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D!7*ID4*J'4+0%%K&"&>6+0;5$"&'>0,;"$<L' MNO4P'0='#"Q/"'#<-'#+/"'5#"$-&%';+0206&-'3/'&"&>6+0>5&2$%6+/' +&;+&%&<6%'#<'#66+#>6$8&'
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6$0<'>#<'+&#-$"/'&T>&&-'65&'+&-,>$<L';06&<6$#"%'0='>5&2$>#"'+&-,>6#<6%'60'#>6$8#6&'>#6#"/%6%'U$65'$2;+08&-'+&#>6$8$6$&%'#<-'%&"&>6$8$6$&%'
08&+'>0<8&<6$0<#"'%/%6&2%)'*5$%'U0+Q'-&6#$"%'65&'2&>5#<$%6$>#""/K-+$8&<'-&8&"0;2&<6'0='#<'&"&>6+0>5&2$>#"'2&650-0"0L/'=0+'NO4'

65#6',6$"$V&%'+&-0TK#>6$8&'%5,66"&%'-&8&"0;&-'3/'65&'&<&+L/K%60+#L&'>022,<$6/'60';+06&>6'+&#>6$8&'>0,;"$<L'>#6#"/%6%'=+02'08&++&-,>K
6$0<)'*5&'+&%,"6$<L'&"&>6+0>#6#"/6$>'%/%6&2'$%';+#>6$>#".'%>#"#3"&.'#<-'3+0#-"/'#;;"$>#3"&'60'65&'+&-,>6$8&'>0,;"$<L'0='#'U$-&'+#<L&'0='

#+/".'5&6&+0#+/".'0+'8$</"'3+02$-&%'U$65';+$2#+/'0+'%&>0<-#+/'#"Q/"'3+02$-&%)'*5&'$2;#>6'0='08&+>5#+L&';+06&>6$0<'#%'#'%6+#6&L/'=0+'
&"&>6+0%/<65&6$>'2&650-0"0L$&%'$%',<-&+%>0+&-'3/'65&'-+#2#6$>'-$==&+&<>&%'$<'/$&"-%'=+02'>0,;"$<L'+&#>6$0<%'U$65'#--&-'+&-0T'%5,66"&%'

ML&<&+#""/'WXHYP'#<-'650%&'U$650,6'ML&<&+#""/'ZGHYP)'[<'#--$6$0<'60'&T>&""&<6'/$&"-%'=0+'#'U$-&'+#<L&'0='%,3%6+#6&%.'+&#>6$0<%';+0K

6&>6&-'=+02'08&++&-,>6$0<'>#<'3&';&+=0+2&-'#6'5$L5'>,++&<6%'#<-'0<'2,"6$L+#2'%>#"&%)'

'

BCD8<EF(DB<C'

S&6#"K>#6#"/V&-'>0,;"$<L'+&#>6$0<%'#>>0,<6'=0+'<&#+"/'5#"='0='
#""'4\4'30<-K=0+2$<L'+&#>6$0<%'65#6'#+&';&+=0+2&-'$<'$<-,%6+/)A'

4"#%%$>#""/.'>+0%%K;+0-,>6'=0+2#6$0<'+&"$&%'0<'65&'0+650L0<#"'+&K
#>6$8$6$&%'0='&"&>6+0;5$"$>'#<-'<,>"&0;5$"$>'%,3%6+#6&%'U$65' 65&'

>0,;"$<L'>#6#"/%6)'!&>#,%&'65&'<,>"&0;5$"$>'%,3%6+#6&'$%'L&<&+K
#""/'#<'0+L#<02&6#""$>'%;&>$&%'65#6'$%'%&;#+#6&"/';+&;#+&-'=+02'

#<'&"&>6+0;5$"&.'#'20+&'%6+&#2"$<&-'#;;+0#>5'60'4\4'30<-K=0+K
2#6$0<'$<80"8&%'65&'+&-,>6$8&'>0,;"$<L'0='6U0'&"&>6+0;5$"$>'+&K

#L&<6%' $<' #' >+0%%K&"&>6+0;5$"&' >0,;"$<L' MNO4P)G' ]$0<&&+$<L'
U0+Q'3/']^+$>50<.F\B'C&$TG._.'#<-'`0%2$<$.a'#"0<L'U$65'Q&/'#-K

8#<>&%'3/'`0<L.X\AG'I&$%2#<.AF\A_'S#>S$""#<.Aa'#<-'065&+%.AX\GF'
5#%';+0;&""&-'65$%'0<>&K<#%>&<6'2&650-0"0L/'60'65&'=0+&=+0<6'0='

#;;+0#>5&%'=0+'4\4'30<-'=0+2#6$0<)GH.GA.GE\Ga'
*5&%&'+&#>6$0<%'#+&'L&<&+#""/'>#6#"/V&-'3/'b$'>02;"&T&%.'#<-'

#'2&6#"';0U-&+'$%'&2;"0/&-'#%'#'>5&2$>#"'+&-,>6#<6)'10U&8&+.'
65&%&'+&#>6$0<%'6/;$>#""/'+&R,$+&'%,;&+%60$>5$02&6+$>'R,#<6$6$&%'

0='65&'2&6#"';0U-&+'#"0<L'U$65'#<'&T>&%%&%'0='#'+#<L&'0='065&+'
#--$6$8&%'#<-'#>6$8#60+%)_.X.Aa.GX'[<'#--$6$0<'60'65&%&'>0<>&+<%'=0+'

%#=&6/'#<-'%>#"#3$"$6/.'NO4'+&#>6$0<%'#+&'20%6'+&"$#3"&'=0+'>0,K

;"$<L%'0=';+$2#+/'#"Q/"'5#"$-&%.'U5$"&'+&#>6$0<%'0='%&>0<-#+/'0+'
6&+6$#+/'%,3%6+#6&%'+&R,$+&'&T6&<%$8&'0;6$2$V#6$0<'0+'#'+&-&%$L<'

0='65&'>#6#"/%6)X.AH.Gc.FH'*5$%'"$2$6#6$0<'$%'$<'%6#+Q'>0<6+#%6'60'>0<K
8&<6$0<#"'>0,;"$<L'+&#>6$0<%.'U5$>5'#+&'+&#-$"/'#;;"$>#3"&'60'#'

U$-&'+#<L&'0='#"Q/"K2#L<&%$,2'0+'KV$<>'+&#L&<6%'#<-'#+/"'&"&>K
6+0;5$"&%)FA\FF'D'%$L<$=$>#<6'#-8#<>&'60'65&'%>0;&'0='NO4'U#%'
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+&#>6$0<%' 3&>#,%&' $6' $%' $<5&+&<6"/' #;;"$>#3"&' 60' <&6K+&-,>6$8&'
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0+'&T;&<%$8&'%$"#<&%'65#6';+&>",-&'"#+L&K%>#"&'%/<65&%$%.'>#<'3&'
&"$2$<#6&-' =+02' >0,;"$<L' +&#>6$0<%)Aa.GH' [<' #--$6$0<.' &"&>6+0K

>5&2$%6+/' >#<' +&#-$"/' #>6$8#6&'<&U'>#6#"/%6' %/%6&2%'U$65' $2K
;+08&-'+&#>6$8$6$&%'#<-'%&"&>6$8$6$&%'65#6'+&R,$+&'+&-,>$<L';06&<K

6$#"%'3&/0<-'65&'+&-,>6$8&'"$2$6%'0='2&6#"';0U-&+%)'*5&'%,$6#K
3$"$6/'0='&"&>6+0>5&2$%6+/'#%'#'2&#<%'60';+0206&'NO4'$%',<-&+K

%>0+&-'3/'65&'=#>6'65#6'65&'=$+%6'+&;0+6%'0='NO4'U&+&';&+=0+2&-'
,<-&+'&"&>6+0+&-,>6$8&'>0<-$6$0<%)F.FX'I&>&<6'&==0+6%'=+02'3065'

$<-,%6+$#"' #<-' #>#-&2$>' +&%&#+>5' L+0,;%' 5#8&' ;+08$-&-' $2K
;0+6#<6'#-8#<>&%'60'&"&>6+0>5&2$>#"'NO4)Fc\EA'10U&8&+.'65&%&'

2&650-0"0L$&%' $<' 65&$+' $<=#<>/'>02;#+&-' 60'20+&'&%6#3"$%5&-'
%6+#6&L$&%'=0+'NO4'#<-'M'P'#+&'L&<&+#""/'"0UK/$&"-$<L'U$65'%,3K

%6+#6&%' 065&+' 65#<' ;+$2#+/' &"&>6+0;5$"&%.' M''P' +&R,$+&' -$8$-&-'
>&""%' =0+'20+&' >02;"&T' %,3%6+#6&%.' M'''P' #+&' ;&+=0+2&-' #6' &"&K

8#6&-'6&2;&+#6,+&%'65#6'0=6&<';+0206&';+060-&5#"0L&<#6$0<'#<-'
M'5P'5#8&'"0U'>5&2$>#"'65+0,L5;,6'3&>#,%&'0='"0U'>,++&<6'-&<K
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[<'0,+'0<L0$<L'&==0+6'60'-&8&"0;'&<#3"$<L'%6+#6&L$&%'=0+'&"&>K

6+0%/<65&6$>'2&650-0"0L$&%.EG.EF'U&'+&;0+6'#'3+0#-"/K#;;"$>#3"&.'

;+#>6$>#".'#<-'%>#"#3"&'NO4'+&#>6$0<'65#6'>#<'0<"/'3&';&+=0+2&-'
,<-&+'&"&>6+0>5&2$>#"'>0<-$6$0<%)'D'>+$6$>#"'>02;0<&<6'0='65&'

2&650-0"0L/' $%' 65&' $2;"&2&<6#6$0<' 0=' #' +&-0T' %5,66"&' 65#6'
%&+8&%' 60'2$6$L#6&' 08&++&-,>6$0<' #<-' -&L+#-#6$0<' 0=' 65&' >0,K

;"$<L'>#6#"/%6)'*5$%'%6+#6&L/'&<#3"&%'&"&>6+0>5&2$>#"'NO4'+&#>K
6$0<%' 60' 3&';&+=0+2&-'U$65' #' 3+0#-' +#<L&'0=' %&>0<-#+/' #"Q/"'

3+02$-&%'#<-'#+/".'5&6&+0#+/".'0+'8$</"'3+02$-&%)'[<'#--$6$0<'60'
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I&%,"6%'=+02'%60$>5$02&6+$>'+&#>6$0<%'0='>02;"&T','#6'8#+$0,%'
+&-0T'%6#6&%'+,"&'0,6'#'2&>5#<$%2'0='%&R,&<6$#"'&"&>6+0;5$"&'#>K

6$8#6$0<'3/'#'+&-,>&-'b$M#+/"P'$<6&+2&-$#6&)_.GA.Ga.BA\BE'C&'<&T6'
&8#",#6&-'65&'+&#>6$8$6/'0='65&'b$[[M3+02$-&P'M.'U5$>5'>#<'=0+2'

,;0<'>#6#"/%6'6,+<08&+)'["",%6+#6&-'$<'e$L,+&'B>.'4g'0='>02;"&T'
M'$<'65&';+&%&<>&'0='#--&-'#"Q/"'&"&>6+0;5$"&'+&8&#"%'#'+&-,>6$0<'

&8&<6'U$65'#'>#6#"/6$>'>,++&<6'#6'65&';+&>$%&';06&<6$#"'0='65&'&"&>K
6+0>5&2$>#"'+&#>6$0<)'I&-,>6$0<'0='#<#"0L0,%'<$>Q&"'5#"$-&%'$%'

Q<0U<'60'L&<&+#6&'"0UK8#"&<6'2&6#"'>&<6&+%'65#6'2&-$#6&'+#;$-'
5#"0L&<'#3%6+#>6$0<'=+02'#"Q/"'5#"$-&%''60'=0+2'>#+30<K>&<6&+&-'

+#-$>#"%)BF.BB\_F' *5&' +&%,"6$<L' +#-$>#"' $%' "$Q&"/' >#;6,+&-' 3/' 65&'
b$M#+/"P'>02;"&T','#<-'%,3%&R,&<6"/'>0,;"&-'60'65&'#+/"'=+#LK

2&<6)Aa._E'I#-$>#"'>"0>Q'&T;&+$2&<6%'+&8&#"'6+#;;$<L'0='65&'+#-K
$>#"' 60' 3&' -&;&<-&<6' 0<' 65&' >0<>&<6+#6$0<' 0=' b$' $<' %0",6$0<.'

U5$>5' $%' >0<%$%6&<6'U$65' #' 3$2&6#""$>'2&>5#<$%2' =0+' &"&>6+0K
;5$"&' #>6$8#6$0<' #<-' >0,;"$<L' M%&&' 65&' 7[.' e$L,+&' 7EP)BF._A._B'

?8&+#"".'65&%&'-#6#'+&8&#"'65#6'U5$"&'#'>#650-$>';06&<6$#"'0='KA)c'
g'2,%6'3&'+&#>5&-'=0+'&==&>6$8&'NO4'>0,;"$<L.'65&'b$M#+/"P'$<K

6&+2&-$#6&'$%'%,%>&;6$3"&'60'+#;$-'-&>02;0%$6$0<'=+02'+&-,>6$0<'
#6';06&<6$#"%'3&"0U'KG'g)'

'

G576$"'OI'M#P'["",%6+#6$0<'0=';+0-,>6$8&'#<-'-&%6+,>6$8&';+0>&%%&%'#6'
65&'>#650-&'$<'+&#>6$0<%'U$650,6'%5,66"&%'=0+'08&+>5#+L&';+06&>6$0<)'
M3P'["",%6+#6$0<'0='-&L&<&+#6&'%5,66"$<L'0='&"&>6+0<%'U5&<'65&'>&""'
80"6#L&'#;;+0#>5&%'65&';06&<6$#"'0='>#6#"/%6'-&L+#-#6$0<)'

=2.1&'$(* >2520$#-2(&;* `,$-&-' 3/' 65&%&' 2&>5#<$%6$>' $<K
%$L56%.' U&' 5/;065&%$V&-' 65#6' >#6#"/%6' -&L+#-#6$0<' 0>>,+%' 3&K

>#,%&' 65&' +&R,$+&-'80"6#L&' 60' $<$6$#6&'NO4' MKA)c'gP' $%'U$65$<'
0<"/' AHH'2g' 0=' 65&' 0<%&6' ;06&<6$#"' =0+' 08&++&-,>6$0<' 0=' 65&'

b$M#+/"P' $<6&+2&-$#6&' ,)' ["",%6+#6&-' $<' e$L,+&' _#.' >02;&6$6$8&'
08&++&-,>6$0<'#6'KG'g'>0,"-'&#%$"/'0>>,+'#%'#'Q$<&6$>'+&-,>6$0<.'

L$8&<'65&'%2#""'-$==&+&<>&'$<';06&<6$#"%.'0+'>0,"-'0>>,+'$<'+&#>K
6$0<%'U$65'%"0U'2#%%'6+#<%;0+6'0+'>#6#"/%6'6,+<08&+)'D%'#'+&%,"6.'

&"&>6+0>5&2$>#"'+&#>6$0<%'U$65'>#6#"/6$>'R,#<6$6$&%'0='>02;"&T'
H'#+&'"0U'/$&"-$<L.'U5$"&'&"&>6+0"/%$%'U$65'%60$>5$02&6+$>'R,#<K

6$6$&%'0='H'+&8&#"'65&'>02;"&T'60'3&'5$L5"/'+&#>6$8&'#<-'%&"&>6$8&'
=0+'NO4)'*0'2$6$L#6&'>#6#"/%6'08&++&-,>6$0<'#<-'-&L+#-#6$0<.'

U&'%0,L56'60'#-#;6'%6+#6&L$&%'=+02'65&'3#66&+/'>022,<$6/'65#6'
U&+&'-&8&"0;&-'%;&>$=$>#""/'=0+'08&+>5#+L&';+06&>6$0<'60'NO4'

+&#>6$0<%)__\aF'
:&%;$6&' 65&' -$%;#+$6/' $<' +&%&#+>5' #+&#%.' 65&' &<&+L/K%60+#L&'

>022,<$6/'5#%'&<>0,<6&+&-'#<-'+&%0"8&-'$%%,&%'0='08&++&-,>K
6$0<'0+'08&+0T$-#6$0<'65#6'>"0%&"/';#+#""&"'65&'$-&<6$=$&-'>#,%&%'

0='>#6#"/%6'-&L+#-#6$0<'$<'65&'6#+L&6&-'2&650-0"0L/)aF.aE'($Q&'$<'
65&'NO4'+&#>6$0<%.'#'>0<%6#<6'>,++&<6'$%'&2;"0/&-'60'>5#+L&'3#6K

6&+$&%'60'#';+&%&6'>#;#>$6/)'10U&8&+.'&"&>6+0-&'-&L+#-#6$0<'08&+'
6$2&'"$2$6%'65&'>5#+L$<L'>#;#>$6/'0='65&'3#66&+/)'D%'#'+&%,"6.'#L&-'

3#66&+$&%'#+&'%,%>&;6$3"&'60'-#<L&+0,%'08&+>5#+L$<L'3&/0<-'65&'

>#;#>$6$&%'0=' 65&'%60+#L&'2#6&+$#"%)'D%'#'2&#<%' 60';+06&>6' 65&'
>#650-&' =+02'08&+0T$-#6$0<.' 5020L&<&0,%' +&-0T' %5,66"&%' #+&'

#--&-' 60' &"&>6+0"/6&' %0",6$0<%' 0=' %0"$-K%6#6&' 3#66&+$&%)' *5&%&'
%5,66"&%'#+&'0=6&<'3#%&-'0<'0+L#<$>'>02;0,<-%'U$65'+&-0T';0K

6&<6$#"%' 65#6' #+&' )%2.&2%* 65#<' 65&' 80"6#L&' <&&-&-' 60' 0T$-$V&'
M>5#+L&P'65&'>#650-&)'*5$%'-&%$L<'&"&2&<6'#""0U%'65&'>#650-&'60'

>5#+L&'U$650,6'$<6&+=&+&<>&'=+02'65&'%5,66"&)'?<>&'65&'>#650-&'
5#%'+&#>5&-'$6%'"$2$6&-'>#;#>$6/.'65&'0T$-$V$<L';06&<6$#"'U$""'$<K

>+&#%&'60'2#$<6#$<'65&'>0<%6#<6'>,++&<6)'[6'$%'0<>&'65$%'5$L5'80"6K
#L&'$%'+&#>5&-'65#6'0T$-#6$0<'0='65&'%5,66"&'>022&<>&%.'65&+&3/'

%;#+$<L' 65&'>#650-&'0=' =,+65&+'0T$-#6$0<)'*5&'%0"8#6&-'%5,66"&'
>#<'65&<'-$==,%&'60'65&'#<0-&'#<-',<-&+L0'+&-,>6$0<'60'%50+6K

>$+>,$6'65&'08&+>5#+L$<L'3#66&+/'#<-'+&L&<&+#6&'65&'08&+>5#+L&'
;+06&>60+'Me$L,+&'_P)'?3"9@*.(*$52%13.%)2*#%$&21&$%*'9*.*1.&.089&*

,$%*93"&&0'()*2021&%$(9*&3.&*'9*&%'))2%24*$(08*A32(*2021&%$089'9*
2B12249*&32*1.#.1'&8*$,*&32*989&2-;*'

'

G576$"'PI'I&-0T';06&<6$#"%'0='65&'&8#",#6&-'%5,66"&%'#<-'0='65&'>0,K
;"$<L'>#6#"/%6',)''

*5&'>0<>&;6,#"' %$2$"#+$6$&%'3&6U&&<'3#66&+/'-&%$L<'#<-' 65&'

&<>0,<6&+&-'>5#""&<L&%'=0+'&"&>6+0+&-,>6$8&'NO4'"&-',%'60'&8#"K
,#6&'08&+>5#+L&';+06&>6$0<'#%'#'%6+#6&L/'65#6'>0,"-'%,%6#$<'>#6#K

"/%6'#>6$8$6/'U5&<'65&'#;;"$&-'>,++&<6'&T>&&-%'65&'+#6&'0='>#6#K
"/6$>' 6,+<08&+' 0+' 2#%%' 6+#<%;0+6)' ]"066&-' $<' e$L,+&' a' #+&' 65&'

%6#<-#+-' ;06&<6$#"%' 0=' %5,66"&' >#<-$-#6&%' 65#6' 5#8&' 3&&<' &2K
;"0/&-'$<'<0<K#R,&0,%'="0U'3#66&+$&%'3&>#,%&'0='65&$+'+&8&+%$3"&'

+&-0T'>5&2$%6+/' #<-'5$L5';&+%$%6&<>&' $<' #""' +&-0T' %6#6&%' MJHK
JNP)aB\ac'*5&%&'%5,66"&%'U&+&'-&"$3&+#6&"/'%&"&>6&-'3&>#,%&'65&$+'

;06&<6$#"%'3+#>Q&6'65&'Q&/'+&-0T'&8&<6%'0='65&'>0,;"$<L'>#6#"/%6'
,'Me$L,+&'a.'+&-'#<-'3",&'2#+Q&+%P)''

'

G576$"'QI'O8#",#6$0<'0=' 65&'&==&>6'0=' +&-0T'%5,66"&%'0<' 65&'NO4'
+&#>6$0<)'6AhG'8#",&%'U&+&'2&#%,+&-'#L#$<%6'#<'$<6&+<#"'%6#<-#+-'0='
e>)'I&#>6$0<';+0-,>6%'U&+&'R,#<6$=$&-'3/'>#"$3+#6&-'`4'#<#"/%$%'
#L#$<%6'-0-&>#<&'#%'#<'$<6&+<#"'%6#<-#+-)''

*5&'&"&>6+0>5&2$>#"'NO4'+&#>6$0<%'>#6#"/V&-'3/'>02;"&T'H'

U&+&'&8#",#6&-'U$65'>0K>#6#"/6$>'R,#<6$6$&%'0='#--&-'+&-0T'%5,6K
6"&%'=0+'65&'>0,;"$<L'0='3+0203$;5&</"'0+'3+0203&<V0#6&'Me$LK

,+&'XP)'40,;"$<L'0='65&'3&<V0#6&'&"&>6+0;5$"&'U#%';#+6$>,"#+"/'

$<&==&>6$8&' ,<-&+' 65&' >0<-$6$0<%' U$65' j,%6' H' #%' >#6#"/%6' MBY'
/$&"-.'&<6+/'GP)'I&#>6$0<%';&+=0+2&-'U$65'B'20"Y'0='65&'5$L5K

ArH, Ar2

a
n
o
d
e

+ Ð
c
a
th
o
d
e

short circuit
when i > kcat

productive XEC

[LNiBr]

[LNi]

-1.9 V

a
n
o
d
e

+ Ð

c
a
th
o
d
e

R-Br

R4[LNiAr]Ð

-2.0 V

decomposition
when i > kcat

a. without overcharge protection b. with overcharge protection

+eÐ-eÐeÐeÐ

E2(2) E1(2)

O

O

Cr

OO

O

O

-1.4-1.6 -1.2-2.0

Erxn

-2.2 -1.8

N
S

N

S3

N

O O

S2 S1S4 S5

N

N
N

N
N

Ru N
N

N

N

N
N

N
N

Ni N
N

N

¡¡ (V vs Fc/Fc+)

+

18S2 (-2.21 V) 22ÐPh

1 None 43

S1 (-1.21 V)

S4 (-1.82 V)

7

9

11

S4 (-1.82 V)

S3 (-1.99 V)

3

9

897

68 4

97

4

5

3

6

None 552

entry shuttle (E1/2) %ArÐCy%ArÐHR group

Br

Br
+

R
R

2.5 mol% 1

5 mol% shuttle

100 mM KPF6

rt, DMA, 2.5 eq e-

H

R

+Ð

ÐPh

ÐCO2Et

ÐPh

ÐPh

ÐPh

ÐCO2Et

S5 (-1.78 V) 13 718 ÐPh

9 7.5 mol% 1 only 18 74ÐPh

10 7.5 mol% S4 only 11 16ÐPh
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;06&<6$#"' ;/+$-$<$,2' %5,66"&' MJHP' %$L<$=$>#<6"/' -&>+&#%&-' 65&'
/$&"-'0='>0,;"&-';+0-,>6'>02;#+&-'60'65&'%6#<-#+-'+&#>6$0<'M&<K

6+/'F'8%'AP'*5&%&'+&#>6$0<%'0;&+#6&'#6'"0U'>&""'80"6#L&%'MZH)G'gP.'
U5$>5'%,LL&%6%'65#6'JH';+&>",-&%'+&-,>6$0<'0='65&'30<-K=0+2$<L'

>#6#"/%6'&<6$+&"/)'75,66"&%'U$65'20+&'<&L#6$8&';06&<6$#"%'65#<'65&'
>0,;"$<L' +&#>6$0<' MJ,P' =#$"&-' 60'2$6$L#6&';+060-&5#"0L&<#6$0<'

M&<6+/'EP)'7$2$"#+"/.'+&#>6$0<%'U$65'j,%6'B'20"Y'0='3&<V065$#-$K
#V0"&'J/'=#$"&-'60'/$&"-'>+0%%';+0-,>6%'3,6';+0>&&-&-'U$65'5$L5'

>0<8&+%$0<'#<-'#"20%6'>02;"&6&'%&"&>6$8$6/'=0+';+060-&5#"0L&<K
#6$0<'M&<6+/'BP)'*5$%'%5,66"&'MJ/P'5#%'#'+&-0T'&8&<6'65#6'=#""%'3&K

6U&&<'65&'03%&+8&-';06&<6$#"'0='&"&>6+0"/%$%'MKA)c'gP'#<-'65&',<K
%6#3"&'+&-0T'>0,;"&'0=','MKG)A'gP)'*5&%&'$<%$L56%'"&-',%'60'&8#"K

,#6&' %5,66"&%'U$65' ;06&<6$#"%' 65#6' #+&'20+&' ;0%$6$8&' 65#<' 65#6'
U5$>5'$%'+&R,$+&-'=0+'&"&>6+0"/%$%'MWKA)c'gP.'3,6'20+&'<&L#6$8&'

65#<'65&'+&-0T';06&<6$#"'0='H'60'#""0U'=0+'#>6$8#6$0<'0='65&'#+/"'
3+02$-&'MZKA)a'gP)'*5&'5020"&;6$>'>02;"&T'JM'U$65'3$%M;/+$K

-/"#2$<0P$%0$<-0"$<&'M!][P'"$L#<-%'$%'0<&'0=' 65&'=&U'%/%6&2%'

U$65'#'+&8&+%$3"&'+&-0T'&8&<6'MKA)X'gP'65#6'=#""%'U$65$<'65$%'<#+K
+0U'+#<L&)'S0%6'$2;0+6#<6"/.'+&#>6$0<%';&+=0+2&-'U$65'>0K>#6K

#"/6$>'R,#<6$6$&%'0='JM'+&%,"6&-'$<'-+#2#6$>#""/'$2;+08&-'/$&"-%'
0='>0,;"&-';+0-,>6%'=0+'3065'3+0203$;5&</"'#<-'3+0203&<V0K

#6&' %,3%6+#6&%' M&<6+$&%' _' #<-' aP' 08&+' 65&' %6#<-#+-' +&#>6$0<%)'
S0+&08&+.'65&%&'-+#%6$>'$2;+08&2&<6%'#+&'<06'"$2$6&-'60'+&#>K

6$0<%'U$65'65&'b$K3#%&-'%5,66"&)'D'%$2$"#+'$<>+&#%&'$<'65&'/$&"-'
0='>0,;"&-';+0-,>6%'$%'03%&+8&-'=+02'+&#>6$0<%'U$65'65&'I,'#<K

#"0L' JN' M&<6+/' XP.' U5$>5' =#""%' <&#+' 65&' &-L&' 0=' 65&' 6#+L&6&-'
+#<L&)'e$<#""/.'U&';&+=0+2&-'+&#>6$0<%'U$65'5$L5'"0#-$<L%'Ma)B'

20"YP'0='0<"/'H'0+'0<"/'JM'60'2$2$>'65&'606#"'"0#-$<L'0='+&-0TK
#>6$8&'>02;0,<-%'$<'&<6+$&%'_'#<-'a)'I&#>6$0<%'U$65'65&'>0,K

;"$<L' >#6#"/%6' 0+' %5,66"&' #"0<&' L&<&+#6&-' ;+0-,>6%' $<' %$L<$=$K
>#<6"/' "0U&+'/$&"-%'0='aEY'M&<6+/'cP'#<-'A_Y'M&<6+/'AHP.' +&K

%;&>6$8&"/.'>02;#+&-'60'caY'=+02'+&#>6$0<%'U$65'3065'H'#<-'JM)'
[<' #--$6$0<' 60'5$L5"$L56$<L' 65&' %/<&+L/'3&6U&&<' 65&' >0,;"$<L'

>#6#"/%6'#<-'08&+>5#+L&';+06&>60+.'65&%&'-#6#'%&+8&'#%'#'L,$-&'60'
%5,66"&'%&"&>6$0<'=0+'=,6,+&'&"&>6+0>#6#"/6$>'%/%6&2%)''

' '
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(4%$3'HI'J69*3$%3"'J20+"!"

' *

.D""'/$&"-%'#+&'$%0"#6&-'/$&"-%'U$65'+&#>6$0<'>0<-$6$0<%'0='#+/"'5#"$-&'MH)aB'220"P.'#"Q/"'5#"$-&'MA)GB'&RP.'H'MG)B'20"YP.'JM'MB'20"YP.'l]e_'
MGHH'2SP)'CG)B'20"Y']]5F'#--&-)'1A)B'&R'#"Q/"'3+02$-&)'4A)aB'&R'#"Q/"'3+02$-&)'2BHk'4)',G'&R'#"Q/"'3+02$-&)')b#[',%&-'$<';"#>&'0='l]e_)'
3b0'JM)''`4Ke[:'/$&"-%'U$65'-0-&>#<&'#%'$<6&+<#"'%6#<-#+-)'

=2.1&'$(*!1$#2;*C$65' 65&'>023$<#6$0<'0='>0,;"$<L'>#6#"/%6'

#<-'%5,66"&.'U&'=$+%6'&8#",#6&-'65&'%>0;&'0='65&'&"&>6+0>5&2$>#"'

NO4'+&#>6$0<'=0+'%&>0<-#+/'#"Q/"'&"&>6+0;5$"&%'M45#+6'AP)'I&#>K

6$0<%' 0=' #+/"' 3+02$-&%' #<-' #"$>/>"$>' 3+02$-&%' =0+2&-' 5$L5'
/$&"-%'0='>+0%%';+0-,>6%' =0+'#""' 6&%6&-'+$<L'%$V&%' M&<6+$&%'NKRP)'

N

O

O
EtO

O

NBoc

NBoc

EtO

O

18, 83%c

O

EtO

O

CN

EtO

O

Cl

2.5 mol% 1
5 mol% S4Y

X

X

Br
+ Y

X1.0 equiv 1.25 equiv

R
R

O

OPh

43, 91%

CN

CN

O

O

51, 98%

36, 97%

Ph

15, 91%b,f

EtO

O

EtO

O

EtO

O

EtO

O

EtO

O

14, 75%b,f

CN

52, 80%c,g

19,  ArBr: 91%
       ArCl: 49%

O

O

17, 89%c

no shuttle, 10%i

O

24, 93%c

no shuttle, 23%i 25, 93%c

27, 53%

22, 91%

26, 88%d

no shuttle, 3%i 28, 36%d

2 steps

EtO

O

44, 72%b,f

39, 93% 40, 90%c 41, 96% 42, 90%h

46, 95% 47, 96% 48, 85%

50, 83%

49, 93%

8, 67%b,c7, 91%b,c5, 82%b,c

13, 99%12, 80%

11, 95%10, 89%c

EtO

O

OPh

16, 98%

N

CN

53, 72%c,g

N

CN

54, 78%c,g

CN

55, 81%

EtO

O

45, 93%

EtO

O

Ph

EtO

O

C6H13

N

O

32, 80%d

O

F3C

21, 88%

N

O

33, 55%c,g

N

O

30, 45%d

CN

O

CN

F

CN

N

Secondary Alkyl Halides

EtO

O

EtO

O

EtO

O

O

EtO

O

O

EtO

O

Ph

O

O

O

O

N
H

O

N

O

NC

O

S

NO

O

38, 82%

31, 33%c,g

23, 67%

F

O

O

N

34, 75%g

O

S

NBocO

O

37, 97%

20, 98%

NBoc

O

29, 89%

N

O

EtO

O

9, 80%b,d,e

N

O

35, 58%f,g

S O
OO

Primary Alkyl Halides

Pridopidine

R"

R'

R"

R'

6, 81%c

no shuttle, 5%i

+Ð

0.1 M KPF6, Ni(Ð)/Zn(+)
rt, DMA, 2.5 eq e-

100x scale, 95%
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L(VC<WK1E!U1CD''

C&'65#<Q'*5&'?5$0'76#6&'@<$8&+%$6/'#<-'65&'D2&+$>#<'45&2$K
>#"'70>$&6/']&6+0"&,2'I&%&#+>5'e,<-'=0+'%,;;0+6'0='65$%'U0+Q)'

81G181C(1J'

MAP'' I0,L5"&/.' 7)' :)o' p0+-#<.' D)' S)' *5&' S&-$>$<#"' 45&2$%6d%'
*00"30TqJ'D<'D<#"/%$%' 0='I&#>6$0<%'@%&-' $<' 65&' ],+%,$6' 0='
b08&"':+,L'4#<-$-#6&%)'E;*F24;*732-;',SHH.'GH'MAHP.'FEBA\

FEac)'566;%Jhh-0$)0+LhAH)AHGAhj2GHHAXa/)'
MGP'' O8&+%0<.':)'D)o'75+&%65#.'I)o'C&$T.':)' p)'b$>Q&"K4#6#"/V&-'

I&-,>6$8&' 4+0%%K40,;"$<L' 0=' D+/"' 1#"$-&%' U$65' D"Q/"'
1#"$-&%)' E;* I-;* 732-;* !$1;' ,SHS.' JKL' MFP.' cGH\cGA)'
566;%Jhh-0$)0+LhAH)AHGAhj#cHcFcB_)'

MFP'' :,+#<-&66$.'S)o'b^-^"&>.'p)'r)o']^+$>50<.'p)'b$>Q&"K4#6#"/V&-'
:$+&>6'O"&>6+0>5&2$>#"'4+0%%K40,;"$<L'3&6U&&<'D+/"'1#"$-&%'
#<-' D>6$8#6&-' D"Q/"' 1#"$-&%)' E;* M%);* 732-;' HRRO.' NJ' MBP.'
AaEX\AaBB)'566;%Jhh-0$)0+LhAH)AHGAhj0cBAXFAE)'

MEP'' :,+#<-&66$.' S)o' ]^+$>50<.' p)' b$>Q&"K4#6#"/V&-'
O"&>6+0>5&2$>#"' 40,;"$<L' 0=' D+/".' 1&6&+0#+/"' 0+' g$</"'
1#"$-&%' U$65' D>6$8#6&-' D"Q/"' 45"0+$-&%J' 7/<65&6$>' #<-'
76&+&0>5&2$>#"' D%;&>6%)' !8(&329'9* O!&"&&)P;' ,SSM.' b0)' AX.'
FHac\FHXF)'566;%Jhh-0$)0+LhAH)AHBBh%KGHHEKXFEXc_)'

MBP'' b^-^"&>.' p)Kr)o' ]^+$>50<.' p)o' *+0,;&".' S)' ?+L#<$>'
O"&>6+0+&-,>6$8&'40,;"$<L'I&#>6$0<%'@%$<L'*+#<%$6$0<'S&6#"'
402;"&T&%' #%' 4#6#"/%6%)' [<' 6021&%$132-'9&%8* Q+*

6021&%$$%).('1* !8(&329'9R* S$(4* T$%-.&'$(* .&* I($42* .(4*
7.&3$42o' 76&>Q5#<.' O).' O-)o' 7;+$<L&+' !&+"$<' 1&$-&"3&+LJ'
!&+"$<.' 1&$-&"3&+L.' Accao' ;;' AEA\AaF)'
566;%Jhh-0$)0+LhAH)AHHahFKBEHK_AEBEKHsaG)'

M_P'' C&$T.':)'p)'S&650-%'#<-'S&>5#<$%2%'=0+'4+0%%KO"&>6+0;5$"&'
40,;"$<L' 0=' 4%;G' 1#"$-&%' U$65' D"Q/"' O"&>6+0;5$"&%)' I11;*
732-;* =29;' ,SHN.' HU' M_P.' Aa_a\AaaB)'
566;%Jhh-0$)0+LhAH)AHGAh#>%)#>>0,<6%)B3HHHBa)'

MaP'' D2#60+&.'S)o'`0%2$<$.'4)':$+&>6'S&650-'=0+'4#+30<K4#+30<'
!0<-' e0+2#6$0<J' *5&' e,<>6$0<#"' `+0,;' *0"&+#<6' 403#"6K
4#6#"/V&-'D"Q/"#6$0<'0='D+/"'1#"$-&%)'732-;*V*I*6"%;*E;',SHS.'
JN' MGHP.' BXEX\BXBG)'
566;%Jhh-0$)0+LhAH)AHHGh>5&2)GHAHHHAaX)'

MXP'' `,.'p)o't$,.'4)o'(,.'C)o't$#<.'t)o'($<.'l)o'`0<L.'1)'b$>Q&"K
4#6#"/V&-'I&-,>6$8&'4+0%%K40,;"$<L'0='g$</"'!+02$-&%'U$65'
@<#>6$8#6&-K'D"Q/"'1#"$-&%)'!8(&329'9*O!&"&&)P;',SHP.'HW'MHXP.'

AX_a\AXaF)'566;%Jhh-0$)0+LhAH)AHBBh%KHHF_KABXXAFG)'
McP'' ($,.' p)o' `0<L.' 1)' 76&+&0%&"&>6$8&' ]+&;#+#6$0<' 0=' uK4K

g$</"hD+/"' `"/>0%$-&%' 8$#' b$>Q&"K4#6#"/V&-' I&-,>6$8&'
40,;"$<L'0='`"/>0%/"'1#"$-&%'U$65'g$</"'#<-'D+/"'1#"$-&%)'
M%);* X2&&;' ,SHQ.' LY' MGEP.' accA\accB)'
566;%Jhh-0$)0+LhAH)AHGAh#>%)0+L"&66)X3HFB_a)'

MAHP''C#<L.'N)o'C#<L.' 7)o'N,&.'C)o'`0<L.'1)'b$>Q&"K4#6#"/V&-'
I&-,>6$8&' 40,;"$<L' 0=' D+/"' !+02$-&%' U$65' *&+6$#+/' D"Q/"'
1#"$-&%)' E;* I-;* 732-;* !$1;' ,SHN.' JKZ' MF_P.' AAB_G\AAB_B)'

566;%Jhh-0$)0+LhAH)AHGAhj#>%)B3H_GBB)'
MAAP''N,.' 1)o' f5#0.' 4)o' t$#<.' t)o' :&<L.' C)o' `0<L.' 1)' b$>Q&"K

4#6#"/V&-' 4+0%%K40,;"$<L' 0=' @<#>6$8#6&-' D"Q/"' 1#"$-&%'
@%$<L'!$%M]$<#>0"#60P:$30+0<'#%'I&-,>6#<6)'732-;*!1';',SH/.'
H'MAHP.'EHGG\EHGc)'566;%Jhh-0$)0+LhAH)AHFch4F74BAHcXl)'

MAGP''C#<L.' N)o' :#$.' r)o' `0<L.' 1)' b$>Q&"K4#6#"/V&-' I&-,>6$8&'
40,;"$<L%)' ?$#;* 7"%%;* 732-;' ,SHO.' KZH' MEP.' EF)'
566;%Jhh-0$)0+LhAH)AHHah%EAH_AKHA_KHHEGKG)'

MAFP''45&+<&/.'D)'1)o'I&$%2#<.'7)'O)'b$>Q&"K4#6#"/V&-'D%/22&6+$>'
I&-,>6$8&' 4+0%%K40,;"$<L' 3&6U&&<' g$</"' #<-' !&<V/"'
O"&>6+0;5$"&%)' E;* I-;* 732-;* !$1;' ,SHM.' JKN' MEAP.' AEF_B\
AEF_X)'566;%Jhh-0$)0+LhAH)AHGAhj#BHXH_a>)'

MAEP''l#-,<>&.'b)'*)o'I&$%2#<.'7)'O)'b$>Q&"K4#6#"/V&-'D%/22&6+$>'
I&-,>6$8&'4+0%%K40,;"$<L'3&6U&&<'1&6&+0#+/"'[0-$-&%'#<-'uK
45"0+0<$6+$"&%)' E;* I-;* 732-;* !$1;' ,SHN.' JKZ' MFFP.' AHEXH\

AHEXF)'566;%Jhh-0$)0+LhAH)AHGAhj#>%)B3H_E__)'
MABP''45&+<&/.' D)' 1)o' l#-,<>&.' b)' *)o' I&$%2#<.' 7)' O)'

O<#<6$0%&"&>6$8&' #<-' O<#<6$0%;&>$=$>' *+#<%$6$0<KS&6#"K
4#6#"/V&-' 4+0%%K40,;"$<L' I&#>6$0<%' 0=' ?+L#<02&6#""$>'
I&#L&<6%'60'40<%6+,>6'4K4'!0<-%)'732-;*=25;',SHN.'JJG'MAaP.'

cBXa\c_BG)'566;%Jhh-0$)0+LhAH)AHGAh#>%)>5&2+&8)B3HHA_G)'
MA_P''7,V,Q$.'b)o'10=%6+#.' p)' ()o' ]0+&23#.'l)' O)o' I&$%2#<.' 7)' O)'

b$>Q&"K4#6#"/V&-' O<#<6$0%&"&>6$8&' 4+0%%K40,;"$<L' 0=' bK
1/-+0T/;565#"$2$-&'O%6&+%'U$65'g$</"'!+02$-&%)'M%);*X2&&;'
,SHP.' JW' MXP.' GABH\GABF)'
566;%Jhh-0$)0+LhAH)AHGAh#>%)0+L"&66)a3HHacF)'

MAaP''f5#<L.' ])o' (&.' 4)' v45$;w' 4)o' S#>S$""#<.' :)' C)' 4)' 7$"/"'
I#-$>#"' D>6$8#6$0<' 0=' D"Q/"' 1#"$-&%' $<' S&6#""#;5060+&-0T'

4#6#"/%$%J' D' @<$R,&' ]#65U#/' =0+' 4+0%%KO"&>6+0;5$"&'
40,;"$<L)' E;* I-;* 732-;* !$1;' ,SHO.' JKU' MG_P.' XHXE\XHXa)'
566;%Jhh-0$)0+LhAH)AHGAhj#>%)_3HEXAX)'

MAXP''l0<&8.' S)' ?)o' 1#<<#.' ()' O)o' p#+80.' O)' I)' [<6+#K' #<-'
[<6&+20"&>,"#+' b$>Q&"K4#6#"/V&-' I&-,>6$8&' 4+0%%K
O"&>6+0;5$"&'40,;"$<L'I&#>6$0<%'0='!&<V/"$>'O%6&+%'U$65'D+/"'
1#"$-&%)'I()2A;*732-'2*V*+(&;*64;',SHO.'GG'MGFP.'_aFH\_aFF)'
566;%Jhh-0$)0+LhAH)AHHGh#<$&)GHA_HAGH_)'

MAcP''O+$>Q%0<.'()'C)o'(,>#%.'O)'()o'*0""&=%0<.'O)'p)o'p#+80.'O)'I)'
b$>Q&"K4#6#"/V&-' 4+0%%KO"&>6+0;5$"&' 40,;"$<L' 0=' D"Q/"'
e",0+$-&%J'76&+&0%;&>$=$>'7/<65&%$%'0='g$</">/>"0;+0;#<&%)'E;*
I-;* 732-;* !$1;' ,SHO.' JKU' MEGP.' AEHH_\AEHAA)'
566;%Jhh-0$)0+LhAH)AHGAhj#>%)_3HaB_a)'

MGHP''l<#;;Q&.' 4)' O)' [)o' `+,;&.' 7)o' `x+6<&+.' :)o' 40+;&6.' S)o'
`0%2$<$.' 4)o' p#>03$' g0<' C#<L&"$<.' D)' I&-,>6$8&' 4+0%%K
40,;"$<L'I&#>6$0<%' 3&6U&&<'*U0'O"&>6+0;5$"&%)'732-;* V* I*

6"%;* E;' ,SHM.' LY' MGFP.' _XGX\_XEG)'
566;%Jhh-0$)0+LhAH)AHHGh>5&2)GHAEHGFHG)'

MGAP''(,>#%.'O)'()o'p#+80.'O)'I)'76&+&0%;&>$=$>'#<-'76&+&0>0<8&+L&<6'
4+0%%K40,;"$<L%' 3&6U&&<' D"Q/"' O"&>6+0;5$"&%)' [.&;* =25;*
732-;',SHP.'J'McP.'HH_B)'566;%Jhh-0$)0+LhAH)AHFXh%EABaHKHAaK
HH_B)'

MGGP''̀ #--&.'7)'l)o']&%5Q08.'D)o'!+V0V0U%Q#.'D)o'b$Q0"#$&<Q0.'])o'
f5,.'4)o'I,&;$<L.'S)'b$>Q&"'4#6#"/V&-'45#$<'C#"Q$<L'4+0%%K
O"&>6+0;5$"&'40,;"$<L'0='D"Q/"'#<-'D+/"'1#"$-&%'#<-'?"&=$<'

1/-+0#+/"#6$0<' O<#3"&-' 3/' O"&>6+0>5&2$>#"' I&-,>6$0<)'
I()2A;* 732-'2* +(&;* 64;' ,S,S.' <h#.' <h#)''
566;%Jhh-0$)0+LhAH)AHHGh#<$&)GHAcABEAX)'

MGFP''S0"#<-&+.' `)' D)o' *+#$%6&+.' l)'S)o' ?b&$"".' !)' *)' I&-,>6$8&'
4+0%%K40,;"$<L'0='b0<#+02#6$>.'1&6&+0>/>"$>'!+02$-&%'U$65'
D+/"'#<-'1&6&+0#+/"'!+02$-&%)'E;*M%);*732-;',SHM.'ZW'MAGP.'
BaaA\BaXH)'566;%Jhh-0$)0+LhAH)AHGAhj0BHHcHB2)'

MGEP''(&.'4)'v45$;w'4)o'C$%2&+.'S)'l)o'75$.'f)K4)'4)o'f5#<L.'I)o'

40<U#/.':)'g)o'($.'`)o'g#>5#".'])o':#8$&%.'[)'C)o'S#>S$""#<.'
:)' C)' 4)' D' `&<&+#"' 72#""K7>#"&' I&#>60+' *0' O<#3"&'
76#<-#+-$V#6$0<'#<-'D>>&"&+#6$0<'0=']5060>#6#"/6$>'I&#>6$0<%)'
I7!* 72(&;* !1';' ,SHP.' K' M_P.' _Ea\_BF)'
566;%Jhh-0$)0+LhAH)AHGAh#>%>&<6%>$)a3HHABc)'

MGBP''I$>520<-.'O)o'S0+#<.'p)'I&>&<6'D-8#<>&%'$<'b$>Q&"'4#6#"/%$%'
O<#3"&-'3/'760$>5$02&6+$>'S&6#""$>'I&-,>$<L'DL&<6%)'!8(&3;'
,SHQ.' GY' MFP.' Ecc\BAF)' 566;%Jhh-0$)0+LhAH)AHBBh%KHHF_K

ABcAXBF)'
MG_P''($.' r)o' e#<.' r)o' p$#.' t)' ' I&>&<6' D-8#<>&' $<' b$K4#6#"/V&-'

I&-,>6$8&' 4+0%%K40,;"$<L' 60' 40<%6+,>6' 4M%;GPK4M%;GP' #<-'
4M%;GPK4M%;FP'!0<-%' )'73'(292* E;*M%);*732-;',SHR.'KW' MGP.'
FBH)'566;%Jhh-0$)0+LhAH)_HGFh>j0>GHAXH_HFX)'

MGaP''O8&+%0<.' :)' D)o' C&$T.' :)' p)' 4+0%%KO"&>6+0;5$"&' 40,;"$<LJ'
]+$<>$;"&%'0='I&#>6$8$6/'#<-'7&"&>6$8$6/)'E;*M%);*732-;',SHM.'
ZW'MAAP.'EacF\EacX)'566;%Jhh-0$)0+LhAH)AHGAhj0BHHBHa%)'

MGXP''r,.' N)o' r#<L.' *)o' C#<L.' 7)o' N,.' 1)o' `0<L.' 1)' b$>Q&"K
4#6#"/V&-' I&-,>6$8&' 4+0%%K40,;"$<L' 0=' @<#>6$8#6&-' D"Q/"'
1#"$-&%)' M%);* X2&&;' ,SHH.' JK' MXP.' GAFX\GAEA)'
566;%Jhh-0$)0+LhAH)AHGAh0"GHH_Aa=)'

MGcP''C#<L.'N)o'S#.'`)o']&<L.'r)o']$6%>5.'4)'O)o'S0"".'!)'p)o'(/.'*)'
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:)o'C#<L.'N)o'`0<L.'1)'b$K4#6#"/V&-'I&-,>6$8&'40,;"$<L'0='
O"&>6+0<KI$>5' D+/"' [0-$-&%' U$65' *&+6$#+/' D"Q/"' 1#"$-&%)' E;*
I-;* 732-;* !$1;' ,SHQ.' JHY.' MEFP.' AEEcH\AEEca)'
566;%Jhh-0$)0+LhAH)AHGAhj#>%)X3HcEaF)'

MFHP''C#<L.' 7)o' t$#<.' t)o' `0<L.' 1)' b$>Q&"K4#6#"/V&-' I&-,>6$8&'

40,;"$<L'0='D+/"'1#"$-&%'U$65'7&>0<-#+/'D"Q/"'!+02$-&%'#<-'
D""/"$>' D>&6#6&)' M%);* X2&&;' ,SH,.' JH' MAFP.' FFBG\FFBB)'
566;%Jhh-0$)0+LhAH)AHGAh0"FHAFFEG)'

MFAP''(05+&.'4)o':+yL&.'*)o'C#<L.'4)o'`"0+$,%.'e)'b$>Q&"K4#6#"/V&-'
4+0%%K40,;"$<L' 0=' D+/"' !+02$-&%' U$65' *&+6$#+/' `+$L<#+-'
I&#L&<6%' @6$"$V$<L' :0<0+Ke,<>6$0<#"$V&-' bK1&6&+0>/>"$>'
4#+3&<&%' Mb14%P)'732-;* V*I*6"%;* E;',SHH.'JZ' MGGP.' _HBG\
_HBB)'566;%Jhh-0$)0+LhAH)AHHGh>5&2)GHAAHHcHc)'

MFGP''f,"6#<%Q$.'7)'()o'e,.'`)'4)'b$>Q&"K4#6#"/V&-'4#+30<K4#+30<'
!0<-Ke0+2$<L' I&#>6$0<%' 0=' @<#>6$8#6&-' *&+6$#+/' D"Q/"'
1#"$-&%J'7,V,Q$'D+/"#6$0<%)'E;*I-;*732-;*!$1;',SH/.'JKG'MGP.'
_GE\_Ga)'566;%Jhh-0$)0+LhAH)AHGAhj#FAA__c;)'

MFFP''p0%5$K]#<L,.' D)o' C#<L.' 4)' r)o' !$%>0&.' S)' I)' b$>Q&"K
4#6#"/V&-' l,2#-#' 4+0%%K40,;"$<L' I&#>6$0<%' 0=' *&+6$#+/'
D"Q/"2#L<&%$,2'1#"$-&%'#<-'D+/"'!+02$-&%h*+$="#6&%)'E;*I-;*
732-;* !$1;' ,SHH.' JKK' MGGP.' XEaX\XEXA)'

566;%Jhh-0$)0+LhAH)AHGAhj#GHGa_c6)'
MFEP''S0&""&+.'l)':)'@%$<L']5/%$>#"'?+L#<$>'45&2$%6+/' 60'75#;&'

65&'40,+%&'0='O"&>6+0>5&2$>#"'I&#>6$0<%)'732-;*=25;',SHQ.'
JJU' McP.' EXAa\EXFF)'
566;%Jhh-0$)0+LhAH)AHGAh#>%)>5&2+&8)a3HH_B_)'

MFBP''10+<.' O)' p)o' I0%&<.' !)' I)o' !#+#<.' ])' 7)' 7/<65&6$>' ?+L#<$>'
O"&>6+0>5&2$%6+/J' D<' O<#3"$<L' #<-' [<<#6&"/' 7,%6#$<#3"&'
S&650-)' I7!* 72(&;* !1';' ,SHO.' L' MBP.' FHG\FHX)'

566;%Jhh-0$)0+LhAH)AHGAh#>%>&<6%>$)_3HHHcA)'
MF_P''r#<.' S)o' l#U#2#6#.' r)o' !#+#<.' ])' 7)' 7/<65&6$>' ?+L#<$>'

O"&>6+0>5&2$>#"' S&650-%' 7$<>&' GHHHJ' ?<' 65&' g&+L&' 0=' #'
I&<#$%%#<>&)' 732-;* =25;' ,SHP.' JJZ' MGAP.' AFGFH\AFFAc)'
566;%Jhh-0$)0+LhAH)AHGAh#>%)>5&2+&8)a3HHFca)'

MFaP''?L#U#.' l)' D)o' !0/-%60<.' D)' p)' I&>&<6' :&8&"0;2&<6%' $<'
?+L#<0>#6#"/V&-' O"&>6+00+L#<$>' 45&2$%6+/)' 732-;* X2&&;'
,SHN.'HH'MAP.'AH\A_)'566;%Jhh-0$)0+LhAH)AGE_h>")AEHcAB)'

MFXP''40<#<.' D)o' 7$3$""&.' 7)o' :d[<>#<.' O)o' ]^+$>50<.' p)' b$>Q&"K

4#6#"/%&-' O"&>6+0+&-,>6$8&' 40,;"$<L' 0=quK1#"0L&<0&%6&+%'
U$65'D+/"'0+'g$</"'1#"$-&%)'E;*732-;*!$1;*732-;*7$--"(;'
HRRS.'b0)'A.'EX\Ec)'566;%Jhh-0$)0+LhAH)AHFch4FccHHHHHHEX)'

MFcP'']&+Q$<%.'I)'p)o'1,L5&%.'D)'p)o'C&$T.':)'p)o'1#<%&<.'O)'4)'S&6#"K
I&-,>6#<6Ke+&&'O"&>6+0>5&2$>#"'b$>Q&"K4#6#"/V&-'40,;"$<L%'
0='D+/"'#<-'D"Q/"'!+02$-&%'$<'D>&60<$6+$"&)'M%)*/%$1299*=29;*
>25;' ,SHR.' LK.' MXP.' AaE_\AaBA)'
566;%Jhh-0$)0+LhAH)AHGAh#>%)0;+-)c3HHGFG)'

MEHP'']&+Q$<%.'I)' p)o' ]&-+0.':)' p)o'1#<%&<.' O)'4)' O"&>6+0>5&2$>#"'
b$>Q&"' 4#6#"/%$%' =0+' 7;GK7;F' 4+0%%KO"&>6+0;5$"&' 40,;"$<L'
I&#>6$0<%'0='@<#>6$8#6&-'D"Q/"'1#"$-&%)'M%);*X2&&;',SHP.'JW'
MAEP.'FaBB\FaBX)'566;%Jhh-0$)0+LhAH)AHGAh#>%)0+L"&66)a3HABcX)'

MEAP''p$#0.'l)'p)o'($,.':)o'S#.'1)'N)o't$,.'1)o'e#<L.'])o'S&$.'*)'7)'
b$>Q&"K4#6#"/V&-' O"&>6+0>5&2$>#"' I&-,>6$8&' I&"#/' 4+0%%K
40,;"$<L'0='D"Q/"'1#"$-&%'60'D+/"'1#"$-&%)'I()2A;*732-'2*V*
+(&;* 64;' ,SHR.' <h#.' <h#)'

566;%Jhh-0$)0+LhAH)AHHGh#<$&)GHAcAGaBF)'
MEGP''C#"Q&+.'!)'I)o'7&808.'4)'7)'D<'O"&>6+0>5&2$>#""/K]+0206&-.'

b$>Q&"K4#6#"/V&-.' S$V0+0Q$K1&>Q' I&#>6$0<)' I7!* 7.&.0;'
,SHR.' W.' MXP.' aAca\aGHF)' #>%>#6#")c3HGGFH)'
566;%Jhh-0$)0+LhAH)AHGAh#>%>#6#")c3HGGFH)'

MEFP''S#<#3&.'7)o'C0<L.'4)'S)o'7&808.'4)'7)':$+&>6'#<-'7>#"#3"&'
O"&>6+0+&-,>6$0<' 0=' *+$;5&</";50%;5$<&' ?T$-&' 60'
*+$;5&</";50%;5$<&)' E;* I-;* 732-;* !$1;' ,S,S.' JH.'

j#>%)c3AGAAG)'566;%Jhh-0$)0+LhAH)AHGAhj#>%)c3AGAAG)'
MEEP''S#6%,3#+#.' l)o' r#2#2060.' 1)o' S$/#V#Q$.' 7)o' [<#602$.' *)o'

b0<#Q#.'l)o'l0L#.'r)o'r#2#-#.'r)o'g&$+0%.'()'e)o'l$+>5<&+.'
l)' :$<,>"&#+' 7/%6&2%' $<' 65&' O==$>$&<6' b$>Q&"K4#6#"/V&-'
l,2#-#\*#2#0\40++$,' 4+0%%K40,;"$<L' 0=' D+/"' 1#"$-&%)'

M%).($-2&.00'19' ,SHO.' KN' MGP.' GBB\G_B)'
566;%Jhh-0$)0+LhAH)AHGAh#>%)0+L#<02&6)_3HHEBA)'

MEBP''r#2#2060.'*)o'C#Q#3#/#%5$.'7)o'?%#Q#-#.'l)'S&>5#<$%2'0='
4K4'40,;"$<L'I&#>6$0<%'0='D+02#6$>'1#"$-&%.']+0206&-'3/'
b$'M'4?:PG.' $<' 65&']+&%&<>&'0='G.GdK3$;/+$-$<&'#<-']]5F.' 60'

`$8&' !$#+/"%)' E;* M%).($-2&;* 732-;' HRR,.' HLU.' GGF\GFa)'
566;%Jhh-0$)0+LhAH)AHA_hHHGGKFGXNMcGPXFGFGKa'

ME_P''1#<%&<.' O)' 4)o' ]&-+0.' :)' p)o' C06#".' D)' 4)o' `0U&+.' b)' p)o'
b&"%0<.'p)':)o'4#+0<.'7)o'C&$T.':)'p)'b&U'($L#<-%'=0+'b$>Q&"'
4#6#"/%$%'=+02':$8&+%&']5#+2#>&,6$>#"'1&6&+0>/>"&'($3+#+$&%)'
[.&;* 732-;' ,SHO.' U' MAGP.' AAG_\AAFH)'
566;%Jhh-0$)0+LhAH)AHFXh<>5&2)GBXa)'

MEaP''O8&+%0<.':)'D)o'!,0<020.'p)'D)o'C&$T.':)'p)'b$>Q&"K4#6#"/V&-'

4+0%%KO"&>6+0;5$"&'40,;"$<L'0='GK45"0+0;/+$-$<&%'U$65'D"Q/"'
!+02$-&%)' !8(02&&' ,SHM.' LG' MGP.' GFF\GFX)'
566;%Jhh-0$)0+LhAH)AHBBh%KHHFFKAFEHABA)'

MEXP''7$&L".'C)'?)'S&6#"' [0<'D>6$8#6$0<'0='b$6+$"&%)'7/<65&%&%'0='
A.FK!$%MD+/"$2$<0P[%0$<-0"$<&%)'E;*M%);*732-;'HRPP.'HL'MAAP.'
AXaG\AXaX)'566;%Jhh-0$)0+LhAH)AHGAhj0HHEFA#HAA)'

MEcP''4$%V&U%Q$.'p)'*)o'S$Q5#/"08.':)'r)o'10"$<.'l)'g)o'l#-$+08.'S)'
l)o' !,-<$Q08#.' r)' 1)o' 7$</#%5$<.' ?)o' g$>$>.' :)' D)' I&-0T'

*+&<-%'$<'*&+;/+$-$<&'b$>Q&"'402;"&T&%)'+($%);*732-;',SHH.'
GY'MAaP.'X_FH\X_FB)'566;%Jhh-0$)0+LhAH)AHGAh$>GHAAXET)'

MBHP''S05#-j&+'!&+02$.'S)o'!#<&+j&&.'`)o'!+,-8$L.'`)'C)o'1#V#+$.'
b)o' S&+>#-0.' !)' t)' b$>Q&"M[P' D+/"' 7;&>$&%J' 7/<65&%$%.'
]+0;&+6$&%.' #<-' 4#6#"/6$>' D>6$8$6/)'I7!* 7.&.0;' ,SHQ.' U' MFP.'
GBG_\GBFF)'566;%Jhh-0$)0+LhAH)AHGAh#>%>#6#")X3HHBE_)'

MBAP''?<#Q#.' S)o' S#6%,0Q#.' r)o' S,Q#$/#2#.' *)' D' 40<8&<$&<6'
S&650-'=0+'65&':$+&>6']+&;#+#6$0<'0='l&60<&%'e+02'GKM_KMGK

S&650T/&65/"P;/+$-/"P>#+30T/"#6&%'#<-'D"Q/"'[0-$-&%'3/'@%&'
0='f$<>':,%6'#<-'#'4#6#"/6$>'D20,<6'0='b$>Q&"':$>5"0+$-&)'
732-;* X2&&;' HRQH.' JY' MEP.' BFA\BFE)'
566;%Jhh-0$)0+LhAH)AGE_h>")AcXA)BFA)'

MBGP''D2#60+&.'4)o'p,6#<-.'D)o']^+$>50<.'p)o'I0""$<.'r)'S&>5#<$%2'
0=' 65&' b$>Q&"K4#6#"/V&-' O"&>6+0%/<65&%$%' 0=' l&60<&%' 3/'
1&6&+0>0,;"$<L'0='D>/"'#<-'!&<V/"'1#"$-&%)'F$(.&932,&2*,"%*
732-'2' ,SSS.' JKJ' MAGP.' AGcF\AFHE)'
566;%Jhh-0$)0+LhAH)AHHah%HHaH_HHaHHHX)'

MBFP''!$%U#%.'7)o'C&$T.':)'p)'S&>5#<$%2'#<-'7&"&>6$8$6/'$<'b$>Q&"K
4#6#"/V&-'4+0%%KO"&>6+0;5$"&'40,;"$<L'0='D+/"'1#"$-&%'U$65'
D"Q/"' 1#"$-&%)' E;* I-;* 732-;* !$1;' ,SH/.' JKG' MEFP.' A_AcG\
A_Aca)'566;%Jhh-0$)0+LhAH)AHGAhj#EHaBXc&)'

MBEP''7,L#.' *)o' @Q#j$.' r)' b$>Q&"K4#6#"/V&-' 4+0%%KO"&>6+0;5$"&'
40,;"$<L'3&6U&&<'!&<V/"'D">050"%'#<-'D+/"'1#"$-&%'D%%$%6&-'
3/'*$6#<$,2'40KI&-,>6#<6)'M%);*X2&&;',SHQ.'LY' MGEP.'aXE_\
aXBH)'566;%Jhh-0$)0+LhAH)AHGAh#>%)0+L"&66)X3HFF_a)'

MBBP''C#<L.'f)o'($.'N)o'7,<.'1)o'e,5+.'?)o'e&<%Q&.':)'7/<65&%$%'0='
b14']$<>&+'1/-+$-0'b$>Q&"'402;"&T&%'#<-'*5&$+'4#6#"/6$>'
D;;"$>#6$0<%'$<'1/-+0-&5#"0L&<#6$0<)'M%).($-2&.00'19',SHQ.'
KZ' MEP.' BFc\BEE)'
566;%Jhh-0$)0+LhAH)AHGAh#>%)0+L#<02&6)a3HHXEX)'

MB_P''I&66&<2&$&+.' 4)' D)o' C&<V.' p)o' C#-&;05".' 1)o' `#-&.' ()' 1)'
D>6$8#6$0<' 0='D+/"'1#"$-&%' 3/'b$>Q&"M[P' ]$<>&+'402;"&T&%J'
I&#>6$0<' ]#65U#/%' 0=' 760$>5$02&6+$>' #<-' 4#6#"/6$>'

:&5#"0L&<#6$0<%)' +($%);* 732-;' ,SHO.' GG' MA_P.' XGAE\XGGE)'
566;%Jhh-0$)0+LhAH)AHGAh#>%)$<0+L>5&2)_3HAEEX)'

MBaP''I&66&<2&$&+.'4)o'C#-&;05".'1)o'`#-&.'()'1)'76&+&0%&"&>6$8&'
1/-+0-&5#"0L&<#6$0<' 8$#' #' I#-$>#"K!#%&-' S&>5#<$%2'
[<80"8$<L' *K75#;&-' 45$+#"' b$>Q&"M[P' ]$<>&+' 402;"&T&%)'
732-;* V* I* 6"%;* E;' ,SHM.' LY' MFAP.' c_Ba\c__B)'
566;%Jhh-0$)0+LhAH)AHHGh>5&2)GHAEHFGEF)'

MBXP'':&<L.'t)K1)o'C#-&;05".'1)o'`#-&.'()'1)'*5&'7/<65&%$%'0='#'

b&U'4"#%%'0='45$+#"']$<>&+'($L#<-%'#<-'*5&$+'D;;"$>#6$0<%'$<'
O<#<6$0%&"&>6$8&' 4#6#"/6$>' e",0+$<#6$0<%' #<-' 65&' b0V#Q$\
1$/#2#\l$%5$' I&#>6$0<)'732-;* <* I* 6"%;* E;' ,SHH.' JZ' MBGP.'
AEcGG\AEcGX)'566;%Jhh-0$)0+LhAH)AHHGh>5&2)GHAAHGFaB)'

MBcP''l5+$V#<=0+08.' S)o' 76+&Q#"08#.' 7)o' l5+$V#<=0+08#.' g)o'
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`+$<&<Q0.' g)o' l50"$<.' l)o' l#-$+08.' S)o' !,+L#<08.' *)o'
`,3#$-,""$<.'D)o'`+/#V<08#.'*)o'7$</#%5$<.'?)o'N,.'()o'g$>$>.'
:)'D)o' !,-<$Q08#.'r)' [+0<K4#6#"/V&-' O"&>6+0>5&2$>#"' 4\1'
]&+=",0+0#"Q/"#6$0<' 0=' D+&<&%)'>.0&;* ?%.(9;' ,SHN.' HH' MEBP.'
Ac_aE\Ac_XA)'566;%Jhh-0$)0+LhAH)AHFch4B:*HFHHcD)'

M_HP'':$>>$#<<$.' p)'!)o':$#0.'*)'S&>5#<$%2%' 0='b$>Q&"K4#6#"/V&-'
4+0%%K40,;"$<L'I&#>6$0<%)'?%2(49*732-;',SHR.'J' McP.'XFH\
XEE)'566;%Jhh-0$)0+LhAH)AHA_hj)6+&>52)GHAc)HX)HHE)'

M_AP'':$>>$#<<$.' p)'!)o'l#6$L3#Q.'p)o'1,.'4)o':$#0.'*)'S&>5#<$%6$>'
45#+#>6&+$V#6$0<'0='MN#<6;50%Pb$M[PKS&-$#6&-'D"Q/"'!+02$-&'
D>6$8#6$0<J' ?T$-#6$8&' D--$6$0<.' O"&>6+0<' *+#<%=&+.' 0+'
1#"0L&<KD602'D3%6+#>6$0<)'E;*I-;*732-;*!$1;',SHR.'JHJ'MEP.'
AaXX\Aac_)'566;%Jhh-0$)0+LhAH)AHGAhj#>%)X3AFEcc)'

M_GP''p0<&%.'`)':)o'S#+6$<.'p)'()o'S>e#+"#<-.'4)o'D""&<.'?)'I)o'1#"".'
I)' O)o' 1#"&/.' D)' :)o' !+#<-0<.' I)' p)o' l0<08#"08#.' *)o'
:&%+0>5&+%.'])'p)o'],"#/.'])o'g$>$>.':)'D)'($L#<-'I&-0T'O==&>6%'
$<' 65&' 7/<65&%$%.' O"&>6+0<$>' 76+,>6,+&.' #<-'I&#>6$8$6/' 0=' #<'
D"Q/"zD"Q/"' 4+0%%K40,;"$<L' 4#6#"/%6)' E;* I-;* 732-;* !$1;'
,SSO.' JLU' MEHP.' AFAaB\AFAXF)'
566;%Jhh-0$)0+LhAH)AHGAhj#H_FFFE$)'

M_FP''7#<-=0+-.'4)o'e+$&%.'()'I)o'!#"".'*)'O)o'S$<6&&+.'7)':)o'7$L2#<.'

S)' 7)' S&>5#<$%6$>' 76,-$&%' $<60' 65&' ?T$-#6$8&' D--$6$0<' 0='
40M[P' 402;"&T&%J' 4023$<$<L' O"&>6+0#<#"/6$>#"' *&>5<$R,&%'
U$65' ]#+#2&6&+$V#6$0<)' E;* I-;* 732-;* !$1;' ,SHR.' JHJ' MEaP.'
AXXaa\AXXXc)'566;%Jhh-0$)0+LhAH)AHGAhj#>%)c3AHaaA)'

M_EP''̀ ,6$&++&V.'?)o'*&""$%.'p)'4)o']+$2&+.':)'b)o'S0"#<-&+.'`)'D)o'
l0V"0U%Q$.' S)' 4)' b$>Q&"K4#6#"/V&-' 4+0%%K40,;"$<L' 0='
]5060+&-0TK`&<&+#6&-' I#-$>#"%J' @<>08&+$<L' #' `&<&+#"'
S#<$=0"-'=0+'76&+&0>0<8&+L&<>&' $<'b$>Q&"K4#6#"/V&-'4+0%%K

40,;"$<L%)' E;* I-;* 732-;* !$1;' ,SHN.' JKZ' MABP.' EXc_\EXcc)'
566;%Jhh-0$)0+LhAH)AHGAhj#BAFHac+)'

M_BP''!+&$6&<=&"-.'p)o'C0-+$>5.'S)':)o'1,.'N)'!$2&6#""$>'?T$-#6$8&'
D--$6$0<'$<'b$>Q&"K4#6#"/V&-'D"Q/"\D+/"'l,2#-#'40,;"$<L'
I&#>6$0<%)' M%).($-2&.00'19' ,SHM.' KK' MGHP.' BaHX\BaAB)'
566;%Jhh-0$)0+LhAH)AHGAh02BHHBH_/)'

M__P''45&<.' f)o' t$<.' r)o' D2$<&.' l)' I&-0T' 75,66"&%' =0+' 7#=&+'
($65$,2K[0<' !#66&+$&%)' 6021&%$13'-;* I1&.' ,SSR.' GH' MGEP.'
B_HB\B_AF)'

566;%Jhh-0$)0+Lh566;Jhh-T)-0$)0+LhAH)AHA_hj)&"&>6#>6#)GHHc)HB)H
Aa)'

M_aP''C&<L.'C)o' 1,#<L.' p)o' 75Q+03.' [)' D)o' f5#<L.' ()o' f5#<L.' f)'
I&-0T'75,66"&%'U$65'DT$%/22&6+$>'7>#==0"-'=0+'?8&+>5#+L&'
]+06&>6$0<'0='($65$,2K[0<'!#66&+$&%)'I45;*6(2%)8*F.&2%;',SHO.'
N'MAcP)'566;%Jhh-0$)0+LhAH)AHHGh#&<2)GHA_HHacB)'

M_XP''45&<.'f)o'($,.'p)o'p#<%&<.'D)'b)o'`$+$%5l,2#+.'`)o'4#%6&&".'!)o'
D2$<&.'l)'($65$,2'!0+#6&'4",%6&+'7#"6%'#%'I&-0T'75,66"&%'=0+'

?8&+>5#+L&' ]+06&>6$0<' 0=' ($65$,2K[0<' 4&""%)' 6021&%$132-;*
!$0'4V!&.&2* X2&&;' ,SHS.' JK' MEP.' DFc)'
566;%Jhh-0$)0+LhAH)AAEchA)FGccGBA)'

M_cP''S0%5,+>5#Q.' ()' S)o' !,5+2&%6&+.' 4)o' :#5<.' p)' I)'
*+$;5&</"#2$<&%'#%'#'4"#%%'0='I&-0T'75,66"&'S0"&>,"&%'=0+'
65&' ?8&+>5#+L&' ]+06&>6$0<' 0=' ($65$,2K[0<' 4&""%)' E;*
6021&%$132-;* !$1;' ,SSQ.' JGG' MGP.' DAGc)'
566;%Jhh-0$)0+LhAH)AAEchA)GXA_GGc)'

MaHP''S0%5,+>5#Q.'()'S)o'!,5+2&%6&+.'4)o'C#<L.'I)'()o':#5<.'p)'I)'
402;#+#6$8&' 76,-$&%' 0=' *5+&&' I&-0T' 75,66"&' S0"&>,"&'
4"#%%&%'=0+'?8&+>5#+L&']+06&>6$0<'0='($e&]?EK!#%&-'($K[0<'
4&""%)' 6021&%$13'-;* I1&.' ,SSP.' GL' MAAP.' Faac\FaXE)'
566;%Jhh-0$)0+LhAH)AHA_hj)&"&>6#>6#)GHH_)AH)H_X)'

MaAP''l#,+.' D)' ])o' O+L,<.' 7)o' O""$066.' 4)' e)o' ?-02.' 7)' D)' F.aK
!$%M*+$=",0+02&65/"PKbKO65/";5&<065$#V$<&J'D'I&-0T'75,66"&'
U$65' OT6&<%$8&' ?8&+>5#+L&' ]+06&>6$0<' $<' ($65$,2K[0<'

!#66&+$&%)' E;* F.&2%;* 732-;* I' ,SHM.' L' MEFP.' AXAcH\AXAcF)'
566;%Jhh-0$)0+LhAH)AHFch4E*DHEE_Fl)'

MaGP''l#,+.'D)'])o'4#%%&"2#<.'S)':)o'O""$066.'4)'e)o']#+Q$<.'7)'I)o'
I$%Q0.'4)o'?-02.'7)'D)'?8&+>5#+L&']+06&>6$0<'0='($65$,2K[0<'
!#66&+$&%' #308&' E' g' U$65' #' ]&+=",0+$<#6&-' ]5&<065$#V$<&'

:&+$8#6$8&)' E;* F.&2%;* 732-;* I' ,SHO.' H' MABP.' BEAH\BEAE)'
566;%Jhh-0$)0+LhAH)AHFch4B*DAHFaB:)'

MaFP''e+#<>Q&.' I)o' ($66"&.' I)' :)' I&-0T' 4#6#"/%$%' $<' ?+L#<$>'
O"&>6+0%/<65&%$%J'!#%$>']+$<>$;"&%'#<-'I&>&<6':&8&"0;2&<6%)'
732-;* !$1;* =25;' ,SHM.' HK' MXP.' GEcG\GBGA)'

566;%Jhh-0$)0+LhAH)AHFch4F47_HE_El)'
MaEP'']&6&+%.'!)'l)o'I0-+$L,&V.'l)'N)o'I&$%3&+L.'7)'1)o'!&$".'7)'!)o'

1$>Q&/.':)'])o'l#U#2#6#.'r)o'40""$<%.'S)o'76#++.'p)o'45&<.'()o'
@-/#8#+#.' 7)o' l",<-&+.' l)o' `0+&/.' *)' p)o' D<-&+%0<.' 7)' ()o'
b&,+0>Q.'S)o'S$<6&&+.'7)':)o'!#+#<.'])'7)'7>#"#3"&'#<-'7#=&'
7/<65&6$>'?+L#<$>'O"&>6+0+&-,>6$0<'[<%;$+&-'3/'($K[0<'!#66&+/'
45&2$%6+/)' !1'2(12' ,SHR.' KNK' M_EGcP.' XFX\XEB)'
566;%Jhh-0$)0+LhAH)AAG_h%>$&<>&)##8B_H_)'

MaBP''7&808.'4)'7)o'1$>Q&/.':)'])o'400Q.'S)'O)o'I03$<%0<.'7)'`)o'
!#+<&66.' 7)o'S$<6&&+.' 7)':)o' 7$L2#<.'S)' 7)o' 7#<=0+-.'S)' 7)'
]5/%$>#"' ?+L#<$>' D;;+0#>5' 60' ]&+%$%6&<6.' 4/>"#3"&.' (0UK
]06&<6$#"'O"&>6+0"/6&%' =0+'e"0U'!#66&+/'D;;"$>#6$0<%)'E;*I-;*
732-;* !$1;' ,SHP.' JKW' MXP.' GcGE\GcGa)'
566;%Jhh-0$)0+LhAH)AHGAhj#>%)a3HHAEa)'

Ma_P''!+,%5&66.'e)'I)o'($#0.'4)o'l0U#"%Q$.'p)'D)o'f5#<L.'f)o'75Q+03.'
[)'D)o'S00+&.'p)'7)o'1,#<L.'p)o']#<.'!)o'g$j#/#Q,2#+.'S)o':,#<.'

C)o'C#<L.'C)o'($,.'p)o'f5#<L.'()o'r#<L.'f)o'S$"%56&$<.'p)':)o'
C#"6&+.'O)o'($.'!)o'C&$.'N)'vC$<&K:#+Q'7&#w' $<'#<'?+L#<$>'
e"0U' !#66&+/J' 760+$<L' b&L#6$8&' 45#+L&' $<' G.A.FK
!&<V065$#-$#V0"&' I#-$>#"%' (&#-%' 60' [2;+08&-' 4/>"#3$"$6/)'
I7!* 6(2%)8* X2&&;' ,SHP.' L' MBP.' AAB_\AA_A)'
566;%Jhh-0$)0+LhAH)AHGAh#>%&<&+L/"&66)a3HHG_A)'

MaaP''($,.'t)o'75$<Q"&.'D)'D)o'($.'r)o'S0<+0&.'4)'C)o'*502;%0<.'()'
*)o' 7"&$L5650"2&.' D)' O)' 7)' b0<KDR,&0,%' 45+02$,2'

D>&6/"#>&60<#6&' O"&>6+0"/6&' =0+' I&-0T' e"0U' !#66&+$&%)'
6021&%$132-;* 1$--"(;' ,SHS.' JL' MAAP.' A_FE\A_Fa)'
566;%Jhh-0$)0+Lh566;Jhh-T)-0$)0+LhAH)AHA_hj)&"&>02)GHAH)Hc)HA
F)'

MaXP''7&808.'4)'7)o'!+00<&+.'I)'O)'S)o'45^<#+-.'O)o'D%%#+/.'I)'7)o'
S00+&.' p)' 7)o' I0-+{L,&VK(|;&V.' p)o' 7#<=0+-.' S)' 7)'
O80",6$0<#+/' :&%$L<' 0=' (0U' S0"&>,"#+' C&$L56' ?+L#<$>'
D<0"/6&' S#6&+$#"%' =0+' D;;"$>#6$0<%' $<' b0<#R,&0,%' I&-0T'
e"0U'!#66&+$&%)' E;* I-;*732-;* !$1;',SHN.'JKZ' MEBP.' AEE_B\

AEEaG)'566;%Jhh-0$)0+LhAH)AHGAhj#>%)B3HcBaG)'
MacP''7&808.'4)'7)o'e$%5&+.'7)'()o'*502;%0<.'()'*)o'7#<=0+-.'S)'7)'

S&>5#<$%2K!#%&-':&8&"0;2&<6'0='#'(0UK]06&<6$#".'70",3"&.'
#<-'4/>"#3"&'S,"6$&"&>6+0<'D<0"/6&' =0+'b0<#R,&0,%'I&-0T'
e"0U'!#66&+$&%)' E;* I-;*732-;* !$1;',SHO.'JKU' MEaP.' ABFaX\
ABFXE)'566;%Jhh-0$)0+LhAH)AHGAhj#>%)_3Ha_FX)'

MXHP''!#+&".'?==$+o'($-0+K1#-#%.'I#2/o'̀ 066&%=&"-.'I0<&<o'S$V+#5$.'
?+&".' r0%&=o' !&+L5.' D<-&+%.' ?"0=' [<L&2#+o' bL,/&<.' !)' g)'

]+0>&%%' =0+' ]+&;#+$<L' ]+$-0;$-$<&)' C?GHAaHAB_Hc' MDAP.'
GHAa)'

MXAP''r$<.'1)o'f5#0.'4)o'r0,.'1)o'($<.'l)o'`0<L.'1)'S$"-'l&60<&'
e0+2#6$0<' 8$#' b$K4#6#"/V&-' I&-,>6$8&' 40,;"$<L' 0='
@<#>6$8#6&-' D"Q/"' 1#"$-&%' U$65' D>$-' D<5/-+$-&%)' 732-;*
7$--"(;' ,SH,.' HU' MB_P.' aHFE)'
566;%Jhh-0$)0+LhAH)AHFch>G>>FFGFG#)'

MXGP''1#<%&<.' O)' 4)o' ($.' 4)o' r#<L.' 7)o' ]&-+0.' :)o' C&$T.' :)' p)'

40,;"$<L' 0=' 45#""&<L$<L' 1&6&+0#+/"' 1#"$-&%' U$65' D"Q/"'
1#"$-&%'8$#'b$>Q&"K4#6#"/V&-'4+0%%KO"&>6+0;5$"&'40,;"$<L)'E;*
M%);* 732-;' ,SHP.' UL' MAEP.' aHXB\aHcG)'
566;%Jhh-0$)0+LhAH)AHGAh#>%)j0>)a3HAFFE)'

MXFP'':,-Q$<#.' r)' !)o' S$Q5#/"08.' :)' r)o' `+/#V<08#.' *)' g)o'
*,=#6,""$<.'D)'[)o'l#6#&8#.'?)'b)o'g$>$>.':)'D)o'!,-<$Q08#.'r)'
1)' O"&>6+0>5&2$>#"' ?+650' e,<>6$0<#"$V#6$0<' 0=' GK
]5&</";/+$-$<&'U$65']&+=",0+0>#+30T/"$>'D>$-%'4#6#"/V&-'3/'

]#""#-$,2'$<'1$L5&+'?T$-#6$0<'76#6&%)'M%).($-2&.00'19',SH/.'
KL'MAaP.'EaXB\EacG)'566;%Jhh-0$)0+LhAH)AHGAh02EHHEcGL)'

MXEP''b06&J'+&;0+6&-'>,++&<6'-&<%$6$&%'#+&'0=6&<'65&'#;;#+&<6'>,++&<6'
-&<%$6/'3#%&-'65&'%,32&+L&-'#+&#'0='65&'&"&>6+0-&.'+#65&+'65#<'
65&' #>6$8&' %,+=#>&' #+&#' #%' -&6&+2$<&-' 3/' &"&>6+0>5&2$>#"'
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¥ general for 1¡ & 2¡ RalkÐBr
¥ high current densities 

¥ easily scaled
¥ inexpensive catalysts
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