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(U_U`U_ !5I=K2I=A@ E2G (_ UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUaf 

(U_Ua #A@5>JH=A@UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUb] 
*Q¥ 1>IKBJ9JI =J <AI;KIIAED QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ^Z 
(U`U^ '=HIAG=FJ7 67 >2 G925I=A@ I2@67? UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUb^ 

(U`U^U^ $95AJK7GI7 67 >2 52I2>MH7 42H=FJ7UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUb^ 
(U`U^U_ $7 >2 52I2>MH7 42H=FJ7 3 >2 52I2>MH7 ?9I2>>=FJ7UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUb_ 
(U`U^U` %IJ67 67H HMHI8?7H 52I2>MI=FJ7H 3 >V2G;7@IUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUb` 
(U`U^Ua (@:>J7@57 6J H7> 6V2G;7@I 7I 6J HJ4HIG2I HJG >2 5M5>=H2I=A@ UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUbb 
(U`U^Ub )7 5A@IGB>7 67 >2 G9;=AH9>75I=K=I9 E2G >7 H7> 6V2G;7@IUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUbc 

(U`U_ .M@I<8H7 67H EG95JGH7JGH 67 >2 G925I=A@ I2@67? UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUbf 
(U`U_U^ .M@I<8H7 67H FJ=@A>9=@7H 67 69E2GI UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUc] 
(U`U_U_ #AJE>2;7 67 .A@A;2H<=G2 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUc^ 
(U`U_U` +G9E2G2I=A@ 67H 69G=K9H 6V2>5M@7HUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUcb 

(U`U` %IJ67 67 >2 G9;=AH9>75I=K=I9 7I 67 >2 G925I=K=I9 67 >V2G;7@IUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUcd 
(U`U`U^ 19G=:=52I=A@ 67 >V=@:>J7@57 6J H7> 6V2G;7@IUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUcd 
(U`U`U_ %IJ67 67 >2 6J2>=I9 6J H7> 6V2G;7@IUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUce 
(U`U`U` *952@=H?7H EGAEAH9H EAJG >7H 67JL IME7H 67 H7>H 6V2G;7@I UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUd_ 
(U`U`Ua (@:>J7@57 67H 5A@6=I=A@H G925I=A@@7>>7H HJG >2 G925I=K=I9 6J H7> 6V2G;7@I UUUUUUUUUUUUUUUUUUUUUUUUUda 

(U`Ua (?EAGI2@57 6J ?9I2> 62@H >2 52I2>MH7 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUde 
(U`UaU^ #<A=L 67 >V2G;7@I 5A??7 ?9I2> 67 IG2@H=I=A@ UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUde 
(U`UaU_ %IJ67 67 >2 52I2>MH7 E2G J@ 25=67 67 "GD@HI76 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUe] 
(U`UaU` %IJ67 67 >2 5M5>=H2I=A@ 7@ EG9H7@57 67 E=9;7JGH 67 EGAIA@H UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUe^ 
(U`UaUa #A@5>JH=A@ T UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUeb 



4>?IBP ABP J>QF]OBP 

 ‒fl 

(U`Ub .M@I<8H7 67 69G=K9H :JGAFJ=@A>9=@7H UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUec 
(U`UbU^ %::7I 67 >V2NAI7 EG9H7@I 62@H >7 HJ4HIG2IUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUec 
(U`UbU_ !66=I=A@ 6VJ@ @J5>9AE<=>7 67 IME7 2?=@A2>5AA> UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUef 
(U`UbU` (@:>J7@57 6VJ@ 52I2>MH7JG 6V2G;7@I 2K75 J@ >=;2@6 =?=62NA>2I7 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUfb 

(U`Uc !EE>=52I=A@H 7I K2>AG=2I=A@ 67H ?A>95J>7H 67 HM@I<8H7 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^]] 
(U`UcU^ )7H EGAEG=9I9H 2@I=XE2>J6=FJ7HUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^]] 
(U`UcU_ )7H G925I=A@H 6V<M6GA;9@2I=A@ UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^]` 
(U`UcU` -925I=A@H 67 $=7>HX!>67GUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^]b 

*Q] #ED;BKIAED QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQZY_ 
** !##%2 ! $%2 $%1*5%2 $% $*"%-8.'41!-%2 /!1 1%!#3*.- $% "%-8!--%+!3*.-Q 

27-3)%2% $% $%1*5%2 $R.6*-$.+% .1*(*-!46QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQZYa 
**QZ *DJHE<K;JAEDQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQZYb 
**Q[ &JK<= :A:BAE?H9F@AGK= <= B9 H>9;JAED <= :=DM9DD>B9JAEDQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQZZY 
((U_U^ )7H ?9I<A67H H2@H 52I2>MH7 ?9I2>>=FJ7 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^^] 

((U_U^U^ )7H 5A@6=I=A@H 25=67HUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^^] 
((U_U^U_ #A@6=I=A@H 42H=FJ7H UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^^^ 
((U_U^U` #A@6=I=A@H I<7G?=FJ7HS +MGA>MH7S -2MA@@7?7@I 01 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^^` 

((U_U_ )2 G925I=A@ 67 47@N2@@9>2I=A@ 52I2>MH97 E2G >7H ?9I2JL 67 IG2@H=I=A@ UUUUUUUUUUUUUUUUUUUUUU^^b 
((U_U_U^ )2 G925I=A@ 67 $CINUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^^b 
((U_U_U_ /G=?9G=H2I=A@ 6V2>5M@7H UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^^e 
((U_U_U` )7H G925I=A@H 67 47@N2@@9>2I=A@ 67 IME7 Yag_ZUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^_] 
((U_U_Ua -925I=A@H 67 5M5>A=HA?9G=H2I=A@ 6V9@M@7HUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^_a 

**Q¥ &JK<= FH>BACAD9AH= <= B9 H>9;JAED <= :=DM9DD>B9JAED =J <=I CEB>;KB=I ;A:B=I QQQQQQQQQQQQQQQQQQZ[` 
((U`U^ /G2K2JL 2@I9G=7JGH 6J >24AG2IA=G7 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^_d 

((U`U^U^ -925I=A@ 67 47@N2@@9>2I=A@ 52I2>MH97 2J G<A6=J? UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^_d 
((U`U^U_ -925I=A@ 67 47@N2@@9>2I=A@ 52I2>MH97 E2G 67H H7>H 6V2G;7@IUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^_e 

((U`U_ )7H ?A>95J>7H <9I9GA5M5>=FJ7H K=H97H UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^`] 
((U`U_U^ ,J7>FJ7H EGAEG=9I9H 4=A>A;=FJ7H 67H 6=47@NA:JG2@7H 7I 67H 52G42NA>7H UUUUUUUUUUUUUUUUUUUUUU^`^ 
((U`U_U_ )7H ?9I<A67H 67 EG9E2G2I=A@  695G=I7H 62@H >2 >=II9G2IJG7 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^`` 
((U`U_U` .M@I<8H7 7@K=H2;97 EAJG EG9E2G7G >7H EG95JGH7JGH 67 >2 G925I=A@ UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^`b 

**Q] 1>IKBJ9JI =J <AI;KIIAED QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQZ¥a 
((UaU^ -9HJ>I2IH A4I7@JH 7@ H9G=7 47@NA:JG2@7UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^`e 

((UaU^U^ +G9E2G2I=A@ 67H EG95JGH7JGH 67 47@N2@@9>2I=A@ UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^`e 
((UaU^U_ %IJ67 6J HMHI8?7 52I2>MI=FJ7 67 >2 G925I=A@ 67 47@N2@@9>2I=A@UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^aa 
((UaU^U` %L7?E>=:=52I=A@ 67 >2 G925I=A@ 67 47@N2@@9>2I=A@ UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^b_ 

((UaU_ -9HJ>I2IH A4I7@JH 7@ H9G=7 =@6A>7 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^ba 
((UaU_U^ /G2K2JL 67 EG9E2G2I=A@ 67H EG95JGH7JGH 67 47@N2@@9>2I=A@UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^ba 
((UaU_U_ 12>AG=H2I=A@ 67H 5A?EAH9H 6VAL=@6A>7 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU^c] 

**Q^ #ED;BKIAED QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQZ_Z 
*** /!13*% %6/%1*,%-3!+% QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQZ_¥ 
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)KQOLAR@QFLK D^K^O>IB 

‒† 

,BP E^Q^OL@V@IBP @LKPQFQRBKQ IB MIRP I>ODB DOLRMB AB @LJMLP^P LOD>KFNRBP >SB@ MO]P AB ‒fl JFIIFLKP AB JLI^@RIBP O^MBOQLOF^BPx‒  )IP ABSFBKKBKQ AB MIRP BK MIRP FJMLOQ>KQPu KLK PBRIBJBKQ M>O IBRO >?LKA>K@Bu J>FP PROQLRQ MLRO I¦FKQ^O_Q NR¦FIP PRP@FQBKQ BK @EFJFB AB PVKQE]PB MROB BQ A>KP IBROP >MMIF@>QFLKP ?FLILDFNRBPx ,BP E^Q^OL@V@IBP PLKQ MO^PBKQP A>KP AB KLJ?OBRU MOLARFQP K>QROBIP @LJJB IBP SFQ>JFKBPu IBP ELOJLKBPu IBP >KQF?FLQFNRBP BQ IBP >I@>ILcABPu J>FP ^D>IBJBKQ A>KP IBP MOLARFQP ME>OJ>@BRQFNRBPu IBP EBO?F@FABPu IBP QBFKQROBP BQ IBP MOLARFQP  MIRP QB@EKFNRBP ¡FKEF?FQBROP AB @LOOLPFLKu >DBKQP PQ>?FIFP>QBROPu PBKPF?FIFP>QBROPu BQ@y¢x !RGLROA¦ERFu IBP @EFJFPQBP LOD>KF@FBKP A^MILFBKQ ABP BCCLOQP @LKPFA^O>?IBP MLRO A^SBILMMBO ABP J^QELABP A¦>@@]P >RU E^Q^OL@V@IBPx   0>OJF IBP QO>KPCLOJ>QFLKP PVKQE^QFNRBP IBP MIRP FKKLS>KQBPu IBP O^>@QFLKP @>Q>IVP^BP M>O IBP J^Q>RU AB QO>KPFQFLK PLKQ ABSBKRBP ABP J^QELALILDFBP AB @ELFU A>KP I> PVKQE]PB AB @LJMLP^P E^Q^OL@V@IFNRBPx %K BCCBQu BIIBP LKQ MBOJFP I> @LKPQOR@QFLK AB JLI^@RIBP @LJMIBUBP X M>OQFO AB PR?PQO>QP AB A^M>OQ C>@FIBJBKQ >@@BPPF?IBPu A>KP ABP @LKAFQFLKP O^>@QFLKKBIIBP ALR@BPx !FKPFu I¦RQFIFP>QFLK AB AFSBOP J^Q>RU AB QO>KPFQFLK QBIP NRB IB M>II>AFRJu IB KF@HBIu IB ORQE^KFRJR BQ IB OELAFRJ MLRO I> PVKQE]PB A¦E^Q^OL@V@IBP > I>ODBJBKQ ^Q^ ^QRAF^B BQ O>MMLOQ^B A>KP I> IFQQ^O>QROBx †z”   
!R @LROP AB @BP QO>S>RU AB QE]PBu ABP @LJMLP^P E^Q^OL@V@IFNRBP LKQ ^Q^ ^QRAF^P BQ PVKQE^QFP^Pu BQ MLRO @B C>FOBu KLRP KLRP PLJJBP MIRP M>OQF@RIF]OBJBKQ FKQ^OBPP^P >RU J^Q>RU EFPQLOFNRBJBKQ RQFIFP^P MLRO C>?OFNRBO ABP MF]@BP AB JLKK>FBP> X P>SLFO w   IB @RFSOBu I¦LO BQ I¦>ODBKQx‒fl  

                                                        
 ‒ %F@EBOu 4xv (>MRQJ>KK 3xv 3RP@EFVWHV (x ?D 3>; #>;C?IJHO E< (;J;HE9O9B;I¥ 2JHK9JKH;I[ 1;79J?EDI[ 2ODJ>;I;I 

7D: !FFB?97J?EDI] †KA %A] 7FIBVz6#( 6BOI>D 'J?( W #Lx +'>!u 7BFKEBFJu dbbeY † .>H>JRO>u )x >KA 9>J>JLQLu 9x #>;C] 1;L] dbbfu kjnu †‒†‚z†‒”„x ‡ !ILKPLu &xv "BIBQPH>V>u )x 0x >KA 9RPu -x #>;C] 1;L] dbbfu kjnu ‡fl‚”z‡‒•flx · :BKFu 'x >KA ,>OL@Hu 2x #x #>;C] 1;L]dbbfu kjnu ††„¶z†‡‒flx ¶ 9BQu ,x #>;C] 1;L] dbbbu kjju †”•‡z‡flfl„x • $›3LRW>u $x -x >KA -lIIBOu 4x *x #>;C] 2E9] 1;L] dbbiu mpu ‒fl”¶z‒‒fl„x ‚  4PRGFu *x 3H7DI?J?ED -;J7B 1;7=;DJI 7D: #7J7BOIJIx *LEK 7FIBV m 3LKP ,QAxu .BT 9LOH dbbbx „ "BIIBOu -x >KA "LIJu #x 3H7DI?J?ED -;J7BI <EH /H=7D?9 2ODJ>;I?Ix %APx 7FIBVz6#( 6BOI>D 'J?(u 7BFKEBFJu 
ckkj  ” -RO>E>PEFu 3x >KA $>SFBPu 3x 'x 3H7DI?J?ED -;J7B #7J7BOP;: 1;79J?EDIx %APx "I>@HTBII 3@FBK@Bu /UCLOAu 
ckkkx > ,B QBOJB >KDI>FP }@LFK>DB JBQ>Ĩ K¦BPQ M>P OB@LKKR M>O I¦)50!# ¡)KQBOK>QFLK>I 5KFLK LC 0ROB >KA !MMIFBA #EBJFPQOV¢ J>FP FI BPQ QO]P I>ODBJBKQ RPFQ^ A>KP IBP OBSRBP MLRO C>FOB O^C^OBK@B >RU J^Q>RU AB QO>KPFQFLK AR DOLRMB ‒‒ ¡)"¢ v #Ru !R BQ !Dx 

 ‒fl ,FMPERQWu "x (x >KA 9>J>JLQLu 9x #>;C] 1;L] dbbju kjru †‚”‡z†‚”¶x 



)KQOLAR@QFLK D^K^O>IB 

 ‒‡ 

,¦RQFIFP>QFLK ABP J^Q>RU AB @BQQB QOF>AB BK @>Q>IVPB ELJLD]KB P¦BPQ JLKQO^B QO]P BCCF@>@B A>KP I> @O^>QFLK AB AFSBOPBP IF>FPLKP @>O?LKBz@>O?LKB BQ @>O?LKBzE^Q^OL>QLJBx )IP LKQ ILKDQBJMP ^Q^ BJMILV^P BK @>Q>IVPB ?FJ^Q>IIFNRB A>KP ABP PVPQ]JBP QBIP NRB w  0Az#Ru 0Az!Du 2Ez!Du 0Qz!Du !Rz!D BQ -Kz#Rx #B K¦BPQ NRB QO]P O^@BJJBKQ NR¦FIP LKQ ^Q^ RQFIFP^P PBRIP? A>KP IBP O^>@QFLKP AB @V@ILFPLJ^OFP>QFLKu AB O^>OO>KDBJBKQP PFDJ>QOLMFNRBPu A¦>@QFS>QFLKP #z(u AB O^>@QFLKP AB @V@IL>AAFQFLKPu A¦E^Q^OL@V@IFP>QFLKPuy  
$BRU O^>@QFLKP AB @V@ILFPLJ^OFP>QFLK LKQ ^Q^ ^QRAF^BP >R @LROP AB @BP QO>S>RU AB QE]PBx ,> MOBJF]OB BPQ RKB O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK NRF @LKARFQ X ABP E^Q^OL@V@IBP >WLQ^P BQ LUVD^K^P AB I> C>JFIIB ABP CROLNRFKLI^FKBP BQ ABP MVO>KLNRFKLI^FKBPx #BP C>JFIIBP AB JLI^@RIBP PLKQ @LKKRBP MLRO _QOB ?FLILDFNRBJBKQ >@QFSBP‒‒z‒‡ BQ KLRP SBOOLKP NRB KLP @LJMLP^P AB PVKQE]PB MO^PBKQBOLKQ ABP >@QFSFQ^P >KQFM>IRAFNRBP FKQ^OBPP>KQBPx ,> O^>@QFLK Q>KABJ MOL@]AB BCCF@>@BJBKQ DOZ@B X RKB >@QFS>QFLK ABP PR?PQO>QP AB A^M>OQ M>O ABP PBIP A¦>ODBKQx    

 
$>KP RK PB@LKA QBJMPu KLRP KLRP PLJJBP FKQ^OBPP^P X RKB O^>@QFLK AB ?BKW>KK^I>QFLK >CFK A¦>@@^ABO X A¦>RQOBP QVMBP AB KLV>RU E^Q^OL@V@IFNRBPx !MO]P >SLFO ^QRAF^ ABP PVPQ]JBP @>Q>IVQFNRBP X I¦LO BQ X I¦>ODBKQu KLRP >SLKP CFK>IBJBKQ RQFIFP^ RK PBI AB OELAFRJ MLRO MO^M>OBO RKB D>JJB AB AF?BKWLCRO>KBPx 0>O >FIIBROP KLRP SBOOLKP NRB KLRP MLRSLKP >@@^ABO X ABP A^OFS^P A¦LUFKALIB ?FLILDFNRBJBKQ FKQ^OBPP>KQPx 

 
                                                         ? 5K KRJ^OL PM^@F>I AB @EBJF@>I OBSFBTP > ^Q^ A^AF^ X @BP KLRSBIIBP QO>KPCLOJ>QFLKP >R JLFP A¦>LkQ 

dbbj w #EBJx 2BSx ‒fl„ ¡„¢u MM †‚”‡z‡··†x 
 ‒‒ -F@E>BIu *x 0x .7J] 0HE:] 1;F] dbbjW lo[ ‒••z‒„‚x ‒† #LEBKu 0x "?E9>;C] *] dbcbW nlo[ ¶‡z¶·x ‒‡ 'I>QQu (x 2xv 3@ETFKAu (xv :>GABI>u &xv #OLFPVu !xv *>@NRFDKLKu 0x #x >KA /BP@Eu &x -KJ7J?ED 1;I;7H9>] 

 ckikW pp[ ‡fl‚ z ‡†„x 
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x‒x )KQOLAR@QFLK 

 ‒¶ 

)Yc )FLJG<M;LAGF 

,> MOBJF]OB M>OQFB AB @BP QO>S>RU AB QE]PB @LK@BOKB RKB O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK @>Q>IVP^B M>O ABP PBIP A¦>ODBKQu NRF MBOJBQ A¦>@@^ABO X ABRU C>JFIIBP A¦E^Q^OL@V@IBP w IBP CROLNRFKLI^FKBP BQ IBP MVO>KLNRFKLI^FKBP  ¡3@E^J> ‒¢x 

 
1;@SE9 c w 2^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK 

#BQQB O^>@QFLK Q>KABJ MBOJBQ A¦BCCB@QRBO BK RKB PBRIB LM^O>QFLKu I¦>AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ ¡2†/(¢ BQ RKB @V@IFP>QFLK AB QVMB ¶z;NEzAFD LR •z;D:EzAFD‒·  ¡3@E^J> ‒¢x ,BP PR?PQO>QP JFP BK GBR A>KP @BQQB @LJ?FK>FPLK O^>@QFLKKBIIB PLKQ ABP NRFKLI^FKBP CLK@QFLKK>IFP^BP M>O RK >IA^EVAB BQ RKB QOFMIB IF>FPLK PR?PQFQR^Bx   !ILOP NRB I> O^>@QFLK Q>KABJ BK @>Q>IVPB ?>PFNRB > FKFQF>IBJBKQ ^Q^ A^@LRSBOQB AB J>KF]OB CLOQRFQB >R I>?LO>QLFOBu‒¶  KLRP >SLKP SLRIR ^QRAFBO IB JLAB A¦>@QFS>QFLK AB @BP O^>@QFLKP AB @V@ILFPLJ^OFP>QFLK M>O IBP J^Q>RU AB QO>KPFQFLK AR DOLRMB ‒‒ ¡)"¢x  .LRP KLRP PLJJBP QLRQ A¦>?LOA QLROK^P SBOP IBP @LJMIBUBP A¦LO NRF LKQ ^JBOD^ @BP ABOKF]OBP >KK^BP @>O @B PLKQ ABP @>Q>IVPBROP MBOCLOJ>KQP A>KP I¦>@QFS>QFLK ^IB@QOLMEFIB  A¦>I@VKBPx‒•z‒”  %K BCCBQu IBP BPM]@BP @>QFLKFNRBP A¦LO ¡)¢ MLPP]ABKQ ABP MOLMOF^Q^P A¦>@FAB AB ,BTFP PRM^OFBROBP X @BIIBP AR @RFSOB BQ AB I¦>ODBKQu†fl  KLQ>JJBKQ DOZ@B X I> @LKQO>@QFLK OBI>QFSFPQFNRB AB PBP LO?FQ>IBP •P NRF >?>FPPB P> ,5-/x  
                                                        ‒·  ">IATFKu *x %x *] #>;C] 2E9][ #>;C] #ECCKD] ckihW kr[ ‚‡·z‚‡•x 
 ‒¶ 'LABQu 4xv "LPPLKu *xv "BIJLKQu 0x 2ODB;JJ dbbgW kp[ †‚„•z†‚”flx ‒•  (>PEJFu !x 3x +x #>;C] 1;L] dbbiW kjq[ ‡‒„flz‡†‒‒x ‒‚ ,Fu :xv "OLRTBOu #xv (Bu #x #>;C] 1;L] dbbjW kjr[ ‡†‡”z‡†•¶x ‒„ (>PEJFu !x 3x +xv ->QQEF>Pu 2x #>;C] 2E9] 1;L] dbbju mqu ‒‚••z‒‚‚¶x ‒” *FJ^KBWz.jeBWu %xv %@E>S>OOBKu !x -x #>;C] 1;L] dbbjW kjr[ ‡‡†•z‡‡¶flx †fl  'LOFKu $x *xv 4LPQBu &x $x .7JKH; dbbiW nnp[ ‡”¶z·fl‡x 
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x‒x )KQOLAR@QFLK 

 ‒• 

,B @>O>@Q]OB >I@VKLMEFIB AB I¦LO MBRQ >RPPF P¦BUMIFNRBO M>O P> CLOQB ^IB@QOLK^D>QFSFQ^ ¡†x· @LJM>O^ X ‒x” MLRO I¦>ODBKQ¢x†‒    0LROQ>KQu @LJJB SLRP IB SBOOBW A>KP KLQOB PVPQ]JBu IBP PBIP A¦>ODBKQ PB JLKQOBKQ MIRP BCCF@>@BP NRB IBP PBIP A¦LO> BQ RK @ELFU GRAF@FBRU AB IBRO @LKQOBzFLK KLRP MBOJBQ AB @LKQOgIBO I> O^DFLP^IB@QFSFQ^ AB I> O^>@QFLK ¡•z;D:EzAFD LI ¶z;NEzAFD¢ ¡3@E^J> †¢x 0>O BUBJMIBu !D†/ MBOJBQ A¦L?QBKFO RKB @V@IFP>QFLK BK JLAB ¶z;NEzAFD >ILOP NRB !D/4C C>SLOFPB I> @V@IFP>QFLK BK JLAB •z;D:EzAFDx 

 
1;@SE9 d w #LKQOgIB AB I> O^DFLP^IB@QFSFQ^ AB I> O^>@QFLK M>O IB PBI A¦>ODBKQ 

.LRP QBKQBOLKP AB O>QFLK>IFPBO @B ME^KLJ]KB AB AR>IFQ^ AB I¦>ODBKQ M>O I> K>QROB AB PLK @LKQOBzFLK NRF IRF @LKC]OBu PLFQ ABP MOLMOF^Q^P @>O?LMEFIBP AB QVMB «z>@FABu PLFQ RK @>O>@Q]OB LULMEFIB AB QVMB >@FAB AB ,BTFPx   .LRP >SLKP ^D>IBJBKQ ^QRAF^ I¦FKCIRBK@B ABP PBIP AB @RFSOB >K>ILDRBP ¡#R†/u #R/4C BQ #R¡/4C¢†¢ PRO KLQOB PVPQ]JBx 0>O I> PRFQBu RK BKPBJ?IB AB O^>@QFLKP AB @LKQOgIB MBOJBQQO> AB JBQQOB BK ^SFABK@B I¦FKCIRBK@B AB @LJMLP^P >JFK^P PRO I> O^DFLP^IB@QFSFQ^ AB I> @V@ILFPLJ^OFP>QFLK BKDBKAO^B M>O PBI A¦>ODBKQ BQ >FKPF AB A^SBILMMBO I¦RQFIFP>QFLK BK @>Q>IVPB LOD>KLJ^Q>IIFNRB A¦RK @LJMIBUB A¦FJFA>WLI>QB A¦>ODBKQ MLRO @>Q>IVPBO I> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLKx    

                                                        
 †‒ ">OQIBQQ 'EB: "KBB] ckkjW mk[ ††z†¶x >  !R#I‡ BPQ FKBCCF@>@B BQ 0E‡0!R#I K^@BPPFQB RKB >@QFS>QFLK M>O RK PBI A¦>ODBKQ @LJJB !D3?&• 
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB  
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#BQQB OBSRB ?F?IFLDO>MEFNRB KB PB SBRQ BK >R@RKB J>KF]OB BUE>RPQFSBx .LRP ^QRAFBOLKP IBP O^>@QFLKP Q>KABJ A¦>AAFQFLK KR@I^LMEFIB‘@V@ILFPLJ^OFP>QFLK @>Q>IVP^BP M>O AFCC^OBKQP J^Q>RU AB QO>KPFQFLK LR ABP ^IB@QOLMEFIBPu BK KLRP CL@>IFP>KQ RKFNRBJBKQ PRO IBP PVPQ]JBP NRF JBQQBKQ BK GBR RK DOLRMBJBKQ @>O?LKVI^ BQ RKB QOFMIB IF>FPLKx  !FKPFu IBP O^>@QFLKP A¦E^Q^OL@V@IFP>QFLK NRF CLKQ FKQBOSBKFO ABP DOLRMBJBKQP CLK@QFLKKBIP P>QRO^P ¡>I@LLIPu >JFKBPu QEFLIPuy¢ LR ABP A^OFS^P A¦>@FAB  ¡>@FABP @>O?LUVIFNRBPu >JFABPuy¢ KB PBOLKQ M>P O>MMLOQ^BPx‒•u††z†‚  ,BP O^>@QFLKP AB @V@ILFPLJ^OFP>QFLK A¦BKVKBPu†„z‡¶  LR @BIIBP NRF JBQQBKQ BK GBR ABP >II]KBP‡•z·‒ BQ‘LR ABP FJFKBP†u·†z·¶ KB PBOLKQ M>P A^@OFQBP KLK MIRPx 
                                                        †† 3EBKu (x #x 3;JH7>;:HED dbbjW pn[ ‡„„¶z‡”fl‡x †‡ 3EBKu (x #x 3;JH7>;:HED dbbjW pn[ ‚„·‚z‚„‚flx †· $aBWz'LKWYIBWu 3xv .LI>Ku 3x 0x !99] #>;C] 1;I] dbbjW nk[ ‡·”z‡¶„x †¶ 7FABKELBCBOu 2x #>;C] %KH] *] dbbjW kn[ ¶‡„†z¶‡”‒x †• -F@EBIBQu 6x !9JK7B] #>?C] dbbiW ·”z¶†x †‚ -RW>OQu *x 3;JH7>;:HED dbbjW pn[ ¶„‒¶ z ¶„·”x 
 †„ #E>OOR>RIQu ,xv -F@EBIBQu 6xv 4>O>Pu 2xv 'I>AF>IFu 3xv 'BK_Qu *x 0x #>;C] #ECCKD] dbbfW „¶flz„¶‒x †” .FBQLz/?BOER?BOu #xv -ReLWu -x 0xv "ReRBIu %xv .BS>ALu #xv #YOABK>Pu $x *xv %@E>S>OOBKu !x -x !D=;M] #>;C] 

)DJ] %:] dbbfu nmu †·fl†z†·fl•x ‡fl ,BBu 3x )xv +FJu 3x -xv #ELFu -x 2xv +FJu 3x 9xv #ERKDu 9x +xv (>Ku 7x z3xv +>KDu 3x /x *] /H=] #>;C] dbbhW qk[ ”‡••z”‡‚†x ‡‒ 3EF?>Q>u 4xv 5BKLu 9xv +>KA>u +x 2ODB;JJ dbbhW kq[ ·‒‒z·‒·x ‡† .FBQLz/?BOER?BOu #xv -ReLWu -x 0xv ,fMBWu 3xv *FJ^KBWz.jeBWu %xv .BS>ALu #xv (BOOBOLz'fJBWu %xv  2>AR@>Ku -xv %@E>S>OOBKu !x -x #>;C] %KH] *] dbbhW kl[ ‒•‚‚z‒•”‡x ‡‡ :OF?>u 2xv '>KALKu 6xv !R?BOQu #xv &BKPQBO?>KHu ,xv ->I>@OF>u -x #>;C] %KH] *] dbbjW kn[ ‒·„†z‒·”‒x ‡· *FJ^KBWz.jeBWu %xv #I>SBOFBu #xv "LROu #xv #YOABK>Pu $xv %@E>S>OOBKu !x !D=;M] #>;C] )DJ] %:] dbbjW nq[ ‚„”†z‚„”¶x ‡¶ -F@EBIBQu 6xv 4LRIIB@u 0xv 'BK_Qu *x z0x !D=;M] #>;C] )DJ] %:] dbbjW nq[ ·†•„z·‡‒¶x ‡• ,BJF]OBu 'xv '>KALKu 6xv #>OFLRu +xv (LROPu !xv &RHRV>J>u 4xv $EFJ>KBu !x z,xv &BKPQBO?>KHu ,xv ->I>@OF>u -x *] !C] #>;C] 2E9] dbbkW kmk[ †””‡z‡flfl•x ‡‚ ,BBu *xv 4LPQBu &x $x !D=;M] #>;C] )DJ] %:] dbbiW np[ ”‒†z”‒·x ‡„ 7B?BOu $xv 4>OPBIIFu -xv '>DK^u -x !D=;M] #>;C] )DJ] %:] dbbkW nr[ ¶‚‡‡z¶‚‡•x ‡” -FQ>PBSu "x "x +x -xv "ORJJLKAu +x -x 2ODB;JJ dbbhW kq[ ‡‒flflz‡‒fl·x ·fl $RAKFHu !x 3xv 3OLJBHu !x 7xv 2R?FK>u -xv +FJu *x 4xv +BI›Fu !x 6xv 'BSLODV>Ku 6x *] !C] #>;C] 2E9] dbbjW kmj[ ‒··flz‒·¶†x ·‒ 8F>u 9xv $RAKFHu !x 3xv 'BSLODV>Ku 6xv ,Fu 9x *] !C] #>;C] 2E9] dbbjW kmj[ •”·flz•”·‒x ·† !P>Lu .xv 3>IMOFJ>u 9x 9xv .LD>JFu 4xv 9>J>JLQLu 9x !D=;M] #>;C] )DJ] %:] dbbgW nn[ ¶¶†•z¶¶†„x ·‡ 3Ru 3xv 0LO@Lu *x !x *] !C] #>;C] 2E9] dbbiW kls[ ‚‚··z‚‚·¶x ·· $FKDu 1xv 7Ru *x /H=] ,;JJ] dbbiW s[ ·”¶”z·”•†x ·¶ !P>Lu .xv 3>IMOFJ>u 9x 9xv .LD>JFu 4xv 9>J>JLQLu 9x !D=;M] #>;C] )DJ] %:] dbbgW nn[ ¶¶†•z¶¶†„x  



)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB  
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.LRP SBOOLKP NRB ABRU QVMBP AB J^@>KFPJBP MBRSBKQ _QOB BKSFP>D^P MLRO I> O^>@QFLK Q>KABJ ¡3@E^J> ‡¢ w 

 
1;@SE9 e w -^@>KFPJBP MLPPF?IBP MLRO I> O^>@QFLK Q>KABJ  A¦>AAFQFLK KR@I^LMEFIB‘@VILFPLJ^OFP>QFLK  

]c^  3F IB J^Q>I MLPP]AB RK @>O>@Q]OB M>OQF@RIF]OBJBKQ LULMEFIB ¡3@E^J> ‡W ^Nx ]c^¢u FI PB @LLOAFKBO> A¦>?LOA X I¦LUVD]KB AR DOLRMBJBKQ @>O?LKVI^ ¡BPM]@B !¢u C>SLOFP>KQ >FKPF I¦>QQ>NRB AR KR@I^LMEFIB ¡BPM]@B "¢x> 3BP MOLMOF^Q^P A¦>@FAB AB ,BTFP IRF MBOJBQQOLKQ BKPRFQB A¦>@QFSBO I> QOFMIB IF>FPLK BQ A¦BKD>DBO I> O^>@QFLK AB @V@IFP>QFLK BK JLAB ;NE ¡BPM]@B #¢ LR ;D:E ¡BPM]@B $¢x  
]d^ ; I¦FKSBOPBu PF IB J^Q>I BPQ @>O?LMEFIB ¡3@E^J> ‡W ^Nx ]d^¢u FI PB @LJMLOQBO> @LJJB RK «z>@FAB BK @LJMIBU>KQ A¦>?LOA I> QOFMIB IF>FPLK ¡BPM]@B %¢ >CFK AB C>SLOFPBO I> @V@IFP>QFLK BK JLAB ;NE ¡BPM]@B &¢ LR ;D:E ¡BPM]@B '¢x ,¦BPM]@B @>QFLKFNRB D^K^O^B MLROO> BKPRFQB PR?FO I¦>AAFQFLK AR KR@I^LMEFIB BQ @LKARFOB >RU MOLARFQP AB @V@IFP>QFLK # BQ $x 
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ 

 ‒” 

 )x†x‒ !AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ 
)]l]k]k #7J7BOI; 7K F7BB7:?KC 

 $]P †flfl†u IB DOLRMB AB *9LG BQ !CAL9 P¦BPQ FKQ^OBPP^ X I¦RQFIFP>QFLK AB PBIP AB  M>II>AFRJ ¡))¢ MLRO @>Q>IVPBO RKB O^>@QFLK ALJFKLx #BQQB ABOKF]OB JBQ BK GBR RKB @V@IFP>QFLKu RKB ^Q>MB A¦>@^Q>IFP>QFLK BQ RKB O^>@QFLK AB @>O?LKVI>QFLK ¡3@E^J> ·¢x ,BP QO>S>RU MLOQBKQ PRO ABP PR?PQO>QP >IFME>QFNRBP CLK@QFLKK>IFP^P M>O RK >I@VKB QBOJFK>I BQ RK JLQFC @>O?LKVI^ AB QVMB @^QLKBx·• u> ,> O^>@QFLK AB @V@IFP>QFLK PB C>FQ A>KP ABP @LKAFQFLKP ALR@BP ¡fl¯# X Qx>x¢ BK MO^PBK@B AB Fz?BKWLNRFKLKBx ,¦^Q>MB CFK>IB AB @>O?LKVI>QFLK BPQ JBK^B PLRP RKB >QJLPME]OB AB JLKLUVAB AB @>O?LKB NRF MBOJBQ I> CLOJ>QFLK A¦RK BPQBO J^QEVIFNRB BK MLPFQFLK SFKVIFNRBx 
 

1;@SE9 f w 2^>@QFLK ALJFKL @V@IFP>QFLKz>@^Q>IFP>QFLKz@>O?LKVI>QFLK @>Q>IVP^B M>O 0A)) 
 $>KP IB J^@>KFPJB PRDD^O^ M>O IBP >RQBROP ¡3@E^J> ¶¢u  @¦BPQ I¦^Q>MB AB @V@IFP>QFLK NRF P¦LM]OB >S>KQ I> O^>@QFLK A¦>@^Q>IFP>QFLKx ,> O^>@QFLK BPQ >JLO@^B M>O I> @LLOAFK>QFLK AR @>Q>IVPBRO PRO I> QOFMIB IF>FPLK @>O?LK|@>O?LKB ¡@LJMIBUB !¢x ,¦>I@VKB  >FKPF >@QFS^ MBRQ >ILOP PR?FO I¦>QQ>NRB AB I> CLK@QFLK @>O?LKVI^B BQ @LKARFOB X I¦FKQBOJ^AF>FOB AB M>II>AFRJ SFKVIFNRB "x ,¦>AAFQFLK KR@I^LMEFIB A¦RKB JLI^@RIB AB J^QE>KLI PRO IB @>O?LKB ^IB@QOLMEFIB AR DOLRMBJBKQ @>O?LKVIB D^K]OB I¦>@^Q>I @V@IFNRB #  NRF MBRQ A^PLOJ>FP _QOB BKD>D^ A>KP I¦^Q>MB AB @>O?LKVI>QFLKx 0LRO @BI>u IB JLKLUVAB AB @>O?LKB P¦FKP]OB A>KP I> IF>FPLK @>O?LKB|M>II>AFRJ SFKVIFNRB ¡$¢u MRFP I> J^QE>KLIVPB @LKP^@RQFSB @LKARFQ X I¦BPQBO SFKVIFNRB >QQBKAR BQ X I¦^IFJFK>QFLK AR M>II>AFRJ O^ARFQx #B M>II>AFRJ ¡fl¢ BPQ BKCFK O^LUVA^ M>O I> Fz?BKWLNRFKLKB BK M>II>AFRJ ¡))¢x 
                                                        
 ·• +>QLu +xv 9>J>JLQLu 9xv !HFQ>u (x 3;JH7>;:HED ,;JJ] dbbdW nm[ ·”‒¶z·”‒‚x > ,BP QO>S>RU LKQ ^D>IBJBKQ ^Q^ >MMIFNR^P X ABP >@^Q>QBP MOLM>ODVIFNRBP w +>QLu +xv 9>J>JLQLu 9xv !HFQ>u (x 
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ 

 †fl 

 
1;@SE9 g X -^@>KFPJB AB I> O^>@QFLK ALJFKL @V@IFP>QFLKz>@^Q>IFP>QFLKz@>O?LKVI>QFLKx 

1;C7HGK; w )I BPQ FKQ^OBPP>KQ AB KLQBO NRB IBP >RQBROP JBKQFLKKBKQ NRB I> MO^PBK@B AR DOLRMBJBKQ @>O?LKVI^ PFQR^ X MOLUFJFQ^ AB I> QOFMIB IF>FPLK BPQ K^@BPP>FOB MLRO NRB I> O^>@QFLK P¦>JLO@Bx? 0LROQ>KQu FIP KB CLKQ >R@RKBJBKQ >IIRPFLK >R @>O>@Q]OB >J?FS>IBKQ AR M>II>AFRJ NRF KB GLRB F@F NRB IB OgIB AB J^Q>I AB QO>KPFQFLKx 0>O >FIIBROPu I>  
Fz?BKWLNRFKLKB BPQu A>KP IB J^@>KFPJB PRDD^O^u I> PLRO@B A¦LUVA>QFLK AR M>II>AFRJx %IIB K¦BPQ ALK@ M>P O^D^K^O^B BK CFK AB O^>@QFLK @LJJB KLRP MLROOLKP I¦L?PBOSBO A>KP IBP QO>S>RU AB 9>J>JLQL ¡@Cx @FzABPPLRP¢x  ,B DOLRMB AB 79E9EGLG > ^D>IBJBKQ O>MMLOQ^ BK †flfl† NRB I¦RQFIFP>QFLK AB PBIP AB M>II>AFRJ ¡))¢ MBOJBQQ>FQ AB @>Q>IVPBO ABP O^>@QFLKP Q>KABJ A¦>@^Q>IFP>QFLK‘ @V@ILFPLJ^OFP>QFLK >SB@ AB ?LKP OBKABJBKQPx·‚ ,¦^QRAB > MLOQ^ PRO ABRU P^OFBP AB PR?PQO>QP w ABP A^OFS^P AB QVMB >OLJ>QFNRB ¡3@E^J> •u ^Nx ]c^¢ BQ ABP A^OFS^P AB QVMB >IFME>QFNRB ¡^Nx ]d^¢x  
                                                        ? %K OBJMI>¥>KQ IB DOLRMBJBKQ #¿/ M>O RK JLQFC #¿#(†u PBRI IB MOLARFQ AB A^M>OQ BPQ O^@RM^O^x ·‚ !P>Lu .xv .LD>JFu 4xv 4>H>E>PEFu +xv 9>J>JLQLu 9x *] !C] #>;C] 2E9] dbbdW kln[ ‚•·z‚•¶x 
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O

R1
O
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O
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R1

O

Pd+

R1
MeO

O

COPd+

R1
MeO
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MeOH

H+

CO

MeOH

O

CO2Me

R1
MeO
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OHHO
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2H+

A

B

C

D

R3

R2

R3

R2

R3

R2

R3

R2

R3

R2

R3
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ 

 †‒ 

 
1;@SE9 h w %CCBQ AR PR?PQO>Q PRO IB JLAB AB @V@IFP>QFLKx 

%K P^OFB >OLJ>QFNRB I> @V@IFP>QFLK > IFBR BU@IRPFSBJBKQ BK JLAB •z;D:EzAFD >ILOP NR¦BK P^OFB >IFME>QFNRB IBP A^OFS^P O^>DFPPBKQ PBILK IBP ABRU JLABP AB @V@IFP>QFLKu >SB@ RKB I>ODB MO^C^OBK@B MLRO IBP MOLARFQP ¶z;NEzAFDx 0IRPFBROP ^QRABP LKQ ^Q^ JBK^BP PRO I¦RK ABP PR?PQO>QP AB I> P^OFB >IFME>QFNRB  ¡^Nx ]d^u 2‒ ¿ 0E¢x %IIBP LKQ O^S^I^ NR¦BK MO^PBK@B AB M>II>AFRJ ¡fl¢ BQ >SB@ 0A#I† I> O^>@QFLK AB @V@IFP>QFLK K¦> M>P IFBRx 0>O >FIIBROPu FI PBJ?IBO>FQ NRB I¦>GLRQ A¦RK ^NRFS>IBKQ AB Fz?BKWLNRFKLKB PLFQ K^@BPP>FOB MLRO NRB IB OBKABJBKQ KB @ERQB M>P AO>PQFNRBJBKQu J_JB PF @BQQB ABOKF]OB BPQ O^@RM^O^B X „‡ » BK CFK AB O^>@QFLKx ,BP >RQBROP MO^@FPBKQ NR¦BIIB K¦>DFO>FQ M>P @LJJB RK >DBKQ LUVA>KQu J>FP MIRQgQ @LJJB RK IFD>KA AR M>II>AFRJx   $B J>KF]OB D^K^O>IBu IBP O^PRIQ>QP LKQ ^D>IBJBKQ JLKQO^ NR¦BK P^OFB >IFME>QFNRBu IB PR?PQFQR>KQ AB I¦>I@VKB ¡2‒¢ BUBO@B RKB FKCIRBK@B PFDKFCF@>QFSB PRO IB O>QFL ABP MOLARFQP  ¶z;NE w •z;D:E ¡4>?IB>R ‒¢x %K BCCBQu @LKQO>FOBJBKQ >RU DOLRMBJBKQP OF@EBP BK ^IB@QOLKP ¡%KQO^BP ‒z†¢ RK DOLRMBJBKQ ^IB@QOLKFNRBJBKQ A^CF@FBKQ ¡%KQO^B ‡¢ BKQO>bKB I> CLOJ>QFLK AR @V@IB X ¶ @E>bKLKPx $B J_JBu PF I¦>I@VKB MLOQB RK PR?PQFQR>KQ >IHVIB  ¡%KQO^B ·¢u PBRI IB MOLARFQ ¶z;NEzAFD BPQ L?QBKRu @BMBKA>KQ >SB@ RK J>RS>FP OBKABJBKQx 
%FLJS= 2‒ 0OLARFQ ¶z;NEzAFD ¡»¢ 0OLARFQ •z;D:EzAFD ¡»¢ 

c 0E •• ” 
d Fz-B0E ·• ‒‚ 
e Fz#&‡0E •· fl 
f #„(‒‚ †„ fl 

29:D=9M c w )KCIRBK@B AR PR?PQFQR>KQ >@^QVI^KFNRB ABP PR?PQO>QP >IFME>QFNRBP 

O

R1

+ R2OH
Pd(OAc)2 (cat.)

p-benzoquinone (1 éq.)
1,4-dioxane

O

OR2

R1

R1 = Ph, p-CF3Ph, p-MePh, n-Bu, C8H17, TMS, H

R2 = Me, Et, i-Pr

O

R1

+ R2OH
Pd(OAc)2 (cat.)

p-benzoquinone (1 éq.)
1,4-dioxane

O

OR2

R1

O

OR2

R1

+

6-endo-dig

6-endo-dig
(minoritaire)

5-exo-dig
(majoritaire)

Série aromatique

Série aliphatique

(1)

(2)
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 †† 

,B J^@>KFPJB BKSFP>D^ M>O IBP >RQBROP JBQ BK IRJF]OB RK ALR?IB OgIB AR @>Q>IVPBRO NRF BPQ @>M>?IB AB PB @LJMLOQBO PFJRIQ>K^JBKQ @LJJB RK >@FAB AB ,BTFP ¡LULMEFIB¢ BQ @LJJB RK J^Q>I AB QO>KPFQFLK ¡@>O?LMEFIB¢ ¡3@E^J> ‚¢x@ $>KP RK MOBJFBO QBJMPu I¦>@QFS>QFLK AR DOLRMBJBKQ @>O?LKVI^ M>O IB PBI AB M>II>AFRJ ¡))¢  ¡FKQBOJ^AF>FOB !¢ C>@FIFQB I¦>AAFQFLK KR@I^LMEFIB AB I¦>I@LLI ¡2†/(¢ BQ MBOJBQ >FKPF I> CLOJ>QFLK AB I¦E^JF>@^Q>I "x %K PB @LLOAFK>KQ BKPRFQB >RU ^IB@QOLKP « AB I> QOFMIB IF>FPLKu IB PBI AB M>II>AFRJ ¡))¢ @LKQOF?RB X I¦>?>FPPBJBKQ AB I> ABKPFQ^ ^IB@QOLKFNRB ABP @>O?LKBP >@^QVI^KFNRBPx ,> QOFMIB IF>FPLK >FKPF >@QFS^B ¡"¢ PR?FQ I¦>QQ>NRB KR@I^LMEFIB AR DOLRMBJBKQ EVAOLUVIB MO^@^ABJJBKQ CLOJ^u M>O I> C>@B LMMLP^B >R @LJMIBUB AB M>II>AFRJx ,BP FKQBOJ^AF>FOBP AB M>II>AFRJ SFKVIFNRBP #gZ9G@ BQ #hZ9?8@ FPPRP OBPMB@QFSBJBKQ AB I> @V@IFP>QFLK BK JLAB ¶z;NEzAFD LR •z;D:EzAFD MBRSBKQ BKCFK @LKARFOBu >MO]P MOLQLKLIVPB M>O I¦>@FAB >@^QFNRBu >RU MOLARFQP @V@IFP^P >QQBKARPx 

 
1;@SE9 i w -^@>KFPJB FJMIFNR>KQ RKB ALR?IB O^>@QFSFQ^ AR PBI 0A)) 

1;C7HGK; w $>KP IB J^@>KFPJB MOLMLP^  M>O IB DOLRMB AB 9>J>JLQLu IBP >RQBROP KB CLKQ M>P FKQBOSBKFO I> Fz?BKWLNRFKLKBx .LRP PLJJBP ALK@ BK AOLFQ AB KB KLRP ABJ>KABO NRBI BPQ PLK S^OFQ>?IB OgIB A>KP I> O^>@QFLKx 
                                                        @ 9>J>JLQL > O^>IFP^ RKB ^QRAB MLRPP^B PRO I¦>CCFKFQ^ AB AFCC^OBKQP PBIP J^Q>IIFNRBP SFPzXzSFP ABP DOLRMBJBKQP FKP>QRO^P w #¿/u #¿.u #¿# BQ #≡#x  #BQQB ^QRABu ?>P^B PRO ABP @>I@RIP BKQE>IMFNRBPu JLKQOBKQ NR¦BK CLK@QFLK AR J^Q>I BQ AR @LKQOB FLKu IB @>Q>IVPBRO MBRQ >SLFO RK @>O>@Q]OB MO^MLKA^O>KQ A¦>@FAB AB ,BTFP LR AB J^Q>I AB QO>KPFQFLKx 9>J>JLQLu 9x *] /H=] #>;C] dbbiW ql[ ‚„‒‚z‚„‡‒x 

Pd(OAc)2
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H
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O
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R1

O

OR2

R1
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O
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R2OHAcOH
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AcOPd PdOAc

O

OR2
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O

OR2
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 †‡ 

 0>O >FIIBROPu IBP >RQBROP LKQ ^QRAF^ IB @>O>@Q]OB LULMEFIB BQ @>O?LMEFIB AB I¦>@^Q>QB AB M>II>AFRJ M>O ABP >K>IVPBP BK 2-. ‒‡# ¡3@E^J> „¢x )IP LKQ @LJJBK@^ M>O @LJM>OBO IBP A^MI>@BJBKQP @EFJFNRBP A¦RK PR?PQO>Q PBRI ! >SB@ @BRU A¦RK J^I>KDB ^NRFJLI>FOB AB PR?PQO>Q BQ AB M>II>AFRJ ¡FKQBOJ^AF>FOB !08¢x 3BRI RK A^?IFKA>DB AB flxfl• MMJ AR @>O?LKB AB I¦>IA^EVAB ¡#¿/¢ > ^Q^ L?PBOS^x #B ME^KLJ]KB MBRQ P¦BUMIFNRBO M>O I¦>QQO>@QFLK ^IB@QOLKFNRB NRB @O^B IB M>II>AFRJ BK PB @E^I>Q>KQ X I¦>QLJB LUVD]KB AR DOLRMBJBKQ @>O?LKVIBx #¦BPQ BK NR>IFQ^ A¦>@FAB AB ,BTFP NR¦FI BPQ S>ILOFP^ F@Fx !R @LROP A¦RKB PB@LKAB ^QRABu IBP >RQBROP PB PLKQ FKQ^OBPP^P >R A^MI>@BJBKQ @EFJFNRB ABP @>O?LKBP >@^QVI^KFNRBP § BQ ¤ AR ‒zME^KVIMOLMVKB " BK MO^PBK@B AB M>II>AFRJ ¡FKQBOJ^AF>FOB "08¢x ,BP BCCBQP AB A^?IFKA>DB PLKQ OBPMB@QFSBJBKQ AB flxfl‡ BQ AB  flxfl‒ MMJx #BP A^MI>@BJBKQP @EFJFNRBP PLKQ @BOQBP JLFKP FJMLOQ>KQPu J>FP FIP @LKCFOJBKQ NRB IB M>II>AFRJ BPQ @>M>?IB AB PB @LLOAFKBO X I> QOFMIB IF>FPLK DOZ@B X PBP MOLMOF^Q^P AB J^Q>I AB QO>KPFQFLKx  

 
1;@SE9 j X !K>IVPB 2-. ‒‡# JLKQO>KQ IB @>O>@Q]OB LULMEFIB >@@BKQR^ AB 0A¡/!@¢† 

 #BP O^PRIQ>QP FKAFNRBKQ @I>FOBJBKQ NRB I¦>@^Q>QB AB M>II>AFRJ  MBRQ PB @LLOAFKBO X I> CLFP X I¦LUVD]KB AB I¦>IA^EVAB BQ X I¦>I@VKBu J>FP NR¦BK MO^PBK@B ABP ABRU PFQBP AB @LJMIBU>QFLKu @¦BPQ PLK @>O>@Q]OB LULMEFIB NRF BPQ MO^MLKA^O>KQx   
1;C7HGK; w %K P^OFB >OLJ>QFNRBu I> O^>@QFLK @LKK>bQ ABP IFJFQ>QFLKP >SB@ I¦RQFIFP>QFLK A¦RK >I@VKB QBOJFK>I ¡3@E^J> •W ^Nx ]c^u 2‒ ¿ (¢x ,B MOLARFQ AB @V@IFP>QFLK BPQ L?QBKR >SB@ †† » AB OBKABJBKQu BQ P¦>@@LJM>DKB AB MIRPFBROP PLRP MOLARFQP KLK FABKQFCF^Px  

H

O

Ph

H

O

Ph

Pd(OAc)2

δ 88.23

δ 80.82

δ 198.85

δ 88.23

δ 80.82

δ 198.91

Ph

δ 85.15

δ 79.42 Ph

δ 85.18

δ 79.43

Pd(OAc)2

Me Me

A APd B BPd

α

β
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 †· 

)]l]k]l #7J7BOI; 7K 9K?LH; 

 !MO]P >SLFO A^SBILMM^ RKB J^QELALILDFB M>II>ALz@>Q>IVP^B BCCF@>@B MLRO PVKQE^QFPBO ABP >@^Q>IP @V@IFNRBPu IB DOLRMB AB 9>J>JLQL P¦BPQ QLROK^ SBOP I¦RQFIFP>QFLK AB PBIP AB @RFSOB ¡)¢ MLRO M>IFBO IBP IFJFQ>QFLKP MO^@^ABJJBKQ L?PBOS^BP ¡3@E^J> ”¢x·„  
 

1;@SE9 k X 3VKQE]PB AB MOLARFQP •z;D:EzAFD @>Q>IVP^B M>O ABP PBIP AB #R) 
 0IRPFBROP QO>S>RU A¦LMQFJFP>QFLK LKQ JLKQO^ NRB I> @LJ?FK>FPLK AR FLAROB AB @RFSOB BQ AR AFJ^QEVICLOJ>JFAB ^Q>FQ IB PVPQ]JB @>Q>IVQFNRB AB @ELFU MLRO @BQQB O^>@QFLKx  ,BP >RQBROP LKQ L?PBOS^ RKB M>OQF@RI>OFQ^ FKQ^OBPP>KQB BK @LJM>O>KQ AFCC^OBKQP @>Q>IVPBROP AB @RFSOB ¡4>?IB>R †¢x %K BCCBQu IBP PBIP AB @RFSOB ¡)¢ PB PLKQ JLKQO^P M>OQF@RIF]OBJBKQ BCCF@>@BP BQ P^IB@QFCP BK D^K^O>KQ BU@IRPFSBJBKQ ABP MOLARFQP AB @V@IFP>QFLK •z;D:EzAFD ¡4>?IB>R †u %KQO^BP †z·¢x 0>O @LKQOBu #R#I† NRF BPQ RK PBI AB @RFSOB ¡))¢u @LKARFQ X RK J^I>KDB ^NRFJLI>FOB AB O^DFLFPLJ]OBP ¶z;NEzAFD BQ •z;D:EzAFD ¡4>?IB>R †W %KQO^B ¶¢x  

 
%KQO^B #>Q>IVPBRO 2BKABJBKQ 2-. ¡»¢ •z;D:E w ¶z;NE ‒ z fl z † #R"O ”† ‒flfl w fl ‡ #R#I ”‚ ‒flfl w fl · #R) ”” ‒flfl w fl ¶ #R#I† „” ¶fl w ¶fl 

29:D=9M d X )KCIRBK@B AR PBI AB @RFSOB 
                                                         ·„  0>QFIu .x 4xv 9>J>JLQLu 9x *] /H=] #>;C] dbbfW ps[ ¶‒‡”z¶‒·†x  

O

R2

+ R3OH
CuI (10 mol%) O

OR3

R2

R2 = n-Pr, n-Bu, Ph,  CH2OMe, TMS, H

R3 = Me, i-Pr, n-Bu, Allyl

R1

DMF

R1 R1 = H, CF3

O

nPr

+ MeOH

Catalyseur 
(10 mol%) O

OMe

nPr
DMF

O

OMe

nPr
6-endo-dig 5-exo-dig



)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ 

 †¶ 

 #BQQB J^QELALILDFB > ^Q^ >MMIFNR^B >SB@ PR@@]P X RK I>ODB ^SBKQ>FI AB PR?PQO>QP BQ A¦>I@LLIP J>FP BIIB MO^PBKQB K^>KJLFKP RKB IFJFQ>QFLK w I¦RQFIFP>QFLK A¦>I@LLI ?BKWVIFNRB @LJJB KR@I^LMEFIB ¡3@E^J> ”W 2‡ ¿ #(†0E¢ KB MBOJBQ A¦L?QBKFO NRB ¶‒ » AB MOLARFQ A^PFO^ J>IDO^ AB KLJ?OBRU BPP>FP A¦LMQFJFP>QFLKx )I BPQ ^D>IBJBKQ FKQ^OBPP>KQ AB KLQBO NRB ILOPNRB I¦>I@VKB BPQ PR?PQFQR^ M>O RK DOLRMBJBKQ PFIVI^ ¡3@E^J> ”W  2† ¿ 4-3¢ IB MOLARFQ AB @V@IFP>QFLK •z;D:EzAFD BPQ A^MOLQ^D^x    ,BP >RQBROP LKQ I>ODBJBKQ AFP@RQ^ AR J^@>KFPJB AB @BQQB O^>@QFLK Q>KABJx #LJJB A>KP IB @>P AB I> @>Q>IVPB >R M>II>AFRJu FIP MBKPBKQ NRB I> CLOJ>QFLK AB I¦E^JF>@^Q>I MO^@]AB I¦^Q>MB AB @V@IFP>QFLKx 0LROQ>KQu FIP MOLMLPBKQ ABRU SLFBP A¦>@@]P MLRO >JLO@BO I> O^>@QFLK w PLFQ RKB >@QFS>QFLK AR DOLRMBJBKQ @>O?LKVI^ M>O IB PBI AB @RFSOB ¡)¢ ¡3@E^J> ‒flW 4GA= !¢u PLFQ RKB @>Q>IVPB ?>PFNRB AR $-& M>O A^MOLQLK>QFLK AR J^QE>KLI ¡4GA= "¢x 

 
1;@SE9 cb w #>Q>IVPB >@FAB LR ?>PFNRB AB I> CLOJ>QFLK AB I¦E^JF>@^Q>I   0LRO ^QRAFBO I> NRBPQFLKu AFCC^OBKQBP BUM^OFBK@BP LKQ ^Q^ JBK^BP w 

 %KQO^B 3LIS>KQ 4 ¡¯#¢ !AAFQFC 2BKABJBKQ ¡»¢ ‒ $-& ‚fl z ”” † "BKW]KB „fl z 4O>@BP ‡ "BKW]KB „fl %Q‡. ¡† ^Nx¢ ‚fl 
29:D=9M ew %QRAB AR OgIB AB I> ?>PB AB ,BTFP 

  ,LOPNRB I> O^>@QFLK BPQ O^>IFP^B A>KP IBP @LKAFQFLKP ’ @I>PPFNRBP \ BK MO^PBK@B AB ‒fl JLI » AB @>Q>IVPBRO A>KP IB $-&u I> @LKSBOPFLK BPQ NR>KQFQ>QFSB ¡4>?IB>R ‡W  %KQO^B ‒¢x  %K OBS>K@EBu BK OBJMI>¥>KQ IB $-& M>O AR ?BKW]KBu J_JB >MO]P ‒† Eu I> NR>PFzQLQ>IFQ^ AR MOLARFQ AB A^M>OQ BPQ O^@RM^O^B ¡%KQO^B †¢x  

O

R

CuI

MeOH

Catalyse par un
acide de Lewis

OH

R

OMe

Catalyse par une
base de Lewis

O

R

Voie A Voie B

MeO-H Base

O

nPr

MeOH
CuI (10 mol%) O

OMe

nPr
Solvant



)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ 

 †• 

    #B K¦BPQ NR¦BK MO^PBK@B AB ABRU ^NRFS>IBKQP AB ?>PB ¡%Q‡.¢ NRB I> @V@IFP>QFLK P¦LM]OB BQ @LKARFQ >R MOLARFQ >QQBKAR  >SB@ ‚fl » AB OBKABJBKQ ¡%KQO^B ‡¢x 3>@E>KQ NRB I¦FLAROB AB @RFSOB K¦BPQ KF PLIR?IB A>KP IB $-&u KF A>KP IB ?BKW]KBu KF A>KP IB J^I>KDB ?BKW]KBz%Q‡.u I> AFCC^OBK@B AB O^>@QFSFQ^ KB MOLSFBKQ M>P AB @BQQB AFCC^OBK@B AB PLIR?FIFQ^x #BP O^PRIQ>QP I>FPPBKQ ALK@ PRDD^OBO NRB I> CLOJ>QFLK AB I¦E^JF>@^Q>I BPQ @>Q>IVP^B M>O RKB ?>PB AB ,BTFPx   ,BP >RQBROP MOLMLPBKQ ALK@ RKB SLFB J^@>KFPQFNRB >JLO@^B M>O I¦^Q>MB A¦>@^Q>IFP>QFLK ¡3@E^J> ‒‒W 4GA= c¢x ,B J^QE>KLI O^>DFQ >SB@ I¦>IA^EVAB AR PR?PQO>Q ! MLRO CLOJBO I¦E^JF>@^Q>I "Y ,B PBI AB @RFSOB ¡)¢ PB @LLOAFKB BKPRFQB >R PVPQ]JB « AB I¦>I@VKBx #¦BPQ >ILOP NRB IB DOLRMBJBKQ EVAOLUVIB P¦>AAFQFLKKB PRO I> QOFMIB IF>FPLK >@QFS^Bu BK PRFS>KQ ABRU JLABP AB @V@IFP>QFLK w IB JLAB 9 MBOJBQ A¦>@@^ABO >R @LJMIBUB AB @RFSOB SFKVIFNRB #gZ9G@ >ILOP NRB IB JLAB : @LKARFQ X PLK >K>ILDRB #hZ9?8@x !MO]P MOLQLKLIVPB BQ O^D^K^O>QFLK AR @>Q>IVPBROu IBP MOLARFQP ¶z;NEzAFD BQ •z;D:EzAFD PLKQ L?QBKRP OBPMB@QFSBJBKQx 

 
1;@SE9 cc w $BRU J^@>KFPJBP MOLMLP^P M>O IB DOLRMB AB 9>J>JLQL MLRO I> O^>@QFLK Q>KABJ 

  
 

O

R
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R
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R
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R
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O
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R

O
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R
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b

O

R
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O
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β



)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ 

 †‚ 

 .^>KJLFKPu IBP >RQBROP KB P¦>OO_QBKQ M>P X RKB PBRIB EVMLQE]PB J^@>KFPQFNRBu BQ BKSFP>DBKQ J_JB RKB >RQOB SLFB A¦>@@]Px  #BQQB CLFPu I> O^>@QFLK PBO>FQ >JLO@^B M>O I¦>@QFS>QFLK AB I> QOFMIB IF>FPLK AR PR?PQO>Q ! M>O IB PBI AB @RFSOB ¡3@E^J> ‒‒W 4GA= dW FKQBOJ^AF>FOB $¢x %KPRFQBu I¦LUVD]KB AB I¦>IA^EVAB P¦>AAFQFLKKBO>FQ PRO IB @>O?LKB ¤ AB I¦>I@VKB MLRO CLOJBO I¦FLK LULKFRJ %u PQ>?FIFP^ M>O O^PLK>K@Bx 3BILK IBP >RQBROPu I¦>QQ>NRB KR@I^LMEFIB AR J^QE>KLI PRFSFB A¦RKB MOLQLKLIVPB @LKARFO>FQu PLFQ X I¦FPLJ]OB ¶z;NEzAFDu PLFQ X I¦FPLJ]OB •z;D:EzAFDx  
1;C7HGK;I w 0IRPFBROP MLFKQP PLKQ X PLRIBSBO PRO IBP J^@>KFPJBP MOLMLP^P M>O IBP >RQBROPx   
! $>KP RK MOBJFBO QBJMPu IBP ABRU SLFBP A^@OFQBP JBQQBKQ BK GBR RK PBI AB @RFSOB ¡)¢ BQ MBOJBQQBKQ A¦L?QBKFO @E>@RK ABP  MOLARFQP AB @V@IFP>QFLK ¶z;NEzAFD LR  •z;D:EzAFDx /Ou KLRP >SLKP SR MO^@^ABJJBKQ NRB IBP PBIP AB @RFSOB ¡)¢ MO^PBKQ>FBKQ I¦>S>KQ>DB A¦_QOB P^IB@QFCP AR JLAB •z;D:EzAFDx  
! 0>O >FIIBROPu I> NGA= d PRDD]OB I> CLOJ>QFLK AR @>QFLK ?BKWLMVOFIFRJ %  ¡3@E^J> ‒‒¢ NRF @LKARFO>FQ PBILK QLRQB ILDFNRB >R MOLARFQ AB @V@IFP>QFLK  •z;D:EzAFDx 0LROQ>KQ IBP >RQBROP KB CLKQ KRIIBJBKQ JBKQFLK AB I¦>QQ>NRB MLPPF?IB AB I¦>IA^EVAB PRO IB @>O?LKB § AB I> QOFMIB IF>FPLK ¡@LJMLP^ $¢x ,¦FKQBOJ^AF>FOB O^PRIQ>KQ AB @BQQB @V@IFP>QFLK @LOOBPMLKAO>FQ X I¦FLK &x /K MBRQ BKSFP>DBO NRB IB MOLARFQ CFK>I ¶z;NEzAFD BPQ MIRQgQ L?QBKR M>O MOLQLKLIVPB AB @BQ LULKFRJ &Y  

,9C C9=C 89 RP69?I@AHB<=<E> M 89C <?D9B>J8<5<B9C 89 7H7=@<C@>JB<C5D<@? 

 ,;I ?EDI l^8;DPEFOH?B?KCI[ 7FF;BTI T=7B;C;DJ ?IE8;DPEFOH?B?KCI[ IEDJ :;I 

?DJ;HCT:?7?H;I :; IODJ>SI; H;JHEKLTI :7DI :; DEC8H;KI;I HT79J?EDI J7D:;C] 2EKL;DJ 

:T9H?JI 9ECC; :; FKJ7J?<I ?DJ;HCT:?7?H;I :?FEB7?H;I :; JOF; ` CTJ7BB7J; a  

d3@E^J> ‒†L ?DJ;HCT:?7?H; !e[ ?BI EDJ DT7DCE?DI :T@Q TJT ?IEBTI IEKI <EHC; :; I;BI 

d?DJ;HCT:?7?H; "e]  

1;@SE9 cd w 2BMO^PBKQ>QFLK A¦RK @LJMIBUB BQ A¦RK PBI AB †z?BKWLMVOFIFRJ 
O

[M]

R2

R1

O

R2

R1

X

A B
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#;HJ7?DI ;N;CFB;I IEDJ ?BBKIJHTI :7DI 9; C7DKI9H?J[ C7?I ?BI D; 9EDIJ?JK;DJ ;D 7K9KD 

97I KD; B?IJ; ;N>7KIJ?L; :; 9; GK? ;IJ H7FFEHJT :7DI B7 B?JJTH7JKH;]  

 %D ksss[ 3F5;9B 7 :T9H?J KD; CTJ>E:EBE=?; :; IODJ>SI; GK? F;HC;J :_799T:;H 

Q :;I :TH?LTI :; JOF; m^7HOB?IEGK?DEBT?D; d3@E^J> ‒‡[ FHE:K?J $e L?7 B7 <EHC7J?ED 

:_KD I;B :; l^8;DPEFOH?B?KC #]ns  ,7 HT79J?ED ;IJ C;DT; ;D FHTI;D9; :_79?:;I <EHJI J;BI 

GK; 3</( ;J ("&n]  

 
1;@SE9 ce w 3VKQE]PB BK ABRU MLQP AB A^OFS^P AB QVMB ‡z>OVIFPLNRFKLI^FKBx 

 ,7 FH;C?SH; TJ7F; 9EHH;IFED: Q KD; FHEJED7J?ED :; B7 JH?FB; B?7?IED :K  

IK8IJH7J !] ,; 97H8ED; h I; FHEJED; d(5[ ?DJ;HCT:?7?H; "e ;J KD 97H8E97J?ED I; <EHC; 

IKH B; 97H8ED; i] ,_7JEC; :_ENO=SD; :K =HEKF; 97H8EDOB; 7JJ7GK; ;DIK?J; B; I?J; 

TB;9JHEF>?B; ;J 9ED:K?J 7K I;B :; FOH?B?KC #] 4D :;HD?;H JH7?J;C;DJ Q B_7CCED?79 

=7P;KN F;HC;J :_E8J;D?H B; FHE:K?J 7PEJT $] 0BKI?;KHI I;BI :;  JH?<B7J; d6 x /3<e ;J :; 

JTJH7<BKEHE8EH7J; d6 x "&ne :; 8;DPEFOH?B?KC EDJ TJT ?IEBTI[ FK?I 7D7BOITI F7H 

?D<H7HEK=;[ C7II; >7KJ; HTIEBKJ?ED[ 1-. :K km# ;J  :K k(]  

 ,; =HEKF; :; 0@B7@ I_;IJ T=7B;C;DJ ?DJTH;IIT Q B_KJ?B?I7J?ED :; I;BI :;  

l^8;DPEFOH?B?KC 9ECC; ?DJ;HCT:?7?H;I :; IODJ>SI;]oj  %D ljjn[ ?B 7 :TL;BEFFT KD; 

CTJ>E:EBE=?; FEKH 799T:;H Q :;I :TH?LTI :; B7 <7C?BB; :;I 7P7F>?BED;I d3@E^J> ‒·[ 

FHE:K?J #e] ,;I IK8IJH7JI :; :TF7HJ IEDJ 7KII? :; JOF; E^7B9ODOB8;DP7B:T>O:; d!e] 

 
1;@SE9 cf w -^QELALILDFB AB PVKQE]PB A¦>W>MEFILKBP                                                         ·”  4LS>Ou *x $xv 3T>DBOu 4x -x  *] /H=] #>;C]  ckkkW pn[ •·””z•¶fl·x 

 ¶fl :ERu *xv 'BOJ>FKu !x 2xv 0LO@Lu *x !x !D=;M] #>;C] )DJ] %:] dbbfW nm[ ‒†‡”z‒†·‡x  

O

R1

R2

O

R1

HaX

CH2Cl2

Ha

R2
O

R1

R2

Ha

X

cyclisation NH3(g)

CH2Cl2

A B C D

N

R1

R2
α

β

X

OH

Me
O

HO

R

Au(OAc)3 (5 mol%)

DCE/TFA (10:1)
t.a.

OH

Me

HO

O

R

CF3COO
IBX

Bu4NI (5 mol%)

puis, Na2S2O5

O

O

O

HO

Me

R

A B C

R = (CH2)6CH3, cyclohexényl, Ph, CH2OMe, CH2NH(CO)C6H10
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 #;JJ; <E?I B;I I;BI :; JH?<BKEHE79TJ7J; :; 8;DPEFOH?B?KC " IEDJ E8J;DKI =HR9; Q 

KD; 97J7BOI; CTJ7BB?GK;] )B I_7=?J :_KD; HT79J?ED :; 9O9BE?IECTH?I7J?ED HT7B?IT; :7DI 

KD CTB7D=; :?9>BEHETJ>7D;b79?:; JH?<BKEHE79TJ?GK; dkj¥ke] ,;I 7KJ;KHI EDJ CEDJHT 

GK; B;I JHE?I CTJ7KN :; B7 JH?7:; d!K[ != ;J #Ke 97J7BOI;DJ 9;JJ; HT79J?ED[ C7?I B;I 

C;?BB;KHI HTIKBJ7JI EDJ TJT E8J;DKI 7L;9 B_79TJ7J; :_EH d)))e dk C?DKJ; :; HT79J?ED FEKH 

!Kd/!9em 9EDJH; lj C?DKJ;I FEKH B;I 7KJH;I 97J7BOI;KHIe] 07H 7?BB;KHI[ B_?D<BK;D9; :; 

B_79?:; JH?<BBKEHE79TJ?GK; 7 T=7B;C;DJ TJT TJK:?T;] )B 7 TJT FHEKLT GK; FEKH B; IK8IJH7J 

IK8IJ?JKT F7H 1 x d#(lep#(m[ B; I;B :; l^8;DPEFOH?B?KC  I; <EHC; 9ECFBSJ;C;DJ ;D l >[ 

Q pjy# :7DI B; 3&! 9ECC; IEBL7DJ] -UC; B_79J?L7J?ED CTJ7BB?GK; :; B7 JH?FB; B?7?IED 

D_;IJ F7I DT9;II7?H; :7DI 9; 97I FHT9?I[ :;I ;NFTH?C;DJ7J?EDI 9ECFBTC;DJ7?H;I EDJ 

9ED<?HCT GK_;BB; TJ7?J DT9;II7?H; FEKH B;I 7KJH;I IK8IJH7JI]  

 %D ljjk[ B; =HEKF; :_)F5C5F5 :T9H?J B_KI7=; :_?EDI l^8;DPEFOH?B?KCI Q 87I; :; 

JKD=IJSD; d3@E^J> ‒¶[ ;IFS9;I #e 9ECC; ?DJ;HCT:?7?H;I :; IODJ>SI; :; FEBO9O9B;I 

9ECFB;N;I dFHE:K?JI 'e]ok  

 
1;@SE9 cg w IBP †z?BKWLMVOFIFRJP @LJJB MO^@ROPBROP AB @V@IL>AAFQFLKP £‡…†⁄ 

,;I 7KJ;KHI ;NFB?GK;DJ GK; B;I IK8IJH7JI :; JOF; E^TJ>ODOBF>TDOB9TJED; !  

d3@E^J> ‒¶e JH7?JTI F7H KD; GK7DJ?JT 97J7BOJ?GK; :; 5d#/eoc3(& =TDSH;DJ :;I 

;IFS9;I PM?JJTH?ED?GK;I #[ 97F78B;I :; HT7=?H ;<<?979;C;DJ 7L;9 :;I :?FVB;I 

TB;9JHED?GK;C;DJ H?9>;I J;BI GK; B;I 7B9SD;I "]ol  #; IEDJ :ED9 :;I FHT9KHI;KHI 

F;H<EHC7DJI FEKH B;I HT79J?EDI J7D:;C :; 9O9BE7::?J?ED fmwlgb?DI;HJ?ED #^( GK? 

9ED:K?I;DJ 7KN FEBO9O9B;I TB78EHTI '] 

  ,; CT97D?IC; ;DL?I7=T F7H B;I 7KJ;KHI 9ECC;D9; F7H KD; TJ7F; :; 

9EEH:?D7J?ED :K 9ECFB;N; TB;9JHEF>?B; :; JKD=IJSD; IKH B7 JH?FB; B?7?IED :K IK8IJH7J ! 

d3@E^J> ‒•e] ,;I 97H8ED;I 79TJOBTD?GK;I :; B_?DJ;HCT:?7?H; !Q IEDJ 79J?LTI ;J 

F;KL;DJ :TIEHC7?I IK8?H KD; 7JJ7GK; DK9BTEF>?B; :; B7 <ED9J?ED 97H8EDOBT;]                                                          ¶‒  )T>P>T>u .xv 3EFALu -xv +RP>J>u (x *] !C] #>;C] 2E9] dbbcW klm[ ¶„‒·z¶„‒¶x ¶†  +RP>J>u (xv &RK>JFu (xv 3EFALu -xv (>O>u 9xv 4>H>V>u *xv )T>P>T>u .x *] !C] #>;C] 2E9] dbbgW klq[  †‚fl”z †‚‒•x 

O

R1

OCH2R4

R3 W(CO)5  THF 
(10-20 mol%)

THF, t.a.
+

O

R1

R2

W(CO)5

cycloaddition [3+2]

puis
insertion C-H

R2

O

O

R1

H
R3

HR4

R2

A B C G



)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ 

 ‡fl 

 

,7 9O9B?I7J?ED ;D CE:; p^;D:E^:?= I; <7?J IKH B; 97H8ED; i ;J 9ED:K?J Q B_?DJ;HCT:?7?H; 

l^8;DPEFOH?B?KC # GK? ;IJ ;D TGK?B?8H; 7L;9 B_OBKH; :; 97H8EDOB; $] #;JJ; ;IFS9; 

PM?JJTH?ED?GK; F;KJ UJH; F?T=T; F7H KD 7B9SD; d?DJ;HCT:?7?H; %e L?7 KD; HT79J?ED :; 

9O9BE7::?J?ED fmwlg] ,; 9ECFB;N; 97H8TD?GK; :; JKD=IJSD; &[ DED IJ78?B?IT[ IK8?J 

?CCT:?7J;C;DJ KD; ?DI;HJ?ED #^( :K =HEKF;C;DJ CTJ>OBSD;^ENO LE?I?D] #;JJ; 

EFTH7J?ED I_799ECF7=D; :; B7 B?8TH7J?ED :K 9ECFB;N; 5d#/eoc3(& ;J :K FEBO9O9B; '] 

 
1;@SE9 ch w -LABP AB @V@IFP>QFLK @>Q>IVP^P M>O IB @LJMIBUB AB QRKDPQ]KB 7¡#/¢¶~4(& 
 )B ;IJ T=7B;C;DJ ?DJTH;II7DJ :; DEJ;H GK; B;I 7KJ;KHI EDJ TJK:?T B; JH7?J;C;DJ :; 

B_E^TJ>ODOB79TJEF>TDED; dIK8IJH7J ![ 1k x -; ;J 1l x (e F7H B; 9ECFB;N; :; JKD=IJSD; 

;D FHTI;D9; :; o TGK?L7B;DJI :_;7K] #;JJ; <E?I 9_;IJ B_E^79TJOB79TJEF>TDED; + GK? ;IJ 

?IEBT; 7L;9 oj v :; H;D:;C;DJ] 0EKH 9;B7[ B_?DJ;HCT:?7?H; !Q IK8?J KD; 9O9B?I7J?ED ;D 

CE:; o^;NE^:?= F7H 7JJ7GK; DK9BTEF>?B; :K =HEKF;C;DJ 97H8EDOB; IKH B; 97H8ED; h 

:; B_7B9OD;] ,; 9ECFB;N; :; JKD=IJSD; L?DOB?GK; ([ ;D TGK?B?8H; 7L;9 B; 97H8SD; )[ F;KJ 

IK8?H KD; :TFHEJED7J?ED :K =HEKF;C;DJ CTJ>OB?GK; 7?DI? GK_KD; FHEJED7J?ED :; B7 

B?7?IED #^5] ,; :TH?LT ?IE8;DPE<KH7D; * <EHCT 7 TJT 9B7?H;C;DJ ?:;DJ?<?T F7H KD; 

;NFTH?;D9; C;DT; :7DI B; 3(&^:r] 4D; :;HD?SH; HT79J?ED :_EKL;HJKH; :; 

B_?IE8;DPE<KH7D; :7DI B_;7K 9ED:K?J Q B7 :?9TJED; +] 

.EKI L;HHEDI :7DI B; :;KN?SC; 9>7F?JH; :; 9; C7DKI9H?J GK; B;I ?EDI 8;DPEFOH?B?KC 

I;HL;DJ 7KII? :; FHT9KHI;KHI ;<<?979;I :7DI B;I HT79J?EDI :; 8;DP7DDTB7J?ED] 

O

O

R1

R4 H

H

R3

R2O

R1

R2

O

R1

R2
(OC)5W

O

(OC)5W

O

O

O

O

(OC)5W

H2O

O

R1

R2

W(CO)5

O

R1

R2

W(CO)5

O

R1

R2

W(CO)5

OCH2R4

R3

OCH2R4

R3

W(CO)5  THF

O

O

R1

H R4

(OC)5W

R3

R2

[3+2]

insertion C-H
W(CO)5  THF

mode 6-endo

A A'

D C E F

G

I H J K

α
β

mode 5-exo
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)]l]k]m #7J7BOI; Q B_7H=;DJ 

 !MO]P P¦_QOB FKQ^OBPP^ X I> @V@IFP>QFLK A¦>IA^EVABP >@^QVI^KFNRBP ¡@Cx ƒ )x†x‒x‒ Mx‒” BQ )x†x‒x†u Mx†·¢u 79E9EGLG P¦BPQ QLROK^ SBOP I¦^QRAB AB I> O^>@QFSFQ^ A¦>I@VKLKBP ! BK MO^PBK@B A¦>I@LLIP ¡3@E^J> ‒‚¢x ,BP MOLARFQP AB @V@IFP>QFLK CLOJ^P " >MM>OQFBKKBKQ X I> C>JFIIB ABP ‒z>II^KVIFPL@EOLJ]KBPx¶‡  

 
1;@SE9 ci w 3VKQE]PB AB ‒z>II^KVIFPL@EOLJ]KBP @>Q>IVP^B M>O !D) 

,BP @LKAFQFLKP @>Q>IVQFNRBP MO^@^ABJJBKQ RQFIFP^BP M>O IB DOLRMB >SB@ 0A¡/!@¢† ·‚ LR #R)u·„ PLKQ QLQ>IBJBKQ FK>A>MQ^BP X @B DBKOB AB PR?PQO>QP @>O BIIBP ALKKBKQ ABP J^I>KDBP @LJMIBUBP AB MOLARFQP KLK FABKQFCF^Px ,¦RQFIFP>QFLK AB PBIP A¦LO QBIP NRB !R#I‡ P¦BPQ O^S^I^B FKBCCF@>@Bx %K OBS>K@EBu >MO]P >SLFO QBPQ^P AFSBOP @>Q>IVPBROPu !D3?&• > ALKK^ IBP JBFIIBROP O^PRIQ>QP MLRO I> PVKQE]PB A¦>II^KVIFPL@EOLJ]KBP "x 0IRPFBROP PBIP A¦>ODBKQ ¡)¢ LKQ ^Q^ QBPQ^P PRO IB PR?PQO>Q Q^JLFK MLOQBRO ABP PR?PQFQR>KQP 2‒ ¿ Dz0O BQ  2† ¿ 0E ¡4>?IB>R ·¢x ,> O^>@QFLK BPQ JBK^B >R OBCIRU AR AF@EILOLJ^QE>KB BK MO^PBK@B AB J^QE>KLI ¡† ^NRFS>IBKQP¢x  
 %KQO^B #>Q>IVPBRO 2BKABJBKQ ¡»¢ ‒ z fl † !D/4C ”· ‡ !D3?&• ‒flfl · !D#I/· ·„ ¶ !D"&· ¶• • !D0&• ‚” ‚ !D†3/· fl 

29:D=9M f w %CCBQ ABP PBIP A¦>ODBKQ ¡)¢ PRO I> @V@IFP>QFLK 
                                                        ¶‡  0>QFIu .x 4xv 0>E>AFu .x +xv 9>J>JLQLu 9x *] /H=] #>;C] dbbgW qj[ ‒flfl”•z‒flfl”„x 

O

R1

R2

+ R3OH O

R2

•

R1R3O

AgSbF6 (5 mol%)

CH2Cl2

R1 = Ph, n-Pr

R2 = Ph, p-MePh, p-CF3Ph, n-Pr

A B

O

n-Pr

Ph

+ MeOH O

Ph

•

n-PrMeO

[Ag] (5 mol%)

CH2Cl2



)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ 

 ‡† 

 %K I¦>?PBK@B AB PBI A¦>ODBKQ LR >SB@ !D†3/· ¡4>?IB>R ·u %KQO^BP ‒ BQ ‚¢u I> O^>@QFLK AB @V@IFP>QFLK KB PB MOLARFQ M>Px  ,BP PBIP A¦>ODBKQ QBIP NRB !D#I/·u !D"&· @>Q>IVPBKQ I> O^>@QFLK X E>RQBRO AB ¶fl » ¡%KQO^BP · BQ ¶¢ BQ !D0&• BPQ MIRP BCCF@>@B  ¡‚” »u %KQO^B •¢x %K OBS>K@EBu IBP ABRU @>Q>IVPBROP NRF PB A^J>ONRBKQ KBQQBJBKQ ABP >RQOBP PLKQ !D/4C BQ !D3?&• ¡%KQO^BP † BQ ‡¢u >SB@ ABP OBKABJBKQP OBPMB@QFCP AB ”· BQ ‒flfl »x #LJMQB QBKR AB @BP O^PRIQ>QPu IBP >RQBROP LKQ P^IB@QFLKK^ !D3?&• MLRO @>Q>IVPBO IBRO O^>@QFLK Q>KABJx   ,BP @LKAFQFLKP LMQFJFP^BP LKQ ^Q^ >MMIFNR^BP >SB@ PR@@]P X AFSBOP O^>@QFCP ! ¡3@E^J> ‒‚u 2‒ BQ 2† ¿ >IHVIB LR >OLJ>QFNRB¢u X I¦BU@BMQFLK ABP @LJMLP^P MLOQBROP A¦>I@VKBP QBOJFK>RU LR PR?PQFQR^P M>O RK DOLRMBJBKQ |4-3x %K BCCBQu BK MO^PBK@B AB PBIP A¦>ODBKQ ¡)¢u IBP >I@VKBP QBOJFK>RU MBRSBKQ CLOJBO ABP >@^QVIROBP J^Q>IIFNRBP ¶·z¶• 
 ¡@Cx ƒ )x†x†x‒u Mx ‡„¢ NRF SFBKKBKQ D_KBO I> CLOJ>QFLK A¦>II^KVIFPL@EOLJ]KBPx %K @B NRF @LK@BOKB IBP >I@VKBP MOLQ^D^P M>O RK DOLRMBJBKQ |4-3u @¦BPQ MOL?>?IBJBKQ I¦BK@LJ?OBJBKQ ABP QOLFP J^QEVIBP NRF BJM_@EB I> O^>@QFLK AB @V@IFP>QFLKx  0>O>II]IBJBKQ IBP >RQBROP LKQ MR BKD>DBOu A>KP @BQQB O^>@QFLK AB @V@IFP>QFLKu ABP >I@LLIP AB PQOR@QROB S>OF^Bx %K PB CL@>IFP>KQ PRO IB O^>@QFC Q^JLFK MO^@^ABJJBKQ ^QRAF^ ¡2‒ ¿ Dz0O BQ 2† ¿ 0E¢u PFU >I@LLIP AFCC^OBKQP LKQ ^Q^ QBPQ^P ¡4>?IB>R ¶¢x 

 
29:D=9M g w 2^PRIQ>QP L?QBKRP >SB@ AFCC^OBKQP >I@LLIP 

 ,BP >I@LLIP >IFME>QFNRBP IFK^>FOBP @LKARFPBKQ >R MOLARFQ AB @V@IFP>QFLK >SB@ ABP OBKABJBKQP NR>PFzNR>KQFQ>QFCP ¡%KQO^BP ‒ BQ †¢x                                                          ¶·  (>I?BPz,BQFKLFPu 5xv 7BF?BIu *x -xv 0>IBu 0x #>;C] 2E9] 1;L] dbbiW mp[ ‚¶”z‚•”x ¶¶ &[PPIBOu 2xv 4LJLLH>u #x 3xv &O>KQWu $x %xv #>OOBFO>u %x -x 0HE9] .7JB] !97:] 29?] 4]2]!] dbbfW kjk[ ¶„·‡z¶„·¶x ¶• 9>Lu 8xv ,Fu #x *x /H=] ,;JJ] dbbgW q[ ·‡”¶z·‡”„x 

OH

OH

Ph

OH

OH

OH

OH

$8#" $(,'(+(,0 4?5>8>:<=>7
<8+2*%,)( &-+.*(1(
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ 

 ‡‡ 

 ,> O^>@QFLK MOL@]AB ^D>IBJBKQ >FP^JBKQ >SB@ IBP >I@LLIP PB@LKA>FOBP @LJJB M>O BUBJMIBu I¦FPLMOLM>KLI ¡%KQO^B ·¢x %K OBS>K@EBu I¦RQFIFP>QFLK A¦>I@LLIP ¤zFKP>QRO^P AB QVMB MOLM>ODVIFNRB ¡%KQO^B ‡¢ LR ?BKWVIFNRB ¡%KQO^B •¢ ALKKB AB JLFKP ?LKP O^PRIQ>QPu >SB@ ABP OBKABJBKQP >SLFPFK>KQP IBP ‚¶ »x ->IEBROBRPBJBKQu I¦BK@LJ?OBJBKQ PQ^OFNRB AR 
J;HJz?RQ>KLI A^C>SLOFPB CLOQBJBKQ I> O^>@QFLK AB @V@IFP>QFLK BQ @LKARFQ X RK J^I>KDB @LJMIBUB AB MOLARFQP KLK FABKQFCF^Px   ,B DOLRMB AB 9>J>JLQL MOLMLPB RK J^@>KFPJB ?>P^ PRO I> CLOJ>QFLK FKQBOJ^AF>FOB A¦RK @>QFLK ?BKWLMVOFIFRJ #)) ¡3@E^J> ‒„¢x 0LRO @LJJBK@BOu I¦>@QFS>QFLK MO^>I>?IB AR O^>@QFC ! M>O IB PBI A¦>ODBKQ D^K]OB I¦BPM]@B #)x ,¦LUVD]KB AR DOLRMBJBKQ @>O?LKVI^ MOL@]AB >ILOP X RKB @V@IFP>QFLK BK JLAB •z;D:EzAFD PRO I> QOFMIB IF>FPLK  «z@LLOAFK^B >R J^Q>Ix  ,B @LJMIBUB @>QFLKFNRB #)) D^K^O^ BPQ BKPRFQB MF^D^ M>O I¦>I@LLI MO^PBKQ A>KP IB JFIFBR PBILK RKB >QQ>NRB KR@I^LMEFIB AB QVMB -F@E>`I PRO I> @^QLKB  §u¤zFKP>QRO^Bu >@QFS^B PLRP CLOJB A¦LULKFRJx 5KB MOLQLKLIVPB MBOJBQ AB IF?^OBO IB MOLARFQ >QQBKAR " BQ AB O^D^K^OBO IB @>Q>IVPBROx 

 
1;@SE9 cj w -^@>KFPJB AB @V@IFP>QFLK M>O CLOJ>QFLK A¦RK @LJMIBUB ?BKWLMVOFIFRJ A¦>ODBKQ 

 5KB >RQOB >MMOL@EB J^@>KFPQFNRB > ^Q^ BKSFP>D^B M>O IBP >RQBROPu >R @LROP AB I>NRBIIB I¦>AAFQFLK KR@I^LMEFIB AB I¦>I@LLI MO^@]AB I¦^Q>MB AB @V@IFP>QFLK ¡3@E^J> ‒”¢x #BQQB CLFPz@Fu IBP >RQBROP >PPFJFIBKQ IB PBI A¦>ODBKQ X RK @>Q>IVPBRO A¦>AAFQFLK AB -F@E>`Ix )I >@QFSBO>FQ ALK@ I> @^QLKB >@^QVI^KFNRB BQ MBOJBQQO>FQ I¦>QQ>NRB AB I¦>I@LLI PRO IB @>O?LKB ¤ MLRO CLOJBO I¦FKQBOJ^AF>FOB #)))x ,B @LJMIBUB A¦>ODBKQ GLRBO>FQ BKPRFQB PLK OgIB AB «z>@FAB BK PB @LLOAFK>KQ X I> QOFMIB IF>FPLK PFQR^B X MOLUFJFQ^ AB I¦>I@LLI >II^KFNRBx ,B @LJMIBUB #)4 PB MOLQLKBO>FQ BKPRFQB MLRO ALKKBO IB MOLARFQ CFK>I "x 

O

R1

R2

O

AgLn

R2

R1

R3OHAg(I) O

R2

•

R1R3O

A BCII

O

R1

R2

CI

AgI

- Ag(I)

β



)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ 

 ‡· 

 
1;@SE9 ck w -^@>KFPJB MOLMLP^ M>O CLOJ>QFLK A¦RK >I@LLI >II^KFNRB 

 #BQQB EVMLQE]PB > O>MFABJBKQ ^Q^ A^JBKQFB M>O RKB BUM^OFBK@B Q^JLFKx %K BCCBQu IBP >RQBROP LKQ JFP BK GBR IB ‒z?BKWLVIzMBKQVKBA BQ  IB J^QE>KLI A>KP IBP @LKAFQFLKP @>Q>IVQFNRBP MO^@^ABKQBPx !R@RK MOLARFQ A¦>AAFQFLK AB -F@E>`I K¦> ^Q^ L?PBOS^ JFP X M>OQ ABP MOLARFQP AB A^DO>A>QFLKx %K OBS>K@EBu I> MOBJF]OB MOLMLPFQFLK J^@>KFPQFNRB PBJ?IB _QOB @LKCFOJ^B M>O ABP ^QRABP 2-.x %K BCCBQu RK J^I>KDB ¡‒w‒¢ AB PR?PQO>Q Q^JLFK  ¡2‒ ¿ Dz0O BQ 2† ¿ 0E¢ BQ A¦!D3?&• A>KP IB AF@EILOLJ^QE>KB BPQ >K>IVP^ X QBJM^O>QROB >J?F>KQB ¡‒ E¢x ,> CLOJ>QFLK AB I¦FLK ?BKWLMVOFIFRJ BPQ S^OFCF^B M>O I> AFPM>OFQFLK ABP PFDK>RU @LOOBPMLKA>KQP >RU @>O?LKBP >@^QVI^KFNRBP BQ IB A^MI>@BJBKQ AR MF@ AR #¿/x  

                                                        A !MO]P ‒•E AB O^>@QFLK X ‡¶¯# BK QR?B P@BII^u >R@RK MOLARFQ A¦>AAFQFLK AB -F@E>`I K¦BPQ A^QB@Q^x 5KB I^D]OB A^@LJMLPFQFLK AR MOLARFQ AB A^M>OQ BPQ L?PBOS^B M>O >K>IVPBP ##- BQ 2-. ‒(x 
 

O

n-Pr

[Ag] (5 mol%)

CH2Cl2

MeOH (2 éq.)

•

OH

OMe

n-Pr
X

O n-Pr

OMe

O

R1

R2

R3OH O

R2

•

R1R3O

A B

OH

R2

CIII

AgI

- Ag(I)

•

OR3R1

O

R2

•

R1R3O

AgLn

-H+

H+

CIV

AgI

β
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 ‡• 

)]l]k]n #7J7BOI; Q B_EH 

 ,B DOLRMB AB +AM MLPP]AB RK FKQ^O_Q M>OQF@RIFBO MLRO IBP O^>@QFLKP AB @V@IFP>QFLK @>Q>IVP^BP X I¦LO MBOJBQQ>KQ A¦>@@^ABO X ABP E^Q^OL@V@IBP LUVD^K^P CLK@QFLKK>IFP^Px !MO]P >SLFO @LK@BKQO^ PBP BCCLOQP PRO I> PVKQE]PB AB AFEVAOLCRO>KBP BQ AB CRO>KBPu¶‚  ,FR > A^SBILMM^ RKB J^QELALILDFB BCCF@>@B MLRO L?QBKFO ABP A^OFS^P AB QVMB  ¡l(¢zCRO>Kz‡zLKB ¡3@E^J> †fl¢x¶„  

 
1;@SE9 db w 3VKQE]PB AB ¡l(¢zCRO>Kz‡zLKBP @>Q>IVP^B M>O ABP PBIP A¦LO 

#BQQB J^QELALILDFB P¦>MMRFB PRO RKB O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK NRF JBQ BK GBR ABP >I@VKVIz§u¤zAFLKBPx ,BP >RQBROP LKQ QO>S>FII^ >SB@ QOLFP QVMBP AB PR?PQO>QP w IB ‒zME^KVIz‒zMBKQVKz‡u·zAFLKB ]c^u IB AF>I@VKVIz‒u†zAFLKB ]d^ BQ ABP BPQBOP  †zLULz‡z?RQVKL>QBPx>    ,BP BUM^OFBK@BP LKQ JLKQO^ NRB I> O^>@QFLK MLRS>FQ _QOB @>Q>IVP^B M>O !R#I‡ LR M>O IB @LJMIBUB A¦LO ¡)¢ @>QFLKFNRB CLOJ^ X M>OQFO A¦!R#I¡00E‡¢ BQ A¦!D3?&•x 5K BPP>F AB @LKQOgIB > MBOJFP AB @LKCFOJBO NRB IB PBI A¦>ODBKQ K¦BPQ M>P OBPMLKP>?IB AB I> @V@IFP>QFLKx 0>O >FIIBROPu RKB @>Q>IVPB >@FAB M>O (#I ¡‒fl »¢ KB D^K]OB NRB ABP QO>@BP AB MOLARFQ @V@IFP^u @B NRF MOLRSB NRB I> O^>@QFLK BPQ ?FBK RKB @>Q>IVPB X I¦LOx   ,¦RK ABP MLFKQP CLOQ AB I> J^QELALILDFB A^SBILMM^B M>O ,FR O^PFAB A>KP I¦FKQOLAR@QFLKu X QBJM^O>QROB >J?F>KQBu A¦RKB I>ODB D>JJB AB KR@I^LMEFIBP LUVD^K^P ¡3@E^J> †flu 2/(¢ >SB@ AB ?LKP OBKABJBKQPx                                                           ¶‚  ,FRu 9xv 3LKDu &xv 3LKDu :xv ,FRu -xv 9>Ku "x /H=] ,;JJ] dbbgW q[ ¶·fl”z¶·‒†x ¶„  ,FRu 9xv ,FRu -xv 'RLu 3xv 4Ru (xv :ELRu 9xv '>Lu (x /H=] ,;JJ] dbbhW r[ ‡··¶z‡··„x > ,> O^>@QFLK MOL@]AB ^D>IBJBKQ >FP^JBKQ >SB@ ABP JLQFCP BPQBOP w 
 R1

O

O

OR2

O

O

OR2

ORR1

R1 = Ph, n-Bu, t-Bu, cyclohexényl

R2 = O-iPr, Me, C≡C-Ph

ROH

AuCl3 (2 mol%)

CH2Cl2

ROH

AuCl3 (2 mol%)

CH2Cl2

R = Me, Et, i-Pr, t-Bu, Ph, allyl, propargyl

Ph

O

O

Me

Ph

O

O

Ph

(1)

(2)

O

O

Me

OR
Ph

O

O

OR
Ph

Ph



)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB LUVD^K^ 

 ‡‚ 

 ,BP >I@LLIP MBRSBKQ _QOBP >IFME>QFNRBP ¡-Bu %Q¢u >OLJ>QFNRBP ¡0E¢ LR ¤u“|FKP>QRO^P ¡>IIVIu MOLM>ODVI¢ BQ J_JB BK@LJ?O^P ¡?z0Ou Jz"R¢x   ,BP >RQBROP MOLMLPBKQ RK J^@>KFPJB BK NR>QOB ^Q>MBP BK P¦>MMRV>KQ PRO IB @>O>@Q]OB }>I@VKLMEFIB̃ AR PBI A¦LO ¡3@E^J> †‒¢x  

 
1;@SE9 dc w -^@>KFPJB AB CLOJ>QFLK ABP ¡l(¢zCRO>Kz‡zLKBP @>Q>IVP^ M>O RK @LJMIBUB A¦LO 

 !FKPFu X I¦>MMOL@EB AR PR?PQO>Q !u IB PBI A¦LO PB @LLOAFKB X I> QOFMIB IF>FPLKx 'OZ@B >R @>O>@Q]OB ^IB@QOLMEFIB >@@OR ABP @>O?LKBP >@^QVI^KFNRBPu I¦FKQBOJ^AF>FOB " BPQ IB MO^@ROPBRO FA^>I MLRO I> O^>@QFLK Q>KABJ A¦>AAFQFLK KR@I^LMEFIB‘@V@IFP>QFLK BK JLAB  ¶z;D:EzAFD ¡FKQBOJ^AF>FOB #c¢x )I BPQ >RPPF MLPPF?IB A¦BKSFP>DBO I> CLOJ>QFLK AB I¦FLK LULKFRJ #d NRF O^PRIQB AB I¦>QQ>NRB FKQO>JLI^@RI>FOB MO^>I>?IB AR @>O?LKVIB PRO I¦>I@VKBx ,¦>AAFQFLK PR@@BPPFSB AB I¦>I@LLI PRO @BP BPM]@BP CLOQBJBKQ ^IB@QOLMEFIBP ¡#c BQ #d¢ @LKARFQ >R @LJMIBUB A¦LO SFKVIFNRB $x ,> MOLQLK>QFLK AB @B @LJMLP^ MBOJBQ X I> CLFP AB O^D^K^OBO IB @>Q>IVPBRO A¦LO ¡)))¢ BQ AB IF?^OBO I> CRO>KLKB A^PFO^B %x 

R1
O

O

R2

AuCl3

O

O

R1

Cl3Au

R1
O

O

R2

AuCl3
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ROH ROH

O

O

R2

OR
R1

Cl2AuO

O

R2

OR
R1

R1
O

O

R2

AuCl3

HCl

HCl

B

C1

D

E

C2
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB @>O?LK^ 

 ‡„ 

)x†x† !AAFQFLK A¦RK KR@I^LMEFIB @>O?LK^ 
)]l]l]k 1T79J?ED :_79TJOB7J?EDb9O9B?I7J?ED 97J7BOIT; Q B_EH 

 %K †flfl•u IB DOLRMB AB +A > A^SBILMM^ RKB O^>@QFLK Q>KABJ A¦>AAFQFLK KR@I^LMEFIB‘@V@IFP>QFLK PRO ABP Ez>I@VKVI?BKW>IA^EVABP MLRO CLOJBO ABP A^OFS^P AB QVMB ‒z>I@VKVIz‒(zFPL@EOLJ]KB ¡3@E^J> ††¢x¶”  ,> J^QELALILDFB BPQ ?>P^B PRO I¦RQFIFP>QFLK A¦RK @LJMIBUB X ?>PB A¦LO BQ AB MELPMEFKBu BQ A¦RKB NR>KQFQ^ @>Q>IVQFNRB A¦>JFKB QBOQF>FOB BK JFIFBR >NRBRUx ->FP IB MLFKQ @I^ AB @BQQB O^>@QFLK O^PFAB A>KP I¦RQFIFP>QFLK A¦RK >I@VKB QBOJFK>I @LJJB KR@I^LMEFIBx 

 
1;@SE9 dd w 2^>@QFLK Q>KABJ A¦>I@VKVI>QFLK‘@V@IFP>QFLK @>Q>IVP^B X I¦LO 

 ,BP J^QELABP @I>PPFNRBJBKQ RQFIFP^BP MLRO CLOJBO RKB IF>FPLK #z# BKQOB RK >I@VKB BQ RK A^OFS^ @>O?LKVI^ PLKQ AB QVMB 'OFDK>OAx %IIBP CLKQ D^K^O>IBJBKQ FKQBOSBKFO ABP >@^QVIROBP AB IFQEFRJu AB J>DK^PFRJ LR AB WFK@x ,> MO^M>O>QFLK MO^>I>?IB AB @BP KR@I^LMEFIBP K^@BPPFQB I¦RQFIFP>QFLK A¦RKB NR>KQFQ^ PQh@EFLJ^QOFNRB AB O^>@QFCP J^Q>IIFNRBP BQ A¦E>ILD^KROBP LOD>KFNRBPx #BP M>O>J]QOBP KB P¦FKP@OFSBKQ M>P A>KP I> AVK>JFNRB AB A^SBILMMBO ABP J^QELALILDFBP BCCF@>@BP BQ ^@LKLJFNRBP BK >QLJBPx %K OBS>K@EBu I> D^K^O>QFLK ?D I?JK AB I¦>@^QVIROB M>O RKB >@QFS>QFLK J^Q>IIFNRB @>Q>IVQFNRB PRP@FQB RK FKQ^O_Q DO>KAFPP>KQx ,BP J^Q>RU AR DOLRMB )" @LJJB #R¡)¢u !D¡)¢ LR !R¡)¢ PLKQ @>M>?IBP A¦>@QFSBO I> IF>FPLK #z( AB I¦>I@VKB QBOJFK>I•fl  BK MO^PBK@B A¦RKB ?>PB C>F?IBx¶¶  $>KP @B @LKQBUQBu ,F MR?IFB BK †flfl¶ RKB PQO>Q^DFB BCCF@>@B A¦>I@VKVI>QFLK A¦>IA^EVABPu @>Q>IVP^B M>O ABP  PBIP A¦>ODBKQu A>KP I¦B>R ¡ 3@E^J> †‡¢x¶•   
                                                        ¶”  9>Lu 8xv ,Fu #z*x /H=] ,;JJ] dbbhW r[ ‒”¶‡z‒”¶¶x •fl  7BFu #xv ,Fu :xv ,Fu #xz*x /H=] ,;JJ] dbbeW o[ ··‚‡z··‚¶x ¶•  9>Lu 8xv ,Fu #x *x /H=] ,;JJ] dbbgW q[ ·‡”¶z·‡”„x 

O

R1

H R2

Me3PAuCl (5 mol%)
i-Pr2NEt (20 mol%)

eau/toluène (1:1-5:1)
60-90°C

+
O

R1

R2

R1 = Ph, n-Bu, t-Bu, cyclohexényl

R2 = Ph, p-MePh, p-BrPh, p-OMePh, 

        n-C6H13, cyclohexényl



)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x†x =QRAB ?F?IFLDO>MEFNRB w !AAFQFLK A¦RK KR@I^LMEFIB @>O?LK^ 

 ‡” 

 
 1;@SE9 de w !I@VKVI>QFLK A¦>IA^EVABP M>O @>Q>IVPB >RU PBIP A¦>ODBKQ9 

0IRPFBROP M>O>J]QOBP AB I> O^>@QFLK LKQ ^Q^ ^QRAF^P w I¦RQFIFP>QFLK AB @EILOROBP A¦>ODBKQ BQ AB MELPMEFKBP ^IB@QOLALKKBRPBP > ALKK^ AB ?LKP O^PRIQ>QPx !FKPFu I> JBFIIBROB @LJ?FK>FPLK JBQ BK GBR IB @>Q>IVPBRO #V‡0!D#I BQ I> AFFPLMOLMVI^QEVI>JFKB A>KP I¦B>Rx  #BP @LKAFQFLKP LKQ ^Q^ >MMIFNR^BP X I> O^>@QFLK Q>KABJ A¦>I@VKVI>QFLK‘@V@IFP>QFLK ABP Ez>I@VKVI?BKW>IA^EVABP J>FP K¦LKQ ALKK^ >R@RK O^PRIQ>Q @LK@IR>KQx #¦BPQ MLRO @BI> NRB IBP >RQBROP PB PLKQ QLROK^P SBOP I¦RQFIFP>QFLK AB @LJMIBUBP A¦LO BQ NRB MIRPFBROP MELPMEFKBP LKQ ^Q^ QBPQ^BP ¡3@E^J> ††¢x ,> MO^PBK@B A¦RK @LKQOBzFLK @EILOROB BQ A¦RKB MELPMEFKB PBJ?IB _QOB K^@BPP>FOB MRFPNRB IB @LJMIBUB NRF MLPP]AB I> JBFIIBROB >@QFSFQ^ @>Q>IVQFNRB BPQ -B‡0!R#Ix 0>O >FIIBROPu IB OgIB MOFJLOAF>I NRB GLRB I¦B>R A>KP I> O^>@QFLK > ^Q^ @LKCFOJ^u J>FP @BQQB CLFPu I¦>GLRQ AB QLIR]KB @LJJB @LzPLIS>KQu ALKKB AB JBFIIBROP O^PRIQ>QPx    $B J>KF]OB D^K^O>IBu I> O^>@QFLK Q>KABJ BPQ @LJM>QF?IB >SB@ ABP >I@VKBP QBOJFK>RU OF@EBP BK ^IB@QOLKP ¡3@E^J> ††u 2† ¿ 0Eu Fz-B0Eu Fz/-B0Eu Dz#•(‒‡u @V@ILEBU]KB¢ LR ^IB@QOLKFNRBJBKQ >MM>RSOFP ¡3@E^J> ††u 2† ¿ Fz"O0E¢x %K @B NRF @LK@BOKB IBP PR?PQO>QP Ez>I@VKVI?BKW>IA^EVABPu IBP PR?PQFQR>KQP AB I> QOFMIB IF>FPLK ¡3@E^J> ††u 2‒¢ MBRSBKQ _QOB >OLJ>QFNRBP ¡2‒ ¿ 0E¢ LR >IFME>QFNRBPx  ,BP JBFIIBROP OBKABJBKQP LKQ ^Q^ L?QBKRP >SB@ I> @E>bKB >@^QVI^KFNRB ¡2‒ ¿ D^"R¢ >ILOP NRB I¦BK@LJ?OBJBKQ PQ^OFNRB ABP ABRU >RQOBP PR?PQFQRQ>KQP ¡2‒ ¿ Jz"R BQ @V@ILEBU^KVIB¢ PBJ?IB IFJFQBO I> O^>@QFLKx ,BP >RQBROP MOLMLPBKQ RK J^@>KFPJB  MLRO @BQQB O^>@QFLK Q>KABJ @>Q>IVP^B M>O RK @LJMIBUB A¦LO ¡)¢ ¡3@E^J> †·¢x                                                         > ,> J_JB >KK^Bu IBP >RQBROP LKQ ^D>IBJBKQ MR?IF^ RKB J^QELALILDFB BCCF@>@B A¦>@^QVI>QFLK A¦FJFKBP M>O @>Q>IVPB X I¦>ODBKQx )IP LKQ >FKPF MR >@@^ABO X RKB S>OF^Q^ AB A^OFS^P A¦FPLNRFKLI^FKBx 
 R1

H R3
AgOTf (3 mol%)

CH2Cl2, 80°C
+

N

R1

R3

R1 = Ph, n-Bu

R2 = Ph, n-Bu, PhCH2, allyl

R3 = Ph, n-Bu, CO2Et

N
R2 R2

R1

O

H
H R2

Cy3PAgCl (5 mol%)
i-Pr2NEt (20 mol%

eau, t.a.-100°C R1

OH

R2

+
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 ·fl 

 
1;@SE9 df w -^@>KFPJB AB CLOJ>QFLK ABP ‒z>I@VKVIz‒(zFPL@EOLJ]KBP MOLMLP^ M>O ,F 

 %K MOBJFBO IFBR FIP BKSFP>DBKQ I¦>@QFS>QFLK AB I¦>I@VKB QBOJFK>I ! ¡3@E^J> †·¢ 
L?7 RKB ^Q>MB AB J^Q>II>QFLKx  ,B @LJMIBUB  A¦LO " CLOJ^ FKQBO>DFQ >SB@ IB PR?PQO>Q  
Ez>I@VKVI?BKW>IA^EVAB # BK PB @LLOAFK>KQ X I> CLFP X I> QOFMIB IF>FPLK BQ >R DOLRMBJBKQ @>O?LKVI^ ¡FKQBOJ^AF>FOB $¢x ,¦>@^QVIROB MBRQ >ILOP O^>DFO >SB@ I¦>IA^EVAB >@QFS^ BQ ALKKBO I¦FKQBOJ^AF>FOB %x ,¦^Q>MB AB @V@IFP>QFLK @LKP^@RQFSB @LKARFQ >R @LJMIBUB A¦LO 
&u NRFu >MO]P MOLQLKLIVPB IF?]OB IB MOLARFQ •z;D:EzAFD >QQBKAR 'x  
1;C7HGK; w ,B J^@>KFPJB MO^PBKQ^ A>KP I> MR?IF@>QFLK KB C>FQ KRIIBJBKQ FKQBOSBKFO A¦>JFKB QBOQF>FOB MLROQ>KQ FKAFPMBKP>?IB X I> O^>@QFLKx .^>KJLFKP IBP >RQBROP PQFMRIBKQ @I>FOBJBKQ NRB I> CLOJ>QFLK AB I¦>@^QVIROB A¦LO " K^@BPPFQB I> @LKQOF?RQFLK A¦RKB ?>PB C>F?IBx 0>O >FIIBROPu I> ALR?IB @E^I>QFLK AB I¦>@^QVIROB A¦LO A>KP I¦FKQBOJ^AF>FOB $ MI>@B I> QOFMIB IF>FPLK A>KP RK >IFDKBJBKQ NRF PBJ?IB OBKAOB I¦>QQ>NRB KR@I^LMEFIB AFCCF@FIBx !FKPFu KLRP MOLMLPLKP RK J^@>KFPJB >IQBOK>QFC BK FKQ^DO>KQ I> .[.zAFFPLMOLMVI^QEVI>JFKB A>KP IB P@E^J> O^>@QFLKKBI BQ BK >@QFS>KQ I¦>I@VKB ! BQ IB PR?PQO>Q # P^M>O^JBKQ ¡3@E^J> †¶¢x 
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1;@SE9 dg w -^@>KFPJB >IQBOK>QFC  MOLMLP^ MLRO I> Q>KABJ >@^QVI>QFLK‘@V@IFP>QFLK 

 #B J^@>KFPJB @LKPBOSB I> AR>IFQ^ AR @>Q>IVPBRO BK Q>KQ NRB J^Q>I AB QO>KPFQFLK BQ >@FAB AB ,BTFPx $>KP RK MOBJFBO QBJMPu KLRP BKSFP>DBLKP I> J^Q>II>QFLK AB I¦>I@VKB QBOJFK>I ! BK ABRU ^Q>MBPx 0LRO @BI> KLRP KLRP PLJJBP FKPMFO^P ABP QO>S>RU A¦>@QFS>QFLK A¦>I@VKBP QBOJFK>RU M>O IB WFK@¶¶  BQ I¦FKAFRJx•‒  !FKPFu IB PBI A¦LO PB @LLOAFKB X I> QOFMIB IF>FPLK MLRO CLOJBO IB @LJMIBUB «  !!Ex #BQ >I@VKB >@QFS^ MLPP]AB RK MOLQLK QBOJFK>I  PRCCFP>JJBKQ  >@FAB MLRO  _QOB  >OO>@E^  M>O  RKB  ?>PB  C>F?IB QBIIB NRB I> .[.zAFFPLMOLMVI^QEVI>JFKBx ,B MOLARFQ FPPR AB @BQQB A^MOLQLK>QFLK BPQ I¦>@^QVIROB A¦LO "x 0>O>II]IBJBKQu IB PR?PQO>Q # BPQ ALR?IBJBKQ @LJMIBU^ M>O IB @>Q>IVPBRO MLRO CLOJBO I¦FKQBOJ^AF>FOB $x #B ABOKFBO MBRQ >ILOP PR?FO I¦>QQ>NRB KR@I^LMEFIB AB I¦>@^QVIROB D^K^O^ ?D I?JK BQ @LKARFOB >R @LJMIBUB %x ,> @V@IFP>QFLK BK JLAB •z;D:EzAFD QO>KPFQB M>O I¦FKQBOJ^AF>FOB & >S>KQ AB IF?^OBO IB @LJMLP^ CFK>I >QQBKAR ' M>O MOLQLKLIVPBx 
                                                        ¶¶  &[PPIBOu 2xv 4LJLLH>u #x 3xv &O>KQWu $x %xv #>OOBFO>u %x -x 0HE9] .7JB] !97:] 29?] 4]2]!] dbbfW kjk[  ¶„·‡z¶„·¶x 
 •‒ 4>HFQ>u 2xv &RHRQ>u 9xv 4PRGFu 2xv /EPEFJ>u 4xv 3EF?>P>HFu -x /H=] ,;JJ] dbbgW q[ ‒‡•‡z‒‡••x  
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)]l]l]l 1T79J?ED :_7BBOB7J?EDb9O9B?I7J?ED 97J7BOIT; 7K F7BB7:?KC ;J 7K 9K?LH; 

 $>KP IB ALJ>FKB AB I> PVKQE]PB AB @LJMLP^P E^Q^OL@V@IFNRBP >WLQ^Pu 
79E9EGLG > JLKQO^ NRB I> @LJ?FK>FPLK ABP J^Q>RU 0A¡fl¢ BQ #R¡)¢ @LKPQFQR>FQ RK PVPQ]JB @>Q>IVQFNRB MBOCLOJ>KQx•†z•·  %K RQFIFP>KQ IB J_JB QVMB AB @>Q>IVPB ?FJ^Q>IIFNRBu PLK DOLRMB > A^SBILMM^ RKB O^>@QFLK ALJFKL A¦>IIVI>QFLK‘@V@IFP>QFLK >R JLVBK A¦RK PVPQ]JB 0A¡))¢z#R¡))¢ MLRO L?QBKFO ABP A^OFS^P A¦FPL@EOLJ]KBP  ¡3@E^J> †•¢x•¶  

 
1;@SE9 dh w 2^>@QFLK ALJFKL >IIVI>QFLK‘@V@IFP>QFLK @>Q>IVP^B M>O IB PVPQ]JB £0A⁄))z£#R⁄)) 

 ,BP @LKAFQFLKP AB @>Q>IVPB >R M>II>AFRJ·‚ LR >R @RFSOB·„ MO^@^ABJJBKQ A^@OFQBP M>O IB DOLRMB AB 9>J>JLQL A>KP IBP O^>@QFLKP A¦>@^Q>IFP>QFLK‘ @V@ILFPLJ^OFP>QFLK ¡@Cx ƒ )x†x‒x‒u Mx‒” BQ ƒ )x†x‒x†u Mx†·¢u P¦>S]OBKQ FKBCCF@>@BP A>KP I¦>AAFQFLK AB I¦>IIVIQOFJ^QEVIPFI>KB PRO IBP PR?PQO>QP Ez>I@VKVI?BKW>IA^EVABPx !FKPFu MIRPFBROP QO>S>RU A¦LMQFJFP>QFLK LKQ ^Q^ JBK^P PRO I¦EzME^KVI^QEVKVI?BKW>IA^EVAB  ! ¡4>?IB>R •¢x  
,B M>II>AFRJ BQ IB @RFSOB RQFIFP^P P^M>O^JBKQ ¡4>?IB>R •u %KQO^BP ‒ BQ ·¢ KB PLKQ M>P @>M>?IBP AB @>Q>IVPBO I> O^>@QFLK ALJFKLx #BP Q^JLFKP MOLRSBKQ NRB I> @LJ?FK>FPLK ABP ABRU J^Q>RU BPQ K^@BPP>FOB MLRO NRB I¦>AAFQFLK AB I¦>IIVIQOFJ^QEVIPFI>KB BQ I> @V@IFP>QFLK PB MOLARFPBKQx ,BP >RQBROP RQFIFPBKQ 0A¡/!@¢† @LJJB PLRO@B AB M>II>AFRJ BQ #R#I† @LJJB PBI AB @RFSOB J>FP I> O^>@QFLK MBRQ >RPPF _QOB @>Q>IVP^B  M>O 0A#I† ¡%KQO^B ¶¢x?  

                                                        •†  +>JFGLu 3xv 9>J>JLQLu 9x !D=;M] #>;C] )DJ] %:] dbbdW nk[ ‡†‡flz‡†‡‡x •‡ +>JFGLu 3xv *FKu 4xv (RLu :xv 9>J>JLQLu 9x *] !C] #>;C] 2E9] dbbeW klo[ ‚‚„•z‚‚„‚x •· +>JFGLu 3xv *FKu 4xv (RLu :xv 9>J>JLQLu 9x *] /H=] #>;C] dbbfW ps[ †‡„•z†‡”‡x •¶  !P>Lu .xv #E>Ku #x 3xv 4>H>E>PEFu +xv 9>J>JLQLu 9x 3;JH7>;:HED dbbgW pk[ ‒‒‡††z‒‒‡†•x ? ,BP >RQBROP LKQ K^>KJLFKP L?PBOS^ NRB I> O^>@QFLK BPQ MIRP IBKQB >SB@ 0A#I†x 

O

R

SiMe3+

Pd(OAc)2 (5 mol%)
CuCl2 (0.5 éq.)

(p-MeOPh)3P (20 mol%)

H2O (0.5 éq)

Toluène, t.a.

O

R

R = Ph, p-CF3Ph, p-MeOPh, 
       cyclohexényl, n-Pr
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 %KQO^B £0A⁄  ¡¶ JLI»¢ #R#I† ¡^Nx¢ (†fl  ¡^Nx¢ 2‡0 ¡†fl JLI»¢ " ¡»¢ # ¡»¢ ‒ 0A¡/!@¢† fl fl fl fl fl † 0A¡/!@¢† ‒x† fl 00E‡ †” †‒ ‡ 0A¡/!@¢† ‒x† flx¶ 00E‡ ‡‚ fl · fl ‒x† flx¶ 00E‡ fl fl ¶ 0A#I† ‒x† flx¶ 00E‡ ‡· fl • 0A¡/!@¢† ‒x† flx¶ ¡Fz-B/0E¢‡0 ‚† • ‚ 0A¡/!@¢† flx¶ flx¶ ¡Fz-B/0E¢‡0 „‒ fl „ 0A¡/!@¢† flx¶ flx¶ ¡Cz-B/0E¢‡0 •† fl ” 0A¡/!@¢† flx¶ flx¶ ¡Fz#&‡0E¢‡0 ·• ‒fl ‒fl 0A¡/!@¢† flx¶ flx¶ £†u·u•zQOF¡-B/¢0E⁄‡0 ·‡ fl 
29:D=9M h w %QRAB A¦LMQFJFP>QFLK AB I> O^>@QFLK ALJFKL 

,BP >RQBROP KLRP FKCLOJBKQ NRB ABRU PLRPzMOLARFQP AB O^>@QFLK PLKQ BKSFP>DB>?IBP w IB @LJMLP^ # @LJMLOQ>KQ RK @EILOB SFKVIFNRB BQ IB MOLARFQ QOFJ^QEVIPFIVI^ $x $]P IB MOBJFBO BPP>F AB @>Q>IVPB ?FJ^Q>IIFNRB ¡4>?IB>R •W  %KQO^B †¢u  IBP >RQBROP LKQ L?QBKR †” » AB MOLARFQ A^PFO^ " BQ MOBPNR¦>RQ>KQ AB PLRPzMOLARFQ @EILO^ #W >ILOP NRB IB A^OFS^ PFIVI^ $ KB PB CLOJB M>Px 0LRO IBP >RQBROPu @BP O^PRIQ>QP PLKQ IF^P >RU QO>@BP A¦B>R MO^PBKQBP A>KP IB JFIFBR O^>@QFLKKBI NRFu PBILK BRUu C>SLOFPBO>FBKQ I> CLOJ>QFLK AR MOLARFQ " >R A^QOFJBKQ AB $x $¦>FIIBROPu @B PLRPzMOLARFQ K¦BPQ G>J>FP L?PBOS^x ,BP JBFIIBROP O^PRIQ>QP NRF @LKARFPBKQ >R @LJMLP^ A^PFO^ " ¡P^IB@QFSFQ^ QLQ>IB BQ OBKABJBKQ PRM^OFBRO¢ LKQ ^Q^ L?QBKRP >SB@ I¦>GLRQ AB flx¶ ^NRFS>IBKQP A¦B>R A>KP IB JFIFBR ¡%KQO^B ‡¢x   #FKN MELPMEFKBP LKQ ^Q^ QBPQ^BP ¡%KQO^BP ‡u •|‒fl¢ BQ I>  QOF¡FzJ^QELUVME^KVI¢MELPMEFKB > ALKK^ IBP JBFIIBROP O^PRIQ>QPu M>OQF@RIF]OBJBKQ >SB@ RKB NR>KQFQ^ MIRP C>F?IB AB @RFSOB ¡%KQO^B ‚¢ x #BP @LKAFQFLKP LMQFJFP^BP LKQ ^Q^ >MMIFNR^BP >SB@ PR@@]P X AFSBOP PR?PQO>QP ¡3@E^J> †•¢u NRB I¦>I@VKB PLFQ PR?PQFQR^ M>O ABP DOLRMBJBKQP >OLJ>QFNRBP ¡2 ¿ 0Eu Fz-B/0E BQ Fz#&‡0E¢ LR >IFME>QFNRBP ¡@V@ILEBU^KVI BQ Dz0O¢x 

O

Ph

SiMe3+
[Pd]II / CuCl2

R3P 

Toluène, t.a.
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Ph
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O
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C (R = Cl)
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0LRO A^QBOJFKBO BQ MOLMLPBO RK J^@>KFPJB @LE^OBKQu IBP >RQBROP LKQ MOL@^A^ X ABP BUM^OFBK@BP Q^JLFKPx $>KP RK MOBJFBO QBJMPu FIP LKQ SLRIR S^OFCFBO NRB IB PBI AB @RFSOB ¡))¢ KB PBOQ M>P A¦>DBKQ LUVA>KQx 0LRO @BI>u FIP I¦LKQ OBJMI>@^ M>O AB I> ?BKWLNRFKLKBu BQ >R@RK MOLARFQ AB O^>@QFLK K¦> ^Q^ L?QBKRx #B@F MOLRSB NRB #R#I† GLRB ?FBK RK OgIB AB @>Q>IVPBRO A>KP IB J^@>KFPJBx 0>O >FIIBROPu I¦>IIVI>QFLK AR ?BKW>IA^EVAB A>KP IBP @LKAFQFLKP MO^@^ABJJBKQ JFPBP >R MLFKQ BPQ FJMLPPF?IBx 3BRI IB O^>@QFC  AB A^M>OQ BPQ O^@RM^O^u @B NRF JLKQOB NRB I> IF>FPLK BKQOB IB @LJMIBUB J^Q>IIFNRB BQ I> QOFMIB IF>FPLK @>O?LKB|@>O?LKB BPQ K^@BPP>FOB MLRO A^@IBK@EBO I> O^>@QFLK ALJFKLx ; M>OQFO AB @BP ABRU FKCLOJ>QFLKPu RK J^@>KFPJB D^K^O>I BPQ BKSFP>D^ M>O IB DOLRMB AB 9>J>JLQL ¡3@E^J> †‚¢x  

 
1;@SE9 di w -^@>KFPJB A¦>IIVI>QFLK‘@V@IFP>QFLK MOLMLP^ M>O 9>J>JLQL   

 ,BP >RQBROP MBKPBKQ NRB I> O^>@QFLK A¦>IIVI>QFLK MO^@]AB I¦^Q>MB AB @V@IFP>QFLKx 0LRO NRB @BQQB O^>@QFLK A¦>IIVI>QFLK PLFQ >JLO@^Bu I> MO^PBK@B AB I> QOFMIB IF>FPLK PRO IB PR?PQO>Q ! BPQ BPPBKQFBIIBx ,BP >RQBROP PRDD]OBKQ ALK@ NR¦>R @LROP AB I> MOBJF]OB ^Q>MBu IB M>II>AFRJ PB @LLOAFKB ALR?IBJBKQ X I¦LUVD]KB AB I¦>IA^EVAB BQ X I> IF>FPLK « >@^QVI^KFNRBu MLRO CLOJBO IB @LJMIBUB $x #LKQO>FOBJBKQ X I> @LLOAFK>QFLK ‹ @I>PPFNRB AR DOLRMBJBKQ #¿/ A^GX A^@OFQB M>O 9>J>JLQL ¡@Cx ƒ )x†x‒x‒u Mx‒”¢u @BQQB @E^I>QFLK ?FABKQ>QB ‹z«  >@@OLbQ A>S>KQ>DB IB @>O>@Q]OB ^IB@QOLMEFIB AR @>O?LKVIB BQ OBKA I¦>QQ>NRB KR@I^LMEFIB AB I¦>IIVIQOFJ^QEVIPFI>KB M>OQF@RIF]OBJBKQ BCCF@>@Bx  
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O
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1;C7HGK;I w  
! ,BP >RQBROP LKQ ?FBK JLKQO^ BK NRLF I> MO^PBK@B AB I¦>I@VKB BPQ MOFJLOAF>IBu J>FP FIP K¦BUMIFNRBKQ M>P MLRONRLFu A>KP @B @>Pz@Fu IB M>II>AFRJ CLOJB RK @LJMIBUB ?FABKQ>QB >ILOP NRB IBROP QO>S>RU MR?IF^P †flfl† JLKQOBKQ NRB 0A¡/!@¢† PB @E^I>QB RKFNRBJBKQ X I> CLK@QFLK @>O?LKVI^B ¡>K>IVPBP 2-. X I¦>MMRF¢x )I BPQ SO>Fu @BMBKA>KQ NRB IB PR?PQO>Q ^QRAF^ BPQ AFCC^OBKQu KLQ>JJBKQ M>O@B NRB A>KP ABP Ez>I@VKVI?BKW>IA^EVABPu I> CLK@QFLK @>O?LKVI^B BPQ @LKGRDR^B >R @V@IB >OLJ>QFNRB BQ FKAFOB@QBJBKQ X I¦>I@VKBx  
! "FBK NRB I> MELPMEFKB PLFQ RK >AAFQFC @>MFQ>I MLRO I> O^>@QFLKu IBP >RQBROP KB I¦FK@IRBKQ M>P A>KP IB J^@>KFPJB BQ K¦BUMIFNRBKQ M>P NRBI BPQ PLK FJM>@Q PRO IB M>II>AFRJx   'OZ@B X I> @LKQOF?RQFLK AB I¦B>Ru I¦FKQBOJ^AF>FOB % PB CLOJB BK P¦>@@LJM>DK>KQ AB I> IF?^O>QFLK A¦>@FAB >@^QFNRB BQ AB QOFJ^QEVIPFI>KLIx ,> @LLOAFK>QFLK PFJRIQ>K^B AB #R#I† X I> QOFMIB IF>FPLK AB % MOLJBRQ I> O^>@QFLK AB @V@IFP>QFLK BK C>SBRO  AR @LJMIBUB ’ >QB \ AB @RFSOB &x ,BP >RQBROP JBKQFLKKBKQ NR¦X M>OQFO AB & BQ AB I¦>@FAB >@^QFNRB MO^@^ABJJBKQ IF?^O^ A>KP IB JFIFBRu IB MOLARFQ A¦>IIVI>QFLK‘@V@IFP>QFLK " BPQ L?QBKR BQ IB @>Q>IVPBRO 0A¡/!@¢† BPQ OBD^K^O^x 

 

! 0LRO ^Q>VBO IB OgIB AB I¦>@FAB >@^QFNRB ¡M>PP>DB &→"¢ IBP >RQBROP LKQ O^>IFP^ RKB BUM^OFBK@B A¦>IIVI>QFLK PRO I¦EzME^KVI^QEVKVI?BKW>IA^EVAB ¡3@E^J> †‚u PR?PQO>Q !u  2 ¿ 0E¢ BK OBJMI>¥>KQ I¦B>R M>O !@/(x ,> O^>@QFLK BPQ @LJMI]QB BK ‡E BQ IB MOLARFQ AB @V@IFP>QFLK " ¡2 ¿ 0E¢ BPQ L?QBKR >SB@ „fl » AB OBKABJBKQx  
! 3BILK IB J^@>KFPJBu RK ^NRFS>IBKQ A¦B>R BPQ K^@BPP>FOB MLRO NRB I> O^>@QFLK PLFQ QLQ>IBu MLROQ>KQ IBP BUM^OFBK@BP MO^@^ABKQBP ¡4>?IB>R •u %KQO^B ‡¢ JLKQOBKQ NRB I¦RQFIFP>QFLK AB flx¶ ^NRFS>IBKQP PRCCFPBKQx ,BP >RQBROP MBKPBKQ NRB IB QOFJ^QEVIPFI>KLI D^K^O^ >R @LROP AB I¦^Q>MB $→% MBRQ _QOB @LKSBOQF BK PFILU>KB ¡4-3z/z4-3¢ A>KP IBP @LKAFQFLKP AB I> O^>@QFLKu @B NRF @LKPQFQRBO>FQ RKB PLRO@B A¦B>R @LJMI^JBKQ>FOBx  #LJJB KLRP >SLKP MR I¦L?PBOSBO >R @LROP ABP QO>S>RU A¦LMQFJFP>QFLK  ¡4>?IB>R •¢u I¦>?PBK@B AB PLRO@B MOLQFNRB ¡%KQO^B †¢ C>SLOFPB I> CLOJ>QFLK AR  PLRPzMOLARFQ @EILO^  # ¡LI %KQO^BP • BQ ”¢x ,BP >RQBROP BUMIFNRBKQ NR¦FI MOLSFBKQ AB I¦^IFJFK>QFLK O^AR@QOF@B AR @RFSOB AB I¦FKQBOJ^AF>FOB ' FPPR AB &x 
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 )x†x‡ #V@IFP>QFLK M>O >@QFS>QFLK ^IB@QOLMEFIB 
)]l]m]k !9J?L7J?ED F7H )0Ol"&n 

"9JDM=F?9 BPQ @LKKR ABMRFP IBP >KK^BP ‒”„¶••  MLRO IB O^>@QFC FLA^ E>RQBJBKQ ^IB@QOLMEFIB NR¦FI > A^SBILMM^ w )0V†"&·x #BQ >DBKQ AB FLA>QFLK > I>ODBJBKQ ^Q^ RQFIFP^ A>KP I¦>@QFS>QFLK AB PVPQ]JBP « ¡#¿#u•‚ #¿/•„ BQ #≡#•”u‚fl¢  FJMIFNR^P A>KP ABP O^>@QFLKP AB @V@IFP>QFLKx )KPMFO^ AB @BP O^PRIQ>QPu IB DOLRMB AB ">OIRBKD> > A^SBILMM^ RKB O^>@QFLK ALJFKL AB FLAL@V@IFP>QFLK BQ A¦>AAFQFLK KR@I^LMEFIBu ?>P^B PRO I¦>PPFPQ>K@B  ^IB@QOLMEFIB A¦RK FLK FLALKFRJ ¡)…¢x‚‒  #BQQB PQO>Q^DFB AB PVKQE]PB MBOJBQ A¦FKQOLARFOB ABP KR@I^LMEFIBP LUVD^K^P LR @>O?LK^Pu BQ A¦>@@^ABO X RKB I>ODB D>JJB AB  ·zFLALz‒(zFPL@EOLJ]KBP ¡3@E^J> †„¢x 
 

1;@SE9 dj w 3VKQE]PB AB ·zFLALz‒(zFPL@EOLJ]KBP M>O >@QFS>QFLK ^IB@QOLMEFIB AB QVMB )… 
#BQQB J^QELALILDFB BPQ P^NRBKQFBIIB BQ O^DFLP^IB@QFSB @>O I> @V@IFP>QFLK PB C>FQ BU@IRPFSBJBKQ BK JLAB •z;D:EzAFD BQ IBP O^>@QFCP PLKQ >GLRQ^P BK ABRU QBJMPx %K BCCBQu IBP PR?PQO>QP Ez>I@VKVI?BKW>IA^EVABP PLKQ A¦>?LOA QO>FQ^P M>O RKB PLIRQFLK @LKQBK>KQ )0V†"&· BQ ("&· >S>KQ NRB IB KR@I^LMEFIB @ELFPF PLFQ >GLRQ^ A>KP IB JFIFBRx ,BP >RQBROP MOLMLPBKQ RK J^@>KFPJB FJMIFNR>KQ I> CLOJ>QFLK FKQBOJ^AF>FOB A¦RK PBI FLAL?BKWLMVOFIFRJ ¡"u 3@E^J> †”¢x 

                                                        •• ">OIRBKD>u *xv 'LKWYIBWu *x -xv #>JMLPu 0x *xv !PBKPFLu 'x !D=;M] #>;C] )DJ] %:] %D=B] ckjgW ‡‒”z‡†flx •‚ ">OIRBKD>u *xv 4OFK@>ALu -xv 2R?FLu %xv 'LKWYIBWu *x -x *] !C] #>;C] 2E9] dbbfW klp[ ‡·‒•z‡·‒‚x 
 •„ ">OIRBKD>u *xv 4OFK@>ALu -xv 2R?FLu %xv 'LKWYIBWu *x -x !D=;M] #>;C] )DJ] %:] dbbhW no[ ‡‒·flz‡‒·‡x 
 •” ">OIRBKD>u *xv 4OFK@>ALu -xv 2R?FLu %xv 'LKWYIBWu *x -x !D=;M] #>;C] )DJ] %:] dbbeW nl[ †·fl•z†·fl”x ‚fl ">OIRBKD>u *xv 4OFK@>ALu -xv ->O@Lz!OF>Pu -xv ">IIBPQBOLPu !xv 2R?FLu %xv 'LKWYIBWu *x -x #>;C] #ECCKD] 

dbbgW †flfl„z†fl‒flx 
 ‚‒ ">OIRBKD>u *xv 6YWNRBWz6FII>u (xv ">IIBPQBOLPu !xv 'LKWYIBWu *x -x *] !C] #>;C] 2E9] dbbeW klo[  ”fl†„z”fl†”x 

O

R

1.IPy2BF4 / HBF4 (1.1 éq)
CH2Cl2

2. Nu-L

O

R

I

Nu

Nu = OR ou "C"

L = H ou SiMe3

R = Ph, n-Bu, 1-cyclohexényl

H
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1;@SE9 dkX -^@>KFPJB P^NRBKQFBI FKFQF^ )0V†"&· 

)0V†"&· BPQ @I>PPFNRBJBKQ RQFIFP^ >SB@ ("&· MLRO IF?^OBO RKB BPM]@B  FLALKFRJ ¡)…¢ QO]P O^>@QFSB BQ @>M>?IB A¦>@QFSBO I> QOFMIB IF>FPLK AR PR?PQO>Q !x #BQQB FKQBO>@QFLK C>@FIFQB MOL?>?IBJBKQ I¦>AAFQFLK AR DOLRMBJBKQ @>O?LKVI^ PFQR^ X MOLUFJFQ^ BQ MBOJBQ I>  CLOJ>QFLK AR Q^QO>CIRLOL?LO>QB AB ?BKWLMVOFIFRJ "x #BQ FKQBOJ^AF>FOB MBRQ OBKQOBO BK ^NRFIF?OB >SB@ I¦BPM]@B # M>O FK@LOMLO>QFLK A¦RK KR@I^LMEFIB MO^PBKQ A>KP IB JFIFBR O^>@QFLKKBI w PLFQ RKB MVOFAFKBu PLFQ RK FLK CIRLOROBx> ,¦>GLRQ PR?P^NRBKQ AR KR@I^LMEFIB @ELFPF MBOJBQ AB D^K^OBO IB MOLARFQ @V@IFNRB FLA^ A^PFO^ $x  #BQQB J^QELALILDFB > FKFQF>IBJBKQ ^Q^ JBK^B >SB@ ABP KR@I^LMEFIBP LUVD^K^P ]c^ ¡3@E^J> ‡fl¢x 0IRPFBROP QVMBP A¦>I@LLIu NR¦FIP PLFBKQ IFK^>FOBP ¡-B/(¢u? ?O>K@E^P  ¡?z0O/(u Jz"R/(¢ LR CLK@QFLKK>IFP^P ¡>I@LLI MOLM>ODVIFNRBu FzJ^QEVIME^KLI¢ LKQ ^Q^ ABP M>OQBK>FOBP AB /z@V@IFP>QFLK BCCF@>@BPx ,B PVPQ]JB A¦>@QFS>QFLK M>O )… MBOJBQ >RPPF I¦>AAFQFLK AB KR@I^LMEFIBP @>O?LK^P QBIP NRB IBP @LJMLP^P >OLJ>QFNRBP OF@EBP BK ^IB@QOLKP ]d^x‚†  #BQQB J^QELALILDFB BPQ ^D>IBJBKQ @LJM>QF?IB >SB@ ABP M>OQBK>FOBP PFIVI^P ]e^ @LKKRP MLRO >SLFO ABP MOLMOF^Q^P KR@I^LMEFIBPx‚‡  ,BP O^>@QFLKP @LOOBPMLKA>KQBP PLKQ ABP BUBJMIBP A¦>IIVI>QFLK AB (LPLJFz3>HRO>F BQ AB @LRMI>DB QVMB -RH>FV>J> FJMIFNR>KQ ABP LULKFRJP SFKVIFNRBP FLA^Px 

                                                        > ,BP >RQBROP ^Q>VBKQ IBRO EVMLQE]PB BK PB O^C^O>KQ X IBROP QO>S>RU MO^@^ABKQP AB CIRLO>QFLK A>KP IBP J_JBP  @LKAFQFLKP w ">OIRBKD>u *xv #>JMLPu 0x *xv 'LKWYIBWu *x -xv 3RYOBWu *x ,xv !PBKPFLu 'x *] /H=] #>;C] 
ckkcW op[ ††‡·z††‡‚x #BMBKA>KQu IBP >RQBROP K¦BU@IRBKQ M>P I> MLPPF?FIFQ^ A¦RK >RQOB J^@>KFPJB ?>P^ PRO IB MLRSLFO A¦>@QFS>QFLK ABP CIRLOROBPx ? )I BPQ MLPPF?IB AB PB M>PPBO AB I¦>AAFQFLK AB J^QE>KLI BK RQFIFP>KQ "¡/-B¢‡ X I> MI>@B A¦("&·u @>M>?IB A¦_QOB X I> CLFP RK >@FAB AB ,BTFP BQ RKB PLRO@B AB DOLRMBJBKQ J^QELUVx  ‚†  ">OIRBKD>u *xv 6YWNRBWz6FII>u (xv -BOFKLu )xv ">IIBPQBOLPu !xv 'LKWYIBWu *x -x #>;C] %KH] *] dbbhu kl[ ¶‚”flz¶„fl¶x ‚‡ ->VOu (xv +BJMCu "xv /CF>Iu !x 2x !99] #>;C] 1;I] dbbeW mp[ ••z‚‚x 
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1;@SE9 eb w 4VMBP AB KR@I^LMEFIBP RQFIFP^P A>KP I> O^>@QFLK AB FLAL@V@IFP>QFLK 

5KB @>O>@Q^OFPQFNRB FKQ^OBPP>KQB BPQ  PLRIBS^B M>O IBP >RQBROPx $>KP IB @>P ABP PR?PQO>QP CLK@QFLKK>IFP^P M>O RKB J^QEVI@^QLKB BQ KLK M>O RK >IA^EVABu I> @V@IFP>QFLK > IFBR BK JLAB ¶z;NEzAFD ¡3@E^J> ‡‒¢x 

 
1;@SE9 ec w #V@IFP>QFLK ABP >I@VKVI>@^QLME^KLKBP >@QFS^BP M>O )0V†"&· 

1;C7HGK; w ,BP >RQBROP K¦LKQ MOLMLP^ >R@RKB BUMIF@>QFLK MLRO QBKQBO AB @LJMOBKAOB @B ME^KLJ]KB AB @E>KDBJBKQ AB O^DFLP^IB@QFSFQ^x 0BRQz_QOB NRB IB J^@>KFPJB BPQ A>KP @B @>P AFCC^OBKQ BQ NR¦FI KB M>PPB M>P M>O RK FKQBOJ^AF>FOB †z?BKWLMVOFIFRJx /K MBRQ BKSFP>DBO NRB I¦^Q>MB A¦>@^Q>IFP>QFLK MO^@]AB I> @V@IFP>QFLK  BQ NRB I¦E^JF>@^Q>I CLOJ^ P¦>AAFQFLKKB MO^C^OBKQFBIIBJBKQ PRO IB @>O?LKB >@^QVI^KFNRB NRF @LKARFQ X I> CLOJ>QFLK A¦RK @V@IB X ¶x  

SiMe3

Ph

OSiMe3

OMe

OSiMe3

OMe

OSiMe3

Me3SiO OMe

O OSiMe3

O

Ph

CO2Me

CO2Me

CO2Me

O

O

NMe2OH

X

N
Me

#3',6./*+,(1 .45)6-61 :<;8 #3',6./*+,(1 '%0&.-6 25/( #39$+"(> :>;8

OH

Nu-SiMe3

Nu

#3',6./*+,(1 '%0&.-6 25/( #39! :=;8

X = O, S NMe

MeOH

i-PrOH

t-BuOH

OH

 = carbone sollicité dans l'attaque nucléophile

(Produits)

O

R

1.IPy2BF4 / HBF4 (1.1 éq)

CH2Cl2, -60°C

2. MeOH (1.2 éq)

R = Ph, n-Bu

Me
O

I
R

Me OMe
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 ·” 

)]l]m]l !9J?L7J?ED F7H )l ,B DOLRMB AB +9JG;C > ^D>IBJBKQ ^QRAF^ @BQQB O^>@QFLK AB FLAL@V@IFP>QFLK BQ IBROP QO>S>RU PLKQ MOL@EBP AB @BRU AB  ">OIRBKD> ¡3@E^J> ‡†¢x‚·  ,>OL@H  BUMIFNRB NRB I> O^>@QFLK P¦LM]OB >FP^JBKQ >SB@ ABP >DBKQP AB FLA>QFLK JLFKP LK^OBRU BQ MIRP C>@FIBP X J>KFMRIBO ¡;]=x )†¢ NRB )0V†"&·x #BQQB CLFP I> O^>@QFLK BPQ JLKLQLMB J>FP K^@BPPFQB QLRQ AB J_JB I¦>GLRQ A¦RK ^NRFS>IBKQ AB ?>PB MLRO Q>JMLKBO IB JFIFBRx 
 

1;@SE9 ed w 2^>@QFLK Q>KABJ A¦>AAFQFLK KR@I^LMEFIB‘@V@IFP>QFLK ^IB@QOLMEFIB 
,> O^>@QFLK A^SBILMM^B M>O IB DOLRMB AB ,>OL@H MO^PBKQB I¦>S>KQ>DB A¦_QOB >@QFS^B M>O AFCC^OBKQBP PLRO@BP ^IB@QOLMEFIBP ¡%…¢ BQ AB @LKARFOB >FKPF X ABP MOLARFQP FLA^Pu@ ?OLJ^Pu PLRCO^P BQ P^I^KF^Px ,B J^@>KFPJB MOLMLP^ M>O IBP >RQBROP BPQ MOL@EB AB @BIRF AB ">OIRBKD> BQ FJMIFNRB I> CLOJ>QFLK FKQBOJ^AF>FOB A¦RK FLK †z?BKWLMVOFIFRJ # ¡3@E^J> ‡‡¢x #B ABOKFBO MOLSFBKQ AB I> @V@IFP>QFLK AR @LJMLP^ " NRF BPQ >@QFS^ M>O @LLOAFK>QFLK AB I¦^IB@QOLMEFIBx ,> ABOKF]OB ^Q>MB @LKPFPQB X MF^DBO IB PBI # M>O IB KR@I^LMEFIB MO^PBKQ A>KP IB JFIFBR O^>@QFLKKBI BQ X @LKARFOB >R MOLARFQ •z;D:EzAFD $x 

  
1;@SE9 ee w 3@E^J> O^>@QFLKKBI  AB @V@IFP>QFLK >JLO@^ M>O >PPFPQ>K@B ^IB@QOLMEFIB #LJJB I¦> L?PBOS^ ">OIRBKD>u PBRIB I> O^>@QFLK AB FLAL@V@IFP>QFLK BK JLAB  ¶zBULzAFD BPQ L?PBOS^B >SB@ RK PR?PQO>Q CLK@QFLKK>IFP^ M>O RKB J^QEVI@^QLKB  ¡1;@SE9 ef¢x 

 
1;@SE9 ef X #V@IFP>QFLK A¦>I@VKVI>@^QLME^KLKBP >@QFS^P M>O )†                                                         ‚·  9RBu $xv $BII> #Xu .xv ,>OL@Hu 2x #x /H=] ,;JJ] dbbfW p[ ‒¶„‒z‒¶„·x @ ,BP MOLARFQP AB FLAL@V@IFP>QFLK L?QBKRP A>KP IBP @LKAFQFLKP AB ,>OL@H LKQ ^Q^ FPLI^P >SB@ AB JBFIIBROP OBKABJBKQP NR¦>SB@ )0V†"&·x 
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R

E+ (1.2 éq) / K2CO3 O

R

Nu-H = MeOH, n-BuOH, PhNMe2, o-I(C6H4)CH2OH

R = Ph, n-Bu, 1-cyclohexényl

E+ = I2, ICl, NBS, PhSeBr, p-O2NPhSCl

H

E

CH2Cl2

+ Nu-H

Nu

R

O

E

R

O O

R

E

Nu

Nu-H

A B D

R

O

E+

E+

C

O

Ph

Me
O

I
Ph

Me OMe

I2 (1.2 éq) / K2CO3

CH2Cl2

+ MeOH
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 )x†x· #LK@IRPFLK 
 .LRP >SLKP MR OBJ>ONRBO NRB AFCC^OBKQP J^Q>RU AB QO>KPFQFLK ¡0Au #Ru !Du !R¢ MBRSBKQ _QOB FJMIFNR^P A>KP IBP O^>@QFLKP Q>KABJx 5KB @BOQ>FKB AR>IFQ^ > MR _QOB L?PBOS^B MLRO RK J_JB J^Q>I @¦BPQzXzAFOB NR¦FI BPQ A>KP @BOQ>FKP @>P @>M>?IB A¦>@QFSBO IB DOLRMBJBKQ @>O?LKVI^u BQ A>KP A¦>RQOBP PVPQ]JBP FI PB @LLOAFKB X I> QOFMIB IF>FPLK «x #BQQB ABOKF]OB MBRQ ^D>IBJBKQ _QOB >@QFS^B M>O RK ^IB@QOLMEFIB ¡)0V†"&· LR )† M>O BUBJMIB¢ NRF >PPROB PFJRIQ>K^JBKQ I> O^>@QFLK AB @V@IFP>QFLK BQ I> FLA>QFLK AR @LJMLP^x  0LRO ^QRAFBO KLQOB PVPQ]JBu KLRP SBOOLKP NR¦>MO]P >SLFO BPP>V^ I> @>Q>IVPB M>O ABP @LJMIBUBP A¦LOu KLRP KLRP PLJJBP O>MFABJBKQ QLROK^P SBOP I¦RQFIFP>QFLK AB PBIP A¦>ODBKQx  



)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x‡x 2^PRIQ>QP BQ AFP@RPPFLK w (FPQLOFNRB 

 ¶‒ 

)Ye 0SKMDL9LK =L <AK;MKKAGF 

0LRO FKQOLARFOB @B @E>MFQOBu GB @LJJBK@BO>F M>O SLRP MO^PBKQBO IBP QO>S>RU AB QE]PB AR $Ox 4ELJ>P '/$%4 >SB@ I> A^@LRSBOQB AB I> @>Q>IVPB ?>PFNRB MRFP IBP O>FPLKP NRF LKQ @LKARFQ X I> @>Q>IVPB J^Q>IIFNRBx‚¶  -LK FJMIF@>QFLK A>KP IB A^SBILMMBJBKQ BQ I¦^QRAB AB I> O^>@QFLK Q>KABJ SLRP PBO> PM^@FCF^B RK MBR MIRP ILFK A>KP IB J>KRP@OFQx 
)x‡x‒ (FPQLOFNRB AB I> O^>@QFLK Q>KABJ  
)]m]k]k $T9EKL;HJ; :; B7 97J7BOI; 87I?GK; 

,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK @>Q>IVP^B M>O RKB ?>PB > FKFQF>IBJBKQ ^Q^ L?PBOS^B >R I>?LO>QLFOB AB J>KF]OB CLOQRFQBu >R @LROP A¦RKB >MMOL@EB PVKQE^QFNRB AB A^OFS^P A¦>@OFAFKBPx ,¦RK ABP PR?PQO>QP ^QRAF^P ^Q>FQ RKB NRFKLI^FKB CLK@QFLKK>IFP^B M>O RK >IA^EVAB BQ RK >I@VKB QOFJ^QEVIPFIVI^ ¡3@E^J> ‡¶W @LJMLP^ )¢x #¦BPQ ILOP A¦RKB ^Q>MB AB A^MOLQB@QFLK NRF SFP>FQ X L?QBKFO I¦>I@VKB QBOJFK>I ))u NR¦RKB O^>@QFSFQ^ LOFDFK>IB > ^Q^ A^@LRSBOQBx %K BCCBQu @LKQOB QLRQB >QQBKQBu I¦RQFIFP>QFLK A¦RKB J^QELAB @I>PPFNRB AB A^PFIVI>QFLK BK JFIFBR ?>PFNRB > @LKARFQ BU@IRPFSBJBKQ BQ NR>KQFQ>QFSBJBKQ >R MOLARFQ AB @V@IFP>QFLK ¶z;NEzAFD A^MOLQ^D^ ))) ¡C>JFIIB ABP  CROL£‡u·z8⁄NRFKLI^FKBP¢x  
 

1;@SE9 eg w %PP>F AB A^MOLQB@QFLK A¦RK >I@VKB PFIVI^ 
 ,> O^>@QFLK L?PBOS^B @LOOBPMLKA X I¦>AAFQFLK AB I¦>I@LLI PRO I> CLK@QFLK @>O?LKVI^B ¡E^JF>@^Q>IFP>QFLK¢ BQ P> @V@IFP>QFLK PRO I> CLK@QFLK >I@VKB KLK >@QFS^Bx> #BQQB O^>@QFLK Q>KABJ JBK^B BK JFIFBR @>Q>IVQFNRB ?>PFNRBu > ^Q^ ^QRAF^B BQ A^SBILMM^B >R I>?LO>QLFOBx‒¶ 
                                                        ‚¶  'LABQ 4x v 4E]PB AB AL@QLO>Q v 5KFSBOPFQ^ #I>RAB "BOK>OAu ,VLK ) v dbbiY > )@Fu IB QBOJB A¦>@QFS>QFLK AB I> QOFMIB IF>FPLK C>FQ PBRIBJBKQ >MMBI X I¦RQFIFP>QFLK A¦RK J^Q>I AB QO>KPFQFLK LR A¦RK ^IB@QOLMEFIB 

N
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 ¶† 

%IIB > ^Q^ >MMIFNR^B X AFSBOP PR?PQO>QP? BQ > MBOJFP I¦FKQOLAR@QFLK AB A^OFS^P A¦>I@LLIP S>OF^Px@ 5KB I>ODB D>JJB AB A^OFS^P AB I> C>JFIIB ABP CROL£‡u·z8⁄NRFKLI^FKBP > >FKPF ^Q^ PVKQE^QFP^Bx .^>KJLFKPu I> J^QELALILDFB P¦BPQ >S^O^B FKBCCF@>@B >SB@ I¦RQFIFP>QFLK A¦>I@LLIP ?BKWVIFNRBP LR BK@LJ?O^Px 0LRO M>IIFBO @BP IFJFQ>QFLKPu IB I>?LO>QLFOB P¦BPQ QLROK^ SBOP I> @>Q>IVPB J^Q>IIFNRB MLRO >@QFSBO I> QOFMIB IF>FPLK BQ C>SLOFPBO I> O^>@QFLK AB @V@IFP>QFLKx 
)]m]k]l $; B7 97J7BOI; 87I?GK; Q B7 97J7BOI; CTJ7BB?GK;] 

,BP MOLMOF^Q^P AB I¦LO BK @>Q>IVPB ELJLD]KB LKQ ^JBOD^ @BP AFU ABOKF]OBP >KK^BPu KLQ>JJBKQ A>KP IBP O^>@QFLKP A¦>AAFQFLK AB KR@I^LMEFIBP PRO ABP PVPQ]JBP «x‒•z‒” #B J^Q>I > ALK@ ^Q^ OBQBKR MLRO @>Q>IVPBO KLQOB O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘ @V@ILFPLJ^OFP>QFLKx !FKPFu PRO RK PR?PQO>Q GRAF@FBRPBJBKQ @ELFPFuA QOLFP @>Q>IVPBROP A¦LO LKQ ^Q^ QBPQ^P ¡4>?IB>R ‚¢x  

 %KQO^B #>Q>IVPBRO 0OLARFQ #LKSBOPFLK £>⁄ ‒ !R#I‡ fl £?⁄ z † £!R¡00E‡¢#I⁄ •z;D:EzAFD †¶ ‡ £!R¡00E‡¢#I⁄‘!D3?&• £@⁄ •z;D:EzAFD ̂ ”¶ · !D3?&• •z;D:EzAFD ̂ ”¶ £>⁄ $^QBOJFK^B M>O >K>IVPB 2-. ‒( v £?⁄ ,B MOLARFQ AB A^M>OQ O^@RM^O^ BPQ @LKQ>JFK^ M>O ABP MOLARFQP KLK FABKQFCF^P v £@⁄ 5K J^I>KDB AB ¶ JLI» AB @E>NRB PBI BPQ >DFQ^ ‒¶ JFKRQBP >S>KQ  I¦FKQOLAR@QFLK AR PR?PQO>Q AB A^M>OQx 
29:D=9M i X #>Q>IVPB AB I> O^>@QFLK Q>KABJ M>O ABP @LJMIBUBP A¦LO BQ A¦>ODBKQ 

                                                        ? ,> O^>@QFLK BPQ O^>IFP^B >SB@ ABP NRFKLI^FKBP KRBP LR PR?PQFQR^BPu M>O RK LR ABRU DOLRMBJBKQP J^QELUVu BQ ABP JLQFCP >@^QVI^KFNRBP MLOQBROP AB DOLRMBJBKQP >IFME>QFNRBP LR >OLJ>QFNRBPx @ ,BP PBRIP QO>S>RU >ILOP @LKKRP MLRO @B QVMB AB O^>@QFLK PLKQ @BRU AR DOLRMB A¦/EPEFOLx #B @BOKFBO > O>MMLOQ^ RK RKFNRB BUBJMIB AB @V@IFP>QFLK A›RKB CLK@QFLK @>O?LKVI^B PRO RK >I@VKB KLK >@QFS^x ,BP @LKAFQFLKP RQFIFP^BP MLRO @B QVMB AB @V@IFP>QFLK PLKQ QO]P AROBP BQ RQFIFPBKQ AB I> PLRAB †. >R OBCIRU AR J^QE>KLI NRF GLRB X I> CLFP IB OgIB AR PLIS>KQ BQ AR KR@I^LMEFIB w .FPEFT>HFu .xv -FK>H>Q>u 3xv +LJ>QPRu -xv /EPEFOLu 9x 2ODB;JJ ckkbu †‚‡z†‚¶x A ,B PR?PQO>Q )6 > ^Q^ @ELFPF MLRO ABP O>FPLKP A¦>@@BPPF?FIFQ^ BK DO>KABP NR>KQFQ^P X M>OQFO AB MOLARFQP @LJJBO@F>RU MBR LK^OBRU BQ MLRO ABP C>@FIFQ^P A¦FABKQFCF@>QFLK ABP MOLARFQP AB @V@IFP>QFLK ¶z;NEzAFD LI •z
;D:EzAFD M>O >K>IVPB 2-. ‒(x 
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O

OMe

[Au] (5 mol%)

MeOH (0.05M) N

O

OMe

OMe N

O
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 ! 5-exo-dig 6-endo-dig
t.a.
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 ¶‡ 

 #LKQO>FOBJBKQ >R PBI A¦LO ¡)))¢ NRF P¦BPQ JLKQO^ QLQ>IBJBKQ FKBCCF@>@B X QBJM^O>QROB >J?F>KQB ¡4>?IB>R ‚u %KQO^B ‒¢u IB @LJMIBUB A¦LO ¡)¢ > ALKK^ ABP O^PRIQ>QP MIRP BK@LRO>DB>KQP >SB@ †¶ » AB @LKSBOPFLK BK C>SBRO AB I¦RKFNRB MOLARFQ AB @V@IFP>QFLK •z;D:EzAFDB ¡%KQO^B †¢x ,¦>@QFS>QFLK AR PBI !R¡00E‡¢#I M>O !D3?&•†”u‚•z‚„  MBOJBQ AB D^K^OBO ?D I?JK RKB BPM]@B A¦LO @>QFLKFNRB MIRP O^>@QFSBC BQ @LKARFQ BCCB@QFSBJBKQ X RKB O^>@QFLK NR>PFzNR>KQFQ>QFSB BQ AB J_JB O^DFLP^IB@QFSFQ^ ¡%KQO^B ‡¢x 0LROQ>KQu I> O^>@QFLK AB @LKQOgIB NRF KB JBQ  BK GBR NRB IB PBI A¦>ODBKQ @LKARFQ >R J_JB O^PRIQ>Q ¡%KQO^B ·¢x  
 ,> @>Q>IVPB X I¦>ODBKQ P¦BPQ ALK@ O^S^I^B M>OQF@RIF]OBJBKQ BCCF@>@Bu @¦BPQ MLRONRLF BIIB > ^Q^ >ALMQ^B MLRO ^QRAFBO IBP IFJFQ>QFLKP AB KLQOB PVPQ]JBx #B @ELFU BPQ ^D>IBJBKQ GRPQFCF^ M>O IB C>FQ NRBu @LKQO>FOBJBKQ  >RU PBIP A¦LOu IBP MOLMOF^Q^P @>Q>IVQFNRBP ABP PBIP A¦>ODBKQ¶·u‚”z„‒ LKQ OBQBKR ?B>R@LRM JLFKP I¦>QQBKQFLK ABP @EBO@EBROPx    
)]m]k]m %JK:; :;I IOIJSC;I 97J7BOJ?GK;I Q B_7H=;DJ 

$]P ILOPu MIRPFBROP PBIP A¦>ODBKQ LKQ ^Q^ QBPQ^P PRO I> O^>@QFLK Q^JLFK MO^@^ABJJBKQ ^QRAF^Bx .LRP >SLKP MR L?PBOSBO RKB FKCIRBK@B PROMOBK>KQB AB @BP @>Q>IVPBROP PRO I> O^DFLP^IB@QFSFQ^ AB I> @V@IFP>QFLK ¡4>?IB>R „¢x  

                                                        B )I BPQ X KLQBO NR¦RK @E>KDBJBKQ AB O^DFLP^IB@QFSFQ^ M>O O>MMLOQ X I> @>Q>IVPB ?>PFNRB BPQ L?PBOS^x ‚• ,RWRKDu -x 2xv ->OHE>Ju *x 0xv 4LPQBu &x $x *] !C] #>;C] 2E9] dbbfW klp[ ‒fl„¶„z‒fl„¶”x ‚‚ 3Q>?BKu 3x 4xv +BKKBAVz3JFQEu *x *xv 4LPQBu &x $x !D=;M] #>;C] )DJ] %:]  dbbfW nm[ ¶‡¶flz¶‡¶†x ‚„ ->J>KBu 6xv 'OBPPu 4xv +O>RPBu (xv &lOPQKBOu !x *] !C] #>;C] 2E9] dbbfW klp[ „•¶·z„•¶¶x C 0>O J^QE>QE]PB A¦>KFLKu RK PBI A¦>ODBKQ !D8 ¡8 ¿ @LKQOBzFLK C>F?IBJBKQ @LLOAFK>KQ @LJJB 4C/|u 3?&•|¢ C>FQ >?PQO>@QFLK AB I¦FLK #I| AR PBI A¦LO 2‡0!R#I BQ MBOJBQ AB D^K^OBO RK @LJMIBUB A¦LO @>QFLKFNRB MIRP O^>@QFC w 2‡0!R8  ¡@LJJB M>O BUBJMIB 2‡0!R/4C LR 2‡0!R3?&•¢ ‚” 7BF?BIu *x -xv "I>K@u !xv 0>IBu 0x #>;C] 1;L] dbbjW kjr[ ‡‒·”z‡‒‚‡x „fl .>LALSF@u -xv 9>J>JLQLu (x #>;C] 1;L] dbbjW kjr[ ‡‒‡†z‡‒·„x „‒ <IS>OBWz#LOO>Iu -xv -ReLWz$LO>ALu -xv 2LAOaDRBWz'>O@a>u )x #>;C] 1;L] dbbjW kjr[ ‡‒‚·z‡‒”„x 



)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x‡x 2^PRIQ>QP BQ AFP@RPPFLK w (FPQLOFNRB 

 ¶· 

 %KQO^B #>Q>IVPBRO ¶z;NEzAFD •z;D:EzAFD M+> £>⁄ #>Q^DLOFB ‒ !D3?&• fl ‒flfl ́ fl † !D0&• fl ‒flfl ́ fl ‡ !D/4C fl ‒flfl ́ fl · !D./‡ fl ‒flfl ́ fl ! 
¶ !D†3/· ¶ ”¶ † • !D& ¶ ”¶ ‡x† ‚ !D/#. ·fl •fl ‡x‚ „ !D/!@ ·„ ¶† ·x„ " 
” !D†#/‡ ‒flfl fl ‒flx‡ ‒fl !D†/ ‒flfl fl ‒¶x‚ ‒‒ !D/ ‒flfl fl ‒¶x‚ # 

£>⁄ 6>IBRO AR M+> AB I¦>@FAB @LKGRDR^ ABP @LKQOBzFLKP AB I¦>ODBKQ 
29:D=9M j w %QRAB AB I> O^DFLP^IB@QFSFQ^ ABP PBIP  PRO I> @V@IFP>QFLK 

 ,BP PBIP A¦>ODBKQ LKQ MR _QOB @I>PP^P BK QOLFP @>Q^DLOFBP PBILK NR¦FIP  @LKARFPBKQ BU@IRPFSBJBKQ X I¦RK ABP MOLARFQP AB @V@IFP>QFLK LR X RK J^I>KDB ABP ABRU O^DFLFPLJ]OBP w  z I> @>Q^DLOFB ! @LKARFQ X I¦FPLJ]OB •z;D:EzAFD ¡4>?IB>R „W %KQO^BP ‒z·¢  z I> @>Q^DLOFB # C>SLOFPB I> CLOJ>QFLK AB I¦FPLJ]OB ¶z;NEzAFD ¡%KQO^BP ”z‒‒¢ z IB DOLRMB FKQBOJ^AF>FOB " ALKKB RK J^I>KDB S>OF>?IB ABP ABRU MOLARFQP AB @V@IFP>QFLK ¡%KQO^BP ¶z„¢x ,> O^DFLP^IB@QFSFQ^ AB I> O^>@QFLK PBJ?IB ^SLIRBO >SB@ IBP S>IBROP AB M+> AB I¦>@FAB @LKGRDR^ ABP @LKQOBzFLKP AB I¦>ODBKQx %K BCCBQu IBP @LKQOBzFLKP AB I> @>Q^DLOFB !  ¡3?&•‰u 0&•‰u 4C/‰u ./‡‰¢ PLKQ ABP ?>PBP @LKGRDR^BP A¦>@FABP CLOQP ¡M+> ́ fl¢u >ILOP NRB @BRU AB I> @>Q^DLOFB " ¡3/·†‰u &‰u .#/‰u !@/‰¢ @LOOBPMLKABKQ X ABP ?>PBP @LKGRDR^BP A¦>@FABP MIRP  C>F?IBP ¡M+> ¿ † X ·x„¢x ,BP PBIP A¦>ODBKQ AB I> @>Q^DLOFB # ¡!D†#/‡u !D†/u !D/¢ PLKQ NR>KQ X BRU @LKKRP MLRO IBROP MOLMOF^Q^P ?>PFNRBPx #BP AFCC^OBK@BP AB O^DFLP^IB@QFSFQ^ ¡¶z;NEzAFD LI •z;D:EzAFD¢ A^JLKQOBKQ NR¦RKB BPM]@B J^Q>IIFNRB ¡;]=] !D¢ MBRQ SLFO PLK >@QFSFQ^ @>Q>IVQFNRB AO>PQFNRBJBKQ JLAFCF^B BK CLK@QFLK AB PLK @LKQOBzFLKx #B ME^KLJ]KB I>FPPB PRDD^OBO NRB IB @>Q>IVPBRO A¦>ODBKQ MBRQ MO^PBKQBO ABRU J^@>KFPJBP O^>@QFLKKBIP AFPQFK@QP ¡@Cx ƒ )x‡x‡x‡u Mx‚†¢x 
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x‡x 2^PRIQ>QP BQ AFP@RPPFLK w (FPQLOFNRB 

 ¶¶ 

)]m]k]n )D<BK;D9; :K I;B :_7H=;DJ ;J :K IK8IJH7J IKH B7 9O9B?I7J?ED 

 0LRO OBMO^PBKQBO @E>@RKB ABP ABRU @>Q^DLOFBP NRF LKQ MBOJFP A¦L?PBOSBO ABP O^>@QFLKP O^DFLP^IB@QFSBPu RK PBI A¦>ODBKQ > ^Q^ @ELFPF w !D/4C ¡MLRO I> @>Q^DLOFB !W 4>?IB>R „¢ BQ !D†/ ¡MLRO I> @>Q^DLOFB #¢x    ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK > ^Q^ ^QRAF^B >SB@ @BP ABRU @>Q>IVPBROP BQ >MMIFNR^B X RK DO>KA KLJ?OB AB PR?PQO>QPx„†  4LRGLROP BK P^OFB NRFKLI^FKBu IBP >I@VKBP RQFIFP^P PLKQ PR?PQFQR^P M>O ABP DOLRMBJBKQP >IHVIBP LR >OLJ>QFNRBPu BKOF@EFP LR >MM>RSOFP BK ^IB@QOLKPx $BRU MLFKQP PLKQ X KLQBO PRO @BQQB @>Q>IVPB J^Q>IIFNRB w 
• ,¦RQFIFP>QFLK AB PBIP A¦>ODBKQ > MBOJFP A¦FKQOLARFOB IBP >I@LLIP BK@LJ?O^P BQ ?BKWVIFNRBP NRF IFJFQ>FBKQ I> O^>@QFLK ILOP AB I> @>Q>IVPB ?>PFNRBx  
• 0LRO RK PR?PQO>Q ALKK^u @E>NRB @>Q>IVPBRO ¡;]=] !D/4C BQ !D†/¢ @LKARFQ X I¦RK ABP ABRU MOLARFQP AB @V@IFP>QFLK ¡;]=] ¶z;NEzAFD LI •z;D:EzAFD¢ BK CLK@QFLK AB I> K>QROB AB I¦>I@VKBx  

 3BILK IBP MOBJF]OBP @LK@IRPFLKP NRF LKQ ^Q^ A^CFKFBPu I> O^DFLP^IB@QFSFQ^ AB I> O^>@QFLK A^MBKA>FQ X I> CLFP AB I> K>QROB AR PBI A¦>ODBKQ BQ AR PR?PQFQR>KQ >@^QVI^KFNRBx  5KB @LOO^I>QFLK > >FKPF ^Q^ ^Q>?IFB ¡3@E^J> ‡•¢x 

 
1;@SE9 eh w 2^DFLP^IB@QFSFQ^ BK CLK@QFLK AR PBI A¦>ODBKQ BQ AR PR?PQO>Q 

                                                        „† 'LABQu 4xv 6>UBI>FOBu #xv -F@EBIu #xv -FIBQu !xv "BIJLKQu 0x #>;C] %KH] *] dbbiW km[ ¶•‡†z¶•·‒x 
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x‡x 2^PRIQ>QP BQ AFP@RPPFLK w (FPQLOFNRB 

 ¶• 

 0LRO I> P^OFB ABP PR?PQFQR>KQP >@^QVI^KFNRBP >IHVIBP ¡3@E^J> ‡•W P^OFB ]c^¢u IBP PQOR@QROBP ABP MOLARFQP ¡¶z;NE‘•z;D:E¢ LKQ ^Q^ >QQOF?R^BP >PPBW PFJMIBJBKQ M>O >K>IVPB 2-. ‒( ¡&FDROB ‒ ¢x %K BCCBQu I> JRIQFMIF@FQ^ ABP MOLQLKP ^QEVI^KFNRBP BPQ @>O>@Q^OFPQFNRB A>KP @E>@RK ABP @>P w MLRO I¦FPLJ]OB ¶z;NEzAFDu IB PFDK>I @LOOBPMLKA>KQ PLOQ PLRP I> CLOJB A¦RK ALR?IBQ LR A¦RK QOFMIBQ ¡@LRMI>DB m* >SB@ IBP MOLQLKP #( LR #(† SLFPFKP¢u >ILOP NRB MLRO I¦FPLJ]OB •z;D:EzAFDu IB PFDK>I AR MOLQLK ^QEVI^KFNRB @LOOBPMLKA X RK PFKDRIBQ ¡@LRMI>DB n* KLK SFPF?IB¢x 

 
&A?MJ= c w $^QBOJFK>QFLK ABP PQOR@QROBP BK P^OFB >IHVIB M>O 2-. ‒( 0LRO IBP A^OFS^P CLK@QFLKK>IFP^P M>O RK PR?PQFQR>KQ >OLJ>QFNRB ¡3@E^J> ‡•u  P^OFB ]d^¢u  I> J^QELALILDFB MO^@^ABKQB BPQ FK>A>MQ^Bx %K BCCBQu BK I¦>?PBK@B AB MOLQLK PRO IB @>O?LKB SLFPFKu IB MOLQLK ^QEVI^KFNRB >MM>O>bQ @LJJB RK PFKDRIBQ MLRO @E>@RK ABP FPLJ]OBP ¡¶z;NE BQ •z;D:E¢x ,BP >QQOF?RQFLKP LKQ >ILOP ^Q^ ^S>IR^BP M>O ABP BUM^OFBK@BP 2-. ILKDRB AFPQ>K@B QVMB Kx/xBx ¡&FDROB †¢x ,BP AFPQ>K@BP ¡A¢ @>I@RI^BP BKQOB IB MOLQLK ^QEVI^KFNRB BQ IB MOLQLK PFQR^ BK MLPFQFLK LOQEL AR KLV>R >OLJ>QFNRB ALKKBKQ RKB S>IBRO AB AFPQ>K@B A‒ ¡¶z;NEzAFD¢ PRM^OFBROB X A† ¡•z;D:EzAFD¢x  

 
&A?MJ= d X %UM^OFBK@BP Kx/xB BCCB@QR^BP PRO ABRU FPLJ]OBP 

#[=KL Q ;= FAN=9M IM= EGF AEHDA;9LAGF <9FK D= HJGB=L 9 <S:MLSY 

)]m]k]o ,; 9EDJHVB; :; B7 HT=?EITB;9J?L?JT F7H B; I;B :_7H=;DJ 

,B @E>KDBJBKQ PRMMLP^ AB O^DFLP^IB@QFSFQ^ L?PBOS^ MLRO I> P^OFB AB @LJMLP^P MLOQBROP AB DOLRMBJBKQP >@^QVI^KFNRBP >OLJ>QFNRBP > PRP@FQ^ KLQOB FKQ^O_Q BQ KLRP > MLRPP^ X O^>IFPBO ABP ^QRABP @LJMI^JBKQ>FOBP MLRO @LKCFOJBO IBP PQOR@QROBP ABP MOLARFQP AB @V@IFP>QFLKx !R @LROP AB @BP QO>S>RU AB QE]PBu KLRP >SLKP QOLRS^ RKB J^QELAB A¦>K>IVPB BCCF@>@B NRF KLRP > MBOJFP A¦>QQBFKAOB KLP L?GB@QFCPx  
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x‡x 2^PRIQ>QP BQ AFP@RPPFLK w (FPQLOFNRB 

 ¶‚ 

%K BCCBQu DOZ@B X ABP BUM^OFBK@BP AB 2-. †$ ?>P^BP PRO IB @LRMI>DB ILKDRB AFPQ>K@B ‒¶.|‒(u KLRP >SLKP MR FABKQFCFBO IBP ABRU QVMBP AB PQOR@QROB ¡¶z;NE LI •z;D:E¢ >SB@ MIRP AB @BOQFQRAB ¡3@E^J> ‡‚¢x #BP ^QRABP LKQ ^Q^ O^>IFP^BP BK @LII>?LO>QFLK >SB@ IB $Ox "BOK>OA &%.%4 ¡#BKQOB #LJJRK AB 2-.u 5KFSBOPFQ^ #I>RAB "BOK>OA ,VLK ‒¢x  

 
1;@SE9 ei w $^QBOJFK>QFLK ABP PQOR@QROBP BK P^OFB >OLJ>QFNRB M>O 2-. †$ ‒¶.z‒( 
$>KP IB @>P ABP @LJMLP^P AB PQOR@QROB ¶z;NEzAFDu IB @LRMI>DB BKQOB I¦>WLQB AB I> NRFKLI^FKB BQ IB MOLQLK ^QEVI^KFNRB ALKKB RK PFDK>I A¦FKQBKPFQ^ MIRP C>F?IB NRB @BIRF ABP FPLJ]OBP •z;D:EzAFD ¡BxDx n* ́ m*¢x 0LRO NRB I> @LJM>O>FPLK AB I¦FKQBKPFQ^ ABP PFDK>RU ^QRAF^P PLFQ CF>?IBu KLRP RQFIFPLKP RKB ’ O^C^OBK@B FKQBOKB \x %K BCCBQu IB @LRMI>DB PM^@FCFNRB BKQOB I¦>WLQB AB I> NRFKLI^FKB BQ IB MOLQLK SLFPFK ¡(‚¢ PBO> QLRGLROP OBMO^PBKQ^ M>O RKB Q>@EB A¦FKQBKPFQ^ }CLOQB̃ @>O>@Q^OFPQFNRB AR @LRMI>DB m* ¡&FDROB ‡¢x  

 
&A?MJ= e w 3MB@QOBP AB 2-. †$ OBMO^PBKQ>QFCP ABP @LRMI>DBP ‒¶.z‒( ABP MOLARFQP @V@IFP^P 

%K QO>S>FII>KQ >SB@ IB @LJMLP^ CLK@QFLKK>IFP^ M>O IB DOLRMBJBKQ ME^KVI>@^QVI]KBu IBP >K>IVPBP 2-. †$ @FzABPPRP ¡&FDROB ‡¢ LKQ ^Q^ M>OQF@RIF]OBJBKQ O^S^I>QOF@BPx %K BCCBQu IBP O^PRIQ>QP L?QBKRP PLKQ @LKQO>FOBP >RU >QQOF?RQFLKP PQOR@QRO>IBP A^QBOJFK^BP MO^@^ABJJBKQ M>O BUM^OFBK@BP Kx/xBx   

N

O

OR

5-exo-dig

N

O

OR

6-endo-dig

H
H

4Jfaible
3JForte

RMN 2D 15N - 1H



)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x‡x 2^PRIQ>QP BQ AFP@RPPFLK w (FPQLOFNRB 

 ¶„ 

!RQOBJBKQ AFQu @LKQO>FOBJBKQ >RU MOBJF]OBP @LK@IRPFLKPu !D/4C > MBOJFP A¦L?QBKFO IB MOLARFQ AB @V@IFP>QFLK •z;D:EzAFD BQ !D†/ > @LKARFQ X I¦>RQOB FPLJ]OBu BU>@QBJBKQ @LJJB A>KP IB @>P AB I> P^OFB >IFME>QFNRB ¡3@E^J> ‡•¢x #BP FKCLOJ>QFLKP LKQ MR _QOB @LKCFOJ^BP M>O I¦>K>IVPB >RU O>VLKP 8 AR @LJMLP^ ¶z;NEzAFD ¡&FDROB ·¢u S>IFA>KQ AB @B C>FQu I> J^QELAB AB @LRMI>DB ‒¶.z‒(x 0>O >FIIBROPu I> PQOR@QROB >RU O>VLKP 8 JLKQOB @I>FOBJBKQ NRB I> ALR?IB IF>FPLK BUL@V@IFNRB BPQ AB D^LJ^QOFB ¡:¢x 

 
&A?MJ= f w 3QOR@QROB 28 AR @LJMLP^ ¶z;NEzAFD PR?PQFQR^ M>O RK DOLRMBJBKQ ME^KVIB 
#BP O^PRIQ>QP KLRP LKQ >JBK^P X OB@LKPFA^OBO I¦BU>@QFQRAB AB KLP MOBJF]OBP A^AR@QFLKP BQ X MOLMLPBO NRB D9 JS?AGKSD=;LANALS <= D9 ;P;DAK9LAGF =KL ?GMN=JFS= H9J 

D9 F9LMJ= <M K=D <[9J?=FL MLADAKS ]!?d. GM !?.2>^W IM= D9 LJAHD= DA9AKGF KGAL 

KM:KLALMS= H9J MF ?JGMH=E=FL 9JGE9LAIM= GM 9DAH@9LAIM=Y 

 -BP QO>S>RU AB QE]PB LKQ ALK@ @LKPFPQ^u BK M>OQFBu X S^OFCFBO NRB @E>NRB PBI A¦>ODBKQ @LKARFQ ?FBK X RK FPLJ]OB ALKK^u PROQLRQ >SB@ AFSBOP PR?PQO>QP MLOQBROP AB DOLRMBJBKQP >@^QVI^KFNRBP >OLJ>QFNRBPx 0LRO I> PRFQB AB @B J>KRP@OFQu GB @LJJBK@BO>F ALK@ M>O SLRP MO^PBKQBO IBP ^Q>MBP AB PVKQE]PB NRF J]KBKQ >RU MO^@ROPBROP AB I> O^>@QFLK Q>KABJx *B SLRP BUMLPBO>F BKPRFQB IBP O^PRIQ>QP >MMLOQ^P M>O I¦^QRAB AB I> O^>@QFLK Q>KABJu BQ KLQ>JJBKQ @LK@BOK>KQ w ‒x ,BP @V@IFP>QFLKP L?QBKRBP BK MO^PBK@B AB @E>NRB PBI A¦>ODBKQ ¡;]=] !D/4C BQ !D†/¢ †x ,> O^>IFP>QFLK A¦BUM^OFBK@BP Q^JLFKP NRF KLRP > BKPRFQB @LKARFQ X JBQQOB X GLRO I¦BCCBQ ABP >JFKBP PRO KLQOB PVPQ]JB @>Q>IVQFNRBx ‡x  ,¦RQFIFP>QFLK AB @BP ALKK^BP MLRO A^SBILMMBO RK KLRSB>R @>Q>IVPBRO X ?>PB AB PBI A¦>ODBKQx 
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x‡x 2^PRIQ>QP BQ AFP@RPPFLK w 3VKQE]PB ABP MO^@ROPBROP 

 ¶” 

)x‡x† 3VKQE]PB ABP MO^@ROPBROP AB I> O^>@QFLK Q>KABJ 
,BP MO^@ROPBROP AB I> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK MBRSBKQ _QOB L?QBKRP BK QOLFP ^Q>MBP X M>OQFO A¦>KFIFKBP @LJJBO@F>IBP ¡3@E^J> ‡„¢x 5KB O^>@QFLK AB 3LKLD>PEFO> ¡^Q>MB #¢ MBOJBQ AB CLK@QFLKK>IFPBO BCCF@>@BJBKQ IB KLV>R NRFKLI^FKB BK MLPFQFLK †u X M>OQFO ABP A^OFS^P AB I> †z@EILOLNRFKLI^FKBz‡z@>O?>IA^EVABx #BP ABOKFBOP PLKQ L?QBKRP M>O RKB O^>@QFLK AB 6FIPJBFBOz(>>@Hz!OKLIA >MMIFNR^B X ABP >@^Q>KFIFABP ¡^Q>MB "¢x #BP @LJMLP^P PLKQ @LJJBO@F>RU J>FP MBRSBKQ >RPPF _QOB PVKQE^QFP^P M>O RKB PFJMIB ^Q>MB A¦>@^QVI>QFLK A¦>KFIFKBP ¡^Q>MB !¢x  

 
1;@SE9 ej w 3@E^J> O^QOLPVKQE^QFNRB ABP MO^@ROPBROP    .LRP >SLKP MR PVKQE^QFPBO RKB D>JJB AB MO^@ROPBROP BK PR?PQFQR>KQ I> M>OQFB LRBPQ AB I> NRFKLI^FKB ¡MLPFQFLKP • BQ ‚¢ BQ BK FKQOLARFP>KQ AFCC^OBKQP DOLRMBJBKQP >@^QVI^KFNRBP PRO I> M>OQFB PRA ¡&FDROB ¶¢x .LRP MLROOLKP ^QRAFBO I> M>OQ A¦FJMIF@>QFLK  AB @BP ABOKFBOP A>KP I> O^>@QFLK Q>KABJx 

 
&A?MJ= g w :LKBP AB CLK@QFLKK>IFP>QFLK ABP PR?PQO>QP NRFKLI^FKB 
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H
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H

R1

R2
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Arnold
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Acétanilide
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R1
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)x ,> O^>@QFLK Q>KABJ A¦>@^Q>IFP>QFLK‘@V@ILFPLJ^OFP>QFLK )x‡x 2^PRIQ>QP BQ AFP@RPPFLK w 3VKQE]PB ABP MO^@ROPBROP 

 •fl 

)]m]l]k 2ODJ>SI; :;I GK?DEBT?D;I :; :TF7HJ  

,BP A^OFS^P A¦>@^Q>KFIFAB PLKQ ABP MOLARFQP @LJJBO@F>RU J>FP IBP PR?PQO>QP PR?PQFQR^P M>O RK LR ABRU DOLRMBJBKQP J^QELUV PLKQ MO^M>O^P X DOLPPB ^@EBIIB >R I>?LO>QLFOBx ,> O^>@QFLK JFPB BK GBR BPQ RKB >@^QVI>QFLK„‡  A¦>KFIFKBP NRF ALKKB AB ?LKP OBKABJBKQP  ¡‚fl | ”• »¢ ¡3@E^J> ‡”¢x  
 

1;@SE9 ek w 3VKQE]PB ABP >@^Q>KFIFABP J^QELUVI^P M>O >@^QVI>QFLK A¦>KFIFKBP 
,BP >@^Q>KFIFABP KRBP ¡2‒u 2† ¿ (¢ BQ CLK@QFLKK>IFP^BP ¡2‒u 2† ¿ ( BQ‘LR /-B¢ PLKQ BKPRFQB @LKSBOQFBP BK NRFKLI^FKBP M>O RKB O^>@QFLK AB 6FIPJBFBOz(>>@Hz!OKLIA ¡3@E^J> ·fl¢x #BQQB PQO>Q^DFB AB PVKQE]PB A^@OFQB M>O -BQEz#LEK„·  BK ‒”„‒ KLRP MBOJBQ A¦>@@^ABO X QOLFP @LJMLP^P AB I> C>JFIIB ABP †z@EILOLNRFKLI^FKBz‡z@>O?>IA^EVABPx> #BP ABOKF]OBP PLKQ @LJJBO@F>IBJBKQ AFPMLKF?IBP ¡‒·†x•fl fi‘‒flD @EBW !IAOF@E MLRO IB @LJMLP^ e¢ J>FP @EBW ABP CLROKFPPBROP JLFKP @I>PPFNRBP MLRO IBP NRFKLI^FKBP J^QELUVI^BP f BQ gx 

  
1;@SE9 fb w 3VKQE]PB AB NRFKLI^FKBP M>O O^>@QFLK AB 6FIPJBFBOz(>>@Hz!OKLIA 

,BP OBKABJBKQP L?QBKRP PLKQ @LJMOFP BKQOB •• BQ „„ » @B NRF BPQ MIRQgQ BCCF@>@B PF I¦LK PB O^C]OB >RU ALKK^BP AB I> IFQQ^O>QROBx? $B MIRPu I> MOL@^AROB KB K^@BPPFQB M>P AB MROFCF@>QFLK @>O IBP NRFKLI^FKBP PLKQ FPLI^BP MROBP M>O MO^@FMFQ>QFLK A>KP I¦B>Rx !FKPFu BIIBP MBRSBKQ _QOB AFOB@QBJBKQ BKD>D^BP A>KP I¦^Q>MB PRFS>KQBx                                                         „‡  7EFQBIBVu #x 'x "?EEH=] -;:] #>;C] dbbdW kj[ ‒††‒ z ‒††‚x „·  -BQEz#LEKu /xv .>OFKBu "xv 4>OKLTPHFu "x *] #>;C] 2E9][ 0;HA?D 3H7DI] k ckjcW ‒¶†flz‒¶‡flx > ->IDO^ ABP @LKAFQFLKP M>OQF@RIF]OBJBKQ AO>PQFNRBP ¡†·E X ‒†fl¯# BK QR?B P@BII^¢u PBRIP ABP >@^Q>KFIFABP MLOQ>KQ ABP DOLRMBJBKQP ^IB@QOLALKKBROP ¡/-B¢ MBRSBKQ _QOB @LKSBOQFP BK NRFKLI^FKBPx ! I¦EBROB >@QRBIIBu I> CLK@QFLKK>IFP>QFLK ABP NRFKLI^FKBP M>O ABP DOLRMBJBKQP ^IB@QOL>QQO>@QBROP C>FQ I¦L?GBQ A¦RK PRGBQ A¦^QRAB >R I>?LO>QLFOBx ? 2BKABJBKQP @LJMOFP BKQOB •¶ BQ •„ » A>KP I> IFQQ^O>QROB ¡2BCx „·¢ 

R1

R2 N
H

O POCl3, DMF

T (°C)

R1

R2 N Cl

H

O

Acétanilide
2-chloroquinoléine-
3-carbaldéhyde

!@^Q>KFIFAB 2‒ 2† 2AQ 
c ( /#(‡ ”• » 
d /#(‡ /#(‡ ‚fl » 

0OLARFQ 2‒ 2† 4 ¡¯#¢ 2AQ 
e ( ( ‒†fl „„ » 
f ( /#(‡ ‚¶ •„ » 
g /#(‡ /#(‡ ‒flfl •• » 

R1

R2 NH2
Cl

O
+

Et3N

DCM

0°C à t.a.

R1

R2 N
H

O

AcétanilideAniline
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 ”· 

 
)[i[h[h #FLGC9?= <= 3FEF?9J@AI9 

,= N]=?PEKJ @A 3KJKC=ODEN=…„  AOP QJA I]PDK@A @A ?KQLH=CA L=HH=@Kx?=P=HUO]A MQEs AJ LN]OAJ?A @A ?QERNA ~)¡s LANIAP @A ?N]AN QJA HE=EOKJ #x# AJPNA QJ D=HKC]JQNA KQ QJ PNEBH=PA REJUHEMQA AP QJ =H?UJA PANIEJ=Hv ,AO @]NER]O ?DHKN]O OKJP ?KJJQO LKQN ^PNA IKEJO N]=?PEBO MQA HAQNO =J=HKCQAO EK@]O KQ >NKI]Ov #ALAJ@=JPs @=JO O= OUJPD¥OA @A H= I=LLE?EJAs 2FPFK8 @]?NEP QJ ?KQLH=CA @A 3KJKC=ODEN= ABBE?=?A AJPNA QJA MQEJKH]EJA ?DKN]A AJ LKOEPEKJ ¶…”  AP HA PNEI]PDUHOEHUH=?]PUH¥JAv…»  ,= N]=?PEKJ OA B=EP AJ IEHEAQ L=NPE?QHE¥NAIAJP ?KJ?AJPN] ~· IKH\,¡ I=EO ?KJ@QEP W QJ AT?AHHAJP NAJ@AIAJPv #APPA N]=?PEREP] @AO ¶x?DHKNKMQEJKH]EJAO AOP IEOA W LNKBEP @=JO JKPNA I]PDK@KHKCEA @A OUJPD¥OA ~4=>HA=Q ‰¡v  .KQO =RKJO LQ CNABBAN QJA H=NCA C=IIA @{=H?UJAO PANIEJ=QTv %J ABBAPs HAO CNKQLAIAJPO @AO OQ>OPEPQ=JPO =?]PUH]JEMQAO LAQRAJP ^PNA @A PULA =HGUHA ~4=>HA=Q ‰s %JPN]AO ·‘‚ AP „‘·‡¡s LKNPAQN @{QJ D]P]NK=PKIA ~%JPN]A ‚¡s @A PULA =NKI=PEMQA ~%JPN]AO ··‘·‚¡s D]P]NK=NKI=PEMQAO ~%JPN]AO ·„‘·»¡s AP I^IA KNC=JKI]P=HHEMQA ~%JPN]A ·…¡v   )H AOP W JKPAN MQA ?AO =H?UJAO LAQRAJP ^PNA u 
• OP]NEMQAIAJP AJ?KI>N]O ~#KILKO] n¡v 
• BKJ?PEKJJ=HEO]O L=N @AO D]P]NK=PKIAO ~#KILKO]O pbhl¡v=  
• BKJ?PEKJJ=HEO]O L=N @AO JKU=QT LUNE@EJA ~#KILKO]O igbii¡v 
• OQ>OPEPQ]O L=N QJ CNKQLAIAJP =NKI=PEMQA ]HA?PNK@KJJAQN ~́-¡ ~#KILKO] hn¡ v 
• OQ>OPEPQ]O L=N @AO CNKQLAIAJPO =NKI=PEMQAO ]HA?PNK=PPN=?PAQNO L=N ABBAP EJ@Q?PEB ~x)¡ ~#KILKO] hod AP I]OKI¥NA ~x-¡ ~#KILKO] hp¡v ,AO NAJ@AIAJPO K>PAJQO =LN¥O LQNEBE?=PEKJ OKJP CHK>=HAIAJP OQL]NEAQNO W ‰‡ ¿ O=QB LKQN HAO @]NER]O =IEJ]O ~?KILKO]O hkbhls igbii¡ AP LKQN HA BANNK?¥JA ~?KILKO] ij¡v  

                                                        …„ 3KJKC=ODEN=s +vt 4KD@=s 9vt (=CED=N=s .v 4=KI9@=<IFE ,=KK[ hpnl[ glY ‚‚”»x‚‚»‡v …” #EQBKHEJEs -v !vt -EP?DAHHs *v 7vt 2KO?D=JC=Ns &v 4=KI9@=<IFE ,=KK[ hppm[ imY …¶…·x…¶…‚v ,A CNKQLA @A #EQBKHEJE = ]C=HAIAJP @]?NEP @AO N]=?PEKJO @A OQ>OPEPQPEKJ @A H{=PKIA @A ?DHKNA OQN @AO @]NER]O @A ¶x?DHKNKMQEJKH]EJA AJ LN]OAJ?A @A 0@~00D•¡‚ ~‚ IKH ¿¡ AP @A #Q) ~•• IKH ¿¡ W …‡̋#v …» 4KUKP=s -vt +KIKNEs #vt )D=N=s -v *[ /I?[ #@=D[ iggg[ lkY »··‡x»··•v =0NEJ?EL=HAIAJP ]HA?PNK=PPN=?PAQNO  L=N ABBAP EJ@Q?PEB ~fl/̈ •v‚‚ AP fl.̈ •v‡‚ O=QB fl3Ë ·v‰‡¡v 
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 ”¶ 

 %JPN]A 2· 2¶  0NK@QEP 2AJ@AIAJP · ( (  m ‰… ¿ ¶ ( (  n ‰‚ ¿ • ( (  o ‰„ ¿ ‚ ( (  p ‰„ ¿ „ ( (  hg ‰… ¿ ” ( /-A  hh ‰„ ¿ » /-A /-A  hi »• ¿ 
… ( (  hj ‰„ ¿ 
‰ ( (  hk …… ¿ 
·‡ ( /-A  hl ”„ ¿ 
·· ( (  hm ‰» ¿ 
·¶ ( (  hn ‰· ¿ 
·• ( (  ho ‰‡ ¿ 
·‚ ( (  hp ‰¶ ¿ 
·„ ( (  ig …‰ ¿ 
·” ( /-A  ih „¶ ¿ 
·» ( (  ii ”„ ¿ 
·… ( (  ij »· ¿ 

289C<8L p u 2]OQHP=PO @AO ?KQLH=CAO @A 3KJKC=ODEN= 

R1

R2 N Cl

H

O PdCl2(PPh3)2 (0.05 éq.)
CuI (0.05 éq)

Et3N, DMF, t.a.

R3

R1

R2 N

H

O

R3 !
n-Bu

t-Bu

SiMe3
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OMe

OMe

OTHP

N
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N
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)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 3UJPD¥OA @AO LN]?QNOAQNO 

 ”• 

)H ?KJREAJP @A N=LLAHAN MQA ?ANP=EJO @A ?AO ?KILKO]O KJP @]FW ]P] @]?NEPO =Q H=>KN=PKENAv…¶s……s…‰   -=HDAQNAQOAIAJPs H{EJPNK@Q?PEKJ @{=H?UJAO BKNPAIAJP @]O=?PER]O =RA? HAO CNKQLAIAJPO 2• ̈ Fx./¶0D> KQ 2• ̈ #/¶-A J{= L=O ]P] LKOOE>HAv )H AOP RN=E MQ{AJ O]NEA =HELD=PEMQA JKQO J{=REKJO =Q?QJ ATAILHA @A OQ>OPEPQ=JP ]HA?PNK=PPN=?PAQN L=N ABBAP I]OKI¥NA ~x-¡s ?{AOP LKQNMQKE JKQO =RKJO PAJP] LHQOEAQNO =LLNK?DAO LKQN K>PAJEN HA LNK@QEP @]OEN]v 

 
1:?UD8 khu !LLNK?DAO @A BKJ?PEKJJ=HEO=PEKJ L=N QJ =H?UJA =HELD=PEMQA ]HA?PNK=PPN=?PAQN $=JO QJ LNAIEAN PAILOs JKQO =RKJO PAJP] @{ABBA?PQAN H= N]=?PEKJ @A 3KJKC=ODEN= OQN H= ¶xEK@KMQEJKH]EJAx•x?=N>=H@]DU@A ik K>PAJQA L=N N]=?PEKJ @{]?D=JCA @{D=HKC¥JAs‰‡  @=JO HA >QP @A B=?EHEPAN H{=@@EPEKJ KTU@=JPA @Q 0@ ~‡¡ ~3?D]I= ‚·[ ]Mv chd¡v ,A ?KQLH=CA @Q LNKLEKH=PA @A I]PDUHA J{= L=O ]P] ?KJ?HQ=JPv 5J I]H=JCA ?KILHATA ?KILKO] W H= BKEO @Q OQ>OPN=P @A @]L=NP AP @A @ERANO LNK@QEPO JKJ E@AJPEBE]O = ]P] K>PAJQv #AO N]OQHP=PO JA OKJP L=O OQNLNAJ=JPO ?=N HAO =H?UJAO OQ>OPEPQ]O L=O @AO CNKQLAIAJPO =LL=QRNEO AJ ]HA?PNKJOs OKJP ?KJJQO LKQN ^PNA @A LE¥PNAO L=NPAJ=ENAO @=JO H= N]=?PEKJ @A 3KJKC=ODEN=v     

                                                        …… 0=PEJs !vt "AHIKJPs 0v 3PEK@=JAJ iggl[ ¶‚‡‡x¶‚‡”v …‰ 'K@APs 4vt 6=TAH=ENAs #vt -E?DAHs #vt -EHAPs !vt "AHIKJPs 0v #@=D[ %LI[ *[ iggn[ giY „”•¶x„”‚·v > 2]?QL]N=PEKJ @A H= ¶x?DHKNKMQEJKH]EJA @A @]L=NP =LN¥O ¶ FKQNO @A ?D=QBB=CA W ‚‡̋#v ‰‡ -APDx#KDJt .=NEJAt 4=NJKSOGEt (=UAOt +AUV=@t 2DKQ=PEt 2K>EJOKJ *[ #@=D[ 3F;[Y 0=IBAE 4I9EJ[ g hpoh[ ¶„‡‰x¶„·»v 
 

N

O

Cl N

O

I

NaI, HCl

Acetonitrile
80°C CO2Me

PdCl2(PPh3)2 (5 mol %)
CuI (5 mol %)

Et3N, DMF, t.a.

X
N

O

CO2Me3 24

N

O

Cl

3

PdCl2(CH3CN)2 
Cs2CO3

H2O/CH3CN (1:1), 90°C

CO2H
N

O

CO2H

TMS-CH=N=N
MeOH

Et2O N

O

CO2Me

25

(1)

(2)

25

X

Ph2P

SO3Na

L =

82%
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 4N=@EPEKJJAHHAIAJPs H{=H?UJA AOP =?PER] L=N H{EK@QNA @A ?QERNA ~)¡s ?ALAJ@=JP @AO =HPANJ=PERAO MQE IAPPAJP AJ FAQ H{QPEHEO=PEKJ @{QJA MQ=JPEP] OPi?DEKI]PNEMQA @{=NCAJP OKJP ]C=HAIAJP @]?NEPAOv„‚ 2]?AIIAJPs HA CNKQLA @A 18IB8I = LQ EJO]NAN HA LNKLEKH=PA @A I]PDUHA  OQN HA Gx>NKIKPKHQ¥JA AJ NAILH=[=JP HA ?QERNA L=N QJ ?KILHATA @{KN  ~3?D]I= ‚¶¡v‰·   
 

1:?UD8 ki u 2]=?PEKJ @A ?KQLH=CA @]?NEPA L=N HA CNKQLA @A 3=NG=N 
,AO =QPAQNO IAJPEKJJAJP ]C=HAIAJP MQAs @=JO ?A ?=O LN]?EOs HAO >=OAO PAHHAO MQA #O¶#/• KQ +¶#/• @KERAJP ^PNA QPEHEO]AO W H= LH=?A @A H= PNE]PDUH=IEJAv? #APPA I]PDK@KHKCEA @A PULA 3KJKC=ODEN= LKQNN=EP ^PNA =LLHEMQ]A W JKPNA OUOP¥IA LKQN =>KQPEN =Q LNK@QEP ?E>H] ilv   3AHKJ QJA =QPNA =LLNK?DAs JKQO JKQO OKIIAO EJOLEN]O @AO PN=R=QT @A "L:?N8C; @=JO HAOMQAHO QJA I]PDK@KHKCEA @A ?KQLH=CA ABBE?=?A @A H{=?E@A LNKLEKHEMQA AOP @]?NEPA ~3?D]I= ‚·[ ]Mv cid¡v‰¶  ,= N]=?PEKJ LNK?¥@A AJ IEHEAQ >ELD=OEMQA CNY?A W QJ HEC=J@ @A PULA OQHBKJ=PA@ MQE LANIAP @A C]J]NAN QJ OUOP¥IA ?=P=HUPEMQA D=QPAIAJP LANBKNI=JP AP OP=>HA AJ LD=OA =MQAQOAv ,AO =QPAQNO ATLHEMQAJP MQA LKQN @AO B=?EHEP]O @A LQNEBE?=PEKJs HA LNK@QEP @A ?KQLH=CA >NQP AOP @ENA?PAIAJP ?KJRANPE AJ AOPAN I]PDUHEMQA L=N QPEHEO=PEKJ @Q PNEI]PDUHOEHUH@E=VKI]PD=JAv $=JO JKPNA ?=Os HA LNK@QEP @A ?U?HEO=PEKJ J{= L=O ]P] K>OANR] L=N =J=HUOA 2-. ·(v 3AQHO @AO LNK@QEPO @A @]CN=@=PEKJ KJP ]P] K>PAJQOv 

                                                        ‰·  0=J@=s "vt 3=NG=Ns 4v +v 4=KI9@=<IFE ,=KK[ ighg[ kgY •‡· x •‡„v ?%J LN]OAJ?A @A >=OAO =IEJ]AOs HAO AOPANO @{=?E@A LNKLEKHEMQA OQ>EOOAJP @AO =@@EPEKJO @A -E?D=_Hs AP LHQO L=NPE?QHE¥NAIAJPs AJ LN]OAJ?A @A PNE]PDUH=IEJAs @AO ?KJ@AJO=PEKJO OQN AQT I^IA u %?GANPs 4vt  )L=GPO?DEs *v 3PEK@[ #FDDLE[ hppo[ hnY •¶»x•¶»v 
 ‰¶ !J@ANOKJs +v 7vt "Q?DS=H@s 3v ,v !E?=N[ #@=D[ )EK[ %<[ iggl[ jjY ”·»•x”·»»v @ "Q?DS=H@ QPEHEOA H= LDKOLDEJA NALN]OAJP]A ?Ex@AOOKQO MQ{EH LN]L=NA HQE I^IA AJ QJA ]P=LAv 0KQN JKO PN=R=QTs JKQO =RKJO PAOP] QJA LDKOLDEJA ?KIIAN?E=HA @EOLKJE>HA =Q H=>KN=PKENAv 

 iPrCy2P

iPr

SO3Na

Br CO2Me

PdCl2(PPh3)2 (2 mol %)
AuCl(PPh3) (2 mol %)

Cs2CO3 ou K2CO3
DMF, 80°C

+ CO2Me
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 ”„ 

)[i[h[i 0ISG9I9KAFE <=J <SIAMSJ <]9C;PE=J 

$]NER]O @{=H?UJAO =NKI=PEMQAO 
$AQT =H?UJAO =NKI=PEMQAO QPEHEO]O LN]?]@AIIAJP ~?Bv ⁄ ‡s Lv”·¡ KJP ]P] LN]L=N]O =Q H=>KN=PKENA LKQN @AO N=EOKJO ]?KJKIEMQAO ~3?D]I= ‚•s 2 ̈ /-A¡ AP @A JKJ @EOLKJE>EHEP] ?KIIAN?E=HA ~2 ̈ #/¶-A¡v )HO LAQRAJP ^PNA K>PAJQO AJ @AQT ]P=LAO W L=NPEN @AO @]NER]O EK@K>AJV]JEMQAO ?KNNAOLKJ@=JPO CNY?A W QJA N]=?PEKJ @A 3KJKC=ODEN= MQE LANIAP @A CNABBAN HA CNKQLAIAJP PNEI]PDUHOEHUH=?]PUH¥JAs LQEO QJA N]=?PEKJ @A @]LNKPA?PEKJ @Q CNKQLAIAJP 4-3 ~3?D]I= ‚•¡v  

 
1:?UD8 kj u 3?D]I= N]PNKOUJPD]PEMQA @AO =H?UJAO PANIEJ=QT =NKI=PEMQAO 

,= N]=?PEKJ @A ?KQLH=CA OQN HA ¶xEK@K=JEOKHA AOP IAJ]A @=JO H= PNE]PDUH=IEJA W „‡̋# ~3?D]I= ‚‚¡v #AO ?KJ@EPEKJO LANIAPPAJP @{K>PAJEN HA LNK@QEP =PPAJ@Q im =RA? QJ NAJ@AIAJP MQ=OExMQ=JPEP=PEB ~?KJPNA …„ ¿ W PAIL]N=PQNA =I>E=JPA¡v‰•  ,A LNK@QEP @]LNKP]C] in AOP AJOQEPA K>PAJQ OAHKJ @AO ?KJ@EPEKJO >=OEMQAO ~+/(s -A/(¡ AJ @AQT DAQNAOv 
 

1:?UD8 kk u 3UJPD¥OA @A H{=H?UJA ¶xAPDUJUH=JEOKHA 
,A OQ>OPN=P ¶xEK@K>AJVK=PA @A I]PDUHA io AOP LN]L=N] =Q H=>KN=PKENA L=N AOP]NEBE?=PEKJ @A H{=?E@A >AJVKbMQA ?KNNAOLKJ@=JP ~3?D]I= ‚„¡v‰‚  ,A ?KQLH=CA L=HH=@Kx?=P=HUO] AOP AJOQEPA N]=HEO] AJ LN]OAJ?A @A ¶v„ IKH ¿ @A 00D•‰„  AP LANIAP @{K>PAJEN HA @]NER] OEHUH] 
ip =RA? >KJ NAJ@AIAJP ~…… ¿¡v #A @ANJEAN AOP PN¥O N=LE@AIAJP @]LNKP]C] L=N HAO EKJO BHQKNQNAv                                                         ‰• 9QAs $vt 9=Ks 4vt ,=NK?Gs 2v #v *[ /I?[ #@=D[ iggl[ mfY ·‡¶‰¶x·‡¶‰”v ‰‚  #N=SBKN@s ,v !vt -?.=>s (vt -KQJPs !v 2vt 7D=NPKJs 3v )v *[ /I?[ #@=D[ iggo[ miY ””‚¶x””‚”v ‰„ 3LERAUs !v #vt -?+AJ@NE?Gs *vt 3NEG=N=Js 2vt (AHIs "v !v *[ /I?[ #@=D[ iggj[ lnY ·…‚•x·…„·v 

R R

TMS

R

I

SonogashiraDéprotection

R = OMe
R = CO2Me

2-iodoanisole (R = OMe)
2-iodobenzoate de méthyle (R = CO2Me)

OMe

I

OMe

TMS

OMePdCl2(PPh3)2 (2 mol %)
CuI (1 mol %)

4h, 50°C
98 %2-iodoanisole 26

KOH, MeOH

2h, ta.
85 %

27

TMSEt3N ,
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 ”” 

 
1:?UD8 kl u 3UJPD¥OA AJ MQ=PNA ]P=LAO @Q ¶x]PDUJUH>AJVK=PA @A I]PDUHA 

 $]NER] @{=H?UJAO =HELD=PEMQAO 
#KILPA PAJQ @AO @EBBE?QHP]O MQA JKQO =RKJO NAJ?KJPN]O HKNO @Q ?KQLH=CA @Q LNKLEKH=PA @A I]PDUHAs JKQO =RKJO @]?E@] @A OUJPD]PEOAN QJ ?KILKO] DKIKHKCQA AJ EJO]N=JP QJ ?=N>KJA AJPNA HA CNKQLAIAJP AOPAN AP H= PNELHA HE=EOKJv %J ABBAPs JKQO JKQO OKIIAO EJP]NAOO]O W H= OUJPD¥OA @Q •x>QPUJK=PA @A I]PDUHA ji ~3?D]I= ‚”¡v )H LAQP ^PNA K>PAJQ AJ @AQT ]P=LAO W L=NPEN @Q •x>QPUJx·xKHv #APPA OUJPD¥OA = ]P] @]?NEPA @=JO H= HEPP]N=PQNA AJ ·‰…» L=N H{]MQELA @A #KHHEJOv‰”  !LN¥O KTU@=PEKJ @A H{=H?KKH LNEI=ENA @=JO HAO ?KJ@EPEKJO @A *KJAOs H{=?E@A ?=N>KTUHEMQA K>PAJQ AOP AJC=C]s O=JO ^PNA ?=N=?P]NEO]s @=JO QJA N]=?PEKJ @{AOP]NEBE?=PEKJ @=JO HA I]PD=JKHv 

 
1:?UD8 km u 3UJPD¥OA @Q •x>QPUJK=PA @A I]PDUHA EJOLEN]A @AO PN=R=QT @A #KHHEJO 
,{=?E@A •x>QPUJKbMQA jh = LQ ^PNA EOKH] LQN CNY?A W @AO H=R=CAO =MQAQT N]L]P]O L=N QJA OKHQPEKJ O=PQN]A @A .=#Hv %JOQEPAs H= N]=?PEKJ @{AOP]NEBE?=PEKJ O{ABBA?PQA AJ IEHEAQ =?E@A @=JO HA I]PD=JKH AJ LN]OAJ?A @A @EI]PDKTULNKL=JA ~3?D]I= ‚”¡v $=JO H= HEPP]N=PQNAs H{AOPAN I]PDUHEMQA ji AOP LQNEBE] L=N @EOPEHH=PEKJ OKQO LNAOOEKJ N]@QEPA  ~•‡x•„̋# OKQO ·‡x·„ II (C¡v #APPA ]P=LA AOP @]HE?=PA AP JKQO J{=RKJO LQ EOKHAN MQ{QJA PN¥O B=E>HA MQ=JPEP] @{AOPAN ?A MQE NAJ@ ?APPA I]PDK@A JKJ QPEHEO=>HAv 

                                                        ‰” #KHHEJOs 0v 7vt +N=IANs 3v 7vt '=OEA?GEs !v &vt 7AEANs 2v -vt *KJAOs 0v (vt 'QHHEGOKJs 'v 7vt "E=J?DEs 2v 'vt "=QANs 2v &v *[ -=<[ #@=D[ hpon[ ifY ·‰•x·‰»v 

I

OH

O

I

OMe

O

TMS

OMe

O

OMe

O

Acide 2-iodo-
benzoique

MeI, K2CO3

DMF, t.a.
81 %

PdCl2(PPh3)2 (5 mol %)
CuI (2.5 mol %)

PPh3 (2.5 mol %)

Et3N, THF
4h, t.a.
88 %

TBAF, DCM

15 min, 0°C
85 %

28 29 30

TMS

OH OH

O

CrO3, H2SO4

3-butyn-1-ol
Acétone

0°C à t.a., 3h
76 %

OMe

O

MeOH, HCl

OO
31 32 (traces)



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 2]CEKO]HA?PEREP] AP N]=?PEREP] @A H{=NCAJP 

 ”» 

)v•v• %PQ@A @A H= N]CEKO]HA?PEREP] AP @A H= N]=?PEREP] @A H{=NCAJP 
)[i[i[g 6SIA>A;9KAFE <= C]AE>CL=E;= <L J=C <]9I?=EK 

#KIIA JKQO H{=RKJO ATLHEMQ] =Q @]>QP @A ?APPA L=NPEAs EH AOP LNEIKN@E=H @{]P=>HEN =RA? ?ANPEPQ@A QJA ?KNN]H=PEKJ AJPNA HA PULA @A OAH @{=NCAJP QPEHEO] AP HA IK@A @A ?U?HEO=PEKJ K>OANR]v ,AO @KQPAO LKNP=EAJP LNEJ?EL=HAIAJP OQN HAO OQ>OPEPQ=JPO =?]PUH]JEMQAO 0 =NKI=PEMQAO ~%JPN]AO ¶ ‘ „s 4=>HA=Q ·‡¡v !EJOEs MQ=PNA OQ>OPN=PO =NKI=PEMQAO KJP ]P] AJC=C]O @=JO H= N]=?PEKJ P=J@AIs AP HAO OPNQ?PQNAO @AO LNK@QEPO @A ?U?HEO=PEKJ K>PAJQO KJP ]P] ?KJBENI]AO L=N =J=HUOAO 2-. ¶$ ·„.x·(v  ~4=>HA=Q ·‡¡v  
   !C¶/ !C/4B %JPN]A 0NK@QEP 2AJ@AIAJP 0NK@QEP 2AJ@AIAJP 

· jj  ‰„ ¿ jk  ‰‡ ¿ 
¶ jl  ‰» ¿ jm  …‰ ¿ 
• jn  1Q=JPv jo  ‰‡ ¿ 
‚ jp  …‡ ¿ kg  …„ ¿ 
„ kh  ‰‰ ¿ ki  ‰„ ¿ 
289C<8L hg u 0NK@QEPO @A ?U?HEO=PEKJ K>PAJQO @=JO HA I]PD=JKH =RA? !C¶/ AP !C/4B 

N

O

R

[Ag] (5 mol%)

N

O

OMe

R

N

O

OMe

R

ou

MeOH (0.05 M)

5-exo-dig 6-endo-dig

N

O

OMe

OMe N

O

OMe

OMe

N

O

OMe

N

O

OMe

N

O

OMe

OMe

N

O

OMe

OMe

N

O

OMe

CF3

N

O

OMe

CF3

N

O

OMe

CO2Me

N

O

OMe

CO2Me



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 2]CEKO]HA?PEREP] AP N]=?PEREP] @A H{=NCAJP 

 ”… 

  ,{AJOAI>HA @AO N]OQHP=PO K>PAJQO OKJP ?H=ENO u HA IK@A @A ?U?HEO=PEKJ AOP N]CE L=N HA OAH @{=NCAJP ~4=>HA=Q ·‡[ %JPN]AO ·‘„¡v ,A ?=N=?P¥NA =HELD=PEMQA ~%JPN]A ·¡ MJ =NKI=PEMQA ~%JPN]AO ¶‘„¡s KQ ]HA?PNK@KJJAQN ~%JPN]A •¡ MJ ]HA?PNK=PPN=?PAQN  ~%JPN]A ‚‘„¡ @AO OQ>OPEPQ=JPO =?]PUH]JEMQAO JA FKQAJP =Q?QJ NfHA @=JO HA IK@A @A ?U?HEO=PEKJ =@KLP]v ,AO ?KJ?HQOEKJO OKJP HAO OQER=JPAO u =RA? !C¶/s H= ?U?HEO=PEKJ O{ABBA?PQA OAHKJ HA IK@A „x=OFx@EC =HKNO MQA !C/4B KNEAJPA H= ?U?HEO=PEKJ AJ IK@A  ”x=E<Fx@EC ~3?D]I= ‚»¡v  

 
1:?UD8 kn u #KJPNfHA @A H= N]CEKO]HA?PEREP] @A H= ?U?HEO=PEKJ L=N HAO OAHO @{=NCAJP  

)[i[i[h %KL<= <= C9 <L9CAKS <L J=C <]9I?=EK 

 ,A OAH @{=NCAJP AOP ?=L=>HA @A ?KJ@QENA O]HA?PERAIAJP W QJ N]CEKEOKI¥NA @KJJ]v #KIIA JKQO =RKJO LQ H{K>OANRAN @=JO H= HEPP]N=PQNAs ?A LD]JKI¥JA @A ?U?HEO=PEKJ  „x=OFx@EC MJ ”x=E<Fx@EC LAQP O{ATLHEMQAN L=N H= @Q=HEP] ~?=N>KLDEHA MJ KTKLDEHA¡ @Q ?=P=HUOAQNv    ${=EHHAQNO @=JO OAO PN=R=QT @A ¶‡‡»s 68D8DFKF IKJPNA MQ{QJ I]P=H LAQP =RKEN QJ ?KILKNPAIAJP @EBB]NAJP B=?A W @AO ?KILKO]O EJO=PQN]O PAHO MQA HAO =H@]DU@AOs HAO EIEJAOs HAO =H?¥JAO AP HAO =H?UJAOv‰» #KJPN=ENAIAJP =QT =?E@AO @A ,ASEO ?H=OOEMQAO PAHO MQA "#H•s !H#H•s AP?w s MQE OKJP ?KJJQO LKQN BKNIAN @A OKHE@AO ?KILHATAO fi =RA? HAO CNKQLAIAJPO ?=N>KJUHAO AP EIEJAOs HAO OAHO @A I]P=QT @A PN=JOEPEKJ LAQRAJP =RKEN QJ @KQ>HA NfHAv )HO LAQRAJP ABBA?PERAIAJP EJPAN=CEN OKEP =RA? QJA HE=EOKJ ?=N>KJAx?=N>KJA IQHPELHA ~#̈# KQ #≡#¡ L=N HE=EOKJ ›s OKEP BKNIAN @AO ?KILHATAO fi =RA? HAO D]P]NK=PKIAO ~#̈/ KQ #̈.¡ @A H= I^IA B=[KJ MQA HAO =?E@AO @A ,ASEO ?H=OOEMQAOv %P L=NBKEO I^IAs ?AO I]P=QT @A PN=JOEPEKJ LAQRAJP OA ?KILHATAN =QT @AQT OEPAO fi AP › AJ I^IA PAILOv                                                            ‰» 9=I=IKPKs 9v *[ /I?[ #@=D[ iggn[ mhY »…·»x»…•·v 

N

O

R1

+ R2OH
N

O

OR2

R1

N

O

OR2

R1

ou
acétalisation /

cycloisomérisation

Ag2O
5-exo-dig

AgOTf
6-endo-digR1 = alkyle ou aromatique



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 2]CEKO]HA?PEREP] AP N]=?PEREP] @A H{=NCAJP 

 ”‰ 

 4KQP ?KIIA HAO AOL¥?AO ?=PEKJEMQAO @{KNs¶‡  HA ?=PEKJ !Ć AOP QJ =?E@A @A ,ASEO‰…s‰‰  ?KJOE@]N] ?KIIA IKQ OAHKJ H= PD]KNEA (3!" @A 0A=NOKJv·‡‡  ,AO OAHO @{=NCAJP OKJP @KJ? ?=L=>HAO @{=?PERAN HA OEPA IKQ @A JKPNA OUOP¥IA AP @KJ? @A OA ?KILHATAN W H= PNELHA HE=EOKJ ?=N>KJAx?=N>KJA ~>=OA IKHHAs &ECQNA ”¡v 

 
&@>LI< m u 3EPAO >=OEMQAO =Q OAJO @A ,ASEO @AO OQ>OPN=PO 

 #A ?=N=?P¥NA @{=?E@A @A ,ASEO IKQ J{ATLHEMQA L=O ?KIIAJP H{=NCAJP LAQP EJPAN=CEN =RA? H{KTUC¥JA @Q CNKQLAIAJP ?=N>KJUHA ~OEPA >=OEMQA @QN¡v 0KQN N=PEKJ=HEOAN H= @EBB]NAJ?A @A N]CEKO]HA?PEREP] K>OANR]A =RA? !C¶/ AP !C/4Bs JKQO JKQO OKIIAO PKQNJ]O RANO H= J=PQNA @AO ?KJPNAxEKJO @A H{=NCAJPv %J ABBAPs 9=I=IKPK = IKJPN] MQA H{=BBEJEP] @{QJ I]P=H REOxWxREO @{QJ =H?UJA KQ @{QJ =H@]DU@A R=NE=EP =RA? OKJ ?KJPNAxEKJv 0KQN ?AH=s EH = ABBA?PQ] @AO ?=H?QHO @{AJPD=HLEAO HE>NAO @A BKNI=PEKJ ~ƒ(¡ AJPNA @ERANO ?KILHATAO @{=?E@A @A ,ASEO =RA? HA >AJV=H@]DU@A KQ =Q LD]JUH=?]PUH¥JA ~&ECQNA »¡v 

 
&@>LI< n u 2ALN]OAJP=PEKJ @AO AJPD=HLEAO HE>NAO @A BKNI=PEKJ =>OKHQAO @A ?KILHAT=PEKJ AJPNA @EBB]NAJPO I]P=QT AP OQ>OPN=PO‰» 

                                                        ‰»  9=I=IKPKs 9v *[ /I?[ #@=D[ iggn[ mhY »…·»x»…•·v ‰…  ,ASEOs 'v .v *[ !D[ #@=D[ 3F;[ hphm[ inY »”¶x»…„v ‰‰ *AJOAJs 7v "v #@=D[ 2=M[ hpno[ mnY ·x¶¶v ·‡‡ 0A=NOKJs 2v 'v *[ !D[ #@=D[ 3F;[ hpmj[ nkY •„••x•„•‰v 

N

O

R

base dure

base molle

base intermédiaire

s(j r s(8C:PE< s(h r s(8C;U?P;< 



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 2]CEKO]HA?PEREP] AP N]=?PEREP] @A H{=NCAJP 

 »‡ 

 %J JKQO BK?=HEO=JP OQN HAO ?KQN>AO AJ NKQCA ~&ECQNA »¡s KJ ?KJOP=PA >EAJ MQA H= ?KKN@EJ=PEKJ @A H{=NCAJP =RA? H{=H@]DU@A ~̨(· ̈ ̨(=H@]DU@A¡ KQ =RA? QJ =H?UJA  ~̨(• ̈ ƒ(=H?UJA¡ R=NEA =RA? HA ?KJPNAxEKJv /J NAI=NMQA =QOOE MQA H{]JANCEA J]?AOO=ENA W H= BKNI=PEKJ @{QJ ?KILHATA fi ~̨(=H@]DU@A¡ KQ › ~ƒ(=H?UJA¡ AOP PN¥O @EBB]NAJPA @{QJ I]P=H W QJ =QPNAv   0KQN ]PQ@EAN H{=BBEJEP] @{QJ OAH I]P=HHEMQA L=N N=LLKNP =Q OUOP¥IA #̈/ KQ #≡#s EH B=QP ]PQ@EAN HAO R=HAQNO NAH=PERAO @AO N=LLKNPO ƒ(=H@]DU@A\ƒ(=H?UJA ~̨(·\̨(•¡ ~&ECQNA …¡v 

 
&@>LI< o u 6=HAQN NAH=PERAO @Q N=LLKNP ƒ(·\ƒ(• LKQN HAO @ERANO OAHO I]P=HHEMQAO 

 0HQO HA N=LLKNP ƒ(=H@]DU@A\ƒ(=H?UJA ~̨(·\̨(•¡ AOP B=E>HAs LHQO H= ?KKN@EJ=PEKJ @Q I]P=H W H= PNELHA HE=EOKJ AOP BKNPAv %J OA ?KJ?AJPN=JP OQN HAO OAHO @{=NCAJP ~AJ NKQCAs  &ECQNA …¡s KJ ?KJOP=PA MQA LKQN HAO MQ=PNA ?KJPNAxEKJO 3>&”̂s 0&”̂s 4B/̂s "&‚̂s HAO R=HAQNO OKJP RKEOEJAOv #A?E NABH¥PA QJ ?KILKNPAIAJP LNK?DA MQE AOP AJ =??KN@ =RA? H= ?H=OOEBE?=PEKJ @AO OAHO @{=NCAJP MQA JKQO =REKJO ]P=>HEAO LN]?]@AIIAJP ~?=P]CKNEA !s  ?Bv ⁄)v•v·v• Lv„•¡v 0=N ?KJPNA =RA? QJ N=LLKNP @A ·v·s KJ = PAJ@=J?A W LAJOAN MQA ?AO OAHO @{=NCAJP OKJP W LNEKNE =QP=JP ?=L=>HAO @A OA ?KILHATAN W H{=H@]DU@A MQ{W H{=H?UJAv -=EO 9=I=IKPK  ATLHEMQA MQA ?APPA R=HAQN NAOPA B=E>HA L=N N=LLKNP =QT =?E@AO @A ,ASEO ?H=OOEMQA ?KIIA "#H• AP MQA H{EJPAN=?PEKJ =H@]DU@A\=H?UJA AOP @EO?QP=>HAv   )H = AJ ABBAP ?KIL=N] LHQOEAQNO ?DHKNQNAO @A I]P=QT AJPNA AQT ~4=>HA=Q ··¡v 
 "#H• -C#H¶ !H#H• #Q#H #Q#H¶ !C#H !Q#H !Q#H• 0P#H¶  ·…v‰ •‚v„ ‚‡v» ¶„v‚ ¶”v‚ ¶”v‚ ••v· •„v‰ km]p 

 ‡v‰ ·„v¶ ·‰v· ••v· ·‚v• ¶¶v” •‚v» •¶v„ kp]k ̨(·\̨(• ih]g ¶v• ¶v· ·v· ·v… ·v¶ h]g ·v· h]g 

289C<8L hh u #=H?QHO @AO AJPD=HLEAO HE>NAO @A BKNI=PEKJ @A ?KILHATAO ~AJ G?=H\IKH¡ AJPNA @EBB]NAJPO =?E@AO @A ,ASEO ?DHKN]O AP @AO OUOP¥IAO › 

O

H

ΔH1

ΔH3



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 2]CEKO]HA?PEREP] AP N]=?PEREP] @A H{=NCAJP 

 »· 

 ,AO R=HAQNO @AO N=LLKNPO ̨(·\̨(• OKJP ?KILNEOAO AJPNA ¶·v‡ LKQN "#H• AP ·v‡ LKQN !Q#H AP 0P#H¶ ~4=>HA=Q ··¡v "#H• OA @]I=NMQA ?H=ENAIAJP @AO =QPNAO =RA? O= BKNPA LN]B]NAJ?A LKQN HA OUOP¥IA ?=N>KJUH]v ,AO ?KILHATAO -C#H¶ AP !H#H• NAOPAJP AQT =QOOE LHQPfP KTKLDEHAO I=EO HAO R=HAQNO NAH=PERAO ?KNNAOLKJ@=JPAO OKJP >A=Q?KQL LHQO B=E>HAO ~¶v• AP ¶v· NAOLA?PERAIAJP¡v    $A I=JE¥NA EJP]NAOO=JPAs H= @EBB]NAJ?A K>OANR]A AJPNA #Q#H AP #Q#H¶ ~̨(·\̨(•  @A ·v· AP ·v… NAOLA?PERAIAJP¡ ATLHEMQAN=EP LKQNMQKE 9=I=IKPK =R=EP K>PAJQ @AO N]CEKO]HA?PEREP]O @EBB]NAJPAO HKNO @A O= N]=?PEKJ P=J@AI ~?Bv ⁄ )v¶v·v¶s Lv·„¡v‚…  !RA? QJ N=LLKNP ̨(·\̨(• @A ·v…s #Q#H¶ OA N=LLNK?DA @Q ?=N=?P¥NA KTKLDEHA @A -C#H¶ AP !H#H• ?{AOP LKQNMQKE QJ I]H=JCA @{EOKI¥NAO „x=OFx@EC AP ”x=E<Fx@EC =R=EP ]P] K>PAJQv 0=N ?KJPNA #Q#H @KJJ=EP AT?HQOERAIAJP HA ?KILKO] ”x=E<Fx@ECv 0KQNP=JP OKJ N=LLKNP ̨(·\̨(• AOP @A ·v· AP ?{AOP H= PNELHA HE=EOKJ ?=N>KJA‘?=N>KJA MQ{EH =?PERAv #A N]OQHP=P IKJPNA >EAJ MQA ?APPA R=HAQN JA OECJEBEA L=O MQA HA ?=P=HUOAQN = =QP=JP @{=BBEJEP] LKQN H{=H@]DU@A MQA LKQN H{=H?UJAs I=EO MQA >EAJ =Q ?KJPN=ENA AHHA LAQP ?KNNAOLKJ@NA W QJ ?=N=?P¥NA ?=N>KLDEHA LNKJKJ?] @Q I]P=Hv              0=N =EHHAQNOs HAO LHQO B=E>HAO R=HAQNO @A H{]PQ@A OKJP K>PAJQAO =RA?  !Q#H AP 0P#H¶ LKQN QJ N=LLKNP ̨(·\̨(•  @A ·v‡ ~4=>HA=Q ··¡v 3=?D=JP MQA ?A @ANJEAN AOP ?KJJQ LKQN ^PNA QJ ?=P=HUOAQN ]HA?PNKLDEHA PN¥O ?=N>KLDEHAs·‡· EH ?KJBENIA MQA ?{AOP QJA R=HAQN NALN]OAJP=PERA @AO ?KILHATAO ›x=?E@AOv    &EJ=HAIAJPs =RA? @AO R=HAQNO @A ̨(·\̨(• =RKEOEJ=JP HAO ·v·s HAO OAHO @{=NCAJP ?KIIA  !C3>&”s !C0&”s !C/4B AP !C"&‚s OKJP W LNEKNE LHQPfP ?=N>KLDEHAOv )H JA B=QP ?ALAJ@=JP L=O J]CHECAN HA B=EP MQA @A B=E>HAO BHQ?PQ=PEKJO @AO R=HAQNO  ̨(·\̨(• LAQRAJP NABH]PAN QJA CN=J@A @EBB]NAJ?A @A N]=?PEREP] ~EJPAN=?PEKJ =H@]DU@A\=H?UJA¡ @AO OAHO @{=NCAJP AJ BKJ?PEKJ @A HAQN ?KJPNAxEKJv 

                                                        
 ·‡· &kNOPJANs !vt $=REAOs 0v 7v !E?=N[ #@=D[ )EK[ %<[ %E?C[ iggn[ jlY •‚·‡x•‚‚‰v 

O

nPr

MeOH O

OMe

nPr
DMF

O

OMe

nPr
CuCl

CuCl2

100

50

0

50



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 2]CEKO]HA?PEREP] AP N]=?PEREP] @A H{=NCAJP 

 »¶ 

)[i[i[i -S;9EAJD=J GIFGFJSJ GFLI C=J <=LO KPG=J <= J=CJ <]9I?=EK 

,A IK@A @A ?U?HEO=PEKJ ”x=E<Fx@EC 
 ,A IK@A @A ?U?HEO=PEKJ ”x=E<Fx@EC AOP K>OANR] =RA? HAO OAHO @{=NCAJP @A H= ?=P]CKNEA ! ~!C3>&”s !C0&”s !C/4Bs =J@ !C./•¡s ?KJJQO LKQN BKNIAN @AO ?KILHATAO › =RA? HAO =H?UJAOv #AO ?KJPNAxEKJOs B=E>HAIAJP RKENA JKJx?KKN@EJ=JPOs LANIAPPAJP W H{=NCAJP @A C=N@AN OAO LNKLNE]P]O @{=?E@A @A ,ASEO IKQv·‡‡  ,{=NCAJP AOP =HKNO ?=N>KLDEHA AP =CEP ?KIIA QJ I]P=H @A PN=JOEPEKJ AJ =?PER=JP H= PNELHA HE=EOKJv .KQO RAJKJO ]C=HAIAJP @A RKEN =RA? HAO PN=R=QT @A 9=I=IKPK MQA ?APPA ?=P]CKNEA @A OAHO @{=NCAJP OAN=EP LHQPfP =H?UJKLDEHAv 5J I]?=JEOIA AOP LNKLKO] LKQN H= ?U?HEO=PEKJ =RA? ?APPA ?=P]CKNEA @A ?=P=HUOAQNO ~4F@< hs 3?D]I= ‚…¡v  

 
1:?UD8 ko u -]?=JEOIA N]=?PEKJJAH AJREO=C] LKQN !C/4B 

 'NY?A W OAO LNKLNE]P]O ?=N>KLDEHAOs HAO ?=P=HUOAQNO ?KIIA !C/4B LAQRAJP BKNIAN QJ ?KILHATA › =RA? H= PNELHA HE=EOKJ ?=N>KJAx?=N>KJA ~)JPANI]@E=ENA !h[ 3?D]I= ‚…¡v ,‒=H?UJA @AREAJP =HKNO ]HA?PNK@]BE?EAJP AP H= BKJ?PEKJ ?=N>KJUH]A OEPQ]A W LNKTEIEP] LAQP N]=HEOAN QJA =@@EPEKJ JQ?H]KLDEHA EJPN=IKH]?QH=ENA OQN HA ?=N>KJA ¤v ,{AOL¥?A ?U?HEMQA "h BKNI]A AOP @A PULA LUNEHEQIs ?KIIA JKQO H{=RKJO @]FW NAJ?KJPN] @=JO @A JKI>NAQT I]?=JEOIAO @A H= L=NPEA >E>HEKCN=LDEMQAv                                                          ·‡‡ 0A=NOKJs 2v 'v *[ !D[ #@=D[ 3F;[ hpmj[ nkY •„••x•„•‰v 
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)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 2]CEKO]HA?PEREP] AP N]=?PEREP] @A H{=NCAJP 

 »• 

  ,A IKPEB ?=N>KJUH] @AREAJP W OKJ PKQN H{]HA?PNKLDEHA AP LAQP OQ>EN H{=PP=MQA JQ?H]KLDEHA @Q I]PD=JKHv ,A ?KILHATA @{=NCAJP #h C]J]N] LAQP AJOQEPA HE>]NAN HA LNK@QEP ”x=E<Fx@EC ?KNNAOLKJ@=JP =LN¥O LNKPKJKHUOAv  ,A IK@A @A ?U?HEO=PEKJ „x=OFx@EC 
,A IK@A @A ?U?HEO=PEKJ „xATKx@EC AOP K>PAJQ =RA? HAO OAHO @{=NCAJP @A H=  ?=P]CKNEA # ~!C¶#/•s !C¶/s !C/¡v -^IA OE H= ?=P=HUOA >=OEMQA L=N +¶#/• LANIAP =QOOE @A OUJPD]PEOAN @AO @]NER]O BQNKMQEJKH]EJAOs·„ HA NfHA @A H{=NCAJP @=JO H= N]=?PEKJ @A ?U?HEO=PEKJ AOP EJ@Q>EP=>HAv %J NAR=J?DAs HA B=EP @{K>OANRAN H= I^IA N]CEKO]HA?PEREP] H=EOOA OQCC]NAN MQA HAO I]?=JEOIAO LN]OAJPAJP @AO OEIEHEPQ@AOs JKP=IIAJP L=N H= BKNI=PEKJ @{QJ D]IE=?]P=H "is= PAH MQA JKQO HA LNKLKOKJO =RA? H= MF@< i ~3?D]I= ‚‰¡v 

  
1:?UD8 kp u -]?=JEOIA N]=?PEKJJAH AJREO=C] LKQN !C¶/ #APPA BKEO HA ?=P=HUOAQN =?PERAN=EPs JKJ LHQO H= PNELHA HE=EOKJs I=EO HA @]NER] ?=N>KJUH] =BEJ @A B=?EHEPAN H{=@@EPEKJ @Q I]PD=JKHv .KQO =RKJO LN]?]@AIIAJP @]?NEP H{AOL¥?A =NCAJP ?KIIA QJ =?E@A @A ,ASEO IKQs KN E?Es EH OA ?KILKNPA LHQPfP ?KIIA QJ =?E@A @A ,ASEO @QNv )H AOP RN=E MQA HAO OAHO @{=NCAJP PAHO MQA !C¶#/•s !C¶/ AP !C/s OKJP LNEJ?EL=HAIAJP ?KJJQO LKQN HAQNO LNKLNE]P]O KTU@=JPAO @AO BKJ?PEKJO KTUC]J]AOv·‡¶   

                                                         = $AO ]PQ@AO 2-. ·( =R=EAJP ]P] IAJ]A HKNO @A H{]PQ@A @A H= ?=P=HUOA >=OEMQA AP H= BKNI=PEKJ @A H{D]IE=?]P=H =R=EP ]P] K>OANR]Av 
 ·‡¶ &]PEVKJs -vt 0=NGANs +v !vt 3Qs $v 3v (9E<:FFB F> I=9?=EKJ >FI FI?9EA; JPEK@=JAJY /OA<AQAE? 9E< 2=<L;AE? 
!?=EKJ[ %@v 7EHAUs .AS 9KNGs hpppv  
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)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 2]CEKO]HA?PEREP] AP N]=?PEREP] @A H{=NCAJP 

 »‚ 

 #APPA MQ=HEP] LNKQRA MQ{EHO KJP QJA ?ANP=EJA =BBEJEP] =RA? H{=PKIA @{KTUC¥JAs @KJ? MQ{EHO LAQRAJP ^PNA ?KJOE@]N]O ?KIIA KTKLDEHAOv %J ABBAPs HAO HEC=J@O ̃ KTUC]J]O ’ OKJP BKNPAIAJP ?KKN@EJ=JPO AP LHQO ]HA?PNKJ]C=PEBO MQA H{=NCAJP ~fl!C ̈ ·v‰• ̊ fl/ ̈ •v‚‚¡v·‡• 
 ,{AJRENKJJAIAJP ]HA?PNKJEMQA @A H{=NCAJP AOP =LL=QRNE AP ?A @ANJEAN @AREAJP =HKNO >A=Q?KQL LHQO @QNv #A LD]JKI¥JA LAQP ATLHEMQAN LKQNMQKE HA CNKQLAIAJP ?=N>KJUH] AOP @=JO ?A ?=O LN]B]NAJPEAHHAIAJP =?PER] ~3?D]I= ‚‰¡v !EJOEs @=JO HA I]?=JEOIA MQA JKQO LNKLKOKJOs H{KTU@A @{=NCAJP ~)¡ EJPAN=CEP =RA? H{KTUC¥JA @Q CNKQLAIAJP ?=N>KJUH] LKQN BKNIAN H{=@@QEP !i ~3?D]I= ‚‰¡v ,A OEPA ?=N>KJ] ?KNNAOLKJ@=JP @AREAJP ]HA?PNK@]BE?EAJP ?A MQE B=RKNEOA H{=PP=MQA JQ?H]KLDEHA @Q I]PD=JKHv ,{=?]P=H BKNI] "i LAQP ?U?HEOAN OQN HA ?=N>KJA § =?]PUH]JEMQA AP @KJJAN H{AOL¥?A VSEPANNEKJEMQA #iv &EJ=HAIAJPs H= LNKPKJKHUOA @Q ?KILHATA HE>¥NA HA LNK@QEP =PPAJQ „x=OFx@EC AP NAC]J¥NA H{AOL¥?A ?=P=HUPEMQAv  
)[i[i[j )E>CL=E;= <=J ;FE<AKAFEJ IS9;KAFEE=CC=J JLI C9 IS9;KAMAKS <L J=C <]9I?=EK 

$=JO HA ?=@NA @{QJ JK8>< ;< C@:<E:< +j IU8C@JU G8I 2?FD8J 1),+%0s EH = ]P] @]IKJPN] MQA H= N]=?PEREP] @Q OAH @{=NCAJP QPEHEO] ]P=EP L=NPE?QHE¥NAIAJP OAJOE>HA =QT ?KJ@EPEKJO @A ?KJ?AJPN=PEKJ AJ =H?KKH @=JO HA IEHEAQv %J ABBAPs H= N]=?PEKJ P=J@AI = ]P] IAJ]A OQN @AO OQ>OPN=PO R=NE]O ~2 ̈ #(¶/-As 0Ds  
Fx#/¶-A0Ds Fx/-A0D¡s OKEP AJ QPEHEO=JP HA I]PD=JKH ?KIIA OKHR=JPs OKEP @=JO HA @E?DHKNK]PD=JAv ,AO N]OQHP=PO JA OKJP L=O @]RAHKLL]O @=JO ?A I=JQO?NEP I=EO HAO ?KJ?HQOEKJO K>PAJQAO OKJP HAO OQER=JPAO ~3?D]I= „‡¡ u  

 
1:?UD8 lg u #KJ@EPEKJO KLPEIEO]AO LKQN ?D=MQA OAH @{=NCAJP 

                                                        
 ·‡• $A>s !vt #D=PPANFAAs !v +v *[ 0@PJ[ Z #FE<=EJ[ -9KK=I hppo[ gfY  ··»·‰v 
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)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 2]CEKO]HA?PEREP] AP N]=?PEREP] @A H{=NCAJP 

 »„ 

 
• ,= ?=P=HUOA W H{KTU@A @{=NCAJP ~)¡ AOP LHQO N=LE@A @=JO HA I]PD=JKHs  =RA? QJA ?KJRANOEKJ PKP=HA AJ IKEJO @A •D ?KJPNA QJA N]=?PEREP] PN¥O B=E>HA RKENA EJATEOP=JPA @=JO HA @E?DHKNK]PD=JAv #A N]OQHP=P LAQP O{ATLHEMQAN L=N QJ I=JMQA @A OKHQ>EHEP] @A ?A OAH @{=NCAJP @=JO QJ CN=J@ JKI>NA @A OKHR=JPv·‡•   
• )JRANOAIAJPs  HA PNEBH=PA @{=NCAJP AOP QJ ?=P=HUOAQN LHQO ABBE?=?A @=JO HA @E?DHKNK]PD=JA LQEOMQA HAO ?U?HEO=PEKJO OKJP C]J]N=HAIAJP PANIEJ]AO AJ MQAHMQAO DAQNAO ~AT?ALP] LKQN HA OQ>OPEPQ=JP ¶xLUNE@EJUH MQE J]?AOOEPA ¶‚ D¡ =HKNO MQ{EH B=QP L=NBKEO LHQOEAQNO FKQNO @A N]=?PEKJ @=JO HA I]PD=JKHv   .KQO =RKJO RKQHQ OQERNA H{]RKHQPEKJ @A H= N]=?PEKJ ?=P=HUO]A L=N !C/4B AJ PN=R=EHH=JP =RA? HA OQ>OPN=P P]IKEJ hgv 'NY?A W QJ OQERE N]=?PEKJJAH ABBA?PQ] L=N =J=HUOA '#x-3s JKQO =RKJO LQ ]PQ@EAN H{EJBHQAJ?A @Q OKHR=JP OQN H= ?EJ]PEMQA @A H= N]=?PEKJv  

 

 
&@>LI< p u )JBHQAJ?A @Q OKHR=JP @A H= ?=P=HUOA W !C/4B @=JO @AO ?KJ@EPEKJO =JDU@NAO KQ JKJ 

                                                        
 ·‡• $A>s !vt #D=PPANFAAs !v +v *[ 0@PJ[ Z #FE<=EJ[ -9KK=I hppo[ gfY  ··»·‰v 
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(A) MeOH technique 

(B) MeOH distillé 

(C) DCE distillé + MeOH technique 

(D) DCE distillé  + MeOH distillé 



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 2]CEKO]HA?PEREP] AP N]=?PEREP] @A H{=NCAJP 

 »” 

 1Q=PNA PULAO @{ATL]NEAJ?AO KJP ]P] N]=HEO]O u  
• ,= LNAIE¥NA AOP IAJ]A @=JO @Q I]PD=JKH PA?DJEMQA ~# ̈ ‡v‡„ -¡ ?KIIA OKHR=JPv 
• $=JO HA @AQTE¥IA AOO=Es HA OKHR=JP QPEHEO] AOP @Q I]PD=JKH @EOPEHH] ~# ̈ ‡v‡„ -¡v 
• ,= PNKEOE¥IA ATL]NEAJ?A AOP N]=HEO]A @=JO HA $#% @EOPEHH] ~# ̈ ‡v‡„ -¡s AP @Q I]PD=JKH PA?DJEMQA AOP EJPNK@QEP ?KIIA JQ?H]KLDEHA ~·v¶ ]M¡v 
• ,AO @ANJE¥NAO ?KJ@EPEKJO BKJP EJPANRAJEN @Q $#% @EOPEHH] ~# ̈ ‡v‡„ -¡ AP @Q I]PD=JKH @EOPEHH] ?KIIA OKHR=JP ~·v¶ ]M¡v ,AO ?KQN>AO @A OQERE ~&ECQNA ‰¡ ?KJBENIAJP MQA H= N]=?PEKJ AOP >EAJ LHQO N=LE@A @=JO HA @E?DHKNK]PD=JA ~AJPNA ¶ AP ‚Ds ?KJ@EPEKJO # AP $¡ MQA @=JO HA I]PD=JKH ~LHQO @A ‚Ds ?KJ@EPEKJO ! AP "¡v $A LHQO H= N]=?PEKJ J{AOP L=O OAJOE>HA =QT PN=?AO @{A=Q LN]OAJPAO @=JO HA IEHEAQv 5JA =QPNA ]PQ@A = IKJPN] MQA HKNOMQA HA OAH @{=NCAJP AOP ?KJOANR] AP QPEHEO] AJ >KEPA W C=JPs EH AOP >A=Q?KQL LHQO N]=?PEB MQA O{EH AOP QPEHEO] W H{=EN =I>E=JP AP ?KJOANR] @=JO QJ @AOOE?=PAQN ~&ECQNA ·‡¡v 

 
&@>LI< hg u )JBHQAJ?A @A H{DU@N=P=PEKJ @Q ?=P=HUOAQN OQN H= ?EJ]PEMQA @A H= N]=?PEKJ 
,{AJOAI>HA @A ?AO N]OQHP=PO IKJPNA MQA OQN HA HKJC PANIAs H{DU@N=P=PEKJ @Q ?KILHATA @EIEJQA O= N]=?PEREP]v   ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ @KJJA @A >KJO N]OQHP=PO W PAIL]N=PQNA =I>E=JPAv .KQO JKQO OKIIAO EJPANNKC]O OQN H{EJBHQAJ?A MQA LAQP =RKEN H= PAIL]N=PQNA OQN H= N]CEKO]HA?PEREP] @A H= ?U?HEO=PEKJv !EJOEs @AO AOO=EO KJP ]P] N]=HEO]O =RA? ?D=MQA OAH @{=NCAJPs OKEP =Q NABHQT @Q I]PD=JKHs OKEP =Q NABHQT @Q @E?DHKNK]PD=JA  ~4=>HA=Q ·¶¡v 
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)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 2]CEKO]HA?PEREP] AP N]=?PEREP] @A H{=NCAJP 

 »» 

 
  %JPN]A #=P=HUOAQN 3KHR=JP 4 ~̋#¡ 3]HA?PEREP]          „x=OFx@EC u ”x=E<Fx@EC 2AJ@AIAJPO ~¿¡ · !C/4B -A/( ”„ ‡ u ·‡‡  ‰” ¶ !C¶/ -A/( ”„ ·‡‡  u ‡ ‰• • !C/4B $#% …‡ ‡ u ·‡‡ ‰• ‚ !C¶/ $#% …‡ ‡ u ‡ ‡ 

289C<8L hi u 3]HA?PEREP] @A H= ?U?HEO=PEKJ =Q NABHQT @Q OKHR=JP 
,A PNEBH=PA @{=NCAJP ?KJ@QEP PKQFKQNO =Q LNK@QEP @A ?U?HEO=PEKJ ”x=E<Fx@EC =RA? @AO ?KJRANOEKJO PKP=HAOs MQAHHAO MQA OKEAJP HAO ?KJ@EPEKJO QPEHEO]AO ~%JPN]AO · AP •¡v 0=N ?KJPNAs H{KTU@A @{=NCAJP ~)¡ AOP PKP=HAIAJP EJABBE?=?A @=JO HA @E?DHKNK]PD=JA AP HA OQ>OPN=P @A @]L=NP AOP N]?QL]N] ~%JPN]A ‚¡v $=JO HA I]PD=JKHs HA IK@A @A ?U?HEO=PEKJ NAOPA EJ?D=JC] W ”„̋# ?=N OAQH H{EOKI¥NA „x=OFx@EC AOP K>PAJQ =RA? QJA ?KJRANOEKJ @A ·‡‡ ¿ ~%JPN]A ¶¡v #AO N]OQHP=PO IKJPNAJP MQ{EH J{AOP L=O LKOOE>HA @A @]LH=?AN PDANIK@UJ=IEMQAIAJP H= N]CEKO]HA?PEREP] @A H= N]=?PEKJv 3AQH HA OAH @{=NCAJP AJC=C] KNEAJPA H= ?U?HEO=PEKJv 
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)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u )ILKNP=J?A @Q I]P=H 

 »… 

)v•v‚ )ILKNP=J?A @Q I]P=H @=JO H= ?=P=HUOA 
$=JO HA ?=@NA @A N]=?PEKJO ?=P=HUO]AO L=N QJ I]P=H @A PN=JOEPEKJs QJA MQAOPEKJ AOOAJPEAHHA OA LKOA u MQAHHA AOP H{=?PEREP] ?=P=HUPEMQA N]AHHA @A H{AOL¥?A I]P=HHEMQA y !EJOEs EH AOP EILKNP=JP @A O=RKEN OE H{=NCAJP AOP RN=EIAJP J]?AOO=ENA W H{=??KILHEOOAIAJP @A H= N]=?PEKJ P=J@AIs KQ OE HA ?KJPNAxEKJ AOP EILHEMQ] @=JO QJA ?=P=HUOA =?E@A KQ >=OEMQAv 5J LNAIEAN ]H]IAJP @A N]LKJOA JKQO = ]P] @KJJ] HKNO @AO LANBKNI=J?AO @AO OAHO @{=NCAJP LKQN @]L=OOAN HAO HEIEP=PEKJO NAJ?KJPN]AO =RA? H= ?=P=HUOA >=OEMQAv= #AO N]=?PEKJO KJP LANIEO @A N]?QOAN PKQPA =?PER=PEKJ L=N QJA OEILHA ?=P=HUOA >=OEMQAs =Q LNKBEP @A H= ?=P=HUOA I]P=HHEMQAv ${=QPNAO ]PQ@AO KJP ]P] IAJ]AO =BEJ @A @]BAJ@NA HA NfHA LNEIKN@E=H @A H{=NCAJPv 

)[i[j[g #@FAO <= C]9I?=EK ;FDD= DSK9C <= KI9EJAKAFE 

.KQO =RKJO RQ MQA H= N]=?PEKJ P=J@AI LKQR=EP ^PNA ?=P=HUO]A L=N @AO OAHO @{KN KQ @{=NCAJPs AP JKQO =RKJO RKQHQ ?KJJ=aPNA H= N]=?PEREP] @Q ?QERNA @=JO JKPNA OUOP¥IA ~4=>HA=Q ·•¡v 
 %JPN]A ¢#=Pv£ 3KHR=JP #KJRANOEKJ ~¿¡¢=£ 3]HA?PEREP] „x=OF u ”x=E<F¢>£ · !C/4B $#% ·‡‡ ‡ u ·‡‡ ¶ !C¶/ $#% ‡ x • !C¶/ -A/( ·‡‡ ·‡‡ u ‡  ‚ #Q~/4B¡¶ $#% „„ ‡ u ·‡‡ „ #Q/4B $#% •„ ‡ u ·‡‡ ” #Q¶/ $#% PN=?AO ‡ u ·‡‡ » #Q¶/ -A/( ·‡‡ ‡ u ·‡‡ … #Q~0DAJ¡~00D•¡¶./• $#% ‡ x ¢=£ @]PANIEJ]A L=N =J=HUOA 2-. ·(  

289C<8L hj u ?=P=HUOA @A H= N]=?PEKJ P=J@AI L=N @AO OAHO @A ?QERNA  
                                                        = ,{EJPNK@Q?PEKJ @{=H?KKHO AJ?KI>N]Os LAQ JQ?H]KLDEHAO AP >AJVUHEMQAO = ]P] LKOOE>HA CNY?A W H= ?=P=HUOA =QT OAHO @{=NCAJPv 
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)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u )ILKNP=J?A @Q I]P=H 

 »‰ 

.KQO =RKJO ?DKEOE @{QPEHEOAN @AO ?KILHATAO @A ?QERNA ~)¡ =J=HKCQAO =QT OAHO @{=NCAJP> ~4=>HA=Q ·•s %JPN]AO „‘»s¡ QJ OAH @A ?QERNA ~))¡ ~%JPN]A ‚¡ AP QJ ?KILHATA LN]L=N] =Q H=>KN=PKENA? ~%JPN]A …¡v   3AQHO HAO PNEBH=PAO @A ?QERNA ~)¡ AP ~))¡ OKJP ?=L=>HAO @A ?KJRANPEN H= MQEJKH]EJA @A @]L=NP AJ @]NER] LUN=JKMQEJKH]EJA ~4=>HA=Q ·•s %JPN]AO ‚‘„¡ I=EO HAO ?KJRANOEKJO NAOLA?PERAO =LN¥O ·… D @A N]=?PEKJ JA OKJP MQA @A •„ ¿ AP „„ ¿v ,A ?QERNA AOP IKEJO LANBKNI=JP MQA H{=NCAJP @=JO JKPNA N]=?PEKJ P=J@AIv 0=N =EHHAQNOs HA @ACN] @{KTU@=PEKJ @Q ?QERNA J{= =Q?QJA EJBHQAJ?A OQN H= N]CEKO]HA?PEREP] @A H= N]=?PEKJv #APPA BKEOx?Es HA ?=N=?P¥NA ›x]HA?PNKLDEHA @Q ?QERNA ~)¡ AP fix]H?PNKLDEHA @Q ?QERNA ~))¡ K>OANR] L=N 9=I=IKPK‰» HKNO @A OAO PN=R=QT J{AOP L=O R]NEBE] =RA? JKPNA OUOP¥IAv  4KQP ?KIIA HA ¢#Q~0DAJ¡~00D•¡¶./•£s #Q¶/ AOP EJABBE?=?A @=JO HA $#%  ~%JPN]AO ” AP …¡v ,= B=E>HA N]=?PEREP] @A #Q¶/ N=LLAHHA ?AHHA @{!C¶/ ~%JPN]A ¶¡s ?{AOP LKQNMQKE JKQO =RKJO IAJ] H= N]=?PEKJ @=JO HA I]PD=JKHv #APPA BKEOx?E !C¶/ AP #Q¶/ @KJJAJP @AO ?KJRANOEKJO PKP=HAO ~%JPN]A • AP » NAOLA?PERAIAJP¡v 0=N ?KJPNA HAO N]CEKO]HA?PEREP]O K>OANR]AO OKJP KLLKO]AO ~”x=E<F LKQN #Q¶/ MJ „x=OF =RA? !C¶/¡v   &EJ=HAIAJP HA ?QERNA J{AOP L=O =QOOE EJP]NAOO=JP MQA H{=NCAJP ?=N EH JA LANIAP L=O @A ?KJPNfHAN H= N]CEKO]HA?PEREP] @A H= N]=?PEKJv ,AO OAHO @A PNEBH=PA @A ?QERNA JA OKJP L=O LANBKNI=JPO LQEOMQ{EHO JA LANIAPPAJP L=O @A ?U?HEOAN H= PKP=HEP] @Q OQ>OPN=Pv 

                                                        > 0=N ATAILHA #Q¶/ LKQN NAILH=?AN !C¶/s AP #Q/4B LKQN NAILH=?AN !C/4Bv ?,A ?KILHATA ¢#Q~0DAJ¡~00D•¡¶./•̂£ AOP LN]L=N] L=N HA $Nv $v "KQUOOE AP = IKJPN] OKJ ABBE?=?EP] @=JO QJA N]=?PEKJ @A #KJE=x%JA u -KJPAHs 3vt "KQUOOEs $vt "=HIAs 'v !<M[ 3PEK@[ #9K9C[ ighg[ ikhY ¶•·„x¶•¶‡v 
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)[i[j[h %KL<= <= C9 ;9K9CPJ= G9I LE 9;A<= <= "IUEJK=< 

$A N]?AJPAO LQ>HE?=PEKJO KJP IEO AJ HQIE¥NA HA LKQRKEN ?=P=HUPEMQA @AO =?E@AO @A "NhJOPA@ @=JO HAO N]=?PEKJO @A ?U?HEO=PEKJ MQA H{KJ ?NKU=EP ^PNA LNKIQAO L=N @AO I]P=QT @A PN=JOEPEKJv‚‡s·‡‚x·‡»  0KQN LKQRKEN AT?HQNA ?APPA ]RAJPQ=HEP]s EH B=QP MQA HA R]NEP=>HA NfHA MQA FKQAJP HAO =?E@AO LNKPEMQAO @=JO JKPNA N]=?PEKJ @A ?U?HEOKI]NEO=PEKJs O{EH U AJ = QJs OKEP ]PQ@E]v 0KQN ?AH=s @EBB]NAJPO =?E@AO @A "NhJOPA@ @EOLKJE>HAO =Q H=>KN=PKENA KJP ]P] PAOP]O LKQN ?=P=HUOAN H= N]=?PEKJ P]IKEJ OQER=JPA ~4=>HA=Q ·‚¡v 
 %JPN]A (8 L+= ¢=£ 4 ~̋#¡ $QN]A ~D¡ #KJRANOEKJ ~¿¡ ¢>£ · x x „‡ ·… ‡ ¶ 4B/( x ·‚ ¶„ »»D „‡ • ("&‚ ¢?£ x‡v‚ „‡ ·… „‡ ‚ ("&‚ ¢@£ x‡v‚ „‡ ·… ‚„ „ (#H ¢A£ x …v‡ „‡ ·… ¶‡ ” (/!? x ‚v… „‡ ·… „ 

¢=£ PEN]O @Q -9I;@]J !<M9E;=< /I?9EA; #@=DAJKIP 2=9;KAFEJY „PD A@v 7EHAUs .AS 9KNGs iggh AP 4DA -AN?G )J@ATs ·¶PD A@v ~%@vu 3v "Q@=R=NE¡s -AN?Gs 7DEPAx DKQOA 3P=PEKJs .*s hppm t ¢>£ @]PANIEJ]A L=N =J=HUOA 2-. ·(t ¢?£ ‚… ¿ I=OOEMQA @=JO (¶/ t ¢@£ „‡x„„ ¿ @=JO %P¶/ t ¢A£ @=JO %P¶/ 
 

289C<8L hk u )JBHQAJ?A @AO =?E@AO @A >NhJOPA@ OQN H= N]=?PEKJ P=J@AI 
 %J H{=>OAJ?A @A ?=P=HUOAQN ~=?E@A KQ I]P=HHEMQA¡s =Q?QJA N]=?PEKJ @A ?U?HEO=PEKJ JA OA LNK@QEP ~4=>HA=Q ·‚s %JPN]A ·¡s I^IA AJ ?D=QBB=JP HA I]H=JCA N]=?PEKJJAHv #A N]OQHP=P ?KJBENIA MQ{QJA =?PER=PEKJ AOP J]?AOO=ENAv     
                                                        ·‡‚ (=ODIEs !v 3v +v #9K9C[ 4F<9P iggn[ ghhY ¶··x¶·‚v ·‡„ ,Es :vt :D=JCs *vt "NKQSANs #vt 9=JCs #v x'vt 2AE?Ds .v 7vt (As #v /I?[ ,=KK[ iggm[ nY ‚·»„x‚·»…v ·‡” 2KOAJBAH@s $v #vt 3DAGD=Ns 3vt 4=GAIEU=s !vt 5POQJKIEU=s -vt (=NPSECs *v &v /I?[ ,=KK[ iggm[ nY ‚·»‰x‚·…¶v ·‡» 2DAAs *v 5vt +NEO?DAs -v *v /I?[ ,=KK[ iggl[ mY ¶‚‰•x¶‚‰„v 
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 …· 

 ,= ?=P=HUOA LNKPEMQA ?KJ@QEP QJEMQAIAJP W H= BKNI=PEKJ @Q LNK@QEP ”x=E<Fx@EC jkv  %J LN]OAJ?A @{QJA MQ=JPEP] ?=P=HUPEMQA @{=?E@AO BKNPO PAHO MQA (/4Bs ("&‚ AP (#H  ~4=>HA=Q ·‚s %JPN]AO ¶x„¡s EH AOP LKOOE>HA @{K>PAJEN AJPNA ¶‡ AP „‡ ¿ @A LNK@QEP @A ?U?HEO=PEKJv !RA? QJ =?E@A B=E>HA ?KIIA (/!? ~%JPN]A ”¡ HAO ?KJRANOEKJO OKJP LHQO B=E>HAOv 0KQNP=JPs @AO PAILO @A N]=?PEKJ PN¥O HKJC ~»» D W ¶„̋#s %JPN]A ¶¡ KQ @AO ?KJ@EPEKJO LHQO BKNPAO ~„‡̋# =Q HEAQ @A ¶„̋#s %JPN]AO •x”¡ KJP ]P] QPEHEO]AOv #AO N]OQHP=PO JKQO IKJPNAJP MQA HAO PN=?AO @{=?E@A JA LAQRAJP L=NPE?ELAN MQA L=NPEAHHAIAJP W H= N]=?PEKJ @A ?U?HEO=PEKJs AP EH AOP ?H=EN MQA ?{AOP H= N]=?PEREP] EJPNEJO¥MQA @Q I]P=H MQE LANIAP @{K>PAJEN @AO N]=?PEKJO PKP=HAO AJ IKEJO @A • DAQNAOv  
)[i[j[i %KL<= <= C9 ;P;CAJ9KAFE =E GISJ=E;= <= GAS?=LIJ <= GIFKFEJ 

 5JA =QPNA =LLNK?DA = ]P] AJREO=C]A LKQN R]NEBEAN MQA HAO =?E@AO LNKPEMQAO JA OKJP L=O EILHEMQ]O @=JO H= ?=P=HUOAv #APPA BKEOs H{]PQ@A ?KJOEOPA W LE]CAN H{=?E@A L=N QJA >=OAv .KQO O=RKJO MQA HAO >=OAO EJKNC=JEMQAO PAHHAO MQA +¶#/• OKJP ABBE?=?AO LKQN K>PAJEN @AO @]NER]O BQNKMQEJKH]EJAO·„ ?{AOP LKQNMQKE JKQO =RKJO ?DKEOE @{QPEHEOAN @AO @]NER]O @ z=IEJA ~4=>HA=Q ·„¡v     
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 …¶ 

 %JPN]A !@@EPEB L+=¢=£ #KJRANOEKJ¢>£  3]HA?PEREP] „x=OF u ”x=E<F¢>£  · x x ·‡‡ ‡ u ·‡‡ 
¶  ‚v‰• ‡ x 
•  …v…¶ ‡ x 
‚  x ·‡‡ ‡ u ·‡‡ 
„ 

 ¢?£  x ·‡‡ ‡ u ·‡‡ 
”  •v„· ·‡‡ ‡ u ·‡‡ 
»  ‚v‰¶ ‰„ ‡ u ·‡‡ 
…  „v¶· ~·¶v„•¡ ·‡‡ »„ u ¶„ 
‰  ·‡v»„ ~·…v…¶¡ „„ …„ u ·„ 
·‡  ~¶‚v•‚¡ ·‡ ‰‡ u ·‡ 

¢=£ $APANIEJ] L=N @]LNKPKJ=PEKJ @A H{=?E@A ?KJFQCQ] @=JO H{A=Q·‡…s·‡‰  ~HAO R=HAQNO AJPNA L=NAJPD¥OAO OKJP @]PANIEJ]AO @=JO H{=?]PKJEPNEHA··‡¡ t ¢>£ @]PANIEJ]A L=N =J=HUOA 2-. ·( t 
e:f ¶‡ IKH ¿ @A 44"0 AP ¶D @A N]=?PEKJ 
289C<8L hl u )JBHQAJ?A @AO >=OAO =IEJ]AO OQN H= N]CEKO]HA?PEREP] @A H= ?U?HEO=PEKJ                                                         ·‡…  ~=¡ 3IEPDs -v "vt -=N?Ds *v EJ -=N?D{O !@R=J?A@ /NC=JE? #DAIEOPNU 2A=?PEKJOs -A?D=JEOIO =J@ 3PNQ?PQNAs 

iggg[ „PD A@v 7EHAUs .AS 9KNGs igghv ~>¡ 3v +KPNHs 3vt 3Q?D=s ,v (=J@>KKG KB #DAIE?=H %MQEHE>NEQI EJ !J=HUPE?=H #DAIEOPNUs %HHEO (KNSKK@ %HHEO (KNSKK@s #DE?DAOPANs 5+s hpolv ·‡‰ 2=>KH@s !vt "=QANs 2vt :QJ@AHs 'v  *v 0DUOv #DAIv hppl[ ‰‰s ·……‰x·…‰„v ··‡ +=HFQN=J@s )vt +kPPs !vt 3KKRZHEs ,vt 2K@EI=s 4vt -ZAIAPOs 6vt ,AEPKs )vt +KLLAHs )v !v *v /NCv #DAIv iggl[ »‡s ·‡·‰x·‡¶…v 
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 %J LN]OAJ?A @A $!"#/ ~·s‚x@E=V=>E?U?HK¢¶v¶v¶£K?P=JA¡ KQ @A ·s·‡xLD]J=JPNKHEJA H= N]=?PEKJ @A ?U?HEO=PEKJ JA OA LNK@QEP L=O ~4=>HA=Q ·„s %JPN]A ¶ AP •¡v 3E H{KJ OA N]B¥NA W ?ANP=EJAO @KJJ]AO @A H= HEPP]N=PQNAs···x··•  HA $!"#/ LAQP BKNIAN =RA? H{=NCAJP QJ LKHUI¥NA EJOKHQ>HA ¢!CEx$!"#/D£E MQE EJDE>A H= N]=?PEREP] @Q I]P=Hv                $ALQEO HAO =JJ]AO ·‰……s··‚   H{=NCAJP AOP ?KJJQ LKQN OA ?KKN@EJAN @A B=[KJ LAJP=R=HAJPA =RA? HA HEC=J@ MQEJMQALUNE@EJA ~&ECQNA ··¡v ${=QPNAO ?KILHATAO ?NEOP=HHEJO PAH MQA HA ?=P=HUOAQN >EOI]P=HHEMQA @{=NCAJP ?KKN@EJ] =Q HEC=J@ PNE@AJP=PA  PNExK=IKx>QPUHxPANLUNE@EJA ~K"QP0U¡ KJP ]P] EOKH]Ov··„ 

 
&@>LI< hh u %TAILHA @A ?KILHAT=PEKJ AJPNA H{=NCAJP AP @AO HEC=J@ @A PULA LUNE@EJA 

              !EJOE H{=NCAJP LN]OAJPA QJA BKNPA =BBEJEP] =RA? HAO OUOP¥IAO =VKP]Ov··”s··»  $=JO HA ?=O @A H= LD]J=JPNKHEJAs LAQPx^PNA MQ{QJA @KQ>HAs RKENA QJA PNELHA ?KILHAT=PEKJ AJ?H=RA HA I]P=H AP EJDE>A O= N]=?PEREP] ~&ECQNA ·¶¡v 

 
&@>LI< hi u 0NKLKOEPEKJ @A ?KILHAT=PEKJ @A H= LD]J=JPNKHEJA 

                                                        ··· +NEODJ=s (vt +NEODJ=IQNPDUs 3v 3vt .APD=FEs -v )EFI?[ #@AD[ !;K9 iggp[ ilhY •… x ‚¶v ··¶ 1Qs 9vt 3Qs ,vt 7Qs *v *[ #@=D[ #IPJK9CCF?I[ iggn[ imY „»‰x„…¶v ··• 3=IL=JPD=Ns *v 4vt 6EPP=Hs *v *v #IPJK[ %E?[ iggg[ iY ··» x ·••v ··‚  #KJOP=>HAs %v #vt $NASs -v 'v "vt &KNOUPDs 'vt 7=N@s -v $v *[ #@=D[ 3F;[Y #@=D[ #FDDLE[ hpoo[ ·‚„‡x·‚„·v ··„ #QEs 9vt (As #v *[ !D[ #@=D[ 3F;[ iggj[ ghkY ·”¶‡¶x·”¶‡•v 
 ··” &A=VAHHs 2v 0vt #=NOKJs #v %vt +H=QOIAUANs +v +v )EFI?[ #@=D[ iggm[ jkY ‰•„x‰‚‚v ··» $AH 0EANKs 3vt &A@AHAs 2vt -AH?DEKNs !vt 0KNP=JKR=s 2vt 4KH=VVEs -vt :=JCN=J@Ks %v )EFI?[ #@=D[ iggn[ jlY ‚”…•x‚”‰·v 
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 ,{QPEHEO=PEKJ @A ̃ LE]CAQNO @A LNKPKJO ’ LANBKNI=JPO ‚‡s··…  ?KIIA H= $4"0  ~¶s”x@ExK=IKx>QPUHLUNE@EJAs %JPN]A ‚¡ AP H= 44"0 ~¶s‚s”xPNExK=IKx>QPUHLUNEIE@EJAs  %JPN]A „¡ LANIAP @A ?KJOANRAN H= N]=?PEREP] @{!C/4B ~?KJRANOEKJ AP O]HA?PEREP] PKP=HA AJ B=RAQN @Q ?KILKO] ”x=E<Fx@ECs %JPN]A ·¡v #AO N]=?PEKJO P]IKEJO JKQO LANIAPPAJP @{AT?HQNA @]BEJEPERAIAJP PKQPA LKOOE>EHEP] @A ?=P=HUOA =?E@Av     ,{=@@EPEKJ @A ‚x=?]PUHLUNE@EJA ~%JPN]A ”¡ KQ @A MQEJKH]EJA ~%JPN]A »¡ @=JO HA IEHEAQ LANIAP QJA BKEO @A LHQO @A ?KJOANRAN H= N]=?PEREP] @{!C/4B ~%JPN]A ·¡ AJ B=RKNEO=JP HA IK@A ”x=E<Fx@ECv 0KQN HA IKPEB MQEJKH]EJAs HA N]OQHP=P ]P=EP LN]REOE>HA LQEOMQA JKO OQ>OPN=PO @A @]L=NP LKNPAJP PKQO ?A JKU=Q D]P]NK?U?HEMQAv .KQO ?KJBENIANKJO QHP]NEAQNAIAJP L=N @AO ATL]NEAJ?AO P]IKEJO MQA H{=VKPA @A H= MQEJKH]EJA AOP EJANPA @=JO H= N]=?PEKJ P=J@AI ~?Bv ⁄ )v•v„v·s Lv…”¡v   ,= LN]OAJ?A @A LUNE@EJAs @A PNE]PDUH=IEJA AP @A $"5  ~·s…x@E=V=>E?U?HK¢„v‚v‡£QJ@A?x»xAJA¡ @KJJAs AJ NAR=J?DAs @AO I]H=JCAO R=NE=>HAO @AO @AQT EOKI¥NAO I=EO ?KJ@QEP LN]B]NAJPEAHHAIAJP =Q LNK@QEP @A ?U?HEO=PEKJ „x=OFx@EC ~%JPN]AO …‘·‡¡v #A @ANJEAN AOP PKQFKQNO I=FKNEP=ENA I=EO O= LNKLKNPEKJ OAI>HA ]RKHQAN EJRANOAIAJP W H= ?KJRANOEKJ @A H= N]=?PEKJv 0=N ATAILHAs JKQO =PPAECJKJO FQOMQ{W ·‡‡ ¿ @A ?KJRANOEKJ =RA? H= LUNE@EJA I=EO HA N=LLKNP ~„x=OF u ”x=E<F¡ JA @]L=OOA L=O ~»„ u ¶„¡ ~%JPN]A …¡v %J NAR=J?DA H= $"5 @KJJA OAQHAIAJP ·‡ ¿ @A PN=JOBKNI=PEKJ I=EO ?APPA BKEOx?Es  H= N]CEKO]HA?PEREP] AOP LNAOMQA PKP=HA =RA? QJ N=LLKNP ~„x=OF u ”x=E<F¡ @A ~‰‡ u ·‡¡  ~%JPN]A ·‡¡v ,= PNE]PDUH=IEJA MQ=JP W AHHA @KJJA @AO N]OQHP=PO EJPANI]@E=ENAO =RA? QJA ?KJRANOEKJ IK@]N]A ~%JPN]A ‰¡v@    ,A B=EP MQA H= LN]OAJ?A @A H{=IEJA ?D=JCA H= N]CEK?DEIEA @A H= N]=?PEKJs AP LNK>=>HAIAJP HA ?=N=?P¥NA ?=N>KLDEHA @Q OAH @{=NCAJPs LAQP O{ATLHEMQAN L=N QJA ?D]H=PEKJ AJPNA HA I]P=H AP HA HEC=J@ =VKP]v ,{=IEJA FKQAN=EP @KJ? QJ NfHA @A ¦?KJPNA EKJ} OAI>H=>HA W !C¶/v .KQO LKQRKJO AOO=UAN @A N=PEKJ=HEOAN HAO N]OQHP=PO K>PAJQO AJ JKQO N]B]N=JP =QT R=HAQNO @A L+= @A ?AO >=OAO =IEJ]AO ~%JPN]A …‘·‡¡v  
                                                        ··… 3?DSEANs 4vt 3NKIAGs !v 7vt 9=Ls $v -v ,vt #DANJU=Gs $vt 'ARKNCU=Js 6v *[ !D[ #@=D[ 3F;[ iggn[ ghoY ‰…”…x‰…»…v @ $AO AOO=EO OQLLH]IAJP=ENAO KJP IKJPN] MQA H= MQ=JPEP] @{=IEJA ~‡v„s · AP „ ]MQER=HAJPO¡ JA ?D=JCA L=O HA N=LLKNP „x=OF u ”x=E<F AP HAO ?KJRANOEKJO OKJP ]C=HAIAJP RKEOEJAOv 
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 …„ 

 %J ABBA?PQ=JP QJA ?KIL=N=EOKJ =OOAV IEJQPEAQOA @A ?AO R=HAQNOs KJ ?KJOP=PA MQA LHQO HA L+= =QCIAJPAs LHQO H= N]=?PEKJ AJ B=RAQN @Q LNK@QEP „x=OFx@EC AOP B=RKNEO]AvA &EJ=HAIAJP H= R=HAQN @Q L+= LAQP ^PNA ?KNN]H]A W H= @EOLKJE>EHEP] ]HA?PNKJEMQA @Q @KQ>HAP JKJ HE=JP @A H{=VKPA ~&ECQNA ·•¡v 0=N ATAILHA =RA? H= ‚x=?]PUHLUNE@EJA ~L+= ̈ •v„·¡s HA @KQ>HAP HE>NA @A H{=VKPA AOP IKEJO @EOLKJE>HA MQA @=JO HA ?=O @A H= PNE]PDUH=IEJA  ~L+= ̈ „v¶·¡v $=JO ?A ?=O H{=NCAJP JA LAQP L=O OA HEAN AP JA >]J]BE?EA L=O @Q ?=N=?P¥NA >=OEMQA @Q HEC=J@v 

 
&@>LI< hj u #KJ@EPEKJ @A ?D]H=PEKJ @A H{=NCAJP W H= LUNE@EJA  0=N ?KJPNAs HA LD]JKI¥JA @A JKJ ?KILHAT=PEKJ O{ATLHEMQAN=EP @EBB]NAIIAJP LKQN H= 44"0 AP H= $4"0 LQEOMQA ?APPA BKEO ?{AOP LKQN @AO N=EOKJO @{AJ?KI>NAIAJP OP]NEMQA MQA HA I]P=H JA OA ?KKN@EJA L=O W H{=VKPAv  

)[i[j[j #FE;CLJAFE Z  

 ,{AJOAI>HA @AO ]PQ@AO IAJ]AO ?KJRANCAJP RANO H= I^IA BEJ=HEP]v 3AQH HA ?=PEKJ !Ć AOP ?=L=>HA @A ?=P=HUOAN H= N]=?PEKJ P=J@AIv ,A ?DKET @Q OAH @{=NCAJP QPEHEO]  ~!C/4B MJ !C¶/¡ LANIAP @{=RKEN QJ ?KJPNfHA PKP=H @A H= N]CEKO]HA?PEREP] @A H= ?U?HEO=PEKJs O=QB AJ LN]OAJ?A @{QJA =IEJA @A L+= OQL]NEAQN W „ @=JO HA IEHEAQv .KQO =RKJO LQ NAI=NMQAN MQA @=JO ?AO ?=O HWs HA ?KILKNPAIAJP @Q PNEBH=PA @{=NCAJP AOP ?KILH¥PAIAJP >KQHARANO] AP O{=LL=NAJPA W ?AHQE @A H{KTU@A @{=NCAJP ~)¡v··‰     .KQO =RKJO RKQHQ =LLNKBKJ@EN H{]PQ@A @A ?AP ̃ ABBAP @A H{=VKPA ’ AJ FKQ=JP OQN PNKEO L=N=I¥PNAO u HA OQ>OPN=Ps HA JQ?H]KLDEHA AP HA OAH @{=NCAJPv 
                                                        A #AO N]OQHP=PO OKJP ?KD]NAJPO =RA? H{=J=HUOA AP H= ?H=OOEBE?=PEKJ MQA JKQO =REKJO B=EPA =RA? HAO @EBB]NAJPO PULAO @A OAHO @{=NCAJPv ··‰ 0=NGANs %vt ,A?KJPAs .vt 'K@APs 4vt "AHIKJPs 0v #@=D[ #FDDLE[ ighh[ jms ~·¡s •‚•x•‚„] 

N

H H

NH HN

AgAg

O

Ag



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 3UJPD¥OA @A BQNKMQEJKH]EJAO  

 …” 

)v•v„ 3UJPD¥OA @A @]NER]O BQNKMQEJKH]EJAO 
)[i[k[g %>>=K <= C]9QFK= GISJ=EK <9EJ C= JL:JKI9K 

0KQN R]NEBEAN MQA H{=PKIA @{=VKPA @A H= MQEJKH]EJA @=JO JKO OQ>OPN=PO J{= =Q?QJA EJPAN=?PEKJ =RA? HAO OAHO @{=NCAJPs @AO PAOPO ?KILH]IAJP=ENAO KJP ]P] ABBA?PQ]O =Q H=>KN=PKENA =RA? @AQT ?KILKO]O IK@¥HAO @]LKQNRQO @{=PKIAO @{=VKPA ~3?D]I= „·¡v…¶  

 
1:?UD8 lh u 2]=?PEKJO P]IKEJO OQN @AO OQ>OPN=PO >AJV]JEMQAO 

,AO O]HA?PEREP]O OKJP L=NB=EPAIAJP ?KJOANR]AO =RA? ?D=?QJ @AO OAHO @{=NCAJPs MQA H{=H?UJA OKEP BKJ?PEKJJ=HEO] L=N QJ CNKQLAIAJP =HGUHA KQ =NKI=PEMQA ~2 ̈ #(¶/-A KQ 0D¡ u !C¶/ ?KJ@QEP AT?HQOERAIAJP =Q ?KILKO] „x=OFx@EC AP !C/4B I¥JA PKQFKQNO  W H= ?U?HEO=PEKJ ”x=E<Fx@ECv #AO ATL]NEAJ?AO LNKQRAJP MQA H{=PKIA @{=VKPA @A H= MQEJKH]EJA J{AOP L=O EILHEMQ] @=JO H= ?U?HEO=PEKJv  3E H= LN]OAJ?A @A H{=PKIA @{=VKPA =R=EP QJ ABBAP OQN H= N]=?PEKJs KJ =QN=EP LQ AJREO=CAN QJA ?KKN@EJ=PEKJ MQE B=RKNEOAN=EP H= ?KILHAT=PEKJ @A H{=NCAJP OQN H= PNELHA HE=EOKJ @A H{=H?UJA ~&ECQNA ·‚¡v -=EO H= ?KJO]MQAJ?A @ENA?PA @A ?A IK@A @{=?PER=PEKJ OAN=EPs W LNEKNEs H{K>PAJPEKJ @{QJ IK@A @A ?U?HEO=PEKJ E@AJPEMQA MQAH MQA OKEP HA OAH @{=NCAJP QPEHEO] u !C¶/ KQ !C/4Bv 
 

&@>LI< hk u /NEAJP=PEKJ @A H= ?KILHAT=PEKJ L=N H{=VKPA @A H= MQEJKH]EJA 
.KQO =RKJO =HKNO LAJO] EJPNK@QENA QJ =PKIA @{=VKPA OQN HA CNKQLAIAJP =?]PUH]JEMQA @A JKO OQ>OPN=PO =BEJ @{]PQ@EAN HAQN EJBHQAJ?A ~4=>HA=Q ·”¡v                                                         …¶  'K@APs 4vt 6=TAH=ENAs #vt -E?DAHs #vt -EHAPs !vt "AHIKJPs 0v #@=D[ %LI[ *[ iggn[ giY „”•¶x„”‚·v 

O

OMe

5-exo-dig
R

O

OMe

R

6-endo-dig

Ag2O

R = CH2OMe (Quant.)
R = Ph (96 %)

AgOTf

O

R

MeOH MeOH

R = CH2OMe (Quant.)
R = Ph (96 %)

N

R
[Ag]

O



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 3UJPD¥OA @A BQNKMQEJKH]EJAO  
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 %JPN]A 2 0NK@QEP #KJRANOEKJ ¿ ¢=£ 3]HA?PEREP] ¢=£ „x=OF u ”x=E<F 2AJ@AIAJP ·  kj ·‡‡ ·‡‡ u ‡ ‰• ¿ 
¶  kk ·‡‡ ·‡‡ u ‡ »‡ ¿ 
•  kl ·‡‡ …„ u ·„ Jv@v¢>£ 

¢=£ @]PANIEJ]A L=N =J=HUOA 2-. ·( t ¢>£ JKJ @]PANIEJ] 
289C<8L hm u )JBHQAJ?A @AO =IEJAO LKNP]AO L=N HA OQ>OPN=P 

,= BKJ?PEKJJ=HEO=PEKJ @A H{=H?UJA L=N QJA ¶xLUNE@EJA ~4=>HA=Q ·”s %JPN]A ·¡ KQ QJA ‚xLUNE@EJA ~%JPN]A ¶¡ ?KJ@QEP AT?HQOERAIAJP =QT @]NER]O BQNKMQEJKH]EJAOv=  ,A CNKQLAIAJP .xI]PDUH>AJVUH=IEJA B=RKNEOA ]C=HAIAJP H= ?U?HEO=PEKJ AJ IK@A  „x=OFx@EC I=EO H= ¦BHATE>EHEP]} @Q >N=O =?]PUH]JEMQA OAI>HA @EIEJQAN H= O]HA?PEREP] AJ B=RAQN @A H{EOKI¥NA W „ ?D=aJKJOv ,AO N]OQHP=PO IKJPNAJP J]=JIKEJO MQ{AJ LN]OAJ?A @{QJ =PKIA @{=VKPA HA N]OE@Q =H?UJAs !C/4B OA ?KILKNPA ?KIIA !C¶/v   .KQO LKQRKJO AJREO=CAN @AO =?PER=PEKJO EJPN=IKH]?QH=ENAO =RA? HA CNKQLAIAJP  ¶xLUNE@EJUH AP .xI]PDUH>AJVUH=IEJA ~3?D]I= „¶¡v  

 
1:?UD8 li u #KILHAT=PEKJ EJPN=IKH]?QH=ENAO LNKLKO]AO L=N =OOEOP=J?A @A H{=PKIA @{=VKPA  

 3E H{=PKIA @{=VKPA B=RKNEO=EP H= ?KKN@EJ=PEKJ @Q PNEBH=PA @{=NCAJP AP @A H{=H?UJA ?KIIA HA @]?NEP HA IK@¥HA ! ~3?D]I= „¶¡s H= ?U?HEO=PEKJ ?H=OOEMQA AJ IK@A ”x=E<Fx@EC =QN=EP @j  OA LNK@QENA MA9 H= BKNI=PEKJ @A H{AOL¥?A  LUNEHEQIv                                                          = ,= N]=?PEKJ = ]C=HAIAJP ]P] ?=P=HUO]A L=N !C¶/ AP H= ?U?HEO=PEKJ LN]RQA AJ IK@A „x=OFx@EC = >EAJ ]P] K>PAJQAv 

N

O

R

N

O

OMe

R

N

O

OMe

R

 AgOTf (5 mol %)

5-exo-dig 6-endo-dig

ou
MeOH ( 0.05 M)

N

N

N

Ph

N

N[Ag]

O

N

O

N

A B

[Ag]

C

N
N

O
[Ag]



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 3UJPD¥OA @A BQNKMQEJKH]EJAO  

 …… 

  0KQN NAPNKQRAN HA ?KILKNPAIAJP @{!C¶/s EH B=QP MQA H{AOL¥?A I]P=HHEMQA =?PERA @{=>KN@ HA CNKQLAIAJP ?=N>KJUH] LKQN LANIAPPNA H{=?]P=HEO=PEKJv ,AO IK@¥HAO " AP # OAN=EAJP =HKNO LHQO HKCEMQAO I=EO @{=LN¥O HAO N¥CHAO @A "=H@SEJs HAO EJPANI]@E=ENAO W  ‰ ?D=aJKJO JA OKJP L=O PN¥O B=RKNEO]Ov  &EJ=HAIAJPs H= N]CEKO]HA?PEREP] @A H= N]=?PEKJ AOP =QOOE IK@EBE]A =RA? HA OQ>OPEPQ=JP  ‚xLUNE@EJUHv #APPA BKEO  H= ?KILHAT=PEKJ EJPN=IKH]?QH=ENA J{AOP L=O LKOOE>HA AP EH B=QP  LAQPx ^PNA PNKQRAN QJ ]H]IAJP @A N]LKJOA @=JO H{=?PER=PEKJ ~3?D]I= „•¡v ,A IK@¥HA $ OAN=EP BEJ=HAIAJP =LLHE?=>HA =QT PNKEO OQ>OPN=PO ]PQ@E]Ov  

 
1:?UD8 lj u #KILHAT=PEKJ EJPANIKH]?QH=ENA LKOOE>HAO L=N =OOEOP=J?A @A H{=PKIA @{=VKPA  

 ,{AJOAI>HA @AO N]OQHP=PO IKJPNA MQA H= LN]OAJ?A @{QJA >=OA =IEJ]A @=JO HA IEHEAQ N]=?PEKJJAH LAQP =RKEN QJA N]AHHA EJBHQAJ?A OQN H= N]CEKO]HA?PEREP] @A H= N]=?PEKJ P=J@AIv .KQO JA ?KJJ=EOOKJO L=O HA I]?=JEOIA @{=?PEKJ AT=?P MQE LANIAP @{ATLHEMQAN HA ?D=JCAIAJP @A ?U?HEO=PEKJs I=EO JKQO O=RKJO MQA H= N]=?PEREP] @Q PNEBH=PA @{=NCAJP AOP ?ANP=EJAIAJP IK@EBE]A L=N QJA ?KILHAT=PEKJ @A H{=PKIA @{=VKPAv 0KQN H= OQEPA @A ?AO PN=R=QT @A PD¥OAs JKQO =RKJO @]?E@] @{EJPNK@QENA H{=IEJA L=N HA JQ?H]KLDEHAv  

N

N

O

[Ag]
N

N

O

D



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 3UJPD¥OA @A BQNKMQEJKH]EJAO  

 …‰ 

)[i[k[h !<<AKAFE <]LE EL;CSFG@AC= <= KPG= 9DAEF9C;FFC  

 !R=JP @A @KJJAN HAO N]OQHP=PO MQA JKQO =RKJO K>PAJQO @=JO ?APPA L=NPEAs FA RKQ@N=EO ATLKOAN >NE¥RAIAJP HAO N=EOKJO LKQN HAOMQAHHAO JKQO JKQO OKIIAO PKQNJ]O RANO QJ JQ?H]KLDEHA @A PULA =IEJK=H?KKHv 0KQN ]PQ@EAN H= N]=?PEKJ P=J@AIs JKQO =RKJO O]HA?PEKJJ] HA .Y.x@E]PDUH=IEJK]PD=JKHv %J ABBAPs HAO IKH]?QHAO ?U?HEO]AO MQA H{KJ K>PEAJP =RA? ?A JQ?H]KLDEHA LN]OAJPA @AO =J=HKCEAO OPNQ?PQN=HAO =RA? ?ANP=EJO @]NER]O =JPEL=HQ@EMQAOs AP L=NPE?QHE¥NAIAJP =RA? H= #DHKNKMQEJA ~&ECQNA ·„¡v·¶‡s·¶·  

 
&@>LI< hl u 1QAHMQAO ?KILKO]O =JPEL=HQ@EMQAO ?H=OOEMQAO 

.KQO RANNKJO LHQO P=N@ @=JO HA I=JQO?NEP MQA JKO IKH]?QHAO LN]OAJPAJP QJA ?ANP=EJA =?PEREP] =JPEL=HQ@EMQAv  !@@EPEKJ @A (/~#(¶¡¶.~%P¡¶ ~=IEJK=H?KKH W ¶ ?D=aJKJO¡ 
 5JA LNAIE¥NA O]NEA @A IKH]?QHAO = ]P] OUJPD]PEO]A AJ QPEHEO=JP H{=IEJK=H?KKH ?KIIA OKHR=JPv 3AQH HA PNEBH=PA @{=NCAJP = ]P] ]PQ@E] =BEJ @{K>OANRAN H{EJBHQAJ?A MQA LAQP =RKEN H{=PKIA @{=VKPA @Q JQ?H]KLDEHA OQN H= N]CEKO]HA?PEREP] @A H= N]=?PEKJv                                                         ·¶‡  7EAOJANs *vt /NPI=JJs 2vt *KI==s (vt 3?DHEPVANs -v !E?=N[ #@=D[ )EK[ %<[ iggj[ jhY „¶»‚x„¶‰•v ·¶· "EKPs #vt #DE>=HAs +v )E>=;K[ $AJFI<[ $IL? 49I?=KJ iggm[ lY ·»•x¶‡‚v 

N

O

O N

R3

R1

R2

Cl

Cl

CF3

OH

N

N

HN
N

Cl

NCl

OCH3

HN

N

N

H3CO

HO

N

N

H3CO

OH

CF3

HN

Méfloquine

Quinine

Quinacrine

Chloroquine
Halofantrine

Furo[3,4-b]quinoléine



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 3UJPD¥OA @A BQNKMQEJKH]EJAO  

 ‰‡ 

 
%JPN]A    0NK@QEP #KJRANOEKJ ~¿¡ ¢=£ 3]HA?PEREP] ¢=£ „x=OF u ”x=E<F 2AJ@AIAJP 

·    km ·‡‡ ·‡‡ u ‡ »‚ ¿ 
¶    kn ·‡‡ ·‡‡ u ‡ »» ¿ 
•    ko ·‡‡ ·‡‡ u ‡ „• ¿ 
‚    kp ‰‡ ·‡‡ u ‡ ¶‡ ¿ 
„    lg ·‡‡ ·‡‡ u ‡ ‰¶ ¿ 
”    lh ·‡‡ ·‡‡ u ‡ ¶‰ ¿ 
»    li ·‡‡ ·‡‡ u ‡ •¶ ¿ 
…    lj ·‡‡ ·‡‡ u ‡ ‚‡ ¿ 

¢=£ @]PANIEJ]A L=N =J=HUOA 2-. ·( 
289C<8L hn ¥ 2]OQHP=PO @A ?U?HEO=PEKJ =RA? HA .Y.x@E]PDUH=IEJK]PD=JKH ?KIIA OKHR=JP 
,AO N]OQHP=PO LNKQRAJP ?H=ENAIAJP MQA H{=PKIA @{=VKPA LKNP] L=N HA JQ?H]KLDEHA =IEJK=H?KKH B=RKNEOA H= ?U?HEO=PEKJ AJ IK@A „x=OFx@ECv ,= N]=?PEKJ AOP IAJ]A =RA? @ERANO OQ>OPN=POs JKP=IIAJP =RA? @AO MQEJKH]EJAO BKJ?PEKJJ=HEO]AO L=N QJ KQ @AQT I]PDKTU ~289C<8L hns %JPN]AO ¶‘‚s ”¡v .KQO =RKJO ]C=HAIAJP LQ PN=R=EHHAN =RA? @AO =H?UJAO ?KILKNP=JP QJ OQ>OPEPQ=JP =HELD=PEMQA ~%JPN]AO ·‘‚¡ KQ =NKI=PEMQA ~%JPN]AO „‘»¡ AP I^IA QJ JKU=Q BANNK?¥JA ~%JPN]A …¡v 'HK>=HAIAJP H= N]=?PEKJ @KJJA @A PN¥O >KJJAO ?KJRANOEKJO AJ B=RAQN @Q ?KILKO] „x=OFx@ECs AP EH AOP W JKPAN MQA HAO B=E>HAO NAJ@AIAJPO EOKH]O OKJP @jO W @AO LNK>H¥IAO @A LQNEBE?=PEKJv $=JO HA ?=O @Q JKU=Q BANNK?¥JAs HA BAN @KEP ?ANP=EJAIAJP EJPAN=CEN =RA? HA OAH @{=NCAJP AP HEIEPAN O= N]=?PEREP] ?{AOP LKQNMQKE H= N]=?PEKJ J]?]OOEPA ¶‚ D @A N]=?PEKJv 

N

O

R3

AgOTf (5 mol%)
t.a., 12 - 24h N

O

O

R3

N

O

O

R3

N

N

5-exo-dig 6-endo-dig

HO
N

(0.05M)R1

R2

R1

R2

R1

R2

R
1

R2 N

 !
N

OMe

MeO N
OMe

MeO

MeO N
OMe

MeO N

N

Ph

N N

MeO N N

N

N

N

Fe



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 3UJPD¥OA @A BQNKMQEJKH]EJAO  

 ‰· 

%J PN=R=EHH=JP =RA? HA I]PD=JKH ?KIIA JQ?H]KLDEHAs JKQO =REKJO LQ K>OANRAN MQA H= ?=P=HUOA =RA? !C/4B ]P=EP >A=Q?KQL LHQO ABBE?=?A OE HA OKHR=JP QPEHEO] ]P=EP HA $#%s =HKNO MQA LKQN !C¶/ KJ J{K>OANR=EP MQ{QJA PN¥O B=E>HA RKENA =Q?QJA N]=?PEREP]v %J =LLHEMQ=JP ?APPA BKEOx?E ?AO ?KJ@EPEKJO N]=?PEKJJAHHAO ~=[?[ ‡v‡„ - @=JO HA $#%¡ =RA? HA JQ?H]KLDEHA =IEJK=H?KKHs  HAO @AQT OUOP¥IAO ?=P=HUPEMQAO KJP LANIEO @{K>PAJEN @AO LNK@QEPO @A ?U?HEO=PEKJ ~4=>HA=Q ·…¡v ,A JQ?H]KLDEHA =IEJ] @KEP LNK>=>HAIAJP ?KJPNE>QAN W H= OKHQ>EHEO=PEKJ @{!C¶/ @=JO HA OKHR=JP ?DHKN]v 

 !C/4B !C¶‡ %JPN]A  #KJRANOEKJ ~¿¡ ¢=£ 3]HA?PEREP] ¢=£ „x=OF u ”x=E<F #KJRANOEKJ ~¿¡ ¢=£ 3]HA?PEREP] ¢=£ „x=OF u ”x=E<F ·  ·‡‡  „‡ u „‡ ‰” ·‡‡ u ‡ ¶    ‡ ¢>£ x •‡  ·‡‡ u ‡ •    ·‡‡ ¢?£ …„ u ·„    »‡ ¢?£ ·‡‡ u ‡ ‚  ·… ·‡‡ u ‡ »„ ·‡‡ u ‡ „  ·‡‡ ·‡‡ u ‡ „‡ ·‡‡ u ‡ ”     ‚„ ¢?£ ·‡‡ u ‡ JvNv¢@£ JvNv 
»  ·‡‡ ·‡‡ u ‡ ·” ·‡‡ u ‡ 
…  …„ ·‡‡ u ‡ •‡ ·‡‡ u ‡ 
‰  »• ‰„ u „  „‡ ·‡‡ u ‡ 
·‡  ·‡‡ ·‡‡ u ‡ JvNv JvNv ··     ·‡‡ ¢?£ ·‡‡ u ‡ JvNv JvNv 

¢=£ $]PANIEJ] L=N =J=HUOA 2-. ·( t ¢>£ 3Q>OPN=P @A @]L=NP N]?QL]N] t ¢?£ ·v¶ ]Mv @A (/~#(¶¡¶.~%P¡¶ t  ¢@£ JvNv ̈ JKJ N]=HEO] 
289C<8L ho u 2]OQHP=PO K>PAJQO L=N =@@EPEKJ @Q .s.x@E]PDUH]PD=JKH=IEJA @=JO HA $#% 

N

O

R

[Ag] (5 mol%)
N

O

O

R

N

O

O

R

N

N

5-exo-dig 6-endo-dig

HO
N

(10 éq.)

DCE (0.05 M)
t.a., 12 - 72 h

 
t-Bu

OMe

N

Ph

O

O

MeO

F3C

MeO2C

N

N



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 3UJPD¥OA @A BQNKMQEJKH]EJAO  

 ‰¶ 

$A I=JE¥NA C]J]N=HAs H= ?U?HEO=PEKJ AJ IK@A „x=OFx@EC AOP PKQFKQNO B=RKNEO]A O=QB @=JO HA ?=O @Q CNKQLAIAJP ?U?HKLNKLUHA ~4=>HA=Q ·…[ %JPN]A ·¡ LKQN HAMQAH !C/4B @KJJA QJ I]H=JCA ]MQEIKH=ENA @{EOKI¥NAOv #A ?=P=HUOAQN ?KJ@QEP ]C=HAIAJP  W @AO N]=?PEKJO JKJ O]HA?PERAO LKQN @AQT =QPNAO OQ>OPN=PO ~%JPN]A • AP ‰¡v  3E HA ?=N=?P¥NA ]HA?PNK=PPN=?PAQN @Q OQ>OPEPQ=JP  LANIAPP=EP  @{ATLHEMQAN  H=   BKNI=PEKJ L=NPEAHHA  @Q  LNK@QEP  @A  ?U?HEO=PEKJ    ”x=E<Fx@ECs HA LD]JKI¥JA =QN=EP @j OA NALNK@QENA =RA? @{=QPNAO CNKQLAIAJPO @ERANOAIAJP =?PER]O ~%JPN]AO ‚‘„s …s ·‡‘··¡v  #A MQE AOP PKQP @A I^IA EJP]NAOO=JP AOP  H= O]HA?PEREP] K>OANR]A =RA? HA OQ>OPN=P P]IKEJ ~%JPN]A •¡ MQE N=LLAHHA ?QNEAQOAIAJP HAO N]OQHP=PO K>PAJQO =RA? H= PNE]PDUH=IEJA HKNO @AO AOO=EO @A JAQPN=HEO=PEKJ ~?Bv 4=>HA=Q ·„s %JPN]A ‰s Lv…¶¡v 3E H{KJ B=EP HA N=LLNK?DAIAJPs H{=IEJK=H?KKH IEIA L=NPEAHHAIAJP H= PNE]PDUH=IEJAv $=JO HA I^IA ?KJPATPAs ?APPA  BKEO HA CNKQLAIAJP .xI]PDUH>AJVUH=IEJA ~4=>HA=Q ·…s %JPN]A ‚¡ @KJJA QJA O]HA?PEREP] PKP=HAs ?ANP=EJAIAJP CNY?A W H{=?PEKJ OQLLH]IAJP=ENA @A H{=IEJK=H?KKHv  ,{KTU@A @{=NCAJP ~)¡ MQ=JP W HQEs ?KJ@QEP AT?HQOERAIAJP W @AO LNK@QEPO @A PULA BQNKMQEJKH]EJAs I=EO HAO N]=?PEKJO JA OKJP F=I=EO PKP=HAOv %J ABBAPs HAO ?KJRANOEKJO K>PAJQAO =RA? !C/4B OKJP CHK>=HAIAJP OQL]NEAQNAO W ?AHHAO @{!C¶/v #A @ANJEAN AOP IKEJO N]=?PEB AJ N=EOKJ @{QJA LHQO B=E>HA OKHQ>EHEP]v -=EO @AQT AT?ALPEKJO OKJP W JKPAN  ~%JPN]AO ¶ AP ‚¡v !HKNO MQA HA PNEBH=PA @{=NCAJP AOP PKP=HAIAJP EJ?=L=>HA @A ?=P=HUOAN H= N]=?PEKJ HKNOMQA HA OQ>OPEPQ=JP 2 AOP AJ?KI>N] ~%JPN]A ¶¡s H{KTU@A @{=NCAJP LANIAP @{K>PAJEN •‡ ¿ @A ?KJRANOEKJv ,= C¥JA OP]NEMQA @Q CNKQLAIAJP K=IKx>QPUHA HEIEPA LNK>=>HAIAJP H{]P=LA @A ?U?HEO=PEKJv ,A ?=P=HUOAQN !C¶/ AOP ]C=HAIAJP LHQO ABBE?=?A =RA? HA CNKQLAIAJP .xI]PDUH>AJVUH=IEJA ~%JPN]A ‚¡v   ,AO N]OQHP=PO K>PAJQO JA OKJP L=O N=PEKJ=HEO=>HAOv /J ?KJOP=PA MQA H{=PKIA @{=VKPA @Q JQ?H]KLDEHA ?KJOANRA PKQFKQNO OKJ EJBHQAJ?A =RA? H= BKNI=PEKJ AT?HQOERA KQ LNEREH]CE]A @Q @]NER] BQNKMQEJKH]EJAv .KQO JA LKQRKJO L=O ?KJ?HQNA OQN H{=OOEOP=J?A EJPN= KQ EJPANIKH]?QH=ENA @A H{=IEJAv 0=N ?KJPNAs H= N]=?PEREP] @Q OAH @{=NCAJP OAI>HA @EIEJQANs ?=N I^IA =RA? !C/4Bs HAO ?KJRANOEKJO JA OKJP L=O PKQFKQNO PKP=HAOv  



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v•v 2]OQHP=PO AP @EO?QOOEKJ u 3UJPD¥OA @A BQNKMQEJKH]EJAO  

 ‰• 

!RA? HA OQ>OPN=P P]IKEJ hg D=>EPQAHHAIAJP QPEHEO]s JKQO =RKJO RKQHQ ]PQ@EAN H{EJBHQAJ?A @A H= PAIL]N=PQNA OQN H= LNKLKNPEKJ @Q I]H=JCA @{EOKI¥NAO K>PAJQv 0KQN ?AH=s HAO @AQT PULAO @A ?=P=HUOAQN KJP ]P] PAOP]O ~4=>HA=Q ·‰¡v 

 %JPN]A 4 ~̋#¡ #KJRANOEKJ ¢=£ =LN¥O ¶‚D ~¿¡ 3]HA?PEREP] ¢=£ „x=OF u ”x=E<F #=P=HUOAQN · ¶„ ·‡‡  …„ u ·„ ¶ ‚‡ ·‡‡  »„ u ¶„ • ”‡ ·‡‡  „„ u ‚„ !C/4B 
‚ ¶„ »‡  ·‡‡ u ‡   „ ‚‡ …‡  ‰‡ u ·‡ ” ”‡ ‰„  ”„ u •„ !C¶/ 

¢=£ $]PANIEJ]A L=N =J=HUOA 2-. ·( 
289C<8L hp u )JBHQAJ?A @A H= PAIL]N=PQNA OQN H= O]HA?PEREP] @A H= N]=?PEKJ 

!RA? !C/4Bs H= N]=?PEKJ AOP PKQFKQNO PKP=HA ~%JPN]AO ·‘•¡ AP H= LNKLKNPEKJ @A LNK@QEP ”x=E<Fx@EC =QCIAJPA =RA? H= PAIL]N=PQNA ~„x=OF u ”x=E<F ̈ ~…„ u ·„¡ W ¶„̋#  ?KJPNA ~„„ u ‚„¡ W ”‡̋#¡v !C¶/ @KJJA =QOOE @A >KJJAO ?KJRANOEKJO @=JO HA @E?DHKNK]PD=JA ~»‡ ¿ W ‰„ ¿¡v ,= PAIL]N=PQNA B=RKNEOA ]C=HAIAJP H= ?U?HEO=PEKJ AJ IK@A ”x=E<Fx@EC  ~„x=OF u ”x=E<F ̈ ~·‡‡ u ‡¡ W ¶„̋# ?KJPNA ~”„ u •„¡ W ”‡̋#¡v #KILPA PAJQ @A ?AO N]OQHP=POs EH AOP LKOOE>HA @{AJREO=CAN QJ ]MQEHE>NA AJPNA HAO @AQT BKNIAO ?U?HEMQAO ~3?D]I= „‚¡v 

 
1:?UD8 lk u %MQEHE>NA AJPNA HAO BKNIAO ?U?HEMQAO „x=OF\”x=E<F AP H= BKNIA KQRANPA 
-^IA OE HA ?KILHATA BQNKMQEJKH]EJA ! ~1:?UD8 lk¡ AOP EJEPE=HAIAJP B=RKNEO]s OKQO H{ABBAP @A H= PAIL]N=PQNA EH LAQP OA N]KQRNEN AP C]J]NAN H{=?]P=H @{=NCAJP "v #A @ANJEAN LAQP =PP=MQAN @A JKQRA=Q H= PNELHA HE=EOKJ AJ IK@A ”x=E<Fx@EC AP C]J]NAN H{EOKI¥NA #v 
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O

[Ag] (5 mol%)
N
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O

N
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N

(1.2 éq)

DCE (0.05 M)OMe OMe

OMe
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 ‰‚ 

!@@EPEKJ @A (/~#(¶¡•.~%P¡¶ ~=IEJK=H?KKH W • ?D=aJKJO¡  
$=JO QJA =QPNA KLPEMQAs JKQO =RKJO RKQHQ O=RKEN OE H= HKJCQAQN @A H= ?D=aJA ?=N>KJ]A MQE O]L=NA H{=H?KKH AP H{=IEJA @Q JQ?H]KLDEHA =R=EP QJ NfHA OQN H= O]HA?PEREP] @A H= ?U?HEO=PEKJv 0KQN ?AH=s JKQO =RKJO N=HHKJC] HA ¦>N=O} @{QJ ?=N>KJAv -=HDAQNAQOAIAJPs H{=IEJK=H?KKH ?KNNAOLKJ@=JP ~=[?[ .Y.x@E]PDUHLNKL=JKH=IEJA¡ AOP LHQO ?KjPAQT MQA OKJ =J=HKCQA W @AQT ?=N>KJAO ~=[?[ .Y.x@E]PDUH]PD=JKH=IEJA¡s ?{AOP LKQNMQKE HAO AOO=EO KJP ]P] IAJ]O @=JO HA @E?DHKNK]PD=JA ~MJ 289C<8L hns Lv‰‡¡v 1Q=PNA OQ>OPN=PO KJP LQ ^PNA PAOP]O @=JO H= N]=?PEKJ P=J@AI ?=P=HUO]A L=N !C/4Bv 

 
%JPN]A    3]HA?PEREP] ¢=£ „x=OF u ”x=E<F 2AJ@AIAJP EOKH] ~¿¡ „x=OF \”x=E<F 

·  
  »‡ u •‡ lk-<5 ~‚”¿¡ \ lk-4,5 ~·¶¿¡ 

¶  
  ”‡ u ‚‡ ll-<5 ~•¶¿¡ \ ll-4,5 ~¶·¿¡ 

•  
  ·‡‡ u ‡ lm ~”…¿¡ \   |   

‚  
  ·‡‡ u ‡ ln ~„‰¿¡ \   | 

¢=£ $]PANIEJ]A L=N =J=HUOA 2-. ·( t ¢>£ NAJ@AIAJP EOKH] 
289C<8L ig u )JBHQAJ?A @A H= HKJCQAQN @A ?D=aJA @A H{=IEJK=H?KKH 

,{EJPNK@Q?PEKJ @{QJA ?D=EJA =IEJ]A LHQO HKJCQA ?KJOANRA CHK>=HAIAJP H= O]HA?PEREP] LNEREH]CE]A @Q IK@A „x=OFx@ECv -=EO ?KIIA JKQO H{=RKJO LN]?]@AIIAJP K>OANR]s HA OQ>OPN=P BKJ?PEKJJ=HEO] L=N QJ CNKQLAIAJP I]PDKTUI]PDUHA @KJJA QJ I]H=JCA @A LNK@QEPO ~%JPN]AO · AP ¶s 4=>HA=Q ¶‡¡v ,A N=LLKNP „x=OF u ”x=E<F AOP LHQO B=E>HA @=JO HA LNAIEAN ?=O ~»‡ u •‡ MJ …„ u ·„ LKQN H= ?D=EJA AJ #¶¡v ,A >N=O LHQO HKJC AP LHQO BHATE>HA LAQP ATLHEMQAN H= LANPA @A O]HA?PEREP] AJ B=RAQN @A H= ?U?HEO=PEKJ W „ ?D=aJKJOv 
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R

AgOTf (5 mol%)
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(1.2 éq)

DCE (0.05 M)
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 ‰„ 

 %J O]NEA LUNE@EJAs HAO N]OQHP=PO OKJP AJ NAR=J?DA PKQFKQNO =QOOE ABBE?=?AO =RA? @AO O]HA?PEREP]O AP @AO ?KJRANOEKJO PKP=HAO ~%JPN]AO •x‚¡v ,= ?KJPNE>QPEKJ @Q JKU=Q =VKP] I=EO =QOOE H= ¦NECE@EP] @Q OMQAHAPPA } @KEP NA?PEBEAN H= LANPA @A O]HA?PEREP] K>OANR]A =RA? HAO CNKQLAIAJPO =HGUHAO ~%JPN]AO · AP ¶¡v  
)[i[k[i )E>CL=E;= <]LE ;9K9CPJ=LI <]9I?=EK 9M=; LE CA?9E< ADA<9QFC9K= 

,{AJOAI>HA @AO EJBKNI=PEKJO MQA JKQO =RKJO K>PAJQAO FQOMQ{W LN]OAJP LNKQRA MQ{QJ =PKIA @{=VKPA LAQP =RKEN QJ ABBAP JKPKENA OQN HA ?KILKNPAIAJP @A H{=NCAJPv )H LANIAP AJ ABBAP @A NAPNKQRAN H= I^IA N]=?PEREP] MQA HAO OAHO @{=NCAJP LKOO]@=JP @AO ?KJPNAxEKJO =QT L+= OQL]NEAQNO W ·‡ ~!C¶/s !C/s !C¶#/•¡v…¶ )JOLEN]O L=N ?AO @KJJ]AOs JKQO =RKJO  PKQP @{=>KN@ AOO=U] @{QPEHEOAN HA ?=P=HUOAQN !C.4B¶ LKQN R]NEBEAN MQA H{=PKIA @{=VKPA @ENA?PAIAJP HEC=J@] =Q I]P=H IK@EBE=EP >EAJ O= O]HA?PEREP] ~1:?UD8 ll¡v 

 
1:?UD8 ll u 2]OQHP=PO @A H= N]=?PEKJ P=J@AI ?=P=HUO]A L=N !C.4B¶  #A ?=P=HUOAQN AOP IKEJO N]=?PEB MQ{!C/4B I=EO LANIAP @{=PPAEJ@NA »… ¿ @A ?KJRANOEKJ AJ ·¶ Dv 0=N ?KJPNAs KJ ?KJOP=PA >EAJ MQ{QJ I]H=JCA @AO @AQT EOKI¥NAO AOP K>PAJQ =RA? QJ N=LLKNP „x=OF u ”x=E<F @A ¶¶ u»…v ,{=?E@A (.4B¶ = QJ L+= @A ·v»·¶¶  ?A MQE ?H=OOA HA OAH @{=NCAJP !C.4B¶ @=JO H= ?=P]CKNEA EJPANI]@E=ENA " MQA JKQO =RKJO LN]?]@AIIAJP ]P=>HEA ~?Bv ⁄ )v•v·v•s 4=>HA=Q …s Lv„‚¡v #A L=N=I¥PNA LAQP ATLHEMQAN LKQNMQKE QJ I]H=JCA @A LNK@QEP AOP K>PAJQ AP =QOOE LKQNMQKE H= N]=?PEKJ J{AOP L=O N]CEKO]HA?PERA ?KIIA !C/4B ~L+= @A (/4B ̊ ‡¡v 

.KQO =RKJO =HKNO EI=CEJ] ?=P=HUOAN JKPNA N]=?PEKJ P=J@AI L=N QJ ?KILHATA @A PULA ¦!CxHEC=J@ =VKP]} AJ PNKQR=JP HA ?KJPNAxEKJ @A ?DKET LKQN =RKEN QJ ?KJPNfHA PKP=H @A H= N]CEKO]HA?PEREP]v                                                         ·¶¶ !JPKJEKPPEs 3vt $=HH=s 6vt $Qd=?Ds %v !E?=N[ #@=D[ )EK[ %<[ ighg[ joY »…”‡x»………v 
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 AgNTf2 (5 mol %)

5-exo-dig 6-endo-dig

MeOH ( 0.05 M)
t.a., 12h

ratio (22 : 78)

78 % conv.
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 ‰” 

 

#< KI8M8@C 8 UKU IU8C@JU <E :FCC89FI8K@FE 8M<: C< $I] -@:FC8J +<:FEK<]··‰  ,A LKHUI¥NA ?KJJQ @{EIE@=VKH=PA @{=NCAJP ¢!C~)I¡£E NAILHEP HAO ?KJ@EPEKJO J]?AOO=ENAO MQA JKQO NA?DAN?DKJO =RA? QJ L+= @A ·‚v„¶ LKQN H{=JEKJ EIE@=VKH=PA  ~L+= ̈ ”v‰¶ LKQN H{EIE@=VKHA¡v· )OKH] AJ ·‰”‚ L=N "=QI=J AP 7=JCs·¶•  EH J{= ]P] ?KILH¥PAIAJP ?=N=?P]NEO] MQA PNAJPA =JO LHQO P=N@v·¶‚x·¶”  0NEJ?EL=HAIAJP ?KJJQ LKQN OAO LNKLNE]P]O @=JO HA @KI=EJA @A H= O?EAJ?A @AO I=P]NE=QTs> @AO =?PEREP]O =JPEIE?NK>EAJJAO·¶»  HQE KJP ]P] @]?KQRANPAOv )H = ]C=HAIAJP ]P] QPEHEO] AJ P=JP MQA LNKIKPAQN OPKA?DEKI]PNEMQA @=JO HAO N]=?PEKJO @A CHU?KOUH=PEKJv·¶…  ; JKPNA ?KJJ=EOO=J?As =Q?QJA =QPNA LNKLNE]P] ?=P=HUPEMQA J{= ]P] N=LLKNP]Av   ,A LKHUI¥NA = ]P] B=?EHAIAJP LN]L=N] =Q H=>KN=PKENA W L=NPEN @A JEPN=PA @{=NCAJP AP @{EIE@=VKHAs AJ LN]OAJ?A @{DU@NKTU@A @{=IIKJEQI ~3?D]I= „”¡v·¶‚ 
 

1:?UD8 lm u 3UJPD¥OA @Q LKHUI¥NA ¢!C~)I¡£E 
 #A LKHUI¥NA AOP OP=>HA W H= HQIE¥NA AP W H{DQIE@EP]s ?A MQE HA NAJ@ B=?EHA W I=JELQHAN ?KJPN=ENAIAJP =QT OAHO @{=NCAJP ?H=OOEMQAOv ,AO LNKLNE]P]O ?=P=HUPEMQAO @Q ?KILHATA ¢!C~)I¡£E KJP ]P] ?KIL=N]AO W ?AHHAO @{!C¶/v ,= N]=?PEKJ P=J@AI = ]P] IAJ]A OQN HA OQ>OPN=P hm @=JO HA I]PD=JKH ~4=>HA=Q ¶·¡v 

                                                        
 ·¶• "=QI=Js *v %vt 7=JCs *v #v )EFI?[ #@=D[ hpmk[ iY •”…x•»•v 
 ·¶‚ -=O?EK??DEs .vt -KNAPs -vt #=EN=PEs 0vt 3ENKJEs !vt !N@EVVKE=s 'v !vt -KJE?=s 'v ,v *[ #@=D[ 3F;[Y $9CKFE 4I9EJ[ 
hpplY ·”»·x·”»„v ·¶„ .KIEU=s +vt 4OQ@=s +vt 4=J=>As 9vt .=C=JKs (v *[ )EFI?[ "AF;@=D[ hppo[ loY ‰x‚v ·¶” !N@EVVKE=s 'v !vt "NAJJ=s 3vt #=OPAHHEs &vt '=HHEs 3vt ,=-KJE?=s 'vt -=O?EK??DEs .vt -=OLANKs !v 0FCP@=<IFE 
iggk[ hiY •‡”•x•‡”…v > )H = ]P] @]?NEP ?KIIA ]P=JP QJ ?=P=HUOAQN H=PAJP @=JO H= N]PE?QH=PEKJ =?PER=>HA W ?D=Q@ @AO NAR^PAIAJPO AP HAO N]OEJAO ]LKTUv ·¶»  .KIEU=s +vt 4OQ@=s +vt 3Q@KDs 4vt /@=s -v *[ )EFI?[ "AF;@=D[ hppn[ lnY •‰x‚‚v 

 ·¶… '=NACCs 0v *vt 3=IQAHOOKJs "v #9I:F@P<I[ 2=J[ hpog[ njY #· x #‚v 

AgNO3 +
N

NH
Ag N

N

n
95 %

NH4OH (1.3 éq)
H2O, t.a., 30 min
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 ‰» 

 
 %JPN]A ¢!C£ !@@EPEB $QN]A #KJRANOEKJ ~¿¡ ¢=£ 3]HA?PEREP] ¢=£ „x=OF u ”x=E<F · !C¶/ x •‡ IEJ ·‡‡ ·‡‡ u ‡ ¶ ¢!C~)I¡£E x ‚‡ D ·‡‡ ·‡‡ u ‡ • ¢!C~)I¡£E 00D• ·‡ IEJ ·‡‡ ·‡‡ u ‡ ‚ x 00D• ‚… D ‡ x „ !C./• x ·¶ D ”” 4N=?AO u ·‡‡ ¢=£ @]PANIEJ]A L=N =J=HUOA 2-. ·( 

289C<8L ih u 0NKLNE]P]O ?=P=HUPEMQAO @A H{EIE@=VKH=PA @{=NCAJP 
 ,{QPEHEO=PEKJ @{QJ ?KJPNAxEKJ EIE@=VKH=PA ~4=>HA=Q ¶·s %JPN]A ¶¡ LANIAP @A ?KJPNfHAN H= N]CEKO]HA?PEREP] @A H= N]=?PEKJ @A H= I^IA I=JE¥NA MQA !C¶/ ~%JPN]A ·¡v %J NAR=J?DAs HA LKHUI¥NA AOP PN¥O B=E>HAIAJP  OKHQ>HA @=JO HA IEHEAQ N]=?PEKJJAH ?{AOP LKQNMQKE EH AOP J]?AOO=ENA @{QPEHEOAN QJA LDKOLDEJA PAHHA MQA 00D• LKQN C]J]NAN @AO ?KILHATAO LHQO OKHQ>HAO AP @KJ? LHQO N]=?PEBOv·¶„s·¶” %J ABBAPs CNY?A W H{=FKQP @A „ IKH ¿ @A 00D• H= N]=?PEKJ AOP PANIEJ]A AJ ·‡ IEJQPAO ~%JPN]A •¡ ?KJPNA ‚‡ D LKQN HA LKHUI¥NA OAQHv    ,{AOO=E N]=HEO] =RA? H= LDKOLDEJA OAQHA LNKQRA MQ{AHHA J{= =Q?QJA =?PEREP] ?=P=HUPEMQA @=JO JKPNA OUOP¥IA ~%JPN]A ‚¡v 5JA @ANJE¥NA ATL]NEAJ?A P]IKEJ = IKJPN] MQ{=Q?QJA PN=?A N]OE@QAHHAO @{!C./• JA ?KJP=IEJA HA LKHUI¥NA ¢!C~)I¡£E ?=N HA LNK@QEP  ”x=E<Fx@EC =QN=EP ]P] K>OANR] ~%JPN]A „¡v   ,{=?PEREP] L=NPE?QHE¥NAIAJP EJP]NAOO=JPA @Q OUOP¥IA ¢!C~)I¡£E JKQO = AJ?KQN=C]O W LKQNOQERNA HAO AOO=EO @A ?U?HEO=PEKJ OQN QJA H=NCA C=IIA @A ?KILKO]O ~P=>HA=Q ¶¶¡v .KQO =RKJO ]C=HAIAJP RKQHQ ?KIL=NAN H= N]=?PEREP] @AO PNKEO OUOP¥IAO ?=P=HUPEMQAO @{=NCAJPs ?{AOP LKQNMQKE HAO N]=?PEKJO KJP ]P] N]=HEO]AO AJ L=N=HH¥HA =RA? !C/4B AP !C¶/v 
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 ‰… 

 

 
lo  lp  km  

 

!C/4B ~·¶ Ds ‚‡ ¿¡¢=£ !C¶/ ~· Ds ‰„ ¿¡ ¢!C~)I¡£E\00D• ~·¶ Ds ‚‚ ¿¡  

!C/4B ~·‰ Ds ¶• ¿ ?KJRv¡ !C¶/ ~• Ds ‰‰ ¿¡ ¢!C~)I¡£E\00D• ~·… Ds ¶‰ ¿¡  

!C/4B ~„ Ds »‚ ¿¡ !C¶/ ~·v„ Ds MQ=JPv¡ ¢!C~)I¡£E\00D• ~‡v„ Ds ‰‰ ¿¡ 
mg  mh  mi  

 

!C/4B ~” Ds ‚‡ ¿¡ !C¶/ ~‚ Ds …” ¿¡ ¢!C~)I¡£E\00D• ~·¶ Ds „‡ ¿¡  

!C/4B ~·¶ Ds ¶‡ ¿¡¢>£ !C¶/ ~‚ Ds …” ¿¡ ¢!C~)I¡£E\00D• ~·¶ Ds ‰¶ ¿¡  

!C/4B ~·¶ Ds „· ¿¡¢?£  !C¶/ ~• Ds ‰• ¿¡ ¢!C~)I¡£E\00D• ~‡v„ Ds MQ=JPv¡ 
mj  mk  ml  

 

!C/4B ~·¶ Ds »‡ ¿¡ !C¶/ ~• Ds ‰‡ ¿¡ ¢!C~)I¡£E\00D• ~¶‚ Ds PN=?AO¡  

!C/4B ~¶‚ Ds ”‡ ¿¡ !C¶/ ~¶ Ds ‰‡ ¿¡   

!C/4B ~·¶ Ds •” ¿¡ ¢@£  !C¶/ ~• Ds »” ¿¡  
lg  li  lj 

 
 

!C/4B ~¶ Ds ‰¶ ¿¡ !C¶/ ~¶ Ds ‰„ ¿¡ ¢!C~)I¡£E\00D• ~·v„ Ds »· ¿¡  

!C/4B  ~¶‚ Ds •¶ ¿¡   !C/4B ~„‡ Ds ‚‡ ¿¡¢A£  !C¶/ ~»” Ds ‰„ ¿¡ ¢!C~)I¡£E\00D• ~”… ¿¡ 
¢=£ ‚‡ ¿ @A NAJ@AIAJP EOKH] I=EO ·‡‡ ¿ @A ?KJRANOEKJ AJ B=RAQN @{QJ I]H=JCA „x=OF u ”x=E<F ~…„ u ·„¡ t ¢>£ »· ¿ ?KJRv t ¢?£ ‰¶ ¿ ?KJRv t ¢@£ »‡ ¿ ?KJRv t ¢A£ ‰¶ ¿ ?KJRv 

289C<8L ii  u #KIL=N=PEB @AO N]OQHP=PO @A ?U?HEO=PEKJ K>PAJQO =RA? !C/4Bs !C¶/ AP ¢!C~)I¡£E\00D• 
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 ‰‰ 

  ,= ?=P=HUOA W !C/4B J]?AOOEPA CHK>=HAIAJP QJ PAILO @A N]=?PEKJ OQL]NEAQN W ?AHQE @{!C¶/ ~¶̂¶‚ D MJ ·‘‚ D¡s I=EO HA OUOP¥IA ¢!C~)I¡£E\00D• LN]OAJPA QJA LH=CA DKN=ENA LHQO H=NCA ~‡v„ ‘ ¶‚ D¡ ~4=>HA=Q ¶¶¡v ,AO C=IIAO @A NAJ@AIAJP OKJP ]C=HAIAJP PN¥O H=NCAO LKQN !C/4B ~¶‡ ‘ ‰¶ ¿¡ AP ¢!C~)I¡£E\00D• ~¶‰ ¿ ‘ MQ=JPEP=PEB¡s I=EO HAO R=HAQNO IKUAJJ]AO OKJP LHQO ATLHE?EPAO u …… ¿ LKQN !C¶/s ”„ ¿ LKQN ¢!C~)I¡£E\00D• AP „” ¿ LKQN !C/4Bv   #AO N]OQHP=PO IKJPNAJP MQA H{EIE@=VKH=PA @{=NCAJP J{AOP L=O HA LHQO ABBE?=?A LQEOMQA O= N]=?PEREP] J{AOP L=O =QOOE LANBKNI=JPA MQA ?AHHA @{!C¶/v -=EO @{QJ =QPNA ?fP]s EH @KJJA @=JO » ?=O OQN ‰ @A IAEHHAQNO N]OQHP=PO MQA !C/4Bv $A LHQOs  HA OUOP¥IA ¢!C~)I¡£E\00D• NAOPA >EAJ LHQO LN=PEMQA W QPEHEOAN ?KILPA PAJQ @A O= OP=>EHEP] W H= HQIE¥NA AP W H{DQIE@EP]v   ,{AJOAI>HA @AO NAI=NMQAO IAJPEKJJ]AO ?Ex@AOOQO JA O{=LLHEMQAJP L=O W H= OUJPD¥OA @Q @]NER] lj MQE J]?AOOEPA LHQOEAQNO FKQNO @A N]=?PEKJ MQAHMQA OKEP HA ?=P=HUOAQNv #KIIA JKQO H{=RKJO @]FW K>OANR]s HA BANNK?¥JA @KEP EJPAN=CEN =RA? HA ?=P=HUOAQN AP HEIEPAN O= N]=?PEREP]v 'HK>=HAIAJPs HAO NAJ@AIAJPO IKUAJO K>PAJQO =RA? !C/4B AP ¢!C~)I¡£E\00D• OKJP LNEJ?EL=HAIAJP EOOQO @A ?KJRANOEKJO JKJ PKP=HAO AP @A LQNEBE?=PEKJO @EBBE?EHAOv   !RA? HA OUOP¥IA ?=P=HUPEMQA ¢!C~)I¡£E\00D•s HAO @]NER]O @A BQNKMQEJKH]EJA lo AP 
lps LKNP=JP @AO CNKQLAIAJP =?]PUH]JEMQAO =HGUHAO OKJP  K>PAJQO =RA? @AO NAJ@AIAJPO IKUAJO W B=E>HAO ~‚‚ ¿ AP ¶‰ ¿¡v $A LHQOs HA ?KILKO] mj BKJ?PEKJ=HEO] L=N HA CNKQLAIAJP 
Fx-A/0D @KJJA QJ N]OQHP=P LHQO I]@EK?NAs LQEOMQA OAQHAIAJP @AO PN=?AO @A LNK@QEP KJP ]P] @]PA?P]AOv )H AOP W JKPAN MQA JKQO J{=RKJO L=O PAOP] HA ?KILHATA @{EIE@=VKH=PA @{=NCAJP OQN HAO OQ>OPN=PO LKOO]@=JP HAO CNKQLAIAJPO =?]PUH]JEMQAO =NKI=PEMQAO ?KIIA Fx#&•0D AP Fx#/¶-A0Dv -=EO EH AOP BKNP LNK>=>HA MQA HAO N]OQHP=PO AQOOAJP ]P] OEIEH=ENAO AJ N=EOKJ @A H= LKOEPEKJ AJ FIK@F @Q OQ>OPEPQ=JPv %J ABBAPs @=JO ?AO PNKEO ?=O H{AJ?KI>NAIAJP OP]NEMQA LNK?DA @A H= PNELHA HE=EOKJ LAQP ATLHEMQAN HA I=JMQA @A N]=?PEREP] @Q ?KILHATA @{=NCAJP ?=N HAO NAJ@AIAJPO OKJP IAEHHAQNO @¥O MQA HA OQ>OPEPQ=JP =?]PUH]JEMQA LKOO¥@A QJ CNKQLAIAJP I]PDUH¥JA OQLLH]IAJP=ENA ~?KILKO]O km ~‰‰ ¿¡s mg ~„‡ ¿¡s mh ~‰¶ ¿¡¡ KQ MQA HA OUOP¥IA AOP LH=J ~?KILKO]O mi ~MQ=JPv¡ AP lg ~»· ¿¡¡v  
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 )v•v” !LLHE?=PEKJO AP R=HKNE=PEKJ @AO IKH]?QHAO @A OUJPD¥OA 
)[i[l[g ,=J GIFGIASKSJ 9EKA¥G9CL<AHL=J 

,A L=HQ@EOIA= ~?KJJQ =QOOE OKQO HA JKI @A I=H=NE=>¡ AOP H= I=H=@EA L=N=OEP=ENA H= LHQO IAQNPNE¥NA =Q IKJ@Av !RA? LHQO @A ¶ IEHHEKJO @A IKNPO L=N =Js AHHA PKQ?DA LNEJ?EL=HAIAJP HAO AJB=JPO YC]O @A IKEJO @A ?EJM =JO @AO N]CEKJO PNKLE?=HAO AP OQ>PNKLE?=HAOv ,A L=N=OEPA NAOLKJO=>HA @A H{EJBA?PEKJ AOP QJ LNKPKVK=ENA @Q CAJNA 
0C9JDF<ALD MQE AOP PN=JOIEO L=N QJ IKQOPEMQA ~!JKLD¥HA BAIAHHA¡v·¶‡ ,{AOL¥?A 
0C9JDF<ALD >9C;AG9ILD H= LHQO N]L=J@QA AOP ]C=HAIAJP H= LHQO L=PDKC¥JA ?=N AHHA @]RAHKLLA QJA N]OEOP=J?A O]R¥NA =QT I]@E?=IAJPO =JPEL=HQ@EMQAO =?PQAHHAIAJP QPEHEO]Os ?KIIA H= #DHKNKMQEJA ~#1¡v·¶‰  ,= @]?KQRANPA @A JKQRAHHAO IKH]?QHAO ABBE?=?AO ?KJPNA HAO OKQ?DAO N]OEOP=JPAO @A 0[ >9C;AG9ILD AOP @KJ? J]?AOO=ENAv  $=JO ?APPA HQPPA ?KJPNA HA L=HQ@EOIAs HAO @]NER]O @A ‚x=JEHEJKMQEJKH]EJA LN]OAJPAJP @A  >KJJAO  =?PEREP]O  =JPEL=HQ@EMQAO OQN HAO  OKQ?DAO L=N=OEP=ENAO @Q  
0[ >9C;AG9ILDv·•‡  %J N=EOKJ @A BKNPAO OEIEHEPQ@AO MQA LKOO¥@AJP JKO ?KILKO]O =RA? HAO @]NER]O @A ‚x=JEHEJKMQEJKH]EJA AP HAO =JPEL=HQ@]AJO =?PQAHOs QJ ]?D=JPEHHKJ @A JKO IKH]?QHAO @A OUJPD¥OA = ]P] PAOP] AJ ?KHH=>KN=PEKJ =RA? HA CNKQLA @Q 0Nv 3v 0E?KP ~%! ‚·»‡s ,=>KN=PKENA @A 0=N=OEPKHKCEA  -U?KHKCEA -]@E?=HA AP 0=PDKHKCEA %TKPEMQAs &=?QHP] @A -]@A?EJA @A ,UKJ¡v ,AO PAOPO >EKHKCEMQAO KJP ]P] N]=HEO]O OQN @AQT PULAO @A OKQ?DAO L=N=OEP=ENAO u ?AHHA @EPA ¦OAJOE>HA W H= ?DHKNKMQEJA} ~?HKJAO •$»¡ AP ?AHHA MQE AOP ¦N]OEOP=JPA W H= ?DHKNKMQEJA} ~?HKJAO $@¶¡ ~4=>HA=Q ¶•¡v  
                                                              =$]NER] @Q IKP =J?EAJ ̃ G9CL< ’ u I=N=EO ?=N W H{KNECEJA KJ LAJO=EP MQA H= I=H=@EA RAJ=EP @AO VKJAO I=N]?=CAQOAOv >$A H{EP=HEAJ ̃ D9C 9IA9 ’ u I=QR=EO =EN 
 ·¶‰ ,KNE=s 0vt -EHHANs 3vt &KHAUs -vt 4EHHAUs ,v "AF;@=D * hppp[ iio _ 0K h`Y •”•x•»‡v 
 ·•‡ $As $vt +NKCOP=@s &v -vt "UANOs ,v $vt +NKCOP=@s $v *v *[ -=<[ #@=D[ hppo[ jgY ‚‰·…x‚‰¶”v 
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2]B]NAJ?A u H= ?DHKNKMQEJA   
 

•$»  #)„‡ ̈ ‡v‡•„ «- $@¶  #)„‡ ̈ ‡v·‚ «- 
 #KILKO]O •$» ¢=£ $@¶ ¢>£ #KILKO]O •$» ¢=£ $@¶ ¢>£ 

mi  ‡v‡‰ Jv@v mg  ‡v• Jv@v 
mk  ‡v¶ Jv@v lo  ‡v¶ Jv@v 
mj  ‡v‡‰ Jv@v mh  ‡v‡… Jv@v 
li  •v¶ Jv@v kp  ‚ ·v” 
lg  ‡v¶ ·v” km  •»v‰ Jv@v 
lh  ·v‚ Jv@v kn  ·„ Jv@v 
lm  ‡v‰ ·v„ ko  ¶»v… Jv@v 

lj 

 
‡v· ‡v‚ lk 

 
‚» Jv@v 

¢=£ 6=HAQN @A #)„‡ ~AJ «-¡ OQN HAO OKQ?DAO OAJOE>HAO W H= #1 t ¢>£ 6=HAQN @A #)„‡ ~AJ «-¡ OQN HAO OKQ?DAO N]OEOP=JPAO W H= #1  
289C<8L ij u 6=HAQNO @AO #)„‡ @AO @]NER]O @A BQNKMQEJKH]EJA AP LUN=JKMQEJKH]EJA PAOP]O OQN HAO OKQ?DAO @A 0v >9C;AG9ILD 
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 ,AO IKH]?QHAO PAOP]AO LKNPAJP @EBB]NAJPO CNKQLAIAJPO OQN H= BKJ?PEKJ =H?UJAv ,A JKU=Q MQEJKH]EJA AOP JQ KQ OQ>OPEPQ] L=N @AO CNKQLAIAJPO I]PDKTUv .KQO =RKJO ]C=HAIAJP B=EP R=NEAN H= HKJCQAQN @A H= ?D=aJA =IEJ]A AP PAOP] QJ I]H=JCA @{EOKI¥NAO BQNKMQEJKH]EJAO AP LUN=JKMQEJKH]EJAOv !Q?QJ @AO ?KILKO]O J{AOP =QOOE RKENA LHQO ABBE?=?A MQA H= ?DHKNKMQEJA OQN HAO OKQ?DAO •$» AP $@¶ ?=N EHO JA LANIAPPAJP L=O @{EJDE>AN H= ?NKEOO=J?A @Q L=N=OEPA W @AO @KOAO OEIEH=ENAOv    'HK>=HAIAJP HAO ?KILKO]O MQE @KJJAJP HAO IAEHHAQNO N]OQHP=PO OQN H= OKQ?DA •$» LKOO¥@AJP QJ JKU=Q =NKI=PEMQA ~6=HAQNO AJ >HAQ¡v ,AO @]NER]O LKNPAQNO @{QJA ?D=EJA @A PULA I]PDKTUI]PDUHA OKJP EJABBE?=?AO  =RA? QJ #)„‡ IEJEI=H @A ·„ «- ~#KILKO] kn¡v /J ?KJOP=PA MQA H= BKJ?PEKJJ=HEO=PEKJ @A H= MQEJKH]EJA L=N QJ CNKQLAIAJP I]PDKTU J{=??NKEP L=O H{=?PEREP] =JPExL=N=OEP=ENA @A H= IKH]?QHA @=JO HAO ?=O @AO ?KILKO]O lh AP kp  ~MJ lg <K mh¡v $A H= I^IA I=JE¥NAs H{EJPNK@Q?PEKJ @{QJA ?D=EJA =IEJ]A W PNKEO ?=N>KJAO AOP J]B=OPAv %J ABBAPs H= #)„‡ =QCIAJPA ~‡v‰ LKQN HA ?KILKO] lm MJ ‡v¶ LKQN HA  ?KILKO] lg¡v  #ANP=EJO @]NER]O KJP ]P] PAOP]O OQN H= OKQ?DA L=N=OEP=ENA N]OEOP=JPA $@¶v ,A OAQH ?KILKO] =?PEB MQE @KJJ=EP @]FW @A >KJO N]OQHP=PO OQN H= OKQ?DA OAJOE>HA AOP ?AHQE MQE ?KILKNPA HA JKU=Q BANNK?¥JA ljv $A LHQO =RA? QJA R=HAQN @A ‡v‚ ̌-s ?A ?KILKO] lj LN]OAJPA QJA =?PEREP] EJP]NAOO=JPA ?=N J{AOP MQA PNKEO BKEO OQL]NEAQNA W ?AHHA @A H= #DHKNKMQEJA ~‡v·‚ ̌-¡v  ,{=?PEREP] =??NQA MQ{=LLKNPA HA JKU=Q BANNK?¥JA AOP PKQP W B=EP AJ =??KN@ =RA? HAO PN=R=QT N]?AIIAJP LQ>HE]O OQN H= &ANNKMQEJAv·•·  !?PQAHHAIAJP AJ LD=OA @A @]RAHKLLAIAJP ?HEJEMQA )) ?DAV 3=JKBEx!RAJPEOs ?APPA IKH]?QHA AOP ABBA?PERAIAJP PN¥O LNKIAPPAQOAv 
                                                          ·•· $Q>=Ns &vt +D=HEBAs *vt "NK?=N@s *vt $ERAs $vt "EKPs #v -FC=;LC=J iggo[ giY ¶‰‡‡x¶‰‡»v 

NCl

HN N

Fe

Ferroquine (FQ)
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)[i[l[h ,=J IS9;KAFEJ <]@P<IF?SE9KAFE 

#<J KI8M8LO FEK UKU IU8C@JUJ ;8EJ C< :8;I< ;L JK8>< ;< ,i ;< #8IFC< 1!3%0 ,AO OPNQ?PQNAO @A PULA BQNKMQEJKH]EJA AP LUN=JKMQEJKH]EJAs K>PAJQAO L=N N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJs LKOO¥@AJP NAOLA?PERAIAJP QJA @KQ>HA HE=EOKJ ATK?U?HEMQA AP AJ@K?U?HEMQAv .KQO JKQO OKIIAO EJP]NAOO]O W H= N]=?PEREP] @A ?AO @KQ>HAO HE=EOKJOs JKP=IIAJP REOxWxREO @AO N]=?PEKJO @{DU@NKC]J=PEKJv $]NER]O @A BQNKMQEJKH]EJA 
5J LNAIEAN AOO=E = ]P] N]=HEO] OQN HA ?KILKO] „x=OFx@EC jjs @=JO @AO ?KJ@EPEKJO @{DU@NKC]J=PEKJ ?=P=HUO]A =Q L=HH=@EQI OQN ?D=N>KJ ~3?D]I= „»¡v 

 
1:?UD8 ln u (U@NKC]J=PEKJ @{QJ ?KILKO] „xATKx@EC L=N @Q 0@\# 5J I]H=JCA @A @E=OP]N]KEOKI¥NAO = ]P] EOKH] AP @AO ]PQ@AO 2-. Jv/vAv KJP IKJPN] MQA HAO LNKPKJO LKNP]O L=N HAO ?=N>KJAO =OUI]PNEMQAO OKJP @A OP]N]K?DEIEA JPE ~&ECQNA ·”¡v  

 
&@>LI< hm u %TL]NEAJ?A Jv/vAv N]=HEO]A OQN HA I]H=JCA @A @E=OP]N]KEOKI¥NAO I=FKNEP=ENA ${=QPNAO ?=P=HUOAQNO D]P]NKC¥JAO KJP ]P] PAOP]O =BEJ @A @]PANIEJAN HA OUOP¥IA HA LHQO @E=OP]N]KO]HA?PEB ~289C<8L ik¡v 

%JPN]A #=P=HUOAQN ¿ @A ?=P=HUOAQN ~AJ IKHAO¡ 2=PEKO  
'=4 ¥ :8)49 Av@v ¢=£ · 0@\# ¶‡ …” u ·‚ »¶ ¿ ¶ 0@\# „ …‰ u ·· »… ¿ • 2D\# ¶‡ …» u ·• »‚ ¿ ‚ 2Q\# ¶‡ x x „ 0P\# ¶‡ …… u ·¶ »” ¿ ” 0@\!H¶/• ¶‡ ‰¶ u … …‚ ¿ ¢=£ $]PANIEJ=PEKJ L=N =J=HUOA 2-. ·(  

289C<8L ik u 2]=?PEKJ @{DU@NKC]J=PEKJ L=N @AO ?=P=HUOAQNO D]P]NKC¥JAO 

N

O

OMe

OMe

33 (+/-)

 Pd/C (5 mol %)

H2, MeOH

7h, t.a. N
∗
O

∗
OMe

OMe
66 (+/-)

ratio cis:trans (89:11)

Rdt = 71 %

N

O

H

H

O

O

n.O.e.
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 ·‡‚ 

,= N]=?PEKJ @{DU@NKC]J=PEKJ LNK?¥@A =RA? H{AJOAI>HA @AO ?=P=HUOAQNO W H{AT?ALPEKJ @Q 2Q\# ~289C<8L iks %JPN]A ‚¡v ,AO AOO=EO =RA? 0@\# AP 0@\!H¶/• JKQO @KJJAJP HAO IAEHHAQNO N]OQHP=PO =RA? @AO AT?¥O @E=OP]N]KEOKI]NEMQAO ?KILNEO AJPNA »… AP …‚ ¿ ~%JPN]A ¶ AP ”¡v %J PN=R=EHH=JP =RA? ?AO @AQT ?=P=HUOAQNOs LHQOEAQNO AOO=EO KJP ]P] IAJ]Os JKP=IIAJP AJ ?D=JCA=JP HA OKHR=JP ~@EKT=JAs ]PD=JKH¡s H= PAIL]N=PQNA  ~„‡̋#s ·‡‡̋#¡ AP H= LNAOOEKJ ~¶‡ >=NO¡ @Q OUOP¥IAv !Q?QJA =I]HEKN=PEKJ @A JKO N]OQHP=PO J{= ]P] K>OANR]Av 0KQN =QCIAJPAN H{AT?¥O @E=OP]N]KEOKI]NEMQA @A H= N]=?PEKJs JKQO =RKJO LAJO] W NAILH=?AN HA CNKQLAIAJP I]PDKTU @A H= L=NPEA JKN@ L=N QJ OQ>OPEPQ=JP LHQO AJ?KI>N] ?KIIA  H{EOKLNKLKTU ~3?D]I= „…¡v  

 
1:?UD8 lo u )JBHQAJ?A @Q PULA @{=H?KKH QPEHEO] OQN H= N]=?PEKJ @{DU@NKC]J=PEKJ 

,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ LANIAP @{K>PAJEN =EO]IAJP HA ?KILKO] mn =PPAJ@Qv #A @ANJEAN = ]P] AJC=C] @=JO QJA N]=?PEKJ @{DU@NKC]J=PEKJ ?=P=HUO]A L=N @Q 0@\# AP HAO N]OQHP=PO OKJP O=PEOB=EO=JPO LQEOMQA H{AT?¥O @E=OP]N]KEOKI]NEMQA K>PAJQ = =QCIAJP] @A ·‡ ¿ ?KIL=N=PERAIAJP W OKJ =J=HKCQA I]PDKTUH] ~Av@v ̈ …… ¿ MJ »… ¿¡v ,AO AOO=EO @{DU@NKC]J=PEKJ OQN HAO OQ>OPN=PO BKJ?PEKJJ=HEO]O L=N @AO CNKQLAIAJPO =?]PUH]JEMQAO =NKI=PEMQAO J{KJP L=O ]P] ABBE?=?AOv $AO ]PQ@AO OKJP =?PQAHHAIAJP AJ ?KQNO LKQN IAJAN W >EAJ ?APPA N]=?PEKJv $]NER]O @A LUN=JKMQEJKH]EJA 
,AO @KQ>HAO HE=EOKJO AJ@K?U?HEMQAO OAI>HAJP IKEJO N]=?PERAO MQA HAO HE=EOKJO ATK?U?HEMQAO ?=N I=HCN] @A JKI>NAQT AOO=EOs HA OQ>OPN=P @A @]L=NP AOP @=JO H= I=FKNEP] @AO ?=O N]?QL]N]v 3E HAO ?KJ@EPEKJO OKJP QJ LAQ LHQO @N=OPEMQAO ~PAIL]N=PQNA AP LNAOOEKJ ]HAR]AO¡s H= N]=?PEKJ ?KJ@QEP W H= @]CN=@=PEKJ @Q ?KILKO] @A PULA LUN=JKMQEJKH]EJAv .KQO PN=R=EHHKJO AJ?KNA OQN ?AO OUOP¥IAO =BEJ @A PNKQRAN HA ?=P=HUOAQN =LLNKLNE] LKQN H= N]@Q?PEKJ @A H= @KQ>HA HE=EOKJ AJ@K?U?HEMQAv 

N

O

OMe

Ag2O (5 mol%)

iPrOH (0.05M)

10

N

O

O

OMe

67 (+/-)

N
∗
O

∗
O

OMe

68 (+/-)

 Pd/C (5 mol %)

H2, MeOH

7h, t.a.96 %

ratio cis:trans (94:6)

Rdt = 75 %
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 ·‡„ 

)[i[l[i 2S9;KAFEJ <= $A=CJ¥!C<=I 

,= @KQ>HA HE=EOKJ ATK?U?HEMQA @AO BQNKMQEJKH]EJAO LN]OAJPA QJA ?ANP=EJA N]=?PEREP] REOxWxREO @AO N]=?PEKJO @{DU@NKC]J=PEKJs ?A MQE JKQO = LKQOO]O W ]PQ@EAN @AO N]=?PEKJO @A $EAHO‘!H@AN W @AI=J@A EJRANOAv .KQO JKQO OKIIAO EII]@E=PAIAJP PKQNJ]O RANO  H= N]=?PEKJ @{D]P]NK $EAHO‘!H@AN AJ QPEHEO=PEKJ H{=?NKH]EJA ?KIIA @E¥JA ~1:?UD8 lp¡v %J PN=R=EHH=JP =RA? @AO OUOP¥IAO OEILHAO ?KIIA HA ?KILKO] mps H= N]=?PEKJ  LAQP ^PNA ?=P=HUO]A =RA? OQ??¥O L=N HA @E?DHKNQNA @A VEJ? @=JO HA PKHQ¥JA ~NAJ@AIAJP MQ=JPEP=PEB AP Av@v @A …‚ ¿¡v 
  

1:?UD8 lpu 2]=?PEKJ @{D]P]NK $EAHO‘!H@AN ?=P=HUO]A L=N :J#H¶  !?PQAHHAIAJPs ?AO PN=R=QT BKJP H{K>FAP @{QJ LNKFAP @A NA?DAN?DA =Q H=>KN=PKENAv   

N

O

OMe

O

ZnCl2 (cat.)
t.a., 4 jours
quant.

N ∗

O

∗
OMe

O

69 70

e.d. = 84 %



)v ,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ )v‚v #KJ?HQOEKJ  

 ·‡” 

 
)]k #FE:CLJ@FE 

,= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ MQA JKQO =RKJO @]RAHKLL]A =Q H=>KN=PKENA JKQO = LANIEO @{=??]@AN W @AQT B=IEHHAO @A IKH]?QHAO u  HAO BQNKMQEJKH]EJAO AP HAO LUN=JKMQEJKH]EJAOv  ,{QPEHEO=PEKJ @A OAHO @{=NCAJP FQ@E?EAQOAIAJP ?DKEOEO JKQO = LANIEO @A ?KJPNfHAN H= N]CEKO]HA?PEREP] @A H= N]=?PEKJ =HKNO MQA @{=QPNAO I]P=QT ?KIIA H{KN KQ HA ?QERNA OA OKJP IKJPN]O IKEJO LANBKNI=JPOv .KQO =RKJO LQ R]NEBEAN CNY?A W @AO ]PQ@AO 2-. MQA OAQH HA ?=P=HUOAQN N]CEOO=EP HA IK@A @A H= ?U?HEO=PEKJ ~„x=OFx@EC MJ ”x=E<Fx@EC¡ O=JO =Q?QJA ?KJPNE>QPEKJ @Q OQ>OPEPQ=JP @A H{=H?UJA ~O=QB OE ?AHQEx?E AOP =IEJ]¡v .KQO =RKJO ]C=HAIAJP LQ ]PQ@EAN H{EIL=?P @AO ?KJ@EPEKJO N]=?PEKJJAHHAO OQN ?APPA N]CEKO]HA?PEREP] AP KLPEIEO] H= N]=?PEKJ LKQN ?D=MQA OAH @{=NCAJPv 

 .KQO JKQO OKIIAO =LAN[QO MQA H= J=PQNA EJPNEJO¥MQA @A H{=NCAJP ~L=N ATAILHA ?=N>KLDEHA LKQN !C/4B¡ LKQR=EP ^PNA BKNPAIAJP IK@EBE]A L=N @AO ?KILKO]O =VKP]Ov #A L=N=I¥PNA JKQO = LANIEO @{=??]@AN W QJA H=NCA B=IEHHA @A BQNKMQEJKH]EJAO CNY?A W H{EJPNK@Q?PEKJ @{QJ JQ?H]KLDEHA @A PULA =IEJK=H?KKHv ,AO IKH]?QHAO K>PAJQAO LKOO¥@AJP @AO LNKLNE]P]O =JPEL=HQ@EMQAO LNKIAPPAQOAO AP QJA PKQ?DA EJP]NAOO=JPA = LQ ^PNA IEOA AJ ]RE@AJ?Av %J ABBAPs HA ?KILKO] LKNPAQN @Q JKU=Q B]NNK?¥JA = @KJJ] @A PN¥O >KJO N]OQHP=PO OQN HAO OKQ?DAO N]OEOP=JPAO $@¶ @Q L=N=OEPA 0[ >9;AG9ILDv .KQO =RKJO ]C=HAIAJP @]RAHKLL] QJ ?KILHATA @{EIE@=VKH=PA @{=NCAJP ABBE?=?A AP NK>QOPA LKQN ?=P=HUOAN H= N]=?PEKJ P=J@AIv    
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„ 'NAAJA  
·v &60 ~„„‡̋#¡  ¶v 0@\#  »» ¿ 

289C<8L in u #KJ@EPEKJO PDANIEMQAOs @A LUNKHUOA KQ @A N=UKJJAIAJP 56v 
%EKIU< k u ,A CNKQLA @A /@>>< N=LLKNPA MQ{=Q NABHQT @Q PKHQ¥JAs H= N]=?PEKJ @A >AJV=JJ]H=PEKJ AJPNA QJA ]J=IEJKJA AP QJ L=NPAJ=ENA @A PULA @E?]PK=?]PUH]JEMQA O{=??KIL=CJA @{QJA I=?NK?U?HEO=PEKJ ?KJ?KIEP=JPAv·„·  
%EKIU< l u !Q ?KQNO @{QJA =LLNK?DA OUJPD]PEMQA @A H= ?=ILPKPD]?EJAs HA CNKQLA @A 
'I<<E< = N]=HEO] QJA N]=?PEKJ @A >AJV=JJ]H=PEKJ W D=QPA PAIL]N=PQNA AP W >=OOA LNAOOEKJ ~&60 u &C9J@ 69;LLD 0PIFCPJAJ¡v·„¶  ,= ?U?HEO=PEKJ ABBA?PQ]A AJPNA QJA LUNE@KJA HE]A W QJ IKPEB @E¥JA AOP OQEREA @{QJA ]P=LA @{=NKI=PEO=PEKJ L=N @]ODU@NKC]J=PEKJ =RA? @Q L=HH=@EQI OQN ?D=N>KJv 

                                                        ·„· 0ECCAs &v #vt 'D=OA@Es &vt 3?DIEPPs !v 6vt $ECDAs -v +vt 2=PDs .v 0v 4=KI9@=<IFE iggl[ lgY „•”• x „•»·v ·„¶ "=>F=Gs -vt +=J=V=S=s !vt !J@ANOKJs 2v *vt 'NAAJAs !v %v /I? "AFDFC #@=D iggm[ jY ‚‡»x‚‡‰v 
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))v¶v¶   ,= N]=?PEKJ @A >AJV=JJ]H=PEKJ ?=P=HUO]A L=N HAO I]P=QT @A PN=JOEPEKJ 
 $A JKI>NAQT I]P=QT @A PN=JOEPEKJ LAQRAJP ^PNA QPEHEO]O @=JO H= N]=?PEKJ @A >AJV=JJ]H=PEKJs AJ MQ=JPEP] OPi?DEKI]PNEMQA KQ ?=P=HUPEMQAs JKP=IIAJP HA PQJCOP¥JAs·„•  H{=JPEIKEJAs·„‚  HA PAHHQNEQIs·„„  H{UPPAN>EQIs·„”  HA NQPD]JEQIs·„»x·„‰  HA NDK@EQIs·”‡s·”·  HA JE?GAHs·”¶  HA L=HH=@EQIs·”•  HA ?QERNAs·”‚s·”„  H{KNs·””  AP?w .KQO RKQO LN]OAJPANKJO MQAHMQAO OUOP¥IAO @]?NEPO @=JO H= HEPP]N=PQNAv 
))[h[h[g ,9 IS9;KAFE <= $TKQ 

%J ·‰»„ $VKQhmn  @]?NEP H= OUJPD¥OA @{QJ @]NER] @A J=LDPKH K>PAJQ L=N N]=?PEKJ @A ?U?HK=@@EPEKJ @A PULA ¢•́¶́·£ AJPNA QJ ?KILHATA ?=N>]JEMQA @A ?DNKIA AP QJ =H?UJAs =RA? H{EJOANPEKJ @{QJA IKH]?QHA @A IKJKTU@A @A ?=N>KJA ~#/¡ LNKRAJ=JP @A H= OLD¥NA @A ?KKN@EJ=PEKJ @Q ?DNKIA ~3?D]I= ”·¡v  
 

1:?UD8 mh u -K@¥HA C]J]N=H @A H= N]=?PEKJ @A $gPV 

                                                        ·„• )S=O=S=s .vt 3DE@Ks -vt -=AU=I=s +vt +QO=I=s (v *[ !D[ #@=D[ 3F;[ iggg[ ghhY ·‡¶¶”x·‡¶¶»v ·„‚ .QJAOs 2v ,vt "EA>ANs ,v 7v 4=KI9@=<IFE ,=KK[ iggh[ jhY ¶·‰ x ¶¶·v 
 ·„„,=J@EOs #v !vt 0=UJAs -v -vt %=PKJs $v ,vt !JPDKJUs *v %v *[ !D[ #@=D[ 3F;[ iggk[ ghlY ·••…x·••‰v ·„” -QN=G=IEs -vt +=@KS=GEs 3vt &QFEIKPKs !vt )ODE>=ODEs -vt -=POQ@=s 4v /I?[ ,=KK[ iggl[ mY ¶‡„‰x¶‡”·v ·„» 3DAJs (v x#vt 4=JCs *v x-vt #D=JCs (v x+vt 9=JCs #v x7vt ,EQs 2v x3v *[ /I?[ #@=D[ iggl[ mfY ·‡··•x·‡··”v ·„… ,EJs -v 9vt -=@@EN=H=s 3v *vt ,EQs 2v 3v /I?[ ,=KK[ iggl[ mY ·»‚„x·»‚…v ·„‰ +KPD=s 3vt -=J@=Hs +v 4=KI9@=<IFE ,=KK[ iggk[ jkY ¶„…„ x ¶„……v ·”‡ .KRXGs 0vt 0KDHs 2vt +KPKN=s -vt (K?AGs -v /I?[ ,=KK[ iggm[ nY ¶‡„·x¶‡„‚v ·”· $=JGS=N@Ps *v 7v 4=KI9@=<IFE ,=KK[ iggh[ jhY „…‡‰ x „…·¶v ·”¶ $A=PKJs +v 2vt 'EJs -v 3v /I?[ ,=KK[ iggj[ kY ¶‚»»x¶‚…‡v ·”• 2Q>EJ=s -vt #KJHAUs -vt 'ARKNCU=Js 6v *[ !D[ #@=D[ 3F;[ iggm[ ghnY „…·…x„…¶»v 
 ·”‚ "QHHs *v !vt (QP?DEJCOs -v 'vt 1Q=UHAs 0v !E?=N[ #@=D[ )EK[ %<[ %E?C[ iggn[ jlY ·…”‰x·…»¶v ·”„ !O=Ks .vt !EG=S=s (v *[ /I?[ #@=D[ iggm[ mgY „¶‚‰x„¶„•v ·”” ,Es 'vt ,EQs 9v *[ /I?[ #@=D[ ighg[ mkY ¶‰‡•x¶‰‡‰v ·”» $gPVs +v (v !E?=N[ #@=D[ )EK[ %<[ %E?C[ hpnl[ gjY ”‚‚x”‚„v 
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$=JO O= NARQA @A ¶‡‡‡s $< ,<A<@I< =JJKJ?A MQA LHQO @A ?AJP LQ>HE?=PEKJO KJP ]P] N=LLKNP]AO OQN H= N]=?PEKJ @A $gPVv·”…  5J I]?=JEOIA AOP LNKLKO] LKQN ?APPA N]=?PEKJ ~3?D]I= ”¶¡v  

 
1:?UD8 mi u -]?=JEOIA @A H= N]=?PEKJ @A $gPV 

,{EJEPE=PEKJ @A H= N]=?PEKJs MQE AOP LNK>=>HAIAJP H{]P=LA HEIEP=JPAs ?KJOEOPA AJ H= @EOOK?E=PEKJ @{QJ @AO HEC=J@O ?=N>KJUHA @Q ?KILHATA @A ?DNKIA ! ~3?D]I= ”¶¡v ,{EJPANI]@E=ENA # AOP AJOQEPA K>PAJQ L=N ?KKN@EJ=PEKJ @A H{=H?UJA " OQN HA I]P=Hv !LN¥O H{EJOANPEKJ @A ?AP =H?UJA @=JO H= HE=EOKJ ?=N>KJA‘?DNKIAs HA ?=N>¥JA $ AOP K>PAJQv ,{EJOANPEKJ ?KJO]?QPERA @{QJ HEC=J@ #/ LANIAP @A C]J]NAN HA ?]P¥JA % MQE OQ>EP QJA N]=?PEKJ @{]HA?PNK?U?HEO=PEKJ LKQN ?KJ@QENA =Q ?KILHATA &v #AP EJPANI]@E=ENA ?U?HKDAT=@E]JKJA @KJJA L=N P=QPKI]NEO=PEKJ HA ?KILHATA Gx=HGKTULD]JKH 'v ,A LNK@QEP BEJ=H ( AOP K>PAJQ =LN¥O @]?KILHAT=PEKJ @Q OAH @A ?DNKIAv   ,= N]=?PEKJ @A $gPV @KJP H= HEIEP=PEKJ LNEJ?EL=HA AOP HE]A W H{QPEHEO=PEKJ @A @]NER]O @Q ?DNKIA D=QPAIAJP PKTEMQAOs = LQ ^PNA QPEHEO]A HKNO @A OUJPD¥OAO PKP=HAO ?KIIA ?AHHA @A H= ~3s3¡xEOK@EPUNKOEJA ~3?D]I= ”•s ]Mv chd¡·”‰  KQ @A H= ~‘¡x+AJ@KIU?EJA ~]Mv cid¡v·»‡  $A I=JE¥NA EJP]NAOO=JPAs QJA N]=?PEKJ D=QPAIAJP N]CEKO]HA?PERA @A H= N]=?PEKJ @A $gPV = LQ ^PNA =LLHEMQ]A W H= OUJPD¥OA @A @]NER]O @{AOPAN >KNKJEMQA ~]Mv cjd¡v ·»·   
                                                        ·”…  $A -AEFANA !t 3?DENIANs (vt $QAPO?Ds -v !E?=N[ #@=D[ )EK[ %<[ iggg[ ioY •‰”‚x‚‡‡¶v ·”‰  'QLP=s !vt 3AJs 3vt (=NI=P=s -vt 0QHHAUs 3v 2v *[ /I?[ #@=D[ iggl[ mfY »‚¶¶x»‚¶„v ·»‡  7DEPAs *v $vt 3IEPOs (v /I?[ ,=KK[ iggl[ mY ¶•„x¶•…v ·»· $=REAOs -v 7vt *KDJOKJs #v .vt (=NNEPUs *v 0v !v *[ /I?[ #@=D[ iggh[ llY •„¶„x•„•¶v 
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2]?AIIAJPs H= N]=?PEKJ = ]C=HAIAJP ]P] QPEHEO]A LKQN QJA OUJPD¥OA AJ RANOEKJ @E=OP]N]KO]HA?PERA @{QJ ?KILKO] >E=NUHEMQA @A PULA ?KH?DE?EJA ~]Mv ckd¡v·»¶   

 
1:?UD8 mj u %TAILHAO @{=LLHE?=PEKJ @A H= N]=?PEKJ @A $gPV 

5JA R=NE=JPA @A H= N]=?PEKJ @A $gPV = ]P] @]?NEPA L=N ,<IC@: AJ ·‰‰¶v·»•s·»‚  #APPA BKEO H= I]PDK@KHKCEA IAP AJ FAQ H{EJOANPEKJ @{QJ EOKJEPNEHA =Q HEAQ @A H{EJOANPEKJ @Q IKJKTU@A @A ?=N>KJAs ?A MQE LANIAP @{=??]@AN W @AO @]NER]O @{=JEHEJAv 

                                                        ·»¶ 6KNKCQODEJs !v 6vt 7QHBBs 7v $vt (=JOAJs (v x*v 4=KI9@=<IFE iggo[ ljY ‰‚‰ x ‰”…v ·»• -ANHE?s #v !vt "QNJOs %v %vt 8Qs $vt #DAJs 3v 9v *[ !D[ #@=D[ 3F;[ hppi[ ggjY …»¶¶x…»¶‚v ·»‚ -ANHE?s #v !vt "QNJOs %v %v 4=KI9@=<IFE ,=KK[ hppj[ ijY „‚‡·x„‚‡‚v 
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50 – 70 %

R = H R = alkyle, aryle
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dr = 10:1
ee = 80 %(4)
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))[h[h[h 4IADSIAJ9KAFE <]9C;PE=J 

$¥O HAO =JJ]AO ·‰»»s *]/]#] 4FCC?8I;K = @]RAHKLL] QJA N]=?PEKJ @A ?U?HKPNEI]NEO=PEKJ ¢¶́¶́¶£ @{=H?UJAOs  ?=P=HUO]A L=N HA ?KILHATA @A #K>=HP #L#K~#/¡¶ ~3?D]I= ”‚¡v·»„   
 

1:?UD8 mk u -K@¥HA C]J]N=H @A H= N]=?PEKJ @A ?U?HKPNEI]NEO=PEKJ ¢¶́¶́¶£ 
'NY?A W @AO ]PQ@AO PD]KNEMQAOs·»”s·»»  QJ I]?=JEOIA AOP LNKLKO] LKQN ?APPA N]=?PEKJ ~3?D]I= ”„¡v 

 
1:?UD8 ml u -]?=JEOIA LKOOE>HA @A H= N]=?PEKJ @A PNEI]NEO=PEKJ ?=P=HUO]A =Q ?K>=HP 
!Q ?KQNO @A H= LNAIE¥NA ]P=LAs HA I]P=H OA ?KKN@EJA W @AQT PNELHAO HE=EOKJO ?=N>KJAx?=N>KJAv ,A ?KILHATA >EO=H?UJA ! OQ>EP AJOQEPA QJ ?KQLH=CA KTU@=JP OLKJP=J] AP ?KJ@QEP W H{AOL¥?A ?K>=HP=?U?HKLAJP=@E¥JA "v #AP EJPANI]@E=ENA AOP AJC=C] @=JO QJA N]=?PEKJ @A ?U?HK=@@EPEKJ ¢‚́¶£ PAHHA MQA H{AOL¥?A # OA BKNIAv )H OAI>HAN=EP MQA H= N]=?PEKJ PN=JOEPA L=N HA ?KILHATA #L#K~c”x>AJV¥JA¡ $ =R=JP @A HE>]NAN HA JKU=Q >AJV]JEMQA % AP  HA ?=P=HUOAQNv  
#APPA N]=?PEKJ = ]P] =LLHEMQ]A ABBE?=?AIAJP W H= OUJPD¥OA @{DKNIKJAO OP]NKb@EAJJAO ~3?D]I= ””s ]Mv chd¡s·»…s·»‰  @{=JPDN=MQEJKJAO ~]Mv cid¡·…‡  AP @A LKHULD]JUH¥JAO MQE OKJP @AO OKQOxOPNQ?PQNAO @A H{!N?DEI]@¥JA ~]Mv cjd¡v·…·                                                           ·»„  6KHHD=N@Ps +v 0v #v !;;[ #@=D[ 2=J[ hpnn[ gfY ·x…v ·»”  (=N@AOPUs *v (vt +KANJANs *v "vt !H>NECDPs 4v !vt ,AAs 'v 9v *[ !D[ #@=D[ 3F; hppp[ ghgY ”‡„„x”‡”»v ·»» !CAJAPs .vt '=J@KJs 6vt 6KHHD=N@Ps +v 0v #vt -=H=?NE=s -vt !Q>ANPs #v *[ !D[ #@=D[ 3F;[ iggn[ ghoY ……”‡x……»·v 
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,A CNKQLA @A ,8C8:I@8 = @]RAHKLL] QJA N]=?PEKJ ¢¶́¶́¶£ PKP=HAIAJP ?DEIEK AP N]CEKO]HA?PERA AJ PN=R=EHH=JP =RA? @AO LKHUxUJAO OEHUH]Os LKQN K>PAJEN @AO @]NER]O @{=H?KKH >AJVUHEMQAO OQ>OPEPQ]O ~]Mv ckd¡v·…¶  

 
1:?UD8 mm u %TAILHAO @{=LLHE?=PEKJ @A H= N]=?PEKJ @A PNEI]NEO=PEKJ ?=P=HUO]A L=N #L#K~#/¡¶ 

,AO N]=?PEKJO @A ?U?HKPNEI]NEO=PEKJ ¢¶́¶́¶£ @{=H?UJAO KJP ]P] H=NCAIAJP NA?KJJQAO @=JO HA @KI=EJA @A H= OUJPD¥OA >AJV]JEMQAv #ALAJ@=JPs ?AO I]PDK@KHKCEAO LN]OAJPAJP QJ EJ?KJR]JEAJP I=FAQN @=JO H= @EBBE?QHP] @A ?KJPNfHAN H= ?DEIEKx AP H= N]CEKO]HA?PREP] @A H= N]=?PEKJv 0=N H= OQEPAs HAO N]=?PEKJO @A ?U?HK=@@EPEKJ ¢‚́¶£ @A OUOP¥IAO AJUJAxUJAO KJP ]P] N=LLKNP]O =RA? OQ??¥Ov·…•x·…”  6KE?E @KJ? QJ =LAN[Q @AO I]PDK@AO QPEHEO=JP @AO ?U?HK=@@EPEKJO ¢‚́¶£ AJ RANOEKJ EJPANx AP EJPN=IKH]?QH=ENAOv 
                                                        ·»…  &QJGs 2v ,vt 6KHHD=N@Ps +v 0v #v *[ !D[ #@=D[ 3F;[ hpnn[ ooY „‚…•x„‚…‚v ·»‰  &QJGs 2v ,vt 6KHHD=N@Ps +v 0v #v *[ !D[ #@=D[ 3F;[ hpog[ gfhY „¶„•x„¶”·v ·»‰  (EHH=N@ )))s 2v ,vt 6KHHD=N@Ps +v 0v #v *[ !D[ #@=D[ 3F;[ hpnn[ ooY ‚‡„…x‚‡”‰v ·…‡  "NQJOs $vt -EQN=s (vt 6KHHD=N@Ps +v 0v #vt 3P=JCANs !v /I?[ ,=KK[ iggj[ kY „‚‰x„„¶v ·…· #DKQN=MQEs 'vt 0APEPs -vt !Q>ANPs #vt -=H=?NE=s -v /I?[ ,=KK[ iggk[ lY ·„·‰x·„¶·v 
 ·…• $=JDAEOANs 2v ,vt 'KQH@s !v %vt @A H= 0N=@EHH=s 2v &vt (AHC=OKJs !v ,v *[ /I?[ #@=D[ hppk[ koY „„·‚x„„·„v ·…‚ 7EHHOs -v 3v "vt $=JDAEOANs 2v ,v *[ !D[ #@=D[ 3F;[ hppo[ ghfY ‰•»…x‰•»‰v ·…„ "N=@HAUs !v :vt *KDJOKJs 2v 0v *[ !D[ #@=D[ 3F;[ hppn[ ggoY ‰‰·»x‰‰·…v ·…” "QNNAHHs 2v #vt $=KQOPs +v *vt "N=@HAUs !v :vt $E2E?Ks +v *vt *KDJOKJs 2v 0v *[ !D[ #@=D[ 3F;[ hppm[ ggnY ‚¶·…x‚¶·‰v 
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n-Hex

TMS

TMS

CpCo(CO)2 (cat.)

anthraquinone

polyphénylène

(1)

(2)

(3)

Archimédène (C120)

X

O
Si

i-Pr

i-Pr

n-Bu

1) CpCo(CO)2 (5 mol %), hν

2) TBAF
X

OH

Bu

X = CH2, O, NCbz

67 – 77 %
(4)
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))[h[h[i ,=J IS9;KAFEJ <= :=EQ9EESC9KAFE <= KPG= ajphb 

#=P=HUOA =Q L=HH=@EQI 
,A CNKQLA @A 68D8DFKF = @]?NEP AJ ·‰‰” H= LNAIE¥NA N]=?PEKJ @A >AJV=JJ]H=PEKJ ¢‚́¶£ L=HH=@Kx?=P=HUO]A ~3?D]I= ”»s ]Mv chd¡v·…»  )H = LQ IAPPNA =Q LKEJP QJA OPN=P]CEA @A OUJPD¥OA EJPANIKH]?QH=ENA N]CEKOL]?EBEMQA LKQN ?KJOPNQENA HA OMQAHAPPA >AJV]JEMQAs >=O]A OQN QJA N]=?PEKJ @{DKIK@EI]NEO=PEKJ @{AJUJAO ?KJFQCQ]AO  ~]Mv chd AP cid¡v·……  )H O{AOP AJOQEPA EJP]NAOO] W @AO N]=?PEKJO @A ?NKOOx>AJV=JJ]H=PEKJ  ~]Mv cjd¡ AJ B=EO=JP R=NEAN HAO OQ>OPEPQ=JPO @Q OUOP¥IA AJUJA ~2·s 2¶ AP 2•¡ AP @A H= PNELHA HE=EOKJ ~2‚¡v·…‰  

 
1:?UD8 mn u 2]=?PEKJ @A ?U?HK=@@EPEKJ ¢‚́¶£ L=HH=@Kx?=P=HUO]A 

 #=P=HUOA W H{KN AP =Q ?QERNA 
0HQO P=N@s 68D8DFKF O{AOP EJP]NAOO] W H= OUJPD¥OA @A JKU=QT J=LDPUHAO W L=NPEN @A @]NER]O Fx=H?UJUH>AJV=H@]DU@AOv $A I=JE¥NA EJP]NAOO=JPAs OAHKJ HA ?=P=HUOAQN QPEHEO]s H= N]=?PEKJ ?KJ@QEP W @AO LNK@QEPO @EBB]NAJPO ~3?D]I= ”…¡v  

                                                        ·…» 3=EPKs 3vt 3=HPANs -v -vt 'ARKNCU=Js 6vt 4OQ>KU=s .vt 4=J@Ks +vt 9=I=IKPKs 9v *[ !D[ #@=D[ 3F;[ hppm[ ggnY •‰»‡x•‰»·v ·…… 'ARKNCU=Js 6vt 4=J@Ks +vt 5?DEU=I=s .vt 9=I=IKPKs 9v *[ /I?[ #@=D[ hppo[ liY »‡¶¶x»‡¶„v ·…‰ 'ARKNCU=Js 6vt 4=GA@=s !vt (KII=s -vt 3=@=UKNEs .vt 2=@D=GNEODJ=Js 5vt 9=I=IKPKs 9v *[ !D[ #@=D[ 3F;[ 
hppp[ ghgY ”•‰·x”‚‡¶v  

R

Pd(PPh3)4

R

R

R

RR

70 – 82 %

30 % – quant.

R1

R2

R3

R4

R1 R2

R3

R4R4

36 – 99 %
+

(1)

(2)

(3)

R4

2

2
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1:?UD8 mo u 3UJPD¥OA @A JKU=QT J=LDPUHAO L=N ?=P=HUOA W H{KN KQ =Q ?QERNA 

,= ?=P=HUOA W H{KN ~)))¡ ~!Q#H• KQ !Q"N•¡ LAQP ?KJ@QENA W @AQT LNK@QEPO @A >AJV=JJ]H=PEKJ @A PULA =?UHJ=LDPUHA ~3?D]I= ”…s ]Mv chd¡v ,= O]HA?PEREP] @A H= N]=?PEKJ AOP LNEJ?EL=HAIAJP N]CEA L=N HAO OQ>OPEPQ=JPO @A H= PNELHA HE=EOKJ ~2¶ AP 2•¡v·‰‡  ,{QPEHEO=PEKJ @A OAHO @A ?QERNA ~))¡ AJ LN]OAJ?A @{QJ =?E@A @A "NhJOPA@ ~(!¡ ?KJ@QEP W @AO ?KILKO]O @]?=N>KJUH]O ~]Mv cid¡v·‰·   0KQN ATLHEMQAN H= @EBB]NAJ?A @A N]=?PEREP] K>OANR]As HAO =QPAQNO LNKLKOAJP QJ I]?=JEOIA MQE PN=JOEPA L=N QJ OAH @A >AJVKLUNEHEQI ~3?D]I= ”‰s EJPANI]@E=ENA #¡v #KIIA JKQO H{=RKJO RQ @=JO H= LNAIE¥NA L=NPEA @A ?A I=JQO?NEPs HAO OAHO @A >AJVKLUNEHEQI OKJP @AO EJPANI]@E=ENAO OUJPD]PEMQAO PN¥O QPEHEO]O @=JO HAO N]=?PEKJO @A ?U?HKEOKI]NEO=PEKJv )HO EJPANREAJJAJP =QOOE @=JO HAO N]=?PEKJO @A >AJV=JJ]H=PEKJ @A PULA ¢‚́¶£v ,A CNKQLA @A $PB<I H{=R=EP K>OANR] HKNO @A OAO PN=R=QT @A ·‰‰‰·‰¶  AP H{= =QOOE QPEHEO] LHQO P=N@ @=JO H= OUJPD¥OA @A H{D]HEKLD]J=JPNKJAv·‰•   

                                                        ·‰‡ !O=Ks .vt 4=G=D=ODEs +vt ,AAs 3vt +=O=D=N=s 4vt 9=I=IKPKs 9v *[ !D[ #@=D[ 3F;[ iggi[ ghjY ·¶”„‡x·¶”„·v ·‰· !O=Ks .vt .KC=IEs 4vt ,AAs 3vt 9=I=IKPKs 9v *[ !D[ #@=D[ 3F;[ iggj[ ghkY ·‡‰¶·x·‡‰¶„v ·‰¶ $UGANs 'vt 3PEIANs 7vt (AJGAHs 'vt +g?GANHEJCs -v 4=KI9@=<IFE hppp[ »‚„»x»‚„…v ·‰• $UGANs 'vt (EH@A>N=J@Ps $v *[ /I?[ #@=D[ iggl[ mfY ”‡‰•x”‡‰”v 

H

O

R1

R2

R3

O R1

R2

R3

O R1

R3

R2

R2

R3

AuX3

Cu(OTf)2

HA

(1)

(2)

HA = acide de Brønsted

56 – 90 %

40 – 100 %



))v !??¥O W @AO @E>AJVKBQN=JAO L=N N]=?PEKJ @A >AJV=JJ]H=PEKJ AP OUJPD¥OA @{KTEJ@KHA ))v¶v <PQ@A >E>HEKCN=LDEMQA u #=P=HUOA =QT I]P=QT @A PN=JOEPEKJ 

·¶¶ 

 
1:?UD8 mp u -]?=JEOIAO @AO N]=?PEKJO ¢‚́¶£ LNKLKO]O L=N HA CNKQLA @A 9=I=IKPK 

3AHKJ HAO =QPAQNOs HA @]>QP @Q I]?=JEOIA AOP ?KIIQJ =QT @AQT OUOP¥IAO ?=P=HUPEMQAOv 0KQN ?KIIAJ?ANs H= ?KKN@EJ=PEKJ @A H= PNELHA HE=EOKJ @Q OQ>OPN=P ! L=N HA ?=P=HUOAQN I]P=HHEMQA ~-,J ̈ !Q8• KQ #Q~/4B¡¶¡ LANIAP @A NAJ@NA HAO ?=N>KJAO =?]PUH]JEMQAO @A H{EJPANI]@E=ENA " ]HA?PNK@]BE?EAJPOv ,{=PKIA @{KTUC¥JA @A H{=H@]DU@A =PP=MQA HA OUOP¥IA › =?PER] AP C]J¥NA HA ?KILHATA ¦=PA} @{KN KQ @A ?QERNA #v 3AHKJ H{=LLNK?DA NALN]OAJP]A L=N H{EJPANI]@E=ENA %s HA @]NER] @A >AJVKLUNEHEQI LAQP N]=CEN =RA? H{=H?UJA $ L=N N]=?PEKJ @A ?U?HK=@@EPEKJ ¢‚́¶£ @A PULA $EAHOx!H@ANs AP ?KJ@QENA W H{=@@QEP &v #{AOP W L=NPEN @A ?A LKEJP MQA HAO ?DAIEJO N]=?PEKJJAHO @ERANCAJP LKQN HAO @AQT ?=P=HUOAQNOv  
• 4F@< h ¥ ,KNOMQA H= N]=?PEKJ AOP ?=P=HUO]A L=N QJ OAH @{KN !Q8•s HA ?KILKO] & OA N]=NN=JCA OQER=JP HA I]?=JEOIA NALN]OAJP] AJ NKQCAv ,A @]NER] @A J=LDP=H¥JA ?=N>KJUH] ' AOP =EJOE BKNI] AP HA ?=P=HUOAQN NAC]J]N]v 

 

• 4F@< i ¥ $=JO HA ?=O @{QJA ?=P=HUOA L=N HA OUOP¥IA #Q~/4B¡¶‘(!s H= HE=EOKJ  ?=N>KJA‘I]P=H ~#‘#Q¡ @Q ?KILKO] & AOP ?KQL]A L=N LNKPKJKHUOA L=N H{=?E@A @A "NhJOPA@ ~(!¡ AP H{=PP=MQA ?KJO]?QPERA @A H{=JEKJ !‘ OQN HA ?=N>KJUHA C]J¥NA H{EJPANI]@E=ENA (v &EJ=HAIAJP QJA N]=?PEKJ @A N]PNK $EAHOx!H@AN NALN]OAJP]A L=N HAO BH¥?DAO >HAQAO ?KJ@QEP W H= BKNI=PEKJ @Q @]NER] @A J=LDP=H¥JA @]?=N>KJUH] )v 

O

R1

MLn

O

R1LnM

O

R1

MLn

R2 R3

O

R1

MLn

R2

R3

O
R1

R2

R3

MLn

R2

R1O

R3

A

B

C

EF

G

O

R2

R3

R1

LnM

O

R2

R3

R1

H

A

R2

R3

H

I

R1

O

A

HA

Voie 1Voie 2

D
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 ,= I]PDK@KHKCEA = ]P] @]?NEPA AJ RANOEKJ EJPN=IKH]?QH=ENA LKQN OUJPD]PEOAN @AO LKHU?U?HAO BKJ?PEKJJ=HEO]Ov·‰‚  2]?AIIAJPs HA CNKQLA @A $L;C<P = QPEHEO] QJA =QPNA R=NE=JPA @A ?APPA N]=?PEKJ EJPN=IKH]?QH=ENA LKQN =??]@AN W @AO @]NER]O @{EJ@=JAO  >AJV]JEMQAOv·‰„  .KQO LKQRKJO ]C=HAIAJP ?EPAN HAO PN=R=QT N]?AJPO @{!O=K ?KJ?ANJ=JP H= LN]L=N=PEKJ @A @]NER]O @{=JPDN=?¥JA CNY?A W H{QPEHEO=PEKJ @A OAHO @{KN ~)¡v·‰”s·‰»    
&A! "-::- 3?:/5,525.0- ,- *-4>)44?2):054 DHIGE 7;0 :8)490:- 6)8 ;4 04:-83?,0)08- 

,- :=6- *-4>56=8020;3 -9: ?.)2-3-4: 8-4,;- 65990*2- 6)8 ,-9 ).-4:9 ?2-+:856/02-9 

454 3?:)2207;-9v   
,9 IS9;KAFE 9 SKS <SM=CFGGS= G9I C]SHLAG= <= !)82;-4.)mhYgon  =K <= %)85+1mjYgoo  =E LKACAJ9EK ;=KK= 

>FAJY LE SC=;KIFG@AC= AF<S _)0Ph"&j FL )h`[ $= D9EARI= AEKSI=JJ9EK=Y C9 >FID9KAFE <L <SIAMS <= 

E9G@K9CRE= ;9I:FEPCS _3?D]I= »‡Y SH[ BFC` FL AF<S _SH[ BGC` =JK IS?A G9I C= JPJKRD= d LKACAJS CFIJ <= 

C9 IS9;KAFE <= $A=CJ¥!C<=I Z JFAK LE 9C;RE= <9EJ C= GI=DA=I ;9JY  JFAK LE 9C;PE= <9EJ C= J=;FE< ;9J[ 

  
1:?UD8 ng u "AJV=JJ]H=PEKJ ¢‚́¶£ L=N =?PER=PEKJ ]HA?PNKLDEHA @A PULA )́ 

 

                                                        ·‰‚ !O=Ks .vt 3=PKs +vt -AJCCAJ>=PAANt 9=I=IKPKs 9v *[ /I?[ #@=D[ iggl[ mfY •”…¶x•”…„v ·‰„ *KJAOs $v -vt $Q@HAUs 'v "v 4=KI9@=<IFE ighg[ llY ‚…”‡ x ‚…””v ·‰” !O=Ks .vt 3=PKs +v /I?[ ,=KK[ iggm[ nY „•”·x„•”•v ·‰» 3=PKs +vt -AJCCAJ>=PAANt +Q>KP=s 4vt !O=Ks .v 4=KI9@=<IFE iggo[ ljY »…» x »‰”v ·‰… "=NHQAJC=s *vt 6XVMQAVx6EHH=s (vt -ANEJKs )vt "=HHAOPANKOs !vt 'KJVXHAVs *v -v #@=D[ %LI[ *[ iggm[ ghY „»‰‡x„…‡„v ·‰‰ 9QAs $vt $AHH= #Xs .vt ,=NK?Gs 2v #v *[ /I?[ #@=D[ iggm[ mgY ••…·x••……v 

O

R1

O R1

R2

R3

R2

R3

R2 R3

R2 R3

I

+  E+
Barluenga      E+ = IPy2BF4 / HBF4

Larock             E+ = I2 / K2CO3

(1)

(2)
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))[h[h[j 2S9;KAFEJ <= ;P;CFAJFDSIAJ9KAFE <]SEPE=J  #=P=HUOA W H{KN  
,A CNKQLA @{(8J?D@ = @]?NEP QJA N]=?PEKJ @A ?U?HKEOKI]NEO=PEKJ EJPN=IKH]?QH=ENA LANIAPP=JP @{=??]@AN W @AO LD]JKHO R=NE]O CNY?A W QJA ?=P=HUOA W !Q#H• KQ !Q~00D•¡.4B¶ ~3?D]I= »·¡v¶‡‡  )H O{=CEP @{QJA I]PDK@KHKCEA =LLHEMQ]A W @AO BQN=JAO LKNPAQNO @{QJ =H?UJA PANIEJ=Hv 3AHKJ H= J=PQNA @Q HEAJ AJPNA HA BQN=JA AP H{=H?UJA AP O= HKJCQAQNs @EBB]NAJPO LNK@QEPO LAQRAJP ^PNA K>PAJQO u @AO EJ@=JAO ~]Mv chds 8 ̈ #(¶¡s @AO @EDU@NKEOK>AJVKBQN=JAO ~]Mv chds 8 ̈ /¡s @AO @EDU@NKEOKEJ@KHAO ~]Mv chds 8 ̈ .2‚¡s @AO EOK?DNKI=JAO ~]Mv cids 8 ̈ /¡¶‡·  AP @AO P]PN=DU@NKEOKMQEJKH]EJAO ~]Mv cids 8 ̈ .2‚¡v¶‡¶  

 
1:?UD8 nh u 3UJPD¥OA @A LD]JKHO BKJ?PEKJJ=HEO]O L=N ?=P=HUOA W H{KN 

,= ?=P=HUOA W H{KN NAJ@ H= N]=?PEKJ L=NPE?QHE¥NAIAJP O]HA?PERA ?=N =Q?QJ OKQOxLNK@QEP J{AOP @]PA?P]v ,AO =QPAQNO LNKLKOAJP QJ I]?=JEOIA ?KILHATA EILHEMQ=JP QJA IECN=PEKJ @A H{=PKIA @{KTUC¥JA @Q BQN=JAs LNKQR]A L=N I=NMQ=CA EOKPKLEMQA  ~3?D]I= »¶¡v ¶‡¶ 

 

1:?UD8 ni u -]?=JEOIA @A H= N]=?PEKJ @A ?U?HKEOKI]NEO=PEKJ @]RAHKLL]A L=N (=ODIE                                                         ¶‡‡ (=ODIEs !v 3v +vt &NKOPs 4v -vt "=POs *v 7v *[ !D[ #@=D[ 3F;[ ¶‡‡‡s ghhY ··„„•x··„„‚v ¶‡· (=ODIEs !v 3vt 7gHBHAs -vt !P=s &vt (=IVE?s -vt 3=H=PD]s 2vt &NAUs 7v !<M[ 3PEK@[ #9K9C[ ¶‡‡”s ijnY ¶„‡·x¶„‡…v ¶‡¶ (=ODIEs !v 3v +vt !P=s &vt +QNLAFKRE?s %vt (Q?Gs *vt 2Q@KHLDs -v 4FG[ #9K9C[ ¶‡‡»s jjY ¶‚„x¶„·v 

XOR1

X

R1

OH

X = CH2, O, NR4

(33 – 97 %)

R2
R3 R2

R3

OR1

R2

X

R3

R1

OH

X

R3

R2

AuCl3
ou

Au(PPh3)NTf2

X = O      (33 – 96 %)

X = NR4  (45 – 99 %)

(1)

(2)

XO
X

O

[Au]

X

O

[Au]

OH

X

A B C

F

C X

O

X

O

ED
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 ,= LNAIE¥NA ]P=LA AOP QJA N]=?PEKJ @A ?U?HKEOKI]NEO=PEKJ @Q OUOP¥IA ·s”xAJUJA @Q ?KILKO] ! ~NALN]OAJP] AJ CN=O¡v¶‡•  ,A ?=N>¥JA @{KN " BKNI] OQ>EP QJA KQRANPQNA @A ?U?HA C]J]N=JP # ~HA ?=N>¥JA REJUHEMQA ?KNNAOLKJ@=JP =RA? QJ CNKQLAIAJP ?=N>KJUH]¡v ,= N]=?PEKJ EJPN=IKH]?QH=ENA N]=HEO]A AJPNA ?AO @AQT AOL¥?AO ?KJ@QEP =Q @]NER] @{KT]LEJA 
$ MQE AOP AJ ]MQEHE>NA P=QPKI]NEMQA =RA? H{]LKTU=N¥JA %v &EJ=HAIAJPs H{KQRANPQNA ?U?HEMQA @A H{]LKTU@A PAJ@Q LANIAP @{K>PAJEN HA LD]JKH &v (=ODIE = =LLHEMQ] ?APPA I]PDK@KHKCEA W H= OUJPD¥OA @AO @E=OP]N]KEOKI¥NAO *QJCE=JKH AP =GA‘*QJCE=JKHv¶‡‚  

.KQO LKQRKJO ?EPAN HAO PN=R=QT @A "8II@8LCK MQE @]?NERAJP QJA N]=?PEKJ @A >AJV=JJ]H=PEKJ ?=P=HUO]A L=N @AO OAHO @{KN ~)¡ W L=NPEN @A •xDU@NKTUx·s„xAJUJAO  ~3?D]I= »•[ ]Mv chd¡v¶‡„  #APPA I]PDK@A LANIAP @A OUJPD]PEOAN @AO @]NER]O @A P]PN=DU@NKJ=LDP=H¥JA OQ>OPEPQ]Ov  

 
1:?UD8 nj u 2]=?PEKJO @A ?U?HKEOKI]NEO=PEKJ ?=P=HUO]AO L=N @AO OAHO @{KN 

,A CNKQLA @A '<MFI>P8E = @]RAHKLL] QJA JKQRAHHA N]=?PEKJ @A ?U?HKEOKI]NEO=PEKJ @{AOPANO LNKL=NCUHEMQAOs ?=P=HUO]A L=N HA OAH @{KN ~0D•0¡!Q/4Bs AP 
                                                        ¶‡• -=s 3vt 9Qs 3vt 'Qs :v !E?=N[ #@=D[ )EK[ %<[ iggm[ jkY ¶‡‡x¶‡•v ¶‡‚ (=ODIEs !v 3vt $EJCs ,vt "=POs *v 7vt &EO?DANs 0vt &NAUs 7v #@=D[ %LI[ *[ iggj[ oY ‚••‰x‚•‚„v ¶‡„ 'NEO]s #v -vt "=NNE=QHPs ,v /I?[ ,=KK[ iggm[ nY „‰‡„x„‰‡…v 

R1

OH R2

Au(PPh3)Cl (2.5 mol %)
AgOTf (2.5 mol %)

CH2Cl2, t.a.

n n

R1

R2

10 – 88 %

R3

R2R1

H

OXO
R1

R2

R3

(Ph3P)AuOTf (10 mol %)

DCE, t.a.
73 – 94 %

Cr(CO3)

Me

Me

R1

R2

Cr(CO3)

R1

R2

Me

Me

(Ph3P)AuNTf2
(5 mol %) 36 – 95 %

X
Me

Bu

AcO

X Me

O

Bu
55 – 58 %

X = CH2 ou NTs
(t-Bu3P)AuCl (5 mol %)

AgSbF6 (5 mol %)

CH2Cl2 / CH3CN

(1)    Barriault

(2)   Gevorgyan

(3)   Toste

(4)   Uemura
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?KJ@QEO=JP W @AO J=LDP=H¥JAO @EOOUI]PNEMQAO ~3?D]I= »•[ ]Mv cid¡v¶‡”  #{AOP QJA N]=?PEKJ AJ ?=O?=@A MQE EILHEMQA QJA O]MQAJ?A @A @KQ>HA IECN=PEKJ ·s•x ~CNKQLA /8/ ̈ =?UHKTU KQ LDKOLD=PUHKTU¡ AP ·s¶x ~CNKQLAIAJP 2¶¡ @A @AQT @EBB]NAJPO OQ>OPEPQ=JPOs LQEO QJA ]P=LA @A >AJV=JJ]H=PEKJv ,AO =QPAQNO IAJPEKJJAJP MQA H= N]=?PEKJ LNK?¥@AN=EP MA9 H= BKNI=PEKJ @{QJ EJPANI]@E=ENA @A PULA ·s•x@E¥JA MQE OQ>EN=EP H{]P=LA @A ?U?HEO=PEKJ AP @{=NKI=PEO=PEKJ LKQN C]J]NAN HA JKU=Q J=LDP=H¥JAv 4KOPA = ]C=HAIAJP PN=R=EHH] =RA? @AO AOPANO LNKL=NCUHEMQAO LKQN OUJPD]PEOAN @AO ?]PKJAO =NKI=PEMQAO ~3?D]I= »•[ ]Mv cjd¡v¶‡»  ,AO OQ>OPN=PO W ?EJM ?D=aJKJO LAQRAJP ?U?HEOAN AJ LN]OAJ?A @A ~Kx"Q•0¡!Q#H AP @KJJAN QJ EJ@=JA KQ QJ EJ@KHA =RA? @AO NAJ@AIAJPO IKUAJOv $=JO ?AO @AQT ?=Os HAO OAHO @{=NCAJP KJP ]P] EJABBE?=?AO =HKNO MQ{EHO KJP @KJJ] @A IAEHHAQNO N]OQHP=PO MQA HAO OAHO @{KN W L=NPEN HAO OQ>OPN=PO @A @]L=NP >AJV]JEMQAOv    $=JO OAO PN=R=QTs 5AIQN= @]?NEP QJA N]=?PEKJ @A ?U?HKEOKI]NEO=PEKJ @A OUOP¥IAO AJUJAO LKNPAQNO @A ?KILHATAO @{=N¥JAx?DNKIAxPNE?=N>KJUH ]J=JPEKI]NEMQAIAJP LQNO ~3?D]I= »•[ ]Mv ckd¡v¶‡… %J ABBAPs AJ LN]OAJ?A @A ~0D•0¡!Q.4B¶s @AO ?KILKO]O >E=NUHEMQAO ]J=JPEKLQNO LN]OAJP=JP QJA @E=OP]N]KO]HA?PEREP] =TE=HA LAQRAJP ^PNA K>PAJQOv  #=P=HUOA =Q NDK@EQI 
%J ¶‡‡·s $8EBN8I;K = IKJPN] MQA @AO OUOP¥IAO @{]PDAN @{]JKH OEHUH]O LKQR=EAJP ?U?HEOAN AJ IK@A ”x=E<Fx@EC OQN @AO =H?UJAO LKQN C]J]NAN @AO @]NER]O @A J=LPDP=H¥JAv·”· $EBB]NAJPO ?=P=HUOAQNO KJP ]P] PAOP]O ¢2D~#/¡¶#H£¶s 0P#H¶s 0@#H¶s 0@~0D#.¡¶#H¶s ¢2Q#H¶~#/¡•£¶s !Q#H• AP @AO MQ=JPEP]O OPi?DEKI]PNEMQAO @A !C/#/#&•v   ,AO IAEHHAQNO N]OQHP=PO KJP ]P] K>PAJQO =RA? HA ?KILHATA @A NDK@EQI ~3?D]I= »‚¡v 

 
1:?UD8 nk u 2]=?PEKJ @A >AJV=JJ]H=PEKJ L=N ?=P=HUOA =Q 2DK@EQI                                                        ¶‡”  ~=¡ $Q@JEGs !v 3vt 3?DSEANs 4vt 'ARKNCU=Js 6v /I?[ ,=KK[ iggo[ gfY ·‚”„x·‚”…v        ~>¡ $Q@JEGs !v 3vt 3?DSEANs 4vt 'ARKNCU=Js 6v 4=KI9@=<IFE iggp[ lkY ·…„‰ x ·…»‡v ¶‡» :D=Ks *vt (QCDAOs #v /vt 4KOPAs &v $v *[ !D[ #@=D[ 3F;[ iggm[ ghnY »‚•”x»‚•»v ¶‡… ~=¡ -E?DKJs #vt ,EQs 3vt (EN=CQODEs 3vt 5AJEODEs *vt 5AIQN=s -v 4=KI9@=<IFE iggo[ ljY ··»„” x ··»”¶v         ~>¡ -E?DKJs #vt ,EQs 3vt (EN=CQODEs 3vt 5AJEODEs *vt 5AIQN=s -v 3PEC=KK iggo[ goY ·•¶·x·•¶‚v 

OTBS

R

[Rh(CO)2Cl]2

toluène, 110°C

R = n-C6H13, Me, CH2Bn, Ph, TMS

OTBS

R
71 - 93 %
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·¶» 

 
))]j 7KL;< GIUC@D@E8@I< ;< C8 IU8:K@FE ;< 

9<EQ8EEUC8K@FE <K ;<J DFCU:LC<J :@9C<J 

))v•v· 4N=R=QT =JP]NEAQNO @Q H=>KN=PKENA 
))[i[g[g 2S9;KAFE <= :=EQ9EESC9KAFE ;9K9CPJS= 9L I@F<ALD 

,= N]=?PEKJ @A >AJV=JJ]H=PEKJ = EJEPE=HAIAJP ]P] @]RAHKLL]A =Q H=>KN=PKENA LKQN =??]@AN W @AO @]NER]O @{=?NE@EJAv¶‡‰ %J ABBAPs ?AO OUOP¥IAO =NKI=PEMQAO LKHU?U?HEMQAO OKJP L=NPE?QHE¥NAIAJP EJP]NAOO=JPO AJ N=EOKJ @A HAQNO JKI>NAQOAO LNKLNE]P]O >EKHKCEMQAOv #KJJQO LKQN ^PNA @AO =CAJPO =JPE>=?P]NEAJOs =JPEL=N=OEP=ENAO AP =JPEPQIKN=QTs LHQOEAQNO NARQAO OKJP L=NQAO ?AO @ET @ANJE¥NAO =JJ]AO OQN HAO @]NER]O @{=?NE@EJAO AP HAQN IK@A @{=?PEKJv¶·‡x¶·‚   -=HDAQNAQOAIAJPs HAO I]PDK@KHKCEAO @A OUJPD¥OA @]?NEPAO @=JO H= HEPP]N=PQNA J]?AOOEPAJP OKQRAJP @AO ?KJ@EPEKJO @N=OPEMQAOs= HEIEP=JP HAO LKOOE>EHEP]O @A BKJ?PEKJJ=HEO=PEKJ @Q JKU=Q =?NE@EJAv !EJOEs HAO PN=R=QT LN]HEI=ENAO @Q H=>KN=PKENA OA OKJP EJOLEN]O @AO N]OQHP=PO LQ>HE]O L=N $=JGS=N@Pv·”·   %J NAILH=[=JP HA IKPEB >AJV]JEMQA L=N QJ JKU=Q MQEJKH]EJAs H= N]=?PEKJ ?KJ@QEN=EP JKJ LHQO W @AO @]NER]O @A J=LDP=H¥JAs I=EO W @AO @]NER]O @{=?NE@EJA BKJ?PEKJJ=HEO]O ~3?D]I= »„¡v 
 

1:?UD8 nl u !??¥O W @AO @]NER]O @{=?NE@EJAO L=N N]=?PEKJ @A >AJV=JJ]H=PEKJ ?=P=HUO]A L=N QJ OAH @A NDK@EQI                                                         ¶‡‰ "AHIKJPs 0vt !J@NAVs *v #vt !HH=Js #v 3v -v 4=KI9@=<IFE ,=KK[ iggk[ jkY ¶»…•x¶»…”v 
 ¶·‡"AHIKJPs 0vt $KN=JCAs )v %OG=IK /GAE[ 4@=I[ 09K[ iggo[ gnY ·¶··x·¶¶‚v ¶·· "AHIKJPs 0vt "KOOKJs *vt 'K@APs 4vt 4E=JKs -v !EKA¥#9E;=I !?=EKJ -=<[ #@=D[  iggn[ mY ·•‰x·”‰v ¶·¶ $AIAQJUJ?Gs -v %OG=IK /GAE[ 4@=I[ 09K[ iggk[ gjY „„x»‡v ¶·• $AIAQJUJ?Gs -vt #D=NI=JPN=Us &vt -=NPAHHEs !v #LII 0@9ID $=J iggh[ mY ·»‡•x·»¶‚v ¶·‚ $AJJUs 7v !vt "=CQHAUs "v #v #LII[ 4FG[ -=<[ #@=D[ iggj[ iY ••‰x•„•v = ,= N]=?PEKJ @A "ANJPDOAJ ~?D=QBB=CA @A H= @ELD]JUH=IEJA AJPNA ¶‡‡ AP ¶»‡̋#s AJ LN]OAJ?A @A :J#H¶ LAJ@=JP LHQO @A ‚‡D¡ AOP LNK>=>HAIAJP H= LHQO ?KJJQAv ,= @ELD]JUH=IEJAx¶x?=N>KT=H@]DU@A LAQP ]C=HAIAJP ^PNA ?U?HEO] AJ LN]OAJ?A @{=?E@AO BKNPO ~4&!s (¶3/‚¡ AP\KQ  PAIL]N=PQNA ]HAR]Av ,= N]=?PEKJ @A 0BEPVEJCAN = ]P] =@=LP]A =RA? OQ??¥O W H= OUJPD¥OA @{=?NE@EJAO I=EO J]?AOOEPA @AO ?KJ@EPEKJO LHQO @QNAO ~OKHQPEKJ @A .=/( =Q NABHQT LAJ@=JP LHQOEAQNO DAQNAO¡v )H AOP =QOOE LKOOE>HA @A PN=JOBKNIAN @AO =?NE@KJAO AJ =?NE@EJAO @=JO @AO ?KJ@EPEKJO @EBBE?EHAO @A N]@Q?PEKJ ~=I=HC=IA @A OK@EQIs @{=HQIEJEQI AP @A IAN?QNA¡ LQEO @{KTU@=PEKJ ~=?E@A ?DNKIEMQAs ?DHKNQNA @A ?QERNA ~)))¡\(#Hs =?E@A JEPNEMQA¡v #B u "AHIKJPs 0vt !J@NAVs *v #vt !HH=Js #v 3v -v 4=KI9@=<IFE ,=KK[ iggk[ jkY ¶»…•x¶»…”s AP N]B]NAJ?AO ?EP]AOv ·”· $=JGS=N@Ps *v 7v 4=KI9@=<IFE ,=KK[ iggh[ jhY „…‡‰ x „…·¶v 

N

OTBS

R2

R1
[Rh(CO)2Cl]2 (4 - 10 mol %)

Toluène, 110 - 120°C
2 - 4h N

R1

OTBS

R2

R1 = H ou OMe

R2 = n-Bu, CH(OEt)2
        Ph, CH2OTHP

Rdt = 40 – 70 %



))v !??¥O W @AO @E>AJVKBQN=JAO L=N N]=?PEKJ @A >AJV=JJ]H=PEKJ AP OUJPD¥OA @{KTEJ@KHA ))v•v <PQ@A LN]HEIEJ=ENAu HAO PN=R=QT =JP]NEAQNO @Q H=>KN=PKENA 
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,{QPEHEO=PEKJ @AO OAHO @A NDK@EQI ~)¡ = LANIEO @A OUJPD]PEOAN QJA O]NEA @A @]NER]O @{=?NE@EJAO LKHUBKJ?PEKJJ=HEO]AO =RA? @AO NAJ@AIAJPO IKUAJO W >KJO ~‚‡ ‘ »‡ ¿¡v¶‡‰  ,= I]PDK@KHKCEA J]?AOOEPA J]=JIKEJO QJA PAIL]N=PQNA @A N]=?PEKJ ]HAR]A AP @AO ?KJ@EPEKJO EJANPAOv 0=N =EHHAQNOs HA ?=P=HUOAQN @KEP ^PNA EJPNK@QEP L=N LKNPEKJO LKQN ]REPAN PKQP AILKEOKJJAIAJP> AP @KJ? H{=NN^P @A H= N]=?PEKJv #KILPA PAJQ @A ?AO HEIEP=PEKJOs HA H=>KN=PKENA O{AOP EJP]NAOO] W @]RAHKLLAN QJA =QPNA I]PDK@KHKCEAv  
))[i[g[h 2S9;KAFE <= :=EQ9EESC9KAFE ;9K9CPJS= G9I <=J J=CJ <]9I?=EK 

4KQP ?KIIA JKQO H{=RKJO RQ LKQN H= N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\ ?U?HKEOKI]NEO=PEKJs HAO LNAIEANO AOO=EO KJP ]P] IAJ]O AJ LN]OAJ?A @A OAHO @{KN ~)¡ AP ~)))¡s I=EO O=JO OQ??¥Ov ,{=?PER=PEKJ @A ?AO ?KILHATAO @{KN L=N @AO OAHO @{=NCAJP = ABBA?PERAIAJP LANIEO @{=PPAEJ@NA FQOMQ{W ‰„ ¿ @A ?KJRANOEKJs I=EO H= N]=?PEKJ @A ?KJPNfHA J{QPEHEO=JP HL= HA OAH @{=NCAJPs = ?KJ@QEP W @AO N]OQHP=PO OEIEH=ENAOv 5J ]?D=JPEHHKJJ=CA @A OAHO @{=NCAJP = @KJ? ]P] PAOP] OQN HA OQ>OPN=P P]IKEJ ) ~4=>HA=Q ¶…¡v 
 %JPN]A #=P=HUOAQN 4AILO ~D¡ #KJRANOEKJ  ¿ ¢=£ L+= ¢>£ #=P]CKNEA · !C3>&” · ¸ ‰„ ̊ ‡ ¶ !C0&” · ¸ ‰„ ̊ ‡ • !C/4B ‡v„ ¸ ‰„ ̊ ‡ ‚ !C./• ·v„ ¸ ‰„ ̊ ‡ „ !C#/¶#&• ‡v„ ¸ ‰„ ̊ ‡ 

! 
” !C¶3/‚ ·¶     .! e:f ¶ » !C& ·¶ .! •v¶ … !C/!? ·¶ .! ‚v… ‰ !C¶#/• ·¶ .! ·‡v• ·‡ !C¶/ ·¶ .! ·„v» 

"  
¢=£ $]PANIEJ] L=N =J=HUOA 2-. ·( t ¢>£ 6=HAQN @Q L+= @A H{=?E@A ?KJFQCQ] @AO ?KJPNAxEKJO @A H{=NCAJP t ¢?£ .! ̈ JKJ =LLHE?=>HA ~H{EJP]CN=HEP] @Q LNK@QEP @A @]L=NP AOP N]?QL]N]¡ 

289C<8L io u 2]OQHP=PO @AO OAHO @{=NCAJPO QPEHEO]O @=JO H= N]=?PEKJ @A >AJV=JJ]H=PEKJ                                                         ¶‡‰ "AHIKJPs 0vt !J@NAVs *v #vt !HH=Js #v 3v -v 4=KI9@=<IFE ,=KK[ iggk[ jkY ¶»…•x¶»…”v > $AO ]PQ@AO 2-. ·( KJP IKJPN] MQA H{EJPNK@Q?PEKJ @A ̃ CN=J@AO ’ MQ=JPEP]O @A ?=P=HUOAQN AJPN=EJ=EAJP QJ @]LH=?AIAJP @AO OECJ=QT ?KNNAOLKJ@=JPO =Q JKU=Q MQEJKH]EJAv )H AOP LNK>=>HA MQA HA ?KILHATA @A NDK@EQI REAJJA OA ?KILHATAN W H z=VKPA @A H= MQEJKH]EJAs FQOPEBE=JP H= ?DQPA @Q NAJ@AIAJP W •‡ ¿v 

N

OTBS

[Ag] (5 mol %)

DCE ( 0.01 M)
50°C N

OTBS

OMe

OMe
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#APPA BKEOs HAO OAHO @{=NCAJP LAQRAJP ^PNA ?H=OO]O AJ @AQT ?=P]CKNEAO u  
• ,= ?=P]CKNEA ! N=OOAI>HA HAO OAHO @{=NCAJP @KJP HA ?KJPNAxEKJ AOP H= >=OA ?KJFQCQ]A @{QJ =?E@A BKNP ~L+= ̊ ‡¡v $=JO ?A ?=O H= ?=P=HUOA AOP ABBE?=?Av 
• ,= ?=P]CKNEA " HEOPA HA NAOPA @AO OAHO @{=NCAJP MQE J{KJP =Q?QJ ABBAP OQN H= N]=?PEKJv    !LN¥O @ERANOAO ]PQ@AOs QJ I]?=JEOIA = ]P] LNKLKO] LKQN ?APPA N]=?PEKJ @A ?U?HKEOKI]NEO=PEKJ ~3?D]I= »”¡v #A @ANJEAN B=EP EJPANRAJEN QJA =?PER=PEKJ @A H= PNELHA HE=EOKJ ?A MQE ATLHEMQA LKQNMQKE HAO OAHO @{=NCAJP MQE OA ?KILKNPAJP ?KIIA @AO =?E@AO @A ,ASEO KTKLDEHAO ~#=P]CKNEA "¡ OKJP EJABBE?=?AOv  

 
1:?UD8 nm u -]?=JEOIA @A H= N]=?PEKJ @A >AJV=JJ]H=PEKJ ?=P=HUO]A W H{=NCAJP 

 4KQP @{=>KN@s JKQO LNKLKOKJO QJA =?PER=PEKJ @A H= PNELHA HE=EOKJ ?=N>KJA‘?=N>KJA L=N HA OAH @{=NCAJP =BEJ @A C]J]NAN HA ?KILHATA " ~3?D]I= »”¡v 'NY?A W H{=OOEOP=J?A ]HA?PNKJEMQA @A H{]PDAN @{]JKH OEHUH]s H{=H?¥JA LAQP =PP=MQAN ?AP =H?UJA ]HA?PNK@]BE?EAJP L=N QJA N]=?PEKJ @A ?U?HKEOKI]NEO=PEKJ AJ IK@A ”x=E<Fx@ECv ,{AOL¥?A VSEPANNEKJEMQA # C]J]N]A OQ>EP AJOQEPA QJA ]P=LA @{=NKI=PEO=PEKJ L=N IECN=PEKJ @{QJ LNKPKJ LKQN BKNIAN QJ JKQRA=Q ?U?HA >AJV]JEMQAv ,A LNK@QEP @]OEN] AOP =EJOE K>PAJQ AP HA ?=P=HUOAQN AOP N]C]J]N]v 

[Ag]

N

OTBS

R

N

OTBS

R[Ag]

N

O

R

[Ag]

TBS

N

OTBS

R

H

H

H
H

cycloisomérisation

B

A

C

D
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  5J LNKPK?KHA OP=J@=N@ = AJOQEPA ]P] ?DKEOE AP =LLHEMQ] W QJ CN=J@ JKI>NA @A OQ>OPN=POs =RA? @AO CNKQLAIAJPO =?]PUH]JEMQAO R=NE]O ~3?D]I= »»¡v¶·„  
 

1:?UD8 nn u 2]=?PEKJ @A >AJV=JJ]H=PEKJ ?=P=HUO]A L=N QJ OAH @{=NCAJP   ,= N]=?PEKJ = LQ ^PNA ATAILHEBE]A ABBE?=?AIAJPs AJ PN=R=EHH=JP =RA? @AO CNKQLAIAJPO =?]PUH]JEMQAO =HGUHAO ?=N>KJ]Os KTUC]J]O KQ =VKP]Ov ,{QPEHEO=PEKJ @A OQ>OPEPQ=JPO D]P]NK=NKI=PEMQAO KQ =NKI=PEMQAOs MQ{EHO OKEAJP NE?DAO KQ L=QRNAO AJ ]HA?PNKJOs = ]C=HAIAJP @KJJ] @A >KJO N]OQHP=POv  ))v•v¶   ,AO IKH]?QHAO D]P]NK?U?HEMQAO REO]AO 
 .KQO =RKJO RKQHQ ]PQ@EAN H= N]=?PEKJ @A >AJV=JJ]H=PEKJ OQN @{=QPNAO PULAO @A JKU=QT D]P]NK?U?HEMQAO PAHO MQA HAO >AJVKBQN=JAO AP HAO EJ@KHAOs =BEJ @{K>PAJEN NAOLA?PERAIAJP @AO @E>AJVKBQN=JAO AP @AO ?=N>=VKHAO ~3?D]I= »…¡v  

 
1:?UD8 no u -KH]?QHAO ?E>H]AO u @E>AJVKBQN=JAO AP ?=N>=VKHAO L=N N]=?PEKJ @A >AJV=JJ]H=PEKJ  

                                                        ¶·„ 'K@APs 4vt "AHIKJPs 0v 3PEC=KK iggo[ ¶„·•x¶„·»v 

N

OTBS

R2

R1
AgOTf (5 mol %)

DCE, 50°C
N

R1

OTBS

R2

R1 = H ou OMe

R2 = n-Bu, t-Bu, TMS, cyclopropyl, 

        CH2OMe, CH2OTHP, CH(OEt)2, 

        CH2N(Me)Bn, 4-Py, Ph, o-MeO2CPhRdt = 89 % – quant.

O

N

carbazole

TBSO

R

TBSO

R

dibenzo[b,d]furane

Benzannélation

Benzannélation

O

TBSO

R

N

TBSO

R

benzo[b]furane

indole
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))[i[h[g 1L=CHL=J GIFGIASKSJ :AFCF?AHL=J <=J <A:=EQF>LI9E=J =K <=J ;9I:9QFC=J 

,AO @E>AJVKBQN=JAO ,AO @E>AJVKBQN=JAO OKJP =OOAV N=NAO @=JO H= J=PQNAs I=EO KJ LAQP PNKQRAN MQAHMQAO ATAILHAO EJP]NAOO=JPO @A LNK@QEPO J=PQNAHO @=JO H= HEPP]N=PQNAv   ,AO GADKGKNEJAO OKJP QJA LAPEPA B=IEHHA @A @E>AJVKBQN=JAO EOKH]O N]?AIIAJP @Q ?D=ILECJKJ 4IA;@A9 >9MF?AE=9 R=Nv G=IJADACAJv¶·”  ,= GADKGKNEJA ! ATDE>A QJA ?UPKPKTE?EP] EJP]NAOO=JPA W H{AJ?KJPNA @A H= HECJ]A ?AHHQH=ENA (A,= @A ?=N?EJKIA ]LEPD]HE=H DQI=EJ ~)#„‡ ̈ ·v„ ̌CvI,x·¡v   ,{=?E@A QOJEMQA = ]P] EOKH] @A HE?DAJO L=N 7v *EFGG AJ ·…‚‚v¶·» #A @E>AJVKBQN=JA =QT LNKLNE]P]O =JPE>EKPEMQAO AOP QPEHEO] @=JO H{EJ@QOPNEA ?KOI]PEMQAv= 

 
&@>LI< hn ¥ $]NER]O @A @E>AJVKBQN=JA >EKHKCEMQAIAJP =?PEBO  ,AO ?=N>=VKHAO %J ·…»¶s 'I8<9< AP 'C8Q<I EOKHAJP @Q CNKQ@NKJ @A DKQEHHA HA LNAIEAN @]NER] @A ?=N>=VKHA ! ~&ECQNA ·…¡v #A J{AOP MQ{AJ ·‰”„ MQA H{]MQELA @A #D=GN=>KNPU @]?NEP H{EOKHAIAJP @A H= IQNN=U=JEJA " ATPN=EPA @A H= LH=JPA -LII9P9 BF=EA?AA 3LNAJC  ~&ECQNA ·…¡v¶·…  #{AOP HA LNAIEAN =H?=HKb@A @A H= B=IEHHA @AO ?=N>=VKHAOs =QT LNKLNE]P]O =JPE>EKPEMQAOs MQE AOP N=LLKNP]v 

 
&@>LI< ho u ,AO LNAIEANO ?KILKO]O @A ?=N>=VKHA EOKH]O                                                         ¶·” +=JES=s +vt /DPOQGEs 4vt 9=I=IKPKs 9vt )ODE>=ODEs -v 4=KI9@=<IFE ,=KK[ iggm[ jmY ·„‡„ x ·„‡…v ¶·» +JKL s 7v *LJKLJ ,A=:A?J !EE[ #@=D[ hokk[ joY  ·‡•v = -EH?AJP 2v #@ADA= FI?9EAHL= @SKSIF;P;CAHL=Y %@v %$0 3?EAJ?As iggj[ ‚‡” ¶·… +JgHGANs (v *vt 2A@@Us +v 2v #@=D[ 2=M[ iggi[ gfhY ‚•‡•x‚‚¶»v 

N
H

A

N
H

B (Murrayacine)

CHO

OMe
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,AO ?=N>=VKHAO ?KJOPEPQAJP QJA EILKNP=JPA ?H=OOA @A IKH]?QHAO =NKI=PEMQAO PNE?U?HEMQAOs LKOO]@=JP AJ L=NPE?QHEAN @AO LNKLNE]P]O =JPE?=J?]NAQOAO NAI=NMQ=>HAOv¶·‰  
,{AHHELPE?EJA ~&ECQNA ·‰¡ AOP QJ ?=N>=VKHA P]PN=?U?HEMQA EJDE>EPAQN @A PKLKEOKI]N=OA )) @]?KQRANP AJ ·‰„‰ @=JO QJ =N>NA PNKLE?=Hv¶¶‡  0HQOEAQNO ?AJP=EJAO @{=J=HKCQAO @A ?APPA IKH]?QHA KJP ]P] OUJPD]PEO]AO AP ]R=HQ]AOs ?A MQE = LANIEO H= ?KJ?ALPEKJ @A H{AHHELPEJEQIs ?=N>=VKHA QPEHEO] AJ ?HEJEMQAv¶·‰ 

 
&@>LI< hp u $]NER]O @A ?=N>=VKHAO >EKHKCEMQAIAJP =?PEBO 

,= OP=QNKOLKNEJA ~&ECQNA ·‰¡ = ]P] EOKH]A @Q IE?NKxKNC=JEOIA JKI=GKFDP;=J 

JK9LIFGFI=LJ AJ ·‰»»v¶¶·  %HHA B=EP L=NPEA @A H= B=IEHHA @AO EJ@KHK?=N>=VKHAO AP AOP QJ EJDE>EPAQN JKJ O]HA?PEB @A LNKP]EJA GEJ=OAv¶·‰ ,= ?=H=QO=IEJA % ~&ECQNA ·‰¡ ATPN=EPA @AO OKQ?DAO @A #H=QOAJ= =JEO=P= ~4D=bH=J@A¡ = N]?AIIAJP @]IKJPN] QJA =?PEREP] ?U?PKPKTEMQA ?KJPNA HAO ?AHHQHAO HAQ?]IEMQAO @A H= HECJ]A (,x”‡v¶¶¶   

                                                        ¶·‰ !O?DAs #vt $AIAQJUJ?Gs -v !EKA¥#9E;=I !?=EKJ -=<[ #@=D[  iggn[ mY ¶‚»x¶”»v ¶¶‡ 'KK@SEJs 3vt 3IEPDs !v &vt (KNJEJCs %v #v *[ !D[ #@=D[ 3F;[ hplp[ ngY ·‰‡•x·‰‡…v ¶¶· /IQN=s 3vt )S=Es 9vt (EN=JKs !vt .=G=C=S=s !vt !S=U=s *vt 4OQ?DU=s (vt 4=G=D=ODEs 9vt -=OQI=s 2v *[ !EKA:AFK[ 
hpnn[ ifY ¶»„x¶…¶v ¶¶¶ )PKs #vt )PKEC=S=s -vt !EV=S=s +vt 9KODE@=s +vt 2Q=JCNQJCOEs .vt &QNQG=S=s (v *[ .9K[ 0IF<[ iggp[ mhY ·¶‡¶x·¶‡‚v 
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H
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CO2Me
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H
N

O

O

MeO

NHMe

H
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))[i[h[h ,=J DSK@F<=J <= GISG9I9KAFE  <S;IAK=J <9EJ C9 CAKKSI9KLI= 

,AO @E>AJVKBQN=JAO ,AO I]PDK@KHKCEAO @{=??¥O =QT @]NER]O @E>AJVKBQN=JAO OKJP PN¥O N=NAO @=JO H= HEPP]N=PQNAv> .KQO AJ =RKJO NAPAJQ @AQT ~3?D]I= »‰¡v  

 
1:?UD8 np ¥ -]PDK@A @A LN]L=N=PEKJ @AO @]NER]O @A @E>AJVKBQN=JA 

.KQO LKQRKJO ?EPAN HAO PN=R=QT @A ,8:+<F; MQE = LN]L=N] @=JO HAO =JJ]AO »‡s W L=NPEN @Q @]NER] @A N]OKN?EJKHs  HA @E>AJVKBQN=JA ! L=N QJA N]=?PEKJ @A ?U?HEO=PEKJ AJ IEHEAQ >=OEMQA LQEO QJA @]ODU@NKC]J=PEKJ ~]Mv chd[ 3?D]I= »‰¡v¶¶•   
-FQ8B@ AP OKJ CNKQLA = @]RAHKLL] QJA RKEA @{=??¥O W @AO D]P]NK=?¥JAO MQE ?KILKNPAJP HA IKPEB @E>AJVK¢:Y<£BQN=JAv )H O{=CEP @{QJA N]=?PEKJ @A /x?U?HEO=PEKJ EJPN=IKH]?QH=ENA L=HH=@Kx?=P=HUO]A ~]Mv cid¡v ,AO OQ>OPN=PO @A @]L=NP OKJP @AO DU@NKMQEJKJAO MQE LKNPAJP @AQT CNKQLAIAJPO Fx?DHKNKLD]JUHAv¶¶‚    ,AO ?=N>=VKHAO $A JKI>NAQOAO I]PDK@AO KJP ]P] @]RAHKLL]AO LKQN =??]@AN =QT JKU=QT ?=N>=VKHAOv¶·…  .KQO RKQO AJ LNKLKOKJO MQAHMQAO QJAO MQE LANIAPPAJP @A ?KJOPNQENA HA ?U?HA =VKP] ?AJPN=H KQ H{QJ @AO @AQT JKU=QT >AJV]JEMQAO ~3?D]I= …‡¡v  
                                                        >,= NA?DAN?DA @A H{ATLNAOOEKJ ?H] ¦@E>AJVKBQN=J OUJPDAOEO } OQN HA IKPAQN @A NA?DAN?DA 3?E&EJ@AN @KJJA ·‰ N]B]NAJ?AOv ¶¶•  -=?,AK@s *v +vt 7KNPDs "v 2v 4=KI9@=<IFE ,=KK[ hpni[ giY ¶•» x ¶‚‡v 
 ¶¶‚ +=S=CQ?DEs +vt .=G=JKs +vt .KV=GEs +v *[ /I?[ #@=D[ iggn[ mhY „··‰x„·¶…v 
 ¶·… +JgHGANs (v *vt 2A@@Us +v 2v #@=D[ 2=M[ iggi[ gfhY ‚•‡•x‚‚¶»v 

ClHO

OHCl

O

O
Pd (cat.)

OHO

O

1) OH–

2) DDQ

O

OH(1)

(2)

A

B
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1:?UD8 og u -]PDK@AO @A LN]L=N=PEKJ @AO @]NER]O @A ?=N>=VKHA 

5JA I]PDK@KHKCEA @]RAHKLL]A L=N #8;F>8E¶¶„  LANIAP @A ?KJOPNQENA HA ?U?HA =VKP] L=N QJA N]=?PEKJ @A ?U?HEO=PEKJ N]@Q?PNE?A @A @]NER]O @{FxJEPNK>E=NUHAOs AJ LN]OAJ?A @A PNE]PDUHLDKOLDEPA ~]Mv chd¡v ,A CNKQLA @A 0KLHE O{AJ AOP EJOLEN] LKQN OUJPD]PEOAN @EBB]NAJPO @]NER]O @A ?=N>=VKHA @KJP H= ~¯¡xI=D=JEI>EJAv  
&LILB8N8 = LQ =??]@AN W H= IQNN=U=OPEJA L=N N]=?PEKJ @A ?U?HK@]ODU@NKC]J=PEKJ @{QJA @E=NUH=IEJA AJ LN]OAJ?A @A L=HH=@EQI ~))¡ ~]Mv cid¡v¶¶”     

                                                        ¶¶„ #=@KC=Js *v )v 'vt #=IANKJx7KK@s -vt -=?GEAs 2v +vt 3A=NHAs 2v *v 'v *[ #@=D[ 3F;[ hpml[ ‚…•·x‚…•»v 
 ¶¶” &QNQG=S=s (vt )PKs #vt 9KCKs -vt 4E=Jx3DQJCs 7v 5v #@=D[ 0@9ID[ "LCC[hpom[ ijY ¶”»¶x¶”»„v 

NO2 Me

OMe P(OEt)3

N
H

O

Me

S
O

Me

p-TsOH

N
H

Me

OH

N
H

MeO

OMe OMe

Me

N
HMeO

MeO

Me

OMe

N
H

Me

Pd(OAc)2

OMe

N
H

O

O

Me

SiMe3

CO2Me
N
H Me

SiMe3

CO2Et

R1

R2

NH2

N
H

Ph3PAuCl
AgOTf

Δ

R1

N
H

O

Me

Me

Me

Me

(±)-mahanimbine

N
H

O

Me

girinimbine

+

N
H

Me

Me

Me

carbomycine A

MeO

murrayastine

R2

(1)

(2)

(3)

(4)

(5)
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.@B8N8 AP 6FE<D@KJL KJP @]?NEP QJA N]=?PEKJ @A ?U?HEO=PEKJ EJPN=IKH]?QH=ENA ?=P=HUO]A L=N QJ =?E@A @A "NhJOPA@ ~]Mv cjd¡v¶¶»  "=O]A OQN QJA N]=?PEKJ @A 0QIIANANs H= I]PDK@KHKCEA IAP AJ FAQ @AO LN]?QNOAQNO @A PULA ¤x?]PKOQHBKTU@Av !EJOEs QJA OUJPD¥OA @A H= CENEJEI>EJA = LQ ^PNA @]RAHKLL]Av¶¶…   ,A CNKQLA @A ,FF;P = @]?NEP QJA N]=?PEKJ @A $EAHOx!H@AN D=QPAIAJP N]CEKO]HA?PERA QPEHEO=JP @AO AOPANO =?]PUH]JEMQAO ~]Mv ckd¡v¶¶‰ ,= N]=?PEKJ @A ?U?HK=@@EPEKJ O{=??KIL=CJA @A H= LANPA ?KJ?KIEP=JPA @A @EKTU@A @A ?=N>KJA AP C]J¥NA @AO ?=N>=VKHAO PNEOQ>OPEPQ]O ?KIIA H= #=N>KIU?EJA !v   ,A CNKQLA @{.?EF ~%Mv cld¡ = N]?AIIAJP IEO =Q LKEJP QJA N]=?PEKJ AJ ?=O?=@A @{DU@NK=IEJ=PEKJ\?U?HKEOKI]NEO=PEKJ ?=P=HUO]A L=N @AO ?KILHATAO @{KNv #APPA I]PDK@KHKCEA AOP ]?KJKIEMQA AJ =PKIAO AP JA C]J¥NA L=O @A OKQOxLNK@QEPOv¶•‡    
))[i[h[i 3PEK@RJ= =EMAJ9?S= GFLI GISG9I=I C=J GIS;LIJ=LIJ <= C9 IS9;KAFE 

,= OUJPD¥OA @A @E>AJVKBQN=JAO AP @A ?=N>=VKHAO = @]FW B=EP H{K>FAP @{QJA ]PQ@A =Q H=>KN=PKENAv 5JA I]PDK@KHKCEA >=O]A OQN QJA N]=?PEKJ @A ?U?HEO=PEKJ = @{=EHHAQNO ]P] ]H=>KN]Av ,AO JKU=QT D]P]NK?U?HEMQAO LAQRAJP ABBA?PERAIAJP ^PNA K>PAJQO L=N N]=?PEKJ @{=IEJK>AJV=JJ]H=PEKJ ~3?D]I= …·¡v¶•·   

 
1:?UD8 oh u 3UJPD¥OA @A $E>AJVKBQN=JAO AP @A #=N>=VKHAO L=N N]=?PEKJ @{=IEJK>AJV=JJ]H=PEKJ 
 
                                                        
 ¶¶» /EG=S=s 9vt 9KJAIEPOQs /v *[ /I?[ #@=D[ hpnm[ jgY ···…x··¶‚v  ¶¶… 9QFEs /vt /O=IQs 9v (=K=IF;P;C=J hpnm[ kY ¶••x¶•…v ¶¶‰ -KK@Us #v *vt 3D=Ds 0v *[ #@=D[ 3F;[Y 0=IBAE 4I9EJ[ g hpop[ gonoY ¶‚”•x¶‚»·v ¶•‡ (EN=JKs +vt )J=>=s 9vt 7=P=J=>As 4vt /EODEs 3vt &QFEEs .vt /DJKs (v !<M[ 3PEK@[ #9K9C[ ighg[ ikhY •”…x•»¶v ¶•· 4E=JKs -vt "AHIKJPs 0v *[ /I?[ #@=D[ iggo[ miY ‚·‡·x‚·‡‰v 

Y

O

R1 Y

R1

N

R2

R2

tamis moléculaire 4Å

Y = O, NMe, NBn

N
H

R2R2 R1 = n-Bu, Ph, CH2OTHP

N
H

R2R2

=
N
H

N
H

NH2

Ph

Rdt = 17 – 96 %
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,AO LN]?QNOAQNO @A H= N]=?PEKJ @{=IEJK>AJV=JJ]H=PEKJ ~LKNPAQNO @{QJ CNKQLAIAJP I]PDUH ?]PKJA¡ OKJP L=NB=EPO LKQN LN]L=NAN HAO ]PDANO @{]JKH OEHUH]O ?KNNAOLKJ@=JPOs MQE LKQNNKJP ^PNA W HAQN PKQN AJC=C]O @=JO H= N]=?PEKJ @A >AJV=JJ]H=PEKJv ,= OPN=P]CEA @A OUJPD¥OA IEOA =Q LKEJP LKQN K>PAJEN ?AO LN]?QNOAQNO J]?AOOEPA MQ=PNA W ?EJM ]P=LAO W L=NPEN @A H= ¶x?KQI=N=JKJA AP @A H{KTEJ@KHA ?KIIAN?E=QT ~3?D]I= …¶¡v 

 
1:?UD8 oi u -]PDK@KHKCEA @{=??¥O =QT LN]?QNOAQNO @{=IEJK>AJV=JJ]H=PEKJ 

!LN¥O QJA N]=?PEKJ @A 6EHOIAEANx(==?G  AP QJA ]P=LA @A I]PDUH=PEKJ @=JO HA ?=O @AO @]NER]O @{EJ@KHAOs ,AO ?KILKO]O D=HKC]J]O ! LAQRAJP ^PNA K>PAJQOv )H AOP AJOQEPA LKOOE>HA @{EJPNK@QENA @EBB]NAJPO IKPEBO =?]PUH]JEMQAO L=N N]=?PEKJ @A 3KJKC=ODEN=v ,AO ?KILKO]O " @KJJAJP L=N N]=?PEKJ @A 'NECJ=N@ HAO =H?KKHO #s  MQE OKJP EII]@E=PAIAJP KTU@]O AJ I]PDUH ?]PKJAO $v ! L=NPEN @A ?AO @]NER]Os QJA ]P=LA @A OEHUH=PEKJ LANIAPPN=EP @A C]J]NAN HAO ]PDANO @{]JKH OEHUH]O % @]OEN]Ov #ALAJ@=JPs JKQO RKQHKJO =LLKNPAN @A H= @ERANOEP] HA LHQO P=N@ERAIAJP LKOOE>HA @=JO H= OUJPD¥OAv !EJOEs JKQO AJREO=CAKJO  @{EJPNK@QENA HA CNKQLAIAJP 2 L=N N]=?PEKJ @A 3KJKC=ODEN= @=JO H= @ANJE¥NA ]P=LA @A LN]L=N=PEKJ @Q ?KILKO] % ~3?D]I= …•¡v  

 
1:?UD8 oj u %PQ@A N]PNKOUJPD]PEMQA AJREO=C]A LKQN HA LN]?QNOAQN @A H= >AJV=JJ]H=PEKJ % 

Y
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2-coumaranone
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1

1 2

3 4 5

1

2

3

4
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Vilsmeier-Haack

Méthylation

Sonogashira

Grignard

Oxydation

oxindole

Y = O, NMe
X = Cl, Br

A B C D+

Y

TBSO

R
E

6 Silylation

Y
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ClY
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R
Y

HO

Cl Y

O

ClY

O

Cl

3

Oxydation

2

Silylation

4

Grignard

1

Sonogahira

Y = O, NMe

E D C B A
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#APPA OPN=P]CEA JKQO LANIAPPN=EP @KJ? @A IAPPNA =Q LKEJP H= OUJPD¥OA @{QJ EJPANI]@E=ENA ?H] $v %J ABBAPs ?AP ]PDAN @{]JKH OEHUH] LKQNN= ^PNA K>PAJQ W L=NPEN @A H= I]PDUH ?]PKJA ?DHKN]A #s AHHAxI^IA EOOQA @{QJA N]=?PEKJ @{KTU@=PEKJ @A H{=H?KKH "v #A ?KILKO] LKQNN= ^PNA LN]L=N] W L=NPEN @A H{=H@]DU@A ?KNNAOLKJ@=JP CNY?A W QJA N]=?PEKJ @A 'NECJ=N@v  .KQO ?KIIAJ?ANKJO L=N ]PQ@EAN H= OUJPD¥OA @AO ?KILKO]O AJ O]NEA >AJVKBQN=JA =R=JP @{=J=HUOAN HAO N]OQHP=PO MQA JKQO =RKJO K>PAJQO AJ O]NEA EJ@KHAv 



))v !??¥O W @AO @E>AJVKBQN=JAO L=N N]=?PEKJ @A >AJV=JJ]H=PEKJ AP OUJPD¥OA @{KTEJ@KHA ))v‚v 2]OQHP=PO AP @EO?QOOEKJ u H= O]NEA >AJVKBQN=JA 

·•… 

))]k 0UJLCK8KJ <K ;@J:LJJ@FE 

))v‚v· 2]OQHP=PO K>PAJQO AJ O]NEA >AJVKBQN=JA 
))[j[g[g 0ISG9I9KAFE <=J GIS;LIJ=LIJ <= :=EQ9EESC9KAFE ; L=NPEN @A OQ>OPN=PO ?DHKN]O ,= N]=?PEKJ @A 6EHOIAEANx(==?G N]=HEO]A OQN H= ¶x?KQI=N=JKJA ?KIIAN?E=HA LANIAP @{=??]@AN =Q ?KILKO] ¶x?DHKNK>AJVKBQN=Jx•x?=N>=H@]DU@A ng =RA? QJ NAJ@AIAJP @A ”• ¿ ~3?D]I= …‚¡v #A N]OQHP=P AOP KLPEIEO] ?KILPA PAJQ @AO PN=R=QT N=LLKNP]O @=JO H= HEPP]N=PQNA ~‚” ¿ @A NAJ@AIAJP¡v¶•¶  v 

 
1:?UD8 ok u 3UJPD¥OA @AO @]NER]O ?DHKN]O ,= N]=?PEKJ @A 'NECJ=N@ LNK?¥@A =EO]IAJP AP LANIAP @{K>PAJEN H{=H?KKH nh =RA?  ‰… ¿ @A NAJ@AIAJPv #KJPN=ENAIAJP =QT ?KJ@EPEKJO @A ,AU ~40!0\.-/¡¶••  QOQAHHAIAJP QPEHEO]AO =Q H=>KN=PKENA LKQN K>PAJEN H= I]PDUH?]PKJA ?KNNAOLKJ@=JPAs JKQO =RKJO ?DKEOE @A N]=HEOAN H{]P=LA @{KTU@=PEKJ =RA?  H{=?E@A ¶xEK@KTU>AJVKbMQA ~)"8¡ LN]L=N] AJ CN=J@A MQ=JPEP] =Q H=>KN=PKENAv¶•‚  ,A @]NER] ni AOP ?ALAJ@=JP K>PAJQ OAHKJ ?AO @AQT I]PDK@AO =RA? QJ NAJ@AIAJP @Q I^IA KN@NA @A CN=J@AQN ~‰· ¿¡v 0KQN H= OQEPA @A H= OUJPD¥OAs JKQO =RKJO ?DKEOE HA CNKQLAIAJP  

K=IKx>QPUH@EI]PDUHOEHUH ~4"$-3 KQ 4"3¡ QPEHEO] @=JO H= N]=?PEKJ @]?NEPA OQN HAO JKU=QT MQEJKH]EJAs LKQN LN]L=NAN H{]PDAN @{]JKH OEHUH] ~3?D]I= …„¡v  
 

1:?UD8 ol u <PQ@A @A H= N]=?PEREP] @A H{]PDAN @{]JKH OEHUH] oj                                                         ¶•¶  #KLLKH=s 'v -v *[ (=K=IF;P;C[ #@=D[ hpoh[ gnY …‚„x…‚”v ¶••  ,AUs 3v 6vt .KNI=Js *vt 'NEBBEPDs 7v 0vt -=N@AJs 3v 0v 3PEK@=JAJ hppk[ ”•‰x”””v ¶•‚  &NECANEKs -vt 3=JP=CKOPEJKs -vt 3LQPKNAs 3v *[ /I?[ #@=D[ hppp[ ljY ‚„•»x‚„•…v 

O

O

Cl O

HO

Cl O

O

ClO O

Vilsmeier-Haack

POCl3,DMF
CHCl3

0°C puis reflux, 18h

63%

Grignard

MeMgBr, THF
0 – 5°C, 3h

98%

Oxydation

IBX, DMSO
t.a., 5h
96%

2-coumaranone 70 71 72

O

O

Cl O Cl

TBSO

TBSOTf, Et3N
DCM

0°C, 3h30
96%

Silylation

72 73

O

TBSO

Ph

Sonogashira

Pd(PPh3)Cl2 (5 mol%)
CuI (5 mol%)
 Et3N, DMF
t.a. ou 50°C

Ph

O

O

Ph
7574

X
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 ,{]PDAN  @{]JKH  OEHUH] nj ~3?D]I= …„¡ AOP K>PAJQ =RA? QJ AT?AHHAJP NAJ@AIAJP @A ‰”¿v= ,= N]=?PEKJ @A 3KJKC=ODEN= AOP PKP=HAIAJP EJABBE?=?A @=JO HAO ?KJ@EPEKJO ?H=OOEMQAO W PAIL]N=PQNA =I>E=JPAs ?=N AHHA JA LANIAP L=O @{K>PAJEN HA LNK@QEP =PPAJ@Q 
nl AP OAQH HA LNK@QEP @A @]L=NP AOP N]?QL]N]v %J ?D=QBB=JP HA I]H=JCA N]=?PEKJJAH W „‡̋#s H= N]=?PEKJ @A ?KQLH=CA OA LNK@QEP I=EO OAQH HA @]NER] @]LNKP]C] ?KNNAOLKJ@=JP nk AOP K>PAJQv ,A CNKQLAIAJP LNKPA?PAQN 4"3 O{AOP =R]N] L=NPE?QHE¥NAIAJP OAJOE>HA E?E AP JKQO RANNKJO QHP]NEAQNAIAJP MQ{EH AOP ABBA?PERAIAJP EJ=@=LP] W H= N]=?PEKJ @A >AJV=JJ]H=PEKJv  ; L=NPEN @A OQ>OPN=PO >NKI]O !Q NAC=N@ @AO @EBBE?QHP]O MQA JKQO =RKJO NAJ?KJPN]AO HKNO @Q ?KQLH=CA @A 3KJKC=ODEN= OQN H{]PDAN @{]JKH OEHUH] njs JKQO =RKJO LAJO] EJPNK@QENA QJ =PKIA @A >NKIA W H= LH=?A @Q ?DHKNAs =BEJ @A B=?EHEPAN H{EJOANPEKJ @Q L=HH=@EQI @=JO H= HE=EOKJ  ?=N>KJAxD=HKC¥JAv 0KQN ?AH=s JKQO =LLHEMQKJO H= N]=?PEKJ @A 6EHOIAEANx(==?G W H=  ¶x?KQI=N=JKJA AJ QPEHEO=JP ?APPA BKEOx?E @A H{KTU>KIQNA @A LDKOLDKNA ~0/"N•¡ =Q HEAQ @A H{KTU?DHKNQNA @A LDKOLDKNA ~0/#H•¡ ~3?D]I= …”¡v 

 
1:?UD8 om u 2]=?PEKJ @A 6EHOIAEANx(==?G =RA? 0/"N• AP $-& 

$AQT LNK@QEPO OA BKNIAJP =Q ?KQNO @A H= N]=?PEKJ u HA ?KILKO] =PPAJ@Q ¶x>NKIK>AJVKBQN=Jx•x?=N>=H@ADU@A nm AOP K>PAJQ AJ I]H=JCA =RA? HA OKQOxLNK@QEP @E>NKI] nn @EBBE?EHAIAJP O]L=N=>HAv #A @ANJEAN =QN=EP ]P] L=NPE?QHE¥NAIAJP C^J=JP LKQN H= N]=?PEKJ @A 3KJKC=ODEN= AP JKQO J{=RKJO LQ EOKHAN HA LNK@QEP ?E>H] MQ{=RA? QJ NAJ@AIAJP @A •” ¿v #AO N]OQHP=PO JA OKJP L=O OQBBEO=IIAJP LANBKNI=JPO LKQN ?APPA LNAIE¥NA ]P=LA @A H= OUJPD¥OAv   
                                                        =$AO H=R=CAO =MQAQT LANIAPPAJP @{K>PAJEN HA LNK@QEP LQN O=JO LQNEBE?=PEKJ OQN CAH OA OEHE?Av %J ABBAPs @=JO ?A ?=O OAQHAIAJP „” ¿ @A LNK@QEP OEHUH] AOP N]?QL]N]s HA NAOPA ]P=JP @Q LNK@QEP @]LNKP]C]v 

O

O

BrO O

CHCl3
0°C puis reflux, 20h

2-coumaranone 76 (36 %)

POBr3,DMF

+

O

O

Br

77

Br
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 .KQO =RKJO =HKNO PAJP] @A N]=HEOAN H= N]=?PEKJ @A 6EHOIAEANx(==?Gs JKJ L=O =RA? @Q @EI]PDUBKNI=IE@A ~$-&¡ I=EO =RA? @Q @EI]PDUH=?]P=IE@A ~$-!¡ =BEJ @A C]J]NAN @ENA?PAIAJP H= I]PDUH?]PKJA ?KNNAOLKJ@=JPA no ~3?D]I= …»¡v -=HDAQNAQOAIAJPs =LN¥O ·„ D @A N]=?PEKJ =Q NABHQT @Q @E?DHKNKI]PD=JAs OAQH HA LNK@QEP @A @]L=NP AOP N]?QL]N]v 
 

1:?UD8 on ¥ 2]=?PEKJ @A 6EHOIAEANx(==?G =RA? 0/"N• AP $-! 
!QOOEs JKQO =RKJO =>=J@KJJ] HAO RKEAO @{=??¥O =QT @]NER]O >NKI]O =Q LNKBEP @{QJA =LLNK?DA @{]?D=JCA @A H{=PKIA @A ?DHKNA L=N QJ =PKIA @{EK@Av   ; L=NPEN @A OQ>OPN=PO EK@]O 
.KQO =RKJO PKQP @{=>KN@ ABBA?PQ] QJA N]=?PEKJ @A PULA &EJGAHOPAEJ OQN HA ?KILKO] ?DHKN] ng EJEPE=HAIAJP OUJPD]PEO] ~3?D]I= ……¡v  

 
1:?UD8 oo u 2]=?PEKJ @A BEJGAHOPAEJ OQN HA ¶x?DHKNK>AJVKBQN=Jx•x?=N>=H@ADU@A og 
%J JKQO EJOLEN=JP @AO PN=R=QT @A -APDx#KDJs‰‡  JKQO JKQO OKIIAO =LAN[QO MQA H= BKNI=PEKJ @Q LNK@QEP EK@] O{=??KIL=CJ=EP @{QJA N]=?PEKJ OA?KJ@=ENA @A @]OD=HKC]J=PEKJ @=JO QJ I]H=JCA ~„‡ u „‡¡v .KQO =RKJO PAJP] @{KLPEIEOAN ?AO N]OQHP=PO AJ B=EO=JP R=NEAN @EBB]NAJPO L=N=I¥PNAO u H= MQ=JPEP] @A H{EK@QNA @A OK@EQIs H= PAIL]N=PQNAs HA OKHR=JP AP H= @QN]A @A H= N]=?PEKJ ~4=>HA=Q ¶‰¡v  

                                                        ‰‡ -APDx#KDJt .=NEJAt 4=NJKSOGEt (=UAOt +AUV=@t 2DKQ=PEt 2K>EJOKJ *[ #@=D[ 3F;[Y 0=IBAE 4I9EJ[ g hpoh[ ¶„‡‰x¶„·»v  

O

O

BrO O

DCM
 reflux, 15h

2-coumaranone 78

POBr3,DMA

X

O

O

O

O

+

I

Finkelstein

NaI (2.5 éq)
 HCl (0.5 éq)
CH3CN reflux

3h30

HO

O

Cl

70 79 80(50 : 50)
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%JPN]A .=) ~]Mv¡ 3KHR=JP 4 ~̋#¡ $QN]A ~IEJ¡ #KJRv ~¿¡ ¢=£  3]HA?PEREP] 

AF<S u <SJ@9CF?SES ~2)\(` · ·v¶ =?]PKJA „” ·‡ »‡ ‰» u • ¶ ·v¶ #(•#. …‡ ·‡ …‡ ·‡‡ u ‡  • ·v¶ #(•#. …‡ ‰‡ …• ‰» u • ‚ ¶v„ #(•#. …‡ ·‡ …… …» u ·• „ ¶v„ #(•#. ”‡ ·‡ ”„ ‰‰ u PN=?AO ” ¶v„ #(•#. ‚‡ ·‡ „„ ‰‰ u PN=?AO » ¶v„ #(•#. ¶„ ·‡ ‚‡ ·‡‡ u ‡ … • #(•#. …‡ ·‡ ‰‚ …” u ·‚ ‰ • #(•#. …‡ ” ‰¶ ‰‡ u ·‡ ·‡ • #(•#. …‡ ‚ ‰‡ ‰• u » ¢=£ $]PANIEJ]A L=N =J=HUOA '#x-3 L=N EJP]CN=PEKJ @AO =ENAO @AO LE?Ov %J H{=>OAJ?A @A N]B]NAJ?A EJPANJAs HAO ?KJRANOEKJO @KJJ]AO OKJP =LLNKTEI=PERAOv 
289C<8L ip u 4N=R=QT @{KLPEIEO=PEKJ @A H= N]=?PEKJ @A &EJGAHOPAEJ 

#H=OOEMQAIAJPs H= N]=?PEKJ @A &EJGAHOPAEJ OA @]NKQHA @=JO H{=?]PKJAv> $=JO ?AO ?KJ@EPEKJOs JKPNA OUOP¥IA =PPAEJP »‡ ¿ @A ?KJRANOEKJ =Q >KQP @A ·‡ IEJQPAO @A N]=?PEKJ W „”̋# ~4=>HA=Q ¶‰s %JPN]A ·¡v #KIL=N=PERAIAJPs @A IAEHHAQNO N]OQHP=PO OKJP K>PAJQO @=JO H{=?]PKJEPNEHA W …‡̋# ?=N KJ K>PEAJP …‡ ¿ @A ?KJRANOEKJ AP QJA O]HA?PEREP] PKP=HA AJ B=RAQN @Q @]NER] EK@] ~%JPN]A ¶¡v !LN¥O ‰‡ IEJQPAOs H= ?KJRANOEKJ =QCIAJPA H]C¥NAIAJP ~…•¿¡ I=EO @Q LNK@QEP @]OD=HKC]J] …‡ OA BKNIA ~2)\( ̈ ‰» u •¡ ~%JPN]A •¡v ,= N]=?PEKJ OAI>HA =PPAEJ@NA QJA ?KJRANOEKJ MQ=OExI=TEI=HA @¥O ·‡ IEJQPAO @A N]=?PEKJv ,{QPEHEO=PEKJ @{QJ AT?¥O @A .=) = LANIEO @{=QCIAJPAN H= ?KJRANOEKJ @A H= N]=?PEKJ FQOMQ{W …… ¿ I=EO AHHA B=RKNEOA ]C=HAIAJP H= N]=?PEKJ OA?KJ@=ENA @A @]OD=HKC]J=PEKJ  ~2)\( ̈ …» u ·•¡ ~%EKIU< k¡v  
! LNEKNEs HAO @AQTE¥IAO ?KJ@EPEKJO ~%JPN]A ¶¡ LANIAPPAJP @{=RKEN QJ >KJ ?KILNKIEO AJPNA ?KJRANOEKJ ~…‡ ¿¡ AP O]HA?PEREP] ~·‡‡ ¿ @A LNK@QEP EK@] np¡v                                                            > ,= N]=?PEKJ @A &EJGAHOPAEJ AOP L=N @]BEJEPEKJ QJ ]?D=JCA @{D=HKC¥JA =LLHEMQ] W @AO OQ>OPN=PO =HELD=PEMQAO MQE AOP N]=HEO] @=JO H{=?]PKJA =BEJ MQA HA .=#H BKNI]s IKEJO OKHQ>HAs LN]?ELEPA AP MQA H{]MQEHE>NA @A H= N]=?PEKJ OKEP @]LH=?] RANO H= BKNI=PEKJ @Q @]NER] EK@]v 

O

O

O

O

+

I
solvant

T°C HO

O

Cl

70 79 80

NaI, HCl (0.5 éq)
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0KQNP=JPs JKQO =RKJO LN]B]N] LNEREH]CEAN H= ?KJRANOEKJ W H= O]HA?PEREP] ?=N EH AOP LHQO B=?EHA @A O]L=NAN L=N ?DNKI=PKCN=LDEA HA LNK@QEP EK@] ~2B ̈ ‡v‚·¡ @Q ?KILKO] @]OD=HKC]J] ~2B ̈ ‡v¶”¡ L=N N=LLKNP =Q OQ>OPN=P ?DHKN] ~2B ̈ ‡v„‡¡v?  ${=QPNAO AOO=EO KJP @KJ? ]P] IAJ]O LKQN PAJPAN @{=I]HEKNAN H= ?KJRANOEKJ @A H= N]=?PEKJv ,{=>=EOOAIAJP @A H= PAIL]N=PQNA @A N]=?PEKJ HEIEPA H= BKNI=PEKJ @A OKQO‘LNK@QEP @]OD=HKC]J] I=EO JA @KJJA MQA @AO ?KJRANOEKJO IKUAJJAO AJPNA ‡ AP ”„ ¿  ~%JPN]AO „‘»¡v %J PN=R=EHH=JP =RA? • ]MQER=HAJPO @A .=) ~%JPN]AO …‘·‡¡s JKQO =RKJO ]PQ@E] H= PN=JOBKNI=PEKJ LKQN @AO PAILO @A N]=?PEKJ PN¥O ?KQNPO @A ‚ W ·‡ IEJQPAOv !Q NABHQT @A H{=?]PKJEPNEHAs H{]?D=JCA @{D=HKC¥JA AOP ATPN^IAIAJP N=LE@Av -=HDAQNAQOAIAJPs H= N]=?PEKJ @A @]OD=HKC]J=PEKJ OA LNK@QEP =R=JP MQA H= ?KJRANOEKJ JA OKEP PKP=HAv .KQO =RKJO PKQP @A I^IA ?DKEOE HAO ?KJ@EPEKJO OQER=JPAO LKQN OUJPD]PEOAN HA LNK@QEP EK@] u 
-8) cj UH]d[ #(j#- 8L I<=CLO[ k D@ELK<Jv   $=JO ?AO ?KJ@EPEKJOs HA LNK@QEP EK@] np = LQ ^PNA EOKH] LQN =RA? QJ NAJ@AIAJP @A „» ¿ AP AJC=C] @=JO H= N]=?PEKJ @A 'NECJ=N@ OQER=JPA ~3?D]I= …‰¡v  

 
1:?UD8 op u 2]OQHP=PO @A H= N]=?PEKJ @A 'NECJ=N@ OQN HA OQ>OPN=P EK@] 

,= N]=?PEKJ @A 'NECJ=N@ = QJEMQAIAJP ?KJ@QEP W @AO LNK@QEPO @]OD=HKC]J]Os I^IA AJ PN=R=EHH=JP W >=OOA PAIL]N=PQNA ~x»…̋#¡v /J NAPNKQRA H{=H@]DU@A og LN]?]@AIIAJP K>OANR] AP H{=H?KKH I]PDUHEMQA ohs @=JO @AO LNKLKNPEKJO ~»· u ¶‰¡v 5J OQERE L=N =J=HUOAO '#x-3 = IKJPN] MQA HA >NKIQNA @A I]PDUHI=CJ]OEQI N]=CEP OQN HA LNK@QEP @]OD=HKC]J]v ,A ?KILKO] EK@]  oi =PPAJ@Q JA OA BKNIA @KJ? F=I=EO @=JO HA IEHEAQv ,{AJOAI>HA @AO N]OQHP=PO K>PAJQO NABH¥PA L=NB=EPAIAJP H= N]=?PEREP] =??NQA @A H= HE=EOKJ ?=N>KJA‘EK@A AJ LKOEPEKJ ¶ @Q >AJVKBQN=JAv                                                          ?  .KQO =QNEKJO =QOOE LQ ?DKEOEN HAO ?KJ@EPEKJO @A H{%JPN]A ¶ MQE JKQO LANIAPPAJP @{K>PAJEN QJEMQAIAJP HA LNK@QEP EK@] I^IA OE H= ?KJRANOEKJ @A H= N]=?PEKJ J{AOP MQA @A …‡ ¿v ,A I]H=JCA @AO LNK@QEPO ?DHKN]  AP EK@] =QN=EP ]P] AJC=C] @=JO H{]P=LA @A 3KJKC=ODEN= OQER=JPA AP OAQH ?A @ANJEAN =QN=EP N]=CEv .KQO JKQO OANEKJO =HKNO =BBN=J?DEO @Q OQ>OPN=P ?DHKN] ng HKNO @A H= LQNEBE?=PEKJ @A H= N]=?PEKJ @A ?KQLH=CAv -=EO JKQO RKQHEKJO EOKHAN HA LNK@QEP EK@] LQNv   

O

O

I

Finkelstein

NaI (3 éq)
 HCl (0.5 éq)
CH3CN reflux

5 min
O

O

Cl

70 79
57 %

O

O
Grignard

MeMgBr, THF
-78°C, 40 min
100 % conv.

80

+

O

HO

81(71 : 29)

O

HO

82

X I
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#A?E AOP PN¥O AJ?KQN=CA=JP LKQN H= N]=?PEKJ @A 3KJKC=ODEN= LN]RQA QHP]NEAQNAIAJPs I=EO L=N I=JMQA @A N]OQHP=PO OQN H{]P=LA @{=HGUH=PEKJ @A 'NECJ=N@s JKQO =RKJO @]?E@] @{EJPNK@QENA H{=PKIA @{EK@A LHQO P=N@ @=JO H= OUJPD¥OAv !EJOEs H{]?D=JCA @{D=HKC¥JA = ]P] N]=HEO] JKJ L=O OQN HA OQ>OPN=P ?DHKN] ngs I=EO OQN HA @]NER] ?DHKN] ni ~3?D]I= ‰‡¡s FQOPA =R=JP H= BKNI=PEKJ @A H{]PDAN @{]JKH OEHUH]v  

  
1:?UD8 pg ¥ LN]L=N=PEKJ @AO LN]?QNOAQNO @A >AJV=JJ]H=PEKJ W L=NPEN @A ni 

#KIIA LN]?]@AIIAJP K>OANR] =RA? HA OQ>OPN=P ng ~3?D]I= …‰¡s HA ?KILKO] @A PULA I]PDUH?]PKJA ni ~3?D]I= ‰‡¡ LN]OAJPA HAO I^IAO HEIEP=PEKJOv %J ABBAPs H= N]=?PEKJ O{=??KIL=CJA BKNPAIAJP @Q LD]JKI¥JA L=N=OEPA @A @]OD=HKC]J=PEKJ ~?KILKO] ok¡v 'NY?A =QT ?KJ@EPEKJO KLPEIEO]AO @A H= N]=?PEKJ @A &EJGAHOPAEJs H= N]=?PEKJ AOP PKP=HA AP HA LNK@QEP @]OEN] oj = LQ ^PNA EOKH] LQN =RA? QJ NAJ@AIAJP @A „” ¿ ~3?D]I= ‰‡¡v #A @]NER] EK@] oj = BEJ=HAIAJP LQ ^PNA AJC=C] @=JO H= N]=?PEKJ @A LN]L=N=PEKJ @AO ]PDANO @{]JKH OEHUH]O  ol AP om MQE KJP ]P] EOKH]O MQ=JPEP=PERAIAJP ~3?D]I= ‰‡¡v #KILPA PAJQ @A H= OAJOE>EHEP] @Q CNKQLAIAJP 4"3s JKQO =RKJO ABBA?PERAIAJP @]?E@] @A LN]L=NAN QJ =J=HKCQA LHQO N]OEOP=JP =QT ?KJ@EPEKJO =?E@AOs AJ ?DKEOEOO=JP HA CNKQLAIAJP PNEEOKLNKLUHOEHUH ~4)03¡v@ $AO ?KJ@EPEKJO @KQ?AO @A 3KJKC=ODEN= KJP AJOQEPA LANIEO @A ?KQLHAN HA LD]JUH=?]PUH¥JA AP H= ¶x]PDUJUHLUNE@EJA O=JO @]LNKP]CAN HAO ]PDANO @{]JKH OEHUH]Ov !EJOE HAO PNKEO LN]?QNOAQNO @A >AJV=JJ]H=PEKJ nls oo AP op KJP ]P] K>PAJQO =RA? @A >KJO NAJ@AIAJPO ~»¶ ¿s …¶ ¿ AP »‡ ¿ NAOLA?PERAIAJP¡ ~3?D]I= ‰‡¡v                                                         @ 7QPOs 0v 'v -vt 'NAAJA 4v7v 'I==E=eJ GIFK=;KAM= ?IFLGJ AE FI?9EA; ;@=DAJKIP[ jK@ %<[ 7AC=P¥)EK=IJ;A=E;=Y .AS *ANOAUs iggn 

O

O

I

Finkelstein

NaI (3 éq)
 HCl (0.5 éq)
CH3CN reflux

5 min
O

O

Cl

72 83 (56 %)

+

O

O

84 (31 %)

O

R1O

I

85 R1 = TBS  (99 %)

86 R1 = TIPS  (99 %)

DCM
0°C, 1h30

R1OTf, Et3N

 t-BuNH2, Toluène

t.a., 4h

R2

Pd(PPh3)2Cl2 (7 mol%)
CuI (2 mol%)

O

R1O

R2

75 R1 = TBS et R2 = Ph  (72 %)

88 R1 = TIPS et R2 = Ph (82 %)

89 R1 = TIPS et R2 = Py (70 %)

100 % conv.
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))[j[g[h %KL<= <L JPJKRD= ;9K9CPKAHL= <= C9 IS9;KAFE <= :=EQ9EESC9KAFE 

0KQN ABBA?PQAN HAO LNAIEANO AOO=EO @A >AJV=JJ]H=PEKJ JKQO JKQO OKIIAO EJOLEN]O @AO PN=R=QT =JP]NEAQNO @Q H=>KN=PKENA MQE LANIAPP=EAJP @{=??]@AN W @AO @]NER]O @{=?NE@EJAv !EJOEs QJA O]NEA @A OAHO @{=NCAJP AP @{KN KJP ]P] PAOP]O @=JO HA @E?DHKNKI]PD=JAs AJ ?D=QBB=JP HA I]H=JCA N]=?PEKJJAH W „‡̋#v  
.KQO =RKJO PKQP @{=>KN@ ]PQ@E] H= N]=?PEREP] @Q LN]?QNOAQN nlv 4NKEO LNK@QEPO @A N]=?PEKJ KJP LQ ^PNA E@AJPEBE]O u HA LNK@QEP @A >AJV=JJ]H=PEKJ =PPAJ@Q pgs HA ?KILKO] @]LNKP]C] nk AP H= @E?]PKJA ph ~289C<8L jg¡v 

 0NK@QEPO ~N=LLKNP ¿¡ ¢=£ %JPN]A ¢?=P£ L+= #KJRv ~¿¡¢=£ pg nk ph · !Q#H• x ·‡‡ ·¶ »„ ·• ¶ !Q#H~00D•¡ ‘ !C3>&” x ·‡‡ •»  ”• • !C3>&” ̊ ‡ ·‡‡ x ”» •• ‚ !C/4B ̊ ‡ ·‡‡  x ‰· ‰ „ !C./• ̊ ‡ ·‡‡ x ·‡‡ x ” !C& •v¶ ”‚ x ·‡‡ x » !C¶#/• ·‡v• ‡ x x x … !C¶/ ·„v»  ‡   x x x ¢=£ $]PANIEJ]A L=N =J=HUOA 2-. ·( 
289C<8L jgu 2]OQHP=PO @AO AOO=EO @A >AJV=JJ]H=PEKJ K>PAJQO =RA? HA CNKQLAIAJP 4"3 
,AO OAHO @{KN AP HAO OAHO @{=NCAJP @KJP HA ?KJPNAxEKJ AOP H= >=OA ?KJFQCQ]A @{QJ =?E@A BKNP ~L+= ̊ ‡¡ KJP @KJJ] @AO N]=?PEKJO PKP=HAO ~%JPN]AO ·‘„¡v 0KQN HAO ?=P=HUOAQNO @{=NCAJP >=OEMQAOs =Q?QJA N]=?PEKJ J{AOP K>OANR]A ~%JPN]AO »‘…¡v 1Q=JP W !C&s EH @]LNKP¥CA ”‚ ¿  @Q OQ>OPN=P @A @]L=NP LKQN @KJJAN H= I]PDUH?]PKJA nkv #A N]OQHP=P ]P=EP LN]REOE>HA ?KILPA PAJQ @A H= ?=L=?EP] @AO EKJO BHQKNQNAO W N]=CEN =RA? HAO CNKQLAIAJPO OEHUH]Ov 

O

TBSO

Ph

[cat] (5 mol %)

DCE (0.01 M)
50°C, 6h O

O

Ph
O

O

O
Ph

O

TBSO

Ph

90 74 9175
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'HK>=HAIAJPs HA ?KILKO] @]OEHUH] nk = ]P] K>PAJQ I=FKNEP=ENAIAJP KQ MQ=JPEP=PERAIAJP ~%JPN]AO ·s •‘”¡ AP @=JO ?ANP=EJO ?=O HA LNK@QEP @{KQRANPQNA ?U?HEMQA 
ph = LQ ^PNA K>OANR] ~%JPN]AO ·‘‚¡v ,A LNK@QEP @A >AJV=JJ]H=PEKJ =PPAJ@Q pg J{= ]P] E@AJPEBE] MQ{=RA? HAO ?=P=HUOAQNO @{KN I=EO @KJP HAO LNKLKNPEKJO NAOPAJP IEJKNEP=ENAO  ~·¶ W •» ¿¡v .KQO =RKJO @KJ? =>=J@KJJ] H{QPEHEO=PEKJ @Q CNKQLAIAJP 4"3 =Q LNKBEP @Q CNKQLAIAJP LHQO 4)03v  5JA BKEO @A LHQOs QJ L=JAH @A OAHO @{=NCAJP AP @{KN = ]P] ]PQ@E] LKQN ?=P=HUOAN H= N]=?PEKJ @Q LN]?QNOAQN oo]  ,AO PNKEO LNK@QEPO @A N]=?PEKJO OKJP @A JKQRA=QT E@AJPEBE]O u HA LNK@QEP @A >AJV=JJ]H=PEKJ =PPAJ@Q pi AP HAO @AQT =QPNAO OKQO LNK@QEPO @]OEHUH]O nk AP 
ph ~4=>HA=Q •·¡v 

 0NK@QEPO ~N=LLKNP ¿¡¢=£ %JPN]A ¢?=P£ L+= #KJRv ~¿¡¢=£ pi nk ph · !Q#H~00D•¡ x ‡    ¶ !Q#H• x »… ‚‚ „‚ ¶ ‚ !Q#H~00D•¡ \ !C3>&” x ·‰ ¶· »‰  • !Q#H• \ • !C3>&” x ·‡‡  „¶ ‚… „ !C3>&” ̊ ‡ ‚¶ „‡ ¶¶ ¶… ” !C0&” ̊ ‡ ‰„ •‰ »…  » !C"&‚ ̊ ‡ ¶· ‡ »· ¶‰ … !C¶3/‚ ¶ ‡    ‰ !C& •v¶ ·‡  ·‡‡  ·‡ !C/!? ‚v… ‡    ·· !C#. ‰v• ‡    ·¶ !C¶#/• ·‡v• ‡    ¢=£ $]PANIEJ]A L=N =J=HUOA 2-. ·( 
289C<8L jh u 2]OQHP=PO LN]HEIEJ=ENAO @A >AJV=JJ]H=PEKJ K>PAJQO =RA? HA CNKQLAIAJP 4)03 

#KIIA LN]?]@AIIAJPs HAO OAHO @{=NCAJP =RA? QJ L+= LKQN H{=?E@A ?KJFQCQ] @Q ?KJPNA‘EKJ OQL]NEAQN W ¶s  OA OKJP IKJPN]O EJABBE?=?AOv ~%JPN]AO …s ·‡‘·¶¡v 0=N ?KJPNA !C& N]QOOE W @]LNKP]CAN ·‡ ¿ @Q OQ>OPN=P @A @]L=NP ~%JPN]A ‰¡v  

O

TIPSO

Ph

DCE (0.01 M)
50°C, 6h O

O

Ph
O

O

O
Ph

O

TIPSO

Ph

92 74 9188

[cat] (5 mol %)
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,{QPEHEO=PEKJ @{QJ OAH @{KN ~)¡ AOP PKP=HAIAJP EJABBE?=?A ~%JPN]A ·¡ O=QB O{EH AOP =?PER] L=N !C3>&” ~%JPN]A •¡ ?=N @=JO ?A ?=O H{AOL¥?A ?=PEKJEMQA ~0D•0¡!Q3>&” ?KJRANPEP ·‰ ¿ @Q OQ>OPN=Pv 0=N ?KJPNA OAQHAIAJP ¶· ¿ @Q LNK@QEP @]OEN] pi AOP K>PAJQ ?KJPNA  »‰ ¿ LKQN HA ?KILKO] @]LNKP]C] nkv ,A OAH @{KN ~)))¡ AOP MQ=JP W HQE ?=L=>HA @A ?KJRANPEN FQOMQ{W »… ¿ @Q OQ>OPN=P @A @]L=NP ~%JPN]A ¶¡v 0=NIE HAO LNK@QEPO K>PAJQOs HA ?KILKO] @]LNKP]C] nk AOP AJ?KNA I=FKNEP=ENA ~„‚ ¿¡ I=EO HA LNK@QEP @A >AJV=JJ]H=PEKJ pi = =QOOE ]P] K>PAJQ W D=QPAQN @A ‚‚ ¿v ,{=?PER=PEKJ @A !Q#H• L=N !C3>&” J{= L=O ]P] LNK>=JPA LQEOMQA H= N]=?PEKJ J{= @KJJ] MQA HAO LNK@QEPO @]OUHEH]O nk AP ph ~%JPN]A ‚¡v   ,AO OAHO @{=NCAJP MQA JKQO ?H=OOKJO @=JO H= ?=P]CKNEA ! ~!C3>&”s !C0&” AP !C"&‚ t ?Bv ⁄ ))v•v·v¶s Lv·¶…¡ @KJJAJP @AO ?KJRANOEKJO ?KILNEOAO AJPNA ¶· AP ‰„ ¿ ~%JPN]AO „‘»¡v !C3>&” @KJJA H= IAEHHAQNA O]HA?PEREP] AJ B=RAQN @Q LNK@QEP @A >AJV=JJ]H=PEKJ I=EO HAO @AQT OKQO LNK@QEPO @A N]=?PEKJ OA BKNIAJP =QOOE ~%JPN]A „¡v !C0&” ?KJRANPEP LNAOMQA H= PKP=HEP] @Q OQ>OPN=P @A @]L=NP I=EO =Q >]J]BE?A @A H= I]PDUH?]PKJA nk ~%JPN]A ”¡v !C"&‚ AOP PN¥O LAQ N]=?PEB AP JA LANIAP L=O @A BKNIAN HA LNK@QEP @]OEN] pi ~%JPN]A ”¡v   &EJ=HAIAJP JKQO =RKJO @]?E@] @A IAJAN H= N]=?PEKJ @=JO @AO ?KJ@EPEKJO LHQO ?KJ?AJPN]AO ~‡ v¶ -¡s AJ QPEHEO=JP @EBB]NAJPO OKHR=JPO ~$#%s PKHQ¥JAs @EKT=JA¡s W @AQT PAIL]N=PQNAO @EBB]NAJPAO ~„‡ KQ …‡̋#¡ AP AJ ]PQ@E=JP QJEMQAIAJP !Q#H• AP HAO OAHO @{=NCAJP @A H= ?=P]CKNEA ! ~4=>HA=Q •¶¡v 



))v !??¥O W @AO @E>AJVKBQN=JAO L=N N]=?PEKJ @A >AJV=JJ]H=PEKJ AP OUJPD¥OA @{KTEJ@KHA ))v‚v 2]OQHP=PO AP @EO?QOOEKJ u H= O]NEA >AJVKBQN=JA 

·‚» 

 
 0NK@QEPO ~N=LLKNP ¿¡e8f %JPN]A ¢?=P£ 3KHR=JP 4~̋#¡ #KJRv ~¿¡e8f pi nk ph pj pk · !Q#H• $#% „‡ »» ‰ »…  ‚ ‰ ¶ !C0&” $#% „‡ …‰ ·‡ „» •• x x • !C3>&” $#% „‡ ”‡ ¶‰ „• » ‚ » ‚ !C"&‚ $#% „‡ •· •„ ‚‰ ·” x x „ !Q#H• \ !C"&‚ $#% „‡ „‰ • ‰» x x x ” !Q#H• \ ¶ !C"&‚ $#% „‡ ‰» ‚ …· ‚ ¶ ‰ » !Q#H• \ • !C"&‚ $#% „‡ …… ” »„ ” · ·¶ … !Q#H• \ • !C"&‚ $#% …‡ •” x …” ·‚ x x ‰ !C"&‚ $-! „‡ ·‡ x x x ·‡‡ x ·‡ !C"&‚ #(•#. „‡ • x ·‡‡ x x x ·· !C"&‚ 4KHQAJA „‡ · x ·‡‡ x x x ·¶ !C"&‚ @EKT=JA „‡ ” x „‡ „‡ x x ·• !C"&‚ 4KHQ¥JA …‡ … •» „‡ ·• x x ·‚ !Q#H• 4KHQ¥JA …‡ ” x ·‡‡ x x x ·„ !Q#H• \ !C"&‚ 4KHQ¥JA …‡ ·‰ x ‰„ „ x x ·” !Q#H• \ • !C"&‚ 4KHQ¥JA …‡ ·‡ x ·‡‡ x x x ¢=£ $]PANIEJ]A L=N =J=HUOA 2-. ·( 

289C<8L ji u %PQ@A @AO @EBB]NAJPO L=N=I¥PNAO @A H= N]=?PEKJ @A >AJV=JJ]H=PEKJ 
%J PN=R=EHH=JP AJ IEHEAQ LHQO ?KJ?AJPN] JKQO =RKJO K>OANR] @AQT LNK@QEPO @A N]=?PEKJO OQLLH]IAJP=ENAOv ,{QJ @{AJPNA AQT ?KNNAOLKJ@ W QJA IECN=PEKJ @Q CNKQLAIAJP OEHUH] OQN HA ?=N>KJA OEPQ] AJ § @Q IKPEB ?=N>KJUH] pjv ,A ?KILKO] pk J{= L=O ]P] PKP=HAIAJP E@AJPEBE] I=EO JKQO O=RKJO MQ{EH LKOO¥@A PKQFKQNO H{]PDAN @{]JKH OEHUH]v 'HK>=HAIAJP HA P=>HA=Q IKJPNA MQA H= I]PDUH?]PKJA nk OA BKNIA AJ?KNA PN¥O I=FKNEP=ENAIAJP @=JO HA IEHEAQv   ,AO ?KILHATAO @{=NCAJP AP @{KN ~%JPN]AO ·‘‚¡ QPEHEO]O OAQHO @=JO HA $#% @KJJAJP @AO ?KJRANOEKJO IKUAJJAO W >KJJAO ~•· W …‰ ¿¡s RKEOEJAO @A ?AHHAO K>PAJQAO AJ IEHEAQ @EHQ]v ,A OAH @{KN ~)))¡ ~%JPN]A ·¡ AP !C0&” ~%JPN]A ¶¡ @KJJAJP @A >KJJAO ?KJRANOEKJO  ~»» ¿ AP …‰ ¿¡ I=EO B=RKNEOAJP H= @]LNKPA?PEKJ @Q CNKQLAIAJP @Q 4)03v  

O

TIPSO

Ph

[cat] (5 mol%)

Solvant (0.2 M)
50°C, 6h O

O

Ph
O

O

O
Ph

O

O

Ph

TIPS

O

TIPSO

Ph

O

TIPSO

?

92 74 9188 9493



))v !??¥O W @AO @E>AJVKBQN=JAO L=N N]=?PEKJ @A >AJV=JJ]H=PEKJ AP OUJPD¥OA @{KTEJ@KHA ))v‚v 2]OQHP=PO AP @EO?QOOEKJ u H= O]NEA >AJVKBQN=JA 

·‚… 

/J ?KJOP=PA MQA HAO IAEHHAQNAO LNKLKNPEKJO @Q LNK@QEP @A >AJV=JJ]H=PEKJ OKJP K>PAJQAO =RA? !C"&‚ AP !C3>&” I=EO H= N]=?PEKJ AOP IKEJO LNKLNA @=JO ?A @ANJEAN ?=O ~%JPN]AO •‘‚¡v  .KQO =RKJO AOO=U] @A ?KI>EJAN HAO LANBKNI=J?AO @AO ?=P=HUOAQNO !Q#H• ~>KJJA ?KJRANOEKJ¡ AP !C"&‚ ~IAEHHAQNA O]HA?PEREP] K>PAJQA AJ B=RAQN @Q LNK@QEP @A >AJV=JJ]H=PEKJ¡ ~%JPN]AO „‘…¡v 0KQN ?AH=s JKQO =RKJO OQ>OPEPQ] H{QJs HAO @AQT KQ HAO PNKEO EKJO ?DHKNQNAO @Q OAH @{KN L=N H{=JEKJ "&‚‘v -=HDAQNAQOAIAJP HAO N]OQHP=PO OKJP EJO=PEOB=EO=JPO ?=N HAO ?KJRANOEKJO OKJP >KJJAO I=EO H= I]PDUH?]PKJA nk AOP PKQFKQNO K>PAJQA W LHQO @A »„ ¿v ,A ?D=QBB=CA @Q IEHEAQ W …‡̋# AIL^?DA ?KILH¥PAIAJP H= BKNI=PEKJ @Q LNK@QEP @A >AJV=JJ]H=PEKJ ~%JPN]A …¡v  0KQN ]PQ@EAN HAO ABBAPO @Q OKHR=JPs JKQO =RKJO ?DKEOE @A PN=R=EHHAN =RA? !C"&‚ ~%JPN]AO ‰‘·¶¡v #KIL=N=PERAIAJP =Q @E?DHKNK]PD=JAs H= N]=?PEREP] @Q OAH @{=NCAJP AOP PKP=HAIAJP EJDE>]Av ,{=?]PKJEPNEHA AP HA PKHQ¥JA ~%JPN]AO ·‡‘··¡ JA @KJJAJP MQA @AO PN=?AO @Q ?KILKO] nk ~· W • ¿ @A ?KJRANOEKJ¡v $=JO HA @EI]PDKTU=?]P=IE@A EH U = ?KJRANOEKJ FQOMQ{W ·‡ ¿ @Q OQ>OPN=P AJ EOKI¥NA pj ~%JPN]A ‰¡v ,A @EKT=JA ?KJ@QEP W QJ I]H=JCA ]MQEIKH=ENA @A LNK@QEPO @]LNKP]C]O nk AP ph ~%JPN]A ·¶¡v !Q?QJ @A ?AO OKHR=JPO J{=LLKNPA @{=I]HEKN=PEKJ =Q OUOP¥IAs JE AJ PANIA @A ?KJRANOEKJs JE AJ PANIA @A O]HA?PEREP]v 5JA =QPNA O]NEA @{ATL]NEAJ?AO =R=EP ]P] N]=HEO]As AJ L=N=HH¥HAs @=JO HA PKHQ¥JA W …‡̋# ~%JPN]AO ·•‘·”¡s I=EO JKQO RAJKJO @A RKEN MQA ?A OKHR=JP ]P=EP EJ=LLNKLNE] W H= N]=?PEKJv )H =QN=EP LHQPfP B=HHQ IAJAN HAO AOO=EO @=JO HA @E?DHKNK]PD=JAv  #ALAJ@=JPs HAO N]OQHP=PO ?KJBENIAJP MQA HAO ?KILHATAO @{KN ~%JPN]AO ·‚‘·”¡ LAN@AJP =QOOE HAQN N]=?PEREP]  ~?KJRANOEKJO B=E>HAO @A ” W ·‰ ¿¡v 0=N ?KJPNA LKQN !C"&‚ KJ NAPNKQRA HAO I^IAO LNKLKNPEKJO @A LNK@QEP @=JO HA PKHQ¥JA W …‡̋# ~%JPN]A ·•¡ MQA @=JO HA $#% W „‡̋# ~%JPN]A ‚¡v 3AQHA H= ?KJRANOEKJ AOP LHQO B=E>HAv  ! ?A OP=@As JKQO J{=RKJO PKQFKQNO L=O PNKQR] HAO ?KJ@EPEKJO MQE LANIAPPAJP @{K>PAJEN I=FKNEP=ENAIAJP HA LNK@QEP @A >AJV=JJ]H=PEKJ =RA? QJA >KJJA ?KJRANOEKJv -=EO HAO IAEHHAQNO N]OQHP=PO KJP ]P] K>PAJQO =RA? !C"&‚ AP !Q#H• @=JO HA $#%s W „‡̋#v .KQO =RKJO =HKNO BEJE L=N PN=R=EHHAN @A JKQRA=Q AJ IEHEAQ LHQO @EHQ] ~‡v· -¡ =BEJ @A HEIEPAN H= BKNI=PEKJ @AO OKQOxLNK@QEPO AP JKQO =RKJO B=EP R=NEAN H= MQ=JPEP] @A ?=P=HUOAQN ~4=>HA=Q ••¡v 



))v !??¥O W @AO @E>AJVKBQN=JAO L=N N]=?PEKJ @A >AJV=JJ]H=PEKJ AP OUJPD¥OA @{KTEJ@KHA ))v‚v 2]OQHP=PO AP @EO?QOOEKJ u H= O]NEA >AJVKBQN=JA 

·‚‰ 

 0NK@QEPO ~N=LLKNP ¿¡¢=£ %JPN]A ¢?=P£ IKH ¿ #KJRv ~¿¡¢=£ pi nk ph · !C"&‚ „ ¶· ·‡ »· ¶‚ ¶ !C"&‚ ·‡ •‡ •» ¶” •» • !C"&‚ ¶‡ •… •‚ •¶ •‚ ‚ !C"&‚ •‡ »” •‡ •‡ ‚‡ „ !C"&‚ \ 44"0 •‡ ·‡‡ …‡ ” ·‚ ” !Q#H• \ 44"0 •‡ ‰» „… ‚· ‚¶ » !C"&‚ ·‡‡ ·‡‡ ·‡‡ x x ¢=£ $]PANIEJ]A L=N =J=HUOA 2-. ·( 
289C<8L jj u #KJ@EPEKJO KLPEI=HAO @A >AJV=JJ]H=PEKJ L=N ?=P=HUOA W H{=NCAJP 

#APPA BKEO HAO AOO=EO KJP LANIEO @A JKQO @KJJAN @AO EJBKNI=PEKJO ?NQ?E=HAO MQ=JP W H= ?=P=HUOA @A H= N]=?PEKJ @A >AJV=JJ]H=PEKJ L=N HAO OAHO @{KN AP @{=NCAJPv %J ABBAPs JKQO =RKJO LQ K>OANRAN MQA H{=QCIAJP=PEKJ @A H= MQ=JPEP] @A ?=P=HUOAQN !C"&‚  ~@A „ W •‡ IKH ¿¡ LANIAPP=EP @{=??NKEPNA H= ?KJRANOEKJ @A H= N]=?PEKJ @A ~¶· W »” ¿¡ ~%JPN]AO ·‘‚¡v %J NAR=J?DAs HA N=LLKNP AJPNA HA LNK@QEP @]OEN] ‰¶ AP HAO ?KILKO]O @]OEHUH]O nk AP ph NAOP=EP ?KJOP=JP ~LKQN HAO %JPN]AO ¶‘‚¡v .KQO =RKJO =HKNO N=FKQP] QJ LE]CAQN @A LNKPKJO ~44"0¡ ~%JPN]AO „‘”¡ @=JO HA IEHEAQ ?A MQE JKQO = LANIEO @{K>PAJEN @AO N]=?PEKJO =RA? @AO ?KJRANOEKJO PKP=HAO AJ B=RAQN @Q ?KILKO] =PPAJ@Q u …‡ ¿ =RA? !C"&‚ AP „… ¿ =RA? !Q#H•v #A @ANJEAN = QJA PNKL BKNPA PAJ@=J?A W @]LNKP]CAN HA LN]?QNOAQN OEHUH] I=HCN] H{QPEHEO=PEKJ @{QJ LE]CAQN @A LNKPKJO ~44"0¡v !EJOE JKQO =RKJO N]=HEO] QJA QHPEIA ATL]NEAJ?A AJ QPEHEO=JP ?APPA BKEOx?E QJA MQ=JPEP] OPi?DEKI]PNEMQA AJ OAH @{=NCAJP ~%JPN]A »¡v   
+8 IU8:K@FE :FE;L@K <E=@E R hgg q ;< GIF;L@K ;< 9<EQ8EEUC8K@FE _ #<KK< 

KI8EJ=FID8K@FE E`<JK D8C?<LI<LJ<D<EK G8J :8K8CPK@HL< <E J<CJ ;`8I><EK <K =FI:< 

<JK ;< :FEJK8K<I HL< C< :P:C< :8K8CPK@HL< E`<JK :8G89C< ;< J`<==<:KL<I HL< KIF@J FL 

HL8KI< =F@J 8L D8O@DLD GFLI C8 IU8:K@FE ;UJ@IU<]  

O

TIPSO

Ph

[cat]

Solvant (0.1 M)
50°C, 6h O

O

Ph
O

O

O
Ph

O

TIPSO

Ph

92 74 9188



))v !??¥O W @AO @E>AJVKBQN=JAO L=N N]=?PEKJ @A >AJV=JJ]H=PEKJ AP OUJPD¥OA @{KTEJ@KHA ))v‚v 2]OQHP=PO AP @EO?QOOEKJ u H= O]NEA >AJVKBQN=JA 

·„‡ 

#KILPA PAJQ @A ?APPA N]R]H=PEKJs JKQO JKQO OKIIAO @{=>KN@ @AI=J@]O OE HA OQ>OPN=P 
oo ?DKEOE LKQN KLPEIEOAN H= N]=?PEKJ ]P=EP RN=EIAJP HA LHQO =LLNKLNE]s ?{AOP LKQNMQKE JKQO =RKJO RKQHQ R]NEBEAN MQA HA ?KILKO] op BKJ?PEKJJ=HEO] L=N QJA LUNE@EJA @KJJ=EP >EAJ HAO I^IAO N]OQHP=PO ~289C<8L jk¡v .KQO =RKJO =QOOE PAOP] @A JKQRA=QT OUOP¥IAO ?=P=HUPEMQAOv 

 0NK@Q?PO ~N=LLKNP ¿¡ %JPN]A ¢?=P£ ~IKH ¿¡ 3KHR=JP #KJRv ~¿¡¢=£ pl pm pn · !Q#H~00D•¡ ·„ $#% ‡ x x x ¶ !Q#H~00D•¡\!C.4B¶ ·„ $#% ‡ x x x • !Q#H~00D•¡\!C"&‚ ·„ $#% ¶· x x ·‡‡ ‚ !Q#H• ·„ $#% …„ x ·‡‡ x „ !Q#H• \ ¶ !C.4B¶ ·„ $#% ‡ x x x ” !Q#H•\ ¶ !C"&‚ ·„ $#% ”· x x ·‡‡ » !C.4B¶ „ $#% · x x ·‡‡ … !C.4B¶ •‡ $#% ·‡‡ …‡ x ¶‡ ‰ ¢!C~)I¡E£́00D• ·‡‡ $#% ‡ x x x ·‡ !C"&‚ „ $#% ·‚ x x ·‡‡ ·· !C"&‚ „ -A/( •• x ·‡‡ x ·¶ !C"&‚ \ 44"0 „ $#% ·… ·‡‡ x x ·• !C"&‚ ·‡‡ $#% ·‡‡ ·‡‡ x x ¢=£ $]PANIEJ]A L=N =J=HUOA 2-. ·( 
289C<8L jk u 2]OQHP=PO @A >AJV=JJ]H=PEKJ N]=HEO]O OQN HA ?KILKO] LUNE@EJEMQA 

,AO N]=?PEKJO K>PAJQAO =RA? ?A OQ>OPN=P op OKJP O]HA?PERAO ?KJPN=ENAIAJP =Q ?KILKO] oo LN]?]@AJP ~4=>HA=Q •‚¡v  ,AO OAHO @{KN ~)¡ OKJP QJA BKEO @A LHQO EJABBE?=?AO ~%JPN]A ·¡ I^IA =RA? QJA =?PER=PEKJ L=N !C.4B¶ ~%JPN]A ¶¡v ,A OAH @{KN ?=PEKJEMQA !Q#H~"&‚¡ AOP H]C¥NAIAJP LHQO N]=?PEB I=EO ?KJ@QEP =Q ?KILKO] @]OEHUH] ‰» ~%JPN]A •¡ v 

O

TIPSO

Py

[cat]

Solvant (0.1 M)
50°C, 3h O

O

Py
O

O

O
Py

O

TIPSO

Py

95 96 9789



))v !??¥O W @AO @E>AJVKBQN=JAO L=N N]=?PEKJ @A >AJV=JJ]H=PEKJ AP OUJPD¥OA @{KTEJ@KHA ))v‚v 2]OQHP=PO AP @EO?QOOEKJ u H= O]NEA >AJVKBQN=JA 

·„· 

!RA? !Q#H• OAQH HA LNK@QEP @]LNKP]C] pm AOP K>PAJQ ~%JPN]A ‚¡v ,{=?PER=PEKJ L=N !C.4B¶ EJDE>A H= N]=?PEREP] @Q OAH @{KN ~%JPN]A „¡v #KIIA LN]?]@AIIAJPs H{=FKQP @{!C"&‚ ?KJ@QEP QJEMQAIAJP =Q ?KILKO] @]OEHUH] pn ~%JPN]A ”¡v ,A OAH @{=NCAJP !C.4B¶ AOP EJABBE?=?A ~%JPN]A »¡ O=QB O{EH AOP EJPNK@QEP W D=QPAQN @A •‡ IKH ¿ ~%JPN]A …¡v $=JO ?A ?=O HW HA LNK@QEP @A >AJV=JJ]H=PEKJ AOP K>PAJQ I=FKNEP=ENAIAJPv ,A ?KILHATA @{EIE@=VKH=PA @{=NCAJP MQE O{AOP IKJPN] LANBKNI=JP @=JO JKPNA N]=?PEKJ P=J@AI @{=?]P=HEO=PEKJ\?U?HKEOKI]NEO=PEKJ JA @KJJA E?E =Q?QJ N]OQHP=P ~%JPN]A ‰¡v 0KQN BEJENs !C"&‚ HE>¥NA @AO LNK@QEPO @A @]OEHUH=PEKJ u OKEP HA ?KILKO] pn @=JO HA $#% ~%JPN]A ·‡¡s OKEP HA ?KILKO] pm @=JO HA I]PD=JKH ~%JPN]A ··¡v 3E KJ EJPNK@QEP QJ LE]CAQN @A LNKPKJ @=JO HA IEHEAQ ~44"0¡s HA LNK@QEP @A >AJV=JJ]H=PEKJ OA BKNIA  ~%JPN]A ·¶¡v  
,8@J LE< =F@J ;< GCLJ[ FE :FEJK8K< HL`@C =8LK LE UHL@M8C<EK ;< :8K8CPJ<LI GFLI HL< 

C8 IU8:K@FE ;< 9<EQ8EEUC8K@FE J< GIF;L@J< HL8EK@K8K@M<D<EK <K JUC<:K@M<D<EK]  ,AO N]OQHP=PO OKJP ?KJBENI]O u H{QPEHEO=PEKJ @A OAHO @{KN KQ @{=NCAJP JA LANIAPPAJP L=O @A ?=P=HUOAN ABBE?=?AIAJP H= N]=?PEKJ @A >AJV=JJ]H=PEKJs ?KJPN=ENAIAJP W ?A MQA JKQO =REKJO LQ K>OANRAN HKNO @A JKO PN=R=QT =JP]NEAQNO OQN HAO @]NER]O @A MQEJKH]EJAv .KQO =RKJO @KJ? ]P] ?KJPN=EJPO @A PNKQRAN QJ =QPNA OUOP¥IA ?=P=HUPEMQA =@=LP] W JKO OQ>OPN=POv .KO LNAIE¥NAO LAJO]AO OA OKJP PKQNJ]AO RANO H{QPEHEO=PEKJ @A ?KILHATAO @A NDK@EQI MQE =R=EAJP LANIEO @A OUJPD]PEOAN @AO @]NER]O @{=?NE@EJAO LKHUBKJ?PEKJJ=HEO]O =Q H=>KN=PKENAv¶‡‰  !EJOEs RKE?E HAO N]OQHP=PO MQA JKQO =RKJO K>PAJQO =RA? HAO @AQT LN]?QNOAQNO @]FW ]PQ@E]O I=EO ?APPA BKEO MA9 QJA ?=P=HUOA =Q NDK@EQI ~3?D]I= ‰·¡v  
 

1:?UD8 ph u 2]=?PEKJ @A >AJV=JJ]H=PEKJ ?=P=HUO]A =Q NDK@EQI 
O

TIPSO

R

88 R = Ph (76 %)
89 R = Py (70 %)

O

TIPSO

R

[Rh(CO)2Cl]2 (10 mol %)

toluène (0.1M)
120°C, 5h

92 R = Ph (51 %)
95 R = Py (53 %)

100 % conv.



))v !??¥O W @AO @E>AJVKBQN=JAO L=N N]=?PEKJ @A >AJV=JJ]H=PEKJ AP OUJPD¥OA @{KTEJ@KHA ))v‚v 2]OQHP=PO AP @EO?QOOEKJ u H= O]NEA >AJVKBQN=JA 

·„¶ 

,= N]=?PEKJ AOP MQ=JPEP=PERA AP JA @KJJA MQA HA LNK@QEP @A >AJV=JJ]H=PEKJv 4KQO HAO OKQOxLNK@QEPO LN]?]@AIIAJP K>OANR]O =RA? HAO OAHO @{=NCAJP AP @{KN JA OA BKNIAJP L=O =RA? HA NDK@EQIv 0KQNP=JP HAO NAJ@AIAJPO EOKH]O @AO LNK@QEPO pi AP pl JA @]L=OOAJP L=O HAO „• ¿v .KQO RANNKJO ABBA?PERAIAJP =Q ?KQNO @A H{ATAILHEBE?=PEKJ MQ{EH AOP @EBBE?EHA @{K>PAJEN @A >KJO NAJ@AIAJPO @A ?U?HEO=PEKJv   
))[j[g[i %O=DGCA>A;9KAFE <= C9 IS9;KAFE <= :=EQ9EESC9KAFE 

'NY?A W H= I]PDK@KHKCEA MQA JKQO =RKJO IEOA =Q LKEJP LKQN H= OUJPD¥OA @AO LN]?QNOAQNOs LHQOEAQNO @]NER]O KJP LQ ^PNA OUJPD]PEO]O ~4=>HA=Q •„¡v 

 
%JPN]A  0NK@QEP 2AJ@AIAJP  

·  oo …¶ ¿ 
¶  op »‡ ¿ 
•  po „” ¿ ‚  pp ”„ ¿ „  hgg „· ¿ ”  hgh ”• ¿ »  hgi ”¶ ¿ 
…  hgj ”· ¿ 
‰  hgk »‚ ¿ 

289C<8L jl u 3UJPD¥OA @AO LN]?QNOAQNO @A >AJV=JJ]H=PEKJ L=N N]=?PEKJ @A 3KJKC=ODEN= 

PdCl2(PPh3)2 (0.05 éq.)

CuI (0.05 éq)
tBuNH2

R
O

TIPSO

I O

TIPSO

R
96

toluène, t.a.
2 – 3 h

 

N

OMe

OEt

OEt

N

Ph

O

O

F3C

MeO
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5JA C=IIA @A ?KILKO]O = ]P] LN]L=N]A JKP=IIAJP AJ CNABB=JP @AO =H?UJAO R=NE]Ov .KQO =RKJO LQ EJPNK@QENA @AO OQ>OPEPQ=JPO =HELD=PEMQAO ~%JPN]AO ·‘„¡ AP =NKI=PEMQAO ~%JPN]AO ”‘‰¡v  #ANP=EJO OKJP @A PULA =HGUHA ~%JPN]A ·¡s @{=QPNAO OKJP =?PER]O L=N ABBAP EJ@Q?PEB =PPN=?PAQN ~%JPN]AO ¶‘„s »¡v .KQO =RKJO ]C=HAIAJP ?KQLH] QJ CNKQLAIAJP =NKI=PEMQA NE?DA AJ ]HA?PNKJO ~%JPN]A …¡ AP QJ D]P]NK=NKI=PEMQA  ~%JPN]A ‰¡v ,AO NAJ@AIAJPO OKJP IKUAJO W >KJO ~„· W …¶ ¿¡ AJ N=EOKJO @AO @EBBE?QHP]O @A LQNEBE?=PEKJv 
,{AJOAI>HA @A ?AO LN]?QNOAQNO = ]P] AJC=C] @=JO H= N]=?PEKJ @A >AJV=JJ]H=PEKJ ?=P=HUO]A L=N @AO OAHO @A NDK@EQI ~289C<8L jm¡v  

 
%JPN]A  0NK@QEP 4AILO ~D¡ 2AJ@AIAJP 

·  pi „ „· ¿ 
¶  pl „ „¶ ¿ 
•  hgl • ‚… ¿ ‚  hgm • „• ¿ „  hgn ‚ •‡ ¿ ”  hgo „ ¶· ¿ »  hgp ‚ ¶” ¿ 
…  hhg ‚ •· ¿ 
‰  hhh • ‚„ ¿ 

289C<8L jm u 2]OQHP=PO @A >AJV=JJ]H=PEKJ 
 

O

TIPSO

R O

TIPSO

R

[Rh(CO)2Cl]2 (10 mol %)

toluène (0.1M) 
120°C

 
N

OMe

OEt

OEt

N

Ph

O

O

F3C

MeO
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  ,= N]=?PEKJ AOP PKP=HA =Q >KQP @A • W „ Dv 0KQNP=JP HAO NAJ@AIAJPO K>PAJQO JA @]L=OOAJP L=O HAO „• ¿v ,AO =J=HUOAO 2-. @Q LNKPKJ JA N]R¥HAJP H= BKNI=PEKJ @{=Q?QJ OKQO LNK@QEP @A N]=?PEKJv %J =J=HUO=JP LHQO BEJAIAJP HAO OLA?PNAOs JKQO =RKJO NAI=NMQ] MQA H= HECJA @A >=OA J{AOP L=O HEJ]=ENA =Q JERA=Q @A H= N]CEKJ =NKI=PEMQAv .KQO LAJOKJO MQA HA LNK@QEP LKHUI]NEOA @=JO HA IEHEAQ ?A MQE ATLHEMQA HAO B=E>HAO NAJ@AIAJPO AJ LNK@QEPO EOKH]Ov 0KQNP=JP @A N]?AJPO AOO=EO AJ IEHEAQ LHQO @EHQ] ~‡v‡· -¡s ?A MQE LANIAP @A HEIEPAN HAO N]=?PEKJO L=N=OEPAO EJPANIKH]?QH=ENAOs KJP ?KJ@QEP =QT I^IAO N]OQHP=POv 
,AO ?KJ@EPEKJO OANKJP KLPEIEO]AO @=JO @A BQPQNO PN=R=QTv .KQO AJREO=CAKJO @{AOO=UAN @{=QPNAO ?=P=HUOAQNO @A NDK@EQI PAH MQA HA ¢2D~#/$¡#H£¶ AP ]RAJPQAHHAIAJP @A HAO =?PERAN L=N @AO OAHO @{=NCAJP u ¢2D~#/$¡#H£¶\!C8v 0=N ATAILHAs HAO ?KILHATAO ?=PEKJEMQAO @A NDK@EQI ~)¡ OA OKJP IKJPN]O >EAJ LHQO ABBE?=?AO MQA HAO OAHO JAQPNAO @=JO HAO N]=?PEKJO @A ?U?HK=@@EPEKJ  ¢‚́¶́¶£ @{]JUJAO AP @A @EUJAOv¶•„    ))v‚v¶ 2]OQHP=PO K>PAJQO AJ O]NEA EJ@KHA 

))[j[h[g 4I9M9LO <= GISG9I9KAFE <=J GIS;LIJ=LIJ <= :=EQ9EESC9KAFE 

0KQN ?KIIAJ?AN ?A ?D=LEPNAs FA RKQ@N=EO RKQO EJBKNIAN MQ{=Q?QJA N]=?PEKJ @A >AJV=JJ]H=PEKJ J{= LQ ^PNA ]PQ@E]A OQN HAO @]NER]O @{EJ@KHAv %J ABBAPs I=HCN] LHQOEAQNO =LLNK?DAO @A OUJPD¥OAs JKQO J{=RKJO L=O LQ K>PAJEN HAO LN]?QNOAQNO @A H= N]=?PEKJ OAHKJ H= I]PDK@KHKCEA N]PNKOUJPD]PEMQA EJEPE=HAIAJP @]PANIEJ]A ~3?D]I= ‰¶¡v  
 

1:?UD8 pi u %PQ@A N]PNKOUJPD]PEMQA AJREO=C]A LKQN HAO LN]?QNOAQNO % @A H= O]NEA EJ@KHA                                                         ¶•„ ,AAs 3v )vt 0=NGs 3v 9vt #DQJCs 9v +v !<M[ 3PEK@[ #9K9C[ iggm[ ijnY ¶„•·x¶„•‰v 

N
Me

TBSO

ClN
Me

TBSO

R
N
Me

HO

Cl N
Me

O

ClN
Me

O

Cl

3

Oxydation

2

Silylation

4

Grignard

1

SonogahiraE D C B A
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 *A RKQO L]OAJPAN=E @KJ? OQ??EJ?PAIAJP HAO @ERANOAO HEIEP=PEKJO MQA JKQO =RKJO NAJ?KJPN]AO AP MQE JKQO KJP LKQOO]AO W ?DKEOEN QJA =QPNA RKEA @A OUJPD¥OAv 0QEO FA RKQO ATLKOAN=E ?KIIAJP JKQO =RKJO BEJ=HAIAJP LQ =??]@AN W @AO @]NER]O @{KTEJ@KHA PN¥O EJP]NAOO=JPOv      #KIIA @=JO HA ?=O @A H= O]NEA >AJVKBQN=JAs JKQO OKIIA L=NPEO @{QJ LNK@QEP ?KIIAN?E=H u H{KTEJ@KHA ~KQ ¶xEJ@KHEJKJA¡ ~3?D]I= ‰‚¡v 

 
1:?UD8 pj ¥ ,EIEP=PEKJO @AO RKEAO @A OUJPD¥OA AJREO=C]AO 

4NKEO RKEAO @A OUJPD¥OA KJP ]P] AJREO=C]AO W L=NPEN @A H{KTEJ@KHA ?KIIAN?E=Hv #D=?QJA @{AJPNA AHHAO @]>QPA L=N QJA N]=?PEKJ @A 6EHOIAEAN‘(==?G =BEJ @{=??]@AN W @AO @]NER]O >NKI]O ~hhi AP hhn¡ KQ ?DHKN]O ~hhp¡v    

N
H

O

Br N

HO

Br

N Cl

TBSO

N
H

O

Vilsmeier-Haack

POBr3,DMF

DCM, reflux

3h30

82%

Grignard

MeMgBr, THF, -78°C
ou

Me2Zn,Toluène, 
HO(CH2)2NMe2

0 à 30°C

TBSOTf, DCM
Et3N

0°C, 4h30
quant.

Silylation

N

O

Br N Br

POBr3,DMA

DCM, reflux N
H

O

Br

N
H

O

Cl

POCl3,DMA

0°C puis reflux, 5h30

65%
Méthylation

1) NaH, THF
    0°C, 15 min
2) puis MeI, 
    0°C, 1h

N

O

Cl

N

O

I

Sonogashira

Ph

112 113 114 115

117

119 120 121

Pd(PPh3)2Cl2 
CuI

Toluène
t.a. ou 50°C

Oxydation

IBX, DMSO
t.a.

N

O

BrX
116

N

TBSO

122

Ph
X

Finkelstein

NaI (3 éq), HCl (0.5 éq)
CH3CN reflux, 5 min

N

O

H

123 124

47 % conv.

(55:45)

X

68%

Méthylation

1) NaH, THF
    0°C, 15 min
2) puis MeI, 
    0°C, 1h

99 %

oxindole

VOIE A

VOIE B

VOIE C

N
H

O

H

118(25:75)
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4.)% ! !EJOEs HA ?KILKO] hhi = LQ ^PNA K>PAJQ =RA? QJ NAJ@AIAJP @A …¶ ¿ @=JO HAO ?KJ@EPEKJO ?H=OOEMQA @A >NKIKBKNIUH=PEKJv¶•”s¶•»  5JA ]P=LA @A LNKPA?PEKJ ABBE?=?A LANIAP @A C]J]NAN H{EJ@KHA I]PDUH] hhj MQ=JPEP=PERAIAJPv -=HDAQNAQOAIAJP H= N]=?PEKJ @A 'NECJ=N@ ?KJO]?QPERA MQE = @]FW ]P] =LLHEMQ]A =RA? OQ??¥O AJ O]NEA >AJVKBQN=JA  ~‰… ¿ @A NAJ@AIAJP¡ AOP EJ=@=LP]A =QT =J=HKCQAO =VKP]Ov %J ABBAPs AHHA ?KJ@QEP W QJ I]H=JCA ?KILHATA @A LNK@QEPO JKJ LQNEBE=>HAO L=N ?DNKI=PKCN=LDEA AJ N=EOKJ @A CNKO LNK>H¥IAO @A @]CN=@=PEKJv .KQO =RKJO J]=JIKEJO LQ E@AJPEBEAN =Q RQ @AO OLA?PNAO  2-. ·( AP @AO =J=HUOAO '#‘-3 MQA H{=H?KKH I]PDUHEMQA =PPAJ@Q hhk OA BKNIA AP AOP =??KIL=CJ]  @Q @]NER] @]ODU@N=P] hhlv $=JO H{EJ?=L=?EP] @{EOKHAN HA ?KILKO] ?E>H]s JKQO =RKJO AJC=C] HA I]H=JCA @A LNK@QEPO @=JO H{]P=LA @{KTU@=PEKJ OQER=JPAs O=JO OQ??¥Ov #APPA BKEOx?Es =Q?QJ LNK@QEP J{= LQ ^PNA E@AJPEBE] W L=NPEN @Q N]OE@Q >NQP K>PAJQv #APPA RKEA @A OUJPD¥OA = ]P] =>=J@KJJ]A AP JKQO =RKJO AJPNALNEO HAO AOO=EO @A H= 4F@< "v  
4.)% " .KQO =RKJO @]?E@] @{=??]@AN @ENA?PAIAJP W H= I]PDUH?]PKJA >NKI]A hhn =BEJ @A O{=BBN=J?DEN @A H= N]=?PEKJ @A 'NECJ=N@v ,= N]=?PEKJ @A 6EHIAEAN‘(==?G = ]P] PAJP]A AJ NAILH=[=JP HA @EI]PDUHBKNI=IE@A L=N HA @EI]PDUH=?]P=IE@Av 5J OQERE L=N =J=HUOAO  '#‘-3 @A H= N]=?PEKJ IKJPNA MQ{QJ I]H=JCA @A @]NER] >NKI] hhn AP @A ?KILKO] @]OD=HKC]J] hho OA BKNIA @=JO HA IEHEAQ W D=QPAQN @{QJ N=PEK ~¶„ u »¶¡v #APPA EJBKNI=PEKJ N]R¥HA H= CN=J@A N]=?PEREP] @A H= LKOEPEKJ ¶ @A H{EJ@KHAv ${=EHHAQNO HA LNK@QEP >NKI] J{= F=I=EO LQ ^PNA EOKH]v   
4.)% # &EJ=HAIAJPs JKQO JKQO OKIIAO PKQNJ]O RANO H= OUJPD¥OA @A H= I]PDUH?]PKJA ?DHKN]A hhp MQE AOP @]?NEPA @=JO H= HEPP]N=PQNAv¶•…s¶•‰  !LN¥O H{=RKEN EOKH]A =RA? QJ NAJ@AIAJP @A ”„ ¿s JKQO =RKJO LNKP]C] H{=VKPA ?KIIA LN]?]@AIIAJPv                                                          ¶•” "N=DI=s 3vt 2=Us *v +v 4=KI9@=<IFE iggo[ ljY ¶……• x ¶…‰”v  ¶•» 'EH?DNEOPs 4v ,vt +AIIEPPs 0v $vt 'ANI=EJs !v ,v 4=KI9@=<IFE hppn[ kiY ‚‚‚» x ‚‚„”v ¶•…  -KJCAs !vt 0=HKLs *vt 2=IENAVs #vt &KJPs -vt &ANJ=J@AVx!HR=NAVs %v %LI[ *[ -=<[ #@=D[ hpph[ hlY ·»‰ x ·……v ¶•‰ ,Qs 3v #vt $Q=Js 8v 9vt 3DEs :v *vt ,Es "vt 2AJs 9v 7vt :D=JCs 7vt :D=JCs 9v (vt 4Qs :v &v /I?[ ,=KK[ iggp[ ggY •‰‡¶x•‰‡„v  
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,A ?KILKO] hig K>PAJQ = LANIEO @A C]J]NAN MQ=JPEP=PERAIAJP H{]PDAN @{]JKH OEHUH] hihv -=HDAQNAQOAIAJPs H= @ANJE¥NA ]P=LA @A 3KJKC=ODEN= MQE LANIAP @{=??]@AN =Q LN]?QNOAQN hii @A H= N]=?PEKJ @A >AJV=JJ]H=PEKJs J{= L=O =>KQPEv 3AQHO HA OQ>OPN=P @A @]L=NP AP HA LNK@QEP @{DKIK?KQLH=CA @A 'H=OAN OKJP K>PAJQOv  5JA @ANJE¥NA PAJP=PERA @A EK@=PEKJ AJ LKOEPEKJ ¶ @A H{EJ@KHA = ]P] N]=HEO]A @=JO HAO ?KJ@EPEKJO @A &EJGAHOPAEJ KLPEIEO]AO AJ O]NEA >AJVKBQN=JAv ; L=NPEN @Q ?KILKO]  ?DHKN] higs OAQHAIAJP ‚» ¿ @A ?KJRANOEKJ AOP K>PAJQA AJ @KJJ=JP QJ I]H=JCA  MQ=OE‘]MQEIKH=ENA @A LNK@QEP EK@] hij AP @A LNK@QEP @]OD=HKC]J] hikv ,= PNKL CN=J@A OAJOE>EHEP] @Q ?KILKO] OKQD=EP] JA LANIAP L=O @A H{EOKHANv  &EJ=HAIAJPs JKQO =RKJO ]P] ?KJPN=EJPO @{=@KLPAN QJA =QPNA I]PDK@KHKCEA @A OUJPD¥OA LKQN LN]L=NAN HAO LN]?QNOAQNO @A H= N]=?PEKJ @A >AJV=JJ]H=PEKJv $AO PN=R=QT N]?AIIAJP N=LLKNP]O @=JO H= HEPP]N=PQNA @]?NERAJP QJA N]=?PEKJ @{=?]PUH=PEKJ ABBE?=?A @A @]NER]O @{KTEJ@KHA AJ LN]OAJ?A @{=JDU@NE@A =?]PEMQA AP @{QJA MQ=JPEP] ?=P=HUPEMQA @A $-!0 ~3?D]I= ‰‚¡v¶‚‡  

 
1:?UD8 pk u !QPNA =LLNK?DA OUJPD]PEMQA AJREO=C]A LKQN HAO LN]?QNOAQNO @A H= O]NEA EJ@KHA 

 ,AO =QPAQNO KJP LQ K>OANRAN PNKEO PULAO @{=?]PUH=PEKJ AJ PN=R=EHH=JP =RA? H{KTEJ@KHA u QJA .x=?]PUH=PEKJs QJA /x=?]PUH=PEKJ AP QJA #x=?]PUH=PEKJ AJ LKOEPEKJ • MQE ?KJ@QEOAJP =Q LNK@QEP hilv 0=N ?KJPNA AJ ATAILHEBE=JP HAQN I]PDK@KHKCEAs EHO KJP ?KJOP=P] MQA HA .xI]PDUHKTEJ@KHA JA LANIAPP=EP MQA H= #x=?]PUH=PEKJ C]J]N=JP HA ?KILKO] himv .KQO JKQO OKIIAO EJP]NAOO]O W ?APPA I]PDK@KHKCEA @A OUJPD¥OA MQE KBBN=EP @AO KLLKNPQJEP]O @A >NKI=PEKJ AJ LKOEPEKJ ¶ ~3?D]I= ‰‚¡ =BEJ @{K>PAJEN HA                                                         ¶‚‡ *D=s -vt "HQJPs "v 4=KI9@=<IFE ,=KK[ iggp[ kfY ”‡‚‚x”‡‚»v 

N
H

O N O

O

O

O O

DMAP (1 mol %)
150°C, 4h

95 %
oxindole

125

N Br

O

N Br

TBSO

N

TBSO

Ph

116 122

N O N OH

O

O

O O

DMAP (1 mol %)
150°C, 4h

81 %

N-méthyloxindole
126

O

O
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?KILKO] hhm ~JKJ K>PAJQ LN]?]@AIIAJP HKNO @A H= 4.)% !s 1:?UD8 pj¡ AP L=N H= OQEPA @A LANIAPPNA H= N]=?PEKJ @A 3KJKC=ODEN= MQE ?KJ@QEP =Q LN]?QNOAQN hii] /Ns QJA =J=HUOA NECKQNAQOA @AO @KJJ]AO OLA?PN=HAO @Q ?KILKO] hil[ @KJJ]AO @=JO H= LQ>HE?=PEKJs JKQO = =IAJ]O W ?KNNECAN O= OPNQ?PQNAv ,{=J=HUOA 2-. ·•# @KJJA @AO R=HAQNO @A ·»‡v‰ LLIs ·”»v… LLI AP ·”»v‡ LLI LKQN HAO PNKEO IKPEBO ?=N>KJUH]Ov 3=?D=JP MQA HA ?=N>KJA @{QJA ?]PKJA =RKEOEJA LHQPfP HAO ·‰‡ LLIs JKQO LAJOKJO MQA ?{AOP HA ?KILKO] P=QPKI¥NA ~?KILKO] hil+5880.?s &ECQNA ¶‡¡ MQE AOP K>PAJQ AJ N]=HEP]v 

 
&@>LI< ig u 3PNQ?PQNAO ?KNNEC]AO @AO LNK@QEPO @{=?]PUH=PEKJ 

0=N =J=HKCEAs ?{AOP ?ANP=EJAIAJP H{KTEJ@KHA him+5880.? MQE AOP EOKH] L=N HA CNKQLA @A *D= ~JKQO IKJPNANKJO MQA H= OP]N]K?DEIEA @A H= HE=EOKJ ATK?U?HEMQA AOP >EAJ @A ?KJBECQN=PEKJ %¡v /N H= N]=?PEREP] @Q ?KILKO] him+5880.? OAN= @EBB]NAJPA @Q ?KILKO] him J]?AOO=ENA W JKPNA I]PDK@KHKCEAs ?A MQE RKQO OAN= LN]OAJPAN ?Ex@AOOKQOv                6KE?E @KJ? H= I]PDK@KHKCEA @A OUJPD¥OA ¦?KNNEC]A } MQA JKQO =RKJO ]PQ@E]A  ~3?D]I= ‰„¡v 

  
1:?UD8 pl u -]PDK@KHKCEA @{=??¥O W @AO @]NER]O @{KTEJ@KHA 

XN O

O

125

N
OH

O

126
O

O

N
O

HO

N
O

O

O

O

X
125 corrigé

126 corrigé

Bromation

N O
N O

HO

O

O O

DMAP, 150°C

NaOAc
EtOH/H2O
reflux 5h

42%

Acétylation

49–72 %

N O

O

O

N-méthyloxindole 126

127

Echelle  : 3g

N O

Br

POBr3, DMF (10 mol%)
Toluène

90°C, 2h30

TIPSCl 
Imidazole, CH2Cl2 N

N

O

N

Pd(PPh3)Cl2 (7 mol %),
CuI (5 mol %) 
tBuNH2, Toluène

 t.a., 3h30

N

Ph

O
Et3N, CH2Cl2

0°C

Silylation

N O

Ph

Si
TIPS-OTf

Silylation

Sonogashira

64 %

46 %
65 %

128

131 132

129
  0°C (48 %)
40°C (56 %)

98 %

N O
Si

130

Br

X

POBr3

DMF (10 mol%)
Toluène

90°C, 2h30

63 %
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,= N]=?PEKJ @{=?]P=HEO=PEKJ @Q .xI]PDUHKTEJ@KHA L=N H{=JDU@NE@A =?]PEMQA AJ LN]OAJ?A @A $-!0 ?KJ@QEP W H{]JKH him =RA? QJ NAJ@AIAJP @A ”‚ ¿v 0=N ?KJPNAs AJ PN=R=EHH=JP OQN CNKOOA ]?DAHHA ~• C MJ •‡‡ IC¡ ?{AOP HA @A @]NER] hin MQE AOP EOKH]v #A @ANJEAN LAQP ^PNA @]O=?]PUH] AJ LN]OAJ?A @{=?]P=PA @A OK@EQI AP @KJJAN him H{]JKH EJEPE=HAIAJP =PPAJ@Qv #ALAJ@=JPs @AO AOO=EO QHP]NEAQNO KJP IKJPN] MQ{EH LKQR=EP ^PNA @ENA?PAIAJP ?KJRANPE AJ @]NER] >NKI] hio =RA? QJ >KJ NAJ@AIAJP ~”‚ ¿¡ AJ LN]OAJ?A @A 0/"N•v¶‚·    
,= N]=?PEKJ @A OEHUH=PEKJ ?H=OOEMQA QPEHEO]A AJ O]NEA >AJVKBQN=JA ~4)03/4Bs $#-s ‡̋#¡ =QN=EP LQ ?KJ@QENA =Q @]NER] OEHUH] hjg I=EO OAQHO @AO LNK@QEPO @A @]CN=@=PEKJ KJP ]P] K>OANR]Ov %J QPEHEO=JP @AO ?KJ@EPEKJO LHQO @KQ?AO ~4)03#Hs EIE@=VKHAs ‡̋#¡ ?{AOP HA ?KILKO] hips EOOQ @A H{EJPNK@Q?PEKJ @Q IKPEB EIE@=VKH=PAs MQE AOP K>PAJQv &EJ=HAIAJPs H= N]=?PEKJ LNK?¥@A =Q NABHQT @Q @E?DHKNKI]PD=JA OEILHAIAJP AJ LN]OAJ?A @{EIE@=VKHA AP LANIAP @{EOKHAN HA ?KILKO] hip =RA? QJ NAJ@AIAJP IKUAJ @A „¶ ¿v ,A @]NER] >NKI] hio = LNKQR] OKJ ABBE?=?EP] @=JO H= N]=?PEKJ @A 3KJKC=ODEN= LQEOMQA HA LNK@QEP @A ?KQLH=CA =RA? HA LD]JUH=?]PUH¥JA hjh = ]P] EOKH] =RA? »· ¿ @A NAJ@AIAJPv $A I=JE¥NA EJP]NAOO=JPAs ?A @ANJEAN = BEJ=HAIAJP LQ ?KJ@QENA =Q @]NER] @{KTEJ@KHA OEHUH] hjiv  ,= OP]N]K?DEIEA @A H= @KQ>HA HE=EOKJ ATK?U?HEMQA = ]P] ?KJBENI]A =RA? HAO @AQT LNK@QEPO @A ?KQLH=CA hip AP hjh CNY?A W @AO =J=HUOAO 2-. L=N ABBAP Jv/vAv ~&ECQNA ¶·¡v 

 
&@>LI< ih u #KJBENI=PEKJ @AO OPNQ?PQNAO L=N ATL]NEAJ?A 2-. Jv/vA 

,A LNKPKJ =NKI=PEMQA OEPQ] AJ LKOEPEKJ ‚ @A H{EJ@KHA RKEP HAO @AQT LNKPKJO @A H{EIE@=VKHA OAHKJ @· AP @¶ LKQN HA ?KILKO] hip AP HA LNKPKJ =NKI=PEMQA @Q LD]JUHA OAHKJ @• LKQN HA LNK@QEP hjhv                                                         ¶‚· /‒3DA=s 0v $vt '=QRNA=Qs $vt 'KOOAHEJs &vt (QCDAOs 'vt .=@A=Qs #vt 2KUs !vt 3DQHPVs #v 3v *[ /I?[ #@=D[ iggp[ 
mjY ‚„‚»x‚„„•v  
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,= I]PDK@KHKCEA @A OUJPD¥OA MQA JKQO =RKJO @]RAHKLL]A LANIAP @{=??]@AN W @AO ?KILKO]O @A PULA •x=H?]JUHxKTEJ@KHAv 'NY?A =Q >NKIQNA REJUHEMQA MQA JKQO =RKJO E@AJPEBE]s JKQO  AJREO=CAKJO @{EJPNK@QENA @ERANO CNKQLAIAJPO JKP=IIAJP L=N @AO ?KQLH=CAO L=HH=@Kx?=P=HUO]O @A PULA 3QVQGEs (A?Gs AP?w #AO ?KILKO]O •x=H?]JUHxKTEJ@KHA OKJP OPNQ?PQN=HAIAJP EJP]NAOO=JPO ?=N EHO OKJP LN]OAJPO @=JO @A JKI>NAQT LNK@QEPO J=PQNAHOv¶‚¶   #ANP=EJAO IKH]?QHAO LN]OAJPAJP @AO =?PEREP]O >EKHKCEMQAO EJP]NAOO=JPAO ~&@>LI< ii¡v 

 
&@>LI< ii u $]NER]O •x=H?]JUHxKTEJ@KHAO >EKHKCEMQAIAJP =?PEBO 

#AO ?KILKO]O BKJP =QFKQN@{DQE H{K>FAP @A JKI>NAQOAO ]PQ@AO OUJPD]PEMQAOv‚¶s¶‚•x¶‚»  0AQ @{AJPNA AHHAO OKJP OP]N]KO]HA?PERAO AP HA LNK@QEP I=FKNEP=ENA K>PAJQ LKOO¥@A QJA @KQ>HA HE=EOKJ ATK?U?HEMQA @A C]KI]PNEA 8v .KPNA I]PDK@KHKCEA KBBNA H{KLLKNPQJEP] @{=??]@AN @A I=JE¥NA O]HA?PERA W @AO ?KILKO]O @A OP]N]K?DEIEA %v   
0=N =EHHAQNOs HAO LNK@QEPO @]NER]O @A PULA OLENKKTEJ@KHA OQO?EPAJP ]C=HAIAJP H{EJP]N^P @AO ?DAN?DAQNOv¶‚…x¶„‡  .KQO =RKJO @KJ? H{KLLKNPQJEP] @{=LLHEMQAN @AO N]=?PEKJO @A $EAHO ‘!H@ANs @AO N]=?PEKJO ·s•x@ELHKH=ENAO OQN H{=H?¥JA ATK?U?HEMQA @A JKO ?KILKO]Ov                                                         ¶‚¶ ,Q>GKHHs *vt -EHHAI=CCEs !vt 0ANNUs !vt 4=UHKNs 2v *v 4=KI9@=<IFE ighg[ llY ””‡” x ””·¶v ¶‚•  4=JCs 3vt 0AJCs 0vt :DKJCs 0vt ,Es *v x(v *[ /I?[ #@=D[ iggo[ miY „‚»”x„‚…‡v ¶‚‚ 0AJCs 0vt 4=JCs "v x8vt 0Es 3v x&vt ,E=JCs 9vt ,Es *v x(v *[ /I?[ #@=D[ iggp[ mjY •„”‰x•„»¶v ¶‚„ 0=NGs *v (vt +EIs %vt #DQJCs 9v +v /I?[ ,=KK[ iggo[ gfY ‚»·‰x‚»¶·v ¶‚” ~=¡ -EQN=s 4vt 4KUKODEI=s 4vt 4=G=D=ODEs 9vt -QN=G=IEs -v /I?[ ,=KK[ iggo[ gfY ‚……»x‚……‰v t ~>¡ /Ds #v (vt +=NI=G=Ns 3vt 0=NGs (vt !DJs 9vt +EIs *v 7v *[ !D[ #@=D[ 3F;[ ighg[ gihY ·»‰¶x·»‰•v ¶‚» ,Qs "vt -=s $v /I?[ ,=KK[ iggm[ nY ”··„x”··…v ¶‚… !JPKJ?DE?Gs !v 0vt 'AN@EJCx2AEIANOs #vt #=P=NEJAHH=s -vt 3?DkNI=JJs -vt 0NAQPs (vt :EACHANs 3vt 2=QDs $vt 7=H@I=JJs (v .9K #@=D ighg[ hY »•„x»‚‡v ¶‚‰ *E=JCs +vt *E=s :v x*vt 9EJs 8vt 7Qs ,vt #DAJs 9v x#v /I?[ ,=KK[ ighg[ ghY ¶»””x¶»”‰v ¶„‡ -=NPEs #vt #=NNAEN=s %v -v %LI[ *[ /I?[ #@=D[ iggj[ hffiY ¶¶‡‰x¶¶·‰v 
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 !Q ?KQNO @A ?AO PN=R=QTs JKQO =RKJO LQ ?KJOP=PAN H= @EBB]NAJ?A @A N]=?PEREP] @AO JKU=QT >AJVKBQN=JA AP EJ@KHAv .KQO JKQO OKIIAO DAQNP]O W @AO @EBBE?QHP]O I=FAQNAO @=JO H= OUJPD¥OA @AO LN]?QNOAQNO @A >AJV=JJ]H=PEKJ =HKNO MQA HAO PN=R=QT =JP]NEAQNO @Q H=>KN=PKENA =R=EAJP LANIEO @A PN=R=EHHAN ABBE?=?AIAJP =RA? HAO JKU=QT MQEJKH]EJAOv   &EJ=HAIAJPs JKQO =RKJO N]QOOE W IAPPNA =Q LKEJP QJA OPN=P]CEA @A OUJPD¥OA N=LE@A AJ O]NEA >AJVKBQN=JA ?A MQE JKQO = LANIEO @{]PQ@EAN H= N]=?PEKJ ?H] @A >AJV=JJ]H=PEKJv !LN¥O @A JKI>NAQT AOO=EO @A ?=P=HUOA W H{KN AP W H{=NCAJPs JKQO =RKJO LQ IAPPNA AJ ]RE@AJ?A MQA ?AO ?KILHATAO @AR=EAJP ^PNA EJPNK@QEPO AJ MQ=JPEP] OPi?DEKI]PNEMQA LKQN MQA H= N]=?PEKJ OKEP MQ=JPEP=PERA AP O]HA?PERAv %J NAR=J?DAs HA ?KILHATA @A NDK@EQI ~)¡ = LNKQR] OKJ ABBE?=?EP] OQN ?AO OUOP¥IAO D]P]NK?U?HEMQAOv 5JA C=IIA @A ?KILKO]O R=NE]O = LQ ^PNA OUJPD]PEO]A =RA? @AO NAJ@AIAJPO IKUAJOv 0AQ @A I]PDK@KHKCEAO @A OUJPD¥OA @AO JKU=QT @E>AJVKBQN=JAO OKJP N=LLKNP]O @=JO H= HEPP]N=PQNAs ?{AOP LKQNMQKE ?AO N]OQHP=PO OKJP AJ?KQN=CA=JPO AP @AO PN=R=QT QHP]NEAQNO LANIAPPNKJP @{KLPEIEOAN HAO NAJ@AIAJPO EOKH]O AJ LNK@QEPO @A >AJV=JJ]H=PEKJv  
  %J O]NEA EJ@KHAs HAO @EBB]NAJPAO I]PDK@KHKCEAO @A OUJPD¥OA IEOAO =Q LKEJP J{KJP L=O ]P] ?KJ?HQ=JPAO LKQN =??]@AN =QT @]NER]O @{]PDAN @{]JKH OEHUH] J]?AOO=ENAO W H= N]=?PEKJ @A >AJV=JJ]H=PEKJv !Q?QJ @]NER] @A ?=N>=VKHAO J{= ]P] K>PAJQ I=EO H= N]=?PEKJ @A ?U?HKEOKI]NEO=PEKJ LKQNN=EP MQ=J@ I^IA ^PNA ]PQ@E]A CNY?A W H= I]PDK@A @A LN]L=N=PEKJ HKJCQA @AO LN]?QNOAQNO MQE = @]FW ]P] @]RAHKLL]A =Q H=>KN=PKENAv &EJ=HAIAJPs ?AO PN=R=QT JKQO KJP LANIEO @{=??]@AN W @AQT ?KILKO]O @{KTEJ@KHA MQE LKQNN=EAJP LN]OAJPAN @AO LNKLNE]P]O >EKHKCEMQAO EJP]NAOO=JPAOv   
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TIPSO
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TIPSO

R

[Rh(CO)2Cl2]2 (10 mol %)

toluène (0.1M)
120°C, 3 - 5h

21 - 53 %
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   ,= LN]OAJ?A @A ?APPA @KQ>HA HE=EOKJ ATK?U?HEMQA AOP EJP]NAOO=JPA LQEOMQ{AHHA JKQO LANIAP @{AJREO=CAN @AO N]=?PEKJO MQE LANIAPPAJP @{=??]@AN W @AO @]NER]O @{KTEJ@KHA OLEN=JEMQAO PN¥O ?KJRKEP]O @A JKO FKQNOv   
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'AJAN=H ?KJOE@AN=PEKJO 
2A=?PEKJO SANA LANBKNIA@ QOEJC KRAJx@NEA@ CH=OOS=NA QJ@AN = LKOEPERA LNAOOQNA KB =NCKJ =J@ IKJEPKNA@ >U PDEJ H=UAN ?DNKI=PKCN=LDU ~4,#s !J=HPA?D ·‡‡‡ ̌I KN ¶„‡̌I¡ KN >U '#\-3 KJ = 3DEI=@VQ 10¶‡·‡ '#-3 =LL=N=PQOs SEPD OEIQHP=JAKQO @KQ>HA EJFA?PEKJ KJ = $"x„IO ?KHQIJ HEJA@ SEPD = I=OO ~%)¡v 4,# LH=PAO SANA REOQ=HEVA@ >U ATLKOQNA PK 56 HECDP ~¶„‚ KN •”„ JI¡ KN NARA=HA@ QOEJC R=JEHEJA KN +-J/‚v  !HH ?KIIAN?E=HHU =R=EH=>HA ?DAIE?=HO SANA QOA@ SEPDKQP BQNPDAN LQNEBE?=PEKJ QJHAOO KPDANSEOA OLA?EBEA@v 3EHRANs CKH@ =J@ NDK@EQI ?=P=HUOPO SANA OPKNA@ EJ = CHKRA>KTv &H=OD ?KHQIJ ?DNKI=PKCN=LDU =J@ LNAL=N=PERA PDEJxH=UAN ?DNKI=PKCN=LDU SANA LANBKNIA@ QOEJC JKNI=H LD=OA OEHE?= CAH ~‚‡x”• μIs =J@ ·‡‡‡ μI NAOLA?PERAHU¡v  ·(s ·•#s ·„.s ¶$ .-2 OLA?PN= SANA NA?KN@A@ KJ = "NQGAN =P ‚‡‡ =J@ ·‡‡ KN •‡‡ =J@ »„  -(V NAOLA?PERAHUv #DAIE?=H ODEBPO ~“¡ =NA MQKPA@ EJ L=NPO LAN IEHHEKJ ~LLI¡ =J@ =NA NALKNPA@ NAH=PERA PK ?DHKNKBKNI BKN ·( .-2 ~“ ̈ »v¶” LLI¡ =J@ BKN ·•# .-2 ~“ ̈ »»v·” LLI¡ QJHAOO KPDANSEOA OLA?EBEA@v· $=P= =NA NALKNPA@ =O BKHHKSOu ?DAIE?=H ODEBPs IQHPELHE?EPU ~O ̈ OEJCQHAPs @ ̈ @KQ>HAPs P ̈ PNELHAPs M ̈ MQ=NPAPs MJ ̈ MQEJPAPs OLP ̈ OALPQLHAPs I ̈ IQHPELHAP =J@ >N ̈ >NK=@¡s ?KQLHEJC ?KJOP=JP EJ (Vs EJPACN=PEKJv )JBN=NA@ OLA?PN= SANA P=GAJ KJ = 0ANGEJ %HIAN 3LA?PNQI /JA &4)2 =J@ =NA NALKNPA@ EJ NA?ELNK?=H ?AJPEIAPANO ~?Ix·¡v  (ECD NAOKHQPEKJ I=OO OLA?PN= SANA IA=OQNA@ KJ = 4DANIKBEJJEC=J I=P ‰„T, QJ@AN ?DAIE?=H EKJEV=PEKJ ~#)¡s AHA?PNKJE? EIL=?P ~%)¡ KN AHA?PNKJ OLN=U EKJEV=PEKJ ~%3)¡ IK@Av -AHPEJC LKEJPO SANA K>P=EJA@ KJ = "k?DE IAHPEJC LKEJP =LL=N=PQO =J@ =NA QJ?KNNA?PA@v  



)))v 0=NPEA ATL]NEIAJP=HA !?AP=JEHE@A =J@ MQEJKHEJA OUJPDAOEO 

·”„ 

!#%4!.),)$% !.$ 15)./,).% 39.4(%3)3 
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&KNIQH=u #‰(··./¶ -KHv 7Pvu ·”„v·‰ CvIKHx· !OLA?Pu >AECA OKHE@ 9EAH@ u ‰” ¿ 4K = OPENNA@ OKHQPEKJ KB Dx=JEOE@EJ ~‰v…„ Cs …‡ IIKHs · AM¡ EJ @EOPEHHA@ $#- ~‚‡ I,¡ S=O =@@A@ QJ@AN =NCKJ S=O EJPNK@Q?A@ PNEAPDUH=IEJA ~·· I,¡v 4DAJs = OKHQPEKJ KB •• ¿ ~R\R¡ KB =?APUH ?DHKNE@A  ~·‡v„ I,s ·‚… IIKHs ·v…„ AM¡ EJ $#- S=O =@@A@ @NKLSEOA =P ‡̋# =J@ PDA IETPQNA S=O OPENNA@ BNKI ‡̋# PK NvPv @QNEJC •Dv !BPAN DU@NKHUOEO SEPD S=PANs PDA IETPQNA S=O ATPN=?PA@ SEPD APDUH =?AP=PAv 4DA KNC=JE? H=UAN S=O @NEA@ KRAN .=¶3/‚s BEHPN=PA@ =J@ ?KJ?AJPN=PA@ QJ@AN NA@Q?A@ LNAOOQNA PK =BBKN@ = >AECA OKHE@  ~·¶v»· Cs »”v‰ IIKHs ‰” ¿¡v  

h( -,0 cjgg ,(Q[ #$#Cjd¥ δ …v‡‡ ~>NOs ·(s .(¡s »v¶„ ~Is ·(Vs ·(s (»¡s »v·” ~@@s * ̈ …v·s …v¶ (Vs ·(s (‚¡s ”v‰… ~@s * ̈ …v· (Vs ·(s (•¡s  ”v”¶ ~@@s * ̈ …v¶s ·v… (Vs ·(s („¡s •v•• ~Os •(s (‰¡s ¶v·¶ ~Os •(s (·¡  LLIv  
hj# -,0 cnl ,(Q[ #$#Cjd¥ δ ·”‰v‡ ~#/s #¶¡s ·”‡v· ~#s #”¡s ·•‰v‚ ~#s #…¡s ·¶‰v» ~#(s #‚¡s ··¶v• ~#(s #•¡s ··‡v‡ ~#(s #„¡s ·‡„v‰ ~#(s #»¡s „„v• ~#(•s #‰¡s ¶‚v” ~#(•s #·¡ LLIv 
,G¥ …¶̋# 
)0 cE<8Kd¥ ν •¶„„s •·‰„s •‡·¶s ¶‰¶…s ¶…‚·s ·””¶s ·”‡•s ·‚…‚s ·‚·»s ·¶…‚s ··„‚s ·‡‚»s …„…s »„‰s ”…… ?Ix·v 
,1 c%1)d¥ ¢-(́£ ·””v  
&^cj[k^;@D<K?FOPG?<EPCd8:<K8D@;< i 

 
&KNIQH=u #·‡(·•./• -KHv 7Pvu ·‰„v¶¶ CvIKHx· !OLA?Pu REKHAP OKHE@ 9EAH@ u »‡ ¿ 4K = OPENNA@ OKHQPEKJ KB •s‚x@EIAPDKTU=JEHEJA ~‰v…„ Cs …‡ IIKHs · AM¡ EJ @EOPEHHA@ $#- ~‚‡ I,¡ S=O =@@A@ QJ@AN =NCKJ S=O EJPNK@Q?A@ PNEAPDUH=IEJA ~·· I,¡v 4DAJs = OKHQPEKJ KB ••¿ ~R\R¡ KB =?APUH ?DHKNE@A  ~·‡v„ I,s ·‚… IIKHs ·v…„ AM¡ EJ $#- S=O =@@A@ @NKLSEOA =P ‡̋# =J@ PDA IETPQNA S=O OPENNA@ BNKI ‡̋# PK NvPv @QNEJC •Dv !BPAN DU@NKHUOEO SEPD S=PANs PDA IETPQNA S=O ATPN=?PA@ SEPD APDUH =?AP=PAv 4DA KNC=JE? H=UAN S=O @NEA@ KRAN .=¶3/‚s BEHPN=PA@ =J@ ?KJ?AJPN=PA@ 5J@AN NA@Q?A@ LNAOOQNA PK =BBKN@ = >AECA OKHE@  ~·‡v‰” Cs „” IIKHs »‡ ¿¡v  

h( -,0 cjgg ,(Q[ #$#Cjd¥ δ …v•· ~>NOs ·(s .(¡s »v¶‚ ~@s * ̈ ¶v• (Vs ·(s (»¡s  ”v…‰ ~@@s * ̈ …v”s ¶v• (Vs  ·(s (•¡s  ”v»· ~@s * ̈ …v”s ¶v• (Vs ·(s (‚¡s •v»… ~Os •(s (·‡¡s •v»• ~Os •(s (‰¡s ¶v‡… ~Os •(s (·¡  LLIv 
hj# -,0 cnl ,(Q[ #$#Cjd¥ δ ·”…v‰ ~#/s #¶¡s ·‚…v… ~#s #”¡s ·‚„v» ~#s #„¡s ·•·v… ~#s #…¡s ··¶v• ~#(s #•¡s  ···v• ~#(s #‚¡s ·‡„v¶ ~#(s #»¡s „”v‡ ~#(•s #·‡¡s „„v» ~#(•s #‰¡s ¶‚v¶ ~#(•s #·¡ LLIv 
,G¥ ·•„ ‘ ·•”̋# 
)0 cE<8Kd¥ ν •¶‚„s •‡…¶s ¶‰„·s ·”„¶s ·”‡”s ·„‡„s ·‚‚¶s ·‚‡‡s ·¶•”s ··”•s ··•¶s ·‡¶¶s …‚„s »”¶ ?Ix·v 
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&KNIQH=u #·‡(”#H./ -KHv 7Pvu ·‰·v”· CvIKHx· !OLA?Pu UAHHKS L=HA OKHE@ 9EAH@ u …… ¿ 4K =JDU@NKQO $-& ~··v¶ I,s ·„‡ IIKHs • AM¡ EJ = OA=HA@ PQ>A =P ‡̋# S=O =@@A@ @NKLSEOA 0/#H•  ~•¶v» I,s •„‡ IIKHs » AM¡v 4DAJs =?AP=JEHE@A ~”v»” Cs „‡ IIKHs · AM¡ S=O =@@A@ LKNPEKJSEOA PK PDA IETPQNA SDE?D S=O OPENNA@ =P ·¶‡̋# BKN ‚Dv 4DAJ PDA NA=?PEKJ IETQNA S=O ?KKHA@ PK NvPv =J@ LKQNA@ EJPK „‡‡ I, KB E?Av ! UAHHKS L=HA LNA?ELEP=PA =LLA=NA@ KRANJECDPv 4DA LNA?ELEP=PA S=O BEHPN=PA@ =J@ PDAJ @EOOKHRA@ EJ $#-v 4DA =MQAKQO H=UAN S=O NAIKRA@ =J@ PDA KNC=JE? H=UAN S=O @NEA@ KRAN .=¶3/‚s BEHPANA@ =J@ ?KJ?AJPN=PA@ QJ@AN NA@Q?A@ LNAOOQNA PK =BBKN@ = UAHHKS OKHE@ ~”v…„ Cs •„v… IIKHs »¶ ¿¡v 

h( -,0 cjgg ,(Q[ #$#Cjd¥ δ ·‡v„» ~Os ·(s (·‡¡s …v»” ~Os ·(s (¶¡s …v‡… ~@@s * ̈ …v„s ·v‡ (Vs ·(s (»¡s  »v‰‰ ~@@s * ̈ …v‡s ·v‚ (Vs ·(s (‚¡s »v…‰ ~@@@s * ̈ …v„s »v‡s ·v‚ (Vs ·(s (”¡s »v”” ~@@@s * ̈ …v‡s »v‡s ·v‡ (Vs ·(s („¡ LLIv  
hj# -,0 cnl ,(Q[ #$#Cjd¥ δ ·…‰v¶ ~#(/s #·‡¡s ·„‡v¶ ~#s #‰¡s ·‚‰v» ~#s #…¡s ·‚‡v‚ ~#s #¶¡s ·••v» ~#(s #”¡s ·¶‰v… ~#(s #‚¡s ·¶…v» ~#(s #„¡s ·¶…v¶ ~#(s #»¡s ·¶”v” ~#s #·¡s ·¶”v„ ~#s #•¡ LLIv 
)0 cE<8Kd¥ ν •‡‚¶s ¶…”…s ·”…„s ·„»„s ·‚…‰s ·‚„‚s ·•”…s ·••¶s ··”„s ··•·s ·‡‚•s ‰·¶s …‡»s »”·s »‚‰ ?Ix·v 
,G¥ ·„‡̋# ~HEPAN=PQNA u ·‚…‘·‚‰̋#¡v 
,1 c#)d¥ ¢-(́£ ·‰¶v 
(0,1 c#)du D^Q ?=H?@v BKN #·‡(»#H./ ¢-́(£́u ·‰¶v‡¶··s BKQJ@u ·‰¶v‡¶¶‚v  2AB u -APDx#KDJs /vt .=NEJAs "vt 4=NJKSOGEs "v *[ #@=D[ 3F;[Y 0=IBAE 4I9EJ[ g hpoh[ ·„¶‡x·„•‡v   
i^:?CFIF^n^D<K?FOPHL@EFC@E<^j^:8I98C;<?P;< k 
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