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3"2"!! >/(@:.%.)/0%,*5.:F)'5*%0F*<)0'.)&*)5/./@'*'CC'&.*MNOPQ*""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*RS!

3"2"3! 86'F)&.'F*%0F*'T@'6)('0.%,*N)0'.)&*)5/./@'*'CC'&.*MNOPQ*""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*R!!

3"2"2! U'.'6()0%.)/0*/C*.='*%K5/,:.'*5.'6'/&='()5.6+ *""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*R1!
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'*"-4)'&!)/"-/! (12D'P*"1*!9)J&5!"'!)!*)(,&(!/314&-.*"4&!)/,!4&55!.(-/&!'-!(&)1'!)'!'*&!5-B'!

R!.-5"'"-/!-B!'*&!)1(+4-+4!1*4-(",&$!%-!'*"5X!)!5-43'"-/!-B!)1(+4-+4!1*4-(",&!(1( !"/!1+14-*&C)/&X!

1-/')"/"/2! '*&! ),,"'"#&! <3'+4)'&,! *+,(-C+'-43&/&! [`N%\X! P)5! ),,&,! '-! (&)1'! P"'*! '*&!

'* "-4)'&!"/! )! /314&-.*"4"1!),,"'"-/! (&)1'"-/$! %*&!),,"'"-/! -B!<-'*! ;)`N , !)/,! `N%! P)5!'-!

(&,31&!)/+!,"534B",&!B-(9&, !"/!'*&!5')('"/2!9)'&(")4!)/,!'-!.(&#&/'! (),"1)4!.-4+9&("5)'"-/!

-B!<-'*!)1(+4-+4!1*4-(",&!)/,!'*&!.(-,31'!(&5.&1'"#&4+$!g.-/!1-439/!1*(-9)'-2() .*+X!(1) !

P)5!)BB-(,&,!"/!7Ta!+"&4,![V1*&9&!A7\$!

!

!

''''''''''''' (01' '''''''' (12' '''''''''''''''''' (1) '

E)F0?0+8- ,(A='$D4#"#(0C(<4#"$=>($D"0&!%=>&$4(! J. +

!

i-44-P"/2!'*&!)1o3"5"'"-/!-B!'*&!)41-*-4!(00!)/,! '*"- )1(+4)'&!(1) X!'*&!53<5&o3&/'!

5'&.! "/#-4#&,! '*&! B-(9)'"-/! -B! '*&! D"1*)&4! )11&.'-(! (&o3"(&,! B-(! 1+14"L)'"-/!)"&! 1(-55!

9&')'*&5"5$!%*&!2(-3.!*)5!.(&#"-354+!<&&/!5311&55B34!"/!.&(B-(9"/2!1(-55!9&')'*&5"5!P"'*!

'*&!(&4&#)/'! '*"-)1(+4)'&1. ~! /&#&('*&4&55X! '*&!35&!-B!)1(+4)'&5!"/!9&')'*&5"5!(&)1'"-/!1)/ !

4&) , 6'- !)!/39<&(!-B!1-9.4"1)'"-/5$!%*"5!"5!<&1)35&!"B!<-'*!1(-55!9&')'*&5"5!1)/,",)'&5!)(&!

-B!5"9"4)(!(&)1'"#"'+!)/,!35&,!"/!5"9"4)(!)9-3/'5X!"/!)!.3(&4+!5')'"5'"1)4!9"C'3(&!-B!.(-,31'5!

1)/!<&!&C.&1'&,$!%*"5!1)/!<&! )44&#")'&,!<+! '*&!35&! -B!934'".4&!&o3"#)4&/'5! -B! '*&!9-(&!

)11&55"<4&!-4&B"/$!>11-(,"/2!'-!)!(&.-('!<+!c(3<<5 X!-4&B"/5!1)/!<&!14)55"B"&,!,&.&/,"/2!-/ !

'*&! 4&#&45! -B! *-9-,"9&("L)'"-/! '*)'! )(&! -<5&(#&,! )/,! '*&! (&)1'"#"'+! -B! '*&! *-9-,"9&(!

!"

#$%"&'#$(" )

! #$

*+

%

,-,+./01$20&'("3&
44'. *&'567

89&':/

!

%

!"!



! 7?!

P*&/! '*&+! )(&! 53<m&1'&,! '-! )! #)("&'+! -B! 9&')'*&5"5! 1)')4+5'5![%)<4&! ]\$1! !>1(+4)'&5! )(&!

14)55"B"&,!)5!)!%+.&!FF!-4&B"/X!P*"1*!"/,"1)'&5!'*)'! '*&"(!*-9-,"9&("L)'"-/!.(-1&&,5!9-(&!

54-P4+! P*&/! '*&+! &C.-5&,! '-! )!5&1-/,! 2&/&()'"-/! c(3<<5! 1)')4+5'$! ^#&/! '*-32*! '*&!

*-9-,"9&("L)'"-/!-B!'*&!)41-*-4! 1-/')"/"/2!)4J&/&! *)..&/5!#&(+!o3"1J4+X!'*&!*-9-,"9&(!

"'5&4B!"5!5'"44!)!1)/,",)'&!B-(!9&')'*&5"5$!%*"5!"5!<&1)35&!"'!1)/!'*&/!3/,&(2-!)!53<5&o3&/'!

(&)1'"-/! P"'*! '*&! )1(+4)'&X! P*"1*! (&)1'5! 9-(&! 54-P4+X! '-! 2&/&()'&! '*&! ,&5"(&,! 1(-55!

9&')'*&5"5!.(-,31'$ !

!

W:&?"H'7EJ&' UX86J:&'

7EJ&'O'

K?8IG'5=6=>"6&%"F8G"=HM'

%&(9"/)4!-4&B"/5X!)44+4"1!)41-*-45X!&5'&(5X!

)44+4!<-(-/)'&!&5'&(5X!)44+4!*)4",&5X!5'+(&/&5!

[/-!4)(2&!-('*-!53<5'"'$\X!)44+4!5"4)/&5X!

.(-'&1'&,!)44+4!)9"/&5!

7EJ&'OO'

KI:=S'5=6=>"6&%"F8G"=HM'

5'+(&/&5![!4)(2&!-('*-!53<5'"'$\X!)1(+4)'&5X!

)1(+4)9",&5X!)1(+4"1!)1",X!)1(-4&"/X!#"/+4!

J&'-/&5!

7EJ&'OOO'

KH='5=6=>"6&%"F8G"=HM'

6X60,"53<5'"'3'&,!-4&B"/5X!/-/0<34J+!'("0

53<$!-4&B"/5X!#"/+4!.*-5.*-/)'&5!

!

K3A20+. -(F>4C"'#(!&$4@0%"4#(C0%(#4>4!$")4(!%0##(<4$&$D4#"#(

!

S3)/'"B"1)'"-/!-B!'*&!(&)2&/'5!)/,!1-/,"'"-/5!&5')<4"5*&,!P"'*"/! '*&!H4)(J&!2(-3.!

5&(#&!)5!'*&!B-3/,)'"-/!-B!'*&!5')/,)(,!)..(-)1*!B-(!-3(!1(-55!9&')'*&5"5!(&)1'"-/ !3'"4"5"/2!

)! O30<)5&,! .*-5.*"/&! B(&&! N-#&+,)0c(3<<5! ]';6 c&/&()'"-/! 1)')4+5'! '*)'! P)5! "/"'")4 4+!

5+/'*&5"5&,! <+! N-#&+,)! )/,! 1-0P-(J&(5$01+1#!%*"5! "/#-4#&,! '*&! 35&! -B! ?$@! &o3"#)4&/'! -B!

'*"-&5'&(!(1) X!4-P!O301)')4+5'!4-),"/2![6@!9-4a\!)/,!H3F![6@!9-4a\!)5!1-01)')4+5'!B-(!'*&!

IH-..&( 0F-,",&!^BB&1'K$1%!%*"5!&BB&1'!)5!B"(5'!(&.-('&,!<+!Z".5*'3LX!P*-!,&9-/5'()'&,! '*)'!

'*&!),,"'"-/!-B!1-..&(!"-,",&!"/!1-/m3/1'"-/!P"'*!c(3<<5!1)')4+5'!4&,!'-!)/!"/1(&)5&!"/!'*&!

1-3.4"/2!()'&!-B!)1(+4)'&5!P"'*! -'*&(!-4&B"/5![V1*&9&!AM\$1%!%*&!5')<"4"L"/2!"9.)1'! -B! '*&!



! 7A!

"-,",&! "-/! -/! '*&! 1)')4+5'! P)5!1"'&,! )5! '*&! 1)35&! )5! "'! "/1(&)5&, ! '*&! 1)')4+5'K5! -#&()44!

(&)1'"#"'+$!!

!

!

E)F0?0+8C,(.";#D$L?5#(!%0##(<4$&$D4#"#(%4&!$"0'("'($D4(;%4#4'!4(0C(GL6(

!

F'!P)5!)45-!.(-.-5&,!'*)'!1-..&(![F\!*)5!'*&!)<"4"'+!'-!51)#&/2&!'*&!.*-5.*"/&!4"2)/,X!

*-P&#&(!'*"5!9-,&!-B!)1'"-/!P-34,!/-'!)..4+!'-!-3(!(&)1'"-/!1-/,"'"-/5!)5!N-#&+,) 0c(3<<5!

] '; !2&/&()'"-/!1)')4+5'!,-&5!/-'!*)#&!)!.*-5.*"/&!4"2)/,$! %-!'*"5!&/,X!' *&!'*"-&5'&(!(1) !)/,!

]X]K0,"9&'*+4!)41-*-4!(00!P&(&!k14"..&,l !'-2&'*&(! )"&!)/!-4&B"/!1(-55!9&')'*&5"5!(&)1'"-/ X!

)/,! !' *&!<&5'! '3(/-#&(! -B! '*&!9&')'*&5"5! .(-,31'! ! (1. !-113((&,!P*&/! '*&! (&)1'"-/!P)5!

1)(("&,!-3'!"/!=H^!)'!A@!<H!(&534'"/2!"/!:7a!+"&4,![V1*&9&!A:\$!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!(00' '' '''''''''''''''' ( 1) ' ''''''''''''' (1. '

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

'

'

E)F0?0+8G,(G%0##1<4$&$D4#"#(%4&!$"0'(C0%($D4(!=!>"?&$"0'(;%4!L%#0%(!J- +

! " ! #

$%&''()#*+#*,-./0
1&2*+3*,-./0

45#6*-%*7859%
! "

! #
: :

!&
;<;1=3

1.
1.

$%&''()#

!"# !"$ !"%&'()*+,+')*(,-.,/0
>-?@9%(A-?(*/

7A5<-&5*1&2

7A5<*1&2

##

BC

!"

#

!

"$%&&'()*'+,-./
01&'()*'+,-./

2034'5*'! 04'65'7
89.

"!

#!

! !

"#

$

%&

%&'()**+



! 7E!

!

!

E)F0?0+8J,(O4!D&'"#<(0C(0>4C"'(<4$&$D4#"#("'"$"&$"0'(

!

!

E)F0?0+5H,(KD4(!&$&>=$"!(!=!>4(0C(0>4C"'(<4$&$D4#"#(

!"
# $

#

!

!"
$

!

!"
$

!

!"
!

$

!"
!

%&

%&#

#
%&
%&

#
%&

%&

#
%&

%&

#
%&
%&

!"
!

!#

!"
!

!"
!

!#

!#

!"

#! !

!#!

!"

$
%&
%&

$
%&
%&

$
%&
%&

$%&
%&

$
%&
%&

!"

!

$
%&
%&

!"

!

$
%&

%&

!"
!$

%&
%&

!

'()*+,*-./.*0



! 77!

!

%*&! .(-.-5&,! (&)1'"-/! 9&1*)/"59! .(-1&&,5! )"&! '*&! H*)3#"/! 1)')4+'"1! 1+14&$1, !

q*&(&<+!'*&!.(&01)')4+5'!3/,&(2-&5!4"2)/,!,"55-1")'"-/!B(-9!'*&!9&')4!1&/'(&X!B-44-P&,!<+!

1--(,"/)'"-/! -B! '*&! )4J&/&! '-! B-(9! )! 9&')44)1+14-<3')/&! ! "/! )! 1+14-),,"'"-/! (&)1'"-/!

[V1*&9&!AT\$!%*&!9&')44)1+14-<3')/&!'*&/!1+14-(&#&('5!'-!(&4&)5&!'*&!"/"'")4!1)(<&/&!4"2)/,!

)/,!B-(9!'*&!)1'"#&!6A!&/!1-9.4&C$!F/!)!.(-,31'"#&!1(-5509&')'*&5"5X!)!,"BB&(&/'!)4J&/&!'*&/!

),,5! '-! '*&! )1'"#)'&,! 1-9.4&C! '-! B-(9! '*&! 9&')44)1+14-<3')/&! ("/2! [V1*&9&! E@\$! %*&!

9&')44-1+14&!'*&/!1+14-&4"9"/)'&5!'-!B-(9!'*&!,&5"(&,!9&')'*&5"5!.(- ,31'!)/,!&'*&/&!)5!)!

<+0.(-,31'$ 6

!

9*I(%0+J-("N(TO*(0C(!J- (#D02#($D4(#"@'&>#(0C($D4(](&'/(^1;%0$0'#("'($D4(&>34'4(%4@"0'-(

!

%*&!B-(9)'"-/!-B!'*&! $%&'#!,-3<4&!<-/,!"5!353)44+!B)#-3(&,!3/,&(!'*&(9-,+/)9"1!

1-/'(-4!)5!'*&!"'!*)5!4-P&(!&/&(2+!'*)/!'*& !!"#!1-3/'&(.)(' $1-!!%*&!B-(9)'"-/!-B! $%&'#!.(-,31' !

5.85.96.06.16.26.36.46.56.66.76.86.97.07.17.27.37.47.57.67.77.8
f1	(ppm)

Chloroform-d,	400	MHz

1
.0
0

1
.1
7

2
.1
5

A	(d)

6.23

B	(s)

7.07

C	(dt)

6.96

1.
00

1.
67

3.
09

6
.2
1

6
.2
5

6
.9
0

6
.9
3

6
.9
4

6
.9
6

6
.9
6

6
.9
8

7
.0
0

7
.0
2

7
.0
4

7
.0
6

7
.0
7

7
.1
1

7
.2
5
	C
H
LO

R
O
FO

R
M
-D

OH

O S

!

"

#!
#"



! 7M!

P)5!-<5&(#&,!"/!!-3(!I14".K!(&)1'"-/ !)/,!'*)'!1-/B"(9&,!<+!'*&!! X01-3.4"/2!#)43&!-B!'*&!)4J&/&!

.(-'-/!"/!'*&! ! N!;DO![i"23(&!T\$!%*&!Q0!.(-'-/! N06!.(-,31&,!)!,-3<4&'! [,\!5"2/)4!)'!7$]?!

..9!)/,!1-3.4&,!P"'*!'*&!),m)1&/'!R 0.(-'-/! N0]! P"'*!)!*"2*! #X01-3.4"/2!1-/5')/'!-B!6E$M!

NLX!P*"1*!1-((&5.-/,"/2!'-! $%&'#0)4J&/&!1-3.4"/2$!%*&!R0.(-'-/! N0]! 2)#&!("5&!'-!)!,'!5"2/)4!

)'!7$T7!..9!)/,!'*"5! P)5!,3&!'-!'*&!1-3.4"/2!P"'*!Q 0!.(-'-/ !N06!)/,!'*&!HN #!.(-'-/5!P"'*!

#X01-3.4"/2!1-/5')/'5!-B!6E$M!)/,!7$:!NL!(&5.&1'"#&4+$!

!

)*(*+! @%YHIG&>'<4">'A8G8:EI&>'AE4:"F8G"=H'

!

q"'*!'*&!5+/'*&5"5!-B!'*&!1+14"L)'"-/!.(&13(5-(!(1. !1-9.4&'&X!!P&!P&(&!"/!)!.-5"'"-/!

'-!14-5&!'*&!'&'()*+,(-.+()/!("/2!35"/2!'*&!`(d/5'&, !)1",!1)')4+5&,!1+14"L)'"-/$!F/!-(,&(!'-!

,&'&(9"/&!)/!&/)/'"-9&("1!()'"-X!)!()1&9"1!5')/,)(,! P)5!(&o3"(&,!'-!.(-.&(4+!) 55"2/!'*&!

.&)J5!'*)'!(&.(&5&/'!<-'*!&/)/'"-9&(5$!%-!,-!'*"5X!)!1+14"L)'"-/!(&)1'"-/!P)5!1)(("&,!-3'!

35"/2!)/!&C1&55!-B!()1&9"1![h\01)9.*-(534 B-/"1 !)1",![()10HV>\!"/!=H^!)'!A@!<H$!>5!)!(&534'X!

()1&9"1!]X]K0,"9&'*+4!%N8!(1/ !P)5!"5-4)'&,!P"'*!)!+"&4,!-B!T]a![V1*&9&!E6\$!!

!

!

'''''''''''''''''''''''''''''''' ''''''''''''' '(1. ' '''''' KLMN(1/ '

'

'

E)F0?0+5! -((G=!>"?&$"0'(0C(HJHV1/"<4$D=>(#LE#$%&$4(!J- ($0(@")4(%&!4<"!(!JC(

!

!"

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

/012%#3(45678 "

#"

! "

"

"
#"

$!%



! 7: !

%*&!!)55"2/9&/'!-B!!'*&! ! N!;DO!-B!(1/ !"5!5*-P/!"/ !i"23(&!6@!P*"1*!P)5!)(("#&,!)'!

35"/2!60=!)/,!] 0=!;DO$!%*&!.(-'-/!-B!'*&!!5'&(&-1&/'&(!N0T!'*)'!B-(9&,!)B'&(!1+14"L)'"-/!

)..&)(&,!)5!,,,,!.&)J!)'!A$@7!..9! [X(w!66$A!NLX!M$:!NLX!E$@!NLX!]$M!NL\!P"'*!1-((&5.-/,"/2!

1)(<-/! .&)J!)'!7:$?!..9!1-/B"(9&,!<+! '*&!NDSH!5.&1'(39! 5*-P/!"/! i"23(&!66$!U/! '*&!

-'*&(!*)/,X!'*&!'P-!.(-'-/5!-/!H 0:![E@$M!..9\!)..&)(&,!)5!'P-!,,!.&)J5!)'!]$MT!..9! [X!w!

6A$]!NLX!M$:!NL\!)/,! ]$76!..9! [!X!w!6A$]!NLX!E$@!NL\!(&5.&1'"#&4+!)5!5*-P/!"/! '*&!NDSH!

5.&1'(39$!%*"5!P)5!1-/B"(9&,!<+!'*&!HUVW!5.&1'(39!"/!i "23(&!6]!P*"1*!5*-P&,!'*&!N 0N!

1-3.4"/2!-B!'*&!N0:!)/,!N 0:K!P"'*!&)1*!-'*&(!)/,!)45-!P"'*!N 0T$!

!

9*I(%0+!H,("N(TO*(0C(!JC+

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.0
f1	(ppm)

Chloroform-d,	400	MHz

5
.6
6

2
.9
1

1
.2
3

2
.3
9

2
.5
4

5
.5
9

0
.9
4

0
.9
6

1
.0
0

1
.8
8

A	(s)

6.96

B	(dddd)

4.06

C	(dd)

2.79

D	(dd)

2.61

E	(s)

2.30

F	(s)

2.27

1
.
2
3

2
.
3
7

0
.
4
5

0
.
4
4

0
.
5
0

1
.
0
0

1.
18

1.
4
2

1.
5
5

1.
6
3

1.
6
4

1.
6
5

1.
6
6

2.
27
2.
3
0

2.
4
9

2.
5
8

2.
5
9

2.
6
0

2.
6
0

2.
6
2

2.
6
3

2.
6
4

2.
76
2.
76
2.
78
2.
78
2.
8
0

2.
8
1

2.
8
2

4
.0
2

4
.0
3

4
.0
4

4
.0
4

4
.0
5

4
.0
6

4
.0
6

4
.0
7

4
.0
8

4
.0
9

4
.0
9

6
.9
6

7.
25
	C
D
C
l3

O

SO

!

"

#
$

%

&
'

!!

!"
!(

)*"

)*'
)*& )*&+

)*#

)*!

)*!(

)*!,-!!-!.



! 7T!

!

9*I(%0+!! -(NOcG(#;4!$%L<(#D02"'@(G1d(&'/(G1[(2"$D(%4#;4!$")4(;%0$0'#("'(!JC+

!

9*I(%0+!. ,(GFAe(#;4!$%L<(#D02"'@(!0%%4>&$"0'(E4$244'(N1dJ(N1dVJ(&'/(N1[("'( !JC+

!

2.02.22.42.62.83.03.23.43.63.84.04.24.44.64.85.05.25.45.65.86.06.26.46.66.87.07.2
f2 (ppm)

25

30

35

40

45

50

55

60

65

70

75

f1
 (

p
p
m

)

HMQC-Chloroform-d

{4.0509,68.3265}

{2.7489,50.7002} {2.5838,50.7002}

O

SO

!

"

#$

%

&

' !"

()'

*)'

*)!"

*)&

()& ()&+

2.52.62.72.82.93.03.13.23.33.43.53.63.73.83.94.04.14.24.34.44.54.64.74.84.95.05.15.25.35.45.55.6
f2 (ppm)

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3.0

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.0

4.1

4.2

4.3

f1
 (

p
p
m

)

COSY-Chloroform-d

{4.0845,4.0604}
{2.7795,4.0311}

{2.6182,4.0311}

{4.0258,2.7673} {2.8089,2.7673}

{2.5743,2.7673}

{2.6036,2.6204}
{4.0405,2.5910}

{2.7795,2.5910}

O

SO

!

"

#$

%
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%*&! (&)1'"-/! 4&,! '-! '*&! B-(9)'"-/! -B! )! /&P! 5'&(&-2&/"1! 1&/'(&! B-(9"/2! 'P-!

&/)/'"-9&(5![ * \!)/,![ A\$!^/)/'"-9&(5!*)#&! '*&!5)9&!.*+5"1)4!.(-.&('"&5!)/,!,"BB&(!<+!'*&"(!

)<"4"'+! '-! (-')'&! .4)/&! .-4)("5&,! 4"2*'$! %*&(&B-(&X! '*&! 'P-! 1-99-/4+! 35&,! 9&'*-,5! '-!

,"5'"/ 23"5*!<&'P&&/! )! .)"(! -B!&/)/'"-9&(5! "5! .-4)("9&'(+! -(!1*"()40N8ZH!9&'*-,5$!g5"/2!

1*"()40N8ZH!1-439/5!)44-P&,!35!'-!.(&1"5&4+!,&'&(9"/&!'*&!&/)/'"-9&("1!()'"-!-B!'*&!'P-!

&/)/'"-9&(5!)/,!*&/1&!'*&!a!&&X!'*&(&B-(&!,"BB&(&/'!1-/,"'"-/5!1-34,!<&!51(&&/&,$!%*&!F>X!

F`X!FHX!FcX!)/,!>=0N!"99-<"4"5&,!.-4+5)11*)(",&!1-439/5!P&(&!35&,!"/!'*&!"/"'")4!51(&&/"/2!

.(-1&55$!n)("-35!-(2)/"1!5&4&1'-(!9-4&134&5!)(&!)'')1*&,!'-!'*&!532)(!"/!'*&!.-4+5)11*)(",&!

5')'"-/)(+! .*)5&! [&"'*&(! )9+4-5&! -(! 1&4434-5&\$! %*"5! )44-P5! B-(! (&5-43'"-/! -B! '*&! 5)9.4&!

"99-<"4"L&,!1*"()4!9"C'3(&X!)5!,"BB&(&/'!"/'&()1'"-/5!<&'P&&/!'*&!'P-!&/)/'"-9&(5!)/,!'*&!

5&4&1'-(5! &/)<4&! '*&! 5&.)()'"-/! -B! '*&! 9"C'3(&$! =3("/2! '*&! .(-1&55! -B! ,&#&4-."/2! '*&!

5&.)()'"-/!9&'*-,X!"'!P)5!B-3/,!'*)'!)4'&("/2!'*&!1*"()4!1-439 /!*),!'*&!2(&)'&5'!"9.)1'!-/!

&/*)/1"/2!'*&!(&5-43'"-/!-B!'*&!9"C'3(&$!>,m35'"/2!5-4#&/'!()'"-5![*&C)/&ƒF8>\X!B4-P!()'&!-(!

'&9.&()'3(&X! -/! '*&! -'*&(! *)/,X! )44-P&,! 5-9&! 1-/'(-4! -#&(! (&5-43'"-/$! i-44-P"/2! '*&!

51(&&/"/2! -B! 1-/,"'"-/5X! '*&!HNFO>Z8>_! >=0N! 1-439/! &43'"/2! P"'*! *&C)/&j]0.(-.)/-4!

[T:b]\!)'!B4-P!()'&!-B!6$@!94j9"/!)'!)!'&9.&()'3(&!-B!]E!$H!P)5!B-3/,!'-!5&.)()'&!'*&!'P-!

&/)/'"-9&(5!P"'*"/!?@! 9"/![i"23(&!6?\$!>5!&C.&1'&,X!P&!-<5&(#&,!'P-!.&)J5!"/!'*&!N8ZH!

P"'*!)!(&'&/'"-/!'"9&!-B!]A$MM!9"/!)/,!]T$7!9"/$ !%*&!B)1'!'*)'!'*&!"/'&2()'&,!)(&)!-B!<-'*!

.&)J5!5*-P&,!)!E@bE@!()'"-!1-/B"(9"/2!'*)'!()10HV>!,",!"/,&&,!.(-,31&,!)!()1&9"1!9"C'3(&$!

!

!

!

9*I(%0+!6 -(N8.G(!D%0<&$0@%&<(0C($D4(#='$D4#"#4/(KN8(!JC(2"$D(%&!1GAB(
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! M6!

!

N)#"/2!<&&/! )<4&! '-!5311&55B344+!1-9.4&'&! '*&!5+/'*&5"5! -B! '*&! ()1&9"1!%N8X!P&!

.(-1&&,&,!P"'*!'*&!)5+99&'("1! (&)1'"-/5 $!%*&!"/"'")4!1+14"L)'"-/!P)5!1)(("&,!-3'!3/,&(!'*&!

5)9&!1-/,"'"-/5!'*)'!*),!. (&#"-354+!<&&/!35&,!5311&55B344+!35&,!P"'*"/!'*&!2(-3.!B-(!'*&!

5+/'*&5"5!-B!53<5'"'3'&,!.(((-4","/&51. X!/)9&4+![* \0%OF8!"/!1+14-*&C)/&!)'!E@!$H![V1*&9&!E]\$!

%*&!1(3,&!(&5",3&!P)5!'*&/! )/)4+5&,!<+!! N!;DO!5.&1'(-51-.+! [i"23(&!6A\$!!

!

!

'''''''''''' (1. ' ''''''''''''''''''''''''''' (1 / '

!

E)F0?0+5. ,(G=!>"?&$"0'(0C(HJHV1/"<4$D=>(#LE#$%&$4(2"$D(+*,1K*68(

!

9*I(%0+!8 ,("N(TO*(0C($D4(!%L/4(;%0/L!4/(C%0<(&#=<<4$%"!(%4&!$"0'(0C(!J C(L#"'@(+*,1K*68(

!"

" #

$! %&'()*+$,-+./01%

2320/4567859+:-+/ ;
<-1

"

#"

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1	(ppm)

Cloroform-d,	400Hz
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.0
0

0
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! M]!

!

8(-,31'!B-(9)'"-/!P)5!1-/B"(9&,!35"/2! 'P-! ,"5'"/1'! '()"'5! -B! '*&! ;DO!5.&1'(39!

P*"1*! )(&! *"2*4"2*'&,! "/! 2(&&/$! i"(5'4+X! '*&! 5"2/)45! '*)'! (&.(&5&/'! '*&! .(-'-/! -B! '*&!

5'&(&-1&/'(&!!N0?!-<5&(#&,!)5!)! ,,,,! ! )'!A$@E!..9 ![X(w!66$A!NLX!M$:!NLX!E$@!NLX!]$M!NL\$!

V&1-/,4+X!'*&!,,!5"2/)45!-B!N0]!)/,!N]K! -<5&(#&,!)'!]$:7![X!w!6A$]!NLX!M$:!NL\!)/,!]$7@!..9!

[!X!w!6A$]!NLX!E$@!NL\!(&5.&1'"#&4+!'*)'!(&.(&5&/'!'*&!Q 0.(-'-/5$!H-/#&(5"-/! P)5!1)4134)'&,!

'-!<&!TMa!35"/2!'*&!"/'&2()4!-B!.&)J5!B(-9!3/(&)1'&,!1+14"L)'"-/!.(&13(5-(! N06!-<5&(#&,!)'!

7$]?!..9X!P*"1*!*"2*4"2*'&,!"/!(&,X!)/,! '*&!.&)J5!-B!'*&!.(-,31'! '*)'!)(&!*"2*4"2*'&,!"/!

2(&&/!)'!&"'*&(!A$@EX!]$:7X!-(!]$7@!..9![i"23(&!6A\$!

!

q"'*! '*&! ,&#&4-.&,!N8ZH!9&'*-,! '*)'!P&(&!35&,!P"'*! '*&! ()1&9"1! .(-,31'X! '*&!

&/)/'"-5&4&1'"#"'+! -B! '*&! )5+99&'("1! .(-,31'! 1-34,! <&! ,&'&(9"/&,$!V3<9"55"-/! -B! '*&!

.(-,31'! -B! '*&! [* \0%OF8!1+14"5&,!(&)1'"-/! (1 / ! '-! N8ZH! )/)4+5"5! 2)#&! '*&! 1*(-9)'-2()9!

,&."1'&,!"/!i"23(&!6E!P"'*!'*&!9)m-(!.&)J!*)#"/2!)!(&'&/'"-/!'"9&!-B!]A$::!9"/5!P*"4&!'*&!

9"/-(!.&)J!-<5&(#&,!)'!?@$A7!9"/5$!̂/)/'"-9&("1!&C1&55![a!&&\!P)5!1)4134)'&,!B(-9!'*&!

"/'&2()'&,! )(&)! 3/,&(! '*&! -<5&(#&,! .&)J5 ! '*)'! (&.(&5&/'! <-'*! &/)/'"-9&(5! )5!

B-44-Pb„[9)m-(09"/-(\j[9)m-( e9"/-(\…C6@@!)/,!"'!P)5!&/1-3()2"/2 !'-!5&&!&/)/'"-5&4&1'"#"'+!

-B!7Ta$!!

!

!

9*I(%0+!5 ,(N8.G(!D%0<&$0@%&<(0C($D4(#='$D4#"#4/(KN8(!J C(2"$D(+*,1K*68(

! " #" $#%&$'( %) " '*) %$+, -, ., /- 0- 1- 2- 3- 4- 5- ,- -- .
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! M?!

8(&4"9"/)(+! =i%! 1)4134)'"-/5! <)5&,! -/! '*&! &/&(2+! ,"BB&(&/1&5! <&'P&&/! '*&!

&/)/'"-9&(5!"/,"1)'&,!'*)'!'*&!9)m-(!&/)/'"-9&(!P)5!.(&,"1'&,!'-!<&!V!)'!&C.&1'&,!MMa!

&&! P"'*! 9&5"'+4! '*"-&5'&(X! [* \0%OF8! 1)')4+5'! )'! E@!$H$! >'! '*&! 5)9&! 1-/,"'"-/5X! '*&!

&C.&("9&/')4!&/)/'"-5&4&1'"#"'+!B-3/,!'-!<&!7Ta!P*"1*!5*-P&,!)!2--,!1-((&4)'"-/!P"'*!'*&!

1-9.3')'"-/)4!5'3,"&5$ !

!g5"/2!9&5"'+4!'*"-&5'&(!)5!'*&!)1'"#)'"/2!2(-3.!,",!"/1(&)5&!'*&!&/)/'"-5&4&1'"#"'+!

'-! 7Ta! )5! 1-9 .)(&,! P"'*! 6:a! &&! -<')"/&,! B(-9! '-4+4! '*"-&5'&(X! *-P&#&(X! '*&(&! P)5!

.-'&/'")44+!(--9!B-(!"9.(-#&9&/'! "B!1-/,"'"-/5!P&(&!9-,"B"&,$!%*&(&B-(&X!-3(! /&C'!5'&.!

P&(&!B-135&,!-/!"9.(-#"/2!'*&!&/)/'"-5&4&1'"#"'"&5!P*"4&!9)"/')"/"/2!*"2*!1-/#&(5"-/5$!

)*(*, ! WJG"6"F8G"=H'=?'G5&'B&84G"=H'A=H>"G"=HI'

F/! -(,&(! '-!B)1"4"')'&! '*&!51(&&/"/2! .(-1&55! )/,! -.'"9"5)'"-/! -B!1-/,"'"-/5X! '*&(&!

P&(&!B-3(!.)()9&'&(5X!/)9&4+!'&9.&()'3(&X!'"9&X!5-4#&/'X!)/,!1)')4+5'X!'*)'!1-34,!<&!&)5"4+!

)4'&(&,! P"'*-3'! (&o3"("/2! '*&! 53<5'()'&! '-! <&!9-,"B"&,$! F/! -(,&(! '-! "9.(-#&! <-'*! '*&!

(&)1'"-/!1-/#&(5"-/!)/,!&/)/'"-5&4&1'"#"'+X!P&!,&1",&,!'-!1*)/2&!&)1*!-B!'*&5&!.)()9&'&(5!

"/!'3(/!)/,!-<5&(#&!'*&!(&)1'"-/!-3'1-9&5$ !

8(&#"-35!P-(J!P"'*"/!'*&!2(-3.!5*-P&,!'*)'!'*&!35&!-B!4-P!.-4)("'+!5-4#&/'!531*!)5!

1+14-*&C)/&!P&(&!<&5'X! .(&539)<4+! )5! '*&+! ,-! /-'! "/'&()1'!P"'*! '*&!1)')4+5'$!N-P&#&(X!

'*&(&! 9)+! <&! ,"BB"134'"&5! )55-1")'&,! P"'*! '*&! 5-43<"4"'+! -B! 9-(&! .-4)(! 53<5'()'&5! "/!

1+14-*&C)/&X!.)('"134)(4+!)'!4-P&(!'&9.&()'3(&5$!>5!)!(&534'X!'-43&/&!)/,!=H^!P&(&!1*-5&/!

)5!)4'&(/)'"#&!5-4#&/'5!B-(!'*&!51(&&/"/2!.(-1&55!)5!'*&+!*)#&!*"2*&(!<-"4"/2!.-"/'5![66@!$H!

)/,!:A! $HX!(&5.&1'"#&4+\!)/,!9)+!<&!9-(&!<&!)<4&!'-!5-43<"4"5&!53<5'()'&!)/,!1)')4+5'$!!

=3&! '- ! '*&5&! 'P-! .("9)(+! 1-/5",&()'"-/5X! '*&! 5&4&1'"-/! -B!1*"()4!1)')4+5'5! P)5!

,&.&/,&/'!-/!*-P!(&),"4+!)#)"4)<4&!'*&+!P&(&!"/!'*&!1-99&(1")4!9)(J&'$!i"(5'X!"'!)44-P5!B-(!

().",! '&5'"/2! -B! 1-/,"'"-/5X! P*"1*! "5! "9.-(')/'! <&1)35&! H8>! 1)')4+5'5! /&&,! '-! <&! 9),&!

'*(-32*! )! 934'"5'&.! 5+/'*&5"5$! ! V&1-/,X! "'! P-34,! <&! 9-(&! #")<4&! "/! <-'*! (&5&)(1*! )/,!

"/,35'(")4!1-/'&C'5! "B! '*&!1)')4+5'! 1)/! <&! )1o3"(&,!B(-9! )! 1*&9"1)4!53..4"&($!F/! -(,&(! '-!



! MA!

)11-9.4"5*!'*"5!2-)4X!'*&!1)')4+5'!'*)'!P&(&!1*-5&/!P&(&![* \0%OF8!(11X![* \0%F8VW!)22X![* \0

>/'* !)2( X![* \0.*&/) /'* !)2) X![* \0n>8UZ!)2+X!)/,![ * \0V8F;UZ!)2, X!)5!"4435'()'&,!"/!i"23(&!67$!

!

''''''''''''''''''''' K/ MN7BOQ' '''''''''''' K/ MN7OQ3Z' K/ MN<HG5'
'''''''''''''''''''' (11' '''''''''''' )22' )2( '

!

''''''''''''''''''''' K/ MNQ5&H8HG5' '''''''''''' K/ MN[<QW\' K/ MN3QO]W\'
'''''''''''''''''''' )2) ' '''''''''''' )2+' )2, '

(

9*I(%0+!- ,(A$%L!$L%4(0C(!D"%&>(;D0#;D0%"!(&!"/(!&$&>=#$#(L#4/("'(%4&!$"0'(#!%44'"'@(
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! ME!

!

''''''''' (1. ' '''''''''''''''''''''''''''' (1/ '

' '

E)F0?0+56-(B#=<<4$%"!(O"!D&4>(%4&!$"0'(C0%($D4(#='$D4#"#(0C(KN8#(

UHG%E' 3=:R&HG' 7&6J&%8G$%&'&A' AQ<' A=HR&%I"=H'V' &&'V'

( ' H+14-*&C)/&! E@! [* \0%OF8! TM! 7T!

) ' H+14-*&C)/&! (' ! [* \0%OF8! ]@! AA!

+' H+14-*&C)/&! ME! [* \0%OF8! 6@@! 77!

, ' %-43&/&! (' ! [* \0%OF8! 6@! 6@!

- ' %-43&/&! E@! [* \0%OF8! 7T! 7@!

. ' %-43&/&! ME! [* \0%OF8! TM! 76!

/ ' =H !̂ (' ! [* \0%OF8! 7! T!

(

K3A20+6-(G0'/"$"0'#(#!%44'"'@(C0%($D4(#='$D4#"#(0C(KN8#(

!

F/"'")4!51(&&/"/2!P)5!,-/&!<+!#)(")'"-/!-B!'*&!5-4#&/'!)/,! '*&!'&9.&()'3(&!-B!'*&!

(&)1'"-/$!%*&!,)')!"/!%)<4&!?X!&/'(+!6!5*-P5!'*&!)4(&),+!'&5'&,!1-/,"'"-/5!-B!1+14-*&C)/&X!

[* \0%OF8! )'! E@!$H! B-(! ]A! *-3(5X! P*"1*! 2)#&! 1-/#&(5"-/! -B! TMa! )/,! 7Ta! &&$! q*&/! '*&!

' &9.&()'3(&!P)5!4-P&(&,!'-! (--9!'&9.&()'3(& ![&/'(+!]\X!)!,()5'"1!B)44!"/!'*&!1-/#&(5"-/!'-!

]@a! P)5! -<5&(#&,! P*"4&! '*&! &/)/'"-5&4&1'"#"'+! ,(-..&,! '-! AAa$! %*&! ,&1(&)5&! -B! '*&!

1-/#&(5"-/!)'!4-P&(!'&9.&()'3(&!P)5!/-'!53(.("5"/2!)5!'*&!()'&!-B!'*&!(&)1'"-/!P-34, !)45-!

<&!&C.&1'&,!'-!,(-.$!U/!'*&!-'*&(!*)/,X!P*&/!'*&!(&)1'"-/!&C.-5&,!'-!*"2*&(!'&9.&()'3(&!

[ME!$H\X! )! o3)/'"')'"#&! 1-/#&(5"-/! P)5! -<5&(#&,! <3'! P"'*! 54"2*'4+! ,(-.! -B! '*&!

&/)/'"-5&4&1'"#"'+! '-!77a! [&/'(+!?\$!%-!51(&&/! '*&! ,"BB&(&/'!5-4#&/'5! "/! '*&! (&)1'"-/X! '*&!

1)')4+5'! (&9)"/&,! 3/1*) / 2&,! <3'! ,"BB&(&/'! '&9.&()'3(&5! P&(&! 35&,$! Z-P&("/2! '*&!

!"

" #

$%&'()*'+,-./

#,-01234'5', $
"

#"



! M7!

'&9.&()'3(&!P-34,!)44-P!B-(!&)5"&(!1-9.)("5-/!-B!'*&!&BB&1'!-B!5-4#&/'!-/!<-'*!1-/#&(5"-/!

)/,! &/)/'"-5&4&1'"#"'+$! FB! )/+! 5"2/"B"1)/'! "/1(&)5&! "/! +"&4,! P)5! -<5&(#&,! <+! #)(+"/2! '*&!

5-4#&/'X!"'!P-34,!<&!9-(&!/-'"1&)<4&!P*&/!"/1(&)5"/2!'*&!1-/#&(5"-/!B(-9!]@!a!)'!(--9!

'&9.&()'3(&!'*)/!P*&/!"/1(&)5"/2!B(-9!&"'*&(!T7a!)'!E@! $H!-(!6@@a!)'!ME!$H$!>5!1)/!<&!
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!!!!!!!!!!!!!!!!).. b!O!w!%N8X!OK!w!D&! !!!!!!)/) b!O!w!%N8X!OK!w!D&X!M?a!
'''''''''''''''' )./ b!O!w!.*&/+4X!OK!w!D&! '''''' )/+ b!O!w!.*&/+4X!OK!w!D&X!M@a !

!

!

'''''' )/, b!O!w!D&X!T7a! '''''' )02b!O!w!D&X!M6a!
!!!!!!)/- b!O!w!1+14-<3'+4X!T]a! !!!!!!)0( b!O!w!1+14-<3'+4X!E6a!
!!!!!!)/. b!O!w!1+14-.&/'+4X!TAa! !!!!!!)0) b!O!w!1+14-.&/'+4X!7Aa!
!!!!!!)// b!O!w!1+14-*&C+4X!:Ma! !!!!!!)0+b!O!w!1+14-*&C+4X!76a!
!!!!!!)/0 b!O!w!%N8X!MEa! !!!!!!)0, b!O!w!%N8X!E]a!
'''''' )/1 b!O!w!.*&/+4X!MAa! '''''' )0- b!O!w!.*&/+4X!A:a!

(

E)F0?0+-J -(A='$D4#"#(0C(aJaV1#LE#$"$L$4/(;%4!L%#0%#(

%*&5&! /&P4+! 5+/'*&5"5&,! .(&13(5-(5! P&(&! '*&/! 53<m&1'&,! '-! '*&!1+14"5)'"-/!

1-/,"'"-/5!.(&#"-354+!,&#&4-.&,![1+14-*&C)/&X![* \0%OF8X!E@!‡H\$!>5!1)/!<&!5&&/!B(-9!V1*&9&!

M@X!'*&!(&)1'"-/!P)5!)<4&!'-!'-4&()'&!?X?K053<5'"'3'"-/!P&44X!)/,!(&534'&,!"/!&C1&44&/'!+"&4,5!

)/,!2--,!'-!&C1&44&/'!&/)/'"-5&4&1'"#"'"&5!B-(!'*&!2&/&()'"-/!-B!&/)/'"-9&("1)44+!&/("1*&,!

.(-,31'5$! %*&! 4-P&(! &/)/'"-5&4&1'"#"'"&5! -<5&(#&,! B-(! ,"9&'*+4!)0. X! 5."(-0%N8!)12X! )/,!

,".*&/+4!)1( !53<5'()'&5!1-34,!<&!,3&!'-!'*&!3/1)')4+L&,!<)1J2(-3/,!(&)1'"-/$!%-!1-/B"(9!

'*"5X! '*&! •H4".•! .(-,31'5! P&(&! 4&B'! '-! 5'"(! "/! 1+14-*&C)/&! )'! E@!$H! B-(! ]A! *-3(5$! %*&!

R
RO

O
’R 1)	LDA,	THF,	-78	OC

2)	4-bromobut-1-ene
THF,	-78	OC

’R O

O

R R

LiAlH4,	Et2O

0	OC

HO
R R

HG-II	(10	mol%),	CuI	(10	mol%)

DCE,	40	OC,	24	h

i-MesS

O

Si-Mes

O

213	(3	eq)

OH
R R



! T: !

1-/#&(5"-/5!P&(&!'*&/!,&'&(9"/&,!35"/2!'*&!1(3,& !9)'&(")4!! N!;DOX!,&9-/5'()'"/2!'*)'!

'*&(&!"5!<)1J2(-3/,!1+14"L)'"-/!-113(("/2!P"'*"/!'*&!(&)1'"-/![V1*&9&!M6\$!

!

)0. ' )0/ ' )00'
:Ea!+"&4,! TTa!+"&4,! T]a!+"&4,!
M6a!&&! TMa!&&! TTa!&&!

!

)01' )12' )1( '
T]a!+"&4,! T6a!+"&4,! :Aa!+"&4,!
M?a!&&! A@a!&&! :Ma!&&!

"

E)F0?0+CH-(B#=<<4$%"!(!=!>"#&$"0'($0(C0%<(aJa51(#LE#$"$L$4/($4$%&D=/%0;=%&'#(

!

!

)0. ' )12' )1( '
?]a!1-/# ! A:a!1-/# ! A6a!1-/#!

"

E)F0?0+C!,(9&!3@%0L'/(!=!>"?&$"0'(0C(aJaV1#LE#$"$L$4/($4$%&D=/%0;=%&'#(

Cyclohexane,	50	OC,	24	h
i-MesS

O

OH
(R)-TRIP	(20	mol%)

i-MesS

O

O

i-MesS

O

O i-MesS

O

O

R

R

R

R

i-MesS

O

O

i-MesS

O

O i-MesS

O

Oi-MesS

O

O

O
Ph

Ph

Cyclohexane,	50	OC,	24	h
i-MesS

O

OH i-MesS

O

O

i-MesS

O

O i-MesS

O

O

R

R

R

R

i-MesS

O

O

O

Ph

Ph



! TT!

!

%-!-#&(1-9&! '*"5X!P&!,&#"5&,! '*)'!4-P&("/2! '*&! '&9.&()'3(&!1-34,!9"/"9"L&! '*&!

3/1)')4+L&,! <)1J2(-3/,! 1+14"5)'"-/! -B! '*&! (&)1'"-/! )/,! *&/1&! &/*)/1&! '*&!

&/)/'"-5&4&1'"#"'+! -B! '*&! .(-,31'$! %*&! 1+14"L)'"-/! (&)1'"-/! P)5! 1)(("&,! -3'! (--9!

'&9.&()'3(&![('\! [V1*&9&!M]\$!F'!P)5!"/'&(&5'"/2!'-!/-'&!'*)'!P*&/!'*&!1+14"L)'"-/!(&)1'"-/!

P)5! .&(B-(9&,! )'! ('X! )44!%N8! .(-,31'5!P&(&! "5-4)'&,!P"'*!&C1&44&/'!+"&4,5! )/,! )45-!P"'*!

*"2*&(!&/)/'"-5&4&1'"#"'"&5!'*)/!P*&/!'*&!(&)1'"-/!P&(&!1)(("&,!-3'!)'! E@!$H![V1*&9&!M]\$!

!

!

)0. ' )12' )1( '
:7a!+"&4,! T@a!+"&4,! :Ea!+"&4,!
M:a!&&!

!
M@a!&&![U8\!

[U8\!w!-..-5"'&!&/)/'"-9&( !
T]a!&&!

"

E)F0?0+C.,(B#=<<4$%"!(!=!>"#&$"0'($0(C0%<(aJa51(#LE#$"$L$4/($4$%&D=/%0;=%&'#(&$(%$(

!

D-(&!"/'("23"/24+X!4-P&("/2! '*&!'&9.&()'3(&!1)35&,!)/!"/#&(5"-/!-B!'*&!.(-,31'Y5!

1-/B"23()'"-/!B-(!'*&!5."(- 0%N8!53<5'()'&!)12'[i"23(&5!]7X!]M!)/,!]: \$!%*&!&C.&("9&/'5!P&(&!

(&.&)'&,! '*(&&!'"9&5!'-!1-/B"(9!'*&!-3'1-9&5!)/,! '*&!5)9&!(&534'5!P&(&!-<')"/&,$!%*"5!

-<5&(#)'"-/ 'P"44!<&!,"51355&,!"/!2(&)'&(!,&')"4!4)'&($'!!

!

!

!

Cyclohexane,	rt,	24	h
i-MesS

O

OH i-MesS

O

O

i-MesS

O

O i-MesS

O

O

R

R

R

R

i-MesS

O

O

O

Ph

Ph

(R)-TRIP	(20	mol%)



! 6@@!

!

!

!

9*I(%0+.- -(N8.G(!D%0<&$0@%&<(0C($D4(#='$D4#"#4/(%&!4<"!(aJa51#;"%0KN8(;%0/L!$(.JH(2"$D(
%&!1+GAB,(

!

!

!

!

9*I(%0+.C-(N8.G(!D%0<&$0@%&<(0C($D4(#='$D4#"#4/(aJa51#;"%0KN8(;%0/L!$(.JH(2"$D(+*,1K*68(
&$(hI($G(

!

DCE,	40	oC,	24	h
i-MesS

O

OH i-MesS

O

O
rac-CSA

O

O

Retention Time (min)16.015.515.014.514.013.513.012.512.011.511.010.510.0

12
.5

2
12

.5
2

12
.5

2
12

.5
2

12
.5

2
12

.5
2

12
.5

2
12

.5
2

12
.5

2
12

.5
2

12
.5

2
12

.5
2

12
.5

2
12

.5
2

12
.5

2
12

.5
2

12
.5

2
12

.5
2

12
.5

2
12

.5
2

12
.5

2
12

.5
2

14
.2

4
14

.2
4

14
.2

4
14

.2
4

14
.2

4
14

.2
4

14
.2

4
14

.2
4

14
.2

4
14

.2
4

14
.2

4
14

.2
4

14
.2

4
14

.2
4

14
.2

4
14

.2
4

14
.2

4
14

.2
4

14
.2

4
14

.2
4

14
.2

4
14

.2
4

1

No. tR Peak Area
(Y units*ms)

Area
(%)

Width

1 12.52 35136680.000 50.394 0.679
2 14.24 34587076.000 49.606 1.125

Cyclohexane,	50	oC,	24	h
i-MesS

O

OH i-MesS

O

O
(R)-TRIP	(20	mol%)

O

O(A)

Retention Time (min)16.015.515.014.514.013.513.012.512.011.511.010.5

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

1

No. tR Peak Area
(Y units*ms)

Area
(%)

Width

1 12.88 4560005.000 69.580 0.821
2 14.25 1993566.500 30.420 1.149



! 6@6!

!

!

!

!

9*I(%0+.G-(N8.G(!D%0<&$0@%&<(0C($D4(#='$D4#"#4/(aJa51#;"%0KN8(;%0/L!$(.JH(2"$D(+*,1K*68(
&$(%00<($4<;4%&$L%4(

!

q"'*! '*&! (&)4"5)'"-/! -B! )! 'P- 0.-'! .(-1&,3(&! B-(! '*&! 5+/'*&5"5! -B! 53<5'"'3'&,!

'&'()*+,(-.+()/5X!'*&!B-135!5*"B'&,! '-! '*&!(&0,&#&4-.9&/'!-B!)!-/& 0.-'! .(-1&,3(&$!N"2*!

&BB"1"&/1+! )/,! -.&()'"-/)4! 5"9.4"1"'+! )(&! "/'("/5"1! <&/&B"'5! -B! -/&0.-'! .(-1&55&5X! P*"1*!

&4"9"/)'&!'*&!"/'&(9&,")'&!.3("B"1)'"-/!5'&.!'-!1-/5&(#&!(&5-3(1&5!)/,!(&,31&!P)5'&$!

!

)*,*) ! WH&'J=G'%&84G"=H'

!

F/! '&(95! -B! &/)/'"-5&4&1'"#&! ,-9"/-X! -/&0.-'X! )/,! 934'"1-9.-/&/'! (&)1'"-/5X!

-(2)/-1)')4+5"5X!B-(!&C)9.4&X!*)5!,&9-/5'()'&,!"'5!.-'&/'")4!B-(!'*&!B-(9)'"-/!-B!934'".4&!

<-/,5!)/,!5'&(&-1&/'&(5$!%*&5&!4)''&(!5'()'&2"&5!&/)<4&!)!o3"1JX!&/#"(-/9&/')44+!B("&/,4+X!

)/,!5"9.4&!)..(-)1*! '-! '*&!B-(9)'"-/!-B!1-9.4&C!9-4&134&5!P"'*!)!9"/"939!-B!9)/3)4!

-.&()'"-/5! )/,! .3("B"1)'"-/! 5'&.5X! 9)J"/2! 9&'*-,-4-2"&5! '*)'! &9.4-+! '*&5&! 5'()'&2"&5!

*"2*4+!,&5"()<4&$!"- !

!

!"#$%&'()*'+,-.+,/0,&
123'45

6

67 123'45

6

6

8! 92:;<=,8/>,?%$@9

6

6!"#

! " #" $#%&$'( %) " '*) %$+, - ./, 0.0, 0./, 1.0, 1./, 2.0, 2./, 3.0, 3./, , .0, , ./, / .0, / ./4.0

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,3
.12

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,1
.41

,

! " # $% &' ( ) *+,' (
-. */ 01$234 25

+,' (
-6 5

7 18$9

: : ; #<= ><?: @#; =< : <#A@> : #: : B

; : <#>< BBC: C: #: @? @B#=: : C#?=A



! 6@]!

%&'()*+,(-.+()/5! )(&! &55&/'")4! -(2)/"1!1*&9"5'(+! <3"4,"/2! <4-1J5X! )/,! )! -/&0.-'!

9&'*-,!P-34,!<&!)/!&BB"1"&/'!)/,!)..&)4"/2!)..(-)1*! '-!-<')"/! '*&9$!V31*!)! '&1*/"o3&!

&4"9"/)'&5!'*&!/&&,!B-(!"/'&(9&,")'&!.(-,31'!.3("B"1)'"-/X!'*&!35&!-B!934'".4&!#&55&45X!4&55!

5-4#&/'!(&o3"(&9&/'5X!)/,!5"9.4"B"&5!'*&!-#&()44!.(-1&,3(&$!N-P&#&(X!B-(!-3(!.3(.-5&5X!'*&!

9)"/!),#)/')2&!-B!)!-/& 0.-'!(&)1'"-/!"5!'*&!(&,31&,!'"9&!B()9&!-B!'*&!5')2&5!4&),"/2!'-!'*&!

B"/)4!.(-,31'$!

!

%*&!"/#&5'"2)'"-/!-B!'*&!IH4".0H+14&K!.(-'-1-4K5!-/&0.-'!(&)1'"-/!!5')('&,!P"'*!14".."/2!

'*&!*-9-)44+4"1!)41-*-4!)1) ^)1- !P"'*!'*"-)1(+4)'&!)1+!)"&!)4J&/&!9&')'*&5"5!"/!1+14-*&C)/&!

)'!E@!$H$!q*&/!'*&(&!P)5!/-!)4J&/&!,&'&1'&,!<+!%ZHX![* \0%OF8!1)')4+5'!P)5!),,&,!)/,!'*&!

(&)1'"-/!5'"((&,!)'!'*&!5)9&!'&9.&()'3(&!B-(!)!B3('*&(!]A!*-3(5! P*"4&!<&"/2!9-/"'-(&,!<+!

%ZHX!)B'&(P)(,5!'*&!(&)1'"-/!P)5!o3&/1*&,!P"'*!@$]!D!'("&'*+4)9"/&![V1*&9&!M?\$!%*&!]X]K0!

)/,!?X?K0!5."(-!1+14-.&/'+4!53<5'()'&5!P&(&!1*-5&/! '-! '&5'! '*&!&BB"1"&/1+! -B! '*&! -/&0.-'!

(&)1'"-/$!F'! *)5!<&&/! ,&9-/5'()'&,! '*)'! '*&! IH4".0H+14&K! .(-1&55!1)/!<&!1)(("&,! -3'! "/! )!

5"/24&!.-'!P"'*-3'!4-55!-B!+"&4,!-(!&/)/'"-5&4&1'"#"'+$!F'!P)5!-<5&(#&,!'*)'!'*&!-#&()44!+"&4,!

B-(!<-'*!53<5'()'&5! "9.(-# &,!P*"4&!9)"/')"/"/2! '*&! *"2*!&/)/'"-5&4&1'"#"'+~! '*"5! "5!9-5'!

4"J&4+!,3&!'-!'*&!"/*&(&/'!"/1(&)5&,!&BB"1"&/1+!-B!-/&0.-'!(&)1'"-/5X!P*"1*!&4"9"/)'&5!B)1'-(5!

531*!)5!.(-,31'!4-55!,3("/2!'()/5B&(!'-!-'*&(!#&55&45!-(!,3("/2!'*&!.3("B"1)'"-/!.(-1&55$!"'!

)45-!,&9-/5'()'&,!'*)'!/&"'*&(!1-..&(!"-,",&!/-(!'*&!N-#&+,) 0c(3<<5!1)')4+5'!"/'&(B&(&,!

P"'*!'*&!"/'()9-4&134)(!D"1*)&4!1+14"5)'"-/!P"'*![* \0%OF8$!

!

!

!

!



! 6@?!

!

! WH&'J=G! :?a!+"&4,X!TEa!&&!

! 7S='J=G! M:a!+"&4,X!T7a!&&!

!

!

! WH&'J=G! : Ma!+"&4,X!TTa!&&!

! 7S='J=G! :6 a!+"&4,X!TTa!&&!

!

E)F0?0+C6-(B#=<<4$%"!(iG>";1G=!>4j(#='$D4#"#(0C(#LE#$"$L$4/($4$%&D=/%0;=%&'#("'(&(0'41;0$(
%4&!$"0'(

!

!

)*,*+! 3$668%E'=?'%&I$:GI'

!

F'! *)5! <&&/! ,&9-/5'()'&,! '*)'X ! QXR03/5)'3()'&,! '*"-&5'&(5! 1)/! )1'! )5! D"1*)&4!

)11&.'-(5! "/! )/! "/'()9-4&134)(! )5+99&'("1! -C) 0D"1*)&4! (&)1'"-/$! F/"'")4! 1-9.)("5-/5! -B!

'-4+40X!9 &5"'+40X!)/,!"5-.(-.+4 09&5"'+4!'*"-&5'&(5!(&#&)4&,! '*)'! '*&!4)''&(!.(-,31&,!*"2*&(!

+"&4,5!)/,!&/)/'"-5&4&1'"#"'+!'*)/!'*&!-'*&(!53<5'()'&5$!i-44-P"/2!)!5&("&5!-B!-.'"9"L)'"-/5X!

*"2*!+"&4,5! )/,!&/)/'"-5&4&1'"#"'+!P&(&!)1*"&#&,!P*&/! [* \0%OF8!1)')4+5'!P)5!35&,! "/! '*&!

i-MesS

O

OHO Si-Mes

O

HG-II	(10	mol%)
CuI,cyclohexane,	24h,

	50	oC,	N2

(R)-TRIP	(20	mol%),	24	h

THEN

CLIP

CYCLE
292 293 294

i-MesS

O

OHO Si-Mes

O

HG-II	(10	mol%)
CuI,cyclohexane,	24h,

	50	oC,	N2

(R)-TRIP	(20	mol%),	24	h

THEN

CLIP

CYCLE
295 293 296



! 6@A!

5+/'*&5"5!-B!]X]Y053<5'"'3'&,!'&'()*+,(-.+()/5$!F/!),,"'"-/X!'*&!5)9&!1-/,"'"-/5!(&534'&,!"/!

'*&! B-(9)'"- /! -B! ?X?Y053<5'"'3'&,! '&'()*+,(-.+()/5! )5! P&44X! P"'*! *"2*&(! 5&4&1'"#"'+X!

.)('"134)(4+! P"'*! 5.("-1)(<-1+14"1! 53<5'"'3'"-/X! P*&/! 1-9.)(&,! '-! ]X]Y053<5'"'3'&,!

'&'()*+,(-.+()/5$! %*&! &C)1'! 1)35&! B-(! '*&! ,"BB&(&/1&! "/! 5&4&1'"#"'+! "5! 3/J/-P/X! <3'! '*&!

.(-C"9"'+!-B!'*&!53<5'"'3'"-/X!)/,!'*35!5'&("1!<34JX!'-!'*&!/314&-.*"4&!!)5!P&44!)5!'*&!%*-(.&0

F/2-4,!&BB&1'X!1-34,!.4)+!)!(-4&$!

!

%*&!&C'&/'!'-!P*"1*!&)1*!#)(")<4&!)BB&1'&,!'*&!+"&4,!)/,!5&4&1'"#"'+!-B!'*&!(&)1'"-/!

P)5!(&#&)4&,!<+!51(&&/"/2!'*&!(&)1'"-/!1-/,"'"-/5$!%*&!+"&4,!)/,!&/)/'"-5&4&1'"#"'+!-B!'*&!

(&)1'"-/5!P&(&!)BB&1'&,!<+!'*&!5-4#&/'!35&,X!P"'*!1+14-*&C)/&!.&(B-(9"/2!<&5'!"/!)44!1)5&5$!

F/! 2&/&()4X! *"2*&(! '&9.&()'3(&5! [ME!$H! "/5'&),! -B! E@!$H\! "/1(&)5&,! +"&4,! P*"4&! 54"2*'4+!

,&1(&)5"/2! &/)/'"-5&4&1'"#"'+$! %*&! 1)')4+5'! 1*-"1&! P)5! '*&! 9-5'! "9.-(')/'! B)1'-(! "/!

,&'&(9"/"/2! '*&! &/)/'"-5&4&1'"#"'+! -B! '*&! (&)1'"-/X! P"'*! [* \0%OF8! .(-#","/2! '*&! <&5'!

5&4&1'"#"'+! B-(! <-'*! 53<5'"'3'&,! )/,! 3/53<5'"'3'&,! '&'()*+,(-.+()/5$! q&! P&(&! )<4&! '-!

,&'&(9"/&! )!2&/&()4!5&'! -B!1-/,"'"-/5!B-(! '*&! )5+99&'("1!5+/'*&5"5! -B! '&'()*+,(-.+()/5!

'*(-32*!'*"5!-.'"9"L)'"-/!.(-1&55b!"5-.(-.+4 09&5"'+4!'*"-&5'&(!)5!)!D"1*)&4!)11&.'-(X![* \0

%OF8X!1+14-*&C)/&X!E@!$H!B-(! ]A!*$!%*&5&!1-/,"'"-/5! .(-#&,!35&B34!B-(! '*&!5+/'*&5"5! -B! )!

#)("&'+!-B!5."(-1+14"1!)/,!,"053<5'"'3'&,!'&'()*+,(-.+()/5$ !

!

%*&! YH4".0H+14&Y! .(-1&55! *)5! <&&/! ,&9-/5'()'&,! '-! <&! 1).)<4&! -B! .(-,31"/2!

&/)/'"-9&("1) 44+!&/("1*&,!53<5'"'3'&,!'&'()*+,(-.+()/5!"/!)!5"/24&!.-'!(&)1'"-/$!%*&!-/&0

(&)1'"-/! "9.(-#&,! '*&! -#&()44! +"&4,! -B! '*&! .(-,31'! P*"4&! 9)"/')"/"/2! '*&! *"2*!

&/)/'"-5&4&1'"#"'+~! '*"5! "5! 9-5'! 4"J&4+! ,3&! '-! '*&! -/&0.-'! (&)1'"-/Y5! "/*&(&/'! "/1(&)5&,!

&BB"1"&/1+$!

!

>B'&(!)!(&)5-/)<4&!53<5'()'&!51-.&!*),!<&&/!"/#&5'"2)'&,X!'*&!B-135!5*"B'&,!'-!,-!

B3('*&(!"/#&5'"2)'"-/!-/!'*&!&/)/'"- 0"/#&(5"-/!-<5&(#)'"-/!'*)'!P)5!5&&/!"/!'*&!?X?K05."(-!

%N8!<+!4-P&("/2!'*&!(&)1'"-/!'&9.&()'3(&$!

!



! 6@E!

3#D! $46!6)+),(0?()P6.'(0)! 8 :'6.P+,(0)!0F!KH(.0?$%&!K-:',.+,6 !

)*-*( ! 75&'&H8HG"=N"HR&%I"=H'=9I&%R8G"=H'

!

>5!.(&#"-354+!,"51355&,X!P*&/! '*&!1+14"L)'"-/! .(&13(5-(!)1/ !P)5!53<m&1'&,! '-! '*&!

-.'"9)4!1+14"L)'"-/!1-/,"'"-/5X![ * \0%OF8![]@!9-4a\X!1+14-*&C)/&!)'!E@!$H![V1*&9&!MAX!%)<4&!

:X!&/'(+!6\X!'*&!%N8!.(-,31'!)10!P)5!-<')"/&,!"/!T6a!+"&4,!P"'*!-/4+!A@a!&&$!q&!<&4"&#&, !

'*)'!' *&!4-P&(!&/)/'"-5&4&1'"#"'+!-<5&(#&,X!P*&/!1-9.)(&,!P"'*!-'*&(!53<5'()'&5X!P)5!,3&!

'-!'*&!3/1)')4+L&,!<)1J2(-3/,!(&)1'"-/ $!%-!1-/B"(9!'*)'X !'* &!(&)1'"-/!-B!)1/ !!P)5!1)(("&,!

-3'! "/!1+14-*&C)/&!)'!E@!$H!P"'*-3'!'*&! 1)')4+5'![V1*&9&!MAX!%)<4&!:X!&/'(+!]\$!%*&!()1&9"1!

%N8!.(-,31'!)10!P)5!-<')"/&,!"/!A]a!+"&4,$!

!

!
)1/ ' '''''''''''''''''''''''''''''''' )10'

(

E)F0?0+C8-(B#=<<4$%"!(#='$D4#"#(0C(#;"%01KN8(.JG+

!
UHG%E' AQ<' A=HR*'V' Z"&:>'V' &&'V'

( ' [* \0%OF8! 6@@! T6! A@!

) ' 0! A:! A] ! @!

(

K3A20+G,(A='$D4#"#(0C(#;"%01KN8(.JG+

!
F'!"5!.-55"<4&!'-!9-,"B+!'*&!(&)1'"-/!1-/,"'"-/5!"/! -(,&(!'-!,&1(&)5&!'*&!<)1J2(-3/,!

(&)1'"-/!)/,X!)5!)!1-/5&o3&/1&X!"/1(&)5&!'*&!&/)/'"-5&4&1'"#"'+!-B!'*&!.(-,31'$!%*"5!1)/!<&!

)11-9.4"5*&,!<+!&"'*&(!4-P&("/2!'*&!'&9.&()'3(&!-(!"/1(&)5"/2!'*&!1)')4+5'!4-),"/2!"/!-(,&(!

'-!"/1(&)5&!'*&!)9-3/'!-B!53<5'()'&!'*) '!"5!.)55&,!'*(-32*!'*&!1)')4+5'!5+5'&9$!%-!'*"5!&/,X!

!"#$%&'()*'+,-., %!+,/0,&
123'45

6

67 123'45

6

6
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6

6



! 6@7!

'*&! (&)1'"-/! P)5! 1)(("&,! -3'! P"'*! ,"BB&(&/'! 1)')4+5'! 4-),"/25! -B! [* \0%OF8! )'! ,"BB&(&/'!

'&9.&()'3(&5 $!

!

!

''''''''''''''''''''''''''''''''''''''''' )1/ ' ''''''''''''''''''''''''''''''''''''''''''''''''''''' '''' )10'

E)F0?0+C5-(B#=<<4$%"!(#='$D4#"#(0C(#;"%01KN8(.JG(&$(/"CC4%4'$($4<;4%&$L%4#(

!

UHG%E' 7'&A' &&V' <9I*'A=H?*%

( ' E@! A@! A(%!

) ' A@! ?6! A(

+' ?E! ]M! A(

, ' ?@! : ! A(

- ' ]E! ]? ! * (

. ' ]@! M6! * (

8!4K5/,:.'*&/0C)?:6%.)/0*C/6*2H2IJ*5@)6/JV[8*;%5*%55:('F*./*K'*B*%5*).*=%5*%,6'%F+*F'.'6()0'F*C/6*.='*3H3IJ

F)('.=+,*5:K5.6%.'"*

!
K3A20+J-(B#=<<4$%"!(#='$D4#"#(0C(#;"%01KN8(.JG(&$(/"CC4%4'$($4<;4%&$L%4#(

!

F/"'")4!9-,"B"1)'"-/!P)5! ,-/&!<+!4-P&("/2! '*&! '&9.&()'3(&! -B! '*&! (&)1'"-/!P*"4&!

J&&."/2!'*&!1)')4+5'!4-),"/2! 1-/5')/'! )'! ]@!9-4a! [%)<4&!T\$!%*&! ,)')! "/! ' )<4&!TX!&/'(+!6!

5*-P5!'*&!.(&#"-354+!'&5'&,!1-/,"'"-/5!P*"1*!+"&4,&,!'*&![A\0&/)/'"-9&(!.(-,31'X!)5539"/2!

'*)'! '*&!.(-,31'K5!1-/B"23()'"-/! P-34,!<&!'*&!5)9&!)5!'*&!]X]K,"9&'*+4!%N8X!P"'* !A@a!&&!

[i"23(&!]T0>\$!q*&/!'*&!'&9.&()'3(&!P)5!(&,31&,!'-!&"'*&(!A@!$H!-(!?E!$HX!'*&!.(-,31'!P)5!

"5-4)'&,! "/! )! 4-P&(! &/)/'"-5&4&1'"#"'+! -B! ?6a! )/,! ]MaX! (&5.&1'"#&4+! [&/'("&5! ]! )/,! ?\$!

O3//"/2!'*&!(&)1'"-/!)'!?@! $H!2)#&!)!/&)(4+!()1&9"1!.(-,31' ![&/'(+!A\$!D-(&!"/'&(&5'"/24+X!)!

,&1(&)5&!"/!'*&!'&9.&()'3(&!'-!]E! $H!-(!(--9!'&9.&()'3 (&X!P*"1*!P)5!]@!$HX!(&534'&,!"/!)/!

!"#$%&'()*'+,-,%!+,./,&
012'34

5

56 012'34

5

5

7R81-9:;,7.<,=%$>8

5

5



! 6@M!

"/#&(5"-/!-B!'*&!.(-,31'!1-/B"23()'"-/X![ * \0&/)/'"-9&(X![&/'("&5!E!)/,!7\!P"'*!)/!"/1(&)5&!"/!

'*&!&/)/'"-5&4&1'"#"'+!'-!(&)1*!M6a!)'!]@!$H![&/'(+!70i"23(&!]T0̀ \$!!

!

!

!

!

!

!

!

!

+

9*I(%0+.J -(N8.G(!D%0<&$0@%&<(0C($D4(#='$D4#"#4/(aJa51#;"%0KN8(;%0/L!$(.JG(2"$D(+*,1K*68(
&$(hI($G(+B,J(&'/((HI($G(+9,(

!

!

Cyclohexane,	50	oC,	24	h
i-MesS

O

OH i-MesS

O

O
(R)-TRIP	(20	mol%)

O

O(A)

Retention Time (min)16.015.515.014.514.013.513.012.512.011.511.010.5
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8
12

.8
8

12
.8

8

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

1

No. tR Peak Area
(Y units*ms)

Area
(%)

Width

1 12.88 4560005.000 69.580 0.821
2 14.25 1993566.500 30.420 1.149
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! 6@:!

%*&!3/&C.&1'&,! "/#&(5"-/! -B! '*&! 1-/B"23()'"-/! )5! )! (&534'! -B! 4-P&("/2! '*&!

'&9.&()'3(&! P)5! (&.-('&,! .(&#"-354+! <+! V"#)! )/,! 1- 0P-(J&(5$"1! F/! '*&"(! (&5&)(1*! -/!

&/)/'"-5&4&1'"#&!N&/(+!(&)1'"-/5X!'*&!(&)1'"-/!-B!<&/L)4,&*+,&!)11!P"'*!/"'(-9&'*)/& !+22!

"/! '*&!.(&5&/1&!-B!1*"()4!1)')4+5'!+2(!P)5!1)(("&,!-3' !)'! ,"BB&(&/'!(&)1'"-/! '&9.&()'3(&5 !

[V1*&9&! M7X! %)<4&! 6@\$! F'! P)5! B-3/,! '*)'! ' *&! <&5'! 1-9<"/)'"-/! (&534'5! -B!+"&4,! )/,!

&/)/'"-5&4&1'"#"'+!P)5!-<')"/&, !)'!?@!$H![&/'(+!6\$!>/!"/1(&)5&!"/!'*&!'&9.&()'3(&5!B(-9!?@!

$H!3.! '-! 7@!$H! (&534'&,! "/! )! ,&1(&)5&! "/! <-'*! +"&4,5! )/,! &&! [&/'("&5! ]! )/,! ?\ $! D-(&!

"/'&(&5'"/24+X!4-P&("/2! '*&! (&)1'"-/! '&9.&()'3(&!B(-9!?@!$H!'-! !E!$HX!06@!$HX!)/, !0]@!$H!

1)35&,!)/!"/#&(5"-/!-B!'*&!.(-,31'K5!1-/B"23()'"-/ ![&/'("&5!E0M\$!%*&!3/&C.&1'&,!"/#&(5"-/!

P)5! (&)5-/&,! '-! '*&! (&5'("1'&,! "/'&()1'"-/! <&'P&&/! '*&! 1)')4+5'! )/,! 53<5'()'&! 3.-/!

4-P&("/2!'*&!'&9.&()'3(&!B(-9!?@!$H!'-!0]@!$H$!

!
'''''''''''' )11' ''''''' +22' ''''''''''''' +2)'

! ! !!!!!!7E0TMa!+"&4,!

E)F0?0+C--(KD4(4'&'$"0#4>4!$")4(N4'%=(%4&!$"0'(L' /4%()&%"0L#($4<;4%&$L%4(!0'/"$"0'#(

UHG%E' 7'&A' 7"6&'K5M' E"&:>'V' &&'V' <9I*'A=H?*'

6! ?@! 7! TM! T: ! A(

] ! E@! 7! :6 ! M:! A!

?! 7@! 7! 7E! 7M! A!

A! 6E! M! :] ! M@! A!

E! E! M! ME! MA! * (

7! @! : ! T@! T6! * !

M! 06@! T! T] ! T?! * !

: ! 0]@! 6@! TE! TM! * !

K3A20+!H-(KD4(4'&'$"0#4>4!$")4(N4'%=(%4&!$"0'(L'/4%()&%"0L#($4<;4%&$L%4(!0'/"$"0'#(

H

O

CH3NO2

N
N

CH

CH

O

O

N

N

		301	(2.5	mol%)

MeOH

OH
NO2



! 6@T!

%*&!/&C'!5'&.X!'*)'! P)5!)''&9.'&, !'-!(&,31&!'*&!3/1)')4+L&,!<)1J2(-3/,! (&)1'"-/X!

P)5!<+! "/1(&)5"/2! '*&!1)')4+5'! 4-),"/2! '-! "/1(&)5&! '*&! )9-3/'! -B!53<5'()'&! '*)'! .)55&,!

'*(-32*!'*&!1)')4+5'!5+5'&9![V1*&9&!MMX!%)<4&!66\$!

!

!

''''''''''''''''''''''''''''''''''''''''' )1/ ' ''''''''''''''''''''''''''''''''''''''''''''''''''''''''' )10'

E)F0?0+CC-(B#=<<4$%"!(#='$D4#"#(0C(#;"%01KN8(.JG(2"$D(/"CC4%4'$(!&$&>=#$(>0&/"'@(0C(+*,1
K*68(&$(hI($G(

UHG%E' K/ MN7BOQ'K`'6=:V M' &&V' <9I*'A=H?*%

( ' ]@! A@! A%!

) ' ?@! EM! A(

+' A@! 77! A(

, ' 6E! ?: ! A(

- ' 6@! ?A! A(

. ' E! ?@! A(

/ ' @! @! [h\0O)1&9"1(

8!4K5/,:.'*&/0C)?:6%.)/0*C/6*2H2IJ*5@)6/JV[8*;%5*%55:('F*./*K'*B*%5*).*=%5*%,6'%F+*F'.'6()0'F*C/6*.='*3H3IJ

F)('.=+,*5:K5.6%.'"*

(

K3A20+!! ,(B#=<<4$%"!(#='$D4#"#(0C(#;"%01KN8(.JG(2"$D(/"CC4%4'$(!&$&>=#$(>0&/"'@(0C(+*,1K*68(
&$(hI($G(

!

F/"'")4!51(&&/"/2! P)5! ,-/&! <+! "/1(&)5"/2!'*&! 1)')4+5'! 4-),"/2! P*"4&!J&&."/2! '*&!

'&9.&()'3(&! -B! '*&! (&)1'"-/ !1-/5')/'! )'! E@!$H$!%*&! ,)')! "/! ' )<4&!66X!&/'(+!6!5*-P5! '*&!

.(&#"-354+! '&5'&,! 1-/,"'"-/5! P*"1*! +"&4,&,! '*&! [A,0&/)/'"-9&(! .(-,31' $! F/1(&)5"/2! '*&!

1)')4+5'!4-),"/2!-B![* \0%OF8!B(-9!]@!9-4a!3.!'-!A@!9-4a!"/1(&)5&,!'*&!&/)/'"-5&4&1'"#"'+!-B!

'*&!"5-4)'&,!.(-,31'!3.!'-!77a!&& ![&/'("&5!]!)/,!?\ $!O3//"/2!'*&!(&)1'"-/!)'! E@!$H!+"&4,&,!

Cyclohexane,	50	oC,	24	h
i-MesS

O

OH i-MesS

O

O
(! )-TRIP	(X	mol%)

O

O



! 66@!

'*&!.(-,31'!P"'*!)/![ A\01-/B"23()'"-/!P"'*!(&5.&1'!'-!)/+!1)')4+5'!4-),"/2!&#&/!P"'*!4-P&(!

1)')4+5'!4-),"/2!"/143,"/2!6EX!6@X!)/,!E!9-4a![&/'("&5!A07\$!!%*&!)<5&/1&!-B!'*&!1)')4+5'!+"&4,!

'*&!()1&9"1!.(-,31'![&/'(+! M\$!

!

>5! '*&! &/)/'"- 0"/#&(5"-/! -B! '*&! (&)1'"-/! -3'1-9&! P)5! 5&&/! <+! 4-P&("/2! '*&!

'&9.&()'3(&!B(-9!E@!'-!]@!$HX!%*&!"/#&(5"-/!-B!'*&!1-/B"23()'"-/!P)5!"/#&5'"2)'&,!B3('*&(!

<+!1-/,31'"/2!(&)1'"-/5!)'!5&#&()4!1)')4+5'!4-),"/25!-B![* \0%OF8!!)'!]@!$H![V1*&9&!M: X!%)<4&!

6] \$!

!

!

''''''''''''''''''''''''''''''''''''''''' )1/ ' ''''''''''''''''''''''''''''''''''''''''''''''''''''''''' )10'

E)F0?0+CG,(B#=<<4$%"!(#='$D4#"#(0C(#;"%01KN8(.JG(2"$D(/"CC4%4'$(!&$&>=#$(>0&/"'@(0C(+*,1
K*68(&$(HI( $G(

!

UHG%E' K/ MN7BOQ'K`'6=:V M' &&V' <9I*'A=H?*%

( ' E@! ?: ! A%!

) ' A@! ?] ! A(

+' ?@! ]6 ! A(

, ' ]@! M6! * (

- ' 6E! 7: ! * (

. ' 6@! 7E! * (

/ ' E! A:! * (

0' @! @! [h\0O)1&9"1(

8!4K5/,:.'*&/0C)?:6%.)/0*C/6*2H2IJ*5@)6/JV[8*;%5*%55:('F*./*K'*B*%5*).*=%5*%,6'%F+*F'.'6()0'F*C/6*.='*3H3IJ

F)('.=+,*5:K5.6%.'"*

!

K3A20+!. -(B#=<<4$%"!(#='$D4#"#(0C(#;"%01KN8(.JG(2"$D(/"CC4%4'$(!&$&>=#$(>0&/"'@(0C(+*,1K*68(
&$(HI($G(

Cyclohexane,	20	oC,	24	h
i-MesS

O

OH i-MesS

O

O
(R)-TRIP	(X	mol%)

O

O



! 666!

%*&! %N8! .(-,31'! P)5! -<')"/&,! P"'*! )/! [ A\01-/B"23()'"-/! P*&/! '*&! (&)1'"-/! P)5!

53<m&1'&,!'-!*"2*!1)')4+5'!4-),"/25!-B!?@X!A@X!)/,!E@!9-4a!)'!]@!$H![%)<4&!6] X!&/'("&5!60?\$!

F/! 1-/'()5'X! 53<m&1'"/2! '*&! (&)1'"-/! '-! ]@! 9-4a! -B! [* \0%OF8! 4&,! '-! )/! "/#&(5"-/! -B! '*&!

1-/B"23()'"-/! P"'* ! *"2*! &/)/'"-5&4&1'"#"'+! -B! M6a! [&/'(+! A\$! Z-P&("/2! '*&! 1)')4+5'!

1-/1&/'()'"-/!B3('*&(! ,-P/ !'-!E!9-4a!+"&4,&,!'*&!%N8!.(-,31'!P"'*!)/![ * \01-/B"23()'"-/!

)/, !)/!,&1(&)5&!-B!'*&!&/)/'"-5&4&1'"#"'+!-B!'*&!"5-4)'&,!.(-,31'!P)5!)45-!5&&/!!B(-9!7:!'-!

A:!a!&&![&/'("&5!E0M\$!!

!

F/!4"2*'!-B!'*&5&!'*(&&!5'3,"&5X!'*&!&/)/'"- 0"/#&(5"-/!-B!'*&!.(-,31'!P)5!-<5&(#&,!<+!

&"'*&(!4-P&("/2! '*&! '&9.&()'3(&! -B! '*&! (&)1'"-/! - (!1*)/2 "/2! '*&!1)')4+5'!1-/1&/'()'"-/$!

%*&(&B-(&X!P&!,&1",&,!'-!B"/,!-3' !"B!'*&(&!P)5!5-9&'*"/2! ,"BB&(&/' !)<-3' !'*&!1)')4+5'!3/,&( !

'*&5&!1-/,"'"-/5! '*)'! 1-34,! &C.4)"/! '*&! "/#&(5"-/! '*)'! P)5! 5&&/! "/! '*&! )<5-43'&!

1-/B"23()'"-/!-B!'*&!.(-,31'$ !

!

)*-*) ! ]aB N'IJ&4G%=I4=J"4'"HR&IG"#8G"=H'=?'G5&'48G8:EIG'IJ&4"&I'

!

F/#&(5"-/!<&"/2! .(&5&/'!<-'*! )'! '&9.&()'3(&!1*)/2&5! )/, !1)')4+5'!1-/1&/'()'"-/!

1*)/2&5! P-34,! 5322&5'! 5-9&! 9-/-9&("1j,"9&("1! 1)')4+5"5!P)5! 2-"/2! -/$ ! %*35X!;DO 0

5.&1'(-51-."1!5'3,"&5!P&(&!.&(B-(9&,!P"'*!,"BB&(&/'!1)')4+5'!4-),"/25!)/,!)'!<-'*!]@!)/,!

E@!$H$!%*&!"/"'")4!"/#&5'"2)'"-/!<&2)/!P"'*!(3//"/2 !'*&!%!8!;DO!5.&1'(39 6P"'* 6)!4-P!1)')4+5'!

4-),"/2!-B!]@!9-4a!)' !) !4-P!'&9.&()'3(&!-B!]@!$H$!>!.*-5.*-(35!5"2/)4! P)5!-<5&(#&,!)' !

]$76!..9 ![i"23(&!?@\X!P*"1*!P)5!1-/B"(9&,!'-!<&!'*&! 9-/-9&(! 5.&1")'"-/ !-B!'*&!1)')4+5'!

<+!1-9.)("/2!'*&!.*-5.*-(35!5"2/)4!P"'*! P*)' !* )5!<&&/!(&.-('&,!"/!'*&! 4"'&()'3(&$!"" !!!



! 66] !

!

!

9*I(%0+6H-(#"8(TO*(0C(HI(<0>k(+*,1K*68(&$(HI($G(

!

>!5*"B'!,-P/B"&4,!-B!'*&!.*-5.*-(35!5"2/)4!"/!'*&!%!8!;DO!5.&1'(39 !B(-9!]$:]!..9 !

'-! A$TM!..9!P)5!5&&/!3.-/!"/1(&)5"/2!'*&!4-),"/2!-B!'*&!1)')4+5'!'-!E@!9-4a! )' !] @!$HX!P*"1*!

"/,"1)'&,!'*&!.(&5&/1&!-B!'*&!,"9&("1!5.&1")'"-/!-B!'*&!1)')4+5'$!U/!'*&!-'*&(!*)/,X! ) !5"2/)4!

)'!E$6?!..9!P)5!-<5&(#&,!P*&/!'*&!'&9.&()'3(&!P)5!"/1(&)5&,!'-!E@!$H$!%*&!.(&5&/1&!-B!

'*&!,"9&("1!5.&1")'"-/!-B!'*&!1)')4+5'!)'!*"2*!1)')4+5'!4-),"/2!)/,j-(!*"2*!'&9.&()'3(&!P)5!

"/,"1)'&,! <+! '*&!1*)/2&! "/! '*&! 1*&9"1)4! 5*"B'! -B! '*&! .*-5.*-(35! 5"2/)45X! )4'*-32*! '*&!

1*&9"1)4!5*"B'!-B!'*&5&!,"9&(5!"5!/-'!'*&!5)9&! [A$TM!..9! )/,!E$6?!..9 \$!!
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! 66A!

%*&! .(&5&/1&! -B!9-/-9&("1j,"9&("1!5.&1")'"-/! "/! '*&! 1)')4+5'!P)5!1-/B"(9&,!<+!

;DO! 5.&1'(-51-.+$! %*"5X! *-P&#&(X! 1-/'(),"1'&,! P*)'! Z"5'! *)5! (&.-('&,$ 6N&! -("2"/)44+!

(&.-('&,! '*)'! *-9-,"9&("L)'"-/! "/!5'&("1)44+!,&9)/,"/2!1)')4+5'5! [&$2$!?X?K0,"53<5'"'3'&,!

`F;UZ0,&("#&,! 1)')4+5'\! "5! 5'&("1)44+! ,"5B)#-(&,X! P*&(&)5!*&'&(-,"9&("L)'"-/! P"'*! 59)44!

9-4&134&5!4"J&!1)(<-C+4"1!)1",!"5!.-55"<4&![V1*&9&!MT\$!""+"2!=3&!'-!'*&"(!"/'("/5"1!5'(31'3()4!

B&)'3(&5X! 5'&("1)44+! ,&9)/,"/2! 1)')4+5'5! .(&#&/'! 14)55"1)4! ,-/-(0)11&.'-(! 5')<"4"5)'"-/X!

(&534'"/2!"/!YB(35'()'&,Y!`(d/5'&,!.)"(5$!F/!B)1'X!)/!"/'()9-4&134)(!*+,(-2&/!<-/,!P"'*"/!'*&!

.*-5.*)'&!9-"&'+![<&'P&&/!'*&!8wU!)/,!8 0UN!B3/1'"-/)4"'"&5\!"5!2&-9&'("1)44+!"9.-55"<4&$!

>'!'*&!5)9&!'"9&X!"/'&(9 -4&134)(!*-9-,"9&("L)'"-/!"5!5'&("1)44+!3/,&5"()<4&![V1*&9&!MT\$!

N-P&#&(X! '*&5&! 1*)()1'&("5'"15! 1(&)'&! )! ,"5'"/1'! 1*"()4! .-1J&'! "/! P*"1*! *&'&(-,"9&("1!

)55-1")'"-/5! P"'*! 59)44! )9.*-'&("1! 9-4&134&5! )(&! '*&(9-,+/)9"1)44+! *"2*4+! B)#-3(&,X!

9)J"/2!'*&9!.)('"134) (4+!&BB&1'"#&$!

!

!

E)F0?0+CJ,(GD"%&>(#$4%"!&>>=(/4<&'/"'@(;D0#;D0%"!(&!"/#P("'D"E"$4/(D0<0/"<4%"?&$"0'(&'/(
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>!4"'&()'3(&!5&)(1*!P)5!'*&/! 1-/,31'&,!'-!B"/,!)/!&C.4)/)'"-/!B-(!-3(!-<5&(#)'"-/5!

)/,! '*&! 1)35&! -B! '*&! &/)/'"- 0"/#&(5"-/!P*&/! '*&! (&)1'"-/! P)5! 1)(("&,! -3'! )'! ,"BB&(&/' !

1)')4+5'! 4-),"/25! -B! [* \0%OF8$! g/4"J&! Z"5'X! c-/2! )/,! 1- 0P-(J&(5! ,&9-/5'()'&,! '*)'! '*&!

,"9&("L)'"-/!-B!.*-5.*-("1!)1" ,!1)/!<&!-113(!)/,! '*)'! )5+99&'("1!)9.4" B"1)'"-/!"/!(&)1'"-/5!

1)')4+L&,! <+! .*-5.*-("1! )1",5! )(-5&!B(-9! '*&! B-(9)'"-/! -B! 4&55! 5-43<4&! 53.()9-4&134)(!

5'(31'3(&5! -B! '*&! ()1&9"1! .*-5.*-("1! )1",! '*)'! .)('"1".)'&! "/! *+,(-2&/! <-/,5! P"'*! '*&!

1(+5')44"/&!P)'&(!9-4&134&5$2. !%*(-32*-3'!'*&"(!(&5&)(1*!-/!'*&!.*-5.*-("1!)1",!1)')4+L&,!

`"2"/&44"!(&)1'"-/![V1*&9&!:@\X!'*&+!,"51-#&(&,!)!5'(-/2!.-5"'"#&!/-/4"/&)(!&BB&1'![;Z^\!B-(!

'*&!(&)1'"-/!-B! ;&%&0/"'(-<&/L)4,&*+,& !+2+X!'*"-3(&)!+2, X!)/,!&'*+4!)1&'-)1&')'&!+2- ' "/!

'*&! .(&5&/1&! -B! 6@! 9-4a! -B! '*&! /-/0&/)/'"-.3(&! ?X?| 0,"'(".*&/+45"4+4! <"/-40,&("#&,!

.*-5.*-("1!)1",! +2. !"/!'-43&/&![i"23(&!?]0>\$!U/! '*&!-'*&( !*)/,X!(3//"/2!'*&!5)9&!(&)1'"-/!

P"'*!5)9&!1-/,"'"-/5!&C1&.'!35"/2!1*4-(-B-(9 !B-(!'*&!(&)1'"-/!9&,"39! "/5'&), !-B!'-43&/&!!

(&534'&,! "/!)<5-43'&4+! 4"/&)(! &BB&1'! [i"23(&! ?]0̀\$! >45-X!'*&+! ,"51-#&(&,! '*)'! *"2*4+!

&/)/'"-5&4&1'"#&!(&)1'"-/5!1)/!<&!-<5&(#&,!&#&/!P"'* !35"/2!/-/ 0-.'"1)44+!.3(&!.*-5.*-("1!

)1",5X!P*"1*!4&,!'- !)!5'(-/2!/-/ 04"/&)(!&BB&1' ![V1*&9&!:@\$2. !

!

'
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!

!

9*I(%0+6. ,(B#=<<4$%"!(&<;>"C"!&$"0'("'($D4(9"@"'4>>"(%4&!$"0'(!&$&>=?4/(E=(;D0#;D0%"!(&!"/(
BP('0'1>"'4&%(4CC4!$("'($0>L4'4J(9P(>"'4&%(4CC4!$("'(!D>0%0C0%<(

!

F/!4"2*'! -B! '*"5!J/-P4&,2&X!)5!P&44!)5!'*&!B)1'! '*)'! - 3(!1)')4+5'X! [* \0%OF8X!P)5! /-'!

9&/'"-/&, !"/!c-/2K5!.).&( $!q &!,&1",&,!'-! "/#&5'"2)'&!'*&!/-/ 04"/&)(!&BB&1'!-B![* \0%OF8$!

!

)*-*+! ]=H N:"H&8%'&??&4G'=?'G5&'48G8:EIG'K]\UM'

!

F/! )5+99&'("1! 1)')4+5"5X! /-/04"/&)(! &BB&1'5! [;Z^5\! -113(! P*&/! '*&! &/)/'"-9&("1!

&C1&55!-B!'*&!.(-,31'!,-&5!/-'!51)4&!4"/&)(4+!P"'*!'*&!&/)/'"-9&("1!&C1&55!-B!'*&!1)')4+5'$2#!

F/!'*&!/-/ 04"/&)(!&BB&1'X!'*&!(&4)'"-/!<&'P&&/!'*&!&/)/'"-5&4&1'"#"'+!-B!'*&!.(-,31'!)/,!'*&!

&/)/'"-.3("'+! -B! '*&! 1)')4+5'! 1)/! <&! 9-,"B"&,! )5! .-5"'"#&! -(! /&2)'"#&! /-/ 04"/&)(! &BB&1'!

[i"23(&!??\!$2%!!F/!)/!)5+99&'("1!(&)1'"-/X!)!.-5"'"#&!/-/4"/&)(!&BB&1'X![e\0;Z^![ i"23(&!??0(&,!

4"/&\X!"5!.(&5&/'X!(&534'"/2!"/!)!*"2*&(!&/)/'"-5&4&1'"#"'+!-B!'*&!.(-,31'!'*)/!.(&,"1'&,!<+!)/!

",&)4!4"/&)(!5"'3)'"-/![i"23(&!??0<4)1J!4"/&\$!F'!"5!)45-!J/-P/!)5!)5+99&'("1!)9.4"B"1)'"-/$!F/!

1-/'()5'X! ) ! /&2)'"#&! /-/ 04"/&)(! &BB&1'X! J/-P/! )5! )5+99&'("1! ,&.4&'"-/X! -113(5! P*&/! )!

.(-,31'Y5!&/)/'"-5&4&1'"#"'+!"5!4-P&(!'*)/!.(&,"1'&,!<+!)/!",&)4!4"/&)(!5"'3)'"-/![i"23(&!??0
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! 66M!

'

9*I(%0+66,(KD4(%4>&$"0'(E4$244'($D4(4'&'$"0#4>4!$")"$=(0C($D4(;%0/L!$(&'/($D4(4'&'$"0;L%"$=(
0C($D4(!&$&>=#$+

!

;Z^5! *)#&! <&&/! (&2)(,&,! )5! 3<"o3"'-35! .*&/-9&/)! '*)'! .(-#",&! ),,"'"-/)4!

"/B-(9)'"-/! )<-3'! '*&! 1)')4+5'Y5! )22(&2)'"-/! 5')'&! -(! '*&! B-(9)'"-/! -B! 934'"4"2)/,!

5.&1"&5$2#?2, !!%-!'*)'!&/,X!'*&! /-/4"/&)(!&BB&1'!-B![* \0%OF8!P)5!"/#&5'"2)'&,!<+!(3//"/2!'*&!

1+14"L)'"-/!(&)1'"-/!)'!E@!$H!P"'*!#)("-35!&/)/'"-9&("1!&C1&55&5!-B![* \0%OF8!-B!6@@X!MEX!E@X!

)/,!]Ea!&&![V1*&9&!: ] \$!!=&1(&)5"/2!'*&!&/)/'"-.3("'+!-B!'*&!1)')4+5'!1)35&,!)!,&1(&)5&!"/!

'*&!&/)/'"-5&4&1'"#"'+!-B!'*&!.(-,31'5![%)<4&!6?\$!%-!,&'&(9"/&!'*&!/-/4"/&)(!&BB&1'!-B!'*&!

1)')4+5'X!'*&!&/)/'"-5&4&1'"#"'+!-B!'*&!.(-,31'5!P&(&!.4-''&,!)2)"/5'! '*&!&/)/'"- .3("'+ !-B!

'*&!1)')4+5'$!i(-9!'*&!.4-'X!"'!14&)(4+!'*)'!'*&!1)')4+5'!*),! )!.-5"'"#&!/-/ 04"/&)(!&BB&1'!)'!E@!

$H!)5!5*-P/!"/!%)<4&!6?!)/,!<+!'*&!13(#&!"/!i"23(&!?A$!

!

!

''''''''''''''''''''''''''''''''''''''''' +20' ''''''''''''''''''''''''''''''''''''''''''''''''''''''''' +21'

'
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!

UHG%E' UH8HG"=J$%"GE'=?'48G*'V' &&V' <9I*'4=H?*'

( ' 6@@! ?T!! A(

) ' ME! ??!! A!

+' E@! ]A!! A!

, ' ]E! 6A!! A!

(

K3A20+!6 -(B#=<<4$%"!(#='$D4#"#(0C(#;"%01KN8(6HJ(2"$D(/"CC4%4'$(4'&'$"0;L%"$=(0C(+*,1K*68(

!

!

9*I(%0+68,(T0' 1>"'4&%(4CC4!$(0C(+*,1K*68(&$(hI($G(

!

!

F/! .)()44&4X!)/-'*&(! "/#&5'"2)'"-/! -B! '*&! 5)9&! '+.&! "/! '*&! &/)/'"-.3("'+! -B! '*&!

1)')4+5'!P)5!1)(("&,!-3' !)'! ]@!$H![V1*&9&!: ?X!%)<4&!6A\$!>!.4-'!-B!'*&!&/)/'"-5&4&1'"#"'"&5!-B!

'*&! .(-,31'5! #&(535! '*&! &/)/'"-.3("'+! -B! [* \0%OF8! P)5! 1-/5'(31'&, ! '-! ,&'&(9"/&! '*&!

/-/4"/&)(!&BB&1'!-B!'*&!1)')4+5'$!F/!1-/'()5'!'-! '*&!(&534'!'*)'!P)5! -<')"/&,!)'!E@!$HX!)!2(&)'&(!

.-5"'"#&!/-/ 04"/&)(!&BB&1'!P)5!-<5&(#&,!P*&/!'*&!'&9.&()'3(&!-B!'*&!(&)1'"-/!P)5!4-P&(&,!
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!

''''''''''''''''''''''''''''''''''''''''' +20' ''''''''''''''''''''''''''''''''''''''''''''''''''''''''' +21'

!

E)F0?0+G.,(B#=<<4$%"!(#='$D4#"#(0C(#;"%01KN8(6HJ(2"$D(/"CC4%4'$(4'&'$"0;L%"$=(0C(+*,1K*68(

!

UHG%E' UH8HG"=J$%"GE'=?'48G*'V' &&V' <9I*'4=H?*'

( ' 6@@! M6!! * (

) ' ME! 7E!! * !

+' E@! A7!! * !

, ' ]E! ]:! ! * !

(

K3A20+!8 -(B#=<<4$%"!(#='$D4#"#(0C(#;"%01KN8(6HJ2"$D(/"CC4%4'$(4'&'$"0;L%"$=(0C(+*,1K*68(

!

!

9*I(%0+65-(T0' 1>"'4&%(4CC4!$(0C(+*,1K*68(&$(hI($G(

!

^#&/!'*-32*!'*&!/-/4"/&)(!&BB&1'!'*)'!P&!-<5&(#&,!P)5!/-'!.)('"134)(4+!5"2/"B"1)/'X!

'*&! B)1'! '*)'! '*&! *&'&(-,"9&(! .)('"1".)'&,! "/! '*&! 5-43'"-/5! ,&9-/5'()'&5! '*)'!

!"#$%&'()*'+,-., %!+,-/,&
012'34

5

56 012'34

5

5

7! 819:;<,7-.,=%$>8

5

5

%
)%
(%
/%
0%
.%
'%
,%
1%

% (. .% ,. )%%

''_
*/

C
*@

6F

''_*/C*&%.%,+5.

,./ 012/345$366378$.6$893$74841:;8$48$>=$o+



! 6]@!

*&'&(-,"9&("L)'"-/! P)5!)'!4&)5'!'*&-(&'"1)44+!.-55"<4&$!>5!)!,"(&1'!1-/5&o3&/1&!-B!'*"5X!P&!

5*-34,!&C.&1'! '-!-<5&(#&!1)')4+5'!)22(&2)'"-/$!%*&(&B-(&X!!)! %!8!;DO!5)9.4&!-B![* \0%OF8!
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! 6]] !
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'"9&!51)4&!3/'"4!'*&!B"(5'!.-"/'!-B!'*&!.(-B"4&!-#&(4)..&, !P"'*!'*&!.-"/'!-B!'*&!5&1-/,!.(-B"4& !
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#)43&!P)5!'P&)J&,!3/'"4!)44!-B!'*&!1-((&1'&,!1-/#&(5"-/!13(#&5!-#&(4)..&,!)/,!'*)'!P-34,!
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!

!

9*I(%0+6G-(G&$&>=#$(0%/4%(/4$4%<"'&$"0'(&$(HI($GP("'"$"&>(%&$4#(+B,J('0%<&>"?4/("'"$"&>(%&$4#(
2"$D(/"CC4%4'$(;024%()&>L4#(+9J(GJ(7,(

!

!

!

!"!!#

!"!$

!"!$#

!"!%

!"!%#

! $ % & ' #

!"
#

$

$!()*+

%!()*+

'!()*+

#!()*+

!

!"!!#

!"!$

!"!$#

!"!%

!"!%#

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

!"
#

%&!'(%#!"#

$!()*+

%!()*+

'!()*+

#!()*+

!

!"!!#

!"!$

!"!$#

!"!%

!"!%#

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

!"
#

%&!'(%#$

$!()*+

%!()*+

'!()*+

#!()*+

!

!"!!#

!"!$

!"!$#

!"!%

!"!%#

! !"% !"' !", !"- $

!"
#

%&!'(%#!"%#

$!()*+

%!()*+

'!()*+

#!()*+

!

"

#

$



! 6]? !

>! 5&("&5! -B! &C.&("9&/'5! P"'*! ,"BB&(&/'! 1-/1&/'()'"-/5! -B! 1)')4+5'! P&(&! 35&,! '-!

,&'&(9"/&!'*&!(&)1'"-/!-(,&(5!-B!'*&! 1)')4+5'!"/!<-'*!(&2"9&5$!`3(&5K!9&'*-,!P)5!35&,!'-!

2"#&! )! 2().*"1)4! )/)4+5"5! '-! ,&'&(9"/&! '*&! -(,&(! "/! '*&! 1)')4+5'! "/! -3(! (&)1'"-/$! >5! '*&!

&/)/'"- 0"/#&(5"-/!P)5!-<5&(#&,!P*&/!,"BB&(&/'!1)')4+5'!4-),"/25!-B![* \0%OF8!P)5!35&,!)'!]@!

$HX!'*&!"/"'")4!)/)4+5"5!35&,!)!()/2&!4-),"/25!-B![* \0%OF8!"/143,"/2!6@X!]@X!A@X!)/,!E@!9-4a!)'!

]@!$H![i"23(&!?:\$!

!

i"23(&!?: ! ,&."1'5! '*&! .(-1&,3(&5! 35&,! '-! ,&'&(9"/&! '*&! -(,&(! -B! '*&! 1)')4+5'X!

<&2"//"/2!P"'*!)!.4-'!-B!'*&!.("9)(+!,)')!-B !5')('"/2!9)'&(")4!1-/1&/'()'"-/5 !„>…!#&(535!'"9&!

[i"23(&!?: 02().*!>\$!>B'&(!'*)'X!'*&!'"9&!51)4&!P)5!),m35'&,!<+!934'".4+"/2!"'!<+!'*&!'-')4!

1-/1&/'()'"-/ 5!-B!'*&!1)')4+5'!'-!)!.-P&(!-B!'*&!1)')4+5'Y5!-(,&(![i"23(&!?: X!2().*5!`X!HX!)/,!

=\$!F/!'*"5!1)5&X!'*&!1-((&1'&,!-(,&(!"/!1)')4+5'!P)5!@$7EX!P*"1*!1)35&,!)44!-B!'*&!13(#&5!'-!

-#&(4).$!!

!

V"/1&!'*&!&/)/'"- 0"/#&(5"-/!P)5!5&&/!P*&/! '*&!1)')4+5'!4-),"/2!P)5!1*)/2&,X!P&!

,&1",&,! '-! ,&'&(9"/& !'*&! -(,&(! "/!1)')4+5'!B-(!&)1*! (&2"9&!5&.)()'&4+$!%*&!-(,&(! "/! '*&!

1)')4+5'! P)5! 1)4134)'&,! '-!<&!@$T! P*&/! '*&! (&)1'"-/! P)5! 1)(("&,! -3'! 35"/2! 4-P! 1)')4+5'!

4-),"/25![EX!6@X!6EX!)/,!]@!9-4a\!)'!]@!$H![i"23(&!?T0>\$!F/!1-/'()5'X!)!1)')4+5'!-(,&(!-B!@$E!

P)5! 5&&/! P*&/! *"2*&(! 4-),"/25! P&(&! 35&,! [?@X! ?EX! A@X! )/,! E@! 9-4a\! )'! '*&! 5)9&!

'&9.&()'3(&! ]@!$H![i"23(&!?T0̀\$! `+!"/1(&)5"/2! '*&! '&9.&()'3(&! '-! E@!$HX! '*&!1)4134)'&,!
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! 6]A!
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!

%*&!,&'&(9"/)'"-/!-B!'*&! -(,&(!"/! )!1)')4+5'!"/,"1)'&, !'*&!,"5'("<3'"-/!-B!'*&!1)')4+5'!

<&'P&&/!9-/-9&("1!)/,!,"9&("1!5.&1"&5 $!q*&/!'*&!! -(,&( !,&'&(9"/&,!'-!<&! 14-5&!'-!-/&X!

"'!"/,"1)'& , !'*)'!)!9)m-(!.&(1&/')2&!-B!'*&!1)')4+5'!.(&5&/' &,!)5!'*&!9-/-9&("1!5.&1"&5$!

U/! '*&!-'*&(!*)/,X !-(,&(5!"/! '*&! 1)')4+5'!14-5&!'-!@$E!"/,"1)'&, !'*)'! '*&!9)m-("'+!-B! '*&!

1)')4+5'!P)5!.(&5&/' &,!)5!'*&!"/)1'"#&!,"9&($!

!

%-!,()P!),,"'"-/)4!1-/1435"-/5!(&2)(,"/2!'*&!1)')4+5'!5.&1")'"-/!)/,!(&4)'"#&!)1'"#"'+!

-B!&)1*!1)')4+'"1!5.&1"&5X!P&!&C.(&55&,!'*&!B()1'"-/!-B!'*&!5')('"/2!9)'&(")4!1-/539&,!<+!

'*&!9-/-9&("1!5.&1"&5![W&$'$ \!)5!)!B3/1'"-/!-B!'*&!-(,&(!"/!'*&!1)')4+5'![ #["#$]&
'()#)$\!)/,!'*&!

B()1'"-/!-B!'*&!1)')4+5'!"/!'*&!9-/-9&("1!B-(9![B &$'$ \![i"23(&!A@\$!%*&!.4-'!-B!'*"5!B3/1'"-/!
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! 6]E!

"5!&C'()-(,"/)("4+!35&B34!B-(!#"53)4"5"/2! '*&!(&4)'"#&!5')<"4"'+! )/,! )1'"#"'+! -B!&)1*!1)')4+'"1!

5.&1"&5X!/-'!-/4+!"/!'*&!&C'(&9&!4"9"'!1)5&5!-B!9-/-9&("1!1)')4+'"1!5.&1"&5!<&"/2!'*&!9"/-(!

1)')4+'"1!5.&1"&5!)/,!'*&!9-5'!.(-,31'"#&!-/&![B&$'$ !ˆ !@X!W!ˆ !6X!#["#$]&
'()#)$!ˆ !@$E\X!-(!<&"/2!'*&!

9)m-(!1)')4+'"1!5.&1"&5!)/,!'*&!4&)5'!.(-,31'"#&!-/&![B&$'$ !ˆ !6X!W!ˆ !@X!#["#$]&
'()#)$!ˆ !]\X!<3'!)45-!

P"'*!9-(&!1-9.4&C!51&/)("-5!P"'*!-(,&(5!"/!'*&!1)')4+5'!<&'P&&/!@$E!)/,!]$!!
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!"#$%&',2 $!8-55"<4&!B()1'"-/!-B!'*&!1)')4+5'!)5!)!9-/-9&("1!5.&1"&5![B&$'$ \!)/,!

B()1'"-/!-B!'*&!5')('"/2!9)'&(")4!1-/539&,!<+!'*&!9-/-9&("1!5.&1"&5 ![W&$'$ \!B-(!,"BB&(&/'!

-(,&(5!-B!1)')4+5'!
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F/!'*&!1)5&!P*&/!'*&!1)')4+5'!-(,&(!P)5!9&)53(&,!'-!<&!@$T![i"23(&!A@0W&44-P!4"/&\X!

P&!1)/!1-/143,&!'*)'!)'!4&)5'! 6] a!-B!'*&!1)')4+5'!P)5!.(&5&/'!)5!)!,"9&("1!5.&1"&5!)/,!'*&!

9-/-9&("1!5.&1"&5!1-/539&, !)'!4&)5'!] @a!-B!'*&!5')('"/2!9)'&(")4!)/,!'*&!,"9&("1!5.&1"&5!

1-/539& , !4&55!'*)/!: @a!-B!'*&!5')('"/2!9)'&(")4![i "23(&!A@\$!!
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>B'&(! '*)'X! -3(! )''&/'"-/! 5*"B'&,! '-! "/#&5'"2)'&! "B! '*&(&! P)5! )! 1*)/2&! "/! '*&!
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>5! .(&#"-354+! ,"51355&,X! =i%!1)4134)'"-/5! (&#&)4&,! 'P-! .-55"<4&! &/)/'"-5&4&1'"#&!
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4-),"/2! -B! ]@! 9-4a! -B! 1)')4+5'! )'! ]@!$HX!"/,"1)'"/2! '*)'! ')3'-9&("L)'"-/! "5! '*&!

&/)/'"-5&4&1'"#&! ,&'&(9"/"/2! 5'&.! "/! '*"5! 1)5&$! %*35X! '*&! -<5&(#&,! 5P"'1*! "/!

&/)/'"-5&4&1'"#"'+! 1)/! <&! &C.4)"/&,! <+!'*&! 1*)/2&! "/! '*&! 9&1*)/"59! )/,! '*&!
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'&9 .&()'3(& 5$!q&!535.&1'&,!'*)'!"'! 9"2*' !<&!)/!&/'*)4."1!1-/'("<3'"-/$! >5!)!(&534'X!'*&!/&C'!

5'&.!P)5!'-! 1-9.3'&! ‰V=6)/,!‰N=!B-(!<-'*!(&2"9&5$!

!

)*-*. ! _&G&%6"H8G"=H'=?'bc'8H>'b3'

%*&!^+("/2!&o3)'"-/!35&,!"/!1*&9"1)4!J"/&'"15!'-!,&51("<&!1*)/2&5!"/!'*&!()'&!-B!)!

1*&9"1)4!(&)1'"-/!)2)"/5'!'&9.&()'3(&$! >/!^+("/2!.4-'!)44-P5!'*&!)1'"#)'"-/!.)()9&'&(5!‰V=6

)/,!‰N=!'-!<&!,&'&(9"/&,!B(-9!'*&!'&9.&()'3(&!,&.&/,&/1&!-B!'*&!()'&!1-/5')/' $!>!5&("&5!

-B! &C.&("9&/'5! P"'*! ,"BB&(&/'!'&9.&()'3(&5 ! P&(&! 35&,! '-! ,&'&(9"/&! '*&! )1'"#)'"-/!

.)()9&'&(5 !"/!<-'*!(&2"9&5!35"/2!^+("/2!.4-'$!%*&!4"/&)(!B-(9!-B!'*&!̂ +("/2!̂ o3)'"-/!"5!2"#&/!
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! 6]: !

q*&(&!J!"5!'*&!()'&!1-/5')/'X!'! "5!'&9.&()'3(&X!‰N=!!"5!)1'"#)'"-/!&/'*)4.+X!O!"5!",&)4!

2)5! 1-/5')/'X! _A! "5! `-4'L9)//! 1-/5')/'X! *! "5! 84)/J! 1-/5')/'X! )/,! ‰V=66"5! '*&! )1'"#)'"-/!

&/'(-.+$ !

!

%*&!#)43&5!B-(!‰V=6)/,!‰N=!1)/!<&!,&'&(9"/&,!B(-9!J"/&'"1!,)')!-<')"/&,!B(-9!)!!

$%
*
$
!#5!

2
&
!!.4-'$!%*&!&o3)'"-/ !"5!(&.(&5&/'&,!<+!!5'()"2*'!4"/&!P"'*!)!/&2)'"#&!54-.&X!

+∆-‡

.	
X!)/,!

)!+0"/'&(1&.'X!F/!
*"
0

!e!!
∆1‡

.	
$!F/!-(,&(!'-!,&'&(9"/&!'*&!)1'"#)'"-/!.)()9&'&(5X!< -'*!(&2"9&5!

P&(&!.4-''&,![i"23(&!A]\!)/,!1-/5&o3&/'4+!'*&!)1'"#)'"-/!.)()9&'&(5! ‰N=!)/,! ‰V=61)/!<&!

1)4134)'&,!35"/2!'*&!#)43&5!-B!'*&!54-.&!)/,!"/'&(1&.'X!(&5.&1'"#&4+![%)<4&!67\$!!

!

%*&! "/"'")4! "/#&5'"2)'"-/! P)5! 1)(("&,! -3'! <+! (3//"/2! '*&! (&)1'"-/! )'! ,"BB&(&/'!

'&9.&()'3(&5 X! P*"1*!P&(&! 6E! $HX! ]@! $HX! )/,! ]E! $HX! )5! '*&! .(-,31' 5! -B! '*&5&! (&)1'"-/!

'&9.&()'3(&5!P&(&!-<')"/&,! P"'*!'*&!5)9&!)<5-43'&!1-/B"23()'"-/ $!>'!(&234)(!"/'&(#)45![6!

*-3( \X! '*&! (&)1'"-/! 9"C'3(&! P)5! )/)4+L&,! <+!! N!;DO! '-! 9-/"'-(! '*&! B-(9)'"-/! -B! '*&!

.(-,31'5! )/,! '*&! 1-/539.'"-/! -B! '*&! 5')('"/2! 9)'&(")45! -#&(! '"9& ! )/,! 1-/5&o3&/'4+!

,&'&(9"/&! '*&!()'&!-B! '*&!(&)1'"-/!<+!.4-''"/2! '*&!1-/1&/'()'"-/!-B! '*&!5')('"/2!9)'&(")4!

#&(535!'*&!'"9&![i"23(&!A]\$!

!

!

9*I(%0+8. -(*&$4(0C(%4&!$"0'(L'/4%()&%"0L#($4<;4%&$L%4(!0'/"$"0'#(

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

"!#!$%&('1,*!$0&%1%.
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! 6]T!

!g5"/2!'*&!J"/&'"1!,)')!-B!'*&!(&)1'"-/5!1-/,31'&,!)'!6E! $HX!]@!$HX!)/,!]E!$HX!)/!̂ +("/2!

.4-'![ $%
*
$
!#5!

2
&
!!\!P)5!.4-''&,![i"23(&!A?\$!%*&!#)43&5!-B!'*&!54-.&!)/,!"/'&(1&.'!P&(&!35&,!

B3('*&(!'-!1)4134)'&!'*&!)1'"#)'"-/!.)()9&'&(5! ‰N=!)/,! ‰V=X!(&5.&1'"#&4+![%)<4&!67\$!!

!

9*I(%0+86-(W=%"'@(;>0$(&$(>02($4<;4%&$L%4(%4&!$"0'#((

!

U/!'*&!-'*&(!*)/,X!)!5&'!-B!(&)1'"-/5!P&(&!1)(("&,!-3'!)'!*"2*&(!'&9.&()'3(&5X!?E!

$HX! A@!$HX! )/,! E@!$HX! '-!,&'&(9"/&! *-P! '&9.&()'3(& ! 1*)/2&5! )BB&1'!'*&! )1'"#)'"-/!

.)()9&'&(5!<+!"/1(&)5"/2!'*&!'&9.&()'3(&5![i"23(&!AA\$!%*&!(&)1'"-/! 9"C'3(&!P)5!)/)4+L&,!

<+!! N!;DO! ) '! (&234)(! "/'&(#)45! []@! 9"/\! '-! 1)4134)'&! '*&! 1-/#&(5"-/! )/, X! )5! )! (&534'X!

,&'&(9"/&! '*&!()'&!-B! '*&!(&)1'"-/!<+!.4-''"/2! '*&!1-/1&/'()'"-/!-B! '*&!5')('"/2!9)'&(")4!

#&(535!'"9&![i"23(&!AA0>\$!i-44-P"/2!'*)' X!)/!^+("/2!.4-'!P)5! 1(&)'&,!'-!)44-P!'*&!)1'"#)'"-/!

.)()9&'&(5 !'-!<&!,&'&(9"/&, ![i"23(&!AA0̀\$!

-6.977640941

-6.881329438

-6.781418919

y = -1685.4x - 1.1296
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(k

/T
)

T (K)

Eyring plot of low temperature experimentsA!
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!

!

9*I(%0+88-(BP*&$4(0C(%4&!$"0'(L'/4%()&%"0L#($4<;4%&$L%4(!0'/"$"0'#(

(9P(W=%"'@(;>0$(&$(D"@D($4<;4%&$L%4(%4&!$"0'#(

!

>B'&(!.4-''"/2!)/!^+("/2!.4-'!-B!<-'*!(&2"9&5X!'*&!)1'"#)'"-/!.)()9&'&(5!!‰N =!)/,! ‰V=66

P&(&!,&'&(9"/&, !35"/2!'*&!#)43&5!-B!'*&!54-.&5!)/,!"/'&(1&.'5X!(&5.&1'"#&4+![%)<4&!67\$!!!

!
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! 6?6!

!

UHG%E' B&#"6&' dc ' 'K;e^6=:M' d3' 'Ke^6=:*;M'

( ' Z-P!'&9.&()'3(& ! 6A$@6! 0]@7$TA!

) ' N"2*!'&9.&()'3(& ! 6]$T7! 0]?E$6]!

(

K3A20+!- ,(KD4(!&>!L>&$4/(&!$")&$"0'(;&%&<4$4%#(C0%(E0$D(%4@"<4#(

!

%*&!(&534'5!"/!%)<4&!67!5*-P&,! '*)'! '*&!)1'"#)'"-/!&/'*)4.+!P)5!1-/5')/'!"/!<-'*!

(&2"9&5!)/,!P)5!B-3/,!'-!<&!6A$@6!B-(!4-P!'&9.&()'3(&!)/,!6]$T7!B-(!*"2*!'&9.&()'3(&$!

i3('*&(9-(&X!'*&!)1'"#)'"-/!&/'(-.+! <&1-9&5!9-(&! /&2)'"#&!P"'*!"/1(&)5"/2!'*&!(&)1'"-/!

'&9.&()'3(&X!"/,"1)'"/2!'*)'!'*&!'()/5"'"-/!5')'& !"5!9-(&!-(,&(&,!P"'*!*"2*&(!'&9.&()'3(&5$ !

!

)*-*/ ! 3$668%E'=?'%&I$:GI'

!

q*&/!'*&!5."(- 0%N8!53<5'()'&!P)5!53<m&1'&,!'-!'*&!-.'"9)4!1+14"L)'"-/!1-/,"'"-/5X!

'*&!%N8!.(-,31'!P)5!-<')"/&,!P"'*!-/4+!A@a!&&$!%*&!4-P!&/)/'"-5&4&1'"#"'+!-B!'*&!.(-,31'!

P)5!1)35&,!<+!'*&!3/1)')4+L&,!<)1J2(-3/,!(&)1'"-/$!%-!),,(&55 !'*"5!"553&X!'*&!(&)1'"-/!P)5!

)4'&(&,!<+!&"'*&(!4-P&("/2! '*&! '&9.&()'3(&!-B! '*&! (&)1'"-/ !-(! "/1(&)5"/2! '*&! )9-3/'! -B!

1)')4+5'!35&,$!

!

q*&/!'*&!(&)1'"-/!P)5!1)(("&,!-3' !)'!4-P&(!'&9.&()'3(&5X!'*&!&/)/'"-5&4&1'"#"'+!-B!

'*&!.(-,31'! ,&1(&)5&,$!V3(.("5"/24+X!(3//"/2! '*&!(&)1'"-/!)'! ]@!$H!(&534'&,!"/!)! !.(-,31'!

P"'* !) !*"2*&(!&/)/'"-5&4&1'"#"'+!-B!M6!a!&&!)/,! )/!"/#&(5"-/!-B!'*&!)<5-43'&!1-/B"23()'"-/$!

U/!'*&!-'*&(!*)/,X!1*)/2"/2!'*&!1)')4+5'!4-),"/2!)'!E@! $H!,",!1*)/2&!'*&!&/)/'"-5&4&1'"#"'+!

-B!'*&!.(-,31' ~!*-P&#&(X!'*&!)<5-43'&!1-/B"23()'"-/!(&9)"/&,! 1-/5')/'!)1(-55 !)44!1)')4+5'!

4-),"/25$!F/!1-/'()5'!'-!'*&!(&534'!-<')"/&,!)'!E@!$HX!)/!"/#&(5"-/!-B!'*&!1-/B"23()'"-/!P)5!

-<5&(#&,!<+!'*&!1*)/2&!"/!'*&!1)')4+5'!1-/1&/'()'"-/5 !P*&/!'*&!(&)1'"-/!P)5!1-/,31'&,!)'!

]@!$H$! N"2*&(! 1)')4+5'! 4-),"/25! +"&4,&,! '*&! [A\0&/)/'"-9&(X! P*&(&)5! '*&! 4-P! 1)')4+5'!

4-),"/25 !.(-,31&,!'*&![ * \0&/)/'"-9&($ !



! 6?] !

!

>!B3('*&(!"/#&5'"2)'"-/ !P)5!1-/,31'&,! '-! &C.4)"/!'*&!&/)/'"- 0"/#&(5"-/!-<5&(#)'"-/ !

-B!)44!(&2"9&5$!F'!P)5!B-3/,!'*)' !'*&!1)')4+5'!&C"5'&,!)5!)!,"9&(!)'!<-'*!(&2"9&5![E@!9-4a!X!

]@!$H! )/,! ]@! 9-4aX! E@!$H\$!!D-(&-#&(X!)'! <-'*! (&2"9&5 X! '*&! -(,&(! "/! '*&! 1)')4+5'! P)5!

1)4134)'&,! '-! <&! @$EX!"/,"1)'"/2 ! '*)'! '*&! (&)1'"-/! P)5! 1)')4+5&,! <+! )! 59)44! )9-3/'! -B!

9-/-9&( $!%*&!1+14"L)'"-/!P)5!'*&!()'&!)/,!5'&(&-1*&9"5'(+!,&'&(9"/"/2!5'&. X!)5!1-/B"(9&,!

<+!_F^!5'3,"&5$!!

!

>' !]@!9-4a!)/,!]@! $HX!'*&!1)')4+5'!&C"5'&,!)5!)!9-/-9&(!)5!5*-P/!<+!%!8!;DO!)/,!

1-/B"(9&,!<+!*)#"/2!)/!-(,&(!"/! '*&!1)')4+5'!-B!@$T$!i3('*&(9-(&X!_F^!5'3,"&5!(&#&)4&,!'*)'!

')3 '-9&("L)'"-/!P)5!'*&!()'&!)/,!&/)/'"-5&4&1'"#&!,&'&(9"/"/2!5'&.!"/!'*"5! 1)5&$!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



! 6??!

9! :"1#+3,*"1&

!

>!/-#&4!)5+99&'("1!5+/'*&5"5!-B!53<5'"'3'&,! '&'()*+,(-.+()/5!1)')4+5&,!<+!1*"()4!

.*-5.*-("1!)1",! )"&!'*&!-C)0D"1*)&4!(&)1'"-/!*)5!<&&/!,&#&4-.&,$!%*&!,&#&4-.9&/'!-B!)!

9&'*-,-4-2+! "/#-4#&,! &C'&/5"#&! -.'"9"5)'"-/! -B! (&)1'"-/! 1-/,"'"-/5$! %*&! 35&! -B! 1*"()4!

.*- 5.*-("1!)1",!! &/)<4&,!&C1&44&/'!+"&4,5!B(-9!'*&!5')('X!<3'!-'*&(!.)()9&'&(5!/&&,&,!'-!

<&!),m35'&,!"/!-(,&(!'-!"9.(-#&!'*&!&/)/'"-5&4&1'"#"'+$!F'!P)5!,"51-#&(&,!'*)'!"/1(&)5"/2!'*&!

5'&("1! <34J! -B! '*&! '*"-&5'&(! 4&,! '-! '*&! B-(9)'"-/! -B! )! .(-,31'! P"'*! &C1&44&/'! +"&4,! )/,!

&/)/'"-5& 4&1'"#"'+$!

%*&!51-.&!-B!'*&!1+14"5)'"-/!P)5!,&9-/5'()'&,! <+!'*&!5+/'*&5"5!-B!)!#)("&'+!-B!]X]K0!

)/,!?X?K05."(-1+14"1!)/,!,"53<5'"'3'&,!'&'()*+,(-.+()/5 !35"/2!'*&!-.'"9"5&,!1-/,"'"-/5!-B!

[* \0%OF8!"/!1+14-*&C)/&!)'!E@!$H$!F/!2&/&()4X!*"2*!&/)/'"-5&4&1'"#"'+!P)5!-<')"/&,! B-(!]X]K0

53<5'"'3'&,! %N85X!P*&(&)5! 4-P&(! &/)/'"-5&4&1'"#"'+!P)5! -<5&(#&,! "/! 5-9&! -B! ?X?K0

53<5'"'3'&,!%N85!)/,!'*)'!P)5 !,3&!'-!'*&!3/1)')4+L&,!<)1J2(-3/,!(&)1'"-/ $!%*&!1-/,"'"-/5!

B-(!'()/5&5'&("B"1)'"-/!B-(!'*&!]X]K0,"9&'*+4!%N8!'*"-&5'&(!P&(&!B-3/, X!)/,! '*&!B-(9)'"-/!-B!

'*&!9&'*+4!&5'&(!)44-P&,!'*&!)<5-43'&!5'&(&-1*&9"5'(+!'-!<&!)55"2/&,!)5![A\$!!

D-,"B+"/2!'*&!(&)1'"-/!1-/,"'"-/5!-B!'*&!?X?Y05".(- 0%N8!53<5'()'&X!&"'*&(!<+!4-P&("/2!

'*&!'&9.&()'3(&!-(!"/1(&)5"/2!'*&!1)')4+5'!1-/1&/'()'"-/X! P)5!1-/,31'&,!'-!9"/"9"L&!'*&!

3/1)')4+L&,! <)1J2(-3/,! (&)1'"-/$! Z-P&("/2! '*&! '&9.&()'3(&! -B! '*&! (&)1'"-/! '-! ]@! $H!

(&534'&,!"/!)/!"/#&(5"-/!-B!'*&!)<5-43'&!1-/B"23()'"-/!-B!'*&!.(-,31'$!U/!'*&!-'*&(!*)/,X!

"/1(&)5"/2! '*&! 1)')4+5'! 1-/1&/'()'"-/5! )'! E@! $H! "/1(&)5&,! '*&! &/)/'"-5&4&1'"#"'+! -B! '*&!

.(-,31'!P"'*!1-/5')/'!)<5-43'&!1-/B"23()'"-/!)1(-55!)44!'*&!1)')4+5'!4-),"/25$!H*)/2"/2!'*&!

1)')4+5'! 4-),"/25! )'! ]@! $H! 1)35&,! '*&! &/)/'"- 0"/#&(5"-/! -B! '*&! (&)1'"-/! -3'1-9&5$! >/!

),,"'"-/)4! "/#&5'"2)'"-/!P)5!1)(("&,! -3'! '-! &C.4)"/! '*&! -<5&(#&,!&/)/'"- 0"/#&(5"-/! "/! )44!

(&2"9&5$!%*&!1)')4+5'!P)5!,"51-#&(&,!'-!&C"5'!)5!)!,"9&(!"/!<-'*!(&2"9&5![E@!9-4aX!]@!$H!

)/,! ]@! 9-4aX! E@!$H\! P"'* !-(,&(! "/! '*&! 1)')4+5'! -B!@$E! "/! <-'*! (&2"9&5$!%*&!_F^! 5'3,"&5!

1-/B"(9&,!'*)'!1+14"L)'"-/!P)5!'*& !()'&!)/,!5'&(&-1*&9"5'(+!,&'&(9"/"/2!5'&.$ !F/!1-/'()5'X!

' *&!1)')4+5'!&C"5'&,!)5!)!9-/-9&(!)'!]@!9-4a!)/,!]@! $H!)/ , !-(,&(!"/!'*&!1)')4+5'!-B!@$T$!



! 6?A!

i3('*&(9-(&X! _F^! 5'3,"&5! (&#&)4&,! '*)'! "/! '*"5! 1)5&X! ')3'-9&("L)'"-/! P)5! '*&! ()'&! )/,!

&/)/'"-5&4&1'"#&!,&'&(9"/"/2!5'&.$!

; ! <3$3%6&="%>&

!

q"'*!.(-9"5"/2!(&534'5!*)#&!<&&/!-<')"/&,!P"'*!'*&!&/)/'"- 0"/#&(5"-/!&C.&("9&/'X!

'*&!/&C'!5'&.!"5!'-!"/#&5'"2)'&!'*&!*+,(-4+5"5!-B!'*&!'*"-&5'&(!)/,!,&("#)'"5&!'*&!)1",!'-!B-(9!

%N8!+(( '[V1*&9&!: A\$!

!

'''''''''''''''''''''''' +(2 ' ''''''''''''' +(( '

E)F0?0+G6-(80##"E>4(!0'/"$"0'#($0(/4%")&$"#4(KN8(6HG+

!

%*&!J&+!'-!'*"5!5+/'*&5"5!"5!'-!,&'&(9"/&!'*&!)<5-43'&!1-/B"23()'"-/!-B!'*&!%N8!+(2*'

%*&! -("2"/)4! )55"2/9&/'! -B! '*&! )<5-43'&!5'&(&-1*&9"5'(+!P)5!<)5&,! -/! '*&! -("2"/)4!=i%!

1)4134)'"-/5!-B!'*&!]X]K0,"9&'*+4!%N8!'*"-&5'&(!53<5'()'&!)/,!1-9.)("5-/!P"'*!J/-P/!] X]K0

,"9&'*+4!%N8!9&'*+4!&5'&($!%*&!=i%!1)4134)'"-/5!.(&,"1'&,!'*&!A!&/)/'"-9&(!)/,!'*&!9)m-(!

&/)/'"-9&(!P)5!1-/B"(9&,!)5! A$!F/!B)1'X!P&!)1'3)44+!*)#&!/-!&#",&/1&!'*)'!'*&!?X?K05+5'&9!

)1'3)44+! 1+14"5&! '-! 2"#&! '*&! 5)9&! )<5-43'&! 5'&(&-1*&9"5'(+! )5! '*&! ]X]K05+5'&9$! %*35X!

,&'&(9"/)'"-/!-B!'*&!)<5-43'&!1-/B"23()'"-/!-B!?X?K05+5'&9!"5!(&o3"(&,$!F/!),,"'"-/X!-/&!-B!

'*&!o3&5'"-/!'*)'!4&B'!3/)/5P&(&,!P)5!'*)'!"5!5."(- 0%N8!'*&!-/4+!53<5'()'&!5*-P&,!&/)/'"- 0

"/#&(5"-/! -B! '*&! (&)1'"-/! -3'1-9&5! <+! &"'*&(! '&9.&()'3(&! -(! 1) ')4+5'! 1-/1&/'()'"-/!

1*)/2&5$! V3<5'()'&! 51-.&! 1-34,! <&! &C'&/,&,! "/143,"/2! 1)(<-1+14"1! )/,! *&'&(-1+14"1!

53<5'"'3'"-/5$!

!

>/-'*&(!)(&)!-B! "/'&(&5'!"5! '*&!35&!-B! '*&!QXR03/5)'3()'&,! '*"-&5'&(!)5!)!D"1*)&4!

)11&.'-(!"/!'*&!1+14"5)'"-/!-B!'&'()*+,(-B3()/ ![V1*&9&!:E\$!>4'*-32*!9-,"B"1)'"-/5!'-!'*&!

.(-1&,3(&!9)+!<&!(&o3"(&,X!'*&!5&4&1'"#"'+!-<5&(#&,!"/!'*&!%N8!1+14"5)'"-/!*)5!'*&!.-'&/'")4!

!"#$%&

'

'

'
()*+, ' ,-*./'+-*0+1

,)*234.-*56/7899!5*5:;<9!=$-
*>! )"7/?:3:6;*$3:6;*/@!7$

'
'

+.

'

"!#



! 6?E!

'-! B-(9! &/)/'"-&/("1*&,! %Ni$! H*)/2"/2! '*&! '*"-&5'&(Y5! 53<5'"'3'"-/! 9)+! <&! (&o3"(&,! '-!

"9.(-#&!+"&4,5!-(!5&4&1'"#"'+X!<3'!'*"5!'3/"/2!)<"4"'+!"5!P*)'!9)J&5!'*&!'*"-&5'&(!)/!)..&)4"/2!

9-'"B$!

!

!

'''''''''''''''''''''' +() ' '''''''''''''''''''''''''''''''''''''''''''''''''' +(+'

E)F0?0+G8-(80$4'$"&>(&;;>"!&$"0'(0C(L#4(0C(]J^1L'#&$L%&$4/($D"04#$4%(&#((&(O"!D&4>(
&!!4;$0%(C0%($D4(#='$D4#"#(0C(KNb(

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

"
"#

!

"$! %&'()*+$,-+./01%
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( 2
" (

(
( 2



! 6?7!

- ! UXJ&%"6&HG8:'

-*( ! f&H&%8:'UXJ&%"6&HG8:'

!

g/4&55!-'*&(P"5&!/-'&,!)44!1-9.-3/,5!P&(&!<-32*'!B(-9!1-99&(1")4!53..4"&(5!)/,!

35&,!P"'*-3'!B3('*&(!.3("B"1)'"-/$!q*&(&!)!5-4#&/'!"5!,&51("<&,!)5!k,(+l!"'!P)5!.3("B"&,!<+!

83(&V-4#!)439"/)!1-439/5!B(-9!F//-#)'"#&!%&1*/-4-2"&5$!!D&4'"/2!.-"/'5!P&(&!,&'&(9"/&,!

35"/2!)!V'3)('!VD8?!)..)()'35$!F/B()0(&,!5.&1'()!P&(&!)1o3"(&,!-/!)!%*&(9-;"1-4&'!>#)')(!

?M@!i%0FO!5.&1'(-9&'&($!;314&)(!9)2/&'"1!(&5-/)/1&!5.&1'()!P&(&!(&1-(,&,!-/!)!f&-4!^HV0

A@@X! )! f&-4! E@@! >#)/1&! FFF! N=! E@@! -(! )! f&-4! >nE@@! )'! )9<"&/'! '&9.&()'3(&$! H-3.4"/2!

1-/5')/'5![ X\!)(&!o3-'&,!"/!N&('L$!D)55!5.&1'(-9&'(+!P)5!.&(B-(9&,!<+!'*&!g/"#&(5"'+!-B!

W-(J!9)55!5.&1'(-9&'(+!5&(#"1&!35"/2!&4&1'(-/!5.()+!"-/"5)'"-/![^VF\!'&1*/"o3&$!%*"/!4)+&(!

1*(-9)'-2().*+!P)5!.&(B-(9&,!-/!24)55 0<)1J&,!.4)'&5!1-)'&,!P"'*!D&(1J!V"4"1)!2&4!7@!i#-, $!

%*&! .4)'&5! P&(&! ,&#&4-.&,! 35"/2! 34'()#"-4&'! 4"2*'X! )1","1! )o3&-35! 1&("1! )99-/"39!

9-4+<,)'&! -(! <)5"1! )o3&-35! .-')55"39! .&(9)/2)/)'&$! Z"o3",! 1*(-9)'-2().*+! P)5!

.&(B-(9&,! 35"/2! B-(1&,! B4-P! [B4)5*! 1-439/\! P"'*! '*&! 5-4#&/'! 5+5'&95! "/,"1)'&,$! %*&!

5')'"-/)(+! .*)5&! P)5! 5"4"1)! 2&4! 7@! []]@z]A@! 9&5*\! 53..4"&,! <+! i43-(-1*&9! -(! 5"4"1)! 2&4!

D&(1J!%ZH!2(),&!667TE!53..4"&,!<+!V"29)0>4,("1*$!;DO!)55"2/9&/'5!P&(&!9),&!35"/2!]=!

;DO! "/143,"/2! HUVWX! ND`HX! NVSH! '&1*/"o3&5! P*"1*! 1)/! <&! )11&55&,! )'! =UFb!

6@$6E6]Aj:BBT6]?B0&&6)0A)&]0)7@&0M7]71T:T&E)@$!>44!/39<&("/2!-/!'*&!5'(31'3(&5!<&4-P!

"5!B-(!'*&!<&/&B"'!-B!1*)()1'&("L)'"-/!)/,!,-&5!/-'!/&1&55)("4+!1-/B-(9!'-!Fg8>H!(34&5$!!

'

'

'

'

'

'

'



! 6?M!

-*) ! UXJ&%"6&HG8:'_&G8":I'?=%'G5&'gA:"JNAE4:&P'B&84G"=HI'

-*)*( ! 3EHG5&I"I'=?'gA:"JNAE4:&P'Q%&4$%I=%I'

!

K<MNEN>N7=:E:'/N5E>%=XEN/ N6&G5E:=4GN) N&H&G5"=8G&'K(0, M'

'

'

>!5-43'"-/!-B!3/5)'3()'&,!)41-*-4! (00![6@]!92X!@$:@!99-4X!6$@!&o\!)/,!'*"-&5'&(!(0+![A]M!

92X!]$A@!99-4X!?$@!&o\!P&(&!,"55-4#&,!"/!,(+!^'#U![E!9Z\!3/,&(!)!/"'(-2&/!)'9-5.*&(&$!%-!

'*"5X!1-..&(![F\!"-,",&![6E$?!92X!@$@:!99-4X!6@!9-4a\!)/,!N-#+&,)0c(3<<5!]'; !2&/&()'"-/!

1)')4+5'![E@$]!92X!@$@:!99-4X!6@!9-4a\!P&(&!),,&,!)5!5-4",5!"/!)!5"/24&!.-('"-/!)/,! '*&!

9"C'3(&!P)5!5'"((&,!)'!A@!. H!B-(!]A!*-3(5$!%*&!9"C'3(&!P)5!'*&/!1-/1&/'()'&,!)/,!.3("B"&,!

<+!1-439/!1*(-9)'-2().*+!-/!5"4"1)!35"/2!6@06E!a!&'*+4!)1&')'&!"/!/0*&C)/&!'-!+"&4,!(0, !)5!

)!<(-P/!-"4![6T?!92X!:Ma!+"&4,\$!! N!;DO![A@@!DNLX!H=H4%\b!•!M$?6![]NX!,X!X!w!:$@!NLX!N0?\X!

M$]6![]NX!,X!X!w!:$@!NLX!N0A\X!7$TM![6NX!,'X!X!w!6E$7!NLX!M$@!NLX!N0:\X!7$6M![6NX!,'X!X!w!6E$7!NLX!

6$A!NLX!N0M\X!]$?7![?NX!5X!N06\X!]$]M0]$]6![]NX!9X!N0T\X!6$7606$EE![]NX!9X!N066\X!6$E?06$A7![]NX!

9X!N06@\X!6$]]![7NX!5X!N06?\!..9~!! !%H!;DO' [6@6!DNLX!H=H4%\b!•!6::$M![H07\X!6A7$?![H0M\X!

6?T$M![H0]\X!6?A$M![H0A\X!6?@$6![H0?\X!6]:$]![H0:\X!6]A$6![H0E\X!M@$T![H06]\X!A?$?![H066\X!?]$M!

[H0T\X!]T$A![H06?\X!]]$T![H06@\X!]6$A![H06\!..9~! FO'[B"49!;)H4\b!!#&8B6??:?X!]T7AX!]T]AX!]:E?X!

67:MX!67?6X!6ATAX!6A7AX!6?T:X!6?M7X!6]:AX!667@X!6@6MX!TM]X!:@M!19/! ~!NODV![^VF\b!9jL!1)41,!

B-(!H!0 N##;)U #V5![De;)\ 5!?@6$6]??~!B-3/,!?@6$6]?@$!

!

K<MNENa&I"GE:'/N5E>%=XEN/ N6&G5E:=4GN) N&H&G5"=8G&'K(1. M'

!

!
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! 6?: !

(1. !P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!(0, !P"'*!3/5)'3()'&,!)41-*-4! (00![M7$:!

92X!@$76!99-4X!6$@!&o\X!'*"-&5'&(!(1) ![?M?!92X!6$:6!99-4X!?$@]!&o\X!1-..&(![F\!"-,",&![66$E!

92X!@$@7!99-4X!6@!9-4a\!)/,!N-#+&,)0c(3<<5!]'; !2&/&()'"-/!1)')4+5'![?M$7!92X!@$@7!99-4X!

6@!9-4a\!%*&!9"C'3(&!P)5!.3("B"&,!<+!1-439/!1*(-9)'-2().*+!-/!5"4"1)!35"/2!6@a!&'*+4!

)1&')'&!"/!.&'(-4&39!&'*&(!'-!+"&4,!(1. !)5!)!<(-P/!-"4![6E:!92X!:7a!+"&4,\$!! N!;DO![A@@!

DNLX!H=H4%\b!•!M$@@07$T]![?NX!9X!N0?X!N0T\X!7$]]![6NX!,X!X(w!6E$7!NLX!N0:\X!]$?]![7NX!5X!N0E\X!

]$?6![?NX!5X!N06\X!]$]:0]$]6![]NX!9X!N06@\X!6$7@06$AM![ANX!9X!N066X!N06]\X!6$]]![7NX!5X!N06A\!

..9~!! !%H!;DO'[6@6!DNLX!H=H4%\b!•!6:M$T![H0M\X!6AE$T![H0T\X!6A]$:![H0A\X!6A@$@![H0]\X!6]T$?!

[H0?\X!6]:$?![H0:\X!6]?$7![H07\X!M6$@![H06?\X!A?$A![H06]\X!?]$M![H06@\X!]T$A![H06A\X!]]$T![H066\X!

]6$M![H0E\X!]6$?![H06\!..9~!! FO'[B"49!;)H4\b!!#&8B6?A6]X!]T7TX!]TA@X!67:AX!67?6X!6A7AX!6?MEX!

6]:AX!66E7X6@A@X!TM]X!T@MX!:E6X!MTTX!M7EX!M6E!19/! ~!NODV![^VF\b!9jL!1)41,!B-(!H!" N#0;)U #V5!

[De;)\ 5!?]T$6EA7~!B-3/,!?]T$6EE6$!

!

K<MN3NK)D,D.N7%""I=J%=JE:J5&HE:M'/ N5E>%=XEN/ N6&G5E:=4GN) N&H&G5"=8G&'K)(, M'

'

'

)(, !P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!(0, !P"'*!3/5)'3()'&,!)41-*-4! (00![M7$:!

92X!@$7@!99-4X!6$@!&o\X!'*"-&5'&(!)(+ ![?M?!92X!6$:6!99-4X!?$@!&o\X!1-..&(![F\!"-,",&![A$]!

92X! @$@]! 99-4X! 6@! 9-4a\! )/,! N-#+&,)0c(3<<5! ]/, !2&/&()'"-/! 1)')4+5'! [6?$M! 92X! @$@]!

99-4X!6@!9-4a\!%*&!9"C'3(&!P)5!.3("B"&,!<+!1-439/!1*(-9)'-2().*+!-/!5"4"1)!35"/2!6@a!

&'*+4!)1&')'&!"/!/0*&C)/&!'-!+"&4,!)(, ')5!)!<(-P/!-"4![]67!92X!T]a!+"&4,\$!! N!;DO![A@@!DNLX!

H=H4%\b!•!M$@M![]NX!5X!N0A\X!7$T7![6NX!,'X!X(w6M$E!NLX!7$M!NLX!N066\X!7$]?![6NX!,X!X(w6M$E!NLX!N0

6@\X!?$?T![]NX!5&.'X!X(w!7$T!NLX!N07\X!]$T@![6NX!5&.'X!X(w!7$T!NLX!N0]\X!]$]: 0]$]6![]NX!9X!N06]\X!

6$TE06$EE![]NX!9X!N06A\X!6$E?06$A:![]NX!9X!N06?\X!6$]E![7NX!,X!X(w!7$T!NLX!N06\X!6$]?![7NX!5X!N0

67\X!6$6M![6]NX!,X!X(w!7$T!NLX!N0M\!..9 ~!!%H!;DO![6@6!DNLX!H=H4%\b!•!6:T$@![H0T\X!6E]$M![H0

E\X!6E6$6![H0?\X!6AE$M![H066\X!6]:$]![H06@\X!6]]$6![H0A\X!6]6$7![H0:\X!M6$@![H06E\X!A?$E![H06A\X!
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! 6?T!

?A$E![H0]\X!?]$:![H06]\X!?]$@![H07\X!]T$A![H067\X!]A$E![H06?\X!]A$@![H0M\X!]]$T![H06\!..9~! !FO'

[>%O\b!Š&8B!?A6]X!]T7TX!]TA@X!67:AX!67?6X!6A7AX!6?MEX!6]:AX!66E7X6@A@X!TM]X!T@MX!:E6X!MTTX!

M7EX!M6E!19
/!
~'NODV![^VF\b!9jL!1)41,!B-(!H#, N%";) U#V5![De;)\ 5!A6?$]A:E~!B-3/,!A6?$]A::$!

!

EL>LK=:E:N) NK.D.N>"6&G5E:G&G%85E>%=N.MNJE%8HN) NE:M&G58H&G5"=8G&'K(0- M!

!

(

*&!4<"! 0HV>!

%-!)!5-43'"-/!-B!(0, ![]:$T!92X!@$6@!99-4\!"/!=H^![E!9Z\X!)!.-('"-/!-B!HV>![M?$@!92X!@$?6!

99-4X!?!&o\!P)5!),,&,!)/,!*&)'&,!3/,&(!(&B43C!)'!:@! . H!B-(!]A!*-3(5$!%*&!(&)1'"-/!P)5!

o3&/1*&,!P"'*!^' %;![6$@!9Z\X!P)5*&,!P"'*!;)NHU%!5-43'"-/![]!C!E!9Z\!)/,!<("/&!5-43'"-/![]!

C!E!9Z\X!,("&,!-#&(!)/*+,(-35!;) #VU, !)/,!B"4'&(&,$!%*&!B"4'()'&!P)5!1-/1&/'()'&,!"'()&!L0(

'-!2"#&!)!1(3,&!+&44-P!-"4$!%*&!-"4!P)5!.3("B"&,!<+!1-439/!1*(-9)'-2().*+!-/!5"4"1)!35"/2!Ea!

^' #U!"/!*&C)/&!'-!+"&4,!(0- ')5!)!+&44-P!-"4![6?$@!92X!AE!a!+"&4,\$!

!

B#=<<4$%"!0[* \0%OF8X!E@!$HX!1+14-*&C)/&!

%*&!1+14"L)'"-/!.(&13(5-(!(0, ![6:$E!92X!@$@M!99-4\!P)5!,"55-4#&,!"/!1+14-*&C)/&![?$?!9Z\$!

%-!'*"5X![* \0%OF8!(11![6@$6!92X!@$@6!99-4X!]@!9-4!a\!P)5!),,&,!)/,!5'"((&,!)'!E@!$H!3/,&(!

)!/"'(-2&/!)'9-5.*&(&!B-(!]A!*-3(5$!%*&!(&)1'"-/!9"C'3(&!P)5!o3&/1*&,!<+![@$]!94\!-B!^'%;!

'*&/!1-/1&/'()' &,!"/ ()&!L0()/,!.3("B"&,!<+!1-439/!1*(-9)'-2().*+!-/!5"4"1)!35"/2!Ea!^' #U!

"/!*&C)/&!'-!+"&4,!'*&!.(-,31' ')5!)!+&44-P!-"4![6@$A!92X!E7a!+"&4,X!6:a!&&\$!

!! N!;DO![A@@!DNLX!H=H4%\b!•!M$]M![,X!]NX!X!w!:$6!NLX!N0?\X!M$]@![]NX!,X!X!w!:$6!NLX!N0A\X!A$@A!

[6NX!,,,,X !X(w66$E!NLX!7$7!NLX!A$6!NLX!]$M!NLX!N0:\X!]$:]![6NX!,,X!X!w!6A$:!NLX!7$7!NLX!N0M\X!]$7A!

[6NX!,,X!X!w!6A$:!NLX!A$6!NLX!N0M\X!]$?7![?NX!5X!N06\X!6$7M06$76![?NX!9X!N0TX!N06@\X!6$AE06$?]!

[]NX!9X!N066\X!6$6T![?NX!5X!N06?\X!6$6:![?NX!5X!N06?\X!6$6?![6NX!9X!N06@\!..9~! !%H!;DO![6@6!

DNLX!H=H4%\b!•!6T7$6![H07\X!6?T$M![H0]\X!6?A$E![H0A\X!6?@$6![H0?\X!6]A$E![H0E\X!M]$A![H06]\X!7M$7!

[H0:\X!E@$:![H0M\X!?E$T![H066\X!?6$:![H06?\X!?6$?![H0T\X!]6$T![H06\X!]6$A![H06?K\X!6T$T![H06@\!..9~!
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! 6A@!

FO!![B"49!;)H4\b!!#&8B!]TM?X!]T]:X!6M@MX!6ATAX!6A7@X!6?MTX!6?7@X!6]:6X!6]6?X!66?MX!6@7EX!

6@A?X! TMAX! T@@X! :7MX! :@7X! MA7! 19/! ~! ! NODV! [^VF\b! 9jL! 1)41,! B-(! H!0 N##;)U #V5! [De;)\ 5!

?@6$6]??~!B-3/,!?@6$6]]M~!„Q…* #. !e!7$6‡![1!@$E]X!HNH4%\X!B-(!6:a!&&$!

!

ENa&I"GE:') NK.D.N>"6&G5E:G&G%85E>%=N)c NJE%8HN) NE:M&G58H&G5"=8G&'K(1/ M!

!

!

O)1&9"10HV>!

(1/ 6P) 5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!(0- !P"'*!)41-*-40'*"-&5'&(!(1. ![6:$E!92X!

@$@7!99-4\!)/,!()10!HV>![A6$M!92X!@$6:!99-4X!?!&o$\!%*&!1(3,&!P)5!.3("B"&,!<+!1-439/!

1*(-9)'-2().*+!-/!5"4"1)!35"/2!Ea!^' #U!"/!*&C)/&!'-!+"&4,!( 1/ ')5!)!+&44-P!-"4![6M$@!92X!T]!

a!+"&4,\$!

!

B#=<<4$%"!0[* \0%OF8X!E@!$HX!8*D&!

(1/ !P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!(0- !P"'*!)41-*-40'*"-&5'&(!(1. ![]@$@!92X!

@$@M!99-4\!)/,![* \0%OF8!(11![T$T6!92X!@$@6!99-4X!]@!9-4!a\$!%*&!1(3,&!P)5!.3("B"&,!<+!

1-439/!1*(-9)'-2().*+!-/!5"4"1)!35"/2!Ea!^' #U!"/!*&C)/&!'-!+"&4,!(1/ ')5!)!+&44-P!-"4![6?$A!

92X!77a!+"&4,X!7@a!&&\$!

!

B#=<<4$%"!0[* \0%OF8X!E@!$HX!1+14-*&C)/&!

(1/ !P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!(0- !P"'*!)41-*-40'*"-&5'&(!(1. ![6:$M!92X!
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@$@?!99-4\!)/,!()10!HV>![?]$6!92X!@$6@!99-4X!?!&o\$!%*&!(&)1'"-/!9"C'3(&!P)5!.3("B"&,!<+!
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?$@! &o\X! 1-..&(! [F\! "-,",&! [6A$T! 92X! @$@:! 99-4X! 6@! 9-4a\! )/,! N-#+&,)0c(3<<5! ]/, !

2&/&()'"-/!1)')4+5'![E@$6!92X!@$@:!99-4X!6@!9-4a\$!%*&!9"C'3(&!P)5!'*&/!1-/1&/'()'&,!)/,!

35&,!B-(!'*&!1+14"L)'"-/!P"'*-3'!B3('*&(!.3("B"1)'"-/$!

!

*&!4<"! 0HV>!

)0/ !P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)(. !P"'*!)41-*-40'*"-&5'&(!)0( ![6@$?!92X!

@$@?! 99-4\! )/,! ()10!HV>! []E$]! 92X! @$@:! 99-4X! ?! &o\$! %*&! (&)1'"-/! 9"C'3(&! P)5! '*&/!
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! 6E:!

1-/1&/'()'&,!"/ ()&!L0()/,!.3("B"&,!<+!1-439/!1*(-9)'-2().*+!-/!5"4"1)!35" /2!Ea!^' #U!"/!

*&C)/&!'-!+"&4,!)0/ !)5!)!+&44-P!-"4![T$M!92X!TAa!+"&4,\$!!

!

B#=<<4$%"!0[* \0%OF8!

)0/ !P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)(. !P"'*!)41-*-40'*"-&5'&(!)0( ![6@$E!92X!

@$@?!99-4\!)/,![* \0%OF8![?$T]!92X!@$@]99-4X!]@!9-4!a\$!)0/ !+"&4,&,!)5!+&44-P!-"4![T$M!92X!

TTa!+"&4,X!TMa!&&\$!!

! N!;DO![A@@!DNLX!H=H4%\b!•!M$@7![]NX!5X!N0A\X!?$:?![6NX!,X!X!w!66$6!NLX!N06E\X!?$M@![6NX!,,,,X!

X(w66$M!NLX!:$E!NLX!A$M!NLX!]$7!NLX!N066\X!?$A@![]NX!5&.'X!X(w!7$:!NLX!N07\X!?$]?![6NX!,X!X!w!66$6!

NLX!N06E\X!]$T@0]$:?![]NX!9X!N0]X!N06@\X!]$7M![6NX!,,X!X(w!6A$7!NLX!A$M!NLX!N06@\!]$@E06$TT!

[6NX!9X!N06]\X!6$T@06$:]![?NX!9X!N06]X!N067\X!6$M:06$M]![6NX!9X!N06?\X!6$7]06$E6![ENX!9X!N0

6?X!N067X!N06M\X!6$]E![7NX!,X!X!w!7$:!NLX!N06\X!6$67![6]NX!,X(X!w!7$:!NLX!N0M\!..9~!!%H!;DO![6@6!

DNLX!H=H4%\b!•!6T7$6![H0T\X!6E]$A![H0?\X!6E6$@![H0E\X!6]]$@![H0A\X!6]6$T![H0:\X!M7$A![H06E\X!MA$:!

[H066\X!AT$M![H06@\X!?M$M![H06A\X!?E$7![H067\X!?A$A![H06]\X!?6$T![H06]\X!?@$A![H0]\X!]T$@![H07\X!

]:$6![H06?\X!]?$T![H06\X!]?$T![H0M\X!6E$?![H06M\!..9~!FO![>%O\b!#&8B!]T]AX!]:ETX!6M@]X!6A7:X!

6?M7X!6]76X!6@MTX! :@A!19 /! ~!NODV! [^VF\b!9jL!1)41,!B-(!H#-N%";)U #V5![De;)\ 5!A]E$]A:E~!

B-3/,!A]E$]A:?~!„Q…* #. !z!EE$]?‡![1!@$A:X!HNH4%\$!

!

KEMNENK)D,D.N7%""I=J%=JE:J5&HE:M')NK.N=X8IJ"%=h,*-i>&48HN/ NE:M&G58H&G5"=8G&'K)00M'

'

'

%*&! 1+14"L)'"-/! .(&13(5-(!)0) ! P)5! 5+/'*&5"5&,! 35"/2! '*&! 5)9&! .(-1&,3(&! )5!(0, ! P"'*!

3/5)'3()'&,!)41-*-4! )/. '[7@$@!92X!@$A@!99-4X!6$@!&o\X!'*"-&5'&(!)(+ ![?TT!92X!6$7M!99-4X!

?$@! &o\X! 1-..&(! [F\! "-,",&! [M$A@! 92X! @$@A! 99-4X! 6@! 9-4a\! )/,! N-#+&,)0c(3<<5! ]/, !

2 6

6

12

1

4

7

7

75

9 11

3

5 S

O

O

1

4

7

8

10

13
16

16
15

17

17



! 6ET!

2&/&()'"-/!1)')4+5'![]A$@!92X!@$@A!99-4X!6@!9-4a\$!%*&!9"C'3(&!P)5!'*&/!1-/1&/'()'&,!)/,!

35&,!B-(!'*&!1+14"L)'"-/!P"'*-3'!B3('*&(!.3("B"1)'"-/$ !

!

*&!4<"! 0HV>!

)00!P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)(. !P"'*!)41-*-40'*"-&5'&(!)0) ![]]$@!92X!

@$@E! 99-4\! )/,! ()10!HV>! [E6$@! 92X! @$67! 99-4X! ?! &o\$! %*&! (&)1'"-/! 9"C'3(&! P)5! '*&/!

1-/1&/'()'&,!"/ ()&!L0()/,!.3("B"&,!<+!1-439/!1*(-9)'-2().*+!-/!5"4"1)!35"/2!Ea!^' #U!"/!

*&C)/&!'-!+"&4,!)00!)5!)!+&44-P!-"4![]6$?!92X!TMa!+"&4,\$!!

!

>5+99&'("10[* \0%OF8!

)00!P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)(. !P"'*!)41-*-40'*"-&5'&(!)0) ![?@$T!92X!

@$@M!99-4\!)/,![* \0%OF8![66$]!92X!@$@]!99-4X!]@!9-4\$!)00!+"&4,&,!)5!+&44-P!-"4![]:$A!92X!

T]a!+"&4,X!TTa!&&\$!!

!

U/&0.-'!(&)1'"-/ !

)00!P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!),) !P"'*!3/5)'3()'&,!)41-*-4! )/. '[?@$@!

92X!@$6T!99-4X!6$@!&o\X!'*"-&5'&(!)(+ ![6M@!92X!@$EM!99-4X!?$@!&o\X!1-..&(![F\!"-,",&![?$7]!

92X!@$@]!99-4X!6@!9-4a\X!N-#+&,)0c(3<<5!]/, !2&/&()'"-/!1)')4+5'![66$T!92X!@$@]!99-4X!

6@!9-4a\!)/,![ * \0%OF8![]T$@!92X!@$@A!99-4X!]@!9-4\$!!!)00!+"&4,&,!)5!+&44-P!-"4![EM$@!92X!

M@a!+"&4,X!TTa!&&\$!!

! N!;DO![A@@!DNLX!H=H4%\b!•!M$@7![]NX!5X!N0A\X!?$ME![6NX!,,,,X!X(w66$]!NLX!7$T!NLX!?$M!NLX!]$E!

NLX!N066\X!?$E]![6NX!,X!X!w!66$6!NLX!N06E\X!?$A@![]NX!5&.'X!X(w!7$T!NLX!N07\X!?$]@![6NX!,X!X!w!66$6!

NLX!N06E\X!]$T]0]$:E![]NX!9X!N0]X!N06@\X!]$M6![6NX!,,X!X(w!6A$E!NLX!?$M!NLX!N06@\!6$:M06$:]!

[6NX!9X!N06]\X!6$7?06$E?![7NX!9X!N06]X!N06?X!N067X\X!6$E?06$A?![]NX!9X!N06?X!N06M\X!6$A?06$]M!

[]NX!9X!N06?X!N06M\X!6$]E![7NX!,X!X!w!7$T!NLX!N06\X!6$]]06$6TT![6NX!9X!N067\X!6$67![6]NX!,X(X!w!

7$T!NLX!N0M\!..9~!!%H!;DO![6@6!DNLX!H=H4%\b!•!6T7$]![H0T\X!6E]$E![H0?\X!6E6$6![H0E\X!6]]$6!

[H0A\X!6]]$@![H0:\X!M7$7![H06E\X!ME$?![H066\X!AT$T![H06@\X!A6$T![H06A\X!?7$:![H067\X!?7$6![H067K\X!

?A$7![H06]\X!?A$A![H0]\X!?]$@![H07\X!]T$]![H06?\X!]E$]![H06M\X!]A$:![H06MK\X!]A$@![H0M\X!]?$M![H0

6\!..9~!FO![>%O\b!#&8B!]TE:X!]:7MX!67TTX!6A76X!6?7]X!6@T6X!TM?X!T@7X!:M7X!M?6X!7E@X!AM6!19/



! 67@!

! ~! NODV! [^VF\b! 9jL! 1)41,! B-(! H#0N,. ;)U #V5! [De;)\ 5!A?T$]7A6~! B-3/,! A?T$]7E]~! „Q…*
#. !z!

7A$AA‡![1!@$MEX!HNH4%\$!

!

KEMNENK)D,D.N7%""I=J%=JE:J5&HE:M') NK)N=X8IJ"%=h-*-i$H>&48HN+NE:M&G58H&G5"=8G&'K)01M'

'

'

%*&! 1+14"L)'"-/! .(&13(5-(!)0+! P)5! 5+/'*&5"5&,! 35"/2! '*&! 5)9&! .(-1&,3(&! )5!(0, ! P"'*!

3/5)'3()'&,!)41-*-4! )// '[:?$:!92X!@$E@!99-4X!6$@!&o\X!'*"-&5'&(!)(+ ![A?A!92X!6$AT!99-4X!

?$@! &o\X! 1-..&(! [F\! "-,",&! [T$A:! 92X! @$@E! 99-4X! 6@! 9-4a\! )/,! N-#+&,)0c(3<<5! ]/, !

2&/&()'"-/!1)')4+5'![?6$]!92X!@$@E!99-4X!6@!9-4a\$!%*&!9"C'3(&!P)5!'*&/!1-/1&/'()'&,!)/,!

35&,!B-(!'*&!1+14"L)'"-/!P"'*-3'!B3('*&(!.3("B"1)'"-/$!

!

*&!4<"! 0HV>!

)01!P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)(. !P"'*!)41-*-40'*"-&5'&(!)0+![]T$:!92X!

@$@M! 99-4\! )/,! ()10!HV>! [A:$@! 92X! @$]6! 99-4X! ?! &o\$! %*&! (&)1'"-/! 9"C'3(&! P)5! '*&/!

1-/1&/'()'&,!"/ ()&!L0()/,!.3("B"&,!<+!1-439/!1*(-9)'-2().*+!-/!5"4"1)!35"/2!Ea!^' #U!"/!

*&C)/&!'-!+"&4,!)01!)5!)!+&44-P!-"4![]M$7!92X!TEa!+"&4,\$!!

!

B#=<<4$%"!0[* \0%OF8!

)01!P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)(. !P"'*!)41-*-40'*"-&5'&(!)0+![??$@!92X!

@$@:!99-4\!)/,![* \0%OF8![66$E!92X!@$@]!99-4X!]@!9-4\$!)01!+"&4,&,!)5!+&44-P!-"4![?@$A!92X!

T]a!+"&4,X!M?a!&&\$!!

! N!;DO![A@@!DNLX!H=H4%\b!•!M$@7![]NX!5X!N0A\X!?$M70?$7T![]NX!9X!N066X!N06E\X!?$A@![]NX!5&.'X!

X(w!M$6!NLX!N07\X!?$@T![6NX!,X!X!w!66$]!NLX!N06E\X!]$T?0]$:A![]NX!9X!N0]X!N06@\X!]$M?![6NX!,,X!X(
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! 676!

w!6A$M!NLX!A$7!NLX!N06@\!6$:@06$ME![6NX!9X!N06]\X!6$7606$E?![]NX!9X!N067\X!6$E]06$AA![?NX!9X!

N06]X!N067\X!6$AA06$?:![ANX!9X!N06M\X!6$?A06$]:![6NX!9X!N06?\X!6$]E![7NX!,X!X!w!M$6!NLX!N06\X!

6$]]06$6T![6NX!9X!N06?\X!6$67![6]NX!,X(X!w!M$6!NLX!N0M\X!6$6]06$@:![]NX!9X!N06:\!..9~! !%H!;DO!

[6@6!DNLX!H=H4%\b!•!6T7$]![H0T\X!6E]$E![H0?\X!6E6$6![H0E\X!6]]$6![H0A\X!6]]$@![H0:\X!MM$@![H0

6E\X!ME$T![H066\X!AT$T![H06@\X!?7$7![H06A\X!?A$E![H0]\X!?A$@![H06]\X!?]$6![H07\X!?]$@![H067\X!?6$A!

[H067K\X!]M$]![H06M\X!]7$T![H06MK\X!]A$A![H06\X!]A$@![H0M\X!]6$7![H06?\X!]6$7![H06:\!..9~!FO![>%O\b!

#&8B!]TETX!]T?6X!]:77X!6M@?X!67:MX!6A76X!6?:7X!6@M@X!T:MX!:M7X!MA7X!7E?X!AM?!19/! ~!NODV!

[^VF\b!9jL!1)41,!B-(!H#1N,# ;)U #V5![De;)\ 5!AE?$]MT:~!B-3/,!AE?$]:@M~!„Q…*
#. !z!?A$7E‡![1!6$A@X!

HNH4%\$!

!

KEMNENK)D,D.N7%""I=J%=JE:J5&HE:M')NK)D1N>"=X8IJ"%=h-*-i$H>&48HN+NE:M&G58H&G5"=8G&'K)12M!

'

'

%*&! 1+14"L)'"-/! .(&13(5-(!)0, ! P)5! 5+/'*&5"5&,! 35"/2! '*&! 5)9&! .(-1&,3(&! )5!(0, ! P"'*!

3/5)'3()'&,!)41-*-4! )/0 '[A]$@!92X!@$]E!99-4X!6$@!&o\X!'*"-&5'&(!)(+ ![]6E!92X!@$MA!99-4X!

?$@! &o\X! 1-..&(! [F\! "-,",&! [A$M@! 92X! @$@?! 99-4X! 6@! 9-4a\! )/,! N-#+&,)0c(3<<5! ]/, !

2&/&()'"-/!1)')4+5'![6E$E!92X!@$@?!99-4X!6@!9-4a\$!%*&!9"C'3(&!P)5!'*&/!1-/1&/'()'&,!)/,!

35&,!B-(!'*&!1+14"L)'"-/!P"'*-3'!B3('*&(!.3("B"1)'"-/$!

!

*&!4<"! 0HV>!

)12!P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)(. !P"'*!)41-*-40'*"-&5'&(!)0, ![6A$?!92X!

@$@?! 99-4\! )/,! ()10!HV>! []@$T! 92X! @$@T! 99-4X! ?! &o\$! %*&! (&)1'"-/! 9"C'3(&! P)5! '*&/!

1-/1&/'()'&,!"/ ()&!L0()/,!.3("B"&,!<+!1-439/!1*(-9)'-2().*+!-/!5"4"1)!35"/2!A@a!^'U>1!

"/!*&C)/&!'-!+"&4,!)12!)5!)!+&44-P!-"4![6?$A!92X!TAa!+"&4,\$!!
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! 67] !

B#=<<4$%"!0[* \0%OF8!

)12!P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)(. !P"'*!)41-*-40'*"-&5'&(!)0, ![6A$?!92X!

@$@?!99-4\!)/,![* \0%OF8![A$TT!92X!@$@M!99-4X!]@!9-4!a\$!)12!+"&4,&,!)5!+&44-P!-"4![6?$@!

92X!T6a!+"&4,X!A@a!&&\$!!

! N!;DO![A@@!DNLX!H=H4%\b!•!M$@7![]NX!5X!N0A\X!?$::![6NX!,X!X!w!66$A!NLX!N06E\X!?$MT0?$M]![6NX!

9X!N066\X!?$7T0?$7E![]NX!9X!N06M\X!?$7A0?$76![6NX!9X!N06M\X!?$ET0?$E?![6NX!9X!N06M\X!?$A@!

[]NX!5&.'X!X(w!7$:!NLX!N07\X!?$6E![6NX!,X!X!w!66$A!NLX!N06E\X!]$T]0]$:7![]NX!9X!N0]X!N06@\X!]$M?!

[6NX!,,X!X(w!6A$?!NLX!A$6!NLX!N06@\!6$:T06$:A![6NX!9X!N067\X!6$:]06$M7![6NX!9X!N067\X!6$7E0

6$E:![]NX!9X!N067\X!6$EM06$AT![]NX!9X!N06]\X!6$?706$?@![]NX!9X!N06?\X!6$]E![7NX!,X!X!w!7$:!NLX!

N06\X!6$67![6]NX!,X(X!w!7$:!NLX!N0M\!..9~!!%H!;DO![6@6!DNLX!H=H4%\b!•!6T7$6![H0T\X!6E]$A![H0

?\X!6E6$]![H0E\X!6]]$6![H0A\X!6]6$T![H0:\X!ME$T![H06E\X!ME$:![H066\X!7A$@![H06M\X!7?$A![H06MK\X!

AT$M![H06@\X!?7$@![H06?\X!?A$A![H0]\X!?A$6![H067\X!?]$@![H07\X!?6$:![H067K\X!?@$]![H06A\X!]7$T![H0

6]\X!]A$A![H06\X!]A$@![H0M\!..9~!FO![>%O\b!Š&8B!?A]6X!]TETX!]T]:X!]:77X!67T:X!67A@X!6ET:X!

6AETX!6?7]X!6?@@X!6]?:X!66@AX!6@]]X!T@:X!:MMX!:?TX!MEMX!E?M!19/! ~!NODV![^VF\b!9jL!1)41,!B-(!

H#0N,! U%V5![DeN\5!A??$]MM6~!B-3/,!A??$]MM7~!„Q…*
#. !z!T$6A‡![1!@$EMX!HNH4%\$!

!

KEMNENK)D,D.N7%""I=J%=JE:J5&HE:M' )NK-D-N>"J5&HE:G&G%85E>%=N) MNJE%8HN) NE:M&G58H&G5"=8G&'

K)1( M!

'

'

%*&! 1+14"L)'"-/! .(&13(5-(!)0- ! P)5! 5+/'*&5"5&,! 35"/2! '*&! 5)9&! .(-1&,3(&! )5! (0, ! P"'*!

3/5)'3()'&,!)41-*-4! )/1 '[6T@!92X!@$ME!99-4X!6$@!&o\X!'*"-&5'&(!)(+ ![7EM!92X!]$]7!99-4X!

?$@!&o\X!1-..&(![F\!"-,",&![6AA!92X!@$ME!99-4X!6$@!&o\!)/,!N-#+&,)0c(3<<5!]/, !2&/&()'"-/!
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! 67?!

1)')4+5'![AM$]!92X!@$@:!99-4X!6@!9-4a\$!%*&!9"C'3(&!P)5!'*&/!1-/1&/'()'&,!)/,!35&,!B-(!

'*&!1+14"L)'"-/!P"'*-3'!B3('*&(!.3("B"1)'"-/$!

!

*&!4<"! 0HV>!

)1( !P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)(. !P"'*!)41-*-40'*"-&5'&(!)0- ![]:$T!92X!

@$@7! 99-4\! )/,! ()10HV>! [EA$A! 92X! @$6M! 99-4X! ?! &o\$! %*&! (&)1'"-/! 9"C'3(&! P)5! '*&/!

1-/1&/'()'&,!"/ ()&!L0()/,!.3("B"&,!<+!1-439/!1*(-9)'-2().*+!-/!5"4"1)!35"/2!]@a!^'U>1!

"/!*&C)/&!'-!+"&4,!)1( !)5!)!+&44-P!-"4![]A$T!92X!:7a!+"&4,\$!!

!

B#=<<4$%"!0[* \0%OF8!

)1( !P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)(. !P"'*!)41-*-40'*"-&5'&(!)0- ![T$E6!92X!

@$@6:!99-4\!)/,!![* \0%OF8![]$M:!92X!@$@@?!99-4X!]@!9-4!a\$!)1( !+"&4,&,!)5!+&44-P!-"4![7$TA!

92X!M?a!+"&4,X!:Ma!&&\$!!

! N!;DO![A@@!DNLX!H=H4%\b!•!M$A?0M$?6![]NX!9X!N06T\X!M$?@T0M$]?![ANX!9X!N06M\X!M$]@0M$6A!

[]NX!9X!N06:\X!M$@7![]NX!5X!N0A\X!A$76![6NX!,X!X!w!66$6!NLX!N06E\X!?$TE![6NX!,,,,X!X(w66$A!NLX!

:$A!NLX!A$A!NLX!]$M!NLX!N066\X!?$EE![6NX!,X!X!w!66$6!NLX!N06E\X!?$A7![]NX!5&.'X!X(w!7$T!NLX!N07\X!

]$TA0]$:E![]NX!9X!N0]X!N06@\X!]$7:![6NX!,,X!X(w!6A$E!NLX!A$A!NLX!N06@\X!]$E6!0]$A6![6NX!9X!N0

6]\X!6$7:06$E6![]NX!9X!N06?\X!6$]E![7NX!,X!X!w!7$T!NLX!N06\X!!6$66![6]NX!,X(X!w!7$T!NLX!N0M\!..9~!

!%H!;DO![6@6!DNLX!H=H4%\b!•!6T7$@![H0T\X!6E?$@![H0?\X!6E6$6![H0E\X!6A7$E![H067\X!6AE$M![H0

67K\X!6]T$@! [H06M\X!6]:$?! [H06MK\X!6]:$6! [H06:\X!6]M$@! [H06:K\X!6]7$A! [H06T\X!6]E$:! [H06TK\X!

6]]$@![H0A\X!6]6$:![H0:\X!ME$@![H06E\X!ME$@![H066\X!AT$M![H06@\X!AE$:![H06A\X!?A$E![H0]\X!?A$A![H0

7\X!?6$T![H06]\X!]T$M![H06?\X!]M$M![H06\X!]?$T![H0M\!..9X!FO![>%O\b!#&8B!]T7@X!]T?7X!]:76X!6:@AX!

67M@X!67@?X!6A7]X!6?:@X!6@TEX!TM7X!M@@X!7:7!!19 /! ~!NODV![^VF\b!9jL!1)41,!B-(!H%,N,# ;) U#V5!

[De;)\ 5!E?M$]MT:~!B-3/,!E?M$]MT7~!„Q…*
#. !e!]6$AE‡![1!@$?]X!HNH4%\$!

!

!



! 67A!

-*)*) ! )D)N_"I$9IG"G$G&>'8:4=5=:I'

!

'

'

) Na&G5E:5&JGN. N&HN) N=:'K(00M'

'

>!,&2)55&,!5-43'"-/!-B!E0<(-9- 060.&/'&/&![E$6@!9ZX!A?$6!99-4\!"/!^'#U![]@!9Z\!P)5!),,&,!

@$?!94j9"/X!'-!)!9"C'3(&!-B!9)2/&5"39!'3(/"/25![6$]@!2X!AT$A!99-4\!"/!,(+!^'#U![A@!9Z\!

3/,&(!)!/"'(-2&/!)'9-5.*&(&$!%*&!(&)1'"-/!9"C'3(&!P)5!4&B'!'-!5'"(!)'!(--9!'&9.&()'3(&!B-(!

'P-! *-3(5$!%*&!5-43'"-/! -B!c("2/)(,! (&)2&/'!P)5! ),,&,! [E!94j9"/\! '-! )! 5-43'"-/! -B! ,(+!

)1&'-/&![?$6E!9ZX!A?$6!99-4\!"/!^' #U![]@!9Z\$!>!P*"'&!.(&1"."')'&!B-(9&,!P"'*"/!]!9"/$!%*&!

(&)1'"-/!9"C'3(&!P)5!'*&/!o3&/1*&,!P"'*!&C1&55!5)'3()'&,!)o!;N, H4!5-43'"-/!)/,!'*&!P*"'&!

.(&1"."')'&!P)5!B"4'&(&,$!%*&!-(2)/"1!4)+&(!P)5!5&.)()'&,!)/,!P)5*&,!P"'*!N#UX!,("&,!-#&(!

)/*+,( -35!;) #VU, !)/,!B"4'&(&,$!F'!P)5!'*&/!1-/1&/'()'&,! "'()&!L0('-!2"#&!)!1-4-3(4&55!-"4$!

%*&!-"4!P)5!.3("B"&,!<+!B4)5*!1-439/!1*(-9)'-2().*+!-/!5"4"1)!P"'*!6@a!-B!&'*+4!)1&')'&!"/!

/ 0*&C)/&!'-!+"&4,!(00!)5!)!1-4-3(4&55!-"4![6$76!2X!E?a!+"&4,\$!
!
N!;DO![A@@!DNLX!H=H4%\b!•!

E$M:![6NX!,,'X!X!w!6M$@!NLX!6@$A!NLX!M$7!NLX!N0]\X!E$@@![6NX!,,'X!X(w!6M$@!NLX!]$@!NLX!6$A!NLX!N0

64C8'D\X!A$TE![6NX!,,'X!X!w!6@$A!NLX!]$@!NLX!6$A!NLX!N06E3D\X!]$@?![]NX!,'X!X!w!M$7!NLX!M$A!NLX!N0?\X!

6$AE06$A?![ANX!9X!N0EX!N0A\X!6$6T![7NX!5X!N0M\!..9~!
!%

H!;DO![6@6!DNLX!H=H4%\b!•!6?:$T![H0]\X!

66A$M![H06\X!M6$6![H07\X!A?$A![H0E\X!?A$?![H0?\X!]T$?![H0M\X!]?$:![H0A\!..9~!FO![>%O\b!Š&8B6!??7TX!

?@M:X!]TM6X!67A6X!6?MMX!66E6X!TT]X!T@:X!M7A!19/! ~!NODV![>8HF\b!9jL!1)41,!B-(!H"N!1 U![D0

N\5!6]T$6]MA~!B-3/,!6]T$6]M6$!

!

!

OH
R R

O Mg, Et2O

R R
Br

OH

1

3 5

7
2 4 7



! 67E!

( NKQ&HGN, N&HN( NE:M4E4:=9$G8H=:'K))1 M'

'

'

))1 !P)5!5+/'*&5"5&,!35"/2! '*&!5)9&!.(-1&,3(&!)5!(00!P"'*! )!5-43'"-/! -B!1+14-<3')/-/&!

[6$TM!9ZX!]T$M!99-4\!"/!^'#U![]@!9Z\$!%*&!-"4!P)5!.3("B"&,!<+!B4)5*!1-439/!1*(-9)'-2().*+!

-/!5"4"1)!P"'*!6@a!-B!&'*+4!)1&')'&!"/!/0*&C)/&!'-!+"&4,!))1 !)5!)!1-4-3(4&55!-"4![?$A?!2X!:6a!

+"&4,\$!
!
N!;DO![A@@!DNLX!H=H4%\b!• !E$:@![6NX!,,'X!X!w!6M$6!NLX!6@$A!NLX!7$7!NLX!N0]\X!E$@6![6NX!

,,'X! X!w!6M$6!NLX!]$@!NLX!6$A!NLX!N064C8'D\X!A$TA![6NX!,,'X!X!w!6@$A!NLX!]$@!NLX!6$A!NLX!N06E3D\X!

]$6@06$TA![7NX!9X!N0?X!N0EX!N0M\X!6$ME06$7M![6NX!9X!N0A\X!6$ET06$EE![]NX!9X!N0M\X!6$AT06$AA!

[?NX!9X!N0AX!N0:\!..9 ~!
!%

H!;DO![6@6!DNLX!H=H4%\b!• 6?:$T![H0]\X!66A$M![H06\X!ME$?![H07\X!?T$@!

[H0E\X!?7$@![H0M\X!?A$6![H0?\X!]]$:! [H0A\X!6]$]! [H0:\! ..9 !~!FO![>%O\b!Š&8B!??:EX!?@M7X!]T?6X!

]:7@X!67A6X!6AAMX!6A6AX!6?EAX!6]EEX!667EX!TT@X!T7TX!T@:!19/! ~!NODV![>8HF\b!9jL!1)41,!B-(!

H2N!1 U![D0N\5!6A6$6]MA~!B-3/,!6A6$6]7A$!

( NKQ&HGN, N&HN( NE:M4E4:=J&HG8H=:'K)+2M'

'

)+2!P)5!5+/'*&5"5&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!(00!P"'*!)!5-43'"-/!-B!1+14-.&/')/-/&!

[?$66!9ZX!]T$?!99-4\!"/!^'#U![]@!9Z\$!%*&!-"4!P)5!.3("B"&,!<+!B4)5*!1-439/!1*(-9)'-2().*+!

-/!5"4"1)!P"'*!6@a!-B!&'*+4!)1&')'&!"/!/0*&C)/&!'-!+"&4,!)+2!)5!)!1-4-3(4&55!-"4![?$76!2X!MTa!

+"&4,\$!
!
N!;DO![A@@!DNLX!H=H4%\b!•!E$MM![6NX!,,'X!X!w!6M$6!NLX!6@$A!NLX!7$7!NLX!N0]\X!A$TM![6NX!

,,'X! X!w!6M$6!NLX!]$@!NLX!6$A!NLX!N064C8'D\X!A$T@![6NX!,,'X!X!w!6@$A!NLX!]$@!NLX!6$A!NLX!N06E3D\X!]$@?!

[]NX!,'X!X!w!7$7!NLX!7$A!NLX!N0?\X!6$MM06$MA![]NX!9X!N0E\X!6$7606$EE![ENX!9X!N0AX!N0MX!N0:\X!6$E60

6$A]![ENX!9X!N0AX!N0MX!N0:\!..9~!
!%

H!;DO![6@6!DNLX!H=H4%\b!•!6?:$T![H0]\X!66A$7![H06\X!:]$E!

[H07\X!A6$@![H0E\X!?T$M![H0?\X!?A$?![H0M\X!]A$6![H0A\X!]?$T![H0:\!..9~!FO![>%O\b!Š&8B!??:6X!]TA?X!

1

3 5

72 4 7

OH

8

1

3 5

72 4 7

OH

88



! 677!

]:M6X!6M66X!67A6X!6]:?X!6@TEX!TT]X!T@:X!M??X!7?@X!EEA!19/! ~!NODV![>8HF\b!9jL!1)41,!B-(!

H!. N!2 U![D0N\5!6EE$6A?@A~!B-3/,!6EE$6A]M]$!

( NKQ&HGN, N&HN( NE:M4E4:=5&X8H=:'K)+( M'

!

)+( !P)5!5+/'*&5"5&,!35"/2! '*&!5)9&!.(-1&,3(&!)5!(00!P"'*! )!5-43'"-/! -B!1+14-*&C)/-/&!

[?$66!9ZX!]T$T!99-4\!"/!^'#U![]@!9Z\$!%*&!-"4!P)5!.3("B"&,!<+!B4)5*!1-439/!1*(-9)'-2().*+!

-/!5"4"1)!P"'*!6@a!-B!&'*+4!)1&')'&!"/!/0*&C)/&!'-!+"&4,!)+( !)5!)!1-4-3(4&55!-"4![A$6]!2X!EMa!

+"&4,\$!
!
N!;DO![A@@!DNLX!H=H4%\b!•!E$MM![6NX!,,'X!X!w!6M$6!NLX!6@$A!NLX!7$7!NLX!N0]\X!A$T:![6NX!

,,'X! X!w!6M$6!NLX!]$@!NLX!6$A!NLX!N064C8'D\X!A$T]![6NX!,,'X!X!w!6@$A!NLX!]$@!NLX!6$A!NLX!N06E3D\X!]$@]!

[]NX!,'X!X!w!7$7!NLX!7$E!NLX!N0?\X!6$ET06$E?![]NX!9X!N0E\X!6$E606$AA![ANX!9X!N0MX!N0:\X!6$A?06$?A!

[MNX!9X!N0AX!N0MX!N0:X!N0T\X!6$?606$6M![6NX!9X!N0T\!..9~!
!%

H!;DO![6@6!DNLX!H=H4%\b!•!6?T$@!

[H0]\X!66A$7![H06\X!M6$E![H07\X!A6$T![H0E\X!?M$E![H0M\X!?A$?![H0?\X!]E$T![H0A\X!]]$?![H0:\X!]]$?![H0

T\!..9~!FO![>%O\b!Š&8B!??:EX!?@M7X!]T?6X!]:7@X!67A6X!6AAMX!6A6AX!6?EAX!6]EEX!667EX!TT@X!

T7TX!T@:!19/! ~!NODV![>8HF\b!9jL!1)41,!B-(!H!! N#! U![D 0N\5!67T$6ET@~!B-3/,!67T$6ETA$!

!

, NKQ&HGN, N&HN( NE:MG&G%85E>%=N) MNJE%8HN, N=:'K)+) M'

'

)+) !P)5!5+/'*&5"5&,!35"/2! '*&!5)9&!.(-1&,3(&!)5!(00!P"'*!)!5-43'"-/!-B! '&'()*+,(- 0AN0

.+()/ 0A0-/&! [?$]]!9ZX!]T$M!99-4\! "/!^'#U! []@!9Z\$!%*&!-"4!P)5! .3("B"&,!<+!B4)5*!1-439/!

1*(-9)'-2().*+!-/!5"4"1)!P"'*!A@a!-B!&'*+4!)1&')'&!"/!/ 0*&C)/&!'-!+"&4,!)+) !)5!)!1-4-3(4&55!

1

3 5

72 4 7
OH

88
9

1

3 5

72 4 7
OH

88
O



! 67M!

-"4![?$?A!2X!7Ma!+"&4,\$!! N!;DO![A@@!DNLX!H=H4%\b!•!E$MM![6NX!,,'X!X!w!6M$6!NLX!6@$A!NLX!7$7!

NLX!N0]\X!A$T:![6NX!,,'X!X!w!6M$6!NLX!]$@!NLX!6$A!NLX!N064C8'D\X!A$T?![6NX!,,'X!X!w!6@$A!NLX!]$@!NLX!

6$A!NLX!N06E3D\X!?$ME0?$7E![ANX!9X!N0:\X!]$@?![]NX!,'X!X!w!7$7!NLX!7$E!NLX!N0?\X!6$:T06$M7![6NX!9X!

N0E\X! 6$7M06$ET! []NX! 9X! N0M\X! 6$AE06$A6! [ENX! 9X! N0AX! N0EX! N0M\! ..9~! !%H;DO! [6@6! DNLX!

H=H4%\b!•!6?:$7![H0]\X!66A$T![H06\X!7:$T![H07\X!7?$T![H0:\X!A]$:![H0E\X!?M$7![H0M\X!?A$6![H0?\X!

]6$:![H0A\!..9~!FO![>%O\b!Š&8B!?A6AX!?@MMX!]TA6X!]:77X!]]A6X!67A@X!6A6MX!6?EMX!6@TMX!T@TX!

:M?X!7AMX!E?M!19/! ~!NODV![^VF\b!9jL!1)41,!B-(!H!. N!2 U#![D 0N\5!6M6$6?:@~!B-3/,!6M6$6?M?$!

!

_"&G5E:')N5E>%=XEN) NKJ&HGN, N&HN( NE:M68:=H8G&'K)+, M'

'

)+, !P)5! 5+/'*&5"5&,! 35"/2! '*&! 5)9&! .(-1&,3(&! )5!(00!P"'*! )! 5-43'"-/! -B! ,"&'*+4! J&'-!

9)4-/)'&! [A$]6! 9ZX! ]T$T! 99-4\! "/! ^'#U! []@! 9Z\$! %*&! -"4! P)5! .3("B"&,! <+! B4)5*! 1-439/!

1*(-9)'-2().*+!-/!5"4"1)!P"'*!]@a!-B!&'*+4!)1&')'&!"/!/ 0*&C)/&!'-!+"&4,!)+, !)5!)!1-4-3(4&55!

-"4![A$E6!2X!76a!+"&4,\$!! N!;DO![A@@!DNLX!H=H4%\b!•!E$ME![6NX!,,'X!X!w!6M$6!NLX!6@$]!NLX!M$?!

NLX!N0]\X!E$@@![6NX!,,'X!X!w!6M$6!NLX!]$E!NLX!6$A!NLX!N064C8'D\X!A$T?![6NX!,,'X!X!w!6@$]!NLX!]$E!NLX!

6$A!NLX!N06E3D\X!A$]70A$]6![ANX!9X!N0:\X!]$@T06$T:![ANX!9X!N0?X!N0E\X!6$AA06$?T![]NX!9X!N0A\X!

6$]:06$]A![7NX!'X!X!w!M$6!NLX!N0T\!..9~!
!%

H!;DO![6@6!DNLX!H=H4%\b!•!6M@$M![H0M\X!6?:$]![H0]\X!

66E$6![H06\X!MT$@![H07\X!!7]$E![H0:\X!?A$6![H0E\X!??$E![H0?\X!]]$A![H0A\X!6A$6![H0T\!..9~!FO![>%O\b!

Š&8B!?AT?X!]T:6X!]T?TX!6M?7X!6?T6X!6]6TX!66T7X!6@]AX!T6]?X!M?]X!ETM!19/! ~!NODV![^VF\b!9jL!

1)41,!B-(!H!# N#. ;)U - ![D 0;)\ 5!]7M$6]@?~!B-3/,!]7M$66T:$!

'

'

1
3 5

72 4 7
8

8

HO

OO

O

O

9

9



! 67: !

(D(N_"J5&HE:5&XN- N&HN( N=:'K)++M'

'

)++!P)5!5+/'*&5"5&,!35"/2! '*&!5)9&!.(-1&,3(&!)5!(00!P"'*!)!5-43'"-/! -B!<&/L-.*&/-/&!

[E$?A!9ZX!]T$?!99-4\!"/!^'#U![]@!9Z\$!%*&!-"4!P)5!.3("B"&,!<+!B4)5*!1-439/!1*(-9)'-2().*+!

-/!5"4"1)!P"'*!]@a!-B!&'*+4!)1&')'&!"/!/0*&C)/&!'-!+"&4,!)++!)5!)!1-4-3(4&55!-"4![E$?6!2X!M]a!

+"&4,\$!
!
N!;DO![A@@!DNLX!H=H4%\b!•!M$AA0M$A6![ANX!9X!N0:\X!M$?A0M$?@![ANX!9X!N0T\X!M$]70M$]?!

[]NX!9X!N06@\X!E$MT![6NX!,,'X!X!w!6M$6!NLX!6@$]!NLX!M$?!NLX!N0]\X!E$@]![6NX!,,'X!X!w!6M$6!NLX!]$E!

NLX!6$A!NLX!N064C8'D\X!A$TT![6NX!,,'X!X!w!6@$]!NLX!]$E!NLX!6$A!NLX!N06E3D\X!]$?@![]NX!,'X!X!w!M$?!NLX!

M$6!NLX!N0?\X!]$6]0]$@E![]NX!9X!N0E\X!6$A706$?M![]NX!9X!N0A\!..9~!
!%

H!;DO![6@6!DNLX!H=H4%\b!

•!6AM$]![H0M\X!6?:$M![H0]\X!6]:$?![H0:\X!6]7$T![H06@\X!6]7$]![H0T\X!66E$@![H06\X!M:$?![H07\X!A6$E!

[H0E\X!?A$6! [H0?\X! ]?$]! [H0A\! ..9~!FO! [>%O\b!Š&8B! !?A7T$?X!?@76$:X! ]TAM$EX! ]T:@$6X!67A@$]X!

6ET:$TX!6AT?$?X!6AA7$:7X!667]$7X!6@E:$TX!TTA$6X!TE?$7X!T@M$EX!M?@$:X!7TM$EX!7@A$]]!19 /! ~!

NODV![^VF\b!9jL!1)41,!B-(!H!" N#. ;)U 5![D 0;)\ 5!]ME$6A@7~!B-3/,!]ME$6A6]$!

'

'

'

'

'

'

'

'

'

1
3 5

7
2 4

7

8

8HO

9

9

10



! 67T!

-*)*+! +D+N_"I$9IG"G$G&>'8:4=5=:I'

'

'

'

)D)N_"6&G5E:N5&XN- N&H="4'84">'&G5E:'&IG&%'K).0 M'

'

'

%-!)!5-43'"-/!-B!,""5-.(-.+4)9"/&![6$E6!94X!6@$:!99-4\!"/!,(+!%Ni![E!94\!)'!0M:!‡H!3/,&(!;#!

P)5!),,&,! / 0̀3Z"![]$E!D!"/!*&C)/&5X!6@$:!99-4\!)/,! '*&!5-43'"-/!5'"((&,!B-(!AE!9"/5$!>!

5-43'"-/!-B!&'*+4!"5-<3'+()'&![6$?@!94X!T$T6!99-4\!"/!%Ni![E!94\!P)5!),,&,![6!94j9"/\!)'!0

M:!‡H!)/,!(&)1'"-/!5'"((&,!B-(!AE!9"/5$!A0̀(-9- 060<3'&/&![6$@@!94X!T$T6!99-4\!P)5!),,&,!

-#&(!6!9"/! )'! 0M:!‡H! )/,! '*&! (&)1'"-/!P)(9&,! '-! (--9! '&9.&()'3(&$!%*&! (&)1'"-/!P)5!

5'"((&,!-#&(/"2*'!)/,!o3&/1*&,!P"'*!6!D!NH4![6@!94\$!%*&!(&)1'"-/!P)5!.)('"'"-/&,!P"'*!

,"&'*+4!&'*&(![?@!94\!)/,!)o3&-35!.*)5&!&C'()1'&,!P"'*!,"&'*+4!&'*&(![]!C!?@!94\X!'*&!-(2)/"1!

B()1'"-/5!P&(&!1-9<"/&,X!P)5*&,!P"'*!5)'3()'&,!<("/&!5-43'"-/![?@!94\X!,("&,!P"'*!D2VU, X!

B"4'&(&,! )/,! 1-/1&/'()'&,! "'( )&!L0$! %*&! 1(3,&! (&5",3&! P)5! .3("B"&,! <+! B4)5*! 1-439/!

1*(-9)'-2().*+![Ea!^'U>1j*&C)/&\!'-!)BB-(,! .(-,31' !)5!)!1-4-(4&55!-"4![6$]]!2X!M@a!+"&4,\$!

! N!;DO![A@@!DNLX!H=H4%\b!•!E$:@![6NX!,,'X!X!w67$:!NLX!T$T!NLX!7$T!NLX!N0:\X!A$TT![6NX!,,'X!X(

w67$:!NLX!6$E!NLX!6$E!NLX!N0T4C8'D\X!A$T?![6NX!,,'X!X(wT$TX!6$E!NLX!6$E!NLX!N0TE3D\X!A$66![]NX!oX!

XwM$7!NLX!N0]\X!]$@A06$TE![]NX!9X!N0M\X!6$7606$ET![]NX!9X!N07\X!6$]E![!?NX!'X!X(wM$7!NLX!N06\X!

6$67![7NX!5X!N0E\!..9~! !%H!;DO![6@6!DNLX!H=H4%\b!•!6MM$T![H0?\X!6?:$M![H0:\X!66A$E![H0T\X!

7@$?![H0]\X!A]$6![H0A\X!?T$T![H07\X!]T$E![H0M\X!]E$]![H0E\X!6A$?![H06\!. .9~! FO![>%O\b!Š&8B!]TM:X!

]T?:X!6M]7X!67A6X!6AM?X!6AE@X!6AM?X!6?:7X!6?7EX!6?6TX!6]:@X!66TTX!66A?X!6@TAX!6@]MX!TT7X!

T@TX! :7?X! MMAX! 7A7X! E:@X! EE7X! E@?! 19/! ~! NODV! [>8HF\b! 9jL! 1)41,! B-(! H!. N!2 U#! [D 0N\5!

R R

LDA, THFOO

R
R

OO LiAlH4, Et2O

R
R

OH

Br

OO 12
3

5

5
6

7
8

9



! 6M@!

6M6$6?:@~!B-3/,!6M6$6?M?$!V.&1'(-51-."1)4!,)')!)(&!"/!B344!)2(&&9&/'!P"'*!'*-5&!.(&#"-354+!

(&.-('&,$ ! !

!

( N@$GN+N&HE:N4E4:=9$G8H&48%9=XE:"4'84">'6&G5E:'&IG&%'K).1 M'

'

'

).1 !P)5!5+/'*&5"L&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!).0 !P"'*!,""5-.(-.+4)9"/&![@$7:!94X!A$:]!

99-4\X!/ 0̀3Z"![]$E!D!"/!*&C)/&5X!A$:]!99-4\X!9&'*+4!1+14-<3')/&!1)(<-C+4)'&![@$E!94X!A$?:!

99-4\!)/,!A 0<(-9- 060<3'&/&![@$AE!94X!A$?:!99-4\$!%*&!1(3,&!(&5",3&!P)5!.3("B"&,!<+!B4)5*!

1-439/!1*(-9)'-2().*+![]a!^'U>1j*&C)/&\ !'-!)BB-(,! ).1 !)5!)!1-4-(4&55!-"4![]:E!92X!77a!

+"&4,\$!! N!;DO![A@@!DNLX!H=H4%\b!•!E$MM![6NX!,,'X!X(l(67$:!NLX!T$T!NLX!7$6!NLX!N0:\X!E$@6![6NX!

,,'X! X(l(67$:!NLX!6$E!NLX!6$E!NLX!N0T4C8'D\X!A$TA![6NX!,,'X!X(l(T$T!NLX!6$E!NLX!6$E!NLX!N0TE3D\X!?$77!

[?NX!5X!N06\X!]$A?0]$?]![]NX!9X!N0A\X!6$TT06$:?![:NX!9X!N0AX!N0EX!N07X!N0M\!..9~!!%H!;DO![6@6!

DNLX!H=H4%\b!•!6MM$7![H0]\X!6?:$?![H0:\X!66A$M![H0T\X!E6$:![H06\X!AM$E![H0?\X!?M$?![H07\X!?@$6!

[H0A\X!]T$A![H0M\X!6E$M![H0E\!..9~! FO![>%O\b!Š&8B!?@MMX!]TA:X!]:7TX!6M?6X!67T?X!67A6X!6A?AX!

6?]TX!6]:?X!6]AAX!6]@6X!66A]X!666]X!TTAX!T66X!:@7X!7T]X!7?MX!AE:!19/! ~!NODV![>8HF\b!9jL!

1)41,! B-(! H!. N!1 U#! [D 0N\5!67T$6]]?6~! B-3/,! 67T$6]]6:$! V.&1'(-51-."1)4! ,)')! )(&! "/! B344!

)2(&&9&/'!P"'*!'*-5&!.(&#"-354+!(&.-('&,$! !

!

( N@$GN+N&HE:N4E4:=J&HG8H&48%9=XE:"4'84">'6&G5E:'&IG&%'K)/2 M'

'

'

)/2 !P)5!5+/'*&5"L&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!).0 !P"'*!,""5-.(-.+4)9"/&![6$E@!94X!66$@!

99-4\X!/ 0̀3Z"![]$E!D!"/!*&C)/&5X!66$@!99-4\X!9&'*+4!1+14-.&/')/&!1)(<-C+4)'&![6$?]!2X!6@$6!

99-4\!)/,!A 0<(-9- 060<3'&/&![6$@@!94X!6@$6!99-4\$!)/2 !+"&4,&,!)5!)!1-4-3(4&55!-"4![6$A!2X!

OO 1
24

5
4

6 7 8
9

OO 1
24

5
4 6 7 8

95



! 6M6!

T6a!+"&4,\!)B'&(!1-439/!1*(-9)'-2().*+ ![]a!^'U>1j*&C)/&\$!! N!;DO![A@@!DNLX!H=H4%\b!•!

E$MA![6NX!,,'X!X(l(67$T!NLX!6@$E!NLX!7$T!NLX!N0:\X!A$T:![6NX!,,'X!X(l(67$T!NLX!6$E!NLX!6$E!NLX!N0

T4C8'D\X!A$T]![6NX!,,'X!X(l(6@$E!NLX!6$E!NLX!6$E!NLX!N0TE3D\X!?$7E![?NX!5X!N06\X!]$6T0]$@M![]NX!9X!

N0A\X!6$TM06$T6![]NX!9X!N0M\X!6$M@06$7E![]NX!9X!N07\X!6$7?06$EA![ANX!9X!N0E\X!6$E@06$AE![]NX!

9X!N0A\!..9~! !%H!;DO![6@6!DNLX!H=H4%\b!•! 6M:$?![H0]\X!6?:$E![H0:\X!66A$E![H0T\X!E?$T![H0?\X!

E6$:![H06\X!?:$E![H07\X!?7$6![H0A\X!?@$E![H0M\X!]E$@![H0E\~!FO![>%O\b!Š&8B!?@M:X!]TE6X!]:M6X!6M?@X!

67A6X! 6AE]X! 6??TX! 6]EEX! 66T7X! 667]X! TTAX! T6@! 19/! $! V.&1'(-51-."1)4! ,)')! )(&! "/! B344!

)2(&&9&/'!P"'*!'*-5&!. (&#"-354+!(&.-('&,$! !

!

( N@$GN+N&HE:N4E4:=5&X8H&48%9=XE:"4'84">'6&G5E:'&IG&%'K)/( M'

'

'

)/( !P)5!5+/'*&5"L&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!).0 !P"'*!,""5-.(-.+4)9"/&![6$E6!94X!66$@!

99-4\X! / 0̀3Z"! []$E!D!"/! *&C)/&5X!66$@!99-4\X!9&'*+4!1+14-*&C)/&!1)(<-C+4)'&! [6$E@!94X!

6@$6!99-4\!)/,!A0<(-9- 060<3'&/&![6$@@!94X!6@$6!99-4\$!%*&!1(3,&!(&5",3&!P)5!.3("B"&,!<+!

B4)5*!1-439/!1*(-9)'-2().*+![]a!^'U>1j*&C)/& \!'-!)BB-(,! )/( !)5!)!1-4-(4&55!-"4![6$76!2X!

:@a!+"&4,\$!! N!;DO![A@@!DNLX!H=H4%\b!•!E$M7![6NX!,,'X!X(w67$T!NLX!6@$@!NLX!7$?!NLX!N0T\X!A$TT!

[6NX!,,'X!X(w67$T!NLX!6$E!NLX!6$E!NLX!N06@4C8'D\X!A$T?![6NX!,,'X!X(w6@$@!NLX!6$E!NLX!6$E!NLX!N0

6@E3D\X!?$7:![?NX!5X!N06\X!]$6A0]$@A![]NX!9X!N0A\X!]$@@06$TT![]NX!9X!N0:\X!6$7E06$E@![ENX!9X!N0

EX!N07X!N0M\X!6$A@06$67![ENX!9X!N0AX!N0EX!N07\!..9~! !%H!;DO![6@6!DNLX!H=H4%\b!•!6MM$?![H0]\X!

6?:$7![H0T\X!66A$E![H06@\X!E6$E![H06\X!A7$T![H0?\X!?T$:![H0M\X!?A$?![H0A\X!]:$7![H0:\X!]7$@![H07\X!

]?$?![H0E\~!FO![>%O\b!Š&8B!?@M:X!]T?@X!]:EAX!6M]MX!67A6X!6AE?X!6A?]X!6?7AX!6??@X!6]T]X!6]MEX!

66TAX!66E7X!66?AX!6@A@X!TTEX!TETX!T@TX!:T6X!:E@X!:@@X!M7EX!67ATX!7]@X!E7MX!E6A!19/! ~!NODV!

[>8HF\!1)41,!B-(!H!# N#! U#![D 0N\5!6TM$6E?7@7~!B-3/,!6TM$6EA]MT$!V.&1'(-51-."1)4!,)')!)(&!

"/!B344!)2(&&9&/'!P"'*!'*-5&!.(&#"-354+!(&.-('&,$! !

!

OO 1
24

5
46 7 8 9

5 10



! 6M]!

, N@$GN+N&HE:NG&G%85E>%=NJE%8HN, N48%9=XE:"4'84">'6&G5E:'&IG&%'K)/) M'

'

)/) !P)5!5+/'*&5"L&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!).0 !P"'*! ,""5-.(-.+4)9"/&![6$EA!94X!66$@!

99-4\X!/ 0̀3Z"![]$E!D!"/!*&C)/&5X!66$@!99-4\X!9&'*+4!'&'()*+,(-0]N0.+()/ 0A01)(<-C+4)'&!

[6$EA! 94X! 6@$6! 99-4\! )/,! A0<(-9- 060! <3'&/&! [6$@@! 94X! 6@$6! 99-4\$!)/) ! +"&4,&,! )5! )!

1-4-3(4&55! -"4! [6$AE! 2X! M?a! +"&4,\! )B'&(! 1-439/! 1*(-9)'-2().*+! [6@a! ^'U>1j*&C)/&\$!!

! N;DO![A@@!DNLX!H=H4%\b!•!E$ME![6NX!,,'X!X!w!67$TX!6@$EX!7$A!NLX!N0:\X!E$@@![6NX!,,'X!X!w!67$TX!

6$E!NLX!N0T4C8'D\X!A$TE![6NX!,,'X!X!w!6@$EX!6$E!NLX!N0TE3D\X!?$:?![]NX!,,,X!X!w!66$MX!A$AX!A$6!NLX!N0

E\X!?$M]![?NX!5X!N06\X!?$A?![]NX!,,,X!X!w!66$MX!]$?!NLX!N0E\X!]$6@![]NX!,,,X!X!w!6?$MX!A$AX!]$?!NLX!

N0A\X!]$@]06$T6![]NX!9X!N0M\X!6$7M06$ET![]NX!9X!N07\X!6$E]![]NX!,,,X!X!w!6?$MX!66$MX!A$6!NLX!N0

A\!..9~!! !%H;DO![6@6!DNLX!H=H4%\b!•!6M7$]![H0]\X!6?:$@![H0:\X!66E$@![H0T\X!7E$7![H0E\X!E6$T!

[H06\X!AA$T![H0?\X!A@$@![H07\X!?A$?![H0A\X!]:$]! [H0M\~!FO![>%O\b!Š&8B!?@M:X!]TEAX!]:E]X!6M]:X!

67A6X!6AE]X!6?:TX!6??MX!6]TTX!6]A]X!6]6@X!66TAX!66E]X!66@:X!6@?AX!6@6EX!TTMX!T:]X!T6]X!

:::X! :A@X!:@]X!MMEX!7@@X!E76X!AT6X!A7]!19 /! ~!NODV![^VF\!1)41,!B-(!H!! N!" ;)U %6[D!e! ;)\ 56

]66$66E@~!B-3/,!]66$66E@$!V.&1'(-51-."1)4!,)')!)(&!"/!B344!)2(&&9&/'!P"'*!'*-5&!.(&#"-354+!

(&.-('&,$ ! !

!

)D)N_"J5&HE:N5&XN- N&H="4'84">'6&G5E:'&IG&%'K)/+ M'

'

)/+ !P)5!5+/'*&5"L&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!).0 !P"'*! ,""5-.(-.+4)9"/&![6$EA!94X!66$@!

99-4\X!/ 0̀3Z"![]$E!D!"/!*&C)/&5X!66$@!99-4\X!,".*&/+4!9&'*+4!)1&')'&![]$]A!2X!6@$6!99-4\!

OO 1
24

5
4

6 7
8

9
5

O

256

7
9

OO 1
3

4

6

8 10

7

5

11



! 6M?!

)/,!A 0<(-9- 060!<3'&/&![6$?@!94X!6@$6!99-4\$!)/+ !+"&4,&,!)5!)!1-4-3(4&55!-"4![66M!92X!A]a!

+"&4,\!)B'&(!1-439/!1*(-9)'-2().*+![Aa!^'U>1j* &C)/&\$!! N!;DO![A@@!DNLX!H=H4%\b!•!M$AA0

M$A6![ANX!9X!N0E\X!M$?A0M$?@![ANX!9X!N07\X!M$]70M$]?![]NX!9X!N0M\X!E$ME![6NX!,,'X!X!w!67$:X!T$TX!

7$E!NLX!N06@\X!E$@6![6NX!,,'X!X!w!67$:X!6$E!NLX!N0664C8'D\X!A$T7![6NX!,,'X!X!w!T$TX!6$E!NLX!N066E3D\X!

?$7:![?NX!5X!N06\X!]$A:0]$AA![]NX!9X!N0:\X!6$:?06$MM![]NX!9X!N0T\!..9~! !%H!;DO![6@6!DNLX!

H=H4%\b!•!6MA$:![H0]\X!6A]$:![H0A\X!6?:$A![H06@\X!6]T$@![H0E\X!6]:$@![H07\X!6]7$T![H0M\X!66A$7!

[H066\X!7@$?![H0?\X!E]$E![H06\X!?M$A![H0:\X!]T$:![H0T\!..9~!FO![>%O\b!Š&8B6?@]AX!?@7@X!]TE@X!

6M]TX!67A@X!6ET:X!6ATEX!6AAEX!6]]6X!66]6X!6@7?X!6@??X!T6?X!M:AX!M7@X!7TTX!7@]X!EM7X!E@]X!

A:6!19 /! ~!NODV![^VF\!1)41,!B-(!H!2 N#! U#![D!e!N\5!]:6$6E]:!~!B-3/,!]:6$6E?7$!V.&1'(-51-."1)4!

,)')!)(&!"/!B344!)2(&&9&/'!P"'*!'*-5&!.(&#"-354+!(&.-('&,$! !

!

)D)N_"6&G5E:5&XN- N&HN( N=:'K)/, M'

'

'

%-!)!,(+!(-3/,!<-''-9!B4)5JX!Z">4N, ![A?692X!66$E!99-4\!P)5!),,&,X!,(+!^'#U![E94\!P)5!'*&/!

),,&,!'-!B-(9!)!535.&/5"-/!)/,!'*&!B4)5J!P)5!1--4&,!'-!@! $H$!%-!'*"5!9"C'3(&X!)!5-43'"-/!-B!

).0 ! [6$?6! 2X! M$M]! 99-4\! "/! ,(+! ^'#U! [E94\! P)5! ),,&,! [6! 94! j9"/\$! >B'&(! 1-9.4&'"-/! -B!

),,"'"-/X! '*&! (&)1'"-/! P)5! )44-P&,! '-! P)(9! '-! ('! )5! "'! P)5! 5'" ((&,! -#&(/"2*'$! g.-/!

1-9.4&'"-/!<+!%ZHX!'*&!(&)1'"-/!P)5!1--4&,!'-!@!$H!)/,!P)5!o3&/1*&,!P"'*!@$A!94!-B!P)'&(X!

@$A!94!-B!6Ea!PjP!;)UN!5-43'"-/X!)/,!'*&/!6$]!94!-B!P)'&($!!%*&!(&)1'"-/!P)5!5'"((&,!B-(!

6@!9"/!)'!@!$H!<&B-(&!D2VU, !P)5!),,&,$!%*&!(&534'"/2!P*"'&!543((+!P)5!5'"((&,!B-(!?@!9"/!

)'!('$!%*&!P*"'&!5-4",5!P&(&!'*&!(&9-#&,!#")!B"4'()'"-/!P"'*!^'#U!("/5"/2$!%*&!5-43'"-/!P)5!

'*&/!1-/1&/'()'&,! "'()&!L0()/,!+"&4,&,!'*&!!.(-,31'!)5!1-4-(4&55!-"4![T7?!92X!T7a!+"&4,\$!
!
N!

;DO![A@@!DNLX!H=H4%\b!•!E$:@![6NX!,,'X!X!w!6M$6!NLX!6@$A!NLX!7$7!NLX!N0]\X!E$@?![6NX!,,'X!X!w!

6M$6!NLX!]$@!NLX!6$A!NLX!N064C8'D\X!A$TE![6NX!,,'X!X!w!6@$A!NLX!]$@!NLX!6$A!NLX!N06E3D\X!?$?6![]NX!5X!

N07\X!]$@E06$T:![]NX!9X!N0?\X!6$?E06$?@![]NX!9X!N0A\X!@$::![7NX!5X!N0M\!..9~! !%H!;DO[6@6!

DNLX!H=H4%\b!•6?T$7![H0]\X!66A$@![H06\X!M6$7![H07\X!?M$T![H0E\X!?E$6![H0?\X!]:$A![H0A\X!]?$T![H0

27

OH

13

4

6

7



! 6MA!

M\!..9~!FO![>%O\b!Š&8B!??7TX!?@M:X!]TM6X!67A6X!6?MMX!66E6X!TT]X!T@:X!M7A!19/! ~!NODV![^VF\b!

9jL!1)41,!B-(!H"N!0 U![D0N\5!66?$@T77~!B-3/,!66?$@TE:$!

!

K(NK@$GN+N&HN( NE:M4E4:=9$GE:M6&G58H=:'K)/- M'

'

)/- !P)5!5+/'*&5"L&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)/, !P"'*!Z">4N, ![6$6@!2X!7$AE!99-4\!)/,!

).1 '[TEA!92X!E$]?!99-4\$!)/- !+"&4,&,!)5!)!1-4-3(4&55!-"4![A7E!92X!T]a!+"&4,\$6! N!;DO![A@@!

DNLX!H=H4%\b!•!E$:?![6NX!,,'X!X(w67$T!NLX!6@$@!NLX!7$?!NLX!N0] \X!E$@6![6NX!,,'X!X(w67$T!NLX!6$E!

NLX!6$E!NLX!N064C8'D\X!A$T]![6NX!,,'X!X(w6@$@!NLX!6$E!NLX!6$E!NLX!N06E3D\X!?$E?![]NX!5X!N07\X!]$@]0

6$:A![]NX!9X!N0?\X!6$:]06$:@![]NX!9X!N0M\X!6$M:06$M@![?NX!9X!N0AX!N0M\X!6$7:06$7@![6NX!9X!N0

A\X!6$ET06$EE![]NX!9X!N0:\!..9~! !%H!;DO![6@6!DNLX!H=H4%\b!•!6?T$A![H0]\X!66A$]![H06\X!7M$T!

[H07\X!A]$T![H0E\X!?7$@![H0?\X!]:$A![H0A\X!]:$?![H0M\X!6E$?![H0:\!..9~!FO![>%O\b!Š&8B!??A?X!]T:@X!

]T??X!67A6X!6AA]X!6]E?X!667:X!TTAX!TEEX!T@:X!7??X!EE?!19/! ~!NODV![>8HF\b!9jL!1)41,!B-(!

H2N!1 U![D0N\5!6A6$6]MA~!B-3/,!6A6$6]7A$!

!

K(NK@$GN+N&HN( NE:M4E4:=J&HGE:M6&G58H=:'K)/. M'

'

)/. !P)5!5+/'*&5"L&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)/, !P"'*!Z">4N,6[]TA!92X!M$:E!99-4\!)/,!

)/2 '[TEA!92X!E$]?!99-4\$!)/. !+"&4,&,!)5!)!1-4-3(4&55!-"4![M6:!92X!TAa!+"&4,\$!! N!;DO![A@@!

DNLX!H=H4%\b!•!E$:6![6NX!,,'X!X(w67$T!NLX!6@$@!NLX!7$?!NLX!N0]\X!E$@@![6NX!,,'X!X(w67$T!NLX!6$E!

NLX!6$E!NLX!N064C8'D\X!A$T@![6NX!,,'X!X(w6@$@!NLX!6$E!NLX!6$E!NLX!N06E3D\X!?$?M![]NX!5X!N07\X!]$@A0

27

OH

13

4

6
7

8

27

OH

13

4

6
7

8

8



! 6ME!

6$TM![]NX!9X!N0?\X!6$:A06$M]![6NX!9X!N0A\X!6$E:06$E]![?NX!9X!N0AX!N0M\X!6$A706$?T![ANX!9X!N0

MX!N0:\X!6$?T06$?6![]NX!9X!N0:\!..9~! !%H!;DO![6@6!DNLX!H=H4%\b!•!6?T$7![H0]\X!66A$6![H06\X!

7:$?![H07\X!AM$@![H0E\X!?7$A![H0?\X!?A$7![H0M\X!]T$?![H0A\X!]E$A![H0:\!.. 9~!FO![>%O\b!Š&8B!??:@$:X!

]TA?$AX!]:M6$6X!6M6@$MX!67A6$6X!6]:]$TX!6@TA$:X!TT6$MX!T@M$TX!M??!19/! $!

K(NK@$GN+N&HN( NE:M4E4:=5&XE:M6&G58H=:'K)// M'

'

)// !P)5!5+/'*&5"L&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)/, !P"'*!Z">4N,6[EM6!92X!6E$]!99-4\!)/,!

)/( '[6$M]!92X!6@$]!99-4\$!)// !+"&4,&,!)5!)!1-4-3(4&55!-"4![6?T!92X!:Ma!+"&4,\$!! N!;DO![A@@!

DNLX!H=H4%\b!•!E$:6![6NX!,,'X!X(w67$T!NLX!6@$@!NLX!7$?!NLX!N0] \X!E$@@![6NX!,,'X!X(w67$T!NLX!6$E!

NLX!6$E!NLX!N064C8'D\X!A$T7![6NX!,,'X!X(w6@$@!NLX!6$E!NLX!6$E!NLX!N06E3D\X!?$A@![]NX!5X!N07\X!]$@@0

6$TA![]NX!9X!N0?\X!6$AA06$?:![:NX!9X!N0MX!N0: \X!6$?M06$]M![ANX!9X!N0AX!N0T\!..9~! !%H!;DO!

[6@6!DNLX!H=H4%\b!•!6?T$:![H0]\X!66A$6![H06\X!7:$A![H07\X!?M$6![H0E\X!?A$@![H0?\X!?]$E![H0M\X!

]M$7![H0A\X!]7$E![H0T\X!]6$E![H0:\~!FO![>%O\b!Š&8B!???:X!?@M7X!]:E6X!6T7@X!67A@X!6AE]X!6@??X!

T@7X!:A:X!7?]!19/! ~!NODV![>8HF\!9jL!1)41,!B-(!H!! N#! U![D0N\5!67T$6E:M~!B-3/,!67T$6ET]$!

!

K,NK9$GN+N&HN( NE:MG&G%85E>%=N) MNJE%8HN, NE:M6&G58H=:'K)/0 M'

'

)/0 !P)5!5+/'*&5"L&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)/, !P"'*!Z">4N,6[E6?!92X!6?$E!99-4\!)/,!

)/) ' [6$MT!2X!T$@?!99-4\$!)/0 !+"&4,&,!)5!)!1-4-3(4&55!-"4![6$6E!2X!MEa!+"&4,\$!! N!;DO![A@@!

DNLX!H=H4%\b!•!E$MT![6NX!,,'X!X(w67$T!NLX!6@$@!NLX!7$?!NLX!N0] \X!E$@@![6NX!,,'X!X(w67$T!NLX!6$E!

27

OH

13

4

67

8

8

9

27

OH

13

4

67

8

8
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! 6M7!

NLX!6$E!NLX!N064C8'D\X!A$TA![6NX!,,'X!X(w6@$@!NLX!6$E!NLX!6$E!NLX!N06E3D\X!?$7E0?$7]![ANX!9X!N0: \X!

?$AM![]NX!5X!N07\X!]$@606$TE![]NX!9X!N0?\X!6$E?06$AE![ANX!9X!N0M\X!6$A]!0!6$?M![]NX!9X!N0A\!

..9~! !%H!;DO![6@6!DNLX!H=H4%\b!•!6?T$6![H0]\X!66A$E![H06\X!7M$@![H07\X!7?$M![H0:\X!?E$6![H0E\X!

??$M![H0?\X!?]$E![H0M\X!]M$A![H0A\!..9~!FO![>%O\b!Š&8B!?A6A$]X!?@MM$]X!]TA@$TX!]:77$]?X!]]A6$?X!

67A@$TX!6A67$7X!6?EM$?X!6@TM$EX!T@T$:M?@$6X!7A7$EX!E?7$E!19/! ~!NODV![>8HF\b!9jL!1)41,!B-(!

H!. N!2 U#![D 0N\5!6M6$6?:@~!B-3/,!6M6$6?M6$!

)D)N_"J5&HE:5&XN- N&HN( N=:'K)/1 M'

'

)/1 !P)5!5+/'*&5"L&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!)/, !P"'*!Z">4N, ![E6?!92X!6?$E!99-4\!)/,!

)/+ '[6$MT!2X!T$@?!99-4\!"/!,(+!^'#U![E!94\$!)/1 !+"&4,&,!)5!)!1-4-3(4&55!-"4![6$6@!2X!MAa!+"&4,\$!

!
N!;DO![A@@!DNLX!H=H4%\b!•!M$?]0M$?@![ANX!9X!N0:\X!M$]:0M$]A![]NX!9X!N06@\X!M$]]0M$6:![ANX!

9X!N0T\X!E$M:![6NX!,,'X!X!w!6M$6!NLX!6@$]!NLX!M$?!NLX!N0]\X!A$TM![6NX!,,'X!X!w!6M$6!NLX!]$E!NLX!

6$A!NLX!N064C8'D\X!A$T]![6NX!,,'X!X!w!6@$]!NLX!]$E!NLX!6$A!NLX!N06E3D\X!A$6A![]NX!5X!N07\X!]$]M0]$]?!

[]NX!9X!N0?\X!6$:?06$MM![]NX!9X!N0A\!..9~!
!%

H!;DO![6@6!DNLX!H=H4%\b!•!6AE$E![H0M\X!6?:$T!

[H0]\X!6]:$A![H0:\X!6]:$6![H0T\X!6]7$E![H06@\X!66A$E![H06\X!7:$]![H07\X!E]$@![H0E\X!?E$7![H0?\X!

]:$]![H 0A\!..9~!FO![>%O\b!Š&8B!!?A7TX!?@7]X!]TA:X!]T:@X!67A@X!6ETTX!6AT?X!6AAMX!667?X!6@ETX!

TTAX!TEAX!T@:X!M?6X!7T:X!7@A!19 /! ~!NODV![>8HF\b!9jL!1)41,!B-(!H!" N#. ;)U![D 0;)\ 5!]ME$6A@7~!

B-3/,!]ME$6A6]$!

'

'

'

'

'

2

910

10 7

OH

13

4

6

7

8

89



! 6MM!

-*+! 3EHG5&I"I'=?'75"=&IG&%I'

!

;-'&b!F/!)44!1)5&5!1-9.&'"/2!6XA0),,"'"-/!-B!'*&!'*"-4!P)5!5&&/$!%*"5!.(-,31'!1-34,!/-'!<&!

1-9.4&'&4+! (&9-#&,! 1*(-9)'-2().*"1)44+! 5-! '*"-)1(+4)'&5! 1-/')"/"/2! ‹?Ea! -B! '*&! 6XA0

),,"'"-/!.(-,31'!P&(&!35&,!"/!'*&!53<5&o3&/'!9&')'*&5"5!(&)1'"-/$ !

'

75"=84%E:"4'84">'JNG=:E:'&IG&%'K(0+M'

'

;)`N , ![@$@E!2X!6$?]!99-4\!)/,!.0'*"-1(&5-4([E$A7!2X!AA$@!99-4\!P&(&!),,&,!"/!'*)'!-(,&(!

'-!)!5-43'"-/!-B!;)UN![6Ea!PjP!)o$!]@!94\!)/,!5'"((&,!)'!(--9!'&9.&()'3(&!B-(!)/!*-3(!

)/,!'*&/!1--4&,!'-!@! $H!<&B-(&!35&$!F/!)!5&.)()'&!B4)5JX!<3'+4)'&,!*+,(-C+'-43&/&![@$6AE!2X!

@$77!99-4\!)/,!)1(+4-+4!1*4-(",&![E$?7!94X!77$@!99-4\!P&(&!,"55-4#&,!"/!1+14-*&C)/&![?@!

94\$!%-!'*"5!5-43'"-/!3/,&(!1--4"/2!)'!@!$HX!'*&!<-(-*+,(",&!5-43'"-/!P)5!),,&,![694j9"/\!

)/,!5'"((&,!B-(!?@!9"/$!%*&!5-43'"-/!P)5!'*&/!*&)'&,!'-!EE!$H!)/,!5'"((&,!B-(!)/!*-3($!%*&!

(&)1'"-/!9"C'3(&!P)5!&C'()1'&,!P"'*!^' #U![:@!94\X!P)5*&,!P"'*!;)NHU%![6@@!94\!)/,!<("/&!

5-43'"-/! [6@@! 94\X! )/,! '*&/! ,("&,! -#&(! )/*+,(-35! D2VU, $! >! .-('"-/! -B! <3'+4)'&,!

*+,(-C+'-43&/&![A]$?!92\!P)5!),,&,!.("-(!'-!&#).-()'"-/!'-!.(&#&/'!.-4+9&("L)'"-/$! (0+!

+"&4,&,! )5! )! .)4&0+&44-P! -"4! [E$?M! 2X! 7:a! +"&4,\! )B'&(! 1-439/! 1*(-9)'-2().*+! []a!

^' #Uj*&C)/&\$!! N!;DO![A@@!DNLX!H=H4%\b!•!M$??![]NX!,X!X!w!:$A!NLX!N0E\!M$]A![]NX!,X!X(w:$A!

NLX!N07\X!7$AE![6NX!,,X!X(w6M$E!NLX!6@$@!NLX!N0]\X!7$?:![6NX!,,X!X(w6M$E!NLX!6$E!NLX!N06\X!E$ME!

[6NX!,,X!X(w6@$@!NLX!6$E!NLX!N06\X!]$?T![?NX!5X!N0:\!..9~! !%H!;DO![6@6!DNLX!H=H4%\b!•!6:T$6!

[H0?\X!6?T$T![H0M\X!6?A$M![H0E\X!6?A$E![H0]\X!6?@$]![H07\X!6]M$A![H06\X!6]?$M![H0A\X!]6$E![H0:\!

..9~! FO![>%O\b!Š&8B!?@]?X!]T]6X!67:6X!6766X!6ETMX!6AT?X!6AAMX!6?T?X!6?@AX!6]M7X!667@X!T:7X!

TA@X!:@?X!M]]X!M@AX!7]MX!E]:X!AM@!19/! ~!NODV![^VF\!9jL!1)41,!B-(!H!. N!! UV![D0N\5666MT$@E?7~!

B-3/,!6MT$@E?7!

5

3

6
5

S O

1
2

4

6

8



! 6M:!

'

75"=84%E:"4'84">')D,D.NG%"6&G5E:NJ5&HE:'&IG&%'K(1) M'

'

(1) !P)5!5+/'*&5"L&,!35"/2! '*&!5)9&! .(-1&,3(&! )5!(0+!P"'*! ;)UN! [6Ea!PjP! )o$!E!94\X!

;)`N , ! [@$@6E! 2X! @$]M! 99-4\X! ]XAX7! '("9&'*+4! '*"-.*&/-4([6$?7! 2X! :$T?! 99-4\X! <3'+4)'&,!

*+,(-C+'-43&/&! [@$@?@! 2X! @$6?! 99-4\! )/,! )1(+4-+4! 1*4-(",&! [6$@:! 94X! 6?$?A! 99-4\$!(1) !

+"&4,&,! )5! )! .)4&0+&44-P! -"4! [6$]7! 2X! 7Ta! +"&4,\! )B'&(! 1-439/! 1*(-9)'-2().*+! []a!

^' #Uj*&C)/&\$!! N!;DO![A@@!DNLX!H=H4%\b!•!7$T:![]NX!5X!N07\X!7$AT![6NX!,,X!X(w6M$E!NLX!6@$@!

NLX!N0]\X!7$A@![6NX!,,X!X(w6M$E!NLX!6$]!NLX!N06\X!E$MA![6NX!,,X!X(w6@$@!NLX!6$]!NLX!N06\X!]$?6!

[7NX!5X!N0T\X!]$]T![?NX!5X!N0:\!..9~! !%H!;DO![6@6!DNLX!H=H4%\b!•!6::$?![H0?\X!6A]$:![H0A\X!

6A@$]![H0]\X!6?A$M![H07\X!6]T$A![H0M\X!6]M$6![H06\X!6]?$6![H0E\X!]6$M![H0T\X!]6$?![H0:\!..9~! FO!

[>%O\b!Š&8B!]TE]X!]T]@X!67:6X!676]X!67@?X!6A7?X!6?MEX!6]TTX!667@X!6@?6X!TTAX!TA@X!:E@X!M]7X!

7?6X!EE:!19/! ~!NODV![^VF\!9jL!1)41,!B-(!H!# N!- UV![D0N\566]@M$@:?:~!B-3/,!]@M$@:?:$!

!

75"=84%E:"4'84">')D,D.NG%""I=J%=JE:NJ5&HE:'&IG&%'K)(+ M'

'

'

)(+ !P)5!5+/'*&5"L&,!35"/2! '*&!5)9&! .(-1&,3(&! )5!(0+!P"'*! ;)UN! [6Ea!PjP! )o$!E!94\X!

;)`N , ! [A$:@! 92X! @$6?6! 99-4\! )/,! ]XAX70'(""5-.(-.+4'*"-.*&/-4 ( [6$@@! 2X! A$]?! 99-4\X!

<3'+4)'&,!*+,(-C+'-43&/&![T$??!92X!@$@A!99-4\!)/,!)1(+4-+4!1*4-(",&![6$@@!94X!7$MA!99-4\$!
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! 6MT!

)(+ !+"&4,&,! )5! )! .)4&0+&44-P! -"4! [A@6!92X!E]a!+"&4,\! )B'&(! 1-439/! 1*(-9)'-2().*+! []a!

^' #Uj*&C)/&\$!! N!;DO![A@@!DNLX!H=H4%\b!•!M$@T![]NX!5X!N07\X!7$E@![6NX!,,X!X(w6M$E!NLX!6@$@!

NLX!N0]\X!7$?:![6NX!,,X!X(w6M$E!NLX!6$]!NLX!N06\X!E$MA![6NX!,,X!X(w6@$@!NLX!6$]!NLX!N06\X!?$A?0

?$?:![]NX!5&.'X!X(w7$T!NLX!N06@\X!]$T70] 0T6![6NX!5&.'X!X(w7$T!NLX!N0:\X!6$]E![7NX!,X!X(w7$T!NLX!

N0T\X!6$6:![6]NX!,X!X(w7$T!NLX!N066\!!..9~! !%H!;DO![6@6!DNLX!H=H4%\b!•!6:T$?![H0?\X!6E]$7![H0

E\X!6E6$]![H0M\X!6?A$E![H06\X!6]7$:![H0]\X!6]]$6![H07\X!6]6$6![H0A\X!?A$A![H0:\X!?]$@![H06@\X!]T$M!

[H06@K\X!]?$T![H0T\X!]]$M![H066\!..9$! FO![>%O\b!Š&8B!]TE]X!]T]@X!67:6X!676]X!67@?X!6A7?X!6?MEX!

6]TTX!667@X!6@?6X!TTAX!TA@X!:E@X!M]7X!7?6X!EE:!19/! $!NODV![^VF\!9jL!1)41,!B-(!H!" N#0UV![D0

N\566]T6$6M@M~!B-3/,!]T6$6M@A$!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



! 6:@!

-*, ! _&G&%6"H8G"=H'=?'G5&'<9I=:$G&'3G&%&=45&6"IG%E'

K.D.N_"6&G5E:NG&G%85E>%=NJE%8HN) NE:MN84&G"4'84">'6&G5E:'&IG&%'K)- +M'

!

%-!5-43'"-/!-B!%N8!'*"-&5'&(!(1/ ![]E$@!92X!@$@T!99-4X!7Ta!&&\!"/!,(+!D&UNj=HD![6b6X!6!

94\!P)5!),,&,!>2U%B![7M$6!92X!@$]7!99-4\!)/,!'*&!(&)1'"-/!P)5!5'"((&,!-#&(/"2*'$!>B'&(!

1-9.4&'"-/!-B !'*&!(&)1'"-/!<+!%ZHX!'*&!(&)1'"-/!P)5!,"43'&,!P"'*!^'#U![E!94\!)/,!B"4'&(&,!

'*(-32*!)!5"4"1)!.432!B-44-P&,!<+!^'#U![?!v!6E!94\$!%*&!1-9<"/&,!B"4'()'&!P)5!1-/1&/'()'&,!

"/! )&!L0! )/,! '*&! 1(3,&! (&5",3&! P)5! .3("B"&,! <+! B4)5*! 1-439/! 1*(-9)'-2().*+! ]@a!

^'U>1j*&C)/&!'-!)BB-(,! (1/ ')5!)!.)4&!+&44-P!-"4![6A$6!92X!::a!+"&4,X!7Ma!&&\$! N!;DO![A@@!

DNLX!H=H4%\b!•!?$TM![6NX!,,,,X!X(w66$A!NLX!M$]!NLX!A$M!NLX!]$M!NLX!N0A\X!?$7E![?NX!5X!N06\X!]$AM!

[6NX!,,X!X(w6E$6!NLX!M$]!NLX!N0?\X!]$??![6NX!,,X!X(w6E$6!NLX!A$M!NLX!N0?\X!6$7:06$7@![?NX!9X!N0

EX!N07\X!6$AE06$?@![]NX!9X!N0M\X!6$6T![?NX!5X!N0T\X!6$67![?NX!5X!N0TK\X!6$6?06$@:![6NX!9X!N07\!

..9$! !%H!;DO![6@6!DNLX!H=H4%\b!•!6M]$]![H0]\X!M]$]![H0:\X!7M$A![H0A\X!E6$7![H06\X!A]$@![H0?\X!

?7$@![H0E\X!?6$:![H0T\X!?6$]![H0M\X!]6$T![H0TK\X!6T$T![H07\!..9$!FO![>%O\b!#&8B!!]TMAX!]T?EX!6MA@X!

6A?EX! 6?:@X! 66T]!19 /! ~! ^VF0DVb! 9jL! 1)41,! B-(! H!. N!2 ;)U %
e! [De;)\ 5! ]@T$66A:~! B-3/,!

]@T$66E6$!„Q…*
#. !e!]7$A‡![1!@$M6X!HNH4%\!„4"'$!„Q…*

#. !0!E6$]‡![1!@$:7X!HNH4%\!B-(![* \!&/)/'"-9&( #…$!

!

!

!

!

!
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O

1
2

5 7

9

S



! 6:6 !

-*- ! ;"H&G"4'OI=G=J&'3G$>"&I'

!

%*&!,&3'&()'&,!1+14"L)'"-/!.(&13(5-(!)-2 #!P)5!5+/'*&5"L&,!35"/2!'*&!5)9&!.(-1&,3(&!)5!'*&!

.(-'-/)'&,! )-2 ! !)/,!'*&/!,"55-4#&,!"/!,&3'&()'&,!9&'*)/-4![HN %U=\!)44-P"/2!B-(!'*&!Nj=!

&C1*)/2&X!P*"1*!P)5!1-/B"(9&,!<+!9)55!5.&1'(-9&'(+$!!

!

%-!)!5-43'"-/!-B!)41-*-40'*"-&5'&(!)-2 !"# 6[]@$@!92X!@$@E!99-4X!6!&o\!"/!=!# 01+14-*&C)/&![]$?!

94\X![* \0%OF8!(11![7$T7!92X!@$@6!99-4X!]@!9-4!a\!P)5!),,&,!)/,!5'"((&,!)'!&"'*&(!E@!$H!-(!
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No. tR Peak Area
(Y units*ms)

Area
(%)

Width

1 12.49 40070616.000 68.966 0.714
2 14.17 18031616.000 31.034 0.773
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No. tR Peak Area
(Y units*ms)

Area
(%)

Width

1 11.97 553522.563 14.603 0.358
2 13.54 3237027.000 85.397 0.485
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! ]66 !

. ! <99%&R"8G"=HI'

!

[* \0>/'* ! [* \0?X?K0̀"5[T0)/'*()1&/+4\ 06X6K0<"/).*'*+4 0]X]K0,"+4!

*+,(-2&/.*-5.*)'& !

[* \08*&/)/'* ! [* \0?X?|0̀"5[T0.*&/)/'*(+4\ 06X6|0<"/).*'*)4&/& 0]X]|0,"+4*+,(-2&/!

.*-5.*)'& !

[* \0%"8VW! [* \0?X?K0̀"5['(".*&/+45"4+4\06X6K0<"/).*'*+4 0]X]K0,"+4!

*+,(-2&/.*-5.*)'& !

[* \0%OF8! [* \0?X?K0̀"5[]XAX70'(""5-.(-.+4.*&/+4\ 06X6K0<"/).*'*+4 0]X]K0,"+4!

*+,(-2&/.*-5.*)'& !

[* \0n>8UZ! [O\0]X]K0=".*&/+40?X?K0[A0<".*&//)'*(-4\ !

6X]0=H !̂ 6X]0,"1*4-(-&'*)/& !

AŒ!DV! A!Œ/25'(•9!9-4&134)(!5"&#&5!

>1! )1&'+4!

>H8! >1+4!1)(("&(!.(-'&"/!

>F`; ! )L-<"5"5-<3'+(-/"'("4&!

>8HF! )'9-5.*&("1!.(&553(&!1*&9"1)4!"-/"L)'"-/ !

)o ! )o3&-35!

>(! )(+4!

)'9 ! )'9-5.*&(&5 !

`N%! `3'+4)'&,!*+,(-C+!'-43&/&![]X70,"0' 0<3'+40A09&'*+4.*&/-4\ !

`F;UZ! 6X6K0<"0] 0/).*'*-4 !

`/ ! <&/L+4!

`-1 ! '&(' 0<3'+4-C+1)(<-/+4!

<. ! <-"4"/2!.-"/' !

`L! <&/L-+4!

H)'$! 1)')4+5'!

H<L! 1)(<-C+<&/L+4!

HD! 1(-55!9&')'*&5"5!



! ]6] !

1-/# ! 1-/#&(5"-/ !

HUVW! 1-((&4)'&,!5.&1'(-51-.+!

H8>! H*"()4!.*-5.*-("1!)1", !

H8D !̂ 1+14-.&/'+4!9&'*+4!&'*&(!

HV>! H)9.*-(!534B-/"1!)1", !

H3%H! 1-..&([F\0'*"-.*&/& 0] 01)(<-C+4)'&!

H+! 1+14-*&C+4!

, ! ,-3<4&'!

=H !̂ ,"1*4-(-&'*)/& !

=HD! ,"1*4-(-9&'*)/& !

,, ! ,-3<4&'!-B!,-3<4&'!

,,,, ! ,-3<4&!,-3<4&'!

,,' ! ,-3<4&'!-B!,-3<4&'!-B!'(".4&'!

=i%! =&/5"'+!i3/1'"-/!%*&-(+ !

=>V%! ,"&'*+4)9"/-534B3(!'("B43-(",&!

=F`>Z0N! ,""5-<3'+4)439"/"39!*+,(",&!

=F8%! ,""5-.(-.+4!')('()'& !

=D>8! A0,"9&'*+4)9"/-.+(","/& !

=Di ! TJT0,"9&'*+4B-(9)9",& !

=DV! ,"9&'*+4!534B",&!

=DVU! ,"9&'*+4534B-C",&!

=88! ,".*&/+4!*+,(-2&/!.*-5.*)'& !

=88>! ,".*&/+4.*-5.*-(+4!)L",& !

,( ! ,")5'&(&-9&("1!()'"- !

=%`D8! ]X70,"0$4%$0<3'+40A09&'*+4.+(","/&!

&&! &/)/'"-9&("1!&C1&55!

&o$! &o3"#)4&/'5!

&(! &/)/'"-9&("1!()'"- !

^VF! &4&1'(-5.()+!"-/"5)'"-/ !



! ]6? !

i=> ! g$V$!i--,!)/,!=(32!>,9"/"5'()'"-/ !

i9-1 ! B43-(&/+49&'*+4-C+1)(<-/+4!1*4-(",&!

2&9! 2&9"/)4!

N=>! N&'&(-!="&45!>4,&(!

NFn! *39)/!"993/-,&B"1"&/1+!#"(35 !

Nc0FF! N-#&+,)!c(3<<5!]'; !2&/&()'"-/ !

ND`H! *&'&(-/314&)(!934'".4&!<-/,!1-*&(&/1&!

NDSH! *&'&(-/314&)(!934'".4&!o3)/'39!1-*&(&/1&!

NUDU! *"2*&5'!-113."&,!9-4&134)(!-(<"')4!

N8ZH! *"2*0.&(B-(9)/1&!4"o3",!1*(-9)'-2().*+ !

NODV! *"2*0(&5-43'"-/!9)55!5.&1'(-9&'(+ !

NL! N&('L!

* ! *-3(5 !

F`v! ] 0"-,-C+<&/L-"1!)1",!

"=8>! "9",-,".*-5.*-("1!)1", !

"F=8! "9"/-"9",-,".*-5.*)'& !

F =̂N=>! "/#&(5"-/!&4&1'(-/!,&9)/,!*&'&(-!="&45!>4,&(!

"08(! "5-.(-.+4 !

F8>! "5-.(-.+4!)41-*-4!

FO! "/B()(&,!

X( 1-3.4"/2!1-/5')/'![NL\ !

_F!̂ J"/&'"1!"5-'-.&!&BB&1'!

_f! J"4-!f-34&!

ZHE@! 9&,")/!4&'*)4!1-/1&/'()'"-/ !

Z=>! 4"'*"39!,""5-.(-.+4)9",& !

Z"ND=V! 4"'*"39!<"5['("9&'*+45"4+4\)9",&!

ZgDU! 4-P&5'!3/ -113."&,!9 -4&134)(!-(<"')4'

9 ! 934'".4&'!

< H8`>( < 01*4-(-.&(-C+<&/L-"1!)1",!



! ]6A!

D&5! 9&5"'+4![6X?XE0'("9&'*+4<&/L&/&\!

9"/ ! 9"/3'& !

D. ! 9&4'"/2!.-"/' !

9-4! 9-4)( !

DUD ! 9&'*-C+9&'*+4!

D8D ! 9&'*-C+<&/L+4!

D5! 9&5+4!

;HF! ;)'"-/)4!H)/1&(!F/5'"'3'& !

;Z^ ! /-/ 04"/&)(!&BB&1'!

;DO ! /314&)(!9)2/&'"1!(&5-/)/1& !

;5 ! ; 0/"'(-<&/L&/&534B-/+4!

8DF! .("/1".)4!9-9&/'5!"/'&('") !

8D8! ; 09&'*-C+.*&/+4 !!

..9 ! .)('5!.&(!9"44"-/ !

o! o3)('&' !

()10HV>! ()1&9"1!1)9.*-(534B-/"1!)1",!

(' ! (--9!'&9.&()'3(& !

5! 5"/24&'!

5)' ! 5)'3()'&, !

50̀3 ! 5&10<3'+4!

' ! '(".4&'!

%`>H4! '&'()<3'+4)99-/"39!1*4-(",& !

%`>i! '&'()<3'+4)99-/"39!B43-(",& !

%`V! '("50<3BB&(&,!5)4"/&!

' 0̀3 ! '&(' 0<3'+4!

%^V! '("&'*+45"4)/&!

%B! '("B4)'&!

%i>! '("B43-(-)1&'"1!)1",!

%Ni! '&'()*+,(-B3()/ !



! ]6E!

%N8! '&'()*+,(-.+()/ !

%ZH! '*"/!4)+&(!1*(-9)'-2().*+ !

%DV! '("9&'*+45"4+4!

%5! ; 0'-43&/&534B-/+4!

Žq ! 9"1(-P)#&5!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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! ]67 !

/ ! B&?&%&H4&I'

!

6! 8$!>$!H4)(J&!)/,!V$!V)/'-5X!WL%-(X-(F%@-(GD4<-X!]@@7X!]@AEz]@E?$!

] ! ;$!D$!;)5"(X!_$!^(9)/"5!)/,!8$!>$!H4)(J&X!F%@-(9"0<0>-(GD4<X!]@6AX!() X!??]?$!

?! f$!W"/X!_$!_-3,)X!W$!%&L3J)X!S$!4&!%()/X!%$!D"+)*)()X!W$!H*&/!)/,!V$!_),-')X!8>&'$&(O4/X!

]@@AX!/2 X!EAzE:$!

A! 8$!>$!V&)(4&!)/,!%$!i$!D-4"/5J"X!X-(B<-(GD4<-(A0!X!6TTEX!((/ X!:6]7z:6 ?6$!

E! %$!i$!D-4"/5J"X!K4$%&D4/%0'(.4$$X!6TT7X!+/ X!M:MTzM::@$!

7! O$!N$!H"1*&P"1LX!>$!i(&,&("1J!>$!n)4&("-'&!)/,!8$!H(&P5X!F%@-(.4$$-(X!]@@AX!() X!6TE6z

6TEA$!

M! O$!=$!%)+4-(X!D$!D)11-55!)/,!>$!=$!c$!Z)P5-/X!X-(O4/-(GD4<-X!]@6AX!-/ X!E:AEzE:ET$!

: ! D$!=$!=&4-5'X!=$!%$!V9"'*X!`$!f$!>/,&(5-/!)/,!f$!%$!;m)(,)(5-/X!X-(O4/-(GD4<-X!]@6:X!

.( X!6@TT7z66@]@$!

T! N$!i3P)X!;$!F1*"/-J)P)X!_$!;-'-!)/,!D$!V)5)J"X!X-(F%@-(GD4<-X!]@6]X!// X!]E::z]7@M$!

6@! >$!D$!D)('&44"X!i$!`3-/'&9.-!)/,!f$!>$!D1H3<(&+X!G>"'-(A!"-X!]@6:X!(+) X!EA?zE7:$!

66! >$!`3,)J-'"X!8$!_$!D-/,)4X!8$!n&(9)!)/,!f$!_*)9()"X!94">#$4"'(X-((F%@-(GD4<-X!]@]6X!(/ X!

T?]zT7?$!

6] ! N$!f$!8("/5X!GD4<-(m443E>&/-X!6T6TX!(. X!6@M]$!

6?! ^$!N)/51*J&X!GD4<-(94%-X!6TEEX!00X!6@E?z6@76$!

6A! O$!q$!>4,&(X!f$!;$!N)(#&+!)/,!D$!%$!U)J4&+X!X-(B<-(GD4<-(A0!-X!]@@]X!(), X!AT7@zAT76$!

6E! c$!H$!%53"X!Z$!Z"3!)/,!`$!Z"5'X!B'@42-(GD4<-(6'$-(W/-X!]@6EX!-, X!MM@?zMM@7$!

67! >$!D)('•/&LX!D$!#)/!c&99&(&/!)/,!`$!Z"5'X!A='>4$$X!]@6AX!)- X!T76zT7A$!

6M! Z$!Z"3X!8$!V$!f$!_)"<X!>$!%).!)/,!`$!Z"5'X!X-(B<-(GD4<-(A0!-X!]@67X!(+0X!6@:]]z6@:]E$!

6: ! %$!c4)1*&'X!i$!i)1*&X!`$!8&4-'"&(!)/,!U$!8"#)X!A='$D4#"#(+A$L$$@,X!]@6MX!,1 X!E6TMzE]@]$!

6T! f$!V$!W),)#X!`$!n$!V$!O&,,+X!V$!>()#"/,X!c$!c$!_$!V$! ;$!_39)(X!H$!D),*)#"! )/,!>$!H$!

_3/P)(X!K4$%&D4/%0'X!]@@:X!., X!?@]Ez?@?6$!

]@! V$!O$!H(-5<+X!f$!O$!N)(,"/2X!H$!=$!_"/2X!c$!=$!8)(J&(!)/,!H$!Z$!q"44"5X!F%@-(.4$$-X!]@@]X!, X!

EMMzE:@$!



! ]6M!

]6 ! H$!V$!f$!`)((+X!V$!O$!H(-5<+X!f$!O$!N)(,"/2X!O$!>$!N32*&5X!H$!=$!_"/2X!c$!=$!8)(J&(!)/,!H$!

Z$!q"44"5X!F%@-(.4$$-X!]@@?X!- X!]A]Tz]A?]$!

]] ! V$!=$!O+1*/-#5J+X!V$!D)(39-'-!)/,!f$!f$!f)<&(X!F%@-(.4$$-X!]@@6X!+X!?:6Ez?:6:$!

]? ! V$!D)(39-'-X!f$!f$!f)<&(X!f$!8$!n"')4&!)/,!V$!=$!O+1*/-#5J+X!F%@-(.4$$-X!]@@]X!, X!?T6Tz

?T]]$!

]A! G$!D$!8/2X!N$!G&/2X!S$!W&!)/,!f$!v3X!GD4<-(B#"&'(X-X!]@6MX!( ) X!]6A]z]6ET$!

]E! n$!Z)"/)0D)('•/X!f$!>$!i&(/•/,&L0V)4)5!)/,!f$!>4&9•/X!GD4<-(WL%-(X-X!]@]6X!)/ X!6]E@Tz

6]E]@$!

]7 ! >$!_$!c*-5*!)/,!c$!c-/2X!GD4<-(B#"&'(X-X!]@@:X!+X!6:66z6:]?$!

]M! >$!c$!=-55&''&(X!%$!i$!f)9"5-/!)/,! !̂ $!;$!f)1-<5&/X!B'@42-(GD4<-X!6TTTX!((( X!]EAT$!

]: ! V$!O)2*)#)/!)/,!8$!_$!V)9)/')X!F%@-(.4$$-X!]@6]X!(, X!]?A7z]?AT$!

]T ! D$!Z$!V*"X!c$!G*)/X!V$!Z$!G*-3X!q$!=3!)/,!W$!H$!H*&/X!F%@-(.4$$-X!]@67X!(0X!7A:@z7A:?$!

?@! D$!v"&X!Z$!Z"/!)/,!v$!i&/2X!GD4<-(*4!-X!]@6MX!(/ X!66:Az6]@]$!

?6! v$!f")/2!)/,!O$!q)/2X!GD4<-(*4)-X!]@6?X!((+ X!EE6EzEEA7$!

?] ! ‘$! >4<(&1*'X! c$! ="1J9&"55X! H$! i$! q&"5&X! H$! O-,(•23&L0̂ 51("1*! )/,! _$! >$! fd(2&/5&/X!

B'@42-(GD4<-(6'$-(W/-X!]@6]X!-( X!6?6@Tz6?66?$!

??! v$!_$!c3)/X!c$!i$!Z"3X!=$!>/X!N$!G*)/2!)/,!V$!S$!G*)/2X!F%@-(.4$$-X!]@6TX!)( X!EA?:zEAA]$!

?A! `$!i()/1"5!O-<&('!f)..X!X-(GD4<-(A0!-X!6T@AX!0-X!6AM?$!

?E! =$!n-(4} /,&(!)/,!_$!N-<-*9X! 94%-(7$#!D-(GD4<-(M4#-X!6:T7X!)1X!6?E]$!

?7! H$!>$!O$!`)C'&(X!=$!>$!q*"'"/2X!c$!H$!i-(P)(,X!f$!H$!>$!O$!`)C'&(X!i$!>(/,'X!8$!;)'1*P&+X!

f$!8351*X!_$!`$!q"<&(2X!`$!f$!;"5'!)/,!^$!V1*)3,&(X!X-(GD4<-(A0!-X!6T7:X!66MAz66M:$!

?M! O$!H-(/3<&('!)/,!8$!O-<"/&'X!9L>>-(GD4<-(A0!-(b%-!

?: ! 8$!>$!H4)(J&!)/,!q$!N$!H$!D)('"/X!F%@-(.4$$-X!]@@]X!, X!AE]MzAE]T$!

?T! V$!;$!N31J"/!)/,!Z$!q&"4&(X!G&'-(X-(GD4<-X!6TMAX!-) X!]6EMz]67A$!

A@! %$!N$!H*)/!)/,!8$!`(-P/<(",2&X!X-(B<-(GD4<-(A0!-X!6T:@X!(2) X!?E?A$!

A6! 8$! >$! H4)(J&X! q$! N$! H$! D)('"/X! f$! D$! N)(2(&)#&5X! H$! q"45-/! )/,! >$! f$! `4)J&X!GD4<-(

G0<<L'- X!]@@EX!2X!6@76z6@7?$!

A]! 8$!>$!H4)(J&X!q$!N$!H$!D)('"/X!f$!D$!N)(2(&)#&5X!H$!q"45-/!)/,!>$!f$!`")J&X!F%@-((9"0-(

GD4<-X!]@@EX!+X!?EE6z?E7?$!



! ]6: !

A?! 8$!>$!H4)(J&!)/,!q$!N$!H$!D)('"/X!K4$%&D4/%0'(.4$$-X!]@@AX!,- X!T@76zT@7?$!

AA! 8$!>$!H4)(J&!)/,!q$!N$!H$!D)('"/X!K4$%&D4/%0'X!]@@EX!.( X!EA??zEA?:$!

AE! 8$!>$!H4)(J&X!V$!V)/'-5!)/,!q$!N$!H$!D)('"/X!M%44'(GD4<-X!]@@MX!1X!A?:zAA@$!

A7! 8$!>$!H4)(J&X!V$!V)/'-5X!;$!D"5'(+X!Z$!`3((-32*5!)/,!>$!H$!N39.*("&5X!F%@-(.4$$-X!]@66X!

(+X!7]Az7]M$!

AM! 8$!>$!H4)(J&X!V$!V)/'-5X!;$!D"5'(+X!Z$!`3((-32*5!)/,!>$!H$!N39.*("&5X!F%@-(.4$$-X!]@66X!

(+X!7]Az7]M$!

A:! H$!i$!;"5"/2!)/,!V$!`()5&X!GD4<-(A0!-(*4)-X!]@6]X!,( X!T::zTTT$!

AT! i$!Z-+,4X!XL#$L#(."4E"@#(B''-(GD4<-X!6:M:X!(1) X!:@z:T$!

E@! W$!%)/2X!f$!U..&/*&"9&(X!G$!V-/2X!Z$!W-3X!v$!G*)/2!)/,!O$!8$!N53/2X!K4$%&D4/%0'X!]@@TX!

.) X!6@M:Ez6@:6?$!

E6! N$!i3P)X!N$!W)9)231*"!)/,!D$!V)5)J"X!F%@-(.4$$-X!]@6@X!() X!6:A:z6:E6$!

E]! `$!D$!%(-5'!)/,!D$!f$!`)('4&''X!F%@-(.4$$-X!]@6]X!(, X!6?]]z6?]E$!

E?! N$!i3P)X!_$!;-'-!)/,!D$!V)5)J"X!F%@-(.4$$-X!]@6@X!() X!67?7z67?T$!

EA! N$!F(51*"JX!D$!_-..X!_$!f$!q&"559)/X!_$!`3/'"/X!f$!8"&4!)/,!O$!D’44&(X!GD4<-(9"0-(GD4<-X!

]@6@X!(( X!6:A@z6:AT$!

EE! N$!i3P)X!;$!F1*"/-J)P)X!_$!;-'-!)/,!D$!V)5)J"X!X-(F%@-(GD4<-X!]@6]X!// X!]E:: z]7@M$!

E7! _$!>5)/-!)/,!V$!D)'53<)()X!X-(B<-(GD4<-(A0!-X!]@66X!(++X!67M66z67M6?$!

EM! W$!i3J)')X!O$!D"+)m"X!%$!UJ)93()X!_$!>5)/-!)/,!V$!D)'53<)()X!A='$D4#"#(+A$L$$@,X!]@6?X!

,- X!67]Mz67?A$!

E:! W$!Z3X!c$!G-3!)/,!c$!G*)-X!BGA(G&$&>-X!]@6?X!+X!6?E7z6?ET$!

ET! `$!D- /,)4X!D$!`)4*)!)/,!V$!H$!8)/X!B#"&'(X-(F%@-(GD4<-X!]@6:X!/ X!6M::z6MT]$!

7@! 8$!_$!D+J*)"4"3JX!_$!i-9"/-#)X!%$!=")1*3JX!=$!c()/)'X!%$!V)#1*3JX!n$!n"41*+/5J+"X!U$!

V#"'4+1*/+"X!n$!D&4")/'5&#X!F$!_-#)41*3JX!^$!Z"'5J)/X!n$!#!Z&#'&(-#X!n$!O$! `),4-X!O$!F$!

n)5J&#+1*X!>$!F$!n)5J&#+1*X!>$!#!`-4<3'X!n$!#!V&9&/-X!O$!F9"/-#X!_$!V*#+,&/J-X!>$!V$!

_3L/&'5-#)X!W$!#!=9+'("#X!=$!n+5-1*+/X!n$!O".&/J-X!>$!>$!%-49)1*&#X!U$!8)#4-#)X!N$!

_3L/"&'5-#)X!F$!8"5*&4!)/,!8$!`-(+5J-X!GD4<-(A!"-(X!]@]6X!() X!66]?Tz667@7$!

76! i$!Z-#&("/2X!f$!`"JJ&(!)/,!H$!N39<4&'X!X-(O4/-(GD4<-X!]@@TX!-) X!7ME]z7ME7$!

7] ! i$!Z-#&("/2X!*AG(O4/-(GD4<-(X!]@6?X!, X!E6EzE6T$!



! ]6T!

7?! q$!N$!`$!V)3&(!)/,!D$!_$!V1*P)(LX!X-(GD4<-(6'C-O0/4>-X!]@@?X!,+ X!T:Mz6@@?$!

7A! f$!D&+&(5X!D$!H)('&(X!;$!W$!D-J!)/,! ;$!`(-P/X!bL$L%-(O4/-(GD4<-X!]@67X!0X!6ME?z

6M7M$!

7E! O$!O$!O&,,+X!V$!V$!c3,3.! )/,! 8$!c*-()"X!B'@42-(GD4<-(6'$-(W/-X! ]@67X!-- X!6E66Ez

6E66T$!

77! 8$!>$!H4)(J&X!V$!V)/'-5X!;$!D"5'(+X!Z$!`3((-32*5!)/,!>$!H$!N39.*("&5X!F%@-(.4$$-X!]@66X!

(+X!7]Az7]M$!

7M! 8$!>$!H4)(J&!)/,!_$!^(9)/"5X!F%@-(.4$$-X!]@6]X!(, X!EEE@zEEE?$!

7: ! _$!^(9)/"5X!W$!%$!N5")-X!g$!_)+)X!>$!f&3J&/!)/,!8$!>$!H4)(J&X!GD4<-(A!"-X!]@67X!0X!A:]z

AT@$!

7T! f$!i$!H)(.&/'"&(X!G$!q3X!H$!q$!Z&&X!V$!V'(•9<&(2X!f$!;$!H*("5'-.*&(!)/,!O$!i$!f-(,)/X!X-(

B<-(GD4<-(A0!-X!]@@@X!()) X!MME@zMM7M$!

M@! H$!f$!D),,-1J5X!_$!^(9)/"5!)/,!8$!>$!H4)(J&X!F%@-(.4$$X!]@]]X!)) X!:667z:6]6$!

M6! >$!_$!H*)''&(m&&X!%$!Z$!H*-"X!=$!8$!V)/,&(5!)/,!O$!N$!c(3<<5X!X-(B<-(GD4<-(A0!-X!]@@?X!

()- X!66?7@z66?M@$!

M]! f$!V$!_"/25<3(+X!f$!8$!>$!N)(("'+X!8$!f$!`-/"')'&<35!)/,!>$!N$!N-#&+,)X!X-(B<-(GD4<-(A0!-X!

6TTTX!()( X!MT6zMTT$!

M?! _$!n-"2'("''&(X!V$!c*-()"!)/,!`$!N$!Z".5*3'LX!X-(F%@-(GD4<-X!]@66X!/. X!A7TMzAM@]$!

MA! 8$!f$0Z$!N“("55-/!)/,!W$!H*)3#"/X!O&3%0<0>-(GD4<X!6TM6X!(,( X!676z6M7$!

ME! ;$!`)*(" 0Z)4&*X!O$!H(&,&/,"/-!)/,!Z$!H)#)44-X!94">#$4"'(X-((F%@-(GD4<-(X!]@66X!/ X!A@zAE$!

M7! i$!Z-#&("/2X!f$!`"JJ&(!)/,!H$!N39<4&'X!X-(O4/-(GD4<X!]@@TX!-) X!7ME]z7ME7$!

MM! V$!=$!c("225X!;$!%*-9.5-/X!=$!%$!%).&X!D$!i)<(&!)/,!8$!>$!H4)(J&X!GD4<-(WL%-(X-X!]@6MX!

)+X!T]7]zT]7E$!

M:! H$!f$!D),,-1J5X!_$!^(9)/"5!)/,!8$!>$!H4)(J&X!F%@-(.4$$-X!]@]@X!)) X!:667z:6]6$!

MT! V$!N)/&55")/X!>$!%&*"9!)/,!8$!H*&/X!X-(F%@-(GD4<X!6TT?X!-0X!]T$!

:@! ^$!D)(-'')X!^$!i-(&5'"X!%$!D)(1&44"X!i$!8&("X!8$!O"2*"X!;$!V1)(,-#"!)/,!c$!O-5"/"X!F%@-(.4$$X!

]@@]X!, X!AAE6zAAE?$!

:6 ! H$!f$!D),,-1J5X!_$!^(9)/"5!)/,!8$!>$!H4)(J&X!F%@-(.4$$X!]@]@X!)) X!:667z:6]6$!

:] ! D$!^$!f3/2!)/,!c$!8""LL"X!GD4<-(*4)X!]@@EX!(2- X!6M?Ez6M77$!



! ]]@!

:? ! H$!!F/2-4,X!X-(GD4<-(A0!-X!6T]6X!+2-X!66T$!

:A! O$!D$!`&&54&+X!H$!_$!F/2-4,!)/,!f$!i$!%*-(.&X!X-(GD4<-(A0!-X!6T6EX!(2/ X!6@:@z66@7$!

:E! 8$!%$!i()/J&X!O$!Z$!f-*)/5&/X!V$!`&('&45&/!)/,!_$!>$!fd(2&/5&/X!GD4<-(B#"&'-(X-X!]@@:X!

+X!]67z]]A$!

:7 ! _$!>4-9)("X!;$!V)"!8)#)/!H*)J()#)('*+X!`$!=31*),&)3X!_$!^(9)/"5!)/,!8$!>$!H4)(J&X!

F%@-(9"0-(GD4<-X!]@]]X!)2X!66:6z66:E$!

:M! n$!>5*-JJ39)(X!_$!=3()"93(32)/!)/,!>$!V"#)X!T42(X-((GD4<-X!]@67X!,2 X!M6A:zM6E7$!

:: ! O$!D-/)1-X!c$!83.-!)/,! ` $!Z"5'X!A='>4$$X!]@67X!)/ X!6@]Mz6@A@$!

:T ! D$!O$!D-/)1-X!=$!i)LL"X!;$!%53m"X!D$!Z&3'L51*X!V$!Z")-X!q$!%*"&4!)/,!̀ $!Z"5'X!X-(B<-(GD4<-(

A0!-X!]@67X!(+0X!6AMA@z6AMAT$!

T@! ;$!Z"X!v$!N$!H*&/X!V$!D$!G*-3X!V$!q$!Z3-X!f$!V-/2X!Z$!O&/!)/,!Z$!G$!c-/2X!B'@42-(GD4<-(

6'$-(W/-X!]@6@X!,1 X!7?M:z7?:6$!

T6! =$!f)/5&/X!f$!c()9’44&(X!i$!;"&9&+&(X!%$!V1*)44&(X!D$!H$!Z&'L&4X!V$!c("99&X!N$!G*3X!O$!

D$!c51*P"/,!)/,!f$!;"&9&+&(X!GD4<-(A!"-X!]@]@X!(( X!A?:6zA?T@$!

T] ! W$!c&"2&(X!%$!>1*)(,X!>$!D)"55&0i()/”-"5!)/,!V$!`&44&9"/ 0Z).-//)LX! GD4<-(A!"-X!]@]@X!

(( X!6]AE?z6]A7?$!

T?! H$!831*-'X!H$!>2)9"X!U$!V)93&4X!^$!=3/)1*X!V$!G*)-!)/,!N$!`$!_)2)/X!X-(B<-(GD4<-(A0!-X!

6T:7X!(20X!]?E?z]?EM$!

TA! N$!`$!_)2)/X!F">(M&#(A!"-((K4!D'0>-X!]@@MX!.) X!M?6zM?:$!

TE! f$!`3(“5X!B'@42-(GD4<-(6'$-(W/-X!]@67X!-- X!]@]:z]@?6$!
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