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'44&/-@!6/..+/-@!:<):)&'1/@!./,!B+*/-!'*,!*31-$7!

A</! ,/.+(/,! 1'**+*-! './! 5).;/,! 4.+;'.+&9! 3*,/.! )0+,'1+(/! /*P9;'1+:! '*,!

'1;)-4</.+:! :)*,+1+)*-! ,3.+*2! 1</! ;'*+43&'1+)*! )5! 4&'*1-! '*,! -36-/=3/*1!

4.):/--+*2!+*1)!5)),-@!/$2$@!))&)*2!'*,!6&':?!1/'-@!./,!B+*/-!'*,!:)55//$#G!

I*)1</.!:&'--!)5!:);;)*!5)),!1'**+*-!+-!1</!<9,.)&9-'6&/!1'**+*-@!B<+:<!:)*-+-1!

)5!2'&&+:!':+,!).!/&&'2+:!':+,!1)!B<+:<!'./!&+*?/,!1)!'!*)*!'.);'1+:!4)&9)&@!-3:<!'-!

'! -32'.! ).! =3+*+:! ':+,@! +-! /-1/.+5+/,$#K! I&1<)32<! <9,.)&9-'6&/! 1'**+*-! './!

B+,/-4./',!+*!-);/!4&'*1!5)),-@!/$2$@!2.'4/-!'*,!B+*/-@!'*,!:)*1.+631/!+;4).1'*1!

).2'*)&/41+:!=3'&+1+/-@!1</9!<'(/!./:/+(/,!&+11&/!'11/*1+)*!+*!1/.;-!)5!1</+.!+;4':1!

)*!<3;'*!</'&1<$7!

!

#$#$"$!Q+):</;+:'&!'*,!W<'.;':)&)2+:'&!Z55/:1-!

!

%&'()*)+,-! 4&'9! ,+55/./*1! .)&/-! +*! 1</! /:)&)29! )5! 4&'*1-$! R3/! 1)! 1</+.! '11.':1+(/!

:)&).-@! 5&'()*/-@! 5&'()*)&-@! '*,! '*1<):9'*+,+*-! ;'9! ':1! '-! (+-3'&! -+2*'&-! 5).!

4)&&+*'1+*2! +*-/:1-$C!Q/:'3-/!)5! 1</+.! '-1.+*2/*:9@! :'1/:<+*-!'*,!)1</.! 5&'('*)&-!

:'*!./4./-/*1!'!,/5/*-/!-9-1/;!'2'+*-1!+*-/:1-!<'.;53&!1)!1</!4&'*1$#7!%&'()*)+,-!

':1!'-!:'1'&9-1-!+*!1</!&+2<1!4<'-/!)5!4<)1)-9*1</-+-!'*,[).!'-!./23&'1).-!)5!+.)*!

:<'**/&-! +*()&(/,! +*! 4<)-4<).9&'1+)*$#T! A</9! :'*! '&-)! 53*:1+)*! '-! -1./--!

4.)1/:1'*1-! +*! 4&'*1! :/&&-! 69! -:'(/*2+*2! \>]! 4.),3:/,! 69! 1</! 4<)1)-9*1</1+:!

/&/:1.)*! 1.'*-4).1! -9-1/;$#U! %3.1</.;)./@! 6/:'3-/! )5! 1</+.! 5'().'6&/! ^_J!

'6-).6+*2! 4.)4/.1+/-@! 5&'()*)+,-! 4.)1/:1! 4&'*1-! 5.);! ^_! .',+'1+)*! )5! -3*! '*,!



!7!

-:'(/*2/!^_J2/*/.'1/,!\>]$C@#V!

%&'()*)+,-!'./!+;4).1'*1!:);4)*/*1-!+*!1</!<3;'*!,+/1!'*,!1</9!'./!:'4'6&/!)5!

;),3&'1+*2!1</!':1+(+19!)5!;'*9!/*P9;/-!'*,!4)--/--!'!./;'.?'6&/!-4/:1.3;!)5!

6+):</;+:'&!'*,!4<'.;':)&)2+:'&!':1+(+1+/-@!-);/!)5!B<+:<!+*1/.5/./!B+1<!:)*1.)&!

4.):/--/-! +*! :'.:+*)2/*/-+-$#@"8@"#! A</-/! +*:&3,/! '*1+J+*5&';;'1).9! E'2'+*-1!

3&:/.-@! (+.3-/-@! +*5&';;'1+)*@! '.1<.+1+-@! )-1/)4).)-+-! '*,! ,+'..</'F! '*,!

'*1+)0+,'*1! ':1+(+1+/-@""@"C! 1</! -:'(/*2+*2! /55/:1! )*! ':1+('1/,! :'.:+*)2/*-! '*,!

;31'2/*-@"G!1</!':1+)*!)*!:/&&!:9:&/!4.)2./--+)*"K!'*,!'&1/./,!2/*/!/04./--+)*$#!!

!

&$&$'$&$%)*+",-"./*+%01123+%

!

A</!6/-1J,/-:.+6/,!'*,!;)-1!3-/53&!4.)4/.19!)5!'&;)-1!/(/.9!2.)34!)5!5&'()*)+,-!

+-!1</+.!:'4':+19!1)!':1!'-!'*1+)0+,'*1-$!A</!5&'()*/-!'*,!:'1/:<+*-!-//;!1)!6/!1</!

;)-1!4)B/.53&!5&'()*)+,-!5).!4.)1/:1+*2!1</!6),9!'2'+*-1!./':1+(/!)092/*!-4/:+/-!

E\>]F$! %.//! .',+:'&-@! +*:&3,+*2! 1</! -34/.)0+,/! .',+:'&! E>"$JF@! <9,.)09&! .',+:'&!

E$>`F@! <9,.)2/*! 4/.)0+,/! E`">"F@! '*,! &+4+,! 4/.)0+,/! .',+:'&-! <'(/! 6//*!

+;4&+:'1/,! +*! '! *3;6/.! )5! ,+-/'-/! 4.):/--@! -+*:/! 1</9! :'*! '11':?! &+4+,-! +*! :/&&!

;/;6.'*/-@!4.)1/+*-! +*!1+--3/-!).!/*P9;/-@!:'.6)<9,.'1/-@!'*,!RLI@!1)! +*,3:/!

)0+,'1+)*-@! B<+:<! :'3-/! ;/;6.'*/! ,';'2/@! 4.)1/+*! ;),+5+:'1+)*! E+*:&3,+*2!

/*P9;/-F@! '*,! RLI! ,';'2/$! A<+-! )0+,'1+(/! ,';'2/! +-! :)*-+,/./,! 1)! 4&'9! '!

:'3-'1+(/!.)&/!+*!'2+*2!'*,!-/(/.'&!,/2/*/.'1+(/!,+-/'-/-!'--):+'1/,!B+1<!+1@!-3:<!

'-! :'.,+)('-:3&'.! ,+-/'-/@! :'1'.':1-@! ;':3&'.! ,/2/*/.'1+)*@! :)2*+1+(/!

,9-53*:1+)*@! :'*:/.@! '-1<;'@! ,+'6/1/-@! 2'-1.)+*1/-1+*'&! '*,! &+(/.! +*5&';;'1).9!

,+-/'-/-$"7@!"T!

%&'()*)+,-!:'*!4./(/*1!+*X3.9!:'3-/,!69!5.//!.',+:'&-!+*!('.+)3-!B'9-$!>*/!B'9!

+-! 1</! ,+./:1! -:'(/*2+*2! )5! 5.//! .',+:'&-$! %&'()*)+,-! './! )0+,+P/,! 69! .',+:'&-@!

./-3&1+*2! +*! '! ;)./! -1'6&/@! &/--J./':1+(/! .',+:'&@! '::).,+*2! 1)! 1</! 5)&&)B+*2!

./':1+)*$C!

!

a</./! %>`! +-! 5&'()*)+,! '*,! \b! +-! 5.//! .',+:'&! '*,! %>b! +-! &/--! ./':1+(/! 5.//!

.',+:'&$"U!

!

!

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



! T!

&$&$'$'$%)*+"/+425,63725,+"3%01123+%

!

W<9-+)&)2+:'&! 53*:1+)*! )5! 4&'*1! 4)&94</*)&-! <'-! '11.':1/,! ;3:<! '11/*1+)*! +*!

./&'1+)*! 1)! 1</! 4./(/*1+)*! )5! ('-:3&'.! ,+-/'-/-$! %&'()*)+,-! :)*1'+*+*2!

,+4</*9&4.)4'*/! -1.3:13./! './! ;'X).! 4)&94</*)&-! 4./-/*1! +*! (/2/1'6&/-! '*,!

5.3+1-$"V! H*! #VC7@! ]P/*1Jc9)+2+C8! 5+.-1! :&'+;/,! 1<'1! :+1.3-! 5&'()*)+,-! E</-4/.+,+*!

',!.31+*F!./,3:/,!:'4+&&'.9!5.'2+&+19!'*,!4/.;/'6+&+19!+*!<3;'*!6&)),!(/--/&@!'-!

-+;+&'.&9! 1)! (+1';+*! M$! H*! #VVC@!`/.1)2! -&# ./C#! 5)3*,! 1<'1! 5&'()*)+,! +*1'?/!B'-!

+*(/.-/&9!:)../&'1/,!B+1<!:'.,+)('-:3&'.!</'.1!,+-/'-/!EM`RF!;).1'&+19!+*!/&,/.&9!

;/*$! L)B','9-@! /4+,/;+)&)2+:'&! -13,+/-! -1.)*2&9! -322/-1! 1<'1! 1</! +*1'?/! )5!

5&'()*)+,-!5.);!,+/1!+-!</&453&!+*!1</!4./(/*1+)*!)5!'1</.)-:&/.)-+-!'*,!+1-!./&'1/,!

/(/*1-!+*:&3,+*2!M`R$"U!>0+,'1+(/!;),+5+:'1+)*!)5!&)BJ,/*-+19!&+4)4.)1/+*-!EdRdF!

+-! 6/&+/(/,! 1)! 6/! '*! +*+1+'&! -1/4! 5).! 1</! ,/(/&)4;/*1! )5! '1</.)-:&/.)-+-! '*,!

:).)*'.9! ,+-/'-/$! %&'()*)+,-! -//;! 1)! /0/.1! 1</! '*1+)0+,'*1! /55/:1! '2'+*-1! dRd!

)0+,'1+)*$"V!!

!

&$&$'$($%)*+"87325%/*.%92:/+,:5,+23+";2%01123+6%

!

D'*9!5&'()*)+,-!4)--/--!'*1+3&:/.)2/*+:!':1+(+19$!>.'&!1./'1;/*1!B+1<!1</!/1</.!

5.':1+)*!)5!1</!5&'()*)+,!/01.':1!,/;)*-1.'1/,!'!2)),!&/(/&!)5!2'-1.+:!4.)1/:1+)*$!

e3/.:/1+*@! ?'/;45/.)&@! .31+*! 4.),3:/,! '*! +*<+6+1).9! /55/:1! )*! +*1/-1+*'&!

53*:1+)*-@!'*,!1<'1!1</+.!':1+)*-!'./!;/,+'1/,!1<.)32<!f"J',./*/.2+:!'*,!:'&:+3;!

-9-1/;-$! A<+-! ./-3&1!;'9! -<)B! 1</! 6/*/5+:+'&! /55/:1-! +*! ,+'..</'! E:):)'! 6/'*-F!

'*,! )1</.! +*1/-1+*'&! -/:./1+)*-$C"! Q/-+,/-@! ;'*9! 5&'()*)+,-! 4)--/--! </4'1)J

4.)1/:1+(/!':1+(+19!1<.)32<!*).;'&+P+*2!:/&&!4<)-4<)&+4+,!-9*1</-+-$!

!

&$&$'$<$%)*+"="35,>"/7%01123+%

!

%&'()*)+,-! '*,! /-1/.-! )5! 4</*)&+:! ':+,-! -<)B!'*1+6':1/.+'&@! '*1+53*2'&! '*,! '*1+!

(+.'&! /55/:1-! '2'+*-1! </.4/-! -+;4&/0! (+.3-@! ./-4+.'1).9! -9*:91+'&! (+.3-@!

4'.'+*5&3/*P'!(+.3-@!',/*)(+.3-!'*,!+;;3*)J,/5+:+/*:9!(+.3-!+*5/:1+)*$C"!

!

!



!U!

&$&$'$?$%)*+"@A*17/==/+,5B%01123+%

!

D'*9!5&'()*)+,-!:'*!+*<+6+1!1</!:9:&))092/*'-/!4'1<B'9$!A<+-!+*<+6+1+)*!./,3:/-!

1</! ./&/'-/! )5! '.':<+,)*+:! ':+,@! 1</! -1'.1+*2! 4)+*1! 5).! '! 2/*/.'&! +*5&';;'1).9!

./-4)*-/$"U!

!

&$&$'$C$%01123+%,*%D7,,.%E26627%

!

%&'()*)+,-!'./!3-/,!5).!1./'1;/*1!)5!:'4+&&'.9!5.'2+&+19!'*,!4<&/6)-:&/.)-+-$!A</9!

./,3:/! :/&&! '22./2'1+)*! '*,! 4.)1/:1! :'4+&&'.9! '2'+*-1! ('.+)3-! 1.'3;'-! '*,!

-1./--/-$C"!

!

&$&$'$F$%)*+"*2,:7/6+"3%01123+%

!

e3+1/!*3;6/.!)5!5&'()*)+,-!<'-!/0<+6+1/,!'*1+*/)4&'-1+:!':1+(+19$!R/1'+&/,!-13,+/-!

<'(/!./(/'&/,!1<'1!=3/.:/1+*!/0/.1/,!'!,)-/!,/4/*,/*1!+*<+6+1+)*!)5!:/&&!2.)B1<!

'*,!:)&)*9!5).;'1+)*$C"!

!

&$&$'$G$%01123+%,*%92/+%H4,3I%J5,+2"*6%

!

`/'1! -<):?! 4.)1/+*-! 53*:1+)*! '-! ;)&/:3&'.! :<'4/.)*/-@! 23+,+*2! 1</! 1.'*-4).1@!

'--/;6&9! '*,!,/2.','1+)*!)5! +*1.':/&&3&'.!4)&94/41+,/-$!^*,/.! 1</! +*5&3/*:/!)5!

*)*J4<9-+)&)2+:'&! :)*,+1+)*-! </'1! -<):?!4.)1/+*! -9*1</-+-! +-! '::/&/.'1/,! 1)! '+,!

:/&&!-3.(+('&$!Z&/('1/,!/04./--+)*!)5! 1</!;/;6/.-!)5! 1</!<-4T8!5';+&9!<'-!6//*!

./4).1/,! +*! <+2<J2.',/! ;'&+2*'*1! 13;).-$C"! e3/.:/1+*! '*,! -/(/.'&! )1</.!

5&'()*)+,-! +*<+6+1! 1</! -9*1</-+-! )5! <-4-! +*:&3,+*2! <-4V8@! <-4T8-@! <-4GT! '*,!

<-4"U!+*,3:/,!69!</'1!-<):?@!-),+3;!'.-/*+1/@!'*,!dJ'P/1+,+*/!"J:'.6)09&+:!':+,!

EIP:F!+*!<3;'*!:/&&!&+*/-$CC!!

!

!

!

!

!



! V!

#$"$!M<'&:)*/-!

!

M<'&:)*/-! './! #@CJ,+4</*9&J"J4.)4/*/J#J)*/@! +*! B<+:<!

1B)! '.);'1+:! .+*2-! './! &+*?/,! 69! '! 1<.//J:'.6)*! f@! gJ

3*-'13./,! :'.6)*9&! -9-1/;! E%+2$! GF@! 1<'1! '--3;/! &+*/'.!

).!*/'.!4&'*'.!-1.3:13./$!

!

A</9!4)--/--!:)*X32'1/,!,)36&/!6)3*,-!'*,!'!:);4&/1/&9!,/&):'&+P/!hJ/&/:1.)*!

-9-1/;!)*!6)1<!6/*P/*/!.+*2-$!"T!

M<'&:)*/-!'./!./',+&9!-9*1</-+P/,!+*!1</!&'6).'1).9!'*,!1</!&+1/.'13./!+-!./4&/1/!

B+1<! ./5/./*:/-! 1)! -1.3:13.'&! ;),+5+:'1+)*-! )5! 1</! :<'&:)*/! 1/;4&'1/$! ]);/!

/0';4&/-! './! +*1.),3:+*2! ,+55/./*1! -36-1+13/*1-! )*! 1</! 4</*9&! .+*2-! I! '*,! Q@!

./4&':+*2! 1</!4</*9&!.+*2-!B+1<!</1/.):9:&+:!'*,!4)&9'.);'1+:!.+*2-@! -'13.'1+)*!

).!-36-1+131+)*!)5!1</!/*)*/!&+*?+*2!1</!1B)!.+*2-@!'*,!:9:&+-'1+)*!)5!1</!:<'&:)*/!

1)!2+(/!:)*5).;'1+)*'&&9!./-1.+:1/,!'*'&)23/-$CG!

H*!1</!4&'*1!'./*'@!:<'&:)*/-!4&'9!'!4+2;/*1'1+)*!.)&/!,3/!1)!1</+.!+*1/*-/!9/&&)B!

:)&).$!A</!6+)&)2+:'&!':1+(+1+/-!)5!:<'&:)*/-!'./!/=3'&&9!B+,/!.'*2+*2$!

!

#$"$#$!Q+):</;+:'&!'*,!W<'.;':)&)2+:'&!Z55/:1-!

!

&$'$&$&$%K42=,:5,+23+";2%01123+%%

!

M</;)4.)1/:1+)*! +-! '*! '44.)':<! 1<'1! -//?-! 1)! '../-1! ).! ./(/.-/! 1</!4.):/--! )5!

:'.:+*)2/*/-+-! 1<.)32<! 1</! 3-/! )5! 4<'.;':)&)2+:'&! '2/*1-$! H1! ;'9! )::3.! 69!

('.+)3-!;/:<'*+-;@!-3:<!'-! +*<+6+1+)*!)5!'*!/*P9;/!+*()&(/,! +*!:'.:+*)2/*/-+-!

E5).! /0';4&/! M>iJ"F@! +*<+6+1+)*! )5! ./:/41).-! 1<'1! 4&'9! '*! +*1/2.'1+(/! .)&/! +*!

;),3&'1+*2! 1</! ':1+(+19! )5! )1</.! ./:/41).-@! +*,3:1+)*! )5! 4<'-/! "! /*P9;/-! &+?/!

2&31'1<+)*/!]J1.'*-5/.'-/@!'*,!-:'(/*2+*2!)5!./':1+(/!)092/*!-4/:+/-$!

M<'&:)*/! 6/'.! '! -1.3:13.'&! -+;+&'.+19! 1)! -1+&6/*/@! '! -9*1<)*! 5)3*,! +*! -/(/.'&!

-/&/:1+(/! /-1.)2/*! ./:/41).! ;),3&'1).-@! 1)! :3.:3;+*@! '! *'13.'&&9! )::3..+*2!

'*1+)0+,'*1!'*,!:</;)4.)1/:1+(/!'2/*1@!'-!B/&&!'-!+*!'*1+)0+,'*1!5&'()*)+,-!&+?/!

=3/.:/1+*!E%+2$!KF$CG!

3'

4'

5'

6'

2'

!

"

6

5

4

3
2

A B

O

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



!#8!

!

!"#$%?$!M</;)4.)1/:1+(/!'2/*1-!
!

A</! :</;)4.)1/:1+(/! .)&/! )5! :<'&:)*/-! +-! 3-3'&&9! ,+-:3--/,! +*! 1/.;! )5! 1</+.!

'*1+)0+,'*1!4.)4/.1+/-!1<'1!'./!./&'1/,!1)!,+55/./*1!;/:<'*+-;-S!

• %.//!.',+:'&!-:'(/*2+*2j!

• `9,.)2/*!,)*'1+)*!-+*2&/1!)092/*!=3/*:<+*2j!

• D/1'&!+)*!:</&'1+)*j!!

• I:1+*2!'-!-36-1.'1/!5).!5.//!.',+:'&-$!

M91)1)0+:!/55/:1-!)5!'*1+)0+,'*1!:<'&:)*/-!'./!'--):+'1/,!B+1<! 1</+.!4.)J)0+,'*1!

/55/:1-$!Z-4/:+'&&9@!1</!<9,.)09&!-36-1+13/*1!+-!)*/!)5!1</!?/9!2.)34-!1)!/*<'*:/!

2./'1&9!1</!'*1+)0+,'*1!':1+(+19!)5!:<'&:)*/!;'+*&9!,3/!1)!+1-!/'-9!:)*(/.-+)*!1)!

4</*)09! .',+:'&-! 1<.)32<! 1</! <9,.)2/*! '1);! 1.'*-5/.! ;/:<'*+-;$! A</! ).1<)J!

E+$/$! :'1/:<)&! -1.3:13./F! '*,! 4'.'J,+<9,.)0+&'1/,! 6/*P/*/! .+*2! -9-1/;! './!

2/*/.'&&9! ?*)B*! 1)! ,/&):'&+P/! /&/:1.)*-@! B<+&/! ;/1'J,+<9,.)0+&'1/,! .+*2! +-!

:)*(/.1/,!1)!3*-1'6&/!=3+*)*/!-1.3:13./!E%+2$!7F$"T!

]1.3:13./!I:1+(+19!\/&'1+)*-<+4S!!

• AB)!<9,.)09&!2.)34-!)*!.+*2!Q!'./!(/.9!+;4).1'*1!-1.3:13.'&!5':1).-!5).!1</!

.',+:'&!-:'(/*2+*2!':1+(+19S!

• "k@CkJ@! Ck@GkJ! E).1<)JF! '*,! "k@KkJ! E4'.'F! -36-1+131+)*-! -<)B! '*! /0:/&&/*1!

'*1+)0+,'*1!':1+(+1+/-!E'-!'-:).6+:!':+,!'*,!fJ1):)4</.)&Fj!

• "k@GkJ! '*,! Ck@KkJ! E;/1'F! -36-1+131+)*-! -<)B! '! (/.9! ,.';'1+:! ,/:./'-/! +*!

':1+(+19$!

!

OOH

HO OH
O

OH
OH

OH
OOH

HO
H3CO OCH3

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



! ##!

!

!"#$%C$!D/:<'*+-;!)5!'*1+)0+,'*1!':1+(+19!)5!:<'&:)*/-!
!

&$'$&$'$%)*+"@A*17/==/+,5B%01123+%

!

L)*J-1/.)+,'&! '*1+J+*l';;'1).9! ,.32-! EL]IHR-F! './! 1</.'4/31+:'&&9! +;4).1'*1!

+*! 1</! 1./'1;/*1! )5! .</3;'1+:! '.1<.+1+-! '*,! ('.+)3-! 194/-! )5! +*l';;'1).9!

:)*,+1+)*-! 631! 5)3*,! 1)! 6/! &+;+1/,! 6/:'3-/! )5! 1</+.! 5./=3/*1&9! )6-/.(/,!

2'-1.)+*1/-1+*'&!-+,/!/55/:1-$!

Q/+*2!'!*'13.'&!).+2+*@!:<'&:)*/-!;'9!6/!,/()+,!)5!1)0+:+19!'*,!</*:/!6/*/m:+'&!

5).!,.32!,+-:)(/.9!'-!':1+(/!:);4)3*,$!

D':.)4<'2/-!'./!':1+(/!-/:./1).9!:/&&-@!./&/'-+*2!*+1.+:!)0+,/!EL>F@!B<+:<!4&'9-!

'*!+;4).1'*1!.)&/!+*!6+)&)2+:!':1+(+19$!L>!+-!'!4)1/*1!('-),+&'1).@!./-4)*-+6&/!5).!

+*,3:1+)*! )5! :/&&! 2.)B1<@! :91)1)0+:+19@! 5).;'1+)*! )5! /,/;'! &/3?):91/!;+2.'1+)*!

'*,! :91)?+*/-! 4.),3:1+)*$C7! A<3-@! 1<.)32<! 1</+.! '63*,'*:/@! ,+-1.+631+)*@!

;)1+&+19@!'*,!./-4)*-+(/*/--@!;':.)4<'2/-!:'*!+*5&3/*:/!'&;)-1!/(/.9!'-4/:1!)5!

OH
OH RH

O
O H

O
O

ortho-substituted ortho-semiquinone

OH
RH

O O

para-substituted para-semiquinone

OH O O
H

OH
RH

O

meta-substituted

OH OH
No further reaction

ortho-quinone

para-quinone

R

R

R

R

R



!#"!

+;;3*/!'*,!+*5&';;'1).9!./-4)*-/-$CT!!

L>! ./':1-! B+1<! '! (/.9! <+2<! .'1/! :)*-1'*1! B+1<! -34/.)0+,/! .',+:'&-! 1)! 2+(/!

4/.)09*+1.+1/$! H1! :'*! 6/! ,+./:1&9! :91)1)0+:! '*,! +1! :'*! '&-)! ,/:);4)-/! 1)! 2+(/! '!

.'*2/! )5! 4.),3:1-@! +*:&3,+*2! <9,.)09&! .',+:'&! E>`$F! '*,! *+1.)*+3;! +)*! EL>"nF$!

I,,+1+)*! )5! 4/.)09*+1.+1/! 1)! 6+)&)2+:'&! 5&3+,-! &/',-! 1)! *+1.'1+)*! )5! '.);'1+:!

';+*)':+,!./-+,3/-@!'*,!1</!4./-/*:/!)5!1</-/!;'9!6/!'!o;'.?/.k!)5!4/.)09*+1.+1/!

;/,+'1/,!,';'2/!+*!(+()$CU!

M);4)3*,-! 1<'1! +*<+6+1! /0:/--! 4.),3:1+)*! )5! L>! 69!;':.)4<'2/-!;+2<1! 6/! )5!

6/*/5+1! 5).! 1</! 4./(/*1+)*! '*,! 1</! 1./'1;/*1! )5! '31)+;;3*/! ,+-/'-/-@! -/41+:!

-<):?!'*,!,+55/./*1!+*5&';;'1).9!4'1<)&)2+/-$"T!!

%.);! 1</! -1.3:13./p':1+(+19! -13,9@! 1</! 5)&&)B+*2! 1./*,-! :'*! 6/! ,/,3:/,S! 1</!

1.+;/1<)09:<'&:)*/! ,/.+('1+(/-!B+1<! '! 5&3).)! -36-1+13/*1! '1! 4)-+1+)*! MJGk!B/./!

5)3*,! 1)! 6/! 6/11/.! +*<+6+1).-! )5! *+1.+1/! 4.),3:1+)*! 1<'*!B+1<! '! 1.+5&3).);/1<9&!

-36-1+13/*1!'1!1</!-';/!4)-+1+)*$!A</!4./-/*:/!)5!'!1.+5&3).);/1<9&!2.)34!'1!MJ!"@!

+*! ,+;/1<)09:<'&:)*/! '-! B/&&! '-! +*! 1.+;/1<)09J! :<'&:)*/! ,/.+('1+(/-@! +-!

'--):+'1/,!B+1<!'!(/.9!4)1/*1!+*<+6+1+)*!)5!*+1.+1/!'::3;3&'1+)*$C7!

I*1+J+*l';;'1).9! ':1+(+19! )5! C@G@KJ1.+;/1<)09:<'&:)*/-! +-! '&-)! /('&3'1/,! +*!

1/.;-!)5!AL%Jf!'*,!HdJ7!+*<+6+1).9!':1+(+19$!!

H*1/./-1+*2&9@!-/(/.'&!-13,+/-!<'(/!,/;)*-1.'1/,!/*,)2/*)3-!AL%Jf!'-!'!13;).!

4.);)1/.! '*,!;/1'-1'1+:! 5':1).$! ]+2*+m:'*1! &/(/&-! )5!AL%Jf!'./! 5)3*,! +*! 13;).!

;+:.)/*(+.)*;/*1!)5!('.+)3-!<3;'*!:'*:/.-@!+*:&3,+*2!1<)-/!)5!6./'-1@!)('.+'*@!

4.)-1'1/@!&9;4<);'@!;/&'*);'!'*,!&/3?/;+'$!M<'&:)*/-!<'(/!,3'&!':1+(+19!'-!

'*1+J+*l';;'1).9!'-!B/&&!'-!;)./!/55/:1+(/!'2'+*-1!:'*:/.!1./'1;/*1!-+*:/@!+1!:'*!

':1!69! 1B)!;/:<'*+-;-@!,+./:1&9!69!?+&&+*2! 13;).!:/&&-!'*,! +*,+./:1&9@! ./-)&(+*2!

1</!+*l';;'1).9!/*(+.)*;/*1!1<'1!-344).1-!13;).!,/(/&)4;/*1$CK!

!

&$'$&$($%9B:,#7B32="3%01123+%

!

L)*J+*-3&+*!,/4/*,/*1!,+'6/1/-!;/&&+13-!ELHRRD@! 194/JHH!,+'6/1/-F! +-!'!:<.)*+:!

;/1'6)&+:! ,+-/'-/! :<'.':1/.+P/-! 69! +*-3&+*! ./-+-1'*:/@! <94/.2&9:/;+'! '*,!

<94/.+*-3&+*'/;+'$"T! A<+-! :<.)*+:! ,+-/'-/! +-! )51/*! '--):+'1/,! B+1<! )6/-+19@!

,9-&+4+,/;+'@!<94/.1/*-+)*!'*,!:'.,+)('-:3&'.!.+-?$!

M<'&:)*/-! B+1<! ,+;/1<)09! '*,! ;/1<9&/*/,+)09! 2.)34-! -<)B! '*! +;4).1'*1!



! #C!

'*1+<94/.2&9:/;+:! ':1+(+19$! A</9! -//;! 1)! +*<+6+1! /*P9;/-! &+?/! 4.)1/+*! 19.)-+*/!

4<)-4<'1'-/!#Q!'*,!'&,)-/!./,3:1'-/@!1<'1!'./!+*()&(/,!+*!2&3:)-/!;/1'6)&+-;$CV!

!

&$'$&$<$%KB+,+,-"3%01123+%

!

D)-1!)5!1</!:<'&:)*/-!/0<+6+1!:91)1)0+:!':1+(+19!'2'+*-1!'!('.+/19!)5!<3;'*!:'*:/.!

:/&&! &+*/! EWMJC@!DM%JT@! qQ! '*,!qQJ_HLF! +*! 1</! &)B!;+:.);)&'.! .'*2/$!D'**+:<!

6'-/-!'*'&)23/-!B+1<!;).4<)&+*/!-36-1+131+)*!'1!MC!).!MK!'*,!49.+,9&!).!4</*9&!

'1!M"!-36-1+131+)*!'./!5)3*,!1)!4)--/--!2)),!:91)1)0+:!/55/:1$G8!

I!2./'1/.!/55).1!<'-!6//*!;',/!1)!3*,/.-1'*,!<)B!:<'&:)*/-!/0/.1!1</+.!/55/:1-S!

1</9! :'*! 6/! '*2+)2/*/-+-! +*<+6+1).-S! 1</! 5).;'1+)*! )5! */B! 6&)),! (/--/&-! 5.);!

/*,)1</&+'&! :/&&-! +-! '! 4././=3+-+1/! 5).! -)&+,! 13;).! 2.)B1<! '*,! 4.)&+5/.'1+)*$!

M<'&:)*/-! :'*! '&-)! +*1/.5/./! '1! 1</! 1.'*-:.+41+)*! &/(/&! 69! +*<+6+1+*2! 1</! 4JKCJ

DRD"! +*1/.':1+)*$! A</! DRD"! )*:)2/*/! +-! )(/.J/04./--/,! +*! <3;'*! 6./'-1!

:'*:/.$! H1! +*<+6+1-! 1</! 13;).! -344./--).! 4.)1/+*! 4KC! 69! 6+*,+*2! 1</!

1.'*-':1+('1+)*! -+1/@! &/',+*2! 1)! ,+-./23&'1+)*! )5! 1</! :/&&! :9:&/$! D'*9! "kJ

<9,.)09:<'&:)*/-! +*,3:/!c"[D!6&):?!'*,!:'3-/,! 5.'2;/*1'1+)*!)5!RLI! 1<'1! +-!

-322/-1+(/!)5!'4)41)-+-$!

I! &'.2/!*3;6/.!)5!;/1<)09&'1/,!:<'&:)*/-! -<)B-!'*1+;+1)1+:!':1+(+19!'2'+*-1!'!

('.+/19!)5!13;).!:/&&!&+*/@!+*!5':1!1</9!+*1/.':1!-1.)*2&9!B+1<!1363&+*@!4./(/*1+*2!+1!

5.);!4)&9;/.+P+*2!+*1)!;+:.)136/-$!!

M)*5).;'1+)*'&! ./-1.'+*1! )5! :<'&:)*/-! 2/*/.'&&9! &/',! 1)! '!,/:./'-/! +*! :91)1)0+:!

':1+(+19$CG!

!

&$'$&$?$%)*+"42:/+,+,-"3%01123+%

!

M<'&:)*/! ,/.+('1+(/-! 4)--/--+*2! #@GJ,+)0'*/! .+*2! -9-1/;! /0<+6+1! '! 2)),!

'*1+</4'1)1)0+:!':1+(+19$"T!

!

&$'$&$C$%)*+"="35,>"/7%01123+%

!

M<'&:)*/! ,/.+('1+(/-! 4)--/--+*2! /&/:1.)*! ./&/'-+*2! 2.)34-@! &+?/! ;/1<)09! '*,!

<9,.)09@!-<)B!'*1+6':1/.+'&!':1+(+19@!B<+&/!:);4)3*,-!B+1<!,+:<&).)!'*,!5&3).)!



!#G!

2.)34-!-<)B!6/11/.!'*1+53*2'&!':1+(+19$"T!

!

&$'$&$F$%)*+"=/7/5"/7%01123+%

!

>(/.!#@888@888!4/)4&/!,+/!'**3'&&9!,3/! 1)!;'&'.+'@! 194+:'&&9!9)3*2!:<+&,./*!)5!

./-)3.:/J4)).! 5';+&+/-! +*!I5.+:'$! H*:./'-/,!;).1'&+19!<'-!4'.1&9!6//*!'11.+631/,!

1)! 1</! /;/.2/*:/! )5! :<&).)=3+*+*/J./-+-1'*1! -1.'+*-! )5!0/.12(),*2# 3./+,4.'*2$!

M<'&:)*/!,/.+('1+(/-!+*1/.':1!B+1<!4'.'-+1/!/*P9;/!:9-1/+*/!4.)1/'-/@!)*/!)5!1</!

?/9!/*P9;/-!+*()&(/,!+*!</;)2&)6+*!,/2.','1+)*!B+1<+*!1</!':+,!5)),!(':3)&/!)5!

1</! +*1.'J/.91<.):91+:! 4'.'-+1/$! H*<+6+1+)*! )5! 1<+-! /*P9;/! 4.)(/-! 5'1'&! 5).! 1</!

4'.'-+1/$G#!

%).! '*1+;'&'.+'&! ':1+(+19@! 1</! -+P/! :<'.':1/.+-1+:-! )5! .+*2! Q! E&'.2/@! '&?)09&'1/,F!

'*,! 1</! /&/:1.)*+:! :<'.':1/.+-1+:! )5! .+*2! I! E/&/:1.)*! ,/5+:+/*1F! './! +;4).1'*1$G"!

M);4)3*,!:)*1'+*+*2!1.+'P)&/!'*,!:<&).)!-36-1+13/*1-@!B'-!5)3*,!1)!6/!1</!;)-1!

4)1/*1! '*1+4&'-;),+'&! ,/.+('1+(/! /('&3'1/,@! -322/-1+*2! 1<'1! -;'&&! &+4)4<+&+:!

2.)34-!:)*1'+*+*2!-+*2&/!).!;3&1+4&/!*+1.)2/*!:'*!/*<'*:/!'*1+;'&'.+'&!':1+(+19!

+*!(+1.)$"T!!

!

&$'$&$G$%)*+"72"64=/*"/7%01123+%

!

A</! '*1+&/+-<;'*+'&! ':1+(+19! )5! -/(/.'&! :<'&:)*/-! <'-! 6//*! ./4).1/,! +*! 1</!

&+1/.'13./$! A</! ;)-1! 4.);+-+*2! ;/;6/.! 1)! ,'1/! +-! &+:):<'&:)*/! I! E%+2$! TF@! '*!

)092/*'1/,! :<'&:)*/@! +-)&'1/,! 5.);! 1</! .))1-!)5!M<+*/-/! &+=3).+:/@! 1<'1! +*<+6+1-!

53;'.'1/!./,3:1'-/$G"!

!

!

!"#$%F$!d+:):<'&:)*/!I!
!

M)*(/*1+)*'&! -1.3:13./! ':1+(+19! ./&'1+)*-<+4-! -<)B! 1<'1! '*1+&/+-<;'*+'&! ':1+(+19!

+-! 5'()3./,!69!:<'&:)*/-!B+1<!;)./!<9,.)4<+&+:!:<'.':1/.@!B+1<!1</!;)-1!':1+(/!

HO

O OCH3

OH



! #K!

;/;6/.-!5)3*,!';)*2!GkJ<9,.)09:<'&:)*/-$!"T!

!

&$'$&$L$%)*+"@M5B:/*,6,=/%K58N"%01123+%

!

M<'2'-k! ,+-/'-/! ).! I;/.+:'*! 1.94'*)-);+'-+-@! :'3-/,! 69! 1</! (/:1).J6).*/!

l'2/&&'1/!4.)1)P)'*!4'.'-+1/!A.94'*)-);'!M.3P+@!+-!'*!/*,/;+:!1.)4+:'&!,+-/'-/!

1<'1! <'-! +*5/:1/,! "8! ;+&&+)*! 4/)4&/! +*! M/*1.'&! '*,! ])31<! I;/.+:'! '*,!

'44.)0+;'1/&9! 6/1B//*! K8888! '*,! #88888! 4/)4&/! +*! 1</! ^*+1/,! ]1'1/-$!

\/-4)*-+6&/! 5).!'.)3*,!"8888!,/'1<-!4/.!9/'.@!M<'2'-k!,+-/'-/!;'*+5/-1-! +1-/&5!

'-! 4)1/*1+'&&9! 5'1'&! :'.,+)4'1<9! ).! ,+&'1+)*-! +*! 1</! ,+2/-1+(/! 1.':1$! A</! )*&9!

:)*1.)&!+*1/.(/*1+)*!+-!:</;)1</.'49$!A</!'*1+4.)1)P)'&!':1+(+19@!1</!&)B!1)0+:+19!

'*,!1</!/:)*);+:'&@!5':+&/@!'*,!.'4+,!-9*1</-+-!)5!:<'&:)*/-!;'?/!1</;!'11.':1+(/!

'-!4)1/*1+'&!,.32!:'*,+,'1/-!1)!m2<1!M<'2'-k!,+-/'-/$GC!

!

#$"$"$!]9*1</-+-!)5!M<'&:)*/-!

!

A</./! './! '! *3;6/.! )5! ;/1<),-! 5).! 1</! -9*1</-+-! )5! :<'&:)*/-! +*:&3,+*2! 1</!

:&'--+:'&!;/1<),-!)5!M&'+-/*J]:<;+,1@!a+11+2!\/':1+)*!'*,!%.+/,/&JM.'51!':9&'1+)*$!

!

&$'$'$&$%M42%K7/"62*@H34=".+%O2/3+",*%

!

M<'&:)*/-! './! ./',+&9! -9*1</1+P/,! 69! 1</! 6'-/J:'1'&9P/,! M&'+-/*J]:<;+,1!

:)*,/*-'1+)*! )5! '*! '&,/<9,/! '*,! '*! ':/1)4</*)*/! +*! '! 4)&'.! -)&(/*1! &+?/!

;/1<'*)&! E%+2$! UF$! A</! /*)&'1/! +)*! 5.);! ':/1)4</*)*/! ./':1-!B+1<! :'.6)*9&! )5!

'&,/<9,/! 1)! 5).;! 1</! gJ<9,.)09?/1)*/@! 5)&&)B/,! 69! ,/<9,.'1+)*! 1)! 2+(/! '!

:)*X32'1/,!/*)*/$!A</!;/1<),!+-!(/.-'1+&/!'*,!:)*(/*+/*1@!'&1<)32<!9+/&,-!;'9!

6/! ('.+'6&/@! .'*2+*2! 5.);! Kr! 1)! V8r$CG! H;4.)(/,! :)*,+1+)*-! 3-+*2! /+1</.!

).2'*)&+1<+3;! 6'-/-! +*! '4)&'.! -)&(/*1GG! ).! -)&+,! :'1'&9-1! <'(/! 6//*! '&-)!

,/-:.+6/,$GK!

!

!

!"#$%G$!A</!M&'+-/*J]:<;+,1!\/':1+)*!

O O

R O R' R R'
base

+



!#7!

&$'$'$'$%M42%H8N8I"%O2/3+",*%

!

Z,,'.+.!'*,!:)JB).?/.-!,/&+2<1/,!1<'1!]3P3?+!:)34&+*2!6/1B//*!6/*P)9&!:<&).+,/!

'*,! 4</*9&(+*9&6).)*+:! ':+,@! :'1'&9P/,! 69! P/.)('&/*1! 4'&&',+3;! +*! '*<9,.)3-!

1)&3/*/!2+(/-!1</!:<'&:)*/-!+*!*/'.!=3'*1+1'1+(/!9+/&,!E%+2$!VF$!G7!!

!

!

!"#$%L$!A</!]3P3?+!:)34&+*2!
!

A<+-! ./':1+)*! +-! *)1! '55/:1/,! 69! -36-1+13/*1-! )*! 1</! ':9&! :<&).+,/! ).! 1</!

4</*9&6).)*+:!':+,$!

!

&$'$'$($% HB*+426"6% ,1% K4/73,*2% ;"/% P7+5/6,8*.% /*.% Q"35,R/;2@)66"6+2.%

Q2+4,.6%

!

^&1.'-)3*,! '*,!;+:.)B'(/J'--+-1/,!;/1<),-! './! +*(/-1+2'1/,$! M&'+-/*J]:<;+,1!

:)*,/*-'1+)*! +*! 1</! 4./-/*:/! )5! q>`! ).! q%! -344).1/,! )*! '&3;+*'! 3*,/.!

3&1.'-)3*,!2+(/-!2)),!9+/&,-!3*,/.!;+&,!:)*,+1+)*-!'*,!-<).1/.!./':1+)*!1+;/-$CG!

A</! 31+&+19! )5! ;+:.)B'(/J'--+-1/,! -9*1</-+-! +-! +*(/-1+2'1/,! 5).! "k!

<9,.)09:<'&:)*/-@!1</!-9*1</-+-!)5!B<+:<!+-!2/*/.'&&9!+;4/,/,!69!:9:&+-'1+)*!1)!

5&'('*)*/-$!^*5).13*'1/&9@!4.)1/:1+*2!1</!"k!<9,.)09&!2.)34!+-!*)1!'!(+'6&/!)41+)*!

6/:'3-/! )5! 1</! ).1<)! 4)-+1+)*! )5! 1</! -36-1+13/*1$! A</!;+:.)B'(/! +..',+'1+)*! )5!

1</! ./':1'*1-! +*! "8r! q>`[/1<'*)&! +*! '! :&)-/,! 4./--3./! 136/! 2+(/-! /0:/&&/*1!

9+/&,-!)5!"kJ<9,.)09&:<'&:)*/-@!B+1<)31!-+,/!4.),3:1-!E%+2$!#8F$GT!A</!:&)-/,!136/!

4/.;+1-!1/;4/.'13./!1)!./':<!#C"sM@!B<+:<! +-!4./-3;'6&9!)41+;'&! 5).!./':1+)*$!

a</*!1</!./':1+)*!+-!./4/'1/,!+*!'*!)+&!6'1<!B+1<!'!1/;4/.'13./!)5!'6)31!#C8sM@!

+,/*1+:'&!9+/&,-!'./!)61'+*/,$CG!

!

!

!"#$%&S$!D+:.)B'(/J'--+-1/,!-9*1</-+-!

O

R R' R R'
B
OH

OH +

O
(PPh3)4Pd

Cs2CO3, toluene

O O

R O R' R R'
mw

+

OH OH



! #T!

#$"$C$!W<9-+:)J:</;+:'&!W.)4/.1+/-!)5!M<'&:)*/-!

!

M)*5).;'1+)*'&! '*'&9-/-! '*,! iJ.'9! -1.3:13./! )5! :<'&:)*/-! <'(/! :)*5+.;/,! 1</!

)(/.'&&! 4&'*'.+19! '*,! .+2+,+19! )5! 1</! hJ-9-1/;$! A</! .+*2! I! <'(/! '! 2./'1/.!

.)1'1+)*'&! 5&/0+6+&+19@! 1<+-!;'9! +;4&9! 1<'1! +1!,/(+'1/-! 5.);!4&'*'.+19! 1)!'!2./'1/.!

/01/*1!1<'*!.+*2!Q$!%).!1<+-!./'-)*!1</!,/&):'&+P'1+)*!)5!/&/:1.)*-!)::3.-!6/1B//*!

.+*2!Q!'*,!1</!f@gJ3*-'13./,!,)36&/!6)3*,$!

A</! /55/:1! )5! .+*2! -36-1+13/*1-! )*! 1</! 4&'*'.+19! )5! 1</! -9-1/;! <'-! 6//*! '&-)!

+*(/-1+2'1/,$!I!"kJ<9,.)09&!2.)34!)*!.+*2!I!5).;-!'*!+*1.';)&/:3&'.!6)3*,!B+1<!

1</!:'.6)*9&!)092/*!'*,!.+-/-!1)!'!-1'6&/!4&'*'.!:)*5).;'1+)*$CG!

A</! MfJMg! ,)36&/! 6)3*,! +*! 1</! /*)*/! :'*! ',)41! t! ).! Z! :)*5+23.'1+)*$! A</!

M&'+-/*J]:<;+,1!4./4'.'1+)*!)5!:<'&:)*/-!4./,);+*'*1&9!2/*/.'1/-!1</!ZJ+-);/.@!

1</.;),9*';+:'&&9! ;)./! -1'6&/$! A</! tJ+-);/.! +-! )61'+*/,! 69! /04)-+*2! '!

;/1<'*)&+:!-)&31+)*!)5!1</!:<'&:)*/!1)!*).;'&!&+2<1$GU!A</!tJ+-);/.!-<)B-!;)./!

4)1/*1!'*1+13;)3.+2/*+:!':1+(+19!1<'*!1</!Z!5).;$!

A</! :'.6)*J)092/*! '*,! :'.6)*J:'.6)*! ,)36&/! 6)3*,-! './! +*! 15+,1@! 631! 1</!

+*1.),3:1+)*!)5!'!;/1<9&!2.)34!1)!1</!Mf!4)-+1+)*!'&1/.-!1</!,+-4)-+1+)*!+*!15&'.%1@!

&/',+*2! 1)! 1</! &)-1! )5! 4&'*'.+19! 6/1B//*! .+*2! I! '*,! 1</! /*)*/$! A</! fJ

;/1<9&:<'&:)*/!<'-!-<)B*!'!2./'1/.!:91)1)0+:!':1+(+19!'2'+*-1!'!<3;'*!&/3?/;+'!

:/&&!&+*/!1<'*!1</!3*-36-1+13/,!'*'&)23/$!!

Z&/:1.)*!,/&):'&+P'1+)*!'&)*2!1</!f@gJ3*-'13./,!:<'+*!B)3&,!./*,/.!1</!gJ:'.6)*!

/&/:1.)*!,/5+:+/*1!'*,!;)./!-3-:/41+6&/!1)!'11':?!69!B/'?!*3:&/)4<+&/@!&+?/!1<+)&@!

631!+1!+-!1))!-)51!1)!+*1/.':1!B+1<!';+*)!'*,!<9,.)09&!2.)34-!)*!*3:&/+:!':+,-!'*,!

+1!,)/-*k1!-<)B!;31'2/*+:!4.)4/.1+/-$!

A</! <9,.)09&! -36-1+13/*1! +-! B+,/-4./',! ';)*2! :<'&:)*/-! 5.);! *'13.'&! '*,!

-9*1</1+:! -)3.:/-$! A</! <9,.)09&! 2.)34! +-! '! B/'?! ':+,! '*,! +1-! 4q'! ('&3/! +-!

,/4/*,/*1!)*!+1-!&):'1+)*!)*!1</!:<'&:)*/$!\'-1/&&+!-&#./"!<'(/!,/1/.;+*/,!1</!4q'!

('&3/-! )5! "kJ<9,.)09&@! GkJ<9,.)09&! E.+*2! IF! '*,! GJ<9,.)09&! E.+*2! QF! 69! '!

-4/:1.)4<)1);/1.+:!;/1<),! '*,! :)*:&3,/,! 1<'1! GkJ<9,.)09&! +-! 1</!;)-1! ':+,+:!

E4q'!T$KF!B<+&/!"kJ<9,.)09&! E4q'!#8$#F! +-! 1</! &/'-1!':+,+:! E%+2$!##F$!A</!2./'1/.!

':+,+19!)5!1</!GkJ<9,.)09&!2.)34!+-!'11.+631/,!1)!1</!-1'6+&+P'1+)*!)5!1</!4</*)&'1/!

'*+)*!69!,/&):'&+P'1+)*!)5!+1-!:<'.2/!1)!1</!:'.6)*9&!)092/*$CG@GV!

!
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! #V!

#$C$!`/'1!]<):?!W.)1/+*-!

!

`/'1! -<):?! 4.)1/+*-! E`-4-F@! ':1! '-! ;)&/:3&'.! :<'4/.)*/-@! 23+,+*2! *'-:/*1!

4)&94/41+,/-! 1<.)32<! 1</! 4.):/--! )5! 5)&,+*2! '*,! ;'13.'1+)*! +*1)! 1<.//J

,+;/*-+)*'&!-1.3:13./-$K8!

`-4-! <'(/! 6//*! :&'--+5+/,! +*1)! -+0!;'X).! 5';+&+/-! '::).,+*2! 1)! 1</+.!;)&/:3&'.!

-+P/S! `-4#88! E#88J##8! ?R'F@! `-4V8! EUCJV8! ?R'F@! `-4T8! E77JTU! ?R'F@! `-478@!

`-4G8@!'*,!-;'&&!</'1!-<):?!4.)1/+*-!E#KJC8!?R'F$!!`-4#88!EM&4!5';+&9F!4.)1/+*-!

<'(/! 6//*! -13,+/,! 5).! 1</+.! '6+&+19! 1)! 1'.2/1! '*,! 3*5)&,! 1'22/,! '*,!;+-5)&,/,!

4.)1/+*-$!`-4T8!<'-!'!<+2<J'55+*+19!6)3*,!-1'1/!1)!3*5)&,/,!4.)1/+*-!B</*!6)3*,!

1)!IRW@!'*,!'!&)BJ'55+*+19!-1'1/!B</*!6)3*,!1)!IAW$!`-4T8-!:.)B,!'*!3*5)&,/,!

-36-1.'1/!-1'6+&+P+*2!'*,!4./(/*1+*2!'22./2'1+)*!3*1+&!1</!3*5)&,/,!;)&/:3&/!'*,!

,+553-/! 'B'9$! `-4T8! '&-)! ':1-! '-! '! ;+1):<)*,.+'&! '*,! :<&).)4&'-1+:! ;)&/:3&'.!

:<'4/.)*/! +*! /3?'.9)1+:-$! `-478! '*,! `-4G8! :);4/1/! +*! 1</! 4'1<B'9! )5!

;+-5)&,+*2! '*,! '22./2'1+)*$! a+1<+*! /':<! 2/*/! 5';+&9! './! ;/;6/.-! 1<'1! './!

:)*-1+131+(/&9! /04./--/,@! +*,3:+6&9! ./23&'1/,@! '*,[).! 1'.2/1/,! 1)! ,+55/./*1!

:);4'.1+;/*1-$K#!!

!

#$C$#$!`-4V8!

!

`-4V8!+-!)*/!)5!1</!;)-1!'63*,'*1!4.)1/+*-!+*!/3?'.9)1+:!:/&&-@!:);4.+-+*2!#J"r!

)5! :/&&3&'.! 4.)1/+*-! 3*,/.! <);/)-1'1+:! :)*,+1+)*-$! M/&&-! /04)-/,! 1)! </'1! -<):?!

'*,!)1</.!-1./--/,!:)*,+1+)*-@!-3:<!'-!+*!1</!:'-/!)5!:'*:/.@!)(/./04./--!`-4V8$!

A</! 53&&! 53*:1+)*'&! ':1+(+19! )5! `-4V8! +-! 2'+*/,! +*! :)*:/.1! B+1<! )1</.! :)J

:<'4/.)*/-!'*,!('.+)3-!N:&+/*1O!4.)1/+*-@!4&'9+*2!'*!/--/*1+'&!.)&/!'-!;)&/:3&'.!

:<'4/.)*/-!'*,!6/+*2!./-4)*-+6&/!5).!1</!:)*5).;'1+)*'&!;'13.'1+)*!)5!*'-:/*1!

4)&94/41+,/-! '*,! 1</! ./5)&,+*2! )5! ,/*'13./,! 4.)1/+*-$K"! A<+-! ;3&1+:);4)*/*1!

:);4&/0/-!'./!+*1/2.'&&9!+*()&(/,!+*!:/&&!-+2*'&+*2@!4.)&+5/.'1+)*!'*,!-3.(+('&$!A</!

*3;6/.! )5! +,/*1+5+/,! `-4V8! :&+/*1! 4.)1/+*-! +-! )(/.! #88! '*,! +-! -1+&&! =3+:?&9!

+*:./'-+*2$! A</9! +*:&3,/! 4.)1/+*! ?+*'-/-@! 1.'*-:.+41+)*! 5':1).-@! '*,! )1</.!

-+2*'&+*2! 4.)1/+*-$! D'*9! )5! 1</! :&+/*1! 4.)1/+*-@! -3:<! '-! -1/.)+,! <).;)*/!

./:/41).-@!/4+,/.;'&!2.)B1<! 5':1).!./:/41).!EZc%J\F! 5';+&9!;/;6/.-@! 1</!DZA!



!"8!

)*:)2/*/@! \'5J#! ?+*'-/@! IqA! ?+*'-/@! QM\JIQd! 53-+)*! 4.)1/+*-! +*! &/3?/;+'@!

;31'*1!4KC@!:9:&+*!,/4/*,/*1!?+*'-/!G!EMRqGF@!<94)0+'J+*,3:+6&/!5':1).!#f!E`H%H!

fF@!'*,!;'1.+0!;/1'&&)4.)1/+*'-/!"!EDDW"F@!'./!?*)B*!1)!6/!+*()&(/,!+*!:'*:/.!

-+2*'&+*2!4'1<B'9-$KC!A<3-@!`-4V8!<'-!/;/.2/,!'-!'!4.);+-+*2!1'.2/1!5).!:'*:/.!

:</;)1</.'49$! D)./)(/.@! 1<+-! ;)&/:3&'.! :<'4/.)*/! <'-! /0<+6+1/,! /0:/41+)*'&!

*/3.)4.)1/:1+(/! 4.)4/.1+/-! ,3/! 1)! +1-! '6+&+19! 1)! ./5)&,! '22./2'1/,! 4.)1/+*-!

'--):+'1/,!B+1<!-/(/.'&!*/3.),/2/*/.'1+(/!,+-/'-/-$!

A</! `-4V8! 5';+&9! )5! :<'4/.)*/-! +-! :);4)-/,! )5! 5)3.! +-)5).;-S! `-4V8f!

E+*,3:+6&/[;'X).! 5).;F! '*,! `-4V8g! E:)*-1+131+(/[;+*).! 5).;F! './! 5)3*,!

4./,);+*'1/&9! +*! 1</! :91)-)&@! 1</!VG!?R'! 2&3:)-/J./23&'1/,!4.)1/+*! Ec\WVGF! +-!

&):'&+P/,! 1)! 1</! /*,)4&'-;+:! ./1+:3&3;@! '*,! `-4TK[13;).! */:.)-+-! 5':1).!

./:/41).!'--):+'1/,!4.)1/+*!#!EA\IWJ#F!./-+,/-!+*!1</!;+1):<)*,.+'&!;'1.+0$KG!

I*! +;4).1'*1! ,+55/./*:/! 6/1B//*! `-4V8f! '*,! `-4V8g! +-! 1<'1! 1</! f! 5).;!

,+;/.+P/-! B+1<! ;)./! /55+:+/*:9$! H*! ',,+1+)*! 1</9! ,+55/.! +*! 1</! ';+*)! ':+,!

-/=3/*:/!)5!:&+/*1!4.)1/+*-!6+*,+*2!-+1/$!!

H*!<3;'*-@!`-4V8!/0+-1-!'-!'!<);),+;/.@!B<+:<!:)*1'+*-!1<.//!<+2<&9!:)*-/.(/,!

,);'+*-S!

• '!"K!?R'!LJ1/.;+*'&!IAWJ6+*,+*2!,);'+*j!!

• '!CK!?R'!;+,,&/!,);'+*j!

• '!#"!?R'!MJ1/.;+*'&!,+;/.+P'1+)*!,);'+*!E%+2$!#"F$!

H*<+6+1).-! 6&):?! 1</! '6+&+19! )5! `-4V8! 1)! -1'6+&+P/! '*,[).! 5)&,! :&+/*1! 4.)1/+*-@!

&/',+*2! 1)! '*! 3*4.),3:1+(/! </1/.)4.)1/+*! :);4&/0! 1<'1! +-! ,/2.',/,! 69! 1</!

36+=3+1+*J4.)1/'-);/!4'1<B'9$!A</!LJ1/.;+*'&!,);'+*!:)*1'+*-!'*!IAWJ6+*,+*2!

-+1/! 1<'1!'&-)!6+*,-! 1</!*'13.'&!4.),3:1-@! '-!2/&,'*';9:+*! EcRIF!'*,! .',+:+:)&$!

`-4V8!53*:1+)*!,/4/*,-!34)*!1</!'6+&+19!)5! 1</!LJ1/.;+*'&!,);'+*!1)!6+*,!'*,!

<9,.)&9P/!IAW$!a<+&/!1</!-)&31+)*!-1.3:13./!)5!`-4V8!/0+-1-!'-!'!:)*1+*33;!)5!MJ

1/.;+*'&&9!,+;/.+P/,!:)*5).;'1+)*-@!1</!IAWJ6)3*,!-1'1/!+-!'!<+2<&9!:)*-1.'+*/,!

-1.3:13./$! A</! 5).;'1+)*! )5! 1<+-! -1.3:13./! +*()&(/-! :)34&/,! :)*5).;'1+)*'&!

-B+1:</-!1)!4)-+1+)*!1</!:'1'&91+:!'44'.'13-!5).!IAW!<9,.)&9-+-$!I*!3*-1.3:13./,@!

<+2<&9!:<'.2/,!&+*?/.!X)+*-!1</!LJ1/.;+*3-!1)!1</!;+,,&/!,);'+*$!

A</! ;+,,&/! ,);'+*! /0<+6+1-! <+2<! '55+*+19! 5).! :)J:<'4/.)*/-! '-! B/&&! '-! :&+/*1!

4.)1/+*-$!]1.3:13.'&!'*,!53*:1+)*'&!'*'&9-/-!<'(/!,/;)*-1.'1/,!1<'1!1</!;+,,&/!

,);'+*!)5!`-4V8!:)*1'+*-!'!:'1'&91+:! &))4@!B<+:<!;'9!-/.(/!'-!'*!'::/41).! 5).!



! "#!

1</!γJ4<)-4<'1/!)5!IAW@!B</*!+1!+-!6)3*,!1)!1</!LJ1/.;+*3-$KK!!

H*+1+'&!-13,+/-!69!M-/.;/&9!'*,!:)JB).?/.-!-322/-1/,!'!-/:)*,!IAWJ6+*,+*2!-+1/!

&):'1/,!+*!1</!`-4V8!MJ1/.;+*3-$!A<+-!MJ1/.;+*'&!*3:&/)1+,/!6+*,+*2!4):?/1!<'-!

6//*! -<)B*! 1)! *)1! )*&9! 6+*,! IAW@! 631! '&-)! *)()6+):+*@! :+-4&'1+*@!

/4+&2'&&):'1/:<+*JCJ2'&&'1/!EZcMcF!'*,!A'0)&$K7!

!

!

!"#$%&'$!`-4V8!,);'+*-!
!

&$($&$&$%96:LS%!,7."*#%Q234/*"6=%

!

I51/.!1</!-9*1</-+-!)5!-+*2&/J-1.'*,/,!4)&94/41+,/-!69!1</!.+6)-);/@!1</!*'-:/*1!

4)&94/41+,/-!<'(/! 1</!4.)4/*-+19! 1)! '22./2'1/! (+'! +*1/.':1+)*-!6/1B//*!';+*)!

':+,! -+,/! :<'+*-@! 3*&/--! )1</.! 4.)1/+*-! './! 4./-/*1! 1)! 4./(/*1! 1<+-! 4.):/--$!

I22./2'1+)*!+-!4./(/*1/,!69!1</!/04./--+)*!)5!:<'4/.)*/-@!B<+:<!6+*,!1)!*/B&9!

5).;/,!4/41+,/-!'*,!4./(/*1!,/&/1/.+)3-!+*1/.':1+)*-$!H*!',,+1+)*!1)!1</+.!.)&/!'-!

4.)1/+*!-1'6+&+P/.-@!:<'4/.)*/-!'&-)!5':+&+1'1/!1</!5)&,+*2!)5!*'-:/*1!4)&94/41+,/-!

+*1)!6+)&)2+:'&&9!':1+(/!1<.//J,+;/*-+)*'&!-1.3:13./-$KG@KK!!

A</!`-4V8! :<'4/.)*! :);4&/0! :9:&/-! 6/1B//*! 1B)!;'X).! :)*5).;'1+)*'&! -1'1/S!

1</! N)4/*O! -1'1/@! B</./! `-4V8! +-! *3:&/)1+,/J5.//! '*,! '6&/! 1)! :'413./! :&+/*1!

4.)1/+*-@! '*,! 1</! N:&)-/,O! -1'1/$! M)J:<'4/.)*/@! -3:<! '-! `-4T8@! `-4G8@! `)4!

E`-4T8J`-4V8!).2'*+P+*2!4.)1/+*F!'*,!`+4!E`-4T8!+*1/.':1+*2!4.)1/+*F@!6+*,!1)!

`-4V8!'*,!'./!+;4).1'*1!+*!</&4+*2!1)!6+*,!:&+/*1!4.)1/+*-$!I*)1</.!2.)34!)5!:)J

:<'4/.)*/-@! M,:CT@! 4"C! '*,! +;;3*)4<+&+*-! </&4! `-4V8! +*! 1</! 4.):/--! )5!

;'13.'1+)*!'*,!)5!;'+*1'+*+*2!:&+/*1!4.)1/+*-!+*!1</+.!':1+(/!-1'1/$!A</!5+.-1!-1/4-!

)5! 1</-/! :)*5).;'1+)*'&! :<'*2/-!B/./! /&3:+,'1/,! ./:/*1&9! +*! ,/1'+&S! 34)*! IAW!



!""!

6+*,+*2@! '! -<).1! -/2;/*1! )5! 1</! LJ,);'+*! :'&&/,! 1</! NIAW! &+,O! :<'*2/-! +1-!

4)-+1+)*!'*,!5&'4-!)(/.!1</!6+*,+*2!4):?/1!E%+2$!#C@!-1/4-!"!'*,!CF$!A<+-!./&/'-/-!'!

-<).1!LJ1/.;+*'&!-/2;/*1!5.);!+1-!).+2+*'&!4)-+1+)*$!I51/.!&+,!:&)-3./@!1</!5+.-1!"G!

';+*)':+,-!)5!/':<!`-4V8!;)*);/.!,+;/.+P/@!'*,!1</!5+.-1!gJ-1.'*,!'*,!fJ</&+0!

-B'4! 1)! '--):+'1/! B+1<! 1</! LJ,);'+*! ELRF! )5! 1</! )1</.!;)*);/.$! A</! 4.)1)J

)*:)2/*+:! 4.)1/+*! M,:CT! +-! 4./-/*1! +*! `-4V8! :);4&/0/-! :)*1'+*+*2! 4.)1/+*!

?+*'-/! :&+/*1-@! 631! .'1</.! 1<'*! 6/+*2! ./&/'-/,@! +1! ./;'+*-! '--):+'1/,! B+1<! 1</!

?+*'-/!:&+/*1!'51/.!`-4V8k-!IAWJ,/4/*,/*1!LJ1/.;+*'&!:&';4+*2$!E-1/4!CF$!

A</-/! LJ1/.;+*'&! ./'..'*2/;/*1-! ./-3&1! +*! 53.1</.! :)*5).;'1+)*'&! :<'*2/-!

1<.)32<)31!1</!/*1+./!`-4V8!,+;/.!&/',+*2!1)!'!1B+-1/,!'*,!:);4':1/,!,+;/.@!+*!

B<+:<! LJ! '*,! DJ,);'+*-! '--):+'1/! '*,! 1</! ,+-1'*:/! 6/1B//*! DJ,);'+*-! +-!

-<).1/*/,!69! G8!u$! A</! '--):+'1+)*! )5!LJ! '*,!DJ,);'+*-! :);4&/1/-! 1</! ':1+(/!

-+1/! )5! 1<+-! N-4&+1! IAW'-/O! E-1/4! GF$! A</! :)J:<'4/.)*/! 4"C! +-! '&-)! ./:.3+1/,! 1)!

`-4V8!'1! 1<+-! -1'2/@!B<+:<!4.);)1/-!IAW!<9,.)&9-+-! E1<'1!4.)(+,/-! 1</! /*/.29!

*/:/--'.9!5).!:)*5).;'1+)*'&!:<'*2/-!'*,!5)&,+*2!)5!1</!:&+/*1F!'*,!-1'6+&+P'1+)*!

)5!`-4V8k-!oo:&';4/,kk!<+2<J!'55+*+19!:&+/*1J6)3*,!:)*5).;'1+)*$!A</!/*-/;6&/!)5!

`-4V8! '*,! +1-! :)<).1-! 4.);)1/! 1</! 5)&,+*2! )5! 1</! 6)3*,! :&+/*1! +*1)! +1-! 1<.//J

,+;/*-+)*'&! -1.3:13./@! '*,! -36-/=3/*1&9! ./&/'-/! 1</!4.)1/+*! 1<.)32<! '*! '-! 9/1!

3*:<'.':1/.+P/,!4.):/--!1<'1!'44/'.-!1)!6/!-1+;3&'1/,!69!4"C$K8!

!

!

!"#$%&($!IAW'-/!:9:&/!)5!`-4V8KT!
!

gests that Sti1 binding prevents the N-terminal dimerization
and association of theN- andM-domains. (Fig. 1, step 3) (42). In
consequence, the Km value of ATP hydrolysis is not affected,
but kcat is effectively reduced. This is the classical behavior of a
noncompetitive inhibitor. The open state propagated by Sti1 is
the acceptor state for substrate, as outlined above.

Cdc37 also inhibits the ATPase activity of Hsp90 (31, 43).
Details of the respective mechanisms are still unclear, but crys-
tallographic data provide a model in which Cdc37 binds to the
ATP lid in theN-terminal nucleotide-binding site ofHsp90 and
prevents the N-terminal dimerization by inserting as a dimer
in between the two N-domains (44). Because Cdc37 is
involved in the loading of Hsp90 with kinases, it is consistent
with notions about the acceptor state of Hsp90 that Cdc37 also
keeps Hsp90 in an open state. The deceleration of the ATPase
activity probably permits this state to persist for an extended
period of time. Together, these cofactors allow the adjustment of
the basic conformational changes of Hsp90 that can be viewed as
substrate processing steps to the specific needs of certain clients
concerning binding to Hsp90 but also, in the case of p23/Sba1, its
release.

Post-translational Modifications

A further level of regulation that has gained increasing atten-
tion is covalent modifications of Hsp90, such as acetylation
(45), S-nitrosylation (46), and phosphorylation (47–49). These

modifications lead to alterations in the maturation of Hsp90
substrates (50). Although some of the modified amino acid
positions have already been identified (mostly by incorporation
of the corresponding radiolabeled groups and/or mass spec-
trometry), it is a challenging task to obtain a quantitative pic-
ture of the modifications.

For nitrosylation, an interesting feedback loop between
human Hsp90 and its substrate eNOS was discovered (46, 51).
On the one hand, eNOS activity depends on the chaperone
activity ofHsp90; on the other hand, the nitrosylating agentNO
modifies human Hsp90 at Cys597 (which is part of the C-termi-
nal domain). As a consequence, the Hsp90 ATPase activity is
inhibited (51), which inhibits in turn the up-regulation of eNOS
activity by Hsp90. This might facilitate a tight regulation of
cellular NO production in a negative feedback loop (51).

For acetylation, a similar scenario emerges. Histone deacety-
lase inhibitors, which result in the hyperacetylation of Hsp90,
lead to a reduced interaction with and maturation of several of
its substrate proteins, such as p53, Raf1, Bcl-Abl, and the glu-
cocorticoid receptor (52–55). As a consequence, an increase in
proteasomal degradation of some Hsp90 substrates was found.
HDAC6was identified as the enzyme deacetylatingHsp90 (52).
In vivo, Hsp90 is acetylated at least at two sites; one was identi-
fied as Lys294 (in human Hsp90!) (45). Furthermore, besides
the ability to interact with its substrate proteins, the binding of
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FIGURE 1. ATPase cycle of Hsp90. Upon ATP binding (step 1), the N-terminal ATPase domain of Hsp90 undergoes a conformational change leading to a closure
of the ATP lid (step 2), which in ATP-free Hsp90 contacts the very N-terminal residues. After lid closure, the first 24 amino acids of each Hsp90 monomer dimerize,
and the first "-strand and !-helix swap to associate with the N-domain (ND) of the other monomer (step 3). Furthermore, in each monomer, the N-domains
contact the corresponding M-domains (MD). This metastable conformation is committed for ATP hydrolysis (step 4). Altogether, this leads to compaction of the
Hsp90 dimer, in which the individual monomers now twist around each other. After hydrolysis, the N-domains dissociate; both monomers separate N-termi-
nally; the ATP lid opens; and after release of ADP and Pi, Hsp90 returns to the initial state (steps 5 and 6). CD, C-terminal domain.

MINIREVIEW: The Hsp90 Chaperone Machinery
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AcquiredGSautonomywas the first of the six capabili-
ties to be clearly defined by cancer researchers, in large
part because of the prevalence of dominant oncogenes
that have been found to modulate it. Three common
molecular strategies for achieving autonomy are evi-
dent, involving alteration of extracellular growth signals,
of transcellular transducers of those signals, or of intra-
cellular circuits that translate those signals into action.
While most soluble mitogenic growth factors (GFs) are
made by one cell type in order to stimulate proliferation
of another—the process of heterotypic signaling—many
cancer cells acquire the ability to synthesize GFs to
which they are responsive, creating a positive feedback
signaling loop often termed autocrine stimulation (Fedi
et al., 1997). Clearly, themanufacture of a GFby a cancer
cell obviates dependence on GFs from other cells within
the tissue. The production of PDGF (platelet-derived
growth factor) and TGF� (tumor growth factor �) by
glioblastomas and sarcomas, respectively, are two illus-
trative examples (Fedi et al., 1997).
The cell surface receptors that transduce growth-

stimulatory signals into the cell interior are themselves
targets of deregulation during tumor pathogenesis. GF
receptors, often carrying tyrosine kinase activities in
their cytoplasmic domains, are overexpressed in many
cancers. Receptor overexpression may enable the can-
cer cell to become hyperresponsive to ambient levelsFigure 1. Acquired Capabilities of Cancer
of GF that normally would not trigger proliferation (FediWe suggest that most if not all cancers have acquired the same set
et al., 1997). For example, the epidermal GF receptorof functional capabilities during their development, albeit through

various mechanistic strategies. (EGF-R/erb B) is upregulated in stomach, brain, and
breast tumors, while the HER2/neu receptor is overex-
pressed in stomach and mammary carcinomas (Slamon
et al., 1987; Yarden andUllrich, 1988). Additionally, grossWe describe each capability in turn below, illustrate with
overexpression of GF receptors can elicit ligand-inde-a few examples its functional importance, and indicate
pendent signaling (DiFiore et al., 1987). Ligand-indepen-strategies by which it is acquired in human cancers.
dent signaling can also be achieved through structural
alteration of receptors; for example, truncated versions

Acquired Capability: Self-Sufficiency
of the EGF receptor lacking much of its cytoplasmic

in Growth Signals domain fire constitutively (Fedi et al., 1997).
Normal cells require mitogenic growth signals (GS) be- Cancer cells can also switch the types of extracellular
fore they can move from a quiescent state into an active matrix receptors (integrins) they express, favoring ones
proliferative state. These signals are transmitted into the that transmit progrowth signals (Lukashev and Werb,
cell by transmembrane receptors that bind distinctive 1998; Giancotti andRuoslahti, 1999). These bifunctional,
classes of signaling molecules: diffusible growth fac- heterodimeric cell surface receptors physically link cells
tors, extracellular matrix components, and cell-to-cell to extracellular superstructures knownas the extracellu-
adhesion/interaction molecules. To our knowledge, no lar matrix (ECM). Successful binding to specific moieties
type of normal cell can proliferate in the absence of of the ECM enables the integrin receptors to transduce
such stimulatory signals. Many of the oncogenes in the signals into the cytoplasm that influence cell behavior,
cancer catalog act by mimicking normal growth signal- ranging from quiescence in normal tissue to motility,
ing in one way or another. resistance to apoptosis, and entrance into the active
Dependence on growth signaling is apparent when cell cycle. Conversely, the failure of integrins to forge

propagating normal cells in culture, which typically pro- these extracellular links can impair cell motility, induce
liferate only when supplied with appropriate diffusible apoptosis, or cause cell cycle arrest (Giancotti and Ru-
mitogenic factors and a proper substratum for their inte- oslahti, 1999). Both ligand-activated GF receptors and
grins. Such behavior contrasts strongly with that of tu- progrowth integrins engaged to extracellular matrix
mor cells, which invariably show a greatly reduced components can activate the SOS-Ras-Raf-MAP kinase
dependenceonexogenousgrowth stimulation. Thecon- pathway (Aplin et al., 1998; Giancotti and Ruoslahti,
clusion is that tumor cells generate many of their own 1999).
growth signals, thereby reducing their dependence on Themost complexmechanismsof acquiredGSauton-
stimulation from their normal tissue microenvironment. omy derive from alterations in components of the down-
This liberation from dependence on exogenously de- stream cytoplasmic circuitry that receives and pro-
rived signals disrupts a critically important homeostatic cesses the signals emitted by ligand-activated GF
mechanism that normally operates to ensure a proper receptors and integrins. The SOS-Ras-Raf-MAPK cas-

cade plays a central role here. In about 25% of humanbehavior of the various cell types within a tissue.
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A3;).!:/&&-!/()&(/!'!('.+/19!)5!-1.'1/2+/-!1)!&+;+1!).!:+.:3;(/*1!'4)41)-+-$!D)-1!
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':1+('1/,@! :'3-+*2! 1</! 13;).! 2.)B1<$! I&;)-1! '&&! '*2+)2/*+:! ./23&'1).-! './!

-+2*'&+*2! 4.)1/+*-! 1<'1! 6+*,! 1)! -1+;3&'1).9! ).! +*<+6+1).9! :/&&J-3.5':/! ./:/41).-!
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1   Geldanamycin     X = OMe
2       17-AAG           X = CH2CHCH2NH
3      17-DMAG         X = Me2NCH2CH2NH
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;(%(14(',*2#<(%(')-%$!H1!+-!1</!;)-1!4)1/*1!*'13.'&!4.),3:1!+*<+6+1).!)5!`-4V8!

'*,! +*<+6+1-! -/(/.'&! )*:)2/*+:! -+2*'&+*2! 4'1<B'9-! +*! ;';;'&+'*! :/&&-S! +1!

,/4&/1/-!qJ.'-!/55/:1).!?+*'-/@!\'5J#@!'*,!+*1/.:/41-!?J.'-!,/4/*,/*1!-+2*'&!,)B*!

1)! DIWq! :'-:',/$! \',+:+:)&! '&-)! ,/4&/1/-! (J].:! ?+*'-/! '*,! +*<+6+1-! (J].:!

,/4/*,/*1!19.)-+*/!4<)-4<).9&'1+)*!)5!:/&&3&'.!4.)1/+*-$7G!!

\',+:+:)&! 6+*,-! 1</! LJ1/.;+*'&! IAW! 4):?/1@! 631! +1! +*1/.':1-! ,+55/./*1&9! B</*!

:);4'./,!B+1<!cRI$!

!



! CC!

!

!"#$%&F$!M)J:.9-1'&!-1.3:13./!)5!\',+:+:)&!E;'2/*1'F!6)3*,!1)!9/'-1!`-4V8KG!
!

A</!:)J:.9-1'&!-1.3:13./!)5!\R!B+1<!9/'-1!`-4V8!-<)B-!1<'1!+1!6+*,-!1+2<1&9!1)!1</!

LJ1/.;+*'&!IAWJ4):?/1!+*!'!MJ-<'4/,!:)*5).;'1+)*!-+;+&'.!1)!IRW!E%+2$!#TF$!A</!

'.);'1+:! .+*2! +-! ,+./:1/,! 1)B'.,-! 1</! 6)11);! )5! 1</! 4):?/1! B</./'-! 1</!

;':.):9:&/! +-! '1! 1</! 1)4$! A</! "J<9,.)09&! 2.)34! '*,! "J:'.6)*9&! 6+*,! 1)! I-4TV@!

4.+;'.+&9! 1<.)32<! '! ;)&/:3&/! )5! 6)3*,! B'1/.! '*,! 1</! /4)0+,/! +*1/.':1-! B+1<!

d9-GG$!>::34'*:9!)5!1<+-!4):?/1!69!\R!,+-.341-!+1-!:<'4/.)*/!53*:1+)*!./-3&1+*2!

+*! '*! +*':1+(/! `-4V8J4.)1/+*! :);4&/0@! B<+:<! +-! 1</*! ,/2.',/,! +*! '! 36+=3+1+*J

,/4/*,/*1! ;'**/.$! H1! <'-! :/&&3&'.! /55/:1-! -+;+&'.! 1)! '*-';9:+*-! 631! &':?-!

</4'1)1)0+:+19$7C!

`)B/(/.@!+1!,)/-!*)1!;'*+5/-1!-/&/:1+(+19!5).!1</!':1+('1/,!</1/.)4.)1/+*!:);4&/0!

)(/.!1</!+*':1+(/!5).;@!'-!+-!1</!:'-/!5).!cRI$!A<+-!:'*!6/!'11.+631/!1)!1</!;)./!

.+2+,! -1.3:13./! )5! \',+:+:)&$! L)! ':1+(+19! <'-! 6//*! ,/;)*-1.'1/,! ,%# :,:(@! '-!

\',+:+:)&!+-!.'4+,&9!:)*(/.1/,!1)!+*':1+(/!;/1'6)&+1/-!,3/!1)!1</!/&/:1.)4<+&+:+19!

)5!1</!/4)0+,/!.+*2!'*,!f@g@x@yJ3*-'13.'1/,!:'.6)*9&$!

]/(/.'&! '*'&)23/-! )5! \',+:+:)&! <'(/! 6//*! -9*1</-+P/,! 1<'1! ;+*+;+P/! ,%# :,:(!

;/1'6)&+-;!69!,/:./'-+*2!+1-!/&/:1.)4<+&+:!*'13./$7K@77@7T!!

!



!CG!

!

!"#$%&G$!I*'&)23/-!)5!\',+:+:)&!
!

>*/!'44.)':<!1)B'.,-!/*<'*:+*2! +*!(+()!':1+(+19!<'-!6//*!1)!-9*1</-+P/!)0+;/!

,/.+('1+(/-!+*!'*!/55).1!1)!./,3:/!1</!/&/:1.)4<+&+:+19!)5!1</!D+:<'/&!'::/41).$!A</!

)0+;/!q%"KT87! E%+2$!#UF! +-!;)./!4)1/*1! 1<'*!\R! +*! +*<+6+1+*2!(J].:!'*,!qJ\'-!

'*,! +1! '&-)! ,/4&/1/-! 1</! `-4V8! :&+/*1! 4.)1/+*-! \'5J#@! (J].:@! `/."@! M,?G! '*,!

;31'1/,! 4KC! +*! 13;).-$! H*! ',,+1+)*@! +1! /0<+6+1-! ;)./! 4)1/*1! '*1+4.)&+5/.'1+(/!

':1+(+19!'2'+*-1!('.+)3-!<3;'*!13;).!:/&&!&+*/-!,%#:,&'(!'*,!,%#:,:(!'*,!&/--!&+(/.!

1)0+:+19!1<'*!,)/-!1</!4'./*1!:);4)3*,@!\',+:+:)&$!

Z55).1-!'1!53.1</.!)41+;+P+*2!1</!)0+;/!2.)34!1)!+*:./'-/!6)1<!+*!(+()!'*1+13;).!

':1+(+19! '*,! B'1/.! -)&36+&+19! 1<.)32<! 1</! +*1.),3:1+)*! )5! :'.6';)9&;/1<9&!

2.)34-! ./-3&1! +*! -/(/.'&! ,/.+('1+(/-! B+1<! /*<'*:/,! ':1+(+19$! c/*/.'&&9@! 1</!

+*1.),3:1+)*!)5!<9,.)4<)6+:!:'.6';)9&;/1<9&!2.)34-!&/',-!1)!/*<'*:/,!':1+(+19!

B</./'-! 1</! +*1.),3:1+)*! )5! <9,.)4<+&+:! 2.)34-! ).! '*! '.);'1+:! .+*2! ,/:./'-/-!

':1+(+19$!7G!

I*)1</.!'44.)':<! +*!/*<'*:+*2! +*!(+()!':1+(+19!)5!\R! +*()&(/-!;),+5+:'1+)*-! 1)!

+1-!/4)0+,/!.+*2$! H*!:9:&)4.)4'.',+:+:)&! E:J\RM@!%+2$!#UF! 1</!/4)0+,/! +-!./4&':/,!

69!:9:&)4.)4'*/$!M9:&)4.)4'.',+:+:)&!,/2.',/-!1</!)*:)2/*+:!4.)1/+*-!\'5J#!'*,!

`/."!'*,!./1'+*-!4)1/*1!:91)1)0+:+19$7U!

H-)&'1+)*! )5! 1</! -1.3:13.'&&9! -+;+&'.! 4):<)*+*! 5';+&9! )5! *'13.'&! 4.),3:1-! 5.);!

0(+7(%,.# +7/.28)(14(',.! <'-! '&-)! -<)B*! 4.);+-/! +*! `-4V8! +*<+6+1+)*@!

4'.1+:3&'.&9!B+1<!W):<)*+*!I!'*,!W):<)*+*!R!E%+2$!#UF$!A</9!<'(/!6//*!-<)B*!1)!

,+./:1&9!+*<+6+1!`-4V8$7V!

!

W^\HLZJ]MI%%>dR!RZ\H_IAH_Z]!

M<+)-+-! '*,! :)&&/'23/-! ,/-+2*/,! '*,! -9*1</-+P/,! -;'&&! IAW! '*'&)23/-@! 3-+*2!

43.+*/!'-!'!-:'55)&,$T8@T#!>.+2+*'&&9@!1</!;)&/:3&/!B'-!,/-+2*/,!1)!4&':/!1</!43.+*/!
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! CK!

;)+/19! +*1)! 1</! -';/!-4'1+'&!).+/*1'1+)*!'-! 1</!',/*+*/! .+*2!)5!IAW$! H*-1/',!)5!

+*:).4).'1+*2! '! .+6)-/! '*,! 1.+4<)-4<'1/! '44/*,'2/@! 1</9! '11':</,! '! C@G@KJ

1.+;/1<)09!6/*P9&!-36-1+13/*1!'1! 1</!UJ4)-+1+)*!)5! 1</!',/*+*/!.+*2!'*,!'!6319&!

2.)34! '1! 1</! VJ4)-+1+)*$! A</! 5+.-1!;)&/:3&/! ./4).1/,! 69! 1</! M<+)-+-! &'6).'1).9!

B'-!W^CT"!E%+2$!#VF!'*,! +*!"88G!./-/'.:</.-!'1!\+6)1'.2/1-!./4).1/,!:)J:.9-1'&!

-1.3:13./-! )5! 1</! ',/*+*/! ,/.+(/,! +*<+6+1).-! 6)3*,! 1)! `-4V8! '-! /04/:1/,@! 1</!

43.+*/!*3:&/3-!6)3*,!+*!1</!./2+)*!1<'1!6+*,-!1</!*).;'&!-36-1.'1/@!IAW$TC!

!

!

!"#$%&L$!]1.3:13./!)5!W^C!
!

I&1<)32<! 1</!':1+(+19!)5!W^C!B'-! &)B/.! 1<'*! 1</!*'13.'&!4.),3:1! +*<+6+1).-@! +1-!

-1.3:13./!+-!';/*'6&/!1)!/01/*-+(/!:</;+:'&!;),+5+:'1+)*!+*!'*!/55).1!1)!+;4.)(/!

6)1<!4)1/*:9!'*,!4<9-+:'&[:</;+:'&!4.)4/.1+/-$!Z55).1-!B/./!5):3-/,!)*!4.)6+*2!

1</! -1.3:13./J':1+(+19! ./&'1+)*-<+4! )5! 1</! '.);'1+:!;)+/19! )*! 1</! 43.+*/! '1! MUJ

4)-+1+)*! '*,! )*! +*(/-1+2'1+*2! 1</! /55/:1-! )5! ('.+)3-! :<'+*-! '1! LVJ4)-+1+)*$!

I,,+1+)*'&&9@! 1</! *'13./! )5! 1</! &+*?/.! 6/1B//*! 1</! 43.+*/J-:'55)&,! '*,! 1</!

-36-1+131/,! '.);'1+:! .+*2! <'-! '&-)! 6//*! +*(/-1+2'1/,$! H*! 1)1'&@! T"! :);4)3*,-!

B/./!4./4'./,!'*,!34)*!6+)&)2+:'&!1/-1+*2!;)./!4)1/*1!+*<+6+1).-!)5!1</!43.+*/!

-:'55)&,!B/./!+,/*1+5+/,$!!

!

Wv\It>dZ!RZ\H_IAH_Z]!

%.);! <+2<J1<.)32<431! -:.//*+*2! '2'+*-1! '! &+6.'.9! )5! K8888! :);4)3*,-@!

a).?;'*! '*,! :)JB).?/.-! +,/*1+5+/,! MMA8#U#KV! '-! '! 4)1/*1! `-4V8! +*<+6+1).!

E%+2$!"8F$!

H1!:)*1'+*-!'!,+<9,.)094</*9&49.'P)&/!'11':</,!1)!C@GJ/1<9&/*,+)096/*P/*/$!

M.9-1'&! -1.3:13./! -<)B-! 1<'1! MMA8#U#KV! 6+*,-! 9/'-1! `-4V8! +*! 1</! LJ1/.;+*'&!
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33
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!C7!

IAW! 4):?/1@! 1</! ./-).:+*)&! .+*2! 6+*,-! 1</! 4.)1/+*! -+;+&'.! 1)! 1</! -';/! ;)+/19!

4./-/*1!+*!\',+:+:)&!'*,!1</!49.'P)&/!5).;-!<9,.)2/*!+*1/.':1+)*-$!H1!+*<+6+1-!1</!

2.)B1<! )5! :)&)*@! )('.+'*! '*,! ;/&'*);'! 13;).! :/&&-@! ,/4&/1/-! `-4V8! :&+/*1!

4.)1/+*-!\'5J#!'*,!M,?G!+*!:'*:/.!:/&&-!'*,!+*,3:/-!1</!/04./--+)*!)5!`-4T8$TG!

!

!

!"#$%'S$!]1.3:13./!)5!49.'P)&/!,/.+('1+(/-!
!

\/:/*1&9!*/B!C@!GJ,+'.9&49.'P)&/!:&'--!'*'&)23/-!<'(/!6//*!./4).1/,$!

I!-+2*+5+:'*1!./,3:1+)*!)5!13;).!2.)B1<!+*!`MA##7!:)&)*!:'*:/.!0/*)2.'51-!B'-!

)6-/.(/,!B+1<!1</!4)1/*1!`-4V8!+*<+6+1).!_Z\JK""V7[L_WJI^vV""KV!E%+2$!"8F$!

A<+-!:);4)3*,!<'-!/0:/&&/*1!4)1/*:9!'2'+*-1!`-4V8!'*,!+*<+6+1-!4.)&+5/.'1+)*!+*!

'!B+,/! .'*2/! )5! <3;'*! :'*:/.! :/&&! &+*/-$! A./'1/,! :/&&-! -<)B! 1</! :<'.':1/.+-1+:!

;)&/:3&'.! -+2*'13./! )5! `-4V8! +*<+6+1+)*@! *';/&9@! /&/('1+)*! )5! `-4T"! '*,!

,/2.','1+)*! )5! )*:)2/*+:! :&+/*1! 4.)1/+*-$! H*! ',,+1+)*@! 1<+-! :);4)3*,% -<)B-!

/0:/&&/*1! /55+:':9! +*! '! .'*2/! )5! -36:31'*/)3-! '*,! ).1<)1.)4+:! <3;'*! 13;).!

0/*)2.'51!;),/&-!:)(/.+*2!;'X).!:'*:/.!194/-!'*,!,+(/.-/!)*:)2/*+:!4.)5+&/-$TK!

!

!

!

!

!

!

!

!

!

HO OH

N
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O
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N

O



! CT!

&$($<$'$%U+425%96:LS%A*4">"+,56%

!

!

!"#$%'&$!]1.3:13./!)5!)1</.!`-4V8!+*<+6+1).-!
!

L>_>QH>MHL!

L)()6+):+*! +-! '! :)3;'.+*! '*1+6+)1+:! +-)&'1/,! 5.);! 6&'-4&(28+-1! -4/:+/-! '*,! +-!

./:/*1&9!5)3*,!1)!6/!'*!`-4V8!+*<+6+1).!E%+2$!"#F$!L)()6+):+*!:'*!:);4/1+1+(/&9!

,+-4&':/!+;;)6+&+P/,!cRI!6)3*,!1)!`-4V8@!'!4</*);/*)*!1<'1!+-!*)1!./:+4.):'&!

B+1<! LJ1/.;+*'&! +*<+6+1).-$! %3.1</.! -13,+/-! ./(/&! 1<'1! *)()6+):+*! 6+*,-! 1)! '!

4./(+)3-&9! 3*./:)2*+P/,!MJ1/.;+*'&! 6+*,+*2! 4):?/1@! '*,! +*,3:/! ,/2.','1+)*! )5!

Z.6Q"@!;31'*1!4KC!'*,!\'5J#!+*!'!:)*:/*1.'1+)*J,/4/*,/*1!;'**/.$KK!v3!'*,!:)J

B).?/.-! ./4).1/,! 1<'1! '! -9*1</1+:! *)()6+):+*! ,/.+('1+(/@! I! G@! <'-! ,.';'1+:'&&9!

+;4.)(/,!4)1/*:9!)(/.!1</!4'./*1!:);4)3*,$T7!
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!CU!

MH]WdIAHL!

M+-4&'1+*! E%+2$! "#F! +-! '*! '*1+*/)4&'-1+:! ,.32! 1<'1! :)).,+*'1/-! 1)! RLI! 6'-/-@!

./-3&1/,!+*!:.)--J&+*?/,!RLI@!1</./69!+*<+6+1+*2!:/&&!,+(+-+)*!'*,!13;).!2.)B1<$!

H1! 6+*,-! */'.! 1</! MJ1/.;+*'&! ,);'+*! '*,! ,+-.341! 53*:1+)*! )5! `-4V8$! M+-4&'1+*!

1./'1;/*1!)5!*/3.)6&'-1);'!:/&&-! &/',-! 1)! 1</!,/2.','1+)*!)5! 1</!'*,.)2/*!'*,!

2&3:):).1+:)+,! -1/.)+,! ./:/41).-@! 631! ,)/-! *)1! '55/:1! )1</.! `-4V8J./23&'1/,!

4.)1/+*-$!A</!-1/.)+,J./:/41).J-4/:+5+:J4.)1/)&9-+-!+*,3:/,!69!:+-4&'1+*!-322/-1-!

1<'1! 1</! :);4)3*,! -4/:+5+:'&&9! +*<+6+1-! -1/.)+,! ./:/41).J`-4V8! :);4&/0/-$!

I:=3+./,!./-+-1'*:/!:'*!&+;+1!+1-!1</.'4/31+:'&&9!4)1/*1+'&$TT!

!

ZWHcIdd>MIAZM`HLJCJcIddIAZ!

Z4+2'&&):'1/:<+*JCJ2'&&'1/! EZcMc@! %+2$! "#F! +-! '! *'13.'&&9! )::3..+*2! 4)&94</*)&!

/01.':1! 5.);! 1</! 2.//*! 1/'$! H1! 6+*,-! 1)! 1</! MJ1/.;+*'&! IAWJ6+*,+*2! -+1/! )5! 1</!

`-4V8$! ZcMc! ,)/-! *)1! '44/'.! 1)! 4./(/*1! `-4V8! 5.);! 5).;+*2! </1/.)4.)1/+*!

:);4&/0/-$! H1! +-! '&-)! '! 4)1/*1+'&! */3.)4.)1/:1+(/! '2/*1! +*! W'.?+*-)*k-! '*,!

I&P</+;/.k-!,+-/'-/-$TU!

!

AIi>d!

A'0)&! E%+2$!"#F! +-!'!:&+*+:'&&9!3-/,!:</;)1</.'4/31+:!'2/*1! 5).! 1</! 1./'1;/*1!)5!

:'*:/.! '*,! +-! ./-4)*-+6&/! 5).! 1</! -1'6+&+P'1+)*! )5! ;+:.)1363&/-! '*,! 6&):?! )5!

;+1)-+-$TV! `)B/(/.@! A'0)&! <'-! '&-)! 6//*! -<)B*! 1)! +*,3:/! 1</! ':1+('1+)*! )5!

?+*'-/-! '*,! 1.'*-:.+41+)*! 5':1).-! '*,! ;+;+:! 1</! /55/:1-! )5! 6':1/.+'&!

&+4)4)&9-'::<'.+,/!EdW]F@!B<+:<!+-!3*./&'1/,!1)!+1-!6+*,+*2!)5!1363&+*$!\)-/*!'*,!

:)JB).?/.-! -13,+/-! -322/-1! 1<'1! +*! :)*1.'-1! 1)! 194+:'&! `-4V8J6+*,+*2! ,.32-@!

A'0)&!/0<+6+1-!'!-1+;3&'1).9!./-4)*-/@!;/,+'1+*2!1</!':1+('1+)*!)5!;':.)4<'2/-!

'*,! /0/.1+*2! 1</! dW]J;+;/1+:! /55/:1-$U8! \/:/*1&9! +1! B'-! ./4).1/,! 1<'1! #TJIIc!

6/<'(/-!-9*/.2+-1+:'&&9!B+1<!A'0)&J+*,3:/,!'4)41)-+-$!

!

RZ\\^Q>LZ!

R/..36)*/@! '! 4./*9&'1/,! +-)5&'()*/-! E%+2$! "#F@! B'-! ).+2+*'&&9! +-)&'1/,! '*,!

:<'.':1/.+P/,! 5.);! 1</! H*,+'*! 1.//! =-'',1# '(<*1&.! +*! #V7V$! `+2<J1<.)32<431!

-:.//*+*2! )5! '! &+6.'.9! )5! ,+(/.-/! ;)&/:3&/-! +,/*1+5+/,! +1! '-! '! &)B! ;+:.);)&'.!

+*<+6+1).! )5! `-4V8$! H1-! '*'&)23/-! /0<+6+1! ;),/-1! +;4.)(/;/*1! +*! +*<+6+1).9!



! CV!

':1+(+19$!W./&+;+*'.9!-1.3:13./p':1+(+19!1./*,-!,/;)*-1.'1/!1</!+;4).1'*:/!)5!'*!

/&/:1.)*J,/5+:+/*1!:)./! +*! 1</! 5).;!)5!'*! +-)5&'()*/-!'*,!)5! 1</!7J4./*9&!'*,!CJ

'.9&!-+,/:<'+*-!5).!;'*+5/-1+*2!+;4.)(/,!'*1+J4.)&+5/.'1+(/!':1+(+19$U#!

H1! :'*! 4)--+6&9! ':1! 69! -1'6+&+P+*2! `-4V8J:&+/*1! +*1/.':1+)*-! '*,! 4./(/*1+*2! 1</!

4.)2./--+)*!)5!`-4V8[:)J:<'4/.)*/!:);4&/0!:)*1'+*+*2!6)3*,!:&+/*1!1<.)32<!+1-!

./':1+)*! :9:&/$! H1! +*<+6+1-! `-4V8J,/4/*,/*1! ./5)&,+*2! )5! &3:+5/.'-/! '*,!

'*1'2)*+P/-! 1</! '6+&+19! )5! 1</!`-4V8J-4/:+5+:! +*<+6+1).! 2/&,'*';9:+*! 1)!,+-.341!

:);4&/0/-! 5).;/,! 6/1B//*! `-4V8@! M,:CT@! '*,! 1</+.! :&+/*1! ?+*'-/@! `\H$!

%3.1</.;)./@! +1!/0<+6+1-!4)1/*1!'*1+4.)&+5/.'1+(/!/55/:1!'*,!`/."!,/2.','1+)*! +*!

<3;'*! 6./'-1! :'*:/.! :/&&! &+*/-$! A</! +,/*1+5+:'1+)*! )5! R/..36)*/% '-! '*! `-4V8!

+*<+6+1).!4.)(+,/-!'!*/B!*'13.'&!4.),3:1!-:'55)&,!34)*!B<+:<!1</!,/(/&)4;/*1!

)5!+;4.)(/,!`-4V8!+*<+6+1).-!:'*!6/!43.-3/,$!U"!

!

M^\M^DHL!

M3.:3;+*! E%+2$! "#F@! +-! '! *'13.'&! 4)&94</*)&! ,/.+('1/,! 5.);! 1</! 4&'*1!>*'+*2.#

&)*2'@!B<+:<!+-!:);;)*&9!3-/,!'-!'!9/&&)B!:)&).+*2!'*,!5&'().+*2!'2/*1!+*!5)),-$!

A<+-!*'13.'&!:);4)3*,!:'*!6)1<!4./(/*1!'*,!1./'1!:'*:/.$!A</!:</;)4./(/*1+(/!

/55+:':9!)5!:3.:3;+*!<'-!6//*!'-:.+6/,!1)!1</!;),3&'1+)*!)5!-+2*'&J1.'*-,3:1+)*!

4'1<B'9-! '--):+'1/,! B+1<! ;'&+2*'*1! 1.'*-5).;'1+)*! '*,! 13;).! 4.);)1+)*@!

1<.)32<! +*1/.':1+)*! B+1<! '! ('.+/19! )5! 4.)1/+*-! +;4&+:'1/,! +*! :/&&! 4.)&+5/.'1+)*@!

+*('-+)*@!'*,!'*2+)2/*/-+-$!H*!',,+1+)*@!+1!<'-!6//*!,/-:.+6/,!1)!/0<+6+1!/55/:1-!)*!

-+2*'&+*2!4'1<B'9-@! &/',+*2! 1)! +*,3:1+)*!)5!'4)41)-+-$!M3.:3;+*! +*<+6+1-!`-4V8!

':1+(+19@! :'3-+*2! ,/4&/1+)*! )5! ;'*9! :&+/*1! 4.)1/+*-! +;4&+:'1/,! +*! -3.(+('&!

4'1<B'9-!EZc%\@!\'5J#@!I?1@!'*,!-3.(+(+*F$UC!

I-!:);4'./,!B+1<!#TJIIc@!1</!4)1/*:9!)5!:3.:3;+*!B'-!-36-1'*1+'&&9!&)B/.!'*,!

1</!6+*,+*2!B+1<!`-4V8! +-!B/'?/.$!I! &':?!)5!34J./23&'1+)*!)5!`-4T8!-322/-1-!'!

;/:<'*+-;! )5! +*1/.':1+)*! ,+55/./*1! 5.);! 1<'1! )5! 2/&,'*';9:+*$! `)B/(/.@! +*!

4./&+;+*'.9!&+;+1/,!4.)1/)&9-+-!/04/.+;/*1-@!1</!4.)1/)&9-+-!4'11/.*!)6-/.(/,!)*!

`]WV8f! +*,+:'1/,! '! 4.)1/:1+)*! )5! 1</! LJ1/.;+*'&! ,);'+*! 5.);! 1</! /*P9;'1+:!

<9,.)&9-+-$!

Q'-/,! )*! 1<+-! )6-/.('1+)*@! c+);;'./&&+! '*,! :)JB).?/.-! -13,+/,! 1</! :/&&3&'.!

/55/:1-! )5! :3.:3;+*! +*! :);6+*'1+)*! B+1<! 1</! 4'*J`RIM! E<+-1)*/! ,/':/19&'-/F!

+*<+6+1).-@!B<+:<!+*,3:/!<94/.':/19&'1+)*!)5!`-4V8@!./-3&1+*2!+*!+*<+6+1+)*!)5!+1-!



!G8!

:<'4/.)*/! 53*:1+)*$! A</! ./-3&1-! <'(/! -<)B/,! 1<'1@! '1! -361)0+:! :)*:/*1.'1+)*-@!

:3.:3;+*! ;'.?/,&9! -/*-+1+P/-! 13;).! :/&&-! 1)! `RIM! +*<+6+1).-! '*,! +*,3:/-!

2.)B1<! +*<+6+1+)*!'*,!'4)41)-+-$!A</!-/*-+1+P'1+)*!+-!'--):+'1/,!B+1<!4/.-+-1/*1!

,/4&/1+)*!)5!`-4V8!:&+/*1!4.)1/+*-$UG!

\/:/*1&9! '! -/.+/-! )5! :3.:3;+*! '*'&)23/-! +*:&3,+*2! */B! GJ'.9&+,/*/! :3.:3;+*!

'*'&)23/-!B/./! -9*1</-+P/,$! M/&&! 2.)B1<! +*<+6+1+)*! '--'9-! ./(/'&! 1<'1!;)-1! GJ

'.9&+,/*/!:3.:3;+*!'*'&)23/-!:'*!/55/:1+(/&9!,/:./'-/!1</!2.)B1<!)5!'!4'*/&!)5!

&3*2!:'*:/.!:/&&-!'1!-36;+:.);)&'.!'*,!&)B!;+:.);)&'.!:)*:/*1.'1+)*-$UK!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



! G#!

?"#@,2#(3#&7-#A7-1,1#
!

!

!

!

!

`-4V8! <'-! /;/.2/,! '-! '! 4.);+-+*2! ,.32! 1'.2/1! 5).! 1</! ,/(/&)4;/*1! )5! '*1+J

:'*:/.!,.32-@!6'-/,!34)*! +1-!3*+=3/!':1+(+19! 1)! 53*:1+)*!'-!'!;/,+'1).!)5!:&+/*1!

4.)1/+*!:)*5).;'1+)*$! NM&+/*1O!4.)1/+*-!'./! +*()&(/,! +*! -+2*'&! 1.'*-,3:1+)*@! :/&&!

:9:&/!./23&'1+)*!'*,!<).;)*/!./-4)*-+(/*/--$!]/(/.'&!)5!1</-/!+*:&3,/!'!*3;6/.!

)5!?*)B*!)(/.J/04./--/,!).!;31'*1!)*:)2/*+:!4.)1/+*-@!'--):+'1/,!B+1<!1</!-+0!

:'*:/.! <'&&;'.?-@! '-! :/&&! 4.)&+5/.'1+)*! '*,! 13;).! 4.)2./--+)*$! M)*-/=3/*1&9@!

`-4V8!<'-!/()&(/,!+*1)!4.);+-+*2!'*1+:'*:/.!1'.2/1S!;3&1+4&/!)*:)2/*+:!4.)1/+*-!

:'*!6/!-+;3&1'*/)3-&9!,/2.',/,!'-!:)*-/=3/*:/!)5!`-4V8!+*<+6+1+)*$!!

>3.!2.)34!<'-!6//*! +*()&(/,@! 5).! -/(/.'&! 9/'.-@! )*! 1</!,/-+2*!'*,! -9*1</-+-!)5!

;)&/:3&/-! ./&'1/,! 1)! 5&'()*)+,-$! A</-/! *'13.'&&9! )::3..+*2! :);4)3*,-! /0/.1! '!

B+,/! .'*2/! )5! 6+)&)2+:'&! ':1+(+1+/-@! +*:&3,+*2! '*1+4.)&+5/.'1+(/! '*,! '*1+;+1)1+:!

/55/:1-@!631!:3../*1&9!1</9!<'(/!*)1!9/1!6//*!1/-1/,!'-!4)1/*1+'&!`-4V8!+*<+6+1).-$!

a/! <'(/! -/&/:1/,! :<'&:)*/-! '-! 4.+;'.9! -:'55)&,-@! '*,! 53*:1+)*'&+P/,! 1</+.!

-1.3:13./-!'+;+*2!1)!)61'+*!.',+:+:)&J./&'1/,!,/.+('1+(/-$!

!

!

!"#$% ''$! Z55/:1! )5! :<'&:)*/! H! )*! '*1+4.)&+5/.'1+(/! '--'9! '*,! )*! `-4V8! 4.)1/+*! &/(/&-! +*! IGC#!
E/4+,/.;)+,!:'.:+*);'F!'*,!]A>!E;)3-/!/;6.9)*+:!5+6.)6&'-1F!:/&&!&+*/-!



!G"!

H*! 4'.1+:3&'.@! 1</! :);4)3*,! H! -<)B/,! '*! +*1/./-1+*2! '*1+4.)&+5/.'1+(/! ':1+(+19!

'*,!1</!'6+&+19!1)!;),3&'1/!`-4V8!:&+/*1!4.)1/+*-!/04./--+)*!E%+2$!""F$!

a+1<! 1</! '+;! )5! :)*1+*3+*2! 1<+-! B).?! '*,! 1)! /-1'6&+-<! -1.3:13./J':1+(+19!

./&'1+)*-<+4-! 5).! 1<+-! 4.);+-+*2!*/B! :&'--! )5!`-4V8! +*<+6+1).-@! '&?9&J! '*,! '.9&J

';+*/-!B/./!+*1.),3:/!'1!1</!4'.'J!'*,!;/1'J!4)-+1+)*-!)5!Q!.+*2@!6'-/,!)*!1</!

./-3&1-!./4).1/,!5).!B/&&!?*)B*!,/.+('1+(/-!E%+2$!"CF$!!

!

!

!"#$%'($!\'1+)*'&/!./4./-/*1'1+)*!
!

I51/.B'.,-@! B/! +*1.),3:/,! '! :9:&+-'1+)*! 1)! ./,3:/! )(/.'&&! 5&/0+6+&+19@! U@! '*,!

'*)1</.!<9,.)09&!2.)34!)*!I!.+*2!1)!./-1)./!1</!.',+:+:)&!:)./$!D)./)(/.@!,)36&/!

;)&/:3&/-!#7@!#T!B/./!'&-)!-9*1</-+P/,!EA'6$!"F$!

!

!

!

!

!

!

!
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!

Small substituents: -OR 

!
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O
N

VER-52296/NVP-AUY92259

NH
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! GC!

K,=:,8*.% H+583+852% K,=:,8*.% H+583+852%
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!GG!

Q/-+,/-@! B+1<! 1</! '+;! )5! -13,9+*2! 1</! :</;+:'&! -4':/@! B/! +*1.),3:/,! -;'&&!

-36-1+13/*1-!'-!;/1<)09@!5&3).)!'*,!/1</.!:<'+*-!'1!,+55/./*1!4)-+1+)*-!EA'6$!CF$!

!

K,=:,8*.% H+583+852% K,=:,8*.% H+583+852%

&L%

%

'L%
%

'S%

%

(S%
%
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%
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%
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%
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%

'?%
%
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%
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%

'F!
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M/>$%($!]3;;'.9!)5!-9*1</-+P/,!:);4)3*,-!
!
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! GK!

B"#C-1*/&1#=,1+*11,(%#.%)#>(%+/*1,(%#
!

!

!

!

!

C$#$!R.32-!'*,!A./'1;/*1!M)*,+1+)*-!

!

I&&! 1</! :);4)3*,-! 1/-1/,! B/./! 5./-<&9! 4./4'./,! ,+--)&(+*2! 4)B,/.! +*!

,+;/1<9&-3&5)0+,/!ERD]>F!EQR`!W.)&'6)@!D+&'*@! H1'&9F!'*,!5)&&)B+*2!,+&31+)*! +*!

:3&13./!;/,+3;$!!M/&&-!B/./!+*:36'1/,!B+1<!,.32-!5).!"G!).!T"!<!E,/4/*,+*2!)*!

1</! '--'9F@! '1! CT! sM! +*! :3&13./! ;/,+3;! -344&/;/*1/,! B+1<! #8r! E([(F! </'1J

+*':1+('1/,! 5/1'&! 6)(+*/! -/.3;j! ,.32! :)*:/*1.'1+)*-! 3-/,! 5).! /':<! '--'9! './!

./4).1/,!+*!%+23./-$!

A</!<3;'*!/4+,/.;)+,! :'.:+*);'!IGC#!'*,! 1</!4/.+1)*/'&!;/-)1</&+);'!]A>!

:/&&! &+*/-!B/./!3-/,! +*! 1<+-! -13,9$!IGC#!'*,!]A>!:/&&-!B/./!.)31+*/&9!2.)B*! +*!

\WDH! #7G8! ).! +*! K8[K8! RDZD[`';k-! %#"! ;/,+3;! Ed)*P'@! ]B+1P/.&'*,F@!

./-4/:1+(/&9@!-344&/;/*1/,!B+1<!#8r!E([(F!</'1J+*':1+('1/,!5/1'&!6)(+*/!-/.3;!

Ec+6:)z@!H*(+1.)2/*@!]/2.'1/@!H1'&9F!'1!CTsM!+*!'!Kr[VKr!M>"['+.!'1;)-4</./$!

!

C$#$#$!I*1+4.)&+5/.'1+(/!I--'9!

!

M/&&! -/*-+1+(+19! 1)! ,.32! 1./'1;/*1!B'-! ,/1/.;+*/,! 69! 2.)B1<! +*<+6+1+)*! '--'9$!

Q.+/5&9@! :/&&-! B/./! -//,/,! +*! #"JB/&&! 4&'1/-! EG8@888! :/&&-[B/&&F@! "G! <! 6/5)./!

/04/.+;/*1-$!M/&&-!B/./!/04)-/,! 1)! 1</!,.32-! 5).!T"!<!'*,! 1</*!',</./*1! :/&&-!

B/./!1.94-+*+P/,!'*,!:)3*1/,!69!'!:/&&!:)3*1/.!EQ/:?';!M)3&1/.@!%3&&/.1)*@!MI@!

^]IF$! HMK8! ('&3/-@! ,/.+(/,! 5.);! ,)-/p./-4)*-/! :3.(/-@! B/./! ,/5+*/,! '-! ,.32!

:)*:/*1.'1+)*-!./=3+./,!5).!K8r!+*<+6+1+)*!)5!:/&&!2.)B1<$!

!

!

!



!G7!

C$#$"$!a/-1/.*!Q&)1!I*'&9-+-!

!

AB/*19J5)3.! <)3.! '51/.! -//,+*2! E#88@888! :/&&-[;dF! )*! W/1.+! ,+-</-@! :/&&-!B/./!

1./'1/,! B+1<! ,.32-! 5).! "G! <! '*,! 1</*! 4.):/--/,! 1)! )61'+*! B<)&/J:/&&! /01.':1-$!

M/&&-! B/./! .+*-/,! 1B+:/!B+1<! +:/J:)&,! WQ]! -344&/;/*1/,!B+1<! 8$#!;D! -),+3;!

).1<)('*','1/! '*,! 1</*! &9-/,! +*! <)1! -';4&/! 6355/.$! I51/.! ,/1/.;+*'1+)*! )5! 1</!

4.)1/+*! :)*:/*1.'1+)*! 69! QMI! W.)1/+*! I--'9! EA</.;)! ]:+/*1+5+:@! \):?5).,@! Hd@!

^]IF@! :/&&3&'.! /01.':1-! EG8! ;2F! B/./! -/4'.'1/,! 69! -),+3;! ,),/:9&-3&5'1/p

4)&9':.9&';+,/! 2/&! /&/:1.)4<)./-+-! E]R]pWIcZF! '*,! 1.'*-5/../,! )*1)!

*+1.):/&&3&)-/! ;/;6.'*/-$! H;;3*)./':1+(/! 6'*,-! B/./! ./(/'&/,! 69! /*<'*:/,!

:</;+&3;+*/-:/*:/!,/1/:1+)*!EI;/.-<';!Q+)-:+/*:/-@!\):?5).,@! Hd@!^]IF!3-+*2!

'*1+J\'5J#! '*,! '*1+JM,?G! E]'*1'! M.3P! Q+)1/:<*)&)29! H*:$@! MI@! ^]IF@! '*1+JZc%\!

E^4-1'1/! Q+)1/:<*)&)29@! D+&&+4)./! M).4).'1/@! Q+&&/.+:'@! DI@! ^]IF@! '*1+J]3.(+(+*!

EI6:';@!M';6.+,2/@!^qF@!'*1+JI?1!EA.'*-,3:1+)*!d'6).'1).+/-@!d/0+*21)*@!^]IF@!

'*1+JI:1+*!'*,!'*1+JA363&+*!'*1+6),+/-!E]+2;'!M</;+:'&!M)$@!]1$!d)3+-@!D>@!^]IF$!!

!

C$"$!\/-3&1-!'*,!M)*:&3-+)*!

!

C$"$#$!I*1+4.)&+5/.'1+(/!I--'9!

!

!
!"#$%'<$!I*1+4.)&+5/.'1+(/!':1+(+19!)5!H!
!

A</!+*1.),3:1+)*!)5!'&?9&!).!:9:&+:!';+*/!+*!4'.'!).!;/1'!4)-+1+)*!)5!Q!.+*2!'*,!

1</! :9:&+-'1+)*! +*! ,+<9,.)4+.'P)&/! ,+,! *)1! '55).,! '*9! /*<'*:/;/*1! )5! 1</!

'*1+4.)&+5/.'1+(/!':1+(+19!:);4'./,!1)!1</!&/',!:);4)3*,!H!EA'6$!GF$!!

I::).,+*2&9@!'*,!6/'.+*2!+*!;+*,!1</!/04/.+/*:/!2'+*/,!5.);!,'1'@!B/!5):3-/,!)*!

;),+5+:'1+)*!)5!I!.+*2S!B/!+*1.),3:/,!'*)1</.!<9,.)09&@!;+;+:?+*2!1</!.',+:+:)&@!

B/!<'(/!,)36&/,!1</!-:'55)&,!'*,!-9*1</-+P/,!'!./1.)!:<'&:)*/$!

!

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

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

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



! GT!

[$% K,=:,8*.% AK?S%W\QX% [$% K,=:,8*.% AK?S%W\QX%

&%
!

IGC#S!#8$8!

]A>S!U$8!
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!

IGC#S!#"$8!

]A>S!U$8!
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!
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]A>S!K$8!
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]A>S!#"$8!
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!

IGC#S!#8$8!
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IGC#S!#K$8!

]A>S!#8$8!
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!

IGC#S!7$T!

]A>S!7$T!
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!

IGC#S!#G$T!

]A>S!T$G!

L%

!

IGC#S!"8$8!
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!

IGC#S!"K$G!

]A>S!#K$C!
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!

IGC#S!"K$G!
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!
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!
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!
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!

!

&F%
!

! &G%
!

!

M/>$%<$!I*1+4.)&+5/.'1+(/!/55/:1-!)5!-9*1</-+P/,!:);4)3*,-!
!
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!GU!

a+1<! 1</! '+;! )5! -13,9+*2! 1</! :</;+:'&! -4':/@! B/! <'(/! +*1.),3:/,! -;'&&!

-36-1+13/*1!+*!,+55/./*1!4)-+1+)*-!EA'6$!KF$!

!

[$% K,=:,8*.% AK?S%W\QX% [$% K,=:,8*.% AK?S%W\QX%

&L%

!

IGC#S!K$V!

]A>S!G$7!
'S%

!

IGC#S!K$U!

]A>S!7$##!

'&%
!

IGC#S!J!

]A>S!J!
''%

!

IGC#S!#$"7!

]A>S!8$V!

'(%
!

IGC#S!Y!K!

]A>S!Y!K!
'<%

!

IGC#S!"8$8!

]A>S!#"$8!

'?%
!

IGC#S!##$8!

]A>S!K$8!
'C%

!

IGC#S!"$8!

]A>S!8$U!

M/>$%?$%I*1+4.)&+5/.'1+(/!/55/:1-!)5!-9*1</-+P/,!:);4)3*,-!
!

\/2'.,+*2! '*1+4.)&+5/.'1+(/! ':1+(+19@! B+1<! 1</-/! ;),+5+:'1+)*-! '*9! -+2*+5+:'*1!

+;4.)(/;/*1!:)3&,!6/!)6-/.(/,!B+1<!./-4/:1!1)!1</!&/',!:);4)3*,@!)*&9!""!'*,!

"7!-<)B/,!'*!'*1+4.)&+5/.'1+(/!':1+(+19!:);4'.'6&/!1)!H$%

!

H*! 1</! 53.1</.! -/.+/-! )5! ;)&/:3&/-@! 1</! <9,.)09/1<)09! :<'+*! B'-! -/1! +*! 4'.'J

4)-+1+)*!)*! 1</!I!.+*2!)5! 1</!:<'&:)*/!'*,!-;'&&! -36-1+13/*1-@! -3:<!'-!;/1<)09!

'*,!5&3).+*/@!<'(/!6//*!+*1.),3:/,!+*!,+55/./*1!4)-+1+)*-!)*!1</!Q!.+*2!EA'6$!7F$!

!

!

!

!

!

!

!

!

!

!

!
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Cl

O OH

Cl
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O
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H3CO

O OH
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OCH3

OCH3

O
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O

O OH

O F
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HO F

O OH
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! GV!

H*!,/1'+&@!1</!+*1.),3:1+)*!)5!1B)!;/1'J;/1<)09!2.)34-!)*!Q!.+*2@!"T@!;'+*1'+*/,!

1</! '*1+4.)&+5/.'1+(/! ':1+(+19$!A</! -36-1+131+)*!B+1<! '! 5&3).+*/! '1);! +*!,+55/./*1!

4)-+1+)*-! 2'(/! :);4)3*,-!B+1<! '*! +*1/./-1+*2! :91)1)0+:! /55/:1@! +*! 4'.1+:3&'.! +*!

;/1'J4)-+1+)*@!CC@!/0:/41!5).!1</!,+5&3).)J,/.+('1+(/@!CK@!B<+:<!+-!1</!&/--!':1+(/$!

!

[$% K,=:,8*.% AK?S%W\QX% [$% K,=:,8*.% AK?S%W\QX%

'F%

!

IGC#S!"$8!

]A>S!8$#!
'G%

!

IGC#S!#8$8!

]A>S!#8$8!

'L%
!

IGC#S!K$8!

]A>S!K$8!
(S%

!

IGC#S!J!

]A>S!J!

(&%
!

IGC#S!#8$8!

]A>S!#8$8!
('%

!

IGC#S!"$8!

]A>S!"$8!

((%
!

IGC#S!#$8!

]A>S!8$"!
(<%

!

IGC#S!"$8!

]A>S!"$8!

(?%

!

IGC#S!C$8!

]A>S!C$8!
(C%

!

IGC#S!J!

]A>S!J!

(F%
!

IGC#S!J!

]A>S!J!
(G%

!

IGC#S!J!

]A>S!J!

M/>$%C$!I*1+4.)&+5/.'1+(/!/55/:1-!)5!-9*1</-+P/,!:);4)3*,-!
!

C$"$"$!a/-1/.*!Q&)1!I*'&9-+-!

!

A</! '41+13,/! )5! ;)&/:3&/-! 1)! +*<+6+1! `-4V8! <'-! 6//*! ./&'1/,! 1)! +1-! '6+&+19! 1)!

+*1/.5/./!B+1<!1</!/04./--+)*!)5!-4/:+5+:!:&+/*1!4.)1/+*-$!

H*! ).,/.! 1)! +*(/-1+2'1/! 1</! '6+&+19! 1)! ,+./:1&9! +*<+6+1! `-4V8! 53*:1+)*@! 1</!;)-1!

+*1/./-1+*2! :);4)3*,-!"T@! CC! '*,!CG!B/./! /0';+*/,!69!B/-1/.*!6&)1! '*'&9-+-!

E%+2$!"KF$!

!

!

!"#$%'?$!]/&/:1/,!;)&/:3&/-!5).!B/-1/.*!6&)1!
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!K8!

!

!"#$%'C$!Z55/:1!)5!"T@!CC@!CG!)*!:/&&3&'.!&/(/&-!)5!`-4V8!:&+/*1!4.)1/+*-!
!

"T@!CC!'*,!CG!B/./!'6&/! 1)!,+./:1&9! +*<+6+1!`-4V8! 53*:1+)*@! 1</./69!4.);)1+*2!

1</!:<'4/.)*/!,+--):+'1+)*!'*,!1</!,/2.','1+)*!)5!-/(/.'&!`-4V8!:&+/*1!4.)1/+*-$!

I-! -<)B*! +*! %+2$! "7@! Zc%\! '*,! ]3.(+(+*! 4.)1/+*! /04./--+)*! B/./! -1.)*2&9!

,)B./23&'1/,!69!1./'1;/*1!+*!IGC#!:/&&!&+*/$!H*!4'.1+:3&'.@!"T!'*,!CG!B/./!'6&/!

1)!,/:./'-/!'&-)!1</!\'5J#!/04./--+)*$!A</-/!:&+/*1!4.)1/+*-!'./! +*()&(/,!+*!:/&&!

4.)&+5/.'1+)*@!+*('-+)*!'*,!'*1+'4)41)1+:!-+2*'&-$!

!

H*! :)*:&3-+)*! -/&/:1/,! :);4)3*,-! <'(/! 6//*! -<)B*! 1)! ;),3&'1/! `-4V8!

-+2*'&+*2!4'1<B'9-$!A</!;/:<'*+-;!)5!`-4V8!+*1/.':1+)*!./;'+*-!1)!6/!,/5+*/,$!!

>*! 1</!6'-+-!)5! 1</-/!4.);+-+*2!4./:&+*+:'&! ./-3&1-@! 1</!;)-1!':1+(/! :);4)3*,-!

B/./!-/&/:1/,! 5).!)41+:'&!6+)-/*-).!'*'&9-+-@!B+1<! 1</!'+;!)5!:&'.+59+*2!B</1</.!

1</-/!;)&/:3&/-!6+*,!1)!`-4V8!'*,@!/(/*13'&&9@!1</!+*()&(/,!6+*,+*2!,);'+*$!

!

!

!

!

!

!

!



! K#!

D"#EF4-',2-%&./#6-+&,(%#
!

!

!

!

!

G$#$!I:/1)4</*)*/-!]9*1</-+-!

!

!

H342=2%&$!I:/1)4</*)*/-!-9*1</-+-!
!

!

!

!

!

!

!

!

OH OCOCH3 OH

OH OH

HO

R1

O

OH OH
COCH3

HO HO
Cl

COCH3

R1

R2

COCH3

Cl Cl Cl

(i) (ii)

(iii)

(iv)

(i) Ac2O, 120°C, 6h; (ii) AlCl3, NaCl, 180°C, 4'; (iii) Piperidine, H2O, H2SO4, NaOCl, 0°C, 
r.t. 28h; (iv) CH3COCH3, K2CO3, R2Br, 80°C, 8h



!K"!

G$"$!I&,/<9,/-!]9*1</-+-!

!

!

H342=2%'$!I&,/<9,/-!-9*1</-+-!
!

G$C$!I&,)&!M)*,/*-'1+)*!

!

!

H342=2%($!I&,)&!M)*,/*-'1+)*!
!

G$G$!M<'&:)*/!M9:&+-'1+)*!

!

!

H342=2%<$!M<'&:)*/!:9:&+-'1+)*!
!

NC
CH3

NC

Br N
O

N
O

N
O

O

NH2

O

O

O

O

CNO CN

OH

Cl

OH

Cl

CHO

NC

N

(i) (ii) (iii)

(iv) (v)

(vi)

(vii)

(viii)

(i) NBS, (PhCOO)2, CCl4, reflux, 30'; (ii) Amine, toluene, 110°C, 20h; (iii) HCOOH, Raney's alloy, 100°C, 2h; (iv) 
trimethylorthoformate, MeOH, H2SO4, r.t., 28h; (v) Et2O, LAH, Ar, 10', 0°C, r.t 12h; (vi) sulfone, Et3N, EtOH, 
100°C, 1h; (vii) HCl 5%, THF, r.t, 3h; (vii) EtMgBr, THF, 0°C, r.t. 30'

R2
+

O

R
H

O

R

O

R2
KOH, EtOH

r.t., o.n.

O NHNOH

Cl

OH

Cl

N2H4, EtOH

reflux, 3h



! KC!

G$K$!Z04/.+;/*1'&!]/:1+)*!

!

c/*/.'&S!I&&!-)&(/*1-!B/./!`WdM!2.',/$!\/':1+)*-!B/./!;'2*/1+:'&&9!-1+../,!'*,!

;)*+1)./,!69!1<+*J&'9/.!:<.);'1)2.'4<9!EAdMF!B+1<!Z$!D/.:?!-+&+:'!2/&!78J%"KG!

4&'1/-$!%&'-<!:)&3;*!:<.);'1)2.'4<9!B'-!4/.5).;/,!B+1<!D/.:?!-+&+:'!2/&!E8$8G!

p!8$7C!{;@!"G8!p!G88!;/-<F!3*,/.!<+2<!4./--3./$!LD\!-4/:1.'!B/./! ./:).,/,!

B+1<! '! G88!D`P! -4/:1.);/1/.$! ^*&/--! )1</.B+-/! -1'1/,@! '&&! LD\! -4/:1.'!B/./!

;/'-3./,!+*!MRM&C!-)&31+)*-!'*,!./5/./*:/,!1)!1</!M`M&C!-+2*'&$!I&&!#`!'*,!#CM!

-<+51-!'./!2+(/*!+*!44;!E-!|!-+*2&/1j!,!|!,)36&/1j!1!|!1.+4&/1j!,,!|!=3',.34&/1j!,1!|!

,)36&/1! )5! 1.+4&/1-@!;!|!;3&1+4&/1j! 6.$! |! 6.)',! -+2*'&F$! M)34&+*2! :)*-1'*1-! }! './!

2+(/*!+*!`P$!

A</! :);;/.:+'&&9! '('+&'6&/! ./'2/*1-! B/./! 3-/,! '-! ./:/+(/,! B+1<)31! 53.1</.!

43.+5+:'1+)*$!

!

G$K$#$!I:/19&'1+)*!

!

!

%

(@K47,5,:42*B7%/32+/+2%

CJM<&).)4</*)&! E#! /=$F! B'-! ,+--)&(/,! +*! ':/1+:! '*<9,.+,/! EG$K! /=$F$! A</!

1/;4/.'13./!.'+-/,!1)!#"8sM$!I51/.!7!<)3.-@!1</!;+013./!B'-!:))&/,!'*,!4)3./,!

+*1)! '*! +:/! B'1/.! '*,! /01.':1/,! B+1<! ,+:<&).);/1<'*/$! A</! ).2'*+:! &'9/.! B'-!

B'-</,!B+1<! '! -'13.'1/,! -),+3;! <9,.)2/*):'.6)*'1/! -)&31+)*@! '*,! 6.+*/! '*,!

1</*!,.+/,!)(/.!-),+3;!-3&5'1/!'*,!/('4).'1/,!3*,/.!./,3:/,!4./--3./$!A</!)+&!

)61'+*/,!,+,*k1!*//,!'*9!53.1</.!43.+5+:'1+)*!6$4$!##7$,/2$J##U$,/2$!M$!E"!;;`2F@!

=3'*1+1'1+(/!9+/&,$!

#`!LD\!EG88!D`P!MRM&CF!y!"$#C!E-@!C!`F!7$VT!p!7$VV!E;@!#!`F!T$#C!E1@!#!`F!T$#T!p!

T$"#!E;@!#`F!T$"K!p!T$"V!E;@!#`F$!

!

!

OH OCOCH3

Cl Cl



!KG!

G$K$"$!%.+/-!\/'..'*2/;/*1!

!

!

!

&@W<@347,5,@'@4B.5,-B:42*B7X2+4/*,*2%

CJM<&).)4</*9&!':/1'1/! E#!/=$F!B'-!</'1/,! 1)2/1</.!B+1<!'&3;+*3;!:<&).+,/!EC!

/=$F! '*,! L'M&! E#! /=$F! '1! #U8sM! 5).! Gk! E:'31+)*S! (+2).)3-! /()&31+)*! )5! 2'-F$! A</!

;+013./! B'-! 4)3./,! )*! +:/JB'1/.! '*,! /01.':1/,! B+1<! ,+:<&).);/1<'*/$! A</!

:);6+*/,! ).2'*+:! /01.':1-! B/./! B'-</,! B+1<! '! -'13.'1/,! -),+3;!

<9,.)2/*):'.6)*'1/! -)&31+)*! '*,! 1</*! B+1<! 6.+*/@! '*,! ,.+/,! )(/.! -),+3;!

-3&5'1/$!A</!./;)('&!)5!1</!-)&(/*1!2'(/!9/&&)B!)+&@!=3'*1+1'1+(/!9+/&,$!

#`!LD\!EG88!D`P!MRM&CF!y!"$7T!E-@!C!`F!7$UT!E,,@!G|U$G@!G$"!`P@!#!`F!7$VV!E-@!#!`F!

T$7K!E,@!G|U$G!`P@!#!`F$!

!

G$K$C$!M<&).+*'1+)*!

!

!

!

&@W?@K47,5,@']<@."4B.5,-B:42*B7X2+4/*,*2%

"@GJR+<9,.)09':/1)4</*)*/! E#! /=$F! B'-! ,+--)&(/,! '1! .));! 1/;4/.'13./! +*! '!

-)&31+)*!)5!-3&53.+:!':+,!E#$K!;d!4/.!;;)&!)5!':/1)4</*)*/F!'*,!B'1/.!E#$K!;d!

4/.! ;;)&! )5! ':/1)4</*)*/F! '*,! 1</*! :))&/,! 1)! 8sM$! W+4/.+,+*/! E#$7! /=$F! B'-!

',,/,!,.)4B+-/!1)!'!-)&31+)*!)5!'=3/)3-!-),+3;!<94):<&).+1/!E#$#G!/=$F!'1!8sM!

'*,!1</*!',,/,!,.)4B+-/!1)!1</!'=3/)3-!-3&53.+:!':+,!;+013./!'*,!-1+../,!5).!GU!

<!'1!.));!1/;4/.'13./$!A</!:<&).+*'1/,!4.),3:1!B'-!:)&&/:1/,!69!5+&1.'1+)*!'*,!

B'-</,!B+1<!B'1/.$!A</!4.),3:1!B'-!'!#S"!;+013./!)5!CJ!'*,!KJ:<&).)! +-);/.-!

'*,!B'-!43.+5+/,!69!5&'-<!:<.);'1)2.'4<9!E:9:&)</0'*/-S!/1<9&!':/1'1/|!CS#F!1)!

2+(/!'!B<+1/!-)&+,!E9+/&,!|!"VrF$!

OCOCH3 OH
COCH3

Cl Cl

COCH3
OH

HO

COCH3
OH

HO
Cl



! KK!

#`!LD\!EG88!D`P!MRM&CF!y!"$K7!E-@!C!`F!7$8G!E-@!#!`F!7$KV!E-@!#!`F!T$"7!E-@!#!`F!

T$T8!E-@!#!`F$!

!

G$K$G$!\',+:'&!Q.);+*'1+)*!

!

!

!

I!;+013./! )5! 4'.'! ).!;/1'J1)&3*+1.+&/! E#! /=$F@! LJ6.);)-3::+*+;+,/! E#! /=$F! '*,!

6/*P)9&! 4/.)0+,/! E8$8#! /=$F! B'-! ./l30/,! +*! 1/1.':<&).);/1<'*/! 5).! C8k$! A</!

:);4&/1+)*!)5!./':1+)*!B'-!,/1/:1/,!69!AdM$!A</!B'.;!;+013./!B'-!5+&1/./,!)*!

:/&+1/! '*,! 1</! -)&(/*1! B'-! /('4).'1/,! 3*,/.! ./,3:/,$! I51/.! /('4).'1+)*! )5!

-)&(/*1@!1</!4.),3:1!B'-!3-/,!5).!1</!*/01!-1/4!B+1<)31!'*9!53.1</.!43.+m:'1+)*$!!

!

<@W>5,=,=2+4B7X>2*N,*"+5"72%

!

!

!

a<+1/!-)&+,$!v+/&,!|!VGr$!#`!LD\!EG88!D`P!MRM&CF!y!G$G7!E-@!"!`F!T$GU!E,@!G|U$U!

`P@!"!`F!T$7"!E,@!G|U$G!`P@!"!`F$!#CM!LD\!E#88!D`P@!MRM&CF!y!C#$7!J!##"$#!J!##U$G!J!

#"V$T!J!#C"$7!J!#G"$U$!%

!

(@W>5,=,=2+4B7X>2*N,*"+5"72%

!

!

!

a<+1/!-)&+,$!v+/&,!|!TKr$!#`!LD\!EG88!D`P!MRM&CF!y!G$G"!E-@!"!`F!T$GT!E1@!#!`F!

T$KU!p!T$7G!E;@!"!`F!T$7V!E-@!#!`F$!

!

!

NC
CH3

NC

Br

Br

N

N
Br



!K7!

G$K$K$!I;+*'1+)*!

!

!

!

A</! ';+*/! E"! /=$F! B'-! ',,/,! +*1)! '! -)&31+)*! )5! ;/1'! ).! 4'.'J:9'*)6/*P9&!

6.);+,/!E#!/=$F!+*!1)&3/*/!'*,!1</!./-3&1+*2!;+013./!B'-!-1+../,!'1!##8sM!5).!"8!

<)3.-$!A</!./':1+)*!;+013./!B'-!5+.-1&9!:))&/,!'*,!1</*!`M&!ECTrF!B'-!',,/,!1)!

;+013./$! A</! '=3/)3-! ;+013./! B'-! /01.':1/,! B+1<! /1<9&! /1</.$! W)1'--+3;!

:'.6)*'1/! B'-! ',,/,! 1)! 1</! '=3/)3-! &'9/.! '*,! 1</9! B/./! /01.':1/,! B+1<!

,+:<&).);/1<'*/$! A</! ).2'*+:! /01.':1-! B/./! ,.+/,! EL']>GF! '*,! :)*:/*1.'1/,!

3*,/.!(':33;!1)!2+(/!'*!)+&!1<'1!B'-!3-/,!B+1<)31!'*9!53.1</.!43.+5+:'1+)*$!

!

<@W=,5:4,7"*,=2+4B7X>2*N,*"+5"72%

!

!

!

W'&/!)+&$!e3'*1+1'1+(/!9+/&,$!#`!LD\!EG88!D`P!MRM&CF!y!"$GC!E1@!G!`F!C$KG!E-@!"!`F!

C$T#!E1@!G!`F!T$G7!E,@!G|U$G!`P@!"!`F!T$7#!E,@!G|U$8!`P@!"!`F$!

!

<@^W<@4B.5,-B:":25"."*@&@B7X=2+4B7_>2*N,*"+5"72%

!

!

!

W'&/!)+&$!v+/&,!|!V8r$!#`!LD\!EG88!D`P!MRM&CF!y!#$K7!p!#$7"!E;@!"!`F!#$U"!p!#$UU!

E;@!"!`F!"$#7!E1@!"!`F!"$7V!p!"$T#!E;@!"!`F!C$KC!E-@!"!`F!C$T8!E;@!#!`F!T$GC!E,@!G|U$G!

`P@!"!`F!T$KU!E,@!G|U$8!`P@!"!`F$!

!

!

!

NC

Br

NC

N

N
O

N

N

N OH



! KT!

(@W=,5:4,7"*,=2+4B7X>2*N,*"+5"72%

!

!

!

W'&/!)+&$!v+/&,!|!VTr$!#`!LD\!EG88!D`P!MRM&CF!y!"$G8!E1@!G!`F!C$KG!E-@!"!`F!C$T#!

E1@!G!`F!T$CV!E1@!#!`F!T$K8!p!T$KU!E;@!"!`F!T$7#!E-@!#!`F!

!

(@^W<@4B.5,-B:":25"."*@&@B7X=2+4B7_>2*N,*"+5"72%
!

!

!
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;)./!':1+(/!<).;)*/@!<'(+*2! 5+(/5)&,!<+2</.!'55+*+19! 5).! 1</!'*,.)2/*! ./:/41).!

EI\F!1<'*!,)/-!1/-1)-1/.)*/$K!

Z*,)2/*)3-! '*,.)2/*-! 4&'9! :.3:+'&! 4<9-+)&)2+:'&! .)&/-! +*! /-1'6&+-<+*2! '*,!

;'+*1'+*+*2! 1</! ;'&/! 4</*)194/$! A</+.! ':1+)*-! './! /--/*1+'&! 5).! 1</!

,+55/./*1+'1+)*!'*,!2.)B1<!)5!;'&/!./4.),3:1+(/!).2'*-@!+*+1+'1+)*!'*,!./23&'1+)*!

)5!-4/.;'1)2/*/-+-@!'*,!:)*1.)&!)5!;'&/!-/03'&!6/<'(+).$!H*!',,+1+)*@!'*,.)2/*-!

'./!+;4).1'*1!5).!1</!,/(/&)4;/*1!)5!;'&/!:<'.':1/.+-1+:-!+*!:/.1'+*!/01.'2/*+1'&!

-1.3:13./-! -3:<! '-!;3-:&/@! 6)*/@! <'+.@! &'.9*0@! -?+*@! &+4+,! 1+--3/@! '*,! ?+,*/9$! H*!

5/;'&/-@! 1</! 4./:+-/! 4<9-+)&)2+:'&! .)&/-! )5! '*,.)2/*-! './! *)1! :);4&/1/&9!

3*,/.-1)),@!631! 1</!'2/J./&'1/,!,/:&+*/! +*!:+.:3&'1+*2!'*,.)2/*! &/(/&-!<'-!6//*!

&+*?/,! 1)! -9;41);-! -3:<! '-! ,/:./'-/,! &+6+,)! '*,! -/03'&+19@! &':?! )5! (+2).@!

,+;+*+-</,! B/&&! 6/+*2@! '*,! &)--! )5! 6)*/! ;+*/.'&! ,/*-+19! +*! 4)-1;/*)4'3-'&!

B);/*$#8!

A/-1)-1/.)*/! '*,! ,+<9,.)1/-1)-1/.)*/@! /*,)2/*)3-! I\! '2)*+-1-@! '*,!

;/1.+6)&)*/@! '! -9*1</1+:! '2)*+-1! B+1<! '! -1/.)+,'&! -?/&/1)*! E%+2$! H_F! <'(/! 1B)!

4)&'.! ;)+/1+/-@! '! :'.6)*9&! 2.)34! '*,! '! <9,.)09&! 2.)34@! '1! 1</! /*,-! )5! 1</!

<9,.)4<)6+:!-1/.)+,!-?/&/1)*$!H1!+-!./'-)*'6&/!1)!'--3;/!1<'1!1</!1B)!<9,.)4<+&+:!

53*:1+)*'&!2.)34-@!'-!B/&&!'-!1</!<9,.)4<)6+:!:)./!-1.3:13./!6/1B//*!1</;@!4&'9!

+;4).1'*1!.)&/-!5).!/55/:1+(/!+*1/.':1+)*!B+1<!1</!I\!&+2'*,!6+*,+*2!,);'+*$##!!

!

!

!"#$%AE$!A</!-1.3:13./!)5!-1/.)+,'&!&+2'*,-!
!

!

!

H H

H

OH

O H

H H

H

OH

O

OH

O

H

H

Testosterone, T Dihydrotestosterone, DHT Metribolone



! #8#!

#$C$!W.)-1'1/!M'*:/.!

!

W.)-1'1/! :'*:/.! +-! 1</! ;)-1! :);;)*&9! ,+'2*)-/,! (+-:/.'&! :'*:/.! '*,! -/:)*,!

;)-1!:);;)*!:'3-/!)5!:'*:/.J./&'1/,!,/'1<!+*!I;/.+:'*!;/*$!!

W.)-1'1/! :'*:/.! ;'9! :'3-/! 4.)6&/;-! +*! 3.+*'1+*2! E*):13.+'@! ,+55+:3&19! -1'.1+*2!

'*,! ;'+*1'+*+*2! '! -1/',9! -1./';! )5! 3.+*/@! <'/;'13.+'! '*,! ,9-3.+'F@! -/03'&!

,9-53*:1+)*-! E,+55+:3&19! ':<+/(+*2! /./:1+)*! ).! 4'+*53&! /X':3&'1+)*F$! A</! ;)-1!

:);;)*!',,+1+)*'&!-9;41);!+-!6)*/!4'+*@!)51/*!+*!1</!(/.1/6.'/@!4/&(+-!).!.+6-$!

A</!:'*:/.!+*!1</!-4+*/!:'*!'&-)!:);4./--!1</!-4+*'&!:).,@!:'3-+*2!&/2!B/'?*/--!

'*,!3.+*'.9!'*,!5'/:'&!+*:)*1+*/*:/$#"@#C!

`/1/.)2/*/+19! +*! 1</!6+)&)2+:'&! 6/<'(+).!)5! 4.)-1'1/! 13;).-!;'9!6/! '! ./-3&1! )5!

2/*/1+:! ('.+'6+&+19! ).! '! ./-3&1! )5! /04)-3./! 1)! ,+55/./*1! /*(+.)*;/*1'&! 5':1).-@!

B<+:<! +*5&3/*:/! 2/*/1+:! +*-1'6+&+19! '*,! 194/-! )5! ;31'1+)*! 4./-/*1$! W.)-1'1/!

:'*:/.! 1/*,-! 1)! ,/(/&)4! +*! ;/*! )(/.! 5+519! 9/'.-! )&,! '*,! 1</! '(/.'2/! '2/! )5!

,+'2*)-+-!+-!-/(/*19$!

V2*2+"3% >/3I#5,8*.! ;'9! :)*1.+631/! 1)! 4.)-1'1/! :'*:/.! .+-?@! '-! -322/-1/,! 69!

'--):+'1+)*-!B+1<!.':/@!5';+&9!'*,!-4/:+5+:!2/*$!D/*!B<)!<'(/!5+.-1J,/2.//!5';+&9!

;/;6/.-! B+1<! 4.)-1'1/! :'*:/.! '44/'.! 1)! <'(/! ,)36&/! 1</! .+-?! )5! 2/11+*2! 1</!

,+-/'-/! :);4'./,! 1)! ;/*! B+1<)31! 4.)-1'1/! :'*:/.! +*! 1</! 5';+&9$! A<+-! .+-?!

'44/'.-! 1)! 6/! 2./'1/.! 5).!;/*!B+1<! '*! '55/:1/,! 6.)1</.! 1<'*! 5).!;/*!B+1<! '*!

'55/:1/,!5'1</.$!L3;/.)3-!/4+,/;+)&)2+:'&!-13,+/-! +*,+:'1/!1<'1!4.)-1'1/!:'*:/.!

+*:+,/*:/!+-!#8p"8!1+;/-!<+2</.!+*!^*+1/,!]1'1/-@!+*!4'.1+:3&'.!';)*2!6&':?!;/*@!

1<'*!+*!I-+'*!:)3*1.+/-$!

Z4+,/;+)&)2+:'&! -13,+/-! -322/-1! /*(+.)*;/*1'&! 5':1).-! -3:<! '-! ."2+! ;'9! 6/!

:.+1+:'&! 5':1).-! +*! 4.)-1'1/! :'*:/.! .+-?@! +*! 5':1! }'4'*/-/! +;;+2.'*1-! +*! ^*+1/,!

]1'1/-!4.)-1'1/! :'*:/.!B+1<! '*! +*:./'-+*2! 5./=3/*:9$! H*! ',,+1+)*! -+;+&'.! 1./*,-!

<'(/!6//*!)6-/.(/,!+*!}'4'*!-+*:/!a).&,!a'.!HH@!'51/.!1</!B/-1/.*+P'1+)*!)5!1</!

I-+'*!,+/1!'*,!&+5/!-19&/$#G@#K!

`+2<!:)*-3;41+)*!)5!5'1@!/-4/:+'&&9!'*+;'&!5'1-@!./5+*/,!-32'.-@!./,!;/'1@!'&:)<)&!

'*,!,'+.9!4.),3:1-!+*!4'.'&&/&!B+1<!'!&)B/.!+*1'?/!)5!5.3+1-!'*,!(/2/1'6&/-@!5/B/.!

:);4&/0!:'.6)<9,.'1/-@!(+1';+*!R!'*,!5+6/.!;'9!+*:./'-/!1</!.+-?-!)5!:)*1.':1+*2!

1</!,+-/'-/$#7!

D)3*1+*2! /(+,/*:/! -322/-1-! 1<'1! )6/-+19! +-! &+*?/,! 1)! '*! '..'9! )5! +&&*/--/-!



!#8"!

+*:&3,+*2!,+'6/1/-@!:'.,+)('-:3&'.!,+-/'-/!'*,!('.+)3-!194/-!)5!:'*:/.$!

A</! ./&'1+)*-<+4! )5! )6/-+19! '*,! 4.)-1'1/! :'*:/.! .+-?! <'-! 6//*! /0';+*/,! +*!

-/(/.'&!-13,+/-$!]13,9!:)*,3:1/,!+*!;/*!5.);!1</!M'*:/.!W./(/*1+)*!]13,9!H!'*,!

HH! EMW]! H! '*,!MW]! HHF! :)<).1-!,/;)*-1.'1/,! 1<'1!)6/-/!;'*!<',!<+2</.! ./&'1+(/!

.+-?!)5!4.)-1'1/!:'*:/.!,/'1<!1<'*!1</!*)*J)6/-/!)*/-$!

]/03'&&9!1.'*-;+11/,!+*5/:1+)*-!'*,!/&/('1/,!&/(/&-!)5!1/-1)-1/.)*/!+*!6&)),!-//;!

1)!+*:./'-/!1</!.+-?!5).!4.)-1'1/!:'*:/.$!

!

#$C$#$!W'1<)4<9-+)&)29!

!

A</!4.)-1'1/!+-!'!4'.1!)5!1</!;'&/!./4.),3:1+(/!-9-1/;!1<'1!</&4-!;'?/!'*,!-1)./!

-/;+*'&!5&3+,$!H1!+-!&):'1/,!+*!1</!4/&(+-@!3*,/.!3.+*'.9!6&',,/.!'*,!+*!5.)*1!)5!1</!

./:13;$!Q/:'3-/!)5!+1-!&):'1+)*!4.)-1'1/!,+-/'-/!)51/*!'55/:1!3.+*'1+)*@!/X':3&'1+)*!

'*,!.'./&9!,/5/:'1+)*$!

A</!4.)-1'1/!:)*1'+*-!;'*9!-;'&&!2&'*,-@!B<+:<!;'?/!'6)31! 1B/*19!4/.:/*1!)5!

1</!5&3+,!:)*-1+131+*2!-/;/*$!H*!4.)-1'1/!:'*:/.@!1</!:/&&-!)5!1</-/!4.)-1'1/!2&'*,-!

;31'1/!+*1)!:'*:/.!:/&&-!1<'1!./=3+./!;'&/!<).;)*/!1)!B).?!4.)4/.&9$!!

A</! 4.):/--! )5! 4.)-1'1/! :'.:+*)2/*/-+-! 5.);! '! *).;'&! 2&'*,3&'.! /4+1</&+3;! 1)!

:'*:/.!+-!*)1!:&/'.&9!3*,/.-1)),$!>*/!)5!1</!4.)4)-/,!;/:<'*+-;-!/04&'+*+*2!1</!

/55/:1-! )5! +*5&';;'1+)*! )*! 4.)-1'1/! 1+--3/! -322/-1-! 1<'1! 4./-/*:/! )5! ./':1+(/!

)092/*!-4/:+/-@!*+1.+:!)0+,/!'*,!)1</.!./':1+(/!;)&/:3&/-!./&/'-/,!5.);!':1+('1/,!

;':.)4<'2/-! ./-3&1-! +*! ;'--+(/! 1+--3/! ,';'2/$! H*! 1</! '11/;41! 1)! ./2/*/.'1/!

&)-1[+*X3./,!1+--3/!/4+1</&+'&!:/&&-!4.)&+5/.'1/!'1!'!<+2</.!.'1/$!A<+-!2+(/-!.+-/!1)!'!

&/-+)*!:'&&/,!4.)&+5/.'1+(/!+*5&';;'1).9!'1.)4<9!EWHIF$#T@#U@#V!WHI!+-!:<'.':1/.+P/,!

69! +*:./'-/,! 4.)&+5/.'1+)*! +*! '*! '11/;41! 1)! ./2/*/.'1/! +*X3./,! 1+--3/! '*,!

+*5+&1.'1+)*! )5! +*5&';;'1).9! :/&&-$! D)./)(/.@! 1<+-! &/-+)*! ,/;)*-1.'1/-! ./,3:/,!

/04./--+)*!)5!4"T@!'!:9:&+*J,/4/*,/*1!?+*'-/!+*<+6+1).@!'*,!+*:./'-/,!/04./--+)*!

)5! Q:&J"@! '*! '*1+J'4)41)1+:! 4.)1/+*$! A</-/! 2/*/! /04./--+)*! 4'11/.*-! ./-/;6&/!

1<)-/!)6-/.(/,!+*!4.)-1'1+:!+*1.'/4+1</&+'&!*/)4&'-+'!EWHLF$"8!WHL!+-!:<'.':1/.+P/,!

69! +*:./'-/,! 4.)&+5/.'1+)*! )5! 1</! +*1.',3:1'&! '*,! +*1.'J':+*'&! /4+1</&+'&! :/&&-!

'--):+'1/,! B+1<! 4./-/*:/! )5! ;3&1+4&/! &'9/.-! )5! :/&&-! '*,! *3:&/'.! '194+'!

E<94/.:<.);'-+'@!('.+'6+&+19!+*!*3:&/'.!-<'4/!'*,!-+P/F"#$!c&'*,-!:)*1'+*+*2!WHL!

'./!-);/1+;/-!&'.2/.!1<'*!*).;'&!B+1<!,+-.341/,!&'9/.!)5!6'-'&!:/&&-@!1<'1!3-3'&&9!



! #8C!

,+55+:3&1!1)!)6-/.(/$!I&1<)32<!1</./!+-!*)!4.))5!1<'1!WHL!+-!'!:'*:/.!4./:3.-).@!+1!+-!

:&)-/&9!'--):+'1/,!B+1<!:'*:/.$!

>1</.!-1/4-!/--/*1+'&!5).!4.)2./--+)*!1)B'.,!4.)-1'1/!:'*:/.!+*:&3,/!,/(/&)4+*2!

+*,/4/*,/*:/! 5.);! 2.)B1<! 5':1).-! 1<'1! 4.)(+,/! -3.(+('&! -+2*'&-! +*<+6+1+*2!

'4)41)-+-@!2'+*+*2!&+;+1&/--!4.)&+5/.'1+(/!4)1/*1+'&!'*,!./-+-1'*:/!1)!'*1+J2.)B1<!

-+2*'&+*2$""! c'+*+*2! '6+&+19! 1)! +*,3:/! 5).;'1+)*! )5! */B! 6&)),! (/--/&-!

E'*2+)2/*/-+-F!+-!)*/!)5!1</!/--/*1+'&!-1/4-!+*!:'.:+*)2/*/-+-$!L/B!6&)),!(/--/&-!

4.)(+,/! 1</! 13;).!B+1<! ',/=3'1/! -344&9! )5! *31.+/*1-! '*,! ./;)(/!;/1'6)&+1/-@!

'*,!'&-)! 5':+&+1'1/! &):'&! 1+--3/! +*('-+)*!'*,! 5':+&+1'1/!,+-1'&!;/1'-1'-+-$!W.)-1'1/!

:'*:/.!;)-1!:);;)*&9!;/1'-1'-+P/-!1)!1</!6)*/-@!&9;4<*),/-@!'*,!;'9!+*(',/!

./:13;@! 6&',,/.! '*,! &)B/.! 3./1/.-! '51/.! &):'&! 4.)2./--+)*$! A</! .)31/! )5!

;/1'-1'-+-! 1)! 6)*/! +-! 1<)32<1! 1)! 6/! (/*)3-! '-! 1</! 4.)-1'1+:! (/*)3-! 4&/03-!

,.'+*+*2!1</!4.)-1'1/!:)**/:1-!B+1<!1</!(/.1/6.'&!(/+*-$"C!

c.)B1<! )5! *).;'&! 4.)-1'1/! /4+1</&+3;! +-! ,/4/*,/*1! )*! '*,! ./23&'1/,! 69!

'*,.)2/*-$!!

H*!).,/.!5).!1</!4.)-1'1/!13;).!1)!2'+*!+*,/4/*,/*:/!)5!1</!'*,.)2/*@!'*,.)2/*!

./:/41).!-+2*'&+*2!+-!-36X/:1!1)!('.+)3-!;31'1+)*-@!B<+:<!+*:./'-/!+1-!-/*-+1+(+19@!

'&&)B!5).!*)*J-4/:+5+:!&+2'*,!6+*,+*2@!).!';4&+59!1</!*3;6/.!)5!./:/41).-!+*!1</!

:/&&3&'.! ;/;6.'*/$! I*,.)2/*! +*,/4/*,/*:/! +-! ':<+/(/,! 1<.)32<! ':1+('1+)*! )5!

&+2'*,J!+*,/4/*,/*1!-+2*'&+*2!4'1<B'9-!+*!-);/!:'-/-$!

Z':<!)*/!)5!1</!-1'2/-!+*!4.)-1'1/!:'*:/.!,/(/&)4;/*1!,/-:.+6/,!'6)(/!194+:'&&9!

)::3.-!)(/.!9/'.-!'*,!1</!/*1+./!4.):/--!./=3+./-!,/:',/-$!!

!

#$C$"$! A</! R/(/&)4;/*1! )5! I*,.)2/*JH*,/4/*,/*1! W.)-1'1/! M'*:/.!

EIHWMF!

%

A</!*).;'&!4.)-1'1/! '*,! /'.&9J-1'2/!4.)-1'1/! :'*:/.!,/4/*,!)*! '*,.)2/*-! 5).!

2.)B1<! '*,! -3.(+('&! '*,! '*,.)2/*! '6&'1+)*! :'3-/-! ./2./--+)*! )5! '*,.)2/*J

,/4/*,/*1! 13;).-$! `)B/(/.@!;'*9!;/*! 5'+&! 1<+-! 1</.'49! '*,! ,+/! )5! ./:3../*1!

'*,.)2/*J+*,/4/*,/*1!4.)-1'1/!:'*:/.!EIHWMF$!IHWM!+-!'! &/1<'&! 5).;!)5!4.)-1'1/!

:'*:/.! 1<'1! 4.)2./--/-! '*,! ;/1'-1'-+P/-$! I1! 1</! 4./-/*1@! 1</./! +-! *)! /55/:1+(/!

1</.'49!5).!+1$!!A</./!'./!5+(/!4)1/*1+'&!;/:<'*+-;-!69!B<+:<!IHWM!:'*!,/(/&)4$!

]);/!)5!1</-/!'&-)!'44&9!1)!)1</.!5).;!)5!-1/.)+,J<).;)*/J+*,/4/*,/*1!:'*:/.@!



!#8G!

-3:<!'-!6./'-1!:'*:/.$K!

!

!

!"#$%E$!%+(/!4)--+6&/!4'1<B'9-!1)!IHWMK!
!

&$($'$&$%9B:2562*6"+";2%J/+4R/B!E/@!%+2$!_F!

!

A</!I\!./:/41).!+*:./'-/-!+1-!-/*-+1+(+19!1)!(/.9!&)B!&/(/&-!)5!'*,.)2/*-$!A</./!

'./!-/(/.'&!;/:<'*+-;-!1<'1!'./!./-4)*-+6&/!)5!1<+-!<94/.-/*-+6+&+19$!

D)./! I\! +-! 4.),3:/,j! '44.)0+;'1/&9! C8r! )5! 13;).-! 1<'1! 6/:);/! '*,.)2/*J

+*,/4/*,/*1!'51/.!1</!'6&'1+)*!<'(/!';4&+5+/,!1</!I\!2/*/$!I\J';4&+5+/,!13;).-!

;'+*1'+*!,/4/*,/*:9!)*!./-+,3'&!'*,.)2/*-!+*!-/.3;$!

]);/1+;/-! I\! <'-! /*<'*:/,! -/*-+6+&+19! 1)! :);4/*-'1/! 5).! &)B! &/(/&-! )5!

'*,.)2/*$! A<+-! 4'1<B'9! ./-3&1-! +*! <+2<J&/(/&! /04./--+)*! )5! 1</! I\@! +*:./'-/,!

-1'6+&+19@!'*,!/*<'*:/,!*3:&/'.!&):'&+P'1+)*!)5!I\!+*!./:3../*1!13;).!:/&&-$!

H*! ',,+1+)*! ;)./! 1/-1)-1/.)*/! +-! :)*(/.1/,! 1)! 1</! ;)./! 4)1/*1! R`A@! 69!

+*:./'-+*2!KfJ./,3:1'-/!':1+(+19$K!

!



! #8K!

&$($'$'$%J5,="638,86%J/+4R/B!E>@!%+2$!_F!

!

A</! -4/:+5+:+19!)5! 1</!I\! +-!6.)',/*/,! -)! 1<'1!)1</.!*)*J'*,.)2/*+:!;)&/:3&/-!

*).;'&&9!4./-/*1!+*!1</!:+.:3&'1+)*!:'*!':1+('1/!+1$!

A</! ;)-1! :);;)*! ;/:<'*+-;! )5! -4/:+5+:+19! &)-1@! +-! 1</! ':=3+-+1+)*! )5! 2/*/1+:!

:<'*2/-!1<'1!&/',!1)!'6/..'*1!':1+('1+)*!)5!I\$"G!

A</!5+.-1!I\!;31'1+)*!)5! 1<+-!194/!B'-!,+-:)(/./,!+*!dLM'W!:/&&-$"K!dLM'W!:/&&-!

/04./--! <+2<! &/(/&-! )5! I\@! '*,! '*,.)2/*-! -1+;3&'1/! 1</;! 1)! 2.)B! '*,! /04./--!

W.)-1'1/J]4/:+5+:!I*1+2/*! EW]IF@! '!B+,/&9!3-/,!'*,! :&+*+:'&&9! +;4).1'*1!;'.?/.!

5).!4.)-1'1/!:'*:/.!:/&&-$!`)B/(/.@!)B+*2!1)!'!;31'1+)*!+*!1</!I\@!)1</.!-1/.)+,!

<).;)*/-@! '-! B/&&! '-! 1</! '*,.)2/*! '*1'2)*+-1! 5&31';+,/@! ':1+('1/! 1</! I\! '*,!

-1+;3&'1/!4.)&+5/.'1+)*$!]/=3/*:+*2!)5! 1</!I\!2/*/! 5.);!dLM'W!:/&&-!./(/'&/,!'!

;+--/*-/! ;31'1+)*! +*! ';+*)! ':+,! UTT@! B<+:<! +-! &):'1/,! +*! 1</! &+2'*,J6+*,+*2!

,);'+*$! A<+-! ;31'1+)*! ./-3&1-! +*! 1</! -36-1+131+)*! )5! '&'*+*/! 5).! 1<./)*+*/! '1!

4)-+1+)*!UTT!EAUTTIF$K@"7!

`'.'!/1! '&$! 5)3*,!/0':1&9! 1B)!,+55/./*1!;31'1+)*-! +*! :),)*!TG#S!aTG#M@!B</./!

1.941)4<'*!+-!-36-1+131/,!69!'!:9-1/+*/!'*,!aTG#d!E&/3:+*/j!aTG#dF$!W.)6'6&9@!

1<+-!I\!;31'1+)*!+-!./-4)*-+6&/!5).!1</!-B+1:<!)5!6+:'&31';+,/!5.);!'*1'2)*+-1!1)!

'2)*+-1$"T!

!

&$($'$($%U8+7/R%J/+4R/B!E3@!%+2$!_F!

!

H*! 1</!)31&'B!4'1<B'9@!./:/41).! 19.)-+*/!?+*'-/-!E\Aq-F!'./!':1+('1/,@!'*,!1</!

I\! +-! 4<)-4<).9&'1/,! 69! /+1</.! 1</! IqA! E4.)1/+*! ?+*'-/! QF! ).! 1</! ;+1)2/*J

':1+('1/,!4.)1/+*!?+*'-/!EDIWqF!4'1<B'9@!4.),3:+*2!'!&+2'*,J+*,/4/*,/*1!I\$!

!

&$($'$<$%DB:/66%J/+4R/B!E.@!%+2$!_F!

!

H*! 1</! 694'--! 4'1<B'9@! 4'.'&&/&! -3.(+('&! 4'1<B'9-@! -3:<! '-! 1<'1! +*()&(+*2! 1</!

'*1+J'4)41)1+:!4.)1/+*!QMd"!EQJ:/&&!&9;4<);'!"F@!)6(+'1/!1</!*//,!5).!I\!).!+1-!

&+2'*,$!

!

!



!#87!

&$($'$?$%Z85I25%K277%J/+4R/B!E2@!%+2$!_F!

!

%+*'&&9@! +*! 1</! &3.?/.! :/&&! 4'1<B'9@! '*,.)2/*J+*,/4/*,/*1! :'*:/.! :/&&-! 1<'1! './!

4./-/*1!'&&!1</!1+;/!+*!1</!4.)-1'1/!w!4)--+6&9!/4+1</&+'&!-1/;!:/&&-!w!;+2<1!6/!

-/&/:1/,!5).!69!1</.'49$!

!

#$C$C$!A./'1;/*1!)5!4.)-1'1/!:'*:/.!

!

I\!<94/.-/*-+1+(+19@!'-!'!./-3&1!)5!I\!2/*/!;31'1+)*!'*,[).!';4&+5+:'1+)*@!)(/.J

/04./--+)*! )5! :)J':1+('1).-@! )51/*! )::3.-! '*,! 4&'9-! :.3:+'&! .)&/-! +*! 4.)-1'1/!

:'*:/.! ,/(/&)4;/*1@! 4.)2./--+)*@! '*,! '*,.)2/*J+*,/4/*,/*1! 2.)B1<$U@"U@"V!

A</./5)./@!+*!;)-1!:'-/-!',('*:/,!4.)-1'1/!:'*:/.@!+1!<'-!6//*!,+./:1&9!&+*?/,!1)!

1</! '*,.)2/*! ./:/41).! EI\F$!D)-1! 4.)-1'1+:! 13;).-! './! -1+;3&'1/,! 1)! 2.)B! 69!

'*,.)2/*-@!'*,!:)*-/=3/*1&9!'*,.)2/*!B+1<,.'B'&!+-!'!B/&&J/-1'6&+-</,!1</.'49!

5).!4.)-1'1/!:'*:/.!1./'1;/*1$!I*,.)2/*!,/4.+('1+)*!1</.'4+/-!:)*-+-1!)5!-3.2+:'&!

:'-1.'1+)*@! 1<.)32<! ).:<+/:1);9! ).! ;/,+:'&! :'-1.'1+)*! 69! ',;+*+-1.'1+)*! )5! '!

&31/+*+P+*2! <).;)*/J./&/'-+*2! <).;)*/! '*'&)23/! Ed`\`JIF@! -3:<! '-! 2)-/./&+*!

E%+2$!_HF$C8!

c)-/./&+*!':/1'1/!Et)&',/0@!I-1.'t/*/:'F!+-!'*!+*X/:1'6&/!c)*',)1.)4+*!./&/'-+*2!

<).;)*/! -34/.'2)*+-1! Ec*\`! '2)*+-1F@! '&-)! ?*)B*! '-! '! &31/+*+P+*2! <).;)*/!

./&/'-+*2! <).;)*/! Ed`\`F! '2)*+-1$! ]1.3:13.'&&9@! +1! +-! '! ,/:'4/41+,/$! c)-/./&+*!

-1+;3&'1/-! 1</! 4.),3:1+)*! )5! 1</! -/0! <).;)*/-! 1/-1)-1/.)*/! '*,! /-1.)2/*! +*! '!

*)*J4<9-+)&)2+:'&! ;'**/.$! A<+-! :'3-/-! 1</! ,+-.341+)*! )5! 1</! /*,)2/*)3-!

<).;)*'&! 5//,6':?! -9-1/;-@! ./-3&1+*2! +*! 1</! ,)B*J./23&'1+)*! )5! 1/-1)-1/.)*/!

'*,!/-1.)2/*!4.),3:1+)*$!

t)&',/0! '44.)(/,! 69! 1</! ^$]$! %)),! '*,! R.32! I,;+*+-1.'1+)*! +*! #VUV! 5).!

1./'1;/*1!)5!4.)-1'1/!:'*:/.$!

!



! #8T!

!

!"#$%EA$!c)-/./&+*!
!

`)B/(/.@! '&1<)32<! :'-1.'1+)*! ./;)(/-! '*,.)2/*! ./&/'-/! 5.);! 1</! 1/-1/-@!

'*,.)2/*!6+)-9*1</-+-!+*!1</!',./*'&-!EU!Ö!#8r!)5!1)1'&!:+.:3&'1+*2!'*,.)2/*-F!+-!

*)1! '55/:1/,$! H*! ',,+1+)*! ).:<+/:1);9! +-! 3*4)43&'.! B+1<! 1</! 4'1+/*1-! '*,! :'*!

./-3&1!+*!4-9:<)&)2+:'&!4.)6&/;-@!'*,!+1!/04)-/-!1</!/&,/.&9!4'1+/*1-!1)!1.'3;'!)5!

-3.2/.9$! Q/:'3-/! )5! 1<+-@! '! B+,/&9! 3-/,! ;'*'2/;/*1! -1.'1/29! 5).! ',('*:/,!

4.)-1'1/! :'*:/.! +-! '! :);6+*'1+)*! )5! -3.2+:'&! ).! :</;+:'&! :'-1.'1+)*! '*,!

',;+*+-1.'1+)*!)5!'*1+'*,.)2/*-$C#!!

%./=3/*1&9@!;'*9!4'1+/*1-!-1)4!./-4)*,+*2!1)!<).;)*'&!1</.'4+/-!'*,!;'*+5/-1!'!

`).;)*/J\/5.':1).9! ;/1'-1'1+:! W.)-1'1/! M'*:/.! E`\WMF$! ]'B9/.-! '*,! :)J

B).?/.-! ,/;)*-1.'1/,! 1<'1! `\WM! B'-! -1+&&! ,/4/*,/*1! )*! I\! &+2'*,! 6+*,+*2!

,);'+*! 5).! 2.)B1<$"U! A</.'4/31+:! )41+)*-! 5).! `WM\! 4'1+/*1-! './! &+;+1/,@! B+1<!

&':?!)5!/(+,/*:/!5).! &)*2J1/.;!-3.(+('&$! H*!1<+-!:'-/@!R):/1'0/&! +-!./:);;/*,/,!

'-! '! 4)--+6&/! 1./'1;/*1$! H1! +-! '*! '*1+J;+1)1+:! :</;)1</.'49!;/,+:'1+)*@! B<+:<!

+*1/.5/./-!B+1<!:/&&!,+(+-+)*!E%+2$!_HHF$C"!

!

!

!"#$%EAA$!R):/1'0/&!
!
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!#8U!

#$G$!I*1+'*,.)2/*-!

!

I*1+'*,.)2/*-!6+*,!1)!1</!I\!'*,!+*<+6+1!'&&!'*,.)2/*-!'1!1</!1'.2/1!:/&&!&/(/&$!H*!

4'.1+:3&'.@!'*1+'*,.)2/*-!:);4/1/!B+1<!/*,)2/*)3-!'*,.)2/*-!5).!6+*,+*2!-+1/-!

)5! 1</! '*,.)2/*! ./:/41).-! +*! 1</! 4.)-1'1/! :/&&! *3:&/3-@! 1</./69! 4.);)1+*2!

'4)41)-+-! '*,! +*<+6+1+*2! 4.)-1'1/! :'*:/.! 2.)B1<$! Q9! :)*1.'-1! B+1<! '*,.)2/*-@!

<)B/(/.@! 1</! ./:/41).J'*1+'*,.)2/*! :);4&/0! +-! 3*-1'6&/! -)! 1<'1! 2/*/!

1.'*-:.+41+)*!'*,!4.)1/+*!-9*1</-+-!'./!*)1!-1+;3&'1/,$CC!

H,/'&&9@! '*! '*1+'*,.)2/*! -<)3&,! 4)--/--! <+2<! -4/:+5+:+19! '*,! '55+*+19! 5).! 1</!

'*,.)2/*! ./:/41).@! 6/+*2! ,/()+,! )5! )1</.! <).;)*'&! ).! '*1+J<).;)*'&! ':1+(+19$!

I*1+'*,.)2/*-!':1!69!1B)!4.+;'.9!;/:<'*+-;-S!+*<+6+1+)*!)5!&+2'*,!E'*,.)2/*F!

6+*,+*2! 1)! 1</! I\@! '*,! +*<+6+1+)*! )5! '*,.)2/*J+*,/4/*,/*1! ':1+('1+)*! )5! 1</!

./:/41).$!H1!+-!;)./!'::3.'1/!1)!./5/.!1)!1</-/!:);4)3*,-!'-!'*,.)2/*J./:/41).!

'*1'2)*+-1-@!-+*:/!1</9!+*<+6+1!':1+('1+)*@!B</1</.!1<+-! +-!'*,.)2/*J;/,+'1/,!).!

*)1$! A</-/! '*,! )1</.! '2/*1-! <'(/! 6//*! 1</! -36X/:1! )5! /01/*-+(/! :&+*+:'&!

+*(/-1+2'1+)*-!5).!3-/!/+1</.!'&)*/!'-!-+*2&/J'2/*1!1</.'49!).!+*!:);6+*'1+)*!B+1<!

'!d`\`!'2)*+-1$!

A</./!'./!1B)!-1.3:13.'&&9!,+-1+*:1!194/-!)5!'*1+'*,.)2/*S!

• ]1/.)+,'&!!

• L)*-1/.)+,'&!!

A</!-1/.)+,'&!'*1+'*,.)2/*@!:94.)1/.)*/!':/1'1/!E%+2$!_HHHF@!+-!:3../*1&9!'('+&'6&/!

:);;/.:+'&&9$!H*!',,+1+)*@!+1!+-!'&-)!'!4)1/*1!4.)2/-1+*!'*,!+*<+6+1-!2)*',)1.)4+*!

-/:./1+)*$! H1! +-! /55/:1+(/! +*! 1</! 1./'1;/*1! )5! 4.)-1'1/! :'*:/.!631! ';)*2! +1-! -+,/!

/55/:1-!;'9!6/!&+-1/,!&)--!)5!&+6+,)@!29*/:);'-1+'@!5&3+,!./1/*1+)*@!1<.);6)-+-!'*,!

'*!'44'./*1!</4'1)1)0+:+19!'--):+'1/,!B+1<!&)*2J1/.;!3-/$!

!

!

!"#$%EAAA$!M94.)1/.)*/!':/1'1/!
!
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O



! #8V!

#$G$#$!L)*-1/.)+,'&!I*1+'*,.)2/*-!

!

L)*-1/.)+,'&! '*1+'*,.)2/*-@! -3:<! '-! 6+:'&31';+,/! EM'-),/0ADF@! 5&31';+,/!

EZ3&/0+*ADF! '*,! *+&31';+,/! EL+&'*,.)*ADF! -//;! 1)! 6/! 6/11/.! 1)&/.'1/,! 1<'*!

-1/.)+,'&! '*'&)23/-@! '*,! './! :3../*1&9! 1</! )*&9! /-1'6&+-</,! ;/'*-! 1)! '()+,!

:'-1.'1+)*! +*! 1</! 4.)-1'1/! :'*:/.! /*,):.+*/! 1./'1;/*1! E%+2$! HiF$! A</-/!

:);4)3*,-! './! )51/*! ./5/../,! 1)! '-! N43./! '*1+'*,.)2/*-O@! 6/:'3-/! 1</9! /0/.1!

1</+.!/55/:1-!1<.)32<!:);4/1+1+(/!+*<+6+1+)*!)5!1</!6+*,+*2!)5!1/-1)-1/.)*/@!'*,!+1-!

;/1'6)&+1/!KfJ,+<9,.)1/-1)-1/.)*/!EKfJR`AF@!1)!1</!*3:&/'.!'*,.)2/*!./:/41).$!

I-! 1/-1)-1/.)*/! &/(/&-! './! *)1! 6&):?/,! 69! *)*-1/.)+,'&! '*1+'*,.)2/*-@! 1</-/!

,.32-!)55/.!1</!4)--+6+&+19!)5!;'+*1'+*+*2!-/03'&!+*1/./-1!'*,!4)1/*:9$!a+1<+*!1</!

:&'--! )5! *)*-1/.)+,'&! '*1+'*,.)2/*-@! 1</./! +-! ('.+'1+)*! +*! 1</! ,/2.//! 1)! B<+:<!

&+2'*,J+*,/4/*,/*1!':1+('1+)*!+-!+*<+6+1/,$!!

%&31';+,/! +-! '! 43./! '*1+'*,.)2/*j! 1<'1! +-@! +1! ,)/-! *)1! /0<+6+1! )1</.! <).;)*'&!

':1+(+1+/-$! H1! +-! /55/:1+(/! +*! 1</! 1./'1;/*1! )5! 4.)-1'1/! :'*:/.! '*,! 1</!;'+*! -+,/!

/55/:1!./4).1/,!6/+*2!29*/:);'-1+'$!>*/!:)*-/=3/*:/!)5!+1-!43./!'*1+'*,.)2/*+:!

4.)5+&/! +-! 1<'1! +1! 4./(/*1-! '*,.)2/*-! 5.);! /0/.1+*2! 1</+.! */2'1+(/! 5//,6':?!

;/:<'*+-;! )*! 1</! <94)1<'&';3-@! B<+:<! ./-3&1-! +*! '*! +*:./'-/,! 4+13+1'.9!

-/:./1+)*! )5@! +*1/.'&+'@! &31/+*+P+*2! <).;)*/! Ed`F@! B<+:<! -1+;3&'1/-! '*,.)2/*!

4.),3:1+)*!69! 1</! 1/-1/-$!A</!'*1'2)*+-1@! 1</./5)./@! 6.+*2-! '6)31! 1</! +*:./'-/,!

4.),3:1+)*!)5!*'13.'&!'2)*+-1@!B<+:<! +-!/55/:1+(/&9!,+;+*+-</-! +1-!/55+:':9!'1! 1</!

1'.2/1!).2'*$CG!

L+&31';+,/! +-! '! ,/.+('1/! )5! 5&31';+,/@! B<+:<! B'-! '44.)(/,! +*! #VV7! +*!

:);6+*'1+)*!B+1<!).:<+/:1);9$V!

W./:&+*+:'&!,'1'!-322/-1! 1<'1!*)*J-1/.)+,'&!'*1+'*,.)2/*!6+:'&31';+,/!;'9!6/!'!

;)./!/55/:1+(/!,.32!+*!1</!1./'1;/*1!)5!4.)-1'1/!:'*:/.!B+1<!./-4/:1!1)!5&31';+,/!

'*,!*+&31';+,/$CG!H1!+-!6/-1J1)&/.'1/,@!-<)B-!'2)*+-1+:!4.)4/.1+/-!B</*!1</!I\!+-!

)(/.J/04./--/,@! -3:<!'-! +*!`\WM@!'*,!'!-34/.+).!4<'.;':)?+*/1+:!4.)5+&/!'&)*2!

;+*).! -+,/! /55/:1-$CK! H1! <'-! '! 1B)J1+;/! +*:./'-/,! '55+*+19! 5).! 1</! '*,.)2/*!

./:/41).!:);4'./,!B+1<! 5&31';+,/!'*,!*+&31';+,/@!'*,!'! &)*2/.!<'&5J&+5/!)5!)*/!

B//?$! Q+:'&31';+,/! B'-! ,/.+(/,! 5.);! 5&31';+,/! 69! ',,+1+)*! )5! 63&?9! GJ

5&3).)4</*9&-3&5)*9&!;)+/19$!!

!



!##8!

!

!"#$%Ab$!L)*-1/.)+,'&!'*1+'*,.)2/*-!

!

A</!/*,):.+*/!1</.'49!3-+*2!*)*-1/.)+,'&!'*1+'*,.)2/*-!'*,!d`\`!'*'&)23/-!+-!

+*+1+'&&9! (/.9!/55/:1+(/!631! +-! 1+;/J&+;+1/,$!L/'.&9!<'&5! )5! '&&!4'1+/*1-!B+1<! 1</-/!

13;).-! ,/(/&)4! ./-+-1'*:/! 1)! 1<+-! 1</.'49! '51/.! -/(/.'&! 9/'.-@! -322/-1+*2! 1</!

,/(/&)4;/*1! )5! '*,.)2/*J+*,/4/*,/*1! 4.)-1'1/! :'*:/.! :/&&-! ).! 1</! '6+&+19! )5!

',./*'&! '*,.)2/*-! 1)! -344).1! 13;).! 2.)B1<$! A<+-! &/',-! 1)! -/.+)3-! :&+*+:'&!

+*:)*(/*+/*:/-$!

]3.4.+-+*2&9@!:&+*+:'&!6/*/5+1!<'-!6//*!)6-/.(/,!5)&&)B+*2!1</!B+1<,.'B'&!)5!'*1+J

'*,.)2/*-!E@%&,5@%)'(9-%#N,&7)'.X./#C-14(%1-@!IIa\F!+*!'!-36-/1!)5!4.)-1'1/!

:'*:/.!4'1+/*1-!B+1<!1</.'49J./-+-1'*1!,+-/'-/$C7!H1!<'-!6//*!4.)4)-/,!1<'1!'*1+J

'*,.)2/*!B+1<,.'B'&! -9*,.);/! +-! &+?/&9!'--):+'1/,!B+1<!I\!;31'1+)*-!-3:<!'-!

A<.UTT!!!I&'@!A.4TG#!!! d/3!'*,!A.4TG#!!! M9-!B<+:<! :'3-/! 1</!'*1'2)*+-1-!

5&31';+,/!'*,!6+:'&31';+,/!1)!':1!'-!'2)*+-1-$"7!!

!
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! ###!

!

!"#$%b$!A.'*-':1+('1+)*!'--'9-$!A</!aTG#M!'*,!aGT#d!;31'*1!I\-!'./!':1+('1/,!69!6+:'&31';+,/$!
d3:+5/.'-/!':1+(+19!B'-!'--'9/,!"G<!'51/.!1./'1;/*1S!6+:'&31';+,/@!"@!<9,.)095&31';+,/@!☐@!R`A@!
Ü$!

!

A)! :&'.+59! 1</! .)&/! )5! 1</! I\! ;31'1+)*! +*! :),)*! TG#! )*! :)*(/.-+)*! )5!

6+:'&31';+,/!1)!'*!'2)*+-1@!`'.'!/1!'&$!'--/--/,!1</!1.'*-:.+41+)*'&!./-4)*-/-!1)!

6+:'&31';+,/!'*,!<9,.)095&31';+,/!E':1+(/!;/1'6)&+1/!)5!5&31';+,/F!)5!1</!B+&,J

194/j! 1</! -+*2&/! ;31'*1-! aTG#M@! aTG#d@! '*,! AUTTI! I\-! +*! 1.'*-':1+('1+)*!

'--'9-$! H*1/./-1+*2&9@! 1</! ;31'*1-! aTG#M! '*,! aTG#d! I\-! <',! '! -36-1'*1+'&!

1.'*-':1+('1+)*!./-4)*-/!1)!6+:'&31';+,/!E%+2$!iF$!A<+-!)6-/.('1+)*!+-!:)*-+-1/*1!

B+1<!1</!5+*,+*2-!1<'1!<9,.)09J!5&31';+,/!B).?/,!'-!'*!'2)*+-1!'*,!6+:'&31';+,/!

B).?/,!'-!'*!'*1'2)*+-1!5).!1</!AUTTI!;31'*1!I\!+*!1.'*-':1+('1+)*!'--'9-$!A</!

;31'*1! aTG#M! '*,! aTG#d! I\-! ./-4)*,/,! )*&9! -&+2<1&9! 1)! <9,.)095&31';+,/!

E%+2$!iF@!+*,//,!6+:'&31';+,/!-B+1:</-!1)!'*!'2)*+-1$"T!

!

!

!



!##"!

#$G$"$!D/:<'*+-;!)5!I\!I*1'2)*+-;!69!Q+:'&31';+,/!

!

A</! &+2'*,J6+*,+*2!,);'+*!EdQRF! +-! 1</!</'.1!)5! 1</!./:/41).!'*,!<'-!6//*!1</!

5):3-! )5!I\J6'-/,!,.32!,+-:)(/.9$! M.9-1'&! -1.3:13./-! )5! 1</!I\!dQR! :)*1'+*+*2!

*3;/.)3-! 6)3*,! &+2'*,-! '*,! :)':1+('1).! 4/41+,/-! <'(/! 6//*!

,/1/.;+*/,$CT@CU@CV@G8@G#! a</*! 1</! <).;)*/! 6+*,-! 1)! 1</! <).;)*/! 6+*,+*2! -+1/!

E`Q]F@! '*! 3*:<'.':1/.+P/,! ./).2'*+P'1+)*! )5! 1</! ./:/41).! )::3.-@! 4.+;'.+&9!

1<)32<1! 1)! 6/! 1</! ./2+-1.'1+)*! )5! </&+0! #"! E`#"F! 1)! 6+*,! 1</! :)':1+('1).$! A<+-!

./).2'*+P'1+)*! ./-3&1-! +*! 1</! 5).;'1+)*! )5! '*! /55/:1+(/! :)':1+('1).J6+*,+*2! -+1/!

EI%J"!-+1/F@!'!-3.5':/J/04)-/,!:&/51!+*()&(+*2!</&+:/-!`C@!`G@!'*,!`#"!E%+2$!iHF$G"!

!

!

!"#$%bA$!I\!dQR!B+1<!R`A!E).'*2/!-4':/J5+&&+*2!,+'2.';F!'*,!:)':1+('1).!4/41+,/!EB<+1/!-1+:?-F!
-<)B*$!Q+*,+*2!)5!R`A!'1!1</!`Q]!).2'*+P/-!`#"!1<'1@!'&)*2!B+1<!`C!'*,!`G@!5).;-!1</!I%J"!-+1/!

'&&)B+*2!:)':1+('1).!6+*,!EZ-1/6'*/PJW/.4+*'!/1!'&$!W.)1/+*!R'1'!Q'*?!/*1.9!HA7CF!

!

A</!4./:+-/!;/:<'*+-;!69!B<+:<!I\!'*1'2)*+-1-!6&):?!1</!1.'*-:.+41+)*!)5!1'.2/1!

2/*/-!./;'+*-!/&3-+(/$!A</!4./4)*,/.'*:/!)5!/(+,/*:/!5.);!iJ.'9!-1.3:13./-!)5!

-/(/.'&! *3:&/'.! ./:/41).! '*1'2)*+-1! :);4&/0/-! -322/-1-! 1<'1! 1</! 2/*/.'&!

;/:<'*+-;! +*()&(/-!4/.13.6+*2!</&+0!#"@!,+-4&':+*2! +1! 5.);! +1-!<).;)*/J6)3*,!

:)*5+23.'1+)*@! '*,! ,+-1).1+*2! 1</! I%J"! -+1/$! A<+-! +*! 13.*! +*1/.5/./-! B+1<!

:)':1+('1).!6+*,+*2@!'!./=3+-+1/!5).!1.'*-:.+41+)*$!G"!

a</*!6+:'&31';+,/! +-! :);4&/0/,!B+1<!B+&,J194/!I\@! '*1'2)*+-;!)::3.-!,3/! 1)!

-1/.+:!:&'-<!)5!63&?9!4</*9&!.+*2!B+1<!</&+0!#"@!4./(/*1+*2!+1-!./4)-+1+)*+*2!)(/.!

1</!&+2'*,!4):?/1!'*,!&/',+*2!1)!4'.1+'&!3*5)&,+*2!)5!1</!./:/41).!dQR$GC!!



! ##C!

\/:/*1&9@! 1</! -1.3:13./! )5! 6+:'&31';+,/!B+1<! 1</! 6+:'&31';+,/J./-+-1'*1!;31'*1!

I\!EaTG#dF!B'-!-)&(/,!+*!1</!./:/41).k-!'2)*+-1!:)*5).;'1+)*!E%+2$!iHHF$GG!

H*! 1</!6+:'&31';+,/[I\!EaTG#dF@! 1</!QJ.+*2!)::34+/-! 1</!:'(+19!:./'1/,!69! 1</!

'6-/*:/!)5!1</!A.4!+*,)&/!+*!1</!;31'1/,!:);4&/0@!B<+&/!1</!IJ.+*2!+-!(+.13'&&9!+*!

1</!-';/!/*(+.)*;/*1!'-!1</!IJ.+*2!)5!R`A$!])@!1</!GJ5&3).)4</*9&!-3&5)*/!2.)34!

+-!-+13'1/,!6/1B//*!./-+,3/-!)5!`#"!'*,!1</!-+,/!:<'+*!)5!d/3TG#@!-322/-1+*2!1<'1!

+*!B+&,J194/!./:/41).!1</!&'.2/.!A.4TG#!-+,/!:<'+*!B)3&,!./=3+./!6+:'&31';+,/!1)!

43-<!'2'+*-1!`#"$GC!

!

!

!"#$% bAA$! ]1.3:13./! '*,! 6+*,+*2! :)*5).;'1+)*! )5! \J6+:'&31';+,/$! E'F! aTG#d! I\! dQRp\J
6+:'&31';+,/!:);4&/0$!E6F!]1.3:13./!'*,!*3;6/.+*2!-:</;/!)5!\J6+:'&31';+,/!E:F!\J6+:'&31';+,/!

B+1<+*! 1</! %)J%:! -+;3&'1/,! '**/'&+*2! );+1! ;'4! B+1<! \J6+:'&31';+,/! );+11/,$! H*1.';)&/:3&'.!

<9,.)2/*!6)*,-!'./!,/*)1/,!69!,+-1'*:/-!+*!u$!L+1.)2/*@!6&3/j!)092/*@!./,j!:'.6)*@!6&':?j!-3&53.@!

9/&&)Bj!l3).+*/@!B<+1/GG!

!

#$G$C$!I!L/B!c/*/.'1+)*!)5!I*1+'*,.)2/*-S!R+'.9&1<+)<9,'*1)+*-!

!

]'B9/.!'*!:)JB).?/.-!-<)B/,!1<'1!'!CJ!1)!KJ5)&,!34J./23&'1+)*!)5!1</!I\!B'-!1</!

&+?/&9! :'3-/! )5! 1</! ./-+-1'*:/! 1)! '*1+$'*,.)2/*-$"U! A</9! 53.1</.! ,/;)*-1.'1/,!

1<'1! :'-1.'1+)*! ./-+-1'*1! 4.)-1'1/! :'*:/.! B'-! -1+&&! ,/4/*,/*1! )*! 1</! &+2'*,J

6+*,+*2! ,);'+*! )5! I\! 5).! 2.)B1<$! A</9! -4/:+5+:'&&9! /*2+*//./,! '! :&'--! )5!

,+'.9&1<+)<9,'*1)+*-@! 1)! -/'.:<! 5).! )(/.:);+*2! ,/5+:+/*:+/-! )5! '('+&'6&/!

'*,.)2/*! ./:/41).! '*1'2)*+-1-@! +*:&3,+*2! &)B! 6+*,+*2! '55+*+19! '*,! 4'.1+'&!



!##G!

'2)*+-;@! B<+:<! 4'.1&9! /04&'+*! 1</! :&+*+:'&! ./-4)*-/-! 1<'1! './! ,/1/:1/,! )*!

,+-:)*1+*3'1+)*!)5!1</-/!'2/*1-!E%+2$!iHHHF$GK!

!

!

!"#$%bAAA$!R+'.9&1<+)<9,'*1)+*-!
!

\^KV87C! <'-! 6//*! :<)-/*! '-! '! -1'.1+*2! :</;+:'&! -:'55)&,! )*! 1</! 6'-+-! )5! +1-!

./&'1+(/&9!<+2<!'55+*+19!5).!I\!'*,!-/&/:1+(+19!5).!I\!)(/.!)1</.!*3:&/'.!<).;)*/!

./:/41).-$!A</!\^KV87C!-1.3:13./!<'-!6//*!('.+/,!-9-1/;'1+:'&&9!+*!/':<!)5!1</!

53*:1+)*'&!2.)34-!'*,! 1</!6+*,+*2!'55+*+19!<'-!6//*!;/'-3./,$G7!A</!-1.3:13./J

':1+(+19! ./&'1+)*-<+4! E]I\F! -13,9! &/,! 1)! :<)+:/! )5!\R#7"! '*,!DR_C#88@! '-! 1</!

&/',!:);4)3*,-!5).!53.1</.!6+)&)2+:'&!-13,+/-!E%+2$!iHHHF$GK!!

DR_C#88! +-! '! *)(/&! -;'&&! ;)&/:3&/! I\! 43./! '*1'2)*+-1! 1<'1! 6&):?-! *3:&/'.!

1.'*-&):'1+)*! )5! I\@! RLI! 6+*,+*2@! :)':1+('1).! ./:.3+1;/*1! '*,! <'-! *)! '2)*+-1!

':1+(+19!B</*! I\! +-! )(/./04./--/,$! H1! <'-! <+2</.! '55+*+19! 5).! 1</! ./:/41).! 1<'*!

,)/-! 6+:'&31';+,/$V! DR_C#88! ;+2<1! 6/! '! 1.3/! '*,.)2/*J./:/41).! '*1'2)*+-1@!

B+1<)31!4'.1+'&!'2)*+-1!4.)4/.1+/-$!

H*! '! :);4/1+1+)*! '--'9! B+1<! #7gJá#U%à! 5&3).)JKfJR`A! E#UJ%R`AF! 1)! ;/'-3./!

./&'1+(/!I\!6+*,+*2!'55+*+19@!6)1<!\R#7"!'*,!DR_C#88!6)3*,!I\!+*!:'-1.'1+)*J!

./-+-1'*1!dLM'W[I\!<3;'*!4.)-1'1/!:'*:/.!:/&&-!B+1<!5+(/J!1)!/+2<1J5)&,!2./'1/.!

'55+*+19!1<'*!6+:'&31';+,/!'*,!)*&9!1B)J!1)!1<.//J5)&,!./,3:/,!'55+*+19!./&'1+(/!1)!

1</!,/.+('1+(/!)5!1</!*'1+(/!&+2'*,!%R`A!E%+2$!iH_!IF$!

Z04./--+)*! )5! 1</! I\! 1'.2/1! 2/*/-! W]I! '*,! 1.'*-;/;6.'*/! -/.+*/! 4.)1/'-/! "!

EADW\]]"F!B'-! +*,3:/,! 69! 6+:'&31';+,/! 631! *)1! 69!\R#7"! ).!DR_C#88! E%+2$!

iH_! QF@! +*,+:'1+*2! 1<'1! \R#7"! '*,!DR_C#88! ,)! *)1! <'(/! '2)*+-1! ':1+(+19! +*! '!

:'-1.'1+)*J./-+-1'*1!-/11+*2$!Q)1<!\R#7"!'*,!DR_C#88!'*1'2)*+P/,!+*,3:1+)*!)5!

W]I!'*,!ADW\]]"!69!1</!-9*1</1+:!'*,.)2/*!\#UU#!+*!4'./*1'&!dLM'W!:/&&-$!

N N

S

O

CF3
NC

O

H
N

F

N N

S

O

CF3
NC

OH

O

H
N

F

N N

S

O

CF3
NC

RU59063 RD162 MDV3100



! ##K!

!

!"#$%bAE$!Z55/:1!)5!\R#7"!'*,!DR_C#88!+*!<3;'*!4.)-1'1/!:'*:/.!:/&&-!+*!(+1.)GK!
!

H*! 1</! <3;'*! 4.)-1'1/! :'*:/.! :/&&! &+*/! _M'W@! B<+:<! <'-! /*,)2/*)3-! I\! 2/*/!

';4&+5+:'1+)*@!\R#7"!'*,!DR_C#88!-344./--/,!2.)B1<!'*,! +*,3:/,!'4)41)-+-@!

B</./'-!6+:'&31';+,/!,+,!*)1!E%+2$!iH_@!M!'*,!RF$!A<+-!2.)B1<!-344./--+)*!B'-!

./(/.-/,!69!:)1./'1;/*1!B+1<!1</!-9*1</1+:!'*,.)2/*!\#UU#@!B<+:<!:);4/1/-!5).!

I\! 6+*,+*2! '*,!B'-! *)1! )6-/.(/,! +*! 1</! I\J! */2'1+(/! R^#GK! <3;'*! 4.)-1'1/!

:'*:/.! :/&&-$! H*! ',,+1+)*@! \R#7"! '*,! DR_C#88! +*<+6+1/,! 1</! 1.'*-:.+41+)*'&!

':1+(+19!)5!'!;31'*1!I\!4.)1/+*! EaTG#MF! +-)&'1/,! 5.);!'!4'1+/*1!B+1<!':=3+./,!

./-+-1'*:/!1)!6+:'&31';+,/$!

>*! 1</! 6'-+-! )5! 1</-/! 4.);+-+*2! 4./:&+*+:'&! ./-3&1-@!DR_C#88!B'-! -/&/:1/,! 5).!

:&+*+:'&!,/(/&)4;/*1!+*!1</!W.)-1'1/!M'*:/.!M&+*+:'&!A.+'&-!M)*-).1+3;$!I:13'&&9@!

+1! <'-! :);4&/1/,! 4<'-/! #J"! :&+*+:'&! 1.+'&-! '*,! <'-! *)B! /*1/./,! '! 4<'-/! C!

.'*,);+P/,!1.+'&-!5).!,.32!./2+-1.'1+)*$GK@GT!

!



!##7!

#$K$!]I\D-S!]/&/:1+(/!I*,.)2/*!\/:/41).!D),3&'1).-!

!

H*1/./-1! +*! 1</! ,/(/&)4;/*1! '*,! 1</.'4/31+:! 4)1/*1+'&! )5! *)*-1/.)+,'&! 1+--3/J

-/&/:1+(/! '*,.)2/*! ./:/41).! ;),3&'1).-! E]I\D-F# <'-! +*:./'-/,! ,.';'1+:'&&9!

B+1<+*! 1</! 4'-1! ,/:',/$! A</9! './! '! *)(/&! :&'--! )5! '*,.)2/*! ./:/41).! &+2'*,@!

+*1/*,/,! 1)! <'(/! 1</! -';/! ?+*,! )5! /55/:1-! '-! '*,.)2/*+:! ,.32-! &+?/! '*'6)&+:!

-1/.)+,-!631!6/!;3:<!;)./!-/&/:1+(/!+*!1</+.!':1+)*$GU!

I*,.)2/*-! './! +;4).1'*1! +*!;'&/! 4<9-+)&)29! 6/:'3-/! )5! 1</+.! /--/*1+'&! .)&/! +*!

;'&/! -/03'&! ,+55/./*1+'1+)*@!;'&/! 436/.19! :<'*2/-@! '*,!;'+*1/*'*:/! )5!;3-:&/!

'*,! 6)*/!;'--@! 4.)-1'1/! 2.)B1<! '*,! -4/.;'1)2/*/-+-! +*! ',3&1-$CK! ]9*1</-+P/,!

-1/.)+,'&!'*,.)2/*-@!,3/!1)!1</+.!'6+&+19!1)!;+;+:!1</!':1+)*-!)5!1</+.!/*,)2/*)3-!

:)3*1/.4'.1-@!<'(/!6//*!3-/,!:&+*+:'&&9!'-!('&3'6&/!1</.'4/31+:!'2/*1-!1)!1'.2/1!'!

('.+/19! )5! ;'&/! '*,! 5/;'&/! ,+-).,/.-! ./-3&1+*2! 5.);! '*,.)2/*! ,/5+:+/*:9$! A</!

4.+*:+4&/! :&+*+:'&! +*,+:'1+)*! 5).! '*,.)2/*-! +-! <94)2)*',+-;! +*! ;/*$! >1</.!

,):3;/*1/,!:&+*+:'&!3-/-!)5!'*,.)2/*-!+*:&3,/!<).;)*/J./4&':/;/*1!1</.'49!+*!

4)-1;/*)4'3-'&! B);/*@! ,/&'9/,! 436/.19! +*! 6)9-@! '*/;+'-@! 4.+;'.9!

)-1/)4).)-+-@! </./,+1'.9! '*2+)*/3.)1+:! /,/;'@! /*,);/1.+)-+-@! /-1.)2/*!

./:/41).J4)-+1+(/! 6./'-1! :'*:/.@! '*,! ;3-:&/! B'-1+*2! '*,! ,+-/'-/-@! ;'&/!

:)*1.':/41+)*@! 6/*+2*! 4.)-1'1+:! <94/.4&'-+'! EQW`F! '*,! 4.)-1'1/! :'*:/.$! I&-)@!

'*,.)2/*-! <'(/! 6//*! +*(/-1+2'1/,! '-! <).;)*/! ./4&':/;/*1! 1</.'49! 5).! '2+*2!

;/*!'*,!5).!./23&'1+)*!)5!;'&/!5/.1+&+19$#8!

M3../*1&9!3-/,!'*,.)2/*-!1)!1./'1!6)1<!4.+;'.9!E1/-1+:3&'.F!'*,!-/:)*,'.9!E&':?!

)5! 2)*',)1.)4+*-F! <94)2)*',+-;! './! 194+:'&&9! +*X/:1'6&/! ).! -?+*! ,/&+(/.9!

5).;3&'1+)*-!)5!1/-1)-1/.)*/!).!1/-1)-1/.)*/!/-1/.-!E/$2$!;/1<9&1/-1)-1/.)*/!'*,!

5&3)09;/-1/.)*/F$! I&1<)32<! 1./'1;/*1! B+1<! 1/-1)-1/.)*/! +-! /55/:1+(/! 2/*/.'&&9@!

1</! /55+:':9! )5! 1./'1;/*1! '*,! +1-! -/.3;! &/(/&-! *//,! 1)! 6/! ;)*+1)./,! :'./53&&9!

6/:'3-/!)5!1</!+*:)*-+-1/*1!4<'.;':)?+*/1+:!4.)5+&/!)5!;)-1!4./4'.'1+)*-$!>.'&&9!

'('+&'6&/! -9*1</1+:! -1/.)+,'&! '*,.)2/*-! E/$2$! *'*,.)&)*/! '*,! )0'*,.)&)*/F! './!

'&-)!3-/,@!631!1</9!)51/*!:'3-/!3*'::/41'6&/!</4'1)1)0+:+19!'*,!<'(/!4)).!1+--3/!

-/&/:1+(+19! </*:/@! 1</9! './! *)1! ./:);;/*,/,! 5).! &)*2J1/.;! '*,.)2/*! 1</.'49$!

I*)1</.! :);;)*! :)*:/.*! '6)31! -1/.)+,'&! '*,.)2/*-! +-! 1</! 3*,/-+.'6&/! /55/:1-!

./-3&1+*2!5.);!1</!:.)--J./':1+(+19!)5!1</!'*,.)2/*-!).!1</+.!+*!(+()!;/1'6)&+1/-!

B+1<!-1/.)+,!./:/41).-!)1</.!1<'*!1</!'*,.)2/*!./:/41).!EI\F$CK!



! ##T!

I*!+,/'&!]I\D!-<)3&,!<'(/S!

#$ `+2<!-4/:+5+:+19!5).!1</!I\j!

"$ H;4.)(/,!).'&!6+)'('+&'6+&+19j!

C$ A+--3/J-/&/:1+(/!4<'.;':)&)2+:'&!':1+(+1+/-$!

L)*J-1/.)+,'&!I\!'2)*+-1-!'./!-1+&&!+*!1</!/'.&9!-1'2/-!)5!,.32!,+-:)(/.9@!>-1'.+*/!

EDqJ"U77@!%+2$!i_F! +-!'*! +*(/-1+2'1+)*'&!-/&/:1+(/!'*,.)2/*!./:/41).!;),3&'1).!

E]I\DF! 5.);! cA0@! H*:@! 5).! 1./'1;/*1! )5! :'*:/.! :':</0+'@! ;3-:&/! B'-1+*2@!

)-1/)4).)-+-@! :)&)./:1'&! :'*:/.@! *)*J`),2?+*! &9;4<);'@! :<.)*+:! &9;4<):91+:!

&/3?/;+'!'*,!6./'-1!:'*:/.$!A</!;)-1!:);;)*!-+,/!/55/:1-!./4).1/,!';)*2!'&&!

-36X/:1-!+*!1</!1.+'&!B/./!5'1+23/@!'*/;+'@!*'3-/'!'*,!,+'..</'$CK!

\/:/*1&9@! D+&&/.! /1! '&$! <'(/! ,+-:)(/./,! \IR#G8! E%+2$! i_F@! B<+:<! <'-! '&&! 1</!

<'&&;'.?-! )5! '! ]I\D$! H1! +-! 4)1/*:9! -/&/:1+(/@! -+*:/! +1! -1+;3&'1/-!;3-:&/!B/+2<1!

+*:./'-/-! '1! '! &)B/.! ,)-/! 1<'*! 1<'1! ./=3+./,! -1+;3&'1+*2! 4.)-1'1/! B/+2<1!

+*:./'-/-$!D)./)(/.@! +1! +-! '&-)! /55+:':9! -/&/:1+(/@! 6/:'3-/! +1! +-! 53&&9! '*'6)&+:! )*!

;3-:&/!631!,/;)*-1.'1/-!&/--!1<'*!:);4&/1/!/55+:':9!)*!1</!4.)-1'1/!'*,!-/;+*'&!

(/-+:&/-! '*,@! +*! 5':1@! :'*! 4'.1+'&&9! '*1'2)*+P/! 1</! -1+;3&'1+)*! )5! 1</! -/;+*'&!

(/-+:&/-!+*,3:/,!69!1/-1)-1/.)*/$!\IR#G8!<'-!/0:/&&/*1!4<'.;':)?+*/1+:-!'*,!+-!

'!4)1/*1!'*'6)&+:!+*!*)*<3;'*!4.+;'1/-!'-!B/&&$!A<+-!:);4)3*,!<'-!:);4&/1/,!

4./:&+*+:'&! 1)0+:)&)29! +*! 6)1<! .'1-! '*,! ;)*?/9-! '*,! +1! <'-! 6//*! :3../*1&9!

4./4'./,!5).!4<'-/!H!:&+*+:'&!-13,+/-!+*!4'1+/*1-!-355/.+*2!5.);!-/(/./!B/+2<1!&)--!

,3/!1)!:'*:/.!:':</0+'$GV!!

A</! 1+--3/! -/&/:1+(+19! )5! 1</-/! '2/*1-! )55/.-! '*! /0:+1+*2! )44).13*+19! 1)!

,+55/./*1+'&&9! ./23&'1/! 1</! '*,.)2/*! /55/:1-! +*! ('.+)3-! 1'.2/1! 1+--3/-@! 1<3-!

;+*+;+P+*2! 1</! +*1/.5/./*:/! 1)! *).;'&! 4<9-+)&)2+:'&! 4.):/--/-!B<+&/! 1'.2/1+*2!

,/-+.'6&/! 1</.'4/31+:! 2)'&-$! %).! /0';4&/@! ]I\D-!B+1<! 4)1/*1! '*'6)&+:! ':1+(+19!

631!;+*+;'&!'*,.)2/*+:!':1+(+19!B)3&,!6/!+,/'&!5).!1</!1./'1;/*1!)5!4'1+/*1-!B<)!

6/'.!;3-:3&'.!,+-/'-/-!E-3:<!'-!-'.:)4/*+'!).!1.'3;'J!+*,3:/,!;3-:&/!B'-1+*2F!

631!'./!:)*1.'+*,+:'1/,! 5).!'*,.)2/*+:!-1+;3&+! E-3:<!'-! 5).!'2+*2!4)43&'1+)*!).!

4.)-1'1/!:'*:/.!4'1+/*1-F$!



!##U!

!

!"#$%bE$!]I\D-!
!

H*!4/.-4/:1+(/@!*)1!)*&9!:)3&,!]I\D-!6/!3-/,!'-!-34/.+).!'&1/.*'1+(/-!1)!:3../*1!

-1/.)+,'&! '*,.)2/*-! +*! 1</.'49! )5! ;'&/! <94)2)*',+-;! 631! '&-)! 1</9! :)3&,!

/04'*,! 1</! -:)4/! )5! '*,.)2/*! 1</.'49! 1)! +*:&3,/! B'-1+*2! -9*,.);/-@! '2+*2J

./&'1/,!,+-).,/.-!,3/!1)!,/:&+*/,!'*,.)2/*!&/(/&-@!;'&/!5/.1+&+19!./23&'1+)*@!'*,!

)1</.!'*,.)2/*!,/5+:+/*:9J./&'1/,!,+-/'-/-$!

!

!

!

!

!

!

!

!

!

!
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O
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NC
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! ##V!

?"#@,2#(3#&7-#A7-1,1#
!

!

!

!

!

M);;/.:+'&&9!'('+&'6&/!'*1+'*,.)2/*-!-<)B!'!:);;)*!-:'55)&,S!1B)!'.);'1+:!

.+*2-!&+*?/,!69!'!&+*/'.!).!:9:&+:!-4':/.!E%+2$!i_HF$!

!

!

!"#$%bEA$!M);;/.:+'&&9!'('+&'6&/!'*1+'*,.)2/*-!!
!

Q'-/,!)*!&+1/.'13./@!B/!<'(/!+*1.),3:/,@!'-!&+*?/.!6/1B//*!1B)!'.);'1+:!.+*2-@!'!

1.+'P)&/!;)+/19! EA'6$! HF$!I-! /(+,/*:/,@! #@"@CJ1.+'P)&/!4<'.;':)4<)./-!,+-4&'9! '!

6.)',! -4/:1.3;!)5! 6+)&)2+:'&! ':1+(+1+/-! '--):+'1/,!B+1<! '*1+6':1/.+'&@! '*1+53*2'&!

'*,! </.6+:+,'&@! '*1+'&&/.2+:@! '*,! '*1+J`H_$! A<+-! 5+(/J;/;6/./,! .+*2! +-! 5)3*,! +*!

4)1/*1!'2)*+-1!).!'*1'2)*+-1!./:/41).! &+2'*,-$!%3.1</.;)./@!1.+'P)&/!,/.+('1+(/-!

<'(/!6//*!3-/,!'-!;+;+:-!)5!1</!';+,/!6)*,@!B+1<!1</!'+;!)5!+*:./'-+*2!;)&/:3&/!

6+)'('+&'6+&+19!'*,!)5!5'()3.+*2!<9,.)2/*!6)*,+*2!'*,!,+4)&'.!+*1/.':1+)*-$!

H
N

ONC

S

F
O

O
F3C

OH

HN

O

N

O

NO2

CF3

CF3
NO2

N
H

O

Bicalutamide Flutamide Nilutamide

O

H
N

F

N N

S

O

CF3
NC

MDV3100

NC

F3C N N
OH

O

O

RU-58841

linker

NC

F3C
R



!#"8!

%3.1</.;)./@! 1</! /*:)3.'2+*2! ',('*:/-! +*! 1</! :&+:?! :</;+-1.9! 5+/&,@! 4'.1+:3&'.!

./5/./*:/!1)!1</!:)44/.!EHFJ:'1'&9P/,!#@CJ,+4)&'.!:9:&)',,+1+)*!)5!).2'*+:!'P+,/-!

B+1<! '&?9*/-@! B<+:<! '&&)B-! /55+:+/*1! :)*-1.3:1+)*! )5! 1</! 1.+'P)&/! 5.';/B).?!

3*,/.!;+&,! :)*,+1+)*-! E%+2$! i_HHF@! 4.);41/,! 3-! 1)! :<))-/! 1.+'P)&/-! '-! -3+1'6&/!

&+*?/.-$!

!

!

!"#$%bEAA$!M&+:?!:</;+-1.9!
!

K,=:,8*.% H+583+852% K,=:,8*.% H+583+852%

&%

%

C%

%

'%

%

F%

%

(%

%

G%

%

<%

%

L%

%

?%

%

&S%
%

M/>$%A$!]3;;'.9!)5!1</!-9*1</-+P/,!:);4)3*,-!!

NC

N N
NF3C

F

F

NC

N N
NF3C

S

F

O O

NC

N N
NF3C

F

CF3

NC

N N
NF3C

F

Cl

NC

N N
NF3C

S

F

NC

N N
NF3C

O

CN

OH

NC

N N
NF3C

O

CN

O N N
N

O

CN

O

NC

N N
N

O

F

F3C NC

N
H

O
N

NN

O CN
F3C

! !

!

!



! #"#!

K,=:,8*.% H+583+852% K,=:,8*.% H+583+852%

&&%
%

&L%

%

&'%
%

'S%

%

&(%
%

'&%

%

&<%

%

''%

%

&?%

%

'(%

%

&C%

%

'<%

%

&F%

%

'?%

%

&G%

%

'C%

%
M/>$%A$!]3;;'.9!)5!1</!-9*1</-+P/,!:);4)3*,-!
!

!
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O
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N N
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H
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H
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!#""!

B"#C-1*/&1#=,1+*11,(%#.%)#>(%+/*1,(%#
!

!

!

!

!

H*!1<+-!-/:1+)*@!'('+&'6&/!6+)&)2+:'&!,'1'!'./!-<)B*!'*,!,+-:3--/,$!

!

C$#$! e3'*1+1'1+(/! \/'&J1+;/! \/(/.-/! A.'*-:.+41+)*J

W)&9;/.'-/!M<'+*!\/':1+)*!

!

A</!+*<+6+1).9!':1+(+19!)5!1</!*/B&9!-9*1</-+P/,!:);4)3*,-!B'-!-13,+/,!+*!'!W]I!

/04./--+)*! /04/.+;/*1@! 3-+*2! e3'*1+1'1+(/! \/'&J1+;/! \/(/.-/! A.'*-:.+41+)*J

W)&9;/.'-/!M<'+*!\/':1+)*$!

W.)-1'1/J-4/:+5+:! '*1+2/*! +-! '! 2&9:)4.)1/+*! 1<'1! +-! -/:./1/,!69! /4+1</&+'&! :/&&-! )5!

1</! 4.)-1'1/! 2&'*,$! W]I! &/(/&-! 6/1B//*! G! '*,! #8! *2[;d! E*'*)2.';-! 4/.!

;+&&+&+1/.F!'./!:)*-+,/./,!1)!6/!-3-4+:+)3-!5).!4.)-1'1/!:'*:/.$!

dLM'W! :/&&-@! '*! /4+1</&+'&! :/&&! &+*/! ,/.+(/,! 5.);! '! <3;'*! 4.)-1'1/! :'.:+*);'@!

B/./! +*:36'1/,!B+1<! )3.! :);4)3*,-! 5).! "8! <! '1! CTsM$! \LI!B'-! 1<'*! +-)&'1/,!

5.);!:/&&-!3-+*2!1</!\L/'-9!;+*+!?+1!Ee+'2/*F$!:RLI!B'-!2/*/.'1/,!3-+*2!/=3'&!

:)*:/*1.'1+)*-!)5!\LI!'*,!1</!A'=;'*!`+2<!M'4':+19!\/(/.-/!A.'*-:.+41+)*!?+1!

+*!1</!c/*/I;4!WM\!]9-1/;!VT88!;':<+*/!EI44&+/,!Q+)-9-1/;-F$!R+&31/,!:RLI!

B'-!:);6+*/,!B+1<!1</!5).B'.,!4.+;/.@!./(/.-/!4.+;/.@!]vQ\!2.//*!'*,!\LI-/J

5.//! B'1/.! +*! V7JB/&&! 4&'1/! '*,! '*'&9-+-! )5! ;\LI! /04./--+)*! B'-! :'..+/,! )31!

3-+*2! 1</!IQH!TK88!\/'&!A+;/!WM\!;':<+*/! EI44&+/,!Q+)-9-1/;-F$!I&&! -';4&/-!

B/./!*).;'&+P/,!1)!1</!&/(/&!)5!#U]!.+6)-);'&!\LI!E.\LIF$!A</!*3;6/.!)5!WM\!

:9:&/-! 1)! ./':<! 1</! 5&3)./-:/*:/! 1<./-<)&,! ('&3/! +-! 1</! :9:&/! 1<./-<)&,! EM1F$! M1!

('&3/-! 5).! /':<! 1.'*-:.+41! B/./! ,/1/.;+*/,@! '*,! ./&'1+(/! \LI! &/(/&-! B/./!

:'&:3&'1/,!69!1</!:);4'.'1+(/!M1!;/1<),!'-!,/-:.+6/,!69!1</!;'*35':13./.$!

A</!4.+;/.!-/=3/*:/-!5).!./'&J1+;/!WM\!B/./!'-!5)&&)B-S!

!



! #"C!

W]I!

5).B'.,!KkcMIcMIAAcIIMMIcIccIcAAJCk!!

./(/.-/!Kk!MIMcAMIAAccIIIAIIMIAccIJCk!

!

#U]!.\LI!

5).B'.,!KbJIcAMMMAcMMMAAAcAIMIMIJCb!!

./(/.-/!KbJMcIAMMcIcccMMAMIMAIJCb!

!

[$% H+583+852% [$% H+583+852% [$% H+583+852%
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'%
%
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%
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%
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M/>$%AA$!]3;;'.9!)5!1</!-9*1</-+P/,!:);4)3*,-!
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!#"G!

!

!"#$%bEAAA$!e3'*1+1'1+(/!\/'&J1+;/!\/(/.-/!A.'*-:.+41+)*JW)&9;/.'-/!M<'+*!\/':1+)*!

!

A</!W]I!/04./--+)*!)5!1</!*/B!;)&/:3&/-!4.)(/,!1)!6/!2/*/.'&&9!,/:./'-/,!E%+2$!

i_HHHF$! H*!,/1'+&@!8C@!8G!'*,!#K!-<)B/,!1</!6/-1! +*<+6+1).9!':1+(+19!)5!1</!-/.+/-@!

./,3:+*2!1</!4.)1/+*!/04./--+)*!1)!6/&)B!"Kr$!A</!8"@!8K@!8U@!#8@!#G@!#T!'*,!#V!

:);4)3*,-!'&-)!./,3:/,!W]I!&/(/&-$!>*&9!8#!'*,!#U!:);4)3*,-!-//;/,!1)!;'?/!

*)!'44./:+'6&/!:<'*2/-!+*!4.)1/+*!/04./--+)*@!B<+&/!:);4)3*,!8T!/*<'*:/,!W]I!

/04./--+)*@! ;'?+*2! 1<+-! &'-1! :);4)3*,! 4'.1+:3&'.&9! +*1/./-1+*2! '-! 4)1/*1+'&!

'2)*+-1!).!'!-/&/:1+(/!'*1+'*,.)2/*!./:/41).!;),3&'1).$!!

H*! 2/*/.'&@! 1</! 4./-/*:/! )5! )*/! ).! 1B)! &+*?/.-! 6/1B//*! 1</! 1.+'P)&/! '*,! 1</!

'.);'1+:!.+*2-@!-//;-!1)!5'()3.!'*1'2)*+-1+:!':1+(+19@!6/-+,/-@!-36-1+13/*1-!)*!1)!

1</! 1.+'P)&/! '44/'.! 1)! 4&'9! '! 4+()1'&! .)&/! )*! 6+)&)2+:'&! )31:);/@! /$2$! 4'.'J! '*,!

).1<)J! 4)-+1+)*-! './! 4./5/../,! '*,! 1</! :9'*)J! '*,! *+1.)! 2.)34-! +*:./;/*1!

'*1'2)*+-1+:!4)1/*:9$!!

I,,+1+)*'&&9@!:);4)3*,-!6/'.+*2!1</!4'.'J:9'*)@!;/1'J1.+5&3).);/1<9&!'.);'1+:!

.+*2! -<)B! <+2</.! 6+)&)2+:'&! ':1+(+19@! B<+&/! :);4)3*,-! B</./! 1</! 1.+'P)&/! +-!

,+./:1&9!&+*?/,!1)!1</!4</*9&!2.)34-!'./!B/'?&9!':1+(/!).@!'-!-//*!5).!T@!6/<'(/!'-!

'2)*+-1$!



! #"K!

H*!:)*:&3-+)*@!4./&+;+*'.9!,'1'!-322/-1!1<'1!1</!*/B!;)&/:3&/-!./4).1/,!</./+*!

2/*/.'&&9!,/:./'-/!1</!W]I!/04./--+)*@!1<3-!1</9!:'*!4)1/*1+'&&9!':1!'-!'*,.)2/*!

./:/41).! '*1'2)*+-1-$! >*! 1</! 6'-+-! )5! 1</-/! 4.);+-+*2! ./-3&1-@! -);/! -/&/:1/,!

:);4)3*,-! <'(/! 6//*! :<)-/*! 5).! 53.1</.! 4./:&+*+:'&! -13,+/-! +*! ).,/.! 1)! 4.)(/!

1</+.! ':1+(+19! '1! &)B/.! :)*:/*1.'1+)*-! '*,! 1)! :</:?! 1</! '*1+J'*,.)2/*! /55/:1! )*!

)1</.!:/&&!&+*/-$!!

!

!

!

!

!

!

!

!

!

!
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!
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!
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!

!

!

!

!

!

!
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!



!#"7!

D"#EF4-',2-%&./#6-+&,(%#
!

!

!

!

!

G$#$!]:</;/-!)5!\/':1+)*!

!

!

H342=2%A$%

CHO
R

(i)
R

Br

Br
R

(ii)

R = F, CF3, Cl A

XH
R1

R1 = CN, F, NO2, CF3, H
X = O, S

X
R1

B

NH2

R2

R2 = CN, CF3

HO

HO

A

B
+

(iv)
N

R2

N
N

R

N
R2

N
N

X R1

N
R2

N
N

OH

N
R2

N
N

OH

(i) PPh3, CBr4, DCM, 0°C, 15' r.t.; (ii) nBuLi, DIPA, THF, -78°C, 3h, o.n. r.t.; (iii) K2CO3, propargyl bromide, 
acetone, reflux, 24h; (iv) 1. tBuONO, TMSN3, CH3CN; 2. CuSO4, Na-L-ascorbate

(iii)

(iv)

(iv)

(iv)



! #"T!

!

H342=2%AA$%
!

!

H342=2%AAA$%

N
NN O

F3C

NC

CN N
NN O

F3C

NC

CN

OH

(i)

N
NN S

F3C

NC

F N
NN S

F3C

NC

F

O O

(i) nBuLi, acetaldehyde, THF, -78°C -> r.t.; (ii) m-CPBA, DCM, 12h, r.t.

(ii)

X
R3

R3 = CN, F
X = O, S

(i) N N
N

X R3

O

O (ii)

N N
N

X R3

HO

O
NH2

R4

R4 = CN, Cl, CF3

+
(iii) N N

N

X

H
N

O

R3

R4

N N
N

OH

NC

F3C

n

n = 1,3

(iv) N N
N

O

NC

F3C

n R5

NH2

NC

F3C

N N
N

NC

F3C

O

F3C

NO2
I

(i) 1. NaN 3, Tf 2O, H 2O/DCM, 0° C, 2h; 2. glycine methyl ester hydrochloride, CuSO 4, NaHCO 3, MeOH, 15', r.t.; 3. 
TBTA, Na-L-ascorbate, m.w., 80°C, 10'; (ii) LiOH, THF, MeOH, o.n., r.t.; (iii) PCl3, CH3CN, m.w., 100°C, 5';  (iv) Ph3P, 
DIAD, THF, 0°C, 30', o.n. r.t.; (v) 1. tBuONO, TMSN3, CH3CN; 2. CuI, DIPEA, THF

(v)



!#"U!

G$"$!Z04/.+;/*1'&!]/:1+)*!

!

I&;)-1! '&&! ./':1+)*-!B/./! 4/.5).;/,! 3*,/.! '*! '1;)-4</./! )5! ,.9! *+1.)2/*! 69!

3-+*2! )(/*J,.+/,! 2&'--B'./$! A/1.'<9,.)53.'*@! 1)&3/*/@! '*,! /1<9&! /1</.! B/./!

,+-1+&&/,! 5.);! -),+3;! 6/*P)4</*)*/! ?/1'&$! R+:<&).);/1<'*/! '*,! ':/1)*+1.+&/!

B/./! ,+-1+&&/,! 5.);! :'&:+3;! <9,.+,/$! I&&! )1</.! -)&(/*1-! B/./! `WdM! 2.',/$!

\/':1+)*-! B/./! ;'2*/1+:'&&9! -1+../,! '*,! ;)*+1)./,! 69! 1<+*J&'9/.!

:<.);'1)2.'4<9! EAdMF! B+1<! Z$! D/.:?! -+&+:'! 2/&! 78J%"KG! 4&'1/-$! Z&31/,! 4&'1/-!

B/./! (+-3'&+P/,! 69! /04)-3./! 1)! 3&1.'(+)&/1! &+2<1! '*,! 1</*! 69! -1'+*+*2! B+1<! '*!

/1<'*)&+:! -)&31+)*! )5! 4<)-4<);)&96,+:! ':+,$! A</! 4.),3:1-! B/./! +-)&'1/,! '*,!

43.+5+/,!3-+*2!'! 5&'-<!:<.);'1)2.'4<9!-9-1/;@!B+1<!D/.:?!-+&+:'!2/&! E8$8Gp8$7C!

{;@!"G8p!G88!;/-<F!3*,/.!<+2<!4./--3./@!B+1<!'!;+013./!)5!</0'*/-!'*,!/1<9&!

':/1'1/!'-!1</!/&3/*1$!^*&/--!)1</.B+-/!-1'1/,@!'&&!LD\!-4/:1.'!B/./!;/'-3./,!+*!

MRM&C! -)&31+)*-! '*,! ./5/./*:/,! 1)! 1</! M`M&C! -+2*'&$! I&&! #`! '*,! #CM! -<+51-! './!

2+(/*!+*!44;!E-!|!-+*2&/1j!,!|!,)36&/1j!1!|!1.+4&/1j!,,!|!=3',.34&/1j!,1!|!,)36&/1!)5!

1.+4&/1-@!;!|!;3&1+4&/1j!6.$!|!6.)',!-+2*'&F$!M)34&+*2!:)*-1'*1-!}!'./!2+(/*!+*!`P$!

I--+2*;/*1-!)5!4.)1)*!./-)*'*:/-!B/./!:)*5+.;/,@!B</*!4)--+6&/@!69!-/&/:1+(/!

<);)*3:&/'.! ,/:)34&+*2! /04/.+;/*1-! ).! 69! :)../&'1/,! -4/:1.)-:)49$! `+2<J

./-)&31+)*! ;'--! -4/:1.'! '*,! /&/:1.)-4.'9! EZ]HF! /04/.+;/*1-! B/./! 4/.5).;/,!

B+1<!'!1+;/J)5J!5&+2<1!EA>%F!;'--!,/1/:1).$!

!

G$"$#$!M)./9!%3:<-!\/':1+)*!

!

!

!

CHOF
F

CHOF3C
F

CHOCl
F

F
F

F3C
F

Cl
F

Br

Br

Br

Br

Br

Br

Y = quantitative Y = quantitative Y = 89%



! #"V!

WW<C!EG!/=$F!B'-!',,/,!'1!8sM!1)!'!-)&31+)*!)5!MQ.G!EG!/=$F!+*!,.9!M`"M&"$!EC!;d!0!

;;)&!)5!'&,/<9,/F$!I1! 1</!-';/!1/;4/.'13./@!'&,/<9,/!E#!/=$F!,+--)&(/,! +*!,.9!

M`"M&"!E"!;d!0!;;)&!)5!'&,/<9,/F@!B'-!,.)44/,!-&)B&9!+*1)!1</!./':1+)*!;+013./$!

A</!:))&+*2!6'1<!B'-!./;)(/,!'*,!1</!4.)2./--!)5!1</!./':1+)*!B'-!;)*+1)./,!

69!AdM$!I51/.!#K!;+*@!B'1/.!'*,!M`"M&"!B/./!',,/,!'*,!1</!'=3/)3-!4<'-/!B'-!
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