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Mes chers parents, je pars… Je vous aime, mais je pars… Non, mais ne vous inquiétez pas, 
je reviens ! Merci à vous deux, car sans vous je ne serais pas là où j’en suis. Votre soutien depuis 
le début de mes études jusqu’à maintenant n’a pas de prix. Les vrais héros des temps modernes 
sont nos parents et j’en suis fier ! Je vous aime !  
Ma &'&#%/, sista, sisi pour les intimes (non maman, pas l’impératrice… quoi que…), je suis sûr que 
nous sommes jumeaux mais j’ai juste profité du forfait « .00"',60(&';% » un peu plus longtemps. 
Nous sommes tellement pareils et différents par la même occasion. Juste merci, ma sœur, nos 
souvenirs sont de l’or, &2"'&"82(/"$%./#^"
Mes grands-parents chéris. Les souvenirs chaleureux de mon enfance jusqu’à maintenant. Vous 
faites partie intégrante de mon éducation. Je vous remercie de tous ces moments : des jeux de 
sociétés, des poulets-purée-compote, des balades en forêt. Tout est gravé dans la roche. Je vous 
aime ! 

Merci à tous mes amis, ma belle-famille choisie. Timothée, ma moule, on se connait depuis 
nos deux ans et maintenant, regarde nous… Au secours ! Non, je plaisante ! Merci, mon mollusque 
préféré. Tu es un véritable ami .,+"G".*"&2"-/2(+"21"82("̂ "9$%")%&#"+26#2/"%;%/"̂   
Merci à toi, Nath ! On ne s’est plus vu pendant un moment, mais les retrouvailles étaient comme 
la suite d’un livre, .*.I',4^  Ou plutôt devrais-je dire une trilogie : TNK ou ENFP pour les intimes. 
Tellement merci de faire partie de mes amis.  
J’enchaine maintenant avec Louise, ma miss préférée ! Un cœur d’or dans une veste en jean ! 
X2*%D*.+%C"21"62(/&%^ Tu es une amie comme on les rencontre rarement. La droiture artistique 
ou un modèle contemporain ou bien les deux ? Merci, miss ! 
Mon cher guillaume, tu es un vrai rock ! Base solide sur qui on peut compter et dont l’amitié ne 
change pas avec le temps. Sans toi, je ne saurais pas assumer complètement la folie de ma 
quatrième personnalité. Tu gères, merci, 20+"1/'%,+^ Bien sûr, je remercie également tous les autres 
qui font partie intégrante de ma vie et de mes souvenirs.  
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Alexandre, mon mister lova lova ! L’amitié qui se déclenche à retardement mais, mon père, ce que 
tu me fais rire !  Merci, mon grand brun des neiges !  
Guy, mon bel estomac. Malcolm, mon faquin des bois. Pablo, mon faquin des champs. Pauline, 
4'/0" 82(" B,2A" '#]&" #/(% (chorégraphie à la Rihanna sans vomir). Gael et mimi, mes cousins 
d’ammmouuuuur (c’est sexyyyyy). 
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I
R

2 mol% (Ph3P)2PdCl2
4 mol% CuI, Et3N

THF, 50 ¼C
6 h

Me3Si

SiMe3

R
K2CO3
MeOH

rt, 16 h

R

1) n-BuLi, THF, -78 ¼C
2) (MeO)3B, -78 ¼C
3) sat. KHF2 (aq), -20 ¼C R

BF3K

5a R = OCH3
5b R = CH2CH3

7a R = OCH3 (68%)
7b R = CH2CH3 (70%)

8a R = OCH3 (80%)
8b R = CH2CH3 (80%)

9a R = OCH3 (20 - 40%)
9b R = CH2CH3 (20 - 50%)

6

I
R

(Ph3P)2PdCl2
CuI, Et3N

solvent, temperature
time

Me3Si

SiMe3

R

5 7

6
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N
N

N

N R1

R1

KF3B R2

9

BF3.OEt2
DCM, 1 h, 45 ¼C

N
N R1

R1

R2

F2B

N

N

R

N

N

Ph
Ph

R

N

N

R

N

N

Ph
Ph

R

N

N

R

4 10

BF2 BF2 BF2 BF2 BF2

10aa : R = OCH3 (77%)
10ab : R = CH2CH3 (67%)

10ba : R = OCH3 (50%)
10bb : R = CH2CH3 (46%)

10ca : R = OCH3 (70%)
10cb : R = CH2CH3 (40%)

10da : R = OCH3 (60%)
10db : R = CH2CH3 (46%)

10ea : R = OCH3 (40%)

N
N

N

N R1

R1

KF3B R2

9

BF3.OEt2
DCM, 1 h, 45 ¼C

N
N R1

R1

R2

B
F2

4 10
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N

N
N
N

Ph
Ph

BF3K

O

BF3.OEt2
solvent 1 h, temperature

+

N

N

Ph
Ph
MeO

BF2

9a4ab 10ba
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N
N
N

X

R
R

1.

2. NaOH, THF, reflux
3. (R)-BINOL, toluene, reflux

BF3K

BF3.OEt2, CH2Cl2, 40 ¼C
N

X

R
R

B(BINOL)

N

N
BF2

NaOH
THF

16 h, reflux

N

N
B(OH)2

(R)-BINOL

Toluene
reflux, 1 h

N

N
B(BINOL)

10ab 11ab 12ab

N

N

O

BF2

NaOH
THF

16 h, reflux

N

N

O

B(OH)2
(R)-BINOL

Toluene
reflux, 1 h

N

N

O

B(BINOL)

10ea 11ea 12ea

67%a 90%a 20%a (1:1)

40%a 90%a 30%a (1:4)

X

X

19F of compound 
12ab

19F of compound 
12ea

A) B)

"#$%&%!!"'(!"#$%&%! )*!+,+-./!01 !"#$%&'()#!)*!'+%!,+(&-.!/&)01$!)#!'+%!
2(*.0)&)3)&)#(,!,)41)0#2$! 233!-#2! 2%4"
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N

N

O

B(OH)2

12aa

N

N

O

B(BINOL)

12aa

(R)-BINOL

toluene
reflux

dr 1:4

Time (h) dr ratio

T1

T2

T3

1

48

72

1:4

1:4

1:4

Time (h) dr ratio

T1

T2

16

48

1:4

1:4

N

N

O

B(BINOL)

N

N

O

B(BINOL)

toluene
reflux

12aa 12aa

dr 1:20 dr 1:4

a) b)

T0 0 1:4 T0 0 1:20

56789%!!"'(!56789%!)*!+,+-./!::1! 5%1&%$%#'-'()#!)*!'+%!%60(.(3&(04!)*!'+%!*.-'!
(#'%&4%2(-'%!7('+!'+%!'7)!2(**%&%#'!2(-$'%&%)($)4%&$"

C(*&!:&,(7/*(%#,/*% "
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(,12/#(,.#%08"#$'&"211%/%+"."&'*'0./"/.#'2"21"-/2+(6#&"21"e`@"N<6$%*%"@f OE"K%"#$%/%12/%"+%6'+%+"

#2"-/26%%+"#2"#$%"%H-02/.#'2,"21"#$%"&62-%"A'#$"NRODSGQM[E"

" "

G2'#%#!DS9!P$'/.0"0'4.,+" ',&%/#'2,"12/"#$%"/%&20(#'2,"21"#$%"*20%6(0%E"X',+%/%+"0'4.,+"A.&"
(&%+"#2"&%%"#$%"'*-.6#"2,"#$%"/.#'2"21"#$%"+'.&#%/%2'&2*%/&E".G&20.#%+"8'%0+E"

"

9$%"/%&20(#'2,"A.&"%H#%,+%+"#2"2#$%/")2/2,'6".6'+"+%/';.#';%&"#2"4%,%/.#%"#$%"62//%&-2,+',4"

)2/2,'6"%&#%/&E"!,"%H6%00%,#"8'%0+"A.&"2)#.',%+"12/"#$%"'&23(',20',%"+%/';.#';%"DI21".,+" DI2; "

A'#$"/%&-%6#';%08"dl z".,+" jj zE"9$%"2#$%/"62*-2(,+&".112/+"."8'%0+"21"f ?z"#2"Jf z"12/"#$%"

3(',20',%"DI;1! .,+ !DI;; ")%./',4"#$%"-$%,80"4/2(-".,+"fdz"12/"#$%"-/2+(6#"DI11!N<6$%*%"@i OE"

G,"#$%&%"+'11%/%,#"6.&%&C"#$%"+'.&#%/%2'&2*%/&"A%/%",2#"&%-./.)0%E""

"

1. NaOH, THF, reflux

2. toluene, reflux

N

N

O

BF2

N

N

O

B(BINOLBr2)

1. NaOH, THF, reflux

2. toluene, reflux

N

N

O

B(VANOL)

Br

OH
OH

OH
OHPh

Ph

2.8:1
(1-48 h)

69% 
(3:1)

Br

10aa

12aaÕ

12aaÕÕ
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G2'#%#!DO9!<62-%"21"#$%")2/2,'6"%&#%/"&8,#$%&'&E"g%.6#'2,"62,+'#'2,&̀"@O"D\"N@"%3(';EOC"Q.MX"
N@?"%3(';EOC"9X=C"/%10(HC"@i"$">O"DD!N@"%3(';EOC"NRODSGQM["N@"%3(';EOC"#20(%,%C"/%10(HC"@"$E"

!1#%/"&2*%"2-#'*'&.#'2,C"A%"A%/%".)0%"#2"'&20.#%")2#$"&#%/%2'&2*%/&"21"DI2;! )8"-/%-./.#';%"

X7[PE"M,%"21"#$%*"A.&",%H#"+'&&20;%+"',"#20(%,%".,+"$%.#%+".#"/%10(H"12/">"$"N='4(/%"@>OE"

G,#%/%&#',408C"',"#$'&"6.&%"A%"+'+",2#"2)&%/;%".,8"6$.,4%"21"#$%"/.#'2C"A$'6$"&(44%&#&"#$.#"#$'&"

&()&#/.#%"6.,,2#"(,+%/42"5 9gE""

"

J/?=,#! DI . !,.08&'&"21"#$%"+'.&#%/%2*%/'6" /.#'2"2;%/"#'*%E"[ %1#C"#$%"*.F2/"+'.&#%/%2'&2*%/"
-/%6'-'#.#%+".1#%/"6220',4"+2A,"#$%"*'H#(/%"#2"4';%"."/.#'2"21"@`>?E"9$'&",%A"/.#'2"A.&"$%.#%+"
.4.',"',"#20(%,%"12/"@"$C"/%#(/,',4"#$%"/.#'2"#2"@`JE"g '4$#C"#$%"+'.&#%/%2'&2*%/&"A%/%"&%-./.#%+"
)8"-/%-./.#';%"X7[P".,+"2,%"21"#$%*"A.&"#$%,"$%.#%+"',"#20(%,%"12/"@"$C".112/+',4"#$%"&.*%"
+'.&#%/%2'&2*%/"/.#'2E!

 

 

N

X

R
R

1. NaOH, THF, reflux

2. (R)-BINOL, toluene, reflux
N

X

R
R

Ar

B(BINOL)

N

N

R

B(BINOL)

N

N

R

B(BINOL)

12aa R = OCH3

N

N

Ph
Ph

R

B(BINOL)

N

N

R

B(BINOL)

N

N

Ph
Ph

R

B(BINOL)

12ba R = OCH3

12bb R = CH2CH3 12cb R = CH2CH3 12db R = CH2CH3

12ca R = OCH3 12da R = OCH3 12ea R = OCH3

57% (4:1) 50% (4:1) 79% (4:1) 87% (4:1) 57% (4:1)

45% (1:1) 88% (1:1) 56% (1:1)

Ar

BF2

N

N

O

B(BINOL)

12aa

N

N
B(BINOL)

12cb

4:1 1:1

20:1 1:0

Crystallisation 
in cold toluene

reflux in toluene
1 h

Separation by
preparative
HPLC

reflux in toluene
1 h



"
>>"

"

=',.008C"cD/.8"6/8&#.0"&#/(6#(/%"A.&"2)#.',%+"21"62*-2(,+" DI11".1#%/"6/8&#.00'I.#'2,"',"620+"

#20(%,%"N='4(/%"@eOE"9$%"-/2#2,"QLg"21"#$%"/%&(0#',4">?`@"*'H#(/%"62(0+"62,1'/*"#$.#"#$%"

*.F2/"+'.&#%/%2'&2*%/"21"#$%"/.#'2"J`@"A.&"#$%"2,%"'&20.#%".1#%/"6/8&#.00'I.#'2,")8"62*-./',4"

#$%"-/2#2,"21"#$%"*%#$2H8"4/2(-"21"#$%"#A2"&-%6#/.E"!0&2C"#$%"cD/.8"6/8&#.0"&#/(6#(/%"$'4$0'4$#%+"

. "-2&&')0%"-2#%,#'.0"12/"uD&#.6B',4")%#A%%,"#$%".,'&20%".,+"2,%"21"#$%")'./80"/',4&"21"#$%"SGQM[E"

K%"62(0+"&-%6(0.#%"#$.#"#$%"*',2/"+'.&#%/%2*%/" ',"#$%&%"6.&%&"62(0+"$.;%".," (,1.;2(/.)0%"
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J/?=,#!DH9"c D/. 8"6/8&#.0"&#/(6#(/%"21"62*-2(,+&"DI11"N0%1#O".,+"/%-/%&%,#.#'2,"21"#$%"
62//%&-2,+',4"*.F2/"+'.&#%/%2'&2*%/"N/'4$#O"

D9M9!A(.26=*/(.!1.)!(=&6((> ! !
!
K%" $.;%" &$2A," #$.#" #$%" .I.D5'%0&D!0+%/" 68602.++'#'2," /%.6#'2,&" 21" @C>CJD#/'.I',%&" A'#$"
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)%./',4".")2/2,'6"%&#%/E"9$%"-(/'#8"21"#$%".0B8,%"S=e_"&.0#&"2/"#$%"S=eEMT#>"-0.8%+".,"'*-2/#.,#"

/20%"',"#$%"8'%0+"21"#$%"/%.6#'2,E"K%".0&2"A2/B%+"2,"#$%"/%&20(#'2,"21"#$%"*20%6(0%&")8".++'#'2,"

21"."6$'/.0"0'4.,+".,+"&-%6(0.#%"#$.#"#$%"',#%/.6#'2,"21".,".+F.6%,#"2H84%,".#2*"A'#$"#$%")2/2,"

-/2*2#%&"%3('0')/.#'2,"21"#$%"+'.&#%/%2*%/&E"9$%"%H-%/'*%,#&"&(44%&#"#$.#"#$%"/.#'2"'&"#$%"/%&(0#"

21"+8,.*'6" #$%/*2+8,.*'6"/%&20(#'2,"N2/"59gOE""

!&"%H-%6#%+C"A$%,".,"%#$80"4/2(-"/%-0.6%+"."*%#$2H8"4/2(-C"."+'.&#%/%2*%/'6"/.#'2"21"@`@"A.&"

2)#.',%+E"!1#%/"&%-./.#'2,"21")2#$"%#$80D&()&#'#(#%+"'&2*%/&C"2,%"A.&"+'&&20;%+"',"#20(%,%".,+"

$%.#%+" .#" /%10(H" 12/" @" $E" G,#%/%&#',408C" '," #$'&" 6.&%" A%" +'+" ,2#" 2)&%/;%" .,8" 6$.,4%" 21" #$%"

+'.&#%/%2*%/'6"/.#'2C"A$'6$"&(44%&#&"#$.#"#$'&"&()&#/.#%"6.,,2#"(,+%/42"59g E"

!&"+'&6(&&%+C"#$%"/20%"21"#$%")2/2,"'&",2#"2,08"#2".6#".&"."[%A'&".6'+"#$.#"-/2*2#%&".&&26'.#'2,"

21"#$%".0B8,%"A'#$"#$%"#/'.I',%C"'#".0&2"-/2;'+%&"."&'#%"12/"#$%".++'#'2,"21"."6$'/.0"0'4.,+".,+".0&2"

.&"."$.,+0%"#2"1(/#$%/"%0.)2/.#%"#$%"-/2+(6#&E"9$'&"1(,6#'2,.0'#8"62(0+")%"(&%"',"6/2&&"62(-0',4"

/%.6#'2,&C" &(6$" .&" <(I(B'" 62(-0',4" #2" .112/+" ." ,%A" -.,%0" 21" $'4$08" &()&#'#(#%+" ./2*.#'6"

62*-2(,+&E" "
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2(.)#.*1&/(.!(+!1%/.# *!

!

I9D9!F.&,()=2&/(. !
!
G,"#$'&"&%6#'2,C"&8,#$%&'&"21" '*',%&"A'00" )%"+%&6/')%+E"G*',%&" ./%" .,.0242(&"#2"B%#2,%&" .,+"

.0+%$8+%&")(#"62,#.',"."PsQ")2,+"',&#%.+"21"."PsM")2,+E"G*',%&"./%".0&2"B,2A,".&"<6$'11"

).&%&C".,+"./%"62**2,"&8,#$%#'6" ',#%/*%+'.#%&"',"#$%"-/%-./.#'2,"21"$%#%/26860%&".,+"2#$%/"

,'#/24%,D62,#.',',4"2/4.,'6"*20%6(0%&Eel "

!

I9D9D9!G-.&'#*/*!(+!/%/.#*!

I9D9D9D9! A61**/216!%#&'()*!
!
G*',%&" 6.," )%" -/%-./%+" )8" 62,+%,&',4" 6./)2,80" 62*-2(,+&" N.0+%$8+%&" .,+" B%#2,%&O" A'#$"

-/'*./8"2/" sec-.*',%&"(,+%/".6'+'6"62,+'#'2,&EJ?"T;%,"#$2(4$"#$'&"'&"#$%"*2&#"&#/.'4$#12/A./+"

*%#$2+"#2"-/%-./%"'*',%&C"'#"4';%&"-22/"8'%0+&"A$%,"(&',4",2,D,(60%2-$'0'6".*',%&"2/".6'+D

&%,&'#';%"6./)2,80"62*-2(,+&E"<%;%/.0".0#%/,.#';%&"$.;%")%%,"+%;%02-%+"#2"2;%/62*%"#$%&%"

+'11'6(0#'%&E"=2/"%H.*-0%C"[2;%CJ@"[22BJ>".,+"62A2/B%/&"12(,+"#$.#"#%#/.%#$80"2/#$2&'0'6.#%"6.,"

)%"(&%+"#2"&8,#$%&'&%"'*',%&"',"#$%&%"+'11'6(0#"6.&%&C"#$/2(4$"#$%'/".)'0'#8"#2".6#".&"+%&'66.,#"#2"

/%*2;%"#$%"A.#%/".,+"&$'1#"#$%"%3('0')/'(*"#2A./+&"#$%"'*',%"-/2+(6#"N<6$%*%"@dOE"

"

" "

G2'#%#!DXE"7/%-./.#'2,"21"QD#2&80.0+'*',%&E"
"

"
<%;%/.0" +'11%/%,#" *%#$2+&" $.;%" )%%," ',#/2+(6%+" #2" -/2*2#%" A$.#" '&" &#'00" %&&%,#'.008" ."

62,+%,&.#'2,"21".,".*',%".,+".0+%$8+%E"S(#"',"#$'&"/%-2/#C"G"A'00"126(&"2,".0#%/,.#';%"/2(#%&C"

,.*%08"#$2&%"',;20;',4"2H'+.#'2,"21".062$20&"2/"21".*',%&E"
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!

I9D9D9I9! A1&16-&/2!%#&'()* !

I9D9D9I9D9! A0" !;(.)!(K/)1&/(. !
!
G*',%&"6.,")%"-/%-./%+"#$/2(4$"2H'+.#'2,"21"6./)2,D,'#/24%,"&',40%")2,+&E"=2/"%H.*-0%C"g'##%/"

.,+"62DA2/B%/&"/%-2/#%+"#$%"+%$8+/24%,.#'2,"21"'&2)2/,80.,'0',%"N<6$%*%"@jO"',"#$%"-/%&%,6%"

21"&(01(/EJe"

"

"

G2'#%#!D[9"5%$8+/24%,.#'2,"21"'&2)2/,80.,'0',%"#2"2)#.',"#$%"6.*-$2/".,'0E"
"

G,"/%6%,#"+%6.+%&C"'#"$.&")%%,"&$2A,"#$.#"#$%"(&%"21"*%#.0"6.#.08&#&"211%/&".,"%11'6'%,#"/2(#%"12/"

#$%"&8,#$%&'&"21"'*',%&E"!!"-'2,%%/',4"%H.*-0%"A.&"/%-2/#%+"',"@ljj")8"Q'&$',.4.".,+"62D

A2/B%/&C"A$2"+%*2,&#/.#%+"#$%"(&%"21"P2N&.0%,O"62*-0%H%&"#2"+%$8+/24%,.#%".*',%&"(,+%/"

.%/2)'6" 62,+'#'2,&EJJ"!#" #$'&" #'*%C" #$%" +%$8+/24%,.#'2," A.&" ,2#" A%00" +26(*%,#%+" .,+" #$'&"

-.#$A.8"A.&"-/2-2&%+".&".",%A"/2(#%"#2A./+&"#$%"&8,#$%&'&"21"'*',%&E"

!&"*%,#'2,%+C"'*',%&"6.,")%"-/2+(6%+"via"#$%".%/2)'6"2H'+.#'2,"21".*',%&"(,+%/"#/.,&'#'2,"

*%#.0" 6.#.08&'&C" '," A$'6$" #$%" *%#.0" &$(##0%&" )%#A%%," .," 2H'+'I%+" .,+". "/%+(6%+" 12/*E"!"

62**2,"6$.00%,4%"$%/%" '&"#$%"$'4$D%,%/48").//'%/"#$.#"*(&#")%"2;%/62*%"#2"/%D2H'+'I%"#$%"

*%#.0" (,+%/" .%/2)'6"62,+'#'2,&E"9$'&"$.&" )%%,"&20;%+" ',"&2*%" ',&#.,6%&")8" (&',4"%0%6#/2,D

#/.,&1%/" *%+'.#2/&E" =2/" %H.*-0%C" S}6B;.00" .,+" 62DA2/B%/&" +%&6/')%+" ." *'0+" .,+" %11'6'%,#"

)'2*'*%#'6"/(#$%,'(* D6.#.08&%+"-.#$A.8"#2"4%,%/.#%".0+'*',%&".,+"B%#'*',%&EJf "9$'&"+%&'4,"

A.&"',&-'/%+")8"#$%"/20%"21"Q!5o".,+"()'3(',2,%"',"#$%")'2024'6.0"2H'+.#'2,"21".062$20&E"S8"

/%-0.6',4",'62#',.*'+%")8"."/(#$%,'(*"62*-0%H".,+"68#26$/2*%"P")8"."*%#.0"*.6/26860%C"#$%8"

-/2;'+%+"."/2(#%"#2"2H'+'&%"&%62,+./8".*',%& "(&',4"2H84%,".&"#$%"1',.0"2H'+.,#"N<6$%*%"@lOE"
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H
N N

S
220 ¼C

- H2
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G2'#%#!DU9"!%/2)'6"2H'+.#'2,"21".*',%&E"!&"*%#.0"*.6/26860%"NL[* OC"."rP2N&.0%,Oth#8-%"
62*-0%HC"A.&"(&%+"12/"#$%"M>".6#';.#'2, E!

I9D9D9I9I9! R#'-)(?#.1&/B#!2(=76/.?!(+!1%/.#*!
!
!" +'11%/%,#" .--/2.6$" #2" -/2+(6%" '*',%&"62,&'&#&" 21" #$%" +%$8+/24%,.#';%" 62(-0',4" 21" #A2"

+'11%/%,#" .*',%&E"G,&#%.+"21"2H'+'I',4" ."PwQ")2,+C"#A2" .*',%&" ./%" /%.6#%+"(,+%/"6.#.08#'6"

62,+'#'2,&"12/*',4".," '*',%".,+"0')%/.#',4".**2,'.E"Q(*%/2(&"%H.*-0%&"%H'&#C"(&',4")2#$"

$2*24%,%2(&".,+"$%#%/24%,%2(&"6.#.08&#&E"!,"%H.*-0%"'&"&$2A,"',"<6$%*%">?C"A$%/%".,"'/2,"

q"9TL7M"6.#.08#'6"&8&#%*"A.&"(&%+EJi "

" "

G2'#%#!I\9!!%/2)'6"2H'+.#'2,"6.#.08&%+")8"'/2,"
"

"
k2-.0.'.$" .,+" 62 DA2/B%/&" $.;%" .0&2" (&%+" '/2," 6.#.08&#&" (,+%/" .%/2)'6" 62,+'#'2,&" 12/" #$%"

+%$8+/24%,.#';%" 62(-0',4" 21" .*',%&C" A$'6$" 62(0+" 0%.+" #2" #$%" &%01D"2/" 6/2&&D62,+%,&.#'2,"

N<6$%*%">@OEJd"

" "

G2'#%#!ID9"G/2,D6.#.08&%+"2H'+.#';%"62,+%,&.#'2,"21"-/'*./8".*',%&"#2"'*',%&"

"

!,2#$%/"%H.*-0%"$.&")%%,"/%-2/#%+")8"L.+&%,".,+"62DA2/B%/&C"A$%/%"62).0#",.,2-./#'60%&"./%"

12/*%+"',"&'#("12/"#$%"62(-0',4"21".*',%&"',#2"'*',%&"N<6$%*%">>OEJj "

"

 

G2'#%#!II9"5%$8+/24%,.#';%"62(-0',4"21"-/'*./8".*',%&"',#2"'*',%&E"Q.,2-./#'60%&"21"62).0#"
12/*%+"',"&'#(".,+"&#.)'0'&%+")8"#/'26#80-$2&-$',%"2H'+%"N9M7MOE"

R1 R2

HN
R3

[Ru]

[Ru]-H

+

H

R1 R2

N
R3

MeO OMe

OH

OH

MeO OMe

O

O

(MLm)ox

MLm

H2O

O21/2

R NH2

Fe(NO3)3/TEMPO (5/5 mol%)

air, toluene, 80 ¼C, 24 h
2 R N R

R NH2 R N RR N
R1 FeBr2 (5 mol%)

R1-NH2

O2, 110 ¼C

FeBr2 (5 mol%)

O2, 110 ¼C
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M,%"21"#$%"4/%.#" .+;.,6%&"'," #$'&"1'%0+"A.&" )/2(4$#".)2(# ")8" X./(#.]&"(&%"21"PM"N6./)2,"

*2,2H'+%O"2H'+.#'2,".,+" .0B%,%" %-2H'+.#'2,C" 6.#.08&%+" )8" &(--2/#%+" 420+" ,.,260(&#%/&EJl "

=2002A',4"#$'&"A2/BC"#$%"(&%"21"420+"$.&"&',6%")%62*%"*2/%"'*-2/#.,#"',"#$%"6.#.08#'6"2H'+.#'2,"
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P. @?N7MJOi NMXO>O" -/2;'+%+" .," %11'6'%,#" A.8" #2" &8,#$%&'&%" '*',%&" )8" ." #.,+%*" 2H'+.#'2,D
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.&"."6.#.08&#"&(--2/#Efe C"fJ !

"
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62,;%/&'2,"21".062$20&"#2"'*',%&E"
"

9$%".66%-#2/0%&&"+%$8+/24%,.#'2,"N!5O"'&".,2#$%/"-.#$A.8"(&%+"12/"#$%".*',.#'2,"2/"'*',.#'2,"

21" .062$20&E" 9$%" +%;%02-*%,#" 21" $2*24%,%2(&" 6.#.08&#&" 12/" #$'&" *%#$2+" $.&" )%%," A%00"
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NH2
NHPI/Fe(BTC) 7 mol%

O2, 24 h

N

89%

NH2OH
+

Pd-Au@Mn(II)-MOF 0.75 mol%

toluene, 110 ¼C, 24 h

N

R2 R1 R2R1

48-99%

a)

b)
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ZrOCl2

COOH
F MW, 5 min

DMF, 140 ¼C

TCPP(H2) MCl2
MW, 5 min

DMF, 175 ¼C

Zr4+/2FBA
custer

TCPP(M)

+

+

MW, 5 min

DMF, 150 ¼C
N

N

N

N

O

O O

O

O

OO

O

Zr

Zr

Zr

Zr

Zr

ZrZr

Zr

Step 1

Step 2

Step 3

PCN-222(M)
M = Co, Ni, Cu, Zn, Pd

M
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NH2

NH2 PCN-222(Pd) 2 mol%
air, MeCN

LED, 55 ºC, 3 days
+

N N+

13a 14 15aa 16a

R

R

N N

N N N

N

CF3

O Br Cl

HN

15aa 15ac 17ab

15ad 15ae 15af

yield = 50% ratio 15ac/16a = 1.55/1
yield = 30%

yield =  67% (50%)a

ratio 15ad/16a = 10/1
yield = 65% (51%)a

yield =  46% (25%)a ratio 15af/16a = 10/1
yield = 56%( 41%)a
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NH2
PCN-222(Pd) 2 mol%

air, MeCN

LED, 55 ¼C, 3 days
+

N N
+

13 14a 15 16b-e

R

N N NN

15ba 15ca 15da 15ea

yield = 62% ratio 15ca/16c = 10/1
yield = 57%

yield =  60% yield = 60%

Br F CF3
O

13b R = Br
13c R = F
13d R = CF3
13e R = OMe

RRR

NH2

NH2

NH2

PCN-222(Pd) 2 mol %
air, MeCN

LED ( 13,5 W, 155 mA)
55 ¼C

N

H2N

N
H

N
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NH2
PCN-222(Pd) 2 mol%

air, MeCN

LED, 55 ¼C, 3 days
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R1 R1
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H

N

N
H

N
N N

17ab 17eb 15ag 15ah

yield = 67% yield = 78% yield = 38% yield = 57%

OH

NH2
PCN-222(Pd) 2 mol%

air, MeCN

LED, 55 ¼C, 3 days
+

N

13f 14a 15aa

X
a)

b)

O

X

13a R = H
13e R = OMe

14b X = NH2
14g X = OH
14h X = SH

OH SH
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NH2

NH2
PCN-222(Pd) 2 mol%

air, MeCN

LED, 55 ¼C, 3 days
+

N

13 14 17
R1 R1

N
H

N

N
H

N

17eb 17bb
yield = 67% yield = 78%

HN

NH2

R2

R2

R2 = H 14b
R2 = 4-Chloro 14bb
R2 = 4,5-dimethyl 14ba

O Br
N
H

N

17aba
yield = 20%

N
H

NCl

17abb
yield = 39%

N
H

N N

17fb
yield = 46%

N
H

N

17gb
yield = 45%

R1 = H 13a
R1 = p-methoxy 13e
R1 = p-methyl 13g
2-Pyridinemethanamine 13f
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NH NH2
N N

NH2
NH2

+

b)

a)

NH2
NH2

O2 O2
proton transfer

NH

HO2

H2O2

NH

LCCT
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Br

B(OH)2

Pd2(dba)3
DME

Na2CO3

Cl2(PCy3)2Ru=CHPh

CH2Cl2, N2, 1 h
88%

Cl2(PCy3)2Ru=CHPh = 2-Ru

R1

O
EWG R2

NO2

CO2R3

CO2R3

R1

EWG

R2

CO2R3

CO2R3

K3PO4

EtOAc, reflux

23 examples 
54 - 89%

R2

O

R1

ArAr
O

Cs2CO3 (1.5 equiv.)/ air

toluene, reflux, 24 h
R1

Ar Ar
OH

R2
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EtOH, 60 ¼C
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R
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O
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S

CO2Me

S

CO2MePh

CoBr2(dppe)
Zn, ZnI2

then DDQ

71%
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R

Ni(COD)2 (30 mol%)

0 ¼C, r.t., toluene, 16 h
Glovebox

O

Ph R

O

R = Phenyl (31%)
R = p-OCH3 (24%)
R = Et (28%)

+

18 19 20

Ph

O
O

R

Metal/ L (30 mol%)

toluene, 16 h

O

Ph R

O

+

18 19 20
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NEt3
DMF

48h

H2N NH.HCl
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RNH2

NH2

29
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24b R = allyl (60%)
24c R = cyclopropyl (68%)

NH2

H2N NH.HCl

NH
NN

DIPEA
MeCN

24h+ H2N NH.HCl

NH

24a 90%

A

B

C

NH2

Cl H2N CN

reflux
EtOH 70%

24 h

H2N NH

NH

Cl
DIPEA
MeCN

24h

24d 45%

H2N NH.HCl

NH
NN

13a 28

28

14f

28

Ph

O

BF3K
Ph

OH

BF3K
Ph

OH

Ph

O
MgBr

- 78 ¼C - rt
2 h

1) n-BuLi, THF, -78 ¼C
2) iPrOBPin, -78 ¼C
3) sat. KHF2 (aq), -20 ¼C MnO2

Acetone
50 ¼C, 4 h

88%

71%

75%19 31 32 23
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K2CO3
Toluene,

100 ¼C, 2 h
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ii)

reflux, 16 h

N N

Ph BF3K

NH

N N

Ph BF3K

NH

N N

Ph BF3K

NH

N N

Ph BF3K

NH

Ph

25e 25% 25a 72%

25b 58% 25c 70%

N N

Ph BF3K

NH

25d 62%

Cl

N N

Ph BF3K

NH2

25f 91%

O

BF3K23

24 25
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R = or
CH3

26a or 27a 90% 26b or 27b 40%
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26 27

R
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H
H

H

NOESY

N

C

N
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NH
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(J-3 correlation)
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BF3K
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1
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4
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H
H

H
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8PLh! ARA6Hà" jE>fDjE>e" N@XC" *OC" jE@?DjE?d" N@XC" *OC" jE?@DdEll" N@XC" *OC" dElJDdEl>" N@XC" *OC"

dEd>iDdEd>"N@XC"*OC"dEfjDdEfJ"N@XC"*OC"fEl@"N>XC")/COC"fEif"N>XC")/OE""

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.E@?i"

!
5,#71,1&/(.!(+!&'#!/*(c=/.(6/.# 0D021,;('-),1L(.1%/)# !I; !

!

!
"
92"."&#'//%+"&(&-%,&'2,"21"3(',20',%D>D6./)2,'#/'0%"N@"4C"iEJj"**20C"@"%3O"',"%#$.,20"NJ*[O"(,+%/"

,'#/24%,"A.&" .++%+"$8+/.I',%"$8+/.#%"N?Eie" *[C"@e"**20C">"%3O" .,+"#$%" /%.6#'2,"A.&"&#'//%+"

2;%/,'4$#".#"/22*"#%*-%/.#(/%"12/"J"+.8&E"9$%"&20(#'2,"A.&"%H#/.6#%+"A'#$"+'6$02/2*%#$.,%"NeHJ?"

*[O".,+"A.&$%+"A'#$"A.#%/"Ne?"*[O".,+")/',%"Ne?"*[OE"9$%"2/4.,'6"0.8%/"A.&"+/'%+"2;%/"Q.><MJC"

1'0#%/%+".,+"%;.-2/.#%+"#2"+/8,%&&"#2"4';%"'&23(',20',%D@D6./)2$8+/.I2,.*'+%".&"."*'H#(/%"(&%+"

+'/%6#08"12/"#$%",%H#"&#%-E"
D
P!"8V "_M\\!8PLh!ARA6Hà"lEJiDlEJ>"N@XC"*OC"jEJdDjEJJ"N@XC"*OC"

dEjeDdEj?"N@XC"*OC"dEilDdEi?"NeXC"*OC"fEed"N>XC")/OC"JEJj"N>XC")/OE""

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.E@?i"

!!
!

N CN

N2H4.H2O

EtOH
Reflux 16h

N NH2

N NH2
1a 2a

N CN

N2H4.H2O

EtOH
Reflux, 4 days

N NH2

N NH2
1b 2b



"
i@"

"

!
!
!
!

5,#71,1&/(.!(+!&'#!_7-,/)/.# 0I 0-6a1%/),1L(.#!I2 !

!

"
"
"
92" ." &#'//%+" &(&-%,&'2," 21" >D68.,2-8/'+',%" Nf" 4C" JjE?" **20C" @" %3O" '," %#$.,20" Nf?" *[O" (,+%/"

,'#/24%,"A.&".++%+"$8+/.I',%"*2,2$8+/.#%"NJEd?"*[C"li"**20C">"%3O".,+"#$%"/%.6#'2,"A.&"&#'//%+"

2;%/,'4$#".#"/22*"#%*-%/.#(/%E"9$%"8%002A"-/%6'-'#.#%"A.&"1'0#%/%+".,+"A.&$%+"A'#$"620+"+'%#$80"

%#$%/"NeH@?"*[O"#2".112/+"N-8/'+',%D>D80O.*'+/.I2,%".&"."8%002A"&20'+"NJEf"4C"d?zOE"
D
P!"8V "_M\\!
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>eEdC" @iEfE"DDQ! "8V! _DI[! 8PLh! ARA6 Hà"n" @@EJ"PV8G! _TGF0@<Ja"m/z" rLX ot" 6.06+" 12/"

Pel Xe?
@@SQ>Me"fjfE>eJJC"12(,+"fjfE>efjE"J@FV!_.#1&a!‰*.H "q"6*D@"e?fiC">llfC">l>JC">je>C"@i>JC"

@Jl>C"@JiiC"@eelC"@>f>C"@?diC"liiC"df@E"

!

"

!

! !



"
jJ "

"

S9H9!!A'17&#,!FF!
!

!

5,#71,1&/(.!(+!/%/.#*Y!V#7,#*#.&1&/B#!7,(2#)=,#!

!

G,"."#()%"/.6B"A.&".++%+"#$%".,'0',%"DM1!N?E@ed"*[C"f"%3(';EC"@Ef"**20O".,+"#$%"7PQD>>>N7+O"

N?E?@>"4C"?E?>"%3(';EO"',"@"*["21".6%#2,'#/'0%E"9$%")%,I80.*',%"DH1!N?E?eJ"*[C"@"%3(';EC"?Ee"**20O"

A.&"+'0(%+"',">EJ"*["21".6%#2,'#/'0%".,+".++%+";'."."-(&$"&8/',4%"#2"#$%"&20(#'2,"N?EJ"*[q$C"i$OE"

9$%"*'H#(/%"A.&"0%1#"&#'//%+"',&'+%"."0'4$#")2H"(,+%/";'&')0%"0'4$#"N[T5"0.*-"@eEf"KC"@f"BKC"@ff"

*! O"12/"#$/%%"+.8&".,+"#$%,"#/.,&1%//%+"',"."1.062,"A'#$">?"*["21".6%#2,'#/'0%E"9$%"&20(#'2,"A.&"

6%,#/'1(4%+" N>?" *',C" @?" ƒPC" @?E???" g7LOC" +%6.,#%+C" .,+" %;.-2/.#%+E" 9$%" 6/(+%" A.&" 1',.008"

-(/'1'%+" 6$/2*.#24/.-$'6.008" 2;%/" &'0'6." 4%0" 620(*," (&',4" !6MT#qQT#eq7%,#.,%" N?Ef`@Ef`jO" #2"

.112/+"#$%"'*',%"DS11!.&"."-.0%D8%002A"&20'+"N>d"*4C"f?zOE""

"

A(%7(=.)!DS11 !

!

"

"
DP!"8V!_M\\!8PLh!A'6(,(+(,% 0' a!n"jEf?"N&C"@XOC"dEld"~"dEl>"N*C">XOC"dEfe"~"dEJj"N*C"eXOC"

dEJi"~"dEJ?"N*C">XOC"dEe@"~"dE>e"N*C"eXOE"DHA!"8V!_D\D!8PLh!ARA6 Ha"n"@i?EJfC"@f>E?jC"

@eiE>>C"@e@EelC"@>lE@f"NH>"POC"@>jEje"NH>"POC"@>jEdjC"@>fElfC"@>?Ejj"NH>"POC"@@fE@iE"

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.E@?j""

"

A(%7(=.)!DS1) !

"

"

"

S.&%+"2,"#$%"/%-/%&%,#.#';%"-/26%+(/%C".,'0',%"DM)!N@jJ"*4C"@Ef"**20C"f"%3(';EOC".,+")%,I80.*',%"

DH1"N?E?eJ"*[C"?Ee"**20C"@"%3(';EO"A%/%"62*)',%+"#2"4';%"#$%"6/(+%E"9$%"/%&'+(%"A.&"1',.008"

N

Chemical Formula: C13H11N

N

Chemical Formula: C14H13NO

O



"
jf "

"

-(/'1'%+"6$/2*.#24/.-$'6.008"2;%/"&'0'6."4%0"620(*,"(&',4"!6MT#qQT#eq7%,#.,%"N@Ef`?Ef`jEfO"#2"

.112/+"#$%"'*',%"DS1)!.&"."-.0%D8%002A"&20'+"Ne>"*4C"f@zOE"DP!"8V!_M\\!8PLh!A'6(,(+(,% 0' a"

n"jEf @"N&C"@XOC"dEl>"~"dEjJ"N*C">XOC"dEJf"~"dEed"N*C">XOC"dE>d"~"dE>?"N*C"eXOC"dE?f"~"iElj"N*C">XOC"

eEl?"N&C"eXOE"DHA! "8V!_D\D!8PLh!ARA6 Ha"n"@i>E>iC"@flEidC"@f>EelC"@e?Ef?"NH>"POC"@>lEe@C"

@>lE?l"NH>"POC"@>fEfJC"@>?Eji"NH>"POC"@@JE@l"NH>"POC"ffEJeE"

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.EjJ" "

"

"

A(%7(=.)!DS1# !

"

"

"

S.&%+"2,"#$%"/%-/%&%,#.#';%"-/26%+(/%C".,'0',%"DM#!N>fj "*4C"@Ef"**20C"f"%3(';EOC".,+")%,I80.*',%"

DH1!N?E?eJ"*[C"?Ee"**20C"@"%3(';EO"A%/%"62*)',%+"#2"4';%"#$%"6/(+%E"9$%"/%&'+(%"A.&"1',.008"

-(/'1'%+"6$/2*.#24/.-$'6.008"2;%/"&'0'6."4%0"620(*,"(&',4"!6MT#qQT#eq7%,#.,%"N?EJ`?E@`lEfO"#2"

.112/+"#$%"'*',%"DS1#!.&".")/2A,"&20'+"N>?"*4C">fzOE"DP!"8V!_M\\!8PLh!A'6(,(+(,% 0' a"n"jEJf"

N&C"@XOC"dElf"~"dEjj"N*C">XOC"dEfi"~"dEJd"N*C"fXOC"dE@J"~"dE?l"N*C">XOE"DHA!"8V!_D\D!8PLh!

ARA6Ha"n"@i?EdJC"@f@E?eC"@efEliC"@e>E@l"N>H"POC"@e@EiJC"@>jEjl"NH>"POC"@>>EflC"@@lEe@"N>H"POC"

@@JEieE"
@?l"9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.E"

"

A(%7(=.)!DS1+!

"

"

"

S.&%+"2,"#$%"/%-/%&%,#.#';%"-/26%+(/%C".,'0',%"DM+!N@l@"*4C"@Ef"**20C"f"%3(';EOC".,+")%,I80.*',%"

DH1!N?E?eJ"*[C"?Ee"**20C"@"%3(';EO"A%/%"62*)',%+"#2"4';%"#$%"6/(+%E"9$%"/%&'+(%"A.&"1',.008"

-(/'1'%+"6$/2*.#24/.-$'6.008"2;%/"&'0'6."4%0"620(*,"(&',4"!6MT#q7%,#.,%"NJ`iO"#2".112/+"#$%"'*',%"

DS1+".&"."-.0%D8%002A"&20'+"N>i"*4C"J@zOE"DP!"8V!_M\\!8PLh!A'6(,(+(,% 0' a"n"jEJi"N&C"@XOC"

N

Chemical Formula: C13H10BrN

Br

N

Chemical Formula: C13H10ClN

Cl



"
ji "

"

dEli"~"dEjj"N*C">XOC"dEff"~"dEJd"N*C"eXOC"dEJ@"~"dEef"N*C">XOC"dE>@"~"dE@f"N*C">XOE"DHA!"8V!

_D\D!8PLh!ARA6Ha"n"@i?Ed?C"@f?EfeC"@efEldC"@e@Ei>C"@e@EJdC"@>lE>JC"@>jEjj"NH>"POC"@>jEj>"NH>"

POC"@>>E>?"NH>"POE"

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.Ejf "

"

"

"

"

A(%7(=.)!DX1;1 !

"

"

S.&%+" 2," #$%"/%-/%&%,#.#';%" -/26%+(/%C" .,'0',%" DM;1!N>?J" *4C" @Ef" **20C" f" %3(';EOC" .,+"

)%,I80.*',%" DH1!N?E?eJ"*[C"?Ee"**20C"@"%3(';EO"A%/%"62*)',%+"#2"4';%"#$%"6/(+%E"9$%"/%&'+(%"

6/(+%"A.&"1',.008"-(/'1'%+"6$/2*.#24/.-$'6.008"2;%/"&'0'6."4%0"620(*,"(&',4"!6MT#q5PL"N>`jO"#2"

.112/+" #$%" )%,I'*'+.I20%"DX1;1!.&" ."-.0%D8%002A" &20'+" N@e"*4C" >?zOE"DP! "8V! _M\\! 8PLh!

A'6(,(+(,% 0' a"n"jE@J"~"jE?J"N*C">XOC"dEJJ"~"dEed"N*C"f XOC">Eef"N&C"i XOE"DHA!"8V!_D\D!8PLh!

ARA6Ha"n"@f?EllC"@edEfJC"@e>E?>C"@>lEleC"@>lEjJ"N>H"POC"@>lE@i"N>H"POC"@>jEldC"@>iEfdC"@@fE>jC"

>lEd@C">?Eed"N>H"POE"

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.E@@?"

"

A(%7(=.)!DX+; !

"

"

S.&%+"2,"#$%"/%-/%&%,#.#';%"-/26%+(/%C".,'0',%"DM;!N@i>"*4C"@Ef"**20C"f"%3(';EOC".,+")%,I80.*',%"

DH+!Nee"*4C"?Ee"**20C"@"%3(';EO"A%/%"62*)',%+"#2"4';%"#$%"6/(+%E"9$%"/%&'+(%"A.&"1',.008"-(/'1'%+"

6$/2*.#24/.-$'6.008"2;%/"&'0'6."4%0"620(*,"(&',4"!6MT#q5PL"N@`@O"#2".112/+"#$%")%,I'*'+.I20%"

DX+;!.&"."-.0%D8%002A"&20'+"N>i "*4C"Ji zOE"DP!"8V!_M\\!8PLh!A'6(,(+(,% 0' a"n"jEii"N++C"J"s"

fE?C"@E?"XIC"@XOC"jEf>"N++C"J"s"jE?C"@E?"XIC"@XOC"dEjl"N++C"J"s"jE?C">E?"XIC"@XOC"dEd>"~"dEii"N*C"

N

H
N

Chemical Formula: C15H14N2

N

H
N N

Chemical Formula: C12H9N3



"
jd "

"

>XOC"dEJ?"N++C"J"s"dEfC"@E?"XIC"@XOC"dEei"~"dE>j"N*C">XOE"DHA!"8V!_D\D!8PLh!ARA6 Ha"n"@f?EifC"

@JlE@>"N>H"POC"@JjE@?C"@edEej"N>H"POC"@>JEij"N>H"POC"@>eEJf"N>H"POC"@>@Ej>"N>H"POE"

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.E@@@"

"

A(%7(=.)!DX?; !

"

"

S.&%+"2,"#$%"/%-/%&%,#.#';%"-/26%+(/%C".,'0',%"DM;!N@i>"*4C"@Ef"**20C"f"%3(';EOC".,+")%,I80.*',%"

DH?!Nei"*4C"?Ee"**20C"@"%3(';EO"A%/%"62*)',%+"#2"4';%"#$%"6/(+%E"9$%"/%&'+(%"A.&"1',.008"-(/'1'%+"

6$/2*.#24/.-$'6.008" 2;%/" &'0'6." 4%0" 620(*," (&',4" !6MT#q7%,#.,%" Ne`dO" #2" .112/+" #$%"

)%,I'*'+.I20%"DX?;!.&"."-.0%D8%002A"&20'+"N>J"*4C"Jf zOEDP!"8V!_M\\!8PLh!A'6(,(+(,% 0' a"n"

jE?>"~"dElJ"N*C">XOC"dEij"N++C"J"s"iE?C"eE?"XIC">XOC"dEee"~"dE>f"N*C"JXOC">EJ>"N&C"eXOE"

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.Ejd "

"

A(%7(=.)!DX;; !

"

"

S.&%+"2,"#$%"/%-/%&%,#.#';%"-/26%+(/%C".,'0',%"DM;!N@i>"*4C"@Ef"**20C"f"%3(';EOC".,+")%,I80.*',%"

DH;!Nfi"*4C"?Ee"**20C"@"%3(';EO"A%/%"62*)',%+"#2"4';%"#$%"6/(+%E"9$%"/%&'+(%"A.&"1',.008"-(/'1'%+"

6$/2*.#24/.-$'6.008" 2;%/" &'0'6." 4%0" 620(*," (&',4" !6MT#q7%,#.,%" Ne`dO" #2" .112/+" #$%"

)%,I'*'+.I20%"DX;; ".&"."-.0%D)/2A,"&20'+"Ne>"*4C"ejzOE"DP!"8V!_M\\!8PLh!8#<Ra "n"dEll"N+C"

J"s"jEi"XIC">XOC"dEd?"N+C"J"s"jEf"XIC">XOC"dEiJ"~"dEfd"N*C">XOC"dEe@"~"dE>j "N*C">XOE"DHA!"8V!

_D\D!8PLh!ARA6Ha"n"@fJEdjC"@efEl@"NH>"POC"@e>EiJC"@e>E??"NH>"POC"@>jE?jC"@>iEde"H>"POC"@@jEffE"

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.E@@@"

"

! !

N

H
N

Chemical Formula: C14H12N2

N

H
N

Br

Chemical Formula: C13H9BrN2



"
jj "

"

A(%7(=.)!DX1;; "

"

"

S.&%+" 2," #$%"/%-/%&%,#.#';%" -/26%+(/%C" .,'0',%" DM;;! N>@J" *4C" @Ef" **20C" f" %3(';EOC" .,+"

)%,I80.*',%" DH1!N?E?eJ"*[C"?Ee"**20C"@"%3(';EO"A%/%"62*)',%+"#2"4';%"#$%"6/(+%E"9$%"/%&'+(%"

A.&"1',.008" -(/'1'%+"6$/2*.#24/.-$'6.008"2;%/"&'0'6."4%0"620(*," (&',4" !6MT#q7%,#.,%"NJ`iO"#2"

.112/+" #$%" )%,I'*'+.I20%"DX1;;! .&" ." -.0%D2/.,4%" &20'+" N>i" *4C" elzOE"DP! "8V! _M\\! 8PLh!

8#<Ra "n"jE?j"~"jE?@"N*C">XOC"dEfj"~"dEJd"N*C"fXOC"dE>@"N++C"J"s"jEfC">E?"XIC"@XOE"DHA!"8V!_D\D!

8PLh!8#<Ra "n"@feE>dC"@e?E>f"N>H"POC"@>lE@jC"@>jEddC"@>jE??"N>H"POC"@>iEJi"N>H"POC"@>>EjlE"

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.E@@>"

"

A(%7(=.)!DX#; !

"

"

S.&%+"2,"#$%"/%-/%&%,#.#';%"-/26%+(/%C".,'0',%"DM;!N@i>"*4C"@Ef"**20C"f"%3(';EOC".,+")%,I80.*',%"

DH#!NJ@"*4C"?Ee"**20C"@"%3(';EO"A%/%"62*)',%+"#2"4';%"#$%"6/(+%E"9$%"/%&'+(%"A.&"1',.008"-(/'1'%+"

6$/2*.#24/.-$'6.008" 2;%/" &'0'6." 4%0" 620(*," (&',4" !6MT#q7%,#.,%" Ne`dO" #2" .112/+" #$%"

)%,I'*'+.I20%"DX#;!.&"."A$'#%"&20'+"N>l"*4C"JezOE"DP!"8V!_M\\!8PLh!R8G< 0' a"n"jE@f"~"jE?i"

N*C">XOC"dEfJ"N&C">XOC"dE@i"N++C"J"s"iE?C"eE?"XIC">XOC"dE@e"~"dE?i"N*C">XOC"eEjf"N&C"eXOE"DHA!"8V!

_D\D!8PLh!R8G<a"n"@i@E@@C"@f@EdiC"@>jEf?"NH>"POC"@>eE?eC"@>>E>j"NH>"POC"@@JEjJ"NH>"POC"ffEj@E"

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.E@@e""

" "

N

H
NCl

Chemical Formula: C13H9ClN2

N

H
N

O

Chemical Formula: C14H12N2O



"
jl "

"

S9M9!A'17&#,!FFF!

!

G-.&'#*/*!(+!2-26(;=&1.(.#!D[ !

!

!

92"."&(&-%,&'2,"21"I',6D62--%/"62(-0%"NlEi?"4C"@Jd"**20O".,+"-$%,80.6%#80%,%"NfE??"4C"Jl"**20O"

',"+'%#$80"%#$%/"N@??"*[O"A.&".++%+"."&20(#'2,"21"#/'6$02/2.6%#80"6$02/'+%"N@?El"*[C"lj"**20O"',"

+'*%#$2H8%#$.,%"Nf?"*[O"+/2-A'&%"2;%/"@f"*',E" !1#%/"@j"$C"#$%"/%&(0#',4")/2A,"*'H#(/%"A.&"

1'0#%/%+".,+"#$%")0.6B"/%&'+(%"A.&"A.&$%+"A'#$"$%H.,%"N@??"*[OE"9$%"1'0#/.#%"A.&"A.&$%+"A'#$"

'6%D620+"$8+/26$02/'6".6'+"N?Ef"QC"@??"*[OC"'6%D620+"&2+'(*"$8+/2H'+%"&20(#'2,"NfzC"@??"*[OC"

&.#(/.#%+"&2+'(*"6$02/'+%"&20(#'2,"N@??"*[OC"+/'%+"2;%/".,$8+/2(&"L4<MJC".,+"#$%,"62,6%,#/.#%+"

',";.6(2"#2"4';%"#$%"6/(+%"eD&()&#'#(#%+DJCJD+'6$02/268602)(#%,2,%E"9$%"/%&'+(%"A.&"+'/%6#08"(&%+"

',"#$%",%H#"&#%-"A'#$2(#".,8"-(/'1'6.#'2,E"92"."&(&-%,&'2,"21"I',6"+(&#"N>fEi?"4C"el>"**20O"',"

.)&20(#%"%#$.,20"N@??"*[O".#"?"ƒP"A.&".++%+"40.6'.0".6%#'6".6'+"N@@E>"*[C"@li"**20O"+/2-A'&%"

2;%/"f"*',E"9$%,"."&20(#'2,"21"eD-$%,80DJCJD+'6$02/268602)(#%,2,%"NjEef"4C"el"**20O"',".)&20(#%"

%#$.,20"N@?"*[O"A.&".++%+"2;%/"@?"*',E"9$%"/%.6#'2,"*'H#(/%"A.&"&#'//%+"12/">Ef"$".,+"#$%,"1'0#%/%+"

.,+"A.&$%+"A'#$"."*'H#(/%"21"+'%#$80"%#$%/".,+"-%,#.,%"N@`@C">f?"*[OE"9$%"1'0#/.#%"A.&"A.&$%+"

A'#$"$8+/26$02/'6".6'+"N@"QC"@??"*[OC"A.#%/"N@??"*[O".,+"&.#(/.#%+"&2+'(*"6$02/'+%"N@??"*[OE"

!1#%/"%H#/.6#'2,"A'#$"."*'H#(/%"21"+'%#$80"%#$%/".,+"-%,#.,%"N@`@C"eHe??"*[O"#$%"2/4.,'6"0.8%/&"

A%/%" A.&$%+" A'#$" &.#(/.#%+" &2+'(*" )'6./)2,.#%" &20(#'2," Nf??" *[OC" +/'%+" 2;%/" L4<MJ".,+"

62,6%,#/.#%+"',";.6(2E"9$%"/%&'+(%"A.&"1',.008"-(/'1'%+"6$/2*.#24/.-$'6.008"2;%/"&'0'6."4%0"620(*,"

(&',4" !6MT#q7%,#.,%" .112/+',4 " #$%" 68602)(#%,2,%"D[" .&" ." 8%002A" &20'+" N>EJ" 4C" J?zOE"
DP!"8V!_M\\!8PLh!A'6(,(+(,% 0' a"n"eEf>"N&C">XOC"iEed"N&C"@XOC"dEJj~dEf>"N*C"eXOC"dEi?~dEie"

N*C">XOE"

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.E@@J"

"

"

"

Ph

O

Chemical Formula: C10H8O



"
l? "

"

G-.&'#*/*!(+!612&(.#!I\!$/&'!"/_A<Ra I! 1*!21&16-*&!

!

!"10.*%D+/'%+"<6$0%,B"#()%"A.&"6$./4%+"A'#$"68602)(#%,2,%"D["N>jEl"*4C"?E>?"**20C"@"%3(';EO"

.,+")%,I.0+%$8+%"DU!N>eEe"*4C"?E>>"**20C"@E@"%3(';EO"',".,$8+/2(&".,+"+%4.&&%+"#20(%,%"N@"*[O"

(,+%/" .," ,'#/24%,".#*2&-$%/%"'," ." 402;%" )2HE" 9$%" *'H#(/%" A.&" 6220%+" +2A," #2" ?" ƒP" )%12/%"

Q'N62+O>"NjEe"*4C"?E?i"**20C"?Ee"%3(';EO"A.&".++%+E"9$%"&20(#'2,"A.&".002A%+"#2"/%.6$"/22*"

#%*-%/.#(/%" .,+" &#'//%+" 12/" @i" $E"!00" ;20.#'0%&" A%/%" /%*2;%+" '," ;.6(2E"9$%" /%&'+(%" A.&"

62,6%,#/.#%+" '," ;.6(2" .,+" -(/'1'%+" 6$/2*.#24/.-$'6.008" 2;%/" &'0'6." 4%0" 620(*," (&',4", D

$%H.,%qT#M!6"Nj?`>?O"-/2;'+%+"0.6#2,%"I\ ".&"."A$'#%"&20'+"N@i"*4C"e@zOE"

G-.&'#*/*!(+!612&(.#!I\!$/&'! "/_@8R:a_ ( 0&(6-6aA6!1*!21&16-*&!

!

!

:,+%/".",'#/24%,".#*2&-$%/%"',"."402;%")2HC"#$%"68602)(#%,2,%"D["N>?"*4C"?E>"**20C"@"%3(';EOC"

)%,I.0+%$8+%"DU"NJJ" *4C"?Ei" **20C"e"%3(';EOC"Q'N9L5!ONoD#2080OP0"Nee" *4C"?E@i" **20C"?Ej"

%3(';EO".,+"+--SI" N>>"*4C"?E@i"**20C"?Ej"%3(';EO"A%/%".++%+"',#2"."j"*["*'6/2A.;%"#()%"A'#$"

e"*["21"#20(%,%E"9$%"/%&(0#.,#"*'H#(/%"A.&"&#'//%+"',"."*'6/2A.;%"/%.6#2/"12/"i"$2(/&".#"i?"yPC"

62,6%,#/.#%+" '," ;.6(2" .,+" #$%" /%&(0#',4" /%&'+(%" A.&" .,.08&%+" )8"@X" QLg" NelzOE"
DP!"8V!_M\\!8PLh!A'6(,(+(,% 0' a"n"eE?J~eE?i"N*C">XOC"fEfe~fEfd"N*C"@XOC"iEJj~iEJj"N*C"@XOC"

dEei~dEf?"N*C"jXOC"dEff~dEfd"N*C">XOE"

9$%&%"+.#."./%"',".4/%%*%,#"A'#$"#$%"-/%;'2(&08"/%-2/#%+"&-%6#/.0"+.#.E@@f"

"

"

"

"

"

"

O

Ph Ph

O

Chemical Formula: C17H14O2

O

Ph Ph

O

Chemical Formula: C17H14O2



"
l@"

"

G-.&'#*/*!(+!612&1%!II!$/&'! b&&,/=%_FFFa!&,/+61&#!1*!21&16-*&!

!

"

G,"."@?"*["/2( ,+")2##2*"10.&B"A.&".++%+"(,+%/",'#/24%,".#*2&-$%/%C"#$%"68602)(#%,2,%"D[!N>?"

*4C"?E>"**20C"@"%3(';EOC"'*',%"I D"NJJ"*4C"?Ei"**20C"e"%3(';EOC"a##/'(*NGGGO"#/'10.#%"NiEf"*4C"?E?>"

**20C"?E@"%3(';EO".,+"G7/"NJ"*4C"?E?>"**20C"?E@"%3(';EO"',"5PT"NJ"*[ OE"9$%"/%&(0#.,#"*'H#(/%+"

A.&"&#'//%+"12/">J"$2(/&".#"i?"yPC"62,6%,#/.#%+"',";.6(2".,+"1',.008"-(/'1'%+"6$/2*.#24/.-$'6.008"

2;%/"&'0'6."4%0"620(*," (&',4" !6MT#q$%-#.,%"Ne`dO"#2" .112/+"#$%"62*-2(,+" II "Ni"*4C"@fzOEDP!

"8V!_M\\!8PLh!A'6(,(+(,% 0' a"n"eE@>~eE?l"N*C"@XOC"eEi>~eEfl"N*C"@XOC"fE>i~fE>e"N*C">XOC"

iEfi DiEfd"N* C"@XOC"dE>?"N#C"J"s"dEf"XI "@XOC"dEJJDdEJi"N* C"@XOC"dE>i~dEf@"N*C"@>XOE"

"

"

"

"

"

! !

N

Ph Ph

O
Ph

Chemical Formula: C23H19NO



"
l> "

"

S9S9!!A'17&#,!FN!
"

G-.&'#*/*!(+!D05'#.-67,(7 0I 0-. 0D0(6!HD!

"

92"."&#'//',4"&20(#'2,"21"%#$8,80*.4,%&'(*")/2*'+%"N?Ef "L"',"9X= C"l?"*[C"@E@"%3(';EO".#"Ddj"2P"

A.&" .++%+" )%,I.0+%$8+%"Ne"*[C" e?" **20 C"@"%3(';EOE"9$%" /%.6#'2," *'H#(/%"A.&"&#'//%+"12/"@?"

*',(#%&")%12/%"A./*',4"#2"/22*"#%*-%/.#(/%"2;%/">"$2(/&E"QXJP0"N&.#E".3EC"f?"*[O"A.&".++%+"

.,+"#$%"&20;%,#"-$.&%&"&%-./.#%+E"9$%".3(%2(&"-$.&%"A.&"%H#/.6#%+"A'#$"T#M!6"NeH"@??*[O".,+"

#$%" 62*)',%+" 2/4.,'6" -$.&%&" +/'%+" 2;%/" .,$8+/2(&" L4<MJ"#$%," 62,6%,#/.#%+"in vacuoE" 9$%"

/%&(0#',4" +./B" *'H#(/%" A.&" -(/'1'%+" )8" 10.&$" 620(*," 6$/2*.#24/.-$8" 2," &'0'6." 4%0"(&',4" , D

$%H.,%qT#M!6"Nj ? >̀?O"#2".112/+"#$%"#'#0%"62*-2(,+"HD!.&"."420+"6202(/%+"2'0"NeEfC"jj zOE"DP!"8V!

_M\\!8PLh!A'6(,(+(,% 0' a"nX"--*">E>l"N+C"@XC"U"s">E?"XIOC">Ed?"N+C"@XC"U"s"iE?"XIOC"fEf?"N++C"

@XC"U"s">E?C"iE?"XIOC"dEJi"~"dEJe"N*C"eXOC"dEi>"~"dEff"N*C">XOE"

G-.&'#*/*!(+!5(&1**/=%!_H0'-),(K- 0H07'#.-67,(7 0D0-. 0D0-6a&,/+6=(,(;(,1&#!HI !

"

92"."&20(#'2,"21"@D7$%,80-/2-D>D8, D@D20"HD!N>E?"4C"@l"**20C"@"%3(';EO"',"9X="N@l?"*[ O".#"Ddj"

2PC"n) (#800'#$'(*"Š>Ef"L"',"$%H.,%&C"N@iEd"*[C" J>"**20C">E>"%3(';EO"A.&".++%+"+/2-A'&%E"9$%"

*'H#(/%" A.&" &#'//%+" 12/" @" $2(/" )%12/%" .++',4" >D'&2-/2-2H8DJCJCfCfD" #%#/.*%#$80D@CeC>D

+'2H.)2/20.,%"N'7/MS7',O"Ni Eee"*[C" fd "**20C"e"%3(';EO"+/2-A'&%".,+".002A',4"'#"#2"A./*"#2"D>?"

2P" 2;%/" ." -%/'2+" 21" >" $2(/&E" 72#.&&'(*" $8+/24%," +'10(2/'+%" N@dEd"4C">>j"**20C"@>" %3(';EO"

+'&&20;%+" '," X>M" Ni? " *[O" A.&" .++%+" &02A08" .,+" #$%" 10.&B" A.&" .002A%+" #2" A./*" #2" /22*"

#%*-%/.#(/%E"9$%" /%&(0#',4" *'H#(/%"A.&"62,6%,#/.#%+"#2"+/8,%&&"in vacuo .,+"#$%"-/2+(6#"A.&"

&%-./.#%+"1/2*"%H6%&&"',2/4.,'6"*.#%/'.0")8".++'#'2,"21".6%#2,%".,+";'42/2(&"&#'//',4"12/"@"$2(/"

12002A%+")8"1'0#/.#'2,E"9$%"1'0#/.#%"A.&"62,6%,#/.#%+"in vacuo .,+" /%+'&&20;%+" ',"#$%"*','*(*"

.*2(,#"21".6%#2,%".112/+',4"."&.#(/.#%+"&20(#'2,E"9$%"-/2+(6#"A.&"-/%6'-'#.#%+")8".++',4"+'%#$80"

Ph

OH

Chemical Formula: C9H8O

Ph

OH

BF3K

Chemical Formula: C9H7BF3KO



"
le "

"

%#$%/".,+"'&20.#%+")8"1'0#/.#'2,"12002A%+")8"A.&$',4"A'#$"+'%#$80"%#$%/E"9$%"-/%6'-'#.#%"A.&"+/'%+"

in vacuo #2"4';%"#$%"8,20"#/'10(2/2)2/.#%"HI!&.0#".&"."6202(/0%&&"&20'+!NeE>"4C"d@zOE"8979"s">eJ"ƒP{"

DP!"8V!_M\\!8PLh!R8G< 0) Oa!nX"--*"fE@i"N+C"U"s"fEf"XIC"@XOC"fEfl"N+C"U"s"fEf"XIC"@XOC"dE>?"

~"dE>d"N*C"@XOC"dE>j"~"dEef"N*C">XOC"dEJ@"~"dEJj"N*C">XO{"DUJ!"8V!_HXO!8PLh!R8G< 0) Oa"n="

--*" D@e@El"D"D@e@EJ"N*C")/O{"DDQ!"8V!_DI[!8PLh!R8G< 0) Oa"nS"--*" D>E?{"DHA!"8V!_D\D!8PLh!

R8G< 0) OO"nP"--*"iJE?C"l?EjC"@>dE?C"@>dEJC"@>jEeC"@JJE@"

G-.&'#*/*!(+!5(&1**/=%!_H0(K( 0H07'#.-67,(7 0D0-. 0D0-6a&,/+6=(,(;(,1&#!IH!

!

92"."&#'//',4"&(&-%,&'2,"21"*.,4.,%&%NGmO"2H'+%"NdEe"4C"jJ "**20C"@?"%3(';EO"',".6%#2,%"Nf?"*[O"

A.&".++%+"-2/#'2,DA'&%"8,20"#/'10(2/2)2/.#%"HI! N>"4C"jEJ"**20C"@"%3(';EO!.#"/22*"#%*-%/.#(/%"12/"

J"$2(/&E"9$%"/%.6#'2,"*'H#(/%"A.&"#$%,"1'0#%/%+"#$/2(4$".")%+"21"P%0'#%".,+"#$%"1'0#/.#%"62,6%,#/.#%+"

in vacuoE" 9$%" &20'+" /%&'+(%" A.&" /%+'&&20;%+" '," #$%" *','*(*" .*2(,#" 21" .6%#2,%" .112/+',4" ."

&.#(/.#%+"&20(#'2,E"9$%"-/2+(6#"A.&"-/%6'-'#.#%+")8".++',4"+'%#$80"%#$%/".,+"'&20.#%+")8"1'0#/.#'2,"

12002A%+")8"A.&$',4"A'#$"+'%#$80"%#$%/E"9$%"-/%6'-'#.#%"A.&"+/'%+"in vacuo #2"4';%"#$%"8,2,%"

#/'10(2/2)2/.#%"&.0#".&"."6202(/0%&&"&20'+"N@Ef"4C"df zOE"8979!s"@il"D"@d?"ƒP{"DP!"8V!_M\\!8PLh!

R8G< 0) Oa!nX"--*"dEfe" ~"dEi?"N*C">XOC"dEiJ"~"dEd@"N*C"@XOC"jE?J"~"jE@?"N*C">XO{"DUJ!"8V!

_HXO!8PLh!R8G<0) Oa!n="--*" D@e>Ej"~"D@eeEe"N*O{"DDQ!"8V!_ DI[!8PLh!R8G< 0) Oa!nS"--*"

D@El"N3C"U"s"eeE?"XIO{"DHA!"8V!_D\D!8PLh!R8G< 0) Oa!nP"--*"jjEiC"@>lE>C"@>lEJC"@eJEeC"@edE>C"

@djEdE""

"

"

"

"

"

"

Ph

O

BF3K

Chemical Formula: C9H5BF3KO



"
lJ "

"

E#.#,16!7,(2#)=,# !: Y!J,##;1*/.?!1.)!2(.)#.*1&/(.!(+! ! 016>-6!?=1./)/.#!'-),(2'6(,/)#!

*16&*!IS!$/&'!IH !

!

92" ." &#'//',4" &(&-%,&'2," 21" .0B804(.,'+',%" $8+/26$02/'+%" N>EJD>Ef" %3O" '," #20(%,%" A.&" .++%+"

-2#.&&'(*"6./)2,.#%"N>EJD>Ef"%3OE"9$%"*'H#(/%"A.&"$%.#%+".#"j?"2P"12/">"$C"#$%,"IH"N@E?"%3O"A.&"

.++%+".,+"#$%"*'H#(/%"A.&"$%.#%+".#"/%10(H"12/"@i"$E"9$%"*'H#(/%"A.&"6220%+"#2"/22*"#%*-%/.#(/%"

.,+"62,6%,#/.#%+"in vacuoC"12002A%+")8"+'&&20;',4"',".6%#2,%".,+"1'0#%/',4"#2"/%*2;%"/%&'+(.0"&.0#&E"

9$%"/%&(0#.,#".6%#2,%"&20(#'2,"A.&"62,6%,#/.#%+"#2".112/+"."&.#(/.#%+"&20(#'2,".,+"T#>M"A.&".++%+"

&02A08E"9$%".*',2-8/'*'+',%"#/'10(2/2)2/.#%"-/%6'-'#.#%"A.&"#$%,"6200%6#%+")8"1'0#/.#'2,".,+"+/'%+"

#$2/2(4$08"in vacuoE"

!

5,#71,1&/(.!(+!I 0_;#.L-61%/.(a0M07'#.-67-,/%/)/. 0O0-6!&,/+6=(,(;(,1&#!IS1!

"

=2002A',4" 4%,%/.0" -/26%+(/%" (&',4" )%,I804(.,'+',%" $8+/26$02/'+%" N>??" *4C" @E?j" **20OC"

-2#.&&'(*"6./)2,.#%"N@Jd"*4C"@E?i"**20OC"IH!N@??"*4C"?EJ>"**20O".,+"#20(%,%"N@?"*[OE"9$%"#'#0%"

62*-2(,+"A.&"2)#.',%+".&"."6202(/0%&&"&20'+"N@@J"*4C"dJzOE"8979!m!>eJD>ef"2P"N+%6O{"DP!"8V!

_M\\!8PLh!R8G< 0) Oa!nP"--*"JEi@"N+C">XC"U"s"iE?"XIOC"dE?l"N&C"@XOC"dE@?"~"dE>f"N*C">XOC"dE>l"N#C"

>XC"U"s"dEf"XIOC"dEed"~"dEJd"N*C"fXOC"dEll"N++C">XC"U"s"jE?C"@Ef"XIO{"@eA!"8V!_D\D!8PLh!R8G< 0

) Oa!nP
"--*"JJE>C"@?jEfC"@>iEe"NH>POC"@>dEeC"@>jE?C"@>jEfC"@>lEJC"@ejEdC"@J@EfC"@flEiC"@i>E@{"DUJ!

"8V!_HXO!8PLh!R8G< 0) Oa!n="--*" D@J>Ei{"DDQ!"8V!_DI[!8PLh!R8G< 0) Oa!nS"--*"@Ee{"J@FV!

_.#1&a!‰*.H "q"6*D@"eJe>"N*OC"e?ie"NAOC"e?ee"NAOC">lJf"NAOC"@feJ"N&OC"@?>i"N&OC"lfe"N&O{"PV8G!

_TGF0@<Ja"m/z"rL D_t D"6.06(0.#%+"12/"P@dX@J
@@S=eQe"e>jE@>ejC"12(,+"e>jE@>f@E"

"

! !

N N

Ph BF3K

NH

Chemical Formula: C17H14BF3KN3



"
lf "

"

5,#71,1&/(.!(+!I 0__! 0166-6a1%/.(a0M07'#.-67-,/%/)/. 0O0-6!&,/+6=(,(;(,1&#!IS; !

"

=2002A',4" 4%,%/.0" -/26%+(/%"! " (&',4" .00804(.,'+',%" $8+/26$02/'+%" N@@f" *4C" ?Ejf" **20OC"

-2#.&&'(*"6./)2,.#%"N@@d"*4C"?Ejf"**20OC"IH!Nj>"*4C"?Eef"**20O".,+"#20(%,%"Ni"*[OE"9$%"#'#0%"

62*-2(,+"A.&"2)#.',%+".&"."6202(/0%&&"&20'+"Ni?"*4C"fJzOE"8979!s">?JD>?f"2P"N+%6O{"DP!"8V "

_M\\!8PLh!R8G< 0) Oa"nX"--*"eEld" ~"JE?i"N*C">XOC"fE??"~"fE?j"N*C"@XOC"fE@i"~"fE>f"N*C"@XOC"

fElj"N++#C"@XC"U"s"@dE?C"@?EfC"fEf"XIOC"iEil"N&C"@XOC"dE?j"N&C"@XOC"dEJ?"~"dEf@"N*C"eXOC"jE?>"N++C">XC"

U"s"jE?C"@Ef"XIO{"DHA!"8V "_D\D!8PLh!R8G<0) Oa!nP"--*"JeEdC"@?lE?C"@@JEjC"@@iEJC"@>iEjC"@>lE?C"

@>lEjC"@elE@C"@flElC"@i>Ee{"@lJ! "8V "_HXX!8PLh!R8G<0) OaY"n="--*" D@J>Ei{"DDQ!"8V "_DI[!

8PLh!R8G< 0) Oa"nS"--*"@Ei{"J@FV!_.#1&a!‰*.H "q"6*D@"!eejeC"@iJfC"@i?@C"@feJC"@?ee{"PV8G!

_TGF0@<Ja"m/z rL D_t D"6.06(0.#%+"12/"P@eX@>
@@S=eQe">djE@?j>C"12(,+">djE@?l@E"

"

5,#71,1&/(.!(+!I 0__! 02-26(7,(7-6a1%/.(a0M07'#.-67-,/%/)/. 0O0-6!&,/+6=(,(;(,1&#!IS2!

"

=2002A',4"4%,%/.0"-/26%+(/%"! "(&',4"68602-/2-804(.,'+',%"$8+/26$02/'+%"N@Jf"*4C"@E?d"**20OC"

-2#.&&'(*"6./)2,.#%"N@Jd"*4C"@E?i"**20OC"IH!N@??"*4C"?EJ>"**20O".,+"#20(%,%"N@?"*[OE"9$%"#'#0%"

62*- 2(,+"A.&"2)#.',%+".&"."-.0%D8%002A"&20'+"N@??"*4C"dfzOE"8979!s"@ijD@d?"2P"N+%6O{"Dn!opV "

_M\\!8PLh!R8G< 0) Oa"nX"--*"?EJJ"~"?Efd"N*C">XOC"?Eif"~"?Edd"N*C">XOC">Edd"~">Ejf"N*C"@XOC"

iEj?"N&C"@XOC"dE@@"N&C"@XOC"dEJ>"~"dEJl"N*C"eXOC"jE?e"~"jE@?"N*C">XO{"DHA!"8V "_D\D!8PLh!R8G<0

) Oa"nP"--*" iElC" >JEJC" @?iEJC" @>dE>C" @>lE>C" @e@E?C" @edEfC" @flEeC" @ieEl{"@lJ! "8V "_HXX! 8PLh!

R8G< 0) Oa"n="--*" D@J>Ei{"@@Q""8V!_DI[!8PLh!R8G< 0) Oa"nS"--*"@Ef{"J@FV!_.#1&a!‰*.H "q"6*D

@"!eedeC"@id>C"@fe>C"@eJdC"@?fj{"PV8G `"_TGF0@<Ja"m/z rL D_t D"6.06(0.#%+"12/"P@eX@>
@@S=eQe"

>djE@?j>C"12(,+">djE@?lJE"

"

! !

N N

Ph BF3K

NH

Chemical Formula: C13H12BF3KN3

N N

Ph BF3K

NH

Chemical Formula: C13H12BF3KN3



"
li "

"

5,#71,1&/(.!(+!I 0__! 0%#&'-6a1%/.(a0M07'#.-67-,/%/)/. 0O0-6!&,/+6=(,(;(,1&#!IS#!

!

"

=2002A',4" 4%,%/.0" -/26%+(/%"! " (&',4" *%#$804(.,'+',%" $8+/26$02/'+%" N@@i" *4C" @E?i" **20OC"

-2#.&&'(*"6./)2,.#%"N@Jd"*4C"@E?i"**20OC"IH!N@??"*4C"?EJ>"**20O".,+"#20(%,%"N@?"*[OE"9$%"#'#0%"

62*-2(,+"A.&"2)#.',%+".&"."-.0%"8%002A"&20'+"Ne?"*4C">fzOE"8979!s"@fJD@ff"2P"N+%6O{"@n!opV!

_M\\!pnLh!RpGq 0) Oa!nX"--*">Eje" ~">El@"N*C"eXOC"iEJj"N&C"@XOC"dE?i"N&C"@XOC"dEed"~"dEf>"N*C"

eXOC"dEld"~"jE@?"N*C">XO{"@eA!"8V "_D\D!8PLh!R8G<0) Oa"nP"--*">jEfC"@?jEdC"@>iEjC"@>lE?C"

@>lEjC"@elEeC"@i?E@C"@ieE>{"@lJ!"8V "_HXX!8PLh!R8G<0) Oa!n="--*" D@J>Ei{"@@Q!"8V!_DI[!8PLh!

R8G< 0) Oa!nS"--*"@Ej{"J@FV!_.#1&a!‰*.H "q"6*D@"!eefdC"@ii>C"@fJ>C"@e?jC"@?j?{"PV8GY!_TGF0

@<Ja"m/z rL D_t D"6.06(0.#%+"12/"P@@X@?
@@S=eQe">f>E?l>fC"12(,+">f>E?leiE"

"

5,#71,1&/(.!(+!5(&1**/=%!_I01%/.( 0M0_.17'&'16#. 0I 0-6a7-,/%/)/. 0O0-6a&,/+6=(,(;(,1&#!IS+!
!

!
!

92"."&#'//',4"&(&-%,&'2,"21"IH"N@??"*4C"?Eef"**20O"',"#20(%,%".#"/22*"#%*-%/.#(/%"A.&".++%+"ND

6./).*'*'+280"-';.0.#% "N>f?"*4C"@Edf"**20O"',"2,%"-2/#'2,E"9$%"*'H#(/%"A.&"$%.#%+".#"/%10(H"12/"

Jj" $2(/&C" #$%," 6220%+" #2" /22*" #%*-%/.#(/%" .,+" 62,6%,#/.#%+"in vacuoE" 9$%" /%&'+(%" A.&" #$%,"

&(&-%,+%+"',".6%#2,%C".,+"T#>M"A.&".++%+"&02A08"1/2*"."+/2--',4"1(,,%0"N#8-'6.008"Š@?"#'*%&"#$%"

;20(*%"21".6%#2,%OE"9$%"*'H#(/%"A.&"#$%,"1'0#%/%+".,+"#$%"/%&(0#.,#"&20'+"A.&"A.&$%+"A'#$"T#>M"

#$%,"+/'%+"in vacuo"#2"-/2;'+%"#$%"-/2+(6#"IS+".&"."#.,"&20'+"Nl>"*4C"j?zOE"8979!s"">efD>ei 2P"

N+%6O{"!DP!"8V!_M\\!8PLh!R8G< 0) Oa!nP"--* "iE?j"N)/C">XOC"dE?d"N&C"@XOC"dEJ?"~"dEJl"N*C"eXOC"

dEli"~"jE?@"N*C">XO{"@eA!"8V!_D\D!8PLh!R8G< 0) Oa!nP
"--* "@?lE>C"@>iEjC"@>lE?C"@>lEjC"@elE>C"

@i?EiC"@ieEi{"DUJ!"8V!_HXO!8PLh!R8G< 0) Oa!n="--*" D@J>Ei{"DDQ!"8V!_DI[! 8PLh!R8G< 0) Oa!

nS"--*"@Ef{"J@FV!_.#1&a!‰*.H "q"6*D@"eJid"NAOC"ee?f"NAOC"e@jl"NAOC"@f>i"N&OC"lfJ"N&O{"PV8G!_TGF0

@<Ja"m/z"rL D_t D"6.06(0.#%+"12/"P@JX@?
@@S=eQe">jjE?l>fC"12(,+">jjE?le?"

N N

Ph BF3K

NH

Chemical Formula: C11H10BF3KN3

N N

Ph BF3K

NH2

Chemical Formula: C10H8BF3KN3



"
ld "

"

5,#71,1&/(. !(+!I0__M02'(,(7'#.-6a1%/.(a 0M07'#.-67-,/%/)/. 0O0-6!&,/+6=(,(;(,1&#!IS) !
!

!
"

92"."&0(//8"21"IH!N@dJ"*4C"?EdJ"**20O"',"#20(%,%"A.&".++%+"NJD6$02/2-$%,80O4(.,'+',%"I M) "N@f?"

*4C"?Ejj"**20OE"9$%"*'H#(/%"A.&"$%.#%+".#"/%10(H"12/"@i"$"#$%,"6220%+"#2"/22*"#%*-%/.#(/%".,+"

62,6%,#/.#%+"in vacuoE"9$%"6/(+%"*'H#(/%"A.&"+'&&20;%+" '," .6%#2,%C".,+"T#>M"A.&" .++%+E"9$%"

/%&(0#.,#"-/%6'-'#.#%"A.&"6200%6#%+E"P220',4"#$%"*'H#(/%"#2"?"2P"-/2;'+%+"."&%62,+"6/2-"21"-/2+(6#E"

9$%"&20'+&"A%/%"62*)',%+C"A.&$%+"A'#$"T#>M".,+"+/'%+"in vacuo"#2"4';%"#$%"#'#0%"62*-2(,+!.&"."

8%002A"&20'+"N@dj"*4C"i>zOE"8979!m!@fiD@fd"2P"N+%6O{"DP!"8V!_M\\!8PLh!R8G< 0) Oa!nP"--*"

dEe@"N+C">XC"U"s"lE?"XIOC"dEee"N&C"@XOC"dE>l"~"dEe>"N*C"eXOC"dElj"N+C">XC"U"s"lE?"XIOC"jE?j"N++C">XC"

U"s"jE?C"@E?"XIOC"lEfe"N)/C"@XO{"@eA!"8V!_D\D!8PLh!R8G< 0) Oa!nP
"--*"@@?ElC"@@lEJC"@>eEJC"

@>iEiC"@>jE>C"@>jEjC"@>lElC"@ejEeC"@J?ElC"@flEiC"@i?E?{"DUJ!"8V !_HXO!8PLh!R8G<0) Oa!n="--*" D

@J>Ed{"DDQ!"8V!_DI[!8PLh!R8G< 0) Oa!nS"--*"@Ef{"J@FV!_.#1&a!‰*.H "q"6*D@"eJ@J"NAOC"eeej"N)/OC"

eeej" NAOC" @f>>" N&OC" @Jl?" N&OC" @?fl" N*O{"PV8G! _TGF0@<Ja" m/z" rL D_t D" 6.06(0.#%+" 12/"

P@iX@@
@@SefP0=eQe"eJjE?il>C"12(,+"eJjE?d?>E"

"

!

E#.#,16!7, (2#)=,#! QY!V/.?!16>-61&/(.!(+!IS+!

!

92"."&#'//',4"&(&-%,&'2,"21"IS+"N@E?"%3O"',".6%#2,%".#"/22*"#%*-%/.#(/%"A.&".++%+".0B80"$.0'+%"N@E?"

%3OE"9$%"/%.6#'2," *'H#(/%"A.&"$%.#%+" .#" f?"2P"12/"@i"$C"#$%,"6220%+"#2" /22*"#%*-%/.#(/%" .,+"

62,6%,#/.#%+"in vacuoC"4';',4"."&.#(/.#%+"&20(#'2,E"T#>M"A.&".++%+".,+"#$%"/%&(0#.,#"-/%6'-'#.#%"

A.&" 6200%6#%+C" A.&$%+" A'#$" T#>M" .,+" +/'%+" #$2/2(4$08"in vacuo"#2" .112/+" #$%" 62//%&-2,+',4"

.0B80.#%+"-8/'*'+',%"#/'10(2/2)2/.#%"&.0#E"

"

"

"

"

"

N N

Ph BF3K

NH

Chemical Formula: C16H11BClF3KN3

Cl



"
lj "

"

5,#71,1&/(.!(+!D0166-60I 0_D) a0M07'#.-67-,/%/)/./%/. 0O0-6!&,/+6=(,(;(,1&#!IO; !

"

=2002A',4"4%,%/.0"-/26%+(/%"SC"(&',4"IS+"Nd?"*4C"?E>f"**20OC".0080")/2*'+%"N>>"‹[C"?E>f"**20O"

.,+".6%#2,%"Nj"*[OE"9$%"#'#0%"62*-2(,+"A.&"2)#.',%+".&"."6202(/0%&&"&20'+"NJ?"*4C"f?zOE"897!s"

@deD@dJ"2P"N+%6O{"@n!opV!_M\\!pnLh!RpGq 0) Oa!nX"--*"JEli"N+C">X"U"s"eE?"XIOC"fE>@"N+C"@XC"

U"s"@dEf"XIOC"fE>i"N+C"@XC"U"s"@@E?"XIOC"fEje"~"fElf"N*C"@XOC"dE?J"N&C"@XOC"dEJj"N&C"@XOC"dEfJ"~"dEid"

N*C"eXOC"jE?j"~"jE>>"N*C">XO{"@eA!"8V "_D\D!8PLh!R8G<0) Oa"nP"--*"f>E@C"@?lElC"@@jEfC"@>jE?C"

@>lEeC"@e?EJC"@e>EjC"@eJEfC"@ffEdC"@iiEj{"@lJ!"8V "_HXX!8PLh!R8G<0) Oa!n="--*" D@J?Ed{"@@Q!

"8V!_DI[!8PLh!R8G< 0) Oa!nS"--*"?E i {!J@FV!_.#1&a!‰*.H "q"6*D@""eeidC"@ieiC"@fldC"@ffiC"@ei>{"

PV8GY!_TGF0@<Ja"m/z rL D_t D"6.06(0.#%+"12/"P@eX@>
@@S=eQeE">djE@?j>C"12(,+">djE@?liE"

"

5,#71,1&/(.!(+!D0%#&'-60I 0_D) a0M07'#.-67-,/%/)/./%/. 0O0-6!&,/+6=(,(;(,1&#!IO1!

"

=2002A',4"4%,%/.0"-/26%+(/%"SC"(&',4"IS+"Nd?"*4C"?E>f"**20OC"'2+2*%#$.,%"N@f"‹[C"?E>f"**20O"

.,+".6%#2,%"Nj"*[O"9$%"#'#0%"62*-2(,+"A.&"2)#.',%+".&"."6202(/0%&&"&20'+"Nij"*4C"lezOE"897!s"

@dfD@dd"2P"N+%6O{"@n!opV!_M\\!pnLh!RpGq 0) Oa!nX"--*"eEdd"N&C"eXOC"iEl?"N&C"@XOC"dEJf"N&C"@XOC"

dEff"~"dEid"N*C"eXOC"jE@@"~"jE>@"N*C">XO{"@eA!"8V "_D\D!8PLh!R8G<0) Oa"nP"--*"ejEiC"@?lEJC"

@>dEjC"@>lE>C"@e>EfC"@eJEiC"@fiEfC"@iiEe{"@lJ!"8V "_HXX!8PLh!R8G<0) Oa!n="--*" D@J@Ef{"@@Q!

"8V!_DI[!8PLh!R8G< 0) Oa!nS"--*"?E i {"J@FV!_.#1&a!‰*.H "q"6*D@""eeidC"@ielC"@fllC"@fi>C"@ei?{"

PV8GY!_TGF0@<Ja"m/z rL D_t D"6.06(0.#%+"12/"P@@X@?
@@S=eQe">f>E?l>fC"12(,+">f>E?le>E"

!

! !

N N

BF3K

NH

Chemical Formula: C13H12BF3KN3

N N

BF3K

NH

Chemical Formula: C11H10BF3KN3



"
ll "

"

V#+#,#.2#*!
"

"
@"!ED[E"!(;',%#C"UE7E!E"X.//'#8C"!,4%AE"Chem. Int. EdE"I\DDC"f?C">dilE"
>"5E"[E"P2*',&C"<E"M]P2,,2/C"gE"<E"!0D.A./C"P2*-/%$%,&';%"X%#%/26860'6"P$%*'&#/8"GGG"m20E"d"

NT+&`"!E"_.#/'#IB8C"TE=Em"<6/';%,C"C. A. Ramsden, J.K. TaylorOC"I\\[ E"
e"kE"5E"X%,/8C"Tetrahedron"I\\M C"60C"i?Je"~"i?i@E"
J"gE"7',4.%AC"<E"7/.6$.8.&'##'B(0C"<Eg(6$'/.A.#C"Molecules"I\D\ C"15C"ljj" ~"lliE "
f "LE"m/Œ)%0C"LE"X26%BC"[E"X.;/.,C"LE"=2F#.C"GE"m2#/(").C"SE"_0%-%#Œ•2;ŒC"gE"72$0C"[E"g(0ZŽ%BC"[E"

R%,+02;ŒC"7E"X2)I.C"GE"XE"<$'$C"TE"L.)%/8C"gE"L.6B*.,C"Eur.  J.  Inorg. ChemE!I\\X C"@df>"~"

@dilE"
i "UE"!E"U2(0%C"_E"L'00&C"Heterocyclic Chemistry"NT+&`"='1#$OC"I\D\9 "
d"aE"LE"P$2'C"QE"_(6$./6I8BC"gE"5E"<21'.C"J. Label. Compd. Radiopharm."DU[XC"24C"@"~"@JE"
j "=E"S2$0*.,,C"5E"g.$#IC"Chem. Ber."DUSXC"90C">>if"~">>d>E"
l "LE"L2;.&&.4$'C"LE"5E"X'00C"ME"_E"!$*.+C J. Am. Chem. Soc."I\\X C"129C"@??li"~"@??ldE"
@?"SE"LE"9/2&#C"k(#'%//%IC"!E"P. Org. LettE"I\\X C 9C"@Jde"~"@JdiE"
@@"<E"['(".,+"[E"<E"['%)%&B',+"J. Am. Chem. Soc."I\\[ C"130C"il@j"~"il@lE"
@>"=E"=/',4(%00'C"!E"9.#'66$'C"The Diels-Alder Reaction: Selected Practical MethodsC"I\\I E"
@e"UE"<.(%/C"Angew. Chem. Int Ed. EnglE"DUOX, 6C"@iE"
@J"GE"=0%*',4, Frontier Orbitals and Organic Chemical ReactionsC"U2$,"K'0%8"x"<2,&C"

P$'6$%&#%/C"DUXOE"
@f"TE"!E"!8+',C"I\DI C"Diels-Alder reactions of phencyclone and coumarin derivatives and click 

chemistry of novel BODIPY dyes for fluorescence DetectionC"7$E5E"#$%&'&C":,';%/'&#8"21"

<$%11'%0+C"<$%11'%0+E"
@i"gESE"K22+A./+C"=E"<2,+$%'*%/C"5E"9.()C"_E"X%(&0%/C"KE"LE"L60.*2/%,  J. Am. Chem. Soc."

DUSIC!74C"J>>e"~"J>f@E"
@d"LE"k.#%&C"kE"9&6$(+'C"J. Am. Chem. SocE"DUSIC"74, @@?l"~"@@@?E"
@j"LE"k/%42/'#I.C"=E"7E"S/.,+0C"Eur. J. Pharm. Biopharm."I\DS, 97C"Jej"~"JfeE"
@l"LE""S%$12/2(IC"LE""!$*.+'., , Tetrahedron"I\\\ C"56C"f>fl"~"f>jjE "
>?"<E"U.8.B(*./C"LE"7E"<E"G&$./".,+"LE"7E"L.$.F.,C"Tetrahedron"I\\I C"58C"edl"~"Jd@E"
>@"SE"k/2%,%,+..0C"TE"g('F#%/C"gE"mE"!E"M//(C"Chem. CommunE"I\\[ C"fJdJ"~"fJjlE "
>>"5E"[E"S24%/C"Chem. RevE"DU[O, 86C"dj@"~"dleE"
>e"XE"Q%(,$2%11%/C"7E"=E"K'0%8C"Chemistry of Heterocyclic Compounds, K'0%8C"DUX[C";20"eeE"
>J"5E"[E"S24%/C"TetrahedronC"DU[HC"39C">l@>"~">l>>E"



"
@??"

"

"
>f "N.O"<E"LE"K',/%)C"=ERE"S.&$.C"<E"X')',2C"QE"!E"_$.#/'C"5E"_'*C"KE"TE"78%C"9E"9E"K(C"J. Am. 

Chem. Soc."DU[IC"104C"fei"~"fJJ"N)O"=E"RE"S.&$.C"<E"X')',2C"5E"_'*C"5C"KE"TE"78%C"9E"9E"K(C"<E"

LE"K%',/%)C"IbidE"J. Am. Chem. Soc."DU[\C"102C"eli>"~"eliJE"
>i "5E"[E"S24%/C"UE"<E"7.,%BC"J. Am. Chem. Soc.!DU[SC"107C"fdJf"~"fdfJE"
>d"5E"[E"S24%/C"UE"<E"7.,%BC"J. Org. Chem. DU[DC"46C">@dl"~">@j>E"
>j "<E"7E"UE"9E"S.6$200%#C"UE"=E"m';.#C"5E"PE"P26B%/C"XE"!+.*&C"UE"7E"!E"X.//'#8C"Chem. Eur. J. I\DMC"

20C"@>jjl"~"@>jleE"
>l "UE"=E"m';.#C"XE"!+.*&C"UE"7E"!E"X.//'8C"Org. Lett. I\D\ C"136C"@i?"~"@ieE"
e?"<E"gE"[.70.,#%C"[E"5E"=.+%/C"_E"gE"=.,+/'6BC"5E"gE"=.,+/'6BC"ME"X(6B%C"gE"_%*-%/C"<E"7E"=E"

L'00%/C".,+"7E"UE"T+A./+&C"J. Med. Chem. I\DDC"54C"d??f"~"d?>>E"
e@"<E"gE"[.70.,#%"7E"UE"T+A./+&C"[E"5E"=.+%/C"!E"U.B.0'.,C"ME"X(6B%C"ChemMedChemE"I\DDC"7C"

f?f" ~"f@eE"
e>"kE"S/',4*.,,C"aE"g%'6$%/#C"mE"_.,%C"Tetrahedron!I\\M C"60C"efel"~"efdJE"
ee"UE"72/#%/".,+".0, Bioorg. Med. Chem. Lett."I\\U C"19,"@did"~"@ddE"
eJ"LE"SE"_'*C"_E"TE"k'%&0%/C"aE"!E"9.$'/2;'6C"mE"LE"9/(.HC"5E"PE"['2##.C"[E"UE"K'0&2,C"Expert 

Opin. Investig. Drug"I\DOC"25C"@edd"~"@el>E"
ef "gE"g.#I".,+"XE"<6$/2%+%/C"J. Org. ChemE!DUS[C"23C"@le@"~"@leJE"
ei "=E"XE"P.&%C"J. Org. Chem.C"DUOSC"30C"le@"~"leeE"
ed"<E"7E"UE"9E"S.6$200%#C"5E"m20IC"SE"='&%/C"<E"L•,6$C"=E"g„,'6B%C"UE"P.//'002C"XE"!+.*&C":E"

<6$%-%/&C"TE"k•*%I"D"S%,42.C"<E"S/}&%C"UE"7E"!E"X.//'#8C"Chem. Eur.JE"I\DOC"22C"@>Je?"~"@>JejE"
ej "!E"<E"m'%'/.C"7E"=E"='2/.,#%C"9E"[E"<E"X2(4$C"=E"7E"=%//%'/.C"5E"<E"[v+#B%"XE"!E"<#%1.,'C"Org. 

Lett."I\\[ C"10C"f>@f"~f>@jE"
el "!E"_.F.0C"<E"S.0.C"<E"_.*)2FC"QE"<$./*.C "mE"<.',' C"Journal of Catalysts. I\DHC"@"~"@JE 
J?"SE"TE"[2;%C"9E"<E"S2&#2,C"SE"9E"Q4(8%C"UE"gE"g2/%/C!Organic Preparations and Procedure IntEC"

DUUUC"31C"ell"~"J?fE"
J@".O"SE"TE"[2;%C"UE"g%,C"J. Org. ChemE"DUUHC"fjC"fffi" ~"fffd")O"SE"TE"[2;%C"7E"<E"g.F%C"9E"PE"

K'00'.*&C"SynlettE!DUUMC"8C&Jl@"~"JleE"
J>"kE"PE"[22BC"LE"LE"L(/-$8C"5E"!E"P.*-)%00C"LE"!E"k.002-C"Tetrahedron LettE"DUUSC"36C!>led"~"

>lJ?E"
Je"UE"g'##%/C"J. Am. Chem. SocE"DUHHC"55C"ee>>"~"ee>iE""
JJ"!E"Q'&$',.4.C"<E"a.*.I.B'C"9E"L.#&((/.C"Tetrahedron LettE"DU[[C"29C"J@@f"~"J@@jE"
Jf "UE"<E"LE"<.*%6C"!E"XE"‘00C"UDTE"S}6B;.00C"Chem. Eur. J."I\\S C"11C">e>d"~">eeJE"
Ji "TE"R$.,4C"XE"9'.,C"<E"c(C"cE"a(C"b',4"c(C"Org. Lett."I\DHC"15C">d?J"~">d?dE"



"
@?@"

"

"
Jd"_E"k2-.0.'.$C"!E"<.','C"Cat. Lett."I\DOC"9C"@iJj"~"@ifJE"
Jj "=E"S2##./2C"!E"9.B.002(C"!E"P$%$.')%/C"gE"L.+&%,C"Eur. J. Org. ChemE"I\DUC"d@iJ"~"d@ijE"
Jl ".O"LE"X./(#.C"QE"a.*.+.C"9E"_2).8.&$'C"<E"G'F'*.C"J. Catal. DU[UC"115C"e?@"~"e?l")O"LE"

X./(#.C"Chem. RecE"I\\H C"3C"df"~"jdE"
f? ".O"XE"9&(,28.*.C"XE"<.B(/.'C"aE"Q%4'&$'C"9E"9&(B(+.C"J. Am. Chem. Soc9!I\\S C"127C"ledJ"~"

ledf")O"PE"L'02,%C"gE"G,4240'.C"kE"Q%/'C"!E"7'&#2,%C"<E"k.0;.4,2C"Appl. Catal. I\\D C"211C">f@"~"

>fdE"
f@"<E"S'%00.C"LE"g2&&'C"Chem. Commun."I\\H C"edj"~"edlE"
f>"XE"<(,C"=DRE"<(C"UE"Q'C"aE"P.2C"XDaE"X%C"_DQE"=.,C"Angew. Chem."I\\U C"121C"JJfJ"~"JJfdE"
fe "RE"M-/%C"5E"=%//'C"=E"_/(*%'6$C"9E"L.00.#C"!E"S.'B%/, Journal of Catal8&'&"I\\O C"241,">jd"~"

>lfE""
fJ "<E"<%)#'C"!E"<20$8C"gE"9.$'/C"!E"<*.$'C"Appl.  Catal.  AE"I\\I C"235C">de"~">j@E"
ff ".O"UE"R$.,4C"kE"[%'#(&C"aE"S%,D5.;'+C"5E"L'0&#%',C"J. Am. Chem. SocE"I\\S C"127C"@?jJ?"w"

@?jJ@")O"gE"a.*.4(6$'C"PE"GB%+.C"aE"9.B.$.&$'C"_E"GE"=(F'#.C"J. Am. Chem. SocE"I\\U C"131C"jJ@?"

~"jJ@>"6O"5E"<-.&8(BC"5E"kE"k(&%;C"Organometallics"I\DI C"31C"f>el"w"f>J>""+O"<E"L(&.C"<E"

=/2,#2,C"[E"m.66./2C"5E"k%0*.,C"Organometallics"I\DHC"32C"e?il"~"e?deE"
fi "kE"U.'&A.0C"mE"kE"[.,+4%C"5E"U.4.+%%&.,C"TE"S.0./.*.,C"Green Chem."I\DOC"18C"e>e>"~"e>ejE"
fd "UE"S.',C"7E"P$2C"!E"m2(#6$B2;.D_2&#.0C"Green ChemE"I\DSC"17C">>d@"~">>j?E"
fj "=E"P.;.,'C"=E"9/'1'/2C"!E"m.66./'C"Catal. Today"DUUDC"11C"@de"~"e?@E"
fl "!E"mE"G2&()C"<E"<E"<#.$0C"Org. LettE"I\DSC"17C"JJ?J"~"JJ?dE"
i? "mE"7.&6.,(C"kE"k2,IŒ0%I"L'%/.C"!E"_E"G,4%C"SE"L./#Z,DL.#(#%C"J. Am. Chem. Soc. I\DUC"141C"

d>>e"~"d>eJE"
i@"UE"[E"PE"g2A&%00C"ME"LE"a.4$'C"Microporous Mesoporous Mater. I\\M C"73C"e"~"@JE"
i> "XE"['C"LE"T++.2(+'C"LE"M’_%%11%C"ME"LE"a.4$'C"NatureC!DUUUC"402C">di"~">dlE"
ie ".O"SE"=E"!)/.$.*&C"SE"=E"X2&B',&C"gE"g2)&2,C"J. Am. Chem. Soc. DUUDC"113,"ei?i" ~"ei?dE"

)O"<E"gE"S.##%,C"gE"g2)&2,C"Angew. Chem. Int. EdE"DUU[C"37C"@Ji?"~"@JlJ"6O"SE"P$%,C"LE"T++.2(+'C"

<E"9E"X8+%C"LE"ME"_%%11%C"ME"LE"a.4$'C"Science"I\\I C"295C"Jil"~"Jd>E"
iJ "bE"K.,4C"5E"!&#/(6C"Chem. Rev."I\I\ C"120C"@Jej"~"@f@@E"
if "aE"bE"9'.,C"aE"LE"R$.2C"RE"cE"P$%,C"kE"QE"R$.,4C"[E"XE"K%,4C"5E"aE"R$.2C"Chem."Eur. J. 

I\\X C"13C"J@Ji"~"J@fJE"
ii "!E"P2/*.C"XE"k./6“.C"=E"cE"[0.)/%&"'"c.*%,.C"Chem. Rev."I\D\ C"110C"Ji?i"~"JiffE "
id "=E"<2,4C"PE"K.,4{"KE"[',C"Chem. CommunE"I\DDC"47C"j>fi"~"j>fj E"
ij "9E"G&$'+.C"LE"Q.4.2B.C"9E"!B'#.".,+"LE"X./(#.C"Chem. Eur. J."I\\[ C"*+C"jJfi"~"jJiE""



"
@?>"

"

"
il "QE"a(.,C"mE"7.&6.,(C"RE"X(.,4C"!E"m.0'%,#%C"QE"X%'+%,/%'6$C"<E"[%(),%/C"!E"_E"G,4%C"U.B2)"kE"

Q2/)%/#C"<E"7%/&&2,C"SE"L./#Z,DL.#(#%C"cE"R2(C"J. Am. Chem. Soc."I\D[ C"140C"j>?i"~"j>@dE"
d?"[E"P$%,C"RE"k.2C"aE"['C"Catal. Today"I\DSC"245C"@>>"~"@>jE"
d@".O"=E"P./&2,C"mE"7.&6.,(C"!E"S%/*%F2"k\*%IC"aE"R$.,4C"!E"TE"70.#%/2D7/.#&C"cE"R2(C"SE"

L./#Z, DL.#(#%C"Chem. Eur. J."I\DSC"21C"@?jli"~"@?l?>")O"mE"7.&6.,(C"7E"gE"X.,&%,C"!E"S%/*%F2"

k\*%IC"PE"!8.#&C"!E"TE"70.#%/2D7/.#&C"LE"UE"U2$.,&&2,C"LE"” E"7%/'6•&C"SE"L./#Z, DL.#(#%C"

ChemSusChem."I\DSC"8C"@>e"~"@e?"6O"mE"7.&6.,(C"bE"a.2C"!E"S%/*%F2"k\*%IC"LE"k(&#.1&&2,C"

aE"a(,C"KE"K.,C"[E"<.*.',C" cE"R2(C"SE"L./#Z, DL.#(#%C"Chem. Eur. JE"I\DHC"19C"@dJje"~"@dJleE"
d>"! E"m.0'%,#%C"<E"P.//.&62C"!E"<.,IDL./62C"PEDKE"9.'C"!E"S%/*%F2"k\*%IC"SE"L./#Z,DL.#(#%C"

ChemCatChemE"I\DUC"11C"elee"~"elelE"
de"9E"5E"S%,,%##C"!E"_E"P$%%#$.*C"Acc. Chem. Res. I\DMC"JdC"@fff"~"@fi>E"
dJ"9E"5E"S%,,%##C"!E"[E"k22+A',C"LE"9E"52;%C"5E"!E""_%%,C"LE"kE"9(6B%/C"TE"gE"S./,%8C"!E"_E"

<2-%/C"TE"kE"S'#$%00C"UE"PE"9.,C"!E"_E"P$%%#$.*C"Phys. Rev. LettE"I\D\ C"104C"Q2E"@@ff?eC"@"~"J"
df "_ E"KE"P$.-*.,C"5 E"=E"<.;.C"kE"UE"X.0+%/C"7E"UE"P$(-.&C"9E"LE"Q%,211C"J. Am. Chem. Soc."I\DDC"

133C"@jfje"~"@jfjf "
di "7E"X2/6.F.+.C"PE"<%//%C"LE"m.00%#Dg%4'C"LE"<%)).,C"=E9.(0%00%C"kE"=Y/%8C"Angew. Chem., Int. 

EdE"I\\O C"45C"fldJ"~"fldjE "
dd"ME"!E"_$20+%%;.C"GE"aE"<B2)%0%;C"GE"5E"G;.,6$'B2;.C"_E"!E"_2;.0%,D"B2)C"mE"7E"=%+',C"!E"gE"SE"

<2/2B',C"Catal. Today"I\DMC"238C"fJ"~"i@E"
dj "[E"R$(C"cEDbE"['(C"XED[E"U'.,4C"[EDSE"<(,C"Chem. RevE"I\DXC"117C"j@>l"~"j@diE"
dl "!E"5$.B&$',.*22/#$8C"LE"!0;./2C"XE"k./6'.C"ChemCatChem"I\D\ C"2C"@Jej"~"@JJeE"
j? "!E"5$.B&$',.*22/#$8C"LE"!0;./2C"XE"k./6'.C"J. CatalE"I\\U C"267C"@"~"JE"
j@"kEDUE"P$%,C"XEDPE"L.C"KED[E"c',C"cEDSE"['C"=EDRE"U',C"UED<E"K.,4C"LEDaE"['(C"aEDSE"52,4C"

Inorg. ChemE"I\DXC"56C"ifJ"~"ii?E"
j> "UEDa'"9.,C"UEDcE"<$'C"7EDXE"P('C"aEDaE"R$.,4C"QE"R$.,4C"UEDaE"R$.,4C"KE"5%,4C"Microporous 

and Mesoporous Mater. I\DUC >jdC"@f>"~"@fjE  "
je "PE"c(C"XE"['(C"5E"['C"UDXE"<(C"XD[E"U'.,4C"Chem. SciE"I\D[ C"9EC"e@f>"~"e@fjE"
jJ "<E"P.//.&62C"!E"<.,IDL./62C"SE"L./#Z,DL.#(#%C"Organometallics"I\DUC"38C"eJ>l"~"eJefE"
jf "5E"=%,4C"REDaE"k(C"UEDgE"['C"XED[E"U'.,4C"RE"K%'C"XEDPE"R$2(C"Angew. Chem. Int. Ed."I\DI C"51C"

@?e?d"~"@?e@?E"
ji "LE"k(#'%//%IC""SE"P2$%,C"=E"<Œ,6$%IC"!E"52($.0C"Phys. Chem. Chem. Phys."I\DOC"*, C">ddi@"~"

>dddJE"
jd "[E"<$%,C"<E"['.,4C"KE"K(C"gE"['.,4C"[E"K(C"Dalton Trans.">?@eC"MIC"@eiJl"~"@eifdE"



"
@?e"

"

"
jj "9E"QE"72(+%0C"gE"UE"GE"9.*./42C"XE"P.'C"aE"gE"[%%C"Asian J. Org. ChemE"I\D[ C"7C"ljf"~@??fE"

"

jl "LE"PE"S2,'1.6'2C"PE"gE"g2)%/#&2,C"UEDaE"U(,4C"SE"9E"UE"_',4C"J. Org. ChemE"I\\S C"70C"jf>>"~"

jf>i "
l? "KE"LE"<$(C"_E"[E"R$%,4C"UE"gE"L.C"!E"cE"K(C"Org. Lett."I\DSC"17C"f>@i"~"f>@lE"
l@"<E"LE"SE"L.%I2,2C"9E"QE"72(+%0C"aE"gE"[%%C"Org. Biomol. ChemE"I\DXC"15C">?f>"~">?i>E"
l> "UE"k2,4C"=E"c'%C"XE"P$%,C"aE"X(C"Org. Lett."I\D\ C"12C"ejJj"~"ejf@E"
le "XE"P$%,C"=E"c'%C"UE"k2,4C"aE"X(C"J. Org. ChemE"I\DDC"76C"jJlf"~"jf??E"
lJ "<E"UE"X%',C"5E"[%$,$%//C"XE"!/&0.,C"=E"UE":/')%Dg2*2C"KE"gE"5'6$#%0C"Acc. Chem. ResE"I\DXC"

50C">ddi"~">djjE"
lf "KE"g%--%C"KE"UE"<6$A%6B%,+'%BC"Justus Liebigs Ann. ChemE"DUM[C"560C"@?J"~"@@iE"
li "kE"X'0#C"<E"[v%/&C"_E"X./*&C"J. Org. ChemE"I\\M C"69C"i>J"~"ie? E"
ld ".O"LE"KE"5.;'%&C"PE"QE"U2$,&2,C"UE"7E"!E"X.//'#8C"Chem. CommunEDUUUC">@?d"~">@?j{")O"LE"

KE"5.;'%&C"PE"QE"U2$,&2,C"UE"7E"!E"X.//'#8C"J. Org. ChemE"I\\D C"66C"ef>f"~"efe>E"
lj ".O"LE"!EX(11*.,C"[E"<E"['%)%&B',+C"J. Am. Chem. SocE"DUU\C"112C"ji@d"~"ji@j{")O"LE"!E"

X(11*.,C"[E"<E"['%)%&B',+C"J. Am. Chem. Soc."DUUDC"113C">dd@"~">dd>{"6O"!ED[E"!(;',%#C"UE7E!E"

X.//'#8C"Angew. Chem. Int. EdE"I\DDC"50C">dil""
ll "9E"<#.00',4C"I\DMC"Synthetic and Mechanistic Studies on Ni-catalysed Benzannulation 

ReactionsC"72&#+26#2/.0"g%&%./6$C":,';%/'&#8"21"<$%11'%0+C"<$%11'%0+E"
@??"XE"R$.,4C"aE"[(2C"5E"['C"bE"a.2C"<E"52,4C"cE"['(C"cE"=%,4C"Org. Lett."I\DUC 7C">ejj"~">el>E"
@?@"mE"<$./*.C "QE"P$'#/.,&$'C"!E"_ E"!4./A.0 C"Int. J. Med. Chem."I\DMC">?>djJE"
@?>"!E"[E"L./I',I'B C"TE"gE"=%0+%/C"J. Org. ChemE"DUU[C"63C"d>e"~"d>dE""
@?e""ME"_E"!$*.+C"LE"5E"X'00C"LE"L2;.&&.4$'C"J. Org. ChemE"I\\U C"74C"jJi?"w"jJieE"
@?J"LE"[',C"bE"P$%,C"aE"R$(C"cE"P$%,C"UE"P.'C"aE"7.,C"RE"R$.,C"SynlettC"I\DDC"@@dl"~"@@jeE"

@?f"QE"5%')0C"_E"!*%,#C"gE"_%*-%C"J. Am. Chem. Soc."I\DSC"137C"@>j?J"w"@>j?dE"
@?i"<E"7E"UE"9E"S.6$200%#C"5E"m20IC"SE"='&%/C"<E"L•,6$C"=E"g„,'6B%C"UE"P.//'002C"XE"!+.*&C":E"

<6$%-%/&C"TE"k•*%I"D"S%,42.C"<E"S/}&%C"UE"7E"!E"X.//'#8C"Chem. Eur. JE"I\DOC"22C"@>Je?"~@>JejE"
@?d"PE"PE"P$%,C"LE"aE"K(C"XE"aE"P$%,C".,+"LE"K(C"J. Org. ChemE I\DXC"82C"i?d@~i?jE"
@?j"=E"S2##./2C"!E"9.B.002(C"!E"P$%$.')%/C"gE"L.+&%,C Eur. J. Org. ChemE"I\DUC 42C"d@iJ"~"d@ijE"
@?l"aE"R$.,4C"=E"[(C"XEDaE"R$.,4C"UE"R$.2C"Catal. Lett."I\DXC"147C">?"~">jE"
@@?"<E"S%0B$./6$.6$.C"XE"T0.8.+'.C"XE"G4$.6$.,%.C"<E"<%)#'6C"LE"!E"!0')C"XE"SE"[.I/%B.C"J. Chem. 

Res. I\D[ C"42C"i@J"~"i@jE"



"
@?J"

"

"
@@@"gE"Q2,4/(*C"kE"_E"_$./*.A02,4C"U'*&"KE"<E"g.,'C"QE"g.$*.,C"!E"5(##.C"gE"Q2,4B$0.A"J. 

Hetero. Chem."I\DUC"56C">jde"~">jjeE"
@@>"<E"5.&C"<E"L.00'6BC"<E"5%"<./B./C"J. Org. ChemE"I\DUC"84C"@>@@@"~"@>@@lE"
@@e"[ED[E"R$.2C"KE"['(C"RE"R$.,4C"XE"R$.2C"bE"K.,4C"cE"a.,C"Org. LettE"I\DUC"21C"@??>e"~"
@??>dE"
@@J"aE"['C"RE"X(.,4C"cE"K(C"7ED=E"c(C"UE"U',C"aE"R$.,4C"UE"K.,4C"9%#/.$%+/2,"I\DI C"68C"f>eJ"~

f>J?E""
@@f"9E"S.'C"<E"L.C"kE"U'.C"9%#/.$%+/2,"I\\X C"63C"i>@?"~"i>@fE"

"

:77#.)/K !
"
c D/.8"6/8&#.0"&#/(6#(/%&"21"62*-2(,+&"@>..C"e@.C"e@%".,+"e>%"./%"-/2;'+%+")%02AE"
"

k 0,1-!2,-*&16!*&,=2&=,#!)1&1!+(,!2(%7(=.)!DI11!
!

!
"
@1;6#!D!A,-*&16!)1&1!1.)!*&,=2&=,#!,#+/.#%#.&!+(,!I\D[.2*\XOS&9!
G+%,#'1'6.#'2,"62+%" >?@j,6&?dif#"
T*-'/'6.0"12/*(0. " Pf?Xel SQ>Me"
=2/*(0."A%'4$#" d>iEiJ"
9%*-%/.#(/%q_" @??E@f"
P/8&#.0"&8&#%*" *2,260','6 "
<-.6%"4/2(-" 7>@"
.qˆ " iEjdJ?NJO"
)qˆ " e>EdfieN@jO"
6qˆ" @iEe@liN@@O"
†qƒ" l? "
‡qƒ" l>E>diNiO"



"
@?f"

"

"
–qƒ" l? "
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