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"Les	passions	sont	les	vents	qui	enflent	

les	voiles	du	navire	;	elles	le	submergent	

quelquefois,	mais	sans	elles	

il	ne	pourrait	voguer"	

-	Voltaire	-	
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Abréviations	
A	

A.L.	:	acide	de	Lewis	
Ac	:	acétyle	
ACC	:	acides	1-aminocyclopropane-1-	
carboxylique	
AIBN	:	azobisisobutyronitrile	
APTS	:	acide	para-toluène	sulfonique		
Ar	:	aromatique	
	

B	
BINAP	:	2,2'-bis(diphénylphosphino)-1,1'-	
binaphthyle	
BINOL	:	1,1'-binaphtalène-2,2'-diol	
Bn	:	benzyle	
Boc	:	tert-butyloxycarbonyle	
Bu	:	butyle	

C	
Cbz	:	benzyloxycarbonyle		
Cp	:	cyclopentadiényle		
Cy	:	cyclohexyle	
	

D	
DBU	:	1,8-diazabicycloundec-7-ène		
DCC	:	N,N'-dicyclohexylcarbodiimide		
DEAD	:	azodicarboxylate	de	diéthyle		
DEPT	:	distortionless	Enhancement	by	
Polarisation	Transfer	
DiBAl-H	:	hydrure	de	diisobutylaluminium	
DMF	:	diméthylformamide	
	

E	
ed	:	excès	diastéréoisomérique	
ee	:	excès	énantiomérique	
E+	:	électrophile	
ESI-TOF	:	electrospray	ionization	-	time	of	flight	
Et	:	éthyle	

G	
G.P	:	groupement	protecteur	
	

H	
HMDS	:	hexaméthyldisilazane	
HPLC	:	high	pressure	liquid	chromatography	

	
	
	

I	
i-Pr	:	isopropyle	
	

L	
LDA	:	diisopropylamidure	de	lithium	
	

M	
M	:	métal	
Me	:	méthyle	
MLn	:	métal(ligands)n	
MOP	:	méthoxyphényl	
mp	:	melting	point	
MPA	:	acide	méthoxyphényle	acétique		
Ms	:	mésylate	:	méthylsulfonate	
	

N	
NBS	:	N-bromosuccinimide	
n-BuLi	:	n-butyllithium	
NMO	:	N-methylmorpholine-N-oxide	
Np	:	naphthyl	
	

P	
PDC	:	dichromate	de	pyridinium	
Ph	:	phényle		
PMB	:	para-méthoxybenzène	
Pr	:	propyle	
	

R	
rd	:	rapport	diastéréoisomérique	
RMN	:	résonance	magnétique	nucléaire	

S	
SM-HR	:	spectrométrie	de	masse	haute	
résolution	
	

T	
TBAF	:	fluorure	de	tétrabutylammonium		
TBAI	:	iodure	de	tétrabutylammonium	
TBDMS	:	tert-butyldiméthylsilyle	
TBDPS	:	tert-butyldiphénylsilyle	
t-BuLi	:	tert-butyllithium	
THF	:	tétrahydrofurane	
TMS	:	triméthylsilyle	
TOF	:	turnover	frequency	
Tf	:	triflate	:	trifluorométhanesulfonate		
Tr	:	trityle	:	triphénylméthane	
Ts	:	tosylate	:	para-toluènesulfonate	
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=*3'3&!5!/*6@!)2A($(.$=-)*.!.$3&!1$&*3&(*%%*=*3&!*39(.'A*'8%*.:!_2'3=$(3.4!5!%C*@0*1&($3!

/C'%%?%=2&'6@! >$)&*=*3&! *30$=8)2.! *3! 1$.(&($3! &*)=(3'%*m4! %C'//6(&! 8)'30,2! (..6! /*! %'!

)2'0&(9(&2!!!*.&! &)-.! %')A*=*3&!='F$)(&'()*:!+'! )2A($.2%*0&(9(&24!'(3.(!B6*! %'!.&2)2$.2%*0&(9(&2!

9')(*3&!.*%$3!%'!3'&6)*!/6!=2&'%4!/*.!.68.&)'&.!*&!/*.!0$3/(&($3.!$12)'&$()*.:!

! Z6! )*A')/!/6! >$)&! 1$&*3&(*%! .?3&,2&(B6*!/*! 0*.! '//6(&.4! %'!='x&)(.*!/*.!1')'=-&)*.!

(3>%6*3^'3&!%'!)2A($"!*&!%'!.&2)2$.2%*0&(9(&2!/*!%'!)2'0&($3!*.&!*..*3&(*%%*:!I-.!%$).4!%*.!*.1-0*.!

$)A'3$=2&'%%(B6*.!'%%?%(B6*.!$3&!>'(&!%C$8F*&!/C2&6/*.!'11)$>$3/(*.!/*16(.!%*.!'332*.!ic:!

! \3! '%%?%=2&'%! 1*6&! K&)*! 1*)^6! .$6.! /*6@! >$)=*.! %(=(&*.4! 63! 0$=1%*@*! /*! &?1*!

=$3$,'1&$!Py]Q!Q!z"'%%?%*!$6!63!0$=1%*@*!&)(,'1&$!PykQ!{"'%%?%*:!O(*3!B6*!)2'A(..'3&!.$6.!%*6)!

>$)=*! z"'%%?%*4! %*.! 29*3&6*%%*.! 2B6(%(8)'&($3.! *3&)*! %*.! >$)=*.! '%%?%(B6*.4! 1')! &)'3.1$.(&($3!

]4k! /6! =2&'%! '6! .*(3! /6! .?.&-=*! '%%?%(B6*4! 1*69*3&! '9$()! /*.! )21*)06&($3.! .6)! %'!

0$3>(A6)'&($3! /*! %'! /$68%*! %('(.$3! H|H! /*! %C'%%?%=2&'%! *&! 1')! 9$(*! /*! 0$3.2B6*30*! .6)! %'!

)2A($.2%*0&(9(&2!*&!%'!/('.&2)2$.2%*0&(9(&2!/*!%'!)2'0&($3j!P.0,2='!kQ:!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
i!!t:!t'='=$&$4!_:!Z.'$4!>?$5=!8$-=4!/XXO4!nk4!bbcm!!
m!+:!"G:!v,'$4!e:!"Y:!E(34!+:"E:!r'34!+:"G:!v,'3A4!B=!F26=!>?$5=7!>^//4!mi4!]jk]:!
j!W6*%B6*.!*@*=1%*.!a!'Q!H:!H$6)&$(.4!+:!G(A(3('04!B=!F26'*)5$+=!>?$5=7!/XWP4!in4!]:!8Q!S:Z:!O*3N*.*)4!CE*+?$%(%7!/XW/4!klm:!
0Q!G:!Y0,%$..*)4!;*6$<=!>?$5=!@*+=!A1=!A*6,=7!/XWP4!]k4!mc]:!!

[M]R1

Y

R3R2

Y = O, NR4

R3

YH
R2 R1

R3

YH
R2

R1

et/ou

adduit linéaire

adduit branché

sélectivité syn/anti

* *

*

!"

E9F0A3)>)_)20\5:704@965J560);@)43)203965:1);<344=4365:1)



!

! l!

!

! Z(3.(4! (%!/*9*3'(&! (=12)'&(>!/*!/(.&(3A6*)! %*.!/(>>2)*3&.!'%%?%=2&'6@!*3!>$30&($3!/*! %'!

.&'8(%(&2! 0$3>(A6)'&($33*%%*! /*! %'! /$68%*! %('(.$3! H|H! *&! /*! %C(..6*! /('.&2)2$0,(=(B6*! /*! %'!

)2'0&($34!0*0(!1$6)!'/'1&*)!%*!0,$(@!/*!%C'%%?%=2&'%!5!%'!.&)60&6)*!/6!1)$/6(&!/2.()2:!

!

! V68%(2*.! /'3.! %*.! '332*.! mc4! /*.! &)'9'6@! =*&&'3&! *3! F*6! /(9*).*.! .$6)0*.! /*!

0)$&?%=2&'6@4! /20)(9*3&! %'! 1)21')'&($3! /('.&2)2$.2%*0&(9*! /C'%0$$%.! ,$=$'%%?%(B6*.! %E*! *&!

'*+(4! =$3&)'3&! B6C(%! *.&! 1$..(8%*! /C'002/*)! 5! %C'%0$$%! ,$=$'%%?%(B6*! /2.()2! 1')! 63! 0,$(@!

F6/(0(*6@!/*!%C'%%?%=2&'%I:!

o ;3!]nmj4!D$'+?9)9JKL!=$3&)*!B6*!%*!0$61%'A*!/6!PAQ"0)$&?%0,)$=*!/<D(5E'5'4!'9*0!

63!'%/2,?/*4!0$3/6(&!'9*0!63*!,'6&*!.2%*0&(9(&2!'6!0$=1$.2!'*+(:!

o ;3! ]nmn4! D)005'**KK!'00-/*! 5! %C'//6(&! %E*! *3! 6&(%(.'3&! /6! PMQ"0)$&?%8$)'3*! *&! 63!

'%/2,?/*:!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
n!;:!M'9)*4!G:!X'6/*=')4!B=!F26'*)5$+=!>?$5=7!/XWP4!mi4!bnm:!8Q!;:!M'9)*4!G:!X'6/*=')4!B=!F26'*)5$+=!>?$5=7!/XWP4!mi4!
kcd:!0Q!;:!M'9)*4!G:!X'6/*=')4!B=!F26'*)5$+=!>?$5=7!/XWC4!nb4!]m:!!
]c!H:!h:!O6.*4!H:!e:!e*'&,0$0N4!N$+2'?$12)*!#$++=7!/XWL4!]ijd:!
]]!S:!r:!e$>>='334!e:"E:!v*(..4!;*6$<=!>?$5=!@*+=!A1=!A*6,=7!/XWX4!n]4!kbn:!!

CrCl R1

OH
R1

O

H

E9F0A3)P)_)344=4365:1);<34;GF=;@)]32)81)344=49F2:A@)`$a)

B
O

O

R1

OH
R1

O

H

E9F0A3)C)_)344=4365:1);<34;GF=;@)]32)81)344=4K:231@)`%a)

MLnMLn

MLn

MLn
MLn

!3"(#) !3"($)

!1"($)
!1"(#)

E9F0A3)O)_)2032231\@A@16)A06344:62:]5b8@);@7)92:6=4A0638B)



G!!@*+2)1/9+()*!6H*H2',$!!G!

!d!

o V%6.! &')/4! *3! ]njc4! O'5'5)+)KP!/20$69)*! B6*! %*.! '%%?%.&'33'3*.! 0$3/6(.*3&! '6@!

'%0$$%.!,$=$'%%?%(B6*.!%E*!B6*%B6*!.$(&!%'!0$3>(A6)'&($3!PMQ!$6!PAQ!/*!%<'%%?%=2&'%:!

!

! H*.!&)$(.!0'.!%(=(&*.!0$3.&(&6*)$3&!%*!.$0%*!/*!%'!0%'..(>(0'&($3!/*.!'%%?%=2&'6@4!%'B6*%%*!

.*)'! .0(3/2*! *3! &)$(.! 0'&2A$)(*.! $6! &?1*.:! H*.! 0'&2A$)(*.! 1*)=*&&*3&! /<'3&(0(1*)! %'!

0$3>(A6)'&($3!/*.!1)$/6(&.!$8&*36.:!

!

! +<6.'A*! /<'%%?%'%6=(3(6=.! *3! .?3&,-.*! '.?=2&)(B6*! *.&! 1*6! )'11$)&2! /'3.! %'!

%(&&2)'&6)*:!+*.!&)'9'6@!/*!0*&&*!&,-.*!9(.*3&!5!*@1%$(&*)!%'!)2'0&(9(&2!/*!0*.!'%%?%=2&'6@!/'3.!

%'! .?3&,-.*! '.?=2&)(B6*! /<'%0$$%.! *&! /<'=(3*.! ,$=$'%%?%(B6*.:! _$&'==*3&4! %'! .&'8(%(&2!

0$3>(A6)'&($33*%%*!/*.!0?0%$'%N"b"23"]"?%'%'3*.! .*)'!2&6/(2*:!H*.!'A*3&.!$)A'3$=2&'%%(B6*.!

.*)$3&! a! ]Q! 6&(%(.2.! *3! &'3&! B6*! 1)206).*6).! /<'%%?%D(30.! /'3.! %<'%%?%=2&'%%'&($3!

/('.&2)2$.2%*0&(9*!/<(=(3*.!1$)&*6.*.!/<63!'6@(%('()*!0,()'%!`!bQ!*3A'A2.!/'3.!63!1)$0*..6.!/*!

/2/$68%*=*3&!0(32&(B6*:!

TT H%'..(>(0'&($3!/*.!'%%?%=2&'6@!
Z6!=K=*! &(&)*! B6*! %C23'3&($.2%*0&(9(&24! %'!='x&)(.*! /*! %'! /('.&2)2$.2%*0&(9(&2! /C63*!

)2'0&($3! *.&! 63! 1')'=-&)*! *..*3&(*%! *3! .?3&,-.*! $)A'3(B6*:! I'3.! %*! 0'.! /*! %'! )2'0&($3!

/C'%%?=2&'%%'&($34! %*! 0$3&)U%*! /*! %'! /('.&2)2$.2%*0&(9(&2! *&! /*! %'! /('.&2)2$.2%*0&($34!

0$3.&(&6*3&!/*.!2%2=*3&.!0%2.:!

!

Z(3.(! %C(/*3&(>(0'&($3! /*.! >'0&*6).! P3'&6)*! /6! =2&'%4! 0$3>(A6)'&($3! PMQ! $6! PAQ! /*! %'!

/$68%*! %('(.$3! H|H4! =20'3(.=*! )2'0&($33*%Q! (3>%6'3^'3&! %*! 0$6).! .&2)2$0,(=(B6*! /*! %'!

)2'0&($3!1*)=*&&)'(&!/C'11)*3,*3/*)!'6!=(*6@!%'!)2'0&($3!*&!/C2&'8%()!63*!0%'..(>(0'&($3!/*.!

'%%?%=2&'6@:!\3*! &*%%*! 0%'..(>(0'&($3! 0$3.&(&6*)'(&! 63! $6&(%! 1)2/(0&(>! 16(..'3&! 1*)=*&&'3&! /*!

0,$(.()! %C'%%?%=2&'%!'/2B6'&!1$6)!%C$8&*3&($3!/*!%C'%0$$%!$6!/*!%C'=(3*!,$=$'%%?%(B6*!%E*!$6!

'*+(!/2.()2!P.0,2='!mQ:!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]b!t:!t'='=$&$4!e:!!t'&'A'(4!t:!_')6&'4!w:!G')6?'='4!B=!;5=!>?$5=!C)9=7!/XL^4!]cb4!m]cm:!!

Sn(Bu)3
R1

OH
R1

O

H

E9F0A3)Y)_)344=4365:1)3J@9)81)344=47631131@)



!

! i!

Z(3.(4!63*!0%'..(>(0'&($3!)*%('3&!%'!0$3>(A6)'&($3!/*!%'!/$68%*!%('(.$3!H|H!/*!%C'%%?%=2&'%!

5! %'! 0$3>(A6)'&($3! %E*! $6!'*+(! /6!1)$/6(&! '!2&2!2&'8%(*:!H*&&*! 0%'..(>(0'&($3! .*! .68/(9(.*!*3!

&)$(.!&?1*.!/C'%%?%=2&'6@:!!

! +*.!'%%?%=2&'6@!/*!&?1*!T!/$33*3&!/*.!'%0$$%.!,$=$'%%?%(B6*.!/*!0$3>(A6)'&($3!%E*!$6!

'*+(! )*>%2&'3&! %'! 0$3>(A6)'&($3! PMQ! $6! PAQ! /*! %<'%%?%=2&'%:! +*.! /2)(92.! /6! 8$)*! *&! /6! .(%(0(6=!

'..$0(2.!5!63*!8'.*!/*!+*p(.4!.$3&!)*1)2.*3&'&(>.!/*!0*&&*!>'=(%%*:!

! +'! 0$3>(A6)'&($3! PMQ! $6! PAQ! /*.! '%%?%=2&'6@! /*! &?1*! TT! 3*! .*! )21*)06&*! 1'.! .6)! %'!

.&2)2$.2%*0&(9(&2!/*.!'%0$$%.!,$=$'%%?%(B6*.!$8&*36.:!+*.!1)$/6(&.!%E*!.$3&!&$6F$6).!>$)=2.!

='F$)(&'()*=*3&:! H*&&*! 0%'..*! 0$=1)*3/! %*.! /2)(92.! /*! %<2&'(3! *&! /6! .(%(0(6=! *3! 1)2.*30*!

/<'0(/*!/*!+*p(.:!

! ;3!0*!B6(!0$30*)3*!%*.!'%%?%=2&'6@!/*!&?1*!TTT4!B6*%%*!B6*!.$(&!%*6)!0$3>(A6)'&($3!PMQ!$6!

PAQ4! $6! 1%6.! 1)20(.2=*3&! 0*%%*! /*! %*6)! 1)206).*6)4! %*.! 1)$/6(&.! '*+(! .$3&! $8&*36.!

='F$)(&'()*=*3&:! +*.! /2)(92.! /6! 0,)$=*4! /6! &(&'3*4! /6! D()0$3(6=! $6! *30$)*! /6! D(30!

'11')&(*33*3&!5!0*!&?1*!/<'%%?%=2&'6@:!!

TT:] +*.!'%%?%=2&'6@!/*!&?1*.!T!

! +*.!'%%?%8$)$3'&*.!.$3&!%*.!'%%?%=2&'6@!&?1(B6*.!/6!&?1*!T:!T%.!.$3&!!%')A*=*3&!6&(%(.2.!

16(.B6<(%.!$>>)*3&!63*!&)-.!8$33*!.&2)2$.2%*0&(9(&2!%E*Q'*+(4!0*%%*"0(!)*>%2&'3&!%'!A2$=2&)(*!/*!

%'! /$68%*! %('(.$3! /*! %<'%%?%*:! +C'8.*30*! /C2B6(%(8)*! =2&'%%$&)$1(B6*! 0$3>-)*! 63*! .&'8(%(&2!

0$3>(A6)'&($33*%%*! 5! %'! /$68%*! %('(.$3! H|H! /*! %<'%%?%=2&'%4! 0*! B6(! 0$3.&(&6*! 63! 1')'=-&)*!

*..*3&(*%! /'3.! %'! >$)='&($3! /6! /('.&2)2$(.$=-)*! ='F$)(&'()*:! +*! =20'3(.=*! (=1%(B6*! 63!

(3&*)=2/('()*! 0?0%(B6*! &%$/1)"0,'(.*! 5! i! 0,'x3$3.! /*! &?1*! v(==*)='3"h)'@%*)! $}! %*!

A)$61*=*3&!1$)&2!1')!%<'%/2,?/*!*.&!%$0'%(.2!*3!1$.(&($3!2B6'&$)('%*!P.0,2='!jQ:!

! !

R1

OH

R2

syn

antiR1 B

(E)

R2CHO

R1

OH
B

O
R1

R2

B

(Z)

R2CHO

R1

OR

OR

OR

OR

B
OR2

R1

OR

OR

OR

OR
R2

E9F0A3)L)_)A093157A@);<344=4365:1))3J@9)4@)K:2@)

MLn R

OH

R

O

H R

OH
ou

synanti
E9F0A3)W)_)9:162c4@);@)43)9:1?5\82365:1)2@4365J@)



G!!@*+2)1/9+()*!6H*H2',$!!G!

!m!

! H*&!(3&*)=2/('()*!*.&!2A'%*=*3&!1)$1$.2!1$6)!%*.!'%%?%'%'3*.]k:!D)&&$!*&!#(9?+$*4$26!

$8.*)9*3&!63!8$3!0$3&)U%*!.&2)2$0,(=(B6*!'9*0!%*.!'%/2,?/*.!'%(1,'&(B6*.!P.0,2='!nQ:!

! +*.!'%%?%"&)(,'%$A23$.(%'3*.4!*3!1)2.*30*!/<63*!8'.*!/*!+*p(.!&*%%*!B6*!%*!IGM!$6!%'!

&)(2&,?%'=(3*4!*=1)63&*3&!63!=20'3(.=*!.(=(%'()*]l:!;3!*>>*&4! %<*.1-0*!'0&(9*!0$=1$)&*!63!

.(%(0(6=!1*3&'9'%*3&!P.0,2='!]cQ:!

! I'3.! /*.! 0$3/(&($3.! 1%6.! /)'.&(B6*.4! %*.! '%%?%.&'33'3*.! .*! 0$=1$)&*3&!

*@0*1&($33*%%*=*3&!0$==*!/*.!'%%?%=2&'6@!/*!&?1*!T]d!P.0,2='!]]Q:!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]k!I:!e$11*!*&!M:!+(0,&*38*)A4!;*6$<=!>?$5=!@*+=!A1=!A*6,=7!/XLP4!bk4!bkn:!
]l!Y:!w$8'?'.,(4!w:!_(.,($4!B=!F26=!>?$5=4!/XXP4!dn4!iibc:!
]d!E:Z:!V)'&&!*&!E:;:!h,$='.4!B=!>?$5=!C)9=!>?$5=!>)55/*=7!/XL>4!]]]d:!

E9F0A3)/^)_)9F04365:1);8)7545958A)]32)81@)K37@);@)-@d57)

syn

SiCl3

(E)

PhCHO

Si
OPh

SiCl3

(Z)

PhCHO

Si
OPh

Cl

DMF
Cl

Cl

Cl

Cl
Cl

DMF

Ph

OH

Ph

OH

anti
DMF

DMF

SnBu3 ! ou 10Kbar

SnBu3

RCHO
! ou 10Kbar

ou
BF3.OEt2

RCHO

RCHO

BF3 .OEt2

OH

OH

syn

anti

E9F0A3)//)_)9:A]:26@A@16);@7)344=47631131@7);317);@7)9:1;565:17)
;23765b8@7)

E9F0A3)X)_)76020:704@965J560);@7)344=43431@7)782)4@7)34;0F=;@7)

R

OH

Me

syn

anti
Al(iBu)2

OR
Me Al(iBu)2

RE

(E)

RCHO
RE

RE

R

OH

Me

Al(iBu)2

OR
Al(iBu)2

RE

(Z)

RCHO
RE

RE

Me

Me Me

RE = OCON(iPr)2



!

! j!

! ;3! *>>*&4! 5! ,'6&*! &*=12)'&6)*4! %'! 0$3>(A6)'&($3! /*! %'! /$68%*! %('(.$3! H|H! /*!

%C'%%?%.&'33'3*!*.&!&)'3.>*)2*!'6!1)$/6(&:!H*1*3/'3&4!*3!1)2.*30*!/<'0(/*!/*!+*p(.!*&!/'3.!

/*.!0$3/(&($3.!8*'60$61!1%6.!/$60*.4!%*.!/2)(92.!/*!%<2&'(3!/$33*3&!'00-.!*>>(0'0*=*3&!'6@!

'%0$$%.! ,$=$'%%?%(B6*.! %E*! B6*%%*! B6*! .$(&! %'! A2$=2&)(*! /*! %'! /$68%*! %('(.$3:! T%.! .$3&!

)*1)2.*3&'&(>.!/*.!'%%?%=2&'6@!/*!&?1*!TT:!

TT:b +*.!'%%?%=2&'6@!/*!&?1*!TT!

! +*.!'%%?%=2&'6@!/*!&?1*!TT!0$3/6(.*3&!='F$)(&'()*=*3&!'6@!'%0$$%.!,$=$'%%?%(B6*.!%E*:!

+'! .&2)2$.2%*0&(9(&2! 3*! &(*3&! 1'.! 0$=1&*! /*! %'! 0$3>(A6)'&($3! /*! %'! /$68%*! %('(.$3! /*!

%<'%%?%=2&'%:! H*&&*! >$(."0(4! %*! =20'3(.=*! =*&! *3! F*6! 63! 2&'&! /*! &)'3.(&($3! '0?0%(B6*! 1$6)!

%*B6*%!%<'A*30*=*3&!/*.!/*6@!1')&*3'()*.!*.&!/2&*)=(3'3&:!+*.!&)('%N?%.(%'3*.]i!P.0,2='!]bQ!

*&!%*.!'%%?%.&'33'3*4!&$6.!/*6@!*3!1)2.*30*!/<'0(/*!/*!+*p(.4!'11')&(*33*3&!5!0*&&*!>'=(%%*:!!

! D'E'%?(! 1)$1$.*! 63! 2&'&! /*! &)'3.(&($3! $}! %*.! 1')&*3'()*.! .<'A*30*3&! /*! >'^$3!

'3&(12)(1%'3'()*! P.0,2='!]kQ:! +<'%%?%=2&'%! 1*6&! '&&'B6*)! %<2%20&)$1,(%*!1')! %'! >'0*!8H! $6!C(:!

+*.! )216%.($3.! .&2)(B6*.! /2&*)=(3*3&! %'! .&'8(%(&2! /*.! 2&'&.! /*! &)'3.(&($3! *&! /$30! %'!

.&2)2$.2%*0&(9(&2!%E*Q'*+(:!D'E'%?(! .$6%(A3*! %'!/(>>2)*30*!/*!.2%*0&(9(&2! %$).B6<(%!1')&!/6!PMQ"

'%%?%.(%'3*4! *&! .&(16%*! B6<(%! *.&! 320*..'()*! /*! 0$3.(/2)*)! 63*! '11)$0,*! .?30%(3'%*! /6! )2'0&(>!

$)A'3$=2&'%%(B6*:!

!

!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]i!h:!e'?'.,(4!w:!w'8*&'4!T:!e'='0,(!*&!G:!w6='/'4!N$+2'?$12)*!#$++=4!/XLO4!bl4!bjid:!
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TT:k +*.!'%%?%=2&'6@!/*!&?1*!TTT!

! +*.! '%%?%=2&'6@! /*! &?1*! TTT! /$33*3&!='F$)(&'()*=*3&! %*.! 0$=1$.2.!'*+(4! B6*%%*! B6*!
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%C(3&*)'0&($3! *3&)*! %*! =2&'%! *&! %*! /$68%*&! 3$3! %('3&! /*! %C'&$=*! /C'D$&*! (=1%(B6*! B6*! %*.!

.68.&(&6'3&.!/*!%<(=(3*!$0061*3&!1)2>2)*3&(*%%*=*3&!63!1$.(&($33*=*3&!'@('%!P.0,2='!bbQ:!

! I*! 3$=8)*6.*.! 2&6/*.! 1$)&*3&! .6)! %'! .?3&,-.*! .&2)2$0$3&)U%2*! /<'=(3*.!
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TTT:b:b T3/60&($3!/*!%'!.&2)2$0,(=(*!1')!/*.!(=(3*.!0,()'%*.!

! I*!3$=8)*6.*.!)2'0&($3.!/('.&2)2$.2%*0&(9*.!.$3&!)2'%(.2*.!5!1')&()!/<(=(3*.!0,()'%*.:!

V%6.(*6).!=20'3(.=*.!/<'%%?%'&($3!.$3&!1)$1$.2.4!0,'063!/<*6@!/21*3/'3&!/*! %'!3'&6)*!/*.!

A)$61*=*3&.!1$)&2.!1')!%<(=(3*!P&'(%%*4!1$..(8%*!0$$)/(3'&($3Q!*&!/*!%<'%%?%=2&'%:!O'5'5)+)!'!

2&6/(2!%*.!/(>>2)*3&*.!(3/60&($3.!'.?=2&)(B6*.!B6*!1*6&!(3/6()*!63*!(=(3*K:!T%!/(.&(3A6*!&)$(.!

=$/*.4! %<(3/60&($3! '.?=2&)(B6*"]4b4! %<(3/60&($3! '.?=2&)(B6*"]4k! *&! %<6&(%(.'&($3! /<'6@(%('()*.!

0,()'6@:!

! I'3.! 63! 1)*=(*)! &*=1.4! (%! =$3&)*! B6*! /*.! 1,23$=-3*.! /*! 0,2%'&($3! 1*69*3&!

(39*).*)!%'!.&2)2$.2%*0&($34!3$&'==*3&!%$).B6*!%<(=(3*!1$)&*!63!.68.&(&6'3&!2&,*)"$@?/*!*3!

1$.(&($3!�!$6!~:!+<'11%(0'&($3!/<63!'%%?%='A32.(*3!.6)!63*!(=(3*!3$3")'02=(B6*!�"'%N$@?%2*!

0$3/6(&! '6@! 1)$/6(&.! /*! 0,2%'&($3! %E*! P.0,2='! bmQ:! I<'6&)*! 1')&4! 1')! )2'0&($3! /6! =K=*!

'%%?%=2&'%!.6)!63*!(=(3*!3$3")'02=(B6*!~"'%N$@?%2*4!(%!0$3.&'&*!B6*!%<(3/60&($3!'.?=2&)(B6*"

]4k!1)*3/!%*!1'.!.6)!%<(3/60&($3"]4b:!!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
bmE:!#:!Y0,'6.4!_:!E'(34!E:!Y:!V'3*N4!N$+2'?$12)*7!>^^^4!di4!]cbik:!

R1

.

Pd2(dba)3, cat.
L*, cat

(Bpin)2 1,2eq R1
Bpin

Bpin
diboration

N

HR2

TMS

allylboration

R1

Bpin

R2

NHTMS oxydation
et

déprotection

R1

O

R2

NH2

R1 = Ph ; R2 = Ph  ee = 97%
R1 = Cy ; R2 = Ph  ee = 91%
R1 = Cy ; R2 = (E)-Me(CH2)3CH=CH  ee = 97%

E9F0A3)>C)_)203965:1);<344=4K:2365:1)013165:704@965J@)

E9F0A3)>Y)_)3;;565:1);@)92:6=475431@)782);@7)/I6:7=45A51@7)

N

HR

Ts

CO2Me
SiMe2Ph

A.L.

H Me
H

RNAL

MeO2C

[Si]
H

R

NHTs

Me
CO2Me

Ts

A.L. : TiCl4, SnCl2, BF3.OEt2, TMSOTf
R : alkyl, phényl
E/Z : 94/6
dr(syn/anti) :  > 30/1

PhMe

SiMe3Ph

O

H TiCl4
CH2Cl2 R

OH

Me

(E )/(Z ) : 99/1 ; syn/anti : 99/1
(E )/(Z ) : 6/94 ; syn/anti : 75/25



G!!@*+2)1/9+()*!6H*H2',$!!G!

!]d!

!

!

! O'5'5)+)! )2'%(.*! 63*! '%%?%'&($3! /('.&2)2$.2%*0&(9*! /<(=(3*.! 1$)&'3&! /*6@! 0*3&)*.!

.&2)2$A-3*.4!P%C63!%$0'%(.2!*3!1$.(&($3!�!$6!~4!%C'6&)*!2&'3&!1$)&2!1')!%C'6@(%('()*Q:!I'3.!%*!0'.!

/6! .68.&)'&! ~4! (%! /2=$3&)*! B6*! %'! .&2)2$.2%*0&(9(&2! *.&! 1)(30(1'%*=*3&! A$69*)32*! 1')!

%C'6@(%('()*!0,()'%:!;3!)*9'30,*4!/'3.!%*!0'.!/6!.68.&)'&!�4!%'!0$3>(A6)'&($3!/6!3$69*'6!0*3&)*!

'.?=2&)(B6*! *.&! (3/6(&*! 1')! %*! 0*3&)*! �4! B6*%%*! B6*! .$(&! %'! 0$3>(A6)'&($3! /*! %<'6@(%('()*!

P.0,2='!bjQ=!

! V%6.(*6).! &?1*.! /C'6@(%('()*.! 0,()'6@! 1*69*3&! K&)*! (3.&'%%2.! .6)! %C'&$=*! /C'D$&*:! +*.!

=*(%%*6)*.! .2%*0&(9(&2.! .$3&! $8&*36*.! '9*0! %*.! (=(3*.! /2)(92*.! /<')?%2&,?%'=(3*.4! /<�"

'=(3$*.&*).4!/*!~"'=(3$'%0$$%.!*&!/*!.6%>(3'=(3*.:!

! !

E9F0A3)>W)_)51?48@19@);@)43)13682@);<81)78K76568316)]:260)]32)81@)5A51@)_):K6@165:1);@7)9:A]:707)!"#)

H

N
i-Pr

O
MgCl O

NHi-Pr

OMe
OMe

rd (syn/anti) : 79/21

H

N
i-Pr

MgCl

NHi-PrO

OMe

O

OMe

!

"
O

NHi-Pr

OMe

NHi-PrO

OMe
rd : 85 15/

E9F0A3)>L)_)51?48@19@);@)43)]:7565:1)@6);@)43)13682@);<81)78K76568316)782)81@)5A51@)4:27);<81@)344=4365:1)

H

N

MgCl

* = (S) : rd :  8
* = (R) : rd : 62

O

OMe

O

OMe

Ph
*

HN Ph
*

O

OMe

HN Ph
*

H

N

MgCl

* = (S) : rd (syn/anti) : 70/30
* = (R) : rd (syn/anti) : 86/14

Ph
*

HN Ph
*

HN Ph
*

OOO OMe OMe OMe

!

"

92/
/ 38



!

! ]i!

TTT:b:b:] +*.!')?%2&,?%'=(3*.!0$==*!'6@(%('()*!

! +*.!')?%2&,?%'=(3*.!)*1)2.*3&*3&!0*)&'(3*=*3&!%*.!1%6.!'30(*3.!'6@(%('()*.!0,()'6@=!+'!

/('.&2)2$.2%*0&(9(&2!/*! %'! )2'0&($3!/21*3/!/*! %'!3'&6)*!/6!A)$61*=*3&!1$)&2!1')! %<(=(3*! a!

/'3.!/*.!0$3/(&($3.!(/*3&(B6*.!P.$%9'3&4!&*=12)'&6)*4!'%%?%=2&'%Q4!/*6@!(=(3*.!'%(1,'&(B6*!*&!

')$='&(B6*!/2)(92*.!/*! %'!1,23?%2&,?%'=(3*!1*69*3&! 0$3/6()*!'6@!'=(3*.!,$=$'%%?%(B6*.!

'9*0! 63*! /('.&2)2$.2%*0&($3! $11$.2*:! H*&&*! &*3/'30*! *.&! $8.*)92*! '9*0! /*! 3$=8)*6@!

'%%?%=2&'6@! &*%.! B6*! %*.! '%%?%8$)'3*.bj4! %*.! '%%?%='A32.(*3.4! %*.! '%%?%D(30(B6*.!$6!*30$)*! %*.!

'%%?%&(&'3*.bn!P.0,2='!bnQ:!!!

! T%! *.&! /(>>(0(%*! /*! 1)29$()! %'! .&2)2$.2%*0&(9(&2! /6! 1)$/6(&! *3! )'(.$3! /*! %'! %(8*)&2!

0$3>$)='&($33*%%*! /*! %'! 0$16%*! 0,()'%*:! +*! 1,23?%*! /*! %<'6@(%('()*! 1*6&! .68()! /*.! >$)0*.! /*!

)216%.($3!$6!/<'&&)'0&($3!&*%%*!%*!#" #!.&'0N(3A!P.0,2='!kcQ:!

! +*! 8%$0'A*! /*! %'! )$&'&($3! '6&$6)! /*! %'! %('(.$3! H"_! 1*)=*&! 63*! '6A=*3&'&($3! /*! %'!

)(A(/(&2!*&!/$30!/<'6A=*3&*)!%'!/(.0)(=(3'&($3!>'0('%*!/*!%C(=(3*:!\3*!0,2%'&($3!1*6&!)(A(/(>(*)!

%<(3&*)=2/('()*! )2'0&($33*% kc !P.0,2='! k]Q:! I'3.! 0*&! *@*=1%*4! %*! 1,23?%*! .*! 1%'0*!

1)2>2)*3&(*%%*=*3&!*3!'*+(!/6!A)$61*=*3&!S:!!! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
bj!t:!t'='=$&$4!Y:!_(.,((4!w:!G')6?'='4!h:!w$='&.64!r:!T&$4!B=!;5=!>?$5=!C)9=7)/XLY4!]cj4!mmmj:!!
bn!X:!Z%9')$4!I:!Y'9$('4!CE*,$++4!>^^>4!id]:!
kc!'Q!t:!e'.,(=$&$4!_:!w$8'?'.,(4!Z:!w'(4!w:!Y'(A$4!CE*,$++4!/XXC4!ni]:!8Q!h:!w$,')'4!t:!e'.,(=$&$4!w:!Y'(A$4!N$+2'?$12)*4!/XXX4!
dd4!ildk!

N

R

H

PhMe
M

R

HN H

PhMe M = 9-BBN :  
R = i-Pr  rd : 92/8
R = Ph rd : 3/97

M = ZnBr : 
R = i-Pr  rd : 75/25
R = Ph rd : 33/67

E9F0A3)>X)_)43)76020:704@965J560);0]@1;);@)43)13682@);@)4<5A51@)

N

R

H

PhMe
(allyl)M

N

R

(allyl)M
Me

H
Ph

face Si

face Ré rotation

E9F0A3)O^)_)45K2@)2:6365:1);@)43)9:]84@)9F5234@)_)9F31\@A@16);@)?39@);<3663b8@)

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
E9F0A3)O/)_)38\A@16365:1);@)43)704@965J560)]32)81)516@2A0;5352@)]487)25\5;@)

N

Ph

Me

PhH MgBr

Ph

HN Me

PhH

N

Ph

MgBr
Me OMe

OMe

N
H

Me OMe

OMe

Ph

rd : 61/39

rd : 98/2

Ph

H Me
N

R H

attaque face Ré

SiMe3Ph

O

H TiCl4
CH2Cl2 R

OH

Me

(E )/(Z ) : 99/1 ; syn/anti : 99/1
(E )/(Z ) : 6/94 ; syn/anti : 75/25

EtO2

EtO2



G!!@*+2)1/9+()*!6H*H2',$!!G!

!]m!

TTT:b:b:b +*.!(=(3*.!/2)(9'3&.!/<�"'=(3$!*.&*).!

! +<6&(%(.'&($3!/*!0*.!(=(3*.!*.&!%(=(&2*!1')!%'!)2'0&(9(&2!/*!%'!>$30&($3!*.&*)!9(."5"9(.!/*.!

$)A'3$=2&'%%(B6*.:! H*&&*! 0%'..*! /<(=(3*! .*! 1)K&*! 1')>'(&*=*3&! '6@! '%%?%=2&'6@! >'(8%*=*3&!

2%*0&)$1$.(&(>.!PY34!Z%4!H64!v34!V84!O(!*&!OQ:!!

! H*&&*! 0$16%*! 0,()'%*! 1$..-/*! %C'9'3&'A*! /*! 1$69$()! .*! 0$$)/(3*)! /$68%*=*3&! 5!

%<'%%?%=2&'%4!=*&&'3&!*3!F*6!%*.!/$68%*&.!%(8)*.!/*!%<'D$&*!*&!/*!%<$@?A-3*!/*!%'!>$30&($3!*.&*):!

H*%'! 0$3>-)*! 63*! )(A(/(&2! 5! %<(3&*)=2/('()*! 0?0%(B6*:! C'-)('! )2'%(.*! %<'%%?%=2&'%%'&($3! /<63*!

(=(3*!0,()'%*!')$='&(B6*!*3!>'(.'3&!9')(*)!%<'%%?=2&'%ZK:!+*.!/2)(92.!/6!V84!H64!O(4!v3!*&!/*!Z%!

/$33*3&! ='F$)(&'()*=*3&! %*! 0$=1$.2! TC7CU! P.0,2='! kbQ:! ! ;3! )*9'30,*4! @+%/*)! $8&(*3&!

='F$)(&'()*=*3&! %*! 0$=1$.2! T87CU! %$).B6<(%! 6&(%(.*! 63! &)('%%?%8$)'3* ZP :! T%! 1)$1$.*! 63!

=20'3(.=*!0?0%(B6*!0,'(.*!=$3$"0,2%'&2!=*3'3&!'(3.(!'6!/('.&2)2$(.$=-)*!$11$.2:!!

!

!

! +*! 0%(9'A*! /*! 0*&! '6@(%('()*! *.&! )*%'&(9*=*3&! *>>(0'0*! *&! .(=1%*:! H$3&)'()*=*3&! '6@!

')?%2&,?%'=(3*.4!%*.!0$3/(&($3.!/*!0%(9'A*!1*)=*&&*3&!/*!='(3&*3()!%'!/$68%*!%('(.$3!(3&'0&*:!

H*%6("0(! *.&! )2'%(.2! *3! /*6@! &*=1.! a! )2/60&($3! /*! %'! >$30&($3! *.&*)! P+(Z%elQ! 16(.! 0$616)*!

$@?/'3&*!/6!~"'=(3$'%0$$%!1')!%<'0(/*!12)($/(B6*:!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
k]!Z:!O$0$6=4!H:!O$A'4!I:!Y'9$('4!Z:!\='3("S$30,(4!N$+2'?$12)*!#$++=4!/XX/4!kb4!]kim:!
kb!Z:!Z:!;%"Y,*,'p?4!G:!Z:!q=')'4!w:!T&$4!Y:!T&.63$4!CE*,$++4!/XXL4!kim:!

E9F0A3)O>)_)A093157A@);<344=4365:1)9F04360)@6)1:1)9F04360);<81@)5A51@);025J316);<fI3A51:)@76@2))

N

Zn

Ph

H i-Pr

O

OMe

L L

Ph N CO2Me

M

(M'Xn)S N
H

CO2MeS

Ph

S

B

N

H

Ph

2

CO2Me

H

i-Pr

B

3
attaque face Si

attaque face Ré

H

N
H

CO2Me

Ph

SR

rd : 92/8

allylPbBr-MgBrCl : rd : 92/8
allylCu-MgICl : rd : 98/2
(allyl)3AlBr2 : rd : 97/3
allylZnBr : rd = 100/0

(S,S)

(R,S)

TiX3 Ph

OH

Me
antiR H

O
TiX3

OR
MeTHF

X = NEt2, OCH
R = Ph           : syn/anti : 16/84
R = isopropyl : syn/anti : 16/84

TiX3 Ph

OH

Me
antiR H

O
TiX3

OR
MeTHF

X = NEt2, OCH
R = Ph           : syn/anti : 16/84
R = isopropyl : syn/anti : 16/84



!

! ]j!

TTT:b:b:k +*.!~"'=(3$'%0$$%.!0$==*!'6@(%('()*.!0,()'6@!

! +*.! ~"'=(3$'%0$$%.! .$3&! '(.2=*3&! '00*..(8%*.! 5! 1')&()! /<�"'=(3$'0(/*.! 3'&6)*%.! $6!

.?3&,2&(B6*.:! +*! 1,23?%A%?0(3$%kk!*&! %*! 9'%(3$%kl!.$3&! %*.! 1%6.! %')A*=*3&! 6&(%(.2.! 16(.B6<(%.!

=23*3&!'6@!=*(%%*6)*.!/('.&2)2$.2%*0&(9(&2.:!!

q8&*36*.!1')!0$3/*3.'&($3!'9*0!63!'%/2,?/*!$6!63*!02&$3*4!0*.! (=(3*.!.$3&!*3!2B6(%(8)*!

'9*0!%*.!/*6@!/('.&2)2$(.$=-)*.!/*!%'!>$)=*!]4k"$@'D$%(/(3*:!_2'3=$(3.4!'1)-.!%C'F$6&!/C63!

1)*=(*)! 2B6(9'%*3&! /C'%%?%=2&'%4! 63! 3$69*%! 2B6(%(8)*! .*! =*&! *3! 1%'0*! $}! %'! >$)=*! (=(3*!

=2&'%%2*!1)2/$=(3*! P.$6.! >$)=*! 0,2%'&2*Q4! B6(! .*)'! '(3.(! %C*.1-0*! )2'0&(9*! 1$69'3&! )2'A()!

'9*0!63!.*0$3/!2B6(9'%*3&!/*!%C'%%?%=2&'%!P.0,2='!kkQ:!!

! @4/J'!'!=(.!'6!1$(3&!63*!'%%?%'&($3!/*!&?1*!O')8(*)!'6!.'=')(6=!PcQ!/C(=(3*.!/2)(92*.!

/6! 9'%(3$%:! T%! .$6%(A3*! B6*! %*.! 1%6.! ,'6&*.! .2%*0&(9(&2.! .$3&! $8&*36*.! %$).B6*! %<'%0$$%! *.&!

1)$&2A2kd!P.0,2='!klQ:!!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
kk!! 'Q! +:_:!V)(/A*34!G:!G:!G$N,'%%'&(4!G:Z:!G0X6()*4!N$+2'?$12)*!#$++=4!/XXW4! kj4!]bmd:!8Q!I:!I*%$)=*4!H:!O*)&,*%*&&*4!S:!
+'9$(*4!;:!S$8*)&.4!N$+2'?$12)*[!'%E55$+2E4!/XXL4!n4!knik:!0Q!H:!ZA'=(4!Y:!H$=*..*4!H:!w'/$6)("V60,$&4!G:!+6.(30,(4!CE*,$++4!
/XXX4!]cnl:!!
kl!e:!h'N','.,(4!t:!H,(/'4!h:!Y6D6N(4!e:!q3(.,(4!Y:!t'3'6)'4!>?$5=!X?'25=!V/,,=4!/XLP4!kb4!bm]l:!
kd!S:!t'3'/'4!_:!_*A$)$4!G:!qN'3(p'4!h:!T86N'4!N$+2'?$12)*4!/XXX4!dd4!]knlm:!

Ph N
OR2

R1 Br

Sm (0), I2
N
H OR2

R1Ph R1 = i-Pr ; R2 = H rd : 62/38
R1 = i-Pr ; R2 = Me rd : 94/6
R1 = i-Pr ; R2 = [Al] rd : 99/1

R1 = Me ; R2 = Me rd : 90/10

E9F0A3)OP)_)344=4365:1);@)6=]@)Z32K5@2);<5A51@7);025J0@7);<3A51:349::47)J595138B)

E9F0A3)OO)_)0b8545K2@)@162@)4@7);5??02@16@7)?:2A@7);@7)5A51@7)gI3A51:349::47)

R1 N
OH

R
O

N
HR1

RR1 N
OH

R
O

N
HR1

R

R2M

R1 N
OM

R

R1 N
O

R

M

chélation

R1 N
H OH

R

R2M

R2

R1 N
OM

R

R1 N
O

R

M

chélation

TiX3 Ph

OH

Me
antiR H

O
TiX3

OR
MeTHF

X = NEt2, OCH
R = Ph           : syn/anti : 16/84
R = isopropyl : syn/anti : 16/84



G!!@*+2)1/9+()*!6H*H2',$!!G!

!]n!

! T%!1)$1$.*!63*!'&&'B6*!/6!360%2$1,(%*!.6)!%'!>'0*!%'!1%6.!/2A'A2*4!*3!'*+(!1')!)'11$)&!

'6!A)$61*=*3&!!(.$1)$1?%*!P.0,2='!kdQ:!

! V%6.!&')/4!@4/J'!/20)(&!63*!1)$02/6)*!6&(%(.'3&!G*kZ%4!B6(!'..6)*!%'!/21)$&$3'&($3!/*!

%<'%0$$%! *&! %'! )(A(/(>(0'&($3!/*! %<'6@(%('()*!1')! 0,2%'&($3:! T%! '00-/*!'(3.(! '6@!'//6(&.! '9*0!/*.!

*@0-.!/('.&2)2$(.$=2)(B6*.!/*!nj€ki!P.0,2='!klQ:!

! \3*! '6&)*! '%%?%'&($3! /*! &?1*! O')8(*)! 5! %<(3/(6=! 1*)=*&! /<$8&*3()! /*.! '=(3*.!

,$=$'%%?%(B6*.!'9*0!/*!&)-.!8$33*.!.2%*0&(9(&2.4!'%%'3&! F6.B6<5!ni€km:!I'3.!0*&!*@*=1%*4! %'!

0,2%'&($3!/*!%<'%0$$%!%(8)*!.6)!%*!=2&'%!*&!%<$)(*3&'&($3!/6!1,23?%*! (3/6(.*3&!63*!'&&'B6*!/6!

360%2$1,(%*!.6)!%'!>'0*!8H!P.0,2='!kiQ:!!

!

TTT:b:b:l T=(3*.!/2)(92*.!/6!.6%>(3'=(3*.!

! +*! =$&(>! .6%>(3'=(/*! 0$=1&*! 1')=(! %*.! >)'A=*3&.! 0,()'6@! %*.! 1%6.!

/('.&2)2$/(.0)(=(3'3&.!*3!.?3&,-.*!'.?=2&)(B6*kj:!

! I*16(.! ]nnm4! 0*.! (=(3*.! .$3&! &)-.! %')A*=*3&! 6&(%(.2*.! /'3.! %'! )2'0&($3!

/C'%%?%=2&'%%'&($3:!+$).!/*! %C2&6/*!/*! %*6)!)2'0&(9(&2!9(."5"9(.!/6!8)$=6)*!/C'%%?%='A32.(6=4!

A,,5'*! $8.*)9*! %'! >$)='&($3! /C63! 63(B6*! /('.&2)2$(.$=-)*kn:! T%! 1)$1$.*! 63! (3&*)=2/('()*!

0?0%(B6*!0,'(.*!0,2%'&2!/*!&?1*!v(==*)='3"h)'@%*)!P.0,2='!kmQ:!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
ki!S:!t'3'/'4!G:!qN'3(p'4!Z:!w'(*/'4h:!T86N'4!t:!h'N*=$&$4!!B=!F26=!>?$5=4!>^^/4!ii4!]bjk:!
km!h:!#(%'(9'34!H:!r(3$&'1'34#:!O'31,'9(0,(&4h:!Y,(3'/'4t:!q,>63*4!B=!F26=!>?$5:4>^^C4!mc4!klil: 
kj!M:!M*))*()'4!H:!O$&6,'4!M:!H,*=%'4!Z:!V2)*D"+63'4!>?$5=!C)9=!8$-=7!>^^X4!kj4!]]ib:!
kn!I:!Z:!H$A'34!X:"H:!+(64!E:!;%%='34!N$+2'?$12)*4!/XXX4!dd4!jjjk:!
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face Ré

face Si

E9F0A3)OC)_)A093157A@)]2:]:70)]32)012+))

E9F0A3)OY)_)344=434365:1);@)6=]@)Z32K5@2)h)4<51;58A))
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HN OH
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N

Mg
RN

Me
S MgBr

O:

RL

RS
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:

N
H

Me
S
O: R

R = Ph ; rd : 99.9/0.1
R = i-Pr ; rd : >95/5

E9F0A3)OW)_)F386@);5376020:704@965J560);@7)5A51@7);<.44A31)

TiX3 Ph

OH

Me
antiR H

O
TiX3

OR
MeTHF

X = NEt2, OCH
R = Ph           : syn/anti : 16/84
R = isopropyl : syn/anti : 16/84

MeOH



!

! bc!

! \)/4$,)! *&! O/%! .?3&,2&(.*3&! /*.! '=(3*.! ,$=$'%%?%(B6*.! /('.&2)2$*3)(0,(*.! 1')!

'//(&($3!/*!8)$=6)*!/<'%%?%*!'..(.&2*!1')!%<(3/(6=!.6)!/*.!P8Q":"+$2+86&?%.6%>(3?%!'%/(=(3*.lc:!!

!

! V%6.!)20*==*3&4!O/%!*&!.*.!0$%%'8$)'&*6).!=*&&*3&!'6!1$(3&!63*!'%%?%=2&'%%'&($3!/*!

0*.! (=(3*.! 1')! 63! '%%?%(3/(6=4! A232)2! 5! 1')&()! /<63! '%0$$%! '%%?%(B6*! .$6.! 0'&'%?.*! '6!

1'%%'/(6=l] :! T%.! *@1%(B6*3&! %'! .&2)2$0,(=(*! /*.! '=(3*.! $8&*36*.! 1')! 63! (3&*)=2/('()*!

0?0%(B6*! 8'&*'6! 0,2%'&2:! ;3! *>>*&4! %*! .0,2='! 0%'..(B6*! /*! %<(3&*)=2/('()*! 0?0%(B6*! 0,'(.*!

1)2.*3&*!/*.!A-3*.!.&2)(B6*.!*3&)*!%*!=2&,?%*!/*!%<'%%?%=2&'%!/*!0$3>(A6)'&($3!'8.$%6*!PAQ!*&!

%*!A)$61*=*3&!1$)&2!1')!%<(=(3*!P.0,2='!kjQ:!!

! !

! ]2$,,$&)(%!*&!.$3!2B6(1*!.?3&,2&(.*3&!/*.!'=(3*.!,$=$'%%?%(B6*.!&)(>%6$)$=2&,?%2*.!

*3!1')&'3&!/<,2=('=(3'%.!0,()'6@lb:!+C(=(3*!*.&!A232)2*!(*!%(+/4!0*!B6(!)*B6(*)&!/*!/$68%*)!%'!

B6'3&(&2!/<'%%?%=2&'%4!%*!1)*=(*)!2B6(9'%*3&!1*)=*&&'3&!/*!>$)=*)!%<(=(3*4!%*!.*0$3/!'A(..'3&!

0$==*!360%2$1,(%*:!f!3$69*'64!63!(3&*)=2/('()*!0?0%(B6*4!,'8(&6*%%*=*3&!$8.*)92!0,*D!%*.!

'%%?%=2&'6@!/*!&?1*!T!*&!TTT4!*.&!1)$1$.2!1$6)!F6.&(>(*)!%'!.2%*0&(9(&2!$8.*)92*:!

!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
lc!M:!M$68*%$4!G:!t6.4!N$+2'?$12)*[!'%E55$+2E7!>^^P4!]d4!kjbk:!
l]!q:!Y:!S*A$O'))$.4!E:!Z:!Y(9*3&4!M:!M$68*%$4!G:!t6.4!>?$5=!>)5=7!>^/P4!dc4!ijnj:!
lb!M:!X)*%%*1$(.4!Z:!O*3!E'=''4!Z:!X'..'='4!A/2=!B=!F26=!>?$5=7)>^/O4!iinl:!

E9F0A3)OL)_)516@2A0;5352@)]2:]:70)]32)32!)
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S
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O
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N
MeR

S
O

t-Bu

R

HN

Me

SOt-Bu
R = i-Pr rd : >95/5
R = p-MeO-C6H4 rd : 85/15
R = CH2CH2Ph rd : 63/37

[Pd]OX
TiX3 Ph

OH

Me
antiR H

O
TiX3

OR
MeTHF

X = NEt2, OCH
R = Ph           : syn/anti : 16/84
R = isopropyl : syn/anti : 16/84



G!!@*+2)1/9+()*!6H*H2',$!!G!

!b]!

!

TTT:b:k T3/60&($3!1')!/*!%'!0'&'%?.*!'.?=2&)(B6*!

! +'! 0'&'%?.*! '.?=2&)(B6*! 0$3.&(&6*! %C'11)$0,*! .?3&,2&(B6*! %'! 1%6.! 2%2A'3&*:!

H*1*3/'3&4!(%!*@(.&*!1*6!/<*@*=1%*!/<(3/60&($3!1')!0'&'%?.*!'.?=2&)(B6*:!!

!

! +'!1)*=(-)*!'%%?%'&($3!0'&'%?&(B6*!/<(=(3*!4!)2'%(.2*!1')!O'5'5)+)!*3!]nnj4!=*&!*3!

F*6!63!0$=1%*@*!{"'%%?%1'%%'/(6=!/2)(92!/6!~"1(3-3*4!*&!/*!%C'%%?%.&'33'3*!0$==*!.$6)0*!/6!

>)'A=*3&!'%%?%*lk:!+*.!)*3/*=*3&.!*&! %'!.&2)2$.2%*0&(9(&2!/21*3/*3&!>$)&*=*3&!/*!%'!3'&6)*!

/*!%<(=(3*:!H*&&*!=2&,$/*!1*)=*&!/<'&&*(3/)*!/*.!*@0-.!23'3&($=2)(B6*.!/*!jk€:!!

!

! ;3! bcck4! 0*! =K=*! 0'&'%?.*6)! *.&! 6&(%(.2! 0*&&*! >$(."0(! .6)! 63! &2&)''%%?%.(%'3*! *3!

1)2.*30*! /*! hOZM! *&! /*! =2&,'3$%! >$)='3&! '(3.(! 63! .?.&-=*! B6(! $>>)*! 63*! =*(%%*6)*!

23'3&($.2%*0&(9(&2ll:! +<(3&*)=2/('()*! 0'&'%?&(B6*! *.&! 63! y]"'%%?%1'%%'/(6=! B6(! .*! 0$$)/(3*! 5!

%<(=(3*4!!0*!B6(!1*)=*&!%*!&)'3.>*)&!P.0,2='!lcQ:!!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
lk!e:!_'N'=6)'4!w:!_'N'=6)'4!t:!t'='=$&$4!B=!;5=!>?$5=!C)9=7!/XXL4!]bc4!lblb:!
ll!S:!Z:!M*)3'3/*4!Z:!Y&(='04!t:!t'='=$&$4!B=!;5=!>?$5=!C)9=7!>^^O4!]bd4!]l]kk:!

R H

N Bn
Si

4

Pd
Cl

2

dimére, 5mol%
TBAF, 25mol%
MeOH, 1eq
THF/hexane (1:2)

Pd

R H

N Bn
R

NHBn

R = Ph ; ee = 91%
R = p-Me-C6H4 ; ee = 92%
R = 2-furyl ; ee = 76%
R = 3-pyridyl ; ee = 67%
R = Cy ; ee = 52%

E9F0A3)P^)_)344=4365:1)37=A0625b8@)93634=70@)]32)4@)]3443;58A)

E9F0A3)OX)_)7=16FG7@);5376020:704@965J@);<3A51@7)F:A:344=45b8@7)625?48:2:A06F=40@7)
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R1 CF3
OEt
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t-Bu

MgCl
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O :

Ti(OEt)4
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S O
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CF3

MgCl Mg

NS

O R1

CF3t-Bu

:

ClR2
R2

R2

R2

R1
F3C

NH
t-BuOS

R1 = Ph, R2 = H : ed = 84%
R1 = p-FC6H5, R2 = H : ed = 84%
R1 = o-MeOC6H5, R2 = H : ed = 82%
R1 = Me, R2 = H : ed = 78%
R1 = o-MeOC6H5, R2 = Me : ed = 90%SiMe3Ph

O

H TiCl4
CH2Cl2 R

OH

Me

(E )/(Z ) : 99/1 ; syn/anti : 99/1
(E )/(Z ) : 6/94 ; syn/anti : 75/25

SiMe3Ph

O

H TiCl4
CH2Cl2 R

OH

Me

(E )/(Z ) : 99/1 ; syn/anti : 99/1
(E )/(Z ) : 6/94 ; syn/anti : 75/25



!

! bb!

! D)-$E1'! '! /20)(&! 63*! 0'&'%?.*! '6! 06(9)*! 1')! 63! 0$=1%*@*! _eH! 0,()'%4! *&! 6&(%(.*!

%C'%%?%1(3'0$%8$)'3*! 0$==*! .$6)0*! /*! >)'A=*3&! '%%?%* ^_ :! I'3.! 0*.! 0$3/(&($3.4! %<*.1-0*!

360%2$1,(%*! *.&! A232)2*! 1')! &)'3.=2&'%%'&($3! O!H6:! Y*%$3! 0*&&*! '11)$0,*4! %C6&(%(.'&($3! /*!

1,$.1,(3$?%(=(3*.! *3! &'3&! B6C'00*1&*6)! /C'%%?%*! *.&! 0)60('%*! 1$6)! $8&*3()! /*! 8$33*.!

23'3&($.2%*0&(9(&2.!P.0,2='!l]Q:!

! +<2B6(1*! /*! \)26$*%$*! 1)$1$.*! 63! *@*=1%*! )')*! /<'%%?%.&'33'3*! 0,()'%4! $}! %*!

>)'A=*3&!'%%?%*!*.&!(3.0)(&!/'3.!63!0?0%*4!'11%(B62!5!63*!:"&$.?%(=(3*li:!+'!.&2)2$0,(=(*!*.&!

A$69*)32*!1')!%*!%(A'3/!0,()'%!/6!06(9)*:!+'!.2%*0&(9(&2!%E*Q'*+(!3<*.&!1'.!0$3&)U%2*!P/)!a!bÅ]Q:!

G'%A)-! %<(3&*)9*3&($3! /6! %(A'3/! 0,()'%4! (%! 3<?! '! 1'.! /*! /2/$68%*=*3&! 0(32&(B6*! /*.!

23'3&($=-)*.! /<'%%?%.&'33'3*4! '%%?%=2&'%! /*! &?1*! TT! 0$3>(A6)'&($33*%%*=*3&! .&'8%*:! Y*6%! %'!

0$3>(A6)'&($3!/6!0*3&)*!'.?=2&)(B6*!(..6!/*!%<(=(3*!*.&!0$3&)U%2*!P.0,2='!lbQ:!

T# Y?3&,-.*!/*!0?0%$'%N"b"23"]"?%=2&'6@!
! I*! ='3(-)*! 0%'..(B6*4! %*.! '%%?%=2&'6@! 1*69*3&! K&)*! 1)21')2.! 5! 1')&()! /*.! /2)(92.!

,'%$A232.4!'02&?%2.4!$6!*30$)*!5!1')&()!/<'%0$$%.:!Z%&*)3'&(9*=*3&4!%'!&)'3.=2&'%%'&($3!*.&!63!

=$?*3! *>>(0'0*! 1$6)! '002/*)! 5! 0*)&'(3.! '%%?%=2&'6@:! +<,?/)$=2&'%%'&($3! )2A($.2%*0&(9*!

=2&'%$"0'&'%?.2*! /*! /(-3*.! 1*6&! 2A'%*=*3&! 1*)=*&&)*! %<'00-.! '6@! '%%?%=2&'6@:! T%! *.&!

1$..(8%*4!/'3.!0*)&'(3.!0'.4!/*!1)21')*)!)*$G&)+!%<'%%?%=2&'%!*3!1)2.*30*!/*!%<2%*0&)$1,(%*:!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
ld!;:G:!#(*()'4!G:+:!Y3'11*)4!Z:!e:!e$9*?/'4!B=!;5=!>?$5=!C)9=7)>^//4!]kk4!kkkb:!!
li!u:!M'3A4!G:!E$,'33.*34!Y:!t'$4!_:!X'&,*)A$$A4!S:!X:!e'D*%%4!w:!Z:!E$)A*3.*34!B=!F26=!>?$5=4)/XXX4!il4!ljll:!

SnMe3

EtO2C H

N Ts
CuPF6

tol-BINAP, 10mol% EtO2C

NHTs

H

rd : 2/1
ee = 98% (majoritaire)
ee = 71% (minoritaire)

E9F0A3)P>)_)203965:1);<81)344=49=94:]@1601=47631131@)782)81@)5A51@)]2:9F5234@)

E9F0A3)P/)_)344=4365:1)93634=70@)]32)4@)985J2@))
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R : (p)-Br-ph : ee = 97%
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+

L*



G!!@*+2)1/9+()*!6H*H2',$!!G!

!bk!

! H*&&*!1')&(*!.*)'!1%6.!1')&(06%(-)*=*3&!/2/(2*!5!%'!1)21')'&($3!/C'%%?%=2&'6@!0,()'6@!

$}!%*!>)'A=*3&!'%%?%*!*.&!(3.0)(&!/'3.!63*!.&)60&6)*!0?0%(B6*4!1%6.!1)20(.2=*3&!'6@!0?0%$'%N?%"

b"23"]"?%=2&'6@4! B6(! >$3&! %C$8F*&! /*! 0*! &)'9'(%! /*! &,-.*! *&! B6*! 3$6.! '11*%%*)$3.! 0?0%(B6*.!

/'3.!%'!.6(&*!/*!0*!=2=$()*!P.0,2='!lkQ:!

!

T#:] f!1')&()!/*!/2)(92.!,'%$A232.!

! +C'//(&($3! $@?/'3&*! /*! =2&'%! 2%2=*3&'()*! .6)! /*.! /2)(92.! ,'%$A232.! 1*6&! K&)*!

)2'%(.2*! /'3.! /*.! 0$3/(&($3.! )2'0&($33*%%*.! /*! &?1*! O')8(*)4! 0<*.&! 5! /()*! *3! 1)2.*30*! /*!

%<2%*0&)$1,(%*:!q3!/(&!'6..(!B6<63!=2&'%!*.&!=2/('&*6)!/*! %<'%%?%'&($3!P*3!'3A%'(.! a!J'%%?%'&($3!

=*/('&*/! 8?! =*&'%JQ:! H*&&*! =2&,$/*! *.&! &)-.! (3&2)*..'3&*! 16(.B6<(%! 3<*.&! 1'.! 320*..'()*!

/<(.$%*)!%<*.1-0*!=2&'%%(B6*4!1')>$(.!&$@(B6*:!+*.!/2)(92.!/6!0,)$=*4!/*!%<(3/(6=4!/*!%<2&'(3!*&!

/6!D(30!.$3&!.$69*3&!1)21')2.!/*!0*&&*!>'^$3:!

! Z(3.(4!%*.!'%%?%(3/(6=.!1*69*3&!K&)*!A232)2.!*3!1)2.*30*!/<(3/(6=!=2&'%%(B6*!/'3.!63!

.$%9'3&!1$%'()*lm!P.0,2='!llQ:!

!

! ]/)!.?3&,2&(.*!/*.!'%%?%.&'33'3*.!0?0%(B6*.!P3!|!]4!b4!lQ!5!1')&()!/6!1)206).*6)!8)$=2!

*&!/*!Y3H%b!0'&'%?.2!1')!%*!06(9)*!=2&'%%(B6*!/'3.!%<*'6!^S!P.0,2='!ldQ:!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
lm!M:!Z:!w,'34!O:!V)'8,6/'.4!N$+2'?$12)*7!>^^^45di4!mdnd:!
lj!u:"e:!h'34!H:"v:!h'$4!t:"W:!e$64!+:!+6$4!+:!+(64!W:"u:!X6$4!>?(*$%$!B=!>?$5=4!>^^C4!bk4!bkm:!

X [M]

X = Br, Cl, OR

M M H

M = Mg, Al, Zn, B, Sn, Si, Ti

E9F0A3)PO)_)]20]32365:1);@7)344=4A0638B)

H

O

R

Br In (0)

DMF, 24h

OH

R

rd(syn/anti) : >88/12
E9F0A3)PP)_)344=4365:1)]32)4<51;58A)

RCHO
Br

n

SnCl2 / Cu(0)
H2O, 24h

n

R

OH

R = alkyle rd(syn/anti) : >60/40
R = aryle rd(syn/anti) : 99/1

E9F0A3)PC)_)4<06351)9:AA@)A0;536@82);<344=4365:1);<34;0F=;@7)



!

! bl!

T#:b f!1')&()!/*!/2)(92.!/<'%0$$%!

! Z..$0(2.! '6! 0$61%'A*!/*! h.6F("h)$.&4! %*.! 0$=1%*@*.! {"'%%?%1'%%'/(6=!1)2.*3&*3&! 63*!

)2'0&(9(&2!2%*0&)$1,(%*:!H*1*3/'3&4!*3!1)2.*30*!/*!Y3H%b4!O;&k4!;&bv3!$6!/*.!.*%.!/<(3/(6=4!63!

0$=1%*@*!'%%?%(B6*!360%2$1,(%*!*.&!'%$).!A232)24!(%%6.&)'3&!63!0$=1$)&*=*3&!\=1$%63A!/*.!

0$=1%*@*.! {"'%%?%1'%%'/(6=:! H*.! /*)3(*).! 1$69'3&! K&)*! $8&*36.! 3$&'==*3&! 5! 1')&()! /*!

1%6.(*6).! .$6)0*.! '%%?%(B6*.4! 63! %')A*! 29*3&'(%! /C'%%?%=2&'6@! 1*6&! K&)*! 1)21')2! -('! 63! {"

'%%?%1'%%'/(6=!*&!K&)*!*3A'A2!/'3.!63*!)2'0&($3!/C'%%?%=2&'%%'&($3:!

! Z(3.(4!/*.!'0(/*.!'%%?%8$)$3(B6*.!1*69*3&!K&)*!$8&*36.!5!1')&()!/<'%0$$%.!'%%?%(B6*.!*&!

/C'0(/*.!/(8$)(B6*.!*3!1)2.*30*!/*!1'%%'/(6=!PT#Qln:!H$3&)'()*=*3&!'6@!'%%?%8$)$3'&*.4!0*.!

.68.&)'&.!.*!)29-%*3&!K&)*!1%6.!.&'8%*.!5!%<'()4!3$3!)2/60&*6)!*&!.'3.!0')'0&-)*!'0(/*!/*!+*p(.:!

T%.! $>>)*3&! 63*! 1%6.! A)'3/*! &$%2)'30*! /'3.! %*! 0,$(@! /*.! A)$61*=*3&.! >$30&($33*%.:! ;3!

1)2.*30*!/<'%/2,?/*.4!/*.!'%0$$%.!,$=$'%%?%(B6*.!%E*!.$3&!$8&*36.!P.0,2='!liQ:!

! Y*%$3!63*!/2=')0,*! .(=(%'()*4!;2'J(!'!/29*%$112!63*!=2&,$/$%$A(*!1*)=*&&'3&!/*!

1)21')*)! /*.! '%%?%(3/(6=.! .$6.! 0'&'%?.*! '6! 1'%%'/(6=dc$6! '6! 3(0N*%d]!4! 1')&(06%(-)*=*3&!

'11%(B62*!'6!0?0%$,*@23$%!P.0,2='!lmQ:!

!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
ln!_:!Y*%'3/*)4!Y:!Y*8*%(6.4!H:!;.&'?4!w:!E:!Y'D'8$4!A/2=!B=!F26=!>?$5=7)>^^Y4!lcjd:!
dc!'Q! Y:! Z)'N(4! Y:! w'=8*4! w:! w'=*/'4! h:! e()'.,(&'4! CE*+?$%(%7! >^^O4! md]:! 8Q! h:! e()'.,(&'4! h:! w'=*(4!G:! Y'&'N*4! h:! e$)(*4! Y:!
Y,(=(D64!F26=!V()5),=!>?$5:!>^^O4!]4!kmmn:!!
d]!h:!e()'.,(&'4!Y:!w'=8*4!e:!h.6F(4!e:!q=$)(4!Y:!Z)'N(4!B=!F26=!>?$5=7)>^^P4!in4!dcdl:!

OH

COOMe

H

O

B
HO

HO

2

acide
p-toluénesulfonique

[Pd]

B

COOMe

OH

OH

COOMe

OH

R R

R = Br, CN, NO2, MeCO

syn

E9F0A3)PY)_)7=16FG7@);<395;@)344=4K:2:15b8@)

OH

PhCHO
InI
Ni(acac)2 , PPh3

OH

rd(syn/anti) : 93/7
E9F0A3)PW)_)62317A06344365:1)20;896259@);@)i)I344=4159H@4)



G!!@*+2)1/9+()*!6H*H2',$!!G!

!bd!

! +'! )2&)$'%%?%'&($3! *.&! 2A'%*=*3&! 63*! =2&,$/*! (3/()*0&*! /*! A232)'&($3! (*! %(+/!

/C'%%?%=2&'6@4! *@1%$(&2*! 3$&'==*3&! 1')! `*)9?$,! *&! .$3! 2B6(1* db !P.0,2='! ljQ:! H*&&*!

=2&,$/$%$A(*! 0$3.(.&*! 5! /21)$&$3*)! 63! '%0$$%! ,$=$'%%?%(B6*! *30$=8)24! 16(.! /*! 1)21')*)!

%C'%0$$%'&*!/6!=2&'%!/$3&!$3!.$6,'(&*!1)21')*)!%C'%%?%*:!!

! \3*!9*).($3!1%6.!2%'8$)2*!'!2A'%*=*3&!2&2!=(.*!*3!L69)*4!(=1%(B6'3&!63*!)2'0&($3!

/*!0?0%(.'&($3">)'A=*3&'&($3!'>(3!/*!.?3&,2&(.*)!63!>)'A=*3&!'%%?%*!.68.&(&62!P.0,2='!ljQ:!!!

T#:k f!1')&()!/<'%%?%'02&'&*.!*&!/<'%%?%*.&*).!

! ;3! bccl4! M'*)*(! 1)2.*3&*! %'! 1)*=(-)*! '%%?%'&($3! 23'3&($.2%*0&(9*! /*! 0$=1$.2.!

0')8$3?%2.!1')!63!0$=1%*@*!{"'%%?%1'%%'/(6=!*3!1)2.*30*!/<63! %(A'3/!0,()'%!1,$.1,$)?%2dk:!

+<2%*0&)$1,(%*!*.&!'F$6&2!'1)-.!>$)='&($3!/*!%<*.1-0*!'0&(9*:!

! H$30*)3'3&!%*!=20'3(.=*!/<'%%?%'&($34!N'5'2/!.6AA-)*!63!(3&*)=2/('()*!'%%?%D(30!(..6!

/*! %'! &)'3.=2&'%%'&($3! V/!v3dl!P.0,2='! dcQ:! +'! )2'0&($3! /<'%%?%'&($3! /6! 8*3D'%/2,?/*! .*!

/2)$6%*)'(&!.*%$3!63!(3&*)=2/('()*!0?0%(B6*!0,'(.*!5!.(@!0*3&)*.:!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
db!h,-.*! /*! H:! V('DD'! J! _*p! =*&,$/.! >$)! &,*! .?3&,*.(.! $>! $)A'3$D(30! '3/! $)A'3$0$11*))*'A*3&.J! .$6&*36*! *3! bccb:!
I<'6&)*.! *@*=1%*.! .6)! %*!=K=*! 1)(30(1*! a! 'Q! V:! E$3*.4! V:! w3$0,*%4! >?$5=! >)55=7) /XXL4! blcm:! 8Q! V:! E$3*.4! _:!G(%%$&4! V:!
w3$0,*%4!>?$5=!>)55=7)/XXL4!blcd:!0Q!V:!E$3*.4!V:!w3$0,*%4!B=!F26=!>?$5=7)/XXX4!il4!]ji:!
dk!X:!v'3$3(4!Y:!X%'/('%(.4!Z:!G')0,*&&(4!V:!V(00(3(3(4!T:!h)*/(0(4!X:!#(/')(4!;*6$<=!>?$5=7!@*+=!A1=7>^^P4!lk4!jli:!
dl'Q!G:! w(=6)'4!G:! Y,(=(D64! w:! Y,(8'&'4!G:! h'D$*4! t:! h'=')64! ;*6$<=! >?$5=7! @*+=! A1=4! >^^O4! lb4! kknb:! 8Q! t:! h'=')64! B=!
F26'*)5$+=!>?$5=4!/XXX4!dmi4!b]d:!0Q!!t:!h'=')64!Z:!h'3'N'4!w:!t'.6(4!Y:!X$&$4!Y:!h'3'N'4!;*6$<=!>?$5=7!@*+=!A1=!A*6,=4!/XXC4!
kl4!mjm:!/Q!t:!X:!t'.6(4!h:!t'F(='4!t:!h'3(.*N(4!Z:!M6A'=(4!t:!h'=')64!N$+2'?$12)*!#$++=4!/XXO4!kl4!mi]n:!

R
O I

F

OXZn

R

F

1) n-BuLi

2) ZnBr2

O

F

R ZnX
R'

OH

R

R'CHO

rd(syn/anti) : >98/2

E9F0A3)PL)_)A06F:;@);@)6#.78'9)]:82)\0102@2);@7)344=4e5197)9=945b8@7)

OAc

H Ph

O Pd(PhCN)2Cl2, cat.
L*, cat.
Et2Zn

OH

Ph syn
ee = 81%

E9F0A3)PX)_)344=4365:1)37=A0625b8@)93634=70@)]32)4@)jM;k-l1)

OAc PdXL*2

PdL*2

ZnXL*2Et2Zn

PdEt2
E9F0A3)C^)_)516@2A0;5352@)344=4e519)



!

! bi!

! Ca'4)! /2=$3&)*! B6*! %'! 1)2.*30*! /*! .68.&(&6'3&.! 2%*0&)$/$33*6).! .6)! %*! 1'%%'/(6=!

*.&! .6.0*1&(8%*! /<(=1%(B6*)! 63! A%(..*=*3&! /<,'1&(0(&2! yk! 5! y]! /6! 0$=1%*@*! '%%?%1'%%'/(6=4!

%*B6*%!1$..2/*)'(&!63!0')'0&-)*!360%2$1,(%*dd!P.0,2='!d]Q:!

! H<*.&! '(3.(! B6*! \$2(*6'! /2=$3&)*! B6<(%! 3<?! '! 1'.! /*! &)'3.=2&'%%'&($3! V/!v3di:! ;3!

)*9'30,*4! 63! &)'3.>*)&! 23'3&($.2%*0&(>! /6! %(A'3/! 2&,?%*! /6! D(30! '6! 1'%%'/(6=! .C$1-)*4!

0$3/6(.'3&! 5! 63! 0$=1%*@*! y]"'%%?%1'%%'/(6=! /('.&2)2$*3)(0,(! %*B6*%! )2'A(&! '9*0! %C'%/2,?/*!

.*%$3!63!2&'&!/*!&)'3.(&($3!5!i!0*3&)*.!/*!&?1*!h)'@%*)"v(==*)='3!P.0,2='!dbQ:!

! C'+)!*&!]')!A23-)*3&!(*!%(+/!63!0$=1%*@*!&(&'3*PTTQ!1')!)2'0&($3!/*!/*6@!2B6(9'%*3&.!

/<(.$1)$1?%='A32.(*3! .6)! %*! h(Pq"("V)Qldm:! H*! 0$=1%*@*! 1*)=*&! %'! .?3&,-.*! /<'%%?%&(&'3*.!

0?0%(B6*.:!+<'//(&($3!/<63*!(=(3*!0$3/6(&!5!%<'=(3*!,$=$'%%?%(B6*!'*+(!P)/!a!ndÅdQ4!&'3/(.!B6*!

%<'//(&($3!/<'%/2,?/*.!'6@!'%0$$%.!,$=$'%%?%(B6*.!%E*!P)/!a!‚jcÅbcQ!P.0,2='!dkQ:!

!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
dd!w:!E:!YD'8$4!>?$5="!A/2=!B=7)>^^P4!]c4!dbij:!
di!X:!V:!e$p*%%4!Z:!E:!G(33'')/4!O:+:!M*)(3A'4!F26=!V()5),=!>?$5=7)>^^Y4!l4!]bmj:!
dm!Y:!e(N(0,(4!t:!X'$4!M!Y'&$!4N$+2'?$12)*!#$++=7/XXW4!kj4!bjim:!

E9F0A3)C/)_)4@7);5??02@167)06367);@)4<344=4]3443;58A)

!3
Nu

Nu:groupement allyle électrophile

Pd EE

Pd
L L

L
L

L
groupement allyle nucléophile

Pd0L2

PdIIL3

!1

L électrodonneur

PdXL*2

Et2Zn Pd
L*

L*
Et PhCHO

Pd
OR

L*
L*

Et
H

Ph

OH

!1!3

E9F0A3)C>)_)A093157A@);<344=4365:1)]2:]:70)]32):'*;#<)))

E9F0A3)CO)_)7=16FG7@);<344=465631@7)

CO2Et

n

Ti(Oi-Pr)2 Ti(Oi-Pr)2CO2Et

n

IVII

Y

Et H

Y = NR', O
n = 1, 2, 3,

n

Et

NHR'

n

Et

OH

anti syn
syn/anti : > 80/20syn/anti : > 5/95



G!!@*+2)1/9+()*!6H*H2',$!!G!

!bm!

T#:l e?/)$=2&'%%'&($3!=2&'%$"0'&'%?.2*!

! 8(++$2! *&! .$3! 2B6(1*! )2'%(.*3&! %C,?/)$8$)'&($3! ]4l")2A($.2%*0&(9*! /*! /(-3*.!

P.?=2&)(B6*.! *&! /(..?=2&)(B6*.Q! 0'&'%?.2*! 1')! 63! 0$=1%*@*! /*! M*PTTQ! *3! 1)2.*30*! /<63!

)2/60&*6)dj:!I'3.!%*!0'.!/*!/(-3*.!3$3"0?0%(B6*.4!(%.!$8&(*33*3&!*@0%6.(9*=*3&!%*.!0$=1$.2.!

%(32'()*.!/*!0$3>(A6)'&($3!PAQ:!+*!0?0%*!0'&'%?&(B6*!1)$1$.2!(=1%(B6*!63!(3&*)=2/('()*!'%%?%>*)!

P.0,2='!dlQ:!!

! N%/b( dn !)2'%(.*! 2A'%*=*3&! /*! %<,?/)$8$)'&($3! 1')! %*! 1(3'0$%8$)'3*! =*3'3&! '6@!

'%%?%8$)'3*.!/*!0$3>(A6)'&($3!TAU!.$6.!0'&'%?.*!'6!06(9)*!PTQ!'11%(0'8%*!'6@!]4k"/(-3*.!*&!'6@!

'%%-3*.:! +*! 0?0%*! 0'&'%?&(B6*! 1)$1$.2! (=1%(B6*! 63*! 1)*=(-)*! 2&'1*! /C,?/)$061)'&($3"]4b!

)2A($.2%*0&(9*!1%'^'3&! %*!06(9)*!*3!1$.(&($3!&*)=(3'%*!/'3.! %*!0'.!/*.!'%%-3*.!*&!*3!1$.(&($3!

'%%?%(B6*! /'3.! %*! 0'.! /*.! /(-3*."]4k:! +C*.1-0*! 0'&'%?&(B6*! *.&! *3.6(&*! )2A232)2*! 1')! z"

=2&'&,-.*!'9*0!%*!eO1(3!0$3/6(.'3&!5!%C'%%?%8$)'3*:!@+)!1)$1$.*!63*!9*).($3!'.?=2&)(B6*!/*!

0*&&*!,?/)$8$)'&($3!3$&'==*3&!'9*0!63!%(A'3/!0,()'%!/2)(92!/6!I6V,$.ic:!

! +*.! '%%?%.(%'3*.! 1*69*3&! 2A'%*=*3&! K&)*! 1)21')2.! 1')! ,?/)$.(%?%'&($3! )2A($.2%*0&(9*!

/<]4k"/(-3*.! ! 0'&'%?.2*! 1')! %*! 1'%%'/(6=i]:! D'E'%?(! '! /20)(&! 63*! 9*).($3! '.?=2&)(B6*! *3!

6&(%(.'3&! 63! %(A'3/! /2)(92! /6! Z)"GqV! PP8Q"b"P/(1,*3?%1,$.1,(3$Q"b<"Pk4d"/(=*&,?%"l"

=*&,$@?1,*3?%Q"]4]<"8(3'1,&,?%Q!ib!P.0,2='!diQ:!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
dj!E:!t:!r64!O:!G$)*'64!h:!S(&&*)4!B=!;5=!>?$5=!C)9=7>^^X4!]k]4!]bn]d:!
dn!w:!Y*=8'4!G:!Y,(3$=(?'4!h:!M6F(,')'4!E:!h*)'$4!t:!h.6F(4!>?$5=!A/2=!B=7)>^/O4!]n4!m]bd:!
ic!t:Y'.'N(4!H:!v,$3A4!G:Y'p'=6)'4!e:!T&$4!B=!;5=!>?$5:!Y$0:4>^/^m)]kb4!]bbi:!
i]!Y:!w$8'?'.,(4!w:!_(.,($4!B=!F26=!>?$5=7!/XXP4!dn4!iibc:!
ib!E:!r:!e'34!h:!e'?'.,(4!N$+2'?$12)*[!;%%E5$+2E=7!>^^>4!]k4!kbd:!

Cu(Ot-Bu)
(R,R)-Me-DuPhos
B2Pin2

pinB pinB
94 6/

ee = 97%

E9F0A3)CC)_)F=;2:K:2365:1)013165:704@965J@)93634=70@)38)985J2@)

H B
O

O Bpincat. 4mol%
10mol% Mg

H B
O

O cat. 4mol%
10mol% MgR Bpin R

Me

Bpin R

Me

linéaire branché
>93 7/

rd (E/Z) : >99/1

N
N

Fe
Cl Cl

cat.

E9F0A3)CP)_)7=16FG7@);<344=4K:231@7)

EtO2

EtO2

THF/MeOH



!

! bj!

! Y*%$3! 63*! '11)$0,*! 9$(.(3*4! O'5'5/2'! .?3&,2&(.*! /*.! '%%?%.&'33'3*.! 1')!

,?/)$.&'33?%'&($3!1'%%'/$"0'&'%?.2*!*&!6&(%(.*!%*!O6kY3e!0$==*!.$6)0*!/<2&'(3cZ:!

! G$(3.! /29*%$112*! B6*! %*.! )2'0&($3.! /C,?/)$8$)'&($34! /C,?/)$.(%?%'?($3! *&!

/C,?/)$.&'33?%'&($34! %'! )2'0&($3! /C,?/)$&(&'3'&($3! /*! /(-3*! 0$3.&(&6*! 2A'%*=*3&! 63*!

=2&,$/*!1*)>$)='3&*!1$6)!'002/*)!5!%<'%%?%=2&'%:!

! +'!1)21')'&($3!/*!0*.!yk"'%%?%&(&'3*.!=*&!*3! F*6!63!,?/)6)*!/*!h(PTTTQ4!A232)2! (*!%(+/!

1')! )2'0&($3! /*! /*6@! 2B6(9'%*3&.! /<(.$1)$1?%='A32.(*3! *&! /*! h(H1bH%bil:! H*&&*! '11)$0,*!

'11%(B62*!5!/*.!/(-3*.!0?0%(B6*."]4k!0$3/6(&!='F$)(&'()*=*3&!!'6@!'%0$$%.!,$=$'%%?%(B6*.!/*!

0$3>(A6)'&($3!)*%'&(9*!%E*!P.0,2='!dmQ=!

# h)'9'6@!/6!%'8$)'&$()*!
! ;3!bc]]4!%*!%'8$)'&$()*!.C*.&!(3&2)*..2!5!%'!>$30&($33'%(.'&($3!/*!1*3&'>6%9-3*.!-('!%'!

0,(=(*!/*.!=2&'6@!/6!A)$61*!T#4!&(&'3*!*&!D()0$3(6=4!/'3.!%*!0'/)*!/C63*!0$%%'8$)'&($3!'9*0!

63! %'8$)'&$()*! (3/(*3:!\3*!/*.!1(.&*.!*39(.'A2*.! )*1$.'(&! .6)! %'! )2'0&($3!/C,?/)$&(&'3'&($3!

/*!%'!1')&(*!/(23(B6*!*3/$0?0%(B6*!/*!0*.!.&)60&6)*.4!%'B6*%%*!.*=8%'(&!K&)*!%'!1%6.!'/'1&2*!5!

%'!0$3>$)='&($3!)*B6(.*!1$6)!A232)*)!63!0$=1%*@*!yk"'%%?%&(&'3*:id!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
ik!e:!G(?'N'4!w:!t'='=6)'4!>?$5=!#$++=7!/XX>4!dcm:!
ilE:!YD?=$3('N4!H:!G$(.*4!Jh(&'3(6=!'3/!v()0$3(6=!(3!q)A'3(0!Y?3&,*.(.J4!H,'1!]k!P;/:! a! T:!G')*NQ4!r(%*?"rHe4!r*(3,*(=!
>^^>4!ld]:!
id!E:!E$.*1,4!M:!E')(.0,(N4!I:!e')'N'&4!w:!#:!S'/,'N)(.,3'34!E:!"+:!#'..*4!E:!YD?=$3('N4!>?$5=!A/2=!B=7)>^/P4!bc4!dlkk:!!

SiCl3
Cl3SiH

PdCl(!C3H5)2/L*
n = 1,2 n = 1,2

PhCHO
DMF

OH

Ph

ee = 90%
n = 1,2

Ph2P OMe

L*

E9F0A3)CY)_)F=;2:754=4365:1)013165:704@965J@)93634=70@)]32)81)]3443;58A)9F5234)

E9F0A3)CW)_)7=16FG7@);<344=465631@7)

TiCp2Cl2 i-PrMgBr TiCp2Cl i-PrMgBr TiCp2

H
[TiCp2H]

RCHO

n = 1,2

TiCp2

n = 1,2

OH

R

syn!3

n = 1,2



G!!@*+2)1/9+()*!6H*H2',$!!G!

!bn!

#:] +*.!0$3/(&($3.!/<,?/)$&(&'3'&($3!

Z11%(B62*.! '6@!1*3&'>6%9-3*.4! %*.! 0$3/(&($3.! 0%'..(B6*.4! PH1bh(H%b4! b! ("V)GAuQ! /*! %'!

)2'0&($3!/C,?/)$&(&'3'&($3!.*!.$3&!)292%2*.!(3>)60&6*6.*.!P.0,2='!djQ:!!

;3!)*9'30,*4!/*.!0$3/(&($3.!'%&*)3'&(9*.4!/20)(&*.!1')!W)d%$!*&!CaE5)*('J4!6&(%(.'3&!%*!

ITOZ%"e! 1$6)! A232)*)! H1bh(e4! $3&! 1*)=(.! /C'002/*)4! '1)-.! '//(&($3! /*! 8*3D'%/*,?/*4! 5!

%C'%0$$%!,$=$'%%?%(B6*!.$6.!%'!>$)=*!/C63!63(B6*!)2A($"!*&!/('.&2)2$(.$=-)*!='(.!32'3=$(3.!

'9*0!63!)*3/*=*3&!=$/*.&*!/*!kl€ii:!Z1)-.!$1&(=(.'&($3!/*!%'!.&)60&6)*!/6!1*3&'>6%9-3*4!

%*.! =*(%%*6).! )2.6%&'&.! .$3&! $8&*36.! *3! 6&(%(.'3&! k! 2B6(9'%*3&.! /*! ITOZ%"e4! 0*! B6(! *.&!

.6)1)*3'3&!'6!96!/*! %'!.&L0,($=2&)(*!.611$.2*!1$6)! %'! >$)='&($3!/*! %C,?/)6)*!H1bh(e:!I*!

1%6.!'6063*!&)'0*!/*!)2/60&($3!0$=12&(&(9*!/*!8*3D'%/2,?/*!3C*.&!$8.*)92*!P.0,2='!dnQ:!

!

!

!

!

! T%! '! 2&2! '3&(0(12! B6*! %'! 0$=8(3'(.$3! H1bh(H%b! Å! ITOZ+"e! =-3*! 5! 63*! )2'0&($3!

/C,?/)$'%6=(3'&($3! 0'&'%?.2*!1')! %*! &(&'3*!1%6&U&! B6C63*! )2'0&($3!/C,?/)$&(&'3'&($3:! H*&&*!

,?1$&,-.*! '! 2&2! 92)(>(2*! *3! *=1%$?'3&! 63*! 0,')A*! 0'&'%?&(B6*! *3! &(&'3*! $}! /*! 8$3.!

)*3/*=*3&.! $3&! 2&2! $8&*36.! *&! /C*@0*%%*3&*.! /('.&2)2$.2%*0&(9(&2.! 0*0(! '9*0! 63*! %')A*!

A'==*!/C'%/2,?/*.!*&!/*!02&$3*.:!

!

! H*!.?.&-=*!0'&'%?&(B6*!&)$69*!9)'(.*=8%'8%*=*3&!.$3!$)(A(3*!/'3.!%'!1)$1*3.($3!/*.!

=2&'6@!/*!%'!0$%$33*!T#!5!2&'8%()!/*.!0$=1%*@*.!8(=2&'%%(B6*.!1$3&2.!'9*0!%C'%6=(3(6=4!0*!

B6(!1*6&!K&)*!)*%(2!'9*0!%'!)2'0&($3!/*!=2&,?%'%6=(3'&($3!/*!:$6(%?(im!P.0,2='!icQ:!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
ii!'Q!_:!h,*)?4! E:!YD?=$3('N4!H:!G$ƒ.*4!N$+2'?$12)*!#$++=7) /XXX4!lc4!k]dd:!8Q!_:!h,*)?4! E:!YD?=$3('N4!H:!G$ƒ.*4!A/2=! B=!F26=!
>?$5=7)>^^^4!]ljk:!
im!q:!#'3!e$)34!+:!#'%*3&*4!;:"!T:!_*A(.,(4!B=!F26'*)5$+=!>?$5=7!/XWL4!]di4!Hbc:!

1) TiCp2Cl2, 2 RMgCl

2) PhCHO Ph

OH

E9F0A3)CL)_)9:1;565:1)943775b8@);<F=;2:65631365:1)

E9F0A3)CX)_)1:8J@44@7)9:1;565:17);<344=A06344365:1)

R R
1) TiCp2Cl2, x DiBAl-H

2) PhCHO, -50°C

R R

OH

PhH

syn

x = 2, R = Ph, Rdt = 40%

x = 3, R R = (CH2)6, Rdt = 48%
R = adamantyl, Rdt = 72%R
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'&&)(862*! 5! %<2&'8%(..*=*3&! /C63! 2&'&! /*! &)'3.(&($3! 0?0%(B6*! 0,'(.*! &)-.! $)A'3(.2! /*! &?1*!

v(==*)='3"h)'@%*)!P.0,2='!m]Q:!

! \3! 2&'&! /*! &)'3.(&($3! /*! &?1*! v(==*)='3"h)'@%*)! 2&'3&! (39$B62! %$).! /*.! )2'0&($3.!

=*&&'3&!*3! F*6!/*.!'%%?%'%6=(3(6=.4!0*.!$)A'3$=2&'%%(B6*.!1*69*3&!K&)*!0%'..2.!1')=(.! %*.!

'%%?%=2&'6@! /*! &?1*! T! $6! TTT:! +*.! *@*=1%*.! )*1$)&2.! 5! 0*! F$6)! 0$30*)3*3&! %*.! 0$=1$.2.!

0?0%(B6*.!$6!$69*)&.!/*!A2$=2&)(*!PAQ4!(%!*.&!/(>>(0(%*!/*!.*!1)$3$30*)!.6)!%<*@'0&*!3'&6)*!/*!

0*.!'%%?%=2&'6@!P.0,2='!mbQ:!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
m]h:!I:!O%…=N*4!t:!"e:!H,*34!v:!V*3A4!V:!w3$0,*%4!:'+=!>?$5=7!>^/^4!b4!k]k:!
mbv:!V*3A4!h:!I:!O%…=N*4!V:!G'?*)4!V:!w3$0,*%4!;*6$<=!>?$5=!@*+=!A1=7!>^/^4!ln4!jd]i:!

Br
Al(0)

InCl3 (1 mol%)
THF

Al2/3Br

Br

Me

O

-78°C, 1h

rdt = 82%

Al2/3Br
ORL

RS

HO Me

Br

Cl
Al(0)

InCl3 (1 mol%)
THF

Al2/3Cl

rdt = 77%

EtO2C EtO2C

Br

Me

O

-78°C, 1h
O

O

H Me

Br

rdt = 97%, rd (syn/anti) : 99/1

rdt = 81%, rd (syn/anti) : 99/1

E9F0A3)W/)_)7=16FG7@7);<344=43431@7)]32)517@265:1);<348A5158A)`^a)3965J0)]32)4<51;58A)

E9F0A3)W^)_)7=16FG7@);<344=43431@7)763K545707)]32)9F04365:1);@)4<348A5158A)

HO NMe2
n-BuLi

LiO NMe2
AlCl3

N
Al

O

Me Me
Cl
Cl

BrMg
(2 équiv.)

N
Al

O

Me Me

2 MgBrCl

Ph H

Y

toluéne
100°C, 12h
Puis, NaCl(aq)
HCl

(1 équiv.)
YH

Ph

Y = O, rdt = 93%
Y = NC6H11, rdt = 90%



G!!CE*+?e%$!1f',,E,','*$%!9?(2'/g!9)55$!&2H9/2%$/2%!1f',,E,a(*9%!!G!

!l]!

! +*.! &)'9'6@! )20*3&.! /6! %'8$)'&$()*! '(3.(! B6*! 0*6@! /*! `*)9?$,! =$3&)*3&! B6*! %*.!

'%%?%'%6=(3(6=.4! *&! 1%6.! 1')&(06%(-)*=*3&! %*.! /2)(92.! 0?0%(B6*.4! 1*)=*&&*3&!/*! A232)*)!/*.!

'%0$$%.! ,$=$'%%?%(B6*.! '9*0! /*! 8$33*.! .2%*0&(9(&2.! %E*Q'*+(4! B6<(%! .<'A(..*! /*! 02&$3*.! $6!

/<'%/2,?/*.4! %*.! 02&$3*.! /*9)$3&! 8(*3! 29(/*==*3&! 1$..2/*)! /*.! A)$61*=*3&.! /*! &'(%%*.!

.6>>(.'==*3&!/(>>2)*3&*.:!H,'063*!/*!0*.!=2&,$/*.!1)2.*3&*3&!63*!%(=(&'&($3!/*!.68.&)'&:!

;3!*>>*&4! (%!3<*.&!1'.!&$6F$6).!'(.2!/C'002/*)!'6@!1)206).*6).!,'%$A232.!$6!=2&'%%2.:!Z!&(&)*!

/<*@*=1%*4!%C'00-.!'6@!/2)(92.!,'%$A232.!$6!=2&'%%2.!/2)(92.!/*!1*3&'>6%9-3*.!3<$3&!1'.!/*!

1)202/*3&.! /'3.! %'! %(&&2)'&6)*:! Z(3.(4! %<,?/)$'%6=(3'&($3!/*! >6%9-3*! 0'&'%?.2*! 1')! %*! &(&'3*!

0$3.&(&6*!5!0*!F$6)!%C63(B6*!9$(*!/*!1)21')'&($3!/*!0*!&?1*!/C'%%?%=2&'6@:!

! +*.! &)'9'6@! /20)(&.! 1)202/*==*3&! $3&! 2&2! 0$3/6(&.! 63(B6*=*3&! *3! 9*).($3!

)'02=(B6*:! +'! >'^$3! %'! 1%6.! .(=1%*! /<(3/6()*! /*! %C'.?=2&)(*! 0$3.(.&*! 5! &)'9'(%%*)! '9*0! /*.!

2%*0&)$1,(%*.! 0,()'6@! 3$&'==*3&! /*.! (=(3*.! =63(*.! /<63! '6@(%('()*! 0,()'%:! I'3.! %*! 0'.!

1')&(06%(*)! /<'%%?%'%'3*.! 0?0%(B6*.4! %'! 0,()'%(&2! (3&)(3.-B6*! /*! %<$)A'3$=2&'%%(B6*! (=1$.*! 63!

=$/*! /*! A232)'&($3! 23'3&($.2%*0&(>! $}! 63! 1,23$=-3*! /*! )*0$33'(..'30*4! 1*)=*&&'3&! 63!

/2/$68%*=*3&! 0(32&(B6*! $6! 0(32&(B6*! /?3'=(B6*! '9*0! 63! 2%*0&)$1,(%*! 0,()'%! 23'3&($16)4!

1*6&!'%$).!'9$()!%(*6:!

T:b +*.!.&)'&2A(*.!23'3&($.2%*0&(9*.!

! V$6)!$)(*3&*)!3$&)*!=2&,$/$%$A(*!/<,?/)$'%6=(3'&($3!/<]4k"/(-3*.!9*).! %'! .?3&,-.*!

'.?=2&)(B6*4! %'! .&)'&2A(*! 5! '/$1&*)! /21*3/)'! /*! %'! .&'8(%(&2! 0$3>(A6)'&($33*%%*! /*!

%C'%%?%=2&'%:!I*6@! 0'.!/*! >(A6)*.! .$3&!1$..(8%*.4! .$(&! %<'%%?%=2&'%! *.&! 0$3>(A6)'&($33*%%*=*3&!

.&'8%*4!/'3.!0*!0'.!63!1)$0*..6.!/*!/2/$68%*=*3&!0(32&(B6*!*.&!*39(.'A*'8%*4! .$(&!0*%6("0(!

*.&!%'8(%*!/$33'3&!%'!1$..(8(%(&2!/<63!1)$0*..6.!/*!/2/$68%*=*3&!0(32&(B6*!/?3'=(B6*:!

!

! !

E9F0A3)W>)_)43)9:1?5\82365:1)2@4365J@);0]@1;);@)43)\0:A0625@);@)4<3431@)

CO2Et

Al2/3Cl

MeO2C

Me

O
-78°C, 1h

Ph Al2/3Cl

(E)

OHMe

CO2Me

EtO2C

MeO2C Ph

MeHO

composé syn
rdt = 70%, ed = 96%

composé anti
rdt = 99%, ed = 92%

(Z)



!

! lb!

T:b:] +*!/2/$68%*=*3&!0(32&(B6*!

! H*&&*! .&)'&2A(*! )*1$.*! .6)! %*! /2/$68%*=*3&! /<63!=2%'3A*! /<(.$=-)*.! *@1%$(&'3&! %'!

/(>>2)*30*!/*!)2'0&(9(&2!P9(&*..*!/*!)2'0&($3Q!/*.!23'3&($=-)*.!9(."5"9(.!/<63!0$=1$.2!0,()'%:!

+*! /2/$68%*=*3&! 0(32&(B6*! (=1$.*! 63*! .&'8(%(&2! 0$3>(A6)'&($33*%%*! /*! %<'%'3*4! 0<*.&! 5! /()*!

B6*!%*!0*3&)*!.&2)2$A-3*!3*!.$(&!1'.!)'02=(.'8%*!/'3.!%*.!0$3/(&($3.!/*!%<*@12)(*30*:!

! Z(3.(4! %*! .?.&-=*! &*3/! 5! K&)*! 1')>'(&! P$1&(='%Q! %$).B6*! NS! *.&! &)-.! .612)(*6)! 5! NY!

PNS‚‚NYQ:!H*1*3/'3&4!%*!)*3/*=*3&!='@(='%!&,2$)(B6*!.*%$3!0*&&*!=2&,$/*!*.&!/*!dc€:!I<63!

1$(3&! /*! 96*! 0(32&(B6*4! 5! =*.6)*! B6*! %'! )2'0&($3! '9'30*4! %<23'3&($.2%*0&(9(&2! (3.&'3&'32*!

0,6&*!/6!>'(&!/*!%<'6A=*3&'&($3!/*!%'!0$30*3&)'&($3!/*!%<'6&)*!23'3&($=-)*:!

! +*! &*.&! /<e$>>='33! 1*)=*&! /<29'%6*)! %'! .&'8(%(&2! 0$3>(A6)'&($33*%%*! /*!

%<$)A'3$=2&'%%(B6*4!0*%6("0(!.*)'!/2&'(%%2!*3!&)$(.(-=*!1')&(*!/*!0*!='36.0)(&:!

T:b:b +*!/2/$68%*=*3&!0(32&(B6*!/?3'=(B6*!

! V')'%%-%*=*3&! '6! /2/$68%*=*3&! 0(32&(B6*! .(=1%*4! B6(! 0$30*)3*! %*.! *.1-0*.!

0$3>(A6)'&($33*%%*=*3&!.&'8%*.!$6!1$..2/'3&!63*!9(&*..*!/C2B6(%(8)'&($3!%*3&*!'6!)*A')/!/*!

0*%%*! /*! %'! )2'0&($3! 0$3.(/2)2*4! %*! /2/$68%*=*3&! 0(32&(B6*! /?3'=(B6*! $>>)*! /*! 1%6.!

(3&2)*..'3&*.! 1*).1*0&(9*.! *3! &*)=*! /*! )*3/*=*3&! (.$%'8%*:! h,2$)(B6*=*3&4! &$6&*! %'!

='&(-)*!1*6&!'%$).!K&)*!*@1%$(&2*!*&!0$39*)&(*!*3!1)$/6(&:!!

! H*! 1)$02/2! (3&*)9(*3&! %$).B6*! %*! .68.&)'&! 1$..-/*4! h! &2()2(4! 63! 0*3&)*! .&2)2$A-3*!

%'8(%*!P)'1(/*=*3&!)'02=(.'8%*Q:!H*&&*!0$3/(&($3!*.&!320*..'()*!='(.!1'.!.6>>(.'3&*:!! !

E9F0A3)WO)_);0;:8K4@A@16)951065b8@);@7);@8B)013165:AG2@7);@)4<3431@)

[Al]

[Al]
H R

NAux
(R)

(S)

H-[Al]

kR

kS

*

THF

produit 
majoritaire
 rdt<50%

lent

rapide

E9F0A3)WP)_)762360\5@);@);0;:8K4@A@16)951065b8@);=13A5b8@)

[Al]

[Al]
H R

NAux

(R)

(S)

H-[Al]

kR

kS

*

THF
krac

produit majoritaire
 rdt >50%

lent

rapide

rapide



G!!CE*+?e%$!1f',,E,','*$%!9?(2'/g!9)55$!&2H9/2%$/2%!1f',,E,a(*9%!!G!

!lk!

+*.!0$3/(&($3.!)*B6(.*.!.$3&!%*.!.6(9'3&*.!a!

• %'! )'02=(.'&($3! /6! 0*3&)*! %'8(%*! /$(&! K&)*! 1%6.! )'1(/*! B6*! %'! 0$3.$=='&($3! /6!

.68.&)'&!PNS!†!NYQ!a!N)'0!‚!NY4!NS!

• %'!0$3/(&($3!/*.!1)$0*..6.!0(32&(B6*.!(.$%2.!/$(&!K&)*!2A'%*=*3&!92)(>(2*!a!NS!‚‚!NY!

• %*.! 1)$/6(&.! /$(9*3&! K&)*! .6>>(.'==*3&! .&'8%*.! /'3.! %*.! 0$3/(&($3.! /*! %<*@12)(*30*!

'>(3! /*! 3*! 1'.! 8'.06%*)! /'3.! 63! 2B6(%(8)*! &,*)=$/?3'=(B6*4! %*.! )2'0&($3.!

())29*).(8%*.!.$3&!1)(9(%2A(2*.:!

! T%! *.&! (=1$)&'3&! /*! 1)20(.*)! B6*! %$).! /<63! 2B6(%(8)*! )'1(/*! *3&)*! %*.! /*6@!

23'3&($=-)*.! /6! .68.&)'&4! %'! .2%*0&(9(&2! /*! %'! )2'0&($3! *.&! /2&*)=(32*! 63(B6*=*3&! 1')! %'!

/(>>2)*30*! /<23*)A(*! /*.! 2&'&.! /*! &)'3.(&($3! *3! 0$=12&(&($3! *&! 3$3! 1%6.! /*! %'! 8'))(-)*!

/C(3&*)0$39*).($3! /*.! /*6@! 23'3&($=-)*.:! ;3! /<'6&)*.! &*)=*.4! %C*.1-0*! =(3$)(&'()*! /'3.!

%<2B6(%(8)*!1*6&!32'3=$(3.!K&)*!0$3.$==2*!*&!0$3/6()*!'6!1)$/6(&!='F$)(&'()*!.(! %<23*)A(*!

/*!%<2&'&!/*!&)'3.(&($3!*.&!1%6.!>'(8%*:!T%!.<'A(&!/6!1)(30(1*!/*!H6)&(3"e'==*&&:!!

T:b:k ;@*=1%*.!/*!/2/$68%*=*3&! !

! ;3!]nmm4!V2)<*!'!=(.! *3!29(/*30*!1')!SG_! ]e! %C*@(.&*30*!/C63!2B6(%(8)*! *3&)*! %*.!

/*6@! >$)=*.! /<63! '%%?%8$)'3*! PO"b"0?0%$,*@'3"]"?%"n"OO_Q!mk:! ;3! *>>*&4! %*.! '%%?%8$)'3*.! /*!

&?1*! OO_! .$3&! .6F*&! 5! %'! 8$)$&)$1(*! 5! %<$11$.2! /*.! '%%?%8$)$3'&*.! B6(! .$3&!

0$3>(A6)'&($33*%%*=*3&!.&'8%*.:!H*&&*!1)$1)(2&2!1*)=*&!/C*39(.'A*)!63*!)2.$%6&($3!0(32&(B6*!

/?3'=(B6*4! 0*! B6(! '! 2&2! *@1%$(&2*! 1$6)! %'! .?3&,-.*! 23'3&($.2%*0&(9*! /*! %'! P"Q"

.'%(3$.1$)'=(/*!Zml:!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
mk!X:!r:!w)'=*)4!e:!H:!O)$p34!B=!F26=!>?$5=7!/XWW4!]kb4!n:!
ml!h:!+(3A4!#:!S:!G')0,*)%'4!S:!S:!G'3'=4!w:!Z:!G0Z)&,6)4!O:!H:!G:!V$&&.4!F26=!#$++=7!>^^W4!n4!bbjn:!

E9F0A3)WC)_);53\23AA@)01@2\065b8@)5448762316)4@)]25195]@);@)(82651IR3AA@66)

A-E B-E

ETB

ETA

PA PB

!rGA
!rGB

!rGA > !rGB

A E B Elent rapide
PA

PB
majoritaire minoritaire majoritaireminoritaire



!

! ll!

! +*! 1)$/6(&! %E*! *.&! $8&*36! 1')! %<6&(%(.'&($3! /*! %<'%%?%8$)'3*! /*! O)$p3! .6)! %<'%/2,?/*!

23'3&($16):!+'!0$3>(A6)'&($3!/6!0')8$3*!1$)&'3&!%<'%0$$%!3C2&'3&!1'.!0*%%*!/2.()2*4!0*%%*"0(!*.&!

*3.6(&*! (39*).2*!.*%$3!63*!.2B6*30*!$@?/'&($3!Å!)2/60&($3!23'3&($.2%*0&(9*!0$3/6(.'3&!'6!

1)$/6(&!.$6,'(&2!P.0,2='!miQ:!!

!

! >)2$E!1)$1$.*!63*!.?3&,-.*!23'3&($.2%*0&(9*!/*!%'!.'%(3$.1$)'=(/*!Z!*3!(3&2A)'3&!%*!

>)'A=*3&!0?0%$,*@"b"23"]"?%*!-('!%*!/2)(92!D(30(B6*Y_:!+*.!'%%?%D(30.!.$3&!2A'%*=*3&!.6F*&.!'6!

/2/$68%*=*3&!0(32&(B6*!/?3'=(B6*:!T%!*.&!5!3$&*)!B6*!%'!.?3&,-.*!/*!%<'%%?%D(30!*.&!)2'%(.2*!

*3!1%6.(*6).!2&'1*.!*&!A23-)*!8*'60$61!/*!0$"1)$/6(&.!.6.0*1&(8%*.!/*!1*)&6)8*)!%'!)2'0&($3!

/<'%%?%'&($3! a! 63*! 1)*=(-)*! 2&'1*! /<,?/)$.&'33?%'&($3! *.&! )2'%(.2*! '>(3! /<$8&*3()!

%<'%%?%.&'33'3*4! .68(..'3&! *3.6(&*! 63*! &)'3.=2&'%%'&($3! '9*0! %*! *"86&?%%(&,(6=! .6(9(*! /*! %'!

&)'3.=2&'%%'&($3!+(!v3!P.0,2='!mmQ:!!

! !

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
md!+:!S:!S*//?4!V:!Y')'9'3'34!;:!E:!H$)*?4!B=!;5=!>?$5=!C)9=7)>^^P4!]bi4!ibkc:!

E9F0A3)WY)_)7=16FG7@);<81)]2:;856)13682@4)865457316)81)344=4K:231@);@)Z2:d1))

N

O

O

OBn

O CHO

t-Bu

BB H B

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

B

THF, -78°C

N

O

O

OBn

O

t-Bu

OH

H

produit syn majoritaire 
rdt = 80%

H
N

O
O

O

Cl

O
H

réduction
enzymatique

H
N

O
O

Cl

OH
H

.#(/01.+)*+)"!)2343.!"5(%.6%&!75*+)8

O



G!!CE*+?e%$!1f',,E,','*$%!9?(2'/g!9)55$!&2H9/2%$/2%!1f',,E,a(*9%!!G!

!ld!

! I*!=K=*4!X'++$*1$*!/2=$3&)*4!%$).!/*!%'!.?3&,-.*!/*!%'!P‡Q".'%(3$.1$)'=(/*!Z!B6*!

%*.!'%%?%D(30.!3*!.$3&!1'.!0$3>(A6)'&($33*%%*=*3&!.&'8%*.mi:!!

!

!

! +*! 86&! /*! 0*&&*! &,-.*! *.&! %<29'%6'&($3! /6! 1$&*3&(*%! /*.! '%%?%'%'3*.! *3! .?3&,-.*!

'.?=2&)(B6*4! 3$&'==*3&! 1$6)! .?3&,2&(.*)! /*.! '=(3*.! ,$=$'%%?%(B6*.! 0,()'%*.!

*3'3&($*3)(0,(*.:!

! +<2&6/*! 9(.*! 5! /2&*)=(3*)! .(! %*.! '%%?%'%'3*.4! A232)2.! 1')! ,?/)$'%6=(3'&($3! /<]4k"

/(-3*.! .$6.! 0'&'%?.*! '6! &(&'3*4! 1*69*3&! .68()! 63! /2/$68%*=*3&! 0(32&(B6*! $6! 0(32&(B6*!

/?3'=(B6*!*3!)2'0&($3!'9*0!/*.!(=(3*.!0,()'%*.!3$3")'02=(B6*.:!!

!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
mi!_:!V:!G6%,$%%'3/4!X:!V'&&*3/*34!T:!Z:!Y:!r'%&*).4!F26=!V()5),=!>?$5=7)>^^L4!i4!bmjb:!

N

Si
O

O
PMB

MeMe

CO2Me
CHO

Me
H

THF, -78°C

ZnCl

N

Si
O

O
PMB

MeMe

CO2Me

Me
H

OH
H

produit anti majoritaire
rdt = 88%
rd (syn/anti) : 1/20
ee = 100%

H
N

O
O

Cl

OH
H

O

!"#$%&!'()'(*+(,-.-!+*/#0!102+3/)'(4

SnBu3 Li ZnCl
Bu3SnH
benzène
Pd(PPh3)4, cat.

n-BuLi
THF

Bu4Sn ZnCl2
THF

LiCl Bu4Sn

56$%0)'()'(702'"(8(!"#$%&!'()9+**"*:/#;

E9F0A3)WW)_)7=16FG7@);<81)9:A]:70)13682@4)865457316)81)344=4e519)5778);@)43)A06F:;@);@)@.*'")



!

! li!

TT S2.6%&'&.!*&!/(.06..($3.!

TT:] ;..'(.!1)2%(=(3'()*.! a! )2'0&($3!/<'%%?%'&($3!/<(=(3*.!1')!63!

'%'3*!0?0%(B6*!

TT:]:] H,$(@!/*!%<'6@(%('()*!

! +*.! *@*=1%*.! /2&'(%%2.! F6.B6<5! ='(3&*3'3&! /2=$3&)*3&! B6<(%! *.&! >$)&*=*3&!

(3&2)*..'3&!/<'9$()!/*.!1,23$=-3*.!/*!0,2%'&($3!'6!.*(3!/*!%<(3&*)=2/('()*!)2'0&($33*%4!0*%'!

0$3>-)*!63*!)(A(/(&2!5!%<(3&*)=2/('()*!*&!1*)=*&!/<'..6)*)!63*!=*(%%*6)*!/(.0)(=(3'&($3:!

! I'3.!63!1)*=(*)!&*=1.4!3$6.!'9$3.!)2'%(.2!63!0)(8%'A*!/*!B6*%B6*.!A)$61*=*3&.!*3!
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	 Une	solution	aqueuse	saturée	de	carbonate	de	sodium	est	utilisée	pour	hydrolyser	le	

milieu	 réactionnel.	 Les	 résultats	 obtenus	 sont	 reportés	 dans	 le	 tableau	 2.	 Les	 ratios	

diastéréoisomériques	sont	déterminés	par	RMN	1H.		

Tableau	2	:	choix	des	fragments	portés	par	l'auxiliaire	chiral	

	

	 R	 x	(DiBAl-H)	 rdta	(%)	 rd	(anti/syn)b	 produit	

1	 Bn	 1,6	 83	 >20/1	 1a	

2	 CH2p-MeOC6H4	 1,6	 69	 10/1	 1b	

3	 (CH2)2OH	 2	 75	 7/1	 1c	

4	 (CH2)2OMe	 2	 88	 10/1	 1d	

5	 P(O)Ph2	 1,5	 68	 1/19	 1e	

6	 Ts	 1,6	 97	 1/1	 1f	
a	rendements	isolés	;	b	déterminé	par	RMN	1H	

	 Le	groupement	benzyle	semble	être	un	fragment	de	choix		puisqu'il	offre	une	bonne	

diastéréosélectivité.	 Dans	 le	 cas	 du	 groupement	 p-méthoxybenzyle,	 une	 chute	 de	

rendement	et	de	sélectivité	est	observée	(entrées	1	&	2,	tableau	2).		

	 L’utilisation	 d’une	 chaîne	 oxygénée	 permet	 d'envisager	 un	 point	 d’ancrage	

supplémentaire	 pour	 le	 métal	 ;	 Les	 expériences	 3	 et	 4	 montrent	 une	 bonne	 induction	

diastéréosélective	 de	 ces	 groupements.	 De	 ces	 résultats,	 il	 semble	 que	 les	 groupements	

benzyle	et	 les	chaînes	oxygénées	soient	adaptées.	Ces	fragments	renvoient	 inévitablement	

au	 phénylglycinol,	 très	 présent	 en	 synthèse	 asymétrique.	 Contrairement	 aux	 dérivés	

benzyliques,	 le	 residu	 phénylglycinol	 est	 un	 motif	 facilement	 clivable	 permettant	 de	

conserver	la	double	liaison.	Ainsi,	le	phénylglycinol	semble	être	un	auxiliaire	de	choix	pour	la	

synthèse	asymétrique	d'amines	homoallyliques	anti.	

	 Dans	le	cas	du	phosphoramidate,	une	inversion	de	la	diastéréosélection	est	observée	

ceci	avec	un	excellent	excès	diastéréoisomérique	(entrée	5,	tableau	2).	Cependant,	l'emploi	

de	ce	type	de	groupement	suggère	 la	mise	au	point	de	 ligands	chiraux	complexes	tels	que	

des	dérivés	du	BINOL.	Une	méthodologie	employant	ses	substrats	sera	développée	lors	de	la	

partie	III	de	ce	manuscrit.	

	 En	 revanche	 aucune	 sélectivité	 n’est	 observée	 avec	 l’imine	N-tosylée,	 (entrée	 6	 du	

tableau	2).	

	 	

TiCp2Cl2, cat. (13mol%)
DiBAl-H (x équiv.)
THF, 40°C, 4h

[Al]

N
Ph

R

add. -78°C 
puis T.A 16h Ph

NHR

(1 équiv.)

Ph

NHR
(±)(±)



!

! lj!

TT:]:] ;..'(!/*!/2/$68%*=*3&!/*!3$&)*!.68.&)'&!

! +<(=(3*! /2)(92*! /6! 8*3D'%/2,?/*! *&! /6! P8Q"1,23?%A%?0(3$%! *.&! *3.6(&*! &*.&2*! .6)! %*!

0?0%$1*3&"b"23"]"?%'%6=(3(6=! B6*! 3$6.! 3$&*)$3.! /2.$)='(.! J'%%?%Z%"HdJ:! +<6.'A*! /*! 0*&&*!

(=(3*! (=1%(B6*! /C(39*.&()! '6! =$(3.! /*6@! 2B6(9'%*3&.! /*! %<*.1-0*! $)A'3$=2&'%%(B6*4! %*!

1)*=(*)!2B6(9'%*3&!/21)$&$3*!%'!>$30&($3!'%0$$%:!

! H*&! *..'(! 1)2%(=(3'()*! 0$3/6(&! '6! 0$=1$.2! >3) '9*0! 63!=2%'3A*! /*! &)$(.! (.$=-)*.!

/'3.! 63! )'11$)&! b4dÅ]Åc4l! /2&*)=(32! 5! 1')&()! /<63*! 2&6/*! SG_! ]e! /6! 8)6&! )2'0&($33*%!

P.0,2='!mjQ:!

! +C(/*3&(>(0'&($3!/*!%'!0$3>(A6)'&($3!%E*!$6!'*+(!/*!0,'B6*!(.$=-)*!'!2&*!0$3/6(&*:!+*!

)'&($! %E*Q'*+(! /6! =2%'3A*! $8&*36! 5! %<(..6! /*! 0*&! *..'(! 1)2%(=(3'()*! *.&! /2&*)=(32! '1)-.!

0%(9'A*!/*!%C'6@(%('()*!0,()'%:!!

! H*&&*! /21)$&*0&($3! *.&! )2'%(.2*! 1')! %<'02&'&*! /*! 1%$=8! /'3.! 63! =2%'3A*! /*!

/(0,%$)$=2&,'3*Å=2&,'3$%! *&! 5! c„H! .6(9(*! /*! %<'//(&($3! /*! 0,%$),?/)'&*! /<,?/)$@?%'=(3*!

eH%:! \3! &)'(&*=*3&! /6!=(%(*6! 1')! 63*! .$%6&($3! /*! _'qe! 1*)=*&! /<(.$%*)! %<'=(3*! /'3.! 63!

)'11$)&! m:jÅ]:! H*! )2.6%&'&! *.&! *3.6(&*! 0)$(.2! '9*0! %*! )'&($! $8&*36! '9'3&! 0%(9'A*! '>(3!

/C(/*3&(>(*)!%'!3'&6)*!%E*!)/!'*+(!/*!0,'B6*!'//6(&:!Z(3.(!%*!/('.&2)2$(.$=-)*!=(3$)(&'()*.!Z!

*.&! %*!.*0$3/! (.$=-)*!'*+(!*&! %*!/('.&2)2$(.$=-)*) (!*.&!63!0$=1$.2!%E*! P.0,2='!mnQ:!\3*!

&*3/'30*! A232)'%*! (3/(B6*! B6*! %*.! 1)$&$3.! 9(3?%(B6*.! /6! 0$=1$.2! '*+(! ='F$)(&'()*!

1$..-/*3&!/*.!/21%'0*=*3&.!0,(=(B6*.!1)$0,*.4!5!%'!%(=(&*!/*!%'!0$'%*.0*30*4!&'3/(.!B6*!%*.!

.(A3'6@!/*.!3$?'6@!e!/*.!0$=1$.2.!=(3$)(&'()*.!.$3&!=(*6@!/(>>2)*30(2.:!

! !

E9F0A3)WL)_)7]@962@)$U")/R);<81)K286)203965:11@4) 

/(':!;!='F$)(&'()*!
/(':!V!=(3$)(&'()*!

/(':!>!=(3$)(&'()*!



G!!CE*+?e%$!1f',,E,','*$%!9?(2'/g!9)55$!&2H9/2%$/2%!1f',,E,a(*9%!!G!

!ln!

!

!

! ;3>(34! %'! 0$3>(A6)'&($3! '8.$%6*! P87878Q! /*! %C(.$=-)*!='F$)(&'()*!,! '! 2&2! /2&*)=(32*!

1')!'3'%$A(*!'9*0!/*6@!0$=1$.2.!*3)(0,(.!0)(.&'%(.2.!*&!.$6=(.!5!63*!'3'%?.*!ISu!P&'8%*'6!d4!

1'A*!dmQ:!+*.!0$=1$.2.!0)(.&'%%(.2.!0$))*.1$3/*3&!'6@!'//6(&.!(..6.!/<(=(3*.!)2.6%&'3&!/*!%'!

0$3/*3.'&($3! /6! P8Q"1,23?%A%?0(3$%! *&! )*.1*0&(9*=*3&! /*! %<�"=2&,?%0(33'='%/2,?/*! *&! /6!

&'2'"=2&,$@?8*3D'%/2,?/*!P.0,2='!jcQ:!+*.!)2.6%&'&.!(3/(B6*3&!B6*!%*.!/('.&2)2$(.$=-)*.!

='F$)(&'()*.! /*! 0*.! /*6@! *@*=1%*.! 1$..-/*3&! 63*! 0$3>(A6)'&($3! '8.$%6*! P87878U7!

0$))*.1$3/'3&!'6@!0$=1$.2.!'*+(=!

! !

E9F0A3)L^)_)76289682@7)&$T);@);@8B)9257638B);<3A51@7)F:A:344=45b8@7013165:]8275

>3)

>3<I))#-;) >3<I)!"#)

E9F0A3)WX)_);06@2A51365:1);@)43)9:1?5\82365:1)3K7:48@);@7);5376020:57:AG2@7)A)@65@)

Ph

N
H

OH
Ph Ph

N
H

OH
Ph Ph

N
H

OH
Ph

anti-(R,R,R) anti-(S,S,R) syn-(S,R,R)

majoritaire minoritaires
clivage

Ph

NH2

Ph

NH2

%A

%A + %B %C

(±) (±)



!

! dc!

! +*.! *@12)(*30*.! .6(9'3&*.! $3&! 2&2! )2'%(.2*.! *3! >'(.'3&! 29$%6*)! %*! 3$=8)*!

/C2B6(9'%*3&.!/*!%C*.1-0*!$)A'3$=2&'%%(B6*:!+*.!)2.6%&'&.!.$3&!/$332.!/'3.!%*!&'8%*'6!k:!+*.!

)'11$)&.!/('.&2)2$(.$=2)(B6*.!.$3&!/2&*)=(32.!1')!SG_!]e:!!

!
#3K4@38)O)_)068;@);@)4<013165:704@965J560);@)4<344=4,4I(C)782);@7)5A51@7)1:1I2390A5b8@7)

!
!

!

!

Z6@(%('()*!

!

I(OZ%"e!

P@!2B6(9:Q!
h! )/!P'*+(Q%E*Q) )/P5'b)2(+'(2$Q!

)/&8!

P€Q!

]!

!

b! ],!5!"mj„H!16(.!&:''! m4jÅ]! m]Åbn! in!

b! k! ],!5!"mj„H!16(.!&:''! ‚bcÅ]! ncÅ]c! j]0!

k!

!

P8Q! b! ],!5!"mj„H!16(.!&:''! ]Ål4j! mmÅbk! il!

l! P8Q! k! ],!5!"mj„H!16(.!&:''! ]Å]d! jkÅ]m! m]!
'&*=12)'&6)*!='(3&*36*!]i,:!8)*3/*=*3&!(.$%2:!0)*3/*=*3&.!/2&*)=(32.!1')!SG_!]e:!

!

! +<'6A=*3&'&($3! /6! 3$=8)*! /<2B6(9'%*3&.! /<'%'3*! '6A=*3&*! 0$3.(/2)'8%*=*3&! %'!

.2%*0&(9(&2!%E*Q'*+(!P*3&)2*.!b!†!l4!&'8%*'6!kQ:!H$30*)3'3&!%*!1,23?%A%?0(3$%4!%'!.2%*0&(9(&2!'6!

.*(3!/6!0$61%*!'*+(!'6A=*3&*!0$3.(/2)'8%*=*3&! %$).B6*! %'!B6'3&(&2!/<'%'3*!/'3.! %*!=(%(*6!

'6A=*3&*!P*3&)2*!b4!&'8%*'6!kQ:!!

! \3*! (=(3*!=63(*!/*! %<'6@(%('()*!/<;%%='3!*.&!2A'%*=*3&! &*.&2*:!h$6&!0$==*! %<(=(3*!

1,$.1,$)?%2*4! %<(=(3*! /2)(92*! /*! %<'6@(%('()*! /<;%%='3! 0$3/6(&! '6! 0$=1$.2! %E*! ='F$)(&'()*!

P*3&)2*! k4! &'8%*'6! kQ:! ;! 9)*+2'2()4! %'! .2%*0&(9(&2! '6! .*(3! /6! 0$61%*! %E*! .*! )29-%*! K&)*!

*30$6)'A*'3&*:! +<*=1%$(! /*! 0*&&*! '6@(%('()*! 0,()'%! .*)'! 2&6/(2! 1%6.! 1)20(.2=*3&! %$).! /*! %'!

TiCp2Cl2, cat. (10 mol%)

DiBAl-H (x équiv.)
THF
40°C, 4h

[Al] N

Ph

OH
Ph

(1 équiv.)

Ph

N
H

OH
Ph

Ph

N
H

OH
Ph

Ph

N
H

OH
Ph

anti-(R,R,R)

anti-(S,S,R)

syn-(S,R,R)
T

N S

Ph
(1 équiv.)

O

t-Bu

Ph

N
H

S(O)t-Bu

syn

Ph

N
H

S(O)t-Bu

anti

-78°C puis t.a

Ph

N
H

OH
Ph

Ph

N
H

OH
Ph

anti-(R,R,R)R,R,R)R,R,R

anti-(S,S,R)S,S,R)S,S,R

majoritaire

Ph

N
H

S(O)t-Bu

syn
majoritaire

(±) (±)

N

Ph

OH
Ph

N S(O)t-Bu

Ph

>3)

>3<<)



G!!CE*+?e%$!1f',,E,','*$%!9?(2'/g!9)55$!&2H9/2%$/2%!1f',,E,a(*9%!!G!

!d]!

1')&(*! TTT! /*! 0*! ='36.0)(&:! H*&&*! 1)*=(-)*! 1')&(*! 1$)&*)'! /$30! .6)! %<6&(%(.'&($3! /6!

1,23?%A%?0(3$%:!

! +*! 0$61%'A*! /*! %<(=(3*! /2)(92! /6! 1,23?%A%?0(3$%! *&! /*! %<'%%?%Z%"Hd! 1)2.*3&*! 63*!

=$/*.&*!.2%*0&(9(&24!(3.6>>(.'3&*!1$6)!=*3*)!%*.!.68.&)'&.!5!/*!%'!.?3&,-.*!'.?=2&)(B6*4!$6!

(=1%(B6*!/<(39*.&()!63*!&)$1!%')A*!B6'3&(&2!/<'%%?%=2&'%:!!

!

! H*&&*! >'(8%*! .&2)2$.2%*0&(9(&2! 1*6&! )2.6%&*)! /C63! ='3B6*! /*! .&2)2$/(>>2)*30('&($3!

>'0('%*! /*! %C(=(3*! 0*0(! 1')! '8.*30*! /*! )(A(/(>(0'&($3! /*! %C'6@(%(')*! 0,()'%:! I*!=K=*4! %C'A*3&!

$)A'3$=2&'%%(B6*!2&'3&!(3&)$/6(&!.$6.!>$)=*!)'02=(B6*4!(%!*.&!9)'(.*=8%'8%*!B6*!%*.!9(&*..*.!

)*%'&(9*.! )2'0&($33*%%*.! /*.! /*6@! 23'3&($=-)*.! /*! %<'%'3*! 3*! .$(*3&! 1'.! .6>>(.'=*3&!

/(>>2)*30(2*.!1$6)!'..6)*)!63!/2/$68%*=*3&!0(32&(B6*!*>>(0'0*:!!

! \3*! 29$%6&($3! 9*).! 63! '6&)*! =2&'%4! 1*)=*&&'3&! 63*! =*(%%*6)*! )(A(/(>(0'&($3! ! /*!

%C'6@(%('()*! '(3.(! B6C63! /2/$68%*=*3&! 0(32&(B6*! /?3'=(B6*4! 1')! &)'3.=2&'%%'&($3! /*!

%<'%6=(3(6=!*.&!*39(.'A2*!1$6)!'6A=*3&*)!%'!.2%*0&(9(&2!/*!%'!)2'0&($3!P.0,2='.!j]!†!jbQ:!!

!

!

! !

E9F0A3)L>)_)A0634)]:4=9::2;51316m)]@2A@66316)81@)
25\5;560);@)4<516@2A0;5352@)203965:11@4)

[M]
NH

R

H

O

Ph

H

TiCp2Cl2, cat.

DiBAl-H, THF

[M]

N

Ph

OH
Ph

[Ml]
?

kR kS

krac.

[Al]
[M]X

[Al]X

E9F0A3)L/)_)762360\5@);@)62317A06344365:1)_)4@7)344=43431@7)9:AA@)]209827@827)

[M][M]

[M]



!

! db!

TT:b I*!%<'%%?%'%'3*!5!%<'%%?%D(30!

! f! %C*@0*1&($3!/C63*! &)'3.=2&'%%'&($3!Z%!Omm4! %'! &)'3.=2&'%%'&($3!/*! %<'%6=(3(6=!1')!

63! '6&)*! =2&'%4! 3$&'==*3&! %*! v34! 3<*.&! 29$B62*4! .'3.! K&)*! 2&'?2*4! B6*! /'3.! 63! 63(B6*!

*@*=1%*!mj:!;3!)*9'30,*4!%'!&)'3.=2&'%%'&($3!O!v3!*.&!%')A*=*3&!/$06=*3&2*mn:!!

!
! ;3! bccj4!8$11E!'!/20)(&! %C'%%?%'&($3! ,'6&*=*3&! /('.&2)2$.2%*0&(9*! /C(=(3*.! /2)(92*.!

/*! %<'6@(%('()*! /<;%%='3! *3! 6&(%(.'3&! 63! =2%'3A*! )'02=(B6*! /<'%%?%D(30! *3! B6'3&(&2!

.&L0,($=2&)(B6* jc :! +*.! '=(3*.! ,$=$'%%?%(B6*.! .$3&! $8&*36*.! '9*0! /*.! *@0-.!

/('.&2)2$(.$=2)(B6*.!.612)(*6).!5!ni€!*&!/*!&)-.!8$3.!)*3/*=*3&.!P.0,2='!jkQ:!

!
! H*.! )2.6%&'&.! 3*! 1)*33*3&! .*3.! 63(B6*=*3&! *3! 0$3.(/2)'3&! 63! /2/$68%*=*3&!

0(32&(B6*!/?3'=(B6*:!+*!1,23$=-3*!/*!/2/$68%*=*3&!0(32&(B6*!/?3'=(B6*!.*!=$3&)*! (0(!

*>>(0'0*4! %'!9(&*..*!/<2B6(%(8)'&($3!/*.!23'3&($=-)*.!/*!%C'%%?%D(30!*.&!8*'60$61!1%6.!A)'3/*!

B6*!%'!9(&*..*!/<'%%?%'&($3!/*!%<(=(3*:!

! I*! ='3(-)*! .6)1)*3'3&*4! %'! .2%*0&(9(&2! $8.*)92*! *.&! (32/(&*4! .(! %C$3! .*! )2>-)*! '6@!

1)202/*3&.!/*! %'! %(&&2)'&6)*=!;3!*>>*&4!*3!0$3.(/2)'3&! %*.!=$/-%*.!0%'..(B6*.!1)$1$.2.!'9*0!

0*!&?1*!/C'6@(%('()*4!%C$8&*3&($3!/*!%C'6&)*!(.$=-)*!'*+(!'6)'(&!16!K&)*!'3&(0(12*:!V$6)!)*3/)*!

0$=1&*! /*! 0*&&*! .2%*0&(9(&2! '*+(7! 8$11E! 1)$1$.*! 63! (3&*)=2/('()*! )2'0&($33*%! 0?0%(B6*!

&%$/1)! 0,'(.*! /*! &?1*! v(==*)='3"h)'@%*)4! $}! %*! A)$.! .68.&(&6'3&! *&! %*! A)$61*=*3&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
mm!'Q!t:!#:!#(.,3*9.N((4!+:!#:!#(%N$94!Z:!_:!S?N$94!_:!G:!w')'.*94!t:!_:!O683$94!G:!;:!X6).N((4!8/%%=!>?$5=!V/,,=7!@*+=!A1=7!>^^C4!
dl4!nn:!8Q!M:!X'$4!Z:!e:!e$9*?/'4!B=!;5=!>?$5=!C)9=7!>^/^4!]kb4!]cni]:!
mj!h,-.*! /*! H:! w*3/*%%! J,?/)$D()0$3'&($3Å! v)"v3! &)'3.=*&'%'&($3.Å! '%/(=(3*! '//(&($3! a! $3*"1$&! .?3&,*.(.! $>! '%%?%(04! H"
0?0%$1)$1?%'%N?%4!'3/!,$=$'%%?%(0!'=(3*.!>)$=!'%N?3*.!J4!.$6&*36*!*3!bccl:!
mn!'Q!+:!G(0$6(34!G:!q*.&)*(0,4!V:!w3$0,*%4!;*6$<=!>?$5=!@*+=!A1=7!/XXW4!ki4!bld:!8Q!_:!e6..'(34!G:!G:!e6..'(34!G:!v('6//(34!
V:!h)(?'p'&'3?64!V:!E:!r'%.,4!F26=!#$++7!>^//4!]k4!ilil:!0Q!G:!+:!S(0,=$3/4!H:!G:!Y1)$6&4!H:!h:!Y*&$4!B=!F26=!>?$5=7)>^^Cm)mc4!
jjkd:!/Q!v:!H,'(4!u:! "t:!+(64! E:! "!w:!v,'3A4!X:!v,'$4!N$+2'?$12)*[!;%E55$+2(97!>^^W4!]j4!mbl:!*Q!G:!G:!e6..'(34!V:! E:!r'%.,4!
;*6$<=!9?$5=!@*+=!A1=7!>^/^4!ln4!]jkl:!!
jc!+:!S:!S*//?4!O:!e64!G:!V)'.,'/4!w:!V)'.'/4!F26=!#$++=7!>^^L4!]l4!k]cn:!

E9F0A3)LO)_)344=4365:1);5376020:704@965J@);<5A51@7)]32);@7)344=4e5197)

R1 R2

N S O

R3 ZnCl

±

THF
-78°C, 8h

R1

HN S O

R3

R2 anti

•R2 = H, R3 = H :
       R1 = p-C6H4 ; rdt = 98% ; ed > 96%
       R1 = Et ; rdt = 97% ; ed > 96%
       R1 = furyl; rdt = 95% ; ed > 96%

•R2 = Me, R3 = Me :
       R1 = p-C6H4 ; rdt = 90% ; ed > 96%

(1 équiv.)

(1,2 équiv.)
ZnN

RS

RL

S O
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!dk!

.6%>$@?/*!/*!%<(=(3*!'/$1&*3&!&$6.!/*6@!63*!1$.(&($3!2B6'&$)('%*:!+C'&$=*!/*!D(30!.*!&)$69*!

/$68%*=*3&! 0,2%'&2! 1')! %*! /$68%*&! %(8)*! /*! %<$@?A-3*! /*! %'! 0$16%*! /<;%%='3! *&! 0*%6(! /*!

%<'D$&*:! T%! *.&! (3&2)*..'3&! /*! 1)20(.*)! B6*! %*! D(30! 1*6&! )2'%(.*)! 1%6.(*6).! 0$$)/(3'&($3.4!

'11$)&'3&! /*! %'! )(A(/(&2! '6! 0$=1%*@*! (=(3*Å'%%?%=2&'%j]:! T%! *.&! 5! 3$&*)! B6*! %'! .?3&,-.*! /*!

%C'%%?%D(30! 3C*.&! 1'.! /()*0&*! *&! .C'00$=1'A3*! /*! %'! >$)='&($3! 0$3F$(3&*! /*! 3$=8)*6@! .*%.!

=2&'%%(B6*.!P.0,2='!mm4!1'A*!ldQ:!

!

! H*!.$3&!0*.!&)'9'6@!B6(!$3&!$)(*3&2!3$&)*!0,$(@!9*).!63*!&)'3.=2&'%%'&($3!Z%!v3:!

!

TT:b:] X232)'%(&2.!.6)!%*.!'%%?%D(30.!

TT:b:]:] S2'0&(9(&2!!

! +*.! '%%?%D(30.! 1*69*3&! K&)*! 1)21')2.! 5! 1')&()! /<63! /2)(92! ,'%$A232! *&! /*! D(30!

=2&'%%(B6*:! H*1*3/'3&4! 0*&&*! =2&,$/*! 1*6&! 1')>$(.! 0$3/6()*! 5! /*! %<,$=$0$61%'A*jb:! +'!

3'&6)*!/6!.$%9'3&!.*=8%*!K&)*!/2&*)=(3'3&*!1$6)!29(&*)!%'!>$)='&($3!/<*.1-0*.!/(=2)(B6*.!

P.0,2='!jlQ:!!

! ;,'5(! .?3&,2&(.*! 63! '%%?%D(30! (..6! /<63! /2)(92! 8)$=2! '%%?%(B6*! 1$)&'3&! 63*! >$30&($3!

*.&*)4!'9*0!63!0$3&)U%*!1)20(.!/*!%'!&*=12)'&6)*!'>(3!/<29(&*)!%<,$=$0$61%'A*!P.0,2='!jdQ:!! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
j]!X:!Z%9')$4!I:!Y'9$('4!N$+2'?$12)*[!;%E55=7!/XXY4!m4!bcjk:!!
jb_:!;%:!Z%'=(4!H:!O*%'6/4!E:!#(%%(2)'.4!B=!F26'*)5$+=!>?$5=7)/XLL4!klj:!!

Br
CO2Et

BrZn
CO2Et

(H2C)2
CO2Et
CO2Et

Zn (0)
solvant
T.A

solvant : NH4Clsat./THF     : minoritaire majoritaire

THF
Et2O
DME

: majoritaire minoritaire

E9F0A3)LP)_)51?48@19@);8)7:4J316)4:27);@)43)A06344365:1)

CO2Et
Br

1) Zn (0), THF
14 < T < 16°C
2) H2O

CO2Et
H

rdt = 80%

E9F0A3)LC)_)7=16FG7@);<344=4e519)5778);<81);025J0)9=945b8@)K2:A0)



!

! dl!

! `*)9?$,!'!=(.!'6!1$(3&!63*!=2&,$/*!*>>(0'0*!/*!.?3&,-.*!/<'%%?%D(30SZ:!T%!0$3.&'&*!B6*!

%<'//(&($3! /*! 0,%$)6)*! /*! %(&,(6=! '6! =(%(*6! 1*)=*&! /<29(&*)! %'! >$)='&($3! /*! 0$"1)$/6(&.!

/<,$=$0$61%'A*:! +'! )2'0&($3! *.&! )'1(/*! *&! 1*6&! K&)*! )2'%(.2*! 5! &*=12)'&6)*! '=8('3&*:! T%!

$8&(*3&!/*.!02&$3*.!1')!'//(&($3!/*!0,%$)6)*.!/<'0(/*.!5!8'..*!&*=12)'&6)*!P.0,2='!jiQ:!

!

TT:b:]:b S29*).(8(%(&2!/*!%'!)2'0&($3!/<'%%?%'&($3!

! +*.! '%0$$%'&*.! /*! D(30! ,$=$'%%?%(B6*.! .$3&! .6F*&.! 5! %'! )2&)$'%%?%'&($3:! +'! )2'0&($3!

/<'%%?%'&($3! 1*6&! K&)*! )29*).(8%*! F6.B6<5! %'! >$)='&($3! /6! 1)$/6(&! &,*)=$/?3'=(B6*=*3&!

.&'8%*:!!

! W(6(*('9!$8.*)9*4!*3!/286&!/*!)2'0&($34!B6*!%*!0$61%'A*!/<63!'%%?%D(30!.6)!%'!1*3&'3"

k"$3*! 5! &*=12)'&6)*! '=8('3&*! 0$3/6(&! &$6&! /<'8$)/! '6! 1)$/6(&! 8)'30,2jl:! +'! )2'0&($3!

0$3/6(&*!5!ic„H!1*3/'3&!/*6@!F$6).!'8$6&(&!5!63*!)2A($"(.$=2)(.'&($3!&$&'%*!/6!1)$/6(&!/*!

0$61%'A*4!(%!$8&(*3&!%*!0$=1$.2!%(32'()*!P.0,2='!jmQ:!

! H*&&*! )29*).(8(%(&2!'!2&2!*@1%$(&2*!1')!`*)9?$,!B6(4!5!1')&()!/<'%0$$%.!,$=$'%%?%(B6*.!

&*)&('()*.!/(.1$.*!(*!%(+/!/C63!'%%?%D(30!='.B62jd!P.0,2='!jjQ:!!

! +C'%0$$%'&*! /*! D(30! *.&! $8&*36!1')! &)'(&*=*3&! '6! 86&?%%(&,(6=! .6(9(! /*! %<'//(&($3! /*!

v3O)b:!+'!>)'A=*3&'&($3!'!%(*6!%$).!/*!%<'//(&($3!/*!%<2%*0&)$1,(%*:!H*&&*!=2&,$/*!*.&!*>>(0'0*!

16(.B6<(%!$8&(*3&!/*.!'%0$$%.!*&!'=(3*.!,$=$'%%?%(B6*.!'9*0!/*!8$3.!)*3/*=*3&.:!!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
jk!H:!Yˆ='334!V:!w3$0,*%4!CE*+?$%(%7!>^/O4!]jmc:!
jl!'Q!M:!O')8$&4!V:!G(A(3('04!N$+2'?$12)*!#$++:4!/XWC4!kjbn:!8Q!V:!G(A(3('04!H:!O$60,$6%*4!V/,,:!>?(5:!C)9:!\2:4!/XYL4!limd:!
jd!V:!E$3*.4!V:!w3$0,*%4!B=!F26=!>?$5=7)/XXX4!il4!]ji:!

ZnBr
Et2CO

Et

OH

EtMe Me
Et

OH

Et
Me

Me

après 3h à T.A : 82 / 18
après 48h à 60°C : 0 / 100

E9F0A3)LW)_)$0J@275K54560);@)43)203965:1);<344=4365:1):K7@2J0@)9F@e)4@7)344=4e5197)

E9F0A3)LY)_)7=16FG7@);<344=4e519)

Cl Zn (0)
LiCl

THF, 25°C, 1h

ZnCl.LiCl

rdt = 90%

Cl

O

-78°C, 1h

O

rdt = 90%

CO2Et CO2Et O
CO2Et

O
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!dd!

!

TT:b:b +*.!'%%?%'%'3*.!0$==*!1)206).*6).!/<'%%?%D(30.!

TT:b:b:] H,$(@!/*!%'!.$6)0*!/*!D(30!

! _$6.! '9$3.! .2%*0&($332! &)$(.! .$6)0*.! .(=1%*.! /*! D(30! 1$6)! =*&&)*! *3! L69)*! %'!

&)'3.=2&'%%'&($34! %*! /(0,%$)6)*! /*! D(304! %*! &)(>%'&*! /*! D(30! *&! %*! /(2&,?%*! D(30:! +'! 1)$02/6)*!

0$3.(.&*!5!A232)*)!%C'%%?%'%'3*!/'3.!%*.!=K=*.!0$3/(&($3.!B6*!1)202/*==*3&4!16(.!/C'F$6&*)!

63*!B6'3&(&2!2B6(=$%'()*!/*!%C'A*3&!&)'3.=2&'%%'3&!P.0,2='!jnQ:!!

! +*.!*..'(.!.$3&!(3.0)(&.!/'3.!%*!&'8%*'6!l:!!
#3K4@38)P)_);06@2A51365:1);@)43)7:829@);@)e519)

!

! v3ub! )/&! '*+(Q%E*! )/!P'*+(Q!

]! "! in€! b4dÅ]! lÅ]!

b! v3H%b! k]€! k4dÅ]! ]4bÅ]!

k! v3Pqh>Qb! m]€! mÅ]! kÅ]!

l! v3;&b! ml€! bbÅ]! ]iÅ]!

!

! +<(.$=-)*!='F$)(&'()*=*3&!$8&*36!'9*0!%*!D(30!*.&!%*!=K=*!B6*!0*%6(!$8&*36!

'9*0!!%C'%%?%'%6=(3(6=!.*6%:!

!

Cp2TiCl2, cat., DiBAl-H
puis ZnX2 ZnX Ph N OH

Ph

-78°C 1h puis T.A 16h
Ph H

N

Ph OH

E9F0A3)LL)_)E=16FG7@);<344=4e519)]32)?23\A@16365:1);<81)349::436@);@)e519))

OH

R
R

OZnX

R
R ZnX

OH

t-Bu
t-Bu

1) BuLi

2) ZnBr2

OZnBr

t-Bu
t-Bu Ph H

Y

THF, 2h

Y = O

Y = NBu

Ph

OH

Ph

HN

rdt = 89%

rdt = 97%

E9F0A3)LX)_)762360\5@);@))7=16FG7@);<344=4e519)

Cp2TiCl2, cat. (10 mol%)
DiBAl-H (2 équiv.)
THF, 40°C, 4h

[Al]
ZnX2

[Al]X

ZnX
(2 équiv.)

imine
(1 équiv.)

(4 équiv.)
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	 L'utilisation	 de	 ZnCl2	 fait	 chuter	 le	 rendement	 et	 la	 stéréosélectivité.	 Une	

amélioration	de	la	sélectivité	syn/anti	est	observée	avec	le	triflate	de	zinc	mais	la	sélectivité	

au	sein	du	couple	anti	reste	inchangée.	Le	meilleur	résultat	est	obtenu	avec	le	diéthylzinc,	la	

réaction	est	entièrement	orientée	vers	la	sélectivité	anti	conduisant	à	l'isomère	(R,R,R).	

	 Le	 ligand	éthyle	du	 zinc	 s'échange	préférentiellement	avec	 le	 fragment	allylique	de	

l'aluminium,	une	correspondance	dans	la	nature	des	ligands	alkyles	sur	l'aluminium	favorise	

certainement	cette	tendance	largement	déplacée	pour	cette	source	de	zinc.		

II.2.2.2 Application	de	la	méthode	:	criblage	d'imines		

	 Afin	 de	 démontrer	 l'efficacité	 de	 cette	méthodologie,	 plusieurs	 imines	 issues	 de	 la	

condensation	 d'aldéhydes	 et	 du	 phénylglycinol	 sont	 testées	 (tableau	 5).	 Une	 fois	

l'allylaluminium	 formé,	 le	 diéthylzinc	 est	 ajouté	 en	 quantité	 équimolaire	 par	 rapport	 au	

DiBAl-H.	Après	45	minutes	d'agitation	à	 température	ambiante,	 l'imine	est	additionnée	à	 -

78°C,	cette	température	est	maintenue	pendant	une	heure.	La	réaction	est	poursuivie	16h	à	

température	 ambiante.	 L'hydrolyse	 est	 réalisée	 par	 une	 solution	 saturée	 de	 carbonate	 de	

sodium.	 Il	est	à	noter	que	quelques	essais	utilisant	 l'auxiliaire	d'Ellman	ont	été	réalisés.	En	

effet,	cet	auxiliaire	conduit	le	plus	souvent	à	d'excellentes	diastéréosélectivités.	
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!dm!

#3K4@38)C)_)7=16FG7@7)013165:704@965J@7);<3A51@7)F:A:344=45b8@7)o)@B@A]45?59365:1);@)43)A06F:;:4:\5@)

!

! S! Z6@(%('()*!! )/P%E*Q'*+(Q'! )/P'*+(Q'! )/&!P€Q! 1)$/6(&!

]! V,! P8UGHeV,"Hebqe! ]Åbb! ]iÅ]! ml8! >3)

b! V,! PCQ"YPqQ"+O6! ]Å]l! dÅ]! mi8! >3<<)

k! l"G*q"Hiel! P8UGHeV,"Hebqe! ]Å]]! ]l4dÅ]! ik8! >K)

l! l"O)"Hiel! P8UGHeV,"Hebqe! ]Åj! nÅ]! ib8! >9)

d! l"HqbG*"Hiel! P8UGHeV,"Hebqe! ]Åd4j! m4kÅ]! dj8! >;)

i! k"1?)(/?%! P8UGHeV,"Hebqe! ]Åd4m! ]bÅ]! ln8! >@)

m! k"1?)(/?%! PCQ"YPqQ"+O6! ]Å]c! d4jÅ]! dm0! >@<<)

j! k">6)?%! P8UGHeV,"Hebqe! ]Å]c! ]]Å]! mj0! >?)

n! PAQ"V,"He|He! P8UGHeV,"Hebqe! ]Åj! l4lÅ]! di0! >\)

]c! PAQ"V,"He|He! PCQ"YPqQ"+O6! ]‰bc! ]Å]! d]0! >\<<)

]]! PAQ"V,"He|HHek! P8UGHeV,"Hebqe! ]Åj! m4lÅ]! mi8! >F)

]b! *"Hlen! P8UGHeV,"Hebqe! ]Å]n! dÅ]! bn0! >5)

]k! ("V)! P8UGHeV,"Hebqe! ]Å]k! ]iÅ]! ic8! >p)
'!/2&*)=(32!1')!]e!SG_:!8!)*3/*=*3&!/*!%<(.$=-)*!='F$)(&'()*!(.$%2:!0!)*3/*=*3&!/6!=2%'3A*!(3.21')'8%*!/*!
%<(.$=-)*!'*+(!

!

!
! W6*%%*!B6*!.$(&!%'!3'&6)*!/*!%<(=(3*4!(..6*!/6!1,23?%A%?0(3$%!$6!/*!%<'6@(%('()*!/<;%%='3!

P*3&)2*.!b4!m!†!]c4!&'8%*'6!dQ4!%*!/('.&2)2$(.$=-)*!'*+(!*.&!='F$)(&'()*=!

I'3.! 0*.! 0$3/(&($3.! /*! A232)'&($3! /*! %C'%%?%D(304! %*.! (=(3*.! /C;%%='3! .$3&! =$(3.!

1*)>$)='3&*.! *3! &*)=*.! /*! .&2)2$.2%*0&(9(&2! 0$=1')'&(9*=*3&! '6@! (=(3*.! /2)(92*.! /6!

1,23?%A%?0(3$%:!

!

! +*.!)'&($.!/('.&2)2$(.$=2)(B6*.!.$3&!8$3.!5!&)-.!8$3.!/'3.!%*!0'.!/*.!(=(3*.!1$)&'3&!

63!A)$61*=*3&!')?%*:!!

! +'!1)2.*30*!/<63!A)$61*!1$&*3&(*%%*=*3&!0$$)/(3'3&!Pq4!_Q!(3>%6*30*!%'!.2%*0&(9(&2!/*!

%'!)2'0&($34!3$&'==*3&!/'3.!%*!0'.!/<63!A)$61*=*3&!1?)(/?%*!P*3&)2*!i4!&'8%*'6!dQ!$6!*.&*)!

P*3&)2*!d4!&'8%*'6!dQ:! !

>3Ip)

Cp2TiCl2, cat., DiBAl-H
puis ZnEt2

Ph N OH
Ph

R H
N

Aux

puis



!

! dj!

! +'!&'(%%*!/*.!A)$61*=*3&.!(3>%6*30*!%'!.2%*0&(9(&24!1%6.!%*!A)$61*=*3&!*.&!9$%6=(3*6@4!

=*(%%*6)*! *.&! %'! .2%*0&(9(&2:! H<*.&! %*! 0'.! /*! %<(.$1)$1?%*! 1')! 0$=1')'(.$3! '9*0! %*! *"86&?%*!

P*3&)2*.! ]b! 9.:! ]k4! &'8%*'6! dQ! *&! /6!=2&,?%0(33'=?%*! 1')! 0$=1')'(.$3! '9*0! %*! 0(33'=?%*!

P*3&)2*.!n!9.:!]]4!&'8%*'6!dQ:!

TT:b:b:k Z.1*0&!)2'0&($33*%!*&!=20'3(.&(B6*!

 Z.1*0&!)2'0&($33*%!

! H$3&)'()*=*3&!'6@! (=(3*.!*=1%$?2*.!1')!8$11E! P.0,2='!jk4!1'A*!dbQ4!'0&(92*.!1')!

%<'6@(%('()*!/<;%%='34!%*.!(=(3*.!/2)(92*.!/6!1,23?%A%?0(3$%!.$3&!=$(3.!)2'0&(9*.4!32'3=$(3.4!

/*.!)*3/*=*3&!.C20,*%$33'3&!/*!dc!5!mj€!.$3&!$8&*36.!P5!%C*@0*1&($3!/*!%<(=(3*!1$)&'3&!63!

A)$61*=*3&!*G86&?%*Q!P.0,2='!ncQ:!!

! Z(3.(4!63!1)*=(*)!2B6(9'%*3&!/<'%%?%D(30!*.&!0$3.$==2!1$6)!/21)$&$3*)!%<'%0$$%!%(8)*:!

+*!.*0$3/!2B6(9'%*3&!(3&*)9(*3&!/'3.!63!20,'3A*!/*!%(A'3/4!/$3&!%<2B6(%(8)*!.*!/21%'0*!9*).!

%'! >(@'&($3! /()*0&*! /6! A)$61*=*3&! '%%?%*! .6)! %<$@?A-3*! /*! %<(=(3*4! %'! )2'0&($3! *.&! '%$).!

*3&)$1(B6*=*3&!>'9$)(.2*:!+<'6@(%('()*!0,()'%!'A(&!(0(!0$==*!63*!J1(30*J!0,2%'&'3&*!/6!=2&'%:!

! H$=1&*!&*36!/*.!.&L0,($=2&)(*.!/*.!)2'0&(>.!'1)-.!/21)$&$3'&($34!.*6%!63!2B6(%(8)*!

/?3'=(B6*!*3&)*!%*.!>$)=*.!(.$=2)(B6*.!/<'%%?%=2&'%!*&!63*!A)'3/*!/(>>2)*30*!/*!0(32&(B6*!

N8!!$+!NC!1*69*3&!0$3/6()*!5!63*!&*%%*!0$39*).($3!23'3&($.2%*0&(9*!P.0,2='!n]Q:!

E9F0A3)X/)_);0;:8K4@A@16)951065b8@);=13A5b8@);@)1:7)78K762367)]32)81@)34;5A51@)9F5234@)_)H239qqHE)@6)H$rHE)

TiCp2Cl2, cat.

DiBAl-H, THF
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III Conclusion	
	 L'hydroalumination	catalysée	par	le	titane,	récemment	développée	au	laboratoire,	a	

pu	être	étendue	à	d'autres	substrats	plus	simples	que	les	dérivés	fulvéniques.	Il	a	cependant	

été	observé	une	médiocre	stéréosélection	lors	de	 l’utilisation	directe	de	ces	alanes	sur	des	

imines	non-racémiques.	Néanmoins,	les	allylalanes	peuvent	être	aisément	transmétallés	par	

ajout	 de	 sels	 de	 zinc,	 donnant	 accès	 aux	 allylzincs	 correspondants,	 ce	 qui	 permet	 un	

dédoublement	cinétique	dynamique	lors	de	l’utilisation	d’électrophiles	chiraux.	Ces	travaux	

ont	 permis	 de	 préparer	 une	 large	 gamme	 d'amines	 homoallyliques	 anti	 avec	 des	 excès	

diastéréoiomériques	allant	jusque	94%	dans	le	cas	du	cyclopentadiène.	En	revanche,	dans	le	

cas	du	cyclohex-2-én-1-ylzinc,	 la	stéréosélectivité	diffère	considérablement.	Deux	éléments	

peuvent	être	pris	en	considération	pour	rendre	compte	de	ces	résultats	:	

1)	ce	substrat	est	plus	sensible	aux	espèces	présentes	dans	 le	milieu	 réactionnel,	modifiant	

ainsi	la	structure	de	l’espèce	nucléophile,	ou,	

2)	 l'absence	 de	 reconnaissance	 entre	 l’imine	 et	 une	 des	 deux	 formes	 énantiomériques	 de	

l’alane	peut	être	la	conséquence	d'une	différence	de	cinétiques	moins	tranchée.		

	 L'étude	développée	dans	la	partie	II	propose	une	approche	permettant	de	remédier	à	

cette	chute	de	sélectivité.		
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Partie	II	

Synthèse	d'allylzirconium		
	

	 L'objet	 de	 cette	 seconde	 partie	 porte	 essentiellement	 sur	 la	 compréhension	 des	

causes	 conduisant	 à	 la	 faible	 stéréosélectivité	 obtenue	 lors	 de	 l'application	 de	 l'allylzinc	

issu	de	l'allylAl-C6	sur	des	imines	non-racémiques	pour,	à	terme,	disposer	d’une	méthode	

plus	généralisable.	

I Introduction	
	 La	stéréosélectivité	de	la	réaction	d'allylation	d'imines	ou	d'aldéhydes	dépend	bien	

évidemment	 de	 la	 nature	 des	 substrats	 ainsi	 que	 des	 conditions	 expérimentales,	

notamment	 de	 la	 nature	 du	 solvant.	 Cependant,	 il	 est	 fréquemment	 mentionné	 que	 la	

présence	 d'additifs	 peut	 fortement	 influer	 la	 stéréosélectivité	 d’une	 transformation	 en	

modifiant	les	interactions	intermoléculaires.	

I.1 Influence	de	la	stéréosélectivité	

	 Les	travaux	de	Liu	et	al.	démontrent	l’impact	d'additifs	et	l'influence	du	solvant	sur	

le	 cours	 stéréochimique	de	 la	 réaction86	.	Au	 cours	de	 cette	étude,	 ils	 ré-interprètent	 les	

résultats	de	Reddy80		et	proposent	un	intermédiaire	réactionnel	différent	de	l'intermédiaire	

cyclique	 initialement	 proposé.	 À	 l'orgine,	 Reddy	 propose	 un	 état	 de	 transition	 de	 type	

Zimmerman-Traxler	où	l'imine	dérivée	de	l'auxiliaire	d'Ellman	adopte	une	conformation	(Z)	

inhabituelle	 (schéma	 83,	 page	 52).	 Il	 synthétise	 un	 cinnamylzinc	 par	 la	 méthode	 de	

Knochel83	(schéma	86,	page	54),	laquelle	met	en	jeu	le	précurseur	halogéné,	de	la	poudre	

de	 zinc	 et	 un	 excès	 de	 LiCl.	 L'amine	 homoallylique	 syn	 est	 formée	 très	majoritairement,	

avec	un	excès	diastéréoisomérique	allant	jusque	98%.		

	 Liu	 et	 son	 équipe	 affirment	 que	 la	 présence	 de	 chlorure	 de	 lithium	 génère	 une	

espèce	 intermédiaire	 différente,	 laquelle	 réagirait	 selon	 un	 autre	 mécanisme	 et	

conséquemment	avec	une	 issue	 stéréochimique	différente.	 Ils	 réalisent	 l'expérience	 sans	

sel	de	 lithium	par	 la	méthode	de	Barbier	et	 constatent	que	 l'énantiomère	majoritaire	du	

couple	syn	est	l'inverse	de	celui	obtenu	par	la	méthode	de	Reddy	(schéma	94).		 	

																																																								
86	M.	Liu,	A.	Shen,	X.-	W.	Sun,	F.	Deng,	M.-	H.	Xu,	G.-	Q.	Lin,	Chem.	Commun.,	2010,	46,	8460.	
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Et2O NH

R2
R1R

St-Bu

O

Et2Zn/CH2I2
O
S

t-Bu N R2

.#+*/0#'())"*+,#'-

Rdt > 75%
ed > 90%

Rdt > 60%
ed > 92%

E9F0A3)XW)_)7=16FG7@)013165:704@965J@);<349::47)F:A:344=45b8@7)9:A]:26316)81)9@162@)b836@21352@)

E9F0A3)XL)_)A093157A@7)]2:]:707)]32)C)*'+)@6)6#.78'9)
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!im!

! H*&&*!.*0$3/*!1')&(*!9(.*!5!2&6/(*)! %<(3>%6*30*!/*!;&Z%P(GO6Qb4!0$"1)$/6(&!/*! %C2&'1*!

/*!&)'3.=2&'%%'&($3!Z%!v34!=(.!*3!F*6!%$).!/*!%'!1)*=(-)*!1')&(*!/*!0*!&)'9'(%:!;3!*>>*&4!%*.!

*.1-0*.!5!8'.*!/C'%6=(3(6=!.$3&!1')!3'&6)*!/*.!'0(/*.!/*!+*p(.4!*%%*.!1*69*3&!'(3.(!K&)*!

(=1%(B62*.!/'3.!%*!=20'3(.=*!/*!%'!)2'0&($3!/<'%%?%'&($3!/<(=(3*:!

!

! _$6.! *39(.'A*$3.4! '6! 0$6).! /*! 0*&&*! 1')&(*4! /*! A232)*)! %C'%%?%D(30! -('! 63*! '6&)*!

.$6)0*! $)A'3$=2&'%%(B6*! 1*)=*&&'3&! /*! .C'>>)'30,()! /*! %'! 0$">$)='&($3! /C'0(/*! /*! +*p(.!

B6(!(=1'0&*)'(&!%'!.&2)2$.2%*0&(9(&2!/*!%'!)2'0&($3!/C'%%?%'&($3:!

!

! _$&)*! 0,$(@! .C*.&! 1$)&2! .6)! %<6&(%(.'&($3! /<'%%?%D()0$3(6=! 0$==*! 1)206).*6)! /*!

%<'%%?%D(30.!'>(3!/*!A232)*)!63!'0(/*!/*!+*p(.!.611$.2!1%6.!(3*)&*!B6*!%*.!.*%.!/C'%6=(3(6=!

P.0,2='!nnQ:!

! !

[Al]

n

ZnEt

n

Et2Zn
EtAl(i-Bu)2

[Zr]

n

ZnX

n

X2Zn
[Zr]X

R N OH
Ph

R N OH
Ph

!"#$%&'%()*+',)%()%(-%.,$(/01%&2%33%4%&1(+'25

!"#$%&'%()*+',)%()%(-%.,$(/01%&2%33%4%&1(,&%"1%

n

R H
N

Ph

OH

n

R H
N

Ph

OH

!(6(78($#3%'29,1#(9+",+:3%
!"#";8($#3%'29,1#(5+,:3%

E9F0A3)XX)_)4@7)344=4e529:158A7)9:AA@)]209827@827);<344=4e5197)



!

! ij!

T:b +'!0,(=(*!/6!D()0$3(6=!!

T:b:] X232)'%(&2.!

! +*!D()0$3(6=!v)!*.&!63!=2&'%!/*!&)'3.(&($3!'11')&*3'3&4!'9*0!%*!&(&'3*4!5!%'!0$%$33*!

T#!/*! %'! 0%'..(>(0'&($3!12)($/(B6*:! +*!/*A)2!/<$@?/'&($3! %*!1%6.! 0$==63!/6! D()0$3(6=!*.&!

PoT#Q!='(.! (%! *@(.&*! 2A'%*=*3&! /*! 3$=8)*6@! 0$=1%*@*.! PoTTQ:! +'! 1')&(06%')(&2! /*! 0*)&'(3.!

0$=1%*@*.4! &*%.! B6*! %*.! 0$=1%*@*.! $%2>(3(B6*.! /*! D()0$3(6=! H1bv)"'%0-3*Å'%0?3*4! *.&!

%<*@(.&*30*!/*!/*6@! >$)=*.! %(=(&*.! .*! 0')'0&2)(.'3&! 1')! /*.! /*A)2.! /<$@?/'&($3!/(>>2)*3&.!

PoTTQ!*&!PoT#Q!P.0,2='!]ccQ:!!

! ;3! *>>*&4! %<'%0-3*! .*! %(*! 5! %<'&$=*! /*! D()0$3(6=! -('! .$3! $)8(&'%*! {! *3! 0)2'3&! 63*!

%('(.$3! '9*0! 63*! $)8(&'%*! 1! 9(/*! /6! =2&'%:! H*&&*! %('(.$3! *.&! 2A'%*=*3&! )*3>$)02*! 1')!

)2&)$/$3'&($3! /*.! 2%*0&)$3.! /6! =2&'%! 9*).! %<$)8(&'%*! '3&(%('3&*! {Š! /*! %<'%0-3*:! H*&&*!

)2&)$/$3'&($3!.<'00$=1'A3*!/*!%<'6A=*3&'&($3!/*!%'!%$3A6*6)!/*!%'!%('(.$3!HH4!%*!0$=1%*@*!

*.&!(3&*)=2/('()*!*3&)*!63!.?.&-=*!{!*&!63!D()0$3$0?0%$1)$1'3*:!

!

! +*.! D()0$3$0-3*.! .$3&! %*.! 0$=1%*@*.! %*.! 1%6.! '8$3/'==*3&! 6&(%(.2.! *3! .?3&,-.*!

$)A'3(B6*:! ;3! *>>*&4! %'! 1)2.*30*! /*! 0?0%$1*3&'/(-3*! 1*)=*&! /*! 0$=1*3.*)! %'! 1'69)*&2!

2%*0&)$3(B6*!/*!0*!=2&'%!/*! &)'3.(&($3:! +*!/(0,%$)6)*!/*!D()0$3$0-3*4!63!0$=1%*@*.!5!]i!

2%*0&)$3.! 1L! 5! %<2&'&! /<$@?/'&($3! PoT#Q4! 0$3.&(&6*! %'! .$6)0*! /*! D()0$3$0-3*! %'! 1%6.!

>)2B6*==*3&! 6&(%(.2*! *&! 1*)=*&! /<'002/*)! 5! /*.! (3&*)=2/('()*.! $)A'3$=2&'%%(B6*.!

'11%(0'8%*.!*3!.?3&,-.*!P.0,2='!]c]Q:!+<$)8(&'%*!9'0'3&*!/*!0*.!0$=1%*@*.!P$)8(&'%*!^1Q!*.&!

%*!.(-A*!/*!3$=8)*6.*.!)2'0&($3.!0,(=(B6*.!3$&'==*3&!'9*0!/*.!/$33*6).!/<2%*0&)$3.:!

! !

Cp2Zr Cp2Zr
+II +IV

E9F0A3)/^^)_)?:2A@7)45A56@7);8)9:A]4@B@)(]>V2I
349G1@t349=1@)

Zr Cl
Cl

Cp2ZrCl2

+IV

E9F0A3)/^/)_)9:A]4@B@);@);59F4:282@)
e529:1:9G1@)



G!!CE*+?e%$!1f',,E,a(29)*)9e*$%!!G!

!in!

! +'!0,(=(*!/*.!D()0$3$0-3*.!)*1$.*!1)(30(1'%*=*3&!.6)!63!1)$0*..6.!(=1%(B6'3&!/*.!

(3&*)'0&($3.!'9*0!/*.!.?.&-=*.!{:!

 +*.!)2'0&($3.!/*!{"0$=1%*@'&($3!

! +*.!)2'0&($3.!/*!{"0$=1%*@'&($3!.$3&!)2'%(.'8%*.!63(B6*=*3&!.6)!%*.!0$=1%*@*.!1P:!

+*.!0$=1%*@*.!H1bv)"'%0-3*.Å'%0?3*.!)2.6%&*3&!/*!0*&&*!(3&*)'0&($34! (%.!.*!1)2.*3&*3&!.$6.!

/*6@!>$)=*.4!63!=2&'%%'0?0%*!P0$=1%*@*!zQ!*&!63!0$=1%*@*!{!P.0,2='!]cbQ:!!

 +<,?/)$D()0$3'&($3!!

! +'!)2'0&($3!/<,?/)$D()0$3'&($3!*.&!63*!(3.*)&($3!/*!%(A'3/!(3.'&6)2!/'3.!%'!%('(.$3!v)"

e:!H*&&*!)2'0&($3!*.&!1$..(8%*!.6)!63!0*)&'(3!3$=8)*!/*!.68.&)'&.!&*%.!B6*!/*.!'%0-3*.4!/*.!

'%0?3*.4!/*.!3(&)(%*.4!/*.!0')8$3?%*.!*&0!P.0,2='!]ckQ:!

T:b:b +*.!/*6@!1)(30(1'6@!)2'0&(>.!6&(%(.2.!*3!0,(=(*!/6!D()0$3(6=!

T:b:b:] +*!)2'0&(>!/*!_*A(.,(!

 V)21')'&($3!*&!0')'0&2)(.'&($3!a!!

! I29*%$112!*3!]nji4!%*!0$=1%*@*!H1bv)"O6&-3*4!/(&!/*!_*A(.,(4!*.&!A232)2!5!1')&()!/*!

H1bv)H%b!*&!/*!/*6@!2B6(9'%*3&.!/*!*GO6+(!5!8'..*!&*=12)'&6)*:!+*!0$=1%*@*!(3&*)=2/('()*!

H1bv)O6b!.68(&!63*!~">)'A=*3&'&($34!'0&(92*!1')!63*!(3&*)'0&($3!'A$.&(B6*!v)"e4!%$).B6*!%'!

&*=12)'&6)*!)*=$3&*4!/$33'3&!'(3.(!%*!0$=1%*@*!H1bv)"O6&-3*!PoTTQ!P.0,2='!]clQ:!!

! +*! =20'3(.=*! 1*6&! K&)*! .$(&! 0$30*)&24! (=1%(B6'3&! 63*! /*.! /*6@! 0,'x3*.! 86&?%*!

'A(..'3&!0$==*!63*!8'.*4!0$3/6(.'3&!/()*0&*=*3&!'6!=2&'%%'0?0%*! P.0,2='!]cl4! P]QQ4!$6!

.*%$3!63*!.2B6*30*!/2.,?/)$=2&'%%'&($3Å2%(=(3'&($3!)2/60&)(0*!P.0,2='!]cl4!PbQQ!=*3'3&!

'6!0$=1%*@*!$%2>(3(B6*!2B6(9'%*3&:!

! !

!!

! !

E9F0A3)/^> _)516@23965:1)3J@9);@7)45357:17)i _)iI9:A]4@B365:1

LCp2Zr
X

Y Y

X
Cp2Zr

+IV
LnCp2Zr

X

Y
métallacyle complexe !L = ligand

X

Y
XCp2Zr H X Y

Cp2Zr H

E9F0A3)/^O)_)516@23965:1)3J@9);@7)45357:17)i))_)F=;2:e529:1365:1)



!

! mc!

!
! H*! 0$=1%*@*! 0$3.&(&6*4! '9*0! %*! 0$=1%*@*! '02&?%23(B6*! /29*%$112! 1')! 8)%$*+?',!

P.0,2='!]cdQ4!63!9*0&*6)!/*!%C*.1-0*!H1bv):!

! Z%&*)3'&(9*=*3&4! ‹H1bv)Œ! 1*6&! K&)*! $8&*36! 1')! )2/60&($3! /*! H1bv)H%b! 1')! %*! _'"

3'1,&'%-3* nc 4! %*! ='A32.(6=! *3! 1)2.*30*! /*! 0,%$)6)*! /*! =*)06)* n] 4! $6! *30$)*! /*!

%'3&,'3(/*.nb:!

!

! _2'3=$(3.4! %*!)2'0&(>!/*!_*A(.,(!/*=*6)*!%C2B6(9'%*3&!.?3&,2&(B6*!/6!D()0$3$0-3*!

%*!1%6.! >)2B6*==*3&!6&(%(.2!1$6)! %*!/29*%$11*=*3&!/*!=2&,$/$%$A(*!'..$0('3&! %'! 0,(=(*!

/6!D()0$3(6=!5!8'.!/*A)2!/C$@?/'&($3:!

 X232)'&($3!/<'%%?%D()0$3$0-3*!1')!/*.!2&,*).!'%%?%(B6*.!*&!%*6).!/2)(92.!

! V')=(! %*.! 3$=8)*6.*.! '11%(0'&($3.! /6! )2'0&(>! /*! _*A(.,(4! %'! A232)'&($3!

/<'%%?%D()0$3$0-3*.!*&!/<*.1-0*.!'11')*3&2*.!'!>'(&!%<$8F*&!/*!3$=8)*6@!&)'9'6@:!

! +'!0,(=(*!/6!D()0$3$0-3*!‹!H1bv)!Œ4!'11%(B62*!'6@!2&,*).!'%%?%(B6*.!$6!'6@!'%0-3*.!

2B6(9'%*3&.4!1*)=*&!/*!A232)*)!/*.!'%%?%D()0$3$0-3*.:!Z(3.(4!N'6/9?(!*&!D'*a'<'! .*! .$3&!

(3&*3.2=*3&! (=1%(B62.!/'3.! %'! .?3&,-.*!/*!0*.!0$=1%*@*.:! +*6).! &)'9'6@!$3&!/286&2!1')!

/*.!2&,*).!'%%?%(B6*.!.(=1%*.nk!P.0,2='!]ciQ:!+*!=20'3(.=*!.611$.*!63!20,'3A*!/*!%(A'3/!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
nc!X:!r:!r'&&4!M:!q:!I)6==$3/4!B=!;5=!>?$5=!C)9=7!/XYY4!jj4!dnbi:!!
n]!Y:!h,'3*/')4!G:!M:!M')$3'4!B=!F26'*)5$+=!>?$5=7!/XL>4!bkd4!id:!
nb!H:!I*3,*D4!Y:!G2/2A'34!M:!e2%($34!E:"+:!_'=?4!E:"!+:!#'..*4!E:!YD?=$3('N4!F26=!#$++=7)>^^Y4!]l4!bnld:!
nk!e:!T&$4!h:!h'A60,(4!t:!e'3D'p'4!N$+2'?$12)*!#$++=7)/XX>4!kk4!]bnd:!

SiMe3

SiMe3

Cp2ZrCl2

SiMe3

SiMe3

Cp2Zr
Mg

SiMe3

SiMe3

Cp2Zr

Réactif de 
Rosenthal

E9F0A3)/^C)_)3862@)J@96@82);@)4<@7]G9@)(]>V2)

E9F0A3)/^P)_)A093157A@);@)gI?23\A@16365:1)

Cp2ZrCl2
2 n-BuLi Cp2Zr Et

HBu

Cp2Zr Cp2Zr
+II +IV

Et Et

Cp2Zr Cp2Zr
+II +IV

Et Et
Réactif de Negishi

Cp2Zr Et

H

Et

Cp2Zr

Et

H Et

n-Bu-H

Mécanisme concerté

Mécanisme deux séquences 
déshydrométallation / élimination réductrice

(1)

(2)



G!!CE*+?e%$!1f',,E,a(29)*)9e*$%!!G!

!m]!

*3&)*!%*!)2'0&(>!/*!_*A(.,(!*&!%C2&,*)!'%%?%(B6*!=*3'3&!'6!0$=1%*@*!#!0$))*.1$3/'3&:!Y$6.!

.'!>$)=*!=2&'%%'0?0%*4!0*!3$69*'6!0$=1%*@* !.68(&!63*!~"2%(=(3'&($3!/20%*30,2*!1')!63*!

(3&*)'0&($3! v)"q4! 0$3/6(.'3&! 5! %<'%%?%=2&'%! &*)=(3'%4! /()*0&*=*3&! /'3.! %*! 0'.! /*.! 2&,*).!

'%%?%(B6*.!%(32'()*.!$6!-('!63*!=2&'%%$&)$1(*!/'3.!%*!0'.!/C2&,*).!'%%?%(B6*.!8)'30,2.:!

! +<'11%(0'&($3! /*! 0*.! '%%?%D()0$3(6=.! PAQ! .6)! /*.! '%/2,?/*.! 0$3/6(&! 5! /*.! '%0$$%.!

,$=$'%%?%(B6*.!='F$)(&'()*=*3&!'*+(!P.0,2='!]cmQ:!

! N'6/9?(!*&!D'*a'<'!$3&!2&*3/6!0*&&*!=2&,$/$%$A(*!'6@!'02&'%.nl:!+*!1)$/6(&!/*!~"

2%(=(3'&($3! /$33*! 63! 23$%! /*! 0$3>(A6)'&($3! PMQ4! >'9$)(.2! 1')! 63*! (3&*)'0&($3! *3&)*! %*!

D()0$3(6=!*&!%<$@?A-3*!P.0,2='!]cjQ:!

!! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
nl!e:!T&$4!h:!h'A60,(4!t:!e'3D'p'4!N$+2'?$12)*!#$++=7)/XX>4!d]4!mjmk:!

E9F0A3)/^W)_)7=16FG7@);<349::47)F:A:344=45b8@7))#-;)]32);@7)344=4e529:158A7)

R ZrCp2OX
R'CHO

R

OH

R'
anti

R OX

R

OX

"ZrCp2"

"ZrCp2"

R OX

Cp2Zr

R OX
ZrCp2

R

ZrCp2OX
!-élimination

R ZrCp2

OX !-élimination
R ZrCp2OX

réarrangement
métallotropique

E9F0A3)/^Y _)7=16FG7@);<344=e529:1:9G1@)h)]32652);<06F@27)75A]4@7))

E9F0A3)/^L)_)\0102365:1);<344=4e529:1:9G1@7)h)]32652);8);025J0)3906347)

XO

OX O ZrCp2OX
X

RCHO

R

OH

OX

"ZrCp2"

syn
(Z)-énol

additif R

OH

OX
anti



!

! mb!

! I*!1%6.4!(%.!$3&!$8.*)92!63*!.&2)2$.2%*0&(9(&2!0,'3A*'3&*!*3!>$30&($3!/*!%'!1)2.*30*!

$6!3$3!/<'0(/*!/*!+*p(.:!+<6.'A*!/6!OMk"q;&b!0$3/6(&!'6@!'%0$$%.!,$=$'%%?%(B6*.!%E*4!&'3/(.!

B6*!%<'8.*30*!/<'//(&(>!0$3/6(&!='F$)(&'()*=*3&!'6@!0$=1$.2.!'*+(!P.0,2='!]cnQ:!

! H*.!=K=*.! 0,*)0,*6).! $3&! 2&*3/6! 0*&&*! '11)$0,*! '6@! $)&,$*.&*).! '%%?%(B6*.nd!*&!

2&,*).! 1)$1')A?%(B6*. ni :! I'3.! 0*! /*)3(*)! 0'.! 63! =2%'3A*! /C'%0$$%.! 1)$1')A?%(B6*! *&!

'%%23(B6*! *.&! $8&*36:! +*! =20'3(.=*! 1'..*! 1')! 63! (3&*)=2/('()*! D()0$3$0-3*! '%%23(B6*!

P.0,2='!]]cQ:!!

! ;3!bcc]4!V$2+/%!*&!CaE5)*('J!$3&!'/'1&2!0*!=$/*!/*!A232)'&($3!5! %'!1)21')'&($3!

)2A($.2%*0&(9*! /*! /(23?%D()0$3$0-3*.! )2'A(..'3&! )2A($"! *&! .&2)2$.2%*0&(9*=*3&! '9*0! /*.!

'%/2,?/*.nm!P.0,2='!]]]Q:!!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
nd!e:!T&$4!h:!h'A60,(4!N$+2'?$12)*!#$++=7)/XXW4!kk4!djbn:!
ni!e:!T&$4!h:!_'N'=6)'4!h:!h'A60,(4!t:!e'3D'p'4!N$+2'?$12)*!#$++=7)/XX>4!bi4!kmin:!
nm!'Q! V:! O*)&6.4! M:! H,*)$69)(*)4! E:! YD?=$3('N4! N$+2'?$12)*! #$++=7) >^^/4! lb4! ]imm:! 8Q! V:! O*)&6.4! +:! I)$6(34! H:! +')$0,*4! E:!
YD?=$3('N4!N$+2'?$12)*4!>^^P4!ic4!]kil:!

E9F0A3)/^X)_)51?48@19@);<81)395;@);@)-@d57)782)43)76020:704@965J560)

O ZrCp2OEt
Et

(Z)-énol

RCHORCHO
BF3.OEt2

cy-Hexyl

OH

OEt
syn

cy-Hexyl

OH

OEt
anti

rd (syn/anti) = 14/86 rd (syn/anti) = 77/23

E9F0A3)//^)_)517@265:1);<81)?23\A@16)]2:]32\=45b8@)h)81)34;0F=;@)

R1
R2

OX "ZrCp2"
R1

Cp2
Zr

OX
R2

. R2
Cp2
Zr

R3

R1 OH

R2
.

R2R1

R3

OH
composés majoritaires

R3CHO
BF3.OEt2

R1

XO

E9F0A3)///)_)]20]32365:1)20\5:704@965J@);@);501=4e529:1:9G1@))

"ZrCp2"
OBn OBnCp2Zr Cp2

Zr RCHO OH

R

anti

BnO



G!!CE*+?e%$!1f',,E,a(29)*)9e*$%!!G!

!mk!

 X232)'&($3!/<'%%?%D()0$3$0-3*.!5!1')&()!/<'%0-3*.!

! F%?(5'! '!B6'3&! 5! %6(! /20)(&! %'! A232)'&($3!/*.! '%%?%D()0$3$0-3*.!5!1')&()! /<'%0-3*.:!
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]]jQ:!! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]ck!V:!H:!r'(%*.4!e:!r*(A$%/4!@*)26=!CE*+?=7)/XWX4!]n4!bbk:)
]clI:!O:!H'))4!E:!Y0,p')&D4!B=!;5=!>?$5=!C)9=7)/XWX4!]c]4!kdb]:!!
]cd!v:!e6'3A4!;:!_*A(.,(4!F26=!#$++=7)>^^Y4!j4!kimd:!
]ci!V:q!I*%'?4!h:!w:!V)'/,'34!;:!+$=8*)&4!E:+:!#'..*4!E:!YD?=$3('N4!A/2=!B=!F26=!>?$5=7!>^/^4!kknd:!

Zr H
ClClCp2Zr H

R

R ClCp2Zr H

R

R

E9F0A3)//Y)_)F=;2:e529:1365:1);<349=1@)@6);<349G1@)

Cp2Zr(H)Cl
Cp2ClZr

E9F0A3)//W)_)A5\2365:1);8)e529:158A)38)7@51);@)43)9F3u1@)932K:10@);<81@):40?51@)516@21@)



!

! mi!

!!

!

! +'!)2'0&($3!/<,?/)$D()0$3'&($3!1*6&!K&)*!'11%(B62*!5!/(>>2)*3&.!.?.&-=*.!(3.'&6)2.!
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II Résultats	et	discussion	
	 L'hydrozirconation	 régiosélective	 de	 diènes	 cycliques	 conjugués	 constitue	 une	

nouvelle	 approche	 de	 génération	 d'allylzirconocènes.	 Les	 allylboranes	 cycliques,	

synthétisés	 par	 hydroboration121,	 sont	 davantage	 décrit	 dans	 la	 littérature,	 tandis	 que	

l'accès	 aux	 allylzirconocènes	 cycliques,	 à	 notre	 connaissance,	 n'ont	 pas	 de	 précédents.	

Nous	 avons	 donc	 entrepris,	 dans	 un	 premier	 temps,	 d'étudier	 la	 faisabilité	 de	

l'hydrozirconation	sur	des	diènes	cycliques	conjugués.	

II.1 Hydrozirconation	

II.1.1 Hydrozirconation	de	diènes	conjugués	cycliques	

	 L'hydrozirconation	 est	 conduite	 sur	 le	 pentadiène	 et	 le	 cyclohex-1,3-diène.	 Le	

réactif	de	Schwartz	est	additionné	rapidement	et	à	température	ambiante	à	une	solution	

de	 diène	 dans	 le	 THF	 afin	 de	 nous	 rapprocher	 des	 précédentes	 conditions	 opératoires.	

Dans	ces	conditions,	l'hydrure	de	zirconium	est	consommé	en	30	minutes.	Il	en	résulte	une	

couleur	rouge	intense	du	milieu	dans	le	cas	du	cyclopentadiène	et	rouge	clair	dans	le	cas	

du	 cyclohexadiène.	 L'addition	 de	 benzaldéhyde	 permet	 de	 rendre	 compte	 de	 la	

régiosélectivité	de	la	réaction.	Les	résultats	sont	indiqués	dans	le	tableau	7.		

Tableau	7	:	essais	d'hydrozirconation	de	diènes	

	

	 n	 rdt	

1	 1	 60%	

2	 2	 15%	

	

	 Ces	 deux	 expériences	 démontrent	 que	 la	 régiosélectivité	 de	 la	 réaction	

d'hydrozirconation	 dépend	 fortement	 de	 la	 taille	 du	 cycle.	 Cette	 réaction	 se	 révèle	

régiosélective	 dans	 le	 cas	 du	 cyclopentadiène.	 Cependant,	 l'allylmétallation	 du	

benzaldéhyde	 par	 l'allylzirconium-C6	 est	 inadaptée.	 Les	 alcools	 homoallyliques	 obtenus	

sont	de	configuration	syn,	comme	anticipé	par	les	précédents	de	la	littérature.	

																																																								
121H.	C.	Brown,	P.	K.	Jadhav,	K.	S.	Bhat,	J.	Am.	Chem.	Soc.,	1985,	107,	2564.		
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II.1.2 Transmétallation	ZràZn	

	 Afin	d'étendre	 le	panel	d'électrophiles	aux	 imines,	 la	transmétallation	ZràZn	a	été	

ensuite	 étudiée.	 Cette	 étape	 vise	 notamment	 à	 estimer	 l'impact	 du	 co-produit	 de	

transmétallation	sur	la	réaction	principale	d'allylation	d'imine.	

	 La	 source	 de	 zinc	 a	 été	 ajoutée	 une	 fois	 l'hydrozirconation	 du	 cyclopentadiène	

achevée.	Le	mélange	est	agité	deux	heures	à	température	ambiante,	puis	refroidi	à	-60°C	

avant	d'introduire	 l'aldimine	dérivée	du	(R)-phénylglycinol	et	du	benzaldéhyde.	Différents	

agents	de	 transmétallation	ont	été	 testés,	 les	expériences	 figurent	dans	 le	 tableau	8.	Les	

excès	diastéréoisomériques	du	composé	2a	sont	déterminés	par	RMN	1H.		

Tableau	8	:	détermination	de	l'agent	de	transmétallation	

	

	 ZnX2	 rd	(anti/syn)	 rd	(anti)	 rdt	

1	 ZnCl2	 n.d.	 n.d.	 10%a	

2	 Zn(OTf)2	 1,3	/	1	 4	/	1	 75%b	

3	 ZnEt2	 <20	/	1	 20	/	1	 80%	
a	rendement	déterminé	par	RMN	1H	;	b	rendement	des	deux	isomères	syn	&	anti	

	

	 Dans	 ces	 conditions,	 le	 dichlorure	 de	 zinc	 ne	 permet	 pas	 d’obtenir	 un	 résultat	

satisfaisant	 (entrée	 1,	 tableau	 8).	 A	 contrario,	 une	 bonne	 conversion	 est	 obtenue	 en	

utilisant	du	triflate	de	zinc,	mais	cependant,	 les	sélectivités	syn/anti	et	au	sein	du	couple	

anti	 demeurent	modestes	 (entrée	 2,	 tableau	 8).	 Le	 diéthylzinc	 se	 révèle	 être	 l'agent	 de	

transmétallation	de	choix	puisqu'il	offre	une	très	bonne	conversion	et	une	allylmétallation	

d'imine	hautement	diastéréosélective	(entrée	3,	tableau	8).	 	
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II.2.2 Méthode	 de	 Taguchi-Hanzawa	 appliquée	 aux	 éthers	 allyliques	

cycliques	

	 Le	réactif	de	Negishi	est	préparé	in	situ	à	partir	de	Cp2ZrCl2	et	de	deux	équivalents	

de	 n-BuLi,	 puis	 appliqué	 aux	 allylméthyléthers	 cycliques	 à	 5	 et	 6	 chaînons.	 Pour	 rendre	

compte	 de	 l'efficacité	 de	 la	méthode,	 le	 benzaldéhyde	 est	 ajouté	 après	 3h	 d'agitation	 à	

température	ambiante.	Les	résultats	sont	indiqués	dans	le	tableau	10.	

Tableau	10	:	application	de	la	méthode	de	Taguchi	et	Hanzawa	aux	allyléthers	

	

	 éther	allylique	n	 rdt	

1	 1	 30%	

2	 2	 83%	

	
	 En	 contraste	 avec	 l'hydrozirconation,	 le	 meilleur	 résultat	 est	 obtenu	 cette	 fois-ci	

avec		le	substrat	à	six	chaînons.	Cette	tendance	a	déjà	pu	être	observée	lors	de	la	synthèse	

d'allyltitaniums	cycliques	par	un	complexe	Ti-alcène57	(schéma	53,	page	26).	En	effet,	Gao	

obtient	 des	 résultats	 efficaces	 uniquement	 sur	 les	 substrats	 cycliques	 supérieurs	 à	 7	

chaînons	inclus.		

	 L'étape	suivante	consiste	à	transmétaller	 le	zirconium	par	le	zinc.	Deux	sources	de	

zinc	ont	été	testées,	les	résultats	sont	donnés	ci-après.	

Tableau	11	:	détermination	de	la	source	de	zinc	

	

	 	 ZnX2	 rd	(anti)	 rdt	 	

	 1	 ZnEt2	 20	/	1	 26%	 	

	 2	 Zn(OTf)2	 20	/	1	 89%	 	

	

	 Dans	 les	 deux	 cas,	 une	 haute	 sélectivité	 au	 sein	 du	 couple	 anti	 est	 observée.	 La	

conversion	se	révèle	être	médiocre	avec	le	diéthylzinc,	tandis	que	le	triflate	donne	de	très	

bons	résultats.		

Ce	dernier	sera	utilisé	par	la	suite	lors	de	l'allylation	d'imine.		
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III Conclusion	
	 Au	 cours	 de	 cette	 partie	 ont	 été	 détaillées	 de	 nouvelles	méthodes	 puissantes	 de	

génération	d'allylziconocènes	 cycliques	 à	 partir	 du	diène	 conjugué	 cyclique	ou	de	 l'éther	

allylique	 correspondant.	 En	 effet,	 l'hydrozirconation	 régiosélective	 du	 pentadiène	 et	 la	

méthode	 de	 Taguchi-Hanzawa	 appliquée	 au	 3-méthoxycyclohex-1-ène	 constituent	 des	

nouvelles	 voies	 efficaces	 de	 préparation	 d'allylzirconocènes	 cycliques,	 précurseurs	

d'allylzincs.	 Comparativement	 à	 la	 stratégie	 reposant	 sur	 l'hydroalumination	 de	 diènes	

conjugués,	 ces	 nouvelles	 stratégies	 permettent	 la	 synthèse	d'amines	 homoallyliques	anti	

avec	 de	 plus	 hautes	 diastéréosélectivités	 et,	 concernant	 le	 substrat	 à	 six	 chaînons,	 de	

meilleurs	 rendements.	 En	 effet,	 cette	 étude	 démontre	 que	 l'acide	 de	 Lewis	 à	 base	

d'aluminium,	 libéré	 lors	 de	 transmétallation	 AlàZn,	 est	 à	 l'origine	 de	 la	 plus	 faible	

stéréosélectivité	de	la	réaction	d'allylmétallation	d'imines.	

	 De	nombreuses	applications	synthétiques	ont	pu	être	développées,	notamment	 la	

synthèse	 asymétrique	 de	 pipéridines	 polysubstituées,	 d'azétidines,	 ainsi	 que	 des	 briques	

moléculaires	polyfonctionnalisées.	
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Partie	III	

Dédoublement	cinétique	des	allylalanes	
	

	 Le	développement	de	méthodes	efficaces	de	production	de	composés	énantiopurs	

à	partir	de	composés	prochiraux	 fait	 l’objet	d'une	 forte	demande,	en	particulier	dans	 les	

domaines	pharmaceutiques	et	agricoles.	La	catalyse	énantiosélective	constitue	le	moyen	le	

plus	puissant	pour	y	parvenir.	Cependant,	cette	approche	est	parfois	difficile	à	mettre	en	

place,	certaines	transformations	étant	substrats	dépendantes.		

	 Il	existe	des	méthodes	alternatives	pour	préparer	des	molécules	énantio-enrichies	à	

partir	 de	 substrats	 chiraux	 racémiques141	 Parmi	 ces	 méthodes,	 se	 dégagent	 quatre	

concepts	 (schéma	 147)	 :	 a)	 le	 dédoublement	 cinétique,	 b)	 le	 dédoublement	

cinétique/dynamique,	 c)	 la	 transformation	 asymétrique	 cinétique/dynamique	 et	 d)	 la	

transformation	directe	"énantio-convergente".	

	

	 La	réaction	d'un	réactif	racémique	sur	un	composé	chiral	énantiopur	M*	se	déroule	

généralement	 selon	 un	 processus	 de	 dédoublement	 cinétique.	 En	 effet,	 les	 deux	

énantiomères	 (SA	 et	SB)	 admettent	 des	 vitesses	 de	 réaction	 différentes	 avec	 le	 composé	

M*.	 Ce	 dédoublement	 cinétique	 concerne	 une	 paire	 d’énantiomères	

configurationnellement	stables.	Dans	le	schéma	147	(a),	le	produit	PA	est	issu	de	l'isomère	

SA	pour	 lequel	 la	vitesse	de	 réaction	est	 largement	 supérieure	à	celle	de	 l'isomère	SB.	 Le	

rendement	maximal	de	PA	pouvant	être	atteint	est	de	50%.	

	

	 En	revanche,	dans	 le	cas	où	 les	deux	énantiomères	sont	en	équilibre	direct	 (b)	ou	

indirect	(c),	cet	équilibre	peut	être	déplacé	de	par	la	réactivité	privilégiée	de	l’un	des	deux	

énantiomères,	des	rendements	quantitatifs	sont	à	présent	envisageables.	

	

	 Le	dédoublement	cinétique/	dynamique	(b)	fait	intervenir	un	équilibre	rapide	entre	

les	deux	énantiomères	du	mélange,	au	regard	de	la	réaction	avec	le	substrat	M*.	Dans	le	

cas	 où	 le	 composé	 énantiopur	 M*	 est	 reconnu	 sélectivement	 par	 l'énantiomère	 SA	

(KA>>KB),	celui-ci	est	alors	consommé	préférentiellement,	l'équilibre	est	ainsi	formellement	

déplacé	vers	l'énantiomère	SA.	Ce	processus	a	été	mis	en	œuvre	lors	des	parties	I	et	II	de	ce	

manuscrit.	 	
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MeO

Ph Ph
OMe

Ph

COOEt

E9F0A3)/C>)_)7=16FG7@);<344=K:2:136@)9F5234)fI78K765680)

O
B OBnO

1) LiCHBr2

2) ZnCl2

O
B OBnO

MgBr O
B OBnO

ed > 94%

>99%
80%

XVIII
XIX

Br
TiX3 Ph

OH

Me
antiR H

O
TiX3

OR
MeTHF

X = NEt2, OCH
R = Ph           : syn/anti : 16/84
R = isopropyl : syn/anti : 16/84

SiMe3Ph

O

H TiCl4
CH2Cl2 R

OH

Me

(E )/(Z ) : 99/1 ; syn/anti : 99/1
(E )/(Z ) : 6/94 ; syn/anti : 75/25



G!!RH1)/4,$5$*+!9(*H+(./$!1$%!',,E,','*$%!!G!

!]cd!

! +<,?/)$8$)'&($3!/6! 0?0%$,*@'"]4k"/(-3*!1')! %*! P8Q"e"èOPV,Qê! 0$3/6(&! 5!63!=2%'3A*!

/*! /('.&2)2$=-)*.! /*! %<'%%?%8$)'3*4! ='(.! 2A'%*=*3&! /*! )2A($(.$=-)*.:! H*! =2%'3A*! *3!

1)2.*30*! /*! 02&$3*.! 0$3/6(&! 5! /*.! '%0$$%.! ,$=$'%%?%(B6*.! >$)&*=*3&! 23'3&($*3)(0,(.:!

C)1$2./(%+! 1)$69*! 0$3F$(3&*=*3&! %'! .&'8(%(&2! 0$3>(A6)'&($33*%%*! *&! %'! >$)&*! /(>>2)*30*! /*!

)2'0&(9(&2! /*.! /*6@! '%%?%8$)'3*.! /('.&2)2$(.$=-)*.! *3! %'(..'3&! )2'A()! /6)'3&! nc,! 63!

=2%'3A*! 2B6(=$%'()*! /<(.$1)$1?%=2&,?%02&$3*! *&! /<'%%?%8$)$3'&*! a! ld€!/*! 0$39*).($3! '6!

8$6&!/*!bc,!*&!.*6%*=*3&!dm€!'6!8$6&!/*!nc,:!\3!.*6%!/*.!/*6@!/('.&2)2$(.$=-)*.!2&'3&!

)2'0&(>4! (%! )2'%(.*! /$30! 63! /2/$68%*=*3&! 0(32&(B6*! ,'6&*=*3&! *>>(0'0*:! +*.! 0$39*).($3.!

(3/(B62*.!.6)!%*!.0,2='!]dl!.$3&!$8&*36*.!*3!6&(%(.'3&!63!=2%'3A*!2B6(=$%'()*!/*!)2'0&(>.:!!

!!

! +<,?/)$8$)'&($3! /6! 0?0%$,*@'"]4k"/(-3*! 1')! %*! P8Q"e"èOPhGYQê! 0$3/6(&! 5! 63! .*6%!

/('.&2)2$(.$=-)*! /*! %<'%%?%8$)'3*! *&! &)-.! 1*6! /*! )2A($(.$=-)*! PnkÅmQ4! 0$3.2B6*30*! /*.!!

/(9*).*.!(3&*)'0&($3.!.&2)(B6*.!*3&)*!%*!0?0%$,*@'/(-3*!*&!%*.!=2&,?%*.!/6!hGY:!+<'//(&($3!

/<'%/2,?/*.!0$3/6(&!'6@!'%0$$%.!,$=$'%%?%(B6*.!%E*!23'3&($*3)(0,(.!'9*0!/*.!*@0-.!/*!ni€!

P.0,2='!]ddQ:!

! !

(R)-H-[B(Ph)]

[B(Ph)] [B(Ph)]

RO

Me

R

HO Me
syn

R = Ph : rdt = 52%, ee = 99%
R = p-ClC6H4 : rdt = 17%, ee = 99%

dédoublement
cinétique

E9F0A3)/CP)_)E9F0A3)/CP)_));0;:8K4@A@16)951065b8@);<344=4K:2:136@7)9F5238B))

E9F0A3)/CO)_)E9F0A3)/CO)_)\0102365:1);@)4<@7]09@)203965J@)RIZ)9F5234@)

B
ZMeO

(±)

Aux* B
ZO

(R)
dédoublement 

par
cristallisation

1) LiAl(OEt)H3

2) TMSCl

B
ZH

(R)-H-[B(Z)]

Aux*

B-MeO-10-Z-9-BBD
hyrure

EtO2



!

! ]ci!

! +'! 0'&'%?.*! '.?=2&)(B6*! *.&! 2A'%*=*3&! 63! $6&(%! 1*)>$)='3&! 1$6)! %'! .?3&,-.*!

/<'%%?%8$)$3'&*.! 0,()'6@:! @+)! *&! .$3! 2B6(1*! A23-)*3&! 63! 0?0%$1*3&"b"23"]"?%8$)$3'&*! 5!

1')&()! /<'%%?%2&,*)! )'02=(B6*!1')! 0'&'%?.*! '6! 06(9)*! *3!1)2.*30*!/C63! %(A'3/! 0,()'%!]l]:! +'!

)2'0&($3! 2&'3&! &$&'%*=*3&! 23'3&($.2%*0&(9*4! %*.! 23'3&($=-)*.! /*! %<'%%?%2&,*)! 29$%6*3&! /*!

='3(-)*! 23'3&($"0$39*)A*3&*! .*%$3! /*6@!=20'3(.=*.! /(.&(30&.:! +*! 1)*=(*)! *.&! (=1%(B62!

/'3.! 63*! '*+("Y_b<4! %*! .*0$3/! /'3.! 63*! %E*"Y_b<! 0$3/6(.'3&! (*! 0(*$! 5! 63! 63(B6*!

23'3&($=-)*:!H*.!=20'3(.=*.!$3&!2&2!2&6/(2.!1')!SG_!/6!/*6&2)(6=!P.0,2='!]diQ:!! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]l]!e:!T&$4!Y:!w63((4!G:!Y'p'=6)'4!:'+/2$!>?$5=7!>^/^4!b4!nmb:!

R1 OR2 Cu(O-t-Bu), cat.
L*, cat.

(B(pin))2

R1

Bpin

R1 = -CH2CH2Ph, ee = 97%, rdt = 98%
R1 = H, ee = 92, rdt = 92%

R1
R2O

CuL*
Bpin

R
OR2

R1

CuL*
Bpin

S

R1

Bpin

syn-SN2' anti-SN2'

N

N P

P

t-Bu

t-Bu
L*

E9F0A3)/CC)_)E9F0A3)/CY)_)\0102365:1);<344=4K:2:136@)]32)93634=7@)))
) 37=A0625b8@)38)985J2@)`!a)

E9F0A3)/CY)_)E9F0A3)/CC)_)7=16FG7@)013165:704@965J@);<344=4K:231@)

(R)-H-[B(TMS)]

[B(TMS)]

B H
Si Me

Me

Me

B H
Si Me

Me

Me

défavorable
[B(TMS)]

(R)

(S)

R

syn

RCHO
favorable

R = Ph : rdt = 71%, ee = 96%
R = cinnamyl: rdt = 52%, ee = 96%

OH

EtO2



G!!RH1)/4,$5$*+!9(*H+(./$!1$%!',,E,','*$%!!G!

!]cm!

! +<'//(&($3! /*! 8*3D'%/2,?/*! *3! 1)2.*30*! /<'0(/*! /*! +*p(.! 0$3/6(&! 5! /*.! '%0$$%.!

,$=$'%%?%(B6*.!23'3&($*3)(0,(.!%E*!'9*0!/*.!)*3/*=*3&.!.612)(*6).!5!jc€!P.0,2='!]dmQ:!

! @%?(E'/2'! *&! W(E'/2'! $3&! =(.! '6! 1$(3&! 63! 1)$&$0$%*! /*! .?3&,-.*! /<'%0$$%.!

,$=$'%%?%(B6*.!!(=1%(B6'3&!63!0'&'%?.*6)!5!8'.*!/<'%6=(3(6=!1$)&*6)!/*!%(A'3/.!0,()'6@]lb:!

H*&&*! =2&,$/*! *.&! )2'%(.2*! *3! 9*).($3! '.?=2&)(B6*! .6)! %*! 8*3D'%/2,?/*:! I<'6&)*.!

'%/2,?/*.! $3&! 2&2! &*.&2.! .6)! /*.! .68.&)'&.! )'02=(B6*.:! +<'0(/*! /*! +*p(.! .*=8%*! .*!

0$$)/(3*)! 5! %<$@?A-3*!/6!8$)$3'&*4! '0&(9'3&! '(3.(! %<'//(&($3!/*! %<'%/2,?/*:!H*&&*! '//(&($3!

1*6&!K&)*!)*3/6*!23'3&($.2%*0&(9*!1')!6.'A*!/<63!%(A'3/!0,()'%!P.0,2='!]djQ:!

!

! ;3!1')'%%-%*4!/*!3$=8)*6@!0,*)0,*6).!$3&!=(.!'6!1$(3&!/*.!1)$&$0$%*.!/<'0&(9'&($3!

/*! %'! )2'0&($3! /<'%%?%8$)'&($34! 3$&'==*3&! 1')! /*.! 0'&'%?.*.! 5! 8'.*! /*! .0'3/(6=]lk!*&!

/<2&'(3]ll:!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]lb!h:!T.,(?'='4!h:!"Z:!Z,(N$4!_:!G(?'6)'4!B=!;5=!>?$5=C)9=7)>^^>4!]bl4!]bl]l:!
]lk!'Q!e:!+'0,'30*4!u:!+64!G:!X)'9*%4!I:!X:!e'%%4!B=!;5=!>?$5=!C)9=7>^^O4!]bd4!]c]ic:!8Q!#:!S'63(?')4!I:X:!e'%%7!B=!;5=!>?$5=!
C)9=7>^^P4!]bi4!ld]j:!
]ll!#:!S'63(?')4!I:!X:!e'%%4!B=!F26=!>?$5=7!>^^X4!ml4!lbki:!

H

Bpinn

PhCHO
BF3.OEt2

Ph
OHH

n
n = 1, ee = 93%, rd > 99/1
n = 2, ee = 91%, rd > 99/1

E9F0A3)/CW)_)349::47)F:A:344=45b8@7):K6@187)

B O

O Et2AlCl/(S)-BINOL, cat.
toluène
PhCHO

Ph

OH

40%
rd = 99/1
ee = 51%

B O

O

AlCl
L*

L*

E9F0A3)/CL)_)7=16FG7@);<349::4)F:A:344=45b8@)013165:@1259F5)]32)43)
]207@19@);<395;@);@)-@d57)9F5234)@1)b8316560)93634=65b8@)



!

! ]cj!

T:]:b +*.!'%%?%.(%'3*.!

! +*.! '%%?%.(%'3*.! .$3&! 0$3>(A6)'&($33*%%*=*3&! .&'8%*.:! +*.! '%%?%"&)(0,%$)$.(%'3*.! .*!

0%'..*3&!1')=(!%*.!'%%?%=2&'6@!/*!&?1*!T:!+<'//(&($3!.6)!63!'%/2,?/*!$6!63*!02&$3*!1)$0-/*!

-('!63!(3&*)=2/('()*!0?0%(B6*!5!.(@!0*3&)*.!/*!&?1*!v(==*)='3"h)'@%*)!'(3.(4! %'!.2%*0&(9(&2!

%E*Q'*+(!/6!1)$/6(&!/21*3/!/*!%'!A2$=2&)(*!/*!%'!/$68%*!%('(.$3!/*!%<$)A'3$=2&'%%(B6*:!V')!

0$3&)*4! %*.! '%%?%"&)('%N?%*.! .(%'3*.! '11')&(*33*3&! 5! %'! >'=(%%*! /*.! '%%?%=2&'6@! /*! &?1*! TT4! %'!

0$3>(A6)'&($3!/*!%'!/$68%*!%('(.$3!3<'4!/'3.!0*!0'.4!1'.!/C(30(/*30*!.6)!%'!.2%*0&(9(&2!%E*Q'*+(!

/6! 1)$/6(&:! H*.! '%%?%=2&'6@! .$3&! 0$3>(A6)'&($33*%%*=*3&! .&'8%*.4! 0*&&*! '8.*30*! /*!

0$))*%'&($3!.&2)2$0,(=(B6*!.*!F6.&(>(*!1')!63!(3&*)=2/('()*!$69*)&!1$6)!%*B6*%!%'!A2$=2&)(*!

/*! %'!/$68%*! %('(.$3!3<(3&*)9(*3&!1'.:! +'! .?3&,-.*!/<'%%?%.(%'3*.!'! >'(&! %<$8F*&!/*!3$=8)*6@!

&)'9'6@4!3$&'==*3&!*3!.?3&,-.*!'.?=2&)(B6*:!!

! D'E'%?(! '! 1)2.*3&2! 1%6.(*6).! %(A'3/.! 0,()'6@! /2)(92.! /6! GqV! 1*)=*&&'3&!

/<*>>*0&6*)! %C,?/)$.(%?%'&($3! )2A($.2%*0&(9*! /<]4k"/(-3*.! .$6.! 0'&'%?.*! '6! 1'%%'/(6= ]ld!

1*)=*&&'3&!/C'&&*(3/)*!/*.!*@0-.!23'3&($=2)(B6*.!/*!n]!*&!jk!€!1$6)!)*.1*0&(9*=*3&! %*!

0?0%$1*3&'/(-3*!*&!%*!0?0%$,*@'"]4k"/(-3*]li!P.0,2='!]dnQ:!

! #(!'!/29*%$112!63*!=2&,$/*!23'3&($.2%*0&(9*!/*!A232)'&($3!/<'%%?%.(%'3*.!�"')?%2!5!

1')&()! /C63! 9(3?%.(%'3*! ‘"'02&?%2! 23'3&($16)! 1')! '//(&($3! )2A($.2%*0&(9*! /<'0(/*.!

')?%8$)$3(B6*.!.6)! %*!0$=1%*@*!{"'%%?%1'%%'/(6=!'9*0!/*!,'6&!&)'3.>*)&!/*!0,()'%(&2]lm:!+*.!

%(A'3/.!6&(%(.2.!.$3&!/*.!/2)(92.!/6!]4]c"1,23'3&,)$%(3*!P.0,2='!]icQ:!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]ld!'Q!e:! Y:! V')N4! E:!r$$N!e'34! S:! Y,(3&'3(4! h:!e'?'.,(4!N$+2'?$12)*[!;%E55$+2Em) >^/O4! bl4! l]j:! 8Q!r:!e'34! h:!e'?'.,(4!
N$+2'?$12)*[!;%E55$+2E7!>^/^4!b]4!b]nk:!
]li!E:!r$$/!e'34!h:!e'?'.,(4!N$+2'?$12)*[!;%E55$+2Em)>^^>4!]k4!kbd:!
]lm!I:!+(4!h:!h'3'N'4!e:!q,=(?'4!G:!Y'p'=6)'4!F26=!#$++=7!>^/^4!]b4!kkll:!

n

HSiCl3
[PdCl(!-C3H5)2/L* n

[Si]

n

OH

PhPhCHO
DMF

Ph2P OMe

x

x
L*

n = 1 : ee = 91%
n = 2 : ee = 83%

E9F0A3)/CX)_)F=;2:754=4365:1)37=A0625b8@)]3443;:I93634=70@);@)/mOI;5G1@7)

Me3Si R

O

O

Ar

Pd(OAc)2, cat.
Phen, cat
(additifs, cat.)

B(OH)2

Me3Si R

Ph

ee = 99%
rdt > 63%

TiCl4
i-PrCHO Ph

i-Pr

OH

R
rdt > 99%
ee > 85%
R = alkyle

E9F0A3)/Y^)_)7=16FG7@);<344=475431@)]32)9:8]43\@)]3443;:I93634=70)@162@)81)J51=475431@)@76@25?50)@6)81)395;@)K:2:15b8@)

SiMe3Ph

O

H TiCl4
CH2Cl2 R

OH

Me

(E )/(Z ) : 99/1 ; syn/anti : 99/1
(E )/(Z ) : 6/94 ; syn/anti : 75/25



G!!RH1)/4,$5$*+!9(*H+(./$!1$%!',,E,','*$%!!G!

!]cn!

! +*.!'%%?%.(%'3*.!0,()'6@!1*69*3&!2A'%*=*3&!K&)*!.?3&,2&(.2.!1')!(3.*)&($3!0'&'%?&(B6*!

/'3.! %'! %('(.$3! Y("e! /*! 061)$"0')8-3*.4! A232)2.! 5! 1')&()! /*! %<�"/('D$9(3?%'02&'&*:!

+C6&(%(.'&($3! /*! %(A'3/.! 0,()'6@! /2)(92.! /*! Y'%*3! 1*)=*&! /C'&&*(3/)*! /*.! *@0-.!

23'3&($=2)(B6*.!/*!mj€]lj!P.0,2='!]i]Q:!

! W)4$26!'!/29*%$112!/*.!'%%?%8(=2&'%%(B6*.!1')!.(%'8$)'&($3!23'3&($.2%*0&(9*!/<]4k"

/(-3*.! 0?0%(B6*.! -('! 63*! 0'&'%?.*! '6! 1%'&(3*]ln:! +*! =20'3(.=*]dc!(=1%(B6*! 63*! 1)*=(-)*!

2&'1*! /<'//(&($3! $@?/'3&*! /6! .(%?%8$)$3'&*! .6)! %*! 1%'&(3*:! +'! .*0$3/*! 2&'1*! 0$3.(.&*! *3!

%<(3.*)&($3!/6!/(-3*!/'3.! %'! %('(.$3!V&"O!1')!1'..'A*!/<63! 0$=1%*@*!{"'%%?%:! +*!1)$/6(&!/*!

.(%'8$)'&($3! *.&! $8&*36! '1)-.! 63*! 2%(=(3'&($3! )2/60&)(0*! 1$6)! >$)=*)! %'! %('(.$3! H"Y(:!

+<'//(&($3! /<'%/2,?/*.! 0$3/6(&! 5! /*.! 1)$/6(&.! /<'%%?%8$)'&($3! '9*0! /*! 8$33*.! /('"! *&!

23'3&($.2%*0&(9(&2.!P.0,2='!]ibQ:! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]lj!E:!r64!t:!H,*34!E:!Y!V'3*N4!F26=!#$++=7)>^/^4!]b4!b]]b:!
]ln!G:!X*)/(34!G:!V*3,$'&4!S:!v'%68$9.N(.4!H:!V2&*)='334!H:!G$8*)A4!B=!F26'*)5$+',,(9!>?$5=7!>^^L4!ink4!kd]n:!
]dc!G:!Y6A(3$=*4!e:!_'N'=6)'4!h:!G'&.6/'4!t:!T&$4!B=!;5=!>?$5=!C)9=7!/XXL4!]bc4!lblj:!

Me COOMe

N2

PhMe2SiH
cat.*

Me COOMe

SiMe2Ph
rdt = 55%
ee = 78%

RCHO

R COOMe

Me

OMe

TMSOMe
TMSOTf

rdt > 60%
rd > 20/1

NN Cl

n-C10H21

ClCl

Cl

n-C10H21 Cu(MeCN)4BF4

Cat.*

E9F0A3)/Y/)_)517@265:1)E5IR)782)81)932K01:v;@)

Me2PhSi B
O

O

Pt(0)
L*

BMe2PhSi
O

O

rdt = 84%
ee = 77%

RCHO

Me2PhSi

HO
R

R = ph : rd = 72/28
R = 2-furyl : rd = 87/13
R = Cy : rd = 90/10

> 70%O

O
P N

Ph

Ph

L*

E9F0A3)/Y>)_)7543K:2365:1)013165:704@965J@);</mOI;5G1@)9=945b8@)



!

! ]]c!

T:]:k h*.&!/*!e$>>='33!

! +*! &*.&! /<e$>>='33! *.&! 63*! =$/2%(.'&($3! 1*)=*&&'3&! /*! )*3/)*! 0$=1&*! /*! %'!

.&'8(%(&2!0$3>(A6)'&($33*%%*!/<63*!*.1-0*!$)A'3$=2&'%%(B6*!0,()'%*:!H*!&*.&!*.&!8'.2!.6)! %*!

/2/$68%*=*3&!0(32&(B6*!/<63!=2%'3A*!)'02=(B6*!/<$)A'3$=2&'%%(B6*!-('!%C6&(%(.'&($3!/C63!

2%*0&)$1,(%*! 0,()'%:! H*! &*.&! .*! .0(3/*! *3! /*6@! *@12)(*30*.4! %'! 1)*=(-)*! =*&&'3&! *3! F*6!

%C2%*0&)$1,(%*!.$6.!>$)=*!)'02=(B6*4!%'!.*0$3/*!.$6.!>$)=*!23'3&($16)*]d]!P.0,2='!]ikQ:!

!

! I'3.!63!1)*=(*)!&*=1.4!%<*@12)(*30*!*.&!)2'%(.2*!'9*0!63!2B6(9'%*3&!/<2%*0&)$1,(%*!

)'02=(B6*:! +*.! /*6@! 23'3&($=-)*.! /*! %<$)A'3$=2&'%%(B6*! )2'A(..*3&! /*! >'^$3! (/*3&(B6*4!

0,'063! '9*0! .$3! 1')&*3'()*! 23'3&($=2)(B6*! 2%*0&)$1,(%*! 1)(9(%2A(24! =*3'3&! '6! =K=*!

/('.&2)2$(.$=-)*:! H*&&*! 1)*=(-)*! *@12)(*30*! &2=$(A3*! /C63*! )*0$33'(..'30*! (3&(=*! /*.!

1'()*.!23'3&($=2)(B6*.!1*)=*&&'3&!/C*39(.'A*)!63!1$&*3&(*%!/2/$68%*=*3&! 0(32&(B6*:! +*!

)'&($!/('.&2)2$(.$=2)(B6*!P.Q!$8.*)92!0$))*.1$3/!5!%'!.&2)2$.2%*0&(9(&2!='@(='%*!1$69'3&!

K&)*!'&&*(3&*!/'3.!%*.!0$3/(&($3.!/*!%<*@12)(*30*!*&!1$6)!63!&*=1.!/$3324!(%!*.&!5!3$&*)!B6*!

1$6)!0*&&*!*@12)(*30*4!%'!0$3.$=='&($3!/*.!/*6@!23'3&($=-)*.!/*!%C$)A'3$=2&'%%(B6*!*&!

/*!%C2%*0&)$1,(%*!29$%6*!/*!='3(-)*!(/*3&(B6*:!

! +'! .*0$3/*! *@12)(*30*! *.&! 0$3/6(&*! /'3.! %*.! =K=*.! 0$3/(&($3.! B6*! %'! 1)*=(-)*!

='(.! 0*&&*! >$(."0(! '9*0! %C2%*0&)$1,(%*! .$6.! >$)=*!23'3&($=2)(B6*=*3&!16)*:! +*!3(9*'6!/*!

.&'8(%(&2! 0$3>(A6)'&($33*%%*! /*! %<$)A'3$=2&'%%(B6*4! /'3.! %*.! 0$3/(&($3.! /*! %<*@12)(*30*!

1)202/*3&*! P0$30*3&)'&($3! /*.! )2'0&(>.! *&! &*=12)'&6)*Q! *&! 1$6)! 63! &*=1.! /$3324! *.&!

29'%62!1')!0$=1')'(.$3!/*.!)'&($.!/('.&2)2$(.$=2)(B6*.!/*.!/*6@!*@12)(*30*.:!

! Y(! %<$)A'3$=2&'%%(B6*! '! 63*! 0$3>(A6)'&($3! .&'8%*4! '%$).! %*! )'&($! VSS! Å! VSY! /*!

%<*@12)(*30*!b!*.&!1)$0,*!/*!dcÅdc4!0*0(!'9*0!63!&*=1.!)2'0&($33*%!1%6.!%$3A:! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]d]!S:!e().0,4!S:!r:!e$>>='334!>?$5=V$2=7/XX>45]bd4!nmd:!
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G!!RH1)/4,$5$*+!9(*H+(./$!1$%!',,E,','*$%!!G!

!]]]!

! ;!9)*+2'2()4!.(!%*!)'&($!VSS!Å!VSY!/*!%<*@12)(*30*!b!*.&!(/*3&(B6*!'6!)'&($!.!/$332!1')!

%<*@12)(*30*! ]4! '%$).! %<$)A'3$=2&'%%(B6*! *.&! 0$3>(A6)'&($33*%%*=*3&! %'8(%*4! 63! 1)$0*..6.!

/?3'=(B6*!(3&*)9(*3&!/$30!1$6)!0*&&*!*@12)(*30*:!

! ;3! ]nnj4! D)005'**! *&! X),'9?)<%J(! $3&! &*.&2! %'! .&'8(%(&2! 0$3>(A6)'&($33*%%*! /*!

3$=8)*6@! 0?0%$,*@"b"23"]"?%=2&'6@4! ,$=$%$A6*.! /*! 3$.! .68.&)'&.]db!P.0,2='! ]ilQ:! +*.!

'%%?%=2&'6@! 2&6/(2.! .$3&! %*.! /2)(92.! /6! %(&,(6=4! /6! ='A32.(6=4! /6! &(&'3*! *&! /6! 8$)*!

P8$)$3'&*.!*&!8$)'3*.Q:!W6*%B6*.!)2.6%&'&.!.$3&!)*1$)&2.!/'3.!%*!.0,2='!.6(9'3&!a!

!! +*.!0,*)0,*6).!0$3.&'&*3&!B6*!%*.!)'&($.!/('.&2)2$(.$=2)(B6*.!/*.!*@12)(*30*.!]!*&!

b!1$6)!%*!%(&,(6=4!%*!='A32.(6=!*&!%*!&(&'3*!.$3&!(/*3&(B6*.!a!0*!B6(!1%'(/*!1$6)!63!2B6(%(8)*!

)'1(/*! *3&)*! %*.! >$)=*.! '%%?%=2&'6@! *&! 63*! 9(&*..*! /*! 0$61%'A*! %*3&*:! H*.! )2'0&(>.! .$3&!

0$3>(A6)'&($33*%%*=*3&!=6&'8%*.!/'3.!%*.!0$3/(&($3.!*@12)(=*3&'%*.:!T%!*.&!5!3$&*)!B6*!%'!

0$3>(A6)'&($3!'8.$%6*!/6!0')8$3*!k!P90!239ITTQ!/21*3/!/6!=2&'%!6&(%(.2:!

! H$==*!'&&*3/64!%*.!'%%?%8$)$3'&*.!.$3&!0$3>(A6)'&($33*%%*=*3&!.&'8%*.!a!%*!)'11$)&!

9:8]4@) TT) Å! 9:8]4@) TT!) *.&! 1)$0,*! /*! ]:! ;3! )*9'30,*4! %C(3.&'8(%(&2! 0$3>(A6)'&($33*%%*!

)*0$336*!/*.!'%%?%8$)'3*.!3<*.&!1'.!/2=$3&)2*!/'3.!0*!&*.&:!;3!*>>*&4!/'3.!0*!0'.!1)20(.4!%'!

9(&*..*! /*! 0$61%'A*! '9*0! %<'%/2,?/*! .C'9-)*! K&)*! 8*'60$61! 1%6.! )'1(/*! '6! )*A')/! /*! %'!

9(&*..*!/*!)'02=(.'&($34!0*!B6(!0$3/6(&!5!63!=2%'3A*!2B6(=$%'()*!/*!/('.&2)2$(.$=-)*.:! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]db!S:!r:!e$>>='334!Z:!V$%'0,$p.N(4!>?$5=!A/2=!B=4)/XXL4!l4!]mbl:!

E9F0A3)/YP)_);06@2A51365:1);@)43)763K54560)9:1?5\82365:11@44@);@)b8@4b8@7)344=4A0638B)
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!

! ]]b!

T:b ;@*=1%*.!/*!/2/$68%*=*3&!0(32&(B6*!

! m/(*+'21! $+! ',:! $8.*)9*3&! %*! /2/$68%*=*3&! 0(32&(B6*! /<63! '%%?%.&'33'3*! 1')! %*!

0?0%$,*@?%(/-3*! A%?02)'%/2,?/*]dk:! T%.! )2'%(.*3&! %<'%%?%'&($34! 0'&'%?.2*! 1')! OMk";&bq4! /<63!

'%/2,?/*!23'3&($=2)(B6*=*3&!16)!*3!6&(%(.'3&!63!=2%'3A*! )'02=(B6*!/<'%%?%2&'(3:!;3! >(3!

/*! )2'0&($34! (%.! (.$%*3&! %<'%%?%=2&'%! 3$3! 0$39*)&(! *&! 0$3.&'&*3&4! 1')! =*.6)*! /6! 1$69$()!

)$&'&$()*4!63!*3)(0,(..*=*3&!23'3&($=2)(B6*!/*!0*%6("0(!P.0,2='!]idQ:!

! H*)&'(3.! 1)$1')A?%=2&'6@! .$3&! *3! 2B6(%(8)*! =2&'%%$&)$1(B6*! '9*0! %*6)! >$)=*!

'%%23?%=2&'%:!+*!/21%'0*=*3&!/*!0*&!2B6(%(8)*!9*).!%<63*!$6!%<'6&)*!/*.!>$)=*.!P'%%23?%*!9.:!

,$=$1)$1')A?%*!'%0$$%Q!/21*3/!/6!=2&'%!*&!/*.!.68.&(&6'3&.:!

! +<2B6(1*! /*! >?$5,'! '! *>>*0&62! 63*! 2&6/*! 0$=1')'&(9*! /*! %'! .&'8(%(&2!

0$3>(A6)'&($33*%%*!/<'%%23?%Å1)$1')A?%=2&'6@4!/*!%(&,(6=4!/*!D(30!*&!/*!&(&'3*]dl:!+C'3'%?.*!

/*.!1)$/6(&.!$8&*36.!)*3/!0$=1&*!/*!0*&!2B6(%(8)*!=2&'%%$&)$1(B6*!*3&)*!%*.!/*6@!*.1-0*.!

P1)$1')A?%(B6*! *&! '%%23(B6*Q! /*! 0*&&*! .2)(*! /C$)A'3$=2&'%%(B6*.:! +'! .&'8(%(&2!

0$3>(A6)'&($33*%%*!*.&!/2=$3&)2*!1')!63!&*.&!'%&*)3'&(>!'6!&*.&!/<e$>>='33!1)202/*==*3&!

/20)(&:! H*%6("0(! 0$3.(.&*! 5! 6&(%(.*)! 63! 2%*0&)$1,(%*! 23'3&($16):! +'! 1)*=(-)*! *@12)(*30*! *.&!

0$3/6(&*! '9*0! c4]"c4b! 2B6(9'%*3&! /<2%*0&)$1,(%*! '>(3! /*! /2&*)=(3*)! %*! )'&($!

/('.&2)2$(.$=2)(B6*! $8&*36! 1$6)! 63*! >'(8%*! 0$39*).($3:! +'! .*0$3/*! *@12)(*30*! *.&!

)2'%(.2*! '9*0! 63*! 1%6.! A)'3/*! B6'3&(&2! /<2%*0&)$1,(%*! '>(3! /<$8&*3()! 63*! 0$39*).($3! 1%6.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]dk!M:!M%(*A*%4!T:!O*'6/*&4!E:!"V:!W6(3&')/4!B=!)0!F26'*)5$+',,(9!>?$5=7!>^^/4!ibl4!kjk:!!
]dl!E:!O*FF'3(4!H:!O$&6,'4!M:!H,*=%'4!M:!M*))*()'4!Y:!G'A36.4!Z:!V2)*D"+63'4!F26'*)5$+',,(9%7!>/>4!k]4!ljmi:!

E9F0A3)/YC)_);0;:8K4@A@16)951065b8@);<81)344=406351)9F5234)
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G!!RH1)/4,$5$*+!9(*H+(./$!1$%!',,E,','*$%!!G!

!]]k!

0$3.2B6*3&*!P1)$0,*!/<63*!0$39*).($3!&$&'%*Q:!+'!0$=1')'(.$3!/*.!/*6@!)'&($.!1*)=*&!/*!

/$33*)! 63*! 1)*=(-)*! (3>$)='&($3! .6)! %'! .&'8(%(&2! 0$3>(A6)'&($33*%%*:! Y(! %*.! )'&($.!

/('.&2)2$(.$=2)(B6*.!.$3&! (/*3&(B6*.!'%$).! %<$)A'3$=2&'%%(B6*!*.&!0$3>(A6)'&($33*%%*=*3&!

(3.&'8%*:! Y(! %*! )'&($! /('.&2)2$(.$=2)(B6*! /*! %'! .*0$3/*! *@12)(*30*! &*3/! 9*).! 63! )'11$)&!

dcÅdc! $6! 0$))-%*! '9*0! %*.! 1)29(.($3.! /$332*.! 1')! %*.!=$/-%*.!='&,2='&(B6*.! 1)2/(0&(>.!

P)/|>P0$39*).($3QQ4! '%$).! %<$)A'3$=2&'%%(B6*! *.&! 0$3>(A6)'&($33*%%*=*3&! .&'8%*! /'3.! %*.!

0$3/(&($3.!/*!%<*@12)(*30*:!!

! ;3! .*)(*! D(304! %*.! >$)=*.! '%%23(B6*.! .$3&! *3! 2B6(%(8)*:! >?$5,'! $+! ',=! 2&6/(*3&!

3$&'==*3&!%'!.&'8(%(&2!0$3>(A6)'&($33*%%*!/<63!'%%23?%D(30!/'3.!%*!heM!5!/*6@!&*=12)'&6)*.!

P.0,2='! ]imQ:! +<2&6/*! *.&! )2'%(.2*! '9*0! %*! _"&)(&?%1)$%(3'%! 3$3")'02=(B6*:! f! "jc„H4! (%.!

0$3.&'&*3&!B6*! %<2B6(%(8)*!*.&! &)-.! %*3&!1')! )'11$)&! '6@! 9(&*..*.!/*! 0$61%'A*! PN=‰‰NS‚NYQ:!

+<2B6(1*! 1)$1$.*! /*6@! (3&*)=2/('()*.! )2'0&($33*%.! /*! &?1*! H,$/N(*p(0D"t'='=$&$! '>(3!

/<*@1%(B6*)! %'! /(>>2)*30*! /*! 0(32&(B6*! /*! >$)='&($3! /*.! /*6@! /('.&2)2$(.$=-)*.:! Z(3.(4! 5!

0*&&*! &*=12)'&6)*! *&! 1$6)! 63! &*=1.! /$3324! %<'%%23?%D(30! .*! )29-%*! K&)*!

0$3>(A6)'&($33*%%*=*3&!.&'8%*:!;3!)*9'30,*4!(%.!0$3.&'&*3&!63*!)'02=(.'&($3!1')&(*%%*!5!1%6.!

,'6&*!&*=12)'&6)*:!;3!$6&)*4!%*!)'&($!/('.&2)2$(.$=R)(B6*!TT!!ÅTT!!D!$8&*36!5!"bc„H4!0*0(!

1$6)!63*!0$39*).($3!&$&'%*4!3*!0$))*.1$3/!1'.!'6!=$/-%*!='&,2='&(B6*!/<e$>>='33!`!%*!

)2.6%&'&! .C20')&*! /6! )'&($! &,2$)(B6*! /*! dcÅdc4! 0*! B6(! 1*6&! K&)*! '&&)(862! 5! %C(3.&'8(%(&2!

0$3>(A6)'&($33*%%*!/*!%<'%%23?%D(30!/'3.!.*.!0$3/(&($3.:!

! !

E9F0A3)/YW)_);06@2A51365:1);@)43)763K54560)9:1?5\82365:11@44@)
;<34401=4e519)7@4:1)43)6@A]023682@)@6)4@)6@A]7);@)203965:1)
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!

! ]]l!

!
! +<2&6/*! '! 2&2! 1$6).6(9(*! 1')! %*! /2/$68%*=*3&! 0(32&(B6*! /*! 0*! =K=*! '%%23?%D(30!

/'3.! %<$1&(B6*! /*! /2&*)=(3*)! %'! /6)2*! 1*3/'3&! %'B6*%%*! 0*&&*! *.1-0*! *.&!

0$3>(A6)'&($33*%%*=*3&! .&'8%*!5! "jc„H!/'3.! %*!heM! P.0,2='!]ijQ:!Z1)-.!'//(&($3!/*!/*6@!

2B6(9'%*3&.!/*!:"&)(&?%1)$%(3'%4!63!.*0$3/!2%*0&)$1,(%*4!%*!0?0%$,*@'3*0')8$@?'%/2,?/*4!*.&!

'F$6&2! '>(3! /*! 0'1&*)! %<$)A'3$=2&'%%(B6*! )*.&'3&4! *&! >$)=*)! '(3.(! %'! 0,%$)$,?/)(3*! TT!D:!

+<$)A'3$=2&'%%(B6*!2&'3&!.&'8%*!5!"jc„H4!%<'6A=*3&'&($3!/6!&*=1.!/*!)2'0&($3!1*)=*&!63*!

'6A=*3&'&($3!/*!%'!0$39*).($3!*3!%C*.1-0*!='F$)(&'()*!TT!!m!*&!/$30!63!*3)(0,(..*=*3&!/6!

=(%(*6!)2'0&($33*%!*3! %C23'3&($=-)*!/*! %<'%%-3?%D(30! %*!=$(3.! )*0$336!1')! %*!.2%*0&*6):!;3!

/286&! /*! )2'0&($34! %<23'3&($=-)*! %*!=(*6@! )*0$336! *.&! 0$3.$==2! 1%6.! )'1(/*=*3&! B6*!

%<'6&)*!1')!%*!.*%*0&*6)4!0*1*3/'3&4!5!=*.6)*!/*!.'!0$3.$=='&($34!%*!.*0$3/!23'3&($=-)*!

.*! &)$69*! *3! 0$30*3&)'&($3! 1%6.! 2%*92*:! Z(3.(4! %*! &'6@! /*! >$)='&($3! /6! 0$=1$.2! TT!!D)

'6A=*3&*! '9*0! %C'9'30*=*3&! /*! %'! )2'0&($3:! H*! B6(! .*! &)'/6(&! 1')! 63! '8'(..*=*3&! /*!

%<*@0-.! /('.&2)2$(.$=2)(B6*! (3.&'3&'32! /*! %'! 0,%$)$,?/)(3*! '9*0! %C'9'30*=*3&! /*! %'!

)2'0&($3:!+*.!'6&*6).!*3!/2/6(.*3&!B6*!%<'%%23?%D(30!*.&!0$3>(A6)'&($33*%%*=*3&!.&'8%*!1$6)!

63*!/6)2*!/<*39()$3!k,kc!5!0*&&*!&*=12)'&6)*:!

!

!

! !

E9F0A3)/YL)_);0;:8K4@A@16)951065b8@);<34401=4e519)

Cl
•

TMS
ZnBr

H

Cl
•

ZnBr
TMS

H Cl
•

TMS
ZnBr

H
N

CHO

Tr
-80°C

N
Tr OH

Cl

TMS

cHexCHO cHex

OH

Cl

TMS -80°C

anti/syn : 90/10

+-

2eq

anti / syn : 84/16
t >3,5h re (anti) : 78/22

t(h)

XXIV



G!!RH1)/4,$5$*+!9(*H+(./$!1$%!',,E,','*$%!!G!

!]]d!

TT S2.6%&'&.!*&!/(.06..($3!
! +$).! /*! %'! 1)*=(-)*! 1')&(*! /*! 0*!=2=$()*4! 3$6.! '9($3.! 0$3.&'&2! B6*! %*! 0$61%'A*!

/()*0&! *3&)*! %<'%%?%Z%"Hd! P0?0%$1*3&"b"23"]"?%'%6=(3(6=Q! *&! %<'%/(=(3*4! (..6*! /*! %'!

0$3/*3.'&($3! /6! 8*3D'%/2,?/*! *&! /6! P8Q"1,23?%A%?0(3$%4! *.&! =$?*33*=*3&!

/('.&2)2$.2%*0&(>!P)/!a!b4dÅ]Q:!_$6.!1$69$3.!1$.&6%*)!B6*!0*&&*!=$/*.&*!.2%*0&(9(&2!)*>%-&*!

63*! )*%'&(9*! .&'8(%(&2! 0$3>(A6)'&($33*%%*! /*.! 23'3&($=-)*.! /*! %<'%%?%'%6=(3(6=4! %*.B6*%.!

)2'A(..*3&!'9*0!63*!/(>>2)*30*!/*!0(32&(B6*!(3.6>>(.'3&*!1$6)!'..6)*)!63*!.&2)2$.2%*0&(9(&2!

.'&(.>'(.'3&*! PNS‚!NSQ4! %'!=2&'%%$&)$1(*!*3&)*! %*.!/*6@!23'3&($=-)*.!/*! %<'%'3*!/*=*6)'3&!

%*3&*!1')!)'11$)&!'6@!9(&*..*.!/*!0$61%'A*!N=‰‰NY‚NS!P.0,2='!]inQ:!!

! Z(3.(4! /'3.! %C,?1$&,-.*! $}! %*.! '%%?%'%'3*.! .*)'(*3&! 0$3>(A6)'&($33*%%*=*3&! .&'8%*.4!

%<2&6/*!'!0$3.(.&2!5!(/*3&(>(*)!63!2%*0&)$1,(%*!0'1'8%*!/*!/(.0)(=(3*)!*>>(0'0*=*3&!%*.!/*6@!

23'3&($=-)*.!/*!%<'%%?%'%'3*:!+<$8F*0&(>4!5!&*)=*4!/*!0*&&*!2&6/*!9(.*!5!*3A'A*)!63!'%%?%'%'3*!

1)2'%'8%*=*3&!23'3&($*3)(0,(!/'3.!63*! )2'0&($3!'9*0!63!2%*0&)$1,(%*!1)$0,()'%4! '%/2,?/*!

$6!(=(3*:!I'3.!0*&&*!$1&(B6*4!%*.!0$3/(&($3.!(/2'%*.!/*!/2/$68%*=*3&!0(32&(B6*!(=1%(B6*3&!

/<*3A'A*)!/*6@!2B6(9'%*3&.!/<'%%?%'%'3*.!*&!63!2B6(9'%*3&!/*!.2%*0&*6)!0,()'%!P.0,2='!]mcQ:!

!

! !

E9F0A3)/W^)_)762360\5@);@);0;:8K4@A@16)951065b8@);@7)344=43431@7)
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S,S,R

R S

anti majoritaire
R,R,R

1 : 2,5

kR kS

km

0,5 équiv.
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! ]]i!

TT:] +*!0'=1,)*!a!%*!.2%*0&*6)!0,()'%!

TT:]:] S*0,*)0,*!/6!.2%*0&*6)!0,()'%!

! +*.!*..'(.!/*!/2/$68%*=*3&!0(32&(B6*!/*!3$.!'%%?%'%'3*.!$3&!2&2! )2'%(.2.!'9*0!/*.!

2%*0&)$1,(%*.!0,()'6@!P02&$3*.!*&!'%/2,?/*Q:!+*.!2%*0&)$1,(%*.!.$3&!'//(&($332.!5!"dc„H4!16(.!

%*! =(%(*6! *.&! 'A(&2! 5! &*=12)'&6)*! '=8('3&*:! +*.! )2.6%&'&.! .$3&! )*1$)&2.! /'3.! %*! &'8%*'6!

.6(9'3&:!
#3K4@38)/O)_)2@9F@29F@);8)704@96@82)9F5234)

!

! *! 2%*0&)$1,(%*! h!P„HQ! @!2B6(9:! )/&'!P€Q! )/8! 1)$/6(&!

]! ]! PoQ">*30,$3*! "dc!&:'! b! ‰]c! 3/! >L)

b! ]! P"Q"=*3&,$3*! "dc!&:'! b! mi! ]4jÅ]! >X)

k! ]! PoQ"0'=1,)*! "dc!&:'! b! ib! bÅ]! O^)

l! ]! _"P&$.?%Q"I"1)$%(3'%! "dc!&:'! b! nj! c4jÅ]! O/)

d! ]! PoQ"0'=1,)*! "dc!&:'! k! ic! bcÅ]! O^)

i! ]! P‡Q"0'=1,)*! "dc!&:'! b! jc! bcÅ]! O^!

m! c! PoQ"0'=1,)*! "dc!&:'! b! dj! ]4kÅ]! O>)

j! c! P‡Q"0'=1,)*! "dc!&:'! b! m]! m4jÅ]! O>5
'!)*3/*=*3&!(.$%2:!8!/2&*)=(32!1')!SG_!]e!

!

! G'%A)2!63*!>'(8%*!0$39*).($3!/*! %'! PoQ">*30,$3*!P*3&)2*!]4!&'8%*'6!]kQ4! %*.!'%0$$%.!

,$=$'%%?%(B6*.! (..6.!/*! %<'%%?%'&($3!/*! %'! P"Q"=*3&,$3*4!/6! PoQ"0'=1,)*!*&!/6!_"P&$.?%Q"I"

1)$%(3'%!.$3&!$8&*36.!B6'3&(&'&(9*=*3&!P*3&)2*.!b!5!l4!&'8%*'6!]kQ:!I'3.!0*.!&)$(.!/*)3(*).!

0'.4! %*! 0$61%'A*! 3<*.&! 1'.! /('.&2)2$.2%*0&(>:! Z! 0*! .&'/*4! (%! *.&! *..*3&(*%! /*! 0$33'(&)*! %'!

)*%'&($3! /*! /('.&2)2$(.$=2)(*! *3&)*! %*.! *.1-0*.! >$)=2*.! >X) *&! O^n! _$6.! '9$3.! '%$).!

1)$02/2!5!63*!.(=1%*!,?/)$A23'&($3!0'&'%?&(B6*!/*!0*.!/*6@!.68.&)'&.:!q)!63!.*6%!(.$=-)*!

*.&! $8&*36!/'3.! %*.! /*6@! 0'.4! )*.1*0&(9*=*3&!O^I,) *&!>XI,) P.0,2='!]m]Q:! H*%'! (=1%(B6*!

B6*! %*.! /('.&2)2$(.$=-)*.! $8&*36.! .$3&! %E*! *&! '*+(! *&! 3$3! 1'.! /*.! 0$61%*.! /*!

/('.&2)2$(.$=-)*.! %E*! 0$==*! 3$6.! '6)($3.! 16! %C'3&(0(1*)! '6! 96*! /*! %C*@0*%%*3&*!

/('.&2)2$.2%*0&(9(&2!%E*!$8&*36*!'9*0!/*.!2%*0&)$1,(%*.!1)$0,()'6@:!

! !

#5K5L5_)>LIO/)
#5K5M5_)O>)

n

Cp2TiCl2, cat. (10 mol%)

DiBAl-H (x équiv.)
n

[Al] O

R2R1

(1 équiv.)
T(°C) n

R2
R1

OH



G!!RH1)/4,$5$*+!9(*H+(./$!1$%!',,E,','*$%!!G!

!]]m!

!

! H*.!)2.6%&'&.!&2=$(A3*3&!/*!%C*@0*%%*3&*!/(.0)(=(3'&($3!>'0('%*!/6!0')8$3?%*:!

! Y*6%*! %'! 0$3>(A6)'&($3! '8.$%6*! /6! 0')8$3*! '.?=2&)(B6*! 1$)&2! 1')! %*! >)'A=*3&!

0?0%$,*@23?%*! /(>>-)*! 1$6)! 0*.! 0$61%*.! /*! /('.&2)2$(.$=-)*.:! H*%'! %'(..*! .611$.*)! 63*!

29$%6&($3!/(9*)A*3&*!/*.!/*6@!23'3&($=-)*.!/*!%<'%%?%'%'3*4!%<63!0$3/6()'(&!'6!0$=1$.2!%E*!

*&!%<'6&)*!'6!0$=1$.2!'*+(=!

! Z>(3!/<29'%6*)!63!1$&*3&(*%!/2/$68%*=*3&!0(32&(B6*4!%'!)2'0&($3!'!2&2!0$3/6(&*!'9*0!

&)$(.! 2B6(9'%*3&.! /<'%'3*4! (%! *3! )2.6%&*! 63*! )*=')B6'8%*! '6A=*3&'&($3! /*! %'! .2%*0&(9(&2!

%E*Q'*+(! P*3&)2*!d4! &'8%*'6!]kQ:! V$6)! 0$3>()=*)! 0*&&*!$8.*)9'&($34! %'! )2'0&($3!/<'%%?%'&($3!

/<63!2B6(9'%*3&!/*!0'=1,)*!)'02=(B6*!0$3/6(&!5! %'!=K=*!.&2)2$.2%*0&(9(&24!*&!'6!=K=*!

/('.&2)2$(.$=-)*:!H*.! )2.6%&'&.!/2=$3&)*3&!63*!1')>'(&*! )*0$33'(..'30*! (3&(=*!*3&)*! %*.!

1'()*.! 23'3&($=2)(B6*.! /*.! )2'0&(>.:! +*! .0,2='! .6(9'3&! (%%6.&)*! %'! .2%*0&(9(&2! $8&*36*! 5!

%<(..6!/*!%<*@12)(*30*!i!/6!&'8%*'6!]k!P.0,2='!]mbQ:!!

!

R2
R1 OH

OHH2, Pd/C
EtOH

OH

unique isomère unique isomère

E9F0A3)/W/)_)F=;2:\01365:1)93634=65b8@);@7)9:A]:707)>L)@6)>X)_);06@2A51365:1)
;@)43)9:1?5\82365:1);8)9@162@)37=A0625b8@)]:260)]32)4@)\2:8]@A@16)932K:1=4@)

>Xm)O^)

_)F=;2:\01365:1)93634=65b8@);@7)9:A]:707)>L)@
O^I,)

6)>X)_);06@2A51365:1)
>XI,)

E9F0A3)/W>)_)79F0A3657365:1);@)4<@B]025@19@)Ym)63K4@38)/O)

[Al]

[Al]

OH

HO

(+)-camphre

(-)-camphre

(1/2 équiv.)

(1/2 équiv.)

[Al]

[Al]

1 équiv.

OH

HO

syn

R2R1 OH

anti

rd (syn/anti) : 20/1

1 équiv.

(±)
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! ]]j!

! Z>(3!/C'002/*)!5!63!0$=1$.2!0)(.&'%%(.'8%*4!%*!/('.&2)2$(.$=-)*!='F$)(&'()*!(..6!/*!%'!

)2'0&($3! *3&)*! %*! PoQ"0'=1,)*! *&! %<'%%?%Z%"Hi! P*3&)2*! d4! &'8%*'6! ]kQ4! '! 2&2! /2)(9'&(.2! 1')!

/(,?/)$@?%'&($3! /('.&2)2$.2%*0&(9*! /*! %'! /$68%*! %('(.$3! .6(9(*! /<63*! 8(."*.&2)(>(0'&($3!

.2%*0&(9*:!+C'3'%?.*!ISu!/6!0$=1$.2!O^IZZ4!1*)=*&!/*!0')'0&2)(.*)!%'!.&)60&6)*!/*!%<'//6(&!

O^I!"#4! *&! 1%6.! 1')&(06%(-)*=*3&! %'! 0$3>(A6)'&($3! '8.$%6*! /*.! /*6@! 0*3&)*.! .&2)2$A-3*.!

0)2*.!%$).!/*!%C2&'1*!/C'%%?%'&($3!P.0,2='!]mkQ:!!

!

!!

! H*.! )2.6%&'&.! 3$6.! 0$3>$)&*3&! /'3.! %'! 1$..(8(%(&2! /*! )2'%(.*)! 63! /2/$68%*=*3&!

0(32&(B6*!*>>(0'0*!'9*0!%<'%%?%Z%"Hi:!;3!)*9'30,*4!%*.!)2.6%&'&.!$8&*36.!'9*0!%<'%%?%Z%"Hd!.$3&!

1*6!*30$6)'A*'3&.!P*3&)2*.!m!†!j4!&'8%*'6!]kQ:!

TT:]:b S*0,*)0,*!/*.!0$3/(&($3.!$1&(='%*.!

! Y6(&*! 5! 0*.! )2.6%&'&.4! 3$6.! '9$3.! *3&)*1)(.! 63*! $1&(=(.'&($3! /*.! 0$3/(&($3.!

$12)'&$()*.! '>(3! /*! &*3/)*! 9*).! 63! /2/$68%*=*3&! $1&(='%! Pb! 2B6(9'%*3&.! /<'%'3*! 1$6)! ]!

2B6(9'%*3&!/*!.2%*0&*6)!0,()'%Q:!+'!&*=12)'&6)*!/<'//(&($3!/6!1(-A*!0,()'%!'!*..*3&(*%%*=*3&!

2&2!%*!>'0&*6)!2&6/(2:!P&'8%*'6!]lQ:!

! !

O^IZZ

E9F0A3)/WO)_)9323960257365:1);8)9:A]:70)A3p:256352@);@)4<@B]025@19@)Cm)63K4@38)/O)

O^I!"#5

OH 1) NMO
OsO4, cat.

2) RCOCl
DMAP, cat.

OH

OCOR

OCOR
R = p-NO2-C6H4



-		Dédoublement	cinétique	des	allylalanes		-	

	119	

Tableau	14	:	variation	de	la	température	de	réaction	

	

	 n	 électrophile	 T(°C)	 rdta	(%)	 rd	 produit	

1	 1	 (+)-camphre	 -20	 82	 20/1	 30	

2	 1	 (+)-camphre	 -30	 89	 20/1	 30	

3	 1	 (-)-menthone	 -20	 69	 2,1/1	 29	

4	 0	 (±)-camphre	 	-20	 71	 7,8/1	 32	

5	 0	 (+)-camphre	 -20	 68	 2,2/1	 32	

6	 0	 (+)-camphre	 -30	 60	 3,2/1	 32	

7	 0	 (+)-camphre	 -40	 57b	 2,3/1	 32	
a	rendement	isolé,	b	rendement	déterminé	par	RMN	1H	

	

	 Concernant	 l'allylAl-C6,	 la	 diminution	 de	 la	 température	 augmente	

considérablement	 la	 diastéréosélectivité	 :	 un	 équivalent	 de	 (+)-camphre	 réagit	

préférentiellement	avec	un	des	énantiomère	de	l'allylalane	(entrée	1	&	2,	tableau	14).	En	

revanche,	la	diminution	de	la	température	ne	s’accompagne	pas	d’une	augmentation	de	la	

diastéréosélectivité	 dans	 le	 cas	 de	 la	 (-)-menthone	 (entrée	 3,	 tableau	 14).	 Une	 légère	

augmentation	 de	 sélectivité	 est	 observée	 à	 -30°C	 lors	 de	 l'allylation	 du	 (+)-camphre	 par	

l'allylAl-C5	(entrée	6,	tableau	14),	mais	celle-ci	demeure	insuffisante.		

	 Les	 meilleures	 conditions	 pour	 réaliser	 le	 dédoublement	 cinétique	 sont	 les	

suivantes	:	 utilisation	 d’une	 forme	 énantiopure	 du	 camphre	 en	 tant	 que	 sélecteur	 chiral	

dans	un	rapport	1/2	par	rapport	au	mélange	racémique	de	l'allylAl-C6	à	-30°C.	

	

	 	

n

Cp2TiCl2, cat. (10 mol%)

DiBAl-H (2 équiv.)
n

[Al] O

R2R1

(1 équiv.)
T(°C) n

R2
R1

OH
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! ]bc!

TT:b S2'0&($3! /<'%%?%'&($3! 23'3&($.2%*0&(9*! 0$3/6(&*! 1')! %*!

0?0%$,*@"b"23"]"?%'%6=(3(6=!!

TT:b:] R&6/*!/*!%'!.&'8(%(&2!0$3>(A6)'&($33*%%*!/*!%<'%%?%Z%"Hi!

! +*.! 0$3/(&($3.! $12)'&$()*.! 2&'3&! 2&'8%(*.4! (%! )*.&*! 5! /2&*)=(3*)! %'! .&'8(%(&2!

0$3>(A6)'&($33*%%*!/*!%<'%%?%Z%"Hi:!!

! H*&&*!2&6/*!)*1$.*!.6)!%*!&*.&!/<e$>>='334!1$6)!%*B6*%!/*6@!*@12)(*30*.!.6>>(.*3&!5!

29'%6*)! %'! .&'8(%(&2! 0$3>(A6)'&($33*%%*! /*! %C'A*3&! =2&'%%(B6*! /'3.! %*.! 0$3/(&($3.! /*!

%<*@12)(*30*!P.0,2='!]mlQ:!!

! +'!1)*=(-)*!*@12)(*30*!=*&!*3!F*6!%*!=2%'3A*!)'02=(B6*!/*!%C'%'3*!*&!63!*@0-.!/*!

0'=1,)*! )'02=(B6*:! +<'3'%?.*!SG_!/6!1)$&$3! )29-%*! %'! 1)2.*30*!/<63!/('.&2)2$(.$=-)*!

&)-.!='F$)(&'()*!)/!a!nnÅ]!*&!/<63*!0$39*).($3!/*!n]€!:!

! +'!.*0$3/*!*@12)(*30*!*.&!0$3/6(&*!/'3.!%*.!=K=*.!0$3/(&($3.!B6*!%'!1)202/*3&*4!

0*1*3/'3&4! 63! *@0-.! /*! PoQ"0'=1,)*! *.&! 0*&&*! >$(."0(! '//(&($332:! +<(3&*)1)2&'&($3! /6!

.1*0&)*!SG_!/6!1)$&$3! )29-%*!63! )'&($!/('.&2)2$(.$=2)(B6*!/*!ikÅkm!*&!63*! 0$39*).($3!

(30$=1%-&*!/*!mm€:!

! !

E9F0A3)/WP)_)068;@);@)43)763K54560)9:1?5\82365:11@44@);8)9=94:F@BI>I01I/I=4348A5158A)

[Al]

(±)-camphre

[Al]

-30°C-30°C

(+)-camphre
OH

1 équiv.

(1,4 équiv.)(1,4 équiv.)

[Al]

[Al]

rd (syn/anti) : 99/1

rd (syn/anti) : 63/37

C = 91%C = 77%

km

18h18h

OH HO

OH HO

OH HO

OH HO

syn

anti

OH



G!!RH1)/4,$5$*+!9(*H+(./$!1$%!',,E,','*$%!!G!

!]b]!

!! f! %<(..6!/*! %<*@12)(*30*!]4!3$6.!1$69$3.!)'&($3'%(.*)! %*.!)2.6%&'&.!$8&*36.!P.0,2='!

]mdQ:! +*.! B6'3&(&2.! /*! )2'0&(>.! 2&'3&! 2A'%*.! /6)'3&! &$6&! %*! 0$6).! /*! %'! )2'0&($34! 3$6.!

1$69$3.!/2/6()*!/*!0*&&*!*@12)(*30*!B6*!%'!9(&*..*!/*!>$)='&($3!/*.!0$=1$.2.!%E*!*.&!nn!

>$(.!.612)(*6)*!5!0*%%*!/*.!0$=1$.2.!'*+(4!.$(&!NPYoQ!|!nnNPSoQ:!

! +*!&*.&!/<e$>>='33!1)20$3(.*!63*!0$39*).($3!./'%("&$&'%*!%$).!/*!%<*@12)(*30*!b:!q)4!

='%A)2! %*! %')A*! *@0-.! /*! PoQ"0'=1,)*4! %'! 0$39*).($3! 3*! /21'..*! 1'.! jc€:! H*1*3/'3&4! %'!

/(>>2)*30*!3$&'8%*!/*!0*.!/*6@!)'&($.!2&'?*!%C,?1$&,-.*!/*!%'!.&'8(%(&2!0$3>(A6)'&($33*%%*!/*!

0*&!'%'3*!/'3.!%*.!0$3/(&($3.!$12)'&$()*.:!!

! ;3!*>>*&4!16(.B6*!NPYoQ!|!nnNPSoQ4!*&!!"# $%&$&'(#(!)#*+',"-./&)"+''($$(0(')#!)&1$(#2&'!#

!"#$ %&'()*)&'#$ &+,-.*&)-"#7! ',)2%! +)/+! ,f','*$! TCU! (*(!"#$%&%'!( )*+,%'!( %,!( -.'/%*!"=! C(! YYn!

1f','*$!$%+!9)*-$2+(! !"#$%&'%!(')*+#,'-.'%/0!',)2%!,$!2'+()!cZQZY!9)22$%&)*1!h!^In!1$!%E*!$+!

PSn!1f'*+(=!!

! f!0*!.&'/*4!3$6.!1$69$3.!1$.&6%*)!B6*!%*.!ln€!/6!/('.&2)2$(.$=-)*!%E*!.$3&!(..6.!

/*! %<'%'3*! PCQ! *&! %*.! bj€! /6! /('.&2)2$(.$=-)*! '*+(! 1)$9(*33*3&! /*! %<'%'3*! P8Q:! H*.!

1)$1$)&($3.! 0$30$)/*3&! '9*0! %*.! 1)$1$)&($3.! &,2$)(B6*=*3&! 0'%06%2*.! P.0,2='! ]miQ:! +'!

1%6.! >'(8%*! 0$39*).($3! /*! %<'%'3*! P8Q! 1*6&! K&)*! *@1%(B62*! 1')! 63*! &)-.! >'(8%*! 0(32&(B6*! 5!

8'..*!&*=12)'&6)*:!

! H*1*3/'3&4! 3$6.! 1$69$3.! F6.&(>(*)! /*! %'! .&'8(%(&2! 0$3>(A6)'&($33*%%*! /*! 0*&!

'%%?%'%6=(3(6=! /'3.! %*.! 0$3/(&($3.! $12)'&$()*.! 16(.B6*! &$6&! %<'%'3*! PCQ! *.&! 0$3.$==2!

N=‰‰NPYoQ*&!NPSoQ‚‚N=:! !

           Nous pouvons écrire : 
v(R+) = v(S-) et v(R-) = v(S+) et  k(S+)= k(R-) et k(R+) = k(S-)
           À chaque instant : 
[Al(R)] = [Al(S)] et [camphre(+)] = [camphre(-)]
           À 91% de conversion,
v(S+)= 99v(R+)
          Ainsi : k(S+) = 99k(R+)
           Et : s = k(S+)/k(R+) = 99

[Al][Al]

km
RS

k (R-)
k(S+) k(R+)k(S-)

(±)-camphre
1,4 équiv.
-30°C, 18h

OH HO OH HOOH HO OH HO

syn anti

rd (syn/anti) = 99/1

E9F0A3)/WC)_)79F0A3657365:1);@)4<@B]025@19@)/)
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! ]bb!

!!! V$6)!0$3>()=*)!%'!.&'8(%(&2!0$3>(A6)'&($33*%%*!/6!'%%?%Z%"Hi4!3$6.!'9$3.!)2'%(.2!%*!&*.&!

/<e$>>='33!5!c„H4!'>(3!/<'002%2)*)!*>>(0'0*=*3&!%'!)2'0&($3!/<'//(&($3:!

+*.!0$3/(&($3.!$12)'&$()*.!/*.!*@12)(*30*.!]!*&!b!.$3&!)*1)$/6(&*.!5!%<(/*3&(B6*!,$)=(.!%'!

&*=12)'&6)*!P.0,2='!]mmQ:!!

! _$6.! 0$3.&'&$3.! B6*! %*.! )'&($.! /('.&2)2$(.$=2)(B6*.! .$3&! .(A3(>(0'&(9*=*3&!

/(>>2)*3&.:! +<*@12)(*30*!b!0$3/6(&!5!63! )'&($!B6(! &*3/!9*).!63!=2%'3A*!dcÅdc:!I<'1)-.! 0*!

&*.&4!3$6.!1$69$3.!'>>()=*)!B6*!0*&!'%'3*!*.&!.&'8%*!5!c„H4!*&!1')!9$(*!/*!0$3.2B6*30*!5!"

kc„H:! +'! .&'8(%(&2! *.&! 0$3>()=2*! =K=*! '1)-.! ]j,! /<'A(&'&($3! 5! c„H! 16(.B6<63! =2%'3A*!

/<(.$=-)*!*.&!$8&*36!5!dcÅdc:!!

! !

E9F0A3)/WY)_)79F0A3657365:1);@)4<@B]025@19@)>)

[Al][Al]
km

RS

k(R-)
k(S+)

OH OH

-30°C, 18h

(+)-camphre
(1,4 équiv.)

63% 37%C = 77%

OH OH

63% 37%C = 77%

E9F0A3)/WW)_)6@76);<R:??A311)2034570)h)^y()

[Al]

(±)-camphre

[Al]

0°C0°C

(+)-camphre
OH

1 équiv.

(1,4 équiv.)(1,4 équiv.)

[Al]

[Al]

rd (syn/anti) = 92/8rd (syn/anti) = 52/48

C > 99%C > 99%

km
OH HO

4h4h
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!]bk!

! Z(3.(4!(%!*.&!1$..(8%*!/*!1(-A*)!.2%*0&(9*=*3&!*&!*>>(0'0*=*3&!63!23'3&($=-)*!1')!%*!

PoQ"0'=1,)*]dd!4!&$6&!*3!1)2.*)9'3&!%C(3&2A)(&2!0$3>(A6)'&($3*%%*!/6!.*0$3/!23'3&($=-)*4!!

'%$).!/(.1$3(8%*!/'3.!%*!=(%(*6!)2'0&($33*%!1$6)!)2'A()!'9*0!63!2%*0&)$1,(%*!1)$0,()'%:!

TT:b:b V,23$=-3*!/*!)29*).(8(%(&2!/6!1)$/6(&!0'=1,)2!O^)

! ;3! bccl4! #)?! '! /20)(&! %*! &)'3.>*)&! 23'3&($.2%*0&(>! /C63! >)'A=*3&! 0)$&?%*! .6)! /*.!

'%/2,?/*.! P.0,2='! ]mjQ:! H*! &)'3.>*)&! .C*>>*0&6*! 5! 1')&()! /*! %C'%0$$%! ,$=$'%%?%(B6*! TTD!

/2)(92!/6!0'=1,)*!0'&'%?.2!1')!%C'0(/*!0'=1,$).6%>$3(B6*]di:!+*!0$=1$.2!TTD!*.&!$8&*36!

1')!'//(&($3!/*!0)$&?%='A32.(*3!.6)! %*!0'=1,)*!=*3'3&!5!63!=2%'3A*!/<(.$=-)*.!%E*!*&!

'*+(:! +<'//(&($3! .6)! %C'%/2,?/*! 1)$0-/*! .*%$3! 63! )2'))'3A*=*3&! .(A='&)$1(B6*! èk4kê:!

H$3.(/2)'3&! %*.! /*6@! 2&'&.! /*! &)'3.(&($3! 1$..(8%*.4! (%! '11')'(&! B6C63! /*.! /*6@!

(3&*)=2/('()*.! /('.&2)2$(.$=-)*.! *.&! =$(3.! >'9$)'8%*:! Z(3.(4! #)?! $8&(*3&4! 1')!

/2/$68%*=*3&! 0(32&(B6*4! %*.! 0$=1$.2.! PMQ! &)-.!='F$)(&'()*=*3&! '9*0! /*! &)-.! 8$3.! *@0-.!

23'3&($=2)(B6*.:!H*&&*!=2&,$/*!*.&!0*1*3/'3&!%(=(&2*!'6@!'%/2,?/*.!3$3"')$='&(B6*.:! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]dd!+*! PoQ"0'=1,)*! *.&! 3'&6)*%%*=*3&! 1)$/6(&! 1')! %*! #'/2/%! 9'5&?)2(9'! *&! /*! 3$=8)*6.*.! *.1-0*.! &*%! B6*! ,'-'*1/,'!
,'+(0),('!P]k€Q=!M'0*!5!%<'.1*0&!20$3$=(B6*!/6!0'=1,)*4!0$=1$.'3&!/*!%'!0*%%6%$ƒ/*4!/*!3$=8)*6@!1)$02/2.!/*!.?3&,-.*!
$3&!96!%*!F$6)4!/286&'3&!5!1')&()!/*!]jdj4!/$3&!%*!1)206).*6)!*.&!.$69*3&!%*!1(3-3*:!+*!PoQ"0'=1,)*!'!63!0$7&!=$?*3!/*!
m’ÅA:!+*!P"Q"0'=1,)*!'!63!0$7&!=$?*3!/*!]ld’!%*.!d!A)'==*.:!
]di!H:!"+:!w:!+**4!H:!"e:!Z:!+**4!w:!"h:!h'34!h:!"V:!+$,4!F26=!#$++=7!>^^P4!i4!]bj]:!

OH

H

OH
H

O

MgBr
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O

H

R
OH

O
H

R
OH

OH

O
H

OH

O

H
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OH
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R = alkyl : rdt > 70%, ee> 90%

E9F0A3)/WL)_)62317?@26)013165:704@965?);@)?23\A@16)92:6=4@)

TTD)



!

! ]bl!

! T%!*.&! (=1$)&'3&!/<2%(=(3*)! %<,?1$&,-.*!/<63! &)'3.>*)&!/*! >)'A=*3&!0?0%$'%N"b"23"]"

?%*!1$)&2!1')!%*!0$=1$.2!O^!.6)!63!'%/2,?/*!$6!63*!(=(3*:!;3!*>>*&4!0*!&)'3.>*)&!1$6))'(&!

(=1'0&*)! %'! .&2)2$.2%*0&(9(&2! A%$8'%*! /*! %'! )2'0&($3! /<'%%?%=2&'%%'&($3! /<2%*0&)$1,(%*! .(!

%<'%'3*!1(2A2!/*9*3'(&!5!3$69*'6!/(.1$3(8%*!/'3.!%'!)2'0&($3!1)(30(1'%*:!!

!
! I*6@!*@12)(*30*.!.$3&!)2'%(.2*.!/'3.!%*!86&!/*!=*&&)*!*3!29(/*30*!%'!1)2.*30*!/*!

&)'3.>*)&.! /'3.! %*.! 0$3/(&($3.! $12)'&$()*.! P.0,2='!]mnQ:! ;3! *>>*&4! %*.! *..'(.! /$(9*3&! K&)*!

)2'%(.2.!5!%'!>$(.!.6)!%*!0$=1$.2!='F$)(&'()*!O^I!"#5*&)O^I)#-;5.6.0*1&(8%*!/*!.*!>$)=*)!%$).!

/*!%<*3)(0,(..*=*3&!/*!%<'%'3*:!!

! Z>(3! /*! A232)*)! 63(B6*=*3&! %*! 0$=1$.2! %E*4! 63! *@0-.! /*! P‡Q"0'=1,)*! *.&!

'//(&($332! 5! 63*! .$%6&($3! /<'%'3*:! Z1)-.! l,! /<'A(&'&($3! 5! c„H4! %*! 8*3D'%/2,?/*! *.&!

'//(&($332:! Z1)-.! ]j,! /<'A(&'&($34! '6063*! &)'0*! /6! 1)$/6(&! /C'%%?%'&($3! /6! 8*3D'%/2,?/*!

3C*.&!$8.*)92*:!H*&&*!1)*=(-)*!*@12)(*30*!(3/(B6*!/$30!B6*!%*!1)$/6(&!O^I!"#53*!&)'3.>-)*!

1'.!/*!>)'A=*3&!'%%?%*:!!

! \3*! .*0$3/*! *@12)(*30*! *.&! )2'%(.2*! *3! 1)2.*30*! /<63! *@0-.! /*! PoQ"0'=1,)*4!

%<'//6(&!O^I)#-;5*.&!'%$).!A232)2!*3!1%6.!/6!0$=1$.2!%E*:!f!3$69*'64!%*!1)$/6(&!/C'%%?%'&($3!

/6!8*3D'%/2,?/*!*.&!&$&'%*=*3&!'8.*3&!/6!8)6&!)2'0&($33*%:!!

!

! !

E9F0A3)/WX)_)A57@)@1)@J5;@19@);<81)62317?@26);@)\2:8]@A@16)344=4@)0J@168@4)

O[Al]
PhCHO

1) DiBAl-H (1 équiv.) 
TiCp2Cl2 (cat.) O[Al]

[Al]OO[Al]
PhCHO1) DiBAl-H (1 équiv.) 

TiCp2Cl2 (cat.)

2) (±)-camphre
(1,4 équiv.)

4h 0°C

2) (+)-camphre
(1,4 équiv.)

4h 0°C

18h 0°C

18h 0°C

Ph

OH

[Al]OO[Al]

O[Al]

!"#!"#

!"#$#%



G!!RH1)/4,$5$*+!9(*H+(./$!1$%!',,E,','*$%!!G!

!]bd!

TT:b:] Y?3&,-.*.!/<'%0$$%.!,$=$'%%?%(B6*.!23'3&($*3)(0,(.!

TT:b:]:] H)(8%'A*!/*!/2)(92.!0')8$3?%2.!!

! +*.! 0$3/(&($3.! $12)'&$()*.! 2&'8%(*.! *&! %'! .&'8(%(&2! 0$3>(A6)'&($33*%%*! 0$3>()=2*4!

%<'%%?%'%'3*! 23'3&($*3)(0,(4! 1)2.*)92! /'3.! %*! =(%(*64! *.&! *3.6(&*! *3A'A2! /'3.!

%<'%%?%=2&'%%'&($3! /<'%/2,?/*.! *&! /*! 02&$3*.! 1)$0,()'6@:! +*.! /(>>2)*3&.! )2.6%&'&.! .$3&!

)*1$)&2.!/'3.!%*!&'8%*'6!.6(9'3&:!

#3K4@38)/C)_)9:8]43\@);@)4<3431@)013165:@1259F5)3J@9)34;0F=;@7)@6)906:1@7))

!

! S+! SY! )/!P%E*Q'*+(Q'! **!P%E*Q8!P€Q! )/&0!P€Q! 1)$/6(&!

]! V,/! e! njÅb! jm! id! OO3)

b! V,! e! njÅb! jn! jd! OO3)

k! l"O)"Hiel! e! niÅl! jl! jn! OOK)
l! k4l"H%b"Hiek! e! nlÅi! jm! dd! OO9)
d! i"O)"1(12)$3?%! e! nmÅk! jl! jb! OO;)

i! l"G*Hqb"Hiel! e! ndÅd! jm! md! OO@)

m! k"1?)(/?%! e!! ‚njÅb! jj! dc! OO?)

j! k">6)?%! e! ‚njÅb! jm! jk! OO\)

n! b"(3/$%?%! e! ‚njÅb! jl! il! OOF)

]c! PAQ".&?)?%! e! ‚njÅb! jm! jc! OO5)

]]! HePV,Qb! e! ‚njÅb! jb! dj! OOp)
]b! hOYq"PHebQk! e! ‚njÅb! jn! ii! OOH)

]k!

!
e! 3:/! )/>!|!nkÅm! db! OO4)

]l*!
!

e! 3:/! )/>!|!iÅnl! dc! OOA)

]d! b"G*"Hiel! G*! ‚njÅb! ji! dj! OO1)
]i! �"&2&)'%$3*! ‚njÅb! ji! dk! OO])

]m! V,! ! jjÅ]b! ji! dd! OOb)
'!/2&*)=(32! 1')! SG_! ]e:! 8!/2&*)=(32! 1')!eV+H! *3! 1,'.*! 0,()'%*:! 0!)*3/*=*3&! (.$%2:! /!'//(&($3! /6! PoQ"
0'=1,)*! 5! "bc„H:! *! *@12)(*30*! )2'%(.2*! '9*0! %*! P"Q"0'=1,)*! 0$==*! .2%*0&*6)! 0,()'%:! >! )'&($.!
/('.&2)2$(.$=2)(B6*.!/2&*)=(32.!1')!SG_!]e:!

O

O

O

O

C CCH2OTr

OH

Cp2TiCl2, cat. (10%)

DiBAl-H (2 équiv.)
THF, 40°c, 4h

[Al]

(+)-camphre
(1 équiv.)
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énantioenrichi

O
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(0,8 équiv)
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!

! ]bi!

! +'!.2%*0&(9(&2!%E*Q'*+(!*.&!/2&*)=(32*!1')!'3'%?.*!SG_!]e!/6!8)6&!)2'0&($33*%:!+*.!

*@0-.!23'3&($=2)(B6*.!.$3&!=*.6)2.!1')!eV+H!*3!6&(%(.'3&!63*!1,'.*!.&'&($33'()*!0,()'%*!

'1)-.! 63*! 0,)$='&$A)'1,(*! .6)! A*%! /*! .(%(0*:! +'! 0$3>(A6)'&($3! '8.$%6*! /*.! '%0$$%.!

,$=$'%%?%(B6*.! $8&*36.! *.&! '..(A32*! 1')! '3'%$A(*! '9*0! %*! 0$=1$.2! OO34! 0$=1%-&*=*3&!

0')'0&2)(.2!/'3.!%'!%(&&2)'&6)*]lc4!]li:!

! +*.! *@12)(*30*.! ]! *&! b! P&'8%*'6! ]dQ! =$3&)*3&! 63*! 3*&&*! '=2%($)'&($3! /*! %'!

0$39*).($3!5!1%6.!8'..*!&*=12)'&6)*:!+*.!'%0$$%.!,$=$'%%?(B6*.!0$3&*3'3&!63!A)$61*=*3&!

')$='&(B6*! P*3&)2*.! ]! 5! i4! &'8%*'6! ]dQ4! ,2&2)$')$='&(B6*! P*3&)2*.! m! 5! n4! &'8%*'6! ]dQ4!

9(3?%(B6*!P*3&)2*!]c4!&'8%*'6!]dQ!$6!63!A)$61*=*3&!'%N?%*!P*3&)2*.!]]!*&!]b4!&'8%*'6!]dQ!

.$3&! $8&*36.! '9*0! /*! &)-.! 8$33*.! .2%*0&(9(&2.! %E*Q'*+(! *&! 23'3&($.2%*0&(9(&2.! P**! '%%'3&!

F6.B6*!jn€Q:!

! I*! 1%6.4! %$).B6*! %<'02&$3(/*! A%?02)'%/2,?/*! 23'3&($16)! *.&! 6&(%(.2! 0$==*!

2%*0&)$1,(%*4! %*.! 0$3>(A6)'&($3.! /*.! 3$69*'6@! 0*3&)*.! '.?=2&)(B6*.! .$3&! .68$)/$332*.!

63(B6*=*3&! 1')! %'! 0$3>(A6)'&($3! /*! %<'%'3*! P*3&)2*! ]k! *&! ]l4! &'8%*'6! ]dQ:! ;3! *>>*&4! %'!

.&2)2$.2%*0&(9(&2!*.&!$11$.2*!%$).!/6!1'..'A*!/6!PoQ!'6!P"Q"0'=1,)*!.'3.!B6C63!*>>*&!='&0,!

$6! =(.='&0,! 3$&'8%*! 3*! .$(&! =*.6)2:! H*&&*! &*3/'30*! '! 2A'%*=*3&! 2&2! $8.*)92*! 1')!

W'2%?',,! %$).B6<(%! '//(&($33*! 63! '%/2,?/*! 0,()'%! .6)! %*.! (.$=-)*.! /<63! '%%?%2&'(3!

23'3&($*3)(0,(.]dm!P.0,2='!]jcQ:!

!

! +'! =2&,$/*! *.&! 2A'%*=*3&! '11%(B62*! 5! /*.! 02&$3*.! '?'3&! /*.! .68.&(&6'3&.! /*!

/(>>2)*3&*.!&'(%%*.:!+*.!'%0$$%.!&*)&('()*.!,$=$'%%?%(B6*.!OO1Ib).$3&!$8&*36.!'9*0!/*.!*@0-.!

23'3&($=2)(B6*.!(/*3&(B6*.4!'9*0!0*1*3/'3&4!63*!8'(..*!/*!.2%*0&(9(&2!%E*Q'*+(!0$3.&'&2*!

%$).B6*!%'!&'(%%*!/6!A)$61*=*3&!SY!'6A=*3&*!P*3&)2*!]m4!&'8%*'6!]dQ:! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]dm!E:!Z:!G').,'%%4!B=!F26=!>?$5=7!>^^W4!mb4!j]dk:!
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O
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E9F0A3)/L^)_)76020:704@965J560);@)4<344=4A0436344365:1);<81)34;0F=;@)9F5234)5A]:70)]32)43)
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E9F0A3)/L/)_)516@2A0;5352@7)203965:11@47)9=945b8@7)
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(R) (S)
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O [Al]
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[Al]AlOR

H
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(R)

RHO
H

OH

H

NaOH 10%
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(1 équiv.)

(0.8 équiv.)

rd > 95:5 rd > 95:5
82% <ee< 96%

[Al][Al] [Al][Al]
(R) (S)

2 équiv.

TT:b:]:b Z.1*0&!=20'3(.&(B6*!

! +'!3$3")29*).(8(%(&2!/*! %'!)2'0&($3!/C'%%?%'&($3!5!1')&()!/6!/2)(92!/6!0'=1,)*!'?'3&!

2&2!/2=$3&)2*4! %*!&)'3.>*)&!/6!>)'A=*3&!'%%?%*!.*%$3! %C'11)$0,*!/20)(&*!1')!#)?!1*6&!K&)*!

20')&2*:!

! +'!>$)='&($3!/6!0$=1$.2!O^!1*6&!)2.6%&*)!/*!%'!)2'0&($3!*3&)*!%<23'3&($=-)*!PCQ!/*!

%<'%%?%'%6=(3(6=! *&! %*! PoQ"0'=1,)*! 1)$02/'3&! .*%$3! 63! (3&*)=2/('()*! 0?0%(B6*! /*! &?1*!

v(==*)='3"h)'@%*)! $}! %*! >)'A=*3&! 0'=1,)*! *.&! %$0'%(.2! *3! 1$.(&($3! &%$/1)"2B6'&$)('%*!

!16@2nI!DI!P.0,2='!]j]Q:!!

! ;3! *>>*&4! %<'//(&($3! 360%2$1,(%*! ,'6&*=*3&! /('.&2)2$.2%*0&(9*! .6)! %*! PoQ"0'=1,)*!

.<*@1%(B6*! 1')! %<'&&'B6*! *@0%6.(9*! /*! %<23'3&($=-)*! PCQ! /*! %<'%'3*! .6)! %'! >'0*! $*1)! /*! %'!

02&$3*:! H*&&*! $*1)".2%*0&(9(&24! 0')'0&2)(.&(B6*! /6! 0'=1,)*4! '! >'(&! %<$8F*&! /*! 3$=8)*6@!

&)'9'6@]dj:!!

! +*!.*0$3/!2%*0&)$1,(%*!*.&!'//(&($332!'1)-.!63!&*=1.!/*!/2/$68%*=*3&!/*!b,!5!!

"kc„H!*&!0$3/6(&4!.*%$3!63!2&'&!/*!&)'3.(&($3!0?0%(B6*!!16@2nIDI4!'6@!'%0$$%.!,$=$'%%?%(B6*.!

%E*!23'3&($*3)(0,(.!0$))*.1$3/'3&.:! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]dj!'Q! O:! Y0,=(/&4! +:! Y&'6/*4! B=!F26'*)5$+=! >?$5=4!>^^Y4! in]4! db]j:! 8Q!I:! E:!I(@$34! S:!Z:! E:!e$)'34!_:! E:! h:!G$30N4!F26=!
#$++=7>^^Pm!!"#$$%&'#()#*'#*+,+-"#.'#/0#12-0#1340#1"#5'#*6789"#:'#;69<+=8"#N$+2'?$12)*[!;%E55$+2E4!>^^L4!]n4!bmcd:!/Q!H:"+:!w:!
+**4!H:"e:!Z:! +**4!w:"h:! h'34!h:"V:! +$,4!F26=! #$++:4!>^^P4! i4!]bj]:!*Q!r:!e:!O633*%%*4!G:!Z:!S'>>*)&?4! Y:! +:!e$/A*.4! B=!F26=!
>?$5:4!/XLW4!db4!]ick:!!

ee > 84%
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II.2.2 Synthèse	d'amines	homoallyliques	énentioenrichies	

II.2.2.1 Choix	du	groupement	protecteur	

	 Nous	 avons	 étendu	 la	 gamme	 d'électrophiles	 aux	 imines	 prochirales.	 La	

diastéréosélection	 depend	 de	 la	 nature	 du	 groupement	 porté	 par	 l’atome	 d’azote	 de	

l’imine.	 En	 effet,	 nous	 avions	 remarqué	 précédemment	 que	 l'allylmétallation	 des	 N-

benzylimines	 menait	 aux	 adduits	 anti	 tandis	 que	 les	 imines	 dérivées	 de	 la	 tert-

butylsulfinamide	 (tableau	 3,	 page	 50)	 ou	 du	 phosphoramidate	 (tableau	 2,	 page	 47)	

conduisaient	aux	composés	syn	majoritairement.	

	 Une	étude	visant	à	déterminer	 l’influence	du	groupement	porté	par	 l'azote	 sur	 le	

cours	 stéréochimique	 de	 la	 réaction	 est	 tout	 d'abord	 entreprise,	 avec	 une	 volonté	 de	

favoriser	le	produit	syn,	cette	sélectivité	étant	inédite.	

	 Les	résultats	obtenus	avec	ces	imines	sont	indiqués	dans	le	tableau	ci-dessous.	Les	

excès	diastéréoisomériques	sont	déterminés	par	analyse	RMN	1H.		

Tableau	16	:	recherche	du	groupement	protecteur	et	des	conditions	opératoires	

	
	 GP	 x	équiv.	 rdta	(%)	 rd	(anti/syn)	 rd	(syn)c	 produit	

1	 PMB	 1.1	 77	 20/	>1	 -	 34	

2	 (CH2)2OMe	 2	 78	 9/1	 -	 35	

3	 Ts	 1.1	 75	 1/2.5	 -	 36	

4	 P(O)(OEt)2	 1.1	 88	 >1/20	 -	 37	

5	 P(O)Ph2	 1.1	 53b	 >1/20	 -	 38	

6	 P(O)Ph2	 1.5	 80	 >1/20	 -	 38	

7	 (±)-S(O)-Tol	 1.1	 15b	 n.d	 n.d	 39	

8	 (±)-S(O)-Tol	 1.5	 52	 1/16	 89/11	 39	

9	 (±)-S(O)-Tol	 2	 90	 1/16	 88/12	 39	

10	 (±)-S(O)-	tBu	 2	 86	 >1/20	 87/13	 40	

11	 (R)-S(O)-tBu	 2	 80	 >1/20	 54/46	 40	
a	rendement	isolé.	b	rendement	déterminé	par	RMN	1H.	c	ratio	syn	déterminé	par	RMN	1H.	

	 	
	 Les	groupements	PMB	(entrée	1,	 tableau	16)	et	méthoxyéthyle	 (entrée	2,	 tableau	

16)	conduisent,	comme	attendu,	aux	amines	homoallyliques	anti.	 	

Cp2TiCl2, cat. (10%)

DiBAl-H (x équiv.)
THF, 40°c, 4h

[Al]

Ph

H
NPh N GP

-78°C puis t.a GP
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	 L'imine	N-Ts	est	convertie	efficacement	en	 l’amine	homoallylique	correspondante,	

mais	se	présente	sous	forme	de	mélange	d'isomères	(entrée	3,	tableau	16).	

	 Les	 imines	 dérivées	 du	 phosphoramidate	 sont	 ensuite	 testées.	 Les	 amines	

homoallyliques	 sont	 isolées	 avec	 de	 hauts	 rendements.	 Le	 composé	 syn	 est	 obtenu	 très	

majoritairement	(entrées	4	à	6,	tableau	16).	L'augmentation	de	la	quantité	d'alane		permet	

une	 meilleure	 conversion	 en	 amine	 dérivée	 du	 diphénylphosphinique	 (entrées	 5	 et	 6,	

tableau	16).	

	 Dans	 le	 cas	 des	 sulfinamides,	 plusieurs	 aspects	 sont	 à	 considérer.	 Premièrement,	

deux	équivalents	d'alane	sont	nécéssaires	pour	atteindre	une	conversion	totale,	l'un	étant	

présumé	 coordiné	 à	 l'auxiliaire	 (entrées	 7-9,	 tableau	 16).	 Deuxièmement,	 la	 taille	 du	

groupement	 porté	 par	 le	 soufre	 influe	 sur	 la	 stérésélectivité.	 Dans	 notre	 cas,	 le	

groupement	 tert-butyle	 offre	 une	meilleur	 diastéréosélection	 syn/anti	 (entrées	 10	 et	 11,	

tableau	16).	Cependant,	l'usage	de	l'auxiliaire	d'Ellman	n'apporte	pas	de	bonne	sélectivité	

au	 sein	 du	 couple	 syn	 (rd(syn)	 :	 54/46),	 seul	 un	 modeste	 dédoublement	 cinétique	 est	

observé.	 Cela	 implique	 une	 faible	 reconnaissance	 des	 énantiomères	 de	 l’allylAl-C6	 par	

l’imine	 chirale.	 Il	 est	 donc	 impératif	 d'enrichir	 préalablement	 le	milieu	 réactionnel	 en	un	

énantiomère	de	l’alane	pour	envisager	d'exploiter	ces	substrats	en	synthèse	asymétrique.	

	 Pour	 la	 synthèse	 d'amines	 homoallyliques,	 nous	 allons	 retenir	 les	 conditions	 de	

l'expérience	6	du	tableau	précédent.	

	 D'après	ces	résultats	,	nous	pouvons	en	déduire	que	deux	équivalents	d'alane	sont	

également	requis	dans	le	mécanisme	de	l'allylmétallation	d'imine	phosphorylée,	mais	à	la	

différence	 de	 l'auxiliaire	 d'Ellman,	 cette	 coordination	 activatrice	 semble	 réversible,	 ainsi	

l’alane	 demeure	 disponible	 et	 n’excerce	 qu’une	 activité	 catalytique.	 En	 effet,	 la	 quasi	

équimolarité	 des	 réactifs	 de	 l'expérience	 5	 (tableau	 16)	 conduit	 tout	 de	 même	 à	 une	

conversion	 de	 53%	 (rendement	 isolé)	 et	 l'augmentation	 du	 nombre	 d'équivalent	 à	 1,5	

donne	l'amine	homoallylique	avec	un	rendement	de	80%.		

II.2.2.2 Criblage	d'imines	prochirales	

	 Les	 conditions	 étant	 déterminées,	 un	 criblage	 d'imines	 est	 ensuite	 réalisé	 sur	

l'allylalane	 préalablement	 énantioenrichi	 par	 le	 camphre	 non-racémique.	 Une	 première	

expérience	 est	 réalisée	 en	 absence	 de	 sélecteur	 chiral	 permettant	 d’accéder	 aux	 amines	

racémiques	 sur	 lesquelles	 les	 conditions	 de	 séparation	 HPLC	 sont	 établies.	 Puis,	 une	

seconde	expérience	est	effectuée	avec	le	camphre	non-racémique	afin	de	pièger	la	moitié	

d'un	 énantiomère	 de	 l'alane.	 L'excès	 énantiomérique	 est	 ensuite	 mesuré	 par	 HPLC	 en	

phase	chirale.	 	
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Tableau	17	:	criblage	d'imines	sur	l'alane	préalablement	enrichi	

	

	 GP	 R	
rd	

(syn/anti)b	
ee	(syn)	

rdta	

(%)	
produit	

1	 P(O)(OEt)2	 Ph	 95/	>5	 65%	 56	 37	

2	 P(O)Ph2	 Ph	 95/	>5	 93%	 71	 38a	

3	 P(O)Ph2	 2-furyl	 95/	>5	 98%	 58	 38b	

4	 P(O)Ph2	 2-thiophenyl	 95/	>5	 97%	 61	 38c	

5	 P(O)Ph2	 (E)-C3H7-CH=CH	 95/	>5	 94%	 51	 38d	

6	 P(O)Ph2	 n-C4H9	 95/	>5	 99%	 41	 38e	

7	 P(O)Ph2	 i-Pr	 n.d	 n.d	 n.d	 38f	

8	 (R)-S(O)t-Bu	 Ph	 95/	>5	 rd	:	95/	>5b	 78	 40a	

9c	 (R)-S(O)t-Bu	 Ph	 5,7/1	 rd	:	5/	<95b	 70d	 40a'	

10	 (R)-S(O)t-Bu	 i-Pr	 95/	>5	 rd	:	95/	>5b	 38	 40b	

11	 (R)-S(O)t-Bu	
	

>90/10	 >90/10	 46	 40c	

a	rendement	produit	isolée.	b	déterminé	par	RMN	1H.	c	expérience	conduite	avec	le	(+)-camphre.	d	
rendement	RMN	1H.	

	 L'imine	 phosphoramidate	 dérivé	 du	 benzaldéhyde	 donne	 l'amine	 homoallylique	

correspondante	avec	un	excès	énantiomérique	décevant	(entrée	1,	tableau	17)	par	rapport	

à	l'imine	dérivé	du	diphénylphosphinamide	(entrée	2,	tableau	17).	En	revanche,	les	imines	

dérivées	 de	 l’amine	 diphénylphosphinique	 permettent	 d’accéder	 aux	 amines	

homoallyliques	 comportant	 un	 groupement	 aromatique	 (entrée	 2,	 tableau	 17),	

hétéroaromatique	 (entrées	 3	 et	 4,	 tableau	17),	 vinylique	 (entrée	5,	 tableau	17)	 et	 alkyle	

linéaire	 (entrée	 6,	 tableau	 17)	 avec	 de	 très	 bonnes	 diastéréosélectivités	 et	

énantiosélectivités	 (ee	 allant	 jusque	 98%)	 et	 de	 hautes	 conversions.	 L'allylmétallation	 de	

l'imine	 iso-propyle	conduit	essentiellement	à	 l'énamine	correspondant	 (entrée	7,	 tableau	

17).	 Il	est	à	noter	que	 l'excès	diastéréoisomérique	syn/anti	de	 l'adduit	dérivé	du	bornéol	

issu	des	bruts	réactionnels	est	supérieur	à	un	ratio	de	95/5.			 	

Cp2TiCl2, cat. (10%)

DiBAl-H (2 équiv.)
THF, 40°C, 4h

[Al]

(-)-camphre
(1 équiv.)
-30°C, 2h

[Al]

isomère
énantioenrichi

HO

R N GP

-30°C
NH

R
(0,67 équiv.)

syn
GP

OH
O

O
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0*%%*!1)202/*==*3&!$8&*36*!'9*0!%C,$=$%$A6*!*3!Hi4!&)'/6(&!63*!=*(%%*6)*!/(.0)(=(3'&($3!

0(32&(B6*!/*.!/*6@!23'3&($=-)*.!/*!%<'%'3*!1')!%<(=(3*!/<;%%='3:!\3!/2/$68%*=*3&!8('(.2!

1*6&!'%$).!K&)*!*39(.'A2!1')! %<*=1%$(!/<63!'%'3*!1)2'%'8%*=*3&!*3)(0,(!1')! %*!0'=1,)*!*&!

/<63*!>$)=*!3$3")'02=(B6*!/*!%<(=(3*!/2)(92*!/6!+$2+G86&?%.6%>$3'=(/*:!

! +'! 1)*=(-)*! 2&'1*! 0$3.(.&*! 5! /2&*)=(3*)! %'! B6'3&(&2! $1&(='%*! /*! .2%*0&*6)!

1*)=*&&'3&!%*!=*(%%*6)!*3)(0,(..*=*3&:!V$6)!63*!B6'3&(&2!/<'%'3*!>(@*4!%'!9')('&($3!/*!0*%%*!

/6! P"Q"0'=1,)*! 0$3/6(&! 5! /(>>2)*3&.! )'&($.! /('.&2)2$(.$=2)(B6*.:! +*.! *@0-.!

23'3&($=2)(B6*.!/*!%<'%0$$%!,$=$'%%?%(B6*!PO!)*>%-&*!%*.!*@0-.!23'3&($=2)(B6*.!/*!%<'%'3*!

'1)-.!*3)(0,(..*=*3&!/6!P"Q"0'=1,)*:!!

#3K4@38)/L)_)0J:4865:1);@)4<@B9G7)013165:A025b8@);@)4<3431@)(C)@1)?:1965:1);@)43)b8316560);@)93A]F2@)1:1I2390A5b8@)

!

! @!2B6(9:! %E*!VQ!%E*!;'! **èZ%TCUê'!

]! c! dcÅdc! c€!

b! c4l! kjÅib! bl€!

k! c4i! k]Åin! kj€!

l! c4j! bdÅmd! dc€!

d! ]4c! blÅmi! db€!

i! ]4cd! blÅmi! db€!

m! ]4lc! biÅml! lj€!
'!%*!)/!*&!%<**èZ%TCUê!.$3&!'&&)(862.!1')!=*.6)*!eV+H!*3!1,'.*!0,()'%*!/6!0$=1$.2!lk:!

TiCp2Cl2 (10mol%)

DiBAl-H (2 équiv.)

[Al] [Al]

énantiomère
enrichi
ee[Al(S)]

PhCHO
(0,6 équiv.)

PhHO

ee mesuré

(-)-camphre
(x équiv.)
-30°C, 2h

HO

rd(syn/anti)

PhHO

syn A syn B
PO)



G!!RH1)/4,$5$*+!9(*H+(./$!1$%!',,E,','*$%!!G!

!]kd!

%E*!VQ!%E*!;!

! +*! &)'02! /*! %'! 0$6)8*! P%E*! VQ%E*! ;Q! |! >P@! 2B6(9:Q! 1*)=*&! /*! )*3/)*! 0$=1&*! /*!

%<'6A=*3&'&($3!%(32'()*!/*!%<*3)(0,(..*=*3&!*3!63!(.$=-)*!/<'%'3*!*3&)*!c!*&!c4j!2B6(9'%*3&!

/*!P"Q"0'=1,)*!*&!63*!.&'8(%(&2!/*!0*%6("0(!'6!/*%5!/*!c4j!2B6(9'%*3&!PA)'1,(B6*!]Q:!

!

*23]F5b8@)/)_)2;`!"#N)#-;a)z)?`B)0b85Jna)

! Z(3.(4! 3$6.! >(@*)$3.! %'! B6'3&(&2! /*! 0'=1,)*! 3$3")'02=(B6*! 5! c4j! 2B6(9'%*3&! 1')!

)'11$)&!5!%'!B6'3&(&2!/*!I(OZ%"e4!'>(3!/*!%(=(&*)!%'!B6'3&(&2!/<'%'3*!5!6&(%(.*):!

TT:k:k R9'%6'&($3!/6!1)$0*..6.!.?3*)A(B6*!!

! +$).! /*! %<'%%?%=2&'%%'&($3! /*! %<(=(3*! /2)(92*! /6! P8Q"+$2+"86&?%.6%>(3'=(/*! *&! /6!

8*3D'%/2,?/*4! 1')! %*! =2%'3A*! )'02=(B6*! /*! %<'%%?%Z%"Hd4! %*.! /*6@! 23'3&($=-)*.!

/<$)A'3$=2&'%%(B6*!3*! )2'A(..*3&!1'.! '9*0! %'!=K=*!0(32&(B6*! P&'8%*'6!k4! *3&)2*.!k!†!l4!

1'A*!dcQ:!T%!*.&!1$.&6%2!B6*!%<63!/$33*!='F$)(&'()*=*3&!63!(.$=-)*!%E*!*&!%<'6&)*!0$3/6(&!5!

%C'6&)*! (.$=-)*! %E*! P)/P%E*Q! a! mmÅbkQ4! '(3.(! B6C5! 63! (.$=-)*! '*+(:! Z>(3! /<$8&*3()! 63*!

.2%*0&(9(&2!='@(='%*4!63!1)$0*..6.!.?3*)A(B6*4!0$=8(3'3&!/*6@!/2/$68%*=*3&.!0(32&(B6*.4!

/$(&! K&)*! '11%(B62:! I*6@! *@12)(*30*.! .$3&! '%$).! 320*..'()*.4! %<63*! )2'%(.2*! '9*0! %*! PoQ"

0'=1,)*!*&! %<'6&)*!'9*0! %*!P"Q"0'=1,)*4! %<(=(3*!0,()'%*!2&'3&!&$6F$6).!/*!0$3>(A6)'&($3!P8Q!

P.0,2='! ]jiQ:! +$).B6*! %*! P"Q"0'=1,)*! *.&! *=1%$?2! 0$==*! .2%*0&*6)! 0,()'%4! %<'=(3*!

,$=$'%%?%(B6*! 0$))*.1$3/'3&*! *.&! $8&*36*! '9*0! 63! )*3/*=*3&! /*! mn€! '00$=1'A32*!

/<63*! 16)*&2! /('.&2)2$(.$=2)(B6*! 2%*92*:! H*! )2.6%&'&! 0$3&)'.&*! '9*0! 0*%6(! $8&*36! 1')!

%<*=1%$(! /6! PoQ"0'=1,)*! $}! 63*! =$/*.&*! 0$39*).($3! P)/&! |! lc€Q! *&! 63*! >'(8%*!

.&2)2$.2%*0&(9(&2!*/P%E*Q'*+(Q!|!bi€!.$3&!$8.*)92.:!

! !



!

! ]ki!

!

!

! +'! 0$3>(A6)'&($3! '8.$%6*! /*! %<'//6(&! PP3) *.&! (/*3&(>(2*! 5! 1')&()! /*! %<'=(3*!

,$=$'%%?%(B6*!1)(='()*!PC!$8&*36*!'1)-.! &)'(&*=*3&!/*.!0$=1$.2.!*3!0$3/(&($3.!'0(/*.:!

+<'=(3*! 1)(='()*! PC! *.&! *3.6(&*! 0$39*)&(*! *3! 0$=1$.2! PY4) 0$=1$.2! )2>2)*302! /'3.! %'!

%(&&2)'&6)*]dn4!0*%6("0(!*.&!$8&*36!'1)-.!63*!.2B6*30*!/<'0?%'&($3Å!,?/)$A23'&($3!P.0,2='!

]jmQ:! +*! 0$=1$.2! PC! 2&'3&! 63! /('.&2)2$(.$=-)*! %E*4! .'! 0$3>(A6)'&($3! '8.$%6*! *.&! '%$).!

P87CQ:!!

! !

Ph

NH2

1) Ac2O, Et3N
DMAP, cat.

2) H2, Pd/C
Ph

HN Ac

(S)

composé connu

HCl
MeOH

E9F0A3)/LW)_);06@2A51365:1);@)43)9:1?5\82365:1)3K7:48@);8)9:A]:70)PP3)

HCl
MeOHPP3)

PC)

PY)

E9F0A3)/LY)_);06@2A51365:1);@)43)13682@);8)93A]F2@)]:82):K6@152)81);0;:8K4@A@16)K53570):]65A34);@)4<3431@)2@76316)

TiCp2Cl2 
(10mol%)
DiBAl-H 
(2 équiv.)

[Al]

(+)-camphre 
(0,8 équiv.)
2h, -30°C

(-)-camphre 
(0,8 équiv.)
2h, -30°C

N S

Ph

O

[Al]

[Al]

[Al]

[Al]

(R)

-78°C puis t.a

(0,6 équiv.)

Ph

HN S
O

t-Bu

Ph

HN S
O

t-Bu

Ph

HN S
O

t-Bu

Ph

HN S
O

t-Bu

Ph

HN S
O

t-Bu

Ph

HN S
O

t-Bu

syn anti

-78°C puis t.a

N S

Ph

O
(R)

(0,6 équiv.)

(±)

rd (syn/anti) : 95/5 et rd (syn) > 95/5

rd (syn/anti) : 37/63

rdt = 79%

rdt = 40%

isomère
enrichi

]dnPCQ"PY4!è�êI!|"]]j!P9!b4!;&qe4!**!|!nn€Q4!G:!e'.*A'p'4!I:!h'3(?'='4!w:!h$=($N'4!N$+2'?$12)*4!>^^^4!di4!]c]dk:
!



G!!RH1)/4,$5$*+!9(*H+(./$!1$%!',,E,','*$%!!G!

!]km!

TT:k:l Y?3&,-.*!/<'=(3*.!,$=$'%%?%(B6*.!/2)(92*.!/*!%<'6@(%('()*!/<;%%='3!

! \3*! .2)(*! /<(=(3*.! /2)(92*.! /6! P8Q"&*)&"86&?%.6%>(3'=(/*! *.&! &*.&2*! '>(3! /*!

.?3&,2&(.*)! %*.! '=(3*.! 0$))*.1$3/'3&*.! %E*! P&'8%*'6! ]nQ:! +*! P"Q"0'=1,)*! *.&! *=1%$?2!

0$==*! .2%*0&*6)! 0,()'%4! %<(=(3*! 3$3")'02=(B6*! *.&! *3.6(&*! '//(&($332*:! +*.! *@0-.!

/('.&2)2$(.$=2)(B6*.!.$3&!=*.6)2.!1')!SG_!]e:!
#3K4@38)/X)_)7=16FG7@7);<3A51@7)F:A:344=45b8@7)!"#m);5376020:@1259F5@7)

! !

! S+! SY! )/P%E*Q'*+(Q'! )/P%E*Q'! )/&P€Q8! 1)$/6(&!

]! V,! e! ndÅd! ‚ndÅd! mn! PP3)

b! l"G*q"Hiel! e! ncÅ]c! niÅl! dm! PPK)

k! l"H_"Hiel! e! niÅl! ndÅd! dm! PP9)

l! b">6)?%! e! ‚ndÅd! ndÅd! ji! PP;)

d! PAQ"V,"He|HHek! e! nlÅi! ‚ndÅd! di! PP@)

i! *GHlen! e! ncÅ]c! ‚ndÅd! ic! PP?)

m! ("V)! e! nkÅm! ‚ndÅd! dc! PP\)

j! O3q"PHebQl! e! jjÅ]b! ‚ndÅd! dk! PPF)

n! O)"PHebQl! e! nkÅm! nmÅk! db! PP5)

]c! ]4b4k4l"&2&)',?/)$"3'1,&'%23"]"?%! ‚ndÅd! ‚ndÅd! lk! PPp)
'!/2&*)=(32!1')!SG_!]e!`!8!)*3/*=*3&!(.$%2!`!%*.!0$3>(A6)'&($3.!'8.$%6*.!.$3&!'&&)(862*.!1')!'3'%$A(*!/6!
0$=1$.2!PP3!

! +*.! '=(3*.! ,$=$'%%?%(B6*.! (30$)1$)'3&! 63! >)'A=*3&! ')?%*! P*3&)2*.! ]! 5! k4! &'8%*'6!

]nQ4!,2&2)$')?%*!P*3&)2*!l4!&'8%*'6!]nQ4!9(3?%(B6*!P*3&)2*!dQ4!$6!63!>)'A=*3&!'%N?%*!P*3&)2*.!

i!5!n4!&'8%*'6!]nQ!1*69*3&!K&)*!1)21')2*.!.$6.!>$)=*!/('.&2)2$(.$=2)(B6*=*3&!16)*!'9*0!

/*! 8$33*.! 0$39*).($3.:! I*! 1%6.4! 63*! 02&(=(3*4! /2)(92*! /*! %<�"&2&)'%$3*! '! 2A'%*=*3&! 2&2!

&*.&2*:!+<'=(3*!,$=$'%%?%(B6*!0$))*.1$3/'3&*!*.&!(.$%2*!.$6.!%'!>$)=*!/C63!.*6%!(.$=-)*4!

='(.!'9*0!63!)*3/*=*3&!1%6.!=$/*.&*!P*3&)2*!]c4!&'8%*'6!]nQ:!

TiCp2Cl2 
(10mol%)
DiBAl-H 
(2 équiv.)

[Al]
(-)-camphre 
(0,8 équiv.)
2h, -30°C

N

RL

(R)

(0,6 équiv.)
-30°C

(±)

RL

HN S
O

t-Bu

syn

puis
S(O)t-Bu

RS

RS

syn
PP3I5)



!

! ]kj!

TT:l #'%$)(.'&($3!/*.!0$=1$.2.!O^I!"#!*&!PP5)

TT:l:] h)'3.>*)&!/*!0,()'%(&2!/6!0$=1$.2!O^I!"#)

! Z6!0$6).!/6!1)$0*..6.!/*!/2/$68%*=*3&4!63!23'3&($=-)*!/*!%<'%'3*!*.&!1(2A2!1')!%*!

0'=1,)*4!0$3/6(.'3&!5!63!/2)(92!/*!%<(.$8$)32$%:!_$6.!'9$3.!.$6,'(&2!1$69$()!9'%$)(.*)!0*!

0$=1$.2!/('"!*&!23'3&($*3)(0,(:!

!

! H*! 0$=1$.2! .*! 0')'0&2)(.*! 1')! 63*! >$30&($3! '%0$$%! &*)&('()*! *&! 63*! /$68%*! %('(.$3!

H|H!*3!1$.(&($3!,$=$'%%?%(B6*4!0*!&?1*!/*!0$=1$.2!*.&!.6F*&!5!/*!%'!)2&)$'%%?%'&($3:!I*!1')!

.'!.&)60&6)*!0?0%(B6*4!%'!0$3>(A6)'&($3!/*!%'!/$68%*!%('(.$3!H|H!*.&!PMQ4!0*!B6(!*.&!63!2%2=*3&!

*..*3&(*%!/'3.! %*! 0$61%'A*!1'%%'/$"0'&'%?.2*!/<')?%*.!,'%$A232.4!/20)(&!1')!F%?(5']ic!B6*!

3$6.!'9$3.!9$6%6!'11%(B6*)!'6!.68.&)'&!O^I!"#:!H*&&*!=2&,$/$%$A(*!0$3.(.&*!5!)2'%(.*)!63*!

2&'1*! /*! )2&)$'%%?%'&($3! /C'%0$$%'&*! /*! 1'%%'/(6=:! H*%%*"0(! 0$3/6(&4! '9*0! &)'3.>*)&! /*!

0,()'%(&24!5!63!0$=1%*@*!z"'%%?%1'%%'/(6=4!B6(!.68(&!*3.6(&*!63*!2%(=(3'&($3!)2/60&)(0*!'9*0!

)2&*3&($3!/*!0$3>(A6)'&($3!P.0,2='!]jjQ:!!

!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]ic!'Q! Y:! e'?'.,(4! w:! e()'3$4!e:! t$)(=(&.64! w:!q.,(='4! B=! ;5=! >?$5=! C)9=7!>^^Y4! ]bj4! bb]c:! 8Q!G:! Tp'.'N(4! Y:! e'?'.,(4! w:!
e()'3$4!e:!t$)(=(&.64!w:!q.,(='4!B=!;5=!>?$5=!C)9=7!>^^W4!]bn4!llik:!0Q!Y:!e'?'.,(4!w:!e()'3$4!e:!t$)(=(&.64!w:!q.,(='4!B=!
;5=!>?$5=!C)9=7)>^^W4!]bn4!]bidc:!/Q!S:!r'N'8'?'.,(4!I:!M6F(3$4!Y:!e'?'.,(4!e:!t$)(=(&.64!w:!q.,(='4!B=!F26=!>?$5=7!>^/^4!
md4!lkkm:!

O [Pd]

H
Me Np

Si

Me
Me

Me Me
Me

OH

Ph

Pd(OAc)2, P(cC6H11)3, cat.

Np-Br, Cs2CO3
toluène, reflux

Np

OH
Si Pd(OAc)2, PPh3, cat.

Np-Br, Cs2CO3
toluène, reflux

NpSi

ee (S)> 99%

ee (S)= 96%

ee (S)= 19%

ee (S)= 96%
rd (E)> 99%

E9F0A3)/LL)_)2062:344=4365:1);09256@)]32)O!8;())o)75A54568;@);8)7b8@4@66@)3J@9)9@485);8)78K76236)O^I!"#)



G!!RH1)/4,$5$*+!9(*H+(./$!1$%!',,E,','*$%!!G!

!]kn!

! H*!0$61%'A*!*.&!)2'%(.2!*3!1)2.*30*!/*!V/PqZ0Qb4!VPh$%Qk!*&!/*!H.bHqk!P.0,2='!]jnQ:!

+*!&)'3.>*)&!.*!)29-%*!K&)*!23'3&($.2%*0&(>!16(.B6*!%*.!.68.&)'&.!PW/Y/4)PL)*&!PX!.$3&!$8&*36.!

'9*0!/*.!*@0-.!23'3&($=2)(B6*.!1)$0,*.!/*!0*%%*!/6!1)206).*6)!O^I!"#:!+*!0$=1$.2!C^)*.&!

$8&*36!'1)-.!)2/60&($3!/*!%<'//6(&!PX:!

! +*!0'=1,)*!>'(.'3&!1')&(*!/*.!1)$/6(&.!/*!0$61%'A*4!%*!.2%*0&*6)!0,()'%!*.&!)2A232)2!

*&!1$6))'(&!K&)*!)*0?0%2:!!

!

TT:l:b Y?3&,-.*!/*!%'!PoQ"21(%61(3'=(3*!

! +'!%61(3*!*.&!63!'%0'%$ƒ/*!B6(3$%(D(/(3(B6*!1)2.*3&!/'3.!/*!3$=8)*6.*.!1%'3&*.!/6!

A*3)*! #/&(*/%=! +*! .B6*%*&&*! J%61(3*J! .<(3.0)(&! /'3.! B6*%B6*.! 0$=1$.2.! 8($%$A(B6*=*3&!

'0&(>.]bc!†]ib:!C&'2'+)2!$+!',=!$3&!&)'9'(%%2!.6)!/*.!/2)(92.!/6!:"P"Q"%61(3?%*!*3!1')&'3&!/*!%'!

%61(3(3*! .?3&,2&(B6*! *&! )'02=(B6* ]ik :! _$6.! 1)$1$.$3.! %'! .?3&,-.*! &$&'%*! /*! %<PoQ"

21(%61(3'=(3*:!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
]i]!E:!I:!H6&,8*)&.$34!I:!r:!H:!G'0G(%%'34!:'+/2$4!>^/C4!d]n4!ml:!
]ib!E:!V:!G(0,'*%4!H:!G:!E63A='334!N$+2'?$12)*7!/XX>4!lj4!]cb]]:!
]ik!H:! S6.0$3(4! _:! #'('3'4! G:! H'.'A)'3/*4! _:! O'.(%(0$4! Y:! V')'1(3(4! I:! h')'=*%%(4! Y:! S$=*$4! Z:! Y1')'&$)*4! V())26=! W$1=!
>?$5:4!>^/>4!bc4!dnjc:!

PW5

O^I!"#5

E9F0A3)/LX)_)62317?@26);@)9F5234560);8);025J0)93A]F20)O^I!"#)

PL5

PX5 C^5

OH Ar-Br

Pd(OAc)2, P(Tol)3
Cs2CO3
toluène, 24h, !

Ar
(+)-camphre

Ar

CO2Et

CO2EtN

rdt = 55%
re : 93/7

rdt = 66%
re : 91/9

rdt = 46%
re : 93/7

LAH

THF

OH

rdt = 85%
re : 93/7



!

! ]lc!

E9F0A3)/X^)_)79F0A3)2062:7=16F065b8@)

TTD!) TTD!!)

NH

N

H
NH2

N

X

X

GP
NGP

GP
X

(+)-épilupinamine

coupure
oxydante

fermeture 
énantiosélective

cyclisation
énantiosélective

GP : groupement protecteur
X : groupement partant

TTD!!!)

! +*!.0,2='!)2&)$.?3&,2&(B6*!.6(9'3&! (%%6.&)*! %*.!2&'1*.!0%2.!1*)=*&&'3&!/<'002/*)!5!

%<PoQ"21(%61(3'=(3*! *3! 1')&'3&! /*! %<'=(3*! ,$=$'%%?%(B6*! TTD!!!! 1$)&*6.*! /C63! 8)'.!=63(!

/<63!A)$61*=*3&!1')&'3&!*3!8$6&!/*!0,'x3*:!H*&!'//6(&!TTD!!!!0$3/6(&!'6!0$=1$.2!TTD!!)

1')!63*! .2B6*30*!/21)$&*0&($3Å0?0%(.'&($3:! +'! 0$616)*!$@?/'3&*!/*! %'!/$68%*! %('(.$3!*.&!

*3.6(&*! )*B6(.*! 1$6)! A232)*)! %*! 0$=1$.2! TTD!:! +'! 1)$&*0&($3! /*! %<'=(3*! /$(&! K&)*!

'00$=1%(*!1')!63!A)$61*=*3&! )2.(.&'3&!'6@!=(%(*6@!$@?/'3&.4!*&! >'0(%*=*3&!0%(9'8%*!1$6)!

)2'%(.*)!63*!.*0$3/*!0?0%(.'&($3!)2A($.2%*0&(9*!P.0,2='!]ncQ:!

!

! +*! 0$=1$.2! PP5) 1$..-/*! 63*! 0,'x3*! '%N?%*! 1$)&*6.*! /<63! 8)$=*! *3! 1$.(&($3!
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III Conclusion	
	 Le	 dédoubement	 cinétique	 des	 isomères	 du	 cyclohex-2-én-1-ylaluminium	 par	 le	

camphre	a	pu	être	réalisé	avec	succès,	l'isomère	enrichi	est	investi	dans	la	synthèse	d'une	

série	d’amines	homoallyliques	diversement	substituées	de	configuration	syn,	inédites	dans	

la	littérature,	et	dans	la	synthèse	d'alcools	homoallyliques.	

	 Dans	 les	mêmes	 conditions,	 l'allylAl-C5	n’a	pu	être	efficacement	dédoublé,	 ce	qui	

impose	 l'emploi	 d'un	 électrophile	 chiral	 afin	 de	 compléter	 le	 dédoublement	 cinétique	

amorcé	par	le	camphre.	Une	combinaison	synergique	de	deux	dédoublements	cinétiques	,			

(-)-camphre	 puis	 imine	 dérivée	 du	 (R)-butylsulfinamide,	 permet	 d'obtenir	 les	 amines	

homoallyliques	 avec	 un	 haut	 degré	 de	 diastéréosélective.	 Le	 mécanisme	 emprunte	

probablement	 un	 intermédiaire	 cyclique	 chélaté	 ou	 ouvert	 pour	 lequel	 les	 partenaires	

s'agencent	de	façon	antipériplanaire.		

	 Cette	étude	est	supportée	par	la	démonstration	de	la	stabilité	configurationnelle	de	

ces	organométalliques.		
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Conclusion	générale	
	

	 Les	allylaluminiums	générés	par	hydroalumination	de	diènes	conjugués	catalysée	par	

le	 titane	 se	 révèlent	 être	 des	 agents	 organométalliques	 performants	 dans	 la	 synthèse	

asymétrique	d'alcools	et	d'amines	homoallyliques.	Les	méthodologies	développées	dans	ce	

manuscrit	reposent	sur	l'emploi	d'allylalanes	dit	cycliques.	Selon	la	stéréochimie	syn	ou	anti	

de	l'amine	homoallylique	désirée,	ces	présents	travaux	détaillent	les	différentes	procédures	

mises	en	œuvre	pour	les	générer	efficacement.	

	 Une	étude	reposant	sur	le	test	d'Hoffmann	a	démontré	la	stabilité	configurationnelle	

des	allylalanes	cycliques,	dans	 les	conditions	expérimentales	de	génération	de	ces	espèces	

organométalliques.	Cette	stabilité	configurationnelle	couplée	à	un	dédoublement	cinétique	

efficace	par	le	camphre	permet	de	disposer	in	situ	des	espèces	organométalliques	de	façon	

non-racémique.	 Il	 est	 néanmoins	 nécessaire	 de	 distinguer	 le	 comportement	 des	 deux	

allylaluminiums,	allylAl-C6	et	allylAl-C5,	vis-à-vis	de	cette	étape	de	dédoublement	

	 Dans	 le	 cas	 du	 cyclohex-2-én-1-ylaluminium,	 le	 dédoublement	 cinétique	 des	

énantiomères	 par	 du	 camphre	 énantiopur	 s'est	 révélé	 hautement	 efficace,	 autorisant	 un	

couplage	 subséquent	 direct	 avec	 des	 imines	 phosphorylées	 ou	 de	 dérivés	 carbonylés	

(aldéhydes	et	 cétones)	pour	accéder	 respectivement	aux	amines	et	alcools	homoallyliques	

syn.	

	 Par	contre,	 le	dédoublement	cinétique	du	mélange	racémique	de	cyclopent-2-én-1-

ylaluminium	s'est	montré	moins	efficace,	un	ratio	75/25	d’énantiomères	est	obtenu	dans	ces	

conditions.	 Cependant,	 l'espèce	 organométallique	 est	 significativement	 enrichie,	 et	 peut	

être	engagée	dans	une	seconde	étape	de	dédoublement	par	l'utilisation	d'une	imine	portant	

un	auxiliaire	chiral.	Ces	deux	dédoublements	opérant	en	synergie,	les	amines	homoallyliques	

correspondantes	 sont	 obtenues	 avec	 de	 bonnes	 diastéréosélectivités.	 Cette	

diastéréosélectivité	 singulière	 est	 attribuée	 au	 mode	 de	 coordination	 de	 l'aluminium	 qui	

diffère	en	fonction	de	la	nature	du	substituant	porté	par	l’atome	d’azote.	
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	 All	 reactions	 involving	 organometallics	 were	 conducted	 under	 an	 atmosphere	 of	

argon.	
1H	and	13C	NMR	spectra	were	recorded	in	CDCl3,	on	a	Bruker	AC-250,	coupling	constant	(J)	

values	are	reported	in	Hz.	

Mass	spectra	were	recorded	on	a	Micromass	Q-TOF	micro	MS	spectrometer.	

X-ray	 diffraction	 measurement	 was	 performed	 on	 a	 Bruker	 D8	 Venture	 diffractometer	

equipped	 with	 a	 kappa	 goniometer	 and	 a	 PHOTON100	 CMOS	 detector	 and	 using	 Cu	 Kα	

radiation	 (from	a	microsource	 tube	with	multi-layer	mirror	 focalizing	opticals).	 	Data	were	

collected	 using	 Bruker	 Apex2	 software,	 on	 the	 full	 sphere,	 with	 omega	 and	 phi	 scans,	

1°/frame,	 25	 s/frame,	 with	 the	 detector	 placed	 at	 35mm.	 The	 sample	 temperature	 was	

maintained	at	100K	using	a	Cryostream700	(Oxford	Cryosystems).	
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General	procedure	for	the	preparation	of	allylic	ether-1	and	-2	

	

	 To	a	solution	of	NBS	(20	g,	112	mmol)	in	MeOH	(500	mL)	was	added	the	cycloalkene	

(120	 mmol)	 at	 0	 °C.	 The	 resulting	 solution	 was	 stirred	 at	 rt	 for	 12	 h.	 The	 solvent	 was	

removed	under	reduced	pressure.	Ether	(100	mL)	was	added	and	the	solid	was	filtered	off.	

The	 filtrate	was	 concentrated	under	 reduced	pressure	and	 the	 residue	was	distilled	under	

high	vacuum	(Eb0.8	45-60°C)	to	give	the	corresponding	bromoether.	

A	mixture	of	bromoether	(50	mmol)	and	DBU	(9.1	g,	60	mmol)	was	stirred	at	50°C	for	1	h.	

The	allylic	ether	was	distilled	from	the	reaction	mixture	at	reduced	pressure	(100	mm	Hg)	by	

progressively	warming	from	50	to	100	°C.	

	

3-Methoxycyclopent-1-ene	3	(allylic	ether-1)	

	
Colorless	liquid	

Yield	=	59%		

1H	NMR	(250	MHz,	CDCl3)	δ	:	1.71-1.86	(m,	1	H),	2.05-2.36	(m,	2	H),	2.42-2.59	(m,	1	H),	3.34	

(s,	3	H),	4.48	(dddq,	J	=	7.2,	3.5,	2.5,	1.2	Hz,	1	H),	5.90	(dq,	J	=	5.7,	2.1	Hz,	1	H),	6.04	(dtd,	J	=	

5.7,	2.3,	1.1	Hz,	1	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	29.2,	31.0,	55.8,	86.0,	130.3,	135.8	

	

3-Methoxycyclohex-1-ene	4	(allylic	ether-2)	

	
Colorless	liquid		

Yield	=	68%	
1H	NMR	(250	MHz,	CDCl3)	δ	:	1.51-1.86	(	m,	4	H),	1.94-2.08	(m,	2	H),	3.37	(s,	3	H),	3.75	(m,	1	

H),	5.78	(m,	1	H),	5.86	(ddt,	J	=	10.4,	3.4,	1.8	Hz,	1	H)		
13C	NMR	(63	MHz,	CDCl3)	δ	:	18.9,	25.0,	27.6,	53.4,	55.4,	73.8,	92.7,	127.2,	130.5	
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Representative	 procedure	 for	 the	 synthesis	 of	 Imines	 derived	 from	 sulfinamide	 and	

aromatic	aldehydes166	

	

	 To	a	solution	of	and	Ti(OEt)4	 (0.83	mL,	4	mmol)	and	aldehyde	(2.1	mmol)	 in	THF	 (5	

mL)	was	 added	 tert-butylsulfinamide	 (242	mg,	 2	mmol).	 The	 resulting	mixture	was	 stirred	

overnight.	Brine	 (5	mL)	was	added	and	the	stirring	was	continued	for	15	min.	The	mixture	

was	 stirred	 over	 celite®	 and	 the	 filtrate	 was	 washed	 with	 brine.	 The	 aqueous	 layer	 was	

extracted	 with	 AcOEt	 (2	 x	 5	mL),	 the	 organic	 phases	 were	 combined,	 dried	 over	 Na2SO4,	

filtrated	 and	 concentrated	 under	 reduced	 pressure.	 The	 residue	 was	 purified	 by	 column	

chromatography	on	silica	gel	to	give	the	corresponding	imine.	

	

Representative	procedure	 for	 the	 synthesis	of	 Imines	derived	 from	 tert-butylsulfinamide	

and	aliphatic	aldehydes167	

	

	 To	 a	 solution	of	 aldehyde	 (2	mmol)	 and	 tert-butylsulfinamide	 (242	mg,	 2	mmol)	 in	

CH2Cl2	 (10	mL)	 was	 added	 anhydrous	 CuSO4	 (0.64	 g,	 4	mmol).	 The	 resulting	mixture	was	

stirred	overnight.	 Brine	 (5	mL)	was	 added	 and	 the	 stirring	was	 continued	 for	 15	min.	 The	

mixture	was	stirred	over	celite®	and	the	filtrate	was	washed	with	brine.	The	aqueous	layer	

was	extracted	with	AcOEt	(2	x	5	mL),	the	organic	phases	were	combined,	dried	over	Na2SO4,	

filtrated	 and	 concentrated	 under	 reduced	 pressure.	 The	 residue	 was	 purified	 by	 column	

chromatography	on	silica	gel	eluting	with	a	mixture	of	PE/AcOEt	to	give	the	corresponding	

imine.	

	

Representative	 procedure	 for	 the	 synthesis	 of	 Imines	 derived	 from	 diphenyphosphinic	

amide	and	aliphatic	aldehydes168	

	

	 To	a	suspension	of	diphenyphosphinic	amide	(542	mg,	2	mmol)	and	freshly	prepared	

p-tolylsulfinic	 acid	 (468	 mg,	 3	 mmol)	 in	 dry	 Et2O	 (15	 mL),	 was	 added	 freshly	 distilled	

aldehyde	 (3	 mmol).	 The	 resulting	 mixture	 was	 stirred	 for	 15	 h	 under	 N2.	 The	 solid	 was	

collected	by	filtration	and	washed	with	Et2O.	To	a	suspension	of	the	solid	in	Et2O	(15	mL)	was	

added	an	aqueous	 solution	of	Na2CO3	 (10%,	10	mL),	and	 the	mixture	was	 stirred	until	 the	

																																																								
166	Y.	Bolshan,	R.	A.	Batey	Org.	Lett.	2005,	7,	1481.	
167	N.	Veerasamy,	E.	C.	Carlson,	N.	D.	Collett,	M.	Saha,	R.	G.	Carter	J.	Org.	Chem.	2013,	78,	4779.	
168	a)	L.	Jiang,	P.	Cao,	M.	Wang,	B.	Chen,	B.	Wang,	J.	Liao	Angew.	Chem.,	Int.	Ed.	2016,	55,	13854.	b)	D.	L.	Silverio,	S.	Torker,	
T.	Pilyugina,	E.	M.	Vieira,	M.	L.	Snapper,	F.	Haeffner,	A.	H.	Hoveyda	Nature,	2013,	494,	216.	
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solid	disappears	(ca	1	h	to	12	h).	The	organic	layer	was	dried	over	Na2SO4,	filtered	and	the	

filtrate	 was	 concentrated	 under	 reduced	 pressure	 to	 give	 the	 corresponding	 imine	 which	

was	used	in	the	next	step	without	purification.	

	

Compounds	from	parts	I	&	II		

	

 Synthesis	of	syn	homoallylic	amines	involving	directly	alane	:	procedure	A	

	

	 To	a	 solution	of	Cp2TiCl2	 (25	mg,	0.1	mmol)	and	 freshly	cracked	cyclopendiene	 (0.4	

mL)	in	THF	(10	mL)	was	added	dropwise	a	solution	of	DIBAL-H	(1	M	in	THF,	1.2	mmol,	1.2	mL)	

at	rt.	The	resulting	solution	was	stirred	for	4h	at	40°C.	The	mixture	was	cooled	down	to		

-78°C,	and	a	solution	of	imine	(1	mmol)	in	THF	(2	mL)	was	slowly	added.	After	2	h	of	stirring	

at	-78°C,	the	solution	was	slowly	warmed	to	rt,	then	the	reaction	was	quenched	by	carefully	

adding	a	 saturated	aqueous	solution	of	NaHCO3	(10	mL).	The	aqueous	 layer	was	extracted	

with	Et2O	 (2	x	10	mL),	 the	organic	phases	were	combined,	dried	over	Na2SO4,	 filtered	and	

concentrated	 under	 reduced	 pressure.	 The	 residue	 was	 purified	 by	 flash	 column	

chromatography	on	silica	gel	eluting	with	a	mixture	of	petroleum	ether	and	AcOEt	 to	give	

the	corresponding	homoallylic	amine.	

	

 Generation	 of	 allylzinc	 from	 alane	 applied	 to	 the	 synthesis	 of	 anti	 homoallylic	

amines	:	procedure	B	

	

	 To	a	solution	of	Cp2TiCl2	(60	mg,	0.24	mmol)	and	freshly	cracked	cyclopendiene	(0.5	

mL)	in	THF	(10	mL)	was	added	dropwise	a	solution	of	DIBAL-H	(1	M	in	THF,	2.4	mL,	2.4	mmol)	

at	rt,	then	the	resulting	solution	was	stirred	for	4h	at	40°C.	The	mixture	was	cooled	down	to	

0°C	then,	a	solution	of	Et2Zn	(1	M	in	hexanes,	2,4	mL,	2.4	mmol)	was	added.	The	stirring	was	

continued	for	1h	at	rt,	then	cooled	down	to	-78°C,	and	a	solution	of	imine	(1	mmol)	in	THF	(2	

mL)	was	slowly	added.	After	2	h	of	stirring	at	-78°C,	the	solution	was	slowly	warmed	to	rt,	

then	the	reaction	was	quenched	by	carefully	adding	a	saturated	aqueous	solution	of	NaHCO3	

(10	mL).	The	aqueous	 layer	was	extracted	with	Et2O	 (2	x	10	mL),	 the	organic	phases	were	

combined,	 dried	 over	 Na2SO4,	 filtered	 and	 concentrated	 under	 reduced	 pressure.	 The	
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residue	was	purified	by	flash	column	chromatography	on	silica	gel	eluting	with	a	mixture	of	

petroleum	ether	and	AcOEt	to	give	the	corresponding	homoallylic	amine.	

 Synthesis	of	syn	homoallylic	amines	involving	hydrozirconation:	procedure	C	

	

	 To	 a	 solution	 of	 freshly	 distilled	 cyclopentadiene	 in	 THF	 (0.2	 mL),	 was	 added	

Cp2Zr(H)Cl	 (257.5	 mg,	 1	 mmol)	 in	 one	 portion.	 The	 reaction	 mixture	 was	 stirred	 until	

complete	 dissolution	 (ca.	 30-45	 min).	 The	 deep	 red	 solution	 was	 cooled	 to	 0	 °C,	 and	 a	

solution	of	Et2Zn	(1	M	in	hexanes,	1	mL)	was	slowly	added.	The	solution	was	stirred	at	room	

temperature	for	2	h,	then	cooled	to	-60	°C.	A	solution	of	 imine	(0.4	mmol)	 in	THF	(0.5	mL)	

was	 added	 ;	 the	 stirring	 was	 continued	 at	 -60	 °C	 for	 1	 h,	 then	 the	 mixture	 was	 slowly	

warmed	to	room	temperature	over	2	h.	The	reaction	was	quenched	by	adding	a	saturated	

aqueous	solution	of	NaHCO3	(2	mL),	and	the	resulting	biphasic	mixture	was	vigorously	stirred	

for	 1	 h.	 The	 aqueous	 layer	was	 extracted	with	 Et2O	 (2	 ×	 2	mL).	 The	 organic	 phases	were	

combined,	 dried	 with	 Na2SO4,	 filtered	 and	 concentrated	 under	 reduced	 pressure.	 The	

residue	was	purified	by	flash	column	chromatography	on	silica	gel	eluting	with	a	mixture	of	

petroleum	ether	and	AcOEt	to	give	the	corresponding	homoallylic	amine.	

	

 Synthesis	of	syn	homoallylic	amines	involving	Negishi	reagent:	procedure	D	

	

	 To	a	solution	of	allylic	ether	(1	mmol)	and	Cp2ZrCl2	(322	mg,	1.02	mmol)	in	THF	(8	mL)	

was	added	dropwise	a	 solution	of	n-BuLi	 (2.5	M	 in	hexanes,	0.8	mL,	2	mmol)	at	0	 °C.	The	

resulting	solution	was	stirred	at	room	temperature	for	3	h,	then	Zn(OTf)2	(363	mg,	1	mmol)	

was	added	in	one	portion.	The	mixture	was	stirred	at	room	temperature	for	1	h	then	cooled	

to	 -40	°C.	A	solution	of	 imine	(0.4	mmol)	 in	THF	(0.5	mL)	was	added,	and	the	mixture	was	

stirred	 at	 -40	 °C	 for	 1	h,	 then	 slowly	warmed	 to	 room	 temperature	over	 2	h.	A	 saturated	

aqueous	 solution	 of	 NaHCO3	 (5	 mL)	 was	 added,	 and	 the	 heterogeneous	 mixture	 was	

vigorously	 stirred	 for	 30	min.	 The	 aqueous	 layer	was	 extracted	with	 Et2O	 (2	 ×	 5	mL),	 the	

organic	phases	were	combined,	dried	with	Na2SO4,	filtered	and	concentrated	under	reduced	

pressure.	The	residue	was	purified	by	flash	column	chromatography	on	silica	gel	eluting	with	

a	mixture	of	petroleum	ether	and	AcOEt	to	give	the	corresponding	homoallylic	amine.	
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 Homoallylic	amines	

	

(RS)-N-Benzyl-1-[(RS)-cyclopent-2-en-1-yl]-1-phenylmethanamine	(1a)	

Ph

HN Ph
H

	

Obtained	according	to	the	procedure	A.	

Colorless	oil	

Yield	=	83%		
1H	NMR	(250	MHz,	CDCl3)	δ	:	1.39	(ddd,	J	=	13.0,	8.7,	6.5	Hz,	1	H),	1.51-1.65	(m,	2	H),	1.97-

2.20	(m,	2	H),	2.84	(m,	1	H),	3.03-3.56	(m,	2	H),	3.33	(d,	J	=	13.2	Hz,	1	H),	3.34	(d,	J	=	7.8	Hz,	1	

H),	3.52	(d,	J	=	13.3	Hz,	1	H),	5.67	(ddd,	J	=	5.7,	3.8,	1.8	Hz,	1	H),	5.73	(dq,	J	=	5.7,	2.0	Hz,	1	H),	

7.10-7.20	(m,	10	H)	
13C	NMR	(63	MHz,	CDCl3)	δ		:	27.2,	31.9,	51.3,	52.9,	66.8,	126.7,	126.8,	127.7,	128.10,	128.15,	

128.20,	131.8,	132.7,	140.8,	143.2	

	HRMS-ESI	:	m/z	[M+H]+calcd	for	C19H22N	:	264.1747	;	found	:	264.1742	

	

	(R)-1-((R)-cyclopent-2-en-1-yl)-N-(4-methoxybenzyl)-1-phenylmethanamine	(1b)	
	

	
Obtained	according	to	the	procedure	A.	

Colorless	oil	

Yield	=	69%		
1H	NMR	(250	MHz,	CDCl3)	δ	:	1.44-1.59	(m,	1	H),	1.60-1.79	(m,	2	H),	2.14-2.29	(m,	2	H),	2.96	

(m,	1	H),	3.40	(d,	J	=	13.0	Hz,	1	H),	3.46	(d,	J	=	7.6	Hz,	1	H),	3.59	(d,	J	=	13.0	Hz,	1	H),	3.78	(s,	3	

H),	5.80	(m,	1	H),	5.83-5.89	(m,	1	H),	6.83	(d,	J	=	6.7	Hz,	2	H),	7.17	(d,	J	=	6.7	Hz,	2	H),	7.22-

7.39	(m,	5	H)		
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	 27.3,	 32.0,	 50.8,	 52.9,	 55.3,	 66.8,	 113.7,	 126.8,	 127.8,	 128.2,	

129.3,	131.9,	132.7,	133.0,	143.4,	158.5	

	 	

HN
H

OMe
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2-([(RS)-[(RS)-Cyclopent-2-en-1-yl](phenyl)methyl]amino)ethanol	(1c)	

Ph

HN
H

OH

	
Obtained	according	to	the	procedure	A.	

Colorless	oil	

Yield	=	74%		
1H	NMR	(250	MHz,	CDCl3)	δ	:	1.42	(m,	1	H),	1.66	(dtd,	J	=	14.0,	8.4,	5.8	Hz,	1	H),	2.10-2.40	(m,	

2	H),	2.45-2.51	(m,	2	H),	2.54	(m,	2	H),	2.92	(m,	1	H),	3.37	(d,	J	=	7.7	Hz,	1	H),	3.40-3.56	(m,	2	

H),	5.74-5.82	(m,	2	H),	7.14-7.24	(m,	5	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	 27.2,	 31.8,	 48.7,	 52.6,	 60.8,	 67.3,	 126.9,	 127.4,	 128.2,	 131.5,	

132.9,	142.8	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C14H20NO	:	218.1539	;	found	:	218.1541	

	

N-((R)-((R)-cyclopent-2-en-1-yl)(phenyl)methyl)-2-methoxyethanamine	(1d)	

	
Obtained	according	to	the	procedure	A.	

Colorless	oil	

Yield	=	88%		
1H	NMR	(250	MHz,	CDCl3)	δ	:	1.49	(m,	1	H),	1.71	(dtd,	J	=	13.9,	8.3,	5.9	Hz,	1	H),	1.88	(m,	1	H),	

2.21	(m,	2	H),	2.56	(t,	J	=	5.2	Hz,	2	H),	2.98	(m,	1	H),	3.32	(s,	3	H),	3.39-3.47	(m,	3	H),	5.77-

5.97	(m,	2	H),	7.19-7.39	(m,	5	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	δ	 :	 27.1,	 31.8,	 47.2,	 52.9,	 58.7,	 67.9,	 72.1,	 126.8,	 127.8,	 128.1,	

132.0,	132.7,	143.3	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C15H21NO	:	232.1701	;	found	:	232.1708	

	 	

HN
H

OMe
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N-[(RS)-[(SR)-Cyclopent-2-en-1-yl](phenyl)methyl]-P,P-diphenylphosphinic	amide	(1e)	

	
Obtained	according	to	the	procedure	A.	

Yield	=	53%	

White	solid	

mp	170°C			

1H	NMR	(250	MHz,	CDCl3)	δ	:	7.82	(dd,	J	=	12.2,	7.9	Hz,	2	H),	7.65	(dd,	J	=	12.0,	7.9	Hz,	2	H),		

7.47-7.34	(m,	6	H),	7.28-7.19	(m,	3	H),	7.08	(dd,	J	=	7.3,	2.2	Hz,	2	H),	5.74	(m,	1	H),	5.29	(m,	1	

H),	4.00	(ps	q,	J	=	9.4	Hz,	1	H),	3.40	(dd,	J	=	9.6,	6.8	Hz,	1	H),	3.12	(m,	1	H),	2.30-2.23	(m,	2	H),	

2.13-1.89	(m,	2	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	143.3	(d,	J	=	3.4	Hz),	133.2	(d,	J	=	128.7	Hz),	132.9,	132.6	(d,	J	=	

9.6	Hz),	131.8	(d,	J	=	128.2	Hz),	131.8	(d,	J	=	9.7	Hz),	131.7	(d,	J	=	2.3	Hz),	131.45	(d,	J	=	2.5	

Hz),	131.40,	128.3	(d,	J	=	12.4	Hz),	128.1,	128.0	(d,	J	=	12.3	Hz),	126.9,	126.8,	59.5	(d,	J	=	1.5	

Hz),	54.3	(d,	J	=	5.2	Hz),	31.8,	27.0	
31P	NMR	(250	MHz,	CDCl3)	δ	:	22.5	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C24H24NOPNa	:	396.1493	;	found	:	396.1486	

	

N-[(R)-[(R)-Cyclopent-2-en-1-yl](phenyl)methyl]-4-methylbenzenesulfonamide	(1f)	

	
Obtained	according	to	the	procedure	A.	

Yield	=	97%	(mixture	of	isomers)	

Colorless	oil	

anti	isomer	:	
1
H	NMR	(250	MHz,	CDCl3)	δ	:	1.52	(m,	1	H),	1.82	(m,	1	H),	2.15-2.40	(m,	2	H),	2.30	(s,	3	H),	

3.05	(m,	1	H),	4.30	(dd,	J	=	7.8,	6.7	Hz,	1	H),	5.40	(d,	J	=	8.7	Hz,	1H),	5.59	(m,	1	H),	5.86	(m,	1	

H),	6.96-7.13	(m,	7	H),	7.52	(d,	J	=	8.0	Hz,	2	H)	
13
C	NMR	 (63	MHz,	CDCl3)	δ	:	21.8,	26.7,	32.2,	52.5,	61.5,	126.4,	126.7,	128.0,	129.0,	129.2,	

134.8,	137.7,	140.4,	142.6	

HRMS-ESI	:	m/z	[M+Na]+calcd	for	C19H21NO2SNa	:	350.1191	;	found	:	350.1199	 	

Ph H
N

Ts
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(R)-2-[(R)-[(R)-cyclopent-2-enyl](phenyl)methylamino]-2-phenylethanol	(2a)	

Ph

HN
H

OH
Ph

	

Obtained	according	to	the	procedure	C.	

Yield	=	80%	

White	solid	

mp	93°C	

[α]D	=	+19.6	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ :	1.64	(m,	1	H),	1.85	(m,	1	H),	2.24-2.42	(m,	2	H),	2.55	(br	s,	2	H),	

3.11	(m,	1	H),	3.60	(dd,	J	=	10.3,	4.9	Hz,	1	H),	3.66	(d,	J	=	7.5	Hz,	1	H),	3.77	(t,	J	=	4.7	Hz,	1H),	

3.84	(dd,	J	=	10.2,	4.5	Hz,	1	H),	5.91	(m,	1	H),	5.97	(m,	1	H),	7.19-7.36	(m,	10	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	δ	:	 27.3,	 32.0,	 52.6,	 61.0,	 64.4,	 65.1,	 126.9,	 127.1,	 127.3,	 128.2,	

128.4,	133.0,	141.9,	142.9		

HRMS-ESI	:	m/z	[M+H]+calcd	for	C20H24NO	:	294.1858	;	found	:	294.1853	

	

(S)-N-[(R)-[(R)-cyclopent-2-en-1-yl](phenyl)methyl]-2-methylpropane-2-sulfinamide	(2a'')	

	
Obtained	according	to	the	procedure	B.	

Yield	=	76%	

	Colorless	oil	

[α]D	=	+211	(c	1,	CH2Cl2)	
1H	NMR	 	(250	MHz,	CDCl3)	δ :	1.12	(s,	9	H),	1.68	(m,	1	H),	1.85	(m,	1	H),	2.12-2.36	(m,	2	H),	

3.05	(m,	1	H),	3.48	(d,	J	=	3.2	Hz,	1	H),	4.26	(dd,	J	=	5.7,	3.8	Hz,	1	H),	5.61	(dq,	J	=	5.7,	1.9	Hz,	1	

H),	5.84	(dq,	J	=	5.7,	2.1	Hz,	1	H),	7.13-7.27	(m,	5	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ :	22.6,	26.7,	32.1,	53.1,	55.6,	62.4,	127.1	,	127.4,	128.1,	129.4,	

134.8,	142.1	

HRMS-ESI	:	m/z	[M+Na]+calcd	for	C16H23NNaOS	:	300.1398	;	found	:	300.1401	
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(R)-2-[(R)-[(R)-Cyclopent-2-enyl](4-methoxyphenyl)methylamino]-2-phenylethanol	(2b)	

HN
H

OH
Ph

OMe 	
Obtained	according	to	the	procedure	C.	

Yield	=	70%	

White	solid	

mp	68°C	

[α]D	=	+17.3	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ :	1.54	(m,	1	H),	1.76	(m,	1	H),	1.96-2.64	(m,	4	H),	3.01	(m,	1	H),	

3.47-3.54	(m,	2	H),	3.68	(t,	J	=	4.6	Hz,	1	H),	3.72-3.77	(m,	4	H),	5.82	(dq,	J	=	5.7,	2.0	Hz,	1	H),	

5.89	(dq,	J	=	5.7,	1.9	Hz,	1	H),	6.79	(d,	J	=	8.6	Hz,	2	H),	7.05	(d,	J	=	8.6	Hz,	2	H),	7.14-7.25	(m,	5	

H)	
13C	 NMR	 (63	MHz,	 CDCl3)	δ	:	 27.2,	 31.9,	 52.6,	 55.1,	 60.8,	 64.3,	 64.4,	 113.5,	 113.6,	 127.1,	

127.2,	127.3,	128.25,	128.35;	131.8,	132.8,	135.1,	142.0,	158.4	

HRMS-ESI	:	m/z	[M+Na]+calcd	for	C21H25NO2Na	:	294.1858	;	found	:	294.1853	

	

(R)-2-[(R)-[(R)-Cyclopent-2-enyl](4-bromophenyl)methylamino]-2-phenylethanol	(2c)	

	
Obtained	according	to	the	procedure	B.	

Yield	=	62%	

Yellow	oil	

[α]D	=	+14.9	(c	0.8,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ :	1.54	(m,	1	H),	1.78	(m,	1	H),	2.12-2.32	(m,	4	H),	2.99	(m,	1	H),	

3.51-3.57	(m,	2	H),	3.64-3.76	(m,	2	H),	5.84	(s,	2	H),	7.00	(d,	J	=	8.2	Hz,	2	H),		7.34	(d,	J	=	8.2	

Hz,	2	H),	7.12-7.24	(m,	5	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	δ	:	 27.1,	 32.1,	 52.6,	 61.6,	 64.8,	 65.0,	 120.6,	 127.2,	 127.4,	 128.5,	

129.2,	131.2,	131.3,	133.3,	141.69,	142.3	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C20H23BrNO	:	372.0963	;	found	:	372.0964	
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Methyl-4-[(R)-[(R)-cyclopent-2-enyl][(R)-2-hydroxy-1-phenylethylamino]methyl]benzoate	

(2d)	

HN
H

OH
Ph

CO2Me 	

Obtained	according	to	the	procedure	C.	

Yield	=	57%	

White	solid	

mp	59°C	

[α]D	=	+37	(c	0.4,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ :	1.57	(m,	1	H),	1.77	(m,	1	H),	2.68	(br	s,	1	H),	3.03	(m,	1	H),	3.55	

(dd,	J	=	10.0,	5.3	Hz,	1	H),	3.64-3.69	(m,	2	H),	3.75	(dd,	J	=	10.1,	4.4	Hz,	1	H),	3.89	(s,	3	H),	

5.84	(m,	2	H),	7.11-7.22	(m,	7	H),	7.90	(d,	J	=	8.3	Hz,	2	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	δ	:	 27.0,	 32.0,	 52.0,	 52.5,	 61.8,	 65.0,	 65.2,	 127.1,	 127.4,	 128.4,	

128.7,	129.4,	131.1,	133.3,	141.5,	148.4,	166.9	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C22H26NO3	:	352.1913	;	found	:	352.1911	

	

(R)-2-[(R)-[(R)-Cyclopent-2-enyl](pyridin-3-yl)methylamino]-2-phenylethanol	(2e)	

HN
H

OH
Ph

N

	
Obtained	according	to	the	procedure	B.	

Yield	=	49%	

Yellow	oil	

[α]D	=	+54.8	(c	0.25,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	1.56	(m,	1	H),	1.79	(m,	1	H),	2.23	(td,	J	=	7.0,	1.8	Hz,	2	H),	2.34	

(br	s,	2	H),	3.06	(m,	1	H),	3.57-3.63	(m,	2	H),	3.70-3.77	(m,	2	H),	5.85	(m,	2	H),	7.07-7.20	(m,	7	

H),	7.43	(dt,	J	=	7.8,	1.7	Hz,	1	H),	8.36	(m,	2	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	δ	:	 26.9,	 32.0,	 52.4,	 62.7,	 63.4,	 65.6,	 123.0,	 127.3,	 127.4,	 128.4,	

131.0,	133.6,	134.8,	138.7,	141.3,	148.1,	149.4	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C19H23N2O	:	295.1810	;	found	:	295.1804	
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(S)-N-[(R)-[(R)-cyclopent-2-en-1-yl](pyridin-3-yl)methyl]-2-methylpropane-2-sulfinamide	

(2e'')	

	

Obtained	according	to	the	procedure	B.	

Yield	=	57%	

Colorless	oil	
1H	NMR	 	(250	MHz,	CDCl3)	δ :	1.21	(s,	9	H),	1.78	(m,	1	H),	1.95	(m,	1	H),	2.29	(m,	2	H),	3.14	

(m,	1	H),	3.61	(m,	1	H),	4.41	(dd,	J	=	4.7,	3.8	Hz,	1	H),	5.66	(m,	1	H),	5.95	(m,	1	H),	7.27	(dd,	J	=	

7.3,	4.9	Hz,	1	H),	7.62	(d,	J	=	7.4	Hz,	1	H),	8.52-8.58	(m,	2	H)	
13C	NMR	 	 (63	MHz,	CDCl3)	δ :	22.5,	26.3,	32.0,	52.8,	55.7,	60.1,	123.0,	128.6,	134.9,	135.4,	

137.2,	148.5,	149.1	

HRMS-ESI	:	m/z	[M+Na]+calcd	for	C15H22N2NaOS	:	301.1351	;	found	:	301.1343	

	

(R)-2-[(R)-[(R)-cyclopent-2-enyl](furan-3-yl)methylamino]-2-phenylethanol	(2f)	

HN
H

OH
Ph

O 	
Obtained	according	to	the	procedure	C.	

Yield	=	61%	

Yellow	oil	

[α]D	=	+41.4	(c	0.45,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ :	1.58	(m,	1	H),	1.86	(m,	1	H),	2.26	(m,	2	H),	2.36	(br	s,	2	H),	3.03	

(m,	1	H),	3.51	(dd,	J	=	10.7,	6.2	Hz,	1	H),	3.56	(d,	J	=	7.2	Hz,	1	H),	3.71	(dd,	J	=	10.7,	4.6	Hz,	1	

H),	3.80	(dd,	J	=	6.1,	4.6	Hz,	1	H),	5.81	(m,	2	H),	6.17	(s,	1	H),	7.18-7.30	(m,	7	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	δ	:	 26.5,	 31.9,	 51.2,	 56.0,	 61.3,	 65.1,	 109.0,	 127.1,	 127.3,	 128.3,	

128.4,	131.6,	132.7,	139.5,	141.6,	142.8	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C18H22NO2	:	284.1651	;	found	:	284.1642	

	 	



-		Experimental	part		-	

	161	

(R)-2-[(S,E)-1-[(R)-Cyclopent-2-enyl]-3-phenylallylamino]-2-phenylethanol	(2g)	

HN
H

OH
Ph

Ph 	
Obtained	according	to	the	procedure	C.	

Yield	=	67%	

Yellow	oil	
1H	NMR	(250	MHz,	CDCl3)	δ :	1.74	(m,	1	H),	1.95	(m,	1	H),	2.24-2.37	(m,	2	H),	2.54	(br	s,	2	H),	

2.94	(m,	1	H),	3.23	(dd,	J	=	7.8,	6.6	Hz,	1	H),	3.52	(dd,	J	=	10.5,	6.7	Hz,	1	H),	3.72	(dd,	J	=	10.6,	

4.6	Hz,	1	H),	3.87	(dd,	J	=	6.7,	4.7	Hz,	1	H),	5.76-5.91	(m,	3	H),	6.36	(d,	J	=	15.9	Hz,	1	H),	7.17-

7.32	(m,	10	H)	
13C	 NMR	 (63	 MHz,	 CDCl3)	δ	:	 26.0,	 32.2,	 50.6,	 61.3,	 63.0,	 65.4,	 126.2,	 127.2	 (2C),	 127.3,	

128.4,	128.5,	130.8,	131.3,	131.7,	132.9,	137.0,	142.1	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C22H26NO	:	320.2014	;	found	:	320.2014	

	

(S)-N-[(S,E)-1-((R)-cyclopent-2-en-1-yl)-3-phenylallyl]-2-methylpropane-2-sulfinamide	(2g'')	

	
Obtained	according	to	the	procedure	B.	

Combined	yield	of	anti	isomers	:	51%		

Less	polar	diastereomer	:	Yellow	oil	;	[α]D	=	+95.7	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	1.23	(s,	9	H),	1.73	(m,	1	H),	2.01	(m,	1	H),	2.34	(m,	2	H),	3.12	(m,	

1	H),	3.28	(d,	J	=	8.3	Hz,	1	H),	3.90	(m,	1	H),	5.71	(dq,	J	=	5.6,	2.1	Hz,	1	H),	5.89	(dq,	J	=	5.6,	2.1	

Hz,	1	H),	6.23		(dd,	J	=	15.9,	7.1	Hz,	1	H),	6.63	(d,	J	=	15.9	Hz,	1	H),	7.21-7.40	(m,	10	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	δ	:	 22.6,	 25.9,	 32.3,	 51.1,	 56.1,	 62.2,	 126.5,	 127.5,	 128.4,	 130.0,	

130.4,	131.5,	133.9,	136.7	

More	polar	diastereomer	:	Yellow	oil	
1H	NMR	(250	MHz,	CDCl3)	δ :	1.23	(s,	9	H),	1.80	(m,	1	H),	2.01	(m,	1	H),	2.27-2.42	(m,	2	H),	

3.04	(m,	1	H),	3.33	(d,	J	=	3.8	Hz,	1	H),	3.96	(m,	1	H),	5.71	(dq,	J	=	5.7,	2.0	Hz,	1	H),	5.91	(dq,	J	

=	5.7,	2.1	Hz,	1	H),	6.07	(dd,	J	=	15.8,	7.3	Hz,	1	H),	6.57	(d,	J	=	15.8	Hz,	1	H),	7.20-7.39	(m,	10	

H)	

HN

Ph

S O
H
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13C	NMR	 (63	MHz,	CDCl3)	δ	:	22.6,	25.8,	32.2,	55.6,	60.9,	126.4,	127.5,	128.5,	129.5,	129.7,	

131.9,	134.4,	136.7	

	

(R)-2-[(R,E)-1-[(R)-Cyclopent-2-enyl]-2-methyl-3-phenylallylamino]-2-phenylethanol	(2h)	

HN
H

OH
Ph

Ph 	
Obtained	according	to	the	procedure	B.	

Yield	=	76%	

	White	solid	

mp	52°C	

[α]D	=	-42.7	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ :	1.55	(d,	J	=	1.1	Hz,	3	H),	1.60	(m,	1	H),	1.87	(m,	1	H),	2.26	(m,	1	

H),	2.41	(m,	1	H),	2.80	(m,	1	H),	3.01	(d,	J	=	9.2	Hz,	1	H),	3.55	(dd,	J	=	11.8,	7.4	Hz,	1	H),	3.72	

(t,	J		=	4.6	Hz,	1	H),	3.76	(d,	J	=	4.6	Hz,	1	H),	5.87	(dq,	J	=	5.7,	2.0	Hz,	1	H),	6.03	(dq,	J	=	5.7,	2.0	

Hz,	1	H),	6.30	(s,	1	H),	7.10	(d,	J	=	7.2	Hz,	2	H),	7.19-7.33	(m,	8	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	:	12.9,	27.2,	31.9,	49.3,	61.7,	64.9,	71.4,	126.2,	127.30,	127.35,	

128.0,	128.3,	128.4,	128.9,	132.40,	132.45,	137.6,	138.5,	142.5	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C23H28NO	:	334.2171	;	found	:	334.2173	

	

(R)-2-[(S)-1-[(R)-Cyclopent-2-enyl]pentylamino]-2-phenylethanol	(2i)	

HN
H

OH
Ph

	

Obtained	according	to	the	procedure	C.	

Yield	=	67%	(combined	anti	isomers)	

Colorless	oil	

Major	isomer	:		
1H	NMR	(250	MHz,	CDCl3)	δ :	0.78	(d,	J	=	6.7	Hz,	3	H),	1.01-1.31	(m,	7	H),	1.67	(m,	1H),	1.93	

(m,	1	H),	2.22-2.53	(m,	4	H),	3.00	(m,	1	H),	3.47	(dd,	J	=	10.2,	8.9	Hz,	1	H),	3.66	(dd,	J	=	10.5,	

4.6	Hz,	1	H),	3.87	(dd,	J	=	8.5,	4.5	Hz,	1	H),	5.60	(m,	1	H),	5.79	(m,	1	H),	7.25-7.36	(m,	5	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	13.9,	22.7,	24.9,	28.2,	31.4,	32.3,	48.8,	57.8,	62.0,	66.5,	127.2,	

127.4,	128.5,	131.8,	132.2,	141.7	
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HRMS-ESI	:	m/z	[M+H]+calcd	for	C18H28NO	:	274.2171	;	found	:	274.2162	

	

(R)-2-[(S)-1-[(R)-Cyclopent-2-enyl]-2-methylpropylamino]-2-phenylethanol	(2j)	

HN
H

OH
Ph

	

Obtained	according	to	the	procedure	C.	

Yield	=	68%	

Colorless	oil	

[α]D	=	+18.8	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ :	0.68	(d,	J	=	6.9	Hz,	3	H),	0.82	(d,	J	=	6.9	Hz,	3	H),	1.55	(m,	1	H),	

1.71	(m,	1	H),	2.00	(m,	1	H),	2.21-2.47	(m,	3	H),	2.91	(m,	1	H),	3.53	(dd,	J	=	10.5,	8.2	Hz,	1	H),	

3.66	(dd,	J	=	10.5,	4.7	Hz,	1	H),	3.83	(dd,	J	=	8.1,	4.7	Hz,	1	H),	5.82	(dq,	J	=	5.7,	2.1	Hz,	1	H),	

5.88	(dq,	J	=	5.7,	1.9	Hz,	1	H),	7.22-7.34	(m,	5	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	17.7,	19.7,	28.5,	31.0,	31.9,	48.7,	63.6,	64.4,	66.4,	127.4,	127.5,	

128.3,	131.8,	133.0,	141.9	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C17H26NO	:	260.2014	;	found	:	260.2006	

	

(R)-2-({(S)-5-(benzyloxy)-1-[(R)-cyclopent-2-en-1-yl]pentyl}amino)-2-phenylethanol	(2k)	

	
Obtained	according	to	the	procedure	C.	

Yield	=	71%	(combined	yield	of	anti	isomers)	

Colorless	yellow	oil		

[α]D	=	-16	(c	1,	CH2Cl2)	

Major	isomer	:		
1H	NMR	 (250	MHz,	CDCl3)	δ	 :	7.40-7.19	 (m,10H),	5.73	 (dq,	 J	=	9.8,	3.2Hz,	1H),	5.52	 (d,	 J	=	

10.4Hz,	1H),	4.32	(s,	2H),	3.86	(dd	,	J	=	9.2,	4.5Hz,	1H),	3.64	(dd,	J	=	10.6,	4.5Hz,	1H),	2.75	(q,	J	

=	5.2	Hz,	1	H),	2.75	(q,	J	=	5.2	Hz,	1	H),	2.60	(br.	s,	1	H),	2.52-2.40	(m,	1	H),	2.04-1.92	(m,	2	H),	

1.89-1.26	(m,	5	H)		
13C	NMR	(63	MHz,	CDCl3)	δ	:	141.1,	138.3,	128.9,	128.6,	128.5,	128.2,	127.45,	127.40,	127.3,	

127.2,	72.8,	70.5,	66.8,	61.9,	58.3,	36.4,	25.3,	24.4,	22.2	

HN
H

OH
Ph

OBn
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HRMS-ESI	:	m/z	[M+H]+calcd	for	C23H30NO2	:	352.2277	;	found	:	352.2284	

	

(R)-2-{(R)-[(R)-Cyclopent-2-enyl](furan-2-yl)methylamino}-2-	phenylethanol	(2l)	

	
Obtained	according	to	the	procedure	C.	

Yield	=	74%		

Yellow	oil		

[α]D	=	+64.8	(c	1.4,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	7.29-7.15	(m,	6	H),	6.18	(d,	J	=	2.9	Hz,	1	H),	5.99	(d,	J	=	2.9	Hz,	1	

H),	5.90-5.79	(m,	2	H),	3.75–3.66	(m,	2	H),	3.51	(dd,	J	=	12.1,	7.3	Hz,	1	H),	3.62	(d,	J	=	7.3	Hz,	1	

H),	3.10-2.97	(m,	1	H),	2.37-2.15	(m,	4	H),	1.97-1.74	(m,	1	H),	1.62-1.48	(m,	1	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	156.0,	151.6,	141.3,	132.9,	131.6,	128.3,	127.2,	127.0,	109.7,	

106.8,	65.0,	61.7,	58.9,	50.5,	32.0,	26.9	

HRMS-ESI	:	m/z	[M+Na]+calcd	for	C18H21NO2Na:	306.1470;	found	:	306.1460		

	

(R)-2-({(R)-[(R)-Cyclohex-2-en-1-yl](phenyl)methyl}amino)-2-	phenylethanol	(3a)	

	
Obtained	according	to	the	procedure	D.	

Yield	=	89%		

Pale	yellow	oil		

mp	79	°C	

[α]D	=	+5.3	(c	1,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	7.28-7.06	(m,	10	H),	5.99	(d,	J	=	10.4	Hz,	1	H),5.79(d,	J	=	9.7Hz,	

1	H),	3.77	(dd,	J	=	10.3,	4.5Hz,	1H),	3.68	(t,	J	=	4.8	Hz,	1	H),	3.57-3.51	(m,	2	H),	2.46-2.40	(m,	1	

H),	2.01-1.89	(m,	2	H),	1.71-1.60	(m,	1	H),	1.50-1.36	(m,	2	H),	1.27-1.15	(m,	1	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	δ	 :	 142.7,	 141.9,	 129.0,	 128.5,	 128.4,	 128.2,	 127.2,	 126.9,	 65.3,	

64.6,	61.2,	41.8,	26.6,	25.3,	21.5		

HRMS-	ESI	:	m/z	[M+H]+calcd	for	C20H26NO	:	308.2014	;	found	:	308.2008	 	

HN
H

OH
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(R)-2-({(S)-1-[(R)-Cyclohex-2-en-1-yl]-2-methylpropyl}amino)-2-	phenylethanol	(3b)	

	
Obtained	according	to	the	procedure	D.	

Yield	=	79%		

Colorless	oil	

[α]D	=	+38	(c	0.9,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	7.36-7.263	(m,	5	H),	5.80-5.63	(m,	2	H),	3.85	(dd,	J	=	8.5,	4.7	Hz,	

1	H),	3.66	(dd,	J	=	10.6,	4.6	Hz,	1	H),	3.54	(dd,	J	=	10.6,	8.5	Hz,	1	H),	2.45-2.35	(m,	1	H),	2.22	(t,	

J	=	4.6	Hz,	1	H),	2.05-1.98	(m,	2	H),	1.82-1.65	(m,	3	H),	1.57-1.45	(m,	2	H),	0.80	(d,	J	=	6.7Hz,	

3H),	0.74	(d,	J	=	6.9Hz,	3H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	141.4,	130.1,	128.3,	127.9,	127.5,	127.4,	66.6,	65.8,	63.3,	38.0,	

30.5,	27.1,	25.3,	22.4,	20.5,	18.7	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C18H28NO	:	274.2171	;	found	:	274.2176	

	

(R)-2-({(R)-[(R)-Cyclohex-2-en-1-yl](4-methoxyphenyl)-methyl}amino)-2-phenylethanol	(3c)	

	
Obtained	according	to	the	procedure	D.	

Yield	=	63%	

Pale	yellow	oil		

[α]D	=	+1	(c	0.8,	CH2Cl2	)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.30-7.12	(m,	5	H),	7.03	(d,	J	=	8.6Hz,	2	H),	6.79	(d,	J	=	8.6Hz,	2	

H),	5.98	(dq,	J	=	10.2,	2.1	Hz,	1	H),	5.78	(dq,	J	=	9.6,	3.1	Hz,	1	H),	3.80-3.74	(m,	4	H),3.68	(t,	J	=	

7.9	Hz,	1	H),	3.54	(dd,	J	=	10.3,	5.1	Hz,	1	H),	3.48	(d,	J	=	8.0	Hz,	1	H),	2.47-2.28	(br	m,	3	H),	

2.00-1.90	(m,	2	H),	1.70-1.59	(m,	1	H),	1.52-1.38	(m,	2	H),	1.26-1.16	(m,	1	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	158.5,	141.8,	134.7,	128.9,	128.7,	128.3,	127.3,	127.2,	113.5,	

64.6,	64.5,	61.1,	55.2,	41.7,	26.5,	25.3,	21.4		

HRMS-	ESI	:	m/z	[M+H]+calcd	for	C22H28NO2	:	338.2120	;	found	:	338.2122	
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Methyl	4-((R)-[(R)-Cyclohex-2-en-1-yl]{[(R)-2-hydroxy-1-phenylethyl]amino}methyl)	

benzoate	(3d)	

	

Obtained	according	to	the	procedure	D.	

Yield	=	84%	

White	solid		

mp	108	°C	

[α]D	=	+5.1	(c	1,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	7.28-7.07	(m,	8	H),	7.90	(d,	J	=	7.9	Hz,	2	H),	5.92	(d,	J	=	10.2	Hz,	

1	H),	5.84-5.76	(m,	1	H),	3.89	(s,	3	H),	3.76	(dd,	J	=	10.1,	4.1	Hz,	1	H),	3.67	(dd,	J	=	5.3,	4.2	Hz,	

1	H),	3.63-3.55	(m,	2	H),	2.49-2.33	(m,	2	H),	2.00-1.90	(m,	2	H),	1.71-1.36	(m,	5	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	21.4,	25.2,	26.4,	41.7,	52.0,	62.0,	65.0,	65.4,	127.2,	127.4,	127.8,	

127.9,	128.3,	128.4,	128.7,	129.4,	129.4,	141.4,	148.4,	166.9	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C23H28NO3	:	366.2069	;	found	:	366.2060	

	

(R)-2-({(R)-[(R)-Cyclohex-2-en-1-yl](furan-2-yl)methyl}amino)-2-	phenylethanol	(3e)	

	
Obtained	according	to	the	procedure	D.	

Yield	=	94%	

Yellow	oil		

[α]D	=	+21.8	(c	1,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	7.27-7.15	(m,	6	H),	6.18	(t,	J	=	2.4	Hz,	1	H),	5.98	(d,	J	=	3.1	Hz,	1	

H),	5.91	(d,	J	=	10.4	Hz,	1	H),	5.78	(dq,	J	=	10.1,	1.8	Hz,	1	H),	3.75-3.67	(m,	2	H),	3.58-3.50	(m,	

2	H),	2.54-2.44	(m,	1	H),	2.32	(br.	s,	2	H),	2.02-1.92	(m,	2	H),	1.74-1.63	(m,	1	H),	1.58-1.40	(m,	

2	H),	1.35-1.20	(m,	1	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	155.4,	141.6,	141.2,	129.0,	128.4,	128.3,	127.2,	127.0,	109.6,	

107.2,	65.1,	61.9,	59.2,	39.9,	26.1,	25.2,	21.4	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C19H24NO2	:	298.1807	;	found	:	298.1798	
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(R)-2-({(R)-[(R)-Cyclohex-2-en-1-yl](pyridin-3-yl)methyl}amino)-2-phenylethanol	(3f)	

	

Obtained	according	to	the	procedure	D.	

Yield	=	73%	

White	solid		

mp	99	°C	

[α]	=	+10.5	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	8.41-8.34	(m,	2	H),	7.44	(d,	J	=	7.6	Hz,	1	H),	7.22-7.08	(m,	6	H),	

5.90	(d,	J	=	10.6	Hz,	1	H),	5.85-5.77	(m,	1	H),	3.78-3.71	(m,	2	H),	3.65-3.56	(m,	2	H),	2.66	(br	s,	

2	H),	2.53-2.42	(m,	1	H),	2.01-1.90	(m,	2	H),	1.72-1.60	(m,	1	H),	1.55-1.41	(m,	2	H),	1.26-1.11	

(m,	2	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	149.3,	148.1,	140.9,	138.2,	134.9,	129.8,	128.4,	127.4,	127.3,	

123.0,	65.6,	63.6,	63.0,	41.5,	26.2,	25.2,	21.3	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C20H25N2O	:	309.1967	;	found	:	309.1953		

	

(R)-2-({(S,E)-1-[(R)-Cyclohex-2-en-1-yl]-3-phenylallyl}amino)-2-phenylethanol	(3g)		

	
Obtained	according	to	the	procedure	D.	

Yield	=	77%	

Pale	yellow	oil	

[α]D	=	+39.5	(c	1,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	7.33-7.11	(m,	10	H),	6.36	(d,	J	=	15.9	Hz,	1	H),	5.92	(dd,	J	=	15.9,	

8.1	Hz,	1	H),	5.66-5.84	(m,	2	H),	3.87	(dd,	J	=	6.8,	4.6	Hz,	1	H),	3.73	(dd,	J	=	10.7,	4.6	Hz,	1	H),	

3.54	(dd,	J	=	10.6,	6.9	Hz,	1	H),	3.20	(t,	J	=	7.2	Hz,	1	H),	2.36	(br.	s,	1	H),	2.03-1.95	(m,	2	H),	

1.83-1.72	(m,	1	H),	1.58-1.35	(m,	1	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	141.9,	137.0,	131.4,	130.9,	129.0,	128.5,	128.4,	127.3,	127.23,	

127.18,	126.2,	65.6,	63.0,	62.3,	39.8,	25.35,	25.30,	21.6	
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HRMS-ESI	:	m/z	[M+H]+calcd	for	C24H30NO	:	348.2327	;	found	:	348.2312		

	

(R)-2-({(R,E)-1-[(R)-Cyclohex-2-en-1-yl]-2-methyl-3-phenyl-	allyl}amino)-2-phenyl	

ethanol	(3h)		

	
Obtained	according	to	the	procedure	D.	

Yield	=	83%	

Pale	yellow	solid		

mp	70	°C	

[α]D	=	-49.8	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.42-7.04	(m,	10	H),	6.29	(s,	1	H),	6.10	(d,	J	=	9.2	Hz,	1	H),	5.81	

(d,	J	=	9.9	Hz,	1	H),	3.82-3.67	(m,	2	H),	3.57	(dd,	J	=	11.5,	7.7	Hz,	1	H),	2.99	(d,	J	=	9.5	Hz,	1	H),	

2.19-1.96	(m,	3	H),	1.77-1.66	(m,	1	H),	1.62-1.24	(m,	8	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	142.3,	137.8,	137.5,	128.85,	128.81,	128.6,	128.4,	128.3,	127.9,	

127.3,	127.2,	126.1,	71.0,	64.9,	63.9,	38.1,	26.6,	25.3,	21.2,	12.6	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C24H30	NO	:	348.2327	;	found	:	348.2336	

 

(R)-2-({(S)-1-[(R)-Cyclohex-2-en-1-yl]pentyl}amino)-2-phenylethanol	(3i)		

	
Obtained	according	to	the	procedure	D.	

Yield	=	63%	

Pale	yellow	oil	

[α]D	=	-54.6	(c	0.6,	CH2Cl2)	
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1H	NMR	(250	MHz,	CDCl3)	δ	:	7.42-7.22	(m,	5	H),	5.79-5.69	(m,	1	H),	5.36	(d,	J	=	9.9	Hz,	1	H),	

3.89	(dd,	J	=	8.9,	4.5	Hz,	1	H),	3.68	(dd,	J	=	10.7,	4.5	Hz,	1	H),	3.56	(dd,	J	=	10.5,	9.1	Hz,	1	H),	

2.90	(br	s,	2	H),	2.54-2.36	(m,	2	H),	2.02-1.94	(m,	2	H),	1.84-1.74	(m,	2	H),	1.63-0.99	(m,	10	

H),	0.79	(t,	J	=	6.8	Hz,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	140.6,	129.5,	128.7,	128.5,	127.6,	127.3,	66.5,	62.0,	58.3,	37.4,	

60.6,	28.7,	25.5,	23.6,	22.6,	22.2,	13.9	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C19H30NO	:	288.2327	;	found	:	288.2321		

	

(R)-2-({(R)-2-(Benzyloxy)-1-[(R)-cyclohex-2-en-1-yl]}ethyl)amino-	2-phenylethanol	(3j)	

	
Obtained	according	to	the	procedure	D.	

Yield	=	70%	

Colorless	yellow	oil	

[α]D	=	-16	(c	1,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	7.40-7.19	(m,	10	H),	5.73	(dq,	J	=	9.8,	3.2	Hz,	1	H),	5.52	(d,	J	=	

10.4	Hz,	1	H),	4.32	(s,	2	H),	3.86	(dd,	J	=	9.2,	4.5	Hz,	1	H),	3.64	(dd,	J	=	10.6,	4.5	Hz,	1	H),	2.75	

(q,	J	=	5.2	Hz,	1	H),	2.75	(q,	J	=	5.2	Hz,	1	H),	2.60	(br.	s,	1	H),	2.52-2.40	(m,	1	H),	2.04-1.92	(m,	

2	H),	1.89-1.26	(m,	5	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	141.1,	138.3,	128.9,	128.6,	128.5,	128.2,	127.45,	127.40,	127.3,	

127.2,	72.8,	70.5,	66.8,	61.9,	58.3,	36.4,	25.3,	24.4,	22.2		

HRMS-ESI	:	m/z	[M+H]+calcd	for	C23H30NO2	:	352.2277	;	found	:	352.2284		
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(R)-2-({(S)-5-(Benzyloxy)-1-[(R)-cyclohex-2-en-1-yl]pentyl}-amino)-2-phenylethanol	(3k)	

	
Obtained	according	to	the	procedure	D.	

Yield	=	38%	

Yellow	oil	

[α]D	=	-28.3	(c		0.6,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.36-7.23	(m,	10	H),	5.77-5.67	(m,	1	H),	5.34	(d,	J	=	12.0	Hz,	1	

H),	4.46	(s,	2	H),	3.85	(dd,	J	=	8.8,	4.4	Hz,	1	H),	3.49	(dd,	J	=	10.4,	9.0	Hz,	1	H),	3.65	(dd,	J	=	

10.5,	4.5	Hz,	1	H),	3.36	(t,	J	=	6.2	Hz,	2	H),	2.50-2.26	(m,	4	H),	2.03-1.94	(m,	2	H),	1.84-1.74	

(m,	2	H),	1.60-1.16	(m,	8	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	141.2,	138.6,	129.7,	128.5,	128.3,	127.50,	127.45,	127.40,	127.3,	

72.8,	70.1,	61.7,	58.0,	37.3,	30.8,	29.6,	25.5,	23.4,	23.2,	22.2	

HRMS-ESI	:	m/z	[M+H]+calcd	for	C26H36NO2	:	394.2746	;	found	:	394.2733		

	

(R)-[(R)-Cyclopent-2-enyl](phenyl)methanamine	(2a')	

	
	 To	a	solution	of	2a	(273	mg,	1	mmol)	in	a	1	:	1	mixture	of	MeOH	/CH2Cl2	(10	mL),	was	

added	Pb(OAc)4	(555	mg,	1.25	mmol)	in	one	portion	at	0°C.	The	resulting	mixture	was	stirred	

for	30	min	then	NH2OH.HCl	(690	mg,	10	mmol)	was	added.	The	stirring	was	continued	for	1	h	

at	room	temperature.	The	solvents	were	removed	under	reduced	pressure.	The	white	solid	

was	washed	with	CH2Cl2	(30	mL)	and	filtered	off.	The	filtrate	was	washed	with	an	aqueous	

solution	of	NaOH	 (1	M,	 3	 x	 5	mL).	 The	organic	 phase	was	 dried	over	MgSO4,	 filtered	 and	

concentrated	under	reduced	pressure	to	give	the	title	compound	which	was	used	in	the	next	

step	without	purification.		

Yield	=	99%	

Pale	yellow	oil	

[α]D	=	+119	(c	1,	CH2Cl2)	

1
H	NMR	(250	MHz,	CDCl3)	δ	:	1.55	(m,	1	H),	1.80	(m,	1	H),	2.17-2.38	(m,	2	H),	2.30	(m,	1	H),	

3.75	(d,	J	=	7.4	Hz,	1	H),	5.80	(m,	1	H),	5.88	(m,	1	H),	7.23-7.33	(m,	5	H)	
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13C	 NMR	 (63	MHz,	 CDCl3)	 δ	 :	 27.1,	 32.1,	 53.7,	 60.5,	 126.70,	 126.75,	 128.2,	 131.2,	 133.2,	

145.7	

	

Tert-Butyl	(R)-((R)-cyclopent-2-enyl)(phenyl)methylcarbamate	(4)		

	
	 To	 a	 solution	 of	 the	 above	 primary	 amine	 (173	mg,	 1	mmol)	 and	 Et3N	 (0.14	mL,	 1	

mmol)	 in	 CH2Cl2	 (10	mL),	was	 added	 Boc2O	 (218	mg,	 1	mmol).	 The	 resulting	mixture	was	

stirred	 for	 4	h	 at	 room	 temperature.	 The	 crude	mixture	was	 concentrated	 to	dryness	 and	

purified	by	 flash	column	chromatography	on	silica	gel	eluting	with	a	mixture	of	petroleum	

ether	and	AcOEt	to	give	4.		

Yield	=	69%	from	2a.		

White	solid	

mp	99	°C	

[α]D	=	+145	(c	1,	CH2Cl2)	

1
H	NMR	(250	MHz,	CDCl3)	δ	:	1.27	(br	s,	1.5	H),	1.42	(s,	7.5	H),	1.01-1.31	(m,	7	H),	1.69	(m,	1	

H),	1.98	(m,	1	H),	2.21-2.45	(m,	2	H),	3.14	(m,	1	H),	4.40-5.00	(m,	2	H),	5.53	(m,	1	H),	5.90	(m,	

1	H),	5.79	(m,	1	H),	7.19-7.34	(m,	5	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	27.0,	28.3,	32.3,	51.9,	57.7,	79.3,	126.1,	126.7,	128.2,	129.4,	

134.5,	142.6,	155.5	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C17H23NO2Na	:	296.1626	;	found	:	296.1620	
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Tert-Butyl	(1R,2S)-5-hydroxy-2-(hydroxymethyl)-1-phenylpentylcarbamate	(5)	

	
	 O3	was	 bubbled	 through	 a	 solution	 of	 4	 (355	mg,	 1.3	mmol)	 in	 a	 1	 :	 1	mixture	 of	

MeOH	/	CH2Cl2	(10	mL)	until	a	blue	color	persists.	The	solution	was	stirred	for	30	min,	then,	

degassed	with	a	flow	of	N2.	A	solution	of	NaBH4	(195	mg,	5.2	mmol)	in	MeOH	(10	mL)	was	

added	and	the	resulting	mixture	was	stirred	for	30	min.	Water	(10	mL)	and	CH2Cl2	(10	mL)	

were	added.	The	aqueous	 layer	was	extracted	with	CH2Cl2	 (3	x	10	mL),	 the	organic	phases	

were	 combined,	 dried	 over	MgSO4,	 filtered	 and	 concentrated	 under	 reduced	 pressure	 to	

give	the	corresponding	diol	which	was	used	in	the	next	step	without	purification.	

Yield	=	77%	

Yellow	oil	
1
H	NMR	(250	MHz,	CDCl3)	δ	:	1.42	(s,	9	H),	1.54-1.69	(m,	4	H),	3.18	(br	s,	2	H),	3.50-3.69	(br	

m,	4	H),	4.66	(t,	J	=	7.8	Hz,	1	H),	5.66	(d,	J	=	8.0	Hz,	1	H),	7.24-7.36	(m,	5	H)	
13
C	 NMR	 (63	MHz,	 CDCl3)	 δ	 :	 24.8,	 28.8,	 30.5,	 45.9,	 57.4,	 60.8,	 63.0,	 80.2,	 127.1,	 127.7,	

129.1,	142.1,	157.0		

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C17H27NO4Na	:	332.1838	;	found	:	332.1845	

	

Tert-Butyl	(R)-[(R)-1-allylpiperidin-3-yl](phenyl)methylcarbamate	(7)		

	

	 To	a	solution	of	the	crude	diol	5	(116	mg,	0.37	mmol)	and	Et3N	(0.14	mL,	1	mmol)	in	

CH2Cl2	(5	mL)	was	slowly	added	MsCl	(0.06	mL,	0.86	mmol)	at	0°C.	The	resulting	mixture	was	

stirred	 for	2	h	at	 room	temperature,	 then	water	 (5	mL)	was	added.	The	organic	 layer	was	

dried	over	Na2SO4,	filtered	and	concentrated	under	reduced	pressure.	Allylamine	(1	mL,	13	

mmol)	was	added	then	the	mixture	was	heated	to	reflux	overnight.	The	excess	of	amine	was	

removed	under	reduced	pressure.		
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The	 residue	 was	 diluted	 in	 CH2Cl2	 (10	 mL)	 washed	 with	 a	 saturated	 aqueous	 solution	 of	

Na2CO3,	dried	over	MgSO4,	 filtered	and	concentrated	under	reduced	pressure.	The	residue	

was	 purified	 by	 flash	 column	 chromatography	 on	 silica	 gel,	 eluting	 with	 a	 mixture	 of	

petroleum	ether	and	AcOEt	to	give	7.		

Yield	=	62%	

Yellow	oil	

[α]D	=	+23.4	(c	0.6,	CH2Cl2)	

1
H	NMR	(250	MHz,	CDCl3)	δ	:	1.22-1.60	(m,	13	H),	1.75-1.89	(m,	3	H),	2.72	(d,	J	=	11.1	Hz,	1	

H),	2.85-2.99	(m,	3	H),	4.44	(br.	t,	J	=	7.4	Hz,	1	H),	4.99-5.13	(m,	3	H),	5.81	(ddt,	J	=	16.8,	10.1,	

6.6	Hz,	1	H),	7.11-7.27	(m,	5	H)	
13
C	NMR	(63MHz,	CDCl3)	δ	:	24.8,	28.3,	41.9,	53.8,	56.8,	58.4,	62.2,	79.3,	117.8,	126.8,	128.5,	

135.1,	141.6,	155.3	

	HRMS-ESI	:	m/z	[M+H]+	calcd	for	C20H31N2O2	:	331.2386	;	found	:	331.2382	

	

N-[(R)-[(R)-Cycloalkyl-2-en-1-yl](phenyl)methyl]-4-methylbenzenesulfonamide	(8a	and	8b)	

	 To	a	solution	of	the	primary	amine	2a'	(173	mg,	1	mmol)	and	Et3N	(0.14	mL,	1	mmol)	

in	CH2Cl2	 (10	mL),	was	added	TsCl	 (190	mg,	1	mmol).	 The	 resulting	mixture	was	 stirred	at	

room	temperature	overnight.	Water	(5	mL)	was	added,	and	the	organic	layer	was	dried	over	

MgSO4,	filtered	and	concentrated	under	reduced	pressure.	The	residue	was	purified	by	flash	

column	chromatography	on	silica	gel	eluting	with	a	mixture	of	petroleum	ether	and	AcOEt	to	

give	the	title	compound.	 
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N-[(R)-[(R)-Cyclopent-2-en-1-yl](phenyl)methyl]-4-methylbenzenesulfonamide	(8a)	

	
Yield	=	87%	

White	solid	

[α]D	=	+114	(c	1,	CH2Cl2)	

1
H	NMR	(250	MHz,	CDCl3)	δ	:	1.52	(m,	1	H),	1.82	(m,	1	H),	2.15-2.40	(m,	2	H),	2.30	(s,	3	H),	

3.05	(m,	1	H),	4.30	(dd,	J	=	7.8,	6.7	Hz,	1	H),	5.40	(d,	J	=	8.7	Hz,	1H),	5.59	(m,	1	H),	5.86	(m,	1	

H),	6.96-7.13	(m,	7	H),	7.52	(d,	J	=	8.0	Hz,	2	H)	
13
C	NMR	 (63	MHz,	CDCl3)	δ	:	21.8,	26.7,	32.2,	52.5,	61.5,	126.4,	126.7,	128.0,	129.0,	129.2,	

134.8,	137.7,	140.4,	142.6	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C19H21NO2SNa	:	350.1191	;	found	:	350.1199		

	

N-[(R)-[(R)-Cyclohex-2-en-1-yl](phenyl)methyl]-4-methylbenzenesulfonamide	(8b)	

	
Yield	=	90%	

White	solid	

mp	104°C		

[α]D	=	+69.9	(c	3,	CH2Cl2)	

1
H	NMR	(250	MHz,	CDCl3)	δ	:	1.10-1.28	(m,	1	H),	1.29-1.49	(m,	2	H),	1.56-1.74	(m,	1	H),	1.93	

(m,	2	H),	2.30	(s,	3	H),	2.43	(m,	1	H),	4.19	(dd,	J	=	8.8,	7.1	Hz,	1	H),	5.63	(d,	J	=	8.8	Hz,	1	H),	

5.72	(m,	1	H),	5.81	(m,	1	H),	6.94-7.13	(m,	7	H),	7.51	(d,	J	=	8.0	Hz,	2	H)	
13
C	NMR	(63	MHz,	CDCl3)	δ	:	21.41,	21.44,	25.1,	26.8,	41.9,	62.1,	125.9,	126.7,	126.9,	127.0,	

128.1,	129.1,	130.8,	137.7,	140.1,	142.7	

HRMS-ESI	:	m/z	[M+Na]+		calcd	for	C20H23NO2SNa	:	364.1347	;	found	:	364.1357	
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General	ozonolysis	applied	to	the	synthesis	of	N-[(1R,2S)-5-Hydroxy-2-(hydroxymethyl)-1-

phenylalkyl]-4-methylbenzenesulfonamide	(9a-b)		

	

	 O3	was	bubbled	through	a	solution	of	8a-b	(1.3	mmol)	in	a	1	:	1	mixture	of	MeOH	/	

CH2Cl2	(10	mL)	until	a	blue	color	persists.	The	solution	was	stirred	for	30	min,	then,	degassed	

with	 a	 flow	 of	 N2.	 A	 solution	 of	 NaBH4	 (5.2	mmol)	 in	MeOH	 (10	mL)	was	 added	 and	 the	

resulting	mixture	was	stirred	for	30	min.	Water	(10	mL)	and	CH2Cl2	(10	mL)	were	added.	The	

aqueous	 layer	was	extracted	with	CH2Cl2	 (3	 x	 10	mL),	 the	organic	phases	were	 combined,	

dried	 over	 MgSO4,	 filtered	 and	 concentrated	 under	 reduced	 pressure	 to	 give	 the	

corresponding	diol	which	was	used	in	the	next	step	without	purification.	

	

N-[(1R,2S)-5-Hydroxy-2-(hydroxymethyl)-1-phenylpentyl]-4-methylbenzenesulfonamide	

(9a)	

	
Yield	=	88%	

Colorless	oil	
1
H	NMR	(250	MHz,	CDCl3)	δ	:	1.25-1.72	(m,	5	H),	2.29	(s,	3	H),	3.05	(br.	s,	1	H),	3.46-3.61	(m,	

3	H),	3.76	(d,	J	=	10.8	Hz,	1	H),	4.43	(ps.	t	,	J	=	6.1	Hz,	1	H),	6.66	(d,	J	=	7.7	Hz,	1	H),	6.98-7.08	

(m,	7	H),	7.46	(d,	J	=	8.0	Hz,	2	H)	
13
C	NMR	 (63	MHz,	CDCl3)	δ	:	21.3,	24.5,	29.7,	45.4,	60.4,	60.9,	62.4,	126.80,	126.85,	128.0,	

129.0,	137.5,	139.8,	142.6	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C19H25NO4SNa	:	386.1402	;	found	:	386.1408		

	

N-[(1R,2S)-5-Hydroxy-2-(hydroxymethyl)-1-phenylhexyl]-4-methylbenzenesulfonamide	

(9b)	

	
Yield	=	68%	

Colorless	oil	
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1
H	NMR	(250	MHz,	CDCl3)	δ	:	0.89	(m,	2	H),	1.20-1.50	(m,	5	H),	2.02	(br	s,	1	H),	2.32	(s,	3	H),	

2.83	(br	s,	1	H),	3.45-3.68	(m,	3	H),	3.83	(d,	J	=	10.1	Hz,	1	H),	4.39	(t,	J	=	7.6	Hz,	1	H),	6.28	(d,	J	

=	8.1	Hz,	1	H),	6.89-7.16	(m,	7	H),	7.48	(d,	J	=	8.0	Hz,	2	H)	
13
C	 NMR	 (63	MHz,	 CDCl3)	 δ	 :	 21.4,	 23.1,	 27.7,	 32.4,	 45.7,	 60.4,	 61.3,	 62.3,	 126.8,	 127.0,	

127.04,	128.2,	129.2,	137.6,	140.2,	142.9	

	
N-[(1R,2S)-5-[(Tert-Butyldiphenylsilyl)oxy]-2-(hydroxymethyl)-1-phenylalkyl]-4-	

methylbenzenesulfonamide	(10a-b)		

	

	 To	a	solution	of	the	crude	diol	obtained	from	9a-b	(0.7	mmol)	and	DBU	(0.9	mmol)	in	

DMF	(3.2	mL)	was	added	TBDPSCl	(0.7	mmol)	at	-30°C.	The	reaction	mixture	was	stirred	at	-

30°C	for	30	min,	then	1	h	at	room	temperature.	Water	(10	mL)	was	added	and	the	mixture	

was	extracted	with	CH2Cl2	(3	x	5	mL).	The	organic	phases	were	combined,	dried	over	Na2SO4,	

filtered	and	concentrated	under	reduced	pressure.	The	residue	was	purified	by	flash	column	

chromatography	on	silica	gel,	eluting	with	a	mixture	of	petroleum	ether	and	AcOEt	to	give	

the	title	compound.		

	

N-[(1R,2S)-5-[(Tert-Butyldiphenylsilyl)oxy]-2-(hydroxymethyl)-1-phenylpentyl]-4-	

methylbenzenesulfonamide	(10a)		

	
Yield	=	72%	

Colorless	oil	

[α]D	=	+22.3	(c	1,	CH2Cl2)	

1
H	NMR	(250	MHz,	CDCl3)	δ	:	1.15	(s,	9	H),	1.20-1.51	(m,	5	H),	1.63	(br.	s,	1	H),	2.34	(s,	3	H),	

3.34-3.43	(m,	3	H),	3.56	(d,	J	=	10.5	Hz,	1	H),	4.64	(t,	J	=	5.6	Hz,	1	H),	6.72	(d,	J	=	6.7	Hz,	1	H),	

7.08-7.12	(m,	7	H),	7.33-7.44	(m,	6	H),	7.54	(d,	J	=	8.1	Hz,	2	H),	7.61	(t,	J	=	7.6	Hz,	4	H)	
13
C	NMR	(63	MHz,	CDCl3)	δ	:	19.1,	21.3,	24.6,	26.9,	30.0,	45.5,	60.5,	62.5,	63.6,	126.7,	126.9,	

127.7,	127.8,	128.0,	129.1,	129.9,	130.0,	132.2,	132.4,	135.6,	135.7,	138.3,	140.2,	142.6.		
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N-[(1R,2S)-5-[(Tert-butyldiphenylsilyl)oxy]-2-(hydroxymethyl)-1-phenylpentyl]-4-	

methylbenzenesulfonamide	(10b)		

	

Yield	=	70%	

Colorless	oil	

[α]D	=	+30.2	(c	2,	CH2Cl2)	

1
H	NMR	(250	MHz,	CDCl3)	δ	:	1.04-1.12	(m,	2	H),	1.15	(s,	9	H),	1.22-1.43	(m,	4	H),	1.58	(m,	1	

H),	1.94	(m,	1	H),	2.32	(s,	3	H),	3.35	(dd,	J	=	10.9,	3.9	Hz,	1	H),	3.46	(t,	J	=	6.4	Hz,	2	H),	3.56	(d,	

J	=	10.7	Hz,	1	H),	4.63	(t,	J	=	5.8	Hz,	1	H),	6.79	(d,	J	=	6.7	Hz,	1	H),	7.04-7.17	(m,	7	H),	7.30-7.44	

(m,	6	H),	7.52-7.67	(m,	6	H)	
13
C	NMR	(63	MHz,	CDCl3)	δ	:	19.2,	21.5,	23.2,	27.0,	28.3,	32.5,	45.8,	60.6,	62.4,	63.6,	126.8,	

126.9,	 127.0,	 127.8,	 127.9,	 128.1,	 129.3,	 130.0,	 130.1,	 132.3,	 132.5,	 135.7,	 135.8,	 138.4,	

140.5,	142.7		

	
(2R,3R)-3-(3-[(Tert-butyldiphenylsilyl)oxy)alkyl]-2-phenyl-1-tosylazetidine	(11a-b)		

	

	 To	a	solution	of	10a-b	(0.37	mmol)	and	Et3N	(95	mL,	0.6	mmol)	in	CH2Cl2	(7	mL)	was	

added	MsCl	 (35	mL,	0.48	mmol)	 at	0°C.	 The	 resulting	mixture	was	 stirred	 for	3	h	at	 room	

temperature,	then	water	(2	mL)	was	added.		

The	 organic	 layer	 was	 washed	 with	 water	 (2	 x	 2	 mL)	 dried	 over	 Na2SO4,	 filtered	 and	

concentrated	under	reduced	pressure.	THF	(3	mL)	and	NaH	(20	mg,	0.83	mmol)	were	added	

and	the	resulting	mixture	was	stirred	for	1	h	at	room	temperature	under	Ar.	Water	(2	mL)	

was	 carefully	 added.	 The	 aqueous	 layer	 was	 extracted	with	 Et2O	 (3	 x	 2	mL).	 The	 organic	

phases	 were	 combined,	 washed	 with	 brine	 (5	 mL),	 dried	 over	 Na2SO4,	 filtered	 and	

concentrated	 under	 reduced	 pressure.	 The	 residue	 was	 purified	 by	 flash	 column	

chromatography	on	silica	gel,	eluting	with	a	mixture	of	petroleum	ether	and	AcOEt	to	give	

11a-b.	
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(2R,3R)-3-(3-[(Tert-Butyldiphenylsilyl)oxy)propyl]-2-phenyl-1-tosylazetidine	(11a)		

	

Yield	=	90%	

Pale	yellow	oil	

[α]D	=	+1.2	(c	1,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	1.02	(s,	9	H),	1.37-1.46	(m,	2	H),	1.66	(m,1H),	1.83	(d,	J	=	12.7	

Hz,	1	H),	2.21	(m,	1	H),	2.32	(s,	3	H),	3.11-3.26	(m,	3	H),	3.86	(dd,	J	=	13.2,	2.1	Hz,	1	H),	5.43	

(d,	J	=	5.6	Hz,	1	H),	7.02	(d,	J	=	8.0	Hz,	2	H),	7.13-7.41	(m,	15	H),	7.57	(d,	J	=	7.2	Hz,	2	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	19.1,	21.1,	21.4,	24.5,	26.8,	41.8,	42.6,	57.9,	65.2,	127.1,	127.3,	

127.5,	127.6,	128.0,	129.0,	129.6,	129.7,	133.3,	133.4,	135.4,	135.5,	137.1,	137.7,	142.3	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C35H41NO3SSiNa	:	606.2474	;	found	:	606.2479	

	
(2R,3R)-3-(3-[(Tert-Butyldiphenylsilyl)oxy)butyl]-2-phenyl-1-tosylazetidine	(11b)		

	
Yield	=	87%	

Pale	yellow	oil	

[α]D	=	+21.6	(c	1,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	1.07	(s,	9	H),	1.14-1.46	(m,	3	H),	1.62-1.86	(m,	2	H),	1.87-2.13	

(m,	2	H),	2.34	(s,	3	H),	3.08-3.24	(m,	1	H),	3.25-3.44	(m,	2	H),	3.66-3.81	(m,	1	H),	5.56	(d,	J	=	

3.7	Hz,	1	H),	7.15	(d,	J	=	7.7	Hz,	2	H),	7.23-7.54	(m,	13	H),	7.63	(m,	2	H),	7.72	(d,	J	=	7.4	Hz,	2	

H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	21.5,	25.6,	25.8,	26.9,	28.9,	44.8,	46.0,	60.9,	65.3,	68.0,	126.8,	

127.3,	127.7,	127.8,	128.9,	129.5,	129.7,	133.3,	133.7,	135.5,	137.0,	139.3,	142.8	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C36H43NO3SSiNa	:	620.2572	;	found	:	620.2578	
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N-[(R)-[(R)-Cyclopent-2-enyl](phenyl)methyl]benzamide	(12)		

	
	 To	a	solution	of	the	primary	amine	2a'	(173	mg,	1	mmol)	and	Et3N	(0.14	mL,	1	mmol)	

in	CH2Cl2	(10	mL),	was	added	benzoylchloride	(0.12	mL,	1	mmol).	The	resulting	mixture	was	

stirred	 for	2	h	at	 room	temperature,	 then	water	 (5	mL)	was	added.	The	organic	 layer	was	

dried	 over	 MgSO4,	 filtered	 and	 concentrated	 under	 reduced	 pressure.	 The	 residue	 was	

purified	by	flash	column	chromatography	on	silica	gel,	eluting	with	a	mixture	of	petroleum	

ether	and	AcOEt	to	give	12.		

Yield	=	90%	

White	solid	

mp	137°C	

[α]D	=	+116	(c	1,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	1.90	(m,	1	H),	2.26	(m,	2	H),	2.44-2.67	(m,	2	H),	3.52	(m,	1	H),	

5.40	(dd,	J	=	8.7,	5.2	Hz,	1	H),	5.80	(dq,	J	=	5.7,	2.1	Hz,	1	H),	6.18	(dq,	J	=	5.7,	2.1	Hz,	1H),	6.80	

(d,	J	=	8.7	Hz,	1	H),	7.38-7.70	(m,	8	H),	7.94	(dd,	J	=	8.3,	1.6	Hz,	2	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	27.1,	32.5,	51.5,	56.5,	126.3,	126.8,	126.9,	128.4,	128.5,	129.4,	

131.4,	134.5,	135.0,	141.8,	166.8	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C19H19NONa:	300.1364	;	found	:	300.1367	

	
N-[(1R,2S)-5-Hydroxy-2-(hydroxymethyl]-1-phenylpentyl)benzamide	(13)	

	
	 O3	was	bubbled	 through	a	 solution	of	12	 (360	mg,	1.3	mmol)	 in	 a	1	 :	 1	mixture	of	

MeOH	/	CH2Cl2	(10	mL)	until	a	blue	color	persists.	The	solution	was	stirred	for	30	min,	then,	

degassed	with	a	flow	of	N2.	A	solution	of	NaBH4	(195	mg,	5.2	mmol)	in	MeOH	(10	mL)	was	

added	and	the	resulting	mixture	was	stirred	for	30	min.	Water	(10	mL)	and	CH2Cl2	(10	mL)	

were	added.	The	aqueous	 layer	was	extracted	with	CH2Cl2	 (3	x	10	mL),	 the	organic	phases	

were	 combined,	 dried	 over	MgSO4,	 filtered	 and	 concentrated	 under	 reduced	 pressure	 to	

give	the	corresponding	diol	which	was	used	in	the	next	step	without	purification.	

Yield	=	74%	

Colorless	oil	
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1H	NMR	(250	MHz,	CDCl3)	δ	:	1.37-1.74	(m,	5	H),	2.89	(br	s,	1	H),	4.18	(br	s,	1	H),	3.34-3.62	

(m,	4	H),	5.17	(dd,	J	=	7.5,	5.8	Hz,	1	H),	7.14-7.42	(m,	8	H),	7.72	(d,	J	=	7.3	Hz,	2	H),	7.95	(d,	J	=	

7.5	Hz,	1	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	25.0,	29.9,	44.6,	56.9,	60.7,	62.4,	126.4,	126.9,	127.1,	128.5,	

131.5,	134.0,	141.4,	167.4	

	

3-[(4R,5S)-2,4-Diphenyl-5,6-dihydro-4H-1,3-oxazin-5-yl]propyl	methanesulfonate	(14)		

	

	 To	a	solution	of	the	crude	diol	13	(200	mg,	0.64	mmol)	and	Et3N	(0.23	mL,	1.65	mmol)	

in	CH2Cl2	(5	mL)	was	added	MsCl	(0.12	mL,	1.53	mmol)	at	room	temperature.	The	resulting	

solution	 was	 stirred	 overnight	 at	 room	 temperature,	 then,	 water	 (5	 mL)	 was	 added.	 The	

organic	layer	was	dried	over	MgSO4,	filtered	and	concentrated	under	reduced	pressure.	The	

residue	was	purified	by	flash	column	chromatography	on	silica	gel	(eluting	with	a	mixture	of	

petroleum	ether	and	AcOEt	to	give	14	and	15.	

Yield	=	67%	

Yellow	oil	

[α]D	=	+11.8	(c	1,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	1.40-1.92	(m,	5	H),	2.92	(s,	3	H),	4.04	(dd,	J	=	10.6,	7.5	Hz,	1	H),	

4.10-4.22	(m,	2	H),	4.32	(dd,	J	=	10.9	3.6	Hz,	1	H),	4.44	(d,	J	=	6.4	Hz,	1	H),	7.23-7.45	(m,	5	H),	

8.00	(dd,	J	=	8.1,	1.5	Hz,	2	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	 δ	 :	 25.8,	 26.5,	 37.2,	 38.2,	 61.2,	 66.2,	 69.4,	 127.1,	 127.2,	 127.4,	

128.0,	128.4,	130.6,	133.3,	143.3,	155.3	

	

3-[(2R,3R)-1-Benzoyl-2-phenylazetidin-3-yl]propyl	methanesulfonate	(15)	

	
Yield	=	11%	

Colorless	oil	
1H	NMR	(250	MHz,	CDCl3)	δ	:	1.66-1.93	(m,	4	H),	2.37	(m,	1	H),	2.94	(s,	3	H),	3.59-3.69	(m,	2	

H),	4.21	(	t,	J	=	6.1	Hz,	1	H),	5.48	(dd,	J	=	9.1,	6.4	Hz,	1	H),	7.28-7.53	(m,	8	H),	7.81	(dd,	J	=	8.3,	

1.5	Hz,	2	H)	
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3-[(4R,5S)-2,4-Diphenyl-5,6-dihydro-4H-1,3-oxazin-5-yl]propyl	methanesulfonate	(14)		

	
	 To	a	solution	of	15'	 (60	mg,	0.15	mmol)	 in	a	mixture	of	MeOH	(3	mL)	and	THF	(0.5	

mL),	was	 added	 an	 aqueous	 solution	of	NaOH	 (10%,	 1	mL)	 and	 the	 resulting	mixture	was	

stirred	 for	 2	 h	 at	 room	 temperature	 then,	 the	 solvents	 were	 removed	 under	 reduced	

pressure.	The	residue	was	diluted	in	CH2Cl2	(5	mL)	and	washed	with	water	(2	x	2	mL),	dried	

over	 MgSO4,	 filtered	 and	 concentrated	 under	 reduced	 pressure.	 Dry	 CH2Cl2	 was	 added	

followed	by	Et3N	(80	mL,	0.57	mmol)	and	MsCl	(25	mL,	0.32	mmol).	The	mixture	was	stirred	

for	3	h	at	room	temperature,	then,	water	(2	mL)	was	added.	The	organic	layer	was	washed	

with	water	(2	mL),	dried	over	Na2SO4,	filtered	and	concentrated	under	reduced	pressure	to	

give	14	in	67%	yield.	

Yellow	oil	

[α]D	=	+11.8	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ :	1.40-1.92	(m,	5	H),	2.92	(s,	3	H),	4.04	(dd,	J	=	10.6,	7.5	Hz,	1	H),	

4.10-4.22	(m,	2	H),	4.32	(dd,	J	=	10.9	3.6	Hz,	1	H),	4.44	(d,	J	=	6.4	Hz,	1	H),	7.23-7.45	(m,	5	H),	

8.00	(dd,	J	=	8.1,	1.5	Hz,	2	H)	
13C	 NMR	 	 (63	MHz,	 CDCl3)	δ	:	 25.8,	 26.5,	 37.2,	 38.2,	 61.2,	 66.2,	 69.4,	 127.1,	 127.2,	 127.4,	

128.0,	128.4,	130.6,	133.3,	143.3,	155.3	

	

[(2R,3S)-2-Phenylpiperidin-3-yl]methyl	benzoate	(16)	

	
	 To	 a	 solution	 of	 14	 (71	mg,	 0.19	mmol)	 in	 dioxane	 (5	mL)	was	 added	 an	 aqueous	

solution	 of	 HCl	 (1	 M,	 5	 mL)	 and	 the	 resulting	 solution	 was	 stirred	 overnight	 at	 room	

temperature.	 The	 solution	was	 concentrated	 to	dryness,	 then	diluted	 in	CH2Cl2	 (5	mL).	An	

aqueous	 solution	 of	 NaOH	 (1	 M,	 3	 mL)	 was	 added	 and	 the	 biphasic	 media	 was	 stirred	

vigorously	for	2	h.	The	organic	layer	was	dried	over	Na2SO4,	filtered	and	concentrated	under	

reduced	pressure.	 The	 residue	was	purified	by	 flash	 column	chromatography	on	 silica	 gel,	

eluting	with	a	mixture	of	petroleum	ether	and	AcOEt	to	give	16.	

	Yield	=	61%	

Yellow	oil	
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[α]D	=	+15.7	(c	0.3,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	1.45	(m,	1	H),	1.63	(dd,	J	=	12.9,	3.7	Hz,	1	H),	1.70	(m,	1	H),	1.80	

(br	s,	1	H),	2.00	(m,	1	H),	2.27	(m,	1	H),	2.78	(m,	1	H),	3.20	(m,	1	H),	3.94	(d,	J	=	3.0	Hz,	1	H),	

4.11	(dd,	J	=	11.1,	5.5	Hz,	1	H),	4.50	(dd,	J	=	11.1,	8.6	Hz,	1	H),	7.09-7.30	(m,	7	H),	7.40	(tt,	J	=	

7.4,	1.2	Hz,	1	H),	7.68	(dd,	J	=	8.2,	1.4	Hz,	2	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	20.9,	27.6,	39.4,	48.0,	62.9,	63.1,	126.3,	126.8,	128.0,	128.4,	

129.4,	130.4,	132.5,	143.1,	166.4	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C19H22NO2	:	296.1651	;	found	:	296.1646		

	

General	procedure	for	bis-Boc	protection	of	(2a)	and	(3b).	Compound	(17a-b)	

	

		 To	a	solution	of	2a	or	3b	(2.7	mmol)	in	a	1:1	mixture	of	MeOH/CH2Cl2	(28	mL)	at	0	°C	

was	added	Pb(OAc)4	(1.5	g,	3.37	mmol)	in	one	portion.	The	solution	was	stirred	for	1	h	;	then	

NH2OH·HCl	 (1.9	 g,	 27	 mmol)	 was	 added	 at	 0	 °C.	 The	 stirring	 was	 continued	 at	 room	

temperature	 for	 1	h.	 The	 solvents	were	 removed	under	 reduced	pressure.	 CH2Cl2	 (40	mL)	

was	added,	and	the	solid	was	filtered	off.	The	filtrate	was	washed	with	an	aqueous	solution	

of	NaOH	(10	%,	3	×	10	mL),	dried	with	MgSO4	and	filtered.	Et3N	(0.42	mL,	3	mmol)	and	Boc2O	

(0.59	g,	2.7	mmol)	were	added	to	the	filtrate,	and	the	resulting	mixture	was	stirred	for	4	h.	

The	 solvent	 was	 removed	 under	 reduced	 pressure.	 The	 residue	 was	 purified	 by	 column	

chromatography	on	 silica	 gel	 eluting	with	a	5:1	mixture	of	PE/Et2O	 to	give	 the	mono-Boc-

protected	amine	(646	mg,	87	%).	To	a	solution	of	the	above	mono-Boc-protected	amine	(646	

mg,	2.36	mmol)	in	THF	(10	mL)	was	added	a	solution	of	n-BuLi	(2.5	M	in	hexanes,	0.94	mL,	

2.36	mmol)	at	-78	°C.	The	solution	was	stirred	for	30	min,	then	a	solution	of	Boc2O	(510	mg,	

2.36	mmol)	in	THF	(2	mL)	was	added.	The	solution	was	stirred	at	room	temperature	for	12	h,	

then	water	 (5	mL)	was	added.	The	aqueous	 layer	was	extracted	with	Et2O	 (2	×	5	mL),	 the	

organic	phases	were	combined,	dried	with	Na2SO4,	filtered	and	concentrated	under	reduced	

pressure.	The	residue	was	purified	by	flash	column	chromatography	on	silica	gel	eluting	with	

a	5:1	mixture	of	PE/Et2O	to	give	17a-b.	
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{(R)-[(R)-cyclopent-2-en-1-yl](di-tert-butoxycarbonylamino)-methyl}benzene	(17a)	

	
Yield	=	78%	

Colorless	oil	

[α]D	=	+70	(c	2,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.43	(d,	J	=	6.9	Hz,	2	H),	7.36-7.18	(m,	3	H),	5.86	(d,	J	=	5.5	Hz,	1	

H),	5.76	(d,	J	=	5.5	Hz,	1	H),	5.03	(d,	J	=	10.9	Hz,	1	H),	3.93-3.81	(m,	1	H),	2.50-2.28	(m,	2	H),	

2.15-2.01	(m,	1	H),	1.48-1.38	(m,	1	H),	1.38	(s,	18	H)		
13C	NMR	(63	MHz,	CDCl3)	δ	:	139.9,	132.6,	131.8,	128.3,	127.9,	127.0,	82.0,	63.8,	46.6,	32.1,	

29.1,	27.8	;	1	C	resonance	was	not	discernible	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C22H31NO4Na	:	396.2151	;	found	:	396.2150	

	
{(R)-[(R)-cyclohex-2-en-1-yl](di-tert-butoxycarbonylamino)-	methyl}benzene	(17b)	

	
Yield	=	73%	

Colorless	oil	

[α]D	=	+73.7	(c	2,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.36	(d,	J	=	8.0	Hz,	2	H),	7.28-7.10	(m,	3	H),	5.76	(d,	J	=	10.3	Hz,	

1	H),	5.66	(d,	J	=	10.3	Hz,	1	H),	4.95	(d,	J	=	11.2	Hz,	1	H),	3.33-3.21	(m,	1	H),	1.97-1.89	(m,	2	

H),	1.69-1.47	(m,	3	H),	1.32	(s,	18	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	153.2,	139.2,	129.2,	128.7,	127.9,	127.5,	127.2,	81.9,	63.7,	34.7,	

27.8,	27.3,	27.1,	25.2,	20.2	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C23H33NO4Na	:	410.2307	;	found	410.2314	
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General	procedure	for	the	oxobromination	of	(17a-b).	Compounds	(17a')	and	(17b')	

		

	 A	solution	of	17a	or	17b	(1.85	mmol)	and	NBS	(507	mg,	2.77	mmol)	in	CH2Cl2	(10	mL)	

was	stirred	under	reflux	for	36	h.	The	solvent	was	removed	under	reduced	pressure,	and	the	

residue	was	purified	by	flash	column	chromatography	on	silica	gel	eluting	with	a	5:1	mixture	

of	PE/Et2O	to	give	17a'-b'.	

	

tert-Butyl	(4R,4aS,7R,7aR)-7-bromo-2-oxo-4-phenylhexahydrocyclopenta[e][1,3]oxazine-

3(2H)-carboxylate	(17aʹ)	

	
Yield	=	81%	

White	solid	

mp	108	°C	

[α]D	=	-15.2	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.46-7.18	(m,	5H),	5.40	(d,	J	=	2.3Hz,	1H),	4.70	(d,	J	=	4.8Hz,	1H),	

4.37	(d,	J	=	5.1	Hz,	1	H),	3.19-3.12	(m,	1	H),	2.64-2.36	(m,	2	H),	2.26-2.17	(m,	1	H),	1.74	(m,	1	

H),	1.87-1.78	(m,	1	H),	1.40	(s,	9	H)		
13C	NMR	 (63	MHz,	CDCl3)	δ	:	151.5,	140.0,	129.1,	127.9,	125.0,	85.4,	84.3,	59.7,	52.2,	40.6,	

33.5,	27.7,	26.2	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C18H22BrNO4Na	:	418.0630	;	found	418.0641	

	
tert-Butyl	(4R,4aS,8R,8aR)-8-Bromo-2-oxo-4-phenylhexahydro-2H-benzo[e][1,3]oxazine-

3(4H)-carboxylate	(17bʹ)	

	

Yield	=	73%	

White	solid		

mp	149	°C		

[α]D	=	-32.5	(c	2,	CH2Cl2)	
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1H	NMR	(250	MHz,	CDCl3)	δ	:	7.46-7.29	(m,	3	H),	7.21	(d,	J	=	7.4	Hz,	2	H),	5.12	(s,	1	H),	4.44	

(br	s,	1	H),	4.40	(br	s,	1	H),	2.61-2.51	(m,	1	H),	2.17	(ddd,	J	=	15.8,	9.9,	3.4	Hz,	1	H),	1.96-1.55	

(m,	5	H),	1.29	(s,	9	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	150.7,	148.0,	140.2,	128.7,	127.7,	124.8,	83.7,	73.6,	63.0,	47.8,	

34.7,	27.4,	27.2,	24.9,	18.8	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C19H24BrNO4Na	:	432.0786	;	found	432.0778	

	

General	procedure	for	the	dehydrobromination.	Compounds	(18a-b)	

	

	 To	a	solution	of	17a'	or	17b'	(0.75	mmol)	in	THF	(1.5	mL),	was	added	DBU	(0.33	mL,	

2.25	mmol).	The	resulting	solution	was	stirred	under	 reflux	 for	12	h,	 then	 the	solvent	was	

removed	under	reduced	pressure.	The	residue	was	purified	by	column	chromatography	on	

silica	gel	eluting	with	a	5:1	mixture	of	PE/Et2O	to	give	18a-b.	

	
tert-Butyl	(4R,4aS,7aS)-2-oxo-4-phenyl-4,4a,5,7a-tetrahydrocyclopenta[e][1,3]oxazine-

3(2H)-carboxylate	(18a)	

	
Yield	=	81%	

Colorless	oil	

[α]D	=	+98	(c	2,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.23-7.13	(m,	5	H),	5.45	(s,	1	H),	5.78	(s,	1	H),	6.07	(d,	J	=	4.9	Hz,	

1	H),	5.22	(d,	J	=	8.2	Hz,	1	H),	3.26	(q,	J	=	7.5	Hz,	1	H),	2.75	(dd,	J	=	17.5,	8.5	Hz,	1	H),	2.47-

2.32	(m,	1	H),	1.42	(s,	9	H)		
13C	 NMR	 (63	MHz,	 CDCl3)	 δ	 :	 152.8,	 150.2,	 139.3,	 138.0,	 129.8,	 128.9,	 127.7,	 125.8,	 84.7,	

83.8,	59.1,	40.0,	37.6,	27.9	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C18H21NO4Na	:	338.1368	;	found	338.1376	
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tert-Butyl	(4R,4aS,8aS)-2-oxo-4-phenyl-4,4a,5,6-tetrahydro-2H-benzo[e][1,3]oxazine-

3(8aH)-carboxylate	(18b)	

	

Yield	=	95%	

White	solid		

mp	136	°C	

[α]D	=	+2.6	(c	1.3,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.46-7.20	(m,	5	H),	6.06-5.97	(m,	1	H),	5.84-5.76	(m,	1	H),	5.18	

(d,	J	=	2.6	Hz,	1	H),	4.60	(d,	J	=	4.4	Hz,	1	H),	2.40-2.09	(m,	3	H),	1.91-1.77	(m,	2	H),	1.34	(s,	9	

H)		
13C	 NMR	 (63	MHz,	 CDCl3)	 δ	 :	 151.4,	 148.4,	 140.8,	 133.6,	 128.7,	 127.6,	 125.0,	 123.3,	 83.5,	

69.8,	62.3,	38.1,	27.4,	24.8,	22.1		

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C19H23NO4Na	:	352.1525	;	found	352.1524	

	
tert-Butyl	(4R,4aS,8aR)-7-Allyl-2-oxo-4-phenylhexahydro-2H-	pyrido[4,3-e][1,3]oxazine-

3(4H)-carboxylate	(19)	

	

	 O3	was	bubbled	through	a	solution	of	18a	(200	mg,	0.64	mmol)	in	CH2Cl2	(10	mL)	until	

a	blue	color	persisted.	The	solution	was	stirred	for	15	min,	degassed	with	a	flow	of	N2	prior	

to	 Me2S	 addition	 (0.2	 mL).	 The	 solution	 was	 slowly	 warmed	 to	 room	 temperature,	 then	

allylamine	(75	μL,	1	mmol),	NaBH3CN	(169	mg,	2.5	mmol),	and	AcOH	(one	drop)	were	added.	

The	resulting	mixture	was	stirred	at	room	temperature	for	36	h.	Water	(10	mL)	was	added.	

The	organic	layer	was	dried	with	MgSO4,	filtered,	and	concentrated	under	reduced	pressure.	

The	residue	was	purified	by	column	chromatography	on	silica	gel	eluting	with	AcOEt	to	give	

19	as	a	colorless	oil	(104	mg,	48	%).		

[α]D	=	-16.8	(c	0.5,	CH2Cl2)	
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1H	NMR	(250	MHz,	CDCl3)	δ	:	7.42-7.30	(m,	3	H),	7.23	(d,	J	=	7.9	Hz,	2	H),	5.84	(ddt,	J	=	16.7,	

10.1,	6.5	Hz,	1	H),	5.21-5.11	(m,	3	H),	4.35	(br	s,	1	H),	3.17	(d,	J	=	12.5	Hz,	1	H),	3.04-2.97	(m,	

3	H),	2.10-1.86	(m,	4	H),	1.81-1.77	(m,	1	H),	1.30	(s,	9	H)		
13C	 NMR	 (63	MHz,	 CDCl3)	 δ	 :	 151.4,	 148.9,	 141.1,	 134.7,	 128.9,	 127.8,	 125.1,	 118.0,	 83.7,	

70.8,	62.2,	60.9,	55.6,	51.4,	38.3,	27.5,	25.6	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C21H29N2O4	:	373.2127	;	found	373.2138	

	
tert-butyl	{(R)-[(3R,4S)-1-allyl-3-hydroxypiperidin-4-yl]-(phenyl)methyl}carbamate	(20)	

	

	 To	a	 solution	of	19	 (71	mg,	0.19	mmol)	 in	MeOH	 (2	mL)	was	added	CsCO3	 (10	mg,	

0.05	mmol),	 and	 the	mixture	was	 stirred	at	 room	 temperature	 for	48	h.	 The	 reaction	was	

quenched	with	a	saturated	solution	of	NH4Cl	 (1	mL),	and	 the	aqueous	 layer	was	extracted	

with	CH2Cl2	(4	×	2	mL).	The	combined	organic	phases	were	dried	with	Na2SO4,	filtered,	and	

concentrated	under	reduced	pressure.	The	residue	was	purified	by	column	chromatography	

on	silica	gel	eluting	with	Et2O	to	give	20	(40	mg,	61	%)	as	a	white	solid.		

mp	121	°C	

[α]D	=	+48.7	(c	0.6,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.38-7.23	(m,	5	H),	6.10	(d,	J	=	8.5	Hz,	1	H),	5.84	(ddt,	J	=	16.8,	

10.3,	6.0	Hz,	1	H),	5.21-5.10	(m,	2	H),	4.71	(t,	J	=	7.3	Hz,	1	H),	3.74	(br	s,	1	H),	3.55-3.44	(m,	1	

H),	3.05-2.91	(m,	4	H),	2.02-1.85	(m,	3	H),	1.68-1.55	(m,	1	H),	1.42	(s,	9	H)	

	13C	NMR	(63	MHz,	CDCl3)	δ	:	156.1,	141.8,	134.7,	128.5,	127.0,	126.5,	118.1,	79.3,	65.1,	61.1,	

59.6,	57.4,	53.0,	28.4,	24.4	

HRMS-ESI	:	m/z	[M+H]+	calcd.	for	C20H31N2O3	:	347.2335	;	found	347.2330	

	

General	procedure	for	the	copper-mediated	allylic	methylation.	Compounds	(21a-b)		

	

	 To	 a	 suspension	 of	 CuBr·Me2S	 (131	mg,	 0.64	mmol)	 in	 THF	 (1.5	mL)	 was	 added	 a	

solution	of	MeMgBr	 (3	M	 in	THF,	 0.21	mL,	 0.63	mmol)	 at	 0	 °C.	 The	 resulting	mixture	was	

stirred	 at	 0	 °C	 for	 1	 h,	 then	 a	 solution	 of	 18a	 or	 18b	 (100	 mg,	 0.32	 mmol)	 was	 added	

dropwise.	The	mixture	was	stirred	at	room	temperature	for	5	h,	then	a	solution	of	NaOH	(1	

M,	 1.5	mL)	was	 added,	 and	 the	 stirring	was	 continued	 overnight.	 The	 aqueous	 layer	was	

extracted	 with	 Et2O	 (3	 ×	 2	 mL).	 The	 organic	 phases	 were	 combined,	 dried	 with	 Na2SO4,	
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filtered,	and	concentrated	under	reduced	pressure.	The	residue	was	purified	by	flash	column	

chromatography	on	silica	gel	eluting	with	a	mixture	of	PE/Et2O	to	give	21a-b.		

	

tert-butyl	{(R)-[(1R,4R)-4-methylcyclopent-2-en-1-yl](phenyl)-methyl}carbamate	(21a)	

	
Yield	=	74%	

White	solid	

mp	92	°C	

[α]D	=	+100	(c	0.5,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.40-7.11	(m,	5	H),	5.82	(dt,	J	=	5.7,	2.0	Hz,	1	H),	5.49-5.44	(m,	1	

H),	4.93	(br	d,	J	=	7.5	Hz,	1	H),	4.68	(br	s,	1	H),	3.20	(br	s,	1	H),	2.85-2.75	(m,	1	H),	1.93	(ddd,	J	

=	13.0,	8.3,	4.5	Hz,	1	H),	1.52	(ddd,	J	=	13.8,	9.0,	5.5	Hz,	1	H),	1.42	(s,	9	H),	0.98	(d,	J	=	6.9	Hz,	

3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	155.6,	142.6,	140.7,	128.2,	126.7,	126.2,	79.3,	57.7,	51.6,	39.7,	

28.3,	21.2	

HRMS-ESI	:	m/z	[M+Na]+	calcd.	for	C18H25NO2Na	:	310.1783	;	found	310.1777		

	

tert-Butyl	{(R)-[(1R,4R)-4-Methylcyclohex-2-en-1-yl](phenyl)-	methyl}carbamate	(21b)	

	
Yield	=	89%	

White	solid		

mp	150	°C	

[α]D	=	+118	(c	0.2,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.39-7.12	(m,	5H),	5.66	(d,	J	=	10.2Hz,	1H),	5.45	(d,	J	=	9.7Hz,	

1H),	4.91	(d,	J	=	6.9	Hz,	1	H),	4.61	(br	s,	1	H),	2.57-2.44	(m,	1	H),	2.23-2.09	(m,	1	H),	1.91-1.56	

(m,	2	H),	1.43	(s,	9	H),	1.36-1.08	(m,	2	H),	0.94	(d,	J	=	7.0	Hz,	3	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	:	137.6,	128.3,	126.8,	126.3,	124.7,	41.8,	31.2,	30.7,	28.4,	27.3,	

21.6	;	2	C	resonances	were	not	discernible		

HRMS-ESI	:	m/z	[M+Na]+	calcd.	for	C19H27NO2Na	:	324.1939	;	found	:	324.1945	
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tert-butyl	{(R)-[(1R,4S)-4-azidocyclopent-2-en-1-yl](phenyl)-	methyl}carbamate	(22)	

	
	 To	a	solution	18a	 (146	mg,	0.46	mmol)	and	Pd(PPh3)4	 (20	mg,	0.024	mmol)	 in	a	2:1	

mixture	of	degassed	THF/	H2O	(4.5	mL)	was	added	a	solution	of	NaN3	(65	mg,	1	mmol)	in	H2O	

(0.5	mL).	The	resulting	mixture	was	stirred	at	room	temperature	under	argon	for	10	h.	The	

reaction	mixture	was	diluted	with	Et2O	(5	mL),	the	aqueous	layer	was	extracted	with	Et2O	(5	

mL),	 the	 organic	 phases	 were	 combined,	 washed	 with	 brine	 (5	 mL),	 dried	 with	 Na2SO4,	

filtered,	and	concentrated	under	reduced	pressure.	The	residue	was	purified	by	flash	column	

chromatography	on	silica	gel	eluting	with	a	mixture	of	PE/Et2O	(4:1)	to	give	22	(99	mg,	68	%)	

as	a	pale	yellow	solid.		

mp	109	°C	

[α]D	=	+6.5	(c	0.5,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.46-7.11	(m,	5	H),	5.91-5.80	(m,	2	H),	4.97	(d,	J	=	8.6	Hz,	1	H),	

4.78-4.67	(m,	1	H),	4.43	(br	dd,	J	=	6.5,	5.2	Hz,	1	H),	3.14	(br	s,	1	H),	2.40	(dt,	J	=	14.8,	8.4	Hz,	

1	H),	1.63	(dt,	J	=	13.6,	4.8	Hz,	1	H),	1.48-1.11	(m,	10	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	155.5,	135.0,	132.1,	128.5,	127.2,	126.2,	79.6,	66.4,	56.9,	51.0,	

33.4,	28.3	;	1	C	resonance	was	not	discernible	

HRMS-ESI	:	m/z	[M+Na]+	calcd.	for	C17H22N4O2Na	:	337.1640	;	found	337.1631	

	

(4R,4aS,7R,8R,8aR)-7,8-Dihydroxy-7,8-isopropylidene-4-phenyl-	octahydro-2H-

benzo[e][1,3]oxazin-2-one	(23)		

	

	 A	mixture	of	the	diol	18b	 (152	mg,	0.42	mmol),	DMP	(1	mL,	8.4	mmol)	and	APTS	(8	

mg,	 0.04	 mmol)	 in	 CH2Cl2	 (1	 mL)	 was	 stirred	 for	 12	 h,	 then	 the	 reaction	 mixture	 was	

concentrated	under	reduced	pressure.	The	residue	was	purified	by	column	chromatography	

on	silica	gel	eluting	with	a	mixture	of	PE/AcOEt	(50:50	to	10:90)	to	give	23	(90	mg,	71	%)	as	a	

white	solid.		

mp	220°C	

[α]D	=	–59	(c		0.9,	CH2Cl2)	
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1H	NMR	(250	MHz,	CDCl3)	δ	:	7.45-7.22	(m,	5	H),	6.67	(br	s,	1	H),	4.48-4.39	(m,	2	H),	4.32	(q,	J	

=	5.8	Hz,	1	H),	4.19	(dd,	J	=	5.6,	3.0	Hz,	1	H),	2.20-2.11	(m,	1	H),	2.03-1.57	(m,	4	H),	1.40	(s,	3	

H),	1.30	(s,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	153.5,	141.3,	128.8,	127.9,	125.7,	108.7,	74.0,	72.9,	72.2,	58.3,	

34.7,	27.7,	25.53,	25.49,	21.2	

HRMS-	ESI	:	m/z	[M+Na]+	calcd.	for	C17H21NO4Na	:	326.1368	;	found	326.1373	

	

(3aS,4R,5S,7aR)-5-[(R)-Amino(phenyl)methyl]-2,2-dimethylhexa-	

hydrobenzo[d][1,3]dioxol-4-ol	(23')	

	

	 To	 a	 solution	 of	 23	 (83	 mg,	 0.27	 mmol)	 in	 EtOH	 (5	 mL)	 was	 added	 an	 aqueous	

solution	of	NaOH	(10	%,	5	mL),	and	the	resulting	mixture	was	heated	to	reflux	for	12	h.	EtOH	

was	removed	under	reduced	pressure,	and	the	residue	was	extracted	with	CH2Cl2	(3	×	5	mL).	

The	 organic	 phases	 were	 combined,	 dried	 with	 Na2SO4,	 filtered,	 and	 concentrated	 under	

reduced	pressure	to	give	pure	23'	(76	mg,	94	%)	as	a	white	solid.		

mp	118	°C	

[α]D	=	+1.6	(c	0.7,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.44–7.21	(m,	5	H),	4.37–4.28	(m,	1	H),	4.21	(d,	J	=	5.8	Hz,	1	H),	

4.09–	4.05	(m,	2	H),	1.99–1.89	(m,	2	H),	1.65–1.50	(m,	3	H),	1.45	(s,	3	H),	1.31	(s,	3	H)		
13C	NMR	(63	MHz,	CDCl3)	δ	:	21.5,	26.0,	27.2,	28.2,	41.8,	58.2,	69.3,	73.0,	77.6,	107.8,	126.0,	

127.3,	128.6,	143.4		

HRMS-ESI	:	m/z	[M+Na]+	calcd.	for	C16H23NO3Na	:	300.1576	;	found	300.1583	

	

tert-Butyl	((1R,2S)-5-((tert-butyldiphenylsilyl)oxy)-2-(hydroxymethyl)-1-

phenylpentyl)carbamate	(24)	

	
	 To	a	solution	of	the	crude	diol	5	(0.7	mmol)	and	DBU	(192	mg,	0.9	mmol)	in	DMF	(3.2	

mL)	was	added	TBDPSCl	(192	mg,	0.7	mmol)	at	-30°C.	The	reaction	mixture	was	stirred	at	-

30°C	for	30	min,	then	1	h	at	room	temperature.	Water	(10	mL)	was	added	and	the	mixture	

was	extracted	with	CH2Cl2	(3	x	5	mL).	The	organic	phases	were	combined,	dried	over	Na2SO4,	
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filtered	and	concentrated	under	reduced	pressure.	The	residue	was	purified	by	flash	column	

chromatography	on	silica	gel,	eluting	with	a	mixture	of	petroleum	ether	and	AcOEt	to	give	24	

as	colorless	oil.		

Yield	=	70%	

[α]D	=	+13.1	(c	2,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	0.96	(s,	9	H),	1.42	(s,	9	H),	1.47-1.55	(m,	3	H),	1.59-1.74	(m,	2	

H),	3.10	(br	s,	1	H),	3.48-3.77	(m,	4	H),	4.62	(t,	J	=	8.3	Hz,	1	H),	5.39	(d,	J	=	8.4	Hz,	1	H),	7.18-

7.44	(m,	11	H),	7.51-7.65	(m,	4	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	24.2,	26.9,	28.4,	30.2,	45.8,	56.9,	63.8,	79.7,	126.9,	127.4,	127.6,	

128.98,	129.6,	132.3,	135.6,	140.4,	156.6	

HRMS-ESI	:	m/z	[M+Na]+	calcd.	for	C17H27NO4Na	:	332.1832	;	found	332.1834	

	
(S)-2-((R)-((tert-Butoxycarbonyl)amino)(phenyl)methyl)-5-((tert-

butyldiphenylsilyl)oxy)pentyl	methanesulfonate	(25)	

	
	 To	a	solution	of	24	 (124	mg,	0.40	mmol)	and	Et3N	(0.08	mL,	0.6	mmol)	 in	CH2Cl2	 (4	

mL)	was	added	MsCl	(0.04	mL,	0.48	mmol)	at	0°C.	The	resulting	mixture	was	stirred	for	3	h	at	

room	temperature,	then	water	(2	mL)	was	added.		

The	 organic	 layer	 was	 washed	 with	 water	 (2	 x	 2	 mL)	 dried	 over	 Na2SO4,	 filtered	 and	

concentrated	under	reduced	pressure.	THF	(3	mL)	and	NaH	(20	mg,	0.83	mmol)	were	added	

and	the	resulting	mixture	was	stirred	for	1	h	at	room	temperature	under	Ar.	Water	(2	mL)	

was	 carefully	 added.	 The	 aqueous	 layer	 was	 extracted	with	 Et2O	 (3	 x	 2	mL).	 The	 organic	

phases	 were	 combined,	 washed	 with	 brine	 (5	 mL),	 dried	 over	 Na2SO4,	 filtered	 and	

concentrated	 under	 reduced	 pressure.	 The	 residue	 was	 purified	 by	 flash	 column	

chromatography	on	silica	gel,	eluting	with	a	mixture	of	petroleum	ether	and	AcOEt	to	give	25	

as	colorless	oil.	

[α]D	=	+5.9	(c	0.7,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	1.0	(s,	9	H),	1.40	(s,	9	H),	1.25	(m,	1	H),	1.50-1.68	(m,	3	H),	2.13	

(m,	1	H),	2.96	(s,	3	H),	3.59	(m,	2	H),	4.21	(d,	J	=	4.0	Hz,	2	H),	4.79	(t,	J	=	9.1	Hz,	1	H),	5.11	(d,	J	

=	9.3,	1	H),	7.13-7.48	(m,	11	H),	7.51-7.69	(m,	4	H)	
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13C	NMR	 (63	MHz,	CDCl3)	δ	 :	19.2,	24.5,	26.9,	28.4,	29.5,	37.1,	43.1,	55.6,	63.5,	69.1,	79.7,	

126.6,	127.6,	127.7,	128.8,	129.6,	133.8,	135.6,	140.7,	155.4	

	

tert-Butyl	((1R,2R)-2-(azidomethyl)-5-((tert-butyldiphenylsilyl)oxy)-1-

phenylpentyl)carbamate	(26)	

	
	 A	mixture	of	25	 (141	mg,	0.23	mmol)	and	NaN3	 (30	mg,	0.46	mmol)	 in	DMF	(1	mL)	

was	stirred	at	40°C	for	12	h.	The	solvent	was	removed	under	high	vaccum.	The	residue	was	

separated	between	CH2Cl2	and	H2O.	The	organic	 layer	was	dried	over	Na2SO4,	 filtered	and	

concentrated	 under	 reduced	 pressure.	 The	 residue	 was	 purified	 by	 flash	 column	

chromatography	on	silica	gel,	eluting	with	a	mixture	of	petroleum	ether	and	AcOEt	to	give	26	

(95	mg,	79%)	as	a	white	solid.	

[α]D	=	+13.8	(c	0.9,	CH2Cl2)	

1H	NMR	 (250	MHz,	CDCl3)	δ	 :	1.03	(s,	9	H),	1.42	(s,	9	H),	1.48-1.67	(m,	4	H),	1.90	(m,	1	H),	

3.30	(m,	2	H),	3.63	(t,	J	=	5.6	Hz,	2	H),	4.79	(m,	1	H),	5.42	(d,	J	=	9.0	Hz,	1	H),	7.15-7.45	(m,	11	

H),	7.60-7.69	(m,	4	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	19.2,	25.4,	26.9,	28.4,	29.7,	43.0,	51.8,	56.4,	63.7,	79.6,	126.4,	

127.2,	127.7,	128.6,	129.6,	133.9,	135.6,	141.3,	155.5	

HRMS-ESI	:	m/z	[M+Na]+	calcd.	for	C33H44NO3SiNa	:	595.3080	;	found	595.3075	

	

(4R,5S)-5-(3-azidopropyl)-2,4-diphenyl-5,6-dihydro-4H-1,3-oxazine	(27)	

	

	 A	mixture	of	14	 (150	mg,	0.40	mmol)	and	NaN3	 (52	mg,	0.80	mmol)	 in	DMF	(1	mL)	

was	stirred	at	40°C	for	12	h.	The	solvent	was	removed	under	high	vaccum.	The	residue	was	

separated	between	CH2Cl2	and	H2O.	The	organic	 layer	was	dried	over	Na2SO4,	 filtered	and	

concentrated	 under	 reduced	 pressure.	 The	 residue	 was	 purified	 by	 flash	 column	

chromatography	on	silica	gel,	eluting	with	a	mixture	of	petroleum	ether	and	AcOEt	to	give	27	

(103	mg,	80%)	as	a	white	solid.		

[α]D	=	-12.6	(c	1,	CH2Cl2)	
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1H	NMR		(250	MHz,	CDCl3)	δ	 :	1.34-1.73	(m,	4	H),	1.72-1.93	(m,	1	H),	3.18	(dd,	J	=	12.3,	6.17	

Hz,	1	H),	3.25	(dd,	J	=	12.3,	6.17	Hz,	1	H),	4.04	(dd,	J	=	10.9,	7.6	Hz,	1	H),	4.32	(dd,	J	=	10.8,	3.7	

Hz,	1	H),	4.44	(d,	J	=	6.5	Hz,	1	H),	7.19-7.45	(m,	8	H),	7.95-8.04	(m,	2	H)	
13C	NMR	 	 (63	MHz,	CDCl3)	δ	:	26.3,	27.2,	38.5,	51.3,	61.4,	66.5,	127.1,	127.3,	127.5,	128.1,	

128.4,	130.6,	133.5,	143.4,	155.3	

	

(S)-5-azido-2-((R)-(benzylamino)(phenyl)methyl)pentan-1-ol	(28)	

	
	 A	mixture	of	27	(50	mg,	0.16	mmol)	and	NaBH3CN	(30	mg,	0.45	mmol)	in	acetic	acid	

(0.5	mL)	was	stirred	for	24	h.	Water	(4	mL)	was	added	and	the	mixture	was	extracted	with	

CH2Cl2	 (3	 x	 5	 mL).	 The	 organic	 phases	 were	 combined,	 dried	 over	 Na2SO4,	 filtered	 and	

concentrated	 under	 reduced	 pressure.	 The	 residue	 was	 purified	 by	 flash	 column	

chromatography	on	silica	gel,	eluting	with	a	mixture	of	petroleum	ether	and	AcOEt	to	give	28	

(41	mg,	81%)	as	oil.		

[α]D	=	+27.6	(c	0.3,	CH2Cl2)	

1H	NMR	(250	MHz,	CDCl3)	δ	:	0.81-1.09	(m,	3	H),	1.28	(m,	2	H),	1.50	(m,	1	H),	1.90	(m,	1	H),	

2.99	(dd,	J	=	12.3,	6.7	Hz,	1	H),	3.08	(dd,	J	=	12.3,	6.7	Hz,	1	H),	3.46-3.50	(m,	2H),	3.57-3.68	

(m,	2	H),	3.82	(dd,	J	=	11.8,	3.0	Hz,	1	H),	7.09-7.52	(m,	10	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	 δ	 :	 26.3,	 26.4,	 44.8,	 51.2,	 51.3,	 67.2,	 68.4,	 127.2,	 127.4,	 127.7,	

128.4,	128.6,	128.9,	138.9,	141.7	

HRMS-ESI	:	m/z	[M+H]+	calcd.	for	C19H25N4O	:	325.2028	;	found	325.2018	
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Compounds	from	part	III	

 General	procedure	for	the	synthesis	of	homoallylic	alcohools	(29),	(30),	(31)	and	

(32)	

	

	 To	a	solution	of	Cp2TiCl2	(50	mg,	0.2	mmol)	and	1,3-diene	(0.8	mmol)	in	THF	(10	mL),	

was	 slowly	 added	 a	 solution	 of	 DIBAL-H	 (1	 M	 in	 THF,	 2.2	 mL,	 2.2	 mmol)	 at	 room	

temperature.	The	resulting	mixture	was	stirred	for	4	h	at	40°C,	then	cooled	down	to	-30°C.	A	

solution	of	electrophile	(1	mmol)	in	THF	(1	mL)	was	added.	The	resulting	mixture	was	stirred	

for	2	h	at	 -30°C;	 then,	 an	aqueous	 solution	of	NaOH	 (10%,	5	mL)	was	added.	After	2	h	of	

stirring,	the	organic	 layer	was	collected,	the	aqueous	phase	was	extracted	with	Et2O	(2	x	5	

mL),	 the	 organic	 phases	 were	 combined,	 washed	 with	 brine	 (5	 mL)	 dried	 over	 Na2SO4,	

filtered	and	concentrated.	The	residue	was	purified	by	column	chromatography	on	silica	gel	

eluting	with	a	mixture	of	PE	and	AcOEt	to	give	the	corresponding	homoallylic	alcohol.	

	

(1R,2R,5S)-2-Isopropyl-5-methyl-[1,1'-bi(cyclohexan)]-2'-en-1-ol	(29)	

	
Yield	=	76%	

Colorless	oil	

Mixture	of	isomers	(rd	:	1.8/1)		
1H	NMR	(250	MHz,	CDCl3)	δ	:	0.78-0.96	(m,	9	H),	1.13-1.32	(m,	1	H),	1.37-1.67	(m,	7	H),	1.69-

1.90	(m,	4	H),	1.98	(m,	2	H),	2.07-2.28	(m,	2	H),	2.59	(m,	1	H),	5.47-5.66	(m,	0.67	H),	5.65-

5.91	(m,	1.33	H)	

Major	isomer	:		
13C	NMR	(63	MHz,	CDCl3)	δ	:	128.8,	127.7,	77.1,	46.2,	42.7,	42.4,	35.1,	28.0,	25.5,	25.0,	23.5,	

23.0,	22.7,	22.6,	20.4,	18.0	

Minor	isomer	:		
13C	NMR	(63	MHz,	CDCl3)	δ	:	128.5,	127.9,	46.1,	43.4,	41.4,	35.1,	27.9,	25.2,	24.9,	24.3,	22.9,	

20.4,	18.1	;	1	C	is	missing	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C16H28ONa	:	259.2038	;	found	:	259.2031	
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(1S,2S,4R)-2-[(R)-Cyclohex-2-en-1-yl]-1,7,7-trimethylbicyclo[2.2.1]heptan-2-ol	(30-syn)	

	

Yield	=	82%	

Colorless	oil	

[α]D	=	+15.3	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	5.96	(dt,	J	=	10.5,	3.3	Hz,	1	H),	5.67	(d,	J	=	10.2	Hz,	1	H),	2.34	(m,	

1	H),	2.07-1.66	(m,	7	H),	1.58-1.39	(m,	6	H),	1.09-1.01	(m,	4	H),	0.94	(s,	3	H),	0.83	(s,	3	H)		
13C	NMR	(63	MHz,	CDCl3)	δ	:	132.1,	128.1,	81.4,	52.1,	50.4,	46.9,	44.6,	29.7,	27.6,	25.4,	25.0,	

22.0,	21.4,	20.8,	12.3	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C16H26ONa	:	257.1881;	found	:	257.1886	

	

Cyclohex-2-en-1-yl(1-tosylpyrrolidin-2-yl)methanol	(31)	

	
Yield	=	97%		

Mixture	of	isomers	(	dr	:	0.8/1)	

Colorless	oil	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.67-7.80	(m,	2	H),	7.34	(d,	J	=	8.4	Hz,	2	H),	5.78-6.00	(m,	1	H),	

5.61	(d,	J	=	10.3	Hz,	0.43	H),	5.48	(d,	J	=	10.2	Hz,	0.57	H),	3.99	(m,	0.57	H),	3.71-3.82	(m,	0.43	

H),	3.60-3.72	(m,	1	H),	3.28-3.51	(m,	2	H),	2.44	(s,	3	H),	2.28	(m,	0.43	H),	2.16	(m,	1	H),	2.92-

2.09	(m,	1.57	H),	1.91-2.10	(m,	3	H),	1.68-1.90	(m,	2	H),	1.48-1.66	(m,	4	H)	

Major	isomer	:		
13C	NMR	(63	MHz,	CDCl3)	δ	:	143.7,	134.1,	130.6,	129.8,	127.7,	126.4,	75.3,	63.0,	50.3,	38.1,	

29.1,	25.33,	24.8,	24.75,	21.9,	21.5	

Minor	isomer	:		
13C	NMR	(63	MHz,	CDCl3)	δ	:	144.0,	134.5,	129.9,	129.6,	129.0,	127.7,	76.0,	62.9,	49.7,	38.6,	

25.33,	25.0,	24.6,	21.6,	21.6,	20.15	
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(1S,2S,4R)-2-((R)-cyclopent-2-en-1-yl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-ol	(32)	

	

Yield	=	60%		

Mixture	of	isomers	(dr	:	3.2/1)	

Colorless	oil	
1H	NMR	(250	MHz,	CDCl3)	δ	:	5.93	(m,	1	H),	5.70	(m,	1	H),	3.0-3.07	(m,	0.24	H),	2.94-3.00	(m,	

0.76	H),	2.20-2.48	(m,	2	H),	1.63-2.15	(m,	6	H),	1.39-1.60	(m,	4	H),	1.09	(s,	2.48	H	:	CH3	from	

major	isomer),	1.05	(s,	0.72	H	:	CH3	from	minor	isomer),	0.88-0.92	(m,	3H),	0.82-0.84	(m,	3H)	

Major	isomer	:		
13C	NMR	(63	MHz,	CDCl3)	δ	:	134.1,	132.0,	82.9,	56.8,	52.3,	50.0,	48.0,	44.9,	33.2,	30.6,	27.4,	

25.1,	21.5,	20.9,	11.9	

Minor	isomer	:		
13C	NMR	(63	MHz,	CDCl3)	δ	:	135.1,	130.5,	83.0,	55.1,	52.3,	49.9,	45.6,	44.6,	32.0,	30.4,	27.3,	

25.9,	21.2,	20.9,	12.2	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C15H24ONa	:	243.1725	;	found	:	243.1721	

	

(1S,2R,5S)-2-isopropyl-5-methyl-[1,1'-bi(cyclohexan)]-1-ol	(29-A)	

	

	 A	mixture	 of	29	 (120	mg,	 0.51	mmol)	 and	 Pd/C	 (10%,	 20	mg)	 in	 EtOH	 (4	mL)	was	

stirred	under	an	atmosphere	of	H2	for	1	h.	The	resulting	mixture	was	filtrated	through	a	plug	

of	celite.	The	filtrate	was	concentrated	to	give	29-A	(118	mg,	97%)	as	a	colorless	oil.	
1H	NMR	(250	MHz,	CDCl3)	δ	:	2.06	(q,	J	=	6.9	Hz,	1H),	1.43-1.89	(m,	11H),	1.04-1.32	(m,	7H),	

0.82-0.93	(m,	10H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	18.1,	20.4,	22.7,	23.5,	24.6,	26.5,	26.9,	27.0,	27.1,	27.9,	28.0,	

35.1,	41.3,	45.5,	46.1,	76.9	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C16H26ONa	:	261.2194	;	found	:	261.2188	
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	(1S,2S,4R)-2-Cyclohexyl-1,7,7-trimethylbicyclo[2.2.1]heptan-2-ol	(30-A)	

	 	
	 A	mixture	of	isomers	30	(185	mg,	0.79	mmol)	and	Pd/C	(10%,	30	mg)	in	EtOH	(5	mL)	

was	stirred	under	an	atmosphere	of	H2	for	1	h.	The	resulting	mixture	was	filtrated	through	a	

plug	 of	 celite.	 The	 filtrate	was	 concentrated	 to	 give	30-A	 (183	mg,	 98%)	 as	 a	 pale	 yellow	

solid.		

mp	58°C	

[α]D	=	+16.7	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	1.93-1.60	(m,	8	H),	1.50-1.14	(m,	10	H),	1.09-1.01	(m,	4	H),	0.93	

(s,	3	H),	0.82	(s,	3	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	82.3,	52.2,	50.4,	48.3,	46.4,	44.4,	29.2,	28.4,	27.7,	27.6,	26.9,	

26.5,	26.4,	21.3,	20.9,	12.4	

	
(1R,2S,3R)-3-[(1S,2S,4R)-2-hydroxy-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl]cyclohexane-

1,2-diol	(30-BA)	

	 	

	 To	a	solution	of	30-syn	(204	mg,	0.87	mmol)	in	a	10:1	mixture	of	acetone/water	(17	

mL)	was	added	a	solution	of	OsO4	(4%	in	H2O,	0.4	mL)	and	NMO	(205,	mg,	1.75	mmol)	and	

the	resulting	mixture	was	stirred	at	 room	temperature	for	24	h.	Sodium	bisulfite	 (200	mg)	

was	added	and	the	stirring	was	continued	for	1	h.	The	solid	was	filtered	off.	The	filtrate	was	

diluted	with	CH2Cl2	 (20	mL),	 the	 aqueous	 layer	was	discarded,	 and	 the	organic	phase	was	

dried	 over	 Na2SO4,	 filtered	 and	 concentrated.	 The	 residue	 was	 purified	 by	 column	

chromatography	on	silica	gel	eluting	with	a	1:1	mixture	of	PE	and	AcOEt	to	give	the	triol	30-

BA	(193	mg,	83%)	as	a	colorless	oil.		
1H	NMR	 (250	MHz,	CDCl3)	δ	 :	4.07	(m,	1	H),	3.79	(dd,	J	=	9.4,	2.3Hz,	1	H),	2.47	(br	s,	3	H),	

2.03-1.36	(m,	13	H),	1.13	(m,	1	H),	1.07	(s,	3	H),	0.96	(s,	3	H),	0.82	(s,	3	H)	
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13C	NMR	 (63	MHz,	CDCl3)	δ	 :	82.1,	74.3,	71.2,	53.1,	49.9,	48.1,	44.6,	30.8,	28.9,	27.8,	27.4,	

21.4,	20.8,	20.0,	12.5	

HRMS-ESI	:	m/z	[M+Na]	+calcd	for	C16H28O3Na:	291.1936	;	found	:	291.1930	

	

(1R,2S,3R)-3-[(1S,2S,4R)-2-Hydroxy-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl]cyclohexane-

1,2-diyl	bis(4-nitrobenzoate)(30-BB)	

	 	
	 To	 a	 solution	 of	 30-BA	 (113	 mg,	 0.42	 mmol)	 in	 pyridine	 (2	 mL)	 was	 added	 4-

nitrobenzoyl	chloride	(175	mg,	0.94	mmol)	and	DMAP	(25	mg,	0.2	mmol)	and	the	resulting	

mixture	was	 stirred	 for	24	h	 at	 room	 temperature.	 The	 reaction	mixture	was	diluted	with	

CH2Cl2	(10	mL)	washed	with	an	aqueous	solution	of	HCl	(1	M,	3	x	2	mL)	dried	with	Na2SO4,	

filtered	and	concentrated.	The	residue	was	purified	by	column	chromatography	on	silica	gel	

eluting	with	 a	 7:1	mixture	 of	 PE	 and	AcOEt	 to	 give	30-BB	 (152	mg,	 64%)	 as	 a	white	 solid	

which	was	allowed	to	crystallized	from	a	mixture	of		Et2O	and	AcOEt.	

mp	140°C	

[α]D	=	-151	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	8.34	(d,	J	=	8.8	Hz,	2	H),	8.25	(d,	J	=	8.9	Hz,	2	H),	8.19	(d,	J	=	8.9	

Hz,	2	H),	8.10	(d,	J	=	8.9	Hz,	2	H),	5.77	(dt,	J	=	5.4,	2.8	Hz,	1	H),	5.65	(dd,	J	=	9.1,	2.8	Hz,	1	H),	

2.34	(dt,	J	=	9.9,	4.8	Hz,	1	H),	2.11	(m,	1	H),	1.93-1.46	(m,	12	H),	1.08	(m,	1	H),	1.03	(s,	3	H),	

1.00	(s,	3	H),	0.83	(s,	3	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	164.2,	163.9,	150.6,	150.6,	135.7,	135.5,	130.8,	130.5,	123.8,	

123.6,	80.9,	75.6,	73.4,	53.3,	50.0,	49.6,	48.2,	44.4,	29.2,	28.6,	27.8,	27.0,	21.3,	20.8,	20.3,	

12.5	

HRMS-ESI	:	m/z	[M+Na]	+calcd	for	C30H34N2O9Na:	589.2162	;	found	:	589.2166	
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 General	procedure	for	the	synthesis	of	alcohols	(33a-q)		

	 To	a	solution	of	Cp2TiCl2	(50	mg,	0.2	mmol)	and	1,3-cyclohexadiene	(0.3	mL)		in	THF	(5	

mL)	 under	 argon,	was	 slowly	 added	 a	 solution	of	DIBAL-H	 (1	M	 in	 THF,	 2	mL,	 2	mmol)	 at	

room	temperature.	The	resulting	mixture	was	stirred	for	4	h	at	40°C,	then	cooled	down	to	-

30°C.	 A	 solution	 of	 (+)-camphor	 (152	mg,	 1	mmol)	 in	 THF	 (1	mL)	 was	 slowly	 added.	 The	

resulting	mixture	was	stirred	for	2	h	at	-30°C,	then,	a	solution	of	aldehyde	(0.8	mmol)	in	THF	

(1	mL)	was	 added.	 The	 reaction	was	quenched	after	 2	h	of	 stirring	by	 adding	 an	 aqueous	

solution	of	NaOH	(10%,	5	mL).	After	2	h	of	stirring,	the	organic	layer	was	collected	and	the	

aqueous	 phase	 was	 extracted	 with	 Et2O	 (2	 x	 5	 mL).	 The	 organic	 phases	 were	 combined,	

washed	with	 brine	 (5	mL),	 dried	 over	Na2SO4,	 filtered	 and	 concentrated.	 The	 residue	was	

purified	by	column	chromatography	on	silica	gel,	eluting	with	a	mixture	of	PE	and	AcOEt,	to	

give	33a-q.	

	

(R)-[(S)-Cyclohex-2-en-1-yl](phenyl)methanol	(33a)169		

	
Yield	=	85%	

Colorless	oil	

HPLC	 conditions	 :	 Column	 :	 IC	 (22°C);	 Eluent	 :	 hexane/isopropanol	 (99.3/0.7)	 ;	 Flow	 :	

1mL/min	;	λ	(nm)	:	230	;	tmajor	=	12.80	min,	tminor	=	20.37	min	;	ee	(syn)	=	89%	

[α]D	=	-9.1	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.40-7.30	(m,	5	H),	5.82	(dq,	J	=	10.1,	3.4	Hz,	1	H),	5.47	(dt,	J	=	

10.6,	2.6	Hz,	1	H),	4.53	(d,	J	=	6.6	Hz,	1	H),	2.44	(m,	1	H),	2.05-1.89	(m,	3	H),	1.84-1.71	(m,	2	

H),	1.55-1.44	(m,	2	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	142.9,	130.3,	128.2,	128.0,	127.3,	126.5,	77.3,	42.9,	25.2,	23.8,	

21.1	

	 	

																																																								
169	Y.	Yoshimura,	M.	Ohta,	T.	Imahori,	T.	Imamichi,	H.	Takahata,		Org.	Lett.	2008,	10,	3449.	
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(R)-(4-Bromophenyl)	[(S)-cyclohex-2-en-1-yl]methanol	(33b)170	

	
Yield	=	89%	

Colorless	oil	

HPLC	 conditions	 :	 Column	 :	 IC	 (22°C)	 ;	 Eluent	 :	 hexane/isopropanol	 (99.5/0.5)	 ;	 Flow	 :	

1mL/min	;	λ	(nm)	:	230	;	syn	isomer	:	tmajor	=	19.74	min,	tminor	=	23.86	min,	anti	isomer	:	t1'	=	

22.42	min,	t2'	=	30.11	min	;	ee	(syn)	=	84%	

[α]D	=	-7.1	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.45	(d,	J	=	8.4	Hz,	2	H),	7.22	(d,	J	=	8.3	Hz,	2	H),	5.83	(dq,	J	=	

10.0,	3.4	Hz,	1	H),	5.36	(dt,	J	=	10.2,	2.4	Hz,	1	H),	4.54	(d,	J	=	6.2	Hz,	1	H),	2.44	(m,	1	H),	2.06-

1.92	(m,	3	H),	1.83-1.38	(m,	4	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	141.7,	131.2,	130.8,	128.2,	128.0,	127.5,	121.0,	76.6,	42.9,	25.1,	

23.5,	21.0	

	

(R)-	[(S)-Cyclohex-2-en-1-yl](3,4-dichlorophenyl)methanol	(33c)	

	
Yield	=	55%	

Colorless	oil	

HPLC	 conditions	 :	 Column	 :	 IC	 (22°C);	 Eluent	 :	 hexane/isopropanol	 (99.5/0.5)	 ;	 Flow	 :	

1mL/min	;	λ	(nm)	:	230	;	syn	isomer	:	tmajor	=	18.49	min,	tminor	=	20.03	min,	anti	isomer	:	t1'	=	

21.32	min,	t2'	=	25.00	min	;	ee	(syn)	=	87%	

	[α]D	=	-8.3	(c	0.9,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.44	(d,	J	=	1.4	Hz,	1	H),	7.40	(d,	J	=	8.2	Hz,	1	H),	7.15	(dd,	J	=	

8.3,	2.1	Hz,	1	H),	5.87	(dq,	J	=	10.0,	3.4	Hz,	1	H),	5.39	(dd,	J	=	9.7,	3.1	Hz,	1	H),	4.58	(d,	J	=	5.8	

Hz,	1	H),	2.45	(m,	1	H),	2.11-1.92	(m,	3	H),	1.83-1.39	(m,	4	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	143.0,	132.2,	131.4,	131.0,	130.0,	128.4,	128.2,	127.2,	125.7,	

75.9,	42.9,	25.1,	23.2,	21.0	

HRMS-ESI	:	m/z	[M]-	calcd	for	C13H13Cl2O:	255.0343	;	found	:	255.0340	

	
																																																								
170	A.	Flahaut,	K.	Toutah,	P.	Mangeney,	S.	Rolan,	Eur.	J.	Inorg.	Chem.,	2009,	5422.	
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(R)-(6-Bromobenzo[d][1,3]dioxol-5-yl)[(S)-cyclohex-2-en-1-yl]methanol	(33d)	

	 	

Yield	=	82%	

Colorless	oil	

HPLC	 conditions	 :	 Column	 :	 IC	 (22°C);	 Eluent	 :	 hexane/isopropanol	 (99.5/0.5)	 ;	 Flow	 :	

1mL/min	;	λ	(nm)	:	230	;	syn	 isomer	:	tmajor	=	5.75	min,	tminor	=	6.16	min,	anti	 isomer	:	t1'	=	

6.84	min,	t2'	=	7.40	min	;	ee	(syn)	=	84%	

	[α]D	=	-21.1	(c	1,	Et2O)		

1H	NMR	(250	MHz,	CDCl3)	δ	:	7.02	(s,	1	H),	6.94	(s,	1	H),		5.96	(s,	2	H),	5.86	(dt,	J	=	10.2,	3.4	

Hz,	1	H),	5.45	(m,	1	H),	4.93	(d,	J	=	5.4	Hz,	1	H),	2.56	(m,	1	H),	2.19	(br	s,	1	H),	2.04-1.93	(m,	2	

H),	1.76	(m,	1	H),	1.58-1.43	(m,	3	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	 δ	 :	 147.3,	 134.9,	 130.8,	 127.8,	 112.4,	 112.2,	 108.2,	 101.6,	 75.2,	

41.0,	25.1,	23.0,	21.2	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C14H15BrO3Na	:	333.0102	;	found	:	333.0106	

	

Methyl	4-[(R)-[(S)-cyclohex-2-en-1-yl](hydroxy)methyl]benzoate	(33e)171	

	

Yield	=	75%	

White	solid	

mp	62°C	

HPLC	conditions	:	Column	:	IC	(22°C);	Eluent	:	hexane/isopropanol	(96/4)	;	Flow	:	0.8	mL/min	

;	λ	(nm)	:	220	;	syn	isomer	:	tmajor	=	31.61	min,	tminor	=	35.21	min,	anti	isomer	:	t1'	=	37.37	min,	

t2'	=	39.49	min	;	ee	(syn)	=	87%	

	[α]D	=	-7.0	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	8.02	(d,	J	=	8.2	Hz,	2	H),	7.42	(d,	J	=	8.1	Hz,	2	H),	5.93-5.77	(m,	1	

H),	5.41	(d,	J	=	10.0	Hz,	1	H),		4.70	(d,	J	=	5.8	Hz,	1	H),	3.91	(s,	3	H),	2.51	(m,	1	H),	2.03-1.94	

(m,	2	H),	1.88	(br	s,	1	H),	1.63	(m,	1	H),	1.62-1.44	(d,	J	=	7.8	Hz,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	147.9,	131.2,	129.5,	129.1,	127.5,	126.4,	76.7,	52.05	43.0,	25.1,	

23.3,	21.0,	1	C	is	missing.	
																																																								
171	G.	P.	Howell,	A.	J.	Minnaard,	B.	L.	Feringa,	Org.	Biomol.	Chem.	2006,	4,	1278. 
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(R)-[(S)-Cyclohex-2-en-1-yl](pyridin-3-yl)methanol	(33f)	

	
Yield	=	50%	

Colorless	oil	

HPLC	conditions	:	Column	:	IC	(22°C);	Eluent	:	hexane/isopropanol	(99.5/0.5/0.2	DEA)	;	Flow	:	

1	mL/min	;	λ	(nm)	:	254	;	syn	isomer	:	tmajor	=	50.51	min,	tminor	=	54.93	min,	anti	isomer	:	t1'	=	

42.96	min,	t2'	=	58.12	min	;	ee	(syn)	=	88%	

[α]D	=	-7.5	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	8.57-8.20	(m,	2	H),	7.71	(d,	J	=	7.9	Hz,	1	H),	7.20	(m,	1	H),	5.83	

(dq,	J	=	9.8,	3.3	Hz,	1	H),	5.39	(dd,	J	=	9.9,	2.8	Hz,	1	H),	4.63	(d,	J	=	6.3	Hz,	1	H),	3.21	(s,	1	H),	

2.50	(m,	1	H),	2.02-1.92	(m,	2	H),	1.78-1.42	(m,	4	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	148.0,	134.5,	130.7,	129.9,	127.2,	126.7,	74.7,	42.8,	42.7,	25.1,	

23.7,	20.9	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C12H16NO	:	190.1232	;	found	:	190.1235	

	

(R)-[(S)-Cyclohex-2-en-1-yl](furan-3-yl)methanol	(33g)	

	
Yield	=	83%	

Colorless	oil	

HPLC	 conditions	 :	 Column	 :	 IC	 (22°C);	 Eluent	 :	 hexane/isopropanol	 (99.5/0.5)	 ;	 Flow	 :	

1mL/min	;	λ	(nm)	:	230	;	tmajor	=	24.43	min,	tminor	=	26.24	min	;	ee	(syn)	=	87%	

[α]D	=	-39.6	(c	1,	Et2O)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.38	(s,	2	H),	6.39	(s,	1	H),	5.81	(m,	1	H),	5.47	(d,	J	=	9.8	Hz,	1	H),	

4.53	(d,	J	=	6.6	Hz,	1	H),	2.44	(m,	1	H),	2.04-1.93	(m,	3	H),	1.84-1.72	(m,	2	H),	1.57-1.42	(m,	2	

H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	143.0,	139.7,	130.2,	127.7,	127.2,	108.8,	70.2,	41.9,	25.1,	24.1,	

21.1;		

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C11H14O2Na:	201.0891	;	found	:	201.0899	
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(R)-[(S)-Cyclohex-2-en-1-yl](1H-indol-2-yl)methanol	(33h)	

	

Yield	=	64%	

White	solid	

mp	129°C	

HPLC	conditions	:	Column	:	IC	(22°C);	Eluent	:	hexane/isopropanol	(99/10/0.2%	DEA)	;	Flow	:	

1	mL/min	;	λ	(nm)	:	230	;	tminor	=	7.87	min,	tmajor	=	8.22	min	;	ee	(syn)	=	84%	

	[α]D	=	-46	(c	0.4,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	8.41	(s,	1	H),	7.56	(d,	J	=	7.6	Hz,	1	H),	7.32	(d,	J	=	7.8	Hz,	1	H),	

7.21-7.02	(m,	2	H),	6.35	(m,	1	H),	5.87	(dq,	J	=	9.9,	3.3	Hz,	1	H),	5.51	(m,	1	H),	4.79	(d,	J	=	6.3	

Hz,	1	H),	2.62	(m,	1	H),	2.16	(br	s,	1	H),	2.03-1.45	(m,	6	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	139.5,	135.6,	130.9,	130.6,	128.1,	127.2,	127.2,	121.2,	120.3,	

119.7,	110.9,	99.7,	71.8,	67.9,	41.9,	25.1,	24.2,	21.0	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C15H17NONa	:	250.1208	;	found	:	250.1203	

	

(S,E)-1-[(S)-Cyclohex-2-en-1-yl]-3-phenylprop-2-en-1-ol	(33i)172	

	

Yield	=	80%	

Colorless	oil	

HPLC	conditions	:	Column	:	IC	(22°C);	Eluent	:	hexane/isopropanol	(99/1)	;	Flow	:	1	mL/min	;	

λ	(nm)	:	254	;	syn	isomer	:	tmajor	=	22.48	min,	tminor	=	26.51	min,	anti	isomer	:	t1'	=	24.42	min,	

t2'	=	32.19	min	;	ee	(syn)	=	87%	

[α]D	=	-81	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.45-7.15	(m,	5	H),	6.58	(d,	J	=	16.0	Hz,	1	H),	6.23	(dd,	J	=	15.9,	

6.9	Hz,	1	H),	5.84	(dq,	J	=	10.1,	3.3	Hz,	1	H),	5.64	(d,	J	=	10.1	Hz,	1	H),	4.18	(t,	J	=	6.4	Hz,	1	H),	

2.36	(m,	1	H),	2.06-1.93	(m,	2	H),	1.80	(m,	3	H),	1.62-1.39	(m,	2	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	136.7,	131.4,	130.5,	130.1,	128.5,	127.60,	127.6,	126.4,	76.0,	

41.8,	25.2,	24.1,	21.2	

	
																																																								
172	E.	González,	L.	Muñoz-Hernández,	E.	Alicea,	B.	Singaram,	G.	W.	Kabalka,	J.	A.	Soderquist,	Org.	Lett.	2015,	17,	4368-4371.	
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(R)-1-[(S)-Cyclohex-2-en-1-yl]-2,2-diphenylethanol	(33j)	

	
Yield	=	58%	

Pale	yellow	solid	

mp	58°C	

HPLC	conditions	:	Column	:	IC	(22°C);	Eluent	:	hexane/isopropanol	(97/3)	;	Flow	:	1	mL/min	;	

λ	(nm)	:	254	;	syn	isomer	:	tmajor	=	7.02	min,	tminor	=	7.40	min,	anti	isomer	:	t1'	=	6.33	min,	t2'	=	

6.59	min	;	ee	(syn)	=	82%	

[α]D	=	+2.1	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.61-7.05	(m,	10	H),	5.91	(dq,	J	=	10.1,	3.1	Hz,	1	H),	5.68-5.51	

(d,	J	=	10.1	Hz,	1	H),	4.44	(dd,	J	=	9.2,	3.7	Hz,	1	H),	4.12	(d,	J	=	9.2	Hz,	1H),	2.26	(m,	1	H),	2.07-

1.96	(m,	2	H),	1.88-1.67	(m,	3	H),	1.60	(br.	s,	1	H),	1.44	(m,	1	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	 δ	 :	 142.2,	 141.8,	 130.4,	 129.4,	 128.6	 (3	 C),	 128.1,	 126.6,	 126.5,	

76.3,	54.8,	37.9,	25.0,	21.4,	21.3	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C20H22ONa	:	301.1568	;	found	:	301.1565	

	
(S)-4-[(Tert-Butyldimethylsilyl)oxy]-1-[(S)-cyclohex-2-en-1-yl]butan-1-ol	(33k)	

	
Yield	=	66%	

Colorless	oil	

ee	(syn)	=	89%		

[α]D	=	-31.9	(c	1,	CH2Cl2)	
	1H	NMR	(250	MHz,	CDCl3)	δ	:	5.83	(dq,	J	=	9.9,	3.2	Hz,	1	H),	5.58	(d,	J	=	8.5	Hz,	1	H),	3.67	(t,	J	

=	5.2	Hz,	2	H),	3.55	(m,	1	H),	2.35	(s,	1	H),	2.22	(s,	1	H),	1.99	(m,	2	H),	1.81-1.43	(m,	8	H),		0.90	

(s,	9	H),	0.07	(s,	6	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	129.8,	128.8,	74.2,	63.4,	41.3,	30.9,	29.4,	25.9,	23.2,	21.4,	18.3,	-

5.4,	-5.4	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C16H32O2SiNa	:	307.2069	;	found	:	307.2077	
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(S)-1-[(S)-Cyclohex-2-en-1-yl]butane-1,4-diol	(from	33k)	

	
	 To	a	solution	of	33k	(104	mg,	0.37	mmol)	in	THF	(5	mL),	was	added	TBAF.H20	(184	mg,	

0.66	mmol)	 and	 the	 resulting	 solution	was	 stirred	 at	 room	 temperature	 for	 2	 h;	 then	 the	

solvent	was	 removed	under	 reduced	pressure.	The	 residue	was	diluted	with	Et2O	 (10	mL),	

washed	with	water	(2	x	1	mL),	dried	over	Na2SO4,	filtered	and	concentrated	to	give	the	title	

diol	as	a	colorless	oil	(53	mg,	86%).	

HPLC	conditions	:	Column	:	IC	(22°C);	Eluent	:	hexane/isopropanol	(97/3)	;	Flow	:	1	mL/min	;	

λ	(nm)	:	200	;	tminor	=	54.94	min,	tmajor	=	57.32	min	;	ee	(syn)	=	89%	

[α]D	=	-36.7	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	5.86	(m,	1	H),	5.56	(d,	J	=	8.5	Hz,	1	H),	3.75-3.54	(m,	3	H),	2.69	

(m,	2	H),	2.23	(m,	1	H),	1.99	(	br	s,	2	H),	1.83-1.41	(m,	8	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	 δ	 :	 130.4,	 128.4,	 74.6,	 62.9,	 41.6,	 30.9,	 29.7,	 25.2,	 23.0,	 21.3;	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C10H18O2Na	:	193.1204	;	found	:	193.1207	

	

(R)-[(S)-cyclohex-2-en-1-yl][(R)-2,2-dimethyl-1,3-dioxolan-4-yl]methanol	(33l)	

	
Prepared	according	to	general	procedure	33a-q	using	(+)-camphor	(152	mg,	1	mmol)	

Yield	=	52%	

Colorless	oil	

de	=	86%	

[α]D	=	-30.3	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	5.84	(dq,	J	=	10.1,	2.2	Hz,	1	H),	5.57	(dt,	J	=	10.0,	2.3	Hz,	1	H),	

4.22	(m,	1H),	4.03	(dd,	J	=	8.1,	6.4	Hz,	1	H),	3.77	(t,	J	=	7.6	Hz,	1	H),	3.44	(t,	J	=	5.7	Hz,	1	H),	

2.22	(m,	1	H),	2.08	(br	s,	1	H),	2.00	(m,	2	H),	1.80-1.64	(m,	3	H),	1.56	(m,	1	H),	1.44	(s,	3	H),	

1.38	(s,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	130.2,	127.5,	109.2,	76.6,	74.5,	66.4,	39.0,	26.6,	25.3,	25.0,	23.5,	

20.6	

HRMS-ESI	:	m/z	[M+Na]+calcd	for	C12H20O3Na	:	235.1310	;	found	:	235.1308	 	
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(S)-[(R)-cyclohex-2-en-1-yl][(R)-2,2-dimethyl-1,3-dioxolan-4-yl]methanol	(33m)	

	
Prepared	according	to	general	procedure	33a-q	using	(-)-camphor	(152	mg,	1	mmol)	

Yield	=	50%	

Colorless	oil	

de	=	88%	

[α]D	=	+38.5	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	5.89	(dq,	J	=	9.8,	2.5	Hz,	1	H),	5.50	(d,	J	=	10.0	Hz,	1	H),	4.16	(q,	J	

=	6.2	Hz,	1	H),	4.04	(t,	J	=	7.1	Hz,	1	H),	3.95	(t,	J	=	7.5	Hz,	1	H),	3.70	(t,	J	=	5.6	Hz,	1	H),	2.36	(br	

s,	1	H),	2.08-1.86	(m,	3	H),	1.83-1.70	(m,	2	H),	1.65-1.50	(m,	2	H),	1.43	(s,	3	H),	1.37	(s,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	131.1,	127.3,	108.7,	76.2,	73.8,	65.6,	37.9,	26.6,	25.4,	25.1,	23.0,	

20.8	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C12H20O3Na	:	235.1310	;	found	:	235.1303	

	

(R)-1-[(S)-Cyclohex-2-en-1-yl]-1-(o-tolyl)ethanol	(33n)	

		
Yield	=	58%	

Colorless	oil	

HPLC	conditions	:	Column	:	IC	(22°C);	Eluent	:	hexane/isopropanol	(98/2)	;	Flow	:	1	mL/min	;	

λ	(nm)	:	230	;	tminor	=	4.71	min,	tmajor	=	5.08	min	;	ee	(syn)	=	86%	

	[α]D	=	+38.8	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.52	(m,	1	H),	7.18-7.10	(m,	3	H),	5.92	(dq,	J	=	10.3,	3.5	Hz,	1	H),	

5.64	(d,	J	=	10.3	Hz,	1	H),	2.89	(m,	1	H),	2.51	(s,	3	H),	1.97	(m,	2	H),	1.80	(br	s,	1	H),	1.73	(m,	1	

H),	1.64	(s,	3	H),	1.54-1.24	(m,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	144.7,	134.7,	132.4,	131.3,	126.65,	126.60,	126.55,	125.4,	77.1,	

43.7,	27.0,	25.1,	24.2,	22.6,	22.0	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C15H20ONa	:	239.1412	;	found	:	239.1411	
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(R)-1-[(S)-cyclohex-2-en-1-yl]-1,2,3,4-tetrahydronaphthalen-1-ol	(33p)	

	

Yield	=	53%	

Colorless	oil	

HPLC	 conditions	 :	 Column	 :	 IC	 (22°C);	 Eluent	 :	 hexane/isopropanol	 (99.3/0.7)	 ;	 Flow	 :	 1	

mL/min	;	λ	(nm)	:	230	;	tmajor	=	11.21	min,	tminor	=	12.08	min	;	ee	(syn)	=	86%	

[α]D	=	-17.4	(c	0.7,	CH2Cl2)	
	1H	NMR	(250	MHz,	CDCl3)	δ	:	7.53	(dd,	J	=	7.2,	2.0	Hz,	1	H),	7.27-7.14	(m,	2	H),	7.07	(d,	J	=	7.3	

Hz,	1	H),	5.63	(dq,	J	=	10.3,	3.4	Hz,	1	H),	5.00	(dt,	J	=	10.3,	2.1	Hz,	1	H),	2.91	(m,	1	H),	2.79-

2.55	(m,	2	H),	2.05-1.44	(m,	12	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	 δ	 :	 141.1,	 138.1,	 129.0,	 128.7,	 128.2,	 126.9,	 126.5,	 126.3,	 74.0,	

46.3,	33.0,	30.2,	25.3,	23.4,	22.3,	19.2	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C16H20ONa	:	251.1412	;	found	:	251.1410	

	

(R)-1-[(S)-cyclohex-2-en-1-yl]-1-phenyl-4-(trityloxy)but-2-yn-1-ol	(33q)	

	
Yield	=	55%	

Yellow	oil	

HPLC	conditions	:	Column	:	IC	(22°C)	;	Eluent	:	hexane/isopropanol	(99/1)	;	Flow	:	1	mL/min	;	

λ	(nm)	:	230	;	syn	isomer	:	tmajor	=	22.11	min,	tminor	=	25.10	min,	anti	isomer	:	t1'	=	29.49	min,	

t2'	=	6.59	min	;	dr	(syn	/	anti)	=	88/12,	ee	(syn)	=	86%		
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.57	(d,	J	=	7.2	Hz,	2	H),	7.48	(d,	J	=	7.4	Hz,	6	H),	7.37-7.16	(m,	

12	H),	5.89	(dq,	J	=	10.2,	3.3	Hz,	1	H),	5.75	(d,	J	=	10.3	Hz,	1	H),	3.89	(s,	2	H),	2.63	(m,	1	H),	

2.31	(br.	s,	1	H),	1.95	(m,	2	H),	1.74	(m,	1	H),	1.63-1.34	(m,	3	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	143.6,	142.9,	131.3,	128.6,	127.9,	127.8,	127.4,	127.1,	126.6,	

126.1,	87.8,	87.6,	82.9,	75.1,	53.4,	48.1,	25.1,	23.7,	21.6	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C35H32O2Na	:	507.2300	;	found	:	507.2295	
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 General	procedure	for	the	synthesis	of	compounds	(34),	(35),	(36)	&	(39)	

	

	 To	a	 solution	of	Cp2TiCl2	 (25	mg,	0.1	mmol),	 cyclohex-1,3-diene	 (3	mmol)	 in	THF	 (5	

mL)	was	added	DIBAL-H	(1	M	in	THF,	1	mL,	1	mmol),	and	the	mixture	was	stirred	for	4	h	at	

40°C.	The	reaction	mixture	was	cooled	down	to	-30°C,	then	a	solution	of	imine	(x	mmol)	in	

THF	(1	mL)	was	added.	The	mixture	was	stirred	at	-30°C	for	1h	and	at	room	temperature	for	

1	h.	An	aqueous	solution	of		NaOH	(10%,	5	mL)	was	added	and	the	stirring	was	continued	for	

1h.	 The	 heterogeneous	mixture	was	 extracted	with	 AcOEt	 (3	 x	 5	mL),	 the	 organic	 phases	

were	combined,	dried	over	Na2SO4,	filtrated	and	concentrated	under	reduced	pressure.	The	

residue	 was	 purified	 by	 column	 chromatography	 on	 silica	 gel	 to	 give	 the	 corresponding	

imine.	

	

(SR)-1-[(SR)-Cyclohex-2-en-1-yl]-N-(4-methoxybenzyl)-1-phenylmethanamine	(34)	

	
Yield	=	77%	

Yellow	oil	
1H	NMR	(250	MHz,	CHCl3)	δ	:	7.39-7.21	(m,	5	H),	7.18	(d,	J	=	6.8	Hz,	2	H),	6.83	(d,	J	=	6.8	Hz,	2	

H),	5.95	(m,	1	H),	5.75	(dq,	J	=	9.1,	3.0	Hz,	1	H),	3.78	(s,	3	H),	3.59	(d,	J	=	13.0	Hz,	1	H),	3.43	(d,	

J	=	7.8	Hz,	1	H),	3.40	(d,	J	=	13.0	Hz,	1	H),	2.33	(m,	1	H),	1.98-1.89	(m,	2	H),	1.64	(m,	1	H),	

1.50-1.34	(m,	2	H),	1.26-1.10	(m,	1	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	158.4,	143.0,	132.9,	129.2,	128.6,	128.1,	127.7,	126.8,	113.6,	

66.8,	55.2,	50.9,	42.0,	26.7,	25.3,	21.5	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C21H26NO	:	308.2014	;	found	:	308.2009	
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N-[(SR)-[(SR)-Cyclohex-2-en-1-yl](phenyl)methyl]-2-methoxyethanamine	(35)	

	
Yield	=	78%	

Pale	yellow	oil	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.35-7.19	(m,	5	H),	5.90	(d,	J	=	10.2	Hz,	1	H),	5.77	(dq,	J	=	10.2,	

2.1	Hz,	1	H),	3.52-3.37	(m,	3	H),	3.31	(s,	3	H),	2.55	(t,	J	=	5.1	Hz,	2	H),	2.34	(m,	1	H),	2.02-1.83	

(m,	3	H),	1.66	(m,	1	H),	1.51-1.36	(m,	2	H),	1.18	(m,	1	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	143.0,	128.7,	128.5,	128.0,	127.7,	126.7,	72.1,	67.8,	58.6,	47.3,	

41.9,	26.5,	25.3,	21.4	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C16H24NO	:	246.1858	;	found	:	246.1850	

	

N-(Cyclohex-2-en-1-yl(phenyl)methyl)-4-methylbenzenesulfonamide	(36)	

	
Yield	=	75%	(mixture	of	isomers)	

White	solid	

mp	106°C	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.52	(m,	2	H),	7.14-6.96	(m,	7	H),	5.68	(dt,	J	=	9.7,	3.0	Hz,	2	H),	

5.45	(t,	J	=	7.2	Hz,	1	H),	5.08	(d,	J	=	10.0	Hz,	1	H),	4.13	(t,	J	=	7.5	Hz,	1	H),	2.43	(m,	1	H),	2.33	

(s,	3	H),	2.01-1.86	(m,	2	H),	1.75-1.60	(m,	2	H),	1.49-1.32	(m,	2	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	142.8,	139.6,	137.3,	130.3,	129.1,	128.0,	127.3,	127.1,	127.0,	

126.9,	61.9,	41.5,	25.0,	24.8,	21.3,	20.9	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C20H23NO2S	:	364.1347	;	found	:	364.1357	

	

(R,S)-N-[(RS)-[(SR)-Cyclohex-2-en-1-yl)](phenyl)methyl]-4-methylbenzenesulfinamide	(39)	

	

Yield	=	90%	

White	solid	

HN OMe
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mp	117°C	

1H	NMR	(250	MHz,	CDCl3)	δ	:	7.61	(d,	J	=	8.2	Hz,	2	H),	7.46-7.25	(m,	7	H),	5.78	(dq,	J	=	9.9,	3.3	

Hz,	1	H),	5.42	(d,	J	=	10.1	Hz,	1	H),	4.48	(dd,	J	=	6.2,	2.5	Hz,	1	H),	4.17	(br	d,	J	=	2.5	Hz,	1	H),	

2.52	(m,	1	H),	2.41	(s,	3H),	2.00-1.83	(m,	2	H),	1.74-1.55	(m,	2	H),	1.49-1.30	(m,	2	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	142.6,	141.2,	140.1,	130.7,	129.4,	128.2,	128.2,	127.6,	127.5,	

125.3,	61.4,	42.2,	24.9,	24.2,	21.3,	21.2	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C20H23NOSNa	:	348.1398	;	found	:	348.1394	

	

 General	procedure	for	the	synthesis	of	compounds	(37),	(38a-e),	(40a-c)	

	

	 To	a	 solution	of	Cp2TiCl2	 (50	mg,	0.2	mmol),	 cyclohex-1,3-diene	 (5	mmol)	 in	THF	 (5	

mL)	was	added	DIBAL-H	(1	M	in	THF,	2	mL,	2	mmol),	and	the	mixture	was	stirred	for	4	h	at	

40°C.	The	reaction	mixture	was	cooled	down	to	 -30°C,	 then	a	solution	of	 (-)-camphor	 (160	

mg,	1.05	mmol)	in	THF	(1	mL)	was	added.	After	2h	at	-30°C,	a	solution	of	diphenylphosphinic	

amide	derived	imine	(0.7	mmol)	or	tert-butylsulfinylamine	derived	imine	(0.25	mmol)	in	THF	

(1	mL)	was	added.	The	mixture	was	stirred	at	-30°C	for	1	h	and	at	room	temperature	for	1	h.	

An	aqueous	solution	of	NaOH	(10%,	5	mL)	was	added	and	the	stirring	was	continued	for	1h.	

The	heterogeneous	mixture	was	extracted	with	AcOEt	(3	x	5	mL),	the	organic	phases	were	

combined,	 dried	 over	 Na2SO4,	 filtrated	 and	 concentrated	 under	 reduced	 pressure.	 The	

residue	 was	 purified	 by	 column	 chromatography	 on	 silica	 gel	 to	 give	 the	 corresponding	

imine.	

	

Diethyl	[(S)-[(R)-Cyclohex-2-en-1-yl](phenyl)methyl)phosphoramidate	(37)	

	

Yield	=	56%	

Pale	yellow	solid		

mp	60-62°C	

HPLC	conditions	:	Column	:	IC	(22°C)	;	Eluent	:	hexane/isopropanol	(75/25)	;	Flow	:	1	mL/min	

;	λ	(nm)	:	230	;	tminor	=	7.54	min,	tmajor	=	8.72	min	;	ee	(syn)	=	65%		

	[α]D	=	-2.4	(c	0.5,	CH2Cl2)	
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H	NMR	(250	MHz,	CDCl3)	δ	:	7.38-7.21	(m,	5	H),	5.72	(m,	1	H),	5.31	(d,	J	=	10.0	Hz,	1	H),	4.09-

3.93	(m,	3	H),	3.84	(q,	d,	J	=	7.2,	2.9	Hz,	1	H),	3.51	(m,	1	H),	3.23	(t,	J	=	10.1		Hz,	1	H),	2.43	(m,	

1	H),	2.03-1.91	(m,	2	H),	1.81-1.68	(m,	2	H),	1.53-1.40	(m,	2	H),	1.29	(t,	J	=	6.9	Hz,	3	H),	0.98	

(d,	J	=	6.8	Hz,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	142.9,	129.4,	128.2,	128.1,	126.9,	62.1	(d,	J	=	5.5	Hz),	61.9	(d,	J	=	

5.5	Hz),	59.9,	42.4	(d,	J	=	8.6	Hz),	25.1,	24.9,	21.1,	16.1	(d,	J	=	8.0	Hz),	15.7	(d,	J	=	8.0	Hz)	
31P	NMR	(250	MHz,	CDCl3)	δ	:	7.9	

	

N-[(R)-[(S)-Cyclohex-2-en-1-yl](phenyl)methyl]-P,P-diphenylphosphinic	amide	(38a)	

	
Yield	=	71%	

White	solid	

mp	177°C	

HPLC	conditions	:	Column	:	IC	(22°C)	;	Eluent	:	hexane/isopropanol	(75/25)	;	Flow	:	1	mL/min	

;	λ	(nm)	:	230	;	syn	isomer	:	tminor	=	8.79	min,	tmajor	=	9.95	min,	anti	isomer	:	t1'	=	11.35	min,	t2'	

=	11.84	min;	ee	(syn)	=	93%		

	[α]D	=	+14	(c	0.5,	CH2Cl2)	
1H	NMR	(500	MHz,	CDCl3)	δ	:	7.84	(ddt,	J	=	11.9,	8.0,	1.4	Hz,	2	H),	7.69	(ddd,	J	=	12.1,	8.1,	1.4	

Hz,	2	H),	7.50	(t,	J	=	7.4	Hz,	1	H),	7.46	-7.38	(m,	3	H),	7.32-7.21	(m,	5	H),	7.10	(d,	J	=	7.4	Hz,	2	

H),	5.72	(dq,	J	=	10.0,	3.3	Hz,	1	H),	5.34	(dd,	J	=	10.3,	2.5	Hz,	1	H),	4.02	(td,	J	=	10.3,	7.9	Hz,	1	

H),	3.40	(dd,	J	=	10.0,	7.0	Hz,	1	H),	2.54	(m,	1	H),	1.95	(m,	2	H),	1.89	(dt,	J	=	10.2,	6.1	Hz,	1	H),	

1.72	(m,	1	H),	1.59-1.44	(m,	2	H)	
13C	NMR	 (126	MHz,	CDCl3)	δ	 :	 142.85	 (d,	 J	 =	3.3	Hz),	133.3	 (d,	 J	 =	130.6	Hz),	133.1	 (d,	 J	 =	

128.2	Hz),	132.7	(d,	J	=	9.5	Hz),	131.9	(d,	J	=	9.5	Hz),	131.8	(d,	J	=	2.9	Hz),	131.6	(d,	J	=	2.9	Hz),	

128.4	(d,	J	=	13.0	Hz),	128.2,	128.1	(d,	J	=	12.2	Hz),	127.9,	59.6,	43.0,	43.01,	25.7,	25.2,	21.2	
31P	NMR	(250	MHz,	CDCl3)	δ	:	22.5	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C25H27NOP	:	388.1830	;	found	:	388.1835	
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N-[(S)-[(R)-Cyclohex-2-en-1-yl](furan-2-yl)methyl]-P,P-diphenylphosphinic	amide	(38b)	

	

Yield	=	58%	

White	solid	

mp	163°C	

HPLC	conditions	:	Column	:	IC	(22°C)	;	Eluent	:	hexane/isopropanol	(75/25)	;	Flow	:	1	mL/min	

;	λ	(nm)	:	254	;	tmajor	=	10.22	min,	tminor	=	10.94	min	;	ee	(syn)	=	98%		

	[α]D	=	+11.9	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.86-7.72	(m,	4	H),	7.52-7.36	(m,	6	H),	7.31	(s,	1	H),	6.23	(dd,	J	=	

3.2,	1.8	Hz,	1	H),	5.98	(d,	J	=	3.2	Hz,	1	H),	5.72	(dq,	J	=	9.9,	3.3	Hz,	1	H),	5.35	(dd,	J	=	10.3,	2.5	

Hz,	1	H),	4.11	(td,	J	=	10.1,	7.8	Hz,	1	H),	3.33	(dd,	J	=	10.5,	8.2	Hz,	1	H),	2.65	(m,	1	H),	2.00-

1.82	(m,	2	H),	1.69	(m,	1	H),	1.60-1.48	(m,	2	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	154.9	(d,	J	=	4.1	Hz),	141.4,	133.1	(d,	J	=	128	Hz),	132.5	(d,	J	=	9.9	

Hz),	132.2	(d,	J	=	129	Hz),	131.85	(d,	J	=	9.8	Hz),	131.82	(d,	J	=	2.8	Hz),	131.7	(d,	J	=	2.8	Hz),	

129.4,	128.4	(d,	J	=	11.3	Hz),	128.2	(d,	J	=	11.5	Hz),	127.4,	110.0,	107.0,	53.1,	41.1	(d,	J	=	4.9	

Hz),	25.7,	25.2,	21.1	
31P	NMR	(250	MHz,	CDCl3)	δ	:	22.52	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C23H24NO2PNa	:	400.1442	;	found	:	400.1433	

	

N-[(S)-[(R)-Cyclohex-2-en-1-yl](thiophen-2-yl)methyl]-P,P-diphenylphosphinic	amide	(38c)	

 
Yield	=	61%	

White	solid	

mp	158°C	

HPLC	conditions	:	Column	:	IC	(22°C)	;	Eluent	:	hexane/isopropanol	(78/22)	;	Flow	:	1	mL/min	

;	λ	(nm)	:	230	;	syn	isomer	:	tmajor	=	10.74	min,	tminor	=	12.08	min,	anti	isomer	:	t1'	=	12.84	min,	

t2'	=	13.57	min;	ee	(syn)=	97%		

	[α]D	=	+15.4	(c	1,	CH2Cl2)	
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1H	NMR	(250	MHz,	CDCl3)	δ	:	7.91-7.70	(m,	4	H),	7.53-7.28	(m,	6	H),	7.16	(dd,	J	=	5.1,	1.2	Hz,	

1	H),	6.84	(dd,	J	=	5.1,	3.5	Hz,	1	H),	6.70	(d,	J	=	3.6	Hz,	1	H),	5.76	(dq,	J	=	9.9,	3.3	Hz,	1	H),	5.49	

(dd,	J	=	10.3,	2.5	Hz,	1	H),	4.38	(td,	J	=	10.2,	7.2	Hz,	1	H),	3.36	(dd,	J	=	10.1,	7.5	Hz,	1	H),	2.60	

(m,	1	H),	2.00-1.40	(m,	6	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	146.7	(d,	J	=	4.7	Hz),	132.9	(d,	J	=	128	Hz),	132.4	(d,	J	=	9.8	Hz),	

131.9	(d,	J	=	130	Hz),	131.77	(d,	J	=	9.3	Hz),	131.72	(d,	J	=	3.1	Hz),	131.5	(d,	J	=	2.9	Hz),	129.8,	

128.3	(d,	J	=	12.6	Hz),	128.1	(d,	J	=	12.8	Hz),	127.4,	126.3,	125.0,	123.9,	43.5	(d,	J	=	4.3	Hz),	

25.7,	25.1,	21.1	
31P	NMR	(250	MHz,	CDCl3)	δ	:	22.4	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C23H24NOPSNa	:	416.1214	;	found	:	416.1221	

	

N-[(R,E)-1-[(R)-Cyclohex-2-en-1-yl)hex-2-en-1-yl)-P,P-diphenylphosphinic	amide	(38d)	

	
Yield	=	51%	

White	solid	

mp	133°C	

HPLC	conditions	:	Column	:	IC	(22°C)	;	Eluent	:	hexane/isopropanol/ethanol	(95/3/2)	;	Flow	:	

1	mL/min	;	λ	(nm)	:	230	;	tminor	=	18.11	min,	tmajor	=	19.32	min	;	ee	(syn)	=	94%		

	[α]D	=	+54.4	(c	0.7,	CH2Cl2)	
1H	NMR	(500	MHz,	CDCl3	δ	:	7.90	(dd,	J	=	12.0,	7.5	Hz,	2	H),	7.84	(dd,	J	=	12.0,	7.5	Hz,	2	H),	

7.49-7.36	(m,	6	H),	5.76	(dq,	J	=	9.8,	3.1	Hz,	1	H),	5.60	(d,	J	=	10.2	Hz,	1H),	5.39-5.28	(m,	2	H),	

3.53	(ps	quint,	J	=	7.3	Hz,	1	H),	2.95	(t,	J	=	7.8	Hz,	1	H),	2.33	(m,	1	H),	1.99-1.92	(m,	2	H),	1.88	

(q,	J	=	7.0	Hz,	2	H),	1.80-1.67	(m,	2	H),	1.48	(m,	1	H),	1.41-1.20	(m,	4	H),	0.84	(t,	J	=	7.3	Hz,	3	

H)	
13C	NMR	(126	MHz,	CDCl3)	δ	:	133.4	(d,	J	=	130	Hz),	132.9,	132.5	(d,	J	=	9.6	Hz),	132.2	(d,	J	=	

130	Hz),	131.8	(d,	J	=	9.8	Hz),	131.55	(d,	J	=	5.6	Hz),	131.50	(d,	J	=	5.3	Hz),	130.1,	130.0,	129.4,	

128.4,	128.3	(d,	J	=	12.9	Hz),	128.2	(d,	J	=	12.7	Hz),	57.7	(d,	J	=	1.8	Hz),	42.1	(d,	J	=	5.3	Hz),	

34.2,	25.5,	25.2,	22.2,	21.5,	13.6	
31P	NMR	(250	MHz,	CDCl3)	δ	:	22.0	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C24H30NOPNa	:	402.1963	;	found	:	402.1969	
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N-[(R)-1-[(R)-Cyclohex-2-en-1-yl]pentyl]-P,P-diphenylphosphinic	amide	(38e)	

	

Yield	=	41%	

White	solid	

mp	123°C	

HPLC	conditions	:	Column	:	IC	(22°C)	;	Eluent	:	hexane/isopropanol	(90/10)	;	Flow	:	1	mL/min	

;	λ	(nm)	:	220	;	syn	isomer	:	tminor	=	17.53	min,	tmajor	=	20.98	min,	anti	isomer	:	t1'	=	16.78	min,	

t2'	=	19.99	min;	ee	(syn)	=	99%		

	[α]D	=	+32	(c	1,	CH2Cl2)	
1H	NMR	(500	MHz,	CDCl3)	δ	:	7.91-7.85	(m,	4	H),	7.43	(m,	6H),	5.76	(dq,	J	=	10.0,	3.4	Hz,	1	H),	

5.50	(dd,	J	=	10.2,	2.4	Hz,	1	H),	3.07	(td,	J	=	9.1,	4.5	Hz,	1	H),	2.77	(dd,	J	=	10.1,	6.5	Hz,	1	H),	

2.40	(m,	1H),	2.02-1.88	(m,	2	H),	1.69	(m,	2	H),	1.49	(m,	3	H),	1.42-1.15	(m,	5	H),	0.83	(t,	J	=	

7.0	Hz,	3	H)		
13C	NMR	(126	MHz,	CDCl3)	δ	:	132.5	(d,	J	=129.7	Hz),	132.0	(d,	J	=	129	Hz),	132.2	(d,	J	=	9.5	

Hz),	132.1	(d,	J	=	9.5	Hz),	131.56	(d,	J	=	2.8	Hz),	131.54	(d,	J	=	2.6	Hz),	128.95,	128.90,	128.3	(J	

=	12.7	Hz),	128.2	(d,	J	=	12.9	Hz),	54.9	(d,	J	=	2.3	Hz),	40.1	(d,	J	=	5.5	Hz),	33.6	(d,	J	=	3.5	Hz),	

28.0,	25.2,	24.1,	22.6,	21.6,	13.9	
31P	NMR	(250	MHz,	CDCl3)	δ	:	21.6	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C23H30NOPNa	:	390.1963	;	found	:	390.1972	

	

(R)-N-[(S)-[(R)-Cyclohex-2-en-1-yl](phenyl)methyl]-2-methylpropane-2-sulfinamide	(40a)		

	

Yield	=	78%	

White	solid	

mp	106°C	

[α]D	=	-92.8	(c	1,	CH2Cl2)	
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1H	NMR	(250	MHz,	CDCl3)	δ	:	7.41-7.17	(m,	5	H),	5.87	(dq,	J	=	10.2,	2.7	Hz,	1	H),		5.51	(d,	J	=	

10.2	Hz,	1	H),	4.42	(d,	J	=	5.7	Hz,	1	H),	3.53	(s,	1	H),	2.54	(m,	1	H),	1.98	(m,	2	H),	1.75	(dt,	J	=	

10.4,	4.5	Hz,	1	H),	1.62	(dt,	J	=	11.2,	5.8	Hz,	1	H),	1.51-1.37	(m,	2	H),	1.22	(s,	9	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	140.2,	131.0,	128.2,	128.0,	128.0,	127.3,	61.2,	55.5,	42.5,	25.1,	

24.0,	22.5,	21.3	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C17H25NOSNa	:	314.1555	;	found	:	314.1558	

	
(R)-N-[(R)-1-[(R)-cyclohex-2-en-1-yl]-2-methylpropyl]-2-methylpropane-2-sulfinamide	

(40b)	

	

Yield	=	38%	

Colorless	oil	

[α]D	=	-34.8	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	5.84	(dq,	J	=	9.8,	3.3	Hz,	1	H),	5.60	(m,	1	H),	3.04-2.95	(m,	2	H),	

2.34	(m,	1H),	2.05-1.86	(m,	3	H),	1.82-1.67	(m,	2	H),	1.62-1.49	(m,	2	H),	1.24	(s,	9	H),	0.93	(d,	

J	=	6.7	Hz,	3	H),		0.90	(d,	J	=	6.7	Hz,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	129.9,	128.8,	64.0,	56.3,	38.1,	30.2,	25.2,	24.4,	23.0,	20.8,	20.7,	

17.4	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C14H28NOS	:	258.1892	;	found	:	258.1895	

	
(R)-N-{(S)-[(R)-Cyclohex-2-en-1-yl][(4S,5R)-5-[(R)-1-hydroxyethyl]-2,2-dimethyl-1,3-

dioxolan-4-yl]methyl}-2-methylpropane-2-sulfinamide	(40c)	

	
White	solid	

mp	186°C	

Yield	=	46%	
1H	NMR	(500	MHz,	CDCl3)	δ	:	5.76	(ddt,	J	=	9.8,	4.7,	2.4	Hz,	1	H),	5.55	(m,	J	=	10.1	Hz,	1	H),	

4.46	(dd,	J	=	9.8,	4.9	Hz,	1H),	4.38	(m,	1	H),	4.10	(dd,	J	=	9.1,	4.9	Hz,	1	H),	3.86	(m,	1	H),	3.61	

(dt,	J	=	10.2,	5.3	Hz,	1	H),	2.74	(m,	1	H),	2.59	(br	s,	1	H),	2.03-1.92	(m,	2	H),	1.90-1.77	(m,	2	H),	

HN S
O

t-Bu

NHS
t-Bu

O

O
O

HO
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1.65	(qd,	J	=	12.3,	2.3	Hz,	1H),	1.55	(m,	1	H),	1.38	(s,	3	H),	1.35	(s,	3	H),	1.31	(d,	J	=	6.2	Hz,	3	

H),	1.19	(s,	9	H)		
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	129.7,	128.7,	107.5,	81.01,	77.5,	66.2,	56.8,	56.8,	38.4,	28.0,	

25.6,	25.2,	23.7,	22.7,	21.9,	21.3	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C18H33NO4SNa	:	382.2028	;	found	:	382.2019	

	

(S)-[(R)-Cyclohex-2-en-1-yl](phenyl)methanamine	(41)	

	
	 From	(38a)	:	

	 To	a	solution	of	diphenylphosphonic	amide	38a	(116	mg,	0.3	mmol)	in	MeOH	(6	mL)	

and	H2O	(3	mL)	was	added	an	aqueous	solution	of	HCl	(6	M,	2	mL)	and	the	resulting	mixture	

was	refluxed	for	1.5	h,	 then	cooled	to	room	temperature.	The	crude	reaction	mixture	was	

concentrated	under	reduced	pressure.	H2O	(5	mL)	was	added	and	the	solid	was	filtered	off.	

Na2CO3	was	added	and	the	aqueous	phase	was	extracted	with	Et2O	(3	x	5	mL).	The	organic	

phases	were	combined	dried	over	Na2SO4,	filtered	and	concentrated	under	reduced	pressure	

to	give	41.	

	

	 From	(40a)	:	

	 To	a	solution	of	sulfinamide	40a	(1	mmol)	in	dry	MeOH	(2	mL)	was	added	HCl	(1	M	in	

Et2O,	 1.5	mL)	 and	 the	 solution	was	 stirred	 for	 2	 h	 at	 room	 temperature.	 The	 solvent	was	

removed	under	reduced	pressure,	then	CH2Cl2	(10	mL)	was	added.	The	resulting	solution	was	

washed	 with	 an	 aqueous	 solution	 of	 NaOH	 (5%,	 2	 mL),	 dried	 over	 Na2SO4,	 filtered	 and	

concentrated	under	reduced	pressure	to	give	41.	

Yield	=	98%	

Yellow	oil	

HPLC	conditions	:	Column	:	IC	(22°C);	Eluant	:	hexane/isopropanol	(80/20/0.25	DEA)	;	Flow	:	

1	mL/min	;	λ	(nm)	:	220	;	t1	=	5.26	min,	t2	=	5.68	min		

[α]D	=	+14.7	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	7.44-7.10	(m,	5	H),	5.73	(dq,	J	=	10.0,	3.3	Hz,	1	H),	5.37	(dq,	J	=	

10.2,	2.4	Hz,	1	H),	3.81	(d,	J	=	7.1	Hz,	1	H),	2.39	(m,	1	H),	2.01-1.92	(m,	2	H),	1.82-1.65	(m,	2	

H),	1.56-1.35	(m,	4	H)	

NH2
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13C	NMR	 (63	MHz,	CDCl3)	δ	144.7,	129.2,	129.1,	128.1,	127.0,	126.7,	60.0,	43.0,	25.2,	24.4,	

21.5	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C13H18N	:	188.1434	;	found	:	188.1439	

	

(S)-N-(Cyclohexyl(phenyl)methyl)acetamide	(42)159	

	

	 To	 a	 solution	of	41	 (139	mg,	 0.74	mmol)	 in	CH2Cl2	 (5	mL)	were	 successively	 added	

Et3N	(0.25	mL,	1.6	mL)	and	Ac2O	(0.14	mL,	1.4	mmol)	at	room	temperature.	The	mixture	was	

stirred	for	2	h	then	water	(3	mL)	was	added.	The	organic	layer	was	washed	with	a	saturated	

aqueous	 solution	 of	 NaHCO3	 (3	 mL),	 dried	 over	 MgSO4,	 filtered	 and	 concentrated	 under	

reduced	pressure.	The	residue	was	purified	by	column	chromatography	on	silica	gel	eluting	

with	a	mixture	of	CH2Cl2/Et2O	(19:1)	to	give	the	corresponding	amide	(136	mg,	78%).		

Then,	a	mixture	of	the	resulting	amide	and	Pd/C	(10%,	40	mg)	in	MeOH	(10	mL)	was	stirred	

under	 an	 atmosphere	 of	 H2,	 for	 6	 h.	 The	 reaction	mixture	 was	 filtered	 through	 a	 pad	 of	

celite®	and	the	solvent	was	removed	under	reduced	pressure	to	give	the	title	compound	as	a	

white	solid	(124	mg,	90%).		

[α]D	=	-94	(c	1,	MeOH);	lit4	[α]D	=	-75	(c	2.14,	MeOH,	ee	=	80%)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.45	-7.07	(m,	5H),	5.90	(br	d,	J	=	8.2	Hz,	1	H),	4.76	(t,	J	=	8.8	Hz,	

1	H),	1.98	(s,	3	H),	1.91-1.53	(m,	6	H),	1.41	(d,	J	=	12.0	Hz,	1	H),	1.86-1.24	(m,	4	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	169.4,	141.5,	128.3,	127.05,	126.95,	58.4,	42.9,	30.0,	29.4,	26.2,	

26.0,	25.9,	23.3	

	

(R)-[(S)-Cyclopent-2-en-1-yl](phenyl)methanol	(43)	173	

	
	 To	a	solution	of	Cp2TiCl2	(50	mg,	0.2	mmol),	cyclopentadiene	(5	mmol)	in	THF	(5	mL)	

was	added	DIBAL-H	(1	M	in	THF,	2	mL,	2	mmol),	and	the	mixture	was	stirred	for	4	h	at	40°C.	

The	 reaction	mixture	was	 cooled	 down	 to	 -30°C,	 then	 a	 solution	 of	 (+)-	 or	 (-)-camphor	 (x	

mmol)	in	THF	(1	mL)	was	added.	After	2h	at	-30°C,	a	solution	of	benzaldehyde	(0.6	mmol)	in	

THF	(1	mL)	was	added.	The	mixture	was	stirred	at	-30°C	for	1	h	and	at	room	temperature	for	

																																																								
173 Y. Sasaki, C. Zhong, M. Sawamura, H. Ito,  J. Am. Chem. Soc. 2010, 132, 1226-1227 



-		Experimental	part		-	

	219	

1	h.	An	aqueous	solution	of	NaOH	(10%,	5	mL)	was	added	and	the	stirring	was	continued	for	

1h.	 The	 heterogeneous	mixture	was	 extracted	with	 AcOEt	 (3	 x	 5	mL),	 the	 organic	 phases	

were	combined,	dried	over	Na2SO4,	filtrated	and	concentrated	under	reduced	pressure.	The	

residue	 was	 purified	 by	 column	 chromatography	 on	 silica	 gel	 to	 give	 the	 corresponding	

alcohol	43.	

Colorless	oil	

HPLC	conditions	:	Column	:	IC	(22°C);	Eluant	:	hexane/isopropanol	(98/2)	;	Flow	:	1	mL/min	;	

λ	(nm)	:	254	;	t1	=	8.28	min,	t2	=	8.72	min	;	ee	=	52%	

[α]D	=	-15.1	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.35-7.25	(m,	5	H),	5.84	(m,	1	H),	5.38	(m,	1	H),	4.56	(d,	J	=	6.5	

Hz,	1	H),	3.09	(m,	1	H),	2.43-2.23	(m,	2	H),	2.01-1.77	(m,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	143.4,	133.6,	131.2,	128.2,	127.3,	126.3,	76.9,	53.9,	32.2,	25.0	

	

 General	procedure	for	the	synthesis	of	compounds	(44a-j)	

	

	 To	a	solution	of	Cp2TiCl2	(50	mg,	0.2	mmol),	cyclopentadiene	(5	mmol)	in	THF	(5	mL)	

was	added	DIBAL-H	(1	M	in	THF,	2	mL,	2	mmol),	and	the	mixture	was	stirred	for	4	h	at	40°C.	

The	reaction	mixture	was	cooled	down	to	-30°C,	then	a	solution	of	(-)-camphor	(122	mg,	0.8	

mmol)	 in	 THF	 (1	 mL)	 was	 added.	 After	 2h	 at	 -30°C,	 a	 solution	 of	 tert-butylsulfinylamine	

derived	imine	(0.6	mmol)	in	THF	(1	mL)	was	added.	The	mixture	was	stirred	at	-30°C	for	1	h	

and	at	room	temperature	for	1	h.	An	aqueous	solution	of	NaOH	(10%,	5	mL)	was	added	and	

the	stirring	was	continued	for	1h.	The	heterogeneous	mixture	was	extracted	with	AcOEt	(3	x	

5	mL),	 the	 organic	 phases	were	 combined,	 dried	 over	 Na2SO4,	 filtrated	 and	 concentrated	

under	reduced	pressure.	The	residue	was	purified	by	column	chromatography	on	silica	gel	to	

give	the	corresponding	imine.	
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(R)-N-[(S)-[(R)-cyclopent-2-en-1-yl](phenyl)methyl]-2-methylpropane-2-sulfinamide	(44a)	

	
Yield	=	79%	

Colorless	oil	

	[α]D	=	-60	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.42	-7.20	(m,	5	H),	5.86	(m,	1	H),	5.43	(m,	1	H),	4.37	(dd,	J	=	

6.6,	1.4	Hz,	1	H),	3.49	(br	s),	3.10	(m,	1	H),	2.39-2.25	(m,	2	H),	1.99-1.73	(m,	2	H),	1.20	(s,	9	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	142.1,	133.9,	130.3,	128.3,	127.3,	127.2,	63.2,	56.3,	52.5,	32.2,	

26.6,	22.6	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C16H24NOS	:	278.1579	;	found	:	278.1583	

	
(R)-N-[(S)-[(R)-Cyclopent-2-en-1-yl](4-methoxyphenyl)methyl]-2-methylpropane-2-

sulfinamide	(44b)		

	
Yield	=	57%		

White	solid	

mp	66°C	

[α]D	=	-57.5	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	7.23	(d,	J	=	8.6	Hz,	2	H),	6.86	(d,	J	=	8.6	Hz,	2	H),	5.85	(m,	1	H),	

5.42	(m,	1	H),	4.30	(d,	J	=	6.8	Hz,	1	H),	3.80	(s,	3	H),	3.48	(br	s,	1	H),	3.07	(m,	1	H),	2.38-2.24	

(m,	2	H),	1.95	(m,	1	H),	1.80	(ddd,	J	=	14.3,	11.8,	5.5	Hz,	1	H),	1.20	(s,	9	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	158.9,	133.6,	132.9,	131.3,	129.1,	113.5,	60.7,	55.4,	55.1,	53.5,	

32.1,	25.4,	22.5	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C17H26NO2S	:	308.1684	;	found	:	308.1692	
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(R)-N-[(S)-(4-Cyanophenyl)[(R)-cyclopent-2-en-1-yl]methyl]-2-methylpropane-2-

sulfinamide	(44c)		

	

Yield	=	57%		

	White	solid	

mp	121°C	

[α]D	=	-43.7	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.64	(d,	J	=	8.3	Hz,	2	H),	7.44	(d,	J	=	8.3	Hz,	2	H),	5.91	(m,	1	H),	

5.41	(m,	1	H),	4.45	(d,	J	=	6.4	Hz,	1	H),	3.57	(br	s,	1H),	3.11	(m,	1	H),	2.32	(tq,	J	=	7.1,	2.3	Hz,	2	

H),	1.90	(m,	1	H),	1.75	(m,	1	H),	1.22	(s,	9H)	
13C	 NMR	 (63	MHz,	 CDCl3)	δ	 :	 146.6,	 134.7,	 132.0,	 130.3,	 128.7,	 118.65,	 111.2,	 60.5,	 55.7,	

53.0,	32.0,	25.0,	22.4	

HRMS-ESI	:	m/z	[M+Li]+	calcd	for	C17H22N2OSLi	:	309.1613	;	found	:	309.1608	

	

(R)-N-[(S)-[(R)-Cyclopent-2-en-1-yl](furan-2-yl)methyl]-2-methylpropane-2-sulfinamide	

(44d)		

	
Yield	=	86%	

Yellow	oil	

[α]D	=	-40.6	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.37	(m,	1	H),	6.32	(dd,	J	=	3.3,	1.8	Hz,	1	H),	6.22	(d,	J	=	3.3	Hz,	1	

H),	5.90	(m,	1	H),	5.51	(m,	1	H),	4.44	(dd,	J	=	6.4,	2.7	Hz,	1	H),	3.42	(s,	1	H),	3.27	(m,	1	H),	2.35	

(m,	2	H),	2.08-1.77	(m,	3	H),	1.18	(s,	9	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	154.0,	141.9,	134.0,	130.8,	110.0,	107.8,	60.3,	55.6,	50.8,	32.2,	

25.3,	22.4	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C14H22NO2S	:	268.1371	;	found	:	268.1370	
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(R)-N-[(S,E)-1-[(R)-Cyclopent-2-en-1-yl]-2-methyl-3-phenylallyl]-2-methylpropane-2-

sulfinamide	(44e)	

	

Yield	=	56%	

White	solid	

mp	78°C	

[α]D	=	+3.5	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.45-7.16	(m,	5	H),	6.55	(s,	1	H),	5.90	(m,	1	H),	5.60	(m,	1	H),	

3.80	(d,	J	=	8.1	Hz,	1	H),	3.29	(s,	1	H),	3.08	(m,	1	H),	2.44	(s,	2	H),	2.19-1.98	(m,	1	H),	1.89	(s,	3	

H),	1.84-1.72	(m,	3	H),	1.26	(s,	9	H)	
13C	 NMR	 (63	MHz,	 CDCl3)	δ	 :	 137.4,	 136.3,	 133.1,	 131.3,	 129.3,	 129.0,	 128.0,	 126.4,	 65.9,	

55.2,	49.2,	32.2,	26.1,	22.8,	22.5,	14.0	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C19H28NOS	:	318.1892	;	found	:	318.1889	

	
(R)-N-[(R)-1-[(R)-Cyclopent-2-en-1-yl]pentyl)-2-methylpropane-2-sulfinamide	(44f)		

	
Yield	=	60%	

Colorless	oil	

[α]D	=	+0.6	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	5.91(m,	1	H),	5.63	(m,	1H),	3.31	(m,	1	H),	3.15	(d,	J	=	3.3	Hz,	1	

H),	3.08	(m,	1	H),	2.40-2.31	(m,	2	H),	1.96	(m,	1	H),	1.82-1.60	(m,	3	H),	1.44-1.32	(m,	4	H),	

1.21	(s,	9	H),	0.92	(t,	J	=	7.2	Hz,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	133.6,	131.6,	56.8,	55.5,	49.6,	32.7,	32.2,	27.8,	23.9,	22.7,	22.6,	

14.0	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C14H28NOS	:	258.1892	;	found	:	258.1894	
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(R)-N-[(R)-1-[(R)-Cyclopent-2-en-1-yl)-2-methylpropyl]-2-methylpropane-2-sulfinamide	

(44g)		

	

Yield	=	50%	

Pale	yellow	solid	

mp	77°C	

[α]D	=	-30	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	5.86	(m,	1	H),	5.63	(m,	1	H),	3.05	(m,	1	H),	3.00-2.88	(m,	2	H),	

2.47-2.21	(m,	2	H),	2.07-1.76	(m,	3	H),	1.23	(s,	9	H),	0.93	(d,	J	=	6.8	Hz,	3	H),	0.92	(d,	J	=	6.8	

Hz,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	133.1,	132.1,	63.6,	56.1,	48.7,	31.9,	31.2,	26.2,	22.9,	20.1,	17.2	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C13H26NOS:	244.1735;	found:	244.1740	

	
(R)-N-[(R)-5-(Benzyloxy)-1-[(R)-cyclopent-2-en-1-yl]pentyl]-2-methylpropane-2-sulfinamide	

(44h)	

	
Yield	=	53%	

Colorless	oil	

de	=	80%;	[α]D	=	+5.0	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.43-7.17	(m,	5	H),	5.89	(dq,	J	=	5.8,	2.2	Hz,	1	H),	5.61	(dq,	J	=	

5.7,	2.2	Hz,	1	H),	4.50	(s,	2	H),	3.48	(t,	J	=	6.2	Hz,	2	H),	3.29	(quint,	J	=	4.7	Hz,	1	H),	3.13	(d,	J	=	

3.8	Hz,	1	H),		3.06	(m,	1	H),	2.32	(ddt,	J	=	7.2,	4.9,	2.4	Hz,	2	H),	1.93	(ddt,	J	=	14.0,	8.7,	7.0	Hz,	

1	H),	1.77-1.38	(m,	7	H),	1.18	(s,	9	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	138.5,	133.6,	131.4,	128.2,	127.5,	127.4,	72.78,	70.1,	56.9,	55.5,	

49.6,	32.8,	32.1,	29.7,	23.9,	22.5,	22.3	
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(R)-N-[(R)-5-Bromo-1-[(R)-cyclopent-2-en-1-yl)pentyl]-2-methylpropane-2-sulfinamide	(44i)		

	
Yield	=	52%	

Pale	yellow	oil	

de	=	84%	;	[α]D	=	+2.2	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	5.90	(m,	1	H),	5.61	(m,	1	H),	3.42	(t,	J	=	6.9	Hz,	2	H),	3.30	(m,	1	

H),	3.1	(br	d,	J	=	3.3	Hz,	1	H),	3.06	(m,	1	H),	2.37-2.30	(m,	2	H),	1.99-1.82	(m,	3	H),	1.75-1.47	

(m,	5	H),	1.19	(s,	9	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	133.8,	131.2,	56.7,	55.6,	49.6,	33.6,	32.6,	32.2,	24.2,	22.6	

	
(R)-N-[(S)-1-[(R)-cyclopent-2-en-1-yl]-1,2,3,4-tetrahydronaphthalen-1-yl]-2-

methylpropane-2-sulfinamide	(44j)	

	
Yield	=	43%	

Colorless	oil	

[α]D	=	+7	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	7.48	(m,	1	H),	7.20-7.10	(m,	3	H),	5.83	(m,	1	H),	5.29	(m,	1	H),	

3.55-3.46	(m,	3	H),	2.85	(dt,	J	=	16.3,	5.0	Hz,	1	H),	2.65	(dt,	J	=	16.3,	8.6	Hz,	1	H),	2.39-2.21	(m,	

3	H),	2.06-1.82	(m,	5	H),	1.21	(s,	9	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	139.0,	138.9,	133.5,	131.2,	129.0,	128.3,	126.8,	125.6,	61.1,	58.6,	

56.3,	34.2,	32.6,	30.2,	24.3,	22.8,	19.2	

HRMS-ESI	:	m/z	[M+Li]+	calcd	for	C19H27NOSLi	:	324.1973	;	found	:	324.1971	
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(S)-[(R)-Cyclopent-2-en-1-yl)(phenyl)methanamine	(45)	

	
	 To	a	solution	of	sulfinamide	44a	(1	mmol)	in	dry	MeOH	(2	mL)	was	added	HCl	(1	M	in	

Et2O,	 1.5	mL)	 and	 the	 solution	was	 stirred	 for	 2	 h	 at	 room	 temperature.	 The	 solvent	was	

removed	under	reduced	pressure,	then	CH2Cl2	(10	mL)	was	added.	The	resulting	solution	was	

washed	 with	 an	 aqueous	 solution	 of	 NaOH	 (5%,	 2	 mL),	 dried	 over	 Na2SO4,	 filtered	 and	

concentrated	under	reduced	pressure	to	give	45.	

Yield	=	89%	

Pale	yellow	oil	

[α]D	=	+37.5	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	733.-7.21	(m,	5	H),	5.77	(m,	1	H),	5.35	(m,	1	H),	3.79	(d,	J	=	7.1	

Hz,	1	H),	2.99	(m,	1	H),	2.44-2.21	(m,	2	H),	1.98	(ddd,	J	=	13.3,	9.0,	5.3	Hz,	1	H),	1.79-1.55	(m,	

3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	145.3,	132.4,	132.3,	128.2,	126.8	(2	C),	60.1,	54.1,	32.3,	26.1		

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C12H16N	:	174.1283	;	found	:	174.1280	

	

(S)-N-(Cyclopentyl(phenyl)methyl)acetamide	(46)159	

	
Prepared	 from	 the	 above	 compound	 according	 to	 the	 procedure	 described	 for	 (S)-N-

(Cyclohexyl(phenyl)methyl)acetamide	42.	

Yield	=	89%	

White	solid	

mp	132°C	

[α]D	=	-109	(c	0.1,	EtOH);	lit4	[α]D	=	-118	(c	2,	EtOH,	ee	=	99%)	
1H	NMR	(250	MHz,	CDCl3)	δ	7.34-7.22	(m,	5	H),	5.81	(d,	J	=	8.4	Hz,	1H),	4.79	(t,	J	=	9.3	Hz,	1H),	

2.25	(m,	1H),	1.96	(s,	3	H),	1.79-1.40	(m,	7	H),	1.15	(m,	1	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	169.0,	142.5,	128.5,	127.1,	127.0,	57.8,	45.5,	30.2,	29.9,	25.25,	

25.24,	23.4	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C14H19NONa	:	240.1364	;	found	:	240.1365	
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 General	 procedure	 for	 the	 palladium-mediated	 retroallylation	 /	 coupling	

reaction.	Synthesis	of	compounds	(47),	(48)	&	(49)	

	

	 A	dry	flask	was	loaded	with	anhydrous	Cs2CO3	(279	mg,	0.85	mmol)	and	heated	with	

a	heat	gun	for	2	min	under	reduced	pressure.	Pd(OAc)2	(19	mg,	0.08	mmol)	was	next	added	

and	 the	 flask	 was	 filled	 with	 argon	 by	 using	 the	 standard	 Schlenk	 technique.	

Tritolylphosphine	 (104	 mg,	 0.34	 mmol)	 in	 toluene	 (1	 mL)	 was	 added	 and	 the	 resulting	

mixture	was	stirred	for	10	min.	A	solution	of	1c	(100	mg,	0.43	mmol)	and	aryl	bromide	(0.43	

mmol)	 in	 toluene	 (1	 mL)	 was	 added	 and	 the	 mixture	 was	 stirred	 at	 reflux	 for	 12	 h.	 the	

mixture	was	cooled	down	to	room	temperature,	 then	water	 (2	mL)	and	hexane	(2	x	2	mL)	

were	added.	The	aqueous	layer	was	extracted	with	Et2O	(2	x	5	mL),	the	organic	phases	were	

combined,	 dried	 over	 Na2SO4,	 filtered	 and	 concentrated	 under	 reduced	 pressure.	 The	

residue	was	purified	by	column	chromatography	on	silica	gel	to	give	47,	48	and	49.	

	
(S)-2-(Cyclohex-2-en-1-yl)pyridine	(47)	

	
Yield	=	46%	

colorless	oil	

HPLC	conditions	:	Column	:	IC	(22°C)	;	Eluent	:	hexane/isopropanol	(80/20)	;	Flow	:	1	mL/min	

;	λ	(nm)	:	254	;	tmajor	=	27.39	min,	tminor	=	29.73	min,	ee	=	86%	

[α]D	=	-64.5	(c	0.5,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	8.55	(d,	J	=	3.9	Hz,	1	H),	7.61	(td,	J	=	7.7,	1.9	Hz,	1	H),	δ	7.20	(d,	J	

=	7.8	Hz,	1	H),	7.11	(m,	1	H),	5.95	(dq,		J	=	7.6,	2.3	Hz,	1	H),	5.80	(d,	J	=	10.0	Hz,	1	H),	3.60	(m,	

1	H),	2.17-2.01	(m,	3	H),	1.81-1.61	(m,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	165.3,	149.2,	136.3,	128.8,	128.6,	121.7,	121.0,	43.9,	30.6,	24.9,	

21.0	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C11H14N	:	160.1126	;	found	:	160.1120 
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(S)-Ethyl	1',2',3',4'-tetrahydro-[1,1'-biphenyl]-4-carboxylate	(48)	

	
Yield	=	66%	

colorless	oil	

HPLC	conditions	:	Column	:	IC	(22°C)	;	Eluent	:	hexane/isopropanol	(98/2)	;	Flow	:	1	mL/min	;	

λ	(nm)	:	254	;	tminor	=	6.46	min,	tminor	=	6.99	min,	ee	=	82%	

[α]D	=	-62.5	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	8.00	(d,	J	=	8.2	Hz,	2	H),	7.31	(d,	J	=	8.2	Hz,	3H),	5.96	(dq,	J	=	9.8,	

3.1	Hz,	1	H),	5.72	(d,	J	=	10.0	Hz,	1	H),	4.39	(q,	J	=	7.1	Hz,	2	H),	3.49	(m,	1	H),	2.18-1.99	(m,	3	

H),	1.84-1.53	(m,	3	H),	1.41	(t,	J	=	7.1	Hz,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	166.7,	152.0,	129.6,	129.2,	129.0,	128.3,	127.7,	77.1,	60.7,	41.8,	

24.9,	21.0,	14.3	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C15H18O2Na	:	253.1204	;	found	:	253.1207	

	
(S)-Ethyl	1',2',3',4'-tetrahydro-[1,1'-biphenyl]-2-carboxylate	(49)	

	
Yield	=	55%	

colorless	oil	

ee	=	86%	

[α]D	=	-35	(c	0.5,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.79	(d,	J	=	7.7	Hz,	1	H),	7.43	(dt,	J	=	7.4,	2.0	Hz,	1	H),	7.36	(d,	J	=	7.3	Hz,	

1	H),	7.23	(td,	J	=	7.4,	2.1	Hz,	1	H),	5.91	(dq,	J	=	10.1,	3.0	Hz,	1	H),	5.65	(d,	J	=	10.1	Hz,	1H),	4.36	(q,	J	=	

7.0	Hz,	2	H),	4.25	(m,	1	H),	2.22-2.04	(m,	3	H),	1.79-1.59	(m,	2	H),	1.50	(m,	1	H),	1.39	(t,	J	=	7.0	Hz,	3	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	168.1,	147.3,	131.5,	130.4,	130.2,	130.0,	128.9,	128.4,	125.7,	60.9,	37.9,	

32.2,	25.0,	21.3,	14.2	

HRMS-ESI	:	m/z	[M+Na]	+	calcd	for	C15H18O2Na	:	253.1204	;	found	:	253.1198	
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(S)-(1',2',3',4'-Tetrahydro-[1,1'-biphenyl]-2-yl)methanol	(50)	

	
	 To	 a	 suspension	 of	 LiAlH4	 (22	mg,	 0.58	mmol)	 in	 Et2O	 (2	mL)	 was	 slowly	 added	 a	

solution	of	49	(67	mg,	0.29	mmol)	in	Et2O	(2	mL)	at	0°C,	and	the	resulting	mixture	was	stirred	

for	2	h	at	room	temperature.	An	aqueous	solution	of	NaOH	(10%,	2	mL)	was	carefully	added	

at	 0°C.	 The	 aqueous	 layer	was	 extracted	with	 AcOEt	 (3	 x	 2	mL),	 the	 organic	 phases	were	

combined,	dried	over	Na2SO4,	 filtered	and	concentrated.	The	residue	was	purified	by	 flash	

column	chromatography	to	give	50	(45	mg,	85%)	as	a	white	solid.	

mp	59	°C	

HPLC	 conditions	 :	 Column	 :	 OB-H	 (22°C)	 ;	 Eluent	 :	 hexane/ethanol	 (99.6/0.4)	 ;	 Flow	 :	 1.1	

mL/min	;	λ	(nm)	:	220	;	tmajor	=	38.99	min,	tminor	=	51.62	min,	ee	=	86%	

[α]D	=	-72	(c	0.2,	CHCl3)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.37	(d,	J	=	7.0	Hz,	1	H),	7.32-7.16	(m,	3	H),	5.92	(dq,	J	=	10.0,	

3.4	Hz,	1	H),	5.65	(d,	J	=	10.2	Hz,	1	H),	4.78	(d,	J	=	12.5	Hz,	1	H),	4.71	(d,	J	=	12.4	Hz,	1	H),	3.73	

(m,	1	H),	2.08	(m,	3	H),	1.85-1.41	(m,	4	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	144.7,	137.8,	130.4,	128.4,	128.2,	128.0,	126.2,	63.0,	37.2,	32.0,	

24.9,	21.4	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C13H16ONa	:	211.1099	;	found	:	211.1096	

	
(R)-2-[(R)-Cyclopent-2-en-1-yl]piperidine	(51)	

	
	 To	a	solution	of	sulfinamide	44i	(1	mmol)	in	dry	MeOH	(2	mL)	was	added	HCl	(1	M	in	

Et2O,	 1.5	mL)	 and	 the	 solution	was	 stirred	 for	 2	 h	 at	 room	 temperature.	 The	 solvent	was	

removed	under	reduced	pressure,	then	CH2Cl2	(10	mL)	was	added.	The	resulting	solution	was	

washed	 with	 an	 aqueous	 solution	 of	 NaOH	 (5%,	 2	 mL),	 dried	 over	 Na2SO4,	 filtered	 and	

concentrated	under	reduced	pressure	to	give	51.	

Yield	=	89%	

Pale	yellow	oil	

de	=	86%	

[α]D	=	+87.6	(c	1,	CH2Cl2)	
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1H	NMR	(250	MHz,	CDCl3)	δ	:	5.80	(dq,	J	=	4.4,	2.0	Hz,	1	H),	5.65	(dq,	J	=	5.7,	2.0	Hz,	1	H),	3.07	

(ddt,	J	=	11.5,	4.1,	2.1	Hz,	1	H),	2.69-2.55	(m,	2	H),	2.42-2.27	(m,	3	H),	1.97	(ddd,	J	=	16.4,	8.5,	

4.4	Hz,	1	H),	1.79	(m,	1	H),	1.69-1.09	(m,	8	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	132.0,	131.8,	61.0,	51.9,	47.3,	32.2,	30.8,	26.4,	25.5,	24.9		

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C10H18N	:	152.1434	;	found	:	152.1430	

	

(R)-Benzyl	2-[(R)-Cyclopent-2-en-1-yl]piperidine-1-carboxylate	(52)	

	
	 To	 a	 solution	 of	 51	 (338	mg,	 6.2	mmol)	 in	 a	 3:2	mixture	 of	 THF/H2O	 (20	mL)	was	

added	K2CO3	(620	mg,	12.4	mmol)	and	CBzCl	(0.35	mL,	6.8	mmol).	The	resulting	mixture	was	

stirred	for	16	h	at	room	temperature.	AcOEt	(20	mL)	was	added	and	the	aqueous	layer	was	

extracted	with	 AcOEt	 (2	 x	 5	mL).	 The	 organic	 phases	were	 combined,	 dried	 over	 Na2SO4,	

filtered	and	concentrated	under	reduced	pressure.	The	residue	was	purified	by	flash	column	

chromatography	eluting	with	a	mixture	of	PE:Et2O	(90:10à	80:20).	The	first	fraction	(364	mg,	

57%)	contains	the	diastereoisomericaly	pure	compound;	the	second	fraction	(153	mg,	24%)	

contains	a	88:12	mixture	of	diastereoisomers.	

Major	isomer	:		

Colorless	oil	

[α]D	=	+91	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.30-7.20	(m,	5	H),	5.75	(m,	1	H),	5.54	(m,	1	H),	5.09	(d,	J	=	12.6	

Hz,	1	H),	5.03	(d,	J	=	12.6	Hz,	1	H),	4.04	(d,	J	=	13.3	Hz,	1	H),	3.93	(d,	J	=	8.5	Hz,	1	H),	3.13	(m,	

1	H),	2.82	(t,	J	=	13.2	Hz,	1	H),	2.31-2.08	(m,	2	H),	1.82-1.30	(m,	9	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	155.6,	137.1,	132.8,	131.5,	128.4,	127.8,	127.7,	66.8,	55.2,	44.1,	

39.4,	31.5,	27.2,	25.7,	19.1	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C18H23NO2Na	:	308.1626	;	found	:	308.1621	

	
(R)-Benzyl	2-[(S)-1,5-Dihydroxypentan-2-yl)piperidine-1-carboxylate	(53)	

	

	 To	a	 solution	of	52	 (364	mg,	1.28	mmol)	 in	 a	3:2	mixture	of	 THF/H2O	 (20	mL)	was	

added	a	solution	of	OsO4	(4%	in	H2O,	0.7	mL).	The	solution	was	stirred	for	15	min	then	NaIO4	
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(807	mg,	3.8	mmol)	was	added	 in	one	portion.	After	45	min	of	 stirring,	MeOH	(8	mL)	was	

added.	The	reaction	was	cooled	down	to	0°C	then	NaBH4	(150	mg,	4	mmol)	was	added.	After	

30	min	of	stirring,	water	(5	mL)	was	added	and	the	reaction	mixture	was	concentrated	under	

reduced	 pressure	 to	 remove	 the	 organic	 solvents.	 The	 remaining	 aqueous	 phase	 was	

extracted	with	CH2Cl2	 (4	x	10	mL).	The	organic	phases	were	combined,	dried	over	Na2SO4,	

filtered	and	concentrated	under	reduced	pressure.	The	residue	was	purified	by	flash	column	

chromatography	eluting	with	AcOEt	to	give	the	diol	(210	mg,	51%)	as	a	colorless	oil.		

[α]D	=	+14	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	7.39-7.26	(m,	5	H),	5.21-5.09	(m,	2	H),	4.28	(d,	J	=	9.6	Hz,	1	H),	

4.11	(m,	1	H),	3.77-3.53	(m,	4	H),	2.80	(t,	J	=	12.2	Hz,	1	H),	2.59	(br.	s,	2	H),	1.99	(m,	1	H),	1.85	

(m,	1	H),	1.70-1.31	(m,	9	H)	
13C	NMR	 (63	MHz,	CDCl3)	δ	 :	156.0,	136.9,	128.4,	127.9,	127.8,	67.0,	62.8,	61.2,	51.9,	39.7,	

38.2,	29.2,	26.4,	25.4,	23.0,	19.2	

HRMS-ESI	:	m/z	[M+Na]+	calcd	for	C18H27NO4Na	:	344.1838	;	found	:	344.1832	

	

[(1S,9aR)-Octahydro-1H-quinolizin-1-yl]methyl	methanesulfonate	(54)	

	
	 To	a	solution	of	53	(200	mg,	0.62	mmol)	and	Et3N	(0.25	mL,	1.86	mmol)	in	CH2Cl2	(5	

mL)	was	added	MsCl	(0.11	mL,	1.36	mmol)	at	-20°C	and	the	resulting	mixture	was	stirred	for	

2	h	at	0°C.	A	 saturated	aqueous	 solution	of	NH4Cl	 (5	mL)	was	added,	and	 the	 layers	were	

separated.	 The	 organic	 layer	 was	 dried	 over	 Na2SO4,	 filtered	 and	 concentrated	 under	

reduced	pressure.	The	residue	diluted	in	MeOH	(10	mL)	was	hydrogenated	in	the	presence	

of	 Pd(OH)2/C	 (20%,	 70	mg)	 under	 an	 atmosphere	 of	 H2	 for	 12	 h.	 The	 crude	mixture	 was	

filtered	 through	 celite,	 and	 the	 filtrate	 concentrated	under	 reduced	pressure.	 The	 residue	

was	 diluted	with	 CH2Cl2	 (20	mL)	washed	with	 an	 aqueous	 solution	 of	 NaOH	 (1	M,	 5	mL),	

dried	 over	 Na2SO4,	 filtered	 and	 concentrated	 under	 reduced	 pressure.	 The	 residue	 was	

purified	by	flash	column	chromatography	on	alumina	eluting	with	a	mixture	of	CH2Cl2/AcOEt	

(1:1)	to	give	the	title	compound	(110	mg,	72%)	as	a	colorless	oil	

[α]D	=	+25.2	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	4.12	(d,	J	=	4.0	Hz,	2	H),	2.94	(s,	3	H),	2.75	(t,	J	=	10.9	Hz,	2	H),	

2.05-1.89	(m,	2	H),	1.84-1.47	(m,	9	H),	1.31-1.10	(m,	4	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	71.3,	63.2,	56.5,	56.2,	41.3,	36.9,	29.5,	28.0,	25.3,	24.6,	24.2	
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HRMS-ESI	:	m/z	[M+H]+	calcd	for	C11H22NO3S	:	248.1320	;	found	:	248.1312	

	

(1R,	9aR)-1-(Azidomethyl)octahydro-1H-quinolizine	(55)	

	
	 A	mixture	of	54	 (108	mg,	0.44	mmol),	NaN3	(90	mg,	1.38	mmol)	 in	DMF	(1	mL)	was	

stirred	 at	 60°C	 for	 12	 h.	 The	 solvent	 was	 removed	 under	 high	 vaccum.	 The	 residue	 was	

separated	between	CH2Cl2	and	H2O.	The	organic	 layer	was	dried	over	Na2SO4,	 filtered	and	

concentrated	under	reduced	pressure	to	give	55	(69	mg,	74%).	
1H	NMR	(250	MHz,	CDCl3)	δ	:	3.30	(dd,	J	=	12.3,	3.3	Hz,	1	H),	3.21	(dd,	J	=	12.3,	6.0	Hz,	1	H),	

2.74	(ps	t,	J	=	11.0	Hz,	2	H),	2.08-1.91	(m,	2	H),	1.79-1.35	(m,	8	H),	1.26-1.04	(m,	4	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	64.4,	56.7,	56.4,	54.2,	41.8,	29.6,	29.2,	25.5,	24.9,	24.4	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C10H19N4	:	195.1610	;	found	:	195.1614	

	
[(1R,	9aR)-Octahydro-1H-quinolizin-1-yl]methanamine	

	
	 To	a	solution	of	55	(69	mg,	0.33	mmol)	in	Et2O	(3	mL)	was	added	a	solution	of	LiAlH4	

(1	M,	in	Et2O,	0.36	mL)	and	the	resulting	mixture	was	stirred	for	1	h	at	room	temperature.	An	

aqueous	solution	of	NaOH	(1	M,	2	mL)	was	carefully	added.	The	aqueous	layer	was	extracted	

with	Et2O	 (2	 x	 5	mL).	 The	organic	 layers	were	 combined,	washed	with	brine	 (3	mL),	 dried	

over	Na2SO4,	 filtered	and	concentrated	under	reduced	pressure	to	title	compound	(57	mg,	

95	%)	as	a	colorless	oil.		

[α]D	=	+37.2	(c	1,	CH2Cl2)	
1H	NMR	(250	MHz,	CDCl3)	δ	:	3.78-2.69	(m,	3	H),	2.46	(dd,	J	=	12.7,	7.2	Hz,	1	H),	1.94	(ddd,	J	=	

11.2,	8.6,	6.5	Hz,	2	H),	1.86-1.79	(m,	2	H),	1.73	(dm,	J	=	12.5	Hz	1	H),	1.65	(ps	,	J	=	3.4	Hz,	2	H),	

1.59-1.50	(m,	3	H),	1.29-0.94	(m,	6	H)	
13C	NMR	(63	MHz,	CDCl3)	δ	:	65.0,	56.9,	56.6,	44.1,	44.1,	29.6,	28.5,	25.6,	25.1,	24.6	

HRMS-ESI	:	m/z	[M+H]+	calcd	for	C10H21N2	:	169.1705	;	found	:	169.1701	
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"Vas-y	saute,	monte,	grimpe,	à	ton	coeur,	

Sauve	toi,	n'ai	pas	peur!	

Ouvre	grand	mon	petit,		

il	est	temps	d'avaler	une	énorme	bouffée	d'air	frais!"	

L'homme	sans	trucage	-	Mathias	Malzieu	-	



	

Les	allylalanes	chiraux	en	synthèse	asymétrique	:	de	la	synthèse	diastéréosélective	au	dédoublement	cinétique	
promu	parle	camphre	

	 Ce	mémoire	traite	de	l’utilisation	d’allylmétaux	chiraux,	allylalanes	et	allylzincs,	en	synthèse	asymétrique.	Des	stratégies	adaptées	à	
la	 stabilité	 configurationnelle	 intrinsèque	 de	 ces	 deux	 espèces	 ont	 été	 développées	 et	 appliquées	 à	 la	 synthèse	 d'alcools	 et	 d'amines	
homoallyliques	énantioenrichis.	

	 La	première	partie	de	ce	manuscrit	est	consacrée	à	la	génération	de	cycloalkyl-2-én-1-ylzincs	à	partir	des	alanes	correspondants	via	
une	séquence	hydroalumination	titanocatalysée	de	diènes	conjugués/transmétallation.	Ces	allylzincs,	engagés	dans	l’allylmétallation	d'imines	
non	 racémiques,	 conduisent	 aux	 amines	 homoallyliques	 correspondantes	 avec	 une	 bonne	 diastéréosélectivité	 selon	 un	 processus	 de	
résolution	cinétique	dynamique.	

	 La	seconde	partie	vise	à	étudier	l'influence	des	co-produits	de	transmétallation	sur	le	cours	stéréochimique	de	la	réaction	d'allylation	
d'imines.	 L'utilisation	 alternative	 d'allylzirconocènes,	 libérant	 un	 acide	 de	 Lewis	 inerte,	 se	 révèle	 bénéfique	 pour	 la	 stéréosélectivité	 de	 la	
réaction	d’allylation	d’imines.	

	 Le	dernier	volet	de	ce	 travail	 concerne	 l'utilisation	directe	d'allylalanes	chiraux.	Reposant	 sur	 la	 stabilité	 configurationnelle	de	ces	
organométalliques,	un	dédoublement	cinétique	des	deux	énantiomères,	utilisant	 le	camphre	en	tant	que	"piège	chiral",	permet	d'enrichir	 le	
milieu	 réactionnel	 en	 un	 énantiomère.	 L'addition	 d'électrophiles	 prochiraux	 donne	 accès	 à	 des	 alcools	 et	 amines	 homoallyliques	 énantio-
enrichis.	

	

Mots-clés	en	français	:	allylaluminium,	dédoublement	cinétique	dynamique,	dédoublement	cinétique,	allylzinc,	allylation,	hydroalumination	

Chiral	allylalanes	in	asymmetric	synthesis:	from	diastereoselective	synthesis	to	kinetic	resolution	by	the	camphor	

	 This	 thesis	 deals	 with	 the	 use	 of	 chiral	 allylmetals,	 allylalanes	 and	 allylzincs,	 in	 asymmetric	 synthesis.	 Strategies	 adapted	 to	 the	
intrinsic	 configurational	 stability	 of	 these	 two	 species	 have	 been	 developed	 and	 applied	 to	 the	 synthesis	 of	 enantio-enriched	 homoallylic	
alcohols	and	amines.	

	 The	first	part	of	this	manuscript	is	devoted	to	the	generation	of	cycloalkyl-2-en-1-ylzinc	from	the	corresponding	alanes	via	a	titanium-
catalyzed	hydroalumination	of	conjugated	dienes	/	transmetallation	sequence.	These	allylzincs,	involved	in	the	allylmetallation	of	non-racemic	
imines,	provided	the	corresponding	homoallylamines	with	good	diastereoselectivity	according	to	a	dynamic	kinetic	resolution	process.		

	 The	 second	part	of	 this	work	aims	at	 studying	 the	 influence	of	 transmetallation	 co-products	on	 the	 stereochemical	 course	of	 the	
imine	 allylation	 reaction.	 The	 alternative	 use	 of	 allylzirconiums,	 which	 delivers	 an	 inert	 Lewis	 acid,	 was	 proven	 to	 benefit	 to	 the	
stereoselectivity	of	the	imine	allylation.	

	 The	last	part	of	this	work	concerns	the	direct	use	of	chiral	allylalanes.	Based	on	the	configuration	stability	of	these	alanes,	a	kinetic	
resolution	 of	 the	 two	 enantiomers,	 using	 camphor	 as	 a	 "chiral	 trap",	 allowed	 enriching	 the	 reaction	 medium	 with	 an	 enantiomer.	 The	
subsequent	addition	of	prochiral	electrophiles	gives	access	to	enantio-enriched	homoallylic	alcohols	and	amines.	

	

Keywords:	allylaluminium,	dynamic	kinetic	resolution,	kinetic	resolution,	allylzinc,	allylation,	hydroalumination	
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