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a) Classic C–N cross-coupling (electroneutral)
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+R X N
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aryl (pseudo)halide

(electrophile)

TM = Pd: Buchwald–Hartwig
TM = Cu: Ullmann

amine or derivative
(nucleophile)

N

R

b) Oxidative C–N cross-coupling (requires added oxidant)

TM cat.
+R B(OR)2

N

H
aryl organoboron

(nucleophile)

TM =  Cu: Chan–Lam

amine or derivative
(nucleophile)

N
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R2R1
Ar B(OH)2

Cu(OAc)2 (1-2 equiv)

Et3N or pyridine
CH2Cl2, air, rt

N
R2R1

Ar
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Amine Aniline Amide Urea Sulfonamide Phenol

Ar
N
H

63% yield

Ar
N
H

90% yield

t-Bu

Ar
N

O

Ph

17% yield

Ar
N

O

Me2N

45% yield

Ph

Ar
N

72% yield

Me

Ar

O

73% yield

t-Bu

t-Bu

B(OH)2

AcHN

I

I

OH

EtO2C

AcHN

I

I

O

MeO

MeO

R = Me, 81% yield
27 examples, 7-98% yield

X

X X
X

N
H

R1 X

X X
X

N
R1

Ar

N
N

Ar

N

N

Ar

N
N

N

Ar

N

N
N

N

Ar

Ph

N
N

Ar

N

N

Ar

XHR Ar B(OH)2

Cu(OAc)2 (1-2 equiv)

Et3N or pyridine
CH2Cl2, air, rt

15 examples
4-96% yield

(a) ChanÕs N- and O-arylation

(b) EvansÕ application of the O-arylation

R
X

Ar

For example (Ar = p-tolyl)

EtO2C

Cu(OAc)2 (1 equiv)

Et3N, pyridine
CH2Cl2, air, 4 • MS, rt

Ts

Pyrazole Imidazole Triazole Tetrazole Indazole Benzimidazole

76% yield 72% yield 6% yield 26% yield 72% yield 67% yield

Ar B(OH)2

Cu(OAc)2 (1.5 equiv)

pyridine, CH2Cl2
air, 4 • MS, rt

13 examples
6-88% yield

(c) Azaheterocycle N-arylation by Chan and Lam

For example (Ar = p-tolyl)

Me

N N
N

O

O
NH2

OMe

N

O

Eliquis (apixaban)
anticoagulant
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MeO

OMe

O

NH2

Me B(OH)2

Cu(OAc)2 (2.7 equiv)

pyridine, 1,4-dioxane
air, reflux

MeO

MeO

OMe

O

NH

Me

66% yield

(a) Use of MeB(OH)2

N
H

O

NH

Me

Me

Cu(OAc)2 (1 equiv)

2,2-bipyridine (1 equiv)
Na2CO3 (2 equiv)
DCE, air, 70 ¼C

B(OH)2

N
H

CN

OMe

OMe

Me

Me

Cu(OAc)2 (1 equiv)

2,2-bipyridine, Na2CO3
DCE, air, 70 ¼C

B(OH)2

(b) Use of c-propylB(OH)2 (methodology)

(c) Use of c-propylB(OH)2 (target synthesis)

N

O

NH

Me

Me

95% yield
16 other examples 

40Ð99% yield

N

CN

OMe

OMe

Me
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OMe

OMe

OMe

OMe

19% yield
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Cu(OTf)2 (10 mol%)

EtOH, air, 40 ºC N

N

Ph

99% yield
18 other examples 

30–98% yield

N B

O

O
O

Me

K

N
H

N N
Cu(OAc)2 (20 mol%)

4 Å MS, PhMe, O2, 60 ºC

70% yield
45 other examples 

53–98% yield



! "* !

!

<#$"0"*>[?!=Z#-L3&+!81!$%&!6%#5[ R#-!#-45#$485!81!L8$#++42-!$94132898]89#$&+)!!

!

!

.89854@! #@4:! L45#@83! &+$&9+! _.Q45`! #9&! @8--85! @8-L85&5$+! '4$%45! @98++W@82L345D! @%&-4+$90! 45! D&5&9#3k!

%8'&B&9,!$%&0!%#B&!+&&5!-2@%!-89&!34-4$&:!2L$#X&!'4$%45!6%#5[ R#-!@%&-4+$90)!;+!58$&:!#]8B&,!$%&!9&#+85+!

189!$%4+!#9&!34X&30!:2&!$8!L889!9&#@$4B4$0!#+!#!9&+23$!81!62!45%4]4$485!]0!L45#@83,!9&3&#+&:!:2945D!$%&!9&#@$485!89!

:2&!$8!38'&9!9&#@$4B4$0)&+(!)" !;5!&#930!9&L89$!198-!?#9$'4D!+2@@&++12330!2+&:!#903.Q45!189!$%&!#903#$485!81!#!

9#5D&!81!L94-#90!#-45&+!45!-8:&9#$&!$8!D88:!04&3:!]0!2+45D!E/!#+!#5!#::4$4B&!_>@%&-&!GG#`)!) " !J%&!894D45!81!

$%&!E/!&11&@$!4+!25@3&#9!]2$!4$!4+!34X&30!$%#$!$%4+!:94B&+!189-#$485!81!#!]8985#$&,!#3$%82D%!$%&!b2&+$485!9&-#45+!

'%&$%&9!$%4+!$%&5!1#@434$#$&+!%0:9830+4+!89!25:&9D8&+!$9#5+-&$#3#$485)!

!

;! 9&L89$! 198-! E25458]2! 45! SOGH! :&-85+$9#$&:! $%&! @#$#30$4@! 6%#5[ R#-! #-45#$485! _#5:! &$%&9414@#$485`! 81!

#-4:&+!2+45D!L94-#90!#5:!+&@85:#90!#3X03.Q45!9&#D&5$+,!#D#45!%4D%34D%$45D!$%&!2+&!81!6%#5[ R#-!@%&-4+$90!

#+!#5!#3$&95#$4B&!$8!-89&!$9#:4$485#3!#3X03#$485+!_>@%&-&!GG]`)!' - !J%&!9&#@$485!9&b249&:!$%&!252+2#3!2+&!81!_'W

.2^` " ! #+! $%&! $&9-45#3! 8Z4:#5$! ]2$! 89D#58]8985! 8Z4:#$485! '#+! 58$!9&L89$&:! $8! ]&! L98]3&-#$4@)! *#$+85!

+2]+&b2&5$30!9&L89$&:!$%&!@#$#30$4@!#-45#$485!81!#! '4:&!9#5D&!81!125@$485#34f&:!#3X03.Q45!]2$!2+45D!#!-89&!

@8-L3&Z! -4Z$29&! 81! @#$#30+$! #5:! 9&#D&5$+,! 45@32:45D! #!C#@C#@! 34D#5:,!+43#58#$&! ]#+&,! #5:,! +4-43#9! $8!

E25458]2,!+$84@%48-&$94@!L&98Z4:&!#+!$&9-45#3!8Z4:#5$)!+ , !!

!

*

*

*

*

*

BF3K
NHO

O CuCl2¥2H2O (15 mol%)
1,2-dimethylimidazole (40 mol%)

4 • MS, CH 2Cl2, O2, rt NO

O

64% yield
23 other examples 

27–99% yield

N
H

O
BF3K

Cu(OAc)2 (25 mol%)
1,10-phen (12.5 mol%)

 K2CO3 (2 equiv)
PhMe/H2O, O2, 60 ¼C

N O

87% yield
29 other examples 

27–89% yield

NH2

O

Ph
BF3K

Cu(OAc)2 (10 mol%)

DMSO/CH2Cl2 (1:1)
4 • MS, O 2, 40 ¼C

N
H

O

Ph

60% yield
21 other examples 

25–97% yield

(a) Acetylinic BF3K

(c) c-propyl BF3K

(b) Alkenyl BF3K
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BPin

Me

O

MeO
NH2EtO

OEt Cu(OAc)2 (10 mol%)

KF, 4 Å MS, MeCN
O2, 80 ºC

H
N

Me

O

MeO OEt

OEt

66% yield
13 other examples 

31–67% yield

BPin

NH2

O

N
H

OCu(OAc)2 (10 mol%)
L1 (10 mol%)

NaOSiMe3, DTBP
4 Å MS, t-BuOH, 75 ºC

67% yield
23 primary BPin examples

12 secondary BPin examples 
31–86% yield

F

F

N

N

Me2N

N

N

NMe2

BPin

NMe2
NH2

Br

Me

N

OMe

Me Me

HN

Me

OMe

L1

EtO2C

NH

NMe2

EtO2C

Br

Cu(OAc)2 (10 mol%)

3 Å MS, MeCN, O2, 80 ºC

55% yield
11 other examples 

36–66% yield

Me

BPin
H
N

O

N

Me
N

Cu(OAc)2 (20 mol%)

B(OH)3, MeCN/t-BuOH
4 Å MS, O2, 80 ºC

N N

N

NH2

Me

NH
H
N

O

N

Me
N

NN

N

67% yield
56 other examples 

36–94% yield

(a) Hartwig’s arylBPin amination

(b) Kuninobu’s alkylBPin amination

(d) Clark’s arylBPin amination

(f) Watson’s arylBPin amination using B(OH)3

(g) Watson’s arylBPin amination of sulfonamides

(e) Watson’s arylBPin amination using mixed solvent

(c) Watson’s process using NacNac ligands

Ph BPin
Cu(OAc)2 (5 mol%)

(t-BuO)2, PhMe, 50 ºC
Ph N

Ph

OH

82% yield
11 other examples 

20–>99% yield

N
H

Ph OH

Cu(OAc)2 (1 equiv)

Et3N, MeCN/EtOH, air, 80 ºC

58% yield
61 other examples 

10–91% yield

NH2

F

NC
Ph BPin

H
N

F

NC
Ph

Me
S

N
H

O O
N

Me
S

N

O O
N

N

N

BPin Cu(MeCN)4PF6 (50 mol%)

K3PO4, MeCN, air, rt

51% yield
24 other examples 

35–96% yield
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O

H2N

Cu(OAc)2.H2O (1 equiv)

Et3N, MeCN, air, rt

O

N
H

Ph

Cl

Cl

Cl
Cl

Cl

Cl

81% yield
23 other examples 

56Ð93% yield

Ph B(OH)2
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H2N

OH

MeMe

O

OMe

N
H

OH

MeMe

O

OMe

N

BrCu(OAc)2 (1.4 equiv)

58% yield
16 other examples

4–82% yield

pyridine, 4 Å MS 
CH2Cl2, air, rtN

B(OH)2

Br

NH2

OEt

O

O

NH
Me

Me

NH

OH

O

O

NH
Me

Me

57% yield (over 2 steps)
3 other examples 

57-78% yield

NC
B(OH)2

Et3N, CH2Cl2, air, rt

Cu(OAc)2 (10 mol%)

NC

Me

Me

Me

Me then aq. NaOH
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42% yield (over 2 steps)
3 other examples 

28-46% yield

B(OH)2

MeO2C

Et3N, 4 Å MS 
CH2Cl2, air, rt

Cu(OAc)2 (1 equiv)Cl

OH

BocN

NH2

Cl

OH

BocN

HN

CO2H

then aq. NaOH

Cl

Et3N, CH2Cl2, rt

15% yield

Cu(OAc)2

N
N

Me

H3N

HN

CN

OPh

N
N

Me

HN

HN

CN

OPh

Ph

Ph B(OH)2
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N

N

O

O

Br

NH2

Me

R
N

N

O

O

Br

NH

Me

R

MeO
8 examples 

11-64% yield

Et3N, CH2Cl2, rt

Cu(OAc)2 (1.5 equiv)

R = ketone, pyrazole

B(OH)2

MeO

N OMe

(HO)2B

N

N

Br

NH2

N

N

Br

H
N

N

OMe
6.5% yield

Cu(OAc)2 (1.5 equiv)

i-Pr2NEt, CH2Cl2, rt
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N

Ar

O Me

NH2

Me

N

Ar

O Me

HN

Me

R

Cu(OAc)2 (1.5 equiv)

Et3N, CH2Cl2, air, rt

B(OH)2

R

17 examples
R = H, Me, t-Bu, Cl, F, OMe

CN, CO2Me, SO2Me

O

NH2

Me

Me
O

N
H

Me

Me

14 other examples
4Ð51% yield

Cu(OAc)2 (1 equiv)

i-Pr2NEt, CH2Cl2, air, rt

B(OH)2

Cl

Cl

O N

O

O

Me NH2

O

Me2N

Cu(OAc)2 (1.1 equiv)

pyridine, 4 • MS
DCE, O2, rt

O N

O

O

Me NH

O

Me2N

F

F

F

31% yield

F

F

F B(OH)2

(a) N-arylation of alkyl amines in cancer drug discovery

(b) N-arylation of alkyl amine in kinase drug discovery

(c) N-arylation of alkyl amines in kinase drug discovery
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NH

B(OH)2

OMe
N

MeO
Cu(OAc)2 (10 mol%)

myristic acid, 2,6-lutidine
PhMe, air, rt

78% yield
5 other examples

40–87% yield

(b) N-arylation of aziridine

HN

H
N N

O

Me

N
SO2Me

Et3N, CH2Cl2
air, rt

SO2Me

N

Cl

F

17 other examples
7–26% yield

Cu(OAc)2

B(OH)2

(a) N-arylation of piperidine

F

Cl

Me

O

NN
H

N

NaOSiMe3, (t-BuO)2
t-BuOH, 75 °C

CuBr (10 mol%)

HN

Me

Me

Me
Me

NH2

O

(HO)2B

Me

Me HN

Me

Me

Me
Me

N
H

O

Me

Me

80% yield
30 other examples 

40–91% yield
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F

F

S

F

N
N

N

OMeMeO

NAc
NHAc

N
N

N

F

S

F

F

50% yield

MeO

MeO

B(OH)2

pyridine, 4 • MS
CH2Cl2, air, rt

Cu(OAc)2 (1.5 equiv)

N

O

NH

N
H

DMAP (20 mol%)
KI (20 mol%), DME, air, rt

Cu(OAc)2! H2O (20 mol%)B(OH)2 N

O

N

N
H

90% yield
35 other examples 

52Ð96% yield

N
H

N

O

Me

O HO2C

B(OH)2

Et3N, 4 • MS
CH2Cl2, air, rt

Cu(OAc)2 (2 equiv) N

N

O

Me

O

CO2H

73% yield
9 other examples 

0Ð92% yield



! #* !

C?W*9F OF")"M.#R#-"(*

;98-#$4@! %&$&98@0@3&+!#9&! X&0! @85+$4$2&5$+! 81! ]48#@$4B&! -83&@23&+,!'4$%! #f#%&$&98@0@3&+!L#9$4@23#930!

L9&B#3&5$)! "&$%8:+! 189! #3X03#$485! 89! #903#$485! 81! C?W%&$&98@0@3&+! %#+! ]&&5! #! 18@2+! 81! -&$#3W@#$#30f&:!

L98@&++&+!189!-#50!0&#9+,!45!L#9$4@23#9!7$&!$%&!A33-#55[ Y83:]&9D!#5:!.2@%'#3:[ ?#9$'4D!9&#@$485+)!)("- $'" !;+!

'4$%!$%&!; W#903#$485+!:4+@2++&:!45!$%&!L9&B482+!+&@$485+,!$%&!6%#5[ R#-!#-45#$485!811&9+!#5!#3$&95#$4B&!189!

C? W%&$&98@0@3&!; W#903#$485!'4$%!$%&!#++8@4#$&:!]&5&14$+)!!

!

u%#5D!#5:!@8'89X&9+!2+&:!#!6%#5[ R#-! #-45#$485!#+!$%&!149+$!+$&L!45!$%&49!+05$%&+4+!81!#!+&94&+!81!YQMGSO!

45%4]4$89+!_>@%&-&!SP̀ )!&&!>2]+$4$2$&:!L09983&+!89!4-4:#f83&+! '&9&!#903#$&:!$8!#@@&++!$%&! ]4#903!@89&! '%4@%!

@823:!$%&5!25:&9D8!129$%&9!125@$485#34f#$485!+$&L+!$8!12954+%!$%&!:&+49&:!@8-L825:!@833&@$485)!K&+L4$&!2+45D!

"&^? !#+!+83B&5$,!$%&!#2$%89+!9&L89$&:!58!@8-L&$45D!&$%&9414@#$485)!

!

<#$"0"*BH?!; W#903#$485!81!L09983&!#5:!4-4:#f83&)!!

!

!

Q&9%#L+!85&!81!$%&!]&+$!:&-85+$9#$485+!81!$%&!2+&!81!$%&!6%#5[ R#-! #-45#$485!45!$%&!+05$%&+4+!81!]48#@$4B&!

-83&@23&+! @8-&+! 198-! 9&+&#9@%&9+! #$! =34! R4330,! '%8!2+&:! #!@85$45282+! 9&#@$485! +&$2L! $8! +05$%&+4f&! $%&!

L&523$4-#$&!45$&9-&:4#$&!&5!982$&!$8!#5!;QN!85!-23$4X438!+@#3&!_>@%&-&!SH̀)!&, !J%&!L09#f83&!45$&9-&:4#$&!'#+!

#3X03#$&:!'4$%!%WL98L03]89854@!#@4:!25:&9!%8-8D&5&82+!@#$#30$4@!@85:4$485+!2+45D!:432$&:!#49!_Po!^" !45!C"`!

45!89:&9!$8!:&34B&9!8B&9!PO!XD!81!$%&!:&+49&:!45$&9-&:4#$&)!!

!

<#$"0"*BW?!R#9D&!+@#3&!; W#3X03#$485!81!L09#f83&)!

!

!

?#5!#5:!@8'89X&9+!:&-85+$9#$&:!$%&!; W#903#$485!81!$&$9#f83&+!25:&9!6%#5[ R#-!@85:4$485+!_>@%&-&!SÙ)!&- (! ,. !
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B(OH)2

X

H
N

R

R

N X

EtO2C CO2Et
MeOH, air, rtÐ60 ¼C

Cu(OAc)2

R

N X

O
Me

Me

CO2H

77Ð95% yield

X = N,CH
R = Cl, Et

N

O

Cl

NH

N

O

B(OH)2
i-PrNEt2, THF/DMSO (1:1) 
5% O2/N2 (300 psi), 90 ¼C

N

O

Cl

N

N

O

Cu(OAc)2 (12.5 mol%)
2,2Õ-bipy (18.75 mol%)
valeric acid (25 mol%)

69% yield on 75 kg scale
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N

N
NH

N

Ph

O2N B(OH)2

DMSO, O2, 100 ¼C

Cu2O (5 mol%)
N

N
N

N

Ph

NO2

80% yield
27 other examples

0Ð95% yield

N
H

CO2Et

OMe

Cl

Et3N, 4 • MS
CH2Cl2, air, rt

N
CO2Et

OMe

Cl

CF3

N
CO2Et

O

Cl

CF3

CF3

14 other examples
50-70% yield

Cu(OAc)2

B(OH)2

F3C
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N NH

O

Cl

H2N

B(OH)2 Cu(OAc)2 (1 equiv)

TMEDA, MeOH/H2O, air, rt

54% yield
12 other examples

9Ð79% yield

(b) N-arylation of chlorocytosine

H
N

NCl

O

S

Cu(OAc)2 (2 equiv)

Et3N, pyridine
CH2Cl2, air, 0 ¼C 
then µw 300 W

F3C B(OH)2

N

NCl

O

S

CF3

93% yield
11 other examples

0Ð97% yield

(a) N-arylation of pyrazinone

N N

O

Cl

H2N
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N N
H

N

NH2
B(OH)2O

O

Cu(OAc)2 (20 mol%)

MeOH, air, rt

N N
N

NH2

O

O

85% yield
30 other examples

60Ð92% yield

S

N
H

Br

CO2Et
B(OH)2

F Et3N, pyridine, 3 • MS
PhCF3, air, rt

S

N

Br

CO2Et

F
85% yield

N

NN

N
H

NBoc2

Et3N, 3 • MS, DMF,  rt

Cu(OAc)2 (1.5 equiv)

N

NN

N

NBoc2

42 and 51% yield
2 examples

(a) N-arylation of purine

(b) N-arylation of pyrazolo[3,4-b]pyridine

(c) N-arylation of thieno[3,2-b]pyrrole

I

B(OH)2

I

Cu(OAc)2 (2.5 equiv)
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OMe

H

HH

(HO)2B

N
N

N

OH

Cu(OAc)2 (1 equiv)

Na2SO4, pyridine
1,4-dioxane, air, 40 ¼C

OMe

H

HH

N

N N

O 61% yield
41 other examples

23Ð96% yield

Cu(OAc)2 (10 mol%)

Na2SO4, pyridine
MeOH, air, rt

N
H

CF3O

O

N OH

B(OH)2
n-Bu

N
H

CF3O

O

N
O

n-Bu

72% yield
34 other examples

29Ð97% yield

(a) N-alkenyl/arylation of HOBt

(b) N-alkenylation of oxime
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O2N

S

O

O H
N

B(OH)2

O2N

S

O

O
NCu(OAc)2 (0.5 equiv)

2,2Õ-bipy, Na2CO3, 5% O2/N2
MeCN, 55 ¡C

90% yield on 60-80 kg scale

EtO

O

O

NH

S

O

N
O

O
NH2 N

H
O

O

N

O

S

B(OH)2

Cu(OAc)2 (2 equiv)

pyridine, CH2Cl2, rt

NH

O

O

HO

R

R = Me, CF3, OMe, Oi-Pr 4 examples 
30Ð38% yield

O

O
HO

F

N
H

SO2Me

Cu(MeCN)4PF6 (0.6 equiv)

Et3N, MeCN, 5% O2/N2, 10 ¡C
BPin

Cl

Br

CO2Me

then MeNH2

63% yield on 15 g scale

MeNH3

S
NH

Me

O

B(OH)2
Cu(OAc)2 (10 mol%)

MeOH, rt

Me

75% yield
10 other examples 

0Ð93% yield

(a) Primary sulfonamide

(b) Secondary sulfonamide

(c) Multigram synthesis of an API intermediate

(e) N-arylation of sulfoximine

S
N

Me

O

Me

O

O
O

F

N
SO2Me

MeO2C

Br

Cl

Rthen hydrolysis

(d) Chemoselective N-arylation of sulfonamides/anilines

H2N

S
NH2

O O

Ar B(OH)2

CuCl (40 mol%)

CuTC (20 mol%)

H2N

S

H
N

O O

HN

S
NH2

O O
Ar

Ar

29 examples
45Ð84%

13 examples
53Ð92%

Et3N, 1,4-dioxane, air, rt

2,6-lutidine, DMF, air, rt
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i) NaN3, CuSO4 (10 mol%)
MeOH, air, rt

ii) NaAsc (0.5 equiv) 
MeOH, air, rt

B(OH)2

OMe

N
NN

OMe

92% yield
10 other examples 

63Ð96% yield

N3

OMe

via

B(OH)2

MeOH, air, rt

CuCl (20 mol%)

N3BnO

O

S
BnO N

H

O S

77% yield
27 other examples 

0Ð94% yield

MeOH, air, 60 ¡C

CuBr2 (10 mol%)

MeO N
H

O

48% yield
18 other examples 

0Ð80% yield

B(OH)2

MeO

OMe

(f) Coupling of acyl azides

(g) Coupling of potassium cyanate

KOCN

N
H

N

NH2

ii) Ar2-B(OH)2, AgBF4, AcOH, 3 • MS, air, 80 ¼C

i) Ar1-I, CuI (10 mol%), Cs2CO3, NMP, 120 ¼C

N
N

HN

14 examples
14Ð63% yield

Ar1

Ar2

(b) Sequential UllmannÐGoldberg/ChanÐLam amination

(a) Sequential ChanÐLam amination/CuAAC

(c) Sequential ChanÐLam amination/C-H activation

Me

NH2

NH

MeO

B(OH)2

N
H

N

Me

OMe

78% yield
21 other examples

6Ð90% yield

Cu(OAc)2¥H2O (20 mol%)
NaOPiv, DMF, air, 50 ¼C

then O2, 120 ¼C

(d) Sequential ChanÐLam amination/FriedelÐCrafts

Ph

O

NH2
Me

B(OH)2 Cu(OTf)2 (1.2 equiv)

TCE, 100 ¼C
N

Ph

Me

70% yield
23 other examples

40Ð93% yield
(e) Sequential ChanÐLam amination/Dehydrogenation

N
H

O

Ph

NH2
F

B(OH)2 i) CuCl (20 mol%)
Et3N, MeOH, air, rt

ii) DMSO, 120 ¼C
N

N

O
Ph

F
85% yield

18 other examples
62Ð94% yield
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N

O

OAcOAc

AcO

N

N

H2N

O

OMe N

O

OAcOAc

AcO

N

N

NH

O

OMe

R

13 examples 
0-98% yield

R = Me, Et, Pr, MeO, 
MeS, CF3, F, Cl

pyridine, 4 • MS
CH2Cl2, rt

Cu(OAc)2 (1.5 equiv)

HN

O

NHO

N NH

O

WSY-DLeu-LRP-NHEt

N

O

NHO

N NH

O

WSY-DLeu-LRP-NHEt

CO2H

B(OH)2

CO2H

Cu(OAc)2 (10 equiv)

24% conversion
19 other examples 

0Ð100% conversion

HEPES buffer (pH 7.4)
air, rt

B(OH)2

R

(a) N-arylation of aminotriazole ribonucleosides

(b) N-arylation of peptides
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R OH
Cu
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6
Cu(III)
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O

R +   CuX

Ligand
Exchange

Reductive 
Elimination

Cu OR

Oxidative 
Arylation

Ph3Bi(OAc)2

CuX2
Ar B(OH)2

Cu
X

L Ar

L

7
Cu(II)

Cu
OR

L Ar

L

8
Cu(II)

R OH
Ar

O
R +   Cu(0)

Cu
OR

L Ar

X

9
Cu(III)

Ar
O

R +   CuX

Ð1eÐ

Reductive 
EliminationTransmetalation

Ligand
Exchange

Reductive 
Elimination
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Me MeMe Me

MeMe

Cl2

Cu
Ar

N Cl

N

11
Cu(II)

Me Me

MeMe

Ar B(OH)2

Transmetalation

R2NH

Cu
Ar

N
Cl

N

12
Cu(II)

Me Me

MeMe

NHR2

O2, H2O

O2

Oxidative Turnover

H2O

B(OH)3

Ligand Association

Oxidation

Reductive Elimination

(a) CollmanÕs proposed catalytic mechanism using [Cu(OH)! TMEDA]2Cl2

(b) LamÕs proposed pathway favoring Cu(III)

R2NH, base

Coordination and
Deprotonation

Cu
OAc

L NR2

L

15
Cu(II)

Cu
Ar

L NR2

L

16
Cu(II)

Ar B(OH)2

Transmetalation

Ð1eÐ

Reductive 
Elimination

Reductive 
Elimination

Cu(OAc)2

+   Cu(0)Ar NR2

Cu
Ar

L NR2

X

17
Cu(III)

O2 or
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_\S`!! /89!#!:4+@2++485,!+&&c!R#B84&,!6)!")k!"#@}2&&5,!Q)!")k!M8$$#WR894#,!C)!R)k!>#'#$fX0,!M)!>)k!.89f&5X8,!

;)k!6%4+%83-,!;)!()k!?#9D9&#B&+,!.)!E)!7)k!"@K85#3:,!M)k!/&9D2+85,!")!()k!>$9#:48$$8,!")!6%#33&5D45D!

C4@X&3W6#$#30+&:! ;-45&! ;903#$485+! =5#]3&:! ]0! J#4389&:! ;5@433#90! R4D#5:! K&+4D5)!;&'=( -)++@,=!

B[>W,!Q,!GGOUT)!

_\T`!! * 2,!E)k!K803&,! ;)!Y)!Q#9#-&$&94f#$485!81!Q%8+L%45&!R4D#5:+!K&-85+$9#$&+!=5%#5@&-&5$!81!C4@X&3!

6#$#30+4+!B4#!M&-8$&!>$&94@!=11&@$+)!;&'=(-."+= !B[>X,!B,!UUI[ Ua\)!

_\\`! ! 689@89#5,!=)!.)k!Q4958$,!")!J)k!R45,!>)k!K9&%&9,!>)!K)k!K4M8@@8,!K)!;)k!K#B4&+,!N)!*)k!.2@%'#3:,!>)!R)k!

"#@"433#5,! K)! *)! 6)! ;903! ;-45#$485! A+45D! R4D#5:W/9&&! C4_NN`! >#3$+! #5:! Q%8$89&:8Z! 6#$#30+4+)!

G%$",%"!B[>W,!HPH,!SUI[ SaT)!

_\P`!! R4,!6)k!E#'#-#$#,!F)k!C#X#-29#,!?)k!7#5$82982$,!()!6)k!R42,!u)k!?82,!})k!.#8,!K)k!>$#99,!()!J)k!6%&5,!

()k!F#5,!")k!.# 9#5,!Q)!>)!=3&@$98@%&-4@#330!=5#]3&:,!C4@X&3W6#$#30f&:!;-45#$485)!F,>"I=(-."+=(J,'=(

K#=!B[>X,!PW,!GTOaa[ GTOIT)!

_\H`!! E#'#-#$#,!F)k!7#5$82982$,!()!6)k!?4@X&0,!K)!Q)k! .#4,!Q)k!6%&5,!R)k!?82,!})k!}4#8,!*)k! .#9-#5,!E)k!

=:'#9:+,!")!;)k!Y#994:8 W6#+$98,!;)!/)k!"' (&3=!=3&@$98@%&-4@#330!K94B&5,!C4W6#$#30f&:!;903!;-45#$485c!



! &$!

>@8L&,!"&@%#54+-,!#5:!;LL34@#$485+)!N=(F+=(-."+=(G)%=!B[>Z,!MEM,!HTIS[ H\OS)!

_\U`!! M211854,! ;)k! (234y,! /)k! >B&j+$92L,! J)! K)k! "@"433#5,! ;)! ()k! K82D3#+,! ()! ()k! R&85894,! K)! Q9#@$4@#3! #5:!

M&D48+&3&@$4B&!;-45#$485!81!;9&5&+!A+45D!;3X03!;-45&+)!;&'=(-."+= !B[>Z,!MM,!\SH[ \TT)!

_\a`!! K8:858B,!7)!;)k!Y2+%@%45,!;)!7)k!.943X45#,!J)!Y)!C8!6#$#30$4@!Q%&503#$485!81!Q94-#90!#5:!>&@85:#90!

;-45&+! '4$%!J94L%&503]4+-2$%!K4#@&$#$&+!45!$%&!Q9&+&5@&!81!68LL&9)!\.=(<48.%.=(].$+= !>ZYH,!PP,!

\HH[ \HU)!

_\I`! ! .#9$85,! K)! ?)! M)k! /45&$,! ()WQ)k! E%#-+4,! ()! "&$#334@! 68LL&9! 6#$#30+4+! 81!; W;903#$485! 81! ;-45&+! ]0!

J94#903]4+-2$%!K4#@03#$&+)!Z"'*&."#*),(2"''= !>ZYW,!5Q,!THGP[ THGa)!

_PO`!! .#9$85,!K)!?)!M)k!/45&$,!()WQ)k!E%#-+4,!()!; WQ%&503#$485!81!;-458!;@4:!K&94B#$4B&+)!Z"'*&."#*),(2"''= !

>ZYZ,!H6,!ITU[ I\O)!

_PG`!! K8:858B,!7)! ;)k!Y2+%@%45,! ;)!7)!J94L%&503]4+-2$%!K4#@03#$&+!#+!C8B&3!M&#D&5$+!189! /45&!^9D#54@!

>05$%&+4+)!L@88=(-."+=(D@33=!>ZZC,!E5,!GIPP[ GIPI)!

_PS`!! 6%#5,! K)! ")! J)! Q98-8$485! 81! M&#@$485! 81! C[ ?! .8$%+! '4$%! J94#903]4+-2$%! #5:! 62L94@! ;@&$#$&)!

Z"'*&."#*),(2"''= !>ZZW,!HQ,!IOGT[ IOGH)!

_PT`!! .#9$85,!K)!?)!M)k!F#:#BW.%#$5#D#9,!C)k!/45&$,!()WQ)k!E%#-+4,!()!Q%&503#$485!81!;98-#$4@!#5:!;34L%#$4@!

;-45&+!]0!Q%&5033&#:!J94#@&$#$&!A+45D!68LL&9!6#$#30+4+)!Z"'*&."#*),(2"''= !>ZYX,!5^,!TGGG[ TGG\)!

_P\`!! .#9$85,! K)! ?)! M)k! K855&330,! K)! ")! g)k! /45&$,! ()WQ)k! Y2490,! Q)! ()! ;903#$485! 81! ;-45&+! ]0! ;9033&#:!

J94#@&$#$&+!A+45D!68LL&9!6#$#30+4+)!Z"'*&."#*),(2"''= !>ZYZ,!H6,!GTUU[ GTaO)!

_PP`!! R~L&fW;3B#9#:8,! Q)k! ;B&5:#• 8,! 6)k! "&5|5:&f,! ()! 6)! ; ?;903#$485! 81! ;f83&+! #5:! J%&49! .&5f8!

K&94B#$4B&+!]0!AWJ83033&#:!J94#@&$#$&)!Z"'*&."#*),(2"''= !>ZZB,!HH,!HPI[ HHS)!

_PH`!! R#-,! Q)! F)! >)k! K&2:85,! >)k! ;B&9433,! E)! ")k! R4,! M)k! ?&,! ")! F)k! K&>%85D,! Q)k! 63#9X,! 6)! Y)! 68LL&9W

Q98-8$&:! 6{C! .85:! 698 ++W682L345D! '4$%! ?0L&9B#3&5$! ;903! >438Z#5&+! #5:! M88-WJ&-L&9#$29&!; W

;903#$485!'4$%!;903!N8:4:&)!N=(F+=(-."+=(G)%=!B[[[ ,!M55,!UHOO[ UHOG)!

_PU`!! R#-,!Q)!F)!>)k!745@&5$,!Y)k!.855&,!K)k!63#9X,!6)!Y)!68LL&9WQ98-8$&:!6[ C!.85:!698++W682L345D!'4$%!

Q%&503+$#55#5&)!Z"'*&."#*),(2"''= !B[[B,!EH,!TOIG[ TOI\)!

_Pa`!! 6%#5,! K)! ")! J)k! "85#@8,! E)! R)k! *#5D,! M)WQ)k! *45$&9+,! ")! Q)! C&'!; W! #5:! <W;903#$485+! '4$%!

Q%&503]89854@!;@4:+!#5:!62L94@!;@&$#$&)!Z"'*&."#*),(2"''= !>ZZY,!HB,!SITT[ SITH)!

_PI`!! =B#5+,! K)! ;)k! E#$f,! ()! R)k! *&+$,! J)! M)! >05$%&+4+! 81! K4#903! =$%&9+! $%982D%! $%&! 68LL&9WQ98-8$&:!

;903#$485!81!Q%&583+!'4$%!;903]89854@!;@4:+)!;5!=ZL&:4&5$!>05$%&+4+!81!J%098Z45&)!Z"'*&."#*),(2"''= !

>ZZY,!HB,!SITU[ SI\O)!

_HO`!! R#-,!Q)!F)!>)k!63#9X,!6)!Y)k!>#2]&95,!>)k!;:#-+,!()k!*45$&9+,!")!Q)k!6%#5,!K)!") !J)k!68-]+,!;)!C&'!

;903d?&$&98#903!6[ C!.85:!698++W682L345D!M&#@$485+!7$&!;903]89854@!;@4:d62L94@!;@&$#$&!;903#$485)!

Z"'*&."#*),(2"''= !>ZZY,!HB,!SI\G[ SI\\) !

_HG`!! R#-,!Q)!F)!>)!-.&,_2&+(-)@A3$,>(L"&%'$),R(-)AA"*?A*)+)'"#(-_K3"+",'(D),#(<`$#&'$7"(-)@A3$,>(

L"&%'$),(I$'.(D)*),$%(F%$#8(N5(G9,'."'$%(O"'.)#8($,(!*@>(!$8%)7"*9k!.3#X&-89&,!K)!6),!K803&,!Q)!"),!

/8]4#5,!F)!"),!=:+)k!M80#3!>8@4&$0!81!6%&-4+$90c!6#-]94:D&,!SOGHk!783)!G,!6%#L$&9!U,!LL!S\S{SUT)!!

_HS`!! R&0,!>)!7)k!J%8-#+,!;)!*)!"8:&95!>05$%&$4@!"&$%8:+!189!68LL&9W"&:4#$&:!6_;903[̀ ^,!6_;903`[ C,!



! &%!

#5:!6_;903 [̀ >!.85:!/89-#$485)!F,>"I=(-."+=(J,'=(K#=!B[[C,!E5,!P\OO[ P\\I) !

_HT`!! J%&43,!/)!G9,'."8$8()0(!$&*93(K'."*8R(F(2),>?G'&,#$,>(/*)43"+(C&8(D"",(G)37"#(N5!<*>&,$%(G9,'."8$8(

C$>.3$>.'8(ak!>@%-#3f,!?)WY)k!*49$%!J),!=:+)k!*43&0W76?c!*&45%&4-,!GIIIk!LL!GP[ SG)!

_H\`!! J%8-#+,! ;)! *)k!R&0,!>)!7)!-)AA"*b-&'&39U"#(F*93&'$),8()0(F+$,"8(&,#(F3%).)38( I$'.(D)*),bD&8"#(

F*93&'$,>(L"&>",'8!N5!O)#"*,(F*9 3&'$),(O"'.)#8k!;@X&9-#55,!R),!=:)k!*43&0W76?c!*&45%&4-,!SOOIk!

6%#L$&9!\,!LL!GSGWGP\)!

_HP`!! }4#8,!()!g)k!R#-,!Q)!F)!>)!68LL&9WQ98-8$&:!6#9]85W?&$&98#$8-!.85:!698++W682L345D!'4$%!.89854@!

;@4:+!#5:!K&94B#$4B&+)!G9,'."8$8!B[>>,!aSI[ aPH)!

_HH`!! }4#8,! ()!g)k!R#-,!Q)!F)!>)!L"%",'(F#7&,%"8($,(-.&,: 2&+(-)@A3$,>(L"&%'$),R(-)AA"*?/*)+)'"#(- ?

C"'"*)&')+(D),#( -*)88 ?-)@A3$,>(L"&%'$),8( I$'.(D)*),$%(F%$#8(&,#( !"*$7&'$7"8!N5!D)*),$%(F%$#8R(

/*"A&*&'$),( &,#( FAA3$%&'$),8( $,( <*>&,$%( G9,'."8$8( &,#( O"#$%$,"k! ?#33,! K)! Y),! =:)k!*43&0W76?c!

*&45%&4-,!SOGGk!6%#L$&9!H,!LL!TGP[ THG)!

_HU`!! "2549,!N)k!u#%889,!;)!/)k!M#+883,!C)k!C#bB4,!>)!;)!M)k!u4#,!E)!")k!;%-#:,!M)!>05$%&$4@!;LL34@#$485+!

#5:!"&$%8:838D0!K&B&38L-&5$!81!6%#5[ R#-!682L345Dc!;!M&B4&')!O)3=(!$7"*8=!B[>Z,!5H,!SGP[ SPI)!!

_Ha`!! M#8,!E)!>)k!*2,!J)W>)!6%#5[ R#-!682L345D!M&#@$485+c!>05$%&+4+!81!?&$&98@0@3&+)!Z"'*&."#*), !B[>B,!

W,̂!UUTP[ UUP\)!

_HI `!! Q45$8,!K)!()!Q)k!^9'#$,!")!()k!E8@%,!>)k!M8++4,!E)!;)k!;3&Z#5:&9,!M)!>)k!>-#33'88:,!;)k!*85D,!Q)!6)k!

M&5:45#,!;)!M)k!R2&$$D&5,!()!")k!E5#]],!M)!")k! "'(&3=!K4+@8B&90!81!GW_\W"&$%8Z0L%&503`WUW8Z8WHW_\W

_SW8Z8L4L&94:45WGW03L̀%&503Ẁ\,P,H,UW$&$9#%0:98WGCWL09#f838mT,\W%nL094:45&WTW@#9]8Z#-4:&!

_;L4Z#]#5,! ."> WPHSS\U`,!#!?4D%30!Q8$&5$,!>&3&@$4B&,!=114@#@482+,!#5:!^9#330! .48#B#43#]3&!N5%4]4$89!

81!.388:!68#D23#$485!/#@$89!g#)!N=(O"#=(-."+=!B[[X,!P6,!PTTI[ PTPH)!

_UÒ!! R#-,!Q)!F)!>)k!.855&,!K)k!745@&5$,!Y)k!63#9X,!6)!Y)k!68-]+,!;)!Q)!; W;903#$485!81!€W;-458&+$&9+!'4$%!

AWJ8303]89854@!;@4:!Q98-8$&:!]0!68LL&9_NN`!;@&$#$&)!Z"'*&."#*),(2"''= !B[[C,!EE,!GHIG[ GHI\)!

_UG̀!! 6833-#5,!()!Q)k!u%85D,!")!;5!=114@4&5$!K4#-45&s68LL&9!68-L3&ZW6#$#30f&:!682L345D!81!;903]89854@!

;@4:+!'4$%!N-4:#f83&+)!<*>=(2"''=!B[[[ ,!5,!GSTT[ GSTH)!

_US̀ !! 6833-#5,! ()! Q)k! u%85D,! ")k! u%#5D,! 6)k! 68+$#5f8,! >)! 6#$#30$4@! ;@$4B4$4&+! 81! 62_NN`! 68-L3&Z&+! '4$%!

C4$98D&5W6%&3#$45D!.4:&5$#$&!R4D#5:+!45!$%&!682L345D!81!N-4:#f83&+!'4$%!;903]89854@!;@4:+)!N=(<*>=(

-."+= !B[[> ,!WW,!UaIS[ UaIU)!

_UT̀ !! E45D,!;)!=)k!M03#5:,!.)!R)k!.92583:,!J)!6)k!>$#%3,!>)!>)!E45&$4@!#5:!>L&@$98+@8L4@!>$2:4&+!81!;&98]4@!

68LL&9_NN`W6#$#30f&:!"&$%8Z03#$485!81!;903]89854@!=+$&9+!#5:!N5+4D%$+!45$8!;903!J9#5+-&$#3#$485!$8!

68LL&9_NN`)!<*>&,)+"'&33$%8!B[>B,!HM,!UI\a[ UIPU)!

_U\ `!! E45D,! ;)!=)k! .92583:,!J)!6)k!>$#%3,!>)!>)! "&@%#54+$4@!>$2:0!81!68LL&9W6#$#30f&:! ;&98]4@!^Z4:#$4B&!

682L345D!81! ;903]89854@!=+$&9+!#5:!"&$%#583c!N5+4D%$+!45$8!#5!^9D#58-&$#334@!^Z4:#+&!M&#@$485)!N=(

F+=(-."+=(G)%=!B[[Z ,!MHM,!PO\\[ PO\P)!

_UP̀ !! 7#5$82982$,!()!6)k!"49#+,!?)!C)k!N+4:98WR38]&$,!;)k!>L9823&+,!>)k!*#$+85,!;)!()!.)!>L&@$98+@8L4@!>$2:4&+!

81! $%&! 6%#5[ R#-! ;-45#$485c! ;! "&@%#54+-WN5+L49&:! >832$485! $8! .89854@! =+$&9! M&#@$4B4$0)!N=( F+=(

-."+=(G)%=!B[>X,!MHB,!\UHI[ \UUI)!



! &&!

_UH̀!! K2L#9@,!7)!?)k!>@%#L&9,!/)!>23185#$8WK4X&$4-45&!68LL&9_NN`!68-L3&Z&+c!>05$%&+4+!#5:!;LL34@#$485!#+!

6#$#30+$+!45!6%#5[ =B#5+[ R#-!682L345D+)!<*>&,)+"'&33$%8!B[>X,!HW,!TOPT[ TOHO)!

_UÙ!! K2L#9@,!7)!?)k!.#58,!Y)!R)k!>@%#L&9,!/)!6%#5[ =B#5+[ R#-!682L345D+!'4$%!68LL&9!N-458#903+23185#$&!

68-L3&Z&+c!>@8L&!#5:!"&@%#54+-)!F-G(-&'&3=!B[>Y,!̂ ,!UTOa[ UTSP)!

_Ua`!! 7#5$82982$,!()!6)k!R4,!R)k!.&5:4$8W"833,!=)k!6%#]]9#,!>)k!;9945D$85,!E)k!.8:&,!.)!=)k!N+4:98WR38]&$,!;)k!

E8'#3+X4,! ()! ;)k!C43+85,! ")!Y)k!*%&&3%82+&,!E)! ")!Q)k!"'(&3=!"&@%#54+$4@!N5+4D%$!=5#]3&+!Q9#@$4@#3,!

>@#3#]3&,!M88-! J&-L&9#$29&!6%#5[ R#-! ; W;903#$485!81!; W;903!>23185#-4:&+)!F-G( -&'&3=!B[>Y,!^,!

IPHO[ IPHH)!

_UI `!! E25:2,!>)k!Y9&&5&,!6)k!*4334#-+,!E)!K)k!>#3B#:89,!J)!E)k!.&9$X&,!()!;)k!625:#94,!J)!M)k!*#99&5,!J)!?)!

J%9&&W6889:45#$&!68LL&9_NN`! ;903+c!E&0!N5$&9-&:4#$&+!45!6[ ^! .85:! /89-#$485)! N=(F+=( -."+=(G)%=!

B[>X,!MHB,!IGGS[ IGGP)!

_aÒ!! u4&D3&9,!")!>)k!R&B45&,!K)!>)k!R#X+%-4,!E)!7)k!J433&0,!J)!K)!;903!Y982L!J9#5+1&9!198-!J&$9##903]89#$8!

;5485+!$8!#5!=3&@$98L%434@!K4@8LL&9_N`!6&5$&9!#5:!"4Z&:W7#3&5@&!•W;903!K4@8LL&9_N,NN`!68-L3&Z&+)!N=(

F+=(-."+=(G)%=!B[>W,!MH,̂!H\a\ [ H\IG)!

_aG̀!! E#]82:45,! .)k! ;]&:4,! F)k! F8X8-#$+2,! J)! 6211WvW60@38:&Z$945! 68-L3&Z! #+! #! C#58@#$#30+$! 189! $%&!

?8-8 W!#5:! 698++W682L345D! 81! ;903]89854@! ;@4:+! 25:&9! R4D#5:W!#5:! .#+&W/9&&! 685:4$485+! 45! ;49c!

6%&-8+&3&@$4B&!698++W682L345D!81!;903]89854@!;@4:+!45!*#$&9)!K@*=(N=(<*>=(-."+=!B[>>,!HHPH[ HHHS)!!

_aS`!! K&-49,! ;)!>)k!M&4+,! ‚)k!=-9233#%8D32,! ")!M83&!81!68LL&9!>L&@4&+!45!$%&!^Z4:#$4B&!K4-&94f#$485!81!

;90 3]89854@!;@4:+c!>05$%&+4+!81!>0--&$94@#3!.4#903+)!N=(<*>=(-."+=!B[[C,!W,̂!GOGTO[ GOGT\)!

_aT̀ !! E49#4,! C)k! F#-#-8$8,! F)! ?8-8@82L345D! 81! ;903]89854@! ;@4:+! 6#$#30f&:! ]0! G,GOWQ%&5#5$%98345&W

R4D#$&:!68LL&9!68-L3&Z&+!45!;49)!K@*=(N=(<*>=(-."+=!B[[Z ,!GaH\[ GaHU)!

_a\ `!! 6%&5D,! Y)k! R28,! ")! ?8-8@82L345D! 81! ;903]89854@! ;@4:+! 6#$#30f&:! ]0! 6263! 45! ;49! #$! M88-!

J&-L&9#$29&)!K@*=(N=(<*>=(-."+=!B[>>,!SPGI[ SPST)!

_aP̀ !! "233#,!>)!;)!M)k!6%#B#5,!>)!>)k!Q#$%#5,!")!F)k!N5#-:#9,!>)!")k!>%#4X%,!J)!")!F)!R4D#5:W,!.#+&W,!68W

6#$#30+$W/9&&!68LL&9!/3289#L#$4$&!_62/;Q`!#+!#!7&9+#$43&,!=@8194&5:30,!?&$&98D&5&82+!#5:!M&2+#]3&!

6#$#30+$!189!#5!=114@4&5$!?8-8@82L345D!81! ;903]89854@! ;@4:!#$! ;-]4&5$!M&#@$485!685:4$485+)!LG-(

F#7=!B[>H,!P,!S\HUP[ S\HaO)!

_aH̀ !! *#5D,!F)W?)k!g2,!") W6)k!R42,!()k!u%#5D,!R)W()k!u%#5D,!g)W")!J%9&&W6889:45#$&!68LL&9_N`!SW?0:98Z0W

G,GOWQ%&5#5$%98345&! K452@3&#9! 68-L3&Z! 6#$#30f&:! ?8-8@82L345D! 81! ;903]89854@! ;@4:+!J8'#9:+!

.4L%&503+!A5:&9!;49!685:4$485)!Z"'*&."#*), !B[>H,!QM,!IPIa [ IHOG)!

_aÙ !! Q#9+%#-854,!>)k!J&3#5D#&,!()k!>#5:#,!>)k!E85#9,!>)!;!68LL&9W.#+&:!"&$#3Ŵ9D#54@!/9#-&'89X!;@$+!#+!

#!.4125@$485#3!6#$#30+$!189!$%&!?8-8@82L345D!81!;903]89854@!;@4:+!#5:!=L8Z4:#$485!81!^3&145+)!-."+=(

F8$&,(N=!B[>W,!MM,!P\O[ P\U)!

_aa`!! ;D9#%#94,!.)k!R#0&X,!>)k!E2-#94,!>)k!;529#:%#k!Y#5D230,!M)k!Q#$%#X,!K)!K)!>05$%&+4+,!6%#9#@$&94f#$485!

#5:!690+$#3!>$92@$29&!81!62_NN`!68-L3&Z!81!Z*&,8W60@38%&Z#5&WG,SWK4#-45&c!;LL34@#$485!45!>05$%&+4+!

81!>0--&$94@#3!.4#903+)!N=(O)3=(G'*@%'=!B[>X,!MMHE,!aP[ IO)!

_aI `!! 6#8,! F)WC)k! J4#5,! g)W6)k! 6%&5,! g)Wg)k! F#8,! F)Wg)k! Y#8,! /)k! u%82,! g)WR)! M#L4:! R4D#5:W/9&&! .#+&W



! &' !

;@@&3&9#$&:!68LL&9W6#$#30f&:!?8-8@82L345D!M&#@$485!81!;903]89854@!;@4:+)!G9,3"''!B[>X,!5^,!HOG[

HOH)!

_IO`!! F2&,!F)k!u%&5D,!u)WY)k!*2,!.)k!g4#,!6)W})k!F2,!g)W})!68LL&9W6#$#30f&:!698++W682L345D!M&#@$485+!81!

C2@3&8]#+&+!'4$%!;903]89854@!;@4:+c!;5!=114@4&5$!;@@&++!J8!; W;90352@3&8]#+&+)!K@*=(N=(<*>=(-."+=!

B[[H,!PGP\[ PGPU)!

_IG̀!! C4+%429#,! E)k! A9#'#,! F)k! >8:#,! >)!; W;903#$485! 81! .&5f4-4:#f83&! '4$%! ;903]8985#$&,! .898Z45&! #5:!

.89854@!;@4:+)!;@@&3&9#$485!'4$%!#5!^L$4-#3!;-825$!81!*#$&9)!F#7=(G9,'.=(-&'&3=!B[[G,!HEW,!GHUI[

GHa\)!

_IS`!! C#+9833#%f#:&%,! ")k! =%+#54,! ;)k! "#%#-,! ")! 68LL&9W6#$#30f&:!; W;903#$485! 81! >23185#-4:&+! '4$%!

.89854@!;@4:+!45!*#$&9!25:&9!R4D#5:W/9&&!#5:!;&98]4@!685:4$485+)!G9,3"''!B[>G,!5P,!POP[ POa)!

_IT̀ !! ;453&0,! ;)! K)k! 6%#33&5D&9,! /)! 66Rggg)ƒ >$2:4&+! 81! $%&! .8985[ 6#9]85! R45X#D&)! Q#9$! N)! J%&!

^Z4:#$485!#5:!C4$9#$485!81!Q%&503]894@!;@4:)!N=(-."+=(G)%=!>ZC[,!SGUG[ SGaO)!

_I\ `!! E24B43#,!?)!Y)k!M&2'&9,!()!/)k!"#5D9#B4$&,!()!;)!=3&@$98L%434@!K4+L3#@&-&5$!M&#@$485+)!g7N)!"&$#3!N85!

6#$#30+4+!45!$%&!Q98$8:&]8985#$485!81!;9&5&]89854@!;@4:+)!N=(F+=(-."+=(G)%=!>ZWG,!̂ W,!SHHH[ SHUO)!

_IP̀ !! 625:0,! K)! ()k! /89+0$%,! >)! ;)! 62L94@! ;@&$#$&! "&:4#$&:!; W;903#$485! ]0! ;903]89854@! ;@4:+c! ;!

Q9&34-45#90!N5B&+$4D#$485!45$8!$%&!>@8L&!81!;LL34@#$485)!Z"'*&."#*),(2"''= !>ZZY,!HB,!UIUI[ UIaS)!

_IH̀ !! M8+&5,! .)! ")k! (4#5D,! g)k! *43+85,! 6)! ()k! CD20&5,! C)! ?)k! "85$&498,! ")! ()k! Q&9@&@,! 7)! J%&!

K4+L98L89$485#$485! 81! 62_N`g! "&:4#$&:! ]0! R4D#5:! #5:! >83B&5$! 45$8! 62_O`! #5:! 62_NN`g! #5:! N$+!

N-L34@#$485+!189!>=JWRMQ)!N=(/)39+=(G%$=(/&*'(F(/)39+=(-."+=!B[[Z ,!EQ,!PHOH[ PHSa)!

_IÙ !! u%#5D,!()k!M4@%#9:+85,!?)!*)!-)AA"*(-)+A)@,#8( N5![33+&,,c8(K,%9%3)A"#$&()0(J,#@8'*$&3(-."+$8'*9k!

*43&0W76?c!*&45%&4-,!SOGHk!LL!G[ TG)!

_Ia`!! -L-(C&,#4))1()0(Z&43"8(0)*(FAA3$"#(K,>$,""*$,>(G%$",%"k!.83f,!M)!=)k!J2B&,!Y)!R),!=:+)k!!6M6!Q9&++c!

.8@#!M#$85,!/R,!GIUT)!

_II `!! u%#5D,!R)k!u%#5D,!Y)k!u%#5D,! ")k!6%&5D,! ()!62_^J1`"W"&:4#$&:!6%#5[ R#-!M&#@$485!81!6#9]8Z034@!

;@4:+!$8!;@@&++!Q%&5834@!=+$&9+)!N=(<*>=(-."+=!B[>[ ,!QP,!U\US[ U\U\)!

_GOÒ!! 7#5$82982$,!()!6)k!R#',!M)!Q)k!N+4:98WR38]&$,!;)k!;$X45+85,!>)!()k!*#$+85,!;)!()!.)!6%#5[ =B#5+[ R#-!

;-45#$485! 81! .89854@! ;@4:! Q45#@83! _.Q45`! =+$&9+c! ^B&9@8-45D! $%&! ;903! ;-45&! Q98]3&-)!N=( <*>=(

-."+= !B[>W,!̂ M,!TI\S[ TIPO)!

_GOG`!! R#-,!Q)!F)!>)k!745@&5$,!Y)k!63#9X,!6)!Y)k!K&2:85,!>)k!(#:%#B,!Q)!E)!68LL&9W6#$#30f&:!Y&5&9#3!6[ C!

#5:!6 [ ^!.85:!698++W682L345D!'4$%!;903]89854@!;@4:)!Z"'*&."#*),(2"''= !B[[> ,!E5,!T\GP[ T\Ga)!

_GOS`!! E#5$#-,!")!R)k!7&5X#55#,!Y)!J)k!>94:%#9,!6)k!>9&&:%#9,!.)k!6%82:#90,!.)!")!;5!=114@4&5$!.#+&W/9&&!

; W;903#$485!81!N-4:#f83&+!#5:!;-45&+!'4$%!;903]89854@!;@4:+!A+45D!68LL&9W=Z@%#5D&:!/3289#L#$4$&)!

N=(<*>=(-."+=!B[[W,!QM,!IPSS[ IPS\)!

_GOT`!! 6%4#5D,!Y)!6)!?)k!^3++85,!J)!Q830-&9W>2LL89$&:!68LL&9!68-L3&Z!189!6{C!#5:!6{^!698++ W682L345D!

M&#@$485+!'4$%!;903!.89854@!;@4:+)!<*>=(2"''=!B[[G,!H,!TOUI[ TOaS)!

_GO\`!! N+3#-,!")k!"85:#3,!>)k!"85:#3,!Q)k!M80,!;)!>)k!J2%45#,!E)k!"8]#98X,!")k!Q#23,!>)k!>#3#-,!C)k!?8++#45,!

K)! ;5!=114@4&5$!M&@0@3#]3&!Q830-&9!>2LL89$&:!68LL&9_NN`!6#$#30+$!189!6[ C! .85:! /89-#$485! ]0! ; W



! &( !

;903#$485)!-&'&3=(2"''=!B[>>,!MEM,!GGUG[ GGaG)!

_GOP`!! ;33&5,! >)! =)k! *#3B889:,! M)! M)k! Q#:433#W>#345#+,! M)k! E8f38'+X4,! ")! 6)! ;&98]4@! 68LL&9W6#$#30f&:!

^9D#54@!M&#@$485+)!-."+=(L"7=!B[>C,!MMH,!HST\[ H\Pa)!

_GOH̀!! R#-,!Q)!F)!>)k!745@&5$,!Y)k!.855&,!K)k!63#9X,!6)!Y)!68LL&9WQ98-8$&:d6#$#30f&:!6[ C!#5:!6[ ^!.85:!

698++W682L345D!'4$%!74503]89854@!;@4:!#5:!4$+!A$434$4&+)!Z"'*&."#*),(2"''= !B[[C,!EE,!\ISU[ \ITG)!

_GOÙ!! >$982+&,! ()! ()k! (&+&354X,! ")k! J#L#%#,! /)k! (85++85,! 6)! .)k! Q#9X&9,! *)! .)k! ;9$&9]295,! ()! .)! 68LL&9!

6#$#30f&:!;903#$485!'4$%!.89854@!;@4:+!189!$%&!>05$%&+4+!81!; ! W;903!Q2945&!C2@3&8+4:&+)!Z"'*&."#*),(

2"''=!B[[H,!EW,!PHII[ PUOS)!

_GOa`!! B#5!.&9X&3,!>)!>)k!B#5!:&5!?88D&5]#5:,!;)k!J&9L+$9#,!()!*)k!J98-L,!")k!B#5!R&&2'&5,!Q)!*)!C)!")k!

B#5! >$94j:85@X,! Y)! Q)! /)! .#+&W/9&&! ;5#&98]4@! 62_NN`! 6#$#30+&:! ;903WC4$98D&5! .85:! /89-#$485+)!

Z"'*&."#*),(2"''= !B[[G,!EP,!UHPI[ UHHS)!

_GOÌ !! J98-L,!")k!B#5!>$94j:85@X,!Y)!Q)! /)k!B#5!.&9X&3,!>)!>)k!B#5!:&5!?88D&5]#5:,! ;)k! /&4$&9+,!")!6)k! :&!

.9245,!.)k!/4::0 ,!>)!Y)k!B#5!:&9!=&9:&5,!;)!")!()k!B#5!.8X%8B&5,!()!;)k!B#5!R&&2'&5,!Q)!*)!C)!")k!"'(

&3=!"23$4$&@%54b2&!;LL98#@%!$8!M&B&#3!$%&!"&@%#54+-!81!68LL&9_NN`W6#$#30f&:!;903#$485!M&#@$485+)!

<*>&,)+"'&33$%8!B[>[ ,!5B,!TOaP[ TOIU)!

_GGÒ!! F88,!*) W()k!J+2X#-8$8,!J)k!E8]#0#+%4,!>)!74+4]3&WR4D%$W"&:4#$&:!6%#5WR#-!682L345D!M&#@$485+!81!

;903!.89854@!;@4:+!#5:!;54345&!K&94B#$4B&+)!F,>"I=(-."+=(J,'=(K#=!B[>H,!PE,!HPaU[ HPIO)!

_GGG`! *&Z3&9,! M)! Q)k! C2%#5$,! Q)k! >&5$&9,! J)! ()k! Y#3&WK#0,! u)! ()!=3&@$98@%&-4@#330! =5#]3&:! 6%#5{R#-!

682L345D+!81!;903!.89854@!;@4:+!#5:!;54345&+)!<*>=(2"''=!B[>Z,!5M,!\P\O[ \P\T)!

_GGS̀ !! }2#@%,!J)!K)k!.#$&0,!M)!;)!R4D#5:W!#5:!.#+&W/9&&!68LL&9_NN`W6#$#30f&:!6{C!.85:!/89-#$485c!698++W

682L345D!M&#@$485+!81!^9D#58]8985!68-L825:+!'4$%!;34L%#$4@!;-45&+!#5:!;54345&+)!<*>=(2"''=!B[[C,!

P,!\TIU[ \\OO)!

_GGT̀ !! F2,!g)W})k!F#-#-8$8,!F)k! "40#29#,!C)! ;903!J9483]89#$&+c!C8B&3!M&#D&5$!189!68LL&9W6#$#30f&:!; [

;903#$485!81!;-45&+,!;54345&+,!#5:!N-4:#f83&+)!-."+=(F8$&,(N=!B[[Y,!H,!GPGU[ GPSS)!

_GG\ `!! R42,! .)k!R42,! .)k!u%82,!F)k!6%&5,! *)!68LL&9_NN`!?0:98Z4:&!68-L3&Z&+!81!; W?&$&98@0@34@!6#9]&5&+!

#5:!6#$#30$4@!^Z4:#$4B&!;-45#$485!81!;903]89854@!;@4:+)!<*>&,)+"'&33$%8!B[>[ ,!5B,!G\PU[ G\H\)!

_GGP̀ !! Y#954&9,! J)k! >#X30,! M)k! K#5&3,! ")k! 6%#++#45D,! >)k! Q#3&,! Q)! 6%#5[ R#- WJ0L&! 6[ C! 698++W682L345D!

M&#@$485+!25:&9!.#+&W!#5:!R4D#5:W/9&&!62NWu&834$&!6#$#30+4+)!G9,'."8$8!B[>W,!EB,!GSST[ GSTO)!

_GGH̀!! G'&,#&*#(/)'",'$&38($,(Fd@")@8(G)3@'$),k!.#9:,!;)!()k!Q#9+85+,!M)k!(89:#5,!(),!=:+)k!6M6!Q9&++c!.8@#!

M#$85,!/3894:#,!GIaP)!

_GGÙ!! ?#33,! K)! Y)!G'*@%'@*"T( /*)A"*'$"8T( &,#( /*"A&*&'$),( )0( D)*),$%( F%$#( !"*$7&'$7"8(N5(D)*),$%( F%$#8R(

/*"A&*&'$),( &,#( FAA3$%&'$),8( $,( <*>&,$%( G9,'."8$8( &,#( O"#$%$,"k! ?#33,! K)! Y),! =:)k! *43&0W76?c!

*&45%&4-,!SOOPk!6%#L$&9!G,!LL!G{GTT)!!

_GGa`!! R#5,!()W.)k!6%&5,!R)k!F2,!g)W})k!F82,!()W>)k!g4&,!M)WY)!;!>4-L3&!68LL&9!>#3$!6#$#30+&:!$%&!682L345D!

81!N-4:#f83&!'4$%!;903]89854@!;@4:+!45!Q98$4@!>83B&5$)!-."+=(-)++@,= !B[[G,!Gaa[ GaI )!

_GGI `!! "885,!>) WF)k!E4-,!A)!. )k!>25D,!K)W.)k!E4-,!*) W>)!;!>05$%&$4@!;LL98#@%!$8!; W;903!6#9]#-#$&+!B4#!

68LL&9W6#$#30f&:!6%#5[ R#-!682L345D!#$!M88-!J&-L&9#$29&)!N=(<*>=(-."+=!B[>H,!̂ 6,!GaPH[ GaHP)!



! &) !

_GSÒ!! M80,!>)k!>#9-#,!")!()k!E#+%0#L,!.)k!Q%2X#5,!Q)!;!}24@X!6%#5[ R#-!6 [ C!#5:!6[ >!698++!682L345D!#$!

M88-! J&-L&9#$29&! 45! $%&! Q9&+&5@&! 81! >b2#9&! Q09#-4:#3! m62_K";Q`)NnN! #+! #! 6#$#30+$)!-."+=(

-)++@,= !B[>W,!P5,!GGUO[ GGUT)!

_GSG̀!! R42,! >)k! u2,! *)k! u%#5D,! ()k! g2,! R)! 6%&-8+&3&@$4B&!; W;903#$485! 81! ;-458]&5f#-4:&+! B4#! 68LL&9!

6#$#30+&:!6%#5[ =B#5+[ R#-!M&#@$485+)!<*>=(D$)+)3=(-."+=!B[>X,!MP,!ISaa[ ISIS)!

_GSS̀ !! Y94-&+,!E)!K)k!Y2L$&,!;)k!;3:94@%,!6)!6)!68LL&9_NN`W6#$#30f&:!685B&9+485!81!;903d?&$&98#903!.89854@!

;@4:+,! .8985#$&+,! #5:! J94132898]89#$&+! 45$8! $%&! 6899&+L85:45D! ;f4:&+c! >2]+$9#$&! >@8L&! #5:!

R4-4$#$485+)!G9,'."8$8!B[>[ ,!G\\G[ G\\a)!

_GST̀ !! >9&&:%#9,!.)k!7&5X#55#,!Y)!J)k!E2-#9,!E)!.)!>) k!.#3#+2]9#%-#50#-,!7)!68LL&9_N`!^Z4:&!6#$#30f&:!

; W;903#$485! 81! ;f83&+! #5:! ;-45&+! '4$%! ;903]89854@! ;@4:! #$! M88-! J&-L&9#$29&! 25:&9! .#+&W/9&&!

685: 4$485+)!G9,'."8$8!B[[Y,!UIP[ UII) !

_GS\ `!! }4#8,! F)k! R4,! Y)k! R42,! >)k! F#5DX#4,! F)k! J2,! ()k! g2,! /)! >05$%&+4+! 81!; W;903! ;-4:&+! ]0! R4D#5:W/9&&!

68LL&9W6#$#30f&:!$A8)W;-4:#$485!81!;903]89854@!;@4:+!'4$%!C4$943&+)!G9,'."8$8!B[>W,!EB,!GaT\[ GaTa)!

_GSP̀ !! R#5,!()W.)k!u%#5D,!Y)WR)k!F2,!g)W})k!F82,!()W>)k!6%&5,!R)k!F#5,!")k!g4&,!M)WY)!;!>4-L3&!68LL&9!>#3$!

6#$#30f&:!; W;903#$485!81!;-45&+,!;-4:&+,!N-4:&+,!#5:!>23185#-4:&+!'4$%!;903]89854@!;@4:+)!G9,3"''!

B[[G,!GOIP[ GOIU)!

_GSH̀!! "8&++5&9,!6)k!.83-,!6)!62_^;@"̀W6#$#30f&:!; W;90 3#$485+!81!>2318Z4-45&+!'4$%!;903!.89854@!;@4:+)!

<*>=(2"''=!B[[H,!Q,!SHHU[ SHHI)!

_GSÙ!! J#8,!6)Wu)k!624,!g)k!R4,!()k!R42,!;)Wg)k!R42,!R)k!Y28,!})Wg)!68LL&9W6#$#30f&:!>05$%&+4+!81!;903!;f4:&+!

#5:!GW;903WG,S,TWJ94#f83&+!198-!.89854@!;@4:+)!Z"'*&."#*),(2"''= !B[[X ,!E ,̂!TPSP[ TPSI)!

_GSa`!! M#8,!?)k!/2,!?)k!(4#5D,!F)k!u%#8,!F)!=#+0!68LL&9W6#$#30f&:!>05$%&+4+!81!Q94-#90!;98-#$4@!;-45&+!]0!

682L345D+!;98-#$4@!.89854@!;@4:+!'4$%!;b2&82+!;--854#!#$!M88-!J&-L&9#$29&)!F,>"I=(-."+=(J,'=(

K#=!B[[Z ,!E ,̂!GGG\[ GGGH)!

_GSI `!! E4#5-&%9,! =)k! .#D%&9+#:,! ")! ?)! 68LL&9W6#$#30f&:! 682L345D! 81! ;903]89854@! ;@4:+! '4$%! Q8$#++42-!

60#5#$&c!;!C&'!;LL98#@%!$8!$%&!>05$%&+4+!81!;903!6#9]#-#$&+)!F#7=(G9,'.=(-&'&3=!B[>>,!HPH,!SPII[

SHOT)!

_GTÒ!! g2,! ?)W()k! u%#8,! F)W})k! /&5D,! J)k! /&5D,! F)W>)! 6%#5[ R#- WJ0L&!GW;903#$485! 81! J%483+! '4$%! .89854@!

;@4:+!#$!M88-!J&-L&9#$29&)!N=(<*>=(-."+=!B[>B,!QQ,!SaUa[ Saa\)!

_GTG̀!! "885,! >) WF)k! C#-,! ()k! M#$%'&33,! E)k! E4-,! *)W>)! 68LL&9W6#$#30f&:! 6%#5[ R#-! 682L345D! ]&$'&&5!

>2318503!;f4:&+!#5:!.89854@!;@4:+!#$!M88-!J&-L&9#$29&)!<*>=(2"''=!B[>G,!MW,!TTa[ T\G)!

_GTS̀ !! ?2#5D,!/)k!.#$&0,!M)!;)!698++W682L345D!81!^9D#58]89854@!;@4:+!#5:!>23145#$&!>#3$+!A+45D!6#$#30$4@!

68LL&9_NN`! ;@&$#$&! #5:! G,GOWQ%&5#5$%98345&c! >05$%&+4+! 81! ;903! #5:! ;3X&503+23185&+)!Z"'*&."#*), !

B[[X,!WH,!UHHU[ UHUS)!

_GTT̀ !! *&5$f&3,!")!J)k!?&'D3&0,!()!.)k!E#-]3&,!M)!")k!*#33,!Q)!K)k!E8f38'+X4,!")!6)!68LL&9W6#$#30f&:!; W

;903#$485!81!?45:&9&:!>2]+$9#$&+!A5:&9!"43:!685:4$485+)!F#7=(G9,'.=(-&'&3=!B[[Z ,!HPM,!ITG[ ITU)!

_GT\ `!! >25,! C)k! 6%&,! R)k! "8,! *)k! ?2,! .)k! >%&5,! u)k! ?2,! g)! ;! "43:! 68LL&9W6#$#30f&:! ;&98]4@! ^Z4:#$4B&!

J%48@0#5#$485!81!;903]89854@!;@4:+!'4$%!J">C6>)!<*>=(D$)+)3=(-."+=!B[>H,!MH,!HIG[ HIH)!



! &*!

_GTP̀ !! >25,!C)k!u%#5D,!?)k! "8,! *)k!?2,! .)k!>%&5,!u)k!?2,!g)!>05$%&+4+!81! ;903!J%48@0#5#$&+!B4#!68LL&9W

6#$#30f&:! ;&98]4@! ^Z4:#$4B&! 698++W682L345D! ]&$'&&5! ;903]89854@! ;@4:+! #5:! E>6C)!G9,3"''!B[>C,!

5E,!G\\T[ G\\U)!

_GTH̀!! u%2#5D,!M)k!g2,!()k!6#4,!u)k!J#5D,!Y)k!/#5D,!")k!u%#8,!F)!68LL&9W6#$#30f&:!6{Q!.85:!685+$92@$485!

B4#!K49&@$!682L345D!81!Q%&503]89854@!;@4:+!'4$%!?WQ%8+L%85#$&!K4&+$&9+)!<*>=(2"''=!B[>>,!MH,!SGGO[

SGGT)!

_GTÙ!! ;5$433#,! ()!6)k! .2@%'#3:,!>)!R)!68LL&9W6#$#30f&:!682L345D!81! ;903]89854@!;@4:+!#5:! ;-45&+)! <*>=(

2"''=!B[[> ,!H,!SOUU[ SOUI)!

_GTa`!! >#+#X4,!")k! K#3434,!>)k!F2:45,!;)!E)! ; W;903#$485!81!;f494:45&+)!N=(<*>=(-."+=!B[[C,!W,̂!SO\P[ SO\U)!

_GTI `!! >2&X4,! >)k! E25458]2,! F)! 68LL&9W6#$#30f&:!; W! #5:! <W;3X03#$485! 81! ;-45&+! #5:! Q%&583+! A+45D!

;3X03]89#5&!M&#D&5$+)!<*>=(2"''=!B[>C,!MP,!GP\\[ GP\U)!

_G\O`!! "@Y#990,!E)!;)k!K2&5#+,!;)!;)k!63#9X,!J)!.)!>&3&@$4B&!/89-#$485!81!) *'.) W;-458]&5f03#-45&+!]0!$%&!

68LL&9W6#$#30f&:!;-45#$485!81!.&5f03#-45&!.8985#$&!=+$&9+)!N=(<*>=(-."+=!B[>H,!̂ 6,!UGIT[ USO\)!

_G\ G̀!! "#9@2-,!()!>)k!"@Y#990,!E)!;)k!/&9]&9,!6)!()k!63#9X,!J)!.)!>05$%&+4+!81!.4#903!=$%&9+!]0!$%&!68LL&9W

6#$#30f&:! 6%#5[ =B#5+[ R#-! =$%&9414@#$485! 198-! .&5f034@! ;-45&! .8985#$&! =+$&9+)!N=( <*>=( -."+=!

B[>W,!̂ M,!UIHT[ UIHI)!

_G\ S̀ !! Jf+@%2@X&,!6)! 6)k! "29L%0,! ()! ")k!?#9$'4D,! ()! /)! ;9&5&+!$8! ;54345&+!#5:! ;903!=$%&9+! ]0!>&b2&5$4#3!

N94:42-W6#$#30f&:!.8903#$485!#5:!68LL&9W6#$#30f&:!682L345D)!<*>=(2"''=!B[[X,!B,!UHG[ UH\)!

_G\ T̀ !! Y8-##,!")!>)k!.94:D&5+,!6)!=)k!;]89#4#,!;)!>)k!7&#3,!Y)!()k!M&:1&95,!6)!Q)!/)k!.9#5@#3&,!;)k!;9-+$985D,!

()!R)k!>4-85+,!6)!>-#33!"83&@23&!N5%4]4$89+!81!M&$4584@!;@4:!\W?0:98Z03#+&!_6FQSH`c!>05$%&+4+!#5:!

.4838D4@#3!=B#32#$485!81!N-4:#f83&! "&$%03!TW_\W_#903WSW03#-458L̀%&503`L98L#58#$&+)!N=(O"#=( -."+=!

B[>>,!PE,!SUUa[ SUIG)!

_G\ \ `!! Y8-##,! ")! >)k! .94:D&5+,! 6)! =)k! N3345D'89$%,! C)! ;)k! 7&#3,! Y)! ()k! M&:1&95,! 6)! Q)! /)k! .9#5@#3&,! ;)k!

;9-+$985D,!()!R)k!>4-85+,!6)!C8B&3!M&$4584@!;@4:! \W?0:98Z03#+&!_6FQSH`!N5%4]4$89+!.#+&:!85!#!TW

_GCWN-4:#f83W!#5:!$94#f83WGW03ẀS,SW: 4-&$%03WTW_\W_L%&503#-458`L%&503`L98L03!>@#1183:)!D$))*>=(O"#=(

-."+= !B[>B,!56,!\SOG[ \SOU)!

_G\P̀ !! 6%2#,!Y)!C)!R)k!*#++#9-#5,!E)!R)k!>25,!?)k! ;3L,! ()! ;)k! (#9@f0X,!=)!N)k!E2f48,!C)! ()k! .&55&$$,! ")! ()k!

"#3#@%8'+X0,!.)!Y)k!E92+&,!")k!E&55&:0,!;)!()!60$8+45&W.#+&:!J=J!=5f0-&!N5%4]4$89+)!F-G(O"#=(

-."+=(2"''= !B[>Z,!M6,!GaO[ GaP)!

_G\H̀ !! Q2:38,! ")k! R2f&$,! 7)k! N+-#„34,! R)k! J8-#++834,! N)k! N2$f&3&9,! ;)k! M&182B&3&$,! .)! }2458385&[

.&5f03L4L&94:45&! K&94B#$4B&+! #+! C8B&3! ;@&$03@%8345&+$&9#+&! N5%4]4$89! #5:! ;5$48Z4:#5$! ?0]94:+! 189!

;3f%&4-&9!K4+&#+&)!D$))*>=(O"#=(-."+=!B[>G,!55,!S\IH[ SPOU)!

_G\Ù !! M&4@%&3$,! ;)k!"#9$45,!>)! /)!>05$%&+4+!#5:!Q98L&9$4&+!81!60@38L98L#5&WK&94B&:!Q&L$4:8-4-&$4@+)!F%%=(

-."+=(L"8=!B[[W,!HB,!\TT[ \\S) !

_G\a`!! .|5#9:,! >)k! C&2B433&,! R)k! u%2,! ()! 68LL&9WQ98-8$&:!; W60@38L98L03#$485! 81! ;54345&+! #5:! ;-45&+! ]0!

60@38L98L03]89854@!;@4:)!-."+=(-)++@,= !B[>[ ,!EW,!TTIT[ TTIP)!

_G\I `!! >45D%,!E)k!E2-#9,!")k!Q#B#:#4,!=)k!C#9#5,!E)k!*#95&9,!K)!/)k!M2-45+X4,!Q)!Y)k!6%4]#3&,!E)!>05$%&+4+!



! '+ !

81! C&'! 7&9#L#-43! ;5#38D2&+! #5:! J%&49! =B#32#$485! 45! 68-]45#$485! '4$%! M41#-L4@45! #D#45+$!

"0@8]#@$&942-! J2]&9@238+4+! #5:! "83&@23#9! K8@X45D! >$2:4&+! 45! $%&! .45:45D! >4$&! 81! =1132Z! Q98$&45!

MBGSPa@)!D$))*>=(O"#=(-."+=(2"''=!B[>G,!5E,!SIaP[ SIIO)!

_GPÒ!! u%&5D,! u)WY)k! *&5,! ()k! *#5D,! C)k! *2,! .)k! F2,! g)W})! ; W;903#$485! 81! ;-45&+,! ;-4:&+,! N-4:&+! #5:!

>23185#-4:&+! '4$%! ;903]898Z45&+!6#$#30f&:! ]0!>4-L3&!68LL&9!>#3$d=$^?!>0+$&-)!D"$38'"$,(N=(<*>=(

-."+= !B[[Y,!E,!\O)!

_GPG̀!! F#-#-8$8,!F)k!J#X4f#'#,!")k!F2,!g) W})k!"40#29#,!C)!60@34@!J9483]89#$&+c!;49W!#5:!*#$&9W>$#]3&!;$&!

68-L3&Z&+!81!^9D#58]89854@!;@4:+)!F,>"I=(-."+=(J,'=(K#=!B[[Y,!EQ,!ISa[ ITG)!

_GPS̀ !! 68Z,!Q)!;)k!R&#@%,!;)!Y)k!6#-L]&33,!;)!K)k!R380:W(85&+,!Y)!6)!Q98$8:&]8985#$485!81!?&$&98#98-#$4@,!

74503,! #5:! 60@38L98L03! .89854@! ;@4:+c!L?[ M#$&! Q98143&+,! ;2$8@#$#30+4+,! #5:! K4+L98L89$485#$485)!N=(

F+=(-."+=(G)%=!B[>W,!MH,̂!IG\P[ IGPU)!

_GPT̀ !! 68Z,!Q)!;)k!M&4:,!")k!R&#@%,!;)!Y)k!6#-L]&33,!;)!K)k!E45D,!=)!()k!R380:W(85&+,!Y)!6)!.#+&W6#$#30f&:!

;903W._^?` " ! Q98$8:&]8985#$485! M&B4+4$&:c! /98-! 685@&9$&:! Q98$85! J9#5+1&9! $8! R4]&9#$485! 81! #!

J9#5+4&5$!;903!;5485)!N=(F+=(-."+=(G)%=!B[>X,!MHB,!GTGPH[ GTGHP)!

_GP\ `!! (82B45,! E)k! 682$0,! /)k! =B#58,! Y)! 68LL&9W6#$#30f&:! ;3X0503#$485! 81! ;-4:&+! '4$%! Q8$#++42-!

;3X0503$94132898]89#$&+c!;!M88-WJ&-L&9#$29&,!.#+&W/9&&!>05$%&+4+!81!F5#-4:&+)!<*>=(2"''=!B[>[ ,!M5,!

TSUS[ TSUP)!

_GPP̀ !! .83+%#5,! F)k! .#$&0,! M)! ;)! =5#-4:&! >05$%&+4+! ]0! 68LL&9W6#$#30f&:! 698++W682L345D! 81! ;-4:&+! #5:!

Q8$#++42-!;3X&503$94132898]89#$&!>#3$+)!F,>"I=(-."+=(J,'=(K#=!B[[Y,!EQ,!SGOI[ SGGS)!

_GPH̀!! ?2#5D,! /)k! }2#@%,! J)! K)k! .#$&0,! M)! ;)! 68LL&9W6#$#30f&:! C85:&@#9]8Z03#$4B&! 698++! 682L345D! 81!

;3X&503$94132898]89#$&!>#3$+! '4$%! 6#9]8Z034@! ;@4:+! 89! 6#9]8Z03#$&+c! >05$%&+4+! 81! =583! =+$&9+)!<*>=(

2"''=!B[>C,!MP,!TGPO[ TGPT)!

_GPÙ!! K&98+#,!()k!^iK2433,!")!R)k!?83@8-],!")k!.82382+,!")!C)k!Q#$-#5,!M)!R)k!*#5D,!/)k!J9#5WK2]|,!")k!

"@;3L45&,! N)k! =5D3&,! E)! ")! 68LL&9W6#$#30f&:! 6%#5[ R#-! 60@38L98L03#$485! 81! Q%&583+! #5:!

;f#%&$&98@0@3&+)!N=(<*>=(-."+=!B[>Y,!̂ H,!T\GU[ T\SP)!

_GPa`!! "894W}2498f,! R)! ")k! >%4-X45,! E)! *)k! M&f#f#:&%,! >)k! E8f38'+X4,! M)! ;)k! *#$+85,! K)! ;)! 68LL&9W

6#$#30f&:!;-4:#$485!81!Q94-#90!#5:!>&@85:#90!;3X03!.89854@!=+$&9+)!-."+ =(K@*=(N=!B[>W,!55,!GPHP\[

GPHPa)!

_GPI `!! R42,!>)k!g2,!R)!68LL&9W6#$#30f&:!; W;903#$485!'4$%!.89854@!;@4:!Q45#@83!=+$&9+)!F8$&,(N=(<*>=(-."+=!

B[>Y,!Q,!GaPH[ GaHT)!

_GHÒ!! 6%&5D,!?)k!>85D,!*)k!C4&,!M)k!*#5D,!F)Wg)k!R4,!?)WR)k!(4#5D,!g)W>)k!*2,! ()W()k!6%&5,!6)k!*2,! }) WF)!

>05$%&+4+! 81! C&'! \W;9038Z0W; W;903#54345&+! #5:! J%&49! N5%4]4$890! ;@$4B4$4&+! #D#45+$! >2@@45#$&W

60$8@%98-&!6!M&:2@$#+&)!D$))*>=(O"#=(-."+=(2"''=!B[>Y,!5^,!GTTO[ GTTP)!

_GHG̀!! Y8-##,!")!>)k!R4-,!;)!>)!J)k!R#2,!>)!6)!*) k!*#$$+,!;)W")k!N3345D'89$%,!C)!;)k!.94:D&5+,!6)!=)k!7&#3,!

Y)! ()k! M&:1&95,! 6)! Q)! /)k! .9#5@#3&,! ;)k! ;9-+$985D,! ()! R)k!"'( &3=!>05$%&+4+! #5:! 6FQSH;G! N5%4]4$890!

;@$4B4$0! 81! C8B&3! "&$%03! TWm\W_#903#-458L̀%&503nWTW_#f83&ẀS,SW: 4-&$%03L98L#58#$&+)!D$))*>=( O"#=(

-."+= !B[>B,!56,!HOaO[ HOaa)!



! '" !

_GHS̀ !! ;+#: #,! ")k! ^]4$+2,! J)k! E458+%4$#,! ;)k! C#D#+&,! J)k! F8+%4:#,! J)k! F#-#29#,! F)k! J#X4f#'#,! ?)k!

F8+%4X#'#,! E)k! >#$8,! E)k! C#94$#,! ")k!"'( &3=! TW_SW;-458@#9]8503L%&503`Q98L#584@! ;@4:! ;5#38D+! #+!

Q8$&5$!#5:!>&3&@$4B&!=QT!M&@&L$89!;5$#D854+$+)!Q#9$!Tc!>05$%&+4+,!"&$#]834@!>$#]434$0,!#5:!.4838D4@#3!

=B#32#$485!81!^L$4@#330!;@$4B&!;5#38D+)!D$))*>=(O"#=(-."+=!B[>[ ,!M ,̂!TSGS[ TSST)!

_GHT̀ !! N-#54+%4,! ")k!J8-4+%4-#,!F)k!N$82,!>)k!?#-#+%4-#,!?)k!C#X#j4-#,!F)k! *#+%4f2X#,!E)k!>#X29#4,! ")k!

"#$+24,!>)k!N-#-29#,!=)k!A&+%4-#,!E)k!"'(&3=!K4+@8B&90!81!#!C8B&3!>&94&+!81!.4L%&503!.&5f84@!;@4:!

K&94B#$4B&+! #+! Q8$&5$! #5:! >&3&@$4B&! ?2-#5! vTW;:9&5&9D4@! M&@&L$89! ;D854+$+! '4$%! Y88:! ^9#3!

.48#B#43#]434$0)!Q#9$!N)!N=(O"#=(-."+=!B[[Y,!PM,!GISP[ GI\\) !

_GH\ `!! 6%&5,!u)k!E4-,!>)W?)k!.#9]8+#,!>)!;)k!?205%,!J)k!J89$83#54,!K)!M)k!R&#B4$$,!E)!()k!*&4,!K)!K)k!"#55&,!

7)k!M4@@#,!6)!>)k!Y2338W.98'5,!()k! "'(&3=!Q099838L094:#f45&!"=E!N5%4]4$89+)!D$))*>=(O"#=(-."+=(2"''=!

B[[W,!MW,!HSa[ HTS)!

_GHP̀ !! 7&9D&334,!6)k!>@%&L&$X45,!N)!;)k!64@4#54,!Y)k!6434]94ff4,!;)k!698@&$$4,!R)k!Y48B#55854,!")!Q)k!Y2&99454,!Y)k!

N#@8B85&,!;)k!E49L8$45#,!R)!C)k!E%3&]54X8B,!;)!N)k!"'(&3=!SW;903#@&$#-4:8W\ WL%&503#-458WPW+2]+$4$2$&:!

Q094:#f4585&+!#+!/89-03!Q&L$4:&!M&@&L$89+!;D854+$+)!D$))*>=(O"#=(-."+=!B[>W,!5E,!SPTO[ SP\T)!

_GHH̀!! Y48B#55854,! ")! Q)k! >@%&L&$X45,! N)! ;)k! 6434]94ff4,! ;)k! 698@&$$4,! R)k! E%3&]54X8B,! ;)! N)k! K#%3D9&5,! 6)k!

Y9#f4#58,! ;)k!Q4#f,!7)!K)k!E49L8$45#,!R)!C)k!u&9]45#$4,!>)k!"'(&3=!/29$%&9!>$2:4&+!85!SW;903#@&$#-4:&!

Q094:#f45WT_SC`Ŵ5&+c! K&+4D5,! >05$%&+4+! #5:! =B#32#$485! 81! \,HWK4+2]+$4$2$&:! ;5#38D+! #+! /89-03!

Q&L$4:&!M&@&L$89+!_/QM+`!;D854+$+)!K@*=(N=(O"#=(-."+=!B[>C,!WE,!PGS[ PSa)!

_GHÙ!! 6434]94ff4,!;)k!}2455,!")!J)k!E49L8$45#,!R)!C)k!>@%&L&$X45,!N)!;)k!?83:&95&++,!()k!F&,!M)!K)k!M#]4&$,!")W

()k!.4#5@#3#54,!6)k!6&+#94,!C)k!Y9#f4#58,!;)k!"'(&3=!HW"&$%03WS,\WK4+2]+$4$2$&:!Q094:#f45WT_SC`Ŵ5&+c!;!

C8B&3! 63#++! 81! >-#33W"83&@23&! ;D854+$+! 189! /89-03! Q&L$4:&! M&@&L$89+)!N=( O"#=( -."+=! B[[Z ,!P5,!

PO\\[ POPU)!

_GHa`!! >-4$%,! ;)! R)k! Ki;5D&38,! C)! K)k! .8,! F)! F)k! .88X&9,! >)! E)k! 6&&,! 7)! ()k! ?&9]&94@%,! .)k! ?85D,! /)WJ)k!

(#@X+85,!6)!R)!")k!R#5-#5,!.)!;)k!R42,!R)k!"'(&3=!>$92@$29&W.#+&:!K&+4D5!81!#!C8B&3!>&94&+!81!Q8$&5$,!

>&3&@$4B&! N5%4]4$89+! 81! $%&! 63#++! N! Q%8+L%#$4:03458+4$83! TWE45#+&+)!N=( O"#=( -."+=! B[>B,!PP,! PGaa[

PSGI)!

_GHI `!! (2::,!*)!M)k!>3#$$2-,!Q)!")k!?8#5D,!E)!6)k!.%84$&,!R)k!7#3LL2,!R)k!;3]&9$+,!Y)k!.98'5,!.)k!M8$%,!.)k!

^+$#545,! E)k! ?2#5D,! R)k!"'( &3=!K4+@8B&90! #5:! >;M! 81! "&$%03#$&:! J&$9#%0:98L09#503! K&94B#$4B&+! #+!

N5%4]4$89+!81!N+8L9&503@0+$&45&!6#9]8Z03!"&$%03$9#5+1&9#+&!_N6"J`)!N=(O"#=(-."+=!B[>>,!PE,!POTG[

PO\U)!

_GUÒ!! .#93##-,!.)k!68+234@%,!>)k!K&D89@&,!>)k!/4$f&X,!")k!Y9&&5,!>)k!?#5@8Z,!A)k!R#-]&9$WB#5!:&9!.9&-L$,!

6)k! R8%-#55,! ()W()k! "#2:&$,! ")k! "89D&5$45,! M)k!"'( &3=! K4+@8B&90! 81! _L`WaW_GW_T,PW

K4132898L%&503#-458`&$%03Ẁ; ,; W: 4-&$%03WSW- 89L%83458W\ W8Z8W\ CW@%98-&5&WHW@#9]8Z#-4:&!

_;uKaGaH`c! ;! Q8$&5$! #5:! >&3&@$4B&! N5%4]4$89! 81! QNTEv! #5:! QNTEw! 189! $%&! J9&#$-&5$! 81! QJ=CW

K&14@4&5$!6#5@&9+)!N=(O"#=(-."+=!B[>H,!P ,̂!I\T [ IHS)!

_GUG̀!! Y8+-454,! M)k! CD20&5,! 7)! R)k! J82-,! ()k! >4-85,! 6)k! .92+b,! ()W")! Y)k! E90+#,! Y)k! "49D2&$,! ^)k! M482W

=0-#9:,! ;)! ")k! .829+4&9,!=)!7)k! J98$$&$,!R)k!"'(&3=!J%&!K4+@8B&90!81!NW.=JUSH!_Y>EGTS\USH;`,! #!



! '# !

Q8$&5$!J&$9#%0:98b2458345&!;L8;G!ALWM&D23#$89!#5:!>&3&@$4B&!.=J!.98-8:8-#45!N5%4]4$89)!N=(O"#=(

-."+= !B[>G,!PQ,!aGGG[ aGTG)!

_GUS̀ !! R4,! Y)k! >$#-189:,! ;)! *)k! ?2#5D,! F)k! 6%&5D,! E)W6)k! 688X,! ()k! /#93&0,! 6)k! Y#8,! ()k! Y%4]#2:4,! R)k!

Y9&&53&&,! *)! ()k! Y2ff4,! ")k!"'( &3=! K4+@8B&90! 81! C8B&3! ^9#330! ;@$4B&! A9&4:8! CQF! FP! M&@&L$89!

;5$#D854+$+)!D$))*>=(O"#=(-."+=(2"''=!B[[Y,!M ,̂!GG\H[ GGPO)!

_GUT̀ !! M8++4,! >)! ;)k! >%4-X45,! E)! *)k!g2,! })k! "894W}2498f,! R)! ")k! *#$+85,! K)! ;)! >&3&@$4B&! /89-#$485! 81!

>&@85:#90! ;-4:&+! B4#! $%&! 68LL&9W6#$#30f&:! 698++W682L345D! 81! ;3X03]89854@! ;@4:+! '4$%! Q94-#90!

;-4:&+)! <*>=(2"''=!B[>C,!MP,!STG\[ STGU)!

_GU\ `!! R#+#33&,!")k!?8D2&$,!7)k!?&5520&9,!C)k!R&982Z,!/)k!Q4B&$&#2,!6)k!.&3380,!R)k!R&+$#B&3,!>)k!7#33&f,!=)k!
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-."+=(-)++@,= !B[>B,!E ,̂!SUGI[ SUSG)!
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G9,'.=(-&'&3=!B[>Z,!HWM,!TTOH[ TTGG)!
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O"#=(-."+=!B[>C,!5M,!P\aa[ PPOS)!
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K4#90345:#f83WTW85&+)!N=(<*>=(-."+=!B[>Z,!̂ E,!GPIH[ GHO\)!
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/.98=(-."+=(L"0=(!&'&!>ZYZ,!M ,̂!G[ SG)!
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>05$%&$4@!68LL&9!68-L3&Z&+)!F%%=(-."+=(L"8=!>ZZX,!H6,!SSU[ STU)!
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