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.7,.)0(K %

!
!"#$%&'3( )'G%-%,&%"+%2)'1-%/+#(+5%--!"%@#(%"+7#'( +*.;)(*'%&)--#,+,*'1-%2%/+ 53#,3+@),#-#&)&%+,*O1-#(;+.%),&#*(/:#

!
./0&1&' 22)'G0(&3%/#/+*@+)(+#/*-)<-%^+5%--!"%@#(%"+7#'( +,*'1-%2+)("+#&/+)11-#,)&#*(+#(+>!L+&.#@-O*.*'%&30-)&#*(+

.%),&#*(+*@+).*')&#,+,*'1*O("/: %

3,%(")%.7,()5(%7:%("#$%."+0()/9%(")%/)06+.)*),(%7:%(")%:-,.(#7,+6%</7-0%7,%(")%,#.M)6%.),()/%:/7*%

*)("26%(7%(/#:6-7/7*)("26%;#66%E)%0/)$),()8K%])4)/+6%,#.M)6%0/).-/$7/$%;#("%+%<),)/+6%:7/*-6+%+$%
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N
N
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N
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N

N CF3

N
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N
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N

N CF3
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N CF3

CF3

F

F
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N
N

N
Me

Me 2+

NiIV
N

N
N

N

Me 2+

Me
C
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+

NiIV
N

N CF3

CF3

NiII
N

N CF3

CF3

F

F

XeF2 (2.0 eq)

chlorobenzene, -40¡C

NiIV
N

N CF3

CF3

F

F

R
H

R
CF3

active



! )* !

D*R#=FU#C*%=D% r% /)875N+.(#4)%FN6#<+,8C% "+4)% E)),%$2,(")(#1)8% +,8% ."+/+.()/#1)8% E2% RGZ%

$0).(/7$.702K%!")%.7*06)5+(#7,%;#("%8#4+6),(%6+,("+,#8)%/)*+#,$%."+66),<#,<%-0%(7%,7;9%*+#,62%

E).+-$)% 7:% (")% .7,.7*#(+,(% +,8% :+.#6)% FNU% E7,8% +.(#4+(#7,% #,8-.)8% E2% 8#4+6),(% 6+,("+,#8)%

:/+<*),(9%;")/)+$%$-."%X$#8)N/)+.(#7,Y%.7-68%E)%+006#)8%(7%$2,(")$#1)%,74)6%,#.M)6%$0).#)$%#,%(")%

:-(-/)%$(-82K%

!" #S'*.)/-'-1%+8,)#./&4+*-&()#9'-/M;#(#2+'(+%9,#+-O('0#8*98#7()%&4,D#

!/#:6-7/7*)("26%.7*07-,8$%+,8%7(")/%:6-7/#,+()8%$-E$(#(-),($%"+4)%.7,$#8)/+E6)%$#<,#:#.+,.)%#,%

#,:6-),.#,<% (")% :-, .(#7,$% 7:% ,+(-/+6% 0/78-.($% +,8% )6).(/7,#.% 0/70)/(#)$% 7:% 7/<+,7*)(+66#.%

.7*06)5)$K%Z)*+/M+E6)%#,()/)$(%#,%:6-7/#,+()8%7/<+,#.%*76).-6)$%"+$%+%4+/#)(2%7:%+006#.+(#7,$9%7:%

0+/(#.-6+/% #,% *)8#.#,+6% .")*#$(/29% 74)/% (")% 8).+8)$% =U#<-/)%s>CK!! %!")% $0).#:#.% #*0+.(% :/7*%

:6-7/#,+()8%$-E$(#(-),($%#,.6-8)$%),"+,.)8%E#,8#,<%#,()/+.(#7,%=$-."%+$%U!!! &/7()#,%#,()/+.(#7,C9%

*)(+E76#.% $(+E#6#(2% =*7$(62% E2% /)8-.#,<% (")% $-$.)0(#E#6#(2% 7:% (")% +8Q+.),(% </7-0$% (7% +((+.M9%+L-L9%

),12*+(#.% 75#8+(#7,% E2% .2(7."/7*)% &on?C9!* %."+,<)$% #,% 0"2$#.+6% 0/70)/(#)$% +,8% /)+.(#4#(2%

$)6).(#4#(2K!# %!/#:6-7/7*)("26%=FU#C%</7-0%"+$%E)),%8)$./#E)8%+$%6+/<)/%:-,.(#7,+6%</7-0%=\+,%8)/%

j++6$%/+8#-$%7:%>KA%ŠC%.7*0+/#,<%(7%*)("26%=FL#C9%+$%>K?%Š%:7/%#($%\+,%8)/%j++6$%/+8#-$K%L7;)4)/9%

#(%"+$%E)),%$-<<)$()8%("+(%(")/)%#$%6#((6)%7/%,7%)::).(%7,%E7,8%6),<("%8#::)/),.)%+((+."#,<%(7%+%.+/E7,%

+(7*%;"),%/)06+.#,<%FL#%(7%FU#%</7-09%/)$-6(#,<%#,%*#,#*+6%8#$/-0(#7,%(7%+,%),12*)N$-E$(/+()%

.7*06)5K!$ %[(")/%0/70)/(#)$%7:%FU#%:-,.(#7,+6%</7-0%#*0+/($%(")%+E#6#(2%(7%(/+4)/$)%6#0#8%*)*E/+,)%

+$%;)66%+$%.7,:)/$%)5(/+%*76).-6)%$(+E#6#(2K!, %

!
!"#$%&'32)'G%-%,&%"+,*''*(+@-O*.#()&%"+".O;/W+,3*-%/&%.*-!-*5%.#(;+".O;+b#1#&*.S+eO#(*-*(%+)(&#<#*&#,+>#1.*<)0S+

'#,.*/*')-+&.#;-0,%.#"%+&.)(/@%.+1.*&%#(+#(3#<#&*.+b*'#&)1#"%^+)("+,3%'*&3%.)10!,)O/%"+)(&#%'%&#,+61.%1#&)(&:%

F7,$)J-),(629% (")% *+Q7/% $-..)$$% 7:% :6-7/#,+()8% 8/-<$% #,./)+$)$% (")% $2,(")(#.% +84+,.)$% 7:%

=+$2**)(/#.C%:6-7/#,+(#7,9%#,.6-8#,<%(/#:6-7/7*)("26+(#7,%(/+,$:7/*+(#7,%$#,.)%6+$(%.),(-/2K!%" !+ %O%

;#8)%4+/#)(2%7:%:6-7/#,)%+,8%:6-7/7+6M26%</7-0$%/)+<),($%:7/%$)6).(#4)%(/+,$:7/*+(#7,$%#,(7%(")%(+/<)(%

*76).-6)$% "+4)% E)),% 8)4)670)8% =U#<-/)%ssCK!' " ** %O$% $-."9% (")% E67$$7*% 7:% .+(+62(#.%

O
HN

F3C

N

N
H

O

CF3

Lomitapide
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H
NO N

O
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O
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CF3
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N
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OH
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�N1/2 Ca2+

N
H

O

F
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NN
HN

F
O
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O

�NHCl

Ciprobay



! *+!

(/#:6-7/7*)("26+(#7,%*)8#+()8%E2%(/+,$#(#7,%*)(+6$%+/#$)$%#,./)+$#,<%#,()/)$(%#,%(")%8)4)670*),(%7:%

:6-7/#,+()8%+,8%:6-7/7+6M26%7/<+,7*)(+66#.%.7*06)5)$K*# " *%%[,)%)5+*06)%#,%("#$%/#."%.")*#$(/2%7:%

0)/:6-7/7+6M26%*)(+6%.7*06)5)$%;+$%/)07/()8%E2%P/-$"#,%+,8%.7N;7/M)/K%!")%+-("7/$%#,(/#<-#,<62%

:7-,8%+%&"Nm%+.(#4+(#7,%=m%r%39%F6C%E2%{=800)C&8=&"C=FU#C|%.6)+,62%0/78-.#,<%E#0"),269%#,$()+8%7:%

&"FU #%+$% 0/)4#7-$62% )50).()89% #,% (")% 0/)$),.)% 7:% +84),(#(#7-$% ;+()/K% !")% *)."+,#$*% 7:% ("#$%

/)+.(#4#(2%;+$%/)*+/M+E6)9%#,4764#,<%L* [ N#,8-.)8%/)8-.(#7,%7:%+%$*+66%J-+,(#(2%7:%(")%#,#(#+6%&8=33C%

.7*06)5%(7%&8=?CK%j"),%#,%(")%+E$),.)%7:%L* [%+,8%&"m9%("#$%$(+E6)%=800)C&8=&"C=FU#C%%.7*06)5%

-,8)/;),(%$67;%/)8-.(#4)%)6#*#,+(#7,%7:%&"FU#%-,8)/%/)#,:7/.#,<%.7,8#(#7,$%=526),)$9%@on‰FC*&%

=].")*)% >sCK%

!
!"#$%&'33)'G%-%,&%"+%2)'1-%/+*@+,*''*(+.%);%(&/+@*.+@-O*.#()&#*(+)("+&.#@-O*.*'%&30-)&#*(+.%),&#*(/:%

!
./0&1&' 23)'L +9 !#("O,%"+6.!E+),&#4)&#*(+5#&3+I" ''>K! +).0-+,*'1-%2+.%1*.&%"+<0+n.O/3#(+)("+,*!5*.$%./: %

U6-7/7+6M26%:-,.(#7,+6%</7-0$%+/)%*+#,62%.7,$#8)/)8%+$%+%.6+$$%7:%)6).(/7,N;#("8/+;#,<%</7-0K%U7/%

)5+*06)9% "#<"% F[% $(/)(."#,<% :/)J-),.2% =>@v?% .*0! C% #$% :7-,8% #,% (")% $(-82% 7:% +% .+/E7,26% <768%

.7*06)59%;"),%E)+/#,<%+%(/#:6-7/7*)("26%</7-0y%;"#6)%(")%F[%$(/)(."%:7/%#($%+,+67<-)%{O-F6=F[C|%

+00)+/$%+(%>@u>%.*0! K%!"#$%)5+*06)%+6$7%"#<"6#<"()8%(")%#*07/(+,.)%#,%-$#,<%FU#%:-,.(#7,+6%</7-0%

#,%(")%0/)0+/+(#7,%7:%#,()/*)8#+()62%:7/*)89%$"7/(!6#4)8%$0).#)$K*+%W5(/+%)6).(/7.")*#.+6%$(+E#6#(2%7:%

$7*)%:6-7/7+6M26%7/<+,7*)(+66#.%.7*06)5)$%+6$7%#,8#.+()$%(")%#*0+.(%7:%$(/7,<%)6).(/7,)<+(#4#(2%7:%

(")%:6-7/7+6M26%</7-0$9%/):6).()8%E2%+%8/+*+(#.+6%#,./)+$)%#,%75#8+(#7,%07(),(#+6%.7*0+/#,<%(7%(")#/%

,7,:6-7/#,,+()8%.7-,()/0+/($K *' %k)(%(7%8+()9%:6-7/7+6M26%</7-0$%#,%7/<+,7*)(+66#.%.7*06)5)$%+/)%

+6$7%/)<+/8)8%+$%07$$)$$#,<%X#,4)/()8%6#<+,8%:#)68$Y9%7/%M,7;,%+$%*7/)%6#M)62%)6).(/7,N87,+(#,<%

</7-0$K%]-."%E)"+4#7/%.+,%")60%$(+E#6#1)%"#<"N4+6),(%*)(+6%.7*06)5)$%;#("%0)/:6-7/7+6M26%6#<+,8$K%

#"#"$ IED%J$:2.3<$+1$'.($.'4&$*4*,(2.' 9K+()/20K+':$+'$.2:0'.-*(044+,$,.-<4*H*1 $

[,)%7:%(")%*7$(%M,7;,%*78)6%)5+*06)$%#,%"#<"N4+6),(%*)(+6%.7*06)5)$%#$%(")%$(+E6)%{F-=FU#C$|! 0%

#7,%8#$.74)/)8%E2%R+-*+,,%#,%@SSsK#( %],28)/%("),%#,4)$(#<+()8%(")%)6).(/7,#.%$(/-.(-/)%7:%("#$%

{F-=FU#C$|! 0%$0).#)$% +$% E)#,<% :7/*)8% E2% (")% #,()/+.(#7,% 7:% +% 6#,)+/% 7/<+,7.700)/=3C% $0).#)$%

{FU#F-FU #|! 0%+$./#E)8%(7%+%8!( %.7,:#<-/+(#7,%;#("%(;7%+88#(#7,+6%#7,#.%6#<+,8$%E)+/#,<%7007$#()%

."+/<)$T%FU#
/ %+,8%FU#

7K#! %],28)/_$%+$$)/(#7,%;+$%./#(#.#1)8%E2%z+-009%E+$)8%7,%(")#/%0)/.)0(#7,$%

#,% )6).(/7,)<+(#4)% +,8% .74+6),(% E7,8#,<% ,+(-/)% 7:% F-NF% E7,8% +$% ;)66% +$% (")% :7/*+662% 0)/:).(%

Me3Si CF3

Ruppert-Prakash reagent

I

Me

O
Me
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Me

O
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F
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S
O

ClF3C
O
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S
CF3

OTf
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Pd

Ph2
P

P
Ph2

CF3

Ph

Ph-X
trace H2O

110-135¡C
Pd

Ph2
P

P
Ph2

CF3

X
+ Ph Ph

X = I or Cl

Ph CF3

xylene

145¡C
slow



! *#!

$J-+/) N06+,+/%<)7*)(/2%$-007/()8%E2%+%F----%#7,K#*%L7;)4)/9%*7/)%)4#8),.)%0/74#8)8%E2%/).),(%

$(-8#)$9%:7/%)5+*06)9%)50)/#*),(+6%)6).(/7,%8),$#(2%+,+62$#$9%/)4)+6$%("+(%(")%+(7*#.%."+/<)%7:%F-%

#$% +00/75#*+()62% •@K##%3,% $"+/0% .7,(/+$(% (7% ],28)/_$% #7,#.% *78)69% )50)/#*),(+6% #,.6-8#,<%

$0).(/7$.70#.%$(-8#)$%+,8%(")7/)(#.+6%#,4)$(#<+(#7,$%#*0+/()8%+%*+/M)8%.74+6),(%."+/+.()/%7:%(")%

F- NFU#%E7,8%#,%$-."%"#<"%75#8+(#7,%$(+()K%G),Q•,%+,8%.7N;7/M)/$%/)07/()8%(")#/%.7,(/#E-(#7,$%#,%+%

.7*0+/+(#4)%$(-82%7:%GNF%E7,8%"7*762$#$%#,%{G=FU#C$|7%.7*06)5)$%=G%r%F-9%O<9%O-C9%;"#."%;+$%

:+47/)8%#,%)+."%.+$)%-07,%)5.#(+(#7,9%<),)/+(#,<%F*U%%+,8%(")%.7//)$07,8#,<%{FU#GFU#|7%#7,$K%

f,6#M)62%(")%,7,N:6-7/#,+()8%.7,<),)/%{O<=FL#C$|79%;"#."%-,8)/;),(%+%.7,.)/()8%)6#*#,+(#7,%7:%

)("+,)9 #$%(")% (/#:6-7/7*)("26+()8% .7*07-,8$% :)+(-/)8% +% 8)().()8% ("/))N.77/8#,+()% {F-=FU#C#|7%

$0).#)$9%/)$-6()8%:/7*%"7*762(#.%.6)+4+<)%7:%(")%F-†F%E7,8K%!")/):7/)9%(")%:7/*+(#7,%7:%F*U%%

;7-68%/+(")/%E)%(")%/)$-6(%7:%(")%$()0;#$)%8#$$7.#+(#7,%7:%FU#!!/+8#.+6$9%;"#."%;)/)%.7,:#/*)8%E2%

$0#,%(/+00#,<%=W&ZC%=].")*)%>oCK#, %

!
./0&1&' 24)'H3%+@*.')&#*(+*@+>K! o+.)"#,)-/+O1*(+#..)"#)&#*(+,*(@#.'%"+<0+/1#(+&.)11#(;+ANIMC+)("+#&/+&.)(/@%.+&*+

&01#,)-+).%(%/+.%1*.&%"+<0+D%(pq(+)("+,*!5*.$%./: #

!")%+$$#<,*),(%7:%(")%#,()/)$(#,<%."+/+.()/%7:%F-NF%E7,8%+,8%0+/(#.-6+/62%(")%75#8+(#7,%$(+()%7:%

F-% .),()/% /)*+#,$% "#<"62% .7,(/74)/$#+69% )4),% (")/)% ;+$% +% :/#),862% 8#$+</))*),(% +*7,<% (")%

.7+-("7/$%#,%+%/)4#);+6%+/(#.6)K#%%3,8))89%],28)/%7/#<#,+662%8)$./#E)8%{F-=FU#C$|! 0%+$%:)+(-/#,<%+,%

X#,4)/()8Y%6#<+,8%:#)689%#,%;"#."%(")%DfG[%)5"#E#()8%87*#,+,(62%6#<+,8%7/E#(+6%+8*#5(-/)9%.7,(/+/2%

(7%(")%.6+$$#.+6%6#<+,8%:#)68%#,%;"#."%(")%:/7,(#)/%7/E#(+6$%+/)%87*#,+()8%E2%*)(+6%8N7/E#(+6%+8*#5(-/)%

=U#<-/)%soCK#&%

M

CF3

CF3

CF3F3C

M = Cu, Ag, Au

+ A

A = PhCHN(O)CMe3

+ h!

PhCH(CF3)N(O¦S)CMe3

detected by EPR

C6H5CF3

A = C6H6

CF3
+

CH(CF3)2
A = mesitylene



! *$!

!
!"#$%&'34)'B(+)+,-)//#,)-+r%.(%. !&01%+-#;)("+@#%-"^+&3%+)(&#<*("#(;+*.<#&)-+sT+#/+"*'#()&%"+<0+'%&)-+"!*.<#&)-+

,3).),&%.:+6(+#(4%.&%"+-#;)("+@#%-"+).#/%/+53%(+sT+3)/+1.%"*'#()(&-0+-#;)("+*.<#&)-+,3).),&%.:+K#;O.%+5)/+,.%)&%"+

<0+b)(,)/&%.+ )'*+, ::!" +>*10.#;3&+ZQf̀ +6'%.#,)(+>3%'#,)-+G*,#%&0:'

3,% (")% /)4#);% E2%L7::*+,,% +,8% .7 N;7/M)/$9% (")2% 8)*7,$(/+()8% (")% "#$(7/#.+6% (")7/)(#.+6%

8)4)670*),($%#,%-,8)/$(+,8#,<%(")%$7N.+66)8%X!")%],28)/%3*E/7<6#7Y%;#("%(")%.7,.)0(%7:%#,4)/()8%

6#<+,8%:#)68$K%!"/))%(20)$%7:%#,4)/()8%6#<+,8N:#)68%$06#((#,<%#,%7.(+")8/7,%=[FC9%()(/+")8/7,%=!: C%+,8%

$J-+/) N06+,+/%='$FC%.77/8#,+(#7,%;)/)%8#$.-$$)8%E2%(")%+-("7/$K%!")%#,4)/(#,<%6#<+,8%:#)68%87)$%

)5"#E#(%#,%(")%:7/*)/%(;7%6#<+,8%),4#/7,*),($9%/)$-6(#,<%#,%67,<)/%*)(+6N6#<+,8%E7,8$9%:7/%)5+*06)9%

+6("7-<"% #,% *#68% *+<,#(-8)% .7*0+/#,<% (7% (")% $J-+/) N06+,+/% 7,)K% !")% +-("7/$% 8)E+()8% 7,% (")%

.7,,).(#7,% E)(;)),% .77/8#,+(#7,% ),4#/7,*),(% =<)7*)(/2C% +,8% 75#8+(#7,% $(+()% =)6).(/7,%

.7,:#<-/+(#7,C9%E-(%(")2%)4),(-+662%+</))8%;#("%)+."%7(")/%7,%(")%:+.(%("+(%+%.)/(+#,%7/E#(+6%*#<"(%

E)%$-E$(+,(#+662%070-6+()8%;"7%$"7-68%E)%/)6+(#4)62%)*0(2%=5*N2*%7/E#(+6%#,%+%@uN)6).(/7,%.7*06)59%

:7/%)5+*06)CK#%%P),)/+6629%+%:7-/N.77/8#,+()%#7,%;#("%+%8!( %)6).(/7,%.7,:#<- /+(#7,%$"7-68%)5"#E#(%

()(/+")8/+6%+,8%,7(%$J-+/)N06+,+/%<)7*)(/29%"7;)4)/9%#,%(")%0/)$),.)%7:%+,%#,4)/()8%6#<+,8%:#)689%

#(%;#66%/)$-6(%#,%-,:#66)8%6#<+,8%…%7/E#(+6$9%;"7$)%$06#((#,<%.+-$)$%(")%$J-+/)N06+,+/%<)7*)(/2%(7%E)%

),)/<)(#.+662%:+47/)8K##%],28)/_$%.+6.-6+(#7,$%#,8#.+()8%:7-/%6#<+,8%7/E#(+6$%7:%(")%+4)/+<)%FU#
(G," 2

6#<+,8$%07#,(#,<%(7;+/8%F-%;#("%:7-/%*76).-6+/%7/E#(+6$9%7:%;"#."%(;7%;)/)%$2**)(/#.%=]]C%+,8%(")%

7(")/%;)/)%+,(#$2**)(/#.%=O]CK%]]>%+,8%(")%$+*)%$2**)(/2%+$%83
*

" 4
*

27,%F-%07$$)$$%(")%"#<")$(%

),)/<2%+,8%+/)%)*0(2%#,%(")%.7,:#<-/+(#7,K%!")%#,()/+.(#7,%E)(;)),%83
*

" 4
*

2;#("%]]>%/)$-6()8%#,%

)6).(/7,%(/+,$:)/%:/7*%(")%*)(+6%(7%(")%6#<+,89%;"#6)%)6).(/7,$%;)/)%E+.MN87,+()8%:/7*%(")%:-662%

7..-0#)8% +,8% $2**)(/#.+6% ]]@% 7:% (")% 6#<+,8$% (7% (")% )*0(2% o$% 7/E#(+6% 7:% (")% F-% +(7*K% !")$)%

#,()/+.(#7,$%/)$-6()8%#,%+%8)06)(#7,%7:%83
*

" 4
*9%+$%;)66%+$%(")%07$$#E#6#(2%:7/%,7,1)/7%070-6+(#7,%#,%(")%

:7/*+662%)*0(2%o$%+,8%]]>%7/E#(+6$%=U#<-/)%snCK%



! *%!

!
!"#$%&'35)'B"%)-#V%"+D9+,*..%-)&#*(+"#);.)'+@*.+&3%+>OF>+<*("#(;:+K#;O.%+5)/+)")1&%"+@.*'+&3%+.%@+*@+G(0"%.!# +

<0+94%.;)).": !! +>*10.#;3&/ +̀[[P +r#-%0!_>L+_%.-);+n'<L+t+>*:+]n)6^+r%#(3%#' +)("+ ZQ`[+6'%.#,)(+

>3%'#,)-+G*,#%&0:'
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