
Experimental 
General.  !"#$%&'(#$%#)*( $#$)+%&,)-./)+0(12345(+0,($-'/#0#(6#)#(,"7$"''#,(.)-8(

7-,"/8( 9#0:-;%#0-0#( <#$&'( /0,#)( +)=-0( ;)"-)( $-( /7#>( (

?@A,+8+0$&'1,"8#$%&'5;%-7;%"0#B9-)+0#* tert@9/$&'1,"8#$%&'5;%-7;%"0#B9-)+0#*(
C&C'-%#D&'1,"8#$%&'5;%-7;%"0#B9-)+0#*( +0,( ,"8#$%&'1;%#0&'5( ;%-7;%"0#B9-)+0#(

6#)#(;)#;+)#,(+CC-),"0=($-($%#(;)-C#,/)#(,#7C)"9#,("0($%#('"$#)+$/)#>( (

(

  
[(S)-1-boranato(1-adamantyl)methylphosphino-(S)-2-boranato(tert-butyl)meth
ylphosphino]ethane (AdtBu-BisP*–BH3) (3a).  2-( +( 7$"))#,*( C--'#,( 1E( FG5(
7-'/$"-0( -.( 1S5@?@+,+8+0$&'8#$%&';%-7;%"0#B9-)+0#( 1HIE( 8=*( J>J( 88-'5( "0( 234(
1H(8K5(6+7( +,,#,(n@L/K"( 1?>M(8K(-.(?>N(O(%#D+0#( 7-'/$"-0*( J>H(88-'5(/0,#)(A)(
+$8-7;%#)#>( ( A.$#)( JE( 8"0/$#7*(

1R5@?@L-)+0+$-P?@+,+8+0$&'18#$%&'5;%-7;%"0-Q#$%+0-'( J@$-7&'+$#( 6+7( +,,#,(

8"D$/)#*(+0,(7-'/$"-0(6+7(%#+$#,(+$(MM(FG(,/)"0=(?(%>( ( 2%#(8"D$/)#(6+7(=)+,/+''&(

6+)8( $-( )--8( $#8;#)+$/)#>( ( 2%#( )#+C$"-0( 8"D$/)#( 6+7( R/#0C%#,( 9&( ?( S( 3G'>( (

2%#(-)=+0"C( '+&#)(6+7(7#;+)+$#,(+0,(+R/#-/7( '+&#)(6+7(#D$)+C$#,( $%)##( $"8#7(6"$%(

T$UAC( 1HE( 8K5>( ( 2%#( C-89"0#,( #D$)+C$7( 6#)#( 6+7%#,( S+3GUI( +R*( 9)"0#*( ,)"#,(

-V#)( O=WUH*( +0,( #V+;-)+$#,( /0,#)( )#,/C#,( ;)#77/)#>( ( 2%#( C)/,#( ;)-,/C$( 6+7(

)#C)&7$+''":#,(.)-8($-'/#0#($-(="V#(;/)#(3a(+7(C-'-)'#77(0##,'#7(1XHY(8=*(R/+0$5>( Z(
8;(?[YBJEE(�G\(Pα Q!(M>X�(1c(E>[I*(G3G'I5\(?3(SO](1HEE(O3:*(G!G'I5(δ(E>EBE>[(
19)R*( N35*( ?>?B?>J( 18*( ?M35*( ?>MB?>N( 18*( I35*( ?>XBJ>E( 18*( ?N35\( ?IG( SO]( 1?EE(

O3:*(G!G'I5(δ( H>?( 1,*( JG^( _( IM(3:5*( M>N( 1,*( JG^( _( IH(3:5*( ?H>H( 1,*( JG^( _( I?(3:5*(
?M>[(1,*(JG^(_(I?(3:5*(JM>J*(JX>M( 1,*(JG^(_([(3:5*(JX>Y*(IE>N(1,*(JG^(_(IM(3:5*(IM>[*(
IN>H\( I?^(SO](1JEJ(O3:*(G!G'I5(δ(JH>J( 1J^L(_(II(3:5*(JY>NBJY>[(1J^L(_(?EM(3:5\(
`]( 1aL)5( J[EE*( JIYE*( ?ENE*( Y[E( C8@?\( 4AL(OW( 1)#'( "0$#07"$&5( II[( 1ObB35>(A0+'>(

G+'C,(.-)(G?Y3HE^JLJZ(G*(NI>MX\(3*(??>YN>(4-/0,Z(G*(NI>IY\(3*(??>YH>(

(

  
[(S)-1-boranato(1-adamantyl)methylphosphino-(S)-2-boranato(cyclohexyl)met
hylphosphino]ethane (AdCy-BisP*–BH3) (3b).  O#$%-,( A( Z( 2%"7( C-8;-/0,(
;)#;+)#,( .)-8( 1S5@?@+,+8+0$&'8#$%&';%-7;%"0#B9-)+0#( 1IEE( 8=*( ?>M( 88-'5( +0,(
1R5@?@L-)+0+$-Pt@9/$&'18#$%&'5;%-7;%"0-Q#$%+0-'( J@$-7&'+$#( 1MEE( 8=*( ?>M( 88-'5(
+CC-),"0=( $-( $%#( ;)-C#,/)#( ,#7C)"9#,( .-)( $%#( ;)#;+)+$"-0( -.( 3a>( ( 2%#( C)/,#(
;)-,/C$(6+7( )#C)&7$+''":#,( .)-8( $-'/#0#( $-( ="V#( ;/)#(3b( +7( C-'-)'#77( 0##,'#7( 1MH[(
8=*( R/+0$5>( Z( 8;( ?[XB?[[( �G\( Pα Q!( J>[�( 1c( ?>?*( G3G'I5\( ?3( SO]( 1HEE( O3:*(



G!G'I5(δ(E>EBE>[(19)R*(N35*(?>?B?>J(18*(?M35*(?>MB?>N(18*(I35*(?>XBJ>E(18*(?N35\(
?IG(SO](1?EE(O3:*(G!G'I5(δ( H>?( 1,*(JG^(_(IM(3:5*( M>N( 1,*(JG^(_(IH(3:5*( ?H>H( 1,*(
JG^(_(I?(3:5*(?M>[( 1,*(JG^(_(I?(3:5*(JM>J*(JX>M( 1,*(JG^(_([(3:5*(JX>Y*(IE>N( 1,*(JG^(_(
IM(3:5*( IM>[*( IN>H\( I?^(SO]( 1?N?(O3:*(G!G'I5(δ( ?[>J( 1J^L( _( H[(3:5*( JM>J( 1J^L( _(
MJ( 3:5\( `]( 1aL)5( J[IE*( JINE*( ?HME*( ?ENE*( [EE( C8@?\( 4AL(OW( 1)#'( "0$#07"$&5( INM(

1ObB35>( A0+'>( G+'C,( .-)( GJE3HJ^JLJZ( G*( NM>N?\( 3*( ??>MN>( 4-/0,Z( G*( NM>MX\( 3*(

??>XM>(

(

  
[(S)-1-boranato(tert-butyl)methylphosphino-(S)-2-boranato(cyclohexyl)methyl
phosphino]ethane ( tBuCy-BisP*–BH3) (3c).  2%"7( C-8;-/0,( ;)#;+)#,( .)-8(
1S5@tert@9/$&'8#$%&';%-7;%"0#B9-)+0#( 1E>X( =*( M>[( 88-'5( +0,(

1R5@?@L-)+0+$-PC&C'-%#D&'18#$%&'5;%-7;%"0-Q#$%+0-'(J@$-7&'+$# 1?>N(=*(?>M(88-'5(
+CC-),"0=( $-( $%#( ;)-C#,/)#( ,#7C)"9#,( .-)( $%#( ;)#;+)+$"-0( -.( 3a>( ( 2%#( C)/,#(
;)-,/C$(6+7( )#C)&7$+''":#,( .)-8( $-'/#0#( $-( ="V#( ;/)#(3c( +7( C-'-)'#77( 0##,'#7( 1??N(
8=*(?E(c(&"#',5(Z(8;(?INB?IY(�G\(Pα Q!(B?J�(1c(E>J[*(G3G'I5\(?3(SO](1HEE(O3:*(
G!G'I5( δ( E>EBE>[( 19)R*( N35*( ?>?B?>J( 18*( JE35*( ?>HBJ>E( 18*( ?E35\( ?IG( SO]( 1?EE(
O3:*(G!G'I5(δ( M>J( 1,*( JG^( _( IH(3:5*( N>I( 1,*( JG^( _( IN(3:5*( ?M>E( 1,*( JG^( _( IE(3:5*(
?X>?( 1,*( JG^( _( IH(3:5*( JM>?( 1,*( JG^( _( J(3:5*( JM>X( 1,*( JG^( _( J(3:5*( JN>E( 1,*( JG^( _( J(
3:5*(JN>J*(JN>H(1,*(JG^(_(J(3:5*(JN>M(1,*(JG^(_(H(3:5*(JX>N(1,*(JG^(_(IH(3:5*(IJ>[(1,*(
JG^(_(IH(3:5*\( I?^(SO](1JEJ(O3:*(G!G'I5(δ(?Y>J( 1J^L(_(?EE(3:5*(JY>[( 1J^L(_(?EH(
3:5\( `]( 1aL)5( J[IE*( JIXE*( ?ENM*( [?E*( XNE( C8@?\( 4AL( OW( 1)#'( "0$#07"$&5( JYX(

1ObB35>( A0+'>( G+'C,( .-)( G?H3IN^JLJZ( G*( MY>IY\( 3*( ?J>NE>( 4-/0,Z( G*( MY>HJ\( 3*(

?J>XE>(

(

  General Procedure for the Preparation of BisP* (1a–c) analogous.( ( 2-( +(
7$"))#,*( C--'#,( 1E( FG5( 7-'/$"-0( -.( L"7^dBL3I( 13a–c5( 1?( 88-'5( "0( $-'/#0#( 1J( 8K5(
6+7( 7'-6'&( +,,#,( $)".'/-)-8#$%+0#7/'.-0"C( +C",( 1HHH( µK*( M( 88-'5( /0,#)( A)(
+$8-7;%#)#>( ( 2%#( 8"D$/)#( 6+7( 6+)8#,( $-( )--8( $#8;#)+$/)#( +0,( 7$"))#,( /0$"'(

L"7^dBL3I( ,"7+;;#+)#,( 9&( 8-0"$-)"0=( $%#( )#+C$"-0( 2KG>( ( 2%#( 7-'V#0$( 6+7(

)#8-V#,( in vacuo( $-( '#+V#(+(;+7$&(-"'*( $-(6%"C%(+( 7-'/$"-0(-.(I(S(aU3( e(,#=+77#,(
T$U3( 1MI?( 8=( e( I( 8K5( 6+7( 7'-6'&( +,,#,( 6"$%( V"=-)-/7'&( 7$"))#,>( ( 2%#( 8"D$/)#(

6+7( 7$"))#,( +$( MM( FG( /0$"'( L"7^dB9-)+0#$)"./'+$#( ,"7+;;#+)#,( 9&( 8-0"$-)"0=( $%#(

)#+C$"-0( 2KG( 1C+>( J( %5( +0,( C--'#,( $-( )--8( $#8;#)+$/)#>( ( 2%#( 8"D$/)#( 6+7(

#D$)+C$#,( ,#=+77#,( #$%#)( 1XE( 8K5( +0,( ,)"#,( S+JWUH>( ( 2%#( 7-'/$"-0( 6+7( ;+77#,(

$%)-/=%( +( C-'/80( 1?( C8( ,"+8#$#)5( -.( 9+7"C( +'/8"0+( 1JE( =5( /7"0=( ,#=+77#,( #$%#)>( (



2%#( #'/#0$( 6+7( #V+;-)+$#,( /0,#)( )#,/C#,( ;)#77/)#( $-( ="V#( ;/)#( /07&88#$)"C(

L"7^d(11a–c5(+7(7-'",(-)(-"'> (
(

  General Procedure for the Preparation of Rhodium Complexes (2a–c).( ( A(
7-'/$"-0( -.( L"7^d( 1?( 88-'5( "0( 234( 1H8K5( 6+7( +,,#,( $-( +( 7$"))#,( 7/7;#07"-0( -.(

P]%109,5JQL4H( 1IXH( 8=*( ?( 88-'5( "0( 234( 1[( 8K5( /0,#)( A)( +$8-7;%#)#>( ( 2%#(

7/7;#07"-0( =)+,/+''&( $/)0#,( $-( +0( +'8-7$( C'#+)( 7-'/$"-0( ,/)"0=( IE(8"0/#$7*(6%"C%(

6+7(."'$#)#,(/0,#)(A)( $-( )#8-V#(+( 78+''(+8-/0$(-.(;)#C";"$+$#7>( ( 2%#( ."'$)+$#(6+7(

#V+;-)+$#,( in vacuo( +0,( $%#( )#7",/+'( 6+7( 6+7%#,( 6"$%( %#D+0#( $-( ="V#( -)+0=#(
;-6,#)*( f%"C%( 6+7( ,)"#,( ,#C)#+7#,( ;)#77/)#>( ( G-8;'#D#7( ?+( +0,( ?,( 6#)#(

)#C)&7$+''":#,(.)-8(234(e(%#D+0#($-(="V#(,+)<()#,(;)"787(+0,(;'+$#7*()#7;#C$"V#'&>(

(

  X-ray Crystallographic Analysis of [Rh(1a)(nbd)]BFAl (2a). ( G)&7$+''-=)+;%"C(
!+$+( .-)( GJM3HJL?4H^J]%?\( 8-0-C'"0"C*( 7;+C#( =)-/;( ^J?( 1gH5\( Z( _( J\(D( _( ?>HXM( =(
C8B?\( C#''( C-07$+0$7( a( _( ??>EHM1N5( h*( b( _( ?I>M?J1[5( h*( c( _( ?X>[H1J5( h\ β( _(
[?>[Y1I5F\( V( _( JNXM1I5( hI\( $#8;#)+$/)#( ,+$+( C-''#C$"-0( ?[I( a\( HIN?( )#.'#C$"-07(

8#+7/)#,*( HJM[( /0"R/#( )#.'#C$"-07( 1I( i( J>EEσ1I55\( M[N( V+)"+9'#7\(R( _( E>EMM\(Rw( _(
E>EXM\( jU4( _( ?>XM\( 9-0,( '#0=$%7( ]%?B^?( J>I?M1I5( h*( ]%?B^J( J>I?N1I5( h*(

]%?B09,( C+>( J>J( h*( 9-0,( +0='#7( ^?B]%?B^J( YJ>[1?5F*( ?@A,B^?BO#( ?EN>I1N5F*(

$@L/B^JBO#(?EH>YF*($-)7"-0(+0='#(^?BGBGB^J(BHY>J1[5F>(

(

  General Procedure of Rh-Catalyzed Asymmetric Hydrogenation.  A( ME( 8K(
4"7%#)@^-)$#)( $/9#( 6+7( C%+)=#,( 6"$%( ?( 88-'( -.( 7/97$)+$#( +0,( J( µ8-'( -.( $%#(
]%@C+$+'&7$>( ( 2%#( $/9#( 6+7( C-00#C$#,( $-( $%#( %&,)-=#0( $+0<( V"+( 7$+"0'#77( 7$##'(

$/9"0=>( ( 2%#( V#77#'( 6+7( #V+C/+$#,( +0,( ."''#,( 6"$%( %&,)-=#0( =+7( 1S";;-0( W+07-*(

[[>[[[[c5( $-( +( ;)#77/)#( -.( +9-/$( J( +$8>( ( 2%"7( -;#)+$"-0( 6+7( )#;#+$#,( +0,( $%#(

9-$$'#(6+7( "88#)7#,( "0( +(,)&( "C#@#$%+0-'(9+$%>( ( 2%#(/;;#)(C-C<(-.( $%#(9-$$'#(6+7(

-;#0#,( +0,( +0%&,)-/7( 8#$%+0-'( 1J( 8K5( 6+7( +,,#,( R/"C<'&( /7"0=( +( 7&)"0=#>( (

A.$#)( .-/)( V+C//8( e( 3J( C&C'#7*( $%#( $/9#( 6+7( ;)#77/)":#,( $-( +0( "0"$"+'( ;)#77/)#( -.(

JBN( +$8>( ( 2%#( $/9#( 6+7( C'-7#,( -..( +0,( $%#( C--'"0=( 9+$%( 6+7( )#8-V#,>( ( 2%#(

7-'/$"-0( 6+7( 7$"))#,( +$( )--8( $#8;#)+$/)#( /0$"'( 0-( ./)$%#)( %&,)-=#0( /;$+<#( 6+7(

-97#)V#,>( ( 2%#( )#7/'$"0=( 7-'/$"-0( 6+7( 7/98"$$#,( $-( ,")#C$( +0+'&7"7( .-)( $%#(

#0+0$"-8#)"C(#DC#77(V+'/#7(9&(3^KG(-)(jG>( ( (

N-acetylphenylalanine methyl ester (4)( 13^KG*(!+"C#'(G%")+'C#'(Uk*( ?>E(8Ke8"0*(
?Ec( J@^)U3e%#D+0#*( 1R5( t?( _( ??( 8"0\( 1S5( tJ( _( ?X( 8"05\(N-acetylalanine methyl 
ester (5)( 1G+;"''+)&( jG*( G%)-8;+C<l7( G%")+'@K@m+'( C-'/80( 1JM( 85*( ?JE( FG*(



"7-$%#)8+'*( G+))"#)( =+7Z( SJ( 1.'-6( )+$#( ?E( C8e7#C5*( 1R5( t?( _( Y>M( 8"0\( 1S5( tJ( _( [>?(
8"05\(N-acetylvaline methyl ester (6a)( 1G+;"''+)&(jG*(G%)-8;+C<l7(G%")+'@K@m+'(
C-'/80( 1JM(85*( ?IM( FG*( "7-$%#)8+'*( G+))"#)( =+7Z(SJ( 1.'-6( )+$#( Y( C8e7#C5*( 1R5( t?( _(
?E( 8"0\( 1S5( tJ( _( ??( 8"05\( N-acetyl-αααα -cyclopentylglycine methyl ester (6b)(
1G+;"''+)&( jG*( G%)-8;+C<l7( G%")+'@K@m+'( C-'/80( 1JM( 85*( ?IM( FG*( "7-$%#)8+'*(

G+))"#)( =+7Z( SJ( 1.'-6( )+$#( MI( C8e7#C5*( 1R5( t?( _( N>X( 8"0\( 1S5( tJ( _( X>H( 8"05\(
N-acetyl-αααα -cyclohexylglycine methyl ester (6c)( 1G+;"''+)&( jG*( G%)-8;+C<l7(
G%")+'@K@m+'( C-'/80( 1JM( 85*( ?IM( FG*( "7-$%#)8+'*( G+))"#)( =+7Z( SJ( 1.'-6( )+$#( MI(

C8e7#C5*(1R5(t?(_(?E(8"0\(1S5(tJ(_(??(8"05>(


