
! "!

!
!
!
!

#$%%&'(')*+,-!.)/0,(+*10)!20,3!
4$+&5#$6+,!7'&&!.(+61)6!$81)6!.80)1*,1&'!+)9!

:;190!<+8'9!7&1=>!7?'(18*,1'8!
!

"#$#%&!'(!)&*%+&%,!'%-.#!'(!/0102,!!34&5%!36&*.2,!!70%%*%8!
369:;+&%%,!70&640.!<.0$&%-=>0::4*%*,!!?01*%!@(!A.*%-$0!!&%-!B*%*&%!C(!

D00E0.!
!
!
!
!
!
!
!
!
!
!
.!@!#$6+,8!+)9!A,0<'8!
..!@!B10&061=+&!A,0='9$,'8!
...!@!2$,*?',!4+*+!
.C!@!D'/',')='8!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



! E!

.!#$6+,8!+)9!A,0<'8!
!
!

!
"#!
"#!
"#!

$%

!

%
&

!"#

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

!

!"#

"#!
"#!

%$
!"#

!"#,-"'(&()*+
!

%
&

%

%

% %

%

%

%$

!!

$%

!

!

!

$
%!

'

$
%

%
$

!

$

$

./(01+21& !
!
:=FG&=H5)5.80I!:=FJ+)H5)5.80!+)9!K;5B10*1)!L','!8-)*?'81;'9!+==0,91)6!*0!0$,!
,'=')*&-!,'%0,*'9!8-)*?'8'8M"!
!
!

!"#$%&'(!/

!

!"#"#!

"#!
%$

!"#

!"#,%-'(!/
!

%
%

%
!

"#!
"#!
"#!

$%

!

%
%

%
!"# !

"()*+

!,-

!,-

,-!

,-!

.$3)04(5#6 !
!
:=FG+&H5:;I!:=FJ+)H5:;!+)9!KJ4.BN5OFP!L','!8-)*?'81;'9!+==0,91)6!*0!
%,'Q10$8!L0,>!+)9!&1*',+*$,'!%,0='9$,'8ME5F!
!
!
!
! !

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



! R!

..!B10&061=+&!A,0='9$,'8!
!
F0$$!F5$65.0!
!
S'L18!S$)6!7+,=1)0(+!TSSEI!/,0(!:K77I!K'991)6*0)I!UVW!='&&8!L','!6,0L)!1)!+!
(1X*$,'!0/!YZ[!4J\J!T4$&<'==0]8!J091/1'9!\+6&']8!J'91$(I!.)Q1*,06')I!A+18&'-I!
UVW!8$%%&'(')*'9!L1*?!FM^!6!S3"!6&$=08'I!F!(J!S56&$*+(1)'I!"!(J!%-,$Q+*'!+)9!
"Z[!2B#!T/'*+&!<0Q1)'!8',$(I!A::!&+<0,+*0,1'8I!_'0Q1&I!UVW!+)9!(+1)*+1)'9!1)!+!
^[!7NEI!L+*',58+*$,+*'9!+*(08%?','!+*!RP!07M!
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G$HL!:I6H+06.I!
!
SSE!='&&8!L','! 1)=$<+*'9! /0,!EF!?,! 1)!('91$(!=0)*+1)1)6!^Z!*J!0/! *?'!9'81,'9!
+;190! 8$6+,! +)9! EZZ! *J! 0/! *?'! 9'81,'9! 180)1*,1&'! 8$6+,! +)9! Q'?1=&'! T4J#N! 4�
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*?'!/&+8>!TP[!0/!*?'!0,161)+&!Q0&$('W!+)9!*?'!='&&8!1)=$<+*'9!+*!RP!07!/0,!FM^!(1)M!
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!
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"#$%!&/(!\%1/&$0,'8=')='!1(+61)6!0/!SSE!=0)*,0&!='&&8!
01! :=FJ+)H5)5.80! %$&8'9! ='&&8! TEZZ! *JWM! 7'&&8! L','! *,'+*'9! L1*?! +&&! *?'! %,0<'8! 'X=&$91)6!
KJ4.BN5OFPI!G,'')!7?+))'&M!21!:=FG+&H5:;!%$&8'9!='&&8!T^Z!*JWM!7'&&8!L','!*,'+*'9!L1*?!+&&!*?'!
%,0<'8!'X=&$91)6!K;5<10*1)I!D'9!7?+))'&M!!31!)0)58$6+,!%$&8'9!='&&8I!*,'+*'9!L1*?!+&&!*?'!%,0<'8I!
D'9! 7?+))'&M! 41! :=FJ+)H5)5.80! %$&8'9! ='&&8! TEZZ! *JWI! *,'+*'9! L1*?! +&&! *?'! %,0<'8I! G,'')!
7?+))'&M! 51! :=FG+&H5:;! %$&8'9! ='&&8! T^Z! *JWI! *,'+*'9! L1*?! +&&! *?'! %,0<'8I! D'9! 7?+))'&M! ! "1!
Q'?1=&'! T4J#N!lZME^!1M1W!%$&8'9!='&&8I! *,'+*'9!L1*?!+&&! *?'!%,0<'8I!D'9!7?+))'&M!6!*78!9!7'&&8!
%$&8'9!L1*?!:=FJ+)H5)5.80!TEZZ!*JW!+)9!:=FG+&H5:;!T^Z!*JWM!61!7'&&8!L','!*,'+*'9!L1*?!+&&!*?'!
%,0<'8! 'X=&$91)6! KJ4.BN5OFPM! G,'')! 7?+))'&M! 91! 7'&&8! L','! *,'+*'9! L1*?! +&&! *?'! %,0<'8!
'X=&$91)6!K;5B10*1)M!D'9!7?+))'&M! #=+&'! <+,8!m!RZ!e(M!:&&! 1(+6'8! +,'!0Q',&+-8!0/! *?'! 8%'=1/1'9!
=?+))'&!L1*?!*?'!<&$'!=?+))'&I!L?1=?!8?0L8!*?'!4:A.!)$=&'+,!8*+1)M!
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"#$%!&:(!70)/0=+&!(1=,08=0%-!0/!SSE!='&&8!%$&8'9!L1*?!<0*?!J+)H5)5
.80!T6,'')!=?+))'&I!:W!+)9!G+&H5:;!T,'9!=?+))'&I!BW!M!NQ',&+-3!7M!4:A.!
T<&$'W!L+8!$8'9!+!)$=&'+,!8*+1)M!
!

!
!
"#$%!&;(!70)/0=+&!(1=,08=0%-!0/!SSE!='&&8!*,'+*'9!L1*?!<0*?!J+)H5)5
.80!+)9!G+&H5:;!+)9!*?')!L1*?!+&&!*?'!%,0<'8M!!
03!6,'')!=?+))'&!T180)1*,1&'!6,0$%WM!23!,'9!=?+))'&!T+;19'!6,0$%WM!33!NQ',&+-!0/!:!
+)9!BM!4:A.!T<&$'W!L+8!$8'9!+!)$=&'+,!8*+1)M!
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!
"#$%!&<(!70)/0=+&!(1=,08=0%-!0/!=0)*,0&!SSE!='&&8!*,'+*'9!L1*?!Q'?1=&'!
T4J#NW!+)9!*?')!L1*?!+&&!*?'!%,0<'8M!NQ',&+-!0/!*?'!6,'')!+)9!,'9!
=?+))'&8M!!4:A.!T<&$'W!L+8!$8'9!+!)$=&'+,!8*+1)M!
!
!
.C!D'/',')='8!
!
"M! #M!#*+1,8I!:M!:M!H'Q'8I!aM!#*n=>(+))I!_M!:M!b+1)(+)I!aM!.,'&+)95o'==?1)1I!VM!JM!

B,1)9&'I!+)9!2M!dM!S''%',I!F40+A*HF40+I!EZ"RI!':I!"ZOR@"ZOPM!
EM! aM!#*n=>(+))I!:M!:M!H'Q'8I!#M!#*+1,8I!aM!.,'&+)95o'==?1)1I!VM!JM!B,1)9&'I!+)9!2M!

dM!S''%',I!F40+(!3:*(I!EZ""I!.I!YREM!
RM! dM!:M!A,'8=?',I!4M!aM!4$<'I!+)9!7M!DM!B',*0;;1I!/&65.0I!EZZFI!:/=I!cPR@cPPM!
FM! 4M!dM!C0=+9&0I!aM!7M!a+)6I!\M5dM!V1(I!dM!:M!a+)0Q',I!+)9!7M!DM!B',*0;;1I!P/'3I!

EZZRI!'==I!Y""O@Y"E"M!
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