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L<'1A!C0@A!@ABGT![daT!ZQR6ZQ[F!
c!! b/0LT!aFu!G:%/#&%$T!GF!BFu!8&0LT!vFu!B);/+/%%$0T!?F!GF!J-:'4A!L<'1A!3-%A!O.A!

@ABGT!gdT!RcQPP6RcQPXF!

Ar1

[AuLL´] -C6H6
-L´

LAu
Ar1 Ar1 Ar4

Ar1
R1
or

R1
or

Ar2
Ar3

Ar1

Ar3

Ar2

R2 R2

Ar1

R2

or

Ar1
1 1´

I

3

4

2

5



.<;$%2-0-.

!PQ!

40! &%2$%! #&! (&\$%! #;$! /)#*+/#*&0! $0$%L-! E&%! #;$! E&%O/#*&0! L&(2345! )/%C$0$'T! R6

':C'#*#:#$2! 2*C$07&0&%)/%/2*$0$! 2$%*+/#*+$'! C! *0'#$/2! &E! )-)(&;$.#/#%*$0$'!

\$%$!)&0'*2$%$2!/'!)/%C$0$!.%$):%'&%'!C$)/:'$!&E!#;$*%!'#%:)#:%/(!%$'$OC(/0)$!

#&! 0&%)/%/2*$0$!B]T! /02! #;$*%! d0&\0!.%$2*'.&'*#*&0! #&! .%&2:)$! )/%C$0$'! :.&0!

*%%/2*/#*&0! \*#;! (*L;#F! "$+$%/(! 2$%*+/#*+$'! \$%$! '-0#;$'*7$2! C$/%*0L! 2*'#*0)#!

E:0)#*&0/(! L%&:.'! $*#;$%! #;%&:L;! /! )&OO&0! RTR62*C%&O&! *0#$%O$2*/#$! N^! &%!

#;%&:L;! /0! *0#%/O&($):(/%! L&(23456)/#/(-7$2! )-)(&.%&./0/#*&0! &E! /! C*/%-(!

)&O.&:02!\*#;!/0!/..$02*0L!/(d$0$!KF!w0E&%#:0/#$(-T!#;$!2*C$07&0&%)/%/2*$0$!

2$%*+/#*+$'! 2*2! 0&#! &EE$%! /0! *O.%&+$O$0#! &+$%! #;$! $e*'#*0L! )-)(&;$.#/#%*$0$'T!

/(#;&:L;! #;$! .%$./%$2! )&O.&:02'! O*L;#! '#*((! E*02! /..(*)/#*&0! *0! #;$! (*L;#6

O$2*/#$2!)/%C$0$!E&%O/#*&0F!

!

")=$O$,@H,"-0#;$'*'!&E!R6':C'#*#:#$2!2*C$07&0&%)/%/2*$0$!2$%*+/#*+$'!E%&O!/!2*;/(&!
*0#$%O$2*/#$!N!&%!+*/!/!L&(23456)/#/(-7$2!*0#%/O&($):(/%!)-)(&.%&./0/#*&0!%$/)#*&0!&E!KF!

q*0-()-)(&.%&./0$'! BA! /%$! *O.&%#/0#! O&#*E'! *0! C*&(&L*)! /02! '-0#;$#*)!

)&O.&:02'T!&%!)/0!C$!:'$2!/'!'-0#;$#*)!*0#$%O$2*/#$'!C$)/:'$!&E!#;$*%!/C*(*#-!#&!

:02$%L&!/!.($#;&%/!&E!%$/%%/0L$O$0#!/02!)-)(&/22*#*&0!%$/)#*&0'F!

>;$! E&%O/#*&0!&E! +*0-(! L&(2345! )/%C$0$'! 66! +*/! #;$! %$#%&69:);0$%! %$/)#*&0!&E! S6

/(d$0-(! )-)(&;$.#/#%*$0$! 2$%*+/#*+$'! #/d$'! .(/)$! /#! )&0'*2$%/C(-! (&\$%!

#$O.$%/#:%$'! 3SY! t,5FY !?! (/%L$! '$%*$'! &E! +*0-()-)(&.%&./0$'! BA, /02! +*0-(6

/O*0&)-)(&.%&./0$'! BB! \/'! .%$./%$2! +*/! #;$! L&(23456)/#/(-7$2! %$#%&6

9:);0$%`/(d$0$! )-)(&.%&./0/#*&0! %$/)#*&0F! Be)$(($0#! @+,6'$($)#*+*#-! \/'!

/);*$+$2!E&%!/%-(!/(d$0$'T!\;*($!#;$!)-)(&.%&./0/#*&0!&E!]6+*0-(.;#;/(*O*2$!\/'!

'(*L;#(-!($''!'$($)#*+$F!p&+$(!j:(*/6k&)*$0'd*!%$/L$0#'!B@!\$%$!2$+$(&.$2!E&%!#;$!

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

Y!! A$%(WT!9Fu!A&('#$*0T!DF!GFu!B);/+/%%$0T!?F!GF!JLC!L#%#(A!@ABCT!_XXZ6_XSYF!

R2

R1

Br
Br

R2 R1
[AuLL´]

LAu
Ph

R1= Ph
R2 = H

6 7

8



.<;$%2-0-.

! PR!

E&%O/#*&0! &E! #;$! 2$'*%$2! S6/(d$0-(6RT_TY6)-)(&;$.#/#%*$0$! M! E%&O! %$/2*(-!

/+/*(/C($! /(2$;-2$'! /02! d$#&0$'! *0! &0$! '#$.F! >;$! /..(*)/C*(*#-! &E! #;$! %$#%&6

9:);0$%!%$/)#*&0!\/'!L%$/#(-!$0;/0)$2!C-!#;$!*O.%&+$2!%$/)#*&0!)&02*#*&0'!/02!

#;$!$/'-!/))$''!#&!#;$!)-)(&;$.#/#%*$0$!2$%*+/#*+$'F!!

!

")=$O$,JH,>;$!E&%O/#*&0!&E!+*0-(!L&(2345!)/%C$0$'!66!+*/!#;$!%$#%&69:);0$%!%$/)#*&0!&E!
S6/(d$0-(!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!M!/02!':C'$i:$0#!/(d$0$!)-)(&.%&./0/#*&0!

%$/)#*&0F!

!

")=$O$,GH,f&%O/#*&0!&E!S6/(d$0-(!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!M!E%&O!%$/2*(-!/+/*(/C($!
/(2$;-2$'!/02!d$#&0$'!*0!&0$!'#$.F!

>;$!2*O*0*';$2!@+,6'$($)#*+*#-!E&%!#;$!+*0-(6/O*0&)-)(&.%&./0$'!BB!/02!#;$!C*'6!

/02! #%*'6/%-()-)(&.%&./0$'!@! E%&O!&:%! L%&:.r'! .%$+*&:'!\&%dT! .%&O.#$2!:'! #&!

*0+$'#*L/#$! #;$! %$/)#*&0! ./#;\/-! \*#;! L%$/#$%! 2$#/*(F! ,&OC*0$2! $e.$%*O$0#/(!

/02!)&O.:#/#*&0/(!'#:2*$'!2$O&0'#%/#$2!#;$!$e)$(($0#!*0#%*0'*)!@+,6'$($)#*+*#-!E&%!

#;$!)-)(&.%&./0/#*&0F!9/'$2!&0!<f>!)/():(/#*&0'T!/!%$E*0$2!'#$%$&);$O*)/(!O&2$(!

E&%! #;$! @+,6'$($)#*+*#-! *0! L&(26)/#/(-7$2! )-)(&.%&./0/#*&0! %$/)#*&0'! )&:(2! C$!

.%&.&'$2F! 40! /22*#*&0T! #;$! O$);/0*'O! &E! /0! :0.%$)$2$0#$2! L&(23456O$2*/#$2!

*'&O$%*7/#*&0! &E! )-)(&.%&./0$'! \/'! $(:)*2/#$2T! \;$%$! #;$! )-)(&.%&./0$! *'!

&.$0$2!C-!L&(2345!#&!E&%O!/!)&O.($e!\*#;!/!(*0$/%!)/%C&)/#*&0*)!'#%:)#:%$!\;$%$!

#;$!.&'*#*+$!);/%L$!*'!'#/C*(*7$2!/'!/0!/((-(*)!)/%C&)/#*&0!666F!

R1

R2 [AuLL´]

LAu R2

R1

Ar
HH

R1 R2

NPhth
HH

R1 R2

orAr

NPhth

or

9

10

11

II

S

N N
N

N
RO O

+
R1 R2

O LiHMDS

-78 ºC, THF R1

R2

9: 75 - 99% yield
exclusively E-isomer

12



.<;$%2-0-.

!PP!

! !

F*[<%$,BH,>%/0'*#*&0!'#/#$!'#%:)#:%$!($/2*0L!#&!@+,6+*0-()-)(&.%&./0$'!3($E#5!/02!81<!
*'&':%E/)$!%$.%$'$0#/#*&0!&E!/##%/)#*+$!0&06)&+/($0#!*0#$%/)#*&0!*0!#;$!@+,6#%/0'*#*&0!

'#/#$F,

!

")=$O$, LH, >;$! O$);/0*'O! &E! /0! :0.%$)$2$0#$2! L&(23456O$2*/#$2! )-)(&.%&./0$!
*'&O$%*7/#*&0F,

9-! )&OC*0*0L! #;$! d0&\($2L$! &C#/*0$2! 2:%*0L! #;$! *0+$'#*L/#*&0'! &0! C&#;! #;$!

')&.$! /02! O$);/0*'O! \*#;! #;$! /(d$0-(/#*&0! /..%&/);! #&! E&%O! #;$!

)-)(&;$.#/#%*$0$!%$/L$0#'T!/!0&+$(!)(/''!&E!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!BJ!\/'!

2$+$(&.$2F!40!#;$!)/'$!&E!#;$!':C'#*#:#$2!)-)(&;$.#/#%*$0$T!#;$!$0$%L-!C/%%*$%!E&%!

#;$! %$#%&69:);0$%! %$/)#*&0! \/'! &+$%)&O$! /#! %&&O! #$O.$%/#:%$T! &.$0*0L! #;$!

2&&%!#&!#;$!2$+$(&.O$0#!&E!$0/0#*&'$($)#*+$!L&(23456)/#/(-7$2!)-)(&.%&./0/#*&0!

%$/)#*&0'F!

!

")=$O$,NH,>;$!L&(23456)/#/(-7$2!%$#%&69:);0$%!%$/)#*&0!#/d*0L!.(/)$!/#!%&&O!
#$O.$%/#:%$!:'*0L!0$\!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!BJF 

!
!

!

!
!
!
!
!

cis-TS (favored)

R1

R2 NPhth

AuLNPhthR1

R2

NPhthR1

R2[AuLL´] -[AuLL´]

cis-11 trans-11III

Ph

[AuLL´]
EtOAc, r.t.

Ph

13 10´
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!

!

!

!

!

50.0S-+!;.%S&V),%#&.!

 

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !



=($(95'.>$,9%)3",0%$!

!Pc!

9Y!1W,+&(S&(-.0!

9Y9Y!2S&(0S%#0$!&'!,W,+&(S&(-.0!

>;$!)-)(&.%&./0$!%*0L!*'!#;$!'O/(($'#!)-)(&/(d/0$T!C$/%*0L!#;$!O&($):(/%!E&%O:(/!

,_8XT!/02!*'!/!'#%:)#:%/(!*'&O$%!&E!.%&.$0$FX!>;$!#%*/0L:(/%!'#%:)#:%$!E&%)$'!#;$!

)/%C&06)/%C&0! C&02! /0L($'! #&! C$! XQtT! *0'#$/2! &E! #;$! :':/(! RQ[FYt! E&%! ,8d!

;-C%*2*7$2!&%C*#/('!&E!)/%C&0!/#&O'F!?'!':);T!#;$%$!*'!/!'*L0*E*)/0#!/O&:0#!&E!%*0L!

'#%/*0!\*#;*0! #;$!O&($):($T!\;*);!)&0'*'#'!O/*0(-!&E!R5!/0L:(/%!39/$-$%5!'#%/*0!

&%*L*0/#*0L!E%&O!#;$!($''!#;/0!*2$/(!,6,!C&02!/0L($'u!P5!#&%'*&0/(!3D*#7$%5!'#%/*0!

2:$!#&!#;$!)&.(/0/%!/%%/0L$O$0#!&E!#;$!)/%C&0!/#&O'T!\;*);!E&%)$!#;$!;-2%&L$0!

/#&O'! #&! /2&.#! /! '#/LL$%$2! )&0E&%O/#*&0u! _5! +/0! 2$%!b//('! '#%/*0! 2:$! #&! #;$!

%$.:('*&0!&E!#;$!)&0#*L:&:'!;-2%&L$0!/#&O'!3f*L:%$!P5FS!

! !

F*[<%$,@!>;$!#;%$$!E&%O'!&E!'#%/*0!)&0#%*C:#*0L!#&!#;$!'#%&0L!%*0L!'#%/*0!&E!
)-)(&.%&./0$F!

>;$! ;*L;! %$/)#*+*#-! &E! )-)(&.%&./0$'! /02! #;$*%! .%&.$0'*#-! #&! %$/)#! \*#;!

$($)#%&.;*($'! /%$! L$0$%/((-! /))%$2*#$2! #&! #;$! %$($/'$! &E! %*0L! '#%/*0F! >;$! '#%/*0!

$0$%L-! &E! )-)(&.%&./0$! *'! PSFX! d)/(xO&(6RT!\;*);! *'! 0&#! #;/#! 2*EE$%$0#! E%&O! #;$!

PXFP! d)/(xO&(6R! E&%! )-)(&C:#/0$FZ !40! /22*#*&0T! #;$! $0$%L*$'! %$i:*%$2! E&%! #;$!

;&O&(-#*)!,6,!C&02!)($/+/L$!/%$!+$%-!'*O*(/%^!XRFQ!d)/(xO&(6R! E&%!)-)(&.%&./0$!

/02!XPFY!d)/(xO&(6R!E&%!)-)(&C:#/0$!3");$O$!S5T[!/'!)&O./%$2!#&!ZZFQ!d)/(xO&(6R!

E&%!-6C:#/0$FRQ!a$#T!#;$!%$/)#*+*#-!&E!)-)(&.%&./0$'!%$'$OC($'!#;/#!&E!,6,!2&:C($!

C&02'T!\;*($!#;$!);$O*'#%-!&E!)-)(&C:#/0$'!*'!)&O./%/C($!#&!/(d/0$'F!>;$%$E&%$T!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
X!! k:(*0d&+*);T! =F! 1F!L9@(08$08#-',! +-!X$:#-+@!C9-%<',+,u! j&;0!b*($-!y! "&0'T!

40)T!PQRYF!
S!! /5!b&0LT!AF!pF! ,Fu!A&0T!GF! aFu! >'$T! ,F!bFu! a*.T! aF! ,Fu! >/0d&T! jFu!A:2(*)d-T! >F!

L<'1A!f'>A!BMKMT!hiT!RXY6R[ZF!C5!2$!G$*]$%$T!?F!J-:'4A!L<'1A!3-%A!O.A!@AALT!
__T!SZ_X6SZcQF!)5!b/(';T!?F!<F!]#%5$'!BMGCT![giT!SRPF!

Z!! 1$*'$($%T!1F!"'$A!"5-,'-:',A!;<9,A!L<'1+'!BMCAT!c_T!SPS6SPSF!
[!! /5!9$%'&0T!jF!?Fu!D$2$%'$0T!@F!<Fu!,/%.$0#$%T!9F!kF!\A!J1A!L<'1A!C0@A!BMCNT!ihT!

RPP6Rc_F!C5!?)d$%O/00T!>F!"'$A!"5-,'-:',A!;<9,A!L<'1+'!BMNMT!cdT!PcR6PcRF!
RQ!! 9(/0d'C-T!"F!jFu!B((*'&0T!1F!9F!J@@A!L<'1A!f',A!@AAJT!daT!PYY6PX_F!

Pitzer 
strain

van der 
Waals 
strain

Baeyer 
strain



=($(95'.>$,9%)3",0%$.

! PY!

#;$! #;$%O&2-0/O*)! .%&.$%#*$'! /(&0$! )/00&#! $e.(/*0! #;$! );$O*'#%-! &E!

)-)(&.%&./0$'F! >;%$$! O&2$('! ;/+$! C$$0! .%&.&'$2! #;/#! ;$(.! 2$')%*C*0L! #;$!

:0*i:$!.%&.$%#*$'!&E!#;*'!)-)(&/(d/0$F!

!

")=$O$,CH!,&O./%*'&0!&E!#;$!$0$%L-!%$i:*%$2!E&%!#;$!;&O&(-#*)!C&02!)($/+/L$!&E!
)-)(&.%&./0$!/02!)-)(&C:#/0$F!

9YGY!1&)+$&.ND&''#%%!X&V0+!

>;$!L05(,0-GM0//+%%!10.'(! 2$')%*C$'! #;$! )-)(&.%&./0$! /'! )&0'#%:)#$2! C-! #;%$$!

,8d6;-C%*2*7$2!)/%C&0!)$0#$%'!\;$%$!#;$!C&02*0L!&%C*#/('!/%$!/0L($2!&:#\/%2!C-!

/C&:#! PPt! 3f*L:%$! _5FRR!9$)/:'$! &E! #;$! /0L($T! #;$! &+$%(/.! *'! /C&:#! PQz! ($''!

$EE$)#*+$T!\;*);! *'! )*#$2!/'! #;$! '&:%)$!&E! /0L:(/%! '#%/*0F!9$)/:'$! #;$!C&02'! /%$!

/0L($2! #;$-! /%$! '&O$#*O$'! )/(($2! gC$0#! C&02'hT! &%! $+$0! %$)$*+$! #;$! ;&0&%/%-!

#*#($!&E!gC/0/0/!C&02'hF!

!

F*[<%$,JH!8$.%$'$0#/#*&0!&E!#;$!,&:('&06G&EE*##!O&2$(F!

f&%! 0&%O/(! )/%C&0! /#&O'T! &0$! ,!&%C*#/(! /02! #;%$$!8! &%C*#/('! /%$! ;-C%*2*7$2! #&!

L*+$! E&:%! $i:*+/($0#! ,8d! &%C*#/('T! \;*);! /((! ;/+$! /C&:#! PYz! ,! );/%/)#$%FRP!f&%!

)-)(&.%&./0$'T! #;$! &%C*#/('! /%$! E/%! E%&O! $i:*+/($0#F! >;$! &%C*#/('! 2*%$)#$2!

&:#\/%2'! ;/+$! /C&:#! __z! ,! );/%/)#$%! 3!,8Q5T! \;*($! #;$! &0$'! *0+&(+$2! *0! %*0L!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RR!! /5!,&:('&0T!,F!?Fu!G&EE*##T!bF!BF!\A!L<'1A!;<9,A!BMGCT![gT!RYR6RYRF!C5!,&:('&0T!

,F!?Fu!G&EE*##T!bF!BF!;<+(0,A!M#:A!BMGMT!_ZT!RF!C5!f(-L/%$T!bF!AF!C@+'-@'!BMNJT!
[_ZT!RRS[6RRZYF!)5!D$#$%'T!<F!B'%$#<'.$0-!BMNJT![iT!RY_[6RYcXF!

RP!! 2$!G$*]$%$T!?F!J-:'4A!L<'1A!3-%A!O.A!O-:(A!BMCMT![hT!ZQ[6ZPXF!

61 kcal·mol-1

HH
H
H H

H

H
H H

H

H H

H3C

H

H

H

H H

HH

H H

HH

62.5 kcal·mol-1
HH

H H

H H
H H

H2C
CH22x

22º



=($(95'.>$,9%)3",0%$!

!PX!

C&02*0L! ;/+$! &0(-! RSz! ,! );/%/)#$%! 3!,8g5! /02! %$'$OC($! O:);! O&%$! #;$! 8!

&%C*#/('FR_!>;$!.%$E$%%$2!/0L($!&E![Qt,!E&%!#;$!8!&%C*#/(!;$(.'!#&!%$(*$+$!'&O$!&E!

#;$! '#%/*0FRc!>;$! *0)%$/'$2!8! );/%/)#$%! &E! #;$!,6,!C&02'! *'! /('&! %$'.&0'*C($! E&%!

#;$!/(d$0$6(*d$!%$/)#*+*#-F!

9YHY!Q-+$Z!X&V0+!

?))&%2*0L! #&! #;$! j#(,<! 10.'(T! \;*);! \/'! 2$+$(&.$2! /#! #;$! '/O$! #*O$T! #;$!

)-)(&.%&./0$! *'! )&0'#%:)#$2!C-! #;$! *0#%/6/00:(/%! &+$%(/.!&E! #;$! ,8Q6;-C%*2*7$2!

&%C*#/('!&E! $/);!)/%C&0!/#&O!/02! #;%$$!8! &%C*#/('!&E!\;*);!&0$! *'!/0#*6C&02*0L!

3f*L:%$! c5FRY!40! #;*'! O&2$(T! #&&T! #;$! /0L:(/%! '#%/*0! *'! /##%*C:#$2! #&! 2$)%$/'$2!

&+$%(/.F! >;$! C&02'! E&%O$2! C-! &+$%(/.! &E! #;$! 8! &%C*#/('! )/0! C$! +*$\$2! /'!

2*'#&%#$2!{6C&02'T!$e.(/*0*0L!#;$!/(d$0$6(*d$!%$/)#*+*#-FRX!!

!

F*[<%$,GH!8$.%$'$0#/#*&0!&E!#;$!b/(';!O&2$(F!

9Y[Y!_N>S&X-%#,#%W!

>;$! kG#$01#%+@+%9!10.'(! .%&.&'$2! C-! <$\/%! #%$/#'! #;$! )-)(&.%&./0$! /'! /! _6!

)$0#$%!X6$($)#%&0!)-)(*)!/%%/-!#;/#!E&((&\'!#;$!_-lQ!%:($FRS!?!O*0&%!O&2*E*)/#*&0!
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
R_!! k$$'$T!8F!J-:'4A!L<'1A!BMKAT!iQT!S_6S_F!
Rc!! 2$!G$*]$%$T!?F!J-:'4A!L<'1A!3-%A!O.A!O-:(A!BMCMT![hT!ZQ[6ZPXF!
RY!! /5!b/(';T! ?F! <F!]#%5$'!BMGCT![giT! SRPF! C5! ":L2$0T! >F! pF!]#%5$'! ED0-.0-F!

BMGCT![aZT!_XSF!)5!b/(';T!?F!<F!B$#-,A!*#$#.#9!C0@A!BMGMT!_gT!RS[F!
RX!! 9$%0$##T!bF!?F!\A!L<'1A!O.5@A!BMNCT!__T!RSF!
RS!! <$\/%T!GF!jF!"F!\A!J1A!L<'1A!C0@A!BMKGT![ZaT!XX[6XZPF!
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#;$!&%C*#/('!\*#;!8!);/%/)#$%!)&0]:L/#$!\*#;!#;$!{6C&02!3f*L:%$!Y5FPY!

!

F*[<%$,LH!,&0]:L/#*&0!&E!#;$!)-)(&.%&./0$!C&02'!#;/#!;/+$!'*L0*E*)/0#!86);/%/)#$%!\*#;!
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40)T!PQRYF!
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40)T!PQRYF!

P[!! ":)d(*0LT!,F!jF!J-:'4A!L<'1A2!3-%A!O.A!O-:(A!BMKKT!QcT!Y_S6YYPF!
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&E!#;$!#\&!./#;\/-'F_P!!
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")=$O$,KH!1$0$%/(!%$.%$'$0#/#*&0!&E!#;$!RT_6)-)(*7/#*&0!&%!lPsRm!)-)(*7/#*&0!%$/)#*&0'F!

GY9Y!9\HN1W,+#]-%#&.!S0-,%#&.$!

>;$! E*%'#! '-0#;$'*'! &E! )-)(&.%&./0$!\/'! /);*$+$2! *0!RZZP!C-! #%$/#O$0#! &E! RT_6

2*C%&O&.%&./0$! \*#;! '&2*:O! 3");$O$! [/5F __ !p&\/2/-'T! #;$! RT_6)-)(*7/#*&0!

%$/)#*&0!*'!'#*((!$O.(&-$2!E&%!#;$!.%$./%/#*&0!&E!'*O.($!)-)(&.%&./0$!2$%*+/#*+$'!

&0! O:(#*6L%/O! &%! $+$0! *02:'#%*/(! ')/($! 3");$O$! [C! /02! [)5F _c!

<*/'#$%$&'$($)#*+$_Y!/02! )/#/(-#*)! $0/0#*&'$($)#*+$! #%/0'E&%O/#*&0'! ;/+$! C$$0!

/);*$+$2!E&%!RT_6)-)(*7/#*&0!%$/)#*&0'!3");$O$![25F_X!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_R!! D/i:$##$T!@F!?Fu!"#*%(*0LT!,F!jF!GF!B'%$#<'.$0-!BMM@T!_hT!S_Z_6ScP_F!
_P!! /5!@/\T!jF!AF!J@@A!L<'1A!f',A!BMCBT!_T!R[[6PQ_F!C5!b$'']&;/00T!@F!?Fu!9%/02#T!

bFu!>;*$O/00T!>F!L<'1A!f'>A!@AAJT![ZdT!RXPY6RXcZF!)5!@*:T!AF!wFu!b/(';T!,F!
>F! 40!B<'!L<'1+,%$9!0/!%<'!L9@(08$089(!V$058u!D/#/*T! "FT!8/..&.&%#T!vFT!B2'Fu!
j&;0! b*($-! y! "&0'T! @#2^! p$\! a&%dT! R[ZSu! q&(F! RT! .! [Y[IRQPYF! 25!
>;*C&2$/:eT!,F!jFu!,;/0LT!bF6)Fu!@*:T!AF6\F!L<'1A!f'>A!@AB@T![[QT!RXZR6RSQ[F!

__!! f%$:02T!?F!\A!;$#6%A!L<'1A!BKK@T!QaT!_XS6_SSF!
_c!! /5!,/00&0T!1F!bFu!B((*'T!8F!,Fu!@$/(T!jF!8F!X$:A!C9-%<A!BMLBT!d[T!Sc6SSF!C5!"/(/}0T!

jF!8Fu!,;/O.*&0T!jFu!,&0*/T!jF!GF!X$:A!C9-%<A!BMCCT!gcT!_X6cQF!
_Y!! /5! 40&:$T! >Fu! k*#/L/\/T! =Fu! =);*/*T! =Fu! >/L:);*T! >F!B'%$#<'.$0-P!J,911'%$9!

BMMLT!aT!X[R6X[PF!C5!>/-(&%T!8F!BFu!B0L$(;/%2#T!fF!,Fu!");O*##T!GF!jFu!a:/0T!AF!\A!
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GYGY!^G_9`!1W,+#]-%#&.!S0-,%#&.$!

\%\%]%&J+=/)2"&.;.5#I"#I0)2&:;)*/2:+:&

>;$! &(2$'#! $e/O.($! &E! #;$! lPsRm! )-)(*7/#*&0! %$/)#*&0! #&! E&%O! )-)(&.%&./0$'! *'!

d0&\0! /'! #;$! W+U<-'$! EW+,@<-'$F! @9@(08$08#-'! ,9-%<',+,T! 2*')&+$%$2! *0! R[RRFcQ!

A&\$+$%T! *0! #;$! &%*L*0/(! 2*')&+$%-! /! )-)(&.%&./0$!\/'! E&%O$2! C-! /22*#*&0! &E!

;-2%/7*0$!#&!~T�6:0'/#:%/#$2!)/%C&0-(!)&O.&:02'T!\;*);!2$)&O.&'$'!\*#;!#;$!

%$($/'$! &E! 0*#%&L$0! #&! E&%O! /! 2*%/2*)/(! '.$)*$'! #;/#! )-)(*7$'F! >;$%$E&%$T! #;*'!

%$/)#*&0!)/0!/('&!C$!)/#$L&%*7$2!/'!/!RT_6)-)(*7/#*&0!E&%!'&O$!)/'$'F!40!&#;$%'T!/!

.-%/7&(*0$! *'! E&%O$2! C-! #;$! RT_62*.&(/%! /22*#*&0! &E! /! 2*/7&! )&O.&:02! #&! /0!

/(d$0$T! \;*);! 2$)&O.&'$'! #&! E&%O! /! )-)(&.%&./0$! /02! #;$! %$/)#*&0! )/0! C$!

)&0'*2$%$2!/!lPsRm!)-)(*7/#*&0!%$/)#*&0!3");$O$!RQ5F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
J1A! L<'1A! C0@A! @AABT! [QdT! P[Xc6P[X[F! )5! p/d/O:%/T! BFu! "$d*-/T! kFu!
k:\/]*O/T!4F!B'%$#<'.$0-!D'%%A!BMKCT!QhT!__S6_cQF!

_X!! q*L0&(/T!pFu!@*'#T!9F!\A!J1A!L<'1A!C0@A!@AAGT![QaT!cYQ6cYRF!
_S!! f%$:02T!?F!\A!;$#6%A!L<'1A!BKK@T!QaT!_XS6_SSF!
_Z!! /5!,/00&0T!1F!bFu!B((*'T!8F!,Fu!@$/(T!jF!8F!X$:A!C9-%<A!BMLBT!d[T!Sc6SSF!C5!"/(/}0T!

jF!8Fu!,;/O.*&0T!jFu!,&0*/T!jF!GF!X$:A!C9-%<A!BMCCT!gcT!_X6cQF!
_[!! q*L0&(/T!pFu!@*'#T!9F!\A!J1A!L<'1A!C0@A!@AAGT![QaT!cYQ6cYRF!
cQ!! /5!k*';0$%T!pF!GFu!v/+/2&+'d**T!?F!\A!f5,,A!;<9,A!L<'1A!C0@A!BMBBT!_dT!RR_PF!C5!

b/0LT! vF! 40! L018$'<'-,+>'! X$:#-+@! ]#1'! f'#@%+0-,! #-.! f'#:'-%,u! j&;0!
b*($-!y!"&0'T!40)F^!PQRQF!
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%$/)#*&0!&E!/5!~T�!6:0'/#:%/#$2!)/%C&0-(!)&O.&:02!\*#;!;-2%/7*0$T!&%!C5!2*/7&!
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cS!! j&;0'&0T!?F!bFu!@/,&:0#T!8F!9F!\A!J1A!L<'1A!C0@A!BMNBT!hdT!cRS6cP_F!
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R3 = 4-NO2-C6H4
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33 - 99%,
d.r. 2:1 - >99:1
e.e. 5 - 99%R1 = H, CN, NO2; R2 = CO2R, SO2R

R3 = Ph, Ar, alkyl, CO2R, CO2NR2, Ac, OAc, CH2=C(Me)
R4 = H, Me Ph

R4R2
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Z Z

N

OO

N
YY Cu

LR2R1
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X X H

R5 R2 R1 = H, NO2
R2 = CO2R,
R3 = Ph, Ar, alkyl,
        CH2=CH
R4 = H, Me, alkyl
R5 = H, Me, alkyl
X = CH2 or NR

or or

R5



=($(95'.>$,9%)3",0%$!

!cP!

!

")=$O$,@KH!<*EE$%$0#!%;&2*:O!)&O.($e$'!\*#;!/)$#/#$!2$%*+$2!(*L/02'!E&%!/(d$0$!
)-)(&.%&./0/#*&0!%$/)#*&0'F!

!

")=$O$,@MH!8:#;$0*:O6D;$=n!&%!*%*2*:O6'/($0!)&O.($e$'!E&%!#;$!/'-OO$#%*)!/(d$0$!
)-)(&.%&./0/#*&0F!

HYHY!4%Z0S!-$WXX0%S#,!X0%Z&V$!

"$+$%/(! &#;$%! O$#;&2'! ;/+$! C$$0! 2$+$(&.$2! E&%! #;$! E&%O/#*&0! &E! /'-OO$#%*)!

)-)(&.%&./0$'F! =0$! C%&/2(-! $O.(&-$2! '#%/#$L-! *'! #;/#! &E! #;$!M+@<#'(G+-+%+#%'.!

$+-:! @(0,5$'F! >;*'! O$#;&2! %$(*$'! &0! );*%/(! /:e*(*/%*$'! 3");$O$! _Q5T!

&%L/0&)/#/(-'#'! 3");$O$! _R5T! &%! O$#/(! )/#/(-'#'! #&! *02:)$! );*%/(*#-F! =#;$%!

0&#/C($! $e/O.($'! *0)(:2$! ,6A! *0'$%#*&0T! 0:)($&.;*(*)! %*0L! )(&':%$T! /02T! #;$!

%$)$0#(-!O&%$!$e.(&%$2T!%$/)#*&0!&E!.%&./%L-(*)!)/%C&e-(/#$'!3");$O$!_P5FSP!

Rh

Rh

O

O

O

OO

O

O

O

O

O

N O

O

O

O

X
X

X

X= O

O

N

Y

S

Z
O

O

O

O

Ph
Ph

Z

R2R1

N2

R3

R4
+ R4R2

R3R1

R1 = H, alkyl, CN, NO2
R2 = CO2R, COR, SO2R, 
        PO(OR)2
R3 = Ph, Ar, alkyl, CO2R, 
        CO2NR2, Ac, OAc, 
        CH2=C(Me)
R4 = H, Me, P, N3

31 - 99%
d.r. 2.5:1 - >99:1

e.e. 43 - 98%

CO2R

N2

H

R2

R1
R3

R4+

Ru-pheox or
Ir-salen

R1 CO2R
R2

R3 R4 R1 = H, Me
R2 = Ph, Ar, alkyl, RO, 
        PhCH=CH, Ph-
R3 = H, Me
R4 = H, Me

N
Ru

O

Ph
R

L
Ru-pheox

N N
OO

Ph
Ph
Ir

Ir-salen
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R1
X

!!
!!

XEWG

R = H, Ph, Ar, NPhth
X = CO2Et, CONR2, C(O)Ph,
      C(CN)2, C(S(O)Tol)2

Se

OY

EWGS

OY

EWG

chiral ylid

Tol S EWG
NTsO

R2

R2

R1

50 - 87%
d.r. 12:1 - >99:1

R1

O

R2

R3

O
S
R4

R4
+

organocatalyst

O

R3

R1

O

R2
35 - 93%

d.r. 2:1 - >20:1
e.e. 42 - 93%

R1 = Ph, Ar, HetAr, PhCH=CH, alkyl
R2 = H, Me, OR
R3 = Ph, Ar, PhCH=CH
R4 = Me, -CH(CH2)nCH- HNNH

PhPh

Y Z N N
N

Z
Y

Y

OR1

+

(R)-DTBM-SEGPHOS(AuCl)2 (2.5%),
AgSbF6 (5%)

OR1R2MeNO2, r.t.
70 - 83%, d.r. >20:1, e.e. 60 - 85%

R2

O

O

O

O
PAr2

PAr2Ar = 3,5-(tBu)2-4-OMe-C6H2

(R)-DTBM-SEGPHOS

R1 = Me, Ph, tBu
R2 = H, 2-Me, 4-tBu,2,6-Me-4-tBu
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$+$0!*#'!)&(&%T!/%$!/!)&0'$i:$0)$!&E!#;$!'#%&0L!%$(/#*+*'#*)!$EE$)#'!*0!L&(2FRRQ!>;$!
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"$*2$(T! 1Fu! G-0&##T! 8Fu! f}%'#0$%T! ?F!J-:'4A! L<'1A! 3-%A! O.A!@AAMT! _hT! PYRQ6
PYR_F!

RR_!! 9$0*#$7T!<Fu!";/.*%&T!pF!<Fu!>d/#);&:dT!BFu!b/0LT!aFu!1&22/%2T!bF!?Fu!>&'#$T!fF!
<F!]#%A!L<'1A!@AAMT![T!cZP6cZXF!

RRc!! /5! "$*2$(T! 1Fu! f}%'#0$%T! ?F! J-:'4A! L<'1A! 3-%A! O.A! @ABGT! gdT! cZQS6cZRRF! C5!
b$%(WT!,Fu!1&22/%2T!8Fu!f}%'#0$%T!?F!J-:'4A!L<'1A!3-%A!O.A!@ABLT!g_T!RYcYP6
RYcYXF!

RRY!! /5!b/0LT! aFu! G:%/#&%$T! GF! BFu! B);/+/%%$0T! ?F! GF! L<'1A! G! O5$A! \A! @ABLT! Q[T!
S__P6S__[F! C5! A/%%*'T! 8F! jFu! b*2$0;&$E$%T! 8F! ?F! L<'1A! C0@A! f'>A!@ABNT! _gT!
cY__6cYYRF!

L1-3Au

OMe

OMe
Fürstner, 2014

carbocation-like

L1 = P(Cy)3
L2 =

N O

P
AdAd

P
ArAr

MeO

MeO
L3 =

Ar = 3,5-(CF3)2-C6H3

L4 =

carbene-like

N N

Ar
Ar

ArAr

Ar
Ar

ArAr

Ar = 4-t-Bu-C6H4

L4Au

Straub, 2014

Au

Widenhoefer, 2014

P

P
Au

iPrN
NiPr

NiPriPrN
P
tButBu

Bourissou, 2014



=($(95'.>$,9%)3",0%$.

! Y_!

>;$!*0E(:$0)$!&E!#;$!/0)*((/%-!(*L/02!\/'!2$O&0'#%/#$2!C-!>&'#$T!%$+$/(*0L!#;/#!/!

O&%$!)/%C$0$! (*d$!'#%:)#:%$! ($2! #&! *O.%&+$2!%$':(#'! *0! #;$!)-)(&.%&./0/#*&0!&E!
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E&%O/(! lcsRm! /22*#*&0! &E! L&(2! )/%C$0$'! \*#;! O$#;-($0$)-)(&.%&./0$'! &%!

)-)(&C:#$0$'! 3");$O$! YS5FR_[!A&\$+$%T! *E! /(d-0$6':C'#*#:#$2! )-)(&;$.#/#%*$0$'!

/%$!:'$2T! #;$!/)#*+/#*&0!&E! #;$! #%*.($!C&02! *'!.%$E$%%$2!/02! E(:e*&0/(!C/%C/%/(-(!

L&(23456)/%C$0$! )/#*&0'! /%$! E&%O$2! *0'#$/2T! \;*);! :(#*O/#$(-! ($/2! #&! *02$0$'!

3");$O$!YZ5FRcQ!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
R_[!! b/0LT!aFu!G:%/#&%$T!GF!BFu!8&0LT!vFu!B);/+/%%$0T!?F!GF!J-:'4A!L<'1A!3-%A!O.A!

@ABGT!gdT!RcQPP6RcQPXF!
RcQ!! G)1&0*L/(T! DF! 8Fu! 2$ @$M0T! ,Fu!b/0LT! aFu! A&O'T! ?Fu! "&(&%*&6?(+/%/2&T! ,F! 8Fu!

B);/+/%%$0T!?F!GF!J-:'4A!L<'1A!3-%A!O.A!@AB@T!g[T!R_Q[_6R_Q[XF!
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!

")=$O$,LCH!f&%O/(!3csR5!%$/)#*&0!&E!O$#;-($0$)-)(&.%&./0$'!&%!)-)(&C:#$0$'!\*#;!
L&(2345!)/%C$0$'F!

!

")=$O$,LKH!f&%O/#*&0!/!C/%C/%/(-(!)/#*&0'!C-!)-)(*7/#*&0!&E!S6/(d-0$!)-)(&;$.#/#%*$0$!
2$%*+/#*+$'F!

<$'.*#$! #;$! L%$/#! %$':(#'! &C#/*0$2T! #;$! %$#%&69:);0$%! %$/)#*&0! %$i:*%$'!

':C'#/0#*/(!;$/#*0LT!RPQ!t,T!/02!#;$!#%/0'E&%O/#*&0!*'!(*O*#$2!#&!/!E$\!.%*+*($L$2!

)&O.($e$'T! \;*);! (*O*#'! #;$! /..(*)/C*(*#-! &E! #;$! ':C'$i:$0#! #%/0'E&%O/#*&0'F!

>;$%$E&%$T! E:%#;$%!2$+$(&.O$0#!&E! #;$!L&(23456)/#/(-7$2!%$#%&6)-)(&.%&./0/#*&0!

E&%!#;$!E&%O/#*&0!&E!L&(2345!)/%C$0$'T!/02!$e.(&%/#*&0!/02!:02$%'#/02*0L!&E!#;$*%!

':C'$i:$0#!#%/0'E&%O/#*&0'!/%$!2$'*%$2F!

!
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50.0S-+!4*b0,%#U0$!

>;$!L&(23456)/#/(-7$2!%$#%&69:);0$%!%$/)#*&0!;/'!%$)$0#(-!$O$%L$2!/'!/!'/E$!/02!

+$%'/#*($! /(#$%0/#*+$! E&%! #;$! E&%O/#*&0! &E! #%/0'*#*&06O$#/(! )/%C$0$! )&O.($e$'F!

A&\$+$%T! #;$!%$/)#*&0!#/d$'!.(/)$!/#!;*L;! #$O.$%/#:%$'T!\;*);!.:#'! (*O*#/#*&0'!

&0! *#'! /..(*)/C*(*#-F! >;$! ')&.$! *'! (*O*#$2! #&! S6/%-(6RT_TY6)-)(&;$.#/#%*$0$!

2$%*+/#*+$'T! \*#;! #;$! '*0L($! $e)$.#*&0! &E! /0! $e/O.($! \*#;! S6'#-%$0-(!

)-)(&;$.#/#%*$0$F!G&%$&+$%T!&0(-!/!(*O*#$2!0:OC$%!&E!'-0#;$#*)!'#%/#$L*$'!E&%!#;$!

E&%O/#*&0!&E!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!;/+$!C$$0!2$+$(&.$2F!

>;$! L$0$%/(! &C]$)#*+$! &E! #;$! \&%d! .%$'$0#$2! *0! #;*'! O/0:')%*.#! *'! #&! E:%#;$%!

2$+$(&.! 2$! L&(23456)/#/(-7$2! %$#%&69:);0$%! %$/)#*&0T! *0! #$%O'! &E! ')&.$T!

/..(*)/C*(*#-!/02!O$);/0*'#*)!:02$%'#/02*0LF!!

>;$!E*%'#!O/*0!&C]$)#*+$!*'!#&!*O.%&+$!#;$!/..(*)/C*(*#-!C-!(&\$%*0L!#;$!%$/)#*&0!

#$O.$%/#:%$! 3/)#*+/#*&0! C/%%*$%5! &E! #;$! %$#%&69:);0$%! %$/)#*&0T! \;*);! \*((!

*0)%$/'$! #;$! ':C'#%/#$! #&($%/0)$T! /((&\! &#;$%! (*L/02'! #&! C$! :'$2! *0! #;*'!
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#;$!')&.$!&E!#;$!%$/)#*&0F!

40! &%2$%! #&! (&\$%! #;$! /)#*+/#*&0! C/%%*$%T! &#;$%! )/%C$0$! .%$):%'&%'! \*((! C$!
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%$/)#*&0'F! f:%#;$%O&%$T! #;$! :'$! &E! /0&#;$%! O&($):(/%! ')/EE&(2! )&:(2! /((&\! E&%!

0$\!'-0#;$#*)!'#%/#$L*$'!#&!&C#/*0!&#;$%!2$%*+/#*+$'!E&%!#;$!)/%C$0$!#%/0'E$%F!

>;$! E&%O/#*&0! &E! +*0-(! L&(2345! )/%C$0$'! /02! E:%#;$%! %$/)#*+*#-! \*((! C$!

*0+$'#*L/#$2F!
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9:);0$%! %$/)#*&0! &E! )-)(&;$.#/#%*$0$! 2$%*+/#*+$'! /'! #;$*%! 0&06(*0$/%!

)&&%2*0/#*&0! O*L;#! /((&\! #;$! 2$+$(&.O$0#! &E! ;*L;(-! 2*/'#$%$&6! /02!

$0/0#*&'$($)#*+$!#%/0'E&%O/#*&0'F!

>;$!'$)&02!O/*0!&C]$)#*+$! *'! #&! *0)%$/'$!&:%!O$);/0*'#*)!:02$%'#/02*0L!&E! #;$!

%$#%&69:);0$%! %$/)#*&0! /02! ':C'$i:$0#! L&(23456)/#/(-7$2! )/%C$0$! #%/0'E$%!

%$/)#*&0'F!A$0)$T!E:%#;$%!O$);/0*'#*)!'#:2*$'!&0!#;$!%$#%&69:);0$%!%$/)#*&0!/02!
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;.%S&V),%#&.!

4#! \/'! 2*')&+$%$2! *0! R[XY! #;/#! [TRQ62*;-2%&6[TRQ6O$#;/0&.;$0/0#;%$0$! 3B25!

)/0! C$! .;&#&(-7$2! *0! #;$! .%$'$0)$! &E! )-)(&;$e$0$! #&! .%&2:)$! c6T! _6T! /02! R6

O$#;-()-)(&;$e$0$!3J2-)5!/02!0&%)/%/0$!3@25!*0!#;$!'/O$!%/#*&!/'!\/'!&C'$%+$2!

E&%! 2*/7&O$#;/0$! :02$%! '*O*(/%! )&02*#*&0'! 3RQ^PY^PY^cQu! ");$O$! Y[5FRcR!>;*'!

.%&+*2$2! #;$! E*%'#T! -$#! *02*%$)#T! $+*2$0)$! &E! #;$! E&%O/#*&0! &E! O$#;-($0$! E%&O!

[TRQ62*;-2%&6)-)(&.%&./l(m.;$0/0#;%$0$! 2$%*+/#*+$'F! 40! #;$! .%$'$0)$! &E!

C$07$0$T!C&#;!#&(:$0$!/02!)-)(&;$.#/#%*$0$!3L25!/%$!E&%O$2F!>;$!%/#*&!&E!#&(:$0$!

*'!;*L;$%!)&O./%$2!#&!\;$0!2*/7&O$#;/0$!*'!:'$2!/'!)/%C$0$!.%$):%'&%! *0!#;*'!

$e.$%*O$0#!2:$!#&!#;$!':C'$i:$0#!.;&#&(-'*'!&E!)-)(&;$.#/#%*$0$!#&!#&(:$0$FRcP!!

!

")=$O$,LMH!f&%O/#*&0!&E!O$#;-($0$!C-!.;&#&(-'*'!&E!2*/7&O$#;/0$!3#&.5TRc_!/02![TRQ6
2*;-2%&6[TRQ6O$#;/0&.;$0/0#;%$0$!3C&##&O!#\&5FRcc!

40! #;$! '/O$! \&%dT! #;$! .&''*C*(*#-! &E! L$0$%/#*0L! O$#;-($0$! E%&O!

.;$0-()-)(&.%&./0$! 3N5! /02! )-)(&;$.#/#%*$0$! 3L25! \/'! *0+$'#*L/#$2! 3");$O$!

XQ5F! >;$! E&%O/#*&0! &E! O$#;-($0$! +*/! .;&#&(-'*'! &E! .;$0-()-)(&.%&./0$! \/'!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RcR!/5!8*);/%2'&0T!<F!9Fu!<:%%$##T!@F!8Fu!G/%#*0T!jF!GFu!D:#0/OT!bF!BFu!"(/-O/d$%T!"F!

,Fu!<+&%$#7d-T! 4F! \A!J1A!L<'1A!C0@A!BMNLT!hcT!PSX_6PSXYF!C5!+&0!BF!<&$%*0LT!
bFu!9:##$%-T!8F!1Fu!@/:L;(*0T!8F!1Fu!,;/:2;:%*T!pF!\A!J1A!L<'1A!C0@A!BMLNT!chT!
_PPc6_PPcF!

RcP!! /5!@$OO&0T!8F!GFu!"#%&;O$*$%T!bF! \A!J1A!L<'1A!C0@A!BMLMT!h[T!RQX6RQZF!C5!
</:C$0T!bF!1Fu!,/%L*((T!8F!@F!B'%$#<'.$0-!BMNBT![QT!RZX6RZ[F!

Rc_!! +&0!BF!<&$%*0LT!bFu!9:##$%-T!8F!1Fu!@/:L;(*0T!8F!1Fu!,;/:2;:%*T!pF!\A!J1A!L<'1A!
C0@A!BMLNT!chT!_PPc6_PPcF!

Rcc!! 8*);/%2'&0T!<F!9Fu!<:%%$##T!@F!8Fu!G/%#*0T!jF!GFu!D:#0/OT!bF!BFu!"(/-O/d$%T!"F!
,Fu!<+&%$#7d-T!4F!\A!J1A!L<'1A!C0@A!BMNLT!hcT!PSX_6PSXYF!
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! XS!

2$O&0'#%/#$2! C-! #;$! E&%O/#*&0! &E! 0&%)/%/0$! /02! O$#;-()-)(&;$e$0$F! p&!

$+*2$0)$! E&%! #;$! L$0$%/#*&0! &E! O$#;-($0$! \/'! &C'$%+$2! E&%! #;$! .;&#&(-'*'! &E!

)-)(&;$.#/#%*$0$T!;&\$+$%F!!

!

")=$O$,NAH!f&%O/#*&0!&E!O$#;-($0$!E%&O!.;$0-()-)(&.%&./0$!/02!*#'!/##$O.#$2!
E&%O/#*&0!E%&O!)-)(&;$.#/#%*$0$F!!

?(%$/2-!*0!R[XY!*#!\/'!0&#$2!#;/#!#;$!/0/(-#*)/(!2/#/!E&%!#;$*%![TRQ62*;-2%&6[TRQ6

O$#;/0&.;$0/0#;%$0$!3B25!\$%$!#&!`#:$''!+-!.'%#+(!4+%<!%<0,'!,+-@'!$'80$%'.!/0$!

%<+,! <9.$0@#$?0-! E`.+?'-U0-0$@#$#.+'-'bFbFRcc! "#%:)#:%/((-T! #;$! )-)(&.%&./6

.;$0/0#;%$0$'! C$/%! L%$/#! %$'$OC(/0)$! \*#;! )-)(&;$.#/#%*$0$'! \;$%$! #;$!

$i:*(*C%*:O!($/0'!)&O.($#$(-!#&\/%2'!#;$!0&%)/%/2*$0$!#/:#&O$%!3f*L:%$!RR5F!!

!

F*[<%$,BBH!"#%:)#:%/(!%$'$OC(/0)$!&E!)-)(&;$.#/#%*$0$!/02![TRQ62*;-%2&6R&6
)-)(&.%&./l(m.;$0/0#;%$0$!2$%*+/#*+$'F!

,/%C$0$! E&%O/#*&0! E%&O! 2*C$07&0&%)/%/2*$0$! 2$%*+/#*+$'! (/-! 2&%O/0#! :0#*(!

R[[Q!\;$0! #;$!L%&:.'!&E!,;/#$/:0$:E!/02! j&;0'&0!:'$2! #;$!.;&#&(-'*'!&E!RTR6

2*);(&%&62*C$07&0&%)/%/2*$0$!3BD5!#&!2$#$%O*0$!#;$!E*%'#!/C'&(:#$!%/#$!d*0$#*)'!

E&%! #;$! %$/)#*&0! &E! 2*);(&%&O$#;-($0$! 3625! \*#;! /(d$0$'! *0! '&(:#*&0! 3");$O$!

XR5F RcY !40! #;$! E&((&\*0L! -$/%'T! #;$! \&%d! \/'! ':))$$2$2! C-! O/0-! %$.&%#'!

2$')%*C*0L! #;$! +/%*/#*&0!&E! #;$! )-)(&.%&./0$! ':C'#*#:$0#'T! *0! &%2$%! #&! L$0$%/#$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RcY!! ,;/#$/:0$:ET! jF! BFu! j&;0'&0T!8F! DFu! k*%);;&EET!GF!GF! \A!J1A!L<'1A!C0@A!BMMAT!

[[QT!_PRS6_PRZF!
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/02!'#:2-!#;$!C$;/+*&%!&E!2*EE$%$0#!)/%C$0$'!3");$O$!XP5TRcX!/02!*O.%&+$O$0#'!

E&%!#;$!'-0#;$'*'!&E!#;$'$!O&#*E'FRcS!

!

")=$O$,NBH!f&%O/#*&0!&E!2*);(&%&O$#;-($0$!/02!%/#$!d*0$#*)!'#:2*$'FBGL,!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RcX!! /5! 1(*)dT! AF! ,Fu! @*d;&#+&%*dT! 4F! 8Fu! j&0$'! j%T! GF!B'%$#<'.$0-! D'%%A!BMMLT! daT!

YSRY6YSRZF! C5! p*L/OT! GFu! D(/#7T! GF! "Fu! ";&\/(#$%T! 9F! GFu! >&')/0&T! jF! DFu!
j&;0'&0T!8Fu!?CC&#T!"F!,Fu!k*%);;&EET!GF!GF!\A!J1A!L<'1A!C0@A!BMMKT![QZT!ZQYY6
ZQY[F! )5!8&C$%#T!GFu!@*d;&#+&%*dT! 4Fu!D(/#7T!GF!"Fu!?CC&#T! "F!,Fu! j&;0'&0T!8F! \A!
;<9,A!L<'1A!J!BMMKT![ZQT!RYQS6RYR_F!25!8:)dT!8F!>Fu!j&0$'!j%T!GF!B'%$#<'.$0-!
D'%%A! BMMKT! diT! PPSS6PPZQF! $5! 8:)dT! 8F! >Fu! j&0$'! j%T! GF! B'%$#<'.$0-! D'%%A!
BMMKT!diT!cc__6cc_XF!E5!>;/O/##&&%T!<F!GFu!"0&&0*/0T!jF!8Fu!":(7C/);T!AF!GFu!
A/2/2T! ,F! GF! \A! X$:A! L<'1A! BMMMT! a_T! YZZX6YZ[YF! L5! f/%(&\T! 8F! ?Fu!
>;/O/##&&%T!<F!GFu!":0&]T!8F!9Fu!A/2/2T!,F!GF! \A!X$:A!L<'1A!@AA@T!acT!_PYS6
_PXYF!;5!1%/+$'T!kF!"Fu!>;/O/##&&%T!<F!GFu!8/C($0T!DF!8F! \A!X$:A!L<'1A!@ABBT!
caT!RYZc6RY[RF!*5!G&&%$T!kF!?Fu!q*2/:%%*6G/%#*0$7T!jF!"Fu!>;/O/##&&%T!<F!GF!\A!
J1A!L<'1A!C0@A!@AB@T![d_T! PQQ_S6PQQcQF! ]5!A/%2*d/%T!>F! "Fu!b/%%$0T!GF!?Fu!
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RcS!! pL:-$0T!jF!GFu!>;/O/##&&%T!<F!GF!C9-%<',+,!@AACT!QZZcT!PQ[_6PQ[cF!
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!

")=$O$,N@H!f&%O/#*&0!&E!+/%*&:'!)/%C$0$!'.$)*$'!+*/!.;&#&(-'*'!&E!2*;-2%&6R&6
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$0-0$!':C'#%/#$'!BA!3");$O$!X_5FRc[!

!
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RcZ!! b/0LT! aFu!G)1&0*L/(T! DF! 8Fu! A$%(WT! 9Fu! 9$'&%/T!GFu! B);/+/%%$0T! ?F!GF! \A!J1A!

L<'1A!C0@A!@ABGT![daT!ZQR6ZQ[F!
Rc[!! "&(&%*&6?(+/%/2&T! ,F! 8Fu! B);/+/%%$0T! ?F! GF! \A! J1A! L<'1A! C0@A! @ABAT! [dQT!

RRZZR6RRZZ_F!

R1

H
R5

R4

R3

R2
1c R1 = t-Bu
1d R1 = C(CH3)2OH
1e R1 = n-Bu
1f R1 = CH2OEt
1g R1 = norbornane
1h R1 = 1-methylcyclopropane

1i R1 = R2 = Br
1j R1 = Cl, R2 = Bn
1k R1 = 1-methylcyclopropane,
     R2 = H

1l R1 = R2 = Me
1m R1 = H, R2 = Ph
1n R = -CH2(CH2)nCH2-

h!

RH

h!

R2R1

h!

R2R1

R1 R2

8II I III

OMe

Ph

R
[AuLL´]

OMe

R

+ LAu Ph

Ph

OMe

R
[AuLL´]
CH2Cl2

r.t.

Br

ROHC

1. nBuLi
2.

THF, -78 ºC
49 - 75%

Ph

OH

R

1. NaH
2. Me2SO4

THF, 0 ºC
84 - 92%

Ph

OMe

R

9 10-OH 10

10 11 12 IVa



7A52,(9.BC.

!SQ!

<*C$07&0&%)/%/2*$0$!2$%*+/#*+$'!B!C$/%*0L!'#%:)#:%/(!'*O*(/%*#*$'!)&:(2!&EE$%!/0!

*0#$%$'#*0L! /(#$%0/#*+$! /'! )/%C$0$! .%$):%'&%'! E&%! L&(2345! );$O*'#%-F! >;$!

'-0#;$'*'!&E!+$%'/#*($! *0#$%O$2*/#$'! *'!\$((! %$.&%#$2TRYQ!\;*($! #;$!.%&.$0'*#-! #&!

L$0$%/#$! E%$$!)/%C$0$'!C-! *%%/2*/#*&0!\*#;! (*L;#! *'!'#%&0LF! 40!/22*#*&0T! #;$! E*e$2!

0&%)/%/2*$0$!'#%:)#:%$T!\;$%$!#;$!2&:C($!C&02'!/%$!./%#!&E!#;$!/%&O/#*)!'-'#$O!

&E! #;$! C$07&! O&*$#*$'T! )&:(2! $(*O*0/#$! #;$! :0\/0#$2! lRTYm6A! ';*E#T! \;*);!

)&O.$#$'!\*#;!#;$!%$#%&69:);0$%!%$/)#*&0FRYR!

?!O/]&%!(*O*#/#*&0!&E!#;$!)-)(&;$.#/#%*$0$!2$%*+$2!)/%C$0$!E&%O/#*&0!*'!#;/#!&0(-!

O&0&6':C'#*#:#$2! '#/C*(*7$2! )/%C$0$'T! ':);! /'! /%-(6)/%C$0$'T! )/0! C$! E&%O$2!

3");$O$!Xc5FRYP!!

,

")=$O$,NGH!")&.$!/02!(*O*#/#*&0'!E&%!#;$!%$#%&69:);0$%!%$/)#*&0!E%&O!)-)(&;$.#/#%*$0$!
2$%*+/#*+$'F!

b*#;! /! O&%$! %$/)#*+$! )/%C$0$! .%$):%'&%T! #;$! L$0$%/#*&0! &E! 2*':C'#*#:#$2! /02!

.&''*C(-!/(d-(6':C'#*#:#$2!)/%C$0$'!/02!+*/! #;$!L&(23456)/#/(-7$2!%$#%&69:);0$%!

%$/)#*&0!)/0!C$!*0+$'#*L/#$2!3");$O$!XY5F!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RYQ!! pL:-$0T!jF!GFu!>;/O/##&&%T!<F!GF!C9-%<',+,!@AACT!QZZcT!PQ[_6PQ[cF!
RYR!! 2$!<&CC$(/$%$T!jF!8Fu!+/0!v$$+$0#$%T!BF!@Fu!2$!A//0T!jF!bFu!9:)dT!AF!GF!B<'0$A!

L<+1A!J@%#!BMCLT!dhT!PcR6PccF!
RYP!! "&(&%*&6?(+/%/2&T!,F!8Fu!b/0LT!aFu!B);/+/%%$0T!?F!GF!\A!J1A!L<'1A!C0@A!@ABBT!

[ddT!RR[YP6RR[YYF!

R1

R2

R3

[AuLL´]

[AuLL´]

LAu
R1

LAu
R3

R2

R1 = Ar

R2 = H, R3 = alkyl or CO2R
R2 = Ph, R3 = alkyl or CO2R
R2 = alkyl, R3 = alkyl

5 IV

5 V



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! SR!

!

")=$O$,NLH!D%&'.$)#$2!E&%O/#*&0!&E!2*':C'#*#:#$2!L&(2345!)/%C$0$'!E%&O!
2*C$07&0&%)/%/2*$0$!2$%*+/#*+$'F!

>;$%$E&%$T! #;$! 2*+$%L$0#! '-0#;$'*'! &E! R6':C'#*#:#$2! 2*C$07&0&%)/%/2*$0$!

2$%*+/#*+$'! E%&O! /! )&OO&0! *0#$%O$2*/#$! \*((! C$! *0+$'#*L/#$2F! >;$! )/%C$0$!

.%$):%'&%'!)/0! #;$0!C$! #$'#$2! E&%! #;$*%!/C*(*#-! #&!:02$%L&! #;$!L&(23456)/#/(-7$2!

%$#%&6)-)(&.%&./0/#*&0! #&! E&%O! )/%C$0$! )&O.($e$'! #;/#! )/0! :02$%L&! E:%#;$%!

#%/0'E&%O/#*&0'F!

! !

R2

R1

[AuLL´]
LAu

R2

R1

R1 = aryl/alkyl
R2 = H, COOR, aryl, alkyl

-C14H10

X
X

R2

R1

functionalization

1 1´

1´ V



7A52,(9.BC.

!SP!

4*b0,%#U0$!

!

RTR6<*':C'#*#:#$2! 2*C$07&0&%)/%/2*$0$! 3R/T[C62*;-2%&6R&6)-)(&.%&./l(m6

.;$0/0#;%$0$'5!;/+$!C$$0!:'$2!E&%!(*L;#6*02:)$2!E&%O/#*&0!&E!E%$$!)/%C$0$'F!4#!*'!

$e.$)#$2! #;/#! #;$'$! )&O.&:02'! )&:(2! /('&! C$! :'$2! E&%! #;$! L&(26O$2*/#$2!

E&%O/#*&0! &E! L&(2345! )/%C$0$'! C$)/:'$! &E! #;$*%! '#%:)#:%/(! %$'$OC(/0)$! #&!

0&%)/%/2*$0$'F!

>;$! &C]$)#*+$! &E! #;$! \&%d! ':OO/%*7$2! *0! #;*'! );/.#$%! \/'! #&! *0+$'#*L/#$! #;$!

E&%O/#*&0! &E! L&(2345! )/%C$0$'! E%&O! R6':C'#*#:#$2! 2*C$07&0&%)/%/2*$0$!

2$%*+/#*+$'F!!

>;$! 2*C$07&0&%)/%/2*$0$! 2$%*+/#*+$'! /%$! ;*L;(-! )%-'#/((*0$! /02! #;$! $EE*)*$0#!

'-0#;$'$'!&E!+$%'/#*($!*0#$%O$2*/#$'!;/+$!C$$0!%$.&%#$2F!=..&'$2!#&!#;$!(*O*#$2!

'-0#;$#*)!&.#*&0'! E&%!)-)(&;$.#/#%*$0$'T! #;$!&C]$)#*+$! *'! #&!$e.(&*#! #;$!'-0#;$#*)!

'#%/#$L*$'! #&\/%2'! .;$0/0#;%$0$! 2$%*+/#*+$'! E&%! #;$! 2*+$%L$0#! '-0#;$'*'! &E!

2*EE$%$0#! O&0&6! /02! 2*':C'#*#:#$2! )/%C$0$! .%$):%'&%'F! >;$! .%&.$0'*#-! &E! #;$!

.;$0/0#;%$0$! 2$%*+/#*+$'! #&! L$0$%/#$! )/%C$0$'! :02$%! O*(2! )&02*#*&0'! O*L;#!

/((&\!#;$!E&%O/#*&0!&E!L&(2!)/%C$0$'!/#!%$(/#*+$(-!O*(2!)&02*#*&0'T!/'!\$((F!

b*#;!%$/2-!/))$''!#&!/!(*C%/%-!&E!)/%C$0$!.%$):%'&%'!E%&O!\;*);!)/%C$0$'!)/0!C$!

L$0$%/#$2!:02$%!O*(2!)&02*#*&0'T!#;$!$EE$)#!&E!2*EE$%$0#!)/%C$0$!':C'#*#:$0#'!&0!

#;$! L&(23456)/#/(-7$2! %$#%&69:);0$%! /02! )-)(&.%&./0/#*&0! %$/)#*&0! )&:(2! C$!

*0+$'#*L/#$2F!

>;$! O*(2! )&02*#*&0'! /02! #;$! *0)%$/'$2! /))$''*C*(*#-! &E! #;$! 2$%*+/#*+$'! )&:(2!

$0/C($! #;$! )-)(&.%&./0/#*&0!&E! /! C%&/2! /02! E:0)#*&0/(6L%&:.! #&($%/0#! ')&.$!&E!

':C'#%/#$'F! f:%#;$%O&%$T! #;$! E&%O/#*&0! &E! L&(2! )/%C$0$'! E%&O! .;$0/0#;%$0$'!

O*L;#!.%&+*2$!0$\!O$);/0*'#*)!*0'*L;#'F!

!

! !



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! S_!

30$)+%$!-.V!V#$,)$$#&.!

<W.%Z0$#$!&'!V#*0.]&.&S,-S-V#0.0!V0S#U-%#U0$Y!

>;$! '-0#;$'*'! &E! '*O.($! /(d-(! ':C'#*#:#$2! 2*C$07&0&%)/%/2*$0$! 2$%*+/#*+$'! ;/'!

C$$0! %$.&%#$2! E&%! #;$! '#:2-!&E!O&0&6! /02!2*6/(d-(! )/%C$0$'FRcX!>;$'$!O$#;&2'!

)&0+$0*$0#(-!'#/%#! E%&O!#;$!RTR62*C%&O&!2$%*+/#*+$!B*T!\;*);! #;$%$E&%$!C$)/O$!

#;$! '#/%#*0L! .&*0#! E&%! #;*'! *0+$'#*L/#*&0F! >;$! +-! ,+%5! L$0$%/#*&0! &E!

2*C%&O&O$#;-($0$! /02! /22*#*&0! #&! .;$0/0#;%$0$! 3G5! L/+$! RTR62*C%&O&6

2*C$07&0&%)/%/2*$0$!3B*5!*0!YQz!-*$(2!&0!/!'$+$%/(6L%/O'!')/($!3");$O$!XX5FRY_!

BO.(&-*0L! /! '*O*(/%! '#%/#$L-T!RYc!#;$! RTR62**&2&62*C$07&0&%)/%/2*$0$! )&:(2! 0&#!

C$!&C#/*0$2F!

!

")=$O$,NNH!"-0#;$'*'!&E!RTR62*C%&O&!*0#$%O$2*/#$!B*F!

>%$/#O$0#!&E!RTR62*C%&O&!)&O.&:02!B*!\*#;!-6C:#-(!(*#;*:O!/#!(&\!#$O.$%/#:%$!

#&! .$%E&%O! /! (*#;*:O6;/(&L$0! $e);/0L$TRYY!E&((&\$2! C-! i:$0);*0L! \*#;! O$#;-(!

*&2*2$! ($2! #&! #;$! E&%O/#*&0! &E! R6C%&O&6R6O$#;-(! 2$%*+/#*+$! B&! /'! /! '*0L($!

'#$%$&*'&O$%!3");$O$!XS5F!>;$!)&0E*L:%/#*&0!&E!B&!\/'!2$O&0'#%/#$2!C-!n6%/-!

2*EE%/)#*&0!3f*L:%$!RP5F!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RY_!! pL:-$0T!jF!GFu!>;/O/##&&%T!<F!GF!C9-%<',+,!@AACT!QZZcT!PQ[_6PQ[cF!
RYc!! /5!9/*%2T!GF!"F!\A!L<'1A!C0@A2!L<'1A!L0115-A!BMCGT!R[X6R[SF!C5!9/*%2T!GF!"F!\A!

L<'1A! C0@A2! ;'$6+-! B$#-,A! [! BMCNT! Yc6YXF! )5! G/#;*/'T! 8Fu! b$-$%'#/;(T! DF!
J-:'4A!L<'1A!BMCGT!haT!cP6c_F!

RYY!! /5!Aá''*LT! 8Fu! "*$L$(T! AFu! "$$C/);T! <F!L<'1A!"'$A!BMK@T![[gT! R[[Q6R[[SF! C5!
G&&%$T! kF! ?Fu! q*2/:%%*6G/%#*0$7T! jF! "Fu! >;/O/##&&%T! <F!GF! \A! J1A!L<'1A! C0@A!
@AB@T![d_T! PQQ_S6PQQcQF! )5!f&eT!GF!?Fu! ,;$0T!,F! ,Fu! ,/O.C$((T!kF!?F! \A!X$:A!
L<'1A!BMKJT!_hT!_PR6_PXF!

CHBr3, Bn(Et)3NCl, 
NaOH (aq.)

CH2Cl2, EtOH,
r.t. 4 d,

50%

Br
Br4 1i



7A52,(9.BC.

!Sc!

!

")=$O$,NCH!?(d-(/#*&0!#;%&:L;!(*#;*:O6;/(&L$0!$e);/0L$!#&!E&%O!B&H,

>%$/#O$0#!&E!B&!\*#;!/!'$)&02!$i:*+/($0#!&E!-6C:#-(!(*#;*:O!/02!i:$0);*0L!\*#;!

O$#;-(! *&2*2$! 2*2! 0&#! -*$(2! RTR62*O$#;-(! 2$%*+/#*+$! B1! 3");$O$! XS5F! p$*#;$%!

#%$/#*0L!B&!\*#;!/0!$e)$''!&E!O$#;-(!(*#;*:OT!0&%!#%$/#O$0#!\*#;!-6C:#-(!(*#;*:O!

E&((&\$2!C-!#%*O$#;-(&e&0*:O!#$#%/E(:&%&C&%/#$!($2!#&!#;$!2$'*%$2!RTR62*O$#;-(!

2$%*+/#*+$!B1T!/02!O/*0(-!'#/%#*0L!O/#$%*/(!\/'!%$)&+$%$2F!!

! !

F*[<%$,B@H!,a@+*$\!2$.*)#*&0!&E!#;$!n6%/-!)%-'#/(!)(:'#$%!&E!B&!\*#;!YQz!.%&C/C*(*#-!&E!
#;$!#;$%O/(!$((*.'&*2'F!

>;$! E/)#! #;/#! #;$! '#/%#*0L! O/#$%*/(! \/'! %$)&+$%$2T! *0'#$/2! &E! #;$! %$2:)$2!

)&O.&:02T! *O.(*$2! #;/#! 0&! (*#;*:O6;/(&L$0! $e);/0L$! ;/2! #/d$0! .(/)$F! b;$0!

%'$%6C:#-(! (*#;*:O! \/'! :'$2! *0! )&OC*0/#*&0! \*#;! #%*O$#;-(&e&0*:O!

#$#%/E(:&%&C&%/#$T!#;$!%$2:)$2!)&O.&:02!B`!\/'!*'&(/#$2!*0'#$/2!&E!#;$!'#/%#*0L!

O/#$%*/(F!":%.%*'*0L(-T!\;$0!'\*#);*0L!#&!O$#;-(#%*E(/#$T!#;$!2$'*%$2!RTR62*O$#;-(!

2$%*+/#*+$! B1! \/'! E&%O$2! *0! XYz! -*$(2! 3");$O$! XZ5F! >;$! '-0#;$'*'! &E! #;$! R6

O$#;-(! 2$%*+/#*+$! B`! \/'! &.#*O*7$2! C-! .$%E&%O*0L! #;$! (*#;*:O6;/(&L$0!

$e);/0L$! &0!B&! \*#;! %'$%6C:#-(! (*#;*:O! E&((&\$2! C-! i:$0);*0L! \*#;!O$#;/0&(!

3");$O$!X[5F!!

!

")=$O$,NKH!"$)&02!(*#;*:O6;/(&L$0!$e);/0L$!%$i:*%*0L!#;$!:'$!&E!%69:@*!#&!E&%O!B1F!

nBuLi, 
then CH3I

THF, -78 ºC,
57% Me

Br
Br

Br

nBuLi, 
then CH3X

THF, -78 ºC,
no reaction

X = I or -O(CH3)2

Me
Me1i 1o 1p

Me
Br

tBuLi, then 
CH3OTf

THF, -78 ºC,
65% Me

Me

tBuLi, then 
(CH3)3OBF4

THF, -78 ºC,Me
H1q 1o 1p



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! SY!

!

")=$O$,NMH!>;$!'-0#;$'*'!&E!B`F!

>;$! '*O.($'#! ':C'#%/#$T! [TRQ62*;-2%&6[TRQ6O$#;/0&.;$0/0#;%$0$! 3B25! \/'!

&C#/*0$2! C-! .$%E&%O*0L! /! (*#;*:O! ;/(&L$0! $e);/0L$! /02! i:$0);*0L! \*#;!

O$#;/0&(T! #\*)$! 3");$O$! SQ5F! >;$! *0#$%O$2*/#$! R6C%&O&! 2$%*+/#*+$!B%! )/0! C$!

:'$2! #&! /))$''! #;$! *'&O$%! &E! B`! /02! &#;$%! /(d-(! 2$%*+/#*+$'T! &%! )/0! C$! :'$2!

2*%$)#(-!#&!&C#/*0!&#;$%!2$%*+/#*+$'F!

!

")=$O$,CAH,"-0#;$'*'!&E![TRQ62*;-2%&6[TRQ6O$#;/0&.;$0/0#;%$0$!3B25F!

>;$!R6C%&O&6R6C:#-(!2$%*+/#*+$!B'!\/'!:0*0#$0#*&0/((-!.%$./%$2!C-!\/%O*0L!R6

C%&O&6R6(*#;*:O! *0#$%O$2*/#$! *0! #;$! /C'$0)$! &E! /! ':*#/C($! $($)#%&.;*($T! /'! 0&!

/(.;/6$(*O*0/#*&0!&)):%'!&0!#;$!)-)(&.%&./0$!3");$O$!SR5FRYX!!

!

")=$O$,CBH!f&%O/#*&0!&E!R6C%&O&6R6C:#-(!2$%*+/#*+$!B'F!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RYX!! /5! j&0$'T! bF! GF! \A! J1A! L<'1A! C0@A! BMNAT! hQT! XPQQ6XPQPF! C5! B))($'T! bFu!

j/'*0'd*T!GFu!k/'7-0'd*T!DFu!v*$0d*$\*)7T!kFu!"#:(L*$'T!9Fu!j/0d&\*/dT!?F!\A!X$:A!
L<'1A!@AAKT!cdT!YS_P6YSccF!

Me
Br

tBuLi, then 
CH3OH

THF, -78 ºC,
78% Me

H1o 1q

nBuLi, then 
CH3OH

THF, -78 ºC,
61% H

Br
Br

Br

nBuLi, then 
CH3OH

THF, -78 ºC,
73% H

H1i 1r 1a

THF, 
-78 ºC to 25 ºC nBu

Br
Br

Br

nBuLi

1i 1s



7A52,(9.BC.

!SX!

9N>SW+!$)*$%#%)%0V!V#*0.]&.&S,-S-V#0.0!V0S#U-%#U0$!

>;:'! E/%T! 0&! )&0+$0*$0#! O$#;&2'! $e*'#! E&%! #;$! E&%O/#*&0! &E! R6/%-(! ':C'#*#:#$2!

2*C$07&0&%)/%/2*$0$!2$%*+/#*+$'FRYS!40!E/)#T!&0(-!+$%-!E$\!O$#;&2'!$e*'#! E&%!#;$!

/%-(/#*&0! &E! :'162*;/(&)-)(&.%&./0$'! *0! L$0$%/(T RYZ !\;*);! *'! ':%.%*'*0L!

)&0'*2$%*0L!#;$!/C:02/0)$!/02!/))$''*C*(*#-!&E!#;$'$!)&O.&:02'F!>;$!/%-(6!/02!

%$(/#$2! 2$%*+/#*+$'! /%$! /0! *02*'.$0'/C($! )(/''! &E! )/%C$0$! .%$):%'&%'T! /'!

'#/C*(*7$2! )/%C$0$'! )/0! C$! L$0$%/#$2! E%&O! #;$'$! %$/L$0#'F! 9$'*2$'T! #;$! /%-(!

2$%*+/#*+$'! /%$! )(&'$(-! %$(/#$2! #&! #;$! S6/%-(! )-)(&;$.#/#%*$0$! 2$%*+/#*+$'! /02!

0$)$''/%-!E&%!#;$!'*2$6C-6'*2$!)&O./%*'&0!&E!#;$!#\&!'-'#$O'F!!

?!,6,6C&02! E&%O/#*&0! E&%!/%-(!L%&:.'!/'!2$')%*C$2! *0! #;$!'$)#*&0!/C&+$! E&%!,8d!

)/%C&0! /#&O'! \&:(2! C$! :0(*d$(-! #&! ':))$$2F RY[ !>;$%$E&%$T! )%&''6)&:.(*0L!

);$O*'#%-! \&:(2! C$! #;$! O$#;&2! &E! );&*)$! E&%! #;$'$! )&O.&:02'F!

f:0)#*&0/(*7/#*&0! &E! '$)&02/%-! /02! $'.$)*/((-! #$%#*/%-! )/%C&0'! ;/'! .%&+$0! /!

);/(($0L$! E&%! &%L/0*)! );$O*'#'FRXQ!j:2L*0L! C-! #;$! (/)d! &E! ':*#/C($!O$#;&2'T! #;$!

E:0)#*&0/(*7/#*&0! &E! '$)&02/%-! &%! #$%#*/%-! )-)(&.%&./0$'! *'! $+$0! O&%$!

);/(($0L*0LF! G&'#! $e/O.($'! &E! )%&''6)&:.(*0L! %$/)#*&0'! \*#;! )-)(&.%&./0$'!

%$i:*%$! /! '.$)*E*)! 2*%$)#*0L! L%&:.T! ':);! /'! /0! /2]/)$0#! $'#$%! O&*$#-TRXR!&%! /%$!

.$%E&%O$2!&0!:0E:0)#*&0/(*7$2!)-)(&.%&./0$'!3");$O$!SP5FRXP!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RYS!! /5!p&7/d*T!AFu!a/O/C$T!GFu!p&-&%*T!8F!B'%$#<'.$0-!BMNLT!Q[T!RXYS6RXX_F!C5!

9$'#O/00T!AF!jFu!G&%.$%T!AF!J-:'4A!L<'1A!BMNCT!ciT!YSZ6YS[F!
RYZ!! /5!A/%/2/T!>Fu!k/#':;*%/T!>Fu!A/##&%*T!kFu!=d:T!?F!\A!X$:A!L<'1A!BMMJT!ghT!P[YZ6

P[XYF!C5!B))($'T!bFu!j/'*0'd*T!GFu!k/'7-0'd*T!DFu!v*$0d*$\*)7T!kFu!"#:(L*$'T!9Fu!
j/0d&\*/dT!?F!\A!X$:A!L<'1A!@AAKT!cdT!YS_P6YSccF!)5!k$L($+*);T!1Fu!j/0d$T!fFu!
D$#0$;Ç7-T! 4Fu! "7Ä((Ä'-T! àFu!G*d(M'T! DFu! >M#;T! 1Fu! >Äd$T! @F!;<0,8<0$5,! C5(/5$!
f'(#%A!O('1A!BMKKT!daT!XR6XZF!

RY[!! j&;/0''&0 "$$);:%0T! ,F! ,F! ,Fu! k*#);*0LT! GF! =Fu! ,&(/)&#T! >F! jFu! "0*$)d:'T! qF!
J-:'4A!L<'1A!3-%A!O.A!@AB@T!g[T!YQXP6YQZYF!

RXQ!! /5!k/OC$T!pFu!4\/'/d*T!>Fu!>$%/&T!jF!L<'1A!C0@A!f'>A!@ABBT!_ZT!c[_S6c[cSF!C5!
j/0/T! 8Fu! D/#;/dT! >F! DFu! "*LO/0T!GF! "F!L<'1A!f'>A!@ABBT![[[T! RcRS6Rc[PF! )5!
8:2&(.;T!?Fu!@/:#$0'T!GF!J-:'4A!L<'1A!3-%A!O.A!@AAMT!_hT!PXYX6PXSQF!

RXR!! /5!q:T!qF!?Fu!G/%$dT! 4Fu!D&(C&%0T!kFu!k0&);$(T!DF!J-:'4A!L<'1A!3-%A!O.A!@AA@T!
_[T!_YR6_YPF!C5!9$/:(*$:T!@F6DF!9Fu!v*OO$%T!@F!BFu!,;/%$##$T!?F!9F!L<'1A!G!O5$A!\A!
@AAMT! [gT! RRZP[6RRZ_PF! )5! 9$/:(*$:T! @F6DF! 9Fu! v*OO$%T! @F! BFu! 1/L0&0T! ?Fu!
,;/%$##$T! ?F! 9F! L<'1A! G! O5$A! \A! @AB@T! [hT! RcSZc6RcS[RF! 25! j&;0'&0T! DF! "Fu!
w02$%\&&2T!>F!jFu!b;$$($%T!"F!B'%$#<'.$0-!D'%%A!@ABBT!gQT!_PPX6_PPSF!

RXP!! /5!DW%$7T!4Fu!"$'#$(&T!jF!DFu!"/%/02$'$'T!@F!?F!X$:A!D'%%A!BMMMT![T!RPXS6RPX[F!C5!
1/L0&0T! ?Fu! ?O/2T! GF! /F! AFu! 9&00$/:T! DF! 8Fu! ,&:(&OC$T! 8Fu! <$8&-T! DF! @Fu!
<&-&0T!@Fu!<:/0T! jFu!1/%0$/:T!GFu!1:'$T! 4Fu! j/d/(*/0T!?Fu! j&(*)&$:%T!BFu!@/02%-T!



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! SS!

!

")=$O$,C@H!Be/O.($'!&E!/5!2*%$)#$2!E:0)#*&0/(*7/#*&0FRX_!C5!2*%$)#$2!':C'#*#:#*&0!\*#;!
:0E:0)#*&0/(*7$2!)-)(&.%&./0$'FRXc!

b;$0! #;$! $e.$%*O$0#/(! \&%d! \/'! .$%E&%O$2T! &0(-! /! E$\! '$($)#$2! $e/O.($'!

$e*'#$2! E&%! /! L$0$%/(! )-)(&.%&./0$6/%$0$! C&02! E&%O*0L! %$/)#*&0TRXY!\;*);! 2*2!

0&#! %$(-! &0! L$0$%/#*0L! /! )-)(&.%&./0$! 0:)($&.;*($! E&%! #;$! %$/)#*&0! \*#;! #;$!

/..%&.%*/#$! $($)#%&.;*($FRXX!f&%#:0/#$(-T! /#! #;$! #*O$!&E!\%*#*0L! #;*'!O/0:')%*.#T!

O&%$! $e/O.($'! ;/+$! C$$0! %$.&%#$2T RXS !':);! /'! E&%! #;$! ":7:d*6G*-/:%/!

)&:.(*0LTRXZ!p$L*';*! )&:.(*0LTRX[!O$#/(.;&#&%$2&e!)/#/(-'*'TRSQ!/02!/0!$e./0'*&0!

&E!#;$!G:%/;/';*6f$%*0L/!)&:.(*0L!3");$O$!S_5FRSR!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"Fu!G/($0E/0#T!BFu!"*O&0$/:T!9Fu!a&/d*OT!,F!"+00$:A!M'.A!L<'1A!D'%%A!@AACT![cT!
cc_S6cccRF!)5!,/O.C$((T!jF!9Fu!f*%&%T!jF!bFu!</+$0.&%#T!>F!qF!C9-%<A!L0115-A!
BMKMT![iT!PPXY6PPSPF!

RX_!! q:T!qF!?Fu!G/%$dT!4Fu!D&(C&%0T!kFu!k0&);$(T!DF!J-:'4A!L<'1A!3-%A!O.A!@AA@T!_[T!
_YR6_YPF!

RXc!! f*';T! DF! qFu! 8-)dO/0'T! >Fu! "#&C*$T! ?Fu! b/d$0;:#T! fFu! DE*7$%T! B2F! PQQXu! q&(F!
b=PQQXQXc__X!3?P5F!

RXY!! /5!A&;0T!BFu!D*$#%:'7d/T! jF!J.>A!C9-%<A!L#%#(A!@AAGT!d_aT!ZX_6ZXXF!C5!>-T!pFu!
D&0#*d*'T!8Fu!,;/C&#T!1F!1Fu!<$+*(($%'T!BFu!H:$0#*0T!@Fu!9&:%LT!"Fu!f(&%$0#T! jF6,F!
"+00$:A!M'.A!L<'1A!@ABJT!Q[T!R_YS6R_XXF!)5!,;/%$##$T!?F!9Fu!1*%&:eT!?F!\A!X$:A!
L<'1A!BMMNT!a[T!ZSRZ6ZSR[F!25!G/%#*0T!"F!fFu!<\-$%T!GF!DF!B'%$#<'.$0-!D'%%A!
BMMKT! diT! RYPR6RYPcF! $5! D*$%'T! BFu! ,&*';T! DF! <F! 1F! C9-%<',+,! @AABT! QZZ[T!
QPYR6QPXRF! E5!,/*T! "Fu!<*O*#%&EET!GFu!G)k$00&0T!>Fu!8$*2$%T!GFu!8&C/%L$T!@Fu!
8-)dO/0T!<Fu!";/0LT!nFu!>;$%%*$0T!jF!X$:A!;$0@',,!f',A!='>A!@AAGT!hT!_Y_6_Y[F!

RXX!! /5!G$%d$(T!<Fu!kÄC%*);T!1F!L<'1A!"'$A!BMCJT![ZaT!PQcQ6PQcZF!C5!8/:;:#T!,F!9Fu!
,$%+*0&T!,Fu!k%/'&+'d*-T!?Fu!k0&);$(T!DF!C9-('%%!@AAMT!QZZiT!XS6SQF!

RXS!! </*);*T!"Fu!k$0#/T!aFu!k/7:-/T!"Fu!a&';*0&%*T!pF!L<'1A!D'%%A!@ABLT!__T!ZRZ6ZPQF!
RXZ!! a&#':]*T! kFu! A&';*-/T! pFu! k&C/-/';*T! >Fu! f:d:2/T! AFu! ?C$T! AFu! ?%*'/\/T! GFu!

";:#&T!"F!J.>A!C9-%<A!L#%#(A!@ABLT!dgcT!RQPP6RQPZF!
RX[!! G}(($%T!<F!"Fu!G/%$dT!4F!\A!J1A!L<'1A!C0@A!@ABLT![dcT!RYcRc6RYcRSF!
RSQ!! v;/0LT!DFu!@$T!,F!,Fu!G/)G*((/0T!<F!bF!,F! \A!J1A!L<'1A!C0@A!@ABNT![dhT!ZQZc6

ZQZSF!
RSR!! 1*/00$%*0*T!GFu!q*(/T!,Fu!A&%0*((&'T!qFu!f$%*0L/T!9F!@F!L<'1A!L0115-A!@ABNT!gQT!

RPQX6RPQ[F!

MeO2C Br MeO2C MgCl MeO2C E
E

N

O

OMe
R

MgBr N

O

RTHF, 0 ºC

a)

b)

iPrMgCl
Et2O,
 -50 ºC13-Br 13-MgBr 13-E

14 15



7A52,(9.BC.

!SZ!

!

")=$O$,CJH!"&O$!$e/O.($'!&E!L$0$%/(!)%&''6)&:.(*0L!O$#;&2&(&L*$'!E&%!)-)(&.%&./0$'F!
/5!p$L*';*!)&:.(*0L!&E!*&2&)-)(&.%&./0$'FRSP!C5!p$L*';*!)&:.(*0L!&E!
+*0-()-)(&.%&./0$'FRS_!)5!":7:d*!)&:.(*0L!&E!/0!'-.06)-)(&.%&./0$FRSc!

>;$!":7:d*6G*-/:%/!)&:.(*0L! *'!/!\$((6$'#/C(*';$2!)&:.(*0L!%$/)#*&0!d0&\0!E&%!

*#'!C%&/2!E:0)#*&0/(6L%&:.!#&($%/0)$!/02!')&.$FRSY!>;$%$E&%$T!#;*'!#%/0'E&%O/#*&0!

\/'! );&'$0! /'! /! '#/%#*0L! .&*0#! E&%! #;$! '#:2*$'! #&\/%2'! R6/%-(! 2$%*+/#*+$'F!

A&\$+$%T! #;$! ./((/2*:O6)/#/(-7$2! %$/)#*&0! &E! R6C%&O&6R6O$#;-(! 2$%*+/#*+$!B&!

/02!.;$0-(C&%&0&*)!/)*2!2*2!0&#!.%&2:)$!/0-!.%&2:)#FRSX!>;$!R6C%&O&6R6O$#;-(!

)&O.&:02! B&! \/'! %$)&+$%$2! *02*)/#*0L! #;/#! 0&! &e*2/#*+$! /22*#*&0! ;/2! #/d$0!

.(/)$T! .%$':O/C(-! C$)/:'$! &E! #;$! :0/)#*+/#$2! #$%#*/%-! C%&O*2$! #;/#! *'! /('&!

./%#*/((-!';*$(2$2!C-!#;$!(/%L$!.;$0/0#;%$0$!':C'#*#:$0#'F!

9-!#;$!#*O$!&E!\%*#*0L!#;*'!O/0:')%*.#T!'$+$%/(!O$#;&2'!E&%!#;$!":7:d*6G*-/:%/!

E&%! #$%#*/%-! C%&O*2$'! ;/+$! C$$0! /22$2! #&! #;$! (*#$%/#:%$TRSS!/02! $'.$)*/((-! #;$!

E*$(2!E&%!'$)&02/%-!C%&O*2$'!;/'!C(&&O$2!3");$O$!Sc5F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RSP!! 9$/:(*$:T! @F6DF! 9Fu! v*OO$%T! @F! BFu! ,;/%$##$T! ?F! 9F! L<'1A! G! O5$A! \A! @AAMT! [gT!

RRZP[6RRZ_PF!
RS_!! D*$%'T!BFu!,&*';T!DF!<F!1F!C9-%<',+,!@AABT!QZZ[T!QPYR6QPXRF!
RSc!! G/%#*0T!"F!fFu!<\-$%T!GF!DF!B'%$#<'.$0-!D'%%A!BMMKT!diT!RYPR6RYPcF!
RSY!! ":7:d*T!?F!\A!X$:#-01'%A!L<'1A!BMMMT!gcaT!RcS6RXZF!
RSX!! b/((/)$T!<F!jFu!,;$0T!,F6-F!B'%$#<'.$0-!D'%%A!@AA@T!_dT!X[ZS6X[[QF!
RSS!! /5!v:(#/0'd*T!"F!@Fu!f:T!1F!,F!\A!J1A!L<'1A!C0@A!@ABJT![dgT!XPc6XPSF!C5!v;/0LT!

nFu! a/0LT! ,F! J.>A! C9-%<A! L#%#(A! @ABLT! dgcT! PSPR6PSPSF! )5! k;/0T! 8F! 4Fu!
D*#);:O/0*T!kF!V$''-!L<'1A!@ABNT![hT!YYRZ6YYPZF!

R1 OR2

I 1.  nBuLi -78ºC,
2. ZnBr2 to r.t.,
3. ArI 120ºC,

Pd(dba)2, 
P(o-tolyl),
Et2O/THF

R1 OR2

Ar

51% - 85%

I
nC5H11

1. nBuLi, THF -48 ºC
2. ZnCl2, -48 ºC
3. Pd(PPh3)4, PhI
THF/DMF, reflux

43%

Ph
nC5H11

a)

b)

O

I

H H

OMe

Pd(OAc)2, PPh3
PhB(OH)2, Bu4NCl
K2CO3, DMF/H2O

90 ºC
88% O

Ph

H H

OMe
c)

16 17

18 19

20 21



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! S[!

!

")=$O$,CGH!1$0$%/(!)&02*#*&0'!E&%!#;$!":7:d*6G*-/:%/!)&:.(*0L!/'!%$.&%#$2!C-!f:RSZ!
/02!a/0LFRS[!

f&%!#;$!":7:d*6G*-/:%/!)&:.(*0LT! #;$!&e*2/#*+$!/22*#*&0! *'!&E#$0!)&0'*2$%$2!#;$!

%/#$6(*O*#*0L!'#$.!/02!)/0!C$!2$#%*O$0#/(! E&%!:0%$/)#*+$!':C'#%/#$'F!".$)*E*)/((-!

#&! &+$%)&O$! #;$'$! *'':$'T! C:(d-! $($)#%&06%*);! (*L/02'! ;/+$! C$$0! 2$+$(&.$2T!

\;*);! $0/C($! #%/0'E&%O/#*&0'! #;/#! /%$! &#;$%\*'$! :0/);*$+/C($FRZQ !A&\$+$%T!

/0&#;$%!/..%&/);!\/'! E&((&\$2!\;$%$! #;$!;/(*2$!/02! #;$!&%L/0&C&%&0!'.$)*$'!

\$%$! *0+$%#$2! *0! #;$!;&.$! #&! &+$%)&O$! #;$!2*EE*):(#! &e*2/#*+$! /22*#*&0! '#$.F! 40!

#;*'! /..%&/);T! *&2&C$07$0$! %/#;$%! #;/0! #;$! )-)(&.%&./0$! 2$%*+/#*+$! ;/'! #&!

:02$%L&! &e*2/#*+$! /22*#*&0F! >;$! ":7:d*! .%$):%'&%!B#! \/'! '-0#;$'*7$2! E%&O! R6

C%&O&6R6O$#;-(! 2$%*+/#*+$! B&! C-! (*#;*:O6;/(&L$0! $e);/0L$! E&((&\$2! C-! #;$!

/22*#*&0! &E! #%**'&.%&.-(! C&%/#$! /02! *OO$2*/#$! #%$/#O$0#! \*#;! .&#/''*:O!

C*E(:&%*2$!3");$O$!SY5FRZR!

!

")=$O$,CLH!f&%O/#*&0!&E!.&#/''*:O!#%*E(:&%&C&%/#$!'/(#!B#!/02!/##$O.#$2!":7:d*!
)&:.(*0LF!

>;$!":7:d*!)&:.(*0L!\/'!.$%E&%O$2!\*#;!C&#;!*&2&C$07$0$!/02!*&2&O$#;/0$FRZP!

w0E&%#:0/#$(-T! &0(-! #;$! %$2:)$2! )&O.&:02! B`! \/'! *'&(/#$2! 3");$O$! SY5F!

4&2&C$07$0$!*'!/!\*2$(-6:'$2!':C'#%/#$!*0!#;$!":7:d*6G*-/:%/!)&:.(*0L!L$0$%/((-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RSZ!! v:(#/0'd*T!"F!@Fu!f:T!1F!,F!\A!J1A!L<'1A!C0@A!@ABJT![dgT!XPc6XPSF!
RS[!! v;/0LT!nFu!a/0LT!,F!J.>A!C9-%<A!L#%#(A!@ABLT!dgcT!PSPR6PSPSF!
RZQ!! G/%#*0T!8Fu!9:);\/(2T!"F!@F!J@@A!L<'1A!f',A!@AAKT!_[T!RcXR6RcS_F!
RZR!! G&(/02$%T! 1F! ?Fu! "/02%&)dT!<F! @F!L5$$A!X8+-A!=$5:!=+,@0>'$9!='>A!@AAMT![QT!

ZRR6ZP_F!
RZP!! 2$!G$*]$%$T! ?Fu! k;($C0*d&+T! ?F! fFu! "}00$O/00T!AF!bFu! f%/0dT!<Fu! 8/:);T! kFu!

a:E*#T!<F!"F!O5$A!\A!X$:A!L<'1A!@ABAT!QZ[ZT!_P[Y6__QRF!

Br
+

(9-BBN)-Ar 
or

(HO)2B-Ar

NN

tBu tBu

Ni source (cat.)
ArBase, heating

Me
Br

1. nBuLi, then 
B(OiPr)3

THF, -78 ºC,
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!

")=$O$,CNH!f&%O/#*&0!&E!#;$!&%L/0&67*0)!%$/L$0#!.62!/02!/##$O.#$2!p$L*';*!)&:.(*0LF!

>;$! G:%/;/';*6f$%*0L/! )&:.(*0L! :'$'! ;*L;(-6/)#*+/#$2! (*#;*:O! '.$)*$'! *0! #;$!

#%/0'O$#/((/#*&0! '#$.FRZX!>;$! O&%$! /)#*+/#$2! (*#;*:O! 2*C$07&0&%)/%/2*$0$! .6D!

\/'!:'$2!*0!/0!/##$O.#!#&!E/)*(*#/#$!#;$!#%/0'O$#/((/#*&0!'#$.!*0!#;$!%$/)#*&0!\*#;!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RZ_!! /5!D*$%'T!BFu!,&*';T!DF!<F!1F!C9-%<',+,!@AABT!QZZ[T!QPYR6QPXRF!C5!9$/:(*$:T!@F6

DF!9Fu!v*OO$%T!@F!BFu!,;/%$##$T!?F!9F!L<'1A!G!O5$A!\A!@AAMT![gT!RRZP[6RRZ_PF!)5!
9$/:(*$:T! @F6DF! 9Fu! v*OO$%T! @F! BFu! 1/L0&0T!?Fu! ,;/%$##$T! ?F! 9F!L<'1A! G!O5$A! \A!
@AB@T![hT!RcSZc6RcS[RF!

RZc!! A/%/2/T!>Fu!k/#':;*%/T!>Fu!A/##&%*T!kFu!=d:T!?F! \A!X$:A!L<'1A!BMMJT!ghT!P[YZ6
P[XYF!

RZY!! ,&($%*2L$T!9F!GFu!9$((&T!,F! "Fu! @$*#0$%T!?F!B'%$#<'.$0-!D'%%A!@AAMT!gZT! ccSY6
ccSSF!

RZX!! 1*/00$%*0*T!GFu!f/Å/0Ç'6G/'#%/(T!GFu!f$%*0L/T!9F!@F!]#%A!L<'1A!@ABJT!gT!XXS6
XSPF!

H
Br

tBuLi,        
-100 ºC, 1h

H
ZnBr

PhI, 
Pd(PPh3)4 (2.5 mol%)

MTBE, 
55 ºC, 1 h H

H

ZnBr2, to r.t., 
MTBE, 11 h

1r VIa 1a



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! ZR!

C%&O&C$07$0$! /02! C*'3#%*6%'$%6C:#-(.;&'.;*0$5./((/2*:O! /'! )/#/(-'#T! \;*);!

/L/*0!'&($(-!($2!#&!#;$!*'&(/#*&0!&E!#;$!%$2:)$2!)&O.&:02!B2!3");$O$!SS5F!!

!

")=$O$,CCH!f&%O/#*&0!&E!#;$!(*#;*:O!'.$)*$'!.6D!/02!/##$O.#$2!G:%/;/';*6f$%*0L/!
)&:.(*0LF!

>;$! /%-(/#*&0! &E! 2*C$07&0&%)/%/2*$0$'! )&:(2! 0&#! C$! /);*$+$2! $O.(&-*0L! #;$!

%$.&%#$2! .%&)$2:%$! E&%! )%&''6)&:.(*0L! \*#;! )-)(&.%&./0$!O&*$#*$'F! >;$%$E&%$T!

#;$!/..%&/);!#&!#;*'!);/(($0L$!;/2!#&!C$!);/0L$2F!"$+$%/(!L%&:.'!;/+$!%$.&%#$2!

#;$!)&:.(*0L! %$/)#*&0'!&E!:0/)#*+/#$2!'$)&02/%-!/02! #$%#*/%-!/(d-(!;/(*2$'!\*#;!

/%-(! 2$%*+/#*+$'F RZS !40! )&0#%/'#! #&! #;$! )(/''*)/(! ./((/2*:O6)/#/(-7$2! )%&''6

)&:.(*0L! /..%&/);$'T! \;*);! :':/((-! .%&)$$2! #;%&:L;! #\&6$($)#%&0! #%/0'E$%!

);$O*'#%-T! #;$'$! 0$\! O$#;&2'! :'$! 0*)d$(! /'! )/#/(-'#T! \;*);! /%$! )/./C($! &E!

:02$%L&*0L!&0$6$($)#%&0!#%/0'E$%!.%&)$''$'T!)&:(2!E&%O!/0!*0#$%O$2*/#$!0*)d$(6

/(d-(!)&O.($e!+*/!/!'*0L($6$($)#%&0!#%/0'E$%!%$/)#*&0F!!

>;$! 0*)d$(6)/#/(-7$2! "#*(($! )&:.(*0L! &E! R6C%&O&! 2$%*+/#*+$! B%! \*#;!

#%*);(&%&3.;$0-(5'#/00/0$! \/'! .$%E&%O$2! /02! O&2$'#! /O&:0#'! &E! R6.;$0-(!

2$%*+/#*+$! B<! \$%$! &C#/*0$2! 3");$O$! SZ5FRZZ!w0E&%#:0/#$(-T! \;$0! #;$! O&%$!

);/(($0L*0L! ':C'#%/#$'! RTR62*C%&O&! 2$%*+/#*+$! B*! &%! #;$! #$%#*/%-! C%&O*2$! B&!

\$%$! #%$/#$2! :02$%! '*O*(/%! )&02*#*&0'T! 0&! %$/)#*&0! #&&d! .(/)$! 3");$O$! S[5F!

<$'.*#$!#;$!O/0-!%$)$0#!/2+/0)$O$0#'T!$'.$)*/((-!*0!#;$!E*$(2!&E!0*)d$(6)/#/(-7$2!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RZS!! /5!v;&:T! jFu!f:T!1F!,F!\A!J1A!L<'1A!C0@A!@AAJT![QgT!RcSPX6RcSPSF!C5!v;&:T! jFu!

f:T!1F!,F!\A!J1A!L<'1A!C0@A!@AAGT![QaT!R_cQ6R_cRF!)5!D&\$((T!<F!?Fu!f:T!1F!,F!\A!
J1A!L<'1A!C0@A!@AAGT![QaT! SSZZ6SSZ[F! 25!<&0d$%+&&%#T! jF! 1Fu! q*)/%*&T! jF! @Fu!
j/'#%7$C'd*T! jF! >F! 9F! AFu! 1&''/L$T! 8F! ?Fu! ,/;*$7T! 1F! %Fu! +/0! k&#$0T! 1F! \A!
X$:#-01'%A!L<'1A!BMMKT!gghT!XR6X[F!$5!>':]*T!>Fu!a&%*O*#':T!AFu!=';*O/T!kF!
J-:'4A!L<'1A!3-%A!O.A!@AA@T!_[T!cR_S6cR_[F!E5!p/d/O:%/T!GFu!G/#':&T!kFu!4#&T!
"Fu! p/d/O:%/T! BF! \A! J1A! L<'1A! C0@A! @AAGT! [QaT! _XZX6_XZSF! L5! p/L/0&T! >Fu!
A/-/';*T!>F!X$:A!D'%%A!@AAGT!aT!RP[S6RP[[F!;5!G/%#*0T!8Fu!f}%'#0$%T!?F!J-:'4A!
L<'1A!3-%A!O.A!@AAGT!_dT!_[YY6_[YSF!

RZZ!! D&\$((T!<F!?Fu!G/d*T!>Fu!f:T!1F!,F!\A!J1A!L<'1A!C0@A!@AALT![QcT!YRQ6YRRF!

H
Br

MTBE,       
-100 ºC, 1h

H
Li

PhBr
 Pd(PtBu3)2 (2.5 mol%)

toluene, 
r.t., 1 h

H
H

tBuLi

1r VIb 1a



7A52,(9.BC.

!ZP!

)%&''6)&:.(*0L!%$/)#*&0'TRZ[!#;$!E:0)#*&0/(*7/#*&0!&E!#$%#*/%-!C%&O*2$'!%$O/*0'!/!

);/(($0L$FR[Q!

!

")=$O$,CKH!p*6)/#/(-7$2!"#*(($!)&:.(*0L!#&!E&%O!B<F!

!

")=$O$,CMH!?##$O.#$2!"#*(($!)&:.(*0L!E&%!#$%#*/%-!C%&O*2$'F!

,&O.&:02! B<! \/'! E&%O$2! /'! #;$! '*0L($! '706*'&O$%T! C$/%*0L! #;$! '/O$!

)&0E*L:%/#*&0!/'!#;$!./%$0#!)&O.&:02F!A&\$+$%T!*#!*'!;/%2!#&!2$#$%O*0$!\;$#;$%!

#;$! '$($)#*+*#-! &%*L*0/#$'! E%&O! #;$! '#/%#*0L!O/#$%*/(! &%! *E! *#! *'! #;$! %$':(#! &E! #;$!

O$#;&2&(&L-! );&'$0T! /'! #;$! %$/)#*&0! .%&)$$2'! #;%&:L;! %/2*)/(! *0#$%O$2*/#$'F!

>;$!)&0E*L:%/#*&0!\/'!)&%%&C&%/#$2!C-!n6%/-!/0/(-'*'!3f*L:%$!R_5F!

!

!

F*[<%$,BJH!=8>BD!2%/\*0L!&E!#;$!n6%/-!)%-'#/(!)(:'#$%!&E!'706B<!\*#;!YQz!.%&C/C*(*#-!&E!
#;$!#;$%O/(!$((*.'&*2'F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RZ[!! 1:T!jFu!b/0LT!nFu!n:$T!bFu!1&0LT!AF!X$:A!L<'1A!*$0-%A!@ABLT!QT!RcRR6RcPRF!
R[Q!! b/0LT!nFu!b/0LT! "Fu!n:$T!bFu!1&0LT!AF! \A!J1A!L<'1A!C0@A!@ABLT![dcT! RRYXP6

RRYXYF!

H
H

Br

Cl3SnPh
NiCl2 (10 mol%)

2,2´-bipyridine (15 mol%)
KOtBu, 

tBuOH/iBuOH, 
60 ºC, 12 h,

18%

H
PhH

1r exo-1u

Me
Br

Cl3SnPh,
NiCl2 (20 mol%)

2,2´-bipyridine (30 mol%)
KOtBu, 

tBuOH/iBuOH, 
60 ºC, 12 h

Br
Br

or

H
R

PhH
1i 1o 1v-w



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! Z_!

"$N%&'(!T0.0S-%#&.!&'!V#*0.]&.&S,-S-V#0.0!V0S#U-%#U0$!

40! ./%/(($(! #&! #;$! 2*%$)#! '-0#;$'*'! &E! #;$! 2*C$07&0&%)/%/2*$0$! E%&O! /! )&OO&0!

*0#$%O$2*/#$T!#;$!+-!,+%5!L$0$%/#*&0!&E!#;$'$!)/%C$0$!.%$):%'&%'!\/'!*0+$'#*L/#$2!

#&! E*02! /! ;*L;(-! +$%'/#*($! /(#$%0/#*+$F! >;$! R6':C'#*#:#$2! 2*C$07&0&%)/%/2*$0$!

2$%*+/#*+$'! B! )/0! C$! E&%O$2! C-! /0! *0#%/O&($):(/%! L&(23456)/#/(-7$2!

)-)(&.%&./0/#*&0T!\;*);!)/0!#;$0!:02$%L&!#;$!%$#%&6)-)(&.%&./0/#*&0!#&!E&%O!/!

E%$$!L&(23456)/%C$0$!)&O.($e! 3");$O$!ZQ5F!>;$! E*%'#!L&(2345! )/%C$0$!'.$)*$'! 6.!

)/0! C$! E&%O$2! C-! #;$! %$#%&69:);0$%! %$/)#*&0! &E! /! C*/%-(! )-)(&;$.#/#%*$0$!

2$%*+/#*+$!\*#;!/!.$02/0#!/(d$0$F!

!

")=$O$,KAH!>;$!+-G,+%5!L$0$%/#*&0!&E!R6':C'#*#:#$2!2*C$07&0&%)/%/2*$0$!2$%*+/#*+$'!B!
E%&O!@@!/02!':C'$i:$0#!%$#%&6)-)(&.%&./0/#*&0!%$/)#*&0!#&!E&%O!E%$$!L&(2345!)/%C$0$'F!

>;$!'-0#;$'*'!'#/%#$2!\*#;!#;$!9&:+$/:(#!%$/)#*&0!&E!PTPr62*C%&O&6C*.;$0-(!3@J5!

#&! L*+$! #;$! 0$)$''/%-! /(2$;-2$! @GT! \;*);! \/'! %$/)#$2! \*#;! *'&.%&.-(6

#%*.;$0-(.;&'.;&0*:O!*&2*2$!#&!.%&2:)$!#;$!*'&)%&#-(!2$%*+/#*+$!@LFR[R!?!'$)&02!

(*#;*:O6;/(&L$0! $e);/0L$T! E&((&\$2! C-! #;$! /22*#*&0! &E! #%&.-(*:O!

#$#%/E(:&%&C&%/#$!/EE&%2$2!#;$!2*O$#;-(!2$%*+/#*+$!@@2!3");$O$!ZR5F!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
R[R!! BC0$%T! ,Fu!G}(($%T! ,F!?Fu!G/%d$%#T! ,Fu! DE/(#7T!?F! \A!J1A!L<'1A!C0@A!@ABBT![ddT!

cSRQ6cSR_F!

R2 R1

[AuLL´]

R2 R1

AuL R2

R1

LAu
R2

R1

-C14H10

LAu
22 1´IV V



7A52,(9.BC.

!Zc!

!

")=$O$,KBH!"-0#;$'*'!&E!C*/%-(!2$%*+/#*+$!@@2F!

?! '*O*(/%! %&:#$! \/'! :'$2! *0! /0! /##$O.#! #&! E&%O! #;$! .;$0-(! 2$%*+/#*+$F! >;$!

A&%0$%6b/2'\&%#;6BOO&0'!%$/)#*&0!\*#;!C$07-(.;&'.;&0/#$!#%/0'E&%O$2!#;$!

/(2$;-2$! *0#&! #;$! '#-%$0-(! 2$%*+/#*+$! @NF! w0E&%#:0/#$(-T! #;$! (*#;*:O6;/(&L$0!

$e);/0L$! %$/)#*&0! &E! @N, 2*2! 0&#! .%&)$$2! /'! $e.$)#$2! /02! #\&! :0*2$0#*E*$2!

)&O.&:02'!\$%$!*'&(/#$2!*0'#$/2!3");$O$!ZP5F!9-!.%&#$)#*0L!#;$!/(2$;-2$!/'!#;$!

2*#;*&(/0$! *#! \/'! .&''*C($! #&! *0'#/((! #;$! )-)(&;$.#/#%*$0$! 3");$O$! Z_5F R[P!

A&\$+$%T!#;$!)&O.&:02!2$)&O.&'$2!2:%*0L!#;$!2$.%&#$)#*&0FR[_!

!

")=$O$,K@H!?##$O.#$2!E&%O/#*&0!&E!'#-%$0-(6C*.;$0-(!2$%*+/#*+$!@@DF!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
R[P!! "&((/2*$T! 1Fu!G/$'#%&T!GF! ,Fu! 8:C*&T! ?Fu! D$2%$L/(T! ,Fu! ,/%%$0&T!GF! ,Fu! 1/%)*/!

8:/0&T!jF!@F!\A!X$:A!L<'1A!BMMBT!gaT!P_RS6P_PPF!
R[_!! =d'2/#;6G/0'*((/T! 1Fu! D$ÅWÅ&%-T! ?F! 9F! B'%$#<'.$0-! D'%%A! @AACT! _hT! XRYQ6

XRYcF!

Br

Br

nBuLi, 
then DMF

THF, -78 ºC,
39%

Br

O

THF, 0 ºC,
75%

PPh3
Me

Me I-

nBuLi

Br

Me Me

Br

THF, -78 ºC,
72%

1.  nBuLi 
2.

Me Me

BF4

Me Me

23 24 25

25 22a

Br

O

THF, 0 ºC,
75%

nBuLi

Br

Ph

PPh OEt

O OEt

THF, -78 ºC,

Ph24 26 22b

1.  nBuLi 
2. BF4



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! ZY!

!

")=$O$,KJH!"$)&02!/##$O.#!#&!'-0#;$'*7$!)-)(&;$.#/#%*$0-(6C*.;$0-(!2$%*+/#*+$!@@DF!

=&SX-%#&.!&'!T&+VL;M!,-S*0.0$!'S&X!V#*0.]&.&S,-S-V#0.0!V0S#U-%#U0$!

A/+*0L!&C#/*0$2!'$+$%/(!2*C$07&0&%)/%/2*$0$!2$%*+/#*+$'!B2^,B[^,B*^,B&^,B1!/02!

*'&)%&#-(6C*.;$0-(!2$%*+/#*+$!@@2T! #;$! E&%O/#*&0!&E!L&(2345!)/%C$0$'!E%&O!#;$'$!

.%$):%'&%'!\/'!*0+$'#*L/#$2!3>/C($!R5F!<:%*0L!#;$!)-)(&.%&./0/#*&0!\*#;!L&(2345!

)/%C$0$'!E%&O!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!.%$+*&:'(-!%$.&%#$2!C-!&:%!L%&:.T!O6

'#*(C$0$!\/'!:'$2!/'! #;$!/(d$0$!/02!l3j&;0D;&'5?:3G$,p5m"CfX!3R5!/'!)/#/(-'#!

3");$O$! Zc5F R[c !40! &%2$%! #&! %$(/#$! #;$! %$':(#'! &C#/*0$2! E&%! #;$!

2*C$07&0&%)/%/2*$0$!2$%*+/#*+$'!#&!#;$!.%$+*&:'(-!%$':(#'T!'#*(C$0$!\/'!:'$2! *0!

#;$'$!$e.$%*O$0#'!/'!\$((F!>;$!2*'/2+/0#/L$!&E!#;*'!/..%&/);!*'!#;/#!#;$!RA!pG8!

'.$)#%/!E&%!#;$!'#/%#*0L!O/#$%*/(!/02!#;$!.%&2:)#!/%$!;*L;(-!'*O*(/%!3f*L:%$!Rc5F!

40!&%2$%!#&!L$#!/!)($/%$%!.*)#:%$!&E!#;$!)&0+$%'*&0!#;$!E&%O/#*&0!&E!.;$0/0#;%$0$!

\/'!O&0*#&%$2! *0'#$/2T!\;*);!)/0!$/'*(-!C$! *2$0#*E*$2!C-!/!'*0L($#!/#!SFSY!..O!

/02!/!2&:C($!2&:C($#!/#!ZFSR!..OF!!

!

")=$O$,KGH!f&%O/#*&0!&E!#%*'.;$0-()-)(&.%&./0$!E%&O!)-)(&;$.#/#%*$0$!/02!'#*(C$0$!
:02$%!'#/02/%2!)&02*#*&0'F, ,

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
R[c!! "&(&%*&6?(+/%/2&T!,F!8Fu!b/0LT!aFu!B);/+/%%$0T!?F!GF!\A!J1A!L<'1A!C0@A!@ABBT!

[ddT!RR[YP6RR[YYF!

Br

O

CH2Cl2,
62%

BF3·OEt2

Br

THF, -78 ºC,
82%

HS SH

S

S

S

S

S

S

Cu(NO3)·2.5 H2O
CH3CN, r.t., 

15 min.

O

24 27 28

28 29

1.  nBuLi 
2. BF4

+
Ph

Ph
A (5 mol%)

DCE,          
  120 ºC, 8 h,           

84%
Ph

Ph

PhPh
5b 30 31a



7A52,(9.BC.

!ZX!

a2D($,BH!")%$$0*0L!&E!)&02*#*&0'!E&%!#;$!%$#%&69:);0$%!%$/)#*&0!&E!2*C$07&0&%)/%/2*$0$!
2$%*+/#*+$'F!

!
, :B, :@, 82#H,5O&(b7, aH,5c87, a*O$,5=7, 8&/+$%'*&/,5b72,

R! D;! A! R!3Y5! RPQ! Z! PR!

P! D;! A! R!3RQ5! RQQ! Rc! R[!

_! D;! A! R!3RQQ5! RQQ! Z! PQ!

c! D;! A! ;!3RQ5! RQQ! Rc! RZ!

Y! D;! A! V!3RQ5! RQQ! Rc! PQ!

X! D;! A! F!3RQ5! RQQ! Rc! 0F%F!

S! D;! A! R!3Y5! ZQ! Z! Y!

Z! D;! A! R!3Y5! XQ! Z! 0F%F!

[! D;! A! R!3Y5! cQ! Z! 0F%F!

RQ! D;! A! R!3Y5! %F#F! Z! 0F%F!

RR! D;! A! R!3RQQ5! XQ! Pc! 0F%F!

RP! 9%! G$! R!3Y5! RPQ! P! 0F%F!

R_! 9%! 9%! R!3Y5! RPQ! P! 0F%F!

Rc! 9%! 9%! R!3Y5! RPQ! Z! 0F%F!

RY! A! G$! R!3Y5! RPQ! Rc! 0F%F!

RX! A! A! R!3Y5! RPQ! Rc! 0F%F!

RS! G$! G$! R!3Y5! RPQ! Rc! 0F%F!
<*C$07&0&%)/%/2*$0$!B!3QFR!OO&(5T!O6'#*(C$0$!3JA5!3QFR!OO&(5T!)/#/(-'#!R6F!3Y!O&(z5!*0!<,B!3QFc!O@5!E&%!
L*+$0!#*O$!/#!L*+$0!#$O.$%/#:%$F!/!2$#$%O*0$2!C-!RA!pG8!%$(/#*+$!#&!2*.;$0-(O$#;/0$!/'!*0#$%0/(!'#/02/%2F!

!

!

R2

R1

+ Ph
Ph

[AuLL´]

DCE, !, time Ph

Ph

Ph

+

1 30 31a 4

P Au
R1

R1
NCMe

SbF6

A: R1 = tBu, R2 = H                                  
B: R1 = tBu, R2 = iPr                                
C: R1 = cyclohexyl, R2 = H

R2

R2
R2

D: Ar = mesityl, X = SbF6                        
E: Ar = 2,6-diisopropylbenzene,

X = BArF4

Au

NN ArAr

NCMe

X
O

tBu

tBu P Au NCMe
3

SbF6

F:



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! ZS!

!

F*[<%$,BGH!D;$0/0#;%$0$!\*#;!#;$!.%&#&0'!$/'*(-!*2$0#*E*$2!C-!RA!pG8!/0/(-'*'F!

b;$0! #;$! R6.;$0-(! 2*C$07&0&%)/%/2*$0$! 2$%*+/#*+$! B<! *'! ':C]$)#$2! #&! #;$!

%$/)#*&0! )&02*#*&0'! &.#*O*7$2! E&%! )-)(&;$.#/#%*$0$! 2$%*+/#*+$'T! /! O&2$'#!

)&0+$%'*&0!&E!PRz!#&!#;$!)-)(&.%&./0$!*'!&C'$%+$2!3>/C($!RT!$0#%-!R5F!40)%$/'*0L!

#;$!)/#/(-'#! (&/2*0L!/02! (&\$%*0L! #;$!%$/)#*&0! #$O.$%/#:%$! #&!RQQ!t,!;/2! (*##($!

$EE$)#!&0!#;$!%$/)#*&0!&:#)&O$!3>/C($!RT!$0#%-!P!/02!_5F!!

"$+$%/(!&#;$%!)/#/(-'#'!\$%$!#$'#$2T!($/2*0L!#&!)&O./%/C($!%$':(#'!E&%!#9:nD;&'6!

;!/02!4D%6L&(2!)&O.($e$'!V! 3>/C($!RT!$0#%-!c!/02!Y5F!>;$!.;&'.;*#$!)&O.($e!F!

2*2!0&#!)/#/(-7$!#;$!%$/)#*&0T!.%&C/C(-!C$)/:'$!*#!*'!0&#!'#/C($!:02$%!#;$!%$/)#*&0!

)&02*#*&0'!3>/C($!RT!$0#%-!X5F!?#!ZQ!t,!#;$!%$/)#*&0!*'!'*L0*E*)/0#(-!'(&\$%!/02!/#!

(&\$%!#$O.$%/#:%$'!#;$%$!*'!0&!&C'$%+/C($!%$/)#*+*#-!3$0#%*$'!S!#&!RQ5F!B+$0!\*#;!

/! '#&*);*&O$#%*)! /O&:0#!&E! )/#/(-'#! /02!.%&(&0L$2! %$/)#*&0! #*O$'T!0&! (*C$%/#$2!

.;$0/0#;%$0$!\/'! &C'$%+$2! /#! XQ! t,! 3>/C($! RT! $0#%-! RR5F!b;$0! &#;$%! ;/(&! &%!

/(d-(!':C'#*#:#$2!2*C$07&0&%)/%/2*$0$!2$%*+/#*+$'!\$%$!:'$2T!0&!)&0+$%'*&0!\/'!

&C'$%+$2!/#!/((!3>/C($!RT!$0#%*$'!RP!#&!RS5F,

>;$! +-!,+%5! L$0$%/#*&0! &E! 2*C$07&0&%)/%/2*$0$!2$%*+/#*+$'T! /02! #;$! ':C'$i:$0#!

%$#%&6)-)(&.%&./0/#*&0!\/'! *0+$'#*L/#$2!/#! #;$!'/O$! #*O$F!<:%*0L! #;$!%$/)#*&0T!

*#'!.%&L%$''!\/'!O&0*#&%$2!C-!E&%O/#*&0!&E!#;$!2*C$07&0&%)/%/2*$0$!2$%*+/#*+$!

B1T! (*C$%/#$2! .;$0/0#;%$0$! GT! /02! #;$! #;$%O/(! 2$)&O.&'*#*&0! C-.%&2:)#! J@!

3>/C($! P5F! w02$%! #;$! '#/02/%2! )&02*#*&0'T! *'&)%&#-(6C*.;$0-(! 2$%*+/#*+$! @@2!

i:*)d(-! E&%O'!RTR62*O$#;-(62*C$07&0&%)/%/2*$0$!B1! 3>/C($!PT!$0#%-!R5F!?(%$/2-!

\*#;*0! $*L;#! ;&:%'T! #;$! C*.;$0-(! 2$%*+/#*+$! *'! E:((-! )&0+$%#$2! #&! #;$!

2*C$07&0&%)/%/2*$0$!B1!3>/C($!PT!$0#%-!P5F!A&\$+$%T!0&!E%$$!.;$0/0#;%$0$!\/'!

&C'$%+$2T! O$/0*0L! #;/#! #;$! '$)&02! %$#%&6)-)(&.%&./0/#*&0! %$/)#*&0! 2&$'! 0&#!

#/d$! .(/)$F! b;$0! #;$! #9:nD;&'6L&(2! )&O.($e! ;! \/'! :'$2T! #;$! %$/)#*&0! \/'!

'*L0*E*)/0#(-!'(&\$%!/02!/!':C'#/0#*/(!/O&:0#!&E!C-.%&2:)#!\/'!E&%O$2!3$0#%-!_5F!

H
H

PhH H
H

PhH

H
! 8.71 (d)

! 2.99 (m)

H

H! 7.37 (q)

! 7.37 (q)
H

H

! 7.36 (m)

! 7.36 (m)

! 2.86 (m)
H

H

H
H

! 7.75 (s)

! 8.71 (dd)

1u 31a 4



7A52,(9.BC.

!ZZ!

p&! )-)(*7/#*&0! .%&2:)#! \/'! &C'$%+$2! \;$0! #;$! 4D%6L&(2! )&O.($e! U,\/'! :'$2T!

($/2*0L! #&! 2$)&O.&'*#*&0! 3$0#%-! c5F! 40! /0! /##$O.#! #&! E&%)$! #;$! %$#%&6

)-)(&.%&./0/#*&0! E%&O! B1! C-! $O.(&-*0L! ;*L;$%! #$O.$%/#:%$'T! O&%$! .%&2:)#!

E%&O! #;$! #;$%O/(! %$/%%/0L$O$0#! &E! 2*O$#;-(62*C$07&0&%)/%/2*$0$! J@! \/'!

E&%O$2!C:#!.;$0/0#;%$0$!3G5!\/'!0$+$%!&C'$%+$2!3$0#%*$'!Y!/02!X5F!

a2D($, @H! ")%$$0*0L! &E! )&02*#*&0'! E&%! #;$! L$0$%/#*&0! &E! .;$0/0#;%$0$! 2$%*+/#*+$'! /02!
%$#%&69:);0$%!%$/)#*&0F!

!
, 82#H,5O&(b7, aH,5c87, #*O$,5=7, B1,5b72, G,5b72, J@,5b72,

R! R!3Y5! RPQ! R! Z[! 6! 6!

P! R!3Y5! RPQ! Z! RQQ! 6! 6!

_! ;!3Y5! RPQ! Rc! R[! 6! PR!

c! U!3Y5! RPQ! Rc! 6! 6! 0F2F!

Y! R!3Y5! RYQ! Pc! ZX! 6! RX!

X! R!3Y5! RZQ! Z! _R! 6! Rc!
@@2!3QFR!OO&(5T!'#*(C$0$!3QFR!OO&(5T!)/#/(-'#!R^,;!&%!U!3Y!O&(z5!*0!<,B!3QFc!O@5!E&%!L*+$0!#*O$!/#!L*+$0!
#$O.$%/#:%$F!/!2$#$%O*0$2!C-!RA!pG8!%$(/#*+$!#&!2*.;$0-(O$#;/0$!/'!*0#$%0/(!'#/02/%2F!

>;$! %$#%&69:);0$%! %$/)#*&0! &E! R6.;$0-(! 2$%*+/#*+$! B<! *0! #;$! .%$'$0)$! &E! O6

'#*(C$0$! &0(-! L/+$! O&2$%/#$! %$':(#'! 3");$O$! ZY5T! \;*);! ':%.%*'*0L(-! 2*2! 0&#!

);/0L$!\;$0!%$/)#*&0!#$O.$%/#:%$T!#*O$!/02!)/#/(-'#!(&/2*0L!\$%$!+/%*$2!3>/C($!

RT!$0#%*$'!R!#&!_5F!40!&%2$%!#&!L/*0!O&%$!*0'*L;#!/#!#;$!:02$%(-*0L!)/:'$!&E!#;$'$!

%$':(#'T! '&O$! /22*#*&0/(! $e.$%*O$0#'! \$%$! .$%E&%O$2F! >;$! *0;*C*#*&0! &E! #;$!

)/#/(-'#!C-!.;$0/0#;%$0$!)/0!C$!%:($2!&:#T!/'! #;$!%$':(#'!\$%$! *02$.$02$0#!&0!

#;$!)/#/(-'#!(&/2*0LF!,

Me Me

+

Ph
Ph

[AuLL´]

DCE, !, time Me

Me

Ph

Ph

Me
+

MeMe

+

Me

22a 1p 4 32

31b



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! Z[!

!

")=$O$,KLH!8$':(#'!&C#/*0$2!E&%!#;$!)-)(&.%&./0/#*&0!&E!O6'#*(C$0$!\*#;!L&(2!)/%C$0$'!
L$0$%/#$2!E%&O!B<F!

?0&#;$%!':LL$'#*&0!*'!#;$!.&&%!/))$''*C*(*#-!&E!#;$!)-)(&.%&./0$!/'!C&#;!E/)$'!&E!

'706B<! /%$! ';*$(2$2T! ;*02$%*0L! #;$! /..%&/);! &E! #;$! )/#/(-'#F! 4E! #;$!

)-)(&.%&./0/#*&0!:'*0L!/!/%-(!L&(2345!)/%C$0$!\*#;!.;$0/0#;%$0$!\&:(2!C$!/C($!

#&!.%&2:)$!#;$!*0+$%'$!*'&O$%!'-.06B<T!*#!#&&!)&:(2!C$!#$'#$2!*0!#;$!':C'$i:$0#!

)-)(&.%&./0/#*&0! %$/)#*&0! 3");$O$!ZX5F!A&\$+$%T! *E! #;$! E&%O/#*&0!&E!'706B<! *'!

/('&! &C'$%+$2T! *#! *'! :0(*d$(-! #;/#! '#$%*)'! .(/-! /0! *O.&%#/0#! %&($! *#! #;$! .&&%!

%$/)#*+*#-!&E!#;$!%$#%&6)-)(&.%&./0/#*&0F!

!

")=$O$,KNH!,-)(&.%&./0/#*&0!&E!.;$0/0#;%$0$!\*#;!/!/%-(!L&(2345!)/%C$0$F!

b;$0! .;$0-(6)-)(&;$.#/#%*$0$! LD! /02! .;$0/0#;%$0$! \$%$! ':C]$)#$2! #&! #;$!

'#/02/%2!%$/)#*&0!)&02*#*&0'T!#%/)$'!&E!#;$!R6.;$0-(!2$%*+/#*+$!B<!\$%$!&C'$%+$2!

C-!1,6G"!'.$)#%&O$#%-!C:#!0&#!$0&:L;!\/'!E&%O$2!#&!*'&(/#$!#;$!)&O.&:02!E&%!

E:((!);/%/)#$%*7/#*&0!3");$O$!ZS5F!>;$!E&%O/#*&0!&E!#;$!)-)(&.%&./0$!2$%*+/#*+$!

*'!C-! *#'$(E!/0! *0#$%$'#*0L!%$':(#T!/'!n6'#*(C$0$!\/'! E&:02!#&!C$!:0%$/)#*+$!:'*0L!

)-)(&;$.#/#%*$0$!2$%*+/#*+$'FR[c!b;$0!/!)&O./%/C($!$e.$%*O$0#!\/'!.$%E&%O$2!

E&%! #;$! )-)(&;$.#/#%*$0$! 2$%*+/#*+$'! :'*0L! 2$:#$%/#$2! C$07$0$! /'! '&(+$0#T! 0&!

$+*2$0)$!E&%!#;$!L&(23456)/#/(-7$2!9:);0$%!%$/)#*&0!\/'!E&:02!3");$O$!ZZ5F!!

!

")=$O$,KCH!"-0#;$'*'!&E!B<!C-!)-)(&.%&./0/#*&0!&E!.;$0/0#;%$0$!+*/!#;$!%$#%&69:);0$%!
%$/)#*&0!&E!LDF!

H
Ph

+ Ph
Ph A (5 mol%)

Ph

Ph

Ph
DCE, 

120 ºC, 8h, 
21%exo-1u 30 31a

PhHHPhLAu
Ph

or

endo-1u exo-1u4

+
Ph

A (5 mol%)

DCE, 
100 ºC, 15 h

traces Ph
4 5b 1u



7A52,(9.BC.

![Q!

!

")=$O$,KKH!40+$'#*L/#*&0!&0!#;$!L&(23456)/#/(-7$2!9:);0$%!%$/)#*&0!&E!.a6C$07$0$F!

>;$! $($)#%&06%*);! _TX62*O$#;&e-.;$0/0#;%$0$! 3JL5!\/'! .%$./%$2! #&! .%&+*2$! /!

O&%$! %$/)#*+$! )/%C$0$! /))$.#&%! 3");$O$! Z[5FR[Y!>;$! )-)(&.%&./0/#*&0! &E! _TX6

2*O$#;&e-! .;$0/0#;%$0$! \/'! .$%E&%O$2! :'*0L! S63c6O$#;&e-.;$0-(56RT_TY6

)-)(&;$.#/#%*$0$! 3L)5! :'*0L! #;$! j&;0D;&'6L&(2! )&O.($e! /#! RQQ! t,! E&%! RY! ;F! ?!

'O/((!/O&:0#!&E!#;$!)&%%$'.&02*0L!2*C$07&0&%)/%/2*$0$!2$%*+/#*+$!BP!)&:(2!C$!

*'&(/#$2!/02!);/%/)#$%*7$2F!f:%#;$%!&.#*O*7/#*&0!&E!#;$!%$/)#*&0!)&02*#*&0'!($2!#&!

#;$!*'&(/#*&0!&E!BP!*0!ccz!-*$(2!3");$O$![Q5F!

!

")=$O$,KMH!"-0#;$'*'!&E!_TX62*O$#;&e-!.;$0/0#;%$0$!JLF!

!

")=$O$,MAH!,-)(&.%&./0/#*&0!&E!_TX62*O$#;&e-.;$0/0#;%$0$!\*#;!/%-(!L&(2345!
)/%C$0$'F!!

,&O./%*'&0! &E! #;$! RA!pG8! 2/#/! %$+$/($2! #;/#! $e)(:'*+$(-! #;$! &..&'*#$! 3'-.05!

*'&O$%! \/'! E&%O$2! 2:%*0L! #;$! )-)(&.%&./0/#*&0! &E! .;$0/0#;%$0$F! ?! )($/%!

2*'#*0*)#*&0! C$#\$$0! #;$! ';*E#! E&%! #;$! ;-2%&L$0'! &E! #;$! )-)(&.%&./0$! .(:'! #;$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
R[Y!! 8FT!>F!AFu!jFT!1F!GFu!qFT!9F!?F!"5((A!L<'1A!C0@A!\8-A!@AAMT!hQT!RRZP6RRZXF!

A (5 mol%)

C6D6, 
120 ºC D

D

D

DD

D

5b d6-5b

OMe

OHC
OMe

PPh3Cl

THF, 0 ºC
59%

nBuLi

MeO

OMe OMe

MeOtoluene
52%

h!, I2, THF

33 34 35

H

+ A (5 mol%)
DCE, 

100 ºC, 3 h
44%

H

OMe

MeO

MeO

OMe

MeO
OMe

H
35 5c endo-1x



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! [R!

#-.*)/(! %$#-,6)&:.(*0L! )&0'#/0#'! )&:(2! C$! &C'$%+$2! E&%! '706B<T!\;$%$/'! &0(-! /!

'*0L($!'*0L($#!*'!&C'$%+$2!E&%!'-.06BP!3f*L:%$!RY5F!

!

F*[<%$,BLH!RA!pG8!/0/(-'*'!%$+$/($2!2*'#*0)#!2*EE$%$0)$'!C$#\$$0!#;$!#\&!*'&O$%'F!

=0(-! &0$! '#$%$&*'&O$%! *'! &C'$%+$2! E&%! #;$! )-)(&.%&./0/#*&0! &E! .;$0/0#;%$0$!

2$%*+/#*+$'F! 4#! *'! #;$%$E&%$! (*d$(-! #;/#! #;$! '706*'&O$%! &E! #;$! R6':C'#*#:#$2!

2*C$07&0&%)/%/2*$0$!2$%*+/#*+$'!*'!0&#!/))$''*C($!$0&:L;F!>;$!.&&%!%$/)#*+*#-!&E!

2*6/(d-(!':C'#*#:#$2!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!;/'!/('&!C$$0!/')%*C$2!#&!'#$%*)!

;*02%/0)$FR[X!>;$!'-.06*'&O$%!O*L;#!.%&+$!#&!C$!/!C$##$%!)/%C$0$!.%$):%'&%!/'!

#;$! )-)(&.%&./0$! *'! ';*$(2$2! &0(-! *0! &0$! 2*%$)#*&0T! ($/+*0L! #;$! &#;$%! E/)$!

)&O.($#$(-!$e.&'$2F!

w0E&%#:0/#$(-T! *0! #;$!O$#;&2!2$+$(&.$2! E&%! #;$! '-0#;$'*'!&E!R6/%-(!2$%*+/#*+$'T!

#;$!)&0E*L:%/#*&0!&E!#;$!.%&2:)#!*'!(*d$(-!*02$.$02$0#!&E!#;$!)&0E*L:%/#*&0!&E!#;$!

'#/%#*0L! O/#$%*/(F! >;$%$E&%$T! #;$! '#$%$&'$($)#*+*#-! )/00&#! C$! )&0#%&(($2! C-! #;$!

':C'#%/#$! :'*0L! #;*'! O$#;&2F! >;/0d'! #&! #;$! %/.*2! 2$+$(&.O$0#! &E! 0$\! )%&''6

)&:.(*0L!O$#;&2'!E&%!;*02$%$2!:0/)#*+/#$2!/(d-(!C%&O*2$'T!0$\!'#%/#$L*$'!;/+$!

/..$/%$2!#;/#!O*L;#!O/d$!#;$!'$($)#*+$!E&%O/#*&0!&E!#;$!'-.06*'&O$%!.&''*C($F!

>;$!E&%O/#*&0!)/%C$0$'! E%&O!R6/(d-(!2*C$07&0&%)/%/2*$0$'!2&$'!0&#!&)):%!2:$!

#&!#;$!(/)d!&E!'#/C*(*7*0L!~6':C'#*#:$0#'!&0!#;$!)/%C$0$T!\;*);!;/'!C$$0!&C'$%+$2!

E&%! L&(2! )&O.($e$'! \*#;! #;*'! (*L/02! #-.$F! w'*0L! &#;$%! L&(2! )&O.($e$'! #;$'$!

)/%C$0$!#-.$'!O*L;#!C$!L$0$%/#$2F!A&\$+$%T!E&%!0&\!#;$!%$#%&6)-)(&.%&./0/#*&0!

%$O/*0'!(*O*#$2!#&!.%*+*($L$2!L&(2345!)&O.($e$'!/02!;*L;!#$O.$%/#:%$'F!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
R[X!! b/0LT!aF!D;<F!<*''$%#/#*&0T!4,4H`w0*+$%'*#/#!8&+*%/!*!q*%L*(*T!PQRcF!

H H
H

OMe

MeO
OMe

H

H
PhH

! 2.65 (s, 3H)! 2.98 (d, J = 4.2 Hz, 2H)

! 1.47 (t, J = 4.2 Hz, 1H)

exo-1u endo-1x



7A52,(9.BC.

![P!

1&.,+)$#&.!

>\&!'-0#;$#*)!'#%/#$L*$'!;/+$!C$$0!:'$2!#&!&C#/*0!'$+$%/(!2*C$07&0&%)/%/2*$0$!

2$%*+/#*+$'F! >;$! )&O.&:02'! )/0! C$! '-0#;$'*7$2! C-! E:0)#*&0/(*7/#*&0! &E! /!

)&OO&0! RTR62*;/(&62*C$07&0&%)/%/2*$0$! *0#$%O$2*/#$T! &%! #;%&:L;! /! L&(23456

)/#/(-7$2!*0#%/O&($):(/%!)-)(&.%&./0/#*&0!%$/)#*&0!&E!/!C*/%-(!2$%*+/#*+$!\*#;!/0!

/..$02*0L!/(d$0$!O&*$#-F!9&#;!'#%/#$L*$'!)/0!C$!:'$2! #&!)&0+$0*$0#(-!+/%-! #;$!

/(d-(!':C'#*#:$0#'!#;/#!\&:(2!C$!#%/0'E$%%$2!#&!#;$!)/%C$0$F!!

!

>;$! E:0)#*&0/(*7/#*&0! &E! R6C%&O&! 2*C$07&0&%)/%/2*$0$! \*#;! /0! /%-(! O&*$#-!

.%&+$2! );/(($0L*0L! C:#! \/'! &+$%)&O$! :'*0L! /! 0*)d$(6)/#/(-7$2! "#*(($! )&:.(*0LT!

\;*);! $e)(:'*+$(-! /EE&%2$2! #;$! '706*'&O$%F! ?'! #;$! E*$(2! &E! #%/0'*#*&06O$#/(!

)/#/(-7$2!)&:.(*0L!%$/)#*&0'!;/'!C$$0!%/.*2(-!$+&(+*0LT!*#!*'!(*d$(-!#;/#!*O.%&+$2!

O$#;&2'!)&:(2!($/2!#&!C&#;!'706!/02!'-.06*'&O$%'!\*#;!C$##$%!-*$(2F!

!

w0E&%#:0/#$(-T! #;$! .%$./%$2! $e/O.($'! 2*2! 0&#! &EE$%! /0! *O.%&+$O$0#! &+$%! #;$!

$e*'#*0L! )-)(&;$.#/#%*$0$! 2$%*+/#*+$'! *0! #;$! L&(23456)/#/(-7$2! %$#%&6

)-)(&.%&./0/#*&0! %$/)#*&0'F! >;$! :'$! &E! '706R6.;$0-(! 2*C$07&0&%)/%/2*$0$! ($2!

.&&%!-*$(2'! E&%! #;$!)-)(&.%&./0/#*&0!&E! '#*(C$0$'T!\;*);! *'! (*d$(-! )/:'$2!C-! #;$!

'#$%*)/(! )&0L$'#*&0F! >;$! '-.06*'&O$%! )&:(2! C$! O&%$! %$/)#*+$! #&\/%2'! L&(2345!

)&O.($e$'T!/'!#;$!)-)(&.%&./0$!*'!$e.&'$2!E%&O!&0$!E/)$F!f:%#;$%!*0+$'#*L/#*&0'!

*0!#;*'!2*%$)#*&0!\&:(2!C$!%$i:*%$2!#&!)&0E*%O!#;*'!;-.&#;$'*'F!

!

R2

R1
Br

Br

R2 R1
LAu

R1

R2

H
Ph

H
Br

[AuLL´]
100 ºC

21% Ph Ph

PhE-stilbeneNi-catalyzed
Stille coupling

18%



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! [_!

?(#;&:L;T! #;$! 0&%)/%/2*$0$! 2$%*+/#*+$'! 2$')%*C$2! ;$%$*0T! /02! #;$! '-0#;$#*)!

'#%/#$L*$'!#&\/%2'T!2*2!0&#!($/2!#&!E:%#;$%!2$+$(&.O$0#!&E!#;$!L&(23456)/#/(-7$2!

%$#%&69:);0$%! %$/)#*&0T! #;$! )&O.&:02'! )&:(2! O/d$! /0! *0#$%$'#*0L! $0#%-! *0!

.;&#&(-#*)! )/%C$0$! E&%O/#*&0F! =0$! O*L;#! $+$0! $0+*'*&0! #;$! (*L;#6*02:)$2!

E&%O/#*&0!&E!E%$$!)/%C$0$'!E%&O!2*C$07&0&%)/%/2*$0$!2$%*+/#*+$'T!\;*);!)/0!C$!

#%/..$2! C-! #%/0'*#*&06O$#/(! )&O.($e$'! /02! :'$2! E&%! ':C'$i:$0#!

#%/0'E&%O/#*&0'F!

! !



7A52,(9.BC.

![c!

7a(0S#X0.%-+!$0,%#&.!

50.0S-+!#.'&SX-%#&.!

?((! %$/)#*&0'!\$%$! )/%%*$2! &:#! :02$%! /%L&0! *0! /0;-2%&:'! '&(+$0#'! &C#/*0$2! C-!

./''*0L! #;$O! #;%&:L;! /0! /)#*+/#$2! /(:O*0/! )&(:O0! &0! /! D:%$"&(+>G! '&(+$0#!

.:%*E*)/#*&0!'-'#$O!3400&+/#*+$!>$);0&(&L*$'T!40)FT!G?5T!:0($''!0&#$2!&#;$%\*'$F!

?((!L&(26)/#/(-7$2!%$/)#*&0'!\$%$!.$%E&%O$2! *0!AD@,6L%/2$!'&(+$0#'T!\*#;&:#!/!

.%&#$)#*+$! /#O&'.;$%$F! >;*0! (/-$%! );%&O/#&L%/.;-!\/'! )/%%*$2! &:#! :'*0L! >@,!

/(:O*0:O! ';$$#'! )&/#$2! \*#;! QFP! OO! &E! '*(*)/! L$(! 3G$%)d! 1EP_c5F!

,;%&O/#&L%/.;*)!.:%*E*)/#*&0'!\$%$!)/%%*$2!&:#!:'*0L!E(/';!L%/2$!'*(*)/!L$(!3"<"!

,;%&O/#&L$(!XQ!?,,T!cQ6XQ!âO5F!pG8!'.$)#%/!\$%$!%$)&%2$2!/#!P_!t,!&0!9%:d$%!

?+/0)$!_QQT!cQQ!/02!YQQ!w(#%/';*$(2!/../%/#:'F!,;$O*)/(!';*E#'!/%$!%$.&%#$2!*0!

./%#'!.$%!O*((*&0!/02!%$E$%$0)$2! #&!%$'*2:/(!'&(+$0#F!,&:.(*0L!)&0'#/0#'! 3\5!/%$!

%$.&%#$2! *0! ;$%#7! 3A75F!G/''! '.$)#%/!\$%$! %$)&%2$2! &0! /!b/#$%'! @,>! D%$O*$%!

".$)#%&O$#$%! 3B"4! /02! ?D,45! &%! &0! /0! ?:#&E($e! 9%:d$%! </(#&0*)'! 3G?@<4! /02!

@<45F!G$(#*0L!.&*0#'!\$%$!2$#$%O*0$2!:'*0L!/!9});*!O$(#*0L!.&*0#!/../%/#:'F!!

>;$! E&((&\*0L! L&(2! )&O.($e$'! \$%$! '-0#;$'*7$2! /))&%2*0L! #&! (*#$%/#:%$!

.%&)$2:%$'FR[S!

!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
R[S!! p*$#&6=C$%;:C$%T! ,Fu! @M.$7T! "Fu! G:Å&7T! GF! DFu! ,Ç%2$0/'T! <F! jFu! 9:Å:$(T! BFu!

p$+/2&T!,Fu!B);/+/%%$0T!?F!GF!J-:'4A!L<'1A!3-%A!O.A!@AALT!__T!XRcX6XRcZF!

P Au
R1

R1
NCMe

SbF6

A: R1 = tBu, R2 = H                                  
B: R1 = tBu, R2 = iPr                                
C: R1 = cyclohexyl, R2 = H

R2

R2
R2

D: Ar = mesityl, X = SbF6                        
E: Ar = 2,6-diisopropylbenzene,

X = BArF4

Au

NN ArAr

NCMe

X
O

tBu

tBu P Au NCMe
3

SbF6

F:



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! [Y!

9-\F*NB#ZWVS&N9)N,W,+&(S&(-^*`(Z0.-.%ZS0.0!L9-M!

>&! /! )&&($2! '&(:#*&0! &E! RTR62*C%&O&6R/T[C62*;-2%&6R&6

)-)(&.%&./l(m.;$0/0#;%$0$!3B*5!3RFS_!LT!Y!OO&(T!R!$i:*+5!*0!>Af!3PQ!O@5!/#!6SZ!

t,!*'!/22$2!-6C:#-(!(*#;*:O!3PFP!O@T!PFY!GT!YFY!OO&(T!RFR!$i:*+5!/02!#;$!O*e#:%$!

*'!'#*%%$2!E&%!R!;F!G$#;/0&(!3QFc!O@T!RQ!OO&(T!P!$i:*+5!*'!/22$2!/02!#;$!)&&(*0L!*'!

%$O&+$2F! =0)$! #;$! O*e#:%$! %$/);$'! /OC*$0#! #$O.$%/#:%$T! *#! *'! .&:%$2! *0#&! /!

'$./%/#&%-! E:00$(! \*#;! \/#$%! /02! $e#%/)#$2! \*#;! 2*);(&%&O$#;/0$F! f(/';!

);%&O/#&L%/.;-!3)6;$e/0$5!-*$(2'!SQR!OL!3S_z5!&E!/!\;*#$!'&(*2F!!

B\,d>:!3cQQ!GA7T!,;(&%&E&%O6.5!ä!ZFQQ!I!SF[P!3OT!PA5T!SFcP!322T!\!Ü!YF[T!_FR!A7T!

PA5T!SF_Q!I!SFPQ!3OT!cA5T!PFYY!322T!\!Ü!ZF[T!cF[!A7T!PA5T!RFYY!3#2T!\!Ü!ZF[T!_F[!A7T!RA5T!

6QFQ[!3#2T!\!Ü!cF[T!_F[!A7T!RA5F!

BJ8, d>:! 3RQR!GA7T! ,;(&%&E&%O6.5! ä! R_XF_T! RP[F_T! RP[FRT! RPSFXT! RPYF[T! RP_FPT!

R[FXT!RPFSF!

9\9NB#*S&X&N9-\F*NV#ZWVS&N9)N,W,+&(S&(-^*`(Z0.-.%ZS0.0!L9#M!

>;*'! )&O.&:02! \/'! '-0#;$'*7$2! /))&%2*0L! #&! /! (*#$%/#:%$! .%&)$2:%$F R[Z!

".$)#%&')&.*)!2/#/!O/#);$2!#;$!%$.&%#$2F!

9N?S&X&N9NX0%ZW+N9-\F*NV#ZWVS&N9)N,W,+&(S&(-^*`(Z0.-.%ZS0.0!L9&M!

>;*'!)&O.&:02!\/'!'-0#;$'*7$2!E&((&\*0L!/!O&2*E*$2!(*#$%/#:%$!.%&)$2:%$FR[[!

>&!/! '&(:#*&0!&E!.;$0/0#;%$0$! 3RFQ!LT!PFZR!OO&(T!R!$i:*+5! *0!2%-!>Af!3RY!O@5!

:02$%!/0!/%L&0!/#O&'.;$%$!/#!6SZ!t,T!\/'!/22$2!-6C:#-(!(*#;*:O!3RFc_!O@T!PFY!GT!

_FYS!OO&(T!RFPY!$i:*+5!&+$%!R!O*0:#$!/02!'#*%%*0L!\/'!)&0#*0:$2!E&%!/0&#;$%!PQ!

O*0:#$'F!p$e#T!*&2&O$#;/0$!3PXS!ã@T!cFP[!OO&(T!RFY!$i:*+5!*'!/22$2!/#!&0)$!&+$%!

#;$!L(/''!\/((!/02!'#*%%*0L!*'!)&0#*0:$2!&+$%!0*L;#T!\;*($!#;$!O*e#:%$!*'!/((&\$2!

#&!'(&\(-!\/%O!#&!%&&O!#$O.$%/#:%$F!>;$!%$/)#*&0!*'!)/%$E:((-!i:$0);$2!C-!#;$!

/22*#*&0!&E!\/#$%! /02! #;$!O*e#:%$! *'! $e#%/)#$2!\*#;!2*$#;-(! $#;$%! 3PQ!O@5! /02!

\/';$2! \*#;! \/#$%! 3P! e! _Q! O@5! /02! C%*0$! 3_Q! O@5T! C$E&%$! C$*0L! 2%*$2! &+$%!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
R[Z!! pL:-$0T!jF!GFu!>;/O/##&&%T!<F!GF!C9-%<',+,!@AACT!QZZcT!PQ[_6PQ[cF!
R[[!! G&&%$T! kF! ?Fu! q*2/:%%*6G/%#*0$7T! jF! "Fu! >;/O/##&&%T! <F!GF! \A! J1A!L<'1A! C0@A!

@AB@T![d_T!PQQ_S6PQQcQF!



7A52,(9.BC.

![X!

/0;-2%&:'! '&2*:O! ':(E/#$F! f(/';! );%&O/#&L%/.;-! 3)6;$e/0$5! -*$(2'! cXc! OL!

3YSz5!&E!\;*#$!)%-'#/('F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!SF[S!I!SF[P!3OT!PA5T!SFYQ!I!SFcc!3OT!PA5T!SF_Q!

3222T!\!Ü!XFXT!cF_T!RFZ!A7T!cA5T!_FR[!3'T!PA5T!RFPP!3'T!_A5F 

BJ8,d>:!3SY!GA7T!,;(&%&E&%O6.5!ä!R_QF[T!R_QFZT!R_QFRT!RPZFRT!RPSFPT!RPPF[T!_cFST!

__F[T!R[FRF!

\:>"6?D,4^!)/():(/#$2!E&%!,RXAR_!lGsAms^ PQYFRQRPu!E&:02^!PQYFRQRcF!

":*#/C($!)%-'#/('!E&%!n6%/-!'.$)#%&')&.-!\$%$!&C#/*0$2!C-!'(&\!$+/.&%/#*&0!&E!)6

;$e/0$F!

9\9NB#X0%ZW+N9-\F*NV#ZWVS&N9)N,W,+&(S&(-^*`(Z0.-.%ZS0.0!L9(M!

R6C%&O&6R6O$#;-(6R/T[C62*;-2%&6R&6)-)(&.%&./l(m.;$0/0#;%$0$! 3YXZ! OLT! P!

OO&(5! *'! 2*''&(+$2! *0! G>9B! 3Z! O@5! /02! )&&($2! #&! 6RQQ! t,T! C$E&%$! %'$%6C:#-(!

(*#;*:O! 3cFQ! O@T! RFYGT! X! OO&(T! _! $i:*+5! *'! /22$2F! ?E#$%! '#*%%*0L! /#! #;*'!

#$O.$%/#:%$!E&%!R!;T!O$#;-(#%*E(/#$!3[QY!ã@T!Z!OO&(T!P!$i:*+5!*'!/22$2!&+$%!#;$!

L(/''! \/((! /02! #;$! %$/)#*&0! *'! '#*%%$2! E&%! /0&#;$%! _Q! O*0:#$'F! >;$! %$/)#*&0! *'!

i:$0);$2! \*#;! \/#$%! 3RQ! O@5! /E#$%! *#! \/'! '#*%%$2! &+$%! 0*L;#! \;*($! '(&\(-!

\/%O*0L! #&! %&&O! #$O.$%/#:%$T! /02! $e#%/)#$2! \*#;! 2*);(&%&O$#;/0$! f(/';!

);%&O/#&L%/.;-!3)6;$e/0$5!-*$(2'!cQQ!OL!3[Rz5!&E!/!\;*#$!'&(*2F!

B\,d>:!3cQQ!GA7T!,;(&%&E&%O6.5!ä!SF[Z!I!SF[R!3OT!PA5T!SF_c!I!SF_R!3OT!PA5T!SFPX!

I!SFR[!3OT!cA5T!PF__!3'T!PA5T!RF_S!3'T!_A5T!QFc[!3'T!_A5F!

BJ8, d>:! 3RQR!GA7T! ,;(&%&E&%O6.5! ä! R__FZT! R_RFRT! R_QFPT! RPSFcT! RPYF[T! RPPFYT!

_RFXT!PSFXT!P_FcT!RcFPT!RcFRF!

38->",3B"45E!8F>^!ZFQRR!O*0F!G"^!)/():(/#$2^!PPQFcT!E&:02!PPQFRF!

9ND0%ZW+N9-\F*NV#ZWVS&N9)N,W,+&(S&(-^*`(Z0.-.%ZS0.0!L9cM!

R6C%&O&6R6O$#;-(6R/T[C62*;-2%&6R&6)-)(&.%&./l(m.;$0/0#;%$0$! 3SR! OLT! QFPY!

OO&(5! *'!2*''&(+$2! *0!>Af!3PFY!O@5!/02!)&&($2! #&! 6SZ! t,F!?!'&(:#*&0!&E!-6C:#-(!

(*#;*:O!3RRQ!ã@T!PFYGT!QFPZ!OO&(T!RFR!$i:*+5!*'!'(&\(-!/22$2!/02!#;$!%$/)#*&0!*'!

'#*%%$2! E&%! cQ! O*0:#$'F! >;$! %$/)#*&0! *'! #;$0! i:$0);$2! C-! #;$! /22*#*&0! &E!

O$#;/0&(!3RFPY!O@5!/02!#;$!)&&(*0L!*'!%$O&+$2F!b;$0!#;$!O*e#:%$!%$/);$'!%&&O!



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! [S!

#$O.$%/#:%$T!#;$!'&(+$0#'!/%$!$+/.&%/#$2!/02!E(/';!);%&O/#&L%/.;-!3)6;$e/0$5!

-*$(2'!/!\;*#$!'&(*2F!

B\,d>:!3cQQ!GA7T!,;(&%&E&%O6.5!ä!SF[Z!I!SF[c!3OT!PA5T!SF_Z!I!SF__!3OT!PA5T!SFPS!

I!SFP_!3OT!cA5T!PFY[!32T!\!Ü![FQ!A7T!PA5T!RFY_!3iT!\!Ü!_FQ!A7T!RA5T!QFcc!32T!\!Ü!XFc!A7T!

_A5F!

BJ8, d>:! 3RQR!GA7T! ,;(&%&E&%O6.5! ä! R__FQT! R_RFST! R_QFPT! RPSFYT! RPXFQT! RPPFcT!

P_FcT!ZF[T!XF[F!

38->",3B"45E!8F>^!ZFQSS!O*0F!G"^!)/():(/#$2^!PQXFRT!E&:02!PQXFRF!

!

9N?S&X&N9-\F*NV#ZWVS&N9)N,W,+&(S&(-^*`(Z0.-.%ZS0.0!L9SM!

?!'&(:#*&0!&E!RTR62*C%&O&6R/T[C62*;-2%&6R&6)-)(&.%&./l(m.;$0/0#;%$0$!3_FYQ!LT!

RQ!OO&(5!*0!>Af!3cQ!O@5!*'!)&&($2!#&!6SZ!t,!/02!-6C:#-(!(*#;*:O!3[FX!O@T!PFY!GT!

Pc! OO&(T! PFc! $i:*+5! *'! '(&\(-! /22$2! C$E&%$! #;$! %$/)#*&0! *'! '#*%%$2! E&%! R! ;F!

G$#;/0&(!3P!O@T!YQ!OO&(T!Y!$i:*+5!*'!#;$0!/22$2!/02!#;$!%$/)#*&0!*'!/((&\$2!#&!

\/%O! #&! %&&O! #$O.$%/#:%$F!<*);(&%&O$#;/0$! 3_Q!O@5! /02!\/#$%! 3XQ!O@5! /%$!

/22$2!O*e#:%$!*'!$e#%/)#$2T!\/';$2!\*#;!\/#$%!3_Q!O@5!/02!C%*0$!3_Q!O@5!/02!*'!

)&0)$0#%/#$2F!f(/';!);%&O/#&L%/.;-! 3)6;$e/0$5!-*$(2'!RFS_!L! 3XRz5!&E!/!\;*#$!

.&\2$%F!!

B\,d>:!3cQQ!GA7T!,;(&%&E&%O6.5!ä!SF[Y!I!SF[R!3OT!_A5T!SFcZ!322T!\!Ü!YFcT!RF[!A7T!

PA5T!SF_R!I!SFPX!3OT!cA5T!_FQQ!32T!\!Ü!_FP!A7T!PA5T!PFcR!3#T!\!Ü!_FP!A7T!RA5F!

BJ8, d>:! 3RQR!GA7T! ,;(&%&E&%O6.5! ä! R_RF[T! RP[FZT! RP[F_T! RPZFRT! RPSFPT! RP_F_T!

P[F[T!PSFSF!

9N?S&X&N9N*)%W+N9-\F*NV#ZWVS&N9)N,W,+&(S&(-^*`(Z0.-.%ZS0.0!L9$M!

?!'&(:#*&0!&E!RTR62*C%&O&6R/T[C62*;-2%&6R&6)-)(&.%&./l(m.;$0/0#;%$0$!3RFSY!LT!

Y!OO&(5!*0!>Af!3PQ!O@5!*'!)&&($2!#&!6SZ!t,!/02!-6C:#-(!(*#;*:O!3PFP!O@T!PFY!GT!

YFY!OO&(T!RFR!$i:*+5! *'!'(&\(-!/22$2!C$E&%$! #;$!%$/)#*&0! *'!'#*%%$2! E&%!R!;F!>;$!

%$/)#*&0! *'! #;$0!/((&\$2!#&!\/%O!#&!%&&O!#$O.$%/#:%$F!>;$!%$/)#*&0! *'!i:$0);!

C-!.&:%*0L!#;$!O*e#:%$!*0#&!/!'$./%/#&%-!E:00$(!\*#;!2*);(&%&O$#;/0$!3RQ!O@5!

/02!\/#$%! 3PQ!O@5F!>;$!O*e#:%$! *'! $e#%/)#$2T!\/';$2!\*#;!\/#$%! 3PQ!O@5! /02!



7A52,(9.BC.

![Z!

C%*0$! 3RQ! O@5T! /02! )&0)$0#%/#$2F! f(/';! );%&O/#&L%/.;-! 3)6;$e/0$5! -*$(2'! /!

\;*#$!'&(*2F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!SF[[!I!SF[_!3OT!RA5T!SFY_!I!SFcS!3OT!RA5T!SF_S!

I!SFPX!3OT!PA5T!_FP_!3'T!RA5T!RF_P!I!RFRY!3OT!PA5T!QFZZ!3;T!\!Ü!SFP!A7T!RA5T!QFYQ!3#T!\!

Ü!SF_!A7T!RA5F!

2&%-$$#)X! %S#'+)&S&L9NX0%ZW+N9-\F*NV#ZWVS&N9)N,W,+&(S&(-^*`(Z0.-.%ZS0.N9N

W+M*&S-%0!L9%M!

>&! /! '#*%%$2! 2%-! #$#%/;-2%&E:%/0! '&(:#*&0! 3_! O@5! &E! R6C%&O&6R6O$#;-(6R/T[C6

2*;-2%&6R&6)-)(&.%&./l(m.;$0/0#;%$0$! 3cPZ! OLT! RFY! OO&(5T! )&&($2! #&! 6SZ! t,T!

\/'!/22$2!/!'&(:#*&0!&E!-6C:#-(! (*#;*:O!3QFXX!O@T!PFY!GT!RFXY!OO&(T!RFR!$i:*+5F!
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@ABBT!3oT!RY6_SF!
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! RQ_!

eNS-W!,SW$%-++&TS-(ZW!

,%-'#/(! '#%:)#:%$! 2$#$%O*0/#*&0'! \$%$! )/%%*$2! &:#! :'*0L! /! 9%:d$%6p&0*:'!

2*EE%/)#&O$#$%!$i:*..$2!\*#;!/0!?DDBn!Pck!,,<!/%$/!2$#$)#&%T!/!f8Y[R!%&#/#*0L!

/0&2$!\*#;!G&k/! %/2*/#*&0T!G&0#$(!O*%%&%'! /'!O&0&);%&O/#&%! /02! /!k%-&E($e!

(&\!#$O.$%/#:%$!2$+*)$!3>!Ü!IRS_!t,5F!f:((6'.;$%$!2/#/!)&(($)#*&0!\/'!:'$2!\*#;!

\! /02! ]! ')/0'F! D%&L%/O'! :'$2^! </#/! )&(($)#*&0! ?DBn6PT! 2/#/! %$2:)#*&0! 9%:d$%!

"/*0#! q`FXQ?! /02! /C'&%.#*&0! )&%%$)#*&0! "?<?9"F! "#%:)#:%$! "&(:#*&0! /02!

8$E*0$O$0#^!,%-'#/(! '#%:)#:%$! '&(:#*&0'!\$%$!/);*$+$2!:'*0L!2*%$)#!O$#;&2'!/'!

*O.($O$0#$2! *0! "AB@n>@!/02!+*':/(*7$2!:'*0L! #;$!.%&L%/O!nDF!G*''*0L! /#&O'!

\$%$! ':C'$i:$0#(-! (&)/#$2! E%&O!2*EE$%$0)$!f&:%*$%! '-0#;$'*'! /02! /22$2! #&! #;$!

/#&O! (*'#F! @$/'#6'i:/%$'! %$E*0$O$0#! &0! fP! :'*0L! /((! O$/':%$2! *0#$0'*#*$'! \/'!

)/%%*$2!&:#!:'*0L! #;$!.%&L%/O!"AB@n>@F!?((!0&06;-2%&L$0!/#&O'!\$%$! %$E*0$2!

*0)(:2*0L! /0*'&#%&.*)! 2*'.(/)$O$0#! ./%/O$#$%'F! =8>BD! 2%/\*0L'! /%$!

%$.%$'$0#$2!\*#;!YQz!.%&C/C*(*#-!&E!#;$!#;$%O/(!$((*.'&*2'F!

! !
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!RQc!

1SW$%-+!V-%-!-.V!$%S),%)S0!S0'#.0X0.%!'&S!9c!

 
=8>BD!2%/\*0L'!&E!B`!\*#;!YQz!.%&C/C*(*#-!&E!#;$!#;$%O/(!$((*.'&*2' 

Empirical formula  C16 H14  

Formula weight  206.27  

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P2(1)/n  

Unit cell dimensions a = 11.0988(7) Å a= 90.00 °. 

 b = 5.4794(4) Å b = 97.299(2) °. 

 c = 18.3134(13) Å g = 90.00 °. 

Volume 1104.70(13) Å3 

Z 4  

Density (calculated) 1.240 Mg/m3 

Absorption coefficient 0.070 mm-1 

F(000)  440  

Crystal size  0.15 x 0.10 x 0.06 mm3 



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! RQY!

Theta range for data collection 2.04 to 29.98 °. 

Index ranges -15 <=h<=14 ,-7 <=k<=7 ,-25 <=l<=25  

Reflections collected  36578  

Independent reflections 2977 [R(int) = 0.0474 ] 

Completeness to theta =29.98 °  92.299995%  

Absorption correction  Empirical 

Max. and min. transmission  0.9958 and 0.9896  

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  2977 / 0 / 146  

Goodness-of-fit on F2  1.070  

Final R indices [I>2sigma(I)]  R1 = 0.0524 , wR2 = 0.1251  

R indices (all data)  R1 = 0.0774 , wR2 = 0.1362  

Largest diff. peak and hole  0.304 and -0.217 e.Å-3 
!

! !
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!RQX!

1SW$%-+!V-%-!-.V!$%S),%)S0!S0'#.0X0.%!'&S!9)!

 
=8>BD!2%/\*0L'!&E!B<!\*#;!YQz!.%&C/C*(*#-!&E!#;$!#;$%O/(!$((*.'&*2' 

Empirical formula  C21 H16  

Formula weight  268.34 

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic 

Space group  Pna2(1)  

Unit cell dimensions a = 12.6579(7)Å a= 90°. 

 b = 19.8384(11)Å b = 90°. 

 c = 5.6765(3)Å g = 90°. 

Volume 1425.44(13) Å3 

Z 4 

Density (calculated) 1.250 Mg/m3 

Absorption coefficient 0.071 mm-1 

F(000)  568 

Crystal size  0.40 x 0.25 x 0.15 mm3 

Theta range for data collection 1.908 to 31.184°. 

Index ranges -18<=h<=13,-28<=k<=28,-8<=l<=8 

Reflections collected  21744 



D04($E%$%9"595)0($(.D(90:5,0:(-.5-.7594($(.89("39-%9-.1%9.=%')F>G.

! RQS!

Independent reflections 4210[R(int) = 0.0272] 

Completeness to theta =31.184°  94.5%  

Absorption correction  Empirical 

Max. and min. transmission  0.989 and 0.761 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  4210/ 1/ 190 

Goodness-of-fit on F2  1.055 

Final R indices [I>2sigma(I)]  R1 = 0.0407, wR2 = 0.1078 

R indices (all data)  R1 = 0.0475, wR2 = 0.1152 

Flack parameter  x =2.9(10) 

Largest diff. peak and hole  0.224 and -0.261 e.Å-3!

!

!

! !
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!RRQ!

;.%S&V),%#&.!

q*0-()-)(&.%&./0$'! %$.%$'$0#! /0! *O.&%#/0#! O&#*E! *0! 0/#:%/(! .%&2:)#'TPQY!/02!

;/+$! /('&! E&:02! $0#%-! *0#&! /)#*+$! .;/%O/)$:#*)/(! *0L%$2*$0#'! 3f*L:%$! RX5FPQX!

G&%$!*O.&%#/0#(-T!#;$-!/%$!*0#$%$'#*0L!'-0#;&0'!*0!&%L/0*)!);$O*'#%-TPQS!/'!#;$-!

%$/2*(-! :02$%L&! O/0-! '-0#;$#*)/((-! :'$E:(! #%/0'E&%O/#*&0'T! ':);! /'!

%$/%%/0L$O$0#'! /02! )-)(&/22*#*&0! %$/)#*&0'F! >;$! O&'#! 0&#/C($! %$/)#*&0! #;/#!

+*0-()-)(&.%&./0$'!)/0!:02$%L&!*'!#;$!$'#$$#-:'1'-%!%0!@9@(08'-%'-',!3");$O$!

[R5F!>;$!/'.$)#'!&E!#;*'!%$/)#*&0!/%$!\$((!'#:2*$2!/02!%$+*$\$2FPQZ!!

!

F*[<%$,BNH!Be/O.($'!&E!+*0-()-)(&.%&./0$!)&0#/*0*0L!0/#:%/(!&%!'-0#;$#*)!)&O.&:02'F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PQY!! /5! <&0/(2'&0T!bF! ?F!B'%$#<'.$0-!@AABT!gcT! ZYZ[6ZXPSF! C5! ,;$0T! <F! aF! kFu!

D&:\$%T! 8F! AFu! 8*);/%2T! jF6?F! L<'1A! C0@A! f'>A! @AB@T! _[T! cX_R6cXcPF! )5!
b$'']&;/00T! @F! ?Fu! 9%/02#T!bFu! >;*$O/00T! >F!L<'1A!f'>A!@AAJT![ZdT! RXPY6
RXcZF!25!f/:'#T!8F!J-:'4A!L<'1A!3-%A!O.A!@AABT!_ZT!PPYR6PPY_F!

PQX!! /5!>/($($T!>F!>F!\A!M'.A!L<'1A!@ABNT!giT!ZSRP6ZSYXF!C5!9/]/]T!DFu!"%$$0*(/-/OT!
1Fu!>-/L*T!qFu!f/'/0T!8F!J-:'4A!L<'1A!3-%A!O.A!@ABNT!ggT!RXRRQ6RXRRcF!

PQS!! /5! >/0LT! DFu! H*0T! aF! C9-%<',+,! @AB@T! __T! P[X[6P[ZcF! C5! 1/0$';T! qFu!
,;/02%/'$d/%/0T!"F!C9-%<',+,!@ABNT!_hT!c_cS6c_ZQF!)5!k:(*0d&+*);T!=F!1F!40!
L9@(08$08#-',!+-!X$:#-+@!C9-%<',+,u!j&;0!b*($-!y!"&0'T!40)^!PQRYT!.!*6eF!

PQZ!! /5!9/(2\*0T!jF!BF!L<'1A!f'>A!@AAJT![ZdT!RR[S6RPRPF!C5!A:2(*)d-T!>Fu!8$$2T!jF!
bF!J-:'4A!L<'1A!3-%A!O.A!@ABAT!_iT!cZXc6cZSXF!

O
O

O

Chlorajapolide F
plant metabolite

MeO2C
Pyrethrin I

(natural occuring) insecticide

O

O

O

HN
O

N

O

O
NH

SO
O

O

N

SN

O
Simeprevir

hepatitis C treatment

OH

Dictyopterene D
pheromone (brown algae)
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! RRR!

!

")=$O$,MBH!e+-9(@9@(08$08#-'G@9@(08'-%'-'!$'#$$#-:'1'-%!*0!#;$!'-0#;$'*'!&E!
/0#;$%*2*&L$06?0!3#&.5FPQ[!lYsPm!)-)(&/22*#*&0!*0!#;$!'-0#;$'*'!&E!3656.'$:2&(/%*)!/)*2!9!

3C&##&O5FPRQ!

40! %$)$0#! -$/%'T!O/0-! &#;$%! %$/)#*&0'! ;/+$! C$$0! /22$2! #&! #;$! ./($##$T! ':);! /'!

l_s0m! /02! lYs0m! )-)(&/22*#*&0'! 3");$O$! [P5T PRR !#%/0'*#*&06O$#/(! )/#/(-7$2!

%$/%%/0L$O$0#'PRP!&%!&#;$%!2$%*+/#*7/#*&0'!3");$O$![_5F!

!

")=$O$,M@H!l_s0m!/02!lYs0m!)-)(&/22*#*&0'!#&!+*0-()-)(&.%&./0$'F!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PQ[!! ,&%$-T!BF!jFu!G-$%'T!?F!1F!\A!J1A!L<'1A!C0@A!BMKLT![ZcT!YYSc6YYSXF!
PRQ!! >%&'#T!9F!GFu!b/'$%T!jFu!G$-$%T!?F!\A!J1A!L<'1A!C0@A!@AACT![QiT!RcYYX6RcYYSF!
PRR!! /5! j*/&T! @Fu! a:T! vF6nF! \A! X$:A! L<'1A! @ABJT! chT! XZcP6XZcZF! C5! f:O/L/((*T! 1Fu!

"#/0#&0T!"Fu!9&\$%T!jF!fF!L<'1A!f'>A!@ABCT!=X3![ZA[ZQ[p#@,A@<'1$'>Aa?ZZgiiF!
PRP!! 8:C*0T!GFu!8:C*0/T!GFu!1$+&%L-/0T!qF!L<'1A!f'>A!@AACT![ZcT!_RRS6_RS[F!
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H
TBSO
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O
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!RRP!

!

")=$O$,MJH!>%/0'*#*&06O$#/(!)/#/(-7$2!%$/%%/0L$O$0#'!&%!2$%*+/#*7/#*&0'^!/5!p*6
)/#/(-7$2!'*(-(C&%/#*&0FPR_!C5!40#%/O&($):(/%!;-2%&/)-(/#*&0FPRc!)5!?'-OO$#%*)!b/L0$%6

G$$%\$*0!';*E#PRY!25!p*6)/#/(-7$2!%$/%%/0L$O$0#FPRX 

>;$! +*0-()-)(&.%&./0$! \/'! E*%'#! *0#%&2:)$2! #&! #;$! (*#$%/#:%$! *0! RZ[X! C-!

1:'#/+'&0! /'! /! C-.%&2:)#! *0! #;$! E&%O/#*&0! &E! '.*%&.$0#/0$FPRS!4#! #:%0$2! &:#T!

;&\$+$%T! #;/#! #;$! C-.%&2:)#! \/'! /)#:/((-! O$#;-()-)(&C:#/0$FPRZ!40! R[PPT! /0!

/:#;$0#*)! '/O.($! &E! +*0-()-)(&.%&./0$! \/'! E*0/((-! *'&(/#$2T PR[ !$+$0! #;&:L;!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PR_!! ":L*0&O$T!GFu!G/#':2/T!>Fu!a&';*O&#&T!>Fu!4#&T!aF!X$:#-01'%#((+@,!@AA@T!Q[T!

RY_S6RY_[F!
PRc!! ?(&*'$T!?F!<Fu!@/-#&0T!GF!BFu!";/*%T!GF!<F!\A!J1A!L<'1A!C0@A!@AAAT![QQT!RPXRQ6

RPXRRF!
PRY!! >%&'#T!9F!GFu!a/':d/#/T!>F!\A!J1A!L<'1A!C0@A!@AABT![QdT!SRXP6SRX_F!
PRX!! 9&\O/0T!8F!kFu!j&;0'&0T!jF!"F!X$:A!D'%%A!@AANT!hT!YS_6YSXF!
PRS!! 1:'#/+'&0T!1F!jF!;$#6%A!L<'1A!BKKNT!g_T![SF!
PRZ!! D;*(*.&+T!=F!jF!;$#6%A!L<'1A!BMBNT!idT!RXPF!
PR[!! <$O]/0&+T!pF!jFu!<&]/%$0d&T!GF!"'$A!=%,@<A!L<'1A!V',A!BM@@T!ggT!PSRZF!

R2

R1
B(pin)SiMe2Ph,

Ni(acac)2, DIBAL
PCy3, toluene

90 ºC

R1

R2 B(pin)

Ni

R1

R2 B(pin)

SiMe2Ph
R1 = H, Ph, nBu
R2 = H, Me, Ar, cPr

44 - 89%

[Rh(dppe)]X
DCE, 65 ºC

R3 = H, -(CH2)3-R4, -(CH2)4-R4

R4 = alkyl, Ar
CHOR4

R3

O
R4

R354 - 65%

Pd2dba3, L*
58 - 100%

e.e. 70 - 92%

R5

CO2R6

L*Pd

HO O R5

R5 = 1º-alkyl, alkynyl, Ar
R6 = Me, CH2CF3

Ni(COD)2 (4 mol%)
PPh3 (8.5 mol%)
CH3CN, 25 ºC

76 - 99%
R7 R7 = H, Ac, CO2Et

R8 = H, Me
R9 = Me, OEt
R10 = Me, Et

R8

O

R9

O

R10
R7

Ni

O

R9

O R10
R8

76 - 99% O

R9
O

R10

R8R7

OH
R5

Rh

O
HR4

R3

Rh

O
R4

R3

6 7I

8 II 9

10 11III

12 13IV

a)

b)

c)

d)
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! RR_!

*0*#*/((-! #;*'! 2*')&+$%-! \/'! O$#! \*#;! O&2$%/#$! $0#;:'*/'O! /02! \/'! $+$0!

2$')%*C$2!C-!'&O$!/'!g+-@#8#?('!0/!'7+,%'-@'b!:0#*(!/'!(/#$!/'!R[_SFPPQ!

q*0-()-)(&.%&./0$'! )/0!C$! )&0'*2$%$2!/0!/)#*+/#$2! )(/''!&E! )-)(&.%&./0$'! #;/#!

)&O./%$!\$((! #&!RT_6C:#/2*$0$'FPPR!>;$!C&02'!&E!)-)(&.%&./0$!;/+$!/!%$(/#*+$(-!

;*L;!8! );/%/)#$%! /02! )/0! #;$%$E&%$! )&0]:L/#$!\*#;! #;$!#6&%C*#/('! &E! #;$!2&:C($!

C&02!3f*L:%$!RS5F!4#!;/'!C$$0!';&\0!C-!#;$&%$#*)/(!)&O.:#/#*&0'T!.;&#&$($)#%&0!

'.$)#%&')&.-! /02! $($)#%&062*EE%/)#*&0! /0/(-'*'! #;/#! #;$! "6C&02! )&00$)#*0L! #;$!

)-)(&.%&./0$! #&! #;$! /(d$0$! *'! '*L0*E*)/0#(-! ';&%#$%! #;/0! $e.$)#$2! /02! ;/'! /!

2&:C($! C&02! );/%/)#$%! &E! /C&:#! R_! #&! RYzF! >;*'! /##%*C:#$'! #&! #;$!

+*0-()-)(&.%&./0$r'!$0;/0)$2!%$/)#*+*#-F!

!

F*[<%$,BCH!,&0]:L/#*&0!&E!#;$!)-)(&.%&./0$!&%C*#/('!\*#;!#;$!&%C*#/('!&E!#;$!{6C&02!
/))&%2*0L!#&!#;$!b/(';!O&2$(F!

G/0-! O$#;&2'! ;/+$! C$$0! 2$+$(&.$2! E&%! #;$! '-0#;$'*'! &E! /(d-(! &%! /%-(!

)-)(&.%&./0$'T! /02! 0&\/2/-'! O/0-! \/-'! $e*'#! E&%! #;$*%! '#$%$&'$($)#*+$!

E&%O/#*&0FPPP!q*0-()-)(&.%&./0$'T! &0! #;$! &#;$%! ;/02T! ;/+$! .%&+$0! #&! C$! O&%$!

);/(($0L*0L!#/%L$#'F!"#$%$&'$($)#*+$!'-0#;$'$'!O&'#(-!%$(-!&0!#;$!C+110-,GC1+%<!

$'#@%+0-!&%!#%/0'*#*&06O$#/(6)/#/(-7$2!2$)&O.&'*#*&0!&E!2*/7&!)&O.&:02'F!40!#;$!

)/'$! &E! #;$! O&2*E*$2! C+110-,GC1+%<! $'#@%+0-T! /! 2*;-2%&6! &%! ;/(&6)/%C$0$! *'!

/22$2!#&!&0$!&E!#;$!/(d$0$'!&E!/!RT_62*$0$F!?!2*%$)#*0L!L%&:.!2*)#/#$'!#;$!%$L*&6!

/02! $0/0#*&'$($)#*+*#-T! \;*($! #;$! '#$%$&'$($)#*+*#-! &%*L*0/#$'! E%&O! #;$!

'#$%$&'.$)*E*)*#-!&E!#;$!%$/)#*&0!3");$O$![c5F!!

>%/0'*#*&06O$#/(!)/#/(-7$2!%$/)#*&0'!)/0!#/d$!.(/)$!&0!RT_62*$0$'T!&%!#;$!+*0-(*)!

./%#! *'! /(%$/2-! *0)&%.&%/#$2! *0! #;$! ~T�6:0'/#:%/#$2! 2*/7&! )&O.&:02! 3");$O$!

[Y5F! =0(-! /! ;/02E:(! &E! #%:(-! '#$%$&'$($)#*+$! O$#;&2'! $e*'#F! A&\$+$%T! #;$'$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PPQ!! b;*#O&%$T!fF!,F!X$:#-+@!L<'1+,%$9u!<F!+/0!p&'#%/02^!p$\!a&%dT!R[_SF!
PPR!! 8:C*0T!GFu!8:C*0/T!GFu!1$+&%L-/0T!qF!L<'1A!f'>A!@AACT![ZcT!_RRS6_RS[F!
PPP!! /5! @$C$(T! AFu!G/%)&:eT! jF6fFu!G&(*0/%&T! ,Fu! ,;/%$##$T! ?F! 9F!L<'1A!f'>A!@AAJT!

[ZdT! [SS6RQYQF!C5!9/%#&(*T!1Fu!9$0)*+$00*T!1Fu!</(.&77&T!8F!C9-%<',+,!@ABGT!
_aT![S[6RQP[F!)5!D$((*''*$%T!AF!B'%$#<'.$0-!@AAKT!a_T!SQcR6SQ[YF!



7A52,(9.IC.

!RRc!

O$#;&2'! %$(-!&0! #;$!:'$!&E!2*%$)#*0L!L%&:.'T!.-%&.;&%*)!&%!$e.(&'*+$! %$/L$0#'T!

\;*);!(*O*#!#;$*%!:'$!/02!')&.$F!!

!

")=$O$,MGH!"#$%$&6!/02!$0/0#*&'$($)#*+$!E&%O/#*&0!&E!+*0-()-)(&.%&./0$'FPP_!

!

")=$O$,MLH!"#$%$&6!/02!$0/0#*&'$($)#*+$!'-0#;$'*'!&E!+*0-()-)(&.%&./0$'!C-!/22*#*&0!&E!
/5!,/%C$0$!#&!RT_62*$0$FPPc!C5!q*0-(*)!)/%C$0$!#&!/(d$0$FPPY!

<$'.*#$!&E!#;$'$!*O.&%#/0#!2$+$(&.O$0#'T!;*L;(-!'#$%$&'$($)#*+$!O$#;&2'!E&%!#;$!

'-0#;$'*'!&E!+*0-()-)(&.%&./0$'!#;/#!2&!0&#!%$(-!&0!#;$!:'$!&E!2*/7&!%$/L$0#'!'#*((!

%$O/*0!')/%)$F!40!L$0$%/(T!2*/'#$%$&.:%$!+*0-()-)(&.%&./0$'!/%$!/))$''$2!$*#;$%!

*0! /! '#$.\*'$! O/00$%! #;%&:L;! 2$%*+/#*7/#*&0! &E! E:0)#*&0/(*7$2! )-)(&.%&./0$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PP_!! 9$/:(*$:T! @F6DF! 9Fu! v*OO$%T! @F! BFu! ,;/%$##$T! ?F! 9F! L<'1A! G! O5$A! \A! @AAMT! [gT!

RRZP[6RRZ_PF!
PPc!! G&%$/:T!9Fu!?(C$%*)&T!<Fu!@*02'/-T!qF!pF!1Fu!,;/%$##$T!?F!9F!B'%$#<'.$0-!@AB@T!

ahT!_cZS6_c[XF!
PPY!! <$0#&0T!jF!8Fu!,;$0LT!kFu!@F!</+*$'T!AF!GF!L<'1A!L0115-A!@AAKT!RP_Z6RPcQF!

OH B
Bu

OO

Me2NOC CONMe2

Et2Zn, CHI3

CH2Cl2, r.t., 24h
53%

d.r. 5:1
e.e. 98%

OH

I

+

1514 16

CuCl/AgSbF6 (2 mol%)
PhI=O, Na2CO3

benzene, MS
3h, r.t.

CO2Me

NO2
+ NO2

CO2Me

54%
d.r. 19:1
e.e. 58%

N

OO

N
Ph Ph

N
Et

Boc

CO2Me

N2

Ph
+

Rh2(S-DOSP)4 (1 mol%)
DCE, r.t, 

n = 1-4: 55 - 64%
d.r. 19:1
92 - 96%

Ph

N
Et

Boc
n

n

17 18 19

20 21 22

MeO2C

a)

b)



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RRY!

C:*(2*0L!C(&)d'T!$*#;$%!C-!b*##*L!/(d$0-(/#*&0!3");$O$![X5TPPX!&%!O$#/(6)/#/(-7$2!

)%&''!)&:.(*0L!3");$O$![S5FPPS!!

!

")=$O$,MNH!"-0#;$'*'!&E!2*/'#$%$&.:%$!+*0-()-)(&.%&./0$'!+*/!"*OO&0'6"O*#;!%$/)#*&0!
E&((&\$2!C-!"\$%0!&e*2/#*&0!/02!b*##*L!/(d$0-(/#*&0F@@NC,!

!

")=$O$,MCH!"-0#;$'*'!&E!2*/'#$%$&.:%$!+*0-()-)(&.%&./0$'!+*/!":7:d*!)&:.(*0LF@@C),!

40! #;$! %$)$0#! -$/%'T! O:);! $EE&%#! ;/'! C$$0! O/2$! #&! 2$+$(&.! '/E$%! /02! O&%$!

$EE*)*$0#! O$#;&2'! E&%! #;$! E&%O/#*&0! &E! )-)(&.%&./0$'F! ?O&0L! &#;$%'T! O$#/(!

)/%C$0$'! &%! )/%C$0&*2'! ;/+$! C$$0! L$0$%/#$2! E%&O! ~T�6:0'/#:%/#$2! )/%C&0-('!

3");$O$! [Z5T PPZ !#&'-(;-2%/7&0$'! 3");$O$! [[5T PP[ !)-)(&.%&.$0$'! 3");$O$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PPX!! /5!f$(2O/0T!kF!"Fu!"*O.'&0T!8F!BF!B'%$#<'.$0-!D'%%A!BMKMT!dZT!X[ZY6X[ZZF!C5!

G/:($M0T! DFu! k%*0'd-T! jF! @Fu! >&'#$T! fF!<F! \A!J1A!L<'1A!C0@A!@AAMT![d[T! cYR_6
cYPQF!

PPS!! /5!v;&:T!"F6GFu!a/0T!aF6@Fu!<$0LT!GF6vF!C9-('%%!BMMKT![iihT!R[Z6PQQF!C5!v;&:T!
"F6OFu!<$0LT!GF67F!B'%$#<'.$0-!D'%%A!@AAAT!_[T!_[YR6_[YcF!)5!>-T!pFu!D&0#*d*'T!
8Fu! ,;/C&#T! 1F! 1Fu! <$+*(($%'T! BFu! H:$0#*0T! @Fu! 9&:%LT! "Fu! f(&%$0#T! jF6,F!"+00$:A!
M'.A!L<'1A!@ABJT!Q[T!R_YS6R_XXF!

PPZ!! /5! G&#;$%\$((T! bF! 9Fu! 8&C$%#'T! @F! 8F! \A! L<'1A! C0@A2! L<'1A! L0115-A! BMM@T!
RYZP6RYZ_F!C5!G&#;$%\$((T!bF!9Fu!8&C$%#'T!@F!8F!B'%$#<'.$0-!D'%%A!BMMLT!daT!
RRPR6RRPcF!

HO

OTBS
HO OTBS

O OTBS OH

TiCl4, CH2I2

CH2Cl2, 
-78 ºC
87%

(COCl)2
DMSO
Et3N

CH2Cl2, 
-78 ºC
83%

Ph3PBn  Br 
KOtBu

THF, -78 ºC
then TBAF

61%
2.1:1

Ph

23 24

25 26

BMeO
OMe

MeO

O O

CH2N2
Pd(OAc)2 (5 mol%)

Et2O, -15 ºC
79%

B

MeO
OMe

MeO

O

O KHF2
H2O 
80ºC 
96%

BF3K

MeO
OMe

MeO
PdCl2(dppf) (5 mol%)

Cs2CO3,
 100 ºC, 18 h

32%

Br Ph

MeO
OMe

MeO

Ph

27 28

29 30



7A52,(9.IC.

!RRX!

RQQ5TP_Q !&%! .%&./%L-(*)! $#;$%'P_R !&%! $'#$%'! 3");$O$! RQR5P_P !/02! ':C'$i:$0#!

*0#$%O&($):(/%T! )-)(&.%&./0/#*&0! &E! /(d$0$'! ;/'! C$$0! 2$O&0'#%/#$2! C-! #;$'$!

O$#;&2'F!!

!

")=$O$,MKH!f&%O/#*&0!&E!7*0)!)/%C$0&*2'!E%&O!~T�6:0'/#:%/#$2!)/%C&0-('F@@K/,!

!

")=$O$,MMH!f&%O/#*&0!&E!+*0-()-)(&.%&./0$'!E%&O!#&'-(;-2%/7&0$'!O$2*/#$2!C-!
%:#;$0*:O6.&%.;-%*0$!)&O.($e$'F@@M),!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PP[!! /5! ?LL/%\/(T! qF! kFu! 2$! q*)$0#$T! jFu! 9&00$%#T! 8F! qF!X$:A!D'%%A!@AABT!dT! PSZY6

PSZZF!C5!?2/O'T!@F!?Fu!?LL/%\/(T!qF!kFu!9&00$%#T!8F!qFu!9%$''$(T!9Fu!,&eT!8F!jFu!
";$.;$%2T!jFu!2$!q*)$0#$T!jFu!b/(#$%T!GFu!b;*##*0L;/OT!bF!1Fu!b*00T!,F!@F!\A!X$:A!
L<'1A!@AAJT! ahT! [c__6[ccQF! )5! v;/0LT! jF6@Fu! A&0L! ,;/0T! DF!bFu! ,;$T! ,F6GF!
B'%$#<'.$0-!D'%%A!@AAJT!__T!ZS__6ZS_SF!

P_Q!! /5!9/:$%T!jF!>Fu!A/2E*$(2T!GF!"Fu!@$$T!?F6@F!L<'1A!L0115-A!@AAKT!XcQY6XcQSF!
C5!1&07Ç($7T!GF!jFu!1&07Ç($7T!jFu!@M.$7T!@F!?Fu!q*)$0#$T!8F!J-:'4A!L<'1A!3-%A!O.A!
@ABLT!g_T!RPR_[6RPRc_F!)5!G*$L$T!fFu!G$-$%T!,Fu!,&''-T!jF!X$:A!D'%%A!@ABAT![QT!
cRcc6cRcSF!25!G*$L$T!fFu!G$-$%T!,Fu!,&''-T!jF!L<'1A!G!O5$A!\A!@AB@T![hT!SZRQ6
SZPPF!$5!?%);/OC$/:T!?Fu!G*$L$T!fFu!G$-$%T!,Fu!,&''-T!jF!J@@A!L<'1A!f',A!@ABLT!
_hT!RQPR6RQ_R! H*/0T!<Fu!v;/0LT!jF!L<'1A!C0@A!f'>A!@ABLT!__T!XSS6X[ZF!

P_R!! "&L&T!AFu!4\/'/\/T!pF!J-:'4A!L<'1A!3-%A!O.A!@ABNT!ggT!RQQYS6RQQXQF!
P_P!! /5! G*d*T! kFu! =;$T! kFu! w$O:%/T! "F! \A! X$:A! L<'1A! @AAJT! ahT! ZYQY6ZYR_F! C5!

j&;/0''&0T!GF!jFu!1&%*0T!<F!jFu!"#/C$0T!"F!>Fu!>&'#$T!fF!<F!\A!J1A!L<'1A!C0@A!@AALT!
[QcT! RZQQP6RZQQ_F! )5! ".$%L$%T! ,F!?Fu! >:0L$0T! jF! BFu! f*d'2/;(T!?F!O5$A! \A!X$:A!
L<'1A!@ABBT!QZ[[T!_SR[6_SPPF!25!4iC/(T!pFu!".$%L$%T!,F!?Fu!f*d'2/;(T!?F!O5$A!\A!
X$:A!L<'1A!@ABJT!QZ[dT![QS6[RcF!

O

H

O

R1

R2

R2n

or
(CH2SiMe2Cl)2

Zn

ClZn R1

n R2
R2

Ph Ph

R1
R2 R2

19 - 59%
d.r. 1:1 - >20:1

31

32 VI 33R1 = H, Me,
R2 = H, Me, -CH2(CH2)nCH2-

Cl

NPh N
H

Ts

1. NaOMe, MeOH
2. [RuIITTP(CO)]
       BnEt3N+Cl-

benzene, 40 ºC
50%

d.r. 7.3:1

Ph+

34 18 35



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RRS!

!

")=$O$,BAAH,f&%O/#*&0!&E!+*0-()-)(&.%&./0$'!+*/!#;$!/)#*+/#*&0!&E!)-)(&.%&.$0$'!C-!
L&(2345FP__!

!

")=$O$,BABH!?(#$%0/#*+$!O$#;&2'!E&%!#;$!E&%O/#*&0!&E!#%/0'*#*&06O$#/(!)/%C$0$'!E&%!
)-)(&.%&./0/#*&0!%$/)#*&0'FP_c!

b$! %$)$0#(-! 2*')&+$%$2! #;/#! $($)#%&.;*(*)! L&(2345! )&O.($e$'! /%$! /C($! #&! )($/+$!

#\&6)/%C&0!C&02'!&E!0&%)/%/2*$0$'T!\;*);!/%$! *0!$i:*(*C%*:O!\*#;!O&%$!'#/C($!

)-)(&;$.#/#%*$0$'T! #&! E&%O! L&(2345! )/%C$0$'! +-! ,+%5! 3");$O$! RQP5FP_Y!"#/%#*0L!

E%&O! %$/2*(-! /+/*(/C($! S6/%-(! ':C'#*#:#$2! )-)(&;$.#/#%*$0$'T! #;$! %$#%&6

)-)(&.%&./0/#*&0! %$/)#*&0! ($/2'! #&! /%-(6':C'#*#:#$2! L&(2345! )/%C$0$'T! \;*);!

:02$%L&! )-)(&.%&./0/#*&0! \*#;! /(d$0$'TP_YC!  *0#%/O&($):(/%! f%*$2$(6,%/E#6#-.$!

%$/)#*&0'TP_Y2!  /02! lcsRm! )-)(&/22*#*&0'! \*#;! O$#;-($0$)-)(&.%&./0$'! &%!

)-)(&C:#$0$'FP_Y)! 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
P__!! G*$L$T!fFu!G$-$%T!,Fu!,&''-T!jF!L<'1A!G!O5$A!\A!@AB@T![hT!SZRQ6SZPPF!
P_c!! j&;/0''&0T!GF!jFu!1&%*0T!<F!jFu!"#/C$0T!"F!>Fu!>&'#$T!fF!<F!\A!J1A!L<'1A!C0@A!@AALT!

[QcT!RZQQP6RZQQ_F!
P_Y!! /5! "&(&%*&6?(+/%/2&T! ,F! 8Fu! B);/+/%%$0T! ?F!GF! \A! J1A!L<'1A! C0@A!@ABAT! [dQT!

RRZZR6RRZZ_F!C5!"&(&%*&6?(+/%/2&T!,F!8Fu!b/0LT!aFu!B);/+/%%$0T!?F!GF!\A!J1A!
L<'1A!C0@A!@ABBT![ddT!RR[YP6RR[YYF!)5!b/0LT!aFu!G:%/#&%$T!GF!BFu!8&0LT!vFu!
B);/+/%%$0T!?F!GF!J-:'4A!L<'1A!3-%A!O.A!@ABGT!gdT!RcQPP6RcQPXF!25!b/0LT!
aFu!G)1&0*L/(T!DF!8Fu!A$%(WT!9Fu!9$'&%/T!GFu!B);/+/%%$0T!?F!GF!\A!J1A!L<'1A!C0@A!
@ABGT![daT!ZQR6ZQ[F!

R3

O

R2

R1

AuCl (5 mol%)
CH2Cl2,

 0 ºC, 15 min
87 - 98%
d.r. >19:1

ClAu

O

R3

R2

R1 O

H

H
R1
R2 R3

R1 = H, Me, Ph; R2 = H, Me; R3 = alkyl

36 37VII

O
Ar+

(R)-DTBM-SEGPHOS(AuCl)2 (2.5%),
AgSbF6 (5%)

OR1
ArMeNO2, r.t.

70 - 83%, d.r. >20:1, e.e. 60 - 85%

O

R1

R1 = Me, Ph, tBu
Ar = Ph, 2-Me-C6H4, 4-tBu-C6H4,2,6-Me-4-tBu-C6H2

38 39 40



7A52,(9.IC.

!RRZ!

!

")=$O$,BA@H!f&%O/#*&0!&E!/%-(!L&(2!)/%C$0$'!+*/!#;$!%$#%&69:);0$%!%$/)#*&0T!/02!
':C'$i:$0#!#%/0'E&%O/#*&0'F!

>;$! )-)(&.%&./0/#*&0! &E! /(d$0$'! \*#;! /%-(6)-)(&;$.#/#%*$0$'! /EE&%2$2! C*'6! &%!

#%*'6/%-()-)(&%&./0$'! *0! O&2$%/#$! #&! L&&2! -*$(2! 3");$O$! RQ_5F! >;$!

'#$%$&'$($)#*+*#-!+/%*$2!'#%&0L(-!2$.$02*0L!&0!#;$!/%-(!':C'#*#:$0#'!C:#!'./00$2!

E%&O!.&&%!#&!$e)$(($0#!3R^R!#&!åPQ^R5F!>;$!O/]&%!.%&2:)#!\/'!2$#$%O*0$2!#&!C$!

#;$!%$#-,6*'&O$%T!/#!#;/#!#*O$T!E&%!/((!)&O.&:02'F!A&\$+$%T!#;$!')&.$!%$O/*0$2!

(*O*#$2! #&! C*'6! /02! #%*6/%-()-)(&.%&./0$'! \*#;! /(d-(T! O$#;&e-T! /02! ;/(*2$!

':C'#*#:$0#'F!

!

")=$O$,BAJH!f&%O/#*&0!&E!C*'6!&%!#%*'6/%-()-)(&.%&./0$'!E%&O!S6/%-(!)-)(&;$.#/#%*$0$'!
2$%*+/#*+$'!+*/!#;$!%$#%&69:);0$%!%$/)#*&0F!

b$! %$/'&0$2! #;/#! %$(/#$2! +*0-(! L&(2! )/%C$0$'! )&:(2! C$! E&%O$2! *0! /! '*O*(/%!

O/00$%! E%&O! S6/(d$0-(! )-)(&;$.#/#%*$0$'! #&! L$0$%/#$! +*0-()-)(&.%&./0$'!

3");$O$!RQc5F!>;*'!L&(2!)/%C$0$!)&:(2!C$0$E*#!E%&O!*0)%$/'$2!'#/C*(*7/#*&0!E%&O!

#;$!+*0-(*)!{6'-'#$OT!/02!\&:(2!#;$%$E&%$!C$!$/'*$%!#&!L$0$%/#$F!D$%E&%O*0L!#;$!

Ar1

[AuLL´] -C6H6
-L´

LAu
Ar1 Ar1 Ar4

Ar1
R1
or

R1
or

Ar2
Ar3

Ar1

Ar3

Ar2

R2 R2

Ar1

R2

or

Ar1
41 41´

VIII

43

44

42

45

R1

[AuLL´]+
R3

R2

R3

R1 R2

R1 = H, 4-OMe, 4-halo, polyaromatic
R2 = H, 2-Me, 3-NO2, 4-Me, 4-tBu, 4-CF3, 4-Cl
R3 = H, Me, Ph

DCE, 120 ºC
44 - 91%

d.r. 1:1 - >20:141 46 42



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RR[!

%$/)#*&0! /#! O*(2$%! )&02*#*&0'! \&:(2! /((&\! #;$! '-'#$O! #&! C$! O&%$! E:0)#*&0/(6

L%&:.!#&($%/0#!/02!'-0#;$#*)/((-!O&%$!*0#$%$'#*0L!)&O.&:02'!)&:(2!C$!.%$./%$2F!

!

")=$O$,BAGH!>;$!E&%O/#*&0!&E!+*0-(!L&(2!)/%C$0$'!+*/!#;$!%$#%&69:);0$%!%$/)#*&0!E&%!
#;$!.%$./%/#*&0!&E!S6/(d$0-(!)-)(&;$.#/#%*$0$!2$%*+/#*+$'F!

>;:'T! \$! 2$)*2$2! #&! *0+$'#*L/#$! #;$! '-0#;$'*'! &E! S6/(d$0-(! )-)(&;$.#/#%*$0$!

2$%*+/#*+$'T!\;*);!\&:(2! C$! #$'#$2! E&%! #;$! E&%O/#*&0! &E! +*0-(! L&(2345! )/%C$0$'!

/02!#;$!.%$./%/#*&0!&E!+*0-()-)(&.%&./0$'F!

  

R2

R1 [AuLL´]
-C6H6 LAu

R1

R2
R R

HH

R2 R143 44IX



7A52,(9.IC.

!RPQ!

4*b0,%#U0$!

>;$!&C]$)#*+$!&E!#;$!\&%d!':OO/%*7$2!*0!#;*'!);/.#$%!\/'!#&!'#:2-!#;$!E&%O/#*&0!

/02!%$/)#*+*#-!&E!S6/(d$0-(!)-)(&;$.#/#%*$0$'F!<:$!#&! #;$! *0)%$/'$2!'#/C*(*7/#*&0!

C-!#;$!+*0-(*)!{6'-'#$OT!#;$!L$0$%/#*&0!&E!#;$!L&(2345!)/%C$0$!O*L;#!C$!/);*$+$2!

:02$%!O*(2$%!)&02*#*&0'F!

>;$!:'$!&E!/(d$0-(!L&(2!)/%C$0$'!\/'!*0+$'#*L/#$2!*0!)-)(&.%&./0/#*&0!%$/)#*&0'!

#&! E&%O! +*0-()-)(&.%&./0$'T! \;*);! '$%+$! /'! *O.&%#/0#! C:*(2*0L! C(&)d'! &%!

'-0#;$#*)!*0#$%O$2*/#$'F!!

?!'*O.($T! E:0)#*&0/(6L%&:.!#&($%/0#!O$#;&2!E&%!#;$!L$0$%/#*&0!&E!#;$!2$'*%$2!S6

/(d$0-(!)-)(&;$.#/#%*$0$'!E%&O!%$/2*(-!/+/*(/C($!'#/%#*0L!O/#$%*/(!\&:(2!L%$/#(-!

$0;/0)$!#;$!/..(*)/C*(*#-!&E!#;*'!);$O*'#%-!/02!\/'!;$0)$!*0+$'#*L/#$2F!

?02!(/'#(-T!0$\!*0'*L;#'!*0#&!#;$!%$/)#*+*#-!/02!'$($)#*+*#-!&E!L&(2!)/%C$0$'!*0!#;$!

)-)(&.%&./0/#*&0! %$/)#*&0! \$%$! &C#/*0$2! C-! *0+$'#*L/#*0L! /! 2*+$%'! ')&.$! &E!

':C'#%/#$'F!

  



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RPR!

30$)+%$!-.V!B#$,)$$#&.!

<W.%Z0$#$!&'!EN-+f0.W+!,W,+&Z0(%-%S#0.0!V0S#U-%#U0$!

>;$! O$#;&2'! &E! );&*)$! E&%! #;$! .%$./%/#*&0! &E! /%-(6)-)(&;$.#/#%*$0$'! GB! /%$!

$*#;$%! (*#;*:O6;/(&L$0! $e);/0L$T! &%! E&%O/#*&0! &E! 1%*L0/%2! %$/L$0#'! E%&O! /%-(!

;/(*2$'!E&((&\$2!C-!#;$!/22*#*&0!&E!#%&.-(*:O!#$#%/E(:&%&C&%/#$!3");$O$!RQY5FP_X!

!

")=$O$,BALH!"-0#;$'*'!&E!S6/%-(!)-)(&;$.#/#%*$0$!%$/L$0#'!E%&O!/%-(!;/(*2$'F@JN!

f&%! /! E$\! $e/O.($'T! .&#/''*:O! #%*E(:&%&C&%/#$! '/(#'! GN! )&:(2! E:0)#*&0! /'! /0!

/..%&.%*/#$! 0:)($&.;*($! \;$0! ;$/#$2! *0! >Af! *0! #;$! .%$'$0)$! &E! #%&.-(*:O!

#$#%/E(:&%&C&%/#$!3");$O$!RQX5FP_XTP_S!!

!

")=$O$,BANH!"-0#;$'*'!&E!S6/%-(!)-)(&;$.#/#%*$0$!%$/L$0#'!E%&O!.&#/''*:O!/%-(!
#%*E(:&%&C&%/#$'F!

f&%!#;$!E&%O/#*&0!&E!/(d$0-(6)-)(&;$.#/#%*$0$'T!&0!#;$!&#;$%!;/02T!#;$'$!O$#;&2'!

/%$! 0&#! /'! )&0+$0*$0#! 3");$O$! RQS5F! ,&O./%$2! #&! /%-(! C%&O*2$'! GLT! /(d$0-(!

C%&O*2$'! GC! /%$! 0&#! /'! %$/2*(-! /+/*(/C($T! )/0! ;/+$! (&\! C&*(*0L! .&*0#'! \;*);!

O/d$'!;/02(*0L!&E!#;$!%$/L$0#'!O&%$!)&O.(*)/#$2T!/02!O*L;#!.&'$!'#/C*(*#-!/02!

'#&%/L$! .%&C($O'F! >;$! (*#;*:O6;/(&L$0! $e);/0L$! &%! E&%O/#*&0! &E! 1%*L0/%2!

%$/L$0#'! E&%! /(d$0-(!C%&O*2$'!;/'! '&O$! (*#$%/#:%$!.%$)$2$0#'!C:#!O$#;&2'! E&%!

#;$*%!.%$./%/#*&0!/%$!O&%$!')/%)$F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
P_X!! "&(&%*&6?(+/%/2&T!,F!8Fu!b/0LT!aFu!B);/+/%%$0T!?F!GF!\A!J1A!L<'1A!C0@A!@ABBT!

[ddT!RR[YP6RR[YYF!
P_S!! b/0LT! aFu!G)1&0*L/(T! DF! 8Fu! A$%(WT! 9Fu! 9$'&%/T!GFu! B);/+/%%$0T! ?F!GF! \A!J1A!

L<'1A!C0@A!@ABGT![daT!ZQR6ZQ[F!

BF4

X M(X)
R R

R

nBuLi
or Mg
THF 65 - 81%

45 45b 41

BF3K
R

RTHF, 40 ºC
46 41

BF4



7A52,(9.IC.

!RPP!

!

")=$O$,BACH!"-0#;$'*'!&E!S6/(d$0-(!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!E%&O!/(d$0-(!;/(*2$'!
C-!(*#;*:O6;/(&L$0!$e);/0L$!&%!E&%O/#*&0!&E!1%*L0/%2!%$/L$0#'F!

4'&)%&#-(! )-)(&;$.#/#%*$0$! 3GJ25! )&:(2! C$! '-0#;$'*7$2! C-! (*#;*:O6;/(&L$0!

$e);/0L$! &E! *'&)%&#-(! C%&O*2$T! E&((&\$2! C-! #;$! /22*#*&0! &E! #%&.-(*:O!

#$#%/E(:&%&C&%/#$!3");$O$!RQZ5F!q/%-*0L!i:/0#*#*$'!&E!/0!*0'$./%/C($!C-.%&2:)#!

\$%$!/(\/-'!&C#/*0$2F!>;$!$e/)#!)/:'$!*'!:0d0&\0!C:#!#;$!*O.:%*#-!*'!.%&C/C(-!

E&%O$2! #;%&:L;! /! '$%*$'! &E! lRTYm6A!O*L%/#*&0'F! ,/%$E:(! )&0#%&(! &E! #;$! %$/)#*&0!

)&02*#*&0'!/02!)/:#*&0!2:%*0L!#;$!\&%d6:.!2*2!0&#!*O.%&+$!#;$!*'&(/#$2!-*$(2'F!

!

")=$O$,BAKH!"-0#;$'*'!&E!S6*'&)%&#-(!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!C-!(*#;*:O6;/(&L$0!
$e);/0L$!&E!/(d$0-(!C%&O*2$'F!

40! '$/%);! &E! /! O&%$! %$(*/C($! O$#;&2! E&%! #;$! E&%O/#*&0! &E! /(d$0-(6

)-)(&;$.#/#%*$0$'T! \$! )&0#$O.(/#$2! /! #%/0'*#*&06O$#/(! )/#/(-7$2! )&:.(*0L! &E!

/(d$0-(! C%&O*2$'! &%! /(d$0-(! #%*E(:&%&C&%/#$! '/(#'! \*#;! #%&.-(*:OF! 40! #;$!

.%$(*O*0/%-! *0+$'#*L/#*&0'T! #%&.-(*:O! #$#%/E(:&%&C&%/#$T! #$#%/d*'6

3#%*.;$0-(.;&'.;*0$5./((/2*:O3Q5T!/02!.&#/''*:O!'#-%$0-(!#%*E(:&%&C&%/#$!3GK)5!

&%! �6C%&O&'#-%$0$! \$%$! O*e$2! *0! <Gf! /02! '#*%%$2! /#! %&&O! #$O.$%/#:%$F!

8$O/%d/C(-T!#;$!%$/)#*&0!C$#\$$0!#%&.-(*:O!/02!G&(/02$%!'/(#!GK)!E*0*';$2!*0!/!

O$%$! #\&! ;&:%'F! ?! )&0#%&(! $e.$%*O$0#! ';&\$2! #;/#! #;$! %$/)#*&0! .$%E&%O$2!

$i:/((-!\$((!*0!#;$!/C'$0)$!&E!./((/2*:O!)/#/(-'#T!/02!.%&)$$2'!#;%&:L;!/!'*O.($!

0:)($&.;*(*)!/##/)d!3");$O$!RQ[5F!

R
X

R
M(X)

R

nBuLi
or Mg
THF

R = alkyl or aryl47 47b 43

BF4

Br
1. tBuLi, 40 min.
2. tropylium BF4-

THF/Et2O, 14 h,
-110 ºC to r.t.R R 43a: R = H: 63%

43b: R = Me: 55%47



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RP_!

!

")=$O$,BAMH!"-0#;$'*'!&E!S6/(d$0-(!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!+*/!.&#/''*:O!/(d$0-(!
#%*E(:&%&C&%/#$'!

<$'.*#$! ;/+*0L! E&:02! /0! *O.%&+$2! O$#;&2! E&%! #;$! E&%O/#*&0! /(d$0-(6

)-)(&;$.#/#%*$0$'T! *#'! /..(*)/#*&0! *'! '#*((! %$'#%*)#$2! C-! #;$! (*O*#$2! )&OO$%)*/(!

/+/*(/C*(*#-! &E! .&#/''*:O! /(d$0-(6#%*E(:&%&C&%/#$! '/(#'F! f&%#:0/#$(-T! #;$'$!

G&(/02$%! '/(#'! )/0! C$! $/'*(-! &C#/*0$2! E%&O! C&%&0*)! /)*2! &%! $'#$%! 2$%*+/#*+$'!

LAT P_Z !&E! \;*);! O/0-! 2$%*+/#*+$'! /%$! /+/*(/C($F! =#;$%! 2$%*+/#*+$'! )&:(2! C$!

E&%O$2!C-!;-2%&7*%)&0/#*&0`C&%-(/#*&0!&E!/(d-0$'!3");$O$!RRQ5F!A&\$+$%T! #;$!

:'$! &E! #$%O*0/(! /(d-0$'! /((&\'! +/%*/#*&0! /#! ]:'#! /! '*0L($! .&'*#*&0T! \;*($! -*$(2'!

\$%$!.&&%!#&!O&2$%/#$!E&%!#;$!;-2%&C&%/#*&0!$e)$.#!*0!/!E$\!)/'$'F!

!

")=$O$,BBAH!f&%O/#*&0!&E!.&#/''*:O!/(d$0-(!#%*E(:&%&C&%/#$'!E&%!#;$!'-0#;$'*'!&E!S6
/(d$0-(!)-)(&;$.#/#%*$0$'F!

40!&%2$%!#&!E*02!/!O&%$!L$0$%/(!/02!%&C:'#!O$#;&2!E&%!#;$!'-0#;$'*'!&E!S6/(d$0-(!

)-)(&;$.#/#%*$0$! 2$%*+/#*+$'T! /0! /(d$0-(/#*&0! %$/)#*&0! \/'! )&0'*2$%$2! /'! #;$!

*2$/(! O$#;&2F! ?(2$;-2$'! /02! d$#&0$'! /%$! \*2$(-6/+/*(/C($T! );$/.! '#/%#*0L!

O/#$%*/('! \*#;! #\&! ':C'#*#:$0#'! #;/#! )/0! C$! +/%*$2F! "$+$%/(! \$((6'#:2*$2!

'#%/#$L*$'! $e*'#! E&%! #;$!2*%$)#! /(d$0-(/#*&0!&E! )/%C&0-(! )&O.&:02'F! 40! /22*#*&0T!

#;$'$! '#%/#$L*$'! )/0! /('&! C$! $O.(&-$2! #&! &C#/*0! #$%O*0/(! /(d$0$'! E&%! )%&''!

O$#/#;$'*'!3");$O$!RRR5F!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
P_Z!! 9/L:#'d*T!qFu!8&'T!?Fu!?LL/%\/(T!qF!kF!B'%$#<'.$0-!@AAMT!agT![[YX6[[XQF!

Ph
BF3K

PhDMF, 20 ºC
2 h

89%
48c 43c

BF4

BF3KR DMF, 20 ºC
2h

R
R B(pin)R

KHF2
H

70-97%

60-70%

35-98%

HB(pin)
[Cp2ZrHCl]

49 50 48 43
50d: 
50e:2 
50f:
50g:

R = 4-Ac-C6H4
R = 4-OMe-C6H4
R = 4-Ph-C6H4d

R = 3,5-(OMe)2-C6H3

43d: 
43e:2 
43f:
43g:

R = 4-Ac-C6H4
R = 4-OMe-C6H4
R = 4-Ph-C6H4d

R = 3,5-(OMe)2-C6H3

BF4



7A52,(9.IC.

!RPc!

!

")=$O$,BBBH,>;$!:'$!&E!/(d$0-(/#*&0!&%!)%&''!O$#/#;$'*'!'#%/#$L*$'!#&!.%$./%$!S6/(d$0-(!
)-)(&;$.#/#%*$0$!2$%*+/#*+$'!E%&O!%$/2*(-6/+/*(/C($!/(2$;-2$'!/02!d$#&0$'F!

>;$!E*%'#!/##$O.#!&E!#;$!2$+$(&.O$0#!&E!/!':*#/C($!j+%%+:!%$/L$0#!'#%/02$2!\*#;!

'-0#;$'*'! &E! #;$! O$#;-(6)-)(&;$.#/#%*$0$! #%*.;$0-(.;&'.;&0*:O! '/(#! L@2!

3");$O$!RRP5T!\;*);!2$)&O.&'$2!2:%*0L!#;$!%$/)#*&0F!?!'*O*(/%!&C'$%+/#*&0!;/2!

.%$+*&:'(-!C$$0!O/2$!C-!D&0#*! /02!)&6\&%d$%'FP_[!>;*'!L%&:.!;/2!/('&! '#:2*$2!

#;$! %$(/#*&0! C$#\$$0! #;$! '#/C*(*#-! &E! )-)(&;$.#/#%*$0-(*2$0'! /02! 2*EE$%$0#!

'#/C*(*7*0L!)/%C&0-(!':C'#*#:$0#'F!40#$%$'#*0L(-T!#;$!*'&(/#*&0!&E!#;$!2$'*%$2!b*##*L!

%$/L$0#!L@2! \/'! /('&! %$.&%#$2T! )(/*O*0L! g:'-%('! <'#%+-:! 0/! %<'! '#,+(9! #>#+(#?('!

E@#$?079FEQ2_2aG@9@(0<'8%#%$+'-G3G9(F1'%<9(! %$+8<'-9(8<0,8<0-+51! %'%$#/(50$0G

?0$#%'! E3?F! +-! '%<#-0(! ('.! 5,! %0! %<'! .',+$'.! 3#h! 3");$O$! RR_5FPcQ!f&((&\*0L! #;$!

%$.&%#$2! .%&)$2:%$T! #;$! )&O.&:02! \/'! '#/C*(*7$2! C-! #;$! /22*#*&0! &E! /0! $'#$%!

O&*$#-T!\;*);!;$(.$2!:'!&C#/*0!LC!3");$O$!RRc5FPcR!A&\$+$%T!\$!\$%$!:0/C($!#&!

.$%E&%O! #;$! '/.&0*E*)/#*&0! #&! &C#/*0! #;$! *0#$%O$2*/#$! LL! #;/#! )/0! :02$%L&!

2$)/%C&e-(/#*&0!#&!-*$(2!#;$!E*0/(!b*##*L!%$/L$0#FPcP!>&!#;$!C$'#!&E!&:%!d0&\($2L$T!

#;$%$!/%$!0&!%$.&%#$2!.%&)$2:%$'!#&!.$%E&%O!#;*'!#%/0'E&%O/#*&0F!?(#$%0/#*+$(-T!

'#/%#*0L!\*#;!#;$!)/%C&e-(*)!/)*2! E:0)#*&0/(*#-!/(%$/2-! *0!.(/)$T!\$!\$%$!:0/C($!

#&!/22!#;$!)-)(&;$.#/#%*$0$!3");$O$!RRc5F!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
P_[!! ,/+*));*&T! 1Fu! <K?0#&0*&T! GFu! 1/:2*/0&T! 1Fu! G/%);$##*T! qFu! D&0#*T! DF! DF!

B'%$#<'.$0-!D'%%A!BMCCT![hT!_c[_6_c[XF!
PcQ!! ,/+*));*&T! 1Fu! 1/:2*/0&T! 1Fu! D&0#*T! DF! DF!B'%$#<'.$0-!D'%%A!BMKAT!Q[T! P___6

P__XF!
PcR!! 9$'#O/00T!AF!jFu!");:(7T!AF!L<'1A!"'$A!BMN@T!igT!P[PR6P[PSF!
PcP!! ,/+*));*&T! 1Fu! 1/:2*/0&T! 1Fu! D&0#*T! DF! DF!B'%$#<'.$0-!D'%%A!BMKAT!Q[T! P___6

P__XF!

R1

R2O

R1 R2 Y

R1 R2

+

+

alkenylation

O

R1 R2

alkenylation
cross 

metathesis

R1

R2

51 52 43

51 53 43´ 43R3

R4



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RPY!

!

")=$O$,BB@H!?##$O.#$2!'-0#;$'*'!&E!/!':*#/C($!b*##*L!%$/L$0#F!

!

")=$O$,BBJH!>;$!E&%O/#*&0!&E!#;$!2$'*%$2!b*##*L!%$/L$0#!C-!2$)/%C&e-(/#*&0!/'!
%$.&%#$2!C-!D&0#*F@G@!

!

")=$O$,BBGH!f/*($2!/##$O.#'!#&!&C#/*0!#;$!)/%C&e-(*)!/)*2!*0#$%O$2*/#$F!

w'*0L! /0! $($)#%&06\*#;2%/\*0L! .;&'.;&0/#$! %/#;$%! #;/0! .;&'.;&0*:O! '/(#'!

)&:(2! .%$+$0#! '.&0#/0$&:'! 2$)&O.&'*#*&0! &E! #;$! /(d$0-(/#*&0! %$/L$0#F! 402$$2T!

#;$! )&%%$'.&02*0L! &0$-'$Gj#.,40$%<GO110-,! %$/L$0#! L@D! \/'! '-0#;$'*7$2!

/02! *'&(/#$2! /'! /! '#/C($! )&O.&:02! 3");$O$! RRY5F Pc_ !w0E&%#:0/#$(-T! #;$!

':C'$i:$0#!/(d$0-(/#*&0!2*2!0&#!.%&)$$2! *0!&0$! '#$.!C:#!;/2! #&!C$! )/%%*$2!&:#!

'#$.\*'$! 3");$O$!RRX5F! >;$!~6;-2%&e-.;&'.;&0/#$!NB2,\/'! E&%O$2! /E#$%! #;$!

0:)($&.;*(*)!/##/)d!C-!#;$!-(*2!C:#!\*#;&:#!/0!/22*#*&0/(!$($)#%&06\*#;2%/\*0L!~6

':C'#*#:$0#T!#;$!%$/)#*&0!'#/(($2!C$E&%$!L*+*0L!#;$!&e/.;&'.;$#/0$!NB)FPcc!>;$!~6

;-2%&e-.;&'.;&0/#$! NB2, \/'! *'&(/#$2! /02! ':C'$i:$0#(-! '/.&0*E*)/#$2F! >;$0T!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Pc_!! /5!?(6A/O&:7T!=F!,F!"Fu!?(*T!"F!?F!\A!;0(91A!C@+A2!;#$%!JP!;0(91A!L<'1A!@AB@T!gZT!

_YZQ6_Y[RF! C5! ,&:#%&#T! DFu! a&:''$E*6>/C%*7*T! GFu! 1%*'&0T! ,F! \A! X$:#-01'%A!
L<'1A!BMKNT!d[aT!R_6RZF!

Pcc!! 8$*);\$*0T!jF!fFu!D/L$0d&.ET!9F!@F!\A!J1A!L<'1A!C0@A!@AAJT![QgT!RZPR6RZPcF!

P
Ph

Ph
Ph

Br
P

Ph

Ph
Ph

Br
Br

1. nBuLi 
2.

THF 
-78 ºC to r.t.54 52a

BF4

CH
COOH

PPh3 60º
-CO2 CH2 PPh3

55 (Ia) 52a (Ib)

Ph3P CO2Et Ph3P

X CO2Et
THF, r.t.

24h
91%

Ph3P

CO2H

saponification

Ph3P CO2H
Br

1. Base
2.

Ph3P

CO2H

57 5556

58 55

BF4

BF4

X

X



7A52,(9.IC.

!RPX!

#;$!&e/.;&'.;$#/0$!\/'!E&%O$2!C-!)&02$0'/#*&0!&E!#;$!~6;-2%&e-.;&'.;&0/#$!

E&((&\$2!C-!'.&0#/0$&:'!$(*O*0/#*&0!#&!L*+$!#;$!2$'*%$2!/(d$0$!GJ=F!<$'.*#$!#;$!

$(/C&%/#$2!.%&)$2:%$T!#;$!&+$%/((!-*$(2!/02!O6'$($)#*+*#-!\/'!0&#!2*'/..&*0#*0LF!

w'*0L! #;$!O&%$!$($)#%&062$E*)*$0#!.;&'.;&0/#$!2$+$(&.$2!C-!"#*((! /02!1$00/%*T!

#;$! /(d$0-(/#*&0! O*L;#! #/d$! .(/)$! *0! /! '*0L($! '#$.T! ;&\$+$%T! #;$! C%+((GV'--#$+!

10.+/+@#%+0-!*'!:'$2!#&!E&%O!#;$!n6*'&O$%!$e)(:'*+$(-FPcY!

!

")=$O$,BBLH!"-0#;$'*'!&E!/!':*#/C($!A&%0$%6b/2'\&%#;6BOO&0'!%$/L$0#!L@DF!

!

")=$O$,BBNH!f&%O/#*&0!&E!/!S6/(d$0-(!)-)(&;$.#/#%*$0$!2$%*+/#*+$!C-!#;$!A&%0$%6
b/2'\&%#;6BOO&0'!%$/)#*&0!&E!/!d$#&0$F!

"#*((! *0! '$/%);! &E! /! O&%$! :'$%6E%*$02(-! .%&#&)&(! E&%! #;$! '-0#;$'*'! &E!

)-)(&;$.#/#%*$0$!2$%*+/#*+$'T!#;$!;'%'$,0-!%$/L$0#!L@)!\/'!'-0#;$'*7$2!3");$O$!

RRS5F!>;$!%$/L$0#!2*'.(/-$2!/!(*O*#$2!'#/C*(*#-!/02!)&:(2!0&#!C$!'#&%$2F!9$'*2$'T!

L@2!2*2!0&#!%$/)#!/'!/!0:)($&.;*($!*0!#;$!/(d$0-(/#*&0!%$/)#*&0TPcX!($/2*0L!'&($(-!

#&!#;$!%$)&+$%-!&E!'#/%#*0L!O/#$%*/(F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PcY!! "#*((T!bF!,Fu!1$00/%*T!,F!B'%$#<'.$0-!D'%%A!BMKJT!Q_T!ccQY6ccQZF!
PcX!! 9$0*/77/T!8Fu!<$'+$%L0$'T!qFu!@/02/*'T!aF!X$:A!D'%%A!@AAKT![ZT!cR[Y6cR[ZF!

P OO

O
CH2Br2

110 ºC, 48 h
33%

BrPO

O

O

1. tBuLi
THF/Et2O,

-120 ºC
2. tropylium BF4-

to r.t. 12 h
33%

PO

O

O
59 60 52b

OH P
HO

O
O

DIC
CHCl3

O P O
O

PO

O

O

1. nBuLi, 15 min
2. cyclohexanone

THF, -78 ºC

OH P
O

O
O

NaOH (aq.)
MeOH, 

14 h

OH P
HO

O
O

43% 
(over 3 steps)

52b 61a 61b

61b 61c 43h



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RPS!

!

")=$O$,BBCH!"-0#;$'*'!&E!#;$!D$#$%'&0!%$/L$0#!L@)F!

>;$!(*O*#$2!'#/C*(*#-!&E!#;$!%$/L$0#'!2$')%*C$2!/C&+$!)/0!./%#*/((-!C$!/))%$2*#$2!

#&!#;$!)-)(&;$.#/#%*$0$F!>;$%$E&%$T!/!O$#;&2!\$%$!#;$!/(d$0-(/#*&0!./%#0$%'!/%$!

*0+$%#$2!\/'! *0+$'#*L/#$2T!\;*);! %$i:*%$2! #;$! '-0#;$'*'! &E! )-)(&;$.#/#%*$0$6S6

)/%C/(2$;-2$!3NG5FPcS!?(#;&:L;!#;$!'-0#;$'*'!&E!#;$!/(2$;-2$!'$$O$2!':))$''E:(T!

#;$!)&O.&:02!.%&+$2!$e#%$O$(-!.%&0$!#&!2$)&O.&'*#*&0!/02!)&:(2!0&#!C$!:'$2!

E&%!E:%#;$%!);$O*'#%-!3");$O$!RRZ5F!

!

")=$O$,BBKH!"-0#;$'*'!&E!)-)(&;$.#/#%*$0$6S6)/%C/(2$;-2$!NGF!

,>;$!:0':C'#*#:#$2!+*0-(!)-)(&;$.#/#%*$0$!3GJ$5T! *0#$02$2!E&%! #;$!L$0$%/#*&0!&E!

2$%*+/#*+$'! +*/! @$0,,! 1'%#%<',+,T! \/'! *'&(/#$2! *0! .&&%! -*$(2! /02! %/.*2(-!

2$)&O.&'$2! 3");$O$! RR[5F! p$+$%#;$($''T! #;$! )&O.&:02! \/'! #$'#$2! *0! #;$!

)-)(&.%&./0/#*&0! %$/)#*&0! C:#! ;$/#*0L! GJ$! :02$%! %$#%&69:);0$%! )&02*#*&0'!

'&($(-! ($2! #&! *#'!2$)&O.&'*#*&0F!=#;$%!+*0-(!)-)(&;$.#/#%*$0$'!\*#;!'*O.($!/(d-(!

2$%*+/#*+$'!\$%$!O&%$! '#/C($! /02! )&:(2! C$! &C#/*0$2! *0! ;*L;$%! -*$(2F! A&\$+$%T!

#;$'$!)&O.&:02'!\$%$!E*0/((-!0&#!#$'#$2!*0!)%&''6O$#/#;$'*'!%$/)#*&0'F!

!

")=$O$,BBMH!"-0#;$'*'!&E!+*0-(!2$%*+/#*+$!GJ$F!!

>;$! \5(+#GW0@+'-,6+! $'#@%+0-! *'! d0&\0! #&! L*+$! L&&2! '$($)#*+*#*$'! *0! /(d$0-(/#*&0!

%$/)#*&0'F!XXTXS!G&%$&+$%T!#;$!%$i:*%$2!%$/L$0#!)/0!C$!'-0#;$'*7$2!E%&O!d0&\0!&%!

%$/2*(-!/+/*(/C($!*0#$%O$2*/#$'F!>;$!%$/L$0#!\/'!.%$./%$2!/'!/!C$0);!'#/C($!/02!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PcS!! b$*#$O$-$%T!,Fu!D%$:çT!>Fu!2$!G$*]$%$T!?F!L<'1A!"'$A!BMKLT![[hT!_[[_6cQQYF!

Me3Si Cl
Mg

Et2O, 30 min.
reflux

Me3Si MgCl
tropylium BF4-

-78 ºC to r.t.
12 h
45%

Me3Si
62 62b 52c

1. LiTMP,
2. DMF

THF, 0 ºC, 
1 h

O

H

63 64

BF3K
tropylium BF4-

THF, 60 ºC
14 h
21%48b 43e



7A52,(9.IC.

!RPZ!

$/'-!#&!O/0*.:(/#$!'&(*2!#;%&:L;!/!&0$6.&#!G*#':0&C:`&e*2/#*&0!'$i:$0)$!E%&O!

R6;-2%&e-O$#;-(6PTcTX6)-)(&;$.#/#%*$0$! 3NND5! /02! R6.;$0-(6R&6#$#%/7&($6Y6

#;*&(!3NC25!3");$O$!RPQ5FPcZ!R6;-2%&e-O$#;-(6PTcTX6)-)(&;$.#/#%*$0$!3NND5!\/'!

&C#/*0$2!+*/! #;$! %;&2*:O6)/#/(-7$2!9:);0$%! %$/)#*&0!&E!C$07$0$! #&! E&%O!$'#$%!

NN2TPc[!E&((&\$2!C-!%$2:)#*&0!\*#;!(*#;*:O!/(:O*0:O!;-2%*2$FPYQ!

!

")=$O$,B@AH!"-0#;$'*'!&E!j:(*/6k&)*$0'd*!%$/L$0#!NK2F!

>;$!-*$(2!E&%!#;$!&e*2/#*&0!#&!#;$!':(E&0-(!\/'!'#%&0L(-!2$.$02$0#!&0!#;$!i:/(*#-!

&E! #;$! ;-2%&L$0! .$%&e*2$F! =0(-! #;$! :'$! &E! /! E%$';! C/#);! 3é_Qz5! ($2! #&! L&&2!

%$':(#'F!4E!/0!$e)$''!&E!/!(&\$%!i:/(*#-!C/#);!\/'!:'$2!*0'#$/2T!#;$!%$/)#*&0!\&:(2!

'#&.!/E#$%!&e*2/#*&0!#&!#;$!':(E&e*2$T!\;*);!)&:(2!C$!*'&(/#$2!/02!%$':CO*##$2!#&!

#;$!%$/)#*&0!)&02*#*&0'!#&!-*$(2!#;$!2$'*%$2!':(E&0-(!NK2F!

1&&2! %$':(#'! \$%$! &C#/*0$2! E&%! #;$! /(d$0-(/#*&0! \;$0! #;$! %$/)#*&0! \/'!

.$%E&%O$2! /))&%2*0L! #&! (*#$%/#:%$! )&02*#*&0'! 3>/C($_T! $0#%-! R5FPYR!40! &%2$%! #&!

L$0$%/(*7$! #;$! #%/0'E&%O/#*&0T! '$+$%/(! %$/)#*&0! ./%/O$#$%'! ':);! /'! C/'$T!

#$O.$%/#:%$T! /02! '&(+$0#T! \$%$! #/*(&%$2! #&! E*02! &.#*O/(! )&02*#*&0'! E&%! /((! &:%!

':C'#%/#$'F! >;$! %$/)#*&0! L/+$! /0! $e)$(($0#! -*$(2! E&%! C$07/(2$;-2$'! \;$0!

p/AG<"!\/'!:'$2!*0!>Af!/#!6SZ!t,!3>/C($!_T!$0#%-!R5F!>;$!Opn!%/#*&!\/'!L&&2T!

L*+*0L!.%$2&O*0/0#(-!#;$!O6*'&O$%T!\;*($!&#;$%!'&(+$0#'!;/2!/!2$($#$%*&:'!$EE$)#!

&0! #;$! %/#*&! 3>/C($! _T! $0#%-! _! I! Y5F! ":%.%*'*0L(-T! #;$! %$/)#*&0! *0! <GB! E/*($2! #&!

-*$(2!/0-!.%&2:)#!2$'.*#$!&E!\;/#!\/'!%$.&%#$2!3>/C($!_T!$0#%-!P5FPYR!! !
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PcZ!! ?è''/T!,F!\A!X$:A!L<'1A!@AANT!c[T!_XQ6_X_F!
Pc[!! ?0)*/:eT!?F!jFu!<$O&0)$/:T!?Fu!p&$('T!?F!fFu!A:C$%#T!?F!jFu!b/%*0T!8Fu!>$-''*$T!DF!

\A!X$:A!L<'1A!BMKBT!_aT!ZS_6ZSXF!
PYQ!! k$%C$%T!8F!,Fu!B;0#;&(#T!<F!jF!\A!J1A!L<'1A!C0@A!BMCJT!igT!P[PS6P[_cF!
PYR!! 9(/d$O&%$T!DF!8Fu!,&($T!bF!jFu!k&)*$ê'd*T!DF!jFu!G&%($-T!?F!C9-('%%!BMMKT![iihT!

PX6PZF!

CO2EtH

N2

Rh2(OAc)4 (0.1 mol%)
benzene, 24 ºC, 

60% CO2Et

LiAlH4

Et2O, 
68%

OH

OH PPh3, DEAD,
N
NN

N
HS

Ph

THF, 24 ºC, 
3 h

H2O2 (30%),
(NH4)6Mo7O24

EtOH, 0 ºC,
14 h,
80%

S

N N
N

N
PhO O

65 66a 66b

66b 68a

67a



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RP[!

a2D($,JH!=.#*O*7/#*&0!&E!#;$!/(d$0-(/#*&0!%$/)#*&0!\*#;!j:(*/6k&)*$0'd*!%$/L$0#!NK2F!

!
, LB,5:B^,:@7, ;2'$, a$O1, "&(+$/#, Y*$(4), -ef.&

R! c6G$=,XAcT!A! p/AG<"! 6SZ!t,! >Af! [Sz! PQ^R!

P! c6G$=,XAcT!A! p/AG<"! 6SZ!t,! <GB! 0F%F! 6!

_! c6G$=,XAcT!A! p/AG<"! 6SZ!t,! <Gf! Y_z! Y^R!

c! c6G$=,XAcT!A! p/AG<"! 6SZ!t,! <Gf`AGD?! Y[z! X^R!

Y! c6G$=,XAcT!A! p/AG<"! 6SZ!t,! G>9B! cRz! PF_^R!

X! c6G$=,XAcT!A! kAG<"! 6SZ!t,! >Af! SRz! X^R!

C! G->$S8N\G^,\! f*\>V"! -CK,c8! a\F! KKb! g@LEB!

Z! c6G$=,XAcT!A! @<?! 6SZ!t,! >Af! _Qz! 6!

[! c6G$=,XAcT!A! -69:@*! 6SZ!t,! >Af! 6! 6!

RQ! 63,PAc5P=! p/AG<"! 6SZ!t,! >Af! 0F%F! 6!

RR! 6,AP3,AP5_,AP6! p/AG<"! 6SZ!t,! >Af! 0F%F! 6!

RPC! 63,PAc5P=! ,'P,=_! SQ!t,! >Af! 0F%F! 6!

R_C! 6,AP3,AP5_,AP6! ,'P,=_! SQ!t,! >Af! 0F%F! 6!
/!>&!/!'&(:#*&0!&E!NK2!3QFc!OO&(5!/02!LB!3QFc!OO&(5!*0!'&(+$0#!3P!O@5!/#!6SZ!t,!\/'!/22$2!C/'$!
3QFc! OO&(5F! >;$! )&&(*0L! *'! %$O&+$2! /E#$%! RQ! O*0:#$'! /02! #;$! O*e#:%$! *'! \/%O$2! #&! %&&O!
#$O.$%/#:%$F! C!NK2! 3QFc! OO&(5T! LB! 3QFc! OO&(5T! C/'$! 3QFZ! OO&(5! \$%$! 2*''&(+$2! *0! >Af! /02!
;$/#$2!#&!SQt,!E&%!Rc!;F!)!?0/(-7$2!C-!RA!pG8!&E!#;$!%$/)#*&0!)%:2$!\*#;!2*.;$0-(O$#;/0$!/'!4"F!

G&+*0L! #&! #;$! (/%L$%!.&#/''*:O!)&:0#$%! *&0! ($2! #&!/!2$)%$/'$! *0!-*$(2!/02!\/'!

2$#%*O$0#/(! E&%! #;$! '$($)#*+*#-! 3>/C($! _T! $0#%-! X5T! *0'.*%*0L! :'! #&! &.#! E&%! #;$!

'O/(($%! (*#;*:O! )/#*&0! *0'#$/2F! 402$$2T! #;$! :'! &E! @*AG<"! ($2! #&! $e)$(($0#!

'$($)#*+*#-! \;*($! O/*0#/*0*0L! /! ;*L;! -*$(2! 3>/C($! _T! $0#%-! S5F! "#%&0L$%! (*#;*:O!

C/'$'! ($2! #&!.&&%! %$':(#'! &%! $+$0!2$)&O.&'*#*&0! 3>/C($!_T! $0#%-!Z! /02![5F! 4#! *'!

*0#$%$'#*0L! #&! %$O/%d! ;$%$! #;/#! #;$! .W#! &E! #;$! j:(*/6k&)*$0'd*! %$/L$0#! *'!

$'#*O/#$2! #&! (*$! /%&:02! PcT! \;*);! *'! .$%E$)#(-! O/#);$2! C-! #;$! AG<"! C/'$'r!

'#%$0L#;!3.W#!éPX5F!>;$!%$/L$0#!\/'!)&0+$0*$0#(-!2$.%&#&0/#$2!C-!@*AG<"!/#!6

SZ!t,!/02!#;$!2$'*%$2!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!\$%$!E&%O$2!E%&O!/(2$;-2$'!

$''$0#*/((-!/'!/!'*0L($!*'&O$%F!=0!#;$!&#;$%!;/02T!\;$0!'*O*(/%!)&02*#*&0'!\$%$!

R1

R2

S

N N
N

N
PhO O

Base,O

R1 R2 solvent, temp.
51 43

68a



7A52,(9.IC.

!R_Q!

:'$2!E&%!$0&(*7/C($!d$#&0$'T!&0(-!'#/%#*0L!O/#$%*/(!\/'!%$)&+$%$2!3>/C($!_T!$0#%-!

RQ!/02!RR5F!8$.&%#$2!)&02*#*&0'T!\;$%$!'$+$%/(!$i:*+/($0#'!&E!)$'*:O!)/%C&0/#$!

\$%$!:'$2!/#!$($+/#$2!#$O.$%/#:%$'T!L/+$!#;$!'/O$!&:#)&O$!3>/C($!_T!$0#%-!RP!

/02!R_5FPYP!

j:(*/6k&)*$0'd*! %$/L$0#'! C$/%*0L! /! %'$%6C:#-(! ':C'#*#:$0#! &0! #;$! #$#%/7&($! /%$!

%$.&%#$2!#&!C$!O&%$!'#/C($!:02$%!C/'*)!)&02*#*&0'T!C$)/:'$!#;$!-(*2!)/00&#!%$/)#!

\*#;!*#'$(E!2:$!#&!'#$%*)!;*02%/0)$FPY_!>;*'!;/'!#;$!/2+/0#/L$!#;/#!#;$!-(*2!)/0!C$!

.%$6E&%O$2!/02!':C'$i:$0#(-!/22$2!#&!/!);*(($2!'&(:#*&0!&E!)/%C&0-(!)&O.&:02T!

\;*);! /((&\'! E&%! /! C$##$%! E:0)#*&0/(6L%&:.! #&($%/0)$F! 4#! \&:(2! /('&! /((&\! #;$!

%$/)#*&0! #&!C$! %:0!\*#;! /0! $e)$''! &E! C/'$T!\;*);! )/0!C$!:'$2! #&! &+$%)&O$! #;$!

.%&C($O'! &C'$%+$2! E&%! $0&(*7/C($! d$#&0$'F! >;$! %$i:*%$2! #$#%/7&($! NCD! *'! 0&#!

)&OO$%)*/((-!/+/*(/C($!/02!\/'!'-0#;$'*7$2!E&((&\*0L!/!(*#$%/#:%$!.%&)$2:%$!*0!

L&&2!-*$(2!&0!/!YSL!')/($!3");$O$!RPR5FPYc!>;$0T! E&((&\*0L!/!'*O*(/%!.%&)$2:%$!

/'!C$E&%$T!#;$!%'$%6C:#-(!j:(*/6k&)*$0'd*!%$/L$0#!NKD!\/'!&C#/*0$2!*0!%$/'&0/C($!

-*$(2!&0!/!O:(#*6L%/O!')/($!3");$O$!RPP5F!,&O.&:02!NCD!*'!.&&%(-!'&(:C($!>AfT!

\;*);!($2!#&!/!'*L0*E*)/0#!/O&:0#!&E!;&O&!)&:.(*0L!E&%!NNDT!%$2:)*0L!#;$!&+$%/((!

-*$(2F! 9$##$%! -*$(2'! \$%$! &C#/*0$2! *0! /! 'O/((6')/($! %$/)#*&0! \;$0! ,AP,(P! \/'!

:'$2!/'!)&6'&(+$0#F!

!

")=$O$,B@BH!"-0#;$'*'!&E!R6%'$%6C:#-(6R&6#$#%/7&($6Y6#;*&(!3NCD5F!

!

")=$O$,B@@H!"-0#;$'*'!&E!j:(*/6k&)*$0'd*!%$/L$0#!NKDF!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PYP!! ?è''/T!,F!\A!X$:A!L<'1A!@AANT!c[T!_XQ6_X_F!
PY_!! k&)*$0'd*T!DF!jFu!9$((T!?Fu!9(/d$O&%$T!DF!8F!C9-('%%!@AAAT!QZZZT!_XY6_XXF!
PYc!! v;:T!@Fu!p*T!,Fu!v;/&T!aFu!A:T!jF!B'%$#<'.$0-!@ABAT!aaT!YQZ[6YRQQF!

NH2 +
1. CS2, 1 h,
2. TsCl, 4h
THF, 0 ºC,

52%

N C S
NaN3

i-PrOH/H2O,
100 ºC, 20 h,

89%

N
N N

N
SH

57 grams
Et3N

69 70 67b

OH PPh3, DEAD,
N
NN

N
HS

tBu

THF, 24 ºC, 
3 h

H2O2 (30%),
(NH4)6Mo7O24

EtOH, 0 ºC,
14 h,
51%

S

N N
N

N
tBuO O

66b 68b

67b



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! R_R!

<:%*0L! #;$! /(d$0-(/#*&0! %$/)#*&0T! /! '(*L;#(-! %$2:)$2! -*$(2! /02! '$($)#*+*#-! \$%$!

&C'$%+$2!\;$0!%$/L$0#!NKD!\/'!:'$2!:02$%!.%$+*&:'(-!&.#*O*7$2!)&02*#*&0'!E&%!

/(2$;-2$'!3>/C($!cT!$0#%-!R5T!\;*);! *'!)&0'*'#$0#!\*#;! #;$!$e*'#*0L! (*#$%/#:%$FPY_!

b*#;!O&2*E*$2! )&02*#*&0'T! :'*0L! #\&! $i:*+/($0#'! &E! #;$! j:(*/6k&)*$0'd*! %$/L$0#!

/02!#;%$$!$i:*+/($0#'!&E!C/'$T!/(d$0$'!)&:(2!C$!&C#/*0$2!E%&O!$0&(*7/C($!d$#&0$'!

*0!L&&2!-*$(2!3>/C($!cT!$0#%-!P!/02!X5F!<$'.*#$!\;/#!\/'!%$.&%#$2T!.$%E&%O*0L!#;$!

%$/)#*&0! /#! ;*L;$%! #$O.$%/#:%$'! 2*2! 0&#! E/)*(*#/#$! #;$! #%/0'E&%O/#*&0! 3>/C($! cT!

$0#%-!_!/02!Y5F!40#$%$'#*0L(-T!\;$0!/!'&2*:O!C/'$!\/'!:'$2T!#;$!-*$(2!\/'!L%$/#(-!

%$2:)$2!/(#;&:L;!*#!($2!#&!*O.%&+$2!-*$(2'!E&%!#;$!&#;$%!j:(*/6k&)*$0'd*!%$/L$0#!

NK2!3>/C($!cT!$0#%-!c!/02!S5F!!

a2D($,GH!=.#*O*7/#*&0!&E!/(d$0-(/#*&0!)&02*#*&0'!:'*0L!j:(*/6k&)*$0'd*!%$/L$0#!NKDF!

!
, LB,5:B^:@7, ;2'$, a$O1, "&(+$/#, Y*$(4, -ef&

R! c6G$=,XAc! @*AG<"! 6SZ!t,! >Af! Z_z! Pc^R!

@, -8\@58\@7J8\@-, f*\>V", -CK,c8, a\F, NNb, -,

_! 6,AP3,AP5_,AP6! @*AG<"! 6cQ!t,! >Af! XYz! -!

c! 6,AP3,AP5_,AP6! p/AG<"! 6SZ!t,! >Af! P[z! -!

Y! 6,AP3,AP5_,AP6! p/AG<"! 6cQ!t,! >Af! R_z! -!

N, -58@\G7@S, f*\>V", -CK,c8, a\F, KNb, -,

S! 63,PAc5P=! p/AG<"! 6SZ!t,! >Af! PXz! -!

>&!/!'&(:#*&0!&E!NKD!3QFc!OO&(5!/02!LB!3QFc!OO&(5!*0!'&(+$0#!3P!O@5!/#!6SZ!t,!\/'!/22$2!C/'$!
3QFc! OO&(5F! >;$! )&&(*0L! *'! %$O&+$2! /E#$%! RQ! O*0:#$'! /02! #;$! O*e#:%$! *'! \/%O$2! #&! %&&O!
#$O.$%/#:%$F!Yield determined!C-!RA!pG8!/0/(-7ed!&E!#;$!)%:2$!\*#;!2*.;$0-(O$#;/0$!/'!4"F!

?! #;*%2! %$/L$0#! \/'! '-0#;$'*7$2! #&! *0+$'#*L/#$! #;$! .&#$0#*/(! &E! E&%O*0L! #$#%/6

':C'#*#:#$2! /(d$0-(! )-)(&;$.#/#%*$0$'! 3");$O$! RP_5F! >%$/#O$0#! &E! NKD! \*#;!

@*AG<"! /#! 6SZ! t,! E&((&\$2! C-! #;$! /22#*&0! &E! *&2&O$#;/0$! /EE&%2$2! #;$!

2*':C'#*#:#$2!%$/L$0#!NK)F!

R1

R2

S

N N
N

N
O O

Base,O

R1 R2 THF, temp.
51 43

68b



7A52,(9.IC.

!R_P!

!

")=$O$,B@JH!"-0#;$'*'!&E!/!#%*':C'#*#:#$2!j:(*/6k&)*$0'd*!%$/L$0#!NK)F!

A/+*0L!$'#/C(*';$2!#;$!&.#*O/(!)&02*#*&0'!E&%!#;$!/(d$0-(/#*&0!&E!/(2$;-2$'!\*#;!

NK2T! &%! d$#&0$'!\*#;!NKDT! '$+$%/(! S6/(d$0-(! )-)(&;$.#/#%*$0$! 2$%*+/#*+$'!\$%$!

'-0#;$'*7$2! 3>/C($! Y5F! "#-%$0-(! )-)(&;$.#/#%*$0$'! GJ)^! GJ$T! GJ[^! GJ*! /02! GJT!

\$%$! $EE*)*$0#(-! E&%O$2! :'*0L! NK2! *0! L&&2! -*$(2'F! =0(-! *0! #;$! )/'$! &E! +$%-!

$($)#%&06%*);! ':C'#%/#$'T! /! O*e#:%$! &E! O6! /02! n6*'&O$%'! \/'! &C#/*0$2T! \;*);!

)&:(2!C$!'$./%/#$2!C-!)&(:O0!);%&O/#&L%/.;-!3O6GJ$!/02!n6GJ$5F!>;$!%$2:)$2!

'$($)#*+*#-!*'!)/:'$2!C-!#;$!$($)#%&06%*);!':C'#%/#$'!/'!#;$!%$/)#*&0!*0#$%O$2*/#$!

*0! #;$'$! )/'$'! $+&(+$'! E/'#$%! #&! #;$! .%&2:)#T! ($/+*0L! ($''! #*O$! #&! /2&.#! #;$!

#;$%O&2-0/O*)/((-!E/+&%$2!*0#$%O$2*/#$!($/2*0L!#&!#;$!O6*'&O$%F!40!#;$!)/'$!&E!

_TY62*O$#;&e-C$07/(2$;-2$!GJ[^!#;$!%/#*&!\/'!./%#*):(/%(-!(&\!2:$!#&!#;$!.&&%!

'&(:C*(*#-!&E!#;$!':C'#%/#$!*0!)&(2!>AfF!>;$!/(d$0-(/#*&0!%$/)#*&0!#;$%$E&%$!;/2!#&!

#/d$! .(/)$! /#! /! ;*L;$%! #$O.$%/#:%$T! ($/+*0L! $+$0! ($''! #*O$! E&%! #;$! %$/)#*&0!

*0#$%O$2*/#$!#&!/2&.#!#;$!)&0E&%O/#*&0!($/2*0L!#&!#;$!O6*'&O$%F!=#;$%!S6/(d$0-(!

)-)(&;$.#/#%*$0$'! \$%$! $EE*)*$0#(-! E&%O$2! C-! NKDT! /(#;&:L;! #;$! &:#)&O$! \/'!

2$.$02$0#!&0!#;$!.%&#$)#*0L!L%&:.!*0!#;$!)/'$!&E!.*.$%*2*0$'!GJO!/02!GJ/F!?0!

/(*.;/#*)!/(2$;-2$!/EE&%2$2! #;$!)&%%$'.&02*0L!GJX!&0(-! *0!O&2$%/#$!-*$(2!/'!/!

O*e#:%$!&E!O6!/02!n6*'&O$%'F!b;$0!#;$!#%*':C'#*#:#$2!j:(*/6k&)*$0'd*!%$/L$0#!NK)!

\/'! #$'#$2! :02$%! &#;$%\*'$! '*O*(/%! )&02*#*&0'T! #;$! E&%O/#*&0! &E! #;$! 2$'*%$2!

#$#%/':C'#*#:#$2!/(d$0$!GJ&!\/'!0&#!&C'$%+$2F!?! (*#$%/#:%$! '#:2-!':LL$'#'! #;/#!

#;$!.W/!*0)%$/'$2!'*L0*E*)/0#(-!C-!#;$!/22*#*&0!&E!/0&#;$%!':C'#*#:$0#^!E%&O!éPc!

#&!é_RTPYY!#;$%$E&%$T!O/d*0L!@*AG<"!/0!*0/2$i:/#$!C/'$!E&%!#;*'!#%/0'E&%O/#*&0F!

D$%E&%O*0L! #;$! %$/)#*&0!\*#;! @<?! *0'#$/2! &E! @*AG<"!\*((! (*d$(-! ($/2! #&! C$##$%!

%$':(#'! E&%!#;*'! #%/0'E&%O/#*&0F!w0E&%#:0/#$(-T!&0(-!/!'O/((!i:/0#*#-!&E!NK)!\/'!

.%$./%$2!/02!0&!E:%#;$%!$e.$%*O$0#'!\$%$!.$%E&%O$2F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PYY!! 9&%2\$((T!fF!1Fu!q/0!2$%!D:-T!GFu!q/0*$%T!pF!8F!\A!X$:A!L<'1A!BMCNT!_[T!RZZY6

RZZXF!

S

N N
N

N
O O

S

N N
N

N
O O1. LiHMDS, 5 min,

2. MeI, 4 h
THF, -78 ºC,

52%
68b 68c



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! R__!

a2D($,LH!f&%O/#*&0!&E!S6/(d$0-(6RT_TY6)-)(&;$.#/#%*$0$'!+*/!j:(*/6k&)*$0'd*!%$/)#*&0F,

!

/!>&!/!'&(:#*&0!&E!/(2$;-2$!/02!NK2!3R^R5!*0!>Af!/#!6SZ!t,!*'!/22$2!C/'$!3R!$i:*+5F!C!>&!/!'&(:#*&0!
&E!)/%C&0-(!)&O.&:02!/02!NKD!3R^P5!*0!>Af!/#!6SZ!t,!*'!/22$2!C/'$!3_!$i:*+5F!)!>&!/!'&(:#*&0!&E!
)/%C&0-(!)&O.&:02!/02!NK)!3R^P5!*0!>Af!/#!6SZ!t,!*'!/22$2!C/'$!3_!$i:*+5F!
! !

S

N N
N

N
R4O O

R1 R2

O

R1

R2

THF, -78 ºC

R3LiHMDS,

43ca 93% E-43ea 92% Z-43ea 5%
O

43ia 82%

O

F3C

43ja 85%

Br

43ga 93% (E/Z  6:1)
O

O

43ab 75%

43lb 86%

O NR

43ka 44% (E/Z  1.3:1)
PhthN

43hb 66%

43mb R = Bn 70%
43nb R = Boc 25%

51 43

68a: R3 = H, R4 = Ph
68b: R3 = H, R4 = tBu
68c: R3 = Me, R4 = tBu

43oc 0%

O



7A52,(9.IC.

!R_c!

30-,%#&.!&(%#X#]-%#&.!-.V!#.#%#-+!,W,+&(S&(-.-%#&.!S0$)+%$Y!

<:%*0L!#;$!'#:2-!&0!S6/%-(!)-)(&;$.#/#%*$0$'T!&:%!L%&:.!%$.&%#$2!&0$!$e/O.($!&E!

/!+*0-()-)(&.%&./0$!E&%O$2!E%&O!'#-%$0-(6)-)(&;$.#/#%*$0$T!\*#;!O&2$%/#$!-*$(2!

/02! %$/'&0/C($! 2*/'#$%$&'$($)#*+*#-! 3CB2u! ");$O$! RPc5FPYX!40! /0&#;$%! $e/O.($T!

'#-%$0-(6)-)(&;$.#/#%*$0$!GJ)!\/'!%$/)#$2!\*#;!%$#-,6R6.;$0-(6RT_6C:#/2*$0$!#&!

E&%O! /! RTP62*+*0-()-)(&.%&./0$! CJT! \;*);! '.&0#/0$&:'(-! %$/%%/0L$'! #&! /!

)-)(&;$.#/2*$0$!CJD!*0!O&2$%/#$!-*$(2F!!

!

!

")=$O$,B@GH!D%$+*&:'(-!&C#/*0$2!%$':(#'!E&%!#;$!L&(23456)/#/(-7$2!/(d$0$!
)-)(&.%&./0/#*&0!+*/!#;$!%$#%&69:);0$%!%$/)#*&0!/#!RPQ!t,F@LN!

<$'.*#$! #;$'$! .%&O*'*0L! %$':(#'T! &:%! /##$O.#'! #&! L$0$%/(*7$! #;*'! )&0)$.#!\$%$!

0&#!O$#!\*#;!':))$''!3'$$!$0#%*$'!R!*0!>/C($'!X!/02!S5F!>;$!&.#*O*7/#*&0!'#/%#$2!

\*#;!#;$!%$/)#*&0!&E!*'&)%&#-(6)-)(&;$.#/#%*$0$!\*#;!2*EE$%$0#!'#-%$0$'!3>/C($!X5F!

=0(-! #%/)$'! &E! )-)(&.%&./0$! \$%$! &C'$%+$2! :02$%! #;$! )&02*#*&0'! .%$+*&:'(-!

2$+$(&.$2! 3>/C($! XT! $0#%-! R5F!p&! %$/)#*&0! #&&d! .(/)$! /#! %&&O! #$O.$%/#:%$! C:#!

/(%$/2-!'O/((!i:/0#*#*$'!&E!#;$!.%&2:)#!)&:(2!C$!&C'$%+$2!/#!cQ!t,T!$+$0!#;&:L;!

#;$!%$/)#*&0!\/'!+$%-!'(&\!/#!#;*'!#$O.$%/#:%$!3>/C($!XT!$0#%-!P5F!! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PYX!! "&(&%*&6?(+/%/2&T!,F!8Fu!b/0LT!aFu!B);/+/%%$0T!?F!GF!\A!J1A!L<'1A!C0@A!@ABBT!

[ddT!RR[YP6RR[YYF!

NO2

+
A (5 mol%)

DCE, 120 ºC,
15 h

NO2

H H

71a 39% (10:1)

+
E  (5 mol%)

DCE, 120 ºC,
15 h Ph

H

Ph

H Ph

Ph55%

43c 39a

43c 72 73 73b

P Au
R1

R1
NCMe

SbF6

A: R1 = tBu, R2 = H                                  
B: R1 = tBu, R2 = iPr                                
C: R1 = cyclohexyl, R2 = H

R2

R2
R2

D: Ar = mesityl, X = SbF6                        
E: Ar = 2,6-diisopropylbenzene,

X = BArF4

Au

NN ArAr

NCMe

X



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! R_Y!

a2D($,NH,=.#*O*7/#*&0!&E!)&02*#*&0'!E&%!#;$!)-)(&.%&./0$!O$#/#;$'*'!%$/)#*&0F!

!
, :, GJ2EJM, "&(+$/#, a$O1, a*O$, 82#H, Y*$(42,54H%H7,

R! A! R^R! <,B! RPQ!t,! X!;! R!Yz! f:((!)&0+FT!ëYz!

P! A! R^R! <,B! cQ!t,! RQ!;! R!Yz! D/%#*/(!)&0+FT!0F2F!

_! A! R^R! <,B! XQ!t,! Rc!;! R!Yz! XPz!3S^R5!

c! A! R^R! ,AP,(P! XQ!t,! Rc!;! R!Yz! XSz!3Z^R5!

Y! A! P^R! ,AP,(P! XQ!t,! Rc!;! R!Yz! Scz!3Y^R5!lRSz!CLmC!

X! A! R^R! ,AP,(P! XQ!t,! Rc!;! R!PFYz! c[z!3Z^R5!

S! A! R^R! ,AP,(P! XQ!t,! Rc!;! ;!Yz! c_z!3RQ^R5!

Z! A! R^R! ,AP,(P! XQ!t,! Rc!;! 8!Yz! 0F%F!

[! A! R^R! ,AP,(P! XQ!t,! Rc!;! V!Yz! 0F%F!

RQ! A! R^R! ,AP,(P! XQ!t,! Rc!;! U!Yz! c_z!3RF_^R5!

RR! =?)! R^R! ,AP,(P! XQ!t,! RP!;! R!Yz! XRz!3S^R5!

RP! =?)! R^R! <,B! XQ!t,! RP!;! R!Yz! YSz!3[^R5!

R_! =?)! R^R! G$p=P! XQ!t,! RP!;! R!Yz! YYz!3Z^R5!

Rc! =?)! R^R! ?)$#&0$! XQ!t,! RP!;! R!Yz! _[z!3[^R5!

RY! =?)! R^R! >Af! XQ!t,! RP!;! R!Yz! PYz!3Z^R5!

RX! =?)! R^R! 9$07$0$! XQ!t,! RP!;! R!Yz! PPz!3P^R5!

RS! =?)! R^R! ,A,(_! XQ!t,! RP!;! R!Yz! 0F%F!

RZ! =?)! R^R! B#P=! XQ!t,! RP!;! R!Yz! 0F%F!

R[! =?)! R^R! <G"=! XQ!t,! RP!;! R!Yz! 0F%F!

PQ! =?)! R^R! G$,p! XQ!t,! RP!;! R!Yz! 0F%F!

PR! =?)! R^R! B#=?)! XQ!t,! RP!;! R!Yz! Y[z!3Rc^R5!

PP! =?)! PFY^R! B#=?)! XQ!t,! RP!;! R!Yz! ZXz!lRYz!CLmC!

P_! G$! R^R! B#=?)! XQ!t,! RP!;! R!Yz! _Xz!3RS^R5!

Pc! G$! PFY^R! B#=?)! XQ!t,! RP!;! R!Yz! SRz!lRYz!CLmC!

PY! A! R^R! B#=?)! XQ!t,! RP!;! R!Yz! ccz!3RQ^R5!

PX! A! PFY^R! B#=?)! XQ!t,! RP!;! R!Yz! XZz!lRSz!CLmC!

PS! G$! R^RFY! B#=?)! XQ!t,! RP!;! R!Yz! X_z!3R_^R5!

@K, SR), BEBHL, U#SR), CL,c8, B@,=, R,Lb, NNb,5B@EB7,

P[! ,(! R^RFY! B#=?)! SY!t,! RP!;! R!Yz! YRz!3PR^R5!

>&!/!'&(:#*&0!&E!GJ2!/02!'#-%$0$!JM!*0!L*+$0!'&(+$0#!*'!/22$2!)/#/(-'#!/02!#;$!%$/)#*&0!*'!'#*%%$2!
*0!/!'$/($2!+*/(F!=0)$!#;$!%$/)#*&0!*'!)&O.($#$T!B#_p!*'!/22$2!/02!#;$!O*e#:%$!E*(#$%$2!&+$%!'*(*)/F!/!
>;$!-*$(2!/02!2F%F!3*0!./%$0#;$'*'5!/%$!2$#$%O*0$2!C-!RA!pG8!&E!#;$!)%:2$!O*e#:%$F!C!D$%)$0#/L$!
&E!*0'$./%/C($!C-.%&2:)#F!

cat.

solvent, tempR
+

R

H H

43a 39 74



7A52,(9.IC.

!R_X!

f:((! )&0+$%'*&0! \/'! /);*$+$2! /#! XQ! t,! /02! #;$! .%&2:)#! \/'! &C#/*0$2! \*#;! /!

'/#*'E-*0L! -*$(2! /02! %$/'&0/C($! '#$%$&'$($)#*+*#-! 3>/C($! XT! $0#%-! _5F! ,;/0L*0L!

'&(+$0#! #&! 2*);(&%&O$#;/0$! \&:(2! *0)%$/'$! #;$! -*$(2! /02! '$($)#*+*#-! '(*L;#(-!

3>/C($!XT!$0#%-!c5F!40)%$/'*0L!#;$!/O&:0#!&E!)-)(&;$.#/#%*$0$!)&:(2!*0)%$/'$!#;$!

E&%O/#*&0!&E!.%&2:)#!3>/C($!XT!$0#%-!Y5T!;&\$+$%T!/0! *0'$./%/C($!C-.%&2:)#!CL!

\/'! /('&! E&%O$2! C-! /! '$)&02! )-)(&.%&./0/#*&0! &0! #;$! /(d$0$! &E! #;$! %$/)#*&0!

.%&2:)#! 3");$O$! P[5F! 8$2:)#*&0! &E! #;$! )/#/(-'#! (&/2*0L! &%! #;$! :'$! &E! &#;$%!

)/#/(-'#'!($2!#&!/!'*L0*E*)/0#!2%&.!*0!-*$(2!/02`&%!'$($)#*+*#-!3>/C($!XT!$0#%*$'!X!I!

RQ5F! >;$! .%&2:)#! &E! c6/)$#&e-'#-%$0$! \/'! $/'*$%! #&! &C'$%+$! *0! RA! pG8T!

E/)*(*#/#*0L!#;$!&.#*O*7/#*&0T!/02!/0!$(/C&%/#$!'&(+$0#!')%$$0*0L!\/'!.$%E&%O$2!

:'*0L! #;*'! ':C'#%/#$F! D&(/%! 0&06.%&#*)! '&(+$0#'! &%! C$07$0$!.$%E&%O$2! ($''!\$((!

#;/0!,AP,(P! 3>/C($! XT! $0#%*$'! R_! I! RX5T!\;*($! )&&%2*0/#*0L! '&(+$0#'! )&O.($#$(-!

';:#! 2&\0! #;$! %$/)#*&0! 3>/C($! XT! $0#%*$'! RS! I! PQ5F! ":%.%*'*0L(-T! #;$! %$/)#*&0!

.$%E&%O$2! \$((! *0! $#;-(! /)$#/#$T! \*#;! 0$/%(-! *2$0#*)/(! -*$(2! /02! *O.%&+$2!

2*/'#$%$&'$($)#*+*#-! 3>/C($! XT! $0#%-! PR5F! ?L/*0T! #;$! -*$(2! )&:(2! '*L0*E*)/0#(-! C$!

*O.%&+$2! C-! *0)%$/'*0L! #;$! '#&*);*&O$#%-! &E! #;$! )-)(&;$.#/#%*$0$! /(#;&:L;!

)$%#/*0!i:/0#*#*$'!&E!CL!\&:(2!C$!E&%O$2!3>/C($!XT!$0#%-!PP5F!?!'*O*(/%!#%$02!\/'!

&C'$%+$2!E&%!&#;$%!'#-%$0$'!3>/C($!XT!$0#%*$'!P_!I!PX5F!f*0/((-T!*#!\/'!E&:02!#;/#!

*0)%$/'*0L! #;$! /O&:0#! &E! /(d$0$! \&:(2! .%$+$0#! /0-! E&%O/#*&0! &E! CLT! \;*($!

*O.%&+*0L! #;$! %$/)#*&0!&:#)&O$! 3>/C($!XT! $0#%-!PS5F!>;$! %$/)#*&0! #$O.$%/#:%$!

\/'!E*0/((-!*0)%$/'$2!#&!SY!t,!/'!$($)#%&062$E*)*$0#!'#-%$0$'!2*2!0&#!%$/2*(-!%$/)#!

/#!XQ!t,!/02!#;$!&.#*O/(!)&02*#*&0'!/%$!/'!2$')%*C$2!C-!>/C($!XT!$0#%-!PZF!

!

")=$O$,B@LH!?!'$)&02!)-)(&.%&./0/#*&0!($/2*0L!#&!/0!*0'$./%/C($!C-.%&2:)#F!

":%.%*'$2! C-! #;$! 2*EE$%$0)$! *0! &.#*O/(! )&02*#*&0'! )&O./%$2! #&! #;$! .%$+*&:'!

\&%dT! #;$! '#-%$0-(6)-)(&;$.#/#%*$0$! \/'! /('&! #$'#$2! :02$%! '$+$%/(! )&02*#*&0'!

:'*0L! /! 2*EE$%$0#! /(d$0$! 3>/C($! S5F! 40#$%$'#*0L(-T! '*O*(/%! /'! E&%! #;$! *'&)%&#-(!

':C'#%/#$T! &0(-! /! O*0:#$! i:/0#*#-! &E! .%&2:)#! \/'! &C'$%+$2! /#! RPQ! t,! *0! <,BF!

<$'.*#$! #;*'! '$#6C/)dT! #;$! -*$(2! \/'! /L/*0! %$)&+$%$2! C-! (&\$%*0L! #;$! %$/)#*&0!

OAc
OAc

A (5 mol%)
EtOAc
75 ºC

+

43a 74a 75



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! R_S!

#$O.$%/#:%$!#&!SY!t,!3>/C($![T!$0#%*$'!R!I!_5F!>;$!&:#)&O$!\/'!*O.%&+$2!'(*L;#(-!

C-! );/0L*0L! #&! $#;-(! /)$#/#$! /'! '&(+$0#! 3>/C($! [T! $0#%-! c5T! /02! )/#/(-'#!R! \/'!

';&\0!#&!/('&!C$!#;$!C$'#!)/#/(-'#!3>/C($![T!$0#%*$'!Y!I!Z5F!

a2D($,CH!=.#*O*7/#*&0!&E!%$#%&69:);0$%`)-)(&.%&./0/#*&0!)&02*#*&0'!E&%!GJ)F!

!
, a$O1$%2#<%$, "&(+$/#, 82#2(0'#, S<#)&O$2,

R! RPQ!t,! <,B! R!Yz! Xz!

P! SY!t,! <,B! R!Yz! XZz!

_! cQ!t,! <,B! R!Yz! _z!

G, CL,c8, U#SR), R,Lb, CLb,

Y! SY!t,! B#=?)! ;!Yz! _Zz!

X! SY!t,! B#=?)! 8!Yz! 6!

S! SY!t,! B#=?)! V!Yz! 6!

Z! SY!t,! B#=?)! U!Yz! Rcz!

,-)(&;$.#/#%*$0$!GJ)!3RFQ!$i:*+5T!'#-%$0$!JMD!3RFY!$i:*+5!\*#;!)/#/(-'#!3Y!O&(z5!*0!L*+$0!'&(+$0#!
/#! L*+$0! #$O.$%/#:%$! E&%! RP! ;F! /! <$#$%O*0$2! C-! RA! pG8! \*#;! 2*.;$0-(O$#;/0$! /'! *0#$%0/(!
'#/02/%2F!

f&%!#;$!'#-%$0-(!)-)(&;$.#/#%*$0$'T!&0(-!&0$!2*/'#$%$&O$%!)&:(2!C$!*2$0#*E*$2!C-!
RA!pG8T!/02!1,6f4<!;/2!#&!C$!:'$2!#&!)&0E*%O!#;$!2*/'#$%$&'$($)#*+$!%/#*&T!\;*);!

\/'! /'! ;*L;! /'! Z_^R! *0! #;$! )/'$! &E!CBDF!G:);! #&! &:%! ':%.%*'$T! /02! &..&'$2! #&!

\;/#!\$!;/2!.%$+*&:'(-!%$.&%#$2T! #;$!pG8!2/#/!&E! #;$!O/]&%!2*/'#$%$&O$%! E&%!

CBD!'$$O$2!#&!O/#);!#&!#;$!@+,GT!%/#;$%!#;/0!#;$!%$#-,6*'&O$%F!>;*'!E*02*0L!\/'!

':..&%#$2! C-! #;$! (*#$%/#:%$FPYS!>;$!O/]&%! *'&O$%'! E&%! C&#;!CBD! /02!CG2! \$%$!

:0/OC*L:&:'(-!2$#$%O*0$2!#&!C$!#;$!@+,6*'&O$%!C-!P<!pG8!/02!n6%/-!2*EE%/)#*&0!

3f*L:%$!RZ5F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PYS!! k:&T!1F!AFu!A$(i:*'#T!DFu!k$%C$%T!8F!,F!X$:#-01'%#((+@,!BMKGT!dT!ZQX6ZQZF!

HH

Ph
Ph

CH3
+

solvent, temp
 12 h

cat. (5 mol%)

43c 39b 71b

CH3



7A52,(9.IC.

!R_Z!

!

F*[<%$,BKH!=8>BD!%$.%$'$0#/#*&0!&E!#;$!O/]&%!*'&O$%!E&%!CBD!/02!CG2T!%$.%$'$0#$2!
\*#;!YQz!.%&C/C*(*#-!&E!#;$!#;$%O/(!$((*.'&*2'F!

<%0S0&$0+0,%#U0!$W.%Z0$#$!&'!U#.W+,W,+&(S&(-.0$!*W!T&+VL;MN,-%-+W$#$!

A/+*0L! $'#/C(*';$2! /! )&0+$0*$0#! O$#;&2! E&%! #;$! '-0#;$'*'! &E! 2*EE$%$0#!

)-)(&;$.#/#%*$0$! 2$%*+/#*+$'T! #;$! ')&.$! /02! (*O*#/#*&0! %$L/%2*0L! #;$!

':C'#*#:#*&0'!&E! #;$!)-)(&;$.#/#%*$0$'!/02!/(d$0$'!\$%$! *0+$'#*L/#$2! 3>/C($!Z5F!

>;$! *0#$%O&($):(/%! %$/)#*&0! &E! )-)(&;$.#/#%*$0$! GJ)! \*#;! /! +/%*$#-! &E! 0$%<06T!

1'%#6T! /02! 8#$#6':C'#*#:#$2! '#-%$0$'! L/+$! #;$! )&%%$'.&02*0L! )-)(&.%&./0$'!

CB2-<! *0! O&2$%/#$! #&! ;*L;! -*$(2'! \*#;! $e)$(($0#! @+,G'$($)#*+*#*$'F! B($)#%&06%*);!

'#-%$0$'!\$%$T! *0! L$0$%/(T! '(*L;#(-!C$##$%! ':C'#%/#$'! E&%! #;$! %$/)#*&0! /02! ($2! #&!

;*L;$%!-*$(2'!&E!CBDT!CB4T!CB=T!/02!CBXT!\;$%$/'!$($)#%&06.&&%!/%$0$'!%$/)#$2!

O&%$!'(&\(-!($/2*0L!#&!(&\$%!-*$(2'!&E!CB2T!CBQT!CBTT!/02!CB&F!f:0)#*&0/(!L%&:.'!

':);!/'!/(2$;-2$'! 3CBO! /02!CB'5T! $'#$%'! 3CB*6T5T! /02!0*#%&!L%&:.'! 3CB25!\$%$!

\$((! #&($%/#$2T! /'! \$%$! /%-(! ;/(*2$'! 3CB$! /02! CB[5F! <*':C'#*#:#$2! ~6'#-%$0$'!

%$/)#$2! $EE*)*$0#(-! #&! L*+$! )-)(&.%&./0$'! CB+6hT! /(C$*#! \*#;! /! (&\$%!

'#$%$&'$($)#*+*#-!*0!#;$!E&%O$%!)/'$F!?22*0L!&0$!3CBP5!&%!#\&!3CB05!':C'#*#:$0#'!

#&!#;$!�6.&'*#*&0!&E!#;$!'#-%$0$!%$':(#$2!*0!/!2$)(*0$!&E!#;$!-*$(2F!b;$0!&0$!&E!#;$!

�6':C'#*#:$0#'! *'! #$#;$%$2! #&! #;$! '#-%$0$T! #;$! (&''! *0!-*$(2! *'!i:*)d(-! %$)&+$%$2T!

L*+*0L! %*'$! #&! #;$! '-.06#%*)-)($'! CB9624! *0! L&&2! -*$(2'T! $''$0#*/((-! /'! '*0L($!

2*/'#$%$&O$%F!"#*(C$0$'!\$%$!#&($%/#$2!/'!':C'#%/#$'T!/(#;&:L;!($/2*0L!#&!'(*L;#(-!

%$2:)$2!-*$(2!E&%!CB2$62QF!

,%-'#/('!':*#/C($!E&%!n6%/-!2*EE%/)#*&0!/0/(-'*'!\$%$!&C#/*0$2!E&%!'&O$!.%&2:)#'F!

b*#;!#;$!;$(.!&E!#;$'$!'/O.($'T!/!1=B"a!pG8!$e.$%*O$0#!\/'!2$'*L0$2T!\;*);!

/((&\$2!:'!#&!2$#$%O*0$!#;$!)&0E*L:%/#*&0!&E!#;$!O/]&%!*'&O$%!E&%!$/);!.%&2:)#!

\;$%$! /! O*e#:%$! &E! 2*/'#$%$&O$%'! \/'! &C'$%+$2F! ?0! $e/O.($! &E! #;$! 1=B"a!

$e.$%*O$0#! E&%! CBD! *'! ';&\0! *0! f*L:%$! R[T! E&%! \;*);! #;$! )&0E*L:%/#*&0! \/'!

)&%%&C&%/#$2!C-!n6%/-!)%-'#/((&L%/.;-F!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! R_[!

a2D($,KH!"#$%$&'$($)#*+$!'-0#;$'*'!&E!@+,6/%-(6+*0-()-)(&.%&./0$'F!

!

,-)(&;$.#/#%*$0$!GJ)!3RFQ!$i:*+5T!/(d$0$!JM!3RFY!$i:*+5!\*#;!)/#/(-'#!R!3Y!O&(z5!*0!B#=?)!SY!t,!
E&%!RP6Pc!;F!/!P!$i:*+!&E!'#-%$0$!:'$2F!C!8$(/#*+$!)&0E*L:%/#*&0!)&0E*%O$2!C-!n6%/-!)%-'#/((&L%/.;-F!
)!_!$i:*+!&E!'#-%$0$!:'$2F!

p=B! )&%%$(/#*&0'! )/0! C$! '$$0! C$#\$$0! A)! /02! A$T! A)! /02! AET! /02! AE! /02! A$T!

\;$%$/'!A)! /02!AE! 2&! 0&#! ';&\! /! )&%%$(/#*&0!\*#;!A2T!\;*);! /%$! #;$! $e.$)#$2!

*0#$%/)#*&0!E&%!/0!'-.06)-)(&.%&./0$F!?22*#*&0/(!*0#$%/)#*&0'!\*#;!/02!C$#\$$0!

R

H H

Ph

H H

Ph

H H

Ph R

R  = H
R = Me
R = Cl
R = CF3
R = F
R = OMe
R = OAc
R = CO2Me
R = tBu
R = Ph

65%, d.r. >20:1a

69%, d.r. >20:1
75%, d.r. >20:1
59%, d.r. 19:1
65%, d.r. >20:1 
70%, d.r. 15:1
68%, d.r. 19:1
54%, d.r. >20:1
70%, d.r. >20:1
83%, d.r. >20:1

71ca

71da

71ea

71f
71g
71h
71i
71j
71k
71l

R

R = NO2
R = Me
R = CHO
R = Br
R = CF3

47%, d.r. >20:1
75%, d.r. >20:1
72%, d.r. >20:1
56%, d.r. >20:1
52%, d.r. >20:1

71a
71bb

71m
71na

71o

71p
71q
71rc
71s

R = Me
R = F
R = Br
R = CHO

65%, d.r. >20:1
60%, d.r. >20:1
71%, d.r. >20:1
47%, d.r. >20:1

H

Ph

X

71aca

71ada
X = CH2
X = O

50%, d.r. >20:1
56%, d.r. >20:1

H

Ph

H R

Ph

H

H

R

H

H H

Ph Me

Me

Me

H H

Ph

71t 47%, d.r. >20:1 71u 73%, d.r. >20:1

R = Me
R = Ph

73%, d.r. 5:1
73%

71v
71w

71za

71aa
85%, d.r. >20:1
66%, d.r. >20:1

H

Ph

H

H

71ab 71%, d.r. >20:1

Br

R = H
R = Me

Ar
HH

PhPh
Ar+

A (5 mol%)
EtOAc, 75 ºC

12-24 h43c 39 71

H

Ph

R = H
R = Me

45%, d.r. 3:1
35%, d.r. 8:1

71x
71y

RMe
H

H

Ph

R = H
R = OMe

52%
47%

71ae
71af

H

R

R



7A52,(9.IC.

!RcQ!

#;$!':C'#*#:$0#'!E:%#;$%!)&0E*%O!#;$!'#%:)#:%$F!f&%!&#;$%!)&O.&:02'T!#;$!1=B"a!

2/#/!*'!';&\0!*0!#;$!$e.$%*O$0#/(!'$)#*&0F!

!

F*[<%$,BMH!<$#$%O*0/#*&0!&E!#;$!O/]&%!*'&O$%!E&%!CBD!C-!1=B"a!pG8!/0/(-'*'F, !



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RcR!

<*EE$%$0#!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!/EE&%2$2!+*0-()-)(&.%&./0$'!\*#;!L&&2!#&!

$e)$(($0#!@+,6'$($)#*+*#*$'! 3>/C($![5F!>;$!0/#:%$!&E! #;$!/%&O/#*)! ':C'#*#:$0#!;/2!

(*##($! $EE$)#! &0! #;$! %$/)#*&0! &:#)&O$T! $e)$.#! E&%! #;$! 86O$#;&e-! ':C'#*#:#$2!

)&O.&:02! CG2! \;$%$! C&#;! /! (&\$%! -*$(2! /02! (&\$%! '#$%$&'$($)#*+*#-! \$%$!

&C#/*0$2F! <*':C'#*#:#$2! /(d$0$'! \$%$! /('&! \$((! #&($%/#$2! C:#! ($2! #&! (&\$%!

'$($)#*+*#*$'F!!

a2D($,MH!,-)(&.%&./0/#*&0!\*#;!2*EE$%$0#!)-)(&;$.#/#%*$0$!':C'#%/#$'F,

!

,-)(&;$.#/#%*$0$!GJ!3RFQ!$i:*+5T!/(d$0$!JK!3RFY!$i:*+5!\*#;!)/#/(-'#!R!3Y!O&(z5!*0!B#=?)!SY!t,!
E&%!RP6Pc!;F!/!8$(/#*+$!)&0E*L:%/#*&0!)&0E*%O$2!C-!n6%/-!)%-'#/((&L%/.;-F!C!=C#/*0$2!\*#;!/(d$0$!P!
/'!*O.:%*#-u!-*$(2!2$#$%O*0$2!\*#;!#;$!/*2!&E!RA!pG8F!

R

R

H

H

Ph

HH H

Me

OMe

MeO

H H

Me

H H

Me

H H

MeO

Ar
HH

R1R1
Ar+

R2

R2

R = OMe
R = Ac
R = CF3
R = Br

48%, d.r. 12:1
87%, d.r. >20:1
79%, d.r. 17:1
85%, d.r. >20:1

74a
74b
74c
74d

76%, d.r. >20:174ia69%, d.r. >20:174f

69%, d.r. 9:174g

70%, d.r. 6:174h

43 38 74

R = H
R= OAc
R = Me
R = Cl2
R = CF3

45%, d.r. n.d
86%, d.r. n.d
47%, d.r. n.d
56%, d.r. n.d
38%, d.r. n.d

74kb
74lb
74mb

74nb
74ob

H H

MeN
R

R = Bna
R = Bocb

R = Tsc

n.r.
n.r.
n.r.

74p
74q
74r

H H

83%, d.r. 9:174jb

OAc

A (5 mol%)
EtOAc, 75 ºC

12-24 h

H H

Ph

64%, d.r. >20:174e



7A52,(9.IC.

!RcP!

f&%! #;$! #%*6O$#;-(! ':C'#*#:#$2!/(d$0-(!2$%*+/#*+$'!CGX6&T! *#!\/'!0&#!.&''*C($! #&!

&C#/*0!#;$!.%&2:)#!)&O.($#$(-!E%$$!E%&O!/(d$0$!JKT!#;$%$E&%$!#;$!%$.&%#$2!-*$(2'!

/%$!)&%%$)#$2!C-!':C#%/)#*&0!&E!#;$!*O.:%*#-!/'!2$#$%O*0$2!C-!RA!pG8!E%&O!#;$!

'#-%$0$`.%&2:)#!O*e#:%$F!

?!.&''*C($!$e.(/0/#*&0!E&%!#;$!.&&%!%$/)#*+*#-!&E!GJ$!#&!E&%O!CG2!)/0!C$!E&:02!*0!

#;$! C%*L;#! %$2! )&(&%! 2:%*0L! #;$! %$/)#*&0T! \;$%$/'! /((! &#;$%! %$/)#*&0'! ;/+$! /!

0$/%(-!)&(&%($''!&%!gL&(2$0h!)&(&%T!\;*);!)&:(2!':LL$'#!#;$!E&%O/#*&0!&E!/!;*L;$%!

)&0)$0#%/#*&0!&E!%$(/#*+$(-!'#/C*(*7$2!/02!#;$%$E&%$!($''!%$/)#*+$!L&(2345!)/%C$0$!

*0#$%O$2*/#$F! f}%'#0$%! /02! )&6\&%d$%'! *'&(/#$2! /! '#%:)#:%/((-! '*O*(/%! L&(2!

)/%C$0$! )&O.($e!CNFPYZ!<:$! #&! #;$! .&\$%E:(! $($)#%&062&0/#*0L! ':C'#*#:$0#'! &0!

#;$! )/%C$0$T! #;$! *'&(/#$2! )&O.($e! %$'$OC($'! O&%$! #;/#! &E! /! L&(26'#/C*(*7$2!

)/%C&)/#*&0T!)/:'*0L!#;$!C%*L;#!%$2!)&(&%!&E!#;$!)&O.&:02F!>;$!*0#$%O$2*/#$!e66!

*0! #;$! %$/)#*&0! &E! 86O$#;&e-! ':C'#*#:#$2! GJ$! :02$%L&$'! '*O*(/%! '#/C*(*7/#*&0T!

/(C$*#! #&! /! ($''$%! $e#$02T! \;*);! )&:(2! )/:'$! /! O&%$! )/%C&)/#*&06(*d$! C$;/+*&%!

($/2*0L! #&! /! %$2:)$2! )/%C$0$6(*d$! %$/)#*+*#-! 3f*L:%$! PQ5F! >;$! *0#$%O$2*/#$'!

E&%O$2! E%&O! &#;$%! )-)(&;$.#/#%*$0$! 2$%*+/#*+$'!e666! 2&! 0&#! C$0$E*#! E%&O! ':);!

'#/C*(*7/#*&0! /02! 2*'.(/-! /!O&%$! )/%C$0$6(*d$! %$/)#*+*#-! ($/2*0L! #&! L&&2! -*$(2'F!

1&(2! )&O.($e! CC! *'&(/#$2! C-! "#%/:C! ;/'! /! '#%&0L! )/%C$0$! );/%/)#$%! /02! /0!

$O$%/(2! )&(&%! /'! &..&'$2! #&! #;$! C%*L;#! .*0d! )&(&%! &E! #;$! :0'#/C*(*7$2!

2*O$'*#-($0$O$#;/0$!)/#*&0FPY[!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PYZ!! b$%(WT!,Fu!1&22/%2T!8Fu!f}%'#0$%T!?F!J-:'4A!L<'1A!3-%A!O.A!@ABLT!g_T!RYcYP6

RYcYXF!
PY[!! A:''&0LT!GF!bFu!8&O*0L$%T!fFu!k%áO$%T!DFu!"#%/:CT!9F!fF!J-:'4A!L<'1A!3-%A!O.A!

@ABGT!gdT![_SP6[_SYF!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! Rc_!

!

F*[<%$,@AH!,&0#*0::O!&E!L&(26'#/C*(*7$2!)/#*&0'!#&!L&(2!)/%C$0$'!/02!#;$*%!)&(&%'F!

@#.W+N-X#.&,W,+&(S&(-.0$!

?O*0&)-)(&.%&./0$'! /%$! /! ./%#*):(/%(-! /##%/)#*+$! '-0#;$#*)! #/%L$#! 2:$! #&! #;$*%!

+/(:$! /'! 2&0&%6/))$.#&%! )-)(&.%&./0$'! /'! '-0#;$#*)! *0#$%O$2*/#$'PXQ!/02! #;$*%!

:'$! /'! C:*(2*0L! C(&)d'! E&%! O$2*)*0/(! );$O*'#%-F PXR !b$! E&:02! #;/#! ]6

+*0-(.;#;/(*O*2$!3CK5!%$/)#$2!$EE*)*$0#(-!:02$%!&:%!%$/)#*&0!)&02*#*&0'!#&!E&%O!

#;$! )&%%$'.&02*0L! /O*0&)-)(&.%&./0$! CMF! >;$! %$/)#*&0! \*#;! 2*EE$%$0#!

)-)(&;$.#/#%*$0$!2$%*+/#*+$'!GJ!L/+$! #;$!)&%%$'.&02*0L!)-)(&.%&./0$!.%&2:)#'!

*0! L&&2! -*$(2'T! E&((&\*0L! #;$! '/O$! #%$02! /'! &C'$%+$2! E&%! #;$! %$/)#*&0! \*#;!

'#-%$0$'! 3>/C($! RQ5F! >;$! 2*/'#$%$&'$($)#*+*#*$'! &0! #;$! &#;$%! ;/02T! \$%$!

'*L0*E*)/0#(-! (&\$%! )&O./%$2! #&! &:%! $/%(*$%! %$':(#'F! 40! #;$! )/'$! &E! CM[-*T! #;$!

%$#-,6*'&O$%!\/'!*'&(/#$2!/'!#;$!O/*0!.%&2:)#F!=\*0L!#&!#;$!;*L;$%!.&(/%*#-T!#;$!

2*/'#$%$&O$%'! )/0!C$! '$./%/#$2!C-! '*(*)/! );%&O/#&L%/.;-!/'!2$O&0'#%/#$2! E&%!

CM2T! CMD! /02! CM)T! O$/0*0L! #;/#! 2*/'#$%$&.:%$! /O*0&)-)(&.%&./0$'! )/0! C$!

&C#/*0$2F!

>;$! 1=B"a6pG8! '.$)#%/! ';&\$2! #;$! :0$e.$)#$2! *0+$%'*&0! &E! #;$!

'#$%$&'$($)#*+*#-! E&%! #\&! &E! #;$! ':C'#%/#$'! 3f*L:%$! PR! /02! f*L:%$! PP5F! >;$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PXQ!! ");0$*2$%T! >F! fFu! k/');$(T! jFu! b$%7T! <F! 9F! J-:'4A! L<'1A! 3-%A! O.A! @ABGT! gdT!

YYQc6YYP_F!
PXR!! >/($($T!>F!>F!\A!M'.A!L<'1A!@ABNT!giT!ZSRP6ZSYXF!

L1-3Au

OMe

OMe

L4Au

OMe

L5Au

L4Au

Fürstner, 2015:
Bright red

complex from 43e:
Bright red

other intermediates:
colorless/“golden”

Straub, 2014:
Emerald

carbocation-like carbene-like

L1 = P(Cy)3
L2 =

N O

P
AdAd

P
ArAr

MeO

MeO
L3 =

Ar = 3,5-(CF3)2-C6H3

P
t-But-BuL4 =

N N

Ar
Ar

ArAr

Ar
Ar

ArAr
L5 =

Ar = 4-t-Bu-C6H4

76 XII XIII 77



7A52,(9.IC.

!Rcc!

'$($)#*+*#-!E&%!2*/(d(-(6)-)(&;$.#/#%*$0$!2$%*+/#*+$'!:'$2!#&!&C#/*0!CM[!/02!CM=!

\/'!/(%$/2-!(&\$%!#;/0!*0!#;$!&#;$%!)/'$'!3>/C($![5T!\;*);!($/2'!#&!*0+$%'*&0!&E!

#;$! :':/(! '$($)#*+*#-! \;$0! )&OC*0$2! \*#;! ]6+*0-(.;#;/(*O*2$! /'! /(d$0$!

':C'#%/#$F!

a2D($,BAH!>;$!E&%O/#*&0!&E!/O*0&)-)(&.%&./0$'!E%&O!]6+*0-(.;#;/(*O*2$'F,

!

,-)(&;$.#/#%*$0$!GJ!3RFQ!$i:*+5T!/(d$0$!CK!3RFY!$i:*+5!\*#;!)/#/(-'#!R!3Y!O&(z5!*0!B#=?)!SY!t,!
E&%! RP6Pc! ;F! /! 4'&(/#$2! -*$(2! E&%! %$/)#*&0! &0! RQ! OO&(! ')/($T! PFR! L! *'&(/#$2! \*#;! 2F%F! S^RF! "$$!
$e.$%*O$0#/(!'$)#*&0!E&%!2$#/*('F!C!8$(/#*+$!)&0E*L:%/#*&0!3C&#;!)*'!/02!#%/0'5!)&0E*%O$2!C-!n6%/-!
)%-'#/((&L%/.;-F!)!G/]&%!*'&O$%!2$.*)#$2F!
!
! !

N
H H

R

O

O

N
H H O

O
MeO

OMe
79a
79b
79c
79d
79e

R = H
R = OMe
R = Ac
R = CF3
R = Ph

60%, d.r. 6:175% (74%) , d.r. 6:1
52%, d.r. 6:1
63%, d.r. -
79%, d.r. 10:1
69%, d.r. 2.6:1

N
H H O

O

59%, d.r. 4.7:1
43%, d.r. n.d.d

N
H H

73%, d.r. 1.2:1
O

O

O

79f

79gc

79h 79ic

NPhth
HH

R1R1
NPhth+

R2

R2
43

b

a

R

R = H
R = Me

A (5 mol%)
EtOAc, 75 ºC

12-24 h
R3 78 79



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RcY!

!

!

!

F*[<%$,@BH!<$#$%O*0/#*&0!&E!O/]&%!*'&O$%!E&%!CM[!C-!1=B"a!/0/(-'*'!F!

! !

79g



7A52,(9.IC.

!RcX!

!

!

F*[<%$,@@H!<$#$%O*0/#*&0!&E!O/]&%!*'&O$%!E&%!CM*!C-!1=B"a!/0/(-'*'!

! !

79i



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RcS!

"#X#%-%#&.$!&'!%Z0!U#.W+,W,+&(S&(-.-%#&.!

>;$!')&.$!\/'!L$0$%/((-!(*O*#$2!#&!$($)#%&06%*);!/(d$0$'!#;/#!&EE$%!'&O$!E&%O!&E!

)&0]:L/#*&0F!A&\$+$%T!'&O$!*0#$%$'#*0L!.%&2:)#'!\$%$!&C#/*0$2!E%&O!':C'#%/#$'!

&:#'*2$!#;*'!)(/''T!':);!/'!+*0-(!/)$#/#$!/02!%'$%6C:#-(!+*0-(!$#;$%!3");$O$!RPX5T!

/(C$*#! *0! (&\!-*$(2F!,&O.&:02!KB2!)&:(2!0&#!C$!)&O.($#$(-!'$./%/#$2!E%&O!#;$!

)&%%$'.&02*0L! /(d$0$T! \;*($! KBD! \/'! 0&#! *'&(/#$2F! f:%#;$%! $e.(&%/#*&0! &E! #;$!

)-)(&.%&./0/#*&0! &E! :0/)#*+/#$2! /(d$0$'! *'! ;*L;(-!\&%#;\;*($! /'! #;$! ')&.$! E&%!

L&(23456)/#/(-7$2!)-)(&.%&./0/#*&0!%$/)#*&0'!*'!'#*((!+$%-!(*O*#$2FPXP!

!

")=$O$,B@NH!,&O.&:02'!&C#/*0$2!#;/#!/%$!&:#'*2$!#;$!L$0$%/(!')&.$F!

a$#T! &#;$%! )&O.&:02'! %$O/*0$2! )&O.($#$(-! :0%$/)#*+$! :02$%! #;$! %$/)#*&0!

)&02*#*&0'! ;&\$+$%T! ':);! /'! ~T�6:0'/#:%/#$2! d$#&0$'!K@T! *02&($'!KGT! &%! +*0-(6

C&%&0/#$'!KN! 3");$O$!RPS5F!,&O.($O$0#/%-!O$#;&2'!$e*'#! #&!C:*(2!:.!'*O*(/%!

')/EE&(2'T!':);!/'!j&;0'&06,&%$-6,;/-d&+'d-!%$/)#*&0!&%!&#;$%!-(*2!);$O*'#%-!E&%!

~T�6:0'/#:%/#$2!d$#&0$'FPX_!>;$!%;&2*:O!&%!./((/2*:O!)/#/(-7$2!2$)&O.&'*#*&0!

&E! 2*/7&! )&O.&:02'! *'! %$.&%#$2! E&%! *02&($'ZRTZP! /02! +*0-(! C&%&0/#$'F PXc!

":%.%*'*0L(-T! /0! $e/O.($! \/'! ! /)#:/((-! %$.&%#$2! E&%! #;$! )-)(&.%&./0/#*&0! &E!

*02&($!:'*0L!#;$!j&;0D;&'6L&(2!)&O.($e!R!/'!)/#/(-'#FPXY!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PXP!! H*/0T!<Fu!v;/0LT!jF!L<'1A!C0@A!f'>A!@ABLT!__T!XSS6X[ZF!
PX_!! /5!@*/&T!bF6bFu!@*T!kFu!>/0LT!aF!\A!J1A!L<'1A!C0@A!@AAJT![QgT!R_Q_Q6R_Q_RF!C5!

<$0LT!nF6GFu!,/*T!DFu!a$T!"Fu!":0T!nF6@Fu!@*/&T!bF6bFu!@*T!kFu!>/0LT!aFu!b:T!aF6<Fu!
</*T!@F6nF!\A!J1A!L<'1A!C0@A!@AANT![QhT![S_Q6[ScQF!)5!B2\/%2'T!GF!1Fu!D/e#&0T!
8F!jFu!D:L;T!<F!"Fu!b;*#\&&2T!?F!,Fu!>/-(&%T!8F!jF!kF!C9-%<',+,!@AAKT!QZZhT!_PS[6
_PZZF!25!@*0T!"Fu!@*T!GFu!<&0LT!vFu!@*/0LT!fFu!v;/0LT!jF!X$:A!"+010(A!L<'1A!@ABGT!
[QT!R_cR6R_YQF!

PXc!! /5!BF!?F!@:*#;($T!jFu!D*$#%:'7d/T!jFu!b*##T!?F!L<'1A!L0115-A!BMMKT!PXYR6PXYPF!
C5!G/%dMT!4F!BFu!k:O/O&#&T!>Fu!1*/%2T!>F!J.>A!C9-%<A!L#%#(A!@AA@T!d__T!RQX_6
RQXSF!)5!1*((*'T!BF!DFu!9:%d$T!GF!<F!\A!J1A!L<'1A!C0@A!@AACT![QiT!XSRX6XSRSF!

PXY!! /5!b:T!jFu!9$)$%%*(T!jFu!@*/0T!aFu!</+*$'T!AF!GF!@Fu!D&%)&T!jF!?Fu!D/0$dT!jF!"F!J-:'4A!
L<'1A!3-%A!O.A!@ABBT!gZT!Y[_Z6Y[cPF!C5!f%/*($T!jF!GFu!@$!j$:0$T!kFu!G/-&%/(T!jF!
?Fu! 8/+/'*&T! pFu! v/));$%*/T! fF!X$:A! "+010(A! L<'1A! @ABJT! [[T! c_PS6c__PF! )5!
4iC/(T!pFu!".$%L$%T!,F!?Fu!f*d'2/;(T!?F!O5$A!\A!X$:A!L<'1A!@ABJT!QZ[dT![QS6[RcF!

81a: R1 = Ph, R2 = H, R3 = OAc (30%)
81b: R1 = R2 = Me, R3 = OtBu (9%)

R3
HH

R1R1
R3+

A (5 mol%)
EtOAc, 75 ºC

12-24 h43 80 81

R2

R2



7A52,(9.IC.

!RcZ!

!

")=$O$,B@CH!w0%$/)#*+$!':C'#%/#$'!:02$%!#;$!'#/02/%2!%$/)#*&0!)&02*#*&0'F!

p&#\*#;'#/02*0L! *#'! (*O*#/#*&0'T! #;*'! O$#;&2! 2*'#*0L:*';$'! *#'$(E! /'! #;$! &0(-!

.%/)#*)/(! )/#/(-#*)!O$#;&2! #;/#!2&$'!0&#! %$i:*%$!/! '$)&02!'#/C*(*7*0L!O&*$#-!&0!

#;$! )/%C$0$! )$0#$%F! G&%$&+$%T! &:%!O$#;&2! *'! :0*i:$! *0! C$*0L! /C($! #&! *0'#/((! /!

\*2$!+/%*$#-!&E!+*0-(*)!O&*$#*$'!#&!&0(-!/!'(*L;#!$e)$''!&E!/(d$0$F!

40! &%2$%! #&! E*02! /! L$0$%/(! '#%/#$L-! #&! '-0#;$'*7$! ;*L;(-! +$%'/#*($!

+*0-()-)(&.%&./0$'! #;$!:'$!&E! %$#-,6P6PTcTX6)-)(&;$.#/#%*$0$!+*0-(!C&%&0*)! /)*2!

G4<?! $'#$%! 3KK25! \/'! )&0'*2$%$2! /'! /! ':C'#%/#$! 3");$O$! RPZ5F! >;$! '(*L;#!

$($)#%&062&0/#*0L!.%&.$%#*$'!&E! #;*'!C&%&0*)!$'#$%!\&:(2!$0;/0)$!#;$!%$/)#*+*#-!

/'!'$$0!*0!#;$!$e/O.($'!&E!>/C($!ZFPXX!G&%$!*O.&%#/0#(-T!#;$!.%&2:)#!\&:(2!;/+$!

/!;/02($!E&%! E:%#;$%!E:0)#*&0/(*7/#*&0T!\;*);T!:0(*d$!&#;$%!C&%&0!)&O.&:02'T! *'!

:0(*d$(-!#&!':EE$%!E%&O!/:%&62$C&%-(/#*&0FPXS!

!

")=$O$,B@KH!D%&.&'$2!L&(23456)/#/(-7$2!)-)(&.%&./0/#*&0!#&!E&%O!;*L;(-!+$%'/#*($!
)-)(&.%&./0$'T!E&((&\$2!C-!E:0)#*&0/(*7/#*&0!+*/!":7:d*!)&:.(*0LF!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PXX!! @$00&eT!?F!jF!jFu!@(&-26j&0$'T!1F!,F!L<'1A!C0@A!f'>A!@ABGT!_dT!cRP6cc_F!
PXS!! 9/%d$%T!1Fu!b$C'#$%T!"Fu!j&;0'&0T!<F!1Fu!,:%($-T!8Fu!?02%$\'T!GFu!a&:0LT!DF!,Fu!

G/)L%$L&%T!"F!?Fu!@$$T!?F6@F!\A!X$:A!L<'1A!@ABLT!hZT![ZQS6[ZRXF!

N

R

Pg
N

R

Pg

Ph

R = H or OMe
Pg = Me, Boc

OOB

N

O O
OOB

N

O O
Ph

PhPh

O

Ph

Ph

O Ph

A (5 mol%)
EtOAc, 75 ºC

12-24 h

A (5 mol%)
EtOAc, 75 ºC

12-24 h

A (5 mol%)
EtOAc, 75 ºC

12-24 h

Ph
43c

+

Ph
43c

+

Ph
43c

+

82 83

84 85

86 87

O O B

N

OO

A

R1

O O B
N

OO

R1

R2

R1

Suzuki 
coupling

88a 89 90



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! Rc[!

B'#$%! KK2! )&:(2! 0&#! C$! &C#/*0$2! C-! #%$/#O$0#! \*#;! -GC:#-(! (*#;*:O! &E! $*#;$%!

%$#-,6P6C%&O&! 3MB5! &%! $#;-0-(! C&%&0*)! /)*2! G4<?! $'#$%! 3M@5T! E&((&\$2! C-!

/22*#*&0!&E!#%&.-(*:O!#$#%/E(:&%&C&%/#$!3");$O$!RP[5F!

!

")=$O$,B@MH!?##$O.#$2!'-0#;$'*'!&E!G4<?6C&%&0*)6$'#$%6':C'#*#:#$2!)-)(&;$.#/#%*$0$!
%$/L$0#F!

?0! /(#$%0/#*+$! /..%&/);! .%&+$2! O&%$! ':))$''E:(! 3");$O$! R_Q5F! "#/%#*0L! E%&O!

$#;-0-(O/L0$'*:O! C%&O*2$T! :'*0L! /! O$#;&2! *0'.*%$2! C-! k0&);$(r'! \&%dTPXZ!

$#;-0-()-)(&;$.#/#%*$0$! 3ML5! \/'! &C#/*0$2! *0! L&&2! -*$(2F! A-2%&7*%)&0/#*&0!

E&((&\$2! C-! #%/0'O$#/((/#*&0! /EE&%2$2! #;$! )-)(&;$.#/#%*$0$6+*0-(C&%&0*)! /)*2!

.*0/)&(!$'#$%!3KKD5!*0!O&2$%/#$!-*$(2F!?E#$%!'#%&0L!;$/#*0L!&E!#;$!.*0/)&(!C&%/#$!

*0!<G"=! *0! #;$! .%$'$0)$! &E!]6O$#;-(! /O*0&2*/)$#*)! /)*2T!G4<?! $'#$%!KK2!\/'!

E&%O$2F!!

! !

")=$O$,BJAH!?(#$%0/#*+$!%&:#$!#&!G4<?!C&%&0*)!$'#$%!)&0#/*0*0L!)-)(&;$.#/#%*$0$!
%$/L$0#'F!

>;$! *'&(/#*&0! &E! #;*'! )&O.&:02! .%&+$2! +$%-! 2*EE*):(#T! /02! 2$'.*#$! &C#/*0*0L! /!

'O/((! i:/0#*#-! &E! C%&\0! )%-'#/('! ':*#/C($! E&%! n6%/-! 2*EE%/)#*&0! /0/(-'*'T! #;$!

);/%/)#$%*7/#*&0!\/'! )&O.(*)/#$2! /'! \$((F! >;$! n6%/-! /0/(-'*'! ';&\$2! /! ;*L;(-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PXZ!! k%/'&+'d*-T!?Fu!k0&);$(T!DF!J-:'4A!L<'1A!3-%A!O.A!@AAGT!_dT!____6___XF!

O O B

N

OO Br

1. tBuLi, -110 ºC, 1h
2. tropylium BF4-, to rt

THF/Et2O,
14 h

O O B

N

OO

O O B

N

OO
H

1. tBuLi, -110 ºC, 1h
2. tropylium BF4-, to rt

THF/Et2O,
14 h

O O B

N

OO

91 88a

92 93

MgBr
LiCl, 

tropylium BF4-

THF, -78 ºC,
68%

H

[Cp2Zr(H)Cl]
HB(pin)

Et3N, 60 ºC,
16 h, 
45%

BO

O

HO N OH

O O

DMSO, 110 ºC,
14 h
9%

B

88b

O

O O O B

N

OO

94 95 88b

88a



7A52,(9.IC.

!RYQ!

2*'#&%#$2! '#%:)#:%$! E&%! #;$! )-)(&;$.#/#%*$0$! 3f*L:%$! P_5T! /02! \;*($! #;$! G4<?!

'*L0/('! *0! #;$! RA! pG8! /%$! )($/%T! #;$! %$O/*02$%! &E! #;$! '*L0/('! ':LL$'#$2! #;$!

.%$'$0)$!&E!/!O*e#:%$!&E!)&O.&:02'F! 4#! *'!+$%-! (*d$(-!#;/#!/!O*e#:%$!&E!.&''*C($!

2&:C($6C&02! *'&O$%'! E&%! #;$! )-)(&;$.#/#%*$0$! *'! E&%O$2! :02$%! #;$! /)*2*)!

)&02*#*&0'T!/*2$2!C-! #;$!$($)#%&06%*);!C&%&0!'.$)*$'! #;/#! *'!)&0]:L/#$2! #;%&:L;!

#;$!{6'-'#$OF!

! !

F*[<%$,@JH!,a@+*$\!2$.*)#*&0!&E!KK2T!%$.%$'$0#$2,\*#;!YQz!.%&C/C*(*#-!&E!#;$!#;$%O/(!
$((*.'&*2'F!b;*($!#;$!G4<?!O&*$#-!)&:(2!C$!%$'&(+$2!\$((T!#;$!)-)(&;$.#/#%*$0$!./%#!;/2!

/!;*L;!2$L%$$!&E!2*'#&%#*&0F!

40! #;$! ;&.$! #&! E*02! /! O*(2$%! O$#;&2! #;/#! \&:(2! /('&! E/)*(*#/#$! *'&(/#*&0T! #;$!

.*0/)&(! C&%&0/#$!\/'! #%/0'E&%O$2! *0#&! #;$!.&#/''*:O! #%*E(:&%&C&%/#$! '/(#!KK)T!

\;*);!2$'.*#$!#%$/#O$0#!:02$%!+/%*&:'!)&02*#*&0'!2*2!0&#!-*$(2!G4<?!C&%&0/#$!

KK2!3");$O$!R_R5F!

!

!

")=$O$,BJBH!?0!/(#$%0/#*+$!/..%&/);!E&%!#;$!E&%O/#*&0!&E!KK2F!

9&#;!#;$!.*0/)&(!C&%&0/#$!KKD!/02!#;$!*O.:%$!G4<?!C&%&0/#$!KK2!\$%$!#$'#$2!

*0!#;$!)-)(&.%&./0/#*&0!%$/)#*&0F!D*0/)&(!C&%&0/#$!KKD!2*2!0&#!-*$(2!#;$!2$'*%$2!

)-)(&.%&./0$T! \;$%$/'! #;$! %$':(#'! E&%! #;$! G4<?! C&%&0/#$! KK2! %$O/*0!

*0)&0)(:'*+$!)&0'*2$%*0L!#;$!)&O.($e*#-!&E!#;$!'.$)#%&')&.*)!2/#/F!

!

KHF2 (4.5 M)
MeOH, r.t., 2 h,

77%
B

88b

O

O KF3B
88c

O O B

N

OO 88a



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RYR!

2&$%N,W,+&(S&(-.-%#&.!V0S#U-%#]-%#&.!

1S&$$!X0%-%Z0$#$!

40! &%2$%! #&! /))$''! E:0)#*&0/(! L%&:.'! #;/#! \&:(2! &#;$%\*'$! C$! C$-&02! #;$!

(*O*#/#*&0'!&E!&:%!O$#;&2T! #;$! E$/'*C*(*#-!&E!:'*0L!)%&''6O$#/#;$'*'!&0!'#-%$0-(6

)-)(&.%&./0$'!\/'!*0+$'#*L/#$2F!?./%#!E%&O!%*0L6)(&'*0L!O$#/#;$'*'PX[!&%!)%&''6

O$#/#;$'*'! &0! #$%O*0/(! +*0-()-)(&.%&./0$'T PSQ !&0(-! /! '*0L($! $e/O.($! &E! /!

)&O./%/C($!%$/)#*&0!\/'!%$.&%#$2FPSR!!

"#-%$0-(6)-)(&.%&./0$'!CB!\$%$!2$#$%O*0$2!#&!C$!/! %98'!d!/(d$0$!/))&%2*0L! #&!

#;$!%$/)#*+*#-6*02$e!C-!1%:CC'T!/'!0&!;&O&!2*O$%*7/#*&0!\/'!&C'$%+$2!:02$%!#;$!

%$/)#*&0! )&02*#*&0'FPSP!>;$! :'$! &E! %98'! d! /(d$0$'! /((&\'! E&%! '$($)#*+$! )%&''!

O$#/#;$'*'!\*#;!%98'![!&%!Q!/(d$0$'!\*#;&:#!#;$!0$$2!&E!/!(/%L$!$e)$''!&E!$*#;$%!

&0$!&E!#;$!/(d$0$'!:'*0L!#;$!'$)&02!L$0$%/#*&0!&E!1%:CC'!)/#/(-'#F!9/'$2!&0!#;$!

%$/)#*+*#-6*02$eT!O$#;-(!C:#$0&/#$!\/'!);&'$0!/'!#;$!*2$/(!/(d$0$!/02!*02$$2!#;$!

%$/)#*&0! .%&)$$2$2! 'O&&#;(-! \*#;&:#! $%&'*&0! &E! #;$! 2*/'#$%$&O$%*)! %/#*&!

3");$O$!R_P5F!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PX[!! /5! 4#&;T!>Fu!G*#':d:%/T!kFu! 4';*2/T!pFu!w0$-/O/T!kF!X$:A!D'%%A!@AAAT!QT!Rc_R6

Rc_cF! C5! 4#&;T! >Fu! 4';*2/T! pFu! G*#':d:%/T! kFu! w0$-/O/T! kF! \A! *(50$+-'! L<'1A!
@AABT![[QT!X_6XZF!)5!>'/0#%*7&'T!aF!"Fu!f$%(/02T!jF6GFu!G),(&%-T!?Fu!D&*%*$%T!GFu!
f/%*0/T! qFu! a$$T! pF! kFu! b/0LT! nF6]Fu! A/22/2T! pFu! b$*T! nFu! n:T! jFu! v;/0LT! @F! \A!
X$:#-01'%A! L<'1A!@AANT! ai[T! YRX_6YRSRF! 25! v$0LT! nFu!b$*T! nFu! f/%*0/T! qFu!
p/.&(*#/0&T!BFu!n:T!aFu!v;/0LT!@Fu!A/22/2T!pFu!a$$T!pF!kFu!1%*0C$%LT!pFu!";$0T!"Fu!
"$0/0/-/d$T! ,F! AF! \A!X$:A!L<'1A!@AANT!c[T! ZZXc6ZZSYF! $5! ";:T! ,Fu! v$0LT! nFu!
A/&T!GF6AFu!b$*T!nFu!a$$T!pF!kFu!9:'/))/T!,F!?Fu!A/0T!vFu!f/%*0/T!qFu!"$0/0/-/d$T!
,F!AF!X$:A!D'%%A!@AAKT![ZT!R_Q_6R_QXF! E5!f/%*0/T!qFu!v$0LT!nFu!b$*T!nFu!n:T!aFu!
v;/0LT!@Fu!A/22/2T!pFu!a$$T!pF!kFu!"$0/0/-/d$T!,F!AF!L#%#(A!B0.#9!@AAMT![_ZT!
Sc6Z_F! L5! A&;0T! BFu! D/($í$dT! jFu! D*$#%:'7d/T! jFu! f%$-T! bF! O5$A! \A! X$:A! L<'1A!
@AAMT!QZZiT!_SXY6_SZPF!;5!q%*$'$0T!GF!8Fu!1%&+$%T!AF!kFu!k$%%T!GF!?F!C9-('%%!
@ABGT!QgT!cPZ6c_PF!

PSQ!! /5! @(&-26j&0$'T! 1:-!,Fu! G:%%/-T! GFu! "#$0#*E&%2T! 8&'*$!?Fu! b&%#;*0L#&0T!
D/:(!?F!O5$A!\A!X$:A!L<'1A!@AAAT!QZZZT![SY6[ZYF!C5!@(&-26j&0$'T!1F!,Fu!b/((T!DF!
<Fu!"(/:L;#$%T!jF!@Fu!D/%d$%T!?F!jFu!@/EE/0T!<F!DF!B'%$#<'.$0-!@AANT!aQT!RRcQP6
RRcRPF!

PSR!! q$%C*)d-T!,F!?Fu!v$%);$%T!,F!kF!B'%$#<'.$0-!D'%%A!@AAAT!_[T!ZSP_6ZSPSF!
PSP!! ,;/##$%]$$T!?F!kFu!,;&*T!>F6@Fu! "/02$%'T!<F!DFu!1%:CC'T!8F!AF! \A!J1A!L<'1A!C0@A!

@AAJT![QgT!RR_XQ6RR_SQF!



7A52,(9.IC.

!RYP!

!

")=$O$,BJ@H!,%&''!O$#/#;$'*'!&E!+*0-()-)(&.%&./0$'!

p&!.%&2:)#!\/'!&C'$%+$2!E&%!#;$!)%&''!O$#/#;$'*'!C$#\$$0!@+,6RTc62*/)$#&e-6P6

C:#$0$!/02!CB=!3");$O$!R__5F!a$#T!)*00/O-(!/)$#/#$!C-.%&2:)#!MC!\/'!*'&(/#$2T!

*02*)/#*0L!#;/#!#;$!)%&''!O$#/#;$'*'!2*2!#/d$!.(/)$!C:#!#;/#!#;$!2$'*%$2!.%&2:)#!

\/'!(&'#!#&!2$)&O.&'*#*&0F!

!

")=$O$,BJJH!,%&''!O$#/#;$'*'!:'*0L!@+,6RTc62*/)$#&e-6P6C:#$0$!2*2!0&#!-*$(2!#;$!
2$'*%$2!.%&2:)#F!

>;$! %$/)#*&0! C$#\$$0! +*0-(C&%&0*)! /)*2! G4<?! $'#$%! /02! CB=! 2*2! -*$(2! #;$!

2$'*%$2! )&O.&:02!C:#! *'&(/#*&0!.%&+$2! +$%-!2*EE*):(#! /02! #;$! )&O.&:02! )&:(2!

&0(-!C$!&C#/*0$2!/'!O*e#:%$!C$#\$$0!#;$!+*0-(!C&%&0/#$!3KN5!/02!.%&2:)#!3KM25F!

!

")=$O$,BJGH!,%&''!O$#/#;$'*'!/'!/!#&&(!#&!E&%O!;*L;(-!+$%'/#*($!+*0-()-)(&.%&./0$'F!

>;$!)%&''!O$#/#;$'*'!)/0!C$!:'$2!#&!$*#;$%!&+$%)&O$!'-0#;$#*)!C/%%*$%'!*0#%*0'*)!

#&! &:%! O$#;&2&(&L-! &%! #&! i:*)d(-! C:*(2! :.! /! (*C%/%-! &E! 2*EE$%$0#!

H H

Ph OMe

Grubbs 2nd gen. (5 mol%)
CH2Cl2, 41 ºC, 

14 h, 
73%, d.r. 14:1

MeO

O

H H

OMe
OMe

O

(4.0 equiv.)

71h 96

AcO OAc

H H

Ph OMe
CH2Cl2, 41 ºC, 

14 h, 
73%, d.r. 14:1

H H

OMe

(2.0 equiv.)

71h

OAcPh

AcO
not observed

isolated97

98

Grubbs 2nd gen. (5 mol%)

CH2Cl2, 41 ºC, 
12 h

(2.0 equiv.)

B
O
O

N

O
O

H H

OMeB
O
O

N

O
O

H H

Ph OMe71h 89a

86

Grubbs 2nd gen. (5 mol%)



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RY_!

+*0-()-)(&.%&./0$'! '#/%#*0L! E%&O! /! )&OO&0! *0#$%O$2*/#$! \;*);! *'! $/'*(-! /02!

'$($)#*+$(-!&C#/*0/C($!#;%&:L;!&:%!O$#;&2F!

=&SX-%#&.!&'!,W,+&(S&(-NiN-X#.&!0$%0S$!

>;$! *O.&%#/0)$! &E! 2&0&%6/))$.#&%! )-)(&.%&./0$'! /02! )&0'#%/*0$2! β6/O*0&!

/)*2'T PS_ !-$#! (*O*#$2! 0:OC$%! &E! '#%/#$L*$'! #&! /))$''! #;$'$! )&O.&:02'T PSc!

.%&O.#$2!:'!#&!2$+$(&.!/!O$#;&2!#&!/))$''!#;$'$!C:*(2*0L!C(&)d'F!!

,(/''*)/(! 2$.%&#$)#*&0! &E! #;$! .;#;/(*O*2$! :'*0L! ;-2%/7*0$! E/*($2! /02! &#;$%!

O$#;&2'!;/2!#&!C$!'&:L;#F!8$2:)#*&0!&E!#;$!.;#;/(*O*2$T!E&((&\$2!C-!/)*2&(-'*'!

\*#;!2%-!A,(!($2!#&!#;$!/OO&0*:O!);(&%*2$!'/(#!&E!#;$!:0.%&#$)#$2!/O*0$!MMF!PSY!

>;$!/O*0&)-)(&.%&./0$!\/'!)&0+$0*$0#(-! %$6.%&#$)#$2! #&! E&%O!)/%C/O/#$!BAA!

3");$O$!R_Y5F!!

!

")=$O$,BJLH!<$.%&#$)#*&0!&E!#;$!.;#;/(*O*2$!/02!.%&#$)#*&0!&E!#;$!E&%O$2!/O*0$F!

,&0'$):#*+$(-T! &7&0&(-'*'! E&((&\$2! C-! %$2:)#*+$! i:$0);*0L! -*$(2$2! /(2$;-2$!

BAB2!3");$O$!R_X5F!":C'$i:$0#!E&%O/#*&0!&E!#;$!$'#$%!.%&+$2!);/(($0L*0L!'#*((T!

/'!#;$!)-)(&.%&./0$!\/'!.%&0$!#&!&.$0*0L!:02$%!C/'*)!)&02*#*&0'T!($/2*0L!#&!#;$!

)&%%$'.&02*0L!2*;-2%&E:%/0!BAB)F! ?)*2*)! )&02*#*&0'T! &0! #;$! &#;$%! ;/02T! ($2! #&!

*'&O$%*7/#*&0! &E! #;$! /(2$;-2$u! *0! E/)#T! )&O.($#$! )&0+$%'*&0! #&! #;$! %$#-,6

)-)(&.%&./0$! BABD! \/'! /);*$+$2! *0! #\&! ;&:%'! :'*0L! /! )/#/(-#*)! /O&:0#! &E!

.$%);(&%*)! /)*2! *0! 2*);(&%&O$#;/0$F! ?! )&O.%&O*'$!\/'! E&:02! :'*0L! +/0/2*:O!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PS_!! /5!k&L(*0T!pFu!v&%0T!,Fu!9$:O$%T!8Fu!,/C%$($T!,Fu!9:C$%#T!,Fu!"$\/(2T!pFu!8$*'$%T!

=Fu!9$)d6"*)d*0L$%T!?F!1F!J-:'4A!L<'1A!3-%A!O.A!@AAJT!_QT!PQP6PQYF!C5!10/2T!
fFu!D&($');/dT!GFu!8$*'$%T!=F!B'%$#<'.$0-!D'%%A!@AAGT!_gT!cPSS6cPZQF!)5!@/0LT!
GFu!<$!D&(T!"Fu!9/(2/:ET!,Fu!A&EO/00T!AF6jFu!8$*'$%T!=Fu!9$)d6"*)d*0L$%T!?F!1F!\A!
M'.A!L<'1A!@AANT!_iT!XRX6XPcF!25!w%O/0T!"Fu!1/:'T!kFu!a/0LT!aFu!"#%*]&\'d*T!
wFu!"$\/(2T!pFu!<$! D&(T!"Fu!8$*'$%T!=F!J-:'4A!L<'1A!3-%A!O.A!@AACT!_aT!_[SX6
_[SZF!

PSc!! /5!k%/:'T!1F!?Fu!k*OT!AFu!>;&O/'T!DF!jFu!G$#7($%T!<F!BFu!G$#7($%T!,F!GFu!>/-(&%T!jF!
BF! C9-%<A! L0115-A! BMMAT! QZT! PXXS6PXS_F! C5! ";*O*7:T! GFu! =0&L/\/T! aFu!
f:]*'/\/T!>F!C9-('%%!BMMNT![iiaT!ZPS6ZPZF!)5!9$:O$%T!8Fu!9:C$%#T!,Fu!,/C%$($T!
,Fu!q*$(;/:$%T!=Fu!D*$#7');T!GFu!8$*'$%T!=F!\A!X$:A!L<'1A!@AAAT!agT!Z[XQ6Z[X[F!

PSY!! ?(E&%2T!jF!"Fu!</+*$'T!AF!GF!@F!X$:A!D'%%A!@AB@T![_T!XQPQ6XQP_F!

N
H H

Ph

O

O79a

1. NaBH4 
2. HCl

88% 
(2 steps)

CBz-Cl, 
Na2CO3

dioxane/H2O,
94%

NHCbz
H H

100Ph

NH3Cl
H H

Ph 99



7A52,(9.IC.

!RYc!

&e*2$! *0! O$#;/0&(! :02$%! O*(2! /)*2*)! )&02*#*&0'F PSX !G$#;-(! $'#$%! BA@! \/'!

&C#/*0$2!*0!'/#*'E/)#&%-!-*$(2!/02!L&&2!2*/'#$%$&'$($)#*+*#-F!

!

")=$O$,BJNH!=e*2/#*+$!)($/+/L$!#&!E&%O!/(2$;-2$!BAB2!E&((&\$2!C-!&e*2/#*&0!#&!&C#/*0!
BA@F!

>;$! *'&(/#*&0!/02!);/%/)#$%*7/#*&0!&E!BA@!\/'!)&O.(*)/#$2!C-! #;$! E/)#! #;/#! #;$!

)&O.&:02!*'!0&#!wq6/)#*+$T!0&#!+*'*C($!\*#;!$($)#%&.;&%$#*)!(*L;#!')/##$%*0LT!0&%!

%$/)#*+$!#&\/%2'!>@,!'#/*0'F!?'!/!%$':(#T!#;$!E%/)#*&0'!&C#/*0$2!/E#$%!.:%*E*)/#*&0!

)&:(2!&0(-!C$!/0/(-7$2!C-!1,6f4<!/02!pG8F!>;$!�6/O*0&6$'#$%!)&:(2!:(#*O/#$(-!

C$!&C#/*0$2!*0!O&2$%/#$!#&!L&&2!-*$(2F!!

9\EN7.W.0!,W,+#]-%#&.!

1&(26)/#/(-7$2! $0-0$! )-)(*7/#*&0'! /%$! /! \$((6'#:2*$2! )(/''! &E! %$/)#*&0'! /C($! #&!

%/.*2(-! C:*(2! :.! );$O*)/(! )&O.($e*#-FPSS!b$! \&02$%$2! \;$#;$%! *#! \&:(2! C$!

.&''*C($! #&! *O.($O$0#! ':);!/! '#%/#$L-! *0#&!&:%!O$#;&2&(&L-T!\;$%$! #;$!;*L;(-!

%$/)#*+$! /(d-0$! %$O/*0'! :0#&:);$2! 2:%*0L! #;$! )-)(&.%&./0/#*&0F! ?'! $e.$)#$2T!

#;$! %$/)#*&0! \*#;! :0.%&#$)#$2! R6$#;-0-(6P6+*0-(C$07$0$! ($2! #&! )&O.($#$!

2$)&O.&'*#*&0!&E!#;$!'#/%#*0L!O/#$%*/('!/02!'*O*(/%(-!2*'/..&*0#*0L!%$':(#'!\$%$!

&C#/*0$2! E&%! #;$! #%*O$#;-('*(-(6.%&#$)#$2! '#-%$0$F! A&\$+$%T! '\*#);*0L! #&! #;$!

O&%$!'#/C($!/02!C:(d-!#%**'&.%&.-('*(-(!.%&#$)#*0L!L%&:.!\/'!.*+&#/(!/02!$0-0$!

BAJ!\/'!E&%O$2!\*#;!%$O/%d/C($!);$O&6!/02!2*/'#$%$&'$($)#*+*#-!3");$O$!R_S5F!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PSX!! 1&.*0/#;T!8Fu!D/#$(T!9F!kF!X$:A!D'%%A!@AAAT!QT!YSS6YS[F!
PSS!! /5!j*O$0$76p:0$7T!BFu!B);/+/%%$0T!?F!GF!L<'1A!L0115-A!@AACT!___6_cXF!C5!

<&%$(T!8Fu!B);/+/%%$0T!?F!GF!L<'1A!f'>A!@ABLT![[gT![QPZ6[QSPF!

1. O3     
2. PPh3

CH2Cl2, 
-78 ºC, 
91%

N
H H

101a

O
V2O5, H2O2, 

HClO4

MeOH, 
64% 

d.r. 12:1

MeO2C N
H H

102

N
H H

101b

O

CH2Cl2, 
96%

HClO4

N
H H

Ph

O

O79a

O

O

O

O

O

O

O NPhth

DBU MeOH

101c



!!"#$#%&#'#(")*#+()&,-)./'(/('%0$%01.1")%.+*)1+1+2%'3456,71"1'/8#3+9#"$%,:;(<.#$+9#1(")%.+

! "##!

$%&! '()*+&! ,'-! .&/012&32&.! 4*! 2&20'452*('661+756! 8(5107.&! /0197.7+:! ";<=
&+*+&! !"#$! 7+! >5'+272'279&! *7&(.?! $%&! -54-&>5&+2! 0&'3271+! ,'-! '(61-2!
7+-2'+2'+&15-!,%&+!5-7+:!3'2'(*-2!%!'2!0116!2&6/&0'250&!21!8106!3*3(1/01/*(=
.7&+&!!"&!>5'+272'279&(*!'82&0!'!-7+:(&!3(&'9':&!0&'00'+:&6&+2!3'-3'.&?@<A!

!
'()*+*,!-./!B1(.CDE=3'2'(*F&.!";<=&+*+&!3*3(7F'271+!18!97+*(3*3(1/01/'+&!!"#$?!

D+2&0&-27+:(*;! 2%&! .7%*.01="!=3*3(1/01/'G"H+'/%2%'(&+&! !"&! .7.! +12! 5+.&0:1!
07+:!1/&+7+:!10!0&'00'+:&6&+2!.507+:!10!'82&0!2%&!&+*+&!3*3(7F'271+?!$%&!"I!'+.!
"JK!LMN!-/&320'!.&61+-20'2&!2%&!-/&37'(!/01/&027&-!18!2%7-!-2053250&?!O+&!18!2,1!
/0121+-! 1+! 2%&! 3*3(1/01/'+&! 7-! -%7&(.&.! '+.! 14-&09&.! '2! P?#! //6;! ,%7(&! 2%&!
3'041+! '216-! '2! 2%&! 4'-&! 18! 2%&! 3*3(1/01/'+&! '0&! -%782&.! .1,+87&(.?! $%7-!
7+.73'2&-! 2%'2! 3*3(1/01/'+&! 7-! 210-71+&.! 7+! -53%! '! ,'*! 2%'2! 72-! 10472'(-! 3'+!
6'Q76'((*!/'02737/'2&!7+!2%&!'016'273!-*-2&6!18!2%&!+'/%2%'(&+&?!

!
01234*,5#/!N&/0&-&+2'271+!18!!"&!-%1,7+:!2%&!+&'0(*!/&0/&+.735('0!31+8106'271+!18!

2%&!3*3(1/01/'+&?!

!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
@<A!! K'4&((1;!L?R!N1.0S:5&F;!K?R!T3%'9'00&+;!U?!M?!#$%&'((!5"".;!)**+;!"<#J="<#A?!

Ph
R

HH

TIPS 103

104a (R=TIPS)

104b (R=H)

TBAF, THF 
r.t., 2h
99%

43a
A (5 mol%)

EtOAc, 75 °C
12 h
64%

d.r. >20:1

A (5 mol%)

CH2Cl2, r.t.
5 min
98%

HH

105Ph



7A52,(9.IC.

!RYX!

1&.,+)$#&.!

?!(/%L$!')&.$!&E!+*0-()-)(&.%&./0$'!;/'!C$$0!'-0#;$'*7$2!+*/!/!L&(23456)/#/(-7$2!

%$#%&69:);0$%`)-)(&.%&./0/#*&0!%$/)#*&0F!Be)$(($0#!@+,6'$($)#*+*#-!\/'!/);*$+$2!

E&%! #;$! )-)(&.%&./0/#*&0! &E! /%-(! /(d$0$'T! \;*($! #;$! )-)(&.%&./0/#*&0! &E! ]6

+*0-(.;#;/(*O*2$!\/'!($''!'$($)#*+$F!>;$!E&%O/#*&0!&E!+*0-(!L&(2345!)/%C$0$'!E%&O!

S6/(d$0-(6)-)(&;$.#/#%*$0$'!#/d$'!.(/)$!\*#;!'*L0*E*)/0#(-!($''!;$/#*0L!#;/0!\;/#!

*'!%$i:*%$2!E&%!/%-(6)-)(&;$.#/#%*$0$'F!

!

b*#;! #;$! 2$+$(&.O$0#! &E! j:(*/6k&)*$0'd*! %$/L$0#'T! /! C%&/2! ')&.$! &E!

)-)(&;$.#/#%*$0$! 2$%*+/#*+$'! )&:(2! $/'*(-! C$! &C#/*0$2! E%&O! /(2$;-2$'! /02!

d$#&0$'F! b*#;! %$/2-! /))$''! #&! S6/(d$0-(! )-)(&;$.#/#%*$0$! 2$%*+/#*+$'T! /! \*2$!

+/%*$#-!&E!+*0-()-)(&.%&./0$'!/02!+*0-(6/O*0&)-)(&.%&./0$'!#;/#!C$/%!2*EE$%$0#!

+*0-(*)!':C'#*#:$0#'!)&:(2!C$!L$0$%/#$2F!>;$!%$/)#*&0!\/'!;*L;(-!@+,6'$($)#*+$!E&%!

+*0-()-)(&.%&./0$'!C$/%*0L!/!+*0-(*)!/%-(!O&*$#-T!\;*($!#;$!'$($)#*+*#-! E&%!&#;$%!

)-)(&.%&./0$'!'#%&0L(-!2$.$02$2!&0!#;$!+*0-(*)!':C'#*#:$0#'F!

!

<$'.*#$!#;$!(/%L$!')&.$T!#;$!O$#;&2!;/'!'&O$!(*O*#/#*&0'T!/'!:0/)#*+/#$2!/(d$0$'!

2*2! 0&#! %$/)#F! B0)&:%/L*0L! .%$(*O*0/%-! %$':(#'!\$%$! &C#/*0$2! E&%! +*0-(! /)$#/#$!

/02! $0&(! $#;$%'! C:#! '*L0*E*)/0#! &.#*O*7/#*&0! \*((! C$! 0$)$''/%-F! 40! /22*#*&0T!

+*0-()-)(&.%&./0$'!#;/#!/%$!&#;$%\*'$!C$-&02!#;$!(*O*#/#*&0'!&E!&:%!O$#;&2!)/0!

C$!&C#/*0$2!#;%&:L;!)%&''!O$#/#;$'*'F!!

Ar
HH

R1R1

Ar
+

R2

R2

A (5 mol%)
EtOAc, 75 ºC

12-24 h
or
NPhth

NPhth
HH

R1 R2

or

47 - 83%
d.r. 15:1 to >20:1

43 - 79%
d.r. 1:1.2 to 10:1

R1

R2

S

N N
N

N
R3O O

LiHMDS,O

R1 R2 THF, -78 ºC.



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RYS!

!

>;$!%&C:'#0$''!&E!#;*'!O$#;&2&(&L-!\/'!2$O&0'#%/#$2!C-!#;$!'-0#;$'*'!&E!+*0-(6

/O*0&)-)(&.%&./0$'!&0!O:(#*6L%/O!')/($!\*#;!$i:/((-!L&&2!-*$(2!/02!'$($)#*+*#-T!

/'!\$((!/'!#;$*%!E:%#;$%!#%/0'E&%O/#*&0!*0#&!+/(:/C($!�6/O*0&!$'#$%'F!

!

! !

NPhth
HH

Ph

NPhthMeO2C
HH

NHCbz
HH

Ph

Ar
HH

Ph

Ar
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cross 
metathesis

R3



7A52,(9.IC.

!RYZ!

7a(0S#X0.%-+!$0,%#&.!

50.0S-+!#.'&SX-%#&.!

?((! %$/)#*&0'!\$%$! )/%%*$2! &:#! :02$%! /%L&0! *0! /0;-2%&:'! '&(+$0#'! &C#/*0$2! C-!

./''*0L! #;$O! #;%&:L;! /0! /)#*+/#$2! /(:O*0/! )&(:O0! &0! /! D:%$"&(+>G! '&(+$0#!

.:%*E*)/#*&0!'-'#$O!3400&+/#*+$!>$);0&(&L*$'T!40)FT!G?5T!:0($''!0&#$2!&#;$%\*'$F!

?((!L&(26)/#/(-7$2!%$/)#*&0'!\$%$!.$%E&%O$2! *0!AD@,6L%/2$!'&(+$0#'T!\*#;&:#!/!

.%&#$)#*+$! /#O&'.;$%$F! >%&.-(*:O! #$#%/E(:&%&C&%/#$! \/'! .:%);/'$2! E%&O!

f(:&%&);$OF! >;*0! (/-$%! );%&O/#&L%/.;-!\/'! )/%%*$2! &:#! :'*0L! >@,! /(:O*0:O!

';$$#'! )&/#$2! \*#;! QFP! OO! &E! '*(*)/! L$(! 3G$%)d! 1EP_c5F! ,;%&O/#&L%/.;*)!

.:%*E*)/#*&0'!\$%$!)/%%*$2!&:#!:'*0L! E(/';!L%/2$!'*(*)/!L$(! 3"<"!,;%&O/#&L$(!XQ!

?,,T!cQ6XQ!âO5F!pG8!'.$)#%/!\$%$!%$)&%2$2!/#!P_!t,!&0!9%:d$%!?+/0)$!_QQT!cQQ!

/02!YQQ!w(#%/';*$(2!/../%/#:'F!,;$O*)/(!';*E#'!/%$!%$.&%#$2!*0!./%#'!.$%!O*((*&0!

/02!%$E$%$0)$2!#&!%$'*2:/(!'&(+$0#F!,&:.(*0L!)&0'#/0#'!3\5!/%$!%$.&%#$2!*0!;$%#7!

3A75F!G/''!'.$)#%/!\$%$! %$)&%2$2!&0!/!b/#$%'!@,>!D%$O*$%!".$)#%&O$#$%! 3B"4!

/02!?D,45!&%!&0!/0!?:#&E($e!9%:d$%!</(#&0*)'!3G?@<4!/02!@<45F!G$(#*0L!.&*0#'!

\$%$!2$#$%O*0$2!:'*0L!/!9});*!O$(#*0L!.&*0#!/../%/#:'F!!

>;$! E&((&\*0L! L&(2! )&O.($e$'! \$%$! '-0#;$'*7$2! /))&%2*0L! #&! (*#$%/#:%$!

.%&)$2:%$'FPS[!

!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PS[!! p*$#&6=C$%;:C$%T! ,Fu! @M.$7T! "Fu! G:Å&7T! GF! DFu! ,Ç%2$0/'T! <F! jFu! 9:Å:$(T! BFu!

p$+/2&T!,Fu!B);/+/%%$0T!?F!GF!J-:'4A!L<'1A!3-%A!O.A!@AALT!__T!XRcX6XRcZF!

P Au
R1

R1
NCMe

SbF6

A: R1 = tBu, R2 = H                                  
B: R1 = tBu, R2 = iPr                                
C: R1 = cyclohexyl, R2 = H

R2

R2
R2

D: Ar = mesityl, X = SbF6                        
E: Ar = 2,6-diisopropylbenzene,

X = BArF4

Au

NN ArAr

NCMe

X



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RY[!

2S0(-S-%#&.!&'!U#.W+!,W,+&Z0(%-%S#0.0$!

ENLGND0%ZW+(S&(N9N0.N9NW+M,W,+&Z0(%-N9\H\:N%S#0.0!L[H-M!

?! '&(:#*&0!&E! (*#;*:O!C*'3#%*O$#;-('*(-(5/O*2$! *0!>Af! 3RFQGT! cFY!O@T! cFY!OO&(T!

_FQ! $i:*+5! \/'! /22$2! #&! /! '&(:#*&0! &E! GD! 3ZZ_! OLT! _FQ! OO&(T! PFQ! $i:*+5! /02!

/)$#&0$!3RRQ!µ@T!RFY!OO&(T!RFQ!$i:*+5!*0!2%-!>Af!3RY!O@T!QFRG5!/#!6SZ!t,!:02$%!

/0! /%L&0! /#O&'.;$%$T! /02! '#*%%$2! E&%! R!;! C$E&%$! #;$! '&(:#*&0! \/'! /((&\$2! #&!

\/%O! #&! %&&O! #$O.$%/#:%$! &+$%! R_! ;F! >;$! %$/)#*&0! \/'! i:$0);$2! C-! #;$!

/22*#*&0!&E!\/#$%!/02! #;$!O*e#:%$!\/'!$e#%/)#$2!\*#;!B#P=T!2%*$2!&+$%!p/P"=cT!

)&0)$0#%/#$2!/02!E(/';!);%&O/#&L%/.;-!3cQ!LT!"*=PT!$(:$0#^!.$0#/0$5!-*$(2$2!B[!

3RXY!OLT!RFR_!OO&(T!SYz5!/'!/!)&(&%($''!&*(F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!XFSP!I!XFX[!3OT!PA5T!XFPP!I!XFRS!3OT!PA5T!YFYS!32#T!\!Ü!

ZFXT!RFc!A7T!RA5T!YFRS!322T!\!Ü!ZF[T!YFc!A7T!PA5T!PF_c!32#T!\!Ü![FcT!YFX!A7T!RA5T!RFZQ!3'T!

_A5T!RFYZ!3'T!_A5F!

BJ8,d>:!3RPX!GA7T!,<,(_5!ä!R__FST!R_QF[T!RPXFZT!RPXF_T!RPcFQT!_ZFXT!PYF!ST!RZFQF!

\:>"6?D,4^!)/():(/#$2!E&%!,RRARY!lGsAms^!RcSFRRXZu!E&:02^!RcSFRRXX!

ENLHND0%ZW+*)%NGN0.NGNW+M,W,+&Z0(%-N9\H\:N%S#0.0!L[H*M!

?! '&(:#*&0! &E! _6C%&O&6P6O$#;-(6P6C:#$0$! 3PFcc!O@T! PQ!OO&(T! R! $i:*+5! *0! 2%-!

>Af!3RQQ!O@5!/02!B#P=!3PQ!O@5!*'!)&&($2!#&!6RRQ!t,!/02!%'$%6C:#-(!(*#;*:O!3P_FY!

O@T!RFSG!*0!;$e/0$T!cQ!OO&(T!P!$i:*+5!*'!/22$2F!>;$!O*e#:%$!*'!'#*%%$2!E&%!RFY!;!

/#! #;*'! #$O.$%/#:%$! C$E&%$! )%:';$2! #%&.-(*:O! #$#%/E(:&%&C&%/#$! 3_F[R! LT! PP!

OO&(T! RFR! $i:*+5! *'! /22$2! /02! #;$! )&&(*0L! %$O&+$2F! ?E#$%! '#*%%*0L! E&%! /0!

/22*#*&0/(!RX!;T! #;$!O*e#:%$! *'! E*(#$%$2!&+$%!'*(*)/T! )&0)$0#%/#$2!/02!2*'#*((/#*&0!

/EE&%2'!RFSQ!L!3YYz5!&E!/!)&(&%($''!&*(F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!XFX[!I!XFXc!3OT!PA5T!XFPQ!32222T!\!Ü!ZF[T!_F[T!

PFXT!RFY!A7T!PA5T!YFPc!322#T!\!Ü!ZF[T!YFPT!QF[!A7T!PA5T!PFXY!3##T!\!Ü!YF_T!RFS!A7T!RA5T!

RFZZ!I!RFZY!3OT!PA5T!RFSc!32T!\!Ü!RFP!A7T!_A5T!RFYS!32T!\!Ü!RFY!A7T!PA5F!

BJ8,d>:! 3RPX!GA7T!,<,(_5!ä!R_QFZT!RPZF[T!RPZFQT!RPYFXT!RPcF_T!cPFST!PRFcT!PRFQT!

RYFcF!



7A52,(9.IC.

!RXQ!

L+MNEN<%WSW+,W,+&Z0(%-N9\H\:N%S#0.0!L[H,M!

>&!#%&.-(*:O!#$#%/E(:&%&C&%/#$!3cFP!LT!P_FZ!OO&(T!RFQ!$i:*+5!*0!<Gf!3RQQ!O@5!/#!

Q!t,!\/'!/22$2!3O56#%*E(:&%&3'#-%-(56ìc6C&%/0$T!.&#/''*:O!'/(#!3YFQ!LT!P_FZ!OO&(T!

RFQ!$i:*+5!*0!&0$!.&%#*&0F!>;$!'&(:#*&0!\/'!/((&\$2!#&!\/%O!:.!'(&\(-!#&!P_!t,!

/02!i:$0);$2!/E#$%!P!;!C-!/22*0L!\/#$%! /02!B#P=F!>;$!.;/'$'!\$%$! '$./%/#$2!

/02! #;$! /iF! .;/'$! \/'! #\&! #*O$'! $e#%/)#$2! \*#;! B#P=F! >;$! )&OC*0$2! &%L/0*)!

.;/'$!\/'!\/';$2!#;%$$!#*O$'!\*#;!/!2*(:#$2!'&(:#*&0!&E!p/,(T! E&((&\$2!C-!&0$!

\/';*0L!\*#;!C%*0$F!>;$!&%L/0*)!.;/'$!\/'!2%*$2!&+$%!GL"=c!/02!)&0)$0#%/#$2!

+-!>#@50F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E*(#$%*0L!&+$%!/!C*L!'*(*)/!.(:L!3RQQ!L!

"*=PT! $(:$0#^! .$0#/0$5T! /EE&%2*0L!cFR! L! 3PRFR!OO&(T! Z[z5!&E! /! )&(&%($''! #&! E/*0#!

L%$$0!&*(F!

>;$!);/%/)#$%*7/#*&0!2/#/!O/#);$2!&:%!.%$+*&:'(-!%$.&%#$2!2/#/FPZQ!

L+MN9NL[NLGNL1W,+&Z0(%-NG\[\JN%S#0.N9NW+MU#.W+M(Z0.W+M0%Z-.N9N&.0!L[HVMg!

-.'/%%&(012+341542/,6'7*3%'787*1'8&9*(.8.:.8/'625;<31

>&! 3O56R63c63P63cTcTYTY6#$#%/O$#;-(6RT_TP62*&e/C&%&(/06P6-(5+*0-(5.;$0-(5$#;/06

R6&0$! 3PFSPQ! LT! RQFQ! OO&(T! RFQ! $i:*+T! .%$./%$2! C-! ;-2%&C&%/#*&0! &E! #;$!

)&%%$'.&02*0L! /(d-0$PZR5! *0!G$=A! 3Yc!O@5! /#! Q! t,!\/'! /22$2! kAfP! 3_FccQ! LT!

ccFQ!OO&(T!cFc!$i:*+5!*0!\/#$%!3RP!O@5F!>;$!%$/)#*&0!O*e#:%$!\/'!'#*%%$2!E&%!R;!

/#!P_!t,F!>;$0!#;$!%$/)#*&0!O*e#:%$!\/'!$+/.&%/#$2!#&!2%-0$''!/02!#;$!%$'*2:$!

\/'!.(/)$2!*0!/!"&e;($##!)/%#%*2L$!/02!$e#%/)#$2!\*#;!%$E(:e*0L!/)$#&0$!E&%!_!;F!

?E#$%! $+/.&%/#*0L! /)$#&0$T! #;$! %$'*2:$! \/'! #%*#:%/#$2! \*#;! B#P=! /02! E*(#$%$2!

/EE&%2*0L!RFZ_!L!3SFP!OO&(T!SPz5!&E!/!\;*#$!.&\2$%F!

pG8!2/#/!/%$!*0!/L%$$O$0#!\*#;!(*#$%/#:%$FPZP!

B\,d>:!3YQQ!GA7T!<G"=62X5!ä!SFZZ!I!SFZR!3OT!PA5T!SFcS!I!SFcR!3OT!PA5T!XFYc!32T!\!

Ü!RZF_!A7T!RA5T!XFcQ!32iT!\!Ü!RZFPT!_FY!A7T!RA5T!PFY_!3'T!_A5F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PZQ!! "&(&%*&6?(+/%/2&T!,F!8Fu!b/0LT!aFu!B);/+/%%$0T!?F!GF!\A!J1A!L<'1A!C0@A!@ABBT!

[ddT!RR[YP6RR[YYF!
PZR!! G:%/#/T!GFu!b/#/0/C$T!"Fu!G/':2/T!aF!\A!L<'1A!f',A!@AA@T!QZZQT!RcP6Rc_F!
PZP!! D%$''$#T!GFu!=$;(%*);T!<Fu!8&OC&:#'T!fFu!G&(/02$%T!1F!?F! \A!X$:A!L<'1A!@ABJT!

chT!RPZ_S6RPZc_F!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RXR!

BJ8,d>:!3RQR!GA7T!<G"=62X5!ä!R[SFPT!RcYFQT!R_cFcT!R_PF_!3iT!\!Ü!cFc!A75T!RPZFYT!

RPYFcT!PXFXF!!

BMF,d>:3_SX!GA7T!<G"=62X5!ä!R_ZF_F!

>H1HE!åPZQ!t,!32$)&O.F5F!

\:>"6B"4^!)/():(/#$2!E&%!,RQA[9f_=!lG6km6^!PR_FQSQcu!E&:02^!PR_FQX[SF!

2+34=42542>42!7,*.?6@'/4>A5AB4'8&6$4=47*3C&$7*3@?6$7*36'?/$4=4.$6125D<31

>&! .&#/''*:O! 3O56! c63/)$#-(5'#-%-(! #%*E(:&%&C&%/#$! 3RF_Q! LT! YFRX! OO&(T! RFQY!

$i:*+5!*0!<Gf!3PQ!O@5!/#!Q!t,!\/'!/22$2!#%&.-(*:O!#$#%/E(:&%&C&%/#$!3QFZSY!LT!

cF[P!OO&(T!RFQQ!$i:*+5!*0!&0$!.&%#*&0F!>;$!'&(:#*&0!\/'!/((&\$2!#&!\/%O!'(&\(-!

:.!#&!P_!t,!/02!i:$0);$2!/E#$%!_!;!C-!/22*0L!\/#$%!/02!B#=?)F!>;$!.;/'$'!\$%$!

'$./%/#$2!/02!#;$!/iF!.;/'$!\/'!#\&!#*O$'!$e#%/)#$2!\*#;!B#=?)F!>;$!)&OC*0$2!

&%L/0*)!.;/'$!\/'!\/';$2!#;%$$!#*O$'!\*#;!/!2*(:#$2!'&(:#*&0!&E!p/,(T!E&((&\$2!

C-! &0$! \/';*0L! \*#;! C%*0$F! >;$! &%L/0*)! .;/'$! \/'! 2%*$2! &+$%! GL"=c! /02!

)&0)$0#%/#$2!+-!>#@50F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!

3PPQ! L! "*=PT! $(:$0#^! .$0#/0$! #&! YQz! B#P=5! /EE&%2*0L! B)! 3ZP_! OLT! cF[P! OO&(T!

SRz5!/'!/!-$((&\!'&(*2F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SF[c!I!SFZ[!3OT!PA5T!SFc[!I!SFcc!3OT!PA5T!XFSc!I!XFXZ!

3OT!PA5T!XFXY!322T!\!Ü!RYF[T!SFR!A7T!RA5T!XFYZ!32T!\!Ü!RXFQ!A7T!RA5T!XFPZ!I!XFP_!3OT!

PA5T!YF_c!322T!\!Ü!ZF[T!YFZ!A7T!PA5T!PFY[!3'T!_A5T!PFYY!I!PFcS!3OT!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R[SFST! RcPFPT! R_XFQT! R_cFRT! R_RFPT! RP[FZT! RPZF[T!

RPXFcT!RPYFQT!RP_FST!cPFPT!PXFSF!

>H1HE!YP6Y_!t,F!

\:>"6B"4^!)/():(/#$2!E&%!,RSARS=!lGsAms^!P_SFRPScu!E&:02^!P_SFRPSSF!

!L+MNENL[ND0%Z&aW$%WSW+M,W,+&Z0(%-N9\H\:N%S#0.0!L[H0M!

?! '&(:#*&0!&E! (*#;*:O!C*'3#%*O$#;-('*(-(5/O*2$! *0!>Af! 3RFQGT! RFY!O@T! RFY!OO&(T!

RFQ!$i:*+5!\/'!/22$2!#&!/!'&(:#*&0!&E!NK2!3cSP!OLT!RFY!OO&(T!RFQ!$i:*+5!*0!2%-!

>Af! 3RY!O@T! QFR!G5! /#! 6SZ! t,! :02$%! /0! /%L&0! /#O&'.;$%$F! ?E#$%! '#*%%*0L! E&%! Y!

O*0:#$'T!86/0*'/(2$;-2$!3_XY!µ@T!_FQ!OO&(T!PFQ!$i:*+5!\/'!/22$2!0$/#!&+$%!#;$!

L(/''!/02!'#*%%*0L!/#!6SZ!t,!\/'!)&0#*0:$2!E&%!/0&#;$%!;!C$E&%$!#;$!'&(:#*&0!\/'!



7A52,(9.IC.

!RXP!

/((&\$2!#&!\/%O!#&!%&&O!#$O.$%/#:%$!&+$%!R_!;F!>;$!%$/)#*&0!\/'!i:$0);$2!C-!

#;$! /22*#*&0! &E! \/#$%! /02! #;$! O*e#:%$! \/'! $e#%/)#$2! \*#;! B#P=T! 2%*$2! &+$%!

p/P"=c!/02!E(/';!);%&O/#&L%/.;-!3RRQ!LT!"*=PT!$(:$0#^!.$0#/0$5!-*$(2$2!BD!3PYZ!

OLT!RFRY!OO&(T!SSz5!/'!/!-$((&\!'&(*2F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SF_Z!I!SF_c!3OT!PA5T!XF[R!I!XFZS!3OT!PA5T!XFSc!I!XFSR!

3OT!PA5T!XFYR!32T!\!Ü!RXFQ!A7T!RA5T!XFcR!322T!\!Ü!RYF[T!SFY!A7T!RA5T!YF_X!322T!\!Ü!ZF[T!

YFS!A7T!PA5T!_FZc!3'T!_A5T!PFcX!I!PFcR!3OT!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! RY[FQT! R_RFQT! R_QFPT! RP[F[T! RPZF[T! RPSF_T! RPcFST!

RPcFYT!RRcFQT!YYF_T!cPFRF!

>H1HE!cS6cZ!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,RXARS=!lGsAms^!PPYFRPScu!E&:02^!PPYFRPSR!

!L+MN[NLGNL1W,+&Z0(%-NG\[\JN%S#0.N9NW+MU#.W+MN9\9dN*#(Z0.W+!L[H'Mg!

-.'/%%&(012+342>42E=A=F4:&@?6$7*G4547*3C&$7*3'8&9*(.8.:.8/'6125;931

>;$!.%&2:)#!\/'!'-0#;$'*7$2!:'*0L!/!O&2*E*$2!(*#$%/#:%$!.%&)$2:%$FPZP!!

>&!%$#-,6P63c6C*.;$0-(5+*0-(C&%&0*)!/)*2!3RFQS!LT!cFSX!OO&(T!RFQ!$i:*+5!*0!G$=A!

3[Y!O@5!\/'!/22$2!/!'&(:#*&0!&E!kAfP!3RFX_Y!LT!PQF[_!OO&(T!cFc!$i:*+5!*0!\/#$%!

3PR!O@5!/02!'#*%%$2!E&%!_!;!/#!P_!t,F!>;$0!#;$!%$/)#*&0!O*e#:%$!\/'!$+/.&%/#$2!

#&!2%-0$''!/02!#;$!%$'*2:$!\/'!.(/)$2!*0!/!"&e;($##!)/%#%*2L$!/02!$e#%/)#$2!\*#;!

%$E(:e*0L! /)$#&0$! E&%! SP!;F! >;$! (&0L! $e#%/)#*&0! #*O$! *'! 0$)$''/%-! E&%! &C#/*0*0L!

L&&2!-*$(2'!C$)/:'$!&E!#;$!(&\!'&(:C*(*#-!&E!#;$!.%&2:)#F!?)$#&0$!\/'!$+/.&%/#$2!

/02!#;$!%$'*2:$!\/'!#%*#:%/#$2!*0!B#P=!/02!E*(#$%$2!/EE&%2*0L!RFR_!L!3cFSX!OO&(T!

Z_z5!&E!/!\;*#$!'&(*2F!

>;$!);/%/)#$%*7/#*&0!2/#/!)&%%$'.&02'!#&!(*#$%/#:%$!2/#/FPZP!!

B\,d>:!3YQQ!GA7T!<G"=62X5!ä!SFXZ!I!SFXP!3OT!PA5T!SFY[!I!SFYc!3OT!PA5T!SFcS!I!

SFc_!3OT!PA5T!SFcR!32T!\!Ü!ZF_!A7T!PA5T!SF_Y!I!SF_Q!3OT!RA5T!XFY_!32T!\!Ü!RZFP!A7T!RA5T!

XFPX!32iT!\!Ü!RZFPT!_FY!A7T!RA5F!

2+34542>42!7,*.?6@'/4>A5AB4'8&6$4=47*3C&$7*34=A=F4:&@?6$7*125D931

>&! .&#/''*:O! 3O563P63lRTRK6C*.;$0-(m6c6-(5+*0-(5#%*E(:&%&C&%/#$! 3RFP_! LT! cF_!

OO&(T! RFQY! $i:*+5! *0! <Gf! 3RXFY! O@5! /#! Q! t,! \/'! /22$2! #%&.-(*:O!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RX_!

#$#%/E(:&%&C&%/#$!3QFS_!LT!cFR!OO&(T!RFQQ!$i:*+!5!*0!&0$!.&%#*&0F!>;$!'&(:#*&0!\/'!

/((&\$2!#&!\/%O!'(&\(-!:.!#&!P_!t,!/02!i:$0);$2!/E#$%!P!;!C-!/22*0L!\/#$%!/02!

B#=?)F! >;$! .;/'$'!\$%$! '$./%/#$2! /02! #;$! /iF! .;/'$!\/'! #\&! #*O$'! $e#%/)#$2!

\*#;!B#=?)F!>;$!)&OC*0$2!&%L/0*)!.;/'$!\/'!\/';$2!#;%$$!#*O$'!\*#;!/!2*(:#$2!

'&(:#*&0! &E! p/,(T! E&((&\$2! C-! &0$!\/';*0L!\*#;! C%*0$F! >;$! &%L/0*)! .;/'$!\/'!

2%*$2!&+$%!GL"=c!/02!)&0)$0#%/#$2!+-!>#@50F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!

E(/';! );%&O/#&L%/.;-! 3PPQ! L! "*=PT! $(:$0#^! .$0#/0$5! /EE&%2*0L! B*! 3QF[Y! LT! cFRQ!

OO&(T!ZXz5!/'!/!\;*#$!'&(*2F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFX_!I!SFY[!3OT!PA5T!SFYZ!I!SFYY!3OT!PA5T!SFc[!I!SFcP!

3OT!cA5T!SF_S!I!SF_P!3OT!RA5T!XFSX!I!XFXX!3OT!PA5T!XFXP!I!XFY_!3OT!PA5T!XFP[!I!XFPR!

3OT!PA5T!YF_X!322T!\!Ü![FQT!YFS!A7T!PA5T!PFYP!I!PFc_!3OT!RA5F!

BJ8,d>:!3RQR!GA7T!,<,(_5!ä!RcQFPT!R_XFXT!R_RF_T!R_RFPT!R_QFPT!RPZF[T!RPSFc!3#\&!

'*L0/('5T!RPSFRT!RPXFZT!RPcFZT!RPcFYT!cPF_F!

>H1HE!RQR6RQ_!t,F!

\:>"6B"4^!)/():(/#$2!E&%!,PRAR[!lGsAms^!PSRFRcZRu!E&:02^!PSRFRc[RF!

!L+MNENLH\:NB#X0%Z&aW$%WSW+M,W,+&Z0(%-N9\H\:N%S#0.0!L[HTMg!

-.'/%%&(012+342DAH4<&06'?.I7%'787*3'8&9*(.8.4:.8/$6125;J31

>;$!)&O.&:02!\/'!'-0#;$'*7$2!/))&%2*0L!#;$!(*#$%/#:%$!.%&)$2:%$FPZ_!

>&! /! '&(:#*&0! &E! 3O56P63_TY62*O$#;&e-'#-%-(56cTcTYTY6#$#%/O$#;-(6RT_TP6

2*&e/C&%&(/0$!3RLT!_Fcc!OO&(T!RFQ!$i:*+5!*0!/)$#&0*#%*($!3YFc!O@T!QFXcG5!/#!Q!t,T!

\/'!/22$2!/!'/#:%/#$2!/i:$&:'!'&(:#*&0!&E!kAfP!3PF_!O@T!RQF_!OO&(T!_FQ!$i:*+5!

&+$%!Y!O*0:#$'F!>;$!%$/)#*&0!\/'!($E#!#&!'#*%!&+$%!0*L;#!/#!%&&O!\;*('#!\/%O*0L!

#&!%&&O!#$O.$%/#:%$F!>;$0!#;$!%$/)#*&0!O*e#:%$!\/'!$+/.&%/#$2!#&!2%-0$''!/02!

#;$! %$'*2:$! \/'! .(/)$2! *0! /! "&e;($##! )/%#%*2L$! /02! $e#%/)#$2! \*#;! %$E(:e*0L!

/)$#&0$!E&%!SP!;F!>;$!(&0L!$e#%/)#*&0!#*O$!*'!0$)$''/%-!E&%!&C#/*0*0L!L&&2!-*$(2'!

C$)/:'$! &E! #;$! (&\! '&(:C*(*#-! &E! #;$! .%&2:)#F! ?)$#&0$!\/'! $+/.&%/#$2! /02! #;$!

%$'*2:$!\/'!#%*#:%/#$2!*0!B#P=!/02!E*(#$%$2!/EE&%2*0L!Z_c!OL!3_FQ[!OO&(T![Qz5!&E!

/!\;*#$!'&(*2F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PZ_!! D/%'&0'T!?F!>Fu!"$0$)/(T!>F!<Fu!9:);\/(2T!"F!@F!J-:'4A!L<'1A!3-%A!O.A!@AB@T!g[T!

P[cS6P[YQF!



7A52,(9.IC.

!RXc!

pG8!2/#/!/%$!*0!/L%$$O$0#!\*#;!#;$!(*#$%/#:%$F!!

2+34K42DAH4L&06'?.I7%'787*3,7,*.?6@'/4=ADAH4'8&6$6125DJ31

>&! .&#/''*:O! 3O563_TY62*O$#;&e-'#-%-(5#%*E(:&%&6ìc6C&%/0$! 3Z_c!OLT! _FR!OO&(T!

RFQ!$i:*+5!*0!<Gf!3RPFY!O@5!/#!Q!t,!\/'!/22$2!#%&.-(*:O!#$#%/E(:&%&C&%/#$!3YYQ!

OLT! _FR! OO&(T! RFQ! $i:*+5! *0! &0$! .&%#*&0F! >;$! '&(:#*&0! \/'! /((&\$2! #&! \/%O!

'(&\(-! :.! #&! P_! t,! /02! i:$0);$2! /E#$%! P! ;! C-! /22*0L! \/#$%! /02! B#=?)F! >;$!

.;/'$'!\$%$!'$./%/#$2!/02! #;$!/iF!.;/'$!\/'! #\&! #*O$'!$e#%/)#$2!\*#;!B#=?)F!

>;$!)&OC*0$2!&%L/0*)!.;/'$!\/'!\/';$2!#;%$$!#*O$'!\*#;!/!2*(:#$2!'&(:#*&0!&E!

p/,(T! E&((&\$2! C-! &0$! \/';*0L! \*#;! C%*0$F! >;$! &%L/0*)! .;/'$! \/'! 2%*$2! &+$%!

p/"=c! /02! )&0)$0#%/#$2! +-! >#@50F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-! 3PPQ!L!"*=PT! $(:$0#^!Rz!B#P=! *0!.$0#/0$5!/EE&%2*0L!BQ! 3QF[Y!LT!

cFRQ!OO&(T!ZXz5!/'!/!\;*#$!'&(*2F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!XFSc!I!XFSR!3OT!PA5T!XFY[!32T!\!Ü!PFP!A7T!PA5T!XFYS!I!

XFcS!3OT!PA5T!XFcQ!3#T!\!Ü!PFP!A7T!RA5T!XFP[!I!XFPc!3OT!PA5T!YF_X!322T!\!Ü!ZF[T!YFS!A7T!

PA5T!_FZc!3'T!_A5T!PFcS!3iT!\!Ü!YFZ!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! RXQF[T! R_[FcT! R_RFYT! R_RFRT! R_QFYT! RPcFXT! RPcF_T!

RQcF_T![[FXT!YYFcT!cPFQF!

\:>"6?D,4^!)/():(/#$2!E&%!,RSAR[=P!lGsAms^!PYYFR_ZQu!E&:02^!PYYFR_S[F!

ENL1W,+&Z0aW+#V0.0X0%ZW+M,W,+&Z0(%-N9\H\:N%S#0.0!L[HZMg!

L&6'?7*12,7,*.?6@'/4>A5AB4'8&6$4=47*2=4?7<8.I7,7,*.?6I7*306'?7*3@?.%@?.$/'612B=/31

>&!/!'&(:#*&0!&E!L@D!3PPX!OLT!R!OO&(5!*0!>Af!3c!O@5!/#!6SZ!t,!*'!/22$2!-6C:#-(!

(*#;*:O!3QFc!O@T!PFY!GT!R!OO&(5!/02!#;$!O*e#:%$!*'!'#*%%$2!E&%!RY!O*0:#$'!C$E&%$!

)-)(&;$e/0&0$! 3RQc! ã@T! R! OO&(5! *'! /22$2! /02! #;$! )&&(*0L! *'! %$O&+$2F! ?E#$%!

'#*%%*0L! E&%!/0!/22*#*&0/(!;T! #;$!%$/)#*&0! *'!i:$0);$2!\*#;!pAc,(T!$e#%/)#$2!/02!

2%*$2F!>;$!O/#$%*/(!\/'!&E!;*L;!$0&:L;!.:%*#-!#&!C$!:'$2!2*%$)#(-!*0!#;$!0$e#!'#$.F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!XFXQ!I!XFcS!3OT!PA5T!XFPQ!I!XFRQ!3OT!PA5T!YFPQ!

I!cFZ_!3OT!PA5T!cFPP!I!cFQX!3OT!cA5T!PF__!322T!\!Ü!PPFRT!cFZ!A7T!RA5T!RF[P!I!RFcQ!3OT!

RQA5T!RFcP!I!RF__!3OT!XA5F!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RXY!

+'?7*1 ?7<8.J6$1 2,7,*.?6@'/4>A5AB4'8&6$4=47*2=4?7<8.I7,7,*.?6I7*306'?7*34

@?.%@?.$/'612B=,31

,%:2$!NB2!3$'#*O/#$2!R!OO&(5!*'!2*''&(+$2!*0!O$#;/0&(!3Y!O@5!/02!/0!/i:$&:'!

'&(:#*&0!&E!p/=A!3c!O@T!c!p5! *'!/22$2!/02!#;$!O*e#:%$! *'!'#*%%$2! E&%!SP!;F!>;$!

O*e#:%$! *'! /)*2*E*$2! :0#*(! #;$! 8A! *'! /%&:02! P! /02! $e#%/)#$2! \*#;! ,AP,(P! /02!

)&0)$0#%/#$2F!>;$!)&O.&:02!\/'!&E!;*L;!$0&:L;!.:%*#-!#&!C$!:'$2!2*%$)#(-!*0!#;$!

0$e#!'#$.F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!XFXR!I!XFcZ!3OT!PA5T!XFRc!32#T!\!Ü![FST!YFY!A7T!

PA5T!YFPS!I!cF[_!3OT!PA5T!cFPY!I!cFQX!3OT!PA5T!PFcX!I!PF_Y!3OT!RA5T!PFQQ!I!RFQY!3OT!

RQA5T!RFcQ!I!RF_Q!3OT!_A5F!

K42!7,*.?6I7*&<6$606'?7*3,7,*.?6@'/4=ADAH4'8&6$6125D?31

,%:2$! NB)! 3$'#*O/#$2! R! OO&(5! *'! 2*''&(+$2! *0! ,A,(_! 3Y! O@5! /02! 2**'&.%&.-(!

)/%C&2**O*2$! 3_cQ! ã@T! PFP! OO&(5! *'! /22$2! /02! #;$!O*e#:%$! *'! '#*%%$2! E&%! c! ;F!

,&0)$0#%/#*&0!/02! E(/';!);%&O/#&L%/.;-!-*$(2'!XQ!OL!3c_z!&+$%!_!'#$.'5!&E!/!

)&(&%($''!&*(F!

B\, d>:! 3_QQ! GA7T! ,;(&%&E&%O6.5! ä! XFX[! 3222T! \!Ü! _FcT! PFRT! QFZ! A7T! PA5T! XFRZ!

32222T!\!Ü!ZFZT!_F[T!PFXT!RFY!A7T!PA5T!YFYP!32#T!\!Ü!ZFcT!RFP!A7T!RA5T!YFRX!3222T!\!Ü![FXT!

YF_T!QF[!A7T!PA5T!PF_X!32222T!\!Ü!ZFST!XFZT!cFYT!PFS!A7T!RA5T!PFRS!3#T!\!Ü!YFY!A7T!PA5T!

PFQc!3222T!\!Ü!SFPT!cFZT!RFP!A7T!PA5T!RFXc!I!RFcX!3OT!XA5F!

BJ8,d>:!3RPX!GA7T!,<,(_5!ä!RcRF[T!R_RFQT!RPXFZT!RPcFQT!RP_FST!_SFSF!!

!L+MNENL[NL/S#'+)&S&X0%ZW+M$%WSW+M,W,+&Z0(%-N9\H\:N%S#0.0!L[H#M!

?! '&(:#*&0!&E! (*#;*:O!C*'3#%*O$#;-('*(-(5/O*2$! *0!>Af! 3RFQGT! RFQ!O@T! RFQ!OO&(T!

RFQ!$i:*+5!\/'!/22$2!#&!/!'&(:#*&0!&E!NK2!3_Rc!OLT!RFQ!OO&(T!RFQ!$i:*+5!*0!2%-!

>Af! 3RQ!O@T! QFRG5! /#! 6SZ! t,! :02$%! /0! /%L&0! /#O&'.;$%$F! ?E#$%! '#*%%*0L! E&%! Y!

O*0:#$'T! c63#%*E(:&%&O$#;-(5C$07/(2$;-2$! 3PS_! µ@T! PFQ! OO&(T! PFQ! $i:*+5! \/'!

/22$2! 0$/#! &+$%! #;$! L(/''! /02! '#*%%*0L! /#! 6SZ! t,! \/'! )&0#*0:$2! E&%! /0&#;$%! ;!

C$E&%$! #;$! '&(:#*&0!\/'! /((&\$2! #&!\/%O! #&! %&&O! #$O.$%/#:%$!&+$%!R_!;F!>;$!

%$/)#*&0!\/'!i:$0);$2!C-!#;$!/22*#*&0!&E!\/#$%!/02!#;$!O*e#:%$!\/'!$e#%/)#$2!

\*#;! B#P=T! 2%*$2! &+$%! p/P"=c! /02! E(/';! );%&O/#&L%/.;-! 3ZQ! LT! "*=PT! $(:$0#^!

.$0#/0$5!-*$(2$2!B4!3RPS!OLT!QFcZ!OO&(T!c[z5!/'!/!)&(&%($''!&*(F!



7A52,(9.IC.

!RXX!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFY[!32T!\!Ü!ZFP!A7T!PA5T!SFYR!32T!\!Ü!ZFP!A7T!PA5T!XFSc!I!

XFSP!3OT!PA5T!XFXX!I!XFYX!3OT!PA5T!XF_P!I!XFPY!3OT!PA5T!YF_S!322T!\!Ü!ZF[T!YFZ!A7T!

PA5T!PFYc!3iT!\!Ü!YF[!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R__FXT! R_RFRT! RP[F_T! RPXF_T! RPYFYT! RPYFYT! RPYFQT!

RP_FST!RQQFQT!cPFQF!

BMF,d>:!3_SX!GA7T!,<,(_5!ä!6XPFYXF!

\:>"6?D,4^!)/():(/#$2!E&%!,RXARcf_!lGsAms^!PX_FRQ_Yu!E&:02^!PX_FRQcP!

L+MNENL[N?S&X&$%WSW+M,W,+&Z0(%-N9\H\:N%S#0.0!L[HbM!

?! '&(:#*&0!&E! (*#;*:O!C*'3#%*O$#;-('*(-(5/O*2$! *0!>Af! 3RFQGT! PFQ!O@T! PFQ!OO&(T!

RFQ!$i:*+5!\/'!/22$2!#&!/!'&(:#*&0!&E!NK2!3XP[!OLT!PFQ!OO&(T!RFQ!$i:*+5!*0!2%-!

>Af! 3Z!O@T! QFPYG5! /#! 6SZ! t,! :02$%! /0! /%L&0! /#O&'.;$%$F! ?E#$%! '#*%%*0L! E&%! Y!

O*0:#$'T!c6C%&O&C$07/(2$;-2$!3ScQ!OLT!cFQ!OO&(T!PFQ!$i:*+5!\/'!/22$2!*0!&0$!

.&%#*&0! /02! '#*%%*0L! /#! 6SZ! t,!\/'! )&0#*0:$2! E&%! /0&#;$%!;!C$E&%$! #;$! '&(:#*&0!

\/'! /((&\$2! #&! \/%O! #&! %&&O! #$O.$%/#:%$! &+$%! R_! ;F! >;$! %$/)#*&0! \/'!

i:$0);$2! C-! #;$! /22*#*&0! &E! \/#$%! /02! #;$! O*e#:%$! \/'! $e#%/)#$2! \*#;! B#P=T!

2%*$2! &+$%! p/P"=c! /02! E(/';! );%&O/#&L%/.;-! 3ZQ! LT! "*=PT! $(:$0#^! .$0#/0$5!

-*$(2$2!B$!3cXY!OLT!RFS!OO&(T!ZYz5!/'!/!\;*#$!'&(*2F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFcZ!I!SFcc!3OT!PA5T!SF_Q!I!SFPX!3OT!PA5T!XFSc!I!XFSP!

3OT!PA5T!XFYS!I!XFcX!3OT!PA5T!XFP[!I!XFPc!3OT!PA5T!YF_Y!322T!\!Ü![FQT!YFZ!A7T!PA5T!

PFcZ!3iT!\!Ü!YFZ!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R_XF_T! R_RFST! R_RFXT! R_RFRT! RP[FcT! RPSFST! RPcFST!

RPcFQT!RPRFQT!cPFQF!

>H1HE!YY6YS!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,RYARc9%!lGsAms^!PS_FQPS_u!E&:02^!PS_FQPZR!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RXS!

GNL[NL1W,+&Z0(%-NG\[\JN%S#0.N9NW+M*)%NHN0.N9NW+M#$&#.V&+#.0N9\HNV#&.0!L[HfMg!

D42M4@?'?/*.7*3@8.@&.$/*<6?7<612H=&31

>;*'!)&O.&:02!\/'!O/2$!/))&%2*0L!#&!/!(*#$%/#:%$!.%&)$2:%$FPZc!

>42542!7,*.?6@'/4>A5AB4'8&6$4=47*3:('4D46$4=47*3&%.&$<.*&$64=AD4<&.$6125DN31

?! '&(:#*&0!&E! (*#;*:O!C*'3#%*O$#;-('*(-(5/O*2$! *0!>Af! 3RFQGT! RFQ!O@T! RFQ!OO&(T!

RFQ!$i:*+5!\/'!/22$2!#&!/!'&(:#*&0!&E!NK2!3RYS!OLT!QFY!OO&(T!RFQ!$i:*+5!*0!2%-!

>Af! 3Y! O@T! QFRG5! /#! 6SZ! t,! :02$%! /0! /%L&0! /#O&'.;$%$F! ?E#$%! '#*%%*0L! E&%! Y!

O*0:#$'T!LB*!3RQP!OLT!QFY!OO&(T!RFQ!$i:*+5!\/'!/22$2!0$/#!&+$%!#;$!L(/''!\/((!

/02! '#*%%*0L! /#! 6SZ! t,! \/'! )&0#*0:$2! E&%! /0&#;$%! ;! C$E&%$! #;$! '&(:#*&0! \/'!

/((&\$2!#&!\/%O!#&!%&&O!#$O.$%/#:%$!&+$%!R_!;F!>;$!%$/)#*&0!\/'!i:$0);$2!C-!

#;$! /22*#*&0! &E! \/#$%! /02! #;$! O*e#:%$! \/'! $e#%/)#$2! \*#;! B#P=T! 2%*$2! &+$%!

p/P"=c!/02!E(/';!);%&O/#&L%/.;-!3cQ!LT!"*=PT!$(:$0#^!RQz!B#P=!/02!Pz!B#_p!*0!

.$0#/0$5!-*$(2$2!/!)&(&%($''!&*(!3X_!OLT!ccz5!/'!/!O*e#:%$!&E!O!/02!n!*'&O$%'F!

O!+,01'$P!B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!SFZY!3#2T!\!Ü!YFZT!_FR!A7T!PA5T!XFXP!

32#2T! \!Ü!_FST!_FRT!PFST!QFZ!A7T!PA5T!XFQP! 32222T! \!Ü!ZFZT!_FZT!PFXT!RFc!A7T!PA5T!YFZZ!

322#T!\!Ü!RQF[T![FYT!RFX!A7T!RA5T!YFXc!I!YFYS!3OT!RA5T!YFQR!I!cF[Y!3OT!PA5T!_FSX!32#T!\!

Ü!R_FXT!XF[!A7T!PA5T!PFcP!I!PF_P!3OT!_A5F!

n!+,01'$^!B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!SFS_!3222T!\!Ü!YFST!_FQT!RFZ!A7T!PA5T!

XFXP! 32#2T! \!Ü!_FST!_FRT!PFST!QFZ!A7T!PA5T!XFRP! 32222T! \!Ü!ZF[T!_FZT!PFXT!RF_!A7T!PA5T!

YFZc!I!YFSc!3OT!RA5T!YFYZ!I!YFYP!3OT!RA5T!YFRc!I!YFQS!3OT!PA5T!_FSX!32#T!\!Ü!R_FXT!XF[!

A7T!PA5T!PFY_!I!PFc_!3OT!PA5T!PFPQ!3iT!\!Ü!XFY!A7T!RA5F!

[NL1W,+&Z0(%-NG\[\JN%S#0.N9NW+X0%ZW+0.0M%0%S-ZWVS&NG)N(WS-.!L[H+M!

?!'&(:#*&0!&E! (*#;*:O!C*'3#%*O$#;-('*(-(5/O*2$! *0!>Af!3RFQ!GT!cFY!O@T!cFY!OO&(T!

_FQ! $i:*+5! \/'! /22$2! #&! /! '&(:#*&0! &E! GD! 3ZZ_! OLT! _FQ! OO&(T! PFQ! $i:*+5! /02!

#$#%/;-2%&6c&6.-%/06c6&0$! 3R_[!µ@T! RFY!OO&(T! RFQ! $i:*+5! *0! 2%-! >Af! 3RY!O@T!

QFRG5! /#! 6SZ! t,! :02$%! /0! /%L&0! /#O&'.;$%$T! /02! '#*%%$2! E&%! R! ;! C$E&%$! #;$!

'&(:#*&0!\/'!/((&\$2!#&!\/%O!#&!%&&O!#$O.$%/#:%$!&+$%!R_!;F!>;$!%$/)#*&0!\/'!

i:$0);$2! C-! #;$! /22*#*&0! &E! \/#$%! /02! #;$! O*e#:%$! \/'! $e#%/)#$2! \*#;! B#P=T!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PZc!! 8$LL$(*0T!GFu! j:0d$%T! 9Fu!A$*0%*);T! >Fu! "(/+*dT! "Fu! 9};($T! DF! \A!J1A!L<'1A!C0@A!

@AANT![QhT!cQP_6cQ_cF!



7A52,(9.IC.

!RXZ!

2%*$2! &+$%! p/P"=c! /02! E(/';! );%&O/#&L%/.;-! 3ZQ! LT! "*=PT! $(:$0#^! .$0#/0$5!

-*$(2$2!B=!3PcP!OLT!RFPZ!OO&(T!ZXz5!/'!/!)&(&%($''!&*(F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!XFS_!I!XFX[!3OT!PA5T!XFPY!I!XFRZ!3OT!PA5T!YFXY!32T!\!Ü!

ZFY!A7T!RA5T!_FSS!I!_FSP!3OT!PA5T!_FXZ!I!_FXc!3OT!PA5T!PF_S!32#T!\!Ü!ZFZT!YFc!A7T!RA5T!

PF__!I!PFP[!3OT!PA5T!PFPP!I!PFRZ!3OT!PA5F!

BJ8,d>:! 3RPX!GA7T!,<,(_5!ä!R_XFYT!R_RFQT!RPXFQT!RPYFXT!RPcFPT!X[FXT!XZFST!_SFYT!

_XFST!_QFRF!

\:>"6?D,4^!)/():(/#$2!E&%!,R_ARS=!lGsAms^!RZ[FRPScu!E&:02^!RZ[FRPSc!

9N?0.]W+N[NL,W,+&Z0(%-NG\[\JN%S#0.N9NW+X0%ZW+0.0M(#(0S#V#.0!L[HXM!

?! '&(:#*&0!&E! (*#;*:O!C*'3#%*O$#;-('*(-(5/O*2$! *0!>Af! 3RFQGT! cFY!O@T! cFY!OO&(T!

_FQ!$i:*+5!\/'!/22$2!#&!/!'&(:#*&0!&E!NKD!3ZZ_!OLT!_FQ!OO&(T!PFQ!$i:*+5!/02!R6

C$07-(6c6.*.$%*2&0$!3PSZ!µ@T!RFY!OO&(T!RFQ!$i:*+5!*0!2%-!>Af!3RY!O@T!QFRG5!/#!6

SZ! t,! :02$%! /0! /%L&0! /#O&'.;$%$T! /02! '#*%%$2! E&%! R!;! C$E&%$! #;$! '&(:#*&0!\/'!

/((&\$2!#&!\/%O!#&!%&&O!#$O.$%/#:%$!&+$%!R_!;F!>;$!%$/)#*&0!\/'!i:$0);$2!C-!

#;$! /22*#*&0! &E! \/#$%! /02! #;$! O*e#:%$! \/'! $e#%/)#$2! \*#;! B#P=T! 2%*$2! &+$%!

p/P"=c!/02!E(/';!);%&O/#&L%/.;-!3"*=PT!R^S^RX!B#P=`,AP,(P`.$0#/0$T!#;$0!B#P=5!

-*$(2$2!GJX!3PZ[!OLT!SQz5!/'!/!)&(&%($''!&*(F!

B\,d>:!3YQQ!GA7T!,;(&%&E&%O6.5!ä!SF_S!î!SF_R!3OT!cA5T!SF_Q!I!SFPY!3OT!RA5T!XFX[!

322T!\!Ü!_FST!PFX!A7T!PA5T!XFR[!32222T!\!Ü!ZF[T!_F[T!PFXT!RFc!A7T!PA5T!YFYZ!32#T!\!Ü!ZFXT!

RF_!A7T!RA5T!YFRS!322T!\!Ü![FRT!YF_!A7T!PA5T!_FYc!3'T!PA5T!PFYQ!322T!\!Ü!XFcT!cF[!A7T!

PA5T!PFcP!3#T!\!Ü!YFS!A7T!PA5T!PF_X!32222T!\!Ü!ZFST!XF[T!YF_T!PFS!A7T!RA5T!PF_P!I!PFPZ!

3OT!PA5T!PFR[!3#2T!\!Ü!YFST!YFRT!RFP!A7T!PA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R_ZFXT! R_ZFcT! R_RFQT! RP[FRT! RPZFPT! RPXF[T! RPXF_T!

RPcFZT!RPcFRT!X_FQT!YYFPT!YcFXT!_SFST!_YF[T!PZFSF!

\:>"6?D,4^!)/():(/#$2!E&%!,PQAPcp!lGsAms^!PSZFR[Q_u!E&:02^!PSZFR[RPF!

'68'4?)%W+![NL,W,+&Z0(%-NG\[\JN%S#0.N9NW+X0%ZW+0.0M(#(0S#V#.0N9N,-S*&aW+-%01L[H.M!

?! '&(:#*&0!&E! (*#;*:O!C*'3#%*O$#;-('*(-(5/O*2$! *0!>Af! 3RFQGT! cFY!O@T! cFY!OO&(T!

_FQ!$i:*+5!\/'!/22$2!#&!/!'&(:#*&0!&E!NKD!3ZZ_!OLT!_FQ!OO&(T!PFQ!$i:*+5!/02!R6

C$07-(6c6.*.$%*2&0$!3P[[!OLT!RFY!OO&(T!RFQ!$i:*+5!*0!2%-!>Af!3RY!O@T!QFRG5!/#!6

SZ! t,! :02$%! /0! /%L&0! /#O&'.;$%$T! /02! '#*%%$2! E&%! R!;! C$E&%$! #;$! '&(:#*&0!\/'!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RX[!

/((&\$2!#&!\/%O!#&!%&&O!#$O.$%/#:%$!&+$%!R_!;F!>;$!%$/)#*&0!\/'!i:$0);$2!C-!

#;$! /22*#*&0! &E! \/#$%! /02! #;$! O*e#:%$! \/'! $e#%/)#$2! \*#;! B#P=T! 2%*$2! &+$%!

p/P"=c!/02!E(/';!);%&O/#&L%/.;-!3"*=PT!R^S^RX!B#P=`,AP,(P`.$0#/0$T!#;$0!B#P=5!

-*$(2$2!GJX!3RQZ!OLT!PYz5!/'!/!)&(&%($''!&*(F!

B\,d>:!3YQQ!GA7T!,;(&%&E&%O6.5!ä!XFSQ!32#T!\!Ü!_FXT!RFS!A7T!PA5T!XFPQ!32222T!\!Ü!

ZFZT!_F[T!PFXT!RFc!A7T!PA5T!YFXS!32#T!\!Ü!ZFYT!RF_!A7T!RA5T!YFRX!322T!\!Ü![FRT!YFc!A7T!PA5T!

_FcS!3#T!\!Ü!YFZ!A7T!PA5T!_F_Z!3#T!\!Ü!YF[!A7T!PA5T!PF_S!3iT!\!Ü!XFcT!XFQ!A7T!RA5T!PFPc!3#T!\!

Ü!YFS!A7T!PA5T!PFR_!3#T!\!Ü!YF[!A7T!PA5T!RFc[!3'T!RZA5F!

BJ8,d>:!3RPX!GA7T!,<,(_5!ä!RccFYT!R_SF_T!R_RFQT!RPXF_T!RPYF[T!RPcF_T!S[FYT!XPFPT!

_SFST!P[FST!PZFYT!PZFcF 

[NL1W,+&Z0(%-NG\[\JN%S#0.N9NW+X0%ZW+0.0MN9N%&$W+(#(0S#V#.0!L[H(M!

>;*'!)&O.&:02!\/'!O/2$!E&((&\*0L!/!O&2*E*$2!(*#$%/#:%$!.%&)$2:%$FPZY!

>&!/!'&(:#*&0!&E!GJO!3YS!OLT!QFP!OO&(T!R!$i:*+5!*0!,AP,(P!3R!O@5!\/'!/22$2!>f?!

3R_Q!µ@5! /02! #;$!O*e#:%$!\/'! '#*%%$2! E&%! PQ!O*0:#$'F! ?E#$%! )&0)$0#%/#*&0T! #;$!

O*e#:%$! \/'! /L/*0! 2*''&(+$2! *0! ,AP,(P! 3R! O@5! /02! #&'-(! );(&%*2$! 3SX! OLT! QFc!

OO&(T!P!$i:*+5!/02!#%*$#;-(/O*0$!3R!O@5!\$%$!/22$2F!?E#$%!'#*%%*0L!E&%!RP!;T!#;$!

O*e#:%$!\/'!$e#%/)#$2!/02!)&0)$0#%/#$2F!f(/';!);%&O/#&L%/.;-!3"*=PT!Q6RQQz!

B#P=!*0!)6;$e/0$5!-*$(2'!Pc!OL!3_Yz5!&E!/!)&(&%($''!&*(F!

B\,d>:!3YQQ!GA7T!,;(&%&E&%O6.5!ä!SFXS!I!SFXc!3OT!PA5T!SF__!32T!\!Ü!ZFR!A7T!PA5T!

XFXZ!322T!\!Ü!_FST!PFX!A7T!PA5T!XFRS!32222T!\!Ü!ZFZT!_F[T!PFXT!RFc!A7T!PA5T!YFXR!32#T!\!Ü!

ZFST!RFP!A7T!RA5T!YFQS!322T!\!Ü![FRT!YFc!A7T!PA5T!_FQ[!3#T!\!Ü!YFZ!A7T!PA5T!PF[[!3#T!\!Ü!YFZ!

A7T!PA5T!PFcY!3'T!_A5T!PF_Z!I!PF_c!3OT!PA5T!PF_Q!I!PFPX!3OT!RA5T!PFPc!3222T!\!Ü!XFcT!

YFPT!RFP!A7T!PA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! Rc_FYT! R_YFcT! R__FcT! R_RFQT! RP[FXT! RPSFXT! RPSFQT!

RPYFcT!RPcFcT!cSF[T!cSFPT!_SFXT!_YFRT!PZFQT!PRFYF!

\:>"6?D,4^!)/():(/#$2!E&%!,PQAPcp=P"!lGsAms^!_cPFRYPPu!E&:02^!_cPFRYPcF!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PZY!! G:%/*T!kFu!k&O/#':T!AFu!p/L/&T!8Fu!f:]*&d/T!AF!X$:A!D'%%A!@AB@T![_T!SSP6SSYF!



7A52,(9.IC.

!RSQ!

B#0%ZW+!L,W,+&Z0(%-NG\[\JN%S#0.N9NW+X0%ZW+M(Z&$(Z&.-%0!L:G*M!

?!'&(:#*&0!&E!XQ!3PFZc!LT!RPF_!OO&(T!R!$i:*+5!*0!>Af!3XQ!O@5!/02!B#P=!3XQ!O@5!*'!

)&&($2!#&!6RRQ!t,!/02!%'$%6C:#-(!(*#;*:O!3RcFY!O@T!PcFX!OO&(T!P!$i:*+5!*'!/22$2F!

?E#$%!'#*%%*0L!E&%!R!;T!#%&.-(*:O!#$#%/E(:&%&C&%/#$!3_FPS!LT!RZFc!OO&(T!RFY!$i:*+5!

*'! /22$2! /02! #;$! )&&(*0L! *'! %$O&+$2F! b;$0! #;$! O*e#:%$! %$/);$'! /OC*$0#!

#$O.$%/#:%$T! \/#$%! *'! /22$2! /02! #;$! O*e#:%$! *'! $e#%/)#$2! \*#;! B#=?)F! f(/';!

);%&O/#&L%/.;-!3"*=PT!Q!#&!RQQz!B#=?)!*0!)6;$e/0$5!-*$(2'![Z_!OL!3__z5!&E!/!

)&(&%($''!&*(F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!XFXZ!3#T!\!Ü!_FP!A7T!PA5T!XFPQ!32#T!\!Ü![FPT!_FP!

A7T!PA5T!YF_Q!322T!\!Ü![FPT!YF_!A7T!PA5T!cFR[!I!cFQY!3OT!cA5T!PFPQ!32T!\!Ü!SFY!A7T!RA5T!

PFRR!3OT!PA5T!RFcQ!I!RFP[!3OT!XA5F!

L1W,+&Z0(%-NG\[\JN%S#0.N9NW+X0%ZW+M%S#X0%ZW+$#+-.0!L:G,M!

>;*'!)&O.&:02!\/'!O/2$!E&((&\*0L!/!O&2*E*$2!(*#$%/#:%$!.%&)$2:%$FPZX!

?!E(/'d!)&0#/*0*0L!O/L0$'*:O!#:%0*0L'!3Pc_!OLT!RQ!OO&(T!P!$i:*+5!*'!2%*$2!E*(($2!

\*#;!/%L&0!/02!/!)%-'#/(!&E!*&2*0$!*'!/22$2F!b;$0!#;$!O/L0$'*:O!*'!/)#*+/#$2T!/!

'&(:#*&0!&E!);(&%&O$#;-(#%*O$#;-('*(/0$!3SQQ!ã@T!Y!OO&(T!R!$i:*+5!*0!B#P=!3c!O@5!

*'! /22$2! /02! #;$! O*e#:%$! *'! C%&:L;#! #&! %$E(:eF! =0)$! #;$! 1%*L0/%2! %$/L$0#! *'!

E&%O$2! 3_Q! O*05T! *#! *'! /22$2! 2%&.! \*'$! #&! /! )&&($2! 36SZ! t,5! ':'.$0'*&0! &E!

#%&.-(*:O! #$#%/E(:&%&C&%/#$! 3Z[Q!OLT!Y!OO&(T!R!$i:*+5! *0!>Af! 3c!O@5!/02! #;$!

O*e#:%$! \/'! '#*%%$2! C$E&%$! #;$! )&&(*0L! \/'! %$O&+$2F! ?E#$%! %$/);*0L! /OC*$0#!

#$O.$%/#:%$T! #;$! O*e#:%$! *'! i:$0);$2! \*#;! \/#$%T! $e#%/)#$2! \*#;! B#=?)! /02!

2%*$2F!f(/';!);%&O/#&L%/.;-!3"*=PT!.$0#/0$5!-*$(2'!cQR!OL!3cYz5!&E!/!)&(&%($''!

&*(F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!XFXZ!322T!\!Ü!_FXT!PFX!A7T!PA5T!XFRc!32222T!\!Ü!

ZF[T!_FZT!PFYT!RFc!A7T!PA5T!YFRc!3222T!\!Ü![F_T!YFYT!QF[!A7T!PA5T!RFXR!I!RFYQ!3OT!RA5T!

RFQX!32T!\!Ü!SFS!A7T!PA5T!QFQc!32T!\!Ü!QFY!A7T![A5F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PZX!! 9$0*/77/T!8Fu!<$'+$%L0$'T!qF!%Fu!@/02/*'T!aF!X$:A!D'%%A!@AAKT![ZT!cR[Y6cR[ZF!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RSR!

!L9NL1W,+&Z0(%-NG\[\JN%S#0.N9NW+MNGNX0%Z&aWNGN&a&0%ZW+M%S#(Z0.W+(Z&$(Z&.#)X!

%0%S-'+)&S&*&S-%0!L:EM!

?!':'.$0'*&0!&E!O$#;-(!3#%*.;$0-(.;&'.;&%/0-(*2$0$5/)$#/#$!3RFQ!LT!_FQ!OO&(T!R!

$i:*+5!/02!#%&.-(*:O!#$#%/E(:&%&C&%/#$!3XcQ!OLT!_FX!OO&(T!RFP!$i:*+5!*0!>Af!3[!

O@5! *'! '#*%%$2! /#! %&&O! #$O.$%/#:%$! E&%! Pc! C$E&%$! *#! *'! E*(#$%$2! /02!\/';!\*#;!

>AfT!-*$(2*0L!RFcQ!L!3[Rz5&E!/!\;*#$!'/(#F!

1H NMR (300 MHz, Acetonitrile-d3) ä 7.89 (ddq, J = 7.5, 6.6, 1.6 Hz, 3H), 7.83 I 

7.67 (m, 11H), 6.72 I 6.67 (m, 2H), 6.16 (ddd, J = 41.3, 9.5, 5.0 Hz, 2H), 5.28 (dd, J 

= 9.4, 6.5 Hz, 1H), 5.18 (dd, J = 11.8, 6.5 Hz, 1H), 5.02 (dd, J = 9.4, 6.3 Hz, 1H), 

2.36 (dq, J = 12.8, 6.4 Hz, 1H), 1.96 (p, J = 2.5 Hz, 2H). 

JBW,d>:!3RXP!GA7T!G$=<5!ä!P_FXQF!

L1-S*&aWX0%ZW+M%S#(Z0.W+(Z&$(Z&.#)X!*S&X#V0!L:RMY!

>;*'!)&O.&:02!\/'!O/2$!/))&%2*0L!#&!/!(*#$%/#:%$!.%&)$2:%$FPZS!

B#0%ZW+!L*S&X&X0%ZW+M(Z&$(Z&.-%0!LJPM!

>;*'!)&O.&:02!\/'!O/2$!/))&%2*0L!#&!/!(*#$%/#:%$!.%&)$2:%$FPZZ!

2S0(-S-%#&.!&'!I)+#-Nh&,#0.$f#!S0-T0.%$!

:NLL1W,+&Z0(%-NG\[\JN%S#0.N9NW+X0%ZW+M$)+'&.W+MN9N(Z0.W+N9ON%0%S-]&+0!LJR-M!

>;*'!)&O.&:02!\/'!'-0#;$'*7$2!/))&%2*0L!#&!/!O&2*E*$2!(*#$%/#:%$!.%&)$2:%$FPZ[!

>&! /! '&(:#*&0! &E! )-)(&;$.#/6PTcTX6#%*$06R6-(O$#;/0&(P[Q!3YF_Y! LT! c_FZ!OO&(T! RFQ!

$i:*+5T! R6.;$0-(6R&6#$#%/7&($6Y6#;*&(! 3SFZR! LT! c_FZ! OO&(T! RFQ! $i:*+5T!

#%*.;$0-(.;&'.;*0$!3RRFc[!LT!c_FZ!OO&(T!RFQ!$i:*+5!*0!>Af!3RSY!O@T!QFPYG5!\/'!

/22$2! 2*$#;-(! /7&2*)/%C&e-(/#$! 3cQz! #&(:$0$T! R[FR!O@T! c_FZ!OO&(T! RFQ! $i:*+5!

2%&.!\*'$!/02! #;$! %$/)#*&0!\/'! ($E#! #&! '#*%! E&%!/0!/22*#*&0/(!_!;F!>;$0T! $#;/0&(!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PZS!! 1/(d*0T! qF! 4Fu! 9/d;#*-/%&+/T! aF! qFu! D&($7;/$+/T! pF! ?Fu! ";/*d;:#2*0&+T! 8F! ?Fu!

k(&);d&+T!qF!qFu!,;$%d/'&+T!8F!?F!f5,,A!\A!V'-A!L<'1A!BMMKT!ahT!RQYP6RQYXF!
PZZ!! ?(6A/O&:7T!=F! ,F! "Fu!?(*T! "F!?F! \A!;0(91A!C@+A2!;#$%!JP!;0(91A!L<'1A!@AB@T!gZT!

_YZQ6_Y[RF!
PZ[!! ?è''/T!,F!\A!X$:A!L<'1A!@AANT!c[T!_XQ6_X_F!
P[Q!! ?0)*/:eT!?F!jFu!<$O&0)$/:T!?Fu!p&$('T!?F!fFu!A:C$%#T!?F!jFu!b/%*0T!8Fu!>$-''*$T!DF!

\A!X$:A!L<'1A!BMKBT!_aT!ZS_6ZSX! k$%C$%T! 8F! ,Fu! B;0#;&(#T! <F! jF! \A! J1A!
L<'1A!C0@A!BMCJT!igT!P[PS6P[_cF!



7A52,(9.IC.

!RSP!

3P_Q!O@T!QFRYG5!\/'!/22$2!/02!#;$!%$/)#*&0!\/'!)&&($2!#&!Q!t,T!E&((&\$2!C-!#;$!

2%&.!\*'$!/22*#*&0!&E!/!'&(:#*&0!&E!/OO&0*:O!O&(-C2/#$!#$#%/;-2%/#$!3cF_R!LT!

_FY! OO&(T! QFRY! $i:*+5! *0! ;-2%&L$0! .$%&e*2$! 3_QzT! cc! O@T! c_c! OO&(T! RPFY!

$i:*+5F! >;$! %$/)#*&0! \/'! ($E#! #&! '#*%! &+$%! 0*L;#! \;*('#! \/%O*0L! #&! %&&O!

#$O.$%/#:%$F!b/#$%! 3cQQ!O@5!\/'! /22$2! /02! #;$!O*e#:%$!\/'! $e#%/)#$2!\*#;!

,AP,(P!3cQQ!O@5!_!#*O$'F!>;$!&%L/0*)!(/-$%'!\$%$!)&OC*0$2T!\/';$2!\*#;!C%*0$!

3cQQ!O(5T!2%*$2!&+$%!p/P"=c!/02!)&0)$0#%/#$2!#&!2%-0$''F!f(/';!);%&O/#&L%/.;-!

3__Q!L!"*=PT!$(:$0#^!R^R^Z!B#P=^,AP,(P^.$0#/0$5!/EE&%2$2!ZFPY!L!3PXF_!OO&(T!XQz5!

&E!/!\;*#$!'&(*2F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFSQ!I!SFXR!3OT!YA5T!XFSP!I!XFSQ!3OT!PA5T!XF_Q!32#T!\!Ü!

[FPT!PF[!A7T!PA5T!YFcQ!322T!\!Ü![FRT!XFS!A7T!PA5T!_F[S!32T!\!Ü!SFP!A7T!PA5T!PF[S!3.T!\!Ü!

XF[!A7T!RA5F!

BJ8,d>:!3RPX!GA7T!,<,(_5!ä!RY_FST!R__FQT!R_RFcT!RP[FST!RPXFXT!RPYFPT!RPRFPT!YSFQT!

__FQF!

>H1HE![Z6[[!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,RYARcpcp/=P"!lGsp/ms^!__SFQS_Qu!E&:02^!__SFQSPY!

9NL'68'N?)%W+MN:NLL,W,+&Z0(%-NG\[\JN%S#0.N9NW+X0%ZW+M$)+'&.W+MN9)N%0%S-]&+0!LJR*M!

>;*'!)&O.&:02!\/'!'-0#;$'*7$2!/))&%2*0L!#&!/!O&2*E*$2!(*#$%/#:%$!.%&)$2:%$FP[R!!

>&! /! '&(:#*&0! &E! )-)(&;$.#/6PTcTX6#%*$06R6-(O$#;/0&(P[P!3_FZ_! LT! _RFc!OO&(T! RFQ!

$i:*+5T! R6%'$%6C:#-(6R&6#$#%/7&($6Y6#;*&( P[_ !3cF[S! LT! _RFc! OO&(T! RFQ! $i:*+5T!

#%*.;$0-(.;&'.;*0$!3ZFPc!LT!_RFc!OO&(T!RFQ!$i:*+5!*0!>Af!3RPY!O@T!QFPYG5!\/'!

/22$2! 2*$#;-(! /7&2*)/%C&e-(/#$! 3cQz! #&(:$0$T! R_FS!O@T! _RFc!OO&(T! RFQ! $i:*+5!

2%&.!\*'$!/02!#;$!%$/)#*&0!\/'!($E#!#&!'#*%!E&%!/0!/22*#*&0/(!RP!;F!>;$0T!$#;/0&(!

3RYQ!O@T!QFRYG5!\/'!/22$2!/02!#;$!%$/)#*&0!\/'!)&&($2!#&!Q!t,T!E&((&\$2!C-!#;$!

2%&.6\*'$!/22*#*&0!&E!/!'&(:#*&0!&E!/OO&0*:O!O&(-C2/#$!#$#%/;-2%/#$!3_FPZ!LT!

PFXY!OO&(T! QFQZcY!$i:*+5! *0!;-2%&L$0!.$%&e*2$! 3_QzT!__!O@T!_PQ!OO&(T! RPFY!

$i:*+5F!>;$!%$/)#*&0!\/'!($E#!#&!'#*%!E&%!/0!/22*#*&0/(!c!;!\;*('#!\/%O*0L!#&!%&&O!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
P[R!! ?è''/T!,F!\A!X$:A!L<'1A!@AANT!c[T!_XQ6_X_F!
P[P!! /5!?0)*/:eT!?F!jFu!<$O&0)$/:T!?Fu!p&$('T!?F!fFu!A:C$%#T!?F!jFu!b/%*0T!8Fu!>$-''*$T!

DF! \A!X$:A! L<'1A!BMKBT! _aT! ZS_6ZSXF! C5! k$%C$%T! 8F! ,Fu! B;0#;&(#T! <F! jF! \A! J1A!
L<'1A!C0@A!BMCJT!igT!P[PS6P[_cF!

P[_!! v;:T!@Fu!p*T!,Fu!v;/&T!aFu!A:T!jF!B'%$#<'.$0-!@ABAT!aaT!YQZ[6YRQQF!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RS_!

#$O.$%/#:%$F!b/#$%! 3PQQ!O@5!\/'! /22$2! /02! #;$!O*e#:%$!\/'! $e#%/)#$2!\*#;!

,AP,(P!3PQQ!O@5!_!#*O$'F!>;$!&%L/0*)!(/-$%'!\$%$!)&OC*0$2T!\/';$2!\*#;!C%*0$!

3PQQ!O(5T!2%*$2!&+$%!p/P"=c!/02!)&0)$0#%/#$2!#&!2%-0$''F!f(/';!);%&O/#&L%/.;-!

3__Q!L!"*=PT!$(:$0#^!R^R^Z!B#P=^,AP,(P^.$0#/0$5!/EE&%2$2!cFPZ!L!3RcFY!OO&(T!cXz5!

&E!/!(*L;#!-$((&\!'&(*2F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!XFSY!I!XFSR!3OT!PA5T!XF_P!32#T!\!Ü![FcT!_F_!A7T!PA5T!YFcY!

322T!\!Ü![FQT!XFY!A7T!PA5T!cFRP!32T!\!Ü!SFR!A7T!PA5T!PF[P!3.T!\!Ü!XF[!A7T!RA5T!RFZX!3'T!

[A5F!

BJ8,d>:!3RQR!GA7T!,<,(_5!ä!RYcF_T!R_RFcT!RPXF_T!RPRFXT!XYFYT!YZFQT!__FPT!P[FSF!

>H1HE!cY6YR!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,R_ARZpcp/=P"!lGsp/ms^!_RSFRQc_u!E&:02^!_RSFRQcP!

[NL'68'N?)%W+MN:NLL9NL,W,+&Z0(%-NG\[\JN%S#0.N9NW+M0%ZW+M$)+'&.W+MN[)N9\G\HN%S#-]&+0!

LJR,M!

>&!/!'&(:#*&0!&E!NKD!3Z__!OLT!_!OO&(T!$i:*+5!*0!>Af!3_Q!O@5!/#!6SZ!t,!*'!/22$2!

@*AG<"! 3XFX!O@T! QFY! GT! _F_!OO&(T! RFR! $i:*+5! 2%&.! \*'$F! ?E#$%! '#*%%*0L! E&%! RQ!

O*0:#$'T!O$#;-(!*&2*2$!3RRR!ã@T!X!OO&(T!P!$i:*+5!*'!'(&\(-!/22$2!/02!#;$!)&&(*0L!

%$O&+$2F!>;$!O*e#:%$!*'!'#*%%$2!E&%!c!;!/02!)&0)$0#%/#$2F!f(/';!);%&O/#&L%/.;-!

3"*=PT!$(:$0#^!R^R^Z!B#P=^,AP,(P^.$0#/0$5!/EE&%2$2!cSS!OL!3YPz5!&E!/!(*L;#!-$((&\!

'&(*2F!

B\,d>:!3YQQ!GA7T!,;(&%&E&%O6.5!ä!XFSX!I!XFXZ!3OT!PA5T!XF_S!IXFPP!3OT!PA5T!YFcP!

3222T!\!Ü!YXFcT![FYT!XFP!A7T!PA5T!PFXY!I!PFXQ!3OT!RA5T!RFZS!3'T![A5T!RFXX!32T!\!Ü!XF[!A7T!

_A5F!

BJ8,d>:!3RPX!GA7T!,<,(_5!ä!RY_FZT!R_RF_T!R_RFPT!RPXFRT!RPYF[T!RPQFcT!RRZFcT!XYFXT!

XRF[T!_SF[T!P[FST!RYF_T!RRFZF!

\:>"6?D,4^!)/():(/#$2!E&%!,RcAPQpcp/=P"!lGsp/ms^!__RFRR[[u!E&:02^!_RRFRR[[F!

50.0S-+!(S&,0V)S0!'&S!%Z0!T&+VL;MN,-%-+W]0V!,W,+&(S&(-.-%#&.!

?!'&(:#*&0!&E!+*0-()-)(&;$.#/#%*$0$! 3RFQ!$i:*+5T! /(d$0$! 3RFY6PFQ!$i:*+5!/02!L&(2!

)/#/(-'#!R! 3Y!O&(z5! *0!B#=?)!3RQ!O@`OO&(5!\/'!;$/#$2! *0!/!)(&'$2!')%$\6)/.!

#:C$`+*/(! /#! SY! t,! E&%! RP6Pc! ;F! >;$! %$/)#*&0! O*e#:%$! \/'! )&&($2! #&! %&&O!



7A52,(9.IC.

!RSc!

#$O.$%/#:%$T! #;$! '&(+$0#! %$O&+$2! +-!>#@50! /02! #;$!)%:2$! %$'*2:$!\/'!.:%*E*$2!

C-!)&(:O0!);%&O/#&L%/.;-F!

,&%N9NA#%S&NHNLGNLL+MN$%WSW+M,W,+&(S&(W+M*0.]0.0!LE9-M!

>;*'!)&O.&:02!3-$((&\!&*(T!_RFR!OLT!cSzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3c[F! OLT! PYQ!

µO&(5T! R60*#%&6_6+*0-(C$07$0$! 3YP!µ@T! _SY!µO&(5! /02! L&(2! )/#/(-'#!R! 3[FS!OLT!

RPFY!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3Pc!L!"*=PT!

$(:$0#^!L%/2*$0#!E%&O!.$0#/0$!#&!Rz!B#P=!*0!.$0#/0$5F!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!

E&%!E:((!2$#/*('5F!

B\,d>:! 3cQQ!GA7T!,<,(_5!ä!ZFRP!3OT!RA5T!ZFQX!3OT!RA5T!SFYS!3OT!RA5T!SFcc!3OT!

RA5T!SFPc!I!SFRZ!3OT!PA5T!SFRS!I!SFRQ!3OT!_A5T!XFYc!32T!\!Ü!RYFZ!A7T!RA5T!YFcY!322T!\!

Ü!RYFST![FR!A7T!RA5T!PFYR!3OT!RA5T!PFP[!I!RF[S!3OT!RA5T!RFcZ!3OT!RA5T!RFPc!3OT!RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! RcZF_T! RcRF_T! R_SF_T! R_YFYT! R_RFPT! RP[FRT! RPZFST!

RPZFXT!RPSFRT!RPYFZT!RP_F[T!RPRFcT!P_FXT!P_FPT!RPF[F!

,&%NL+MN9ND0%ZW+NHNLGN$%WSW+,W,+&(S&(W+M*0.]0.0!LE9*M!

>;*'! )&O.&:02! 3)&(&%($''! )%-'#/('T! c_FS! OLT! SYzT! 2F%F! åPQ^R5! \/'! .%$./%$2!

/))&%2*0L! #&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$!

3c[FQ! OLT! PY! µO&(5T! R6O$#;-(6_6+*0-(C$07$0$! 3YQFQ! µ@T! _SY! µO&(5! /02! L&(2!

)/#/(-'#! R! 3[FS! OLT! RPFY! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-!3cQ!L!"*=PT!$(:$0#^!.$0#/0$5F!

":*#/C($! )%-'#/('! E&%! n6%/-! 2*EE%/)#*&0!\$%$! &C#/*0$2! C-! '(&\! $+/.&%/#*&0! &E! /!

'&(:#*&0!*0!,;(&%&E&%OF!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!

E&%!E:((!2$#/*('5FP[c!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFPY!I!SFRP!3OT!SA5T!SFQZ!I!SFQ_!3OT!PA5T!XFYc!32T!\!Ü!

RYFS!A7T!RA5T!YFYS!322T!\!Ü!RYFST![FY!A7T!RA5T!PFc[!I!PFcP!3OT!RA5T!PF_X!3'T!_A5T!PFQc!

3i2T!\!Ü!ZF[T!YFY!A7T!RA5T!RF_Z!3#2T!\!Ü!ZFcT!YFP!A7T!RA5T!RFRY!32#T!\!Ü!XF_T!YFc!A7T!RA5F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
P[c!! k\/0T!BF!BFu!A:/0LT!"F!1F!O5$A!\A!X$:A!L<'1A!@AAKT!QZZhT!PXSR6PXZZF!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RSY!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R_ZFXT! R_SFZT! R_SFXT! R_QFZT! R_QFRT! RP[FcT! RPZFcT!

RPZFQT!RPXFZT!RPXFYT!RPXFQT!RPYFST!P_FZT!PPFST!PRFYT!RPFXF!

>H1HE!PZ6_Q!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,RZAR[!lGsAms^!P_YFRcZRu!E&:02^!P_YFRcSYF!

,&%NLL+MNGNLGN2Z0.W+,W,+&(S&(W+MU#.W+M*0.]0.0!LE9,M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!_S!OLT!XYzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3YQFQ! OLT! PYS!

µO&(5T!'#-%$0$!3Y_FX!OLT!YRY!µO&(5!/02!L&(2!)/#/(-'#!R! 3[F[!OLT!R_!µO&(5F!>;$!

)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!L!"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SF_X!I!SFRR!3OT!RQA5T!XFY_!32T!\!Ü!RYFS!A7T!RA5T!YFYY!

322T!\!Ü!RYFST![FY!A7T!RA5T!PFcZ!3OT!RA5T!PFQY!3OT!RA5T!RF_[!3OT!RA5T!RFRX!3OT!RA5F!

BJ8,d>:!3RQR!GA7T!,<,(_5!ä!R_ZF[!T!R_SF[!T!R_QFS!T!RP[FS!T!RP[F_!T!RPZFY!T!RPZFP!T!

RPXFS!T!RPXFP!T!RPYFZ!T!PcFQ!T!PPFZ!T!RPFS!F!

\:>"6?D,4^!)/():(/#$2!E&%!,RSARS!lGsAms^!PPRFR_PYu!E&:02^!PPRFR_PPF!

,&%N9ND0%ZW+N[NLGNLL+MN$%WSW+M,W,+&(S&(W+M*0.]0.0!LE9VM!

>;*'!)&O.&:02!3)&(&%($''!&*(T!cRFY!OLT!X[zT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&!#;$!L$0$%/(!.%&)$2:%$!E%&O!3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$!3YQFQ!OLT!PYS!

µO&(5T! R6O$#;-(6c6+*0-(C$07$0$! 3XQFZ!OLT! YRY!µO&(5! /02! L&(2! )/#/(-'#!R! 3[F[!

OLT! R_!µO&(5F! >;$! )%:2$! %$'*2:$!\/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3cQ! L!

"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFYX!I!XF[X!3OT![A5T!XFY[!32T!\!Ü!RYFS!A7T!RA5T!YFX_!

322T!\!Ü!RYFST![FY!A7T!RA5T!PFcZ!3OT!RA5T!PFcQ!3'T!_A5T!PFQX!3OT!RA5T!RFcP!3OT!RA5T!

RFRS!3OT!RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! R_SF[T! R_YFST! R_YFXT! R_QF[T! RP[FYT! RP[FPT! RPZF[T!

RPZFYT!RPXFXT!RPYFZT!P_FST!PPFZT!PRFPT!RPFZF!

\:>"6?D,4^!)/():(/#$2!E&%!,RZAR[!lGsAms^!P_YFRcZRu!E&:02^!P_YFRcSSF!



7A52,(9.IC.

!RSX!

,&%N9N1Z+&S&N[NLGNLL+MN$%WSW+M,W,+&(S&(W+M*0.]0.0!LE90M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!c[!OLT!SYzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3YQFQ! OLT! PYS!

µO&(5T!R6);(&%&6c6+*0-(C$07$0$!3SRF_!OLT!YRY!µO&(5!/02!L&(2!)/#/(-'#!R!3[F[!OLT!

R_!µO&(5F!>;$!)%:2$! %$'*2:$!\/'!.:%*E*$2!C-! E(/';!);%&O/#&L%/.;-! 3cQ!L!"*=PT!

$(:$0#^!.$0#/0$5F!

B\,d>:! 3cQQ!GA7T!,<,(_5!ä!SFRY!6!SF_P!3OT![!A5T!XFYX!32T! jÜRYFZ!A7T!R!A5T!YFYP!

322T!jÜRYFZT![Fc!A7T!R!A5T!PF_Z!6!PFc[!3OT!R!A5T!PFQR!6!PFR_!3OT!R!A5T!RF_S!6!RFcX!3OT!

R!A5T!RFQZ!6!RFR[!3OT!R!A5F!

BJ8,d>:!3RQR!GA7T!,<,(_5!ä!R_SFX!T!R_SFc!T!R_RF[!T!R_QFS!T!R_QFR!T!R_QFQ!T!RPZFX!T!

RPZF_!T!RPXF[!T!RPYFZ!T!P_F_!T!PPFZ!T!RPFZ!F!

\:>"6?D,4^!)/():(/#$2!E&%!,RSARX,(!lGsAms^!PYYFQ[_Yu!E&:02^!PYYFQ[P_F!

,&%N9NLGNLL+MN<%WSW+M,W,+&(S&(W+MN[NL%S#'+)&S&X0%ZW+M*0.]0.0!LE9'M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!cc!OLT!Y[zT!2F%F!R[^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3YQFQ! OLT! PYS!

µO&(5T! R63! #%*E(:&%&O$#;-(56c6+*0-(C$07$0$! 3Z[FQ! OLT! YRY! µO&(5! /02! L&(2!

)/#/(-'#! R! 3[F[! OLT! R_! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-!3cQ!L!"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFYZ!32T!jÜZFP!A7T!PA5T!SF_[!32T!jÜZFP!A7T!PA5T!SFPS!3OT!

PA5T!SFRZ!3OT!_A5T!XFYZ!32T!jÜRYFZ!A7T!RA5T!YFY_!322T!jÜRYFXT![FP!A7T!RA5T!PFYQ!3OT!

RA5T!PFRc!3OT!RA5T!RFcS!3OT!RA5T!RFPP!3OT!RA5F!

BJ8,d>:!3SY!GA7T!,<,(_5!ä!Rc_FP!T!R_SFY!T!R_QFX!T!RP[FY!T!RP[Fc!T!RPZFX!T!RPZFc!3iT!

jÜ_PF_!A75T!RPSFQ!T!RPYFZ!T!RPYFP!3iT!\!Ü!_FS!A75T!RPcFY!3iT!jÜ!PSPFX!A75T!P_FZ!T!P_F_!T!

R_FQ!F!

BMF,d>:!3_SX!GA7T!,<,(_5!$!6XPFP!F!

\:>"6?D,4^!)/():(/#$2!E&%!,RZARXf_!lGsAms^!PZ[FRR[[u!E&:02^!PZ[FRR[PF!

,&%NL+MN9N=+)&S&N[NLGN$%WSW+,W,+&(S&(W+M*0.]0.0!LE9TM!

>;*'!)&O.&:02!3)&(&%($''!&*(T!_ZFZ!OLT!XYzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3c[FQ!OLT! PY!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RSS!

µO&(5T!R6E(:&%&6c6+*0-(C$07$0$!3cYFQ!µ@T!_SY!µO&(5!/02!L&(2!)/#/(-'#!R!3[FS!OLT!

RPFY!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!L!"*=PT!

$(:$0#^!.$0#/0$5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFPX!I!SFP_!3OT!cA5T!SFRS!I!SFRY!3OT!_A5T!SFQ_!I!XF[Z!

3OT!PA5T!XFYc!32T!\!Ü!RYFZ!A7T!RA5T!YFc[!322T!\!Ü!RYFST![Fc!A7T!RA5T!PFc_!3iT!\!Ü!ZF_!A7T!

RA5T!PFQ_!3i2T!\!Ü!ZFZT!YFY!A7T!RA5T!RFcQ!3#2T!\!Ü!ZFcT!YFP!A7T!RA5T!RFRP!I!RFQS!3OT!RA5F!!

BJ8,d>:!3RPX!GA7T!,<,(_5!ä!RXRFc!32T!\!Ü!PccFQ!A75T!R_SFXT!R_cFc!32T!\!Ü!_FP!A75T!

R_QFS! 32T! \!Ü!SF[!A75T! R_QF_T! RP[FST! RPZFcT! RPXFST! RPYFX! T! RRcF[! 32T! \!Ü!PRFP!A75T!

P_FQT!PPFcT!RPFSF!

BMF,d>:!3_SX!GA7T!,<,(_5!ä!6RRSFRS!3222T!\!Ü!R_F[T!ZF[T!YFc!A75F!

\:>"6?D,4^!)/():(/#$2!E&%!,RSARcf!lG6Ams^!P_SFRQScu!E&:02^!P_SFRQXZF!

,&%N9ND0%Z&aWN[NLGNLL+MN$%WSW+M,W,+&(S&(W+M*0.]0.0!LE9ZM!

>;*'!)&O.&:02!3-$((&\!&*(! #;/#! '&(*2*E*$'! *0! #;$! E%$$7$%T!cY!OLT!SQzT!2F%F!RY^R5!

\/'!.%$./%$2! /))&%2*0L! #&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6

RT_TY6#%*$0$! 3YQFQ! OLT! PYS! µO&(5T! R6O$#;&e-6c6+*0-(C$07$0$! 3YRFZ! OLT! _ZX!

µO&(5!/02!L&(2!)/#/(-'#!R!3[F[!OLT!R_!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!

E(/';! );%&O/#&L%/.;-! 3cQ! L! "*=PT! $(:$0#^! L%/2*$0#! E%&O!.$0#/0$! #&!Rz!B#P=! *0!

.$0#/0$5F!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!

E&%!E:((!2$#/*('5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFPP!3OT!SA5T!XFZ[!3OT!PA5T!XFYX!32T!jÜRYFZ!A7T!RA5T!

YFYX! 322T! jÜRYFZT![Fc!A7T!RA5T!_FZc! 3'T!_A5T!PFcc! 3OT!RA5T!PFQP! 3OT!RA5T!RF_[! 3OT!

RA5T!RFRR!3OT!RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! RYZFRT! R_SF[T! R_RFRT! R_QF[T! R_QFcT! RP[FcT! RPZFYT!

RPXFXT!RPYFST!RR_F[T!YYF_T!P_FPT!PPFYT!RPFZF!

\:>"6?D,4^!)/():(/#$2!E&%!,RZAR[=!lGsAms^!PYRFRc_Qu!E&:02^!PYRFRcPYF!

,&%NL+MN[NLGN<%WSW+,W,+&(S&(W+M(Z0.W+!-,0%-%0!LE9#M!

>;*'!)&O.&:02!3)&(&%($''!'&(*2T!cSFR!OLT!XZzT!2F%F!R[^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3c[FQ!OLT! PY!



7A52,(9.IC.

!RSZ!

µO&(5T! c6+*0-(.;$0-(! /)$#/#$! 3YSFQ!µ@T! _SY!µO&(5! /02! L&(2! )/#/(-'#!R! 3[FS!OLT!

RPFY!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!L!"*=PT!

$(:$0#^![[^R!.$0#/0$`B#P=5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SF_Q!I!SFPS!3OT!PA5T!SFPY!I!SFPP!3OT!PA5T!SFRS!I!SFRP!

3OT!_A5T!SFQY!I!SFQP!3OT!PA5T!XFYc!32T!\!Ü!RYFZ!A7T!RA5T!YFY_!322T!\!Ü!RYFST![FY!A7T!

RA5T!PFcS!I!PFcR!3OT!RA5T!PF_R!3'T!_A5T!PFQZ!I!PFQQ!3OT!RA5T!RFcQ!3#2T!\!Ü!ZFcT!YFP!A7T!

RA5T!RFR_!I!RFQZ!3OT!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! RX[FYT! Rc[FQT! R_ZFQT! R_XFcT! R_QF_T! R_QFPT! RP[FZT!

RPZFcT!RPXFXT!RPYFST!RPRFRT!P_F_T!PPFYT!PRFPT!RPF[F!

>H1HE!XR6X_!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,R[ARZp/=P!lGsp/ms^!_QRFRR[[u!E&:02^!_QRFRRZSF!

,&%ND0%ZW+![NLGNLL+MN$%WSW+M,W,+&(S&(W+M*0.]&-%0!LE9bM!

>;*'!)&O.&:02!3\;*#$!'&(*2T!_ZFY!OLT!YczT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&!#;$!L$0$%/(!.%&)$2:%$!E%&O!3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$!3YQFQ!OLT!PYS!

µO&(5T!O$#;-(!c6+*0-(C$07&/#$!3XPFX!OLT!_ZX!µO&(5!/02!L&(2!)/#/(-'#!R!3[F[!OLT!

R_!µO&(5F!>;$!)%:2$! %$'*2:$!\/'!.:%*E*$2!C-! E(/';!);%&O/#&L%/.;-! 3cQ!L!"*=PT!

$(:$0#^!L%/2*$0#!E%&O!.$0#/0$!#&!Xz!B#P=!*0!.$0#/0$5F!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!

E&%!E:((!2$#/*('5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SF[S!32T!jÜZFP!A7T!PA5T!SF_R!32T!jÜZFP!A7T!PA5T!SFPR!3OT!

P!A5T!SFR_!3OT!_A5T!XFY_!32T!jÜRYFZ!A7T!RA5T!YFYR!322T!jÜRYFXT![FP!A7T!RA5T!_F[R!3'T!_!

A5T!PFcZ!3OT!RA5T!PFRQ!3OT!R!A5T!RFc_!3OT!RA5T!RFP_!3OT!RA5F!

BJ8,d>:!3SY!GA7T!,<,(_5!ä!RXSFP!T!RccFX!T!R_SFY!T!R_QFY!T!RP[FY!T!RP[FY!T!RP[FR!T!

RPZFY!T!RPZFQ!T!RPXF[!T!RPYFZ!T!YPFR!T!PcFR!T!P_FY!T!R_FQ!F!

>H1HE!XQ6XR!t,F!

\:>"6B"4^!)/():(/#$2!E&%!,R[ARZp/=P!lGsp/ms^!_QRFRR[[u!E&:02^!_QRFRPRQF!

,&%NL+MN9NL'68'N?)%W+MN[NLGN$%WSW+,W,+&(S&(W+M*0.]0.0!LE9fM!

>;*'!)&O.&:02!3)&(&%($''!&*(T!cZFc!OLT!SQzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3c[FQ!OLT! PY!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RS[!

µO&(5T!R63%'$%6C:#-(56c6+*0-(C$07$0$!3X[FQ!µ@T!_SY!µO&(5!/02!L&(2!)/#/(-'#!R!3[FS!

OLT!RPFY!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!L!

"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SF_Y!I!SF_R!3OT!PA5T!SFPX!I!SFR_!3OT!SA5T!XFYc!32T!\!Ü!

RYFS!A7T!RA5T!YFXQ!322T!\!Ü!RYFST![FY!A7T!RA5T!PFcS!I!PF_[!3OT!RA5T!PFQZ!I!RF[Z!3OT!

RA5T!RF_Z!3#2T!\!Ü!ZFYT!YFP!A7T!RA5T!RF_c!3'T![A5T!RFR_!32#T!\!Ü!XFcT!YF_!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! RcZFZT! R_SF[T! R_YFXT! R_RFQT! RP[F_T! RPZFZT! RPZFcT!

RPXFYT!RPYFST!RPYFQT!_cFcT!_RFcT!P_FYT!PPFST!RPFZF!

\:>"6?D,4^!)/():(/#$2!E&%!,PRAP_!lG6Ams^!PSYFRS[cu!E&:02^!PSYFRS[PF!

,&%N[NLGNLL+MN<%WSW+M,W,+&(S&(W+MN9\9dN*#(Z0.W+!LE9+M!

>;*'! )&O.&:02! 3-$((&\! +*')&:'! &*(T! X_! OLT! Z_zT! 2F%F! åPQ^R5! \/'! .%$./%$2!

/))&%2*0L! #&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$!

3YQFQ!OLT!PYS!µO&(5T!c6+*0-(6RTRK6C*.;$0-(!3X[FX!OLT!_ZX!µO&(5!/02!L&(2!)/#/(-'#!

R! 3[F[!OLT! R_!µO&(5F!>;$! )%:2$! %$'*2:$!\/'!.:%*E*$2!C-! E(/';! );%&O/#&L%/.;-!

3cQ!L!"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFYS!32T!jÜSFX!A7T!P!A5T!SFc[!32T!jÜSF[!A7T!P!A5T!SF_[!

3OT!P!A5T!SFP[!3OT!_!A5T!SFRP!3OT!Y!A5T!XFYR!32T!jÜRYFZ!A7T!R!A5T!YFYS!322T!jÜRYFXT!

[FY!A7T!R!A5T!PFc_!3OT!R!A5T!PFQR!3OT!R!A5T!RF_X!3OT!R!A5T!RFR_!3OT!R!A5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! RcRFRT! R_[FQT! R_ZFRT! R_SFZT! R_QFXT! RP[F[T! RP[FST!

RPZF[T!RPZFYT!RPSFPT!RPSFRT!RPXF[T!RPXFST!RPYFZT!P_FST!P_FRT!RPF[F!

\:>"6?D,4^!)/():(/#$2!E&%!,P_APR!lGsAms^!P[SFRXcRu!E&:02^!P[SFRX_ZF!

>H1HE!Sc6SY!t,F!

,&%NL+MNHNLGN<%WSW+,W,+&(S&(W+M*0.]-+V0ZWV0!LE9XM!

>;*'!)&O.&:02!3)&(&%($''!&*(T!ccFS!OLT!SPzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3c[FQ!OLT! PY!

µO&(5T! _6+*0-(C$07/(2$;-2$! 3cZFQ! µ@T! _SY! µO&(5! /02! L&(2! )/#/(-'#!R! 3[FS! OLT!

RPFY!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!L!"*=PT!

$(:$0#^![[^R!#&!ZQ^PQ!.$0#/0$`!B#P=5F!



7A52,(9.IC.

!RZQ!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!RQFQ_!3'T!RA5T!SFZ_!I!SFSZ!3OT!RA5T!SFSc!32#T!\!Ü!SFYT!

RFY!A7T!RA5T!SFYY!322#T!\!Ü!SFST!PFQT!QFZ!A7T!RA5T!SFcS!3#T!\!Ü!SFX!A7T!RA5T!SFPX!I!SFRZ!

3OT!PA5T!SFRZ!I!SFRQ!3OT!_A5T!XFYY!32T!\!Ü!RYFZ!A7T!RA5T!YFcZ!322T!\!Ü!RYFST![F_!A7T!

RA5T!PFY_!3#2T!\!Ü!ZFXT!XFX!A7T!RA5T!PFRS!I!PFQS!3OT!RA5T!RFc[!I!RFcc!3OT!RA5T!RFPY!

32#T!\!Ü!XFYT!YFY!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R[PFYT! RcQFRT! R_SFcT! R_XFcT! R_YFcT! R_QFcT! R_QFQT!

RP[FcT!RPZFZT!RPZFcT!RPSFZT!RPXFZT!RPYFST!P_FYT!PPF[T!RPFXF!

\:>"6?D,4^!)/():(/#$2!E&%!,RZARXp/=!lGsp/ms^!PSRFRQ[_u!E&:02^!PSRFRQZ[F!

,!&%N9N?S&X&NHNLGNLL+MN$%WSW+M,W,+&(S&(W+M*0.]0.0!LE9.M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!c_!OLT!YXzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3YQFQ! OLT! PYS!

µO&(5T!R6C%&O&6_6+*0-(C$07$0$!3[c!OLT!YRY!µO&(5!/02!L&(2!)/#/(-'#!R!3[F[!OLT!

R_!µO&(5F!>;$!)%:2$! %$'*2:$!\/'!.:%*E*$2!C-! E(/';!);%&O/#&L%/.;-! 3cQ!L!"*=PT!

$(:$0#^!.$0#/0$5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFc_!3C%F!'T!RA5T!SF__!3OT!RA5T!SFPP!3OT!PA5T!SFR[!I!

SFRQ!3OT!YA5T!XFYP!32T!\!Ü!RYFS!A7T!RA5T!YFc[!322T!\!Ü!RYFST![Fc!A7T!RA5T!PFcR!3OT!RA5T!

PFQc!3OT!RA5T!RF_Z!3OT!RA5T!RFRP!3OT!RA5F!

13C NMR (126 MHz, CDCl3) " 141.4, 137.7, 132.4, 130.3, 129.8, 129.7, 129.3, 
128.6, 127.9, 126.9, 125.8, 122.4, 23.7, 23.0, 12.7. 
\:>"6?D,4^!)/():(/#$2!E&%!,RSARX9%!lGsAms^!P[[FQcRZu!E&:02^!P[[FQc_QF!

,&%N9NLGNLL+MN<%WSW+M,W,+&(S&(W+MNHNL%S#'+)&S&X0%ZW+M*0.]0.0!LE9&M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!_SFZ!OLT!YPzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&!#;$!L$0$%/(!.%&)$2:%$!E%&O!3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$!3YQFQ!OLT!PYS!

µO&(5T!R63#%*E(:&%&O$#;-(56_6+*0-(C$07$0$!3XXFY!OLT!_ZX!µO&(5!/02!L&(2!)/#/(-'#!

R! 3[F[!OLT! R_!µO&(5F!>;$! )%:2$! %$'*2:$!\/'!.:%*E*$2!C-! E(/';! );%&O/#&L%/.;-!

3cQ!L!"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFY_!3C%F!'T!RA5T!SFYQ!I!SF_X!3OT!_A5T!SFPP!3OT!PA5T!

SFRY!3OT!_A5T!XFYc!32T!\!Ü!RYFS!A7T!RA5T!YFcZ!322T!\!Ü!RYFST![F_!A7T!RA5T!PFcZ!3OT!RA5T!

PFRQ!3OT!RA5T!RFcc!3OT!RA5T!RFRZ!3OT!RA5F!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RZR!

BJ8,d>:!3RQR!GA7T!,<,(_5!ä!RcQFQ!T!R_SFX!T!R_PFS!3iT!\!Ü!RFP!A75T!R_QFX!3iT!\!Ü!_RF[!

A75T!R_QFX!T!RP[FY!T!RPZFX!T!RPZFX!T!RPSFQ!T!RPXFQ!3iT!\!Ü!_FS!A75T!RPYFZ!T!RP_FR!3iT!\!Ü!

_F[!A75T!P_FS!T!PPF[!T!RPFZ!F!

\:>"6?D,4^!)/():(/#$2!E&%!,RZARYf_!lGsAms^!PZ[FRRZXu!E&:02^!PZ[FRR[[F!

,&%NL+MN9ND0%ZW+NGNLGN$%WSW+,W,+&(S&(W+M*0.]0.0!LE9(M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!_ZFP!OLT!XYzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3c[FQ!OLT! PY!

µO&(5T!R6O$#;-(6P6+*0-(C$07$0$!3c[FQ!µ@T!_SY!µO&(5!/02!L&(2!)/#/(-'#!R!3[FS!OLT!

RPFY!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!L!"*=PT!

$(:$0#^!.$0#/0$5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFPX!I!SFRQ!3OT![A5T!XFY_!32T!\!Ü!RYFZ!A7T!RA5T!YF_S!

322T!\!Ü!RYFZT![FZ!A7T!RA5T!PF_S!3OT!RA5TT!PF_X!3'T!_A5T!PFRP!3i2T!\!Ü!ZFYT!YFR!A7T!RA5T!

RFcR!3#2T!\!Ü!ZFcT!YFP!A7T!RA5T!RFRZ!32#T!\!Ü!XFST!YF_!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R_ZF[T! R_SFZT! R_SFRT! R_QFZT! RP[FXT! RP[FPT! RPZFYT!

RPZFcT!RPXFYT!RPXFcT!RPYFXT!RPYFYT!PPF[T!PPFRT!R[FST!RPFcF!

\:>"6?D,4^!)/():(/#$2!E&%!,RZAR[!lGsAms^!P_YFRcZRu!E&:02^!P_YFRcSRF!

,&%NL+MN9N=+)&S&NGNLGN$%WSW+,W,+&(S&(W+M*0.]0.0!LE9cM!

>;*'!)&O.&:02!3)&(&%($''!&*(T!_XFQ!OLT!XQzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3c[FQ!OLT! PY!

µO&(5T!R6E(:&%&6P6+*0-(C$07$0$!3cYFQ!µ@T!_SY!µO&(5!/02!L&(2!)/#/(-'#!R!3[FS!OLT!

RPFY!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!L!"*=PT!

$(:$0#^!.$0#/0$5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFPc!I!SFRZ!3OT!cA5T!SFRX!I!SFRP!3OT!_A5T!SFRP!I!SFQZ!

3OT!RA5T!SFQY!I!SFQQ!3OT!RA5T!XFYc!32T!\!Ü!RYFS!A7T!RA5T!YFYP!322T!\!Ü!RYFST![F_!A7T!

RA5T!PFcZ!3iT!\!Ü!ZF_!A7T!RA5T!PFR_!3i2T!\!Ü!ZFZT!YFX!A7T!RA5T!RFcP!3#2T!\!Ü!ZFcT!YF_!A7T!

RA5T!RFPP!I!RFRY!3OT!RA5F!

BJ8,d>:! 3RPX!GA7T!,<,(_5!ä!RXPFS!32T!\!Ü!PcXFP!A75T!R_SFST!RP[F[T!RP[F[!32T!\!Ü!

cFP!A75T!RP[FZT!RPZFcT!RPSFS! 32T! \!Ü!ZFR!A75T!RPXFXT!RPXFQ! 32T! \!Ü!RcFZ!A75T!RPYFST!

RP_FY!32T!\!Ü!_FX!A75T!RRYFR!32T!\!Ü!PRFZ!A75T!PPFRT!RZFR!32T!\!Ü!_FX!A75T!RRFZF!



7A52,(9.IC.

!RZP!

BMF,d>:!3_SX!GA7T!,<,(_5!ä!6RRXFSR!32#T!\!Ü!RQF_T!XFX!A75F!

\:>"6?D,4^!)/():(/#$2!E&%!,RSARXf!lGsAms^!P_[FRP_Ru!E&:02^!P_[FRPPSF!

,&%N9N?S&X&NGNLGNLL+MN$%WSW+M,W,+&(S&(W+M*0.]0.0!LE9SM!

>;*'!)&O.&:02!3)&(&%($''!&*(T!YR!OLT!XXzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3YQFQ! OLT! PYS!

µO&(5T!R6C%&O&6P6+*0-(C$07$0$!3RcR!OLT!SSP!µO&(5!/02!L&(2!)/#/(-'#!R!3[F[!OLT!

R_!µO&(5F!>;$!)%:2$! %$'*2:$!\/'!.:%*E*$2!C-! E(/';!);%&O/#&L%/.;-! 3cQ!L!"*=PT!

$(:$0#^!.$0#/0$5F!

B\,d>:! 3cQQ!GA7T!,<,(_5!ä!SFYZ!322T!\!Ü!SF[T!RFR!A7T!RA5T!SF__!I!SFR[!3OT!cA5T!

SFR[!I!SFQZ!3OT!cA5T!XFYc!32T!\!Ü!RYFS!A7T!RA5T!YFc_!322T!\!Ü!RYFST![FP!A7T!RA5T!PFYP!

3OT!RA5T!PFPR!3OT!RA5T!RFcX!3OT!RA5T!RFPP!3OT!RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! R_ZFYT! R_SF[T! R_PFXT! R_QFPT! R_QFQT! RP[FST! RPZFYT!

RPSF[T!RPSF_T!RPSFQT!RPXFST!RPYFZT!PYFXT!PPF[T!RPF[F!

\:>"6?D,4^!)/():(/#$2!E&%!,RSARX9%!lGsAms^!P[[FQcPPu!E&:02^!P[[FQc_QF!

,&%N9\H\:N/S#X0%ZW+NGNLGNLL+MN$%WSW+M,W,+&(S&(W+M*0.]0.0!LE9%M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!_RFY!OLT!_SzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&!#;$!L$0$%/(!.%&)$2:%$!E%&O!3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$!3YQFQ!OLT!PYS!

µO&(5T!RT_TY6#%*O$#;-(6P6+*0-(C$07$0$! 3YXFX!OLT!_ZX!µO&(5!/02!L&(2!)/#/(-'#!R!

3[F[!OLT!R_!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!

L!"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:! 3cQQ!GA7T!,<,(_5!ä!SF_Q!I!SFR[!3OT!PA5T!SFRZ!I!SFQZ!3OT!_A5T!XFZ_!3OT!

PA5T!XFYc!32T!\!Ü!RYFZ!A7T!RA5T!YFcR!322T!\!Ü!RYFZT![FZ!A7T!RA5T!PF_[!3'T!XA5T!PFP[!3'T!

_A5T!PFR[!3OT!RA5T!PFQ[!3OT!RA5T!RFX_!I!RFYR!3OT!RA5T!QF[P!3OT!RA5F!

BJ8,d>:! 3RPX!GA7T!,<,(_5!ä!R_ZFR! T!R_YFS! T!R_PFc! T!R_PFP! T!RP[FQ!3#\&!'*L0/('5T!

RPZF[!T!RPZFY!T!RPXFX!T!RPYFZ!T!PPFSY!T!PRFQ!T!PQF[!3#\&!'*L0/('5T!RXFY!F!

\:>"6?D,4^!)/():(/#$2!E&%!,PQAP_!lGsAms^!PX_FRSZ[u!E&:02^!PX_FRS[cF!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RZ_!

,&%NGNLGNLL+MN<%WSW+M,W,+&(S&(W+M.-(Z%Z-+0.0!LE9)M!

>;*'!)&O.&:02!3\;*#$!'&(*2T!YQFY!OLT!S_zT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&!#;$!L$0$%/(!.%&)$2:%$!E%&O!3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$!3YQFQ!OLT!PYS!

µO&(5T! P6+*0-(0/.;#;/($0$! 3XQ!OLT! _ZX!µO&(5! /02! L&(2! )/#/(-'#!R! 3[F[!OLT! R_!

µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3cQ! L! "*=PT!

$(:$0#^!.$0#/0$5F!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!

E&%!E:((!2$#/*('5F!

B\,d>:! 3cQQ!GA7T!,<,(_5!ä!SFZS!I!SFZP!3OT!PA5T!SFZQ!3OT!RA5T!SFSS!I!SFSc!3OT!

RA5T!SFY[!I!SF_S!3OT!_A5T!SFPY!I!SFQ_!3OT!YA5T!XFY[!32T!\!Ü!RYFS!A7T!RA5T!YFYZ!322T!\!

Ü!RYFST![FY!A7T!RA5T!PFZR!I!PFYP!3OT!RA5T!PFPZ!I!PFQc!3OT!RA5T!RFc[!3T!RA5T!RF_P!3T!

RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! R_SFST! R_XFXT! R__FXT! R_PF_T! R_QFXT! RP[FZT! RPZFYT!

RPZF_T!RPSFZ! 3#\&!'*L0/('5! T! RPSFST!RPSFcT!RPXFST!RPXFQT!RPYFZT!RPYFcT!PcF_T!P_FRT!

RPF[F!

>H1HE!S_6Sc!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,PRAR[!lGsAms^!PSRFRc[Pu!E&:02^!PSRFRcZRF!

,&%NL9ND0%ZW+NGNLL+MN$%WSW+M,W,+&(S&(W+M*0.]0.0!LE9UM!

>;*'!)&O.&:02!3)&(&%($''!&*(T!cPF[!OLT!S_zT!2F%F!Y^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3c[FQ! OLT! PY!

µO&(5T! ~6O$#;-('#-%$0$! 3c[FQ!µ@T! _SY!µO&(5! /02! L&(2! )/#/(-'#! ?! 3[FS!OLT! RPFY!

µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3cQ! L! "*=PT!

$(:$0#^!.$0#/0$5F!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!

E&%!E:((!2$#/*('5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SF_X!I!SF_R!3OT!YA5T!SFPc!I!SFPR!3OT!_A5T!SFRY!I!SFRP!

3OT!PA5T!XFc[!32T!\!Ü!RYFZ!A7T!RA5T!YF__!322T!\!Ü!RYFZT![FZ!A7T!RA5T!RFZY!3222T!\!Ü!YF[T!

SFXT![FZ!A7T!RA5T!RFcZ!3'T!_A5T!RFPR!I!RFRZ!3OT!PA5F!



7A52,(9.IC.

!RZc!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! Rc_FYT! R_SF[T! R_PFST! RP[FXT! RPZFcT! RPZF_T! RPZFRT!

RPXFcT!RPXFPT!RPYFXT!P[FST!PZFZT!PPF_T!PRFRF!

\:>"6?D,4^!)/():(/#$2!E&%!,RZAR[!lGsAms^!P_YFRcZRu!E&:02^!P_YFRcZ_F!

,&%NL+MNLGN<%WSW+,W,+&(S&(-.0N9\9NV#W+MV#*0.]0.0!LE9iM!

>;*'! )&O.&:02! 3)&(&%($''! &*(T! YcFc! OLT! S_z5! \/'! .%$./%$2! /))&%2*0L! #&! #;$!

L$0$%/(!.%&)$2:%$! E%&O!3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$!3c[FQ!OLT!PY!µO&(5T!

$#;$0$6RTR62*-(2*C$07$0$!3XXFQ!µ@T!_SY!µO&(5!/02!L&(2!)/#/(-'#!R!3[FS!OLT!RPFY!

µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3cQ! L! "*=PT!

$(:$0#^!.$0#/0$5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFcX!I!SFcP!3OT!PA5T!SF_Y!3#2T!\!Ü!SFXT!RFZ!A7T!PA5T!SF_R!

I!SFP_!3OT!SA5T!SFPR!I!SFRX!3OT!cA5T!XFXQ!322T!\!Ü!RYFST!PFQ!A7T!RA5T!YFYR!3222T!\!Ü!

RYFST![FST!PFP!A7T!RA5T!PFcY!3#22T!\!Ü!ZFYT!YF[T!RFZ!A7T!RA5T!RFSZ!3222T!\!Ü!ZFXT!YFQT!RFZ!

A7T!RA5T!RFXX!I!RFXP!3OT!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! RcXFYT! RcRFcT! R_SFST! R_RFST! R_RFQT! RP[FPT! RPZFYT!

RPZFcT!RPZF_T!RPSFPT!RPXFST!RPXFST!RPYF[T!RPYFZT!_SFXT!_RFRT!PPF[F!

\:>"6?D,4^!)/():(/#$2!E&%!,P_APQp/!lGsp/ms^!_R[FRcYSu!E&:02^!_R[FRcX_F!

,&%NL7MNLGNLGND0%ZW+NHN(Z0.W+,W,+&(S&(W+MU#.W+M*0.]0.0!LE9aM!

>;*'!)&O.&:02!3)&(&%($''!&*(T!PXFX!OLT!cYzT!2F%F!_^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3c[FQ! OLT! PY!

µO&(5T! 3O56.%&.6R6$06R6-(C$07$0$!3YQFQ!µ@T!_SY!µO&(5!/02!L&(2!)/#/(-'#!R! 3[FS!

OLT!RPFY!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3Pc!L!

"*=PT!$(:$0#^!.$0#/0$5F!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!

E&%!E:((!2$#/*('5F!

B\,d>:! 3YQQ!GA7T!,<,(_5!ä!SF__!I!SFP[!3OT!PA5T!SFP_!3OT!cA5T!SFRZ!I!SFRQ!3OT!

cA5T!XFYQ!32T!\!Ü!RYFS!A7T!RA5T!YFXP!322T!\!Ü!RYFST![FX!A7T!RA5T!PFPR!I!PFRS!322T!\!Ü!

XFPST!ZFZ_!RA5T!RFSZ!3#2T!\!Ü![FPT!cF[!A7T!RA5T!RFY_!32iT!\!Ü!RRFXT!YF[!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R_[FQT! R_SFZT! R_QF_T! RP[FPT! RPZF[T! RPZFcT! RPZFRT!

RPXFYT!RPYF[T!RPYFXT!_PFXT!_RFZT!PQF[T!RZFXF!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RZY!

\:>"6?D,4^!)/():(/#$2!E&%!,RZAR[!lGsAms^!P_YFRcZRu!E&:02^!P_YFRcZSF!

,&%NL7MNLGNLG\GNB#X0%ZW+NHN(Z0.W+,W,+&(S&(W+MU#.W+M*0.]0.0!LE9WM!

>;*'!)&O.&:02!3)&(&%($''!&*(T!PRFY!OLT!_YzT!2F%!Z^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3c[FQ! OLT! PY!

µO&(5T!3P6O$#;-(.%&.6R6$06R6-(5C$07$0$!3YQFQ!µ@T!_SY!µO&(5!/02!L&(2!)/#/(-'#!R!

3[FS!OLT! RPFY!µO&(5F! >;$! )%:2$! %$'*2:$!\/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-!

3Pc!L!"*=PT!$(:$0#^!.$0#/0$5F!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!

E&%!E:((!2$#/*('5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SF_c!I!SFRc!3OT!RQA5T!XFY[!32T!\!Ü!RYFS!A7T!RA5T!YFS[!

322T!\!Ü!RYFST!RQF_!A7T!RA5T!PFPc!32T!\!Ü!ZFZ!A7T!RA5T!RFZS!322T!\!Ü!RQFPT![FQ!A7T!RA5T!

RF_Y!3'T!_A5T!RFQS!3'T!_A5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R_ZFRT! R_SFXT! R_RFRT! RP[FXT! RP[F_T! RPZFYT! RPZFQT!

RPXFYT!RPXFQT!RPYFST!_YFQT!_PFZT!PZF[T!P_FXT!RSFZF!

\:>"6?D,4^!)/():(/#$2!E&%!,R[APR!lG6Ams^!Pc[FRX_Zu!E&:02^!Pc[FRXc_F!

9NLL+MN<%WSW+MN9\9-\J\J-N%0%S-ZWVS&,W,+&(S&(-^/`#.V0.0!LE9]M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!YR!OLT!ZYzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3YQFQ! OLT! PYS!

µO&(5T! *02$0$! 3Y[FZ!OLT!YRY!µO&(5!/02!L&(2!)/#/(-'#!R! 3[F[!OLT!R_!µO&(5F!>;$!

)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!L!"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFcQ!I!SF__!3OT!RA5T!SFP[!I!SFPQ!3OT!YA5T!SFPQ!I!SFRQ!

3OT!_A5T!XFXS!32T!\!Ü!RYFZ!A7T!RA5T!YFcR!322T!\!Ü!RYFZT![F_!A7T!RA5T!_F_Q!322T!\!Ü!RSFcT!

SFR!A7T!RA5T!_FQP! 32T!\!Ü!RSFc!A7T!RA5T!PF[Y!I!PFZS! 3OT!RA5T!PF_Q!I!PFP_! 3OT!RA5T!

PFQ[!322T!\!Ü!RSFRT!ZFc!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! Rc_FST! RcPFcT! R_SF[T! R_PFQT! RPZFYT! RPXFZT! RPXFYT!

RPXFRT!RPYF[T!RPYFZT!RPcFST!RPcFPT!_PF_T!_PFQT!PXFPT!PcF_F!

\:>"6?D,4^!)/():(/#$2!E&%!,RZARS!lGsAms^!P__FR_PPu!E&:02^!P_PFR_PYF!



7A52,(9.IC.

!RZX!

6$<.4J-ND0%ZW+N9NLL+MN$%WSW+MN9\9-\J\J-N%0%S-ZWVS&,W,+&(S&(-^/`#.V0.0!LE9--M!

>;*'!)&O.&:02!3\;*#$!'&(*2T!cRFY!OLT!XXzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&!#;$!L$0$%/(!.%&)$2:%$!E%&O!3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$!3YQFQ!OLT!PYS!

µO&(5T!P6O$#;-(6RA6*02$0$!3YQF_!OLT!_ZX!µO&(5!/02!L&(2!)/#/(-'#!R!3[F[!OLT!R_!

µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3cQ! L! "*=PT!

$(:$0#^!.$0#/0$5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SF_X!I!SF_R!3OT!RA5T!SF_Q!I!SFRQ!3OT!ZA5T!XFXS!32T!\!Ü!

RYFZ!A7T!RA5T!YFcY!322T!\!Ü!RYFZT![Fc!A7T!RA5T!_FRZ!I!_FQc!3OT!PA5T!PFXX!322T!\!Ü!SF[T!

QFS!A7T!RA5T!PFQR!322T!\!Ü![FPT!ZFP!A7T!RA5T!RFYX!3'T!_A5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! Rc_FST! Rc_FRT! R_SFZT! R_RFYT! RPZFcT! RPXFXT! RPXFcT!

RPXF_T!RPYFZT!RPYFXT!RPcF_T!RPcFQT!_ZFXT!_ZFYT!__FST!_RF[T!PPFZF!

>H1HE!XY6XS!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,R[AR[!lGsAms^!PcSFRcZRu!E&:02^!PcSFRcZ_F!

6$<.4:N?S&X&NJ-NX0%ZW+N9NLL+MN$%WSW+MN9\9-\J\J-N%0%S-ZWVS&,W,+&(S&(-N^/`#.V0.0!

LE9-*M!

>;*'!)&O.&:02!3-$((&\!'&(*2T!YXFY!OLT!SRzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&!#;$!L$0$%/(!.%&)$2:%$!E%&O!3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$!3YQFQ!OLT!PYS!

µO&(5T! S6C%&O&6RA6*02$0$! 3SY!OLT! _ZX!µO&(5! /02! L&(2! )/#/(-'#!R! 3[F[!OLT! R_!

µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3cQ! L! "*=PT!

$(:$0#^!.$0#/0$5F!

B\,d>:!3cQQ!GA7T!,<,(_5!äSF_Y!I!SF_Q!3OT!RA5T!SFPY!I!SFPQ!3OT!_A5T!SFRS!I!SFQ[!

3OT!_A5T!SFQS!I!SFQP!3OT!RA5T!XFX_!32T!\!Ü!RYFZ!A7T!RA5T!YF_c!322T!\!Ü!RYFZT![F_!A7T!

RA5T!_FPR!322T!\!Ü!RZFRT!SFQ!A7T!RA5T!_FQQ!32T!\!Ü!RZFR!A7T!RA5T!PF[R!3222T!\!Ü!SF[T!XFRT!

RFZ!A7T!RA5T!PFPY!32222T!\!Ü!ZFRT!SFQT!XFRT!QF[!A7T!RA5T!PFQX!322T!\!Ü!RSFPT!ZF_!A7T!RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! RccFcT! RccFRT! R_SFXT! R_PFST! RP[FPT! RPZFXT! RPZFYT!

RPSFQT!RPYFZT!RPcFZT!RP_FXT!RR[F_T!_cFRT!_PFZT!PXFRT!P_FSF!

>H1HE!SY6SX!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,R[AR[!lGsAms^!PcSFRcZ_u!E&:02^!PcSFRcZRF!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RZS!

6$<.49NLL+MN<%WSW+MN9-\G\H\E*N%0%S-ZWVS&N9)N,W,+&(S&(-^/`.-(Z%Z-+0.0!LE9-,M!

>;*'! )&O.&:02! 3+*')&:'! )&(&%($''! '$O*'&(*2T! _RFY! OLT! YQzT! 2F%F! åPQ^R5! \/'!

.%$./%$2!/))&%2*0L!#&!#;$!L$0$%/(!.%&)$2:%$!E%&O!3O56S6'#-%-()-)(&;$.#/6RT_TY6

#%*$0$!3YQFQ!OLT!PYS!µO&(5T!RTP62*;-2%&0/.;#;/($0$!3XS!OLT!YRY!µO&(5!/02!L&(2!

)/#/(-'#! R! 3[F[! OLT! R_! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-!3cQ!L!"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SF_R!I!SFPX!3OT!RA5T!SFPc!I!SFQZ!3OT!ZA5T!XFYY!32T!\!Ü!

RYFZ!A7T!RA5T!YFXc! 322T! \!Ü!RYFZT!ZF[!A7T!RA5T!PFZR! 3OT!RA5T!PFYS!I!PFcS! 3OT!RA5T!

PF_X!3OT!RA5T!PFRc!I!PFQc!3OT!PA5T!PFQP!I!RF[_!3OT!RA5T!RFZR!3222T!\!Ü!RYFQT!ZFZT!_FS!

A7T!RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! R_ZFQT! R_XFXT! R_YFQT! R_RFYT! R_QFPT! RPZFY! 3#\&!

'*L0/('5T!RPSFXT!RPXFZT!RPXF_T!RPYFZQT!RPYFSST!PZFXT!PSF[T!PRFQT!PQFQT!R[FPF!

\:>"6?D,4^!)/():(/#$2!E&%!,R[AR[!lGsAms^!PcSFRcZ[!E&:02^!PcSFRcZRF!

6$<.49NLL+MN<%WSW+MN9\9-\G\E*N%0%S-ZWVS&,W,+&(S&(-^,`,ZS&X0.0!LE9-VM!

>;*'!)&O.&:02!3\;*#$!'&(*2T!_X!OLT!YXzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3YQFQ! OLT! PYS!

µO&(5T!PA6);%&O$0$!3XZ!OLT!YRY!µO&(5!/02!L&(2!)/#/(-'#!R! 3[F[!OLT!R_!µO&(5F!

>;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3cQ! L! "*=PT! $(:$0#^!

L%/2*$0#!E%&O!QFYz!B#P=!*0!.$0#/0$!#&!RFYz!B#P=!*0!.$0#/0$5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SF_R!I!SFPR!3OT!YA5T!SFPR!I!SFRR!3OT!PA5T!XF[[!I!XFZZ!

3OT!PA5T!XFXQ!32T!\!Ü!RYFZ!A7T!RA5T!XFQY!322T!\!Ü!RYFZT![FX!A7T!RA5T!cFcY!322T!\!Ü!RRFPT!

QFZ!A7T!RA5T!cFPc!322T!\!Ü!RRFPT!_FQ!A7T!RA5T!PFcZ!I!PFcP!3OT!RA5T!PFPX!322T!\!Ü!RSFST!

ZFX!A7T!RA5T!PFQQ!I!RF[P!3OT!RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! RYPF_T! R_SFST! R_PFYT! RP[FZT! RPZFYT! RPSFPT! RPXF[T!

RPXFcT!RPXFQT!RPPFXT!RPRFYT!RRSFRT!XPFQT!PZFcT!PPF[T!RZFXF!

>H1HE!ZZ6[Q!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,RZARS=!lGsAms^!Pc[FRPX[u!E&:02^!Pc[FRPScF!



7A52,(9.IC.

!RZZ!

L+MNLHN<%WSW+,W,+&(S&(-.0N9\GNV#W+MV#*0.]0.0!LE9-0M!

>;*'! )&O.&:02! 3cSz! i:/0#*E*$2! C-! RA! pG85! \/'! .%$./%$2! /))&%2*0L! #&! #;$!

L$0$%/(! .%&)$2:%$! E%&O! 3B56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3R[!OLT! RQQ!µO&(5T!

3O56'#*(C$0$!3_P!OLT!RYQ!µO&(5!/02!L&(2!)/#/(-'#!R!3_F[!OLT!Y!µO&(5F!>;$!)%:2$!

%$'*2:$! \/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3"*=PT! $(:$0#^! .$0#/0$5! C:#! #;$!

/(d$0$!)&:(2!0&#!$0#*%$(-!C$!%$O&+$2F!

B\,d>:! 3cQQ!GA7T!,;(&%&E&%O6.5!ä!SFcQ!I!SF__!3OT!XA5T!SF_Q!I!SFRX!3OT!RQA5T!

XFY[!32T!\!Ü!RYFZ!A7T!RA5T!YFS_!322T!\!Ü!RYFZT![FY!A7T!RA5T!PFZZ!322T!\!Ü![FPT!XFR!A7T!

RA5T!PFX_!3#T!\!Ü!YFX!A7T!RA5T!PF_S!3#2T!\!Ü![F_T!YFQ!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! RcRFYT! R_ZFQT! R_SFYT! R_QFPT! RP[FPT! RP[FQT! RPZFYT!

RPZFcT!RPZF_T!RPXFZT!RPXFcT!RPXFPT!RPXFQT!RPYFZT!_cFQT!__FXT!_RFRF!

L+MN[\[dNLHN<%WSW+,W,+&(S&(-.0N9\GNV#W+M*#$LX0%Z&aW*0.]0.0M!LE9-'M!

>;*'! )&O.&:02! 3cSz! ]! i:/0#*E*$2! C-! RA!pG85!\/'! .%$./%$2! /))&%2*0L! #&! #;$!

L$0$%/(! .%&)$2:%$! E%&O! 3B56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3R[!OLT! RQQ!µO&(5T!

3O56RTP6C*'3c6O$#;&e-.;$0-(5$#;$0$!3_X!OLT!RYQ!µO&(5!/02!L&(2!)/#/(-'#!R!3_F[!

OLT! Y! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3"*=PT!

$(:$0#^!Q6PQz!B#P=!*0!.$0#/0$5!C:#!#;$!/(d$0$!)&:(2!0&#!$0#*%$(-!C$!%$O&+$2F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!SF_[!I!SF_P!3OT!cA5T!SFPZ!3OT!YA5T!SFR_!I!SFQX!

3OT!cA5T!XFSP! 32T! \!Ü!RYFS!A7T!RA5T!XFR[! 322T! \!Ü!RYFST!RQF_!A7T!RA5T!_FZP! 3'T!XA5T!

PFZR!32T!\!Ü!ZF[!A7T!PA5T!PFXR!I!PFc[!3OT!RA5F 

,&%4L+MN9NLGNL[ND0%Z&aW$%WSW+M,W,+&(S&(W+MNHNX0%ZW+*0.]0.0!LE[-M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!_RFZ!OLT!cZzT!2F%F!RP^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S63c6O$#;&e-'#-%-(5)-)(&;$.#/6RT_TY6#%*$0$!

3YXFQ! OLT! PY! µO&(5T! R6O$#;-(6_6+*0-(C$07$0$! 3YQFQ! µ@T! _SY! µO&(5! /02! L&(2!

)/#/(-'#! R! 3[FS! OLT! RPFY! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-!3ZQ!L!"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:!3_QQ!GA7T!,<,(_5!ä!SFPS!322T!\!Ü!XF_T!PF_!A7T!PA5T!SFR[!3#T!\!Ü!SFY!A7T!RA5T!

SFQR!3#T!\!Ü!SFX!A7T!RA5T!XF[P!322T!\!Ü![F_T!RFZ!A7T!PA5T!XFZZ!I!XFZP!3OT!PA5T!XFcc!32T!\!

Ü!RYFZ!A7T!RA5T!YFS[!322T!\!Ü!RYFZT!ZFX!A7T!RA5T!_FZP!3'T!_A5T!PF_Y!3'T!_A5T!PFQQ!3222T!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! RZ[!

\!Ü!ZFXT!YFZT!cFP!A7T!RA5T!RFZS!I!RFSY!3OT!RA5T!RF_c!I!RFPS!3OT!RA5T!RFPQ!32#T!\!Ü!ZFST!

YF_!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! RYZFXT! RcPFPT! R_SF[T! R_QFST! R_QFcT! RPZF_T! RPSFXT!

RPXFZT!RPXFYT!RPXFcT!RPPFST!RRcFQT!YYF_T!PSF_T!PYFXT!PRFcT!RXF[F!

\:>"6?D,4^!)/():(/#$2!E&%!,R[APR=!lGsAms^!PXYFRYZSu!E&:02^!PXYFRYSYF!

,&%49NL[NLL+MNGNLGNLXN/&+W+M,W,+&(S&(W+MU#.W+M(Z0.W+M0%Z-.&.0!LE[*M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!XRFY!OLT!ZSzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56R63c63P63)-)(&;$.#/6PTcTX6#%*$06R6

-(5+*0-(5.;$0-(5$#;/06R6&0$! 3XQFS! OLT! PYS! µO&(5T! R6O$#;-(6_6+*0-(C$07$0$!

3cYFX!OLT!_ZX!µO&(5!/02!L&(2! )/#/(-'#!R! 3[F[!OLT!R_!µO&(5F!>;$!)%:2$! %$'*2:$!

\/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3cQ! L! "*=PT! L%/2*$0#^! .$0#/0$! #&! YQz!

B#P=5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFZc!I!SFSS!3OT!PA5T!SFP_!I!SFRX!3OT!_A5T!SFRR!I!SFQZ!

3OT!RA5T!SFQS!I!SFQR!3OT!PA5T!XFYc!32T!\!Ü!RYFS!A7T!RA5T!YFX[!322T!\!Ü!RYFST![FS!A7T!

RA5T!PFYc!3'T!_A5T!PFcZ!3222T!\!Ü!ZFYT!XFY!A7T!RA5T!PF_c!3'T!_A5T!PFQZ!I!RF[[!3OT!RA5T!

RFcQ!3222T!\!Ü!ZFcT!YFP!A7T!RA5T!RFR[!3222T!\!Ü!XFcT!YFc!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R[SFXT! RcPFXT! R_ZFcT! R_SF[T! R_YF_T! R_cFXT! R_QFPT!

RPZFZT!RPZFXT!RPZFPT!RPSFPT!RPXFRT!RPYFST!PXFXT!PcFYT!P_FRT!PRFXT!R_FRF!

\:>"6B"4^!)/():(/#$2!E&%!,PQAPQ=!lGsAms^!PSSFRYZSu!E&:02^!PSSFRYZSF!

,&%4L+MN9ND0%ZW+NHNLGNL[NL%S#'+)&S&X0%ZW+M$%WSW+M,W,+&(S&(W+M*0.]0.0!LE[,M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!Y[FX!OLT!S[zT!2F%F!RS^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S63c63#%*E(:&%&O$#;-(5'#-%-(5)-)(&;$.#/6RT_TY6

#%*$0$! 3XXFQ! OLT! PY! µO&(5T! R6O$#;-(6_6+*0-(C$07$0$! 3YQFQ! µ@T! _SY! µO&(5! /02!

L&(2! )/#/(-'#!R! 3[FS! OLT! RPFY! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-!3cQ!L!"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFcZ!I!SFcY!3OT!PA5T!SFPY!I!SFRZ!3OT!_A5T!SFR_!I!SFQ_!

3OT!_A5T!XFYY!32T!\!Ü!RYFZ!A7T!RA5T!YFXY!322T!\!Ü!RYFZT![FX!A7T!RA5T!PFc[!3#2T!\!Ü!ZFYT!

XFY!A7T!RA5T!PF_X!32T!\!Ü!QFZ!A7T!_A5T!PFRQ!I!PFQQ!3OT!RA5T!RFcR!3#2T!\!Ü!ZFcT!YFP!A7T!

RA5T!RFR[!32#T!\!Ü!XFYT!YFc!A7T!RA5F!



7A52,(9.IC.

!R[Q!

BJ8,d>:!3RPX!GA7T!,<,(_5!ä!RcRFP!T!R_ZF_!T!R_SFS!T!R__F[!T!R_QFR!T!RPZFR!T!RPZFQ!T!

RPSFQ!T!RPXFQ!T!RPYFS!T!RPYF_!3iT!\!Ü!_FZ!A75T!PcFP!T!PPFS!T!PRFc!T!RPFZ!F!

BMF,d>:!3_SX!GA7T!,<,(_5!ä!6XPFYQF!

\:>"6?D,4^!)/():(/#$2!E&%!,R[ARZf_!lGsAms^!_Q_FR_YYu!E&:02^!_Q_FR_cRF!

,&%4L+MN9NLGNL[N?S&X&$%WSW+M,W,+&(S&(W+MNHNX0%ZW+*0.]0.0!LE[VM!

>;*'!)&O.&:02!3\;*#$!'&(*2T!XXFc!OLT!ZYzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S63c6C%&O&'#-%-(5)-)(&;$.#/6RT_TY6#%*$0$!

3XZFQ! OLT! PYQ! µO&(5T! R6O$#;-(6_6+*0-(C$07$0$! 3YQFQ! µ@T! _SY! µO&(5! /02! L&(2!

)/#/(-'#! R! 3[FS! OLT! RPFY! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-!3cQ!L!"*=PT!$(:$0#^!P!#&!RQz!B#P=!*0!.$0#/0$5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SF_Y!I!SF_P!3OT!PA5T!SFPQ!3#T!\!Ü!SFX!A7T!RA5T!SFRQ!3C'T!

RA5T!SFQY!3C#T!\!Ü!SF[!A7T!PA5T!SFQ_!I!SFQQ!3OT!PA5T!XFcX!32T!\!Ü!RYFS!A7T!RA5T!YFYY!

322T!\!Ü!RYFST![FX!A7T!RA5T!PFcX!3iT!\!Ü!ZFX!A7T!RA5T!PFQP!3i2T!\!Ü!ZFZT!YFY!A7T!RA5T!RF_Z!

3#2T!\!Ü!ZFcT!YFP!A7T!RA5T!RFRZ!I!RFR_!3OT!RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! R_ZFcT! R_SFST! R_XFST! R_RFST! R_RFcT! R_QFRT! RPZFPT!

RPZFQT!RPSFPT!RPXF[T!RPXFQT!RPQFRT!P_F[T!PPFST!PRFYT!RPFXF!

>H1HE!YX6XQ!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,RZARZ9%!lGsAms^!_R_FQYZXu!E&:02^!_R_FQY[PF!

,&%4[NLL+MNGNLGN2Z0.W+,W,+&(S&(W+MU#.W+MN9\9dN*#(Z0.W+!LE[0M!

>;*'!)&O.&:02!3\;*#$!'&(*2T!cZFY!OLT!XczT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56c63P63)-)(&;$.#/6PTcTX6#%*$06R6-(5+*0-(56RTRK6

C*.;$0-(!3X[FY!OLT!PYS!µO&(5T!'#-%$0$!3cQFP!OLT!_ZX!µO&(5!/02!L&(2!)/#/(-'#!R!

3[F[!OLT!R_!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!

L!"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:! 3cQQ!GA7T!,<,(_5!ä!SFYP!3OT!PA5T!SFcY!I!SF_Y!3OT!cA5T!SF_P!I!SFP_!3OT!

YA5T!SFPP!I!SFRY!3OT!_A5T!XFY_!32T!\!Ü!RYFS!A7T!RA5T!YFYX!322T!\!Ü!RYFST![FY!A7T!RA5T!

PFcY!3222T!\!Ü!ZFXT!XFZ!A7T!RA5T!PFQP!32222T!\!Ü!ZFZT!YFY!A7T!RA5T!RF_X!3222T!\!Ü!ZFcT!

YFP!A7T!RA5T!RFRc!322T!\!Ü!RRFZT!YFc!A7T!RA5F!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! R[R!

BJ8,d>:!3SY!GA7T!,<,(_5!ä!RcRFQT!R_[FcT!R_ZFZT!R_XF[T!R_RFQT!RP[F_T!RP[FPT!RPZFZT!

RPZF_T!RPSFP!3#\&!'*L0/('5T!RPXF[T!RPXFPT!RPXFPT!PcFRT!PPF[T!RPFZF!

\:>"6?D,4^!)/():(/#$2!E&%!,P_APQ!lGsAms^!P[SFRX_Yu!E&:02^!P[SFRX_ZF!

>H1HE!SY6SX!t,F!

,&%4L+MN9\HNB#X0%Z&aWN:NLGNLGNL0N%&+W+M,W,+&(S&(W+MU#.W+M*0.]0.0!LE['M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!YQFZ!OLT!X[zT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S63_TY62*O$#;&e-'#-%-(5)-)(&;$.#/6RT_TY6

#%*$0$! 3X_FX! OLT! PY! µO&(5T! R6O$#;-(6_6+*0-(C$07$0$! 3YQFQ! µ@T! _SY! µO&(5! /02!

L&(2! )/#/(-'#!R! 3[FS! OLT! RPFY! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-!3ZQ!L!"*=PT!$(:$0#^!Rz!B#P=!*0!.$0#/0$5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFR[!3#T!\!Ü!SFX!A7T!RA5T!SFRQ!3'T!RA5T!SFQc!322T!\!Ü!RcF[T!

SFZ!A7T!PA5T!XFcS!32T!\!Ü!RYFS!A7T!RA5T!XF_R!322T!\!Ü!RPFZT!PFP!A7T!_A5T!YFYY!322T!\!Ü!

RYFST![FY!A7T!RA5T!_FSY!3'T!XA5T!PFcc!3iT!\!Ü!ZFY!A7T!RA5T!PF_Y!3'T!_A5T!PFQR!3i2T!\!Ü!

ZFZT!YFX!A7T!RA5T!RF_S!3#2T!\!Ü!ZFcT!YFP!A7T!RA5T!RFRY!3iT!\!Ü!YFY!A7T!RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! RXQFST! R_[F[T! R_ZFYT! R_SFXT! R_RFXT! R_QFRT! RP[F_T!

RPZFQT!RPXF[T!RPXFQT!RQ_F[T![ZFST!SSF_T!YYFPT!P_F[T!PPFXT!PRFYT!RPFXF!

\:>"6?D,4^!)/():(/#$2!E&%!,PQAP_=P!lGsAms^!P[YFRX[_u!E&:02^!P[YFRX[ZF!

,&%49ND0%ZW+NHNLGNLGNX0%ZW+(S&(N9N0.N9NW+M,W,+&(S&(W+M*0.]0.0!LE[TM!

>;*'! )&O.&:02! 3\;*#$! )%-'#/('T! _RF[! OLT! X[zT! 2F%F! åPQ^R5! \/'! .%$./%$2!

/))&%2*0L!#&!#;$!L$0$%/(!.%&)$2:%$!E%&O!S63P6O$#;-(.%&.6R6$06R6-(5)-)(&;$.#/6

RT_TY6#%*$0$! 3_SFQ!OLT! PY!µO&(5T! R6O$#;-(6_6+*0-(C$07$0$! 3YQFQ!µ@T! _SY!µO&(5!

/02!L&(2!)/#/(-'#!R!3[FS!OLT!RPFY!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!

);%&O/#&L%/.;-!3cQ!L!"*=PT!$(:$0#^!.$0#/0$5F!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!

E&%!E:((!2$#/*('5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFRZ!3#T!\!Ü!SFY!A7T!RA5T!SFQc!I!XF[X!3OT!cA5T!cFYY!32#T!\!

Ü!ZF[T!RF_!A7T!RA5T!PF_X!3'T!_A5T!PFPX!3#2T!\!Ü!ZFXT!XFY!A7T!RA5T!RFZ[!3i2T!\!Ü!ZFZT!YFZ!

A7T!RA5T!RFSc!32T!\!Ü!RFQ!A7T!cA5T!RFXR!I!RFXQ!3OT!cA5T!RFPY!3#2T!\!Ü!ZFYT!cF[!A7T!RA5T!

QF[Q!I!QFZY!3OT!RA5F!



7A52,(9.IC.

!R[P!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R_[F_T! R_SF_T! R_PFXT! RP[F[T! RPSFST! RPXFcT! RPYF[T!

RP_FRT!PYFXT!PPFST!PRFYT!RZF_T!RZF_T!RPF_F!

\:>"6?D,4^!)/():(/#$2!E&%!,RcAR[!lGsAms^!RZSFRcZRu!E&:02^!RZSFRcZQF!

,&%4[NLLGNL0N/&+W+M,W,+&(S&(W+MX0%ZW+0.0M%0%S-ZWVS&NG)N(WS-.!LE[ZM!

>;*'!)&O.&:02!3)&(&%($''!&*(T!cQFP!OLT!SQzT!2F%F!SFY^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! c63)-)(&;$.#/6PTcTX6#%*$06R6

-(O$#;-($0$5#$#%/;-2%&6P&6.-%/0! 3cSFQ! OLT! PYQ! µO&(5T! R6O$#;-(6_6

+*0-(C$07$0$$!3YQFQ!µ@T!_SY!µO&(5!/02!L&(2!)/#/(-'#!R!3[FS!OLT!RPFY!µO&(5F!>;$!

)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!L!"*=PT!$(:$0#^!P!#&!RQz!

B#P=!*0!.$0#/0$5F!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!

E&%!E:((!2$#/*('5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFRZ!3#T!\!Ü!SFZ!A7T!RA5T!SFQY!I!XF[Y!3OT!_A5T!cFXR!32T!\!

Ü!ZFY!A7T!RA5T!_FSR!32#T!\!Ü!RQFST!YF_!A7T!PA5T!_FXc!3222T!\!Ü!RQFXT!XFPT!cF_!A7T!RA5T!

_Fc[!3222T!\!Ü!RRFQT!XF[T!cFc!A7T!PA5T!PF_Z!3#2T!\!Ü!YFXT!RFR!A7T!PA5T!PF_Y!3'T!_A5T!PFPS!

3#2T!\!Ü!ZFXT!XFY!A7T!RA5T!PFQS!32##T!\!Ü![FcT!SFPT!YFR!A7T!PA5T!RFZ[!3i2T!\!Ü!ZFXT!YFZ!A7T!

RA5T!RFPZ!3#2T!\!Ü!ZFYT!YFQ!A7T!RA5T!QF[c!I!QFZ[!3OT!RA5F!

BJ8,d>:!3SY!GA7T!,<,(_5!ä!R_[FQT!R_SF_T!R_YFXT!RP[F[T!RPSFST!RPXFYT!RPYF[T!RPPFQT!

X[FXT!XZFST!_XFST!_QF_T!P_FQT!PRFYT!RSFPT!RPFXF!

\:>"6?D,4^!)/():(/#$2!E&%!,RXAPQp/=!lGsp/ms^!PYRFRcQXu!E&:02^!PYRFRcQYF!

6$<.49NLL+MNGNL^9\9dN?#(Z0.W+`N[NW+MU#.W+MN9\9-\J\J-N%0%S-ZWVS&,W,+&(S&(-N

^-`#.V0.0!LE[#M!

>;*'!)&O.&:02!3\;*#$!'&(*2T!XQ!OLT!SXzT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56c63P63)-)(&;$.#/6PTcTX6#%*$06R6-(5+*0-(56RTRK6

C*.;$0-(! 3X[FY!OLT!PYS!µO&(5T! *02$0$!3ccFZ!OLT!_ZX!µO&(5!/02!L&(2!)/#/(-'#!R!

3[F[!OLT!R_!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!

L!"*=PT!$(:$0#^!.$0#/0$5F!

":*#/C($! )%-'#/('! E&%! n6%/-! 2*EE%/)#*&0!\$%$! &C#/*0$2! C-! '(&\! $+/.&%/#*&0! &E! /!

'&(:#*&0!*0!);(&%&E&%OF!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! R[_!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFYZ!I!SFYY!3OT!PA5T!SFcZ!I!SFcR!3OT!cA5T!SF_S!I!SF_R!

3OT!PA5T!SFP_!I!SFRX!3OT!YA5T!XFXS!32T!\!Ü!RYFZ!A7T!RA5T!YFcP!322T!\!Ü!RYFZT![Fc!A7T!

RA5T!_FPZ!322T!\!Ü!RSFYT!SFQ!A7T!RA5T!_FQR!32T!\!Ü!RSFY!A7T!RA5T!PFZ[!3222T!\!Ü!SFST!XFPT!

RFY!A7T!RA5T!PFPX!32222T!\!Ü!SFZT!XF[T!QFS!A7T!RA5T!PFQZ!322T!\!Ü!RSFPT!ZF_!A7T!RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! Rc_FST! RcPFcT! RcQF[T! R_[FYT! R_XF[T! R_RFYT! RPZFZT!

RPSFPT! RPSFPT! RPXF[T! RPXFXT! RPXFP! 3#\&! '*L0/('5T! RPcFZT! RPcF_T! _PFcT! _PFRT! PXF_T!

PcFcF!

\:>"6?D,4^!)/():(/#$2!E&%!,PcAPR!lGsAms^!_Q[FRX_cu!E&:02^!_Q[FRX_ZF!

>H1HE!RcX6RcZ!t,F!

[NLGNLGND0%ZW+(S&(N9N0.N9NW+M,W,+&(S&(W+M(Z0.W+!-,0%-%0!LE[bM!

>;*'! )&O.&:02! 3Z_z! i:/0#*E*$2! C-! RA! pG85! \/'! .%$./%$2! /))&%2*0L! #&! #;$!

L$0$%/(! .%&)$2:%$! E%&O! S63P6O$#;-(.%&.6R6$06R6-(5)-)(&;$.#/6RT_TY6#%*$0$! 3_S!

OLT!PYQ!µO&(5T!c6/)$#&e-'#-%$0$!3YS!µ@T!_SY!µO&(5!/02!L&(2!)/#/(-'#!R!3[FS!OLT!

RPFY! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3"*=PT!

$(:$0#^!Q6PQz!B#P=!*0!.$0#/0$5!C:#!#;$!/(d$0$!)&:(2!0&#!$0#*%$(-!C$!%$O&+$2F!

B\,d>:!3YQQ!GA7T!,;(&%&E&%O6.5!ä!SFPR!I!SFRS!3OT!PA5T!SFQ_!I!XF[[!3OT!PA5T!cFYR!

32.T!\!Ü!ZF[T!RFc!A7T!RA5T!PF_R!3'T!_A5T!PFPX!3#2T!\!Ü!ZFST!XFP!A7T!RA5T!RF[Q!3i2T!\!Ü!ZFZT!

YFS!A7T!RA5T!RFS_!32T!\!Ü!RFc!A7T!_A5T!RFXQ!32T!\!Ü!RFc!A7T!RA5T!RF_Q!I!RFPY!3OT!RA5F!

BJ8,d>:!3RPX!GA7T!,<,(_5!ä!RX[FXT!RcZFXT!R_SFRT!R_YF[T!R__FQT!RP[F[T!RPQFZF!

!LGNLHND0%ZW+*)%NGN0.NGNW+M,W,+&(S&(W+M*0.]0.0!LE[fM!

>;*'!)&O.&:02!3cYz!]:2L$2!C-!RA!pG85!\/'!.%$./%$2!/))&%2*0L!#&!#;$!L$0$%/(!

.%&)$2:%$! E%&O! S63_6O$#;-(C:#6P6$06P6-(5)-)(&;$.#/6RT_TY6#%*$0$! 3cP! µ@T! PYQ!

µO&(5T! '#-%$0$!3c_!µ@T!_SY!µO&(5!/02!L&(2!)/#/(-'#!R! 3[FS!OLT!RPFY!µO&(5F!>;$!

)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3"*=PT!$(:$0#^!.$0#/0$5!C:#!

#;$!/(d$0$!)&:(2!0&#!$0#*%$(-!C$!%$O&+$2F!

B\,d>:,3_QQ!GA7T!,;(&%&E&%O6.5!ä!SFPc!I!SFQ[!3OT!_A5T!SFQY!I!XF[Z!3OT!PA5T!PFPQ!

3#2T!\!Ü!ZFZT!YF[!A7T!RA5T!RF[c!3iT!\!Ü!ZFc!A7T!RA5T!RFXX!I!RFXP!3OT!_A5T!RFYY!32T!\!Ü!RFY!

A7T!_A5T!RF_Z!32T!\!Ü!RFP!A7T!PA5T!RF_R!I!RFPQ!3OT!RA5T!RFQS!I!RFQQ!3OT!RA5F!
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!R[c!

[NLGNLHND0%ZW+*)%NGN0.NGNW+M,W,+&(S&(W+M(Z0.W+!-,0%-%0!LE[+M!

>;*'!)&O.&:02!3ZXz!]:2L$2!C-!RA!pG85!\/'!.%$./%$2!/))&%2*0L!#&!#;$!L$0$%/(!

.%&)$2:%$! E%&O! S63_6O$#;-(C:#6P6$06P6-(5)-)(&;$.#/6RT_TY6#%*$0$! 3cP! µ@T! PYQ!

µO&(5T! c6);(&%&'#-%$0$! 3cY! µ@T! _SY! µO&(5! /02! L&(2! )/#/(-'#! R! 3[FS! OLT! RPFY!

µO&(5F! >;$! )%:2$! %$'*2:$!\/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3"*=PT! $(:$0#^!

.$0#/0$5!C:#!#;$!/(d$0$!)&:(2!0&#!$0#*%$(-!C$!%$O&+$2F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!SFQP!I!XF[[!3OT!PA5T!XF[Y!I!XF[Q!3OT!PA5T!PFRZ!

3#2T!\!Ü!ZFZT!YF[!A7T!RA5T!RF[c!3iT!\!Ü!ZFZ!A7T!RA5T!RFXY!I!RFXP!3OT!_A5T!RFYX!32T!\!Ü!RF_!

A7T!_A5T!RFcR!I!RF_X!3OT!PA5T!RF_R!I!RFPP!3OT!PA5T!RFQQ!32#T!\!Ü!XF[T!YFX!A7T!RA5F!

9ND0%ZW+N[NLGNLHNX0%ZW+*)%NGN0.NGNW+M,W,+&(S&(W+M*0.]0.0!LE[XM!

>;*'!)&O.&:02!3cSz!]:2L$2!C-!RA!pG85!\/'!.%$./%$2!/))&%2*0L!#&!#;$!L$0$%/(!

.%&)$2:%$! E%&O! S63_6O$#;-(C:#6P6$06P6-(5)-)(&;$.#/6RT_TY6#%*$0$! 3cP! µ@T! PYQ!

µO&(5T! c6O$#;-('#-%$0$! 3cS! µ@T! _SY! µO&(5! /02! L&(2! )/#/(-'#! R! 3[FS! OLT! RPFY!

µO&(5F! >;$! )%:2$! %$'*2:$!\/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3"*=PT! $(:$0#^!

.$0#/0$5!C:#!#;$!/(d$0$!)&:(2!0&#!$0#*%$(-!C$!%$O&+$2F!

B\,d>:! 3_QQ!GA7T!,;(&%&E&%O6.5!ä!SFQQ!32T!\!Ü!ZFQ!A7T!PA5T!XF[Q!32T!\!Ü!ZFR!A7T!

PA5T!PFRY!3#2T!\!Ü!ZFZT!YF[!A7T!RA5T!RF[P!3iT!\!Ü!ZFQ!A7T!RA5T!RFXZ!I!RFXc!3OT!_A5T!RFYS!

3iT!\!Ü!RFY!A7T!XA5T!RF_[!I!RF_c!3OT!_A5T!RFP_!3#2T!\!Ü!ZFZT!YFP!A7T!RA5T!RFQc!I!QF[S!

3OT!RA5F!

9N1Z+&S&N[NLGNLHNX0%ZW+*)%NGN0.NGNW+M,W,+&(S&(W+M*0.]0.0!LE[.M!

>;*'!)&O.&:02!3YXz!]:2L$2!C-!RA!pG85!\/'!.%$./%$2!/))&%2*0L!#&!#;$!L$0$%/(!

.%&)$2:%$! E%&O! S63_6O$#;-(C:#6P6$06P6-(5)-)(&;$.#/6RT_TY6#%*$0$! 3cP! µ@T! PYQ!

µO&(5T! c6);(&%&'#-%$0$! 3cY! µ@T! _SY! µO&(5! /02! L&(2! )/#/(-'#! R! 3[FS! OLT! RPFY!

µO&(5F! >;$! )%:2$! %$'*2:$!\/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3"*=PT! $(:$0#^!

.$0#/0$5!C:#!#;$!/(d$0$!)&:(2!0&#!$0#*%$(-!C$!%$O&+$2F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!SFR[!I!SFR_!3OT!PA5T!XF[X!I!XF[Q!3OT!PA5T!PFRX!

3#2T!\!Ü!ZFZT!YFZ!A7T!RA5T!RF[Y!3iT!\!Ü!ZFX!A7T!RA5T!RFXP!3#T!\!Ü!RFY!A7T!_A5T!RFYX!3'T!_A5T!

RFcQ!I!RF_S!3OT!_A5T!RF_P!I!RFP_!3OT!RA5T!RFQ_!I!QF[X!3OT!RA5F!
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! R[Y!

9NLGNLHND0%ZW+*)%NGN0.NGNW+M,W,+&(S&(W+MN[NL%S#'+)&S&X0%ZW+M*0.]0.0!LE[&M!

>;*'!)&O.&:02!3_Zz!]:2L$2!C-!RA!pG85!\/'!.%$./%$2!/))&%2*0L!#&!#;$!L$0$%/(!

.%&)$2:%$! E%&O! S63_6O$#;-(C:#6P6$06P6-(5)-)(&;$.#/6RT_TY6#%*$0$! 3cP! µ@T! PYQ!

µO&(5T! c6/)$#&e-'#-%$0$! 3YS! µ@T! _SY! µO&(5! /02! L&(2! )/#/(-'#!R! 3[FS! OLT! RPFY!

µO&(5F! >;$! )%:2$! %$'*2:$!\/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3"*=PT! $(:$0#^!

.$0#/0$5!C:#!#;$!/(d$0$!)&:(2!0&#!$0#*%$(-!C$!%$O&+$2F!

B\,d>:! 3_QQ!GA7T!,;(&%&E&%O6.5!ä!SFcc!32T!\!Ü!ZFR!A7T!PA5T!SFQZ!32T!\!Ü!ZFR!A7T!

PA5T!PFPc!3#2T!\!Ü!ZFZT!YF[!A7T!RA5T!PFQZ!I!RF[X!3OT!RA5T!RFXQ!3#T!\!Ü!RFY!A7T!_A5T!RFYS!

I!RFY_!3OT!_A5T!RFcR!322T!\!Ü!PF_T!RFP!A7T!_A5T!RF_Y!3#2T!\!Ü!ZFST!YF_!A7T!RA5T!RFQS!I!

RFQ_!3OT!RA5F!

,&%NL+MNGNLGN<%WSW+,W,+&(S&(W+M#$&#.V&+#.0N9\HNV#&.0!LEF-M!

>;*'!)&O.&:02!3\;*#$!'&(*2T!YcFR!OLT!SYzT!2F%F!X^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3c[FQ! µ@T! PY!

µO&(5T!]6+*0-(.;#;/(*O*2$!3ZSFQ!OLT!YQQ!µO&(5!/02!L&(2!)/#/(-'#!R!3[FS!OLT!RPFY!

µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3RPQ! L! "*=PT!

$(:$0#^!PQz!B#P=!*0!.$0#/0$5F!

G:(#*6L%/O! ')/($^! >;*'! )&O.&:02! 3\;*#$! '&(*2T! PFRc! LT! SczT! 2F%F! S^R5! \/'!

.%$./%$2!/))&%2*0L!#&!#;$!L$0$%/(!.%&)$2:%$!E%&O!3O56S6'#-%-()-)(&;$.#/6RT_TY6

#%*$0$!3RF[c!LT!RQ!OO&(5T!]6+*0-(.;#;/(*O*2$!3_FcX!LT!PQ!OO&(5!/02!L&(2!)/#/(-'#!

R!3_ZX!OLT!QFY!OO&(5F!>;$!;$/#*0L!\/'!'#&..$2!/02!%$/)#*&0!\/'!i:$0);$2!/E#$%!

[! ;! C-! #;$! /22*#*&0! &E! #%*$#;-(/O*0$F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-!3__Q!L!"*=PT!$(:$0#^!Q!#&!YQz!B#P=!*0!.$0#/0$5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFZ_!322T!\!Ü!YFYT!_FQ!A7T!PA5T!SFSR!322T!\!Ü!YFYT!_FQ!A7T!

PA5T!SFPX!I!SFRS!3OT!cA5T!SFRS!I!SFRP!3OT!RA5T!XFcZ!32T!\!Ü!RYFZ!A7T!RA5T!YFZ[!322T!\!

Ü!RYFZT!SFS!A7T!RA5T!_FQ_!3222T!\!Ü!SFZT!SFRT!cF[!A7T!RA5T!PFRZ!I!PFRQ!3OT!RA5T!RFSZ!

3#2T!\!Ü!XFZT!cF[!A7T!RA5T!RFYY!3222T!\!Ü!ZF[T!SF[T!XFS!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! RX[FRT! R_SFPT! R_cFQT! R_RFST! R_RFPT! RPZFcT! RPSFQT!

RPXFPT!RPXFQT!RP_FPT!PZFRT!PQFRT!RQFSF!

>H1HE!RcX6RcZ!t,F!

\:>"6B"4^!)/():(/#$2!E&%!,R[ARYpp/=P!lGsp/ms^!_RPFQ[[Yu!E&:02^!_RPFQ[[SF!



7A52,(9.IC.

!R[X!

'8/$%NGNLGNLL+MN<%WSW+M,W,+&(S&(W+M#$&#.V&+#.0N9\HNV#&.0M!L'8/$%NEF-M!

>;$!%$#-,6*'&O$%!3&EE6\;*#$!'&(*2T!cRFQ!OLT!YYz5!\/'!.%$./%$2!E%&O!#;$!%$/)#*&0!

&E! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3YQFQ! OLT! PYS! µO&(5! \*#;! P6

+*0-(*'&*02&(*0$6RT_62*&0$!3Z[FQ!OLT!YRY!µO&(5!/02!L&(2!)/#/(-'#!R! 3[F[!OLT!R_!

µO&(5! *0! #;$!.%$'$0)$!&E!2*.;$0-(O$#;/0$!/'! *0#$%0/(! %$E$%$0)$! 3c_F_!OLT!PYS!

µO&(5!*0!+D%=?)!/#!RPQ!t,!&+$%!PSFY;F!>;$!)%:2$!\/'!i:$0);$2!\*#;!QFY!O@!B#_p!

/02! '#*%%$2!/#! %&&O! #$O.$%/#:%$! E&%!R;!C$E&%$!C$*0L! );/%L$2!&0! '*(*)/! L$(! /02!

.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!L!"*=PT!L%/2*$0#^!.$0#/0$!#&!_Qz!B#P=T!#;$!

%$#-,6*'&O$%!$(:#$'!E*%'#5F!

?0!RA!pG8!/0/(-'*'!&E!#;$!)%:2$!/L/*0'#!#;$!*0#$%0/(!%$E$%$0)$!';&\'!YYz!%$#-,6

*'&O$%!/02!R_z!)*'6*'&O$%!3%/#*&!cFP!^!R5!

%$#-,6*'&O$%^!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFZY!I!SFZQ!3OT!PA5T!SFS_!I!SFXZ!3OT!PA5T!SF_Z!I!SF__!

3OT!PA5T!SF__!I!SFPS!3OT!PA5T!SFP_!I!SFRZ!3OT!RA5T!XFXQ!32T!\!Ü!RYFZ!A7T!RA5T!XFQ_!

322T!\!Ü!RYFZT!SF[!A7T!RA5T!PFZ_!3222T!\!Ü!SFZT!cFYT!_Fc!A7T!RA5T!PFPY!I!PFR_!3OT!RA5T!

RFYZ!3222T!\!Ü![FcT!XFPT!cFY!A7T!RA5T!RF_Y!I!RFPS!3OT!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! RXZFXT! R_SF_T! R_cFPT! R_RF[T! R_QFcT! RP[FYT! RPZFXT!

RPSFPT!RPXFRT!RP_F_T!P[FYT!PRFST!R_FYF!

\:>"6B"4^!)/():(/#$2!E&%!,R[ARYpp/=P!lGsp/ms^!_RPFQ[[Yu!E&:02^!_RPFQ[[SF!

>H1HE![[6RQQ!t,F!

,&%4L+MNGNLGNL[ND0%Z&aW$%WSW+M,W,+&(S&(W+M#$&#.V&+#.0N9\HNV#&.0!LEF*M!

>;*'! )&O.&:02! 3-$((&\! \/e-! '&(*2T! cRFZ! OLT! YPzT! 2F%F! X^R5! \/'! .%$./%$2!

/))&%2*0L! #&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S63c6O$#;&e-'#-%-(5)-)(&;$.#/6

RT_TY6#%*$0$! 3YXFQ! OLT! PY! µO&(5T!]6+*0-(.;#;/(*O*2$! 3ZSFQ! OLT! YQQ! µO&(5! /02!

L&(2! )/#/(-'#!R! 3[FS! OLT! RPFY! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-!3RPQ!L!"*=PT!$(:$0#^!Q!#&!XQz!B#P=!*0!.$0#/0$5F!

B\,d>:!3_QQ!GA7T!,<,(_5!ä!SFZX!322T!\!Ü!YFcT!_FR!A7T!PA5T!SFSc!322T!\!Ü!YFYT!_FQ!A7T!

PA5T!SF_c!I!SF_Q!3OT!PA5T!XFZ[!I!XFZY!3OT!PA5T!XFYS!32T!\!Ü!RYFS!A7T!RA5T!YF[P!322T!\!

Ü!RYFZT!SFS!A7T!RA5T!_FZ_!3'T!_A5T!PFZP!3222T!\!Ü!SFZT!cFYT!_Fc!A7T!RA5T!PFPP!I!PFRY!3OT!

RA5T!RFXQ!I!RFYY!3OT!RA5T!RF_c!I!RFP[!3OT!RA5F!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! R[S!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! RXZFXT! RYZF[T! R_cFQT! R_RFZT! R_QFQT! RP[FZT! RPSFRT!

RPSFRT!RP_FPT!RRcFQT!YYF_T!P[F_T!PRFYT!R_F_F!

>H1HE![P6[S!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,R[APRp/=!lGsp/ms^!_cPFRRQRu!E&:02^!_cPFRQ[SF!

,&%4GNLGNLL+MN[N>,0%W+$%WSW+M,W,+&(S&(W+M#$&#.V&+#.0N9\HNV#&.0!LEF,M!

>;*'! )&O.&:02! 3-$((&\! '&(*2T! YcFQ! OLT! X_z5! \/'! .%$./%$2! /))&%2*0L! #&! #;$!

L$0$%/(! .%&)$2:%$! E%&O! 3O56R63c63P63)-)(&;$.#/6PTcTX6#%*$06R6

-(5+*0-(5.;$0-(5$#;/06R6&0$! 3XQFS! OLT! PYS! µO&(5T! P6+*0-(*'&*02&(*0$6RT_62*&0$!

3Z[FQ! OLT! YRc! µO&(5! /02! L&(2! )/#/(-'#! R! 3[F[! OLT! R_! µO&(5F! >;$! )%:2$! \/'!

i:$0);$2!\*#;!QFY!O@!B#_p!/02!'#*%%$2!/#!%&&O!#$O.$%/#:%$!E&%!R;!C$E&%$!C$*0L!

);/%L$2!&0!'*(*)/!L$(!/02!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!3cQ!L!"*=PT!L%/2*$0#^!

.$0#/0$!#&!SYz!B#P=5F!!

40! #;$! %$/)#*&0! )%:2$T! &0(-! /! #%/)$! &E! #;$! %$#-,62*/'#$%$&*'&O$%! \/'! 2$#$)#$2!

3cz5F!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!

E&%!E:((!2$#/*('5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFS[!322T!\!Ü!YFcT!_FQ!A7T!PA5T!SFSS!32T!\!Ü!ZF_!A7T!PA5T!

SFXZ!322T!\!Ü!YFcT!_FR!A7T!PA5T!SFPP!32T!\!Ü!ZF_!A7T!PA5T!XFc[!32T!\!Ü!RYFZ!A7T!RA5T!YF[Z!

322T!\!Ü!RYFZT!ZFR!A7T!RA5T!_FQ[!I!PF[[!3OT!RA5T!PFYR!3'T!_A5T!PFR[!I!PFQZ!3OT!RA5T!

RFZR!I!RFS_!3OT!RA5T!RFXQ!I!RFYR!3OT!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R[SFYT! RX[FRT! RcRF[T! R_YFST! R_cF_T! R_RFST! R_QFPT!

RP[F[T!RPZFST!RPXFQT!RP_FcT!PZFYT!PXFXT!PQFYT!RRF_F!

>H1HE!RSX6RSS!t,F!

\:>"6B"4^!)/():(/#$2!E&%!,PRARSpp/=_!lGsp/ms^!_YcFRRQRu!E&:02^!_YcFRRQZF!

,&%4L+MNGNLGNL[NL/S#'+)&S&X0%ZW+M$%WSW+M,W,+&(S&(W+M#$&#.V&+#.0N9\HNV#&.0!LEFVM!

>;*'!)&O.&:02!3\;*#$!'&(*2T!YSFZ!OLT!S[zT!2F%F!RQ^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S63c63#%*E(:&%&O$#;-(5'#-%-(5)-)(&;$.#/6RT_TY6

#%*$0$! 3YXFQ!OLT! PQY!µO&(5T!]6+*0-(.;#;/(*O*2$! 3SRFQ!OLT! cRQ!µO&(5! /02! L&(2!



7A52,(9.IC.

!R[Z!

)/#/(-'#! R! 3ZFQ! OLT! RQF_! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-!3RPQ!L!"*=PT!$(:$0#^!Q!#&!cYz!B#P=!*0!.$0#/0$5F!

B\,d>:!3_QQ!GA7T!,<,(_5!ä!SFZc!322T!\!Ü!YFcT!_FR!A7T!PA5T!SFSP!322T!\!Ü!YFYT!_FQ!A7T!

PA5T!SFcZ!I!SFc_!3OT!PA5T!SF_Q!I!SFPY!3OT!_A5T!XFYR!32T!\!Ü!RYFZ!A7T!RA5T!YF[Z!322T!\!

Ü!RYFZT!ZFQ!A7T!RA5T!_FQX!3222T!\!Ü!SFZT!SFQT!cF[!A7T!RA5T!PFRS!322#2T!\!Ü!ZF[T!SF[T!SFQT!

QFZ!A7T!RA5T!RFS[!3#2T!\!Ü!XFZT!cF[!A7T!RA5T!RFX_!I!RFYY!3OT!PA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! RX[FQT! RcQFXT! R_cFPT! R_RFXT! RP[FZT! RP[F_T! RPZFXT!

RPZFRT!RPXFQT!RPYFc!3iT!\!Ü!_FZ!A75T!RP_F_T!PZF_T!PQFPT!RRFRF,,

BMF,d>:!3_SX!GA7T!,<,(_5!ä!6XPFXQF!

>H1HE!RRS6RR[!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,PQARcf_pp/=P!lGsp/ms^!_ZQFQZX[u!E&:02^!_ZQFQZXcF!

,&%4GNLGNLL+MNGNL^9\9dN?#(Z0.W+`N[NW+MU#.W+M,W,+&(S&(W+M#$&#.V&+#.0N9\HNV#&.0!LEF0M!

>;$! @+,6*'&O$%! 3\;*#$! '&(*2T! _ZFY!OLT! YQz5! /02! #;$! %$#-,6*'&O$%! 3\;*#$! '&(*2T!

RYFQ!OLT!R[z5!\$%$!.%$./%$2!/))&%2*0L!#&!#;$!L$0$%/(!.%&)$2:%$!E%&O!3O56c63P6

3)-)(&;$.#/6PTcTX6#%*$06R6-(5+*0-(56RTRK6C*.;$0-(! 3YSFP! OLT! PRP! µO&(5T! P6

+*0-(*'&*02&(*0$6RT_62*&0$!3S_F_!OLT!cP_!µO&(5!/02!L&(2!)/#/(-'#!R! 3ZFP!OLT!RR!

µO&(5F! >;$! )%:2$! \/'! i:$0);$2! \*#;! QFY! O@! B#_p! /02! '#*%%$2! /#! %&&O!

#$O.$%/#:%$! E&%! R;! C$E&%$! C$*0L! );/%L$2! &0! '*(*)/! L$(! /02! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-! 3cQ! L! "*=PT! L%/2*$0#^! .$0#/0$! #&! YQz! B#P=T! #;$! %$#-,6*'&O$%!

$(:#$'!E*%'#5F!

":*#/C($! )%-'#/('! E&%! n6%/-! 2*EE%/)#*&0! &E! C&#;! *'&O$%'! \$%$! &C#/*0$2! C-! '(&\!

$+/.&%/#*&0!&E!/!'&(:#*&0!*0!,<,(_!*0!pG8!#:C$'F!

40!/22*#*&0!#&!#;$!'#%:)#:%/(!$+*2$0)$!E&%!C&#;!*'&O$%'!C-!)%-'#/((&L%/.;-T!#;$*%!

'#$%$&);$O*'#%-!\/'! *02$.$02$0#(-! )&0E*%O$2! C-! R<!p=B"a! $e.$%*O$0#'! 3'$$!

'.$)#%/!E&%!E:((!2$#/*('5F!

L+,6*'&O$%^!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFZS!I!SFSZ!3OT!PA5T!SFS_!I!SFXc!3OT!PA5T!SFYY!I!SFYQ!

3OT!PA5T!SFcX!I!SF_S!3OT!cA5T!SF__!I!SFPZ!3OT!RA5T!SFPS!I!SFPc!3OT!PA5T!XFYQ!32T!\!Ü!

RYFZ!A7T!RA5T!YF[_!322T!\!Ü!RYFZT!SFS!A7T!RA5T!_FQ_!3222T!\!Ü!SFST!SFRT!cF[!A7T!RA5T!

PFPR!I!PFRQ!3OT!RA5T!RFZc!I!RFSY!3OT!RA5T!RFYY!3222T!\!Ü!ZFZT!SF[T!XFZ!A7T!RA5F!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! R[[!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! RX[FPT! RcQFZT! R_[F[T! R_XFcT! R_cFPT! R_RFZT! R_QF[T!

RPZFZT!RPSF_T!RPSFPT!RPXF[T!RPXFYT!RPXFYT!RP_FcT!PZF_T!PQFcT!RQF[F!

>H1HE!RYY6RYX!t,F!

\:>"6B"4^!)/():(/#$2!E&%!,PYAR[pp/=P!lGsp/ms^!_ZZFR_QZu!E&:02^!_ZZFR_Q_F!

B$#-,6*'&O$%^!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFZS!I!SFZR!3OT!PA5T!SFSY!I!SFX[!3OT!PA5T!SFX_!I!SFYZ!

3OT!PA5T!SFYZ!I!SFYP!3OT!PA5T!SFcS!I!SFcQ!3OT!cA5T!SF_X!I!SF_Q!3OT!RA5T!XFXc!32T!\!Ü!

RYFZ!A7T!RA5T!XFQS!322T!\!Ü!RYFZT!SF[!A7T!RA5T!PFZY!3222T!\!Ü!SFZT!cFcT!_FY!A7T!RA5T!

PFPX!I!PFRX!3OT!RA5T!RFXQ!3222T!\!Ü![FYT!XFPT!cFX!A7T!RA5T!RF_Z!I!RFP[!3OT!RA5F!!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! RXZFST! RcQF[T! RcQFQT! R_XFcT! R_cFPT! R_PFQT! R_QFQT!

RP[FST!RPZF[T!RPSF_!3#\&!'*L0/('5T!RPSFQT!RPXFYT!RP_FcT!P[FXT!PRFZT!R_FXF!

>H1HE!RZS6RZZ!t,F!

\:>"6B"4^!)/():(/#$2!E&%!,PYAR[pp/=P!lGsp/ms^!_ZZFR_QZu!E&:02^!_ZZFR_RPF!

,&%4L+MNGNLGNLH\:NB#X0%Z&aW$%WSW+M,W,+&(S&(W+M#$&#.V&+#.0N9\HNV#&.0!LEF'M!

>;*'!)&O.&:02!3-$((&\!'&(*2T!YPFY!OLT!XQzT!2F%F!X^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S63_TY62*O$#;&e-'#-%-(5)-)(&;$.#/6RT_TY6#%*$0$!

3YXFQ!OLT!PY!µO&(5T!]6+*0-(.;#;/(*O*2$!3ZSFQ!OLT!YQQ!µO&(5!/02!L&(2!)/#/(-'#!R!

3[FS!OLT! RPFY!µO&(5F! >;$! )%:2$! %$'*2:$!\/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-!

3RPQ!L!"*=PT!$(:$0#^!RQ!#&!YQz!B#P=!*0!.$0#/0$5F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFZP!322T!\!Ü!YFYT!_FQ!A7T!PA5T!SFSR!322T!\!Ü!YFYT!_FQ!A7T!

PA5T!XFcQ!32T!\!Ü!RYFS!A7T!RA5T!XF_c!32T!\!Ü!PFP!A7T!PA5T!XFPZ!3#T!\!Ü!PF_!A7T!RA5T!YFZS!

322T!\!Ü!RYFST!SFS!A7T!RA5T!_FSP!3'T!XA5T!_FQY!I!PF[[!3OT!RA5T!PFPQ!I!PFQS!3OT!RA5T!

RFSZ!3#2T!\!Ü!XFZT!cF[!A7T!RA5T!RFY[!I!RFc[!3OT!RA5F!

BJ8, d>:! 3RQR!GA7T! ,<,(_5! ä! RX[FQRT! RXQFSQT! R_[F_PT! R_cFQYT! R_RFXcT! R_RFRZT!

RPXF[QT!RP_FPcT!RQcFR_T![[FP_T!YYFPcT!PZFRST!PQFQYT!RQFSXF!

>H1HE!RR[6RPR!t,F!

\:>"6?D,4^!)/():(/#$2!E&%!,PRAR[pp/=c!lGsp/ms^!_SPFRPQXu!E&:02^!_SPFRPQZF!



7A52,(9.IC.

!PQQ!

'8/$%4GNLGNLGND0%ZW+(S&(N9N0.N9NW+M,W,+&(S&(W+M#$&#.V&+#.0N9\HNV#&.0!LEFTM!

>;*'!)&O.&:02!3\;*#$!'&(*2T!_YF_!OLT!Y[zT!2F%F!cFS^R5!\/'!.%$./%$2!/))&%2*0L!#&!

#;$! L$0$%/(! .%&)$2:%$! E%&O! S63P6O$#;-(.%&.6R6$06R6-(5)-)(&;$.#/6RT_TY6#%*$0$!

3_SFQ!OLT!PYQ!µO&(5T!]6+*0-(.;#;/(*O*2$!3ZSFQ!OLT!YQQ!µO&(5!/02!L&(2!)/#/(-'#!

R!3[FS!OLT!RPFY!µO&(5F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!E(/';!);%&O/#&L%/.;-!

3RPQ!L!"*=PT!$(:$0#^!Y!#&!RQz!B#P=!*0!.$0#/0$5F!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!

E&%!E:((!2$#/*('5F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFZX!I!SFZP!3OT!PA5T!SFSc!I!SFSR!3OT!PA5T!cFSY!32#T!\!Ü!

ZFZT!RF_!A7T!RA5T!PFXY!3222T!\!Ü!SFYT!cFRT!_FY!A7T!RA5T!PFRP!3#22T!\!Ü![FcT!XFYT!_Fc!A7T!

RA5T!RFZS!32T!\!Ü!RFR!A7T!_A5T!RFSS!32T!\!Ü!RFR!A7T!_A5T!RFcP!3222T!\!Ü![FST!YF[T!cFP!A7T!

RA5T!RFQX!32#T!\!Ü!SF_T!XFP!A7T!RA5F!

BJ8,d>:!3RPX!GA7T!,<,(_5!ä!RXZFXT!R_cFPT!R_cFQT!R_RFZT!RPcFRT!RP_FRT!PZFXT!PYFXT!

RZF_T!RSF[T!R_F[F,,

\:>"6?D,4^!)/():(/#$2!E&%!,RYARYpp/=P!lGsp/ms^!PXcFQ[[Yu!E&:02^!PXcFRQQcF!

GNLGNLHND0%ZW+*)%NGN0.NGNW+M,W,+&(S&(W+M#$&#.V&+#.0N9\HNV#&.0!LEFZM!

>;*'!)&O.&:02!3)&(&%($''!&*(T!PSFc!OLT!c_zT!2F%F!0&#!2$#$%O*0$25!\/'!.%$./%$2!

/))&%2*0L! #&! #;$! L$0$%/(! .%&)$2:%$! E%&O! S63_6O$#;-(C:#6P6$06P6-(5)-)(&;$.#/6

RT_TY6#%*$0$!3cP!µ@T!PYQ!µO&(5T!]6+*0-(.;#;/(*O*2$!3ZS!OLT!YQQ!µO&(5!/02!L&(2!

)/#/(-'#! R! 3[FS! OLT! RPFY! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-!3"*=PT!$(:$0#^!Q6YQ!B#P=!*0!.$0#/0$5F!

B\,d>:!3YQQ!GA7T!,;(&%&E&%O6.5!ä!SFZc!322T!\!Ü!YFcT!_FR!A7T!PA5T!SFSP!322T!\!Ü!YFYT!

_FQ!A7T!PA5T!PFZR!32#T!\!Ü!SFZT!cFR!A7T!RA5T!PFP[!3##T!\!Ü!SFQT!_FS!A7T!RA5T!RFZZ!32T!\!Ü!

RFY!A7T!_A5T!RFSc!3#T!\!Ü!RFR!A7T!_A5T!RFY[!322T!\!Ü!_F_T!PFQ!A7T!cA5T!RF_[!3222T!\!Ü!

RQFQT!XFQT!cFP!A7T!RA5T!RFPc!3#2T!\!Ü!SF_T!XFQ!A7T!RA5F!

'8/$%NGNLGNLL/0%S-ZWVS&N[)N(WS-.N[NW+#V0.0MX0%ZW+M,W,+&(S&(W+M#$&#.V&+#.0N9\HN

V#&.0!LEF#M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!YRFZ!OLT!S_zT!2F%F!RFP^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! c63)-)(&;$.#/6PTcTX6#%*$06R6



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PQR!

-(O$#;-($0$5#$#%/;-2%&6P&6.-%/0! 3cSFQ! OLT! PYQ! µO&(5T! ]6+*0-(.;#;/(*O*2$!

3ZSFQ!OLT!YQQ!µO&(5!/02!L&(2!)/#/(-'#!R!3[FS!OLT!RPFY!µO&(5F!>;$!)%:2$!%$'*2:$!

\/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-! 3RPQ! L! "*=PT! $(:$0#^! RQ! #&! XQz! B#P=! *0!

.$0#/0$5F!

>;$! '#$%$&);$O*'#%-! \/'! )&0E*%O$2! E&%! #;$! O*0&%! @+,6*'&O$%! C-! R<! p=B"a!

$e.$%*O$0#'!3'$$!'.$)#%/(!2/#/!E&%!E:((!2$#/*('5F!

@+,64'&O$%^!B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFZ_!3#2T!\!Ü!YF_T!_FQ!A7T!PA5T!SFSP!3#2T!\!Ü!

YFcT!_FR!A7T!PA5T!cFXQ!32T!\!Ü!ZFY!A7T!RA5T!_FSY!I!_FSQ!3OT!RA5T!_FXP!3222T!\!Ü!RQFYT!

XFQT!cF_!A7T!RA5T!_FcX!3222T!\!Ü!RQF[T!SFXT!_F[!A7T!RA5T!PFYY!I!PFcZ!3OT!RA5T!PFcP!I!

PF_c!3OT!RA5T!PFRY! 3#2T!\!Ü!XFPT!_FR!A7T!RA5T!PFQc!322T!\!Ü![FQT!_F[!A7T!RA5T!PFQP!I!

RF[Y!3OT!RA5T!RFYX!3#2T!\!Ü!XFYT!cF[!A7T!RA5T!RFYQ!I!RFcc!3OT!RA5F!

%$#-,64'&O$%^!B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFZ_!3#2T!\!Ü!YF_T!_FQ!A7T!PA5T!SFSP!3#2T!\!

Ü!YFcT!_FR!A7T!PA5T!cFZQ!32T!\!Ü!ZFY!A7T!RA5T_FS_!I!_FXS!3OT!_A5T!PFXY!3222T!\!Ü!SFYT!

cFPT!_Fc!A7T!RA5T!PFX_!I!PFYX!3OT!RA5T!PFYQ!I!PFc_!3OT!RA5T!PFPZ!I!PFP_!3OT!PA5T!PFRP!

I!PFQS!3OT!RA5T!RFcX!I!RFcR!3OT!RA5T!RFQ[!32#T!\!Ü!SF_T!XF_!A7T!RA5F!

@+,64'&O$%^,BJ8,d>:!3RQR!GA7T!,<,(_5!ä!RXZFXT!R_ZFPT!R_cFQT!R_RFZT!RP_FRT!RR[F_T!

X[FcT!XZFXT!_XFST!_QFcT!PSFST!RYFRT!RRFZF,,

%$#-,64'&O$%^, BJ8, d>:! 3RQR!GA7T! ,<,(_5! ä! RXZF[T! R_XFZT! R_cFQQT! R_RFZT! RP_FRT!

RPPFZT!X[FcT!XZFZT!_XFXT!_QFPT!PZFZT!RSFQT!RcFRF,

\:>"6?D,4^!)/():(/#$2!E&%!,RSARSpp/=_!lGsp/ms^!_QXFRRQRu!E&:02^!_QXFRQ[QF!

!L+MNGN<%WSW+,W,+&(S&(W+!-,0%-%0!LR9-M!

3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3R[! OLT! RQQ! µO&(5T! \/'! 2*''&(+$2! *0! +*0-(!

/)$#/#$! 3QFc!O@5!/02!L&(2! )/#/(-'#!R! 3_F[!OLT!Y!µO&(5!\/'!/22$2F!>;$!O*e#:%$!

\/'!;$/#$2!#&!SY!t,!E&%!RP!;T!)&0)$0#%/#$2!#&!2%-0$''!/02!/0/(-7$2!C-!RA!pG8!

'.$)#%&')&.-F!>;$!-*$(2!\/'!$'#*O/#$2!/#!_Qz!C-!RA!pG8!'.$)#%&')&.-F!!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!SF_Z!I!SF_Q!3OT!PXA5T!SFPS!I!SFPQ!3OT!_QA5T!

XFXR!32T!\!Ü!RYF[!A7T!RA5T!YF[S!322T!\!Ü!RYF[T!ZFZ!A7T!RA5T!cF_Z!3#2T!\!Ü!XFST!_FZ!A7T!

RA5T!PFcQ!32T!\!Ü!QFZ!A7T!XA5T!RF[S!I!RFZY!3OT!RA5T!RF_c!I!RFP[!3OT!RA5T!QF[S!3#2T!\!Ü!

XFST!_FZ!A7T!RA5F!

38->",3B"45E!8F>^!SFYQQ!O*0F!G"^!)/():(/#$2^!PQPFRT!E&:02!PQPFRF!



7A52,(9.IC.

!PQP!

L+MNLGNLGNL'68'N?)%&aWM,W,+&(S&(W+MU#.W+M*0.]0.0!LR9*M!

>;*'! )&O.&:02!\/'! .%$./%$2! /))&%2*0L! #&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6

'#-%-()-)(&;$.#/6RT_TY6#%*$0$!3R[!OLT!RQQ!µO&(5T!%'$%6C:#-(!+*0-(!$#;$%!3R_R!ã@T!

RQQ!µO&(5!/02!L&(2!)/#/(-'#!R!3_F[!OLT!Y!µO&(5F!>;*'!)&O.&:02!*'!$'#*O/#$2!#&!

C$!E&%O$2!*0![z!C-!RA!pG8!/0/(-'*'!&E!#;$!)%:2$!%$/)#*&0!O*e#:%$F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!SF_Z!I!SFPZ!3OT!_A5T!SFPX!I!SFR[!3OT!PA5T!XFQP!

322T!\!Ü!RYFST![FQ!A7T!RA5T!YF_Z!322T!\!Ü![FPT!YFS!A7T!RA5T!_F[_!I!_FZ_!3OT!RA5T!RFYR!I!

RFcP!3OT!RA5T!RFPX!I!RFPQ!3OT![A5T!QFZP!322T!\!Ü!ZFcT!cFc!A7T!RA5T!QFYc!3#T!\!Ü!cF[!A7T!

RA5F!

38->",3B"45E!8F>^!YF[QY!O*0F!G"^!)/():(/#$2^!PRXFPT!E&:02!PRXFPF!

!L7MNGNLGNL1W,+&Z0(%-NG\[\JN%S#0.N9NW+MU#.W+MNJNX0%ZW+N9\H\J\GNV#&a-]-*&S&,-.0N

[\RNV#&.0!LRR-M!

>;*'!)&O.&:02!\/'!O/2$!E&((&\*0L!/!O&2*E*$2!(*#$%/#:%$!.%&)$2:%$FP[Y!

C1#((!,@#('P!40!/0!pG8!#:C$T!/!O*e#:%$!&E!KKD!3RP!OLT!QFQY!OO&(T!R!$i:*+5!/02!]6

O$#;-(/O*0&!2*/)$#*)!/)*2!3_S!OLT!QFPY!OO&(T!Y!$i:*+5!*0!.a6<G"=!3QFY!O@5!\/'!

;$/#$2!#&!XQ!t,!E&%!Xc!;F!>;$!O*e#:%$!\/'!$e#%/)#$2!\*#;!\/#$%!3X!O@5!/02!E(/';!

);%&O/#&L%/.;-! 3"*=PT!B#=?)5!/EE&%2$2!S!OL! 3Ycz5!&E!C%&\0!)%-'#/('! ':*#/C($!

E&%!n6%/-!/0/(-'*'F!

C9-%<'%+@! ,@#('^!KKD! 3[c!OLT! QFc!OO&(T! R! $i:*+5T!O/L0$'*:O! ':(E/#$! 3RQQ!OL5T!

/02!]6O$#;-(/O*0&!2*/)$#*)! /)*2! 3PZP!OLT!PFQ!OO&(T! Y! $i:*+5! *0!2%-!<G"=! 3c!

O@5!\$%$!;$/#$2!#&!XQ!t,!E&%!Rc!;F!>;$!O*e#:%$!\/'!$e#%/)#$2!\*#;!\/#$%!3X!O@5!

/02!E(/';!);%&O/#&L%/.;-!3"*=PT!B#=?)5!/EE&%2$2![!OL!3[z5!&E!C%&\0!)%-'#/('F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!6.66 (t, J = 3.2 Hz, 2H), XFYQ!322T!\!Ü!RSFZT!XFc!

A7T!RA5T!XFPZ!I!XFR[!3OT!PA5T!YFXQ!322T!\!Ü!RSFZT!RFY!A7T!RA5T!YF_c!I!YFPY!3OT!PA5T!

_F[c!32T!\!Ü!RXF_!A7T!PA5T!_FSR!32T!\!Ü!RXFY!A7T!PA5T!PFZY!3'T!_A5F!

BB;,d>:,3RPZ!GA7T!,<,(_5!ä!RQF[YF!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
P[Y!! b&$%(-T! BF! GFu! ,;$%0$-T! ?F! AFu! </+*'T! BF! kFu! 9:%d$T! GF! <F! \A! J1A! L<'1A! C0@A!

@ABAT![dQT!X[cR6X[c_F!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PQ_!

2+MNGNLGNL1W,+&Z0(%-NG\[\JN%S#0.N9NW+MU#.W+MN[\[\:\:N%0%S-X0%ZW+N9\H\GN

V#&a-*&S&+-.0!LRR*M!

>;*'!)&O.&:02!\/'!O/2$!E&((&\*0L!/!O&2*E*$2!(*#$%/#:%$!.%&)$2:%$FP[X!

?!O*)%&6\/+$!+*/(!\/'!);/%L$2!\*#;!7*%)&)$0$!;-2%&);(&%*2$!3PRR!OLT!QFZ!OO&(T!

PQ! O&(z5! *0! /! L(&+$C&e! /02! '$/($2F! >;$0T! ML! 3SZP! OLT! cFR! OO&(T! R! $i:*+5T!

.*00/)&(C&%/0$! 3XPY!ã@T! cF_!OO&(T! RFQY! $i:*+5! /02! #%*$#;-(/O*0$! 3RRc!ã@T! QFZ!

OO&(T! PQ!O&(z5! /%$! /22$2! /02! #;$!O*e#:%$! *'! ;$/#$2! #&! XQ! t,! E&%! Pc! ;F! >;$!

O*e#:%$! *'! 2*(:#$2! \*#;! ;$e/0$! /02! E*(#$%$2! &+$%! /! '*(*)/! .(:LF! ,&0)$0#%/#*&0!

E&((&\$2!C-!E(/';!);%&O/#&L%/.;-!3"*=PT!Q!6RQz!B#P=!*0!.$0#/0$5!-*$(2!X_S!OL!

3Xcz5!&E!/!)&(&%($''!&*(F!

B\,d>:!3cQQ!GA7T!,;(&%&E&%O6.5!ä!XF[c!322T!\!Ü!RZFRT!XFX!A7T!RA5T!XFXZ!322#T!\!Ü!

_FYT!PFXT!QFZ!A7T!PA5T!XFP_!32222T!\!Ü!ZF[T!_F[T!PFXT!RFc!A7T!PA5T!YFXS!322T!\!Ü!RZFRT!RFX!

A7T!RA5T!YF_P!I!YFPX!3OT!PA5T!PF_Y!32#2T!\!Ü!SFQT!YFXT!RFc!A7T!RA5T!RF_R!3'T!RPA5F!

BJ8,d>:,3RQR!GA7T!,<,(_5!ä!RY_FST!R_RFZT!R_QF[T!RPcFST!RPPF[T!Z_FPT!c_F[T!PcFZF!

\:>"6?D,4^!)/():(/#$2!E&%!,RYAPRp/=PRR9!lGsp/ms^!PXSFRYPSu!E&:02^!PXSFRYPSF!

2&%-$$#)X!L+MNLGNL,W,+&Z0(%-NG\[\JN%S#0.N9NW+MU#.W+M%S#'+)&S&N*&S-.0!LRR,M!

?!'&(:#*&0!&E!KKD!3cQ_!OLT!RFXY!OO&(T!R!$i:*+5!*0!O$#;/0&(!3_F_!O@5!*'!)&&($2!#&!

Q!t,!/02!/0!/i:$&:'!'&(:#*&0!&E!.&#/''*:O!C*E(:&%*2$!3RFR!O@T!cFY!GT!Y!OO&(T!_!

$i:*+5!*'!/22$2!'(&\(-F!>;$!O*e#:%$!*'!($E#!#&!'#*%!+*L&%&:'(-!E&%!/#!($/'#!/0&#;$%!P!

;!C$E&%$!*#!#;&%&:L;(-!2%*$2!:02$%!;*L;!+/)::OF!?!"&e;($#!$e#%/)#*&0!-*$(2$2!PZY!

OL!3SSz5!&E!/!\;*#$!'/(#F!

L+MNGNLGNLGNL[ND0%Z&aW(Z0.W+M,W,+&(S&(W+MU#.W+MNJNX0%ZW+N9\H\J\GN

V#&a-]-*&S&,-.0N[\RNV#&.0!LRF-M!

>;*'!O$#;&2!*'!C/'$2!&0!/!(*#$%/#:%$!.%&)$2:%$FP[S!

1%:CC'!)/#/(-'#!P02!L$0$%/#*&0!3RY!OLT!QFQRZ!OO&(T!Y!O&(z5!/02!CB=! 3[Q!OLT!

QF_X!OO&(T!RFQ!$i:*+5!\$%$!O*e$2!*0!/!Y!O@!O*)%&\/+$!+*/(F!?E#$%!)/..*0LT!#;$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
P[X!! b/0LT!aF!<Fu!k*OC/((T!1Fu!D%/';/2T!?F!"Fu!b/0LT!aF!B'%$#<'.$0-!D'%%A!@AALT!_aT!

ZSSS6ZSZQF!
P[S!! ,;/##$%]$$T!?F!kFu!,;&*T!>F6@Fu! "/02$%'T!<F!DFu!1%:CC'T!8F!AF! \A!J1A!L<'1A!C0@A!

@AAJT![QgT!RR_XQ6RR_SQF!



7A52,(9.IC.

!PQc!

/#O&'.;$%$!\/'! $+/):/#$2! /02! C/)dE*(($2!\*#;! /%L&0! #;%$$! #*O$'F! ,AP,(P! 3PF_!

O@T!QFRYYG5!/02!+*0-(!C&%&0*)!/)*2!G4<?!$'#$%!3R_P!OLT!QFSP!OO&(T!PFQ!$i:*+5!

\$%$!/22$2!'$i:$0#*/((-!/02!#;$!%$/)#*&0!O*e#:%$!\/'!'#*%%$2!E&%!Rc;!/#!cR!t,F!

>;$!O*e#:%$!\/'!)&&($2!#&!%&&O!#$O.$%/#:%$!/02!/2'&%C$2!2*%$)#(-!&0! E(&%*'*(F!

f(/';! );%&O/#&L%/.;-! 3Pc! L! "*=PT! $(:$0#^! Q! #&! YQz!/)$#&0$! *0! B#P=5! -*$(2$2! /!

O*e#:%$!&E!KM2!/02!+*0-(!C&%&0*)!/)*2!G4<?!$'#$%F!

B\,d>:!3_QQ!GA7T!?)$#&0$6.X5!ä!SFRS!I!SFR_!3OT!PA5T!XFZY!I!XFZR!3OT!PA5T!YFcY!

32T!\!Ü!SFR!A7T!RA5T!cFQP!32T!\!Ü!SF_!A7T!RA5T!_FSX!3'T!_A5T!PFZS!3'T!cA5T!PF_c!3#2T!\!Ü!

ZFXT!XFc!A7T!RA5T!PFRQ!3'T!_A5T!RF[X!I!RFZY!3OT!RA5T!RFPS!I!RFR[!3OT!RA5T!RFRX!I!RFQZ!

3OT!RA5F!

EN7%ZW.W+N,W,+&Z0(%-N9YHY:N%S#0.0!LF:M!

>;*'!)&O.&:02!\/'!'-0#;$'*7$2!/))&%2*0L!#&!/!(*#$%/#:%$!.%&)$2:%$FP[Z!

".$)#%&')&.*)!2/#/!O/#);$2!#;/#!&E!#;$!(*#$%/#:%$F!!

D0%ZW+!L+MNHNLGNL[NX0%Z&aW(Z0.W+M,W,+&(S&(W+M-,SW+-%0!LFJM!

>;*'!O$#;&2!*'!C/'$2!&0!/!(*#$%/#:%$!.%&)$2:%$FP[[!

1%:CC'!)/#/(-'#!P02!L$0$%/#*&0! 3PR!OLT!QFQPY!OO&(T!Y!O&(z5!/02!J[! 3RPY!OLT!

QFY!OO&(T! RFQ! $i:*+5!\$%$!O*e$2! *0! /!Y!O@!O*)%&\/+$!+*/(F!?E#$%! )/..*0LT! #;$!

/#O&'.;$%$!\/'! $+/):/#$2! /02! C/)dE*(($2!\*#;! /%L&0! #;%$$! #*O$'F! ,AP,(P! 3_F_!

O@T! QFRYYG5! /02!O$#;-(! )%&#&0/#$! 3PRP!µ@! PFQ!OO&(T! cFQ! $i:*+5! \$%$! /22$2!

'$i:$0#*/((-!/02!#;$!%$/)#*&0!O*e#:%$!\/'!'#*%%$2!E&%!Rc;!/#!cR!t,F!>;$!O*e#:%$!

\/'! )&&($2! #&! %&&O! #$O.$%/#:%$! /02! /2'&%C$2! 2*%$)#(-! &0! E(&%*'*(F! f(/';!

);%&O/#&L%/.;-! 3Pc! L! "*=PT! $(:$0#^! Y! #&! PQz! B#P=! *0! .$0#/0$5! -*$(2$2! Z_!OL!

3QF_X!OO&(T!SPzT!2%^!RY^R5!&E!/!L%$-!&*(F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFRX!32T!\!Ü!ZF_!A7T!PA5T!XFZS!I!XFZ_!3OT!PA5T!XFPS!322T!

\!Ü!RYFcT!RQFX!A7T!RA5T!YF[_!32T!\!Ü!RYFc!A7T!RA5T!_FZP!3'T!_A5T!_FXY!3'T!_A5T!PFYY!3iT!\!

Ü!ZF_!A7T!RA5T!PFQR!I!RF[_!3OT!RA5T!RFcY!3#2T!\!Ü!ZFXT!YFP!A7T!RA5T!RFP_!32#T!\!Ü!XFST!

YFP!A7T!RA5F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
P[Z!! f$%%$%T!"Fu!B);/+/%%$0T!?F!GF!J-:'4A!L<'1A!3-%A!O.A!@ABNT!ggT!RRRSZ6RRRZPF!
P[[!! ,;/##$%]$$T!?F!kFu!,;&*T!>F6@Fu! "/02$%'T!<F!DFu!1%:CC'T!8F!AF! \A!J1A!L<'1A!C0@A!

@AAJT![QgT!RR_XQ6RR_SQF!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PQY!

BJ8,d>:!3RPX!GA7T!,<,(_5!ä!RXXFST!RYZF_T!RYQFXT!R_QFRT!RP[FcT!RR[FYT!RR_FZT!YYF_T!

YRFPT!PcFZT!PPFPT!R_FZF!

\:>"6?D,4^!)/():(/#$2!E&%!,RcARXp/=_!lGsp/ms^!PYYFQ[[Pu!E&:02^!PYYFQ[ZQ!

2Z%Z-+#X#V0!V0(S&%0,%#&.!-.V!').,%#&.-+#]-%#&.!&'!-X#.0Y!

L+MNGN<%WSW+,W,+&(S&(-.N9N-X#.#)X! ,Z+&S#V0! LFFM! \/'! '-0#;$'*7$2! /))&%2*0L! #&! /!

O&2*E*$2!(*#$%/#:%$!.%&)$2:%$F_QQ!

3O56P63P6'#-%-()-)(&.%&.-(5*'&*02&(*0$6RT_62*&0$! CM2! 3RFRXLT! cFQ! OO&(T! RFQ!

$i:*+5! *'! 2*''&(+$2! *0! 2*);(&%&O$#;/0$! 3X! O@T! QFXXG5! /02! P6.%&./0&(! 3_XT!

QFRRG5!/02!\/#$%!3X!O@T!QFXXG5!*'!/22$2T!E&((&\$2!C-!'&2*:O!C&%&;-2%*2$!3SYY!

OLT!PQ!OO&(T!YFQ!$i:*+5!/02!#;$!%$/)#*&0!*'!($E#!#&!'#*%!E&%!c!;!3);$)d$2!C-!>@,5F!

B#;-(!/)$#/#$!/02!'*(*)/!\$%$!/22$2!)/%$E:((-!/02!#;$!O*e#:%$!\/'!.&:%$2!&0!/!

'*(*)/!.(:L!/02!\/';$2!\*#;!B#P=F!>;$!'&(+$0#'!\$%$!$+/.&%/#$2!:02$%!%$2:)$2!

.%$'':%$!/02!#;$!)%:2$!\;*#$!'&(*2!)&:(2!2*%$)#(-!C$!:'$2!*0!#;$!0$e#!'#$.F!

>;$!'&(*2'!\$%$!2*''&(+$2!*0!2*&e/0$!3R_!O@T!QF_G5!/02!)&&($2!#&!Q!t,!C$E&%$!2%-!

;-2%&);(&%*)!/)*2!*0!2*&e/0$!3R_!O@T!cG5!\/'!/22$2!/02!#;$!%$/)#*&0!\/'!($E#!#&!

'#*%!&+$%!0*L;#T!\/%O*0L!#&!%&&O!#$O.$%/#:%$F!>;$!\;*#$!'&(*2!\/'!)&(($)#$2!&0!/!

E*(#$%! /02! #;$! &%/0L$! C-.%&2:)#!\/'!\/';$2!&:#!\*#;!B#P=F!<%-*0L!:02$%! ;*L;!

+/)::O!-*$(2$2!XYX!OL!3_F_Y!OO&(T!Zcz5!&E!/!\;*#$!.&\2$%F!

B\,d>:!3YQQ!GA7T!G$#;/0&(62c5!ä!SFc_!I!SFcQ!3OT!PA5T!SF__!I!SFPZ!3OT!PA5T!SFPY!

I!SFPQ!3OT!RA5T!XFSY!32T!\!Ü!RYFS!A7T!RA5T!XFQZ!322T!\!Ü!RYFST!ZFX!A7T!RA5T!PFZS!3#2T!\!Ü!

SFXT!cFY!A7T!RA5T!PFQS!32#T!\!Ü!RXF_T!ZFX!A7T!RA5T!RF_c!3222T!\!Ü![FPT!SFXT!XFX!A7T!RA5T!

RFQP!3#2T!\!Ü!XFST!cFY!A7T!RA5F!

BJ8,d>:!3RPX!GA7T!G$=<5!ä!R_XF[T!R_cF_T!RPZF_T!RPSF_T!RPYFZT!RP_F_T!PZFRT!RZFcT!

RQFcF!

>H1H^!RXS!t,!32$)&O.&'*#*&05!

\:>"6?D,4^!)/():(/#$2!E&%!,RRARcp!lG6,(ms^!RXQFRRPRu!E&:02^!RXQFRRPZ!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_QQ!! ?(E&%2T!jF!"Fu!</+*$'T!AF!GF!@F!X$:A!D'%%A!@AB@T![_T!XQPQ6XQP_F!



7A52,(9.IC.

!PQX!

?0.]W+!L+MNLGN$%WSW+,W,+&(S&(W+M,-S*-X-%0!L9PPM!

#N$"%"&'()(*+(+*,-),-./"0".12/231!+4*,)256!MM!3P[c!OLT!RFY!OO&(T!RFQ!$i:*+5!\/'!

2*''&(+$2!*0!/!O*e#:%$!&E!2*&e/0$!3RP!O@5!/02!\/#$%!3RP!O@5!/02!)&&($2!#&!Q!t,F!

p/P,=_! 3S[Y!OLT! SFY!OO&(T! YFQ! $i:*+5!\/'! /22$2T! i:*)d(-! E&((&\$2! C-! C$07-(!

);(&%&E&%O/#$F!3P_X!µ@T!RFXY!OO&(T!RFR!$i:*+5!/02!#;$!%$/)#*&0!\/'!($E#!#&!'#*%!E&%!

R!;!C$E&%$!C$*0L!\/%O$2!#&!%&&O!#$O.$%/#:%$F!>;$!O*e#:%$!\/'!$e#%/)#$2!\*#;!

2*);(&%&O$#;/0$!3RQ!O@T!e_5!/02!\/';$2!\*#;!\/#$%!3PQ!O@5!/02!C%*0$!3PQ!O@5F!

f(/';!);%&O/#&L%/.;-!3'*(*)/T!$(:$0#^!_Qz!B#P=!*0!.$0#/0$5!-*$(2$2!cQP!OL!3RF_S!

OO&(T![Rz5!&E!/!\;*#$!'&(*2F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä!SFcP!I!SF_[!3OT!RA5T!SF_S!I!SFP[!3OT!ZA5T!SFPX!I!SFPR!

3OT!RA5T!XFYZ!32T!\!Ü!RYF[!A7T!PA5T!YF[Y!322T!\!Ü!RYFZT!ZFY!A7T!RA5T!YFR[!I!YFR_!3OT!

RA5T!YFQP!32T!\!Ü!SYFZ!A7T!RA5T!cFS_!32T!\!Ü!YF[!A7T!RA5T!_FQQ!I!PF[R!3COT!RA5T!RF[R!I!

RFZ_!3COT!RA5T!RF__!I!RFPY!3COT!RA5T!QFZR!3C'T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R_SF_T! R_XFcT! R_RFST! RPZFXT! RPZFYT! RPZFYT! RPZFR!

3C%&/25T!RPSFST!RPSFRT!RPSFQT!RPSFQ!3C%&/25T!RPYF[T!XXFZT!XYFcT!P[FST!PQFST!RcF_F!

>H1H^!RRc6RRX!t,!

\:>"6?D,4^!)/():(/#$2!E&%!,R[AR[pp/=P!lGsp/ms^!_RXFR_QZu!E&:02^!_RXFR_RP!

4a#V-%#U0!,+0-U-T0!%&!-+V0ZWV0!-.V!0$%0S#'#,-%#&.Y!

,&%NGNL9\HNB#&a&#$&#.V&+#.NGNW+M,W,+&(S&(-.0N9N,-S*-+V0ZWV0!L9P9-M!

3O56P63P6'#-%-()-)(&.%&.-(5*'&*02&(*0$6RT_62*&0$! CM2! 3SP_! OLT! PFY! OO&(5! \/'!

2*''&(+$2!*0!2*);(&%&O$#;/0$!3RQQ!O@T!QFQPYG5!/02!)&&($2!#&!6SZ!t,F!=7&0$!\/'!

C:CC($2! #;%&:L;! #;$! '&(:#*&0! :0#*(! /! C(:$! )&(&%! /..$/%$2F! =e-L$0! /02! #;$0!

0*#%&L$0! L/'! \/'! C:CC($2! #;%&:L;! #;$! '&(:#*&0! E&((&\$2! C-! #;$! /22*#*&0! &E!

#%*.;$0-(.;&'.*0$! 3XYX! OLT! PFY! OO&(5F! >;$! %$/)#*&0! \/'! '#*%%$2! /#! %&&O!

#$O.$%/#:%$! E&%! P! ;! C$E&%$! *#!\/'! )&0)$0#%/#$2F! f(/';! );%&O/#&L%/.;-! 3'*(*)/T!

$(:$0#^! YQ! #&! RQQz!B#P=! *0! .$0#/0$5! -*$(2$2! c[Q!OL! 3PFPSY!OO&(T! [Rz5! &E! /!

\;*#$!'&(*2F!

B\,d>:!3YQQ!GA7T!,<,(_5!ä![FXS!32T!\!Ü!PFS!A7T!RA5T!SFZY!322T!\!Ü!YFYT!_FQ!A7T!PA5T!

SFSc!322T!\!Ü!YFYT!_FQ!A7T!PA5T!_FRc!3#2T!\!Ü!SFPT!YFZ!A7T!RA5T!PFYZ!32#2T!\!Ü!ZFYT!XF[T!PFS!

A7T!RA5T!PFRX!3iT!\!Ü!XF_!A7T!RA5T!RFSR!3222T!\!Ü!ZF_T!SFcT!XF_!A7T!RA5F!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PQS!

BJ8,d>:!3RPX!GA7T!,<,(_5!ä!R[XFXT!RXZFYT!R_cF_T!R_RFcT!RP_FcT!P[FST!PXFcT!RPFZF!

>H1H^!RQS!t,!

\:>"6?D,4^!)/():(/#$2!E&%!,RPA[pp/=_!lGsp/ms^!P_ZFQcSYu!E&:02^!P_ZFQcSS!

D0%ZW+!GNL9\HNV#&a&#$&#.V&+#.NGNW+M,W,+&(S&(-.0N9N,-S*&aW+-%0!L9PGM!

>;$!&e*2/#*+$!$'#$%*E*)/#*&0!#&!RP!C/'$2!&0!/!(*#$%/#:%$!.%&)$2:%$F_QR!

P63RT_62*&e&*'&*02&(*06P6-(5)-)(&.%&./0$6R6)/%C/(2$;-2$! BAB2! 3c_! OLT! QFP!

OO&(T! RFQ! $i:*+5! \/'! 2*''&(+$2! *0! O$#;/0&(! 3c! O@T! QFQYG5F! G$/0\;*($T!

+/0/2*:O3q5&e*2$!3_X!OLT!QFP!OO&(T!RFQ!$i:*+5!\/'!2*''&(+$2!*0!/!AP=P!'&(:#*&0!

3RYz!RFY!O@5!/#!Q!t,F!>;$!'&(:#*&0!&E!/(2$;-2$!M2!*'!)&&($2!#&!Q!t,!/02!&0)$!#;$!

+/0/2*:O! '&(:#*&0! #:%0'! 2$$.! %$2T! .$%);(&%*)! /)*2! 3RFcc! µ@T! SQzT! QFQR!OO&(T!

QFQY! $i:*+5! \/'! /22$2! #&! *#F! >;$! &e*2/0#! O*e#:%$! *'! )/%$E:((-! /22$2! #&! #;$!

O$#;/0&(*)!'&(:#*&0!/02!($E#!#&!'#*%!E&%!_!;T!\;*('#!'(&\(-!\/%O*0LF!>;$!%$/)#*&0!

\/'! i:$0);$2! C-! /22*0L! /! '/#:%/#$2! '&2*:O! #;*&':(E/#$! '&(:#*&0! /#! Q! t,! /02!

'#*%%*0L!\/'!)&0#*0:$2!E&%!R!;F!>;$!O*e#:%$!\/'!$e#%/)#$2!\*#;!$#;-(!/)$#/#$!3PY!

O@5! /02! \/';$2! \*#;! \/#$%! 3PQ! O@T! eP5! /02! C%*0$! 3PQ! O@5F! ,&0)$0#%/#*&0!

E&((&\$2!C-!E(/';!);%&O/#&L%/.;-!3'*(*)/!Pc!LT!$(:$0#^!PQ!#&![Qz!B#P=!*0!.$0#/0$!

&+$%!R!;T!E%/)#*&0'!/0/(-7$2!C-!1,6f4<5!/EE&%2$2!_RFR!OL!3QFRPS!OO&(T!Xcz5!&E!/!

)&(&%($''!&*(F!

B\,d>:! 3_QQ!GA7T!,<,(_5!ä!SFZX!I!SFZR!3OT!PA5T!SFSP!322T!\!Ü!YFYT!_FQ!A7T!PA5T!

_FXP!3'T!_A5T!_FQc!3#2T!\!Ü!SFcT!YFZ!A7T!RA5T!PFP_!32#T!\!Ü!ZFXT!XFZ!A7T!RA5T!RF[X!3iT!\!Ü!

XF_!A7T!RA5T!RFXX!3222T!\!Ü!ZFST!SFST!XF_!A7T!RA5F!

BJ8,d>:! 3SY!GA7T!,<,(_5!ä!RSRFQT!RXZFXT!R_cFRT!R_RFXT!RP_F_T!YPFR_T!PSFYT!RZFXT!

R_FQF!

\:>"6?D,4^!)/():(/#$2!E&%!,R_ARRpp/=c!lGsp/ms^!PXZFQYZQu!E&:02^!PXZFQYSc!

;$&X0S#]-%#&.!&'!-+V0ZWV0Y!

'8/$%NGNL9\HNB#&a&#$&#.V&+#.NGNW+M,W,+&(S&(-.0N9N,-S*-+V0ZWV0!L9P9*M!

P63RT_6<*&e&*'&*02&(*06P6-(5)-)(&.%&./0$6R6)/%C/(2$;-2$! BAB2! 3c_! OLT! QFP!

OO&(T!RFQ!$i:*+5!\/'!2*''&(+$2! *0!2*);(&%&O$#;/0$!3R!O@5!/02!.$%);(&%*)!/)*2!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_QR!! 1&.*0/#;T!8Fu!D/#$(T!9F!kF!X$:A!D'%%A!@AAAT!QT!YSS6YS[F!



7A52,(9.IC.

!PQZ!

3PF[!µ@T!SQzT!QFQP!OO&(T!QFR!$i:*+5!\/'!/22$2F!>;$!%$/)#*&0!\/'!'#*%%$2!E&%!P!;!

C$E&%$! *#!\/'! $e#%/)#$2!\*#;! 2*);(&%&O$#;/0$! 3Y!O@5! /02!\/';!\*#;!\/#$%! 3Y!

O@T! _e5! /02! C%*0$! 3Y!O@5T! /EE&%2*0L! cR!OL! 3QFR[P!OO&(T! [Xz5! &E! /! -$((&\*';!

'&(*2F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä![FXX!32T!\!Ü!PFS!A7T!RA5T!SFZc!322T!\!Ü!YFYT!_FR!A7T!PA5T!

SFSc!322T!\!Ü!YFYT!_FR!A7T!PA5T!_FR_!3#2T!\!Ü!SFPT!YFZ!A7T!RA5T!PFYZ!32#2T!\!Ü!ZFcT!XF[T!PFS!

A7T!RA5T!PFRY!3iT!\!Ü!XF_!A7T!RA5T!RFSQ!3222T!\!Ü!ZFcT!SFcT!XF_!A7T!RA5F!

BJ8,d>:!3RQR!GA7T!,<,(_5!ä!R[XFXT!RXZFYT!R_cF_T!R_RFcT!RP_FYT!P[FST!PXFcQT!RPFZF!

>H1H^![Z!t,!

/S##$&(S&(W+LLGNU#.W+(Z0.W+M0%ZW.W+M$#+-.0!L9PHM!

=4+'?7$7*4>4C&$7*:6$O6$61

>;*'! )&O.&:02! \/'! '-0#;$'*7$2! :'*0L! /! O&2*E*$2! (*#$%/#:%$! .%&)$2:%$^ _QP!

?0;-2%&:'!.&#/''*:O!)/%C&0/#$!3XPP!OLT!cFY!OO&(T!RFY!$i:*+5!\/'!/22$2!#&!/!

'&(:#*&0! &E! #%*O$#;-(33P6+*0-(.;$0-(5$#;-0-(5'*(/0$_Q_!3XQQ! OLT! _FQ! OO&(T! RFQ!

$i:*+5! *0!O$#;/0&(!3cFY!O@T!QFXXSG5!/02!#;$!':'.$0'*&0!\/'!'#*%%$2! E&%!R!;!/#!

%&&O!#$O.$%/#:%$F!>;$!O*e#:%$!\/'!$e#%/)#$2!\*#;!.$0#/0$T!\/';$2!\*#;!C%*0$!

/02!:'$2!2*%$)#(-!*0!#;$!0$e#!'#$.F!

>;$!)%:2$!2/#/!\/'!)&0'*'#$0#!\*#;!#;$!(*#$%/#:%$F_Qc!

P8&&%.@8.@7*22>4C&$7*@?6$7*36'?7$7*3%&*/$612=QD31

R6B#;-0-(6P6+*0-(C$07$0$! 3_FQ!OO&(T! RFQ! $i:*+5!\/'! 2*''&(+$2! *0! 2%-! >Af! 3RY!

O@T! QFPG5! /02! )&&($2! #&! 6SZ! t,T! E&((&\$2! C-! #;$! /22*#*&0! &E! (*#;*:O!

2**'&.%&.-(/O*0$!3QFYG!>AfT!ZFQ!O@T!cFQ!OO&(T!RFP!$i:*+5!&+$%!RQ!O*0:#$'T!/02!

E*0/((-! #;$! /22*#*&0! &E! #%**'&.%&.-('*(-(! );(&%*2$! 3[X_!µ@T! cFY!OO&(T! RFY! $i:*+5F!

>;$! %$/)#*&0'! \/'! '(&\(-! \/%O$2! #&! %&&O! #$O.$%/#:%$T! /E#$%! \;*);! *#! \/'!

i:$0);$2!\*#;! \/#$%T! $e#%/)#$2! \*#;! B#P=T! \/';$2!\*#;! C%*0$! /02! 2%*$2! &+$%!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_QP!! a$;T!GF6,F! DFu! @*/0LT! ,F6jFu! ,;$0T! AF6fFu!b$0LT! aF6>F!J.>A!C9-%<A!L#%#(A!@ABLT!

dgcT!_PcP6_PYcF!
_Q_!! G/2;:';/\T!8F!jFu!@*0T!GF6aFu!"&;$(T!"F!GF!?Fu!@*:T!8F6"F!\A!J1A!L<'1A!C0@A!@AAGT!

[QaT!XZ[Y6XZ[[F!
_Qc!! 9/%(:$0L/T!jFu!?02*0/T!fFu!?70/%T!fFu!q/(2W'T!,F!X$:A!D'%%A!@AACT!iT!cRc_6cRcXF!
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! PQ[!

p/P"=cF! f(/';! );%&O/#&L%/.;-! 3ZQ! LT! "*=PT! $(:$0#^! .$0#/0$5! /EE&%2$2! XRS! OL!

3PFRS!OO&(T!SPz5!&E!/!)&(&%($''!&*(F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFXR!I!SFYS!3OT!RA5T!SFYR!I!SFcZ!3OT!RA5T!SF_c!I!SFPY!

3OT!PA5T!SFPR!3#2T!\!Ü!SFYT!RFP!A7T!RA5T!YFZ_!322T!\!Ü!RSFST!RFR!A7T!RA5T!YF_X!322T!\!Ü!

RRFQT!RFQ!A7T!RA5T!RFRS!3'T!RZA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R_[F_T! R_YFQT! R__FRT! RPZFcT! RPSF_T! RPcFYT! RPPF_T!

RRYFYT!RQYFcT![YFXT!RZFST!RRF_F!

\:>"6?D,4^!)/():(/#$2!E&%!,R[AP["*!lGsAms^!PZYFPQ__u!E&:02^!PZYFPQcX!

!&%NL+MN%S##$&(S&(W+LLGNLGN$%WSW+,W,+&(S&(W+M(Z0.W+M0%ZW.W+M$#+-.0!L9P[-M!

>;*'!)&O.&:02!3)&(&%($''!&*(T!XcFY!OLT!XczT!2F%F!åPQ^R5!\/'!.%$./%$2!/))&%2*0L!

#&! #;$! L$0$%/(! .%&)$2:%$! E%&O! 3O56S6'#-%-()-)(&;$.#/6RT_TY6#%*$0$! 3c[FQ!OLT! PY!

µO&(5T! #%**'&.%&.-(33P6+*0-(.;$0-(5$#;-0-(5'*(/0$!3RQS!OLT!_SY!µO&(5!/02!L&(2!

)/#/(-'#! R! 3[FS! OLT! RPFY! µO&(5F! >;$! )%:2$! %$'*2:$! \/'! .:%*E*$2! C-! E(/';!

);%&O/#&L%/.;-!3cQ!L!"*=PT!$(:$0#^!.$0#/0$5F!

B\,d>:! 3_QQ!GA7T!,<,(_5!ä!SFcS!322T!\!Ü!SFcT!QF[!A7T!RA5T!SF_P!I!SFPR!3OT!RA5T!

SFRZ!32#T!\!Ü!YFQT!_FX!A7T!cA5T!SFRc!I!SFQZ!3OT!_A5T!XFcX!32T!\!Ü!RYFS!A7T!RA5T!YFcS!

322T!\!Ü!RYFST![FP!A7T!RA5T!PFSQ!3iT!\!Ü!ZFc!A7T!RA5T!PFR_!3i2T!\!Ü!ZFZT!YFY!A7T!RA5T!RFcS!

I!RF_S!3OT!RA5T!RF_Q!I!RFPR!3OT!RA5T!RFRX!3'T!RZA5F!

BJ8, d>:! 3RQR!GA7T! ,<,(_5! ä! RcRFQT! R_SFZT! R_PFZT! RP[F[ZT! RP[FZT! RPZF_T! RPSF[T!

RPSFXT!RPXFcT!RPYFZT!RPYFST!RPYFcT!RQYFZT![cFST!P_FXT!P_FRT!RZFST!RPFcT!RRFcF!

\:>"6?D,4^!)/():(/#$2!E&%!,PZA_S"*!lGsAms^!cQRFPXY[u!E&:02^!cQRFPXXYF!

L+MN9N7%ZW.W+NGNLGN$%WSW+,W,+&(S&(W+M*0.]0.0!L9P[*M!

>&!/!'&(:#*&0!&E!B@2!3cX!OLT!QFRRY!OO&(T!RFQ!$i:*+5!*0!>Af!3RFS!O@T!QFQSG5!\/'!

/22$2!/!'&(:#*&0!&E!#$#%/C:#-(/OO&0*:O!E(:&%*2$!3RFQG!>AfT!YSY!µ@T!YFQ!$i:*+5!

/02! #;$! %$/)#*&0!\/'! '#*%%$2! E&%! P! ;F! Be#%/)#*0L!\*#;!B#P=T! 2%-*0L!\*#;!p/P"=c!

/02!E*(#%/#*&0!&E!/!'*(*)/!.(:L!-*$(2$2!#;$!.:%$!)&O.&:02!*0!PSFS!OL!3QFRR_!OO&(T!

[[z5!/'!/!)&(&%($''!&*(!

B\,d>:! 3YQQ!GA7T!,<,(_5!ä!SFYQ!322T!\!Ü!SFST!RFY!A7T!RA5T!SF__!I!SFP[!3OT!RA5T!

SFPc!I!SFRS!3OT!cA5T!SFRY!I!SFRR!3OT!_A5T!XFYR!32T!\!Ü!RYFS!A7T!RA5T!YFYP!322T!\!Ü!



7A52,(9.IC.

!PRQ!

RYFST![FP!A7T!RA5T!_F_R!3'T!RA5T!PFSc!I!PFXX!3OT!RA5T!PFRZ!3i2T!\!Ü!ZFST!YFX!A7T!RA5T!

RFc_!3#2T!\!Ü!ZF_T!YFc!A7T!RA5T!RFPc!32#T!\!Ü!XFcT!YFY!A7T!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! RcRFcT! R_SFZT! R_PFZT! RP[F[T! RP[FZT! RPZFcT! RPZF_T!

RPSFST!RPXFYT!RPYF[T!RPYFST!RPcFQT!ZPFXT!ZRFPT!P_FPT!PPF[T!RSFST!RPFYT!RPF_F!

\:>"6?D,4^!)/():(/#$2!E&%!,R[ARS!lGsAms^!PcYFR_PYu!E&:02^!PcYFR__c!

L+MNHN<%WSW+N9-\E*NV#ZWVS&N9)N,W,+&(S&(-^/`.-(Z%Z-+0.0!L9P:M!

,/#/(-'#!R!3_!OLT!QFQQc!OO&(T!Y!O&(z5!\/'!/22$2!#&!/!'#*%%$2!'&(:#*&0!&E!3O56R6

$#;-0-(6P63P6'#-%-()-)(&.%&.-(5C$07$0$! 3R[F_! OLT! QFQS[! OO&(T! RFQ! $i:*+5! *0!

,AP,(P!3RFPY!O@T!QFQXPYG5F!?E#$%!#;$!2*'/..$/%/0)$!&E!#;$!.*0d!)&(&%T!/!2%&.!&E!

#%*$#;-(/O*0$! \/'! /22$2! /02! #;$! '&(:#*&0! \/'! E*(#$%$2! &+$%! /! '*(*)/! .(:LT!

.%&+*2*0L!#;$!.:%$!)&O.&:02!*0!R[FQ!OL!3QFQSZ!OO&(T![Zz5!/'!/!)&(&%($''!&*(F!

B\,d>:! 3YQQ!GA7T!,<,(_5!ä!SFYc!I!SFc[!3OT!_A5T!SFcY!322T!\!Ü!SF_T!RFX!A7T!RA5T!

SF_Z!3#T!\!Ü!SFS!A7T!PA5T!SF_Q!I!SFPQ!3OT!cA5T!XFZY!32T!\!Ü!RYFS!A7T!RA5T!XFYY!32T!\!Ü!

YFY!A7T!RA5T!PFYc!3#2T!\!Ü!ZF_T!YFR!A7T!RA5T!PFR_!3##T!\!Ü!SF[T!cFQ!A7T!RA5T!RFXP!3#2T!\!Ü!

ZFZT!_FX!A7T!RA5T!6QFRP!I!6QFRX!3OT!RA5F!

BJ8, d>:! 3RPX! GA7T! ,<,(_5! ä! R_SFZT! R_XFQT! R_RFRT! R_QF_T! R_QFRT! RPZFXT! RPZFcT!

RPSFcT!RPSF_!3P,A5T!RPSFQT!RPXFYT!RPYFXT!RPcFRT!PRFPT!RSFZT!RQFXF!

\:>"6?D,4^!)/():(/#$2!E&%!,R[ARS!lGsAms^!PcYFR_PYu!E&:02^!PcYFR__X!

eNS-W!,SW$%-++&TS-(ZW!

,%-'#/(! '#%:)#:%$! 2$#$%O*0/#*&0'! \$%$! )/%%*$2! &:#! :'*0L! /! 9%:d$%6p&0*:'!

2*EE%/)#&O$#$%!$i:*..$2!\*#;!/0!?DDBn!Pck!,,<!/%$/!2$#$)#&%T!/!f8Y[R!%&#/#*0L!

/0&2$!\*#;!G&k/! %/2*/#*&0T!G&0#$(!O*%%&%'! /'!O&0&);%&O/#&%! /02! /!k%-&E($e!

(&\!#$O.$%/#:%$!2$+*)$!3>!Ü!IRS_!t,5F!f:((6'.;$%$!2/#/!)&(($)#*&0!\/'!:'$2!\*#;!

\! /02! \! ')/0'F! D%&L%/O'! :'$2^! </#/! )&(($)#*&0! ?DBn6PT! 2/#/! %$2:)#*&0! 9%:d$%!

"/*0#! q`FXQ?! /02! /C'&%.#*&0! )&%%$)#*&0! "?<?9"F! "#%:)#:%$! "&(:#*&0! /02!

8$E*0$O$0#^!,%-'#/(! '#%:)#:%$! '&(:#*&0'!\$%$!/);*$+$2!:'*0L!2*%$)#!O$#;&2'!/'!

*O.($O$0#$2! *0! "AB@n>@!/02!+*':/(*7$2!:'*0L! #;$!.%&L%/O!nDF!G*''*0L! /#&O'!

\$%$! ':C'$i:$0#(-! (&)/#$2! E%&O!2*EE$%$0)$!f&:%*$%! '-0#;$'*'! /02! /22$2! #&! #;$!

/#&O! (*'#F! @$/'#6'i:/%$'! %$E*0$O$0#! &0! fP! :'*0L! /((! O$/':%$2! *0#$0'*#*$'! \/'!

)/%%*$2!&:#!:'*0L! #;$!.%&L%/O!"AB@n>@F!?((!0&06;-2%&L$0!/#&O'!\$%$! %$E*0$2!



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PRR!

*0)(:2*0L! /0*'&#%&.*)! 2*'.(/)$O$0#! ./%/O$#$%'F! =8>BD! 2%/\*0L'! /%$!

%$.%$'$0#$2!\*#;!YQz!.%&C/C*(*#-!&E!#;$!#;$%O/(!$((*.'&*2'F!

! ,



7A52,(9.IC.

!PRP!

1SW$%-+!V-%-!-.V!$%S),%)S0!S0'#.0X0.%!'&S!,&%NE9*!

 

=8>BD!2%/\*0L'!&E!SBD!\*#;!YQz!.%&C/C*(*#-!&E!#;$!#;$%O/(!$((*.'&*2' 

 

Empirical formula  C18 H18  

Formula weight  234.32 

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P2(1) 

Unit cell dimensions a = 9.035(2)Å %= 90°. 

 b = 5.7594(15)Å & = 100.891(7)°. 

 c = 13.277(3)Å ' = 90°. 

Volume 678.5(3) Å3 

Z 2 

Density (calculated) 1.147 Mg/m3 

Absorption coefficient 0.064 mm-1 

F(000)  252 

Crystal size  0.20 x 0.15 x 0.06 mm3 

Theta range for data collection 2.295 to 32.557°. 

Index ranges -13<=h<=12,-8<=k<=5,-19<=l<=15 



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PR_!

Reflections collected  9047 

Independent reflections 3680[R(int) = 0.0254] 

Completeness to theta =32.557°  92.7%  

Absorption correction  Empirical 

Max. and min. transmission  0.996 and 0.874 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  3680/ 1/ 164 

Goodness-of-fit on F2  1.050 

Final R indices [I>2sigma(I)]  R1 = 0.0420, wR2 = 0.0989 

R indices (all data)  R1 = 0.0544, wR2 = 0.1056 

Flack parameter  x =0.1(10) 

Largest diff. peak and hole  0.251 and -0.211 e.Å-3 

  



7A52,(9.IC.

!PRc!

1SW$%-+!V-%-!-.V!$%S),%)S0!S0'#.0X0.%!'&S!6$<.NE[#!

!

=8>BD!2%/\*0L'!&E!CG*!\*#;!YQz!.%&C/C*(*#-!&E!#;$!#;$%O/(!$((*.'&*2' 

!

Empirical formula  C24 H20  

Formula weight  308.40 

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic 

Space group  Pca2(1) 

Unit cell dimensions a = 9.9863(13)Å %= 90°. 

 b = 18.438(2)Å & = 90°. 

 c = 8.9744(13)Å ' = 90°. 

Volume 1652.4(4) Å3 

Z 4 

Density (calculated) 1.240 Mg/m3 

Absorption coefficient 0.070 mm-1 

F(000)  656 

Crystal size  0.40 x 0.40 x 0.06 mm3 



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PRY!

Theta range for data collection 2.209 to 31.541°. 

Index ranges -7<=h<=14,-17<=k<=27,-12<=l<=13 

Reflections collected  12057 

Independent reflections 5071[R(int) = 0.0401] 

Completeness to theta =31.541°  97.299995%  

Absorption correction  Multi-scan 

Max. and min. transmission  0.996 and 0.837 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  5071/ 1/ 217 

Goodness-of-fit on F2  1.051 

Final R indices [I>2sigma(I)]  R1 = 0.0573, wR2 = 0.1275 

R indices (all data)  R1 = 0.0810, wR2 = 0.1408 

Flack parameter  x =-0.1(10) 

Largest diff. peak and hole  0.289 and -0.233 e.Å-3  



7A52,(9.IC.

!PRX!

1SW$%-+!V-%-!-.V!$%S),%)S0!S0'#.0X0.%!'&S!,&%NEF0!

!

=8>BD!2%/\*0L'!&E!CM$!\*#;!YQz!.%&C/C*(*#-!&E!#;$!#;$%O/(!$((*.'&*2' 

!

Empirical formula  C25 H19 N O2  

Formula weight  365.41 

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P-1 

Unit cell dimensions a = 9.8574(4)Å %= 83.974(3)°. 

 b = 10.5363(4)Å & = 85.964(3)°. 

 c = 19.0980(6)Å ' = 69.875(4)°. 

Volume 1850.89(13) Å3 

Z 4 

Density (calculated) 1.311 Mg/m3 

Absorption coefficient 0.083 mm-1 

F(000)  768 

Crystal size  0.12 x 0.12 x 0.03 mm3 

Theta range for data collection 2.202 to 28.875°. 



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PRS!

Index ranges -13<=h<=12,-13<=k<=13,-23<=l<=23 

Reflections collected  30805 

Independent reflections 8327[R(int) = 0.0463] 

Completeness to theta =28.875°  85.6%  

Absorption correction  Empirical 

Max. and min. transmission  0.998 and 0.768 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  8327/ 230/ 669 

Goodness-of-fit on F2  1.052 

Final R indices [I>2sigma(I)]  R1 = 0.0491, wR2 = 0.1309 

R indices (all data)  R1 = 0.0795, wR2 = 0.1458 

Largest diff. peak and hole  0.377 and -0.261 e.Å-3 

! ,



7A52,(9.IC.

!PRZ!

1SW$%-+!V-%-!-.V!$%S),%)S0!S0'#.0X0.%!'&S!'8/$%NEF0!

!

=8>BD!2%/\*0L'!&E!CM$!\*#;!YQz!.%&C/C*(*#-!&E!#;$!#;$%O/(!$((*.'&*2' 

!

Empirical formula  C25 H19 N O2  

Formula weight  365.41 

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P2(1)/c 

Unit cell dimensions a = 4.88608(8)Å %= 90°. 

 b = 39.9585(6)Å & = 91.1105(15)°. 

 c = 9.27521(15)Å ' = 90°. 

Volume 1810.55(5) Å3 

Z 4 

Density (calculated) 1.341 Mg/m3 

Absorption coefficient 0.085 mm-1 

F(000)  768 

Crystal size  0.2 x 0.18 x 0.03 mm3 

Theta range for data collection 2.039 to 60.660°. 

Index ranges -11<=h<=11,-96<=k<=94,-22<=l<=20 

Reflections collected  106963 



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PR[!

Independent reflections 25432[R(int) = 0.0484] 

Completeness to theta =60.660°  91.0%  

Absorption correction  Multi-scan 

Max. and min. transmission  0.998 and 0.768 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  25432/ 710/ 532 

Goodness-of-fit on F2  1.048 

Final R indices [I>2sigma(I)]  R1 = 0.0910, wR2 = 0.2494 

R indices (all data)  R1 = 0.1348, wR2 = 0.2737 

Largest diff. peak and hole  0.865 and -0.897 e.Å-3 

! ,



7A52,(9.IC.

!PPQ!

CB2,

!

! !



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PPR!

CBD,

!

!

! !



7A52,(9.IC.

!PPP!

CBT,

,

,

,

,

,

, ,



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PP_!

CB<,

!
! !



7A52,(9.IC.

!PPc!

CB+

!

!

! !



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PPY!

CBP

,

,

, ,



7A52,(9.IC.

!PPX!

CB0

,

, ,



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PPS!

CG[

!

! !



7A52,(9.IC.

!PPZ!

CG=

,

, ,



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! PP[!

CM)

! !



7A52,(9.IC.

!P_Q!

@+,6CM$

!

! !



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! P_R!

%$#-,6CM$

!

, ,



7A52,(9.IC.

!P_P!

CK[

!

! !



!<,(9(%-('(",0:(."0-JK0$;'";"'%29%25$5,0%$.:05.5.=%')F>GJ75,5';E().L(,9%JM3"A$(9.L(5",0%$.

! P__!

CK*

,

, ,



7A52,(9.IC.

!P_c!

,

!



!

!

!

!

!

!

HY!!

D0,Z-.#$%#,!<%)V#0$!-.V!%Z0!4S#T#.!&'!

B#-$%0S0&$0+0,%#U#%W!

 

!

!

!

!

!

!

!

!

!

!

!

!

B<'! 40$6! .',@$+?'.! +-! %<+,! @<#8%'$! 4#,! 8'$/0$1'.! +-! @0((#?0$#%+0-! 4+%<! '"%!

!/+5+II& ,%& ?#5:*2+)2! 4<01! 3! 405(.! (+6'! %0! %<#-6! /0$! 8'$/0$1+-:! %<'! =*B!

@#(@5(#%+0-,!#-.!8#$%!0/!%<'!6+-'%+@!'78'$+1'-%,A! !



7A52,(9.OC.

!P_X!

;.%S&V),%#&.!

"#$%$&'$($)#*+$T! ($#! /(&0$! $0/0#*&'$($)#*+$T! L&(23456)/#/(-7$2! /(d$0$!

)-)(&.%&./0/#*&0! %$/)#*&0'! $e#%$O$(-! %/%$F! 40! #;$! C$0);O/%d! .:C(*)/#*&0! C-!

>&'#$! /02! )&6\&%d$%'! E%&O! PQQY! &0! @+,6'$($)#*+$! L&(23456)/#/(-7$2! /(d$0$!

)-)(&.%&./0/#*&0'T! .%&./%L-(! $'#$%'! /%$! :'$2! #&! L$0$%/#$! +*0-(! L&(2! )/%C$0$'T!

\;*);!:02$%L&!)-)(&.%&./0/#*&0!\*#;!/!+/%*$#-!&E!/(d$0$'F_QY!b;*($!O&'#!&E!#;$!

$e/O.($'!&0(-!2*'.(/-!/!O&2$'#!'$($)#*+*#-!/02!\$%$!L$0$%/#$2!\*#;!#;$!'*O.($!

)/#*&0*)! #%*.;$0-(.;&'.*0$L&(2345! )&O.($eT! $e)$(($0#! 2*/'#$%$&6! /02!

$0/0#*&'$($)#*+*#-! )/0! C$! /);*$+$2! C-! '\*#);*0L! #&! #;$! C:(d-! /02! );*%/(! 3f56

<>9G6"B1DA="!(*L/02!3");$O$!R_Z5F!

!
")=$O$,BJKH!<*/'#$%$&6!/02!$0/0#*&'$($)#*+$!/(d$0$!)-)(&.%&./0/#*&0FJAL,!

>&!$e.(/*0!#;$!'$($)#*+*#-T!/!O&2$(!\/'!.%&.&'$2!C-!#;$!L%&:.!&E!>&'#$!*0!\;*);!/!

)&0)$%#$2!)/%C$0$!#%/0'E$%!#&!#;$!/(d$0$!#/d$'!.(/)$!.$%.$02*):(/%!#&!#;$!L&(26

,R! C&02! 3f*L:%$! PY5F! >;$! *0)&O*0L! /(d$0$! )/0! &%*$0#! *#'$(E! ':);! #;/#! *#'!

':C'#*#:$0#'!)/0!$*#;$%!.&*0#!/\/-!E%&O!#;$!(*L/02!3./#;!?5T!&%!.&*0#!#&\/%2'!#;$!

(*L/02!\;$%$!*#!$e.$%*$0)$'!:0E/+&%/C($!'#$%*)!*0#$%/)#*&0'!3./#;!95F!>;$!O&2$(!

$e.(/*0'! #;$!.%$E$%$0)$!&E! #;$!@+,6!&+$%! #;$! %$#-,6*'&O$%!/02! *'!)&0'*'#$0#!\*#;!

#;$! E/)#! #;/#! *0)%$/'*0L! #;$! '#$%*)! C:(d! &E! #;$! (*L/02! ($/2'! #&! *O.%&+$2!

2*/'#$%$&'$($)#*+*#-F! A&\$+$%T! 0&! $e.(/0/#*&0! \/'! L*+$0! E&%! #;$! &%*L*0! &E! #;$!

$0/0#*&'$($)#*+*#-! /02! #;$! /C'&(:#$! )&0E*L:%/#*&0! &E! #;$! .%&2:)#'! \/'! 0&#!

2$#$%O*0$2F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_QY!! j&;/0''&0T!GF!jFu!1&%*0T!<F!jFu!"#/C$0T!"F!>Fu!>&'#$T!fF!<F!\A!J1A!L<'1A!C0@A!@AALT!

[QcT!RZQQP6RZQQ_F!

OR1

+

(R)-DTBM-SEGPHOS(AuCl)2 (2.5 mol%),
AgSbF6 (5 mol%)

OR1R2MeNO2, r.t.
70 - 83% 
d.r. >20:1

e.e. 60 - 85%

R2

O

O

O

O
PAr2

PAr2

Ar = 3,5-(t-Bu)2-4-OMe-C6H2 
(R)-DTBM-SEGPHOS

1 2 3



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! P_S!

!
F*[<%$,@LH!D%&.&'$2!'#$%$&);$O*)/(!O&2$(^!8#%<!J!*'!.%$E$%%$2!/'!0&!:0E/+&%/C($!'#$%*)!

*0#$%/)#*&0'!/%$!$e.$%*$0)$2T!\;*);!*'!#;$!)/'$!E&%!8#%<!"T!($/2*0L!#&!L&&2!
2*/'#$%$&'$($)#*+*#*$'FJAL,!

?! O&%$! $(/C&%/#$2! O&2$(! #&! $e.(/*0! #;$! 2*/'#$%$&'$($)#*+*#-! E&%! #;*'!

)-)(&.%&./0/#*&0!%$/)#*&0!\/'!2$+$(&.$2!C-!"&%*/0&!/02!G/%)&6,&0#$(($'!C/'$2!

&0! <f>! )/():(/#*&0'F_QX!w'*0L! /! '*O.($! )/#*&0*)! .;&'.;*0$6L&(2345! )&O.($e! /'!

)/#/(-'#!O&2$(T! E&:%! .&''*C($! #%/0'*#*&0! '#%:)#:%$'!\$%$! *2$0#*E*$2! 3f*L:%$! PX5^!

>\&!'#%:)#:%$'!($/2*0L!#&!#;$!@+,6.%&2:)#T!a"B6!/02!a"B66T!/02!#\&!#&!#;$!%$#-,6

.%&2:)#T!a"B666! /02!a"B6.F! >;$! ,Ü,! C&02! &E! #;$! *0)&O*0L! /(d$0$! )/0! $*#;$%! C$!

/0#*.$%*.(/0/%! #&! #;$! L&(26,R! C&02! /'! *0! a"B66! /02! a"B666T! &%! /#! /! L/:);$!

2*'.&'*#*&0!E&%!a"B6!/02!a"B6.T!\;*);!/%$!E&:02!/#!;*L;$%!$0$%L-!/02!)/0!#;:'!C$!

2*')/%2$2F!>%/0'*#*&0!'#/#$!a"B66!($/2*0L!#&!#;$!@+,6*'&O$%!*'!E/+&%$2!C-!/C&:#!RF_!

d/(xO&(6R!)&O./%$2!#&!a"B666T!\;*);!($/2'!#&!#;$!%$#-,6*'&O$%F!>;*'!'#/C*(*7/#*&0!

*'!/')%*C$2!#&!E/+&%/C($!{6{!*0#$%/)#*&0'!*0!a"B66T!\;$%$/'!#;&'$!*0#$%/)#*&0'!/%$!

/C'$0#!E&%!a"B666F!!

!
F*[<%$,@NH!>%/0'*#*&06'#/#$!O&2$('!/'!E&:02!C-!G/%)&6,&0#$(($'!'%!#(A!PQQZFJAN,!

?0&#;$%!;*L;(-!'$($)#*+$!L&(23456)/#/(-7$2!/(d$0$!)-)(&.%&./0/#*&0!\/'!%$.&%#$2!

C-! <*0L! /02! )&6\&%d$%'! *0! PQR_T! \;$%$! L&(2345! )/%C$0$'! /%$! E&%O$2! E%&O!

2*/7&&e*02&($'!/02!%$/)#!\*#;!/!+/%*$#-!&E!/(d$0$!*0!.&&%!#&!$e)$(($0#!-*$(2!/02!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_QX!! "&%*/0&T!BFu!G/%)&6,&0#$(($'T!jF!L<'1A!G!O5$A!\A!@AAKT![_T!XSSR6XSS[F!

Ph

OAc [AuLL´]+
AuL

OAc

Ph

Ph

Ph
path A

path B

H

H

H

Ph

!+

!+

AuL

OAc

Ph

H

H

Ph

H

!+

!+

OAc

Ph

AuL+

OAc

Ph

OAc

Ph

1a Ia

TS1c

TS1t

cis-3a

trans-3a

AuL

H
OAc

AuL

H
OAc

AuL

H
OAc

AuL

H
OAc

TS1I TS1II TS1III TS1IV



7A52,(9.OC.

!P_Z!

L&&2! #&! $e)$(($0#! 2*/'#$%$&6! /02! $0/0#*&'$($)#*+*#-! :'*0L! /! '.*%&d$#/(!

C*'.;&'.;*0$! (*L/02! 3");$O$! R_[5F _QS !B+$0! *0! #;$! )/'$! &E! R6;$e$0$T! /0!

$0/0#*&O$%*)!$e)$''!&E!SQz!*'!%$.&%#$2!C:#!:0E&%#:0/#$(-!0&!$e.(/0/#*&0!E&%!#;$!

;*L;!'$($)#*+*#-!*'!L*+$0F!

!

")=$O$,BJMH!"#$%$&6!/02!$0/0#*&'$($)#*+$!/(d$0$!)-)(&.%&./0/#*&0!\*#;!
2*/7&&e*02&($'FJAC,!

";&%#(-!C$E&%$T!/!'*O*(/%!%$/)#*&0!\/'!*0+$'#*L/#$2!:'*0L!#;$!/);*%/(!l8;P3=?)5cm!

/02! );*%/(! l8;P3C6D>>@5cm! )&O.($e$'! 3");$O$! RcQ5F _QZ !A*L;!

2*/'#$%$&'$($)#*+*#*$'!\$%$!%$.&%#$2!E&%!C&#;!)&O.($e$'T!åR[^RT!/02!/0!$F$F!&E!cZ6

Scz!\/'!/);*$+$2!\*#;!#;$!);*%/(!)&O.($eF!f&%!#;$!$e)$(($0#!2*/'#$%$&'$($)#*+*#-!

#;$!/:#;&%'!.%&.&'$!#;/#!#;$!*0)&O*0L!/(d$0$!*'!L:*2$2!C-!#;$!0*#%&L$0!/#&O!&E!

#;$! &e*02&($T!\;*($! /+&*2*0L! '#$%*)! *0#$%/)#*&0'!\*#;! #;$! C:(d-! )/#/(-'#! 3f*L:%$!

PS5F! ?E#$%! %&#/#*&0! &E! #;$! /(d$0$T! #;$! '.*%&! )-)(&.%&.-(&e*02&($! *'! E&%O$2F! >;$!

&%*L*0!&E!#;$!$0/0#*&'$($)#*+*#-!\/'!0&#!$e.(/*0$2F!

!

")=$O$,BGAH!8;&2*:O34456)/#/(-7$2!/(d$0$!)-)(&.%&./0/#*&0!\*#;!2*/7&&e*02&($'FJAK,!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_QS!! ,/&T!vF6aFu!b/0LT!nFu!>/0T!,Fu!v;/&T!nF6@Fu!v;&:T! jFu!<*0LT!kF! \A!J1A!L<'1A!C0@A!

@ABJT![dgT!ZR[S6ZPQQF!
_QZ!! ?\/#/T!?Fu!?%/*T!>F!C9-('%%!@ABJT!Q_T!P[6_PF!

N
H

N2

O + R3

R4

R2

R1

(S,S,S)-SKP(AuCl)2 (4.4 mol%),
AgBF4 (4 mol%)

PhF, -30 ºC/0 ºC N
H

O
R2
R1

R3

R4

18 - 98%
d.r. >20:1

e.e. 70 - 95%

O O

PPh2 Ph2P (S,S,S)-SKP

4 5 6

N
H

N2

O + R
Rh2(L)4
CH2Cl2, 
0 ºC, 1h N

H

O

R

R = Ph: >99%, d.r. 95:5
R = Ph: >99%, d.r. 98:2, e.e. 66%
R = C3H5: 65%, d.r. 88:12, e.e. 74%

L = OAc
L = S-PTTL

4 6

5



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! P_[!

!

F*[<%$,@CH!D%&.&'$2!'#$%$&);$O*)/(!O&2$(^!#;$!*0)&O*0L!/(d$0$!*'!L:*2$2!C-!#;$!
0*#%&L$0T!\;*($!/+&*2*0L!'#$%*)!*0#$%/)#*&0!\*#;!#;$!)/#/(-'#!*0!8#%<!J!($/2*0L!#&!$e)$(($0#!

'$($)#*+*#*$'FJAK,!

"$+$%/(! )&O.:#/#*&0/(! '#:2*$'! ;/+$! C$$0! .$%E&%O$2! #&! :02$%'#/02! #;$!

2*/'#$%$&'$($)#*+*#-!E&%!/(d$0$!)-)(&.%&./0/#*&0'!\*#;!2*/7&!/)$#/#$!2$%*+/#*+$'!

:'*0L! /! '*O*(/%! E/O*(-! &E! %;&2*:O3445! )/#/(-'#'F _Q[ !40! $/);! )/'$! #;$!

2*/'#$%$&'$($)#*+*#-! *'! /')%*C$2! #&! #;$! '#$%*)! *0#$%/)#*&0! C$#\$$0! #;$! $'#$%! /02!

#;$! *0)&O*0L! /(d$0$T! )&:0#$%C/(/0)$2! C-! #;$! *0#$%/)#*&0! &E! #;$! &#;$%! ~6

':C'#*#:$0#!\*#;!#;$!/(d$0$F!>;:'T! #;$!'#$%$&'$($)#*+$!&:#)&O$!*'!2$.$02$0#!&0!

#;$!0/#:%$!&E!8R!/02!8P!3f*L:%$!PZ5F!

!

F*[<%$,@KH!D%&.&'$2!'#$%$&);$O*)/(!O&2$(!E&%!%;&2*:O3445!)/#/(-7$2!/(d$0$!
)-)(&.%&./0/#*&0!\*#;!2*/7&/)$#/#$!2$%*+/#*+$'F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_Q[!! /5!p&\(/0T!<F!>Fu!1%$LLT!>F!GFu!</+*$'T!AF!GF!@Fu!"*0L($#&0T!<F!?F!\A!J1A!L<'1A!

C0@A!@AAJT![QgT!RY[QP6RY[RRF!C5!A/0'$0T!jF!%Fu!?:#');C/);T!jFu!</+*$'T!AF!GF!
@F! \A! X$:A! L<'1A! @AAMT! c_T! XYYY6XYX_F! )5! 9&0L$T! AF! >Fu! A/0'$0T! >F!
B'%$#<'.$0-!D'%%A!@ABAT!g[T! YP[Z6Y_QRF!25!9&0L$T!AF!>Fu!A/0'$0T!>F! \A!X$:A!
L<'1A!@ABAT!cgT!P_Q[6P_PQF!

RhL

N
O

!+

RhL

N
O

!+

RhL

HN
O

H

HH

RhL

HN
O

HH
H

N
H

O

N
H

O

RhL

N
O

Ph

Ph
path A

path B

4

TS2tI TS2tII

TS2cI TS2cII cis-6a

trans-6a

RhL

R2

RhL

R2
O

R1O

O

R1O
vs.

TS3t TS3c



7A52,(9.OC.

!PcQ!

8$)$0#(-T! #;$! L%&:.! &E! ,;$0! '#:2*$2! #;$! O$);/0*'O! &E! #;$! %$/)#*&0! C$#\$$0!

2*/7&&e*02&($'!/02!'#-%$0$!2$%*+/#*+$'!/'!%$.&%#$2!C-!?%/*!3");$O$!RcQ5!:'*0L!

$(/C&%/#$! )/#/(-'#! O&2$('! &E! #;$! 8;P3=?)5c! /02! 8;P3"6D>>@5c! )&O.($e$'F_RQ!

40'#$/2! &E! ;*L;(*L;#*0L! '#$%*)! *0#$%/)#*&0'! C$#\$$0! #;$! ':C'#%/#$'! /02! )/#/(-'#T!

E/+&%/C($!*0#$%/)#*&0'!C$#\$$0!#;$!':C'#%/#$'!\$%$!E&:02!#&!C$!#;$!&%*L*0!&E!#;$!

;*L;! 2*/'#$%$&'$($)#*+*#-! 3f*L:%$! P[5F! f&%! #;$! /);*%/(! )/#/(-'#T! #;$! $026&0!

/..%&/);!&E!#;$!/(d$0$!3a"@6!/02!a"@665!\/'!E/+&%$2!&+$%!#;$!'*2$6&0!/..%&/);!

3a"@666! /02! a"@6.5F! b*#;*0! #;$! $026&0! #%/0'*#*&0! '#/#$'T! /! 2*EE$%$0)$! &E! RFZ!

d)/(xO&(6R!\/'! E&:02!C$#\$$0! #;$! @+,6! /02! %$#-,6./#;\/-! 3a"@6! +'F!a"@665F! >;$!

2*EE$%$0)$!*'!./%#*/((-!/')%*C$2!C-!{6{!*0#$%/)#*&0'!/02!#;$!/:#;&%'!2$O&0'#%/#$!

#;/#!%$O&+*0L!#;$!{6{!*0#$%/)#*&0T!C-!%$.(/)*0L!#;$!/%&O/#*)!/(d$0$!':C'#*#:$0#!

E&%! /0! /(d-(! );/*0T! %$2:)$'! #;$! $0$%L-! 2*EE$%$0)$! C$#\$$0! #;$! #\&! #%/0'*#*&0!

'#%:)#:%$'F!>;$!&%*L*0!&E! '$($)#*+*#-! *'! '*O*(/%! #&!\;/#!\/'! %$.&%#$2!C-!"&%*/0&!

/02! G/%)&6,&0#$(($'! E&%! #;$! L&(23456)/#/(-7$2! )-)(&.%&./0/#*&0F! >;$! $0$%L-!

2*EE$%$0)$! C$#\$$0! #;$! @+,6! /02! %$#-,6#%/0'*#*&06'#/#$! '#%:)#:%$'! E&%! #;$! );*%/(!

)/#/(-'#!\/'! E&:02! #&! C$! L%$/#$%T! PFP! d)/(xO&(6RT!\;*);!\/'! *0! /L%$$O$0#!\*#;!

$e.$%*O$0#/(! &C'$%+/#*&0'F! >;$! C:(d-! (*L/02'! %*L*2*E-! #;$! #%/0'*#*&06'#/#$!

'#%:)#:%$'T! (*O*#*0L! #;$! E%$$2&O! &E! #;$! *0)&O*0L! /(d$0$! #&! /+&*2! '#$%*)!

*0#$%/)#*&0T!\;*);! ($/2'!#&! *0)%$/'$2!)&0#%*C:#*&0!&E! #;$!{6{! *0#$%/)#*&0!&0!#;$!

'#/C*(*7/#*&0F!B0/0#*&'$($)#*+*#-!*'!*02:)$2!C-!{6{!*0#$%/)#*&0'!/02!,A6{!C$#\$$0!

#;$!':C'#%/#$'!/02!)/#/(-'#!'-'#$OF!

!

F*[<%$,@MH!>%/0'*#*&0!'#/#$'!E&%!#;$!8;6)/#/(-7$2!)-)(&.%&./0/#*&0FJBA,!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_RQ!! n:$T!aF6"Fu!,/*T!aF6DFu!,;$0T!vF6nF!fCL!J.>#-@',!@ABLT!gT!YSSZR6YSS[RF!

TS2I! TS2II! TS2III! TS2IV!



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PcR!

>;$!O$);/0*'O! &E! #;$! %$#%&69:);0$%! %$/)#*&0! E&%! S6/%-(! )-)(&;$.#/#%*$0$'! ;/'!

C$$0!*0+$'#*L/#$2!C-!<f>!)/():(/#*&0'!*0!/!.%$+*&:'!'#:2-!C-!&:%!L%&:.!3f*L:%$!

_Q5F_RR!>;$! )/():(/#*&0'! )($/%(-! *2$0#*E-! #;$! L&(26O$2*/#$2! )($/+/L$! &E! #\&! ,6,!

C&02'! &E! 0&%)/%/2*$0$! *0! /! #\&6'#$.! .%&)$''! #&! E&%O! #;$! L&(2! )/%C$0$! /'! #;$!

%/#$62$#$%O*0*0L! $+$0#F! >;$! +/(:$'! E&%! #;$! $0$%L-! C/%%*$%'! \$%$! *0! L&&2!

i:/(*#/#*+$! /L%$$O$0#! \*#;! #;$! &C'$%+$2! $e.$%*O$0#/(! +/(:$'T! /(#;&:L;! #;$!

)/():(/#*&0'!\$%$!.$%E&%O$2!&0!/!'*O.(*E*$2!)/#/(-'#!O&2$(!\;$%$!#;$!(*L/02!\/'!

':C'#*#:#$2! E&%! #%*O$#;-(.;&'.;*0$F! >;$! O$);/0*'O! E&%! )-)(&.%&./0/#*&0! \/'!

0&#! *0+$'#*L/#$2!/02!#;:'!0&!$e.(/0/#*&0! E&%! #;$!'#$%$&'$($)#*+$!&:#)&O$!)&:(2!

C$!.%&.&'$2F!

!
F*[<%$,JAH!,/():(/#$2!O$);/0*'O!E&%!#;$!%$#%&69:);0$%!%$/)#*&0!&E!S6/%-(!

)-)(&;$.#/#%*$0$'FJBB!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_RR!! b/0LT! aFu!G)1&0*L/(T! DF! 8Fu! A$%(WT! 9Fu! 9$'&%/T!GFu! B);/+/%%$0T! ?F!GF! \A!J1A!

L<'1A!C0@A!@ABGT![daT!ZQR6ZQ[F!



7A52,(9.OC.

!PcP!

>;$!O$);/0*'O!&E!#;$!%$#%&69:);0$%!%$/)#*&0!E&%!L&(2T!/'!\$((!/'!E&%!)&..$%!/02!

'*(+$%!\/'!2$')%*C$2! *0!L%$/#$%!2$#/*(T! *0!PQRX!C-!"&0L!/02!)&6\&%d$%'! 3f*L:%$!

_R5F _RP !,/():(/#*&0'! \$%$! .$%E&%O$2! :'*0L! #;$! :0'*O.(*E*$2! +$%'*&0! &E! #;$!

j&;0D;&'6L&(2! )&O.($e! R, /'! )/#/(-'#F! >;$! E*02*0L'! /%$! *0! )(&'$! i:/(*#/#*+$!

/L%$$O$0#!\*#;! #;$!\&%d! %$.&%#$2!C-!&:%!L%&:.T!\;*($! #;$!+/(:$'!/%$!L*+*0L!/!

C$##$%! i:/0#*#/#*+$! %$.%$'$0#/#*&0! &E! #;$! $e.$%*O$0#/(! +/(:$'! 3P_F_! +'F! PSFR!

d)/(xO&(6R5F! 40#$%$'#*0L(-T! #;$! $0$%L-! C/%%*$%'! E&%! #;$! %$#%&69:);0$%! %$/)#*&0!

:'*0L!/!'*(+$%6/)$#&0*#%*($!)&O.($e!&%!)&..$%6/)$#&0*#%*($!)&O.($e!\$%$!E&:02!#&!

(*$! /#! PXF[! d)/(xO&(6RF! >;$! )/():(/#*&0'! ':LL$'#! #;/#! #;$! E&%O/#*&0! &E! '*(+$%! &%!

)&..$%! )&O.($e$'! #;%&:L;! #;$! %$#%&69:);0$%! %$/)#*&0! )&:(2! #/d$! .(/)$! /#!

#$O.$%/#:%$'!)&O./%/C($!#&!#;$!&0$'!E&%!L&(2F!

!

F*[<%$,JBH!,/():(/#$2!O$);/0*'O!E&%!#;$!%$#%&69:);0$%!%$/)#*&0!&E!S6/%-(!
)-)(&;$.#/#%*$0$'!:'*0L!L&(2345T!'*(+$%345T!/02!)&..$%345!)/#/(-'#'F_R_!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_RP!! "&0LT!vFu!@*:T!,Fu!,;$0T!nFu!a/0T!bFu!,/&T!aFu!n*$T!AFu!@$*T!HFu!f/0LT!bF!L0185%A!

B<'0$A!L<'1A!@ABNT![Zh_T!PY6_YF!
_R_!! n:$T!aF6"Fu!,/*T!aF6DFu!,;$0T!vF6nF!fCL!J.>#-@',!@ABLT!gT!YSSZR6YSS[RF!

0.0

+ A, Ag(MeCN), Cu(MeCN)

-13.6

I

-8.2
-8.4

-7.5
-8.3

13.5

-14.6

!G 27.1

II

III

TSII-III

IV

TSIII-IV Ar
ML+

Ar

ML+

LAu
Ar

-10.0

-16.9

1.4

-20.6

-18.5

-25.6

1.3

-20.6

!G 26.9

!G 26.9

LAg
Ar

LCu
Ar

Ar

+



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! Pc_!

>;$! $e)$(($0#! @+,6'$($)#*+*#-! &C#/*0$2! *0! #;$! )-)(&.%&./0/#*&0! &E! +*0-(! L&(2345!

)/%C$0$'!\*#;!'#-%$0$'!2$')%*C$2!*0!@<#8%'$!Q!'#/02'!*0!'#/%d!)&0#%/'#!\*#;!#;$!

'$$O*0L(-! $%%&0$&:'! %$#-,6'$($)#*+*#-! &C#/*0$2! E&%! /%-(! L&(2345! )/%C$0$'! E%&O!

&:%! .%$+*&:'! \&%d! 3");$O$! RcR5F_Rc!40! /22*#*&0T! #;$! )-)(&.%&./0/#*&0! &E! ]6

+*0-(.;#;/(*O*2$'! \*#;! +*0-(! L&(2345! )/%C$0$'! \/'! '*L0*E*)/0#(-! ($''! '$($)#*+$!

0&0$#;$($''!L$0$%/((-!E/+&%*0L!#;$!@+,6*'&O$%F!

!

")=$O$,BGBH!8$':(#'!&C#/*0$2!E&%!#;$!)-)(&.%&./0/#*&0!%$/)#*&0!:'*0L!S6/%-(!&%!S6
/(d$0-(!)-)(&;$.#/#%*$0$!2$%*+/#*+$'F!

>;$!O$);/0*'#*)!*0+$'#*L/#*&0'!.$%E&%O$2!#;:'!E/%!E/*(!#&!&EE$%!/0!$e.(/0/#*&0!E&%!

#;$! &C'$%+$2! 2*EE$%$0)$'! *0! '$($)#*+*#-F! >;$! &%*L*0/(! O&2$(! C-! >&'#$! /02! )&6

\&%d$%'! 2&$'! 0&#! #/d$! #;$! $($)#%&0*)! 2*EE$%$0)$'! C$#\$$0! #;$! ':C'#%/#$'! *0#&!

/))&:0#F!>;$!O&%$!/2+/0)$2!O&2$('!2&!#/d$!#;$'$!$EE$)#'! *0#&!/))&:0#!#;%&:L;!

'#%$0L#;$0*0L!&%!\$/d$0*0L!&E!#;$!{6{!*0#$%/)#*&0'T!;&\$+$%!$+$0!#;$'$!O&2$('!

2&!0&#!$e.(/*0!#;$!)&O.($#$!(&''!&%!*0+$%'*&0!&E!#;$!2*/'#$%$&'$($)#*+*#-!&C'$%+$2!

*0!'&O$!)/'$'F!!

>;*'!);/.#$%!':OO/%*7$'!#;$!'#:2-!&E!#;$!O$);/0*'O!/02!#;$!E/)#&%'!*0E(:$0)*0L!

#;$!'#$%$&'$($)#*+$!&:#)&O$F!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_Rc!! "&(&%*&6?(+/%/2&T!,F!8Fu!b/0LT!aFu!B);/+/%%$0T!?F!GF!\A!J1A!L<'1A!C0@A!@ABBT!

[ddT!RR[YP6RR[YYF!

A (5 mol%)
Ar2Ar3

Ar1 Ar2

Ar3

44 - 91%
d.r. 1:1 to >20:1

Ar1 DCE, 120 ºC

Ar3

Ar3

47 - 83%
d.r. 15:1 to >20:1

EtOAc, 75 ºCR1

R2

R2R1

HH

NPhth

NPhth

43 - 79%
d.r. 1:1.2 to 10:1

EtOAc, 75 ºCR1

R2

R2R1

HH

7 8

9 10

9 11

A (5 mol%)

A (5 mol%)



7A52,(9.OC.

!Pcc!

4*b0,%#U0$!

>;$!&C]$)#*+$!&E!#;$!\&%d!%$.&%#$2!*0!#;*'!);/.#$%!\/'!#&!E*02!/0!$e.(/0/#*&0!E&%!

#;$! $e)$(($0#! 2*/'#$%$&'$($)#*+*#-! E&%! /%-(! +*0-()-)(&.%&./0$'! C:#! /#! #;$! '/O$!

#*O$T!#;$!2*O*0*';$2!'$($)#*+*#-!E&%!/O*0&)-)(&.%&./0$'T!&%!#;$!'$$O*0L(-!$%%/#*)!

'$($)#*+*#-!E&%!C*'6/%-()-)(&.%&./0$'!E%&O!&:%!L%&:.r'!.%$+*&:'!\&%dF!

B(:)*2/#*0L!#;$!E/)#&%'!)&0#%&((*0L!#;$!2*/'#$%$&'$($)#*+*#-!\*((!/((&\!:'!#&!2$'*L0!

0$\!'-'#$O'!\*#;!C$##$%!)/#/(-#*)!.%&E*($'F!

!

!

!

!

!

!

!

!

!

!

!

! !



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PcY!

30$)+%$!-.V!V#$,)$$#&.!

!

<:%*0L!#;$!)&:%'$!&E!#;$!*0+$'#*L/#*&0'!&0!#;$!E&%O/#*&0!&E!+*0-(!L&(2345!)/%C$0$'!

/02!)-)(&.%&./0/#*&0! %$/)#*&0!2$')%*C$2! *0!@<#8%'$!QT! $e)$(($0#!@+,6'$($)#*+*#*$'!

\$%$! &C#/*0$2! E&%! #;$! l3j&;0D;&'5?:3G$,p5m"CfX! 3R5! )/#/(-7$2! %$/)#*&0! &E!

'#-%$0-(6)-)(&;$.#/#%*$0$! 2$%*+/#*+$'! \*#;! '#-%$0$'F! ?#! #;$! '/O$! #*O$T! (&\$%!

'$($)#*+*#*$'!\$%$! &C'$%+$2! E&%! #;$! )-)(&.%&./0/#*&0!&E!]6+*0-(.;#;/(*O*2$'! /'!

/(d$0$T! &%! \;$0! &#;$%! /(d$0-(6)-)(&;$.#/#%*$0$'! \$%$! :'$2T! \;*($! #;$! *0+$%'$!

'$($)#*+*#-!\/'!&C'$%+$2!E&%!#;$!)&OC*0/#*&0!&E!]6+*0-(.;#;/(*O*2$'!\*#;!'&O$!

/(d$0-(6)-)(&;$.#/#%*$0$'F! 40! /22*#*&0! #&! #;$! (&\$%! '$($)#*+*#*$'! &C#/*0$2! E&%!

)$%#/*0! ':C'#%/#$'T! \$! &C'$%+$2! #;/#! .%&(&0L$2! %$/)#*&0! #*O$'! )/:'$2! /! (&\$%!

2*/'#$%$&'$($)#*+$!&:#)&O$T!E&%!'&O$!$e/O.($'!3");$O$!R_Z5F!!

!

")=$O$,BG@H!8$2:)#*&0!&E!#;$!2*/'#$%$&O$%*)!%/#*&0!&+$%!#*O$!E&%!#;$!+*0-(6
/O*0&)-)(&.%&./0$'F!

40! &%2$%! #&! L$#! /! C$##$%! :02$%'#/02*0L! &E! #;$! :02$%(-*0L! .%&)$''! )/:'*0L! #;*'!

:0$e.$)#$2!C$;/+*&%T!#;$!L&(23456)/#/(-7$2!%$/)#*&0!&E!M2!\*#;!R@!\/'!E&((&\$2!

&+$%!#*O$!3f*L:%$!_P5F!!

Ph
+ NPhth

A (5 mol%)
EtOAc, 75 ºC

Ph

NPhth
HH

Ph

NPhth
HH

after 12 h
after 7 d

71%
23%

10%
62%

9a 12 cis-11a trans-11a

+



7A52,(9.OC.

!PcX!

!

!

F*[<%$,J@H!D(&#!&E!#;$!d*0$#*)!$e.$%*O$0#!E&%!#;$!)-)(&.%&./0/#*&0!&E!]6+*0-(!
.;#;/(*O*2$!3B@5!:'*0L!M2H!<*.;$0-(O$#;/0$!\/'!:'$2!/'!*0#$%0/(!'#/02/%2F!

?! E/'#! )&0':O.#*&0!&E! )-)(&;$.#/#%*$0$!M2! /(&0L!\*#;! #;$! E&%O/#*&0!&E!@+,6BB2!

\/'! &C'$%+$2! C-! RA! pG8! /0/(-'*'F! 40#$%$'#*0L(-T! #;$! /O&:0#! &E! %$#-,6BB2!

)&0#*0:$'! #&! '(&\(-! %*'$! /E#$%! #;$! )-)(&.%&./0/#*&0! %$/)#*&0! *'! )&O.($#$T!

2$.($#*0L!#;$!/O&:0#!&E!@+,6BB2!:0#*(!/0!$i:*(*C%*:O!*'!%$/);$2F!>;$!2/#/!)($/%(-!

*02*)/#$! #;/#! /./%#! E%&O! #;$! *0*#*/(! '$($)#*+*#-! &C#/*0$2! 2:%*0L! #;$!

)-)(&.%&./0/#*&0!%$/)#*&0T!/!'(&\!C/)dL%&:02!%$/)#*&0!*'!*'&O$%*7*0L!#;$!*0*#*/(!

.%&2:)#F!!

9&#;! %/2*)/(T _RY !/02! ':C'#*#:$0#! O$2*/#$2! )*'6#%/0'! *'&O$%*7/#*&0'! E&%!

)-)(&.%&./0$'! ;/+$! C$$0! %$.&%#$2! 3");$O$! Rc_5F_RX!40! &%2$%! #&! %:($! &:#! /!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_RY!! /5!A:2(*)d-T!>Fu!f/0T!8Fu!8$$2T!jF!bFu!1/2/O/'$##*T!kF!1F!40!X$:#-+@!f'#@%+0-,u!

j&;0!b*($-!y!"&0'T!40)F^!PQQcF!C5!k%}L$%T!"Fu!1/*);T!>F!"'+(,%'+-!\A!X$:A!L<'1A!
@ABGT![ZT!RX_6R[_F!

_RX!! /5!=%#*7!2$!G&0#$((/0&T!DF!8Fu!<*0*7&T!"F!BF!\A!X$:A!L<'1A!BMCKT!_dT!c_P_6c_PZF!
C5!"/'/d*T!>Fu!BL:);*T!"Fu!=;0&T!GF!"5((A!L<'1A!C0@A!\8-A!BMKAT!gdT!RcX[6RcSQF!
)5! f$*#T! 9F! ?Fu! B('$%T! 8Fu! G$(/O$2T! wFu! 1&(2C$%LT! 4F! B'%$#<'.$0-! BMKGT! _ZT!
YRSS6YRZQF! 25! a/O/L:);*T! kFu! k/7:#/T! aFu! ?C$T!AFu!G/#':2/T!?Fu! ";:#&T! "F! \A!

Ph
+ NPhth

A (5 mol%)
EtOAc, 75 ºC

IS Ph

NPhth
HH

Ph

NPhth
HH

9a 12 cis-11a trans-11a

+

cis-11a

trans-11a
9a



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PcS!

#$O.$%/#:%$!&%!':C'#%/#$!*02:)$2!*'&O$%*7/#*&0T!.:%$!@+,6BB2!\/'!':CO*##$2!#&!

#;$! %$/)#*&0! )&02*#*&0'! *0! #;$! /C'$0)$! &E! )/#/(-'#!R, 3");$O$! Rcc5F! 402$$2T! 0&!

*'&O$%*7/#*&0!\/'!&C'$%+$2! *0!#;$!/C'$0)$!&E!RT!\;$%$/'!#;$!%$#-,6*'&O$%!\/'!

&C#/*0$2! :.&0! /22*#*&0! &E! #;$! )/#/(-'#T! *02*)/#*0L! #;/#! /! L&(26O$2*/#$2!

*'&O$%*7/#*&0!*'!#/d$0!.(/)$!%/#;$%!#;/0!/0!:0%$(/#$2!C/)dL%&:02!%$/)#*&0F!":);!

/!)-)(&.%&./0$!*'&O$%*7/#*&0!;/2!0&#!C$$0!$e.$%*O$0#/((-!&C'$%+$2!.%$+*&:'(-T!

/(#;&:L;!/!%$(/#$2!.%&)$''!;/2!C$$0!)/():(/#$2!C-!&:%!L%&:.F_RS!

!

")=$O$,BGJH!,-)(&.%&./0$!*'&O$%*7/#*&0!#;%&:L;!/!2*%/2*)/(!*0#$%O$2*/#$!3#&.5T_RZ!&%!
':C'#*#:$0#!O$2*/#$2!O$);/0*'O3C&##&O5F_R[!

!

")=$O$,BGGH!G$);/0*'#*)!$e.$%*O$0#'!.$%E&%O$2!#&!$(:)*2/#$!#;$!&%*L*0!&E!
2*/'#$%$&'$($)#*+*#-F!

>;$! %/#$!&E! *'&O$%*7/#*&0!\/'! #$O.$%/#:%$!2$.$02$0#T! /02! %$#-,6BB2! )&:(2!C$!

*'&(/#$2! *0! /! '-0#;$#*)/((-! %$($+/0#! -*$(2! &E! YYz! C-! .$%E&%O*0L! #;$!

)-)(&.%&./0/#*&0!/#!RPQ!t,!&0!/!%$/'&0/C($!#*O$!')/($!3");$O$!RcY5F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
X$:A!L<'1A!@AAJT!ahT![PYY6[PXPF!$5!G/%)&:eT!<Fu!1&:2%$/:T!"F!8Fu!,;/%$##$T!
?F!9F!\A!X$:A!L<'1A!@AAMT!c_T!Z[_[6Z[YYF!E5!n:T!nFu!v;:T!"Fu!,:*T!nFu!b&]#/'T!@Fu!
v;/0LT!nF!DF!J-:'4A!L<'1A!3-%A!O.A!@ABJT!gQT!RRZYS6RRZXRF!

_RS!! DW%$761Ç(/0T!DFu!A$%%$%&61MO$7T!BFu!A&LT!<F!>Fu!G/%#*0T!pF!jF!?Fu!G/'$%/'T!fFu!
B);/+/%%$0T!?F!GF!L<'1A!C@+A!@ABBT!QT!RcR6Rc[F!

_RZ!! k%}L$%T!"Fu!1/*);T!>F!"'+(,%'+-!\A!X$:A!L<'1A!@ABGT![ZT!RX_6R[_F!
_R[!! =%#*7!2$!G&0#$((/0&T!DF!8Fu!<*0*7&T!"F!BF!\A!X$:A!L<'1A!BMCKT!_dT!c_P_6c_PZF!

200 ºC

OHC CO2R1 R2O-/R2OH OHC CO2R1

trans-13 cis-13 14

trans-15 cis-15

Ph

NPhth
HH

Ph

NPhth
HH

cis-11a trans-11a
EtOAc, 75 ºC

156 h
A (5 mol%)
without A

50%
not observed



7A52,(9.OC.

!PcZ!

!

")=$O$,BGLH!f&%O/#*&0!&E!%$#-,6BB2!&0!/!'-0#;$#*)/((-!%$($+/0#!')/($!C-!.$%E&%O*0L!
#;$!)-)(&.%&./0/#*&0!/#!/!;*L;$%!#$O.$%/#:%$F!

7$%#X-%#&.!&'!-,%#U-%#&.!0.0ST#0$!

>;$! *0*#*/(! %/#$! E&%! #;$! )-)(&.%&./0/#*&0! %$/)#*&0! &E! M2! \*#;! B@! )&:(2! C$!

&C#/*0$2! E%&O! #;$! %$/)#*&0! .%&E*($! 2/#/! C-! .(&##*0L! #;$! )&0)$0#%/#*&0! &E! M2!

+$%':'!#;$!%$/)#*&0!#*O$!3f*L:%$!__5F!!

!

!

F*[<%$,JJH!40*#*/(!%/#$!.(&#!E&%!)&0':O.#*&0!&E!M2F!

?! .'$:2&6E*%'#! &%2$%! %$/)#*&0! d*0$#*)! )/0! C$! /'':O$2! C$)/:'$! &E! #;$! $e)$''! &E!

':C'#%/#$! %$(/#*+$! #&! L&(2! )/#/(-'#!RF! ?! %$/)#*&0! %/#$! )&0'#/0#! &E! 6Ü! 6YF__! RQ6Y!

O&(x'6R! E&%! #;$! )&0':O.#*&0! &E! )-)(&;$.#/#%*$0$!M2,\/'!2$#$%O*0$2F!w'*0L! #;$!

B-%*0L!$i:/#*&0T!#;$!+/(:$!E&%!#;$!$0$%L-!&E!/)#*+/#*&0!\/'!$'#*O/#$2!#&!C$!PSFQ!

d)/(xO&(6RF!

!

Ph
+ NPhth

A (5 mol%)
iPrOAc

120 ºC, 28 h Ph

NPhth
HH

Ph

NPhth
HH

19% 55%
9a 12 cis-11a trans-11a

+

Ph
+ NPhth

A (5 mol%)
EtOAc, 75 ºC

IS Ph

NPhth
HH

Ph

NPhth
HH

9a 12 cis-11a trans-11a

+



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! Pc[!

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

U`<2#*&/,BH!B-%*0L!$i:/#*&0!%$\%*##$0!to give !!!, where R = 8.31 J·K-1·mol-1, T = 348 K, 
kr = -5.33·10-5 mol·s-1, h = 6.63·10-34 J·s, kB = 1.38·10-23 J·K-1. 

40! #;$! '/O$! \/-T! #;$! *0*#*/(6%/#$! '#:2-! &E! #;$! *'&O$%*7/#*&0! %$/)#*&0! \/'!

.$%E&%O$2!3f*L:%$!_c5F!>;$!)&0+$%'*&0!&E!.:%$!@+,6BB2!*0#&!%$#-,6BB2!:02$%!#;$!

%$/)#*&0!)&02*#*&0'!\/'!E&((&\$2!&+$%!#*O$F!

!

!

F*[<%$,JGH!40*#*/(!%/#$!.(&#!E&%!#;$!*'&O$%*7/#*&0!&E!@+,6BB2F!

?!%$/)#*&0!%/#$!)&0'#/0#!&E!6!Ü!6YFQQxRQoX!O&(x'6R!E&%!#;$!2*'/..$/%/0)$!&E!#;$!@+,6

*'&O$%!\/'!2$%*+$2! E%&O! #;*'!.(&#F!w'*0L! #;$!B-%*0L!$i:/#*&0T!\$!\$%$!/C($! #&!

2$#$%O*0$!#;$!+/(:$!E&%!#;$!$0$%L-!&E!/)#*+/#*&0!#&!C$!PZF[!d)/(xO&(6RF!

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

U`<2#*&/,@H,B-%*0L!$i:/#*&0!%$\%*##$0!to give !!!, where R = 8.31 J·K-1·mol-1, T = 348 K, 
kr = -5.00·10-5 mol·s-1, h = 6.63·10-34 J·s, kB = 1.38·10-23 J·K-1., !

A (10 mol%)
Cl2DCCDCl2,

 75 ºC, ISPh

NPhth
HH

Ph

NPhth
HH

cis-11a trans-11a

-!Ü!6YB6QXe!6!cTRXYP!
8ï!Ü!QT[[RSY!

6cT_!

6cTPZ!

6cTPX!

6cTPc!

6cTPP!

6cTP!

6cTRZ!

6cTRX!

6cTRc!
Q! YQQQ! RQQQQ! RYQQQ! PQQQQ! PYQQQ!



7A52,(9.OC.

!PYQ!

1&X()%-%#&.-+!#.U0$%#T-%#&.$!&'!%Z0!,W,+&(S&(-.-%#&.!X0,Z-.#$X!

40! &%2$%! #&! L$#! /! C$##$%! :02$%'#/02*0L! &E! \;*);! E/)#&%'! .(/-! /! %&($! *0! #;$!

2$#$%O*0/#*&0!&E! #;$!2*/'#$%$&'$($)#*+*#-!2:%*0L! #;$! )-)(&.%&./0/#*&0! %$/)#*&0T!

#;$! )&O.($#$! %$/)#*&0! ./#;\/-'! E&%! #;$! E&%O/#*&0! &E!BA2T!BB2T! /02!BBD! \$%$!

'#:2*$2!C-!<f>!)/():(/#*&0'!/#!#;$!GQX`X6_R1325!`!GQX`X6_RRs13P2T.5!3,T!AT!pT!

=T! D5! /02! "<<! 3?:5! ($+$('T! #/d*0L! *0#&! /))&:0#! #;$! '&(+$0#! $EE$)#! 3"G<! Ü!

2*);(&%&O$#;/0$5!/02!$O.(&-*0L!j&;0D;&'!/'!#;$!.;&'.;*0$!(*L/02F_PQ!!

>;$! E&%O/#*&0! &E! BA2! '#/%#'! \*#;! #;$! %$#%&69:);0$%! %$/)#*&0! &E! M2T! \;*);!
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!

F*[<%$,JKH!>%/0'*#*&06'#/#$!L$&O$#%*$'!E&%!#;$!#;%$$!)/():(/#$2!./#;\/-'!&E!#;$!L&(23456
)/#/(-7$2!)-)(&.%&./0/#*&0F!

a2D($,BBH!,/():(/#*&0!&E!2*EE$%$0)$!*0!/)#*+/#*&0!$0$%L*$'!3óóB5!C$#\$$0!@+,G!/02!%$#-,G
)-)(&.%&./0/#*&0!:'*0L!2*EE$%$0#!)/():(/#*&0!O$#;&2'F!

F</)#*&/2(, ,a".62-.662-a".6D-.666D
2, a"e.2-e.62-a"e.D-e.6D

2, a"e2-a"eD
2,

GQX! cFZ! _FR! _FR!

D9B! RFS! QFS! RF_!

D9B6<_39j5! XFQ! _FS! _FP!
#!q/(:$'!L*+$0!*0!d)/(xO&(6RF!

! !

TSc-(VIa-VIIa) (favored)
!G‡ = 10.2

TSt-(VIa-VIIa) (disfavored)
        !G‡ = 13.3

    TSc-(VIb-VIIb) 
      !G‡ = 11.3

TSt-(VIb-VIIIb) 
 !G‡ = 16.1

TSc-(VIc-VIIc) 
  !G‡ = 11.5

TSt-(VIc-VIIc) 
 !G‡ = 13.6
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!PYX!

>;$!)&(&%6E*(($2!$'.5@'.!.'-,+%9!:$#.+'-%!38<15!*'&':%E/)$!)/0!C$!:'$2!#&!*2$0#*E-!

#;$!\$/d!+/0!2$%!b//('!3+2b5!*0#$%/)#*&0'T!*0!L%$$0T!C$#\$$0!#;$!{6'-'#$O'!*0!

#;$! #%/0'*#*&0! '#/#$'! 3f*L:%$! _[6cQ5F_P_!q/0! 2$%! b//('! *0#$%/)#*&0'! /%$! )($/%(-!

.%$'$0#!*0!#;$!@+,6#%/0'*#*&0!'#/#$T!\;$%$/'!#;&'$!*0#$%/)#*&0'!/%$!/C'$0#!E&%!#;$!

%$#-,6#%/0'*#*&0!'#/#$F!>;:'T!#;$!;*L;!2*/'#$%$&'$($)#*+*#-!)/0!C$!$e.(/*0$2!C-!#;$!

E/+&%/C($! 0&0)&+/($0#! *0#$%/)#*&0'! E&%! #;$! @+,6>"T! \;$%$/'! 0&! ':);! E/+&%/C($!

*0#$%/)#*&0'! $e*'#! E&%! #;$! %$#-,6>"F! 8$O/%d/C(-T! $+$0! *0! #;$! )/'$! &E! a".6)6.66)!
3f*L:%$! cR5! (/)d*0L! #;$! .;$0-(! ':C'#*#:$0#'! /#! #;$! )/%C$0$T! {6{! *0#$%/)#*&0'!

C$#\$$0!#;$!/(d$0$!/02!#;$!.;#;/(*O*2$!%$':(#!*0!'#/C*(*7/#*&0!&E!#;$!@+,6>"F!!

>;$! )/():(/#$2!O$);/0*'O'! %$+$/(! /!:0*E*$2! '#$%$&);$O*)/(!O&2$(! E&%! /((! #;%$$!

%$/)#*&0'T! $e.(/*0*0L! #;$! 2*/'#$%$&'$($)#*+*#-! *0! #;$! )-)(&.%&./0/#*&0! '#$.F!=:%!

)/():(/#*&0'!C:*(2!:.&0! #;$!.%*0)*.($!&E! #;$! '#$%*)!C:(d!&E! #;$!.;&'.;*0$! (*L/02!

.&'#:(/#$2! C-!>&'#$T_Pc!\;*);! E&%)$'! #;$! ':C'#%/#$! #&! /2&.#! /! ./%#*):(/%(-! %*L*2!

L$&O$#%-F! G&%$&+$%T! &:%! \&%d! *'! *0! /L%$$O$0#! \*#;! \;/#! \/'! .%$+*&:'(-!

.&'#:(/#$2! C-! G/%)&6,&0#$(($'! /02! ,;$0T! )&0'*2$%*0L! #;$! 0&06)&+/($0#!

*0#$%/)#*&0'! #&! $e.(/*0! #;$! 2*EE$%$0)$! C$#\$$0! #;$! #%/0'*#*&0! '#/#$'F _PY !40!

/22*#*&0T!#;$!\&%d!2$')%*C$2!;$%$*0!O/0/L$'!#&!i:/0#*E-!/02!+*':/(*7$!#;$!$e/)#!

)&0#%*C:#*&0!&E!#;*'!'#/C*(*7/#*&0F, ,

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_P_!! j&;0'&0T!BF!8Fu!k$*0/0T!"Fu!G&%*6"Ç0);$7T!DFu!,&0#%$%/'61/%)N/T!jFu!,&;$0T!?F!jFu!

a/0LT!bF!\A!J1A!L<'1A!C0@A!@ABAT![dQT!Xc[Z6XYQXF!
_Pc!! j&;/0''&0T!GF!jFu!1&%*0T!<F!jFu!"#/C$0T!"F!>Fu!>&'#$T!fF!<F!\A!J1A!L<'1A!C0@A!@AALT!

[QcT!RZQQP6RZQQ_F!
_PY!! "&%*/0&T! BFu! G/%)&6,&0#$(($'T! jF! L<'1A! G! O5$A! \A! @AAKT! [_T! XSSR6XSS[

! n:$T!aF6"Fu!,/*T!aF6DFu!,;$0T!vF6nF!fCL!J.>#-@',!@ABLT!gT!YSSZR6YSS[RF!



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PYS!

a".-5.62-.6627,

,

,

a"*-5.62-.6627,

,

Color range: -0.035 
 

0.02 

F*[<%$,JMH!,&(&%6E*(($2!8<1!*'&':%E/)$!%$.%$'$0#/#*&0F!

, ,



7A52,(9.OC.

!PYZ!

a".-5.6D-.66D7,

,

,

a"*-5.6D-.666D7,

,

Color range: -0.035 
 

0.02 

F*[<%$,GAH!,&(&%6E*(($2!8<1!*'&':%E/)$!%$.%$'$0#/#*&0F!

, ,



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PY[!

a".-5.6)-.66)7,

,

,

a"*-5.6)-.66)7,

,

Color range: -0.035 
 

0.02 

F*[<%$,GBH!,&(&%6E*(($2!8<1!*'&':%E/)$!%$.%$'$0#/#*&0F!

! !



7A52,(9.OC.

!PXQ!

;$&X0S#]-%#&.!&'!U#.W+,W,+&(S&(-.0$!

>;$! *0#%*0'*)! '$($)#*+*#-! E&%! #;$! )-)(&.%&./0/#*&0! *'! +$%-! ;*L;u! $+$0! E&%! #;$!

.&&%$'#!.$%E&%O*0L!':C'#%/#$T!#;$!$0$%L-!2*EE$%$0)$!C$#\$$0!#;$!@+,6!/02!%$#-,6

#%/0'*#*&0!'#/#$!*'!L%$/#$%!#;/0!P!d)/(xO&(6RF!>;$!(&\!'$($)#*+$!&:#)&O$!#;$%$E&%$!

;/'! #&! )&O$! E%&O! /0! *'&O$%*7/#*&0! %$/)#*&0! &E! #;$! .%&2:)#F! "$+$%/(! .&''*C($!

%$/)#*&0!./#;\/-'!\$%$!)&0'*2$%$2!E&%!#;$!*'&O$%*7/#*&0!&E!@+,6BB2!#&!%$#-,6BB2F!

?0! *'&O$%*7/#*&0! &E! #;$! @+,6)-)(&.%&./0$'! #&! #;$! )&%%$'.&02*0L! %$#-,6*'&O$%'!

+*/! /! O$);/0*'O! *0+&(+*0L! #;$! *0#$%O$2*/)-! &E! L&(26)/%C$0$! .! )&:(2!

*OO$2*/#$(-! C$! $e)(:2$2! 2:$! #&! /! .%&;*C*#*+$(-! ;*L;! /)#*+/#*&0! C/%%*$%! 3c_Fc!

d)/(xO&(6R5F_PX!40'#$/2T!\$!*2$0#*E*$2!#\&!#%/0'*#*&0!'#/#$'!&E!(*0$/%T!)/%C&)/#*&0*)!

'#%:)#:%$u! a")-.666D-#.666DT! \;$%$! #;$! .&'*#*+$! );/%L$! *'! '#/C*(*7$2! #;%&:L;!

./%#*)*./#*&0!&E!#;$!0*#%&L$0!(&0$!./*%T!/02!a")-eD-#-eDT!\;$%$!#;$!.&'*#*+$!);/%L$!

*'!'#/C*(*7$2!/'!/0!/((-(*)!)/#*&0!3f*L:%$!cP5F!>;$!'#/C*(*#-!&E!#;$!#%/0'*#*&0!'#/#$'!

2$.$02'!&0!;&\!\$((!#;$!)/%C&)/#*&0!)/0!C$!'#/C*(*7$2F!!

40!a")-.666D-#.666D,#;$! .&'*#*+$! );/%L$! +*)*0/(! #&! #;$! .;#;/(*O*2$!O&*$#-! ;/'! #&! C$!

'#/C*(*7$2!#;%&:L;!./%#*)*./#*&0!&E!#;$!0*#%&L$0!(&0$!./*%!($/2*0L!#&!/0!*O*0*:O6

(*d$! '#%:)#:%$F! >;*'! E*02*0L! *'! ':..&%#$2! C-! 0/#:%/(! .&.:(/#*&0! /0/(-'*'! 3pD?5F!

>;$!'#/C*(*7/#*&0!C-!#;$!$($)#%&0$L/#*+$!;$#$%&/#&O'!&E!#;$!.;#;/(*O*2$!%$O/*0'!

(*O*#$2!/02!#;$!.&'*#*+$!);/%L$!*'!(&)/(*7$2!3pD?!);/%L$!Ü!sQF_[u!f*L:%$!cY5F!>;$!

;*L;!);/%L$!'$./%/#*&0!\*#;*0!#;$!'#%:)#:%$!($/2'!#&!/0!$($+/#$2!#%/0'*#*&06'#/#$!

$0$%L-!\*#;!/!;*L;!/)#*+/#*&0!C/%%*$%!&E!_ZFc!d)/(xO&(6RF!

40!#;$!)/'$!&E!a")-eD-#-eDT!0/#:%/(!C&02!&%C*#/(!3p9=T!f*L:%$!cc5!/0/(-'*'!';&\$2!

#;/#! #;$! .&'*#*+$! );/%L$! *'! '#/C*(*7$2! /'! /0! /((-(*)! )/#*&0T! \;$%$! #;$! );/%L$! *'!

)&O.($#$(-!2$(&)/(*7$2!3pD?!);/%L$!Ü!sQFQZ5F!>;$!/22*#*&0/(!'#/C*(*7/#*&0! ($/2'!

#&! /0! /)#*+/#*&0! C/%%*$%! &E! P[Fc! d)/(xO&(6RT! \;*);! .$%E$)#(-! O/#);$'! #;$!

$e.$%*O$0#/(! +/(:$! &E! PZF[! d)/(xO&(6RF! 4#! )/0! #;$%$E&%$! C$! )&0)(:2$2! #;/#! #;$!

*'&O$%*7/#*&0! *'! .%&)$$2*0L! +*/! a")-eD-#-eD! \*#;! /0! /)#*+/#*&0! C/%%*$%! &E! P[Fc!

d)/(xO&(6RT!O/d*0L!*#!#;$!#:%0&+$%6(*O*#*0L!'#$.!&E!#;$!&+$%/((!)/#/(-#*)!.%&)$''F! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_PX!! /5!9/#*'#$T!@Fu!f$2&%&+T!?Fu!,;$0T!DF!L<'1A!L0115-A!@ABAT!_aT!_Z[[6_[QRF!C5!

f$2&%&+T! ?Fu! 9/#*'#$T! @Fu! 9/);T! ?Fu! 9*%0$-T! <F!GFu! ,;$0T! DF! \A! J1A!L<'1A! C0@A!
@ABBT![ddT!RPRXP6RPRSRF!)5!9/#*'#$T!@Fu!,;$0T!DF!\A!J1A!L<'1A!C0@A!@ABGT![daT!
[P[X6[_QSF!



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PXR!

!

F*[<%$,G@H!8$/)#*&0!.%&E*($!&E!#;$!L&(23456)/#/(-7$2!*'&O$%*7/#*&0!%$/)#*&0!&E!@+,6BB2!#&!
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P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PX_!

!
F*[<%$,GGH!p9=!/0/(-'*'!&E,a".-eD-*-eD^!);/%L$'!\$%$!)/():(/#$2!E%&O!.%$+*&:'(-!

&.#*O*7$2!L$&O$#%*$'!:'*0L!p9=!+$%'*&0!XFQF_PS!

!
F*[<%$,GLH!p9=!/0/(-'*'!&E,a".-.666D-*-.666D^!);/%L$'!\$%$!)/():(/#$2!E%&O!.%$+*&:'(-!

&.#*O*7$2!L$&O$#%*$'!:'*0L!p9=!+$%'*&0!XFQFJ@C,!

!
F*[<%$,GNH!p9=!/0/(-'*'!&E,a".-e)-*-e)^!);/%L$'!\$%$!)/():(/#$2!E%&O!.%$+*&:'(-!&.#*O*7$2!

L$&O$#%*$'!:'*0L!p9=!+$%'*&0!XFQFJ@C,, !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_PS!! 1($02$0*0LT! BF! <Fu! @/02*'T! ,F! 8Fu! b$*0;&(2T! fF! \A! L0185%A! L<'1A! @ABJT! d_T!

RcP[6Rc_SF!



7A52,(9.OC.

!PXc!

f&%!#;$!*'&O$%*7/#*&0!&E!@+,6BBD!#&!%$#-,6BBDT!/!'*O*(/%!./#;\/-!\/'!)/():(/#$2!

3f*L:%$!c_5F!40#$%$'#*0L(-T!\;*($!#;$!$0$%L-!C/%%*$%'!E&%!#;$!/(#$%0/#*+$!./#;\/-'!

%$O/*0!%$(/#*+$(-!:0);/0L$2!3_[F[!d)/(xO&(6R5T!#;$!/)#*+/#*&0!$0$%L-!E&%!a")-e)-#-e)!

*'! (&\$%$2! C-! PFY! d)/(xO&(6RF! >;$! :'162*O$#;-(! ':C'#*#:$0#'! .%&+*2$! $e)$(($0#!

'#/C*(*7/#*&0!E&%!#;$!/((-(*)!)/#*&0!3f*L:%$!cX5T!/02!)/0!#;$%$C-!(&\$%!#;$!$0$%L-!

C/%%*$%!#&!PXF[!d)/(xO&(6RF!f&%!#;*'!)(/''!&E!':C'#%/#$'T!#;$!%/#$6(*O*#*0L!'#$.!*'!0&!

(&0L$%! #;$! *'&O$%*7/#*&0! C:#! #;$! E&%O/#*&0! &E! L&(2! )/%C$0$!e6.! *0'#$/2! 3PZFY!

d)/(xO&(6R5F! >;$! &+$%/((! '$($)#*+*#-! *'! 0&! (&0L$%! :02$%! d*0$#*)! )&0#%&(! /02! #;$!

O/]&%!.%&2:)#!&C#/*0$2!*'!#;$!#;$%O&2-0/O*)/((-!E/+&%$2!%$#-,6*'&O$%F!!

>;$! 2*/'#$%$&O$%*)! %/#*&! /E#$%! *'&O$%*7/#*&0! 2$.$02'! &0! #;$! %$(/#*+$!

#;$%O&2-0/O*)! '#/C*(*#-! &E! #;$! .%&2:)#'F! >;$%$E&%$T! #;$! $0$%L-! 2*EE$%$0)$!

C$#\$$0! #;$! @+,6! /02! %$#-,6*'&O$%'! E&%! #\&! )(/''$'! &E! )-)(&.%&./0$'! )&:(2! C$!

)/():(/#$2!C-!/((&\*0L!#;$!O*e#:%$!#&!%$/);!$i:*(*C%*:O!3");$O$!RcX5F!

,

")=$O$,BGNH!Bi:*(*C%/#*&0!$e.$%*O$0#!E&%!BB2!/02!BADF!

>;$!2*/'#$%$&O$%*)!%/#*&!)/0!C$!#%/0'E&%O$2!#&!&C#/*0!/0!$i:*(*C%*:O!)&0'#/0#!

d$iT!\;*);!)/0!C$!:'$2!#&!'&(+$!#;$!E&((&\*0L!$i:/#*&0!#&!&C#/*0!#;$!2*EE$%$0)$!*0!

1*CC'! E%$$!$0$%L-! E&%! #;$!#\&! *'&O$%'F!"*L0*E-*0L!#;/#!%$#-,-BAD! *'!O&%$!'#/C($!

C-!RF_!d)/(xO&(6R!/02!%$#-,-BB2!*'!O&%$!'#/C($!C-!QFY!d)/(xO&(6RT!\;*);!*'!*0!L&&2!

/L%$$O$0#!\*#;!#;$!)/():(/#$2!+/(:$'F!

!

N

O

OPh

H H
A (10 mol%)

Cl2D2CCD2Cl2,
 75 ºC,        

d.r. 1:2.2

N

O

OPh

H H

cis-11a trans-11a
!G (exp.) = 0.5 kcal/mol
!G (calc.) = -0.3 kcal/mol

a)

Ph

H H
A (10 mol%)

Cl2D2CCD2Cl2, 
75 ºC,             

d.r. 1:6.7
Ph

H H

cis-10b trans-10b
!G (exp.) = 1.3 kcal/mol
!G (calc.) = 1.1 kcal/mol

b)

OMe OMe



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PXY!

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

U`<2#*&/,JH,B-%*0L!$i:/#*&0!%$\%*##$0!#&!L*+$!!!! T!\;$%$!f!Ü!ZF_R!jxk6RxO&(6RT!B!Ü!_cZ!kT!
6'N!Ü!QFRcZ!3BAD5T!QFcXY!3BB25!O&(x'6RF,

;X(+#,-%#&.$!-.V!&)%+&&f!

<:%*0L!#;$!)-)(&.%&./0/#*&0!%$/)#*&0T!#;$!2*EE$%$0)$!*0!#%/0'*#*&06'#/#$!$0$%L*$'!

E&%! #;$! @+,6! /02! %$#-,6./#;\/-! *'! (/%L$! $0&:L;! #&! .(/)$! #;$! %$/)#*&0! $0#*%$(-!

:02$%!d*0$#*)!)&0#%&(T! #;:'! ($/2*0L!$e)(:'*+$(-! #&! #;$!@+,6*'&O$%! *0!/((!&C'$%+$2!

$e/O.($'F!>;$!$0$%L-!C/%%*$%'! E&%! )-)(&.%&./0/#*&0!/02! *'&O$%*7/#*&0! (*$! +$%-!

)(&'$! #&! $/);! &#;$%F! <$.$02*0L! &0! #;$! ':C'#%/#$T! *#! *'! .&''*C($! #&! '$./%/#$! &0$!

./#;\/-!E%&O!/0&#;$%T!/'!)/0!C$!'$$0!E&%!#;$!/%-(!/(d$0$'!\;$%$!#;$!2*EE$%$0)$!

C$#\$$0! #;$! $0$%L-! C/%%*$%'! *'! (/%L$! $0&:L;! #&! .%$+$0#! #;$! *'&O$%*7/#*&0!

%$/)#*&0T! *0! #;$! )/'$! &E!BA2F! 40! &#;$%! $e/O.($'T! \;$%$! #;$! $0$%L-! C/%%*$%'! (*$!

O:);! )(&'$%T! '(&\! *'&O$%*7/#*&0! #/d$'! .(/)$! ($/2*0L! #&! /! (&\$%! '#$%$&'$($)#*+$!

&:#)&O$T!/'!'$$0!E&%!BB2F!40!#;$!(/'#!$e/O.($T!#;$!)/%C$0$!E&%O/#*&0!*'!#;$!%/#$6

(*O*#*0L! '#$.! %/#;$%! #;/0! #;$! *'&O$%*7/#*&0! /02! #;$! %$/)#*&0! *'! :02$%!

#;$%O&2-0/O*)!)&0#%&(T!\;*);!*'!#;$!)/'$!E&%!BBDF!

b$!':'.$)#$2!#;/#!/!%$(/#$2!*'&O$%*7/#*&0!%$/)#*&0!*'!#/d*0L!.(/)$!E&%!#;$!C*'6/%-(!

)-)(&.%&./0$'! #;/#! \$%$! .%$+*&:'(-! %$.&%#$2T _PZ !\;*);! \&:(2! $e.(/*0! #;$!

'$$O*0L(-!%/02&O!'#$%$&'$($)#*+$!&:#)&O$!E&%!#;*'!#%/0'E&%O/#*&0F!>&!+$%*E-!&:%!

':'.*)*&0T!#;$!%$/)#*&0!C$#\$$0!S63PTc62*O$#;&e-.;$0-(5)-)(&;$.#/6RT_TY6#%*$0$!

3C25!/02!c6/)$#&e-'#-%$0$!\/'!E&((&\$2!/#!RPQ!t,!C-!RA!pG8!&+$%!#*O$!3f*L:%$!

cS5F!!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_PZ!! "&(&%*&6?(+/%/2&T!,F!8Fu!b/0LT!aFu!B);/+/%%$0T!?F!GF!\A!J1A!L<'1A!C0@A!@ABBT!

[ddT!RR[YP6RR[YYF!



7A52,(9.OC.

!PXX!

!

!

!

F*[<%$,GCH!D(&#!&E!#;$!d*0$#*)!$e.$%*O$0#!E&%!#;$!)-)(&.%&./0/#*&0!&E!c6/)$#&e-'#-%$0$!
\*#;!C2F!

>;$! #$O.$%/#:%$! /#! \;*);! #;$! %$/)#*&0! \/'! E&((&\$2! )/:'$2! #;$! %$/)#*&0! #&!

.%&)$$2!+$%-!E/'#T!\;*);!)&O.(*)/#$'!#;$!E:((!.*)#:%$F!"#*((T!#;$!2/#/!':LL$'#'!#;/#!

*0*#*/((-!#;$!@+,6.%&2:)#!*'!E&%O$2T!\;*);!*'!#;$0!*'&O$%*7$2!#&!#;$!%$#-,6.%&2:)#F!

b*#;! #;$! *0)%$/'$2! :02$%'#/02*0L! &E! #;$! E/)#&%'! #;/#! )&0#%&(! #;$! '$($)#*+*#-!

2:%*0L!#;$!)-)(&.%&./0/#*&0T!/02!\*#;!#;$!*'&O$%*7/#*&0!%$/)#*&0!*0!O*02T!'&O$!

&E! #;$! 2*/'#$%$&O$%*)! %/#*&'! &C#/*0$2! E&%! #;$! C*'6/%-(! )-)(&.%&./0$'! )&:(2! C$!

$e.(/*0$2F! ?(#;&:L;! #;$! )-)(&.%&./0/#*&0! %$/)#*&0! *#'$(E! \/'! @+,6'$($)#*+$T!

.$%E&%O*0L!#;$!%$/)#*&0!/#!/!;*L;$%!#$O.$%/#:%$!($2!#&!%/.*2!*'&O$%*7/#*&0!&E!#;$!

.%&2:)#'!C$/%*0L!$($)#%&06%*);!':C'#*#:$0#'!/02!#;$%$E&%$!#;$!%$#-,6*'&O$%!\/'!

&C#/*0$2! /'!O/]&%! .%&2:)#F! 40! &#;$%! )/'$'T! ;&\$+$%T! #;$! .:#/#*+$! %$#-,6*'&O$%!

\/'! #;$! &..&'*#$! &E!\;/#!\$!\&:(2! .%$2*)#! C/'$2! &0! &:%! ):%%$0#!O$);/0*'#*)!

:02$%'#/02*0LF!8$6$+/(:/#*&0!&E! #;$! '.$)#%&')&.*)!2/#/! ($2!:'! #&! )&0)(:2$! #;/#!

O

O
A (5 mol%)

DCE, 120 ºC

Ar

Ar

O

HHO

Ar

O

HHO
+

7a cis-8a trans-8aAr = 4-OAc-C6H4

7a

cis-8a

trans-8a



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PXS!

E&%! '&O$!&E! #;$'$! $e/O.($'T! #;$!O/]&%! .%&2:)#!\/'! #;$! @+,6*'&O$%! %/#;$%! #;/0!

%$#-,6*'&O$%!/'!\/'!%$.&%#$2F_P[!

/Z0!S0%S&N?),Z.0S!S0-,%#&.!i#%Z!,&((0SL;M!-.V!$#+U0SL;M!,&X(+0a0$!

>;$! $0$%L-! .%&E*($! E&%! #;$! L&(23456)/#/(-7$2! %$#%&69:);0$%! %$/)#*&0! &E! S6/%-(!

)-)(&;$.#/#%*$0$'T! #;/#!\/'!)/():(/#$2!.%$+*&:'(-!C-!&:%!L%&:.T!/02! #;$!$0$%L-!

.%&E*($!E&%!S6/(d$0-(!)-)(&;$.#/#%*$0$'!/%$!*0!)(&'$!i:/(*#/#*+$!/L%$$O$0#F_RR!>;$!

L%&:.!&E!,;$0!;/'!)&O.:#/#*&0/((-! *0+$'#*L/#$2! #;$!.&''*C*(*#-!&E!.$%E&%O*0L!/!

%$#%&6)-)(&.%&./0/#*&0!\*#;!L&(2345T!'*(+$%345!/02!)&..$%345!*0!#;$!L/'!.;/'$F_PX!4#!

\/'!E&:02!#;/#!/(#;&:L;!#;$!$0$%L-!C/%%*$%'!E&%!E&%O/#*&0!&E!)&..$%345!)/%C$0$'!

*'!;*L;$%! #;/0! E&%!L&(2345T! *#! *'!/!+*/C($!./#;\/-F!?(#$%0/#*+$(-T! #;$! E&%O/#*&0!&E!

'*(+$%345!)/%C$0$'!*'!:0E/+&%/C($!2:$!#&!\$/d$%!|6!/02!{6!,6O$#/(!C&02F!8$)$0#(-T!

#;$! )&O.:#/#*&0/(! *0+$'#*L/#*&0'! E&%! #;$! %$#%&69:);0$%! %$/)#*&0! &E! S6/%-(!

)-)(&;$.#/#%*$0$! 2$%*+/#*+$'! ;/+$! C$$0! %$.$/#$2! C-! #;$! L%&:.! &E! "&0L! /02! /0!

*2$0#*)/(! ./#;\/-! #&! &:%'!\/'! &C'$%+$2! E&%! #;$! )/#*&0*)! l3j&;0D;&'5?:3G$,pm!

)&O.($eF_RP! 40! /22*#*&0T! #;$! ./#;\/-'! E&%! )&..$%3456! /02! '*(+$%3456/)$#&0*#%*($!

)&O.($e$'!\$%$!*0+$'#*L/#$2T!\;*);!*0!)&0#%/'#!#&!#;$!\&%d!&E!,;$0T!.%$2*)#'!#;$!

.&''*C*(*#-! &E! E&%O*0L! C&#;! )&..$%345! /02! '*(+$%345! )/%C$0$'! #;%&:L;! /! %$#%&6

)-)(&.%&./0#*&0!%$/)#*&0F!>;$!*02*)/#*&0!#;/#!)&..$%345!O*L;#!C$!/C($!#&!)/#/(-7$!

/!%$#%&6)-)(&.%&./0/#*&0!E&((&\*0L!/!'*O*(/%!./#;\/-!/'!L&(2345!.%&O.#$2!:'!#&!

.$%E&%O! /! '$%*$'! &E! $e.$%*O$0#'! *0! &%2$%! #&! *0+$'#*L/#$! #;$! .&''*C*(*#-! &E!

.$%E&%O*0L! #;$! %$#%&69:);0$%! %$/)#*&0! \*#;! &#;$%! O$#/('F! >;$! E&%O/#*&0! &E!

)&..$%345! &%! '*(+$%345! )/%C$0$'! E%&O! S6.;$0-(6RT_TY6)-)(&;$.#/#%*$0$! 3C25T! /02!

':C'$i:$0#! #%/..*0L! \*#;! O6'#*(C$0$! \/'! *0+$'#*L/#$2! 3");$O$! RcS5F!

")&%.*&0/#$!(*L/02'T!\;*);!;/+$!':))$''E:((-!C$$0!$O.(&-$2!*0!'*(+$%!/02!)&..$%!

)/#/(-7$2! )-)(&.%&./0/#*&0! &%! ,6A! *0'$%#*&0! %$/)#*&0'T__Q!/'!\$((! /'! 4D%6)&..$%!

)&O.($e$'T!/(&0L!\*#;!j&;0D;&'6)&O.($e$'!\;$%$!:'$2!*0!#;*'!')%$$0*0L!3f*L:%$!

cZ5F!p&!%$/)#*&0!&)):%%$2!/#!RQQt,!&%!C$(&\T!\;$%$/'!/#!RPQt,!&0(-!2$L%/2/#*&0!

&E!#;$!)-)(&;$.#/#%*$0$!\/'!&C'$%+$2!#;%&:L;!/!C/)dL%&:02!%$/)#*&0!+*/!/!lRTYm6

A! O*L%/#*&0F! 40! ./%/(($(T! #;$! *0#%/O&($):(/%! #%/..*0L! &E! #;$! )/%C$0$! \/'!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_P[!! "&(&%*&6?(+/%/2&T!,F!8Fu!b/0LT!aFu!B);/+/%%$0T!?F!GF!\A!J1A!L<'1A!C0@A!@ABCT!

[diT!PYP[6PYP[F!
__Q!! /5! ,/C/(($%&T! ?Fu! DW%$7T! DF! jF! \A! X$:#-01'%A! L<'1A! @ABLT! cidT! RQZ6RR_F! C5!

<N/768$i:$]&T!GF!GFu!DW%$7T!DF!jF!\A!X$:#-01'%A!L<'1A!@AALT!aiZT!YccR6YcYQF!



7A52,(9.OC.

!PXZ!

/##$O.#$2!:'*0L!':C'#%/#$!CD!T!\;*);!\/'!E&:02!#&!%$/)#!\*#;!L&(2345!#&!L*+$!@B!

*0! /(O&'#! i:/0#*#/#*+$! -*$(2! 3");$O$! RcZ5F__R!A&\$+$%T! $+$0! /#! RPQ! t,T! 0&!

%$/)#*&0!\/'!&C'$%+$2!E&%!)&..$%345!&%!'*(+$%345F!

!

")=$O$,BGCH!?##$O.#$2!)/%C$0$!E&%O/#*&0!+*/!#;$!%$#%&69:);0$%!%$/)#*&0!:'*0L!
)&..$%345!/02!'*(+$%345!)&O.($e$'F!

!

")=$O$,BGKH!?##$O.#$2!*0#%/O&($):(/%!#%/..*0L!&E!)&..$%345!&%!'*(+$%345!)/%C$0$'!
L$0$%/#$2!+*/!#;$!%$#%&69:);0$%!%$/)#*&0F!

!

F*[<%$,GKH!@*L/02'!:'$2!#&!&C#/*0!)&..$%345!/02!'*(+$%345!)&O.($e$'!#&!$e/O*0$!#;$!
%$#%&69:);0$%!%$/)#*&0F!

>;$! L&(23456)/#/(-7$2! %$#%&69:);0$%! %$/)#*&0! &E! S6/(d$0-(! )-)(&;$.#/#%*$0$!

2$%*+/#*+$'! #/d$'! .(/)$! /#! )&0'*2$%/C(-! (&\$%! #$O.$%/#:%$'! C$)/:'$! &E! #;$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
__R!! "&(&%*&6?(+/%/2&T!,F!8Fu!b/0LT!aFu!B);/+/%%$0T!?F!GF!\A!J1A!L<'1A!C0@A!@ABBT!

[ddT!RR[YP6RR[YYF!

CuL(X) or AgL(X) (5 mol%)

DCE, 25-120 ºC
12 h
12%

Ph
Ph

Ph

Ph

Ph

(2 eq)

8a not observed7a 7a´

Ph

DCE, 120 ºC
12 h PhH

H

7b 21

CuL(X) or AgL(X) (5 mol%)

N
B N

N

R1

R2

R3

N

R1

R2

R3

N

R3
R2

R1 N
C N

N

R4

R5

R4

N

R4

R5

R4

N
N

R4
R5

R4

H H

N N

N

R6

R7

R6

N

R6

R7

R6

N
N

R6
R7

R6

N
N

R8

R9

R10

N
N

R8

R9

R10

B
HH

N N

N

N

IPr

P
tBu tBu

JohnPhos

R1 = Me, Br, CF3, mes
R2 = H, Br
R3 = Me, Br, CF3, H

L1: R4 = Me
R5 = Me, Br

L2: R6 = H, Me
R7 = H, Br

L3:

R8 = CF3; R9 = H
R10 = C6F5

L6:L5:L4:



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PX[!

/22*#*&0/(! '#/C*(*7/#*&0! #;%&:L;! #;$! /((-(*)! '-'#$OF! 4#! '#/02'! #&! %$/'&0! #;/#! #;$!

'/O$! *'! #%:$! E&%! )&..$%345! &%! '*(+$%345! /02! #;$! /)#*+/#*&0! C/%%*$%! E&%! #;$! %$#%&6

9:);0$%!%$/)#*&0!*'!(&\$%$2!E&%!#;$'$!O$#/('T!/'!\$((F!A&\$+$%T!0&!%$/)#*&0!\/'!

&C'$%+$2! E&%! #;$!O*e#:%$! &E! S6'#-%$0-(! )-)(&;$.#/#%*$0$! 3M25T! _6O$#;-('#-%$0$!

/02! l3j&;0D;&'5,:3G$,p5m"CfX! /#! SY! t,T! \;*($! #;$! %$/)#*&0! \$0#! #&! E:((!

)&0+$%'*&0!/#!RPY!t,!\*#;&:#!#;$!E&%O/#*&0!&E!)-)(&.%&./0$T!)-)(&.$0#$0$T!&%!,6

A!*0'$%#*&0!.%&2:)#F!

!

")=$O$,BGMH!?##$O.#$2!)&..$%3456)/#/(-7$2!%$#%&69:);0$%!%$/)#*&0!&E!S6'#-%$0-(!
)-)(&;$.#/#%*$0$F!

<$'.*#$! \;/#! \/'! .%$2*)#$2! C-! <f>! )/():(/#*&0'! C-! #;$! L%&:.! &E! "&0LT_RP! #;$!

E&%O/#*&0! &E! )/%C$0$! )&O.($e$'! +*/! %$#%&69:);0$%! %$/)#*&0! \*#;! )&..$%345! &%!

'*(+$%345!2*2!0&#!#/d$!.(/)$!E&%!S6/%-(!)-)(&;$.#/#%*$0$!2$%*+/#*+$!C2F!>;$%$E&%$T!

#;$! )/():(/#*&0'! O:'#! ;/+$! :02$%$'#*O/#$2! #;$! /)#*+/#*&0! C/%%*$%! E&%! #;*'!

#%/0'E&%O/#*&0F!b;$0!#;$!%$#%&69:);0$%!%$/)#*&0!\*#;!)&..$%345!\/'!/##$O.#$2!

E&%! )&O.&:02! M2T! E&%! \;*);! #;$! /)#*+/#*&0! C/%%*$%! \/'! $e.$)#$2! #&! C$! $+$0!

(&\$%T!0&!$+*2$0)$!&E!)/%C$0$!E&%O/#*&0!\/'!&C#/*0$2F!!

! !

Ph

CuL5 (5 mol%)
DCE, 125 ºC

12 h

Ar

9a

decomposition
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!PSQ!

1&.,+)$#&.!

>;$! O$);/0*'O! &E! #;$! )-)(&.%&./0/#*&0! %$/)#*&0! \/'! '#:2*$2! $e.$%*O$0#/((-!

/02!C-!<f>!)/():(/#*&0'F!>;$!%/#$6(*O*#*0L!'#$.!&E!#;$!%$/)#*&0!*'!#;$!E&%O/#*&0!&E!

#;$!L&(2345!)/%C$0$!\*#;!/0!$0$%L-!C/%%*$%!&E!PY!#&!P[!d)/(xO&(6RT!2$.$02*0L!&0!

#;$! /(d$0-(! ':C'#*#:$0#'! &E! #;$! )-)(&;$.#/#%*$0$! %$/L$0#F! >;$! +*0-(! L&(2345!

)/%C$0$! #;$0! $/'*(-! :02$%L&$'! /! ;*L;(-! @+,6'$($)#*+$! )-)(&.%&./0/#*&0!\*#;! #;$!

&($E*0*)!':C'#%/#$F!!

f%&O!#;$!)/():(/#*&0'T!/!'#$%$&);$O*)/(!O&2$(!)&:(2!C$!2$%*+$2!#;/#!*'!:'$E:(!E&%!

&#;$%!L&(23456)/#/(-7$2!)-)(&.%&./0/#*&0!%$/)#*&0'T!/'!\$((F!>;$!;*L;!'$($)#*+*#-!

&%*L*0/#$'! E%&O!'#/C*(*7/#*&0! E&%! #;$!@+,6./#;\/-!+*/! E/+&%/C($!{6{! *0#$%/)#*&0'T!

\;*);!/%$!/C'$0#!E&%!#;$!%$#-,6./#;\/-F!>;$!C:(d-!(*L/02!.(/-'!/0!*O.&%#/0#!%&($!

*0!)%$/#*0L!/!%*L*2!'-'#$OT!\;*);!(*O*#'!#;$!/..%&/);!&E!#;$!*0)&O*0L!/(d$0$F!

?0!:0.%$)$2$0#$2!L&(23456O$2*/#$2!*'&O$%*7/#*&0!%$/)#*&0!&E!@+,6)-)(&.%&./0$'!

\/'! $(:)*2/#$2T! \;*);! .%&)$$2'! #;%&:L;! /! (*0$/%! )/#*&0*)! '#%:)#:%$! \;$%$! #;$!

.&'*#*+$! );/%L$! *'! '#/C*(*7$2! C-! #;$! /((-(*)! E%/LO$0#F! >;$! 0/#:%$! &E! #;$!
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>;$&%$#*)/((-T!*#!*'!.&''*C($!#&!/+&*2!#;$!*'&O$%*7/#*&0!/(#&L$#;$%!*E!#;$!/)#*+/#*&0!

$0$%L-! E&%! #;$! )/%C$0$! E&%O/#*&0! )/0! C$! (&\$%$2! ':EE*)*$0#(-T! /'! #;$!

)-)(&.%&./0/#*&0! /02! *'&O$%*7/#*&0! /%$! #\&! '$./%/#$! %$/)#*&0! ./#;'F! =0! #;$!
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! PSR!

7a(0S#X0.%-+!$0,%#&.!

50.0S-+!#.'&SX-%#&.!

?((! %$/)#*&0'!\$%$! )/%%*$2! &:#! :02$%! /%L&0! *0! /0;-2%&:'! '&(+$0#'! &C#/*0$2! C-!

./''*0L! #;$O! #;%&:L;! /0! /)#*+/#$2! /(:O*0/! )&(:O0! &0! /! D:%$"&(+>G! '&(+$0#!

.:%*E*)/#*&0!'-'#$O!3400&+/#*+$!>$);0&(&L*$'T!40)FT!G?5T!:0($''!0&#$2!&#;$%\*'$F!

?((!L&(26)/#/(-7$2!%$/)#*&0'!\$%$!.$%E&%O$2! *0!AD@,6L%/2$!'&(+$0#'T!\*#;&:#!/!

.%&#$)#*+$! /#O&'.;$%$F! >;$! 2*/'#$%$&'$($)#*+*#-! &E! #;$! )-)(&.%&./0/#*&0!

%$/)#*&0'! 2$.$02'! *0! '&O$! )/'$'! &0! #;$! %$/)#*&0! #*O$! /02! #$O.$%/#:%$F! >;$!

$e/)#!%$/)#*&0!#*O$'!/02!#$O.$%/#:%$'!/%$!L*+$0!E&%!$/);!$e/O.($!/02!;/+$!#&!C$!

%$'.$)#$2! \;$0! %$.%&2:)*0L! #;*'! \&%dF! >%&.-(*:O! #$#%/E(:&%&C&%/#$! \/'!

.:%);/'$2! E%&O!f(:&%&);$OF!>;*0! (/-$%!);%&O/#&L%/.;-!\/'!)/%%*$2!&:#!:'*0L!

>@,! /(:O*0:O! ';$$#'! )&/#$2! \*#;! QFP! OO! &E! '*(*)/! L$(! 3G$%)d! 1EP_c5F!

,;%&O/#&L%/.;*)!.:%*E*)/#*&0'!\$%$!)/%%*$2!&:#!:'*0L!E(/';!L%/2$!'*(*)/!L$(!3"<"!

,;%&O/#&L$(!XQ!?,,T!cQ6XQ!âO5F!pG8!'.$)#%/!\$%$!%$)&%2$2!/#!P_!t,!&0!9%:d$%!

?+/0)$!_QQT!cQQ!/02!YQQ!w(#%/';*$(2!/../%/#:'F!,;$O*)/(!';*E#'!/%$!%$.&%#$2!*0!

./%#'!.$%!O*((*&0!/02!%$E$%$0)$2! #&!%$'*2:/(!'&(+$0#F!,&:.(*0L!)&0'#/0#'! 3\5!/%$!

%$.&%#$2! *0! ;$%#7! 3A75F!G/''! '.$)#%/!\$%$! %$)&%2$2! &0! /!b/#$%'! @,>! D%$O*$%!

".$)#%&O$#$%! 3B"4! /02! ?D,45! &%! &0! /0! ?:#&E($e! 9%:d$%! </(#&0*)'! 3G?@<4! /02!

@<45F!G$(#*0L!.&*0#'!\$%$!2$#$%O*0$2!:'*0L!/!9});*!O$(#*0L!.&*0#!/../%/#:'F!!

1&(2! )&O.($e!RT__P!)&..$%345! /02! '*(+$%345!>.T___!>.OT__c!/02!>./! )&O.($e$'T__Y!

/02! l3j&;0D;&'5,:3G$,p5mDfX! \$%$! \/'! '-0#;$'*7$2! /))&%2*0L! #&! (*#$%/#:%$!

.%&)$2:%$'F__X! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
__P!! p*$#&6=C$%;:C$%T! ,Fu! @M.$7T! "Fu! G:Å&7T! GF! DFu! ,Ç%2$0/'T! <F! jFu! 9:Å:$(T! BFu!

p$+/2&T!,Fu!B);/+/%%$0T!?F!GF!J-:'4A!L<'1A!3-%A!O.A!@AALT!__T!XRcX6XRcZF!
___!! G/%#N0T! ,Fu! G:Å&76G&(*0/T! jF! GFu! @&)/#*T! ?Fu! ?(+/%$7T! BFu! G/'$%/'T! fFu!

9$(2$%%/*0T!>F!8Fu!DW%$7T!DF!jF!X$:#-01'%#((+@,!@ABAT!QiT!_cZR6_cZ[F!
__c!! A/(2M0T! BFu! à(+/%$7T! BFu! p*)/'*&T! GF! ,Fu! DW%$7T! DF! jF! 3-0$:A! L<'1A! @AB@T! g[T!

ZP[Z6Z_QXF!
__Y!! A/(2M0T!BFu!<$(L/2&68$C&((&T!GFu!D%*$#&T!?Fu!à(+/%$7T!BFu!G/-/T!,Fu!p*)/'*&T!GF!

,Fu!DW%$7T!DF!jF!3-0$:A!L<'1A!@ABGT!gdT!cR[P6cPQRF!
__X!! 1%*%%/0$T!?Fu!à(+/%$7T!BFu!1/%)N/T!AFu!,&%O/T!?F!J-:'4A!L<'1A!3-%A!O.A!@ABGT!

gdT!SPY_6SPYZF!
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!PSP!

ENLG\[NB#X0%Z&aW(Z0.W+M,W,+&Z0(%-N9\H\:N%S#0.0!LE-M!

>&! /! '&(:#*&0! &E! R6C%&O&6PTX62*O$#;&e-6C$07$0$! 3XFQ__! LT! PSFZ! OO&(T! RFQY!

$i:*+5!*0!2%-!B#P=!3R_P!O@5!/#!oSZ!t,!\/'!/22$2!2%&.!\*'$!-69:@*!3RYFYSR!O@T!

RFZS!G!*0!;$e/0$'T!P[FR!OO&(T!RFRQ!$i:*+5!:02$%!/%L&0F!>;$!O*e#:%$!\/'!'#*%%$2!

E&%!_Q!O*0!/#!oSZ!t,T!/02!#;$0!#%&.-(*:O!#$#%/E(:&%&C&%/#$!3cFSRQ!LT!PXFY!OO&(T!

RFQQ! $i:*+5!\/'! /22$2! *0! &0$! .&%#*&0F! >;$! )&&(*0L! C/#;!\/'! %$O&+$2! /02! #;$!

%$/)#*&0!\/'!/((&\$2!#&!\/%O!:.!#&!P_!t,!/02!'#*%%$2!E&%!PFY!;F!>;$!%$/)#*&0!\/'!

i:$0);$2!C-!/22*#*&0!&E!C%*0$F!>;$!/i:$&:'!.;/'$!\/'!$e#%/)#$2!\*#;!B#P=T!#;$!

)&OC*0$2! &%L/0*)! $e#%/)#'! \$%$! 2%*$2! &+$%! GL"=cT! /02! #;$! '&(+$0#! \/'!

$+/.&%/#$2! +-!>#@50F! >;$! )%:2$! %$'*2:$!\/'! .:%*E*$2! C-! E(/';! );%&O/#&L%/.;-!

3RPQ! L! "*=PT! $(:$0#^! L%/2*$0#! E%&O! )6;$e/0$! #&! RQz! B#=?)5! /EE&%2*0L! cFYYQ! L!

3cF[P! OO&(T! SRz5! &E! /! -$((&\! &*(F! <*O$#;&e-C$07$0$! \/'! %$O&+$2! E%&O! #;$!

.%&2:)#! +*/! k:L$(%&;%! 2*'#*((/#*&0! 3ZQ! t,! /#! PFc!e!RQ6R!OC/%5! /EE&%2*0L! cFQcQ! L!

3RSFS!OO&(T!XSz5!&E!C2!/'!/!-$((&\!&*(F!>;$!.%&2:)#!)&0#/*0'!Xz!&E!/0!*O.:%*#-T!

.%$':O/C(-!/!%$L*&*'&O$%!&E!#;$!)-)(&;$.#/#%*$0$F!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SF_R!32T!\Ü!ZFQ!A7T!RA5T!XFZ_!I!XFSY!3OT!PA5T!XFX_!I!

XFYY!3OT!PA5T!XF_c!I!XFPS!3OT!PA5T!YFYQ!322T!\Ü!ZF[T!YFX!A7T!PA5T!_FZ[!3'T!_A5T!_FZc!

3'T!_A5T!_FRZ!I!_FRR!3OT!RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! RY[FZT! RYZFcT! R_QF[T! RP[F_T! RPSFXT! RPcFcT! RPcFRT!

RQcFcT![[FQT!YYFc!3P!'*L0/('5T!cQFPF!

\:>"6B"4^!)/():(/#$2!E&%!,RYARS=P!lGsAms^!PP[FRPP_u!E&:02^!PP[FRPPZF!

'8/$%N[NLLGNLG\[NB#X0%Z&aW(Z0.W+M,W,+&(S&(W+M(Z0.W+!-,0%-%0!LRM!

?! '&(:#*&0! &E! #;$! )-)(&;$.#/#%*$0$! C2! 3cYF[! OLT! PQR! µO&(T! PFQ! $i:*+5T! c6

+*0-(.;$0-(!/)$#/#$!3RXF_!OLT!RQR!µO&(T!RFQ!$i:*+5T!2*.;$0-(O$#;/0$!3RS!µ(T!RQR!

µO&(T!RFQ!$i:*+5!/'! *0#$%0/(! '#/02/%23RFQ!$i:*+5!/02!L&(2!)/#/(-'#!R! 3_F[!OLT!Y!

µO&(T!QFQY!$i:*+5!*0!2P6RTRTPTP6#$#%/);(&%&$#;/0$!3QFX!O@5!\/'!/22$2!#&!a&:0L6
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! PS_!

>;$! %$/)#*&0! O*e#:%$! \/'! )&&($2! #&! %&&O! #$O.$%/#:%$! /02! #;$! '&(+$0#! \/'!

%$O&+$2!+-!>#@50F!>;$!)%:2$!%$'*2:$!\/'!.:%*E*$2!C-!)&(:O0!);%&O/#&L%/.;-!3c!

L!"*=PT!$(:$0#^!L%/2*$0#!E%&O!)6;$e/0$!#&!PQz!B#=?)5!/EE&%2*0L!K!3PZF[!OLT![PFY[!

µO&(T![PzT!2F%F!RP^R5!/'!/!./($!-$((&\!&*(F!!

>;$!'#$%$&);$O*'#%-!\/'!)&0E*%O$2!C-!R<!p=B"a!$e.$%*O$0#'!

B\,d>:!3cQQ!GA7T!,<,(_5!ä!SFPc!I!SFRS!3OT!PA5T!SFQ_!I!XF[S!3OT!PA5T!XFZ[!32T!\Ü!

ZFR!A7T!RA5T!XFc[!I!XFcR!3OT!PA5T!_FZP!3'T!_A5T!_FZQ!3'T!_A5T!PF_c!I!PFPZ!3OT!cA5T!

PFQZ!I!PFQQ!3OT!RA5T!RF_S!I!RF_P!3OT!RA5T!RF_R!I!RFPX!3OT!RA5F!

BJ8, d>:! 3RQR! GA7T! ,<,(_5! ä! RX[FZT! RY[F_T! RY[FPT! RcZFST! RcQF[T! RPSF_T! RPXFRT!

RP_FPT!RPRFcT!RQcFQT![ZFXT!YYFXT!YYFYT!PYFST!PRFXT!PRF_T!RXFcF!

\:>"6B"4^!)/():(/#$2!E&%!,R[APR=c!lGsAms^!_R_FRc_cu!E&:02^!_R_FRccXF!

L+MNEN<%WSW+,W,+&Z0(%-N9\H\:N%S#0.0!LF-M!

>;*'!)&O.&:02!\/'!.%$./%$2!/'!2$')%*C$2!*0!@<#8%'$!QF!

30-,%#&.!(S&TS0$$!X&.#%&S0V!*W!9O!AD3!'&S!%Z0!T&+VL;MN,-%-+W]0V!S0%S&N?),Z.0S!

S0-,%#&.!&'!E-!

>;$! %$/)#*&0!\/'!O&0*#&%$2!C-! RA!pG8T! *0#$L%/#*&0'!\$%$!0&%O/(*7$2!/L/*0'#!

2*.;$0-(O$#;/0$! 3,AP! /#! cFQS! ..O5F! f&%!C2! #;$! ,A! /#! _FPP! ..OT! E&%! @+,6K! #;$!

,A_6,3=5! /#! PFPY! ..O! /02! *"0):-K! #;$! ,A! /#! PF_[! ..O! \$%$! *0#$L%/#$2F! >;$!

L*+$0! )&0)$0#%/#*&0! *0! >/C($! BR! )/0! C$! )&0'*2$%$2! /'! )&%%$)#! \*#;*0! #;$!

$e.$%*O$0#/(!$%%&%F!>;$!)-)(&.%&./0/#*&0!%$/)#*&0!.%&)$$2'!+$%-!E/'#!/#!RPQ!t,F!

?(%$/2-! /E#$%! RQ! O*0! *#! *'! )&O.($#$T! E:((! )&0+$%'*&0! &E! '#-%$0$! /02! ZYz!

)&0+$%'*&0!&E!C2, *'! %$/);$2F! 3-!,+%5! E&%O$2!@+,6K! *'! )&0+$%#$2T!O&'#! (*d$(-T! *0#&!

*"0):-KF! >;$! 2F%F! *'! );/0L*0L! 2:%*0L! #;$! )&:%'$! &E! #;$! %$/)#*&0! E%&O! _FS^R! 3RQ!

O*05!#&!RQFZ^R!3cY!O*05F!

! !
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!PSc!

a2D($,UBH,G$/':%$2!)&0)$0#%/#*&0!2:%*0L!#;$!)-)(&.%&./0/#*&0!&E!c6+*0-(.;$0-(!/)$#/#$!
:'*0L!C2F,

a*O$,jO*/k, )5C27,jO&(l(k, )5.+:-K7,jO&(l(k, )5*"0):-K7,jO&(l(k,

RQ! QTQY! QTQY! QTR[!
RP! QTQ_! QTQc! QTPQ!
P_! QTQR! QTQP! QTPQ!
_c! QTQQ! QTQP! QTPQ!
cY! QTQQ! QTQP! QTPQ!
YY! QTQQ! QTQP! QTPR!
XX! QTQQ! QTQP! QTPQ!
SS! QTQQ! QTQP! QTPQ!
ZS! QTQQ! QTQP! QTPQ!
[Z! QTQQ! QTQP! QTPQ!
RQ[! QTQQ! QTQP! QTPP!
RR[! QTQQ! QTQP! QTR[!
R_Q! QTQQ! QTQP! QTPQ!
RcR! QTQQ! QTQP! QTPQ!
RYP! QTQQ! QTQP! QTR[!
RXP! QTQQ! QTQP! QTR[!
RS_! QTQQ! QTQP! QTR[!

!

;.#%#-+!S-%0!$%)V#0$!'&S!%Z0!T&+VL;MN,-%-+W]0V!S0%S&N?),Z.0S!S0-,%#&.!&'!F-Y!

,-)(&;$.#/#%*$0$! M2! 3RQQFQ! OLT! YRY! ãO&(T! R! $i:*+5T!]6+*0-(! .;#;/(*O*2$! 3B@5!

3RSZFQ!OLT!RFQ_!OO&(T!P!$i:*+5T!L&(2!)/#/(-'#!R!3R[F[!OLT!PX!ãO&(T!Y!O&(z5!/02!

2*.;$0-(O$#;/0$! 3ZX! ã@T! YRY! ãO&(T! R! $i:*+5! \$%$! /22$2! #&! /! 'O/((! %&:026

C&##&O! E(/'d! /02! #;$! /#O&'.;$%$! \/'! $e);/0L$2! E&%! /%L&0! \*#;! #;%$$!

+/)::O`?%L&0!)-)($'!C$E&%$!/22*0L!B#=?)!3c!O@5F!>;$!%&:026C&##&O!E(/'d!\/'!

.(/)$2!*0!/!.%$;$/#$2!&*(!C/#;!/02!'#*%%$2!/#!SY!t,F!

?(*i:&#'!&E! #;$!%$/)#*&0!O*e#:%$!\$%$! #/d$0T! E*(#$%$2! *0!/!.*.$##$!&+$%!'*(*)/!L$(!

\*#;! B#=?)! /02! \$%$! #;$0! )&0)$0#%/#$2! #&! 2%-0$''F! RA! pG8! '.$)#%/! \$%$!

%$)&%2$2! 3Z! ')/0'T! ,<,(_T! cQQ! GA75! /02! #;$! )&0)$0#%/#*&0! &E! #;$! .%&2:)#'!

i:/0#*E*$2!C-!*0#$L%/#*&0!/L/*0'#!#;$!*0#$%0/(!'#/02/%2!2*.;$0-(O$#;/0$F!

! !



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PSY!

a2D($, U@H,G$/':%$2! )&0)$0#%/#*&0! 3RA! pG85! 2:%*0L! #;$! )-)(&.%&./0/#*&0! &E!]6+*0-(!
.;#;/(*O*2$!:'*0L!M2F,

#,5O*/7, )5.+:-BB27, (/,5)5.+:-BB277, )5*"0):-BB27, (/,5)5*"0):-BB277, )5M27, (/,5)5M277,

Q! Q! 6! Q! 6! QTR_! 6PTQY!

_XQ! QTQZ! 6PTc[! QTQR! 6cT_Y! QTQ_! 6_Tc_!

X[Q! QTQ[! 6PT_[! QTQP! 6cTQ[! QTQR! 6cT_Y!

ZSQ! QTQ[! 6PT_[! QTQP! 6_TZP! QTQR! 6cTZX!

R_ZQ! QTQZ! 6PTc[! QTQ_! 6_TXX! QTQQ! 6!

R[PQ! QTQZ! 6PTYX! QTQc! 6_TP[! QTQQ! 6!

PZZQ! QTQX! 6PTSX! QTQY! 6_TRQ! QTQQ! 6!

__QQ! QTQS! 6PTSP! QTQY! 6PT[P! QTQQ! 6!

SPQQ! QTQc! 6_TR_! QTQZ! 6PTcZ! QTQQ! 6!

SXZQ! QTQY! 6_TQP! QTRQ! 6PT_Q! QTQQ! 6!

S[PQ! QTQc! 6_TRX! QTQ[! 6PTcQ! QTQQ! 6!

ZY[Y! QTQ_! 6_TcQ! QTQZ! 6PTYZ! QTQQ! 6!

[Q[Q! QTQ_! 6_T_X! QTQZ! 6PTcZ! QTQQ! 6!

!

?! %$/)#*&0! %/#$! )&0'#/0#! &E! dÜ! 6YF__! RQ6Y! '6R! Ü! E&%! #;$! )&0':O.#*&0! &E!

)-)(&;$.#/#%*$0$'! B2, \/'! 2$#$%O*0$2F! w'*0L! #;$! %$\%*##$0! B-%*0L! $i:/#*&0!

C$(&\T!\$!\$%$!/C($!#&!$'#*O/#$!#;$!+/(:$!E&%!#;$!$0$%L-!&E!/)#*+/#*&0!#&!C$!PSFQ!

d)/(xO&(6RF!

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

b;$%$^!

!!! = Gibbs energy of activation 120998.3 J#mol-1 

R = Gas constant 8.3144598 J#K-1#mol-1 

T = Absolute temperature 348 K 

!! = Reaction rate constant -5.33#10$5 mol#s-1 

h = Planck constant 6.626070040#10!34 J#s 

!! = Boltzmann´s constant 1.38064852#10!23 J#K-1 

;.#%#-+!S-%0!$%)V#0$!'&S!%Z0!T&+VL;MNX0V#-%0V!#$&X0S#]-%#&.!&'!99-Y!

@+,63O56P63P6'#-%-()-)(&.%&.-(5*'&*02&(*0$6RT_62*&0$!BB2!3cFY!OLT!QFQRYY!OO&(5T!

L&(2!)/#/(-'#!R!3RFP!OLT!QFQQRYY!OO&(T!RQ!O&(z5!/02!2*.;$0-(O$#;/0$!3PFX!µ@T!

QTQRYY!OO&(5!\$%$!/22$2!#&!/!a&:0L!pG8!#:C$!/02!#;$!/#O&'.;$%$!\/'!E(:';$2!



7A52,(9.OC.

!PSX!

\*#;!/%L&0!#;%$$!#*O$'!C$E&%$!/22*0L!RTRTPTPT6#$#%/);(&%&$#;/0$6.Q!3QFc!O@5F!>;$!

O*e#:%$!\/'!;$/#$2!*0!/!9%:d$%!pG8!O/);*0$!#&!SY!t,!E&%!S!;T!\;*($!.$%E&%O*0L!
RA!O$/':%$O$0#'!$+$%-!PQ!O*0:#$'!3>/C($!"_5F!

a2D($, UJH, G$/':%$2! )&0)$0#%/#*&0! 3RA! pG85! &E! @+,6BB2! 2:%*0L! *#'! *'&O$%*7/#*&0! #&!
%$#-,6BB2,

Concentration of cis-11aa (M) ln(concentration of cis-11a)b Time (s) 

0,01574 [c] -4,133[c] 0[c] 

0,01632 [c] -4,146 [c] 1200[c] 

0,02118 [c] -4,161[c] 2400[c] 

0,02605 -4,174 3600 

0,02638 -4,184 4800 

0,02729 -4,187 6000 

0,02693 -4,196 7200 

0,03389 -4,209 8400 

0,03467 -4,212 9600 

0,03572 -4,219 10800 

0,03779 -4,221 12000 

0,04145 -4,232 13200 

0,04171 -4,240 14400 

0,04197 -4,248 15600 

0,05034 -4,251 16800 

0,05060 -4,253 18000 

0,04467 -4,266 19200 

0,05675 -4,267 20400 

0,05216 -4,275 21600 

0,05120 -4,280 22800 

0,05758 -4,284 24000 
/!>;$! 2*'/..$/%/0)$! &E! #;$! @+,6*'&O$%! \/'! :'$2! E&%! &:%! 2/#/! '$#! /'! #;$! /)):%/)-! \/'! C$##$%!
)&O./%$2!#&!#;$!/..$/%/0)$!&E!#;$!%$#-,6*'&O$%F!C!b$!/%$!/'':O*0L!R'#6&%2$%!d*0$#*)'u!;$0)$!#;$!
)&0)$0#%/#*&0!*'!.%$'$0#$2!/'!#;$!0/#:%/(!(&L/%*#;OF!)!>;$!E*%'#!#;%$$!2/#/!.&*0#'!\$%$!&O*##$2!#&!
%$2:)$!#;$!$e.$%*O$0#/(!$%%&%F!

!

?! %$/)#*&0!%/#$!)&0'#/0#!&E! -YxRQoX! E&%! #;$!2*'/..$/%/0)$!&E! #;$!@+,6*'&O$%!\/'!

2$%*+$2! E%&O! #;$'$! 2/#/F! w'*0L! #;$! %$\%*##$0! B-%*0L! $i:/#*&0! C$(&\T!\$!\$%$!

/C($!#&!$'#*O/#$!#;$!+/(:$!E&%!#;$!$0$%L-!&E!/)#*+/#*&0!#&!C$!PZF[!d)/(xO&(6RF!

! !



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PSS!

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

b;$%$^!

!!! = Gibbs energy of activation 120998.3 J#mol-1 

R = Gas constant 8.3144598 J#K-1#mol-1 

T = Absolute temperature 348 K 

!! = Reaction rate constant -5#10$6 mol#s-1 

h = Planck constant 6.626070040#10!34 J#s 

!! = Boltzmann´s constant 1.38064852#10!23 J#K-1 

7$%#X-%#&.!&'! %Z0!0.0STW!V#''0S0.,0!*0%i00.!%Z0!,&%N!-.V! '8/$%N#$&X0S$! '&S!9P*!

-.V!99-Y!

BADE! @+,63B56R6O$#;&e-6c63P6'#-%-()-)(&.%&.-(5C$07$0$! BAD! 3_FZ! OLT! QFQ_!

OO&(5T! L&(2! )/#/(-'#!R! 3PF_!OLT! QFQQ_!OO&(T! RQ!O&(z5! /02! 2*.;$0-(O$#;/0$!

3cFZ!µ@T!QTQ_!OO&(5!\$%$!/22$2!#&!/!a&:0L!pG8!#:C$!/02!#;$!/#O&'.;$%$!\/'!

E(:';$2! \*#;! /%L&0! #;%$$! #*O$'! C$E&%$! /22*0L! );(&%&E&%O6.[! 3QFc! O@5F! >;$!

O*e#:%$!\/'!;$/#$2! #&!SY! t,! E&%!S!2/-'T! :0#*(! $i:*(*C%*:O!\/'! %$/);$2T!\*#;! /!

)*'`#%/0'!%/#*&!&E!QFRcZ^RF!

BB2E! @+,63O56P63P6'#-%-()-)(&.%&.-(5*'&*02&(*0$6RT_62*&0$! BB2! 3cFY! OLT! QFQRYY!

OO&(5T!L&(2!)/#/(-'#!R!3RFP!OLT!QFQQRYY!OO&(T!RQ!O&(z5!/02!2*.;$0-(O$#;/0$!

3PFX!µ@T! QTQRYY!OO&(5!\$%$! /22$2! #&! /! a&:0L!pG8! #:C$! /02! #;$! /#O&'.;$%$!

\/'!E(:';$2!\*#;!/%L&0!#;%$$!#*O$'!C$E&%$!/22*0L!RTRTPTPT6#$#%/);(&%&$#;/0$6.Q!

3QFc!O@5F! >;$!O*e#:%$!\/'!;$/#$2! #&! SY! t,! E&%! P!\$$d'T! :0#*(! $i:*(*C%*:O!\/'!

%$/);$2T!\*#;!/!)*'`#%/0'!%/#*&!&E!QFcXY^RF!

w'*0L!#;$!%/#*&!&E!#;$!/'!#;$!$i:*(*C%*:O!)&0'#/0#T!6'NT!*0!#;$!E&((&\*0L!$i:/#*&0T!

\$!$'#*O/#$2!#;$!2*EE$%$0)$!*0!1*CC'!E%$$!$0$%L-!E&%!#;$!#\&!*'&O$%'^!

!

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

b;$%$^!

!!! = Gibbs energy of activation 5446.5 (10a), 2246.7 (11a) J#mol-1 

R = Gas constant 8.3144598 J#K-1#mol-1 

T = Absolute temperature 348 K 

!!" = Reaction rate constant 0.148 (10a), 0.465 (11a) mol#s-1 



7A52,(9.OC.

!PSZ!

"*L0*E-*0L!#;/#!*"0):-BAD!*'!O&%$!'#/C($!C-!BHJ!d)/(xO&(6R!/02!*"0):-BB2!*'!O&%$!

'#/C($!C-!AHL!d)/(xO&(6RF!

50.0S-+!,&.V#%#&.$!'&S!%Z0!(&+-S#%WN#.U0S%0V!()$ZN()++!,W,+&(S&(-.0!&(0.#.TY!

?! '&(:#*&0! &E! BB2, 3SFP! OLT! PY! ãO&(5T! R! 3R! OLT! RFPY! ãO&(T! Y! O&(z5! /02!

0:)($&.;*($!3PY!ãO&(5!*0!-6C:#-(!/)$#/#$!3QFPY!O@5!\/'!;$/#$2!#&![Q!t,!E&%!Pc!;F!

>;$!O*e#:%$!\/'!E*(#$%$2!&+$%!'*(*)/T!)&0)$0#%/#$2!/02!/0/(-7$2!C-!RA!pG8!/02!

1,6G"F!!

50.0S-+! ,&.V#%#&.$! '&S! %Z0! ,&((0SL;M! -.V! $#+U0SL;M! ,-%-+W]0V! S0%S&N?),Z.0S!

S0-,%#&.Y!

3-%'$10('@5(#$P! 40! /! L(&+$C&eT! /! ");($0d! E(/'d! *'! );/%L$2! \*#;! S6.;$0-(6RT_TY6

)-)(&;$.#/#%*$0$! 3QFR! OO&(5T! O6'#*(C$0$! 3QFP! OO&(5T! )&..$%345! &%! '*(+$%345!

)/#/(-'#!3Y!ãO&(T!Y!O&(z5T!/02!<,B!3QFc!O@5!C$E&%$!C$*0L!'$/($2!/02!;$/#$2!#&!

RPQ!t,!E&%!RP!;F!>;$!O*e#:%$!\/'!E*(#$%$2!&+$%!'*(*)/T!)&0)$0#%/#$2!/02!/0/(-7$2!

C-!RA!pG8!/02!1,6G"F!

3-%$#10('@5(#$P! 40! /! L(&+$C&eT! /! ");($0d! E(/'d! *'! );/%L$2! \*#;! S63P6

)*00/O-(.;$0-(5)-)(&;$.#/6RT_TY6#%*$0$! 3QFR! OO&(5T! )&..$%345! &%! '*(+$%345!

)/#/(-'#!3Y!ãO&(T!Y!O&(z5T!/02!<,B!3QFc!O@5!C$E&%$!C$*0L!'$/($2!/02!;$/#$2!#&!

RPQ!t,!E&%!RP!;F!>;$!O*e#:%$!\/'!E*(#$%$2!&+$%!'*(*)/T!)&0)$0#%/#$2!/02!/0/(-7$2!

C-!RA!pG8!/02!1,6G"F!

1&X()%-%#&.-+!V0%-#+$!&'!%Z0!B=/!,-+,)+-%#&.$!

,/():(/#*&0'!\$%$! .$%E&%O$2! :'*0L! "G<3,AP,(P56GQX`X6_RRs13P2T.5T! "<<3?:T!

òEÜRFQY5``"G<3,AP,(P56GQX`X6_R1325T!"<<3?:5!/#!#;$!'#/02/%2!'#/#$!3P[ZFRY!kT!

R!/#O5F!f:((!L$&O$#%-!&.#*O*7/#*&0'!\$%$!.$%E&%O$2! *0!'&(:#*&0T!\*#;! #;$!"G<!

O$#;&2T__S!/02!:'*0L!1/:''*/0!Q[__Z!2$E/:(#'!E&%!2*);(&%&O$#;/0$F!40!#;$!/%#*)($T!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
__S!! G/%$0*);T!?F!qFu!,%/O$%T!,F!jFu!>%:;(/%T!<F!1F!\A!;<9,A!L<'1A!"!@AAMT![[dT!X_SZ6

X_[XF!
__Z!! f%*');T!GF!jF!>FT!1F!bFu!");($L$(T!AF!9Fu!"):'$%*/T!1F!BFu!8&CCT!GF!?Fu!,;$$'$O/0T!

jF!8Fu!")/(O/0*T!1Fu!9/%&0$T!qFu!G$00:))*T!9Fu!D$#$%''&0T!1F!?Fu!p/d/#':]*T!AFu!
,/%*)/#&T! GFu! @*T! nFu! A%/#);*/0T! AF! DFu! 47O/-(&+T! ?F! fFu! 9(&*0&T! jFu! v;$0LT! 1Fu!
"&00$0C$%LT!jF!@Fu!A/2/T!GFu!B;/%/T!GFu!>&-&#/T!kFu!f:d:2/T!8Fu!A/'$L/\/T!jFu!
4';*2/T! GFu! p/d/]*O/T! >Fu! A&02/T! aFu! k*#/&T! =Fu! p/d/*T! AFu! q%$+$0T! >Fu!
G&0#L&O$%-T! jF! ?FT! j%Fu! D$%/(#/T! jF! BFu! =L(*/%&T! fFu! 9$/%./%dT! GFu! A$-2T! jF! jFu!



P("A5$0-,0".<,3)0(-.5$).,A(.?90*0$.%1.D05-,(9(%-('(",0:0,;.

! PS[!

/((!$0$%L*$'!/%$!L*+$0!*0!d)/(`O&(F!40!#;$!$e.$%*O$0#/(!'$)#*&0T!$0$%L*$'!/%$!L*+$0!

*0!A/%#%$$F!>;$!0/#:%$!&E!#;$!'#/#*&0/%-!.&*0#'!\/'!);/%/)#$%*7$2!C-!/!+*C%/#*&0/(!

/0/(-'*'! .$%E&%O$2! \*#;*0! #;$! ;/%O&0*)! /..%&e*O/#*&0! /#! P[Z! k! /02! R! /#OF!

>%/0'*#*&0! '#/#$'! \$%$! *2$0#*E*$2! C-! #;$! .%$'$0)$! &E! &0$! *O/L*0/%-! E%$i:$0)-!

/02!O*0*O/!C-!/!E:((!'$#!&E!%$/(!E%$i:$0)*$'F!

"*0L($! .&*0#! $0$%L*$'! \$%$! )/():(/#$2! E&%! /((! '*e! )-)(&.%&./0/#*&0! #%/0'*#*&0!

'#/#$'!:'*0L!"G<3,AP,(P56D9B6<_39j5`X6_RRs13P2T.5T!"<<3?:T!òEÜRFQY5F!

=.#*O*7$2!L$&O$#%*$'!\$%$!+*':/(*7$2!:'*0L!,a@+*$\F__[!

30V),0V!V0.$#%W!TS-V#0.%!$)S'-,0!

>;$!8$2:)$2! 2$0'*#-! L%/2*$0#! ':%E/)$!\/'! L$0$%/#$2! E&%! #;$! )-)(&.%&./0/#*&0!

#%/0'*#*&0! '#/#$'! :'*0L! G:(#*\E0F _cQ !>;$! *'&':%E/)$! \/'! +*':/(*7$2! :'*0L!

,;$O,%/E#T!\*#;! #;$!':%E/)$!)&0#&:%!'$#!/#!QFY!/02!#;$!)&(&%!%/0L$! E*e$2! E%&O!6

QFQ_Y!#&!QFQPF!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
9%&#;$%'T! BFu! k:2*0T! kF! pFu! "#/%&+$%&+T! qF! pFu! k&C/-/';*T! 8Fu! p&%O/02T! jFu!
8/L;/+/);/%*T!kFu!8$02$((T!?Fu!9:%/0#T! jF! ,Fu! 4-$0L/%T! "F! "Fu!>&O/'*T! jFu! ,&''*T!
GFu! 8$L/T! pFu! G*((/OT! jF! GFu! k($0$T! GFu! k0&eT! jF! BFu! ,%&''T! jF! 9Fu! 9/dd$0T! qFu!
?2/O&T!,Fu!j/%/O*((&T!jFu!1&O.$%#'T!8Fu!"#%/#O/00T!8F!BFu!a/7-$+T!=Fu!?:'#*0T!?F!
jFu! ,/OO*T! 8Fu! D&O$((*T! ,Fu! =);#$%'d*T! jF! bFu! G/%#*0T! 8F! @Fu! G&%&d:O/T! kFu!
v/d%7$\'d*T! qF! 1Fu! q&#;T! 1F! ?Fu! "/(+/2&%T! DFu!
</00$0C$%LTjFjFu</..%*);T"Fu</0*$('T!?F<Fu!f/%d/'T!=Fu!f&%$'O/0T!jF!9Fu!=%#*7T!jF!
qFu!,*&'(&\'d*T!jFu!f&eT!<F!jF!V#5,,+#-!Zi!Ef'>+,+0-!=AZ[F!@ABJT!V#5,,+#-2!3-@AP!
j#((+-:/0$.2!LBF!

__[!! @$L/:(#T!,F!aFu!LHD>+'4T!B2F!w0*+$%'*#$!2$!";$%C%&&d$^!";$%C%&&d$T!,/02/2/T!
PQQ[!;##.^``\\\F)-(+*$\F&%LF!

_cQ!! @:T!>Fu!,;$0T!fF!\A!L0185%A!L<'1A!@AB@T!ddT!YZQ6Y[PF!



7A52,(9.OC.

!PZQ!

!



!

!

!

!

!

!

[Y!!

A0i!1W,+&Z0(%-%S#0.0!B0S#U-%#U0$!'&S!%Z0!

3&&XN/0X(0S-%)S0!30%S&N?),Z.0S!

30-,%#&.!!

 

!

!

!

!

!

!

!

!

!

!

!

B<'!40$6!.',@$+?'.!+-!%<+,!@<#8%'$!4#,!8'$/0$1'.!+-!@0((#?0$#%+0-!4+%<!-10"+:*#&

N+550:2.#&(""+@0:2!4<01!3!@0G,58'$>+,'.!#,!#!D#!L#+7#!G!3L3R!,511'$!/'((04A! !



7A52,(9.QC.

!PZP!

;.%S&V),%#&.!

>;$! L&(23456)/#/(-7$2! %$#%&69:);0$%! %$/)#*&0! \/'! *0*#*/((-! &C'$%+$2! C-! &:%!

L%&:.! \;$0! _6O$#;&e-62*;-2%&6R&6)-)(&.%&./l/m0/.;#;/($0$! 2$%*+/#*+$'! B!

'.&0#/0$&:'(-! :02$%\$0#! /! %$#%&6)-)(&.%&./0/#*&0! %$/)#*&0! /#! %&&O!

#$O.$%/#:%$! 3");$O$! RYQ5F _cR !>;*'! &C'$%+/#*&0! ($2! #&! #;$! 2$+$(&.O$0#! &E!

)-)(&;$.#/#%*$0$!2$%*+/#*+$'!E&%!#;$!)&0+$0*$0#!E&%O/#*&0!&E!L&(2345!)/%C$0$'!/#!

RPQ! t,F! <:%*0L! #;$! )&:%'$! &E! #;$! *0+$'#*L/#*&0T! *#! \/'! &C'$%+$2! #;/#! $($)#%&06

2&0/#*0L! ':C'#*#:$0#'! &0! #;$! /%-(! &%! /(d$0-(! O&*$#-! &E! #;$! )-)(&;$.#/#%*$0$!

2$%*+/#*+$'!\&:(2!(&\$%!#;$!#$O.$%/#:%$!/#!\;*);!#;$!#%/0'E&%O/#*&0!;/2!#&!C$!

.$%E&%O$2T! :'*0L! #;$! l3j&;0D;&'5?:3G$,p5m"CfX! )&O.($e! 3R5! 3");$O$! RYR5F!

>;*'! .;$0&O$0&0! )/0! C$! %/#*&0/(*7$2! C-! #;$! *0)%$/'$2! '#/C*(*7/#*&0! &E! #;$!

)/#*&0*)!#%/0'*#*&06'#/#$'!/02!b;$(/026#-.$!*0#$%O$2*/#$!36665!2:%*0L!#;$!%$#%&6

9:);0$%!%$/)#*&0!3");$O$!RYP5F!

!

")=$O$,BLAH!1&(23456)/#/(-7$2!%$#%&6)-)(&.%&./0/#*&0!%$/)#*&0FJGB,!

!

")=$O$,BLBH!8$#%&69:);0$%!%$/)#*&0!&E!$($)#%&06%*);!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!/#!!
XQ!t,F!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_cR!! "&(&%*&6?(+/%/2&T! ,F! 8Fu! B);/+/%%$0T! ?F! GF! \A! J1A! L<'1A! C0@A! @ABAT! [dQT!

RRZZR6RRZZ_F!

OMe

Ph

R
[AuLL´]

OMe

R

+ LAu PhCH2Cl2,
r.t.1 2 Ia

O

O
A (5 mol%)
DCE, 60 ºC,

14 h
45%

d.r. 1.7:1

+
OAc

OAcO

HHO

3 4 5



R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! PZ_!

!

")=$O$,BL@H!>;$!2&:C($!,6,!C&02!)($/+/L$!)/#/(-7$2!C-!L&(2345!&E!0&%)/%/2*$0$F!>;$!
%/#$6(*O*#*0L!'#$.!*'!#;$!E*%'#!,6,!C&02!)($/+/L$!($/2*0L!#&!#;$!b;$(/026#-.$!
*0#$%O$2*/#$F!?!)/%C$0$!*'!E&%O$2!/E#$%!#;$!'$)&02!,6,!C&02!)($/+/L$F!!

B($)#%&06%*);! )-)(&;$.#/#%*$0$! 2$%*+/#*+$'! )/0! C$! &C#/*0$2! C-! :'*0L! /%$0$!

2$%*+/#*+$'!C$/%*0L!$($)#%&062&0/#*0L!O&*$#*$'F!A&\$+$%T!#;$!/%$0$!':C'#*#:$0#'!

\&:(2!C$! #%/0'E$%%$2! #&! #;$!L&(2345! )/%C$0$!/02! #;$%$E&%$! #&! #;$! )-)(&.%&./0$!

.%&2:)#! &E! #;$! %$/)#*&0F! 8/#;$%! #;/0! (*O*#*0L! #;$! ')&.$! &E! #;$! %$/)#*&0! #&!

$($)#%&06%*);!/%-(!)/%C$0$'T! *#!\&:(2!C$!O:);!O&%$!2$'*%/C($!#&! *O.($O$0#!#;$!

$($)#%&06%*);!O&*$#*$'!*0!#;$!)-)(&;$.#/#%*$0$!./%#!&E!#;$!)/%C$0$!.%$):%'&%F!>;*'!

\&:(2!/((&\!#;$!%$#%&69:);0$%!%$/)#*&0!#&!#/d$!.(/)$!/#! (&\!#$O.$%/#:%$!\;*($!

O/*0#/*0*0L! /! (/%L$! ')&.$! &E! /%-(! ':C'#*#:$0#'F! 40! &%2$%! #&! )&0E*%O! #;*'!

;-.&#;$'*'T!/!d*0$#*)!$e.$%*O$0#!\/'!.$%E&%O$2!*0!&:%!L%&:.!:'*0L!c6O$#;&e-6

S6.;$0-(6RT_TY6)-)(&;$.#/#%*$0$! 3N5T! \;*);! 2$O&0'#%/#$2! /0! *O.%$''*+$! %/#$!

$0;/0)$O$0#! 3");$O$! RY_5F _cP !w0E&%#:0/#$(-T! #;$! .%&O*'*0L! %$':(#'! \$%$!

&:#\$*L;$2! C-! #;$! (*O*#$2! '-0#;$#*)! &.#*&0'! #&! &C#/*0! /! (*C%/%-! &E! /%-(!

2$%*+/#*+$'! /02! #;$! &+$%/((! .&&%! -*$(2! E&%! #;$! .%$./%/#*&0! &E! N! *0! &:%! ;/02'T!

2$'.*#$!#;$!L&&2!-*$(2!%$.&%#$2!*0!#;$!&%*L*0/(!\&%d!3");$O$!RYc5F_c_!!

!

")=$O$,BLJH!8$#%&69:);0$%!%$/)#*&0!&E!c6=G$6S6.;$0-(6RT_TY6)-)(&;$.#/#%*$0$!3N5!/#!
XQt,FJG@,!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_cP!! b/0LT!aF!D;<F!<*''$%#/#*&0T!4,4H`w0*+$%'*#/#!8&+*%/!*!q*%L*(*T!PQRcF!
_c_!! /5!";&0&T!>Fu!p&7&$T!>Fu!G/$d/\/T!AFu!k/';*O:%/T!"F!B'%$#<'.$0-!D'%%A!BMKKT!

QiT! YYY6YYZF! C5! >/#':-/T! "Fu! A*%&E:0*T! pFu! >$#':&T! pFu! ";*L$0&%*T! kF!
B'%$#<'.$0-!D'%%A!BMMAT!d[T!Z[Y6Z[ZF!

Ar

LAu

LAu Ar LAu Ar

+rate-limiting
step

!

II III I

Ph
OMe A (5 mol%)

DCE, 60 ºC,
14 h

PhPh+
Ph

Ph

Ph
6 7 8



7A52,(9.QC.

!PZc!

!

")=$O$,BLGH!f&%O/#*&0!&E!N!/'!&%*L*0/((-!%$.&%#$2FJGJ!!

>;$! O$#;&2&(&L-! 2$+$(&.$2! *0! @<#8%'$! Q! E&%! #;$! E&%O/#*&0! &E! S6/(d$0-(!

)-)(&;$.#/#%*$0$'! :'*0L! j:(*/6k&)*$0'd*! %$/L$0#'! BJ2-D! .%&+*2$'! /))$''! #&! /!

+/%*$#-!&E!)-)(&;$.#/#%*$0$!%$/L$0#'!E%&O!/(2$;-2$'!/02!d$#&0$'!*0!/!'*0L($!'#$.!

3");$O$!RYY5F!

!

")=$O$,BLLH!f&%O/#*&0!&E!S6/(d$0-(!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!:'*0L!j:(*/6k&)*$0'd*!
%$/L$0#'!BJ2!&%!BJDF!

>;$! /(d$0-(/#*&0! '#%/#$L-! /((&\'! %/.*2! +/%*/#*&0! &E! #;$! /(d$0-(! ':C'#*#:$0#'F!

?(#$%0/#*+$(-T! /! O&2*E*)/#*&0! &E! #;*'! '#%/#$L-! )/0! C$! $e.(&*#$2! #&! &C#/*0! 0$\!

)-)(&;$.#/#%*$0$!2$%*+/#*+$'!C-! '#/%#*0L! E%&O!&#;$%! /%&O/#*)! )&O.&:02! %/#;$%!

#;/0!C$07$0$!3");$O$!RYX5F!

!!

")=$O$,BLNH!"-0#;$#*)!.(/0!E&%!#;$!E&%O/#*&0!&E!0$\!)-)(&;$.#/#%*$0$!2$%*+/#*+$'F!

b*#;! 0$\! )-)(&;$.#/#%*$0$! %$/L$0#'! *0! %$/);T! #;$! *0E(:$0)$! &E! 2*EE$%$0#!

':C'#*#:$0#'!)/0!C$!*0+$'#*L/#$2T!:(#*O/#$(-!($/2*0L!#&!(&\6#$O.$%/#:%$!)/%C$0$!

E&%O/#*&0!/02!*#'!:'$!*0!'#$%$&6!/02!$0/0#*&'$($)#*+$!)-)(&.%&./0/#*&0!%$/)#*&0'F!

! !

OMe
OMe PhLi

Ph
OMe

MeOH
 81%

-e
Et2O
94%

9 10 6

R1

R2

S

N N
N

N
RO O

LiHMDSOR1

R2 THF, -78 ºC

13a: R = Ph 
13b: R = tBu

11 12

CO2Et

reduction
OH

OH
Mitsunobu

N
NN

N
HS

R

oxidation S

N N
N

N
RO O

R
[M] R R

RR

CO2Et

N2

H
+

14 15 16

16 18-Rn

17

reaction



R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! PZY!

4*b0,%#U0$!

!

=:%!&C]$)#*+$!\/'!#&!'-0#;$'*7$!O&2*E*$2!j:(*/6k&)*$0'd*!%$/L$0#'T!'#/%#*0L!E%&O!

$($)#%&06%*);! /%$0$'! %/#;$%! #;/0! C$07$0$T! \;*);! C$/%! /0! $($)#%&062&0/#*0L!

O&*$#-!&0!#;$!)-)(&;$.#/#%*$0$F!>;$!j:(*/6k&)*$0'd*!%$/L$0#'!\&:(2!C$!:'$2!*0!/0!

/(d$0-(/#*&0! %$/)#*&0! #&! &C#/*0! 0$\! )(/''$'! &E! $($)#%&06%*);! S6/(d$0-(!

)-)(&;$.#/#%*$0$!%$/L$0#'F!!

>;$! %$/L$0#'! \&:(2! C$! #$'#$2! E&%! #;$*%! .%&.$0'*#-! #&! :02$%L&! #;$! L&(23456

)/#/(-7$2!%$#%&69:);0$%!%$/)#*&0!/#!(&\$%!#$O.$%/#:%$'F!

":))$''E:(! 2$+$(&.O$0#! &E! /! 0$\! )-)(&;$.#/#%*$0$! %$/L$0#! #;/#! .%&+*2$'!

)/%C$0$'! /#! %&&O! #$O.$%/#:%$T! \*((! /((&\! E:%#;$%! *0+$'#*L/#*&0! &E! )/#/(-'#'T!

')&.$T! 2*/'#$%$&6! /02! $0/0#*&'$($)#*+*#-! *0! 2*EE$%$0#! O$#/(6)/%C$0$! O$2*/#$2!

#%/0'E&%O/#*&0'F!

!

!

!

!

!

!

!

!

!

! !



7A52,(9.QC.

!PZX!

30$)+%$!-.V!V#$,)$$#&.!

EN<)*$%#%)%0V!(&+WX0%Z&aWN9\H\:N,W,+&Z0(%-%S#0.0!V0S#U-%#U0$!

>;$!'-0#;$#*)!/..%&/);! E&%! #;$! j:(*/6k&)*$0'd*! %$/L$0#'!2$+$(&.$2! *0!@<#8%'$!Q!

)/0!C$!$e.(&*#$2!E&%!#;$!E&%O/#*&0!&E!0$\!)-)(&;$.#/#%*$0$!2$%*+/#*+$'F!B($)#%&06

%*);! ':C'#*#:$0#'! ;/+$! 2$O&0'#%/#$2! /0! *O.%$''*+$! %/#$! $0;/0)$O$0#F!

>;$%$E&%$T! #;$! '-0#;$'*'! /02! *0+$'#*L/#*&0! &E! )-)(&;$.#/#%*$0$'! C$/%*0L!

/22*#*&0/(!$($)#%&062&0/#*0L!L%&:.'!\/'!#/%L$#$2!3");$O$!RYS5F!

!

!

")=$O$,BLCH!"-0#;$#*)!/..%&/);!E&%!#;$!E&%O/#*&0!&E!0$\!)-)(&;$.#/#%*$0$!%$/L$0#'!E&%!
#;$!%&&O!#$O.$%/#:%$!%$#%&69:);0$%!%$/)#*&0F!

>;$!9:);0$%! %*0L!$e./0'*&0!&E!RT_TY6#%*O$#;&e-C$07$0$! 3@A5! $e)(:'*+$(-! ($/2'!

#&! /! '*0L($! %$L*&*'&O$%! \;*($! #;$! #;%$$! O$#;&e-! ':C'#*#:$0#'! C&('#$%! #;$!

$($)#%&06%*);0$''T! O/d*0L! *#! /0! *2$/(! '#/%#*0L! .&*0#! E&%! #;*'! *0+$'#*L/#*&0F! >;$!

9:);0$%! %$/)#*&0! &E! RT_TY6#%*O$#;&e-C$07$0$! /EE&%2$2! #;$! 2$'*%$2! RT_TY6

#%*O$#;&e-6S6)/%C&e-(/#$6RT_TY6)-)(&;$.#/#%*$0$! 3@B5! *0! L&&2! -*$(2T! :02$%!

'*O*(/%!)&02*#*&0'!/'!E&%!C$07$0$!3");$O$!RYZ5F!>;$!%$2:)#*&0!&E!$'#$%!@B!\*#;!

@*?(Ac! ($2! #&! #;$!/()&;&(!C:#! #;$! #;%$$!O$#;&e-!$#;$%'!\$%$!;-2%&(-7$2!/#! #;$!

'/O$!#*O$T!/EE&%2*0L!#%*d$#&0$!@@!3");$O$!RY[5F!40'#$/2T!#;$!2$'*%$2!/()&;&(!@J!

)&:(2!C$!*'&(/#$2!C-!.$%E&%O*0L!#;$!%$2:)#*&0!\*#;!<49?@!3");$O$!RY[5F!

!

CO2Et

reduction

OH
Mitsunobu

N
NN

N
HS

R

oxidation S

N N
N

N
RO O

(OMe)n
[M]+

(OMe)n (OMe)n

OH

(OMe)n
(OMe)n

CO2Et

N2

H

14 15-(OMe)n 16-(OMe)n

16-(OMe)n

17

reaction
18-(OMe)n

S

N N
N

N
R1O O

(OMe)n

R1

R2

(OMe)n

R4

R3R2

HH
[AuLL´]

r.t.
R2

O

R3
R4

18-(OMe)n 12-(OMe)n 19



R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! PZS!

!

")=$O$,BLKH!9:);0$%!%*0L!$e./0'*&0!&E!RT_TY6#%*O$#;-(C$07$0$F!

!

")=$O$,BLMH!8$2:)#*&0!&E!$'#$%!@B!\*#;!@*?(Ac!/02!<49?@F!

>;$! G*#':0&C:! %$/)#*&0! :02$%! #;$! )&02*#*&0'! *0! @<#8%'$! Q! ($2! #&! #;$!

2$)&O.&'*#*&0! &E! @J! 3");$O$! RXQ5F! ?0! /##$O.#! &E! )*%):O+$0#! #;$! G*#':0&C:!

%$/)#*&0!C-!#%/0'E&%O*0L!#;$!/()&;&(!*0#&!/!($/+*0L!L%&:.!'$./%/#$(-T!\;*);!)&:(2!

#;$0!C$!%$.(/)$2!C-!0:)($&.;*(*)!/##/)d!&E!#;*&(!BCT!($2!#&!0&!/+/*(!/'!#;$!O/#$%*/(!

2$)&O.&'$2T!/'!\$((F!3");$O$!RXR5F!>;$!%/.*2!2$)&O.&'*#*&0!*'!(*d$(-!)/:'$2!C-!

#;$!$(*O*0/#*&0!&E!#;$!/()&;&(!O&*$#-!&0)$!*#!;/'!C$$0!E:0)#*&0/(*7$2F!

!

")=$O$,BNAH!?##$O.#$2!G*#':0&C:!%$/)#*&0!E&%!#;$!E&%O/#*&0!&E!#;*&$#;$%!@GF!

!

")=$O$,BNBH!?##$O.#$2!E&%O/#*&0!&E!($/+*0L!L%&:.'!E&%!#;$!0:)($&.;*(*)!':C'#*#:#*&0!&E!
#;$!/()&;&(F!

OMe

MeO OMe
Rh2(OAc)4 (1.25%)

addition over 4 h,
59% CO2Et

OMe

MeO

OMe

+
CO2Et

N2

H

20 14 21

CO2Et

LiAlH4

Et2O, 
24 ºC

OH
DIBAL

THF, -78 ºC
70%

OH

O

O

O

MeO

OMe

OMe OMe

MeO

OMe2122 23

OH
PPh3, DEAD,

N
NN

N
HS

Ph

THF, 24 ºC, 
3 h

S

N N
N

N
Ph

OMe

OMe

MeO

OMe

MeO

OMe

23 24

17a

OH O

OMe

OMe

MeO

OMe

MeO

OMe

S
O

R
O

Et3N,
DMAP (10%)

Cl S R

O O

CH2Cl2, 
24 ºC,1 h

R = Me or 4-Me-C6H423 25



7A52,(9.QC.

!PZZ!

>;$!9:);0$%!%$/)#*&0!&E!&#;$%!O$#;&e-6':C'#*#:#$2!/%$0$'!\/'!.$%E&%O$2!*0!#;$!

;&.$! #&! E*02! /! '-'#$O! #;/#! \&:(2! C$! ($''! .%&0$! #&! 2$)&O.&'*#*&0! 2:%*0L! #;$!

#;*&$#;$%!E&%O/#*&0!3>/C($!RP5F!

a2D($,B@H!")&.$!&E!#;$!9:);0$%!%$/)#*&0!E&%!O$#;&e-!/%$0$'F!

!
R%$/$, W%&4<)#,

! !

! !

! !
G$#;&e-!/%$0$!3Pc!OO&(5T!l8;P3=?)5cm!3QFQc!OO&(5!*0!,AP,(P!3cQ!O@5T!/22*#*&0!&E!$#;-(!
2*/7&/)$#/#$!3PZFZ!OO&(T!RG5!&+$%!c!;F!4'&(/#$2!-*$(2'F!

>;$! O/]&%! )&O.&:02! *'&(/#$2! E%&O! #;$! 9:);0$%! %$/)#*&0! &E! RT_6

2*O$#;&e-C$07$0$! \/'! #;$! *'&O$%*7$2! R6)/%C&e-(/#$6_TY62*O$#;&e-6RT_TY6

)-)(&;$.#/#%*$0$! 3@C25! 3>/C($! RPT! %&\! R5T! /(&0L! \*#;! C-! RT_62*O$#;&e-6RT_TY6

)-)(&;$.#/#%*$0$! 2$%*+/#*+$! @CD! *0! .&&%! -*$(2T! \;*($! #;$! RTY62*O$#;&e-!

2$%*+/#*+$! @C)! \/'! 0&#! &C'$%+$2F! >;$! .%&2:)#'! &E! RTP62*O$#;&e-C$07$0$!

3+$%/#%&($5!\$%$! *'&(/#$2!/'! /!O*e#:%$!&E!@M2T!@MD! /02!@M)! *0! /!_^P^P! %/#*&!C-!

2*'#*((/#*&0!C:#!JJ)!\/'!%$O&+$2!/E#$%!E(/';!);%&O/#&L%/.;-!3>/C($!RPT!%&\!P5F!

40#$%$'#*0L(-T!C-! RA!pG8!'.$)#%&')&.-! *#!\/'!&C'$%+$2! #;/#!@M2! /02!@MD! $e*'#!

$e)(:'*+$(-! *0! #;$!0&%)/%/2*$0$! )&0E&%O/#*&0!\;*($!@M)! /..$/%'! $e)(:'*+$(-! /'!

Rh2(OAc)4 (1.25%)
addition over 4 h

(OMe)n

CO2Et

N2

H

CO2Et

(OMe)n

MeO

OMe
26

CO2Et

OMe

MeO CO2Et
MeO

OMe CO2Et
OMe

OMe

+ +

27b: 13% 27c: not observed27a: 30%

MeO

MeO
28

CO2Et

MeO
CO2Et

MeO
CO2Et

OMe
MeO

+ +

29a: 27% 29b: 20% 29c: 19%

MeO

MeO

OMe
MeO

MeO

30

CO2Et
MeO

OMe
MeO CO2Et

MeO

MeO

MeO

CO2Et
OMe

MeO
+ +

31a: n.d. 31b: n.d. 31c: n.d.

OMe



R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! PZ[!

#;$! )-)(&;$.#/#%*$0$T! /(#;&:L;! @MD! \/'! .%$+*&:'(-! %$.&%#$2! #&! $e*'#! *0! #;$!

)-)(&;$.#/#%*$0$! )&0E&%O/#*&0F _cc !>;$! .%&2:)#'! &E! RTPT_6#%*O$#;&e-C$07$0$!

GB2-)! \$%$! &C#/*0$2! /'! O*e#:%$'! &E! #;$! *'&O$%'! /02! '#/%#*0L! O/#$%*/(! /E#$%!

.:%*E*)/#*&0!C-!E(/';!);%&O/#&L%/.;-!3>/C($!RPT!%&\!_5F!

>;$!'-0#;$'*'!&E!$($)#%&06%*);!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!\/'!)&0#*0:$2!\*#;!

#;$!9:);0$%!.%&2:)#'!&E!>/C($!RPF!8$2:)#*&0!&E!@CD!/EE&%2$2!#;$!2$'*%$2!/()&;&(!

J@! *0! O&2$%/#$! -*$(2! C:#! #;$! ':C'$i:$0#! G*#':0&C:! %$/)#*&0! ($2! #&!

2$)&O.&'*#*&0!3");$O$!RXP5F!

!

!

")=$O$,BN@H!8$2:)#*&0!&E!$'#$%!@CD!\*#;!@*?(Ac!/02!/##$O.#$2!G*#':0&C:!%$/)#*&0!&E!
J@F!

>;$! %$2:)#*&0! &E! /! O*e#:%$! &E! +$%/#%&($! 2$%*+/#*+$'! @M2! /02! @MD! &C#/*0$2!

#;%&:L;!2*'#*((/#*&0!%$':(#$2!*0!/!O*e#:%$!&E!/()&;&('!JG2!/02!JGD!\*#;!#;$!'/O$!

%/#*&! *0! i:/0#*#/#*+$! -*$(2! 3");$O$! RX_5T! \;*($! #;$! %$2:)#*&0! &E! @M)! ($2! #&!

2$)&O.&'*#*&0F!

!

")=$O$,BNJH!8$2:)#*&0!&E!+$%/#%&($!2$%*+/#*+$'!@M2!/02!@MD!#&!#;$!)&%%$'.&02*0L!
/()&;&('F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_cc!! G/#':O&#&T!GFu!";*&0&T!>Fu!G:#&;T!AFu!?O/0&T!GFu!?%*O*#':T!"F!\A!L<'1A!C0@A2!

L<'1A!L0115-A!BMMLT!RQR6RQPF!

CO2Et
MeO

OMe

LiAlH4

Et2O, 24 ºC,
5h,

57%

MeO

OMe

OH

27b 32

OH
PPh3, DEAD,

N
NN

N
HS

Ph

THF, 24 ºC, 
3 h

S

N N
N

N
Ph

OMe

MeO

OMe

MeO

32 33

17a

CO2Et

MeO

CO2Et

MeO

+

MeO

MeO

LiAlH4

Et2O, 24 ºC,
5h,

quantitative,
3:2

OH
MeO

MeO

OH
MeO

+

MeO

29a

29b

34a

34b



7A52,(9.QC.

!P[Q!

b;$0!#;$!%$2:)#*&0!\/'!)/%%*$2!&:#!&0!#;$!C/#);$'!&E!@M2-D!#;/#!\$%$!.:%*E*$2!

C-! E(/';! );%&O/#&L%/.;-! %/#;$%! #;/0! 2*'#*((/#*&0T! )&O.($#$! 2$)&O.&'*#*&0!\/'!

&C'$%+$2F!4#!*'!.&''*C($!#;/#!/!%$(/#*+$(-!'#/C($!)-)(&;$.#/#%*$0$6%;&2*:O!'.$)*$'!

*'! 0&#! %$O&+$2! C-! )&(:O0! );%&O/#&L%/.;-T! \;*);! (/#$%! E&%O'! /! %;&2*:O6

;-2%*2$!#;/#! *'!%$'.&0'*C($!E&%!#;$!2$)&O.&'*#*&0F!,-)(&;$.#/#%*$0$'!;/+$!C$$0!

%$.&%#$2! #&! /)#! /'! (*L/02'! E&%! %;&2*:OT! #&! E&%O! +$%-! '#/C($! )&O.($e$'F_cY!40!

/22*#*&0T! #;$! %;&2*:O6)/#/(-7$2! #%/0'E&%O/#*&0! &E! )-)(&;$.#/#%*$0$! #&!

0&%C&%0/2*$0$! ;/'! C$$0! .%&.&'$2T _cX !\;*);! )&:(2! &EE$%! /0! /(#$%0/#*+$!

$e.(/0/#*&0!E&%!#;$!2$)&O.&'*#*&0F!

8$2:)#*&0!&E! #;$!@M2-D!O*e#:%$!\*#;!<49?@! ($2! #&! #;$!:0$e.$)#$2! *'&(/#*&0!&E!

/%-($#;/0&(!JC!3");$O$!RXc5F!>;$!/(2$;-2$!E&%O$2!2:%*0L!#;$!<49?@!%$2:)#*&0!

)/0!:02$%L&!&.$0*0L!&E!#;$!)-)(&.%&./0$!($/2*0L!#&!#;$!)&%%$'.&02*0L!$0&(/#$F!

>;*'! .%&)$''! *'! /''*'#$2! C-! #;$! $($)#%&062&0/#*0L! ':C'#*#:$0#'! &0! #;$! /%&O/#*)!

%*0LF!8$/%&O/#*7/#*&0!/02!#/:#&O$%*7/#*&0!&E!#;$!/(2$;-2$T!E&((&\$2!C-!/!'$)&02!

%$2:)#*&0!($/2'!#&!#;$!/()&;&(!3");$O$!RXc5F!!

!

")=$O$,BNGH!f&%O/#*&0!&E!/%-($#;/0&(!JC!2:%*0L!#;$!<49?@!%$2:)#*&0!&E!@M2-DF!

>;$!G*#':0&C:!%$/)#*&0!\/'!.$%E&%O$2!&0!#;$!O*e#:%$!&E!/()&;&('!@M2!/02!@MD!

\*#;! #;*&(! BC2F! 40#$%$'#*0L(-T! @M2! 2$)&O.&'$2! :02$%! #;$! %$/)#*&0! )&02*#*&0'T!

\;*($! #;$! .%&2:)#! &E! @MD! \/'! *'&(/#$2! *0! O&2$%/#$! -*$(2! 3");$O$! RXY5F!

=e*2/#*&0!&E!JK!/EE&%2$2!j:(*/6k&)*$0'd*!%$/L$0#!JM! *0! (&\!-*$(2!3");$O$!RXX5F!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_cY!! /5! 9%&\0T! jF! GFu! ,&($'T! <F! 1F! \A! X$:#-01'%A! L<'1A! BMCJT! aZT! ,_R6,_cF! C5!

G/:%$%T! BFu! 8*$d$%T! "Fu! ");&((C/);T! GFu! ");\$0dT! ?Fu! BL&(ET! >Fu! +&0!
D;*(*.'C&%0T!bF!&'(>A!L<+1A!J@%#!BMK@T!agT!PX6cYF!)5!b/2$.&;(T!AFu!1/(OT!bFu!
b&(ET!?F!\A!X$:#-01'%A!L<'1A!BMMJT!_gQT!R[_6R[YF!

_cX!! 9&0/#*T!fFu!b*(d*0'&0T!1F!\A!L<'1A!C0@A!BMNGT!_RYX6_RXQF!
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R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! P[R!

>;$!%$2:)$2!-*$(2! *0! #;$'$! #\&!#%/0'E&%O/#*&0'! *'!2:$! #&! #;$!2$)&O.&'*#*&0!&E!

/()&;&(! @MD! /02! #;*&$#;$%! JK! :02$%! #;$! %$/)#*&0! )&02*#*&0'T! \;*);! C$)/O$!

/../%$0#!E%&O!#;$!*'&(/#*&0!&E!_Tc62*O$#;&e-'#-%$0$!3G@u!");$O$!RXS5F!

!

")=$O$,BNLH!>%$/#O$0#!&E!/()&;&('!@M2!/02!@MD!:02$%!G*#':0&C:!)&02*#*&0'!
$e)(:'*+$(-!($2!#&!#;$!E&%O/#*&0!&E!JKF!

!

")=$O$,BNNH!=e*2/#*&0!&E!#;*&$#;$%!JK!#&!E&%O!#;$!j:(*/6k&)*$0'd*!%$/L$0#!JMF!

!

")=$O$,BNCH!D%&.&'$2!2$)&O.&'*#*&0!./#;\/-!&E!.&(-O$#;&e-!)-)(&;$.#/#%*$0$!
2$%*+/#*+$'!#&!E&%O!G@F!

j:(*/6k&)*$0'd*! %$/L$0#! JM! \/'! :'$2! #&! '-0#;$'*7$! 0$\! )-)(&;$.#/#%*$0$!

2$%*+/#*+$! GGF! w'*0L! #;$! )&02*#*&0'! &.#*O*7$2! *0! @<#8%'$! QT! #;$! 2$'*%$2! PT_6

2*O$#;&e-6S6'#-%$0-(6RT_TY6)-)(&;$.#/#%*$0$! 3GG5! \/'! &C#/*0$2! *0! O&2$%/#$!

-*$(2!3");$O$!RXZ5F!
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7A52,(9.QC.

!P[P!

!

")=$O$,BNKH!"-0#;$'*'!&E!0$\!/(d$0-(!)-)(&;$.#/#%*$0$!%$/L$0#!GG!:'*0L!j:(*/6
k&)*$0'd*!%$/L$0#!GBF!

>;$!0$\!)-)(&;$.#/#%*$0$!2$%*+/#*+$!GG!\/'! ':CO*##$2! #&! L&(2345! )/#/(-'#!R! *0!

#;$!.%$'$0)$!&E!c6+*0-(C*.;$0-(!:'*0L!2$:#$%/#$2!2*);(&%&O$#;/0$!/'!/!'&(+$0#T!

'&! #;$! %$/)#*&0! )&:(2! C$! E&((&\$2! C-! RA! pG8! '.$)#%&')&.-! /#! 2*EE$%$0#!

#$O.$%/#:%$'! 3");$O$! RX[5F! D%&2:)#! E&%O/#*&0! \/'! &C'$%+$2! /#! %&&O!

#$O.$%/#:%$!3PX!t,5!/02!0&!E:%#;$%!);/0L$'!\$%$!&C'$%+$2!/E#$%!Rc!;F!>;$!-*$(2!

&E!#;$!@+,6*'&O$%!&E!GN!\/'!$'#*O/#$2!#&!C$!YQz!\*#;!/!)&0+$%'*&0!&E!/('&!YQz!

C-!RA!pG8!'.$)#%&')&.-!&E!#;$!)%:2$!%$/)#*&0!O*e#:%$F!>;$!%$#-,6*'&O$%!\/'!0&#!

&C'$%+$2!*0!#;$!)%:2$!%$/)#*&0!O*e#:%$!&%!*0!#;$!.:%*E*$2!.%&2:)#F!!

!

")=$O$,BNMH!f*%'#!$e/O.($!&E!#;$!L&(23456)/#/(-7$2!%$#%&69:);0$%!%$/)#*&0!.$%E&%O$2!
/#!%&&O!#$O.$%/#:%$F!

>;$! -*$(2! &C#/*0$2! \*#;! #;$! 0$\! )-)(&;$.#/#%*$0$! 2$%*+/#*+$! \/'! (&\$%! #;/0!

\;/#! \/'! %$.&%#$2! *0! @<#8%'$! Q! E&%! #;$! '/O$! .%&2:)#! 3Z_zT! 2F%F! åPQ^R5F! >;$!

2*/'#$%$&'$($)#*+*#-! *'!$i:/(!&%!C$##$%!/'!0&! #%/)$'!&E! #;$!%$#-,6*'&O$%!)&:(2!C$!

*2$0#*E*$2F! >;$! (&\$%! )&0+$%'*&0! *'! (*d$(-! 2:$! #&! .$%E&%O*0L! #;$! %$/)#*&0!\*#;!

&0$!$i:*+/($0#!&E!GL!*0!/!2*EE$%$0#!'&(+$0#T!%/#;$%!#;/0!#;$!&.#*O*7$2!)&02*#*&0'!

2$')%*C$2!*0!@<#8%'$!QF!

>;$!0$\!j:(*/6k&)*$0'd*!%$/L$0#!/02!#;$!0$\!)-)(&;$.#/#%*$0$!2$%*+/#*+$!'$%+$2!

/'!/!L&&2!.%&&E!&E!.%*0)*.($F!b*#;!#;$'$!%$':(#'T!#;$!E$/'*C*(*#-!&E!.$%E&%O*0L!#;$!

L&(23456)/#/(-7$2! %$#%&69:);0$%! %$/)#*&0! /#! %&&O! #$O.$%/#:%$! ;/'! C$$0!

2$O&0'#%/#$2F! A&\$+$%T! #;$! '-0#;$'*'! &E! #;$! 0$\! j:(*/6k&)*$0'd*! %$/L$0#'!

':EE$%'! E%&O! /! (&\! &+$%/((! $EE*)*$0)-T! 2:$! #&! #;$! .&&%! '$($)#*+*#-! &E! 9:);0$%!
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R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! P[_!

%$/)#*&0! ($/2*0L! #&! O*e#:%$'! &E! %$L*&*'&O$%'T! /02! #;$! *0$EE*)*$0#! G*#':0&C:!

%$/)#*&0F!>;:'T!/!O&%$!$EE*)*$0#!/..%&/);!*'!'#*((!2$'*%$2F!

40! /%&O/#*)! %*0L'T! #;$! *0E(:$0)$! &E!O$#;&e-! ':C'#*#:$0#'! *0! #;$!0$%<0T!1'%#T! &%!

8#$#! .&'*#*&0'!&0! #;$! %$/)#*+*#-! *'!\$((! $'#/C(*';$2F_cS!40! )-)(&;$.#/#%*$0$'T! #;$!

$EE$)#!&E! #;$!':C'#*#:$0#'!/02!#;$*%!.&'*#*&0!*'!0&#!'&!\$((!2$E*0$2F!A&\$+$%T!/0!

*0#$%$'#*0L! )&0'$i:$0)$! &E! #;$! 0:OC$%! &E! O$#;&e-! ':C'#*#:$0#'! /02! #;$*%!

.&'*#*&0! &0! #;$! )-)(&;$.#/#%*$0$!O&*$#-!\/'! &C'$%+$2F! >;$!O&%$! $($)#%&06%*);!

#;$! )-)(&;$.#/#%*$0$! *'T! #;$! ;*L;$%! #;$! '#/C*(*7/#*&0! &E! #;$! #%/0'*#*&0! '#/#$'!

($/2*0L!#&!#;$!L&(2345!)/%C$0$!\*((!C$T!#;$!(&\$%!#;$!#$O.$%/#:%$!0$$2'!#&!C$!E&%!

#;$! %$#%&69:);0$%! %$/)#*&0! #&! #/d$! .(/)$F! A&\$+$%T! #;$! O/]&%! 2$)&O.&'*#*&0!

./#;\/-! 2:%*0L! #;$! /()&;&(! 2$%*+/#*7/#*&0! *'! #;$! E&%O/#*&0! &E! 3.&(-5O$#;&e-!

'#-%$0$! C-! $(*O*0/#*&0! &E! /! ($/+*0L! L%&:.! 3");$O$! RXS5F! >;$! 2$)&O.&'*#*&0!

./#;\/-!/('&!C$0$E*#'!E%&O!#;$!*0)%$/'$2!$($)#%&0!2$0'*#-F!>;$%$E&%$T!;/+*0L!#&&!

E$\! $($)#%&062&0/#*0L! ':C'#*#:$0#'!\*((! 0$L/#*+$(-! *0E(:$0)$! #;$! %$#%&69:);0$%!

%$/)#*&0T!\;*($!;/+*0L!#&&!O/0-!\*((!#*.!#;$!')/($'!*0!#;$!&#;$%!2*%$)#*&0!/02!#;$!

':C'#%/#$! C$)&O$'! :0'#/C($F! A/+*0L! O$#;&e-! L%&:.'! *0! #;$! P! /02! _! .&'*#*&0!

'#%:)d! #;$! C/(/0)$! %*L;#u! ($/+*0L! $0&:L;! '#/C*(*7/#*&0! E&%! #;$! %$#%&69:);0$%!

%$/)#*&0! #&! #/d$! .(/)$! /#! %&&O! #$O.$%/#:%$T! \;*($! C$*0L! '#/C($! $0&:L;! #&!

:02$%L&!':C'#*#:#*&0!%$/)#*&0'T!$+$0!#;&:L;!'#*((!/!'*L0*E*)/0#!/O&:0#!&E!O/#$%*/(!

2$)&O.&'$2!2:%*0L!#;$!E&%O/#*&0!&E!j:(*/6k&)*$0'd*!%$/L$0#!JMF!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_cS!! A/0');T!,Fu!@$&T!?Fu!>/E#T!8F!bF!L<'1A!f'>A!BMMBT!i[T!RXY6R[YF!



7A52,(9.QC.

!P[c!

EN<)*$%#%)%0V!(&+WX0%ZW+N9\H\:N,W,+&Z0(%-%S#0.0!V0S#U-%#U0$Y!

>;$!O$#;-(! L%&:.!)/0!C$! )&0'*2$%$2!/!O*(2(-!$($)#%&062&0/#*0L!L%&:.T!2$'.*#$!

&0(-! )&0#%*C:#*0L! C-! *02:)#*&0! #;%&:L;! #;$! |6'-'#$O! /02! ;-.$%)&0]:L/#*&0T! *#!

)/0!/2$i:/#$(-!'#/C*(*7$!)/%C&)/#*&0'F_cS!!G$#;&e-!L%&:.'T!&0!#;$!&#;$%!;/02T!/%$!

*02:)#*+$(-! \*#;2%/\*0L! C:#! /%$! '#%&0L(-! 2&0/#*0L! #;%&:L;! #;$! {6'-'#$OF! 40!

/22*#*&0T! #;$! O$#;-(! L%&:.! *'! );$O*)/((-! O:);! O&%$! *0$%#! #;/0! /! O$#;&e-!

':C'#*#:$0#T!$'.$)*/((-!/'!#;$!O$#;&e-!L%&:.'!*0!#;$!)-)(&;$.#/#%*$0$!2$%*+/#*+$'!

)/0!C$!)&0'*2$%$2!O$#;-(!$0&(!$#;$%'F!!

40! &%2$%! #&! &+$%)&O$! #;$! (&\! $EE*)*$0)-! 2:%*0L! #;$! '-0#;$'*'! &E! S6':C'#*#:#$2!

.&(-O$#;&e-6RT_TY6)-)(&;$.#/#%*$0$'! &%*L*0/#*0L! E%&O! .&&%! '$($)#*+*#-! &%!

2$)&O.&'*#*&0! &E! *0#$%O$2*/#$'T! #;$! :'$! &E! S6':C'#*#:#$2! .&(-O$#;-(6RT_TY6

)-)(&;$.#/#%*$0$'!B@!\/'!*0+$'#*L/#$2!3");$O$!RSQ5F!

!

")=$O$,BCAH!"-0#;$#*)!.(/0!E&%!#;$!E&%O/#*&0!&E!.&(-O$#;-(!)-)(&;$.#/#%*$0$!
2$%*+/#*+$'F!

>;$! *0+$'#*L/#*&0! C$L/0! \*#;! ;$e/O$#;-(C$07$0$T! /'! #;$! '*e! O$#;-(! L%&:.'!

)&OC*0$2! )/0! )&O.$0'/#$! /'! $($)#%&062&0/#*0L! O&*$#-T! \;*($! /+&*2*0L!

%$L*&'$($)#*+*#-!*'':$'!3");$O$!RSR5F!

!

")=$O$,BCBH!D%&.&'$2!'-0#;$#*)!.(/0!E&%!#;$!'-0#;$'*'!&E!j:(*/6k&)*$0'd*!%$/L$0#!@@!
E%&O!;$e/O$#;-(C$07$0$F!

?!':%+$-!&E!#;$!(*#$%/#:%$!%$+$/($2!#;/#!0&!'-0#;$#*)/((-!:'$E:(!O$#;&2'!$e*'#!E&%!

#;$! E&%O/#*&0!&E!RTPT_TcTYTX6;$e/O$#;-(T6RT_TY6)-)(&;$.#/#%*$0$!2$%*+/#*+$'F!>;$!
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R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! P[Y!

9:);0$%! %$/)#*&0! &E! ;$e/O$#;-(! C$07$0$! 3GK5! ;/'! C$$0! .$%E&%O$2! \*#;&:#!

)/#/(-'#!C-!;$/#*0L!;$e/O$#;-(C$07$0$!*0!#;$!.%$'$0)$!&E!(/%L$!i:/0#*#*$'!&E!#;$!

/..%&.%*/#$!2*/7&!)&O.&:02!*0!/!'$/($2!+$''$(F_cZ!9&#;!;$e/O$#;-(C$07$0$!/02!

;$e/O$#;-()-)(&;$.#/#%*$0$!;/+$!C$$0!%$.&%#$2!#&! E&%O!'#/C($!)&O.($e$'!\*#;!

#%/0'*#*&0!O$#/('T_c[!\;*);!\&:(2!$e.(/*0!#;$!(/)d!&E!)/#/(-#*)!O$#;&2'F!!

>;$!'*0L($!$e/O.($!&E!#%/0'*#*&06O$#/(!)/#/(-7$2!%*0L!$e./0'*&0!:'$'!/!'*(+$%3456!

.-%*2-(.-%%&(*2$!)/#/(-'#!3");$O$!RSP5F_YQ!A&\$+$%T!#;$!%$/)#*&0!\/'!.$%E&%O$2!

&0!/!'O/((!')/($!/02!\/'!/0/(-7$2!C-!1,6G"!&0(-F!

!

")=$O$,BC@H,"*(+$%3456)/#/(-7$2!9:);0$%!%*0L!$e./0'*&0!&E!;$e/O$#;-(C$07$0$F!
G*02*&(/T!PQR_FJLA,!!

b*#;! #;$! (/)d! &E! (*#$%/#:%$! .%$)$2$0#'T! /! .%$(*O*0/%-! )/#/(-'#! ')%$$0*0L! \/'!

.$%E&%O$2! :'*0L! '*(+$%3456.-%*2-(.-%%&(*2$! )&O.($e! l?LfBm_T! \;*);! \/'!

'-0#;$'*7$2!/'!%$.&%#$2T!%;&2*:O3445/)$#/#$!2*O$%T!\;*);!;/2!($2!#&!L&&2!%$':(#'!

E&%! O$#;&e-/%-('T! /02! #;$! O&%$! /)#*+$! %;&2*:O3445#%*E(:&%&/)$#/#$! 2*O$%T! E&%!

\;*);! L&&2! %$':(#'! ;/+$! C$$0! %$.&%#$2! *0! #;$! 9:);0$%! %$/)#*&0! &E!

.&(-':C'#*#:#$2!/%-('!3>/C($!R_5F_YR!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_cZ!! /5! >/d$:);*T! kF! *Fu! k:%&'/d*T! >Fu! a&d&O*);*T! aFu! k*O:%/T! aFu! k:C&#/T! aFu!

f:]*O&#&T!AFu!=d/O&#&T!kF! \A!L<'1A!C0@A2!;'$6+-!B$#-,A!Q!BMKBT! XSQ6XScF!C5!
k0&);$T! AF! L<'1A! "'$A! BMNNT! iiT! RQ[S6RRQYF! )5! >/OOT! GFu! <%$�$(T! 9Fu!
f%Ä;(*);T!8F!\A!X$:A!L<'1A!@AAAT!agT!XS[Y6XS[SF!25!>/d$:);*T!kF!*Fu!a&d&O*);*T!
aFu!k:%&'/d*T!>Fu!k*O:%/T!aFu!=d/O&#&T!kF!B'%$#<'.$0-!BMCMT!dgT![c[6[YXF!

_c[!! /5! D/O./(&0*T! 1F! L00$.A! L<'1A! f'>A! @ABAT! Qg_T! cQP6cR[F! C5! >/OOT! GFu!
<%$�$(T!9Fu!f%Ä;(*);T!8F!\A!X$:A!L<'1A!@AAAT!agT!XS[Y6XS[SF!

_YQ!! k&O*0$T! pFu! f(&%$'T! jF! ?Fu! D/(T! kFu! ,/:(#&0T! kF! 1Fu! G*02*&(/T! <F! jF!
X$:#-01'%#((+@,!@ABJT!dQT!_RZY6_R[RF!

_YR!! ?0)*/:eT!?F!jFu!<$O&0)$/:T!?Fu!p&$('T!?F!fFu!A:C$%#T!?F!jFu!b/%*0T!8Fu!>$-''*$T!DF!
\A!X$:A!L<'1A!BMKBT!_aT!ZS_6ZSXF!
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7A52,(9.QC.

!P[X!

a2D($,BJH!=.#*O*7/#*&0!E&%!#;$!9:);0$%!%$/)#*&0!&E!;$e/O$#;-(C$07$0$F!

!
, j>k,5b7, UVR,5$`<*+7, a*O$E,244*#*&/,5#&#2(7, Y*$(4,

R! l?LfBm_!3Yz5! P! Q!3Z;5! RQz!

P! 8;P3=?)5c!3Yz5! P! c;!3Z;5!! 6!

_! 8;P3>f?5c!3Yz5! P! c;!3Z;5! Rcz!

c! 8;P3>f?5c!3Yz5! c! _;!3S;5! PRz!

Y! 8;P3>f?5c!3Rz5! P! c;!3Z;5! RSz!

X! 8;P3>f?5c!3Rz5! QFY! c;!3Z;5! PSz!

A$e/O$#;-(C$07$0$!3R!OO&(5!/02!)/#/(-'#! *0!,AP,(P!3PY!O@5F!B#;-(!2*/7&/)$#/#$!3BG5! *'!/22$2!
&+$%!L*+$0!#*O$!#&!#;$!O*e#:%$T!\;*);!*'!($E#!E&%!#;$!#&#/(!#*O$F!4'&(/#$2!-*$(2'F!

f&((&\*0L!#;$!%$.&%#$2!.%&)$2:%$T!&0(-!/!'O/((!/O&:0#!&E!GM!\/'!&C#/*0$2!:'*0L!

l?LfBm_!3>/C($!R_T!$0#%-!R5T!\;*($!#;$!%;&2*:O3445/)$#/#$!2*O$%!.%&+$2!*0/)#*+$!

E&%! #;*'! #%/0'E&%O/#*&0! 3>/C($! R_T! $0#%-! P5F! 40*#*/((-T! .&&%! %$':(#'! \$%$! /('&!

&C#/*0$2!E&%!#;$!%;&2*:O3445#%*E(:&%&/)$#/#$!2*O$%!3>/C($!R_T!$0#%-!_5T!C:#!)&:(2!

C$! *O.%&+$2!C-! *0)%$/'*0L! #;$!/O&:0#!&E!2*/7&!)&O.&:02!BG! 3>/C($!R_T!$0#%-!

c5F!>;$!#%/0'E&%O/#*&0!\/'!$i:/((-!$EE$)#*+$!\*#;!/!(&\$%!)/#/(-'#!(&/2*0L!3>/C($!

R_T!$0#%-!Y5F!>;$!-*$(2!)&:(2!E:%#;$%!C$!*O.%&+$2!C-!:'*0L!BG!/'!(*O*#*0L!%$/L$0#!

%/#;$%!#;/0!;$e/O$#;-(C$07$0$!3>/C($!R_T!$0#%-!X5F!<$'.*#$!#;$!O&2$%/#$!-*$(2T!

#;*'!*'!#;$!E*%'#!:'$!&E!%;&2*:O3445#%*E(:&%&/)$#/#$!2*O$%!*0!#;$!9:);0$%!%$/)#*&0!

&E!;$e/O$#;-(C$07$0$F!G&%$!*O.&%#/0#(-T!#;*'!*'!#;$!E*%'#!$e/O.($!&E!/!#%/0'*#*&06

O$#/(! )/#/(-7$2! 9:);0$%! %$/)#*&0! E&%! ;$e/O$#;-(! C$07$0$! /#! /! '-0#;$#*)/((-!

%$($+/0#!')/($F!

A/+*0L!$'#/C(*';$2!/!O$#;&2!#&!&C#/*0!O&2$'#!/O&:0#'!&E!$'#$%!GMT!#;$!'-0#;$'*'!

&E!#;$!$0+*'*&0$2!j:(*/6k&)*$0'd*!%$/L$0#!\/'!*0+$'#*L/#$2F!B'#$%!GM!\/'!%$2:)$2!

#&!#;$!/()&;&(!\*#;!<49?@!/#!6SZ!t,!*0!L&&2!-*$(2!3");$O$!RS_5F!p$+$%#;$($''T!#;$!

E&%O/#*&0! &E! #;*&$#;$%! LB! :'*0L! #;$! G*#':0&C:! %$/)#*&0! E/*($2! /'! /()&;&(! LA!

2$)&O.&'$2! *0'#$/2! 3");$O$! RSc5F! ?'! E&%! #;$! .%$+*&:'! /..%&/);T! *#! \/'!

/##$O.#$2! #&! )&0+$%#! #;$! /()&;&(! *0#&! /! L&&2! ($/+*0L! L%&:.! E&%! #;$! 2*%$)#!

0:)($&.;*(*)!':C'#*#:#*&0!&E!L@!C:#!#;*'!/('&!($2!#&!2$)&O.&'*#*&0!3");$O$!RSY5F!

[M]
CH2Cl2, r.t., CO2Et

+
CO2Et

N2

H

48 14 49



R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! P[S!

!

")=$O$,BCJH!8$2:)#*&0!&E!GM!\*#;!<49?@F!

!

")=$O$,BCGH!?##$O.#$2!E&%O/#*&0!&E!#;*&$#;$%!:02$%!G*#':0&C:!)&02*#*&0'F!

!

")=$O$,BCLH!?##$O.#!#&!#:%0!#;$!/()&;&(!*0#&!/!L&&2!($/+*0L!L%&:.F!

>;$!2$)&O.&'*#*&0!&C'$%+$2!E&%!#;$!;$e/O$#;-(!2$%*+/#*+$!*'!%$O*0*')$0#!&E!#;$!

2$L%/2/#*&0! &C'$%+$2! E&%! #;$! .&(-6O$#;&e-! )-)(&;$.#/#%*$0$! 2$%*+/#*+$'F!

>;$%$E&%$T! /! '*O*(/%! '#%/#$L-! \/'! E&((&\$2! *0! #;$! ;&.$! #&! E*02! /! '-'#$O! #;/#!

\&:(2!C$!($''!.%&0$!#&!2$)&O.&'*#*&0!2:%*0L!#;$!#;*&$#;$%!E&%O/#*&0F!A$0)$T!#;$!

9:);0$%!%$/)#*&0!&E!&#;$%!O$#;-(6':C'#*#:#$2!/%$0$'!\/'!.$%E&%O$2!3>/C($!Rc5F!

>;$! 9:);0$%! %$/)#*&0! &E! .$0#/O$#;-(C$07$0$! 3LJ5! /EE&%2$2! /! O*e#:%$! &E!

%$L*&*'&O$%'!*0!.&&%!-*$(2!3>/C($!RcT!%&\!R5F!9$##$%!-*$(2'T!/(C$*#!'#*((!(&\T!\$%$!

&C#/*0$2!E&%!#;$!#\&!.&''*C($!%$L*&*'&O$%'!E&%!RTPTcTY6#$#%/O$#;-(C$07$0$!3LL5!

>/C($! RcT! %&\! P5F! 1%/#*E-*0L(-T! #;$! '*0L($! .%&2:)#! E&%! RT_TY6#%*O$#;-(C$07$0$!

3O$'*#-($0$5!LK!\/'!&C#/*0$2!*0!L&&2!-*$(2!3>/C($!RcT!%&\!_5F! 40#$%$'#*0L(-T!0&!

2&:C($6C&02!*'&O$%*7/#*&0!.%&2:)#'!\$%$!&C'$%+$2F,

! ,

DIBAL
THF, -78 ºC

72%CO2Et OH

49 50

PPh3, DEAD,
N
NN

N
HS

Ph

THF, 24 ºC, 
3 h

OH S

N N
N

N
R

50 51

Et3N,
DMAP (10%)

Cl S R

O O

CH2Cl2, 
24 ºC,1 h

R = Me or 4-Me-C6H4

OH O S R

O O50 52



7A52,(9.QC.

!P[Z!

a2D($,BGH!")&.$!&E!#;$!9:);0$%!%$/)#*&0!E&%!O$#;-(6':C'#*#:#$2!/%$0$'F!

!
R%$/$, W%&4<)#,

! !

! !

! !
D&(-6O$#;-(C$07$0$!3R!OO&(5!/02!)/#/(-'#!*0!,AP,(P!3PY!O@5F!B#;-(!2*/7&/)$#/#$!*'!/22$2!&+$%!_!
;!/02!#;$!O*e#:%$!*'!($E#!E&%!/0!/22*#*&0/(!X!;F!>;$!-*$(2'!%$.&%#$2!/%$!&E!#;$!*'&(/#$2!)&O.&:02'F!

>;$! 9:);0$%! .%&2:)#! &E! O$'*#-($0$! \/'! &C#/*0$2! *0! L&&2! -*$(2! E&%! #;*'!

#%/0'E&%O/#*&0F! G&%$! *O.&%#/0#(-T! &0(-! /! '*0L($! *'&O$%! )/0! C$! E&%O$2F! >;$!

*0+$'#*L/#*&0'! \$%$! )&0#*0:$2! \*#;! #;$! %$2:)#*&0! &E! $#;-(! RT_TY6#%*O$#;-(6S6

)/%C&e-(/#$6RT_TY6)-)(&;$.#/#%*$0$!3LK5!:'*0L!@*?(Ac!#&!E&%O!/()&;&(!LM!*0!L&&2!

-*$(2!3");$O$!RSX5F!>;$!':C'$i:$0#!G*#':0&C:!%$/)#*&0!/EE&%2$2!#;*&$#;$%!NA!*0!

O&2$%/#$! -*$(2! /02!\/'! E&((&\$2! C-! #;$! &e*2/#*&0! #&! #;$! ':(E&0-(!NB! 3");$O$!

RSS5F!?(#;&:L;!#;$!G*#':0&C:!%$/)#*&0!/02!&e*2/#*&0!)/0!C$!.$%E&%O$2!/'!/!&0$6

.&#! #%/0'E&%O/#*&0T! *#! \/'! );&'$0! #&! *'&(/#$! #;*&$#;$%! NA! #&! )&0E*%O! #;$!

)&0+$%'*&0!E&%!C&#;!'#$.'!'$./%/#$(-F!

!

")=$O$,BCNH!8$2:)#*&0!&E!$'#$%!LK!\*#;!@*?(AcF!

Rh2(TFA)4 (5%)
CH2Cl2

addition over 3 h

Men
CO2Et

N2

H
Men

CO2Et
+

53

CO2Et CO2Et CO2Et

+ +

54a: 2%54a: 5% 54a: 2%

55

CO2Et CO2Et

+

56a: 11%56a: 21%

57
CO2Et

58: 59%

CO2Et

LiAlH4

Et2O, 
0 ºC,1 h

24 ºC, 14h,
88%

OH

58 59



R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! P[[!

!

")=$O$,BCCH!f&%O/#*&0!&E!j:(*/6k&)*$0'd*!%$/L$0#!NB!C-!#;$!G*#':0&C:!%$/)#*&0!/02!
&e*2/#*&0F!

>;$! 0$\! j:(*/6k&)*$0'd*! %$/L$0#! NB! \/'! :'$2! *0! #;$! /(d$0-(/#*&0! &E!

C$07/(2$;-2$! #&! L*+$! RT_TY6#%*O$#;-(6S6'#-%$0-(6RT_TY6)-)(&;$.#/#%*$0$! N@! *0!

L&&2!-*$(2!:'*0L!#;$!)&02*#*&0'!$'#/C(*';$2!*0!@<#8%'$!Q!3");$O$!RSZ5F!!

b*#;! #;$! 0$\! O$'*#-(! 2$%*+$2! )-)(&;$.#/#%*$0$! 2$%*+/#*+$! N@T! #;$! L&(23456

)/#/(-7$2!%$#%&69:);0$%!%$/)#*&0!/02!)-)(&.%&./0/#*&0!&E!_6O$#;-('#-%$0$!\/'!

.$%E&%O$2! *0! $#;-(! /)$#/#$! /#! Pc! t,! 3");$O$! RS[5F! ,-)(&.%&./0$! NJ! \/'!

&C#/*0$2! *0! L&&2! -*$(2! 3XZz5T! /(C$*#! '(*L;#(-! (&\$%! #;/0!\;/#!\/'! %$.&%#$2! *0!

@<#8%'$! Q! 3SYzT! 2F%F! åPQ^R5F! >;$! 2*/'#$%$&'$($)#*+*#-! \/'! $i:/(! &%! C$##$%!

)&O./%$2! #&! \;/#! \/'! %$.&%#$2! *0! @<#8%'$! Q! /'! 0&! #%/)$! &E! #;$! %$#-,6*'&O$%!

)&:(2!C$!&C'$%+$2F!

!

")=$O$,BCKH!f&%O/#*&0!&E!0$\!)-)(&;$.#/#%*$0$!2$%*+/#*+$!N@!:'*0L!j:(*/6k&)*$0'd*!
%$/L$0#!NBF!

!

")=$O$,BCMH!>;$!L&(23456)/#/(-7$2!%$#%&69:);0$%!%$/)#*&0!/02!)-)(&.%&./0/#*&0!/#!
%&&O!#$O.$%/#:%$!:'*0L!0$\!)-)(&;$.#/#%*$0$!2$%*+/#*+$!N@F, ,

PPh3, DEAD,
N
NN

N
HS

Ph

THF, 24 ºC, 
3 h,
31%

S

N N
N

N
Ph

OH

H2O2 (30%),
(NH4)6Mo7O24

EtOH, 0 ºC,
14 h,
49%

S

N N
N

N
PhO O

59 60 61

LiHMDS,

THF, -78 ºC,
70%

O

H
Ph

S

N N
N

N
PhO O

46 62

61

Ph
A (5%)

EtOAc, 24 ºC,
24 h, 
68%

Ph

H H

62 63



7A52,(9.QC.

!_QQ!

4)%+&&f!

>;$! E$/'*C*(*#-! &E! .$%E&%O*0L! #;$! L&(23456)/#/(-7$2! %$#%&69:);0$%! %$/)#*&0! /#!

%&&O! #$O.$%/#:%$! ;/'! C$$0! 2$O&0'#%/#$2! \*#;! #\&! 0$\! )-)(&;$.#/#%*$0$!

2$%*+/#*+$'T!GG!/02!N@!3");$O$!RZQ5F!!

!

")=$O$,BKAH!f&%O/#*&0!&E!L&(2345!)/%C$0$'!+*/!#;$!%$#%&69:);0$%!%$/)#*&0!&E!
)-)(&;$.#/#%*$0$!%$/L$0#'!GG!/02!N@!!

>;$! '$i:$0)$! :'*0L! #%*O$#;-()-(&;$.#/#%*$0$! 2$%*+/#*+$'! N@! *'! #;$! .%$E$%%$2!

O$#;&2! E&%! E:%#;$%! 2$+$(&.O$0#T! /'! #;$%$! /%$! 0&! *'':$'! \*#;! %$L*&'$($)#*+*#-!

2:%*0L! #;$! '-0#;$'*'T! /02! #;$!&+$%/((! .$%E&%O/0)$!&E! #;$! '-0#;$#*)! /..%&/);! *'!

;*L;$%T!/'!#;$!O$#;-(!L%&:.'!/%$!O&%$!*0$%#!3");$O$!RZR5F!

!

")=$O$,BKBH!k$-!*0#$%O$2*/#$'!E&%!#;$!'-0#;$'*'!&E!S6':C'#*#:#$26RT_TY6
#%*O$#;-()-)(&;$.#/#%*$0$!%$/L$0#'F!!

?(#;&:L;! #;$! );$O*'#%-! 2$')%*C$2! *0! #;*'! );/.#$%! '$%+$'! /'! /! L&&2! .%&&E! &E!

.%*0)*.($T! %$/)#*&0!&.#*O*7/#*&0!&E! #;$! *02*+*2:/(! '#$.'! E&%! #;$! E&%O/#*&0!&E! #;$!

j:(*/6k&)*$0'd*! %$/L$0#! NB! /%$! %$i:*%$2F! b;*($! #;$! -*$(2! E&%! #;$! 9:);0$%! %*0L!

$e./0'*&0!*'!0&#!2*'/..&*0#*0LT!*#!:'$'!/!;*L;!)/#/(-'#!(&/2*0L!/02!&#;$%!%$/)#*&0!

./%/O$#$%'!;/+$!0&#!C$$0!&.#*O*7$2T!-$#F!,

b*#;! /! (&\$%! /)#*+/#*&0! C/%%*$%! E&%! #;$! %$#%&69:);0$%! %$/)#*&0T! #;$! )/%C$0$!

E&%O/#*&0!O*L;#! 0&! (&0L$%! C$! (*O*#$2! #&! #;$! :'$! &E! j&;0D;&'6L&(2! )&O.($e!RF!

>;$%$E&%$T! /! O&%$! $EE*)*$0#! /02! .&''*C(-! O&%$! '$($)#*+$! )/#/(-'#! )/0! C$! E&:02!

#;%&:L;! )/%$E:(! ')%$$0*0L! &E! 2*EE$%$0#! L&(2345! )/#/(-'#'F! B(/C&%/#$! ')%$$0*0L! &E!

OMe

OMePh Ph
or

A (5 mol%)
25 ºC

LAu Ph

44 62 IB

R
S

N N
N

N
ROO

57 61 62



R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! _QR!

);*%/(! (*L/02'! O*L;#! $+$0#:/((-! $+$0! ($/2! #&! /0! $EE*)*$0#! 2*/'#$%$&6! /02!

$0/0#*&'$($)#*+$!#%/0'E&%O/#*&0F_YP!

!

")=$O$,BK@H!?'-OO$#%*)!/(d$0$!)-)(&.%&./0/#*&0!C-!L&(2345!)/%C$0$'!#;%&:L;!#;$!
%$#%&69:);0$%!%$/)#*&0F!

40! )&0)(:'*&0T! #;$! L$0$%/(*7/#*&0! &E! #;$! %$#%&69:);0$%! %$/)#*&0! /#! %&&O!

#$O.$%/#:%$! E&%! #;$! E&%O/#*&0! &E! L&(2345! )/%C$0$'! \*((! .(/)$! *#! /#! ./%! \*#;!

g)&0+$0#*&0/(h!2*/7&!)&O.&:02!);$O*'#%-F!Be./0'*&0!&E!#;*'!);$O*'#%-!#&!&#;$%!

#%/0'*#*&0!O$#/('!\&:(2!E:((-!:0(&)d!#;$!.&#$0#*/(!&E!#;*'!O$#;&2&(&L-F!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_YP!! j&;/0''&0T!GF!jFu!1&%*0T!<F!jFu!"#/C$0T!"F!>Fu!>&'#$T!fF!<F!\A!J1A!L<'1A!C0@A!@AALT!

[QcT!RZQQP6RZQQ_F!

R

L*AuCl, AgX or
L*(AuCl)2, AgX

R+ R

R

H H

62/64 5 65/66



7A52,(9.QC.

!_QP!

1&.,+)$#&.!

>;$! E$/'*C*(*#-! &E! .$%E&%O*0L! #;$! L&(23456)/#/(-7$2! %$#%&69:);0$%! %$/)#*&0! /#!

%&&O! #$O.$%/#:%$! ;/'! C$$0! 2$O&0'#%/#$2! E&%! #\&! 0$\! )-)(&;$.#/#%*$0$!

2$%*+/#*+$'F! >;$! -*$(2! &C#/*0$2! *0! #;$! L&(23456)/#/(-7$2! )-)(&.%&./0/#*&0!

%$/)#*&0!\/'!)&O./%/C($!#&!\;/#!\/'!.%$+*&:'(-!%$.&%#$2!*0!@<#8%'$!QT!\;*($!#;$!

2*/'#$%$&'$($)#*+*#-!\/'!$i:/(!&%!C$##$%F!!

!

>;$!:'$!PT_62*O$#;&e-6S6'#-%$0-(6RT_TY6)-)(&;$.#/#%*$0$!2$%*+/#*+$'!$0/C($'!#;$!

E&%O/#*&0! &E! L&(2345! )/%C$0$'! +*/! #;$! %$#%&69:);0$%! %$/)#*&0! /#! %&&O!

#$O.$%/#:%$F! A&\$+$%T! #;$! '-0#;$'*'! &E! #;$! '#/%#*0L! O/#$%*/(! ;/'! '$+$%/(!

2%/\C/)d'T! \;*($! #;$! L&(2345! )/#/(-7$2! )-)(&.%&./0/#*&0! 2*2! 0&#! %$/);! E:((!

)&0+$%'*&0F! ?(#$%0/#*+$(-T! S6':C'#*#:#$2! RT_TY6#%*O$#;-(6RT_TY6)-)(&;$.#/#%*$0$!

2$%*+/#*+$'! '$$O! #&! C$! O&%$! .%&O*'*0L! ':C'#%/#$'! /'! #;$! O$#;-(! L%&:.'! /%$!

);$O*)/((-! O&%$! *0$%#T! \;*);! ($/2'! #&! /! O&%$! %&C:'#! '-0#;$'*'! &E! #;$! j:(*/6

k&)*$0'd*!%$/L$0#'F!

!

<:%*0L! #;$! )&:%'$! &E! #;$! *0+$'#*L/#*&0T! #;$! E*%'#! #%/0'*#*&06O$#/(! )/#/(-7$2!

9:);0$%! %*0L! $e./0'*&0! &E! ;$e/O$#;-(C$07$0$! &0! /! '-0#;$#*)/((-! :'$E:(! ')/($!

\/'!2$+$(&.$2F!

!

!

! !

Ph

A (5 mol%)
EtOAc, 24 ºC,

24 h, 
68%

d.r. >20:1
Ph

H H
+

R1
S

N N
N

N
ROO

O

R1 R2 R2



R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! _Q_!

7a(0S#X0.%-+!$0,%#&.!

50.0S-+!#.'&SX-%#&.!

?((! %$/)#*&0'!\$%$! )/%%*$2! &:#! :02$%! /%L&0! *0! /0;-2%&:'! '&(+$0#'! &C#/*0$2! C-!

./''*0L! #;$O! #;%&:L;! /0! /)#*+/#$2! /(:O*0/! )&(:O0! &0! /! D:%$"&(+>G! '&(+$0#!

.:%*E*)/#*&0!'-'#$O!3400&+/#*+$!>$);0&(&L*$'T!40)FT!G?5T!:0($''!0&#$2!&#;$%\*'$F!

?((!L&(26)/#/(-7$2!%$/)#*&0'!\$%$!.$%E&%O$2! *0!AD@,6L%/2$!'&(+$0#'T!\*#;&:#!/!

.%&#$)#*+$! /#O&'.;$%$F! >;*0! (/-$%! );%&O/#&L%/.;-!\/'! )/%%*$2! &:#! :'*0L! >@,!

/(:O*0:O! ';$$#'! )&/#$2! \*#;! QFP! OO! &E! '*(*)/! L$(! 3G$%)d! 1EP_c5F!

,;%&O/#&L%/.;*)!.:%*E*)/#*&0'!\$%$!)/%%*$2!&:#!:'*0L!E(/';!L%/2$!'*(*)/!L$(!3"<"!

,;%&O/#&L$(!XQ!?,,T!cQ6XQ!âO5F!pG8!'.$)#%/!\$%$!%$)&%2$2!/#!P_!t,!&0!9%:d$%!

?+/0)$!_QQT!cQQ!/02!YQQ!w(#%/';*$(2!/../%/#:'F!,;$O*)/(!';*E#'!/%$!%$.&%#$2!*0!

./%#'!.$%!O*((*&0!/02!%$E$%$0)$2! #&!%$'*2:/(!'&(+$0#F!,&:.(*0L!)&0'#/0#'! 3\5!/%$!

%$.&%#$2!*0!;$%#7!3A75F!!

>;$! E&((&\*0L! L&(2! )&O.($e$'! \$%$! '-0#;$'*7$2! /))&%2*0L! #&! (*#$%/#:%$!

.%&)$2:%$'F_Y_!

!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_Y_!! p*$#&6=C$%;:C$%T! ,Fu! @M.$7T! "Fu! G:Å&7T! GF! DFu! ,Ç%2$0/'T! <F! jFu! 9:Å:$(T! BFu!

p$+/2&T!,Fu!B);/+/%%$0T!?F!GF!J-:'4A!L<'1A!3-%A!O.A!@AALT!__T!XRcX6XRcZF!

P Au
R1

R1
NCMe

SbF6

A: R1 = tBu, R2 = H                                  
B: R1 = tBu, R2 = iPr                                
C: R1 = cyclohexyl, R2 = H

R2

R2
R2

D: Ar = mesityl, X = SbF6                        
E: Ar = 2,6-diisopropylbenzene,

X = BArF4

Au

NN ArAr

NCMe

X



7A52,(9.QC.

!_Qc!

7%ZW+!G\[\JN%S#X0%Z&aW,W,+&Z0(%-NG\[\JN%S#0.0N9N,-S*&aW+-%0!LG9M!

?!'&(:#*&0!&E!RT_TY6#%*O$#;&e-C$07$0$!3cFQ!LT!PcFQ!OO&(T!R!$i:*+5!/02!8;P3=?)5c!

3R_!OLT!QFQ_!OO&(T!QFPY!O&(z5! *0!,AP,(P!/#! %&&O! #$O.$%/#:%$! *'!2$L/''$2!C-!

C:CC(*0L!/%L&0!#;%&:L;!E&%!_Q!O*0:#$'!/02!$#;-(!2*/7&/)$#/#$!3_FZ!O@T!ZSz!*0!

,AP,(PT!PZFZ!OO&(T!RFP!$i:*+5!*'!/22$2!&+$%!c!;F!>;$!%$/)#*&0!*'!($E#!#&!'#*%!E&%!/0!

/22*#*&0/(!RQ!;!C$E&%$!*#! *'!$+/.&%/#$2!#&!2%-0$''F!f(/';!);%&O/#&L%/.;-!3"*=PT!

RQ6YQz!B#P=!*0!.$0#/0$5!-*$(2$2!_FX!L!3Y[z5!&E!/!)&(&%($''!&*(F!

B\, d>:! 3cQQ!GA7T!,;(&%&E&%O6.5!"! YFY_! 32T! \Ü!RFS!A7T! RA5T! YFRP! 32T! \Ü!RFS!A7T!

RA5T!cFPQ!3iT!\Ü!SFQ!A7T!PA5T!cFRc!322T!\Ü!R_FcT!SFR!A7T!RA5T!_FSX!3'T!_A5T!_FS_!3'T!

_A5T!_FX_!3'T!_A5T!_FcZ!3iT!\Ü!SFQ!A7T!RA5T!RF_Q!3#T!\Ü!SFR!A7T!PA5F 

JNLOWVS&aWX0%ZW+M,W,+&Z0(%-.0N9\H\:N%S#&.0!LGGM!

@*#;*:O!/(:O*0:O!;-2%*2$!3cSc!OLT!RPFY!OO&(T!RFP!$i:*+5!*'!/22$2!.&%#*&0!\*'$!

#&!/!'&(:#*&0!&E!@L!3PFXX!LT!RQFc!OO&(T!R!$i:*+5!*0!2*$#;-(!$#;$%!3RQQ!O@5!/#!Q!t,F!

?E#$%!'#*%%*0L! E&%!Y!;T! #;$!%$/)#*&0! *'!i:$0);$2!C-! #;$!)/%$E:(!/22*#*&0!&E!\/#$%!

/02!'#*%%*0L!*'!)&0#*0:$2!E&%!/0&#;$%!_Q!O*0:#$'F!>;$!O*e#:%$!*'!$e#%/)#$2!\*#;!

2*$#;-(! $#;$%F!f(/';! );%&O/#&L%/.;-! 3"*=PT!PQ6YQz!B#=?)! *0! )6;$e/0$5!-*$(2$2!

JB!*0'#$/2!&E!#;$!2$'*%$2!J@F!

B\,d>:! 3_QQ!GA7T!,;(&%&E&%O625!ä!cFPQ!322T!\Ü!ZFZT!cF[!A7T!RA5T!cFRP!3#T!\Ü!SFY!

A7T!RA5T!_FZP!32T!\Ü!PFQ!A7T!RA5T!_FXS!32T!\Ü!XFQ!A7T!RA5T!_FYZ!I!_FcY!3OT!PA5T!_FR[!I!

_FRP!3OT!RA5T!PF[[!32T!\Ü!RZFR!A7T!RA5T!PFSZ!32T!\Ü!RZFP!A7T!RA5T!PFcX!I!PF_Q!3OT!PA5F!

LG\[\JN/S#X0%Z&aW,W,+&Z0(%-NG\[\JN%S#0.N9NW+MX0%Z-.&+!LGHM!

>&!/!'&(:#*&0!&E!@L! 3cYY!ã@T!P!OO&(T!R!$i:*+5! *0!2%-!>Af!3RQ!O@5!/#! 6SZ! t,! *'!

/22$2!<49?@!3X!O@T!RGT!X!OO&(T!_!$i:*+5!2%&.!\*'$F!>;$!)&&(*0L!*'!%$O&+$2!/02!

'#*%%*0L!*'!)&0#*0:$2!E&%!/0&#;$%!RP!;!C$E&%$!8&);$(($!'/(#!/02!B#=?)!/%$!/22$2!

/02!'#*%%$2!E&%!/0&#;$%!_Q!O*0:#$'F!Be#%/)#*&0!E&((&\$2!C-!E(/';!);%&O/#&L%/.;-!

3"*=PT!PQ6YQz!B#=?)!*0!)6;$e/0$5!-*$(2$2!P[S!OL!3SQz5!&E!/!)&(&%($''!&*(F !

B\,d>:!3cQQ!GA7T!,;(&%&E&%O6.5!ä!YFc[!I!YFcc!32T!RA5T!YFQ[!32T!\Ü!RFP!A7T!RA5T!

cFPZ!32T!\Ü!cFX!A7T!PA5T!_FSR!3'T!\Ü!QFY!A7T!_A5T!_FXZ!322T!\Ü!SFYT!PFZ!A7T!RA5T!_FX_!3'T!

_A5T!_FXQ!3'T!_A5T!RFS_!3iT!\Ü!cF[!A7T!RA5F 



R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! _QY!

<%-.V-SV!,&.V#%#&.$!'&S!%Z0!?),Z.0S!S0-,%#&.!&'!X0%Z&aW-S0.0$!

?! '&(:#*&0! &E!O$#;&e-/%$0$! 3PcFQ!OO&(T! R! $i:*+5! /02!8;P3=?)5c! 3R_!OLT! QFQ_!

OO&(T!QFPY!O&(z5!*0!,AP,(P!/#!%&&O!#$O.$%/#:%$!*'!2$L/''$2!C-!C:CC(*0L!/%L&0!

#;%&:L;! E&%! _Q! O*0:#$'! /02! $#;-(! 2*/7&/)$#/#$! 3_FZ! O@T! ZSz! *0! ,AP,(PT! PZFZ!

OO&(T!RFP!$i:*+5!*'!/22$2!&+$%!c!;F!>;$!%$/)#*&0!*'!($E#!#&!'#*%!E&%!/0!/22*#*&0/(!RQ!

;!C$E&%$!*#!*'!$+/.&%/#$2!#&!2%-0$''F!!

7%ZW+!H\:NV#X0%Z&aW,W,+&Z0(%-N9\H\:N%S#0.0N9N,-S*&aW+-%0!LGE-Mg!

f%&O! RT_62*O$#;&e-C$07$0$! RFXR! L! 3_Qz5! &E! /! )&(&%($''! &*(! \/'! &C#/*0$2! C-!

E(/';!);%&O/#&L%/.;-!3"*=PT!RQ6YQz!B#P=!*0!)6;$e/0$5FF!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!SFQS!322T!\Ü!XFST!PF_!A7T!RA5T!XFcY!322T!\Ü!XF[T!

PF_!A7T!PA5T!cFRc!3iT!\Ü!SFR!A7T!PA5T!_FS[!32T!\Ü!_FQ!A7T!XA5T!_FYc!3'T!PA5T!RFPc!3#T!\Ü!

SFR!A7T!PA5F!

7%ZW+!G\[NV#X0%Z&aW,W,+&Z0(%-NG\[\JN%S#0.0N9N,-S*&aW+-%0!LGE*Mg!!

f%&O!RT_62*O$#;&e-C$07$0$! XZX!OL! 3R_z5! &E! /! )&(&%($''! &*(!\/'! &C#/*0$2! C-!

E(/';!);%&O/#&L%/.;-!3"*=PT!RQ6YQz!B#P=!*0!)6;$e/0$5F!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!XFPR!322T!\Ü![FcT!XFY!A7T!RA5T!YFXQ!322T!\Ü!XFYT!

RFX!A7T!RA5T!YFYQ!322T!\Ü![FcT!SFQ!A7T!RA5T!YF_P!32T!\Ü!RFX!A7T!RA5T!cFP_!–!cFRX!3OT!
PA5T!_FXc!3'T!_A5T!_FXP!3'T!_A5T!_F_Z!32T!\Ü!SFQ!A7T!RA5T!RFPc!3#T!\Ü!SFR!A7T!_A5F!

7%ZW+!H\[NV#X0%Z&aW*#,W,+&^[Y9YP`Z0(%-NG\[NV#0.0NEN,-S*&aW+-%0!LGF-Mg!

!f%&O!RTP62*O$#;&e-C$07$0$!&C#/*0$2!/'!/!O*e#:%$!\*#;!@MD! /02!@M)! #;%&:L;!

2*'#*((/#*&0! 3QFP! OC/%! P_Q6PcQ! t,5u! PSz! 3XSz! &+$%/((5! -*$(2! $'#*O/#$2! C-! RA!

pG8F!</#/!O/#);$2!#;/#!&E!#;$!(*#$%/#:%$F_Yc!!

7%ZW+!G\HNV#X0%Z&aW*#,W,+&^[Y9YP`Z0(%-NG\[NV#0.0NEN,-S*&aW+-%0!LGF*Mg!

!f%&O!RTP62*O$#;&e-C$07$0$!&C#/*0$2!/'!/!O*e#:%$!\*#;!@M2! /02!@M)! #;%&:L;!

2*'#*((/#*&0! 3QFP! OC/%! P_Q6PcQ! t,5u! PQz! -*$(2! $'#*O/#$2! C-! RA! pG8F! </#/!

O/#);$2!#;/#!&E!#;$!(*#$%/#:%$F_Yc!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
_Yc!! /5!G/#':O&#&T!GFu! ";*&0&T! >Fu!G:#&;T! AFu! ?O/0&T!GFu! ?%*O*#':T! "F! \A! L<'1A!

C0@A2!L<'1A!L0115-A!BMMLT!RQR6RQPF!C5!?0)*/:eT!?F!jFu!<$O&0)$/:T!?Fu!p&$('T!
?F!fFu!A:C$%#T!?F!jFu!b/%*0T!8Fu!>$-''*$T!DF!\A!X$:A!L<'1A!BMKBT!_aT!ZS_6ZSXF!



7A52,(9.QC.

!_QX!

7%ZW+!G\HNV#X0%Z&aW,W,+&Z0(%-NG\[\JN%S#0.0N9N,-S*&aW+-%0!LGF,Mg!!

f%&O!RTP62*O$#;&e-C$07$0$!&C#/*0$2!/'! /!O*e#:%$!\*#;!@M2! /02!@MD! #;%&:L;!

2*'#*((/#*&0! 3QFP! OC/%! P_Q6PcQ! t,5u! R[z! -*$(2! $'#*O/#$2! C-! RA! pG8F! ,/0! C$!

%$O&+$2! E%&O!#;$!O*e#:%$!C-!':C'$i:$0#! E(/';!);%&O/#&L%/.;-!3"*=PT!_Q6YQz!

B#P=!*0!)6;$e/0$5F!

7%ZW+! G\H\[N%S#X0%Z&aW,W,+&Z0(%-NG\[\JN%S#0.0N9N,-S*&aW+-%0! LH9-M\! 0%ZW+! H\[\:N

%S#X0%Z&aW,W,+&Z0(%-NG\[\JN%S#0.0N9N,-S*&aW+-%0! LH9*M\! -.V! 0%ZW+! G\H\EN

%S#X0%Z&aW,W,+&Z0(%-NG\[\JN%S#0.0N9N,-S*&aW+-%0!LH9,Mg!!

=C#/*0$2!/'!/!)&O.($e!O*e#:%$!&E!#;$!#;%$$!.%&2:)#'T!'#/%#*0L!O/#$%*/(T!/02!'&O$!

2$)&O.&'*#*&0!.%&2:)#F!

38->",3B"45E!8F>^!SF_[_!O*0F!G"^!)/():(/#$2^!PYcFRT!E&:02!PYcFRF!

38->",3B"45E!8F>^!SF_SY!O*0F!G"^!)/():(/#$2^!PYcFRT!E&:02!PYcFRF!

38->",3B"45E!8F>^!SFSPX!O*0F!G"^!)/():(/#$2^!PYcFRT!E&:02!PYcFR!

LG\[NB#X0%Z&aW,W,+&Z0(%-NG\[\JN%S#0.N9NW+MX0%Z-.&+!LHGM!

>&!/!'&(:#*&0!&E!JBD!3XSQ!OLT!_FQ!OO&(T!R!$i:*+5!*0!2*$#;-(!$#;$%!3RP!O@5!/#!Q!t,!

*'!/22$2!(*#;*:O!/(:O*0:O!;-2%*2$!3R_S!OLT!_FX!OLT!RFP!$i:*+5!.&%#*&0!\*'$F!>;$!

O*e#:%$!*'!($E#!#&!'#*%!E&%!/0!/22*#*&0/(!c!;!/#!Q!t,!C$E&%$!*#!*'!)/%$E:((-!i:$0);$2!

\*#;!\/#$%! /02! '#*%%$2! E&%! /0&#;$%! _Q!O*0:#$'F! >;$!O*e#:%$! *'! $e#%/)#$2!\*#;!

2*$#;-(! $#;$%! /02! 2%*$2F! f(/';! );%&O/#&L%/.;-! 3"*=PT! YQz! B#P=! *0! )6;$e/0$5!

-*$(2$2!_R_!OL!3YSz5!&E!/!)&(&%($''!&*(F!!

B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!XFR[!322T!\Ü![FYT!XFY!A7T!RA5T!YFXR!322T!\Ü!XFYT!

RFS!A7T!RA5T!YF_P!32T!\Ü!RFX!A7T!RA5T!YFRQ!322T!\Ü![FYT!XFY!A7T!RA5T!_F[_!I!_FSX!3OT!

PA5T!_FXS!3'T!_A5T!_FXX!3'T!_A5T!PFX[!I!PFYZ!3OT!RA5T!RF[X!3#T!\Ü!XFY!A7T!RA5F!

L[\:NB#X0%Z&aW,W,+&Z0(%-NG\[\JN%S#0.N9NW+MX0%Z-.&+!LH[-M!_!LH\[NV#X0%Z&aW,W,+&N

Z0(%-NG\[\JN%S#0.N9NW+MX0%Z-.&+!LH[*M!

>&! /! '&(:#*&0! &E! #;$!O*e#:%$! &E!@M2! /02!@MD! 3RFcY! LT! SFRY!OO&(T! R! $i:*+5! *0!

2*$#;-(!$#;$%! 3_Q!O@5!/#!Q! t,! *'!/22$2! (*#;*:O!/(:O*0:O!;-2%*2$! 3_PX!OLT!ZFX!

OO&(T!RFP!$i:*+5!.&%#*&0!\*'$F!?!'&(*2!C/((!&E!O/#$%*/(! E&%O'! *0! #;$! E(/'d!/02!/!

'$)&02!.&%#*&0!&E!2*$#;-(!$#;$%!3RQQ!O@5!*'!/22$2F!>;$!O*e#:%$!*'!'#*%%$2!E&%!/0!



R(&.7;"'%A(2,5,90($(.D(90:5,0:(-.1%9.,A(.L%%+J6(+2(95,39(.L(,9%JM3"A$(9.L(5",0%$.

! _QS!

/22*#*&0/(!Y!;!C$E&%$!\/#$%!*'!)/%$E:((-!/22$2F!>;$!O*e#:%$!*'!$e#%/)#$2!/02!E(/';!

);%&O/#&L%/.;-!3"*=PT!_Q6XQz!B#P=!*0!.$0#/0$5!-*$(2'!RFPR!L!3i:/0#*#/#*+$5!&E!/!

)&(&%($''!&*(!3_^P!O*e#:%$!&E!JG2`JGD5F 

JG2E B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!XFPR!32T!\Ü![FX!A7T!PA5T!YFRY!322T!\Ü![F_T!
YFZ!A7T!PA5T!_F[[!I!_F[P!3OT!PA5T!_FS_!32T!\Ü!QFX!A7T!XA5T!RFZ_!3i2T!\Ü!XFST!RFc!A7T!

RA5F 
JGDE,B\,d>:!3_QQ!GA7T!,;(&%&E&%O6.5!ä!XFQS!3222T!\Ü![F_T!XFYT!RFP!A7T!RA5T!YFZ_!

32T!\Ü!XFc!A7T!RA5T!YFcP!322T!\Ü![FcT!YFc!A7T!RA5T!cFXS!32T!\Ü!XFc!A7T!RA5T!_FZS!32T!\Ü!

cFS!A7T!PA5T!_FS_!3'T!_A5T!_FX_!3'T!_A5T!PF_Q!I!PFRZ!3OT!RA5F!

GNLH\[NB#X0%Z&aW(Z0.W+M0%Z-.N9N&+!LHEM!

>&!/!'&(:#*&0!&E!#;$!O*e#:%$!&E!JJ2!/02!JJD!3PFQ!LT![FQ!OO&(T!R!$i:*+5!*0!2%-!>Af!

3YQ!O@5! /#! 6SZ! t,! \/'! /22$2! <49?@! 3PS!O@T! RGT! PS!OO&(T! _! $i:*+5! /02! #;$!

)&&(*0L! \/'! %$O&+$2F! ?E#$%! '#*%%*0L! E&%! Rc! ;! #;$! O*e#:%$! \/'! i:$0);$2! \*#;!

8&);$(($! '/(#! /02! $e#%/)#$2! \*#;! B#=?)F! f(/';! );%&O/#&L%/.;-! 3"*=PT! YQ6ZQz!

B#=?)! *0! )6;$e/0$5! -*$(2'! /()&;&(!JC! *0'#$/2! &E! #;$! 2$'*%$2!@M2! /02!@MDF! >;$!

'.$)#%&')&.*)!2/#/!O/#);$2!\*#;!#;$!(*#$%/#:%$F_YY 

:NLLLH\[NB#X0%Z&aW,W,+&Z0(%-NG\[\JN%S#0.N9NW+MX0%ZW+M%Z#&MN9N(Z0.W+N9)N%0%S-]&+0!

LHRM!

>&!/!'&(:#*&0!&E!P6O$%)/.#&.;$0-(!#$#%/7&($!3RFRX!LT!XFY!OO&(5T!/!O*e#:%$!&E!@M2!

/02!@MD!3RFQX!LT!XFY!OO&(T!@#A!_^P5T!/02!#%*.;$0-(.;&'.;*0$!3RFSQ!LT!XFY!OO&(5!*0!

2%-!>Af!3PX!O@5!\/'!/22$2!<B?<!3PFZ_!O@T!cQzT!XFY!OO&(5!&+$%!_!;!/02!#;$!

%$/)#*&0!\/'!($E#!#&!'#*%!E&%!/0!/22*#*&0/(![!;F!>;$!O*e#:%$!\/'!)&0)$0#%/#$2!/02!

E(/';!);%&O/#&L%/.;-!3"*=PT!Q6RQQz!B#P=!*0!)6;$e/0$5!-*$(2$2![SX!OL!3ccz5!&E!
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HH

R1R1

Ar
+

R2
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A (5 mol%)
EtOAc, 75 ºC

12-24 h
or
NPhth

NPhth
HH

R1 R2

or

cis-TS (favored) isomerization-TS
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H H
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N
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R1 R2 R2
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