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Typical procedure for the synthesis of !-chiral amines!  > P] 2G &7,##E)#%<#6 ,(.)6 9(&&(2#6 84$*< 5$* 
#-.'33#6 5'&7 $ 2$/)#&'% *&',,')/ 9$,O $ ,.99#, *#3&.2O $ )'&,(/#) ')4#&O $)6 $ 6'/'&$4 &7#,2(2#&#, 3,(9# 5$* 
#1$%.$&#6O 84$2#E6,'#6O $)6 3.,/#6 5'&7 )'&,(/#) Q$44 /,(.)6E/4$** d(')&* 5#,# /,#$*#6 6.,')/ $33$,$&.* *#&.3S@  A7# 
84$*< 5$* &7#) %7$,/#6 5'&7 *(6'.2 9(,(7:6,'6# Q]@`e /O W@P] 22(4S $)6 `OTE6'%74(,(#&7$)# Q`] 2GSO &7#) 5$* 
%((4#6 &( ]fR@  a4$%'$4 $%#&'% $%'6 Q]@e_ 2GO `N@P] 22(4S 5$* $66#6 6,(35'*# (1#, $ `] 2').&# 3#,'(6 2$')&$')')/ 
&7# ')&#,)$4 &#23#,$&.,# (8 &7# 84$*< 9#4(5 PfR $)6 .3() %(234#&'() (8 $%'6 $66'&'() 5$* $44(5#6 &( 8.,&7#, ,#$%& $& 
]fR 8(, WP 2').&#* &( #)*.,# %(234#&'() (8 8(,2$&'() (8 *(6'.2 &,'$%#&(?:9(,(7:6,'6# Q$* )(&#6 9: &7# 7$4& ') HT 
/$* #1(4.&'()S@  A7# 84$*< 5$* &7#) 9,(./7& &( $29'#)& &#23#,$&.,# QTPfRS (1#, &7# %(.,*# (8 N] 2').&#*@  Q"SE"E
2#&7:4E`E)$37&7:4$2')# Q]@W_ 2GO N@]] 22(4S $)6 /4$%'$4 $%#&'% $%'6 Q]@TU 2GO W@P] 22(4S 5#,# $66#6 &( &7# 84$*< 
$)6 $44(5#6 &( *&', 8(, 8'1# 2').&#*O &7#) 9#)C$46#7:6# Q]@NN 2GO N@]] 22(4S 5$* $66#6 &( &7# 84$*< 6,(35'*# (1#, 
&7# %(.,*# (8 &5( 2').&#*@  A7# ,#$%&'() 2'?&.,# 5$* 8.,&7#, $/'&$&#6 $& $29'#)& &#23#,$&.,# 8(, $ 3#,'(6 (8 W 7 (, 
.)&'4 ,#$%&'() %(234#&'() 5$* %(234#&# 9: AGR@  g3() %(234#&'()O &7# ,#$%&'() 5$* -.#)%7#6 9: &7# *4(5 $66'&'() 
(8 *$&.,$&#6 K$HRbN Q`] 2GS $)6 #?&,$%&'() ')&( #&7:4 $%#&$&# QW ? `] 2GS@  A7# ,#*.4&')/ (,/$)'% 4$:#,* 5#,# 
%(29')#6O 6,'#6 (1#, $)7:6,(.* J/;bW QN@]] /SO 8'4&#,#6 &7,(./7 $ *')&#,#6 /4$** 8.))#4O $)6 6,'#6 #! %&'() 9: 
,(&$,: #1$3(,$&'()@  A7# ,#*.4&')/ :#44(5 ('4 5$* 6'4.&#6 ')&( W] 2G (8 #&7:4 $%#&$&# $)6 $ *(4.&'() (8 (?$4'% $%'6 
Q]@N_ /O N@]] 22(4S ') 7(& Qe]fRS #&7:4 $%#&$&# QP 2GS 5$* $66#6 6,(35'*# &( &7# 6#*',#6 $2')#@  A7# *$4& 5$* 
$44(5#6 &( 3,#%'3'&$&# (1#,)'/7& 9#8(,# 8'4&,$&'() &7,(./7 $ Fh%7)#, 8.))#4@  A7# $22()'.2 *$4& 5$* 5$*7#6 5'&7 
%(46 Q]fRS #&7:4 $%#&$&# QT ? `P 2GS@  A7# (?$4$&# *$4& 5$* &7#) 6,'#6 ') 1$%.( 8(, `T 7 &( $88(,6 ]@Ye / QYTZS (8 &7# 
3.,# *$4& $* $ 57'&# %,:*&$44')# *(4'6@  A( (9&$') 8,## $2')#O &7# (?$4$&# *$4& 5$* *&',,#6 ') $ 9'37$*'% *(4.&'() (8 UK 
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j Y@U] HCO `HSO e@eW Q66O *` j e@U] HCO *T j T@_] HCO THSO e@P]Ee@WN Q2O NHSO e@NTEe@`_ Q2O PHSO W@Ue Q-O * j U@Ue 
HCO `HSO N@eeEN@UP Q>F -.$,&#&O #> j N@e_O #F j N@UWO *B >F j `N@]] HCO THSO `@eU Q9, *O `HSO `@P] Q6O * j U@_] HCO NHS@  

R KJ" Q`]] JHCO R\R4`N
NS! ! `W`@]O `W]@eO `NW@]O `N`@WO `T_@YO `T_@NO `T_@TO `Te@TO `TU@_O `TP@eO `TP@UO `TP@NO 

`TN@]O `TT@YO PN@]O P`@YO TN@U@  [" Q)#$&S %2 !  NN_]O N]U]O TYUPO `WPTO ``eWO ``TPO ee_O UYY@  M"VE`
\

TT j LP@T k ]@T Q' 
]@Y_O RHR4NS@  aR Q$%7',$4S %()6'&'()*! `] 2') $& `P]fRO PfRB2')O T] 2') $& TP]fRl ,#&#)&'() &'2# Q2')S! N]@Ue@  
H"J; QX;[Sl 2BC T_W@`W]P QMJ L K$Vl #?$%& 2$** %$4%.4$&#6 8(, R`YH`_KK$O T_W@`W`PS@ 
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(Reaction conducted at 50°C) (Reaction conducted at 50°C)  
 
 
Typical procedure for the synthesis of dioxychlorophosphines!  > `]] 2G *')/4#E)#%<#6 ,(.)6 9(&&(2#6 84$*< 
#-.'33#6 5'&7 $ 2$/)#&'% *&',,')/ 9$,O ,#84.? %()6#)*#,O $)6 )'&,(/#) ')4#& 5$* 84$2#E6,'#6 $)6 3.,/#6 5'&7 
)'&,(/#)@  A7# 84$*< 5$* %7$,/#6 5'&7 Q+SEQLSE`O`mE9'QTE)$37&7(4S Qe@] /O TU@]] 22(4S $)6 8,#*74: 6'*&'44#6 
37(*37(,.* &,'%74(,'6# QT]@P 2GO TNW 22(4S .)6#, $ *&,()/ *&,#$2 (8 )'&,(/#)@  >44 d(')&* 5#,# /,#$*#6 $)6 &7# 
1#**#4 5$* 9,(./7& &( ,#84.? %#& ('4 9$&7 $)6 *&',,#6 8(, `U 7@  A7# ,#$%&'() 5$* %((4#6 &( $29'#)& &#23#,$&.,# $)6 
&7# ,#84.? %()6#)*#, 5$* -.'%<4: &,$6#6 8(, $ 84$2#E6,'#6O 3,#E$**#294#6 $)6 /,#$*#6 6'*&'44$&'() $33$,$&.* 
%(23(*#6 (8 $ H'%<2$) 7#$6 5'&7 /4$** *&(33#,O D#*& %()6#)*#,O 1$%..2 $6$3&#, %())#%&#6 &( $ )'&,(/#) 4')#O $)6 
P] 2G ,(.)6 9(&&(2#6 %(44#%&'() 84$*<@  A7# %(44#%&'() 84$*< 5$* &7#) *.92#,/#6 ')&( $ 4'-.'6 )'&,(/#) 9$&7 $)6 &7# 
#?%#** ^R4N 5$* 6'*&'44#6 $5$:O 4#$1')/ $ &7'%<O :#44(5 ('4@  A7# 3(& 5$* %((4#6 &( $29'#)& &#23#,$&.,# $)6 &7# 
6'*&'44$&'() $33$,$&.* 5$* ,#2(1#6 $)6 ,#34$%#6 5'&7 $ ,.99#, *#3&.2@  [22#6'$&#4: .3() 3(*'&'()')/ &7# ,.99#, 
*#3&.2O $ 1$%..2 5$* $334'#6 &( &7# 84$*< %#& )##64# ')*#,&#6 &7,(./7 &7# *#3&.2 &( ,#2(1# $): $66'&'()$4 
,#2$')')/ 37(*37(,.* &,'%74(,'6#@  A7# $&2(*37#,# 5$* &7#) ,#34$%#6 5'&7 )'&,(/#) $)6 &7# ('4 5$* 6'**(41#6 ') T] 
2G 6,: 6'#&7:4 #&7#, $)6 &,$)*8#,,#6 %#& %$)).4$ &( $ `]] 2G *')/4#E)#%<#6 3#$, *7$3#6 84$*< #-.'33#6 5'&7 $ 
,.99#, *#3&.2@  A7# ')'&'$4 3,(6.%&E%()&$')')/ 84$*< 5$* &7#) 5$*7#6 5'&7 P 2G (8 6'#&7:4 #&7#, $)6 '* $/$') 
&,$)*8#,,#6 1'$ %$)).4$ &( &7# 3#$, *7$3#6 84$*<@  >8&#, &,$)*8#, 5$* %(234#&#O &7# ,.99#, *#3&.2 () &7# 3#$, *7$3#6 
84$*< 5$* #?%7$)/#6 8(, $ 84$2#E6,'#6 84(5E%()&,(44#6 /$* ')4#& 5'&7 *&(3%(%<@  H'/7 1$%..2 5$* $334'#6 &( &7# 
#&7#,#$4 *(4.&'() (8 %74(,(37(*37')# &( ,#2(1# &7# #&7#, $)6 $): ,#2$')')/ &,$%# $2(.)&* (8 37(*37(,.* &,'%74(,'6#@  
A7# 3,(6.%& 5$* &7#) 6,'#6 8(, N 7 $)6 &,$)*8#,,#6 ')&( $ 6,:9(?O :'#46')/ Y@`U / QYYE`]]ZS (8 &7# 6#*',#6 3,(6.%& 
$* $) (88E57'&# 8($2@ 
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(R)-(+)-1,1'-binaphthyl-2,2’-dioxychlorophosphine!  `H KJ" QW]] JHCO R\R4NS! ! _@]N Q6O * j _@_] HCO THSO 
e@Ye Q66O *` j _@T] HCO *T j N@W] HCO THSO e@PP Q66O *` j _@_] HCO *T j ]@_] HCO `HSO e@PTEe@WP Q2O NHSO e@WPEe@W` 
Q2O THSO e@NPEe@TY Q2O THS@  `NR KJ" Q`]] JHCO R\R4NS! ! `We@_O `We@TO `NT@eO `NT@WO `NT@]O `N`@UO `N]@YO `N]@`O 
`T_@PO `Te@]O `TU@YO `TU@eO `TU@PO `TP@eO `TP@PO `TW@WWO `TW@N_O `TN@`O `T`@UO `T`@`@  N`^ KJ" Q`]`@N JHCO 
R\R4NS! ! `e_@P@ 
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1,1’-biphenyl-2,2’-dioxychlorophosphine!  A7# 3,(%#6.,# 5$* &7# *$2# $* $9(1#@  ;&$,&')/ 8,(2 TOTmE9'37#)(4 
QN@eT /O T]@] 22(4S &( $88(,6 W@_Y / QYeZS (8 &7# 6#*',#6 6'(?:%74(,(37(*37')# $* $ &7'%< 9,(5) *:,.3@  `H KJ" 
QW]] JHCO R\R4NS! ! e@WT Q66O *` j e@TP HCO *T j `@eP HCO THSO e@NeEe@TP Q2O WHSO e@`U Q6O * j _@TP HCO THS@  `NR 
KJ" Q`]] JHCO R\R4NS! ! `WY@NO `N`@]O `N]@TO `TY@PO `TU@NO `TT@T@  N`^ KJ" Q`]`@N JHCO R\R4NS! ! `eY@e@ 
 
 
Typical procedure for the synthesis of chiral phosphoramidite ligands!  > P] 2G &7,##E)#%<#6 84$*< #-.'33#6 
5'&7 $ ,.99#, *#3&.2O )'&,(/#) ')4#&O $)6 $ &#23#,$&.,# 3,(9# 5$* 84$2#E6,'#6 $)6 3.,/#6 5'&7 )'&,(/#)@  A7# 84$*< 
5$* %7$,/#6 5'&7 $)7:6,(.* AHI QP 2GS $)6 ,E9#)C:4E,EQ"SEM`EQ`E)$37&7:4#&7:4SV$2')# Q``Y 2/O ]@WP 22(4S@  
A7# *(4.&'() 5$* &7#) %((4#6 &( Ee_fR ') $ 6,: '%#E$%#&()# *4.*7 9$&7@ > `@U J *(4.&'() (8 !E9.&:44'&7'.2 Q]@T_ 2GO 
]@WP 22(4S ') 7#?$)#* 5$* $66#6 6,(35'*# (1#, $ 8'1# 2').&# 3#,'(6 2$')&$')')/ &7# ')&#,)$4 &#23#,$&.,# (8 &7# 
1#**#4 9#4(5 EePfR .)&'4 $66'&'() 5$* %(234#&#O ,#*.4&')/ ') $ 3$4# 3')< 7(2(/#)(.* *(4.&'()@  A7# %()&#)&* (8 &7# 
84$*< 5#,# 5$,2#6 &( EN]fR $)6 '22#6'$&#4: %((4#6 &( Ee_fR 8(, $) $66'&'()$4 ` 7O 57'%7 ,#*.4&#6 ') &7# *(4.&'() 
9#%(2')/ 6$,< 3')< ') %(4(,@  > *(4.&'() (8 Q+SEQESE`O`nE9')$37&7:4ETOTmE6'(?:%74(,(37(*37')# Q]@`_ /O ]@P] 22(4S 
') 6,: AHI QT 2GS 5$* &7#) ')&,(6.%#6 6,(35'*# %#& *:,')/# 2$')&$')')/ &7# *(4.&'() &#23#,$&.,# 9#4(5 Ee]fR@  
A7# *(4.&'() 5$* 2$')&$')#6 $& Ee_fR 8(, $) $66'&'()$4 T 7 9#8(,# '& 5$* 5$,2#6 &( $29'#)& &#23#,$&.,# $)6 *&',,#6 
8(, $) $66'&'()$4 `T 7@  A7# ,#*.4&')/ 2'?&.,# 5$* 8'4&#,#6 &7,(./7 R#4'&#O 5$*7#6 5'&7 #&7#,O $)6 ,#6.%#6 9: ,(&$,: 
#1$3(,$&'() &( $88(,6 ]@TP / (8 $ 3$4# :#44(5 8($2@ A7# ,#*.4&')/ 8($2 5$* 3.,'8'#6 9: 84$*7 %(4.2) 
%7,(2$&(/,$37: Q#4.&'() 5'&7 W]Z 6'%74(,(2#&7$)# ') 3#)&$)#O "- j ]@W_S &( $88(,6 TN_ 2/ QY]ZS (8 Q+SETOTmE
9')$37&7(:4E9#)C:4EQ"SEM`EQ`E)$37&7:4#&7:4SV$2')(:437(*37')# $* $ 57'&# 8($2@ 
 

O
P
O

N

RaSc  
 
(R)-2,2’-binaphthoyl-benzyl-(S)-[1-(1-naphthylethyl)]aminoylphosphine (L10)!  `H KJ" QW]] JHCO R\R4NS! ! 
e@YW Q6O * j _@_] HCO `HSO e@_UEe@_W Q2O NHSO e@_T Q6O * j _@_] HCO `HSO e@eU Q6O * j _@T] HCO `HSO e@UU Q6O * j _@_] 
HCO `HSO e@UT Q6O * j e@T] HCO `HSO e@PW Q6O * j _@_] HCO `HSO e@W_ Q&O * j e@W] HCO THSO e@WNEe@Ne Q2O THSO e@NNEe@T_ 
Q2O NHSO e@TPEe@`U Q2O eHSO U@YU Q6O * j _@_] HCO `HSO P@W]EP@NN Q2O `HSO N@YPEN@NU Q6>F -.$,&#&O #> j W@T`O #F j 
N@``O *

B

>F j `P@N] HCO *HE^ j T@`] HCO THSO `@UY Q6O * j U@_] HCO NHS@  R KJ" Q`]] JHCO R\R4`N
NS! ! `P]@`O `P]@]O 

`WY@PO `NY@NO `NU@PTO `NU@WUO `NN@YO `TN@_O `NT@PO `N`@PO `N`@WO `N]@PO `N]@TO `TY@YO `T_@_O `T_@eO `T_@WO `T_@NO 
`T_@`O `T_@]O `Te@]TO `TU@YUO `TU@YO `TU@]O `TP@UO `TP@WO `TP@NO `TW@YO `TW@_O `TW@WO `TW@`O `TW@]O `TN@_O `TT@NO 
`TT@TO `T`@eO PT@]O We@TO T`@e@  ^ KJ" Q`]`@N JHCO R\R4N`

NS! ! `WP@P@  H"J; QX;[Sl 2BC PY_@`Y`] QMJ L K$Vl 
#?$%& 2$** %$4%.4$&#6 8(, RNYHN]KbT^K$O PY_@`Y]US@ 
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2,2’-biphenoyl-(S,S)-di(1-phenylethyl)aminoylphosphine (L )!  A7# ,#$%&'() (8 1 `O`mE9'37#):4ETOTmE
6'(?:%74(,(37(*37')# Q`TP 2/O ]@P 22(4S 5'&7 QESE9'*MQ"SE`E37#):4#&7:4V$2')# Q`]T 2/O ]@WPW 22(4S $88(,6#6 
`ee 2/ Q_YZS (8 L  $* $ 57'&# *(4'6@  1

`H KJ" QW]] JHCO R\R4NS! ! e@WeEe@WW Q2O THSO e@NNEe@N] Q2O THSO e@T_E
e@Te Q2O THSO e@T`Ee@`U Q2O THSO e@`NEe@]Y Q2O ``HSO W@U`EW@PU Q2O THSO `@eT Q6O * j U@_] HCO UHS@  `NR KJ" Q`]] 
JHCO R\R4NS! ! `P`@YO `P`@]O `WT@YO `N`@TO `TY@_O `T_@YO `Te@YO `TU@UO `TW@N Q6O * j TPT@] HCSO `TT@T Q6O * j `__@] 
HCSO PT@UO TT@T@ N`^ KJ" Q`]`@N JHCO R\R4NS! ! `WU@W@  H"J; QX;[Sl 2BC WUT@`PY] QMJ L K$Vl #?$%& 2$** 
%$4%.4$&#6 8(, RT_HTUKbT^K$O WUT@`PYNS@ 
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(R)-2,2’-binaphthoyl-(S,S)-di(1-phenylethyl)aminoylphosphine (L )! R(.34')/ (8 3 QESE9'*MQ"SE`E37#):4#&7:4V$2')# 
Q`@UY 2GO e@NY 22(4S $)6 Q+SEQESE`O`nE9')$37&7:4ETOTmE6'(?:%74(,(37(*37')# QT@_P /O _@`N 22(4S $88(,6#6 N@e] / 
QYNZS (8 L3 $* $ 57'&# 8($2@  `H KJ" QW]] JHCO R\R4NS! ! e@YT Q6O * j _@_] HCO THSO e@_e Q66O *` j e@_] HCO *T j 
W@T] HCO THSO e@Pe Q6O * j _@_] HCO `HSO e@WT Q6O * j _@_] HCO `HSO e@W]Ee@NW Q2O NHSO e@Te Q6O * j _@]] HCO `HSO 
e@TNEe@`U Q2O THSO e@`NEe@]U Q2O `]HSO W@W`EW@Ne Q2O THSO `@UN Q6O * j e@TP HCO UHS@  `NR KJ" Q`]] JHCO R\R4NS! 
! `P]@`O `P]@]O `WY@PO `WT@_O `NT@_O `NT@eO `N`@WO `N]@WO `N]@TO `TY@WO `T_@NO `T_@`O `Te@YO `Te@eO `Te@`O `Te@]O 
`TU@UO `TU@]O `TP@YO `TW@eO `TW@WO `TW@`O `TW@]O `TT@WO `TT@NO `T`@eWO `T`@e`O PT@NO PT@TO TT@]@  N`^ KJ" Q`]`@N 
JHCO R\R4NS! ! `WP@U@  [" QiF,S %2E`! N]PUO TYU_O `YWeO `_Y]O `_`]O `PY]O `P]UO `WUTO `NeWO `NTUO `TN`O `T]NO 
`]e]O YW_O YTWO _T`O eWUO UYUO UTU@  H"J; QX;[Sl 2BC PUT@`Y]W QMJ L K$Vl #?$%& 2$** %$4%.4$&#6 8(, 
RNUHN]KbT^K$O PUT@`Y]US@ 
 
Figure 2! ;&,.%&.,#* $)6 :'#46* Q8,(2 &7# %(,,#*3()6')/ 9'*37#)(4S (8 37(*37(,$2'6'&#* *:)&7#*'C#6 9: &7# &5(E*&#3 
3,(%#6.,#@ 
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Typical procedure for asymmetric hydrovinylation: A7# 3,#E%$&$4:*& 5$* 3,#3$,#6 $* 8(44(5* ') $ /4(1#9(?!  A( 
M6'Q"E9,(2(S9'*Q#E$44:4S)'%<#4Q[[S QT@U 2/O ]@]]e 22(4 8(, *.9*&,$&# 2S ') RHTR4T Q` 2GS 5$* $66#6 $ *(4.&'() (8 
4'/$)6 Q]@]`W 22(4 8(, *.9*&,$&# 2S ') RHTR4T Q` 2GS $& $29'#)& &#23#,$&.,#@  A7# ,#*.4&')/ *(4.&'() 5$* $66#6 &( $ 
*.*3#)*'() (8 K$F>"I Q`T@W 2/O ]@]`W 22(4 8(, *.9*&,$&# 2S 6'**(41#6 ') RHTR4T Q` 2GS $)6 &7# 2'?&.,# 5$* 
*&',,#6 $& $29'#)& &#23#,$&.,# ') $ `] 2G 3#$, *7$3#6 84$*< 8(, T 7 $88(,6')/ $ 6$,< 9,(5) *(4.&'() %()&$')')/ $ 
*2$44 $2(.)& (8 8')# 3$,&'%.4$&# QK$F,S@   

[) $ 8.2#7((6O $ TP 2G &7,##E)#%<#6 ,(.)6 9(&&(2#6 84$*< #-.'33#6 5'&7 $ ,.99#, *#3&.2O 84(5E%()&,(44#6 
)'&,(/#) ')4#&O $ &#23#,$&.,# 3,(9#O $)6 $ 2$/)#&'% *&',,')/ 9$, 5$* 84$2#E6,'#6 $)6 3.,/#6 5'&7 )'&,(/#)@  A7# 84$*< 
5$* &7#) %7$,/#6 5'&7 P 2G (8 6,: 6'%74(,(2#&7$)#@  A7# %$&$4:*& *(4.&'() 3,#3$,#6 $9(1# )(5 ,#2(1#6 8,(2 &7# 
6,:9(?O 5$* ')&,(6.%#6 &( &7# 1#**#4 %#& %$)).4$@  A7# 84$*< %()&$')')/ &7# %$&$4:*& *(4.&'() 5$* 8.,&7#, ,')*#6 5'&7 
T 2G RHTR4TO $)6 &7'* *(4.&'() 5$* $4*( &,$)*8#,,#6 &( &7# ,#$%&'() 2'?&.,#@  g3() %(234#&'() (8 3,#E%$&$4:*& 
&,$)*8#,O &7# *:*&#2 5$* %4(*#6 $& &7# 84(5E%()&,(44#6 *&(3%(%< $)6 %((4#6 &( Ee_ (RO %,#$&')/ $ *2$44 1$%..2@  \,: 
#&7:4#)# Q3$**#6 &7,(./7 $ ]@Po ? Wo %(4.2) (8 \,'#,'&#pS 5$* ')&,(6.%#6 %#& )##64# &7,(./7 &7# *#,.2 *&(33#, $)6 
&7# 1#**#4 $&2(*37#,# 5$* *4(54: #1$%.$&#6 N &'2#* 5'&7 $ T] 2G *:,')/#@  >8&#, %((4')/ &7# *(4.&'() &( Ee_(RO $ 
*(4.&'() (8 .E2#&7(?:*&:,#)# Q2O `NW 2/O `@]] 22(4S ') T 2G 6,: RHTR4T 5$* ')&,(6.%#6 6,(35'*# ')&( &7# *(4.&'() 
(8 3,#E%$&$4:*& (1#, $ ()# 2').&# 3#,'(6 %#& *:,')/# 8(44(5#6 9: $ ` 2G ,')*# 5'&7 RHTR4T@  A7# 1#**#4 5$* &7#) 
2$')&$')#6 $& Ee_fR 8(, $ 3#,'(6 (8 ` 7@  >& &7# #)6 (8 &7'* 3#,'(6 &7# #&7:4#)# 4')# 5$* ,#2(1#6 $)6 &7# *:*&#2 
#?3(*#6 &( )'&,(/#)@  \#'()'C#6 HTb Q` 2GS 5$* ')&,(6.%#6 ')&( &7# 84$*<O &7# *#3&.2 5$* 3'#,%#6 5'&7 $ )##64#O 
$)6 )'&,(/#) 5$* 94(5) &7,(./7 &7# 84$*< &( ,#2(1# $): ,#2$')')/ #&7:4#)#@  A7# 9'37$*'% *(4.&'() 5$* &7#) 3(.,#6 
')&( $ `]]E2G *#3$,$&(,: 8.))#4 %()&$')')/ T] 2G HTb $)6 &7# RHTR4T '* %(44#%&#6@  A7# $-.#(.* 4$:#, 5$* &7#) 
#?&,$%&#6 5'&7 &7,## `] 2G 3(,&'()* (8 2#&7:4#)# %74(,'6#@  A7# (,/$)'% 4$:#,* 5#,# %(29')#6O 6,'#6O 8'4&#,#6 
&7,(./7 $ *')&#,#6 /4$** 8.))#4 $)6 &7# 1(4.2# 5$* ,#6.%#6 9: ,(&$,: #1$3(,$&'()O :'#46')/ $ 8,##E84(5')/ :#44(5 
('4@  A7# ,#*.4&')/ ('4 5$* 8'4&#,#6 9: 84$*7 %(4.2) %7,(2$&(/,$37: Q#4.&#6 5'&7 '*(%,$&'% 3#)&$)#S &( $88(,6 &7# 
6#*',#6 %,.6# 7:6,(1'):4$&'() 3,(6.%& $* $ %(4(,4#** ('4O 57'%7 5$* &7#) .*#6 &( $%-.',# $44 $)$4:&'%$4 6$&$ 5'&7(.& 
8.,&7#, 3.,'8'%$&'()@  
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1-Methoxy-4-[(S)-1-methylallyl]benzene!  `H KJ" QW]] JHCO R\R4NS! ! e@`N Q6O * j Y@T] HCO THSO U@_W Q6O * j 
Y@T] HCO THSO P@Y_ Q666O *` j `e@T] HCO *T j `]@W] HCO  *N j U@W] HCO `HSO P@]T Q6&O *` j `e@T] HCO *T j `@W] HCO `HSO 
P@]] Q6&O *` j `]@W] HCO *T j `@W] HCO `HSO N@e_ Q*O NHSO N@WWEN@NY Q2O `HSO `@NN Q6O * j U@_] HCO NHS@  `NR KJ" 
Q`]]@U JHCO R\R4NS! ! `Pe@YO `WN@UO `Ne@eO `T_@`O ``N@_O ``T@_O PP@TWO WT@NO T]@_@  [" Q)#$&S %2E`! TYUNO `U``O 
`P``O `TWUO ``e_O `]N_O _N]O eP_@  M"V\

TT j _@T k ]@]T Q' ]@P]O RHR4NS@  aR Q$%7',$4S %()6'&'()*! P 2') $& _]fRO 
PfRB2')O P 2') $& T]]fRl ,#&#)&'() &'2# Q2')S! `U@e`@  aR Q%7',$4S %()6'&'()*! QR:%4(6#?E!S e] 2') $& _PfR 
Q'*(&7#,2$4Sl ,#&#)&'() &'2# Q2')S! Pe@N` Q+SO P_@WU Q"S@  H"J; QX;[Sl 2BC `UT@`]W] QMJVl #?$%& 2$** %$4%.4$&#6 8(, 
R``H`WbO `UT@`]WPS@ 
 

4'/$)6 2(4 Z %$&@ &'2# Q7S &#23 QfRS %()1@ QZS *#4#%@ QZS Z ##O %()8@ 
rac ]@e ` Ee_ qYY qYY ,$% 
L1 ]@e ` Ee_ qYY qYY YPO " 
L3 ]@e ` Ee_ qYY qYY qYP@ " 
L10 ]@e ` Ee_ qYY qYY qYeO " 
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1-Isobutyl-4-[(S)-1-methylallyl]benzene!  `H KJ" QW]] JHCO R\R4NS! ! e@`TEe@]U Q2O WHSO U@]] Q666O *` j `e@]] 
HCO *T j `]@W] HCO  *N j U@W] HCO `HSO P@]N Q6&O *` j `e@]] HCO *T j `@U] HCO `HSO P@]] Q6&O *` j `]@W] HCO *T j `@U] 
HCO `HSO N@WPEN@WT Q2O `HSO T@WN Q6O * j e@T] HCO THSO `@_W Q*#3&#&O * j U@_] HCO `HSO `@NW Q6O * j U@_] HCO NHSO ]@_Y 
Q6O * j U@_] HCO UHS@  `NR KJ" Q`]]@U JHCO R\R4NS! ! `WN@UO `WT@_O `NY@WO `TY@`O `TU@YO ``T@_O WP@`O WT@_O N]@TO 
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TT@WO T]@_@  [" Q)#$&S %2E`! TYPeO `UNeO `P``O `WUPO `]`_O Y`TO _WWO eYe@  M"V\
TT j Y@] k ]@]T Q' ]@P]O RHR4NS@  aR 

Q$%7',$4S %()6'&'()*! P 2') $& `]]fRO PfRB2')O P 2') $& T]]fRl ,#&#)&'() &'2# Q2')S! `P@TN@  aR Q%7',$4S %()6'&'()*! 
QR:%4(6#?E!S WP 2') $& `]]fR Q'*(&7#,2$4Sl ,#&#)&'() &'2# Q2')S! Ne@eT Q+SO N_@Ne Q"S@  H"J; QX;[Sl 2BC `__@`PUe 
QMJVl #?$%& 2$** %$4%.4$&#6 8(, R`WHT]O `__@`PUPS@ 
 

4'/$)6 2(4 Z %$&@ &'2# Q7S &#23 QfRS %()1@ QZS *#4#%@ QZS Z ##O %()8@ 
rac ]@e T Ee_ qYY qY_ ,$% 
L1 ]@e T Ee_ qYY Y_ Y]O " 
L3 ]@e T Ee_ qYY qYY Y]O " 
L10 ]@e T Ee_ qYe qYY YUO " 

 
 

MeO
5  

 
2-Methoxy-6-[(S)-1-methylallyl]naphthalene!  `H KJ" QW]] JHCO R\R4NS! ! e@eN Q6O *` j _@_] HCO *T j `@U] HCO 
THSO e@U` Q*O `HSO e@NU Q6O *` j _@W] HCO *T j `@U] HCO `HSO e@`_Ee@`P Q2O THSO U@`T Q666O *` j `U@_] HCO *T j `]@]] 
HCO  *N j U@W] HCO `HSO P@`W Q6&O *` j `U@_] HCO *T j `@U] HCO `HSO P@`] Q6&O *` j `]@]] HCO *T j `@U] HCO `HSO N@YP Q*O 
NHSO N@UW Q2O `HSO `@W_ Q6O * j U@_] HCO NHS@  `NR KJ" Q`]]@U JHCO R\R4NS! ! `Pe@NO `WN@NO `W]@eO `NN@TO `TY@`O 
`TU@_O `TU@eO `TP@]O ``_@UO ``N@TO `]P@eO PP@NO WN@`O T]@e@  [" Q)#$&S %2E`! TYUNO `UNWO `U]PO `W_WO `NY`O `T`PO 
`]NWO _PTO WeP@  M"V\

TT j `_@Y k ]@]T Q' `@]]O RHR4NS@  aR Q$%7',$4S %()6'&'()*! P 2') $& `]]fRO `]fRB2')O `] 2') $& 
TP]fRl ,#&#)&'() &'2# Q2')S! `_@Y]@  H^GR Q%7',$4S %()6'&'()*! QR7',$%'4 bcEHS 7#?$)#*!'*(3,(3$)(4 j YP!PO ]@P] 
2GB2')l ,#&#)&'() &'2# Q2')S! TP@PT Q+SO TU@_] Q"S@  H"J; QX;[Sl 2BC T`T@`T]] QMJVl #?$%& 2$** %$4%.4$&#6 8(, 
R`PH`UbO T`T@`T]S@ 
 

4'/$)6 2(4 Z %$&@ &'2# Q7S &#23 QfRS %()1@ QZS *#4#%@ QZS Z ##O %()8@ 
rac `@] T@P Ee_ qYY qYY ,$% 
L1 `@] T@P Ee_ qYY qYY qY]O " 
L3 `@] T@P Ee_ qYY qYY qYPO " 
L10 `@] T@P Ee_ qYY qYY YYO " 

 
 

F
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2-Fluoro-1-phenyl-4-[(S)-1-methylallyl]benzene!  `H KJ" QW]] JHCO R\R4NS! ! e@PUEe@PW Q2O THSO e@WUEe@WT 
Q2O THSO e@N_Ee@NW Q2O THSO e@]_ Q66O *` j e@U] HCO *T j `@U] HCO `HSO e@]T Q66O *` j _@]] HCO *T j `@U] HCO `HSO 
U@]UEP@Ye Q2O `HSO P@`WEP@]_ Q2O THSO N@PNEN@P] Q2O `HSO `@W] Q6O * j U@_] HCO NHS@  `NR KJ" Q`]]@U JHCO 
R\R4NS! ! `U`@]O `We@NO `WT@WO `NP@_O `N]@UO `N]@PO `TY@]O `T_@YO `T_@WO `Te@WO `TN@TO ``W@YO ``W@eO ``N@_O WT@eO 
T]@U@  [" Q)#$&S %2E`! TYU_O `UTWO `P_`O `W_NO `W`eO `TUeO ``TYO Y`UO eUe@  M"V\

TT j `_@e k ]@]T Q' `@]]O RHR4NS@  
aR Q$%7',$4S %()6'&'()*! P 2') $& `]]fRO PfRB2')O P 2') $& T]]fRl ,#&#)&'() &'2# Q2')S! TP@`W@  aR Q%7',$4S 
%()6'&'()*! QR:%4(6#?E!S `T] 2') $& `N]fR Q'*(&7#,2$4Sl ,#&#)&'() &'2# Q2')S! Y`@Y_ Q+SO YN@TW Q"S@  H"J; QX;[Sl 
2BC TTU@``Pe QMJVl #?$%& 2$** %$4%.4$&#6 8(, R`UH`PIO TTU@``P_@ 
 

4'/$)6 2(4 Z %$&@ &'2# Q7S &#23 QfRS %()1@ QZS *#4#%@ QZS Z ##O %()8@ 
rac `@] T Ee_ qYY qYY ,$% 
L1 `@] T Ee_ qYY qYY _]O " 
L3 `@] T Ee_ qYY qYY        _UO " 
L10 `@] T Ee_ qYY qYY qYeO " 
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1-Phenoxy-3--[(S)-1-methylallyl]benzene!  `H KJ" QW]] JHCO R\R4NS! ! e@NW Q&O * j e@_] HCO THSO e@TU Q&O * j 
e@_] HCO `HSO e@`] Q&O * j e@W] HCO `HSO e@]` Q6O * j e@U] HCO THSO U@Ye Q6O * j _@]] HCO `HSO U@YT Q*O `HSO U@_N Q66O 
*` j e@_] HCO *T j T@W] HCO `HSO U@]NEP@YP Q2O `HSO P@]_EP@]N Q2O THSO N@WeEN@WW Q2O `HSO `@NP Q6O * j U@_] HCO NHS@  
`NR KJ" Q`]]@U JHCO R\R4NS! ! `Pe@NO `Pe@TO `We@_O `WT@_O `TY@eO `TY@UO `TN@]O `TT@TO ``_@eO ``_@]O ``U@PO ``N@WO 
WN@`O T]@e@  [" Q)#$&S %2E`! TYUeO `P_TO `W_eO `WWTO `TWWO ``UNO YNTO ePPO UYN@   M"V\

TT j e@_ k ]@]T Q' `@]]O RHR4NS@  
aR Q$%7',$4S %()6'&'()*! P 2') $& `]]fRO PfRB2')O P 2') $& TP]fRl ,#&#)&'() &'2# Q2')S! TW@_`@  aR Q%7',$4S 
%()6'&'()*! QR:%4(6#?E!S `]] 2') $& `]]fRO ]@NfRB2')O Y`@Ue 2') $& `TPfRl ,#&#)&'() &'2# Q2')S! T`P@U_ Q+SO 
T`U@_P Q"S@  H"J; QX;[Sl 2BC TTW@`T]P QMJVl #?$%& 2$** %$4%.4$&#6 8(, R`UH`UbO TTW@`T]`S@ 
 

4'/$)6 2(4 Z %$&@ &'2# Q7S &#23 QfRS %()1@ QZS *#4#%@ QZS Z ##O %()8@ 
rac `@] T Ee_ qYY qYY ,$% 
L1 `@] T Ee_ qYY qYY qYP 
L3 `@] T Ee_ qYY qYY qYe 
L10 `@] T Ee_ qYY qYY qYe 
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1-Phenyl-3-methyl-1,4-pentadiene!  `H KJ" QW]] JHCO R\R4NS! ! e@NUEe@NW Q2O THSO e@N]Ee@TU Q2O THSO e@T`E
e@`e Q2O `HSO U@Ne Q6O * j `U@]] HCO `HSO U@`U Q66O *` j `U@]] HCO *T j e@T] HCO `HSO P@_e Q666O *` j `U@_] HCO *T j 
`]@]] HCO  *N j U@W] HCO `HSO P@]U Q6&O *` j `U@_] HCO *T j `@U] HCO `HSO P@]` Q6&O *` j `]@]] HCO *T j `@U] HCO `HSO 
N@]UEN@]] Q2O `HSO `@`Y Q6O * j U@_] HCO NHS@  `NR KJ" Q`]]@U JHCO R\R4NS! ! `WT@WO `Ne@eO `NW@NO `T_@eO `T_@PO 
`Te@]O `TU@`O ``N@NO W]@UO `Y@_@  [" Q)#$&S %2E`! TYUPO `UNUO `WYUO `WW_O YUPO Y`NO eWeO UYN@  M"V\

TT j NN@Y k ]@]T Q' 
]@PPO RHR4NS@  aR Q$%7',$4S %()6'&'()*! P 2') $& `]]fRO PfRB2')O P 2') $& T]]fRO ,#&#)&'() &'2# Q2')S! `N@]P@  aR 
Q%7',$4S %()6'&'()*! QR:%4(6#?E!S T] 2') $& _]fRO ]@PfRB2') &( `]]fRO ,#&#)&'() &'2# Q2')S!  PT@`N $)6 PT@ee@ 
 

4'/$)6 2(4 Z %$&@  &'2# Q7S &#23 QfRS %()1@ QZS *#4#%@ QZS Z ##O %()8@ 
rac `@] `Y ET] qYY W] ,$% 
L1 `@] `Y ET] qYY Pe _W 
L3 `@] `Y ET] qYY qYe ee 
L10 `@] `Y ET] U` qYY _] 
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(R)-3-Methyl-3-phenyl-1-pentene!  `H KJ" QW]] JHCO R\R4NS! ! e@NNEe@Te Q2 WHSO e@`YEe@`P Q2O `HSO U@]T Q66O 
*` j `e@U] HCO *T j `]@_] HCO `HSO P@`] Q66O *` j `]@_] HCO *T j `@T] HCO `HSO P@]N Q66O *` j `e@U] HCO *T j `@T] HCO 
`HSO `@__E`@e] Q>FrNO #> j `@_NO  #F j `@ePO *B >F j `N@_] HCO *>r j e@W] HCO *Fr j e@W] HCO THSO `@NW Q*O NHSO ]@eU 
Q&O * j e@W] HCO NHS@  R KJ" Q`]]@U JHCO R\R4`N

NS! ! `We@WO `WU@YO `T_@]O `TU@eO `TP@eO ```@eO WW@PO NN@WO TW@WO 
_@Y@  [" Q)#$&S %2 ! N]_NO N]P_O TYUUO T_eeO `UNUO `U]]O `WYNO `WWUO `]N]O Y`NO eU]O e]]@  M"VE`
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(R)-1-Methyl-1-vinyltetrahydronaphthalene (A) and 1-methyl-3,4-dihydronaphthalene (B)!   
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1H NMR (400 MHz, CDCl3) spectrum . 
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13C NMR (100.6 MHz, CDCl3) spectrum.
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31P NMR (101.3 MHz, CDCl3) spectrum. 
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1H NMR (400 MHz, CDCl3) spectrum. 
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13C NMR (100.6 MHz, CDCl3) spectrum. 
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Achiral GC: 5 min at 80°C, 5°C/min, 5 min at 200°C. 
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Chiral GC (racemic mixture): 70 min at 85°C.
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Chiral GC: 70 min at 85°C.
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Chiral GC: 45 min at 100°C.
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Chiral HPLC: hexanes:isopropanol  
(95:5), 45 min at 0.50 mL/min.  
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1H NMR (400 MHz, CDCl3) spectrum. 
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Chiral GC: 120 min at 130°C.
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1H NMR (400 MHz, CDCl3) spectrum. 
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Chiral GC (racemic mixture): 100 min at 100°C,  
0.3°C/min, 91.67 min at 125°C. 
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Chiral GC: 100 min at 100°C, 0.3°C/min, 
91.67 min at 125°C. 
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1H NMR (400 MHz, CDCl3) spectrum. 
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13C NMR (100.6 MHz, CDCl3) spectrum. 
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Chiral GC: 20 min at 80°C, 0.5°C/min to 100°C.
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