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/7q7h7!K<C!&!'(()!"/CHFY!CICSU`.!"HoMKoDK/uIG!DIF!L/SKoDH!6<uKuIG! mr!

/7q7q7!SCLCDH/IU!K<C!C""CMK!u"!C9!&!'(()!noDIKo9!"HoMKoDK/uIG! mv!

/7q7q7h7!HD9E!G</"K! mv!

/7q7q7q7!MDG/9/S!C""CMK! ^i!

36@6,"!43+:,A2!$+2*,'&'"+0%(:$!*3"/,G"A'(H, C5!

/7m7h7!NCDR!Muo6H/IU!SCU/9CY!9uF/"`/IU!SDF/DK/LC!6Su6CSK/CG! ^h!

/7m7h7h7!D!ES/C"!SC9/IFCS!DEuoK!C9/GG/uI!/I!"SCC!G6DMC! ^q!

/7m7h7q7!MDL/K`!CI<DIMCF!{!/I</E/KCF!C9/GG/uI!P6oSMCHH!C""CMKQ! ^m!

/7m7q7! GKSuIU!Muo6H/IU!SCU/9CY!9uF/"/MDK/uI!u"! K<C!CICSU`! HCLCHG!u"!

9DKKCS! ^r!

/7m7q7h7!DI!/IKSuFoMK/uI!Ku!GKSuIU!Muo6H/IU! ^r!

/7m7q7q7!M<DSDMKCS/GK/MG!u"!K<C!GKSuIUXMuo6H/IU!SCU/9C! ^w!

*+,+-+-+.+/$01%*2/3*4$#5)!##"%/6#!#"6/7893!%*#9:*'/6#!#"6;/ <=/

*+,+-+-+-+/%!1*/683*##*:4/ <>/



!

*+,+-+-+,+/ *)89%#!:#/ 8!%!)"#"%6/ !:2/ 2"8":2":'"/ 9:/ #$"/

'9:'":#%!#*9:/7'933"'#*&"/6#!#"6;/ ?@/

36C6,'/",.%0,+>',"%$+0%&,%.,">'*3"!&,0'!"+3%$/, 8=!

/7^7h7!9uF/"`/IU!M<C9/MDH!HDIFGMD6CG!E`!CGM!Ku!&!'(()!"/CHFG! yq!

3686,4/",.%0,+>',"%$+0%&,%.,">'*3"!&,0'!"+3%$, 8<!

/7y7h7!9uHCMoHDS!L/ESDK/uIG!DIF!L/ESDK/uIDH!CICSU`! y|!

/7y7q7!LGM!u"!9uHCMoHDS!SCGuIDKuSG!/I!9/MSuXMDL/K/CG! yv!

/7y7q7h7!H/no/FX6<DGC!LGM! ri!

/7y7q7q7!USuoIFXGKDKC!M<C9/MDH!SCDMK/L/K`!oIFCS!LGM! rq!

!
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,



!

">!9+'0,33,

!

336,+3&+3$),!,)0%2$(,/+!+',0'!"+343+:,&!$(/"!9',-:,4/", I?!

33656,3$+0%(2"+3%$, I?!

336=6,0'/2&+/,!$(,(3/"2//3%$, <=!

336=656,30,">!0!"+'03K!+3%$,%.,+>',/:/+'*,2$('0,/+2(:, <=!

336=6=6,3$.&2'$"',%.,4/",%$,43-0!+3%$!&,+0!$/3+3%$/,.0%*,-%$(/,+>!+,

!0',-0%#'$,(203$),+>',0'!"+3%$,*'">!$3/*, <C!

//7q7q7h7!R/ICK/M!9uI/KuS/IU!u"!K<C!SCDMK/uI!SDKC!E`!/S!G6CMKSuGMu6`!|^!

//7q7q7q7! FCKCS9/IDK/uI! u"! K<C! 6SuFoMK! SDK/uG! E`! UMX9G!

noDIK/"/MDK/uI! |y!

336=6@6, 3$.&2'$"',%., 4/",%., 43-0!+3%$!&, +0!$/3+3%$/,%.,!, L/9'"+!+%0,

-%$(M, <<!

336=6C6, !""'//, +%, +>', 3$(343(2!&, 0!+', "%$/+!$+/, %., .%0*!+3%$, %.,

90%(2"+,G5H,!$(,G=H, <B!

336=686,+>'0*%(:$!*3",/+2(:, ?=!

336=6I6,"%$"&2/3%$, ?C,

!
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,

,

,

,

,

,



!

">!9+'0,333,

!

3336,"!43+:,"!+!&:/3/,-:,4/",%.,+>',/%&4'$+, ?I!

333656,3$+0%(2"+3%$, ?I!

33365656,"%$+'F+, ?I!

333656=6,>.39N,!,4'0/!+3&',/%&4'$+, ?<!

3336=6,'9%F3(!+3%$,%.,"3/7":"&%%"+'$',G0=H,3$,>.39,2$('0,4/",BJ!

3336=656,0'/2&+/,!$(,(3/"2//3%$, BJ!

///7q7h7h7!/S!M<DSDMKCS/aDK/uI!u"!K<C!Pu<Q%&$7!u"!<"/6! vh!

///7q7h7q7!Cx6CS/9CIKG!DIF!UMX9G!noDIK/KDK/LC!DIDH`G/G! vm!

///7q7h7m7!R/ICK/M!9uI/KuS/IU!u"!K<C!SCDMK/uI!SDKC!E`!/S!G6CMKSuGMu6`!vw!

3336@6, !"3(7"!+!&:K'(, 0'!00!$)'*'$+, %., <N?N58N5I7

+'+0!%F!(3/930%O86=686=P>'F!('"!$', G0@H, +%, "!90%&!"+%$',

GCH,3$,>.39,2$('0,4/", BB!

3336C6, 9'0/9'"+34'Q, 4/", !/, !, +%%&, +%, *3*3", #3$'+3", 3/%+%9',

'..'"+,G#3'H, 5J5!

3336C656,('.3$3+3%$, 5J5!

3336C6=6,4/",!/,!,+%%&,+%,*3*3",#3', 5JC!

333686,"%$"&2/3%$, 5JI,

!

,

,

,

,

,



!

">!9+'0,34,

!

346,'F9'03*'$+!&,9!0+, 5JB!

34656,+3&+3$),!,)0%2$(7/+!+',0'!"+343+:,&!$(/"!9',-:,4/", 5JB!

3465656,*!+'03!&,!$(,*'+>%(/, 5JB!

34656=6,+0!$/.'07*!+03F,/3*2&!+3%$, 55J!

34656@6, /:$+>'/3/,%., $%&$7-2+:&(3*'+>:&GGC7+03*'+>:&/3&:&H-2+7@7:$757

:&H%F:H/3&!$',G0H, 55J!

34656C6,.+730,">!0!"+'03K!+3%$,%.,/+!0+3$),*!+'03!&,G0HN,/%&4'$+/,!$(,

90%(2"+/,G5H,!$(,G=H, 55=!

3465686,+2$3$),%.,+>,.9,"!43+3'/, 55@!

34656I6,90'9!0!+3%$,%.,+>',0'!"+3%$,*3F+20',!$(,3$R'"+3%$,3$+%,+>',.9,

"!43+3'/, 55C!

34656<6,0!+',%.,+>',0'!"+3%$, 55C!

34656?6,/+!-3&3+:,">'"#,%.,+>',/+0%$)&:,"%29&'(,/+!0+3$),*!+'03!&,G0H

, 55I!

34656B6,.+730,+0!$/*3//3%$,/9'"+02*,%.,!$,%..70'/%$!$"',"!43+:, 55I!

346565J6,3('$+3.3"!+3%$,%.,90%(2"+/,G5H,!$(,G=H, 55<!

34656556,A2!$+3+!+34',!$!&:/3/,%.,90%(2"+/,G5H,!$(,G=H, 55?!

346=6,"!43+:,"!+!&:/3/,-:,4/",%.,+>',/%&4'$+, 5=J!

346=656,*!+'03!&,!$(,*'+>%(/, 5=J!

346=6=6,90'9!0!+3%$,%.,+>',0'!"+3%$,*3F+20',.%0,+>',!"#7":"&%%"+'$',

G0=H,'9%F3(!+3%$,!$(,3$R'"+3%$,3$+%,+>',.9,"!43+3'/, 5=5!

346=6@6, 3('$+3.3"!+3%$,%.,!"#7":"&%%"+'$', G0=H,!$(,":"&%%"+'$',%F3(',

G@H, 5==!



!

346=6C6, A2!$+3+!+34', !$!&:/3/, %., !"#7":"&%%"+'$', G0=H, !$(,

":"&%%"+'$',%F3(',G@H, 5=C!

/L7q7^7h7!FCKCS9/IDK/uI!u"!K<C!SCHDK/LC!SCG6uIGC!"DMKuSG! hq^!

/L7q7^7q7!noDIK/"/MDK/uI!u"!K<C!/7G7!/IG/FC!"6!9/MSu"Ho/F/M!MCHH! hqy!

/L7q7^7m7!noDIK/"/MDK/uI!u"!G0=H,DIF!G@H! hqr!

346=686,/:$+>'/3/,%.,<N?N58N5I7+'+0!%F!(3/930%O86=686=P>'F!('"!$', G0@H

, 5=?!

346=6I6,90'9!0!+3%$,%.,+>',0'!"+3%$,*3F+20',.%0,+>',!"3(7"!+!&:K'(,

0'!00!$)'*'$+, %., <N?N58N5I<N?N58N5I7

+'+0!%F!(3/930%O86=686=P>'F!('"!$', G0@H, +%, "!90%&!"+3%$', GCH, !$(,

3$R'"+3%$,3$+%,+>',.9,"!43+3'/, 5=B!

346=6<6,$*0,3('$+3.3"!+3%$,%.,"!90%&!"+%$',GCH, 5@J,

!
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,



!

">!9+'0,34,

!

46,)'$'0!&,"%$"&2/3%$, 5@=,

!

!$$'F,S,-3-&3%)0!9>:,

!

!$$'F, T, *'+!&/, 90%*%+', /'A2'$"'/, %., +>', 0'4'0/', #0'-/,

":"&', 5@8!

-3-&3%)0!9>:, 5C@!



! h!

&3/+,%.,!--0'43!+3%$/,

!

D:! ! %#>5,$!

AB! ! '(&#4,$#4>'('$!

DKS! ! '&&,(3'&,)!&+&'>!$,*>,@&#+(!

D3! ! :+>)!

E3^IE$!! &,&$'XCX=3&2>'--+(#3-!=$+-#),!

MM>^! ! @'$=+(!&,&$'@0>+$#),!

MFM>m! ! ),3&,$'&,)!@0>+$+*+$-!

@nCF! ! @'5#&2!V3'(&3-!,>,@&$+)2('-#@%!

FM9! ! )#@0>+$+-,&0'(,!

F9"! ! )#-,&02>*+$-'-#),!

F66D!! ! )#40,(2>40+%40+$2>!'\#),!

F"K! ! ),(%#&2!*3(@&#+('>!&0,+$2!

FKUG! ! ),3&,$'&,)!&$#:>2@#(,!%3>*'&,!

Fqu! ! ),3&,$'&,)!?'&,$!

C9! ! ,>,@&$+-':(,&#@!?'5,%!

CGM!! ! ,>,@&$+(#@!%&$+(:!@+34>#(:!

C&uD@! ! ,&02>!'@,&'&,!

C3!! ! ,3$+4#3-!

"6! ! "'=$2X6,$+&!

"GS! ! *$,,!%4,@&$'>!$'(:,!

"KX/S! ! "+3$#,$!&$'(%*+$-!#(*$'$,)!%4,@&$+%@+42!

"N<9!! *3>>!?#)&0!'&!0'>*!-'B#-3-!

UM! ! :'%X@0$+-'&+:$'402!

UMX9G!! :'%X@0$+-'&+:$'402!@+34>,)!?#&0!-'%%!%4,@&$+-,&$2!

<"/6! ! h.h.h.m.m.mX0,B'*>3+$+#%+4$+4'(XqX+>!

<u9u!! 0#:0,%&!+@@34#,)!-+>,@3>'$!+$=#&'>!

<qu! ! ?'&,$!

<quq! ! 02)$+:,(!4,$+B#),!

DX6$u<!! #%+4$+4'(+>!



! q!

/7G7! ! #(&,$('>!%&'()'$)!

/S! ! #(*$'$,)!

R/C! ! 1#(,&#@!#%+&+4,!,**,@&!

RG/C! ! 1#(,&#@!%+>5,(&!#%+&+4,!,**,@&!

Ho9u! ! >+?,%&!3(+@@34#,)!-+>,@3>'$!+$=#&'>!

9! ! -+>'$!

9M! ! -,$+@2'(#(,!

9MK! ! -,$@3$2!@')-#3-!&,>>3$#),!

-#(! ! -#(3&,%!

--+>! ! -#>>#-+>,!

9,u<!! -,&0'(+>!

-:! ! -#>>#:$'-!

9<\! ! -,:'0,$&\!

-H! ! -#>>#>#&,$!

-9! ! -#>>#-+>'$!

9(uq! ! -'(:'(,%,!)#+B#),!

I'qGu^!! %+)#3-!%3>*'&,!

I<^M>! ! '--+(#3-!@0>+$#),!

(-! ! ('(+-,&,$!

I9S! ! (3@>,'$!-':(,&#@!$,%+('(@,!

uMIX! ! @2'('&,!/+(%!

uq! ! )#+B2:,(!

Pu<Q%&$7!! uX<!%&$,&@0#(:!-+),!

BXK%u<! BAEAX&+>3,(,%3>*+(#@!'@#)!

6CK! ! 4+>2,&02>,(,!&,$,40&0'>'&,!

699D!! 4+>2P-,&02>!-,&0'@$2>'&,Q!

44-! ! 4'$&%!4,$!-#>>#+(!!

6KD! ! hX40,(2>XqX&$#-,&02>%#>2>'@,&2>,(,!

6LD! ! 4+>2P5#(2>'>@+0+>Q!

nCF! ! V3'(&3-!,>,@&$+)2('-#@%!

n"K! ! V3'(&3-!*#,>)!&0,+$2!

VI9S! ! V3'(&#&'&#5,!(3@>,'$!-':(,&#@!$,%+('(@,!



! m!

SS"! ! $,>'&#5,!$,%4+(%,!*'@&+$!

FG! ! %2(@>#('>!

G#uq! ! %#>#@+(!)#+B#),!

G6/! ! hJ.mJX)#02)$+XhJ.mJ.mJX&$#-,&02>XrX(#&$+%4#$+}q<XhX=,(\+42$'(Xq.qJXPq<QX#()+>,~!

KED"! ! &,&$'XCX=3&2>'--+(#3-!*>3+$#),!

KEF9G! HIEHX=3&2>)#-,&02>%#>2>!

K"C! ! q.q.qX&$#*>3+$+,&0'(+>!

K<"! ! &,&$'02)$+*3$'(!

K/6G! ! &$##%+4$+42>%#>2>!

K9G! ! &$#-,&02>%#>2>!

KG! ! &$'(%#&#+(!%&'&,!

oL! ! 3>&$'5#+>,&!

LGM! ! 5#=$'&#+('>!%&$+(:!@+34>#(:!

LXoGM! ! 5#=$'&#+('>!3>&$'!%&$+(:!@+34>#(:!

a6C! ! \,$+X4+#(&!,(,$:2!

a(G,! ! \#(@!%,>,(#),!

�H! ! -#@$+>#&,$!

�-! ! -#@$+-,&,$!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!



! ^!

!
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01/2*1,'$,.0!$U!3/,
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!



! y!

,

36 3$+0%(2"+3%$,)'$'0!&',/20,&'/,3$+'0!"+3%$/,&2*3'0'/7

*!+3'0',

!

! H'! ('&3$,! ),! >'! >3-#d$,! ,&! ),%! 40T(+-d(,%! V3#! >3#! %+(&! '%%+@#T%! ,%&! >A+=;,&! ),!

$,@0,$@0,%! #(&,>>,@&3,>>,%! ,&! %@#,(&#*#V3,%! ),43#%! >AD(&#V3#&T7! F,! (+%! ;+3$%.! >'! >3-#d$,! ,%&!

@+(%#)T$T,! @+--,! T&'(&! @+-4+%T,! ),! 4'$&#@3>,%! '44,>T,%! 40+&+(%! X! V3#! 4,35,(&! k&$,!

@+-4&T,%!X!,&!%,!@+-4+$&'(&!@+--,!3(,!+(),!T>,@&$+-':(T&#V3,!PC9Q!X!V3#!4,3&!#(&,$*T$,$!

X!)'(%!@,$&'#(,%!@+()#&#+(%7!/>!,%&!#(&T$,%%'(&!),!(+&,$!V3,.!&$d%!&g&.!(+&$,!@+-4$T0,(%#+(!),!

>'! >3-#d$,! ,%&! #(,B&$#@'=>,-,(&! >#T,! b! @,>>,! ),! %+(!-#>#,3! ),!4$+4':'&#+(7! 6'$! ,B,-4>,.! >'!

5#&,%%,! ),! >'! >3-#d$,! )'(%! >,! 5#),! ,%&! 3(,! @+(%&'(&,! 3(#5,$%,>>,7! H,! &,$-,! ]5#),]! ,%&!

:T(T$'>,-,(&!3&#>#%T!)'(%!3(!@+(&,B&,!%@#,(&#*#V3,!4+3$!)T@$#$,!3(!,%4'@,!@$TT!4'$!>A'=%,(@,!

4'$&#,>>,!+3!&+&'>,!),!-'&#d$,7!9'#%!>+$%V3J#>!'!T&T!)T-+(&$T!:$s@,!b!>'!402%#V3,!V3'(&#V3,!

V3,!-k-,!>,!5#),!(AT&'#&!4'%!]$#,(].!),%!-+)#*#@'&#+(%!),!4>3%#,3$%!4$+4$#T&T%!),!>'!-'&#d$,!

+(&!T&T!$T'>#%T,%.!%#-4>,-,(&!,(!@+(&$g>'(&!%+(!,(5#$+((,-,(&7!H,!@e3$!),!-+(!-'(3%@$#&!

4+$&,!%3$!>,!@+34>':,!5#=$'&#+((,>!*+$&!PLGMQ7!/>!%J':#&!)J3(,!(+35,>>,!'44$+@0,!,B4>+#&'(&!>,%!

#(&,$'@&#+(%! >3-#d$,X-'&#d$,.! V3,! (+3%! '5+(%! 3&#>#%T,! 4+3$! @+(&$g>,$! >,! )T$+3>,-,(&! ,&!

>J#%%3,! ),! $T'@&#+(%! @0#-#V3,%.! ,(! %&$3@&3$'(&! >,! @0'-4! C9! b! >A#(&T$#,3$! ),! @'5#&T%!

+4&#V3,%7h.q! F,43#%! %,%! 4$,-#,$%! )T5,>+44,-,(&%! ,(! 402%#V3,! ),%! '&+-,%! *$+#)%! )'(%! >,%!

'((T,%!hvwim.!>,!$T:#-,!),!@+34>':,!*+$&.!'&&,#(&!,(!T>,@&$+)2('-#V3,!V3'(&#V3,!),!@'5#&T!

P@nCFQ! ,%&! ),5,(3! 3(! (+35,>! +3&#>! %@#,(&#*#V3,! +**$'(&! 3(! @+(&$g>,! %'(%! 4$T@T),(&! ),! >'!

-'&#d$,! 4'$! >'! >3-#d$,! ,&! ),! >'! >3-#d$,! 4'$! >'! -'&#d$,^7! E#,(! V3,! >,! @+-4+$&,-,(&! ),!

-+>T@3>,%!,(!@nCF!'#&!T&T!4$#(@#4'>,-,(&!T&3)#T!%+3%!@+34>':,!T>,@&$+(#V3,!*+$&!PCGMQy.! >,!

@+34>':,! 5#=$'&#+((,>! *+$&! PLGMQ! 4$T%,(&,! T:'>,-,(&! 3(! *+$&! 4+&,(&#,>r�v7! C(! ,**,&.!

>J02=$#)'&#+(! ),%! *>3@&3'&#+(%! V3'(&#V3,%! )3! 5#),! )J3(! -+),! ),! @'5#&T! +4&#V3,! ,&! )J3(,!

-+>T@3>,! +$:'(#V3,! '=+3&#&! b! >'! *+$-'&#+(! ),! ),3B! (+35,'3B! T&'&%! 5#=$+X4+>'$#&+(#V3,!

G.VWXYZ,5N,9[,Z\,97H7!



! r!

!

.VWXYZ,56!/>>3%&$'&#+(!%@0T-'&#V3,!)3!@+34>':,!>3-#d$,X-'&#d$,!,(&$,!3(,!&$'(%#&#+(!),!5#=$'&#+(!-+>T@3>'#$,!,&!
3(!-+),!),!@'5#&T!'=+3&#%%'(&!b!>'!*+$-'&#+(!),%!T&'&%!5#=$+X4+>'$#&+(#V3,%!6�!,&!6X!%T4'$T%!4'$!>JT(,$:#,!),!
S'=#!(+&T,!!�S7!

! C(!qihr.!3(,!@+>>'=+$'&#+(!,(&$,!>,%!:$+34,%!)3!4$+*,%%,3$!C=,%%,(!,&!)3!4$+*,%%,3$!

9+$'(!'!4,$-#%!),!-+(&$,$!V3,!>,!4$+*#>!T(,$:T&#V3,!),! >'!$T'@&#+(!),!)T4$+&,@&#+(!)3!hX

40,(2>XqX&$#-,&02>%#>2>'@,&2>,(,! P6KDQ! 4'$! >,! *>3+$3$,! ),! &,&$'XCX=3&2>'--+(#3-! PKED"Q!

G.VWXYZ,=H!T&'#&!)#**T$,(&!)'(%!3(,!@'5#&T!+4&#V3,!$T%+('(&,!'5,@!>'!5#=$'&#+(!)JT>+(:'&#+(!),!

>'!>#'#%+(!G#XM!)3!6KD.!@,@#!'2'(&!4+3$!@+(%TV3,(@,!3(,!)#-#(3&#+(!),!>'!5#&,%%,!),!$T'@&#+(!

)J3(!*'@&,3$!y.y7h!

!

.VWXYZ, =6! H'! $T'@&#+(! ),! )T4$+&,@&#+(! )3! hX40,(2>XqX&$#-,&02>%#>2>'@,&2>,(,! P6KDQ! 4'$! >,! &,&$'X(X
=3&2>'--+(#3-!*>3+$#),!PKED"Q7!

! H,%! &$'5'3B! 4$T%,(&T%! )'(%! >,! ),3B#d-,! @0'4#&$,! ),! @,! -'(3%@$#&! ),! &0d%,!

@+(%&#&3,(&!3(,!4$,35,!),!@+(@,4&!-+(&$'(&!V3,!>,!LGM!+**$,!>'!4+%%#=#>#&T!),!*'#$,!='%@3>,$!

>,! 4$+*#>! T(,$:T&#V3,! )J3(,! $T'@&#+(! @0#-#V3,! 4+3$! ,(! @+(&$g>,$! >'! %T>,@&#5#&T! ),! %#&,7! H,!

&$+#%#d-,!@0'4#&$,!*'#&!T&'&!),!&$'5'3B!,(!@+3$%.!,&!)+(&!>,%!$T%3>&'&%!4$T>#-#('#$,%!%,-=>,(&!
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336 -!/"2&'*'$+,(2,9!:/!)',0'!"+%$$'&,9!0,4/",!,&;'+!+,

.%$(!*'$+!&,

!

33656,3$+0%(2"+3%$,

!

! M,%! ),$(#d$,%! '((T,%.! ),! (+-=$,3%,%! -T&0+),%! +(&! T&T! )T5,>+44T,%! 4'$! >,%!

@0#-#%&,%! 4+3$! >'! -#%,! ,(! e35$,! ),! $T'@&#+(%! @0#-#+X.! $T:#+X! +3! %&T$T+X%T>,@&#5,%7! M,%!

-T&0+),%!#-4>#V3,(&!:T(T$'>,-,(&!),%!%TV3,(@,%!$T'@&#+((,>>,%!='%T,%!%3$!),%!%&$'&T:#,%!

),!4$+&,@&#+(%X)T4$+&,@&#+(%!,&{+3!%3$!),%! *+(@&#+(('>#%'&#+(%!%+35,(&! *'%&#)#,3%,%7!F#5,$%!

@'&'>2%,3$%!,&! $T'@&#*%!+(&!T&T!)T5,>+44T%!)'(%!@,!=3&!-'#%! #>%!4,$-,&&,(&!3(#V3,-,(&!),!

)#**T$,(@#,$! V3,>V3,%! :$+34,-,(&%! *+(@&#+((,>%! '5,@! ),%! )#**T$,(@,%! %&T$#V3,%! ,&!

T>,@&$+(#V3,%!&$d%!4$+(+(@T,%7!/@#.!(+3%!'5+(%!&,(&T!)J#(*>3,(@,$!>'!%T>,@&#5#&T!),!%#&,!)J3(,!

$T'@&#+(!4'$!3(,!'44$+@0,!&+3&!b!*'#&!)#**T$,(&,!Y!>,!LGM!,(&$,!3(,!-+>T@3>,!+$:'(#V3,!,&!>,%!

*>3@&3'&#+(%! V3'(&#V3,%! )3! 5#),! b! >J#(&T$#,3$! )J3(,! @'5#&T! +4&#V3,! -#@$+X*>3#)#V3,7! 6+3$!

,B4>+$,$! @,&&,! 4+%%#=#>#&T! (+3%! '5+(%! @0+#%#! ),! %2(&0T&#%,$! >,! )T$#5T! %#>'(,.! HIEHX

=3&2>)#-,&02>�}^XP&$#-,&02>%#>2>Q=3&XmX2(XhX2>~+B2�%#>'(,! G0Hhi.hh.! @+-4+$&'(&! ),3B! :$+34,%!

%#>2>,%!4+35'(&!k&$,!$,&#$T!3>&T$#,3$,-,(&!4'$!$T'@&#+(!@0#-#V3,7!HJ'&&'V3,!(3@>T+40#>,!)J3(!

),%!),3B!'&+-,%!),!%#>#@#3-!4'$!3(! #+(! *>3+$3$,!'=+3&#&! $,%4,@&#5,-,(&!b! >'! *+$-'&#+(!)3!

4$+)3#&!G5H!'4$d%!$34&3$,!),!>'!>#'#%+(!G#XM!+3!)3!4$+)3#&!G=H!'4$d%!$34&3$,!),!>'!>#'#%+(!G#Xu!

G.VWXYZ,@H7!!

!

.VWXYZ,@6!H,%!),3B!$T'@&#+(%!),!$34&3$,!),! >#'#%+(!%#>2>,%!4+%%#=>,%!P$34&3$,!),! >'! >#'#%+(!G#XM!4+3$!*+$-,$!G5H.!
$34&3$,!),!>'!>#'#%+(!G#Xu!%@#%%#+(!4+3$!*+$-,$!G=HQ!4+3$!>'!$T'@&#+(!,(&$,!G0H!,&!>,!KED"!b!&,-4T$'&3$,!'-=#'(&,!
)'(%!3(!-T>'(:,!),!-T&0'(+>!,&!),!K<"7!

! H,%!),3B!4$+)3#&%!%,!*+$-,(&!5#'!),%!5+#,%!-T@'(#%&#V3,%!%#-#>'#$,%7!I+3%!'5+(%!)'(%!

3(! 4$,-#,$! &,-4%! @0,$@0T! b! %'5+#$! %#! >,! @+34>':,! *+$&! %T>,@&#*! ),%! -+),%! 5#=$'&#+((,>%!

$,%4,@&#5,-,(&! '%%+@#T%! '3B! >#'#%+(%! G#XM! ,&! G#Xu! '5'#&! 3(,! #(*>3,(@,! )#**T$,(&,! %3$! >'!
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(+3%! '5+(%! 5T$#*#T! V3,! >'! -+)#*#@'&#+(! )3! 4$+*#>! T(,$:T&#V3,! $T'@&#+((,>! 4'$! LGM! 4+35'#&!

4,$-,&&$,!)J#(5,$%,$!>,!$'44+$&!),!)#%&$#=3&#+(!),%!4$+)3#&%7!

336=6,*!+'03'&,'+,*'+>%('/,

!

! H'!@'5#&T!+4&#V3,!3&#>#%T,!)'(%!>,%!,B4T$#,(@,%!$T'>#%T,%!#@#!,%&!3(,!@'5#&T!"'=$2X6T$+&!

P"6Q! *+$-T,! ),! ),3B!-#$+#$%!-T&'>>#V3,%! ,(! +$! PD3Q! $,@+35,$&! ),! %T>T(#3$,! ),! \#(@! Pa(G,Q!

4'$'>>d>,%! ,&! %T4'$T%! 4'$! 3(,! ,(&$,&+#%,! ,(! 4+>2P&T$T40&'>'&,! )AT&02>d(,Q, P6CK! �!92>'$! �Q!

)JT4'#%%,3$%! 5'$#'=>,%! Pr! b! w! --Q! '5,@! 3(! @'('>! @,(&$'>! @$,3B! @+(c3! 4+3$! >J#(;,@&#+(!

)JT@0'(&#>>+(%! >#V3#),%7hq! 6+3$! %J'%%3$,$! V3,! >,%! $T'@&#+(%! (,! %+#,(&! 4'%! '**,@&T,%! 4'$! >'!

4$T%,(@,!)JD3!+3!),!a(G,.!3(,!@+3@0,!),!5,$$,!PG#uqQ!),!qii(-!)JT4'#%%,3$!'!T&T!)T4+%T,!

%3$!>'!%3$*'@,!#(&,$(,!),!@0'V3,!-#$+#$7!H,!-#>#,3!$T'@&#+((,>!T&'#&!@+(%&#&3T!)J3(,!%+>3&#+(!

0+-+:d(,!),!$T'@&#*!),!)T4'$&!G0H!Pi7vi9Q!,&!),!KED"!Pi7wr!9Q!)'(%!3(!-T>'(:,!hYh!P5{5Q!

),!-T&0'(+>!P9,u<Q!,&!),!&T&$'02)$+*3$'(,!PK<"Q7!M,%!@+()#&#+(%!+(&!T&T!+4&#-#%T,%!4+3$!

>,! @+34>':,! *+$&! ,(! -'B#-#%'(&! >'! @+(@,(&$'&#+(! ),! G0H! 4+3$! '&&,#()$,! >JT(,$:#,! ),!

%T4'$'&#+(!),!S'=#!!�S! >'!4>3%!T>,5T,!4+%%#=>,!&+3&!,(!@+(%,$5'(&!3(,!=+((,!%+>3=#>#&T!),!

G0H,)'(%!>,!%2%&d-,!),!%+>5'(&%7!6+3$!'&&,#()$,!>,!$T:#-,!),!LGM.!#>!,%&!(T@,%%'#$,!)J'5+#$!3(!
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G#XM<m!Phqyi!@-
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!
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336@6,3$.&2'$"',(2,4/",'$+0',2$,*%(',(',"!43+','+,('/,
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*'"!$3/*',0'!"+3%$$'&,

!

336@656,/2343,"3$'+3A2',('/,0'!"+3%$/,9!0,/9'"+0%/"%93',30,

!

! HJT5+>3&#+(! @#(T&#V3,! ),! >'! $T'@&#+(! '! T&T! %3#5#,! 4'$! %4,@&$+%@+4#,! /S7! H'! 5#&,%%,!
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!
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! hi!

336@6=6,A2!$+3.3"!+3%$,('/,90%(23+/,G5H,'+,G=H,9!0,)"7*/,,

!

! D4$d%! @0'V3,! ,B4T$#,(@,.! >,!-#>#,3! $T'@&#+((,>! '! T&T! '('>2%T! V3'(&#&'&#5,-,(&! 4'$!

@0$+-'&+:$'40#,! ,(! 40'%,! :'\,3%,! @+34>T,! b! >'! %4,@&$+-T&$#,! ),!-'%%,! PUMX9GQ! '*#(! ),!

)T&,$-#(,$!>,!$'44+$&!),%!@+(@,(&$'&#+(%!}5~Y}=~!+�!}5~!@+$$,%4+()!b!>'!V3'(&#&T!),!4$+)3#&!

G5H! +=&,(3,! 4'$! $34&3$,! ),! >'! >#'#%+(! G#XM! ,&! }=~! b! >'! V3'(&#&T! ),! 4$+)3#&! G=H! +=&,(3,! ),!

$34&3$,!),!>'!>#'#%+(!G#Xu7!6+3$!>,%!$T'@&#+(%!,**,@&3T,%!0+$%!@'5#&T!,&!)'(%!3(,!@'5#&T!(+(X

$T%+('(&,.! >,%! $'44+$&%!),!@+(@,(&$'&#+(%! %+(&!TV3#5'>,(&%!,&! #()#V3,(&!V3,! >,!4$+)3#&! G5H!

,%&!*+$-T!-';+$#&'#$,-,(&!P}5~Y}=~!),!h.y!�!i.q!,&!h.^!�!i7h!$,%4,@&#5,-,(&Q!G+`b]Z`X,5N,]VWaZ,

b]ZXZ, Z\, eZY\ZH7! o(,! '3:-,(&'&#+(! %#:(#*#@'&#5,! ),! >'! *+$-'&#+(! ),! 4$+)3#&! G=H! '! T&T!

+=%,$5T,!V3'()!>'!5#=$'&#+(!)JT>+(:'&#+(!),!>'!>#'#%+(!G#XM!,%&!*+$&,-,(&!@+34>T,!b!3(!-+),!

),!@'5#&T.!@0'(:,'(&!'#(%#!@+-4>d&,-,(&!>,!$'44+$&!),!)#%&$#=3&#+(!),%!4$+)3#&%!}5~Y}=~!Pi.m!�!

i.hQ!G+`b]Z`X,5N,]VWaZ,Y^XWZH7!o(!$'44+$&!),!)#%&$#=3&#+(!),%!4$+)3#&%!4>3%!T>,5T!Pi.^!�!i.hQ!'!

T&T! +=%,$5T! V3'()! >'! 5#=$'&#+(! )JT>+(:'&#+(! ),! >'! >#'#%+(! G#Xu! ,%&! *+$&,-,(&! @+34>T,!

G+`b]Z`X,5N,]VWaZ,^Y`aWZH7!D#(%#.!>,!LGM!),!>J3(!+3!>J'3&$,!),%!%#&,%!$T'@&#+((,>%!)#$,@&,-,(&!

#-4>#V3T%!)'(%!>'!$34&3$,!),%!>#'#%+(%!G#XM!+3!G#Xu!-+)#*#,!>,!4$+*#>!T(,$:T&#V3,!$T'@&#+((,>!

),!*'c+(!b!*'5+$#%,$!>'!$34&3$,!),!>'!>#'#%+(!G#Xu!4>3&g&!V3,!>'!$34&3$,!),!>'!>#'#%+(!G#XM!V3#!,%&!

(+$-'>,-,(&!@#(T&#V3,-,(&!*'5+$#%T,7!

+`b]Z`X,56!S'44+$&!),!)#%&$#=3&#+(!),%!4$+)3#&%!G5H,,&!G=H!+=&,(3%!4'$!'('>2%,!UMX9G!'4$d%!$T'@&#+(!)'(%!),%!
@'5#&T%!$T%+('(&,%!'5,@!>,%!-+),%!),!5#=$'&#+(%!Y!)JT>+(:'&#+(!),!>'!>#'#%+(!G#XM!P>#:(,!$+3:,Q.!)JT>+(:'&#+(!),!>'!
>#'#%+(!G#Xu!P>#:(,!+$'(:,Q!,&!),!&+$%#+(!),!>'!>#'#%+(!G#XM<m!P>#:(,!$+%,Q!'#(%#!V3,!)'(%!3(,!@'5#&T!(+(X$T%+('(&,!
P>#:(,!5,$&,Q!,&!0+$%!!@'5#&T!P>#:(,!=>,3,Q7!H,%!-'$:,%!)J,$$,3$!+(&!T&T!)T&,$-#(T,%!b!4'$&#$!),!>AT@'$&X&24,!)A'3!
-+#(%!@#(V!,B4T$#,(@,%7!

+fgZ,h;ZigdYVZacZ, -`ahZ,30, 0`gg^Y\,hZ,hV_\YVbX\V^a,hZ_,gY^hXV\_,
!!!

!!!
,
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336C6!3$.&2'$"',(2,4/",'$+0',2$,*%(',(',"!43+','+,('/,

43-0!+3%$/,D,/9'"+!+03"'/,E,,

!

! H,%!5#=$'&#+(%!V3#!(,!%+(&!4'%!)#$,@&,-,(&!#-4>#V3T,%!)'(%!>,!-T@'(#%-,!$T'@&#+((,>!

4,35,(&! T:'>,-,(&! ;+3,$! 3(! $g>,! ,%%,(&#,>! )'(%! >J#%%3,! )J3(,! $T'@&#+(7hm.h^! F'(%! >,! @'%!

4$T%,(&.! >'! *+$&,!='(),!)J'=%+$4&#+(!b!hqyi!@-Xh!@+$$,%4+()'(&!'3B!-+),%!),!&+$%#+(!),%!

:$+34,%! XM<m! >#T%! b! >J'&+-,! ),! %#>#@#3-hy.! 4,3&! k&$,! @+(%#)T$T,! @+--,! 3(,! 5#=$'&#+(!

�!%4,@&'&$#@,!�7!GA#>!%A':#%%'#&!)A3(!:$+34,!XM<m!#%+>T.!+(!4+3$$'#&!%A'&&,()$,!b!+=%,$5,$!@,&&,!

='(),! )J'=%+$4&#+(! 5,$%! h^ri! @-Xh7! G+(! '44'$#&#+(! b! hqyi! @-Xh! #()#V3,! V3A#>! #(&,$':#&! ,(!

$T'>#&T!'5,@!)A'3&$,%!5#=$'&#+(%!'%%+@#T,%!b!>J'&+-,!),!%#>#@#3-7!H,!LGM!),!>'!5#=$'&#+(!b!hqyi!

@-Xh!$T)3#&!>'!5#&,%%,!:>+='>,!),!$T'@&#+(!)A3(!*'@&,3$!),!m.y!�!i.h!G.VWXYZ,8N,\YV`aW]Z_,Y^_ZH!

,&!)+((,!3(!$'44+$&!),!)#%&$#=3&#+(!),%!4$+)3#&%!}5~Y}=~!),!i.m!�!i.h!G+`b]Z`X,5N,]VWaZ,Y^_ZH.!

@,! V3#! ,%&! &$d%! 4$+@0,! ),%! $T%3>&'&%! +=&,(3%! %+3%! LGM! ),! >'! &$'(%#&#+(! @+$$,%4+()'(&! b! >'!

5#=$'&#+(!)JT>+(:'&#+(!G#XM7!
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! hq!

33686,!""'/,!2F,"%$/+!$+'/,(',43+'//'/,3$(343(2'&&'/,(',

.%0*!+3%$,('/,90%(23+/,G5H,'+,G=H,

!

! I+3%! '5+(%! @+-4>T&T! @,%! ,B4T$#,(@,%! ,(! -,%3$'(&! >'! @+(%&'(&,! ),! 5#&,%%,! ),!

$T'@&#+(!:>+='>,!+=%,$5T,!P1+=%Q!,(!*+(@&#+(!)3!$T:>':,!),!>'!@'5#&T!&+3&!>,!>+(:!)3!%4,@&$,!/S!

),! G0H! 4+3$! +=&,(#$! 3(! %4,@&$,! )A'@&#+(! G.VWXYZ, IH, V3#! @+(*#$-,! @>'#$,-,(&! V3,>%! -+),%!

5#=$'&#+((,>%!#(*>3,(@,(&!>'!$T'@&#+(!%+3%!LGM7!

!

.VWXYZ, I6! H'!5#&,%%,!:>+='>,!),! $T'@&#+(!b! >J#(&T$#,3$!),! >'!@'5#&T!5'$#,!,(! *+(@&#+(!),%! $T:>':,%!),!-+),%!),!
@'5#&T%! P%40d$,%! $+3:,%Q7! H'! >#:(,! =>,3,! 4>,#(,! -+(&$,! >,! %4,@&$,! )J'=%+$4&#+(! /S! ),! G0H! )'(%! >,! -#>#,3!
$T'@&#+((,>7!H'!>#:(,!,(!4+#(&#>>T!$+3:,!V3#!@+((,@&,!>,%!%40d$,%!,(&$,!,>>,%!%,$&!),!:3#),!4+3$!>,%!2,3B7!H'!>#:(,!
,(!&#$,&%!=>,3,!$,4$T%,(&,!>'!5#&,%%,!-+2,((,!),!>'!$T'@&#+(!,(!),0+$%!),!>'!@'5#&T7!

! C(! @+-=#('(&! >'! @+(%&'(&,! ),! 5#&,%%,! ),! $T'@&#+(! :>+='>,! +=%,$5T,! P1+=%Q! ,&! >,%!

$'44+$&%!),!)#%&$#=3&#+(!),%!4$+)3#&%!}5~Y}=~!+=&,(3%!4'$!>,%!-,%3$,%!),!UMX9G.!(+3%!'5+(%!

43!,B&$'#$,! >,%!@+(%&'(&,%!),!5#&,%%,! #()#5#)3,>>,%!1h! ,&!1q! @+$$,%4+()'(&!'3B! $34&3$,%!),%!

>#'#%+(%!G#XM!,&!G#Xu.!$,%4,@&#5,-,(&7!D!4'$&#$!),!@,%!)+((T,%.!>,%!$,(),-,(&%!P�Q!$,%4,@&#*%!

),%!4$+)3#&%!G5H!,&!G=H!+(&!T&T!@'>@3>T%!'4$d%!)#5,$%,%!,B4T$#,(@,%!,(!,&!0+$%!$T:#-,!),!LGM!

G.VWXYZ,<H7!!

!"#$%&'()"*(&'+,#-./ 

011 .111 .211 

3
%4
*
5#

67
4
*
,&
'+
4
89
8/

 

!
"
#
$:
'.
1
-;
'+
#
6*

-.
/ 

1 

; 

< 

= 

>'(4*5'?&'#6?6&9'

%@4,A"**&?'
>@B?4B&5'(&5'

#"(&5'(&',4C6D@ 



! hm!

!

.VWXYZ, <6! U$'40#V3,!-+(&$'(&! >,! $,(),-,(&! )3! 4$+)3#&! G5H! P�h.! >+%'(:,! 5#+>,&%Q! ,&! G=H! P�q.! @'$$T%! $+%,Q! ,(!
$T:#-,! ),! LGM! ),! )#**T$,(&%! -+),%! ),! 5#=$'&#+(%! ),! G0H.! '#(%#! V3,! )'(%! 3(,! @'5#&T! (+(X$T%+('(&,! ,&! 0+$%!
@'5#&T7!H,%!-'$:,%!)J,$$,3$!+(&!T&T!)T&,$-#(T,%!b!4'$&#$!),!>AT@'$&X&24,!)A'3!-+#(%!@#(V!,B4T$#,(@,%7!

C(! ),0+$%! ),! >'! @'5#&T! ,&! )'(%! 3(,! @'5#&T! (+(X$T%+('(&,.! 1h ,%&! %34T$#,3$,! b! 1q.!

,(&$'�('(&!>'!*+$-'&#+(!4$T*T$,(&#,>>,!)3!4$+)3#&!G5H!P.VWXYZ,<.!>+%'(:,%!5#+>,&%Q!'>+$%!V3,!>,!

LGM! #(5,$%,! >'!%T>,@&#5#&T.!@+()3#%'(&!b!3(,! *+$-'&#+(!-';+$#&'#$,!)3!4$+)3#&! G=H! P.VWXYZ,<.!

@'$$T%! $+%,%Q7! />! %A':#&!)A3(,!4$,35,!),!4$#(@#4,!)#$,@&,!-+(&$'(&!V3,! >,!4$+*#>!T(,$:T&#V3,!

$T'@&#+((,>!4,3&!k&$,!='%@3>T!%+3%!>J'@&#+(!)3!LGM!,(!@#=>'(&!&$+#%!-+),%!5#=$'&+#$,%!'%%+@#T%!

'3B!),3B!@,(&$,%!$T'@&#+((,>!*+$-T%!4'$!>,!),3B!'&+-,%!),!%#>#@#3-7!H,%!5'>,3$%!),!1h!,&!),!

1q )'(%!),%!@+()#&#+(%!),!@+34>':,!*+$&!%+(&!#(*T$#,3$,%!b!@,>>,%!+=%,$5T,%!0+$%!@'5#&T.!@,!V3#!

#()#V3,!3(,!T(,$:#,!)A'@&#5'&#+(!4>3%!T>,5T,!4+3$!>'!$T'@&#+(!%+3%!LGM7!
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! h^!

336I6,'+2('/,+>'0*%(:$!*3A2'/,

!

! H,%! 4'$'-d&$,%! &0,$-+)2('-#V3,%! +(&! T&T! )T&,$-#(T%! 4+3$! @0'@3(,! ),%! ),3B!

$T'@&#+(%!),!$34&3$,!),!>#'#%+(!@+()3#%'(&!b!>'!*+$-'&#+(!),%!4$+)3#&%!G5H!,&!G=H,,(!-,%3$'(&!

>,3$%!5#&,%%,%!,(! *+(@&#+(!),! >'! &,-4T$'&3$,!0+$%!@'5#&T!,&!)'(%! >,%!@+()#&#+(%!),!LGM!),%!

5#=$'&#+(%!)JT>+(:'&#+(%!),%!>#'#%+(%!G#XM!,&!G#Xu7!C(!3&#>#%'(&!>'!&0T+$#,!),!>JT&'&!),!&$'(%#&#+(.!

>JT(,$:#,! >#=$,! )J'@&#5'&#+(! P�<�Q! ,&! >J,(&$+4#,! )J'@&#5'&#+(! P�G�Q! +(&! T&T! )T&,$-#(T,%7! H,%!

$T%3>&'&%!$T%3-T%!)'(%!>,!+`b]Z`X,=! #()#V3,(&!V3,!>,%!4'$'-d&$,%!&0,$-+)2('-#V3,%!%+(&!

%,(%#=>,-,(&!-+)#*#T%!)'(%!>,!@')$,!)3!LGM!4+3$!>,%!),3B!4$+)3#&%.!-'#%!@+()3#%,(&!b!),%!

5'>,3$%!)#**T$,(&,%!4+3$!>,%!4$+)3#&%!G5H!,&!G=H7!

+`b]Z`X,=6!C(&0'>4#,!,&!,(&$+4#,!)J'@&#5'&#+(!,(!$T:#-,!),!@+34>':,!*+$&!

9Y^hXV\_, +fgZ,h;ZigdYVZacZ,
l>m,

GnR6k^]75H,

l/m,

GnR6k^]75H,

G5H,

>^Y_,c`eV\d, @C,�!m, 75<@,�!hh,

'a,Yd_^a`acZ,/V7", IJ,�!q, 7B8,�!|,

'a,Yd_^a`acZ,/V7%, 8<,�!y, 75JI,�!h|,

G=H,

>^Y_,c`eV\d, =@,�!m, 7=5C,�!w,

'a,Yd_^a`acZ,/V7", ?8,�!y, 7I,�!h|,

'a,Yd_^a`acZ,/V7%, <I,�!|, 7@B,�!q^,

! M,! V3#! ,%&! %3$4$,('(&.! @A,%&! V3,! >,%! (+35,>>,%! 5'>,3$%! ),! �<�! ,&! �G�!%,-=>,(&! k&$,!

%#-#>'#$,%.!V3,!>A+(!@+34>,!>'!5#=$'&#+(!)JT>+(:'&#+(!),!>'!>#'#%+(!G#XM!+3!@,>>,!),!>'!>#'#%+(!G#X

u7!M,>'!4+3$$'#&!k&$,!&+&'>,-,(&! *+$&3#&!4+3$! >'!-+>T@3>,!@0+#%#,!4+3$!@,&&,!T&3),7! />!'!T&T!

-+(&$T!)'(%!>'! >#&&T$'&3$,!V3,!>'!4$T%,(@,!),!:$+34,%!4'$&'(&%!T>+#:(T%! >,%!3(%!),%!'3&$,%!

4+35'#&!-+)#*#,$!>,%!5#&,%%,%!),!)T%#>2>'&#+(7hr!!

! HJT>T5'&#+(!),!>'!='$$#d$,!)A'@&#5'&#+(!4+3$!>'!$T'@&#+(!),!$34&3$,!),%!>#'#%+(%!G#XM!,&!

G#Xu!%+3%!$T:#-,!),!LGM!,%&!3(,!),%!+=%,$5'&#+(%!&$d%!#(&T$,%%'(&,%!V3#!'!T&T!*'#&,!;3%V3Jb!

4$T%,(&7!I+3%!%'5#+(%!V3,!>,!)T4'$&!)J3(!:$+34,-,(&!%#>2>!#()3#&!4'$!>J#+(!*>3+$3$,!%,!*'#&!4'$!

3(!-T@'(#%-,! '%%+@#'&#*! JDA! 3(! #(&,$-T)#'#$,! 4,(&'@++$)+((Th|! ,&! (+3%! (+3%! '&&,()#+(%!

)+(@!b!'5+#$!3(!T&'&!),!&$'(%#&#+(!&$d%!,(@+-=$T!'5,@!3(!�G�!&$d%!(T:'&#*.!@+--,!@J,%&!>,!@'%!



! hy!

4+3$! >'! $T'@&#+(! 0+$%! ),! >'! @'5#&T7! H'! *+$&,! '3:-,(&'&#+(! ),! �G�! 5,$%! 3(,! 5'>,3$! %,!

$'44$+@0'(&! ),! i! %+3%! $T:#-,! ),! LGM! #-4>#V3,! V3,! >AT&'&! ),! &$'(%#&#+(! ,%&! -+)#*#T.! ,(!

4'$&#@3>#,$! @,>3#! V3#! @+()3#&! '3! 4$+)3#&! G=H7! o(! �<�! T>,5T! ,&! 3(! �G�! �!-+#(%! (T:'&#*!�!

#()#V3,(&!V3,!>'!%&$3@&3$,!),%!T&'&%!),!&$'(%#&#+(%!%+(&!4$+='=>,-,(&!4>3%!4$+@0,!),!@,>>,%!

),%! 4$+)3#&%! G5H! ! ,&! G=H! V3,! ),! @,>>,! )3! $T'@&#*! ),! )T4'$&! G0H.! @+--,! )'(%! >,! @'%! ),%!

4$+@,%%3%!$T'@&#+((,>%!b!='$$#d$,%!$,&'$)T,%7!F,%!T&3),%!,B4T$#-,(&'>,%!,&!&0T+$#V3,%!4>3%!

4+3%%T,%! %+(&!(T@,%%'#$,%!'*#(!),!4+35+#$!-#,3B!@+-4$,()$,.!,&!:T(T$'>#%,$.! >,%!,**,&%!)3!

LGM!%3$!)#**T$,(&%!&24,%!),!$T'@&#+(%7!!

! !



! hr!

3336 "!+!&:/','$,"!43+',9!0,4/",(2,/%&4!$+,

!

333656,3$+0%(2"+3%$,

!

! D3! @+3$%! ),! -'! &0d%,.! ;J'#! T&3)#T! >,! @'%! ),! %2%&d-,%! @0#-#V3,%! )+(&! >'! 5#&,%%,!

$T'@&#+((,>>,! %,! 5+2'#&! )#-#(3T,! %+3%! LGM7! H,%! $T%3>&'&%! 4$T%,(&T%! )'(%! >,! co`gV\YZ, 33!

@+(%&#&3,(&! 3(,! 4$,35,! ),! 4$#(@#4,! V3#! -+(&$,! V3,! >,! LGM! 4,3&! -k-,! k&$,! 3&#>#%T! 4+3$!

-+)#*#,$!>'!%T>,@&#5#&T!),!%#&,!)J3(,!$T'@&#+(.!),5,('(&!'#(%#!3(!+3&#>!&$d%!#(&T$,%%'(&!4+3$!>'!

@0#-#,7! M,4,()'(&.! #>! (J,(! ),-,3$,! 4'%!-+#(%! V3,! >,%! @0#-#%&,%! @0,$@0,(&! >'! 4>34'$&! )3!

&,-4%! b! +4&#-#%,$! >,%! $T'@&#+(%! @0#-#V3,%! ,(! '@@T>T$'(&! >,3$! 5#&,%%,! 4>3&g&! V3J,(! >,%!

)#-#(3'(&7!!

! o(,! $T@,(&,! T&3),! %3$! >'! %+>5+>2%,! ),! >J'@T&'&,! ),! BX(#&$+40T(2>,! '! 4,$-#%! ),!

-+(&$,$!V3J,(!*+(@&#+(!)3!4'2%':,!$T'@&#+((,>.! >,%!5#&,%%,%!$T'@&#+((,>>,%!4+3$$'#,(&!'3%%#!

=#,(!k&$,!'@@T>T$T,%!%+3%!LGM7hw!!F'(%!@,!@'%!4$T@#%.!3(,!'@@T>T$'&#+(!)J3(!+$)$,!),!:$'(),3$!

'! T&T! +=%,$5T,! '4$d%! @+34>':,! @++4T$'&#*! ),%!-+),%! )JT>+(:'&#+(%! ),! >'! >#'#%+(! M�u! ! )3!

$T'@&#*!,&!)3!%+>5'(&.!)T-+(&$'(&!'#(%#!V3,!>,!LGM!4+35'#&!k&$,!&$'(%*T$T!)3!%+>5'(&!'3!%+>3&T!

&'(&!V3J'3!-+#(%!3(,!),! >,3$! *$TV3,(@,%!5#=$'&#+((,>>,%!@+$$,%4+(),(&!,&!%,!%34,$4+%,(&7!

F,! 4>3%.! ),%! '@@T>T$'&#+(%! ),! >'! 5#&,%%,! ),! $T'@&#+(! '>>'(&! ;3%V3Jb! >J+$)$,! ),! hi^! !+(&! T&T!

-,%3$T,%!)'(%!),%!,B4T$#,(@,%!+�!>J,'3!P<quQ!':#&!'3%%#!=#,(!,(!&'(&!V3,!$T'@&#*!V3J,(!&'(&!

V3,!%+>5'(&!4+3$!>J02)$+>2%,!)J#+(%!@2'('&,!PuMIXQ7hv!F'(%!@,&&,!T&3),.!>,!-+),!)JT>+(:'&#+(!

),!>'!>#'#%+(!u<!),!<qu!'!T&T!02=$#)T!b!3(!-+),!),!>'!@'5#&T!"6.!,(&$'�('(&!3(,!T(,$:#,!),!

%T4'$'&#+(!),!S'=#!!�S!),!vq!-,L7!M,&&,!5'>,3$!,B@,4&#+((,>>,-,(&!T>,5T,!@+$$,%4+()!'3!

$T:#-,!),!@+34>':,!5#=$'&#+((,>!3>&$'X*+$&!PLXoGMQ7!!

! IT'(-+#(%.! @+-4&,! &,(3! ),! >'! -2$#'),! ),! $T'@&#+(%! @0#-#V3,%! ,&! ),! >,3$! ('&3$,!

)#5,$%,.!#>!,%&!(T@,%%'#$,!),!@+-4'$,$!)'5'(&':,!)A,B,-4>,%!),!)#**T$,(&%!&24,%!),!$T'@&#+(%!

%+3%!LGM!,&{+3!LXoGM!'*#(!),! @+-4$,()$,!)'(%!V3,>>,!-,%3$,! >'! @'&'>2%,!4'$! @'5#&T!4,3&!

k&$,! $T'>#%T,7! />! %,$'#&!4'$!,B,-4>,! #(&T$,%%'(&!),!5T$#*#,$! %#! >'! @'&'>2%,!,(!@'5#&T!4,3&!k&$,!

$T'>#%T,! 4'$! LGM! )3! %+>5'(&! %,3>7! F'(%! @,&&,! 4,$%4,@&#5,.! ,&! @+-4&,! &,(3! ),! >J#(&T$k&! ),!

>JTV3#4,!)3!6$+*7! 8+%,40!9+$'(!4+3$! >,%!,**,&%!),!%+>5'(&!+=%,$5T%!'5,@! >,!h.h.h.h.m.m.m.mX

0,B'*>3+$+#%+4$+4'(XqX+>!P<"/6Q.!;J'#!)T@#)T!)JT&3)#,$!@,!),$(#,$!)'(%!>,!@')$,!)3!LGM7!!



! h|!

3336=6,'9%F:(!+3%$,(2,!"#7":"&%%"+'$',G0=H,(!$/,&',>.39,

'+,/%2/,0')3*',(',4/",

!

! H,!<"/6!'!T&T!&$d%!%+35,(&!3&#>#%T!@+--,!%+>5'(&!4,$-,&&'(&!>A'@&#5'&#+(!),!<quq!4+3$!

>AT4+B2)'&#+(!),%!+>T*#(,%!'5,@qi!+$!%'(%qh!!>'!4$T%,(@,!)A3(!@'&'>2%,3$!-T&'>>#V3,7!8A'#!)T@#)T!

)AT&3)#,$!>AT4+B2)'&#+(!)3!GDFX@2@>++@&d(,!,(!+B2),!),!@2@>++@&d(,.!@'&'>2%T,!4'$!<"/6!'5,@!

<quq! G.VWXYZ, ?H.! %+3%! $T:#-,! ),! LGM! 4+3$! 4>3%#,3$%! $'#%+(%7! K+3&! )A'=+$).! @,&&,! $T'@&#+(!

43$,-,(&!+$:'(+X@'&'>2&#V3,!,%&!=#,(!@+((3,!43#%V3A,>>,!'!T&T!T&3)#T,!,(!4$+*+(),3$!%3$!>,!

4>'(!@#(T&#V3,!,&! &0T+$#V3,!4'$!E,$1,%%,>!IH/AK+!V3#!+(&!T>3@#)T!%+(!-T@'(#%-,.!%+3>#:('(&!

'#(%#! >,! $g>,! @'&'>2&#V3,!@>T!)3!<"/67qq.qm! H+$%!),!@,%! &$'5'3B.! >,%!'3&,3$%!+(&! @+(@>3!V3,! >'!

$T'@&#+(!)AT4+B2)'&#+(!%,!4$+)3#%'#&!)'(%!3(,!%40d$,!),!@++$)#('&#+(!@+-4$,('(&!,(5#$+(!

hq!-+>T@3>,%! ),! <"/6.! ,B4>#V3'(&! '#(%#! >'! 0'3%%,! @+(%#)T$'=>,! ),! >'! 5#&,%%,! ),! $T'@&#+(! b!

0'3&,!@+(@,(&$'&#+(!P(<"/6{(K+&'>!�!i.yQ7!F,!4>3%.!3(,!'$&#@>,!4>3%!$T@,(&!#()#V3,!'3%%#!V3,!>,!

%@0T-'!),!%+>5'&'&#+(!>3#X-k-,!;+3,!3(!$g>,!@$3@#'>!)'(%! >,!4$+@,%%3%!$T'@&#+((,>7q^!M,&&,!

4'$&#@3>'$#&T!(+3%!'!%,-=>T!4'$&#@3>#d$,-,(&! #(&T$,%%'(&,!@+-4&,!&,(3!),! >'!4$+4$#T&T!),%!

T&'&%! @+>>,@&#*%! )3! LGM7! C(%3#&,.! >'! $T'@&#+(! ),5$'#&! 4+35+#$! k&$,! T&3)#T,! %'(%! 4$+=>d-,! b!

>A#(&T$#,3$!)A3(,! @'5#&T!),! "6.! @'$! ,>>,! %,!4$+)3#&! b! &,-4T$'&3$,!'-=#'(&,7! C&! ,(*#(.! >,! @#%X

@2@>++@&d(,!T&'(&!)#%4+(#=>,!b!>A'@0'&.!'3@3(,!%2(&0d%,!*'%&#)#,3%,!(A,%&!(T@,%%'#$,!4+3$!>'!

4$T4'$'&#+(!)3!$T'@&#*!),!)T4'$&7!

!

.VWXYZ,?6!W4+B2)'&#+(!)3!GDFX@2@>++@&d(,!G0=H!4'$!<quq!)'(%!<"/6!
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! hw!

3336=656">!0!"+'03/!+3%$,30,(2,*%(',(;'+30'*'$+,%7>,(2,

>.39,

!

! D5'(&!)A,**,@&3,$!>'!-+#()$,!$T'@&#+(!@'&'>2%T,!4'$!<"/6!%+3%!LGM.!#>!'!*'>>3&!T>3@#),$!

>,!%4,@&$,! /S!)3!<"/6! G.VWXYZ, BH7! H'!)#%@3%%#+(!4+$&,$'!%3$! >'! $T:#+(!),%!0'3&,%! *$TV3,(@,%!

PmiiiXm|ii!@-XhQ!+�! >J+(!%J'&&,()!b!&$+35,$! >'!='(),!)J'=%+$4&#+(!@+$$,%4+()'(&!'3!-+),!

)AT&#$,-,(&!uX<!)3!<"/67!

!

.VWXYZ,B6!G4,@&$,!/S!)3!<"/6!-,%3$T!'5,@!3(!%4,@&$+-d&$,!DKSX/S7!H,!-+),!)AT&#$,-,(&!uX<!'44'$'�&!b!m^ii!
@-

Xh!

! />!,%&!#(&T$,%%'(&!),!%+3>#:(,$!#@#!V3,!>A'(:>,!�!,(&$,!>,%!),3B!'&+-,%!)A02)$+:d(,!)3!

-+(+-d$,!<"/6!)T*#(#&!%,%!)#**T$,(&,%!@+(*+$-'&#+(%7!M,%!),$(#d$,%!+(&!3(,! #(*>3,(@,!%3$!

%'!@'4'@#&T!b!)+((,$!),%!>#'#%+(%!02)$+:d(,!G.VWXYZ,5JH7qm!

!

.VWXYZ,5J6!FT4,()'(@,!),%!4$+4$#T&T%!)3!<"/6!)'(%!%'!*+$-,!-+(+-T$#V3,!4'$!$'44+$&!b! >A'(:>,!�!,(&$,! >,%!
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#(&,$'@&#+(%! >3-#d$,X-'&#d$,7! HA#(&$+)3@&#+(! :T(T$'>,! @+--,(@,! 4'$! 3(,! ),%@$#4&#+(!
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T&0,$! %#>2>T! PG#XuSmQ! V3#! 4+35'#,(&! k&$,! )T4$+&T:T%! %#-3>&'(T-,(&! 4'$! KED"7! o(,! '('>2%,!
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@0'(:,%!&+!&0,!=$'(@0#(:!$'&#+!+*!&0,!4$+)3@&%!'%!%@0,-'&#@'>>2!4$,%,(&,)!#(!.VWXYZ,C<7!

Si

R

LG F

R R

early transition state

Si

R

LG F

R

R Si

R

R

R

FX
X

+
LG

+



! |h!

!

.VWXYZ,C<6!G@0,-'&#@!$,4$,%,(&'&#+(!+*!&0,!@+-4,&#(:!%#&,X%,>,@&#5,!4'&0?'2%!+3&%#),!@'5#&2!'()!34+(!LGM!+*!
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,B4,$#-,(&!)#%@3%%,)! #(!%3=X%,@&#+(! /7y7q7q.! &0#%!'('>2%#%!?'%!'#),)!=2! &0,!%>#:0&!@0'(:,! #(!

&0,! $,*$'@&#5,! #()#@,%!+*! &0,! $,'@&'(&!'()!4$+)3@&%7!K0,! >#(,'$#&2!+*! &0,! >(!4>+&! G.VWXYZ, 8JH!
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%4,@&$3-!+*!0 #(!&0,!$,'@&#+(!-,)#3-7!K0,!=>3,!)'%0,)!>#(,!$,4$,%,(&%!&0,!'5,$':,!$'&,!+*!&0,!$,'@&#+(!+3&%#),!
&0,!@'5#&27!!

! E2! @+-=#(#(:! &0,! %4,@&$+%@+4#@'>>2! +=%,$5,)! +5,$'>>! $'&,! @+(%&'(&! PXQUFQ! +*! &0,!

4'$'>>,>! $,'@&#+(!'()! &0,!4$+)3@&!)#%&$#=3&#+(! $'&#+%!
!!!

!!!
!+=&'#(,)!=2!UMX9G!-,'%3$,-,(&%.!

?,!?,$,!'=>,!&+!,B&$'@&!&0,!#()#5#)3'>!$'&,!@+(%&'(&%!1h!'()!1q!@+$$,%4+()#(:!&+!&0,!=$,'1#(:!

+*! &0,! G#XM! '()! G#Xu! =+()%.! $,%4,@&#5,>27! "$+-! &0,%,! )'&'.! &0,! $,%4,@&#5,! 2#,>)%! P!Q! +*!

4$+)3@&%!G5H!'()!G=H!?,$,!@'>@3>'&,)!'*&,$!5'$#+3%!,B4,$#-,(&%!#(!'()!+3&!+*!&0,!LGM!$,:#-,!

*+$!5'$#+3%!@+34>#(:!@+()#&#+(%!G.VWXYZ,88H7!!
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! wh!

!

.VWXYZ,886!6>+&!%0+?#(:!&0,!2#,>)%!+*!4$+)3@&!G5H!P!!h_!5#+>,&!)#'-+()%Q!'()!G=H!P!!q_!4#(1!%V3'$,%Q!3(),$!LGM!+*!

5'$#+3%!5#=$'&#+('>!-+),%!+*!G0H.!&+:,&0,$!?#&0!&0,!+**X$,%+('(@,!'()!+3&%#),!@'5#&2!@+()#&#+(%7!K0,!,$$+$!='$%!
%0+?!&0,!%&'()'$)!),5#'&#+(!+*!'&!>,'%&!*#5,!#(),4,(),(&!,B4,$#-,(&%7!

! u3&%#),!&0,!@'5#&2!'()!#(!+**X$,%+('(@,!@'5#&#,%.!1h!)+-#('&,%!+5,$!1q.!$,%3>&#(:!#(!&0,!

4$,*,$,(&#'>! *+$-'&#+(!+*!4$+)3@&!G5H!G.VWXYZ,88N,gXYg]Z,hV`k^ah_H!?0#>,!LGM!$,5,$%,%!&0,!

%,>,@&#5#&2!+*!&0,!$,'@&#+(.!>,')#(:!&+!&0,!4$,5'>,(&!*+$-'&#+(!+*!4$+)3@&!G=H!G.VWXYZ,88N,gVan,

_qX`YZ_H7! K0#%! #%! ':'#(! '! )#$,@&! 4$++*! +*! 4$#(@#4>,! &0'&! &0,! $,'@&#+(! ,(,$:2! 4$+*#>,! +*! '!

@0,-#@'>! $,'@&#+(! @'(!=,! &#>&,)!3(),$! &0,! '@&#+(!+*!LGM!=2! &'$:,&#(:! &0,! &0$,,! 5#=$'&#+('>!

-+),%!'%%+@#'&,)!?#&0!&0,!$,'@&#+(!@,(&,$%!*+$-,)!=2!&0,!&?+!%#>#@+(!'&+-%7!K0,!5'>3,%!+*!

=+&0!1h!'()!1q!3(),$!%&$+(:!@+34>#(:!@+()#&#+(%!'$,!>+?,$!&0'(!&0+%,!+=%,$5,)!+3&%#),!&0,!

@'5#&2.! #()#@'&#(:! &0'&! '! 0#:0,$! '@&#5'&#+(! ,(,$:2! #%! $,V3#$,)! *+$! &0,! $,'@&#+(%! 3(),$! LGM7!

6$+)3@&%! G5H! '()! G=H! @'(! 3(),$:+! *3$&0,$! %#>2>! =+()! @>,'5':,! &+! :#5,! &0,! =#%X),4$+&,@&,)!

4$+)3@&!%0+?(!#(!.VWXYZ,8I7!

!

.VWXYZ,8I6!K0,!%&$3@&3$,!+*!&0,!=#%X),4$+&,@&,)!4$+)3@&!&0'&!@'(!=,!*+$-,)!?0,(!4$+)3@&!G5H!'()!G=H!3(),$:+!
*3$&0,$!%#>2>!=+()!@>,'5':,!!

!

!"#$%&'()#*
 

!"#$%&'()#!
 

!"#$%&'()#*+
,
 

!-#$%&."/"0%
 

!12&)3%'0/4)25 

678 

679 

67: 

67; 

!"#
φ !

$
"

$
%
+$

"

#

678 

!"#
φ !

$
"

$
"
+$

%

#

679 

67: 

67; 

<=8> <=?> 

HO

Bis-deprotected product



! wq!

!

! F,%4#&,! %,5,$'>! '&&,-4&%! &+! ),&,@&! @+--,$@#'>>2! '5'#>'=>,! %'-4>,%! +*! &0,! =#%X

),4$+&,@&,)! 4$+)3@&! =2! UMX9G.! #&! 0'%! (,5,$! =,,(! +=%,$5,).! )3,! &+! &0,! *'@&! &0'&! #&%!

*$':-,(&%! '$,! &++! 5+>'&#>,7! K03%.! #&! ?'%! (+&! 4+%%#=>,! &+! V3'(&#*2! #&%! *+$-'&#+(! #(! +3$!

,B4,$#-,(&%7! <+?,5,$.! :#5,(! &0,! >+?! @+(5,$%#+(! +=%,$5,)! #(! +3$! ,B4,$#-,(&%! P'5,$':,!

@+(5,$%#+(!+*!G0H #%!qy�Q.!'()!&0,!'@@3-3>'&#+(!+*!G5H '()!G=H #(!&0,!UMX9G!'('>2%#%.!&0,!$'&,!

+*! &0#%!)+?(%&$,'-!$,'@&#+(!'44,'$! &+!=,! %>+?7!K0#%! #-4'$&%!'! %-'>>!,$$+$! #(! &0,!'=%+>3&,!

2#,>)%!=3&!0'5,!(+!@+(%,V3,(@,!+(!&0,!+5,$'>>!$,%3>&%7!!

336=686,+>'0*%(:$!*3",/+2(:,

!

! K0,!&0,$-+)2('-#@!4'$'-,&,$%!?,$,!),&,$-#(,)!*+$!,'@0!+*!&0,!&?+!=+()X=$,'1#(:!

$,'@&#+(%! &0'&! >,')! &+! &0,! *+$-'&#+(! +*! 4$+)3@&%! G5H! '()! G=H! =2!-,'%3$#(:! &0,#$! $'&,! '%! '!

*3(@&#+(!+*!&0,!&,-4,$'&3$,!3(),$!LGM!+*!&0,!G#XM!'()!G#Xu!%&$,&@0#(:!5#=$'&#+(%!'%!?,>>!'%!

*+$! +3&%#),! @'5#&2! ,B4,$#-,(&%7! o%#(:! KG! &0,+$2.! &0,! *$,,! '@&#5'&#+(! ,(,$:2! P�<�Q! '()!

'@&#5'&#+(!,(&$+42! P�G�Q!?,$,!),&,$-#(,)!*$+-!&0,!%>+4,!'()! #(&,$@,4&!+*! &0,!4>+&!+*! >(P1Q!

':'#(%&!&0,!#(5,$%,!+*!&,-4,$'&3$,!G.VWXYZ,8<H7!!

!

.VWXYZ,8<6!C2$#(:!4>+&%!%0+?#(:!&0,!$,'@&#+(!$'&,!*+$!&0,!*+$-'&#+(!+*!4$+)3@&%!'%!'! *3(@&#+(!+*!&,-4,$'&3$,!
=,&?,,(!qi!'()!my�M!Pqvw7hy!'()!miw7hy!RQ7!!6!"+$-'&#+(!+*!4$+)3@&!57!-6!"+$-'&#+(!+*!4$+)3@&!=7!S,'@&#+(%!
#(%#),! &0,! @'5#&#,%! &3(,)! &+! =,! +(X$,%+('(@,! ?#&0! G#�M! P$,)! %V3'$,%Q! +$! G#�u! P+$'(:,! &$#'(:>,%Q! %&$,&@0#(:!
-+),%!'$,!@+-4'$,)!?#&0!$,'@&#+(%!+3&%#),!&0,!@'5#&2!P=>3,!%40,$,%Q7!K0,!)'&'!?,$,!*#&&,)!?#&0!'!>,'%&X%V3'$,!

-,&0+).!'()!&0,!V3'>#&2!+*!&0,!*#&!@'(!=,!'%%,%%,)!*$+-!@+,**#@#,(&!+*!),&,$-#('&#+(!PSqQ!5'>3,%!�i7vy7!!
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! wm!

! K0,! $,%3>&%!,B&$'@&,)! *$+-! &0,!4>+&%!+*!.VWXYZ, 8<, '$,! %3--'$#\,)! #(!+`b]Z, I7! K0,2!

#()#@'&,!&0'&!&0,!5'>3,%!+*!&0,!&0,$-+)2('-#@!4'$'-,&,$%!?,$,!)#**,$,(&!*+$!&0,!*+$-'&#+(!

+*!=+&0!4$+)3@&! G5H! '()! G=H.! =3&! &0,2!?,$,! %#:(#*#@'(&>2!-+)#*#,)!3(),$!LGM! #(!=+&0! @'%,%!

?0,(!@+-4'$,)!&+!@+(&$+>!$,'@&#+(%!P+**X$,%+('(@,!@'5#&2!'()!+3&%#),!&0,!@'5#&2Q7!

+`b]Z,I6!C(&0'>42!'()!,(&$+42!+*!'@&#5'&#+(!3(),$!%&$+(:!@+34>#(:7!!

9Y^hXc\_, 'igZYVkZa\_,
l>m,

GnR6k^]75H,

l/m,

GnR6k^]75H,

G5H,

%X\_VhZ,c`eV\f, @C,�!m, 75<@,�!hh,

%a7YZ_^a`acZ,/V7", IJ,�!q, 7B8,�!|,

%a7YZ_^a`acZ,/V7%, 8<,�!y, 75JI,�!h|,

,G=H,

%X\_VhZ,c`eV\f, =@,�!m, 7=5C,�!w,

%a7YZ_^a`acZ,/V7", ?8,�!y, 7I,�!h|,

%a7YZ_^a`acZ,/V7%, <I,�!|, 7@B,�!q^,

! N0'&!?'%! %3$4$#%#(:!?'%! &0'&! &0,! (,?! 5'>3,%! +*! �<�! '()!�G�! '44,'$,)! &+! =,! 5,$2!

@>+%,!$,:'$)>,%%!+*!?0,&0,$!+(,!@+34>,)!&0,!G#XM!+$!&0,!G#Xu!%&$,&@0#(:!5#=$'&#+(%7!K0#%!@+3>)!

=,!&+&'>>2!*+$&3#&+3%!*+$!&0,!%4,@#*#@!-+>,@3>,!@0+%,(!*+$!&0#%!%&3)27!/&!0'%!=,,(!%0+?(!#(!&0,!

>#&,$'&3$,! &0'&! &0,!4$,%,(@,!+*! >,'5#(:! :$+34%! *'$! *$+-!,'@0!+&0,$! @'(!-+)#*2!),%#>2>'&#+(!

$'&,%7hr!

! K0,! '=+5,! $,%3>&%! %0+?! &0'&! LGM! @'(! -+)#*2! &0,! @0,-#@'>! >'()%@'4,.! '()! &0,!

'%%+@#'&,)! �<�! ! '()! �G�.! #(! %3@0! '! ?'2! &0'&! #&! &#>&%! &0,! >'()%@'4,! *$+-! +(,! 4$+)3@&! &+!

'(+&0,$7!D(!#(&,$,%&#(:!'%4,@&!+*!@0,-#@'>!$,'@&#+(%!3(),$!LGM!%+!*'$!0'%!=,,(!&0,!,>,5'&#+(!

+*!&0,!'@&#5'&#+(!='$$#,$!*+$!&0,!=$,'1#(:!+*!G#XM!'()!G#Xu!=+()%7!N,!1(,?!&0'&!&0,!),4'$&3$,!

+*! '! *>3+$#),X#+(X#()3@,)! %#>2>! :$+34! +@@3$$,)! =2! '(! '%%+@#'&#5,! -,@0'(#%-! 5#'! '! 4,(&'X

@++$)#('&,)! #(&,$-,)#'&,h|! '()!?,! &0,$,*+$,! ,B4,@&,)! &+! 0'5,! '! 5,$2! %&$'#(,)! KG!?#&0! '!

>'$:,!(,:'&#5,!�G�.!'%!#&!?'%!&0,!@'%,!*+$!&0,!$,'@&#+(!+3&%#),!&0,!@'5#&27!K0,!%&$+(:!#(@$,'%,!

+*!�G�! *$+-!5,$2!(,:'&#5,!5'>3,%!&+!5'>3,%!&0'&!'$,!@>+%,$!&+!4+%#&#5,!�G�!5'>3,%!3(),$!LGM!

#-4>#,%!&0'&!&0,!KG!#%!-+)#*#,).!,%4,@#'>>2!#(!&0,!@'%,!+*!4$+)3@&!G=H7!D!0#:0,$!�<�!'()!'!]>,%%!

(,:'&#5,]!�G�! %3::,%&! &0'&! &0,!KG!4$+='=>2!0'5,!'! %&$3@&3$,!@>+%,$! &+!4$+)3@&%! G5H! '()! G=H!

&0'(!&0,!%&'$&#(:!$,':,(&!G0H.!'%!#(!&0,!@'%,!+*!>'&,!='$$#,$!$,'@&#+(!4$+@,%%,%!G.VWXYZ,8?H7!!



! w^!

!

.VWXYZ, 8?6!u(,!4+&,(&#'>! ,B4>'('&#+(! *+$! &0,!'44'$,(&! @0'(:,! #(! $,'@&#+(! $'&,!3(),$!LGM!?+3>)!=,! &0'&! &0,!
>'()%@'4,!#%!-+)#*#,)!%3@0!&0'&!&0,!KG!#%!+@@3$$#(:!'&!'!-3@0!>'&,$!%&':,!+*!&0,!-,@0'(#%-!),%@$#=,)!#(!.VWXYZ,
CI7!!

! E'$$#,$! #(@$,'%,%! 0'5,! '>%+! =,,(! %,,(! #(! ,'$>#,$! ,B4,$#-,(&%.!?0,&0,$! +@@3$$#(:! #(!

&0,! :$+3()! %&'&,! G_ZZ, _Zc\V^a, 3686=6=Hh! +$! 5#'! &0,! ,B@#&,)! %&'&,! 3(),$! ,>,@&$+(#@! %&$+(:!

@+34>#(:.! %3@0! '%! #(! &0,! 40+&+X#%+-,$#\'&#+(! $,'@&#+(! +*!-,$+@2'(#(,! G_ZZ, _Zc\V^a, 36C65Hy7!

"+$!&0,!>'&&,$!@'%,.!$,@,(&!&0,+$,&#@'>!%&3)#,%!%0+?!&0'&!&0,!@+>>,@&#5,!$,%4+(%,!+*!-+>,@3>,%!

4>'2%! '! $+>,! #(! ?#),(#(:! &0,! ='$$#,$! '&! &0,! @+(#@'>! #(&,$%,@&#+(.! 4$,5,(&#(:! &0,!

#%+-,$#\'&#+(hmv.h^i7! <+?,5,$.! %3@0! *#()#(:%! @'((+&! 2,&! =,! :,(,$'>#\,)_! '! $,@,(&! %&3)2! +*!

02)$+>2%#%! $,'@&#+(%! 3(),$! LGM! %0+?%! >'$:,! $'&,! '@@,>,$'&#+(%! P34! &+! hi^Qhv7! 9+$,!

,B4,$#-,(&'>!'()!&0,+$,&#@'>!%&3)#,%!'$,!$,V3#$,)!&+!=,!'=>,!&+!,B&$'@&!:,(,$'>!*,'&3$,%!'()!

3(),$%&'()!&0,!,**,@&%!+*!LGM!+(!)#**,$,(&!&24,%!+*!$,'@&#+(%7!

!

336=6I6,"%$"&2/3%$,,

!

! K0#%!4$++*X+*X4$#(@#4>,! %&3)2! %0+?%! &0'&! #&! #%! 4+%%#=>,! &+! @+(&$+>! $,'@&#+(! %,>,@&#5#&2!

&0$+3:0! LGM7! G&$+(:! @+34>#(:! #%! ),4,(),(&! +(! &0,! +$#,(&'&#+(! +*! &0,! &$'(%#&#+(! )#4+>,!

-+-,(&! $,>'&#5,! &+! &0,! ,>,@&$#@! *#,>)! +*! &0,! @'5#&2! -+),7! K0,! -+>,@3>,%! ?,$,! $'()+->2!

+$#,(&,).!'()!&0,!,>,@&$#@!*#,>)!?'%!(+&!3(#*+$-!#(!&0,!@'5#&2_!&0,$,!?,$,!(+),%!?0,$,!&0,!

*#,>)!?'%!,%%,(&#'>>2!(3>>7!<,(@,.!&0,!*#5,*+>)!#(@$,'%,!#(!%,>,@&#5#&2!3(),$!LGM!$,4+$&,)!0,$,!

#%!4$+='=>2!-3@0! >'$:,$! #*! @+$$,@&,)! *+$! %3@0! *,'&3$,%7! "+$! #(%&'(@,.!,B4,$#-,(&%! @+3>)!=,!

)+(,! #(! '! &3=3>'$! @'5#&2! &+! ,(%3$,! '! >'$:,$! *$'@&#+(! +*! @+34>,)!-+>,@3>,%7! K0,$,*+$,.! &0,!

%,>,@&#5#&2! )#%4>'2,)! =2! LGM! #(! &0,! @3$$,(&! ,B4,$#-,(&! %0+?%! &0,! $,-'$1'=>,! 4+&,(&#'>! +*!

>#:0&X-'&&,$!%&$+(:!@+34>#(:!*+$!,(0'(@#(:!%#&,!%,>,@&#5#&2!+*!+$:'(#@!'()!#(+$:'(#@!@0,-#@'>!

$,'@&#+(%7!9+$,! $,'@&#+(%!-3%&!=,! %&3)#,)! &+!,5'>3'&,! &0,!:,(,$'>#&2!+*! &0#%!40,(+-,(+(!

'()!&+!%,,!&+!?0'&!,B&,(&!&0,!%,>,@&#5#&2!@'(!=,!,(0'(@,)!'&!'!:#5,(!%#&,7!
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! wr!

3336 "!43+:,"!+!&:/3/,-:,4/",%.,+>',/%&4'$+,

!

! K0#%!@0'4&,$!),%@$#=,%!'(!+(:+#(:!$,%,'$@0!4$+;,@&!+(!?0#@0!/!?#>>!@+(&#(3,!&+!?+$1!

'*&,$! -2! 60F7! D*&,$! '(! #(&$+)3@&#+(.! /! ?#>>! 4$,%,(&! %+-,! 4$,>#-#('$2! =3&! 4$+-#%#(:!

+=%,$5'&#+(%!&0'&!0'5,!=,,(!-'),!'()!&0,!)#**#@3>&#,%!,(@+3(&,$,)!#(!&0#%!?+$17!"#('>>2.!/!?#>>!

:#5,!4,$%4,@&#5,!*+$!&0,!*3&3$,7!

!

333656,3$+0%(2"+3%$,

!

33365656,"%$+'F+,

!

! o(&#>!(+?.!/!0'5,!4$,%,(&,)!)#**,$,(&!,B'-4>,%!?0,$,!&0,!$'&,%!+*!@0,-#@'>!$,'@&#+(%!

?,$,! %>+?,)!)+?(!3(),$!LGM7!F3$#(:!-2!60F.! /!0'5,!3%,)! &0#%!'=#>#&2!+*!LGM! &+!),@$,'%,!

$,'@&#+(!$'&,%!#(!+$),$!&+!#(*>3,(@,!%#&,X%,>,@&#5#&2.!'()!&03%!&+!-+)#*2!&0,!=$'(@0#(:!$'&#+!+*!

'! 4'$&#@3>'$! @0,-#@'>! $,'@&#+(7h.q! K0,%,! %&3)#,%! 4$+5#),! %+>#)! 4$++*%! +*! @+(@,4&! '()! %0+?!

&0'&! LGM! @'(! =,! '! 5,$2! #(&,$,%&#(:! &++>! *+$! @0,-#%&$27! <+?,5,$.! &0,! *'@&! $,-'#(%! &0'&!

@0,-#%&%! '$,! -+%&! +*! &0,! &#-,! %,,1#(:! &+! +4&#-#\,! $,'@&#+(%! =2! '@@,>,$'&#(:! &0,#$! $'&,%!

$'&0,$!&0'(!%>+?#(:!&0,-!)+?(7!

! F,4,()#(:!+(! &0,! @0,-#@'>! >'()%@'4,.! $,'@&#+(! $'&,%! @+3>)! '>%+! =,! '@@,>,$'&,).! '%!

%0+?(!#(!'!$,@,(&!%&3)2!+(!&0,!%+>5+>2%#%!+*!BX(#&$+40,(2>!'@,&'&,!?0,$,!&0,!$,'@&#+(!$'&,!

?'%!#(@$,'%,)!=2!'(!+$),$!+*!-':(#&3),7hw!/(!&0,!>'&&,$!@'%,.!@'&'>2%#%!?'%!+=%,$5,)!#(!'!"6!

@'5#&2!#(!?0#@0!LGM!?'%!:,(,$'&,)!=2!@++4,$'&#5,!@+34>#(:!+*!&0,!M�u!5#=$'&#+('>!%&$,&@0#(:!
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! D%!'>$,')2!-,(&#+(,)!#(!&0,!#(&$+)3@&#+(!+*!g`Y\,3336C6.!&0,!#),'!+*!3%#(:!&0,!LGM!'%!'!

&++>! *+$!-#-#@1#(:!R/C!'$+%,!?0,(!'! *+$-,$!60F!%&3),(&!+*!+3$! >'=.!4,$*+$-,)!'!%,$#,%!+*!

1#(,&#@! ,B4,$#-,(&%! #(! '(! '&&,-4&! &+! :,&! ),,4,$! #(%#:0&! #(&+! ),&'#>%! +*! &0,!-,@0'(#%-! +*!



! hiy!

@'&'>2&#@! ),02)$+'$2>'&#5,! $,'@&#+(%! +*! ),'@&#5'&,)! =,(\2>#@! '>@+0+>%7^m! u(,! +*! &0,%,!

,B4,$#-,(&! @+(%#%&,)! #(! @'$$2#(:! +3&! &0,! "$#,),>XM$'*&%! $,'@&#+(! %0+?(! #(! .VWXYZ, <5.! #(!

),3&,$'&,)!<"/67!

!

.VWXYZ,<56!"$#,),>XM$'*&!$,'@&#+(!=,&?,,(!'!),'@&#5'&,)!=,(\2>#@!'>@+0+>!'()!'!(3@>,+40#>,!P=,(\,(,.!#(!=>3,Q!#(!
?0#@0!RG/C!0'%!=,,(!+=%,$5,)!=2!+(,!+*!-2!@+X?+$1,$.!L31!L31+5#j.!)3$#(:!0#%!60F7

^m
!

K0,!$,'@&#+(!?'%!*#$%&!*+>>+?,)!#(!<"/6XLq!'()!&0,!*+>>+?#(:!RG/C!?'%!+=%,$5,)Y!

!"#$!! !! !
!!

!!

!! !
!!!"!!!!"

!!
!!"#! !

!!
! !
!!

!!!!"!!!!"!!!!"#! !!!! !!!
!! !!!!""

K0#%! $,%3>&! #()#@'&,%! &0'&! &0,! $,'@&#+(! #%! %>+?,$! #(! 4$+&+('&,)!<"/6! &0'(! #(!<"/6XLq7!9+$,!

4$,@#%,>2.! &0,! $,'@&#+(! #%!q7q! &#-,%! *'%&,$! #(!<"/6XLq! PRG/CLq
Xh!�!q7qQ.! &0,$,*+$,! #()#@'&#(:!'(!

#(5,$%,! RG/C7 K+! *3$&0,$! 3(),$%&'()! &0, ,**,@&! +*! #%+&+4#@! %3=%&#&3&#+(! +*! &0,! $,%4,@&#5,!

02)$+B2>! :$+34! '()!-,&0#(,! 4$+&+(%! +*! <"/6.! &0,! %'-,! $,'@&#+(!?'%! @'$$#,)! +3&! #(! <"/6X

LhPuXFQ!3(),$! #),(&#@'>! @+()#&#+(%7!K0,!RG/C! #(! &0#%! @'%,!?'%!V3'%#! %#-#>'$! &+! &0,!4$,5#+3%!

5'>3,!+=&'#(,)!?#&0!<"/6XLq!Pi7^rQY!

!"#$!! !! !
!!

!!

!! !
!!!"!!!!"

!!
!!"#! !

!!
! !
!!

!!!!"!!!!"!!!!"#! !!!! !!!
!! !!!!""

K03%! @+(*#$-#(:! &0'&! #&%! +$#:#(! #%! *+3()! '&! &0,! ),3&,$'&,)! 02)$+B2>! :$+34! +*! <"/67!

/(&,$,%&#(:>2.! &0,! +=%,$5,)! 5'>3,! +*! &0,! RG/C! #%! #(! &0,! $'(:,! +*! RG/C! *+$! '@#)X@'&'>2\,)!

$,'@&#+(%! #(!<qu!'()!Fqu7
h|v! K0,! *+>>+?#(:!024+&0,%,%!0'5,!=,,(!4$+4+%,)!'%!'!4+&,(&#'>!

,B4>'('&#+(!+*!&0,!+=%,$5,)!RG/C7!

! K0,! -,@0'(#%-! +*! &0,! $,'@&#+(! 4$+@,,)%! JDA! 4$+&+('&#+(! +*! &0,! =,(\2>#@! '>@+0+>!

%3=%&$'&,.!*+>>+?,)!=2!MXu!=+()!@>,'5':,.!?0#@0!#%!&0,!$'&,!),&,$-#(#(:!%&,4Y!

!

!"#$!! !!"#!! !!!
!! !!"!!

!
!!!!!!!!!!"#!!!!!!!!!! !"#$!!! !!"#!! !!! !! !!"!!

!
"

!"#$!! !!"!!
!
!! !

!
!! !!!!!!!!!!!!!!"#!!!!!!!!!! !"#$!!

!
!!"!!

!
!! !

!
!! !!!!"

!

F

F

F

OH
10 mol% TfOH

HFIP, rt
+

F

F

F

(5 equiv.)



! hir!

K03%.!&0,!+5,$'>>!$'&,!@+(%&'(&!#%!!! ! !!!!!.!?0,$,!!!!#%!&0,!,V3#>#=$#3-!@+(%&'(&!+*!&0,!*#$%&!

%&,4! P%&,4! hQ.! '()!!!!#%! &0,! $'&,! @+(%&'(&! +*! &0,! %,@+()! %&,4! P%&,4! qQ7! G#(@,! 0,&,$+'&+-X

),3&,$#3-! =+()%! '$,! %&$+(:,$! &0'(! @+$$,%4+()#(:! 0,&,$+'&+-X4$+&+(! =+()%.! &0,!

,V3#>#=$#3-! P%&,4! hJQ! #%! %0#*&,)!-+$,! &+?'$)%! &0,! $#:0&! &0'(! &0,! ,V3#>#=$#3-! P%&,4! hQ.! '()!

&0,$,*+$,Y!ZhJ!�!Zh7!K0,!$,%3>&#(:!,**,@&!#%Y!XJ!�!X7!!

! D(+&0,$!4+%%#=#>#&2!?+3>)!=,!&0'&!),3&,$'&,)!<"/6!%&'=#>#\,%!&0,!KG!+*!&0,!%&,4!P%&,4!

qJQ!-+$,!&0'(!4$+&#'&,)!<"/6!*+$!%&,4!P%&,4!qQ.!%#(@,!&0,!),3&,$#3-!=+()%!'$,!%&$+(:,$!&0'(!

@+$$,%4+()#(:! 02)$+:,(! =+()%.! ,%4,@#'>>2! #(! )#-,$%! '()! &$#-,$%7hwi
!
<+?,5,$.! &0,!

%&'=#>#\'&#+(! -#:0&! '>%+! =,! )3,! &+! '! @0'(:,! +*! &0,! 02)$+:,(! =+()! :,+-,&$2! )3,! &+!

),3&,$'&#+(7hwh
!!

! /(!>#:0&!+*!&0,%,!$,%3>&%.!/!&0#(1!&0'&!%&3)2#(:!<"/6!@'&'>2\,)!"$#,),>XM$'*&%!$,'@&#+(%!#(!

&0,!*$'-,?+$1!+*!LGM.!@+3>)!0,>4!&+!),-+(%&$'&,!#&%!'=#>#&2!&+!-#-#@!RG/C!'()!&0,$,*+$,!&+!

=,@+-,!'!&++>! *+$!-,@0'(#%&#@!%&3)#,%!?0,$,!@0,-#@'>!-+)#*#@'&#+(!+*!&0,!%3=%&$'&,! #%!(+&!

$,V3#$,)7!

!

333686,"%$"&2/3%$,,

!

! /(!&0#%!@0'4&,$.!/!0'5,!4$,%,(&,)!+(,!+*!&0,!+(:+#(:!$,%,'$@0!4$+;,@&%!+(!?0#@0!/!?#>>!

@+(&#(3,! &+! ?+$1! '*&,$! -2! 60F7! K0,! 4$,>#-#('$2! $,%3>&%! +=&'#(,)! #(! &0,! @'%,! +*! &0,!

,4+B#)'&#+(! $,'@&#+(!+*!GDFX@2@>++@&,(,!'$,!V3#&,!4$+-#%#(:7!<+?,5,$.!'))#&#+('>!?+$1!?#>>!

=,! (,@,%%'$2! &+! *3>>2! @0'$'@&,$#\,! &0#%! %2%&,-! 3(),$! LGM7! "#$%&>2.! '(! +4&#-#\'&#+(! +*! &0,!

$,'@&#+(!@+()#&#+(%!#%!(,@,%%'$2!#(!+$),$!&+!'5+#)!'(2!4,$&3$='&#+(!)3,!&+!&0,!*+$-'&#+(!+*!

=3==>,%! #(%#),! &0,! @'5#&27! /(! +$),$! &+! @+>>,@&! &0,! 1#(,&#@! )'&'! =2! /S! %4,@&$+%@+42.! /! ?#>>!

-+(#&+$!&0,!*#$%&!hy!-#(3&,%!+*!&0,!$,'@&#+(.!*+$!?0#@0!&0,!$,'@&#+(!-#B&3$,!%0+?,)!=,&&,$!

%&'=#>#&2! #(! @'5#&2! ,B4,$#-,(&%7! G,@+()>2.! '%! /! %3::,%&,)! #(! _Xb7_Zc\V^a, 3336=656=! &0'&! &0,!

%&$+(:!@+34>#(:!+*!+(>2!'!%4,@#*#@!&24,!+*!<"/6!'::$,:'&,!P='%,)!+(!&0,!@+(*+$-'&#+(!+*!&0,!

<"/6! -+(+-,$%! &0'&! @+(%&#&3&,! #&Q! 0'%! '(! #(*>3,(@,! +(! &0,! ,4+B#)'&#+(! $'&,! +*! GDFX

@2@>++@&,(,.! #&!?+3>)!=,!?+$&0?0#>,! &+!4,$*+$-!%#-3>'&#+(%! &+!=,!'=>,! &+!),@#40,$! &0,! /S!

%4,@&$3-!+*! &0,! Pu<Q%&$7!+*!<"/6!'::$,:'&,%7!K0#%! %0+3>)!'>>+?!%344+$&#(:!+$!+5,$$#)#(:! &0,!

024+&0,%#%!@+(@,$(#(:!&0,!'=#>#&2!+*!LGM!&+!)#**,$,(&#'&,!=,&?,,(!)#**,$,(&!@+(*+$-,$%7!!



! hi|!

! "3$&0,$-+$,.! &0,! LGM! @+3>)! 4+&,(&#'>>2! =,! 3%,)! '%! '!-#-#@! +*! R/C! *+$!-,@0'(#%&#@!

%&3)#,%7! "+$! #(%&'(@,.! LGM! ,B4,$#-,(&%! +(! '! :++)! "$#,),>XM$'*&%! -+),>! $,'@&#+(! @+3>)! =,!

@+()3@&,)!&+!),-+(%&$'&,!&0#%!4+%%#=#>#&27! !



! hiw!
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! hiv!

346 'F9'03*'$+!&,9!0+,

!

34656,+3&+3$),!,)0%2$(7/+!+',0'!"+343+:,&!$(/"!9',-:,

4/",

!

3465656,*!+'03!&,!$(,*'+>%(/,

!

! o(>,%%!+&0,$?#%,!(+&,).!'>>!$,':,(&%!'()!%+>5,(&%!?,$,!43$@0'%,)!*$+-!@+--,$@#'>!

%344>#,$%!'()!3%,)!?#&0+3&!*3$&0,$!43$#*#@'&#+(7!

! K0,! "KX/S! &$'(%-#%%#+(! %4,@&$'! +*! &0,! "6! @'5#&#,%! '()! &0,! Z+3&%#),! &0,! @'5#&2[! @,>>%!

?,$,!'@V3#$,)!=2!%&'()'$)!"KX/S!%4,@&$+-,&,$!PE$31,$!L,$&,B|iQ!#(!&$'(%-#%%#+(!-+),7!K0,!

&$'(%-#%%#+(! ?'%! $,@+$),)! =2! FKUG! P),3&,$'&,)! &$#:>2@#(,! %3>*'&,Q! ),&,@&+$! ?#&0! q! @-Xh!

$,%+>3&#+(!+5,$!r^!%@'(%7!

! UMX9G!'('>2%#%!?'%!4,$*+$-,)!+(!'!UM!G2%&,-!|wqiD!PU^mqiQ!@+((,@&,)!&+!'!9GF!

=>+@1!yv||C!PU|imrDQ.!3%#(:!D:#>,(&!<#:0!S,%+>3&#+(!UM!M+>3-(Y!6I!hvivhG!hi!�!^mmo/.!<6!

�!y9G!o/.!qw-¡i7qyi!--.!i7qy!9#@$+(.!GI!oGF!^wvrm^<7!D>>!%'-4>,%!?,$,!4$,4'$,)!#(!qX

4$+4'(+>!Pqii!�H!%'-4>,!5+>3-,Q7!K0,!'('>2%#%!?'%!@'$$#,)!+3&!+(!'!%4>#&>,%%!h!�H!#(;,@&#+(!

5+>3-,!?#&0!'(!#(;,@&#+(!4+$&!&,-4,$'&3$,!qyi!�M7!M+>3-(!+5,(!&,-4,$'&3$,!4$+:$'-!?'%!

'%! *+>>+?%Y! ri! �M! *+$! h!-#(.! $'-4,)!'&! mi! �M!-#(Xh! &+! mhi! �M!?#&0!m-#(!0+>).!?#&0! '! &+&'>!

$3((#(:! &#-,! +*! hq7mm! -#(7! K0,! -'%%! %4,@&$+-,&,$! ?'%! &3$(,)! +(! '*&,$! q! -#(! '()! ?'%!

+4,$'&,)! '&! &0,! ,>,@&$+(! #+(#\'&#+(! -+),! ?#&0! V3')$34+>,! &,-4,$'&3$,! +*! hyi! �M7! F'&'!

'@V3#%#&#+(!?'%!4,$*+$-,)!#(!&0,!*3>>X%@'(!-+),!PyiXyiiQ7!<2)$+:,(!Pvv7vvv!�!43$#&2Q!?'%!

3%,)!'%!@'$$#,$!:'%!'&!'!@+(%&'(&!*>+?!$'&,!+*!h7y!-H7-#(Xh7!

! h<! I9S! %4,@&$3-! +*! %&'$&#(:! -'&,$#'>! G0H! #(! ),3&,$'&,)! @0>+$+*+$-! PMFM>mQ! ?'%!

$,@+$),)! +(! '! E$31,$! D5'(@,! ^ii! P^ii! -,:'0,$&\! P9<\QQ! %4,@&$+-,&,$! '&! '-=#,(&!

&,-4,$'&3$,! '()! #%! $,4+$&,)! #(! 4'$&%! 4,$! -#>>#+(! P44-Q! %@'>,! 3%#(:! &0,! $,%#)3'>! %+>5,(&!

$,%+('(@,!'%!&0,!/7G7!PMFM>m!'&!|7qr!44-Q7!

!

!

!



! hhi!

34656=6,+0!$/.'07*!+03F,/3*2&!+3%$,

!

! K0,!*#&&#(:!+*!,B4,$#-,(&'>!)'&'!0'%!=,,(!)+(,!&0'(1%!&+!'!9'&>'=!@+),!='%,)!+(!&0,!

KX9'&$#B!-,&0+).!&0'&!'>>+?%!&+!%#-3>'&,!&0,!&$'(%-#%%#+(!%4,@&$'!+*!-3>&#>'2,$,)!%'-4>,%7!

K+!)+!&0#%!@'>@3>'&#+(.!+(,!(,,)%!&+!),*#(,!4$,@#%,>2!&0,!$,*$'@&#5,!#(),B!*+$!,'@0!>'2,$7!"+$!

&0,!a(G,!?#()+?%!+*!&0,!@,>>!'()!&0,!4$+&,@&#5,!G#uq!>'2,$%.!&0,!$,*$'@&#5,!#(),B,%!?,$,!=+&0!

@'>@3>'&,)! *$+-!,B4,$#-,(&'>! &$'(%-#%%#+(!)'&'!+*! &0+%,!-'&,$#'>%7!K0,! $,*$'@&#5,! #(),B!+*!

&0,! :+>)! -#$$+$%! ?'%! @'>@3>'&,)! *$+-! &0,! $,4+$&,)! 4+>2(+-#'>! ,B4$,%%#+(hwq.! ?#&0! '!

@+$$,@&#+(!#(!&0,!)'-4#(:!*'@&+$!&+!&'1,!#(&+!'@@+3(&!&0,#$!5,$2!%-'>>!&0#@1(,%%7!"#('>>2.!&0,!

$,*$'@&#5,!#(),B!+*!&0,!-'&,$#'>!#&%,>*!?'%!),&,$-#(,)!=2!*#&&#(:!&0,!,B4,$#-,(&'>!'=%+$4&#+(!

+*!&0,!-'&,$#'>!-,'%3$,)!#(!DKS!'()!-,'%3$,)!#(!'!@,>>.!&+!),*#(,!#&!'%!$#:+$+3%>2!'%!4+%%#=>,.!

#(!4'$&#@3>'$!=,@'3%,! &0,!4$,%,(@,!+*! %+>5,(&%! #(! &0,!@,>>! '**,@&%! &0,!G#Xu!=+()!'=%+$4&#+(!

$,:#+(7!!

34656@6,/:$+>'/3/,%.,$%&$7-2+:&(3*'+>:&GGC7

+03*'+>:&/3&:&H-2+7@7:$757:&H%F:H/3&!$',G0H,

!

! D! $,4+$&,)! 4$+@,)3$,! ?'%! *+>>+?,)! &+! 4$,4'$,! &0,! %&'$&#(:! -'&,$#'>! G0H7hi.hh! K+! '!

%&#$$,)! %+>3&#+(! +*! ^XP&$#-,&02>%#>2>Q=3&XmX2(XhX+>! Pm7yi! --+>.! i7ywy! -HQ! #(!

)#-,&02>*+$-'-#),! PF9"Q! Py!-HQ!'&!i! �M!?,$,!')),)! #-#)'\+>,! Pw7|y!--+>.! i7yvr!:Q! '()!

HIEHX=3&2>@0>+$+)#-,&02>%#>'(,! P^7mw!--+>.! i7ryw!-:Q7! K0,! $,'@&#+(!?'%! V3,(@0,)! =2! &0,!

'))#&#+(! +*! 'V7! G'&3$'&,)! '--+(#3-! @0>+$#),! PI<^M>Q! Phy! -HQ7! K0,! +$:'(#@! >'2,$! ?'%!

@+>>,@&,)! '()! ,B&$'@&,)! ?#&0! )#,&02>! ,&0,$! &0$+3:0! $,4,'&,)! ?'%0#(:%7! K0,! @+-=#(,)!

+$:'(#@! *$'@&#+(%! ?,$,! &0,(! ?'%0,)! ?#&0! ?'&,$.! )$#,)! +5,$!%+)#3-! %3>*'&,! PI'qGu^Q! '()!

@+(@,(&$'&,)!3(),$!$,)3@,)!4$,%%3$,!&+!:#5,!&0,!@$3),!4$+)3@&!'%!'!4'>,!2,>>+?!>#V3#)7!K0,!

@$3),! 4$+)3@&! ?'%! 43$#*#,)! =2! @+>3-(! @0$+-'&+:$'402! +(! %#>#@'! 3%#(:! '!-#B&3$,! +*! ,&02>!

'@,&'&,! PC&uD@Q!'()!4,&$+>,3-!,&0,$! PhYv! _!5{5Q!'%! &0,!,>3,(&!&+!:#5,!&0,!43$,!4$+)3@&! G0H!

Pi7|y^!:!_!w^�Q!'%!'!@+>+$>,%%!>#V3#)7!

5>,$*0!P^ii!9<\.!MFM>mQ!¢!m7|q!P&.![/�!|7i!<\.!q<.!@Q.!q7^^!P&.!8!�!|7i!<\.!q<.!CQ.!i7vi!P%.!v<.!

5Q.!i7h^!P%.!v<.!8Q.!i7iw!P%.!r<.!=Q!!

5@",$*0!Phih!9<\.!MFM>mQ!¢!hi^7qv!P.Q.!wy7rh!P)Q.!rh7wr!P(Q.!qy7vm!P!Q.!q^7mh!P-Q.!hw7^i!P'Q.!

i7hq!P>Q.!Xy.qq!P"Q!



! hhh!

!

!

.VWXYZ,<=6
!h
<!I9S!%4,@&$3-!+*!&0,!$,'@&'(&!G0H!?#&0!#&%!5'$#+3%!

h
<!%#:('>%!>'=,>,)!*$+-!h!&+!y!+(!&0,!%@0,-'&#@!

%&$3@&3$,!+*!G0H,:#5,(!#(!&0,!#(%,&7!-6!hmM!I9S!%4,@&$3-!?#&0!#&%!5'$#+3%!
hm
M!%#:('>%!-'$1,)!*$+-!D!&+!<7!

!
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! hhq!

34656C6,.+730,">!0!"+'03K!+3%$,%.,/+!0+3$),*!+'03!&,G0HN,

/%&4'$+/,!$(,90%(2"+/,G5H,!$(,G=H!

!

!

.VWXYZ, <@6! "KX/S! &$'(%-#%%#+(! %4,@&$3-!+*Y!!6! K0,! $,'@&#+(!-#B&3$,! @+(&'#(#(:! &0,! %&'$&#(:!-'&,$#,>! G0H, -6,D,
%+>3&#+(!+*!KED"!#(!-,&0'(+>!P9,u<Q!'()!K<"!"6!I,'&!%&'$&#(:!-'&,$#'>!G0H,(6,I,'&!4$+)3@&!G5H,'6!I,'&!4$+)3@&!
G=H7! K0,! %4,@&$'>!?#()+?! #%! >#-#&,)! &+! &0,! $,:#+(! +*! #(&,$,%&! +*! &0,! 4$,%,(&! %&3)27! K0,! 5#=$'&#+('>!-+),%! +*!
#(&,$,%&!#(!&0,!4$,%,(&!%&3)2!'$,!-'$1,)!*$+-!'X)7!I,'&!4$+)3@&%!G5H '()!G=H ?,$,!+=&'#(,)!*$+-!@+--,$@#'>!
%+3$@,%7!

!

!

!

!

!

!

!

!"#$%&'($)*+,'-./ 

0
*+
1
/ 

0
*+
1
/ 

0
*+
1
/ 

!"#$%&'()#"*$+#,(- 

./01(+&(2*34(#&5(.41 

-*#6%7&()+8"9$* 

# 5 

: 

6 

5 

# 

: 6 

233 .333 .433 .533 

3 

43 

53 

3 

3 

53 

43 

.6 

73 

3 

43 

53 

3 

43 

53 

# 

6 

: 

;$7596"(< 

;$7596"(= 

"*8*9:-;*<=)$=,>:%?*'@A$*

*

(*8*9:-B*<=)$=,>:%?*'@A$*

*

,*8*;C7*($%A:%?*'@A$*+D)@'*9:-;C7/*

*

A*8*;-B*<=)$=,>:%?*'@A$*+D)@'*E$BC*"%A*0CF/*

!"#$%&'($)*+,'-./ 

233 .333 .433 .533 

6 # 

0
*+
1
/ 

0
*+
1
/ 

G 

H 

; 

I 

J 



! hhm!

3465686,+2$3$),%.,+>,.9,"!43+3'/,

!

! D(!'#$X*#>>,)!"6!@'5#&2!P0,$,'*&,$!$,*,$$,)!&+!'%!Z,-4&2[!@'5#&2Q!+*!>,(:&0!!!,B0#=#&%!'!

&$'(%-#%%#+(!%4,@&$3-!?#&0!'!%,$#,%!+*!$,%+('(@,%7!K0,!*$,V3,(@2!+*!&0,%,!-+),%.!?0#@0!'$,!

-3>&#4>,%!+*!&0,!*3()'-,(&'>!@'5#&2!-+),.!#(!?'5,(3-=,$!3(#&%!#%!:#5,(!=2!&0,!,V3'&#+(!

!!!!"!!! !
!"

!
!

!!"
!!!!!G'qX`\V^a,5IH!

?0,$,!!!#%!&0,!-+),!+$),$.!!!#%!&0,!$,*$'@&#5,!#(),B!+*!&0,!-,)#3-!'()!!!#%!&0,!&0#@1(,%%!+*!

&0,!@'5#&2! #(!-#@$+-,&,$%7!K0,!%4'@#(:!=,&?,,(!,'@0!-+),.!@'>>,)!&0,! *$,,!%4,@&$'>! $'(:,!

P"GSQ.!:#5,%!&0,!*$,V3,(@2!@+$$,%4+()#(:!&+!&0,!*3()'-,(&'>!-+),7!"+$!'!:#5,(!%4'@,$!'()!

-,&'>!-#$$+$! &0#@1(,%%.! &0,!"GS!+*!%3@0!'(!Z,-4&2[!@'5#&2! #%!'!@+(%&'(&7!K0,! #(;,@&#+(!+*!'!

%'-4>,!*3$&0,$!@0'(:,%!&0,!@'5#&2!-+),!%4'@#(:!'%!'!*3(@&#+(!+*!#&%!$,*$'@&#5,!#(),B!!7!D%!'!

:,(,$'>! 4$+@,)3$,.! &+! 4$,4'$,! '(! +(X$,%+('(@,! @'5#&2!?#&0! $,%4,@&! &+! '! :#5,(! 5#=$'&#+('>!

&$'(%#&#+(.! &0,! $,*$'@&#5,! #(),B! ! !+*! &0,! -,)#3-! &+! =,! #(;,@&,)! #%! @'>@3>'&,)! *#$%&7!

G3=%,V3,(&>2.! &0,! Z,-4&2[! @'5#&2! #%! &3(,)! &+! :,&! &0,! $,V3#$,)! "GS.! %3@0! &0'&! ?0,(! &0,!

%'-4>,! #%! #(;,@&,).! +(,! +*! &0,! @'5#&2! -+),%! #%! #(! $,%+('(@,! ?#&0! &0,! @0+%,(! 5#=$'&#+('>!

&$'(%#&#+(7!"+$!,B'-4>,.!#(!&0,!4$,%,(&!,B4,$#-,(&%.!&+!-'1,!'(!+(X$,%+('(@,!@'5#&2!?#&0!G#X

M!%&$,&@0#(:!&$'(%#&#+(!'&!w^q!@-Xh.!?,!*#$%&!&3(,)!+3$!Z,-4&2[!@'5#&2!&+!'&&'#(!&0,!"GS!+*!ywr!

@-Xh! '%! %0+?(! #(! .VWXYZ, <C!7! K0,$,*+$,.! &0,! #(;,@&#+(! +*! +3$! $,'@&#+(!-#B&3$,.!?0+%,!!!#%!

h7mvy.!?#>>!-+)#*2!&0,!"GS!&+!^qi!@-Xh!'()!$,%3>&!#(!&0,!%&$+(:!@+34>#(:!+*!&0,!G#XM!%&$,&@0#(:!

&$'(%#&#+(!?#&0!&0,!%,@+()!-+),!+*!&0,!@'5#&2!'%!%0+?(!#(!.VWXYZ,<C-7!

!

.VWXYZ,<C6!9,'%3$,)!+4&#@'>!$,%+('(@,%!+*!'!*>+?X@,>>!"6!@'5#&2!+*!>,(:&0!w7y!--Y!=,*+$,!G!H!'()!'*&,$!G-H!&0,!
#(;,@&#+(!+*!$,'@&#+(!-#B&3$,7!

!" 

#" 

" 

!" 

#" 

" 

$
%&
'
( 

$
%&
'
( 

!"#$%&'"(")%*+,-.*)/#01*

2%3'$%*&(/45%*6"7%)8'" 

)*+%,-.! 

/ 0 
!"#$%&'"(")%*+,-.*)/#01*

(9%$*&(/45%*6"7%)8'" 

1#"%,-.! 

!""" #)"" 1""" ))"" 

234567-859%&,-.!( 
!""" #)"" 1""" ))"" 

234567-859%&,-.!( 



! hh^!

34656I6,90'9!0!+3%$,%.,+>',0'!"+3%$,*3F+20',!$(,

3$R'"+3%$,3$+%,+>',.9,"!43+3'/,,

 

! u(@,!&0,!),%#$,)!Z,-4&2[!@'5#&2!?'%!+=&'#(,).!&0,!>#V3#)!%'-4>,!@,>>!?'%!#(%,$&,)!#(!

&0,!5'$#'=>,!&,-4,$'&3$,!-+3(&!'()!?'%!1,4&!*+$!q!0+3$%!&+!%&'=#>#\,!'()!,V3#>#=$'&,!&+!&0,!

,B4,$#-,(&'>!&,-4,$'&3$,!Pqy!�M.!,B@,4&!#*!+&0,$?#%,!(+&,)Q7!!

! K0,! %'-4>,! #(;,@&#+(! #(&+! &0,! @'5#&#,%! '()! *>+?X@,>>%! ?'%! )+(,! '%! *+>>+?%7! D! %&+@1!

%+>3&#+(!+*!KED"!Pm!9Q!?'%!4$,4'$,)!3%#(:!'!-#B&3$,!+*!9,u<!'()!K<"!#(!hYh!$'&#+!P5{5Q7!"+$!

&0,!$,'@&#+(!-,)#3-.!&0,!%&'$&#(:!-'&,$#'>!G0H,Pi7mh!--+>.!hii!�HQ!?'%!-#B,)!9,u<!P|y!�HQ!

'()!K<"!P|y!�HQ!#(!'!y!-H!:>'%%!5#'>!*+>>+?,)!=2!&0,!'))#&#+(!+*!KED"!%&+@1!%+>3&#+(!Phii!�HQ7!

K0,!-#B&3$,!?'%!%0'1,(!&+!+=&'#(!'!0+-+:,(,+3%!%+>3&#+(!'()!?'%! &0,(!)#$,@&>2! #(;,@&,)!

#(&+!&0,!*>+?X@,>>!"6!@'5#&2!-'1#(:!%3$,!&0'&!&0,!@'5#&2!#%!*#>>,)!?#&0+3&!'(2!'#$X=3==>,%7!!

!

34656<6,0!+',%.,+>',0'!"+3%$,

!

! K0,! $'&,! +*! &0,! $,'@&#+(!?'%! @'>@3>'&,)! *$+-! &0,! %0#*&! #(! &0,! 0#:0,$! +$),$! @'5#&2!

-+),!)3,!&+!'!@0'(:,!#(!&0,!$,*$'@&#5,!#(),B!)3$#(:!&0,!$,'@&#+(!G_ZZ,'q6,5IH7!K0,!$,'@&'(&!

'()!&0,!4$+)3@&%!0'5,!%>#:0&>2!)#**,$,(&!$,'@&#5,!#()#@,%!Ph7mv!5,$%3%!h7^m!*+$!4$+)3@&!G5H,'()!

h7^^! *+$! 4$+)3@&! G=HQ! $,%3>&#(:! #(! '! @0'(:,! +*! &0,! ='@1:$+3()! $,*$'@&#5,! #(),B! P!Q! +*! &0,!

$,'@&#5,! -,)#3-! '%! &0,! $,'@&#+(! 4$+:$,%%,%7! E,@'3%,! &0,! 4$+)3@&! $'&#+! #%! @+(%&'(&.!

-+(#&+$#(:!&0#%!%0#*&!'>>+?%!+(,!&+!,B&$'@&!&0,!$'&,!+*!&0,!$,'@&#+(!'%!,B4>'#(,)!=,>+?7!K0,!

3%,!+*!a(G,!?#()+?%!*+$!-'1#(:!&0,!%'-4>,!@,>>%!*+$!+3&%#),!&0,!@'5#&2!,B4,$#-,(&%!$,%3>&,)!

#(!'!5,$2!?,'1!#(&,$*,$,(@,!*$#(:,%!'%!%0+?(!#(!.VWXYZ,<8"7!K0#%!#%!=,@'3%,!+*!&0,!$,>'&#5,>2!

>'$:,!)#**,$,(@,!=,&?,,(!&0,!!!+*!a(G,!'()!&0,!$,'@&#5,!-,)#3-7!K0,%,!?,'1! #(&,$*,$,(@,!

*$#(:,%!'>%+!%0#*&,)!#(!&0,!%'-,!?'2!'%!&0+%,!+*!&0,!@'5#&2!-+),.!#()#@'&#(:!&0,!4$+:$,%%!+*!

&0,!$,'@&#+(7!K+!@'>@3>'&,!&0,!$'&,!+*!&0,!$,'@&#+(.!&0,!&,-4+$'>!%0#*&!P!!!Q!+*!'!0#:0,$!+$),$!

@'5#&2! -+),! 4,'1! *+$! '>>! +(X! '%! ?,>>! '%! +**X$,%+('(@,! ,B4,$#-,(&%! ?#&0! $,%4,@&! &+! &0,!

%&'$&#(:! 5'>3,! P!!Q!?'%! $,@+$),)7! "+$! ,B4,$#-,(&%! +3&%#),! &0,! @'5#&2.! &0,! 4,'1! +*! '!?,'1!

#(&,$*,$,(@,! *$#(:,!?'%!@+(%#),$,)7!"+$!'>>! &0,%,!,B4,$#-,(&%.!'!-+),!'&!!yiii!@-Xh.!?,>>!

#%+>'&,)!*$+-!&0,!-+>,@3>'$!5#=$'&#+('>!-+),%.!?'%!-+(#&+$,)!'%!%0+?(!#(!.VWXYZ,<87!!

!



! hhy!

! K0,! -'B#-3-! %0#*&! P!!!Q! @+$$,%4+()#(:! &+! &0,! @+-4>,&#+(! +*! &0,! $,'@&#+(! ?'%!

),&,$-#(,)!%,4'$'&,>2! *$+-!'(!+3&%#),! &0,!@'5#&2!,B4,$#-,(&7!K0,! >(!4>+&!+*! &0,! &,-4+$'>!

%0#*&!P!"!!!
!!!

!!!

QQ :'5,!'!%&$'#:0&!>#(,.!#()#@'&#(:!'!4%,3)+!*#$%&X+$),$!$,'@&#+(!'()!*$+-!&0,!

%>+4,!&0,!$'&,!@+(%&'(&!*+$!&0,!&+&'>!$,'@&#+(!P!!"Q!?'%!@'>@3>'&,)7!!

.VWXYZ,<87!"KX/S!&$'(%-#%%#+(!%4,@&$3-!+*!&0,!+(X$,%+('(@,!@'5#&2!G!H.!+**X$,%+('(@,!@'5#&2!G-H.!'()!+3&%#),!&0,!
@'5#&2!G"H!#--,)#'&,>2!'*&,$!#(;,@&#+(!+*!&0,!$,'@&#+(!-#B&3$,!P$,)!@3$5,Q!'()!'*&,$!q0!P=>3,!@3$5,Q7!P(7)H!G0+?%!
&0,!&,-4+$'>!%0#*&!+*!&0,!0#:0,$!@'5#&2!+$),$!-+),!)3$#(:!&0,!$,'@&#+(!Pi!&+!q0Q!*+$!@'5#&#,%!+(X$,%+('(@,!?#&0!
&0,!G#XM!G(H!'()!&0,!G#Xu!%&$,&@0#(:!-+),!G'H.!+**X!$,%+('(@,!@'5#&2!G.H!'()!+3&%#),!&0,!@'5#&2!G)H7!!

!

!"##! $###! %"##! &###!

'()*+,-.*/012-3!4!

!# 

5# 

# 

5# 

# 

6
01
7
4 

!"#$%&'(#)'(*+,%#- 

!./0'$12+2*' 

!# 

5# 

# 

6
01
7
4 

%# 

&# 

6
01
7
4 

!5 

5% 

!8 

&# 

"" 

6
01
7
4 

!# 

5# 

# 

6
01
7
4 

# 

9 

6
01
7
4 

# 

6
01
7
4 

# 

!2/0'$12+2*'(34%/56(

"!#!

$!#!

"!#!

$!#!

"!#!

$!#!

!"#$%&'(#)'(*+,%#- 

!./0'$12+2*' 

!2/0'$7(4%/5( #0!05:0

!2/0'$7(4%/!(

%8"#! "#"#! "5"#!

'()*+,-.*/012-3!4!

; 

< 

= 

> 

? 

@ 

A 



! hhr!

34656?6,/+!-3&3+:,">'"#,%.,+>',/+0%$)&:,"%29&'(,/+!0+3$),

*!+'03!&,G0H,

!

! K+!@0,@1!#*!&0,!%&'$&#(:!-'&,$#'>!'>+(,!@+3>)!#()3@,!'!&,-4+$'>!%0#*&!+*!'!0#:0,$!+$),$!

-+),!@'5#&2.!'!@+(&$+>!,B4,$#-,(&!?'%!@'$$#,)!+3&7!K0,!%&'$#(:!-'&,$#'>!G0H,?'%!#(;,@&,)!&+!'!

@'5#&2! &3(,)! &+!=,! #(! $,%+('(@,!?#&0! &0,! G#XM<m! 5#=$'&#+('>! &$'(%#&#+(! Phqyi! @-
XhQ! '()! &0,!

&$'(%-#%%#+(!%4,@&$3-!?'%!$,@+$),)!'&!)#**,$,(&!&#-,!#(&,$5'>%!G.VWXYZ,<IH7!I+!%0#*&!+*!&0,!

@'5#&2!-+),%!?'%!+=%,$5,)!,5,(!'*&,$!y!07!!

!

.VWXYZ,<I6!"KX/S!&$'(%-#%%#+(!%4,@&$3-!+*!%&$+(:>2!@+34>,)!G0H,#(!&0,!&+&'>!%4,@&$'>!$'(:,!+*!yiiX|iii!@-
Xh!
G!H.!

&0,! \++-,)! $,:#+(!+*! &0,! %&$+(:>2! @+34>,)! 5#=$'&#+('>!-+),! G-H.! '()! &0,!0#:0,$!+$),$! @'5#&2!-+),! G"H7! K0,!
%4,@&$3-!?'%!$,@+$),)!#--,)#'&,>2!'*&,$!#(;,@&#+(!+*!G0H!P=>3,!@3$5,Q.!'*&,$!m0!P-':,(&'!@3$5,Q!'()!'*&,$!y!0!
P$,)!@3$5,Q7!

!

34656B6,.+730,+0!$/*3//3%$,/9'"+02*,%.,!$,%..70'/%$!$"',

"!43+:,

,

.VWXYZ, <<6! "KX/S! &$'(%-#%%#+(! %4,@&$3-! +*! &0,! $,'@&#+(!-#B&3$,! #(;,@&,)! #(&+! '(! +**X$,%+('(@,! @'5#&2! P:$,,(!
@3$5,Q.!'()!&0,!%4,@&$3-!$,@+$),)!+3&%#),!&0,!@'5#&2!P=>3,!)+&&,)!>#(,Q7!I+!5#=$'&#+('>!-+),%!+*! #(&,$,%&!'$,!
%&$+(:>2!@+34>,)7!

!
"#
$
%&

'(
#
$
)*
+,
-
. 

/

0111 2311 4311 5111 

6#7*$8&9*"+,)&:0. 

1 

3 

01 

03 

!
"#
$
%&

'(
#
$
)*
+,
-
. 

;

0011 0211 0<11 0411 

6#7*$8&9*"+,)&:0. 

1 

1=< 

1=5 

!
"#
$
%&

'(
#
$
)*
+,
-
. 

>

4?11 4@11 4A11 3111 

6#7*$8&9*"+,)&:0. 

1 

@ 

01 

5 

4 

2 

3011 

!"#"

$"#"

%"#"

!"#"

$"#"

%"#"

!"#"

$"#"

%"#"

!
"#
$
%&

'(
#
$
)*
+,
-
. 

/000 /100 /200 /300 

4#5*$6&7*"+,)&8/. 

0900: 

09003 

0900; 

090/1 

<00 

09000 0 

10 

20 

30 

!
"#
$
%&

'(
#
$
)*
+,
-
. 

!"#$%#&%#'()*+,'%&%-+#-&.$/0#

!+&-1'%#2$3/4*+#5!"6#



! hh|!

346565J6,3('$+3.3"!+3%$,%.,90%(2"+/,G5H,!$(,G=H,

!

! S,'@&#+(! 4$+)3@&%! G5H, '()! G=H,?,$,! #),(&#*#,)! =2! @+-4'$#(:! &0,!-'%%! %4,@&$'! '()!

$,&,(&#+(! &#-,%! ':'#(%&! @+--,$@#'>>2! '5'#>'=>,! %'-4>,%! +*! G5H, '()! G=H, G.VWXYZ, <?H7! K0,!UM!

@0$+-'&+:$'-%! '$,! :#5,(! #(! &0,! &+4! 4'(,>! +*! .VWXYZ, <?!7-! '()! &0,! $,%4,@&#5,! -'%%!

*$':-,(&%!'$,!:#5,(!#(!=+&&+-!4'(,>%7!K0,!-'%%!%4,@&$3-!:#5,(!#(!-':,(&'!@+>+3$!#(!.VWXYZ,

<?!!@+$$,%4+()%!&+!&0,!%,@+()!4,'1!+*!&0,!@0$+-'&+:$'-!P$,&,(&#+(!&#-,!q7^q!-#(Q!'()!&0,!

-'%%!%4,@&$'!:#5,(!#(!+$'(:,!@+>+$!@+$$,%4+()%!&+!&0,!*#$%&!4,'1!P$,&,(&#+(!&#-,!q7qv!-#(Q7!

K0,!*#$%&!4,'1!#(!UM!@0$+-'&+:$'-!+*!.VWXYZ,<?!!#%!@+-#(:!*$+-!&0,!),@+-4+%#&#+(!+*!G5H,+(!

&0,! UM! @+>3-(7! K0,! UM! @0$+-'&+:$'-! '()! &0,! @+$$,%4+()#(:!-'%%! *$':-,(&%! +*! G=H, '$,!

%0+?(!#(!.VWXYZ,<?-7!!

!

.VWXYZ,<?6!UM!@0$+-'&+:$'-!P&+4!4'(,>%Q!'()!-'%%!%4,@&$'!P=+&&+-!4'(,>%Q!+*!@+--,$@#'>>2!'5'#>'=>,!4$+)3@&!
G5H,G!H!'()!4$+)3@&!G=H,G-H7!K0,!@+(@,(&$'&#+(!+*!4$+)3@&%!G5H,'()!G=H, #(!&0,!%'-4>,%,3%,)!*+$!&0#%!'('>2%#%!?'%!
i7h!-9!'()!i7q!-9.!$,%4,@&#5,>27!

!"

#"



! hhw!

!

34656556,A2!$+3+!+34',!$!&:/3/,%.,90%(2"+/,G5H,!$(,G=H,

 

 qii!�H!%+>3&#+(%!+*!@+-4+3()!G5H,'()!G=H,'&!)#**,$,(&!@+(@,(&$'&#+(%!Pi7h!&+!hi!-9Q!

?,$,! 4$,4'$,)! =2! )#>3&#(:! %&+@1! %+>3&#+(%! +*! &0,%,! @+-4+3()%! #(! #%+4$+4'(+>7! "+$! ,'@0!

@+-4+3().! '! %#BX4+#(&! :$'40! ?'%! 4>+&&,)_! @+$$,>'&#(:! &0,! @0'$'@&,$#%&#@! UM! 4,'1%! P'%!

#(&,:$'&,)! '3&+-'&#@'>>2! =2! &0,!!SDKICH/)AFF$MCHIE/\QEXFHAHDQC/ J+1+@]+@@/ %+*&?'$,Q!?#&0!

%3=%&$'&,! @+(@,(&$'&#+(! G.VWXYZ, <BH7! C'@0! )'&'! 4+#(&!?'%! &0,!-,'(! +*! &0$,,! #(),4,(),(&!

-,'%3$,-,(&%! '()! &0,! @+$$,>'&#+(! >#(,! ?'%! +=&'#(,)! *$+-! &0,! >,'%&X%V3'$,%! *#&&#(:!

P#(&,$@,4&!�!iQ7!C$$+$!='$%!+(!:$'40%!'$,!%0+?(!'%!�!%&'()'$)!),5#'&#+(!*+$!,'@0!)'&'!4+#(&7!!

!

.VWXYZ,<B6!M+$$,>'&#+(!=,&?,,(!&0,!@+(@,(&$'&#+(!+*!&0,!4$+)3@&%!#(!DX6$u<!'()!&0,!-,'%3$,)!UM!4,'1!'$,'%7!
K0,!@'>#=$'&#+(!@3$5,%!*+$!MX!'()!uX),4$+&,@&,)!4$+)3@&%!'$,!%0+?(!#(!G!H!'()!G-H!$,%4,@&#5,>27!

! D*&,$! m! 0! +*! $,'@&#+(.! &0,! *>+?X@,>>! "6! @'5#&2! P*+$! +(X! '()! +**X$,%+('(@,!

-,'%3$,-,(&%.! +$! &0,! >#V3#)! @,>>.! #(! &0,! @'%,! +*! &0,! Z+3&%#),! @'5#&2[! ,B4,$#-,(&%Q! ?'%!

+4,(,)! '()! &0,! $,'@&#+(! -#B&3$,! ?'%! ,B&$'@&,)! ?#&0! #%+4$+4'(+>! Ph! -HQ7! qii! �H! +*! &0#%!

%+>3&#+(!?,$,!)#$,@&>2!#(;,@&,)!#(&+!&0,!UMX9G7!K0,!@+(@,(&$'&#+(%!+*!4$+)3@&%!G5H,'()!G=H,#(!

&0,! $,'@&#+(! -#B&3$,! ?,$,! @'>@3>'&,)! =2! @+-4'$#(:! &0,! 4$+)3@&! 4,'1! '$,'! ?#&0! &0,!

@'>#=$'&#+(!>#(,!'()!&0,!$'&#+!=,&?,,(!&0,!&?+!4$+)3@&%!PG5H,+5,$!G=HQ!?'%!),&,$-#(,)7!K0,!

$,4+$&,)!$'&#+%!'$,!'(!'5,$':,!+*!-3>&#4>,!$3(%.!?#&0!'(!,$$+$!@+$$,%4+()#(:!&+!&0,!-,'(!P�Q!

'=%+>3&,!),5#'&#+(7!!

! " # $ % 

&'()*(+,-.'(/'0/1/2345 

!6#71#8/

"6#71#8/

%6#71#8/

$6#71#8/

#6#/

9
*
-
:
/;
,*
-
/ 

!"#$%&'()(*+,-.(&/0120$3 
!"#$%&'(4(*+,-.(&/0120$3 

&'()*(+,-.'(/'0/$/2345 

#6! #6" #6$ #6% 16# 

9
*
-
:
/;
,*
-
/ 

%6#71#8/

$6#71#8/

#6# 
#6# 

; < 



! hhv!

!

.VWXYZ,?J6!K0,!UMX9G!@0$+-'&+:$'-%!+*!&0,!$,'@&#+(%!@'$$#,)!+3&!#(!@'5#&#,%!&3(,)!&+!=,!+(X!$,%+('(@,!?#&0!G#X
M!%&$,&@0#(:!P$,)Q.!G#Xu!%&$,&@0#(:!P+$'(:,Q!'()!G#XM<m!=,()#(:!-+),%!P-':,(&'Q.!&+:,&0,$!?#&0!&0,!)'&'!*+$!'(!
+**X$,%+('(@,!@'5#&2!P:$,,(Q!'()!+3&%#),!&0,!@'5#&2!P=>3,Q7!K0,!3($,'@&,)!%&'$&#(:!-'&,$#'>!#%!-'$1,)!'%!G0H6,K0,!
4,'1%! @+$$,%4+()#(:! &+! MX! '()! uX),4$+&,@&,)! 4$+)3@&%! '$,! -'$1,)! '%! G5H, '()! G=H.! $,%4,@&#5,>27! K0,! 4,'1%!
#()#@'&,)!=2! &0,! '$$+?%!'$,! #-43$#&#,%! &0'&! @+-,! *$+-! &0,! %>+?!),:$')'&#+(!+*! &0,!UMX9G! @+>3-(!'()! #&! #%!
4$,%,(&!#(!'>>!&0,!@0$+-'&+:$'-%!&0'&!?,!-,'%3$,7!K0,!4,'1!'&!&0,!$,&,(&#+(!&#-,!+*!m7q!-#(!@+$$,%4+()%!&+!
&0,!KED".!?0#@0!#%!,>3&,)!'%!'(!#+(!4'#$!#(!&0,!UM!@+>3-(7!

! D%!-,(&#+(,)!#(!@0'4&,$!//.!&0,!UMX9G!$'&#+!+*!&0,!&?+!4$+)3@&%!3(),$!+(X$,%+('(@,!

@+()#&#+(%!0'%!&+!=,!@+$$,@&,)!*+$!&0,!&3(,)!'$,'!3(),$!LGM!3%#(:!&0,!*+>>+?#(:!*+$-3>'Y!

!"#$%!"##$!%$& ! !
!"#$%!"#! ! !!!"#$!"#$%&'!!"#!!!!!!!!!!"#$%&'!!"#!!!

!!!"#$%&'!!"#!
!

?0,$,!!"#$%!"##$!%$& #%!&0,!@+$$,@&,)!UMX9G!$'&#+.!!"#$%!"#!!#%!&0,!UMX9G!$'&#+!+=%,$5,)!#(!

&0,! +(X$,%+('(@,! ,B4,$#-,(&%.!!"#$%!"#$%&'!!"#!!#%! &0,! '5,$':,! $'&#+!-,'%3$,)! +3&%#),! &0,!

@'5#&2!'()!!!!"#$%&'!!"#!!#%!&0,!4+3$@,(&':,!'$,'!+*!&0,!@'5#&2!3(),$!LGM7!

!

!

!"# !"$ 

%&'&()*(+),&+-,.(/ 

0
*
1
(
'2
+-
3
"1
"/

 

4"# 4"$ 5"# 

%+

6(78&2"+9.70+

:+

:+

!+

6(78&2"+9.70;4+

6(78&2"+9.76+

6<78&2*(3(=&+

61'2.>&+=3?.'@+



! hqi!

! /(! &0,!,B4,$#-,(&%! $,4+$&,)!0,$,#(.! &0,!'$,'!3(),$!LGM!@+$$,%4+()%! &+!@'7!ri�!+*!

&0,!"6!-#@$+*>3#)#@!@,>>7!K0,!+&0,$!^i�!#%!),&3(,)!=,2+()!&0,!?#)&0!+*!&0,!5#=$'&#+('>!-+),!

=,#(:! @+34>,)! '()! 0,(@,! #%! #(! &0,! +**X$,%+('(@,! @+()#&#+(7! +`b]Z, 5J! =,>+?! %0+?%! &0,!

3(@+$$,@&,)!'()!@+$$,@&,)!$'&#+%!+*!4$+)3@&%!G5H,'()!G=H6,,

+`b]Z, 5J6! u=%,$5,)! 4$+)3@&! $'&#+%! P}5~{}=~Q! ,B&$'@&,)! *$+-! UMX9G! -,'%3$,-,(&%! '()! &0,! @+$$,%4+()#(:!
@+$$,@&,)!5'>3,%!3(),$!LGM!*+$!&0,!&3(,)!'$,'7!

'igZYVkZa\,

9Y^hXc\,0`\V^,O5PtO=P,

u=%,$5,)! M+$$,@&,)!*+$!&3(,)!'$,'!3(),$!LGM!

%X\_VhZ,c`eV\f, 568!�!i7q! X!

%rr7YZ_^a`acZ, 56C!�!i7h! X!

4/",

/V7", J6?!�!i7h! J6@!�!i7h!

/V7%, J6B!�!i7h! J6C!�!i7h!

/V7">@, J6?!�!i7h! J6@!�!i7h!

!

346=6,"!43+:,"!+!&:/3/,-:,4/",%.,+>',/%&4'$+,

!

346=656,*!+'03!&,!$(,*'+>%(/,

!

! o(>,%%!+&0,$?#%,!(+&,).!'>>!$,':,(&%!'()!%+>5,(&%!?,$,!43$@0'%,)!*$+-!@+--,$@#'>!

%344>#,$%!'()!3%,)!?#&0+3&!*3$&0,$!43$#*#@'&#+(7!

! K0,! "KX/S! &$'(%-#%%#+(! %4,@&$'! +*! &0,! "6! @'5#&#,%! '()! &0,! Z+3&%#),! &0,! @'5#&2[! @,>>%!

?,$,!'@V3#$,)!=2!%&'()'$)!"KX/S!%4,@&$+-,&,$!PE$31,$!L,$&,B|iQ!#(!&$'(%-#%%#+(!-+),7!K0,!

&$'(%-#%%#+(! ?'%! $,@+$),)! =2! FKUG! P),3&,$'&,)! &$#:>2@#(,! %3>*'&,Q! ),&,@&+$! ?#&0! q! @-Xh!

$,%+>3&#+(!+5,$!r^!%@'(%.!,B@,4&!*+$!&0,!@'%,!+*!<"/6!'>+(,!#(!&0,!+(X$,%+('(@,!@'5#&2!%0+?(!

#(! .VWXYZ, II, G_ZZ, _Xb7_Zc\V^a, 3336=656=6H, ?0,$,! #&! 0'%! =,,(! $,@+$),)! =2! 9MK! P-,$@3$2!

@')-#3-!&,>>3$#),Q!),&,@&+$!?#&0!h!@-Xh!$,%+>3&#+(!+5,$!hqw!%@'(%7,



! hqh!

! UMX9G!'('>2%#%!?'%!4,$*+$-,)!+(!'!UM!G2%&,-!|wqiD!PU^mqiQ!@+((,@&,)!&+!'!9GF!

=>+@1! yv||C! PU|imrDQ.! 3%#(:! D:#>,(&! <#:0! S,%+>3&#+(! U'%! M0$+-'&+:$'402! M+>3-(Y! 6I!

hvivhG! hi! �! ^mmo/.! <6! �! y9G! o/.! qw-¡i7qyi! --.! i7qy! 9#@$+(.! GI! oGF! ^wvrm^<7! D>>!

%'-4>,%!?,$,!4$,4'$,)!#(!qX4$+4'(+>!Pqii!�H!%'-4>,!5+>3-,Q7!K0,!'('>2%#%!?'%!@'$$#,)!+3&!

+(!'!%4>#&>,%%!h!�H!#(;,@&#+(!5+>3-,!?#&0!'(!#(;,@&#+(!4+$&!&,-4,$'&3$,!qyi!�M7!M+>3-(!+5,(!

&,-4,$'&3$,!4$+:$'-!?'%!'%!*+>>+?%Y!ri!�M!*+$!h!-#(.!$'-4,)!'&!mi!�M!-#(Xh!&+!mhi!�M!?#&0!

m-#(!0+>).!?#&0!'! &+&'>! $3((#(:! &#-,!+*!hq7mm!-#(7!K0,!-'%%! %4,@&$+-,&,$!?'%! &3$(,)!+(!

'*&,$!q!-#(!'()!?'%!+4,$'&,)!'&!&0,!,>,@&$+(!#+(#\'&#+(!-+),!?#&0!V3')$34+>,!&,-4,$'&3$,!

+*!hyi!�M7!F'&'!'@V3#%#&#+(!?'%!4,$*+$-,)!#(!&0,!G/9!-+),!P%,>,@&,)!#+(!-+(#&+$#(:Q!='%,)!

+(!&0,!#+(%!),&,@&,)!*+$!&0,!@+--,$@#'>!@+-4+3()%7!<2)$+:,(!Pvv7vvv!�!43$#&2Q!?'%!3%,)!

'%!@'$$#,$!:'%!'&!'!@+(%&'(&!*>+?!$'&,!+*!h7y!-H7-#(Xh7!

! h<! I9S! %4,@&$3-! +*! %&'$&#(:! -'&,$#'>! G0@H, '()! YX@'4$+>'@&+(,, GCH! #(! MFM>m! ?,$,!

$,@+$),)!+(!'!E$31,$!D5'(@,!^ii! P^ii!9<\Q!%4,@&$+-,&,$!'&!'-=#,(&! &,-4,$'&3$,!'()! #%!

$,4+$&,)!#(!44-!%@'>,!3%#(:!&0,!$,%#)3'>!%+>5,(&!$,%+('(@,!'%!&0,!/7G7!PMFM>m!'&!|7qr!44-Q7!

!

346=6=6,90'9!0!+3%$,%.,+>',0'!"+3%$,*3F+20',.%0,+>',!"#7

":"&%%"+'$',G0=H,'9%F3(!+3%$,!$(,3$R'"+3%$,3$+%,+>',.9,

"!43+3'/,

 

! u(@,!&0,!),%#$,)!Z,-4&2[!@'5#&2!?'%!+=&'#(,).!&0,!>#V3#)!%'-4>,!@,>>!?'%!#(%,$&,)!#(!

&0,!5'$#'=>,!&,-4,$'&3$,!-+3(&!'()!?'%!1,4&!*+$!q!0+3$%!&+!%&'=#>#\,!'()!,V3#>#=$'&,!&+!&0,!

,B4,$#-,(&'>!&,-4,$'&3$,!Phy!�MQ7!!

! K0,! %'-4>,! #(;,@&#+(! #(&+! &0,! @'5#&#,%! '()! *>+?X@,>>%!?,$,!)+(,! '%! *+>>+?%7! "+$! &0,!

$,'@&#+(!-,)#3-.!&0,!%&'$&#(:!-'&,$#'>!G0=H!Pi7rh!--+>.!wi!�HQ.!<quq!Pi7h|!--+>.!hi!�HQ!'()!

=$+-++@&'(,!Pi7ir!--+>.!hi!�HQ!?,$,!-#B,)!#(!wyi!�H!+*!<"/67!K0,!-#B&3$,!?'%!%0'1,(!&+!

+=&'#(!'!0+-+:,(,+3%! %+>3&#+(!'()!?'%! &0,(!)#$,@&>2! #(;,@&,)! #(&+! &0,! *>+?X@,>>! "6! @'5#&2!

-'1#(:!%3$,!&0'&!&0,!@'5#&2!#%!*#>>,)!?#&0+3&!'(2!'#$X=3==>,%7!D*&,$!yi!-#(3&,%.!&0,!$,'@&#+(!

-#B&3$,%!?,$,! ,B&$'@&,)! *$+-! &0,! @'5#&#,%.! V3,(@0,)!?#&0! '! %@++4!+*!9(uq! '()! '('>2\,)!

V3'>#&'&#5,>2!=2!UMX9G7!



! hqq!

346=6@6,3('$+3.3"!+3%$,%.,!"#7":"&%%"+'$',G0=H,!$(,

":"&%%"+'$',%F3(',G@H,

!

! K0,! %&'$&#(:! -'&,$#'>.! GDFX@2@>++@&,(,! G0=H.! '()! &0,! 4$+)3@&! +*! #&%! ,4+B#)'&#+(.!

@2@>++@&,(,!+B#),! G@H.,?,$,! #),(&#*#,)!=2!@+-4'$#(:! &0,!-'%%! %4,@&$'!'()! $,&,(&#+(! &#-,%!

':'#(%&!@+--,$@#'>>2!'5'#>'=>,!%'-4>,%!+*!G0=H,P$,&,(&#+(!&#-,!�!q7^m!-#(Q,'()!G@H,P$,&,(&#+(!

&#-,!�!m7^r!-#(Q! G.VWXYZ, ?5H7! K0,!UM!@0$+-'&+:$'-%!'$,!:#5,(! #(! &0,! &+4!4'(,>!+*!.VWXYZ,

?5!7-!'()!&0,!$,%4,@&#5,!-'%%!*$':-,(&%!'$,!:#5,(!#(!=+&&+-!4'(,>%7!K0,!UM!@0$+-'&+:$'-!

+*! =$+-++@+&'(,! P$,&,(&#+(! &#-,! �! m7rh! -#(Q! #%! %0+?(! #(! &0,! &+4! 4'(,>! +*! .VWXYZ, ?5",

&+:,&0,$!?#&0!#&%!-'%%!*$':-,(&!#(!&0,!=+&&+-!4'(,>7!



! hqm!

!

.VWXYZ, ?56! UM! @0$+-'&+:$'-! P&+4! 4'(,>%Q! '()!-'%%! %4,@&$'! P=+&&+-! 4'(,>%Q! +*! @+--,$@#'>>2! '5'#>'=>,! GDFX
@2@>++@&,(,!G0=H.!@2@>++@&,(,!+B#),,G-H,'()!=$+-++@+&'(,7!

!"

#"

$"



! hq^!

346=6C6A2!$+3+!+34',!$!&:/3/,%.,!"#7":"&%%"+'$',G0=H,!$(,

":"&%%"+'$',%F3(',G@H,

!

/L7q7^7h7FCKCS9/IDK/uI!u"!K<C!SCHDK/LC!SCG6uIGC!"DMKuSG!

!

! K0,!$,>'&#5,!$,%4+(%,!*'@&+$!PSS"Q!+*!=+&0!@+-4+3()%.!SS"PSqQ!'()!SS"PmQ.!$,>'&#5,>2!&+!

&0,!/7G7.!=$+-++@+&'(,.!0'%!=,,(!),&,$-#(,)7!qyi!�H!%+>3&#+(%!+*!G0=H,'()!G@H,'&!)#**,$,(&!

@+(@,(&$'&#+(%! Pi7ihm!-9! &+! h7m!-9Q!?,$,!4$,4'$,)!=2!)#>3&#(:! %&+@1! %+>3&#+(%! +*! &0,%,!

@+-4+3()%!#(!DX6$u<7!D!*#B,)!V3'(&#&2!+*!&0,!/7G7!Pi7hq!-9Q!?'%!')),)!#(!,'@0!%+>3&#+(7!"+$!

=+&0!@+-4+3().!'!*#5,X4+#(&%!:$'40!?'%!4>+&&,)!'%!'!@'>#=$'&#+(!@3$5,7!/&!@+$$,>'&,%!&0,!$'&#+!

+*! &0,! UM! 4,'1! '$,'%! PDG0=H! +$! DG@HQ! &+! &0'&! +*! &0,! /7G7! PD/7G7Q! ?#&0! &0,! $'&#+! +*! &0,#$!

@+(@,(&$'&#+(%! P}Sq~! +$! }m~Q! &+! &0'&! +*! &0,! /7G7! P}/7G7~Q! G.VWXYZ, ?=H7! K0,!UM!4,'1! '$,'%!?,$,!

#(&,:$'&,)! '3&+-'&#@'>>2! =2! &0,! !SDKICH/ )AFF$MCHIE/ \QEXFHAHDQC/ J+1+@]+@@/ %+*&?'$,7! K0,!

,V3'&#+(%!+*!&0,!@'>#=$'&#+(!>#(,%!%0+?(!#(!.VWXYZ,?=!,'()!-!'$,!$,%4,@&#5,>2Y!

!!!"!

!!!!!

!
!!!!

!!!!!!
!!!"#$%!!!!!G'qX`\V^a,5<H,,,,,'()!!!!!

!!!!

!!!!!

!
!!!

!!!!!!
!!!"#$%!!!!,G'qX`\V^a,5?H!

!

.VWXYZ, ?=6! !6! M+$$,>'&#+(! =,&?,,(! &0,! @+(@,(&$'&#+(! $'&#+! }Sq~{}/7G7~! '()! &0,! $'&#+! DG0=H{D/7G7.! +=&'#(,)! =2!
$,%4,@&#5,!#(&,:$'&#+(!+*!&0,!UM!4,'1!'$,'!+*!G0=H!'()!&0,!/7G7!$,%4,@&#5,>27!SS"G0=H!Ph7ihQ!#%!:#5,(!=2!&0,!%>+4,!+*!
&0,!@'>#=$'&#+(!@3$5,7!-6,M+$$,>'&#+(!=,&?,,(!&0,!@+(@,(&$'&#+(!$'&#+!}m~{}/7G7~!'()!&0,!$'&#+!DG@H{D/7G7.!+=&'#(,)!
=2!$,%4,@&#5,!#(&,:$'&#+(!+*!&0,!UM!4,'1!'$,'!+*!G@H!'()!&0,!/7G7!$,%4,@&#5,>27!SS"G@H!Pi7wqQ!#%!:#5,(!=2!&0,!%>+4,!
+*!&0,!@'>#=$'&#+(!@3$5,7!

! C'@0! )'&'! 4+#(&! ?'%! &0,! -,'(! +*! &?+! #(),4,(),(&! -,'%3$,-,(&%! '()! &0,!

@+$$,>'&#+(! >#(,! ?'%! +=&'#(,)! *$+-! &0,! >,'%&X%V3'$,%! *#&&#(:! P#(&,$@,4&! �! iQ7! C$$+$! ='$%! +(!

:$'40%!'$,!%0+?(!'%!�!%&'()'$)!),5#'&#+(!*+$!,'@0!)'&'!4+#(&7!!

!"#"$%&$''("

)*"#"&%++,-'"

!"!#

$"!#

%"!#

&"!#

'"!#

(!"!#

($"!#

(%"!#

(&"!#

!"!# $"!# %"!# &"!# '"!# (!"!# ($"!#

)
*+
$
,#
-#
)
./
0
/#

1+$2#-#1./0/2#

34546789:;<9#<=#++>*+$,##

!"#"$%&'&&("

)*"#"$%++$,-"

!"!#

$"!#

%"!#

&"!#

'"!#

(!"!#

($"!#

(%"!#

(&"!#

!"!# $"!# %"!# &"!# '"!# (!"!# ($"!# (%"!# (&"!#

)
*+
,#
-#
)
./
0
/#

1+2#-#1./0/2#

34546789:;<9#<=#>>?*+,#! " 



! hqy!

/L7q7^7q7!noDIK/"/MDK/uI!u"!K<C!/7G7!/IG/FC!"6!9/MSu"Ho/F/M!

MCHH!

!

! K0,!5+>3-,!+*! &0,! $,'@&#+(!-#B&3$,! &0'&! #%! #(;,@&,)! #(&+! &0,! *>+?X@,>>! "6! @'5#&2! @'(!

5'$2!=,&?,,(!,B4,$#-,(&%7!K0,$,*+$,.!&0,!}/7G7~!-'2!'>%+!5'$2!'*&,$!&0,!)#>3&#+(!&0'&!+@@3$%!

?0,(! ,B&$'@&#(:! &0,! $,'@&#+(! -#B&3$,! *$+-! "6! -#@$+*>3#)#@! @'5#&2! &+! 4$,4'$,! &0,! UMX9G!

%'-4>,7! <+?,5,$.! #&! #%! $,V3#$,)! &+! 1(+?! &0,! ,B'@&! }/7G7~! &+! =,! '=>,! &+! 3%,! &0,! @'>#=$'&#+(!

@3$5,%!%0+?(!#(!&0,!4$,5#+3%!_Xb7_Zc\V^a,346=6C656,*+$!V3'(&#*#@'&#+(!+*!G0=H!'()!G0@H7!"+$!'(!

'@@3$'&,! ),&,$-#('&#+(! +*! }/7G7~! #(! $,'@&#+(!-#B&3$,%.! '! *#5,X4+#(&%! :$'40!?'%! 4>+&&,)! '%! '!

@'>#=$'&#+(!@3$5,_! @+$$,>'&#(:! &0,!UM!4,'1!'$,'! P'%! #(&,:$'&,)!'3&+-'&#@'>>2!=2! &0,!!SDKICH/

)AFF$MCHIE/\QEXFHAHDQC/J+1+@]+@@/%+*&?'$,Q!?#&0!&0,!@+(@,(&$'&#+(!+*!&0,!/7G7!G.VWXYZ,?@H7!

C'@0!)'&'!4+#(&!?'%!&0,!-,'(!+*!&0$,,!#(),4,(),(&!-,'%3$,-,(&%!'()!&0,!@+$$,>'&#+(!>#(,!

?'%!+=&'#(,)!*$+-!&0,!>,'%&X%V3'$,%!*#&&#(:!P#(&,$@,4&!�!iQ7!C$$+$!='$%!+(!:$'40%!'$,!%0+?(!

'%!�!%&'()'$)!),5#'&#+(!*+$!,'@0!)'&'!4+#(&7!

!

!

.VWXYZ,?@6!M+$$,>'&#+(!=,&?,,(!&0,!@+(@,(&$'&#+(!+*!&0,!/7G7!#(!DX6$u<!'()!&0,!-,'%3$,)!UM!4,'1!'$,'%7,

!

!

!

!

!

!"#"$%&&'()*+"

,-"#".%./'0*)"

!"

#!!!!!!!"

$!!!!!!!"

%!!!!!!!"

&!!!!!!!"

'!!!!!!!"

(!!!!!!!"

)!!!!!!!"

*!!!!!!!"

!+!!,-!!" '+!!,.!&" #+!!,.!%" #+'!,.!%" $+!!,.!%" $+'!,.!%"



! hqr!

!

/L7q7^7m7!noDIK/"/MDK/uI!u"!G0=H,DIF!G@H!

! D*&,$! yi! -#(! +*! $,'@&#+(.! &0,! *>+?X@,>>! "6! @'5#&2! P*+$! +(X! '()! +**X$,%+('(@,!

-,'%3$,-,(&%Q!'%!?,>>!'%!&0,!>#V3#)!@,>>%!P*+$!&0,!Z+3&%#),!@'5#&2[!,B4,$#-,(&%Q!?'%!+4,(,)!

'()!&0,!$,'@&#+(!-#B&3$,!?'%!,B&$'@&,)!?#&0! DX6$u<!Ph-HQ7!D!%@++4!+*!9(uq!?'%!')),)!&+!

V3,(@0!&0,!$,'@&#+(!-#B&3$,7!D*&,$!@,(&$#*3:'&#+(.!qii!�H!+*!&0#%!%+>3&#+(!?,$,!#(;,@&,)!#(&+!

&0,!UMX9G7!!

!

.VWXYZ, ?C6! K0,!UM!@0$+-'&+:$'-%!+*! &0,! $,'@&#+(%! @'$$#,)!+3&! #(!@'5#&#,%! &3(,)! &+! =,!+(X$,%+('(@,!?#&0!uX
<!%&$,&@0#(:! -+),! P$,)Q! &+:,&0,$!?#&0! &0,! )'&'! *+$! '(! +**X$,%+('(@,! @'5#&2! P:$,,(Q!'()! +3&%#),! &0,! @'5#&2!
P=>3,Q7! K0,! 4,'1%!@+$$,%4+()#(:! &+! GDFX@2@>++@&,(,! '()! @2@>++@&,(,! +B#),! !'$,! -'$1,)! '%! G0=H! '()! G@H.!
$,%4,@&#5,>27!K0,!4,'1!'&!m7r!-#(!@+$$,%4+()%!&+!=$+-++@&'(,.!?0#@0!0'%!=,,(!')),)!#(!&0,!$,'@&#+(!-#B&3$,!
&+!=,!3%,)!'%!&0,!/7G7!*+$!V3'(&#&'&#5,!'('>2%#%7!

! K0,!@+(@,(&$'&#+(%!+*!G0=H,'()!G@H, #(!&0,!$,'@&#+(!-#B&3$,!?,$,!@'>@3>'&,)!3%#(:!&0,!

@'>#=$'&#+(! >#(,!+*! &0,! /7G7! '()! &0,!Zq6, 5<! '()!5?7! K0,! $'&#+!
!!!

!!!!
!?'%! &0'(!),&,$-#(,)7! K0,!

$,4+$&,)!$'&#+%!'$,!'(!'5,$':,!+*!-3>&#4>,!$3(%.!?#&0!'(!,$$+$!@+$$,%4+()#(:!&+!&0,!-,'(!P�Q!

'=%+>3&,!),5#'&#+(7!K0, UMX9G $'&#+!+*!G@H '()!G0=H 3(),$!+(X$,%+('(@, @+()#&#+(% 0'%!=,,(

@+$$,@&,)!*+$!&0,!&3(,)!'$,'!3(),$!LGM!P'%!,B4>'#(,)!#(!_Zc\V^a,34656556Q7!/(!&0,!,B4,$#-,(&%!

!
"
#
$
%&
'(
)
*#
*+
'

,-./'(.-$+'
0' 1' 2' 3' 4' 5' 6' 7'

89:;/&"*'

8#%&-</'=)>-%?'

@0'

1'

AB' AA' A0'

8$:;/&*'(8C+&%;*!"D'CEFG')HH;/H)%/&'



! hq|!

$,4+$&,)!0,$,#(.!&0,!'$,'!3(),$!LGM!@+$$,%4+()%!&+!@'7!^i�!+*!&0,!"6!-#@$+*>3#)#@!@,>>7!K0,!

+&0,$!ri�!#%!),&3(,)!=,2+()!&0,!?#)&0!+*!&0,!5#=$'&#+('>!-+),!=,#(:!@+34>,)!'()!0,(@,!#%!

#(! &0,! +**X$,%+('(@,! @+()#&#+(7! +`b]Z, 55! =,>+?! %0+?%! &0,! 3(@+$$,@&,)! '()! @+$$,@&,)!

!!!

!!!!
!$'&#+%7!!

+`b]Z, 556!u=%,$5,)!
!!!

!!!!
!$'&#+%!,B&$'@&,)! *$+-!UMX9G!-,'%3$,-,(&%!'()! &0,! @+$$,%4+()#(:! @+$$,@&,)!5'>3,%!

3(),$!LGM!*+$!&0,!&3(,)!'$,'7!

'igZYVkZa\,

0`\V^,
!!!

!!!!
,

u=%,$5,)! M+$$,@&,)!*+$!&3(,)!'$,'!3(),$!LGM!

%X\_VhZ,c`eV\f, J65<!�!i7iv! X!

%rr7YZ_^a`acZ, J65=!�!i7im! X!

%a7YZ_^a`acZ, J6C@!�!i7hq! J6?=!�!i7h|!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



! hqw!

346=686,/:$+>'/3/,%.,<N?N58N5I7

+'+0!%F!(3/930%O86=686=P>'F!('"!$',G0@H,,

!

! /(!'!hii!-H!*>'%1.!-,&02>&$#+B+$0,(#3-!Pi7iq^!--+>_!r7i!-:Q.!'!y^�!<E"^!%+>3&#+(!#(!

C&qu!Pq^7i!--+>_!m7q^!-HQ!'()!yi�!<quq!%+>3&#+(!#(!<qu!Pm^7w!--+>_!h7vw!-HQ!?,$,!-#B,)!

#(! K"C! Pq^! -HQ7! K0,(.! @2@>+0,B'(+(,! Pq^7i! --+>_! q7^w! -HQ! ?'%! ')),)! '&! i! �M! '()! &0,!

$,'@&#+(!-#B&3$,!?'%!%&#$$,)!*+$!m!-#(3&,%!'&!SK7!D*&,$!4$,@#4#&'&#+(.! &0,!4$+)3@&! G0@H!?'%!

#--,)#'&,>2! *#>&,$,)! &+! '5+#)! $,X)#%%+>3&#+(7! "#('>>2.! &0,! @$3),!?'%! $,@$2%&'>>#\,)! #(!9,u<!

P!qy!-HQ!&+!:#5,!&0,!43$,!@+-4+3()!G0@H,Pw7qm!--+>_!h7ww!:Q!

5>,$*0!P^ii!9<\.!MFM>mQ!¢!q7qv!P=%.!^<Q.!h7yhXh7wr!P=%.!hq<Q.!h7m|Xh7yh!P=%.!^<Q!

!

.VWXYZ,?86
!h
<!I9S!%4,@&$3-!+*!&0,!$,'@&'(&!G0@H!?#&0!#&%!%@0,-'&#@!%&$3@&3$,!:#5,(!#(!&0,!#(%,&7!

!

!

!

!

!

O

O O

O



! hqv!

346=6I6,90'9!0!+3%$,%.,+>',0'!"+3%$,*3F+20',.%0,+>',!"3(7

"!+!&:K'(, 0'!00!$)'*'$+, %., <N?N58N5I<N?N58N5I7

+'+0!%F!(3/930%O86=686=P>'F!('"!$', G0@H, +%,

"!90%&!"+3%$',GCH,!$(,3$R'"+3%$,3$+%,+>',.9,"!43+3'/!

 

! u(@,!&0,!),%#$,)!Z,-4&2[!@'5#&2!?'%!+=&'#(,).!&0,!>#V3#)!%'-4>,!@,>>!?'%!#(%,$&,)!#(!

&0,!5'$#'=>,!&,-4,$'&3$,!-+3(&!'()!?'%!1,4&!*+$!q!0+3$%!&+!%&'=#>#\,!'()!,V3#>#=$'&,!&+!&0,!

,B4,$#-,(&'>!&,-4,$'&3$,!Pqy!�MQ7!!

! K0,! %'-4>,! #(;,@&#+(! #(&+! &0,! @'5#&#,%! '()! *>+?X@,>>%!?,$,!)+(,!'%! *+>>+?%7!D! %&+@1!

%+>3&#+(!+*!BXK%u<! Pi7i^r!-9Q! #(! 43$,!<"/6!?'%! 4$,4'$,)7! "+$! &0,! $,'@&#+(!-,)#3-.! &0,!

%&'$&#(:!-'&,$#'>!G0@H!Pi7qq!--+>.!yi!-:Q!?'%!)#%%+>5,)!#(!qyi!�H!+*!&0,!%&+@1!%+>3&#+(!+*!BX

K%u<! Pi7ihhy!--+>_!y!-+>!�Q! #(!<"/67!K0,!-#B&3$,!?'%! %0'1,(! &+!+=&'#(!'!0+-+:,(,+3%!

%+>3&#+(! '()! ?'%! &0,(! )#$,@&>2! #(;,@&,)! #(&+! &0,! *>+?X@,>>! "6! @'5#&2! -'1#(:! %3$,! &0'&! &0,!

@'5#&2! #%! *#>>,)! ?#&0+3&! '(2! '#$X=3==>,%7! D*&,$! mi! -#(3&,%.! &0,! $,'@&#+(! -#B&3$,%! ?,$,!

,B&$'@&,)! *$+-! &0,! @'5#&#,%!?#&0!MFM>m!'()!'('>2\,)!V3'(&#&'&#5,>2!=2!VI9S! PCSCK/MQ!?#&0!

)#@0>+$+-,&0'(,!PFM9Q!'%!&0,!/7G77!

!

!

!

!

!

!

!

!

!

!

!

!

!



! hmi!

346=6<6,$*0,3('$+3.3"!+3%$,%.,"!90%&!"+%$',GCH,

/

! K0,!I9S!%4,@&$3-!+*!@+--,$@#'>>2!43$@0'%,)/YX@'4$+>'@&+(,!GCH,0'%!=,,(!$,@+$),)7!

5>,$*0!P^ii!9<\.!MFM>mQ!¢!^7qq!P&.![/�!^7r.!q<.!5Q.!q7rm!P&.![!�!^7r!<\.!q<.!8Q.!h7wy!P=%.!q<.!=Q.!

h7|r!P=%.!^<.!@!'()!CQ!

/&!@+(&'#(%!v�!+*!#&%!02)$+>2\,)!*+$-.!&0,!rX02)$+020,B'(+#@!'@#)7!

5>,$*0!P^ii!9<\.!MFM>mQ!¢!^7iy!P&.![/�!r7y.!q<.!5JQ.!q7mi!P&.![!�!|7y!<\.!q<.!5Q.!h7yqXh7rv!P-.!

y<.!<N,B,`ah,55Q.!h7qvXh7^|!P-.!^<.!?Q!

!

.VWXYZ,?I6
!h
<!I9S!%4,@&$3-!+*!&0,!4$+)3@&!GCH!?#&0!#&%!5'$#+3%!

h
<!%#:('>%!>'=,>,)!*$+-!h!&+!y!+(!&0,!%@0,-'&#@!

%&$3@&3$,!+*!GCH,:#5,(!#(!&0,!#(%,&!P-+>,@3>,!+(!&0,!>,*&Q7!K0,!02)$+>2\,)!*+$-!+*!4$+)3@&, GCH, #%!'>%+!5#%#=>,!+(!
&0,! %4,@&$3-.!?#&0! #&%! 5'$#+3%,

h
<! %#:('>%! >'=,>,)! *$+-!r! &+! hh!+(! &0,! %@0,-'&#@! %&$3@&3$,, :#5,(! #(! &0,! #(%,&!

P-+>,@3>,!+(!&0,!$#:0&Q7!

! !

O

O

OH

O

HO

1

23

4

5

6

7

8

9

10

11
+



! hmh!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

">!9+'0,4,

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!



! hmq!

46 )'$'0!&,"%$"&2/3%$,

!

! K0#%!&0,%#%!-'(3%@$#4&!?'%!?$#&&,(!=2!'()!*+$!@0,-#%&%!)#%@+5,$#(:!&0,!?+$>)!+*!>#:0&X

-'&&,$! #(&,$'@&#+(%7! K0,! :,(,$'>! #(&$+)3@&#+(! =,:#(%! ?#&0! '(! 0#%&+$#@'>! '()! @0$+(+>+:#@'>!

),%@$#4&#+(!+*!9'(A%!3(),$%&'()#(:!+*! >#:0&.! *$+-!'(@#,(&! &#-,%! &+! &0,!')5,(&!+*!V3'(&3-!

402%#@%7!/&!@'(!=,!(+&#@,)!&0'&!5,$2!,'$>2!+(.!&0,!@+(@,4&#+(!+*!>#:0&!?'%!'%%+@#'&,)!?#&0!&0,!

,(5#$+(-,(&! #(!?0#@0! #&!4$+4':'&,%7! H'&,$.!?0,(! #&!?'%! $,'>#\,)! &0$+3:0!V3'(&3-!402%#@%!

&0'&!,5,(!&0,!!JAGMMN!?'%!(+&!](+&0#(:].!-+)#*#@'&#+(%!+*!%,5,$'>!4$+4,$&#,%!+*!-'&&,$!?,$,!

'@0#,5,)! %#-4>2! =2! @+(&$+>>#(:! #&%! ,(5#$+(-,(&7! /! 0'5,! @#&,)! &0,! @'%,! +*! ,'$>2! @nCF!

,B4,$#-,(&%!?0,$,!&0,!C9!5'@33-!*#,>)!%3$$+3()#(:!%#(:>,!'&+-%!?'%!%&$3@&3$,)!&+!%&3)2!

'()! $,:3>'&,! V3'(&3-!4$+4,$&#,%! +*!-'&&,$7qw�mq! "3()'-,(&'>! $,%,'$@0! #(! &0#%! *#,>)! >,)! &+!

-';+$!')5'(@,%! #(!&0,!3(),$%&'()#(:!+*! >#:0&X-'&&,$! #(&,$'@&#+(%!'()!&+! #-4+$&'(&!%+@#,&'>!

'44>#@'&#+(%! %3@0!'%!+4&#@'>! @+--3(#@'&#+(mm�my.! +4&#@'>! #-':#(:mr�mw! '()! >'%,$%39–417! /(! >#(,!

?#&0!&0#%!4#+(,,$#(:!?+$1%.!#&!?'%!%3=%,V3,(&>2!%0+?(!&0'&!5'$#+3%!4$+4,$&#,%!+*!-+>,@3>'$!

%2%&,-%! @+3>)! =,! $,:3>'&,)! =2! %&$+(:! @+34>#(:!?#&0! @'5#&2!-+),%7! K0,! @+$,! +*! &0#%! &0,%#%!

-'(3%@$#4&!*+@3%,%!+(!LGM!%#(@,!#&! #%!3%,)!'%!'!(,?!'44$+'@0!&+!@+(&$+>!@0,-#@'>!$,'@&#+(!

>'()%@'4,%7! "+$! #(%&'(@,.! #(! qihr.! @+>>'=+$'&#+(! =,&?,,(! &0,! &,'-%! +*! 6$+*7! C==,%,(! '()!

6$+*7!9+$'(!),-+(%&$'&,)!&0,!'=#>#&2!+*!LGM!&+!$,)3@,!&0,!$'&,!+*!'!@0,-#@'>!$,'@&#+(7^q!!

! "+$! -+%&! +*! -2! &0,%#%.! /! @+(&$#=3&,)! %#:(#*#@'(&>2! &+! &0,! %&3)2! +*! '! %>#:0&>2! -+$,!

@+-4>,B!$,'@&#+(!%2%&,-!&0'&!?'%!),%#:(,)!&+!),-+(%&$'&,!&0,!'=#>#&2!+*!LGM!&+!)$#5,!&0,!

*+$-'&#+(!+*!+(,!4$+)3@&!$,>'&#5,!&+!'(+&0,$7!/(),,).!&0,!$,':,(&!3%,)!*+$!&0,!,B4,$#-,(&%!

0')! &?+! )#%&#(@&! %#>2>! PG#XMSmQ! '()! %#>2>! ,&0,$! PG#XuSmQ! :$+34%! &0'&! @+3>)! =,! @+-4,&#&#5,>2!

),4$+&,@&,)! =2! KED"7! R#(,&#@! '('>2%#%! 0'%! %0+?(! &0'&! &0,! LGM! +*! ,#&0,$! %#&,! PG#XM! +$! G#XuQ!

*'5+$,)!&0,!@>,'5':,!+*!&0,!G#Xu!=+()!+5,$!&0,!@>,'5':,!+*!&0,!+&0,$?#%,!1#(,&#@'>>2!*'5+$,)!

G#XM! =+()7! K0,$-+)2('-#@! '('>2%#%! $,5,'>,)! &0'&! &0,! '@&#5'&#+(! ='$$#,$! '()! ,(&$+42!

'@&#5'&#+(! +*! &0,! %2%&,-! #(@$,'%,)! 3(),$! LGM.! %3::,%&#(:! '! ]4$+)3@&X>#1,]! &$'(%#&#+(! %&'&,!

&0'&! #%! %>#:0&>2! >,%%! %&$'#(,)! &0'(! &0,! %&'()'$)! &$'(%#&#+(! %&'&,! 1(+?(! *+$! &0#%! &24,! +*!

),4$+&,@&#+(!$,'@&#+(7!K0#%!?+$1!0'%!=,,(!)#%@3%%,)!#(!@0'4&,$!//!'()!43=>#%0,)!#(!G@#,(@,7!/&!

@+(%&#&3&,%! '! 4$++*X+*X@+(@,4&! %0+?#(:! &0'&! #&! #%! 4+%%#=>,! &+! @+(&$+>! $,'@&#+(! %,>,@&#5#&2!

&0$+3:0!LGM7q!



! hmm!

! /(! '(! ,**+$&! &+! )#%@+5,$! (,?! *,'&3$,%! +*! LGM.! ?,!?'(&,)! &+! ,5'>3'&,! #&%! '=#>#&2! &+!

,(0'(@,! @0,-#@'>! $,'@&#+(%! $'&,%7! /! @0+%,! &+! ?+$1! +(! '! ?,>>X1(+?(! $,'@&#+(! *$+-! &0,!

>#&,$'&3$,Y!&0,!,4+B#)'&#+(!+*!'(!+>,*#(!?#&0!<quq!#(!<"/67!D!1#(,&#@!%&3)2!+*!&0#%!$,'@&#+(!=2!

E,$1,%%,>!IH!AK+!$,5,'>,)!'!@$3@#'>!@'&'>2&#@!$+>,!+*!&0,!%+>5,(&!P<"/6Q!'&!0#:0!@+(@,(&$'&#+(.!

?0#@0! #%! =$+3:0&! =2! @>3%&,$%! '%%,-=>27qq! K0,! 4$,>#-#('$2! $,%3>&%! 4$,%,(&,)! #(! @0'4&,$! ///!

%,,-! &+! #()#@'&,! '! ^7wX*+>)! #(@$,'%,! #(! &0,! $,'@&#+(! $'&,! 3(),$! LGM7! <+?,5,$.! '(!

+4&#-#\'&#+(! +*! &0,! ,B4,$#-,(&'>! @+()#&#+(%! #%! $,V3#$,)! &+! @+(*#$-! &0#%! #(&,$,%&#(:! $,%3>&7!

9+$,+5,$.! #(! 5#,?!+*! &0,! $,%4+(%,!+=&'#(,)!=2! @+34>#(:! &0,! Pu<Q%&$7!+*!<"/6! '::$,:'&,%! #(!

4$,>#-#('$2!,B4,$#-,(&%.!#&!#%!%3%4,@&,)!&0'&!+(>2!+(,!&24,!+*!<"/6!'::$,:'&,%.!),4,()#(:!+(!

&0,! @+(*+$-,$%! #(%#),! &0,! '::$,:'&,! #&%,>*.! #%! %,(%#&#5,! &+! LGM! '()! &0,$,*+$,! @'&'>2&#@'>>2!

$,>,5'(&7!!

! D(!#(5,$%,!RG/C!?'%!+=%,$5,)!?0,(!<"/6XLhPuXFQ!?'%!3%,)!'%!'!%+>5,(&!#(!'!"$#,),>X

M$'*&%!$,'@&#+(!%&3)#,)!=2!+(,!+*!-2!@+>>,':3,%^m7!/(!&0,!*3&3$,.!%3@0!'!-+),>!$,'@&#+(!@+3>)!

=,! 3%,)! &+! ,B4>+$,! &0,! 4+%%#=#>#&2! +*! 3%#(:! LGM! '%! '!-#-#@! +*! &0,! R/C!?0,$,! (+! @0,-#@'>!

-+)#*#@'&#+(!?+3>)!=,!$,V3#$,)!+(!&0,!%3=%&$'&,7!

! D>>! &0,%,! $,%3>&%! @+(&$#=3&,! &+! %0+?! &0'&! LGM! 4$+5#),%! '! ?,'1X*#,>)! $++-X

&,-4,$'&3$,! -,&0+)! &0'&! 0'%! &0,! 4+&,(&#'>! &+! =,@+-,! '(! ,5,$2)'2! &++>! *+$! @0,-#%&%! &+!

402%#@'>>2! @+(&$+>! @0,-#@'>! $,'@&#5#&2! ?#&0+3&! @'&'>2%&%.! 4$,X*3(@&#+('>#\'&#+(.! +$! @0,-#@'>!

@0'(:,%! &+! &0,! $,'@&#+(! @+()#&#+(%! '()! @+3>)! '>%+! 4$+5#),! '! (,?! &++>! *+$! -,@0'(#%&#@!

%&3)#,%7



! hm^!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!$$'F,

!

!

!

!

!

!

!

!

!

!

!

!



!



! hmy!

!$$'F,T,*'+!&/,90%*%+',/'A2'$"'/,%.,+>',0'4'0/',#0'-/,
":"&' 

! F3$#(:!&0,!*#$%&!-+(&0%!+*!-2!&0,%#%.!/!4'$&#@#4'&,)!#(!&0,!-'#(!4$+;,@&!+*!6$+*7!8+%,40!

9+$'(A%!&,'-.!('-,>2Y!&0,!3(),$%&'()#(:!+*!&0,!+$#:#(!+*! >#*,7!D%!4'$&!+*!&0#%!4$+;,@&.! /!@+X

'3&0+$,)!'(!'$&#@>,!43=>#%0,)!#(!I'&3$,!C@+>+:2!z!C5+>3&#+(7!!

! /(! &0#%! '$&#@>,.! ?,! %3@@,%%*3>>2! $,4$+)3@,).! (+(X,(\2-'&#@'>>2! '()! #(! '! 4$,X=#+&#@!

,(5#$+(-,(&.! r! +*! &0,! hh! %&,4%! +*! &0,! #(5,$%,! R$,=%! @2@>,7! K0#%! @2@>,.! '&! &0,! 0,'$&! +*! &0,!

-,&'=+>#%-!+*!@,$&'#(!4$#-#&#5,!+$:'(#%-%.!'>>+?%!&0,!%2(&0,%#%!+*!&0,!*#5,!4$,@3$%+$%!'&!&0,!

+$#:#(!+*!%3:'$%.!'-#(+!'@#)%!+$!+&0,$!-+>,@3>,%!,%%,(&#'>!&+!&0,!-,&'=+>#%-!+*!>#5#(:!=,#(:%A!

@,>>%7! K0'(1%! &+! =#+>+:2.! #&! #%! (+?! ?,>>! ,%&'=>#%0,)! &0'&! &0,! ,(\2-,%! 4$,%,(&! #(! >#5#(:!

+$:'(#%-%!-'1,!&0#%!@0,-#%&$2!4+%%#=>,7!K+!$,4$+)3@,!&0#%!@2@>,!#(!'!4$,X=#+&#@!,(5#$+(-,(&!

'()!?#&0+3&!,(\2-,%.!?+3>)!:#5,!#(%#:0&!#(&+!&0,!@+()#&#+(%!3(),$!?0#@0!>#*,!,-,$:,)7!!

! K0#%! @+-4>,B! '()! *'%@#('&#(:! 4$+;,@&! ?+3>)! ),%,$5,! &+! =,! ),5,>+4,)! #(! %,5,$'>!

@0'4&,$%.!=3&!%#(@,!#&!#%!5,$2!)#**,$,(&!*$+-!&0,!LGM!4$+;,@&!+(!?0#@0!/!0'5,!?+$1,)!*+$!&0,!

-+%&! 4'$&! +*! -2! &0,%#%.! /! 0'5,! ),@#),)! &+! ,(@>+%,! &0#%! '$&#@>,! '%! '(! '((,B7!



ARTICLES
DOI: 10.1038/s41559-017-0311-7

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

Institute of Supramolecular Science and Engineering (ISIS UMR 7006), University of Strasbourg, National Center for Scientific Research (CNRS), F-67000 
Strasbourg, France. *e-mail: moran@unistra.fr

L
ife is inextricably linked to metabolism—a complex web of chem-
ical reactions that build up (anabolize) and break down (catabo-
lize) biomolecules. At the earliest stages of prebiotic chemistry 

at the origin of life, before the advent of enzymes or cells, synthetic 
chemical pathways must have acted to build molecular complex-
ity from simpler starting materials1,2. However, debate exists over 
whether such a proto-anabolism “must generally be different from the 
underlying chemistry used in biology”3 or whether it is recapitulated 
in extant anabolic pathways4–9. The former philosophy has inspired 
masterful syntheses of crucial biological molecules using chemical 
building blocks and custom-made synthetic routes that bear little 
resemblance to those used by life’s anabolic pathways. Although this 
approach is important, it inevitably leaves a vast gulf between the pur-
ported prebiotic chemistry and the biochemistry it ultimately aims to 
explain10. An alternative view is that primitive forms of certain exist-
ing biological anabolic pathways could have originated spontaneously 
from geochemistry through naturally occurring catalysts before the 
existence of enzymes, RNA or cells—a parsimonious explanation 
for the emergence and organization of biochemistry. Indeed, Ralser 
et al. demonstrated that several catabolic pathways, including most 
of the oxidative TCA cycle, are promoted without enzymes simply 
by using Fe2+ as a catalyst and/or peroxydisulfate ions as an oxidiz-
ing agent11–13. In contrast, non-enzymatic catalysis of extant anabolic 
pathways—reaction sequences that build up the complexity of bio-
molecules—remains rare. The anabolic pathways of greatest inter-
est for proto-anabolism are specific reductive CO2-fixing pathways 
used by chemoautotrophs14: the acetyl-CoA (AcCoA) pathway (also 
known as the Wood–Ljungdahl pathway)5–9,15, complete or incomplete 
versions of the reverse tricarboxylic acid (rTCA) cycle (also know as 
the reverse Krebs cycle)16–19 or hypothetical combinations thereof20,21. 
These synthetic pathways are proposed to have been spontaneously 
driven into existence as a mechanism to dissipate geochemical redox 
gradients built up between the Earth’s reduced core (mostly Fe0) and 
its relatively oxidized atmosphere22, providing an origins scenario 
that is continuous from geochemistry to the reductive thermophilic 
carbon-fixing organisms found at the root of the tree of life19,23,24. 

The rTCA cycle exhibits further appeal as a prebiotic pathway since 
it contains all five universal metabolic precursors for biosynthesis, 
consists of only five mechanistically distinct reactions, does not use 
bimolecular reactions between intermediates and possesses an auto-
catalytic feedback loop that could allow it to persist and self-amplify 
under the right conditions18,25. Hypothetical proto-anabolic net-
works consisting of the AcCoA pathway together with the complete 
rTCA cycle20, or the AcCoA pathway together with an incomplete 
linear version of the rTCA that stops after step F in Fig. 1 (see also 
refs 6,21), have also been suggested as primordial synthetic pathways. 
The ‘complete’ hybrid pathway constitutes a stabilized autocatalytic 
network that, once realized, could display robustness in the face of 
low synthetic efficiencies or parasitic reactions, providing a com-
pelling reason for why its molecules were preserved in metabo-
lism. On the other hand, an incomplete linear hybrid network  
is shorter and more plausible under non-enzymatic catalysis due  
to the challenge of diminishing yields faced in any sequence of 
chemical reactions26.

The reductive coupling of two molecules of CO2 to acetate 
(1), equivalent to the AcCoA pathway, has been observed under 
aqueous conditions either by using Fe0 nanoparticles as reducing 
agents or through electrochemistry on greigite electrodes, albeit 
in small quantities and with poor selectivity27–29. Production of 
1 from CO and MeSH in the presence of (Fe,Ni)S has also been 
reported30. Experimental efforts to test the plausibility of a prebi-
otic rTCA cycle have not been as encouraging31,32. Thus far, only 
two non-consecutive steps of the rTCA cycle (steps C and E in 
Fig.  1) have been reported with a greater than 5% yield under 
plausibly prebiotic conditions using mineral photocatalysis32. 
Notably, pyruvate (2) has been observed in low yields under elec-
trochemical28 and CO-rich hydrothermal conditions33. Further 
efforts are needed to test the plausibility of an abiotic (complete 
or incomplete) rTCA cycle which, when viewed together with 
an abiotic AcCoA pathway, would provide a satisfying theory 
for the origin and organization of modern biochemistry. Here, 
we describe our efforts to assess the prebiotic viability of the six 
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reduction and (de)hydration steps of the rTCA cycle under the 
influence of metals and metal ions34.

Results and discussion
Of initial consideration was a search for a viable reducing agent for 
the two ketone reductions (steps C and H) and one alkene reduction 
(step E). In biological systems, steps C and H use nicotinamide ade-
nine dinucleotide phosphate as reducing agent and are catalysed by 
malate dehydrogenase and isocitrate dehydrogenase, respectively. 
Step E uses flavin adenine dinucleotide as a reducing agent and is 
catalysed by fumarate reductase. The ketone reductions are thought 
to be challenging as prebiotic processes due to the rapid spontane-
ous decarboxylation of oxaloacetate (3) and oxalosuccinate (8)35.  
In aqueous solution, 3 has indeed only been observed to be reduced 
photochemically32. A preliminary screen of simple chemical reduc-
ing agents (Fe0, Ni0, Zn0, Mn0, Mo0 and Na2S2O4) at various tem-
peratures and across pH ranges revealed several that were capable 
of some or all of the reductions, but Fe0 under acidic aqueous condi-
tions stood out for its unique ability to accomplish all three desired 
individual reductions (Table  1, entries 1–3) while minimizing 
undesired parasitic reactions and promoting sequences (see below). 
These observations, in addition to the geological relevance of iron 
as the major constituent of the Earth’s core and the widespread 
occurrence of its salts in native element minerals, prompted us to 
select Fe0 as the reducing agent for further experiments.

In biological systems, the dehydrations of malate (4) to fumarate 
(5) and of isocitrate (9) to cis-aconitate (10) (steps D and I) are carried 
out by the enzymes malate dehydratase and aconitase, respectively. 
We surmised that these steps should be particularly prone to metal 
ion catalysis as some dehydratases are Fe2+ dependent and aconitase 
makes use of a Lewis acidic Fe–S cluster to facilitate isocitrate dehy-
dration36. The dehydrations of 4 and 9 are both slightly endergonic 
(+ 2.3 kJ mol–1) at neutral pH18. Perhaps not surprisingly given these 
unfavourable thermodynamics, in both cases, no more than trace 
dehydration products were detected upon heating to 140 °C in acidic 
or basic solution, even in the presence of a wide selection of metal 
ions. In contrast, the thermodynamically favoured hydration of 5 

to 4 occurred even in the absence of metal ions (Table 1, entry 4).  
We therefore sought to push the dehydration forward by coupling 
the small amounts of 5 generated at chemical equilibrium to the 
subsequent irreversible reduction step (steps D and E). A screen of 
various metal ions in the presence of Fe0 revealed that Zn2+ ions in 
acidic solution at 140 °C were effective in mediating the dehydration 
of 4 to 5 and putative reduction to 6 in a single operation, albeit in 
low yield (Table 1, entry 5; see also Supplementary Table 2). Next, 
we carried out the same reaction in the presence of a 1% w/w aque-
ous micellar solution of α -tocopherol methoxypolyethylene glycol 
succinate, a popular non-ionic surfactant that self-assembles into 
nano-sized reaction compartments37, and found that it promoted the 
two-step sequence even at ambient temperature (Table 1, entry 6).  
Although this micelle has no direct prebiotic relevance, the experi-
ment supports existing ideas that compartmentalization can enhance 
the efficiency of prebiotic metabolic processes1. A similar screen of 
metal ions at various temperatures and pH values revealed that  
the dehydration of 9 to 10 was also promoted by Zn2+ ions under hot 
acidic aqueous conditions (Table 1, entry 7; see also Supplementary 
Table 3). As with the enzymatic system, step I was reversible under 
these conditions (Table 1, entry 8).

The sole hydration reaction of the rTCA cycle is the hydration of 
10 to citrate (11) (step J), a reaction that is also carried out in bio-
logical systems by the Fe–S cluster enzyme aconitase. All attempts 
to observe this reaction under simple acid or base catalysis failed. To 
our delight, a screen of more than 20 different metal ions at various 
temperatures and pH values revealed that Cr3+ was uniquely effec-
tive at enabling hydration to yield substantial amounts of citrate in 
acidic solution at 140 °C (Table 1, entry 9)38. Much smaller amounts 
of citrate were observed in the presence of other metal ions or at 
lower temperatures (Supplementary Table 4). Again, as in the enzy-
matic system, step J was found to be reversible under these con-
ditions (Table  1, entry 10). The observation that Zn2+ and Cr3+ 
promoted hydration and dehydration only under acidic conditions 
can be ascribed to the tendency of metal cations to become aquated 
at low pH, where they may form structurally diverse polynuclear 
species that can complex the rTCA acids. In contrast, under alkaline 

Me SR

O

Me

O

O

O

O

O

O

O

O

OH

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O
OO

OH

O

O

O

O
OO

–

–

–

–

–

– –

–

–

–

–
–

–
–

–
–

––

––

–

–

–

O

O

O

O
OO

OH

AcCoA

2

3

4

5

6

7

8

9

11

O

O

O

O

O

O

O

O

O
OO

10

E

Lipids

Alanine
Sugars

Aspartate and
other amino acids
Pyrimidines

Pyrroles
(co-factors)

Glutamate
and other
amino acids

Reductive carboxylation
(CO2 + 2e– + 2H+ + (ATP))

Carboxylation (CO2 + ATP)

Reduction (2e– + 2H+)

Retro-aldol cleavage (ATP)

AcCoA pathway

CO2

rTCA cycle

A

B

C

F

G

H

K

D

I

J

± H2O

Fig. 1 | Hypothetical proto-anabolic network consisting of the AcCoA pathway (CO2 to AcCoA) and the rTCA cycle. This pathway includes the epicycle 

for synthesis of 3, showing the role of its intermediates as universal biosynthetic precursors19,20. The steps of the cycle are labelled alphabetically. Variants 

with an incomplete rTCA cycle that stops after step F have also been proposed6,21. ATP, adenosine triphosphate.
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aqueous conditions, many transition metal ions form hydroxides 
that do not efficiently bind carboxylic acids. By analogy with pre-
vious studies on metal ion promoted hydration38, we propose that 
upon binding of the carboxylic acid to the aquated metal ion, the 
dehydration (Fig. 2a) or hydration (Fig. 2b) occurs with the assis-
tance of water molecules present in the second coordination sphere 
of the metal complex. This proposed mechanism is also similar to 
the well-studied mechanism of enzymatic hydration–dehydration 
catalysed by aconitase, in the sense that Zn2+ performs the function 
of the Fe–S cluster’s ‘isocitrate mode’ and Cr3+ performs the func-
tion of its ‘citrate mode’39.

The realization that various combinations of Fe0, Zn2+, Cr3+ 
and micelles can mediate the individual reduction, dehydration 
and hydration reactions of the rTCA cycle prompted us to assess 
their mutual compatibility for three-step reduction–(de)hydration 
sequences. The reduction–dehydration–reduction sequence start-
ing from 3 (steps C, D and E) works in the presence of all promot-
ing components to deliver 6 even at ambient temperature (Table 1, 
entry 11; see Supplementary Table  1 for control experiments). 
Next, we evaluated the three-step reduction–dehydration–hydra-
tion sequence spanning steps H, I and J. When an acidic aqueous 
solution containing 8, Fe0, Zn2+ and Cr3+ was heated to140 °C, 11 
was formed (Table 1, entry 12). The presence of micelles had little 
effect on the outcome of this sequence (Table 1, entry 13). These 
results demonstrate that sequences of non-enzymatic reactions 
of the rTCA cycle are possible with the help of simple, mutually 
compatible reagents.

A notable criticism by Orgel26 concerning the hypothesis of 
a prebiotic complete rTCA cycle is the difficulty for simple non-
enzymatic catalysts to promote the reactions of the cycle over para-
sitic reactions with sufficient selectivity to achieve the theoretical 
50% efficiency threshold such that autocatalysis could self-sustain 
or self-amplify. Although this criticism does not take into account 
the possibility that the rTCA cycle might be sustained at lower 
efficiency thresholds with the help of feeder pathways such as the 
AcCoA pathway20, it nonetheless correctly points out that on-cycle 
versus off-cycle selectivity imposes important kinetic constraints on 
the sustainability of an autocatalytic reaction network. We there-
fore set out to assess the level of selectivity for on-cycle (steps C, E 
and H) over off-cycle reduction reactions (mauve arrows, Fig. 3). 
Several potential ‘dead-end’ reduction reactions may lead off-cycle, 
such as the reduction of 2 to give lactate (12), the reduction of  
α -ketoglutarate (7) to give α -hydroxyglutarate (13) and the reduc-
tion of 10 to give tricarballylate (14). A competitive reduction exper-
iment on a mixture of five rTCA cycle intermediates (2, 3, 5, 7 and 
10) in the presence of all identified reaction promoters (10 equiv 
Fe0, Zn2+, Cr3+ and micelles) revealed that less than 5% of the com-
pounds observed in the mixture after 3 h at 40 °C were derived from 
off-cycle reduction (Table 1, entry 14). Notably, a similar competi-
tive reduction experiment using Ni0 as the reducing agent gave even 
higher levels of selectivity, but Ni0 was less effective at promoting 
reaction sequences (Supplementary Tables 5 and 7). Since the most 
sensitive compounds, such as 3 and 8, were both reduced at tem-
peratures below 40 °C, the survival of a complete reaction network  

Table 1 | Non-enzymatic reactions of the rTCA cycle

Entry Substrate 

(0.1 mmol)

Conditionsa Species detected in the mixture post-reaction (%)b

Fe0 

(equiv)

Zn2+ 

(equiv)

 Cr3+ 

(equiv)

Micelles On-cycle Off-cycle

2 4 5 6 7 9 10 11 12 13 14 15

Reduction

1 3 10 – – – 90 10

2c 5 10 – – – 15 20 65

3d 8 10 – – – 2 98

Hydration–dehydration

4e 5 – – – – 77 23

5e 4 10 10 – – 94 4 2

6f 4 10 10 – Yes 82 7 11

7e,g 9 – 1 – – 51 49

8e,g 10 – 1 – – 12 88

9h 10 – – 6 – 67 33

10h 11 – – 6 – 23 77

Three-step sequences

11f 3 10 15 4 Yes 52 3 41 4

12i 8 5 10 6 – 65 30 2 3

13i 8 5 10 6 Yes 5 72 21 2

Competitive reduction

14d 2 + 3 + 5 + 7 
+ 10

10 15 6 Yes 20 6 18 4 20 28 2 2 < 1

Reductive amination

15j 2 10 – 3 – 3 97
aUnless otherwise specified: 1 M HCl in H2O for 16 h at 140 °C. bReported values were determined by gas chromatography–mass spectrometry after a derivatization procedure and represent the average of 

at least two runs. 3 and 8 were not detected by this method and have thus been omitted. c3 h at 140 °C. d3 h at 40 °C. e48 h at 140 °C. f20 °C at 24 h. gReaction in 1 M H2SO4 in H2O for 16 h at 140 °C.  
h1 h at 20 °C and 24 h at 140 °C. iThermal cycling: 16 h at 140 °C, then 10 h at 20 °C, then 16 h at 140 °C. jReaction with hydrazine hydrate (2 equiv); 1 M HCl in H2O at 80 °C for 16 h. See the Supplementary 

Information for additional control experiments, mean absolute deviations and the crude 1H NMR spectra of selected reactions.
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shown in Fig. 1 may be feasible in the presence of Zn2+ and Cr3+ 
in a reaction environment that cycles over a temperature gradient 
of approximately 20–140 °C and where 3 and 8 are produced and 
reduced at the cooler end of the temperature range. It is not clear 
whether such thermal cycling could be achieved in a natural envi-
ronment under acidic conditions. However, since steps C to E occur 
at 20 °C in the presence of Zn2+ and micelles, the observed selectiv-
ity is also compatible with a linear reaction network incorporating 
the AcCoA pathway and an incomplete rTCA cycle that stops after 
step F, without invoking thermal cycling6,21.

A crucial aspect of any prebiotic reaction network is the abil-
ity to branch out into productive synthetic pathways that might 
eventually contribute to the stability of the network. We therefore 
became interested in the production of α -amino acids by reductive 
amination of the α -ketoacids of the rTCA cycle, in analogy with bio-
synthesis (Fig. 3, light blue arrow). Although reductive amination  

of α -ketoacids with NH3 in aqueous solution is known40,41, it is chal-
lenging under the highly acidic conditions required for metal ion 
promotion of the rTCA cycle since all NH3 is trapped as NH4

+. We 
speculated that NH2NH2, which is an intermediate and product of 
biological and abiological N2 reduction42,43, could be an effective 
surrogate for NH3 under acidic conditions, since it should retain 
one free amino group and thus remain available for reaction with 
α -ketoacids. The initial product of reductive amination of the  
α -ketoacid with hydrazine is presumably a hydrazinium acid, which 
possesses a weak N–N bond and which we suspected could be subse-
quently cleaved under the same reducing conditions to yield amino 
acids (Fig. 2c). Indeed, exposure of 2 to just 2 equiv of NH2NH2 and 
excess Fe0 under typical acidic conditions at 80 °C resulted in the 
formation of alanine (15) as the major product (Table 1, entry 15).  
This reactivity was maintained with Fe0 across a wide temperature 
range (25–140 °C), while the use of Ni0 as a reducing agent fur-
nished 15 only at 140 °C (Supplementary Table  6). The requisite 
amount of NH2NH2 is notably far less than the greater than 100-
fold excess of NH3 required in other reductive aminations under 
aqueous conditions40, allowing reduced nitrogen to be viewed as a 
limiting feedstock for prebiotic chemistry, rather than one required 
in large excess.

Conclusion
We have demonstrated that more than half of the rTCA cycle—an 
anabolic pathway central to biochemistry—can be promoted under 
a common set of conditions by just two metal ions and driven by Fe0 
with on-cycle selectivity, a feat normally carried out by the action of 
five different enzymes. Amino acid synthesis via reductive amina-
tion using Fe0 and NH2NH2 also occurs under typical conditions. 
These observations bolster the plausibility of a non-enzymatic 
rTCA cycle or an incomplete variant thereof as a prebiotic path-
way and should be taken into account in future attempts to model 
prebiotic metabolism44. They also demonstrate that metal ions such 
as Zn2+ and Cr3+ can promote reactions typically associated with 
Fe–S cluster enzymes. Indeed, several authors have argued for an 
important role for Zn2+ in prebiotic chemistry or early life45,46. The 
conditions described here are remarkably similar to those reported 
for the generation of 1 from CO2 and Fe0 nanoparticles,27 providing 
hope that a prebiotic reaction network containing both the AcCoA 
pathway and (at least parts of) the rTCA cycle may eventually be 
identified. The acidic conditions identified for metal ion promo-
tion of the rTCA cycle seem more compatible with acidic or locally 
acidic metal-rich environments such as those found in some hydro-
thermal fields and hydrothermal vents47,48. This is in agreement 
with previous observations of enhanced stability of peptide, RNA 
phosphodiester and aminoacyl–(t)RNA bonds at acidic pH (ref. 49). 
Although Fe0 and Ni0 are themselves generally considered to be rare 
near the Earth’s surface, we note that electric currents with nega-
tive potentials have recently been observed across the surfaces of 
acidic hydrothermal vents50. An electric current with a potential 
between those of Fe0 and Ni0 could provide a continuous supply of 
electrons with similar reactivity and selectivity to that observed in 
our study. Ongoing investigations in our laboratories are focused 
on identifying catalysts and conditions for the C–C bond-forming  
reactions of the rTCA cycle and the AcCoA pathway, as well as 
interfacing with other productive off-cycle anabolic pathways 
including gluconeogenesis.

Methods
Analytical methods. Gas chromatography–mass spectrometry analysis was 
performed on a GC System 7820 A (G4320) connected to an MSD block 5977E 
(G7036A) using an Agilent high resolution gas chromatography column 
(PN 19091 S – 433UI, HP – 5MS UI; 28 m ×  0.250 mm; 0.25 Micron, SN USD 
489634 H). All samples were prepared in ethyl acetate (200 μ l sample volume). 
!e analysis was carried out on a splitless 1 μ l injection volume with an injection 
port temperature of 250 °C. !e column oven temperature programme was as 
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follows: 60 °C for 1 min, ramped at 30 °C min−1 to 310 °C with a 3 min hold, 
with a total running time of 12.33 min. !e mass spectrometer was turned on 
a"er 2 min and operated at the electron ionization mode with a quadrupole 
temperature of 150 °C. Data acquisition was performed in the full-scan mode 
(50–500). Hydrogen (99.999% purity) was used as the carrier gas at a constant 
flow rate of 1.5 ml min−1.

Derivatization and product identification. For optimal gas chromatography 
resolution, the carboxylic acids used in this study were converted to ethyl 
esters using a mixture of ethanol and ethyl chloroformate or to methyl 
esters using a mixture of methanol and methyl chloroformate, as described 
in the Supplementary Information. Reaction products were identified by 
comparing the mass spectra and retention times of derivatized authentic 
samples (Supplementary Figs. 1–15) against analogously derivatized samples 
obtained from the reaction (Supplementary Figs. 16–54). Ethyl chloroformate 
derivatization was preferred for small molecule substrates (2, 12, 4, 5, 6, 7, 13 
and 15), while methyl chloroformate derivatization gave clearer results (fewer 
elimination by-products and better resolution) for 10, 14, 9 and 11.

Quantification and error analysis. For the purposes of this study, we have not 
reported the absolute percentage yields based on the number of moles of the 
starting materials, but rather the percentage contributions to the total composition 
of the final reaction mixture. This allowed us to account for potential concentration 
changes due to solvent loss (since many reactions were carried out in sealed tubes 
at temperatures above the boiling point of water), as well as potentially incomplete 
extraction during the derivatization procedure. The compound distributions were 
calculated by comparing the product peak area with the gas chromatography–mass 
spectrometry calibration lines (Supplementary Figs. 55–67). Each reaction was 
performed at least twice and the reported percentage compositions are an average 
of these runs. Mean absolute deviations associated with the mean values shown in 
Table 1 can be found in Supplementary Table 1.

General procedure for Fe0, Zn2+ and Cr3+, and Ni0, Zn2+ and Cr3+ promoted 
reactions. To a 10 ml Pyrex pressure tube containing a Teflon-coated magnetic stir 
bar was added (unless otherwise specified) carboxylic acid substrate(s) (1 equiv, 
0.100 mmol of each acid), Fe0 or Ni0 powder (10 equiv, 1.0 mmol, 56 mg Fe0 or 
59 mg Ni0) and/or ZnCl2 (15 equiv, 1.50 mmol, 204 mg) and/or Cr2(SO4)3·12H2O 
(3 equiv, 0.300 mmol, 183 mg). This was followed by the addition of 3 ml of solvent 
(unless otherwise specified: 1 M HCl in H2O). The contents of the tube were flushed 
with argon for ≈  30 s. The tube was then quickly sealed and the reaction mixture 
magnetically stirred for 16 h in a 12 tube metal heating block that was maintained at 
an internal temperature of 140 °C using an electronic thermocouple. The reaction tube 
was then removed from the heating block and allowed to cool to room temperature 
before derivatization and gas chromatography–mass spectrometry analysis.

General procedure for reductive amination. A solution of sodium pyruvate  
(1 equiv, 0.100 mmol, 11.0 mg) and Cr2(SO4)3·12H2O (3 equiv, 0.300 mmol, 183 mg) 

in 1 M HCl in H2O (3 ml) was added to a 10 ml Pyrex pressure tube containing 
a Teflon-coated magnetic stir bar. Hydrazine monohydrate (2 equiv, 0.20 mmol, 
~10 μ l) was then added, followed by Fe0 or Ni0 powder (10 equiv, 1.0 mmol, 56 mg 
Fe0 or 59 mg Ni0). The tube was then quickly sealed and the reaction mixture 
magnetically stirred for 16 h in a 12 tube metal heating block that was maintained 
at the specified internal temperature (20–140 °C) using an electronic thermocouple. 
The reaction tube was then removed from the heating block and allowed to 
cool to room temperature before derivatization and gas chromatography–mass 
spectrometry analysis.

Metal screens for malate dehydration. Inorganic salts containing the following 
metals were used in the reaction screen: Zn2+, Cu2+, Ni2+, Co2+, Fe2+, Mn2+, Cr2+ 
and V2+. Zn2+ gave the best yields when used together with Fe0 (two-step reaction). 
For detailed metal screens, see Supplementary Table 2.

Metal screens for isocitrate dehydration. Inorganic salts containing the following 
metals were used in the reaction screen: Zn2+, Cu2+, Ni2+, Co2+, Fe2+, Mn2+, Cr2+, 
V2+, Pd2+, Cd2+, Fe3+, Mn3+, Cr3+, As3+, Ru3+, Ir3+, Rh3+ and Ti3+. Zn2+ was selected 
for further experiments due to high yields and geochemical accessibility, although 
substantial reactivity was also observed for Cr2+, Pd2+, Fe3+, Mn3+, As3+, Ru3+, Ir3+ 
and Rh3+. For detailed metal screens, see Supplementary Table 3.

Metal screens for aconitate hydration. Inorganic salts containing the following 
metals were used in the reaction screen: Cu+, Zn2+, Cu2+, Ni2+, Co2+, Fe2+, Mn2+, 
Cr2+, Cd2+, Hg2+, Fe3+, Co3+, Mn3+, Cr3+, Ti3+, Ru3+, Mo4+, W4+, Mo6+ and W6+. 
Only Cr3+ returned a substantial positive result. For detailed metal screens, see 
Supplementary Table 4.

Data availability. The data that support the findings of this study are available in 
the Supplementary Information.
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