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[3053(105+!63+&*IF8.0.F5'$>'4.&.)"  bF5.0.,23045+,!5'A+1*$'2(13(4%+',3()!"'00+(03.(! .A+$!
05+! F',01 M+'$, 8IH*c'4+(0! 0.! F5.0.4)3() “b! 253451 3,1 (1 3$$+A+$,3C&+! F$.4+5b! @.>> (!
$+A+$,3C&+!F5.0.,23045+,b1 25345!'$+1#,+11GB.&.)34'&!'FF&34'031[$+!>'3(&N ™ .C+("+(+, |
'(*1 *3'$7&+05+(+, | 7-G%, BWR(! **303.(b! >.&+4#8&H, &3/+! ,F3$.F $'(+b! 5+>3053.3(*3).M!
*(($ \'44+F0.$1a0+(5.#,+I"#40,17-HaH,9  "I'(*| 6#8&)3*+PI2+$H'&,.1#,+*16.$105+! $+A+$,3C&+!
> *#&'03.(1.61C3.8.)34'&!0'$)+0,! CM &3)BO 5. 0.$+,F.(,3A+!>. &+4#8&+,14'(1C+!*3A3*+*13(0.102.!
)$.#F,S!105+05+$>'&&A ' C&+!,23045+,1G\0 F+b!1+8)8!"".C+("+(+,b! 5+>3053.3(*3).,9!"(*! 05+!
05+$>'&&M ,0'C&+! .(+,! N0 F+b! +8)8B'$"&+05+(+,b! 6#&)3*+,98! :#&)3>3*+,! '$+! 05+! 3>3*+!
*+$3A'03A+,1.616#8&)3*+,1'(*12+$84'3(&NM#,+*1 3(1.LF034'&!*'0',0.$)+ ‘b!>.&+4#&'$!4.>F#03(Y"
'(*I F5.0.>+45'(34'&! >'0+$3'&, 8" f.2+A+$b! C+7.(*! 'FF&34'03.(,! 3(! >'0+$3'&! ,43+(4+b!
6#8&)3>3*+,1'$+!'&,.1 2+&&! #3048.$! C3.&.)34'&! 'FF&34'03&™ "5 543%,0'C3&307 3(! 4.(*303.(,!
ONF34'&!6.68.&.)34'&!",, "N 12 IF$.A+(ICN_++,1  +-% IR305!05+#+A+&. F>+(0!.6!53)58" F.&'$!
3(*.&"&!6#&)3>3*+,b!25345!,23045!$+A+$,3C&MN3(!,.*3#>IF5., F6086-+48
#8)3>3*+,1,5.21+E4+8&+(0F5.0.45+>34'&!F$.F+$038/f3)5!F5.0.,0'03.('$",0'0+, 17?2aa9!'(*!
$+A+$,3086.))&3()! C+02++(! C.05! F5.0.3,.>+$,! 2305.#0! *+)$'*'03.( 8! R(I)+(+$'&b! 05+!
F5.0.45$.>3,>! .44#$,! C+02++(1 05+ 4.& #$&+,,! ' \3,.>+$,! '(*1 05+! 4.&.#$+*1 ) \3,.>+$! 3(!"!
4.(3.0'0.$" +&+40$.47M4&3"0B(G5+! J\3,.>+$! ,5.2,! | D! 3,>+$3"03.(! *+F+(*3()! .(! 05+!
#C,030#03LF'00+$(! .6! 05+! MbWHNE'0$3+(",0+>8 G5+! 05+$>'&! ,0'C3&307 $+A+'&,! 6$.>! 05+!
#C,030#03.(1.6105+1>+057&+(+157$.)+(1'0.>, ICAI>+057&!)$ #F, 8R0S *#43() > $+1,0+$34'& &N
*+>'(*3() 1)$.#F! 7+8)8! 3,.F$.FA&90! F.,303.(! BM &3>30,! 05+! 3,.>+$3"03.(! 0.! 053, g\
3,.>+$3"03.(! 2<=5>5)A 9¥

X = O (Fulgide)

X = NR (Fulgimide)

R' = methyl,
isopropyl

2<=5>5)A 8125.0.3,.>+$3"03.(1.616#8)3*+,g6#&)3>3*+,12305!@X . $B&3&3)568(! BM3,I$+F&4+*1CAI(1
3,.F$.FA&1)$.#Fb105+!,230453()!3,14.(63(+*10.105H \I'(*! ) \3,.>+$ 13(0+$4.(A+$,3.8!
!

$8C;5)A #>>'$3"+,105+!>'3(& #, +*I5+0+$.'$.>'034,16.$105+! 6#8&) 3%+ I'(*164#8&)3>3*+! N(05+,3,!
$+,#803()! 3(1 *366+$+(0! F5.0.45$.>34! F$.F+$03+,8! GEAISEQH(,3A+! $+ +$451 2 1 * (+1 (1
053.F5+("80I6HSNE 1 3(*. & &I6#&) 3 +,'(*16#8&)3>3*+,8

!
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I

%&+40%.(! $34B10+$.'$.>'0341 > 3+03+PKOPKUGI 1 %347 (> +05/&+(+! > *363+*1'(5M*$3*+ 11" |
F'$01.6!105+164#&)3>3*+!,0$#40#$+!14'#1€'05.45%.>341,5360!.6/05+!'C,.$F03. (1, F+40$#>b125345!3 |
C+(+6343'&! 6.$! C3.8.)34'&! 'FF&34'03.(,! ',! &.()+$! 2'A+&+()05,! 4'(! C+! #,+* 0.1 3(303'0+! 05+!
3,.>+$3"03.(I7E3GFE6PPBIR(*.&"&!6#&)3>3*+,b!6.$I+E">F&+b!4'(IC+IF5.0.3,.>+$3CMC&H+!'(*!
)$++(! &3)508! :#$05+$>.$+b! 05+3$! F5.0.,0'03.('$MN ,0'0+,! '$+! >#45! 53)5+$! *#+! 0.1 'l C+00+$!
+F'$'03.(1.6!105+!'C,.$F03.(IC'(*,1.6105+! ' \I'(*! ) \3,.>+$8IE3GF65)A+F340,I+E+>F&'$38M05+!
C'05.45%.>34!1,5360!.6!05+!'C,.$F03.(I,F+40%$' .6! 3(*.&&! 6#&)3)¥$3)509! 3(14.>F'$3,.(10.105+!
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|
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2<=5>5) 281a’(05+,3,!.6!05+1053.F5+(+!6#&)3>3FXA@! 7'91a0.CC+!4.(*+(,'03.(1.6! N'(*! L!6.$>3()!"
>3E0#$+!.61&'40.(+,1,M(g'(03P8!7C9a'F.(3634'03L(6!P16.$>3()!05+1*3'43*1 \V8I749IH(5"*$346.$>'03.(!.6!
I \VI7T*9IR>3*+16.$>'03.[.616#&)3* \Q'(*I'>3(+!  BS!

!

1+A+$05+&+,,b! 3(105+! &', 01 *+'$,1 &3)50&FB. A+>+(0,1.6105+! N05+,3,1 2+$+!'453+A+*FemNaT
#$05+$>.$+b! D3¢0 AF+F. $O+*1'12% \4'0'&N"+*14'$C. (&'03.(1,(05+,3,113+&*3() | 6#&) 3*+,'(*]
05+14.$%+,F.(*3()!164&)+(34!'43*,1.6! #C,030#0+*IMMEHON(+*3.&,8!G53,!>+05.*13,1 #30'C&+16.$105+!
A(05+,3,!. 61,0+$34'&&NI*+>'(*3()16#&)3*+,bICH#0!*.+,1(.012.$/16.$105+4(05+,3,!.616#&)3*+,12305!
,0$.0)&N+&+40$\¢.('03()'$7&!)$ . #F, 1+8) 813(*. & &!6#&) 3> 3*A FE ™|
G5+!1'3>1.61053,1>34$.$+A3+213,10.1 #>>'$3"+105+!C3B4'&!'FF&34'03.(,!.6!6#&)3>3*+,|. A+$105+!
&', 0!WLIN+'$,8!G5+163$,01$+F.$0,16.4#,+*1.(105+!1> *3634'03. (B (" >+! . $IF$.0+3(125+$+",!
$+4+(0!F#C&34'03.(,1*3,4#,,!1>.¥3634'03.(,1.6!&3)'(*,105'0!C3(*,!10.I"1$+4+F0.$!.$!F$.0+3(8

1

?J)EF;G3>3H54)84)I1=9794K37<=54)3:)C39;9G3<8;)8l|;38343
G5+163$,013(4.$8:03.(1.6!6#&)3*H3(IC3.8.)34'&! 0SH#A0HEX, IS+ F.$O+HCNP;#+$8&+-%.HG5+!
4'$C.5M$'0+ \C3(*3()! F$.0+3(! =.(4'(A'&3(! H! 7=.(H9! 2'!  45+>34'&&"! >*363+*! 3(0.! 'l
053.F5+(+6#&)3%8.14.(0$.&105+!C3(*3()B!" -\ >'((.FA$'(.,3*+IC"&3)508!G5+!053.F5+(+!64#&)3%!
2'16#(403.('&3"+*ICNI' 7\5/$ EN #443(3>3*471fa9 I+,0+HR534512' | #FF.,+*10.  1$+'4012305!
&N 3(+!$+,3*#+,1.6105+!=.(HI R2<=5>5) MBIGF!F5.0.$+)#&'0+*!",,.43'03.(1.6! d\(30$.F5+("8p\

A S(CFAS(,3%+  10.2'$*,105+!6#&)3*+13(130,! .F+(1'(*1 4&.,+*13,.>+$34! 0'0+ b!$+,F+403A+&"b!
2'13(A+,03)'0+*I CMO5+!*+0+$>3('03.(1.6!",,.43'03.( 14.(,0'(0,8! G5+!53)5+,0!*366+$+(4+!12" !
'453+A+*125+(1UI6#8&)3*+,12+$+14.((+40+*10.105+IF$.0+3(8
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L#$05+$! ,04*3+,1 .(1'(! +,0+$3634'08 $+'403.(b! 4'0'&\"+*1 CAl 05+! +("A>+!  p\=5">.0$"F,3(!
6.&&.2+*105+!,">+1,0$'0+)76.$I'IF5.0.$+,F.(,3A+!>.*3634'03 .(1.6!F$.0+3(,81a0$#40#$'&145' () +,!
6105+ F$.0+3(12+$+!.C,+$A+*DICHO!.(&N> *+$'0+1*366+$+(4+,1#F.(105+13(0+$4.(A+$,3.(1.6!05+!
02.IF5.0.3,>+%$,8 !

I

! ! ! ol

ON OFF

(0] / hv, C/
T —— C

) hv, ¢ N
Active site Distorted protein |
Cc9
a-Ch:
NH

2<=5>5) MB!'9!a45+>'034!$+F$+,+(0'03.(1.6!05+!F5.0.,03>#&'0+*!g.(8! q.66r!'403A303+,! .6 (1 +("">+ICN!
4. A'&+(0!>.*3634'03.(!.6!"IF$.0+3(12305!6#&)3*+,!7JIF+(b!=!1!4&.,+*98!C9!B+'403.(!.6!&",3(+!$+,3*#+,1.6!
p\=5">.0$"F,3(12305!05+!1fa!+,0+$*+$3A'03"+*16#&)3>IAR8!

!

HIF.,,3C&+!+EF&'('03.(16.$!05.,+!,&3)501*366+$+(B105+!>'$)3('&!4.(6.$>'03.('&!IF+$0#$C'03. (!
.61 05+! F$.0+3(! C'4/C.(+! #F.(! F5.0.3,.>+$3"03.(8! H,! 05+! 6#&)3*4A>.*363+*! p\=5">.0$"F,3(!
N0+>1%3%1 (.01 2.$/1 3(1'V#+.4#,!,.8#03.(b! ' C3.3>F$3(0+*! A+ $,3.(!.6! 05+! 6#&)3*».*363+*Ip\
=5">.0$"F,3(! 2',! #,+*1 0. $+4.$*1 05+! +,0+$3634'03.(! $'0+,! .6! 7\'4+0"& \F5+("&'&'(3(+!"(*!
+05'(.&!3(14"4&.5+E'(+81J(&3(+!,230453() +EF+$3>+(0,b125345!,8+*'(13(4$+',+|. $*+4$+', +!
.6!105+!+,0+$3634'03.(!1$'0+b!12+$+1* (+] #44+, 6#&&"8!:3('&& b!05+M4 #&*1 5. G5 3.3>F$3(0+*!
F$.0+3(I$+A+&+*1+(5'(4+*1C3.4'0'&"034!'403A30M3(1(1.$)'(34!,.&A+(0!IC#0105+!, 23045 P4 B+ (4!
$+>'3(+*1>.*+$'0+8! |

!
HIF.&'$30%+F+(*+(013(*.&"&!6#&)3>3*+105'0!,23045+,16&#.$+,4+(4483A3() 14+&&, 12" 1+ A+&. F+*1
7?2<=5>5) NOIC/05+!)$.#F!.6!B+(0"+F38IG5+!6#&)3>3*AN).(&MN+E53C30++!,0$.()!|6&#.$+,4+(4+!
3(130,!F.&'$h1$3()!4&.,+*13,.>+$b1253&+105+NF( &' $b!. F+(16.$>1,5.2+*1 (16 &#.$+,4+(4+8! |

|
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O
(0]
9 _.COOH
N -COOH
386
< p nm o
(@) 530 nm p

N N®

\ \
0O-13 (open) C-13 (closed)

non-polar form polar form |

2<=5>5) N8la0$#40#$+!.6!105+!.F+(I'(*14&.,+*13,.>+$!.613(*.&"&!6#& B+ AMBG5+14&.,+*13,.>+$!+>30,!'0!
TWL!(>!'60+$!+E430'03.(""0O'NNL!(+8
!

@&0$'6',0103>+!$+,. &A+*! F+40$.,4.F/6.$105+10$'$6:03.(1.6105+!F.&'$1 74&. +*13, >+$9!0.105+!
(( \F. &$I7.F+(13,.>+$916.$>12' 1>+ #$+¥10.1$+4.$*1/3(+034,! '(*13(0+$>+*3'0+! F+40$'81G5+!
CO'3(+*1¥0'1 #))+,0+*b!05'0105+1$+A+$,3C&+!,230453() | C+02++(105+102.1,0'0+,13,1$'05-+ ST H!
F34.+4.(*103>+! 4'&+14 >F'$+*10.105+16'$!,&.2+$1*366#,3.(14.(0$.&&+*1$'0+,1.6!>. 0! 45+>34'&
'(* C3.8.)34'&! $+'403.(,8! G5+! 3(*.&"&! 6#8&)3>3AM 4.#&* C+! #,+* "1 ‘(! 3(0$'4+&&H&E'S!
45+>34'&g> &+A#&'S! +(,.$! 0.1 3(A+,03)'0+! &.4'&! 45'()+,! 3(! &3PBA+&E,b! #4511 Ffl '(*!
A3,4.,30"8! G5+! 4+8&&! +EF+$3>+(0,! ,5.2+*! 05'0! 05+! 6#&)3ABF+(0+$) 05+! &3A3()! 4+&&! '(*!
', A3'0+,1 2305! 3(0+$('&! >+>CH(#,! .$)'(+&&+,b! + F+43'&&N 2305! >30.45.(*$3'8! a+A+(!
F+$6.$>+*1474&+,1,5.2+*105+!,0'C3&30".6!6#&)3>BM23053(105+1&3A3() | 4+&&8

!
R(1>.$+1$+4+(0!F#C&34'03.(,b!6#8&)3>3%+,I'$+1.60+(1#,+*1084+$4.>+! F+4363418&3>30'03.(,! .6!05+!
F5.0.45+>34'& F$.F+$03+,1 .6!*3'$"&+05+(+,8! a.>+! 47 4&. F+(0NB053+( &+05+(+,1 *+$3A'03A+!
5.2+% *)$%03.(1 '60+$! 'l 6+2! 3,.>+$3"03.(,! '(*| *3053  +("&>'&+3>3*+,] *.! (.0! ,23045!
$+A+$,3CEN3(I'VH+ #,ICHE6+S!,. &HOS! (48)3>3*+,10/F34'&&N ,5.2153)516'03)#+1$+,3,0'(4+1'(*!
53)5!2aab! *+F+(*+(0!.(105+! 5+0+$.'$.>'034!>.3+07 (* ,#C,030#03. (1 .6! 05+ MbWh5H#E'0$3+(
A,0+>81

!

25.0.$+,F.(,3A+! 53,0.(+! *+'4+0"&' +! 7f-H=9! 3(53C30.$, b! C',+* .(I 05+$>'&&" ,0'C&+!
*3GA&A05+(+,I'(16#8&)3>34+, 124§+ *+A+& F+HBIGE+1+ ("> +IF& 1'1$.&+13(14'(4+$!6.$>'03. (!

'(H1 4'0'&N"+, 05+ *+'4+078&'03.(! .6! &, 3(+! $+,35#+,1 6$.>1 '4+01&'0+*! &1, 3(+! $+,3*#4+,8! :3$,0!
'FFS$.'45+,12+4$+14. (*#40+*1 (1*3053+( &+05+(+,17-G%, 9V (*1*3053+( &>'&+3>3%+,b12534512 +$+!
6#(403.('&3"+*|CABMIE'>341'43*% 1C3(*3()10.1"3(41*+F+(*+(0'f-H=,8!H,105+!F5.0.45+>34'&!
F$.F+$03+,1.6105+147& F+(0-4(6%,!'(*|05+1*3053+("&>'&+3>3*+,1,5.2+*1*$' 0341&3>303.(,b!
05+1F5.0.45$.>341,4'66.8*12",|$+F&'4+*ICI'l6#8&) 3>3*+81 GH 6#8&) 3>3*+*+$3A'03ANI(*!  ALb!
4.(0' 3(3()!05+!5°$.E'>341'43* b1, 5.2+*1+E4+&&+(0!F$.F+$03+,158C303()!53)5!F5.0.,0'03.('$"!
0'0+,1'(*1). . *I6'03)#+1$+,3,0'(4+17  2<=5>5) Log!

|

|
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=>F*8 ! R/ O, OH
NH
*-H=T %
" \AN M8@IL8N
) \AN T8MIM8E

"\AL | L8Lde#!L8LWK

) \AL) | L8LeNt!L8Lde

2<=5>5) L8h0$#40#%5+,6!05+!6#$"&6#&)3>3*+!C',+*If-H=I3(53C30AN'(*! AL)7$3)58%0E+>F&'$3& \R=
A'&#+,1.614.>F #(*!  AN'(*! AL'0!05+Ff-H=T8 !
!

G5+IR7JA'&#+,1.6105+!$+,F+403A+!13,.>+3,1.616#&)3>3AMNI(*!  ALI2+$+1*+0+$>3(+*!'(*16.$!05+!
*f-H=T13(53C303.(b!"'WB.&*!*366+$-+HHC+02++(105+!F5.0.3,.>+$,1.6! 4 >FE#(*!  AN4.H#&*IC+!
.CO'3(+*8!R(!.$*+3$! 0. +EF&'3(! 0564% 86-AD3A30"! .6! 05+! F5.0.45%.>34! 3(53C30.%,b! *.4/3()! .(!
*366+$+(014&',,+,1.6!f-H=,12' IF+$6.$>+*81[53&+105+!*.4/3()!,0#*3+,1$'03.('&3"+*!  05+!F.0+(4"!
2+&&b!(.H+EF&'('8.(16.$!05+!&'4/1.6!,+&+403A30MNC+02++(105+!L F+(1'(*14&*1F5.0.3,.>+3$,14 . #&*!
C+I*+$3A+18

:3$,0! 3(A+,03)'03.(,! .(! 6#&)3*+,b! +>C+**+*1 3(0.1 *.F' >3(+$)34! Z! F$.0+3@4 #F&+*! $+4+F0.9$!
&3)'(*,1 727=B,9! 2+$+! F+$6.$>+*I CAN DQ(3)!'(*1 4.2.$/+$,8  °1:#&)3*+,b! *3053+("&H,! '(*!
*3053+(N&>'&+3>3%+,12+$+!3(4.$F.$'0+*13(153)5&M F.0+(0!'(*!, +&+403A+!* F'>3(+is! $+4+F0.$!
&3)'(*,016.$!3(,0'(4+! MbE3,#C,03040+*1'$.>'034' (*15"*$. EAC+(".E"3(.(+!F3F+$"3(+,8!G5+!
.CO'3(+*IF5.0.45%$.>341&3)'(*,I'$+!C3.45+>34'&!0..&, I"(*I'$+1#, +6#&!6.$105+!3(A+,03)'03.(1.6!105+!
$+4+F0.$t,! 6#(403.(! .$! */(>34,8! -366+$+(0! 6#&)3>3*+,1+8+! A(05+,3"+* 4.>F$3,3()!
C+(".053.F5+(+b! 053.F5+(+! '(*! 3(*.&+! 5+0+$.'$.>'034! >.3+03+,! $+#&03()! 3(! *366+$+(0!
F5.0.45%.>34! F$.F+3$03+,8! ?'$034#&'$&"b! 05+! 3(*.&"&! 6#&)3>3*+,! |5.2+* 'l $+* BIEH!3
'C,.$F03.(! ,F+40%$'b! 53)5! ?aa! '(*! 4.#&*! C+! $+A+$,3C&N ,23045+*! [ +A+$'&! 03>+,! 3(! 'VH#+.#,!
C#66+$8!G5+!C3.&.)34'&!3(A+,03)'03.(12',10'$)+0+*10.2'$*,!05+!'403A'03.(1.6!05+! *.F'>3(+ky!
$+4+F0.$!'(F1$+A+H&+*1)..*1).(3,034!'403A 307.C,+$A+*16.$!05+NES$.0+3(1>+*3'0+*!,3)('&3()!
(*12+'/1'$$+,03(1$+4$#30>+(08!=.>F .#(*,12305!3,.>+$  \,F+43634!'"403A303+,!2+$+! #Cc+40+*10.!"!
RRJ(+! '44#>#&'03.(1",,'~8! HO! ' 4.(4+(0$'03.(! .6! M! (]! * | 4748 F+(0+(A-G%! *+$3A'03A+!
5.2+*1 MM \6.&*! *366+$+(4+! Q+0(1 05+! .F+(1 '(*1 4&.,+*! ,0'0+! '(*] 05+! 6#&)3>3*+! AP 2"
*3,4.A+$+*1" I'(I'&0+3$('03A+!F5.0.,23045!2305!"(13(A+$,+!'403A'03.(!F$.63&+!+E53CIDEHE.&*!
*366+%$+(4+1C+02++(1054JAP'(*105+! ) \AP)0'0+!72<=5>5) Pod!

|
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O (0]
O NH (0] NH
(0] —\ j 0] —\ j
400 nm
N N OH O N N OH
HN / N NI __/ - ‘ N_/_ __/
528 nm
7 N
o H 0
Op-16 C-16
Emax = 10% (1 nM) Emax = 40% (1 nM) [

2<=5>5) P8G5+I5M$. EACH(".E™3(.(+IF3 F+$"3(+!,#C,030#046#8&)3>3*AP2', I$+A+$,3C&",23048305!
&3)50!.61dLLI(>!I(*INKO!(>8IG5+1% ¢ IA'&H+,12+$+*+0+$>3(+*13(14.>F'$3,.(10.105+1$+6+$+(4+VH#3(F3$.8+!
'01'4.(4+(0$'03.(1.6!MI(]8 !

!

H,! 6#&)3>3%AP 6#&63&&+*!>.,0!.6!05+! $+V#3%$+>+(0,!6.$!'('FF&34'03. (1&()&B&! ,»,0+>,b! 30!
$+F$+,+(0,I'F$.>3,3()10..&!6.$105+!$+)#8&'03.(1.6105+IF$>'4.&.)34' &&N3>F.$0' (0. F'>3(+- ol
$+4+F0.38

1

a3>+054-% ./800+>F0+*!1 0.! 3>F$. A+!*3053+("&>'&+3>3*+!C',+*I F5.0.4.(9.&'C&+! 3(53C30.%,!6.3!
,3$0#3(,! CN 3(0$. *#43(N\'&/N&'0+*1 3(*.&N&) 6#8)3>3 ¥ 1 05+1*3053+(A&>'&+3>3%+,12+$+! (.0!
F5.0.3,.>+$3"C&+! 3(! 'V#+.#,! ,.&#03.(b! 3(*.&"&! 6#&)3>3*+,! 2305! 3>F$.A+*! F5.0.45%.>34!
F$.F+$03+,!12+$+1#,+*8IR(1"**303.(b!"'1C'05.45%.>34! 5863(!05+!'C,.$F03.(IF$.63&+!4'#,+*IC N O5+!
3(*.&"&!>.3+0N3,IC+(+6343'&!6.$!F.0+(03'&!"FF&34'03.(,!3(IC 388, ) B>, 81-366+$+(0!, #C,0304#03. (!
F'00+$(,!.6! 05+!5+0+%.'$.>'034! >.3+0/ '66+40+* 05+! A (05+,3,! *3+&*,!'(*1 05+! F5.0.45+>34'&!
F$.F+$03+,8!H)'3(b!0&0.CC+!4.(*+(,'03.(12','05+!&3>303()!$+'403.(!,0+F8!:.$!,0+$34!$+',.(,b!
'&,.105+16#&)3>3*+16.$>'03.(!.44#3$$+*12305!&.2!1"3+&*,| C+&.2IMLmM8! G5+! A (05+, 3" +)B6BE&H
*+$3A'03AF, 'S+ **$+ 'C&+! 2305! F#SF&+! 7dLL! (>9!'(*!.$'()+! 7TNUL! (>9! &3)50! '(*! ,5.2+*!
6&H.$4+(4+125+(13$$*3'0+*12305!1&3)50!.6!dLL! (>8! G5+! 6#&JS,1 4. #8&*1C+10.))&+* C+02++(!
05+3$! . F+(I'(*14&.,+*! 0'0+! +A+$'&! 03>+,12305.#0! ,3)(3630! &.,,! .61 $+ F.(,3A+(+,,8! G5$++!
5#>'(1,380#3(! 3,.6.%$>,! 75a330MNV9! 2+$+! 0$+'0+*1 2305! 02.! *366+3+(0! 6#&)3>BAIOIA+,! 3(!']
B&H.$+,4+(4XC' +HIH_I',, NBIGE+I4&. +¥13, >+$12' ) +(+$'0+*#$3()105+!, " N'FF&A3()!
TUT\2+&&!IF&'0+!_%-13$$*3'03.(!,+0#F8!H&&!4.>F #(*,! 3(BBC!15a350W8! I (+!*+$3A'03A+! 5.2+
'(IR= WJA'&#+1.6!MUBUIU]I3(130, 1. F+(13,.>+$!"(*IMBNG.&*!&. 2+$! 3(53C303.(13(130,14&.,+*1,0'0+8IR(!
HA>>'$7b! 05+ F5.0.45%$.>34! F$.F+3$03+,14 #&* C+! 3>F$. A+*!" 1 *+ 3$+*b! C#0! 4.>F'$+*10.1 05+!
F$+A3.#,&"N $+F.$0+*! >'&+3>3*+,1 F'$03'&&N! '0! 05+! +EF+(,+! .6! 3(53C30.$"! '403A304+%F! 3
,F+4363430"8

!

B+4+(0&"b! F5.0.%+,F.(,3A+! 8>+$34! F+F03*+,! 2+$+! *+A+& . F+*1 0.! 6#$05+$! 3(A+,03)'AA!05+
F$.0+3(4. #F&+*! (+#$.F+F03*+! n! ! $+4+F0.$! 71?n! ! $+4+F0.$98G5+! 12n! n 4 $+4+F0.$! 3,!
0'$)+0+*! Cl F'(4$+'034! F.& F+F03*+b! ' 5.>.&.)#+! .6 17n8! a+&+403A+BI ').(3,0,! 2+$+!
H)N+,0+*' IF.0+(03'&!105 +$'F+#034,16.$!05+!0$+'0>+(0!.6!.C+,30"8!f3)5&MF.0+(01*3>+$34!F+F03*34!
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N4B!).(3,0,b14.(,030#0+*ICM02. IF+(0'F+F03*+1>.3+03+ 4. ((+40+*105$.#)5!' (' &3F5'034!&3(/+$b!
$+F$+,+(01(13(0+$+,03()14&',,1.6!ngBI&3)'(*,81P" +*1.(1053,14.>F #(*14&,bIF5.0.$+,F.( 3A+!
naB! &3)'(*,b! 4.(0'3(3()! '(! ".C+("+(+b! ".FA$" . &+b! *3 +053+("&+05+(+! .$! 'l 6#8)3>3*+!
45%.> F5.$+! ' 1 &3(/+$! 2+$+! A(05+,3"+*1 0.1 +EF&.$+! ,0$HA0#S' &+V#3$+>+(0,! .6! #45! B!
N.(3,0,.(In  ¢BIC3(*3()!72<=5>5) V98

|

HN—Tyr-Arg-Leu-Arg-Tyr-NH,

o) I

HoN-Tyr-Arg-Leu-Arg-Tyr< N /E
H

(o) (e}

17 !
!

2<=5>5) \/BE5+!, 0$#40#$+!.6105+IC+(".6#9B¥8&)3>3*+IC', +*1*3>+$34IF+F03*3411 ?gr+4+F0.$1&3)' (FAVO!
3,1,5.2( 8!
!

G5+!,A(05+,3"+*In ¢BI&3)'(*,b14.(0'3(30!(.(  \'&3F5'0341$3)3*IF5.0.45%.>341&3(/+$b!,5.2+*!'(!
+66343+(0! '(*! $+A+$,3C&+! ,230453()! 3(! 'VH#+.#,] C#66+$! '(*! +E53C30+* 5B)3663(30°8! G53,!
%4> (,0$'0+*105'0105+1$+F&'4+>+(0!.6105+153)58 N 6&+E3C&+!'&3F5'0341&3(/+$ICN'14.(, 386/ C&N
68+E3C&+IF5.0.45$.>341&3(/+$12'12+&&10.8&+$'0+*12 803G, InBIC3(*3()8!-366+$+(4+,13(14B!
'663(307! '(*1 '403A307 C+02++(1 05+! 3(*3A3*#&! F5.0.3,.>+$,b! A(W3(!,F'03'&! .$3+(0'03.(!'(*!
6&+E3C3&30"b! 2+$+1 >'$)3('&! ,#))+,03()! 05'0! 05+! &3(/3(H(B&3(! 05+ *3>+$34! &3)'(*,1 3,! &+,,!
3>F.$0'(0!6.$105+!'""F0'03.(!.6153)5\'663(30MC3(*3()!>.*+,'0105+1$+4+F0.$8

!

MJ)%9:<;F439)

G5+!F5.0.45+>34'& F$.F+$03+,1 B(* & 80! 053.F5+(¥ '(*164$'(+ \| 6#&)3*+I'$+!2+&&30+*16.$!
'FF&34'03.(,!3(105+!F5.0.>.*#8&'03.(1.6!C3.&.)34'&IF$.F+$03+,8!G5+3$!F5.0.45+>34'&1$+ A CHIHC3&3
,0'C3&30M '(*1'C,.$F03.(1 2’A+&+()05! $'()+! 3,1 3(1 >' (N 4',+,) #  F+$3.$1 0.1 ".C+("+(+,! .$!
*3+05+( &+05+(+,8!f. 2+A+$0I05+(#>C+$!.6I'FF&34'03.(, 1. 6!6#8&)3*+,I'(*16#8)3>3*+,13,1108&&!
(FL(+1$+,.(16.$1053,13,105+3$145'&&+()3()!,(05+,3,81G5+! #44+,,1.6105+1a0.CC+4.(*+(,'03 (!
'(F105+16#8)3>3%+16.$>'03. (I*+F+(*1.(105+!">3(+105'013, I#, +*I'(*IF' $03' &8, (105+! #C,0304#03. (!
F'00+$(! .6! 05+! 5+E'0$3+(! ,,0+>8! |.$+! F$+*340'C&+! '(*! >.$+! )+(+$'&! ,A(05+034! $.#0+,1 0.!
B6#(403.('&3"+*I6#&) 3 +,I'(I6H#&) 3> 3%+, I'$+148+ $&MN B (*10.IF$.A3*+1053, 13(0+$+,03()14&.,,1.6!
F5.0.45$.>341> &+4#&+,16.$IC$.*+$I'FF&34'03.(,13(@6+!,43+(4+8

|

|

|

|

ML !
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NJB75687F65)

M!

K

dan

N1

TH

o!

ut
ML!

MM!
MKI

MW!

Md!

MNI

MT!

MQ!

Mt
KL!

KMI
KK1
Kw

281 D&v(b! GBL&.>+/b! =8! Z8! P.45+0b! H8! P&'(4b! B8! Z3A+(,b! ]8! B#C3(X8! ?.F3/b! H8!
D.,03/.Ab!Y8I[3$"Hk+,$%:+8% 1?@AM;< bIMMU
[8!=8!_3(b!]8!=8!G,'3b!B8!B'c'FF'b!B8!f8!D$'>+$b K& $%=,$%)*+,$%>9?@ AR @ A'!eddN8
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X = O (Fulgide)
X = NR (Fulgimide)
R3 = methyl, isopropyl
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>+05.EMI'(*IK \>+05°&053.F5+("&F3F+$"3(+!C#38*3()!C&.4/,12+$+5HB"+*!', I*+ 4$3C+*13(!
&30+$'0#%$%8 >>+$43'88N 'A'3&'C&+! WIK>+05.ENF5+(&Y '(*! M \7K7>+05"&053.9F5+(1&9
F3F+$"3(+! 2+$+! '&/N&'0+*1 2301\ 7dC$.>.CHON&D .$! 7\7KCS$.>.+05/&IF505'&3>3*+! 0.1 )3A+!
3(0+$>+*3'0+,PbINDIPI'(*I  Q 3(1)..*1 A3+&* 81 fA*$"3(.&N,+,! .61 05+! $+ F+403A+! F505'&3>3*+
A3+&*+*1 C#3&*3()! C&4/Nb!Lb! Vb! ‘(*I B8l G5+! >+ F$.0.4.& 2'! #,+* 0. .CO'3(!
5A*$. EACH(".E™3(.(+!,#C,030#0+* F3F+$"3(+! ABIG5+! A(05+,3,!.6!F$+4#$, SAN3, I*+ 4$3C+*1
3(105+! #FF.$03()! 3(6.$>'03.(! 2(A98! H&/"&'03.(! .BIN 23057 \7KC$.>.+05"&9F505'&3>3*+!)'A+!
A>SF#(*!  ALBIa#C, +V#+(015"$"3(.&, 3, (*I'43*1>+*3'0+*14&+A")+  1.6105+IC+(" &IF$.0+403()!
)$HFINB+&*+*14 SF#(*1  ABIP#3&*3()IC&AMA'(*! AM2+$+I$+*3&N'44+,,3C&+!16.8&.23()!"!
02.\,0+F!&30+$'0#$+F$.4+*#54+8

K\?$.FA&'>3(.3(*(+! .E'&0+! 2')! $+'40+* 2305! d \C$.>.C#0"$.(30$3&+b! $+,F+403A+&"N K
C$.>.'4+0.(30$3&+!10.1'66.$*1 4.>F.#(*,| A@(*! A7?8!B+*#403.(!.6!05+! (30$3&+!)$.#FI CN_JH&f
A3+&*+*14 >F #(*,| AA'(*! AMR<=5>5)? 98

|

f+*)$.#F,IHS !
| y |
Y X Cr
Cly T -
N
L_NH &N\H/N K/N\H(NH2
n O h
Y=0,8 2(Y=0,n=2) 3(Y=0,n=2)
4(Y=0,n=4) 5(Y=0,n=4)
6(Y=S,n=2) 7(Y=S,n=2)
8(Y:S,n:4) 9(styn:4) '

MC !



! ! =fH?G%B! M!

f+*)$.#F,IPS !
NH
=N 2
*oxalate { { {
10 (n=1) 11(n=1)
12 (n=23) 13 (n = 3) I
f+*)$.#F1=S |

o)
)H o
B”N)H " ORNJ\
BnO o) BnO o 3
a b OR o
/\ o

N N
K/N\/\ N
L_NH N k/N\/\NHZ
14 15 0 16 (RO = Bn)
C|:17 (RO=H) I

!
2<=5>5)2J! a™(05+,3,! .6! F5'$>'4.F5.$+! C#3&*3()! C&.4/,b! 5+*)$.# F,1 Hb! P1'(*I =8! B+")+(0,! '(*!
4.(*303.(,S!79! 7\7d C$.>.C#0"&9.$! 7 \7KRC$.>. \+05"&9F505'&3>3¢bDyp!DRb!]+=1bleN!z=RsMT5b!eN
ULm87CO! fA*$™3(+15"*$'0+b!%0Jfb!eN! z=b! K5b! 05+ (! K]! f=&b!%0Jfb!eN! z=b! K1 5b! TlIsONm84P!],Jfb!
0.&#+(+b!MLLz=HBO!OUMB9!\C$.>.C#0"$.(30$3&+!.$0$.>.'4+0.(30$3&+biBJ p!DRb!]+=1bleN!z=b!MT
5!100mB-9! 3H&D!%@b!L!z=!! 1$808tBkeMULMY

!

2J920:7=5434+$8:;53>3H54)8:H)<0<;915:75:5 4))

G5+1-G%!'(*1*3'$7&>'&+34!C' +*IF5'$>'4.F5.$+,b!4.(0'3  (3()!05+! Mbt-H?b! 2+$+!#,+*12305!
02.1*366+$+(0!,F'4+$1&+()05,8!-+F+(*3()!.(105+!-G%,b!02.1*366%+(0!,0$'0+) 3+, 12+$+!"FF&3+*10.!
4.>C3(+!F5.0.,23045! AQR305!5+*)$.#F,! MoLbAAANAMV'(*1474&.F+(0+(+ \-G%!?@2305!05+!
F5'$>'4.F5.5+,! M) LHWBYANAM)* )ABIR(!4',+! .6 05+! *3'$7&>'&+341 ' (5"*$3*+AQ! 05+!
4 #F&3()12' IF+$6.$>+*12305!05+!4.$+!.6105+!-G%b! 25385+!1474& F+(0+(+1C' +*1-G%! ?@2",!

4 #F&+* 2305!(+! .6! 05+! 053.F5+(+! >.3+03+,8! -3'$1&>'&+3>3*4Q 2',! +',3&" '44+,,3C&+!
'44.$*3()10.1&30+$'0#$+!",12+&&!", |05+ F$+4#$, AE!125345!2',105+(14'$C.EA& 0+ (1. (&M, (+!
053.F5+(+! >.3+07 0.1 .CO'3(1?2@"°*"°1 G5+! N(05+,+,! .6! 05+! *3'$7&>'&+34! '(5M*$3*+! C' +*|
F5.0.45%.>34183)'(*,! ?ARLI2+$+ F+$6.$>+*1#(*+$!,&3)508M C',3414.(*303.(,!#,3()F.0",,3#>!
4'$C.(0+!'IC' +I'(*I'$+1.#0&3(+*I13(!  2<=5>5)M8!

R
I
0 R-NH N .
(0] (e} . 2 (¢} (0] 21 (amine A, 3, 68%)
. (amines A, B or C) _ 22 (amine A, 5, 80%)
K,CO3 23 (amine B, 11, 15%)
24 (amine B, 13, 86%)
/N CH,Cl, or DMF S 25 (amine C. 17, 9%)
cl cl cl cl
s s s s
18 I

2<=5>5)MJa"(05+,+,!.6!05+1*3'$"&>'&+3>3*+IC',+*IF5.0.45%.>34! &3)'(*,! ?AB!?L)



=fH?G%B! M!

a0'(*$*IF+F03*+14 #F&3()14.(*303.(,1#,30fPG@!'(*! 77 \*33,.F$.F &+05"&'>3(+12+$+!
'FF&3+*10.1,7(05+,3"+105+F5.0.45%$.>341&3)'(*,1?P)+M272<=5>5)N 98
!

R-NH, 26 (amine A, 3, 38%)

(amines A, B or C) 27 (amine A, 5, 19%)

28 (amine A, 7, 29%)

_HBTU,DIPEA_  H 29 (amine A, 9, 26%)

Ho, /L /I \ N N 30 (amine B, 11, 26%
Cl CH)Cl,orDMF R ci 30 (amine B, 11, 26%)
S S 272 S S 31 (amine B, 13, 70%)

0 9 32 (amine C, 17, 7%)

20 I

2<=5>5)NJ)a’(05+,+,1.6105+!47& F+(0+(\-G%IC' +*IF5.0.45$.>341&3)'(*! ?P\IMB

:.&&.23()105+,+102.1,A(05+034!,0$'0+)3+,b!2+12+$+!'R+10.1$+*38M.CO'3(IA'$3.#,IF5.0.45$.>34!
&3)'(*,13(Ic#,0!.(+!,0+F8IH!,0.4/1,.&#03.(16.$!05+!C3.&.)34%!10+,03()12", |IF$+F'$+*12305!*3>+05&!
H&6.E3*+!' | &A+(08!-38&#03.(,105+$+.612+$+1#,+*10.1, 0#*8!IF5.0.F57,34'&IF$.F+$03+,81%A+(!
05.#)5! 30! 3,! $+F.$0+*! 05'0! *3'$1&>'&+3>3*+,1 4'((.0! C+! $+8,3C&" 0.))&+*! C+02++(! 05+3$! 02.!1
F5.0.3,.>+$,! 3(1 F.&'$!,.&A+(0,! *#+10.1'1 023,0+*! 3(0$'>.&+4#&'$! 45'$)+! 0$'(,6+$! 7TGR=@b! 2+!
.C,+$A+*1"1$+A+$,3C&+! F5.0.3,.>+$3"03. (1 3(1 3+057&! , #&6.E3*+! 6.$! '&&! F5.0.45%.>34! &3)'(*,!
C' +*1.(1*3'$1&>'&+3>3*+,8 KM\

|

)

KL !



! ! =fH?G%B! M!

2JM=97 91=043<8;)1691567354% B60;57=5:54))
G5+!F5.0.F5",34'&! F$.F+$03+,!.6!05+!F5.0.45$.>341*'B3(+!$+4+F0.$1&3)'(*,! 2ARLI'(* 2P+
M22+$+13(A+,03)'0+*ICAI'C,.$F03.(1,F+40$.,4.F 8! G5+$+B+Db105+1*3, . &A+*14 SF #(*,12+$+]
3$$'*3'0+*1 2305! @&3)50! 7WMK! .$! dLL! (>9! 25345! $+ #8&0+* 3(1'1 4.&.$! 45'()#106+! ,.&#03.(!
‘44 >F'(3+*12305/(+21'C,.$F03.(I>'E3>'D145'$'40+$3,03416.$1+'451.6105+!F5.0.45$.>341&3)'(*, 8!
G5+1$+#&03()!3,.,C+,034!F.3(0,13(*34'0+!"48&+'(1024.>F . (+(0!,230453()8!R("**303. (b!05+!?aa!
2' 1*40+$>3(+*ICNIf?_=I>+ #$+>+(0,8!H&&IF5.0.F5",34'& IF$.F+$03+,1.6105+14.>F #(*,!| 2A+
LI 2PIMSH #>>'$3"+*13(1 $8C;5)A8!

)
$8C;5)M@AX3,!*'0'.6!105+L. F+(!'(*!4&.,+*!16.$>1.6!05+!,A(05+,3  "+*I1&3)'(*,! ?ALLI'(* ?P4M27NLL$HINN

MLL!u]!3(1-]aJo!'60+$!3$$*3'03.(12305{!I'WMK!.$!dML!(>8

. 760)  %9>IHJ) bsgr) 7.F+(9! bsgr) 74&.,+*9 bs !l 122 it
h(>i) h(>i) h(>i)

A) ?A) KTLb!WeO WNNb!dUW WLLb!WeTb!dMW dTm!
?) ??) KTMb!WUL WNTb!NLU WLNb!Weeb!dMW WOrh
M) M KTdb!WTL WNNDb!NLL WLMb!WeUb!dMV dum!
N) ?N) KTWb!/WUM  WNdb!NLd WLLb!WeTb!dMM NKm
L) ?L) KTMb!'WON  WNdb!NLL WLLb!'WOLDb!dMK eKm!
P) ?P) KNW duM KUN OWrh
V) ?V) Kel! dul! KUW ewm
Q) ?2Q KTK duM KUK eKm!
B) ?B) KNU dou KUM eem!
A@ M@ KTK dud KUK eMm
AA MA KTd dul! KUM eTm!
A?) M9 KTW NLW WLL T™Mm

Ril-+0+$>3(+*ICAf?_=I>+ #$+>+(0,8 !

!

%(0$3+,! WI! $+F$+,+(0! 05+! F5.0.F5",34'&! 45'$'40+$3"03.(! .6! 05+! *3'$&>'&+3>3*+! C'+*1
F5.0.45$.>341&3)'(*,! 2Aa)??a)?MaYPN ?LbI25+$+ 1+(0$3+, MK ! #>>'$3"+105+1474& F+(0+(+!
C',+*IF5.0.45$.>341&3)'(*,! ?P\MBIH!,&3)508IC'05.45$.>34!,5360!3,1.C, +$A+*16.$105+ (330!
'C,.$F03.(1>'E3>14.$$+,F.(*3()!0.105+14&. +*IF5.0.3,.>+$,|.6105+1*3'$"&>'&+3>3*+|  2A®Lb!
25345!3,145'$'40+$3)3416.$1053,14&',,1.6!-GU'H1G.1 #$! #$F$3,+b!05+!F5.0.4.(A+$,3.(1.6105+!
*3GAE>'&+3>3*+ PAQ)27a) ANF!  ?N)7+E4A&#*+2L913,!(.01',1+66343+(0!",16.$!05+1 47 4& . F+(0+(+!
&3)'(*,! 2P BI=.>F'$+410.I1$+4+(0&M$+F.$0+*12aa!.61Udm!6.$!'+3'$78&'&+3>3*+IF5.0.,23045D!
2305!'16$++!>'8&+3>3*+14.$+!'(*I'F5+(A&!,#C,030#03!F'00+$(!.(105+!1053.F5+(+!>.3+03+ %105+
#C,030#03.(1.(105+!(30$.)+("'0.>1.6105+1>'8&+3>3*+14.$12305!05+F5'$>'4.F5.$+,1*$'>'034' &&N!
*+4$+' +,105+1+6634'4M.6105+1F5.0.3,.>+$3"03.(8!R(14.(0$',00105+144& F+(0+(PPM2+E53C30!

! KN



=fH?G%B! M!

#66343+(0&"153)5!F5.0.4.(A+$,3.(,1,5.2(ICN?aal$'()3()!6$.>  ITMOWMBla#$F$3,3()&"bI05+14748+!
F+$6.$>'(4+! +E53C30,! 'l C+00+$! 6'03)#+! $+,3,0'(4+! 6.$! 05+! >'&+3E35#1 23045+,1 ?A2LS8!
E3GF65)FE+>F&'$M 5.2,105+ @X\X3,!I'C,.$F03. (!, F+40$'I' (| 05+ 47 4&+ F+$6.$>'(4+16.$!05+!
*3$N&>'&+3>F*+IC! +41&3) (1 2M'(116.$105+147M & F+(0+(+!C' +*1&3)'(*] M@

20
b) ——0sec

' ~———6sec
—12sec
18 sec
24 sec
30 sec
— 36 sec
——42sec

a)

Absorbance
Absorbance

05

00

1 N T
300 400 500 600
Wavelength (nm) Wavelength (nm)

d)

c)

02|

44 nm

Absorbance
Absorbance
°

00

L 1 L
0 1 2 3

Cycle number Cycle number |

E3GF65)@=.>F'$3,.(1.6!05+!F5.0.45%.>34!F$.F+$03+,.6!*3'$"&>'&B8>3*+!C', +*1&3)'(*! ?M7'b!49!
7MLL]!3(1-]al9!2305!  05+!147M&. F+(0+(3C',+*1&3)'(*! M@ Cb!*917MILI]!3(!-]al9j!'9!'(*!C9!
$+F$+,+(0105+! @ X3,!'C,.$F03.(! ,F+40$" #F.(14.(03(#.#,!3$$'*3'03.(!2 305!&3)50!.81{ WMK>!
7f+$.&'Cb! T[9b! $+ F+403A+&"|! 491" (*1 *91 $+F$+,+(0! 05+! 474&+.B»FB+1#,3)!1 { 1l WMK>!
7f+$.&'Cb! T[9!6.$!05+!$3()!1 4&.,30)!"'( *I{ Il NWL(>!7)$++(!_%-b! KBN[9!6.$!05+! $3()! .F+(3()!
$+'403.(b!$+,F+403A+898® XX3,!'C,.$F03.(!,F+40%$'1.6!&3)'(*! ?M! CO!@XX3,!'C,.$F03.(!,F+40%'!
.61&3)'(*! M@$$.2,13(*34'0+!05+145'$'40+$3,034145'()+, 13(105+!'C,.$F03.(!,F+40$'j!<9! $+F+0303A+!
,230453()474&+,"0INLI(>!.6!&3)'(*! ?M!HI!$+F+0303A+!,230453()!1474&+,"'0(dUBI&3)'(*! M@!

|

G5+'$$.2,13(*34'0+105+145'$'40+$3,034145'()+,13(105!, F+40$'1#F. (14.(03(#.#,13$$*3'03.(12305!
&3)50!.614! WMK>! 7f+$.&'Cb! T!1[9b! '44.>F'(3+* CNI'1 45'$'40+$3,034! 4.&.$ 1 45'()+! .6! 05+!
>F&+ 8!G5+ 40 &+ F+$6.$>'(4+!,5.2+*105'01&3)'(*! ?M3,!1,0'C&+! . A+$!'0!&+',01,3E!,230453()!
ANA&+ bI25+$+ 16", 01*+)$*03.(1.6147&. F+(0+(+! M@',!.C,+$A+*8 |

#$05+$! 3(A+,03)'03.(,! CM 4.(03(#.#,! 3$$*3'03.(! 23 @X! &3)5011T{ WMK>9! $+A+'&+*1 05+!
6.$>'03.(1.6! (1 3$$+A+$,3C&+! E$. *#40IMMR2<=5>5) L 98! G5+! F5+(.>+(.(!.6!053,!"((#& 0+*!
3,.>+$15' IC++(I$+F.$0+*IF$+A3.#,& bICH#0I05+!>+45'(3,>B105+ICNF$.*#40!6.$>'03. (12534513, !
$+&'0+*10.105+!,#C,030#03.(IF'00+$(1.6105+!-G%,!3)1(+016#&& N #E0..¥8 K1\

Kk !



! ! =fH?G%B! M!

312 nm

cl / \ / \ NHR 530nm
S S cl
o

30 30 33
open closed by-product |

2<=5>5)L 81:.$>'03.(1.6105+!3$$+A+$, 3CE&ARB*#40IMM6!05+!&3)' (IM@ B!I! APOI#F.(14.(03(#.4#,! @X!
3$$'*3'03.(B
I

G5+IF5.0.3,.>+$3"03.(14'(IC+!>.(30.$+*ICN@X \X3,!I'C,.$F03.(!,F+40$.,4.FAI'(*13,1*+F340+*!
3(IE3GF6R(?8+8!PA3$$*3'03()!05+!*3,,.&A+*14.>F #(*! M@305!{l! WMK>!7+$.&'Cb!T![9!
(H1(+21>'E3>#>13,1'$3,3()!'01dUd  |(>b!25345!3,1*+4$+" 3()I1#F.(16#$05+$! @ X! 3$$*3'03.(8! H!
(+2I'C,.$F03.(I>'E3>#>13,1.C,+$A+*bI5AF,.45$.>34'&&",5360+*10.IWTL(>b!25345!3,'00$3C#0+*!
0105+!3$$+A+$,3C&+!.44#$$(FEAA0IMMI G5+!f?_=10$'4+,13(1 E3GF65)2(?H5.2!05'01#F (!
$+'453()! 05+! 2aab! 'FF$.E3>'0+&" NNm! .6! 05+! TP$.*#40! 5',1'&$+*A C++(1 6.$>+*1'(*1 30,!
6.$>'03.(13,14.>F&+0+*I'60+$IMUK 481a3>3&'$!10.105+!$+ #&0,ICF+460) &€ 12+14 #&*14.(63%>!
05+!,0$#40#$+1M8NR305!KA1]B!, F+40%.,4. FA+EF+$3>+(0,17,++! 2(MoR<=5>5)2(M +A'(*! 2(M+
298

!

2JN20:7=5434+PF;G3H54)8:H)DF;G3>3H54)

R, +4.(*! ,+$3+,! .6! * F'>3(+! $+4+F0.$! &3)'(*,b! 6#&)3*+ I 2+$+! ,A(05+,3"+*b! F$.>3,3()!
$+A+$,3C&230453()!13(I'V#+.#,1,.&#03.( M1 (*1). *16'03)#+1$+,3,0'(4+81G5+! A(05+,3,1.6105+!
C+(".053.F5+(+16#&)3*WIN2', IF+$6.$>+*'44.$*3()!0.105+!+EF+$3>+(0'&!F$.0.4.8!.61a0.CC+#$%
JS(H00N  +-94 EVIG5+145'&&+()3()!,0+Fb105+1a0.CC+!4.(*+(,'03.(b!12",I' 44.>F&3,5+*ICN
+(.&3"03.(1.6!3,.F$.FA&3*+(+,#443('0+!'(*1 #C,+V#+(01$+'403.(12305! MM8!G53,!$+'403.(1$+,#&0,!
3('>3E0#$+!.623494-61&'40.(+,! MP25+$+CM0542343,.>+$! MP3,105+!16'A #$+*1. (+1*#+10.105+!
3,.F$.F &) $.#F!.6IMNIG5+1*3'43% 12+$+1.CO'3(+*1'60+B(1+&3>3('03.(1$+'403. (! (!, #C,+V#+(0!
JF.(3634'03.(! CMN 'V#+.#,1 F.O', 3#>1 5M*$. E3*+! | &#03.(8!:.$!  05+!'(5M*$3*+16.$>'03.(b! 05+!
A$#*+1*3'43% 12+$+10$+'0+*12305!'4+0&!1458.$3*+10.16 $»1648)3* MV, | 2<=5>5)P 98

|

O
o 07 N—=
N a N COOEt
_—
S S
34 syn/anti-36 37E |

2<=5>5)P 8IP+(".053.F5+(+16#&)3*M\V, (0 5+,3,'44.$*3()!a0.CC+! +-4 8jIB+")+(0,I'(*!4.(*303.(,S! 79!
R,.F$.FA&3*+(+#443('0+b!_-Hb!Gf:bleOlz=! 1$808b18BIMTNEY!a0+FIMS!DJIfb!%0JfblbleL!z=b!Kd5;!
a0+FIKS!IH4=&b!=t&b!dLIz=b!KL!5b!OeBh

!



=fH?G%B! M!

G5+! 3(*.&"B,.F$.F &! 6#&)3*M@! N>+05"&053.F5+(18,.F$.F &! 6#&)3*MB! C+(".053.F5+(+!
>+05"&! 6#8&) 3N (*1 3(*.&"&>+05"&! 6#&) 3*NA 2+$+! A(05+,3"+*1'44.$*3()! 0. &30+$ 04 EH T
J(&MNO5+I%3, . >+$,12+$+13,.&'0+*I'(*1#, +*16.$16#&)3>3*+16.$>'03.(8 !

G5+10'$)+0!6#8&)3>3*+ 12+$+IF$+F'$B{I'02. \,0+F!I$+'403.(8:3$,00!05+!, #443(">34!'43NDNNb!
N\ODNB'(*! LAI2+$+1.CO'3(+*ICNI5+03()!05+!">3(+,! VDAA'(*! AV2305!05+!6#&)3*MV) NA3(!
458.$.6.$>1.$!-]:8l a+4.(*1 05+ 3>3*+,1 2+$+16.$>+*ICA'(I  '403A+! +,0+$! >+05.*1 2305! -==D!
fIPOI(*1-R?%H!.$!]  alGl'(*]]+ \3>3*".&+10.1.C0O'3(105+!*+,3$+*16#&)3>3*HNNINLYNFHNQ)
L@)* )L?I2<=5>5)V 98

|

3 3
i Y ONHR b A
—_— | N-R
4/ ~COOH /
(0]
37-41 42 (amine A, 7, fulgide 37) 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%) |

44 (amine A, 7, fulgide 38)

47 (amine B, 11, fulgide 40)
49 (amine B, 11, fulgide 41)
51 (amine C, 17, fulgide 41)

2<=5>5)VJI:#&)3>3*+! N(05+,3,12305!6#&)3MN7THS!!IC+(".053.F5+(+b!BNII3,.F$.FA&ODMAO7THS$! ! 3(*.&+b!
BYI13,.F$.FA\&9bMB7HS$!I!N>+05°&053.F5+(+b! Bl 1!3,.F$.FA&IbN @ H$! ' C+(".053.F5+(+b! B 11 >+057&9b!
NA7ZHS$!II3(*.&+b!BII1>+05/&9!'(*I'>3(+,!  VbAAKABIB+'403.(14.(*303.(,S!"9!">3(+!Hb!P!.$!=b!=f=& }.$!
-]:bITLIzZ=bld \dO5j!CO!-==bIfIPOb!-R?%H!.$!]alGb!]+ \3>3*".&+b!=f=&}.$!-]:b!KN!z=b!Kd \dO58

|

G5+16#&)3>3MP2',16.$>+*'60+$!5+'03()!3(I=f=& 6.$!Kd!5!2305.#01'**3()14.#F&3()!$+")+(0,8!
1.16#8&)3>3%+14 #&*IC+!.CO'3(+*12305!">3(+Bl'(*!  AMB!

Kd !
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2J1)!=9791=043<8;)3:R5473G8739:4PF;G3>3H54

HFF&34'03.(,!.6! F5.0.,23045+,13(1C3.8.)34'&!",,"\, 1$+V#3$+! 05+3$!,.&#C3&30MN 3(I'Vit+.#,1 C#66+$8!
f+(4+b! 05+! F5.0.3,.>+$3"03.(1 .6! 05+! 6#&)3>3*+,NLa) L@(* )L?! 2+$+! 4'$$3+*1 #0! 3(! F.&'S!
.&A+(0,10.1.CO'3(I@XgX3,!'C,.$F03.(!, F+40$'88C;5)? #>>'$3"+,105+F5.0.,0'03.('$,0'0+,!
7?aa9b!3,.,C+,0341F.3(0,", 12+8&!",105+!'C,.$F03.(I>'E3>'.6! NMJ*! NL&+0+$>3(+*13(I-]al8!
G5+1>+05.*16.$105+!?aal*+0+$>3('03.(ICAIf?_=13,1+E+> F&'$3&",5.2(16.$!4.>F.#(*! NQ3(105+!
2(N8!IG5+!3(*.&"&!6#&)3>3NLA)L@) )L?12+$+1'&,.1>+ #$+*13(I"MLm!-]ad! s!0$3CH#66+$!
.&#03.(17Ffllle 8d9¥8C;5)2b1%(0$Whet*! Ub!25+$+CAI'5AF,.45$.>341 5360!.6!MO! (>1.6!05+!
'C,.$F03.(I>'E3>#>13(105+1A3,3C&+1&3)50!$'()+12",|.C,+$A+*8

!

$8C;5)78P5.0.45+>34'&!F$.F+$03+,!.6!6#&)3>3*NML?8!

bogry 7.F+(9!  bsgr) 74&.,+*9 bs,.! I hi! I hGi
£760)  %9>1RJ) 8TF)1(>i ) | 8T)h(>i ) h(ii ) J !.2=!27IS%S=!9 =;257IS%9
A) NMY WLé dew KULb!WdKb!Wc¢  LSWLSEL \!
?) NL™ WTL NdW WMLb!Wddb!dik  LSKLSOL \l
M) NL™ WNT NKN WLNb!WWebldl  LSMUSON \!
N) NP KeK NWK WTL LSMTSOd \l
L) NGY WKO doT WMNb!WNe MUSWTSd MUSOM
P) L@ Well NTd WLTbldWT =~ TSMTSEO  TSUH
V) L@") Well WKNb!NHT deN dSMOSeC  dSuT
Q) L2 WTW NTW WLKb!WKNb!H\  dSMKSDd ~ dSUT
B) L?") KeUb!WTT  WLLbINAN  WLLb'WKLb!dL dSMLSOT  dSUT

hil=8..,3()!.6105+!.F+(1% \3,.>+$,12305!@X!&3)50017aal*+0+$>3(+*ICA?_=1>+'#$+>+(0,8INCIIF+(3()\.6!05+! 4&. +*>3E0#$+12305!A3,3C&+!&3)50h!7aa!
*+0+$>3(+HICA?_=1>+' #$+>+(0,8Ih4ila. &A+(0S!-]al8!h*ila. &A+(0SIG$3 )\ C#66+$l0!MLMI-]al8!

|

G5+ @XgX3,!'C,.$F03. (1, F+40$'145'()+,I'$+1+E+>F&'$38,5.2(16.$14.>F #(*!  NL3(IE3GF65)M
#F.(13$$'%3'03.(12305!dML!(>!&3)50!3(IF+$3.*,1.6!K!, 841+2!'C,.$F03.(IC'(*,I'$3, +I'0INdW! (>!
'(IWWL!I(>D105+C' (*'OIWTLI(>*+4$+ +,I'(*IC+&.(),10.105+1 F+(13,.>+$8!G5+!. F+(3()!.6!
05+4&.,+*IF5.0.3,.>+$,12' I'44. >F&3, 5+*ICN3$$'*3'03. (12305!&3)50!.6!NLNLSINWLI(ARM3(9!
6.SNNYNLONF)NQL@(* )L?8!
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E3GF65)MJ609!05+! F5.0.45$.>341 F$.F+$03+,1.6!'! .&#03.(NE)7NL! u]! 3(1-]aJ98! G5+!,&3)508 M A +&&. 2!
F+(16.$>10#$(+* FASF&+1'60+$! MK! 135$*3'03.(2305! dML! (>8! G5+!'C,.$F03. (!, F+40$',5.2+*!"l (+2!
'C,.$F03.(IC'(*I'0!NdW!(>8!B3)509!B+F+0303A+!,230453(NBI3, *+F340+*1.(105+1$3)50!, 3*+8

!

G5+ AM&+IF+$6.$>'(4+,1.614.>F.#(*,) NNINLONFINQIL@(* )L?)2+$+!, 0#*3+*1CAI'&O+$('03()!
3$$'*3'03.(1'0! 05+ 'FFF$3'0+1 2'A+&+()05,| NM! WM ! (>b!NLNE.( !(>j! NU! 1dLLgg ! (>b!
NWL.(! (>j! NPa) N@ ! WTb .| (>b! NWLe,(! (>j! L@a) U2 ! dLLsg. ! (>b! NWLg,( ! (>98! G5+!
ASFH#(*) 5.2+% ). ¥ G'03)#+! $+3,0'(4+! '(*! (&N &3008&+! *  +)$™03.(1 2! .C,+$A+*8!
UWE+>F&'$3& DI05+4MEHIF+$6.$>'(4+1.614.>F ##LI3,1*+F340+*1383GF65)8M

!

2JPS39;9G3<8;)3:R5473G8739:4)

G5+!C3.&.)34'&!3(A+,03)'03.(1.61'&&10+,014.>F #(*1210 '$)+0+*10.2'$* 105+3$'C3&3070. "403A'0+!
05+1* F'>3(+-  kal$+4+F0.$8IIHS! 0#*3+,12+G+1*3$+40+*10.105+13*+(03GBEIA3> F #(*IF'3$,!
+E53C303()! *366+$+(0! '403A'03.(! F$.63&+,! 6.$! 05+! .F+(! '(*! 05+! 4&.,+*1 F5.0.,0'03.('$"! ,0'0+8!
G5+$+6.$+b! 2+ 'FF&3+* 4A$+H(3,A1 6.8 Z  \F$.0+3(1 >+*3'0+*1 ,3)('&3()! '(*1 '$$+,03(!
$+4$#30>+(0!'0V163E+*14. (4+(0$'03.(I7MLIu]98!G5+EZ.0+3(IF'052'M2' 13(A+,03)'0+*1#0383"3()!
05+IR@(+ ' I','N7=3,C3.912305!1%D!IKUWG!4+8&8&,10$'(,3+(0&MEFS$+,,3()!- ka!'(*105+!57C$3*!
Z\ F$.0+3(12tV3NHI253&\ '$$+,03[KI$+4$#30>+(012",1*+0+$>3(+*'FF&3()!05+!2'05#(05+$!

' INT-3,4. A+SKO8IHE&! 403A'03.(IMO'I$+! #5>'$3"+413(1 $8C;S)MR(LI(*I 2(P13(14.>F'$3,.(!
0.105+1$+6+$+(4+1&3)'(*IV#3(F3$.&+8IR(105+I'$$+,03(!" 9BBI424& . F+(0+(+!-G%,PPAM@M D105 +!
*3'$N&>'&+3>3*+ PA?MDPL!'(*105+164#&)3>3%+,INNDNLONFONQ@L@ (*!  L?!,5.2+*1% o |A'&H+)!
&+,,105'(IMNM8II(&M-GIMA(*105+!>'&+3>3*+! 2NIC.05!C+'$3()105+I3(* (&' >3(+1>.3+0'(*]

''d \'0.>!,F'4+$! C+02++(105+! F5'$>'4.F5.$341 5+ 1)$ #F'(105+1F5.0.  45$.>34!+(030N 7MWO!
5.2+*19%>'El A'&#+,1.6leLm! 7 MA.F+(9b! eTm! MA4&.,+*9b! WWi2K.F+(9b! '(*| Wem! 7 2N\
4&.,+*9b!$+ F+403A+RAN8!

!

H**303.('&! >+ #$+>+(0! .6! '$$+,03(! $+4$#30>+(0! 6.9 0+ 4.>F.#(*,1'0! MLL! (]! $+A+&+*!
%>'EIA'&H+,1&+, 105 (IMLMI (*1(.1*366+$+(4+, 13(105+'403A'03.(IF'00+$(1.6!05+!. F+(I'(*I14&.,+*!
4.(6.$>'03.(8![5+$+,12+/1'$$+,03(1$+4$#30>+(012',|.C,+$A+  *bl05+1*+0+$>3('03.(1.6!05+!¥

KT !
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F$.0+3(1>+*3'0+*,3)('&3()!$+A+'&+*").(3,0IF$.F+$03+,12305+6634'43+,13(105+1$'()+1.61dL10..UNm
6.$!'&&!10+,014.>F #(,17:3)#$+! 2(Lb!G'C&R(L\ADR(L\?98!].$+1*+0'3&+*>+' #$+>+(0,I'0!MLL!

(1 (IMI (!, 5.2+, + \*+F+(*+(01$'()+!.61+6634'43+,'8&.23() "I F$+43,+1+A'&#03.(1.6!
05+! .F+(! '(*! 4&.,+*! 4.(6.$>'03.(,! .6! +'45! F5.0.45$.>341 &  3)'(*8! [3053(! 05+! ,+$3+,! .6!
>'8+3>3*+ hD5+3(* ("&'>3(+! ?N,5.2+*105+153)5+,01%>'EIA'&#+,1.6JUNmM!6.$!C.05!4.(6.$>+$, b!
2534513,1,3>3&'$10.105+1$ (/1. $*+$1.61').(3,01+66+40+$3A+*16$.>105+'$$+,03(!",, "bIC#012305.#0!
'(M*366+$+(4+C+02++(105+! F+(1'(*105+14&.,+*16.$>81G53,!.C,+$A'03.(14'(IC+14.(63$>+*ICA!
05+1$+,#8&0,16.$105+1418&. F+(0+(+1-G%, b1 254AT 3(*' ("&'>3(+1230515+%)$.#F!  AMDL,5.2+*1'(!
%>'EIA'&#+!.61UNM!B.$105+! F+(1'(*105+14&.,+*14.(6.$ >'03.(b!$+ F+403A+8&18!

!

=&+'$1¥366+$+(4+,13(1%>'EIC+02++(IC.05IF5.0.45$.>340:0+,14 #&*IC+].C,+$A+*165105+1>+05/&/!
+05+$! #C,030#0+* F5+("&F3F+$"3PAM1'(*!  2B! C.05! 4'$$73()! "1 d\4'$C.(I ,F'4+$!'(*1 (&
*366+$3()!3(105+!5+0+$.'0.>1.6105++05+$1)$.#F!7J1B\RIla!6.$PBIS!:. $17Bb1%>'EIA'&#+,1.6leem!
7ML! u]9b! OLm! 7MLL! (JO!'(*! WKm! 7M! (9! 5'A+! C++(! *+0+$>3(+*16$! 05+! .F+(1,0'0+b! 2538+
+6634'43+,1.6!eLm! 7ML!u]9b!dem! 7MLL! (JOU' (*1Wm! 7M! (]O! 4 #&*I C+1>+ #$+*16.$05+! 4&.., +*]
6.$>178C;5)ME3GF65)08!G53,1*0'13(*34'0+!"IMVB.&*1> $+1+66343+(0!1$+4+F0.$!'403A'03. (ICMO5+!
F+(14.(6.$>+$14. >F'$+*10.105+14&., +**+$3A'03A+'01&.214. (4+(0$'03.(17M!(]98!R(14.(0$',0 b!05+!
>+05.EAF5+(A&F3F+$"3(+PV! 5.2+*1 ,0$.()+$! $+4+F0.$! '403A'03.(! F$.63&+! 3(105+! 4&.,1010+!
4.>F'$+*10.105+] F+(1*+$3A'03A+D! 25+(I'"1WA6.&*1 3(4$+ +1.61+6634'471 2", 1*+0+$>3(+*16.$PW
4&.,+*'OIMLL(J!I74&.,+* \.F+(SIdUMMTm!'0!MLL!(Jb!MNmMMMm!'0!M!(]98!IH!,3>3&'$!,+&+403A30"!
F$.63&+14.#&*IC+!*+0+40+*16.$105+13(*. & &I6#&)BEBM+, | L 281G 5+!>+05"&053.F5+( &F3F+$"3(+!
NL4&.,+*,5. 244K \6.&*13(4$+,+1.61+6634'47'0IMLL!(]!4.>F'$+*10.105+1.F+(!, 0'0+b!253&+!
05+ C+(".E"3(.(+] L?2\4&.,+*1$+A+'&+*'1d\6.8* 3>F$.A+!.61'403A30MN '0! M! (]! 7ENES! 4&..,+%
F+(S!ANmM\KNm!'0!MLL!(Jb!Om\Nm!'0!M!(]b!6.$!L2S!4&.,+%.F+(Sldem\dOm!"0O!MLL!(b!dLm \
MLm!'0!M!(]98!

!

G.1&+'$(1>.$+!'C.#0105+!>+45'(3,0341$+&'03.(,1.6!054+!,+&+403A+IF5.0.,23045'C&+1&3)'(*,b12+!
3(A+,03)'0+*105+1C3(*3()!'663(303+,!.6!05+!>. 0IF$.>3,3)HF.#(*,! ?W\.F+(b! 2\\4&.,+*b!?B\
F+(b! ?B\4&.,+*b! NL\.F+(b! NL\4&.,+*b! '(*1 L2\79%09 F+(b! NK4&.,+*! '0! 05+! * F'>3(+! - a!
$+4+F0.$!3(1"14.>F+0303.(1C3(*3()! +EF+$3>+(08!H, '&EBA(*,1*3, F&M*ID  JA'&#H+,IC+02++(!
UI'(*IMe!(]'7  $8C:5)2(P9b!05+!,0'0¢+&+403A+13(0$3(,34!"403A30'FF+'$,10.IC+14.(0$.&&+*I CMO5+!
3(*3A3*#'&!'C3&30M0. IF$+6+$+(03'&&NM,0'C3&3"+I05+ ! 4GTISHIBHFO. $1$'05+$105'(ICA*366+$+(0!
C3(*3()!'663(303+,8!

|

|
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$8C;5)MIH(403.(&!,4$++(3()!.6105+1>.,0IF$.>3,3()!F5.0.403 A+I&3)'(*,! ?Va)?Ba)N(*! L?!6.$1Z\F$.0+3(!
>+*3'0+*'403A'03.(1.6105+* F'>3(+l- ¢ !$+4+F0.SI'FF& B((IR?!'44#>#&'03.(1, '~ "8l

760) %9>1H) 1=9798<73R5 ! | >8T) hmkla%]i G ) |
47879 ML!huli) MLL!h(Ji ) M!h(Ji !
A) 2V) FH( ! ON!~IKET MT!~1U8T MM!~IU8O
?) 2V) 48.,+*1 Te!~lesd dU!~1K8L MNI~IL8U
M) ?B) FH( ! eel~'W80 OL!~IK80D WKI~1dgT
N) ?B) 48.,+*! eL!I~1T8D del~INSK K8W-IW8K
L) NL) FH( ! TO!~IK80 KN!~INgW N8T!~IWBK
P) NL) 48.,+*! TKI~IK8H dN!~1e80 e8el~IK8T
V) L?" F+( ! NO!~1T8U dO!~108N MLI~IW80
Q) L2 4&. +*] TUI~IT8T del~1d8K dL!~1d8T

h'ilR?1'44#>#&'03.(*+0+$>3(+*ICN'FF&3()!05+!IR3(+ [!',,"‘176$.>!=3,C3.9!2305!f%D!KWUG!4+&&,M)$'(,6+40+*!2305!05+!4-1H!.6!05+!*.F'>3(+!— Ka!
$+4+F0.$!'(*105'0!.6!05+!5"C$3*\F$.0+3(1 2 VINFHECI%>'E! A'&#+!~1a8%8]8!*+$3A+*16$.>1d!0.!O!13(*3A3*# & HeF>+(0,!+'45!* (+I3(V# *$#F&34'0+!
$+&'03A+10.105+!>'E3>#>1+66+40!.6!V#3(FAMRED +!.F+(13,.>+$!*+,4$3C+,!. (&M 05+!9%83,.>+$8!

|

H(LA+$'&&!('&",3,1.6105+!%0'14.(6+$,105'0105+1F5. 0.,23045+,12BI'(*1  L?2I'$+!>. 01F$.>3,3()!
C3.45+>34'&10..&,16.$105+!$+)#&'03.(1.6105+IF5'$>'4.&.)34'&&M3>F.$0' (01 F'>3(+1x,I$+4+F0.$8!
G5+IF.0+(47.6105+1> $+I'403A+13,.>+$,13,14. >F'$'C&+0.105+'403A'03. (IF. 2+$!. 6105+1$+6+$+(4-+!
* F'>3(+$)341)+(0! V#3(F3$.8+8! G5+ 4.>F #(* 1$+V#3$+! " A+$M &.21 . +1.6IM(]! 0.1 +E53C30! '
*4)$++1.61$+4+F0.$I'403A'03.(105'0!,0$. ()& *+F+(*,1.(105+!F5.0.,0'03.('$M,0'0+!.6!05+!&3)'(*8!
f4(4+b! 05+ F$+,+(4+! .61 05+! 47M&. F+(0+(+G%! C',+*1F5.0.45$.>341 &3)'(*,|  ?B!3(105+!.F+(!
J0'0+I3(*#4+,I'(IMM \6.8*63)5+$1ZIF$.0+3F$.>.0+*1,3)('&3()105'(105++E3,0+(4+1.6! 2B\.F+(13(!
05+!,">+14.(4+(0$'03.(8!H,!"14. >F&+>+(0'$M F'3$1.61F5.0.45  $.>341&3)'(*,b!05+! 648&)3>3*:7!
5.2,16.#% \6.8*I53)5+$lx,/$+4+F0.$'403A'03.(13(105+14&..,+*1,0'0+14.>F'$+*10 L 2\.F+(17 E3GF65)
No8!

|

|

KC !
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!
E3GF65)BIH403A'03.(1.6/F$.0+3(1>+*3'0+*I1$+4+F0.$!,3)('&3()*+0+$>3(+*ICN'(IR?V'44#>#&'03.(!',, "
#30% !(*105+1Z \F$.0+3(I5"C$3*EVINFHEIHA4#>#&'03.(1.6!R?!6.$!05+!>.,0IF$.>3,3()!F5.0.,23045'C&+!
&3)'(*,! ?BI'(*! L?!13(14.>F'$3,.(10.105+!$+6+$+(4+IV#3(F3$.8+!'&&*+0+$>3(4NIE8!G5+!-G%! ?B!,5.2,!
'(IMM\6.&*13>F$.A+*1'403A30M6.$105+!. F+(1,0'0+!7*$/|C&#+9! 0B {14&.,+*1,0'0+!7&3)50!C&#+98IR(14.(0$'$"b!
6#&)3>3*4?13,1\6.&*! &+,,!"403A+! 3(105+! .F+(14.(6.$>'03.(105'(!6.$! 05+! 4&.,+*! .(+8!:.$! 4.>F'$3,.(b!
$+4+F0.$!'403A'03.(13(*#4+*ICMNM!(]1.6IV#3(F3$.8+!7,838B+A+'&, !'(1+6634'47.6!KO!M!7*+$3A+*16$.>105+!
*,+ \$+,F.(,+ 4#$A+DIE3GF65) 2(98! P'$,! $+F$+,+(0! 'A+$)+! +6634'4" hm~a8%8]8i! *+$3A+*! 4$it0.! O!
3(*3AZH &I+ERB>+(0,1+'45!* (+13(IV#*$#F&34'0+,8!

!
MP09:<;F439:4) )
[+] #44++*+*1 3(1 M05+,3"3()! -G%! '(*] 6#&)3*+! C',+*| F  5.0.45$.>341 * F'>3(+! $+4+F0.$!
&3)'(*,8! G5+ >'&+3>3%+ 1 4. #8&*! (.01 C+!,23045+*1 3(I'V#+.4,1,.  &#03.(1'(*1 05+! 474&. F+(0+(4
-G%,!5*1'1&.216'03)#+!$+,3,0'(4+ b!25+$+'105+!6#&)3>3*+,!,5.2+* +E4+&&+(0! F5.0.F5/,34'&!
F$.F+$03+,13(1'V#+.#,!,.&#03.(8!HO!'1 4.(4+(0$'03.(!.6! M! (b! 05+ 474& F+(0+(+-G%! ?B\.F+(!
,5.2+*'> $+105'(IML \6.&*153)5+$!I"403A'03.(!.6kaD!"F5'$>'4.&.)34'&&M3>F.$0'(0!1Z!IF$.0+3(\
4 #F&+¥1$+4+F0.$b105'(130,IF5.0.45$.>3414.()+(+$PB\4&. . +*8IR (0+$+,03() & bI05+16#8) BS 3++!
F'3$!L2\.F+(gL?\4&.,+*! 4 #&* C+! *3 4 A+$+*! "1 '(1 '&0+$('03A+! F5.0.,23045! 2303 3(A+3$,+!
'403A'03.('F$.F+$03+,!+E53C3063{}6.&*!53)5+$!'403A30M 3(105+!4&.,+*!,0'0+8!:#$05+$!,0#*3+,!.(
05+! .F03>3"03.(! .6! Z?=B\$+)#&'03()! F5.0.,23045+,! '(*1 C3.&.)34'&! 3(A+,03)'03,! 3(4&#*3()!
$+A+$,3CE&+Db! &BYBRN+*14.(0$.&! .61 F5.0.45$.>341&3)'(*,! 25+(! C.H#(*10.105 +!$+4+F0.$!'$+!3(!
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