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$%&'()**+,-!./*-01*)%!.)(-%+)*'!)%-!)!0*)''!/A!'1F'(),0-'!+,!>5+05!./*-01*-'!)%-!)%%),G-6!+,!)!

>-**H/%6-%-6I! 4-%+/6+0! '(%10(1%-I! A/%.+,G! )! 0%&'()**+,-! *)((+0-#! J5-'-! .)(-%+)*'! -:5+F+(! 1,+K1-!

45&'+0/05-.+0)*!4%/4-%(+-'!61-!(/!(5-+%!5+G5*&!/%G),+L-6!./*-01*)%!'(%10(1%-'I!.)M+,G!(5-.!+,=)*1)F*-!

A/%!=)%+/1'!)44*+0)(+/,'! +,!-*-0(%/,+0'!"#I!/4(+0'$I! ),6!45)%.)0-1(+0)*'%#!3!M-&!0)(-G/%&!/A!0%&'()**+,-!

./*-01*)%!.)(-%+)*'!+'!/%G),+0!./*-01*)%!0%&'()*'I!>5+05!)%-!0/.4/'-6!/A!41%-*&!/%G),+0!./*-01*-'!(5)(!

'-*AH)''-.F*-!+,(/!)!0%&'()**+,-!'(%10(1%-#!J5-'-!.)(-%+)*'!5)=-!G)%,-%-6!)((-,(+/,!+,!/%G),+0!-*-0(%/,+0'!

61-! (/! (5-+%! 4/(-,(+)*! 1'-! +,! /%G),+0! A+-*6H-AA-0(! (%),'+'(/%'! N<OEJ'PI! /%G),+0! *+G5(H-.+((+,G! 6+/6-'!

N<QEC'PI!),6!/%G),+0!45/(/=/*()+0'!N<RS'P#!8/()F*-!-:).4*-'!+,0*16-!4-,()0-,-&!),6!A1**-%-,-HF)'-6!

0%&'()*''I!>5+05!-:5+F+(!5+G5!05)%G-!0)%%+-%!./F+*+(&!),6!)%-!>+6-*&!1'-6!+,!A*-:+F*-!-*-0(%/,+0!6-=+0-'#!

O/%! +,'(),0-I! +,! (5-! A+-*6! /A! /%G),+0! -*-0(%/,+0'I! )! =)%+-(&! /A! /%G),+0! *+G5(H-.+((+,G! 6+/6-! N<QECP!

.)(-%+)*'!%-*&!/,!(5-!4%-0+'-!0/,(%/*!/A!./*-01*)%!4)0M+,G!>+(5+,!(5-!0%&'()*!#!3,/(5-%!'+G,+A+0),(!0*)''!

/A!0%&'()**+,-!./*-01*)%!.)(-%+)*'!+'!5&F%+6!.)(-%+)*'!'105!)'!.-()*H/%G),+0!A%).->/%M'!NT<O'P()*!),6!

4-%/='M+(-! 0%&'()*'!+#! T<O'! 0/,'+'(! /A! .-()*! +/,'! 0//%6+,)(-6! >+(5! /%G),+0! *+G),6'I! A/%.+,G! 5+G5*&!

4/%/1'! 0%&'()**+,-! '(%10(1%-'! (5)(! )%-! +6-)*! A/%! G)'! )6'/%4(+/,I! '-4)%)(+/,I! ),6! 0)()*&'+'#! D+.+*)%*&I!

4-%/='M+(-!.)(-%+)*'I!'105!)'!.-(5&*)../,+1.!*-)6!+/6+6-!N$9$89$RFB$PI!5)=-!%-=/*1(+/,+L-6!(5-!A+-*6!

/A!45/(/=/*()+0'!61-!(/!(5-+%!-:0-4(+/,)*!*+G5(H5)%=-'(+,G!-AA+0+-,0&!),6!-)'-!/A!A)F%+0)(+/,#!!

J5-!/%6-%*&!)%%),G-.-,(!/A!./*-01*-'!+'!M,/>,!(/!+.4%/=-!05)%G-!(%),'4/%(I!(5-%-F&!-,5),0+,G!

/=-%)**!-.+''+/,!-AA+0+-,0&!),6!-:(-,6+,G!6-=+0-!*+A-(+.-'#!@-'-)%05-%'!5)=-!6-./,'(%)(-6!(5)(!.+,/%!

05),G-'! +,! ./*-01*)%! 0/,A/%.)(+/,! ),6! )%%),G-.-,(! 0),! F%+,G! )F/1(! %-.)%M)F*-! 6+AA-%-,0-'! +,!

/4(/-*-0(%/,+0!4-%A/%.),0-I!1,6-%'0/%+,G!(5-!+.4/%(),0-!/A!0%&'()*!-,G+,--%+,G!)(!(5-!./*-01*)%!*-=-*#!

J5-!)F+*+(&!(/!6-'+G,!),6!'&,(5-'+L-!./*-01*)%!'(%10(1%-'!>+(5!'4-0+A+0!-*-0(%/,+0!4%/4-%(+-'!)**/>'!A/%!

(5-!6-=-*/4.-,(!/A!,-:(HG-,-%)(+/,!'-.+0/,610(+,G!.)(-%+)*'!(5)(!0/.F+,-!.-05),+0)*!A*-:+F+*+(&!>+(5!

-:0-**-,(! 05)%G-! (%),'4/%(! 05)%)0(-%+'(+0'#! T-),>5+*-I! +,! (5-! 45)%.)0-1(+0)*! +,61'(%&I! 0%&'()**+,-!

4/*&./%45+'.!5)'!F--,!),!/FU-0(!/A!+,(-,'-!'(16&%#!C+AA-%-,(!4/*&./%45'!/A!(5-!').-!6%1G!./*-01*-!0),!

6+'4*)&!6+'(+,0(!'/*1F+*+(+-'!),6!'()F+*+(+-'I!6%)'(+0)**&!)AA-0(+,G!F+/)=)+*)F+*+(&!),6!'5-*A!*+A-#!3!0*)''+0!

-:).4*-!+'!A/1,6!+,!0-%()+,!>+6-*&!1'-6!45)%.)0-1(+0)*!)G-,('I!>5-%-!)!'+,G*-!0/.4/1,6!0),!0%&'()**+L-!

+,(/! .1*(+4*-! 4/*&./%45'! >+(5! '1F'(),(+)**&! 6+AA-%-,(! 6+''/*1(+/,! %)(-'#! D105! 4/*&./%45+'.! 4/'-'! )!

05)**-,G-!A/%!4)(-,(!%+G5('!),6!%-G1*)(/%&!)44%/=)*I!4%/.4(+,G!%-'-)%05-%'!(/!41%'1-!,->!'(%)(-G+-'!A/%!

'&'(-.)(+0)**&!0/,(%/**+,G!0%&'()*!A/%.'!),6!-,'1%+,G!(5)(!(5-!./'(!A)=/%)F*-!4/*&./%45!+'!/F()+,-6!),6!
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<,-!/A!(5-!A1,6).-,()*!05)%)0(-%+'(+0'!/A!0%&'()**+,-!./*-01*)%!.)(-%+)*'!+'!(5-+%!)F+*+(&!(/!A/%.!

>-**H6-A+,-6!'(%10(1%-'! (5%/1G5!+,(-%./*-01*)%! +,(-%)0(+/,'!'105!)'!5&6%/G-,!F/,6+,GI!=),!6-%!V))*'!

A/%0-'I!),6!WHW!'()0M+,G#!J5-'-!+,(-%)0(+/,'!6-(-%.+,-!(5-!4)0M+,G!/A!./*-01*-'!>+(5+,!(5-!0%&'()*!*)((+0-I!

+,A*1-,0+,G! 4%/4-%(+-'! '105! )'! -*-0(%+0)*! 0/,610(+=+(&I! /4(+0)*! %-'4/,'-I! ),6! (5-%.)*! '()F+*+(&#!X,*+M-!

)./%45/1'! .)(-%+)*'I! >5-%-! ./*-01*)%! )%%),G-.-,(! *)0M'! */,GH%),G-! /%6-%I! 0%&'()**+,-! ./*-01*)%!

.)(-%+)*'! F-,-A+(! A%/.! 4%-6+0()F*-! ),6! (1,)F*-! 4%/4-%(+-'! (5)(! 0),! F-! -,G+,--%-6! (5%/1G5! ./*-01*)%!

6-'+G,!),6!0%&'()*!-,G+,--%+,G#!<=-%!(5-!&-)%'I!'-=-%)*!'(%)(-G+-'!5)=-!F--,!6-=-*/4-6!(/!0/,(%/*!),6!

6-'+G,!F/(5!(5-!./*-01*)%!0/,A/%.)(+/,!),6!(5-!4)0M+,G!)%%),G-.-,(!+,!0%&'()**+,-!.)(-%+)*'!!)!$#!<,-!

0/../,*&! -.4*/&-6! .-(5/6! +'! (/! .),+41*)(-! 0%&'()**+L)(+/,! 0/,6+(+/,'! (/! 0%-)(-! /%! '-*-0(! '4-0+A+0!

4/*&./%45'#!Y&!'&'(-.)(+0)**&!=)%&+,G!A)0(/%'!'105!)'!(-.4-%)(1%-I!'/*=-,(!(&4-I!0/,0-,(%)(+/,I!),6!%)(-!

/A! 0//*+,G! /%! -=)4/%)(+/,I! %-'-)%05-%'! 0),! /A(-,! 6+%-0(! (5-! 0%&'()**+L)(+/,! 4)(5>)&! (/>)%6! )! 6-'+%-6!

4/*&./%45#!J5+'!)44%/)05!5)'!F--,!>+6-*&!1'-6!+,!F/(5!)0)6-.+0!),6!+,61'(%+)*!'-((+,G'I!4)%(+01*)%*&!A/%!

5+G5H=)*1-!.)(-%+)*'!'105!)'!)0(+=-!45)%.)0-1(+0)*!+,G%-6+-,('!N3RB'P#!

!

!
2/1-'%#O3O#!D05-.)(+0!+.)G-!A/%!0%&'()*!4)0M+,G!),6!./*-01*)%!0/,A/%.)(+/,)*!6+AA-%-,0-'#!

!

3,/(5-%! -:0+(+,G! %-'-)%05! 6+%-0(+/,! *+-'! +,! 45)'-H(%),'+(+/,! .)(-%+)*'#! J5-'-! '1F'(),0-'! 0),!

1,6-%G/!05),G-'!+,!(5-+%!0%&'()**+,-!45)'-'!+,!%-'4/,'-!(/!-:(-%,)*!'(+.1*+!'105!)'!*+G5(I!(-.4-%)(1%-I!/%!

4%-''1%-#!Y&!0/,(%/**+,G!./*-01*)%!0/,A/%.)(+/,!+,!(5-!0%&'()*I!+(!F-0/.-'!4/''+F*-!(/!/4(+.+L-!K1),(1.!

-AA+0+-,0+-'!),6!)05+-=-!5+G5H4-%A/%.),0-!*+G5(H-.+((+,G!6-=+0-'#!D105!45)'-!(%),'+(+/,'!0),!)*'/!*-)6!(/!

+,(-%-'(+,G!45-,/.-,)!'105!)'!0/*/%!05),G-'I!'>+(05+,G!F-5)=+/%'I!/%!=)%+)(+/,'!+,!.-05),+0)*!4%/4-%(+-'I!

>5+05!5/*6!4%/.+'-!A/%!)6=),0-6!'-,'+,G!),6!6+'4*)&!(-05,/*/G+-'#!

C-'4+(-!(5-'-!)6=),0-.-,('I!)!0/%-!05)**-,G-!%-.)+,'Z!+,!.),&!0%&'()*!-,G+,--%+,G!)44%/)05-'I!
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F-0/.-'!6+AA+01*(#!!
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J5+'!0/,A*)(+/,!/A!'(%10(1%)*!A)0(/%'!+'!4)%(+01*)%*&!4%/F*-.)(+0!>5-,!)((-.4(+,G!(/!-'()F*+'5!0*-)%!

'(%10(1%-[4%/4-%(&! %-*)(+/,'5+4'#! O/%! -:).4*-I! ),! )44)%-,(! +.4%/=-.-,(! +,! (5-! 45/(/*1.+,-'0-,0-!

-AA+0+-,0&!/A!)!,->*&!A/%.-6!4/*&./%45!0/1*6!F-!)((%+F1(-6!(/!)!./%-!A)=/%)F*-!./*-01*)%!0/,A/%.)(+/,I!

)!(+G5(-%!./*-01*)%!4)0M+,GI!/%!),!+,(-%4*)&!/A!F/(5#!X,*-''!(5-'-!A)0(/%'!0),!F-!6-0/14*-6!-:4-%+.-,()**&I!

6%)>+,G!6-A+,+(+=-!0/,0*1'+/,'!)F/1(!(5-!'/*-!-AA-0(!/A!0/,A/%.)(+/,!0),!F-!.+'*-)6+,G#!B,!0)'-'!>5-%-!

(5-!G/)*!+'!(/!41%-*&!+'/*)(-!0/,A/%.)(+/,)*!-AA-0('I!+(!.)&!F-!,-0-'')%&!(/!-.4*/&!./%-!%-A+,-6!'&,(5-(+0!

(-05,+K1-'!/%!(/!6-'+G,!./*-01*-'!>+(5!+,(%+,'+0!%+G+6+(&!),6!*+.+(-6!6-G%--'!/A!A%--6/.I!(51'!.+,+.+L+,G!

4/(-,(+)*!4)0M+,G!6+AA-%-,0-'#!
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! T/*-01*)%! 0%&'()*'! )%-! 5+G5*&! /%6-%-6! (5%--H6+.-,'+/,)*! )''-.F*+-'! /A!./*-01*-'! 5-*6!

(/G-(5-%! F&! %-*)(+=-*&! >-)M! ,/,HF/,6+,G! +,(-%)0(+/,'#! J&4+0)**&I! (5-'-! 0%&'()*'! )6/4(! 0*/'-H4)0M-6!

'(%10(1%-'! (5)(! .+,+.+L-! -.4(&! '4)0-I! 0/,'-K1-,(*&! %-'(%+0(+,G! (5-! 6-G%--'! /A! A%--6/.! /A! +,6+=+61)*!

./*-01*-'!>+(5+,!(5-!0%&'()*!*)((+0-#!J/!G)+,!+,'+G5(!+,(/!./*-01*)%!A%--6/.!+,!(5-!)''-.F*-6!45)'-I!+(!+'!

1'-A1*! (/! -:).+,-! (5-! %-*)(+/,'5+4! F-(>--,! ./*-01*)%! ./(+/,! ),6! */,GH%),G-! 45)'-! /%6-%!%#! J5+'!

0/%%-*)(+/,!0),!F-!=+'1)*+L-6!+,!)!0/,0-4(1)*!6+)G%).!NO+G1%-!"H7PI!>5-%-! (5-!=-%(+0)*!):+'!%-4%-'-,('!

45)'-!/%6-%I!),6!(5-!5/%+L/,()*!):+'!%-4%-'-,('!./*-01*)%!./(+/,#!B,!(5+'!A%).->/%MI!(5-!*+K1+6!45)'-!+'!

4/'+(+/,-6! +,! (5-! */>-%! %+G5(! 0/%,-%! /A! (5-! 4*/(I! )'! +(! -:5+F+('! .+,+.)*! */,GH%),G-! /%6-%#! B,! *+K1+6'I!

./*-01*-'! 1,6-%G/! %)4+6I! 1,%-'(%+0(-6! %/()(+/,)*! ./(+/,I! %-'1*(+,G! +,! )! 5/./G-,-/1'! '(%10(1%-! >5-,!

)=-%)G-6! /=-%! (+.-#! $/,=-%'-*&I! ./*-01*)%! 0%&'()*'I! A/1,6! +,! (5-! 144-%! *-A(! 0/%,-%! /A! (5-! 4*/(I! )%-!

05)%)0(-%+L-6!F&!(5-+%!%+G+6+(&I!4-%+/6+0+(&I!),6!.)0%/'0/4+0!),+'/(%/4&#!J5-'-!'(%10(1%-'!.)+,()+,!*/,GH

%),G-!/%6-%I!>+(5!./*-01*)%!./(+/,!*)%G-*&!%-'(%+0(-6!(/!'.)**H).4*+(16-!6+'4*)0-.-,('!)''/0+)(-6!>+(5!

*)((+0-!=+F%)(+/,'#!Y1+*6+,G!/,!(5+'!0/,0-4(I!+,(-%.-6+)(-!45)'-'!'105!)'!4*)'(+0!0%&'()*'!),6!*+K1+6!0%&'()*'!

0),! F-! 4/'+(+/,-6! >+(5+,! (5-! 4*/(I! %-A*-0(+,G! (5-+%! 6+'(+,0(! F)*),0-! F-(>--,! ./*-01*)%! ./(+/,! ),6!

'(%10(1%)*!/%6-%#!J5-!./*-01*)%!'(%10(1%-!4*)&'!)!0%10+)*!%/*-!+,!6-(-%.+,+,G!(5-!A/%.)(+/,I!4%/4-%(+-'I!

),6!6&,).+0'!/A!4*)'(+0!),6!*+K1+6!0%&'()*'#!J5+'!/F'-%=)(+/,!'1GG-'('!(5)(!)44%/4%+)(-!./*-01*)%!6-'+G,'!

0),! *-)6! (/! (5-!A/%.)(+/,!/A!)!5+G5*&!/%6-%-6I! %+G+6! *)((+0-!>5+*-!'+.1*(),-/1'*&!'144/%(+,G! (5-!%)4+6!

./(+/,!/A!'4-0+A+0)**&!6-'+G,-6!./*-01*)%!0/.4/,-,('#!B,!(5+'!0/,(-:(I!0-%()+,!0%&'()*'I!4/'+(+/,-6!+,!(5-!

144-%!%+G5(!0/%,-%!/A!(5-!0/,0-4(1)*!4*/(I!-:5+F+(!)!1,+K1-!0/.F+,)(+/,!/A!'(%10(1%)*!%+G+6+(&!),6!*/0)*+L-6!

./*-01*)%!./F+*+(&#!V5+*-!'/.-!./*-01*)%!0/.4/,-,('!%-.)+,!A+:-6!+,!'4-0+A+0!*)((+0-!4/'+(+/,'I!/(5-%'!

1,6-%G/! %)4+6! ./(+/,#! J5+'! 6+'(+,0(+=-! 45)'-I! 05)%)0(-%+L-6! F&! (5-! 0/-:+'(-,0-! /A! )! %+G+6! /%6-%-6!

A%).->/%M!),6!5+G5*&!./F+*-!./*-01*)%!0/.4/,-,('I!5)'!F--,!(-%.-6!),!\).45+6&,).+0!0%&'()*#\!%)##!

J5+'!-.-%G+,G!0*)''!/A!'/*+6H45)'-!.)(-%+)*'!4%-'-,('!-:0+(+,G!/44/%(1,+(+-'!+,!.)(-%+)*'!'0+-,0-I!/AA-%+,G!

4/(-,(+)*!)44*+0)(+/,'!(5)(!*-=-%)G-!F/(5!'(%10(1%)*!/%6-%!),6!6&,).+0!./*-01*)%!F-5)=+/%#!

!
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!
2/1-'%#O3Q#!R*/(!/A!45)'-!/%6-%!=-%'1'!./*-01*)%!./(+/,!>+(5!'05-.)(+0!%-4%-'-,()(+/,!/A!-)05!)''-.F*&!

45)'-#!

!

!
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O/%! (5-!0/,'(%10(+/,!/A!).45+6&,).+0!0%&'()*'I! (5-!0/.4/,-,('!>/%M+,G!)'!'()(+0! A%).-'!6-'+G,-6! (/!
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6-'+G,'! A/%! 0/,'(%10(+,G! (5-! ).45+6&,).+0! 0%&'()*'! 5)=-! F--,! %-4/%(-6! '105! )'! .)0%/'0/4+0!
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2/1-'%#O3T#!E:).4*-!A/%!89$!.-()*!0/.4*-:#!
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J5-!1,+K1-!'()F+*+(&!),6!'(%)+G5(A/%>)%6!'&,(5-'+'!/A!89$'!+,'4+%-6!)!'1%G-!+,!-:4-%+.-,()*!),6!
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5)'!.)6-!(5-.!+,6+'4-,')F*-!+,!0)()*&'+'$!I!>+(5!'+G,+A+0),(!0/,(%+F1(+/,'!(/!+,61'(%+)*!4%/0-''-'!'105!)'!

0%/''H0/14*+,G!%-)0(+/,'$#I!/*-A+,!.-()(5-'+'$$I!),6!5&6%/G-,)(+/,#!366+(+/,)**&I!89$'!5)=-!/4-,-6!,->!
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!
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7d#!3./1%+I!9#!Q1.+,-'0-,(!$/.4*-:-'!/A!R*)(+,1.I!B%+6+1.I!),6!$/+,)G-!T-()*'!$/,()+,+,G!8H
9-(-%/0&0*+0!$)%F-,-!Q+G),6'Z!C-'+G,I!D(%10(1%)*!C+=-%'+(&I!),6!R5/(/45&'+0)*!R%/4-%(+-'#!
#$%&'(,%-'!PXPP#!!

7_#!Y/,A+G*+/I!3#k!T)1%/I!T#!R5/'45/%-'0-,(!J%+'HY+6-,()(-!B%BBB!$/.4*-:-'!>+(5!8H9-(-%/0&0*+0!
$)%F-,-!D0)AA/*6'Z!D(%10(1%)*!C+=-%'+(&!),6!<4(+0)*!R%/4-%(+-'#!J;7'(?'(P@*7<'(
#$%&'!PXPXI!FGFGI!7;2d[!7;;2#!

7a#!D(%)'',-%I!J#!R5/'45/%-'0-,(!R*)(+,1.NBBP!$/.4*-:-'!>+(5!y$p!$&0*/.-()*)(-6!89$!
Q+G),6'#!1++'(#$%&'(,%!'!PXOTI!.8I!2f_`[!2f_a#!



! !)"

;`#!Q+,I!V#Hm#k!8)L+%166+,I!3#!@#k!$5-,I!e#H9#k!D1,I!Y#Hm#k!$5),GI!3#!9#!9#k!V),GI!V#Hm#k!9>),GI!
V#HD#!R5/(/A1,0(+/,)*!4*)(+,1.!0/.4*-:-'!A-)(1%+,G!8H5-(-%/0&0*+0!0)%F-,-HF)'-6!4+,0-%!
*+G),6'#!#$%&'(T(1!=6@(?'!PXOSI!IGI!d2_[!d7a#!

;"#!9/1'-0%/A(I!$#!E#k!$/,'()F*-I!E#!$#!J3COZ!E,)F*+,G!Q1.+,-'0-,(!$/44-%N+P!$//%6+,)(+/,!
$/.4/1,6'!A/%!Q+G5(HE.+((+,G!E*-0(%/05-.+0)*!$-**'#!?'(564%7'(#$%&'!PXPPI!IGI!;;?f[;;_2#!!

;2#!9).L-I!@#k!R-*(+-%I!m#!Q#k!D&*=+,'/,I!C#k!m1,GI!T#k!$)%6-,)'I!m#k!9)+G-'I!@#k!D/*-+*5)=/14I!T#k!
m)LL)%I!@#k!CU1%/=+05I!R#!B#k!Y-%(%),6I!^#k!J5/.4'/,I!T#!E#!E*+.+,)(+,G!8/,%)6+)(+=-!C-0)&!+,!
$1NBP!E.+((-%'Z!zaa{!x1),(1.!EAA+0+-,0&!),6!T+0%/'-0/,6!Q+A-(+.-#!)+=%@+%!PXOWI!>Q>I!f`"[
f`f#!!

;7#!91'')+,+I!D#!e#k!@)L)*+I!T#!@#!R5/(/*1.+,-'0-,0-!R%/4-%(+-'!/A!^/*6NBPH8H9-(-%/0&0*+0!
$)%F-,-!$/.4*-:-'#!?'(5*A'()47;+4'!PXPSI!I>FFI!";`f";#!!

;;#!Q-+(*I!T#!m#k!o%&*/=)I!S#!3#k!CU1%/=+05I!R#!B#k!J5/.4'/,I!T#!E#k!e-%'+,I!9#!R5/'45/%-'0-,0-!
=-%'1'!J5-%.)**&!30(+=)(-6!C-*)&-6!O*1/%-'0-,0-#!$/,(%/**+,G!D+,G*-(HJ%+4*-(!D4*+((+,G!+,!
Y%+G5(*&!E.+((+,G!),6!D1F*+.)F*-!$1NBP!$/.4/1,6'#!?'(1&'(#$%&'()*+'!PXORI!I>QI!"f`72[
"f`7_#!!

( (
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51,3,6( 7/-089/0&( 7/':#%3/,( /;( !'<=%#--3,&(

!1>.?( @&-32#-( !//'03,#%3/,( A/-<:&'=( #,0( %"&(

B/-308B%#%&(C:3==3/,(D=3,6(B"#$&(/;(%"&(!/1,%&'(

E,3/,=!
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%
!

!
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! #+"

P"O#!&*'+,-.*/+&##

!! 9-*+0)*!4/*&.-%!'(%10(1%-!+'!)!F)'+0!./(+A!/A(-,!A/1,6!+,!,)(1%-!"#"$I!),6!+(!0),!F-!)!M-&!'(%10(1%-!

A/%! +.4*-.-,(+,G! =)%+/1'! A1,0(+/,'! +,! 4/*&.-%+0!.)(-%+)*'! +,! F/(5! '/*1(+/,! ),6! '/*+6! '()(-#%"&"'!J5-+%!

'(%10(1%-'!0),!F-!0/,(%/**-6!F&!(5-+%!./*-01*)%!'(%10(1%-'!)'!>-**!)'!-,=+%/,.-,()*!A)0(/%'!)%/1,6!(5-!

5-*+0)*!4/*&.-%'#%"&"'!3,!+,(-%-'(+,G!4%/4-%(&!/A!,)(1%)*!5-*+0)*!.)(-%+)*'!+'!(5)(!(5-!5-*+0)*!'(%10(1%-!0),!

F-!6%)'(+0)**&!05),G-6!F&!-:(-%,)*!A)0(/%'#!O/%!-:).4*-I!C83!05)+,'!+,!0-**'!0),!F1+*6!'-=-%)*!5-*+0)*!

'(%10(1%-'!M,/>,!)'!3HI!YHI!),6!lHC83I!>5+05!5)=-!6+'(+,0(!5-*+0+(&!/%!6-G%--!/A!0/+*+,G!0/%%-'4/,6+,G!

(/! 6+AA-%-,(! -,L&.)(+0! 4%/4-%(+-'#(! 9/>-=-%I! +,! G-,-%)*I! %)(+/,)*! 0/,(%/*! /A! (5-! '(%10(1%-! /A! 5-*+0)*!

4/*&.-%+0!.)(-%+)*'!+,!)%(+A+0+)*!'&'(-.'!%-.)+,'!)!05)**-,G-#!

! <,-H6+.-,'+/,)*! N"CP! 0)(+/,+0! 0//%6+,)(+/,! 4/*&.-%'! 0/,'(%10(-6! F&! +,A+,+(-*&! 0//%6+,)(-6!

.-()*!0/.4*-:-'!5)=-!F--,!)!4%/.+'+,G!'0)AA/*6!(/!4%/=+6-!=)%+/1'!5-*+0)*!'5)4-'!+,!'/*+6H'()(-!(5%/1G5!

(5-!'(%10(1%)*!A*-:+F+*+(&#,"*"!+!B,!4)%(+01*)%I!(5-!+,0*16-6!0/1,(-%!),+/,'!0),!./61*)(-!(5-!'(%10(1%)*!A)0(/%'!

/A!5-*+0+(&! +,! (5-!'/*+6H'()(-#!+!3'!)!4+/,--%+,G!-:).4*-I!R166-45)((!%4(6A'! %-4/%(-6!(5-!A+%'(!'(%10(1%)*!

05)%)0(-%+L)(+/,!/A!)!0)(+/,+0!31NBP!5-*+0)*!0//%6+,)(+/,!4/*&.-%!>+(5!)!5-(-%/()0(+0!)%05+(-0(1%-I!),6!(5)(!

(5-!()0(+0+(&!/A!(5-!4/*&.-%!>)'!)*(-%-6!(5%/1G5!)!'+.4*-!05),G-!+,!(5-!+,0*16-6!),+/,'!+,!(5-!0%&'()*'#!!!

T)M!),6!0/H>/%M-%'!%4(6A'(%-4/%(-6!(5)(!(5-!4+(05!*-,G(5!/A!)!'-%+-'!/A!3GNBP!5-*+0)*!0//%6+,)(+/,!4/*&.-%'!

+,!(5-!'/*+6!'()(-!0),!F-!./61*)(-6!F&!05),G+,G!(5-!'+L-!/A!0/1,(-%!),+/,'#!#!3*(5/1G5!(5-%-!)%-!'-=-%)*!

-:).4*-'!/A!'/*+6H'()(-!0//%6+,)(+/,!4/*&.-%'!+,!>5+05!(5-!5-*+0)*!'(%10(1%-'!6-4-,6!/,!(5-!),+/,!./+-(&I!

+(!+'!'(+**!05)**-,G+,G!(/!)00/.4*+'5!(5-!'/*+6H'()(-!A1,0(+/,)*!4%/4-%(+-'I!'105!)'!45/(/H*1.+,-'0-,0-I!F&!

)*(-%+,G! (5-! 5-*+0)*! '(%10(1%-#!$"!%! C-'+G,! /A! '/*+6! '()(-! -.+''+/,'! /A! ./*-01*)%! 0%&'()*'! 5)=-! F--,!

)44%/)05-6!F&!(5-!./*-01*)%!0/,A/%.)(+/,!/%!)%%),G-.-,(!0/,(%/*!=+)!4/*&./%45+'.!)'!>-**!)'!1'+,G!

.-()*H.-()*! /%! +/,H+/,! +,(-%)0(+/,'#!&"!'"!(! B! -,=+'+/,-6! (5)(! (5-! 0/.F+,)(+/,! F-(>--,! (5-! -.+''+/,!

4%/4-%(+-'! /A! $1NBP! 0/.4*-:-'I! >5+05! )%-! 5+G5*&! )AA-0(-6! F&! (5-! 0//%6+,)(+/,! G-/.-(%&!,"!*I! ),6! (5-!

'(%10(1%)*!./61*)(+/,!/A!5-*+0)*!0//%6+,)(+/,!4/*&.-%'!>/1*6!4%/=+6-!)!,/=-*!'(%)(-G&!(/!6-'+G,!'/*+6H

'()(-!-.+''+/,#!!

! B,! (5+'! '(16&I! B! +,=-'(+G)(-6! )! A/%.)(+/,! /A! =)%+/1'! A/*6H./6-! /A! 0)(+/,+0! $1NBP! 0//%6+,)(+/,!

4/*&.-%'!1'+,G!(5-!'(%10(1%)*!A-)(1%-'!/A!0/1,(-%!),+/,'I!>5+05!0),!6-(-%.+,-!(5-!0//%6+,)(+/,!G-/.-(%&I!

A/**/>+,G!)*(-%)(+/,!/A!(5-!'/*+6H'()(-!-.+''+/,#!J5-!$1NBP!0//%6+,)(+/,!4/*&.-%'!>-%-!'&,(5-'+L-6!>+(5!

9H5-(-%/0&0*+0!0)%F-,-!N89$PI!4&%)L+,-! *+G),6'I!),6!/0()5-6%)*!),+/,'!NDFO'!),6!RO'P!/%! (-(%)5-6%)*!

),+/,'!YO%!NO+G1%-!2H"FP#!B,(-%-'(+,G*&I!(5-!0//%6+,)(+/,!4/*&.-%'!A/%.-6!)!;HA/*6!5-*+0)*!0/*1.,!>+(5!

)!'K1)%-!+,!(5-!=-%(+0)*!6+%-0(+/,!A%/.!(5-!):+'!+,!%-6H-.+''+=-!0%&'()*'!>5-,!(5-!/0()5-6%)*!),+/,'!NDFO'!



! #!"

/%! RO'P!>-%-! +,0*16-6#!9/>-=-%I! )! 7HA/*6! 5-*+0)*! 0/*1.,)%! '(%10(1%-!>+(5! )! (%+),G1*)%! 4*),)%! /,! (5-!

=-%(+0)*! ):+'! >)'! 0/,'(%10(-6! >+(5! (5-! (-(%)5-6%)*! ),+/,! YO%! NO+G1%-! 2H"0H6P#!J5-! /F'-%=-6! 4)0M+,G!

G-/.-(%+-'! ,-)%! (5-! 0/1,(-%! ),+/,'! '1GG-'(! (5)(! (5-! '(-%+0! A-)(1%-'! /A! (5-! +,(-%)0(+/,! '+(-'I! '105! )'!

/0()5-6%)*!/%!(-(%)5-6%)*I!0),!6-(-%.+,-!(5-!A/*6+,G!./6-!/A!(5-!0//%6+,)(+/,!4/*&.-%'!+,!(5-!'/*+6H'()(-#!

$/,'-K1-,(*&I!(5-!%-6!-.+''+/,!,-)%!?_`!,.!F&!(5-!;HA/*6!5-*+0)*!'(%10(1%-!+,!(5-!0%&'()*!>)'!%-6H'5+A(-6!

(/!)44%/:+.)(-*&!f_d!,.!F&!A/%.+,G!(5-!7HA/*6!5-*+0)*!'(%10(1%-#!J5-!0//%6+,)(+/,!-,=+%/,.-,(!/A!(5-!7H

A/*6!./6-!4%/610-6!6-,'-*&!4)0M-6!4&%)L+,-'!,-)%!(5-!$1NBP!)(/.!%)(5-%!(5),!+,!(5-!;HA/*6!5-*+0)*!0/*1.,I!

>5+05!.)&!-:4),6!(5-!4H0/,U1G)(-6!6/.)+,I!+,610+,G!)!%-6H'5+A(-6!-.+''+/,!+,!(5-!0%&'()*'!NO+G1%-!2H

"-P#! J/! (5-! F-'(! /A! .&! M,/>*-6G-I! (5+'! +'! (5-! A+%'(! -:).4*-! /A! )! *1.+,-'0-,(! '/*+6H'()(-! 5-*+0)*!

0//%6+,)(+/,!4/*&.-%!+,!>5+05!(5-!-.+''+/,!4%/4-%(+-'!)%-!0/%%-*)(-6!(/!(5-!A/*6H./6-!6-(-%.+,-6!F&!(5-!

'5)4-!/A!0/1,(-%!),+/,'#!!



! ##"

2/1-'%#P3O"!)P!@-4%-'-,()(+/,!/A!(5-!A/*6H./6-!0/,(%/*!/A!)!0//%6+,)(+/,!4/*&.-%!1'+,G!)!6+'(+,0(!'5)4-!

/A!0/1,(-%!),+/,'#!FP!R%-4)%-6!0)(+/,+0!89$!$1NBP!0//%6+,)(+/,!4/*&.-%'!0/,()+,+,G!4&%)L+,-!),6!BR%H

89$!*+G),6'!>+(5!(5%--!6+AA-%-,(!0/1,(-%!),+/,'!NDFO'I!RO'I!),6!YO%P#!J5%--H6+.-,'+/,)*!%-4%-'-,()(+/,'!

/A!(5-!0P!;HA/*6+,G!5-*+0)*!0/*1.,)%!'(%10(1%-!/F'-%=-6!+,!0%&'()*'!O!),6!P!),6!6P!7HA/*6+,G!5-*+0)*!0/*1.,!

/F'-%=-6!+,!0%&'()*!Q#!-P!D05-.)(+0!%-4%-'-,()(+/,!/A!(5-!-:4-0(-6!0/,U1G)(+/,!-! ,=+%/,.-,(! F-(>--,!

;HA/*6!),6!7HA/*6!5-*+0)*!'(%10(1%-'!+,!(5-!'/*+6!'()(-I!0/%%-'4/,6+,G!(/!(5-!-.+''+/,!'5+A(#! !

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

-&.&/01! $+&21!
3$4567",+6#8

-&.&91"
35"5+67",+6#8

!"#$%&'()%*+,%'-$%./)0 1"#$%&'()%*+,%'-$%./)0

Cu

NN

NN

N N

Cu

N N

+n

n x X–

Cu

NN RR

NN

N N

Cu
N

N

!!" "#$%&#'(

Cu

NN RR

NN

N N

Cu
NN

N N

!!" "#)%*#'(

!"

#"

$" %"



! #$"

2"2#A-'1*(#),7#C+'01''+/,#

#

?8&*>%9/9#(&,#='%B('(*/+&9"##$)(+/,+0!89$!$1NBP!0//%6+,)(+/,!4/*&.-%'!OI!PI!),6!Q!>-%-!/F()+,-6!

)'! 0%&'()**+,-! '/*+6'! (5%/1G5! ),+/,! -:05),G-! +,! )!$9#$*#! '/*1(+/,! A%/.!4&%)L+,-I! 05*/%/t"I7HF+'N2IfH

6++'/4%/4&*45-,&*P+.+6)L/*H2H&*+6-,-u$1NBP!tBR%$1NBP$*uI!),6!(5%--!6+AA-%-,(!3GNBP!')*('!N0/1,(-%!),+/,'!

|!DFO'I!RO'I!),6!YO%PI!)'!'5/>,!+,!D05-.-!"#!$%&'()**+L)(+/,!>)'!4-%A/%.-6!(5%/1G5!'/*=-,(!6+AA1'+/,!

1'+,G! (5-! $9#$*#! '/*1(+/,! /A! -)05! 0/.4/1,6! >+(5! *)&-%-6! 5-:),-I! &+-*6+,G! ,--6*-H'5)4-6! &-**/>!

0%&'()*'#!J5-!0%&'()*'!OI!PI! ),6!Q! -.+((-6!/%),G-!/%! %-6! *+G5(!1,6-%!1*(%)=+/*-(! NXSP! *+G5(! )(! ).F+-,(!

(-.4-%)(1%-#!J5-!0%&'()**+,-!').4*-'!>-%-!6+''/*=-6!+,!$C#$*#!'/*1(+/,!),6!05)%)0(-%+L-6!(5%/1G5!!9!

),6! !$$! 8T@! '4-0(%/'0/4+-'##+! O1%(5-%./%-I! 05)%)0(-%+L)(+/,! /A! (5-! ').4*-'! +,! (5-! '/*+6H'()(-! >)'!

0/,610(-6! 1'+,G! (5-%./G%)=+.-(%+0! ),)*&'+'! NJ^3P! ),6! '+,G*-H0%&'()*! ]H%)&! 6+AA%)0(+/,! N]@CPI!

+,6+0)(+,G!(5)(!$9#$*#!'/*=-,('!>-%-!+,0*16-6!+,!)**!0%&'()*'!N'--!E:4-%+.-,()*!D-0(+/,I!O+G1%-!2HaP#!

!

?.>%5%#P3O"#?8&*>%9/9#+6#.(*/+&/.#F<7#7-:!;3.++',/&(*/+&#B+)85%'9"#

!
#

?/&1)%3.'89*()#YDJ#+6#OZ#PZ#(&,#Q"!!D+,G*-H0%&'()*!]@C'!/A!(5-!0%&'()*'!OI!PI!),6!Q!%-=-)*-6!(5)(!(5-!

0)(+/,+0!89$!$1NBP!0/.4*-:-'!A/%.-6!),!+,A+,+(-*&!0//%6+,)(-6!4/*&.-%!+,!(5-!'/*+6!'()(-I!)'!'5/>,!+,!

O+G1%-'!2H2[2H;#!B,!)**!(5-!0%&'()*'I!(>/!4&%)L+,-'!),6!(5-!BR%H89$!*+G),6!>-%-!0//%6+,)(-6!(/!$1NBP!(/!

A/%.!)!(%+G/,)*H4*),)%!0/.4*-:I!),6!(5-!4&%)L+,-'!>-%-!*+,M-6!(/!(5-!$1NBP#!J5-!$1NBP!0/.4*-:-'!O!),6!

P!>-%-!0%&'()**+L-6!+,!(5-!'4)0-!G%/14!C2!}+I!>5+*-!(5-!$1NBP!0/.4*-:!Q!>)'!A/%.-6!+,!(5-!05+%)*!'4)0-!

Cu

NN

Cl
N

N
+

Ag(X)
(2.0 equiv.)

CH2Cl2
r.t., 2 h
under N2

re-crystallization
by solvent diffusion
using CH2Cl2 / Hexane

Cu

NN

NN

N N

Cu

N N

+n

n x X– 1 (X = SbF6) 78%
2 (X = PF6) 79%
3 (X = BF4) 81%

0.2 mmol

(2.0 equiv.)



! #%"

G%/14!C7!#!B,(-%-'(+,G*&I!(5-!A/*6H./6-!/A!(5-!0//%6+,)(+/,!$1NBP!4/*&.-%'!6-4-,6-6!/,!(5-!'5)4-!/A!(5-!

+,0*16-6!0/1,(-%!),+/,'#!!

! B,!(5-!0)'-!/A!0%&'()*!O!0/,()+,+,G!DFO'!)'!(5-!0/1,(-%!),+/,!>+(5!),!/0()5-6%)*!'(%10(1%-I!)!;H

A/*6-6!5-*+0)*!0/*1.,)%!0//%6+,)(+/,!4/*&.-%!>)'!/F'-%=-6I!)'!'5/>,!+,!O+G1%-!2H2#!J5-!0//%6+,)(+/,!

4/*&.-%'!>-%-!4)0M-6!+,(/!(5-(C2!},!'4)0-!G%/14!NJ)F*-!2H"P#!J5-!$1[$!),6!$1[8!F/,6!*-,G(5'!/A!(5-!

$1NBP!0/.4*-:!O!)%-!"#a;7!),6!2#`7"!iI!%-'4-0(+=-*&!NO+G1%-!2H2)P#!J>/!4&%)L+,-'!>-%-!0//%6+,)(-6!(/!

$1NBP!)(!)!F+,6+,G!),G*-!/A!"`"°!NO+G1%-!2H2)P#!B,6--6I!>+(5!)!,/,H/=-%*)44-6!)%%),G-.-,(!/A!4&%)L+,-'I!

(5-!(/%'+/,!),G*-'!F-(>--,!4&%)L+,-'!),6!(5-!89$!%+,G!>-%-!77#_h),6!7?#2h!NO+G1%-!2H2FP#!J5-!),G*-'!

F-(>--,!(5-!$1!(%+G/,)*!0//%6+,)(+/,!4*),-!),6!(5-!4&%)L+,-!4*),-'!>-%-!??h),6!fahI!+,6+0)(+,G!(5)(!(5-!

4&%)L+,-!4*),-'!>-%-!,/(!0*/'-!(/!0/H4*),)%!+,!(5-!$1!0//%6+,)(+/,!G-/.-(%&!NO+G1%-!2H"`-P#!J5-!F1*M&!

89$!G%/14'!>-%-!4)0M-6!/1('+6-!(5-!0/*1.,I!),6!+,A+,+(-*&!0//%6+,)(-6!$1NBP!),6!4&%)L+,-'!>-%-!A/*6-6!

>+(5!(5-!+,0*16-6!DFO'!),+/,'!NO+G1%-'!2H20[6P#!B!/F'-%=-6!(5)(!(5-!A*1/%+,-!)(/.'!/A!/0()5-6%)*!DFO'!

+,(-%)0(-6! )(! (5-! 'K1)%-! '+(-!>+(5! 5&6%/G-,! )(/.'! /A! A/1%! 4&%)L+,-'! tNBP! (/! NBSPu! +,! (5-! 0//%6+,)(+/,!

4/*&.-%I!),6!(5-!0/%%-'4/,6+,G!O[9!6+'(),0-'!>-%-!+,!(5-!%),G-!/A!2#2;_[2#f?a!i!NO+G1%-'!2H20!),6!2H

"`)P#!366+(+/,)**&I!(5-!),G*-!/A!$[9[O!>-%-!)%%),G-6!+,!0)#!""?~["f_~I!)'!'5/>,!+,!O+G1%-!2H"`A#!!J5+'!

'1GG-'('!(5)(!(5-!/0()5-6%)*!'5)4-!/A!(5-!DFO'!),+/,!0),!)''+'(!(5-!A/%.)(+/,!/A!9[O!+,(-%)0(+/,'!F-(>--,!
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0//%6+,)(+/,!4/*&.-%'!O[QI!B!)''1.-6!(5)(!(5-!%-6H'5+A(-6!-.+''+/,!/A!0%&'()*!Q!0/%%-*)(-6!>+(5!(+G5(*&!
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)*(-%,)(+/,!/A!'/*+6H'()(-!-.+''+/,#!J5-!$1NBP!0//%6+,)(+/,!4/*&.-%'!A/%.-6!)!;HA/*6!5-*+0)*!0/*1.,!+,!
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D+,G*-!0%&'()*!]@C!.-)'1%-.-,('!0/,A+%.-6!(5-!-:4-0(-6!-,0)4'1*)(+,G!'(%10(1%-!/A!(5-!89$!

$1NBP!%/(/%!0/.4*-:!R#!J5-!89$!$1NBP!0/.4*-:!S!0%&'()**+L-6!+,!(5-!./,/0*+,+0!'4)0-!G%/14!C2!\+!>+(5!

A/1%!./*-01*-'!4-%!1,+(!0-**!Nl|;P!NJ)F*-!7H2P#!D-=-%)*!M-&!'(%10(1%)*!4)%).-(-%'!)%-!6-'0%+F-6!+,!O+G1%-!

7H20#!J5-!0/,0)=-!'5)4-6!BR%H89$!*+G),6!5)=+,G!)!0/,-!),G*-!/A!0)#!"f;~I!)'!-=)*1)(-6!F&!(5-!J/*.),!

0/,-!),G*-!6-A+,+(+/,I!>)'!0//%6+,)(-6!(/!(5-!$1NBP!)(/.!>+(5!6+'(),0-!/A!"#_d7N2P!i!NA9):;<P!NO+G1%-!7H

20!),6!6P#$#!J5-!4&%)L+,-!%/()(/%!>)'!0//%6+,)(-6!(/!(5-!(>/!$1NBP!.-()*'!>+(5!(5-!').-!*-,G(5!/A!"#_afN2P!

i!A%/.!-+(5-%!4&%)L+,-!,+(%/G-,!/A!(/!(5-!$1NBP!0-,(-%!NA9)=>P#!J5-!89$!0)%F-,-!0)%F/,I!(5-!$1NBP!)(/.'I!

),6!(5-!4&%)L+,-!%/()(/%!>-%-!0/H*+,-)%*&!)%%),G-6I!)'!(5/1G5!(5-!(%),'+(+/,!.-()*!5)6!F--,!+.4*),(-6!

+,(/!(5-!%/()(+/,)*!):+'!>+(5!)!(/()*!*-,G(5!NA9):;<!Ä!A9)=>P!/A!7#dfa!i#!!J5-!6+5-6%)*!),G*-!]!F-(>--,!(5-!

89$!4*),-!),6!(5-!4&%)L+,-!%+,G!>)'!"?#?~I!'5/>+,G!(5)(!(5-!%/()(/%!>)'!'*+G5(*&!%/()(-6!A%/.!(5-!4*),-!

/A!(5-!89$!NO+G1%-!7H26P#!J5-!DFO'!),+/,'!>-%-!4/'+(+/,-6!F-(>--,!(5-!6++'/4%/4&*F-,L-,-!'1F'(+(1-,('!

/A!(5-!)*45)!),6!F-()!'+6-!/A!89$!*+G),6'!+,!)!./*-01*-!>+(5!5)=+,G!)!6+'(),0-!/A!2#?`?!i!A%/.!(5-!

0*/'-'(! 4%/(/,! /A! (5-! +'/4%/4&*! ./+-(&! /A! (5-! 89$! *+G),6! (/! (5-! A*1/%+,-! )(/.! /A! (5-! DFO'! ),+/,#!

366+(+/,)**&I!(5-!),+/,'!5)=-!)!6+'(),0-!/A!2#a"d!i!A%/.!(5-!0*/'-'(!A*1/%+,-!)(/.!/A!(5-!),+/,!(/!(5-!

4&%)L+,-!4*),-I!>5+05!)%-!%-*)(+=-*&!A)%H)>)&!A%/.!(5-!F%+6G+,G!4&%)L+,-!%/()(/%!0/.4)%+,G!(/!(5)(!/A!

./,/,10*-)%!$1NBP!0)(+/,+0!0/.4*-:!F-)%+,G!(5-!89$!./+-(&!),6!4&%+6+,-!)'!*+G),6'#(#!J5-!/F'-%=-6!

G-/.-(%+-'!/A!),+/,'!,-)%!(5-!$1NBP!0/.4*-:!R!+,6+0)(-6!(5)(!)00-''!/A!(5-!),+/,'!(/!(5-!0-,(%)*!%/()(/%!



! '!"

>)'!/F'(%10(-6!F&! (5-!F1*M+,-''!/A! (5-!89$!*+G),6'I!>5+05!4%/=+6-6!*/0)*!=/*1.-!A/%!./(+/,!/A! (5-!

%/()(/%!(/!/001%!NO+G1%-!7H20!),6!7HdP#!

$%&'()*!'(%10(1%-!/A!(5-!89$!31NBP!%/(/%!0/.4*-:!S!>)'!)*'/!/F()+,-6!F&!'+,G*-!0%&'()*!]@CI!),6!

(5-!'(%10(1%-!>)'!=-%&!'+.+*)%!>+(5!(5)(!/A!0%&'()*!R#NO+G1%-'!7H26!),6!7H_P#!J5-!31NBP!0/.4*-:!R!>)'!

4)0M-6!+,!(5-!'4)0-!G%/14!C2!}+I!),6!'(%10(1%-!/A!(5-!.-()*!0/.4*-:!>+(5!4)0M+,G!.),,-%!/A!(5-!DFO'!

),+/,'!>-%-!5/./*/G/1'!(/!(5)(!/A!(5-!$1NBP!0/.4*-:!R!NO+G1%-'!7H26I!7H_I!),6!J)F*-!7H2P#!^-/.-(%&!

4)%).-(-%'! A9):;<I! A9)=>I! ),6! ]! /A! (5-! 31NBP! 0/.4*-:! S! '5/>-6! 6+AA-%-,0-'! A%/.! (5/'-! /A! (5-! $1NBP!

0/.4*-:!R#!J5-! A9):;<!),6! A9)=>!/A! (5-!31NBP!0/.4*-:!S!>-%-!"#a?N2P!i!),6!2#`;N"P!iI!%-'4-0(+=-*&I!

+,6+0)(+,G!(5)(!(5-!*-,G(5!/A!%/()(+/,)*H):+'!NA9):;<!Ä!A9)=>P!>)'!0)#!`#2!i!*/,G-%!(5),!(5)(!/A!(5-!$1NBP!

0/.4*-:!RI!%-)'/,-6!F&!(5-!*)%G-%!=),!6-%!>))*'!%)6+1'!/A!31!(5),!$1!)(/.#!3!*)%G-%!6+5-6%)*!),G*-!]!

>)'!/F'-%=-6!A/%!(5-!31NBP!0/.4*-:!S!N2`#d~P!(5),!(5)(!/A!(5-!$1!0/.4*-:!R!N"?#?~I!O+G1%-!7H20I6!),6!

J)F*-!7H"P#!!

D+,G*-H0%&'()*!]@C!.-)'1%-.-,('!F-(>--,!"a?!o!(/!7?`!oI!>+(5!A/1%!+,(-%.-6+)(-!4/+,('!)(!2?`I!

2d?I! 7``I! ),6!72?!o! NO+G1%-! 7Ha["`! ),6!J)F*-! 7H2PI! %-=-)*-6! ,/! '+G,+A+0),(! '(%10(1%)*! 05),G-'! ),6I!

'+.+*)%*&I!6+AA-%-,(+)*!'0),,+,G!0)*/%+.-(%&!NCD$P!4%/A+*-'!+,!(5-!%),G-!"a?[7?`!o!'5/>-6!,/!'+G,+A+0),(!

4-)M'!+,6+0)(+,G!(5)(!(5-!0%&'()*'!R!),6!S!5)=-!,/!(5-%.)**&!(%+GG-%-6!45)'-!(%),'+(+/,'!NO+G1%-!7H"2P#!!

!



! '#"

!
2/1-'%#Q3P"#?8&*>%9/9#(&,#.'89*()#9*'-.*-'%9#+6#R#(&,#S#!!(!D&,(5-'+'!/A!(5-!89$!0)(+/,+0!%/(/%'!$1NBP!

R#),6I!K!31NBP!%/(/%!S#!$%&'()*!'(%10(1%-'!/A!.I!R!),6!,I!S#>+(5!(5-!89$!*+G),6'!'5/>,!+,!'(+0M!F)%!),6!

4&%)L+,-!%/()(/%!5+G5*+G5(-6!+,!%-6#!!

!
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! '$"

0(K)%#Q3O"#]%8#9+)/,39*(*%#9*'-.*-'()#B('(5%*%'9#+6#*>%#F<7#'+*+'#R#(&,#S##

').4*-'! A9)=>!}!i! A9):;<!}!i! ]}!~(

R!)(!2d?!o! "#_afN2P! "#_d7N2P! "?#?!

R!)(!7?`!o! "#_a?N2P! "#_d"N2P! "?#"!

S!)(!2d?!o! 2#`;N"P! "#a?N2P! 2`#d!

S!)(!7?`!o! 2#`;N"P! "#afN"P! 2`#?!

#

#

7>('(.*%'/\(*/+&#+6#D+*(*/+&()#J8&(5/.9#K8#I('/(K)%#0%5B%'(*-'%!?+)/,3?*(*%#! <#F4D##

B,! /%6-%! (/! +,=-'(+G)(-! (5-! %/()(+/,)*! 6&,).+0'! /A! (5-! 4&%)L+,-H2#! %/()(/%! +,! 0%&'()*'! /A! 89$!

0/.4*-:!R!),6!SI!B!0)%%+-6!/1(!=)%+)F*-!(-.4-%)(1%-!'/*+6H'()(-!NDDP##9!8T@!'4+,H-05/!.-)'1%-.-,('!

(5)(!>-%-!A/**/>-6!F&!*+,-!'5)4-!'+.1*)(+/,'#!!B(!5)'!F--,!-'()F*+'5-6!(5)(!(5-!.-(5/6!+'!+6-)**&!'1+(-6!(/!

6-(-%.+,-!(5-!6&,).+0'!/A!6-1(-%+1.H-,%+05-6!./+-(+-'!>+(5!'+(-H-:05),G-!%)(-'!+,!(5-!6&,).+0!%),G-!

/A! 0)#!"`%H"`(! ')!/#&#!O+G1%-'!7H7)!),6!F! '5/>! (5-!-:4-%+.-,()**&!/F()+,-6! '4-0(%)! N'/*+6!F*)0M! *+,-'P!

.-)'1%-6!+,!(5-!(-.4-%)(1%-!%),G-!F-(>--,!7;`!o!),6!2d?!o#!!D+.1*)(-6!DD##9!8T@!'4-0(%)!N6)'5-6!

%-6!*+,-'P!>-%-!/F()+,-6!1'+,G!)!K1)6%14/*)%!0/14*+,G!0/,'(),(!Nx$$P!/A!"_`!M9LI!)!0/,-!),G*-!/A!f`h!

A/%.-6!F-(>--,!(5-!%/()(+/,)*!"I;H):+'!),6!$HC!F/,6!=-0(/%I!),6!Y%/>,+),!U1.4'!/A!"_`hI!+,!)G%--.-,(!

>+(5!(5-!0%&'()*!'(%10(1%-'!NO+G1%-!7H70P#,#!!

J5-!0)*01*)(-6!*+,-!'5)4-'!4%/=+6-6!)!%-)'/,)F*-!.)(05!>+(5!(5-!-:4-%+.-,()*!'4-0(%)!>+(5!(5-!

$1NBP!0/.4*-:!R!-:4-%+-,0+,G!6&,).+0'!+,!(5-!+,(-%.-6+)(-!-:05),G-!%-G+.-I!)'!G+=-,!F&!)!'+.1*)(-6!

%/()(+/,)*! A%-K1-,0&! /A! 2#_`! T9L#! O1%(5-%! .-)'1%-.-,('! )(! 72?I! 7"?I! 7``! o! >-%-! '+.1*)(-6! >+(5!

%/()(+/,)*!-:05),G-!A%-K1-,0+-'!N^?@A4P!/A!0)#!"#2`I!`#d`I!),6!`#2`!T9LI!%-'4-0(+=-*&!NO+G1%-!7H7)P#!Y&!

0/,(%)'(I!(5-!'4-0(%)!/A!31NBP!0/.4*-:!S!.-)'1%-6!)(!72?I!7``I!2a`I!),6!2d?!o!>-%-!'+.1*)(-6!>+(5!^?@A!

=)*1-'!/A!"7#?I!?#``I!7#``I!),6!"#2?!T9LI!>5+05!)%-!0*-)%*&!G%-)(-%!(5),!(5/'-!/A!(5-!$1NBP!0/.4*-:!R#!

8/()F*&I!(5-!3%%5-,+1'!4*/('!0/,'(%10(-6!A%/.!(5-!^?@A4!/A!R!),6!S!4%-'-,(-6!)!'+G,+A+0),(!6+AA-%-,0-!+,!(5-!

0/%%-'4/,6+,G!)0(+=)(+/,!-,-%G&!NJ2)<B!),6!J2)CBP#!!3'!'5/>,!+,!O+G1%-!7H76I!(5-!$1NBP!0/.4*-:!R!'5/>-6!

),!J2)<B!|!"2#7!M0)*}./*!),6!)!4%-H-:4-%+.-,()*!A)0(/%'!1!|!2#2!:!"`!%!'.!#!!B,!0/,(%)'(I!%-'1*('!A%/.!(5-!

31NBP!%/(/%!S!%-=-)*-6!J2)CB!|!_#;!M0)*}./*!),6!1!|!f#f!:!"`!#!'.!#!!!V-!,/(-!(5)(!(5-!*+,-!'5)4-'!/A!F/(5!

0/.4*-:-'!.-)'1%-6!)F/=-!2d?!o!>-%-!%-)'/,)F*&!05)%)0(-%+L-6!F&!)!'+.4*-!"_`h!'+(-!-:05),G-!./6-*!

)44%/)05+,G!(5-!A)'(!-:05),G-!%-G+.-#!!!!!



! '%"

!
2/1-'%# Q3Q"# I('/(K)%# *%5B%'(*-'%# :I0;# 9+)/,39*(*%# :??;# F4D# 9*-,/%9# +6# .'89*()9# R# (&,# S"!

E:4-%+.-,()*!DD!#9!8T@!'4-0(%)!/A!(I!(5-!$1NBP!%/(/%!R!),6!KI!(5-!31NBP!%/(/%!S!%-4%-'-,(-6!+,!F*)0M!

'/*+6!*+,-!),6!(5-!'+.1*)(-6!'4-0(%)!+**1'(%)(-6!+,!%-6!6)'5-6!*+,-##.I!@-4%-'-,()(+/,!/A!(5-!G%/1,6!),6!

(%),'+(+/,!'()(-'!/A!2HA/*6!%/()(+/,!+,!'/*+6H'()(-#!,I!3%%5-,+1'!4*/(!>+(5!-=)*1)(-6!-,-%G&!F)%%+-%!NJ2P!),6!

4%-H-:4/,-,(+)*!A)0(/%!N1P!/A!4&%)L+,-!%/()(/%!6&,).+0'!+,!0%&'()*!R!),6!S!6-'0%+F-6!+,!F*)0M!),6!F*1-I!

%-'4-0(+=-*&#!!

#

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



! '&"

#

#

#

!&E%9*/1(*/+&#/&*+#*>%#['/1/&#+6#@&%'18#J/66%'%&.%#/&#C.*/E(*/+&#^(''/%'9#K%*N%%&#D+*+'#R#(&,#S!

B,!/%6-%!(/!1,6-%'(),6!(5-!%/()(+/,)*!6&,).+0'!/A!89$!$1NBP!%/(/%!R!),6!31NBP!%/(/%!SI!>-!0)%%+-6!

/1(! COJ! 0)*01*)(+/,'! 1'+,G! B,(%)./*-01*)%! D&..-(%&H36)4(-6! R-%(1%F)(+/,! J5-/%&! NBHD3RJP#*! ),6!

8)(1%)*!Y/,6!<%F+()*!N8Y<P!),)*&'+'$+"$!/(/!G)+,!+,'+G5('I!%-'4-0(+=-*&I!+,(/!(5-+%!'(-%+0!),6!-*-0(%/,+0!

-AA-0('#!B!0/,'+6-%-6!(5)(!'(-%+0!%-41*'+/,!F-(>--,!(5-!%/()(/%!),6!(5-!89$!*+G),6!'5/1*6!+,0%-)'-!(5-!

-,-%G&!/A!(5-!%/()(+/,)*!(%),'+(+/,!'()(-!>5+*-!WHF)0M!6/,)(+/,!A%/.!(5-!A+**-6!2!/%F+()*'!/A!(5-!.-()*!(/!

(5-!W8!/%F+()*'!/A! (5-!%/()(/%!'5/1*6!'()F+*+L-! +(#! B!5&4/(5-'+L-6! (5)(!31NBP! %/(/%!S!>/1*6!-:4-%+-,0-!)!

>-)M-%!'(-%+0!-AA-0(!),6!)!'(%/,G-%!WHF)0M!6/,)(+/,!(5),!(5/'-!/A!$1NBP!%/(/%!R!F-0)1'-!/A! (5-!*/,G-%!

*-,G(5!/A!(5-!%/()(+/,)*!):+'!),6!(5-!%-*)(+=-*&!*)%G-!'+L-!/A!2!/%F+()*'!/A!(5-!31NBP!)(/.#!

J/!/F()+,!G-/.-(%+-'!),6!-,-%G&!=)*1-'!A/%!(5-!%/()(+/,)*!G%/1,6!),6!(%),'+(+/,!'()(-'!NJDP!B!(//M!

(5-!+,+(+)*!G-/.-(%+-'!/A!F/(5!89$!F+.-()*!0)(+/,+0!0/.4*-:-'!A%/.!(5-!0%&'()*!'(%10(1%-'I!A/**/>-6!F&!

/4(+.+L+,G!(5-!4/'+(+/,'!/A!9!)(/.'!F&!A+:+,G!(5-!G-/.-(%+-'!/A!5-)=&!)(/.'!1'+,G!COJ!0)*01*)(+/,!>+(5!

Y7QeR}fH7"^!*-=-*$##!J/!)=/+6!0/.4*+0)(+/,!/,!(5-!0)*01*)(+/,'!),6!A1%(5-%!),)*&'+'I!(5-!0/1,(-%!),+/,'!

>-%-! /.+((-6#! J5-! G-/.-(%&H/4(+.+L-6! G%/1,6! '()(-'! >-%-! 0)*01*)(-6! 1'+,G! àYad]C}fH7"^N6P! A/%!

/%G),+0!)(/.'!),6!Q),Q2Cl!A/%!.-()*'!>+(5!)**!F1(! (5-!0)%F/,'!),6!5&6%/G-,!)(/.'!/A! (5-!4&%)L+,-!

%/()(/%!A+:-6!+,!/%6-%!(/!'+.1*)(-!(5-!%+G+6+(&!/A!(5-!*/0)*!%/()(/%!-,=+%/,.-,($##!J5-!JD!A/%!(5-!2HA/*6!

%/()(+/,! /A! %/(/%'! R! ),6! S! >-%-! /F()+,-6! F&! (5-! Q/0)**&! X46)(-6! R*),-'! NQXRP! .-(5/6I! /,-! /A! (5-!

0/,=-,(+/,)*!4)(5!/4(+.+L)(+/,!0)*01*)(+/,'!1'+,G!(5-!^@@T"d!4%/G%).$$)$&#!J5-!)(/.'!/,!(5-!89$!

*+G),6'!),6!.-()*'!>-%-!A+:-6I!),6!(5-!0)*01*)(+/,!A/%!(5-!JD!'-(!)(!(5-!').-!*-=-*!)'!(5)(!1'-6!A/%!(5-!

G%/1,6!'()(-#!

J5-!0)*01*)(-6!G%/1,6!'()(-!G-/.-(%+-'!/A!%/(/%'!R!),6!S!>-%-!),)*/G/1'!(/!(5/'-!/F()+,-6!A%/.!

(5-!'+,G*-!0%&'()*!]@CI!),6!(5-!0)*01*)(-6!-,-%G&!F)%%+-%'!K1)*+()(+=-*&!.)(05-6!(5-!(-,6-,0&!/F'-%=-6!

A%/.!(5-!#9HDDH8T@!),)*&'-'#!J5-!/4(+.+L-6!G%/1,6H'()(-!G-/.-(%+-'!/A!(5-!(>/!%/(/%'!'5/>-6!(5)(!(5-!

4&%)L+,-!%+,G'!>-%-!'*+G5(*&!(+*(-6!A%/.!(5-!89$!4*),-'!>+(5!6+5-6%)*!),G*-'!](*B(0)#!f#`[d#`~I!>5+05!

>-%-!0)#!"`!~!'.)**-%! (5),!(5/'-!/F'-%=-6!+,! (5-!0%&'()*!'(%10(1%-'!NO+G1%-'!7H;)!),6!F!),6!7H";["?P#!

J%),'+(+/,!'()(-!0)*01*)(+/,'!+,6+0)(-6!(5)(!(5-!4&%)L+,-!%/()(/%'!)%-!/%(5/G/,)*!(/!(5-!4*),-'!/A!(5-!89$!

N]!|!0)#!a`~PI!>+(5!(5-!G%-)(-'(!'(-%+0!0/,G-'(+/,!/001%%+,G!F-(>--,!(5-!+'/4%/4&*!G%/14'!/,!(5-!*+G),6'!

),6!(5-!%/()(/%!NO+G1%-'!7H;)!),6!FP#!J5-!0)*01*)(-6!-,-%G&!F)%%+-%'!A/%!(5-!%/()(+/,'!>-%-!"`#2!M0)*}./*!



! ''"

A/%!(5-!$1NBP!%/(/%!R!NâJ72D4)<BP!),6!f#`!M0)*}./*!A/%!(5-!31NBP!%/(/%!S!NâJ72D4)CBPI!%-'4-0(+=-*&#!J5-!0)#!;#`!

M0)*}./*! /A! 5+G5-%! -,-%G&! F)%%+-%! /A! (5-!$1NBP! %/(/%!R! +'! 0/,'+'(-,(!>+(5! (5-! -:4-%+.-,()*! )0(+=)(+/,!

-,-%G+-'! 6-(-%.+,-6! F&! DDH8T@! '(16+-'I! )*(5/1G5! (5-! 0)*01*)(-6! =)*1-'! )%-! 0)#! 2#`! M0)*}./*! */>-%!

NO+G1%-'! 7H;)! ),6! FP#! V-! 4%/4/'-! (5)(! (5-! 6+AA-%-,0-! F-(>--,! (5-! DD! #9! 8T@! -:4-%+.-,('! ),6!

0)*01*)(+/,'! .)&! /%+G+,)(-! A%/.! '(-%+0! +,(-%)0(+/,'! >+(5! (5-! DFO'/),+/,'I! >5+05! >-%-! /.+((-6! +,! (5-!

0)*01*)(+/,'#!

3'! '--,! +,! (5-! 0%&'()*! '(%10(1%-'I! 05),G+,G! (5-! .-()*! A%/.! $1! (/! 31! +,0%-)'-6! (5-! *-,G(5! /A!
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'0)*-I!>5+05!0/1*6!F-!K1-,05-6!F&!(5-!./*-01*)%!%/()(+/,'!/001%%+,G!,-)%!(5-!(+.-!'0)*-#!3!F%/)6!*+F%)%&!

/A!89$!*+G),6'!+,0*16+,G!F1*M&!'(%10(1%-'!5)=-!)*%-)6&!F--,!6-=-*/4-6!>+(5!)+.!)(!0/,(%/**+,G!'(-%+0!

),6!-*-0(%/,+0!-AA-0('!,-)%! (5-!.-()*H0-,(-%!'4)0-#!J51'I!.),&!89$!.-()*!0/.4*-:HF)'-6!./*-01*)%!

%/(/%'!0),!F-!6-=-*/4-6!(/!6-./,'(%)(-!)!'+.+*)%*&!F%/)6!%),G-!/A!%/()(+/,)*!6&,).+0'!),6!A+,-H0/,(%/*!

/A!%/()(+/,)*!F)%%+-%'!+,!'/*+6H'()(-#!J5-'-!%-'1*('!%-=-)*!)!G-,-%)*!>)&!(/!1'-!(5-'-!)F1,6),(!*+G),6'!)'!

A1,0(+/,)*! '()(/%'! ),6! (5-! .-()*H*+G),6! 0//%6+,)(+/,! F/,6'! )'! ),! )6U1'()F*-! %/()(+/,H):+'! A/%!

).45+6&,).+0!0%&'()*'#!J5+'!4*)(A/%.!>+**!-,)F*-!(5-!A1%(5-%!'(16&!/,!(5-'-!-:/(+0!.)(-%+)*'I!>5+05!5)=-!

F/(5!5+G5!'(%10(1%)*!+,(-G%+(&!),6!5+G5!./F+*+(&!/A!(5-!./*-01*)%!0/.4/,-,('I!),6!G%-)(*&!-,5),0-!(5-!

6-=-*/4.-,(!/A!,->!A1,0(+/,)*!.)(-%+)*'!F)'-6!/,!(5-!./*-01*)%!6&,).+0'!05),G-!+,!(5-!'()(+0!0%&'()**+,-!
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#
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! ($"

8"<#E;5-%+4-,()*#D-0(+/,'#

#

$%&%'()!

3**! 0/..-%0+)**&! )=)+*)F*-! %-)G-,('! ),6! '/*=-,('! )%-! %-)G-,(! G%)6-! ),6! >-%-! 1'-6! >+(5/1(! A1%(5-%!

41%+A+0)(+/,!1,*-''!/(5-%>+'-!,/(-6#!D/*=-,('!A/%!(5-!'&,(5-'+'!>-%-!41%05)'-6!A%/.!0/..-%0+)*!'144*+-%'I!

6-G)''-6!F&!(5%--!A%--L-H41.4H(5)>!0&0*-'!),6!A1%(5-%!6%+-6!/=-%!./*-01*)%!'+-=-'!N;!iP#!!!8T@!'4-0(%)!
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3S38$E!BBB!?``!T9L!'4-0(%/.-(-%!N!9Z!?``!T9Lk!!$$Z!"2?!T9LP!1'+,G!(-(%).-(5&*'+*),-!),6!$C$*$!

)'!+,(-%,)*!'(),6)%6'I!%-'4-0(+=-*&#!D/*+6H'()(-!8T@!'4-0(%)!>-%-!)0K1+%-6!/,!)!Y%1M-%!3S38$E!BBB!9C!

f``! T9L! N#9Z! a2#"`! T9LP#! E.+''+/,! '4-0(%)! >-%-! %-0/%6-6! /,! )! 9+()05+! OHd```! '4-0(%/.-(-%#!

3F'/%4(+/,!'4-0(%)!>-%-!%-0/%6-6!/,!(5-!F)'+'!/A!'&,05%/,/1'!A*1/%-'0-,0-!'4-0(%/'0/4&!1'+,G!)!9+()05+!

OHd```! '4-0(%/.-(-%! -K1+44-6!>+(5! ),! +,(-G%)(+,G! '45-%-#!J5-! -.+''+/,! K1),(1.!&+-*6'! /A! (5-! '/*+6!

').4*-'! >-%-! %-0/%6-6! /,! )! 9).).)('1! x1),()1%1'Hxe! '4-0(%/.-(-%! >+(5! ),! +,(-G%)(+,G! '45-%-#!

E.+''+/,! *+A-(+.-! .-)'1%-.-,('! >-%-! %-0/%6-6! /,! )! 9).).)('1! x1),()1%1'HJ)1! '4-0(%/.-(-%#!

O*1/%-'0-,0-! .+0%/'0/4+0! '4-0(%)! >-%-! %-0/%6-6! /,! )! R5/(/,+0! 9).).)('1! RT3H"2! T1*(+05),,-*!

3,)*&L-%#! E*-.-,()*! ),)*&'-'! >-%-! %-0/%6-6! )(! (5-! ^*/F)*! O)0+*+(&! $-,(-%! )(! 9/MM)+6/! X,+=-%'+(&#!

R5/(/G%)45'!>-%-!/F()+,-6!1'+,G!<*&.41'!Y]?"!/%!Dl]d!.+0%/'0/4-'!>+(5!<*&.41'!CRd2I!8+M/,!

C?"``! 6+G+()*! 0).-%)'#! J5-%.)*! G%)=+.-(%+0! ),)*&'+'! 4%/A+*-'! >-%-! %-0/%6-6! /,! Y%1M-%! J^H

CJ32`"`D3J#! ! C+AA-%-,(+)*! D0),,+,G! $)*/%+.-(%&! NCD$P! 4%/A+*-'! >-%-! .-)'1%-6! /,! CD$! x2```!

S2;#""#!!J5-!%)>!6)()!A+*-'!>-%-!4*/((-6!/,!BG/%!R%/!S-%'+/,!f#7d#!
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?8&*>%9/9#

D&,(5-'+'!/A!(5-!89$!$1NBP!%/(/%!R!

!
!

3!4/>6-%! /A! 05*/%/t"I7HF+'N2IfH6++'/4%/4&*45-,&*P+.+6)L/*H2H&*+6-,-u$1NBP! N`#`a?!GI! `#2!../*P! ),6!

6-1(-%)(-6!4&%)L+,-!N`#``a!GI!`#"!../*P!>)'!4*)0-6!+,!),!/=-,H6%+-6!"a!.*!/A!/,-H,-0M!=+)*#!J5-!A*)'M!

>)'!0/,,-0(-6!(/!=)011.},+(%/G-,!.),+A/*6!(5%/1G5!)!%1FF-%!(1F-#!B(!>)'!-=)01)(-6!),6!(5-,!F)0MA+**-6!

>+(5!,+(%/G-,#!J5+'!4%/0-''!>)'!%-4-)(-6!(5%--!(+.-'#!C%&!J9O!N?#`!.*P!>)'!(5-,!)66-6!(/!(5-!A*)'M!1,6-%!

,+(%/G-,! )(./'45-%-#!J5-! %-)G-,('! 0/,()+,-6!J9O! '/*1(+/,!>)'! )66-6!3GDFO'! ),6! (5-! %-)0(+/,!>)'!

4-%A/%.-6!1,6-%!%//.!(-.4-%)(1%-!A/%!2!5#!J5-!'1'4-,6-6!J9O!'/*1(+/,!>)'!A/**/>-6!F&!'-4)%)(+,G!(5-!

*+K1+6!/%G),+0!*)&-%!1'+,G!0-,(%+A1G-#!J5-!/%G),+0!*)&-%'!>-%-!0/**-0(-6I!),6!(5-!'/*=-,(!>)'!%-./=-6!=@(

-6+;*#! O1%(5-%! 41%+A+0)(+/,! F&! %-0%&'()**+L)(+/,! 1'+,G! $9#$*#}9-:),-! G)=-! ),)*&(+0)**&! 41%-! *+G5(H

&-**/>+'5!0%&'()*'!/A!R!>+(5!%-6!-.+''+/,!1,6-%!XS!*+G5(!N`#22;!GI!`#!../*I!d7!{P#!!9!8T@!N;``!T9LI!

$C#$*#I!ÅPZ!d#?;Hd#?_!N(I!?!|!_#`2I!;9PI!d#7d!N'I!;9PI!d#72Hd#7;!N6I!?!|!_#dI!_9PI!2#;dH2#?"!N5I!?!|!f#aaI!

_9PI!"#22H"#27!N6I!?!|!f#__!9LI!2;9PI!"#"dH"#"a!N6I!?!|!d#72!9LI!2;9P#!!$$!8T@!N"2?!T9LI!$C#$*#I!ÅPZ!

2;#`I!2?#"I!2a#"I!"2;#_I!"2?#`I!"7"#?I!"7;#7I!";f#"I!"df#d#!3,)*#!$)*06#!A/%!$&,9(#C%$1#8'DF#O!#Z!$I!
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!

!

!

!
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N N

Cu
Cl

+
THF
r.t., 2 h

(0.2 mmol)

0.2 mmol

(0.5 equiv.)
under N2

Ag(SbF6)

re-crystallization
by solvent diffusion
using DCM / Hexane

N N

Cu
N

N

Cu

NN

1
73%

2 x SbF6
-1

+2

N

N D

D

D

D

D

D

D

D

! #
234 #
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!
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N N

Au

Cl
N

N
+

DCM
r.t., 2 h

(0.2 mmol)

0.2 mmol
(0.5 equiv.) under N2

Ag(SbF6)

N N

Au
N

N

Au

NN

2
68%

2 x SbF6
-1

+2

D

D

D

D

D

D

D

D
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#
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6+AA%)0(/.-(-%! 1'+,G! G%)45+(-! ./,/05%/.)(-6! T/Ho`/ %)6+)(+/,#! J5-! '(%10(1%-! >)'! '/*=-6! F&! 6+%-0(!

.-(5/6'! ),6! -:4),6-6! 1'+,G! O/1%+-%! (-05,+K1-'#! 8/,H5&6%/G-,! )(/.'! >-%-! %-A+,-6! ),+'/(%/4+0)**&#!
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! ()"

0(K)%#Q3P!D1..)%&!/A!]H%)&!0%&'()**/G%)45+0!6)()!/A!(5-!0%&'()*!R#),6#S#!

!"#$"%&' ( ! ")*(+,-(. " !" )*(/-0(. " "!" )*(/1-(. "
2232(4%#567( +898,:8 ( +898,:: ( +898,:/ (
;#$<7<!)=(>"7#%=)( 2 !" ? #$2%>%4 #@5& 2!" ? #$2%>%4 #@5& 2!" ? #$2%>%4 #@5(
>"7#%=)(A6<BC*( 1/1D,+( 1/1D,+( 1/1D,+(
27EF*)=(@EF*6#( #"&"!=<&<!( #"&"!=<&<!( #"&"!=<&<!(
27EF*)=(@<G6(H(##( 0DI-J0DIIJ0DI/( 0DI:J0DIIJ0DII( 0DI:J0DI:J0DII(
!"H(K( ++D88I:0L+0M( ++D,:-:9L+0M( ++D,1+18L++M(
#(H(K( +:D+/I10L+0M( +:D+--,9L+:M( +:D+911,L+IM(
$(H(K( +,D9,0IL/M( +,D18I,-L+1M( +,D8/,::L+1M(
%(H(N( ,0 ( ,0 ( ,0 (
&(H(N( +09D/-:0L+0M( +09DI+/IL,M( +09DI:0+L,M(
' (H(N( ,0 ( ,0 ( ,0 (
( (H(K#( I+1/D98L-M( I/+0D18L-M( I//1D:,L-M(
@$)!6(O7"%$( ) / ' H!( ) / ' H!( ) / ' H!(
* (P)=%6( : ( : ( : (
+ ()*(&H(B(!# +#( +D-/:( +D-09( +D:,8(
Q6#$67)*%76(H(.( +,- ( /-0 ( /1- (
/ , ,)-& H(N( +-/D8I9( +-/D808( +-/D81:(
- LR"(. . M(H(!# +' ( 80D8I( 1,D81( 1,D:-(
4"D("S(T6S=6!*<"&F(
(

Q"*)=U(//-/8(
V&<W%6U(9:I/(
. /01(X(0D0I0,(

Q"*)=U(/I/:0(
V&<W%6U(9:-:(
. /01(X(0D0I08(

Q"*)=U(/::,8(
V&<W%6U(9-0:(
. /01(X(0D0III(

. '
)
&& 0D0I:1( 0D0I/9( 0D0:0I(

/. !
2
& 0D++:/( 0D0,0,( 0D++-0(

OY>!( 0D,:, ( +D0--( +D08/(
R)ZDHR<&<D($6)[(03&H(K#( 0D:-(6+H\+DII(6+( 0D:9(6+H\0D,+(6+( 0D1,(6+H\0D19(6+(
!"#$"%&' ( ! ")*(I00(. " ! ()*(I/- (. " ! ")*(I-0(. "
2232(4%#567( +89,,:I ( +898,:, ( +898,:9 (
;#$<7<!)=(>"7#%=)( 2 !" ? #$2%>%4 #@5( 2 !" ? #$2%>%4 #@5( 2 !" ? #$2%>%4 #@5(
>"7#%=)(A6<BC*( 1/1D,+( 1/1D,+( 1/1D,+(
27EF*)=(@EF*6#( #"&"!=<&<!( #"&"!=<&<!( #"&"!=<&<!(
27EF*)=(@<G6(H(##( 0DI9J0DI-J0DI-( 0DI8J0DI1J0DI1( 0DI8J0DI8J0DI9(
!"H(K( +/D00+-,L++M( +/D0I:80L+0M( +/D090-0L+0M(
#(H(K( +:D+8+18L+-M( +:D/0//0L+0M( +:D/+9:L/M(
$(H(K( +,D81:01L+,M( +,D,/9+L/M( +,D,9-8L/M(
%(H(N( ,0 ( ,0 ( ,0 (
&(H(N( +09DI/11L+0M( +09DI+-0L+0M( +09DI//0L+0M(
'"H(N( ,0 ( ,0 ( ,0 (
( (H(K#( I/:9D//L9M( I/98D9:L-M( I/8-DI+L9M(
@$)!6(O7"%$( ) / ' H!" ) / ' H!" ) / ' H!(
* (P)=%6( : ( : ( : (
+ ()*(&H(B(!# +#( +D:8,( +D:1,( +D:1/(
Q6#$67)*%76(H(.( I00( I/- ( I-0 (
/ , ,)-& H(N( +-/D8I9( +-/D:+8( +:-D:8(
- LR"(. . M(H(!# +' ( 1,D00( 18D:-( 18D09(
4"D("S(T6S=6!*<"&F(
(

Q"*)=U(//81-(
V&<W%6U(9:8,(
. /01(X(0D0I:I(

Q"*)=U(/-+:8(
V&<W%6U(9-1/(
. /01(X(0D0I0+(

Q"*)=U(/00:9(
V&<W%6U(9/I8(
. /01(X(0D0/1I(

. '
)
&( 0D0:+9( 0D0I10( 0D0I8+(

/. !
2( 0D+//+( 0D++/-( 0D+I1+(

OY>!( +D08-( 0D,9,( +D08,(
R)ZDHR<&<D($6)[(03&H(K#( 0D1,(6+H\0D8+(6+( 0DI/(6+H\0D,8(6+( 0DI0(6+H\+D0,(6+(

)U0(](/D00^L0MD(2U_==(76S=6!*<"&FD((UO""'&6FF("S(><*(`&'<!)*"7D(3U(<&(><&)=(3<SSD(R)$D(

(
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!"#$"%&' ( #")*(+,-(. " #")*(/-0(. " #")*(/1-(. "
2232(4%#567( +898,I8 ( +898,I- ( +898,I: (
;#$<7<!)=(>"7#%=)( 2 !" ? #$_%>%4 #@5& 2!" ? #$_%>%4 #@5& 2!" ? #$_%>%4 #@5(
>"7#%=)(A6<BC*( 89+DI:( 89+DI:( 89+DI:(
27EF*)=(@EF*6#( #"&"!=<&<!( #"&"!=<&<!( #"&"!=<&<!(
27EF*)=(@<G6(H(##( 0D9+J0D--J0D:-( 0D1+J0D9J0D-( 0D1+J0D9+J0D-/(
!"H(K( ++D,0//L++M( ++D,19/L8M( +/D0+--L1M(
#(H(K( +:D/+,9L+IM( +:D/I//L+0M( +:D/9,+L8M(
$(H(K( +,D,I1L/M( /0D0I/+L++M( /0D090/L,M(
%(H(N( ,0 ( ,0 ( ,0 (
&(H(N( +0-D/8+L+0M( +0-DI88L9M( +0-D:9/L-M(
' (H(N( ,0 ( ,0 ( ,0 (
( (H(K#( I/-:D,L9M( I/,/D0L:M( II+:D,LIM(
@$)!6(O7"%$( ) / ' H!( ) / ' H!( ) / ' H!(
* (P)=%6( : ( : ( : (
+ ()*(&H(B(!# +#( +D1-8( +D1I8( +D1/9(
Q6#$67)*%76(H(.( +,- ( /-0 ( /1- (
/ , ,)-& H(N( +1ID90/( +-ID/-: ( +-+D11/(
- LR"(. . M(H(!# +' ( +-:D/8( +-/D-: ( +-+D:,(
4"D("S(T6S=6!*<"&F(
(

Q"*)=U(+9/1I(
V&<W%6U(-,1I(
. /01(X(0D0-9:(

Q"*)=U(+9-0-(
V&<W%6U(9089(
. /01(X(0D0--1(

Q"*)=U(+911+(
V&<W%6U(908/(
. /01(X(0D0-91(

. '
)
&& 0D++88( 0D+088( 0D++/0(

/. !
2
& 0DI-:, ( 0DI0-/( 0DI:09(

OY>!( +D08,( +D+I/( +D0,:(
R)ZDHR<&<D($6)[(03&H(K#( IDI,(6+H\/D/1(6+( /DI9(6+H\/D0/(6+( /D/-(6+H\/D0/(6+(
!"#$"%&' ( #")*(/,-(. " #()*(I/- (. " #")*(I-0(. "
2232(4%#567( +898,II ( +898,:+( +898,I, (
;#$<7<!)=(>"7#%=)( 2 !" ? #$_%>%4 #@5( 2 !" ? #$_%>%4 #@5( 2 !" ? #$_%>%4 #@5(
>"7#%=)(A6<BC*( 89+DI:( 89+DI:( 89+DI:(
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'105!)'!4%/(-+,!)%-!1F+K1+(/1'!+,!,)(1%-I!),6!/A(-,!4*)&!(5-!A1,6).-,()*!A1,0(+/,!/A!*+=+,G!'&'(-.'#/!)&!B,!
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F1*M&!'()(/%!>+(5!(%+4(&0-,-!),6!4-,(+4(&0-,-!%/()(/%'I!%-'4-0(+=-*&I!),6!/F'-%=-6!%/()(+/,)*!./(+/,!/A!

(5-'-!+4(&0-,-!6-%+=)(+=-'!+,!0%&'()*'#!BR%ï!*+G),6!>)'!+,(%/610-6!F-0)1'-!/A!+('!5+G5*&!F1*M&!),6!*)%G-!

'(%10(1%-!>5+05! 0/1*6! 4%-=-,(! (5-! 0*/'-! 4)0M+,G! /A! %/()(/%[%/()(/%! /%! %/()(/%H*+G),6#!Y/(5! 0%&'()**+,-!

%/(/%'! >-%-! 05)%)0(-%+L-6! F&! '+,G*-H0%&'()*! ]H%)&! 6+AA%)0(+/,I! %-=-)*+,G! (5)(! (5-! F1*M&! 89$! *+G),6!

)AA/%6-6!(/!0/,'(%10(!*//'-!4)0M+,G!-,=+%/,.-,(!,-)%!(5-!%/()(/%'#!J5-!#9!'4+,H-05/!'/*+6!'()(-!8T@!

.-)'1%-.-,('!A/%!(5-!0%&'()**+,-!').4*-'!0/,A+%.-6!(5)(!%/()(+/,)*!./(+/,!/A!F/(5!%/()(/%'!/001%%-6!+,!

0%&'()*'!)F/=-!2a7!o!A/%!%/(/%!T!),6!277!o!A/%!%/(/%!UI!%-'4-0(+=-*&#!

!

!



! !+&"
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2/1-'%# R3O"! )P! T/*-01*)%! '+L-! 6+AA-%-,0-'! N'1%A)0-I! =/*1.-I! ),6! %/()(+/,)*! 6+).-(-%P! A/%! F-,L-,-I!

(%+4(&0-,-I! ),6! 4-,(+4(&0-,-#! FP! D05-.)(+0! +.)G-! /A! (5-! 4)0M+,G! )%%),G-.-,(! A/%! (5-! 0%&'()*! /A!

4-,(+4(&0-,-#!T1*(+4*-!WHW!),6!$9HW!+,(-%)0(+/,!0/1*6!A/%.!6-,'-!0%&'()*!'(%10(1%-#!0P!J5-!'05-.)(+0!

!"
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! !+'"

+.)G-!/A!0%&'()**+,-!./*-01*)%!%/(/%#!6P!R%-=+/1'*&!%-4/%(-6!./*-01*)%!%/(/%'!1'+,G!(%+4(&0-,-!)'!%/()(/%'#!

-P!$5-.+0)*!'(%10(1%-!/A!./*-01*)%!%/(/%!T!),6!U#!J5-!/=-%*)4!)%-)!/A!BR%ï!*+G),6!+'!-'(+.)(-6!)F/1(!""#_!

:!"a#?!i##!
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! !+("

<"2#A-'1*(#),7#7+'01''+/,#

!

)D@4$%!=!(6@2("7%"6764=*@((

^+),(!%/(/%'!T!),6!U!>-%-!'&,(5-'+L-6!A%/.!(5-!6+-(5&,&*!+4(&0-,-!0/.4/1,6'!),6!BR%ï!31NBP!05*/%+6-!

1'+,G!'(),6)%6!)*M&,)(+/,!0/,6+(+/,'I!)'!+**1'(%)(-6!+,!'05-.-!T!),6!U#!J5-!%/(/%!T!>)'!/F()+,-6!+,!_a{!

&+-*6!F&!(5-!./6-%)(-!%-)0(+/,!0/,6+(+/,'!>5+*-!(5-!'&,(5-'+'!/A!%/(/%!U!%-K1+%-6!5+G5!(-.4-%)(1%-!61%+,G!

(5-!%-)0(+/,!(/!/F()+,!(5-!0/.4/1,6!+,!;a{!&+-*6#!J5-!%/(/%!T!>)'!0%&'()**+L-6!F&!'/*=-,(!6+AA1'+/,!A%/.!

(5-!6+05*/%/.-(5),-!'/*1(+/,!/A!T! *)&-%-6!5-:),-!>5+*-!=)4/%!6+AA1'+/,!.-(5/6!>)'!0/,610(-6!A/%!U!

6+''/*=-6!+,!$9$*$!),6!-:4/'1%-!(/!(5-!E(#<!=)4/%#!J5-!0%&'()**+L)(+/,!/A!%/(/%!U!&+-*6-6!(>/!4/*&./%45'!

N'/*=)(-6!),6!,/,H'/*=)(-6!0%&'()*'P! +,!(5-!').-!=+)*!0/,A+%.-6!F&!'+,G*-!0%&'()*!]H%)&!),)*&'+'!ND$H

]@CP#!J5-!'/*=)(-6!0%&'()*!/A!%/(/%!U!)*(-%-6!(/!(5-!,/,H'/*=)(-6!0%&'()*!F&!(%-)(+,G!(5-!0%&'()*!+,!=)011.!

N'--!E:4-%+.-,()*!D-0(+/,P#!J5-!%/(/%!T!),6!U!>)'!)66+(+/,)**&!05)%)0(-%+L-6!F&!!9I!!$$!,10*-)%!.)G,-(+0!

%-'/,),0-!N8T@P!'4-0(%/'0/4&I!5+G5!%-'/*1(+/,!.)''!'4-0(%/.-(%&I!-*-.-,()*!),)*&'+'#!

!

?.>%5%#R3O"#?8&*>%9/9#+6#1/(&*#'+*+'#T#(&,#U#

!

(

0.1 mmol

n-BuLi (2.2 equiv.) IPr#AuCl (2.1 equiv.)

THF (2 mL)
 Ð78 ¼C, 1 h

THF (2 mL)
Ð78 ¼C to r.t, 12 h
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! !+)"

(
)=@<A%(+7D!46A(cT76D(:=BB76+4=*@(*B()(6@2(4(

D+,G*-!0%&'()*!]@C!.-)'1%-.-,('!>-%-!4-%A/%.-6!(/!/F()+,!(5-!4%-0+'-!'(%10(1%)*!+,A/%.)(+/,!/A!G+),(!

%/(/%!T#!J5-!%/(/%!T!>)'!0%&'()**+L-6!+,!(5-!(%+0*+,+0!'4)0-!G%/14!C2!}0!>+(5!A/1%!./*-01*-'!4-%!1,+(!0-**!

Nl|;P#!9-:),-!+,0*1'+/,!>)'!A/1,6!+,!(5-!0%&'()*!'(%10(1%-!>+(5!+('!05-.+0)*!/0014),0&!`#?#!NO+G1%-!;H

2)P!E)05!$[$!6+'(),0-!F-(>--,!(5-!45-,&*-,-!G%/14'!/A!89$!*+G),6!),6!(%+4(&0-,-!./+-(&!+'!'5/>,!+,!

O+G1%-!fH2F#!J5-'-!6+'(),0-'!)%-!=)%+-6!A%/.!7#7;!(/!7#_7!i#!$/,'+6-%+,G!(5-!S),!6-%!V))*'!%)6+1'!/A!

0)%F/,!),6!5&6%/G-,!)(/.'I! (5-! '5/%(-'(!$[$!6+'(),0-!/A! (5-! *+,-)%!$[9ñ9[$!G%/14'!>+(5/1(! ),&!

+,(-%)0(+/,! +'! )F/1(! ;#`! iI! ),6! +('! 6+'(),0-! 0/1*6! F-! '5/%(-,-6! (/! 2#_! i! >5-,! (5-%-! >)'! A)=/%)F*-!

+,(-%)0(+/,#!B,!(5-!%/(/%!TI!(5-!'5/%(-'(!6+'(),0-!F-(>--,!$[$!+'!7#7;!iI!(5)(!+'!'.)**-%!(5),!(5-!;#`!i!F1(!

'(+**! */,G-%! (5),! (5-!2#_!iI! +,6+0)(-'! (5-! *-''!'(-%+0!5+,6%),0-!F-(>--,! (5-!89$!*+G),6!),6! (5-!%/(/%I!

>5+05!+'!(5-!A)=/%)F*-!4)0M+,G!.),,-%!(/!'5/>!./*-01*)%!./(+/,!/A!(%+4(&0-,-#!J5-!4)0M+,G!-,=+%/,.-,(!

)%/1,6!(5-!%/(/%!T!>-%-!'5/>,!+,!O+G1%-!;H20#!J5-%-!)%-!(>/!45-,&*!G%/14'!5+G5*+G5(!+,!41%4*-!>5+05!)%-!

0*/'-!(/!(5-!%/()(/%#!J5-!6+'(),0-'!A%/.!(5-'-!45-,&*-,-!),6!(5-!%/()(+/,)*!):+'!/A!(%+4(&0-,-!>-%-!0)#!

?#?a!),6!?#a"!i#!J5-'-!6+'(),0-'!>-%-!*/,G-%!(5),!(5-!%/()(+/,)*!%)6+1'!/A!(5-!(%+4(&0-,-!N;#d?!iP#!J5-'-!

4)0M+,G! -,=+%/,.-,(! )%/1,6! (5-! (%+4(&0-,-! %/()(/%! +,6+0)(-'! (5)(! %/()(+/,! /A! (%+4(&0-,-! '5/1*6! F-!

)AA/%6)F*-#!9/>-=-%I!5-:),-!,-)%!(5-!%/()(/%!0),!'(-%+0)**&!6+'(1%F!%/()(+/,!/A!(5-!(%+4(&0-,-!6-'4+(-!(5-!

5-:),-!+'!4*)0-6!+,!0*/'-!(/!(5-!%/()(+/,)*!0-,(-%!>+(5+,!;#_f!i!),6!+('!'*+G5(*&!*/,G-%!(5),!(5-!%/()(+/,)*!

%)6+1'!/A! (%+4(&0-,-#! B,!/%6-%! (/!4%/./(-!%/()(+/,)*!./(+/,!/A! (5-! (%+4(&0-,-I! (5-!'/*=)(-6!0%&'()*!>)'!

(%-)(-6!1,6-%!=)011.'!A/%!"!6)&!(/!%-./=-!5-:),-!,-)%!(5-!%/()(/%I!),6!0/.4*-(-!6-'/*=)(+/,!>)'!4%/=-6!

F&!!9!8T@!),6!J^3!),)*&'+'#!J5-!/F()+,-6!R]@C!4)((-%,!>)'!>-**!+6-,(+0)*!>+(5!(5-!'+.1*)(-6!4)((-%,!

A%/.! (5-! '+,G*-! 0%&'()*!]@C! +,6+0)(-'! (5-%-!>)'! ,/!45)'-! (%),'+(+/,! 61%+,G! (5-! 6-'/*=)(+/,! ),6! '(+**!

.)+,()+,!(5-!0%&'()**+,+(&#!

0.1 mmol

n-BuLi (2.2 equiv.) IPr#AuCl (2.1 equiv.)

THF (2 mL)
 Ð78 ¼C, 1 h

THF (2 mL)
Ð78 ¼C to 80 ¡C, 12 h
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!

!
2/1-'%#R3P"!)P!$%&'()*!'(%10(1%-!/A!G+),(!%/(/%!T!FP!'-=-%)*!$[$!6+'(),0-'!A%/.!45-,&*-,-!G%/14!/A!89$!

./+-(&!),6!(%+4(&0-,-#!0P!R)0M+,G!G-/.-(%&!)%/1,6!(5-!%/()(/%#!R5-,&*-,-!G%/14'!5+G5*+G5(!)'!41%4*-!)%-!

0*/'-!(/!(5-!%/()(/%#!!

!

!! D+,G*-!0%&'()*!]@C!'(16&!/A!G+),(!%/(/%!U!>+(5/1(!'/*=-,(!+,0*1'+/,!%-=-)*-6!(5)(!(>/!+,6-4-,6-,(!

%/(/%'!N6-,/(-6!)'!%/(/%!U(!0/*/%-6!+,!G%--,!),6!UK!0/*/%-6!+,!/%),G-I!%-'4-0(+=-*&P!>-%-!A/1,6!+,!(5-!

1,+(!0-**!NL!|!2P!>5+05!4)0M-6!+,!(5-!'4)0-!G%/14!CH"!NO+G1%-!;H7)P#!J5-!4-,(+4(&0-,-!%/()(/%!+'!'*+G5(*&!

F-,(!)G)+,'(!(5-!(>/!89$!1,+('!F-0)1'-!/A!(5-!A*-:+F+*+(&!/A!(5-!)*M&,-!):+'#!B,!(-%.'!/A!(5-!./*-01*)%!

4)0M+,G!'(%10(1%-I!-)05!%/(/%!U(!),6!UK!>-%-!)*+G,-6!)*/,G!(5-!FH):+'!),6!A/%.!0/*1.,)%!*+M-!'(%10(1%-#!

NO+G1%-!;H7FP!E)05!4-,(+4(&0-,-!>)'!4*)0-6!+,!'-4)%)(-!),6!)*./'(!,/!+,(-%)0(+/,!-)05!/(5-%#!J5+'!%-'1*(!

+,6+0)(-6! (5)(! (5-! F1*M&! 0/,0)=-H'5)4-6! 89$! *+G),6! 0/1*6! 4%-=-,(! '(%/,G! '()0M+,G! F-(>--,! -)05!

4-,(+4(&0-,-!1,+('#!NO+G1%-!;H"f["dP!J5-!6+'(),0-'!F-(>--,!(5-!%/()(/%!),6!45-,&*!G%/14'!/A!'()(/%'!>-%-!

'5/>,!+,!(5-!O+G1%-#70#!O/%!(5-!%/(/%!U(I!'/.-!45-,&*-,-!G%/14'!>-%-!=-%&!0*/'-!(/!(5-!4-,(+4(&0-,-!

./+-(&#! N45-,&*-,-! >)'! 0/*/%-6! +,! 4+,MP! J5-! 6+'(),0-! A%/.! (5/'-! 45-,&*-,-! G%/14! (/! (5-! 0-,(-%! /A!

(%+4(&0-,-!>)'!;#"_!iI!),6!(5-!,-)%-'(!6+'(),0-!A%/.!45-,&*-,-!(/!4-,(+4(&0-,-!>)'!7#?;!i#!B,!A)0(I!(5-'-!

(>/!45-,&*-,-!0/1*6!4%-=-,(!(5-!6&,).+0!./(+/,!/A!4-,(+4(&0-,-!F-0)1'-!(5-&!>-%-!4*)0-6!+,!(5-!0/1%'-!

/A!%/()(+/,#!J5-!./*-01*)%!G-/.-(%&!/A!(5-!%/(/%!UK!>)'!6+AA-%-,(!A%/.!(5-!%/(/%!U(#!J5-!0*/'-'(!6+'(),0-!

A%/.!(5-!%/()(/%!(/!(5-!,-+G5F/%+,G!45-,&*-,-!>)'!A/1,6!7#f_!i!)'!'5/>,!+,!O+G1%-!;H70I!+,6+0)(+,G!(5)(!

(5-!'(-%+0!5+,6-%),0-!F-(>--,!(5-!45-,&*-,-!/A!'()(/%!),6!%/()(/%!+,!UK!'5/1*6!F-!'.)**-%!(5),!(5)(!/A!U(#!
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! !!+"

J5-!'(-%+0!-,=+%/,.-,(!,-)%!(5-!%/()(/%'!>)'!'5/>,!+,!O+G1%-!;H76#!O/%!%/(/%!U(I!(>/!45-,&*!%+,G'!/A!(5-!

89$!*+G),6!+,!(5-!').-!./*-01*-!>+(5!(5-!%/()(/%!),6!/(5-%! (>/!45-,&*!G%/14'!A%/.!(5-!,-+G5F/%-6!

./*-01*-'!>-%-!0*/'-!(/!(5-!%/()(/%I!0/*/%-6!+,!4+,M!),6!41%4*-I!%-'4-0(+=-*&#!J5-!6+'(),0-'!A%/.!(5/'-!

1,+('!(/!(5-!%/()(+/,)*!0-,(-%!/A!(5-!4-,(+4(&0-,-!>-%-!d#`7!i!A/%!41%4*-!45-,&*!G%/14'!),6!;#"_!i!A/%!

4+,M!45-,&*!G%/14I!%-'4-0(+=-*&#!J5-!6+'(),0-!F-(>--,!(5-!41%4*-!45-,&*!G%/14'!+'!'*+G5(*&!*/,G-%!(5),!

(5-!%/()(+/,)*!%)6+1'!/A!(5-!4-,(+4(&0-,-!%/()(/%!f#?`!i#!9/>-=-%I!(5/'-!6+'(),0-'!F-(>--,!(>/!45-,&*!

%+,G'!0/*/%-6!+,!4+,M!+'!K1+(-!'5/%(-%!(5),!(5-!%)6+1'!/A!%/()(/%!),6!./*-01*)%!./(+/,!0/1*6!F-!4%-=-,(-6#!

$/,(%)%&I!6+'(+,0(!4)0M+,G!-,=+%/,.-,(!>)'!A/1,6!A/%!(5-!%/(/%!UK#!J5-!6+'(),0-!F-(>--,!(5-!45-,&*-,-!

/A!)6U)0-,(!./*-01*-'!0/*/%-6!+,!41%4*-!),6!(5-!4-,(+4(&0-,-!>)'!;#7"!iI!>5+05!+'!)*'/!'5/%(-%!(5),!(5-!

%/()(+/,)*! %)6+1'! /A! 4-,(+4(&0-,-#! J5-'-! '(-%+0! -,=+%/,.-,(! ,-)%! (5-! 4-,(+4(&0-,-! >/1*6! 4%-=-,(! (5-!

%/()(+/,)*!./(+/,!+,!0%&'()*'#!9/>-=-%I!(5-!G-/.-(%&!/A!45-,&*!G%/14'!,-)%!(5-!%/(/%!U(!>-%-!-:4-0(-6!

(/!F-!)F*-!(/!()M-!6+AA-%-,(!0/,A/%.)(+/,!=+)!%/()(+/,I!>5+05!.)&!)**/>!(/!-:5+F+(!(5-!%/()(+/,)*!./(+/,!

/A!(5-!4-,(+4(&0-,-!+,!U(!NE:4-%+.-,()*!D-0(+/,P#!B,!0/,(%)'(I! (5-!/%+-,()(+/,!/A!45-,&*!%+,G'!,-)%!(5-!

%/(/%!UK!>/1*6!,/(!)**/>!(/!/001%!(5-!%/()(+/,!/A!UK!F-0)1'-!(5-!%/()(+/,!):+'!/A!(5-!45-,&*!./+-(&!+'!

=-%(+0)*!A%/.!(5-!%/()(+/,!):+'!/A!UKI!>5+05!'5/1*6!'144%-''!(5-!./(+/,!/A!%/(/%!UK#!O%/.!(5-!0%&'()*!

'(%10(1%-!),)*&'+'I!B!)''1.-6!(5)(!(5-!0%&'()*!/A!G+),(!%/(/%!U!>/1*6!-:5+F+(!.)+,*&!(>/!6+AA-%-,(!./*-01*)%!

./(+/,'!)((%+F1(-!A%/.!(5-!U(!),6!UK#!

!
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!
2/1-'%#R3Q"!)P!$%&'()*!'(%10(1%-!/A!G+),(!%/(/%!U!N(>/!+,6-4-,6-,(!%/(/%'!>-%-!6-,/(-6!)'!%/(/%!U(!0/*/%-6!

+,!G%--,!),6!UK!0/*/%-6!+,!/%),G-I!%-'4-0(+=-*&P#!FP!$%&'()*!4)0M+,G!)%%),G-.-,(!/A!%/(/%!U#!0P!D-*-0(-6!

$[$!6+'(),0-'!A%/.!45-,&*-,-!G%/14!/A!89$!./+-(&!(/!4-,(+4(&0-,-I!),6!6P!4)0M+,G!G-/.-(%&!)%/1,6!

(5-!%/(/%!U(!),6!UK#'5/>,!A%/.!(5-!):+'#!R5-,&*-,-!G%/14'!,-)%!/A!(5-!%/()(/%'!>-%-!0/*/%-6!+,!41%4*-#!

! !

!

)*A=2T!464%($Z(95,(&%6!;7%&%@4(6@2(!=&;A64=*@(!4;2=%!(

(

J/! +,=-'(+G)(-! ./*-01*)%! ./(+/,! /A! (5-! 0%&'()**+,-! %/(/%! T! ),6! UI! B! 0)%%+-6! /1(! (5-! =)%+)F*-!

(-.4-%)(1%-! '/*+6H'()(-! #9! 8T@! '4+,H-05/! .-)'1%-.-,('! >+(5! *+,-! '5)4-! '+.1*)(+/,#! B(! 5)'! F--,!

-'()F*+'5-6!(5)(!(5-!.-(5/6!+'!+6-)**&!'1+(-6!(/!6-(-%.+,-!(5-!6&,).+0'!/A!6-1(-%+1.H-,%+05-6!./+-(+-'!

>+(5!'+(-H-:05),G-!%)(-'!+,!(5-!6&,).+0!%),G-!/A!0)#!"`$["`(!'.!#/#*!J5-!M-&!4)%).-(-%'!A/%!(5-!%/()(+/,!

/A! (5-!)%/.)(+0!G%/14'!)%-! (5-!0/,-!),G*-!F-(>--,! (5-!$[C!F/,6!),6!%/()(+/,!):+'#!O/%! %/(/%!TI! (>/!

6+AA-%-,(!6-1(-%+1.!)(/.'!>/1*6!G+=-!(5-!#9!8T@!'4-0(%1.I!6-1(-%+1.!)(/.'!)(!óH0)%F/,!N0/,-!),G*-!

|!`hP!),6!òH0)%F/,!N0/,-!),G*-!|!f`hP#!J5-!6-1(-%+1.!)(/.'!)(!óH0)%F/,!6/!,/(!G+=-!),&! *+,-!'5)4-!

!"#$%&

!"#$%&

#"'%&

!"#$%&

!"#$%&

!"#$%&

'"('%&

!"#$%&

!"#$%&

)"(%&

*"+'%&

*"+'%&

,-./01%2-3456-7%.89:0

!"

!#

!

"

#
!"

!#
!"#"

$"%"



! !!#"

05),G-!>5-(5-%!(5-!./*-01*)%!%/()(+/,!/001%%-6!/%!,/(!),6!G+=-!(5-!R)M-!4)((-%,!>+(5!(>/!'5)4-!4-)M'!

>+(5! (>/!'5/1*6-%'#!Y&!0/,(%)'(I! (5-! #9!8T@!'+G,)*! A%/.! (5-!6-1(-%+1.!)(/.'!)(!òH0)%F/,!G+=-! (5-!

./*-01*)%! ./(+/,H6-4-,6-,(! *+,-! '5)4-! 05),G-#! O%/.! (5-! #9! 8T@! .-)'1%-.-,(! A/%! %/(/%! T! 1,6-%!

=)%+)F*-!(-.4-%)(1%-I!0*-)%!*+,-!'5)4-!05),G-!>)'!/F'-%=-6!61%+,G!(5-!5-)(+,G!4%/0-''!A%/.!2a?!(/!7;_!

o#!J5-!*+,-!'5)4-!'+.1*)(+/,!+,6+0)(-6!(5)(!(5-!6&,).+0'!/A!(%+4(&0-,-!'--.-6!(/!5)=-!.1*(+!0/.4/,-,(!

./6-!/A!./(+/,!>+(5!7HA/*6!"2`h!Y%/>,+),!U1.4+,G!),6!7H'+(-!7`h#!J5-!'+.1*)(-6!%/()(+/,)*!A%-K1-,0&!

N^?@AP!A/%!7HA/*6!"2`h!U1.4+,G!>)'!7``I!f``I!a``I!"2``!),6!"_``!M9L!.-)'1%-6!)(!2d7I!2a?I!7"7I!777!),6!

7;_!oI!%-'4-0(+=-*&#!J5-!3%%5-,+1'!4*/('!0/,'(%10(-6!A%/.!(5-!%/()(+/,)*!-:05),G-!A%-K1-,0+-'!/F'-%=-6!

)(!-)05!/A!(5-!-:4-%+.-,()*!(-.4-%)(1%-'!A/%!%/(/%!T#NO+G1%-!;H2"P#!J5-!)0(+=)(+/,!-,-%G&!NJ2P!A/%!%/(/%!T!

>)'!;#7!M0)*}./*!),6!)!4%--:4/,-,(+)*!A)0(/%!N^+P!/A!a#"!:!"`,!'.!!(5)(!+'!7!/%6-%'!/A!.)G,+(16-!'.)**-%!

(5),! (5-! =)*1-! -:4-0(-6! A/%! (5-/%-(+0)*I! ?#f! :! "`!!! '.!#/ #$"#%!J5-! %-*)(+=-*&! '.)**-%!^+! /F()+,-6! F&! (5-!

-:4-%+.-,(!.)&!F-!%-)'/,-6!F&!'/.-!0/%%-*)(-6!./(+/,!>+(5!(5-!,-+G5F/%+,G!45-,&*!%+,G'#!

!

!

150100500-50-100-150

!"#$%

!!!$%

!&!$%

'()$%

*+,

!"#$%&'(")*&")+,-&,./,0)1,+2#"&'/,$20#
0,*&*(2&")+,-&1,03,*&')14"#2,*&'/,$20#
!"4,&")+,-&/,#%&(5&678 79&:'2#2)$;
30,,+&")+,-&/,#%&(5&<78 79&:=>?! ;
@,""(A&")+,-&/,#%&(5&<78 79&:B?! "

&-#$.+,

&-'$.+,

(//$*+,

0//$*+,

'1!$% !//$*+,

23

! 45678
&'/ ! 9:;<
=') >!/?3

@3

83

D [17%]

D [25%]

D

D

D

D

D

D

?!

C?!

-150 -100 -50 0 50 100 150

D&<78 E! !(+*'

D&678 E! !(+*'

! 4ABCD
!/ ! 9:;<$
=1/>1)?3

-150 -100 -50 0 50 100 150

&/$*+,

&//$*+,

&$.+,

&/$.+,

B7')2,&B?! F41/

-150 -100 -50 0 50 100 150

&/$*+,

&//$*+,

&$.+,

&/$.+,

B75("*&=>?! F41/

D3

E3

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

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

*+,

*+,

*+,



! !!$"

2/1-'%#R3R"!)P!S)%+/1'!(-.4-%)(1%-!NSJP!'/*+6H'()(-!NDDP!#9!8T@!'(16+-'!/A!%/(/%!T#!E:4-%+.-,()*!DD!

8T@!'4-0(%)!%-4%-'-,(-6!+,!'/*+6!F*)0M!*+,-I!),6!(5-!'+.1*)(+/,!'4-0(%)!+**1'(%)(-6!+,!%-6!6)'5-6!*+,-!A/%!

'14-%4/'+(+/,I!F*1-!'/*+6!*+,-!'()(+0!'4-0(%)!6-%+=-6!A%/.!óHC!4/'+(+/,I!G%--,!),6!&-**/>!'/*+6!*+,-!A/%!7H

A/*6!"2`h!U1.4!),6!7HA/*6!7`h!U1.4!6-%+=-6!A%/.!òHC!4/'+(+/,I!%-'4-0(+=-*&#!FP!$/,-!),G*-'!-:4-%+-,0-6!

F&!(5-!(%+4(&0-,-!$[C!F/,6'!)(!(5-!óH!),6!òH4/'+(+/,'!5+G5*+G5(-6!+,!%-6!),6!F*1-I!%-'4-0(+=-*&#!D+.1*)(-6!
#9!8T@!'4-0(%)!A/%!N0P!(5-!óH$[C!F/,6'!)(!)**!-:05),G-!A%-K1-,0+-'!),6!N6P!(5-!òH$[C!F/,6'!)''1.+,G!

)!(5%--HA/*6!'&..-(%+0!%/()(+/,I!)F/=-!/,-!A/%!"2`h!U1.4!),6!F-*/>!/,-!A/%!7`h!U1.4I!%-'4-0(+=-*&#!N-P!

@-4%-'-,()(+/,!/A!(5-!./*-01*)%!%/()(+/,!A/%!7HA/*6!"2`h!U1.4!N)F/=-P!),6!7HA/*6!7`h!U1.4!NF-*/>P#!

!

!

J5-!/F()+,-6!'4-0(%)!A/%!(5-!G+),(!%/(/%!U!-:5+F+(-6!0*-)%!*+,-!'5)4-!05),G-I!-'4-0+)**&!)%/1,6![

?`!(/!?`!M9L!A%/.!277!o!(/!7"7!oI!+,6+0)(+,G!(5)(!./*-01*)%!./(+/,!/A!4-,(+4(&0-,-!/001%%-6!+,!(5-!

'/*+6H'()(-#!J5-!*+,-!'5)4-!'+.1*)(+/,!/A!(5-!'4-0(%)!/A!G+),(!%/(/%!U!>)'!0)%%+-6!/1(!0/,'+6-%+,G!(5)(!(>/!

4-,(+4(&0-,-'!NU(!),6!UKP!>-%-!4*)0-6!+,!(5-!6+AA-%-,(!4)0M+,G!-,=+%/,.-,(!)'!.-,(+/,-6!)F/=-#!NO+G1%-!

;H7P!J5-!'+.1*)(+/,!4)((-%,'!/A!%/(/%!U(!>-%-!)''1.+,G!F&!2HA/*6!'+(-!-:05),G-'!),6!)44*+-6!(5-!6+AA-%-,(!

4/41*)(+/,!'+(-!%)(+/#!3(!*/>-%!(-.4-%)(1%-I!%/(/%!U(!'5/>-6!2HA/*6!"``h!),6}/%!2HA/*6!_`h!U1.4+,G!)(!

d?@A!A/%!"``["?`!M9L#!J5-'-!2HA/*6!./(+/,!F-0/.-!(/!2HA/*6!a`h!U1.4+,G!)(!2d7!o!),6!A+,)**&!;HA/*6!a`h!

U1.4+,G!>)'!0/.F+,-6!>+(5!2HA/*6!a`h!U1.4+,G!)(!2a?!o!),6!7"7!o!>+(5!+('!^?@A!A/%!2f`!),6!;``!M9LI!

%-'4-0(+=-*&#!J5-!./*-01*)%!./(+/,!/A!%/(/%!UK!0/1*6!,/(!-:5+F+(!A1**&!%/()(+/,!61-!(/!(5-!'(%/,G*&!'()0M-6!

45-,&*-,-!F1(!0/1*6!'5/>!./(+/,!>+(5!'.)**!),G*-I!*+M-!*+F%)(+/,#!J5-!*+,-!'5)4-!'+.1*)(+/,!'1GG-'(-6!

(5)(!7H'+(-!7`h!U1.4!>/1*6!/001%!A%/.!277!o!(/!7"7!o!A/%!%/(/%!UK!>+(5!^?@A!=)*1-!)(!7``!(/!"2``!M9L#!B!

,/(-! (5)(! />+,G! (/! +('! 1,+K1-! '(%10(1%-! /A! 4-,(+4(&0-,-! (5)(! 4/''-''! (5-! A/1%! 45-,&*! F*)6-'! ),6! (>/!

6+AA-%-,(!0/,0)=-!'4)0-'I!.1*(+4*-!.-()'()F*-!'()(-'!>/1*6!F-!-:+'(-6!+,!(5-!0%&'()*!),6!%-'1*(-6!(5-!'+(-!

-:05),G-!>+(5!6+AA-%-,(!4/41*)(+/,#!J5-'-!A)0(/%'!)*'/!>/1*6!.)M-!+(!6+AA+01*(!(/!-:4-0(!+('!./*-01*)%!

./(+/,!+,!(5-!'/*+6H'()(-I!),6!(5-%-A/%-!B!0/1*6!,/(!6+'.+''!(5-!4/''+F+*+(&!/A!/(5-%!./*-01*)%!./(+/,'#!

9/>-=-%I!(5-!0*-)%!*+,-!'5)4-!05),G-!/A!8T@!'4-0(%)!+,6+0)(-'!(5-!./*-01*)%!./(+/,!/A!4-,(+4(&0-,-!

/001%!+,!(5-!'/*+6H'()(-#!J5-!3%%5-,+1'!4*/(!A/%!%/(/%!U!>)'!,/(!)05+-=-6!61-!(/!(5-!6+AA-%-,(!./(+/,'!

/001%%-6!)(!-)05!(-.4-%)(1%-#!

!



! !!%"

!
2/1-'%#R3S#!)P!S)%+/1'!(-.4-%)(1%-!NSJP!'/*+6H'()(-!NDDP!#9!8T@!'(16+-'!/A!%/(/%!U#!E:4-%+.-,()*!DD!

8T@!'4-0(%)!%-4%-'-,(-6!+,!'/*+6!F*)0M!*+,-I!),6!(5-!'+.1*)(+/,!'4-0(%)!+**1'(%)(-6!+,!%-6!6)'5-6!*+,-!A/%!

.-%G-6!/,-I!G%--,!),6!F*1-! '/*+6! *+,-'! A/%! %/(/%!U(I! ),6!&-**/>!'/*+6! *+,-! A/%! %/(/%!UKI! %-'4-0(+=-*&#!

R)0M+,G!-,=+%/,.-,(!)%/1,6!(5-!%/()(/%'!),6!%-4%-'-,()(+/,!/A!(5-!./*-01*)%!%/()(+/,!A/%!FP!%/(/%!U(!),6!

0P!%/(/%!UK#!

!

!

!

!

!

!

!

!

!

!

!

150100500-50-100-150

!"#$%&'(")*&")+,-&,./,0)1,+2#"&'/,$20#
0,*&*(2&")+,-&')13"#2,*&'/,$20#
40,,+&#+*&!"3,&")+,-&/,#%&(5&0(2(0&!"
6,""(7&")+,-&/,#%&(5&0(2(0&! #

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

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

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

!"#$%

!&'$%

!#'$%

!''$%

'('$%

") ! () "
*+,-

./0

' 12345
') " *+,-$

") ! () "
*+,-

") ! () "
*+,-

") ! () "
*+,-

("



! !!&"

0(K)%# R3O#! J5-! '+.1*)(-6! %/()(+/,)*! ./(+/,'! ),6! +('! A%-K1-,0&! N^?@AP! A/%! %/(/%! U(! ),6! UK! )(! =)%+/1'!

(-.4-%)(1%-#!

! %/(/%!U(! %/(/%!UK!

J!tou! G%--,!*+,-! F*1-!*+,-! ^?@A!tM9Lu! &-**/>!*+,-! ^?@A!tM9Lu!

7"7! 2HA/*6!a`h!N`#_P! ;HA/*6!a`h!N`#2P! ;``! 7H'+(-I!7`h! "2``!

2a?! 2HA/*6!a`h!N`#dP! ;HA/*6!a`h!N`#7P! 2f`! 7H'+(-I!7`h! a?`!

2d7! 2HA/*6!a`h! ô! 2``! 7H'+(-I!7`h! _``!

2?7! 2HA/*6!"``h!N`#_P! 2HA/*6!_`h!N`#2P! "?`! 7H'+(-I!7`h! ?``!

277! 2HA/*6!"``h! ô! "``! 7H'+(-I!7`h! 7``!

!

!

<"8#D144)%&#
!9-%-I!B!6-'0%+F-6!(5-!A+%'(!-:).4*-!/A!)!0%&'()**+,-!.)(-%+)*'!(5)(!-:5+F+(!%/()(+/,)*!6&,).+0'!/A!F1*M&!

+4(&0-,-!6-%+=)(-'!N(%+4(&0-,-!A/%!TI!4-,(+4(&0-,-!A/%!UP!+,!'/*+6!'()(-#!D+,G*-!0%&'()*!]@C!.-)'1%-.-,(!

%-=-)*-6! (5)(! (5-! -,0)4'1*)(+/,! ./(+A! F&! (5-! *)%G-! 0/,0)=-! '5)4-! 89$! *+G),6'! 4%/=+6-6! %-)'/,)F*-!

%/()(+/,)*! '4)0-! )%/1,6! (5-! 0-,(%)*! %/()(/%! >+(5! '144%-''+,G! A/%.)(+/,! /A! +,(-%./*-01*)%! +,(-%)0(+/,!

F-(>--,!(5-!%/()(/%'!),6!(5-!,-)%*&!4)0M-6!./+-(&#!#9!'/*+6!'()(-!8T@!'(16+-'!'1GG-'(-6!(5)(!.1*(+4*-!

./*-01*)%!./(+/,'!/001%%-6!+,!F/(5!F1*M&!%/(/%'!)%/1,6!277!o!(/!7;_!o#!J5-'-!%-'1*('!'(%/,G*&!+,6+0)(-!

(5)(!(5+'!4*)(A/%.!>+**!-,)F*-!A1%(5-%!'(16&!),6!6-'+G,!/A!%/()(+/,)*!./(+/,!/A!*)%G-!'+L-!),6!0/.4*+0)(-!

./*-01*)%!1,+('I!>5+05!'(%10(1%)*!+,(-G%+(&!),6!5+G5!./F+*+(&!/A!(5-!./*-01*)%!0/.4/,-,('I!),6!G%-)(*&!

-,5),0-!(5-!6-=-*/4.-,(!/A!,->!A1,0(+/,)*!.)(-%+)*'!F)'-6!/,!(5-!*)%G-!'+L-!/A!./*-01*)%!6&,).+0'!+,!

(5-!0%&'()**+,-!'/*+6#!

!!!!!

! #



! !!'"

<"<#E;5-%+4-,()*#D-0(+/,'#

#

$%&%'()!

3**! 0/..-%0+)**&! )=)+*)F*-! %-)G-,('! ),6! '/*=-,('! )%-! %-)G-,(! G%)6-! ),6! >-%-! 1'-6! >+(5/1(! A1%(5-%!

41%+A+0)(+/,!1,*-''!/(5-%>+'-!,/(-6#!D/*=-,('!A/%!(5-!'&,(5-'+'!>-%-!41%05)'-6!A%/.!0/..-%0+)*!'144*+-%'!

),6!6%+-6!/=-%!./*-01*)%!'+-=-'!N;!iP#!!8T@!'4-0(%)!>-%-!%-0/%6-6!/,!)!mE<Q!m8THE$];``RI!m8TH

E$D;``! N!9Z! ;``! T9Lk! !$$Z! aa#?! T9LP! 1'+,G! (-(%).-(5&*'+*),-! ),6! $C$*$! )'! +,(-%,)*! '(),6)%6'I!

%-'4-0(+=-*&#!D/*+6H'()(-!#9!8T@!'4-0(%)!>-%-!)0K1+%-6!/,!)!Y%1M-%!3S38$E!BBB!9C!?``!T9L!N#9Z!

df#dd!T9LP#!E*-.-,()*!),)*&'-'!),6!*/>H!),6!5+G5H%-'/*1(+/,!.)''!'4-0(%)!>-%-!%-0/%6-6!)(!(5-!^*/F)*!

O)0+*+(&!$-,(-%!)(!9/MM)+6/!X,+=-%'+(&#!J5-%.)*!G%)=+.-(%+0!),)*&'+'!4%/A+*-'!>-%-!%-0/%6-6!/,!Y%1M-%!

J^HCJ32`"`D3J#!C+AA-%-,(+)*!D0),,+,G!$)*/%+.-(%&!NCD$P!4%/A+*-'!>-%-!.-)'1%-6!/,!CD$!x2```!

S2;#""#!R/>6-%!]H%)&!6+AA%)0(+/,!NR]@CP!6)()!>-%-!/F()+,-6!/,!)!@+G)M1!D.)%(Q)F!6+AA%)0(/.-(-%!>+(5!

$1Hoó!%)6+)(+/,!),6!C}(-]!X*(%)!6-(-0(/%!)(!%//.!(-.4-%)(1%-#!J5-!%)>!6)()!A+*-'!>-%-!4*/((-6!/,!BG/%!

R%/!S-%'+/,!f#7d#!



! !!("

?8&*>%9/9!

)+$%&%(.TF'(!D@4$%!=!(*B(<=6@4(7*4*7()!

!

J5-!0/.4/1,6!BR%G31$*!I!?O#I!?P[?Q$!>-%-!4%-4)%-6!)00/%6+,G!(/!(5-!4%-=+/1'*&!%-4/%(-6!*+(-%)(1%-'#!

J5-!6-1(-%)(-6!%)(+/!/A!)**!0/.4/1,6'!+,!'05-.-!D"!>)'!-'(+.)(-6!=+)!(5-!0/.4/1,6!?Q#!

!

!

! !

Li TMS
(2.5 equiv.)

THF (25 mL)
 Ð78 ¡C to r.t., 12 h

D [47%]
D [57%]

D
D

D
D D

D

HO

TIPS

OH

TIPS

D [47%]
D [57%]

D
D

D
D D

D

SnCl2¥2H2O (2.5 equiv.)

EtOH (20 mL)
AcOHaq (20 mL, 50%w/w)
50 ¡C, 30 min

TIPS

TIPS

HO

O

H2N

isoamyl nitrate (10.0 equiv.)
dioxane (20 mL)
100 ¼C, 12 h

(10.0 equiv.) D [47%]

D [57%]

D

D

D

D

D

D

TIPS

TIPS

D [47%]

D [57%]

D

D

D

D

D

D

TBAF (8.0 equiv.)

THF (10 mL)
0 ¼C, 1 h

S2
65%

crude

S3
25%

crude

iPrOH (2 mL)
cyclohexane (18 mL)
D2O (20 mL)
100 ¡C, 24 h

10% Pd/C (0.15 equiv.)

O D [47%]
D [57%]

O

O

O

D
D

D
D D

D

2.5 mmol S1
93%

n-BuLi (2.2 equiv.) IPr#AuCl (2.1 equiv.)

THF (2 mL)
 Ð78 ¼C, 1 h

THF (2 mL)
Ð78 ¼C to r.t, 12 h

Au

NNPh

Ph

Ph

Ph

Ph

Ph

Ph
Ph

Ph

Ph

Ph

Ph

D [47%]
D [57%]

D
D

D

D

D

D

Au

N N Ph

Ph

Ph

Ph

Ph

Ph

Ph
Ph

Ph

Ph

Ph

Ph

1
89%
$#

789 &



! !!)"

!D@4$%!=!(*B(<=6@4(7*4*7(4!

!

J5-!0/.4/1,6!BR%G31$*!I!?R#I!?S[?U%!>-%-!4%-4)%-6!)00/%6+,G!(/!(5-!4%-=+/1'!%-4/%('#!J5-!6-1(-%)(-6!

%)(+/!/A!)**!0/.4/1,6'!+,!'05-.-!D2!>)'!-'(+.)(-6!F)'-6!/,!(5-!0/.4/1,6!?U#!

!

! !

10% Pd/C (0.03 equiv.)

2.5 mmol S4
93%

D [25%]

iPrOH (2 mL)
cyclohexane (9 mL)
D2O (20 mL)
80 ¡C, 24 h

D

D D

1,4-benzoquinone (0.5 equiv.)

p-chloranil (1.0 equiv.)
AcOH (10 mL), 120 ¡C, 12 h

O

O

D

D

D

D

D

D

D [25%]

D

S5
87%

SnCl2¥2H2O (2.5 equiv.)

Acetone (10mL)
AcOHaq (10mL, 50w/w%)
50 ¡C, 1 h

S6
76%

Li TMS
(2.5 equiv.)

THF (30 mL)
Ð78 ¡C to r.t., 12 h

crude

D

D

D

D

D

D

D [25%]

D
OH

HO

TMS

TMS

D

D

D

D

D

D

D [25%]

D

TMS

TMS

KOH (5.0 equiv.)

THF (10 mL)
MeOH (10 mL)
r.t., 5 h

S7
92%

D

D

D

D

D

D

D [25%]

D

n-BuLi (2.2 equiv.) IPr#AuCl (2.1 equiv.)

THF (2 mL)
 Ð78 ¼C, 1 h

THF (2 mL)
Ð78 ¼C to 80 ¡C, 12 h

D
D

D
D

D
D

D
D

D
D

D
D

D [3%]
D [25%]

D
D

Au

NNPh

Ph

Ph

Ph

Ph

Ph

Ph
Ph

Ph

Ph

Ph

Ph

Au

N N Ph

Ph

Ph

Ph

Ph

Ph

Ph
Ph

Ph

Ph

Ph

Ph

2
49%

D [3%]

D

D

D

D [3%]

DD

D D

D

D

D

D [3%]

D

D

DD

D D

D

D [3%]

D

D

D

D

D D

D

D [3%]

DD

DD

DD

D

%#
:89 &



! !!*"

D&,(5-'+'!/A!G+),(!%/(/%!T!

!

!J/!),!/=-,H6%+-6!'0%->!0)4!(-'(!(1F-!>)'!)66-6!6+-(5&,&*(%+4(&0-,-H2!?Q!N2"#;!.GI!`#`d!../*P!),6!

J9O!N"`!.QPI!A/**/>-6!F&!0//*+,G!(/![d_!h$#!"#?d!T!/A!@HY1Q+!+,!5-:),-!N`#"`!.QI!`#"?!../*P!>)'!

(5-,!)66-6!6%/4>+'-!(/!(5-!%-)0(+/,!.+:(1%-!),6!'(+%%-6!),!5/1%!)(![d_!h$#!J/!(5-!%-)0(+/,!.+:(1%-!(5-!

BR%ï31$*!N2"7#"!.GI!`#"?!../*P!6+''/*=-6!+,!J9O!N?!.QP!>)'!(5-,!)66-6!),6!%-)0(+/,!(-.4-%)(1%-!>)'!

)**/>-6!(/!+,0%-)'-!(/!%//.!(-.4-%)(1%-!A/%!"2!5#!J5-!%-)0(+/,!.+:(1%-!>)'!4)(5-6!(5%/1G5!(5-!'5/%(!

'+*+0)!4)6!>)'5-6!>+(5!C$T#!J5-!'/*=-,(!>)'!%-./=-6!+,!=)01/!),6!(5-!0%16-!4%/610(!>)'!41%+A+-6!F&!

A*)'5!0/*1.,!05%/.)(/G%)45&!1'+,G!)!.+:(1%-!/A!5-:),-!),6!C$T!(/!)AA/%6!(5-!0/.4/1,6!T!)'!>5+(-!

'/*+6#!N"a;#d!.GI!_a{P#!!9!8T@!N;``!T9LI!$C$*$I!ÅPZ!?#;7!N'I!;9PI!?#;_!N'I!_9PI!?#a2!N'I!;9PI!f#_2!N66I!

m!|"#f!),6!d#2!9LI!"f!9PI!f#_f!N'I!_!9PI!f#af!N66I!m!|!9LI!"f!9PI!d#`2[d#`_!N.I!"d!9PI!d#`a[d#"?!N.I!?a!

9PI!d#2`!N6I!m!|!d#f!9LI!"f!9PI!_#";!N66!m!|!?#_!),6!7#_!9LI!;#2!9P#!!$$!8T@!N"``!T9LI!$C$*$I!ÅPZ!?"#?!

N#9PI!?f#;!N#9PI"22#a!N#9PI!"27#7!N#9PI!"2?#`!N#9PI!"2f#;!N#9PI!"2f#f!N#9PI!"2f#f!N#9PI!"2_#?!N#9PI!

"2_#f!N#9PI!"2a#7!N#9PI!"2a#?!N#9PI!"2a#_!N#9PI!"7"#`!N#9PI!"7;#d!N#PI!";"#2!N#PI!";2#d!N#PI!";7#`!

N#PI! ";7#2! N#PI! ";?#_! N#PI! ";f#2! N#PI! ";f#7! N#P! "a"#7! N#P! TDHEDB! N.}LPZ! tTÄ9uF! 0)*06! A/%!

$#!+9!&#C%31#8%9I! 7"7;#2`?d?k! A/1,6I! 7"7;#2"#! :;%( 4*( 4$%( -67=64=*@( *B( 4$%( 2%;4%764%2( 764=*( *B(

+*&"*;@2W(4$%(%b6+4(&6!!(L6!(@*4(6eA%(4*(%-6A;64%(B7*&(4$%($=<$(&6!!(!"%+47*!+*"D'!E*-.-,()*!),)*&'+'!

N0)*06#!A/%!$#!+9!&#C%31#8%!$I!_`#2?k!9I!?#`"k!8I!"#dfk!O/1,6Z!$I!_`#;ak!9I!?#"?k!8I!"#daP#!!

p!C1-!(/!(5-!5+G5*&!/=-%*)4!/A!(5-!!9!'+G,)*!/A!(%+4(&0-,-!),6!)%/.)(+0/!9!/A!45-,&*!./+-(+-'!/A!89$!

*+G),6I!(5-!)=-%)G-!%)(+/!/A!6-1(-%)(+/,!>)'!6-(-%.+,-6!A%/.!(5-!6+-(5&,&*(%+4(&0-,-H2!?Q#!

!

! !

D [47%]
D [57%]

D
D

D

D

D

D

n-BuLi (2.2 equiv.) IPr#AuCl (2.1 equiv.)

THF (2 mL)
 Ð78 ¼C, 1 h

THF (2 mL)
Ð78 ¼C to r.t, 12 h

Au

NNPh

Ph

Ph

Ph

Ph

Ph

Ph
Ph

Ph

Ph

Ph

Ph

D [47%]
D [57%]

D
D

D

D

D

D

Au

N N Ph

Ph

Ph

Ph

Ph

Ph

Ph
Ph

Ph

Ph

Ph

Ph
0.1 mmol

89%



! !#+"

D&,(5-'+'!/A!G+),(!%/(/%!U!

!

!J/!),!/=-,H6%+-6!'0%->!0)4!(-'(!(1F-!>)'!)66-6!6+-(5&,&*4-,(&4(&0-,-H2!?U!N;_#"!.GI!`#"!../*P!),6!

J9O!N2!.QPI!A/**/>-6!F&!0//*+,G!(/![d_!h$#!"#?d!T!/A!@HY1Q+!+,!5-:),-!N`#";!.QI!`#22!../*P!>)'!(5-,!

)66-6! 6%/4>+'-! (/! (5-! %-)0(+/,! .+:(1%-! ),6! '(+%%-6! ),! 5/1%! )(! [d_! h$#! J/! (5-! %-)0(+/,! .+:(1%-! (5-!

BR%ï31$*!N7`;#?!.GI!`#2"!../*P!6+''/*=-6!+,!J9O!N2!.QP!>)'!(5-,!)66-6!),6!%-)0(+/,!(-.4-%)(1%-!>)'!

)**/>-6! (/! +,0%-)'-! (/!_`! h$! A/%!"2!5#!J5-! %-)0(+/,!.+:(1%-!>)'!4)(5-6! (5%/1G5! (5-! '5/%(! '+*+0)!4)6!

>)'5-6!>+(5!C$T#!J5-! '/*=-,(!>)'! %-./=-6! +,!=)01/! ),6! (5-! 0%16-!4%/610(!>)'!41%+A+-6!F&! A*)'5!

0/*1.,!05%/.)(/G%)45&!1'+,G!)!.+:(1%-!/A!5-:),-!),6!C$T!(/!)AA/%6!(5-!0/.4/1,6!U!)'!>5+(-!'/*+6#!

N"f2#"!.GI!;a{P#!!9!8T@!N;``!T9LI!$C$*$I!ÅPZ!?#;2!N'I!;9PI!?#;_!N'I!_9PI!?#a;!N'I!;9PI!f#2f!N'I!;9PI!

f#_7[f#_f!N.I!22!9PI!f#a?!N6I!m!|!d#2!9LI!"f!9PI!d#`;!N(I!m!|!d#;!9LI!_!9PI!d#`_[d#"d!N.I!;_9PI!d#27[d#2f!

N.I!72!9PI!d#7;!N(I!m!|!;#`!9LI!_9P!!$$!8T@!N"``!T9LI!$C$*$I!ÅPZ!?"#?!N#9PI!?2#f!N#9PI!?f#7!N#9PI!

a_#f!N#P!""f#?!N#PI!"27#;!N#9PI!"27#a!N#CP!"2;#`!N#9PI!"2;#?!N#CPI!"2;#d!N#9PI!"2f#;!N#9PI!"2f#d!

N#9PI!"2_#?!N#9PI!"2_#?!N#9PI!"2_#d!N#9PI!"2a#;!N#9PI!"2a#?!N#9PI!"2a#_!N#9PI!"7`#a!N#9PI!"7;#d!N#PI!

"7d#2!N#P!";"#2!N#PI!";2#"!N#PI!";2#_!N#PI!";7#`!N#PI!";7#2!N#PI!";?#a!N#P#!";f#?!N#P!"a"#2!N#P!TDHEDB!

N.}LPZ!tTÄ8)uF!0)*06!A/%!$##%9!'#C#31#8#8)I!777`#27d"ak!A/1,6I!777`#2?#(:;%(4*(4$%(-67=64=*@(*B(4$%(

2%;4%764%2(764=*(*B(+*&"*;@2W(4$%(%b6+4(&6!!(L6!(@*4(6eA%(4*(%-6A;64%(B7*&(4$%($=<$(&6!!(!"%+47*!+*"D'!

E*-.-,()*!),)*&'+'!N0)*06#!A/%!$##%9!'#C#31#8#!$I!_"#7;k!9I!?#`fk!8I!"#fak!O/1,6Z!$I!_`#_7k!9I!;#a7k!8I!

"#d`P#!

p!C1-!(/!(5-!5+G5*&!/=-%*)4!/A!(5-!!9!'+G,)*!/A!4-,(+4(&0-,-!),6!)%/.)(+0/!9!/A!45-,&*!./+-(+-'!/A!89$!

*+G),6I!(5-!)=-%)G-!%)(+/!/A!6-1(-%)(+/,!>)'!6-(-%.+,-6!A%/.!(5-!6+-(5&,&*4-,(&4(&0-,-H2!?U#!

D
D

D
D

D
D

D
D

D
D

D
D

D [3%]
D [25%]

D
D

n-BuLi (2.2 equiv.) IPr#AuCl (2.1 equiv.)

THF (2 mL)
 Ð78 ¼C, 1 h

THF (2 mL)
Ð78 ¼C to 80 ¡C, 12 h

D
D

D
D

D
D

D
D

D
D

D
D

D [3%]
D [25%]

D
D

Au

NNPh

Ph

Ph

Ph

Ph

Ph

Ph
Ph

Ph

Ph

Ph

Ph

Au

N N Ph

Ph

Ph

Ph

Ph

Ph

Ph
Ph

Ph

Ph

Ph

Ph
0.1 mmol

49%



! !#!"

!

D&,(5-'+'!/A!6+-(5&,&*(%+4(&0-,-H2!?Q!

!

!?P#N2d"#?!.GI!`#?!../*P!>)'!6+''/*=-6!+,!),5&6%/1'!"I;H6+/:),-!N"`!.QP!+,!)!7H,-0M!A*)'M!-K1+44-6!

>+(5! (>/!6%/44+,G! A1,,-*'! ),6! 0/,6-,'-%#!J5-! '/*1(+/,!>)'!5-)(-6! (/! "``h$!),6! (5-,! )! '/*1(+/,!/A!

),(5%),+*+0!)0+6!Nf_?#d!.GI!?#`!../*P!),6!+'/H).&*!,+(%+(-!N?_?#_!.GI!?#`!../*P!+,!),5&6%/1'!6+/:),-!

N?!.QP!>-%-!'*/>*&!)66-6!+,!=+)!)66+(+/,)*!A1,,-*'!/=-%!)!4-%+/6!/A!;!5#!J5-!%-)0(+/,!.+:(1%-!>)'!5-)(-6!

(/!"``h$!),/(5-%!_5!F-A/%-!+(!>)'!)**/>-6!(/!0//*!6/>,!(/!%//.!(-.4-%)(1%-#!J5-!'/*=-,(!>)'!-=)4/%)(-6!

+,!=)01/#!J5-!%-'+61-!>)'!%/1G5*&!41%+A+-6!F&!'+*+0)!0/*1.,!>+(5!5-:),-!),6!/F()+,-6!)'!(5-!.+:(1%-!/A!

6-'+%-6!4%/610(!),6!F&4%/610(!>5+05!>)'!1'-6!6+%-0(*&!+,!(5-!,-:(!%-)0(+/,#!

J5-!0%16-!4%/610(!/F()+,-6!A%/.!(5-!4%-=+/1'!%-)0(+/,!>)'!6+''/*=-6!+,!J9O!N"`!.QP!)(!`!h$!),6!JY3O!

N"#`!T!'/*1(+/,!+,!J9OI!;#`!.QP!>)'!)66-6!+,(/!(5-!%-)0(+/,!A*)'M!'*/>*&#!J5-!%-)0(+/,!>)'!'(+%%-6!+,!),!

+0-H>)(-%!F)(5!)(!`!h$!A/%!7`!.+,!F-A/%-!)!')(1%)(-6!89%$*!'/*1(+/,!>)'!)66-6!+,!(/!K1-,05!(5-!%-)0(+/,#!

J5-!4%/610(!>)'!-:(%)0(-6!>+(5!6+-(5&*!-(5-%!N?`!.QP!(>+0-#!J5-!0/.F+,-6!/%G),+0!*)&-%'!>-%-!6%+-6!

/=-%!),5&6%/1'!TGD<%!),6!0/,0-,(%)(-6!1,6-%!=)011.!(/!G+=-!)!4)*-H&-**/>!%-'+61-#!J5-!0%16-!.)(-%+)*!

>)'!41%+A+-6!F&!'+*+0)!0/*1.,!1'+,G!5-:),-'!)'! (5-!-*1-,(!4%/=+6-6!(5-!6-'+%-6!4%/610(!?Q! N7a#7!.GI!

2?!{P#!J5-!!9!8T@!'4-0(%)!>)'!>-**!.)(05-6!>+(5!(5-!*+(-%)(1%-#$!J5-!)=-%)G-!%)(+/!/A!6-1(-%)(+/,!>)'!

6-(-%.+,-6!)'!;d{!A/%!)*45)H!),6!?d{!A/%!F-()H4/'+(+/,!/A!(5-!45-,&*-,-!=+)!0/.4)%+'/,!/A!(5-!!9!8T@!

'4-0(%)!>+(5!(5-!,/,H6-1(-%)(-6!0/.4/1,6#!!9!8T@!N;``!T9LI!$C$*$I!ÅP!7#7`!N'I!29PI!d#""!N66I!m!|!7#2!

),6!?#f!9LI!7#d9PI!d#df!N66I!m!|!7#;!),6!?#`!9LI!;#"9P!!

!

D&,(5-'+'!/A!),(5%)0-,-H2!?R! #

HO

O

H2N

isoamyl nitrate (10.0 equiv.)
dioxane (20 mL)
100 ¼C, 12 h

(10.0 equiv.) D [47%]

D [57%]

D

D

D

D

D

D

TIPS

TIPS

D [47%]

D [57%]

D

D

D

D

D

D

TBAF (8.0 equiv.)

THF (10 mL)
0 ¼C, 1 h

crude 25%

D [47%]
D [57%]

D
D

D
D D

D

TIPS

TIPS

0.5 mmol



! !##"

!

!J5-!6-1(-%)(+/,!/A!(5-!),(5%)0-,-!>)'!4-%A/%.-6!)'!*+(-%)(1%-##!J/!),!/=-,H6%+-6!?`!.Q!4%-''1%-!(1F-!

>)'!)66-6!),(5%)0-,-!N;;?#f!.GI!2#?!../*P!),6!"`{!R(}$!N";f#7!.GI!̀ #`d?!../*I!̀ #`7!-K1+=#P!A/**/>-6!

F&!C#<!N2`!.QPI!=R%<9!N2!.QP!),6!0&0*/5-:),-!Na!.QP#!J5-!%-)0(+/,!.+:(1%-!>)'!5-)(!(/!_`h$!A/%!2;!

5#!J5-!%-)0(+/,!.+:(1%-!>)'!4)(5-6!(5%/1G5!(5-!0-*+(-!(/!%-./=-!(5-!R(}$!),6!>)'5-6!>+(5!C$TI!),6!

/%G),+0!'/*=-,(!>)'!'-4)%)(-6I!),6!%-./=-6!+,!=)01/!(/!)AA/%6!(5-!0/.4/1,6!?R!)'!>5+(-!'/*+6!>5+05!

>)'!-,/1G5!41%-!(/!1'-!A/%!,-:(!%-)0(+/,#!N;"f#;!.GI!a7{P#!!9!8T@!N;``!T9LI!$C$*$I!ÅPZ!d#;f!N66I!m!

|!2#_!),6!f#_!9LI!2#_f9PI!_#`"!N66I!m!|!;#`!),6!?#f!9LI!7#_;9PI!_#;7!N'I!29P#!!$$!8T@!N"``!T9LI!$C$*$I!

ÅPZ! "2?#?N#9PI! "2f#;N#9PI! "2_#2N#CPI! "2_#7N#9PI! "7"#_N#P! TDHEB! N.}LPZ! tTuF! 0)*06! A/%! $!%9*CI!

"da#`_;?7k!A/1,6I!"da#`a#!:;%(4*(4$%(-67=64=*@(*B(4$%(2%;4%764%2(764=*(2=BB%7%@+%(*B(+*&"*;@2W(4$%(%b6+4(

&6!!(+*;A2(@*4(+6A+;A64%(B7*&(4$%($=<$(&6!!(!"%+47*!+*"D'!

!

D&,(5-'+'!/A!4-,(+4(&0-,-!K1+,/,-H2#?S#

!

!30-(+0!)0+6!N"`!.QP!>)'!)66-6!(/!)!.+:(1%-!/A!?R!N7?_#?!.GI!2#`!../*PI!"I;HF-,L/K1+,/,-!N"`_#"!.GI!

"#`!../*P!),6!"H05*/%),+*!N;a"#_!.GI!2#`!../*P#!J5-!'1'4-,'+/,!>)'!5-)(-6!(/!"2`h$!/=-%,+G5(#!J5-!

%-)0(+/,!.+:(1%-!>)'!(5-,!0//*-6!(/!%//.!(-.4-%)(1%-I!),6!(5-!&-**/>!4%-0+4+()(-!>)'!+'/*)(-6!F&!(5-!

A+*(%)(+/,I!>)'5-6!>+(5!6+-(5&*!-(5-%!N7!! !?`!.QP!),6!6%+-6!(/!G+=-!?S!)'!)!&-**/>!4/>6-%#!N;`2#"!.GI!

_d{P#!!9!8T@!N;``!T9LI!$C$*$I!ÅPZ!?#dd!N'I!;9PI!f#ad!N66I!m!|!7#2!),6!?#f!9LI!?#a9PI!d#7f!N66I!m!|!;#;!

9LI!d#_9P!!$$!8T@!N"``!T9LI!$C$*$I!ÅPZ!;d#?!N#9PI!"2;#7!N#CPI!"2;#;!N#9PI!"2?#?!N#CPI!"2?#f!N#9PI!

";7#_!N#PI!"?"#"!N#PI!"_`#"!N#P!TDHEB!N.}LPZ!tTuF!0)*06!A/%!$$%9!,C#<#I!;f2#"?___k!A/1,6I!;f7#"f#(

:;%(4*(4$%(-67=64=*@(*B(4$%(2%;4%764%2(764=*(2=BB%7%@+%(*B(+*&"*;@2W(4$%(%b6+4(&6!!(+*;A2(@*4(+6A+;A64%(

B7*&(4$%($=<$(&6!!(!"%+47*!+*"D'#

!

10% Pd/C (0.03 equiv.)

2.5 mmol 93%

iPrOH (2 mL)
cyclohexane (9 mL)
D2O (20 mL)
80 ¡C, 24 h

D [25%]D

D D

D [3%]

D

D

D

1,4-benzoquinone (0.5 equiv.)

p-chloranil (1.0 equiv.)
AcOH (10 mL), 120 ¡C, 15 h

2.0 mmol 87%

O

O

D

D

D

D

D

D

D [25%]

D

D [3%]

DD

D D

D

D

D

D [25%]D

D D

D [3%]

D

D

D



! !#$"

D&,(5-'+'!/A!F+'NJTDH-(5&,&*P4-,(+4(&0-,-H2!?T#

!

!3(![d_!~$I!1,6-%!)!,+(%/G-,!)(./'45-%-I!@HY1Q+!+,!5-:),-'!N"#?d!TI!"#2d!.QI!2#?!../*P!>)'!)66-6!(/!

)!'/*1(+/,!/A!JTDH)0-(&*-,-!N`#2a!.QI!"af#;!.GI!2#?!../*P!+,!J9O!N"`!.QP#!J5-!0/*/%*-''!.+:(1%-!>)'!

>)%.-6!(/!%//.!(-.4-%)(1%-!),6!'(+%%-6!A/%!"!5#!B(!>)'!(5-,!)66-6!(/!)!'/*1(+/,!/A!?S!N7d`#`!.GI!`#_!

../*P! +,!6%&!J9O! N2`!.QP!)(![d_! ~$#!J5-! %-'1*(+,G!4)*-! '1'4-,'+/,!>)'!)**/>-6! (/!>)%.! (/! %//.!

(-.4-%)(1%-!),6!'(+%%-6!/=-%,+G5(#!3A(-%!(5-!%-)0(+/,I!>)(-%!>)'!)66-6I!(5-!/%G),+0!*)&-%!>)'!()M-,I!),6!

(5-!)K1-/1'!45)'-!-:(%)0(-6!>+(5!6+05*/%/.-(5),-!N2!! !?`!.QP#!J5-!0/.F+,-6!/%G),+0!45)'-'!>-%-!6%+-6!

TGD<%!),6!()M-,!(/!6%&,-''!1,6-%!%-610-6!4%-''1%-#!J5-!%-'1*(+,G!4)*-H&-**/>!4/>6-%!>)'!1'-6!(/!,-:(!

%-)0(+/,!>+(5/1(!A1%(5-%!41%+A+0)(+/,#!

J5-!0%16-!>)'!'1'4-,6-6!+,!)0-(/,-!N"`!.QP!),6!)!'/*1(+/,!/A!D,$*#ö29#<!N;?"#7!.GI!2#`!../*P!+,!

?`{!=}=!30<9N)KP! N"`!.QP!>)'! )66-6!6%/4>+'-#!<,0-! )66+(+/,!>)'! 0/.4*-(-I! (5-! '1'4-,'+/,!>)'!

'(+%%-6! ?`h$! A/%! "! 5#!J5-! %-)0(+/,!.+:(1%-!>)'! 0//*-6! (/! %//.! (-.4-%)(1%-I! ),6! (5-! 4%-0+4+()(-!>)'!

+'/*)(-6! F&! A+*(%)(+/,! >)'5-6! >+(5! >)(-%! N7! ! ! 2`! .QP! ),6! 4-(%/*-1.! -(5-%! N?! ! ! "`! .QP! (5-,! 6%+-6!

(5/%/1G5*&!+,!=)01/!(/!G+=-!?T!)'!)!>5+(-!4/>6-%#!N7da#7!.GI!df{P#!!9!8T@!N;``!T9LI!$C$*$I!ÅPZ!

`#;_!N'I!"_9PI!?#dd!N'I!;9PI!f#a;!N66I!m!|!7#`!),6!?#;!9LI!f#`9PI!d#72!N66I!m!|!;#;!9LI!d#_9P#!!$$!8T@!
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