 1 - yl ) cyclopropan - 1 - aminium Iodide 

[ 0726 ] ( 1S , 2R ) , 2 - dimethylamino cyclopropanol is dis 
solved in THF followed by the dropwise addition of prop 
argyl iodide . The resulting precipitate is collected and dried 
and recrystallized to afford the title compound . 

H 

Compound 117 : 
( S ) -3 - hydroxy - 1,1 - dimethylpyrrolidin - 1 - ium Iodide 

[ 0722 ] To a solution of ( 3S ) -pyrrolidin - 3 - ol ( 4 g , HCl salt , 
32.37 mmol , 3.70 mL , 1 eq ) in THF ( 50 mL ) was added 
NaOH ( 1.29 g , 32.37 mmol , 1 eq ) at 25 ° C. After addition , 
the mixture was stirred at this temperature for 20 min . Then 
Paraformaldehyde ( 1.13 g , 38.84 mmol , 1.2 eq ) and 
HCOOH ( 4.82 g , 100.34 mmol , 3.1 eq ) were added at 25 ° 
C. The resulting mixture was stirred at 60 ° C. for 5 h 40 min . 
TLC indicated the reaction was completed . The reaction 
mixture was cooled to 0 ° C. and quenched by addition 10N 
NaOH to pH about 10 , and extracted with EtoAc ( 30 
mL * 3 ) . The combined organic layers were washed with H2O 
( 100 mL * 1 ) , dried over Na2SO4 , filtered and concentrated 
under reduced pressure to give a residue . The crude product 
( 3S ) -1 - methylpyrrolidin - 3 - ol ( 0.7 g , crude ) as yellow oil 
was used into the next step without further purification . 
[ 0723 ] To a solution of ( 3S ) -1 - methylpyrrolidin - 3 - ol ( 0.2 
g , 1.98 mmol , 201.41 uL , 1 eq ) in DCM ( 10 mL ) was added 
Mel ( 561.32 mg , 3.95 mmol , 246.19 uL , 2 eq ) . The mixture 
was stirred at 25 ° C. for 12 h . Some solid precipitate out and 
the solid was filtered . The filter cake was washed with DCM 
( 5 mL * 2 ) and concentrated to dryness . Compound ( S ) -3 
hydroxy - 1,1 - dimethylpyrrolidin - 1 - ium iodide ( 272 mg , 
crude ) was obtained as a white solid . ' H NMR ( 400 MHz , 
DMSO ) 8 5.5 ( s , 1H ) , 4.5 ( m , 1H ) , 3.6 m , 4H ) , 3.2 ( s , 3H ) , 
3.1 ( s , 3H ) , 2.4 ( m , 1H ) , 1.0 ( m , 1H ) ppm . 

H 

HO 

Compound 121 : ( 1R , 2S ) -2 - hydroxy - N , N - dimethyl 
N- ( prop - 2 - yn - 1 - yl ) cyclopropan - 1 - aminium Iodide 

[ 0727 ] ( 1R , 28 ) , 2 - dimethylamino cyclopropanol is dis 
solved in THF followed by the dropwise addition of prop 
argyl iodide . The resulting precipitate is collected and dried 
and recrystallized to afford the title compound . 

?? 

H 

H NA 11111N H 

Compound 118 : ( 1R , 2S ) -2 - hydroxy - N , N , N - trimeth 
ylcyclopropan - 1 - aminium lodide 

[ 0724 ] ( 1R , 28 ) , 2 - dimethylamino cyclopropanol is dis 
solved in THF followed by the dropwise addition of methyl 
iodide . The resulting precipitate is collected and dried and 
recrystallized to afford the title compound . 

Compound 122 : ( 2R ) -2 - ethynyl - 1- ( 2 - hydroxyethyl ) 
1 - methylazetidin - 1 - ium Iodide 

[ 0728 ] ( 2R ) 2 - ethynyl azetidine is dissolved in THF water 
and 2 - hydroxyacetaldehyde is added to the mixture . The 
resulting mixture is stirred at room temperature and then 
sodium cyanoborohydide is added portion wise to the mix 
ture . The mixture is stirred for 1 hour then quenched by the 
addition of water ethyl acetate . The resulting material is 
taken up in ether , and treated with dropwise addition of 
methyl iodide . The resulting precipitate is collected and 
dried and recrystallized to afford the title compound . 

H 

H 

HO 
H 

WIN 

H 
Compound 119 : ( 18,2R ) -2 - hydroxy - N , N , N - trimeth 

ylcyclopropan - 1 - aminium lodide 
[ 0725 ] ( 15 , 2R ) , 2 - dimethylamino cyclopropanol is dis 
solved in THF followed by the dropwise addition of methyl 

HO 
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Compound 123 : ( 19,2R ) -2 - hydroxy - N , N , N - trimeth 
ylcyclobutan - 1 - aminium Iodide 

[ 0729 ] ( 15,2R ) -2 - hydroxy dimethylamino cyclobutanol is 
dissolved in THF and then treated with the dropwise addi 
tion of methyl iodide . The resulting precipitate is collected 
and dried and recrystallized to afford the title compound . 

low solid was used into the next step without further 
purification . LCMS : ( M + ) : 225.2 
[ 0735 ] Step 3 : 
[ 0736 ] To a solution of tert - butyl 2 - methyl - 2 - prop - 2 - ynyl 
pyrazolidin - 2 - ium - 1 - carboxylate ( 200 mg , 887.68 umol , 1 
eq ) in HCl / dioxane ( 4 M , 5 mL , 22.53 eq ) . The mixture was 
stirred at 15 ° C. for 4 h . MS showed the desired compound 
was detected . The reaction mixture was concentrated under 
reduced pressure to give a residue . The residue was purified 
by prep - HPLC ( water ( 0.1 % TFA ) -ACN ] ) . Compound 
1 - methyl - 1- ( prop - 2 - yn - 1 - yl ) pyrazolidin - 1 - ium iodide ( 26 
mg , 103.14 umol , 11.6 % yield ) was obtained as a colorless 
oil . LCMS : ( M + ) : 125.1 ' H NMR ( 400 MHz , Deuterium 
Oxide ) 4.42-4.28 ( m , 2H ) , 3.91-3.80 ( m , 1H ) , 3.75-3.64 
( m , 1H ) , 3.44-3.23 ( m , 5H ) , 3.16-3.11 ( m , 1H ) , 2.37 ( p , 
J = 7.4 Hz , 2H ) . 

OH 

-N + 

H 

Compound 124 : ( 2S ) -2 - ethynyl - 1- ( 2 - hydroxyethyl ) 
1 - methylazetidin - 1 - ium Iodide 

[ 0730 ] ( 2S ) 2 - ethynyl azetidine is dissolved in THF water 
and 2 - hydroxyacetaldehyde is added to the mixture . The 
resulting mixture is stirred at room temperature and then 
sodium cyanoborahydide is added portion wise to the mix 
ture . The mixture is stirred for 1 hour then quenched by the 
addition of water ethyl acetate . The resulting material is 
taken up in ether , and treated with dropwise addition of 
methyl iodide . The resulting precipitate is collected and 
dried and recrystallized to afford the title compound . 

HO ... 

Compound 126 : ( 15,3S ) -3 - hydroxy - N , N - dimethyl 
N- ( prop - 2 - yn - 1 - yl- ) cyclobutan - 1 - aminium Iodide 

[ 0737 ] Cis - 3 - dimethylamine cyclobutanol is taken up in 
THF and treated with drop wise addition of propargyl 
iodide . The resulting precipitate is collected and dried and 
recrystallized to afford the title compound . N + 

HN 

I 

OH Compound 125 : 1 - methyl - 1- ( prop - 2 - yn - 1 - yl ) pyrazo 
lidin - 1 - ium Iodide 

Compound 127 : 
3 - carboxy - N , N , N - trimethylpropan - 1 - aminium 

Iodide 

[ 0738 ] 4- ( dimethylamino ) butanoic acid is taken up in 
THF and treated with drop wise addition of methyl iodide . 
The resulting precipitate is collected and dried and recrys 
tallized to afford the title compound . 

Br OH 

[ 0731 ] Step 1 : 
[ 0732 ] To a solution of tert - butyl pyrazolidine - 1 - carboxy 
late ( 200 mg , 1.16 mmol , 1 eq ) in THF ( 10 mL ) was added 
K2CO3 ( 176.54 mg , 1.28 mmol , 1.1 eq ) at 15 ° C. and stirred 
at 15 ° C. for 10 min . Then 3 - bromoprop - 1 - yne ( 207.22 mg , 
1.74 mmol , 150.16 UL , 1.5 eq ) was added to the mixture and 
the mixture was stirred at 15 ° C. for 12 h . TLC indicated 
reactant was consumed completely . The reaction mixture 
was filtered and the filtrate was concentrated under reduced 
pressure to give a residue . The residue was purified by 
prep - TLC ( SiO2 , PE : EtOAc = 1 : 1 ) . Compound tert - butyl 
2 - prop - 2 - ynylpyrazolidine - 1 - carboxylate ( 170 mg , 808.48 
umol , 69.62 % yield ) was obtained as a white solid . 
[ 0733 ] Step 2 : 
[ 0734 ] To a solution of tert - butyl 2 - prop - 2 - ynylpyrazoli 
dine - 1 - carboxylate ( 170 mg , 808.48 umol , 1 eq ) in THF ( 5 
mL ) was added Mel ( 688.52 mg , 4.85 mmol , 301.98 uL , 6 
eq ) . The mixture was stirred at 15 ° C. for 12 h . MS showed 
the desired compound was detected . The reaction mixture 
was concentrated under reduced pressure to give a residue . 
The crude product tert - butyl 2 - methyl - 2 - prop - 2 - ynyl - pyra 
zolidin - 2 - ium - 1 - carboxylate ( 200 mg , crude , 1– ) as a yel 

Nt 

Compound 129 : ( 1R 2R ) -2- ( hydroxymethyl ) -1 
methyl - 1- ( prop - 2 - yn - 1 - yl ) pyrrolidin - 1 - ium Bromide 

[ 0739 ] To a solution of [ ( 2R ) -1 - methylpyrrolidin - 2 - yl ] 
methanol ( 200 mg , 1.74 mmol , 1 eq ) in THF ( 10 mL ) was 
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NI 

added 3 - bromoprop - 1 - yne ( 826.30 mg , 6.95 mmol , 598.77 
UL , 4 eq ) . The mixture was stirred at 15 ° C. for 24 hr . MS 
showed the desired compound was detected . The reaction 
mixture was concentrated under reduced pressure to give a 
residue . The residue was purified by prep - HPLC ( [ water 
( 0.10 % TFA ) -ACN ] ) . The title compound ( 60 mg , 389.03 
umol , 22.40 % yield , Br ) was obtained as a colorless oil . 
LCMS : ( M + ) 154.1 ' H NMR ( 400 MHz , Deuterium Oxide ) 
8 4.46-4.23 ( m , 1H ) , 4.15 ( d , J = 2.5 Hz , 1H ) , 4.04-3.69 ( m , 
4H ) , 3.63-3.39 ( m , 1H ) , 3.24 ( s , 1H ) , 3.14-3.01 ( m , 3H ) , 
2.33-2.02 ( m , 3H ) , 1.99-1.77 ( m , 1H ) . 

Compound 137 : 
3 - ethynyl - 1,1 - dimethylpyrrolidin - 1 - ium Iodide 

[ 0743 ] This compound may be synthesized according to 
the experimental procedure described for Compound 262 . 

CI 

N 

HO 
OH CF3C000 

Compound 132 : 
4 - hydroxy - N , N , N - trimethylbut - 2 - yn - 1 - aminium 

Chloride 

[ 0740 ] To a solution of 4 - chlorobut - 2 - yn - 1 - ol ( 88.17 mg , 
843.45 umol , 1 eq ) in THE ( 5 mL ) was added N , N - dim 
ethylmethanamine ( 3 M , 562.30 uL , 2 eq , in THF ) . The 
mixture was stirred at 25 ° C. for 12 h . The reaction mixture 
was diluted with H2O ( 10 mL ) and extracted with ethyl 
acetate ( 10 mL ) . The water layer was freeze - drying to give 
4 - hydroxy - N , N , N - trimethylbut - 2 - yn - 1 - aminium chloride 
( 55 mg , 336.09 umol , 39.85 % yield ) as colorless oil . MS : 
M + = 128.1 ' H NMR ( 400 MHz , DMSO ) 8 4.3 ( m , 4H ) , 3.1 
( s , 9H ) ppm . 

Compound 138 : N- ( 3 - hydroxypropyl ) -N , N - dimeth 
ylprop - 2 - yn - 1 - aminium Trifluoroacetate 

[ 0744 ] The mixture of N , N - dimethylprop - 2 - yn - 1 - amine 
( 500 mg , 6.01 mmol , 637.76 uL , 1 eq ) and 3 - bromopropan 
1 - ol ( 1.00 g , 7.22 mmol , 651.40 UL , 1.2 eq ) in EtOH ( 5 mL ) 
was stirred at 80 ° C. under N , 2 hours . LCMS showed 
desired compound was detected . The reaction mixture was 
concentrated under reduced pressure to give a residue . Then 
the residue was purified by prep - HPLC ( column : Xbridge 
150 * 30 mm * 10 um ; mobile phase : [ water ( 0.10 % TFA ) 
ACN ) ; B % : 1 % -10 % , 10 min ) to give N- ( 3 - hydroxypro 
pyl ) -N , N - dimethylprop - 2 - yn - 1 - aminium trifluoroacetate 
( 107 mg , 409.35 umol , 6.81 % yield , TFA ) as a colorless oil . 
LCMS : ( M + ) 142.2 ' H NMR ( 400 MHz , Deuterium Oxide ) 
8 4.08 ( d , J = 2.6 Hz , 2H ) , 3.53 ( t , J = 5.9 Hz , 2H ) , 3.40-3.32 
( m , 2H ) , 3.07 ( t , J = 2.5 Hz , 1H ) , 3.01 ( s , 6H ) , 1.91-1.79 ( m , 
2H ) . 

N4 

Br Compound 134 : 2 - [ ( benzyloxy ) methyl ) -1,1 - dimeth 
ylpyrrolidin - 1 - ium Iodide 

[ 0741 ] The title compound may be synthesized by reacting 
Compound 57 with benzyl bromide , followed by purifica 
tion by recrystallization . OH 

OH Compound 139 : 5 - hydroxy - N , N - dimethyl - N- ( prop 
2 - yn - 1 - yl ) pentan - 1 - aminium Bromide 

[ 0745 ] A mixture of N , N - dimethylprop - 2 - yn - 1 - amine 
( 500 mg , 6.01 mmol , 637.76 UL , 1 eq ) and 5 - bromopentan 
1 - ol ( 1.05 g , 6.31 mmol , 1.05 eq ) in EtOH ( 5 mL ) was 
degassed and purged with N , 3 times , and then the mixture 
was stirred at 80 ° C. for 10 hr under N2 atmosphere . LCMS 
showed desired mass was detected . The reaction mixture 
was concentrated under reduced pressure to give a residue . 
The residue was diluted with H2O 20 mL and washed with 
EtOAc ( 20 mL * 3 ) . Then the water layers were lyophilized 
to afford 5 - hydroxy - N , N - dimethyl - N- ( prop - 2 - yn - 1 - yl ) pen 
tan - 1 - aminium bromide ( 625 mg , 1.98 mmol , 32.90 % yield ) 

Compound 135 : 1- ( carboxymethyl ) -1- ( prop - 2 - yn - 1 
yl ) azetidin - 1 - ium 

[ 0742 ] This compound may be synthesized according to 
the experimental procedure described for Compound 133 . 
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as a yellow oil . LCMS : ( M + ) 170.1 ' H NMR ( 400 MHz , 
Deuterium Oxide ) : 4.17 ( s , 2H ) , 3.55 ( t , J = 6.5 Hz , 2H ) , 
3.42-3.33 ( m , 2H ) , 3.19-3.14 ( m , 1H ) , 3.10 ( s , 6H ) , 1.81-1 . 
69 ( m , 2H ) , 1.61-1.49 ( m , 2H ) , 1.42-1.30 ( m , 2H ) . 

pressure to dryness . Compound 3 - trimethylammonio ) pro 
pane - 1 - sulfonate ( 157 mg , 0.87 mmol , 53 % yield ) was 
obtained as a white solid . LCMS ( M + H * ) : 182.0 ' H NMR 
( 400 MHz , Deuterium Oxide ) d 3.47-3.43 ( m , 2H ) , 3.11 ( s , 
9H ) , 2.95 ( t , 2H ) , 2.24-2.18 ( m , 2H ) .2.95 ( t , 2H ) , 2.24-2.18 
( m , 2H ) . 

CI 

N CF3 

OH 

Compound 141 : 4 - hydroxy - N , N - dimethyl - N- ( prop 
2 - yn - 1 - yl ) butan - 1 - aminium Trifluoroacetate 

Compound 140 : 
( methanesulfinylmethyl ) trimethylazanium Chloride 

[ 0746 ] Step 1 : 
[ 0747 ] To a solution of chloro ( methylsulfanyl ) methane 
( 200 mg , 2.07 mmol , 173.91 UL , 1 eq ) in THF ( 5 mL ) was 
added N , N - dimethylmethanamine ( 1 M , 4.14 mL , 2 eq , in , 
THF ) at 15 ° C. The mixture was stirred at 70 ° C. for 12 hr . 
The precipitation was found . The reaction mixture was 
filtered to give a residue . Compound methylsulfanyl- [ N , N , 
N- ( trimethyl ) -azanyl ] methane ( 100 mg , crude ) was obtained 
as a white solid . 
[ 0748 ] Step 2 : 
[ 0749 ] A mixture of methylsulfanyl- [ N , N , N ( trimethyl ) 
azanyl ] methane ( 50 mg , 321.15 umol , 1 eq ) in H2O2 ( 2 mL , 
30 % ) and H20 ( 2 mL ) was stirred at 80 ° C. for 12 hr . LCMS 
showed the desired compound was detected . The reaction 
mixture was quenched by saturated sodium sulfite ( 30 mL ) , 
and the aqueous phase was freeze - dried . The residue was 
diluted with methanol ( 50 mL ) and filtered . The filtrate was 
concentrated under reduced pressure to give a residue . The 
residue was purified by prep - HPLC ( column : Waters 
Xbridge BEH C18 100 * 30 mm * 10 um ; mobile phase : 
[ water ( 0.1 % TFA ) -ACN ) ; B % : 1 % -20 % , 10 min ) . The 
residue was purified by prep - HPLC ( column : YMC - Actus 
Triart Diol - Hilic 100 * 30 mm Sum ; mobile phase : [ water 
( 0.1 % TFA ) -ACN ) ; B % : 99 % -85 % , 12 min ) . The title 
compound ( 5 mg , 28.46 umol , Cl - salt , 24.43 % yield , 
97.73 % purity ) was obtained as a col oil . LCMS : 
( M + ) : 136.1 IH NMR ( 400 MHz , Deuterium Oxide ) 
4.62-4.53 ( m , 2H ) , 3.25 ( s , 9H ) , 2.75 ( s , 3H ) . 

[ 0751 ] A mixture of N , N - dimethylprop - 2 - yn - 1 - amine 
( 500 mg , 6.01 mmol , 637.76 UL , 1 eq ) and 4 - bromobutan 
1 - ol ( 966.35 mg , 6.32 mmol , 1.05 eq ) in EtOH ( 5 mL ) was 
degassed and purged with N2 3 times . Then the mixture was 
stirred at 80 ° C. for 10 hr under N2 atmosphere . LCMS 
showed expected mass was detected . The reaction mixture 
was concentrated under reduced pressure to give a residue . 
The residue was purified by prep - HPLC ( column : Xbridge 
150 * 30 mm * 10 um ; mobile phase : [ water ( 0.1 % TFA ) 
ACN ) ; B % : 1 % -5 % , 10 min ) to give 4 - hydroxy - N , N 
dimethyl - N- ( prop - 2 - yn - 1 - yl ) butan - 1 - aminium trifluoroac 
etate ( 150 mg , 529.64 umol , 8.81 % yield ) as colorless oil . 
LCMS : ( M + ) 156.3 1H NMR ( 400 MHz , Deuterium Oxide ) 
84.1 ( d , 2H ) , 3.6-3.5 ( m , 2H ) , 3.4-3.3 ( m , 2H ) , 3.1-3.0 ( m , 
1H ) , 3.0 ( s , 6H ) , 1.8-1.7 ( m , 2H ) , 1.5-1.4 ( m , 2H ) . 

Br 
OH 

Compound 142 : 
N- ( 2 - carboxyethyl ) -N , N - dimethylprop - 2 - yn - 1 - aminium 

Bromide 

N 

[ 0752 ] A mixture of N , N - dimethylprop - 2 - yn - 1 - amine 
( 500 mg , 6.01 mmol , 637.76 UL , 1 eq ) 3 - bromopropanoic 
acid ( 966.08 mg , 6.32 mmol , 652.76 UL , 1.05 eq ) in EtOH 
( 5 mL ) was degassed and purged with N , 3 times . And then 
the mixture was stirred at 80 ° C. for 10 hr under 12 
atmosphere . LCMS showed desired mass was detected . The 
reaction mixture was concentrated under reduced pressure to 
give a residue . The residue was purified by prep - HPLC 
( column : Xbridge 150 * 30 mm * 10 um ; mobile phase : [ water 
( 0.04 % NHZH2O ) -ACN ) ; B % : 1 % -10 % , 10 min ) to give 
N- ( 2 - carboxyethyl ) -N , N - dimethylprop - 2 - yn - 1 - aminium 
bromide ( 95 mg , 345.71 umol , 5.75 % yield ) as colorless oil . 
LCMS : ( M + ) 156.1 ' H NMR ( 400 MHz , Deuterium Oxide ) 
8 4.2 ( d , 2H ) , 3.8-3.6 ( m , 2H ) , 3.2-3.1 ( m , 1H ) , 3.1 ( s , 6H ) , 
2.7-2.6 ( m , 2H ) . 

Compound 140A : 
3 - trimethylammonio ) propane - 1 - sulfonate 

[ 0750 ] To a solution of oxathiolane 2 , 2 - dioxide ( 200 mg , 
1.64 mmol , 143.88 uL , 1 eq ) in acetone ( 5 mL ) was added 
N , N - dimethylmethanamine ( 322.63 mg , 1.64 mmol , 377.34 
UL , 1 eq ) at 25 ° C. The mixture was stirred at 25 ° C. for 12 
h . The precipitate was separated from the reaction mixture 
by filtration and the solid was concentrated under reduced 
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