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!
7,7,* CH#&4%2%);%<)[!\M7TFMA".<H$.3<H$2Z'<%#)
!

;)#! IR*$8#'#! 5#.! eQf3P7.R&'@4.#*! )'$! ,/*! 5#.! ;4.782B8.4*>! 8#.! #)*#! '#8.! #)*2%78#! Q)*36/(23

IR*$8#'#C! +#)! 5#.! %&&#! Q54=$#! )*! P7#$%*8R5.)5! >#&S'$!<#.5#*C! 6.)#$8R&%1)*! 8)*04>#>#+#*! 4*5!

5%'! W%*0#! N[8! >#=/78$! <).5:! F%78! P+=B8&#*! <).5! 5#.! P*'%$0! 1)$! ;)#$8R&#$8#.! 4*5! ]%''#.!

,#.'#$0$! 4*5! 1)$! F%jY! %4'>#'78B$$#&$:! ;)#! ,#.#)*)>$#*! ]%''#.(8%'#*! <#.5#*! 1)$! YH&!

%*>#'@4#.$C! </+#)! 5)#! >#<B*'78$#! P7.R&'@4.#! %4'2@&&$:! ;4.78! '@4&#*78./1%$/>.%(8)'78#!

P42.#)*)>4*>! #.8@&$! 1%*! 5%'! >#<B*'78$#! -./54=$:! Q'! 8%*5#&$! #'! ')78! 5%+#)! 41! 5)#! -#.=)*3

9#%=$)/*C! +#)! 5#.! %./1%$)'78#! P&5#8R5#! 1)$! I@4.#%*8R5.)5#*! 04.! 9#%=$)/*! >#+.%78$! 4*5! %&'!

-./54=$#!$C'34*>#'@$$)>$#!H%.+/*'@4.#*!#.8%&$#*!<#.5#*MZNOMZDO:!

J4*@78'$! .#%>)#.$! 5)#! #)*>#'#$0$#! -8#*R&#'')>'@4.#! 1)$! P7#$%*8R5.)5! 041! >#1)'78$#*!

I@4.#%*8R5.)5:!;%54.78!,#.'$@.=$!')78!5)#!HY3P7)5)$@$!%1!+#*0R&)'78#*!H3P$/1C!</54.78!#)*#!

;#(./$/*)#.4*>!%*!5)#'#.!I$#&&#!&#)78$!#.1S>&)78$!<).5!eP++:!D:L:f:!

!

!

!

!

!""#$B#E$'*+6'*$A')16/,0++8<*/66$4'*$I'*1/09A')16/,0\$5Y06<'+'$4'+$7';/+8<6'0$5^3*')0<Y4*/4+#$

!

;%'! '/! #*$'$#8#*5#! H%.+%*)/*! =%**! *4*! *47&#/(8)&! %1! H%.+/*R&3H3P$/1! 5#'! V#*0%&5#8R5'!

%*>.#)2#*:!;4.78! )*$.%1/&#=4&%.#!]%''#.%+'(%&$4*>! #*$'$#8$! #)*!P7.R&'@4.#%*8R5.)5C!<#&78#'!

+#)! J4>%+#! ,/*!]%''#.! >#'(%&$#*!<).5! 4*5! 5%'! >#<B*'78$#! P7.R&'@4.#5#.),%$! 2.#)! >)+$! eP++:!

D:Tf:!F#+#*!5#.!>#<B*'78$#*!Q3A/.1!=%**!%478!5)#!J3A/.1!#*'$#8#*:!;)#!P42.#)*)>4*>!#.2/&>$!

5%**!'@4&#*78./1%$/>.%(8)'78:!

!

!

!

!

!

!

!

OH

O

O

OO

O

O O

OH

O

+ +

R1

O

O O

R1

O

O O

R1

R1

+ Base B-

- HB



CH#&4%2%) 7F)

!
!

!

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$
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!""#$B#H$K@'/6'*$A')16/,0++8<*/66$4'*$I'*1/09A')16/,0\$5Y06<'+'$4'+$!8*Y(+^3*'4'*/?)6'+$

!

!

S%<0"#;'#() P+) P7)

<=>?@?<A?!%)0"$(1,B/$C,D0%$C,>?7?D0%$C,"-EC,(F1E%* 3IejfDHYL! 3Y!
<=>?7?<@?GE/2/D0%$C,>?@?<A?2%)0"$?(1,B/$C,D0%$C,>"-EC,(F1E%* 3IejfDHYL! 3!V.!

!

!

n1! 04!+#<#)'#*C! 5%''! *%78!P42.#)*)>4*>!*4.!5)#! >#<B*'78$#!Q3A/.1!#.8%&$#*!<4.5#C! )'$! ,/*!

5#.! L3eT3"#$8%*'4&2/*R&(8#*R&f3D3(8#*R&%7.R&'@4.#! *%78! ?#.#'$#.4*>! 1)$! N3V4$#*/&! #)*#!

G.)'$%&&'$.4=$4.%*%&R'#!54.78>#2B8.$!</.5#*:!])#!P++:!D:Z!0#)>$C!8%*5#&$!#'!')78!5%+#)!#)*5#4$)>!

41!5)#!Q3A/.1:!
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!
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!

!

!

!

!

!

!

!""#$B#L$S*/+6)((+6*3163*$?,0.F29_369E9'0Y($E9.H9.;'6<Y(+3(C,0Y(2-<'0Y(29B9-<'0Y()8*Y()6$

!

AB.! 5)#! I$.4=$4.%42=&@.4*>! ,/*! eQf3V4$3L3#*R&3D3eL3+./1/(8#*R&f3L3eT3e1#$8R&'4&2/*R&f3

(8#*R&f%7.R&%$!<4.5#*!F"93'(#=$./'=/()'78#!"#$8/5#*!>#*4$0$:!J4*@78'$!<%.!5)#!J4/.5*4*>!

5#.!%./1%$)'78#*!-./$/*#*!)1!NY3F"93I(#=$.41!*/$<#*5)>:!])#!')78!8)#.!)1!I(#=$.41!'78/*!

%&'!?#.4*.#)*)>4*>!%*5#4$#$C! 2)*5#$! )*!bS'4*>!#)*#!G/*2)>4.%$)/*'@*5#.4*>!'$%$$:!V#)! &@*>#.#*!

I$%*50#)$#*!4*5!#.*#4$#.!P42*%81#!#)*#*!F"93I(#=$.41'!&)#>$!5%**!'/</8&!5)#!Q3!%&'!%478!J3

A/.1!,/.:!!

!

!""#$B#R$)*,;)6/+8<'$ I*,6,0'0$ /;$ %`9:&A$ 5-'16*3;$ ?,0$ .F29_369E9'0Y(9B9.E9"*,;,-<'0Y(29E9.H9
.;'6<Y(+3(C,0Y(2-<'0Y(2)8*Y()6$

!
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!

!

$

!""#$B#P$;a7(/8<'$ F9$ "K@#$ M9S,0C/73*)6/,0'0$ ?,0$ _369E9'0Y(9B9.E9"*,;,-<'0Y(29E9.H9.;'6<Y(+3(C,0Y(2$
-<'0Y(2)8*Y()6$

!

n1! 5)#! G/*2)>4.%$)/*! )*! V#04>! %42! 5)#! ;/((#&+)*54*>! 04! =&@.#*C! <4.5#*! FjQ3I(#=$.#*!

%42>#*/11#*:!;4.78! 5#*!G#.*3j,#.8%4'#.3Q22#=$! #.2/&>$! 5%+#)! #)*! I@$$)>4*>'$.%*'2#.! %42! 5#.!

A.#l4#*0!5#'!#)*>#'$.%8&$#*!-./$/*'!4*5! 2B8.$! 04.!I)>*%&,#.'$@.=4*>! )1!P+'$%*5!,/*!L!u!+#)!

-./$/*#*!5)#!#)*#.!]#78'#&<).=4*>!4*$#.&)#>#*:!;4.78!P+0)#8#*!5#'! NY3F"93I(#=$.41'!,/1!

FjQ3I(#=$.41! #.>)+$! ')78! 5%'! FjQ3;)22#.#*0'(#=$.41C! <#&78#'! *4.! */78! 5)#!

I)>*%&,#.'$@.=4*>#*!#*$8@&$:!

J4.!G&@.4*>!5#.!I$.4=$4.!<4.5#*!1#8.#.#!FjQ3;)22#.#*0'(#=$.#*!>#*4$0$:!P&'!Q.'$#'!<4.5#!%42!

5)#!A.#l4#*0!5#'!-./$/*'!W! e')#8#!P++:!D:[f!+#)!\CcL((1!#)*>#'$.%8&$:!J4!'#8#*! )'$!5%+#)!#)*#!

#)*5#4$)>#!]#78'#&<).=4*>!1)$!5#*!-./$/*#*!V!4*5!Vv!4*5!=#)*#!g*$#.%=$)/*!1)$!-./$/*#*!5#'!

+./1)#.$#*!V#*0#*.)*>':!n1!')78#.!04!>#8#*C!5%''!5)#!*)78$!04!'#8#*5#!g*$#.%=$)/*!%4'!#)*#1!

04! >./U#1! P+'$%*5! 5#.! -./$/*#*! .#'4&$)#.$C! <4.5#! 5)#'#.! +#.#78*#$:! ! P++:! D:c! 0#)>$! 5%2B.!

I$.4=$4.#*! )1! Q*#.>)#1)*)141! 1)$! 5#*! +#.#78*#$#*! u3P+'$@*5#*! 5#.! >.B*! 1%.=)#.$#*!

-./$/*#*:! ;)#! V#.#78*4*>#*! 0#)>#*C! 5%''! +#)! 5#.! >#<B*'78$#*! Q3I$#&&4*>! 5#.! P+'$%*5! 5#.!

-./$/*#*! 04! >./U! <@.#C! 41! ')#! 1)$$#&'! FjQ3;)22#.#*0'(#=$./1#$.)#! *%7804<#)'#*:! ]B.5#!

%&&#.5)*>'! 5)#! 4*#.<B*'78$#! J3G/*2/.1%$)/*! ,/.&)#>#*C! <@.#*! I)>%*&#! 54.78! 5#*! G#.*3

j,#.8%4'#.3Q22#=$! 1S>&)78:! I/! 5#4$#*! )*! 5)#'#1! A%&&! 5)#! 2#8&#*5#*! I)>*%&#! %42! 5)#! Q3
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!

!

!

!""#$B#b$:NF9X/CC'*'0K+-'16*3;$ ?,0.F29_369E9'0Y(9B9.E9"*,;,-<'0Y(29E9.H9.;'6<Y(+3(C,0Y(2-<'0Y(2)8*Y()6D$
F/0+6*)<(307$"'/$PJcE--;$

!
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!

!

!

!

!

! ! ! ! ! ! ! ! !

P+'$%*5o!LC^[!u!m!*)78$!')78$+%.! ! ! P+'$%*5o!LC^[!u!m!*)78$!')78$+%.!

!

!

!

!

!

!

!

P+'$%*5o!DCTT!u! ! ! ! ! P+'$%*5o!DCLL!u!

$

!""#$ B#c$ 7';,4'((6'$ 56*3163*'0$ ?,0$ .F29_369E9'0Y(9B9.E9"*,;,-<'0Y(29E9.H9.;'6<Y(+3(C,0Y(2-<'0Y(2)8*Y()6
$ ;/6$4'0$"'*'8<0'6'0$d9!"+6^04'0$/0$_'K37$)3C$4/'$T'@'/(+$7*]0$;)*1/'*6'0$I*,6,0'0$$

ppm (t1)
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CH#&4%2%) 7E)

!

!

$

!""#$B#%e$ :NF9X/CC'*'0K+-'16*3;$?,0$.F29_369E9'0Y(9E9.H9.;'6<Y(+3(C,0Y(2-<'0Y(29B9-<'0Y()8*Y()6D$
F/0+6*)<(307$"'/$PJHb--;$

!

g1! n1=#8.'78&4''! #.2/&>$#! *4*! 5)#! Q)*'$.%8&4*>! %42! -./$/*! H:! ;)#! P4'<#.$4*>! 5#.! I(#=$.#*!

5#4$#$! %478! 8)#.! %42! #)*#! 2#8&#*5#! g*$#.%=$)/*! 04! -./$/*! W:! ;#**/78! =S**#*! 5)#! FjQ3

;)22#.#*0'(#=$.#*!%*!5)#'#.!I$#&&#!*4.!Y)*<#)'#!%42!5)#!>#<B*'78$#!Q3G/*2)>4.%$)/*!>#+#*C!%+#.!

*)78$!5#*!%+'78&)#U#*5#*!V#<#)'!#.+.)*>#*:!

!

7,7,6 A%<"B.&"2"%<'#()B1#)V%$%31:"0)
!

;%'! H#&#7/X)+! <4.5#! %4'! =@42&)78! #.</.+#*#*! H#&#+.#X3G%('#&*! #X$.%8)#.$:! ;%04! <4.5#*!

04*@78'$!5)#!G%('#&*!>#S22*#$!4*5!5%'!-4&,#.!>#'%11#&$:!;%!H#&#7/X)+!'#8.!>4$!)*!P7#$/*!&S'&)78!

)'$C!<4.5#!5%'!-4&,#.!1)$!5#1!bS'4*>'1)$$#&!B+#.>/''#*!4*5!7%:!Z1)*!>#.B8.$:!!;%*%78!)'$!54.78!

A)&$.%$)/*! 5#.! 4*&S'&)78#! 9B7='$%*5! %+>#$.#**$! 4*5! 54.78! Q*$2#.*#*! 5#'! bS'4*>'1)$$#&'! 5%'!

H#&#7/X)+!F"93.#)*!#.8%&$#*!</.5#*:!

n1!5%'!H#&#7/X)+!)*!#)*#*!Q'$#.!4104<%*5#&*C!<4.5#!04#.'$!5)#!"#$8R&>.4((#!%1!V#*0#*.)*>!

1)$! G%&)41(#.1%*>%*%$! 04.! H%.+/XR&>.4((#! /X)5)#.$:! ;)#! %*'78&)#U#*5#! ?#.#'$#.4*>! 5#.!

#*$'$%*5#*#*!I@4.#>.4((#!1)$!5#1!#*$'(.#78#*5#*!P&=/8/&!e6%+:!D:Df!<4.5#!<)#!4*$#.!D:D:N:!

+#'78.)#+#*!54.78>#2B8.$!<#.5#*:!

!

!

ppm (t1)
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CH#&4%2%) 7I)

!

7,F S1/)-%&.$$)=')G%"2%M.#.$1(%#)J$.&"#81/9$%:%#)
!

7,F,+ CH#&4%2%)B1#)Q%&<.34$1<19$.&"#.&)
!

-$p(!YD-$H&[(!GD-$H&[(!GD-$H&T!

AB.! 5)#! Y#.'$#&&4*>! ,/*! 6#$.%78&/./(&%$)*%$! <4.5#! #)*#! -&%$)*1B*0#! eccCcck! A#)*(&%$)*f!

,#.<#*5#$:!J4*@78'$!<).5!5)#'#!1)$!P7#$/*!#*$2#$$#$!4*5!%*'78&)#U#*5!)*!GS*)>'<%''#.!+#)!Za3

[apH! %42>#&S'$:! ;#.! bS'4*>',/.>%*>! 5%4#.$! 1#8.#.#! 6%>#:! ;%+#)! <).5! $@>&)78! DX! 5%'!

GS*)>'<%''#.! %42! 5#.!"B*0#! >#<#78'#&$:! ;%'!1)$! -&%$)*! >#'@$$)>$#! GS*)>'<%''#.!<).5! )*! #)*#!

$%.)#.$#!G.)'$%&&)')#.'78%&#!>#>#+#*!4*5!5/.$!+#)!^a3capH!%+>#5%1(2$:!g'$!5)#!"B*0#!,/&&'$@*5)>!

>#&S'$!4*5!5%'!GS*)>'<%''#.! ,#.5%1(2$C!<).5!5#.!9B7='$%*5!*/781%&'!1)$! =/*0:!YH&! ,#.'#$0$!

4*5!5)#'#!#.*#4$!%+>#5%1(2$:!;)#'#.!?/.>%*>!<).5!'/&%*>#!<)#5#.8/&$C!+)'!=#)*#!*)$./'#*!W%'#!

1#8.!#*$'$#8#*:!F4*!<).5!5#.!$./7=#*#!9B7='$%*5!)*!Pl4%!+)5#'$:!%42>#*/11#*C!</54.78!')78!

5)#!Y#X%78&/./(&%$)*'@4.#! +)&5#$:! ;4.78! J4>%+#! ,/*!G%&)4178&/.)5! #.2/&>$! 5)#!i+#.2B8.4*>! )*!

5%'! I%&0! G%&)418#X%78&/./(&%$)*%$MZLO:! ;4.78! J4>%+#! ,/*! Q$8%*/&! <4.5#!

G%&)418#X%78&/./(&%$)*%$! %&'! >#&+#.! A#'$'$/22! )'/&)#.$:! F%78! P+'%4>#*! 5#'!F)#5#.'78&%>#'! 4*5!

%*'78&)#U#*5#1! ]%'78#*! 1)$! Q$8%*/&! 4*5! Q$8#.! =%**! *4*! 5)#! 9#54=$)/*! 5#'!

G%&)418#X%78&/./(&%$)*%$'! 041! G%&)41$#$.%78&/./(&%$)*%$! #.2/&>#*:! ;%2B.! <).5! YR5.%0)*! %&'!

9#54=$)/*'1)$$#&! ,#.<#*5#$:! ;%'! Y#X%78&/./(&%$)*%$! <).5! 04*@78'$! )*! YDj! '4'(#*5)#.$! 4*5!

YR5.%0)*! 5%04>#>#+#*:! ;#.! >%*0#! P*'%$0!<).5! 4*$#.! 9B8.#*! +#)! [ZpH! B+#.!1#8.#.#! I$4*5#*!

#.8)$0$:!]#**!=#)*#!I$)7='$/22#*$<)7=&4*>!1#8.!04!'#8#*!)'$!4*5!5#.!P*'%$0!')78!./$!>#2@.+$!8%$C!

<).5! B+#.! F%78$! %42! 9%41$#1(#.%$4.! %+>#=B8&$:! g'$! %1! *@78'$#*! "/.>#*! #)*! >#&+#.!

F)#5#.'78&%>! #.=#**+%.C! <%.! 5)#! n1'#$04*>! 1)$! YR5.%0)*! *)78$! ,/&&'$@*5)>:! ;%**! 14''! 5#.!

P*'%$0!#.*#4$!#.<@.1$!4*5!YR5.%0)*!&%*>'%1!)*!=&#)*#*!-/.$)/*#*!04>#>#+#*!<#.5#*C!+)'!%42!

5#.! j+#.2&@78#! 5#.! bS'4*>! #&#1#*$%.#'! -&%$)*! #*$'$#8$:! Q'! <).5! =4.0! %42! capH! #.8)$0$C! 41!

B+#.'78B'')>#'! YR5.%0)*! 04! #*$2#.*#*:! P*'78&)#U#*5! <).5! 5)#! %+>#=B8&$#! bS'4*>! )*! #)*#!

$%.)#.$#!G.)'$%&&)')#.'78%&#!2)&$.)#.$:!F4*!<).5!1#8.#.#!6%>#!>#<%.$#$!+)'!5%'!]%''#.!%+>#5%1(2$!

)'$:! P&'! 9#'4&$%$! #.8@&$! 1%*! ./$#! &%*>#! F%5#&*C! 5#.#*! g5#*$)$@$! 4*5! 9#)*8#)$! B+#.! 9%1%*3

I(#=$./'=/()#!>#=&@.$!<#.5#*!=S**#*!eP++!D:NNf:!
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!
!
$

$
$

!""#$B#%%$A);)095-'16*3;$?,0$S)(/3;6'6*)8<(,*,-()6/0)6.[[2$

! !

;%+#)!+#'$)11$!5)#!P*0%8&!5#.!P$/1#!5)#!I78<)*>4*>'1S>&)78=#)$#*!#)*#'!"/&#=B&':!W#8$!1%*!

8)#.! ,/*! 5#1!P*)/*! -$H&TD3! %4'C! '/! #.>#+#*! ')78C! 4*$#.! V#.B7=')78$)>4*>! 5#.! L! A.#)8#)$'>.%5#!
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I$%$)/*@.#!-8%'#o! ! HN^!G*%4#.C!!

;#$#=$)/*o! ! ! n?3;#$#=$)/*!+#)!DZT*1!

A&)#U1)$$#&o! ! ! P7#$/*)$.)&KaCNk!6AP! ^aoDa!

C&.#;.<;M
2'02&.#=%#)

$1(J) &P)"#)
/"#)

I-%)/D0%$/$* NCZ^! TC[a!

I$'(/,* DCNN! ZCNa!

+/,1/,* DC\\! LNC\^!

M"D0)",%$* LCN\! \C^T!

G'D0%$C,) LC[L! [CND!

R%TC,L%$Q%$* ZCDT! [CcZ!

[-)C,L%$Q%$* [CLa! N\CTa!



!:9%<"/%#&%$$%<)Q%"$) ++K)

!

!

P4'!5#*!I$%*5%.5'4+'$%*0#*!<).5!04*@78'$!#)*#!")'784*>!8#.>#'$#&&$C!</+#)!5)#!G/*0#*$.%$)/*!

5#.! #)*0#&*#*! V#'$%*5$#)&#! 7%! N! 1>K1&! +#$.@>$:! AB.! Y#XR&+#*0#*! 4*5! j7$R&+#*0#*! <).5! %42!

W.4*5!5#.!>#.)*>#*!P+'/.($)/*'=/#22)0)#*$#*!#)*#!G/*0#*$.%$)/*!,/*!7%!D3L!1>K1&!+#*S$)>$:!P&'!

bS'4*>'1)$$#&! 2B.!5)#!I$%*5%.5'!<).5!P7#$/*)$.)&! ,#.<#*5#$:! g*!%*%&/>#.!]#)'#!<#.5#*!5)#! 04!

4*$#.'478#*5#*! I4+'$%*0#*! )*! P7#$/*)$.)&! >#&S'$:! P4'! 5#.! 9#$#*$)/*'0#)$! 5#.!

I$%*5%.5'4+'$%*0#*!4*5!5#.!6/$0#)$!<).5!04*@78'$!5#.!=t3]#.$!+#.#78*#$:!;4.78!P42$.%>#*!5#.!

#.1)$$#&$#*! &/>! =t3]#.$#! 4*5! 5#*! %4'! 5#.! b)$#.%$4.! +#=%**$#*! &/>-!]#.$#!<).5! 54.78! &)*#%.#!

9#>.#'')/*!#)*#!G%&)+.)#.>#.%5#!#.8%&$#*C!%42!5#''#*!W.4*5&%>#!5)#!Q.1)$$&4*>!5#.! &/>-3]#.$#!

5#.!n*$#.'4784*>''4+'$%*0#*!#.2/&>$:!

!

!

!
!""#$%B#%$S)(/"*/'*7'*)4'$4'*$W,7I9g'*6$_'+6/;;307$

!

! CZ&&"('#(2$a2$"348%"&)

!

;)#!bS'&)78=#)$!5#.!I4+'$%*0#*!<4.5#!)*!-VI!54.78>#2B8.$:!;%04!<4.5#!5)#! h#<#)&)>#!I4+'$%*0!

)*!Laa|&!-VI!>#&S'$!4*5!'/&%*>#!04>#>#+#*!+)'!#)*!V/5#*'%$0!#.=#**+%.!<%.:!;%**!<4.5#!5)#!

>#'@$$)>$#!bS'4*>!4*$#.!I78B$$#&*!+#)!L\pH!2B.!D8!'$#8#*!>#&%''#*:!g*!5)#'#.!J#)$!<4.5#!1)$!5#.!

I4+'$%*0! %*! 5#.! PPI! )*! #)*#1! V#.#)78! ,/*! Na3Taa((+! =%&)+.)#.$C! </+#)! 5)#! ?#.5B**4*>! 5#.!

I$%*5%.5&S'4*>#*!%478!8)#.!1)$!-VI!#.2/&>$#:!

F%78!P+&%42!5#.!D8!<4.5#!5)#!>#'@$$)>$#!bS'4*>!+#)!NZaaa!n15.#84*>#*! 2B.!Na1)*!+#)!L\pH!

0#*$.)24>)#.$!4*5!5#.!i+#.'$%*5!%*'78&)#U#*5!%+>#*/11#*!1)$!-VI!,#.5B**$!4*5!%*!5#.!PPI!

,#.1#''#*:!

!

!

R!m!aCDZZZX!3!aC[N[N!
9{!m!aCcc[L\!

3aCT!

3aCD!

a!

aCD!

aCT!

aC[!

aC^!

N!

NCD!

a! N! D! L! T! Z! [! \!

'$
A&
E!

'$A5!
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!

!

! VWXM522.H)
!

_<'#;$.(%#);%2)S%<2'34%2)
!

V#)! 5#.! d4%*$)2)0)#.4*>! 5#'! )*8)+)$/.)'78#*! -/$#*0)%&'! 5#.! J#)'#3?#.+)*54*>#*! <4.5#! #)*!

=@42&)78!#.<#.++%.#'!A#.$)>3G)$!5#.!A).1%!H%R1%*!H8#1)7%&'!,#.<#*5#$:!;%+#)!<).5!04*@78'$!

5)#! 04! 4*$#.'478#*5#! I4+'$%*0! 1)$! 5#.! HR7&//XR>#*%'#! N! +0<:! D! ! 4*5! )8.#1! I4+'$.%$C! 5#.!

P.%78)5/*'@4.#C!)*=4+)#.$:!g*!P+8@*>)>=#)$!5#.!)*8)+)$/.)'78#*!]).=4*>!5#.!04!4*$#.'478#*5#*!

I4+'$%*0! %42! 5)#! HjqC! <).5! 5)#! P.%78)5/*'@4.#! )*! 5%'! -./'$%>&%*5)*! -WYD! 41>#<%*5#&$:! ;%!

5)#'#'!2B.!5)#!d4%*$)2)0)#.4*>!04!)*'$%+)&!)'$C!#.2/&>$!54.78!J4>%+#!,/*!I*H&D!5)#!9#54=$)/*!041!

'$%+)&#.#*!-WAD$:!;)#!d4%*$)2)0)#.4*>!,/*!-WAD$!#.2/&>$!B+#.!#)*#*!Q*0R1!g114*/%''%R!eQgPf:!

;%2B.! <).5! #)*#! c[! b/78! -&%$$#! ,#.<#*5#$C! 5)#! %42! 5#1! -&%$$#*+/5#*! 1)$! 1/*/=&/*%&#*!

"%4'%*$)=S.(#.*!,#.'#8#*!)'$:!-./!]#&&!<).5!*%78#)*%*5#.!5)#!-./+#!e-WAD$fC!#)*!6.%7#.!em!#)*!

1)$! P7#$R&78/&)*#'$#.%'#! >#&)*=$#'! -./'$%>&%*5)*f! 4*5! #)*! -./'$%>&%*5)*! P*$)'#.41!

em'(#0)2)'78#!P*$)=S.(#.!>#>#*!-./'$%>&%*5)*#f!()(#$$)#.$:!;%.%4'!#.>)+$! ')78!#)*#!G/*=4..#*0!

5#'!-WAD$!%4'!5#.!-./+#!4*5!5#1!6.%7#.!41!5)#!+#>.#*0$#*!-W3P*$)=S.(#.:!;)#!-./'$%>&%*5)*3

P*$)=S.(#.3G/*h4>%$#! +)*5#*!<)#5#.41! %*! 5)#! ')78! %1! V/5#*! +#2)*5&)78#*!"%4'%*$)=S.(#.*:!

;4.78!]%'78#*!5#.!-&%$$#!<#.5#*!4*>#+4*5#*#!-./'$%>&%*5)*#!#*$2#.*$:!F4*!#.2/&>$!5)#!J4>%+#!

,/*! Q&&1%**t'! 9#%>#*0C! <#&78#'! P7#$R&$8)/78/&)*! ! 4*5! ZCZt35)$8)/3+)'3D3F)$./+#*0/#'@4.#!

#*$8@&$:! P7#$R&$8)/78/&)*! )'$! 5%'! I4+'$.%$! 5#.! P7#$R&78/&)*#'$#.%'#! 4*5! <).5! )*! 68)/78/&)*!

>#'(%&$#*C! <#&78#'! <)#5#.41! 1)$! 5#.! ZCZt35)$8)/3+)'3D3F)$./+#*0/#'@4.#! 04! Z3$8)/3D3

F)$./+#*0/#'@4.#!.#%>)#.$C!5)#!>#&+!>#2@.+$!)'$!4*5!+#)!TNZ*1!l4%*$)2)0)#.$!<#.5#*!=%**:!

!

P%.(%#="%#)

!
-422#.! ! ! ! aCN"!6.)'3YH&!

(Y!^Ca!

! ! ! Z1"!Q;6P!

! ! ! D1"!-8#*/&!

Y@1! ! ! ! Naa|&!Y@1!<#.5#*!1)$!Taa|&!-422#.!,#.5B**$!

P.%78)5/*'@4.#! ! Za|&!P.%78)5/*'@4.#EZa|&!GjYETaa|&!YDj!

N"!YH&!

>#'@$$)>$#!I*H&D3bS'4*>!

!

!



!:9%<"/%#&%$$%<)Q%"$) +7+)

!

!

A'<34Yj4<'#()

!

AB.! 5)#! 04! $#'$#*5#*! I4+'$%*0#*! <4.5#*! Na! 1"! I$%11&S'4*>#*! )*! ;"A! ,#.<#*5#$:! J4#.'$!

<#.5#*!Na|&!Hjq3N!+0<:!Hjq3D!1)$!cZa|&!-422#.C!Na|&!Y@1!4*5!Da|&!5#.!6#'$'4+'$%*0!)*!#)*#1!

NCZ1&!Q((#*5/.2>#2@U! )1!]%''#.+%5!+#)!L\pH! 2B.!Na1)*! )*=4+)#.$:!;%*%78!#.2/&>$!5)#!J4>%+#!

,/*! Na|&! P.%78)5/*'@4.#! 4*5! <#)$#.#! D1)*! g*=4+%$)/*:! n1! #)*#! ,S&&)>#! g*%=$),)#.4*>! 5#.!

Q*0R1#!04!#.1)$$#&*!<).5!5)#!Hjq!,/.!5#.!g*=4+%$)/*!)1!]%''#.+%5!>#=/78$:!n1!#)*#!Naak)>#!

P=$),)$@$!5#'!Q*0R1'!04!#.1)$$#&*C!<#.5#*!5)#!Da|&!I4+'$%*0!54.78!-422#.!#.'#$0$:!

n1!5)#!#*0R1%$)'78#!9#%=$)/*!04!'$/((#*!<#.5#*!5)#!Q((#*5/.2>#2@U#!,/1!Y#)0+%5!#*$2#.*$!

4*5! 1)$! Za|&! N"! YH&! ,#.'#$0$:! AB.! 5)#! 9#54=$)/*! ,/*! -WYD! 04! -WAD$! <#.5#*! Naa|&! #)*#.!

J)**eggf78&/.)5&S'4*>! 5%04>#>#+#*! 4*5! 5)#! $.B+#*! bS'4*>#*! 2B.! Z1)*! +#)! 9%41$#1(#.%$4.!

'$#8#*! >#&%''#*:! P*'78&)#U#*5! <#.5#*! 5)#! bS'4*>#*! NoDaaa! 1)$! -422#.! ,#.5B**$:! ?/*! 5#*!

,#.5B**$#*! -./+#*! <#.5#*! h#<#)&'! Za|&! %42! #)*#! QbgIP! c[3b/783-&%$$#:C! 5)#! 1)$! g>W3

"%4'%*$)=S.(#.*! >#7/%$#$! )'$C! ()(#$$)#.$:! P&'! I$%*5%.5! <).5! #)*#! ?#.5B**4*>'.#)8#! ,/*!

-./'$%>&%*5)*! QD! 8#.>#'$#&&$:! ?/*! 5)#'#*! I$%*5%.5&S'4*>#*! <#.5#*! >&#)78#.1%U#*! Za|&!

>#1#)*'%1! %42! 5)#! -&%$$#! ()(#$$)#.$:! P*'78&)#U#*5! #.2/&>$! 5)#! J4>%+#! ,/*! Za|&! #)*#'!

-./'$%>&%*5)*3P7#$R&78/&)*#'$#.%'#3G/*h4>%$#'! )*! h#5#'! ]#&&! 1)$! P4'*%81#! ,/*! V&=C! 4*5! 6P:!

Q+#*2%&&'!8)*04>#>#+#*!<#.5#*!Za|&!-./'$%>&%*5)*3P*$)=S.(#.!)*!%&&#!]#&&'!1)$!P4'*%81#!,/*!

V&=C! FIV! 4*5! 6P! e')#8#! -)(#$$)#.'78#1%f:! ;)#! -&%$$#!<).5! *%78! V#&#>4*>!1)$! 5#*! -./+#*!1)$!

#)*#.!A/&)#!%+>#5#7=$!4*5!2B.!N^8!)1!;4*=#&*!)*=4+)#.$:!!

F%78! N^8! g*=4+%$)/*! <#.5#*! 5)#! bS'4*>#*! )*! 5#*! ]#&&'! %+>#'%4>$! 4*5! ZX! 1)$! #)*#1!

1)$>#&)#2#.$#*!-422#.! >#<%'78#*:!;%*%78! #.2/&>$! 5)#! J4>%+#! ,/*!Daa|&!Q&&1%**t'!9#%>#*0!(./!

]#&&:! n1! 5#.! A%.+.#%=$)/*! #)*! <#*)>! J#)$! 04! >#+#*C! <).5! 5)#! -&%$$#! %42! #)*#1! I78B$$&#.! )1!

;4*=#&*!2B.![a3ca1)*!'$#8#*!>#&%''#*:!g*!.#>#&1@U)>#*!J#)$%+'$@*5#*!e%&&#!Da1)*f!#.2/&>$!5)#!

n?3(8/$/1#$.)'78#! ?#.1#''4*>! +#)! TNZ*1:! b)#>$! 5#.! P+'/.($)/*'<#.$! )*! 5#*! Va3]#&&'!

0<)'78#*!aC^!4*5!NCa!)'$!5)#!A%.+#*$<)7=&4*>!%+>#'78&/''#*:!

!

!

Blk K1 K1 BC1 BC1 S3   S11   S4   S12 

Blk K2 K2 BC2 BC2 S4   S12   S5     

NSB K3 K3 IA 1 IA 1 S5   S13   S6   S13 

NSB K4 K4 IA 1 IA 1 S6   S14   S7     

B0 K5 K5 IA 2 IA 2 S7   S15   S8   S14 

B0 K6 K6 IA 2 IA 2 S8   S1 COX-1 S9     

B0 K7 K7 S1 COX-2 S9   S2   S10   S15 

TA K8 K8 S2   S10   S3   S11     

!
!""#$%B#B$I()66'0"'('7307$"'/;$UNZ9!++)Y$
!



!:9%<"/%#&%$$%<)Q%"$) +77)

!

!

! V&=! ! V&%*=!
FIV! */*3'(#7)2)73+)*5)*>o! )*! P+<#'#*8#)$! #)*#'! '(#0)2)'78#*! P*$)=S.(#.'!

=%**!#)*#!=&#)*#!"#*>#!5#'!6.%7#.'!%*'!]#&&!+)*5#*!
Va! 1%X)141! +)*5)*>o! +#'78.#)+$! 5)#! 1%X)1%&#! "#*>#! %*! 6.%7#.C! 5)#! 5#.!

P*$)=S.(#.!)*!P+<#'#*8#)$!5#'!P*%&R$!+)*5#*!=%**!
6P! $/$%&! %7$),)$Ro! 1%X)1%&#! P=$),)$@$! 5#'! P7#$R&78/&)*#'$#.%'#3>#&)*=$#*!

6.%7#.'!
! VHN! ! V%7=>./4*5!Hjq3N!
! VHD! ! V%7=>./4*5!Hjq3D!
! gPN! ! Naak!P=$),)$@$!5#.!Hjq3N!
! gPD! ! Naak!P=$),)$@$!5#.!Hjq3D!
!

!

5'2D%<&'#()

!

J4*@78'$!<).5!5#.!")$$#&<#.$!5#.!FIV3]#&&'!,/1!")$$#&<#.$!5#.!Va3]#&&'!'4+$.%8)#.$!4*5!#.>)+$!

5#*!=/..)>)#.$#*!Va3]#.$:!;%1)$!=%**!*4*!5#.!kVKVa3]#.$!2B.!5)#!-./'$%>&%*5)*3I$%*5%.5'!4*5!

5)#!4*$#.'478$#*!I4+'$%*0#*!+#.#78*#$!<#.5#*:!

!

kVKVa!m!
!!!!"#

!!!!"##!
!! ! I!m!P+'/.($)/*!5#.!I4+'$%*0#*!

!

;%'! P42$.%>#*! 5#.! kVKVa3]#.$#! 5#.! I$%*5%.5'! >#>#*! 5)#! G/*0#*$.%$)/*! )*! &/>%.)$81)'78#.!

I=%&)#.4*>! #.>)+$! #)*#! ')>1/)5#! G%&)+.)#.=4.,#C! %42! 5#.#*! W.4*5&%>#! 5)#! V#.#78*4*>! 5#.!

I4+'$%*0#*! #.2/&>#*! =%**:! J41! A)$$#*! 5#.! G4.,#!<4.5#! 5)#!1%$8#1%$)'78#! A4*=$)/*! b/>)'$)7!

,#.<#*5#$:!

!

10 100 1000

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

 %
 B

/ 
B

0

Prostaglandin E
2
 in pg/ml

!

!""#$%B#E$S)(/"*/'*307$;/6$I*,+6)7()04/0$FB$
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!

!

! J_!7M522.H)

!
V#)1! -WQD3P''%R! <).5! 5)#! -./54=$)/*! ,/*! -WQD! l4%*$)2)0)#.$C! 5)#! *%78! J4>%+#! ,/*!

P.%78)5/*'@4.#! 04! ";P3"V3DLN3J#&&#*! +#>)**$:! ;%04! <#.5#*! 04*@78'$! )*! L! DT3b/783-&%$$#*!

(./!]#&&! Laaaa!";P3"V3DLN3J#&&#*! %4'>#'@@$:!F%785#1!5)#! J#&&#*! %42! 5#1!-&%$$#*+/5#*! 04!

\ak!G/*2&4#*0!>#<%78'#*!')*5!e)*!5#.!9#>#&!L3T!6%>#f!#.2/&>$!5)#!I4+'$%*004>%+#:!;%+#)!<).5!

5%'! %&$#! "#5)41! )*! h#5#1! ]#&&! %+>#'%4>$! 4*5! 54.78! Zaa|&! *#4#'! '4+'$%*08%&$)>#'! "#5)41!

#.'#$0$:! V#)! 5#*! I$%11&S'4*>#*! 5#.! I4+'$%*0#*!<4.5#*! Na1"!bS'4*>#*! )*!;"A! ,#.<#*5#$C!

5)#!1)$!"#5)41!NoNaaa!,#.5B**$!<4.5#*:!;%.%4'!.#'4&$)#.$!#)*#!6#'$=/*0#*$.%$)/*!,/*!Na|"!

%42! 5#*! J#&&#*:! ;)#! #.'$#*! +#)5#*! ]#&&'! #)*#.! -&%$$#! <4.5#*! h#<#)&'! 041! P42$.%>#*! 5#.!

bS'4*>'1)$$#&=/*$./&&#!,#.<#*5#$:!;)#!g*=4+%$)/*'0#)$!*%78!I4+'$%*004>%+#!+#$.@>$!DT8:!F%78!

P+&%42! 5#.! DT8! #.2/&>$! 5)#! J4>%+#! 5#.! P.%78)5/*'@4.#:! ;%04! <).5! #)*#! NCN"!

P.%78)5/*'@4.#&S'4*>!#+#*2%&&'!NoNaaa!1)$!"#5)41!,#.5B**$:!?/*!5)#'#.!?#.5B**4*>!<#.5#*!

Za|&! )*! h#5#'! ]#&&! ()(#$$)#.$C! '/! 5%''! ')78! 5/.$! #)*#! P.%78)5/*'@4.#=/*0#*$.%$)/*! ,/*! N|"!

#.>)+$:!Q'!#.2/&>$!#)*#!<#)$#.#!I$4*5#! g*=4+%$)/*C!41!5#.!0#&&4&@.#*!Hjq!5)#!J#)$!04!>#+#*!5)#!

P.%78)5/*'@4.#!)*'!-./'$%>&%*5)*!QD!4104<%*5#&*:!n1!5)#!9#%=$)/*!04!'$/((#*!<).5!1)$!#)*#.!

-)(#$$#! 5%'! "#5)41! %+>#*/11#*! 4*5! )*! #)*! Q((#*5/.2>#2@U! B+#.2B8.$:! I/</8&! 5%'!

%+>#*/11#*#! "#5)41! %&'! %478! 5)#! J#&&(&%$$#*! <#.5#*! +)'! 04.! <#)$#.#*! P*%&R'#! +#)! 3DapH!

#)*>#2./.#*:!

J4.!"#''4*>!5#'!-./'$%>&%*5)*'!#.2/&>$!5)#!?#.5B**4*>!5#'!%+>#*/11#*#*!"#5)41'!NoDZ!1)$!

5#1! )1!G)$!1)$>#&)#2#.$#*!QgP3V422#.:! J4.!d4%*$)2)0)#.4*>!<#.5#*!Za|&! 5#.! ,#.5B**$#*!-./+#!

%42!#)*#!1)$!P*$)=S.(#.*!>#7/%$#$#!-&%$$#!()(#$$)#.$:!P&'!I$%*5%.5!<).5!#)*#!?#.5B**4*>'.#)8#!

,/*!-./'$%>&%*5)*!QD!8#.>#'$#&&$!4*5!#+#*2%&&'!%42!5)#!-&%$$#!>#+.%78$:!g1!P*'78&4''!#.2/&>$!5)#!

J4>%+#! ,/*! Za|&! -./'$%>&%*5)*3QD3P7#$R&78/&)*#'$#.%'#3G/*h4>%$! 4*5! -./'$%>&%*5)*! QD3

P*$)=S.(#.:! ;%*%78! <).5! 5)#! -&%$$#! 1)$! #)*#.! A/&)#! %+>#5#7=$! 4*5! 2B.! N^8! )1! GB8&'78.%*=!

)*=4+)#.$:!;%'!]%'78#*!4*5!P*2@.+#*!5#.!-&%$$#!#.2/&>$!1)$!>#*%4!5#*!>&#)78#*!9#%>#*0)#*!4*5!

*%78!5#1!>&#)78#*!P+&%42!<)#!'78/*!+#)1!Hjq3P''%R!+#'78.)#+#*:!

!
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14''!5#.!-./$#)*>#8%&$!*%78!5#.!"#$8/5#!,/*!V.%52/.5!l4%*$)2)0)#.$!<#.5#*:!;%2B.!<#.5#*!5)#!

J#&&(#&&#$'! 1)$! Laa|&! Nk)>#.! 6.)$/*&S'4*>! ,#.'#$0$! 4*5! >#,/.$#X$:! P*'78&)#U#*5! 1B''#*! 5)#!

J#&&#*!1)$$#&'!I/*/$./5#!&R')#.$!<#.5#*:!?/*!5)#'#.!bS'4*>!<#.5#*!DZ|&!%+>#*/11#*!4*5!1)$!

DDZ|&!YDj!,#.5B**$:!;)#'#!bS'4*>!<).5!2B.!5)#!V#'$)114*>!5#'!-./$#)*>#8%&$#'!*%78!V.%52/.5!

>#*4$0$:!AB.!5)#!PPI!<#.5#*!Naa|&!-./+#&S'4*>!1)$!Na|&!N^k!YH&!4*5!Na|&!YDa!,#.'#$0$!4*5!

>#1#''#*:!

!

Zelllinie) mittlerer 
Durchmesser 

(µm))

mittleres 
Zellvolumen 

(pl))

Proteinmenge 
pro Zelle  

(pg))

Proteinkonzentration 
pro Zelle  

(ng/pl))
MCF-7* 15.38 ± 1.50! 1.92 ± 0.55! 217.1 ± 73.0! 8.85!

!

V#.#78*4*>!5#.!)*$.%0#&&4&@.#*!-&%$)*3G/*0#*$.%$)/*!

!

7)*$.%e|"f!m!
!"#$%&!!!!!!!"#$%&'

!!!"
!wNaaa!

!

V#.#78*4*>!5#'!P*.#)78#.4*>'>.%5#'!

!

PW!m!7)*$.%!K!7#X$.%!

!

! G%$$8%<#.'Y#.4/%)

!

;)#! V#'$)114*>! 5#.! J#&&=#.*%42*%81#! <).5! )*! \Z71D! J#&&=4&$4.2&%'78#*! 54.78>#2B8.$:! ;)#!

J#&&#*!<#.5#*!5%+#)!+)'!04!#)*#.!G/*2&4#*0!,/*!\ak!)*!AHI38%&$)>#1!"#5)41!=4&$),)#.$:!AB.!5)#!

I4+'$%*004>%+#!<).5!04*@78'$!5%'!AHI38%&$)>#!"#5)41!%+>#'%4>$!4*5!'4+'$%*08%&$)>#'!"#5)41!

eNa|"f! /8*#! AHI! 04! 5#*! J#&&#*! >#>#+#*:! n1! 5#*! 0#)$&)78#*! ?#.&%42! 5#.! G#.*%42*%81#! 04!



!:9%<"/%#&%$$%<)Q%"$) +7K)

!

!

,#.2/&>#*! <#.5#*! 5)#! J#&&#*! *%78! L! ,#.'78)#5#*#*! J#)$(4*=$#*! %+>#'$/(($o! D8C! ^8! 4*5! DT8:!

;%04!<).5!5%'!"#5)41!%+>#'%4>$C!1)$!Na1&!-VI!>#<%'78#*!4*5!%*'78&)#U#*5! $.R(')*)#.$:!;)#!

J#&&#*! <#.5#*! )*! Na1&! AHI38%&$)>#1! "#5)41! %42>#*/11#*C! ,#.#)*0#&$! 4*5! )*! #)*! NZ1&!

9S8.78#*! B+#.2B8.$:! ;4.78! J#*$.)24>%$)/*! +#)! DaaanK1)*C! TpHC! Z! 1)*! 4*5! %*'78&)#U#*5#1!

]%'78#*!1)$!Z1&!#)'=%&$#1!-VI!<).5!5%'!J#&&(#&&#$!#.8%&$#*:! !;%'!-#&&#$!<).5!+)'!04.!<#)$#.#*!

P42%.+#)$4*>! )1! 6)#2=B8&'78.%*=! %42+#<%8.$! <#.5#*:! ;)#! G#.*)'/&)#.4*>! +#>)**$!1)$! J4>%+#!

,/*! TC\Z1&! #)'=%&$#1! 9I3-422#.! 4*5! Z1)*! b%>#.4*>! %42! Q)':! F%78! J4>%+#! ,/*! DZa|&! =%&$#.!

Nak)>#.! F/*)5#$&S'4*>! <).5! >.B*5&)78! >#,/.$#X$! 4*5! <)#5#.! Z1)*! %42! Q)'! >#&%>#.$:! ! n1! 5)#!

G#.*#!,/1!%*8%2$#*5#*!HR$/'/&!04!+#2.#)#*!<).5!#.*#4$!7%:!Na'!>#,/.$#X$!4*5!+#)!NaaanK1)*C!

TpH! 4*5! Z1)*! 0#*$.)24>)#.$:! ! ;%'! '/! #.8%&$#*#! 9/8=#.*(#&&#$!<).5! )*! Zaa|&! aCDZ"! I%78%./'#3

bS'4*>! .#'4'(#*5)#.$! 4*5! 1)$! Zaa|&! aC^^"! I%78%./'#3bS'4*>! 4*$#.'78)78$#$:! ;4.78! #.*#4$#!

J#*$.)24>%$)/*! +#)! DZaanK1)*C! TpHC! Na1)*! <).5! 5%'! G#.*(#&&#$! #.8%&$#*:! ;)#! B+#.'$#8#*5#!

bS'4*>! <).5! ,/.')78$)>! 1)$! #)*#.! -)(#$$#! %+>#*/11#*! 4*5! 5%'! G#.*(#&&#$! 1)$! Zaa|&! -VI!

>#<%'78#*! eJ#*$.)24>%$)/*! DaaanK1)*x! Z! 1)*x! 9%41$#1(#.%$4.f:! V)'! 04.! ?#.1#''4*>! 5#.!

G#.*#!=%**!5%'!-#&&#$!+#)!3DapH!%42+#<%8.$!<#.5#*:!!

!

! `%2&"//'#();%<)AN5M`"#;'#()

!

P&'! I4+'$%*0'$%11&S'4*>#*!<4.5#*! Da1"!bS'4*>#*! 5#.! -&%$)*=/1(&#X#! )*!;"A! ,#.<#*5#$:!

AB.!5)#!Y#.'$#&&4*>! !5#.!;FP3b'>:! ,/*!DZa|>K1&!<).5! )1!?/.2#&5!#+#*2%&&'! #)*#!I$%11&S'4*>!

,/*!ND3N[1>!;FP!)*!ND1&!-VI!8#.>#'$#&&$:!;)#'#!I$%11&S'4*>!=%**!B+#.!1#8.#.#!]/78#*!)1!

6)#2=B8&'78.%*=! %42+#<%8.$! 4*5! +#)! V#5%.2! %42! 5)#! >#<B*'78$#! G/*0#*$.%$)/*! ,#.5B**$!

<#.5#*:! J4*@78'$! <#.5#*! Da|&! 5#.! 04! 4*$#.'478#*5#*! -&%$)*'$%11&S'4*>#*! )*! ^a|&! -VI!

,#.5B**$:!

;%*%78! <#.5#*! La|&! 5#'! ,#.5B**$#*! -&%$)*=/1(&#X#'! 1)$! Dc\a|&! ;FP3b'>:! eDZa|>K1&f!

)*=4+)#.$:! I/2/.$! *%78!J4>%+#!5#.!n*$#.'4784*>'&S'4*>! 04.!;FP3bS'4*>! #.2/&>$! 5)#!P+*%81#!

,/*! Daa|&! g*=4+%$)/*'&S'4*>:! ! ;)#'#'! P&)l4/$! <).5! 1)$! Naa|&! aCc"! F%$.)41%7#$%$&S'4*>!

,#.'#$0$C! =4.0! >#,/.$#X$! 4*5! %*'78&)#U#*5! <).5! 54.78! J4'%$0! ,/*! caa|&! =%&$#1! Q$8%*/&! 4*5!

&#)78$#1! n1'78<#*=#*! 5)#! ;FP! >#2@&&$:! J4! 5#2)*)#.$#*! J#)$(4*=$#*! eNa1)*C! Da1)*C! La1)*C!

Ta1)*C! [a1)*C! NDa1)*C! N^a1)*! 4*5! Laa1)*f! ! <#.5#*! <#)$#.#! P&)l4/$#! %4'! 5#.!

g*=4+%$)/*'&S'4*>!#*$*/11#*!4*5!5)#!;FP!)*!>&#)78#.!]#)'#!>#2@&&$:!F%785#1!5)#!>#2@&&$#!;FP!

N8! )1! 6)#2=B8&'78.%*=! >#&%>#.$! <4.5#C! <).5! +#)! TaaanK1)*! Z1)*! +#)! TpH! 0#*$.)24>)#.$:! ;#.!

i+#.'$%*5! =%**! %+>#>/''#*!<#.5#*:! J41!]%'78#*! 5#.!;FP3-#&&#$'!<).5! #.*#4$! Zaa|&! =%&$#.!

Q$8%*/&! 5%04>#>#+#*C! >.B*5&)78! >#,/.$#X$! 4*5! #.*#4$! 0#*$.)24>)#.$:! F%78! Q*$2#.*#*! 5#.!

]%'78&S'4*>! <).5! 5%'! ;FP3-#&&#$! +#)! 3DapH! +)'! 04.! ?#.1#''4*>! >#&%>#.$:! ;)#! %*%&R$)'78#!

n*$#.'4784*>! >&)#5#.$! ')78! 041! #)*#*! )*! 5)#! l4%*$)$%$),#! V#'$)114*>! 5#.! ;FP! 1)$$#&'! n?3



!:9%<"/%#&%$$%<)Q%"$) +FL)

!

!

"#''4*>! 4*5! 041! %*5#.#*! 5)#! l4%*$)$%$),#! V#'$)114*>! 5#'! -&%$)*3W#8%&$#'! 1)$$#&'!

W.%(8)$./8.3PPI:! ;%04! <#.5#*! 5)#! ;FP3-#&&#$'! )*! Zaa|&! Pl4%! +)5#'$! >#&S'$:! AB.! 5)#! PPI3

"#''4*>#*!<).5! )1!V#.#)78! ,/*!Na3Taa|>K&! -&%$)*!1)$! 5#.! 04!1#''#*5#*! I4+'$%*0! =%&)+.)#.$:!

?/*!5#*!>#&S'$#*!;FP3-#&&#$'!!<#.5#*!Naa|&!2B.!5)#!PPI3"#''4*>#*!,#.<#*5#$:!P&&#!bS'4*>#*!

2B.! 5)#! PPI! <#.5#*! ,/.! 5#.! "#''4*>! 1)$! Na|&! Nk)>#.! 6.)$/*&S'4*>! 4*5! Na|&! N^k)>#.! YH&!

,#.'#$0$!41!5)#!P+'/.($)/*!5#'!!-&%$)*'!%*!5#*!G4*'$'$/22'78&@478#*!04!,#.8)*5#.*:!

AB.! 5)#! d4%*$)2)0)#.4*>! 5#'! ;FP3W#8%&$#'! <).5! %1! n?3W#.@$! 04*@78'$! )1! V#.#)78! ,/*! Da3

Naa|>K1&! ;FP! =%&)+.)#.$:! P*'78&)#U#*5! <#.5#*! 5)#! >#&S'$#*! ;FP3-#&&#$'! ! ,#.1#''#*! 4*5!

l4%*$)2)0)#.$:!P4'!5#1!#.1)$$#&$#*!;FP3W#8%&$!4*5!5#1!>#1#''#*#*!-&%$)*>#8%&$!=%**!04*@78'$!

#)*!I4+'$%*0K;FP3?#.8@&*)'!)*!(1/&!G/1(&#XK(>!;FP!+#.#78*#$!<#.5#*:!;4.78!5%'!+#=%**$#!

1)$$&#.#!F4=&#/$)51/&>#<)78$!,/*!La\Cc!>K1/&!=%**!5%.%4'!5%'!F4=&#/$)5KI4+'$%*0,#.8@&$*)'!

+#.#78*#$!<#.5#*:!_#5#.!]#.$!<4.5#!%4'!1)*5#'$#*'!L!4*%+8@*>)>#*!QX(#.)1#*$#*!#.1)$$#&$:!

!

! AN5M`"#;'#()"#)-VdMEMG%$$%#)

!

AB.!5)#! g'/&)#.4*>!5#.!;FP!<4.5#*!"HA3\! )*!\Z71D!J#&&=4&$4.2&%'78#*!+)'! 04!#)*#.!G/*2&4#*0!

,/*! \ak! >#0B78$#$! 4*5C! <)#! '78/*! +#)! 5#.! J#&&%42*%81#! +#'78.)#+#*C!1)$! Na|"! I4+'$%*0! )*!

AHI32.#)#*!"#5)41! )*=4+)#.$:!;%! +#)! 5#*!8)#.! 4*$#.'478$#*! I4+'$%*0#*!5)#! J#&&=#.*%42*%81#!

#)*!"%X)141!*%78!D8!0#)>$#C!<4.5#!5)#!I4+'$%*0%42*%81#!5#.!J#&&#*!*%78!D8!%+>#'$/(($!4*5!

5)#!J#&&=#.*#C!<)#!4*$#.!NN:Z:!+#'78.)#+#*C!)'/&)#.$:!!;)#!'/!#.8%&$#*#*!J#&&=#.*#!<#.5#*!)*!TLa|&!

6QEaCZkI;I3?#.5%43-422#.! '4'(#*5)#.$:!;%**!#.2/&>$!5)#!J4>%+#!,/*!Za|&! #)*#.!DZ1"!H%H&D3

b'>:! 4*5! Na|&! -./$#)*%'#! G:! ;#.! P*'%$0! <4.5#! B+#.! F%78$! eND8f! +#)! L\pH! 4*$#.! &#)78$#1!

I78B$$#&*!)*=4+)#.$:!;%*%78!2/&>$#!5)#!J4>%+#!,/*!Na|&!9)+/*47&#%'#!4*5!<#)$#.#!T8!g*=4+%$)/*:!

J4.!P+$.#**4*>!5#.!9FP!4*5!5#.!-./$#)*#!#.2/&>$!*4*!5)#!H8&/./2/.13-8#*/&#X$.%=$)/*:!;%04!

<).5! 5#.! P*'%$0! 1)$! aCZ1&! 6Q3>#'@$$)>$#1! -8#*/&! ,#.'#$0$! 4*5! =.@2$)>! >#'78B$$#&$:! J4.!

-8%'#*$.#**4*>!<).5! +#)! Zaaa!nK1)*C! TpH! 2B.! Na1)*! 0#*$.)24>)#.$:! ;)#! /+#.#!<@''.)>#! -8%'#!

<).5!%+>#*/11#*!4*5! )*!#)*!*#4#'!Q((#*5/.2>#2@U!B+#.2B8.$!4*5!#.*#4$!1)$!6Q3>#'@$$)>$#1!

-8#*/&! %4'>#'78B$$#&$:! ;#.! 9#)*)>4*>''78.)$$! <).5! )*'>#'%1$! LX! <)#5#.8/&$:! F4*! <).5! 5)#!

<@''.)>#! -8%'#! DX! 1)$! aCZ1&! #)*#.! 2.)'78! 8#.>#'$#&&$#*! H8&/./2/.13-8#*/&3")'784*>! eNoNf!

%4'>#'78B$$#&$:!P&'!&#$0$#.!9#)*)>4*>''78.)$$!<).5!5)#!<@''.)>#!-8%'#!*4*!1)$!aCZ1&!H8&/./2/.1!

,#.'#$0$C!>#'78B$$#&$!4*5!04.!-8%'#*$.#**4*>!0#*$.)24>)#.$:!n1!*/78!,/.8%*5#*#!-8#*/&.#'$#!)*!

5#.! <@''.)>#*! -8%'#! 04! #*$2#.*#*C! <).5! 5)#'#! DX! 1)$! h#<#)&'! N1&! ;)#$8R&#$8#.! ,#.'#$0$! 4*5!

=.@2$)>! >#'78B$$#&$:! ;)#! /+#.#! ;)#$8R&#$8#.(8%'#! <).5! ,#.</.2#*:! J4.! A@&&4*>! 5#.! ;FP! <).5!

04*@78'$! 5)#! <@''.)>#! -8%'#! 1)$! Za|&! L"! F%$.)41%7#$%$(422#.! ,#.'#$0$:! ;%*%78! #.2/&>$! 5)#!

J4>%+#! ,/*! )*'>#'%1$! NCN1&! Q$8%*/&! )*! L! =&#)*#*! -/.$)/*#*:! F%78! h#5#.! J4>%+#! <).5! 5%'!

Q((#*5/.2>#2@U!D3LX!&#)78$!>#'78<#*=$:!



!:9%<"/%#&%$$%<)Q%"$) +F+)

!

!

!

! AN5MC34/%$=&%/9%<.&'<)'#;)VAMC9%8&<12819"%)

AN5)S1<0%<%"&'#()

!

;)#!G%&+'$8R14'3;FP! eH63;FPf!<).5!+#)!T!pH! )1!GB8&'78.%*=!%42+#<%8.$:!Q'!<#.5#*!D3L!1>!

5#.! H63;FP! )*! D!1&! Na!1"! -8/'(8%$(422#.! >#&S'$:! ;)#! bS'4*>! <).5! 2B.! h#<#)&'! NZ!1)*! )1!

n&$.%'78%&&+%5!+#8%*5#&$!4*5!%*'78&)#U#*5!2B.!La!1)*!#)*#!-%4'#!#)*>#&#>$:!;)#'#.!JR=&4'!<).5!

'#78'1%&!<)#5#.8/&$:!!

;%54.78! #.8@&$!1%*! #)*#!;FP3bS'4*>!1)$! >#.)*>#.! ?)'=/')$@$! 4*5! #)*#.! +#''#.#*! bS'&)78=#)$:!

;4.78!5)#'#!V#8%*5&4*>!'78@$0$!1%*C!5%''!%+'78&)#U#*5!#)*#!bS'4*>!1)$![aa!V%'#*(%%.#*!5#.!

5/((#&'$.@*>)>#*!;FP!,/.&)#>$:!;)#!9#)*8#)$!5#.!;FP!=%**!+#'$)11$!<#.5#*!54.78!5)#!V)&54*>!

5#'!?#.8@&$*)''#'!5#.!P+'/.($)/*#*!+#)!D[a!*1!4*5!D^a!*1:!;)#!G/*0#*$.%$)/*'+#'$)114*>!"!

eV%'#*(%%.#f! #.2/&>$! 54.78! 5)#! P+'/.($)/*'+%*5#! +#)! D[a!*1! 1)$! #)*#1! 1/&%.#*!

QX$)*=$)/*'=/#22)0)#*$#*! �D[a!m!NLDaa! "3N713NC! <#&78#.! %4'! 5#1! b%1+#.$3V##.'78#*! W#'#$0!

#.2/&>$:! ;)#'#! ;FP3bS'4*>! =%**! +#)! TpH! )1! GB8&'78.%*=! %42+#<%8.$! <#.5#*! 4*5! )**#.8%&+!

<#*)>#.!6%>#!,#.+.%478$!<#.5#*:!!

!

C34/%$=&%/9%<.&'<0%2&"//'#()Q/)

!

J4.! V#'$)114*>! 5#.! I781#&0$#1(#.%$4.! <4.5#! 04'@$0&)78! #)*#! -#&$)#.3

6#1(#.%$4.'$#4#.#)*8#)$!%*!5%'!n?K?)'!I(#=$./1#$#.!%*>#+.%78$:!;)#!-./+#*!<4.5#*!)*!#)*#1!

?#.8@&$*)'!NoZ!M"#$%&&=/1(&#XOoM;FPO!%*>#'#$0$:!;)#!6#1(#.%$4.!<4.5#!)1!V#.#)78!DZ!+)'!^a!pH!

4*$#.'478$:!;)#!QX$)*=$)/*!5#.!;FP3V%*5#!+#)!D[a!*1!<).5!>#>#*!5)#!6#1(#.%$4.!%42>#$.%>#*!

4*5! 5)#! I781#&0$#1(#.%$4.! 61! <).5! 1)$! Y)&2#! 5#.! #.'$#*! P+&#)$4*>! )1! -./>.%11! j.)>)*! \:Z!

#.1)$$#&$C!</+#)!5)#!"#''>#*%4)>=#)$!�!N!pH!+#$.@>$:!!

!

!

V"<3'$.<;"34<1"2/'2MC9%8&<1819"%)

!

;)#! H;3I(#=$.#*! <4.5#*! %1! H;3I(#=$./1#$#.! _3\NZ! 5#.! A).1%! _%'7/! %1! b#8.'$48&! 2B.!

V)/78#1)#! 5#.! -2&%*0#*! %*! 5#.! 948.3n*),#.')$@$! V/7841! %42>#*/11#*:! ;%04! <4.5#*! 5)#!

-./+#*! )*!#)*#1!?#.8@&$*)'!,/*!NoZ!1)$!;FP!,#.'#$0$!4*5!+#)!9%41$#1(#.%$4.!>#1#''#*:!;)#!

g*=4+%$)/*'0#)$! ,%.))#.$! 0<)'78#*! D! 4*5! DT! I$4*5#*C! +#)! '78<#.&S'&)78#*! G/1(&#X#*! )'$! N!k!

;"A! 04>#>#+#*! </.5#*:! ;)#! -%.%1#$#.! +#)! 5#*#*! 5)#! I(#=$.#*! %42>#*/11#*! <4.5#*C!



!:9%<"/%#&%$$%<)Q%"$) +F7)

!

!

+#$.%>#*o! GB,#$$#*'78)78$5)7=#! N71C! V%*5+.#)$#! D:a*1C! P42&S'4*>! N:a*1C! P==414&%$)/*! NaC!

"#''>#'78<)*5)>=#)$!Naa*1K1)*C!"#''+#.#)78!DDa*1!+)'!Taa*1:!!

 

!

! J<1&%"#0"#;'#()

!

AB.!5)#!V#'$)114*>!5#.!-./$#)*+)*54*>!<).5!04*@78'$!#)*#!YIP3bS'4*>!,/*!Ta1>K1&! )*!-VI!

8#.>#'$#&&$:!D!1&!YIP!bS'4*>!.#)78#*!2B.!5)#!V#'$)114*>!,/*!#)*#.!I4+'$%*0!0#)$%+8@*>)>!B+#.!

^! eNaC!DaC!LaC!TaC![aC!NDaC!N^aC!Laa1)*f!J#)$(4*=$#:!P&'!P4'>%*>''4+'$%*0&S'4*>!<).5!<)#5#.!

#)*#! Da1"! I$%11&S'4*>! ,#.<#*5#$:! ;)#'#! <).5! )1! A/&>#*5#*! '/! ,#.5B**$! 5%'! 1%*! #)*#!

Q*5=/*0#*$.%$)/*!,/*!L|"!#..#)78$:!J4*@78'$!<).5!5)#!Da1"!I4+'$%*0&S'4*>!eNZ|&f!%42!Naaa|&!

-VI!,#.5B**$:!!?/*!5)#'#.!bS'4*>!<#.5#*!Da|&!1)$!Nc^a|&!YIP3bS'4*>!)*=4+)#.$:!J4!5#2)*)#.$#*!

J#)$(4*=$#*! ea1)*C! Na1)*C! Da1)*C! La1)*C! Ta1)*C! [a1)*C! NDa1)*C! N^a1)*C! Laa1)*f! <#.5#*!

h#<#)&'! NZa|&! ,/*! 5#.! g*=4+%$)/*'&S'4*>! #*$*/11#*! 4*5! 1)$! NZa|&! Nak)>#.! 6HP! bS'4*>!

,#.'#$0$:!;)#!-./$#)*#!2%&&#*!'/2/.$!%4':!F%78!>.B*5&)78#1!?/.$#X#*!<#.5#*!5)#!bS'4*>#*!N8!)1!

6)#2=B8&2%78! >#&%>#.$! 4*5! %*'78&)#U#*5! +#)! TaaanK1)*! TpH! Z1)*! &%*>! 0#*$.)24>)#.$:! ?/1!

i+#.'$%*5! <#.5#*! Daa|&! #*$*/11#*! 4*5! 1)$! Za|&! NLk)>#.! YFjL! '$%+)&)')#.$:! ;)#!

d4%*$)2)0)#.4*>!5#'!-&%$)*>#8%&$#'!#.2/&>$!1)$!PPI!4*$#.!J4'%$0!,/*!Na|&!Nk)>#.!6.)$/*&S'4*>!

4*5! Na|&! N^k)>#.! YH&:! AB.! 5)#! G%&)+.)#.4*>!<).5! 5)#! I4+'$%*0! )1! V#.#)78! ,/*! Na! ~! Taa|>K&!

,#.<#*5#$:!P&'!Naak!4*>#+4*5#*!<).5!#)*#!L|"!I4+'$%*0&S'4*>!)*!-VI!,#.1#''#*:!

!

!

!

;)#!V#.#78*4*>!#.2/&>$!*%78!2/&>#*5#.!W&#)784*>:!

!

k!4*>#+4*5#*#.!G/1(&#X!m!
!!

!!"

wNaa!

!

! ! 7$! G/*0#*$.%$)/*!041!J#)$(4*=$!$!

! ! 7$a! G/*0#*$.%$)/*!5#.!L|"!I4+'$%*0&S'4*>!)*!-VI!

!
!

! HE/)%'$L%()'221$#*$"-0*GE"5B/E5*

!

;)#! d4%*$)2)0)#.4*>! ,/*! -./$#)*#*! #.2/&>$! +#)1!6#'$! *%78! V.%52/.5! B+#.! #)*#! (8/$/1#$.)'78#!

"#$8/5#:!P&'!A%.+.#%>#*0!24*>)#.$!8)#.!5#.!6.)(8#*R&1#$8%*2%.+'$/22!H//41%'')#3V.)&&)%*$3V&%4!



!:9%<"/%#&%$$%<)Q%"$) +FF)

!

!

W! DZa:! !;#.! 4*>#+4*5#*#! =%$)/*)'78#! A%.+'$/22!<#)'$! #)*! ./$#! A%.+#! %42! 4*5!=%**! )1! '%4.#1!

")&)#4! 1)$! I#)$#*=#$$#*! ,/*! -./$#)*#*! G/1(&#X#! +)&5#*C! <%'! #)*#.! A%.+@*5#.4*>! 04! +&%4!

,#.2/&>$! <#.5#*! =%**:! J4*@78'$! <).5! 5%'! V.%52/.5! 9#%>#*0! NoZ! =4.0! ,/.! W#+.%478!1)$! Pl4%!

+)5#'$:!,#.5B**$:!;)#!-./$#)*+#'$)114*>!#.2/&>$!%42!#)*#.!c[!]#&&(&%$$#:! g*! h#5#'!]#&&!<#.5#*!

Daa|&! V.%52/.5! 9#%>#*0! ()(#$$)#.$! 4*5! %*'78&)#U#*5! <).5! 5#.! 9#2#.#*0<#.$! +#)! ZcZ*1!

>#1#''#*:!J4.!G%&)+.)#.4*>!<#.5#*!YIP!bS'4*>#*!)1!G/*0#*$.%$)/*'+#.#)78!,/*!a3aCN[!1>K1&!

8#.>#'$#&&$:!J4.!-./$#)*+#'$)114*>!<#.5#*!Da|&!P*%&R$!)*'!]#&&!()(#$$)#.$C!</+#)!)11#.!#)*#!L3

A%78! V#'$)114*>! #.2/&>$#:! P*'78&)#U#*5! #.2/&>$! 5%'! ;4.781)'78#*! 5#.! bS'4*>#*! 1)$! #)*#.!

"#8.=%*%&()(#$$#! 54.78! 1#8.1%&)>#'! P423! 4*5! P+()(#$$)#.#*:! AB.! 5)#! V##*5)>4*>! 5#.!

G/1(&#X+)&54*>!<).5!5)#!-&%$$#!Da1)*!%42!#)*#*!I78B$$&#.!>#'$#&&$!4*5!%*'78&)#U#*5!#+#*2%&&'!

+#)! Zca*1! ,#.1#''#*:! ?/.! 5#1! "#'',/.>%*>! 14''! 5%.%42! >#%78$#$! <#.5#*C! 5%''! ')78! =#)*#!

b42$+&%'#*!)*!5#*!]#&&'!+#2)*5#*:!

!

!

!
!
!""#$%B#L$S)(/"*/'*307$;/6$`5!$K3*$r3)06/6)6/?'0$_'+6/;;307$?,0$I*,6'/0'0$

!
!
!
!
!
!
!
!
!
!
!
!
!

y = 1,4209x - 0,0003 
R! = 0,99864 
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!:9%<"/%#&%$$%<)Q%"$) +F*)

!

!

! 55C)

!

AB.!%&&#!-&%$)*+#'$)114*>#*!%*!5#.!PPI!<4.5#!2/&>#*5#'!6#1(#.%$4.(./>.%11!+#*4$0$:!
!

H&#%*o!6#1(:!DZaapH! Y#)0.%$#! NaaapHK'! Y%&$#*![Ca'!

!
N<,) QH9) Q%/9)

fkVh)
P.&%)
fkVb2)

?.$&%#)
f2h)

G%"&)
f2h)

N! 6./7=*#*! ca! Na! Na! N\!
D! 6./7=*#*! NaZ! Na! Na! NNCZ!
L! 6./7=*#*! NLa! Na! Na! NDCZ!
T! 6./7=*#*! N[a! Na! Na! NL!
Z! -R./&R'#! Zaa! TZ! La! L\C[!
[! -R./&R'#! Naaa! Naa! Na! NZ!
\! -R./&R'#! N\aa! Laa! Na! NDCL!
^! PJw! N\aa! a! Z! Z!
c! P$/1)')#.#*! DZaa! NZaa! T! TCZ!
Na! P4'8#)0#*! DZaa! Naaa! Z! ZCN!

$

=)"'(('$%B#E$=';-'*)63*-*,7*);;$K3*$I()6/0"'+6/;;307$)0$4'*$f*)-</6*,<*9!!5$

?#.1#''#*!<4.5#*! h#<#)&'!Naa|&!P*%&R$C!5#.!1)$!Na|&!aCNk!6.)$/*!4*5!Na|&!N^k!YH&!,#.'#$0$!

<4.5#:!

!

AB.! 5)#! A&4/.)53V#'$)114*>! %*! 5#.! H/*$)*441! I/4.7#! PPI! <4.5#! 2/&>#*5#'!

6#1(#.%$4.(./>.%11!,#.<#*5#$:!

!

N<,) QH9) Q%/9)
fkVh)

P.&%)
fkVb2)

?.$&%#)
f2h)

G%"&)
f2h)

N! 6./7=*#*! ca! Na! NZ! DaCN!
D! 6./7=*#*! cZ! Z! Na! NNCa!
L! 6./7=*#*! Naa! Na! Na! NaCZ!
T! 6./7=*#*! NTa! Na! Z! c:a!
Z! -R./&R'#! [aa! Laa! La! LNCZ!
[! W%'%*(%''4*>! [aa! a! Z! ZCa!
\! P$/1)')#.#*! N\aa! Zaa! Z! \CD!
^! P4'8#)0#*! DZaa! Zaa! ^! cC[!

!

=)"'(('$%B#H$=';-'*)63*-*,7*);;$K3*$i(3,*/49_'+6/;;307$)0$4'*$U,06/033;$5,3*8'$!!5$

!

!

!
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!

!

+7,F CH#&4%2%#)

!

! "R3#@*)*!B*6!b0A(3B*3!

!

:''R'>*38$(#!!
+/IW/I,4!!
!

IR*$8#'#!%4'!V#*0/R&78&/.)5!4*5!P&&R&%&=/8/&o!

;#.!P&=/8/&!eDZ11/&f!<4.5#!)*!;)#$8R&#$8#.!>#&S'$!4*5!1)$!Na!1&!%+':!-R.)5)*!,#.'#$0$:!n*$#.!

GB8&4*>C!1)$$#&'!Q)'+%5C!#.2/&>$#!5)#!&%*>'%1#!J4>%+#!5#'!I@4.#78&/.)5':!P*'78&)#U#*5!<4.5#!L!

8! )*! 5#.! G@&$#! >#.B8.$:! ;)#! bS'4*>! <4.5#! 04#.'$! 1)$! Nak)>#.! YH&! 4*5! %*'78&)#U#*5! 1)$!

>#'@$$)>$#.!F%YHjL3b'>:! %4'>#'78B$$#&$:!F%78!6./7=*#*!5#.!Q$8#.(8%'#!1)$!F%DIjT!<4.5#!5%'!

bS'4*>'1)$$#&!%+./$)#.$:!J4.!9#)*)>4*>!5#'!�&#'!<4.5#!!#)*#!?%=4415#'$)&&%$)/*!54.78>#2B8.$:!

-./54=$o!2%.+&/'#'!�&x!P4'+#4$#o!DT!11/&!e^Zkf!

!

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

�!^:a^! e5C! _! m!^:^C! DYC!P.YfC! \:Zc3\:ZT! e1C!NYC!P.YfC! \:T\3\:TD! e1C!DYC!P.YfC! [:Na3[:aa! e1C!NYC!

HWmHYDfC! Z:TZ3Z:Lc! e1C!NYC!HWDmHYfC! Z:LN3Z:D^! e1C!NYC!HWDmHYfC! T:^L! e55C! _! m!Z:[C! L:ZC! DYC! a3

HWD3f!

!

!

:''R'.4.cM.0)$>2#R'C@*3R'd.C6$C(3$(#!!
+/LW44,4!!
!

IR*$8#'#!%4'!V#*0/R&78&/.)5!4*5!P&&R&%&=/8/&o!

;#.!P&=/8/&!eDZ11/&f!<4.5#!)*!;)#$8R&#$8#.!>#&S'$!4*5!1)$!Na!1&!%+':!-R.)5)*!,#.'#$0$:!n*$#.!

GB8&4*>!1)$$#&'!Q)'+%5!#.2/&>$#!5)#!&%*>'%1#!J4>%+#!5#'!I@4.#78&/.)5':!P*'78&)#U#*5!<4.5#!L!

8! )*! 5#.! G@&$#! >#.B8.$:! ;)#! bS'4*>! <4.5#! 04#.'$! 1)$! Nak)>#.! YH&! 4*5! %*'78&)#U#*5! 1)$!

>#'@$$)>$#.!F%YHjL3b'>:! %4'>#'78B$$#&$:!F%78!6./7=*#*!5#.!Q$8#.(8%'#!1)$!F%DIjT!<4.5#!5%'!

bS'4*>'1)$$#&!%+./$)#.$:!J4.!9#)*)>4*>!5#'!�&#'!<4.5#!!#)*#!?%=4415#'$)&&%$)/*!54.78>#2B8.$:!

-./54=$o!2%.+&/'#'!�&x!P4'+#4$#o!DL!11/&!e^Zkf!

!

2!"#$%&'())&$!*+&,-,./01&&

�!\:DD3\:Nc!e1C!DYC!P.YfC!\:ac3\:a\!e1C!DYC!P.YfC!Z:^T!e55$C!_!m!N\:DC!Na:[C!Z:TC!NYC!HYDmHWfC!Z:Da3

Z:ND!e1C!DYC!HWDmHYfC!T:ZZ!e5lC!_!m!Z:ZC!N:TC!DYC!a3HWD3fC!L:\D!elC!_!m!\:DC!NYC!HW3HmjfC!D:TT!e5C!_!m!

\:DC!DYC!HWD3P.fC!N:^T!e5$C!_!m!NL:ZC![:^C!NYC!HYL3HW3HYLfC!N:Tc!e5C!_!m!\:DC!LYC!HWL3HY3HmjfC!a:^c!

e'C![YC!HWL3HYf!



!:9%<"/%#&%$$%<)Q%"$) +F>)

!

!

!  (''A*<*03*!"R3#@*)*!B*6!\)#*6!
!

$
[:Z!11/&! 5#.! I@4.#!<4.5#*! )*! %+':!;)78&/.1#$8%*! >#&S'$K'4'(#*5)#.$:! Q'! #.2/&>$#! 5)#! J4>%+#!

,/*! ZCT! 11/&! P&=/8/&! 4*5! #)*#.! I(%$#&'()$0#! ;"P-:! ;HH! <4.5#! @l4)1/&%.! 04.! I@4.#!

#)*>#</>#*C! )*!<#*)>!%+':!;)78&/.1#$8%*!>#&S'$!4*5!&%*>'%1!041!9#%=$)/*'%*'%$0!04>#$./(2$:!

;%*%78! <4.5#! [! 8! +#)! 9%41$#1(#.%$4.! >#.B8.$:! ;#.! #*$'$%*5#*#! F)#5#.'78&%>!

e;)7R7&/8#XR&8%.*'$/22f!<4.5#!B+#.!#)*#!W&%'2.)$$#!%+>#'%4>$:!;%'!A)&$.%$!<4.5#!1)$!Z!k!F%jY3

b'>! %4'>#'78B$$#&$:! ;)#! /.>:! -8%'#! B+#.! F%DIjT! >#$/7=*#$! 4*5! 4*$#.! ?%=441! #)*>##*>$:!

Q,#*$4#&&#! P42.#)*)>4*>! 1)$$#&'! I@4&#*78./1%$/>.%(8)#! <%.! %*'78&)#U#*5! */$<#*5)>:! ;%'!

h#<#)&'! ,#.<#*5#$#! A&)#U1)$$#&! )'$! +#)! 5#*! #)*0#&*#*! I4+'$%*0#*! >#*%**$:! ;)#! P4'+#4$#! 5#.!

9#%=$)/*!&)#>$!0<)'78#*!Za3^ak:!

$
$

:''R'.4.c/.cM.?@'$6>*38$R'd.e.<*#@$DR.4.<*#@R'./W.03B$'.O.R'd(?*#(#!!
+44W4I+'9,M!
!

P42.#)*)>4*>!54.78!I@4&#*!eG)#'#&>#&K!Y#X%*oQ$8R&%7#$%$!^oNf!

!

2!"#$%&'())&$!*+&,-,./01$$

�!\:[^3\:[T!e1C!DYC!P.YfC!\:T^3\:TZ!e1C!DYCP.YfC![:c\!e5C!_!m!D:ZC!NYC!P.YfC![:^\!e55C!_!m!c:aC!a:ZC!

NYC!P.YfC![:[^3[:[Z!e1C!NYC!P.YfC!Z:c[3Z:^[!e1C!NYC!HYDmHWfC!Z:LN3Z:Da!e1C!DYC!HWDmHYfC!T:[N!

e5lC!_!m!Z:[C!N:LC!DYC!a3HWD3fC!LC^L!e'C!LYC!HWL3jf!L:[c!e'C!DYC!HWD3HmjfC!DCL^!e'C!LYC!HWL3P.f!

!

!

:''R'.4.cL.<*#@$DR3(C@#@('*3.4.R'dC6$C(3$(#!!
+/NW/P,O ) )
!

P42.#)*)>4*>!54.78!I@4&#*!eG)#'#&>#&KY#X%*oQ$8R&%7#$%$!LoDf!

!

2!"#$%&'())&$!*+&,-,./01$$

�!\:\a3\:[\!e1C!LYC!P.YfC!\:TN!e55C! _!m!^:TC!N:\C!NYC!P.YfC!\:NZ3\:Na!e1C!DYC!P.YfC!Z:^Z!e55$C! _!m!

N\:DC!Na:\C!Z:TC!NYC!HYDmHWfC!Z:DL3Z:NL!e1C!DYC!HWDmHYfC!T:[D3T:ZD!e1C!DYC!a3HWD3fC!L:^c!e'C!LYC!

HWL3jfC!L:^c3L:^Z!e1C!NYC!HW3P.f!

!

!

:''R'.4.c4.c4JL.B0?@'$6C@*3R'(<03$dC@*3R'd(?*#(#!!
+/NW/e+'49,4!
!

P42.#)*)>4*>!54.78!I@4&#*!eG)#'#&>#&KY#X%*oQ$8R&%7#$%$!LoDf!



!:9%<"/%#&%$$%<)Q%"$) +FE)

!

!

2!"#$%&'())&$!*+&34567801&&

�!\:T\!e55C!_!m!\:ZC!L:\C!DYC!P.YfC!\:Dc3\:D\!e1C!NYC!P.YfC!\:N\3\:Na!e1C!DYC!P.YfC!\:aD!e'C!NYC!FYfC!

[:c[3[:cD!e1C!NYC!P.YfC![:T\!e5C!_!m!^:aC!NYC!P.YfC![:aN3Z:cN!e1C!NYC!HYDmHWfC!Z:LT3Z:D^!e1C!NYC!

HWDmHYfC!Z:DN3Z:N\!e1C!NYC!HWDmHYfC!�!T:[Z!e5$C!_!m!Z:[C!N:ZC!DYC!a3!

HWDfC!L:^^!e'C!DYC!HWD3P.f!

!

!

Q2#.O.*3R'!4.c4.c4JL.B0?@'$6C@*3R'(<03$dC@*3R'd(?*#(#!! !
+/PW/N+'49,4 ) )
!

P42.#)*)>4*>!54.78!I@4&#*!eG)#'#&>#&K;)78&/.1#$8%*o"#$8%*/&!NaoNf!

!

2!"#$%&'())&$!*+&34567801&

�!\:TT!e5C! _!m!^:NC!DYC!P.YfC!\:DZ!e55C! _!m!\:ZC!N:ZC!NYC!P.YfC!\:NL3\:a^!e1C!DYC!P.YfC!\:aL!e'C!NYC!

FYfC![:cD!e$5C! _!m!\:TC!N:NC!NY:!P.YfC![:T\!e5C! _!m!^:aC!NYC!P.YfC!Z:\c!e55$C! _!m!N\:NC!Na:LC![:^C!NYC!

HYDmHWfC!Z:ac3T:c^!e1C!DYC!HWDmHYfC!T:N^!e$C!_!m![:\C!DYC!a3HWD3fC!L:^L!e'C!DYC!HWD3P.f!�!D:Ta!el$C!_!

m![:\C!N:LC!DYC!HWD3HYmHYDf!

!

!

Q2#.O.*3R'!4.cL.<*#@$DR3(C@#@('*3.4.R'dC6$C(3$(#!!
+/PW4I,O!!

*

2!"#$%&'())&$!*+&34567801$$

�!\:\c3\:\a!e1C!LYC!P.YfC!\:TD!e55C!_!m!^:ZC!N:cC!NYC!P.YfC!\:D[!e5C!_!m!^:aC!N:cC!NYC!P.YfC!\:NL!e55C!_!

m!c:aC![:^C!D:TC!NYC!P.YfC!Z:\^3Z:[\! e1C!NYC!HYDmHWfC!Z:aT3T:cL! e1C!DYC!HWDmHYfC!T:NZ3T:a[! e1C!

DYC!a3HWD3fC!L:cD3L:^Z!e1C!TYC!HWL3jC!HW3P.fC!D:LN!el$C! _!m![:\C!N:DC!DYC!HWD3HYmHYDfC!N:ZZ3N:ZD!

e5C!LYC!HWL3HYf!

!

"I!eQgfo!1K0!ekf!D^T!eL[f!M"EOC!DDcC\!eNCTfC!N^Z!eNaafC!N\a!eNDfC!NTD!eN\fC!NNZ!eNaf!

!

!

cSd.Q2#.4.*3./JM.B0R'.>0).4.cL.<*#@$DR3(C@#@('*3.4.R'dC6$C(3$(#!!
+O4WO4,L ) )
!

2!"#$%&'())&$!*+&,-,./01&&

�!\:[c3\:[L!e1C![YC!P.YfC!\:L[!e55C! _!m!^:ZC!N:cC!DYC!P.YfC!\:NT3\:ac!e1C!TYC!P.YfC!Z:[D3Z:[a!e1C!

DYC!HYDmHWfC!T:[T3T:Zc!e1C!TYC!HWDmHYfC!L:ca!e'C![YC!HWL3jfC!L:^D!e1C!_!m!\:NC!DYC!HW3P.fC!N:Z[3

N:ZT!e5C![YC!HWL3HYf!



!:9%<"/%#&%$$%<)Q%"$) +FI)

!

!

"I!eQgfo!1K0!ekf!ZND!eNDf!M"EOC!N^Z!eNaafC!NTN!eNafC!NNZ!eZf!

!

!

Q2#.O.*3R'!4.cM.0)$>2#R'C@*3R'dC6$C(3$(#!!
+/NW4M,4 ) )
!

2!"#$%&'())&$!*+&,-,./01$$

�! \:Da! e5C! _! m! ^:DC! N:cC! DYC! P.YfC! \:ac! e5C! _! m! [:DC! DYC! P.YfC! Z:[c! e55$C! _! m! N\:NC! Na:LC! [:^C! NYC!

HYDmHWfC!Z:aT3T:c\!e1C!DYC!HWDmHYfC!T:NN!e$C!_!m![:\C!DYC!a3HWD3fC!L:[^!elC!_!m!\:DC!NYC!HW3P.fC!D:TT!

e5C!_!m!\:DC!DYC!HWD3P.fC!D:LD!el$C!_!m![:\C!N:LC!DYC!!

HWD3HYmHYDfC!N:^T!e5$C!_!m!NL:ZC![:^C!NYC!HW3eHYLfDfC!N:T\!e5C!LYC!HWL3HYfC!a:^\!e5C!_!m!N:NC![YC!HY3

eHWLfDf!

"I!eQgfo!1K0!ekf!D[a!eNaf!M"EOC!DN\!eTfC!Da[!eNZfC!N[N!eNaaf!

!

!

cSd.Q2#.4.*3./JM.B0R'.>0).4.cM.0)$>2#R'C@*3R'dC6$C(3$(#!!
+OIWMI,M!!

*

2!"#$%&'())&$!*+&,-,./01$$

�!\:N^3\:N[!e5C!TYC!P.YfC!\:ac3\:a\!e5C!TYC!P.YfC!Z:[L3Z:[N!e1C!DYC!HYDmHWfC!T:[Z3T:ZT!e1C!TYC!

HWDmHYfC!L:[\!elC!_!m!\:DC!DYC!HW3P.fC!D:TL!e5C!_!m!\:DC!TYC!HWD3P.fC!N:^L!e5lC!_!m!NL:[C![:^C!DYC!HW3

eHYLfDfC!N:T[!e5C!_!m!N\:ZC![YC!HWL3HYfC!a:^c3a:^\!e5C!NDYC!HY3eHWLfDf!

!

"I!eQgfo!1K0!ekf!T[L!eNf!M"E3YOC!DZc!ecfC!DaZ!eNafC!N^c!eLfC!N[N!eNaaf!

!

!

Q2#.O.*3R'.4.c/.cM.?@'$6>*38$R'd.e.<*#@$DR.4.<*#@R'./W.03B$'.O.R'd(?*#(#!
+4OW44+'9,M!!
!

2!"#$%&'())&$!*+&,-,./01$$

�!\:[\3\:[T!e1C!DYC!P.YfC!\:T^3\:TZ!e1C!DYC!P.YfC![:c[!e5C!_!m!D:ZC!NYC!P.YfC![:^\!e5C!_!m!c:aC!NYC!

P.YfC![:[\!e55C!_!m!c:aC!D:ZC!NYC!P.YfC!Z:\\3Z:[c!e1C!NYC!HYDmHWfC!Z:ac3Z:aD!e1C!DYC!HWDmHYfC!T:N[!

e$C!_!m![:\C!DYC!a3HWD3fC!L:^D!e'C!LYC!HWL3jfC!L:[Z!e'C!DYC!HWD3HmjfC!D:Ta3D:LZ!e1C!ZYC!P.3HWLC!HWD3

HYmHYDf!

!

"I!eQgfo!1K0!ekf!TNa!eL\f!M"E3YOC!LND!eNZfC!NLc!eNaafC!NNN!eD[f!

!

!



!:9%<"/%#&%$$%<)Q%"$) +FK)

!

!

cSd.Q2#.4.*3./JM.B0R'.>0)c4.c/.cM.?@'$6>*38$R'd.e.<*#@$DR.4.<*#@R'./W.
03B$'.O.R'd(?*#(#!!
+M4WOL+'494,P!!
!

2!"#$%&'())&$!*+&,-,./01$$

�!\:[Z!e5C!_!m!^:LC!TYC!P.YfC!\:T\3\:TZ!e5C!TYC!P.YfC![:cL!e5C!_!m!D:DC!DYC!P.YfC![:^Z!e5C!_!m!c:aC!DYC!

P.YfC![:[[!e55C! _!m!c:NC!D:DC!DYC!P.YfC!Z:\L3Z:\N!e1C!DYC!HYDmHWfC!T:[\!e5C! _!m!T:TC!TYC!HWDmHYfC!

L:^D!e'C![YC!HWL3jfC!L:[[!e'C!TYC!HWD3HmjfC!D:L\!e'C![YC!P.3HWLf!

!

!

cSd.Q2#.4.*3./JM.B0R'.>0).4.c4.c4JL.B0?@'$6C@*3R'(<03$dC@*3R'd(?*#(#!
+O4W4L+'M94,M ) )
!

2!"#$%&'())&$!*+&,-,./01&$

�!\:L\3\:LL!e5C!TYC!P.YfC!\:DT3\:DN!e55C!DYC!P.YfC!\:NT3\:Na!e5$C!DYC!P.YfC!\:aN3[:cL!e1C!TYC!P.YfC!

[:^[! e'C! _! m!Z:TC!DYC!FYfC![:Z\3[:ZL! e5C!DYC!P.YfC!Z:^N3Z:\L! e1C!DYC!HYDmHWfC! T:\\3T:\N! e1C!TYC!

HWDmHYfC!L:^T3L:^a!e'C!TYC!HWD3Hmjf!

!

!

:''R'.4.@RB6$DR>*38$(#!!
+/IW/I,O ) )
!

P42.#)*)>4*>!54.78!I@4&#*!1)$!-#$./&#$8#.!

!

2!"#$%&'())&$!*+&34567801$$

�!Na:\L3Na:\a!e'C!NYC!P.3jWfC!\:cD3\:^^!e55C!NYC!P.YfC!\:Z\3\:ZD!e1C!NYC!P.YfC![:c^3[:cL!e1C!DYC!

P.YfC![:N[3[:a[!e1C!NYC!HYDmHWfC!Z:Za3Z:TL!e1C!NYC!HWDmHYfC!Z:LT3Z:Dc!e1C!NYC!HWDmHYfC!T:cD3

T:^\!e1C!DYC!a3HWD3f!

!

!

Q2#.O.*3R'.4.@RB6$DR>*38$(#!!
+//W/4,O!
!

P42.#)*)>4*>!54.78!I@4&#*!1)$!-#$./&#$8#.!

!

2!"#$%&'())&$!*+&34567801&&

�!Na:\Z!e'C!NYC!P.3jWfC!\:^\!e55C!_!m!a:TC!NYC!P.YfC!\:ZT!e555C!_!m!^:ZC!\:NC!N:[C!NYC!P.YfC![:c^3[:cL!

e1C!DYC!P.YfC!Z:cL!e55$C! _!m!N\:NC!Na:LC![:^C!NYC!HYDmHWfC!Z:DL3Z:N\!e1C!NYC!HWDmHYfC!Z:ND3Z:a^!

e1C!NYC!HWDmHYfC!T:T[3T:TL!e$C!DYC!a3HWD3fC!D:Z\!el$C!_!m![:[C!N:TC!DYC!HWD3HYmHYDf!

!



!:9%<"/%#&%$$%<)Q%"$) +*L)

!

!

9.:''R'.4.@RB6$DR>*38(<0B!!
V+L?++NW7)
!

P42.#)*)>4*>!54.78!I@4&#*!1)$!-#$./&#$8#.!

!

2!"#$%&'())&$!*+&34567801$$

�!ND:\^3ND:\N!e'C!NYC!P.3jWfC!^:LZ3^:DZ!e'C!NYC!Hj3FWfC!\:^D!e55C!_!m!^:aC!N:[C!NYC!P.YfC!\:TL3\:Lc!

e1C! NYC!P.YfC! [:cZ3[:^T! e1C! DYC!P.YfC! [:aa3Z:ca! e1C! NYC! C! HYDmHWfC! Z:DT! e5lC! _! m!N\:DC! N:\C! NYC!

HWDmHYfC!Z:NL3Z:Na!e1C!NYC!HWDmHYfC!T:aT!e55$C!_!m!c:DC!T:aC!D:DC!DYC!FY3HWD3f!

!

!

cSd.Q2#.4.*3./JM.B0R'>0).4.@RB6$DR>*38$(#!!
+/PW/L,L ) )
!

P42.#)*)>4*>!54.78!I@4&#*!1)$!-#$./&#$8#.o;)#$8R&#$8#.!coN!

!

2!"#$%&'())&$!*+&34567801&&

�!Na:[^!e'C!_!m!D:TC!NYC!P.3jWfC!\:^^!e55C!_!m!^:aC!N:\C!NYC!P.YfC!\:ZT!e555C!_!m!^:TC!\:DC!N:\C!DYC!P.YfC!

[:cc3[:cD!e1C!TYC!P.YfC![:a^3[:aZ!e1C!DYC!HYD3HWmHWfC!Z:NZ3Z:NT!e5C!TYC!HW43HYmHYf!

!

!

Q2#.O.*3.4.R'.4.@RB6$DR>*38$(#!!
+//W/4,O!!
!

P42.#)*)>4*>!54.78!I@4&#*!1)$!-#$./&#$8#.!

!

2!"#$%&'())&$!*+&34567801$

�!Na:\c!e'C!NYC!P.3jWfC!\:cN3\:^c!e1C!NYC!P.YfC!\:Z[3\:ZD!e1C!NYC!P.YfC![:c^3[:cL!e1C!DYC!P.YfC!

[:aZ! e555C! _! m! N\:LC! Na:[C! Z:^C! NYC! P.YfC! Z:[\3Z:[T! e1C! NYC! HYL3HWfC! Z:L^! e5$C! _! m! N\:LC! N:LC! NY!

HWDmHYfC!Z:DD!e5$C!_!m!Na:[C!N:LC!NYC!HWDmHYfC!N:T^!e5C!_!m![:ZC!LYC!HWL3HYf!

!

!

4.V*#@R'>2#.O.*3.4.R'!4.@RB6$DR>*38$(#!!
V+7?+*WF))
!

P42.#)*)>4*>!54.78!I@4&#*!1)$!-#$./&#$8#.!

!

!

!



!:9%<"/%#&%$$%<)Q%"$) +*+)

!

!

2!"#$%&'())&$!*+&34567801$$

�!Na:^Z!e'C!_!m!a:TC!NYC!P.3jWfC!\:^[3\:^L!e1C!NYC!P.YfC!\:ZL3\:Tc!e1C!NYC!P.YfC![:c[3[:cN!e1C!DYC!

P.YfC![:D[!e555C!_!m!N\:ZC!Na:cC!N:LC!NYC!HYDmHWfC!Z:LL!e55C!_!m!N\:ZC!a:^C!NYC!HWDmHYfC!Z:N[!e5$C!_!m!

Na:cC!a:cC!NYC!HWDmHYfC!N:\a!e'C!_!m!c:TC![YC!!

HY3eHWOfDf!

!

!

9.cM.c:''R'$DRdC@*3R'd(?*#(<0B!
+//W/O9,4  )
!

DCc>! F%$.)41! <4.5#*! )*! NZa1&! %+':! Q$8%*/&! >#&S'$! 41! #)*#! F%$.)413Q$8%*/&%$&S'4*>! 04!

#.8%&$#*:!g*!5)#'#.!<4.5#!NZCND>!eaCN1/&f!-%.%7#$%1/&!>#&S'$!4*5!^C[T1&!eaCN1/&f!P&&R&+./1)5!

<4.5#! 04>#>#+#*:! n1! 5)#! 9#%=$)/*! 04! '$%.$#*! #.2/&>$#! *4*! 5)#! J4>%+#! #)*#.! I(%$#&'()$0#!

G%&)41)/5)5:! ;#.! P*'%$0!<4.5#! Z8! 4*$#.! 9B7=2&4''! >#=/78$:! P*'78&)#U#*5!<4.5#! 5#.! Q$8%*/&!

%+5#'$)&&)#.$!4*5!5#.!;#'$)&&%$)/*'.B7='$%*5!)*!Naa1&!#)*#.!Zk)>#!F%jY!>#>/''#*:!;)#!<@''.)>#!

-8%'#! <4.5#! 1)$! LX! 1)$! Q$8#.! %4'>#'78B$$#&$:! ;4.78! P+./$)#.#*! 5#'! Q$8#.'! <4.5#! 5%'!

>#<B*'78$#!-./54=$!#.8%&$#*:!

!
1H-NMR (400 MHz; 345678):  

!  7.57-7.53 (m, 2H, ArH), 6.89-6.86 (m, 2H, ArH), 6.06 (ddt, J = 17.3, 10.5, 5.2 Hz, 1H, HYDmHW), 

5.40 (dq, J = 17.3, 1.7 Hz, 1H, HWDmHY), 5.23 (dq, J = 10.6, 1.5 Hz, 1H, HWDmHY), 4.53 (dt, J = 5.2, 

1.6 Hz, 2H, a3HWD3)!

!

!

! "R3#@*)*!1$3!+,-.4.b0A(3B*3!

!

c\d.O.cM.cV*#@R'#@0$dC@*3R'd.4.C@*3R'(?6R')726*!!
+/LW/M,4" )
!

NZ11/&!-8#*R&#'')>'@4.#!<#.5#*!)*!NZ1&!P7#$%*8R5.)5!>#&S'$:!P*'78&)#U#*5!#.2/&>$!5)#!J4>%+#!

,/*!NZ11/&!T3"#$8R&$8)/+#*0%&5#8R5!4*5!D1&!6.)#$8R&%1)*:!;#.!P*'%$0!<).5!N[8!4*$#.!9#2&4X!

>#=/78$:! F%78! 5#1! P+=B8&#*! ,#.'#$0$! 1%*! 5)#! bS'4*>! 1)$! ;)#$8R&#$8#.! 4*5! '78B$$#&$! 5)#!

/.>%*)'78#! -8%'#! 1)$! Nak! F%jY3b'>:! %4'! +)'! 5#.! (Y! 5#.! <@''.)>#*! -8%'#! +%')'78! )'$:! ;)#!

,#.#)*$#*!<@''.)>#*!-8%'#*!<#.5#*!1)$!=/*0:!YH&!%42!#)*#*!(Y!,/*!N3D!#)*>#'$#&&$C!</+#)!#)*!

>#&+3/7=#.2%.+#*#.! F)#5#.'78&%>! %4'2@&&$:! ;#.! #*$'$%*5#*#! F)#5#.'78&%>! <).5! %+>#'%4>$C! )*!

Q$8R&%7#$%$!>#&S'$C!1)$!F%DIjT!>#$./7=*#$!!4*5!%*'78&)#U#*5!5%'!bS'4*>'1)$$#&!<)#5#.!%+./$)#.$:!

!

!



!:9%<"/%#&%$$%<)Q%"$) +*7)

!

!

c\d.O.cM.cV*#@R')2'%$3R'dC@*3R'd.4.C@*3R'(?6R')726*!!
+/LW/M,M"!
!

eQf3L3eT3e1#$8R&'4&2/*R&f(8#*R&f3D3(8#*R&%7.R&'@4.#!#.8@&$!1%*!54.78!5)#!jX)5%$)/*!,/*!eQf3L3

eT3e1#$8R&$8)/f(8#*R&f3D3(8#*R&%7.R&'@4.#:!;%04! '$#&&$!1%*! ')78!#)*#!bS'4*>!%4'!Q)'#'')>!4*5!

]%''#.'$/22(#./X)5! )1! ?#.8@&$*)'! NoN! 8#.! 4*5! $./(2$! 5)#'#! &%*>'%1! 04.! eQf3L3eT3

e1#$8R&$8)/f(8#*R&f3D3(8#*R&%7.R&'@4.#! +#)! Za3[apH! 4*5! &@''$! ^8! .B8.#*:! ;)#! bS'4*>!<).5! )*!

Q)'<%''#.! >#>/''#*! 4*5! %*'78&)#U#*5! 1)$! ;)78&/.1#$8%*! %4'>#'78B$$#&$:! J4.! <#)$#.#*!

P42.#)*)>4*>!<#.5#*!5)#!,#.#)*)>$#*!;)78&/.1#$8%*3(8%'#*!#.*#4$!1)$!>#'@$$)>$#.!F%YHjL3b'>:!

%4'>#'78B$$#&$:!J41!I78&4U!<#.5#*!5)#!>#'%11#&$#*!F%YHjL3-8%'#*!1)$!=/*0:!YH&!%*>#'@4#.$:!

n*$#.!%4'5%4#.*5#1!G.%$0#*!%1!W&%'.%*5!2@&&$!5%'!>#<B*'78$#!I4&2/*!%&'!<#)U#.!F)#5#.'78&%>!

%4':!;)#'#.!<).5!%*'78&)#U#*5!%+>#'%4>$:!

!

2!"#$%&'())&$!*+&34567801&&

!  7.92 (s, 1H, Ar-H), 7.78-7.75 (m, 2H, Ar-H), 7.41-7.38 (m, 3H, Ar-H), 7.37-7.34 (m, 2H, Ar-H), 

7.27-7.24 (m, 2H, Ar-H), 3.09 (s, 3H, CH3-SO2)!

!

!

!

c\d.Q2#.O.*3R'!O.cM.c<*#@R')2'%$3R'dC@*3R'd.4.C@*3R'(?6R'(#!!
+4IW4I,M"!
!

IR*$8#'#!5#'!Q'$#.'!*%78!5#.!%&&>#1#)*#*!?/.'78.)2$!~!')#8#!/+#*!

!
1H-NMR (400 MHz; 345678):  

!  7.78-7.74 (m, 2H, ArH), 7.42-7.39 (m, 3H, ArH), 7.35-7.32 (m, 2H; ArH), 7.24 (m, J = 1.2 Hz, 2H, 

ArH), 5.82 (m, J = 6.8 Hz, 1H, HYDmHW) 5.13-5.03 (m, 2H, HWDmHY), 4.27-4.24 (t, 2H, a3HWD3fC), 

3.10 (s, 3H, CH3-SO2), 2.42 (qt, J = 6.7, 1.3 Hz, 2H, HWD3HYmHYD) 

!

!

c\d.4.cO.Q6$<C@*3R'd.O.cM.c<*#@R')2'%$3R'dC@*3R'd(?6R')726*!!
+/LW/OQ6,M" )

!
1H-NMR (400 MHz; 345678):  

!  7.99-7.96 (s, 1H, Ar-HWmH), 7.84-7.79 (m, 2H, ArH), 7.60-7.55 (m, 1H, ArH), 7.51-7.47 (m, 1H; 

ArH), 7.43-7.33 (m, 3H, ArH), 7.26-7.23 (m, 1H, ArH), 3.09 (s, 3H, CH3-SO2).!

!

!

!



!:9%<"/%#&%$$%<)Q%"$) +*F)

!

!

c\d.Q2#.O.*3R'.4.cO.>6$<C@*3R'd.O.cM.c<*#@R')2'%$3R'dC@*3R'd(?6R'(#!f!
+4IW/gQ6,M"!!
!
1H-NMR (400 MHz; 345678):  

!  7.95-7.93 (s, 1H, Ar-HWmH), 7.83-7.80 (m, 2H, ArH), 7.60-7.57 (m, 1H, ArH), 7.49-7.47 (m, 1H, 

ArH), 7.40-7.33 (m, 3H, ArH), 7.24-7.21 (m, 1H, ArH), 5.88-5.77 (m, 1H, HYDmHW), 5.14-5.04 (m, 

2H, HWDmHY), 4.28-4.24 (t, 2H, a3HWD3), 3.10 (s, 3H, CH3-SO2), 2.45-2.39 (m, 2H, HWD3HYmHYD) 

 

!

M.ce.C.G$'R'.O.c#60%'2$6<*#@R'd./W.CR6(8$'./.R'd>*38*3)2'%$3(<0B!!
!+/NW/MHO9O,4" ) )
!

;%'!H#&#7/X)+!<4.5#!54.78!QX$.%=$)/*!%4'!H#&#+.#X!Daa1>!G%('#&*!#.8%&$#*:!g1!#.'$#*!I78.)$$!

<4.5#*!5%2B.!5)#!G%('#&*!>#S22*#$!4*5!5)#! &##.#*!G%('#&8B&&#*!,#.</.2#*:!;4.78!J4>%+#!,/*!

P7#$/*! <4.5#! 5%'! H#&#7/X)+! >#&S'$! 4*5! 54.78! A)&$.%$)/*! ,/*! 5#*! 4*&S'&)78#*! V#'$%*5$#)&#*!

%+>#$.#**$:!F%78!Q*$2#.*#*!5#'!bS'4*>'1)$$#&'!%1!9/$%$)/*',#.5%1(2#.C!=/**$#!5%'!H#&#7/X)+!

)*!%4'.#)78#*5#.!9#)*8#)$!>#</**#*!<#.5#*:!

!
1H-NMR (400 MHz; CDCl3):  

!  7.93-7.88 (m, 2H, ArH), 7.50-7.47 (m, 2H, ArH), 7.19-7.16 (m, 2H, ArH), 7.12-7.10 (m, 2H, ArH), 

6.74-6.73 (s, 1H, H-Pyrazol), 2.39-2.37 (s, 3H, Ar-CH3) 

 

 

M.c/.cM."2'%(<$R'C@*3R'd.O.c#60%'2$6<*#@R'd./W.CR6(8$'.e.R'd.>*38$*)726*!!
+/NW/4HO9O,M"!!
 

Für die Oxidation von Celecoxib wurden 1,5g (3,9mmol) in 20 ml Wasser in einem 50ml Rundkolben 

suspendiert und mit 1g Natriumcarbonat versetzt. Nach Zugabe von 2g Kaliumpermanganat wurde der 

Ansatz unter Rühren langsam erhitzt und 45min unter Rückfluss gekocht. Die Farbänderung des 

Kaliumpermanganates zu Braunstein zeigt dabei den Endpunkt der Reaktion an. Anschließend wird 

der Braunstein heiß abgesaugt und mit wenig heißem Wasser gewaschen. Durch Ansäuern des 

Filtrates mit konz. HCl fällt die gewünschte Säure aus. Um die Ausbeute zu erhöhen wird der Ansatz 

noch 2h im Kühlschrank aufbewahrt und anschließend der Niederschlag abgesaugt. 

 

 
1H-NMR (400 MHz; A45678):  

!  8.07-8.04 (m, 2H, ArH), 8.01-7.97 (m, 2H, ArH), 7.63-7.59 (m, 2H, ArH), 7.55-7.51 (m, 2H, ArH), 

7.18-7.17 (s, 1H, H-Pyrazol) 

 



!:9%<"/%#&%$$%<)Q%"$) +**)

!

!

Q2#.O.*3R'!M.c/.cM.)2'%(<$R'C@*3R'd.O.c#60%'2$6<*#@R'd./W.CR6(8$'.e.
R'd>*38$(#!!
+4/W/PHO9O,M" )
! !

IR*$8#'#!5#'!Q'$#.'!*%78!5#.!%&&>#1#)*#*!?/.'78.)2$!~!')#8#!/+#*!

!
1H-NMR (400 MHz; 345678):  

!  8.06-8.01 (m, 2H, ArH), 8.01-7.95 (m, 2H ArH), 7.64-7.57 (m, 2H, ArH), 7.57-7.50 (m, 2H, ArH), 

7.18-7.16 (s, 1H, H-Pyrazol), 5.97-5.86 (m, 1H, HYDmHW), 5.21-5.14 (m, 1H, HWDmHY), 5.11-5.06 (m, 

1H, HWDmHY), 4.40-4.35 (t, 2H, a3HWD3), 2.57-2.50 (m, 2H, HWD3HYmHYD) 

 

! CH#&4%2%);%2)G%"2%MC.$=%2)

!

P&'!#.'$#'!<#.5#*!T>!6#$.%78&/./(&%$)*%$!)*!Za1&!LCZ"!jD32.#)#.!I%&0'@4.#!>#&S'$:!I/&&$#*!>#&+#!

G.)'$%&&#! /5#.! #&#1#*$%.#'! -&%$)*! +#)1! bS'4*>',/.>%*>! %1! V/5#*! 04.B7=+&#)+#*C! 14''! 5)#!

bS'4*>! */78! #)*1%&! 2)&$.)#.$! <#.5#*:! P&'! G%$%&R'%$/.! <#.5#*! *4*! TZ1>! I*H&DwDYDj! 04! 5#.!

bS'4*>! >#>#+#*!4*5! %*'78&)#U#*5!<).5! 2B.! D3L8!Q$8#*!54.78!5)#! bS'4*>! >#&#)$#$:!;%+#)! 2@.+$!

')78! 5)#! ./$#! 6#$.%78&/./(&%$)*%$&S'4*>! *4*! &%*>'%1! 0)$./*#*>#&+:! F%78! +##*5#$#.! 9#%=$)/*!

<).5!5)#!bS'4*>!1)$!#)*#1!G.)'$%&&!J#)'#3I%&0!%*>#)1(2$!4*5!2B.!TZ1)*!)*'!6)#2=B8&2%78!>#'$#&&$:!

;)#!F%5#&*!<#.5#*!%+>#'%4>$!4*5!B+#.!GjY!)1!QX')==%$/.!>#$./7=*#$:!;)#!%+>#'%4>$#!bS'4*>!

<).5!%1!9/$%$)/*',#.5%1(2#.!41!5)#!Y@&2$#!.#540)#.$!4*5!#.*#4$!)*'!6)#2=B8&2%78!>#'$#&&$:!;)#!

#*$'$%*5#*#*! G.)'$%&&#! <#.5#*! #+#*2%&&'! %+>#'%4>$! 4*5! >#$./7=*#$:! ;)#! D:! A.%=$)/*! <).5! )*!

"#$8%*/&! >#&S'$C! 2)&$.)#.$! 4*5! %*'78&)#U#*5! 5%'! bS'4*>'1)$$#&! %+>#5%1(2$:! ;)#! P4'+#4$#! 5#.!

9#%=$)/*!+#$.@>$!DC^3L>!J#)'#3I%&0:!

!

! =$<C'*D0*623A!B*6!b0A(3B*3!(<!5'(#03!

!

;)#!G/1(&#X)#.4*>!5#.! b)>%*5#*! %*'!-&%$)*! #.2/&>$! 54.78! #)*#*!b)>%*5#*%4'$%4'78:!P&'!Q54=$!

<).5! 5%+#)! 5%'! J#)'#3I%&0! ,#.<#*5#$C!<#&78#'! )*!jD32.#)#*! %+'/&4$#*! Q$8%*/&! >#&S'$!<).5:! ;#.!

>#<B*'78$#!b)>%*5!<).5!#+#*2%&&'! )*!jD32.#)#*!%+'/&4$#*!Q$8%*/&!/5#.!%478!%+'/&4$#1!P7#$/*!

>#&S'$! 4*5! +#)! 9%41$#1(#.%$4.! 04.! J#)'#3bS'4*>! >#>#+#*:! P*'78&)#U#*5! <).5! L8! +#)! ZapH!

>#.B8.$:!F%78!Q)*#*>#*!5#.!bS'4*>!%1!9/$%$)/*',#.5%1(2#.!%42!Z1&!<).5!&%*>'%1!;)#$8R&#$8#.!

04>#>#+#*:!;%+#)!2@&&$!5#.!>#<B*'78$#!-&%$)*=/1(&#X!%4':!n1!5)#!G.)'$%&&)'%$)/*!%+04'78&)#U#*C!

<).5! 5#.! P*'%$0! 2B.! La! ")*! )*'! 6)#2=B8&2%78! >#'$#&&$:! P*'78&)#U#*5! <4.5#! 5#.! F)#5#.'78&%>!

%+>#'%4>$!

!

!



!:9%<"/%#&%$$%<)Q%"$) +*6)

!

!

=('02<(''R'>*38$(##60?@'$6$C'(#03(#cUUd!!
=Y5#!c+/IW/I,4dc+'dOZ!
!

2!"#$%&'())&$!*+&34567801&&

�! ^:NN3^:a[! e1C! DYC! P.YfC! \:[[3\:[a! e1C! NYC! P.YfC! \:ZZ3\:Tc! e1C! DYC! P.YfC! Z:ac3T:c^! e1C! NYC!

HYDmHWfC!T:c^3T:ca!e1C!NYC!HWDmHYfC!T:Zc3T:ZN!e1C!NYC!HWDmHYfC!T:TD3T:DN!e1C!DYC!a3HWD3f!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!NcTCDpH!

!

,!#"389.:6;<! berechnet: C% 24,52 H% 2,25 (*0,25 C2H5OH)!

gefunden: C% 24,96 H% 2,26 

 

ESI-TOF  berechnet: 462,9375 

gefunden: 462,9493!

!

!

=('02<(''R'!4.cM.0)$>2#R'C@*3R'dC6$C(3$(##60?@'$6$C'(#03(#cUUd!!
=Y5#c+/LW44,4dc+'dOZ!
!

2!"#$%&'())&$!*+&34567801$$

�!\:D^3\:DL!e1C!DYC!P.YfC!\:NT3\:Na!e1C!DYC!P.YfC!T:^T!e1C!_!m!T:^C!N:NC!NYC!HYDmHWfC!T:\[3T:[^!e1C!

NYC!HWDmHYfC!T:L^3T:D[! e1C!NYC!HWDmHYfC!T:D\3T:ND! e1C!DYC!a3HWD3fC!L:^N3L:\Z! e1C!NYC!P.3HWfC!

D:T[3D:TD!e5C!DYC!P.3HWDfC!N:ca3N:^a!e1C!NY!HW3eHYLfDfC!N:T\3N:TD!e55C!LYC!HWL3HYfC!a:cN3a:^Z!e5C!

[YC!HY3eHWLfDf!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!N\^CcpH!

!

,!#"389.:6;<! berechnet: C% 33,12 H% 3,96 (*0,25 C2H5OH)!

gefunden: C% 33,00 H% 3,47 

!

ESI-TOF  berechnet: 547,0316  

gefunden: 547,0311!

!

!

!

!

!

!

!

!



!:9%<"/%#&%$$%<)Q%"$) +*>)

!

!

=('02<(''R'!4.c/.cM.?@'$6>*38$R'd.e.<*#@$DR.4.<*#@R'./W.03B$'.O.
R'd(?*#(##60?@'$6$C'(#03(#cUUd!!
=Yc+44W4I+'9,Mdc+'dOZ!
!

2!"#$%&'())&$!*+&34567801$$

�!\:\[3\:\T!e1C!DYC!P.YfC!\:[[3\:[L!e1C!DYC!P.YfC!\:ND!e5C!_!m!D:ZC!NYC!P.YfC!\:aN!e55C!_!m!c:aC!a:TC!

NYC! P.YfC! [:[c! e55C! _! m! c:aC! D:[C! NY! P.YfC! T:^c! e1C! NYC! HYDmHWfC! T:\D! e55C! _! m! ND:aC! Z:ZC! NYC!

HWDmHYfC!T:LL3T:DD!e1C!LYC!HWDmHYC!a3HWD3fC!L:^L!e'C!LYC!HWL3jfC!L:^N!e'C!DYC!HWD3HmjfC!D:LZ!e'C!

LYC!P.3HWLf!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!N^\CLpH!

!

,!#"389.:6;<! ! berechnet: C% 36,52 H% 3,04 (*0,25 C2H5OH)!

gefunden: C% 36,53 H% 2,93!

!

ESI-TOF  berechnet: 697,9775  

gefunden: 697,9573!

!

!

=('02<(''R'!4.cL.<*#@$DR3(C@#@('*3.4.R'dC6$C(3$(##60?@'$6$.C'(#03(#cUUd!!
=Y5#c+/NW/P,Odc+'dOZ!!
!

2!"#$%&'())&$!*+&34567801&&

�!\:^a!e1C!_!m!c:[C!T:aC!LYC!P.YfC!\:Za3\:T\!e1C!NYC!P.YfC!\:D\!e5C!_!m!D:TC!NYC!P.YfC!\:NZ3\:ND!e1C!

NYC! P.YfC! T:^[! e1C! _! m! T:cC! N:[C! NYC! HYDmHWfC! T:\^3T:[c! e1C! NYC! HWDmHYfC! T:Lc3T:Da! e1C! LYC!

HWDmHYC!a3HWD3fC!L:c^3L:cL!e1C!NYC!P.3HWfC!L:cN!e'C!LYC!HWL3jfC!N:Z\3N:ZT!e55C!LYC!HWL3HYf!

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!N^LCcpH!

!

,!#"389.:6;<! berechnet: C% 33,76 H% 3,12 (*0,25 C2H5OH)!

gefunden: C% 33,52 H% 3,30 

 

ESI-TOF  berechnet: 570,9953 

gefunden: 570,9975 

 

 

 

 

 

 



!:9%<"/%#&%$$%<)Q%"$) +*E)

!

!

=('02<(''R'!4.c4.c4JL.B0?@'$6C@*3R'(<03$dC@*3R'd(?*#(#.#60?@'$6$C'(#03(#cUUd!!
=Y5#c+/NW/e+'49,4dc+'dOZ!
!

2!"#$%&'())&$!*+&34567801$$

�!\:ZN3\:TL!e1C!DYC!P.YfC!\:LZ3\:D\!e1C!NYC!P.YfC!\:Nc3\:a^!e1C!DY:!P.YfC!\:a\3\:aL!e'C!NYC!FYfC!

[:c\3[:^c! e1C! NYC! P.YfC! [:ZN3[:TD! e5C! NYC! P.YfC! Z:aa3T:^\! e1C! NYC! HYDmHWfC! T:^\3T:\^! e1C! NYC!

HWDmHYfC!T:T[3T:L^!e1C!NYC!HWDmHYfC!T:L[3T:N\!e1C!DYC!a3HWD3fC!L:cL3L:^T!e'C!DYC!HYD3P.f!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!NDDC[pH!

!

,!#"389.:6;<! berechnet: C% 30,54 H% 2,42 (*0,25 C2H5OH)!

gefunden: C% 30,50 H% 2,60!

ESI-TOF  berechnet: 637,9160  

gefunden: 637,9067!

!

!

=('02<.9.cM.c(''R'$DRdC@*3R'd(?*#(<0B#60?@'$6$C'(#03(#cUUd!!
=Y5#c+//W/O9,4dc+'dOZ!!
!
1H-NMR (400 MHz; 345678):  

!  7.58-7.54 (m, 2H, ArH), 6.92-6.88 (m, 2H, ArH), 5.09-5.00 (m, 1H, HYDmHW), 4.71-4.66 (m, 1H, 

HWDmHY), 4.37-4.22 (m, 2H, a3HWD3), 4.22-4.16 (m, 1H, HWDmHY) 

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!DaLCTpH!

!

,!#"389.:6;<! berechnet: C% 25,42 H% 2,69 (*0,25 C2H5OH)!

gefunden: C% 25,45 H% 2,74!

! !

ESI-TOF  berechnet: 491,9641 

gefunden: 491,9648 

 

 

 

 

 

 

 

 

!



!:9%<"/%#&%$$%<)Q%"$) +*I)

!

!

=('02<>2#.O.*3R'!4.c4.c4JL.B0?@'$6C@*3R'(<03$dC@*3R'd(?*#(#.#60?@'$6$.
C'(#03(#cUUd!!
=Y5#c+/PW/N+'49,4dc+'dOZ!!
!

2!"#$%&'())&$!*+&34567801$$

�!\:ZN3\:T\!e1C!DYC!P.YfC!\:LL3\:LN!e1C!NYC!P.YfC!\:Nc3\:a[!e1C!LYC!P.YC!FYfC![:c\3[:cD!e1C!NYC!

P.YfC![:T^3[:TZ!e1C!NYC!P.YfC!T:cc3T:^c!e1C!NYC!HYDmHWfC!T:Z\3T:TZ!e1C!DYC!HWDmHYfC!T:DZ3T:ac!

e5C!DYC!a3HWD3fC!L:cD3L:cN!e'C!DYC!HYD3P.fC!D:ZZ3D:T[!e1C!NYC!HWD3HYmHYDfC!D:aD3N:cL!e1C!NYC!HWD3

HYmHYDf!

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!NaLC[pH!

,!#"389.:6;<! ! berechnet: C% 31,64 H% 2,66 (*0,25 C2H5OH)!

gefunden: C% 31,69 H% 2,68!

!

ESI-TOF  berechnet: 651,9311 

gefunden: 651,9379 !

!

!

=('02<>2#.O.*3R'!4.cL.<*#@$DR3(C@#@('*3.4.R'dC6$C(3$(##60?@'$6$.
C'(#03(#cUUd!!
=Y5#c+/PW4I,Odc+'dOZ!!
!

2!"#$%&'())&$!*+&34567801$$

�!\:^D3\:\Z! e1C!LYC!P.YfC! \:Tc3\:TZ! e1C!NYC!P.YfC! \:D\! e5C! _! m!D:DC! NYC!P.YfC! \:NZ3\:ND! e1C!NYC!

P.YfC! T:c[3T:^T! e1C!NYC!HYDmHWfC! T:ZL3T:LL! e1C!DYC!HWDmHYfC! T:Da3T:aL! e1C!DYC!a3HWD3fC! T:aD3

L:cT!e1C!NYC!P.3HWfC!L:cD3L:^c!e'C!LYC!HWL3jfC!D:TZ3D:L\!e1C!NYC!HWD3HYmHYDfC!N:cL3N:^L!e1C!NYC!

HWD3HYmHYDfC!N:Z\3N:ZN!e55C!LYC!HWL3HYf!

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!N\ZC[pH!

!

,!#"389.:6;<! berechnet: C% 34,91 H% 3,41 (*0,25 C2H5OH)!

gefunden: C% 34,50 H% 3,46!

!

ESI-TOF  berechnet: 585,0104 

gefunden: 585,0243 

!

!

!



!:9%<"/%#&%$$%<)Q%"$) +*K)

!

!

=('02<.cSd.>2#.4.*3./JM.B0R'.>0).4.cL.<*#@$DR3(C@#@('*3.4.R'd.
C6$C(3$(##60?@'$6$C'(#03(#cUUd!!
=Y5#c+O4WOM,edc+'dOZ!!
!

2!"#$%&'())&$!*+&34567801$$

�!\:^D3\:[\!e1C![YC!P.YfC!\:T\3\:L^!e1C!DYC!P.YfC!\:D^3\:DL!e1C!DYC!P.YfC!\:NZ3\:ac!e1C!DYC!P.YfC!

T:cD3T:[L!e1C!TYC!HWDmHYfC!T:[D3T:TZ!e1C!DYC!HYDmHWfC!L:cT3L:^Z!e1C!\YC!HWL3jC!P.3HWfC!L:^L3

L:\Z!e1C!NYC!P.3HWfC!N:Z[3N:TL!e1C![YC!HWL3HYf!

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!NL^C[pH!

!

,!#"389.:6;<! ! berechnet: C% 45,89 H% 4,21 (*0,25 C2H5OH)!

gefunden: C% 45,97 H% 4,24!

ESI-TOF  berechnet: 813,1354 

gefunden: 813,1012 !

!

!

=('02<>2#.O.*3R'!4.cM.0)$>2#R'C@*3R'dC6$C(3$(##60?@'$6$C'(#03(#cUUd!!
=Y5#c+/NW4M,4dc+'d!OZ!!
!

2!"#$%&'())&$!*+&34567801$$

�!\:D^3\:DD!e1C!DYC!P.YfC!\:NZ3\:Na!e1C!DYC!P.YfC!Z:aa3T:\^!e1C!NYC!HYDmHWfC!T:ZN3T:LN!e1C!DYC!

HWDmHYfC! T:DL3T:aa! e1C! DYC! a3HWD3fC! L:^L3L:\Z! e1C! NYC! P.3HWfC! D:T^3D:LZ! e1C! LYC! HWD3P.C! HW3

eHYLfDfC! N:c[3N:\^! e1C! DYC! HWD3HYmHYDfC! N:T^3N:TD! e55C! LYC! HWL3HYfC! a:cD3a:^[! e5C! [YC! HY3

eHWLfDf!

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!NLZCcpH!

!

,!#"389.:6;<! ! berechnet: C% 34,32 H% 4,20 (*0,25 C2H5OH)!

gefunden: C% 34,34 H% 4,24 

 

ESI-TOF  berechnet: 561,0473 

gefunden: 561,0476 !

!

!

!

!

!

!



!:9%<"/%#&%$$%<)Q%"$) +6L)

!

!

=('02<.cSd.>2#.4.*3./JM.B0R'.>0)c4.cM.0)$>2#R'C@*3R'dC6$C(3$(#.
#60?@'$6$C'(#03(#cUUd!!
=Y5#c+OIWMI,Mdc+'dOZ!!
!

2!"#$%&'())&$!*+&34567801$$

�!\:La3\:Nc!e1C!TYC!P.YfC!\:NZ3\:Na!e1C!TYC!P.YfC!T:^D3T:Lc!e1C!ZYC!HYDmHWJ!HWDmHYfC!L:\c3L:\N!

e1C!DYC!P.3HWfC!D:T[3D:TD!e1C!TYC!HWD3P.fC!N:^^3N:^N!e1C!DYC!HW3eHYLfDfC!N:T^3N:L^!e1C![YC!HWL3

HYfC!a:^c3a:^Z!e5C!NDYC!HY3eHWLfDf!

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!NTDCcpH!

!

,!#"389.:6;<! berechnet: C% 47,11 H% 5,38 (*0,25 C2H5OH)!

gefunden: C% 47,44 H% 5,48!

!

ESI-TOF  berechnet: 765,1629 

gefunden: 765,1657 

!

!

=('02<>2#.O.*3R'.4.c/.cM.?@'$6>*38$R'd.e.<*#@$DR.4.<*#@R'./W.03B$'.O.
R'd(?*#(##60?@'$6$C'(#03(#!cUUd!!
=Y5#c+4OW44+'9,Mdc+'dOZ ) )
!

2!"#$%&'())&$!*+&34567801$$

�! \:\\3\:\L! e1C! DYC! P.YfC! \:[Z3\:[D! e1C! DYC! P.YfC! \:NZ! e5C! _! m! D:TC! NYC! P.YfC! \:aa3[:c\! e5C! NYC!

P.YfC![:\a3[:[\!e55C!NYC!P.YfC!T:cZ3T:^[!e1C!NYC!HYDmHWfC!T:TD3T:L\!e1C!DYC!HWDmHYfC!T:Da3T:Na!

e1C!DYC!C!a3HWD3fC!L:^D!e1C!ZYC!HWL3jC!HWD3HmjfC!D:ZN3D:TD!e1C!NYC!HWD3HYmHYDfC!DCLT!e'C!LYC!P.3

HWLfC!N:cL3N:^Z!e1C!NYC!HWD3HYmHYDf!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!NL\CLpH!

!

,!#"389.:6;<! berechnet: C% 36,95 H% 3,10 (*0,25 C2H5OH)!

gefunden: C% 36,78 H% 3,63!

!

ESI-TOF  berechnet: 711,9932 

gefunden: 711,9963 

!

!

!

!



!:9%<"/%#&%$$%<)Q%"$) +6+)

!

!

=('02<!.cSd.>2#.4.*3./JM.B0R'.>0)c4.c/.cM.?@'$6>*38$R'd.e.<*#@$DR.4.<*#@R'.
/W.03B$'.O.R'd(?*#(##60?@'$6$C'(#03(#cUUd!!
=Y5#c+MOWOg+'494,Pdc+'dOZ!
!

2!"#$%&'())&$!*+&34567801$$

�!\:\D3\:[c!e1C!TYC!P.YfC!\:[D3\:Zc!e1C!TYC!P.YfC!\:ac!e5C!_!m!D:ZC!DYC!P.YfC![:c\!e5C!_!m!c:aC!DYC!

P.YfC![:[[!e55C!_!m!c:aC!D:ZC!DYC!P.YfC!T:^\!e1C!DYC!HYDmHWfC!T:\a!e1C!DYC!HWDmHYfC!T:ZN!e1C!DYC!

HWDmHYfC!L:\c!e'C![YC!HWL3jfC!L:\L!e'C!TYC!HWD3HmjfC!D:LN!e'C![YC!P.3HWLf!

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!N^ZCDpH3N^cpH!

!

,!#"389.:6;<! ! berechnet: C% 45,59 H% 3,38 (*0,25 C2H5OH)!

gefunden: C% 45,61 H% 3,39!

!

ESI-TOF  berechnet: 1069,0540 

gefunden: 1069,0576  

 

!

=('02<.cSd.>2#.4.*3./JM.B0R'.>0).4.c4.c4JL.B0?@'$6C@*3R'(<03$dC@*3R'd.
(?*#(##60?@'$6$C'(#03(#cUUd!
!=Y5#c+O4W4L+'M94,Mdc+'dOZ!!
!

2!"#$%&'())&$!*+&34567801$$

�!\:ZN3\:TD!e5C!TYC!P.YfC!\:LN3\:D[!e55C!DYC!P.YfC!\:N\3\:a[!e1C!TYC!P.YfC!\:a[3\:aD!e'C!DYC!FYfC!

[:cc3[:^c! e1C! DYC! P.YfC! [:T^3[:TT! e5C! DYC! P.YfC! Z:aZ3T:^[! e1C! DYC! HYDmHWfC! T:^[3T:\\! e1C! DYC!

HWDmHYfC!T:\^3T:[Z!e1C!DYC!HWDmHYfC!L:^c3L:^L!e'C!TYC!HYD3P.f!

!

>#&+#'!-4&,#.C!J#.'#$04*>!*)78$!+#'$)11$!

!

,!#"389.:6;<! ! berechnet: C% 39,17 H% 2,78 (*0,25 C2H5OH)!

gefunden: C%  H% !

!

ESI-TOF  berechnet: 944,9324 

gefunden: 944,9379!

!

!

!

!

!



!:9%<"/%#&%$$%<)Q%"$) +67)

!

!

=('02<(''R'.4.@RB6$DR>*38$(##60?@'$6$C'(#03(#cUUd!
=Y5#c+/IW/I,Odc+'dOZ!!
!

2!"#$%&'())&$!*+&34567801$$

�!Na:\[3Na:\Z!e'C!NYC!P.3jWfC!^:a[3^:aD!e1C!NYC!P.YfC!\:[a3\:ZZ!e1C!NYC!P.YfC!\:aT3[:c^!e1C!DYC!

P.YfC!Z:ND3T:cL!e1C!DYC!HYDmHWJ!HWDmHY!fC!T:\D3T:[D!e1C!NYC!HWDmHYfC!T:T\3T:LN!e1C!DYC!a3HWD3f!

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!N[ZCTpH!

!

,!#"389.:6;<! ! berechnet: C% 23,78 H% 2,19 (*0,33 C2H5OH)!

gefunden: C% 23,42 H% 2,13 

ESI-TOF  berechnet: 478,9319 

gefunden: 478,9328!

!

!

=('02<>2#.O.*3R'.4.@RB6$DR>*38$(#!!
=Y5#c+//W/4,Odc+'dOZ!!
!

2!"#$%&'())&$!*+&34567801$$

�!Na:^D3Na:^a!e'C!NYC!P.3jWfC!\:cc3\:c[!e1C!NYC!P.YfC!\:ZZ3\:Za!e1C!NYC!P.YfC![:c^3[:cD!e1C!DYC!

P.YfC! Z:NN3T:cT! e1C!NYC!HYDmHWfC! T:\c3T:\Z! e1C!DYC!a3HWD3fC! T:LL3T:N^! e1C!DYC!HWDmHYfC! D:[\3

D:Z\!e1C!NYC!HWD3HYmHYDfC!D:N\3D:a\!e1C!NYC!C!HWD3HYmHYDf! !

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!N\LCTpH3N^[C\pH!

!

,!#"389.:6;<! ! berechnet: C% 24,59 H% 2,35 (*0,25 H2O)!

gefunden: C% 24,25 H% 2,14 

!

!

ESI-TOF  berechnet: 492,9476 

gefunden: 492,9503 

!

!

!

!

!

!

!



!:9%<"/%#&%$$%<)Q%"$) +6F)

!

!

=('02<.9.(''R'.4.@RB6$DR>*38(<0B#60?@'$6$C'(#03(#cUUd!!
=Y5#c+/IW//9,4dc+'dOZ!!
!

2!"#$%&'())&$!*+&34567801$$

�!ND:\Z3ND:\a! e'C!NYC!P.3jWfC!^:LZ3^:D[! e'C!NYC!Hj3FWfC!\:^T3\:\\! e55C!NYC!P.YfC!\:TZ3\:Lc! e1C!

NYC!P.YfC!\:a^3[:^Z!e1C!DYC!P.YfC!Z:NZ3Z:aN!e1C!NYC!HYDmHWfC!T:L\3T:DN!e1C!DYC!FY3HWD3fC!T:a\3

L:c\!e1C!NYC!HWDmHYfC!L:cL3L:^L!e1C!NYC!HWDmHYf!

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!Nc[CcpH!

!

,!#"389.:6;<! ! berechnet: C% 24,03 H% 2,46 (*0,33 C2H5OH)!

gefunden: C% 23,78 H% 2,51 

!

ESI-TOF  berechnet: 477,9478 

gefunden: 477,9518 

 

 

=('02<.cSd.>2#.4.*3./JM.B0R'>0).4.@RB6$DR>*38$(##60?@'$6$C'(#03(#cUUd!!
=Y5#c+/PW/L,Ldc+'dOZ!!
!
1H-NMR (400 MHz; 345678):  

!  10.66-10.65 (s, 1H, Ar-OH), 7.92-7.87 (dd, 2H, ArH), 7.52-7.47 (m, 2H, ArH), 6.94-6.83 (m, 4H, 

ArH), 5.13-5.06 (m, 4H, HW43HYmHY), 5.04-4.97 (m, 2H, HYD3HWmHW)!

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!Nc[CTpH!

!

,!#"389.:6;<! ! berechnet: C% 32,77 H% 2,65 (*0,33 C2H5OH)!

gefunden: C% 32,47 H% 2,54 

!

ESI-TOF  berechnet: 628,9644 

gefunden: 628,9639!

!

!

!

!

!

!

!



!:9%<"/%#&%$$%<)Q%"$) +6*)

!

!

=('02<>2#.O.*3.4.R'.4.@RB6$DR>*38$(##60?@'$6$C'(#03(#cUUd!!
=Y5#c+//W/4,Odc+'dOZ!!
!
1H-NMR (400 MHz; 345678):  

!  7.93-7.90 (m, 1H, ArH), 7.54-7.49 (m, 1H, ArH), 6.99-6.92 (m, 2H, ArH), 5.76 (dd, J = 9.5, 6.2 Hz, 

1H, CH3-CH), 4.83-4.77 (m, 1H, HYDmHW), 4.40 (dd, J = 12.7, 1.4 Hz, 1H, HWDmHY), 4.28-4.23 (dd, 

1H, HWDmHY), 1.93 (d, J = 6.3 Hz, 3H, CH3-CH) 

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!N[\pH3N\cC^pH!

!

,!#"389.:6;<! ! berechnet: C% 24,80 H% 2,27!

gefunden: C% 24,80 H% 2,39 

!

ESI-TOF  berechnet: 492,9475 

gefunden: 492,9436 

 

!

=('02<.c\d.>2#.O.*3R'!O.cM.c<*#@R')2'%$3R'dC@*3R'd.4.C@*3R'(?6R'(#.
#60?@'$6$C'(#03(#cUUd!!
=Y5#c+4IW4I,M"dc+'dOZ )
!
1H-NMR (400 MHz; 345678):  

!  8.02 (s, 1H, Ar-HWmH), 7.77-7.73 (m, 2H, ArH), 7.41-7.37 (m, 5H, ArH), 7.29-7.26 (m, 2H, ArH), 

4.99-4.94 (m, 1H, HYDmHW), 4.65-4.51 (m, 2H, HWDmHY), 4.19-4.13 (m, 2H, a3HWD3), 3.10-3.10 (s, 

3H, CH3-SO2), 2.52-2.46 (m, 1H, HWD3HYmHYD), 1.96-1.91 (m, 1H, HWD3HYmHYD).!

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!DNaC\pH3DNcC[pH!

!

,!#"389.:6;<! ! berechnet: C% 34,47 H% 2,89!

gefunden: C% 34,29 H% 3,01  

! !

ESI-TOF  berechnet: 656,9780 

gefunden: 656,9786 

 

 

 

 

 



!:9%<"/%#&%$$%<)Q%"$) +66)

!

!

=('02<.c\d.>2#.O.*3R'.4.cO.>6$<C@*3R'd.O.cM.c<*#@R')2'%$3R'dC@*3R'd.
(?6R'(##60?@'$6$C'(#03(#cUUd!!
=Y5#c+4IW/gQ6,M"dc+'dOZ!!
!
1H-NMR (400 MHz; 345678):  

!  8.12-8.10 (s, 1H, Ar-HWmH), 7.83-7.79 (m, 2H, ArH), 7.59-7.55 (m, 1H, ArH), 7.51-7.48 (m, 1H, 

ArH), 7.47-7.43 (m, 2H, ArH), 7.39-7.34 (m, 1H, ArH), 7.32-7.29 (m, 1H, ArH), 5.01-4.91 (m, 1H, 

HYDmHW), 4.66-4.53 (m, 2H, HWDmHY), 4.21-4.06 (m, 2H, a3HWD3), 3.12-3.09 (s, 3H, CH3-SO2), 2.57-

2.48 (m, 1H, HWD3HYmHYD), 1.99-1.88 (m, 1H, HWD3HYmHYD) 

!

>#&+#'!-4&,#.C!J#.'#$04*>!+#)!cZCNpH!

!

,!#"389.:6;<! ! berechnet: C% 32,15 H% 3,07 (*0,5 C2H5OH)!

gefunden: C% 32,82 H% 3,37 

!

ESI-TOF  berechnet: 736,8872 

gefunden: 736,8889 

 

!

=('02<>2#.O.*3R'!M.c/.cM.)2'%(<$R'C@*3R'd.O.c#60%'2$6<*#@R'd./W.CR6(8$'.e.
R'd>*38$(##60?@'$6$C'(#03(#cUUd!!
=Y5#c+4/W/PHO9O,M"dc+'dOZ!!
!
1H-NMR (400 MHz; 345678):  

!  8.15-8.11 (m, 2H, Ar-H), 8.01-7.97 (m, 2H, Ar-H), 7.62-7.58 (m, 2H, Ar-H), 7.54-7.49 (m, 2H, Ar-

H), 7.19-7.18 (s, 1H, H-Pyrazol), 5.07-4.98 (m, 1H, HYDmHW), 4.75-4.64 (m, 2H, HWDmHY), 4.26-4.19 

(m, 2H, a3HWD3),), 2.65-2.56 (m, 1H, HWD3HYmHYD), 2.02-1.98 (m, 1H, HWD3HYmHYD) 

 

gelbes Pulver, Zersetzung bei 124,2°C-130,6°C 

 

,!#"389.:6;<! ! berechnet: C% 31,68 H% 2,45% (*0,25 C2H5OH)!

gefunden: C% 31,88 H% 2,68% 

!

ESI-TOF  berechnet: 765,9663 

gefunden: 765,9591!

!



508j<='#(%#) +6>)

!

!

+F 5#4.#()

+F,+ 508j<='#(%#)

PPI! ! ! ! P$/1%+'/.($)/*''(#=$./'=/()#!

P++:! ! ! ! P++)&54*>!

PW! ! ! ! P*.#)78#.4*>'>.%5!

P-YI! ! ! ! D3eP7#$/XR(8#*R&f3eJf3'$R.R&'4&2)5!

H;! ! ! ! H).74&%.5)78./)'14'!

Hjq! ! ! ! HR7&//XR>#*%'#!

H63;FP! ! ! 7%&23$8R14'!;FP!

;;H! ! ! ! ;)#$8R&5)$8)/7%.+%1%$!

;"A! ! ! ! ;)1#$8R&2/.1%1)5!

;FP! ! ! ! ;#'/XR.)+/*47&#)*'@4.#!

QIg36jA! ! ! Q&#=$./'(.%R3g/*)'%$)/*!$)1#3/232&)>8$!

AHI! ! ! ! 2#$%&#'!G@&+#.'#.41!

Y-bH! ! ! ! Y/785.47=2&B'')>78./1%$/>.%(8)#!

YIP! ! ! ! 841%*#'!I#.41%&+41)*!

gHZa! ! ! ! 8%&+1%X)1%&#!)*8)+)$/.)'78#!G/*0#*$.%$)/*!

""9! ! ! ! ")'1%$7839#(#.%$4.!

"I! ! ! ! "%''#*'(#=$./1#$.)#!

F"9! ! ! ! *47&#%.!1%>*#$)7!.#'/*%*7#!

FjQ! ! ! ! *47&#%.!/,#.8%4'#.!#22#7$!

FIP9! ! ! ! *)78$'$#./)5%&#!P*$).8#41%$)=%!

jP6-! ! ! ! /.>%*)7!%*)/*!$.%*'(/.$)*>!(/&R(#($)5#'!

jH6! ! ! ! /.>%*)7!7%$)/*!$.%*'(/.$#.!

-VI! ! ! ! (8/'(8%$#!+422#.#5!'%&)*!

I5,! ! ! ! I$%*5%.5%+<#)784*>!

$NKD! ! ! ! Y%&+<#.$'0#)$!

6HP! ! ! ! 6.)78&/.#'')>'@4.#!

6AP! ! ! ! 6.)2&4/.#'')>'@4.#!

n?! ! ! ! 4&$.%,)/&#$$!



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

!

!

!

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

!

!

!

!

!

!

!

!

!

!

!

"#$!%#&#'()*+,!-(.!-'!/#$!0')-'#12#$(-3'!
!"#$%&'()*($)*#$+!,*(#-.",/*#$(0-.,$*(,.!1,*(!

!

!

!

!

!

!

!

!

!



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

!

!

!

/232 !"#$%&#'%($%)$"*+,"-.

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!
"#$!! %&'()*+! ,-! .-/! .0)12)+! 3-! .-/! .2'4&0'+! .-! 5-! 67'! 189&:()*;'! &<! 81*':)0! '0'8'*(=! <&:! 7>8)*=+!

?&8'=(1;!)*18)0=!)*?!90)*(=!@!)!:'A1'4-!B<:1;)*!C&>:*)0!&<!D&&?!%;1'*;'!EFG#GH+!IEJH+!FGG@FFF!
"F$!! K'*?'0+!L-!L-/!%81(7+!B-!M-/!K):N>'(+!B-/!O)::'*+!K-!C-!K'()0!)*?!;&<);(&:!1*=':(1&*-!P)(>:)0!Q:&?>;(!

L'9&:(=!EFGGRH+!FIEJH+!STU@SR#!
"U$!! V'A1((+! V-! %-! 67'! :&0'! &<!8)W*'=1>8! 1*! 97&(&=2*(7'=1=-! %;1'*;'! EO)=71*W(&*+! X3+! Y*1('?! %()('=H!

E#SJIH+!#FG!UU@J!
"I$!! %7)>0+!.-/!K)W*'=1>8!(:)*=9&:(!)*?! <>*;(1&*! 1*!90)*(=Z!67'!(19!&<! (7'! 1;'[':W-!\1&K'()0=!EFGGFH+!

#JEUH+!UGS@UFU!
"J$!! K)07&(:)!]-!,-/!\1&;7'81=(:2!<&:!%(>?'*(=-!6'*(7!5?1(1&*-!C)29''!\:&(7':=!K'?1;)0!Q>[01=7':=!EQH!

V(?+!P'4!X'071+!^*?1)!E#SS_H!
"T$!! K>::)2! L-! ,-+! M:)**':! X-! ,-+! K)2'=! Q-! B-+! L&?4'00! ]-! O-/! `):9':a=! \1&;7'81=(:2+! FJ(7! 5?1(1&*+!

K;M:)4@`100+!`')0(7!Q:&<'==1&*!X1A1=1&*+!EFGGGH!
"R$!! 3&0'8)*+!C-!5-/!b1*;!'*c28'=-!3>::'*(!.91*1&*!1*!37'81;)0!\1&0&W2!E#SS_H+!FEFH+!FFF@FUI!
"_$!! ,18>:)+!5-/!L&0'=!&<!c1*;!E^^H!1&*!1*!c1*;!'*c28'=-!Q>:'!)*?!B9901'?!37'81=(:2!E#SSUH+!TJEUH+!UJJ@

S!
"S$!! .:A1W+! 3-/! B[:)8=+! K-! C-! K'?1;1*)0! ^*&:W)*1;! 37'81=(:2Z! ^*(:&?>;(1&*-! 37'81;)0! L'A1'4=!

EO)=71*W(&*+!X-!3-H!E#SSSH+!SSESH+!FFG#@FFGU!
"#G$!! L)>!%-/!67'!71=(&:2!&<!?1>:'(1;=-!Q7):8)c1'!1*!>*=':':!b'1(!EFGGTH+!UJEIH+!F_T@SF!
"##$!! %('1*710[':!X-+! %;7>[':(@b=10)A';c!K-+!L&(7!`-! C-/!K'?1c1*1=;7'!37'81'Z!6):W'(=!>*?!B:c*'1=(&<<'+!

X'>(=;7':!B9&(7'd':!]':0)W+!EFGGJH!
"#F$!! Bd(&:1'=/! De:=(':8)**/! `&<8)**/! %):d'! B00W'8'1*'! >*?! =9'c1'00'! Q7):8)d&0&W1'! >*?!

6&f1d&0&W1'+!S-!B><0)W'+!50='A1':!EFGGJH!
"#U$!! %7)4+! 3-! D-/! ^^^-! M&0?! @! [)='?! (7':)9'>(1;! )W'*(=-! 37'81;)0! L'A1'4=! EO)=71*W(&*+! X-! 3-H! E#SSSH+!

SSESH+!FJ_S@FTGG!
"#I$!! P)A)::&+!K-/!Q':'c+!`-/!%)*;7'c@X'0W)?&+!L-!B-/!6&4):?!)!*&A'0!8'()0@[)='?!;7'8&(7':)92!)W)1*=(!

(:&91;)0! ?1=')='=-! U-! %2*(7'=1=! )*?! )*(18)0):1)0! );(1A1(2! 1*! A1(:&! )*?! 1*! A1A&! &<! (7'! *'4! W&0?@
;70&:&N>1*'!;&890'f! "B>EQQ7UHE3gH$QDT-! C&>:*)0!&<!K'?1;1*)0!37'81=(:2! E#SSRH+!IGE#FH+!#SUR@
#SUS!

"#J$!! .((+!^-/!.*!(7'!8'?1;1*)0!;7'81=(:2!&<!W&0?!;&890'f'=!)=!)*(1;)*;':!?:>W=-!3&&:?1*)(1&*!37'81=(:2!
L'A1'4=!EFGGSH+!FJUE##h#FH+!#TRG@#T_#!

"#T$!! L&='*(7)0+! P-! 5-/! M&&?41*+! D-! ,-/! 67'! :&0'! &<! (7'! 01(71>8! 1&*! 1*! 8'?1;1*'-! B**>)0! L'A1'4! &<!
K'?1;1*'!E#S_FH+!UU!JJJ@T_!

"#R$!! ,&'9<@K)1':!Q-/!,&'9<+!`-/!P'>='+!5-!O-!D'::&;'*1>8!=)0(=! ! @! (7'!<1:=(!)*(1(>8&:!1:&*!;&89&>*?=-!
B*W'4)*?('!37'81'!E#S_IH+!STETH+!!IIT@R!

"#_$!! ,&9<@K)1':! Q/! ,&9<! `-/! P'>='! 5-! O-/! D'::1;'*1>8! ;&890'f'=Z! )! *'4! (29'! &<! 4)(':@=&0>[0'!
)*(1(>8&:!)W'*(-!C&>:*)0!&<!;)*;':!:'='):;7!)*?!;01*1;)0!&*;&0&W2!E#S_IH+!#G_EUH+!UUT@IG!

"#S$!! `100):?+!5-/!]'==1':'=+!B-/!67&>1*+!V-/!C)&>'*+!M-/!B8)(&:'+!3-/!D'::&;'*'@8'?1)('?!9:&(&*@;&>90'?!
'0';(:&*!(:)*=<':!1*!)!=':1'=!&<!<'::&;1<'*@(29'![:')=(@;)*;':!?:>W!;)*?1?)('=-!B*W'4)*?('!
37'81'+!^*(':*)(1&*)0!5?1(1&*!EFGGTH+!IJEFH+!F_J@FSG!

"FG$!! C)&>'*! M-/! 6&9! %-/! ]'==1':'=! B-/! V';0':;N! M/!K;M01*;7'2!K-! C-/! 67'! <1:=(! &:W)*&8'()001;! ='0';(1A'!
'=(:&W'*! :';'9(&:!8&?>0)(&:=! E%5LK=H! )*?! (7'1:! :'0'A)*;'! (&! [:')=(! ;)*;':-! 3>::'*(!8'?1;1*)0!
;7'81=(:2!EFGGIH+!##E#_H+!FJGJ@#R!

"F#$!! M)==':+!M-/!.((+! ^-/!K'(c0':@P&0('+!P-/!.:W)*&8'()001;!)*(1;)*;':! !;&89&>*?=-! C&>:*)0!&<!K'?1;1*)0!
37'81=(:2!EFG##H+!JIE#H+!U@FJ!

"FF$!! C)d>9';+! K-! B-/! M)0)*=d1+! K-/! B:1&*+! ]-! \-/! `):(1*W':+! 3-! M-/! ,'990':+! \-! ,-/! B*(1(>8&:! 8'()0!
;&89&>*?=Z!8&:'!(7)*!(7'8'!)*?!A):1)(1&*=-!X)0(&*!6:)*=);(1&*=!!EFGG_H+!EFH+!#_U@#SI!

"FU$!! L&='*[':W!\/!])*;)89!V/!,:1W)=!6-! ^*71[1(1&*! &<! ! ;'00! ?1A1=1&*! 1*! 5=;7':1;71)! ;&01! [2! '0'd(&02=1=!
9:&?>;(=!<:&8!)!90)(1*>8!'0';(:&?'-!P)(>:'!E#STJH+!FGJ!TS_@S!

"FI$!! O)W=()<<! B! C/! O):?! B/! \'*<1'0?! Q/! `''0! L! 3-/! 3):[&90)(1*-! B! 9:'0181*):2! :'A1'4! &<! 1(=!
97):8);&?2*)81;! )*?!97):8);&d1*'(1;! 9:&9':(1'=! )*?! (7':)9'>(1;! '<<1;);2! 1*! (7'! (:')(8'*(! &<!
;)*;':-!X:>W=!E#S_SH+!UREFH+!#TF@SG!

"FJ$!! L)28&*?!5-/!37)*'2!%!M/!6))88)!B-/!3A1(d&A1;!5-/!.f)0190)(1*!Z!)!:'A1'4!&<!9:';01*1;)0!)*?!!;01*1;)0!
=(>?1'=-!B**)0=!&<!&*;&0&W2!Z!&<<1;1)0!i&>:*)0!&<!(7'!5>:&9')*!%&;1'(2!<&:!K'?1;)0!.*;&0&W2!j!5%K.!!
E#SS_H+!SE#GH+!#GJU@R#!



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

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"#$%!! &'()*+,-! ./0! 1'2345-! 6/0! 78'+5(-! 6/0! 9*(+'4*:;<2-! =/0! 732><*32?-! ./0! 75@@A@'4! '+,! )*@5?A@'4!

B8'4)'?*@*C(!*D!*E'@2B@'>2+/!F*@5?A@'4!7'+?54!G854'B5A>2?;!H#II#J-!KHLJ-!##MN#LO!
"#M%!! 78'>>-! =/0! PA+?'+;*+-! Q/! R/! S@5D2+! 7*N*4,2+'>2*+! ?*)B*A+,;/! TTT/! T+D4'45,! ;B5?>4'! '+,! ;>4A?>A45U!

'>>5)B>5,!B45B'4'>2*+!*D!'?5>(@5+5!?*)B*A+,;/!=*A4+'@!*D!>85!785)2?'@!6*?25>(!HKVOLJ-!#VLVNWM!
"#X%!! 65(D54>8-! P/0! "H7#YWJZ>7@L%N-! >85! R+2*+! *D! [52;5! \;! 6'@>! -! ]"H7#YWJZ>7@L%^! Y#S/! S4C'+*)5>'@@2?;!!

H#IIKJ-!#IHKJ-!!#N$!
"#V%!! [52;5-!9/!7/!_*+!,54!924<A+C!`:2;?85+!ZT'>2+?8@*42,!A+,!R@<*8*@-!A+,!3*+!,5+!,'a52!

5+>;>585+,5+!+5A5+!6Aa;>'+`5+0!R++'@5+!,54!Z8(;2<!A+,!785)25-!HKXLKJ-!#K-!WVM!!
"LI%!! Q25a2C-!=/0!R++'@5+!,54!785)25-!HKXLWJ-!V-!K-!VNKK!
"LK%!! b425;;-!Z/0!F'4>2A;-!7/!R/0!R++'@5+!,54!785)25-!HKX$KJ-!K#I-!L#W!
"L#%!! c24+a'A)-!]/0!R++'@5+!,54!785)25-!HKX$XJ-!KWO-!$X!
"LL%!! P5:'4-! F/! =/! 6//! R! 45325:! *D! >85! B! N?*)B@5E! >85*4(/! cA@@5>2+! ,5! @'! 6*?25>5! 782)2dA5! ,5! 14'+?5!

HKVOKJ-!7MKNV!
"LW%!! Y'4>@5(-!1/!&/0!_5+'+`2-!Q/!F/0!Z@'>2+A)!?*)B@5E5;!:2>8!A+;'>A4'>5,!')2+5;/!_/!G854)*,(+')2?;!*D!

D*4)'>2*+! *D! ?*)B@5E5;!:2>8! A+;'>A4'>5,! '@?*8*@;/! =*A4+'@! *D! >85! 785)2?'@! 6*?25>(! "65?>2*+%! RU!
T+*4C'+2?-!Z8(;2?'@-!G85*45>2?'@!HKV$MJ-!H#J-!LLIN#!

"LO%!! P5++2+C-!&/!b/0!Y'4>@5(-!1/!&/0!_5+'+`2-!Q/!F/0!Z@'>2+A)!?*)B@5E5;!:2>8!A+;'>A4'>5,!')2+5;/!T_/!G85!
>854)*,(+')2?;! *D! D*4)'>2*+! *D! ! ?*)B@5E5;! :2>8! ;*)5! ?'4a*+N;Aa;>2>A>5,! '@@(@'))*+2A)!
?'>2*+;/!=*A4+'@!*D!>85!785)2?'@!6*?25>(!"65?>2*+%!RU!T+*4C'+2?-!Z8(;2?'@-!G85*45>2?'@! !HKV$MJ-!H#J-!
L#XNLI!

"L$%!! Z@A>2+*-!F/0!&*;'42'0!S/!6/0!&**,>-!R+,45';0!./0!Q'4;!T/0!&5'?>2*+!)5?8'+2;)!D*4!*@5D2+!5E?8'+C5!'>!
?8@*4*!5>85+5!?*)B@5E5;!*D!B@'>2+A)HTTJ/!T+*4C'+2?!785)2;>4(!HKVVVJ-!LXH$J-!K#LLNK#LX!

"LM%!! .@,2+C-! Q/! T/0! b4*+2+C-! S/0! ]2+5>2?;! '+,! )5?8'+2;)! D*4! @2C'+,! ;Aa;>2>A>2*+! 45'?>2*+;! *D! ;dA'45N
B@'+'4!H,2)5>8(@!;A@D*E2,5JB@'>2+A)HTTJ!?*)B@5E5;/!6>'a2@2>(!'+,!45'?>232>(!?*445@'>2*+;/!T+*4C'+2?!
785)2;>4(!HKVMXJ-!KMHMJ-!KXM#NXI!

"LX%!! S>>*-! 6/0! .@,2+C-! Q/! T/0! Q*:! >5)B54'>A45! <2+5>2?! ;>A,(! *D! 354(! D';>! ;Aa;>2>A>2*+! 45'?>2*+;! '>!
B@'>2+A)HTTJ! >4'+;! >*! *@5D2+;/! =*A4+'@! *D! >85! 785)2?'@! 6*?25>(-!P'@>*+!G4'+;'?>2*+;! H#II#J-! HKKJ-!
#LOWN#L$I!

"LV%!! c5+5,5>>2-!F/0!1'+2``2-!1/!Z/0!F'45;?'-!Q/0!e'>2@5-!b/0!G85!A+5EB5?>5,!45'?>232>(!*D![52;5! \;!'+2*+!2+!
;>4*+C! a';2?! )5,2A)! ,2;?@*;5;! +5:! ;Aa;>2>A>2*+! B'>>54+;! '>! >85! B@'>2+A)! ?5+>54/! 785)2?'@!
7*))A+2?'>2*+;!H7')a42,C5-!f+2>5,!]2+C,*)J!H#II$J-!HKIJ-!KKKXNKK#I!

"WI%!! c5+5,5>>2-! F/0! R+>*+A??2-! P/0! F2C*+2-! P/0! _5??82*-! _/! F/0! PA?'+2-! 7/0! 1'+2``2-! 1/! Z/0!9'>54N;*@Aa@5!
*4C'+*)5>'@@2?! '+'@*CA5;! *D! *E'@2B@'>2+! :2>8! ?(>*>*E2?! '+,! '+>2?@*+*C5+2?! '?>232>(/!
785)F5,785)!H#IKIJ-!OHKJ-!W$NOK!

"WK%!! P5!Z';?'@2-!6/!R/0!F2C*+2-!P/0!Z'B',2'-!Z/0!FA;?5@@'-!R/0!F'4;2C@2'+>5-!6/0!72??'45;5-!R/0!1'+2``2-!1/!Z/0!
e5:!:'>54N;*@Aa@5! B@'>2+A)HTTJ! B85+'+>84*@2+5! ?*)B@5E5;! >5;>5,! ';! ?2;B@'>2+! '+'@*CA5;U! 124;>N
>2)5! ?*)B'42;*+! *D! ?(>*>*E2?! '?>232>(! a5>:55+! '+'@*C*A;! D*A4N! '+,! D235N?**4,2+'>5! ;B5?25;/!!!!
P'@>*+!G4'+;'?>2*+;!H#II$J-!HW#J-!OIMMNOIXM!

"W#%!! 6?84*4!]/0! KII! (5'4;! *D! ;A??5;;DA@! ,4AC!,2;?*354(/! G85!82;>*4(! *D! ';B242+/! Z8'4)'`25! 2+! A+;5454!
[52>!!H#IIVJ-!LXHWJ-!LI$NKL!

"WL%!! f@a42?8-!Y/0!P'++8'4,>!b/0!R!85>54*C5+*A;!,4AC!?@';;/!e6RTPU!?@';;2D2?'>2*+!'+,!;B5?>4A)!*D!'?>2*+/!
Z8'4)'`25!2+!A+;5454![52>!H#II#J-!LKH#J-!KW$NOW!

"WW%!! Z544*+5-!F/!b/0!6?2@2)'>2-!R//0!62)*+5-!Q/0!_2>'@5-!Z/0!65@5?>235!7Sg!N!K!2+82a2>2*+!U!'!>854'B5A>2?!>'4C5>!
>*!a5!45?*+;2,545,/!7A445+>!F5,2?2+'@!785)2;>4(!H#IKIJ-!KMHL#J-!LM$VNLXIO!

"WO%!! Q2-! F/0! Q*>'+-! &/0! Q532+-! c/0! G'8'4'-! ./0! Q2BB)'+-! 6/! F/0! gA-! g/0! R;B242+! 2+,A?>2*+! *D! 'B*B>*;2;! 2+!
5;*B8'C5'@! ?'+?54U! '! B*>5+>2'@! D*4! ?85)*B4535+>2*+/! 7'+?54! .B2,5)2*@*C(-! c2*)'4<54;! h!
Z4535+>2*+!H#IIIJ-!VH$J!

"W$%!! &'(('+-! i/0!92@@2');-! =/0! &2C';-! c/0! G85! 4*@5! *D!e6RTP;! 2+! >85! B4535+>2*+! *D! ?*@*+! ?'+?54/! 7'+?54!
T+35;>2C'>2*+!H#II#J-!#IHM!h!XJ-!KII#NKIKK!

"WM%!! 62+C8-! c/0! QA??2-! R//! &*@5! *D! 7(?@**E(C5+';5! N! #! 2+! c45';>! 7'+?54/! =*A4+'@! *D! 6A4C2?'@! &5;5'4?8!
H#II#J-!KIXHKJ-!KMLNKMV!

"WX%!! S>>-!T/0!]24?854-!c/0!c'C*:;<2-!7/!Z/0!_@5?<5+-!P/!Y/!9/0!S>>-!./!c/0!92@@-!=/0!c5+;,*4D-!]/0!685@,42?<-!9/!6/0!
bA;>-! &//!F*,A@'>2*+! *D! >85! a2*@*C2?'@! B4*B54>25;! *D! ';B242+! a(! D*4)'>2*+! *D! '! a2**4C'+*)5>'@@2?!
,5423'>235/!R+C5:'+,>5!785)25-!T+>54+'>2*+'@!.,2>2*+!H#IIVJ-!WXH$J-!KK$INKK$L!

"WV%!! F*45'A-!R/0!785+-!j/0!&'*-!Z/!e/!Z/0!]+'A;-!./!.//!P5;2C+-!;(+>85;2;-!'+,!a2*@*C2?'@!53'@A'>2*+!*D!H.JN
LNHWN)5>8'+5;A@D*+(@B85+(@JN#NH'4(@J'?4(@2?! '?2,;! ';! ,A'@! 2+82a2>*4;! *D! ?(?@**E(C5+';5;! '+,!
@2B*E(C5+';5;/!c2**4C'+2?!h!F5,2?2+'@!785)2;>4(!H#II$J-!KWH#LJ!

"OI%!! Y';;+54!R/-!R@5E'+2'+!_/-!G5>4'85,4*+!Q5>>/!HKVMXJ-!W$-!WWMONWWMX!
"OK%!! R@5E'+,54-!./!&//!Z42+?2B@5;!*D!T*+2?!S4C'+2?!&5'?>2*+;/!HKVOIJ-!#X$!BB/!



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

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"#$%!! &'()*+,-! ./! 0/1! &2+3+2-! 4/! 5/! 6! )78+97(! ,9':;! <=! 9>+! ?+2)78! (<8:+8,@97<8/! A<'28@*! <=! 9>+!
! 63+27(@8!B>+37(@*!C<(7+9;!DEF#GH-!I#!EJKILF!
"#G%!!! 4+**+2-!./!M/1!?<9@,,7'3!9+92@(>*<2<N*@978@9+DOOH!DN<9@,,7'3!(>*<2<N*@97879+H-O8<2P/!C;89>+,+,!!

DEFJQH-!OO!$JIL#R!
"#J%!!! S+P+8-!O/!6/1!.<T*@8:,-!6/!A/!U>+!V<'27+2!92@8,=<23!.@3@8!,N+(92@!<=!@!,+27+,!

<=!N*@978'3DOOH-!N@**@:7'3DOOH!@8:!P<*:DOOOH!!,W'@2+!L!N*@8@2!(<3N*+X+,/!CN+(92<(>737(@!6(9@-!?@29!
6Y!Z<*+('*@2!@8:!&7<3<*+('*@2!CN+(92<,(<N;!DEFFEH-!JI6DFLERH-!E$QGLK!

"##%!! [+8:2@-! ?/! A/1! .@3@8! ,N+(92@! <=! (<3N*+X! @87<8,! <=! =<23'*@! Z\J8L-! T>+2+! Z! 7,! P<*:DOOOH-!
N*@978'3DOOH-!<2!N@**@:7'3DOOH-!@8:!\!7,!@!!>@*<P+8!@9<3/!A<'28@*!<=!9>+!B>+37(@*!C<(7+9;!"C+(97<8%!
6Y!!O8<2P@87(-!?>;,7(@*-!U>+<2+97(@*!DEFQIH-!DKH-!E$FKLEGRE!

"#Q%!! ?7+92<N@<*<-!./1!52@]7@87-!Z/1!&+**'(<-!^/1!.+@(97<8!<=!9+92@(>*<2<N*@978@9+DOOH!T79>!+9>;*+8+!78!9>+!
N2+,+8(+!<=!(>*<2<,9@88@9+DOOH!7<8/!O8<2P@87(!B>+37,92;!DEFQFH-!KDIH-!E#RQLER!

"#I%!! S@-!U/!U/1!Z78>-!M/!U>7!U/1!B>7-!M/!U/!U/1!S78>-!M/![/!C;89>+,7,!@8:!,N+(92@*!(>@2@(9+27]@97<8!<=!,<3+!
(<3N*+X+,!<=!N*@978'3DOOH!(<89@7878P!>!$L3+9>;*+'P+8<*/!?<*;>+:2<8!D$RRIH-!$QDEGH-!!G$IELG$IQ!

"#K%!! !_<`+-!./!6/1!4<+9]*+-!U/!V/1!a7**7@3,-!5/!A/!&/1!68:2+T,-!_/!B/1!&@'-!./1!M+'92<8!:7==2@(97<8!,9':;!<=!9>+!
,92'(9'2+!<=!b+7,+c,!,@*9-!4?9B*GDB$[JH/[$d/!O8<2P@87(!B>+37,92;!DEFI#H-!EJDEEH-!$Q#GLI!

"#F%!! S+3'9>!./1!4<e+2!V/1!52'8:*@P+8!:+2!4<3N*+X(>+37+!DEFF$H-!EQ$NN!
"QR%!! [@>8-! B/1! 08>@8(78P! +*+(92<N>7*7(! @*)+8+! @(97`@97<8! e;! 78(2+@,78P! 9>+! N<,797`+! 8+9! (>@2P+! 78!

92@8,797<8L3+9@*! (<3N*+X+,! @8:! @NN*7(@97<8! 78! ><3<P+8+<',! (@9@*;,7,/! B>+37,92;LL6! 0'2<N+@8!
A<'28@*!!D$RRJH-!ERD$GH-!#KKKL#KFF!

"QE%!! S78P-! C/1!Z(S<T+**-!B/!6/1! b+7,+! c,! ,@*9! ,9':7+:!e;!>7P>! 2+,<*'97<8! ,<*7:! ,9@9+!EGB!B?Z6C!@8:!E[!
C?0S6!MZ.!,N+(92<,(<N;/!B>+37(@*!?>;,7(,!_+99+2,!DEFFIH-!$QKDE-$H!

"Q$%!! [+,,+-!Z/1!Z+7+2-![/1!b++>-!&/1!CN+)92<,)<N7,(>+!Z+9><:+8!78!:+2!<2P@87,(>+8!B>+37+-!I/!6'=*@P+-!!
! U>7+3+!f+2*@P!D$RR#H!
"QG%!! b+7,+!a/!B/1!688@*+8!:+2!?>;,7)!'8:!B>+37+!EKGE-!FI-!JFIg#JE!
"QJ%!! Z7*P2<3-!A/1!^22;-!a/![/1!09>+2,!<=!<*+=78!@*(<><*,/!DEFQ#H-!#!NN!
"Q#%!! [@29*+;-!V/!./1!f+8@8]7-!_/!Z/!?*@978'3!(<3N*+X+,!T79>!'8,@9'2@9+:!@378+,/!f/!U>+23<:;8@37(,!<=!

=<23@97<8! <=! (<3N*+X+,!T79>! '8,@9'2@9+:! @*(<><*,/! A<'28@*! <=! 9>+! B>+37(@*! C<(7+9;! "C+(97<8%! 6Y!
O8<2P@87(-!?>;,7(@*-!U>+<2+97(@*!DEFQIH-!$H-!GGRL$!

"QQ%!! A72@-! ./1! C+:*3+7+2-! A/1! C37:9-! A/! 478+97(,! @8:!3+(>@87,3! <=! <*+=78! <X7:@97<8! T79>! N@**@:7'3! @8:!
N*@978'3!(<3N<'8:,/!A',9',!_7+e7P,!688@*+8!:+2!B>+37+!DEFQQH-!QFG!FFLERK!

"QI%!! &+8+:+997-!Z/1!V@87]]7-!V/!?/1!Z@2+,(@-!_/1!M@97*+-!5/1!U>+!'8+XN+(9+:!2+@(97`79;!<=!b+7,+! c,!@87<8!78!
,92<8P! e@,7(! 3+:7'3! :7,(*<,+,! 8+T! ,'e,979'97<8! N@99+28,! @9! 9>+! N*@978'3! (+89+2/! B>+37(@*!
B<33'87(@97<8,!DB@3e27:P+-!^879+:!478P:<3H!D$RRQH-!DERH-!EEEKLEE$R!

"QK%!! &@2<8+-!B/!./1!:+!?789<-!C/1!_<2',,<-!5/1!S7!Z@,7-!M/!5/1!Z@2+,(@-!_/1!M@97*+-!5/1!S+N2<9<8@97<8!`+2,',!
8'(*+<N>7*7(! ,'e,979'97<8! 78! ,<3+! N*@978'3! D! OO! H! (<<2:78@9+:! <*+=78,! (<89@7878P! @8! +*+(92<8!
T79>:2@T78P!P2<'N/!d2P@8<3+9@**7(,!D$RERH-!$FDEKH-!JRGQLJRJR!

"QF%!! O89787-!V/!?/1!?+**7(@87-!./!b/1!&<((@2+**7-!6/1!C@,@8+**7-!./1!B<*'((7@-!Z/1!M@97*+-!5/1!C;89>+,7,-!
(>@2@(9+27]@97<8-!@8:!78!`792<!@8979'3<2!@(97`79;!!<=!8+T!@37:78+N*@978'3DOOH!(<3N*+X+,!<e9@78+:!
e;!@::797<8!<=!@33<87@!9<!(<<2:78@9+:!@(+9<87927*+/!0'2<N+@8!A<'28@*!<=!O8<2P@87(!B>+37,92;!
D$RRKH-!D$FH-!J###LJ#QE!

"IR%!! \7@<-!b/1![@',>++2-!V/![/1!?+9*'2'-!?/1!?*@978'3!(<3N*+X+,!T79>!3<8<87927*+L(<89@7878P!*7P@8:,/!^/C/!
?@9/!6NN*/!?'e*/!D$RRIH-!EF!NN!

"IE%!! &<,,-! ./1! C(>+==<*:-! ./1! B*+@`@P+! <=! @**;*! +9>+2,! T79>! N@**@:7'3h(@2e<8/! 68P+T@8:9+! B>+37+!
DEFIQH-!KKDEIH-!#IKLF!

"I$%!! 57PP-!./1!a@22+8-!B/!S/!U>+!@**;*!+9>+2!@,!@!N2<9+(978P!P2<'N!78!(@2e<>;:2@9+!(>+37,92;/!OO/!A<'28@*!
<=!9>+!B>+37(@*!C<(7+9;!"C+(97<8%!BY!d2P@87(!DEFQKH-!DE#H-!EFRGLEE!

"IG%!! &@2<8+-!B/!./1!B787-!./1!B*<9-!0/1!07,+8,9+78-!d/1!Z@2+,(@-!_/1!M@97*+-!5/1!U@3@,7-!5/1!6!MZ.-!\!L!2@;!-!@8:!!
SVU!(<3e78+:!,9':;!<8!9>+!2+P7<L(>+37,92;!<=!8'(*+<N>7*7(!@::797<8!9<!N*@978'3DOOH!(<<2:78@9+:!
9+2378@*!<*+=78,/!A<'28@*!<=!d2P@8<3+9@**7(!B>+37,92;!D$RRKH-!QFGDEIH-!$KEFL$K$I!

"IJ%!! [/?/U/!633<8/!['887',!ER/!6'=*@P+!D$RERH-!C/!ER$R!
"I#%!! .@'97<-!A/1!4'3N'*@78+8-![/1![+73e@(>-!U/1!d*7;@7-!./1!d>-!S/1!A@+2`78+8-!U/1!C@`<*@78+8-!A/1!?2<:2'P,Y!

:+,7P8!@8:!(*787(@*!@NN*7(@97<8,/!M@9'2+!.+`7+T,!S2'P!S7,(<`+2;!D$RRKH-!IDGH-!$##L$IR!
"IQ%!! _7N78,)7-! B/! 6/1! _<3e@2:<-! V/1! S<378;-! &/! a/1! V++8+;-! ?/! A/! 0XN+273+89@*! @8:! (<3N'9@97<8@*!

@NN2<@(>+,!9<!+,973@9+!,<*'e7*79;!@8:!N+23+@e7*79;! 78!:2'P!:7,(<`+2;!@8:!:+`+*<N3+89!,+9978P,/!
6:`@8(+:!S2'P!S+*7`+2;!.+`7+T,!D$RREH-!JQDELGH-!GL$Q!

"II%!! C@8P,9+2-!d(9@8<*La@9+2!?@29797<8! (<+==7(7+89,! <=! ,73N*+!<2P@87(! (<3N<'8:,/! A<'28@*! <=! N>;,7(@*!
@8:!(>+37(@*!2+=+2+8(+!:@9@-!DEFKFH!

"IK%!! Z+;+2-!f/-!./!?2@X7,!:+2![<(>*+7,9'8P,LV*i,,7P(>2<3@9<P2@N>7+-!f7*+;LfB[-!K/!6'=*@P+-!DEFFFH!



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

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"#$%!! &'()*!+,!-,.!/'012)*!3,!4,.!/5667(8*!-,!9,!:;<255=;8)('>)>!?!'(@!!A,!B((C'2!-)D7)E!5F!G1'HI'<5258;!

'(@!J5=7<5258;!!K?$$LM*!NL*!$#O?AP!
"LP%!! G7<56*! Q,.! R522*! G,! +,.! S'H'D765*! -,! 9,.! J1)! =! O! H';! <H;>6'2! >6HC<6CH)! 5F! 61)! I)ITH'()! UH56)7(!

UH5>6'82'(@7(!VA!>;(61'>)!O!?,!W'6CH)!KR5(@5(*!X(76)@!Y7(8@5IM!K?$$ZM*!N[#K[Z[PM*!AZNO$!
"L?%!! S'H'D765*!-,!9,.!Q)\766*!Q,!R,!J1)!<;<255=;8)('>)!7>5F5HI>]!>6HC<6CH'2!7(>7816>!7(65!61)!<5(D)H>75(!!

5F!'H'<17@5(7<!'<7@!65!UH5>6'82'(@7(>,!/75<17I7<'!)6!/75U1;>7<'!B<6'*!952)<C2'H!'(@!:)22!/75258;!5F!
R7U7@>!K?$$$M*!?ZZ?KAONM*!A#LOAL#!

"LA%!! :'6)22'OR,*! ^H'(<)><'.! -,*! 9CH)@'<1! G,.! Y'U55H*! 4,! :,.! :C<<17'H'*! B,! +,.! Q)9'H<5*! 4,.! J5CH(7)H*! /,.!
&;'>*!4,!W,.!^76_S)H'2@*!S,!B,.!:;<255=;8)('>)!7(17T765H>!'(@!61)!'(67U2'6)2)6!)FF)<6>!5F!'>U7H7(,!W)E!
`(82'(@!+5CH('2!5F!9)@7<7()!KAPP?M*!NZaKAaM*!?LP$O?L?#!

"LN%!! 47II5(>*! Q,! R,.! /5667(8*! -,! 9,.! V2'*! J,.! :;<255=;8)('>)! 7>5_;I)>]! 61)! T75258;! 5F! UH5>6'82'(@7(!!!
>;(61)>7>!'(@!7(17T7675(,!G1'HI'<52587<'2!-)D7)E>!KAPPZM*!a[KNM*!NL#OZN#!

"LZ%!! V7(_!/.!/HC()!Y,.!:bcO?!'(@!:bcOA]!FC(<675(>!'(@!U1'HI'<52587<'2!)FF)<6>,!G1'HI'_7)!7(!C(>)H)H!
d)76!K?$$$M*!ALK?M*!A?O$!

"La%!! ReFF2)H.!/'>7>E7>>)(!/75<1)I7)!I76!G'615T75<1)I7)*!Z,!BCF2'8)*!4,![N!
"L[%!! ^C*! +,! 3,.! 9'>F)HH)H*! +,! R,.! 4)7T)H6*! Y,.! -'_*! B,.! W))@2)I'(*! G,.! J1)! 7(@C<675(! '(@! >CUUH)>>75(! 5F!

UH5>6'82'(@7(!VA!>;(61'>)!K<;<255=;8)('>)M!7(!1CI'(!I5(5<;6)>,!+5CH('2!5F!/752587<'2!:1)I7>6H;!!
K?$$PM*!A[aKALM*!?[#N#OZP!

"L#%!! J'('T)*!J,.!J51('7*!W,.!:;<255=;8)('>)!7>5_;I)>!'(@!61)7H!8)()!>6HC<6CH)>!!'(@! )=UH)>>75(,!
GH5>6'82'(@7(>!f!b61)H!R7U7@!9)@7'65H>!KAPPAM*![LO[$!!$aO??Z!

"LL%!! YCHCIT'72*!-,!S,.!46)D)(>*!B,!9,.!S7)H>)*!+,!Y,.!9<Q5('2@*!+,!+,.!46)8)I'(*!-,!B,.!G'0*!+,!3,.!S72@)1'C>*!
Q,.!97;'>17H5*! +,!9,.!G)((7(8*!J,!Q,.! 4)7T)H6*!Y,.! g>'0>5(*!G,!:,.! 46'227(8>*!\,!:,! 46HC<6CH'2!T'>7>! F5H!
>)2)<67D)! 7(17T7675(! 5F! <;<255=;8)('>)OA!T;! '(67O7(F2'II'65H;! '8)(6>,!W'6CH)! KR5(@5(M! ! K?$$#M*!
NLaK[[?[M*!aaa!

"L$%!! ^76_S)H'2@*! S,! B,! KAPPNM,! :bcOA! '(@! T);5(@]! BUUH5'<1)>! 65! UH5>6'82'(@7(! 7(17T7675(! 7(! 1CI'(!
@7>)'>),!W'6!-)D!QHC8!Q7><5D!??*!L#$O$P!

"$P%!! 95H76'*! g,.! 4<17(@2)H*!9,.! -)87)H*!9,! Y,.! b665*! +,! :,.! V5H7*! J,.! Q)\766*! Q,! R,.! 4I761*!\,! R,.! Q7FF)H)(6!!!
7(6H'<)22C2'H! 25<'675(>!F5H!UH5>6'82'(@7(!)(@5U)H5=7@)!V!>;(61'>)O?!'(@!OA,! +5CH('2!5F!/752587<'2!
:1)I7>6H;!K?$$aM*!A#PK?LM*!?P$PAOL!

"$?%!! :1'(@H'>)01'H'(*!W,!&,.!Q'7*!V,.!-55>*!Y,!R,!J,.!`D'(>5(*!W,!Y,.!J5I>70*!+,.!`265(*!J,!4,.!47II5(>*!Q,!
R,.! :bc! N*! '! <;<255=;8)('>)O?! D'H7'(6! 7(17T76)@! T;! '<)6'I7(5U1)(! '(@! 561)H! '('28)>7<h!
'(67U;H)67<! @HC8>]! <25(7(8*! >6HC<6CH)*! '(@! )=UH)>>75(,! GH5<))@7(8>! 5F! 61)! W'675('2! B<'@)I;! 5F!
4<7)(<)>!5F!61)!X(76)@!46'6)>!5F!BI)H7<'!!KAPPAM*!$$KA?M*!?N$A[O?N$N?!

"$A%!! /5667(8*! -,.! B;5CT*! 4,! 4,.! :bcON! '(@! 61)! I)<1'(7>I! 5F! '<675(! 5F! U'H'<)6'I52h'<)6'I7(5U1)(,!
GH5>6'82'(@7(>*!R)C056H7)()>!'(@!`>>)(67'2!^'66;!B<7@>!KAPPaM*!#AKAM*!!LaOL#!

"$N%!! B065H7)>.! ^eH>6)HI'((.! V5FI'((.! 46'H0)! B228)I)7()! C(@! >U)_7)22)! G1'HI'052587)! C(@!
J5=7052587)*!$,!BCF2'8)*!NaAONa#!

"$Z%!! QC/57>! -,! W,.! 41'5! +,.! J>Ci77! 9,.! 41)(8! V,.! /)'C<1'IU! -,! Q,.! S?! @)2';! 7(! <)22>! 5D)H)=UH)>>7(8!
UH5>6'82'(@7(!)(@5U)H5=7@)!>;(61'>)OA,!:'(<)H!H)>)'H<1!K?$$[M*!a[KZM*!#NNO#!

"$a%!! :1)(*! Q,.! -)7)H>6'@*! 4,.! R7(*! d,.! RC*!9,.! /H550>*! :,.! R7*! W,.! g(()>*! +,.! /C2C(*! 4,! `,! GH5>6'82'(@7(! `A!
7(@C<)>!TH)'>6!<'(<)H!O!H)2'6)@!'H5I'6'>)!UH5I56)H>!D7'!'<67D'675(!5F!UNL!'(@!<O+C(!WVAO6)HI7('2!
07('>)!7(!'@7U5>)!F7TH5T2'>6>,!:'(<)H!-)>)'H<1!KAPP#M*![#K?LM*!L$?ZOL$AA!

"$[%!! 9'(01)605H(*! 4,.! BT)@7(_'@)1*! d,.! V5C))OR)D7(*! :,.! B(675=7@'(6! '<675(! 5F! >5@7CI!!!
@7)61;2@76175<'HT'I'6)]! H)'<675(! E761! 1;@H58)(! U)H5=7@)! '(@! >CU)H5=7@)! H'@7<'2,! ^H))! -'@7<'2!
/75258;!f!9)@7<7()!K?$$ZM*!?#K[M*!!a?#OA#!

"$#j!! +)E)66*! 4,! R,.! -5<027(*! B,!9,.! JE5! 'UU27<'675(>! C>7(8!W*W! kO! @7)61;2@76175<'HT'I'6)! '>! '! >6'7(! F5H!
<5UU)H! 7(! ('67D)! U52;'<H;2'I7@)! 8)2>! 5F! >CU)H5=7@)! @7>IC6'>),! B('2;67<'2! /75<1)I7>6H;! K?$$[M*!
AN#K?M*![aO[$!

"$L%!! 9'<Q5('2@*!g,!Q,.!SH'FF*!S,.!B(@)H>5(*!R,!B,.!QC(F5H@*!V,!/,.!bU67<'2!>U)<6H'!'(@!07()67<>!5F!H)'<675(>!
5F!UH5>6'82'(@7(!V!>;(61'>)]!)FF)<6>!5F!61)!>CT>6H'6)>!?NO1;@H5U)H5=;5<6'@)<'O$*??O@7)(57<!'<7@*!
'H'<17@5(7<!'<7@*!W*W*Wk*WkO6)6H'I)61;2OUOU1)(;2)()@7'I7()*!'(@!U1)(52!'(@!5F!61)!(5(>6)H57@'2!
'(67O7(F2'II'65H;! @HC8>! '>U7H7(*! 7(@5I)61'<7(*! U1)(;2TC6'_5()*! '(@! TH5IF)('<,! BH<17D)>! 5F!
/75<1)I7>6H;!'(@!/75U1;>7<>!K?$L$M*!A#AK?M*?$ZOAPA!

"$$%!! 9'H()66*! R,! +,.! \25@'E)H*! G,.! 4'IC)2>>5(*! /,.! :55=;8)('675(! 5F! 5H8'(7<! >CT>6H'6)>! T;! 61)!
UH5>6'82'(@7(! >;(61)6'>)! 5F! >1))U! D)>7<C2'H! 82'(@,! +5CH('2! 5F! /752587<'2! :1)I7>6H;! K?$#aM*!
AaPKA?M*!La?PO?#!

"?PP%!! V>C'(;C*! 3,.! QC(F5H@*! V,! /,.! -)'<675(>! 5F! UH5>6'82'(@7(! V! >;(61'>)! 7(! 61)! UH)>)(<)! 5F! 61)!
>6'T727_7(8! '8)(6>! @7)61;2@76175<'HT'I'6)! '(@! 82;<)H52,! /75<1)I7>6H;! '(@! :)22! /75258;! K?$$PM*!
[LK[M!
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"#$#%!! &'(()*+,!-./!0'1(23+'45!67)8.!349!:';67)8'1+*<!;=!3!2)39'4>!34+'6346)*!9*?>./!@'2)<AB0C5!@')47)'8,!

D)*834<,!#EEE/!(!#EEE!
"#$F%!! G'88)*8344,! H./! 07I32,! G./! -?*93,! J.! B./! 0'1(23+'4! '4+)*36+';4! K'+7! 6<1+)'4)! 349! 8)+7';4'4)! '4!

3L?);?1! 1;2?+';45! 6;8(?+3+';432! MNHOP0Q! R+?9<.! J;?*432! ;=! P7<1'632! 07)8'1+*<! -! SF$$ET,!
##US#$T,!U#UEAU#V$!

"#$U%!! -3W)*,! X.! H./! Y8)++,!Q.! H.! H7)! 6*<1+32! 349!8;2)6?23*! 1+*?6+?*)1! ;=! :'1! S9')+7<29'+7';63*:383+;T!
(23+'4?8! SZZT! 349! :'1! ":'1! SFA7<9*;[<)+7<2T9'+7';63*:383+;%(23+'4?8SZZT.! X?1+*32'34! J;?*432! ;=!
07)8'1+*<!S#EEFT,!\VSFT,!\FEAU\!

"#$\%!! ]++,! Z./! R678'9+,! ^./! ^'*67)*,! -./! R67?8367)*,! P./! @'>2)493,! H./! D?1+,! _.! X4+'+?8;*A36+'I)! 6;:32+A
32W<4)! 6;8(2)[)1! 9)*'I)9! =*;8! 36)+<2132'6<2'6! 36'95! 1+?9')1! ;4! +7)! 8;9)! ;=! 9*?>! 36+';4.! J.!
Q)9.07)8.!F$$V,!\`,!aFFbaFE!

"#$V%!! _?:4)*,! D./! -)419;*=,! ^./!@)224)*,! X./! ^'*67)*,! -./! -)*>)8344,! R./! ]++,! Z./! D?1+,! _./! R<4+7)1'1! 349!
:';2;>'632!36+'I'+')1!;=!+*341'+';4!8)+32!6;8(2)[)1!:31)9!;4!36)+<2132'6<2'6!36'9!31!4);A34+'6346)*!
3>)4+1.!J;?*432!;=!Q)9'6'432!07)8'1+*<!SF$#$T,!VUS#ET,!a``EAa`E`!

"#$a%!! c2:*'67!C./!M34473*9+!D.!X!7)+)*;>)4;?1!9*?>!62311.!dRXZM5!62311'='63+';4!349!1()6+*?8!;=!36+';4.!!!!
P73*83e')!'4!?41)*)*!G)'+!SF$$FT,!U#SFT,!#\aAV\!

"#$f%!! J;741;4,!J.!&./!@'813++,!J./!-?6W)2,!R.!M./!M<)*,!_.!M./!_3;!Q.,!^./!P?*'='63+';4!349!673*36+)*'e3+';4!;=!
(*;1+3>2349'4! C! 1<4+731)AF! =*;8! 17))(! (236)4+32! 6;+<2)9;41.! X*67'I)1! ;=! -';67)8'1+*<! 349!
-';(7<1'61!S#EEVT,!UF\S#T,!FaAU\!

"#$`%!! -3*4)++,!J./!07;K,!J./!ZI)1,!M./!07';?,!Q./!Q36W)4e'),!_./!]1)4,!Y./!d>?<)4,!-./!H1'4>,!R./!-367,!0./!)+!32.!
P?*'='63+';4,!673*36+)*'e3+';4!349!1)2)6+'I)!'47':'+';4!;=!7?834!(*;1+3>2349'4!DOC!1<4+731)!#!349!!
F! )[(*)11)9! '4! +7)! :36?2;I'*?1! 1<1+)8.! -';67'8'63! )+! -';(7<1'63! X6+3,! P*;+)'4! R+*?6+?*)! 349!
Q;2)6?23*!Y4e<8;2;><!S#EE\T,!#F$ES#T,!#U$AE!

"#$E%!! ^32>?+W3*,! X.! R./! Q3*4)++,! X.! -./! 0*)K1,! -.! 0./! _)88)2,! _.! P./! Q3*4)++,! &.! J.! Y1+)*! 349! 38'9)!
9)*'I3+'I)1! ;=! +7)! 4;41+)*;'932! 34+''4=23883+;*<! 9*?>,! Z49;8)+736'4,! 31! 1)2)6+'I)!
6<62;;[<>)431)AF!'47':'+;*1.!J;?*432!;=!Q)9'6'432!07)8'1+*<!SF$$$T,!\US#VT,!F`a$AF`f$!

"##$%!! ^32>?+W3*,!X.!R./!0*)K1,!-.!0./!_;K2'41;4,!R.!@./!Q3*4)++,!X.!-./!^;e3W,!^.!_./!_)88)2,!_.!P./!Q3*4)++,!
&.! J./! -';67)8'6322<! :31)9! 9)1'>4! ;=! 6<62;;[<>)431)AF! S0]gAFT! '47':'+;*15! =36'2)! 6;4I)*1';4! ;=!
4;41+)*;'932!34+''4=23883+;*<!9*?>1!+;!(;+)4+!349!7'>72<!1)2)6+'I)!0]gAF!'47':'+;*1.!P*;6))9'4>1!
;=!+7)!d3+';432!X639)8<!;=!R6')46)1!;=!+7)!c4'+)9!R+3+)1!;=!X8)*'63!SF$$$T,!EfSFT,!EFVAEU$!

"###%!! R'97?,!_.! R./! &)),! J.! h./!h?34,!0./! R8'+7,!@.!&.! 0;8(3*'1;4!;=! 6<62;;[<>)431)A#! 6*<1+32! 1+*?6+?*)15!!
6*;11A+32W!:)+K))4!8;4;8)*1!6;8(*'1'4>!6<62;;[<>)431)A#!7;8;9'8)*1.!-';67)8'1+*<! !SF$#$T,!
\ESUUT,!f$aEAf$fE!

"##F%!! Q;*)3?,!X./!07)4,!i./!_3;,!P.!d.!P./!^43?1,!Y.!Y./!M)1'>4,!1<4+7)1'1,!349!:';2;>'632!)I32?3+';4!;=!SYTA
UAS\A8)+734)1?2=;4<2(7)4<2TAFAS3*<2T36*<2'6! 36'91! 31! 9?32! '47':'+;*1! ;=! 6<62;;[<>)431)1! 349!
2'(;[<>)431)1.!-';;*>34'6!j!Q)9'6'432!07)8'1+*<!SF$$aT,!#\SFUT!

"##U%!! Y4>,!J.!^./!Q60;*836W,!X.!&./!h3+)1,!J.!_.,!ZZZ.!X4!3((*;367!+;!6;**)23+)!+349)8!8311!1()6+*32!93+3!;=!
()(+'9)1!K'+7! 38'4;! 36'9! 1)L?)46)1! '4! 3! (*;+)'4! 93+3:31).! J;?*432! ;=! +7)! X8)*'634! R;6')+<! =;*!
Q311!R()6+*;8)+*<!S#EE\T,!VS##T,!EfaA`E!

"##\%!! @'22,! J./! R7)29*'6W,!@.! R./!@;2+)*1,! M./! 073*36+)*'13+';4! ;=! 6'1(23+'4! 6;;*9'43+';4! 1'+)1! '4! 6)22?23*!
Y167)*'67'3! 6;2'! MdXA:'49'4>! (*;+)'41! :<! 6;8:'4)9! :'(731'6! 2'L?'9! 67*;83+;>*3(7<! 349! YRZ!
+349)8!8311! 1()6+*;8)+*<.! J-Z0,! J;?*432! ;=! -';2;>'632! Z4;*>34'6! 07)8'1+*<! SF$$`T,! #USUT,! \F#A
\U\!

"##V%!! N*k4e)2!-.,!M'11)*+3+';4!_?7*!c4'I)*1'+k+!-;67?8!SF$#$T!
"##a%!! &'?,! g./! _;1),! M.! P./! M'==)*)4+'32! )[(*)11';4! 349! *)>?23+';4! ;=! 6<62;;[<>)431)A#! 349! AF! '4! +K;!

7?834!:*)31+!6346)*!6)22!2'4)1.!0346)*!_)1)3*67!S#EEaT,!VaSFFT,!V#FVAV#Ff!
"##f%!! D*341+*;)8,!Y./!C38:)*>,!Q./!^'49372,!C.!07)8'632!'41+3:'2'+<!;=!#VAW)+;A#U,#\A9'7<9*;APDYF5!!+7)!

*)31;4!=;*!2;K!3113<!*)2'3:'2'+<.!P*;1+3>2349'41!S#E`$T,!#ESaT,!EUUAVf!
"##`%!! C38:)*>,! Q./! R38?)211;4,! -./! Q)+3:;2'18! ;=! (*;1+3>2349'41! Y#! 349! YF! '4! 834.! J;?*432! ;=!

-';2;>'632!07)8'1+*<!S#Ef#T,!F\aSFFT,!af#UAF#!
"##E%!! N'+e(3+*'6W,!N.!X./!X>?'**),!_./!P'W),!J.!Y./!&'46;24,!N.!C./!H7)!1+3:'2'+<!;=!#U,#\A9'7<9*;A#VAW)+;APDYF.!

P*;1+3>2349'41!S#E`$T,!#ESaT,!E#fAU#!
"#F$%!! KKK.9)?+167)AW*):17'2=).9)!R+349!F$#$!
"#F#%!! KKK.*W'.9)!^*):1*)>'1+)*93+)4!R+349!F$$VOF$$a!
"#FF%!! _;1)4:)*>!-/!B34638(!&/!^*'>31!H./! Z47':'+';4!;=!6)22!9'I'1';4! '4!Y167)*'67'3!0;2'!:<!)2)6+*;2<1'1!

(*;9?6+1!=*;8!3!(23+'4?8!)2)6+*;9).!d3+?*)!!S#EaVT,!F$V!aE`AE!
"#FU%!! Q?W7;(397<3<,!_./!H7)*'3?2+,!_.!&./!P*'6),!J.!Y./!Z46*)31)9!2)I)21!;=!3!a!'4+)>*'41!3*)!311;6'3+)9!K'+7!

+7)! 8)+31+3+'6! (7)4;+<()! ;=! 7?834! :*)31+! 6346)*! 6)221.! 02'4'632! j! Y[()*'8)4+32! Q)+31+31'1!!
S#EEET,!#fS\T,!UFVAUUF!
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"#$%&!! '()**+(,! -.! /0,12! -.! 3*)4+! 5.! -++4+6! 78! 98! 9:8.! ;:+(6<! <,=0:! >+**! *)1+6! ?:0=! @*+,:(*! +??,6)0168!

90,:1(*!0?!<A+!B(<)01(*!'(1>+:!C16<)<,<+!D#EF%GH!IJDJGH!KK#LF%!
"#$I&!! '()**+(,!-8.!3*)4+!58.!':,>)2+:!M8!NH.!O012!L!<+:=!A,=(1!P:+(6<!>(:>)10=(!>+**! *)1+6!0?!=+<(6<(<)>!

0:)2)1Q!@:+*)=)1(:R!>A(:(><+:)S(<)018!C1!4)<:0!D#EFTGH!#%D##GH!E##LI!
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