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6#&)3>3*+!! \A@!C',+*!.(!'!)+(+$'&!6#&)3*+!'(*!6#&)3>3*+!F$.4+*#$+8 e!!

!

!

!

2<=5>5) ?8!a^(05+,3,!.6!05+!053.F5+(+!6#&)3>3*+!! \A@S!7'9!a0.CC+!4.(*+(,'03.(!.6! N!'(*! L!6.$>3()!'!
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*3'$^&+05+(+,!'(*!6#&)3>3*+,!2+$+!*+A+&.F+*8MK!G5+!+("^>+!F&'^,!'!$.&+!3(!4'(4+$!6.$>'03.(!
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,#))+,0+*!',!F.0+(03'&!05 +$'F+#034,!6.$!05+!0$+'0>+(0!.6!.C+,30^8!f3)5&^!F.0+(0!*3>+$34!F+F03*34!



R1GBJ-@=GRJ1 !

!ML!

n dB!').(3,0,b!4.(,030#0+*!C^!02.!F+(0'F+F03*+!>.3+03+,!4.((+40+*!05$.#)5!'(!'&3F5'034!&3(/+$b!

$+F$+,+(0!'(!3(0+$+,03()!4&',,!.6!ndB!&3)'(*,8!P',+*!.(!053,!4.>F.#(*!4&',,b!F5.0.$+,F.( ,3A+!

n dB! &3)'(*,b! 4.(0'3(3()! '(! '".C+("+(+b! '".F^$'".&+b! *3 +053+(^&+05+(+! .$! '! 6#&)3>3*+!

45$.>.F5.$+! ',! &3(/+$! 2+$+! ,^(05+,3"+*! 0.! +EF&.$+! ,0$#40#$'&!$+V#3$+>+(0,! .6! ,#45! ndB!

').(3,0,!.(!n dB!C3(*3()!72<=5>5) V98!

!

!
!

2<=5>5) V8!G5+!,0$#40#$+!.6!05+!C+(".6#$^&!6#&)3>3*+!C',+*!*3>+$34!F+F03*34!1?n!nd!$+4+F0.$!&3)'(*!7AV9!
3,!,5.2( 8!
!

G5+!,^(05+,3"+*!n dB!&3)'(*,b!4.(0'3(3()!'!(.( \'&3F5'034!$3)3*!F5.0.45$.>34!&3(/+$b!,5.2+*!'(!

+66343+(0! '(*! $+A+$,3C&+! ,230453()! 3(! 'V#+.#,! C#66+$! '(*! +E53C30+*! 53)5! ndB! '663(30^8! G53,!

*+>.(,0$'0+*!05'0!05+!$+F&'4+>+(0!.6!05+!53)5&^!6&+E3C&+!'&3F5'034!&3(/+$!C^!'!4.(,3*+$'C&^!&+,,!

6&+E3C&+!F5.0.45$.>34!&3(/+$!2',!2+&&!0.&+$'0+*!2305!$+,F+40!0.!ndB!C3(*3()8!-366+$+(4+,!3(!ndB!

'663(30^! '(*! '403A30^! C+02++(! 05+! 3(*3A3*#'&! F5.0.3,.>+$,b! A'$^3()! 3(! ,F'03'&! .$3+(0'03.(! '(*!

6&+E3C3&30^b! 2+$+! >'$)3('&! ,#))+,03()! 05'0! 05+! &3(/3()! +&+>+(0! 3(! 05+! *3>+$34! &3)'(*,! 3,! &+,,!

3>F.$0'(0!6.$!05+!'*'F0'03.(!.6!53)5 \'663(30^!C3(*3()!>.*+,!'0!05+!$+4+F0.$8!

!

MJ)%9:<;F439:)

G5+!F5.0.45+>34'&!F$.F+$03+,!.6!3(*.&^&\b!053.F5+(+\! '(*!6#$'(+ \! 6#&)3*+,! '$+!2+&&\,#30+*!6.$!

'FF&34'03.(,!3(!05+!F5.0.>.*#&'03.(!.6!C3.&.)34'&!F$.F+$03+,8!G5+3$!F5.0.45+>34'&!$+A+$,3C3&30^b!

,0'C3&30^! '(*! 'C,.$F03.(! 2'A+&+()05! $'()+! 3,! 3(! >'(^! 4',+,! ,# F+$3.$! 0.! '".C+("+(+,! .$!

*3+05+(^&+05+(+,8!f.2+A+$b!05+!(#>C+$!.6!'FF&34'03.(,!.6!6#&)3*+,!'(*!6#&)3>3*+,!3,!,03&&!,>'&&!

'(*!.(+!$+',.(!6.$!053,!3,!05+3$!45'&&+()3()!,^(05+,3,8!G5+!,#44+,,!.6!05+!a0.CC+!4.(*+(,'03 .(!

'(*!05+!6#&)3>3*+!6.$>'03.(!*+F+(*!.(!05+!'>3(+!05'0!3,!#,+*!'(*!F'$03'&&^!.(!05+!,#C,030#03.(!

F'00+$(! .6! 05+! 5+E'0$3+(! ,^,0+>8! ].$+! F$+*340'C&+! '(*! >.$+! )+(+$'&! ,^(05+034! $.#0+,! 0.!

6#(403.('&3"+*!6#&)3*+,!'(*!6#&)3>3*+,!'$+!4&+'$&^!3(!*+>'(*!0.!F$.A3*+!053,!3(0+$+,03()!4&',,!.6!

F5.0.45$.>34!>.&+4#&+,!6.$!C$.'*+$!'FF&34'03.(,!3(!&36+!,43+(4+8!

!

!

!

!

!
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! MM!

NJ)/375687F65)

M!! ?8! D&v(b! G8!w.&.>+/b! =8! Z8! P.45+0b! H8! P&'(4b! B8! Z3A+(,b! ]8! B#C3('b!X8! ?.F3/b! H8!

D.,03/.Ab!Y8![3$"b!)*+,$%:+8$ !?@AMb!;;< b!MMU! 

K!! [8!=8!_3(b!]8!=8!G,'3b!B8!B'c'FF'b!B8!f8!D$'>+$b!&$%=,$%)*+,$%>9?$!?@AQb!;@Ab!eddN8!

W!! P8!B+3,3()+$b!18!D#">'(.A34b!?8!_Q66&+$b!B8!]+$/&b!P8!DQ(3)b!B8!a0+$(+$b!=4(+B$%)*+,$%

C4-$%!D$b!?@ANb!;EFb!TLT8%

d!! G8!f3$'/#$'b!n8!1.>#$'b!n8!H.^'>'b!D8!H/3^.,53b! Biomacromolecules 2004, 5, 1804.!

N!! a8!D30"3)b!]8!G53&+>'((b!G8!=.$*+,b!D8!B<4/\P$'#(b!)*+,G*32)*+, !?@APb!;Hb!MKNK8!

T!! ]8!]8!_+$45b![8!a"^>'(,/3b!P8!_8!:+$3()'b! )*+,$%>9?$%:+8$!?@AQb!@Hb!MUML8!

e!! -8!_'45>'((b!=8!a0#*0+b!P8!];((+&b!f8!f'$'&*b!?8!Z>+3(+ $b!P8!DQ(3)b!)*+,$%!"#$%&8!

?@AVb!E<b!MWdKW8!

O!! R8![3&&(+$b!]8!_3.(\-')'(b!a8!B#C3(b!Y8![.((+ $b!:8!%66+(C+$)+$b!?8!P;#+$&+b!G*9-9?*+,$%

G*9-9I69/8!?@@Nb!Jb!MTU8!

U!! ]8!a+3C.&*b!]8!f'(*,45#5b!f8!?.$0b!f8!=8![.&6b! &$%K",64+2?+4?+!ABBVb!HE5H@b!dNd8!

ML!! ?8!B+>.(b!]8!P;&0+$b!a8!_3b!Y8!H(*$+',,.(b!@8!?3,45+&b!&$%=,$%)*+,$%>9?$!?@AAb!;<< b!!

KLedK8!

MM!! G8!D3>b!_8!I5#b!B8J8!H&\D'^,3b!=58!Y8!P'$*++(b!)*+,$% G*32$%)*+,$b!?@AN!;J b!dLL8!

MK!! -8! [#0"b!-8!Z&#5'4+A34b!H8!=5'/$'C'$03b!D8!a45>3*0/#("b!-8!B.C''b! :8!%$*>'((b!=8!

B.>3+$b![8!a3FF&b!]8!Y#()b!P8!DQ(3)b!'#($%L69,9/$%)*+,$ !?@AVb!;J b!dOOK8!

MW!! 18!H8!a3>+05b!_8\]8!H&0>'((b!18![Q,,(+$b!%8!P'#+$b!]8!Y#()b!P8!DQ(3)b!&$%'#($%)*+,$ !

?@AQb!M<b!eUMU8!

Md!! k8!=5+(b!18R8!R,&'>.A'b!?8a8!Z'$43'b!Y8H8!-3Z3$.&'>.b!%8Y8!_++,b!&$%'#($%)*+, 8!?@@Bb!!

H@b!Teee8!

MN!! Y8?8!-'$4^b!Z8f8!f+&&+$b!?8Y8!a0$^*.>b!Y8![5300'&&b!&$%)*+,$%>9?$b)?8!G$'(,8!M!ABQAb!KLK8!

MT!! a0$<C+!:8b!a3+2+$0,+(!B8b!aQ((345,+(!-8B8b!B+(05!G8b!G+>F,!:8b!]'00'^!:8b! !"#$%&$%'#($%

)*+, 8b!?@AAb!;A b!MUde8!

Me!! P8!J00.b!D8!B<4/\P$'#(b!!"#$%&$%'#($%)*+,8!?@@Mb!;< b!KdLU!

MO!! D8!@&$345b!f8!?.$0b!f8!=8![.&6b!Y8![.((+$b!:8!%66+(C+$)+$b!f8\-8!R&)+b!)*+,$% G*32$!ABBAb!

Eb!WMM!

MU!! a8!H8!f'$$3,b!f8!Z8!f+&&+$b!a8!18!J&3A+$b!&$%)*+,$%>9?$%G+#N64%O#.42%;b!ABBAb!WKNU!

KL!! X8!?8!B^C'&/3(b!18!R8!]'/'$.A'b!a8!n#8!?&#"5(3/.A'b!_8!_8!?.F.A'b!H8!X8!]+0+&30,'b!X8!H8!

P$+(b!X8!R8!]3(/3(b!:"22$%)*+,$%L"//$P%C4-$%!D$!?@ANb!F<b!MeOL!

KM!! :8!a0$<C+b!a8!B'05b!Y8!]'00'^b!!"#$%&$%'#($%)*+,$ !?@AAb!E@b!dTdN!

KK!! -8!_'45>'((b!H8!D.(3+4"(^b!]8!D+&&+$b!P8!DQ(3)b!'#($%L69,9/$%)*+,$ !?@ABb!,#C>300+*%

KW!! B8!a3+2+$0,+(b!:8!a0$<C+b!Y8!]'00'^b!:8!B+(05b!:8!G+>F,b!G*32$%)*+,$%G*328!?@AAb!;< b!

WOLL!

!
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!MK!

Kd!! a8!R8!_#^/,''$b!X8!H8!]3)#&3(b!P8!X8!1'C'0.Ab!]8!]8!D$'^#,5/3(b!:"22$%)*+,$%L"//$P%C4-$%

!D 8!?@A@b!JQb!ddT!

KN!! ]8!D.,+b!%8!J$5'(b! &$%G*9-9?*+,$%G*9-9I69/$%=!?@@Pb!;HHb!MeL!

KT!! H8!_3'()b!H8!a8!-A.$(3/.Ab!?8!]8!B+(0"+F3,b!Y8!]'0+$8!=5+>8!?@@Mb!;< b!KOT8!!

Ke!! n8!n./.^'>'b!G8!a')3,'/'b!n8!]3"#(.b!n8!n./.^'>'b! )*+,$%K+--$!ABBPb!NOesNOO8!

KO!! _8!n#b!n8!]3()b![8!I5'.b!]8!:'(b! &8!G*9-9?*+,$%G*9-9I69/$%=!ABB?b!FMb!WLUsWMe8!

KU!! n8!n./.^'>'b!G8!G'('/'b!G8!n'>'(+b!n8!D#$30'b! )*+,$% K+--$!ABBAb!Hb!MMKNsMMKO8!

WL!! ]8!Y8b!Z8![8!G$#4/,b!f8!P8!a45&+)+&b!Z8!%8!a4#,+$3'b!]8!H8!B.CCb!Y8!B8!=5++,+>'(b!Z8!

a4'&>'(3b!X8!P'$.(+b!P8!]+((#443b!Z8!H8!?+0+$,,.(b!f8!1'/ '0,#c3b!]8!='$34'0.b!k8!_3b!

f8 !?8!f$'0453'(b!H8!:8!R">'^&.Ab!Y8!P&.3(.b!Z8!I5+()b!Y8!_8!a.((+(C+$)b!]8!f'*'b!]8!

%5'$'b!D8!G.^.0'b!B8!:#/#*'b!Y8!f',+)'2'b!]8!R,53*'b! G8!1'/'c3>'b!n8!f.(*'b!J8!D30'.b!

f8!1'/'3b!G8!X$+A+(b!Y8!H8!].(0).>+$^b!Y$8b!Y8!%8!?+$'&0'b!:8!J)&3'$.b!]8!P+'$F'$/b!Y8!Y8!

f+^*b! %8! P$.05+$,b! D8! 18! D#*3(b! X8! 18! a0'$.A+$.Ab! B8! D.C'^',53b! Y8! 1.$>'(*b! D8!

B')5'A'45'$3b!H8!B+(*+&&b!Y8!=8!P#$'(0b!a8!a8!R^+()'$b!Y8!G.>',3b!]8!=.,,3b!18!B+)'b!

Y8!]8!]3&&'>b!]8!D&+(+b!Y8!%8!D(.Eb!Y8!P8!=$.,,b!X8!P'//+(b!=8!H*'>.b!Y8!Y'$'>3&&.b!B8!

Z.> F+$0,b! B8! %8! a0$'0>'((b! J8! n'"^+Ab! H8! Y8! H#,03(b! B8! ='>>3b! =8!?.>+&&3b! Y8! [8!

J450+$,/3b!B8!_8!]'$03(b!D8!].$./#>'b!X8!Z8!I'/$"+2,/ 3b!Z8!H8!X.05b!?8!a'&A'*.$b!Y8!Y8!

-'((+(C+$)b! a8! -'FF$345b! H8! -8! -'(3+&,b! Y8! :'$/',j! :.$+ ,>'(b! Y8! X8! P8j! J$03"b! Y8!

=3.,&.2,/3b ! '(*! -8! Y8 ! ! :.E8! KLLU8! xZ'#,,3'(! LUb! $+A3,3.(! P8LMxb!R."226.4P% C4?$S%

T.//64(U9#DP%)O$%

WM!! D8!f<&&b!Y8!].$,0+3(b!-8!G$'#(+$b!)*+,$%:+8 8!?@AQb!;;M b!MLeML!

WK!! -8!P&y)+$b!a8!f+450b!=4(+B$%)*+,$%C4-$%!D$!?@ALb!J@b!MMWWO!

WW!! [8!a"^>'(,/3b!Y8!]8!P3+$&+b!f8!H8!X8!D3,0+>'/+$b![8!H8!X+&+>'b!P8!_8!:+$3()'b!)*+,$%

:+8$!?@AMb!;;< b!TMMd!

Wd! B8!D&'c(b!)*+,$%>9?$%:+8$!?@ANb!@<b!MdO!

WN!! ]8!f'>>'$,.(b!Y8!B8!13&,.(b!a8!_3b!G8!P+/+ \a.>6'3b!Y8!H(*$y',,.(b! &$%G*32$%)*+,$%L !

?@AMb!;;H b!MWNTM!

WT!! X8!R8!]3(/3(b!3(!V9/+?"/.#%>B6-?*+2b![3&+\̂X=f!X+$&')!Z>Cf!`!=.8!DZ'Hb! ?@AAb!FF8!

We\OL8!!

We!! G8!f'&C$300+$b!=8!D'3,+$b!Y8!['450A+30&b!H8!f+4/+&b!&$%'#($%)*+,$ !?@AVb!MEb!OLdL!

WO!! Y8! B8! f+>>+$b! a8! J8! ?.+&>'b! 18! G$+'0b! I8! H8! ?')+b! 18! -8! -.&3(,/3b! n8! Y8! -3'"b! [8!

G.>&3(,.(b!D8!-8!=&'$/b!Y8!?8!f..F+$b!=8!f'2/+$b!Y8!B8!*+!H&'(3"b!&$%=,$%)*+,$%>9?$!

?@APb!;<Mb!MWUTL!

WU!! Y8!-8!f'$$3,b!]8!Y8!].$'(b!R8!HF$'5'>3'(b! G7=> !?@AQb!;;J b!UdMd!

dL!! ]8!R$3+b!)*+,$%:+8 8!?@@@b!;AAb!MTON!

dM!! a8!D.C'0'/+b!]8!R$3+b!=44$%:+W$%G#9($%)*+,$%>+?-$%)8!?@@Mb!QQb!Kee!

dK!! D8!]'0,#*'b!]8!R$3+b!G*9-9?*+,$%G*9-9I69/$%)8!?@@Nb!Jb!MTU!
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! MW!

dW!! Y8!D3c3b!f8 !D30'>#$'b!n8!n./.^'>'b!a8 !D#C.0'b!n8!D#$30'b!L"//$%)*+,$%>9?$%&W4$!ABBLb!

FMb!TMT8!

dd!! a8!@453*'b!n8!n./.^>'>'b!Y8 !D3c3b!G8!J/'(.b!f8 !D30'>#$'b!L"//$%)*+,$%>9?$%&W4$!ABBLb!!

FMb!KUTM8!

dN!! =8!Y8!G5.>',b!]8!H8![.&'/b!B8!B8!P3$)+b![8!Y8!_++,b!&$%'#($%)*+, 8!?@@Ab!FFb!MUMd!

dT!! D8!D8!D$'24"^/b!-8!]'*+cb!Y8!D8!]'#$3(b!I8!="'$(.4/3b! )$%:$%)*6,6+!?@A?b!;J b!WOd!

de!! Y8!D3c3b!G8!J/'(.b! f8 !D30'>#$'b!n8!n./.^'>'b!a8 !D#C.0'b!n8!D#$30'b!L"//$%)*+,$%>9?$%

&W4$%ABBLb!FMb!TMT8!

dO!! R8![3&&(+$b!a8!B#C3(b!Y8![.((+$b!:8!%66+(C+$)+$b!?8!P;#+$&+b!&$%=,$%)*+,$%>9?$!ABB?b!

;;@b!WMNM!

dU!! R8![3&&(+$b!]8!_3.(\-')'(b!a8!B#C3(b!Y8![.((+$b!:8!%66+(C+$)+$b!?8!P;#+$&+b!G*9-9?*+,$%

G*9-9I69/$!ABBNb!JQb!dUM!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!

!Md!



!

! MN!

%"1!$,&) A)
!

AJ)!=979<=69>3<)09I8>3:5)&5<5I796)/3G8:H4) )

))))C845H)9:)037=35:O;57=5:54)8:H)EF;G3H54)
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

G53,!45'F0+$!5',!C++(!F#C&3,5+*!',S!

-8!_'45>'(( b!=8!a0#*0+b!P8!];((+&b!f8!f<C(+$b!?8!Z>+3(+$b!P8!DQ(3)b!)*+,$%!"#$%&$!?@AVb!E<b!MWdKW8!!

!

-_! ,^(05+,3"+*!4.>F.#(*, !?Lb!M?b!MNb!MPb!MV!s!L?!'(*!F+$6.$>+*!05+!4.$$+,F.(*3()!F5.0.45+>34'&!
>+',#$+>+(0, ! '(*! 2$.0+! 05+! >'(#,4$3F0 8!=a! ,^(05+,3"+*! 4.>F .#(*,! ?A! s! ?N! '(*! ?P! s! MA! '(*!
F+$6.$>+*!05+!4.$$+,F.(*3()!F5.0.45+>34'&!>+',#$+>+(0,8!P]!,^(05+,3"+*!4.>F.#(*,! ?!s!AV8!ff!
*3*!05+!C3.&.)34'&!3(A+,03)'03.(,8!PD!,#F+$A3,+*!05+!F$.c+40!'(*!3,!4.$$+,F.(*3()!'#05.$8!
!
!
!



= fH?G%B! M!

!MT!

AJ)(:769HF<739:)

Z\ F$.0+3(!4.#F&+*!$+4+F0.$,!7Z?=B,9!'$+!'!A3C$'(0!63+&*!.6!$+,+'$45!C+4'#,+!05+3$!*^,6#(403.(!

3,! &3(/+*! 0.! (#>+$.#,! *3,+',+,! &3/+! 4+(0$'&! (+$A.#,! ,^,0+>! 7=1a9! *3,.$*+$,b! 4'(4+$! .$!

3(6&'>>'0.$^!*3,+',+,8 M'\4!G5+$+6.$+b!>.$+!05'(!WLm!.6!05+!'FF$.A+*!*$#),!0'$)+0!05+!Z?=B!

6'>3&^8!:.4#,3()!.(!05+!*.F'>3(+!$+4+F0.$,!,+A+$'&!=1a! *3,.$*+$,!&3/+!,453".F5$+(3'b!*$#)!

'**3403.(b! ?'$/3(,.(t,! '(* ! f#(03()0.(t,! *3,+',+! '$+! &3(/+*! 0.! 05+3$! *^,6#(403.( 8K!?$3A3&+)+*!

,0$#40#$+,! 0'$)+03()! 05+! *.F'>3(+! - K\&3/+! $+4+F0.$,! '$+! *+$3A'03A+,! .6! Mbd\*3,#C,030#0+*!

'$.>'034!F3F+$'"3(+,!7Mbd\-H?,9b!5^*$.E^C+(".E'"3(.(+! ,#C,030#0+*!F3F+$'"3(+,! ',!2+&&! ',!

4.(6.$>'03. ('&&^!$+,0$340+*!*.F'>3(+!'('&.),!3(A.&A3()!'>3(.3(*'(+,8!G5+!,^(05+,3,!.6!- Kb!- W!

'(*! - d! $+4+F0.$! ').(3,0,! '(*! '(0').(3,0,! 2305! 3(*3A3*#'&! ,#C 0^F+! ,+&+403A30^! .$! 6#(403.('&!

,+&+403A30^!7C3',+*!,3)('&3()9!5',!$+4+3A+*!4.(,3*+$'C&+!'00+(03.(b!3(!$+4+(0!^+'$,8W'\6!H&05.#)5!

'!C+00+$!#(*+$,0'(*3()!.6!05+!>+45'(3,>!.6!Z?=B \F$.>.0+*!*$#)!'403.(!2',!'453+A+*b!05+$+!

3,!,03&&!'!(++*!0.!*+A+&.F!,+&+403A+!>.&+4#&'$!0..&,!0.!.C0'3(!>.$+!3(,3)50!3(0.!05+!*^('>34,!.$!

$+4+F0.$,!6#(403.(8!!

?5.0.F5'$>'4.&.)^! 4'(! '**$+,,! 053, ! 3,,#+! 3(! '! (.( \3(A',3A+! 2'^! 2305! 53)5! ,F'03'&! '(*!

0+>F.$'&!F$+43,3.(8!G5+!3>F.$0'(4+!.6!053,!4.(4+F0!3,!$+A+'&+*!C^!05+!3(4$+',3()!(#>C+$!.6!

F5.0.45$.>34!+("^>+!3(53C30.$,bd' \6!F5.0.45$.>34!&3)'(*,!6.$!$+4+F0.$,! '(*!3.(!45'((+&,b N' \+!

F5.0.,23045'C&+! '(03C3.034,bT' \C! F5.0. \,23045+,b! 25345! '$+! 'FF&34'C&+!64% 8689! #,3()! A3,3C&+\

&3)50be' \4! '(*! $+4+(0&^! +A+(! F5.0.45$.>34! &3)'(*,b! 25345! 45'()+! 05+3$! 3(0$3(,34! '403A30^8O!

B+4+(0&^b!F5.0.45$.>34!'".C+(".&!C',+*!.F3.3*, N4!'(*!*.F'>3(+!$+4+F0.$!&3)'(*,b!+>C+**+*!

3(!'! F5+(+05^&\F$.F^&\5^*$.E^0+0$'&3(+!7??fG9!,0$#40#$+b!2+$+!*+A+&.F+*!C^!G$'#(+$!+-%./$U!!

H".C+("+(+,!',!2+&&!',!*3053+(^&+05+(+,!7-G%,9!'(*!6# &)3*+,!4.(A+$0!&3)50\3(*#4+*!C+02++(!

02.!3,.>+$,b!25345!*366+$!6.$!05+! '".C+("+(+,!3(! )+.>+0$^! '(*! *3F.&+!>.>+(0! '(* !6.$!05+!

-G%,!3(!4.(6.$>'03.('&!6&+E3C3&30^!'(*!+&+40$.(34!F$.F+$03+,8ML!P.05!4&',,+,!.6!,23045+,!,5.2!'!

53)5! 6'03)#+! $+,3,0'(4+b! C#0! .(&^! 05+! .F+(! '(*! 4&.,+*! 6.$>! .6! 05+! -G%,! '(*! 6#&)3*+,! '$+!

05+$>'&&^! ,0'C&+b! 25345! >'/+,! 05+>! 3(0+$+,03()! 4'(*3*'0+,!6.$! F5.0.F5'$>'4+#034'&,8MM'\C!

%,F+43'&&^! 6#&)3*+,! '$+! A+$^! 3(0+$+,03()! 6.$! C3.&.)34'&! 'FF&34'03.(,b! C+4'#,+! 05+^! ,5.2! 53)5!

6'03)#+!$+,3,0'(4+! '(*! '$+!>.,0&^!2'0+$! ,.&#C&+! '(*! ,2304 5'C&+!3(! 'V#+.#,!C#66+$! ,.&#03.(,!

72<=5>5)A 98MK'\C!

!

'9 !

!

!

S S R2R1

UV

VIS
SSR1 R2

open
(propeller shape)

closed
(rigid)

H
N OO

=

=

Cyclopentene-DTE

Dithienylmaleimide



! ! = fH?G%B! M!

! Me!

C9!

!

!

2<=5>5) AJ! '9! a230453()! F$3(43F&+! .6! *3053+(^&+05+(+! C',+*! ,23045+,8! C9! ?5.0.45$.>34!
6#&)3*+,g6#&)3>3*+,b!*+F340+*!3(!05$++!6.$>,!'60+$!3$$'*3'03.(!2305!@X!&3)508!
!

G2.! >'c.$! ,0$'0+)3+,! '$+! 4.>>.(&^! 'FF&3+*! 0.! 3(0$.*# 4+! '! F5.0.,23045'C&+! >.3+0^! 3(0.! '!

C3.'403A+! 4.>F.#(*S! 05+! 45$.>.F5.$+! 4'(! +305+$! C+! +>C+**+*! 3(0.! 05+! ,0$#40#$+! .6! '!

F5'$>'4.F5.$+!.$! '00'45+*!0.!.(+!.$!02.!F5'$>'4.F5.$+,!A3'! '! ,#30'C&+!&3(/+$8 MLbMW!R(!+'45!

4',+b!30!3,!*+,3$'C&+!05'0!05+!&3)50!3(*#4+*!,230453()!C+02++(!05+!02.!3,.>+$,!$+,#&0,!3(!'!*3,03(40!

*366+$+(4+!3(!'663(30^!.$!3(0$3(,34!'403A30^8!G53,!2.#&*!'&&.2!05+!F5.0.4.(0$.&!.6!C3.&.)34'&!6#(403.(,!

'(*!.66+$!05+!F.,,3C3&30^!0.!3(A+,03)'0+!*$#)!0'$)+0,!&3/+!Z?=B,!A+$^!F$+43,+&^8!

[+!+(A3,3.(+*!05'0!'!6.$>'&!+E45'()+!.6!'!,0$#40#$'& !'FF+(*')+!.6!/(.2(!*. F'>3(+!&3)'(*,!

C^!'!F5.0.,23045'C&+!#(30!2.#&*!&+'*!0.!F.0+(0!F5.0.45$.>34!*.F'>3(+$)34!&3)'(*,!7 E3GF65)A98!

f+$+3(b!2+!*3,4#,,!05+!,^(05+,3,b!F5.0.F5^,34'&!45'$' 40+$3"'03.(!'(*!C3.&.)34'&!+A'&#'03.(!.6!

F5.0.45$.>34!*.F'>3(+!$+4+F0.$!&3)'(*,!C',+*!.(!*3053+(^&+05+(+ \!'(*!6#&)3*+\0^F+!,4'66.&*,8!

!

!
)
E3GF65)A8!a0$#40#$+,!.6!/(.2(!*.F'>3(+!&3)'(*,S!Mbd \-H?! E1.%)MNPMdb!'>3(.3(*'(+! E1.%)AQLMN!'(*!
C+(".E'"3(.(+! *+$3A'03A+ MT! Ab! 25+$+! 05+! C&#+! 4.&.#$+*! >.3+03+,! '$+! $+F&'4+*! C^! '! F5.0.45$.>34!
*3'$^&>'&+3>3*+b!*3053+(^&+05+(+!.$!6#&)3*+8!
!

!
!
!

X
R3

O

O

Ar

X

O

O

R3

X

O

O

R3

Ar Ar'

Z-isomer
(open)

C-isomer
(closed)

E-isomer
(open)

UV

UV

UV

VIS

X = O (Fulgide)

X = NR (Fulgimide)

R3 = methyl, isopropyl

N

NH

O
Fe

FAUC 185

N

N

O

H
N

O

S

FAUC 346

O

HN

HO

O

N
H

O
O

2

1



= fH?G%B! M!

!MO!

?J)&54F;74)8:H)034<F4439:)

-#+! 0.! 05+3$! 05+$>'&! ,0'C3&30^b! 2+! 3(A+,03)'0+*! -G%,! 63$,08! [3053(! 053,! 4&',,+,! 02.! /3(*! .6!

F5.0.,23045+,! 2+$+! #,+*! 0.! ,^(05+,3"+! F5.0.$+,F.(,3A+! *.F'>3(+! &3)'(*,S! M9! 05+!

4^4&.F+(0+(+!C',+*! ,23045+, ! '(*!K9!05+!*3'$^&>'&+34! '(5^*$3*+,8!P.05!0^F+,! .6!-G%,!5'A+!

C++(! ,#44+,,6#&&^! 'FF&3+*! 3(! F5.0.F5'$>'4.&.)^8hKMi! :#$05+$>.$+b! 05+! 3,.>+$3"'03.(!

2'A+&+()05! 6.$! 05+! 45$.>.F5.$+,! 4'(! C+! C'05.45$.>34' &&^! ,5360+*b! $+*#43()! 4+&&! *'>')+!

.05+$23,+!4'#,+*!C^!53)5!+(+$)^!&3)508MM'!G5+!F5.0.,23045+,!*366+$!3(!05+3$!'00'45>+(0!>.*+!0.!

05+!F5'$>'4.&.)34'&!5+'*)$.#F,8!R(0$.*#43() !02.!*366+$+(0!,0+$34'&&^!*+>'(*3()!F5.0.45$.>34!

)$.#F,!0.!05+!F5'$>'4.&.)34'&!5+'*)$.#F,!'&&.2,!#,!0.!3(A+,03)'0+!05+!3>F.$0'(4+!.6!05+!,3"+!

.6!05+!5+0+$.4^4&34!'FF+(*')+!6.$!05+!'663(30^!'(*!,#C0^F+!,+&+403A30^8!

!

?JA)2O:7=5434)+)I=86>8<9I=963<)=58HG69FI4 ))

?$3A3&+)+*!,0$#40#$+,!6.$!'>3(+$)34!Z?=B!&3)'(*,!'$+!Mbd\-H?,! Mb!Lb!V!'(*! Bb!'>3(.3(*'(+,!

AA! '(*! AM! '(*! 05+! C+(".E'"3(.(! F3F+$'"3(+! AV8! H! 4.#F&3()! $+'403.(! C+02++(! 05+!

F5'$>'4.F5.$34! 5+'*! )$.#F,! '(*! 05+! F5.0.,23045+,! )'A+! 05+! 0'$)+0! ,0$#40#$+,8! G5+! K \

>+05.E^ \!'(*!K \>+05^&053.F5+(^&F3F+$'"3(+!C#3&*3()!C&.4/,!2+$+!,^(05+,3"+*!',!*+,4$3C+*!3(!

&30+$'0#$+8Me! =.>>+$43'&&^! 'A'3&'C&+! M\7K\>+05.E^F5+(^&9\! '(*! M \7K\7>+05^&053.9F5+(^&9\

F3F+$'"3(+! 2+$+! '&/^&'0+*! 2305!7 \7d\C$.>.C#0^&9\! .$! 7 \7K\C$.>.+05^&9F505'&3>3*+! 0.! )3A+!

3(0+$>+*3'0+,!?b!Nb!P! '(*! Q! 3(! )..*! ^3+&*,8! f^*$'"3(.&^,+,! .6! 05+! $+,F+403A+! F505'&3>3*+,!

^3+&*+*! C#3&*3()! C&.4/,!Mb! Lb! Vb! '(*! B8! G5+! ,'>+! F$.0.4.&! 2',! #,+*! 0.! .C0'3(!

5^*$.E^C+(".E'"3(.(+!,#C,030#0+*!F3F+$'"3(+! AV8!G5+!,^(05+,3,!.6!F$+4#$,.$!AN!3,!*+,4$3C+*!

3(! 05+! ,#FF.$03()! 3(6.$>'03.(! 72(A98! H&/^&'03.(! .6!AN! 2305!7 \7K\C$.>.+05^&9F505'&3>3*+! )'A+!

4.>F.#(*! AL8!a#C,+V#+(0!5^*$'"3(.&^,3,!'(*!'43*!>+*3'0+*!4&+'A')+ !.6!05+!C+("^&!F$.0+403()!

)$.#F,!^3+&*+*!4.>F.#(*! AV8!P#3&*3()!C&.4/,!AA!'(*! AM!2+$+!$+'*3&^!'44+,,3C&+!6.&&.23()!'!

02. \,0+F!&30+$'0#$+!F$.4+*#$+8MO!!

K\?$.F^&'>3(.3(*'(+! .E'&'0+! 2',! $+'40+*! 2305! d \C$.>.C#0^$.(30$3&+b! $+,F+403A+&^! K\

C$.>.'4+0.(30$3&+! 0.! '66.$*! 4.>F.#(*,! A@! '(*! A?8! B+*#403.(! .6! 05+! (30$3&+! )$.#F! C^! _3H&fd!

^3+&*+*!4.>F.#(*,! AA!'(*! AM!72<=5>5)? 98!

!

f+'*)$.#F,!HS !

!
!

!

N

Y

N N
n

O

O

N

Y

NH

Y = O, S

N

Y

N NH2

n

3 (Y = O, n = 2)
5 (Y = O, n = 4)
7 (Y = S, n = 2)
9 (Y = S, n = 4)

a b

2 (Y = O, n = 2)
4 (Y = O, n = 4)
6 (Y = S, n = 2)
8 (Y = S, n = 4)



! ! = fH?G%B! M!

! MU!

!

f+'*)$.#F,!PS !

!
f+'*)$.#F!=S !

!

!
2<=5>5) ?J ! a^(05+,3,! .6! F5'$>'4.F5.$+! C#3&*3()! C&.4/,b! 5+'*)$.# F,! Hb! P! '(*! =8! B+')+(0,! '(*!
4.(*303.(,S!7'9!7 \7d\C$.>.C#0^&9\!.$!7 \7K\C$.>. \+05^&9F505'&3>3*b!DK=J Wb!DRb!]+=1b!eN!z=b!NsMT!5b!eNs
ULm8!7C9!f^*$'"3(+!5^*$'0+b!%0Jfb!eN!z=b!K!5b!05+(!K!]!f=&b!%0Jfb!eN!z=b!K!5b!TLsONm8!749!],Jfb!
0.&#+(+b!MLLz=b!K!5b!OUm8!7*9!d\C$.>.C#0^$.(30$3&+!.$!K\C$.>.'4+0.(30$3&+b!DK=J Wb!DRb!]+=1b!eN!z=b!MT!
5!OOm8!+9!_3H&fdb!%0KJb!L!z=!! !$808b!M!5b!eMsULm8!
!

?J?)2O:7=5434)+)>8;53>3H54)8:H)<O<;9I5:75:5 4))

G5+!-G%!'(*!*3'$^&>'&+34!C',+*!F5'$>'4.F5.$+,b!4.(0'3 (3()!05+!Mbd\-H?b!2+$+!#,+*!2305!

02.!*366+$+(0!,F'4+$!&+()05,8!-+F+(*3()!.(!05+!-G%,b!02.!*366+$+(0!,0$'0+)3+,!2+$+!'FF&3+*!0.!

4.>C3(+!F5.0.,23045! AQ)2305!5+'*)$.#F,! Mb!Lb!AAb!AMb!AV!'(*!4^4&.F+(0+(+ \-G%!?@!2305!05+!

F5'$>'4.F5.$+,! Mb) Lb) Vb) Bb)AAb)AM)'(* )AV8! R(! 4',+! .6! 05+! *3'$^&>'&+34! '(5^*$3*+!AQb! 05+!

4.#F&3()!2',!F+$6.$>+*!2305!05+!4.$+!.6!05+!-G%b!253&+!05+!4^4&.F+(0+(+!C',+*!-G%!?@!2',!

4.#F&+*! 2305!.(+! .6! 05+! 053.F5+(+! >.3+03+,8! -3'$^&>'&+3>3*+!AQ! 2',! +',3&^! '44+,,3C&+!

'44.$*3()!0.!&30+$'0#$+!',!2+&&!',!05+!F$+4#$,.$!ABb!25345!2',!05+(!4'$C.E^&'0+*!.(!.(&^!.(+!

053.F5+(+! >.3+0^! 0.! .C0'3(!?@8MUbKL'\C! G5+! ,^(05+,+,! .6! 05+! *3'$^&>'&+34! '(5^*$3*+! C',+*!

F5.0.45$.>34!&3)'(*,! ?A+?L!2+$+!F+$6.$>+*!#(*+$!,&3)50&^!C',34!4.(*303.(,!#,3()!F.0',,3#>!

4'$C.('0+!',!C',+!'(*!'$+!.#0&3(+*!3(! 2<=5>5)M8!

!

!

!

2<=5>5)MJ!a^(05+,+,!.6!05+!*3'$^&>'&+3>3*+!C',+*!F5.0.45$.>34! &3)'(*,! ?A)s!?LJ)

NH N
N

NH2N
n

n

11 (n = 1)
13 (n = 3)

d e

10 (n = 1)
12 (n = 3)

*oxalate

NH
N

BnO O

BnN

O

14

N
N

N

O

HN

BnO

O

N
N

NH2

O
ÕRN

ÕRO

O

O

O15 16 (RÕ = Bn)

17 (RÕ = H)

a b

c

S S ClCl

N OO

R

S S ClCl

O OO

K2CO3

CH2Cl2 or DMF

21 (amine A, 3, 68%)
22 (amine A, 5, 80%)
23 (amine B, 11, 15%)
24 (amine B, 13, 86%)
25 (amine C, 17, 9%)

R-NH2 
(amines A, B or C)

18



= fH?G%B! M!

!KL!

a0'(*'$*!F+F03*+!4.#F&3()!4.(*303.(,!#,3()!fPG@!'(*! 7 b7 \*33,.F$.F^&+05^&'>3(+!2+$+!

'FF&3+*!0.!,^(05+,3"+!05+!F5.0.45$.>34!&3)'(*,!?P)+)M?!72<=5>5)N 98)

!

!

!

2<=5>5)NJ)a^(05+,+,!.6!05+!4^4&.F+(0+(+\-G%!C',+*!F5.0.45$.>34!&3)'(*,! ?P!\!M?8)

:.&&.23()!05+,+!02.!,^(05+034!,0$'0+)3+,b!2+!2+$+!'C&+!0.!$+'*3&^!.C0'3(!A'$3.#,!F5.0.45$.>34!

&3)'(*,!3(!c#,0!.(+!,0+F8!H!,0.4/!,.&#03.(!6.$!05+!C3.&.)34'&!0+,03()!2',!F$+F'$+*!2305!*3>+05^&!

,#&6.E3*+!',!,.&A+(08!-3&#03.(,!05+$+.6!2+$+!#,+*!0.!,0#*^!05+!F5.0.F5^,34'&!F$.F+$03+,8!%A+(!

05.#)5! 30! 3,! $+F.$0+*! 05'0! *3'$^&>'&+3>3*+,! 4'((.0! C+! $+A+$,3C&^! 0.))&+*! C+02++(! 05+3$! 02.!

F5.0.3,.>+$,! 3(! F.&'$! ,.&A+(0,! *#+! 0.! '! 023,0+*! 3(0$'>.&+4#&'$! 45'$)+! 0$'(,6+$! 7GR=G9b! 2+!

.C,+$A+*! '! $+A+$,3C&+!F5.0.3,.>+$3"'03.(! 3(! *3>+05^&! ,#&6.E3*+!6.$! '&&!F5.0.45$.>34!&3)'(*,!

C',+*!.(!*3'$^&>'&+3>3*+,8 KM'\4!!

!

)

!

!

!

!

!

!

!

!

)

)

)

!

!

!

!

!

!

!

S S Cl

H
N

O
S S Cl

O

HBTU, DIPEA
HO

R-NH2 
(amines A, B or C)

26 (amine A, 3, 38%)
27 (amine A, 5, 19%)
28 (amine A, 7, 29%)
29 (amine A, 9, 26%)
30 (amine B, 11, 26%)
31 (amine B, 13, 70%)
32 (amine C, 17, 7%)

20

CH2Cl2 or DMF R



! ! = fH?G%B! M!

! KM!

?JM)!=97 9I=O43<8;)I69I567354)+)86O;57=5:54))

G5+!F5.0.F5^,34'&!F$.F+$03+,!.6!05+!F5.0.45$.>34!*.F'>3(+!$+4+F0.$!&3)'(*,! ?A+?L!'(*! ?P+

M?!2+$+!3(A+,03)'0+*!C^!'C,.$F03.(!,F+40$.,4.F^8!G5+$+6.$+b!05+!*3,,.&A+*!4.>F.#(*,!2+$+!

3$$'*3'0+*! 2305! @X\&3)50! 7WMK! .$! dLL! (>9! 25345! $+,#&0+*! 3(! '! 4.&.$! 45'()+! .6! 05+! ,.&#03.(!

'44.>F'(3+*!2305!(+2!'C,.$F03.(!>'E3>'b!45'$'40+$3,034!6.$!+'45!.6!05+!F5.0.45$.>34!&3)'(*,8!

G5+!$+,#&03()!3,.,C+,034!F.3(0,!3(*34'0+!'!4&+'(!02.\4.>F.(+(0!,230453()8!R(!'**303.(b!05+!?aa!

2',!*+0+$>3(+*!C^!f?_=!>+',#$+>+(0,8!H&&!F5.0.F5^,34'& !F$.F+$03+,!.6!05+!4.>F.#(*,! ?A+

?L!'(*! ?P+M?!'$+!,#>>'$3"+*!3(! $8C;5)A8!

)
$8C;5)A8!@X\X3,!*'0'!.6!05+!.F+(!'(*!4&.,+*!6.$>!.6!05+!,^(05+,3 "+*!&3)'(*,! ?A+?L!'(*! ?P+M?!7NL!.$!!!!!!!!
MLL!u]!3(!-]aJ9!'60+$!3$$'*3'03.(!2305!{!l!WMK!.$!dML!(>8!

h'i!-+0+$>3(+*!C^!f?_=!>+',#$+>+(0,8 !

!

%(0$3+,! M\N! $+F$+,+(0! 05+! F5.0.F5^,34'&! 45'$'40+$3"'03.(! .6! 05+! *3'$^&>'&+3>3*+! C',+*!

F5.0.45$.>34!&3)'(*,! ?Aa)??a)?Ma)?N!'(*! ?Lb!25+$+',!+(0$3+,!T\MK!,#>>'$3"+!05+!4^4&.F+(0+(+!

C',+*!F5.0.45$.>34!&3)'(*,! ?P\M?8!H!,&3)50&^!C'05.45$.>34!,5360!3,!.C,+$A+*!6.$!05+!(+2!'$3,3()!

'C,.$F03.(!>'E3>'!4.$$+,F.(*3()!0.!05+!4&.,+*!F5.0.3,.>+$,!.6!05+!*3'$^&>'&+3>3*+,! ?A+?Lb!

25345!3,!45'$'40+$3,034!6.$!053,!4&',,!.6!-G%,8MM'!G.!.#$!,#$F$3,+b!05+!F5.0.4.(A+$,3.(!.6!05+!

*3'$^&>'&+3>3*+,!?Aa)??a)?M!'(*! ?N)7+E4&#*+*!?L9!3,!(.0!',!+66343+(0!',!6.$!05+!4^4&.F+(0+(+!

&3)'(*,! ?P+M?8!=.>F'$+*!0.!'!$+4+(0&^!$+F.$0+*!?aa!.6!Udm!6.$!'!*3'$^&>'&+3>3*+!F5.0.,23045b!

2305!'!6$++!>'&+3>3*+!4.$+!'(*!'!F5+(^&!,#C,030#03.(!F'00+$(!.(!05+!053.F5+(+!>.3+03+,bd' !05+!

,#C,030#03.(!.(!05+!(30$.)+(!'0.>!.6!05+!>'&+3>3*+!4.$+!2305!05+!F5'$>'4.F5.$+,!*$'>'034'&&^!

*+4$+',+,!05+!+6634'4^!.6!05+!F5.0.3,.>+$3"'03.(8!R(!4.(0$',0b!05+!4^4&.F+(0+(+,!?P+M?!+E53C30!

,:76O) %9>IHJ ) b>8T) 7.F+(9!

h(>i )

b>8T) 74&.,+*9!

h(>i )

b3,. !!

h(>i )

!22 h'i !

A) ?A) KTLb!WeO! WNNb!dUW! WLLb!WeTb!dMW! dTm!

?) ??) KTMb!WUL! WNTb!NLU! WLNb!Weeb!dMW! WOm!

M) ?M) KTdb!WTL! WNNb!NLL! WLMb!WeUb!dMW! dUm!

N) ?N) KTWb!WUM! WNdb!NLd! WLLb!WeTb!dMM! NKm!

L) ?L) KTMb!WON! WNdb!NLL! WLLb!WOLb!dMK!! eKm!

P) ?P) KNU! dUM! KUN! OWm!

V) ?V) KeL! dUL! KUW! eWm!

Q) ?Q) KTK! dUM! KUK! eKm!

B) ?B) KNU! dOU! KUM! eem!

A@) M@) KTK! dUd! KUK! eMm!

AA) MA) KTd! dUL! KUM! eTm!

A?) M?) KTW! NLW! WLL! TMm!



= fH?G%B! M!

!KK!

,#66343+(0&^!53)5!F5.0.4.(A+$,3.(,!,5.2(!C^!?aa!$'()3()!6$.> !TM\OWm8!a#$F$3,3()&^b!05+!4^4&+!

F+$6.$>'(4+! +E53C30,! '! C+00+$! 6'03)#+! $+,3,0'(4+! 6.$! 05+! >'&+3>3*+\C',+*! ,23045+,! ?A+?L8!

E3GF65)?!+E+>F&'$^!,5.2,!05+!@X\X3,!'C,.$F03.(!,F+40$'!'(*!05+!4^4&+!F+$6.$>'(4+!6.$!05+!

*3'$^&>'&+3>3*+!C',+*!&3)'(*! ?M!'(*!6.$!05+!4^4&.F+(0+(+!C',+*!&3)'(*! M@8!!

!

!

E3GF65)?8!=.>F'$3,.(!.6!05+!F5.0.45$.>34!F$.F+$03+,!.6!*3'$^&>'&+3>3*+!C',+*!&3)'(*! ?M!7'b!49!
7MLL!u]!3(!-]aJ9!2305! 05+!4^4&.F+(0+(+!C',+*!&3)'(*! M@!7Cb!*9!7MLL!u]!3(!-]aJ9j!'9!'(*!C9!
$+F$+,+(0!05+!@X\X3,! 'C,.$F03.(! ,F+40$'!#F.(!4.(03(#.#,!3$$'*3'03.(!2 305!&3)50! .6! {! l! WMK!(>!
7f+$.&'Cb! T! [9b! $+,F+403A+&^j! 49! '(*! *9! $+F$+,+(0! 05+! 4^4&+! F+$6.$>'(4+! #,3()! { ! l! WMK! (>!
7f+$.&'Cb!T! [9!6.$!05+!$3()!4&.,3()! '( *! { ! l! NWL! (>!7)$++(!_%-b!K8N! [9!6.$!05+!$3()! .F+(3()!
$+'403.(b!$+,F+403A+&^S!89!@X\X3,!'C,.$F03.(!,F+40$'!.6!&3)'(*! ?Mj!C9!@X\X3,!'C,.$F03.(!,F+40$'!
.6!&3)'(*! M@j!'$$.2,!3(*34'0+!05+!45'$'40+$3,034!45'()+, !3(!05+!'C,.$F03.(!,F+40$'j!<9!$+F+0303A+!
,230453()!4^4&+,!'0!NLL!(>!.6!&3)'(*! ?Mj!H9!$+F+0303A+!,230453()!4^4&+,!'0!dUd!(>!.6!&3)'(*! M@8!

!

G5+!'$$.2,!3(*34'0+!05+!45'$'40+$3,034!45'()+,!3(!05+!,F+40$'!#F.(!4.(03(#.#,!3$$'*3'03.(!2305!

&3)50! .6! {! l! WMK! (>! 7f+$.&'Cb! T ! [9b! '44.>F'(3+*! C^! '! 45'$'40+$3,034! 4.&.$ ! 45'()+! .6! 05+!

,'>F&+,8!G5+!4^4&+!F+$6.$>'(4+!,5.2+*!05'0!&3)'(*! ?M!3,!,0'C&+!.A+$! '0!&+',0!,3E!,230453()!

4^4&+,b!25+$+',!'!6',0!*+)$'*'03.(!.6!4^4&.F+(0+(+! M@!2',!.C,+$A+*8 !

:#$05+$! 3(A+,03)'03.(,! C^! 4.(03(#.#,! 3$$'*3'03.(! 2305! @X! &3)50! 7{! l! WMK! (>9! $+A+'&+*! 05+!

6.$>'03.(! .6! '(!3$$+A+$,3C&+!C^\F$.*#40!MM!72<=5>5)L 98!G5+!F5+(.>+(.(! .6!053,! '((#&'0+*!

3,.>+$!5',!C++(!$+F.$0+*!F$+A3.#,&^b!C#0!05+!>+45'(3,>!.6!05+!C\̂F$.*#40!6.$>'03.(b!25345!3,!

$+&'0+*!0.!05+!,#C,030#03.(!F'00+$(!.6!05+!-G%,!3,!(.0!^+0!6#&&^!#(*+$,0..*8 KK' \4!!

!



! ! = fH?G%B! M!

! KW!

!

!

2<=5>5)L 8!:.$>'03.(!.6!05+!3$$+A+$,3C&+!C^\F$.*#40!MM!.6!05+!&3)'(*!M@!7B!l! AA9!#F.(!4.(03(#.#,!@X!
3$$'*3'03.(8!
!

G5+!F5.0.3,.>+$3"'03.(!4'(!C+!>.(30.$+*!C^!@X \X3,!'C,.$F03.(!,F+40$.,4.F^!'(*!3,!*+F340+*!

3(!E3GF65!2(?8+<8!P^!3$$'*3'03()!05+!*3,,.&A+*!4.>F.#(*! M@!2305!{!l! WMK!(>!7f+$.&'Cb!T ![9!

.(+!(+2!>'E3>#>!3,! '$3,3()! '0!dUd !(>b!25345!3,!*+4$+',3()!#F.(!6#$05+$!@X!3$$'*3'03.(8!H!

(+2!'C,.$F03.(!>'E3>#>!3,!.C,+$A+*b!5^F,.45$.>34'&&^!,5360+*!0.!WTL!(>b!25345!3,!'00$3C#0+*!

0.!05+!3$$+A+$,3C&+!.44#$$3()!C^\F$.*#40!MM8!G5+!f?_=!0$'4+,!3(! E3GF65)2(?H),5.2!05'0!#F.(!

$+'453()! 05+! ?aab! 'FF$.E3>'0+&^! NNm! .6! 05+! C^\F$.*#40! 5',! '&$+'*^! C++(! 6.$>+*! '(*! 30,!

6.$>'03.(!3,!4.>F&+0+*!'60+$!MUK!,+48!a3>3&'$!0.!05+!$+,#&0,!C^!f+450!+-!./ 8KK' !2+!4.#&*!4.(63$>!

05+!,0$#40#$+!.6!MM!2305!K-\1]B!,F+40$.,4.F^!+EF+$3>+(0,!7,++! 2(Mb!2<=5>5)2(M +A!'(*! 2(M+

?98!

!

?JN)2O:7=5434)+)DF;G3H54)8:H)DF;G3>3H54))

R(! '! ,+4.(*! ,+$3+,! .6! *.F'>3(+! $+4+F0.$! &3)'(*,b! 6#&)3*+ ,! 2+$+! ,^(05+,3"+*b! F$.>3,3()!

$+A+$,3C&+!,230453()!3(!'V#+.#,!,.&#03.( MK'\C!'(*!)..*!6'03)#+!$+,3,0'(4+8!G5+!,^(05+,3,!.6!05+!

C+(".053.F5+(+!6#&)3*+!MV!2',!F+$6.$>+*!'44.$*3()!0.!05+!+EF+$3>+(0'&!F$.0.4.&!.6!a0.CC+!+$%

./$!'(*!]'00'^! +-%./ 8KW'\C!G5+!45'&&+()3()!,0+Fb!05+!a0.CC+!4.(*+(,'03.(b!2',!' 44.>F&3,5+*!C^!

+(.&3"'03.(!.6!3,.F$.F^&3*+(+,#443('0+!'(*!,#C,+V#+(0!$+'403.(!2305! MN8!G53,!$+'403.(!$+,#&0,!

3(!'!>3E0#$+!.6!234g.4-6!&'40.(+,! MP!25+$+C^!05+!234\3,.>+$! MP!3,!05+!6'A.#$+*!.(+!*#+!0.!05+!

3,.F$.F^&)$.#F!.6!MN8!G5+!*3'43*,!2+$+!.C0'3(+*!'60+$!'(!+&3>3('03.(!$+'403.(!'(*!,#C,+V#+(0!

,'F.(3634'03.(! C^! 'V#+.#,! F.0',,3#>! 5^*$.E3*+! ,.&#03.(8! :.$! 05+! '(5^*$3*+! 6.$>'03.(b! 05+!

4$#*+!*3'43*,!2+$+!0$+'0+*!2305!'4+0^&!45&.$3*+!0.!6.$>!05+!6#&)3*+!MV,!72<=5>5)P 98!

!

!
2<=5>5)P 8!P+(".053.F5+(+!6#&)3*+!MV!,^(0 5+,3,!'44.$*3()!a0.CC+! +-%./ 8j!B+')+(0,!'(*!4.(*303.(,S! 7'9!
R,.F$.F^&3*+(+,#443('0+b!_-Hb!Gf:b!\eO!z=!! !$808b!dO!5b!MTm8!C9!a0+F!MS!DJfb!%0Jfb!fKJb!eL!z=b!Kd!5j!
a0+F!KS!H4=&b!=fK=&Kb!dL!z=b!KL!5b!Oem8!
!

S S
NHR

O

Cl

312 nm

530 nm

S SCl
NHR

O
S S

O

NHR
Cl

312 nm

30 
open

30 
closed

33 
by-product

S

O

S

O

O

COOEt S O

O

O

syn/anti-36 37E34

a b
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!Kd!

G5+! 3(*.&^&\3,.F$.F^&! 6#&)3*+!MQb! N\>+05^&053.F5+(+\3,.F$.F^&! 6#&)3*+!MBb! C+(".053.F5+(+!

>+05^&!6#&)3*+!N@!'(*!3(*.&^&>+05^&!6#&)3*+!NA!2+$+!,^(05+,3"+*! '44.$*3()!0.!&30+$'0#$+8hKd\KTi!

J(&^!05+!%\3,.>+$,!2+$+!3,.&'0+*!'(*!#,+*!6.$!6#&)3>3*+!6.$>'03.(8 !

G5+!0'$)+0!6#&)3>3*+,!2+$+!F$+F'$+*!3(!'!02. \,0+F!$+'403.(8!:3$,0b!05+!,#443('>34!'43*,!N?b!NNb!

NVb!NB!'(*! LA!2+$+!.C0'3(+*!C^!5+'03()!05+!'>3(+,! Vb!AA!'(*! AV!2305!05+!6#&)3*+,!MV)\!NA!3(!

45&.$.6.$>! .$! -]:8!a+4.(*!05+!3>3*+,!2+$+!6.$>+*!C^! '(! '403A+!+,0+$!>+05.*!2305! -==b!

fJP0!'(*!-R?%H!.$!] a1G!'(*!]+ \3>3*'".&+!0.!.C0'3(!05+!*+,3$+*!6#&)3>3*+,!NMb)NLb)NPb)NQb)

L@)'(* )L?!72<=5>5)V 98!

!

!

!

2<=5>5)VJ!:#&)3>3*+!,^(05+,3,!2305!6#&)3*+!MV!7H$!l!C+(".053.F5+(+b!BW!l!3,.F$.F^&9b!MQ!7H$!l!3(*.&+b!
BW!l!3,.F$.F^&9b!MB!7H$!l!N\>+05^&\053.F5+(+b!BW!l!3,.F$.F^&9b!N@!7H$!l!C+(".053.F5+(+b!BW!l!>+05^&9b!
NA!7H$!l!3(*.&+b!BW!l!>+05^&9!'(*!'>3(+,! Vb!AAb!AV8!B+'403.(!4.(*303.(,S!'9!'>3(+!Hb!P!.$!=b!=f=& W!.$!
-]:b!TL!z=b!d \dO5j!C9!-==b!fJP0b!-R?%H!.$!]a1Gb!]+ \3>3*'".&+b!=f=&W!.$!-]:b!KN!z=b!Kd \dO58!
!

G5+!6#&)3>3*+!NP!2',!6.$>+*!'60+$!5+'03()!3(!=f=& W!6.$!Kd!5!2305.#0!'**3()!4.#F&3()!$+')+(0,8!

1.!6#&)3>3*+!4.#&*!C+!.C0'3(+*!2305!'>3(+!B!'(*! AM8!

!

)

)

)

!

!

!

!

!

!

)

)

!

!

aO

O

O

R3

Ar
N

O

O

R3

Ar R

37 - 41

COOH

OR3

Ar NHR

42 (amine A, 7, fulgide 37)
44 (amine A, 7, fulgide 38)
47 (amine B, 11, fulgide 40)
49 (amine B, 11, fulgide 41)
51 (amine C, 17, fulgide 41)

43 (amine 7, fulgide 37, 74%)
45 (amine 7, fulgide 38, 25%)
46 (amine 11, fulgide 39, 10%)
48 (amine 11, fulgide 40, 9%)
50 (amine 11, fulgide 41, 14%)
52 (amine 17, fulgide 41, 10%)

b
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! KN!

?JL)!=979I=O43<8;)3:R5473G8739:4)+)DF;G3>3H54)

HFF&34'03.(,! .6!F5.0.,23045+,!3(!C3.&.)34'&! ',,'^, !$+V#3$+!05+3$! ,.&#C3&30^!3(! 'V#+.#,!C#66+$8!

f+(4+b! 05+! F5.0.3,.>+$3"'03.(! .6! 05+! 6#&)3>3*+,!NLa) L@! '(* ) L?! 2+$+! 4'$$3+*! .#0! 3(! F.&'$!

,.&A+(0,!0.!.C0'3(!@XgX3,!'C,.$F03.(!,F+40$'8!$8C;5)?!,#>>'$3"+,!05+!F5.0.,0'03.('$^!,0'0+,!

7?aa9b!3,.,C+,034!F.3(0,!',!2+&&!',!05+!'C,.$F03.(!>'E3>'!.6! NM)'(*! NLa!*+0+$>3(+*!3(!-]aJ8!

G5+!>+05.*!6.$!05+!?aa!*+0+$>3('03.(!C^!f?_=!3,!+E+> F&'$3&^!,5.2(!6.$!4.>F.#(*! NQ!3(!05+!

2(N8!!G5+!3(*.&^&!6#&)3>3*+,!NLa)L@)'(* )L?!2+$+!'&,.!>+',#$+*!3(!'!MLm!-]aJ! s!0$3,\C#66+$!

,.&#03.(!7Ff!l!e 8d9!7$8C;5)?b!%(0$^!Wbe!'(*! U9b!25+$+C^!'!5^F,.45$.>34!,5360!.6!MO!(>!.6!05+!

'C,.$F03.(!>'E3>#>!3(!05+!A3,3C&+!&3)50!$'()+!2',!.C,+$A+*8!

!

$8C;5)?8!?5.0.45+>34'&!F$.F+$03+,!.6!6#&)3>3*+,!NM+L?8!

h'i!=&.,3()!.6!05+!.F+(!% \3,.>+$,!2305!@X!&3)50b!?aa!*+0+$>3(+*!C^!f?_=!>+',#$+>+(0,8!hCi!JF+(3()!.6!05+! 4&.,+*!>3E0#$+!2305!A3,3C&+!&3)50b!?aa!
*+0+$>3(+*!C^!f?_=!>+',#$+>+(0,8!h4i!a.&A+(0S!-]aJ8!h*i!a.&A+(0S!G$3,\C#66+$!o!MLm!-]aJ8!

!

G5+!@XgX3,!'C,.$F03.(!,F+40$'!45'()+,!'$+!+E+>F&'$3&̂!,5.2(!6.$!4.>F.#(*! NL!3(!E3GF65)M!

#F.(!3$$'*3'03.(!2305!dML!(>!&3)50!3(!F+$3.*,!.6!K!,+48!1+2!'C,.$F03.(!C'(*,!'$3,+!'0!NdW!(>!

'(*!WWL!(>b!05+!C'(*!'0!WTL!(>!*+4$+',+,!'(*!C+&.(),!0.!05+!.F+(!3,.>+$8!G5+!.F+(3()!.6!

05+!4&.,+*!F5.0.3,.>+$,!2',!'44.>F&3,5+*!C^!3$$'*3'03. (!2305!&3)50!.6!NLN!.$!NWL!(>!7M\K!>3(9!

6.$!NMb)NLb)NPb)NQb)L@!'(* )L?8!

,:76O) %9>IHJ )
b>8T) 7.F+(9!

h(>i )

b>8T) 74&.,+*9!

h(>i )

b3,. !

h(>i )
!22 h'i !

J ! =!7IS%S=9!

!22 hCi!

= ! J!7IS%9)

A) NMh4i) WLe! deW! KULb!WdKb!Wde! LSWLSeL! \!

?) NLh4i) WTL! NdW! WMLb!Wddb!dKL! LSKLSOL! \!

M) NLh*i) WNT! NKN! WLNb!WWeb!dMe! LSMUSOM! \!

N) NPh4i) KeK! NWK! WTL! LSMTSOd! \!

L) NQh4i) WKO! dOT! WMNb!WNe! MUSWTSdN! MUSOM!

P) L@h4i) WeL! NTd! WLTb!dWT! TSMTSeO! TSUd!

V) L@h*i) WeL! WKNb!NdT! deN! dSMOSeO! dSUT!

Q) L?h4i) WTW! NTW! WLKb!WKNb!dWL! dSMKSOd! dSUT!

B) L?h*i) KeUb!WTT! WLLb!NdN! WLLb!WKLb!dLU! dSMLSOT! dSUT!



= fH?G%B! M!

!KT!

!

E3GF65)MJ!_+609!05+!F5.0.45$.>34!F$.F+$03+,!.6!'!,.&#03.(!.6!NL)7NL!u]!3(!-]aJ98!G5+!,&3)50&^!^+&&.2!
.F+(!6.$>!0#$(+*!F#$F&+!'60+$!MK!,+4!3$$'*3'03.(!2305!dML!(>8!G5+!'C,.$F03.(! ,F+40$'! ,5.2+*! '!(+2!
'C,.$F03.(!C'(*!'0!NdW!(>8!B3)509!B+F+0303A+!,230453()!.6!NL!3,!*+F340+*!.(!05+!$3)50!,3*+8!
!

G5+!4^4&+!F+$6.$>'(4+,!.6!4.>F.#(*,! NMb)NLb)NPb)NQb)L@!'(* )L?)2+$+!,0#*3+*!C^!'&0+$('03()!

3$$'*3'03.(! '0!05+! 'FF$.F$3'0+!2'A+&+()05,!7NM!! !WMK4&.,+!(>b!NLN.F+( !(>j! NL!! !dLL4&.,+!(>b!

NWL.F+( ! (>j! NPa) NQ! ! ! WTN4&.,+! (>b! NWL.F+( ! (>j! L@a) L?! ! ! dLL4&.,+! (>b! NWL.F+( ! (>98! G5+!

4.>F.#(*,! ,5.2+*! )..*! 6'03)#+! $+,3,0'(4+! '(*! .(&^! &300&+! * +)$'*'03.(! 2',! .C,+$A+*8!

%E+>F&'$3&^b!05+!4^4&+!F+$6.$>'(4+!.6!4.>F.#(*!NL!3,!*+F340+*!3(!E3GF65)M8!

!

?JP)S39;9G3<8;)3:R5473G8739:4))

G5+!C3.&.)34'&!3(A+,03)'03.(!.6!'&&!0+,0!4.>F.#(*,!2',!0 '$)+0+*!0.2'$*,!05+3$!'C3&30^!0.!'403A'0+!

05+!*.F'>3(+!- Ka!$+4+F0.$8!J#$!,0#*3+,!2+$+!*3$+40+*!0.!05+!3*+(03634'03.(!.6!4.>F.#(*!F'3$,!

+E53C303()! *366+$+(0! '403A'03.(! F$.63&+,! 6.$! 05+! .F+(! '(*! 05+! 4&.,+*! F5.0.,0'03.('$^! ,0'0+8!

G5+$+6.$+b! 2+! 'FF&3+*! ,4$++(3()! ',,'^,! 6.$! Z \F$.0+3(! >+*3'0+*! ,3)('&3()! '(*! '$$+,03(!

$+4$#30>+(0!'0!'!63E+*!4.(4+(0$'03.(!7ML!u]98!G5+!Z\F$.0+3(!F'052'^!2',!3(A+,03)'0+*!#03&3"3()!

05+!R?\J(+ | !',,'^!7=3,C3.9!2305!f%D!KUWG!4+&&,!0$'(,3+(0&^!4.\+EF$+,,3()!- Ka!'(*!05+!5^C$3*!

Z\ F$.0+3(!Z#V3NfH!253&+!}\ '$$+,03(\K!$+4$#30>+(0!2',!*+0+$>3(+*!'FF&^3()!05+!?'05f#(05+$| !

',,'^!7-3,4.A+$k98!H&&!'403A'03.(!*'0'!'$+!,#>>'$3"+*!3(! $8C;5)Mb!2(L!'(*! 2(P!3(!4.>F'$3,.(!

0.!05+!$+6+$+(4+!&3)'(*!V#3(F3$.&+8!R(!05+!'$$+,03(!',,'^b!05+!4^4&.F+(0+(+!-G%,!?P\M@b!M?b!05+!

*3'$^&>'&+3>3*+,!?A\?Mb!?L!'(*!05+!6#&)3>3*+,!NMb!NLb!NPb!NQb!L@!'(*! L?!,5.2+*!% >'E !A'&#+,!

&+,,!05'(!MNm8!J(&^!-G%!MA!'(*!05+!>'&+3>3*+! ?N!C.05!C+'$3()!05+!3(*'(^&'>3(+!>.3+0^!'(*!

'!d \'0.>! ,F'4+$!C+02++(!05+!F5'$>'4.F5.$34!5+'*)$.#F! '(*!05+!F5.0. 45$.>34!+(030^!7MW9!

,5.2+*! %>'E! A'&#+,! .6! eLm! 7 MA\.F+(9b! eTm! 7MA\4&.,+*9b! WWm! 7?N\.F+(9b! '(*! Wem! 7?N\

4&.,+*9b!$+,F+403A+&^8!!

!

H**303.('&! >+',#$+>+(0! .6! '$$+,03(! $+4$#30>+(0! 6.$! 05.,+! 4.>F.#(*,! '0! MLL! (]! $+A+'&+*!
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$+A+$,3C&+b!&3)50\3(*#4+*!4.(0$.&!.6!F5.0.45$.>34!&3)'(*,!25+(!C.#(*!0.!05 +!$+4+F0.$!5'A+!0.!

C+!*.(+8 !

!

%=8I756)?! *+'&,!2305!F5.0.45$.>34!F+F03*34!1?n!nd! $+4+F0.$!&3)'(*,8!G5+! (+#$.F+F03*+!n!

71?n9!nd!$+4+F0.$!3,!'!Z!F$.0+3(!4.#F&+*!$+4+F0.$b!25345!3,!0'$)+0+*!C^!F'(4$+'034!F.&^F+F03*+b!

'!5.>.&.)#+!.6!1?n8!a+&+403A+!n dB!').(3,0,!2+$+!,#))+,0+*!',!F.0+(03'&!05+$'F+#034 ,!6.$!05+!

0$+'0>+(0! .6! .C+,30^8! f3)5&^! F.0+(0! *3>+$34! F+F03*34! ndB! ').(3,0,b! 4.(,030#0+*! .6! 02.!

F+(0'F+F03*+!>.3+03+,!4.((+40+*!05$.#)5!'(!'&3F5'034!&3(/+$b!$+F$+,+(0!'(!3(0+$+,03()!4&',,!.6!

n dB! &3)'(*,8! P',+*! .(! 053,! 4.>F.#(*! 4&',,b! F5.0.$+,F.( ,3A+! ndB! &3)'(*,b! 4.(0'3(3()! '(!

'".C+("+(+b! '".F^$'".&+b! *3+053+(^&+05+(+! .$! '! 6#&)3>3*+! 45$.>.F5.$+! 2+$+! F$+F'$+*! 0.!

+EF&.$+!,0$#40#$'&!$+V#3$+>+(0,! .6! ,#45!ndB! ').(3,0,! .(!n dB!C3(*3()8!G5+!,^(05+,3"+*!ndB!

&3)'(*,b! 4.(0'3(3()! '! (.( \'&3F5'034! $3)3*! F5.0.45$.>34! &3(/+$b! ,23045! $+A+$,3C&+! 3(! 'V#+.#,!

C#66+$!'(*!+E53C30!53)5!ndB!'663(30^!05$.#)5.#08!G53,!*+>.(,0$'0+*!05'0!05+!$+F&'4+>+(0!.6!05+!

53)5&^! 6&+E3C&+! '&3F5'034! &3(/+$! C^! '! 4.(,3*+$'C&^! &+,,! 6&+E3C&+! F5.0.45$.>34! &3(/+$! 2',! 2+&&!

0.&+$'0+*! 2305! $+,F+40! 0.! ndB! C3(*3()8! -366+$+(4+,! 3(! ndB! '663(30^! '(*! '403A30^! C+02++(! 05+!

3(*3A3*#'&! F5.0.3,.>+$,! 7A'$^3()! 3(! ,F'03'&! .$3+(0'03.(! '(*! 6&+E3C3&30^9! 2+$+! >'$)3('&8! G53,!

,#))+,0,!05'0!05+!&3(/3()!+&+>+(0!3(!05+!*3>+$34!&3)'(*,!3,!&+,,!4$3034'&!6.$!05+!'*'F0'03.(!.6!53)5\

'663(30^! C3(*3()! >.*+,! '0! 05+! $+4+F0.$8! H,! ,.>+! 4.>F.#(*,! F $.A+*! 0.! C+! 2+'/+$! F'$03'&!
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').(3,0,!05'(!05+!>.*+&!*3>+$34!F+(0'F+F03*+b!053,! ,0#*^!>3)50!,#FF.$0!05+!*+A+&.F>+(0! .6!

n dB!'(0').(3,0,8 !

!

G5+!,^(05+,3,! '(*!C3.&.)34'&!+A'&#'03.(!.6!4.A'&+(0! C3(*3()!F5.0.45 $.>34!Z?=B!&3)'(*,!6.$!

,3()&+!>.&+4#&+!,F+40$.,4.F^!2',!3,!$+F.$0+*!3(!<=8I756)M8!G5+!}K\'*$+(+$)34!$+4+F0.$!7}K\

HB9!'(*!05+!u \.F3.3*!$+4+F0.$!7uJB9!2+$+!45..,+(!6.$!3(A+,03)'03.(,!0.2'$*,!4.A'&+(0&^!C.#(*!

F5.0.45$.>34!&3)'(*,8!H".F^$'".&+,b!4.>F$3,3()! '(! 4.A'&+(0!0+05+$b!2+$+!+>C+**+*!3(!05+!

,0$#40#$+,!.6!05+!53)5&^!F.0+(0!}K\HB!').(3,0!PR \MTeMLe!'(*!3(0.!05+!uJB\').(3,0!6+(0'(^&!0.!

.C0'3(!F5.0.45$.>34!4.A'&+(0!&3)'(*,8!G5+!'".F^$'".&+! '40,! ',!05+!F5.0.45$.>34!6#(403.('&!

&3(/+$! C+02++(! 05+! F5'$>'4.F5.$+! '( *! 05+! 0+05+$3()! F.,303.(8! Z+.>+0$34! 45'()+,! ,5.#&*!

+66+40!C3(*3()!.$!$+4+F0.$!'403A'03.(!25+(!0.))&3()!C+02++(!05+!02.!F5.0.3,.>+$,8!H!F'$'&&+&!

3(A+,03)'03.(! .6! *366+$+(0! ,^(05+034!$.#0+,!0.! ,^(05+,3"+!05+!F5'$>'4.F5.$34!>.3+0^! '(*!05+!

4.A'&+(0!)$.#F,b!3(4&#*3()!'!*3,#&63*+!.$!'!>'&+3>3*+!',!05+!0+05+$3()!)$.#Fb!2',!*.(+8 !G5+!

4$#43'&! ,0+F! 6.$! 05+! }K\HB! &3)'(*,! 2',! '44.>F&3,5+*! 3(! '! $+*#403A+! '>3('03.( ! $+'403.(!

4.((+403()!05+!F5.0.$+,F.(,3A+!0+05+$!'(*!05+!F5'$>'4.F5. $34!>.3+0^!',!05+!63('&!,0+F8!G5+!

uJB \&3)'(*,!2+$+!,^(05+,3"+*!2305!'!*3,#&63*+!F$.0+403.(!)$.#F!6.$!05+!*3,#&63*+!*+$3A'03A+!.$!

A3'!'!F.,0!6#(403.('&3"'03.(!.6!'(!'".F^$'".&+ \6+(0'(^&!'"3*+b!3(,0'&&3()!'!>'&+3>3*+\!.$!'!1fa!

+,0+$\0+05+$3()! )$.#F! 3(! '! 4&34/\$+'403.(8! G5+! F5.0.45+>34'&! 45'$'40+$3"'03.(,! .6! 05+!

F5.0.45$.>34! &3)'(*,! $+A+'&+*! 53)5! 6'03)#+! $+,3,0'(4+! '(*! 53)5! 05+$>'&! 5'&6\&3A+,! 6.$! 05+!

'".F^$'".&+,8 ! R(303'&! C3.&.)34'&! 3(A+,03)'03.(,! ,5.2+*! )..*! C3(*3()! ' 663(303+,! 6.$! C.05! 05+!

4.A'&+(0!} K\HB!'(*!uJB!&3)'(*,!0.2'$*,!05+!23&*!0^F+! $+4+F0.$!'(*!>#45!53)5+$!'663(303+,!6.$!

05+3$!4.$$+,F.(*3()!>#0'(0!$+4+F0.$,8!:#(403.('&!,0#*3+,!.( !}\ '$$+,03(!$+4$#30>+(0!6.$!05+!}K\

HB! '(*!Z \F$.0+3(! ,3)('&3()!6.$!05+!uJB! ,5.2+*!53)5!3(0$3(,34! '403A303+,!6.$!05+! ,^(05+,3"+*!

&3)'(*,8! :3('&&^b!05+!*366+$+(4+,!3(!+6634'4^! '(*!C3(*3()!C+02++(!05+!! \! '(*! 0\3,.>+$,!2+$+!

.(&^!>'$)3('&8!H,!05+!3(303'&!,0#*3+,!*3*!(.0!4.(,3*+$!05+!4.A'&+(0!C3(*3()b!6#$05+$!3(A+,03)'03.(,!

2.#&*! C+! 0.! ,0#*^! 3$$+A+$,3C&+! C3(*3()! '(*! 6#(403.('&! ',,'^,b! 0.! )+0! >.$+! 3(,3)50! 3(0.! 05+!

4.A'&+(0!('0#$+!.6!05+!&3)'(*,8!
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-3+,+! -3,,+$0'03.(! C+5'(*+&0! *3+! a^(05+,+b! F5.0.F5^,3/'&3,45+! =5'$'/0+$3,3+$#()! #(*!

H(2+(*#()!A.(!F5.0.45$.>+(!Z \?$.0+3(!)+/.FF+&0+(!B+"+F0.$\_3)'(*+(8 !

i8I375;)A !C+,45$+3C0!*3+!%3(C3(*#()!*+$!C+$+30,!)#0!#(0+$,#450+(!D&',,+(!*+$!F5.0.45$.>+(!

-3053+(^&+05+(+!#(*!:#&)3*+!3(!C+/'((0+!-.F'>3( \B+"+F0.$\_3)'(*+(!23+!Mbd\*3,#C,030#3+$0+!

'$.>'03,45+! #(*! f^*$.E^C+(".E'"3(.( \?3F+$'"3(+! ,.23+! H>3(.3(*'(+8! %,! )+&'()b! ,#C0^F!

#(*! 6#(/03.(+&&! ,+&+/03A+! F5.0.45$.>+! _3)'(*+(! "#! ,^(05+03,3+$+(b! 2+&45+! >300+&,! 1]B\

aF+/0$.,/.F3+! #(*! @XgXRa\HC,.$F03.(,,F+/0$.,/.F3+! 45'$ '/0+$3,3+$0! 2#$*+(8! -3+!

F5.0.F5^,3/'&3,45+(!%3)+(,45'60+(!*+$!-3053+(^&+05+(!-.F'>3( \_3)'(*+(!23+,+(!+3(+!5.5+!

%$><*#(),$+,3,0+("! 3(! -]aJ! '#68! -3+, +! /.((0+! 3(! 2;,,$3)+(! _Q,#()+(! '#6)$#(*! *+,!

C+/'((0+(! OB62-+D%64-#.,9/+?"/.#%?*.#(+%-#.42U+#!7GR=G9!c+*.45!(3450!C+,0;03)0!2+$*+(8!%3(3)+!

=^4&.F+(0+(\-3053+(^&+05+(+!"+3)0+(!5.5+!F5.0.,0'03.(;$+!I#,0;(*+8!!a3+!6.$>0+(! c+*.45!+3(!

3$$+A+$,3C&+,! 1+C+(F$.*#/0b! 2',! *+(! HCC'#! *+,! ?5.0.,45 '&0+$,! "#$! :.&)+! 5'00+8! P+3!

P+0$'450#()! *+$!:#&)3*+! /.((0+(! 5.5+! F5.0.,0'03.(;$+! I#,0;(*+! #(*! +3(+! a45'&0C'$/+30! 3(!

F.&'$+(! _Q,#(),>300+&(! 6+,0)+,0+&&0! 2+$*+(8! :#&)3>3*+! >30! R,.F$.F^&\B+,0! 23+,+(!

'#,,45&3+}&345!+3(+!R,.>+$3,3+$#()!"23,45+(!*+$!.66+(+(!%\:.$>!#(*!*+$!)+,45&.,,+(+(!= \

:.$>! '#68!P+3!+3(+$!D.("+(0$'03.(!A.(! M! (]! "+3)0+!+3(! .66+(+,!R,.>+$!+3(+,!=^4&.F+(0+( \

-3053+(^&+05+(,! +3(+! ML\6'45! 5Q5+$+! H/03A3+$#()! *+,! F5'$>'/.&.)3,45! C+*+#0+(*+ (! - Ka\

B+"+F0.$,! '&,! *',! )+,45&.,,+(+! R,.>+$8! H&,! '&0+$('03 A+$! ?5.0.,45'&0+$! 2#$*+! +3(! R(*.&^&\

:#&)3>3*\R,.>+$+(F''$! 7.66+(g)+,45&.,,+(9! +(0*+4/0b! *+,,+(! 3(A+$,+! H/03A3+$#(), \

+3)+(,45'60+(!3>!)+,45&.,,+(+(!I#,0'(*!+3(+!A3+$6'45!5Q5+$+!H/03A30;0!"+3)0+8!@>!*3+!Z?=B\

$+)#&3+$+(*+(! ?5.0.,45'&0+$! 2+30+$! "#! .F03>3+$+(! #(*! 2+30+$+! C3.&.)3,45+! %$/+((0(3,,+!

C+"<)&345! *+,! &34503(*#"3+$0+(! a45'&0+(,! '>! B+"+F0.$! 64% 8689! "#! +$5'&0+(b! ><,,+(! 2+30+$+!

@(0+$,#45#()+(!*#$45)+6<5$0!2+$*+(8!

!

-',! i8I375;)? !5'(*+&0!A.(!F+F03*3,45+(!F5.0.45$.>+(!1+#$.F+F03*!n d\B+"+F0.$!71?n!n d\

B+"+F0.$9!_3)'(*+(8!-+$!1?n!n d\B+"+F0.$!3,0!+3(!Z\?$.0+3(!?$.0+3(\)+/.FF+&0+$!B+"+F0.$!#(*!

C3(*+0! '&,! ('0<$&345+(! _3)'(*+(! *',! F'(/$+'03,45+(! ?.&^F+F03*b! +3(! f.>.&.)! *+,! 1?n8!

a+&+/03A+! nd\B+"+F0.$! H).(3,0+(! 2#$*+(! "#$! P+5'(*&#()! A.(! :+00&+3C 3)/+30! A.$)+,45&')+(8!

f.45F.0+(0+! *3>+$+! F+F03*3,45+! nd\B+"+F0.$! 7ndB9\H).(3,0+(b! *3+! '#,! "2+3! * #$45! +3(+(!

'&3F5'03,45+(! _3(/+$! A+$C#(*+(+(! ?+(0'F+F03*\%3(5+30+(! C+,0+5+(b! $+F$;,+(03+$+(! +3(+!

3(0+$+,,'(0+! D&',,+! '(! n dB\_3)'(*+(8! P',3+$+(*! '#6! *3+,+$! _3)'(*+(/&',,+! 2#$*+(!

F5.0.+>F63(*&345+! ndB\_3)'(*+(! >30! H".C+(".&+(b! H".F^$'".&+(b! -3053+(^&+05+(+(! #(*!

:#&)3>3*+(!,^(05+03,3+$0b!#>!,0$#/0#$+&&+!H(6.$*+$#()+(!,.&45+$!n dB\H).(3,0+(!C+"<)&345!*+$!

n dB\P3(*#()!"#!#(0+$,#45+(8!-3+!,^(05+03,3+$0+(!ndB\_3)'(*+(!C+3(5'&0+(!+3(+(!,0'$$+(!(3450!

'&3F5'03,45+(b! F5.0.45$.>+(! _3(/+$b! *+$! +3(! $+A+$,3C&+,! a45'&0+(! 3(! 2;,,$3)+>! ?#66+$!

+$>Q)&3450!#(*!*#$452+),!5.5+!n dB\H663(30;0+(!'#62+3,08!-3+,!"+3)0b!*',,!*+$!H#,0'#,45!*+,!

5.456&+E3C&+(! '&3F5'03,45+(! _3(/+$,! *#$45! +3(+(! 2+(3)+$! 6&+E3C&+(! F5.0.45$.>+(! _3(/+$!
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!KLd!

C+"<)&345!*+$!ndB\P3(*#()!)#0!0.&+$3+$0!23$*8!@(0+$,453+*+!3(!*+$!H663(30;0!#(*!H/03A3+$#()!*+,!

n dB!"23,45+(!*+(!c+2+3&3)+(!?5.0.3,.>+$+(b!2+&45+!,345!3(!*+$!$;#>&345+(!J$3+(03+$#()!#(*!

:&+E3C3&30;0!#(0+$,45+3*+(b!2'$+(!(#$!)+$3()8!-3+,!&;,,0!A+$>#0+(b!*',,!*3+!A+$C3(*+(*+!%3(5+30!

3(!*3>+$+(!_3)'(*+(!C+"<)&345!*+$!H*' F03+$#()!A.(!5.45!'663(+(!P3(*#(),>.*3!'>!B+"+F0.$!

+3(+!2+(3)+$!234503)+!B.&&+!,F3+&08!-'!+3(3)+!*+$!F5.0.45$.>+(!?+F03*+!+3(+(!,452;45+$+(!

?'$03'&').(3,>#,!'&,!*',!]#,0+$F+F03*!'#623+,+(b!/Q( (0+(!*3+!A.$&3+)+(*+(!%$)+C(3,,+!C+3!

*+$!%(0234/&#()!A.(!ndB!H(0').(3,0+(!5+&6+(8!!

!

-3+!a^(05+,+!#(*!C3.&.)3,45+!@(0+$,#45#()!A.(!/.A'&+( 0!C3(*+(*+(!F5.0.45$.>+(!Z?=B \!

_3)'(*+(!6<$!*3+!%3("+&>.&+/<&,F+/0$.,/.F3+!3,0!3(!i8I375;)M!*'$)+,0+&&08!:<$!@(0+$,#45#()+(!

C+"<)&345! /.A'&+(0! )+C#(*+(+(!?5.0.,45'&0+$(!2#$*+(!*+$!} K\'*$+(+$)+!B+"+F0.$!7} K\HB9!

,.23+!*+$!u \JF3.3*\B+"+F0.$!7uJB9!C+0$'450+08!H&,!5.45!F.0+(0+!H).(3,0+(!6<$!}K\HB!2#$*+!!

PR\MTeMLeb!6<$!uJB! :+(0'(^&!A+$2+(*+08!R(!C+3*+!_3)'(*+(!2#$*+(!H".F^$'".&+!+3()+C'#0!

#(*! /.A'&+(0+! H(/+$)$#FF+(! '()+6<)08! -',! H".F^$'".&! , 0+&&0! *3+! F5.0.45$.>+! 6#(/03.('&+!

%3(5+30!"23,45+(!*+>!?5'$>'/.F5.$!#(*!*+$!H(/+$F.,303. (!*'$8!-3+!‘(*+$#()!*+$!Z+.>+0$3+!

*+,! /.A'&+(0! )+C#(*+(+(! _3)'(*+(! ,.&&0+! *3+! P3(*#()! #(*! H/03A3+$#()! C++3(6&#,,+(8! %,!

2#$*+(! A+$,453+*+(+! a^(05+,+2+)+! *+$! F5'$>'/.&.)3 ,45+(! D.F6)$#FF+! #(*! *+$!

F5.0.45$.>+(!%3(5+30!>30!+3(+$!/.A'&+(0+(!a0$#/0#$b!23+!+3(+>!-3,#&63*!.*+$!+3(+>!]'&+3>3*b!

+(0234/+&08! H&,! +(0,45+3*+(*+$! #(*! &+0"0+$! a45$300! *+$! a^(05+,+! *+$! }K\HB\_3)'(*+(! 2#$*+!

+3(+!$+*#/03A+!H>3(3+$#()!*#$45)+6<5$0b!2+&45+!*+(!/.A'&+(0!C3(*+(*+(!?5.0.,45'&0+$!>30!*+$!

F5'$>'/.&.)3,45+(! D.F6)$#FF+! A+$C3(*+08! -3+! uJB \_3)'(*+(! 2#$*+(! >30! +3(+$! -3,#&63*\

a45#0")$#FF+! .*+$! *#$45! F.,0\:#(/03.('&3,3+$#()! +3(+,! H".F^$'".& \:+(0'(^&'"3*+,!

,^(05+03,3+$0b! 2.C+3! +3(+! ]'&+3>3*\! #(*! 7 \f^*$.E^,# 443(3>3*+,0+$\:#(/03.(! >300+&,! =&34/\

B+'/03.(! 3(,0'&&3+$0! 2#$*+8! -3+! @(0+$,#45#()! *+$! F5.0.F5^,3/'&3,45+(! %3)+(,45'60+(! *+$!

F5.0.45$.>+(! _3)'(*+(! +$)'C! +3(+! ,+5$! )#0+! %$><*#(),$+,3,0+("! #(*! )$.}+! 05+$>3,45+!

f'&C2+$0,"+30+(! *+$! H".F^$'".&+8! %$,0+! C3.&.)3,45+! @(0+$,#45#()+(! "+3)0+(! 5.5+!

P3(*#(),'663(30;0+(! 6<$! C+3*+! /.A'&+(0+! }K\HB\C"28! uJB \_3)'(*+(! '>! c+2+3&3)+(! [3&*0^F \

B+"+F0.$!#(*!*+#0&345!5Q5+$+!H663(30;0+(!'(!*+(!A+$2+(*+0+(!]#0'(0+(!*+$!B+"+F0.$+(8!f.5+!

3(0$3(,3,45+!H/03A30;0+(! "+3)0+(! *3+! ,^(05+03,3+$0+(!_3)'(*+(!3(!%EF+$3>+(0+(!>30! } \H$$+,03(\

H,,'^,!76<$!} K\HB9!C"28!Z\?$.0+3(\H/03A3+$#()!76<$!uJB98!_+0"0+(*&345!2'$+(!*3+!@(0+$,453+*+!

3(! *+$! [3$/#()! #(*!P3(*#()! "23,45+(! *+(! c+2+3&3)+(! ?5.0.3,.> +$+(! (#$! )+$3()8! -'! *3+,+!

+$,0+(! @(0+$,#45#()+(! (.45! (3450! * 3+! /.A'&+(0+! P3(*#()! *+$! _3)'(*+(! C+$<4/,34503)0+(b!

,.&&0+(! 2+30+$+! @(0+$,#45#()+(! "#$! 3$$+A+$,3C&+(! P3(*#()!#(*! *+$! *'>30! A+$C#(*+(+(!

H#,23$/#()+(! '#6!*3+!:#(/03.('&30;0!*#$45)+6<5$0!2+$*+(b!#>!+3(!C+,,+$+,!X+$,0;(*(3,!*+$!

/.A'&+(0+(!1'0#$!*+$!_3)'(*+(!"# !C+/.>>+(8 !
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