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*
M4F,%96'=!%&(.+F,$#5.+#(&%.!N2CMO!L#=!<'95F#=.%!396(!M$%9&5F!#4%!=+69.%!6P.9!
#5+&P#+.%!Q!R!(6$.5'$#9! =&.P.=! NQ!R!C:O?! ! "%AN%S#OQ!L#=! =,4+F.=&-.%!#5569%&4B! +6!
;46L4!<965.%'9.?/! !/0Q)S'+#%&.4.!L#=!'=.%!#=! ='<<$&.%!S,!M$%9&5F! N/D!L+T! &4!-)
F.U#4.O?! ! I&4,$! +9&3$#+.=! #4%! 464#3$#+.=! L.9.! =,4+F.=&-.%! #5569%&4B! +6! <9.P&6'=$,!
9.<69+.%! <965.%'9.=?A)J! ! V4$.==! 6+F.9L&=.! 46+.%! #$$! 9.#B.4+=! #4%! =6$P.4+=! L.9.!
<'95F#=.%! 396(!M$%9&5F0! M596=0! 69! E*>! #4%! '=.%!L&+F6'+! 3'9+F.9! <'9&3&5#+&64?! ! /W)
KCG!=<.5+9#!L.9.!6S+#&4.%!#+!QXX0!1XX0!69!DXX!CW-0!5F.(&5#$!=F&3+=!#9.!9.<69+.%!&4!
<<(0!#4%!9.3.9.45.%!+6!+F.!*W*$Q!=&4B$.+!#+!J?AH!<<(?! !EF.!#SS9.P&#+&64=!=0!%0! +0!Y0!
Y'&4+0!=.U+0!%%0!%%%0!%+0!#4%!(!=+#4%!369!+F.!9.=64#45.!('$+&<$&5&+&.=!=&4B$.+0!%6'S$.+0!
+9&<$.+0!Y'#9+.+0!Y'&4+.+0!=.U+.+0!%6'S$.+!63!%6'S$.+=0!%6'S$.+!63!%6'S$.+=!63!%6'S$.+=0!
%6'S$.+! 63! +9&<$.+=! #4%! ('$+&<$.+0! 9.=<.5+&P.$,?! ! >=6(.9&5! <96%'5+! 9#+&6=! L.9.!
%.+.9(&4.%! '=&4B! /W! KCG!L&+F! #! %/! 9.$#U#+&64! +&(.! 63! 3&P.! =.564%=! 63! +F.! 59'%.!
(&U+'9.=?!!/Q*!KCG!=<.5+9#!L.9.!6S+#&4.%!#+!JD0!/XX0!69!/AHCW-!#4%!9.3.9.45.%!+6!
+F.! 5.4+.9$&4.! 63! +F.! *2*$Q! +9&<$.+! #+! JJ?AQ! <<(?! ! 8$#=F! 5F96(#+6B9#<F,! L#=!
<.9369(.%! '=&4B! ZC! 9.#B.4+! =&$&5#! HX! NAQX)1XX! (.=FO?! ! @*! =.<#9#+&64=! L.9.!
<.9369(.%!L&+F!#4!W"H[\X!@*!L&+F!#!3$#(.!&64&-#+&64!%.+.5+69!.Y'&<<.%!L&+F!#!27)
D!56$'(4!'=&4B!#!DX]/!=<$&+?!!>G!=<.5+9#!L.9.!9.569%.%!'=&4B!#!EF.9(6!K&56$.+!8E)>G?!!
WGC:!%#+#!L.9.!6S+#&4.%!64!#!^#+.9=!_*"!"9.(&.9!`Z!&4=+9'(.4+!S,!Z:>aEb8?!!_G!
@*C:!%#+#!L.9.!6S+#&4.%!64!#4!MB&$.4+!E.5F46$6B&.=!D\JD*!I_!C:2!&4=+9'(.4+?!*
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<5 =%2#.%.&'$(*$,*!&.%&'()*;.&2%'.1*>(*
*
*
*
*
?!@A?:2#&ABA2(ABA91$C9@&%'-2&:914'1.(2*D*4B*

M!<9.P&6'=$,!9.<69+.%!<965.%'9.!L#=!'=.%!369!+F.!=,4+F.=&=!63!4B?[!!
E6!#! =+&99.%!='=<.4=&64!63!A?1J!B! N/A!((6$O!63!*'79!C.A:! &4!1X!

(_!63!EW8!#+!)JX!E*!L#=!#%%.%!%96<L&=.!\?H!(_!63!-)S'+,$$&+F&'(!&4!F.U#4.!NA?D!CO?!!
EF.!(&U+'9.!L#=!=+&99.%!#+!)1X!E*!369!QX!(&4'+.=0!#4%!+F.4!566$.%!+6!)JX!E*?!!J?X!(_!
N1X?X! ((6$O! 63! F.U#(.+F,$<F6=<F69#(&%.! L#=! #%%.%0! #4%! 36$$6L&4B! =.P.9#$!
(&4'+.=!63! =+&99&4B! #!(&U+'9.!63!/?Q!(_! NAX?X!((6$O!63! #596$.&4! #4%!D?X!(_! N1X?X!
((6$O! 63! 5F$696+9&(.+F,$=&$#4.! &4! /A!(_! 63! EW8!L#=! #%%.%! %96<L&=.?! ! M3+.9! A?D!
F6'9=!63!=+&99&4B!#+!)JX!E*0!D?H!(_!N1X?X!((6$O!63!+9&.+F,$#(&4.!#4%!<W!J!<F6=<F#+.!
S'33.9! N/A! (_O! L#=! #%%.%?! ! EF.! (&U+'9.! L#=! %&$'+.%! L&+F! F.U#4.=! NAX! (_O! #4%!
3&$+.9.%! +F96'BF! *.$&+.?! ! EF.! 3&$+9#+.! L#=! L#=F.%! L&+F! WAb! N/X! U! D! (_O! #4%! +F.!
#Y'.6'=! $#,.9! L#=! .U+9#5+.%! 64.! +&(.! L&+F! F.U#4.=! N/X! (_O?! ! EF.! 56(S&4.%!
69B#4&5=!L.9.!L#=F.%!L&+F!S9&4.!N/X!(_O0!%9&.%!6P.9!CB:b10!#4%!5645.4+9#+.%' 3-'
;"*K0?! !EF.!59'%.!<96%'5+!L#=!<'9&3&.%!S,!%&=+&$$#+&64!+6!B&P.!<96%'5+!&4!DJT!,&.$%!
NA?/QD! B0! //?1D! ((6$O! &4! #4! AaL! 9#+&6! 63! \D]D?! ! M4#$,+&5#$! %#+#! (#+5F.%! +F.!
$&+.9#+'9.?[!
*
*
?!@A:2#&ABA2(ABA91*&%',1"$%$-2&:.(24"1,$(.&2*D*>(*

M!<9.P&6'=$,!9.<69+.%!<965.%'9.!L#=!'=.%!369!+F.!=,4+F.=&=!63!>(?\**
E6! #! %9&.%! 96'4%! S6++6(! 3$#=;! D?JA! B! N/H?X! ((6$O! 63! K)"F.4,$)

S&=N+9&3$'696(.+F#4.='$364&(&%.O!#4%!Q?HD!B!NA1?X!((6$O!63!P#5''(!%9&.%!NQXX!E*0!
/H!F6'9=O!5.=&'(!3$'69&%.!L#=!#%%.%?! !M!9'SS.9!=.<+'(!L#=!#%%.%!#4%!+F.!P.==.$!
L#=!3$'=F.%!L&+F!KA?!!/?1\!B!N[?XX!((6$O!63!4B!&4!AQ!(_!63!2CZ!L#=!#%%.%!#4%!+F.!
9'SS.9! =.<+'(!L#=! 9.<$#5.%!L&+F!#! +.3$64!L9#<<.%!<$#=+&5! 5#<?! !EF.!.U+.9&69!L#=!
L9#<<.%!L&+F!+.3$64!+#<.!#4%!<#9#3&$(?!!M3+.9!D!F6'9=!63!=+&99&4B!+F.!<9.=='9.!&4=&%.!
+F.! 3$#=;!L#=! 5#9.3'$$,! 9.$.#=.%! #4%! +F.! 9.#5+&64!(&U+'9.!L#=! <69+&64.%! S.+L..4!
Z+Ab!N/X!(_O!#4%!<W!J!<F6=<F#+.!S'33.9!N/X!(_O?!!EF.!#Y'.6'=!<F#=.!L#=!.U+9#5+.%!
L&+F! Z+Ab! NQ! U! /X! (_O?! ! EF.! 56(S&4.%! 69B#4&5=! L.9.! %9&.%! 6P.9! K#A:b10! #4%!
5645.4+9#+.%' 3-' ;"*K0)' ' EF.! 59'%.! <96%'5+! L#=! <'9&3&.%! S,! =&$&5#! B.$! 3$#=F!
5F96(#+6B9#<F,!.$'+&4B!L&+F!A?DT!.+F,$!#5.+#+.!&4!F.U#4.=!+6!B&P.!<96%'5+!&4!DHT!
,&.$%!N1JJ!(B0!A?XD!((6$O!&4!#4!AaL!9#+&6!63!\J]Q?!!/W!KCG!NQXX!CW-0!*2*$QO]!c!H?DX!
N%0! Md//?J!W-0!/WO0!D?JJ!N%+0! Md/A0!1?A!W-0!/WO0!A?X1!NY0! MdJ?D!W-0!AWO0!/?1J)/?AA!N(0!
HWO0!X?[\!N+0!MdH?\!W-0!QWOe!NEF.!=+.9.65F.(&=+9,!L#=!5643&9(.%!S,!KbZ:f/2!KCG!
=<.5+96=56<,Oe!/Q*!KCG!NJD!CW-0!*2*$QO]!c!/QH?X0!/AQ?/0!//[?[!NY0!/MdQ/\!W-O0!Q/?A0!
A[?D0! AH?J0! AA?D0! /1?/e! >G (neat):! /HHH0! /1A/0! /AXA0! /XDA0! \JX0! [D/0! JH1! 5()/e! _G!
@*C:]!5#$5%?!A1H?XD0!6S=P%?!A1H?XX?!
!
!

OTMS

OTf

O

1. CuBr•Me2S, nBuLi,
THF

2. HMPA, TMSCl, 
THF

OTMS

PhN(Tf)2, CsF, 
DME OTf

Scheme s1: Synthetic route to triflate 6n
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*
H&:91AIJIA7'2&:$C9AGA$C$#2(&.($.&2*D*4K*

A previously reported procedure was used for the synthesis of s2.10  E6!
#! =6$'+&64!63!/?[!(_! N/[?D!((6$O!63! .+F,$!P&4,$! .+F.9! &4!/?/!(_!63!

%&.+F,$!.+F.9!L#=!#%%.%!#!=6$'+&64!63!X?QH!(_!NQ?JX!((6$O!63!(#$64,$!5F$69&%.! &4!
/?/!(_!63!%&.+F,$!.+F.9!%96<L&=.!#+!X!E*?!!EF&=!(&U+'9.!L#=!=+&99.%!369!/!F6'9!#+!X!E*!
#3+.9! LF&5F! +&(.! /?\! (_! 63! #S=6$'+.! .+F#46$! #4%! /?X! (_! NJ?1X! ((6$O! 63! +9&.+F,$!
#(&4.! &4! /?/! (_! 63! %&.+F,$! .+F.9! L#=! #%%.%! N5#'+&64]! .U6+F.9(&5! 9.#5+&64O?! ! M+!
56(<$.+&640!DX!(_!63!=#+'9#+.%!=6$'+&64!63!#((64&'(!5F$69&%.!L#=!#%%.%!#4%!+F.!
(&U+'9.!L#=! #$$6L.%! +6!L#9(! +6! 966(! +.(<.9#+'9.?! !b9B#4&5=!L.9.!L#=F.%!L&+F!
WAb! NA! U! QX! (_O! #4%! S9&4.! NQX! (_O0! +F.4! %9&.%! 6P.9! =6%&'(! ='$3#+.0! #4%!
5645.4+9#+.%! 3-' ;"*K0?! ! EF.! 59'%.! <96%'5+! L#=! <'9&3&.%! S,! =&$&5#! B.$! 3$#=F!
5F96(#+6B9#<F,!.$'+&4B!L&+F!ADT!.+F,$!#5.+#+.!&4!F.U#4.=!+6!B&P.!<96%'5+!&4!DHT!
,&.$%!N1JJ!(B0!A?XD!((6$O?!!M4#$,+&5#$!%#+#!(#+5F.%!+F.!$&+.9#+'9.?/X!!
!
!
?"@A2&:91*IJIA7'2&:$C9AGA???&%',1"$%$-2&:91@4"1,$(91@$C9@#2(&AKA2($.&2*D*4G*

A previously reported procedure was used in the synthesis of s3.11  E6!#!
=6$'+&64!63!1QX!(B!N/?[D!((6$O!63!4K! #4%!DJJ!(B!NQ?JX!((6$O!63!
$&+F&'(! +9&3$'696(.+F,$='$364#+.! &4! DJ! (_! %&5F$69(.+F#4.! L#=!

#%%.%!X?QD!(_!NA?XQ!((6$O!63!%&&=6<96<,$!.+F,$!#(&4.!#+!X!E*?!!M3+.9!+L.4+,!(&4'+.=!
63!=+&99&4B!#+!X!E*0!X?Q1!(_!NA?XQ!((6$O!63!+9&3$'696(.+F#4.='$364&5!#4F,%9&%.!L#=!
#%%.%! #4%! =+&99.%! #+! X! E*! 369! AD!(&4'+.=! #+! LF&5F! +&(.! E_*! #4#$,=&=! =F6L.%! 46!
9.(#&4&4B! =+#9+&4B!(#+.9&#$?! ! M+! 56(<$.+&640! +F.!(&U+'9.!L#=! #$$6L.%! +6!L#9(! +6!
966(! +.(<.9#+'9.! 36$$6L.%! S,! #%%&+&64! 63! DD! (_! 63! =#+'9#+.%! =6$'+&64! 63!
#((64&'(!5F$69&%.?!!EF.!#Y'.6'=!<F#=.!L#=!.U+9#5+.%!L&+F!%&5F$69(.+F#4.!NA!U!/[!
(_O?! ! EF.! 56(S&4.%! 69B#4&5! $#,.9=! L.9.! %9&.%! 6P.9! =6%&'(! ='$3#+.0! #4%!
5645.4+9#+.%! 3-' ;"*K0?! ! EF.! 59'%.! <96%'5+! L#=! <'9&3&.%! S,! =&$&5#! B.$! 3$#=F!
5F96(#+6B9#<F,!.$'+&4B!L&+F!ADT!.+F,$!#5.+#+.!&4!F.U#4.=!L&+F!/T!+9&.+F,$!#(&4.!
+6!B&P.!<96%'5+!&4!HDT!,&.$%!N11X!(B0!/?A!((6$O?!!/W!KCG!NQXX!CW-0!*2*$QO]!c!D?[\!
N=0!/WO0!1?J/!N+0!MdD?J!W-0!/WO0!1?AD!NY0!MdJ?A!W-0!AWO0!Q?HH!N(0!AWO0!Q?DA!N(0!AWO0!A?HJ!
N%0!MdD?J!W-0!AWO0!/?QX!N+0!MdJ?A!W-0!QWO0!/?A/!N+0!MdJ?A!W-0!HWOe!NEF.!=+.9.65F.(&=+9,!
L#=! 5643&9(.%! S,! KbZ:f/2! KCG! =<.5+96=56<,Oe! /Q*! KCG! N/AH! CW-0! *2*$QO]! c!
/HA?D0!/D1?A0!//[?D!NY0!/MdQ/\!W-O0!//1?D0!\\?Q0!HA?D0!H/?10!Q\?J0!/D?A0!/1?Ae!>G (neat):!
A\[X0! AQD\0! /JQA0! /1AJ0! //1X0! \AH0! HH[! 5()/e! WGC:! gC! h! K#ih]! 5#$5%?! Q[J?XJX/0!
6S=P%?!Q[J?XJX1?!
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1. Et2O
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+
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Scheme s2: Synthetic route to triflate s3

S3



!

35 =%2#.%.&'$(*$,*!&.%&'()*;.&2%'.1*4I*
!
!
*
*
?!@ALA'$7$AGA-2&:910"&AGA2(ABA$1*D*4L*

M!<9.P&6'=$,!9.<69+.%!<965.%'9.!L#=!'=.%!369!+F.!=,4+F.=&=!63!4L*396(!
S'+)Q),4)/)6$!&4!64.!=+.<?!!M4#$,+&5#$!%#+#!(#+5F.%!+F.!$&+.9#+'9.?/A!

!
!

?!@AGA-2&:91ALA?LJLJIJIA&2&%.-2&:91ABJGJKA7'$C.0$%$1.(AKA91@0"&AGA2(ABA$1*D*
4I*

E6!#!(&U+'9.!63!D/!(B!NX?XJA!((6$O!63!"%N""FQOA*$A0!/?AA!B!N1?[X!
((6$O! 63! S&=N<&4#56$#+6O%&S69640! #4%! \DA! (B! NJ?AX! ((6$O! 63!
<6+#==&'(!<F.46U&%.!L#=!#%%.%!#!=6$'+&64!63!D/X!(B!NA?1X!((6$O!

63!4L! &4!\?X!(_!63!+6$'.4.?! !EF.!(&U+'9.!L#=!=+&99.%!#+!DX!E*!369!H!F?! !EF.!9.#5+&64!
(&U+'9.!L#=!566$.%!+6!966(!+.(<.9#+'9.0!#4%!%&$'+.%!L&+F!/X!(_!63!%&.+F,$!.+F.9?!!
EF.! 69B#4&5! $#,.9! L#=! L#=F.%! L&+F! /D! (_! 63! WAb0! /D! (_! 63! S9&4.0! %9&.%! '=&4B!
(#B4.=&'(! ='$3#+.0! #4%! 5645.4+9#+.%! 3-' ;"*K0?! ! EF.! 9.='$+&4B! 59'%.!(&U+'9.! L#=!
<'9&3&.%!S,!=&$&5#!B.$!3$#=F!5F96(#+6B9#<F,!.$'+&4B!L&+F!/DT!#5.+64.!&4!F.U#4.=!+6!
B&P.!<96%'5+!&4!JAT!,&.$%!NQH1!(B0!/?JA!((6$O0!G8!d!X?AD!N/]D!#5.+64.]F.U#4.=O?!!/W!
KCG!NQXX!CW-0!*2*$QO]!c!D?/[!N=0!/WO0!Q?J1!NY0!MdH?X!W-0!AWO0!A?QJ!N+0!MdH?1!W-0!AWO0!
A?X/!N=0!QWO0!/?AH!N=0!/AWOe!NEF.!=+.9.65F.(&=+9,!L#=!5643&9(.%!S,!KbZ:f/2!KCG!
=<.5+96=56<,Oe! /Q*! KCG! N/XX! CW-0! *2*$QO]! c! /D[?[0! NP&4,$&5! 5#9S64! #%j#5.4+! +6!
S6964!%&%!46+!9.=6$P.O0![Q?X0!HX?D0!1D?A0!AD?X0!A/?Qe!>G (neat):!Q1AX0!AQD\0!/HQJ0!//Q\0!
\H\0![DX!5()/e!WGC:!gC!h!K#ih]!5#$5%?!AQD?/1[/0!6S=P%?!AQD?/1J\?*
!
!
!
+++5*=7A3.&.19M27*/:%22A3$-#$(2(&*3$"#1'()*N2.O&'$(4*P'&:*BJGAF"&.7'2(2*
*

<5 62(2%.1*=%$O27"%2*,$%*N2.O&'$(*Q#&'-'M.&'$(*

*
!>4! #! 4&+96B.4! #+(6=<F.9.! B$6P.! S6U0! +6! #4! 6P.4! %9&.%! /X!(_! :5F$.4;! +'S.!L.9.!
#%%.%!AX!(B!NX?Q1!((6$0!/?J!.Y'&P?O!63!k80!QJ!(B!NX?QX!((6$0!/?D!.Y'&P?O!63!G0!H!(B!
NX?XXH!((6$0! X?XQ! .Y'&P?O! 63! "%AN%S#OQ0! #4%! #! =6$'+&64! 63! 1H!(B! NX?AX!((6$0! /?X!
.Y'&P?O!63!B! &4!1?X!(_!63!2CM!564+#&4&4B!#4! &4+.94#$! =+#4%#9%! N+.+9#%.5#4.O?! !EF.!
:5F$.4;!+'S.!L#=!+9#4=3.99.%!396(!+F.!B$6P.!S6U!#4%!#!S#$$664!63!K!L#=!&4=+#$$.%!P&#!
#! +F9..)L#,! =+6<565;! 36$$6L.%!S,! .P#5'#+&64! #4%! 9.)<9.=='9&-#+&64?! ! EF&=! <965.==!
L#=!9.<.#+.%!+F9..!+&(.=!'=&4B!#!+F9..)L#,!=+6<565;?!!EF.!P.==.$!L#=!F.#+.%!#+!DD!
E*!&4!#!564=+#4+!+.(<.9#+'9.!6&$!S#+F!L&+F!=+&99&4B!369!/H!F6'9=?! !M3+.9!/H!F6'9=0!#!
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$
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Scheme s3: Synthetic route to boronic pinacol ester s5
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lAXX! m_! #$&Y'6+! 63! +F.! 9.#5+&64! (&U+'9.! L#=! 9.(6P.%! P&#! =,9&4B.! #4%! 3&$+.9.%!
+F96'BF!#!=&$&5#!<$'B0!.$'+&4B!L&+F!.+F,$!#5.+#+.?! !EF.!(&U+'9.!L#=!#4#$,-.%!S,!@*?!!
*64P.9=&64! 63! B! L#=! 5#$5'$#+.%! '=&4B! #! 9.=<64=.! 3#5+69! N/W! KCG! L#=! '=.%! +6!
(.#='9.! +F.! 9.=<64=.! 3#5+69! +6! #556'4+! 369! P#9,&4B! %.+.5+69! 9.=<64=.O?! ! "96%'5+=!
L.9.!<'9&3&.%!S,!=&$&5#!B.$!3$#=F!5F96(#+6B9#<F,?*
!
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35 Q#&'-'M27*62(2%.1*=%$O27"%2*
*

*
>4! #! 4&+96B.4! #+(6=<F.9.! B$6P.! S6U0! +6! #4! 6P.4! %9&.%! /X! (_! :5F$.4;! +'S.! L.9.!
#%%.%!1\!(B!NX?[D!((6$0!/?J!.Y'&P?O!63!k80!\/!(B!NX?JD!((6$0!/?D!.Y'&P?O!63!G0!/1!
(B!NX?X/D!((6$0!X?XQ!.Y'&P?O!63!"%AN%S#OQ0!#4%!#!=6$'+&64!63!/JQ!(B!NX?JD!((6$0!/?D!
.Y'&P?O!63!B!&4!A?D!(_!63!2CM?!!EF.!:5F$.4;!+'S.!L#=!+9#4=3.99.%!396(!+F.!B$6P.!S6U!
#4%! X?QH!(_! NX?DX!((6$0! /?X! .Y'&P?O! 63!K*L#=! #%%.%! #=! #! /D!L+T! =6$'+&64! 63! -)
F.U#4.!N5645.4+9#+&64!%.+.9(&4.%!S,!/W!KCG!)!/?1/!CO?!!EF.!P.==.$!L#=!F.#+.%!#+!
DD!E*! &4!#4!6&$!S#+F!L&+F!=+&99&4B! 369!/H!F6'9=?! !M3+.9!56(<$.+&640! +F.!(&U+'9.!L#=!
566$.%! +6!#(S&.4+! +.(<.9#+'9.!#4%!%&$'+.%!L&+F!%&.+F,$!.+F.9?! !EF.!69B#4&5=!L.9.!
L#=F.%!L&+F!WAb!NQ!U!/X!(_O!#4%!S9&4.!N/!U!/X!(_O0!+F.4!%9&.%!6P.9!=6%&'(!='$3#+.!
#4%! 5645.4+9#+.%! 3-' ;"*K0?! ! /W! KCG! 63! +F.! 59'%.! <96%'5+! (&U+'9.! L#=! '=.%! +6!
%.+.9(&4.!9#+&6=!63!=+.9.6!#4%!9.B&6&=6(.9=?!*9'%.!<96%'5+=!L.9.!<'9&3&.%!S,!=&$&5#!
B.$!3$#=F!5F96(#+6B9#<F,!#=!46+.%!S.$6L?!f&.$%=!9.<9.=.4+!#!(&U+'9.!63!=+.9.6!#4%!
9.B&6&=6(.9=?!!

1.5 equiv1.5 equiv 1.0 equiv

OTf
PhB(OH)2+ +

1

3 mol% Pd2(dba)3,
1.7 equiv KF,

DMA, 55 °C, 16 h Ph

Ph

(E)-4 52 3

++

(Z)-4

Ph

(s5)

Entry Concentration % Conversiona % Yieldb Ratio 4 : 5c
0.05 M

0.05 M

0.025 M

0.1 M

0.2 M

0.05 M

0.05 M

0.2 M

0.2 M
a Conversion of 1 measured by GC using an internal standard and  response factor correction. b Isolated yield. 
c Ratio of isomers determined by 1H NMR. d 15 wt% solution 2 used. e Nonaflate usd in place of triflate
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2

3

4

5

1.5 equiv
x y

x equiv y equiv

balloon

1.0d

1.0d

1.0d

1.0d

1.0

1.0

1.0

1.0

1.0

9e
1.0d1.5

Table s1 Reaction Optimization
OTf

PhB(OH)2+ +

1

3 mol% Pd2(dba)3,
1.7 equiv KF,

DMA, 55 °C, 16 h

(E)-4 52 3
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7

8

1.2

1.5

1.0d

1.0d

1.0d1.5

100

100

98
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100

!

!

!

!

81

50

!

!

79

!

71

84

73

2.4

12.6

7.6

9.2

15.0

12.3

16.7

>20

14.3

Ratio E : Zc

88:12

91:9

91:9

90:10

92:8

92:8

90:10

92:8

92:8

(Z)-4

Ph

Ph
++

Ph
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R5 !O$#2*$,*&:2*S'(91.%91.&'$(*N2.O&'$(*

?!@ALA?LA?LA,1"$%$#:2(91@0"&AKA2(ABA91@AGJ>A7':97%$AK#A#9%.(*A*T.*
EF.!B.4.9#$!<965.%'9.!L#=!36$$6L.%!'=&4B!1\!(B!NX?[D!((6$O!
63!k80!/XD!(B!NX?JD!((6$O!63!N1)3$'696<F.4,$OS6964&5!#5&%0!/1!
(B!NX?X/D!((6$O!63!"%AN%S#OQ0!#4%!#!=6$'+&64!63!/J1!(B!NX?JD!
((6$O!63!Q0H)%&F,%96)AN)<,9#4)1),$!+9&3$'696(.+F#4.='$364#+.!

&4!A?D!(_!63!2CM?!!EF.!:5F$.4;!+'S.!L#=!+9#4=3.99.%!396(!+F.!B$6P.!S6U!#4%!#%%.%!
L#=! X?QX!(_! NX?DX!((6$O! 63!K! &4! #! /D! L+T! =6$'+&64! 63! -)F.U#4.! N5645.4+9#+&64!
%.+.9(&4.%!S,!/W!KCG!)!/?HH!CO?!!*9'%.!<96%'5+!L#=!<'9&3&.%!'=&4B!=&$&5#!B.$!3$#=F!
5F96(#+6B9#<F,!L&+F!#!ADT!.+F,$!#5.+#+.!+6!F.U#4.=!.$'.4+?! !EF.!<96%'5+!T.*L#=!
&=6$#+.%!#=!#!56$69$.==!6&$! &4!#4!#P.9#B.!DDT!,&.$%! NAaL!d!\X]/X0!.U<.9&(.4+!/]!H/!
(B0!DAT0!/H?/]/!9.B&6=.$.5+&P&+,e!.U<.9&(.4+!A]!HJ!(B0!D[T0!nAX]/!9.B&6=.$.5+&P&+,O?!!
G3!d!X?1A!NQ]/!W.U#4.=!]!Z+bM5O?!!?!@AT.]!/W!KCG!NQXX!CW-0!*2*$QO]!c!J?/A!N(0!AWO0!
H?\J!N(0!AWO0!D?HX!N#<<?!%+0!MO/D?Q0!H?H'W-0!/WO0!D?DA)D?1/!N(0!AWO0!1?/A!N(0!AWO0!Q?J[!
N+0!MdD?J!W-0!AWO0!Q?Q1!N%0!MdH?H!W-0!AWO0!A?JA!N%0!MdH?H!W-0!AWO0!A?X1!N(0!AWOe!/Q*!KCG!
N/AH!CW-0! *2*$QO]! c! /H/?D! N%0! /MdA11!W-O0! /QH?10! /Q1?J0! /Q/?/0! /A\?\! N%0! QMd[!W-O0!
/A[?\0!/AX?D0!//D?A!N%0! AMdA/!W-O0!HD?J0!H1?D0!1X?Q0!Q[?Q0!A[?Je!EF.!36$$6L&4B!=&B4#$=!
5#4!S.!#==&B4.%!+6!?"@AT.]!/W!KCG!NQXX!CW-0!*2*$QO]!c!Q?Q[!N%0'MOJ?A!W-0!AWO0!A?[Q!
N%0!MOJ?A'W-0!AWOe!>G (neat):!A[\Q0!/DXJ0!/A/[0!//AD0!\JX0![A/0!HH[!5()/e!WGC:!gC!h!
Wih]!5#$5%?!AQQ?/Q1A0!6S=P%?!AQQ?/Q1D?!
!
 
?!@ALA?LA?LA?&%',1"$%$-2&:91@#:2(91@0"&AKA2(ABA91@AGJ>A7':97%$AK#A#9%.(*D*T0  

EF.!B.4.9#$!<965.%'9.!L#=!36$$6L.%!'=&4B!1\!(B!NX?[D!((6$O!
63! k80! /1A! (B! NX?JD! ((6$O! 63! N1)
N+9&3$'696(.+F,$O<F.4,$OS6964&5!#5&%0!/1!(B!NX?X/D!((6$O!63!
"%AN%S#OQ0! #4%! #! =6$'+&64! 63! A[J! (B! NX?JD! ((6$O! 63! Q0H)

%&F,%96)AN)<,9#4)1),$!<.93$'696S'+#4.)/)='$364#+.!&4!A?D!(_!63!2CM?!!EF.!:5F$.4;!
+'S.!L#=!+9#4=3.99.%!396(!+F.!B$6P.!S6U!#4%!#%%.%!L#=!X?QX!(_!NX?DX!((6$O!63!K!&4!
#! /D!L+T! =6$'+&64! 63! -)F.U#4.! N5645.4+9#+&64! %.+.9(&4.%! S,! /W! KCG! )! /?HH!CO?!!
*9'%.!<96%'5+!L#=!<'9&3&.%!'=&4B!=&$&5#!B.$!3$#=F!5F96(#+6B9#<F,!L&+F!#!ADT!.+F,$!
#5.+#+.!+6!F.U#4.=!.$'.4+?!!EF.!<96%'5+!T0*L#=!&=6$#+.%!#=!#!,.$$6L!6&$!&4!#4!#P.9#B.!
D\T! ,&.$%! NAaL! d! \X]/X0! .U<.9&(.4+! /]! JD! (B0! D1T0! nAX]/! 9.B&6=.$.5+&P&+,e!
.U<.9&(.4+!A]!\X!(B0!H1T0!nAX]/!9.B&6=.$.5+&P&+,O?!!G3!d!X?1Q!NQ]/!W.U#4.=!]!Z+bM5O?!!
?!@AT0]! /W!KCG!NQXX!CW-0!*2*$QO]!c!J?D1!N%0! MdJ?\!W-0!AWO0!J?A\!N%0! Md[?D!W-0!AWO0!
D?H/!N#<<?!%+0!MO/D?Q0!H?H'W-0!/WO0!D?D/!N#<<?!%+0!MO/D?Q0!H?H'W-0!/WO0!D?11!N(0!/WO0!1?/A!
N(0!AWO0!Q?J[!N+0!MdD?1!W-0!AWO0!Q?1/!N%0!MdH?X!W-0!AWO0!A?JA!N%0!MdH?Q!W-0!AWO0!A?XQ!N(0!
AWOe!/Q*!KCG!N/AH!CW-0!*2*$QO]!c!/11?\0!/Q1?H0!/QX?/0!/A\?J0!/A[?\0!/A[?H!NY0!AMdQA!
W-O0!/AD?1!NY0!QMd1!W-O0!/A1?D!NY0!/MdAJA!W-O0!/AX?J0!HD?J0!H1?D0!1X?Q0!Q[?\0!A[?Je!EF.!
36$$6L&4B! =&B4#$=! 5#4!S.!#==&B4.%! +6! ?"@AT0]! /W!KCG! NQXX!CW-0!*2*$QO]! c!Q?1J! N%0'
MOH?1!W-0!AWO0!A?[1!N%0!MOJ?A'W-0!AWOe!>G!N4.#+O]!A\AQ0!A[A\0!/QA/0!//HX0!///[0!/XHD0!
\JX0![1[0!HH[!5()/e!WGC:!gC!h!Wih]!5#$5%?!A[Q?/Q/X0!6S=P%?!A[Q?/QXJ? 
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?!@ALA?LA?LA-2&:$C9#:2(91@0"&AKA2(ABA91@AGJ>A7':97%$AK#A#9%.(*D*TO*
EF.! B.4.9#$! <965.%'9.! L#=! 36$$6L.%! '=&4B! 1\! (B! NX?[D!
((6$O! 63! k80! //1! (B! NX?JD! ((6$O! 63! N1)
(.+F6U,<F.4,$OS6964&5! #5&%0! /1! (B! NX?X/D! ((6$O! 63!
"%AN%S#OQ0! #4%! #! =6$'+&64! 63! /J1! (B! NX?JD! ((6$O! 63! Q0H)

%&F,%96)AN)<,9#4)1),$! +9&3$'696(.+F#4.='$364#+.! &4! A?D!(_! 63!2CM?! ! EF.! :5F$.4;!
+'S.!L#=!+9#4=3.99.%!396(!+F.!B$6P.!S6U!#4%!#%%.%!L#=!X?QX!(_!NX?DX!((6$O!63!K!&4!
#! /D!L+T! =6$'+&64! 63! -)F.U#4.! N5645.4+9#+&64! %.+.9(&4.%! S,! /W! KCG! )! /?HH!CO?!!
*9'%.!<96%'5+!L#=!<'9&3&.%!'=&4B!=&$&5#!B.$!3$#=F!5F96(#+6B9#<F,!L&+F!#!ADT!.+F,$!
#5.+#+.! +6! F.U#4.=! .$'.4+?! ! EF.! <96%'5+! TO* L#=! &=6$#+.%! #=! #! 56$69$.==! 6&$! &4! #4!
#P.9#B.!DHT!,&.$%!NAaL!d!\/]\0!.U<.9&(.4+!/]!HJ!(B0!DDT0!//?/]/!9.B&6=.$.5+&P&+,e!
.U<.9&(.4+!A]!H\!(B0!DJT0!/D]/! 9.B&6=.$.5+&P&+,O?! !G3!d!X?1! NQ]/!W.U#4.=! ]!Z+bM5O?!!
?!@ATO]! /W!KCG!NQXX!CW-0!*2*$QO]!c!J?/X!N%0! Md[?\!W-0!AWO0!H?[1! N%0! Md[?[!W-0!AWO0!
D?H/!N#<<?!%+0!MO/D0!H?H'W-0!/WO0!D?DX)D?1X!N(0!AWO0!1?/A!N(0!AWO0!Q?[X)Q?JH!N(0!DWO0!
Q?QX! N%0! MdH?H! W-0! AWO0! A?JX! N%0! MdH?\! W-0! AWO0! A?X1! N(0! AWOe! /Q*! KCG! N/AH! CW-0!
*2*$QO]!c!/D[?X0!/Q1?[0!/Q/?J0!/A\?D0!/A[?D0!/A[?Q0!/AX?10!//1?X0!HD?J0!H1?H0!DD?10!1X?10!
Q[?A0! A[?He! EF.! 36$$6L&4B! =&B4#$=! 5#4! S.! #==&B4.%! +6! ?"@ATO]! /W! KCG! NQXX! CW-0!
*2*$QO]!c!Q?Q1!N%0'MOJ?D!W-0!AWO0!A?[A!N%0!MOJ?A'W-0!AWOe!>G!N4.#+O]!A[\H0!A[QA0!/HX\0!
/A1A0!//AD0!/XQQ0!\JX0![/J!5()/e!WGC:!gC!h!Wih]!5#$5%?!A1D?/D1A0!6S=P%?!A1D?/D1[? 
!
 
?!@ABA?LA?LA?GJ>A7':97%$AK#A#9%.(ALA91@0"&AKA2(ABA91@#:2(91@2&:.($(2*D*T7*

EF.!B.4.9#$!<965.%'9.!L#=!36$$6L.%!'=&4B!1\!(B!NX?[D!((6$O!
63!k80!/A1!(B!NX?JD!((6$O!63!N1)#5.+,$<F.4,$OS6964&5!#5&%0!/1!
(B!NX?X/D!((6$O!63!"%AN%S#OQ0!#4%!#!=6$'+&64!63!A[J!(B!NX?JD!
((6$O! 63! Q0H)%&F,%96)AN)<,9#4)1),$! <.93$'696S'+#4.)/)

='$364#+.!&4!A?D!(_!63!2CM?! !EF.!:5F$.4;!+'S.!L#=!+9#4=3.99.%!396(!+F.!B$6P.!S6U!
#4%! #%%.%! L#=! X?QX! (_! NX?DX! ((6$O! 63! K! &4! #! /D! L+T! =6$'+&64! 63! -)F.U#4.!
N5645.4+9#+&64!%.+.9(&4.%!S,!/W!KCG!)!/?HH!CO?!!*9'%.!<96%'5+!L#=!<'9&3&.%!'=&4B!
=&$&5#! B.$! 3$#=F! 5F96(#+6B9#<F,!L&+F! #! ADT! .+F,$! #5.+#+.! +6! F.U#4.=! .$'.4+?! ! EF.!
<96%'5+! T7* L#=! &=6$#+.%! #=! #! ,.$$6L! 6&$! &4! #4! #P.9#B.! HAT! ,&.$%! NAaL! d! \X]/X0!
.U<.9&(.4+!/]!JQ!(B0!DJT0!nAX]/!9.B&6=.$.5+&P&+,e!.U<.9&(.4+!A]![H!(B0!HJT0!nAX]/!
9.B&6=.$.5+&P&+,O?! ! G3! d! X?QH! NQ]/! W.U#4.=! ]! Z+bM5O?! ! ?!@AT7]! /W! KCG! NQXX! CW-0!
*2*$QO]! c!J?\X! N%0! Md[?1!W-0!AWO0!J?AJ! N%0! MdJ?\!W-0!AWO0!D?HA! N#<<?!%+0! MO/D0!H?H'W-0!
/WO0!D?D/!N#<<?!%+0!MO/D?Q0!H?H'W-0!/WO0!D?11!N(0!/WO0!1?/A!N(0!AWO0!Q?J[!N+0!MdD?J!W-0!
AWO0!Q?1A!N%0!MdH?D!W-0!AWO0!A?JA!N%0!MdH?D!W-0!AWO0!A?D\!N=0!QWO0!A?X1!N(0!AWOe!/Q*!KCG!
N/AH!CW-0! *2*$QO]! c! /\[?X0! /1H?H0! /QD?10! /Q1?H0! /QX?/0! /A\?H0! /A[?[0! /A[?J0! /AX?J0!
HD?J0!H1?D0!1X?Q0!Q\?/0!A[?J0!AH?Je!>G!N4.#+O]!A\A/0!A[A[0!/H[X0!/QDJ0!/AHJ0!//AD0!\JX0!
[1[0!HH[!5()/e!WGC:!gC!h!K#ih]!5#$5%?!AJ\?/QH/0!6S=P%?!AJ\?/QHA? 
!
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?!@A$A?LA?LA?GJ>A7':97%$AK#A#9%.(ALA91@0"&AKA2(ABA91@#:2(91@.O2&.-'72*D*T2**
EF.! B.4.9#$! <965.%'9.! L#=! 36$$6L.%! '=&4B! 1\! (B! NX?[D!
((6$O! 63! k80! /Q1! (B! NX?JD! ((6$O! 63! N1)
#5.+#(&%6<F.4,$OS6964&5! #5&%0! /1! (B! NX?X/D! ((6$O! 63!
"%AN%S#OQ0! #4%! #! =6$'+&64! 63! A[J! (B! NX?JD! ((6$O! 63! Q0H)
%&F,%96)AN)<,9#4)1),$! <.93$'696S'+#4.)/)='$364#+.! &4! A?D!

(_!63!2CM?! !EF.!:5F$.4;!+'S.!L#=!+9#4=3.99.%!396(!+F.!B$6P.!S6U!#4%!#%%.%!L#=!
X?QX! (_! NX?DX! ((6$O! 63! K! &4! #! /D! L+T! =6$'+&64! 63! -)F.U#4.! N5645.4+9#+&64!
%.+.9(&4.%!S,!/W!KCG!)!/?HH!CO?!!*9'%.!<96%'5+!L#=!<'9&3&.%!'=&4B!=&$&5#!B.$!3$#=F!
5F96(#+6B9#<F,!L&+F!#!H]1]/]/!.+F,$!#5.+#+.!]!%&5F$696(.+F#4.!]!#5.+64.!]!F.U#4.=!
.$'.4+?!!EF.!<96%'5+!T2*L#=!&=6$#+.%!#=!#!56$69$.==!6&$!&4!#4!#P.9#B.!D\T!,&.$%!NAaL!d!
\/]\0!.U<.9&(.4+!/]!J1!(B0!DDT0!nAX]/!9.B&6=.$.5+&P&+,e!.U<.9&(.4+!A]![J!(B0!H1T0!
nAX]/!9.B&6=.$.5+&P&+,O?!!G3!d!X?QD!NH]1]/]/!Z+bM5]2*C]#5.+64.]F.U#4.=O?! ?!@AT2]!/W!
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!
*
GA??K!JI"@AIA?KA$C$7':97%$,"%.(AG?K#@A91'72(2@:2CAKA2(ABA91@02(M.172:972*
D*T1**
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+9&3$'696(.+F#4.='$364#+.!&4!A?D!(_!63!2CM?!!EF.!:5F$.4;!+'S.!

L#=!+9#4=3.99.%!396(!+F.!B$6P.!S6U!#4%!#%%.%!L#=!X?1/!(_!NX?DX!((6$O!63!K!&4!#!/D!
L+T!=6$'+&64!63!-)F.U#4.!N5645.4+9#+&64!%.+.9(&4.%!S,!/W!KCG!o!/?AA!CO?! !*9'%.!
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+6!F.U#4.=!.$'.4+?!!EF.!<96%'5+![0*L#=!&=6$#+.%!#=!#!56$69$.==!6&$!&4!#4!#P.9#B.!HJT!
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NX?X/D! ((6$O! 63! "%AN%S#OQ0! #4%! #! =6$'+&64! 63! /\D! (B! NX?JD!
((6$O! 63! NLO)/)NA)6U6%&F,%963'9#4)QNANO),$&%.4.O.+F,$!
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