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!"#$%$&'(&&

!

! D&'!?1,$(&'-6(&,#$!/<?/%#%<'$%/!(,$!?'!+?%,#$'-!?)!%&'!1',(%#+$!+5!E6

&,*+:&+/:&+*'$'!;#%&!+1>,$+0'%,**#(!1',>'$%/.!,$-!5<1%&'1!%1,$/5+10'-!#$%+!

%&'#1!:&+/:&+*'!5+10/!@A(&'0'!"B2F!

!

!
!"#$%$&)(&

!

!! G(H+10,(I! 1',(%#+$! #/! /<:'1#+1! 5+1! #%/! /#0:*#(#%)! ,$-! ='1/,%#*#%)J!

&+;'='1.! ,$+%&'1! 1':+1%'-!0'%&+-! ,**+;/! 7.76-#/<?/%#%<%#+$! %&,%! (,$$+%! ?'!

+?%,#$'-!%&1+<>&!%&'!G(H+10,(I!,::1+,(&!@A(&'0'!KBLC!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3!M<#$.!N2!O2J!P,1I'%.!D2!E2!)*+,-*+./0-*+12'*!*+,-.!345678.!"9Q9!
F!M<#$.!N2!O2J!P+1*'/I'.!A2!R2J!S$>'*.!T2!U2!)*+9":*+./0-*!*+,'.!;<56=8.!VLKL!
L!P+-,*/I#.!W2J!E#'%1</#';#(X.!Y2!G2J!Y+/X<I.!T2!>0!"#/0?"2$+*+,..!;6.!VZQF!
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! #$%&'$%()&! *+,! '$%&'$%()+)&! -*+! *(&%! .)! ,)/01),! 10*! 20/-%+034!

4)5*((*-6-()&!78-$)4)!9:;<!

!

!

!"#$%$&)=!

!

! >$)!-$)()5/%'0-!-6-(%*,,050%+!%?!@A(#7B0#/:CDEF(A(GH!I05$!JH&3.&50535),!

,0)+)&! 60)(,&! 5$)! JH7!"# !H,00&%'/%'6(*40+%:HJH-$(%/%HCH*(K6(H LH

'$%&'$%()+034!5)5/*-$(%/%*(340+*5)&!78-$)4)!M:JN<!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
;!O*P*+Q!#=!R=S!B3P)+5Q!T=!F=S!A*(*./)&)Q!R=!A=!$%#&'%#()*'%#+,-%!*++,Q!../Q!JUUN!
JN!#%(+0*&2)KQ!V=!#=!$%#012%#()*'%!*++-Q!34Q!"JU;!
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H
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-
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-
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! 1$)! 2%34()! 4%*2! -*! 56'$%&'$%()*)! %7-2)&! -&! 89.-:8.)2! 40! .$)!

'$%&'$%/0(!;/%3'<!&%!.$)!*39()%'$-(-9!822-.-%*&!8/)!.$)*!'(83&-4()!=-.$!&39$!

/)89.8*.&!&39$!8&! >?<!@>6<! 6+A<!@A?5<!B@>C5#B>C?<!8*2!&%!%*D!1$)!89.-:8.-*;!

)EE)9.! 8(&%! ,8F)&! -.! '%&&-4()! .%! ')/E%/,! G-)(&6H(2)/II!8*2! ')/,-.&! .$)! )8&0!

2-&'(89),)*.! %E! .$)! ()8:-*;! ;/%3'! E/%,! .$)! J6'%&-.-%*! 40! .$)! ,)8*&! %E! 8!

*39()%'$-(-9!8..89FI5!BK9$),)!LCM!

!
!"#$%$&'(&

!

! #$%&'$%()*)!%7-2)&! &)/:)! 8&! ;/)8.! &.8/.-*;!'%-*.! E%/! .$)! &0*.$)&-&! %E!

'$%&'$%(8*)!%7-2)&<!40!&-,'()!$02/%;)*8.-%*!.)9$*-N3)&!BK9$),)!OCIJM!
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!"#$%$&)(&
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
II!+8*!P!+$),<!*)+*<!QO<!RJS!
I5!T3-*<!UDGDV!K.%9F&<!@D!+D!!"#$%&"#'()*"!*)+,<!+,<BRC!WLW!
IJ!X8/&-<!YD!UDV!Z3/*&<![D!ZDV!+(8/F<!@D!1D!!!"#$%&"#'()*"!*)+-<!+-./0<!5JL!
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!#$%&'(%)*%(+!&'(,!-./!.01*!2(!%(3$-(3!&*!&'(4%!5'*15'4/(!6*%)!2,!&'(!$1(!*6!

140./(1!.1!%(3$-4/7!.7(/&1!8(979!:;4<0=>9!?/!-.1(!*6!&%4-*@.0(/&!=A5'*15'*0(/(1!

8B4&'!CA!./3!C+DA1$21&4&$(/&1>+!&'(!&*&.0!*6!&'%((!-'4%.0!-(/&(%1!.%(!5%*3$-(3+!

4/-0$34/7! &'(! 5%(1(%@(3! 1&(%(*-'()41&%,! .&! &'(! 5'*15'*%$1! .6&(%! &'(! *E43(!

%(3$-&4*/!83$(!&*!&'(!'47'!2.%%4(%!&*!5,%.)43.0!4/@(%14*/>9!

! CA! ./3! =A5'*15'*0(/(1! '.@(! .01*! 2((/! $1(3! .1! 1&.%&4/7!).&(%4.01! 6*%!

&'(!1,/&'(141!*6!5'*15'./,0!1$7.%1+!./.0*71!*6!1$7.%1!&'.&!'.@(!5'*15'*%$1!4/!

50.-(! *6! &'(! %4/7! *E,7(/9! <.&.0,&4-! !"#A34',3%*E,0.&4*/! *6! CA! ./3! =A

5'*15'*0(/(AFA*E43(!3(%4@.&4@(1!B4&'!*1)4$)8G???>!*E43(!4/!&'(!5%(1(/-(!*6!.!

-*A*E43./&! .66*%31! =A! ./3! FA3(*E,A&(&%.6$%./*1(A&,5(! 5'*15'./,0! 1$7.%!

3(%4@.&4@(1+!%(15(-&4@(0,!8;-'()(!FH>FIJ!

!
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!"#$%$&'()&
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! K(.-&4*/1!*6!FA5'(/,0A!./3!FA)(&'*E,ACA5'*15'*0(/(!*E43(1!B4&'!L%C!

4/! .M$(*$1! *%7./4-! 1*0@(/&1! .66*%3! CA2%*)*A=A',3%*E,! *%! CA2%*)*A=A

)(&'*E,!5'*15'*0./(!*E43(1!4/!'47'!,4(031!8;-'()(!FF>FDJ!

! ! !

!
!"#$%$&'')&

! !

! N'*15'*0(/(!*E43(1!!.1!B(00!.1!5'*15'4/4-!.-431!$/3(%7*!&'(!.%,0.&4*/!

%(.-&4*/!$/3(%!#%4(3(0A<%.6&1!-*/34&4*/1+!B4&'!147/464-./&!(.1(!8;-'()(!FC>FOJ!

!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
FI!P.).1'4&.+!Q9R!P.2$4+!S9R!;$T$U4+!V9R!V.&*+!P9R!W-'4)$%.+!Q9R!?43.+!S9R!Q4T$/*+!:9R!?U.4+!V9R!
X1'4U.B.+!Y9R!N.%U./.,4+!Z9R!<0.%3,+![9!!$%&'()*+,-.)(/0&',01%&'**++!2345678+!I\\!
FD!P.).1'4&.+!Q9R!?43.+!S9R!Q4T$/*+!:9R!Q4,.)*&*+!P9R!Q*%41'4&.+!Y9R!;.&.+!]9R!V47$-'4+!V9R!P.2$4+!
S9R!X1'4U.B.+!Y9!90/0)+(/+1&',01%&'**,+!5438+!DD=!
FO!Q.-^4.%)43+![9!_9R!`$4/+!Z9!^9!$%&:);%&',01%&'*-'+!53+!FIDF!
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! #$%&'(%)! *+! $',! -$.*! $'(/! (-/01! +-$+! *$()'2! $33*(()4'*! 567-*12'686
7-/(7-/'*1*! $19! )+(! 9*:).$+).*(! 3$1! (*:.*! $(! 7:*3&:(/:(! +/! +-*! ;/:*!
(&4(+)+&+*9!;/1/323')3!$19!4)323')3!(2(+*;(,5<!=-*):!9*7:/+/1$+)/1!0)+-!>?@A!
B/''/0*9! 42! $'%2'$+)/1! /33&:(! *C3'&().*'2! 0)+-! +-*! !"#$! (*'*3+).)+2! /B! +-*!
)13/;)1D!*'*3+:/7-)'*!)1!:*'$+)/1!+/!+-*!#6E!D:/&7,!F6!$19!FAG6(&4(+)+&+)/1(!$:*!
/4(*:.*9!9*(7)+*!+-*!(+*:)3!3:/09)1D!HI3-*;*!58JK!
!

!
!"#$%$&'*)&&

!
! =-*! $'%2'$+)/1! /B! &1(&4(+)+&+*9A! 86(&4(+)+&+*9! $19! 8AL69)(&4(+)+&+*9!
7-/(7-/'*1*(! 0)+-! 7:/72'*1*! 9)-$')9*(! 2)*'9*9! 323'/7*1+$1*6$11&'$+*9!
7-/(7-/'*1*!/C)9*(!0)+-!-)D-!:*D)/6!$19!(+*:*/(*'*3+).)+)*(!HI3-*;*!5LJ5<K!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5<!#$%&'(%)A!M,N!O0)$+/(PA!E,N!#)*+:&()*0)3PA!O,!Q,!%&#'!(&)'*"!(++,A!+,A!5LR5!
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! $%&'(! )*(+)*('&,! -,&.+! /*-/! *-01! 211'! &+(3-/1.! 45(%! +1015-3!

(56-'&+%+!-'.!*7%-'!21&'6+!*-01!)5(01.!/(!21!-!2&(3(6&,-338!-,/&01!,3-++!(4!

,(%)(7'.+9":!;*7+<!/*1!65(7)!(4!=-%-+*&/-!+->!/*1!)(/1'/&-3!&'!/*1!+/57,/75-3!

-,/&0&/8!(4! -%&'(!-,&.!.15&0-/&01+!(4!)*(+)*(31'1!(?&.1+<! -'.! 51)(5/1.! /*1&5!

7')51,1.1'/1.! +8'/*1+&+! @A,*1%1! "BC9 ": !! D8! 51-,/&'6! EF,*3(5(FGF

)*(+)*(31'1+! >&/*! -%&'(! -,&.! 1+/15+<! /*18! >151! -231! /(! (2/-&'! /*1!

,(551+)('.&'6!"F!F F-%&'(!-,&.!.15&0-/&01+!-+!,*&5-3!EFH!)*(+)*(31'1+9!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
":!I-5&/*-<!D9J!K1..8<!L9!M9J!;-N-*-+*&<!O9J!=-%-+*&/-<!O9!"#$%&'#(%)*+!#$$9!*++(<!,-<!BPPQ!
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Y = O, S



! ""!

!
!"#$%$&'()&

! !

! #$%&&'()*+! ,-'.*./! ,0! -1,$-1,2'.'! '-,3*4'$! 5%! 67*4'! 6.4! +%6.*4'!

.8+2,-1*2'$! *.! (1'! -)'$'.+'! ,0! 6! +1*)62! 9':*$! 6+*4! +6(62%$(! ;<*;= *>)?@! *($'20!

6.4!<*;= *>)?@!*.!(1'!-)'$'.+'!,0!<#AA=9B!,)!$62'. #2!+,&-2'3?!16$!62$,!5''.!

6+1*'C'4D"E!F,(1! (6)/'($! +6.! 0*.4! 8$'! 6$! *.(')&'4*6('$! *.! (1'! $%.(1'$*$! ,0!

-1,$-16$8/6)$! ;G+1'&'! "H?D! <1'! 67*4'! /),8-! +6.! 5'! '6$*2%! )'48+'4! (,!

'.6.(*,'.)*+1'4! -1,$-1,26.'! 4')*C6(*C'! -,$$'$$*./! C')$6(*2'! "BIJ

6&*.,62+,1,2!08.+(*,.62*(%D!

!

!
!"#$%$&'*)&

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"E!>6K82$K*B!LDM!>*'()8$*':*+7B!ND!OD!!"#$%&"'$()*+,-.//D!+,,-B!01B!@"!
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! $! %&'()*+,! +-! ./+0./+1&,&! +2*3&! ',3! 3*'1451! '(&)51&,&3*('%6+251')&0!

78$$89! %&0:1)&3! *,! -+%;')*+,! +-! <=>! ',3! >=?! 6+,30@#A!B,3&%! ;*(%+C'D&!

(+,3*)*+,0E! )/*0! ,+D&1! %&'()*+,! .%+3:(&0! (+%%&0.+,3*,F! GH+2+./+0./+%',&0E!

C/*(/! (',! 6&! %&F'%3&3! '0! 0)'6*1*I&3! ./+0./+,*:;! 51*3&0E! ;'4*,F! *)! )/&!

*,D&%0&!J*))*FH)5.&!%&'()*+,!7K(/&;&!"L9@!

!

!

!"#$%$&'()&

!

! </+0./+1&0! ',3! ./+0./+1&,&0! /'D&! '10+!;'3&!;'M+%! (+,)%*6:)*+,! *,!

&,',)*+0&1&()*D&! (')'150*0@! N/&0&! ./+0./'(5(1*(! 1*F',30! ',3! )/&*%! ;&)'1!

(+;.1&2&0!/'D&!6&&,!:0&3! )+!.%&.'%&!,:;&%+:0! *,)&%;&3*')&0!',3!6:*13*,F!

61+(40!+,!(+;;&%(*'1!0('1&0@!!!

! O')/&5! H6*./+0./+1&,&! )/')! C'0!

(+;.1&2&3! )+! .'11'3*:;! ',3! .:%*-*&3! 65! (/%+;')+F%'./*(! 0&.'%')*+,! +-! )/&!

3*'0)&%&+;&%0!7K(/&;&!"P9@!N/&!*,*)*'1!&2.&%*;&,)0!*,!)/&!%/+3*:;H(')'15I&3!

'005;&)%*(! /53%+F&,')*+,! +-! H'(&)';*3+(*,,';*(! '(*3! 0/+C&3! 0)%+,F!

'()*D*)5!',3!&,',)*+0&1&()*D*)*&0!:.!)+!LQR!7K(/&;&!!"S9#"T!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#A!U&F1&D*(/E!V@W!8:3'0E!X@W!K*.+0E!O@W!Y&,F5&1E!8@W!Y:3',5*E!U@!!"#$%&'('!*++,E!)E!"Z[Q!
#"!\&*,&C'13E!]@W!^*('%3E!Y@W!O&%(*&%E!]@W!O')/&5E!]@!*&$+,%&-+.#/01'"22@!'---E!34E!_LA"!
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420$420.,)'$! 1'+'! *2')! *+,)$<0+-'=! /)*0! /-/)0>420$420+,)'>420$42/)'$!

5)/*+0?')! ,),.0?%'$! 0<! 420$420+%$! @./='$9! ,)=! 30-4.'A'=! *0! +%*2')/%-5BB9!

32.0+0>&+/=?'=!=/-'+! CDE%F.5 >F.95GH>4>3@-')'9I7J! <0+! *2'/+!'A,-/),*/0)! /)!
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! 6'O'+,.! 420$420.')'! 4.,*/)%-! 5BB9! 30-4.'A'$! 1'+'! $@)*2'$/P'=!

+'3')*.@! 1/*2! *2'! 40*')*/,.! /)! 20-0?')'0%$! 3,*,.@$/$L! $%32! ,$!
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7Q!\'+')@/L!N:S!\0O,3$L!V:S!\0+*O'.@'$/L!;:S!]%=,)@/L!\:S!M+,20$L!]:S!\'?.'O/32L!W:!,"-"./0-&$'(")&$
'(+(L!12314L!HQ!
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(9,-8+22?!+8,-=&!('!"/9%&.?2/@/9%(;9%(2&.&!(:-4&!<+;!+=+-2+A2&!A?!)&;(2B,-(.!

B;-.3! $CDDEF! 4&)-=+,-=&;G! +.4! ,%&.! 8(.;&HB&.,2?! 8(.=&),&4! ,(! ,%&!

8())&;9(.4-.3!92+,-.B*!8(*92&:!1IGI5!1J8%&*&!665>!

!

!
!"#$%$&'')&

P
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P
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P
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P
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P
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P
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! "#!

$%&'()*!+!
!
!
","!+-(*./01(2.-!
!
! "34562(%2.7)585(%2.-)9! %&:)! '*.:)-! -0;)*.09! 09)9<! &=&2-9(! :&*2.09!
>0-=23! &9! ')9(212/)93! &//2(2:)9! >.*! 70?*21&(2-=! .2793! :071&-2@&(2.-! &11)7)*&(.*93!
/)()*=)-(93! &-/! A%)-! 2-! ;2B(0*)9! A2(%! (5?0(C7! %C/*.')*.B2/)93! >.*! 972;)!
1.-(*.7! 2-!'&')*!;&D2-=,"!E%)C!&79.!%&:)!/2:)*9)!?2.7.=21&7!&1(2:2(2)93!2-!'&*(!
/0)!(.!(%)2*!&-(2.B2/&-(!'*.')*(2)9,!E%)C!%&:)!?))-!2-:)9(2=&()/!2-!(*)&(;)-(!
.>! 1&-1)*934!F&*D2-9.-938!&-/! 1&*/2.:&9107&*! /29)&9)9,G!H7(2'*&@! 29! &! A)775
)9(&?729%)/!1%);.'*):)-(2:)!&=)-(,I!!
!
",4!JC-(%)929!
!
! E%)!)&*7C!1%);29(*C!KC)&*!"L#I5"LMNO!.>!8!5"345/2(%2.7)585(%2.-)9!&-/!
(%)2*!9C-(%)929!%&:)!?))-!/)91*2?)/! 2-!=*)&(!/)(&27!?C!$,!F)/)*9)-,"!E%)!"345
/2(%2.7)585(%2.-)9! &*)! .?(&2-)/! >*.;! /)1.;'.92(2.-! .>! /2(%2.7C720;! 9&7(9!
/0*2-=! (%)2*! *)&1(2.-! A2(%! )7);)-(&7! 907>0*! .*! ()*(2&*C! &;2-)93! A2(%.0(! (%)!
>.*;&(2.-!.>!()(*&(%2&>07:&7)-)9!KJ1%);)!","O,!+-!92;27&*!>&9%2.-3!851%7.*.5"345
/2(%2.7C720;!9&7(9!>.*;!"345/2(%2.7585.-)9!A2(%!1&*?.BC721!&12/9,!
!

!
!"#$%$&'('(&

!
P%)-! *)&1()/!A2(%! 907>0*3! 85Q(%C7(%2.5"345/2(%2.7C720;! >70.*.?.*&()9! =2:)!I5
)(%C7(%2.5"345/2(%2.7)585(%2.-)9!KJ1%);)!",4O,!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"!F)/)*9)-3! $,! E,! R/:&-1)9! 2-!S)()*.1C1721! $%);29(*C3! T.7! 8",#85""8<! F)/)*9)-3! $,! E,! "#$%#&'
()*,!'))*3!+,3!"U8544",!
4!S0&-=3!V,<!V&-3!W,<!X0?)(3!Y,<!Z)-97)*3!E,!P,<!J0(()*3!E,!Y,!-./012$23145$'6)728140!+,,-3!9:3!"GG5
"I8,!
8!W2&3![,<![%03!S,<!\29*&3!S,!F,<!X23!V,!;&517'()0)5&4.!+,,.3!++<=3!"IL5"#L<!]0*(.-3!^,!$,<!Z)-97)*3!
E,!P,<!_027&*()3!E,!Y,!>)&2?2@142$23/!+,,-3!9=3!"NLG5""NN,!
G!$&.3![,<!X23!V,!A5&B12C504#$5&'D2@142$23/!+,,/3!:3!88L58I8,!
I!T)7&C0(%&;3!\,<!T277&;)-&3!`,!R,<!^&:&;&73!\,<!`29%?)2-3! W,!$,<![A)2)*3!W,!X,!A.)8E'()0E'D2@142$E!&
+,,*3!+F3!LUN5LUI!

S S

Ph R

SS

SPh



! "#!

!
!"#$%$&'()(&

!

$%&'! ()&*+,-.+%/%0*! 1%2&3+*45! &'*! +*6)&*/! 7,*&'82.,"59,/%&'%6.6%31! 4)6&4!

-+8/3:*! )! 1%2&3+*! 8;! "59,/%&'%86*,7,&'%80*4! )0/! "59,/%&'%86,7,80*4! <=:'*1*!

">7?>!!

!

!
!"#$%$&'(*(&

!

@;! +*):&*/! (%&'! &'%8):*&%:! ):%/5! 7,:'68+8,"59,/%&'%86.6%31! :'68+%/*4! )+*!

:80A*+&*/!%0&8!"59,/%&'%86*,7,&'%80*4!(%&'!&'*!4-*:36)&*/!%0&*+1*/%)&*!4'8(0!

%0!=:'*1*!">B>!

!
!"#$%$&'(+(&

!

"59,C%&'%86,7,80*! &84.6'./+)D80*4!30/*+E8%0E! =&*A*04,F)1;8+/! +*):&%80!/%/!

08&!.%*6/!"59,/%&'%86.6! :)+G*0*45!08+!)0.! 4-*:%*4!/*+%A*/! ;+81! &'84*>!H180E!

8&'*+!-+8/3:&45!&'*.!)648!E)A*!"59,/%&'%86*,7,&'%80*4!<=:'*1*!">I?>!

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

$%&'()*+(),-%"./%0,(),-+*+,12! 34+(3! )45,67! 4! 89''! :%;-3,(,-6! 9'4<(! =,()! 49*+!

42,6'3!(-!8-92!4!"./%0,(),-+'%$%(),-6'3!=,()!49*+4('0!:%;-3,(,-6!>?<)'2'!"@AB@!

!

!
!"#$%$&'()(&

!

"./%C,(),-+'%$%(),-6'3! <46! 4+3-! D'! 3*6()'3,E'0! 89-2! <-2;-1603! ()4(! 0-! 6-(!

<-6(4,6! ()'! "./%0,(),-+'! 9,673.! 31<)! 43! 4+F46'3.! 4+F'6'3.! F'(-6'3.! 4+0')*0'3!

460! 3-! -6@! ?(49(,67! 89-2! 4+F46'3.! ()'! 8,93(! 3(';! (-=4903! ()'! "./%0,(),-+'%$%

(),-6'3! ,3! 43312'0! (-! D'! 0')*09-7'64(,-6! -8! ()'! 4+F46'! (-! 8-92! ()'!

<-99'3;-60,67! 4+F'6'.! =),<)! ()'6! 9'4<(3! =,()! 31+819! (-! *,'+0! ()'! (497'(@!

G-='5'9.!6-!2'<)46,3(,<!3(10,'3!)45'!D''6!9';-9('0!-8!31<)!;-3(1+4(,-6@!H6'!

24,6!'I42;+'!,65-+5'3!()'!(94638-924(,-6!-8!,3-;9-;*+!D'6E'6'!(*;'!>?<)'2'!

"@JB@!

!

!
!"#$%$&'(*(&

!

K),4(,-6! 9'4<(,-6! -8! 49-24(,<! 460! 4+,;)4(,<! 4+F'6'3! ,6! 0,2'()*+8-9242,0'!

9'31+('0!,6!()'!8-924(,-6!-8!0,2'()*+!422-6,12!34+(3!-8!()'!(),-+4('3!-8!()'!

(*;'!3)-=6!D'+-=L!

!
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! "#!

$%&'! "()*! +,-! "(.*/0,1%-2&'2%30&'2%,0! 4500! /03%67! 8+,! /0! 9%:;0-! 9:%;!

/0,1<,05=!6'0,!>'&'+328!+,'<-:2-0!+,-!8+:/%,!-25?392-0!+:0!>+550-!&':%?@'!+!

&?/0!92330-!62&'!A<8%:!8'2>5!+&!BCCCDE!!

!

!
!

F0&%,05! 8+,! +35%! /0! &:+,59%:;0-! /<! &'0! ?50! %9! 8+:/%,! -25?392-0! +,-! +! /+50!

4G8'0;0!"EH7E!

!

!
!"#$%$&'()(&

!

"()*-2&'2%30*.*&'2%,05! 8+,! /0! +35%! 5<,&'05210-! I2+! &'0! 5?39?:21+&2%,! %9! J*

K0&%05&0:5!62&'!>'%5>'%:?5!>0,&+5?392-0!+3%,0!%:!2,!+!;2L&?:0!62&'!030;0,&+3!

5?39?:E! M0>0,-2,@! %,! &'0! 5?/5&2&?&2%,! %9! &'0! J*K0&%05&0:! 2&5039(! -2990:0,&!

5?/5&2&?&2%,5! +:0! %/&+2,0-! %,! &'0! 92,+3! -2&'2%30&'2%,0E! N%:! 2,5&+,80(! "()*

-2&'2%30*.*&'2%,05!62&'!8<+,%(!8'3%:%!+,-!05&0:!@:%?>5!%,!&'0!O*>%52&2%,!+,-!

05&0:!@:%?>5!%,!&'0!P*>%52&2%,!'+I0!/00,!>:0>+:0-!4G8'0;0!"E#7E!

!

!

!
&

!"#$%$&'(*(&

!
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S

S
S
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O

+  CS2
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2. MeI R1

R2

O SMe

SMe
P2S5
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COOEt
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R1 = Aryl or alkyl
R2 = COOEt, CN, Cl

R1 = COOEt
R2 = Ph

or



! "#!

! $%&'()*!+,-! ,'-(!%&&.! -+().! /(! 012&!+10+! 31&'4-!(5! 67"8

41/+1('&898/+1(.&-! ,-! ,! -:'5:;1<1.0! ;&,0&./! )+&.! ;&,=/&4! )1/+! >8?&/(&-/&;-7!

%:/!(.'3!)+&.!:-&4!(.!-@,''!-=,'&!;&,=/1(.-!$#A6!@('*A!!

!

!

!

B=+&@&!6A6#!-+()-!/+&!;&,=/1(.!(5!?&/(.&-!)1/+!&'&@&./,'!-:'5:;A!C&D&.41.0!

(.! /+&! E! 0;(:D7! 4155&;&./! @1F/:;&-! (5! D;(4:=/-! ,;&! (%/,1.&4A! G5! E! H! I7! /+&!

;&,=/1(.! 31&'4-! /+1(D+&.&! ,.4! 67"841/+1('&8983'141.&! ?&/(.&-A! G.! =(./;,-/7!

)+&.!E!H!E !H!J&7!/+&!;&-:'/1.0!D;(4:=/!1-!67"841/+1('&898/+1(.&A!!

!

!

!"#$%$&'(')(&

!

!

6A9!E&-:'/-!,.4!C1-=:--1(.!

!

! K:;!1.1/1,'!,//&@D/-!)&;&!/(!-3./+&-1<&!/)(!D+(-D+('&!:.1/-! '1.?&4!%3!

,! -:'5:;! ,/(@7! )1/+! /+&! :'/1@,/&! 0(,'! (5! 5(;@1.0! ,! -:'5:;8%;140&4!

D+(-D+,5&;;(=&.&A! ! L+&! 51;-/! =+(1=&! (5! ;&,0&./! ),-! 0(1.0! /(! %&! BM'"7! (;! 1/-!

@(;&!-/,%'&!,.4!;&,=/12&!1@14,<('&!4&;12,/12&N!$B=+&@&!6A66*A!!

!

!

!"#$%$&'(''(&

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
N!O&+&;7!OAP!C&0&.7!QA!!"#$%&'()$*&'+",&'-.&''*+,7!/$R*7!S#98S#T!
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! "#!

$%&'(')*!+,'!-./0%1+.123+.%1!%4!567"!)'38'1+!9:!377!0,';.037!0%;<31.'/!.1!+,'!

=>5>*! &'! -'0.-'-! +%! +):! %2+! +,'! ;%)'! '3/.7:! %9+3.1397'! -.0,7%)%! -./274.-'!

?5"67"@>! A,'! .1.+.37! )'30+.%1! &3/! 03)).'-! %2+! 2/.18! /%-.2;!

9./?+).;'+,:7/.7:/@3;.-'! 3/! 3! 927B:! 93/'! 4%)! +,'! 4%);3+.%1! %4! <,%/<,%7'!

9:!+,'!)'30+.%1!&.+,! 4)'/,7:!-./+.77'-!5"C

67">! D4+')! E2'10,.18! &.+,! 3! FG! 3E2'%2/! $67! /%72+.%1! 31-! <2).4.03+.%1! 9:!

0%72;1!0,)%;3+%8)3<,:*!%17:!%1'!9).8,+!)'-!<)%-20+!83('!3!F#H!GIJ!/.8137>!

A,'!;3//*! #$K#F6! GIJ*! 31-! 27+.;3+'7:! +,'! LC)3:! 0):/+377%8)3<,:! 0%14.);'-!

+,'!/+)20+2)'!%4!0%;<%21-!!"?50,';'!#>#"@>M!

!

!

#$%&'&"!(!)("

!

A,'! :.'7-/! %4! !! &')'! .1.+.377:! 'N+)';'7:! 7%&*! +,2/! &'! ,3-! +%! %<+.;.O'! +,'!

/:1+,'/./>!P1!%)-')!+%!-'+');.1'!&,3+!0,318'/!&')'!+%!9'!21-')+3B'1*!&'!,3-!

+%!21-')/+31-! +,'!;'0,31./;! 4%)! +)31/4%);.18!%2)!<,%/<,%7'! /274.-'! .1+%!3!

<,%/<,%7'C311273+'-! #*"C-.+,.%7'CFC+,.%1'! !>! A,'! 4.)/+! /+'<! &3/! +%! +'/+! +,'!

13+2)'! %4! +,'! 31.%1! 31-! -'+');.1'!&,'+,')! +,'! 3++30B! %1! 5"67"!&3/! 3)./.18!

4)%;! 3! -.31.%1! .1/+'3->Q!! D4+')! )'30+.18! %2)! <,%/<,%7'! /274.-'! &.+,! %1'!

'E2.(37'1+! %4! /%-.2;! ,'N3;'+,:7-./.73O.-'! 31-! +,'1! <2)8.18! .+! &.+,! 3!

0%1/+31+! 47%&! %4! 6R"*! +,'!;3//! 4%21-! ?IS!T! "UV>WXXM@! )'('37'-! +,3+! %17:! 3!

;%1%C/29/+.+2+'-!<,%/<,%7'!/274.-'!&3/!%9+3.1'-!?50,';'!#>#F@>!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
M!6.).0*!D>Y!I3+,':*!Z>!!"#$%&'()$**+,-!)**+*!./?#V@*!XU"#CXU"F!
Q!I'73.;.*!I>Y!J.03)-*![>Y!I3+,':*!Z>Y!['!Z7%0,*!H>!!"#012())0!)**)*!3?Q@*!#"XVC#"XM!

P
PhS

NaN(SiMe3)2, THF
P

PhS
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- 78oC, 10 min - 78oC to R.T. P

PhS

S

S

S

!
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!
!"#$%$&'(')(&&

!

#$%&! &'(()&*)+! ,! &*)-.%&)! /)0$,1%&/! 234! *$)! 35&)46)+! *4,1&234/,*%31!

780$)/)!9:9;<=!

!

!
!"#$%$&'('*(&

!

>,&)+!31!*$)!-43-3&)+!/)0$,1%&/!%*!&))/)+!)6%+)1*!*$,*!.)!1))+)+!,!&*431(!

131?1'0@)3-$%@%0!5,&)!*3!()1)4,*)!*$)!,1%31!,1+!*$)!2%4&*!A?8!@%1BC!*$)1!*$4))!

,++%*%31,@!)D'%6,@)1*&!32!,!.),B)4!5,&)!.$%0$!.%@@!&)46)!*3!0@3&)!*$)!+%*$%3@)!

4%1(!,1+!04),*)!*$)!*$%30,4531E@!(43'-C!.%*$3'*!,0*%6,*%1(!*$)!8?A@!531+:!F)!

-430))+)+!*3!*)&*!,!2).!3*$)4!5,&)&:!F$)1!GHI!.,&!'&)+!%1&*),+!32!*$)!5'@BE!

&3+%'/!5%&7*4%/)*$E@&%@E@<,/%+)!780$)/)!9:9"<C!13!*,4()*!.,&!&))1C!31@E!*$)!

%&3/)4%0! -$3&-$3@)! &'@2%+):!F%*$! *>'G%C! ,! @,4()!/%J*'4)! 32! 34(,1%0! -43+'0*&!

.,&! 35*,%1)+! 5'*! 131)! 32! 03/-3'1+!':! #$)1!.)! +)0%+)+! *3! '&)! ,! +%22)4)1*!

5,&)! 234! *$)! @,&*! *$4))!&*)-&!,1+!*3!0,44E!3'*! *$)!,++%*%31!32!53*$!5,&)&!,1+!

8"A@"!%1!,!&*)-?.%&)!/,11)4:!#$)4)234)C!23@@3.%1(!3'4!/)0$,1%&*%0!,1,@E&%&=!.)!

,++)+!31)!)D'%6,@)1*!32!K,K78%L)M<"!,1+!8"A@"!,*!?NO!3AC!.,4/)+!*$)!4),0*%31!

P
PhS
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P
PhS
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! "#!

$%!&!%'(!!)**+*!$,%!+-./0)1+2$3!%4!$5/+$671)8/2+(!3+9%2*!+-./0)1+2$!%4!:"'1"!)$!

;<=! %'! )2*! $6+! $6/5*! +-./0)1+2$! %4! >?$#! )$! &! &'(! )11! 3$+@,/3+A! :++8/2B17!

9%8@1/9)$+*(!$6/3!2+,!5%.$+!4%5$.2)$+17!@5%0/*+*!.3!,/$6!)!5+@5%*.9/C1+!DEF!

7/+1*(!)1%2B!,/$6!3%8+!%1/B%8+53A!!

! G6+2!$6+!3)8+!5+)9$/%2!,)3!)$$+8@$+*!.3/2B!$;H.I/!)3!$6+!/2/$/)1!C)3+(!

$6+!5+)9$/%2!4)/1+*(!B/0/2B!%217!)!8/J$.5+!%4!@5%*.9$3!,/$6!8)K%5!%2+!C+/2B!$6+!

/3%8+5/9!@6%3@6%1+A!L2%$6+5!8+$6%*!5+@%5$+*!C7!M1/2B3C+5BN!.3/2B!+1+8+2$)1!

3.14.5! )2*! )! B.)2/*/2+! C)3+! /2! C%/1/2B! $%1.+2+! ,)3! )$$+8@$+*! 6%,+0+5(! /$!

5+3.1$+*!/2!2%!5+)9$/%2!/2!%.5!9)3+A!!

! OPQ!9)19.1)$/%23! RH#ISTUV;#DDWXR*(@Y! 1+0+1Y!,+5+!@+54%58+*!%2! $6+!

8%*+1!9%8@%.2*!C+1%,!RP/B.5+!DADYA!!

!

!
!"#$%&'()()'

!

Q6+!9%8@.$+*!3$5.9$.5+!/3!9%55+3@%2*/2B!$%!$6+!3$5.9$.5+!%C$)/2+*!C7!Z;5)7!

9573$)11%B5)@67A! Q6+! 9)19.1)$/%23! 4.5$6+5! 5+0+)1! $6)$! $6+! [&\&! /3! 1)5B+17!

1%9)1/]+*!%2!$6+!*/$6/%1+$6/%2+!5/2B!+J91.*/2B!$6+!@)5$/9/@)$/%2!%4!@6%3@6%5.3!

RP/B.5+!DA"YA!T)5$/9/@)$/%2!%4!@6%3@6%5.3!/3!8%5+!3/B2/4/9)2$!/2!$6+!I^\&A!Q6+!

6/B6! 9%+44/9/+2$! )$! '_:! 3.14.5! /2*/9)$+! $6)$! /$!,/11! C+! )! 5+)9$/0+! 3/$+! $%,)5*3!

+1+9$5%@6/1+3A! `2! )**/$/%2(! )99%5*/2B! $%! $6+! 2.91+.3;/2*+@+2*+2$! 96+8/9)1!
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Summary: Thedeprotonation of 1-phenyl-3,4-dimethylphosp-
holesulfideby abulky base, followed by thereaction of S2Cl2,
unexpectedly yields a phosphole-annulated 1,2-dithiole-3-
thione. Thecomplexation of thisproduct by [ W(CO) 5] takes
place at Cd S as expected on the basis of theoretical calcula-
tions. Another product resultsfromtheunprecedented replace-
ment of the P(S)Ph unit by sulfur, giving the corresponding
thiophenederivative.

Theeasily accessible3H-1,2-dithiole-3-thiones1display an
interestingredox chemistry, canserveasligandsfor transition
metals, and havea lot of interesting biological properties. I t
would be quite interesting to combine this structure with a
modulating phosphino group, but, to thebest of our knowl-
edge, no phosphino-substituted dithiolethionehasever been
described in theliteratureuntil now. Wedescribeherein how
we found an original phosphole-annulated dithiolethione
while trying to link two phospholeunitsby a sulfur bridge.
Our starting point was the delocalized anion obtained by

deprotonation of 1-phenyl-3,4-dimethylphosphole sulfide
(1) by a bulky base(here thesodium hexamethyldisilazide).2
We investigated the reaction of this anion with disulfur
dichloride with the aim of creating a S- S link between two
phospholeunits. In fact, weobtained a complicated mixture
of products, among which a readily eluted deep red com-
pound (2) wasespecially noteworthy (eq 1).

Theformula of 2wasestablished asfollows. Themeasured
mass, m/z 312.9398 (MH ), was very close to the computed
mass for C12H10PS4 (312.9403). Theproton NMR spectrum
showed only one olefinic R-proton at 6.19 ppm (2JH- P =
32.24Hz) and onemethyl at 2.61 ppm (CD2Cl2). Themost
prominent feature of the 13C NMR spectrum was a Cd S
doublet at 209.61 ppm (JC- P= 16.5 Hz). Classical dithio-
lethionesshow aCd Sresonancein therange206- 216ppm.1
Thecharacterization of 2wascompleted by theX-ray crystal
structureanalysisof thecomplex (seelater). In order to havea
morepreciseunderstandingof theelectronicstructureof 2,we

performedaDFT calculationon themodel compound3at the
B3LYP/6-311 G(d,p) level.3Thecomputed structure isvery
close to the experimental structure of the complex. The
HOMO(Figure1) isessentially localizedon thedithiolethione
ring with no participation of phosphorus. The coefficient at
theCd S sulfur is huge, indicating that it will be the reactive
site toward electrophiles, as is the case for normal dithio-
lethiones. The participation of the phosphole ring is more
significant in the LUMO. At - 5.1, the NICS(1) index4
indicates that thesulfur ring isonly weakly aromatic.

TheUV/visspectrum of 2 (Figure2) showsacharacteristic
band at 483 nm ( 8339). In the parent dithiolethione, this
band occursat 410 nm ( 6400) and corresponds to a *r

Figure 1. HOMO and LUMO of compound 3 as computed at
theB3LYP/6-311 G(d,p) level.

*Corresponding author. E-mail: fmathey@ntu.edu.sg.
(1) Review: Pedersen, C. T. Sulfur Rep. 1995, 16, 173.
(2) Mathey, F. Tetrahedron 1974, 30, 3127. Mathey, F. Tetrahedron

1976, 32, 2395.

(3) Frisch, M . J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;
Robb, M . A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.;
Kudin, K . N.; Burant, J. C.; M illam, J. M .; Iyengar, S. S.; Tomasi, J.;
Barone, V.; Mennucci, B.; Cossi, M .; Scalmani, G.; Rega, N.; Petersson,
G. A.; Nakatsuji, H.; Hada, M .; Ehara, M .; Toyota, K .; Fukuda, R.;
Hasegawa, J.; Ishida, M .; Nakajima, T.; Honda, Y.; K itao, O.; Nakai,
H.; K lene,M .; Li, X.; Knox, J. E.; Hratchian,H.P.;Cross, J. B.; Bakken,
V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev,
O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J.W.; Ayala, P. Y.;
Morokuma, K .; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakr-
zewski, V. G.; Dapprich, S.; Daniels, A. D.; Strain, M . C.; Farkas, O.;
Malick, D. K .; Rabuck, A. D.; Raghavachari, K .; Foresman, J. B.;
Ortiz, J. V.; Cui, Q.; Baboul, A.G.; Clifford, S.; Cioslowski, J.; Stefanov,
B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I .; Martin, R. L.;
Fox, D. J.; Keith, T.; Al-Laham, M . A.; Peng, C. Y.; Nanayakkara, A.;
Challacombe, M .; Gill, P.M .W.; Johnson, B.; Chen,W.;Wong, M .W.;
Gonzalez, C.; Pople, J. A. Gaussian 03, revision B.05; Gaussian, Inc.:
Wallingford, CT, 2004.
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MoO2(acac)2    +      HS2P(OEt)2 MeOH, R.T, 15h
Mo2O3[S2P(OEt)2]4

Mo2O3[S2P(OEt)2]4 DCE, reflux, 2h
-> R.T., 4 days

MoO[S2P(OEt)2]2    +   O=PPh3
PPh3

!

"

Ph

O

NH4SCN CAN+ + tBuOH, 300C, 1h Ph

S
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! $%&&%'()*!+,-!./0-!12%3-452-6!%52!()(+(/&!+2(/&.!,/4!12%0(.()*!2-.5&+.7!
8,-! 9(2.+! 2-/3+(%)! ()! :3,-0-! ;7<"! 12%453-4! %)&=! +,-! (.%0-2(3! 1,%.1,%&-!
.5&9(4-7!8,-! .-3%)4! 2-/3+(%)!4(99-2-4! .&(*,+&=! ()! +,/+!'-! /++-01+-4! +%! 32-/+-!
+,-!/3+(>-!3/+/&=.+!12(%2!+%!/44()*!+,-!1,%.1,%&-!.5&9(4-!+,/+!(.!.511%.-4!+%!?-!
+2/).9%20-4! ()+%! (+.! +,(%1,-)-! /)/&%*5-7! 8,-! 0/@%2! 12%453+! '/.! .+(&&! +,-!
(.%0-2(A-4! 1,%.1,%&-! .5&9(4-! ,%'->-26! +,-2-! '-2-! +2/3-! /0%5)+.! %9! %(&=!
12%453+!+,/+!.--0-4!+%!?-!%52!4-.(2-4!+,(%1,-)-!+/2*-+7!
!

!
!"#$%$&'()*(&

Mo(dtp)2

O

sulfur donor

Mo(dtp)2

O

S
S

Mo(dtp)2

O

S
+VI

+IV

+VI

R R

R R

R R

R R

SMo2(O)2(mu-S)2(dtp)2

S
P(OEt)2

S

2

2x

R R

R R

R R

R R

S

P
Ph

MeS
Ph

S
1 mmol % MoO[S2P(OEt)2]2

toluene, 660C (18h) -> 1050C (4 days)
P

Ph

MeS

MoO[S2P(OEt)2]2
Ph

S

toluene, 1050C, 24h Mo(dtp)2

O

S
S

+VI

P Ph
MeS

toluene, 1050C, 48h P
Ph

MeS

+
S

Ph

As confirmed by GC/MS
and 1H NMR

1.

2.
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.19.*+*1*)(! */)! :6/)%34!;'&16!8+*/! .&<)*/+%;!<&')!914=37! :*)'*/+&6/)%)>!

?,/)<)!#>@A!./&8.!*/-*! */)!AB@!,3,4&-((+*+&%!8-.!6')5)'')(! +%.*)-(!&5!AB#!

-.!8)!-%*+,+6-*)(>!C/+.!8-.!<&.*!4+=)43!(1)!*&!*/)!6').)%,)!&5!.*3')%)7!8/+,/!

,&14(! 9)! 6'&(1,)(! -.! -! ').14*! &5! .1451'! )D*'-,*+&%! 5'&<! */++'-%)! 93! */)!

<&439()%1<!&D&!,-*-43.*>!!!

!

!
!"#$%$&'()*(&

!
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#>A!E+&4&;+,-4!?*1(+).!F8&'=!(&%)!93!G'>!E-'9-'-!H)'=7!IJKL!

!

M-.*437! .-<64).! &5! '! 8)')! .)%*! *&! I%+2)'.+*3! &5! J+';+%+-! *&! 9)! *).*)(! 5&'!

6&*)%*+-4!9+&4&;+,-4!-,*+2+*+).!-%(!*/)!').14*.!-')!(+.,1..)(!9)4&8>!

&

+,-.-./0"0-,&!-120$3&

K((+*+&%!&5!#7@:(+*/+&4):":*/+&%)!*&!*/)!;'&8*/!<)(+1<!-*!,&%,)%*'-*+&%.!16!

*&!#NN! H!(+(!%&*!-66)-'!*&!/-2)!-%3!-(2)'.)!)55),*.!&%!-%3!&5!*/)!,)44!4+%).>!

C/)')! 8-.! %&! +%(+,-*+&%! */-*! *')-*)(! ,)44.! 8)')! 1%()';&+%;! -6&6*&.+.7!

;'&8+%;! <&')! .4&843! &'! &*/)'8+.)! +<6-,*)(! 93! */)! 6').)%,)! &5! */)!

,&<6&1%(>! J+.1-4437! %&! (+55)')%,)! 8-.! .))%! 9)*8))%! *')-*)(! ,)44.! -%(! */)!

GH?O:&%43!,&%*'&4>!

!

!

MoO[S2P(OEt)2]2
Ph

S

toluene, 800C, 6h Mo(dtp)2

O

S
S

+VI

toluene, 900C, 10 days

P
Ph

MeS

+

P MeS
S

S
S P

S
Me

Ph

S
S
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1&&0!7,18.((29!$*&./5&0/!+-!:;<#=#>?!.04!:;@A>?!'&((1!3,/%!<B#;4,/%,+(&;";
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+-!"E;/%25,4,0&B!18DD&1/,0D!/%./!/%&,*!*./&1!+-!)*+(,-&*./,+0!3&*&!80'%.0D&49!
!
4+55,6(7*25(*786(7*25,$02*9):.3(/*,,

F+! &--&'/1! 3&*&! +G1&*7&4! +0! &,/%&*! /%&! HIJKL$I$! +*! /%&! >IMJ! 1,D0.(,0D!
)./%3.21! 3%&0! /%&! '+5)+804! 3.1! .44&4! /+! '&((1! )*,+*! /+! D*+3/%! -.'/+*!
/*&./5&0/9! <B#;4,/%,+(&;";/%,+0&! G2! ,/1&(-! .(1+! 4,4! 0+/! ,048'&! 1,D0.(,0D! 7,.!
/%&1&!)./%3.219!!
,

;(9.:99(/*,

N/! ,1! %.*4! /+! 1.2!3%&/%&*! /%&! <B#;4,/%,+(&;";/%,+0&! /*8(2! 4+&1! 0+/! .--&'/! /%&!
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/%&! D*+3/%! 5&4,859! O&((! 5&5G*.0&1! 1&(&'/,7&(2! /.6&! 8)! 1+5&! '+5)+8041!
.04!0+/!+/%&*1P! ,/! ,1!&0/,*&(2!)+11,G(&! /%./!<!0&7&*!5.4&! ,/! ,0/+!/%&!'&((1!.04!
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&(&'/*+)+*./,+0B!3+8(4!&--&'/,7&(2!,048'&!'&((8(.*!8)/.6&!+-!/%&!'+5)+804!.04!
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#1234+.5+60)3"3.5+6-)! 7!8$! 96! /! :60;.+6-! 6<! #3(5)-=03"1>3?+,).5=0(56:(560)!

:;0<+?)! 7@$%! A1! 2$2B!,,608! +-! #@!,C! 6<! 9DE! /.! 3F@! @G! /-?! ;-?)*! /*A6-!H/:!

/??)?! :6?+;,!I+:7.*+,).5=0:+0=08/,+?)! 72$>!,C! 6<! #!J! :60;.+6-! +-! 9DE8! K+/!

:=*+-A)$! 95)! L606*! +,,)?+/.)0=! .;*-)?! <*6,! (/0)! =)006H! .6! ?/*M! *)?$! 95+:!

:60;.+6-!H/:!:.+**)?!<6*!%!,+-1!/<.)*!H5+L5!<*):50=!?+:.+00)?!N2G02!7@$2!,C1!2$>!

,,608!H/:!/??)?!K+/!:=*+-A)!/-?!.5)!:60;.+6-!H/:!H/*,)?!.6!@!@G!/-?!:.+**)?!

<6*!2@!,+-$!O.!.5+:!(6+-.!.5)!L606*!6<!.5)!:60;.+6-!.;*-)?!0+A5.)*!*)?$!N.+00!/.!@!

@G1!.*+).5=0/,+-)!7@$PB!,C1!Q$PQ!,,608!H/:!/??)?!.6!.5)!,+'.;*)!<6006H)?!I=!

/-6.5)*!)R;+K/0)-.!6<!N2G02!7@$2!,C1!2$>!,,608$!95)!L606*!.;*-)?!I*6H-$!95)!

:60;.+6-!H/:!.5)-!H/*,)?!.6!*66,!.),()*/.;*)$!95)!*)/L.+6-!H/:!,6-+.6*)?!

I=!"#S!TJU!/-?!9CG!7%@V%@!().*60);,!).5)*WGD2G0281!(*6K+-A!.5)!(*):)-L)!6<!

.5)!*)?!L6,(6;-?!!$!95)!:60K)-.!H/:!*),6K)?!!"#$%&'(1!/-?!.5)!,+'.;*)!H/:!

(;*+<+)?! I=! L60;,-! L5*6,/.6A*/(5=! 6-! :+0+L/! A)0! ;:+-A! B%V2%! ().*60);,!

).5)*W,).5=0)-)! L506*+?)! /:! .5)! )0;)-.1! =+)0?+-A! B"!,A! 7#@$"X8! 6<!!$! Y0/LM!

L*=:./0:!H)*)!<6*,)?!:(6-./-)6;:0=!6K)*-+A5.$!

#D!TJU!7G42G028V! !2$Q#!7??1!"D1!>ZSD[#$B!D\1! >ZDD[#$#!D\1!J)81!Q$#P!7??1!#D1!

2ZSD![!"2$2!D\1!>ZDD![!#$#!D\1![GD3S81!B$%Q!7,1!2D1!S5!,)./!D81!B$Q>!7,1!#D1!S5!

(/*/!D81!B$FB!7,1!2D1!S5!6*.56!D8$!#"G!TJU!7G42G028V! !#F$P@!7?1!"ZSG![!#Q$2!D\1!

J)81! #2Q$P>! 7?1! #ZSG![! F"$B!D\1! S5! +(:6! G81! #2F$@"! 7?1! #ZSG! [! F"$"!D\1! [GD3S81!

#2P$FB!7?1!"ZSG![!#>$>!D\1!S5!,)./!GD81!#"#$">!7?1!2ZSG![!#2$B!D\1!S5!6*.56!GD81!

#""$P%!7:1!S5!(/*/!GD81!#%@$2>!7?1!2ZSG![!2F$B!D\1!J)3G[81!#%"$Q%!7:1![G3G[N81!

#B%$B%7?1! #ZSG! [! Q>$F! D\1! S3G3N81! 2@P$Q#! 7?1! "ZSG! [! #Q$Q! D\1! G[N8$! "#S! TJU!

7G42G028V! !"#$Q$!J/::!:()L.*;,V!,W\!"#2$P"PF!7JD+1!#@@X8$!O-/0$!G/0L;0/.)?!

<6*!G#2DPSN>V!G1!>Q$#"]!D1!2$P@$!E6;-?V!G1!>Q$2#]!D1!"$@@$!

!

G6,(0)'/.+6-!6<!!!I=!9;-A:.)-!S)-./L/*I6-=0$!9;-A:.)-!()-./L/*I6-=0!H/:!

,/?)!!"#)!*'!I=!?+::60K+-A!FQ!,A!7@$2>!,,608!6<!.;-A:.)-!5)'/L/*I6-=0!+-!#2!

,C!6<!/L).6-+.*+0)1!.5)-!/??+-A!2B!,A!7@$2>!,,608!6<!.*+,).5=0/,+-)3T36'+?)!

?+5=?*/.)!/:!/!:60+?$!95)!:60;.+6-!.;*-)?!I*+A5.!=)006H!+,,)?+/.)0=!/-?!H/:!

:.+**)?! <6*! "@! ,+-$! OL).6-+.*+0)! H/:! *),6K)?! !"# $%&'(1! /-?! .5)! *),/+-+-A!

I*+A5.!=)006H!:60+?!H/:! .5)-!*)?+::60K)?! +-!#@!,C!6<!?*=!9DE$!95+:!:60;.+6-!
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$%&!&'())*+!,-)!./!0(1!%1+!2--3*+!'-!/!456!%1+!'7*!.#!08!&-39'(-1!-,!!!:;<!0=!

(1!>/!0?!-,!@ABC!$%&!%++*+!+)-D$(&*!E(%!%!&F)(1=*G!@7*!0(H'9)*!$%&!&'())*+!

-E*)1(=7'6!%1+!(1!'7*!0-)1(1=6!'7*!&-39'(-1!%DD*%)*+!+%)I!J39*G!41*!D(1I!%1+!

-1*! J39*! &D-'! $*)*! -J&*)E*+! JF! @?5! :K/LK/! D*')-3*90!

*'7*)M+(273-)-0*'7%1*CG! @7*! 2)9+*! 0(H'9)*! $%&! (1('(%33F! ,(3'*)*+! N9(2I3F!

'7)-9=7!&(3(2%!=*36!%,'*)!$7(27!('!$%&!,9)'7*)!D9)(,(*+!9&(1=!!&(3(2%!=*3!2-3901!

27)-0%'-=)%D7F! :>//O! D*')-3*90! *'7*)! PQ! >//O! +(273-)-0*'7%1*CG! @7*!

D(1I! ,)%2'(-1! :"C!$%&! *39'*+!$('7! %! ;/L"/! &-3E*1'!0(H'9)*! (1! .G"O! F(*3+! :"!

0=C6!%1+!'7*!J39*! ,)%2'(-1!:#C!$('7!%!K/LK/!&-3E*1'!0(H'9)*!(1!>O!F(*3+!:>G<!

0=CG! R-'7! ,)%2'(-1&! $*)*! 3*,'! -E*)1(=7'! (1! '*&'! '9J*&6! %1+! D(1I! %1+! J39*!

2)F&'%3&!$*)*!-J'%(1*+!&D-1'%1*-9&3FG!S3*0*1'%3!%1%3F&*&!$*)*!1-'!-J'%(1*+!

,-)!$!%1+!%!+9*!'-!(1&9,,(2(*1'!N9%1'('(*&!-,!D)-+92'&G!

5-0D3*H!"L! >A!T8U!:5V.53.CL! ! !.G<<! :++6!"A6! #WXA! ! #WAA!Y!>GZ!A[6!8*C6!<G.\!

:++6!>A6!.WXA!Y!".G/!A[6!#WAA!Y!>GZ!A[6!Y5APXC6!;GKK!:06!.A6!X7!0*'%!AC6!;G<#!:06!

>A6! X7! D%)%! AC6! ;GZ;! :06! .A6! X7! -)'7-! ACG! >"5!T8U! :5V.53.CL! ! >\G;\! :+6!

"WX5Y><G>!A[6!8*C6!>.KGK;!:+6!>WX5!Y!Z#G.!A[6!X7!(D&-!5C6!>.\G".!:+6!>WX5!Y!Z"!A[6!

Y5APXC6!>.\G<#!:+6! "WX5!Y!>"G#!A[6!X7!0*'%!5AC6!>"/G\"!:+6! .WX5!Y!>.G/!A[6!X7!

-)'7-! 5AC6! >""GZ;! :&6! X7! D%)%! 5AC6! >K>G#\! :&6! Y5P5Y]C6! >\<G\>! :&6! 2(&P54C6!

./>G/#!:&6!')%1&P54C6!./;G;/!:+6!"WX5!Y!>"G#!A[6!5Y]CG!">X!T8U!:5V53"CL! !"ZG/G!

5-0D3*H!#L!>A!T8U!:5V53"CL! !.G<.!:&6!8*C6!;G/\!:&6!Y5AP]CG!>"5!T8U!:5V53"CL! !

>KG<;!:&6!8*C6!>.ZG."!:&6!Y5AP]C6!>"#G\.!:&6!8*P5YC6!>\;G.<!:&6!2(&P54C6!./>G/Z!

:&6! ')%1&P54C6!./;G>>!:&6!5Y]CG!8%&&!&D*2')90L!0M[!./"G\#!:J%&*!D*%ICG!^1%3G!

5%3293%'*+!,-)!8P_:54CKL!./"G\.G!

!

&'()*+,-(+.,+/*(01+,.2+(+)3.45/.,)3+.16.7(8.95(15(5.:+(;<.

'(+=5(5>0)3.)?.@>+(0A+.@>)*;.@)A->0)3.

>6.P+('7(-3*P"P'7(-1*! $%&! (1('(%33F! +(&&-3E*+! (1! &'*)(3*! +(0*'7F3! &93,-H(+*!

:V8]4C!'-!0%I*!%!>//!08!&'-2I!&-39'(-1G!:T-'*L!'7*)*!$%&!%!+)%0%'(2!2-3-)!

27%1=*!'-!)*+M-)%1=*!%&!&--1!%&!'7*!2-0D-91+!$%&!%++*+!'-!'7*!V8]4C!

@7*!&'-2I!&-39'(-1!$%&!,(3'*)*+!:D-)*!&([*L!/G.!0(2)-1&C!'-!&'*)(3([*!('6!+(E(+*+!

(1'-!%3(N9-'&!%1+!&'-)*+!%'!P./!45G!

.

.
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$%&&! &'(%)!*)%+! '(! ,-')! ),*+.! '(/&*+%+!0! %),12&')-%+!3&'42&1),451! 63789! /%&&!

&'(%)! 6:;<=0=83>! :;?@83>! :;=#<83! 1(+!A<@=9>! 4(%! 2B%1),! /1(/%B! /%&&! &'(%!

68$C;@9! 1(+! (4(;

1),B4/.,%)>! DEA9F! G-%! :;<=0=83! 1(+! :;=#<83! /%&&! &'(%)! H%B%! 4B'I'(1&&.!

)*JJ&'%+!2.!KBF!AFLF! M1,%)! 6N-'4! O,1,%!:('P%B)',.9! 1(+!KBF!KFKF!7'I(%B! 6K*Q%!

:('P%B)',.9>! B%)J%/,'P%&.F! 74,-! /%&&! &'(%)! H%B%! ')4&1,%+! RB45! /-1B1/,%B'S%+!

378!,*54B)!1(+!-1P%!2%%(!%T,%()'P%&.!+%)/B'2%+!%&)%H-%B%!6E*))1'('!%,!1&F>!
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$4&&%/,'4(! 681(1))1)>! VA9>! 1(+! ,-%! A<@=! /%&&! &'(%! H1)! )*JJ&'%+! 2.! KBF! WF!

A24*(1+%B!6:('P%B)',.!4R!V'BI'('19F!!

A&&!R4*B!378!/%&&!&'(%)!H%B%!/*&,*B%+!'(!5'('51&!%))%(,'1&!5%+'*5; !68X8; 9!

)*JJ&%5%(,%+!H',-!<UY!R%,1&!24P'(%!)%B*5!6C7O9!E./&4(%>!Z4I1(>!:,1-9!1(+!

<Y!J%('/'&&'([),B%J,45./'(! 6\(P',B4I%(9! 1,! "@! N$! '(!0F?Y!$N=>! ]UY!B%&1,'P%!

-*5'+',.>!1(+!J1))%+!%P%B.!0;^!+1.)F!

DEA! /%&&)! H%B%! /*&,*B%+! '(! 1! IB4H,-! 5%+'*5! /4(,1'('(I! =#! I[5&! 24P'(%!

'()*&'(>!=U!(I[5&!XJ'+%B51&!3B4H,-!C1/,4B!6X3C9>!#Y!R%,1&!24P'(%!)%B*5>!=U!
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B%&1,'P%!-*5'+',.F!

8$C;@! /%&&)! H%B%! 42,1'(%+! RB45! KBF! $F! O'&P1! 6:('P%B)',.! 4R! V'BI'('19! 1(+!

/*&,*

<UY!C7O!1(+!<Y!J%('/'&&'([),B%J,45./'(!1,!"@ !$!'(!0F?Y!$N=>!]UY!B%&1,'P%!

-*5'+',.F!G-%.!H%B%!J1))%+!%P%B.!^;@!+1.)F!

!

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

\(','1&! %TJ%B'5%(,)! &44Q%+! R4B! 1(.! J4,%(,'1&! /.,4,4T'/',.! 4R! ,-%! /45J4*(+!

H-%(!1++%+! ,4! /%&&)! '(! /*&,*B%F!G-%!<UU58!),4/Q! )4&*,'4(!4R! <>=;+',-'4&%;";

,-'4(%!H1)! 1++%+! ,4! RB%)-! /%&&! /*&,*B%!5%+'*5! 1(+! ,-%B%2.! +'&*,%+! ,4! R'(1&!

/4(/%(,B1,'4()! B1(I'(I! RB45! <UU! (8! ,4! <UU! 8F! $.,4,4T'/',.! ),*+'%)! H%B%!

J%BR4B5%+!4(!1&&!^!/%&&!&'(%)F!

!

$%&&)! H%B%! ,B.J)'('S%+>! /4*(,%+! 1(+! J&1,%+! '(! ^;H%&&! /*&,*B%! J&1,%)! 1(+!
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Summary: A 3-morpholinophosphole has been prepared from
the appropriate 3-keto-4-phospholene oxide by reaction with
morpholine in thepresenceof TiCl4asa catalyst, followed by
reduction of the phosphoryl group by phenylsilane. Both
theoretical and experimental studies show that the amino
group enhances the reactivity of the diene but does not affect
the lonepair at phosphorus. Thisobservation hasbeen used to
devise a generating system for the transient phosphinidene
complex [PhP-Fe(CO)4] that hasbeen trapped by alkynesand
ethanol.

Introduction

Presently, only a few 2-aminophospholes have been des-
cribed in the literature, and no chemistry has ever been
developed around them.1 Moreover, 3-aminophospholes
arestill completely unknown. Sinceit iswell established that
phospholes are poorly aromatic,2 we can expect a strong
perturbation of their dienic system by a possible amino
substituent. Such a substituent on the position isexpected
to sharply increase thebasicity of thephosphorus lonepair,
which is normally rather low.3 Hereafter, we attempt to
partly fill this lack of data by describing the synthesis and
somechemistry of a 3-aminophosphole.

Results and Discussion

In order to haveabetter insight into thekind of electronic
perturbation that can be expected when grafting an amino
group on the position of a phosphole ring, we decided to

compare 1 and 2 by DFT computations at the B3LYP/
6-311 G(d,p) level.4

Thecomparison between thefrontier orbitalsof 1 and 2 is
shown in Figure 1. The LUMO of 2 is shifted to higher
energy by 0.13 eV, but its shape is not significantly altered.
Whereas the HOMO of 1 is localized on the diene, the
HOMOof 2containssignificant contributions from thelone
pairsat Pand N, and itsenergy sharply increasesby 0.57eV.
Finally, theHOMO- 1,which correspondsto thelonepair at
P in 1, isnot significantly boosted in energy. Asweshall see,
these results nicely explain the chemistry of 3-aminophos-
pholes.
The synthesis of our 3-aminophosphole starts from a

3-oxophosphol-4-ene oxide. Some work has been done on
such compounds in connection with the synthesis of phos-
phasugars.5Theseproducts result from theallylic oxidation

Figure 1. Comparison between the frontier orbitals of phos-
pholes 1 and 2.
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+&.1'*4&.0! +&-&,'! +&4*&>! -(4&+5! 1! 2&'1*.&2! &?19*,1'*(,! (:! '+1,5*'*(,! 9&'1.!

/)(5/)*,&! -(9/.&?&57! 1,2! )(>! &4&,! 5%6'.&! -)1,3&5! *,! ')&! .*31,2! 5'+%-'%+&!

-1,! 1::&-'! ')&! +&1-'*4*'0! (:! -&+'1*,! /+(-&55&5! 1,2! %.'*91'&.0! ')&! -1'1.0'*-!

1-'*4*'0! (:! ')&! &,'*+&! 505'&9;"!B)&! 1%')(+5! 1.5(! 2*5-%55! ')&! -(++&.1'*(,!

6&'>&&,! ')&! +1'&5! (:! ')&! (?*21'*4&! 122*'*(,! 1,2! -1'1.0'*-! 1-'*4*'0! *,! -+(558

-(%/.*,3! +&1-'*(,5R!>)*.&! ')&5&! '>(! 5&&9! '(! 6&! 2*+&-'.0! /+(/(+'*(,1.! *,! ')&!

-15&! (:! K8S! 1-'*41'*(,! (:! 1.N0.! )1.*2&57! ')&! (//(5*'&! >15! :(%,2! :(+! ')&! 1+0.!

)1.*2&5;! T%9&+(%5! &?19/.&5! 5%33&5'! ')1'! *,! 6(')! -15&5! 1,! &.&-'+(,! +*-)!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
L!G+/&,7!Q;!U;R!=(,,&.07!T;!U;!!"#$%&'"#()*"+#$%&'"#$)''"#!"#$7!VLVWR!J1--)*(,*7!U;R!A13%57!J;!E;!
,-)./"#$%&'"!!""%7!017!"LXV8"LXY!
"!Z+&>7![;![;!K;R!=.1+N&7!C;!@;!2./3-)'&4"#$%&'"!%&&"7!057!VX8"#!



! "#!

$%&'$%()*! ('! +*,-(+*.! %&/*0*+1! &)2*! 3%*! 3%+*'%&4.! &5! .&)&+! '3+*)63%! %7'!

8**)!$7''*.1! (3!2&9*'!.&/)!3&!3%*!9&+*!'-834*!'3*+(2!*55*23'! 3&!.*3*+9()*! (5!

3%*! 2*+37()!&:(.73(0*! 7..(3(&)!/(44! $+&6+*''! +*7.(4;<! =%*! 7-3%&+'! 74'&! +*$&+3!

&)! 3%*! 4*''! '3-.;! &5! '3*+*&>*4*23+&)(2! *55*23'! &)! 3%*! 3+7)'9*374473(&)! '3*$1!

'$*2(5(2744;! 5&+! ?3(44*! 2&-$4()6! +*723(&)<! @)! 3%('! 27'*1! 3%*! *4*23+&)>.&)73()6!

*55*23'! 7+*! 74'&! .*$*).*)3! &)! 3%*! 2&)2*)3+73(&)1! $+*'*)2*! &5! '743'1! 7).! 74'&!

/%*3%*+!3%*!4(67).!/7'!9&)&>!&+!8(.*)373*<!

! !

A<B!C*'-43'!7).!D('2-''(&)!

!

! =%*! 7(9! &5! &-+! +*'*7+2%! /7'! 3&! 97E*! 7! )*/! 247''! &5! -43+787'(2!

$%&'$%&4*'! 3%73! /&-4.! +*4;! &)! 7! )&0*4! 7$$+&72%1! /%(2%! *)37(4'! 3%*! *)*+6;!

8&&'3! &5! $%&'$%&+-'! 4&)*! $7(+! 8;! .*'378(4(F()6! (3'! &0*+47$! /(3%! 3%*! .(*)*!

';'3*9<!!

! G'!.('2-''*.!()!3%*!@)3+&.-23(&)1!$%&'$%&4*'!27)!8*!*7'(4;!('&9*+(F*.!

'&!3%73!&)*!&5!3%*!.&-84*!8&).'!('!'%(53*.!3&!3%*!*:&2;24(2!$&'(3(&)<!=%*+*!7+*!

3/&!/7;'!3&!27++;!3%('!$+&2*''!7'!'%&/)!()!?2%*9*!A<B<!H&3%!$73%/7;'!6(0*!

3%*! '79*!%(6%!;(*4.! ! I#J>KJ!LM!7).! 3%*;!8&3%! .&!)&3! 6&! 3&! 2&9$4*3(&)! 7).!

;(*4.!'&9*!&5!3%*!'37+3()6!973*+(74!7'!/*44<!

!

!!

!"#$%$&'()(&

!

! =%*! ()(3(74! DN=! 2742-473(&)'! .&)*! 73! 3%*! HAOPQRS>ATT! UVI.1$M! 4*0*4!

'%&/! 3%73! $%&'$%&4*)*! '-45(.*1! 3%*! ('&9*+(2! 5&+91! ('! 9&+*! '3784*! 3%7)! 3%*!

P
S Ph

XS  CF3CO2H/CH3CO2H

Reflux, 4h

XS 2M NaN(SiMe3)2
-78 0C

P
S Ph

H
H

3M NaOH
0 0C
overnight

P
S Ph

overnight
3M HCl

P
S Ph

!



! "#!

$%&'()%*! +,)&+-./+)&0! 1(.$1(.%2! $3%4&52! 6*! 78"! 90+%:/.%8! ;$! +! %&'+,5! )(.3'(<!

.3-!1(.$1(.%2,2!$3%4&52!(+5!).!62!0.,=2-)25!).!&)$!)-&=+%2,)!4.-/<!>(&0(!&$!?8@!

90+%:/.%! %2$$! $)+6%2! )(+,! &)$! $%&'()%*! +-./+)&0! 1+-2,)! 1(.$1(.%28! A3-)(2-!

0+%03%+)&.,$!-2=2+%25!)(+)!&$./2-&B+)&.,!$(&4)$!)(2!%.,2!1+&-!.,!1(.$1(.-3$!).!

(&'(2-!2,2-'*!6*!C8"D!2EF! )(&$!52$)+6&%&B+)&.,! $22/$! ).!62!+! 0.,$2G32,02!.4!

)(2!+,)&6.,5&,'!.=2-%+1!.4!1(.$1(.-3$!%.,2!1+&-!>&)(!)(2!HIJI!.4!)(2!5&2,2!

3,&)!KA&'3-2!?8LM8@!

!

!
!"#$%&'()*)'

!

! N(2-2!+-2!+!42>!/2)(.5$!>(&0(!0+,!62!3$25!4.-!52$3%43-&B+)&.,!.4!OPQ!

6.,5$R!(.>2=2-<!-2+'2,)$!)(+)!>2!+))2/1)25!).!3$2!K)-&/2)(*%!1(.$1(&)2<!L<7S

6&$K5&1(2,*%1(.$1(&,.M2)(+,2! +,5! LS/2)(*%&/&5+B.%2M! 1-.53025! +! %+-'2!

/&T)3-2! .4! 1-.530)$! )(+)! /+52! &)! G3&)2! 5&44&03%)! ).! &52,)&4*! +,5! &$.%+)2! )(2!

)+-'2)8!N(2-24.-2<!>2!520&525!).!+11%*!+!/&%5!/2)(.5!)(+)!(+$!622,!52$0-&625!

&,! %&)2-+)3-2! 624.-2<! 3$&,'! ,&092%.02,2! +,5! /2)(*%! &.5&52! 4.-! )(2!

-2530)&.,:0./1%2T+)&.,!).!,&092%!/2)+%!02,)2-!KQ0(2/2!?8?M8U!!

!

!
+,-&.&'()()!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
@!V&-&0<!;8F!J+)(2*<!A8!!"#$%&'()$**+,-!/0*0<!./<!"U#@!
R!J+)+,.<!W8!()0$*8!!"#$%&'()$**+,-!/001<!.1<!R7L?F!X+-+,<!Y8SV8!8!()0$*8!23"40540!"#4067('4!/00/<!8<!
RU@F! X2$0(+/1$<! Z8F! [&0+-5<! \8F! J+)(2*<! A8! !"#$%&'()$**+,-! /00*<! .9<! L"DDF! J+)(2*<! A8!
:()"$7(;40<())40*121<! !.9<!LU@?F!Q+,)&,&<!V8F!J+)(2*<!A8! 540!"#4067('40*134<!=9<!"RUF!=+,!Z&$8!()0
$*8!540>'4067('40?&,40/000<!@..<!??#R!
U!J+)(2*<! A8! :()"$7(;"&%! *12/<! .1<! "LULF! J+)(2*<! A8! 540 !"#$%&'()40 67('4! *124<! 1A<! ?ULF!
J+)(2*<!A8!540!"#$%&'()4067('0*121<!@AA<!7@@!

P
S Ph

NiCp2, MeI
THF, reflux, overnight

P
Ph Ni

Cp

I!

!



! "#!

! $%&! &'()*!+&)%(,-.+! /0! *%-.! 1&()*-/,! %(.! ,/*! 2&&,! .*34-&4! -,! 4&*(-56!

7&! )(,! /,58! 91&.3+&! *%(*! /,&! /0! *%&! (,-/,-)! )8)5/9&,*(4-&,85! 5-:(,4.!

/.)-55(*&.!2&*;&&,! <!(,4! =!)//14-,(*-/,!./!;%&,!-*!*(>&.!*%&! =!0/1+?!*%&!@AB!

2/,4!)//14-,(*&.! */!,-)>&5!C-(! *%&!.35031!(*/+D! *%-.! 1&.35*.! -,! *%&!;&(>&,&4!

@AB!2/,4!;%-)%!0()-5-*(*&.!-*.!1&43)*-/,6!E31*%&1+/1&?!/,&!+(F/1!(4C(,*(:&!*/!

*%-.! (991/()%! -.! *%&! .&5&)*-C-*8G! &C&,! -0! ./+&! /0! *%&! 9%/.9%/5&! .350-4&! ;(.!

91&.&,*!-,!*%&!1&()*-/,!+-'*31&?!/,58!*%&!9%/.9%/5&,&!.350-4&!&,4&4!39!2&-,:!

1&43)&46!

! $%&! 0/55/;-,:! .*&9! -.! *%&! 5-:(,4! 4&)/+95&'(*-/,! 3.-,:! 9/*(..-3+!

)8(,-4&6H!$%-.!+&*%/4!1&I3-1&.! *%&!91&.&,)&!/0!;(*&1?!;%-)%!91/C&4!*/!%(C&!

/*%&1! 3,4&.-1&4! &00&)*.?! .3)%! (.! /'-4(*-/,! /0! (-1J.&,.-*-C&! *1-C(5&,*! .9&)-&.!

KB)%&+&!L6"M6!$%3.?! )&1*(-,!91&C&,*-C&!+&(.31&.!%(4! */!2&!3,4&1*(>&,!&()%!

*-+&G! 4&J/'8:&,(*-/,! /0! ./5C&,*.! C-(! 01&&N&J*%(;J4&:(.! *&)%,-I3&?! 3.&! /0!

(1:/,! -,.*&(4! /0! ,-*1/:&,?! (,4! )(1&035! %(,45-,:! 431-,:! *%&! ;(.%-,:.! /0! *%&!

)134&!;-*%!4&/'8:&,(*&4!21-,&?!*%&!.*&9!1&I3-1&4!*/!1&+/C&!&')&..!9/*(..-3+!

)8(,-4&! KOB! PQRM6! $%&! 1(*&! /0! *%-.! 9(1*-)35(1! .*&9! )(,! (5./! 2&! -,)1&(.&4! 28!

%&(*-,:! -*! -,! (! )5/.&4! 91&..31&! *32&! (*!STU! VQ?!;%-)%! .%/1*&,.! *%&! 1&()*-/,!

*-+&!*/!(!0&;!%/31.?!(.!+/,-*/1&4!28!L=@!RWX6!!

!

!
"#$%&%!'()(!

! !

! $%&! 4&)/+95&'&4! 5-:(,4!+(4&! !"#$!%&! -.! *%&,! 1&()*&4!;-*%! 9(55(4-3+!

4-)%5/1-4&!(*!1//+!*&+9&1(*31&!(,4!.*-11&4!/C&1,-:%*6!$%&!1&.35*-,:!91/43)*!

-.!(!+/,/+&1-)!.-,:5&!-./+&1?!'!$J@4YZQ5Z!*89&!/0!)/+95&'!KB)%&+&!L6<M6!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
H!@355(1>(*?!B6D!Q%&/;?![6!Y6D!Y-?![6D!Y&3,:?!@6J\6!(")*+,#-./0,#*++,?!12?!ZLT<!

P
Ph Ni

Cp

I

XS KCN
DCM/H2O, R.T., 1 week P

Ph
!



! "#!

!

!"#$%$&'()(!

! !

! $%%&'()! '(!*'(+! ,-.,! ,-'/! &-0/&-01%! /-021+!3%! 4%56!(271%0&-'1'78!9%!

+%7'+%+! ,0! '(4%/,').,%! ,-%! &0,%(,'.1! 0:! ',/! &.11.+'2*! 7.,.16/,! ,-502)-!

.7,'4.,'()! .561! -.1'+%/8! .(+! *05%! /&%7':'7.116! '(! ;2<2='! 750//>702&1'()!

5%.7,'0(?! @-%(61! '0+'+%8! &-%(61! 350*'+%! .(+! &-%(61! 7-105'+%! .5%! .11! 2/%:21!

/6(,-0(/!:05!*.='()!0:!(2*%502/!70*&02(+/?A!B-%'5!@->C!30(+!+'//07'.,'0(!

%(%5)'%/!.5%!D"!=7.1E*018!FG!=7.1E*018!.(+!AD!=7.1E*018!5%/&%7,'4%16?!;0!%4%(!

,-02)-!&-%(61!7-105'+%/!*.6!3%!109!70/,!/23/,5.,%/!%H'/,'()!'(!9'+%!4.5'%,68!

,-%6!/%%*!,0!-.4%!,-%!*0/,!+'::'721,!30(+!,0!.7,'4.,%?!I(!05+%5!,0!.770*&1'/-!

,-'/!/,%&!+25'()!,-%!0H'+.,'4%!.++','0(8!.!4%56!(271%0&-'1'7!1').(+!'/!(%%+%+!,0!

'(75%./%! ,-%! %1%7,50(! 5'7-(%//! 0:! &.11.+'2*!*%,.1! 7%(,%5?! B-%5%:05%8!9%! 5.(!

,-%!5%.7,'0(!/-09(!'(!;7-%*%!J?D8!9-'7-!7.(!3%!70(/'+%5%+!.!5%&5%/%(,.,'4%!

5%.7,'0(!:05!;2<2='!750//>702&1'()?G#!

!"#$%$&'(*(&

!

! B-%!6'%1+!0:!,-%!750//>702&1%+!&50+27,!9./!1098!./!+%,%5*'(%+!36!)./!

7-50*.,0)5.&-6!*.//!/&%7,50*%,%5!.(+!!>+0+%7.(%!./!.(! '(,%5(.1!/,.(+.5+!

K/%%! LH&%5'*%(,.1M?! I(! .++','0(8! .(! 2(%H&%7,%+! -0*0>702&1%+! &50+27,! 9./!

03/%54%+!./!9%11?!N00='()!3.7=!.,!,-%!/,527,25%!0:!025!1').(+8!9%!5%.1'<%+!,-.,!

&%5-.&/!/*.11! ,2('()!7021+!7-.()%! ',/!&50&%5,'%/!.(+! '(75%./%!,-%!%(%5)6!0:!

,-%!&-0/&-052/!10(%!&.'5!*.='()!',!*05%!3./'7?!B-%!7.1721.,'0(/!3%109!/-09!

,-.,! '(!.++','0(! ,0! '/0*%5'<.,'0(8!9-'7-!300/,/! ,-%!%(%5)6!0:!@! 10(%!&.'5!36!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
A!O28!P?Q?R!N',,=%8!S?!O?!"!#$%&'()$*&'+!,&'-.&!+,,+8!/08!TGUD!
G#!N',,=%8!S?!O?R!O28!P?!Q?!"!#$%&'()$*&'+!,&'-.&!-../8!128!JJFUR!$'57--0::8!V?!W?R!X.'8!Q?R!O28!P?!Q?!
"!#$%&'()$*&'+!,&'-.&!+,,+8!/08!GAT"!

P
Ph

DCM, R.T., 12h
PdCl2 Pd

L L

Cl Cl

!

L =
P
Ph

Cl B(OH)2

1 mmol % !; Cs2CO3
Dioxane, 90 0C, 48h +

1% 5%



! "#!

$%&'!()*!+,(!-,./0(!12!3,143,1564!4674+8+6(/+!8/-5(.4(4!+,(!(/(509!265+,(5!79!

./1+,(5!$%##!()!:;-,(<(!=%>?%! @/+(5(4+8/0A9*! +,84!(/(509! A(B(A! 84! +,(!4.<(!.4!

215!C:+D6?=!E,8-,!84!E(AA!F/1E/!215!8+4!-.+.A9+8-!31+(/+8.A%#$*##!

!

!"#$%$&'()(&

!

! ;1!165!/(G+!01.A!E.4!+1!(G-,./0(!+,(!3,(/9A!05163!79!.!4+(58-.AA9!<15(!

76AF9!!"#!H76+9A!05163%!@/!15I(5!+1!.-,8(B(!+,84!4674+8+6+81/*!E(!,.I!+1!<.F(!

+,(!3,143,1564!-(/+(5!(A(-+513,8A8-*!E,8-,!E.4!I1/(!79!215<8/0!.!CHJK!71/IL!

41!+,(!;KM!4674+8+6+81/!79!.!/6-A(13,8A(!7(-.<(!314487A(%!N,84!5(.-+81/!E.4!

A.+(5! 48<3A828(I! 79! +,(! 64(! 12! +D6O8*! E,8-,! -./! I1! /6-A(13,8A8-! 4674+8+6+81/!

:;KM?!I85(-+A9!1/!#H3,(/9AH=*&HI8<(+,9A!3,143,1A(%#M!

!

!

!"#$%$&'(*(!

!

P/-(! E(! ,.I! +*! +,(! 5(4+! 12! +,(! 49/+,(+8-! 516+(! 21AA1E(I! +,(! 35(B8164A9!

I(4-587(I!4+(34!:;-,(<(!=%'?%!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
##!O8++F(*!Q%!R%L!R6*!S%!J%!$%&'#(%&)*"+%!,---*!,-*!#$L!R6*!S%!J%!.//!0%&)*"+&1"0%&.//**!-2*!#"""!
#M!T.+,(9*!R%!3"!#4*"5#67!,-).*!89*!&#>#!

P Me

P Me

P tBu P(tBu)3

0.49 eV

0.11 eV

P

Ph

1. Li, THF; R.T., 4h
2. tBuCl, 55 oC, 2h

P

BrCN
-78 oC -> R.T., 3h P

CN

tBuMgCl
-78 oC -> R.T., 2h P

tBu

S8

R.T., 0.5h
P

S tBu



! "#!

!!
!

!

!

!

!

!

!

!

"#$%&%!'()(!

!

! $%&!'(&)*+!,-!.))!(/0&12&*(.0&!31,*450+!6&1&!1&).0(7&)'!%(8%!9":;<:=>?!

./*!@;1.'!51'+0.)!+0145041&+!6&1&!,A0.(/&*!-,1!*?!+!./*!)B!$%&!1.0(,+! -,1! 0%&!

2,/,2&1(5!./*!*(2&1(5!3.)).*(42!5,23)&C&+!5./!A&!5%./8&*!&.+()'!A'!4+(/8!

)&++&1!.2,4/0+!,-!D*E)#?!(B&B?!6%&/!0%&!&+0(2.0&*!1.0(,!,-!)(8./*!0,!D*!(+!5),+&1!

0,!FGFB!!

! $%&! 06,! /&6! 5.0.)'+0+! 6&1&! .)+,! 0&+0&*! (/! .-,1&2&/0(,/&*! H4I4J(!

51,++;5,43)(/8!9H5%&2&!KBF:>B!!

!

P
S tBu

1. CH3CO2H/CF3CO2H, reflux, 2h
2. KOH (aq), 0 0C -> R.T

P
S tBu

P
tBuNi

Cp

I

NiCp2/MeI

P

tBu

CH2Cl2, R.T., 12h

PdCl2

KCN
CH2Cl2/H2O, 7daysTHF, reflux, 12h

Pd
L L

Cl Cl
Pd

Cl Cl
Pd

L

ClL Cl

30% 10%

!

"

# $%

!



! "#!

!
!"#$%$&'()*(!
!
! $%&! '()('&*+,! ,('-.&/! +! %01! '2,%! -((*&*! ,030.43+,! 0,3+5+34!
,('-0*&1! 3(!,6!7%+,%! 805&! 0)! +)3&*&93+)8! *03+(! (:! ,*(99;! 0)1!%('(;,(2-.&1!
-*(12,39!+)!%+8%!4+&.19<!$%&!*&0,3+()!7&!907!%&*&!7096!+)!:0,36!7&..!=)(7)<>#!
?&@(*()03+()!%('(,(2-.+)8!(:!0*4.!@(*()+,!0,+19!+9!0!29&:2.!94)3%&3+,!'&3%(1!
:(*!1&*+5+)8!94''&3*+,!@+0*4.96!7%+,%!0*&!-*&9&)3! +)!-%0*'0,&23+,0.6!(-3+,0.6!
&.&,3*()+,! 0)1! (3%&*! '03&*+0.9<! $%&*&:(*&6! 7&! ,0**+&1! 3%&! 90'&! *&0,3+()!
7+3%(23! 3%&!-*&9&),&!(:!0*4.!,%.(*+1&! AB,%&'&!#<>>C6! +)!(*1&*! 3(!9&&! 3%&! :2..!
-(3&)3+0.!(:!(2*!,030.4939!+)!3%&!%('(,(2-.+)8!*&0,3+()<!!
!
!

!
!"#$%$&'())(&

&

! D9! 9&&)! +)! B,%&'&! 0@(5&6! ,030.493! ,& 9%(7&1! 1&,&)3! 0,3+5+346! 7%+,%!
-*('-3&1! 29! 3(! &/-.(*&! (3%&*6! '(*&! @2.=4! 0)1! &.&,3*()! *+,%! @(*()+,! 0,+19!
AB,%&'&!#<>EC<!!$%&!%('(;,(2-.+)8!(:!!"#";'&3%(/4!-%&)4.!@(*()+,!0,+1!805&!
FGH! 4+&.1<! $#%&';'&3%4.! 709! %('(;,(2-.&1! +)! "EH! 4+&.16! 0)1! &5&)! 3%&!
93&*+,0..4!'099+5&!E6I6J;3*+'&3%4.!709!'01&! +)!GH!4+&.1<!K&80*1+)8! 3%+9! .093!
&/0'-.&6!().4!3%&!1&@(*()03&1!@(*()+,!0,+1!%09!@&&)!(@9&*5&1!@4!(3%&*9<>#!!
!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
>#!L+)6!M<N!O2(6!B<;P<N!O26!P<;Q<N!R+26!S<;S<N!B()86!T<;U<N!V0)86!L<;P<!()*+,-./%&+,0"%"1+!-**,6!2346!
>"G"!

Cl B(OH)2
1 mmol % !"#; Cs2CO3
Dioxane, 90 oC, 48h +

8% 3%$"#%&%'(

41% 44%%)(

B(OH)2
1 mmol % !"#; Cs2CO3

Dioxane, 90 oC, 48h

12%$"#%&%*(

43%%'(

92%%)(



! "#!

!
!"#$%$&'()*(!
!
! $%&!'&(%)*+,'!-./!0%+,!0/)*,-./')0+.*1#!%),!2&&*!,034+&4!+*54&60%!27!
0%&!8/.36!.-!9):'+*+;!$%&7!6/.6.,&4!)!(7(<&!),!,%.=*!+*!>(%&'&!?;1?;!!
!

!
!"#$%$&'()'(!
!
! $%&!6)<<)4+3'!6&/.@.!(.'6<&@!=),!&,0)2<+,%&4!0.!%)A&!)!')+*!/.<&!+*!
0%&! ()0)<70+(!%.'.(.36<+*8!.-! )/7<! 2./.*+(! )(+4,;! B../4+*)0+.*!.-!C/5DEFGHI!
A+)! 0%&! 9&=+,! )(+452),&! +*0&/)(0+.*! 2&0=&&*! 2./.*! )*4! E6&/.@.H! .@78&*! +,!
0%.38%0!0.!2&!0%&!-+/,0!,0&6!.-!0%&!'&(%)*+,'J!0%&!2.*4!<&*80%,!)/&!(.*,+,0&*0!
=+0%! 0%&! <+0&/)03/&! A)<3&,! -./! 2./.*5<+8)*4! 4+,0)*(&,! .-! :*.=*! 2./.*)0&4!
(.'6<&@&,;! $%&! ,32,&K3&*0! ,0&6! =),! &@6&/+'&*0)<<7! 4&'.*,0/)0&4! 0.! 2&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1#!C4)'.L!B;J!C')0./&L!B;J!B+.-+*+L!M;J!N30)*4L!C;J!9):'+*+L!G;!!"#$%"#&'(%"#)*+"#*++,L!,-.L!OPIQJ!
9):'+*+L!G;!B+.-+*+L!M;J!N30)*4L!C;J!C')0./&L!B;J!C4)'.L!B;!!"#/'01"#&'(%"#$#*++-L!,,-L!1IPQO!

Ar-B(OH)2                                                             Ar-Ar
1 mmol % !; Cs2CO3

Dioxane, 90 oC, 48h

Ar = Ph                      92%
     = o-Me-C6H4        52%
     = p-MeO-C6H4     87%
     = 2,4,6-Me3-C6H2  7%

Pd0L2

O2
Pd LO

O L
ArB(OH)2

Pd LO
O L

Ar-B(OH)2

ArB(OH)2

Pd

L

Ar L

OOB(OH)2

Pd

L

Ar L

OH
Pd

L

Ar OH

L

Pd

L

Ar Ar

L

ArB(OH)2

B(OH)3

Pd

Ar

Ar L

L

"#$"#

!"#$"



! ""!

#$%&'()*+(,$!-.%#/!#/)!0)*'12!'$2)$!%1!,$3(!4'$'1%*!,*%25!,12!#/+06!+7'1!#/)!

8'$&,#%'1!'8!9).%0!,*%2:4,0)!,22+*#6!#/)!0)*'12!&'()*+()!'8!,$3(!4'$'1%*!,*%2!

*'&)0!,12!#$,108)$0!#/)!,$3(!;$'+7!#'!#/)!7,((,2%+&!*''$2%1,#%'1!07/)$)!%1!,!

*'1*)$#)2!0#)7<!=/)!7$'7'0)2!8'+$:*)1#)$!#$,10%#%'1!0#,#)!%0!2)7%*#)2!%1!>%;+$)!

?<@<!

!

!
!"#$%&'()*)'

' '

! =/)! 8'(('.%1;! #$,108'$&,#%'10! *'10%0#! '8! /32$'(30%0! '8! #/)! 7)$'A'!

*'&7()A!,12!!"#$%&'(#!%0'&)$%B,#%'16!(),2%1;!#'!#/)!#$,10!C29@-DE5F!*'&7()A!

#/,#! /,0! 4))1! */,$,*#)$%B)2! )A7)$%&)1#,((3<! =/)! *3*()! %0! 8%1%0/)2! 43!

#$,10&)#,((,#%'1! ,12! )(%&%1,#%'1! '8! 03&&)#$%*! 4%,$3(0<! D+$! ,##)&7#0! #'!

031#/)0%B)! ,! 7)$'A'! *'&7()A6! 43! 7+$;%1;! ,! GHI! 0'(+#%'1! '8! (! .%#/! D@! 8'$! ,!

.))J6!$)0+(#)2!%1!1'!$),*#%'1<!!

! K)!#/)1!2)*%2)2!#'!%1L)0#%;,#)6!*'&7+#,#%'1,((3!,12!031#/)#%*,((36!#/)!

7'00%4%(%#3!'8!&'2%83%1;! #/)! (%;,12!+! %1!'$2)$! #'! 8+$#/)$!)1/,1*)! #/)!'L)$,((!

*,#,(3#%*!,*#%L%#3!'8! %#0!7,((,2%+&!*'&7()A<!M0! %#! *,1!4)!0))1! %1!N*/)&)!?<OP6!

.)!2)0%;1)2!#/$))!1).!#,$;)#0!#/,#!4)('1;!#'!#/)!0,&)!*(,00!'8!7/'07/'()1)0<!

!

!
,-.&/&'()01)!!

!

! =/)!8%$0#!#.'!#,$;)#0!,$)6!%1!8,*#6!'8!0,&)!)1)$;3!./)1!*'&7,$)2!#'!'+$!

7/'07/'()1)!+ +<! E'.)L)$6!

Pd
L
L

O
O

B2

Ar-B1(OH)2

OH

OHAr

P

tBu

P

Me

P

Me

P

Me
0.32 eV

S-R



! "#!

$%&'!()!%*+&!,)-&!.$&-/0!12345!6%/0%!6*.!&78&0$&(!$)!%/9(&-!$%&!8%).8%)-2.!
3)9&! 8*/-!,)-&! &::&0$/+&3';! <9! *((/$/)95! $%&! .&0)9(! $*-=&$! 8)..&..&.! *! 0%/-*3!
0*-1)9!0&9$&-!$%*$!0)23(!1&!2.&:23!/9!*.',,&$-/0!0*$*3'./.;!>%&!3*.$!$*-=&$!6*.!
0),82$&(!$)!1&!./=9/:/0*9$3'!,)-&!1*./0!$%*9!!5!1'!?;@A!&B!-/.&!/9!C!3)9&!8*/-!
&9&-=';! >%&! .'9$%&$/0! -)2$&! ):! $%&.&! $*-=&$.! 6*.! 1*.&(! )9! .),&! ):! $%&!
.21.$/$2$/)9!,&$%)(.!)1.&-+&(!/9!8%).8%)3&!0%&,/.$-'!/9!$%&!8*.$;D"!
! >%&! .'9$%&./.! ):! E8%&9'3! 8%).8%)3&9&! 6*.! ()9&! *.! (&8/0$&(! 1&3)6!
FG0%&,&!@;D"H;!!
!

"
"

"

"

"

"

#$%&'&"()*+)!
!
! >%&! :/-.$! .$&8! /9+)3+&.! *! D5"E./=,*$-)8/0! .%/:$5! *! 6&33E&.$*13/.%&(!
*88-)*0%! $)! :290$/)9*3/I/9=! $%&! .3/=%$3'! *-),*$/0! 8%).8%)3&.;D"*! J:$&-! $%&!
:)-,*$/)9!):!CEKL!1)9(5!6&!2.&(!/.)8-)8'3!M-/=9*-(!-&*=&9$! /9.$&*(5!./,83'!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
D"!*H!N*$%&'5!N;O!N&-0/&-5!P;O!K%*--/&-5!K;O!P/.0%&-5!Q;O!N/$.0%3&-5!J;! !"#$%"#&'(%"#)*+"!*,-*5!,-.5!
R"S"O!T*0%-*0%5! G;!U;! !"#/01"#&'(%"!*,,(5!235! "RDRO!N*$%&'5!P;!$++"#&'(%"#4(5"!*,,.5!625! S?O!
U)33*9(5! G;O! Q&*9V&*95!N;O!N*$%&'5! P;!$71(8"#&'(%"#97:"#;<"!*,,!5!.=5! SW;! 1H! >-*9!U2'5!L;!U;O!
N*$%&'5!P;!/01>7*%(:>??@+5!*,,/5!,.5!SA";!

P

Ph

tBuOk, THF
140 oC, 5 days P

Ph
BrCN

-78 oC -> R.T., 0.5h P
Ph

CN

iPrMgCl
-78 oC -> R.T., 0.5h

P
Ph

iPr

S8
R.T., 12h P

Ph

iPrS

NiCp2/MeI, THF
80 oC, 2 days

P
Ph

iPrNiI

Cp

KCN/(nBu)4NBr
CH2Cl2/H2O

P
Ph

iPr

CH3CO2H/CF3CO2H
120 oC, 2h P

Ph

iPrS

PdCl2, CH2Cl2
12h

Pd
Cl Cl

Pd
L

ClL Cl

!" !!

!# !$!%

!



! "#!

$%&'()%! *+%! *%,*-$(*./! 0')! 123241! 566,! .2%/7)8! ! 9:*%,! )(/:(,2;'*264<! !"! 0')!

&643%,*%7!24*6!2*)!2)6=%,2&!:6,=!!!8!>+2)!5,67(&*!0')!*+%4!,%7(&%7!:6//60241!

*+%! )'=%!=%*+67!')!7%)&,2$%7! %',/2%,<!0+2&+!5,67(&%7!!#! 24!?@-A@B!.2%/78!

C%&6=5/%D'*264!:,6=!42&E%/!1'3%!!$<!0+2&+!0')!,%'&*%7!02*+!FGHIJ"!'47!*6!

5'//'72(=! *6! 123%! *+%! 72=%,2&!K7LMH/A! &6=5/%D!!%8! NGK-FJ!0')!M?O!P;<!0+2&+!

&64:2,=)! '! )/21+*! 7%&,%')%! 24! $')2&2*.! &6=5',%7! *6! 6(,! /21'47! &8! Q4/(&E2/.<!

0+%4!*+2)!&'*'/.)*!0')!()%7!24!*+%!)'=%!&,6))-&6(5/241!,%'&*264!')!7%)&,2$%7!

24!R&+%=%!S@<!64/.!S?B!6:!*+%!&,6))-&6(5/%7!5,67(&*!0')!6$*'24%7!'47!M?B!

6:!*+%!+6=6&6(5/%7!5,67(&*8!!

! R&+%=%! ?8SO! 7%)&,2$%)! *+%! ).4*+%)2)! 6:! 6(,! )%&647! *',1%*8! I4%-56*!

,%'&*264! /%'7241! *6!!&! ,%)(/*%7! 24! OAB! .2%/7! +60%3%,<! *+%! 4%D*! )*%5! 1'3%! '!

=2D*(,%! 6:! $6*+! !'! '47! !&8! >+%)%! *06! &6(/7! $%! 64/.! )/21+*/.! 5(,2:2%7! $.!

%D*,'&*264)!02*+!&6/7!4-5%4*'4%8!9:*%,!7%$6,64'*264!02*+!72%*+./'=24%<!$6*+!

*+%!%D5%&*%7!5+6)5+6/%4%!!(!'47!2*)!5+6)5+6/%!2)6=%,!0%,%!6$*'24%7!24!"TS!

,'*268! >+%! ,%)(/*! 6:! *+2)!=2D*(,%! 6:! 2)6=%,)! 2)! *+%!=2D*(,%! 6:! *06!5'//'72(=!

&6=5/%D%)! 0+2&+! ',%! 46*! )%5','$/%! $.! &6/(=4! &+,6='*61,'5+.! 46,! $.!

%D*,'&*264)8!>+%,%:6,%<!0%!0%,%!4%3%,!'$/%! *6!6$*'24! :(//! &+','&*%,2;'*264!6:!

6(,! *',1%*!5+6)5+6/%4%-5'//'72(=!&6=5/%D8! R24&%! ,%-&,.)*'//2;'*264!0')!'/)6!

(4)(&&%)):(/<! &647(&*241! '4.! &,6))-&6(5/241! ,%'&*264! 02*+! '! =2D*(,%! 6:!

5,67(&*)!0')!46*!:%')2$/%!%2*+%,8!L21'47!!(!0')!,%'&*%7!02*+!FGHIJ"8>PU!24!

6,7%,!*6!6$*'24!*+%!K-F!&6(5/241!&64)*'4*8!R24&%!NGK-FJ!3'/(%!6:!!(-FGHIJ"!0')!

M?@! P;<! 0%! &6(/7! )'.! *+'*! *+%! $')2&2*.! 6:! *+%! /21'47! )(556,*)! *+%!

&6=5(*'*264'/! 5,%72&*264! 24! *%,=)! 6:! %D5%&*%7! $')2&2*.8! V6,%63%,<! 2:! *+%,%!

0%,%! '! 0'.! *6! 2)6/'*%! 2*)! 5'/'72(=! &6=5/%D! 24! +21+! 5(,2*.<! *+%! 2=5,24*%7!

&+2,'/2*.!&6(5/%7!02*+!*+%!/%3%/!6:!$')2&2*.!&6(/7!$%!3%,.!()%:(/8!

!



! "#!

!"#$%$&'()*(&

!

! $%&! '()*! *(&+,*! -),,! ./0,1,! 234567! 809/0! 8,! 0:;,<! 8:%'<! 0(=,! (!

)9+>9?9/(>*!@::)*!9>!*0,!,>,&+A!:?!*0,!;0:);0:&%)!':>,!;(9&!8()!)A>*0,)9B,<!()!

<,)/&9@,<! @,':83! C%*! ?9&)*7! 9*! 9)! 8:&*0A! 1,>*9:>9>+! *0,! 0:;,',))>,))! 9>!

/&,(*9>+!*0,!D$EF!<:>(*9>+!+&:%;!9>)*,(<!:?!D.EF3!G**,1;*)!8,&,!1(<,!%)9>+!

H&%@@)! 1,*(*0,)9)! 89*0! :%&! 9):1,&9/! ;0:);0:',>,! +! (><! =9>A',*0A',*0,&!

-./0,1,!234I63!J(K9>+! 9>*:!(//:%>*! *0(*!LM.!@:><!/:%'<!@,! 9>*,&?,&9>+!89*0!

*0,!/(*('A)*7!8,!(**,1;*,<!*0,!)(1,!&,(/*9:>!%)9>+!LECN2!(<<%/*74O!()!8,''!()!

LM$7!@%*!*:!>:!(=(9'3!!

!

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

!

! P,Q*! (**,1;*! 9>=:'=,<! *0,! %),! :?! R9**9+! &,(+,>*3! S=,>! *0:%+0! *0,!

;0:);0:>9%1!)('*!8()!,()9'A!1(<,7!9*!8()!%>/',(&!9?!*0,!A'9<,!8()!)A>*0,)9B,<!

)%//,))?%''A7!@,/(%),!%;:>!(<<9*9:>!:?!:%&!5EK,*:;0:);0:',>,7!*0,&,!8()!:>'A!

(!'(&+,!19Q*%&,!:?!;&:<%/*)3!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4O!./0%1(>7!T3U!J&,=9**7!T3U!F,<<7!G3U!H:%=,&>,%&7!V3!!"#$%&'()$*&'+",&'-.&'-...7!/07!W5X4!

P
Ph

1. Li, THF; R.T., 4h
2. tBuCl, 55 oC, 2h

P

BrCN
-78 oC -> R.T., 3h P

CN

tBuMgCl
-78 oC -> R.T., 2h P

tBu

BH3SMe2

R.T., 0.5h P
tBuH3B

1. Sec-BuLi, THF, -78 0C
2. MeI, -78 oC -> R.T. P

tBuH3B

Me
Et2NH, THF
Reflux, 2h P

tBu

Me

!" !# !$

P
tBuS

O
2 mmol % Grubbs I or Hoveyda-Grubbs II
CH2Cl2 or toluene, R.T. -> reflux, days N.R.



! "#!

!"#$%$&'()*(&

&

! $%!&'()!&**%+,*%-!./01&%'/(234567)8!4%&0*/)9!:/*1!*4/%*1;'!,1)(,1/*%!

&9-!01')4)+%*1;'!%*1;'!%*1%4<!=1%!&'>;'!,1)(,1)9&*%!:&(!&?&/9!(600%((@6'';!

+&-%A! &'*1)6?1! *1%! 0)44%(,)9-/9?! ;'/-%! 0)'-! 9)*! 5%! )5*&/9%-! :/*1! &! @%:!

-/@@%4%9*!5&(%(!BC01%+%!D<E#F<!EG!

!

!"#$%$&)+(!

! !

! H9%!+)4%!+%*1)-EI!)@!$/**/?2J)49%4!4%&0*/)9!:&(!&**%+,*%-!BC01%+%!

D<KLFA! /9!:1/01!0)+,)69-!,!:&(!(6,,)(%-!*)!5%!)5*&/9%-!&9-!(65(%M6%9*';!!

-%,4)*)9&*%-!:/*1!*N6HO!*)!;/%'-!*1%!-%(/4%-! 2(65(*/*6*%-!,1)(,1)'%9%!B&9-!

P1KPBHFHJ!5;2,4)-60*F<!J):%8%4A!*1/(!/9*%4+%-/&*%!:&(!9)*!)5(%48%-A!)9';!&!

-%0)+,)(/*/)9!)@!,4)-60*(<!!

!"#$%$&'(-.(&

&

J%90%A!:%! @)06(%-!)9!04%&*/9?!&!(6'@642&'>;'!(65(*/*6%9*!B=&4?%*!-/A&C01%+%!

D<KEFA! :1/01! &00)4-/9?! *)! *1%! 0&'06'&*/)9(! (1)6'-! 1&8%! *1%! (&+%! %'%0*4)92

-)9&*/9?!%@@%0*(!)9!*1%!,1)(,1)46(!')9%!,&/4!&(!)Q;?%9!:&(!(6,,)(%-!*)<!!

!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
EG!R)2S6&9?A! T<U! V&49/&*)A! W<U! R)2S6&9?A! X<U! X%! Y)@@/0A! Z<! !"#$%&'"#()*"+#$%&'#$)'',-"!)+*'A!
E"L"U!.&4;&9)@@A!N<![<U!\%/*7A!3<!N<!$%&'"#.&/"!)+*+A!01A! I]DU!V'&;-%9A! ^<U!$&44%9A!C<!2-3&4"#
$%&'"#5-6"#78"#7-39"#)++0A!:;A!K_E!
EI!X%;A!C<!R<U!X;?)A!N<U!H4?&9A!J<!.<U!$)99&0)**A!3<!<&6=>%&8=)-!)+*1A!?@BEIFA!DIK"U!$&*&9&5%A!
.<U!.)4/+)*)A!J<U!=)+)-&A!.<U!`:&9&?&A!a<!(A-6%&BCB!)++/A!ELID!

Ph3P
Cl O

Ether, R.T., overnight Ph3P O

Cl
1. nBuLi, ether, 0 oC -> R.T.
2.

P

O

tBuO

Large mixture
of products

P(OEt)3

Cl O

THF, reflux, 9 days (OEt)2P O

O nBuLi, THF, -78 oC, !"
2M NaN(SiMe3)2, THF, 0 oC, !"
NaH, THF, -70 oC, !"
LDA/TMEDA, THF, -78 oC

N.R.

Ph3P O

Cl 3M NaOH
Ph2P O

O

THF, R.T.
LDA

-78 oC, 1h

P

O

tBuO
-78 oC, 1h -> R.T. P

tBuO

PPh2

OEt

HO
O

!



! "#!

!
"#$%&%!'()*(!

!

! $%&'! (&! )*+&,! )-! *&./)! )%&! ,&0-/.0+1&,! .'+-'! -2! 3%-43%-0&! 4502+,&!

,+*&/)06! (+)%! 7&8987&! &0&/)*-3%+0&:! ;-)%! <-'-9! .',! ;+925'/)+-'.0+1&,!

3%-43%-0&4!(&*&!-;).+'&,:!<-4)!0+=&06!,5&!)-!*&./)+-'!).=+'>!30./&!.)!;-)%!

?!@%54!(&!%.,!)-! 4! !464)&<!;6!/-<30&A.)+-'!

)-! B&CDEFG! C4&&!*+F?HI!J'! -*,&*! )-! 25'/)+-'.0+1&!*+:!(&! %.,! )-! 54&! KLM! .4! .!

;.4&N!)%&!/-<<-'06!54&,!O.OC8+7&GFP!%.4!;&&'!4%-('!)-!.,,!)-!)%&!/.*;-'60!

-2!B&CDEFG!+'!34&5,-9Q&)&*4-'!*&./)+-'!(.6:!*&450)+'>!+'!/-'R&*4+-'!-2!DSE!)-!

DSO?P#!@.*>&)!*,!(.4! .0(.64!-;).+'&,! +'! >--,!6+&0,4:! ;5)! )%&! 2-00-(+'>! )(-!

4)&34! %.,! )-! ;&! ,-'&! T5+/=06! +'! -*,&*! )-! .R-+,! %6,*-064+4?! J'! .,,+)+-':!

45025*+1.)+-'!%.,!)-!;&!)%&!2+*4)!4)&3!4-!.4!)-!3*&R&')!-A+,.)+-'!-2!3%-43%-*54!

/&')&*! ;6! /&*+5<! .<<-'+5<! '+)*.)&! CDMOF?! E)%&*! <&)%-,4PH!2-*! )-! 9U! )*!

)*.'42-*<.)+-'!(&*&! .04-! .))&<3)&,:! ;5)! )%&6! *&450)&,! +'! '-! *&./)+-'?! E'/&!

(&! %.,! )*:! +4-<&*+1.)+-'! C))F:! *&,5/)+-'V/-<30&A.)+-'! C)'F! .',!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
HI!7.)%&6:!B?N!!"#$%&'()*+,"#-.+*"!)--*:!/01:!H#WN!!"#$%&'()*+,"#-.+*"!*,..:!23/:!PXH!
P#!8&<<&0%./=:!7?!B?N!B&(=&4:!Y?!Z?!4+,%'.+5%)(#6+,,!*,+.:!07:!HXI[!
PH!\'-0=&*:!]?9Z?N!D.<<&*&*:!8?!4+,%'.+5%)(#6+,,"#)---:!12:!W#GW!

P

Ph

Fe3(CO)12
toluene, reflux, 5h P

Ph Fe(CO)4

Fe(CO)3

1. LDA/TMEDA, THF, -78 oC, 15min
2. MeSSMe, -78 oC
3. NH4Cl(aq)

P
Ph Fe(CO)4

Fe(CO)3 SMe

S8

toluene, reflux, 4h
P

Ph S

Fe(CO)3 SMe

CAN
ACN/iPrOH, 0 oC, 45min P

Ph S

SMe

1. NaN(SiMe3)2, THF, -78 oC, 10min

2. 3M HCl(aq), -78 oC -> R.T. P
Ph S

SMe

NiCp2/MeI
THF, reflux, 2 days P

Ph

SMe

Ni
I

Cp

KCN/(nBu)4NBr
CH2Cl2/H2O, 35 oC, 2 days

P

Ph

SMe

!" !#

$% $!

$$ $&

$'



! "#!

$%&'()*%+,-.'/!0!"1!,**!)2'&%%$!./!2%*,-.3%*4!$%&%/-!4.%*$56!7'8%3%29!,-!%3%24!

,--%()-!-'!2%,&-!!"!%.-:%2!8.-:!;0<=1>!'2!?$<*@9!.-!8,5!A'B/$!-'!C%!'+.$.D%$6!!

! E%,*.D./F! -:%! $.AA.&B*-.%5! 'A! :,/$*./F! '+4F%/G5%/5.-.3%! &'()B/$59! 8%!

*''H%$!A'2!,/!,*-%2/,-.3%!,/$!A'B/$!,!2%)'2-%$*4!./-%2%5-./F!/%8!2'B-%!-'!-:%!

,&-.3%! -2.3,*%/-! ):'5):'*%/%! 5)%&.%5! 0I&:%(%! J6@@16 @@ !K'2(,-.'/! 'A!

):'5):'/.B(!5,*-9!A'B/$!-'!C%!%+-2%(%*4!,.2G!,/$!('.5-B2%G5-,C*%9!,/$!!"#$!%&!

$%)2'-'/,-.'/!5%%(%$!*.H%!,/!.$%,*!5'*B-.'/!-'!'B2!'C5-,&*%6!

!

#$%&'&()*!!*!

! ! !

! L:%! A.25-! 2%,&-.'/!8,5! $'/%!8.-:! 'B2! *.F,/$!+6! I./&%! $%&'()*%+,-.'/!

8.-:! M<N! 8,5! ,! *'/F! 2%,&-.'/! 0B)! -'! 5%3%2,*! $,4519! 8%! ,$$%$! 5'(%! 'A!

-%-2,CB-4*,(('/.B(!C2'(.$%!-'!:,3%!,!2'*%!'A!,!):,5%G-2,/5A%2!,F%/-!0?LO16!

;.-:! -:.5! ?LO9! -:%! 2%,&-.'/! -.(%! 8,5! 5:'2-%/%$! -'! #@:6! P+&%55! M<N! 8,5!

2%('3%$! 8.-:! C2./%! 8,5:./F59! ,A-%2! 8:.&:! %+&%55! ,QB%'B5! -%-2,A*B'2'C'2.&!

,&.$!8,5!,$$%$6!O5!,! 2%5B*-9! -:%!&2B$%!(.+-B2%!$.$!/'-!)2'$B&%!?G7!&'B)*%$!

5.F/,*!./!J#?!NRE6!S-!8,5!&*%,2!-:,-!'B2!-,2F%-!8,5!)2%&%$%$!C4!-:%!'+.$,-.'/!

'A!+(0I&:%(%!J6@J16!!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
@@!N%-:%2-'/9!R6!E6T!KB9!U6!<6!'()*#+,%%*!!,,-9!-9!V@W>!

!



! "#!

!
!"#$%$&'()'(&

&

! $%&%'()! )*(+,%-.! /(0! +-.12+,*1! 2.1*)! 0'%34,'5! 1%66*)*.,! +-.1%,%-.0!

7$+4*&*! 89#:;9! <-! (=-%1! ,4*! 20*! -6! ><?@! /4%+4! /(0! 6-2.1! (0! ,4*! &(A-)!

%0-'(,*1!B)-12+,!(C-=*@!C2,! ,-! 0,%''!D**B! ,4*!)*(+,%-.! ,%&*!04-),@!*EB*)%&*.,!

/(0! )2.! %.! (+*,-.%,)%'*! (,! 4%34! ,*&B*)(,2)*0@! (.1! *E+*00! FGH:! /(0! (11*1!

1%)*+,'5!,-!,4*!+)21*@!/%,4-2,!)*&-=('!-6!*E+*00!IJK9!$%&%'()'5!,4-234@!.-!>LF!

+-2B'%.3! /(0! -C0*)=*1! (.1! -.'5! -.*! B*(D! /(0! 0**.! %.! MNH! KOP@! /4%+4!

+-))*0B-.1*1! ,-! ,4*! )*(3*.,! 20*19! <4*! ,/-! B*(D0! %.! ,4*! &(00! 0B*+,)2&!

%.1%+(,*1!,4*!0,(),%.3!'%3(.1!*!(0!/*''!(0!,4*!-E%1%Q*1!*R2%=('*.,!-6!*9!S.!-)1*)!

,-! +-.6%)&!.-.!*E%0,(.+*!-6!-2)!1*0%)*1! ,()3*,@!/*! )*(+,*1! ,4*! +)21*!/%,4!(!

C(0*@!C2,!%,!1%1!.-,!5%*'1!*@!B)-=%.3!.-!>LF!C-.1!/(0!6-)&*1!%.!,4*!6%)0,!B'(+*9!!

!

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

& &

& $%&%'()'5! ,-! ,4*! *EB*)%&*.,! (C-=*@! /*! ('0-! 1%1! (.! *EB*)%&*.,! /%,4!

*,4*)! 0-'2,%-.! -6! FGH:! %.! -)1*)! ,-! (=-%1! B-00%C'*! -E%1(,%-.! C5! /(,*)9!

T.6-),2.(,*'5@!*=*.!,4%0!)*(3*.,!1%1!.-,!B)-=%1*!20!/%,4!-2)!,()3*,9!!

! <4*! (6-)*&*.,%-.*1! &*,4-10! 6-)! ,4*! 6-)&(,%-.! -6! ,)%=('*.,! 0B*+%*0!

0**&*1!,-!C*!4%34'5!0*.0%,%=*!,-!-E%1(,%-.@!0-!/*!,)%*1!(.-,4*)!&*,4-1!20*1!

P
tBu

Ni
I

Cp

1. KCN/ BrN(nBu)4; DCM/H2O
2. Brine washings P

tBu

XS HBF4 (aq)

0 0C, 10min
31P NMR: No P-H coupling
MS:242 = N(nBu)4

P
tBu

Ni
I

Cp

P

tBu

ACN, 70 0C, 12h
 KCN XS HBF4 (aq) directly

0 0C, 10min

31P NMR: No P-H coupling
19F NMR: HBF4 only
MS: 169.0786 and 185.1037

P = 168.1068

P
OH

= 185.1095EtN(iPr)2

P

tBu

No 31P signal for



! "#!

$%&! &'()*+,-! ./0! 1%,(234#!0*5'6'! #347! ('2*&+1'2! %)&! 8'9! :,%95'&! :99'6;9<!

5%='>'&<!='! &:,! +,9%! 95'! 2:6'!;&%1?'6!:2!1'$%&'3!@>',!=5',!29:&9+,-!=+95!

95'!?'22!1:2+*!*%6;),(!!!<!95'!2:6'!;5%2;5%?','!%A+('!+2!;&%()*'(3!

!

!
"#$%&%'()*+)'

' '

' B'! '>',! :99'6;9'(! 9%! )2'! 95'! 9&+>:?',9! 2;'*+'2! !"# $!%&! $%&! C%&+9:D

E:8?+2DF+?6:,!&':*9+%,3!G5'!:6%),9!%$!;5%2;5%?','!)2'(!=:2!('9'&6+,'(!18!

9:H+,-!IJ#!%$!95'!2%?)9+%,<!2)?$)&+K+,-!:,(!L):,9+$8+,-!+93!G5'!%95'&!4J#!='&'!

)2'(!(+&'*9?8!+,!:!&';&'2',9:9+>'!CEF!&':*9+%,!M0*5'6'!#34"N3!O,$%&9),:9'?8<!

95'!'A;'*9'(!:?*%5%?!=:2!,%9!('9'*9'(!18!PCQ<!+6;?8+,-!95'!%A+(:9+%,!%$!,3!'

!

!
"#$%&%'()*-)'

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4#!P:)6:,,<! R3S! T%,<! U3S! C+2?%=<! R3! '(# )*(# +,-*(# ./0(#!.-.<! 12<! VWI4S! G:,-<! B3S! T5:,-<! X3!
)"3-4(#+,-*(#5"%(#67(#*//*<!82<!I"I4!

Si2Cl6
toluene, 120 0C, 1.5h

P

SMe

Ph

1. NaOH(aq), 0 0C -> 600C, toluene - > DCM
2. HBF4(aq) P

SMe

Ph OP

SMe

Ph S

P

Ni Cp

I

1. KCN; ACN, 70 0C, 3h

P
2. ACN -> DCM

1/3 was sulfurized

P
S

2/3 used in test MBH reaction

OO

8% free phospholene
THF, R.T., overnight

+

O
OH

Not detected by 1H NMR



! "#!

! $%&! %'(%)*! +,'-'./0)&! )'(/1-2! '1-&&-! '1-'3/4&! 4%&! %'(%)*!

0/2'35163)&+7%')'3! ! 1/468&! +9! 4%&2&! 7%+27%+)&1&2:! ;<&1! 4%+6(%! =&! =&8&!

61/0)&!4+!/77)*!4%&>!'1!+8(/1'3!3/4/)*2'2?!4%&*!24'))!%+)-!7+4&14'/)!9+8!4%&'8!62&!

/2!+,'-&2:@#!$%&*!%/<&!0&&1!62&-!'1!3/4/)*2'2!/2!78&A)'(/1-2?!/2!=&))!/2!9+8!4%&!

&,48/34'+1!+9!3/4'+12!/2!/!>&/1!+9!>/1/('1(!163)&/8!=/24&!&1&8(*:!$%&!96468&!

+9!4%'2!78+B&34!3+6)-!)'&!'1!4%'2!62&96)!/77)'3/4'+1?!=%'3%!%/2!1+4!0&&1!&,7)+8&-!

'1!-&74%!='4%!7%+27%+)&1&!+,'-&2:! C9!4%&!0/2'3'4*!+9!+68!7%+27%+)&1&!)'(/1-2!

48/127+2&! '14+! /! %'(%)*! 7+)/8! DEF! 0+1-?!=&! 3+6)-! 2&&! '14&8&24'1(! 8&26)42! '1!

4%'2! 9'&)-:! G+1<&82'+1! +9! 7%+27%+)&! 26)9'-&2! 4+! 7%+27%+)&! +,'-&2! '2! H1+=1!

IJ3%&>&!K:@LM!/1-!'4!1+8>/)!78+3&&-2!='4%+64!/1*!-'99'36)4'&2:!

!

!
"#$%&%!'()*(!

!

!

!

!

!

!

!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
@#!N3H&8>/11?!O:!!"#$%&'('!)++,?!)*?!PQQLR!J>*4%&?!O:!;:R!S%/4&)&*?!$:!O:R!S&81&8?!T:!O:!+,-.#/01,-
2345,-6%&7,--.,/?!8*?!PQQKR!C+1+</?!U:R!C+1+<?!J:R!T/00&?!G:R!V'))?!G:R!W/-'3?!G:R!U'))/6>+14?!T:R!
X867/?!Y:!G:!!/59&#$-&:$0;4$(/#-;#<-./#-=:4%;#1&!)++*?!)>?!KZP!

P
S

P
S

Ph

O
CF3CO2H2 2

P
O

P
O

Ph



! "#!

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

!

0//!)(.1-*2,3!4()(!'()52)+(6!7,6()!.,!*,()-!.-+23'8()(!25!,*-)29(,!2)!.)92,!

:;! 73*,9! 3-.,6.)6! <18/(,=! -(18,*>7(3?! @2/7(,(! .,6! 6*18/2)2!+(-8.,(!4()(!

6*3-*//(6! 2A()! BCD#?! @(-).8;6)257).,! .,6! 6*(-8;/! (-8()! 4()(! 6*3-*//(6! 2A()!

326*7+! .,6! :(,E2'8(,2,(?! F(&.,(3! 4()(! 6*3-*//(6! 2A()! 326*7+?! %-GH! 4.3!

6)*(6!2A()!IDF?!J2/7+,3!4()(!6);K'.1=(6L!4*-8! -8(!1)76(!:(*,9!+*&(6!.,6!

6)*(6! 4*-8! 3*/*1.! M2)! ,(7-)./! ./7+*,.N?! H71/(.)! +.9,(-*1! )(32,.,1(! 3'(1-).!

4()(!2:-.*,(6!2,!.!O)7=()!0A.,1(!GPP!3'(1-)2+(-()!2'().-*,9!.-!GPP?Q!RFE!

52)!QFL!S#?#!RFE!52)!QGJL!.,6!QCQ?#!RFE!52)!GQB!2)!T%DU!%J0VPP!3'(1-)2+(-()!

.-!VPP!RFE!52)!QFL!QPP?"!RFE!52)!QGJL!.,6!Q"Q?W!RFE!52)!GQB?!J8(+*1./!38*5-3!

.)(! (&')(33(6! *,! '.)-3! '()!+*//*2,! M''+N! 624,5*(/6! 5)2+! (&-(),./! @R<! MQF!

.,6!QGJN!.,6!(&-(),./!X#Y!FGBDV!MGQBN?!0//! 127'/*,9!12,3-.,-3!MT!A./7(3N!.)(!

)('2)-(6! *,! 8()-E! MFEN?! 0//! 3'(1-).! 4()(! )(12)6(6! .-! CWX! I?! FZR<! 3'(1-).!

4()(! )(12)6(6! 2,! .! [.-()3! \K@25! R*1)2@R! 3'(1-)2+(-()! 2)! .! ]*,,*9.,!

R0@W#^B! FZR<! 3;3-(+! :;! (/(1-)23').;! *2,*E.-*2,! M%<$N?! 0,! ^K).;!

1);3-.//29).'8*1!.,./;3*3!4.3!'()52)+(6!2,!.!O)7=()!^X!0B%^!6*55).1-2+(-()?!

$,5).)(6!3'(1-).!4()(!)(12)6(6!4*-8!.!<8*+.6E7!$Z!B)(3-*9(K!CQL!(*-8()!,(.-!

2)! *,! JFJ/G?! <*/*1.! 9(/! MCGPKVPP! +(38N! 4.3! 73(6! 52)! -8(! 18)2+.-29).'8*1!

3('.).-*2,3?!]2)!.1*6K3(,3*-*A(! )(.1-*2,3L!,(7-)./L! .1-*A.-(6!./7+*,*7+!2&*6(!

M#X!_L!O)21=+.,,!`).6(!$N!4.3!73(6!*,3-(.6?!R9<DV!.,6!1(/*-(!4()(!=('-!.,6!

6)*(6! *,!-8(!2A(,!MQQ#! PJN?!QKB8(,;/KGLVK6*+(-8;/'823'82/(!Q!4.3!')('.)(6!

.112)6*,9!-2!-8(!/*-().-7)(?!0//!12++()1*.//;!.A.*/.:/(!)(.9(,-3!4()(!73(6!.3!

)(1(*A(6!5)2+!-8(!37''/*()3L!7,/(33!3-.-(6!2-8()4*3(?!

!

QKB8(,;/'823'82/(,(!,*1=(/!12+'/(&!M!N?!!

P?#!9!MC?CS!++2/N!25!QK'8(,;/'823'82/(,(!4.3!6*332/A(6!*,!QP!+U!@F]?!P?#"!9!

MG!++2/N!25!,*1=(/21(,(!4.3!4(*98(6!>7*1=/;!.,6!.66(6!-2!-8(!+*&-7)(!.3!.!

32/*6?! Q?P! +U! MQ#!++2/N! 25! +(-8;/! *26*6(! 4.3! .66(6! .,6! -8(! +*&-7)(! 4.3!

)(5/7&(6! 52)! aCP8L! 7,-*/! -8(! 12/2)! -7),(6! 5)2+! 9)((,! -2! 6(('! '*,=?! @8(!

)(.1-*2,!4.3!./32!+2,*-2)(6!:;!GQB!.,6!@UJ?!@8(!5*)3-!12/7+,!4.3!62,(!A();!

>7*1=/;!.3!.! 5*/-).-*2,!4*-8!#Pb#P!'(-)2/(7+!(-8()cdJR!+*&-7)(!-8)279827-?!

@8(! 3(12,6!12/7+,!4.3!62,(! 3/24/;! 5)2+!QPP!Y!B?%?! Ke!#Pb#P!B?%?cdJR! -2!



! ""!

#$$%&'! ()!*!+,-.'! %$! /0&-!!1! 23-! -.0-45!6#7! .-$5! ,4! 5-75! 508-7! $%&! 56%!'#+79!

63,:3! &-70.5-'! ,4! 53-! $%&;#5,%4! %$! '#&<! /,4<! :&+75#.7! 53#5! :%4$,&;-'! 53-!

75&0:50&-!%$!!1! (=>!?@A!BCDC.(E! !()1)F! =G!?@A!BCDC.(E! !H1IJ!B79!@-E9!H1KL!

B''9!=G9!MGG!N!=L1O!GP9!MG>!N!=I!GP9!CGH>E9!(1)H!B'9!=G9!MGG!N!=L1O!GP9!MG>!N!I!GP9!

CGH>E9! )1H=! #4'!)1((! BH79! H! Q!=G9! NCGHE9! )1OI! B79! C/E9! "1=O! B'9! MG>! N!HK1J!GP9!

NCG>E9!L1O=!B7!8&9!!"#R>3E9!L1K=!B;9!$R>3EF! =(C!?@A!BCDC.(E! !="1LI!B'9! MC>!N!

==1)!GP9!@-E9!(J1"=!B'9!MC>!N!("1(!GP9!CGH>E9!K(1()!B79!C/E9!===1)"!B'9!MC>!!N!J1"!

GP9!NCGHE9!=HJ1"O!B'9! MC>!N!=I1)!GP9!CGB>3EE9!=HK1O(!B'9! MC>!N!O(1K!GP9!NCG>E9!

=(I1K"!B79!#RCGB>3EE9!=(H1K(!B'9! MC>!N!=H1O!GP9!CGB>3EE9!=()1("!B'9! MC>!N!OI1=!

GP9!,/7%RCB>3EE9!=OJ1JK!B79!NCE9!=)(1LI!B'9!MC>!N!O1J!GP9!NCE1!

!

=R>3-4+./3%7/3%.-4-!B"E1!!

I1LJ! S! ! B=1J!;;%.E! %$! !! 6#7! ',77%.T-'! ,4! (! ;U! CGHC.H! #4'! =!;U! %$! ',GHV1!

WQ:-77!/%5#77,0;!:+#4,'-!6#7!#''-'!#7!#!7%.,'9!53-!7%.05,%4!6#7!/0&S-'!6,53!

#&S%4! $%&! #!;,405-! #4'! .-$5! 5%! 75,&! #5! OI! IC! $%&! %4-!6--<! ,4! #! :.%7-'! 53,:<!

#;/%0.-1! (=>B:&0'-! ,4!CGHC.HE!?@A! ! R="1HF! =G!?@A! BCDC.(E! ! H1I(! B79!@-E9!

H1")!B;9!=G9!CGH>E9!(1=I!B;9!=G9!CGH>E9!)1I)!B7!8&9!=G9!NCGHE9!)1=H!B7!8&9!=G9!

NCGHE9!"1HO!B'9!MG>!N!(J1)!GP9!NCG>E9!L1(H!B;9!(G9!!"#R>3E9!L1O)!B;9!HG9!$R>3EF!
=(C!?@A!BCDC.(E! !="1L=!B@-E9!((1JH!B'9!MC>!N!L1"!GP9!CGH>E9!=IL1J=!B'9!MC>!N!(1J!

GP9!NCGHE9!=HJ1O)!B'9!MC>!N!L1"!GP9!CGB>3EE9!=HK1IK!B79!#RCGB>3EE9!=(H1)(!B'9!MC>!

N!HI1I!GP9!CGB>3EE9!=((1""!B'9! MC>!N!=(1(!GP9!NCG>E9!=OI1"=!B'9! MC>!N!HH1K!GP9!

%#&$RCB>3EE9!=)I1OI!B79! RCNE9!=)H1))!B79! RCNE1!

!

=R>3-4+./3%7/3%.-4-!/#..#',0;!:%;/.-Q!B#E1!!

23-!:&0'-!;,Q50&-!%$!"!6#7!6#73-'!6,53!8&,4-!#!$-6!5,;-7!045,.!53-!#X0-%07!

.#+-&!4%!.%4S-&!:%45#,4-'!YC?!B4%!50&4,4S!8.0-!63-4!;,Q-'!6,53!53-!#X0-%07!

7%.05,%4!%$!Z-B[[E\VOE1!23-!:&0'-!6#7!53-4!'&,-'!6,53!@S\VO!#4'!$,.5-&-'!,45%!

#!4-6!$.#7<9!#..! :#&-$0..+!'%4-!04'-&!53-! $.%6!%$!#&S%41!I1="!S!BI1K!;;%.E!%$!

>'C.H!6#7!#''-'!#7!#!7%.,'!#4'!53-!;,Q50&-!6#7!#..%6-'!5%!75,&!%T-&4,S35!#5!

&%%;! 5-;/-&#50&-1! 23-! ;,Q50&-! 6#7! /0&,$,-'! 8+! :%.0;4! :3&%;#5%S&#/3+!

BKJ]H!DC@^@-VGE! 5%!#$$%&'!HJ!*!%$! 53-!/0&-!#1!(=>BCDC.(E!?@A! !(H1"!#4'!

((1=F!=G!?@A!BCDC.(E! !=1J=!B79!@-E9!=1K"!B79!@-E9!(1IO!B''9!HG9!MGG!N!HJ1J!GP9!



! "#!

$%&!'!()*"!%+,!-%.&/,!0*#1!233,!(%,!$%%!'!(1*(!%+,!$%&!'!"*#!%+,!-%.&/,!)*()!24,!(%,!

'-%./,!)*.(!24,!(%,!'-%./,!)*#5!23,!$%&!'!.5*1!%+,!'-%&/,!"*67!23,!$%&!'!.1*1!%+,!

'-%&/,! #*0#! 28,! "%,!!"#9&:/,! #*#0! 28,! 7%,! $9&:/;! (0-! <=>! 2-?-@0/!

2=A/,!07*5)!23,!$-&!'!.0!%+,!-%.&/,!((0*7"!2B,!$-&!'!(6*7!%+,!'-%./,!(00*.7!2B,!$-&!
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X-Ray Structures and Tables, Chapter I 

 
X-Ray structure and A1 table of angles and bond lengths for compound 2 

 

 
 
 
 

Formula C17H9O5PS4W 
Space Group P 21/c 
Cell Lengths a 14.1649(5) b 11.2574(4) c 13.6364(5) 
Cell Angles  90.00  90.00 
Cell Volume 2074.56 

Z, Z' Z: 4 Z': 0 
R-Factor 3.4 

Color Brown 
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Atom1 Atom2 Atom3 Angle  Atom1 Atom2 Length 
C13 W1 C14 91.6(2)  W1 C13 2.042(5) 
C13 W1 C15 173.5(2)  W1 C14 2.064(5) 
C13 W1 C16 85.5(2)  W1 C15 2.048(5) 
C13 W1 C17 87.7(2)  W1 C16 2.057(4) 
C13 W1 S4 100.5(1)  W1 C17 1.982(5) 
C14 W1 C15 88.8(2)  W1 S4 2.519(1) 
C14 W1 C16 175.4(2)  C1 H1 0.930(4) 
C14 W1 C17 88.8(2)  C1 C2 1.350(5) 
C14 W1 S4 93.7(1)  C1 P1 1.788(5) 
C15 W1 C16 93.6(2)  C2 C3 1.486(7) 
C15 W1 C17 85.8(2)  C2 C4 1.501(6) 
C15 W1 S4 86.0(1)  C3 H3A 0.961(6) 
C16 W1 C17 87.4(2)  C3 H3B 0.960(5) 
C16 W1 S4 90.5(1)  C3 H3C 0.960(5) 
C17 W1 S4 171.4(2)  C4 C5 1.367(6) 
H1 C1 C2 123.6(4)  C4 C6 1.430(4) 
H1 C1 P1 123.7(4)  C5 P1 1.825(3) 
C2 C1 P1 112.7(3)  C5 S2 1.697(4) 
C1 C2 C3 124.8(4)  C6 S3 1.732(5) 
C1 C2 C4 112.8(4)  C6 S4 1.668(4) 
C3 C2 C4 122.3(4)  C7 C8 1.374(6) 
C2 C3 H3A 109.5(5)  C7 C12 1.393(6) 
C2 C3 H3B 109.5(5)  C7 P1 1.794(4) 
C2 C3 H3C 109.5(5)  C8 H8 0.929(4) 

H3A C3 H3B 109.4(5)  C8 C9 1.367(6) 
H3A C3 H3C 109.5(5)  C9 H9 0.929(4) 
H3B C3 H3C 109.5(5)  C9 C10 1.396(7) 
C2 C4 C5 113.2(3)  C10 H10 0.931(5) 
C2 C4 C6 130.9(3)  C10 C11 1.388(8) 
C5 C4 C6 115.9(3)  C11 H11 0.930(4) 
C4 C5 P1 110.4(3)  C11 C12 1.370(6) 
C4 C5 S2 120.5(3)  C12 H12 0.929(4) 
P1 C5 S2 129.1(2)  C13 O1 1.142(6) 
C4 C6 S3 113.3(3)  C14 O2 1.122(6) 
C4 C6 S4 127.3(3)  C15 O3 1.131(6) 
S3 C6 S4 119.3(2)  C16 O4 1.132(6) 
C8 C7 C12 120.6(4)  C17 O5 1.144(6) 
C8 C7 P1 119.1(3)  P1 S1 1.943(2) 
C12 C7 P1 120.3(3)  S2 S3 2.071(1) 
C7 C8 H8 120.0(4)     
C7 C8 C9 120.0(4)     
H8 C8 C9 120.0(4)     
C8 C9 H9 119.9(4)     
C8 C9 C10 120.2(4)     
H9 C9 C10 119.9(4)     
C9 C10 H10 120.3(5)     
C9 C10 C11 119.5(4)     

A1 Table. Angles and bond lengths for compound 2 
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X-Ray structure and A2 table of angles and bond lengths for compound 3 
 
 
 
 

 
 
 
 
 

Formula C11 H4O5S4W 
Space Group P-1 
Cell Lengths a 7.6224(4) b 10.3544(6) c 10.5713(6) 
Cell Angles  74.148(2)   
Cell Volume 739.06 

Z, Z' Z: 2 Z': 0 
R-Factor 1.69 

Color Brown 
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Atom1 Atom2 Atom3 Angle  Atom1 Atom2 Length 

C7 W1 C8 91.4(1)  W1 C7 2.050(3) 
C7 W1 C9 177.4(1)  W1 C8 2.054(3) 
C7 W1 C10 85.4(1)  W1 C9 2.047(3) 
C7 W1 C11 89.5(1)  W1 C10 2.039(2) 
C7 W1 S4 84.81(8)  W1 C11 1.988(3) 
C8 W1 C9 91.2(1)  W1 S4 2.5274(7) 
C8 W1 C10 175.2(1)  C1 H1 0.949(2) 
C8 W1 C11 88.1(1)  C1 C2 1.359(3) 
C8 W1 S4 85.28(9)  C1 S1 1.733(2) 
C9 W1 C10 91.94(9)  C2 C3 1.496(3) 
C9 W1 C11 90.4(1)  C2 C4 1.440(3) 
C9 W1 S4 95.59(7)  C3 H3A 0.981(2) 
C10 W1 C11 88.3(1)  C3 H3B 0.979(3) 
C10 W1 S4 97.99(6)  C3 H3C 0.980(4) 
C11 W1 S4 171.17(9)  C4 C5 1.387(3) 
H1 C1 C2 123.0(2)  C4 C6 1.426(3) 
H1 C1 S1 123.0(2)  C5 S1 1.709(2) 
C2 C1 S1 114.0(2)  C5 S2 1.723(2) 
C1 C2 C3 123.9(2)  C6 S3 1.729(2) 
C1 C2 C4 110.5(2)  C6 S4 1.669(2) 
C3 C2 C4 125.6(2)  C7 O1 1.137(3) 
C2 C3 H3A 109.5(2)  C8 O2 1.135(4) 
C2 C3 H3B 109.5(2)  C9 O3 1.137(3) 
C2 C3 H3C 109.5(2)  C10 O4 1.141(3) 

H3A C3 H3B 109.4(3)  C11 O5 1.149(4) 
H3A C3 H3C 109.4(3)  S2 S3 2.0711(8) 
H3B C3 H3C 109.5(3)     
C2 C4 C5 112.5(2)     
C2 C4 C6 131.6(2)     
C5 C4 C6 115.9(2)     
C4 C5 S1 112.4(2)     
C4 C5 S2 119.7(2)     
S1 C5 S2 127.8(1)     
C4 C6 S3 114.0(2)     
C4 C6 S4 126.5(2)     
S3 C6 S4 119.5(1)     
W1 C7 O1 177.3(2)     
W1 C8 O2 176.8(3)     
W1 C9 O3 177.2(2)     
W1 C10 O4 175.4(2)     
W1 C11 O5 178.7(3)     
C1 S1 C5 90.6(1)     
C5 S2 S3 92.61(8)     
C6 S3 S2 97.79(8)     
W1 S4 C6 114.65(8)     

A2 Table. Angles and bond lengths for compound 3 
 
 

 



 80 

X-Ray Structures and Tables, Chapter III 
 

X-Ray structure and A1 table of angles and bond lengths for compound 1 
 
 
 
 

 

 
 
 
 

Formula C17H18INiP 
Space Group P b c a 
Cell Lengths a 7.3132(2) b 26.5460(6) c 34.4737(10) 
Cell Angles  90.00   
Cell Volume 6692.59 

Z, Z' Z: 16 Z': 0 
R-Factor (%) 4.18 
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Atom1 Atom2 Atom3 Angle  Atom1 Atom2 Length 
C10 Ni8 C11 38.7(2)  Ni8 C10 2.144(5) 
C10 Ni8 C12 65.6(2)  Ni8 C11 2.053(5) 
C10 Ni8 C13 64.4(2)  Ni8 C12 2.081(5) 
C10 Ni8 C14 38.5(2)  Ni8 C13 2.125(5) 
C10 Ni8 I9 119.5(1)  Ni8 C14 2.101(5) 
C10 Ni8 P1 131.0(1)  Ni8 I9 2.4803(5) 
C11 Ni8 C12 40.8(2)  Ni8 P1 2.1291(8) 
C11 Ni8 C13 65.2(2)  C2 H2 0.949(4) 
C11 Ni8 C14 64.7(2)  C2 C3 1.386(5) 
C11 Ni8 I9 158.0(1)  C2 P1 1.809(4) 
C11 Ni8 P1 102.8(1)  C3 C4 1.457(6) 
C12 Ni8 C13 37.4(2)  C3 C5 1.473(5) 
C12 Ni8 C14 63.9(2)  C4 H4A 0.980(4) 
C12 Ni8 I9 147.1(1)  C4 H4B 0.980(4) 
C12 Ni8 P1 107.1(1)  C4 H4C 0.980(4) 
C13 Ni8 C14 37.9(2)  C5 C6 1.370(5) 
C13 Ni8 I9 112.1(1)  C5 C7 1.469(5) 
C13 Ni8 P1 138.7(1)  C6 H6A 0.949(4) 
C14 Ni8 I9 99.2(1)  C6 H6B 0.949(4) 
C14 Ni8 P1 167.5(1)  C7 H7A 0.990(4) 
I9 Ni8 P1 92.89(3)  C7 H7B 0.991(4) 
H2 C2 C3 123.8(4)  C7 P1 1.838(4) 
H2 C2 P1 123.8(3)  C10 H10 1.001(5) 
C3 C2 P1 112.4(3)  C10 C11 1.392(7) 
C2 C3 C4 124.8(3)  C10 C14 1.400(7) 
C2 C3 C5 113.7(3)  C11 H11 1.001(4) 
C4 C3 C5 121.5(3)  C11 C12 1.442(7) 
C3 C4 H4A 109.4(4)  C12 H12 1.001(5) 
C3 C4 H4B 109.5(4)  C12 C13 1.349(7) 
C3 C4 H4C 109.5(4)  C13 H13 1.000(5) 

H4A C4 H4B 109.4(4)  C13 C14 1.373(7) 
H4A C4 H4C 109.6(4)  C14 H14 0.999(5) 
H4B C4 H4C 109.5(4)  C15 C16 1.377(5) 
C3 C5 C6 123.7(3)  C15 C20 1.389(5) 
C3 C5 C7 113.3(3)  C15 P1 1.827(4) 
C6 C5 C7 123.1(3)  C16 H16 0.950(4) 
C5 C6 H6A 120.0(4)  C16 C17 1.394(7) 
C5 C6 H6B 120.1(4)  C17 H17 0.949(5) 

H6A C6 H6B 119.9(4)  C17 C18 1.383(7) 
C5 C7 H7A 110.1(3)  C18 H18 0.950(5) 
C5 C7 H7B 110.1(3)  C18 C19 1.382(7) 
C5 C7 P1 108.1(3)  C19 H19 0.950(5) 

H7A C7 H7B 108.4(4)  C19 C20 1.402(6) 
H7A C7 P1 110.1(3)  C20 H20 0.951(4) 
H7B C7 P1 110.1(3)  Ni28 C30 2.095(6) 
Ni8 C10 H10 127.2(4)  Ni28 C31 2.126(7) 
Ni8 C10 C11 67.2(3)  Ni28 C32 2.101(6) 
Ni8 C10 C14 69.1(3)  Ni28 C33 2.155(5) 
H10 C10 C11 127.3(5)  Ni28 C34 2.028(7) 
H10 C10 C14 127.1(5)  Ni28 I29 2.5010(5) 
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C11 C10 C14 105.6(4)  Ni28 P21 2.138(1) 
Ni8 C11 C10 74.2(3)  C22 H22A 0.991(4) 
Ni8 C11 H11 125.9(4)  C22 H22B 0.991(4) 
Ni8 C11 C12 70.6(3)  C22 C23 1.456(6) 
C10 C11 H11 125.9(5)  C22 P21 1.824(4) 
C10 C11 C12 107.8(4)  C23 C24 1.384(6) 
H11 C11 C12 126.0(5)  C23 C25 1.468(5) 
Ni8 C12 C11 68.6(3)  C24 H24A 0.950(5) 
Ni8 C12 H12 126.2(4)  C24 H24B 0.949(5) 
Ni8 C12 C13 73.1(3)  C25 C26 1.433(6) 
C11 C12 H12 126.2(5)  C25 C27 1.391(6) 
C11 C12 C13 107.5(4)  C26 H26A 0.981(4) 
H12 C12 C13 126.2(5)  C26 H26B 0.980(4) 
Ni8 C13 C12 69.5(3)  C26 H26C 0.980(5) 
Ni8 C13 H13 125.7(4)  C27 H27 0.949(4) 
Ni8 C13 C14 70.1(3)  C27 P21 1.804(5) 
C12 C13 H13 125.6(5)  C30 H30 1.002(6) 
C12 C13 C14 108.7(5)  C30 C31 1.32(1) 
H13 C13 C14 125.7(5)  C30 C34 1.385(9) 
Ni8 C14 C10 72.4(3)  C31 H31 1.000(6) 
Ni8 C14 C13 72.0(3)  C31 C32 1.378(9) 
Ni8 C14 H14 124.9(4)  C32 H32 1.001(5) 
C10 C14 C13 110.2(4)  C32 C33 1.365(8) 
C10 C14 H14 124.9(5)  C33 H33 1.001(5) 
C13 C14 H14 124.9(5)  C33 C34 1.409(9) 
C16 C15 C20 119.4(4)  C34 H34 1.001(6) 
C16 C15 P1 119.8(3)  C35 C36 1.387(5) 
C20 C15 P1 120.7(3)  C35 C40 1.401(5) 
C15 C16 H16 119.3(4)  C35 P21 1.832(4) 
C15 C16 C17 121.2(4)  C36 H36 0.949(4) 
H16 C16 C17 119.5(4)  C36 C37 1.398(6) 
C16 C17 H17 120.5(5)  C37 H37 0.949(4) 
C16 C17 C18 119.0(4)  C37 C38 1.377(6) 
H17 C17 C18 120.5(5)  C38 H38 0.950(5) 
C17 C18 H18 119.6(5)  C38 C39 1.389(7) 
C17 C18 C19 120.7(5)  C39 H39 0.950(4) 
H18 C18 C19 119.6(5)  C39 C40 1.382(7) 
C18 C19 H19 120.2(5)  C40 H40 0.950(4) 
C18 C19 C20 119.6(4)     
H19 C19 C20 120.2(5)     
C15 C20 C19 120.0(4)     
C15 C20 H20 119.9(4)     
C19 C20 H20 120.1(4)     
Ni8 P1 C2 118.9(1)     
Ni8 P1 C7 118.5(1)     
Ni8 P1 C15 114.0(1)     
C2 P1 C7 91.7(2)     
C2 P1 C15 106.3(2)     
C7 P1 C15 104.5(2)     
C30 Ni28 C31 36.4(2)     
C30 Ni28 C32 63.0(2)     
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C30 Ni28 C33 64.4(2)     
C30 Ni28 C34 39.2(3)     
C30 Ni28 I29 142.5(2)     
C30 Ni28 P21 110.8(2)     
C31 Ni28 C32 38.0(2)     
C31 Ni28 C33 63.3(2)     
C31 Ni28 C34 63.6(3)     
C31 Ni28 I29 109.7(2)     
C31 Ni28 P21 145.1(2)     
C32 Ni28 C33 37.4(2)     
C32 Ni28 C34 64.1(2)     
C32 Ni28 I29 100.5(2)     
C32 Ni28 P21 159.6(2)     
C33 Ni28 C34 39.2(2)     
C33 Ni28 I29 123.6(1)     
C33 Ni28 P21 122.3(1)     
C34 Ni28 I29 162.7(2)     
C34 Ni28 P21 98.4(2)     
I29 Ni28 P21 95.03(3)     

H22A C22 H22B 108.3(4)     
H22A C22 C23 110.1(4)     
H22A C22 P21 110.0(3)     
H22B C22 C23 110.1(4)     
H22B C22 P21 110.0(3)     
C23 C22 P21 108.2(3)     
C22 C23 C24 123.3(4)     
C22 C23 C25 113.8(3)     
C24 C23 C25 122.9(4)     
C23 C24 H24A 120.0(5)     
C23 C24 H24B 120.0(5)     

H24A C24 H24B 119.9(5)     
C23 C25 C26 121.4(3)     
C23 C25 C27 113.5(3)     
C26 C25 C27 125.1(4)     
C25 C26 H26A 109.5(4)     
C25 C26 H26B 109.5(4)     
C25 C26 H26C 109.5(4)     

H26A C26 H26B 109.4(4)     
H26A C26 H26C 109.4(4)     
H26B C26 H26C 109.4(4)     
C25 C27 H27 124.3(4)     
C25 C27 P21 111.5(3)     
H27 C27 P21 124.2(4)     
Ni28 C30 H30 125.9(5)     
Ni28 C30 C31 73.1(4)     
Ni28 C30 C34 67.8(4)     
H30 C30 C31 126.0(6)     
H30 C30 C34 125.8(6)     
C31 C30 C34 108.1(6)     
Ni28 C31 C30 70.5(4)     
Ni28 C31 H31 125.7(5)     
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Ni28 C31 C32 70.0(4)     
C30 C31 H31 125.7(7)     
C30 C31 C32 108.7(6)     
H31 C31 C32 125.7(6)     
Ni28 C32 C31 72.0(4)     
Ni28 C32 H32 125.0(4)     
Ni28 C32 C33 73.4(3)     
C31 C32 H32 124.9(6)     
C31 C32 C33 109.9(5)     
H32 C32 C33 125.0(5)     
Ni28 C33 C32 69.2(3)     
Ni28 C33 H33 127.8(4)     
Ni28 C33 C34 65.5(3)     
C32 C33 H33 127.7(5)     
C32 C33 C34 104.4(5)     
H33 C33 C34 127.9(5)     
Ni28 C34 C30 73.0(4)     
Ni28 C34 C33 75.3(4)     
Ni28 C34 H34 125.5(5)     
C30 C34 C33 108.4(6)     
C30 C34 H34 125.3(7)     
C33 C34 H34 125.6(6)     
C36 C35 C40 119.5(3)     
C36 C35 P21 118.8(3)     
C40 C35 P21 121.6(3)     
C35 C36 H36 119.9(4)     
C35 C36 C37 120.2(4)     
H36 C36 C37 119.9(4)     
C36 C37 H37 119.9(4)     
C36 C37 C38 120.1(4)     
H37 C37 C38 120.0(4)     
C37 C38 H38 120.0(5)     
C37 C38 C39 119.8(4)     
H38 C38 C39 120.2(5)     
C38 C39 H39 119.7(5)     
C38 C39 C40 120.7(4)     
H39 C39 C40 119.6(5)     
C35 C40 C39 119.7(4)     
C35 C40 H40 120.2(4)     
C39 C40 H40 120.1(4)     
Ni28 P21 C22 119.9(1)     
Ni28 P21 C27 118.1(2)     
Ni28 P21 C35 112.2(1)     
C22 P21 C27 92.0(2)     
C22 P21 C35 106.1(2)     
C27 P21 C35 106.1(2)     

A1 Table. Angles and bond lengths for compound 1 
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X-Ray structure and A2 table of angles and bond lengths for compound 3 
 
 
 
 

 
 
 
 
 
 
 

Formula C24H26Cl2P2Pd 
Space Group P-1 
Cell Lengths a 10.7613(5) Å b 13.5506(6) Å c 17.8451(9) Å 
Cell Angles  76.583(2)   
Cell Volume 2375.41(19) Å3 

Z 4 
Goodness-of-fit on F2 1.155 
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P(1)-Pd(1)-P(2) 93.51(3)  Pd(1)-P(1)  2.2389(9) 
P(1)-Pd(1)-Cl(2) 178.93(3)  Pd(1)-P(2)  2.2389(8) 
P(2)-Pd(1)-Cl(2) 86.70(3)  Pd(1)-Cl(2)  2.3396(9) 
P(1)-Pd(1)-Cl(1) 88.61(3)  Pd(1)-Cl(1)  2.3615(8) 
P(2)-Pd(1)-Cl(1) 175.88(3)  Pd(2)-P(4)  2.2400(9) 
Cl(2)-Pd(1)-Cl(1) 91.25(3)  Pd(2)-P(3)  2.2488(9) 
P(4)-Pd(2)-P(3) 95.10(3)  Pd(2)-Cl(3)  2.3523(9) 
P(4)-Pd(2)-Cl(3) 85.19(3)  Pd(2)-Cl(4)  2.3618(8) 
P(3)-Pd(2)-Cl(3) 175.59(4)  C(1)-C(6)  1.372(5) 
P(4)-Pd(2)-Cl(4) 175.33(3)  C(1)-C(2)  1.392(5) 
P(3)-Pd(2)-Cl(4) 88.62(3)  C(1)-P(1)  1.811(4) 
Cl(3)-Pd(2)-Cl(4) 91.32(3)  C(2)-C(3)  1.389(6) 
C(6)-C(1)-C(2) 119.4(4)  C(2)-H(2)  0.95 
C(6)-C(1)-P(1) 122.6(3)  C(3)-C(4)  1.364(7) 
C(2)-C(1)-P(1) 118.0(3)  C(3)-H(3)  0.95 
C(3)-C(2)-C(1) 120.4(4)  C(4)-C(5)  1.367(7) 
C(3)-C(2)-H(2) 119.8  C(4)-H(4)  0.95 
C(1)-C(2)-H(2) 119.8  C(5)-C(6)  1.397(7) 
C(4)-C(3)-C(2) 120.0(4)  C(5)-H(5)  0.95 
C(4)-C(3)-H(3) 120  C(6)-H(6)  0.95 
C(2)-C(3)-H(3) 120  C(7)-C(8)  1.398(5) 
C(3)-C(4)-C(5) 119.8(4)  C(7)-P(1)  1.806(4) 
C(3)-C(4)-H(4) 120.1  C(7)-H(7)  0.95 
C(5)-C(4)-H(4) 120.1  C(8)-C(9)  1.446(5) 
C(4)-C(5)-C(6) 121.2(4)  C(8)-C(10)  1.463(5) 
C(4)-C(5)-H(5) 119.4  C(9)-H(9A)  0.98 
C(6)-C(5)-H(5) 119.4  C(9)-H(9B)  0.98 
C(1)-C(6)-C(5) 119.2(4)  C(9)-H(9C)  0.98 
C(1)-C(6)-H(6) 120.4  C(10)-C(11)  1.384(5) 
C(5)-C(6)-H(6) 120.4  C(10)-C(12)  1.460(5) 
C(8)-C(7)-P(1) 110.6(3)  C(11)-H(11A)  1.07(5) 
C(8)-C(7)-H(7) 124.7  C(11)-H(11B)  0.89(5) 
P(1)-C(7)-H(7) 124.7  C(12)-P(1)  1.824(3) 
C(7)-C(8)-C(9) 123.2(3)  C(12)-H(12A)  0.99 

C(7)-C(8)-C(10) 114.5(3)  C(12)-H(12B)  0.99 
C(9)-C(8)-C(10) 122.3(3)  C(13)-C(14)  1.374(5) 
C(8)-C(9)-H(9A) 109.5  C(13)-C(18)  1.402(5) 
C(8)-C(9)-H(9B) 109.5  C(13)-P(2)  1.813(3) 

H(9A)-C(9)-H(9B) 109.5  C(14)-C(15)  1.396(5) 
C(8)-C(9)-H(9C) 109.5  C(14)-H(14)  0.95 

H(9A)-C(9)-H(9C) 109.5  C(15)-C(16)  1.359(6) 
H(9B)-C(9)-H(9C) 109.5  C(15)-H(15)  0.95 
C(11)-C(10)-C(12) 122.4(3)  C(16)-C(17)  1.386(6) 
C(11)-C(10)-C(8) 124.0(3)  C(16)-H(16)  0.95 
C(12)-C(10)-C(8) 113.6(3)  C(17)-C(18)  1.383(5) 

C(10)-C(11)-H(11A) 118(2)  C(17)-H(17)  0.95 
C(10)-C(11)-H(11B) 123(3)  C(18)-H(18)  0.95 

H(11A)-C(11)-H(11B) 119(4)  C(19)-C(20)  1.361(5) 
C(10)-C(12)-P(1) 108.1(2)  C(19)-P(2)  1.798(3) 

C(10)-C(12)-H(12A) 110.1  C(19)-H(19)  0.95 
P(1)-C(12)-H(12A) 110.1  C(20)-C(21)  1.460(4) 

C(10)-C(12)-H(12B) 110.1  C(20)-C(22)  1.470(4) 
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P(1)-C(12)-H(12B) 110.1  C(21)-H(21A)  0.98 
H(12A)-C(12)-H(12B) 108.4  C(21)-H(21B)  0.98 

C(14)-C(13)-C(18) 119.3(3)  C(21)-H(21C)  0.98 
C(14)-C(13)-P(2) 121.1(3)  C(22)-C(23)  1.356(5) 
C(18)-C(13)-P(2) 119.6(3)  C(22)-C(24)  1.483(5) 

C(13)-C(14)-C(15) 120.2(3)  C(23)-H(23A)  0.95 
C(13)-C(14)-H(14) 119.9  C(23)-H(23B)  0.95 
C(15)-C(14)-H(14) 119.9  C(24)-P(2)  1.832(3) 
C(16)-C(15)-C(14) 120.2(4)  C(24)-H(24A)  0.99 
C(16)-C(15)-H(15) 119.9  C(24)-H(24B)  0.99 
C(14)-C(15)-H(15) 119.9  C(25)-C(30)  1.381(5) 
C(15)-C(16)-C(17) 120.6(4)  C(25)-C(26)  1.390(5) 
C(15)-C(16)-H(16) 119.7  C(25)-P(3)  1.806(4) 
C(17)-C(16)-H(16) 119.7  C(26)-C(27)  1.410(6) 
C(18)-C(17)-C(16) 119.7(3)  C(26)-H(26)  0.95 
C(18)-C(17)-H(17) 120.2  C(27)-C(28)  1.372(6) 
C(16)-C(17)-H(17) 120.2  C(27)-H(27)  0.95 
C(17)-C(18)-C(13) 120.0(3)  C(28)-C(29)  1.406(6) 
C(17)-C(18)-H(18) 120  C(28)-H(28)  0.95 
C(13)-C(18)-H(18) 120  C(29)-C(30)  1.376(6) 
C(20)-C(19)-P(2) 112.0(2)  C(29)-H(29)  0.95 

C(20)-C(19)-H(19) 124  C(30)-H(30)  0.95 
P(2)-C(19)-H(19) 124  C(31)-C(32)  1.488(5) 

C(19)-C(20)-C(21) 123.5(3)  C(31)-P(3)  1.832(3) 
C(19)-C(20)-C(22) 114.9(3)  C(31)-H(31A)  0.99 
C(21)-C(20)-C(22) 121.6(3)  C(31)-H(31B)  0.99 

C(20)-C(21)-H(21A) 109.5  C(32)-C(33)  1.356(5) 
C(20)-C(21)-H(21B) 109.5  C(32)-C(34)  1.463(5) 

H(21A)-C(21)-H(21B) 109.5  C(33)-H(33A)  0.95 
C(20)-C(21)-H(21C) 109.5  C(33)-H(33B)  0.95 

H(21A)-C(21)-H(21C) 109.5  C(34)-C(36)  1.364(5) 
H(21B)-C(21)-H(21C) 109.5  C(34)-C(35)  1.452(5) 

C(23)-C(22)-C(20) 123.4(3)  C(35)-H(35A)  0.98 
C(23)-C(22)-C(24) 123.5(3)  C(35)-H(35B)  0.98 
C(20)-C(22)-C(24) 113.1(3)  C(35)-H(35C)  0.98 

C(22)-C(23)-H(23A) 120  C(36)-P(3)  1.808(4) 
C(22)-C(23)-H(23B) 120  C(36)-H(36)  0.95 

H(23A)-C(23)-H(23B) 120  C(37)-C(42)  1.384(6) 
C(22)-C(24)-P(2) 107.1(2)  C(37)-C(38)  1.400(6) 

C(22)-C(24)-H(24A) 110.3  C(37)-P(4)  1.820(4) 
P(2)-C(24)-H(24A) 110.3  C(38)-C(39)  1.383(6) 

C(22)-C(24)-H(24B) 110.3  C(38)-H(38)  0.95 
P(2)-C(24)-H(24B) 110.3  C(39)-C(40)  1.376(7) 

H(24A)-C(24)-H(24B) 108.5  C(39)-H(39)  0.95 
C(30)-C(25)-C(26) 119.2(3)  C(40)-C(41)  1.376(8) 
C(30)-C(25)-P(3) 123.5(3)  C(40)-H(40)  0.95 
C(26)-C(25)-P(3) 117.2(3)  C(41)-C(42)  1.395(7) 

C(25)-C(26)-C(27) 119.9(3)  C(41)-H(41)  0.95 
C(25)-C(26)-H(26) 120  C(42)-H(42)  0.95 
C(27)-C(26)-H(26) 120  C(43)-C(44)  1.496(6) 
C(28)-C(27)-C(26) 119.7(4)  C(43)-P(4)  1.835(4) 
C(28)-C(27)-H(27) 120.1  C(43)-H(43A)  0.99 



 88 

C(26)-C(27)-H(27) 120.1  C(43)-H(43B)  0.99 
C(27)-C(28)-C(29) 120.4(4)  C(44)-C(45)  1.361(6) 
C(27)-C(28)-H(28) 119.8  C(44)-C(46)  1.472(5) 
C(29)-C(28)-H(28) 119.8  C(45)-H(45A)  0.95 
C(30)-C(29)-C(28) 119.0(4)  C(45)-H(45B)  0.95 
C(30)-C(29)-H(29) 120.5  C(46)-C(48)  1.367(5) 
C(28)-C(29)-H(29) 120.5  C(46)-C(47)  1.463(5) 
C(29)-C(30)-C(25) 121.8(4)  C(47)-H(47A)  0.98 
C(29)-C(30)-H(30) 119.1  C(47)-H(47B)  0.98 
C(25)-C(30)-H(30) 119.1  C(47)-H(47C)  0.98 
C(32)-C(31)-P(3) 107.4(2)  C(48)-P(4)  1.795(4) 

C(32)-C(31)-H(31A) 110.2  C(48)-H(48)  0.95 
P(3)-C(31)-H(31A) 110.2    

C(32)-C(31)-H(31B) 110.2    
P(3)-C(31)-H(31B) 110.2    

H(31A)-C(31)-H(31B) 108.5    
C(33)-C(32)-C(34) 124.0(3)    
C(33)-C(32)-C(31) 122.7(3)    
C(34)-C(32)-C(31) 113.3(3)    

C(32)-C(33)-H(33A) 120    
C(32)-C(33)-H(33B) 120    

H(33A)-C(33)-H(33B) 120    
C(36)-C(34)-C(35) 124.2(4)    
C(36)-C(34)-C(32) 114.7(3)    
C(35)-C(34)-C(32) 121.1(3)    

C(34)-C(35)-H(35A) 109.5    
C(34)-C(35)-H(35B) 109.5    

H(35A)-C(35)-H(35B) 109.5    
C(34)-C(35)-H(35C) 109.5    

H(35A)-C(35)-H(35C) 109.5    
H(35B)-C(35)-H(35C) 109.5    

C(34)-C(36)-P(3) 112.2(3)    
C(34)-C(36)-H(36) 123.9    
P(3)-C(36)-H(36) 123.9    

C(42)-C(37)-C(38) 119.4(4)    
C(42)-C(37)-P(4) 120.3(4)    
C(38)-C(37)-P(4) 120.3(3)    

C(39)-C(38)-C(37) 120.4(4)    
C(39)-C(38)-H(38) 119.8    
C(37)-C(38)-H(38) 119.8    
C(40)-C(39)-C(38) 120.0(5)    
C(40)-C(39)-H(39) 120    
C(38)-C(39)-H(39) 120    
C(41)-C(40)-C(39) 120.0(5)    
C(41)-C(40)-H(40) 120    
C(39)-C(40)-H(40) 120    
C(40)-C(41)-C(42) 120.9(5)    
C(40)-C(41)-H(41) 119.6    
C(42)-C(41)-H(41) 119.6    
C(37)-C(42)-C(41) 119.4(5)    
C(37)-C(42)-H(42) 120.3    
C(41)-C(42)-H(42) 120.3    
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C(44)-C(43)-P(4) 107.2(3)    
C(44)-C(43)-H(43A) 110.3    
P(4)-C(43)-H(43A) 110.3    

C(44)-C(43)-H(43B) 110.3    
P(4)-C(43)-H(43B) 110.3    

H(43A)-C(43)-H(43B) 108.5    
C(45)-C(44)-C(46) 123.5(4)    
C(45)-C(44)-C(43) 124.7(4)    
C(46)-C(44)-C(43) 111.8(3)    

C(44)-C(45)-H(45A) 120    
C(44)-C(45)-H(45B) 120    

H(45A)-C(45)-H(45B) 120    
C(48)-C(46)-C(47) 123.9(3)    
C(48)-C(46)-C(44) 114.9(3)    
C(47)-C(46)-C(44) 121.2(3)    

C(46)-C(47)-H(47A) 109.5    
C(46)-C(47)-H(47B) 109.5    

H(47A)-C(47)-H(47B) 109.5    
C(46)-C(47)-H(47C) 109.5    

H(47A)-C(47)-H(47C) 109.5    
H(47B)-C(47)-H(47C) 109.5    

C(46)-C(48)-P(4) 112.3(3)    
C(46)-C(48)-H(48) 123.9    
P(4)-C(48)-H(48) 123.9    

C(7)-P(1)-C(1) 105.74(17)    
C(7)-P(1)-C(12) 92.73(17)    
C(1)-P(1)-C(12) 108.76(17)    
C(7)-P(1)-Pd(1) 116.39(13)    
C(1)-P(1)-Pd(1) 109.55(11)    

C(12)-P(1)-Pd(1) 121.80(12)    
C(19)-P(2)-C(13) 107.30(15)    
C(19)-P(2)-C(24) 92.81(16)    
C(13)-P(2)-C(24) 106.73(16)    
C(19)-P(2)-Pd(1) 119.29(12)    
C(13)-P(2)-Pd(1) 111.65(11)    
C(24)-P(2)-Pd(1) 117.07(12)    
C(25)-P(3)-C(36) 107.07(17)    
C(25)-P(3)-C(31) 109.12(17)    
C(36)-P(3)-C(31) 92.31(17)    
C(25)-P(3)-Pd(2) 110.21(12)    
C(36)-P(3)-Pd(2) 115.38(13)    
C(31)-P(3)-Pd(2) 120.99(12)    
C(48)-P(4)-C(37) 106.17(17)    
C(48)-P(4)-C(43) 92.07(18)    
C(37)-P(4)-C(43) 109.7(2)    
C(48)-P(4)-Pd(2) 121.04(12)    
C(37)-P(4)-Pd(2) 111.05(14)    
C(43)-P(4)-Pd(2) 115.11(14)    

A2 Table. Angles and bond lengths for compound 3 
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X-Ray structure and A3 table of angles and bond lengths for compound 6 
 
 
 
 
 

 

 
 
 
 

Formula C15H22INiP 
Space Group P2(1)/c 
Cell Lengths a 7.9994(5)  Å b 18.2951(11)  Å c 13.7800(7) Å 
Cell Angles  90°   
Cell Volume 1699.50(17)Å3 

Z 4 
Goodness-of-fit on F2 1.03 
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C(2)-Ni(1)-C(4) 64.6(3)  I(1)-Ni(1)  2.5016(6) 
C(2)-Ni(1)-C(1) 39.6(3)  Ni(1)-C(2)  2.039(5) 
C(4)-Ni(1)-C(1) 63.7(2)  Ni(1)-C(4)  2.117(5) 
C(2)-Ni(1)-C(3) 39.0(3)  Ni(1)-C(1)  2.120(5) 
C(4)-Ni(1)-C(3) 38.0(3)  Ni(1)-C(3)  2.139(5) 
C(1)-Ni(1)-C(3) 64.9(3)  Ni(1)-C(5)  2.142(5) 
C(2)-Ni(1)-C(5) 64.9(3)  Ni(1)-P(1)  2.1465(12) 
C(4)-Ni(1)-C(5) 39.5(3)  P(1)-C(6)  1.800(4) 
C(1)-Ni(1)-C(5) 36.9(2)  P(1)-C(11)  1.818(4) 
C(3)-Ni(1)-C(5) 65.2(3)  P(1)-C(12)  1.872(5) 
C(2)-Ni(1)-P(1) 96.64(19)  C(1)-C(5)  1.348(9) 
C(4)-Ni(1)-P(1) 156.2(3)  C(1)-C(2)  1.411(9) 
C(1)-Ni(1)-P(1) 111.9(2)  C(1)-H(1)  0.95 
C(3)-Ni(1)-P(1) 118.2(2)  C(2)-C(3)  1.399(9) 
C(5)-Ni(1)-P(1) 147.1(2)  C(2)-H(2)  0.9499 
C(2)-Ni(1)-I(1) 165.33(18)  C(3)-C(4)  1.386(10) 
C(4)-Ni(1)-I(1) 100.9(2)  C(3)-H(3)  0.95 
C(1)-Ni(1)-I(1) 133.8(2)  C(4)-C(5)  1.438(10) 
C(3)-Ni(1)-I(1) 129.7(2)  C(4)-H(4)  0.9499 
C(5)-Ni(1)-I(1) 102.95(19)  C(5)-H(5)  0.95 
P(1)-Ni(1)-I(1) 97.90(3)  C(6)-C(7)  1.359(6) 

C(6)-P(1)-C(11) 91.4(2)  C(6)-H(6)  0.94 
C(6)-P(1)-C(12) 104.4(2)  C(7)-C(9)  1.461(6) 

C(11)-P(1)-C(12) 107.6(2)  C(7)-C(8)  1.465(6) 
C(6)-P(1)-Ni(1) 117.57(15)  C(8)-H(8A)  0.97 

C(11)-P(1)-Ni(1) 116.76(15)  C(8)-H(8B)  0.97 
C(12)-P(1)-Ni(1) 115.89(18)  C(8)-H(8C)  0.97 
C(5)-C(1)-C(2) 109.0(6)  C(9)-C(10)  1.334(7) 
C(5)-C(1)-Ni(1) 72.5(3)  C(9)-C(11)  1.479(6) 
C(2)-C(1)-Ni(1) 67.1(3)  C(10)-H(10A)  0.94 
C(5)-C(1)-H(1) 125.5  C(10)-H(10B)  0.94 
C(2)-C(1)-H(1) 125.5  C(11)-H(11A)  0.98 
Ni(1)-C(1)-H(1) 126.5  C(11)-H(11B)  0.98 
C(3)-C(2)-C(1) 108.8(6)  C(12)-C(13)  1.517(7) 
C(3)-C(2)-Ni(1) 74.3(3)  C(12)-C(14)  1.527(8) 
C(1)-C(2)-Ni(1) 73.3(3)  C(12)-C(15)  1.550(9) 
C(3)-C(2)-H(2) 125.6  C(13)-H(13A)  0.97 
C(1)-C(2)-H(2) 125.6  C(13)-H(13B)  0.97 
Ni(1)-C(2)-H(2) 118.6  C(13)-H(13C)  0.97 
C(4)-C(3)-C(2) 105.8(6)  C(14)-H(14A)  0.97 
C(4)-C(3)-Ni(1) 70.1(3)  C(14)-H(14B)  0.97 
C(2)-C(3)-Ni(1) 66.6(3)  C(14)-H(14C)  0.97 
C(4)-C(3)-H(3) 127.1  C(15)-H(15A)  0.97 
C(2)-C(3)-H(3) 127.1  C(15)-H(15B)  0.97 
Ni(1)-C(3)-H(3) 127.6  C(15)-H(15C)  0.97 
C(3)-C(4)-C(5) 109.4(6)    
C(3)-C(4)-Ni(1) 71.8(3)    
C(5)-C(4)-Ni(1) 71.2(3)    
C(3)-C(4)-H(4) 125.3    
C(5)-C(4)-H(4) 125.3    
Ni(1)-C(4)-H(4) 123.2    
C(1)-C(5)-C(4) 106.6(6)    
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C(1)-C(5)-Ni(1) 70.7(3)    
C(4)-C(5)-Ni(1) 69.3(3)    
C(1)-C(5)-H(5) 126.7    
C(4)-C(5)-H(5) 126.7    
Ni(1)-C(5)-H(5) 124.9    
C(7)-C(6)-P(1) 112.9(3)    
C(7)-C(6)-H(6) 123.5    
P(1)-C(6)-H(6) 123.5    
C(6)-C(7)-C(9) 114.4(4)    
C(6)-C(7)-C(8) 123.5(4)    
C(9)-C(7)-C(8) 122.1(4)    

C(7)-C(8)-H(8A) 109.5    
C(7)-C(8)-H(8B) 109.5    

H(8A)-C(8)-H(8B) 109.5    
C(7)-C(8)-H(8C) 109.5    

H(8A)-C(8)-H(8C) 109.5    
H(8B)-C(8)-H(8C) 109.5    
C(10)-C(9)-C(7) 124.4(5)    

C(10)-C(9)-C(11) 123.2(4)    
C(7)-C(9)-C(11) 112.5(4)    

C(9)-C(10)-H(10A) 120    
C(9)-C(10)-H(10B) 120    

H(10A)-C(10)-H(10B) 120    
C(9)-C(11)-P(1) 108.6(3)    

C(9)-C(11)-H(11A) 110    
P(1)-C(11)-H(11A) 110    
C(9)-C(11)-H(11B) 110    
P(1)-C(11)-H(11B) 110    

H(11A)-C(11)-H(11B) 108.4    
C(13)-C(12)-C(14) 109.8(5)    
C(13)-C(12)-C(15) 109.0(5)    
C(14)-C(12)-C(15) 111.0(5)    
C(13)-C(12)-P(1) 109.6(3)    
C(14)-C(12)-P(1) 107.0(4)    
C(15)-C(12)-P(1) 110.4(4)    

C(12)-C(13)-H(13A) 109.5    
C(12)-C(13)-H(13B) 109.5    

H(13A)-C(13)-H(13B) 109.5    
C(12)-C(13)-H(13C) 109.5    

H(13A)-C(13)-H(13C) 109.5    
H(13B)-C(13)-H(13C) 109.5    
C(12)-C(14)-H(14A) 109.5    
C(12)-C(14)-H(14B) 109.5    

H(14A)-C(14)-H(14B) 109.5    
C(12)-C(14)-H(14C) 109.5    

H(14A)-C(14)-H(14C) 109.5    
H(14B)-C(14)-H(14C) 109.5    
C(12)-C(15)-H(15A) 109.5    
C(12)-C(15)-H(15B) 109.5    

H(15A)-C(15)-H(15B) 109.5    
H(15A)-C(15)-H(15C) 109.5    

A3 Table. Angles and bond lengths for compound 6 
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X-Ray structure and A4 table of angles and bond lengths for compound 9 
 
 
 
 
 

 
 
 
 
 
 
 

Formula C20H34Cl4P2Pd2 

Space Group P2(1)/c 
Cell Lengths a 11.5787(4)  Å b 10.0940(4)  Å c 14.1606(5) Å 
Cell Angles  90°   
Cell Volume 1331.84(8) Å3 

Z 2 
Goodness-of-fit on F2 1.095 

 
 
 
 
 
 
 
 
 
 



 94 

P(1)-Pd(1)-Cl(1) 88.99(2)  Pd(1)-P(1)  2.2094(5) 
P(1)-Pd(1)-Cl(2)#1 92.330(19)  Pd(1)-Cl(1)  2.2775(6) 
Cl(1)-Pd(1)-Cl(2)#1 178.15(2)  Pd(1)-Cl(2)#1  2.3277(5) 

P(1)-Pd(1)-Cl(2) 177.95(2)  Pd(1)-Cl(2)  2.4491(5) 
Cl(1)-Pd(1)-Cl(2) 92.102(19)  C(2)-C(3)  1.445(4) 

Cl(2)#1-Pd(1)-Cl(2) 86.615(18)  C(2)-P(1)  1.808(2) 
C(3)-C(2)-P(1) 107.93(18)  C(2)-H(2A)  0.99 

C(3)-C(2)-H(2A) 110.1  C(2)-H(2B)  0.99 
P(1)-C(2)-H(2A) 110.1  C(3)-C(6)  1.396(3) 
C(3)-C(2)-H(2B) 110.1  C(3)-C(4)  1.459(4) 
P(1)-C(2)-H(2B) 110.1  C(4)-C(5)  1.400(3) 

H(2A)-C(2)-H(2B) 108.4  C(4)-C(7)  1.443(4) 
C(6)-C(3)-C(2) 121.7(3)  C(5)-P(1)  1.800(2) 
C(6)-C(3)-C(4) 124.2(3)  C(5)-H(5)  0.95 
C(2)-C(3)-C(4) 114.0(2)  C(6)-H(6A)  0.95 
C(5)-C(4)-C(7) 123.5(3)  C(6)-H(6B)  0.95 
C(5)-C(4)-C(3) 114.4(2)  C(7)-H(7A)  0.98 
C(7)-C(4)-C(3) 122.1(2)  C(7)-H(7B)  0.98 
C(4)-C(5)-P(1) 109.82(19)  C(7)-H(7C)  0.98 
C(4)-C(5)-H(5) 125.1  C(8)-C(10)  1.526(4) 
P(1)-C(5)-H(5) 125.1  C(8)-C(11)  1.529(3) 

C(3)-C(6)-H(6A) 120  C(8)-C(9)  1.533(3) 
C(3)-C(6)-H(6B) 120  C(8)-P(1)  1.854(2) 

H(6A)-C(6)-H(6B) 120  C(9)-H(9A)  0.98 
C(4)-C(7)-H(7A) 109.5  C(9)-H(9B)  0.98 
C(4)-C(7)-H(7B) 109.5  C(9)-H(9C)  0.98 

H(7A)-C(7)-H(7B) 109.5  C(10)-H(10A)  0.98 
C(4)-C(7)-H(7C) 109.5  C(10)-H(10B)  0.98 

H(7A)-C(7)-H(7C) 109.5  C(10)-H(10C)  0.98 
H(7B)-C(7)-H(7C) 109.5  C(11)-H(11A)  0.98 
C(10)-C(8)-C(11) 109.7(2)  C(11)-H(11B)  0.98 
C(10)-C(8)-C(9) 109.6(2)  C(11)-H(11C)  0.98 
C(11)-C(8)-C(9) 110.6(2)  Cl(2)-Pd(1)#1  2.3277(5) 
C(10)-C(8)-P(1) 109.45(16)    
C(11)-C(8)-P(1) 108.72(16)    
C(9)-C(8)-P(1) 108.76(17)    

C(8)-C(9)-H(9A) 109.5    
C(8)-C(9)-H(9B) 109.5    

H(9A)-C(9)-H(9B) 109.5    
C(8)-C(9)-H(9C) 109.5    

H(9A)-C(9)-H(9C) 109.5    
H(9B)-C(9)-H(9C) 109.5    
C(8)-C(10)-H(10A) 109.5    
C(8)-C(10)-H(10B) 109.5    

H(10A)-C(10)-H(10B) 109.5    
C(8)-C(10)-H(10C) 109.5    

H(10A)-C(10)-H(10C) 109.5    
H(10B)-C(10)-H(10C) 109.5    

C(8)-C(11)-H(11A) 109.5    
C(8)-C(11)-H(11B) 109.5    

H(11A)-C(11)-H(11B) 109.5    
C(8)-C(11)-H(11C) 109.5    
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H(11A)-C(11)-H(11C) 109.5    
H(11B)-C(11)-H(11C) 109.5    
Pd(1)#1-Cl(2)-Pd(1) 93.384(18)    

C(5)-P(1)-C(2) 93.54(12)    
C(5)-P(1)-C(8) 109.25(12)    
C(2)-P(1)-C(8) 109.37(11)    
C(5)-P(1)-Pd(1) 114.10(8)    
C(2)-P(1)-Pd(1) 116.14(9)    
C(8)-P(1)-Pd(1) 112.82(7)    

A4 Table. Angles and bond lengths for compound 9 
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X-Ray structure and A5 table of angles and bond lengths for compound 14 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 

Formula C30H38Cl4P2Pd2 
Space Group C c 
Cell Lengths a 7.3331(4)  Å b 18.4222(8)  Å c 24.1357(11) Å 
Cell Angles  90°   
Cell Volume 3241.83 

Z, Z' Z: 4 Z': 0 
R-Factor (%) 5.84 
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Atom1 Atom2 Atom3 Angle  Atom1 Atom2 Length 
Cl1 Pd1 Cl2 88.5(2)  Pd1 Cl1 2.280(5) 
Cl1 Pd1 Cl3 173.8(2)  Pd1 Cl2 2.408(4) 
Cl1 Pd1 P1 92.0(2)  Pd1 Cl3 2.342(4) 
Cl2 Pd1 Cl3 85.7(1)  Pd1 P1 2.230(4) 
Cl2 Pd1 P1 176.3(2)  Pd2 Cl2 2.316(4) 
Cl3 Pd1 P1 93.9(1)  Pd2 Cl3 2.460(4) 
Cl2 Pd2 Cl3 85.1(1)  Pd2 Cl4 2.295(5) 
Cl2 Pd2 Cl4 176.9(2)  Pd2 P2 2.233(4) 
Cl2 Pd2 P2 88.2(1)  C1 H1A 0.99(2) 
Cl3 Pd2 Cl4 92.3(2)  C1 H1B 0.99(2) 
Cl3 Pd2 P2 173.3(1)  C1 C2 1.50(3) 
Cl4 Pd2 P2 94.3(2)  C1 P1 1.80(2) 
H1A C1 H1B 108(2)  C2 C3 1.31(3) 
H1A C1 C2 110(2)  C2 C4 1.50(3) 
H1A C1 P1 110(1)  C3 H3A 0.95(2) 
H1B C1 C2 110(2)  C3 H3B 0.95(2) 
H1B C1 P1 110(2)  C4 C5 1.48(2) 
C2 C1 P1 107(1)  C4 C6 1.36(3) 
C1 C2 C3 123(2)  C5 H5A 0.98(2) 
C1 C2 C4 111(2)  C5 H5B 0.98(2) 
C3 C2 C4 126(2)  C5 H5C 0.98(2) 
C2 C3 H3A 120(2)  C6 C7 1.44(3) 
C2 C3 H3B 120(2)  C6 P1 1.85(2) 

H3A C3 H3B 120(2)  C7 C8 1.39(3) 
C2 C4 C5 119(2)  C7 C12 1.41(3) 
C2 C4 C6 116(2)  C8 H8 0.95(2) 
C5 C4 C6 125(2)  C8 C9 1.37(3) 
C4 C5 H5A 109(2)  C9 H9 0.95(2) 
C4 C5 H5B 110(2)  C9 C10 1.41(4) 
C4 C5 H5C 109(2)  C10 H10 0.95(2) 

H5A C5 H5B 110(2)  C10 C11 1.34(3) 
H5A C5 H5C 109(2)  C11 H11 0.95(2) 
H5B C5 H5C 109(2)  C11 C12 1.42(3) 
C4 C6 C7 130(2)  C12 H12 0.95(2) 
C4 C6 P1 109(1)  C13 H13 1.00(2) 
C7 C6 P1 121(1)  C13 C14 1.48(2) 
C6 C7 C8 121(2)  C13 C15 1.52(2) 
C6 C7 C12 121(2)  C13 P1 1.85(2) 
C8 C7 C12 117(2)  C14 H14A 0.98(2) 
C7 C8 H8 120(2)  C14 H14B 0.98(2) 
C7 C8 C9 121(2)  C14 H14C 0.98(2) 
H8 C8 C9 120(2)  C15 H15A 0.98(2) 
C8 C9 H9 119(2)  C15 H15B 0.98(2) 
C8 C9 C10 121(2)  C15 H15C 0.98(2) 
H9 C9 C10 119(2)  C16 H16A 0.99(2) 
C9 C10 H10 121(2)  C16 H16B 0.99(1) 
C9 C10 C11 119(2)  C16 C17 1.54(2) 
H10 C10 C11 120(2)  C16 P2 1.80(2) 
C10 C11 H11 120(2)  C17 C18 1.35(2) 
C10 C11 C12 120(2)  C17 C19 1.45(2) 
H11 C11 C12 120(2)  C18 H18A 0.95(2) 
C7 C12 C11 121(2)  C18 H18B 0.95(2) 
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C7 C12 H12 120(2)  C19 C20 1.48(2) 
C11 C12 H12 119(2)  C19 C21 1.36(2) 
H13 C13 C14 108(2)  C20 H20A 0.98(1) 
H13 C13 C15 108(2)  C20 H20B 0.98(1) 
H13 C13 P1 108(1)  C20 H20C 0.98(2) 
C14 C13 C15 112(2)  C21 C22 1.50(2) 
C14 C13 P1 111(1)  C21 P2 1.82(2) 
C15 C13 P1 110(1)  C22 C23 1.38(2) 
C13 C14 H14A 109(2)  C22 C27 1.40(3) 
C13 C14 H14B 110(2)  C23 H23 0.95(2) 
C13 C14 H14C 109(2)  C23 C24 1.42(3) 

H14A C14 H14B 109(2)  C24 H24 0.95(2) 
H14A C14 H14C 109(2)  C24 C25 1.39(2) 
H14B C14 H14C 109(2)  C25 H25 0.95(2) 
C13 C15 H15A 110(2)  C25 C26 1.37(3) 
C13 C15 H15B 109(2)  C26 H26 0.95(2) 
C13 C15 H15C 109(2)  C26 C27 1.37(3) 

H15A C15 H15B 110(2)  C27 H27 0.95(2) 
H15A C15 H15C 110(2)  C28 H28 1.00(2) 
H15B C15 H15C 109(2)  C28 C29 1.58(2) 
H16A C16 H16B 108(2)  C28 C30 1.56(2) 
H16A C16 C17 111(1)  C28 P2 1.82(1) 
H16A C16 P2 111(1)  C29 H29A 0.98(2) 
H16B C16 C17 110(1)  C29 H29B 0.98(1) 
H16B C16 P2 110(1)  C29 H29C 0.98(2) 
C17 C16 P2 106(1)  C30 H30A 0.98(2) 
C16 C17 C18 125(1)  C30 H30B 0.98(2) 
C16 C17 C19 111(1)  C30 H30C 0.98(2) 
C18 C17 C19 125(1)     
C17 C18 H18A 120(2)     
C17 C18 H18B 120(2)     

H18A C18 H18B 120(2)     
C17 C19 C20 119(1)     
C17 C19 C21 117(1)     
C20 C19 C21 124(1)     
C19 C20 H20A 110(1)     
C19 C20 H20B 109(1)     
C19 C20 H20C 109(1)     

H20A C20 H20B 109(2)     
H20A C20 H20C 110(2)     
H20B C20 H20C 109(2)     
C19 C21 C22 128(1)     
C19 C21 P2 110(1)     
C22 C21 P2 122(1)     
C21 C22 C23 120(1)     
C21 C22 C27 122(1)     
C23 C22 C27 118(2)     
C22 C23 H23 120(2)     
C22 C23 C24 120(2)     
H23 C23 C24 120(2)     
C23 C24 H24 120(2)     
C23 C24 C25 120(2)     
H24 C24 C25 120(2)     
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C24 C25 H25 121(2)     
C24 C25 C26 119(2)     
H25 C25 C26 121(2)     
C25 C26 H26 119(2)     
C25 C26 C27 121(2)     
H26 C26 C27 119(2)     
C22 C27 C26 121(2)     
C22 C27 H27 120(2)     
C26 C27 H27 119(2)     
H28 C28 C29 108(1)     
H28 C28 C30 108(1)     
H28 C28 P2 108(1)     
C29 C28 C30 111(1)     
C29 C28 P2 111(1)     
C30 C28 P2 110(1)     
C28 C29 H29A 109(1)     
C28 C29 H29B 110(1)     
C28 C29 H29C 110(1)     

H29A C29 H29B 109(1)     
H29A C29 H29C 109(1)     
H29B C29 H29C 110(1)     
C28 C30 H30A 109(1)     
C28 C30 H30B 110(1)     
C28 C30 H30C 110(1)     

H30A C30 H30B 109(2)     
H30A C30 H30C 109(2)     
H30B C30 H30C 110(2)     
Pd1 Cl2 Pd2 95.3(1)     
Pd1 Cl3 Pd2 93.2(1)     
Pd1 P1 C1 112.4(7)     
Pd1 P1 C6 114.1(5)     
Pd1 P1 C13 114.4(6)     
C1 P1 C6 94.2(8)     
C1 P1 C13 110.2(9)     
C6 P1 C13 109.8(8)     
Pd2 P2 C16 113.2(6)     
Pd2 P2 C21 112.3(5)     
Pd2 P2 C28 117.3(6)     
C16 P2 C21 93.1(7)     
C16 P2 C28 109.1(8)     
C21 P2 C28 109.2(8)     

A5 Table. Angles and bond lengths for compound 14 
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I can see clearly now the rain is gone 
I can see all obstacles [out of] my way 

Gone are the dark clouds that had me down 
It's gonna be a bright sun shiny day  

   It's gonna be a bright sun shiny day  
 

     Oh yes I can make it now the pain is gone  
   All of the bad feelings have disappeared 

    Here is that rainbow I've been praying for 
It's gonna be a bright sun shiny day  

   Look all around there's nothing but blue skies 
    Look straight ahead there's nothing but blue skies 

 
I can see clearly now the rain is gone  

I can see all obstacles [out of] my way 
Here is that rainbow I've been praying for 

It's gonna be a bright sun shiny day 
It's gonna be a bright sun shiny day 

 Bright sun shiny day. 
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