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NX^X]X]!%42,-0!/24)-0 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX ^t!

NX^X^!P+1C7406+1XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX aB!

$R`!-=E!;PY;D;F=WGE![HGF;:W<;=GE!N!<=E!X<J:L;Q;MH\L<=E RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR `C!

NXaX>!G/C+4@-,2-!)-!79!198029261- XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX aB!



!

>^!

NXaXB!E/2V+)-!)*9CCg0!94!0f4-7-22-!a[_[p[t!2/2,9VM),+6A6)9Y+[>[BK9]3M,6)61- XXXXXXXXXXXXXXXXXXXXXXXXXXX aa!

NXaXBX>!%33,+CV-!)-!=920429!3+4,!79!C+102,4C26+1!)4!0f4-7-22-!a[_[p[t!2/2,9VM),+6A6)9Y+[>[BK&]3M,6)61-!

K!%3376C926+1!k!79!0M12Vg0-!)-!79!198029261-!-2!)-!0-0!9197+84-0XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX a_!

NXaXBXB!%33,+CV-!)-!b90-779!r!C+102,4C26+1!)4!0f4-7-22-!a[_[p[t!2/2,9VM),+6A6)9Y+[>[BK&]3M,6)61-!39,!

CMC760926+1!)*9A6)61-0!612-,A/)696,-0 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX aq!

NXaX]!%C26@62/!56+7+86f4-!-2!,-7926+10!02,4C24,-K9C26@62/ XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX _B!

NXaX]X>!%C26@62/!56+7+86f4-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX _B!

NXaX]XB!#-7926+10!02,4C24,-K9C26@62/X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX _^!

NXaX^!P+1F+,A926+1!)-0!87MC+6A6)9Y+7-0!C+A37-D/0!94D!-1YMA-0 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX _a!

$Rc!/LP:<WE;LPRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR cc!

/YH[;FG=!$$R!(JPFY^E=!M=!PLWO=HWZ!X<J:L;Q;MH\L<=EA!;PY;D;F=WGE![LF=PF;=<E!M=!X<J:LE;MHE=E

RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRSU!

$$RU!6H!:G9HF;LP!M=E!<;H;ELPE!X<J:LE;M;]W=E!=P!:Y;Q;=!N!WP!O9G;FHD<=!M9b;!EJPFY9F;]W=RRRRRRRRRRRRRRRRRRR SU!

NNX>X>!N12,+)4C26+1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX p>!

NNX>XB!$CV/A9!8/1/,97!94S+4,)*V46!9)+32/!3+4,!79!,/9C26+1!)-!87MC+0M7926+1XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX p>!

NNX>X]!%33+,2!)-0!2,9@94D!)-!P,6CV!)910!79!C+A3,/V-106+1!)4!A/C9160A-!)-!79!,/9C26+1!CV6A6f4-!

)-!87MC+0M7926+1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX p]!

NNX>X]X>!L9!,/9C26+1!)-!!KA911+0M7926+1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX p^!

NNX>X]XB!:1!8,+43-A-12!3,+2-C2-4,!6A3+,2912!r!7*9C/297!^[_K#K5-1YM76)g1- XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX pt!

NNX>X]X]!.9,9)+D-!874C+0-uA911+0-!-2!61F74-1C-!)-0!76960+10!PBK"B!-2!P]K"]!)910!79!,/9C26+1!)-!

87MC+0M7926+1XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX pq!

NNX>X]X]X>!L-!39,9)+D-!874C+0-uA911+0- XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX pq!

NNX>X]X]XB!N1F74-1C-!)-!79!1924,-!)-0!045026249120!-1!3+0626+10!B!-2!]!04,!79!0/7-C26@62/!)-!79!,/9C26+1!

)-!87MC+0M7926+1XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX t>!

NNX>X]X^!P+1C7406+1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX tB!

$$RC!/HMG=!M=!<19FWM= RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR dC!

NNXBX>!.9,977g7-!9@-C!79!'924,- XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX tB!

NNXBXB!PV+6D!)-0!C657-0!k!0M12V/260-, XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX ta!

NNXBX]!$2,92/86-!)-!0M12Vg0-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX t_!

$$RV!(JPFY^E=!M=!V,M9ELZJ,!=F!V,M9ELZJ,V,b<WLGL,!X<W:L,!=F!QHPPL,;Q;MH\L<=ERRRRRRRRRRRRRRRRRRRRRRRRRRRR dS!

NNX]X>!%CCg0!94D!)/,6@/0!87MC+6A6)9Y+7-0!)/3,+2/8/0!-1!3+0626+1!]XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX tp!

NNX]X>X>!.,/39,926+1!)4!B[^[_K2,6K#K5-1YM7K]K#KdBK193V2VM7A/2VM7eK",!KGK874C+3M,91+06)-!>a>XXXXXXXXXXXX tt!

NNX]X>XB!d]+[^,[a+[_+eK][aKH60d5-1YM7+DMeK_Kdd5-1YM7+DMeA/2VM7eK^Kd193V2V97g1KBKM7A/2V+DMe363/,6)61KBK

+1-!>a_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX q>!

NNX]X>X]!.,/39,926+1!)4!da+[_+[p,[t,eK_[tK560d5-1YM7+DMeKaKdd5-1YM7+DMeA/2VM7eKa[_[p[tK

2/2,9VM),+6A6)9Y+U>[BK&W3M,6)61KpK+7!>^_!-2!)4!da+[_+[p,[t+eK_[tK560d5-1YM7+DMeKaKdd5-1YM7+DMeA/2VM7eK

a[_[p[tK2/2,9VM),+6A6)9Y+U>[BK&W3M,6)61KpK+7!>^p XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX qa!

NNX]XB!%CCg0!94D!C+A3+0/0!]K)/0+DM!-1!0/,6-!874C+0-!-2!A911+0- XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >?>!

NNX]X]!P90!)-!7*+DM)926+1!-1!3+0626+1!]!-1!0/,6-!A911+0-!-2!874C+0-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >?^!

NNX]X^!%CCg0!94D!)/,6@/0!874C+0-!-2!A911+0-!F74+,/0!-1!3+0626+1!] XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >>]!



!

>a!

NNX]X^X>!N1@-,06+1!)-!79!C+1F684,926+1!)-!79!F+1C26+1!VM),+DM7-!-1!3+0626+1!]!04,!7-0!04502,920!

87MC+6A6)9Y+7-0 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >>^!

NNX]X^XB!I74+,926+1!-1!3+0626+1!]!)-0!1+4@-94D!87MC+6A6)9Y+7-0 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >>q!

NNX]X^X]!%42,-!@+6-!-1@6098/-!3+4,!9CC/)-,!94D!C+A3+0/0!]K)/0+DMK]KF74+,+!-1!0/,6-!874C+0-!-2!

A911+0- XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >BB!

NNX]Xa!P+1C7406+1XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >B_!

$$Ra!$Pb<W=P:=!M=!<H!QLM;b;:HF;LP!M=!<H![LE;F;LP!V!M=E!V,M9ELZJ,X<W:L,A!V,M9ELZJ,QHPPL;Q;MH\L<=E!

=F!MW!V,M9ELZJ,V,b<WLGL,X<W:L;Q;MH\L<= RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR UCS!

$$R`!/LP:<WE;LP!=F!*=GE[=:F;O=E RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR UCT!

*+')$&!C!*G9[HGHF;LP!=F!WF;<;EHF;LP!=P!EJPFY^E=!M=!X<WFH:LPH<M9YJM=E!LZJM9E!=P![LE;F;LP!C!

=F!M=!!,H:J<HQ;PL[=PFHM;^PH<E RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRUVU!

/YH[;FG=!$R!6=E!HQ;PL[=PFHM;9PH<E!MHPE!<=E!YJ[LFY^E=E!M=!D;LX=P^E=!M=E!H<:H<LeM=E!

M1LG;X;P=!QHG;P=!M=!<H!bHQ;<<=!M=E!QHP\HQ;P=ERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRUV`!

$RU!6=E!H<:H<LeM=E!M=!<H!bHQ;<<=!M=E!QHP\HQ;P=ERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR UV`!

NX>X>!\/1/,9762/0XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >]a!

NX>XB!L9!A91Y9A61-!%XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >]p!

NX>X]!L-0!V976CMC79A61-0[!V976C7+19CMC79A61-0!-2!9,/1+0C7/,61-0 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >]p!

NX>X^!L-0!09,9m1-0XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >]t!

$RC!4J[LFY^E=E!M=!D;LX=P^E= RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR UVT!

NXBX>!L-!A+)g7-!)-!H97)Z61!-2!OV62-V-9)XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >^?!

NXBXB!L*VM3+2Vg0-!)-!E9,9Y91+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >^]!

$RV!/LP:<WE;LPRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR Ua`!

/YH[;FG=!$$R!6=E!X<WFH:LPH<M9YJM=E!=F!HQ;PL[=PFHM;9PH<E!LZJM9E!=P![LE;F;LP!C!:LQQ=!

;PF=GQ9M;H;G=E!M=!EJPFY^E=![LEE;D<=E!O=GE!<=E!H<:H<LeM=E!QHG;PE!M=!FJ[=![JGGL<=,;Q;MH\L<=

RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRUaT!

$$RU!6=E!H<:H<LeM=E!M=!<H!bHQ;<<=!M=E![JGGL<=,C,HQ;PL;Q;MH\L<=E!f*,C,+$g RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR UaT!

NNX>X>!\/1/,9762/0XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >^q!

NNX>XB!QM3+2Vg0-!)-!56+8-1g0-!0-7+1!.+26-,!-2!%7!E+4,9562 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >aB!

NNX>X]!i4-7f4-0!,-3,/0-129120!)-!79!F9A677-!)-0!.KBK%NXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >a]!

NNX>X]X>!L*+,+m)61-!-2!0-0!9197+84-0!79!C792V,+)61-[!7*VMA/16)61-!-2!79!c/,9A9)61-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >a^!

NNX>X]XB!L-0!98/09A6)-0!%!-2!HXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >ap!

NNX>X]X]!L9!)65,+A+98/7903+1861- XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >at!

NNX>X]X^!L9!)65,+A+3V9c-7761- XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >aq!

$$RC!%L;=E!M=!EJPFY^E=![LEE;D<=E!=P![HGFHPF!M=!!,H:J<HQ;PL[=PFHM;^PH<E!LZJM9E!=P![LE;F;LP!C UcU!

NNXBX>!P9),-!)4!04S-2 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >_>!

NNXBXB!.,+3+0626+1!)-!0M12Vg0-!)-!f4-7f4-0!,-3,/0-129120!A+1+Ag,-0!)-!79!F9A677-!)-0!.KBK%N

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >_B!

$$RV!*G9[HGHF;LP!MW!C,Q9FYLZJX<WFH:LPH<M9YJM=!VaU!=F!H::^E!_!<1!HQ;PL[=PFHM;^PH<!LZJM9!=P!

[LE;F;LP!C!VaC RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR Ucc!



!

>_!

NNX]X>!L9!,/9C26+1!)-!v61Cc-!-2!7*VM),+7M0-!)-0!9A61+3-129)6g16A6164A0 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >__!

NNX]XB!$M12Vg0-!)-!0-70!)-!87429C+197)/VM)-0!-2!)*9A61+3-129)6g1970XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >_q!

NNX]XBX>!E/2V+)-!8/1/,97- XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >_q!

NNX]XBXB!.,/39,926+1!)4!0-7!)-!3+290064A!)4!dB-[^-eKaKVM),+DMKBKA/2V+DM3-129KB[^K)6g197!]^> XXXXXXXX >p]!

NNX]XBX]!.,/39,926+1!)4!dB.[^-eKBKA/2V+DMKaKd^KA/2V+DM5-1YM79A61+e3-129KB[^K)6g197!]^BXXXXXXXXXXXXXX >p^!

NNX]X]!P+1C7406+1XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >pa!

$$Ra!.LGQHF;LP!=F!G9H:F;O;F9!M=!C,Q9FYLZJ,!,H:J<HQ;PL[=PFHM;^PH< RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR USc!

NNX^X>!.,/39,926+1!)4!2,6CV7+,+9C/2M73M,,+7-!3,+2/8/!]qaXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >p_!

NNX^XB!.,/39,926+1!)4!BKA/2V+DMK'K9CM79A61+3-129)6g197!]qq XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >pp!

NNX^X]!#/9C26@62/!)4!BKA/2V+DMK'K9CM79A61+3-129)6g197!]qq XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >pq!

NNX^X]X>!#/)4C26+1!-2!+DM)926+1!)-!79!F+1C26+1!97)/VM)-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >pq!

NNX^X]XB!#/)4C26+1!0/7-C26@-!)-!79!F+1C26+1!/19A6)-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >t>!

NNX^X]X]!QM),+7M0-!)-!7*/2V-,!)*/1+7XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >tB!

NNX^X]X^!P+1C7406+1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >t^!

$$R`!/LP:<WE;LP!=F!*=GE[=:F;O=E RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR Uda!

/YH[;FG=!$$$R!(JPFY^E=!M=!!,H:J<,`,HQ;PL[=PFH,CAa,M;^PH<E!O;H!WP=!LWO=GFWG=!M=!

bWGbWGJ<HQ;P=E!!,H:J<9=E RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRUdT!

$$$RU!/HMG=!M=!<19FWM= RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR UdT!

$$$RC!*G9[HGHF;LP!M=E!!,H:J<bWGbWGJ<HQ;P=E RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR UTU!

$$$RV!+::^E!HWZ!!,H:J<,`,HQ;PL[=PFH,CAa,M;^PH<ERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR UTa!

NNNX]X>!"4@-,24,-!)-0!F4,F4,M79A61-0!'K9CM7/-0!-1!A676-4!5906f4-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >q^!

NNNX]XB!E/C9160A-!)-!79!,/9C26+1XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >q_!

NNNX]X]!.+,2/-!-2!76A62-0!)-!79!,/9C26+1XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX >qp!

$$$Ra!/LP:<WE;LPRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR UTd!

/LP:<WE;LP!X9P9GH<=RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRChV!

*HGF;=!=Z[9G;Q=PFH<= RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRChT!

'9b9G=P:=E!D;D<;LXGH[Y;]W=ERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRVCU!

!

!



!

!

!

N12,+)4C26+1!8/1/,97-!





!

!

$PFGLMW:F;LP!X9P9GH<=!

!

! Tb9!2+4S+4,0!39,!7-!CV-A61!7-!3740!C+4,2!-2! 7-!3740!C+4,2!-02! 7-!CV-A61!2,9C/!39,!79!'924,-XT!

P-22-!C62926+1!)-!E9,CK%4,g7-[!677402,-!39,F962-A-12!C-!k!f4+6!9036,-!L*Q+AA-!)-3460!2912!)*911/-0X!

!!

! <1! -FF-2[! A978,/! 79! )6@-,062/! )-0! +,89160A-0! @6@9120[! 7-0! CV-A610! A/295+76f4-0! 0-!

,-00-A57-12!-1!C-!f46!C+1C-,1-!7-!A/295+760A-!3,6A96,-!f46!3-,A-2!79!A+)6F6C926+1[!79!0M12Vg0-!-2!79!

)/8,9)926+1! )-0! 874C6)-0[! )-0! 3,+2/61-0[! )-0! 9C6)-0! 8,90! -2! )-0! 9C6)-0! 14C7/6f4-0X! G-! ARA-[! 7-0!

3,/C4,0-4,0! )-0!A/295+762-0! 0-C+1)96,-0[! f46! )/,6@-12! )-0!A/295+762-0! 3,6A96,-0! 1-! 0+12! 390! 2,g0!
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9A6)61-0!-2!)-0!9A6)6164A0!C+AA-!7-!)/,6@/!Ch!96106!f4-!)-0!9A6)+D6A-0!C+AA-!7-!C+A3+0/!CU[!
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!

! ! $RVRCRV!/HE!M=E!QH<HM;=E!<JELELQH<=E!

!

! !L-0! A979)6-0! 7M0+0+A97-0! 0+12! )-0! A979)6-0! 8/1/26f4-0! f46! 0-! C9,9C2/,60-12! 39,!

7*9CC4A47926+1!)-!)/CV-20!3,+)4620!39,! 7-0!C-7747-0X! N7!-1!-D602-!k! 7*V-4,-!9C24-77-!41-!C61f4912961-X!

<1! ,960+1! )*41-! )/F6C6-1C-! 8/1/26f4-[! 7-! 7M0+0+A-[! f46! -02! 7-! 76-4! +{! 0+12! 0624/-0! 7-0! VM),+790-0!

C-10/-0! 9006A67-,! 7-0! A/295+762-0[! 1-! F+1C26+11-! 390! C+,,-C2-A-12X! G910! 7-! C90! ! 39,26C476-,! )-! 79!

A979)6-! )-! \94CV-,[! 7*-1YMA-! 7M0+0+A97-! )/F6C6-12-! -02! 79!!K874C+C/,/5,+06)90-! f46! -12,9|1-! 41-!

9CC4A47926+1!)-!0+1!04502,92!r!7-!874C+C/,/5,+06)-X!G4,912!7-0!-00960!C7616f4-0!C+1)4620!04,!79!'HKG';!

UC! -1! 2912! f4*98-12! 9126KbNQ[! 67! 9! /2/! C+10292/! f4-! 79!A+7/C47-! 9@962! 94006! 41! -FF-2! 61V6562-4,! )-!

874C+0M72,910F/,90-0X! <1! B??B[! 79! 'HKG';! UC! -02! C+AA-,C69760/-! 0+40! 7-! 1+A! )-! v9@-0C9#! -2! -02!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

aB!@+1!N2Y02-61[!EX`!O4[!OXK&X`!o+c[!\X!HX`!.-88[!EX!$X`!GM90+1[!;X!PX`!;61[!HX`!.V91[!;X!'X`!$AM2V-[!EX!LX`!OV62-[!QX!IX`!"76@-,[!$X!

OX`!P+7A91[!.X!EX`!b9,8V-0-[! ;X!'X`!#M91[!GX!EX`!O++)0[! ;X!EX`!H-2V-77[!#X!PX`!Q+2V9A[!bX! ;X`!P9A-,+1[! ;X!EX`!.-11[!PX!#X!
$&(:')!UTTV[!UYU[!^>tX!
a]!o6A[!PX!:X`!L-Z[!OX`!O67769A0[!EX!%X`!L64[!QX!vX`!vV918[!IX`!$Z9A6192V91[!$X`!H60CV+F5-,8-,[!'X`!PV-1[!EX!$X`!E-1)-7[!GX!HX`!

=96[!PX!&X`!L9@-,[!OX!\X`!$2-@-10[!#X!PX!/0"120"34)20",560!UTTS[!77\[!_t>X!
a^!.7922[!IX!EX`!;-M9c4A9,[!EX`!%1)-,00+1[!GX!%X`!.,6-02A91[!GX!%X`!GZ-c[!#X!%X!/0"E<4;';(0"[)(&M0"?;@0!ChhU[!8W[!BpaX!
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3,-0C,62-!3+4,! C+A5922,-! 79!A979)6-!)-!\94CV-,X! L9!'HKG';!UC[!-1! 61V65912! 79! 874C+0M72,910F/,90-!

6A376f4/-!)910!79!56+0M12Vg0-!)-0!874C+C/,/5,+06)-0[!-A3RCV-!7-4,!0M12Vg0-!-2!39,!C+10/f4-12!7-4,!

9CC4A47926+1!)910!7*+,89160A-X!

!

! ! $RVRCRa!/HE!M=!<H!QW:LO;E:;MLE=!

!

! N7!-D602-!94006!)-0!93376C926+10!3+2-126-77-0!C+12,-!7-0!-D+87MC+06)90-0!f4-!7*+1!,-2+4@-!)910!

7-! ,/26C474A!-1)+3790A6f4-!-2! 7*9339,-67!)-!\+786!-2!f46! 612-,@6-11-12!3+4,! 7-0!A+)6F6C926+10!3+02K

2,9107926+11-77-0!)-0!3,+2/61-0Xaa! %! 7*612/,6-4,!)-! C-0!+,89162-0! @+12! 0-!)/,+47-,!)-4D! ,/9C26+10!)-!

87MC+0M7926+1! r! 41-! 3,-A6g,-! 3-,A-2! )*+52-16,! )-0!#K87MC91-0! 39,! 9229CV-A-12! )*+768+09CCV9,6)-0!

94D! ,/06)40! 0/,61-[! -2! 41-! 0-C+1)-! 3-,A-2! )*+52-16,! )-0! $K87MC91-0! 39,! 9229CV-A-12!

)*+768+09CCV9,6)-0!94D! ,/06)40!9039,9861-X! L-0!-D+87MC+06)90-0! 612-,@6-11-12!)910! 7-! 0-C+1)!C90!-2!

3-,A-22-12! )*z2-,! )-0! A+1+Ag,-0! 874C+0-! +4! A911+0-! )-! A916g,-! k! +52-16,! 79! 87MC+3,+2/61-!

)/06,/-X!P-0!-1YMA-0!0+12!,-7926@-A-12!)60261C2-0!)-!C-77-0!f4-!7*+1!3-42!,-2,+4@-,!)910!7-!7M0+0+A-!

d,-03+10957-!)4!C9295+760A-!)-0!87MC+3,+2/61-0e!+4!-1C+,-!)-!C-77-0!f4-! 7*+1!,-2,+4@-!k! 79!04,F9C-!

)-0!C-7747-0!/362V/7697-0!)-0!612-02610[!C-!f46!-1!F962!)-0!C657-0!612/,-00912-0X!%6106[!-1!B??q[!41!5,-@-2!

-4,+3/-1a_!9!/2/!)/3+0/!C+1C-,1912!7*426760926+1!)-!02,4C24,-0!)/,6@/-0!)-!79!)/0+DM1+S6,6AMC61-!Uh[!

-1! 39,26C476-,! 79! 'HKG';! UC[! -1! 2912! f4*61V6562-4,0! )-! 874C+06)90-0! )-0261/0! k! C+A5922,-! 79!

A4C+@60C6)+0-X!P-!)-,16-,!-D-A37-!@9!R2,-!)/29677/!6C6X!!

! L9! A4C+@60C6)+0-! +4! F65,+0-! cM026f4-! dPI! r! 3J@(;6" b;M'5@;@e! -02! 79! A979)6-! 8/1/26f4-!

942+0+A6f4-! d1*6A376f4912! 390! 7-0! CV,+A+0+A-0! 0-D4-70e! ,/C-006@-! d67! F942! R2,-! 3+,2-4,! )-0! )-4D!

977g7-0!3+4,!f4-! 79!A979)6-!0*-D3,6A-e! 79!3740!,/391)4-!)910! 7-0!3+347926+10!-4,+3/-11-0!-2!1+,)K!

9A/,6C961-0X!<77-!-02!)4-!k!79!A42926+1!)4!8g1-!PI!f46!C+)-!3+4,!79!3,+2/61-!2,910A-A5,9196,-!PI=#!

d3J@(;6"b;M'5@;@"]'&<@2)2M'&<)"35<C:6(&<6)"+)O:I&(5'eX!L9!87MC+3,+2/61-!PI=#!-02!41!C9197!CV7+,4,-!

f46[!CV-Y!41!61)6@6)4!0961[!3-,A-2!7*VM),92926+1!)-0!@+6-0!9/,6-11-0!347A+196,-0X!:1!61)6@6)4!922-612!

)-!A4C+@60C6)+0-!1-!3,/0-12-!390!)-!3,+2/61-!PI=#!k! 79! 04,F9C-!)-! 0-0! C-7747-0!347A+196,-0X!P-C6!

-12,9|1-!41-!948A-12926+1!)-!79!@60C+062/!)4!A4C40!-2!C+1)462!k!)-0!61F-C26+10!+4!)-0!6104FF6091C-0!

,-036,92+6,-0X! L*6104FF6091C-! ,-036,92+6,-! -02! )*9677-4,0! 79! 3,61C6397-! C940-! )-!A+,29762/! )-0! 3926-120!

0+4FF,912! )-! C-22-! A979)6-X! N7! -1! ,/0472-! 41! 294D! 91+,A97! )*-94! -2! )*/7-C2,+7M2-0! k! 2,9@-,0! 7-0!

A-A5,91-0!C-774796,-0!)-!)6@-,0!+,891-0!C+AA-! 7-0!3+4A+10[! 7*612-0261!+4!-1C+,-! 7-!391C,/90X! L9!

A42926+1!79!3740!F,/f4-12-!dp?!h!)-0!3926-120e!-02!79!)/7/26+1!)*41!9C6)-!9A61/!d79!3V/1M7979161-e!f46!

3-,24,5-! 7-! ,-376-A-12! )*41! )-0! )+A961-0! )-! 79! 3,+2/61-! 7+,0! )-! 09! A924,926+1X! N7! -1! ,/0472-! 41!

A94@960! 9),-0098-! )-! 79! 3,+2/61-! f46! ,-02-! 57+f4/-! )910! 7-! ,/26C474A! -1)+3790A6f4-! d#<e! 9@912!

)*R2,-!)/8,9)/-X!L-!A/C9160A-!)*9),-0098-!)-! 79!3,+2/61-!PI=#!0*-FF-C24-!)-! 79!A916g,-!046@912-X!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

aa!;9C+5[!\X!$X!3:''0"#%;<0",(':6(0"=;50!UTT`[!>[!_?aX 
a_!H-Cf[!IX`!'+,-Y!PX!H,-@-2!'(!r!O"!B??au?^__pB!%3376C926+1!r!.P=uI#B??^u??Btat[!?au>>uB??^X!
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^>!

%3,g0! 09! 1/+0M12Vg0-[! 79! 3,+2/61-! PI=#! 0-! ,-2,+4@-! )910! 79! 74A6g,-! )4! #<! +{! -77-! 04562! )6@-,0-0!

87MC+0M7926+10!8,�C-!k!)-0!87MC+0M7!2,910F/,90-0X!L9!3,+2/61-!0-!,-2,+4@-!9@-C!-12,-!942,-0!]!874C+0-0!

-2! >! A911+0-! 'K76/0X! G-4D! )-0! 874C+0-0! 0+12! z2/0! 39,! 7-0! 874C+06)90-0! N! -2! NNX! L9! C971-D61-! +4! 79!

C97,/26C4761-[! CV93-,+11-0! C97C64A! )/3-1)912-0[! ,-C+119600-12! 79! 3,+2/61-! A+1+874C+0M7/-! -2! 0-!

F6D-12! 04,! C-77-KC6! @69! 7-! 874C+0-! 'K76/X! P-0! CV93-,+11-0! /@62-12! 94D! )6FF/,-12-0! 3,+2/61-0! PI=#!

3,/0-12-0! )910! 7-! #<! )-! 0*98,/8-,! -12,-! -77-0! -2! 3-,A-22-12! 79! F6D926+1! )*942,-0! CV93-,+11-0X! L-!

C+A37-D-!96106!F+,A/!3-,A-2!7-!,-376-A-12!)4!PI=#X!.460[!79!874C+06)90-!NN!-17g@-!7-!874C+0-!,-02912[!

765/,912!96106!7-!PI=#!)-0!CV93-,+11-0X!$6!7-!,-376-A-12!-02!61C+,,-C2[!41-!874C+0M7K2,910F/,90-!9S+42-!

41!874C+0-!94!PI=#!f46!3+4,,9!k!1+4@-94!0456,!41!+4!37406-4,0!CMC7-0!S40f4*k!C-!f4*67!0+62!56-1!,-376/X!

$6! 7-!,-376-A-12!-02!2+4S+4,0! 61C+,,-C2[!41-!A911+06)90-!z2-! 7-!A911+0-!'K76/[! 79!3,+2/61-!@9!97+,0!

R2,-!2,9103+,2/-!)910!7-!CM2+0+7[!+{!-77-!3+4,,9!R2,-!)/8,9)/-X!$6!7-!,-376-A-12!)4!PI=#!-02!C+106)/,/!

C+AA-!C+,,-C2!39,!79!A9CV61-,6-!)-!C+12,z7-!)4!,/26C474A[!79!3,+2/61-!3+4,,9!922-61),-!7*9339,-67!)-!

\+786X!<77-!0-,9!3,60-!-1!CV9,8-!39,!41-!3,+2/61-!f46!0-!76-!94!PI=#!@69!7-!A911+0-X!N7!0-A57-!f4-!06!79!

3,+2/61-!-02!A97! ,-376/-[!-77-!-02! 0-10657-!k! 7*-1)+87MC+06)90-!Q!)-! 7*9339,-67!)-!\+786!-2! 0-,9!97+,0!

,9A-1/-! )910! 7-! ,/26C474A! +{! -77-! 0-,9! )/8,9)/-X!ERA-! 06! -77-! -02!A42/-[! 79! 87MC+3,+2/61-! 3-42!

9004,-,!09!F+1C26+1!)-!C9197! 6+16f4-X!;+4-,!04,! 7*9),-0098-!)-!79!3,+2/61-!f46!-02!-1!F962! 7*-10-A57-!

)-0!A/C9160A-0!f46!3-,A-22-12!k!41-!3,+2/61-!)*R2,-!)6,68/-!@-,0!79!5+11-!3+0626+1[!-02!41-!)-0!C7/0!

3+4,!7-!2,962-A-12!)-!79!A979)6-X!L-!A/C9160A-!)*9),-0098-!6A376f4-!)-0!,/9C26+10!)-!87MC+0M7926+1!

8,�C-! k! )-0! 87MC+0M72,910F/,90-0! -2! )-0! 874C+06)90-0! -2! )-0! A911+06)90-0! f46! z2-12! 7-0! 4162/0!

A+1+Ag,-0!874C+0-!-2!A911+0-X!:26760-,!7-0!61V6562-4,0!)-!87MC+06)90-0!0-,962!41-!3+00656762/!3+4,!7-!

,/K9),-0098-!)-!79!3,+2/61-!A42/-!)4!,/26C474A!-1)+3790A6f4-!@-,0!)-0!C-7747-0!347A+196,-0X!

!

" " #$C$C"51'96*/.1'"

!

! L-0! 87MC+06)90-0! 0+12! -00-126-77-0! 3+4,! 7-! A+1)-! )4! @6@912! -2! 5-94C+43! )-! 2,9@94D! 0+12!

,/9760/0! )910! 7*+326f4-! )-! )/@-7+33-,! )-! 1+4@-94D! 61V6562-4,0!A960[! C4,6-40-A-12[! 67! 1*-D602-! 390!

/1+,A/A-12!)*61V6562-4,0!)-!87MC+06)90-0!04,!7-!A9,CV/[!1+29AA-12!-1!2912!f4-!A/)6C9A-120X!"1!

3-42! 97+,0! 0-! )-A91)-,! 3+4,f4+6! -2! 933+,2-,! f4-7f4-0! ,/3+10-0X! P-0! -1YMA-0[! -D2,RA-A-12!

C+AA41-0[!9CC-32-12! 2+42-!41-!)6@-,062/!-2!41!1+A5,-! 6A3+,2912!)-!04502,920[!C-!f46!3-42!3+0-,!

)-0!3,+57gA-0!)-!03/C6F6C62/X!P-C6!6A376f4-!)-0!-FF-20!0-C+1)96,-0!3+4,!41-!A+7/C47-!0M12V/260/-!k!

)-0!F610!2V/,93-426f4-0X!<1!+42,-[!79!CV6A6-!)-0!04C,-0!1*-02!390!2,g0!,/391)4-!)910!7*61)402,6-!-2!7-0!

3,+)4620! 1924,-70! 0+12[! f4912! k! -4D[! 39,F+60! +52-140! -1! 2,+3! 3-262-0! f491262/0X! <1F61! C-,29610!

A/C9160A-0!)*9C26+1!6A376f4/0!)910!)-0!A979)6-0!39,26C476g,-0!,-02-12!-1C+,-!61C+1140!k!C-!S+4,X!

!
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^B!

! NX^!N261/,96,-!C+1F+,A926+11-7!7+,0!)-!7*VM),+7M0-!r!41!3+612!-00-126-7!)-!79!

,-CV-,CV-!04,!7-0!87MC+06)90-0!

!

" " #$I$%"D7"+.882790.1'"(72"27;1'/"J"G"*'"1*0.6"02B/"(*.//7'0"(1*2"67"+>0)2?.'70.1'"

+)/".0.'>27.2)/"91'812?70.1'')6/".?(6.E*7'0"+)/":6;91/.+7/)/"

!

! G-!1+0!S+4,0[!41!)-0!-1S-4D!3+4,!79!,-CV-,CV-!04,!7-0!87MC+06)90-0!-02!)-!C+119|2,-[!3+4,!7-0!

)6FF/,-12-0!C7900-0!)x-1YMA-0[!7-0!)6FF/,-12-0!C+1F+,A926+10!9)+32/-0!39,!7-0!A+7/C47-0!94!C+4,0!)-!

79!C9297M0-!-1YMA926f4-!-2!-1!39,26C476-,!)x-009M-,!)-!C+A3,-1),-!7-0!02,4C24,-0!9)+32/-0!94!16@-94!

)-! 7x/292!)-! 2,910626+1!+4!)4!A+610!3,g0!)-! C-746KC6X! L9!)6FF,9C26+1!39,! ,9M+10!l! F962! 97+,0! F684,-!)-!

2-CV16f4-!6)/97-!3+4,!@+6,!7-0!612-,9C26+10!f4-!@+12!)/@-7+33-,!7*-1YMA-!-2!0+1!04502,92!94!C+4,0!)-!

79! ,/9C26+1!-1YMA926f4-!96106!f4-! 7-0!)602+,06+10!)-0!)-4D!-1262/0!3+4,!f4-!C-0! 612-,9C26+10!0+6-12!

+326A97-0Xap!P*-02!C-2!+4267!f46!9!3-,A60!)-!)/F616,!7-0!f492,-!C+1F+,A926+10!^Q][!
]Q^[!HB[a!-2!

B[aH!3+4,!

7*/292!)-!2,910626+1!)-!7*VM),+7M0-!87MC+06)6f4-X!L-0!6261/,96,-0!C+1F+,A926+11-70!3+4,!7-0!3M,91+06)-0!

7+,0!)-!7*VM),+7M0-!87MC+06)6f4-!0+12!61)6f4/0!C6K)-00+40!d$CV/A9!_eX!.+4,!/A-22,-!41-!VM3+2Vg0-!04,!

79!C+1F+,A926+1!7+,0!)-!7*/292!)-!2,910626+1!7*6)/-!-02!)-!,/4006,!k!+52-16,!)-0!C76CV/0!94D!,9M+10!l!)4!

C+A37-D-!)-!E6CV9-760!dC+A37-D-!,/0472912!)-!79!F6D926+1[!1+1!C+@97-12-[!)-!7*-1YMA-!-2!)4!04502,92e!

-2!)4!C+A37-D-!C+@97-12!-1YMA-K04502,92X!

!

!

$CV/A9!_!K!N261/,96,-0!C+1F+,A926+11-70!3+4,!7-0!3M,91+06)-0!7+,0!)-!7*VM),+7M0-!87MC+06)6f4-!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

ap!G9@6-0[!\X!;X`!G4C,+0[!bX!EXK%X`!b9,,+2[!%X`!v-CV-7[!GX!LX!=;564)20",560"]'&<@0!ChhV[!U7[!aB]X!

4C1

OS2

OH5

2SO

2H3

3,OB

3S1

B1,4

5S1

2,5B

OH1

2H1

B2,5

1S5

1,4B

1S3

B3,O

4H5

4H3
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^]!

" " #$I$4"57/"+)/"!K?7''1/.+7/)/")0"!K?7''7'7/)/"

!

! E978,/!7-0!2,9@94D!)-!$611+22[>a! 67!9!7+182-A30!/2/!C+106)/,/[!k!2+,2[!f4-!7*/292!)-!2,910626+1!

3+4,! 2+42-0! 7-0! 87MC+06)90-0! /2962! )-! 2M3-! ^Q]! d)-A6KCV960-eX! P-C6! F42! 9)A60! C+AA-! /2912! 8/1/,97!

S40f4*-1! B??B[! 911/-! +{! G9@6-0at! @9! 3,+3+0-,! 41! /292! )-! 2,910626+1! )-! 2M3-! HB[a! 3+4,! 7-0! !K

A9119190-0X! #-@-1+10! 41! 3-4! 04,! 7-0! /24)-0! f46! +12! 3-,A60! )*9334M-,! C-22-! 6)/-X! <77-0! +12! /2/!

C+1)462-0! 04,! 79!A9119190-! B_%! dE91B_%e! )-!G@):C525<&@" 6)II:I5@&X! .+4,! +52-16,! 41-! 02,4C24,-!

94D! ,9M+10! l! )4! C+A37-D-! )-!E6CV9-760[! 7*)<C5K!Kd>[^eKA9119190-! 9! /2/!A42/-! 94! 16@-94! )-! 0+1!

,/06)4! 6A376f4/! )910! 79! C9297M0-! 9C6)-u590-! 8/1/,97-! -2! 7-! B[^K)6162,+3V/1M7! BK)/0+DMKBKF74+,+K!K

A911+2,6+06)-!VU!9!/2/!426760/!C+AA-!04502,92!dI684,-!aeX!P-!C+A37-D-!3,/0-12-!41-!C+1F+,A926+1!

592-94! C,+60/! >$a! -2! 9! /2/! 6)-126F6/! 39,! 03-C2,+A/2,6-! )-! A900-! d<$NeX! L*612-,A/)696,-! C+@97-12!

-1YMA-K04502,92!9!/897-A-12!/2/!+50-,@/X!N7!-D602-!0+40!41-!F+,A-!592-94!C,+60/!)-!2M3-!"$B[!C-!f46!

9!3-,A60!)-!)/)46,-! 7-!390098-!39,!41!/292!)-! 2,910626+1!)-! 2M3-!HB[aX!P-22-!C+1F+,A926+1!379C-! 7-!

8,+43-A-12! BKVM),+DM7-! )4! 3M,91+06)-! -1! 3+0626+1! 30-4)+K/f492+,697-[! C-! f46! 3-,A-2! )*/@62-,!

7*612-,9C26+1!>[B!@J<K)69D697-!-12,-!C-!8,+43-A-12!-2!7-!8,+43-A-12!39,2912!f46!3900-!)*41-!3+0626+1!

/f492+,697-! k! 41-! 3+0626+1! 30-4)+K9D697-X! P-22-! 612-,9C26+1! )/F9@+,957-! 9! 76-4! 06! 7*+1! C+106)g,-! 41!

/292!)-!2,910626+1!)-!2M3-!^Q]X!N7!-02!k!1+2-,!f4-!7-!8,+43-A-12!]KVM),+DM7-!3900-!746!)*41-!3+0626+1!

/f492+,697-!k!41-!3+0626+1!30-4)+K9D697-!7+,0!)-!79!)602+,06+1!)4!04502,92X!

!

!

I684,-!a!K!B[^K)6162,+3V/1M7!BK)/0+DMKBKF74+,+K!KA911+2,6+06)-!VU!-2!B[^K)6162,+3V/1M7!BK)/0+DMKBKF74+,+K!KGK

A911+06)-!VC!

!

! G9@6-0! @9! -10462-! C+1)46,-! )-0! 2,9@94D! 04,! 79! !KA911+06)90-! H2E91B%! )-! =&6()'5;C)@"

(4)(&;5(&52;6'5<
aq
"f46!2-1)-12!94006!k!0488/,-,!f4-!7*VM),+7M0-!9@-C!,/2-126+1!)-!C+1F684,926+1!)-0!

!KA911+06)-0!3900-,962!39,!41!/292!)-!2,910626+1!)-!2M3-!HB[aX!:1!C+A37-D-!)-!E6CV9-760!9!/2/!+52-14!

39,!A42926+1!)4! 062-! C9297M26f4-!14C7/+3V67-!-2!-1!426760912!41! 04502,92! 7-12-A-12!VM),+7M0957-[! 7-!

B[^K)6162,+3V/1M7!BK)/0+DMKBKF74+,+K!KGKA911+06)-!VC!dI684,-!aeX!L9!C+1F+,A926+1!+50-,@/-!3+4,!C-!

C+A37-D-! -02[! C+AA-! )910! 7*-D-A37-! 3,/C/)-12[! )-! 2M3-! 592-94! C,+60/! >$aX! L+,0! )-! 2,9@94D!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

at!G4C,+0[!bX!EXK%X`!v-CV-7[!GX!LX`!E4,0V4)+@[!\X!'X`!\675-,2[!QX!;X`!$Y95+[!LX`!$2+77[!GX`!O62V-,0[!$X!\X`!G9@6-0[!\X!;X!1<O)Z0"

34)20"E<(0"-C0!ChhC[!W7[!BtB^X!
aq!"FF-1[!OX!%X`!v-CV-7[!GX!LX`!O62V-,0[!$X!\X`!\675-,2[!QX!;X`!G9@6-0[!\X!;X!34)20"3522:<0!ChhT[!B^t^X!
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O
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^^!

3,/C/)-120[_?! 67! 9@962! /2/! A60! -1! /@6)-1C-! 41! C+A37-D-! -1YMA-KA911+6A6)9Y+7-! C+@97-12! )-!

C+1F+,A926+1!"$BX!=+42!C-C6!C+1)462!7k!-1C+,-!k!3-10-,!f4-!7*VM),+7M0-!0-!F962!39,!390098-!39,!41!/292!

)-! 2,910626+1! HB[a! d$CV/A9! peX! <1F61[! 7*/f463-! )-! O62V-,0! -2! #+0-_>! 9! +50-,@/! 41! 612-,A/)696,-!

-1YMA-K04502,92! C+@97-12! >$a! -1! 2,9@9677912! 04,! 41-! !KA911+06)90-X! <77-! -1! 9! C+1C74! f4-! C-22-!

VM),+7M0-!)+62!046@,-!41!6261/,96,-!9197+84-!A960!-1!0-10!61@-,0-X!

!

! %4!F6197[! 67!9339,9|2,962!8/1/,97!f4-!7*VM),+7M0-!9@-C!,/2-126+1!)-!C+1F684,926+1!39,!7-0!"K!-2!

!KA911+06)90-0!3900-!39,!41!/292!)-!2,910626+1!)-!2M3-!592-94!HB[aX!

!

!

$CV/A9!p!K!N261/,96,-!C+1F+,A926+11-7!7+,0!)-!7*/293-!)-!87MC+0M7926+1!)910!7*VM),+7M0-!)-!79!76960+1!

87MC+06)6f4-!3+4,!7-0 !KA9119190-0!

!

! P+119|2,-! 7-0! )6FF/,-12-0! C+1F+,A926+10! 9)+32/-0! 39,! 7-! 3M,91+0-! 94! C+4,0! )-! 7*VM),+7M0-!

87MC+06)6f4-! -2! 1+29AA-12! 79! C+1F+,A926+1! )-! 7*/292! )-! 2,910626+1! 3-,A-2! )-! 0M12V/260-,! )-!

A-677-4,0! 61V6562-4,0! )-! 87MC+06)90-0! 3+2-126-77-A-12! A6A-0! )-! 7*/292! )-! 2,910626+1X! L9! ARA-!

f4-026+1! f4-! 3,/C/)-AA-12! ,-02-! C-3-1)912! -1! 0403-10! r! C+AA-12! 09@+6,! 06! 41! 61V6562-4,! 3-42!

@,96A-12! R2,-! C+106)/,/! C+AA-! 41! A6A-! )-! 7*/292! )-! 2,910626+1! s! P-22-! f4-026+1! 9! F962! C+47-,!

5-94C+43! )*-1C,-! -2! F962! 7*+5S-2! )-! 1+A5,-4D! 2,9@94D! -1C+,-! A9612-1912X! L-0! /24)-0!

C,602977+8,93V6f4-0!1-! 04FF60-12! 390! k! ,/3+1),-! k! C-22-! f4-026+1X! <1! -FF-2[! 67! F942! 94006! 3,-1),-! -1!

C+A32-! 7-0! 903-C20! 2V-,A+)M19A6f4-! -2! C61/26f4-! 3+4,! C+119|2,-! 7-0! F+,C-0! f46! 8+4@-,1-12!

7*612-,9C26+1! )-! 7*61V6562-4,! -2! )-! 7*-1YMA-! -2! C-77-0! f46! 8+4@-,1-12! 79! ,/9C26+1! C9297M26f4-!

)*VM),+7M0-X!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

_?!=967F+,)[!LX!<X`!"FF-1[!OX!%X`!$A62V[!'X!LX`!G4A+1[!PX`!E+,791)[!PX`!\,926-1[!;X`!Q-Cc[!EXK.X`!$26Cc[!#X!bX`!&X[!HX`!b90-779[!%X`!

\675-,2[!QX!;X`!G9@6-0[!\X!;X!$&(0"34)20"=;5I0!Chhd[!W[!]?_X!
_>!'4A9+[!$X`!o412Y[!GX!%X`!O62V-,0[!$X!\X`!#+0-[!GX!#X!/0"=;5I0"34)20!ChhV[!8BT[!^t?p^X!

O
HO

OHOX

HO

RO

B2,51S5
OS2

OO !-

!+

!-

O

HO

OHOX

HO

OR

OO

O

HO

OH
OXHO

RO

OO



G&'(;)" E" H" 34&%;(')" E0" ?)" I*4JC'5IJ@)" )<KJ2&(;L:)" C)" I&" I;&;@5<" 6&'M5<)H5NJOP<)" C)@" @&664&';C)@" @)I5<" Q5@4I&<C" R" I&"

65<6)%(;5<"C)"<5:S)&:N";<4;M;():'@"C)"OIJ65@;C&@)@"

^a!

" " #$I$C" &')" E*)/0.1'" 2>9*22)'0)" G" 91??)'0" /7A1.2" /." 6)/" .'<.F.0)*2/" +)"

:6;91/.+7/)/"/;'0<>0./>/"/1'0"+)"LA>2.07F6)/L"?.?)/"+)"6,>070"+)"027'/.0.1'"H"

!

! %FF6,A-,! f4*41-! A+7/C47-! -02! 41! A6A-! )-! 7*/292! )-! 2,910626+1! 1*-02! 390! 41-! CV+0-! F9C67-X!

P+AA-!1+40!7*9@+10!@4!)910!7-!39,98,93V-!04,!7-!C7900-A-12!)-0!61V6562-4,0!d�!NX]X>e[!7-0!A+7/C47-0!

0M12V/260/-0! 612g8,-12! 8/1/,97-A-12! 41-! C9,9C2/,6026f4-! )-! 7*/292! )-! 2,910626+1! d8/+A/2,6-! +4!

CV9,8-e!A960!,9,-A-12!7-0!)-4DX!<77-0!0+12!3+4,2912!C+106)/,/-0!C+AA-!)-0!9197+84-0!)-!7*/292!)-!

2,910626+1!)-!A916g,-! 6124626@-X!%4! F67! )-0!911/-0[! 67! 9!/2/!)/F616!37406-4,0! C,62g,-0!3+4,!-009M-,!)-!

,926+19760-,! 7-0!)+11/-0X!<1!39,26C476-,[! 7-0!/24)-0! LI<#0! dL61-9,! d\6550e! I,--!<1-,8M!#-7926+10V630e!

9339,9600-12! 94S+4,)*V46! C+AA-! 79! A/2V+)-! 79! 3740! f491262926@-! 3-,A-22912! )-! f4976F6-,! 41!

61V6562-4,! )*9197+84-! )-! 7*/292! )-! 2,910626+1X! %@912! )-! ,-@-16,! 3740! -1! )/2967! 04,! C-0! /24)-0[! 67! -02!

1/C-0096,-!)-!F96,-!f4-7f4-0!,933-70!)-!C61/26f4-!-1YMA926f4-X!

!

! ! $RaRVRU!'H[[=<!M=!:;P9F;]W=!=P\JQHF;]W=!

!

! L-0!,/9C26+10!-1YMA926f4-0!)/26-11-12!7-4,!0/7-C26@62/!-2!7-4,!C939C62/!k!948A-12-,!79!@62-00-!

)-!,/9C26+1!)-! 79! F+,A926+1!)*41!C+A37-D-!-1YMA-K04502,92X! N7! 0-!C,/-!)-0! 612-,9C26+10! 2,g0! F+,2-0[!

f46!)+11-12!76-4!k!41!/292!)-!2,910626+1[!3+4,!79!,/9C26+1[!9M912!41-!59,,6g,-!/1-,8/26f4-!)*9C26@926+1!

959600/-[!39,!,933+,2!k!41-!,/9C26+1!1+1!C9297M0/-!dI684,-!_eX!L*-1YMA-!F6D-!A6-4D!7*/292!)-!2,910626+1!

)4!04502,92[!f4-!7-!04502,92!)910!0+1!/292!F+1)9A-1297X!!

!

I684,-!_!K!$2956760926+1!)-!7*/292!)-!2,910626+1!-1!C9297M0-!-1YMA926f4-!

!
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! i4-7f4-0!/f4926+10!-2!C+102912-0!)-!C61/26f4-!-1YMA926f4-!6A3+,2912-0!3+4,!79!0462-!0+12!

6C6!,933+,2/-0!d$CV/A9!t[!I684,-!peX!

!

$CV/A9!t!K!<f4926+10!6A3+,2912-0!-1!C61/26f4-!-1YMA926f4-!

!

!

I684,-!p!K!#-7926+1!-12,-!79!@62-00-!6162697-!-2!79!C+1C-12,926+1!6162697-!-1!04502,92!!

!

! IQ! -02! 79! C+102912-! )-! E6CV9-760X! <77-! ,-3,/0-12-! 79! C939C62/! )-! 7*-1YMA-! k! 9CC-32-,! 7-!

04502,92!-2!C+,,-03+1)!k!79!C+1C-12,926+1!-1!04502,92!3+4,!79f4-77-!79!A+626/!)-0!062-0!-1YMA926f4-0!

0+12!+CC43/0X!.740!oA!-02!3-262!3740!67!M!9!41-!5+11-!F6D926+1!)-!7*-1YMA-!3+4,!0+1!04502,92!doA!�!o0!

dC+102912-!)-!)600+C6926+1e!f491)!cC92!��!c
KeX!

! i:HF! ,-3,/0-12-! 79! C+102912-! )-! @62-00-! )-! 79! ,/9C26+1! )-! 2,910F+,A926+1! )4! 04502,92! -1!

3,+)462X!.740!79!C+102912-!-02!/7-@/-!3740!79!,/9C26+1!-02!,936)-!dF9657-!59,,6g,-!)*9C26@926+1e!!

E + S ES E + P
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E
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^p!

! P*-02! 7-! ,933+,2! cC92uoA! f46! )/F6162! 7*-FF6C9C62/! )*41-! -1YMA-! r! 67! F942! 41-! F6D926+1! ,936)-!)4!

04502,92! -2! 41! 9C2-! C9297M26f4-!/7-@/X!G910! 7-! C90! +4! U$W! ��!oA[! cC92uoA! ,-3,/0-12-! 79! C+102912-!)-!

@62-00-!9339,-12-!)-!79!,/9C26+1X!

! L+,0f4-! 7*+1! 9! 41! 61V6562-4,[! 79! C+102912-! )*61V65626+1! o6! ,-3,/0-12-! 79! C+1C-12,926+1! -1!

61V6562-4,!3+4,!79f4-77-!79!A+626/!)-0!062-0!-1YMA926f4-0!0+12!+CC43/0X!%6106[!7*9FF6162/!)*41!61V6562-4,!

-02!)*942912!3740!8,91)-!f4-!o6!-02!3-262X!

!

! ! $RaRVRC!&FWM=E!6.&'!

!

! <1!>qt][_B!H9,27-22!@9!3+4,! 79!3,-A6g,-!F+60!3,+3+0-,!41-!A/2V+)-!3-,A-22912!)-!f4976F6-,!

0-0!3V+03V+19A6)92-0[!61V6562-4,0!)-!79!2V-,A+7M061-[!)-!A6A-0!)-!7*/292!)-!2,910626+1X!$9!A/2V+)-!

-02!590/-!04,!7-!F962!f4*41!61V6562-4,!3+2-126-77-A-12!9197+84-!)-!7*/292!)-!2,910626+1!3+00g)-[!)-!39,!

09! 02,4C24,-[! 7-0! /7/A-120! f46! 3-,A-22-12! 94! 04502,92! )-! )/@-7+33-,! 9@-C! 7*-1YMA-!)-! 2,g0! F+,2-0!

612-,9C26+10!)910!7*/292!)-!2,910626+1X!N7!-1!,/0472-!f4-!2+42!CV918-A-12!)910!79!02,4C24,-!)4!04502,92[!

)-!7*61V6562-4,!+4!)-!7*-1@6,+11-A-12!)-!7*-1YMA-!)+62!9@+6,!41!-FF-2!06A6796,-!04,!7*948A-12926+1!)-!

79! @62-00-!)-! ,/9C26+1! doAucC92e! -2! 04,! 7*9FF6162/! )-! 7*61V6562-4,! 39,! ,933+,2! 94! 04502,92! do6eX
_]! P-C6! 0-!

2,9)462!39,!7*/f4926+1!)-!79!),+62-!046@912-!)+12!79!3-12-!@942!>!d$CV/A9!qer!

!

!

$CV/A9!q!

!

! L*/f4926+1!$\!�!K#=71o!3-,A-2!)-!,-76-,!o6!-2!oAucC92!94D!/1-,86-0!765,-0X!%6106[!7x/1-,86-!765,-!

)-! F6D926+1! )-! 7x61V6562-4,! -02! ,-3,/0-12/-! 39,! 79! C+12912-! )*61V65626+1! o6! -2! 7x/1-,86-! 765,-! )-! 79!

02956760926+1!)-!7x/292!)-!2,910626+1!-02!,-3,/0-12/-!39,!7-!,933+,2!oAucC92X!=+42!CV918-A-12!02,4C24,97!

3,+)462! 7-0!ARA-0! -FF-20! 04,! 7*/1-,86-! )-! F6D926+1! )-! 7*61V6562-4,! 39,! 7*-1YMA-! -2! 04,! 7*/1-,86-! )-!

F6D926+1! )4! 04502,92! 39,! 7*-1YMA-! C-! f46! C+,,-03+1)! k! 79! )/F61626+1! )*41! 9197+84-! )-! 7*/292! )-!

2,910626+1X!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

_B!H9,27-22[!.X!%X`!E9,7+Z-[!PX!oX!=;564)2;@('J!UTdV[!88[!^_>tX!
_]!E9)-,[!EX!EX`!H9,27-22[!.X!%X!34)20"+)S0!UTTS[!\B[!>Bt>X!

log Ki = log
kcat

Km log dkun

- kun : constante de vitesse pour la réaction non catalysée
- d réprésente la proportionnalité dans cette équation

Ki = dKm
kcat

kun
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^t!

! L9! 3,-A6g,-! /24)-! LI<#! C+A37g2-! 9! /2/! C+1)462-! -1! >qq]_^! 39,! <,A-,2! )(" &IX" 04,! 41-!

87MC+06)90-!9@-C!)-0!61V6562-4,0!OI:65K!-2!2&<<5K2/2,9Y+7-0!-2!)-3460!-77-!-02!,/8476g,-A-12!426760/-X!

P+1C,g2-A-12[! 67! 0*9862! )-! ,-3,/0-12-,! 7+8! do6e! �! Fd7+8! doAucC92ee! 3+4,! 41! 61V6562-4,! )+11/! -2! 41-!

-1YMA-!)+11/-!-2!)-!@+6,!06!7-0!@97-4,0!-D3/,6A-1297-0!0-!,933,+CV-12!)*41-!),+62-!)-!3-12-!/897-!k!

>X!.740!7-0!@97-4,0!0-!,933,+CV-12!)-!79!),+62-!)-!3-12-!/897-!k!>[!3740!7*61V6562-4,!3-42!R2,-!C+106)/,/!

C+AA-! 41! 5+1! A6A-! )-! 7*/292! )-! 2,910626+1! dI684,-! teX! :1! -D-A37-! )/29677/! 0-,9! 3,/0-12/! )910!

f4-7f4-0!398-0X!

!

!

I684,-!t!K!<D-A37-!)-!,-7926+1!761/96,-!-12,-!7+8!o6!-2!7+8!oAucC92!3+4,!7-!A911+6A6)9Y+7-!VV!d04502624/!-1!B!39,!

79!CV9|1-!3V/1/2VM7-[!F684,-!>>e!-1!2,9@9677912!9@-C!41-!!KA911+06)90-!

!

#-A9,f4-!r!$6!7*61V6562-4,!-02!41!A6A-!)4!04502,92[!97+,0!C*-02!79!,-7926+1!-12,-!7+8doAe!-2!7+8do6e!f46!

-02!761/96,-!9@-C!41-!),+62-!)-!3-12-!/897-!k!>X!!

!

! ! $RaRVRV!+WFG=E!9FWM=E!!

!

! $-7+1!$CV,9AA_a! 7*61V65626+1!Tk!/@+7426+1!7-12-T!-02!41!942,-!C,62g,-!f46!3-,A-2!)-!09@+6,!06!

41!61V6562-4,!-02!41!9197+84-!)-!7*/292!)-!2,910626+1X!P-!3V/1+Ag1-!0-!C9,9C2/,60-!39,!41-!@62-00-!)-!

,/9C26+1! 8,91)-! 3460! F9657-! 7+,0f4-! 7*-1YMA-! -2! 7*61V6562-4,! 0+12! -1! 3,/0-1C-X! L*-1YMA-! 3+00g)-! k!

7*/292! 6162697! 41-! C+1F+,A926+1! f46! 746! 3-,A-2! )-! F6D-,! ,936)-A-12! 7-! 04502,92! )910! 0+1! /292!

F+1)9A-1297X!$6!41! 61V6562-4,!-02!41!A6A-!)-! 7*/292!)-!2,910626+1!97+,0! 67! F942!f4-! 7*-1YMA-!045600-!

)-0!CV918-A-120!C+1F+,A926+11-70!)*+{! 7-!3,+F67!)-0!C+4,5-0!+50-,@/-0!dI684,-!qeX!P-!3V/1+Ag1-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

_^
!<,A-,2[!.X`!b90-779[!%X`!O-5-,[!EX`!#4362Y[!oX`!O62V-,0[!$X!\X!3&'M54JC0"+)@0!UTTV[!8>9[!>>]X!!

_a!9e!$CV,9AA[!bX!LX!1'640!=;564)20"=;5%4J@0!Chh`[!WUU[!>]!`!5e!$CV,9AA[!bX!LX!1<<:X!+)S0"=;564)20!UTTd[!YB[!_q]X!!

log Km/kcat

log Ki
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^q!

3+4,,962[!C-3-1)912[!R2,-!+50-,@/!3+4,!2+40!7-0!61V6562-4,0!`_]!67!F942!)+1C!7-!A-22,-!-1!,-7926+1!9@-C!

)*942,-0!)+11/-0!9@912!)-!C+1C74,-!04,!7*61V6562-4,X!

!

I684,-!q!K!N77402,926+1!)-!7*61V65626+1!k!/@+7426+1!7-12-!7+,0!)-!7*VM),+7M0-!)4!B[^K)6162,+3V/1M7!!KGK

874C+3M,91+06)-!39,!41-!!K874C+06)90-!d7*950+,591C-!,-3,/0-12-!79!3,+)4C26+1!)-!B[^K)6162,+3V/192-e!

!

! L9!C+A39,960+1!)-0!3,+F670!)-!)/3-1)91C-!)-!7*61V65626+1!-2!)-!79!C9297M0-!9@-C!7-!3Q!0-,962!

41!942,-!C,62g,-!)-!)/F61626+1!)*41!A6A-!)-!7*/292!)-!2,910626+1X!$6!41!61V6562-4,!-02!41!A6A-!)-!7*/292!

)-! 2,910626+1[! 97+,0! 7-0! )-4D! 3,+F670! )+6@-12! 0-! 043-,3+0-,! dI684,-! >?eX! <1! -FF-2[! 41-! )6FF/,-1C-! )-!

)/3-1)91C-!94!3Q!)-!7*61V6562-4,!39,!,933+,2!k!41!04502,92!3+4,!41-!-1YMA-!)+11/-!C+1)46,962[!39,!

-D-A37-[!k!)6,-!f4*41!61V6562-4,!-02!3740!-FF6C9C-!)910!41-!Y+1-!)-!3Q!+{!7*-1YMA-!-02!619C26@-X!G910!

C-!C90[!67!1-!3-42!390!R2,-!41!5+1!A6A-!)-!7*/292!)-!2,910626+1X!G-0!2,9@94D!+12!/2/!C+1)4620!04,!>t!

A6A-0! 3+2-126-70! )-! 7*/292! )-! 2,910626+1! )-! 79! ,/9C26+1! )*VM),+7M0-! 6A376f4912! 79! !K874C+06)90-!

=2\Q>!)-!]4)'25(5O&"2&';(;2&X__!G910!2,g0!3-4!)-!C90[! 67!M!9!043-,3+0626+1!)-0!)-4D!C+4,5-0X!<1!

F962[! 67! 0-A57-,962! f4*67! F9677-! 2-16,! C+A32-! )4! 3o9! )-! 7*61V6562-4,! 39,! ,933+,2! k! C-4D! )-0! ,/06)40! )-!

7*-1YMA-[!C-!f46!-02!04S-2!k!C+12,+@-,0-X!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

__!\7+02-,[!=X!EX`!E-7+1C-776[!.X`!$26Cc[!#X!bX`!v-CV-7[!GX`!b90-779[!%X`!G9@6-0[!\X!;X!/0"120"34)20",560!ChhS[!78\[!B]^aX!

temps (s)

Absorbance
(400 nm)
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a?!

!

I684,-!>?!K!3Q!)/3-1)91C-!)-!cC92uoA!3+4,!41- !K87MC+06)90-!-2!)-!>uo6!3+4,!7*9A6)+D6A-!CU!dI684,-!]e!

!

! <1F61[! 67! M! 9! 94006! 3+00656762/! )-! ,/9760-,! )-0!A-04,-0! C97+,6A/2,6f4-0X! P-77-0KC6! 0+12! 39,F+60!

C+12,-K6124626@-0! C+AA-! )910! 7-! C90! )*41-! /24)-! 04,! 79! !K874C+06)90-! =2\Q>! )-! ]4)'25(5O&"

2&';(;2&$
__!P+AA-!3+4,! 7-0!/24)-0!)-!)/3-1)91C-!9@-C! 7-!3Q[! 67!1-!F942!390!0-!C912+11-,!k!C-22-!

A/2V+)-!)-! 0681924,-! 2V-,A+)M19A6f4-!3+4,! C+1C74,-!f4912! k! 7*9197+86-!)*41! 61V6562-4,! 9@-C!41!

/292!)-!2,910626+1X!!

!

! %6106[! 9M912! k! )603+0626+1! 37406-4,0! A/2V+)-0[! 7*6)/-! -02! )/0+,A960[! 3+4,! CV9f4-! 2M3-!

)*-1YMA-[!)-!F96,-!41-!/24)-!0M02/A926f4-!C+A37g2-!3+4,!09@+6,!06!)-0! 61V6562-4,0!)-!87MC+06)90-0!

3-4@-12!R2,-!C+106)/,/0!C+AA-!)-0!A6A-0!)-!7*/292!)-!2,910626+1X!P*-02!C-!f46!9!/2/!F962!-1!B??t_?!

3+4,!79!!KA911+06)90-!H2E91B%!)-!=&6()'5;C)@"(4)(&;5(&52;6'5<"9@-C!Ba!C+A3+0/0!61V6562-4,0!)-!

C-22-!-1YMA-X!=+42!)*95+,)[!)-0!A-04,-0!)-0!C+102912-0!)x61V65626+1!d3Q!+326A4A!)-!a[_!-1!426760912!

7-! B[^K)6162,+3V/1M7! !KGKA911+3M,91+06)-! C+AA-! 04502,92e! +12! /2/! -1,-8602,/-0X! P-0! @97-4,0!

0x/297-12! )-! ap! 1E! 3+4,! 7-! 3V/1/2VM76A6)9Y+7-! k! 3740! )-! ^??! AEX! G910! 7-! 391-7! )x61V6562-4,0!

3+2-126-70[!7-0!A+7/C47-0!9M912!7-!3740!)*9FF6162/!9@-C!7*-1YMA-!+12!-10462-!/2/!0/7-C26+11/-0!9F61!)-!

,/9760-,!)-0!/24)-0!C,602977+8,93V6f4-0X!.+4,!2+42-0!C-0!A+7/C47-0!41-!C+1F+,A926+1!3,+CV-!)-!!HB[a!

-02!+50-,@/-!04,!7-0!C76CV/0!)-!)6FF,9C26+1!)-0!,9M+10!l!d�!NX^XBeX!N7!C+1@-1962!-1F61!)-!3,+4@-,!f4-!7-0!

A+7/C47-0!/296-12!56-1!)-0!A6A-0!)-!7x/292!)-!2,910626+1!3+4,!9334M-,!7-!F962!f4-!7x+1!962!41!/292!)-!

2,910626+1! HB[aX! .+4,! C-79! )-0! /24)-0! LI<#! +12! /2/! ,/9760/-0! 04,! 7-0! 04502,920! )+12! +1! 3+00/)962! 79!

02,4C24,-!C,602977+8,93V6f4-!-1!3,/0-1C-!)-!7*-1YMA-X!L-0!A911+6A6)9Y+7-0!04502624/0!0-!0+12!97+,0!

,/@/7/0! R2,-! 7-0! A-677-4,0! A6A-0! )-! 7x/292! )-! 2,910626+1! 9@-C! 41-! ,-7926+1! -12,-! 79! C+102912-!

)*61V65626+1! o6! -2! 7-! ,933+,2! oAucC92! f46! -02! 3,926f4-A-12! 761/96,-[! C+AA-! +1! 3-42! 7-! @+6,! )910!

7*-D-A37-! 046@912! 9@-C! 7-!A911+6A6)9Y+7-!VV! dI684,-!>>eX!%! 7*61@-,0-[!3+4,! 7-!A911+9A6)6164A!Va!

pH

Km/kcat

s
-1

 mM
-1
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a>!

N
N

OH

HO

OH

HO

33

Ph

H
N

N
H

OH

HO

OH

HO

34

NH3

dI684,-!>>e[! 67!1*M!9!390!)-!,-7926+1!761/96,-!-12,-!o6!-2! 7-!,933+,2!oAucC92!C-!f46!A+12,-!f4-!C*-02!41!

A+610!5+1!A6A-!)-!7*/292!)-!2,910626+1X!

!

!

!

! !

!

!

!

/LQ[LE9E! /LGG9<HF;LP!fGCg!

f<LX!fIQji:HFgg!

*=PF=!

f<LX!IQji:HFg!

/LGG9<HF;LP!fGCg!

f<LX!IQg!

E911+6A6)9Y+7-!VV! ?[q^! >[?q!!�!?![>B! ?[at!

E911+9A6)6164A!Va! ?[_>! ?[q>!!�!?[]B! ?[aB!

=957-94!>!K!P+A39,960+1!)4!A911+6A6)9Y+7-!VV!-2!)4!A911+9A6)6164A!Va!

!

! L9!C+,,/7926+1!,B!d=957-94!>e!-02!41-!)+11/-!A92V/A926f4-!f46!3-,A-2!)-!@+6,!06!7-0!,/0472920!

-D3/,6A-1294D! 0+12! 3,+CV-0! )4!A+)g7-X! .740! 79! @97-4,! )-! ,B! 0-! ,933,+CV-! )-! >[! 3740! 7-0! ,/0472920!

C+77-12!94!A+)g7-X!.+4,!7-!A911+6A6)9Y+7-!VV[!,B!-02!3740!3,+CV-!)-!>!f4-!3+4,!7-!A911+9A6)6164A!

Va!r!C*-02!41!A-677-4,!A6A-!)-!7*/292!)-!2,910626+1X!

!

!

!!

log Km/kcat

log Ki

log Km/kcat

log Ki

I684,-!>>!K!#-7926+1!-12,-!o6!-2!oAucC92!3+4,!7-!

A911+6A6)9Y+7-!VV!-2!3+4,!7-!A911+9A6)6164A!Va!

!
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aB!

" " #$I$I"51'96*/.1'"

!

! L*6261/,96,-! C+1F+,A926+11-7! -02! 3,+3,-! k! CV9f4-! -1YMA-[! ARA-! 0*67! -D602-[! /@6)-AA-12[!

f4-7f4-0! ,-00-A5791C-0X! P+119|2,-! 7-0! )6FF/,-12-0! C+1F+,A926+10! 9)+32/-0! 39,! 7-0! A+7/C47-0! 94!

C+4,0!)-!79!C9297M0-!-1YMA926f4-[!-2!-1!39,26C476-,!-009M-,!)-!C+A3,-1),-!7-0!02,4C24,-0!9)+32/-0!94!

16@-94! )-! 7x/292! )-! 2,910626+1! +4! )4! A+610! 3,g0! )-! C-746KC6[! 3,/0-12-! 41! 612/,R2! )4! 3+612! )-! @4-!

A/C916026f4-X!%6106[! )910! 79! ,-CV-,CV-! 04,! 7-0! 87MC+06)90-0[! f492,-! C+1F+,A926+10! 0+12! 3,6@67/86/-0!

3+4,!7*/292!)-!2,910626+1!7+,0!)-!79!,/9C26+1!)*VM),+7M0-!)-!79!76960+1!87MC+06)6f4-!r!^Q][!
]Q^[!HB[a!-2!

B[aHX!

O+7F-1)-1! )/A+12,9! -1! >qqq! f4-! 79! C939C62/! )-! F6D926+1! )-! 7*/292! )-! 2,910626+1! /2962!

933,+D6A926@-A-12!)-!>?KBB!A+7XLK>X>^!.+4,!C-22-!,960+1[!67!-02!612/,-00912!)-!C+1C-@+6,!)-0!61V6562-4,0!

f46! 612g8,-12! 7-0! 3,+3,6/2/0! )-! 7*/292! )-! 2,910626+1X! N70! 0+12[! -1! -FF-2[! C+106)/,/0! C+AA-! 7-0! 3740!

-FF6C9C-0! `! -1! 2/A+681-[! 39,! -D-A37-[! 7-0! 2,9@94D! )-! $CV,9AA! C+1C-,1912! 79! C+1C-326+1! )*!

61V6562-4,0!36C+K!-2!F-A2+A+796,-0X!:1-!F+60!7-0!61V6562-4,0!0M12V/260/0[!67!F942!0*9004,-,!f4*670!34600-12!

R2,-! C+106)/,/0! C+AA-!)-! T@/,62957-0!A6A-0T! )-! 7*/292! )-! 2,910626+1X! .+4,! C-79[! 67! 9! /2/! )/F616! 41!

C-,2961!1+A5,-!)-!C,62g,-0!39,A6!7-0f4-70!7-0!/24)-0!LI<#0!f46!9339,9600-12!94S+4,)*V46!C+AA-!7-0!

3740!f491262926@-0X!L-0!5+10!A6A-0!)-!7*/292!)-!2,910626+1!3-4@-12!97+,0!)-@-16,!)-!@/,62957-0!0+1)-0!

3+4,!7-0!/24)-0!A/C916026f4-0!3+,2912!04,!7-0!87MC+06)90-0X!

!

! NXa!G-0!61V6562-4,0!39,26C476-,0!r!7-0!87MC+6A6)9Y+7-0!

!

" " #$M$%"N>91*A)20)"+)"67"'7:/070.')"

!

! L9! 198029261-! V`! dI684,-! >Be! 9! /2/! )/C+4@-,2-! 39,! 7*/f463-! )-! %+M986[_p! -1! >qqB[! 39,!

F-,A-12926+1!)*41-!0+4CV-!59C2/,6-11-!,(')%(52J6)@"&2&c:@&)<@;@X!L9!1+4@-77-!02,4C24,-!56CMC76f4-!

)-!C-22-!A+7/C47-!/2962[!k!7*/3+f4-[!2+42!k!F962!+,686197-X!!

!

!

I684,-!>B!K!L9!198029261-!V`!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

_p!%+M986[!=X`!$4)9[!QX`!:+2916[!oX`!o+S6A9[!IX`!%+M9A9[!=X`!Q+,684CV6[!oX`!Q9A9)9[!EX`!=9c-4CV6[!=X!/0"1<(;M;5(;6@!UTTC[!W>[!

>^?^X!

N
N

OH
HO

NH

COOH
HO

O

35
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a]!

! L9! 198029261-! V`! 9! 2+42! )*95+,)! /2/! 2-02/-! -1! 2912! f4*61V6562-4,! )-! 79! $K9C/2M7K!KGK

874C+09A616)90-!d'%\K90-e!-2!0*-02!,/@/7/-!R2,-!41!2,g0!5+1!61V6562-4,!)-!C-22-!V-D+09A616)90-!dPNa?!

?[??>B!µ8XALK>eX!L9!'%\K90-!-02!41-!-D+87MC+06)90-!f4-!7*+1!,-2,+4@-!)910!7-!7M0+0+A-!-2!f46!9!3+4,!

,z7-! )-! 765/,-,! 79! $K9C/2M7874C+09A61-! d'%\e! )-0! 87MC+3,+2/61-0! -2! 87MC+7636)-0X! $+1! 9C26@62/!

948A-12-!)910!7-!0/,4A!1+29AA-12!-1!C90!)-!)695g2-[_t!)-!7-4C/A6-_q!+4!-1C+,-!)-!C91C-,Xp?!%F61!

)-! C+A3,-1),-! 7-0! A/C9160A-0! 6A376f4/0! )910! C-0! A979)6-0[! -2! 39,C-! f4*-77-! ,-3,/0-12962! 41!

CV977-18-!0M12V/26f4-[!=920429!p>!9!3,+3+0/[!-1!>qqa[!79!3,-A6g,-!0M12Vg0-!2+297-!/19126+03/C6F6f4-!

)-! 79!198029261-X! N7! 9! 0M12V/260/!/897-A-12!41! C-,2961!1+A5,-!)*9197+84-0pB! dI684,-!>]e!f46! F4,-12!

2-02/0! -1! 2912! f4*61V6562-4,0! )-! 87MC+06)90-0! 04,! )6FF/,-120! 2M3-0! )*-1YMA-0X! L9! 0M12Vg0-! )-! C-0!

C+A3+0/0!0-,9!95+,)/-!41!3-4!3740!7+61X!!

!

!

I684,-!>]!K!%197+84-0!)-!79!198029261-!V`!

!

! <1! C-! f46! C+1C-,1-[! 7*9C26@62/! 61V6562,6C-! )-! 0-0! 9197+84-0[! -77-! 9! /2/! 2-02/-! 04,! 37406-4,0!

87MC+06)90-0!)*+,6861-0!)6FF/,-12-0!d7-@4,-[!9A91)-0!)+4C-0[! Fg@-0[!-0C9,8+20[!-@64)';64;&"65I;[! ,-610!

)-! 5�4F! -2! F+6-! )-! @+79677-eX! N7! 0*9@g,-! f4-! 7-0! A+7/C47-0! Vc! -2! VT! 3,/0-12-12! 41-! F+,2-! 9C26@62/!

61V6562,6C-! )-! 79! $K9C/2M7K!KGK874C+09A616)90-! -2! 41-! F9657-! 9C26@62/! -1! C-! f46! C+1C-,1-! 79! !KGK

874C+06)90-X!i4912!94D!9197+84-0!VS[!`!-2!ahA! 670!3,/0-12-12!41-!A-677-4,-!9C26@62/!,-03-C26@-A-12!

@60KkK@60! )-0! !KGK8979C2+06)90-[! !KGK874C+06)90-! -2! !KGKA911+06)90-! f4-! )-0! "KGK87MC+06)90-0!

d=957-94!BeX!!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

_t!%7V9)-FF[!;X!%X`!Q+7Y618-,[!#X!=X!=;564)20"[)CX!UTdC[!8B[!B>^X!
_q!G,-D7-,[!QX!\X`!\9-)6Cc-[!\X`!E61+Z9)9[!;X!X):c)2;&"+)@X!UTdV[!B[!_>>X!
p?!.741C610c6[!PX`!.,+3+c[!;X!;X`!%7V9)-FF[!EX!GX`!%7V9)-FF[!;X!%X!3&<6)'!UTdc[!>T[!>^t^X!
p>!9e!=920429[!oX`!E64,9[!$X!])('&4)C'5<"X)((0!UTT`[!UY[!_pB>!`!5e!=920429[!oX`!E64,9[!$X`!\41S6[!QX!=:II0"34)20",560"/%<0!UTTS[!

B9[!^BpX!
pB!9e!=920429[!oX`!E64,9[!$X`!"V29[!$X`!\41S6[!QX!])('&4)C'5<"X)((X!UTT`[!UY[!>?ta!`!5e!=920429[!oX`!E64,9[!$X`!"V29[!$X`!\41S6[!QX!/0"

1<(;M;5(;6@!UTT`[!WT[!Bt_X!!
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a^!

&P\JQ=!fELWG:=g! VS! `! ah!

"K874C+06)90-!d7-@4,-!)-!5+47918-,e! �!a??! >?a! �!a??!

!K874C+06)90-!d9A91)-0e! a! ?[p! >p!

!KA911+06)90-!d-0C9,8+2e! ]p?! ]??! ?[>!

!K8979C2+06)90-!d-0"65I;e! ?[??t! �!a??! �!a??!

=957-94!B!K!%C26@62/!61V6562,6C-!PNa?!dµEe!)*9197+84-0!)-!79!198029261-!V`!

!

! .-1)912! f4-! =920429! 2,9@9677962! 04,! 79! 198029261-! V`! -2! 0-0! 9197+84-0[! b90-779! 9! 3+,2/! 0+1!

922-126+1! 04,! )-0! 02,4C24,-0! C+A3+,2912! )-0! 2/2,9Y+7-0! -2! 9! 0M12V/260/! -1! >qq>[^>! -2! >qq][p]! 7-0!

87MC+2/2,9Y+7-0!V[!aU!-2!a!dI684,-!>^eX!P-0!C+A3+0/0!0*9@g,-12!/897-A-12!R2,-!)-!5+10!61V6562-4,0!)-!

!K87MC+06)90-0!r!o6!,-03-C26@-A-12!)-!>a?!µE!d3Q!�!_[t[!!KGK874C+06)90-0e[!)-!>_?!µE!d3Q!�!_[t[!!KGK

A911+06)90-0e!-2!)-!>[?!µE!d3Q!�!_[t[!!KGK8979C2+06)90-0eX!"

!

!

I684,-!>^!K!.,-A6-,0!87MC+2/2,9VM),+3M,6)+9Y+7-0!)-!b90-779!

!

! G910!7-0!911/-0!q?[!67!@9!97+,0!0*61036,-,!)-!79!198029261-!V`!-2!)-0!2,9@94D!)-!=90429p^!3+4,!

+4@,6,! 79! 3+,2-! k! 2+42-! 41-! F9A677-! )-! 1+4@-94D! 61V6562-4,0! )-! 87MC+06)90-0! r! 79! F9A677-! )-0!

87MC+6A6)9Y+7-0X! L-0! )+11/-0! -D3/,6A-1297-0! @+12! ,/@/7-,! f4-! C-0! A+7/C47-0! 0+12! 7-0! A-677-4,0!

61V6562-4,0!)-!87MC+06)90-0!39,A6! 7-0!87MC+2/2,9VM),+3M,6)+9Y+7-0! dI684,-!>aeX! N7! @9!97+,0!M!9@+6,!41!

@/,62957-!-18+4-A-12!3+4,! C-0!56CMC7-0! F406+11/0!f46! 0+12!9339,40! C+AA-!)-0! C657-0!)-! CV+6D!-1!

0M12Vg0-X!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

p]!<,A-,2[!.X`!b90-779[!%X!3&'M54JC'0"+)@0!UTTV[!8>9[!>>]X 
p^!=920429[!oX`!'6Z929[!&X`!:A-Y9Z9[!oX`!=+0V6A9[!oX`!'9c929[!EX!])('&4)C'5<"X)((X!UTTh[!U7[!>>p>X!
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aa!

!

I684,-!>a!K!b97-4,0!)-0!C+102912-0!)*61V65626+1!o6!)-0!)/,6@/0!2/2,9VM),+3M,6)+9Y+7-0!874C+0-[!A911+0-!!!!!!!!!!!!!!!

-2!8979C2+0-!@60KkK@60!)-!9e!!K874C+06)90-0!)*9A91)-0[!5e!!KA911+06)90-0!)*-0C9,8+20!-2!Ce!!K8979C2+06)90-!!!!

)*-0"65I;!

!

#-A9,f4-!r!67!-02!612/,-00912!)-!1+2-,!f4-!7-0!A-04,-0!)-0!C+102912-0!)*61V65626+1!@+12!R2,-!,-76/-0!

94D!@97-4,0!)-!3o9!)-!7*9C6)-!C+1S484/X!%6106[!67!9!/2/!C+10292/!f4-!3740!79!A+7/C47-!/2962!5906f4-[!3740!

-77-!/2962!41!5+1!61V6562-4,X!P*-02!41-!)-0!,960+10!f46!3-,A-2!)*-D376f4-,!3+4,f4+6!7-0!87MC+2/2,9Y+7-0!

d-D-A37-0!r!C+A3+0/!V[!3o9!�!K!^[?[!C+A3+0/!aU[!3o9!�!K!^[^e!-2!7-0!87MC+2,69Y+7-0!d-D-A37-0!r!C+A3+0/!

S[!3o9!�!B[^[!C+A3+0/!aV[!3o9!�!B[?e!0+12!A+610!5+10!f4-!7-0!87MC+6A6)9Y+7-0!d-D-A37-0!r!C+A3+0/!`[!

3o9! �!_[>[! C+A3+0/!ah[!3o9! �!a[peX!<1!-FF-2[!3740!41!C+A3+0/!-02!5906f4-!3740! 7*612-,9C26+1!9@-C! 7-!

,/06)4!C9297M26f4-!9C6)-!-02!6A3+,2912-!C-!f46!3,+@+f4-[!39,!79!0462-[!41-!612-,9C26+1!3740!F+,2-!94006!

9@-C!7-!,/06)4!C9297M26f4-!14C7/+3V67-X!

!

" " #$M$4"=>0<1+)"+,799B/"7*"/E*)6)00)"MOPOQOR"0>027<;+21.?.+7S1[%O4K7](;2.+.')"

!

! L-0! 87MC+6A6)9Y+7-0! 0+12! )-0! A+7/C47-0! 3+00/)912! 2+42-0! 41! 0f4-7-22-! )/,6@/! )-! 04C,-!

d9Y904C,-e! F406+11/!9@-C!41!V/2/,+CM7-! d6A6)9Y+7-eX"L*933,+CV-!)-!=920429!-2! C-77-!)-!b90-779! @+12!

R2,-!3,/0-12/-0!C6K93,g0X!G910! 7-!3,-A6-,!C90[! 7*6A6)9Y+7-!-02!)6,-C2-A-12! 612/8,/!)910! 79!02,4C24,-!

97+,0!f4-!)910!7-!0-C+1)!C90[!79!39,26-!6A6)9Y+7-!-02!C+102,462-!7+,0!)-!79!0M12Vg0-X!

!
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42

44a)

7 5

43 40

45 37

a)

b)

c)

150 µM (pH 6,8) > 8000 µM (pH 6,8) 19 µM (pH 6,8) 0,1 µM (pH 6,8)

160 µM (pH 6,8) > 8000 µM (pH 6,8) 0,2 µM (pH 6,8) 0,055 µM (pH 7,0)

0,2 µM (pH 6,8) 0,2 µM (pH 7,0) 0,004 µM (pH 7,0)

a) composé non décrit
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a_!

! ! $R`RCRU! +[[GL:Y=! M=! )HFEWFH! [LWG! <H! :LPEFGW:F;LP! MW! E]W=<=FF=! `AcASAd!

F9FGHYJMGL;Q;MH\L[UAC,7][JG;M;P=!,!+[[<;:HF;LP!_!<H!EJPFY^E=!M=!<H!PHXEFHF;P=!=F!M=!E=E!HPH<LXW=E!

!

! L*933,+CV-! )-! =902429! -2! &IXp>! ,-3+0-! 04,! 41-! ,/9C26+1! )-! 0450262426+1! 14C7/+3V67-!

612,9A+7/C4796,-! -2! C+AA-1C-! 9@-C! 7-! LK,65+F4,91+06)-! acpa! -2! 7*6A6)9Y+7-! 762V6/! aS! d$CV/A9! >?[!

$CV/A9!>>eX!

!

!

$CV/A9!>?!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

pa!o9Z919[!EX`!o4Y4V9,9[!oX`!<A+2+[!$X!=:II0"34)20",560"/%<0!UTdU[!>W[!>^qBX!
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OBn
BnO OH

BnO

THF, - 5 °C, 30 min

(47%) (40%)

BnSO2Cl

pyridine, - 15 °C, 1 h

Ac2O

0 °C à 65 °C, 1 h 30
75%

cat. MeONa

MeOH, ta, 1 h 30
95%

H2, 10% Pd/C
AcOH, ta, 15 h

82%

n-Bu3P, HN3 (toluène), DEAD

THF, ta, 30 min

72%

46 47

48 49

48 50
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38

53
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ap!

!

!

$CV/A9!>>!

!

! :1-!3,-A6g,-!,/9C26+1!)*9))626+1!3-,A-2!)*+52-16,! 7-!LK977+0-!ad!-2!7-!LK972,+0-!aT!9@-C!)-0!

,-1)-A-120!,-03-C26F0!)-!^ph!-2!^?hX!%3,g0!047F+1M7926+1[!)/2,62M7926+1!-2!,/9C26+1!)-!0450262426+1!

14C7/+3V67-! 612,9A+7/C4796,-! C+1)460912! 94D! C+A3+0/0! `U! -2! ``[! 41-! ,/9C26+1! )-! )/09C/2M7926+1!

3-,A-2!)*+52-16,! 7-0!60+Ag,-0!`C!-2!`c!9@-C!)-0!,-1)-A-120!,-03-C26F0!)-!p>h!-2!t?h!k!39,26,!)-0!

A+7/C47-0!ad! -2!aTX!P-0! C+A3+0/0!`C! -2!`c! 0-,@-12!)*612-,A/)696,-0! C7/0!)910! 79! 0M12Vg0-!-2! @+12!

3-,A-22,-!)*9CC/)-,[!2+42!)*95+,)[!94!)/,6@/!Vc!)-!79!198029261-!0910!09!39,26-!C9,5+DM7A/2VM7-!96106!

f4*94D!9197+84-0!VM),+DM7/0!-1!3+0626+1!]!VS!-2!VdX!!

!

! .+4,!F616,!79!0M12Vg0-!)-!79!198029261-[!67!F942!612,+)46,-!)-!A916g,-!,/86+0/7-C26@-!-1!3+0626+1!

PdBe!)-!7*6A6)9Y+7-!41-!CV9|1-!792/,97-X!P-22-!3+0626+1!/2912!79!A+610!,/9C26@-[p_!41!C+A3+0/!)65,+A/!

)+62! 2+42!)*95+,)!R2,-!3,/39,/!-2!93,g0!)/5,+A926+1!-1!Pd]e[!41-!CV9|1-!977M7-!-02! 612,+)462-[!f46[!

93,g0! f4-7f4-0! 9A/198-A-120! F+1C26+11-70[! )+11-! 7-! 8,+43-A-12! KPQBP""Q! )-! 79! 198029261-!

d$CV/A9!>BeX!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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BnSO2Cl

pyridine, - 10 °C, 1 h
86%

Ac2O

65 °C, 1 h 30
98%

cat. MeONa

MeOH, ta, 1 h 30
95%

49 54

55

56

37
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H2, 10% Pd/C
AcOH, ta, 15 h

90%

n-Bu3P, HN3 (toluène), DEAD

THF, ta, 30 min

69%
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53 57 36

H2, 10% Pd/C

AcOH, ta, 15 h

Ac2O

MeOH, ta, 1 h

76%
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!

!

!

$CV/A9!>B!K!i4-7f4-0!612-,A/)696,-0!C7/0!3+4,!79!0M12Vg0-!)-!79!198029261-!V`!

!

! .+4,!C+1)46,-!k!7*612-,A/)696,-!cC[! 7-0!60+Ag,-0!`C!+4!`c!0+12!426760/0X!%!39,26,!)-!C-2!9Y6)-!

cC[! 41-! ,/9C26+1! )*VM),+8/1926+1! 046@6-! )*41-! 9C/2M7926+1! -2! )*41-! 093+16F6C926+1! C+1)462! k! 79!

198029261-! 9@-C! 41! ,-1)-A-12! )-! _^h! 04,! ]! /293-0X! L-0! 9197M0-0! -FF-C24/-0! 04,! 79! A+7/C47-!

0M12V/26f4-! C+1C+,)-12! 9@-C! C-77-0! )-! 79! A+7/C47-! 1924,-77-! -2! C-22-! 0M12Vg0-! 9! 3-,A60! )-!

)/2-,A61-,!79!02/,/+CV6A6-!950+74-!)-!79!198029261-X!!

!

! L*9197+84-!$H9C/2M7/! VT! 96106! f4-! 7-0! 60+Ag,-0! 874C+0-! `! -2! A911+0-! ah! 0+12! 3,/39,/0! k!

39,26,! )4! A/2VM7! LKDM7+F4,91+06)-! -1! 046@912! 41! 0CV/A9! ,/9C26+11-7! 06A6796,-! k! C-746! 3,/0-12/!

9439,9@912!d$CV/A9!>]eXpB!

!
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2 étapes
78%

2 étapes
92%

2 étapes
63% 2 étapes
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9C/29A6)+! GK874C+! -2! GKA911+K6A6)9Y+2/2,9VM),+3M,6)61-0! dS[! dd[! dT! -2! Th! +12! 2+42! )*95+,)! /2/!
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1-!3+0962!390!)-!3,+57gA-X!P-0!,/0472920!/2912!-1!9CC+,)!9@-C!79!A+)/760926+1!A+7/C4796,-[!41!C-,2961!

1+A5,-! )-! 2/2,9VM),+3M,6)+6A6)9Y+7-0! PdBe! 04502624/0! -1! @-,06+1! 874C+0-! -2! A911+0-! +12! /2/!

0M12V/260/0X!!
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,/9C26+10! )-! C+43798-! 94! 39779)64A! dQ-Cc[! $+1+890V6,9[! -2CXXe! 3-,A-22-12! )*612,+)46,-! )6FF/,-120!

045026249120! 97cM7-0! +4! 9,M7-0[! VM),+3V67-0! +4! VM),+3V+5-0! -2! 3740! +4!A+610! F7-D657-0! -2! )*+52-16,!

2+42-!41-!765,96,6-!)*9197+84-0X!L-0!612-,A/)696,-0!TV[!Ta[!T`!-2!Tc!+12!/897-A-12!34!R2,-!0M12V/260/0!

d,/9C26+1!)-! F+,AM7926+1!426760912! 7-!GEI!-2! ,/9C26+1!9@-C!=0P'!k!39,26,!)*+,891+A981/06-10e!3+4,!

C+1)46,-! k! )*942,-0! 9197+84-0! 93,g0! f4-7f4-0! ,/9C26+10! TC79006f4-0T! d,/)4C26+1[! 0450262426+1!

14C7/+3V67-[!9A61926+1!,/)4C2,6C-[!-2Cne!dI684,-!>peX!!

!

!

I684,-!>p!K!N12-,A/)696,-0!)910!79!0M12Vg0-!)*9197+84-0!)-!87MC+6A6)9Y+7-0!04502624/0!-1!PdBe!

!

" " #$M$C"T90.A.0>"F.161:.E*)")0"2)670.1'/"/02*90*2)K790.A.0>
I%
"

!

! ! $R`RVRU!+:F;O;F9!D;L<LX;]W=!

!

! L-0! /24)-0! +12! 3+,2/! 04,! 7-0! !K87MC+06)90-0! C9297M0912! 7*VM),+7M0-! 9@-C! ,/2-126+1! )-!

C+1F684,926+1X! <1! 2-,A-! )*61V65626+1[! 67! ,-00+,2! )-! C-0! /24)-0! -1! @-,06+1! 874C+0-! 41! 61V6562-4,!

-D2,RA-A-12!34600912!TS! do6! �!>[B!1E!d!K874C+06)90-0!)*9A91)-0[!3Q!�!_[t[!]p! (Pe!-2!?[>>!1E!d!K

874C+06)90-0! )-! 3&IC56)II:2" @&664&'5IJ(;6:2F" 3Q! �! _[t[! aa! (PeeX! P-2! 61V6562-4,! -02! ,-02/! 7-! 3740!

N
N

OH

HO

OH

HO

NHAc
N

N

OH

HO

OH

HO

NHAc

N
N

OH

HO

OH

HO

NHAc N
N

OH

HO

OH

HO

NHAc

87 88
89 90

2

3

N
N

OBn

BnO

R2

BnO

I
R1

N
N

OBn

BnO

R2

BnO

CHO
R1

N
N

OBn

BnO

R2

BnO

CN
R1

95 R1 = H, R2 = OBn

96 R1 = OBn, R2 = H

91 R1 = H, R2 = OBn

92 R1 = OBn, R2 = H

93 R1 = H, R2 = OBn

94 R1 = OBn, R2 = H



G&'(;)" E" H" 34&%;(')" E0" ?)" I*4JC'5IJ@)" )<KJ2&(;L:)" C)" I&" I;&;@5<" 6&'M5<)H5NJOP<)" C)@" @&664&';C)@" @)I5<" Q5@4I&<C" R" I&"

65<6)%(;5<"C)"<5:S)&:N";<4;M;():'@"C)"OIJ65@;C&@)@"

_]!

34600912!)-0! 61V6562-4,0!)-!!K874C+06)90-0! S40f4*k! ,/C-AA-12X!<1!-FF-2[! 7*/f463-!)-!O918!9!34576/!

C-22-!911/-tB! 79! 0M12Vg0-!)-!)-4D!9197+84-0!Td!-2!TTX!P-0!C+A3+0/0!0+12!+52-140!0-7+1! 7-!ARA-!

2M3-!)-!3,+C/)/!f4-!C-746!)/@-7+33/!39,!b90-779!-2!3,/0-12-12!)-0!@97-4,0!)-!C+102912-0!)*61V65626+1!

)-!?[_^!1E!3+4,!7*9197+84-!Td!-2!)-!?[at!1E!3+4,!7*9197+84-!TT!d!K874C+06)90-0!)*9A91)-0!)+4C-0e!

dI684,-!>teX!

!

!

I684,-!>t!K!N1V6562-4,0!)-!!K874C+06)90-0!7-0!3740!346009120!-2!@97-4,0!)-0!C+102912-0!)*61V65626+1!do6e!

!

! <1!@-,06+1!A911+0-[!7*9197+84-!)-!79!BK3V/1M7/2VM76A6)9Y+2/2,9VM),+3M,6)61-!VV!-02!41!5+1!

61V6562-4,!)-!!KA911+06)90-!do6!�!B?!1E[!!KA911+06)90-0!)*-0C9,8+20[!3Q!�!^[a[!Ba!(Pe[!A960!C-!1*-02!

390! 7-!A-677-4,X!<1!-FF-2[! C-! 0+12! 7-0! C+A3+0/0!Uhh! -2!UhU! f46!3,/0-12-12! 7-0!A-677-4,0! C+102912-0!

)*61V65626+1!d,-03-C26@-A-12[!o6!�!t!1E!-2!_!1E[!!KA911+06)90-0!)*-0C9,8+20[!3Q!�!^[a[!Ba!(PeX!N7!-02!k!

1+2-,! f4*67! 1*-D602962! 390! )-! @-,06+1! 874C+0-! )-! C-0! A+7/C47-0X! L+,0f4-! C-77-0KC6! +12! /2/!

0M12V/260/-0[^BF!-77-0!1-!0-!0+12!390!9@/,/-0!94006!34600912-0!f4-!7-!C+A3+0/!TS[!A+12,912!96106!f4-[!

A978,/! f4-7f4-0! ,-00-A5791C-0[! 7-0!!K874C+06)90-0 -2! 7-0!!KA911+06)90-0! +12! )-0!A+)-0! )*9C26+1!

)6FF/,-120!dI684,-!>qeX!

!

!

I684,-!>q!K!N1V6562-4,0!)-!!KA911+06)90-0!7-0!3740!346009120!-2!@97-4,0!)-0!C+102912-0!)*61V65626+1!do6e!

!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

tB!L6[!=X`!\4+[!LX`!vV918[!&X`!O918[!;X`!vV918[!vX`!L6[!;X`!vV918[!OX`!L61[!;X`!vV9+[!OX`!O918[!.X!\X!=;55'O0"[)C0"34)20!ChUU[!7\[!

B>]_X!

N
N

OH

HO

OH
HO

N
N

OH

HO

OH
HO

CH3

N
N

OH

HO

OH
HO

Ph

1,2 nM (37 °C, pH = 6,8) 0,58 nM
8

0,64 nM

N
N

OH

HO

OH

HO

Ph N
N

OH

HO

OH

HO

33

20 nM (25 °C, pH = 4,5)

100

8 nM (25 °C, pH = 4,5)

N
N

OH

HO

OH

HO

101

6 nM (25 °C, pH = 4,5)

Ph
N
H

Ph
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_^!

! ! $R`RVRC!'=<HF;LPE!EFGW:FWG=,H:F;O;F9R!

!

! #-@-1+10!A9612-1912!04,!7-0!61F+,A926+10!f46!3-4@-12!R2,-!)/)462-0!)-0!,-7926+10!02,4C24,-K

9C26@62/X!<1!@-,06+1!874C+0-[!67!-02!2+42!)*95+,)!612/,-00912!)-!C+10292-,!f4-!7*+1!,-2,+4@-!7*6)/-!f4-!79!

0450262426+1!S+4-!04,!7-!3o9!)-0!C+A3+0/0X!.740!7-!C+A3+0/!3+00g)-!41!3o9!F9657-[!A+610!7*612-,9C26+1!

9@-C! 7-! 062-! C9297M26f4-! 9C6)-! -02! F9@+,60/-X! N7! -1! ,/0472-! 41!A+610!5+1! 61V6562-4,X! L9! F+,A926+1!)-!

76960+1! VM),+8g1-[! @69! 7-! 04502624912! -1! PdBe[! 3-42! @-16,! C+A3-10-,! 7-! 3o9! ,-7926@-A-12! F9657-! )-0!

A+7/C47-0!-2!-1!F96,-!2+42!)-!ARA-!)-!5+10!61V6562-4,0X!<10462-[!67!0-A57-!f4-!7*612-,9C26+1!9@-C!79!

3+CV-!)-!7*-1YMA-!)-0261/-!k!79!39,26-!987MC+1-!0+62!VM),+3V+5-X!%!262,-!)*-D-A37-[!7*61V6562-4,!TS[!

f46! 3+00g)-! 79! CV9|1-! KPQBPQB.V[! 0*9@g,-! a! k! BBp! F+60! 3740! 9C26F! f4-! 7-0! C+A3+0/0! C+A3+,2912! 7-0!

CV9|1-0!KPQBPQB'QB!-2!PQBPQBP""QX!L-!04502624912!)+62!/897-A-12!R2,-!,-7926@-A-12!F7-D657-!A960!79!

CV9|1-!1-!)+62!390!)-@-16,!2,+3!7+184-!dKdPQBepPQ][!o6!�!>?[p!1E[!97+,0!f4-!KdPQBeBPQ][!o6!�!q[p!1E!-2!K

dPQBeB.V[!o6!�!>[B!1EeX!L-!8,+43-A-12!3V/1M7-!3-42!/897-A-12!R2,-!04502624/!r!41!F9657-!8,+43-A-12!

/7-C2,+)+11-4,!dKPQ]!)4!C+A3+0/!TTe!9A/76+,-!7-0!@97-4,0!)*61V65626+1!dI684,-!>teX!%4!C+12,96,-[!)-0!

8,+43-A-120! 2,+3! /7-C2,+922,9C2-4,0! dKPI]e! +4! /7-C2,+)+11-4,0! dK"PQ]e! 0+12! 1/F902-0! dI684,-! B?[!

C+A3+0/0!UhC!-2!UhVeX!<1F61[! 67!-02!94006! 6A3+,2912!)-!1+2-,!f4-!7-!CV+6D!)-! 79!0450262426+1!-1!PdBe!

)+62! R2,-! F962! )-!A916g,-! S4)6C6-40-! -2! 04,2+42! -1! 9M912! C+11960091C-! )-! 7*-1YMA-! 04,! 79f4-77-! +1!

2,9@9677-X! %! 262,-! )*-D-A37-[! 67! 9! /2/! A+12,/! f4-! 7-! 8,+43-A-12! 3V/1M7-! )4! 874C+6A6)9Y+7-! TS!

612-,9862!9@-C! 7-!,/06)4!2,M32+3V91-!)4!062-!9C26F!)-! 79!!KGK874C91-!874C+VM),+790-!9339,2-1912!k! 79!

F9A677-!]Xt]! L-! ,/06)4!3V/1M7-!)4!A911+6A6)9Y+7-!VV! 612-,9862! 94006! 9@-C! 7-! ,/06)4! 2,M32+3V91-!)4!

062-!9C26F!)-!79!!KA911+06)90-!9339,2-1912!k!79!F9A677-!BXaq!.9,!C+12,-[!C-22-!612-,9C26+1!1*9!390!76-4!

3+4,!)-4D!F9A677-0!)-!!K874C+06)90-0!9339,2-1912!k!79!F9A677-!>a!-1!3,/0-1C-!)4!874C+6A6)9Y+7-!TSXt^!

<1!+42,-[!948A-12-,!7-!3+4@+6,!61V6562-4,!1-!@-42!390!F+,C/A-12!)6,-!948A-12-,!79!0/7-C26@62/!"u!!-2!

7-!2M3-!)*61V65626+1!3-42!94006!@9,6-,!-1!F+1C26+1!)4!04502624912X!!

!

!

I684,-!B?!K!N1F74-1C-!)-!79!0450262426+1!)-!7*9,+A926f4-!04,!7-0!C+102912-0!)*61V65626+1!o6!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

t]!Q,A+@9[!EX`!)-!\+,6[!#X`!$A62V[!HX!;X`!b90-779[!%X`!b9,8-0-[!;X!'X`!I61CV-,[!\X!HX!/0"=;5I0"34)20!Chha[!8B\[!^qp?X!
t^!\7+02-,[!=X!EX`!#+5-,20[!$X`!.-,4861+[!\X`!#+006[!EX!EX[!EX`!.91)9M[!'X`!=-,61-c[!EX`!b90-779[!%X`!G9@6-0[!\X!;X!=;564)2;@('J!

Chhc[!W>[!>>tpqX!

N
N

OH

HO

OH

HO

CH3

99

0,58 nM

N
N

OH

HO

OH

HO

OCH3

102

2,0 nM

N
N

OH

HO

OH

HO

F

103

3,2 nM
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_a!

! L-0!ARA-0!C+1C7406+10!3-4@-12!R2,-!87+597-A-12!26,/-0!-1!@-,06+1!A911+0-X!$6!7*+1!C+A39,-!

7-0!C+102912-0!)*61V65626+10!3+4,!)-0!60+Ag,-0!OI:65!-2!2&<<5!3+,2912!79!ARA-!CV9|1-!792/,97-[!7-0!

A+7/C47-0! 3-4@-12! C-3-1)912! 9339,9|2,-! C+AA-! /2912! )-! A+610! 5+10! 61V6562-4,0! )-! !K

A911+06)90-0!f4-!1-!7-!0+12!7-4,0!9197+84-0!-1!@-,06+1!874C+0-!3+4,!7-0!!K874C+06)90-0!d=957-94!]eX!

P-C6!0*-D376f4-!-1!39,26-!39,!7-!F962!f4-!7-!3Q!+326A4A!)-0!87MC+06)90-0!-02!)6FF/,-12!d_[t!3+4,!7-0!!K

874C+06)90-0! )*9A91)-0! )+4C-0! C+12,-! ^[a! 3+4,! 7-0! !KA911+06)90-0! )*-0C9,8+20eX! <1! +42,-[! C-79!

A+12,-[!7k!-1C+,-[!7*6A3+,291C-!)4!04502624912!3+,2/!39,!7*6A6)9Y+7-[!C-10/!A6A-,!79!39,26-!987MC+1-!

-2!79!)6FF/,-1C-!)910!7-0!612-,9C26+10!04502,92K-1YMA-!-1!F+1C26+1!)-!79!1924,-!)-!7*-1YMA-X!N7!-02!k!

1+2-,!f4*94C41-!C+,,/7926+1!-12,-! 79! 0450262426+1!PdBe!-2! 79! 0/7-C26@62/!"u! 1-!3-42[! 7k!-1C+,-[!R2,-!

/29576-X!!

!

!

$PY;D;F;LP!M=!!,

QHPPLE;MHE=E!

M1=E:HGXLFE!!!!!!!!!!!!!!

fC`!k/A![4!l!aA`g!

$PY;D;F;LP!M=!!,

X<W:LE;MHE=E!M1HQHPM=E!

MLW:=E!fVS!k/A![4!l!cAdg!

'!
?7''1,

;Q;MH\L<=E!
I;!fP?g!

:6*91,!!!

;Q;MH\L<=E!
I;!fP?g!

.VPQ�PQ! UhU! _! Uha! p[_!

.VP%P! Uh`! p! Uhc! B[^!

.VPQB'Q! Uhh! t! UhS! a[^!

]K'"BP_Q^"PQB! Uhd! >B! UhT! _[_!

PQ]PQBPQB! UUh! >B! UUU! q[p!

.VPQBPQB! VV! B?! TS! >[B!

=957-94!]!K!i4-7f4-0!@97-4,0!)-!C+102912-0!)*61V65626+1!o6!)-!87MC+6A6)9Y+7-0!

!

" " #$M$I"51'812?70.1'"+)/":6;91.?.+7S16)/"91?(6)U>/"7*U")'S;?)/"

!

! P+AA-!1+40! 7*9@+10!@4!9439,9@912[!8,�C-!k! 79!)6FF,9C26+1!39,! ,9M+10!l[!41!C-,2961!1+A5,-!

)*/24)-0! 02,4C24,97-0! +12! /2/! ,/9760/-0! 04,! )-0! 61V6562-4,0! )-! 87MC+06)90-0! C+A37-D/0! k! 7-4,0!

-1YMA-0X!ERA-!0*67!-02!)6FF6C67-!)-! 26,-,!)-0!C+1C7406+10!8/1/,97-0!-2!f4-! 7-0! ,/0472920! 0+12!39,F+60!

C+12,-K6124626F0[! 67! 0-A57-,962!f4-! 7-0! 874C+6A6)9Y+7-0! 9)+32-,96-12!41-! C+1F+,A926+1!-1@-7+33-! ^<!

OH

HO

OH

HO
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__!

f491)!670!0+12!C+A37-D/0!94D!874C+06)90-0X__!i4912!94D!A911+6A6)9Y+7-0[!79!C+1F+,A926+1!9)+32/-!

0-,962!)-!2M3-!592-94!HB[aX
_?!N7!-02!k!1+2-,!f4-!79!0450262426+1!)-0!87MC+6A6)9Y+7-0!3+4,!A6A-,!79!39,26-!

987MC+1-!S+4-!41!,z7-!6A3+,2912!)910!7-0!612-,9C26+10!-12,-!7-0!-1YMA-0!-2!7-4,0!61V6562-4,0X!G-!3740[!

C-0!612-,9C26+10!)/3-1)-12!94006!)-!79!1924,-!)-!CV9f4-!-1YMA-X!

! L+,0f4-!79!02,4C24,-!)-0!87MC+06)90-0!-02!61C+114-[!)-0!/24)-0!)-!A+)/760926+1!A+7/C4796,-!

3-4@-12!R2,-!A-1/-0X!%6106[!7-0!/24)-0!A-1/-0!04,!7-!C+A3+0/!TS!+12!3-,A60!)-!@+6,!7-0!612-,9C26+10!

)-!79!A+7/C47-!9@-C!7-0!!K874C+06)90-0!)*9A91)-0!)+4C-0!-2!79!C+1F+,A926+1!9)+32/-!39,!7-!3M,91+0-!

C+A37-D/X!L9!02,4C24,-!)-!C-0!-1YMA-0!1*/2912!390!-1C+,-!C+114-[!7*-1YMA-!]4)'25(5O5"2&';(;2&!9!

/2/!CV+606-!3+4,!-FF-C24-,!79!A+)/760926+1X!<77-!9339,26-12!k!79!ARA-!F9A677-!>!)-0!!K874C+06)90-0!`!67!

-02!)+1C!0433+0/!f4-!7-0!062-0!9C26F0!0+12!06A6796,-0X__[ta!\,�C-!k!C-22-!A+)/760926+1[!7-!3M,91+0-!-02!

+50-,@/-! 0+40! 79! F+,A-! -1@-7+33-! ^<! -2! 7*9Y+2-! '>! )-! 7*6A6)9Y+7-! @6-12! 612-,986,! 9@-C! 7-! ,/06)4!

C9297M26f4-!9C6)-X!

!

! ! NX_!P+1C7406+1!

!

P+AA-! 1+40! 7*9@+10! @4! )910! C-! CV9362,-[! 7-0! 87MC+06)90-0! 0+12! )-0! -1YMA-0! 6A376f4/-0! )910! )-!

1+A5,-40-0! A979)6-0! C+AA-! 7-0! )/0+,),-0! 7M0+0+A94D[! 7-0! A979)6-0! 61F-C26-40-0[! 7-! C91C-,! +4!

-1C+,-!7-!)695g2-[!-2!7-4,!61V65626+1!C+102624-!41!9D-!A9S-4,!)-!,-CV-,CV-X!.+4,2912[!,/4006,!k!+52-16,!

)-0! 61V6562-4,0! 346009120! 1*-02! 390! CV+0-! 960/-! r! -1! 2/A+681-! 7-! 3-4! )-! 8961! -1! -FF6C9C62/! )-0!

A+7/C47-0!61V6562,6C-0!)-!87MC+06)90-0!+52-14-0!C-0!C61f4912-!)-,16g,-0!911/-0X!:1!A+M-1!)*+52-16,!

)-! 2,g0! 5+10! 61V6562-4,0! )-0! 87MC+06)-0! VM),+790-0! -02! )-! 0*612/,-00-,! k! 7*/292! )-! 2,910626+1! )-! 79!

,/9C26+1!-1YMA926f4-!)-!C+434,-!)-!79!76960+1!87MC+06)6f4-!-2!)-!C,/-,!)-0!9197+84-0!)-!C-0!/2920!)-!

2,910626+1X!.9,!)/F61626+1[!7*/292!)-!2,910626+1!3+00/)912!41!C9,9C2g,-!6+1!+D+C9,5/164A!9!41-!)4,/-!

)-! @6-! 2,g0! C+4,2-[! C-!f46! -D376f4-!f4*67! 0+62! )6FF6C67-!)*+52-16,!)-0!A6A-0!)-! C-2! /292X!G*9677-4,0[! 79!

1924,-! -D9C2-! )-! 7*/292! )-! 2,910626+1! ,-02-! -1C+,-! 61C+114-! -2! )6FFg,-! 0-7+1! 7-! 2M3-! )*-1YMA-0X!

'/91A+610[!79!,-CV-,CV-!9@91C-!-2!)-0!A+7/C47-0!2-1)-12!k!0-!,933,+CV-,!)-!C-2!/292!)-!2,910626+1!

-1!612/8,912!)910!7-4,!02,4C24,-!41-!+4!37406-4,0!)-!0-0!C9,9C2/,6026f4-0X!L9!C+1C-326+1!)-!A+7/C47-0!

A6A-0! )-! 7*/292! )-! 2,910626+1! )-! 7*VM),+7M0-! 87MC+06)6f4-! /2962! 9439,9@912! 900-Y! 6124626@-X! G-! 1+0!

S+4,0[!67!-02!-00-126-7!)*9@+6,!41-!933,+CV-!2,910@-,097-!3+4,!/795+,-,!)-!1+4@-94D!61V6562-4,0[!-2!79!

CV6A6-! )-! 0M12Vg0-[! 79! 56+7+86-! 02,4C24,97-[! 79!A+)/760926+1!A+7/C4796,-! 0+12! 942912! )-! )60C63761-0!

f4*67!F942!A-22,-!-1!612-,9C26+1X!<1!+42,-[!67!-D602-[!94S+4,)*V46[!3+4,!)-0!61V6562-4,0!)-!87MC+06)90-0!

3+2-126-77-A-12!A6A-0!)-!7*/292!)-!2,910626+1[!)-0!C,62g,-0!d/24)-0!LI<#0[!/24)-!2V-,A+)MA9A6f4-[!

3Q!)/3-1)91C-!)-! 7*61V65626+1!-2Cne!f46! 3-,A-22-12!)-!)6,-! 06! 41-!A+7/C47-!3-42! R2,-! C+106)/,/-!

C+AA-! 41! A6A-! )-! 7*/292! )-! 2,910626+1! )*41-! A916g,-! 3740! ,926+11-77-X! %C24-77-A-12[! 7-0!

87MC+6A6)9Y+7-0!0+12!7-0!61V6562-4,0!C+106)/,/0!C+AA-!7-0!A-677-4,0!A6A-0!)-!7*/292!)-!2,910626+1!)-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

ta!Q-[!$X!EX`!O62V-,0[!$X!\X!/0"=;5I0"34)20!UTTS[!8B8[!B^t_^X!
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_p!

7*VM),+7M0-!)-!79!76960+1!87MC+06)6f4-!39,!7-0!87MC+06)90-0X!N7!0-A57-,962!f4-!C-!0+62!7-0!87MC+6A6)9Y+7-0!

04502624/0!f46!0+6-12!7-0!3740!-FF6C9C-0!r!A6A-,!79!39,26-!987MC+1-!0-A57-!)+1C!6A3+,2912!3+4,!9@+6,!

41!5+1!A6A-!)-!7*/292!)-!2,910626+1X!.740!3,/C60/A-12[!-1!C-!f46!C+1C-,1-!7-0!"K!-2!!KA911+06)90-0!

f46! VM),+7M0-12! 79! 76960+1! 87MC+06)6f4-! 9@-C! ,/2-126+1! )-! C+1F684,926+1[! 7-0!A911+6A6)9Y+7-0! 9,M7K

04502624/0!9339,9600-12!C+AA-!7-0!A-677-4,0! 61V6562-4,0!-1!/2912!)-0!A6A-0!)-! 7*/292!)-!2,910626+1!

)-!2M3-!592-94!HB[aX!!

!





!

!

!

!

PV9362,-!NN





!

!

/YH[;FG=! $$R! (JPFY^E=! M=! PLWO=HWZ! X<J:L;Q;MH\L<=EA! ;PY;D;F=WGE!

[LF=PF;=<E!M=!X<J:LE;MHE=E!

!

! NNX>! L9! C,/926+1! )-0! 76960+10! 87MC+06)6f4-0! -1! CV6A6-! r! 41! @/,62957-! )/F6!

0M12V/26f4-!

!

" " ##$%$%"#'021+*90.1'"

!

! L9!'924,-!-02!)+2/-!)-!2+42!41!9,0-197!)*-1YMA-0[!C-!f46!746!3-,A-2!)-!,/9760-,!)-0!,/9C26+10!

2+42-0! 3740! -D2,9+,)6196,-0! 7-0! 41-0! f4-! 7-0! 942,-0[! 39,A6! 7-0f4-77-0! F684,-! 79! ,/9C26+1! )-!

87MC+0M7926+1X!P-22-!,/9C26+1!C+10602-!k!76-,!)-4D!4162/0!A+1+09CCV9,6)-0!-2!-02!-D9C2-A-12!7*61@-,0-!

)-! 79! ,/9C26+1!)*VM),+7M0-!)-! 79! 76960+1!87MC+06)6f4-!3,/0-12/-! 7+,0!)4!3,-A6-,! CV9362,-X! L9!'924,-!

,/9760-!2,g0!56-1!C-22-!,/9C26+1!F+1)9A-1297-!f46!95+4262!94D!1+A5,-4D!/)6F6C-0!C+A37-D-0!f4-!0+12!

7-0!3+7MK!-2!+768+09CCV9,6)-0X!.+4,!1-!390!)/,+8-,!k!79!,g87-[!L*Q+AA-!9!@+474[!k!0+1!2+4,[!C,/-,!C-22-!

76960+1!r!67!9!97+,0!/2/!C+1F,+12/!k!41!3,+57gA-X!<1!-FF-2[!79!F+,A926+1!)-!76960+10!87MC+06)6f4-0!1*-02!

390!)4!2+42!2,6@697-!-2!,-3,/0-12-[!-1C+,-!94S+4,)*V46[!41!@/,62957-!)/F6!0M12V/26f4-!ARA-!06!)-!2,g0!

8,91)-0! 9@91C/-0! +12! /2/! ,/9760/-0! )910! 7-! )+A961-X! N7! -D602-[! )-! 1+0! S+4,0[! )-! 1+A5,-40-0!

2-CV16f4-0!)-!87MC+0M7926+1!-FF6C9C-0t_!A960!79!,-CV-,CV-!C+12614-!3+4,!C+A3,-1),-!2+42-!79!04526762/!

)4!A/C9160A-!)-!79!,/9C26+1!-2!C+12,z7-,!09!02/,/+0/7-C26@62/X!

!

" " ##$%$4"V9<>?7":>'>276"7*W1*2+,<*."7+1(0>"(1*2"67"2>790.1'"+)":6;91/;670.1'""

"

" L9!C,/926+1!)-!79!76960+1!87MC+06)6f4-!39,!7*Q+AA-!-02!41-!V602+6,-!@6-677-!)-!3740!)-!>]?!910!

f46! 9! )/542/! -1! >tpqX! <1! -FF-2[! C*-02! k! C-22-! )92-! f4*%,2V4,! E6CV9-7! 9! 3,+3+0/! 79! 3,-A6g,-!

87MC+0M7926+1!TCV6A6f4-TXtp!G-3460!C-22-!/3+f4-[!7-0!CV+0-0!+12!56-1!/@+74/X!%@912!)-!,-@-16,!04,!7-!

0CV/A9! 8/1/,97! )-! 79! ,/9C26+1! )-! 87MC+0M7926+1[tt! 67! C+1@6-12! )-! )/F616,! 7-0! )-4D! 39,2-196,-0! )-! 79!

,/9C26+1!)-!87MC+0M7926+1!f46!0+12!7-!)+11-4,!-2!7*9CC-32-4,!)-!87MC+0M7-X!L-!)+11-4,!)-!87MC+0M7-!-02!

79!A+7/C47-!f46!@9!R2,-!9C26@/-X! L*9CC-32-4,!)-!87MC+0M7-!-02! 7-!14C7/+3V67-[! C*-02KkK)6,-! 7*97C++7!f46!

@6-12!9229f4-,!7-!C9,5+1-!91+A/,6f4-!)4!)+11-4,!)-!87MC+0M7-X!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

t_!%X!bX!G-ACV-1c+["`&<CM55c"5^"34)2;6&I"AIJ65@JI&(;5<" a"1CS&<6)@" ;<" ,()')5@)I)6(;S;(J"&<C"]4)'&%):(;6"+)I)S&<6)[! -)X!

O67-MKbPQ[!O-61V-6A[!ChhdX!
tp!E6CV9-7[!%X!120"34)20"/0!UdST[!7[!]?aX!
tt!EM)+Cc[!LX!oX`!G-ACV-1c+[!%XbX!#'O0"=;525I0"34)20!ChUh[!T[!^qpX!
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pB!

! L-! 0CV/A9! 8/1/,97[! 94S+4,)*V46! 9)+32/! 3+4,! 79! ,/9C26+1! )-! 87MC+0M7926+1[! -02! 3,/0-12/! C6K

)-00+40! d$CV/A9!>aeX! N7! C+A3+,2-!^!/293-0!r! d>e! 79! F+,A926+1!)4!C+A37-D-!)+11-4,K3,+A+2-4,!f46!

3-42! R2,-! ,/@-,0657-! +4! 6,,/@-,0657-!`! dBe! 7x6+160926+1! )4! )+11-4,! f46! -02! 7x/293-! 76A62912-! )-! 79!

,/9C26+1! d#G$! �! #92-!G-2-,A61618! $2-3e!`! d]e! 7x9229f4-! 14C7/+3V67-! )-! 7x9CC-32-4,!f46! )/2-,A61-! 79!

02/,/+0/7-C26@62/!)-!79!,/9C26+1!`!d^e!7-!2,910F-,2!)-!3,+2+1!f46!)+11-!7-!87MC+06)-!F6197!1-42,-X!

!

! G910! 79! C+A3,/V-106+1! )4! A/C9160A-! )4! 87MC+0M7926+1[! 67! M! 9! 7*6)/-! f4-! 7-! )+11-4,! )-!

87MC+0M7-!C+@97-12!-02!-1!/f46765,-!9@-C!)-0!396,-0!)*6+10!3740!+4!A+610! 6126A-0Xtq!G-4D!C90! 0+12!k!

3,-1),-!-1!C+A32-!0-7+1!f4*67!M!9[!+4!1+1[!39,26C63926+1!)4!8,+43-A-12!-1!3+0626+1!BX!

!

! !

$CV/A9!>a!K!E/C9160A-0!8/1/,94D!)-0!,/9C26+10!)-!87MC+0M7926+1!

!

! G910! 79! 3,-A6g,-! /293-[! 7-! 8,+43-A-12! 39,2912! -02! 14C7/+3V67-! dl[! $#[!"#e! -2! 7x9S+42! )x41!

3,+A+2-4,! /7-C2,+3V67-! 3-,A-2! )-! C,/-,! 7-! C+A37-D-! )+11-4,K3,+A+2-4,X! N7! -D602-! 37406-4,0!

A/2V+)-0!)*9C26@926+1Xt_[q?!'+40!,-@6-1),+10!41!3-4!3740!29,)!04,!7-0!2,9@94D!)/@-7+33/0!39,!P,6CV!-2!

f46!C+1C-,1-12!7x9C26@926+1!)-!)+11-4,0!)-!87MC+0M7-!047F+DM)-0!-2!2V6+87MC+06)-0X!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

tq!O6102-61[!$X`!P7633618-,[!<X`!I9615-,8[!%X!QX`!Q-Cc[!#X`!#+5610+1[!#X!/0"120"34)20",560!UT`c[!BT[!]BtX!
q?!9e!Q91-00691[!$X!G')%&'&(;S)"3&'M54JC'&()"34)2;@('J`!E9,C-7!G-cc-,!-)X!'-Z!&+,c[!UTTS!`!PV932-,0!>BKBB!`!5e!H++10[!\XK
;X!])('&4)C'5<!UTTc[!>8[!>?qa!`!Ce!G9160V-F0cM[!$X!;X`!H67+)-94[!EX!=X!1<O)Z0"34)20"E<(0"-C0!UTTc[!U>[!>]t?!`!)e!$CVA6)2[!#X!#X`!
o61YM[!OX!1CS0"3&'M54JC0"34)20"=;564)20!UTTa[!>9[!B>!`!-e!=+0V6A9[!oX`!=920429[!oX!34)20"+)S0!UTTV[!\U[!>a?]`!Fe!$619�[!.X!
G:')0"1%%I0"34)20!UTTU[!YU[!a>q!`!8e!P,6CV[!GX`!L6A[!LX!HX!LX!#'O0"+)&6(X!Chha[!YW[!>>aX!
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p]!

! L9! 0-C+1)-! /293-! -02! 7x/293-! 76A62912-! f46! C+1)462! k! 7x6+1! +D+C9,5/164AX! <1! ,960+1! )-! 79!

F7-D656762/!)4!3M,91+0-!-2!0-7+1!79!1924,-!)-!CV9f4-!)+11-4,!)-!87MC+0M7-[!37406-4,0!C+1F+,A926+10!)-!

5900-0! /1-,86-0! 0+12! -1@6098-957-0X! .7406-4,0! /24)-0! +12! /2/! A-1/-0! 3+4,! 9@+6,! 41-! 6)/-! )-! 79!

C+1F+,A926+1!)-0!6+10!+D+C9,5/164A!A911+3M,91+0M7-!-2!874C+3M,91+0M7-Xq>!<1!C-!f46!C+1C-,1-!7-0!

6+10! +D+C9,5/164A! f46! 3+00g)-12! 7-! 8,+43-A-12! ^[_K#K5-1YM76)g1-[! 37406-4,0! C+1F+,A926+10! 0+12!

-1@6098/-0[!39,A6!7-0f4-77-0!79!C+1F+,A926+1!)-A6KCV960-!^Q]!-2!7-0!)-4D!C+1F+,A926+10!592-94!HB[a!

-2!-1@-7+33-!
^<!3,6@67/86/-0!39,!7-0!C97C470!2V/+,6f4-0!)-!'4c4)9!-2!OV62F6-7)!dI684,-!B>eXqB!

!

!

I684,-!B>!K!P+1F+,A926+10!-1@6098/-0!3+4,!7*6+1!+D+C9,5/164A!)910!7-!C90!)-0!0M02gA-0!^[_K#K5-1YM76)g1-!

!

! L9! 2,+606gA-! /293-! -02! 7x9229f4-! )-! 7x9CC-32-4,! 14C7/+3V67-! 04,! 7x6+1! +D+C9,5/164A!

C+1)460912!0+62!k!79!F+,A926+1!)x41-!76960+1!"Kd>[BK6;@e!0+62!k!79!F+,A926+1!)x41-!76960+1!!Kd>[BK('&<@eX!

$-7+1!OV62F6-7)!)("&IX[qB"Cx-02!79!C+1F+,A926+1!)-!7x6+1!+D+C9,5/164A!f46!@9!846)-,!79!02/,/+0/7-C26@62/!

)-! 79! ,/9C26+1X! <1! -FF-2[! 3+4,! 41-! C+1F+,A926+1! )-! 7*6+1! +D+C9,5/164A! )+11/-[! 7*9229f4-! )-!

7*9CC-32-4,!)-!87MC+0M7-[!3-42!0-!F96,-!94K)-0040!+4!-1K)-00+40!)4!3791!)-!79!A+7/C47-!A960!C+1)462!k!

)-4D!/2920!)-!2,910626+1!)*/1-,86-0!)6FF/,-12-0X!L-!3,+)462!)-!87MC+0M7926+1!0-,9!97+,0!C-746!f46!-02!6004!

)-! 7*/292! )-! 2,910626+1! )-! 3740! 5900-! /1-,86-X! L9! )-,16g,-! /293-! )-! 2,910F-,2! )-! 3,+2+1! 3-,A-2!

)x+52-16,!7-!87MC+06)-!)/06,/X!

!

" " ##$%$C"T((120"+)/"027A7*U"+)"52.9<"+7'/"67"91?(2><)'/.1'"+*"?>97'./?)"+)"

67"2>790.1'"9<.?.E*)"+)":6;91/;670.1'
XC
""

!

! :1-!,/9C26+1!)-!87MC+0M7926+1!39,26C476g,-!-02! 79!,/9C26+1!)-!!KA911+0M7926+1X!L-!8,+43-!)-!

P,6CV! 0*-02! 39,26C476g,-A-12! 612/,-00/! k! C-22-! ,/9C26+1! -2! 9! C+12,654/! k! 79! C+A3,/V-106+1! )-0!

A/C9160A-0!C+A37-D-0!)-!87MC+0M7926+1X!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

q>!9e!L4C-,+[!PX!\X`!O+-,3-7[!oX!%X!/0"#'O0"34)20!Chhc[!B7[!B_^>!`!5e!$A62V[!GX!EX`!O+-,3-7[!oX!%X!#'O0"=;525I0"34)20!Chhc[!

>>qaX 
qB!'4c9)9[!=X`!H-,C-0[!%X`!OV62F6-7)[!GX!EX!3&'M54JC0"+)@0!ChhC[!UUB[!p_aX 
q]!P,6CV[!GX!1660"34)20"+)@0!ChUh[!WU[!>>^^X!
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p^!

! ! $$RURVRU!6H!G9H:F;LP!M=!!,QHPPLEJ<HF;LP!

!

! L9! 76960+1! !K#KA911+3M,91+06)6f4-! -02! 41-! 76960+1! f4-! 7*+1! ,-2,+4@-! )910! )-! 1+A5,-4D!

3-12909CCV9,6)-0!C+AA-!7-0!$K87MC+3,+2/61-0[q^!7-0!A91191-0[qa!7-0!87MC+03V618+7636)-0q_!+4!-1C+,-!

7-0!763+3+7M09CCV9,6)-0[!-2!9!7+182-A30!/2/!C+106)/,/-!C+AA-!7*41-!)-0!3740!)6FF6C67-0!k!C,/-,Xq?-[qp!!

! G-! 1+0! S+4,0[! 67! -D602-! 41-! A/2V+)-[! )/@-7+33/-! 39,! P,6CV! k! 79! F61! )-0! 911/-0! q?[qt! f46!

3-,A-2!)*+52-16,!)-0!!KA911+06)-0!9@-C!)-!5+10!,-1)-A-120!-2!41-!5+11-!0/7-C26@62/[!0+40!,/0-,@-!

)-! ,-03-C2-,! 41! C-,2961! 1+A5,-! )-! C,62g,-0[! /295760! 94! F67! )-0! 911/-0X! L*9CCg0! T06A37-T! 94D! !K

A911+06)-0!-02!7-!F,462!)-!37406-4,0!911/-0!)-!2,9@967!f46!+12!C+1)462!k!C+A3,-1),-!7-!)/,+47-A-12!

)-!C-22-!,/9C26+1!2+42!k!F962!045267-X!L*61F74-1C-!)-!1+A5,-4D!39,9Ag2,-0!9!/2/!/24)6/-[!C+AA-[!39,!

-D-A37-[! 79!1924,-!)-0!8,+43-A-120!3,+2-C2-4,0!)4!)+11-4,!)-!87MC+0M7-[! 79!1924,-!)-!7*9CC-32-4,!

)-! 87MC+0M7-[! 7-! ,z7-! )-! 79! 2-A3/,924,-[! 7*+,),-! )*9))626+1! )-0! ,/9C26F0[! +4! -1C+,-! 79! 1924,-! )4!

0+7@912Xt_[q?8[qq!

! G910! C-22-! ,/9C26+1[! 7-! )+11-4,! )-! 87MC+0M7-! -02! 41! 047F+DM)-! )-! A911+0M7-! 3,+2/8/! -1!

3+0626+1!^!-2!_!39,!41!0M02gA-!#K5-1YM76)g1-X!N7!3+00g)-!)-0!8,+43-A-120!/2V-,!-1!3+0626+1!B!-2!]!

3+4,!3,+2/8-,! 7-0!F+1C26+10!VM),+DM7-X!L9!A/2V+)-!C+10602-!k!9C26@-,!3,/97957-A-12!C-!)+11-4,!)-!

87MC+0M7-[!k!Kpt!(P[!)910!7-!)6CV7+,+A/2V91-[!-1!3,/0-1C-!)*91VM),6)-!2,6F76f4-!d=FB"e!3+4,!C+1)46,-!k!

41!2,6F792-!C+@97-12! 612-,A/)696,-X!.460! 7*97C++7!-02!9))626+11/!3+4,! F+4,16,! 7-!!KA911+06)-!9@-C!41!

5+1! ,-1)-A-12! -2! 41-! 5+11-! 02/,/+0/7-C26@62/X! $6! 7*9CC-32-4,! )-! 87MC+0M7-! -02! 3,/0-12! -1! ARA-!

2-A30!f4-! 7-! 047F+DM)-[! 79! 0/7-C26@62/!)-! 79! ,/9C26+1!-02!3742z2!-1! F9@-4,!)-! 7*"&3M,91+0-! d$CV/A9!

>_eX!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

q^!9e!L60[!QX`!$V9,+1[!'X!/0"=;5I0"34)20!UTSd[!8>U[!]^_t!`!5e!L-+19,)[!QX!PX`!$3-77A91[!EX!OX`!#6))7-[!LX`!Q9,,60[!#X!;X`!=V+A90[!;X!

'X`!\,-8+,M[!=X!;X!/0"=;5I0"34)20!UTTh[!8Y>[!>?]p]!-2!,/F/,-1C-0!C62/-0X!
qa
!9e!Q+,6[!=X`!$48629[!EX`!%1)+[!$X`!o4Z9V9,9[!EX`!o4A94CV6[!oX`!$486-[!<X`! N2909c9[!"X! /0"=;5I0"34)20!UTdU[!8>Y[!>?qpq`!5e!

$V65929[!'X`!I4c409Z9[!$X`!o+59M90V6[!QX`!=+S+[!EX`!%A5+[!%X`!"Vc45+[!&X`!$4Y4c6[!$X!3&'M54JC'0"+)@0!UTdT[!7TB[!B]qX!
q_!9e!P+70+1[!.X`!o618[!#X!#X!3&'M54JC'0"+)@0!UTSc[!WB[!>!`!5e!.-,,M[!EX!HX`!#6CV9,)0[!;X!PX!3&'M54JC'0"+)@0!UTTh[!89>[!]p>X!
qp!.9470-1[!QX!1<O)Z0"34)20"E<(0"-C0!UTTh[!8\[!tB]X 
qt!9e!P,6CV[!GX`!$41[!$X!/0"#'O0"34)20!UTTc[!Y7[!^a?_!`!5e!P,6CV[!GX`!$41[!$X!/0"120"34)20",560!UTTS[!77\[!>>B>p!`!Ce!P,6CV[!GX`!

$41[!$X!/0"#'O0"34)20!UTTS[!Y8[!>>qt!`!)e!P,6CV[!GX`!$41[!$X!/0"120"34)20",560!UTTd[!789[!^]aX!
qq!P,6CV[!GX`!$41[!$X!])('&4)C'5<!UTTd[!>W[!t]B>X 
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pa!

!

$CV/A9!>_!K!E/C9160A-!)-!79!!KA911+3M,91+0M7926+1!

!

! G910! 7-0! ,/9C26+10! )-! !KA911+0M7926+1! )-! P,6CV[! 7-! 0M02gA-! ^[_K#K5-1YM76)g1-! -02! 41!

8,+43-A-12! C7/! f46! 3-,A-2[! -12,-! 942,-[! )*-D376f4-,! 79! 2,g0! 5+11-! 0/7-C26@62/!! )-! 79! ,/9C26+1X!"1!

,-@6-1),9!04,!0+1!,z7-[!39,26C476g,-A-12! 6A3+,2912[!)-!ARA-!f4-!04,! 7-!A/C9160A-!)-! 79!,/9C26+1[!

)910!79!0462-!)4!A9140C,62X!!

! PV,+1+7+86f4-A-12[! 7-0! 047F+DM)-0! +12! /2/! 7-0! 3,-A6-,0! k! 9@+6,! /2/! 426760/0! -1! 2912! f4-!

)+11-4,0!)910! 79!,/9C26+1!)-!!KA911+0M7926+1X!L-0!3,-A6-,0!2,9@94D!)910! 7-!)+A961-!,-3+0-12!04,!

)-0! A+)6F6C926+10! )4! 3,+2+C+7-! )-! 87MC+0M7926+1! )-! o9V1-! 3,+3+0/! -1! >qtqX>??! L-0! 047F+DM)-0! 1-!

0+12[! C-3-1)912[! 390! 7-0! 0-470! k! 3+4@+6,! F96,-! F684,-! )-! )+11-4,0! )-! 87MC+0M7-X! <1! -FF-2[! 7-0!

2V6+87MC+06)-0!3-4@-12!2+42!k!F962!R2,-!426760/0X!N70!3-,A-22-12!)*9677-4,0!)-!0*9FF,91CV6,!)4!C+12,z7-!)-!

7*+DM)926+1!)-0!2V6+87MC+06)-0!-1!047F+DM)-0!f46!3-42!3+0-,!3,+57gA-X>?>!

! L-0! 2V6+87MC+06)-0! 0+12! )-0! A+7/C47-0! ,-7926@-A-12! 3-4! 95+1)912-0! )910! 79! 1924,-! A960!

-D2,RA-A-12!!612/,-00912-0!3+4,!7-0!,/9C26+10!)-!87MC+0M7926+1!)-!39,!7-4,!F9C6762/!)-!3,/39,926+1!-2!

)-!A916347926+1X>?B!<2912!)+11/!7-4,!8,91)-!02956762/[!67!F942!7-0!9C26@-,!9@912!)-!7-0!F96,-!,/986,!9@-C!

7-0! 9CC-32-4,0! )-! 87MC+0M7-X! G910! 79! 7622/,924,-[! 67! -D602-! 37406-4,0! A/2V+)-0! )*9C26@926+1X>?]! L9!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>??!9e!oV91-[!GX`!O97c-,[!$X`!PV-18[!&X`!<18-1[!GX!bX!/0"120"34)20",560!UTdT[!777[!_tt>!`!5e!L6918[!#X`!&91[!LX`!L+-59CV[!;X`!\-[!

EX`!:+Y4A6[!&X`!$-c91619[!oX`!Q+,91[!'X`!\67)-,07--@-[!;X`!=V+A30+1[!PX`!$A62V[!%X`!H60Z90[!oX`!$2677[!OX!PX`!o9V1-[!GX!,6;)<6)!
UTTc[!Y7[!^a?_X!
>?>!9e!&91[!LX`!o9V1-[!GX!/0"120"34)20",560!UTTc[!77T[!qB]q!`!5e!o9c9,79[!#X`!G47619[!#X!\X`!Q92Y-154V7-,[!'X!=X`!Q46[!&X!OX`!

$+F69[!EX!;X!/0"#'O0"34)20!UTTc[!Y7[!t]^pX!
>?B!9e!"0C9,0+1[!$X!N1!3&'M54JC'&()@";<"34)2;@('J"&<C"=;5I5OJ`!<,102[!HX`!Q9,2[!\X!OX`!$619�!.X`!<)0[`!O67-MKbPQr!O-61V-6A[!

Chhh`!b+7!>[!33!q]K>>_!5e!\9,-88[!.X!;X!1CS0"3&'M54JC'0"34)20"=;564)20!UTTS[!>8[!>pqX!!
>?]!9e!I48-)6[!.X`!\9,-88[!.X!;X!3&'M54JC'0"+)@0!UTdc[!7W\[!Pq!`!5e!G9084329[!IX`!\9,-88[!.X!;X!3&'M54JC'0"+)@0!UTdd[!7BB[!P>]!`!
Ce!N2+[!&X`!"89Z9[!=X!])('&4)C'5<"X)((0!UTdd[!8\[!>?_>!`!)e!b--1-1A91[!\X!QX`!@91!H++A[!;X!QX!])('&4)C'5<"X)((0!UTTh[!U7[!Bpa!
`!-e!o+1,9)00+1[!.X`!:)+c+18[!:X!<X`!I,90-,K#-6)[!HX!])('&4)C'5<"X)((0!UTTh[!U7[!^]>]X!

CH2Cl2, -78 °C

Tf2O, base
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CIP = Contact Ion Pair (paire d'ions intimes)
SSIP = Solvent Separated Ion Pair (paire d'ions séparées)
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p_!

A/2V+)-!)x9C26@926+1!3,+3+0/-!39,!7*/f463-!)-!P,6CV!-1!B??>[>?^!-2!426760912!7x91VM),6)-!2,6F76f4-!-2!79!

>K5-1Yg1-047F61M7363/,6)61-! d=FB"uH$.e[! 9339,9|2[! 94S+4,)*V46[! C+AA-!/2912! 79!3740!-FF6C9C-[! 79!3740!

)+4C-!-2!79!3740!3,926f4-!k!A-22,-!-1!�4@,-X!

! G910!41!3,-A6-,!2-A30[! 7x9C26@926+1!)4!)+11-4,!)-!87MC+0M7-!0-!F962!k!5900-!2-A3/,924,-!dK!

_?!(PeX!L-!047F619A6)-!,/9862!9@-C!7x91VM),6)-!2,6F76f4-!3+4,!C+1)46,-!k!41!9A61+047F+1M7+DM047F+164A!

UCU!-D2,RA-A-12!2V6+3V67-!f46!@6-12!,/986,!9@-C!7-!2V6+87MC+06)-!3+4,!F+,A-,!7-!2,6F792-!UUS!d$CV/A9!

>peX! G910! 41! 0-C+1)! 2-A30[! 7x9CC-32-4,! )-! 87MC+0M7-! -02! 612,+)462! )910! 7-!A676-4! ,/9C26+11-7! 3+4,!

3-,A-22,-!79!C,/926+1!)-!79!1+4@-77-!76960+1!C9,5+1-K+DM8g1-X!!

!

!

$CV/A9!>p!K!%C26@926+1!)-!2V6+87MC+06)-0!39,!7-!0M02gA-!H$.u!=FB"!-1!3,/0-1C-!)-!==H.!

!

! #-@-1+10!A9612-1912!04,!7-!A/C9160A-!)-!79!,/9C26+1!)- !KA911+0M7926+1X!

! =+42!)*95+,)[!f4-70!f4-!0+6-12!79!A/2V+)-!)*9C26@926+1!+4!7-!)+11-4,!)-!87MC+0M7-!426760/[!67!M!

9!390098-!39,!41!2,6F792-!)*"KA911+0M7-!612-,A/)696,-X!P-C6!9!/2/!C+,,+5+,/!39,!)-0!-D3/,6-1C-0!)-!

#E'!A-1/-0!k!5900-0! 2-A3/,924,-0!)910!PGBP7B!-2!f46!+12!3-,A60!)*6)-126F6-,! C-22-!-03gC-Xqt5!:1!

2,6F792-!" 1*-02!390!0-47-A-12!+50-,@/!)910! 7-!C90!)-! 79!!KA911+0M7926+1[! 67! 7*-02!/897-A-12!)910! 7-!

C90!)-!7*"&874C+0M7926+1>?a!7+,0f4*41!)+11-4,!)-!87MC+0M7-!)-!2M3-!874C+3M,91+0M7-!^[_K#K3,+2/8/!-02!

426760/X!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>?^
!P,6CV[!GX`!$A62V[!EX!/0"120"34)20",56X!ChhU[!78U[!q?>aX!

>?a!P,6CV[!GX`!P96[!OX!/0"#'O0"34)20!UTTT[!YW[!^qB_X!
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CH2Cl2, - 60 °C
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! <10462-[!)-0!/24)-0!C61/26f4-0!60+2+36f4-0>?_!A-1/-0!04,!7-!04502,92!UUS!d)-42/,/!k!a?h!-1!

3+0626+1!91+A/,6f4-!-2!94!16@-94!)-!7*VM),+8g1-!9C/2976f4-!)4!5-1YM76)g1-e!+12!3-,A60!)-!A+12,-,!

f4-!79!F+,A926+1!)-!!KA911+06)-0[!)910!C-!0M02gA-!39,26C476-,[!1-!3900962!390!39,!41-!0450262426+1!

14C7/+3V67-! )*+,),-! B! -2! f4-! 7-!A/C9160A-! 046@912! 3+4@962! R2,-! 3,+3+0/! 3+4,! 79!!KA911+0M7926+1!

61F74-1C/-!39,!7-!8,+43-A-12!^[_K#K5-1YM76)g1-!d$CV/A9!>teX>?p!

!

!

$CV/A9!>t!K!E/C9160A-!)-!79!!KA911+3M,91+0M7926+1!0488/,/!39,!)-0!A-04,-0!)*-FF-20!60+2+36f4-0!C61/26f4-0!!

!

! $462-!k! 7x612,+)4C26+1!)-! 7x9CC-32-4,!)910! 7-!A676-4[! 67! M! 94,962! /2957600-A-12!)x41!/f46765,-!

-12,-!7-!2,6F792-!)+11-4,!)-!87MC+0M7-!-2!41-!396,-!)x6+10!F+,A/-!39,!41!6+1!+D+C9,5/164A!-2!41!6+1!

2,6F792-!d=F"KeX!<1!F+1C26+1!)4!)+11-4,!426760/!-2!)-0!C+1)626+10!+3/,92+6,-0[!7-0!6+10!3-4@-12!R2,-!0+62!

94!C+129C2!dPN.!�!P+129C2! N+1!.96,!�!396,-!)x6+10! 6126A-e[!0+62!0/39,/0!39,! 7-!0+7@912!d$$N.!�!$+7@-12!

$-39,92-)!N+1!.96,!�!396,-!)x6+10!0/39,/0eX!L9!0/7-C26@62/!!!)-!79!,/9C26+1!)-!87MC+0M7926+1!0x-D376f4-!

97+,0!39,! 7x9229f4-!)-! 7x9CC-32-4,! 04,! 79!PN.! 0-7+1!41!A/C9160A-!)-! 2M3-!$'>[! 79! F9C-!! /2912! C-77-!

F9@+,60/-!C9,!1+1!+CC43/-!39,!7*916+1X!L9!0/7-C26@62/!"!-02!7-!,/047292!)-!7x9229f4-!)-!7x9CC-32-4,!04,!79!

$$N.!r!C*-02!79!F9C-!"!3,6@67/86/-!39,!7x-FF-2!91+A/,6f4-X!L*+,6861-!)-!79!02/,/+0/7-C26@62/!)-!79!,/9C26+1!

)-!87MC+0M7926+1!-02! @/,62957-A-12!41-!f4-026+1!)x/f46765,-!r! 3740! 7x612-,A/)696,-! 2,6F792-!-02! 02957-!

3740! 7x/f46765,-! -02! )/379C/! @-,0! C-746KC6! -2! 3740! 79! 0/7-C26@62/!! -02! 9A/76+,/-X! %4! C+12,96,-! 06! 7x6+1!

+D+C9,5/164A!-02!02956760/[!Cx-02!79!0/7-C26@62/!"!f46!-02!F9@+,60/-X!!

!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>?_!$6187-2+1[!GX!%X`!=V+A90[!%X!%X!/0"120"34)20",560!UTT`[!77B[!q]apX!
>?p!P,6CV[!GX`!PV91),90-c-,9[!'X!$X!1<O)Z0"34)20"E<(0"-C0!Chha[!WU[!a]t_X!
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! ! $$RURVRC!"P!XGLW[=Q=PF![GLF=:F=WG!;Q[LGFHPF!N!<1H:9FH<!aAc,Y,D=P\J<;M^P=!

!

! P+AA-!1+40!9@+10!34!7-!C+10292-,[!7-!0M02gA-!^[_K#K5-1YM76)g1-!9!/2/!5-94C+43!426760/!-2!67!

0*9@g,-! f4*67! -02! 2,g0! 79,8-A-12! 6A376f4/! )910! 79! 0/7-C26@62/! /7-@/-! )-0!!KA911+3M,91+0M7926+10X! N7!

677402,-!79!1+26+1!)x/f46765,-!)/F616-!3,/C/)-AA-12X!<1!-FF-2[!7-!,z7-!)4!5-1YM76)g1-!-02!)-!)/379C-,!

7x/f46765,-! @-,0! 7x612-,A/)696,-! 2,6F792-! C+@97-12! )-! A916g,-! k! A616A60-,! 79! 3+347926+1! )-! $$N.! -2!

)x9@+6,[!94!A+610!3+4,! 79! 0/,6-!A911+0-[!41-!0/7-C26@62/!!.!.7406-4,0!-D376C926+10!+12!/2/!9@91C/-0!

3+4,!C+A3,-1),-!3+4,f4+6!7x6+1!+D+C9,5/164A!1x-02!390!)4!2+42!F9@+,60/!)910!C-!C90X!I,90-,K#-6)>?t!

/@+f4-! 7-0! F9C2-4,0! )-! 2+,06+10! dC+1C-32! )-! T2+,06+197! )609,A9A-12Te! -2! -D376f4-! f4xk! C940-! )-0!

CMC7-0!F406+11/0[! 7-!0M02gA-!-02!A+610!F7-D657-!-2! 79!F+,A926+1!)-!7x6+1!+D+C9,5/164A!1/C-0062-!41-!

3740!8,91)-!/1-,86-!)x9C26@926+1!39,!,933+,2!94D!0M02gA-0!+{!7-0!8,+43-A-120!3,+2-C2-4,0!3+4,!7-0!

3+0626+10!^!-2!_!0+12!)-0!8,+43-A-120!5-1YM7-!d<9!,-7926@-!BaXa!c;XA+7K>!C+12,-!?!c;XA+7K>eX!G-!C-!F962[!

67!1*9!390! 2-1)91C-!k! 0-! F+,A-,X!<1!B??^[!H+70>?q! /@+f4-[!f4912!k! 746[! 7x6)/-!f4-! 7-!8,+43-A-12!#K

5-1YM76)g1-! A96126-12! 79! 76960+1! PaKP_! )910! 7-! C+1F+,Ag,-! ('&<@" O&:64)! d(O[! I684,-! BBe! 7-! 3740!

/7-C2,+922,9C2-4,X!G910!C-!C90[!79!76960+1!P_K"_!0-!C+A3+,2-!C+AA-!41!)63z7-!-2[!79!39,26-!1/8926@-!

)4! )63z7-! 0-! 2,+4@912! /7+681/-!)-! 79! CV9,8-! 3+0626@-! )-! 7x6+1! +D+C9,5/164A[! C-746KC6! 1x-02! 390! 2,g0!

02957-!-2!1x9!)+1C!390!2-1)91C-!k!0-!F+,A-,X!!

!

!

I684,-!BB!

!

! I+,2! )-! C-0! ,/0472920! -2! )910! 7*+326f4-! )-! 3+4@+6,! 7-0! 8/1/,9760-,[! 7-! 8,+43-! )-! P,6CV! 0*-02!

97+,0! 612/,-00/!k! 79!874C+3M,91+7M0926+1!)6,68/-!39,! 7-!8,+43-A-12!^[_K#K5-1YM76)g1-X!L9!0/7-C26@62/!

-02!C-22-!F+60KC6!)-!2M3-!" d$CV/A9!>qe!r!7-0!-D376C926+10!/@+f4/-0!3740!V942!1*/296-12[!)g0!7+,0[!3740!

@97957-0X!=+42! 7x612/,R2!9!/2/!)-!)/C+4@,6,!3+4,f4+6! C-22-!3+347926+1!)-!$$N.!/2962!3740! 6A3+,2912-!

)910!79!0/,6-!874C+0-X!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>?t! I,90-,K#-6)[! HX`! O4[! vX! PX`! %1),-Z0[! PX! OX`! $c+Z,+10c6[! <X! /0" 120" 34)20" ,56X! UTTU[! 77U[! >^]^X! 5e! %1),-Z0[! PX! OX`!

#+)-5948V[!#X`!I,90-,K#-6)[!HX!/0"#'O0"34)2X!UTTc[!Y7[!aBt?X!
>?q!;-10-1[!QX!QX`!'+,)02,+A[!EX`!H+70[!EX!/0"120"34)20",56X!Chha[!78Y[!qB?aX!
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pq!

!

$CV/A9!>q!K!#/9C26+1!)-!874C+3M,91+0M7926+1!"K0/7-C26@-!

!

! ! $$RURVRV!*HGHMLZ=!X<W:LE=jQHPPLE=!=F!;Pb<W=P:=!M=E!<;H;ELPE!/C,2C!=F!/V,2V!MHPE!<H!

G9H:F;LP!M=!X<J:LEJ<HF;LP!

!

" " " EE070U0U07"X)"%&'&C5N)"OI:65@)d2&<<5@)"

!

! .+4,! -D376f4-,! 79! 0/7-C26@62/!"! )-! 79! ,/9C26+1! )-! 874C+3M,91+0M7926+1[! 7-! 8,+43-! )-! P,6CV! 9!

3+4,046@6! 0-0! 61@-0268926+10!-1! 0M12V/260912[!)910!41!3,-A6-,! 2-A30[!)-0! C+A3+0/0!BK)/0+DM!-2!]K

)/0+DMX>>?!<1!0/,6-!A911+0-[!67!9!C+10292/!41-!3-,2-!)-!79!0/7-C26@62/!!,!-2!-1!0/,6-!874C+0-[!41-!3-,2-!

)-! 79! 0/7-C26@62/! ",! A+12,912! 96106! f4-! 7-0! 76960+10! PBK"B! -2! P]K"]! /296-12! 6A376f4/-0! )910! 79!

02/,/+0/7-C26@62/!)-0!,/9C26+10!)-!!KA911+3M,91+0M7926+1!-2!)x"K874C+3M,91+0M7926+1!)6,68/-0!39,!7-!

8,+43-A-12!^[_K#K5-1YM76)g1-X!%F61!)-!0*9FF,91CV6,!)4!C9,9C2g,-!3740!T9,A/T!)-0!C+A3+0/0!)/0+DM[!

)-0! 9197+84-0! )/0+DMKF74+,+>>>! +12! 94006! /2/! 3,/39,/0! dI684,-! B]e! -2[! 7k! -1C+,-[! 41-! 3-,2-! )-!

0/7-C26@62/! 9! /2/! C+10292/-[! f4-77-! f4-! 0+62! 79! 0/,6-! /24)6/-X! N7! -02! 97+,0! C796,-A-12! 9339,4! f4-! 7-0!

8,+43-A-120!#K5-1YM7-!-1!3+0626+1!B!-2!]!1*9@96-12!390!0-47-A-12!41!-FF-2!/7-C2,+922,9C2-4,!-2!f4-!

7x612-,9C26+1! )-! 2+,06+1! "BKPBKP]K"]>>B! S+4962! 41! ,z7-! 6A3+,2912! )910! 7-0! 02/,/+0/7-C26@62/0!

+50-,@/-0X!!

!

!

I684,-!B]!K!G+11-4,0!)/0+DM!-2!)/0+DMKF74+,+!3,/0-12912!)-!A+610!5+11-0!0/7-C26@62/0!)910!7-0!,/9C26+10!)-!

87MC+0M7926+1!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>>?!P,6CV[!GX`!b61+8,9)+@9[!"X!/0"#'O0"34)2X!Chhc[!B7[!t^p]X!!
>>>

!P,6CV[!GX`!L6[!LX!/0"#'O0"34)20!ChhS[!B8[!>_t>X!
>>B!H/,C-0[!%X`!OV62F6-7)[!GX!EX`!'4c4)9[!=X!])('&4)C'5<[!ChhU[!>B[!^ppX 
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t?!

! .+4,! 7-0! 0M02gA-0! ^[_K#K5-1YM76)g1-! )-! 79! 0/,6-! A911+0-[! 7-! 390098-! )4! 2,6F792-! )-!

A911+0M7-! k! 7x6+1!+D+C9,5/164A! 0*9CC+A3981-!)*41-!)6A61426+1!)-! 7x9187-! )6g),-!"BKPBKP]K"]! 06!

C-746KC6! 9)+32-! 79! C+1F+,A926+1! ^Q]X! L*9187-!)6g),-! ,-02-! 61CV918/! 06! 7*6+1!+D+C9,5/164A!+32-!3+4,!

41-! C+1F+,A926+1! HB[a! d$CV/A9! B?eX! L9! C+A3,-006+1! 0-! 2,9)462! 39,! 41-! 948A-12926+1! )-! 7x/1-,86-!

2+297-!)-!79!A+7/C47-!f46!)/F9@+,60-!79!F+,A926+1!)-0!396,-0!)x6+10!39,!,933+,2!7x612-,A/)696,-!2,6F792-!

C+@97-12!-2!-D376f4-!79!0/7-C26@62/!! )-!79!,/9C26+1!)-!87MC+0M7926+1!dI684,-!B^eX!

!

!

$CV/A9!B?!K!.90098-!)4!2,6F792-!C+@97-12!k!7*6+1!+D+C9,5/164A!-1!0/,6-!A911+0-!

!

! %! 7x61@-,0-[! -1! 0/,6-! 874C+0-[! 7-! 390098-! )4! 2,6F792-! )-! 874C+0M7-! k! 7x6+1! +D+C9,5/164A!

0*9CC+A3981-! )*41-! 948A-12926+1! )-! 7x9187-! )6g),-! "BKPBKP]K"][! f4-! C-746KC6! 9)+32-! 79!

C+1F+,A926+1! )-A6KCV960-! d^Q]e! +4! -1@-7+33-! d
^<e! d$CV/A9! B>eX! \,�C-! k! C-22-! )/C+A3,-006+1[!

7x948A-12926+1!)-! 7x/1-,86-!2+297-!)-! 79!A+7/C47-!-02!A+61),-!-2! 79!F+,A926+1!)-0!396,-0!)x6+10!-02!

39,!@+6-!)-!C+10/f4-1C-!A+610!)/F9@+,60/-!r!41-!0/7-C26@62/!" -02!97+,0!+50-,@/-!dI684,-!B^eX!

!

!

$CV/A9!B>!K!.90098-!)4!2,6F792-!C+@97-12!k!7*6+1!+D+C9,5/164A!-1!0/,6-!874C+0-!

!
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+
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! O2-C2-C3-O3 = 60 °
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+
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t>!

!

I684,-!B^!K!G698,9AA-!)*/1-,86-!3+4,!79!F+,A926+1!)-0!6+10!+D+C9,5/164A[!)910!7-!C90!)-0!0M02gA-0!^[_K#K

5-1YM76)g1-[!-1!0/,6-!A911+0-!-2!874C+0-!

!

" " " EE070U0U08" E<^I:)<6)" C)" I&" <&(:')" C)@" @:M@(;(:&<(@" )<" %5@;(;5<@" 8" )(" U" @:'" I&"

@DI)6(;S;(D"C)"I&"'D&6(;5<"C)"OIJ65@JI&(;5<"

!

! L9!)6FF/,-1C-!)-!0/7-C26@62/!)-0!,/9C26+10!)-!A911+3M,91+0M7926+1!-2!)-!874C+3M,91+0M7926+1!

9!A60!-1!/@6)-1C-!f4-!7-0! 76960+10!PBK"B!-2!P]K"]!/296-12! 6A376f4/-0!)910!C-0!,/9C26+10!S;&! 7*9187-!

)6g),-!"BKPBKP]K"]X!<1!F+1C26+1!)-!79!1924,-!)-!79!,/9C26+1!)-!87MC+0M7926+1[!7*612-,9C26+1!)-!2+,06+1!

F9@+,60-!3740!+4!A+610!7-!)/379C-A-12!)-0!/f46765,-0!@-,0!79!F+,A926+1!)-!7*6+1!+D+C9,5/164AX!!

! L9!1924,-!)4!04502624912!-1!3+0626+1!B[!-2!04,2+42!-1!][!9!94006!41-!61F74-1C-!04,!7*612-,9C26+1!

"BKPBKP]K"]! -2[! 39,! @+6-! )-! C+10/f4-1C-[! 04,! 79! 0/7-C26@62/! 3+4,! 41! 2M3-! )-! 87MC+0M7926+1! )+11/X!

G910!7-!C90!)-!79!!KA911+3M,91+0M7926+1[!)6,68/-!39,!7-!8,+43-A-12!^[_K#K5-1YM76)g1-[!79!0/7-C26@62/!

9!/2/!+50-,@/-!04,!)-0!C+A3+0/0!+{!7-0!F+1C26+10!VM),+DM7-!-1!B!-2!-1!]!/296-12!3,+2/8/-0!39,!)-0!

8,+43-A-120!5-1YM7-X!%@-C!7-!2-A30[!67!0*-02!9@/,/!39,F+60!1/C-0096,-!)*426760-,!)*942,-0!8,+43-A-120!

3,+2-C2-4,0X! P-C6! 9! 97+,0! 39,F+60! C+1)462! k! )-0! CV42-0! )-! 0/7-C26@62/! C+AA-! )910! 7-! C90! +{! )-0!

8,+43-A-120!067M7/0!0+12!426760/0!C+AA-!8,+43-A-120!3,+2-C2-4,0X>>]!L9!29677-!)-0!8,+43-A-120!-1!B!

-2!-1!]!@6-12!)6,-C2-A-12!S+4-,!04,!7*612-,9C26+1!)-!2+,06+1!"BKPBKP]K"]X>>^!.+4,!C-22-!,960+1[!67!9!/2/!

)/@-7+33/! )-0! 8,+43-A-120! 3,+2-C2-4,0! 0/7-C26F0! -2! +,2V+8+194D[! A960! )+12! 79! 29677-! /2962!

C+A39,957-! k! C-77-! )-0! /2V-,0! 5-1YM76f4-0! f46! )+1196-12! 7-0! A-677-4,0! ,/0472920! -1! 2-,A-! )-!

0/7-C26@62/X>>a!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>>]!P,6CV[!GX`!G4)c61[!bX!])('&4)C'5<"X)((0!Chhh[!W7[!a_^]X!
>>^!9e!P,6CV[!GX`!;9M9792V[!.X`!Q422+1[!=X!oX!/0"#'O0"34)20!Chhc[!B7[!]?_^!`!5e!P,6CV[!GX`!l4[!QX!/0"#'O0"34)20!ChhS[!B8[!a>t]X!
>>a!9e!P,6CV[!GX`!O4[!HX!#'O0"X)((0!Chhc[!T[!^tpq!`!5e!P,6CV[!GX`!o9,92V+74@V4[!EX!$X!/0"#'O0"34)20!Chhd[!BU[!a>p]X!

!H !H

!Hmannose > !Hglucose

!Hmannose !Hglucose
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tB!

! ! $$RURVRa!/LP:<WE;LP!

!

! L-0! 2,9@94D!A-1/0!39,! 7*/f463-!)-!P,6CV!)4,912! C-0! )6D! )-,16g,-0! 911/-0!+12! 2+42! )*95+,)!

3-,A60!)*+52-16,!)-0!!KA911+06)-0!9@-C!)-0!,-1)-A-120!/7-@/0!-2!)-!2,g0!5+11-0!0/7-C26@62/0[!C-!f46!

/2962! )6FF6C67-! 9439,9@912X! <10462-[! 670! +12! /897-A-12! 3-,A60! )*933+,2-,! )-0! 36gC-0! 94! 34YY7-! )-! 79!

C+A3,/V-106+1!)-0!A/C9160A-0!)-!87MC+0M7926+1X!N70!677402,-12!2+42!k!F962!79!04526762/!)-!C-0!,/9C26+10!

-2!3-,A-22-12!)-!0-!,-1),-!C+A32-!)4!F962!f4-!7-0!,/9C26+10!)-!87MC+0M7926+1!0+12!)/3-1)912-0!)-!

5+1! 1+A5,-! )-! 39,9Ag2,-0! d612-,9C26+1! )-! 2+,06+1[! 1924,-! )-0! 045026249120[! C9,9C2g,-!

/7-C2,+)+11-4,!+4!922,9C2-4,[!-2CneX!PV9f4-!,/9C26+1!-02!k!2,962-,!C+AA-!41!C90!39,26C476-,!A960!41-!

8/1/,9760926+1! 0-A57-! 3+00657-! k! 39,26,! )4!A+A-12! +{! 7*+1! ,960+11-! -1! 2-,A-! )*/f46765,-X! N7! 04FF62!

97+,0! )-! 0-! )-A91)-,! 3+4,! CV9f4-! 0624926+1! 3,/C60-[! f4-77-0! 0+12! 7-0! -03gC-0! F9@+,60/-0! +4!

)/F9@+,60/-0! -2! )910! f4-7! 0-10! 0+12! )/379C/0! 7-0! /f46765,-0! 3+4,! -D376f4-,[! -12,-! 942,-[! 79!

02/,/+0/7-C26@62/X!

!

! NNXB!P9),-!)-!7*/24)-!

!

" " ##$4$%"Z72766B6)"7A)9"67"!70*2)"

!

! P+AA-! 67! 9! /2/! @4! 9439,9@912[! 7-0! /24)-0! A-1/-0! 1+29AA-12! 39,! 7*/f463-! )-! P,6CV! +12!

3-,A60!)-!A-22,-!-1!74A6g,-!7-!,z7-!-2!7*6A3+,291C-!)-0!612-,9C26+10!-12,-!7-0!045026249120!3+,2/0!39,!

7-0!92+A-0!)*+DM8g1-!"B!-2!"]!-2!)-!7*9187-!)-!2+,06+1!)910!7-0!02,92/86-0!)-!F+,A926+1!)-!76960+10!

87MC+06)6f4-0!94! 795+,92+6,-X!"1!3-42!97+,0!0-!)-A91)-,!0*67!1*-1!-02!390!)-!ARA-!)910! 7-!A+1)-!

@6@912X!<1!)*942,-0!2-,A-0[!7-0!76960+10!"BKPB!-2!"]KP]!0+12K-77-0[!-77-0!94006[!)6,-C2-A-12!6A376f4/-0!

)910!7*VM),+7M0-!-1YMA926f4-!)-!79!76960+1!87MC+06)6f4-!s!<D602-K2K67!41!39,977g7-!-12,-!79!'924,-!-2!79!

,/9C26+1!)-!87MC+0M7926+1!-FF-C24/-!04,!)-0!C+A3+0/0!3,+2/8/0!s!

!

! .+4,! -009M-,! )-! ,/3+1),-! k! C-22-! f4-026+1[! +1! 3-42! 2+42! )*95+,)! ,-@-16,! 04,! 7-0! 2,9@94D!

A-1/0!39,!G9@6-0[!-1!B??B[!04,!79!A9119190-!B_%!dE91B_%e!)-!G@):C525<&@"6)II:I5@&Xat!P-4DKC6!+12!

/2/!3,/0-12/0!94!3,-A6-,!CV9362,-!-2!+12!3-,A60!)-!3,+3+0-,!41!/292!)-!2,910626+1!)-!2M3-!HB[a!3+4,!

7-0!!KA9119190-0X!L-!0CV/A9!C6K)-00+40!d$CV/A9!BBe!,933-77-!7-0!)6FF/,-12-0!C+1F+,A926+10!7+,0!)-!

7*/293-! )-! 87MC+0M7926+1! 3+4,! 7-0! !KA911+06)90-0! f46! VM),+7M0-12! 79! 76960+1! 87MC+06)6f4-! 9@-C!

,/2-126+1!)-!C+1F684,926+1X!L-!04502,92! 0-!)/F+,A-!3+4,!C+1)46,-[! 2+42!)*95+,)[!k!41!C+A37-D-!)-!

E6CV9-760!>$a!9@912!)-!3900-,!39,!41!/292!)-!2,910626+1!HB[a!3+4,!)+11-,!7*612-,A/)696,-!C+@97-12!"$BX!!
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t]!

!

$CV/A9!BB!K!P+1F+,A926+10!9)+32/-0!39,!7-!A911+3M,91+0-!7+,0!)4!390098-!)4!C+A37-D-!)-!E6CV9-760!k!

7*612-,A/)696,-!C+@97-12!3+4,!79!A911+06)90-!E91B_%!<B>B%!

!

! P-0!,/0472920!+12!/2/!A60!-1!39,977g7-!9@-C!)-0!/24)-0!A-1/-0!04,!)-0!C-774790-0X>>_!.+4,!C-0!

87MC+06)90-0[!67!9@962!/2/!-1@6098/!7-!CV-A61!C+1F+,A926+11-7!C6K)-00+40!d$CV/A9!B]e[!+{!7-!C+A37-D-!

)-!E6CV9-760!>$]!C+1)462!k!41!/292!)-!2,910626+1!
^Q]!3460!k!41!612-,A/)696,-!C+@97-12!^P>X!

!

!

$CV/A9!B]!K!P+1F+,A926+10!9)+32/-0!39,!7-!874C+3M,91+0-!7+,0!)4!390098-!)4!C+A37-D-!)-!E6CV9-760!k!

7*612-,A/)696,-!C+@97-12!3+4,!)-0!C-774790-0!)-0!F9A677-0!a!-2!p!

!

! N7!9!97+,0!/2/!612/,-00912!)-!C+10292-,!f4-!7-!8,+43-A-12!BKVM),+DM7-!)4!A911+0-!>$a!-2!)4!

874C+0-!>$]!-02!-1!3+0626+1!30-4)+K/f492+,697-[!C-!f46!61)6f4-!f4*67! 612-,9862!9@-C!)-0!,/06)40!379C/0!

-1! 3+0626+1! /f46@97-12-! 04,! 7-0! -1YMA-0X! %4! C+12,96,-[! 3+4,! 7-! A911+0-! >$a[! 7-! 8,+43-A-12! ]K

VM),+DM7-!-02!-1!3+0626+1!30-4)+K9D697-!97+,0!f4*67!-02!-1!3+0626+1!30-4)+K/f492+,697-!3+4,!7-!874C+0-!
>$]X!P-22-!F+60KC6[!7-0!,/06)40!V6026)61-!1-!0+12!)+1C!390!379C/0!)910!)-0!3+0626+10!/f46@97-12-0X!

! N7!-1!9!/2/!C+1C74!f4-[!7+,0f4-!7-0!04502,920!0-!)/F+,A-12!3+4,!922-61),-!7*/292!)-!2,910626+1[!

79! )60261C26+1! -12,-! 7-0! 60+Ag,-0! A911+0-! -2! 874C+0-[! f46! k! 79! 590-! 0-! F962! -1! F+1C26+1! )4!

3+0626+11-A-12!)4!8,+43-A-12!BKVM),+DM7-[!-02!A9612-1912!F+1C26+1!)-!79!3+0626+1!)4!8,+43-A-12!

]KVM),+DM7-!d9D697-!+4!/f492+,697-eX!!

! L-0! 76960+10! "BKPB! -2! "]KP]! S+4-12! )+1C! 94006[! 41! ,z7-! 6A3+,2912! )910! 7*VM),+7M0-!

-1YMA926f4-!)-!79!76960+1!87MC+06)6f4-X!P-22-!6)/-!@9!R2,-!9334M/-!39,!)-0!2,9@94D!34576/0[!-1!B?>?[!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>>_!\4+[!;X`!%0+18[!;X`!H++10[!\XK;X!1<O)Z0"34)20"E<(0"-C0!Chhc[!W>[!a]^aX!
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t^!

2+4S+4,0!39,!G9@6-0[!C+1C-,1912!41-!F9A677-!)*"KA911+06)90-0!C97C64AK)/3-1)912-!d\QqBeX>>p!.+4,!

C-0!-1YMA-0[!67!9!/2/!A+12,/!f4-!7*6+1!C97C64A!P9Bj!S+4-!41!,z7-!C-12,97!)910!79!,/9C26+1!)*VM),+7M0-!

-1! @-1912! 0-! C++,)61-,! 94D! F+1C26+10! VM),+DM7-! -1! 3+0626+1! B! -2! ][! C-! f46! 96)-! 7-! 04502,92! k! 0-!

)602+,),-! 3+4,! 3900-,! )-! 0+1! /292! F+1)9A-1297! dC+1F+,A926+1! CV960-! ^P>e! k! 7*/292! )-! 2,910626+1!

d$CV/A9!B^eX!!

! L9! C++,)61926+1! 94! A/297! )6@97-12! 3-,A-2! 7-! 390098-! )*41! 9187-! )6g),-! "BKPBKP]K"]!

)*-1@6,+1!_?!(!k!41!9187-!C+A3,60!-12,-!?!-2!>a!(!-2!F9C6762-!96106!7-!390098-!k!7*6+1!+D+C9,5/164A[!C-!

f46! 3-42! )6,-C2-A-12! R2,-! A60! -1! ,-7926+1! 9@-C! 7*61F74-1C-! )-! 7*9187-! )6g),-! "BKPBKP]K"]! 04,! 79!

02/,/+0/7-C26@62/!)-0!,/9C26+10!)-!87MC+0M7926+1!)/C,62-0!3,/C/)-AA-12X!!

!

!

$CV/A9!B^!K!9e!N12-,9C26+1!)*41!A911+6A6)9Y+7- 9@-C!41- "KA911+06)90-!-2!7*6+1!P9Bj!`!5e!E/C9160A-!0433+0/!

3+4,!41- "KA911+06)90-!)-!79!F9A677-!\QqB[!f46!VM),+7M0-!79!76960+1!87MC+06)6f4-!9@-C!61@-,06+1!)-!

C+1F684,926+1!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>>p! vV4[! &X`! $4620[! EX! GX! LX`! =V+A30+1[! %X! ;X`! PV9@91[! $X`! G61-@[! vX`! G4A+1[! PX`! $A62V[! 'X`! E+,-A-1[! oX! OX`! l6918[! &X`!

$6,6Z9,)-19[!%X`!O67769A0[!$X!;X`!\675-,2[!QX!;X`!G9@6-0[!\X!;X!$&(0"34)20"=;5I0!ChUh[!Y[!>BaX!
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ta!

" " ##$4$4"5<1.U"+)/"9.F6)/"["/;'0<>0./)2"

 

! L-! 04S-2! -02! @/,62957-A-12! 1/! )-0! ,-00-A5791C-0! f46! -D60296-12! -12,-! 7-0! ,/9C26+10!

)/@-7+33/-0! 94! 795+,92+6,-! -2! 7-0! ,/9C26+10! -1YMA926f4-0X! <1! 39,26C476-,[! 79! A60-! -1! 39,977g7-! )-!

7x6A3+,291C-!)-!7x+,6-12926+1!)-0!76960+10!PBK"B!-2!P]K"]!)910!79!02/,/+0/7-C26@62/!)-0!,/9C26+10!)-!!K

A911+3M,91+0M7926+1! )6,68/-0! 39,! 7-! 8,+43-A-12! ^[_K#K5-1YM76)g1-[! 9@-C! 7-! ,z7-! )-0! 612-,9C26+10!

9@-C!79!76960+1!P]K"]!)910!79!C9297M0-!-1YMA926f4-!3+4,!7-0!!KA911+06)90-0[!9!3-,A60!)*-1@6098-,!79!

0M12Vg0-!)-!1+4@-94D!87MC+6A6)9Y+7-0[!3+2-126-77-A-12!61V6562-4,0!)-!87MC+06)90-0[!3+4,!7-0f4-70!79!

3+0626+1!]!-02!A+)6F6/-!39,!,933+,2!94D!C+A3+0/0!)/Sk!C+1140!)910!79! 7622/,924,-X!L-!,960+11-A-12!

-02!7-!046@912!r!79!C9297M0-!39,!7-0!!KA911+06)90-0!3900-,962!39,!41!/292!)-!2,910626+1!)-!2M3-!HB[a!`!C-!

CV-A61! C+1F+,A926+11-7! 0-A57-! 61V95624-7! A960! C+1@6-1),962! 7-! A6-4D! 94! )/@-7+33-A-12! )4!

C9,9C2g,-!)-!)+457-!76960+1!)-!79!76960+1!-12,-!7-!C9,5+1-!91+A/,6f4-!-2!7x+DM8g1-!-1)+CMC76f4-!-2!k!

79!CV9,8-!3+0626@-!7+,0f4-!7-!0M02gA-!-02!3,+CV-!)-!7x/292!)-!2,910626+1X!.9,A6!2+40!7-0!61V6562-4,0[!7-0!

87MC+6A6)9Y+7-0! 9339,9600-12! C+AA-! 7-0! A-677-4,0! A6A-0! )-! 7x6+1! +D+C9,5/164AX! ;+4-,! 04,! 79!

3+0626+1! ]! 3+4,,962! ,-1F+,C-,! C-! C9,9C2g,-! -2! 39,! C+10/f4-12! C+1)46,-! k! )-0! 61V6562-4,0! 3740!

346009120X!

! L*6261/,96,-!C+1F+,A926+11-7!3,+3+0/!3+4,!7-0!!KA911+06)90-0!d�!NX^XB!r!390098-!39,!41!/292!

)-!2,910626+1!)-!2M3-!592-94!HB[ae!0-,962!/897-A-12!@,96!3+4,!7-0!"KA911+06)90-0!f46!VM),+7M0-12!79!

76960+1!87MC+06)6f4-!9@-C!,/2-126+1!)-!C+1F684,926+1X>>t!!

! %6106[! k! 7+18! 2-,A-[! 7*6)/-! 0+40KS9C-12-! 0-,962! )-! ,/4006,! k! )/@-7+33-,! )-! 1+4@-94D!

9126C91C/,-4D[!)-!39,!7-0!3,+3,6/2/0!3+2-126-77-A-12!61V6562,6C-0!)-!7*"KA911+06)90-!Q\ENN!dQ4A91!

\+786!"KA911+06)90-!NNe!)-0!1+4@-94D!87MC+6A6)9Y+7-0X!<1!-FF-2[!7*9C26@62/!)-!7*"KA911+06)90-!Q\ENN[!

3,/0-12-! )910! 7*9339,-67! )-! \+786[! -02! 41! 3,/,-f460! k! 7*9C26@62/! )*41-! 942,-! -1YMA-[! 79! !K>[_K$K

9C/2M7874C+09A61M72,910F/,90-!b!dE\%=ae!)6,-C2-A-12!6A376f4/-!)910!79!3,+8,-006+1!)-0!24A-4,0X>>q!!

!

! G910!7-!C9),-!)4!3,+S-2[!7-0!A+7/C47-0!C657/-0!0+12!7-0!046@912-0!dI684,-!Baer!

!

!

I684,-!Ba!K!'+4@-94D!87MC+6A6)9Y+7-0!@60/0!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>>t!'4A9+[!$X`!o412Y[!GX!%X`!O62V-,0[!$X!\X`!#+0-[!GX!#X!/0"=;5I0"34)20!ChhV[!8BT[!^t?p^X!
>>q

9e!\6+00[!.X!<X`!H9c-,[!EX!%X`!P9,@-,[!;X!.X`!G-1160[!;X!OX!3I;<0"3&<6)'"+)@0!UTT`[!7[!q]a!`!5e!\,91+@0cM[!EX!)("&IX!$&(0"[)C0!
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t_!

" " ##$4$C"V0270>:.)"+)"/;'0<B/)"

!

! L9! 0M12Vg0-!-1@6098/-!3+4,! 7-0! C+A3+0/0!UVcKUaU! 0x93346-! 04,! 7-0! 2,9@94D!)-!b90-779[^B9[pp!

f46!9!3,/39,/[!)910!7-0!911/-0!q?[!7-!B[][^[_K2/2,9K#K5-1YM7K?K874C+1+79C29A-!Sd!3460!7-!2,69Y+7-!S!-2!

7-0! 6A6)9Y+7-0! `! -2! ah! @69! 41-! ,/9C26+1! )-! CMC760926+1! 612,9A+7/C4796,-! )*9A6)61-0! 612-,A/)696,-0!

3+,2912!41-!F+1C26+1!+D+/2VM7-!3,+2/8/-!dI684,-!B_eX!

!

!

I684,-!B_!K!#933-70!)-!f4-7f4-0!C+A3+0/0!0M12V/260/0!39,!b90-779!

!

! L9!02,92/86-!046@912-!-02!3,+3+0/-!d$CV/A9!Baer!-77-!,-3+0-!04,!79!C+102,4C26+1!)4!0f4-7-22-!

56CMC76f4-! )-0! 2/2,9VM),+6A6)9Y+3M,6)61-0! @69! 41-! ,/9C26+1! )-! CMC760926+1! 612,9A+7/C4796,-!

)*9A6)61-0! 612-,A/)696,-0! -2! 3-,A-22,962! )*+52-16,[! -1!41-!f461Y961-!)*/293-0[! 7-0! 87MC+6A6)9Y+7-0!

-0C+A32/0X!

!

! !

$CV/A9!Ba!K!$2,92/86-!3+4,!+52-16,!7-0!87MC+6A6)9Y+7-0!k!39,26,!)-!874C+0-!3,+2/8/!

!

#-A9,f4-!r!79!14A/,+2926+1!f46!@9!R2,-!9)+32/-!)910!79!0462-!)4!A9140C,62!-02!068197/-!04,!79!F684,-!

B_!dC+A3+0/!aheX!<77-!1-!C+,,-03+1)!390!k!79!14A/,+2926+1!+FF6C6-77-!)-0!2/2,9VM),+6A6)9Y+3M,6)61-0X!
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tp!

! L-! )69C/2+1-KGK874C+0-! UaC! C+AA-,C697! -02! 426760/! C+AA-! 3,+)462! )-! )/39,2X! $+40! C-22-!

F+,A-!3,+2/8/-!)4!874C+0-[!79!F+1C26+1!VM),+DM7-!-02!765,-!-1!3+0626+1!]!C-!f46!3-,A-2!)*6102977-,!41!

8,+43-A-12! 3,+2-C2-4,! +,2V+8+197! k! C-4D! f46! @+12! C+1C-,1-,! 7-0! 942,-0! 3+0626+10! VM),+DM7/-0! )4!

04C,-X!'+40!,-@6-1),+10[!)910!7-!39,98,93V-!046@912[!04,! 7-!CV+6D!)-!C-!8,+43-A-12!3,+2-C2-4,X!<1!

046@912! 79! 0M12Vg0-! )4! 874C+1+79C29A-! 2/2,95-1YM7/! Sd! )-! b90-779[! 41! 79C29A-! )4! 2M3-! UaV! -02!

3,/39,/X! L9! 2,910F+,A926+1! )-! C-! C+A3+0/! -1! 2V6+79C29A-! 3460! -1! 9A6)61-0! 04502624/-0! 3-,A-2!

)*+52-16,! 7-0! 56CMC7-0! F406+11/0! /36Ag,-0! -1! 3+0626+1! B[! 8,�C-! k! 79! ,/9C26+1! C7/! )-! CMC760926+1!

612,9A+7/C4796,-!!-1!A676-4!9C6)-X!L9!)/3,+2-C26+1!)-!79!F+1C26+1!VM),+DM7-!-1!3+0626+1!]!3-,A-2!97+,0!

)*9CC/)-,! 94D! )-4D! 87MC+6A6)9Y+7-0! 60+Ag,-0! d874C+0-! -2!A911+0-e! )4! 2M3-!Uaa! -2!Ua`X! P-0! )-4D!

)/,6@/0!0+12!7-0!C+A3+0/0!C7/0!)910!7-0!0M12Vg0-0!)-!1+4@-94D!61V6562-4,0!3+2-126-70!)-!87MC+06)90-0X!

N70!3-4@-12!C+1)46,-!94D!C+A3+0/0!]K)/0+DM!UVc!-2!UVS[!94D!C+A3+0/0!+DM)/0!-1!3+0626+1!]!UVd!-2!

UVT!+4!94D!C+A3+0/0!]K)/0+DMK]KF74+,+!Uah!-2!UaUX!

!

! NNX]! $M12Vg0-! )-! ]K)/0+DMK! -2! ]K)/0+DMK]KF74+,+K! 874C+K! -2! A911+K

6A6)9Y+7-0!

!

" " ##$C$%"T99B/"7*U"+>2.A>/":6;91.?.+7S16)/"+>(210>:>/")'"(1/.0.1'"C"

!

! L*+,68619762/!)-0!1+4@-94D!87MC+6A6)9Y+7-0!,/06)-!)910!79!A+)6F6C926+1!)-!79!3+0626+1!]!f46!1*9!

S9A960!/2/!/24)6/-!04,!C-!2M3-!)-!C+A3+0/0X!G910!C-22-!39,26-[!1+40!977+10!@+6,! 79!3,/39,926+1!)-0!

87MC+2/2,9VM),+3M,6)+9Y+7-0!Uac! -2!UaS! dI684,-!Bpe[! 612-,A/)696,-0! C+AA410!)910! 79! 0M12Vg0-!)-0!

A+7/C47-0!C657-0!3,/0-12/-0!9439,9@912!-2!f46!3,/0-12-12!79!F+1C26+1!VM),+DM7-!-1!3+0626+1!]!765,-X!

!

!

I684,-!Bp!

!

!

!

!
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tt!

! ! $$RVRURU!*G9[HGHF;LP!MW!CAaAc,FG;,Y,D=P\J<,V,Y,fC,PH[YFYJ<Q9FYJ<g," ,!,-,

X<W:L[JGHPLE;M=!U`U!

!

! L9! 0M12Vg0-! )/542-! 9@-C! 79! 3,+2-C26+1! )-! 79! F+1C26+1! VM),+DM7-! 765,-! -1! 3+0626+1! ]! )4!

)69C/2+1-KGK874C+0-!UaC!C+AA-,C697X!%@912!)*95+,)-,!41!3-4!3740!-1!)/29670! 79!0M12Vg0-[!,-@-1+10!

04,!7-!CV+6D!)4!8,+43-A-12!3,+2-C2-4,!)-!79!F+1C26+1!VM),+DM7-!-1!3+0626+1!]X!P-746KC6!0*-02!3+,2/!04,!

7-!8,+43-A-12!BK193V2VM7A/2VM7-!d'93e!dI684,-!BteX!!

!

!

I684,-!Bt!K!\,+43-A-12!BK193V2VM7A/2VM7-!d'93e!

!

! L*426760926+1!)-!C-!8,+43-A-12!9[!3+4,!79!3,-A6g,-!F+60[!/2/!)/C,62-!39,!<0c+>B?!-2!$3-1C-,[>B>!

k! 79! F61! )-0! 911/-0! q?[! )910! 7-! C9),-! )-0! 02,92/86-0! )-! 3,+2-C26+1! +,2V+8+197-! )-0! C+A3+0/0!

3+7MVM),+DM7/0[!-2!3,/0-12-!37406-4,0!9@91298-0X!=+42!)*95+,)[!)-!39,!09!3740!8,91)-!9FF6162/!9@-C!7-!

39779)64A!f4-!7-!8,+43-A-12!5-1YM7-!)910!7-0!C+1)626+10!)*VM),+8/1+7M0-[!06!41!04502,92!VM),+DM7/!

-02!3,+2/8/!39,!)-0!8,+43-A-120!5-1YM7-!-2!BK193V2VM7A/2VM7-! d'93e[!C-!)-,16-,!3-42!R2,-!-17-@/!

0/7-C26@-A-12X>B?! G*9677-4,0[! 7*VM),+8/1+7M0-! )-0! 8,+43-A-120! 5-1YM7-! -02! ARA-! 61V65/-! 39,! 79!

3,/0-1C-!)4!8,+43-A-12!'93X!<10462-[!41-!F+1C26+1!VM),+DM7-!3,+2/8/-!39,!7-!8,+43-A-12!'93!3-42!

94006!R2,-!)/3,+2/8/-!)910!)-0!C+1)626+10!)+4C-0!39,!C76@98-!+DM)926F!94!GGi>BB!+4!94!P%'X>B]!P-0!

ARA-0! C+1)626+10! 3-,A-22-12! )*-17-@-,! 7-! 8,+43-A-12! %&'&HA/2V+DM5-1YM7-! d.EHeX! N7! -02!

612/,-00912! )-! 1+2-,! f4*67! -02! 3+00657-! )*-17-@-,! 0/f4-126-77-A-12! 7-! 8,+43-A-12! .EH! 3460! 7-!

8,+43-A-12!'93!-1!426760912!)910!41!3,-A6-,!2-A30!7-!P%'!-2!-10462-! 7-!GGi[!C9,! 7-!P%'!-02!3740!

0/7-C26F! f4-! 7-! GGi! 3+4,! -17-@-,! 41! 8,+43-A-12! .EHX>BB! L-! 8,+43-A-12! '93! 3,/0-12-! -1F61!

7*9@91298-[! 39,! ,933+,2! 94! .EH[! )-! ,/0602-,! 94D! C+1)626+10! 9C6)-0X! %6106[! 67! -02[! -12,-! 942,-[! )*41-!

8,91)-!426762/!)910!79!0M12Vg0-!)*+768+09CCV9,6)-0X>B^!

!

! G910!1+2,-!C90[!67!@9!1+40!3-,A-22,-!)-!)/3,+2/8-,!)-!A916g,-!+,2V+8+197-!79!3+0626+1!]!39,!

,933+,2!94D!942,-0!3+0626+10!)4!3M,91+0-!f46!@+12!R2,-!3,+2/8/-0!39,!)-0!8,+43-A-120!5-1YM7-X!G-!

3740[!C-!8,+43-A-12!3,+2-C2-4,!,/0602-,9!94D!C+1)626+10!9C6)-0!F+,2-0!f46!0+12!426760/-0!)910!7*/293-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>B?!$9,c9,[!%X!oX`!#+0291)[!oX!$X`!;961[!#X!oX`!E9229[!oX!LX`!<0c+[!;X!GX!/0"=;5I0"34)20!UTTS[!8B8[!Ba_?tX!
>B>!\9412[!EX!;X`!&4[!;X`!$3-1C-,[!;X!HX!/0"#'O0"34)20!UTTd[!YU[!^>pBX!
>BB!l69[!;X`!%5590[!$X!%X`!L+Cc-[!#X!GX`!.60c+,Y[!PX!IX`!%7)-,F-,[!;X!LX`!E9229[!oX!LX!])('&4)C'5<"X)((0!Chhh[!W7[!>_qX!
>B]!O,68V2[!;X!%X`!&4[!;X`!$3-1C-,[!;X!HX!])('&4)C'5<"X)((0!ChhU[!W8[!^?]]X!
>B^!l69[!;X`!%7)-,F-,[!;X!LX`!.60c+,Y[!PX!IX`!E9229[!oX!LX!34)20"-:'0"/0!ChhU[!B[!]a_X!

CH2
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tq!

C7/! )-! F+,A926+1! )-0! 87MC+6A6)9Y+7-0X! L*/f463-! )*"@-,c7--F2! 9! 34576/! -1! B??p>Ba! )-0! 2,9@94D!

C+1C-,1912! 79!0M12Vg0-!)*9197+84-0!)-! 79!>K)/0+DM1+S6,6AMC61-X!G910!0+1!933,+CV-[!-77-!9!426760/! 7-!

8,+43-A-12! BK193V2VM7A/2VM7-! -2! 9! /2/! 9A-1/-! k! 0M12V/260-,! 7-! B[^[_K2,6K#K5-1YM7K]K#KdBK

193V2VM7A/2VM7eK",!KGK874C+3M,91+06)-!U`UX!'+40!9@+10!046@6!C-22-!0/f4-1C-!,/9C26+11-77-!d$CV/A9!

B_e!3+4,!+52-16,!C-!3M,91+06)-X!

!

!

$CV/A9!B_!

!

! L9! F+1C26+1! VM),+DM7-! )4! )69C/2+1-KGK874C+0-! UaC! -02! 3,+2/8/-! -1! 426760912! 7-! BK

5,+A+A/2VM7193V2V97g1-!)910! 7-!GEIX!%3,g0!41-!1462! k! 2-A3/,924,-! 9A56912-[! 7-! 874C+F4,91+0-!

Uad!-02!+52-14[!93,g0!34,6F6C926+1[!9@-C!41!,-1)-A-12!)-!qahX!:1-!,/9C26+1!)x+4@-,24,-!)4!CMC7-!-1!

3,/0-1C-!)x%A5-,762-'!-2!)x-94!)910! 7x97C++7!977M76f4-!k!>?B!(P!3-1)912!41-!1462!3-,A-2!)x+52-16,[!

93,g0!34,6F6C926+1[!7-!874C+3M,91+0-!UaT[!0+40!79!F+,A-!)*41!0+76)-!5791C[!9@-C!41!,-1)-A-12!)-!^ahX!

N7! -02! k! 1+2-,! f4-! C-22-! /293-! 3-,A-2! /897-A-12! )-! 3,+2/8-,! 79! F+1C26+1! VM),+DM7-! 3+,2/-! 39,! 7-!

C9,5+1-!91+A/,6f4-!9@-C!7-!8,+43-A-12!977M7-X!!

!

! L9!3,+3+,26+1!-1!91+Ag,-0!"u!!-02!)-!]!r!BX!P-22-!3,+3+,26+1!9!/2/!)/2-,A61/-!k!7*96)-!)-0!

)+11/-0! 03-C2,97-0! -1! #E'! -2! 1+29AA-12! 0462-! k! 7*612/8,926+1! )-0! 068194D! )-0! 3,+2+10! QpX! "1!

,-2,+4@-!04,!7-!03-C2,-!#E'!>]P!9@-C!41-!612-1062/!,-7926@-!f46!C+,,-03+1)!k!79!3,+3+,26+1!)-0!)-4D!

F+,A-0!-1!/f46765,-!)910!7-!A676-4!,/9C26+11-7X>B_!L9!F+,A-!3M,91+0-!)4!C+A3+0/!UaT[!39,!,933+,2!94!

F4,91+0-! Uad[! 9! 34! R2,-! )/)462-! )-! 79! C+A39,960+1! )-0! C+102912-0! )-! C+43798-! /d>[BeX! G910! 7-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>Ba!O-11-c-0[!&X`!b91!)-1!H-,8[!#X!;X!HX!QX!'X`!G+1c-,[!OX`!b91!)-,!E9,-7[!\X!%X`!$2,6S791)[!%X`!%-,20[!EX!IX!\X`!"@-,c7--F2[!QX[!

$X!/0"#'O0"34)20!ChhS[!B8[!>?ttX!
>B_!$2+2V-,0[!;X!HX!#'O&<;6"34)2;@('J"H"3&'M5<H7U"$[+",%)6('5@65%J`!%C9)-A6C!.,-00!-)X[!UTSC`!b+7X!B^X!

O

O
O

O

O

OO

HO
O

O

O

O
1 - NaH (1,1 éq), 0 °C, 30 min
2 - NapBr (1,1 éq), 0 °C puis ta, 20 h

DMF

95%

Amberlite® IR-120-H+, H2O (2 éq)

AllOH

102 °C, 20 h

45%

O
HO

NapO
OH

OH

O

142 148
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G&'(;)"E"H"34&%;(')"EE0",J<(4P@)"C)"<5:S)&:N"OIJ65;2;C&K5I)@F";<4;M;():'@"%5()<(;)I@"C)"OIJ65@;C&@)@"

q?!

F4,91+0-! Uad[! C-22-! C+102912-! @942! ][p! QY! C-! f46! -02! C9,9C2/,6026f4-! )-0! 0M02gA-0!

2/2,9VM),+F4,916f4-0!f46!9)+32-12!41-!C+1F+,A926+1!-1@-7+33-!)-!A916g,-!k!/@62-,!94D!04502624912!

-1!6;@!04,!)-0!92+A-0!9)S9C-120!)*R2,-!/C7630/0X!.+4,!7-!C+A3+0/!UaT! [! 7-!068197!)4!Q>!0-!3,/0-12-!

0+40! 79! F+,A-! )*41! )+457-2! 9@-C! 41-! @97-4,! )-! C+102912-! )-! C+43798-! /d>"[Be! �! p[]! QY! r! 79!

C+1F+,A926+1! 6C6! 9)+32/-! -02! 41-! C+1F+,A926+1! CV960-! C9,9C2/,6026f4-! )-0! CMC7-0!

2/2,9VM),+3M,916f4-0X!N7!-02!612/,-00912!94006!)-!C+10292-,!79!)6FF/,-1C-!)-0!)/379C-A-120!CV6A6f4-0!

)-0!3,+2+10!-2!C9,5+1-0!91+A/,6f4-0[!f46!3900-12!)-!a[qa!33A!dQ>e!-2!>?a[^!33A!dP>e[!)910!7-!C90!

)4! F4,91+0-! Uad[! k! ^[]p! 33A! -2! >?B[>! 33A[! 3+4,! 7*91+Ag,-! !"! -2! ^[q>! 33A! -2! qp[q! 33A[! 3+4,!

7*91+Ag,-!"[! )910! 7-! C90! )4! 3M,91+0-!UaTX! "1! C+10292-! 41-! )6FF/,-1C-! )-! )/379C-A-12! CV6A6f4-!

-1C+,-!3740!3,+1+1C/-!3+4,!7-!C9,5+1-!P^!f46!3900-!)-!t>[^!33A!3+4,!7-!C+A3+0/!Uad!k!p>[]!33A!

-2! p?[^! 33A! ,-03-C26@-A-12! 3+4,! 7-0! C9,5+1-0! P^"! -2! P^!! )-0! /36Ag,-0! )4! C+A3+0/! UaTX! P-!

)/379C-A-12! @-,0! 7-0! CV9A30! F+,20! -02! C9,9C2/,6026f4-! )4! 390098-! )4! CMC7-! k! C61f! C9,5+1-0[! +{! 7-!

C9,5+1-!P^!-02!97cM7/[!94!CMC7-!k!06D!C9,5+1-0X!!

!

! Lx/293-! 046@912-! -02! 79! 3,+2-C26+1! )-0! 2,+60! F+1C26+10! VM),+DM7-! 765,-0! 39,! 7-! 5,+A4,-! )-!

5-1YM7-!-1!3,/0-1C-!)-!'9Q!)910! 7-!GEI!k!?! (P!3460! k! 2-A3/,924,-!9A56912-X!%3,g0!41-!1462[! 7-!

C+A3+0/!U`h!-02!+52-14[!9@-C!41!,-1)-A-12!)-!pqh!d$CV/A9!BpeX!L9!)/3,+2-C26+1!+,2V+8+197-!)-!79!

F+1C26+1!VM),+DM7-!3+,2/-!39,!7-!C9,5+1-!91+A/,6f4-!0x-FF-C24-!-10462-!-1!)-4D!/293-0X!N7!M!9!2+42!

)x95+,)!60+A/,60926+1!)-!79!)+457-!76960+1!-1!3,/0-1C-!)-!(H4"o[!)910!7-!GE$"[!k!>??!(P!3-1)912!>!

VX! Lx/2V-,! )x/1+7! ,/0472912! -02! -10462-! C76@/! k! 7x6+)-! )910! 41! A/7918-! =QIu-94! k! 2-A3/,924,-!

9A56912-! d$CV/A9!BpeX!%3,g0!>B!V!)*9862926+1[! 7xV/A69C/297!U`U!-02!+52-14!9@-C!41! ,-1)-A-12!)-!

q>h! d,-1)-A-12! -1! 3,+)462! 5,42eX! L-! 5,42! ,/9C26+11-7! -02! )6,-C2-A-12! -1898/! )910! 79! 0462-! )-! 79!

0M12Vg0-X!

!

!

$CV/A9!Bp!

!

!

1 - tBuOK (0,5 éq), DMSO, 100 °C, 1 h
2 - I2 (2,0 éq), THF/H2O, ta, 12 h OBnO

NapO
OBn

OBn

OH

91%

DMF, 0 °C puis ta, 20 h

NaH (3,3 éq), BnBr (3,3 éq)

79%

OBnO
NapO

OBn

OBn

O

OHO

NapO
OH

OH

O

149
150

151
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q>!

#-A9,f4-!r!G910!09!0M12Vg0-!)4!GK1+S6,679C29A-[pp!b90-779!0M12V/260-!7*9197+84-!SV!)4!3M,91+0-!U`U!

dI684,-!Bqe!-1!426760912!41-!A/2V+)-!)/C,62-!39,!=92-!-2!H60V+3!-1!>q_]Xt?!L-!C+A3+0/!-02!+52-14!-1!

)-4D! /293-0X! L9! 3,-A6g,-! /293-! 3-,A-2[! k! 39,26,! )4! 5-1YM7! B[][^[_K2/2,9K#K9C/2M7K"KGK874C+06)-[!

)*+52-16,!7-!874C+0-!2+297-A-12!5-1YM7/X!P-746KC6!-02!97+,0!VM),+7M0/!-1!A676-4!9C6)-!F+,2!-2!C+1)462!94!

B[][^[_K2/2,9K#K5-1YM7KGK874C+0-X!

!

!

I684,-!Bq!K!B[][^[_K=/2,9K#K5-1YM7KGK874C+0-!

!

! ! $$RVRURC!fV\AaVA`\Ac\g,VA`,B;EfD=P\J<LZJg,c,ffD=P\J<LZJgQ9FYJ<g,a,fPH[YFYH<^P,C,

J<Q9FYLZJg[;[9G;M;P,C,LP=!U`c!

!

! L9! 0M12Vg0-! 0-!3+4,0462!39,! 7*+DM)926+1!)4!B[^[_K2,6K#K5-1YM7K]K#KdBK193V2VM7A/2VM7eK",!KGK

874C+3M,91+06)-!U`U[!-1!0*9334M912!04,!7-0!2,9@94D!)-!b90-779pp!3,/0-12/0!94!CV9362,-!>!d$CV/A9!BteX!

N7!-D602-!37406-4,0!A/2V+)-0!3+4,!+DM)-,! 79!3+0626+1!91+A/,6f4-!04,!C-! 2M3-!)-!04502,920[! C+AA-[!

39,!-D-A37-[! 7*426760926+1!)*41!A/7918-!GE$"u%CB"
>Bp!+4!-1C+,-! 7*426760926+1!)-!C9,5+192-!)*9,8-12!

04,! P/762-'X>Bt! P*-02! F6197-A-12! 7*+DM)926+1! )-! $Z-,1! f46! -02! ,-2-14-! -2! f46! 3-,A-2! )x+52-16,! 79!

79C2+1-! U`C! 9@-C! 41! ,-1)-A-12! )-! q]h! d,-1)-A-12! -1! 3,+)462! 5,42eX! :1! 2,962-A-12! )4! 5,42!

,/9C26+11-7!39,!41-!0+7426+1!A/2V91+76f4-!)x9AA+169C!3-,A-2[!k!2-A3/,924,-!9A56912-[!)x+4@,6,!79!

79C2+1-!-2!)x+52-16,!93,g0!>B!V! 7xVM),+DM9A6)-!U`V[!9@-C!41!,-1)-A-12!)-!qqh!d5,42eX!L9!F+1C26+1!

97C++7! -02! -10462-! +DM)/-! 94! 3-,6+)6191-! )-!G-00KE9,261! )910! 7-! )6CV7+,+A/2V91-! k! 2-A3/,924,-!

9A56912-!-2!-1!3,/0-1C-!)*-94X>Bq!Lx9C6)-!765/,/!)4,912!79!,/9C26+1!)x+DM)926+1!3-,A-2!)6,-C2-A-12!

79!CMC760926+1!-1!C9,561+79A6)-0!U`a!-2!U``!-1!3,+3+,26+10!3+4@912!@9,6-,!)-!]!r!B!k!>!r!>X!L*/36Ag,-!

U`a!3-42!R2,-!7/8g,-A-12!F9@+,60/!)4!F962!)-0!612-,9C26+10!02/,6f4-0!d04502624912!7-!3740!-1C+A5,912!

-1!3+0626+1!/f492+,697-eX!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>Bp
!o9Y4V9,9[!QX`!I7-2CV-,[!QX!\X!/0"#'O0"34)20!UTcS[!U8[!Ba]>X!

>Bt
!.,9@)6C[!'X`!G9167+@[!HX`!I7-2CV-,[!QX!\X!3&'M54JC0"+)@0!UTSa[!UY[!>_pX!

>Bq
!9e!E-M-,[!$X!GX`!$CV,-65-,[!$X!LX!/0"#'O0"34)20!UTTa[!>\[!pa^q!`!5e!Q4550[!;X!LX`!Q-92VC+Cc[!PX!QX!/0"120"34)20",560!ChhV[!

78>[!>Bt]_X!

OO

O
O

O

OH

3
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qB!

!

$CV/A9!Bt!

!

! .+4,!)/2-,A61-,!7-0!3,+3+,26+10!-1!C-0!)-4D!C+A3+0/0[! 670!+12[!)910!41!3,-A6-,!2-A30!/2/!

60+7/0!39,!CV,+A92+8,93V6-!04,!C+7+11-!)-!8-7!)-!0676C-!d7-!C9,561+79A6)-!U`a!-02!A+610!3+796,-!f4-!

U``e!-2! 7-0!)+11/-0! 03-C2,97-0!+12!/2/!C+A39,/-0!94D!)+11/-0!)-! 79! 7622/,924,-! 04,!)-0!C+A3+0/0!

9197+84-0ppX!P+119600912!7-0!068194D!C+,,-03+1)9120!k!CV9C41!)-0!/36Ag,-0[!1+40!9@+10!-10462-!34!

)/2-,A61-,!7-0!3,+3+,26+10!04,!7-0!5,420!,/9C26+11-70X!

!

! G910! 09! 0M12Vg0-! )4! B[][^[_K2/2,9K#K5-1YM7KGK874C+1+79C29A-! Sd[! b90-779pp! d$CV/A9! >^e!

426760-! 7-0! C+1)626+10! )-! .9,6cVKG+-,618>]?! dGE$"[! '<2]! -2! C+A37-D-! 3M,6)61-•$"]e! 3+4,! C+1)46,-[!

)910!41!3,-A6-,!2-A30[!k!41!+D+9A6)-!612-,A/)696,-!f46!CMC760-[!)910!41!0-C+1)!2-A30[!-1!3,/0-1C-!

)*9C6)-! 9C/26f4-! )910! 7-! CV7+,+F+,A-X! P-22-!A/2V+)-! 0*9@g,-[! )910! 0+1! C90[! 3740! -FF6C9C-! f4-! 7-0!

-00960! f4*67! 9@962! C+1)4620! )910! 41!A/7918-! GE$"u%CB"! -1! 0*61036,912! )-0! 2,9@94D! )-! .91)62X
pq! N7!

+526-12!97+,0!)-4D!/36Ag,-0!-1!a!)910!)-0!3,+3+,26+10!@9,6912!)-!__!r!]^!k!pa!r!Ba!94006!-1!F9@-4,!)-!

7*/36Ag,-! 3+4,! 7-f4-7! 7-! 8,+43-A-12! KPQB"H1! -02! -1! 3+0626+1! /f492+,697-X! L+,0f4-! CV9C41! )-0!

/36Ag,-0! -02! 379C/! 0-47! -1! A676-4! 9C6)-[! k! 7*/f46765,-[! C*-02! 2+4S+4,0! C-! ARA-! /36Ag,-! f46! -02!

3,6@67/86/X!!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>]?!.9,6cV[!;X!#X`!G+-,618[!OX!bX!<X!/0"120"34)20",560!UTcS[!T\[!aa?aX!

OBnO
NapO

OBn

OBn

O

1 - (COCl)2 (2,5 éq), DMSO (3,0 éq), -78 °C
2 - NEt3 (5,0 éq), -78 °C       0 °C

93%

 NH3 (2,5 éq) OHBnO
NapO

OBn

OBn
NH2

OMeOH, ta, 12 h

Periodinane de Dess-Martin (1,5 éq)
 H2O (1,0 éq)

CH2Cl2, ta, 30 h

H
NBnO

NapO
OBn

OBn

O
HO

H
N

BnO
NapO

OBn

HO

O
BnO

+

CH2Cl2

OBnO
NapO

OBn

OBn

OH

151 152

153

154 155

99%
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q]!

#-A9,f4-!r!N7!-02!k!1+2-,!f4-[!)910!1+2,-!C90[!79!A/2V+)-!)*+DM)926+1!)-!.9,6cVKG+-,618!f46!9@962!/2/!

-1@6098/-!9@912!7*426760926+1!)4!3-,6+)6191-!)-!G-00KE9,261!0*-02!,/@/7/-!61F,4C24-40-[!)-!ARA-!f4-!

)*942,-0!-00960!)*+DM)926+1!)-!2M3-!$Z-,1X!G910!C-!)-,16-,!C90[!-1!3740!)-!7*+DM)926+1!)-!79!F+1C26+1!

VM),+DM7-!)-!7*9A6)-!97C++7!U`V[!7*9A6)-!0*-02!)/0VM),92/!-1!162,67-X>]>!

!

! L-0!)+11/-0! 03-C2,+0C+36f4-0!3+4,! 7-0!)-4D! C9,561+79A6)-0! 0+12! ,-7926@-A-12!)6FF/,-12-0[!

1+29AA-12!-1!C-!f46!C+1C-,1-!7-0!@97-4,0!)-0!C+102912-0!)-!C+43798-!-12,-! 7-0!3,+2+10!QB[!Q]!-2!

Q^X!G910! 7-! C90! +{! 7-! 8,+43-A-12! PQB"H1! -02! -1! 3+0626+1! /f492+,697-! dC+A3+0/!U`ae[! 7-0! @97-4,0!

C+A3,60-0!-12,-!t!-2!q!QY!0+12!2+42!k!F962!C+A39,957-0!k!C-77-0!+52-14-0!39,!79!0462-!3+4,!7-!C+A3+0/!

U`c! ,/)462X!:1-!C+,,/7926+1!'"<!-02!+50-,@/-!-12,-! 7-!3,+2+1!QB!-2! 7-0!3,+2+10!Q_X!G910! 7-!C90!)4!

C9,561+79A6)-!U``[!7-0!@97-4,0!)-0!C+102912-0!)-!C+43798-!0+12!3740!3-262-0!/dB[]e!�!_[t!QY!-2!/d^[ae!�!

^[a!QYX!N7!0-A57-,962!f4-[!3+4,!C-2!/36Ag,-[!+1!0*/7+681-!)-!79!C+1F+,A926+1!CV960-X!!

!

! .+4,!C-22-!,/9C26+1[!7-0!)-4D!/36Ag,-0!-1!Pa!0+12!+52-140!A960!C-!1x-02!390!8R1912!3460f4-!

79!,/)4C26+1!94!2,6/2VM706791-!f46!0462!-02!)6902/,/+0/7-C26@-Xpp!L-0!)-4D!C+A3+0/0!+12!)+1C!/2/!41-!

F+60!0/39,/0!3+4,!7-0!C9,9C2/,60-,!A960[!)910!79!0462-!)-!79!0M12Vg0-[!7-!5,42!,/9C26+11-7!9!)6,-C2-A-12!

/2/!A60!-1!3,/0-1C-!)-!2,6/2VM706791-!-2!)-!HI]•"<2B!)910!7-!)6CV7+,+A/2V91-!)-!K>?!k!?!(P!3-1)912!

41-!V-4,-!d$CV/A9!BqeX!P-22-!,/)4C26+1!3-,A-2!)x+52-16,!7-!79C29A-!U`c[!93,g0!34,6F6C926+1[!0+40!79!

F+,A-!)*41!0+76)-!5791C!-2!9@-C!41!,-1)-A-12!04,!)-4D!/293-0!)-!^qhX!!

!

!

$CV/A9!Bq!

!

! #-@-1+10!41!6102912!04,!7*/293-!)6902/,/+0/7-C26@-!)-!,/)4C26+1!94!2,6/2VM706791-!-1!3,/0-1C-!

)-!HI]•<2B"!)-0!C9,561+79A6)-0!U`a!-2!U``!-1! 79C29A-!U`c! d$CV/A9!]?eX! Lx9C26@926+1!39,!HI]•<2B"!

C+1)462! 3+4,! 7-0! )-4D! /36Ag,-0! -1! a! 94! ARA-! $K9CM76A6164A! U`TX! .+4,! 7x/36Ag,-! U`a[! +{! 7-!

8,+43-A-12!VM),+DM7-!-02!-1!3+0626+1!9D697-[! 79!F+,A926+1!)4!$K9CM76A6164A!0-!F962!3740!F9C67-A-12!

C9,! 7-! )+457-2! )-! 7*9Y+2-! -2! 79! 76960+1! PK"j! 0+12! 91263/,6379196,-0X! <10462-[! 67! M! 9! 9229f4-! )4!

2,6/2VM706791-!39,!)-0040!+4!39,!)-00+40!7-!3791!)4!0M02gA-!610924,/X!$6!7x9229f4-!0-!F962!39,!)-0040[!7-!

0M02gA-! 3900-! 39,! 41! /292! )-! 2,910626+1! C,+60/! -2! 67! M! 9! 612-,9C26+1! )-! 2+,06+1[! C-! f46! 1x-02! 390!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>]>!'9c9S6A9[!'X`!:54c929[!EX!])('&4)C'5<"X)((0!UTTS[!UT[!B?qqX!

H
NBnO

NapO
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OBn

O
HO

H
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NapO
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O
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+
Et3SiH (3,4 éq), BF3 OEt2 (1,2 éq)

CH2Cl2 -10 °C à 0 °C, 1 h

H
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NapO
OBnO
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49% (2 étapes)154 155 1561 : 1
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q^!

F9@+,957-! d$CV/A9!]?5eX! Lx9229f4-! 0-! F962! 97+,0! 39,! )-00+40! d$CV/A9!]?9e! -2! 3900-!39,! 41! /292! )-!

2,910626+1! 3,/CV960-! 3+4,! C+1)46,-! 94! 79C29A-! U`c! 3+4,! 7-f4-7! 7-! 8,+43-A-12! KPQB"H1! -02! -1!

3+0626+1!/f492+,697-X!!

!

!

$CV/A9!]?!K!E/C9160A-!)-!79!,/)4C26+1!)6902/,/+0/7-C26@-!94!2,6/2VM706791-!-1!3,/0-1C-!)-!HI]•"<2B!

!

!

!

!

!

!

!
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O
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! ! $$RVRURV!*G9[HGHF;LP!MW!f`\Ac\ASVAdVg,cAd,D;EfD=P\J<LZJg,`,ffD=P\J<LZJgQ9FYJ<g,

`AcASAd,F9FGHYJMGL;Q;MH\LmUAC,7n[JG;M;P,S,L<!Uac!=F!MW!f`\Ac\ASVAd\g,cAd,D;EfD=P\J<LZJg,`,

ffD=P\J<LZJgQ9FYJ<g,`AcASAd,F9FGHYJMGL;Q;MH\LmUAC,7n[JG;M;P,S,L<!UaS!

!

! L9!0/f4-1C-!,/9C26+11-77-!3-,A-22912!)*+52-16,!7-0!87MC+6A6)9Y+7-0!)/3,+2/8/0!-1!3+0626+1!]!

Uac!-2!UaS!-02!79!046@912-!d$CV/A9!]>er!!

!

!

$CV/A9!]>!

!

! %@912! )*9,,6@-,! k! 7*/293-! C7/! 3-,A-22912! )*9CC/)-,! 94! 0f4-7-22-! 56CMC76f4-! F406+11/! )-0!

87MC+6A6)9Y+7-0[!79!2,910F+,A926+1!)4!79C29A-!U`c!-1!2V6+79C29A-!UcC[!3740!,/9C26F[!-02!1/C-0096,-X!L-!

3-129047F4,-!)-!3V+03V+,-!d.^$>?e!-2!7-!,/9C26F!)-!L9Z-00+1!dI684,-!]?e!0+12!7-0!)-4D!,/9C26F0!7-0!3740!

-A37+M/0!3+4,! 79! 2,910F+,A926+1!)-! F+1C26+1! C9,5+1M7-! -1! F+1C26+1! 2V6+C9,5+1M7-X>]B! L-! ,/9C26F! )-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>]B!9e!"Y24,c[!=X`!<,290[!<X`!E-,2[!"X!34)20"+)S0!ChhS[!79B[!aB>?!`!5e!;-05-,8-,[!EX`!G9@60[!=X!.X`!H9,1-,[!LX!,J<(4)@;@!ChhV[!

>qBqX!

réactif de Lawesson (1,5 éq) H
NBnO

NapO
OBn

S

OBn

toluène, 27 °C, 12 h

DDQ (3 éq)

75%

CH2Cl2/H2O (9 : 1), ta, 48 h

146 rdt = 53%, txconversion = 74%

147 rdt = 49%, txconversion = 82%

H2NCH2CH(OMe)2 (15 éq), 12 h, ta

88% (2 étapes)
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TsOH  H2O (1,8 éq), toluène, 60 °C, 12 h

3 : 2
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q_!

L9Z-00+1!-02!9339,4!k!39,26,!)-!>qpt>]]!-2!9!,-A379C/!7-!3-129047F4,-!)-!3V+03V+,-!)4!F962!)-!0-0!

1+A5,-40-0!93376C926+10!-1!CV6A6-!+,8916f4-!-2!)-!09!F9C6762/!)*426760926+1X!!

!

!

I684,-!]?!K!#/9C26F!)-!L9Z-00+1!

!

! G910!1+2,-!C90[!-1!3,/0-1C-!)4!,/9C26F!)-!L9Z-00+1!)910!7-!2+74g1-!k!2-A3/,924,-!9A56912-[!

7-! 79C29A-! U`c! -02! 2,910F+,A/! -1! 2V6+79C29A-! UcC! 9@-C! 41! ,-1)-A-12! )-! pahX! L-! C9,9C2g,-! )-!

)+457-! 76960+1! )-! 79! 76960+1! PK'! )-! 79! F+1C26+1! 2V6+9A6)-! -02! 3740! 3,+1+1C/! f4-! 3+4,! 79! F+1C26+1!

9A6)-X!L*/1-,86-!)*9C26@926+1!<9!3+4,!79!,+2926+1!942+4,!)-!79!76960+1!PK'#B!)*41-!A+7/C47-!#KPlK'#B!

948A-12-!-1!3900912!)-!l!�!"!k!l!�!$!d<9!dcC97uA+7-e!�!p[a!3+4,!l!�!"!-2!>a[^!3+4,!l!�!$eX>]^!G-!C-!

F962[! +1! C+10292-[! 06! 7*+1! C+A39,-! 7-0! 03-C2,-0! )-! #E'! >Q[! 41-! )6A61426+1! )910! 7-0! @97-4,0! )-0!

C+102912-0!)-!C+43798-!3+4,!7-0!3,+2+10!)4!CMC7-!7+,0f4-!7*+1!3900-!)4!79C29A-!U`c!94!2V6+79C29A-!

UcCX!<77-0!0+12!C+A3,60-0!-12,-!^!QY!-2!a!QY!)910!7-!C90!)4!2V6+79C29A-!UcC!97+,0!f4-[!)910!7-!C90!)4!

79C29A-!U`c[!C-0!@97-4,0!0+12!C+A3,60-0!-12,-!t!QY!-2!q!QYX!

!

! b6-12!-10462-!79!,/9C26+1!)-!F+,A926+1!)-!7x6A6)9Y+7-X!P-77-KC6!0x-FF-C24-!-1!)-4D!/293-0!r!67!M!9!

2+42! )x95+,)! F+,A926+1! )-0! 9A6)61-0! UcV! -2! Uca! 39,! ,/9C26+1! )4! 2V6+79C29A-! UcC! 9@-C! 7-!

)6A/2VM79C/297!)-!7*9A61+9C/297)/VM)-!d$CV/A9!]>eX!

!

! L*426760926+1!)*41!9C6)-!)-!L-Z60>]a!+4!)4!0-7!)-!E--,Z-61>]_!-02!41-!A/2V+)-!)/C,62-!)910!79!

7622/,924,-!3+4,! C+1)-10-,!)-0! 79C29A-0! 9@-C! 7-! )6A/2VM79C/297! )-! 7*9A61+9C/297)/VM)-!-2! +52-16,!

)-0!6A6)9Y+7-0!d$CV/A9!]BeX!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>]]!9e!$CV-65M-[!$X`!.-)-,0-1[!HX!$X`!L9Z-00+1[!$XK"X!=:II0",560"34;20"=)IO0!UTSd[!TB[!BBq!`!5e!.-)-,0-1[!HX!$X`!$CV-65M-[!$X`!

'670+1[!'X!QX`!L9Z-00+1[!$XK"X!=:II0",560"34;20"=)IO0!UTSd[!TB[!BB]!`!Ce!$CV-65M-[!$X`!.-)-,0-1[!HX!$X`!L9Z-00+1[!$XK"X!=:II0",560"
34;20"=)IO0!UTSd[!TB[!Bqq!`!)e!.-)-,0-1[!HX!$X`!$CV-65M-[!$X`!'670+1[!'X!QX`!P7940-1[!oX`!L9Z-00+1[!$XK"X!=:II0",560"34;20"=)IO0"

UTSd[!TB[!Bq]X!
>]^!.9296[!.X!]4)"34)2;@('J"5^"12;C)@`!;9C+5!v956CcM!-)X`!O67-M[!UTShX 
>]a!Q49[!GX!QX`!vV918[!IX`!PV-1[!;X!/0"#'O0"34)20!UTTa[!>\[!a?t^X!
>]_

!L9187+60[!EX`!\4677+1-94[!PX`!b+b91[!=X`!E-68191[!;XK.X`!E96779,)[!.X!/0"`)()'56J6I;6"34)20!UTdC[!7\[!>q]X!

H3CO P

S S

S

P OCH3

S

167



G&'(;)"E"H"34&%;(')"EE0",J<(4P@)"C)"<5:S)&:N"OIJ65;2;C&K5I)@F";<4;M;():'@"%5()<(;)I@"C)"OIJ65@;C&@)@"

qp!

!

$CV/A9!]B!

!

! !b90-779!9@962!)910!41!3,-A6-,!2-A30!-009M/[! 746!94006[!)x9C26@-,!)6,-C2-A-12! 7-! 79C29A-!Sd[!

9@-C!7-!0-7!)-!E--,Z-61X!P-3-1)912[!C-C6!1*9!390!/2/!F,4C24-4D!04,!0+1!04502,92!)/,6@/!)-!04C,-X!N7!9!

)+1C!-4!,-C+4,0!94!,/9C26F!)-!L9Z-00+1!-2[!)910!C-!C90[!7+,0f4-!7x+1!A-2!-1!3,/0-1C-!7-!2V6+79C29A-!

9@-C!7-!)6A/2VM79C/297!)-!7*9A61+9C/297)/VM)-[!14C7/+3V67-[!C-746KC6!9229f4-!7-!2V6+79C29A-!dC!3+4,!

C+1)46,-!94D!9A6)61-0!dV!-2!da!d$CV/A9!]]eX!'+40!9@+10!)+1C!3,/F/,/!3900-,!39,!7-!2V6+79C29A-!UcC!

3742z2!f4-!)*-009M-,!)*9C26@-,!7-!79C29A-!U`cX!

!

!

$CV/A9!]]!

!

! N7!1xM!9[!9!3,6+,6[!390!5-0+61!)x9C26@926+1!)4!2V6+79C29A-X!'+2+10[!2+42!)-!ARA-[!f4-!7+,0f4-!

7*9C/292-!)-!A-,C4,-!Q8d"%CeB!-02!426760/[! 67!1xM!9!390!)x/36A/,60926+1!94!C+4,0!)-! 79! F+,A926+1!)-0!

9A6)61-0X^B! G-! 3740[! 7*6+1! A-,C4,6f4-! Q8Bj[! -1! 3740! )*948A-12-,! 7*/7-C2,+3V676-! )4! )/,6@/!

2V6+C9,5+1M7/!36g8-! 7-! 047F4,-!)*VM),+8g1-!f46! -02! F+,A/!)4,912! 79! ,/9C26+1X!G910!1+2,-! C90[! 1+40!

9@+10! 3,/F/,/! /@62-,! 7*426760926+1! )*9C/292-! )-! A-,C4,-! Q8d"%CeB! d2+D6f4-! -2! )918-,-4D! 3+4,!

7*-1@6,+11-A-12e! -2! 426760-,! 7-! )6A/2VM79C/297! )-! 7*9A61+9C/297)/VM)-! -1! 2912! f4-! 0+7@912! 3+4,! 79!

,/9C26+1X!<1!+42,-[! 7-! F962!)*/@62-,! 7*/36A/,60926+1!94!16@-94!)-! 79! F+,A926+1!)-0!9A6)61-0!1*-02!390!

@,96A-12!6A3+,2912!3460f4*67!M!9[!k!1+4@-94[!/36A/,60926+1!7+,0!)-!79!CMC760926+1!-1!87MC+6A6)9Y+7-0X!

L-! 0M02gA-! /2912! 3-4! ,/9C26F[! 79! ,/9C26+1! -02! )+1C! ,-7926@-A-12! 7-12-X! <77-! 0-! F962! 04,! >B! V[! k!

2-A3/,924,-!9A56912-[!0910!0+7@912[!-2!-1!426760912!>a!/f46@97-120!)-!,/9C26F!d$CV/A9!]>eX!
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H2NCH2CH(OMe)2, 28 h, 25 °C

82%

MeO OMe MeO OMe

H
NBnO

BnO
OBn

O

OBn

78
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! L-0!9A6)61-0!612-,A/)696,-0!UcV!-2!Uca!1-!0+12!390!60+7/-0!-2!0+12!)6,-C2-A-12!379C/-0!)910!

7-!2+74g1-!k!_?!(P!3-1)912!>B!V!-1!3,/0-1C-!)x9C6)-!%&'&K2+74g1-047F+16f4-!VM),92/!3+4,!C+1)46,-!

94D!87MC+6A6)9Y+7-0!Uc`!-2!Ucc!9@-C!41!,-1)-A-12!87+597!)-!tthX!L-!A/C9160A-!046@912!-02!3,+3+0/!

d$CV/A9! ]^e! r! 79! )+457-! 3,+2+1926+1! )-0! 9A6)61-0! 612-,A/)696,-0! UcV! -2! Uca! 3,+@+f4-! 7-! )/39,2!

)*41-!3,-A6g,-!A+7/C47-!)-!A/2V91+7!-2!3-,A-2! 79!CMC760926+1!k!C61f!CV9|1+10X!%3,g0!3,+2+2,+36-[!

/76A61926+1!)*41-!0-C+1)-!A+7/C47-!)-!A/2V91+7!-2!)*41!3,+2+1[!7-0!87MC+6A6)9Y+7-0!Uc`!-2!Ucc!0+12!

+52-140X!

!

!

$CV/A9!]^!K!E/C9160A-!3,+5957-!)-!CMC760926+1!-1!87MC+6A6)9Y+7-0!

!

! G910!7-0!C+1)626+10!)-!79!,/9C26+1!d6!(!?[?^!A+7XLK>e[!79!3,+3+,26+1!)-0!)-4D!/36Ag,-0!-02!)-!]!

r!B!-1!F9@-4,!)4!874C+6A6)9Y+7-!Uc`!d$CV/A9!]>eX!b90-779!9!C+10292/!f4-!7-!,926+!-12,-!7-!874C+K!-2!7-!

A911+6A6)9Y+7-!)/3-1)962! F+,2-A-12!)-0!C+1)626+10!+3/,92+6,-0X!%!262,-!)*-D-A37-[!06!)-! 7*-94!-02!

9S+42/-[!79!3,+3+,26+1!-1!A911+0-!CV42-X!P-2!/36Ag,-!-02[!39,!C+12,-[!F9@+,60/!7+,0f4-!7-!A676-4!-02!
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3740! C+1C-12,/X^B! G910! 1+2,-! C90[! 7-0! )-4D! /36Ag,-0! 1+40! 0+12! 1/C-0096,-0! 3+4,! 79! 0M12Vg0-! )-0!

1+4@-94D! 87MC+6A6)9Y+7-0! `! +1! 426760-! )+1C! 7-0! C+1)626+10! 3,/0-12/-0! )910! 7-! 0CV/A9! ,/9C26+11-7!

d$CV/A9!]>eX!L-!874C+6A6)9Y+7-!Uc`!-2!7-!A911+6A6)9Y+7-!Ucc!0+12!0/39,/0!39,!CV,+A92+8,93V6-!k!

C-!16@-94!)-!79!0M12Vg0-[!7-!874C+6A6)9Y+7-!Uc`!/2912!7-!A+610!3+796,-X!L9!)60261C26+1!-12,-!7-0!)-4D!

60+Ag,-0!0-!F962!1+29AA-12!k!7*96)-!)-0!C+102912-0!)-!C+43798-!/dB[]e!9@-C!41-!@97-4,!3740!8,91)-!

3+4,!7*60+Ag,-!874C+0-!39,!,933+,2!k!7*60+Ag,-!A911+0-!)4!F962!)-!79!3+0626+1!9D697-!)-0!3,+2+10!QB!

-2!Q]X!%6106[!)910!7-!C90!)4!C+A3+0/!Uc`[!/dB[]e!�!a[t!QY!97+,0!f4-!3+4,!7*/36Ag,-!Ucc[!/dB[]e!�!][>!QYX!

L-!C9,5+1-!PB!d" �!p^[_!33Ae!)4!874C+6A6)9Y+7-!Uc`!-02!/897-A-12!3740!)/5761)/!f4-!7-!C9,5+1-!PB!

)4!A911+6A6)9Y+7-!Ucc!d" �!_t[]!33AeX!G-!3740[! 7*-FF-2!) -12,9|1-!41!)/379C-A-12!@-,0!7-0!CV9A30!

3740!F+,20!3+4,!7*92+A-!)-!C9,5+1-!P^!)-!7*/36Ag,-!Ucc!d" �!p^[^!33Ae!39,!,933+,2!k!7*/36Ag,-!Uc`!

d" �!p_[B!33AeX>B_!

!

! L9!)-,16g,-!/293-!3+4,! 9CC/)-,! 94D!)-4D! C+A3+0/0! C7/0!Uac!-2!UaS!C+10602-! k!)/3,+2/8-,!

+,2V+8+197-A-12!79!F+1C26+1!VM),+DM7-!-1!3+0626+1!]X!'+40!9@+10!-1@6098/!7-!C76@98-!+DM)926F!94!GGi!

f46! 9! 76-4! )910! )-0! C+1)626+10! 06A6796,-0! k! C-77-0! 426760/-0! 3+4,! -17-@-,! 7-! 8,+43-A-12! .EHX>]p! L-!

A/C9160A-! 046@912! -02! 3,+3+0/! d$CV/A9! ]ae! 3+4,! 79! )/3,+2-C26+1! )-! 79! F+1C26+1! VM),+DM7-! -1!

3+0626+1!]!)-0!87MC+6A6)9Y+7-0!Uc`!-2!UccX!N7!M!9!)910!41!3,-A6-,!2-A30!F+,A926+1!)*41!C+A37-D-!)-!

2,910F-,2! )-! CV9,8-! -12,-! 7-! 04502,92! k! )/3,+2/8-,! -2! 7-! GGi! f46! C+1)462[! 93,g0! 2,910F-,2!

A+1+/7-C2,+16f4-! 3460! )*41! 92+A-! )*VM),+8g1-[! 94! )/,6@/! UdS! 2,g0! F+,2-A-12! 02956760/! 39,!

,/0+191C-! d$CV/A9! ]_eX! L*-94! 3-,A-2! 79! F+,A926+1! )-! 7*V/A69C/297! UTU! f46! C+1)462! 97+,0! 94!

193V2V97)/VM)-!UTV!-2!765g,-!96106!7*97C++7!)/06,/X!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>]p!"6c9Z9[!&X`!&+0V6+c9[!=X`!&+1-A6204[!"X!])('&4)C'5<"X)((0!UTdC[!TU[!ttaX!
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>??!

!

$CV/A9!]a!K!E/C9160A-!)-!)/3,+2-C26+1!94!GGi!)-!79!F+1C26+1!VM),+DM7-!3,+2/8/-!39,!7-!8,+43-A-12!!!!!!!!!!!!!!

BK193V2VM7A/2VM7-!

!

!

$CV/A9!]_!K!$2956760926+1!39,!A/0+A/,6-!)-!7*612-,A/)696,-!UdS!

!

! <1!C-!f46!C+1C-,1-!7-0!C+1)626+10!,/9C26+11-77-0[!37406-4,0!+12!/2/!2-02/-0!04,!1+0!04502,920X!

G910! 41! 3,-A6-,! 2-A30! 1+40! 9@+10! -009M/! )*-FF-C24-,! 79! )/3,+2-C26+1! )910! 41!A/7918-! PQBP7B! u!

E-"Q! d^! r! >e!A960! 7-0! 0M02gA-0! 1*/@+74912! 390! -1! 0/,6-! 874C+0-! C+AA-! -1! 0/,6-!A911+0-[! 1+40!

9@+10!F6197-A-12!+32/!3+4,!41!A/7918-!PQBP7B!u!QB"!dq!r!>e!-2!0+AA-0!3900/0!)-!>[a!/f46@97-120!k!]!

/f46@97-120! )-! GGi[! C-! f46! -02! C-10/! 948A-12-,! 79! @62-00-! )-! ,/9C26+1X! P-0! )-,16g,-0! C+1)626+10!

)+11-12!7-0!A-677-4,0!,/0472920!-2!C+1)460-12!94D!)-4D!87MC+6A6)9Y+7-0!)/3,+2/8/0!-1!3+0626+1!]!Uac!

-2! UaS! 9@-C! )-0! ,-1)-A-120! ,-03-C26F0! )-! a]h! -2! ^qhX! L-0! ,-1)-A-120! ,-02-12! A+)-02-0! -2!

0*-D376f4-12!39,! 79!3,/0-1C-!)-! 7x6A6)9Y+7-! 04,! 79!A+7/C47-!f46!)/09C26@-! 7-! 0M02gA-! d3+00656762/!)-!

F+,A926+1!)*41! C+A37-D-!)-! 2,910F-,2!)-! CV9,8-eX!%6106! 79! ,/9C26+1!-02! 7-12-!-2!1*-02!390! 2+297-r! 7-!

294D!)-!C+1@-,06+1!)-!79!,/9C26+1!-02!C+A3,60!-12,-!p?h!-2!t?h!3+4,!7-0!)-4D!/36Ag,-0!dC-!3,+57gA-!

)-!79!3,/0-1C-!)-!7x6A6)9Y+7-!04,!7-0!A+7/C47-0!@9!R2,-[!k!37406-4,0!,-3,60-0[!,-2,+4@/!)910!79!0462-!)4!

A9140C,62eX!

!
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H

OR

H O
H

OR

O
HH

OH

O

NC

NC

Cl

Cl

OR

O
H

OH

OH

NC

NC

Cl

Cl

O

H
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>?>!

! %6106[! 7-!874C+6A6)9Y+7-!Uac!-2! 7-!A911+6A6)9Y+7-!UaS! 0+12!+52-140!-1!>B!/293-0!9@-C!)-0!

,-1)-A-120!,-03-C26F0!)-!>>h!-2!>?hX!'+40!977+10!A9612-1912!1+40!612/,-00-,!k!79!A+)6F6C926+1!)-!79!

3+0626+1!]!)910!7-!542!)*+52-16,!7-0!1+4@-94D!87MC+6A6)9Y+7-0!3,/0-12/0!9439,9@912!d�!NNXBX]eX!

!

" " ##$C$4"T99B/"7*U"91?(1/>/"CK+>/1U;")'"/>2.)":6*91/)")0"?7''1/)"

!

! G910!C-22-!39,26-[!1+40!977+10!95+,)-,!79!0M12Vg0-!)-0!1+4@-94D!87MC+6A6)9Y+7-0!UVc!-2!UVSX!!

! L9!0M12Vg0-!)-!C-0!C+A3+0/0!3900-!39,!41-!/293-!)-!)/0+DM8/1926+1!)*41!97C++7!0-C+1)96,-X!

N7!M!9!2+4S+4,0!3+00656762/!)-!2,910F+,A-,!7*97C++7!-1!8,+43-A-12!39,2912!3460!)-!7-!04502624-,!9@-C!41!

VM),4,-! A960! 1+40! 9@+10! +32/! 3+4,! 79! )/0+DM8/1926+1! )-! H9,2+1KECP+A56-X! P-22-! A/2V+)-[!

3,+3+0/-! -1! >qpa[! F42! 6162697-A-12! )/@-7+33/-! 9F61! )-! 3+4@+6,! )/0+DM8/1-,! 7-0! 3+0626+10!

-1C+A5,/-0! )-0! 04C,-0! -1! C+1)626+10! 1-42,-0>]t! -2! 9[! 39,! 79! 0462-[! 2,+4@/! )-! 2,g0! 1+A5,-40-0!

93376C926+10X>]q!G910!41!3,-A6-,!2-A30[! 67!M!9!F+,A926+1!)-!2V6+C9,5+192-!+4!)-!)62V6+1+C9,5+192-!

dD912V92-e[! f46! -02[! )910! 41! 0-C+1)! 2-A30[! -1898/! )910! 41! 3,+C-0040! ,9)6C9796,-! -1! CV9|1-!

-A37+M912!7*VM),4,-!)-!2,6542M7/2961!d8/1/,97-A-12!-12,-!>[a!-2!]!/f46@97-120eX!L-!A/C9160A-!)-!79!

,/9C26+1!-02!)/29677/!04,!7-!0CV/A9!046@912!d$CV/A9!]peX!

!

!

$CV/A9!]p!K!E/C9160A-!)-!79!,/9C26+1!)-!)/0+DM8/1926+1!)-!H9,2+1KECP+A56-!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>]t!H9,2+1[!GX!QX!#X`!ECP+A56-[!$X!OX!/0"34)20",560F"G)'c;<"]'&<@0"7!UTS`[!>ap^X!
>]q!9e!Q9,2Z68[!OX!])('&4)C'5<!UTdV[!U\[! B_?q! `! 5e!ECP+A56-[! $X!OX!352%')4)<@;S)"#'O&<;6" ,J<(4)@;@`! .-,89A+1[!'-Z!
&+,c!-)X[!UTTU`!b+7X!t[!PV9362,-!^XB!`!Ce!P,6CV[!GX`!i4612-,+[!LX!34)20"+)S0!UTdT[!T\[!>^>]!`!)e!.-,-M,-[!EX`!i46129,)[!;XK.X`!
#9VA[!%X!];<";<"#'O&<;6",J<(4)@;@`!H422-,Z+,2V0[!H+02+1!-)X[!UTdS!`!PV9362,-!aX!
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H
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O
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>?B!

! L9!,/9C26+1!-12,-!7-!2V6+C9,5+192-!+4!7-!D912V92-!UTa!-2!7-!,9)6C97!H4]$1
�!F+4,162!41!3,-A6-,!

612-,A/)696,-! ,9)6C9796,-! UT`[! f46! 04562! 97+,0! 41-! F,98A-12926+1! V+A+7M26f4-! 3+4,! C+1)46,-! 94!

,9)6C97!)-! 7*97C91-!)/06,/!UTS[!k! 79! 765/,926+1!)*+DM047F4,-!)-!C9,5+1-!96106!f4*k!41!0+40K3,+)462!)-!

2M3-!l$1H4]X!

!

! .+4,!9CC/)-,!94D!C+A3+0/0!]K)/0+DM!ChU!-2!ChV[!1+40!9@+10!CV+606!)910!41!3,-A6-,!2-A30!

)-! 046@,-! 41! 3,+2+C+7-! ,/C-12[! )/C,62! )910! 79! 7622/,924,-[>^?! f46! 9! 3-,A60! )*+52-16,! ,936)-A-12! 7-0!

D912V92-0!Chh!-2!ChC!3460! 7-0!C+A3+0/0!]K)/0+DM!ChU!-2!ChVX!'+40!9@+10!f4-7f4-!3-4!A+)6F6/! 7-0!

C+1)626+10! )-! )/0+DM8/1926+1! 6A376f4912[! -12,-! 942,-[! >a! /f46@97-120! )*VM),4,-! )-! 2,6542M7/2961!

dH4]$1Qe[!C+A3+0/!2+D6f4-X!%6106[!3+4,!79!,/9C26+1!)-!)/0+DM8/1926+1[!]!/f46@97-120!)-!H4]$1Q!0+12!

426760/0!-2!79!,/9C26+1!-02!C+A37g2-!94!5+42!)-!^?!A6142-0!d$CV/A9!]t!-2!$CV/A9!]qeX!L-0!C+A3+0/0!

ChU!-2!ChV!)/0+DM8/1/0!-1!3+0626+1!]!0+12!+52-140!9@-C!)-0!,-1)-A-120!,-03-C26F0!)-!__h!-2!a_hX!

$4,! 7-0! 03-C2,-0! #E'! >Q[! 3+4,! 7-0! )-4D! C+A3+0/0[! 7-0! 068194D! C9,9C2/,6026f4-0! )-0! 3,+2+10!

)6902/,/+60+2+36f4-0!-1!3+0626+1!]!0-!0624-12!-12,-!B!33A!-2!]!33A!9@-C!41-!C+102912-!/8-A!)*-1@6,+1!

>^!QYX!G-!ARA-[!-1!#E'!>]P[!7-0!068194D!C+,,-03+1)912!94!P]!0+12!5-94C+43!A+610!)/5761)/0!f4-!

)910! 7-0! 02,4C24,-0! 3,/C/)-12-0! 9@-C! )-0! )/379C-A-120! 942+4,! )-! ]?! 3A! 94! 76-4! )-! @97-4,0!

C+A3,60-0!-12,-!p?!-2!t?!33AX!

!

!

$CV/A9!]t!K!G/0+DM8/1926+1!-1!0/,6-!874C+0-!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>^?!E9,261[!#X`!<12CV-@[!<X!bX`!G�5,62Y[!IX`!o4,YCV9769[!=X!bX`!o1y7c-,[!QXK;X!-:'0"/0"#'O0"34)20!ChhT[!]p?]X!

1 - NaHMDS (1éq), CS2 (20 éq)
2 - CH3I (2 éq)

THF, - 78 °C (30 min) puis 0 °C (30 min)
85%

AIBN (0,1 éq), Bu3SnH (3 éq)

toluène, 110 °C, 40 min
66%
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N
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>?]!

!

$CV/A9!]q!K!G/0+DM8/1926+1!-1!0/,6-!A911+0-!

!

#-A9,f4-!r!N7!-02!@,96!f4*67!-02!2+4S+4,0!)6FF6C67-!)*/76A61-,!7*-DCg0!)-!H4]$1Q!-2!)-!0-0!)/,6@/0X!%@912!

7-!2,962-A-12!9f4-4D!)-0!5,420!,/9C26+11-70!3+4,!7-0!C+A3+0/0!)/0+DM8/1/0!ChU!-2!ChV[!1+40!9@+10!

CV+606!)-!F96,-!41-!39,2626+1!3-1291-u9C/2+162,67->^>!C-!f46!9!3-,A60!)*/76A61-,!79!3740!8,91)-!39,26-!

)-0!,/06)40!763+3V67-0!)4!H4]$1QX!L-0!C+A3+0/0!0+12!-10462-!34,6F6/0!04,!0676C-X!:1-!3,-A6g,-!/7426+1!

94!2+74g1-!3-,A-2!)*/76A61-,!7-!,-02-!)-0!,/06)40!3-4!3+796,-0!)4!H4]$1QX!

!

! L9! )-,16g,-! /293-! -02! 79! )/3,+2-C26+1! )-0! F+1C26+10! VM),+DM7-! 3,+2/8/-0! 39,! )-0!

8,+43-A-120! 5-1YM7-X! P*-02! 7-! 3,+2+C+7-! )-! b90-779[^B9! f4-7f4-! 3-4! A+)6F6/[! f46! 9! /2/! 046@6X!

L*VM),+8/1+7M0-! 0-! F962! -1! 3,/0-1C-! )-! .)d"QeBuP! -2! )*9C6)-! 9C/26f4-! )910! 41! A/7918-!

%C"<2uE-"QuQB"!0+40!VM),+8g1-!k!3,-006+1!92A+03V/,6f4-!-2!3-1)912!]!S+4,0X!L-0!)-4D!/36Ag,-0!

UVc1!-2!UVS1! 0+12!97+,0!+52-140[!93,g0!34,6F6C926+1[!9@-C!)-0!,-1)-A-120! ,-03-C26F0!)-!]>h!-2!>_h!

d$CV/A9!^?eX!

!

!

$CV/A9!^?!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>^>!H-,8-[!;X`!#+5-,20[!$X!EX!,J<(4)@;@!UTST[!^p>X!

1 - NaHMDS (1éq), CS2 (20 éq)
2 - CH3I (2 éq)

THF, - 78 °C (30 min) puis 0 °C (30 min)
79%

AIBN (0,1 éq), Bu3SnH (3 éq)

toluène, 110 °C, 40 min
56%

N
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Pd(OH)2/C, H2 (Patm)

AcOEt/MeOH/H2O/AcOH (3 : 1 : 1 : 1)
ta, 3 j
31%

N
N

OBn

BnO

OBn
201

N
N

OBn

BnO

OBn

203

Pd(OH)2/C, H2 (Patm)

AcOEt/MeOH/H2O/AcOH (3 : 1 : 1 : 1)
ta, 3 j
16%
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>?^!

! L-0! ,-1)-A-120! 0+12! 6C6! A+)-02-0X! N70! 1-! 0+12! 390! )40! k! 79! A/2V+)-! )-! )/3,+2-C26+1!

-A37+M/-! A960! k! 79! )6FF6C472/! )-! 34,6F6C926+1! )-0! C+A3+0/0! F6194DX! <1! -FF-2[! 7-0! C+A3+0/0! 0+12!

-D2,RA-A-12!3+796,-0X!G-0!-00960!)-!34,6F6C926+1!-1!3V90-!1+,A97-!-2!-1!3V90-!61@-,0-!1-!0-!0+12[!

2+42!)*95+,)[!390!,/@/7/0!C+1C749120X!P*-02!F6197-A-12!-1!3V90-!1+,A97-!-2!9@-C!7-!0M02gA-!)*/74912!r!

%C"<2!u!E-"Q!u!QB"!da!r!]!r!>e!f4-!7-0!C+A3+0/0!+12!34!R2,-!+52-140!34,0!0+40!79!F+,A-!)-!0-70!9@-C!

7*9C6)-!9C/26f4-X!!

!

" " ##$C$C"57/"+)"6,1U;+70.1'")'"(1/.0.1'"C")'"/>2.)"?7''1/)")0":6*91/)"

!

! %3,g0!9@+6,!+52-14!7-0!]K)/0+DMK87MC+6A6)9Y+7-0!-1!0/,6-!874C+0-!-2!-1!0/,6-!A911+0-[!1+40!

1+40!0+AA-0!612/,-00/0!k!7*+DM)926+1!)-!79!3+0626+1!]!)-0!C+A3+0/0!Uac!-2!UaS!d$CV/A9!^>eX!

!

!

$CV/A9!^>!

!

! G910! 79! 7622/,924,-[! 56-1! f4*67! 1*-D602-! 390! )*-D-A37-! )*+DM)926+1! -1! 3+0626+1! ]! )-!

87MC+6A6)9Y+7-0[! 67! -D602-! 37406-4,0! C90! )*+DM)926+1! )-! C-22-! 3+0626+1! 04,! )-0! 3M,91+0-0! +4! )-0!

02,4C24,-0! )/,6@/-0! )-! 04C,-X! '+40! 9@+10! C+AA-1C/! 1+0! 61@-0268926+10! -1! 1+40! 612/,-00912! 94D!

,/9C26+10! 426760912! 7-! GE$"! 9C26@/! -2! 3740! 39,26C476g,-A-12! k! 79! A/2V+)-! )-! $Z-,1[>^B! 3460! -1!

-009M912!)*+DM)-,!1+0!04502,920!)910!7-0!C+1)626+10!)*+DM)926+1!)*"A4,9K$V9,A9K$Z-,1X>^]!P-0!)-4D!

A/2V+)-0[! )/C,62-0! )910! 79! 7622/,924,-!3+4,!)-0!+DM)926+10! 06A6796,-0! k! 79! 1z2,-[! 9@96-12! )+11/!)-!

5+10!,/0472920!d$CV/A9!^BeX>^^!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>^B!E91C40+[!%X!;X`!Q4918[!$XKLX`!$Z-,1[!GX!/0"#'O0"34)20!UTSd[!WU[!B^t?X!
>^]!9e!$V9,A9[!%X!oX`!o4[!=X`!G9Z0+1[!%X!GX`!$Z-,1[!GX!/0"#'O0"34)20!UTS`[!W9[!Bpat!`!5e!"A4,9[!oX`!$V9,A9[!%X!oX`!$Z-,1[!GX!/0"
#'O0"34)20!UTSc[!W7[!qap!`!Ce!Q4918[!$X!LX`!"A4,9[!oX`!$V9,A9[!%X!oX`!$Z-,1[!GX!/0"#'O0"34)20!UTSc[!W7[!]]Bq!`!)e!Q4918[!$X!LX`!
"A4,9[!oX`!$Z-,1[!GX!,J<(4)@;@!UTSd[!BqpX!
>^^!9e!N0V6V9,9[!%X`!N0V6)9[!QX`!Nc9A6[!=X`!=+A6M9[!'X`!%1)+[!QX`!o60+[!EX!/0"3&'M54JC'0"34)20!ChhV[!B"e"T[!a>]!`!5e!H9,2+7+YY6[!%X`!
.9CC6916[!$X`!H-1@-1426[!PX`!P9CC69,616[!EX`!L684+,6[!IX`!E-16CV-226[!$X`!'926@6[!PX!/0"#'O0"34)20!ChhV[!YT[!taBq!`!Ce!H9,2+7+YY6[!%X`!
P93+YY6[!\X`!E-16CV-226[!$X`!'926@6[!PX!#'O0"X)((0!Chhh[!8[!Ba>X!

N
N

OBn

BnO

OBn

HO

N
N

OBn

BnO
HO

OBn

146

147

o

N
N

OBn

BnO

O
OBn

N
N

OBn

BnO

OBn

O

204

205
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>?a!

!

$CV/A9!^B!

!

! G910! 7-0! C+1)626+10! 0291)9,)! )-! $Z-,1! d>[a! /f46@97-120! )-! CV7+,4,-! )*+D97M7-! -2! B[a!

/f46@97-120!)-!GE$"e[!94C41-!/@+7426+1!)4!0M02gA-!1*-02!C+10292/-!r!+1!,-2,+4@-!7-!3,+)462!6162697X!

"1! 3+4,,962! 6A9861-,! f4-! 7*-03gC-! TGE$"K9C26@/T! @6-11-! ,/986,! 9@-C! 79! 39,26-! 6A6)9Y+7-! )-0!

C+A3+0/0!Uac!-2!UaS!3+4,!,-)+11-,[!93,g0!2,962-A-12[!7-!3,+)462!6162697X!!

!

! "1!3+4@962! )+1C! ,960+11957-A-12!3-10-,!f4*-1! 9S+42912!41!/f46@97-12! 04337/A-1296,-!)-!

,/9C26F! )-! $Z-,1! dE-B$
jP7[P7Ke[! 7*+DM)926+1! 94,962! /2/! 3+00657-X! '+40! 9@+10! ,/62/,/! 7*+DM)926+1! -1!

426760912!B[a!/f46@97-120!)-!CV7+,4,-!)*+D97M7-!-2!][a!/f46@97-120!)-!GE$"X!E97V-4,-40-A-12[!C*-02!

7-!3,+)462!6162697!f46!9!)-!1+4@-94!/2/!,/C43/,/X!

!

! G-!79!ARA-!F9w+1[!)910!7-0!C+1)626+10!)*"A4,9K$V9,A9K$Z-,1[!7*+DM)926+1!1*9!390!-4!76-4!-2!

7-!3,+)462!CUh!+52-14!-02! 7-!3,+)462!)*9))626+1!)-0! 87MC+6A6)9Y+7-0! 04,! 7-!3,+)462! 6004!)4! TGE$"K

9C26@/T!dI684,-!]>eX!

!

!

I684,-!]>!

!

O

OBn

HO
OBn

OSE

OBn

O

OBn

O
OBn

OSE

OBn(COCl)2, DMSO, NEt3

CH2Cl2
(pas de rendement décrit 

mais 83% avec l'étape suivante)20 20

OBnO
HO O

OPiv

OBnO

O
O

OPiv
TFAA, DMSO, NEt3

 - 70 °C, 1 h, 86%
208 209

SE = -CH2CH2Si(CH3)3

210

N
N

OBn

BnO
O

OBn

S

l
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>?_!

! G910! 7-0!C+1)626+10!)-!.9,6cVKG+-,618>]?! d$"]•.M,e[! 7-!3,+)462! 6162697!-02!,/C43/,/!A960!)910!

7-0! C+1)626+10! )*%75,68V2K\+7)A91>^a! dGE$"u%CB"e[! 1+40! 9@+10! -4! 41! ,/047292! -1C+4,98-912X! <1!

-FF-2[!7-!)/,6@/!CUU!9!34!R2,-!60+7/!9@-C!41!,-1)-A-12!)-!a>h!d$CV/A9!^]eX!!

!

!

$CV/A9!^]!

!

! N7!-02!7-!,/047292!)-!7*9C/2M7926+1!)4!A911+6A6)9Y+7-!+DM)/!Ch`!C-!f46!1+40!79600-!)/Sk!3-10-,!

f4-!06!7*+DM)926+1!9!76-4[!7-!C+A3+0/!0-!2,+4@-!3742z2!0+40!09!F+,A-!/1+7!f46!3-,A-2!79!C+1S48960+1!

9@-C! 79! 39,26-! 6A6)9Y+7-X! L-0! )+11/-0! 03-C2,+0C+36f4-0! @6-11-12! C+,,+5+,-,! C-22-! 6)/-! 9@-C[! 39,!

-D-A37-[! 7-0! )/379C-A-120! CV6A6f4-0! )-0! 3,+2+10! )-! 7*6A6)9Y+7-! k! _[p^! 33A! -2! p[>a! 33A! -2! )-0!

@97-4,0!)-!)/379C-A-120!CV6A6f4-0!3+4,!7-0!92+A-0!)-!C9,5+1-!P^!-2!Pa!f46!,-02-12!)910!7-0!ARA-0!

Y+1-0! f4-! 3+4,! 7-0! C+A3+0/0! +52-140! 3,/C/)-AA-12! d,-03-C26@-A-12! p]! 33A! -2! aq! 33AeX! L-!

A/C9160A-!046@912!d$CV/A9!^^e!-02!3,+3+0/!3+4,!-D376f4-,!79!F+,A926+1!)-!C-!C+A3+0/!+DM)/!CUUX!

L9! @97-4,! )4! )/379C-A-12! CV6A6f4-! )-! 7*92+A-! )-! C9,5+1-! P>! d"! �! >]t[t! 33Ae! -02! /897-A-12! -1!

F9@-4,!)*41-!)+457-!76960+1!C+1S484/-!9@-C!7*6A6)9Y+7-X!

!

!

$CV/A9!^^!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>^a!9e!%75,68V2[!;X!GX`!\+7)A91[!LX!/0"120"34)20",560!UTc`[!TB[!^B>^!`!%75,68V2[!;X!GX`!\+7)A91[!LX!/0"120"34)20",560!UTcS[!T\[!

B^>_X!!

N
N

OBn

BnO

OBnAcO

211147

N
N

OBn

BnO

OBn

HO

Ac2O

DMSO, ta, 12 h
51%

O

O

S

O

O

O
S

S
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N
N
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BnO

OBn

O

N
N

OBn

BnO

OBn

O

S

O

O

O

O

O

N
N

OBn

BnO

OBnAcO

211

N
N

OBn

BnO

OBnHO
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N
N
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BnO
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N
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>?p!

! L*/293-!046@912-!9!)+1C!/2/! 7-!C76@98-!)-! 7*9C/292-X!'+40!9@+10!-4!,-C+4,0!k! 7*426760926+1!)-!

C9,5+192-!)-!3+290064A!)910! 7-!A/2V91+7! d$CV/A9!^ae[!A960!A97V-4,-40-A-12[! C-0!C+1)626+10!1-!

1+40!+12!390!F+4,16!7-!C+A3+0/!+DM)/!0+4V962/!A960!+12!C+1)462!k!)-0!3,+)4620!)-!)/8,9)926+1X!:1!

3,+)462! )*+4@-,24,-! )-! CMC7-! 9! 1+29AA-12! /2/! 60+7/! 9@-C! 41! ,-1)-A-12! )-! >ahX! L*9197M0-! LPKE$!

,/@g7-! 41-!A900-! UEjQWj!�! ^]q[>t_q! -2! 7*/24)-! )4! 03-C2,-! #E'! >Q!1+40! 9! 9A-1/0! k! 3,+3+0-,! 79!

02,4C24,-!C6K)-00+40!3+4,!7-!C+A3+0/!CUa!d$CV/A9!^aeX!!

!

!

$CV/A9!^a!

!

! :1!A/C9160A-!3+00657-! )-! F+,A926+1! )-! C-! C+A3+0/! -02! 3,+3+0/! C6K)-00+40! d$CV/A9!^_eX!

%3,g0!)/09C/2M7926+1!94!C9,5+192-!)-!3+290064A[! 67! M!94,962!+DM)926+1!39,! 7-!)6+DM8g1-!)-! 7*96,!f46!

3,+@+f4-,962! 7*+4@-,24,-!)4!CMC7-!3+4,!)+11-,!7-!C+A3+0/!CUdX!%3,g0!2,910-02/,6F6C926+1[! 7-!)6-02-,!

A/2VM76f4-!CUa!0-,962!F6197-A-12!+52-14X!P-C6!3-42!R2,-!A60!-1!39,977g7-!9@-C!7*+DM)926+1!F9C67-!)-0!

)/,6@/0!)-!7*9C6)-!90C+,56f4-!3+00/)912!41!0M02gA-!g1-)6+7X>^_!

!

!

$CV/A9!^_!

!

! L9!)/09C/2M7926+1!)4!C+A3+0/!CUU!-02!7+61!)*R2,-!2,6@697-X!L*426760926+1!)-!A/2VM7762V64A>^p!k!79!

379C-! )4! C9,5+192-! )-! 3+290064A! 94,962! 3-42KR2,-! 3-,A60! )-! )/09C/2M7-,! C-! C+A3+0/! A960! -1!

39,977g7-[! 1+40! 2-026+10! )*942,-0! C+1)626+10! )*+DM)926+1X! .+4,! C-22-! ,960+1[! 1+40! 1*9@+10! )+1C! 390!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>^_!9e!oZ+1[!HXKEX`!I++2-[!PX!$X`!oV91[!$X!NX!/0"120"34)20",560!UTdT[!777[!>ta^!`!5e!O9779C-[!=X!;X`!.+561-,[!QX`!$CV,6-0V-6A!/0"

#'O0"34)20!UTc`[!U9[!]p_tX!
>^p!Q+40-[!QX!"X`!=,+02[!HX!/0"#'O0"34)20!UTc`[!U9[!Ba?BX!

N
N

OBn

BnO

OBnAcO

211

K2CO3 (1,5 éq)

MeOH, ta, 2 h

N
N
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O
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BnO
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O

214 (15%)

N
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O

O
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O
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MeO
O

OMeO
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>?t!

3+4,046@6!1+0!-00960!04,!7-0!+DM)926+10!94!TGE$"K9C26@/T!-2!1+40!1+40!0+AA-0!3742z2!2+4,1/0!@-,0!

7-0!+DM)926+10!k!590-!)-!CV,+A-X!L*-D-A37-!046@912!-02!26,/!)-!79!7622/,924,->^t!d$CV/A9!^peX!

!

!

$CV/A9!^p!

!

! G910! C-0! C+1)626+10[! )-!ARA-!f4-! 7+,0!)-! 7*426760926+1!)-!.PP>^q! +4!)4! ,/9C26F! )-! ;+1-0[>a?!

0-470! 7-0! 04502,920! 6162694D! 0+12! ,/C43/,/0! )910! 7-0! 5,420! ,/9C26+11-70X! L-! )-,16-,! -0096! 9@-C! 7-0!

+DM)9120!k!590-!)-!CV,+A-!bN!9!/2/!C+1)462!-1!426760912!7-!C+437-!P,"]KGE.!d][aK)6A/2VM73M,9Y+7-e!

C+114!3+4,!+DM)-,!F9C67-A-12!7-0!3+0626+10!5-1YM76f4-0!-2!977M76f4-0X>a>!'+40!9@6+10!97+,0!-1@6098/!79!

3+00656762/!f4-!7*+DM)926+1!)-0!5-1YM7-!-1!5-1Y+M7-!04,!1+0!02,4C24,-0!A+)6F6-,962! 79!,/9C26@62/!)-!79!

3+0626+1! ]! A960! 0-47! 7-! C+A3+0/! 9@-C! 7-0! 8,+43-A-120! 5-1YM7-! +DM)/0! 9! /2/! +50-,@/! -1! LPKE$!

d$CV/A9!^teX!

!

$CV/A9!^t!

!

! '+40!9@+10!97+,0!3+4,046@6!1+0!,-CV-,CV-0!9@-C! 7-0!+DM)9120!k!590-!)*6+)-!VM3-,@97-12[!-1!

1+40!9334M912[!7k!-1C+,-[!04,!41!-D-A37-!)-!79!7622/,924,-!d$CV/A9!^qeX>aB!

!

!

$CV/A9!^q!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>^t!%1)-,00+1[!IX`!$9A4-700+1[!HX!3&'M54JC'0"+)@0!UTda[!78\[!P>X!
>^q!9e!P+,-M[!<X!;X`!$4880[!;X!OX!])('&4)C'5<"X)((0!UTS`[!B_^p!`!5e!.691C92-776[!\X`!$C-22,6[!%X`!G*%4,69[!EX!,J<(4)@;@!UTdC[!B^aX!
>a?!H+Z)-1[!oX`!Q-675,+1[!NX!EX`!;+1-0[!<X!#X!QX`!O--)+1[!HX!PX!LX!/0"34)20",560"UTac[!]qX!
>a>!9e!P+,-M[!<X!;X`!I7--2[!\X!OX!;X!])('&4)C'5<"X)((0!UTSV[!^^aq!`!5e!$97A+1)[!OX!\X`!H9,29[!EX!%X`!Q9@-10[!;X!LX!/0"#'O0"34)20!

UTSd[!WU[!B?apX!
>aB!'+2Y[!OX`!Q9,2-7[!PX`!O97)0V-Cc[!HX`!$CVA6)2[!#X!#X!/0"#'O0"34)20!ChhU[!YY[!^Ba?X 

OO
HO

TsO
OMe

OPh
OO

O TsO
OMe

OPhPDC (0,7 éq), Ac2O (3 éq)

CH2Cl2, 0,5 - 2 h, 40 °C

93%
219 220

N
N

OBn

BnO

OBn

HO

146

N
N

OBz

BzO

OBz

HO

221

CrO3 (12 éq), DMP (12 éq)

CH2Cl2, - 20 °C       ta, 12 h

détecté en LC-MS

O

OBn

HO
OBn

OBn

OBn
O

OBn

O
OBn

OBn

OBnperiodinane de Dess-Martin

CH2Cl2
98%

223222
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>?q!

! L+,0f4-!7-!04502,92!-02!A60!-1!3,/0-1C-!)-!>[a!/f46@97-120!)-!3-,6+)6191-!)-!G-00KE9,261[>a]!

7-! 0M02gA-!1*/@+74-!390!-2[! 9@-C!]!/f46@97-120[! 67! M!9!)/8,9)926+1!)4! 04502,92X!'+40!1+40! 0+AA-0!

97+,0! 3-1CV/0! 04,! 7*9C6)-! BK6+)+DM5-1Y+mf4-! dNHle>a^! -2! 9@+10! C+1)462! 37406-4,0! -00960! 04,! 7-!

874C+6A6)9Y+7-!Uac[!7-0f4-70!0+12!,-8,+43/0!)910!7-!2957-94!046@912!d=957-94!^er""

"

&PFG9=! /LPM;F;LP!M1LZJMHF;LP! '9EW<FHFE!

>! NHl!d>[B!/fe[!GE$"! .XNX&!

B! NHl!d>[B!/fe[!GE$"[!=I%!d>[B!/fe! .XNX!

]! NHl!d>[B!/fe[!=QI!d,-F74De!
2,9C-0!)4!3,+)462!

)*+DM)926+1!

^! NHl!d]!/fe[!=QI!d,-F74De! )/8,9)926+1!

" """"""&"
.XNX!�!3,+)462!6162697!

=957-94!^!

!

! P-! 1*-02! f4*-1! 426760912! >[B! /f46@97-120! )*NHl[! 94! ,-F74D! )910! 7-! =QI[! f4-! 1+40! 9@+10! 34!

)/2-C2-,[! -1! LPKE$[! 79! 3,/0-1C-! )4! 3,+)462! )*+DM)926+1[! A960! 79! f491262/! /2962! 1/8768-957-! 39,!

,933+,2! k! C-77-! )4! 3,+)462! 6162697X! '+40! 9@+10! 97+,0! )/C6)/! )*9@+6,! ,-C+4,0! k! 7*9C6)-! BK

6+)+DM5-1Yg1-047F+16f4-!dNH$e[!)/@-7+33/!39,!7*/f463-!)-!vV)91c61>aa!k!39,26,!)-!B??_X!P-2!+DM)912[!

C+106)/,/!C+AA-!3740!34600912!1-!1+40!9!C-3-1)912!390!3-,A60!)*9A/76+,-,!1+0!,/0472920X!

!

! '+40! 9@+10! 2-02/! f4-7f4-0! 942,-0! C+1)626+10! C+AA-! 7*+DM)926+1! 94! =.%.u! 'E"[>a_! 79!

A/2V+)-! )-! .69129C-776! -2! E9,89,629>ap! d=<E."[! H%NHe! +4! -1C+,-! 41-! A/2V+)-! )*+DM)926+1!

-A37+M912! 7*9C/292-! )-! 39779)64A! -2! 7-! )6+DM8g1-! -1! 3,/0-1C-! )-! 3M,6)61->at! f46! 0-! 0+12! 2+42-0!

,/@/7/-0! 61F,4C24-40-0X! L*933,+CV-! )-! P4,,91[>aq! 9@-C! 7-! C+1C-32! )4! 8,+43-A-12! 3,+2-C2-4,! 942+K

+DM)912!dT0-7FK+D6)6Y618!3,+2-C2618!8,+43Te!9!/2/!79!)-,16g,-!A/2V+)-!-A37+M/-X!P-22-!CV6A6-!9!/2/!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>a]!G-00[!GX!HX`!E9,261[!;X!PX!/0"#'O0"34)20!UTdV[!WT[!^>aaX!
>a^!9e!I,68-,6+[!EX`!$91298+0261+[!EX`!$342+,-[!$X`!.97A6091+[!\X!/0"#'O0"34)20!UTT`[!Y9[!pBpB!`!5e!I,68-,6+[!EX`!$91298+0261+[!

EX`!$342+,-[!$X!/0"#'O0"34)20!UTTT[!YW[!^a]pX!
>aa!9e!o+3+0+@[!%X!&X`!L62@61+@[!GX!'X`!vV)91c61[!bX!bX`!I-,840+1[!EX!;X`!ECG+197)[!#X`!=McZ610c6[!#X!#X!-:'0"/0"#'O0"34)20!Chhc[!

^pq>!`!5e!:M916c[!EX`!%c9c4,9[!EX`!N0V6V9,9[!oX!/0"120"34)20",560!ChhT[!7U7[!Ba>`!Ce!:M916c[!EX`!N0V6V9,9[!oX!34)20"3522:<0!
ChhT[!B?t_X!
>a_

!L-M[!$X!bX`!'+,A91[!;X`!\,6FF62V[!OX!.X`!E9,0)-1[!$X!.X!,J<(4)@;@!UTTa[!_]qX 
>ap

!9e!)-!E6C+[!%X`!E9,89,629[!%X`!.9,79126[!LX`!b-0C+@6[!%X`!.691C92-776[!\X!/0"#'O0"34)20!UTTc[!Y8[!_qp^!`!5e!)-!'++M[!%X!<X!;X`!

H-0-A-,[!%X!PX`!@91!H-cc4A[!QX!,J<(4)@;@!UTTc[!>>a]X!
>at!9e!E4Y9,2[!;X!])('&4)C'5<!ChhV[!>\[!aptq!`!5e!$29V7[!$X!1<O)Z0"34)20"E<(0"-C0!Chha[!WU[!]^??X!
>aq!P4,,91[!.X!GX`!&4[!QX!,J<(4)@;@!UTTC[!>B]X!
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)/@-7+33/-!)910!7-0!911/-0!q?X!<77-!C+10602-[!2+42!)*95+,)[!-1!79!3,+2-C26+1!)-!7*97C++7!k!+DM)-,!39,!

41! 8,+43-A-12! 5K5,+A+5-1YM7-! f46! -02! -10462-! 379C/! )910! )-0! C+1)626+10! C79006f4-0! )-! ,/9C26+1!

,9)6C9796,-X! N7!M!9!97+,0!2,910F-,2!U>[aW!)*VM),+8g1-!3460!!KF,98A-12926+1!f46!)+62!C+1)46,-!94!)/,6@/!

+DM)/!d$CV/A9!a?eX!!

!

!

$CV/A9!a?!K!<D-A37-!)-!2,910F-,2!U>[aW!)*VM),+8g1-!3460!)-!!KF,98A-12926+1!

!

! '+40!9@+10[!k!39,26,!)-0!)-4D!87MC+6A6)9Y+7-0!Uac!-2!UaS[!+52-14!7-0!/2V-,0!)*5K6+)+5-1YM7-!

CCd!-2!CCT!9@-C!)-0!,-1)-A-120!,-03-C26F0!)-!^?h!-2!^^h!d$CV/A9!a>eX!!

!

!

$CV/A9!a>!

!

! E97V-4,-40-A-12[! 7+,0f4-! C-0! C+A3+0/0! +12! /2/! 2,962/0! 39,! H4]$1Q! d>! /fe! -1! 3,/0-1C-!

)*%NH'! d>?! A+7he! )910! 7-! 5-1Yg1-! d6! (! ?[?>! A+7XLK>e[! 41! A/7918-! )-! 37406-4,0! C+A3+0/0! 9! /2/!

+52-14[!39,A6! 7-0f4-70! 7-0!87MC+6A6)9Y+7-0!CVh! -2!CVU! 2/2,95-1YM7/0! dI684,-!]Be!)/Sk! C+1140X^B9!P-!

8-1,-!)-!0+40K3,+)462!-02!8/1/,97-A-12!+50-,@/!)910!C-!2M3-!)-!,/9C26+1!-2!67!-02!ARA-!+52-14!-1!

C+1)626+10! ,-7926@-A-12! )674/-0X>_?! G910! 7-! C90! )-! 79! ,/9C26+1! 9@-C! 7*60+Ag,-!CCT!1+40! 9@+10! 94006!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>_?!'6C+79+4[!oX!PX`!&X[!QX`!I+18[!oX!PX`!&++1[!OX!QX`!PV+6[!QXK$X`!vV+18[!&XKLX`!H9,91[!.X!$X!#'O0"X)((0!UTTT[!7[!_]X!

OPh

Br

Bu3Sn

OPh

H

OPh

H

OPh

PhCH2

224 225 226

227

N
N

OBn

BnO

OBn

HO

N
N

OBn

BnO
OBn

HO

146

147

228

229

N
N

OBn

BnO

OBn

O

I

N
N

OBn

BnO

OBn

O

I

I
Br (1,1 éq), NaH (1,1 éq)

DMF, 0 °C puis ta, 1 nuit
40%

DMF, 0 °C puis ta, 1 nuit
44%

I
Br (1,1 éq), NaH (1,1 éq)
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)/2-C2/! 39,! 03-C2,+A/2,6-! )-! A900-! 41! C+A3+0/! CVC! )-! A900-! /897-! k! C-77-! )4! C+A3+0/! UaS!

d$CV/A9! a>e! -2! f46! 0-A57-,962[! )*93,g0! 7*9197M0-! >Q! #E'[! R2,-! 41! 60+Ag,-! )-! C-! )-,16-,X! L9!

C+A39,960+1!)-0!)+11/-0!03-C2,97-0!9@-C!C-77-0!)-0!60+Ag,-0!)-!UaS!)/C,620!)910!79!7622/,924,-^B[p>[pB!

1+40!79600-!3-10-,!f4-!79!02,4C24,-!0-,962!C-77-!3,/0-12/-!04,!79!F684,-!]BX!!

!

! !

I684,-!]B!

!

! .+4,!-D376f4-,! 79! F+,A926+1!)-!C-!3,+)462[! 7-!A/C9160A-!046@912!-02!3,+3+0/! d$CV/A9!aBeX!

%3,g0!F+,A926+1!)4!,9)6C97!CVV[!67!M!94,962!2,910F-,2!U>[_W!)*VM),+8g1-!56-1!f4-!A+610!F9@+,957-!d/292!

)-!2,910626+1!k!0-32!92+A-0e!3+4,!)+11-,!7-!,9)6C97!CVa!02956760/!39,!79!C+1S48960+1!9@-C!7*6A6)9Y+7-X!

L9! !KF,98A-12926+1! 94,962! 97+,0! 76-4! 9@-C! 7-! 8,+43-A-12! 5-1YM7-! -1! 3+0626+1! B! C-! f46! C+1)462! k!

7*60+Ag,-!CVC!93,g0!,/)4C26+1!)-!7*612-,A/)696,-!CV`!39,!7*VM),4,-!)-!2,6542M7/2961X>]q)!

!

!

$CV/A9!aB!

!

! E978,/!2+40!1+0!-FF+,20[!F+,C-!-02!)-!C+10292-,!f4-!79!3+0626+1!]!1*-02!390!F9C67-!k!+DM)-,[!f4-!

C-! 0+62! 3+4,! 7*/36Ag,-! 874C+0-!Uac! +4! 3+4,! 7*/36Ag,-!A911+0-!UaSX! '+40! 9@+10! CV-,CV/[! )910! 79!

7622/,924,-[! )-0! -D376C926+10! k! C-22-! )6FF6C472/[! 9! 3,6+,6! 04,3,-1912-[! )*+DM)-,! 79! 3+0626+1! ]! )-! 1+0!

2/2,9VM),+3M,6)+9Y+7-0! -2! 1+40! 1+40! 0+AA-0! 93-,w40! f4-! 7*+DM)926+1! )-! C+A3+0/0! !K

N
N

OBn

BnO

OBn

BnO

N
N

OBn

BnO

OBn

BnO

230 231

N
N

OBn

BnO

OH

BnO

232

229

N
N

OBn

BnO

OBn

O

I

233

N
N

OBn

BnO

OBn

O

H
H

Bu3Sn

234

N
N

OBn

BnO

O

O

235

N
N

OBn

BnO

O

BnO

-

232

N
N

OBn

BnO

OH

BnO

Bu3SnH
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VM),+DM79C2+1-0!+4!-1C+,-!)-!!KVM),+DM79C29A-0!/2962!7+61!)*R2,-!2,6@697-!-2!9@962[!)910!37406-4,0!C90[!

3+0/!56-1!)-0!3,+57gA-0!9@912!f4-! 7-0!C+1)626+10!3-,A-22912! 7*+DM)926+1!)-! 79! F+1C26+1!VM),+DM7-!

0+6-12!/29576-0X!i4-7f4-0!-D-A37-0!26,/0!)-!79!7622/,924,-!0+12!A-126+11/0!C6K)-00+40X!

!

! G910! 7*-D-A37-! C6K93,g0! d$CV/A9! a]e[>_>! 0-47-0! 7-0! +DM)926+10! 94! CV,+A-! F+4,1600-12! 7-0!

3,+)4620!)/06,/0!A960!7-0!,-1)-A-120!,-02-12!A+)-02-0X!

!

!

$CV/A9!a]!

!

! G910! 7*-D-A37-! 3,/0-12/! F684,-! ]][>_B! 7-0! +DM)926+10! 94! .GP[! =.%.u'E"[! ;+1-0[! P+77610! -2!

$Z-,1! 1-! )+11-12! 94C41! ,/047292X! $-47-0! )-0! 2,9C-0! )-! 3,+)462! +DM)/! 0+12! +50-,@/-0! 9@-C! 7-!

3-,6+)6191-!)-!G-00KE9,261!-1!3,/0-1C-!)*41!/f46@97-12!)*-94X!

!

!

I684,-!]]!

!

! G910!7-!)-,16-,!C90!3,/0-12/!C6K)-00+40!d$CV/A9!a^e[>_]!C*-02!7-!3-,6+)6191-!)-!G-00KE9,261!

f46!3-,A-2!)*+DM)-,!79!79C2+1-!!KVM),+DM7/-[!97+,0!f4-!04,!)-0!04502,920!06A6796,-0!C-0!C+1)626+10!1-!

3-,A-22-12!390!)-!2,910F+,A-,!)-!A916g,-!09260F960912-!7-0!!KVM),+DM79C2+1-0!-1!!KC/2+79C2+1-0X>_^!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>_>!9e!PV918[!GX`!I-62-1[!QXK;X`!O62V7+2[!HX`!L6[!vX!])('&4)C'5<a"1@J22)('J!ChhC[!7U[!B>^>!`!5e!EyV,7-[!QX`!"22-,059CV[!GX!1'640"

G4&'20!UTTh[!U8U[!>?qX!
>_B!.+43761[!=X`!=+7+1[!HX`!'4V912[!.X`!G-73-CV[!HX`!E9,9Y91+[!PX!-:'0"/0"#'O0"34)20!ChhS[!a>>pX!
>_]!P902+1849M[!#X`!Q-[!OX`!PV-1[!%X!&X`!o+0V79[!PX`!P91-[!GX!<X!/0"120"34)20",560!ChhS[!78\[!>]patX!
>_^!9e!H-Cc[!HX!;X`!%7),6CV[!PX!PX`!I-C6c[!#X!%X`!#-M1+7)0[!oX!%X`!$V-,A91[!GX!QX!/0"120"34)20",560!ChhV[!78>[!>Baa>!`!5e!$9c96[!'X`!

"VF41-[!&X!/0"120"34)20",560!UTTC[!77W[!qqtX 

N

O
OH

Ph

HO

N

O
O

Ph

O

PCC

25%

N

O

Ph

HO

N

O

Ph

O

34%

Jones

23

238 239

23

HO O
O

240
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"1! 3-42! 94006! ,-A9,f4-,! 7*/f46765,-! C/2+/1+76f4-! F,/f4-AA-12! +50-,@/! 3+4,! C-! 2M3-! )-!

02,4C24,-0X>_a!!

!

!

$CV/A9!a^!

!

! G-! 39,! C-0! -D-A37-0[! 67! 0-A57-,962! )+1C! f4-! C-! 0+62! 79! 3,/0-1C-! )*610924,926+10! -1! !! )-!

7*VM),+DM7-!d)910!1+2,-!C90!79!3,/0-1C-!)-!7*6A6)9Y+7-e!f46!8R1-!7*+DM)926+1!)-0!C+A3+0/0X!L-!)-,16-,!

-D-A37-!@-1912!9334M-,!C-22-! 6)/-!-02! 7-!C90!)4!)/,6@/!)-!87MC+3M,91+0-!Caa! d$CV/A9!aae!f46!1*9!

390!34!R2,-!+DM)/!A978,/!5+1!1+A5,-!)-!C+1)626+10!2-02/-0X>__!

!

!

$CV/A9!aa!

!

! L9!F+,A926+1!)-!7*/2V-,!)*/1+7!9C/2M7/!CUU!79600-!2+42!)-!ARA-!3-10-,!f4-[!ARA-!06!-77-!-02!

)6FF6C67-! k! ,/9760-,[! 7*+DM)926+1! -1! 3+0626+1! ]! )-0! 87MC+6A6)9Y+7-0! -02! 3+2-126-77-A-12! -1@6098-957-X!

L-0!87MC+6A6)9Y+7-0!+DM)/0!0-,96-12!3,+5957-A-12!0+40!7-4,!F+,A-!/1+7X!L-0!C+A3+0/0!+DM)/0!Cha!-2!

Ch`!94,96-12!34!0-,@6,!)-!3,/C4,0-4,0!94D!)/,6@/0!F74+,/0!Uah!-2!UaUX!

!

" " ##$C$I"T99B/"7*U"+>2.A>/":6*91/)")0"?7''1/)"86*12>/")'"(1/.0.1'"C"

!

! G910! C-! 39,98,93V-[! 1+40! 977+10! 95+,)-,! 7*933,+CV-! )-! 79! 0M12Vg0-! )-0! 1+4@-94D!

87MC+6A6)9Y+7-0!F74+,/0!Uah!-2!UaU!k!39,26,!)-0!87MC+6A6)9Y+7-0!C7/0!Uac!-2!UaSX!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>_a!9e!H9,56-,[!.X`!$CV1-6)-,[!IX!/0"#'O0"34)20!UTdd[!>U[!>B>t!`!5e!"V[!QXK$X`!&41[!;XK$X`!'9V[!oXKQX`!Q!o918[!QXK&X`!$V-,A91[!GX!

QX!-:'0"/0"#'O0"34)20!ChhS[!]]_q!`!Ce!L4+[!\X`!.6-3-,[!#X`!#+09[!%X`!oV+079[!PX`!P91-[!GX!<X!=;55'O0"[)C0"34)20!UTTc[!W[!qqaX 
>__!E+V97[!'X`!b90-779[!%X!`)IS0"34;20"16(&!Chh`[!TT[!>??X!

O O

O

O O

OH

O O

OH

38%241

242 243

periodinane de Dess-Martin

ONC
HO

OTIPS

OMe

ONC

O

TIPSO

MeO
244 245
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! ! $$RVRaRU!$PO=GE;LP!M=!<H!:LPb;XWGHF;LP!M=!<H!bLP:F;LP!YJMGLZJ<=!=P![LE;F;LP!V!EWG!<=E!

EWDEFGHFE!X<J:L;Q;MH\L<=E!!

!

! '+40!9@+10!0+4V962/!0M12V/260-,!)-0!87MC+6A6)9Y+7-0!3+4,!7-0f4-70!7*92+A-!)-!F74+,!/2962!-1!

3+0626+1!/f492+,697-X!%!C-!262,-[!67!C+1@-1962!)910!41!3,-A6-,!2-A30!)*61@-,0-,!79!C+1F684,926+1!)-!79!

F+1C26+1!97C++7!-1!3+0626+1!]!)-0!04502,920!Uac!-2!UaSX!.+4,!C-!F96,-[!1+40!9@+10!3-10/!k!79!,/9C26+1!

)-!E62041+54!A960!f4-7!f4-!0+62!7*60+Ag,-!874C+0-!+4!A911+0-!426760/[!79!,/9C26+1!1*9!390!76-4>__!-2!

0-470!7-0!3,+)4620!)-!)/39,2!0+12!,/C43/,/0!)910!7-0!5,420!,/9C26+11-70X!'+40!9@+10!97+,0!-1@6098/!)-!

3900-,!39,!)-0!2,6F792-0! 612-,A/)696,-0!f46[!93,g0!,/9C26+1!)-!0450262426+1!14C7/+3V67-[!C+1)460-12!k!

)-0!-02-,0X!P-4DKC6!0+12!97+,0!093+16F6/0!3+4,!)+11-,!7-0!87MC+6A6)9Y+7-0!Cac!-2!CaS!d$CV/A9!a_eX!

!

!

$CV/A9!a_!

!

! N7! -D602-! 37406-4,0! A/2V+)-0! )-! 2,6F7926+1X! '+40! 9@+10! -4! ,-C+4,0[! -1! 3,-A6-,! 76-4[! k!

7*91VM),6)-!2,6F76f4-!d=FB"e!-1!3,/0-1C-!)-!3M,6)61-!)910!7-!)6CV7+,+A/2V91-!-2!7-0!3,-A6-,0!2-020!+12!

/2/!C+1)4620!04,!7*/36Ag,-!874C+0-!d$CV/A9!apeX!!

!

! L9!,/9C26+1!)-!F+,A926+1!)-!2,6F792-0[!-2!-1!39,26C476-,!79!2-A3/,924,-!k!79f4-77-!-77-!9!76-4[!-02!

2,g0!04502,92K)/3-1)912-X!G910!1+2,-!C90[!67!9!/2/!C+10292/!f4-!79!F+,A926+1!)4!2,6F792-!Cad[!k!39,26,!

)-! 7*97C++7! Uac[! 1*9@962! 390! 76-4! 06! 79! ,/9C26+1! /2962! C+1)462-! -12,-! K! pt! (P! -2! K! _?! (PX! <1! -FF-2[! 79!

,/9C26+1!3-42!C+AA-1C-,!k!5900-!2-A3/,924,-!A960!67!F942!-10462-!f4-!C-77-KC6!948A-12-!3-4!k!3-4!

3+4,! f4-! 79! F+,A926+1! )4! 2,6F792-! 0-! 3+4,046@-X! L9! ,/9C26+1! 9! 97+,0! /2/! ,/9760/-! -1! 3,/0-1C-! )-! B!

/f46@97-120!)*91VM),6)-!2,6F76f4-!-2!)-!B[a!/f46@97-120!)-!3M,6)61-!-2!k!/2/!2,962/-!k!>?!(PX!G910!C-!

C90[!7-!2,6F792-!Cad!9!/2/!60+7/!9@-C!41!,-1)-A-12!)-!>_hX!!

146 R1 = OBn, R2 = H

1 7 R1 = H, R2 = OBn
8 R1 = OBn, R2 = H

9 R1 = H, R2 = OBn

Triflation SN2

Saponification

6 R1 = OBn, R2 = H

7 R1 = H, R2 = OBn

50 R1 = OBn, R2 = H

51 R1 = H, R2 = OBn

N
N

OBn

BnO

R1
HO

R2

N
N

OBn

BnO

R1
TfO

R2

N
N

OBn

BnO

R1
OH

R2

N
N

OBn

BnO

R1
O

R2

O

NO2
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>>a!

!

$CV/A9!ap!

!

! %4!@4!)4!,-1)-A-12! F9657-!)-! 79! ,/9C26+1[!1+40!9@+10!-009M/!)*+326A60-,!C-22-!,/9C26+1!-1!

A+)6F6912!1+29AA-12!7-!1+A5,-!)*/f46@97-120!)-0!,/9C26F0!)-!)/39,2X!<1!-FF-2[!1+40!9@6+10!-1@6098/!

79!3+00656762/!f4*41-!39,26-!)-!7*91VM),6)-!2,6F76f4-!34600-!@-16,!,/986,!9@-C!79!39,26-!6A6)9Y+7-!C-!f46!

1+40!9!9A-1/0!k!948A-12-,! 7-!1+A5,-!)*/f46@97-120!)*91VM),6)-! 2,6F76f4-X! $+62!)62! -1!3900912[!+1!

94,962!34!3-10-,!f4-!79!,/9C26+1!34600-!9@+6,!76-4!0910!3M,6)61-[!7*6A6)9Y+7-!S+4912!7-!,z7-!)*9C26@92-4,!

)-!7*91VM),6)-!2,6F76f4-[!A960!67!1*-1!-02!,6-1X!<10462-[!7-!3Q!6162697!)4!A676-4!,/9C26+11-7!/2912!)-!_Kp[!

1+40!3-106+10!/897-A-12!f4*67!F977962!R2,-!-1!A676-4!3740!5906f4-!3+4,!F+,A-,!7-!2,6F792-!C-!f46!1+40!9!

9A-1/0! k! 948A-12-,! 7-! 1+A5,-! )*/f46@97-120! )-! 3M,6)61-X! %4! F6197[! A978,/! C-0! 2-12926@-0!

)*+326A60926+1! )-! 79! ,/9C26+1[! 7-! ,-1)-A-12! 1*9! 390! /2/! 9A/76+,/X! N7! -02! k! 1+2-,! f4-! 1+40! 9@+10!

/897-A-12! @/,6F6/! f4-! C-! 1*/2962! 390! 7*9C26@926+1! )-! 7*91VM),6)-! 2,6F76f4-! 39,! 79! 3M,6)61-! f46! 3+0962!

3,+57gA-!3460f4*67!M!9!56-1!3,/C6362926+1!)4!0-7!,/0472912!)-!79!,/9C26+1!-12,-!7-0!)-4D!-1262/0!d+4!)-!

=FB"!9@-C!7*6A6)9Y+7-e[!k!5900-!2-A3/,924,-X!L*97C++7!Uac!1-!0-A57-!)+1C!390!900-Y!14C7/+3V67-!3+4,!

@-16,!,/986,!9@-C!7*6+1!2,6F4+,+A/2V91-047F+1M73M,6)6164AX!

!

! L*426760926+1!)4!,/9C26F!)-!P+A610!d$KdaKCV7+,+KBK3M,6)M7e2,6F76A6)-e>_p!-02!41!942,-!A+M-1!)-!

F+,A-,! 7-0! 2,6F792-0X! P-2! 98-12! )-! 2,6F7926+1! -02! 9339,4! 3+4,! 79! 3,-A6g,-! F+60! -1! >qqB! C+AA-!

972-,1926@-! 94! $K3V/1M72,6F76A6)-! f46! 3,/0-12962! f4-7f4-0! )/09@91298-0[! 1+29AA-12! )910! 79!

3,/39,926+1!)-!2,6F792-0!)-!@61M7-!d2-A30!)-!,/9C26+1! 7+18[! F+,A926+1!)-!0+40K3,+)4620eX!G910!1+2,-!

C90[! C*-02! 79!A/2V+)-!f46! @9! 0*9@/,-,! 79!3740!-FF6C9C-!3+4,!+52-16,! 7-0! 2,6F792-0!Cad! -2!CaT! 9@-C!)-0!

,-1)-A-120!09260F9609120! d$CV/A9!ateX!G910! 7-0!C+1)626+10!+326A60/-0[!0+62!9@-C!>[B!/f46@97-120!)-!

,/9C26F!)-!P+A610!-2!>[B!/f46@97-120!)-!'9QEG$!)910!7-!=QI!d6!(!?[]!A+7XLK>e[!7-!874C+6A6)9Y+7-!Cad!

-2!7-!A911+6A6)9Y+7-!CaT!0+12!+52-140!,-03-C26@-A-12!9@-C!)-0!,-1)-A-120!)-!pah!-2!)-!p_hX!P-0!

,-1)-A-120!0+12!)+11/0!3+4,!7-0!3,+)4620!34,6F6/0!C9,!C-0!2,6F792-0!0+12!2+42!k!F962!02957-0!04,!0676C-X!

#/4006,[!C-22-!F+60KC6[!k!8/1/,-,!7-0!2,6F792-0!9@-C!)-0!,-1)-A-120!09260F9609120!3+4,,962!0*-D376f4-,!39,!

7-!F962!f4-!79!39,26-!6A6)9Y+7-!1-!0-,962!390!A+)6F6/-!-1!3,/0-1C-!)4!,/9C26F!)-!P+A610[!-1!3740!)4!F962!

f4-!79!14C7/+3V676-!)-!7*97C++792-!-02!56-1!043/,6-4,-!k!C-77-!)-!7*97C++7X!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>_p!P+A610[!GX!LX`!G-V8V916[!%X!])('&4)C'5<"X)((0!UTTC[!UU[!_BqqX!!

Tf2O (2 éq),
N

 (2,5 éq)

146 248

CH2Cl2 
16%

- 78 °C        - 60 °C (2 h)      10 °C
N

N

OBn

BnO

OBn
TfO

N
N

OBn

BnO

OBn
HO
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>>_!

!

$CV/A9!at!

!

! %M912! 3,/39,/! 7-0! 2,6F792-0[! 79! ,/9C26+1! )-! 0450262426+1! 9! /2/! -1@6098/-! 3+4,! C+1)46,-! 94D!

C+A3+0/0!C`h!-2!C`U!d$CV/A9!aqeX!.+4,!C-!F96,-[!7*6+1!%K162,+5-1Y+92-[!-1!7/8-,!-DCg0[!-02!F+,A/!;<"

@;(:!k!39,26,!)-!7*9C6)-!%K162,+5-1Y+mf4-!-2!)-!C9,5+192-!)-!C/064A[!)910!7-!A676-4!C+12-1912[!0+62!7-!

2,6F792-!Cad[!0+62!7-!2,6F792-!CaTX!E97V-4,-40-A-12[!)910!C-0!C+1)626+10[!C*-02!7-!3,+)462!)*/76A61926+1!

C`C!f46!-02!3,61C6397-A-12!F+,A/!d^^heX!'+40!9@+10!97+,0!A+)6F6/!7-!3,+2+C+7-!6162697[!-1!8/1/,912[!

)910!41!3,-A6-,! 2-A30[! 7*6+1!%K162,+5-1Y+92-!3460!-1!9S+42912! 7-! 2,6F792-!-1! 0+7426+1!)910! 7-!GEI[!

8+422-! k! 8+422-[! 94! A676-4! ,/9C26+11-7X! Lk! -1C+,-[! 7-! 3,+)462! )*/76A61926+1! C`C! -02! 79,8-A-12!

A9S+,6296,-X!!

!

!

$CV/A9!aq!

!

! L9!02,4C24,-!)4!C+A3+0/!)*/76A61926+1!C`C!-02!3,/0-12/-!04,! 7-!0CV/A9!aqX!P+AA-!67!9!/2/!

3,+3+0/!3,/C/)-AA-12!9@-C! 7-!C+A3+0/!CUU! d$CV/A9!^]e!1+40!3-10+10[! 7k!-1C+,-[!f4-! 79!)+457-!

76960+1!-02!0624/-!-12,-!7-0!C9,5+1-0!PB!-2!P]X!'+40!1+40!0+AA-0!590/0!04,!7-0!)+11/-0!03-C2,97-0!-1!

C+A39,912! 1+29AA-12! 7-0! @97-4,0! )-0! )/379C-A-120! CV6A6f4-0! 1+29AA-12! )-0! C9,5+1-0! P]! d" �!

q][^!33Ae[!Pa!d" �!at[q!33Ae!)-!79!02,4C24,-!C`C!k!C-77-0!)-0!C+A3+0/0!3,/C/)-AA-12!60+7/0X!N7!M!9!

/897-A-12!41-!C+,,/7926+1!'"<!-12,-! 7-!3,+2+1!Q^!-2! 7-0!3,+2+10!Q_X! L9!C+1S48960+1!)-! 79!)+457-!

NaHMDS (1,2 éq), N  (1,2 éq)

- 78 °C        - 60 °C (2 h)       ta

146 R1 = OBn, R2 = H

147 R1 = H, R2 = OBn

N
N

OBn

BnO

R1
HO

R2

248 R1 = OBn, R2 = H, 75%

249 R1 = H, R2 = OBn, 76%

N
N

OBn

BnO

R1
TfO

R2

Cl

N
Tf

Tf

THF

COOH (1,2 éq),O2N

DMF, ta, 12 h

Cs2CO3 (1,2 éq)

250 R1 = OBn, R2 = H

251 R1 = H, R2 = OBn

N
N

OBn

BnO

R1
O

R2

O

NO2

 K2CO3 (1,5 éq)

 MeOH, ta, 3 h

248 R1 = OBn, R2 = H

249 R1 = H, R2 = OBn

N
N

OBn

BnO

R1
TfO

R2

N
N

OBn

BnO

OBn

252

246 R1 = OBn, R2 = H, rdt < 10%

7 R1 = H, R2 = OBn rdt <10%

N
N

OBn

BnO

R1
OH

R2

N
N

OBn

BnO

OBn

5

7
8
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76960+1! 9@-C! 79! )+457-! 76960+1! P�'! )-! 7*6A6)9Y+7-! 61F74-1C-! 94006! 7-0! @97-4,0! )-0! )/379C-A-120!

CV6A6f4-0!)-0!3,+2+10!)-!7*6A6)9Y+7-X!L-0!@97-4,0!3+4,!Qp!-2!Qt!0+12! 6C6!)-!_[qp!33A!-2!p[>B!33AX!

L-0!068194D!0+12!3740!)/5761)/0!f4-!06!7-!0M02gA-!1*/2962!390!C+1S484/X!L9!@97-4,!)-!"!3+4,!P>!d>]q[?!

33Ae!@9!94006!)910!C-!0-10X!<1F61[!1+40!9@+10!C+A39,/!1+0!,/0472920!9@-C!C-4D!+52-140!39,!b90-779!

f46!9@962!746!94006!+50-,@/!)-0!3,+)4620!)*/76A61926+1!9@-C!7*-D-A37-!)4!C+A3+0/!C`V!dI684,-!]^e[!+{!

79!)+457-!76960+1!-02!C-22-!F+60KC6!C+1S484/!9@-C!79!F+1C26+1!C9,5+1M7-!)4!79C29A-X^B9!

!

!

I684,-!]^!

!

! '+40! 9@+10! )/C6)/! )-! CV918-,! )-! 14C7/+3V67-X! %6106[! 7*6+1! %KA/2V+DM5-1Y+92-! 3740!

14C7/+3V67-! 9! /2/! 426760/! A960! 67! 1*9! 390! C+1)462! k! )-! A-677-4,0! ,/0472920! `! )-! ARA-! 7*426760926+1!

)*9C/292-! )-! C/064A[>_t! 1*9! 390! /2/! 09260F960912-X! '+40! 9@+10! -10462-! -4! ,-C+4,0! 94! 162,62-! )-!

3+290064A!)+12!7*426760926+1!3+4,!61@-,0-,!)-0!97C++70!0-C+1)96,-0!-1!CV6A6-!)-0!04C,-0!9!/2/!)/C,62-!

3+4,! 79!3,-A6g,-! F+60!-1!>qt]!39,!G9DX>_q! N7!-02!C+114!f4-!)-0!8,+43-A-120!@+60610!)-!2M3-!-02-,0!

0+12!-00-126-70!3+4,!9@+6,!41-!5+11-!,/9C26+1!)*61@-,06+1[!97+,0!f4*9@-C!)-0!8,+43-A-120!5-1YM7-!+4!

5-1YM76)g1-[!41!A/7918-!)-!C+A3+0/0!-02!79!37439,2!)4!2-A30!+52-14X>p?!'+40!@+476+10!06A37-A-12!

@+6,! 06! 79! ,/9C26+1!)*/76A61926+1!3+4@962!R2,-!A616A60/-!)910!C-0! C+1)626+10!A960[!41-! F+60!)-!3740[!

C-79!1*9!390!/2/!7-!C90X!!

!

! L9!,/9C26+1!)*/76A61926+1!-02!3740!,936)-!f4-!79!0450262426+1[!04,!C-!2M3-!)-!04502,92[!f4-77-0!

f4-! 0+6-12! 7-0! C+1)626+10! -009M/-0[! -2! 67! 1+40! 9! 0-A57/! f4-[! A978,/! 2+42-0! 7-0! 2-12926@-0[! 7-0!

87MC+6A6)9Y+7-0!Cac!-2!CaS!1-!3+4@96-12!390!R2,-!3,/39,/0!9@-C!)-0!,-1)-A-120!043/,6-4,0!k!>?hX!

'+40!9@+10!97+,0!,-3,60!7-0!C+1)626+10!9@-C!7*9C6)-!%K162,+5-1Y+mf4-!-2!CV-,CV/!)-0!-D376C926+10!k!79!

,/9C26+1!)*/76A61926+1!+50-,@/-X!L-!A676-4!/2912!,-7926@-A-12!5906f4-[!41-!)/3,+2+1926+1!-1!5R29!)4!

2,6F792-! 3460! 41-! /76A61926+1! )-! C-! )-,16-,! dA/C9160A-! <>CHe! 3+4,,962! C+1)46,-! 94! C+A3+0/! C`C!

C+AA-!7*61)6f4-!7-!0CV/A9!C6K)-00+40!d$CV/A9!_?eX!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>_t!9e!o,46Y6189[!OX!QX`!$2,6S2@--1[!HX`!o-77+88[!#X!EX! /0"#'O0"34)20!UTdU[!WY[!^]B>! `!5e!Q4FFA91[! ;X!OX`!G-096[!#X!PX!,J<(40"

3522:<0!UTdV[!7U[!aa]!`!Ce!Q9Z,274c[!'X`!$16)-,[!HX!HX!/0"#'O0"34)20!Chhh[!Y>[!t]pqX!
>_q!%75-,2[!#X`!G9D[!oX`!L61c[!#X!OX`!$2�2Y[!%X!<X!3&'M54JC0"+)@0!UTdV[!77T[!PaX!
>p?!G+18[!QX`!.-6[!vX`!#9A02,yA[!"X!/0"#'O0"34)20!Chhc[!B7[!]]?_X!

O

O

O

O

253
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>>t!

!

$CV/A9!_?!K!<76A61926+1!)4!2,6F792-!3+4,!7*60+Ag,-!874C+0-!Cad!

!

! '+40!9@+10!97+,0!@+474!426760-,!41-!590-!3740!F9657-!f4-!7-!C9,5+192-!)-!C/064A[!k!09@+6,! 7-!

56C9,5+192-! )-! C/064A[!A960[! 7k! -1C+,-[! 7-! 2-02! 1*9! 390! /2/! 2,g0! 3,+5912X! L-! )-,16-,! -0096!A-1/! 9!

C+10602/! k! 2,9@9677-,! -1! -DCg0!)*9C6)-!%K162,+5-1Y+mf4-X!%6106[! 1+40! 9@+10! 97+,0! 34! C+10292-,! f4*-1!

3,/0-1C-!)-!B[a!/f46@97-120!)-!C-2!9C6)-!-2!)-!>[B!/f46@97-120!)-!C9,5+192-!)-!C/064A[! 67!1*M!9@962!

390!/76A61926+1!-1!0/,6-!874C+0-[!C-!f46!9!3-,A60!)*9A/76+,-,!7-!,-1)-A-12X!%!39,26,!)4!2,6F792-!Cad[!79!

,/9C26+1!)-!0450262426+1!046@6-!)-! 7*VM),+7M0-!94!C9,5+192-!)-!3+290064A!)910! 7-!A/2V91+7!3-,A-2!

)*+52-16,! 7-! 874C+6A6)9Y+7-! Cac! 9@-C! 41! ,-1)-A-12! )-! B]hX! .900912! )*41-! ,-7926+1! ('&<@! +{! 7-0!!

3,+2+10!QB!-2!Q]!0+12! 2+40!)-4D!-1!3+0626+1!9D697-!k!41-! ,-7926+1!6;@"+{!0-47! 7-!3,+2+1!Q][!-02!-1!

3+0626+1!/f492+,697-[!+1!C+10292-!41-!)6A61426+1!)-!79!C+102912-!)-!C+43798-!/dB[]e!f46!3900-!)-!p[^!

QY!k!^[>!QYX!G-!3740[!3+4,!7-!874C+6A6)9Y+7-!Cac[!)4!F962!)-!79!3+0626+1!9D697-!)-!79!F+1C26+1!VM),+DM7-!

7-!C9,5+1-!P]!-02!A+610!)/5761)/!39,!,933+,2!94!874C+6A6)9Y+7-!Uac!d__[^!C+12,-!p^[t!33Ae!-2!7*+1!9!

41!-FF-2!)!04,!7*92+A-!)-!C9,5+1-!Pa!daa[p!C+12,-!at[^!33AeX>B_!!

!

! <1! 0/,6-! A911+0-[! ARA-! )910! 7-0! C+1)626+10! )/C,62-0! 3,/C/)-AA-12[! 1+40! +50-,@+10!

-1C+,-! 41! 3-4!)-! 3,+)462! )*/76A61926+1!C`C! -2! 948A-12-,! 79! f491262/! )*9C6)-! 1*-02! 390! 5/1/F6f4-!

d3,+2+1926+1!)-! 79!39,26-! 6A6)9Y+7-!1+29AA-12eX!%4!F6197[! 7-!A911+6A6)9Y+7-!CaS!-02!3,/39,/!9@-C!

41! ,-1)-A-12! )-! BBh! d$CV/A9! _>eX! L-0! )+11/-0! 03-C2,+0C+36f4-0! 3+4,! 7-! C+A3+0/! CaS! 1+40!

61)6f4-12!f4*67!M!9!56-1!-4!61@-,06+1!)-!C+1F684,926+1X!L9!C+102912-!)-!C+43798-!/dB[]e!3900-!)-!B[t!QY!

3+4,!7-!A911+6A6)9Y+7-!UaS!k!^[>!QY!3+4,!7-!A911+6A6)9Y+7-!CaS!C-!f46!2/A+681-!)4!390098-!)*41-!

,-7926+1! 6;@! k! 41-! ,-7926+1! ('&<@! 3+4,! 7-0! 3,+2+10! f46! 0-! 2,+4@-12! 97+,0! 2+40! 7-0! )-4D! -1! 3+0626+1!

/f492+,697-X! <1! C-! f46! C+1C-,1-! 7-0! @97-4,0! )-0! )/379C-A-120! CV6A6f4-0[! C+AA-! )910! 7-! C90! )4!

874C+6A6)9Y+7-!Cac[! 79! F+1C26+1!VM),+DM7-!-1!3+0626+1!9D697-! F962!f4-! 7-!068197!)4!C9,5+1-!P]!0+,2!k!

)-0!CV9A30!3740!F+,20!f4-!7+,0f4-!7-!04502624912!-02!-1!3+0626+1!/f492+,697-!d_p[t!33A!C+12,-!pa[]!

33Ae!-2!7*+1!C+10292-!41-!F+60!)-!3740!7*-FF-2!)!04,!7*92+A-!)-!C9,5+1-!Pa!daa[q!C+12,-!aq[B!33AeX!

!

!

$CV/A9!_>!

N
N

OBn

BnO

OBn

TfO

H B-
N

N

OBn

BnO

OBn

TfO
N

N

OBn

BnO

OBn

252248 254

B-

COOH (2,5 éq),O2N Cs2CO3 (1,2 éq), DMF

2- K2CO3 (1,5 éq), MeOH, ta, 3 h

246 R1 = OBn, R2 = H, 23%

247 R1 = H, R2 = OBn, 22%

248 R1 = OBn, R2 = H

249 R1 = H, R2 = OBn

N
N

OBn
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>>q!

#-A9,f4-! r! 7*/76A61926+1! )-0! 2,6F792-0! -02! 41! 3,+57gA-! ,/C4,,-12! -1! CV6A6-! )-0! 04C,-0! -2! )-! 0-0!

)/,6@/0! f4*670! 0+6-12! -1! 3+0626+1! /f492+,697-^B9! +4! -1! 3+0626+1! 9D697-X>p>! P-0! -03gC-0[! ,-7926@-A-12!

0-10657-0[!3-4@-12!)*9677-4,0!0*/76A61-,!94006!56-1!)910!)-0!C+1)626+10!5906f4-0!f4-!1-42,-0X>p>!

!

! %M912!3,/39,/!7-0!87MC+6A6)9Y+7-0!Cac!-2!CaS!9@-C!79!F+1C26+1!VM),+DM7-!61@-,0/-!-1!3+0626+1!

][!7*/293-!046@912-!-02!79!F74+,926+1!)-!C-0!A+7/C47-0[!)/29677/-!)910!7-!3,+CV961!39,98,93V-X!

!

! ! $$RVRaRC!.<WLGHF;LP!=P![LE;F;LP!V!M=E!PLWO=HWZ!X<J:L;Q;MH\L<=E!!

!

! L*612,+)4C26+1! )*41! 92+A-! )-! F74+,! 04,! 41! C+A3+0/! +,8916f4-! A+)6F6-! F+,2-A-12! 0-0!

3,+3,6/2/0! 3VM06f4-0[! CV6A6f4-0! -2! 56+7+86f4-0X>pB! L-0! C+A3+0/0! +,891+F74+,/0! -2! 1+29AA-12! 7-0!

C+A3+0/0!+06)6f4-0!F74+,/0!612/,-00-12!F+,2-A-12!7*61)402,6-!-2!79!A/)-C61->p]!-2[!k!C-!262,-[!37406-4,0!

98-120!)-!F74+,926+1!96106!f4-!)-0!A/2V+)+7+86-0!+12!@4! 7-! S+4,!94!F67!)-0!911/-0X>p^!<1!CV6A6-!)-0!

04C,-0[! 7-! G%$=! d)6/2VM79A61+2,6F74+,4,-! )-! 0+4F,-e>pa! -02! 2,g0! @62-! 9339,4! C+AA-! 41! 98-12! )-!

F74+,926+1! 2,g0! 3,926f4->p_! -2! -02! -1C+,-! 426760/! k! 7*V-4,-! 9C24-77-X! <1! 39,26C476-,[! 67! -D602-! )910! 79!

7622/,924,-!)-!1+A5,-4D!-D-A37-0!)-!F74+,926+1!)-!87MC+06)-0!-1!3+0626+1!][>>>!C-!f46!3-42!3+,2-,!k!

C,+6,-! f4-! 79! ,/9C26+1! )-! F74+,926+1! )-0! 87MC+6A6)9Y+7-0! Cac! -2! CaS! d$CV/A9! _Be! )-@,962! R2,-!

,-7926@-A-12!960/-X!

!

! <FF-C26@-A-12!-1!0/,6-!874C+0-[!79!,/9C26+1!9!76-4!3,926f4-A-12!0910!-1C+A5,-!-2!F+4,162!7-!]K

)/0+DMK]KF74+,+K874C+6A6)9Y+7-! C``! 9@-C! 41! ,-1)-A-12! )-! ^_h[! f46! ,-02-! C-3-1)912! A+)-02-!

d$CV/A9! _BeX! .9,! C+12,-[! )910! 7-! C90! )4! A911+6A6)9Y+7-! CaS[! 1+40! 9@+10! 06A37-A-12! ,/4006! k!

)/2-C2-,!)-0!2,9C-0!)-!3,+)462!)-!F74+,926+1!-1!LPKE$!d$CV/A9!_BeX!L-!C+A3+0/!C`c!1*9!S9A960!/2/!

60+7/! -1! f491262/! ,960+11957-! 3+4,! 3+4@+6,! 7*-1898-,! )910! 79! )-,16g,-! /293-! )*VM),+8/1+7M0-X! L9!

,/9C26+1!-02!5-94C+43!3740!C+A37-D-!-2[!)910!7-!5,42!,/9C26+11-7[!7*97C++7!6162697!-02!2+4S+4,0!,-2,+4@/!

-1!A/7918-!9@-C!)*942,-0!C+A3+0/0X!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>p>!9e!EC%476FF-[!;X!PX`!$26Cc[!#X!bX!1:@(0"/0"34)20!UTTS[!>9[!B?]!`!5e!EC%476FF-[!;X!PX`!$26Cc[!#X!bX`!E922V-Z[!GX`!=675,++c[!\X`!

O9220[!%X!\X!1:@(0"/0"34)20!UTTd[!>7[!q>!`!Ce!$26Cc[!#X!bX`!E922V-Z[!GX`!=675,++c[!\X`!O67769A0[!$X!;X!1:@(0"/0"34)20!UTTT[!>8[!tqa!
`!)e!o6A[!$XKQX`!%48-,6[!GX`!&918[!GX`!o9V1-[!GX!/0"120"34)20",560!UTTa[!77Y[!>p__X!
>pB!9e!I677-,[!#X`!o+59M90V6[!&X!=;52)C;6&I"1@%)6(@"5^"bI:5';<)"34)2;@('J`!<70-@6-,!-)X!%A02-,)9A[!UTdC!`!5e!$A9,2[!HX!<X!34)20"

+)S0!UTTc[!\Y[!>aaa!`!Ce!O-7CV[!;X!=X`!<0Z9,9c,60V191[!$X!bI:5';<)";<"=;5'O&<;6"34)2;@('J`!O67-M!-)X!'-Z!&+,c[!UTTUX!
>p]!Q6M9A9[!=X`!o916-[!oX`!o404A+2+[!=X`!E+,6Y9Z9[!&X`!$V6A6Y4[!EX!#'O&<5^I:5';<)"352%5:<C@a"34)2;@('J"&<C"1%%I;6&(;5<@`!

$3,618-,!-)X!H-,761[!ChhhX!
>p^!9e!$618V[!#X!.X`!$V,--@-[!;X!EX!,J<(4)@;@!ChhC[!Ba_>!-2!,/F/,-1C-0!C62/-0X!
>pa!E6))7-2+1[!OX!;X!/0"#'O0"34)20!UTS`[!W9[!ap^X!
>p_!9e!E6-2CV-1[!#X`!G-F9M-[!;X!3&'M54JC'0"+)@0!Chhh[!U8B[!>!`!5e!Q4)76CcM[!EX!#'O0"+)&6(0!UTdd[!U>[!a>]!`!Ce!G9D[!oX`!%75-,2[!

EX`!",21-,[!;X`!.947[!HX!;X!3&'M54JC'0"+)@0!Chhh[!U8B[!^pX!
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>B?!

!

$CV/A9!_B!

!

! L-!A/C9160A-!)-!79!,/9C26+1!-02!3,+3+0/!04,!7-!0CV/A9!_]X!L*9229f4-!)-!79!F+1C26+1!VM),+DM7-!

)4!874C+6A6)9Y+7-!Cac!04,! 7-!G%$=!C+1)462!k! 7*612-,A/)696,-!C`d!-2! 765g,-!41! 6+1! F74+,4,-!f46!@6-12!

9229f4-,! 7*612-,A/)696,-! C`d! 3+4,! C+1)46,-! 94! ]K)/0+DMK]KF74+,+K874C+6A6)9Y+7-! C``! -2! k! 7*-03gC-!

C`T!f46!0-!)/C+A3+0-!-1!)6/2VM79A61+F74,+047F+DM)-!Cch!-1!765/,912!)-!7*9C6)-!F74+,VM),6f4-X!

!

!

$CV/A9!_]!K!E/C9160A-!)-!F74+,926+1!94!G%$=!

!

! L*92+A-! )-! F74+,! 0-! 2,+4@-! )+1C! -1! 3+0626+1! /f492+,697-X! $4,! 7-0! 03-C2,-0! #E'[! 37406-4,0!

068194D! C9,9C2/,6026f4-0!)-! 7*61C+,3+,926+1!)-! 7*92+A-!)-! F74+,!-1! C-22-!3+0626+1! 0+12! 6)-126F6957-0X!

%6106[! 7-! 068197! )4! 3,+2+1! Q]! 0-! 3,/0-12-! 0+40! F+,A-! )-! 2,637-2! )/)+457/! 9@-C! )-0! C+102912-! )-!

C+43798-!/!�!a?[p!QY!-2!t[]!QY!-2!C-746!)4!3,+2+1!Q^!-02!+50-,@957-!0+40!F+,A-!)-!f49),437-2!9@-C!

41-! C+102912-0! )-! C+43798-! /! �! t[]! QY[! C-! f46! -02! C+1F+,A-! 94D! @97-4,0! )-! 79! 7622/,924,-! 7+,0f4-!

7*92+A-! )-! F74+,! -02! 41! 3+0626+1! /f492+,697-[>pp! -2! 7*+1! ,-2,+4@-! 7-0! C+102912-0! )*-1@6,+1! t! QY!

C9,9C2/,6026f4-0!)-0!3,+2+10!-1!3+0626+1!9D697-!04,!7-!CMC7-!k!06D!CV9|1+10X!"1!1+2-!94006!79!C+102912-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>pp!;9CcA91`!$2-,1V-77!1%%I;6&(;5<"5^"$:6I)&'"[&O<)(;6"+)@5<&<6)",%)6('5@65%J";<"5'O&<;6"64)2;@('J`!.-,89A+1!.,-00!-)X[!

UTcTX!

N
N

OBn

BnO

OBn
OH

N
N

OBn

BnO

OBn

OH

246

247

CH2Cl2, 0 °C puis ta, 12 h

46%

N
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DAST (3 éq)

CH2Cl2, 0 °C puis ta, 12 h
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>B>!

)-!C+43798-!/!�!>t]!QY!-12,-!7*92+A-!)-!F74+,!-2!7-!C9,5+1-!P]!)+12!7-!)/379C-A-12!CV6A6f4-!-02!3740!

F+,2!f4-!C-746!+50-,@/!3+4,!79!A+7/C47-!1+1!F74+,/-!dq_[>!33A!3+4,!79!A+7/C47-!F74+,/-!C``!C+12,-!

_p[t! 33A! 3+4,! 7-! C+A3+0/! CaceX! L-0! @97-4,0! )-! C+102912-0! )-! C+43798-! /! �! >t[t! QY! -2! t[]! QY!

+52-14-0!3+4,!7-!3,+2+1!QB!)6FFg,-12!41!3-4!3740!39,!,933+,2!k!C-!f46!-02!)/C,62!)910!79!7622/,924,-!

3+4,!)-0!04C,-0!3740!C79006f4-0X!P-C6!-02!3,+5957-A-12!)4-!k!79!)602+,06+1!)-!79!A+7/C47-!-1!,960+1!

)-!79!F406+1!9@-C!7*6A6)9Y+7-!-2!@9!R2,-!,-1C+12,/!k!1+4@-94!)910!79!0462-!)4!A9140C,62X!!

!

! L9! )6FF/,-1C-! )-! ,/9C26@62/! -12,-! 7-0! 0/,6-0! 874C+0-! -2!A911+0-! 3+4,,96-12! R2,-! )4-! k! )-0!

612-,9C26+10! )-! 2+,06+1! -2! /7-C2,+02926f4-0! 9@-C! 7-! 8,+43-A-12! "H1! 9D697[! )910! 7-! C90! )4!

A911+6A6)9Y+7-!CaS[!7+,0!)-!7*9229f4-!)4!14C7/+3V67-X!

! N7! 1*-02! 390! ,9,-!f4-! 7-0! ,/9C26+10!)-! F74+,926+1!3+0-12!3,+57gA-!-1! CV6A6-!)-0! 04C,-0X! <1!

-FF-2[! )910! 79! 7622/,924,-[! 67! -D602-! )-0! C90! +{! 79! F74+,926+1! 94! G%$=! 1*9! 390! 34! 9@+6,! 76-4! -2! 3+4,!

7-0f4-77-0! 67! -02! 61@+f4/[! +4! 1+1[! )-0! ,960+10! f46! 3-,A-22-12! )*-D376f4-,! 7-0! ,/0472920!

-D3/,6A-1294DX>pt!<1!+42,-[! 67!1*-02!390!,9,-!)*9@+6,!)-0!,/9C26+10!)-!,/9,,918-A-120X>ptC[>pq! N7!-02!k!

1+2-,!f4-!1+40!9@+10!94006!+50-,@/!)-0!2,9C-0!)-!3,+)4620!)*/76A61926+1X>t?!<1!C+1C7406+1[!C-!0-,962!

)+1C!)-0!,/9C26+10!)-!)/8,9)926+1!-2!)-!,/9,,918-A-120!f46!3+4,,96-12!,-1),-!C+A32-!)-0!,/0472920!

+52-140!9@-C!7-!A911+6A6)9Y+7-!CaS!-2!7*60+Ag,-!874C+0-!CacX!!

!

! .+4,! 2-,A61-,! 79! 0M12Vg0-!)4!874C+6A6)9Y+7-!Uah1[! 1+40!9@+10!-1898/! 7-!]K)/0+DMK]KF74+,+!

874C+6A6)9Y+7-!C``!)910!41-!,/9C26+1!)*VM),+8/1+7M0-!d$CV/A9!_^e!f46!9!F+4,16!7-!]K)/0+DMK]KF74+,+!

874C+6A6)9Y+7-!)/3,+2/8/!Uah1!0+40!F+,A-!)-!0-7!9@-C!7*9C6)-!9C/26f4-!-2!9@-C!41!,-1)-A-12!)-!tahX!

!

!

$CV/A9!_^!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>pt!9e!Q47261[!.X!\X`!H4FF6-[!#X!EX!3&'M54JC'0"+)@0!UTTT[!U88[!>^!`!5e!=04CV6M9[!=X!1CS0"3&'M54JC0"34)20"=;564)20!UTTh[!WT[!q>!

`!Ce!&918[!$X!$X`!H-9226-[!=X!&X`!$V-1[!=X!&X!])('&4)C'5<"X)((0!UTdC[!8U[!aa>pX!
>pq!9e! b-,9K%M+0+[! &X`! H+,,9CV-,+[! .X`! P95,-,9K<0C,6591+[! IX`! P9,A+19[! %X! =X`! \+A-YK\4677-1[!EX!])('&4)C'5<"1@J22)('J!

Chha[!7>[!^Bq!`!5e!P902677+1[!$X`!G-00618-0[!%X`!I98V6V[!#X`!L4Cc9C0[!\X`!"7-0c-,[!%X`!=V918[!=X!=X!/0"#'O0"34)20!UTd`[!>9[!^q>]!`!
Ce!'6C+79+4[!oX!PX`!L9))4Z9V-22M[!=X`!#91)97[!;X!LX`!PV4CV+7+Z0cM[!%X!/0"120"34)20",560!UTdc[!79T[!B^__X 
>t?

!$45+2c+Z0c6[!OX`!I,6-),6CV[!GX`!O-65-,2V[!IX!3&'M54JC0"+)@0!ChUUX!G"Nr!>?X>?>_uSXC9,,-0XB?>>X?pX?>qX!

N
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F
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Pd(OH)2/C, H2 (Patm)

AcOEt/MeOH/H2O/AcOH (3 : 1 : 1 : 1)
ta, 3 j
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>BB!

! ! $$RVRaRV!+WFG=!OL;=!=PO;EHX9=![LWG!H::9M=G!HWZ!:LQ[LE9E!V,M9ELZJ,V,b<WLGL!=P!E9G;=!

X<W:LE=!=F!QHPPLE=!!

!

! L9!,/9C26+1!)*61@-,06+1!)-!7*97C++7!-1!3+0626+1!]!1-!)+11912!390!)-!,/0472920!2,g0!09260F9609120!

7+,0f4*-77-! -02! ,/9760/-! 9@-C! 7-0! 04502,920! 87MC+6A6)9Y+7-0[! 1+40! 9@+10! /24)6/[! -1! 39,977g7-[! 41-!

)-4D6gA-!@+6-!d$CV/A9!_ae!f46!)-@962[!94006[!1+40!3-,A-22,-!)*+52-16,!7-0!3,+)4620!)/06,/0X!N7!M!9@962!

2+4S+4,0! 79! 3+00656762/! )-! ,-3,-1),-! 79! 0M12Vg0-! 9@-C! 7*/36Ag,-! -1! ]! )4! )69C/2+1-! GK874C+0-!A960!

C-746KC6! -02! 5-94C+43! 3740! +1/,-4D! f4-! 7-! )69C/2+1-! GK874C+0-! da! 8[! B]?[^?! -4,+0! C+12,-! Ba! 8[! ^^!

-4,+0[! $68A9K%7),6CV#eX! '+40! 9@+10! )+1C! S402-! 3,/F/,/! F96,-! 79! ,/9C26+1! )*61@-,06+1! )-! 79! F+1C26+1!

VM),+DM7-!-1!3+0626+1!]!3740!-1!9A+12!)910!79!0M12Vg0-!d$CV/A9!_aeX!!

!

!

$CV/A9!_a!

!

! %6106[! 1+40! 9@+10! ,-3,60! 79! 0M12Vg0-! S40f4*94! 79C29A-! U`c! 3460! )/3,+2/8/! 79! F+1C26+1!

VM),+DM7-!-1!3+0626+1!]!39,!C76@98-!+DM)926F!94!GGi!3+4,!+52-16,!CcU!9@-C!41!,-1)-A-12!)-!t]hX!

P-22-!F+60KC6[!>[a!/f46@97-120!)-!GGi!94! 76-4!)-!]!/f46@97-120!04FF60-12!3+4,! 79!)/3,+2-C26+1!f46!1-!

3+0-!390!)-!3,+57gA-X!L9!C+1@-,06+1!-02!2+297-!C-!f46!1+40!C+1F+,2-!)910!7*6)/-!f4-!7-!3,+57gA-!)-!

)/3,+2-C26+1!dF9657-0!294D!)-!C+1@-,06+1!-2!F9657-0!,-1)-A-120e!@6-12!56-1!)-!79!39,26-!6A6)9Y+7-!)-0!

87MC+6A6)9Y+7-0X!<1!-FF-2[!)-0!3V/1+Ag1-0!)-!*K029Cc618!-12,-!7*V/2/,+CMC7-!9Y+2/!-2!7-!GGi!)+6@-12!

-A3RCV-,! 79! ,/9C26+1! )*9@+6,! 76-4! C+,,-C2-A-12X! L*/293-! 046@912-! -02! 79! ,/9C26+1! )*61@-,06+1! )-!

7*97C++7X!L9!,/9C26+1!)-!E62041+54!d94!G<%G!-2!94!GN%Ge!1*9M912!390!)+11/!)-!,/0472920!09260F9609120!

d3,+)462!6162697!,-2,+4@/e[!1+40!9@+10!-4!,-C+4,0!k!79!A/2V+)-!)-!2,6F7926+1!94!,/9C26F!)-!P+A610!f46!

9@962!F962!0-0!3,-4@-0!9@-C!7-0!87MC+6A6)9Y+7-0!Uac!-2!UaSX!L-!2,6F792-!612-,A/)696,-!1*9[!C-22-!F+60KC6[!

390!/2/!60+7/!-2[!93,g0!2,962-A-12!9f4-4D!)-!79!,/9C26+1!)*61@-,06+1!k!7*9C6)-!%K162,+5-1Y+mf4-[!1+40!
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S

OBn

réactif de Lawesson (1,5 éq)

toluène, 27 °C, 12 h
75%

DAST (3 éq)

CH2Cl2, 0 °C 10 min puis ta 12 h

53%

DDQ (1,4 éq)

CH2Cl2/H2O (9 : 1), ta, 3 h 30

83%
COOH (1,2 éq), Cs2CO3 (1,2 éq)O2N

DMF, ta, 12 h

NaHMDS (1,2 éq), Comins (1,2 éq), THF,1 -

2 -

22%

- 78 °C         - 60 °C, 2 h
- 60 °C         - 20 °C, 1 h

156 261

262 263

264

3 - H2O
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>B]!

9CC/)+10! )6,-C2-A-12! 94! !KVM),+DM79C29A-! CcC! 9@-C! 41! ,-1)-A-12! )-! BBh! 04,! ]! /293-0X! L9!

C+102912-!)-!C+4798-!/dB[]e!�!][>!QY!39,!,933+,2!k!41-!@97-4,!)-!q[?!QY!f491)!79!F+1C26+1!VM),+DM7-!

-02!-1!3+0626+1!/f492+,697-[!)-!ARA-!f4-!7-!068197!A+610!)/5761)/!)4!C9,5+1-!P]!)-!79!A+7/C47-!CcC!

0+12!56-1!C9,9C2/,6026f4-0!)*41-!61@-,06+1!)-!C+1F684,926+1!-1!3+0626+1!]X!"1!1+2-!/897-A-12!7*-FF-2!)!

-1!Pa!daB[]!33A!3+4,!7-!C+A3+0/!CcC!C+12,-!a^[]!33A!3+4,!79!A+7/C47-!CcUe!

!

! L*/293-! )-! F74+,926+1! 94! G%$=! F+4,162! 7-! )/,6@/! F74+,/! CcV! 9@-C! 41! ,-1)-A-12! )-! a]h!

d$CV/A9!_aeX! N7!-02!k!1+2-,!f4-! 79! ,/9C26+1!)+62!9@+6,! 76-4!)910!)-0!C+1)626+10! ,-7926@-A-12!)674/-0!

3+4,!R2,-!09260F960912-! d6!(!?[?_!A+7XLK>eX!P+AA-!3,/C/)-AA-12! d�NNX]X^XBe[! 7-!068197!)4!3,+2+1!Q]!

-02! 0+40! F+,A-! )-! 2,637-2! )/)+457/! 9@-C! )-0! C+102912-0! )-! C+43798-! /! �! a?[p! QY! -2! t[]! QY! -2! 79!

C+102912-! )-! C+43798-! /! �! >tp! QY! -12,-! 7*92+A-! )-! F74+,! -2! 7-! C9,5+1-! P]! 9@-C! 41! )/379C-A-12!

CV6A6f4-! k! CV9A3! 3740! F9657-! 39,! ,933+,2! k! 79!A+7/C47-! 1+1! F74+,/-! dqa[^! 33A! 3+4,! 79!A+7/C47-!

F74+,/-!CcV!C+12,-!_p[^!33A!3+4,!7-!C+A3+0/!CcCeX!

!

! L9!,/9C26+1!)-!2V6+1926+1!0-!F962!/897-A-12!)910!7-0!ARA-0!C+1)626+10!f4-!3,/C/)-AA-12!-2!

C+1)462!94!!KF74+,+2V6+79C29A-!Cca!9@-C!41!,-1)-A-12!)-!pah!d$CV/A9!_aeX!L*/293-!046@912-!-02!79!

,/9C26+1!9@-C!7-!)6A/2VM79C/297!)-!7*9A61+9C/297)/VM)-!046@6-!)-!79!CMC760926+1!612,9A+7/C4796,-!)-0!

9A6)61-0! 612-,A/)696,-0! -1!A676-4! 9C6)-! f46! )+62! C+1)46,-! 94D! 87MC+6A6)9Y+7-0! /36Ag,-0! -1! BX! <1!

426760912! 7-0!ARA-0!C+1)626+10!f4-!3,/C/)-AA-12! d�! NNX]X>X]e[!1+40!1*9@+10!C-3-1)912!390!+52-14!

7-0! C+A3+0/0! -0C+A32/0! -2[! -1! PPE[! 41-! A472624)-! )-! 03+20! 0+12! @60657-0X! .9,A6! 7-0! C+A3+0/0!

F+,A/0[! 7*6A6)9Y+[>[BK&]3M,6)61-!Cc`!9!34!R2,-! 60+7/-!9@-C!41!,-1)-A-12!)-!>_h!d$CV/A9!__eX!:1-!

2-77-! 02,4C24,-! -02! 3,+3+0/-! )-! 39,! 7*612-,3,/2926+1! )-0! )+11/-0! 03-C2,+0C+36f4-0! -2! 7-4,!

C+A39,960+1!9@-C!C-77-0!)-!79!7622/,924,-!3+4,!C-!2M3-!)-!0f4-7-22-!V/2/,+CMC76f4-X!'+40!,-@6-1),+10!

)910!79!0462-!)4!A9140C,62!04,!7-!A/C9160A-!)-!F+,A926+1!)-!C-22-!-03gC-X!

!

!

$CV/A9!__!

H
N

BnO

F
OBn

S

OBn

H2NCH2CH(OMe)2 (15 éq)

ta, 12 h

NH
BnO

OBn

N

OBn

TsOH H2O (1,8 éq)

toluène, 60 °C, 12 h
16% (2 étapes)

MeO OMe

N

N

O

265

266264

O
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>B^!

! '+40!9@+10!97+,0!,-3,60! 79!,/9C26+1!-2!9197M0/! 7-!5,42!,/9C26+11-7! 6004!)-! 79!3,-A6g,-!/293-!

)*9))626+1!)4!)6A/2VM79C/297! )-! 7*9A61+9C/297)/VM)-! 04,! 7-!!KF74+,+2V6+79C29A-!Cca!3+4,! 09@+6,! 06!

C-22-!/293-!3+0962!)/Sk!3,+57gA-X!'+40!1+40!0+AA-0!97+,0!93-,w4!f4-!7-!3,+)462!f46!0-!F+,A962!k!C-!

16@-94!/2962!-1!F962! 7-!)/,6@/!Ccc! d$CV/A9!__e!f46!,/0472962!1+1!0-47-A-12!)-!79!,/9C26+1!)*9))626+1!

0+4V962/-!A960!/897-A-12!)-!7*/76A61926+1!)-!7*92+A-!)-!F74+,X!L*/76A61926+1!F962!612-,@-16,!7-!3,+2+1!

QB!C9,!C-746KC6!/2912!-1!973V9!)-!79!)+457-!76960+1!P�'!)-!79!F+1C26+1!9A6)61-[!67!-02!3740!79567-!f4-!7-!

3,+2+1!Q^X!P-C6!-02!39,!-D-A37-!C+,,+5+,/!39,!79!A4726376C62/!)-!C-!)-,16-,!3,+2+1!f46!-02!41!)+457-2!

)/)+457/! d/! �! a[t! `! B[B!QYeX! $6! 79! )+457-! 76960+1! 9@962! /2/! -12,-! 7-0! 92+A-0!)-! C9,5+1-!P]!-2! P^! 79!

A4726376C62/!3+4,!7-!3,+2+1!QB!94,962!06A37-A-12!/2/!)6FF/,-12-!d)+457-2eX!

!

! L-! A/C9160A-! 046@912! -02! 3,+3+0/! 3+4,! 79! F+,A926+1! )4! 56CMC7-! Cc`! d$CV/A9! _peX! L9!

3,+2+1926+1!)-!7*-03gC-!Ccc!-12,9|1-!79!CMC760926+1!-1!6A6)9Y+7-!-2!C+1)462!k! 7*/2V-,!)*/1+7!Ccd!f46[!

93,g0!/76A61926+1!)*97C++7!5-1YM76f4-[!F+4,162!79!A+7/C47-!Cc`X!P-77-KC6!0-A57-!/897-A-12!7-!3740!-1!

9CC+,)! 9@-C! 7-0! @97-4,0! )-0! )+11/-0! 03-C2,97-0X! "1! 3-42[! 39,! -D-A37-[! C+A39,-,! 7-0! @97-4,0!

+52-14-0!3+4,!7-0!"!)-0!3,+2+10!Q]!-2!Q^!9@-C!C-77-0!+52-14-0!3+4,!7-!C+A3+0/!CcT!)/C,62!)910!79!

7622/,924,-! dI684,-! ]aeX>t>! L-! 8,+43-A-12! 97c+DM! 04,! 7*9,+A926f4-! 9! 41! -FF-2! 04,! 7-! )/379C-A-12!

CV6A6f4-! )4! 3,+2+1! Q]! -1! +,2V+! d5761)98-e! -2! 3-4! )*-FF-2! 04,! 7-! 3,+2+1! Q^X! G910! 7-! C90! )4!

,/86+60+Ag,-!3+00657-!d/76A61926+1!)4!8,+43-A-12!"H1!-1!3+0626+1!Be[!7-!)/379C-A-12!CV6A6f4-!)4!

3,+2+1!QB!94,962!/2/!)-!7*+,),-!)-!p[a!33A!C-!f46!1*-02!390!+50-,@/!)910!1+2,-!C90X!

!

!

$CV/A9!_p!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>t>!9e!=+A+)9[!QX`!Q6,91+[!=X`!$962+[!$X`!E4296[!=X`!%,9c6[!oX!=:II0"34)20",560"/%<0!UTTT[!B8[!>]Bp!`!5e!Nc-A+2+[!=X`!O9c6A904[!

EX!`)()'56J6I)@!ChhU[!>>[!qqX!

NH
BnO

OBn

N

OBn
MeO OMe
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>Ba!

!

I684,-!]a!

!

! P+AA-12! -D376f4-,! 79! F+,A926+1! )4! C+A3+0/! Ccc! s! L9! ,/9C26+1! 9M912! 76-4! 9@-C! 7-!

)6A/2VM79C/297! )-! 7*9A61+9C/297)/VM)-! C+AA-! 0+7@912[! +1! 3-42! 97+,0! 0433+0-,! f4-! 7-0! 9A6)61-0!

612-,A/)696,-0!CSh!-2!CSU! 0-! F+,A-12!3460!f4-! 7-!A676-4!0+62! 04FF609AA-12!5906f4-!3+4,!f4*67! M!962!

)/3,+2+1926+1!-1!"! )-! 7*9A6)61-!-2!/76A61926+1!)4! F74+,!S;&! 41!A/C9160A-!<>CHX! N7! F942!1+2-,!f4-!

7*6+1!F74+,4,-!-02!41!2,g0!5+1!8,+43-A-12!39,2912!)910! 7-0!C+1)626+10!)*41!A/C9160A-!<>CHX>tB!L-0!

9A6)61-0! 612-,A/)696,-0! 3-4@-12! 94006! R2,-! 0+40! 7-4,0! F+,A-0! 2942+Ag,-0! +{! 79! )+457-! 76960+1! -02!

-1)+CMC76f4-X! G910! C-! C90[! +1! 3-42! /C,6,-! )-0! F+,A-0! )-A6KCV960-0! -2! -1@6098-,! 79! 3+00656762/!

)*/76A61926+1!)*41-!A+7/C47-!)-!QI!d$CV/A9!_teX!G-!2-77-0!/76A61926+10!+12!39,F+60!/2/!)/C,62-0!)910!

79!7622/,924,-X>pt[>pq!

!

!

$CV/A9!_t!

!

! L-! !KF74+,+2V6+79C29A-! Cca! 1*-02! 390! 2,g0! ,/9C26FX! .+4,! C-22-! ,960+1[! >a! /f46@97-120! )-!

)6A/2VM79C/297!)-!7*9A61+9C/297)/VM)-!+12!/2/!426760/0[!C-!f46!9!34!R2,-!1/F902-X!%F61!)-!,-@-16,!k!)-0!

C+1)626+10! 3740! T0291)9,)T[! C*-02KkK)6,-! )-! )6A614-,! 79! f491262/! )-! 7*9A61-[! 67! /2962[! -12,-! 942,-0[!

3+00657-! 0+62! )-! 3900-,! 39,! 7-! )/,6@/! 0/7/1+C9,5+1M7/! 3740! ,/9C26F[! 0+62! )*9C26@-,! 7-! 2V6+79C29A-X^B9!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>tB!$941)-,0[!OX!QX!;X`!P+Cc-,677[!%X!IX![)64&<;@2"5^"-I;2;<&(;5<"+)&6(;5<@`!O67-MKN12-,0C6-1C-[!UTSVX!

N

N

N

N

O

O
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>B_!

'+40!9@+10!3,/F/,/!2+42!)*95+,)!2-02/!C-22-!)-4D6gA-!+326+1!-2!79!,/9C26+1!9!/2/!A-1/-!)910!7-!=QI[!

k! ]! (P[! -1! 426760912! 7*9C/292-! )-! A-,C4,-! 3+4,! 9C26@-,! 7-! !KF74+,+2V6+79C29A-! Cca! d$CV/A9! _qeX!

E97V-4,-40-A-12[!ARA-!)910!C-0!C+1)626+10[!67!M!9!F+,A926+1!)4!C+A3+0/!CccX!!

!

!

$CV/A9!_q!

!

! L9!)6FF/,-1C-!)-!,/9C26@62/!-12,-!7-!2V6+79C29A-!UcC!d3+,2912!7-!"'93!-1!3+0626+1!]e!-2!7-!!K

F74+,+2V6+79C29A-! Cca! -02! 2-77-! f4*-1@6098-,! 79! CMC760926+1! -1! 87MC+6A6)9Y+7-! k! 39,26,! )4! C+A3+0/!

F74+,/!1-!0*-02[!-1!F962[!390!,/@/7/-!F,4C24-40-X!%!C-!16@-94[!1+40!94,6+10!34!426760-,! 7*97C++7! 61@-,0/!

CcC! d$CV/A9! _ae! -2! 7-! ,-3,+2/8-,! 39,! 7-! 8,+43-A-12! '93! S40f4*k! 7*/293-! )-! CMC760926+1! -1!

87MC+6A6)9Y+7-! f46! 3+0-! 3,+57gA-! 7+,0f4-! 7-0! 2V6+79C29A-0! 0+12! F74+,/0X! %3,g0! 79! CMC760926+1! -1!

87MC+6A6)9Y+7-0[!1+40!94,6+10!-17-@/!7-!8,+43-A-12!'93!-2!426760/!7-!G%$=!3+4,!-009M-,!)*+52-16,!7-0!

3,+)4620!)/06,/0X!P-22-!02,92/86-!1-!1+40!0-A57962!390! 2,g0!/7/8912-[!)*942912!3740!f4*67!94,962! F9774!

3,+2/8-,!79!F+1C26+1!79C29A-!)4!)/,6@/!CcCX!'+40!1*9@+10!)+1C!390!3+4,046@6!1+0!,-CV-,CV-0!)910!C-!

0-10X!

!

" " ##$C$M"51'96*/.1'""

!

! G910!C-22-!39,26-[!1+40!9@+10!34!C+10292-,!79!,/9C26@62/!2+42!k!F962!0618476g,-!)-!79!3+0626+1!]!

)-0!87MC+6A6)9Y+7-0X!<77-!-02!/1+,A/A-12!A+)6F6/-!39,!7*V/2/,+CMC7-[!-2!C-C6!1-!1+40!9[!)*9677-4,0[!390!

3-,A60!)*9@+6,!9CCg0!k!2+40!7-0!C+A3+0/0!6162697-A-12!3,/@40[!1+29AA-12!7-0!C+A3+0/0!Cha!-2!Ch`!

+DM)/0! -1! 3+0626+1! ][! 56-1! f4-! 7*/2V-,! )*/1+7! 9C/2M7/! CUU! 0+62! 2,g0! 612/,-00912X! "DM)-,! 7-0!

87MC+6A6)9Y+7-0! Cac! -2! CaS! d$CV/A9! a_e! 94,962! 3-42KR2,-! 34! R2,-! 41-! 0+7426+1! C9,[! 3+00/)912! 79!

F+1C26+1!VM),+DM7-!-1!3+0626+1!9D697-[!79!,/9C26@62/!)-!C-0!A+7/C47-0!/2962!3-42KR2,-!)6FF/,-12-X!'+40!

9@+10[! C-3-1)912[! ,/4006! k! 0M12V/260-,! 7-0! 87MC+6A6)9Y+7-0! Uah1[! UVc1! -2! UVS1! dI684,-! ]_e! 9@-C! )-0!

,-1)-A-120! ,-03-C26F0! )-! >h[! Bh[! >h[! -1! >p! /293-0! 3+4,! 7-! C+A3+0/! ]K)/0+DMK]KF74+,+! -2! -1! >a!

/293-0!3+4,! 7-0!C+A3+0/0!]K)/0+DMX!L-0!,-1)-A-120! F9657-0! 2/A+681-12!56-1!)-! 79!)6FF6C472/!)-! 7-0!

3,/39,-,X!!

!

H
N

BnO

F
OBn S

OBn

Hg(OAc)2 (1,5 éq), H2NCH2CH(OMe)2 (5 éq)

THF, 3 °C, 2 h
quantitatif2

NH
BnO

OBn

N

OBn

MeO OMe
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>Bp!

! NNX^! N1F74-1C-!)-! 79!A+)6F6C926+1!)-! 79!3+0626+1!]!)-0!]K)/0+DMK874C+K[!]K

)/0+DMKA911+6A6)9Y+7-0!-2!)4!]K)/0+DMK]KF74+,+K874C+6A6)9Y+7-!!

!

! %M912! 0M12V/260/! 7-0! C+A3+0/0! UVc1[! UVS1! -2! Uah1[! 7-! 2957-94! a! ,/C936247-! 7-0! @97-4,0! )-0!

)/379C-A-120!CV6A6f4-0!-1!#E'!>Q!-2!>]PX!

!

!

I684,-!]_!

!

" -K5]4^" -K5]C^" -K5]I^" -K5]M^" -K5]P^"

!

^[pq!

_][]!

B[^a!`!B[?a!

]p[t!

^[?]!

_^[t!

^[>t!

_a[t!

][qq!`!][ta!

_B[_!

!

^[q>!

_B[B!

B[B?!

]t[?!

^[]_!

_^[a!

][tp!

_^[p!

^[?_!`!][tp!

_][]!

!

^[pq!

_t[>!

^[a_!

qp[]!

^[>]!

_p[a!

][q^!

_>[a!

^[B>!`!][qq!

_?[p!

=957-94!a!K!#/C936247926F!)-0!@97-4,0!)-!)/379C-A-120!CV6A6f4-0!)-0!3,+2+10!-2!C9,5+1-0!)4!CMC7-!k!06D!

CV9|1+10!3+4,!7-0!C+A3+0/0!UVc1[!UVS1!-2!Uah1!

!

! "1!3+4@962!0-!)-A91)-,!06!79!A+)6F6C926+1!)-!79!3+0626+1!]!)-0!87MC+6A6)9Y+7-0!9@962!-4!41-!

61F74-1C-!04,!79!C+1F+,A926+1!)-0!A+7/C47-0X!N7!-02!2,g0!612/,-00912!97+,0!)-!,-89,)-,!7-0!C+102912-0!

)-!C+43798-!/@6C6197!)-0!C+A3+0/0!Uah1[!UVc1!-2!UVS1!C9,!C-C6!,-10-681-!04,!7-0!C+1F+,A926+10!9)+32/-0!

39,! 7-0! A+7/C47-0X! L-! 2957-94! _! 3-,A-2! )-! C+A39,-,! 7-0! 1+4@-77-0! A+7/C47-0! 0M12V/260/-0! 94D!

87MC+6A6)9Y+7-0!`[!`1!-2!ah!96106!f4*94D!C+A3+0/0!04502624/0!04,! 7*6A6)9Y+7-!TS!-2!VV!f46!C+A32-12!

94S+4,)*V46! 39,A6! 7-0! 61V6562-4,0! )-! 87MC+06)90-0! 7-0! 3740! 346009120X! N7! C+1@6-12! C-3-1)912! )*R2,-!

3,4)-12! 04,! 7-0! C+1C7406+10! C9,! 7-0! C+102912-0! )-! C+43798-! @6C6197-0! )/3-1)-12! -1! 39,26C476-,! )-!

7*/7-C2,+1/8926@62/!)-0!045026249120X>pp!
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>Bt!

" _]4OC,7U^
7
" _]4OC>E^" _]C,7UOI^" _]C>EOI^" _]IOM^" _]MOP^" _]MOP,^"

!

t[p! u5! q[p! u5! q[?! B[a! B[a!

!

q[?! u5! >?! u5! t[p! ][?! >[a!

!

][p! u5! t[^! u5! _[>! ^[B! ][>!

!

p[t! u5! t[>! u5! t[p! uC! >[q!

!

][p! u5! q[]! u5! p[t! a[]! B[a!

!

p[B! a[p! p[B! ][>! t[p! a[^! ^[]!

!

a[^! a[^! a[^! ^[a! p[^! u)! u)!

!

t[B! u5! t[B! u5! q[^! uC! ][t!

!!!!!!!!!!!!!!!!9!
7-0!C+102912-0!)-!C+43798-!0+12!-D3,6A/-0!-1!QY!`!5!1*-D602-!390!`!C!1+1!)/2-,A61/!`!)!A472637-2!3+4,!Qa!

=957-94!_!K!=957-94!,/C936247926F!)-0!@97-4,0!)-!C+102912-0!)-!C+43798-0!-12,-!7-0!3,+2+10!3+4,!7-0!C+A3+0/0!

UVc1[!UVS1!-2!Uah1!

!

! <1!@-,06+1!874C+0-[!+1!3-42!2+42!)*95+,)!)6,-!f4-[!3+4,!7-0!874C+6A6)9Y+7-0!UVc1!-2!Uah1[!7-0!

C+102912-0! )-! C+43798-! /" 0+12! 3740! 3-262-0! f4-! 3+4,! 7-0! C+A3+0/0! `! +4! `1! 1+1! 04502624/0X! L9!

A+)6F6C926+1!)-!79!3+0626+1!]!9!)+1C!41-!61C6)-1C-!04,!79!C+1F+,A926+1!)-0!87MC+6A6)9Y+7-0!f46!0+12!

)+1C!3740!9379260!39,!,933+,2!k!79!C+1F+,A926+1!)-A6KCV960-!)4!874C+6A6)9Y+7-!`X!G-!3740[!C-0!@97-4,0!

0-!,933,+CV-12!)-0!@97-4,0!)4!874C+6A6)9Y+7-!TS!9@-C!79!CV9|1-!3V/1/2VM7-[!C-!f46!-02!-1C+4,98-912!

3+4,! 7-4,!3+2-126-7! 61V6562-4,!)-!87MC+06)90-0X! N7!-02!94006! 612/,-00912!)-!1+2-,!f4-! 7-0!C+102912-0!/!

+52-14-0!3+4,!7-0!C+A3+0/0!]K)/0+DM!UVc1!-2!]K)/0+DMK]KF74,+!Uah1!0+12!C+A39,957-0[!C-!f46!06816F6-!
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>Bq!

f4*k! 7*/292! 76f46)-! 7-0!)-4D!C+A3+0/0!)+6@-12!9)+32-,!)-0!C+1F+,A926+10!06A6796,-0X!P-C6!3-42!97+,0!

2+42!k!F962!R2,-!A60!-1!,-7926+1!9@-C!)-0!2,9@94D!34576/0!-1!B?>?!39,!7*/f463-!)-!$-,69116>t]!f46!9!34!

C+10292-,[! C-22-! F+60KC6! k! 7*/292! 0+76)-[! f4-! 79! )/0+DM8/1926+1! -2! 79! F74+,926+1! -1! 3+0626+1! ]!

-12,9|196-12! )-0! )602+,06+10! )-! CMC7-! 06A6796,-0! 04,! 7-0! 04502,920! CSC! -2! CSV! dI684,-! ]pe! @-,0! 79!

C+1F+,A926+1!H>[^X!

!

!

I684,-!]p!

!

! <1! @-,06+1! A911+0-[! +1! 3-42! /897-A-12! 9FF6,A-,! f4-! 79! )/0+DM8/1926+1! -1! ]! 3+4,! 7-!

C+A3+0/!UVS1! 9!9FF-C2/! 79! C+1F+,A926+1!)4!CMC7-!-2!f4-!C-746KC6! 0*-02!A+)6F6/X! N7! -02! 612/,-00912!)-!

C+10292-,!f4-!79!C+102912-!/dB[]*9De!3+4,!7-!C+43798-!-12,-!7-0!3,+2+10!QB!-2!Q]*9D!)-!a[^!QY!-02!3740!

8,91)-! f4-! 3+4,! 7-0! A911+6A6)9Y+7-0! ah! -2! VV! 3+4,! 7-0f4-70! -77-! @942! ][p! QYX! %! 7*61@-,0-[! 79!

C+102912-!/d]*9D[^e!)-!a[^!QY!-02!3740!3-262-!3+4,!7-!1+4@-94!A911+6A6)9Y+7-!UVS1!f4-!3+4,!7-0!)-4D!

942,-0!C+A3+0/0!ah!-2!VV!d/d]*9D[^e!,-03-C26@-A-12!)-!t[^!-2!q[]!QYeX!!

!

! NNXa!P+1C7406+1!-2!.-,03-C26@-0!

!

! L9!3,/39,926+1!)-!87MC+6A6)9Y+7-0!3+00/)912!-1!3+0626+1!]!41!942,-!8,+43-A-12!F+1C26+11-7!

f4-! 79! F+1C26+1! VM),+DM7-! 1*/2962! S40f4*97+,0! 390! )/C,62-! )910! 79! 7622/,924,-X! =,9@9677-,! 04,! C-22-!

3+0626+1[!7+,0f4-!7*6A6)9Y+7-!-02!-1!379C-[!1*-02!390!41-!CV+0-!F9C67-[!C9,!79!,/9C26@62/!-02!8,91)-A-12!

A+)6F6/-! )-! 39,! 79! F406+1! 9@-C! 7*V/2/,+CM7-! 9Y+2/X! '+40! 9@+10! 34! 94006! C+10292-,[! 9@-C! 7-! !K

F74+,+2V6+79C29A-! Cca! d$CV/A9! _ae[! f4*612,+)46,-! 7-0! 1+4@-77-0! F+1C26+10! 3740! -1! 9A+12! )910! 7-0!

0M12Vg0-0! 1*/2962! 390! F+,C/A-12! 79!A-677-4,-! 0+7426+1X!E978,/! C-0! )6FF6C472/0! 0M12V/26f4-0[! 67! 9! /2/!

612/,-00912!)-!C+10292-,!f4-!79!A+)6F6C926+1!)-!79!3+0626+1!]!9!56-1!-4!41-!61F74-1C-!04,!79!8/+A/2,6-!

)-0! A+7/C47-0X! '*9M912! 390! +52-14! )-! C+A3+0/0! C,602977610[! 1+40! 1*9@+10! 390! )-! 02,4C24,-0! 94D!

,9M+10!l!3+4,!)+11-,!41-!C+1F+,A926+1!k!7*/292!0+76)-!94D!A+7/C47-0!0M12V/260/0!A960!)-0!2-020!0+12!

9C24-77-A-12! -FF-C24/0[! k! 7*416@-,062/! )-! &+,c! 39,! 7*/f463-! )4! .,+F-00-4,! \6)-+1! G9@6-0! 3+4,!

3+4,046@,-!7-0!61@-0268926+10!-2!1+29AA-12!)/2-,A61-,!7*9C26@62/!56+7+86f4-!)-0!C+A3+0/0X!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>t]!vV918[!OX`!"76@-,[!%X!\X`!$-,69116[!%X!$X!16(&"3'J@(&II5O'0!ChUh[!3YY[!aapX!
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>]?!

<1F61[! 67!3+4,,962!R2,-! 612/,-00912!)*612,+)46,-!41-!39,26-!T987MC+1-T!04,!C-0!04502,920!dI684,-!]te!-2!

1+29AA-12!79!CV9|1-!3V/1/2VM7-!S;&!41!C+43798-!)-!$+1+890V6,9!04,!)-0!87MC+6A6)9Y+7-0!6+)/0!3+4,!

948A-12-,!7*9FF6162/!)-!C-0!04502,920!3+4,!7-0!87MC+06)90-0X!

!

!

I684,-!]t!

N
N

OH

HO

OH

F
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!

!

"

!

*+')$&! C! *G9[HGHF;LP! =F! WF;<;EHF;LP! =P! EJPFY^E=! M=!

X<WFH:LPH<M9YJM=E! LZJM9E! =P! [LE;F;LP! C! =F! M=! !,

H:J<HQ;PL[=PFHM;^PH<E!





!

!

!

!

PV9362,-!N





!

!

/YH[;FG=! $R! 6=E! HQ;PL[=PFHM;9PH<E! MHPE! <=E! YJ[LFY^E=E! M=!

D;LX=P^E=! M=E! H<:H<LeM=E! M1LG;X;P=! QHG;P=! M=! <H! bHQ;<<=! M=E!

QHP\HQ;P=E!

!

! NX>!L-0!97C97+m)-0!)-!79!F9A677-!)-0!A91Y9A61-0!!

!

" " #$%$%"`>'>276.0>/"

!

! L-0! +,89160A-0! A9,610>t^! -2! 7-0! /3+18-0>ta! 0+12! 41-! 0+4,C-! C+106)/,957-! )-! A/295+762-0!

0-C+1)96,-0! 94D! 02,4C24,-0! 3740! +4!A+610! C+A37-D-0! -2! ,-A9,f4957-0X! L-0! /3+18-0! )-! 7x+,),-! )-0!

`&%I5@6I)';C&)[!f46!1+40!612/,-00-!6C6!3740!39,26C476g,-A-12[!677402,-12!C-22-!6)/-!-2!,-1F-,A-12[!39,A6!

7-0! 1+A5,-4D! )/,6@/0! )-0! ]K97cM73M,6)61-0! +4! ]K97cM7363/,6)61-0[! 7-0! C+A3+0/0! )-! 79! F9A677-! )-0!

A91Y9A61-0X!!

! Px-02! -1! >qt_! f4-! 7x/f463-! )-! Q689! -D2,962! 3+4,! 79! 3,-A6g,-! F+60! 79! A91Y9A61-! %! )x41-!

/3+18-!A9,61-!)4!8-1,-!`&I;6I5<&!3,g0!)x"c619Z9!94!;93+1X>t_!P-2!97C97+m)-!A9,61!-02!7-!3740!C+114!

-2! 7-! 3740! /24)6/! )-! C-22-! 0/,6-X>tp! N7! -02! )*9677-4,0! )-@-14! 7-! CV-F! )-! F67-! )-! 79! F9A677-! f46! 3+,2-!

)/0+,A960!0+1!1+A!-2!f46!1*9!C-00/!)g0!7+,0!)-!0x98,91)6,X>tt!!

! i4-7f4-0! ,-3,/0-129120! )-! 79! F9A677-! )-0! A91Y9A61-0! 677402,-12! 6C6! dI684,-! ]qe!

7x-D2,9+,)6196,-!)6@-,062/!02,4C24,97-!)-!C-0!C+A3+0/0!f46!3+00g)-,96-12!41-!+,6861-!C+AA41-X!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>t^
!H7412[!;X!OX`!P+33[!HX!#X`!Q4[!OXK.X`!E41,+[!EX!QX!\X`!'+,2VC+2-[!.X!=X`!.,610-3[!EX!#X!$&(0"G'5C0"+)%X!ChUU[!8T[!>q_!-2!

,-@4-0!9114-77-0!3,/C/)-12-0X!
>ta

! H9c-,[! HX! ;X! 1Ic&I5;C@" a" 64)2;6&I" &<C" M;5I5O;6&I" %)'@%)6(;S)@`! .-,89A+1! .,-00[! <70-@6-,! $C6-1C-! -)X`! .-77-26-,[! $X! OXr!

"DF+,)[!:Xo[!UTTc[!]atX!
>t_

!$9c96[!#X`!Q689!=X`!;-FF+,)[!PX!OX`!H-,19,)61-776[!\X!/0"120"34)20",560!UTdc[!79T[!_^?^X!
>tp!E9816-,[!<X`!L9187+60[!&X!])('&4)C'5<!UTTd[!>W[!_B?>X!d,-@4-!04,!7-0!)6FF/,-12-0!02,92/86-0!)-!0M12Vg0-e!
>tt

! 9e! E92Y91c-[! 'X`! \,-88[! #X! ;X`! O-61,-5[! $X! EX`! #'O0" G')%0" G'56)C0" E<(0" UTTd[! U9[! ]! `! 5e! =04)9[! EX`! o+59M90V6[! ;X`!

`)()'56J6I)@!UTTS[!WY[!p_a!`!Ce!%1)-,0-1[!#X!;X`!b91!$+-02[!#X!OX!EX`!o+18[!IX!1Ic&I5;C@"a"64)2;6&I"&<C"M;5I5O;6&I"%)'@%)6(;S)@`!
.-,89A+1!.,-00[!<70-@6-,!$C6-1C-!-)X`!.-77-26-,[!$X!OXr!"DF+,)[!:X!o[!UTTc[!]?>!`!)e!P,-Z0[!.X`!PV-18[!lXKPX`!%)9ACY-0c6[!EX`!
#+),684-Y[! ;X`! ;9039,0[!EX`! $CVA62Y[! IX! ;X`! =,9-8-,[! $X! PX`! .+,)-06A+[! <X!"X`! =)('&4)C'5<!UTTa[!>9[! >]a_p! `! -e!#+),684-Y[! ;X!
,(:C;)@";<"$&(:'&I"G'5C:6(@"34)2;@('J"dH6+9C26@-!'924,97!.,+)4C20e".9,2!<`!<70-@6-,!-)X`!%229K4,K#9VA91[!Chhh`!b+7X!B^[!ap]X!
!
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C)@"2&<K&2;<)@"

"

>]_!

!

I684,-!]q!

!

! #-@-1+10! f4-7f4-0! 61029120! 04,! C-,29610! C+A3+0/0! )-! 79! F9A677-! )-0! A91Y9A61-0!

dA91Y9A61-!%[!V976CMC79A61-0!-2!09,9m1-0e[!9@912!)-!)/29677-,!7-0!VM3+2Vg0-0!)-!56+8-1g0-!3,+3+0/-0!

k!C-!S+4,[!k!09@+6,!C-77-!)-!H97)Z61!-2!OV62-V-9)!96106!f4-!C-77-!)-!E9,9Y91+X!!

!

!
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C)@"2&<K&2;<)@"

>]p!

" " #$%$4"D7"?7'S7?.')"T"

!

! P+AA-!/@+f4/!3,/C/)-AA-12[!79!A91Y9A61-!%!dI684,-!]qe!9!/2/!60+7/-!-1!>qt_!39,!Q689X!$9!

02,4C24,-!9!/2/!C+1F6,A/-!39,!)6FF,9C26+1!)-0!,9M+10!l!)-!0+1!CV7+,VM),92-X!$-7+1!41!5,-@-2!39,4!-1!

B??^>tq!C-22-!A+7/C47-!2,g0!/795+,/-!0-,962!3,+)462-!39,!)-0!9C261+AMCg2-0!f46!@6@-12!-1!0MA56+0-!

9@-C! 7-0! /3+18-0X! .9,A6! 0-0! 9C26@62/0! 56+7+86f4-0[! 67! -02! k! 1+2-,! f4x-77-! 3+00g)-! 41-! F+,2-! 9C26@62/!

912624A+,97-!d2-020! ;<"S;('5!r!PNa?!�!?[?p!�8XALK>!04,! 7-0!C-7747-0!.]tt!)-!0+4,60! 7-4C/A6f4-0eX!"1! 746!

C+1Fg,-!/897-A-12!41-!9C26@62/!61V6562,6C-!;<"S;S5!)-!GI&@25C;:2"M)'O4);!CV-Y!79!0+4,60>q?!-2!7x/f463-!

)xQ9A911!9!,-3+,2/!7x61V65626+1! ;<"S;('5!)-![J65M&6()';:2"(:M)'6:I5@;@X>q>!<1F61[!-77-!3,/0-12-!94006!

41-!9C26@62/!9126K61F79AA92+6,-!-2[!S40f4xk!C-!S+4,[!41-!F9657-!2+D6C62/!3+4,!7xV+AA-X>qB!!

! "42,-!0-0!9C26@62/0!56+7+86f4-0[!79!A91Y9A61-!%!9!040C62/!7x612/,R2!)-!1+A5,-40-0!/f463-0!)-!

,-CV-,CV-!)-!39,!09!C+A37-D62/!02,4C24,97-X!.7406-4,0!933,+CV-0!)-!0M12Vg0-!)-!79!A91Y9A61-!%!0+12!

)/C,62-0!)910!79!7622/,924,-[>tt[>q?[>q]!A960!67!1*-D602-[!k!7*V-4,-!9C24-77-[!f4-!2,+60!0M12Vg0-0!2+297-0!)-!

79!A+7/C47-!39,!7-0!/f463-0!,-03-C26@-0!)-!O61Cc7-,[>q^!)-!E9,261>qa!-2!)-!I4c4M9A9X>q_!

!

" #$%$C"D)/"<76.9;967?.')/O"<76.961'79;967?.')/")0"72>'1/96>2.')/"

!

! P-0! 97C97+m)-0! 0+12! )-0! A9C,+CM7-0! 3+00/)912! 41! 1+M94! 363/,6)61-! 76/! k! 41! 1+M94!

2/2,9VM),+3M,6)61-! dV976CMC79A61-0e! +4! k! 41! 0-C+1)! 1+M94! 363/,6)61-! dV976C7+19CMC79A61-0! -2!

9,/1+0C7/,61-0eX!.7406-4,0!C+A3+0/0!0+12!,-3,/0-12/0!04,!79!F684,-!]qX!G-!7+184-0!CV9|1-0!C9,5+1/-0!

0924,/-0!+4!610924,/-0!-2!)-!)6FF/,-12-0!29677-0!3-,A-22-12!)-!F+,A-,!7-0!A9C,+CMC7-0X!N70!3,/0-12-12!

)6FF/,-120!)-8,/0!)*+DM)926+10!94!16@-94!)-0!CV9|1-0!+4!)-0!V/2/,+CMC7-0!96106!f4-!)-0!02/,/+CV6A6-0!

)6FF/,-12-0X!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>tq
!Q677[!#X!=X`!Q9A911[!EX!=X`!.-,94)[!"X`!o90919V[!'X!H,-@-2!'(! r!O"!B??^u?>]Bqp!%B!%3376C926+1!.P=u:$B??]u?B^B]t[!

>Bu?BuB??^X!
>q?

!%18[!oX!oX`!Q+7A-0[!EX!;X`!Q9A911[!EX!=X`!o9,9[!:X!%X!oX!1<(;2;6'5M0"1O)<(@"34)25(4)'X!Chhh[!WW[!>_^aX!
>q>

!&+4009F[!EX`!<7!$9M-)[!oX!%X`!#9+[!oX!bX`!L6A[!PX!OX`!Q4[!;XKIX`!o-77M[!EX`!I,91Y5794[!$X!\X`!vV918[!IX`!.-,94)[!"X`!Q677[!#X!=X`!

Q9A911[!EX!=X!])('&4)C'5<!ChhC[!>T[!p]qpX!!
>qB

! \4190-c-,9[! $X`! E9M-,[! %X`! .+A3+16[! $X`! $-11-22[! $X! H,-@-2! '(!r! O"! ??au_]?^! %3376C926+1!r! .P=u:$??u?pqp^[!

Btu?quB???X!!
>q]!Q4[!;X!IX`!Q9A911[!EX!=X`!Q677[!#X`!o-77M[!EX!]4)"1Ic&I5;C@`!<70-@6-,!-)X`!P+,)-77[!\X!%X[!ChhV`!b+7X!_?[!B?pX!
>q^!O61c7-,[!;X!GX`!%D2-1[!;X!EX!/0"120"34)20",560!UTTd[!789[!_^BaX!
>qa!9e!E9,261[!$X!IX`!Q4A3V,-M[!;X!EX`!%76[!%X`!Q676-,[!EX!PX!/0"120"34)20",560!UTTT[!787[!t__!`!5e!Q4A3V,-M[!;X!EX`!L69+[!&X`!%76[!

%X`!#-61[!=X`!O+18[!&XKLX`!PV-1[!QXK;X`!E9,261[!$X!IX!/0"120"34)20",560!ChhC[!78W[!tat^X!
>q_!=+A9[!=X`!o629[!&X`!I4c4M9A9[!=X!/0"120"34)20",560!ChUh[!7U8[!>?B]]X!



G&'(;)"EE"H"34&%;(')"E0"X)@"&2;<5%)<(&C;D<&I@"C&<@"I)@"4J%5(4P@)@"C)"M;5O)<P@)"C)@"&I6&I5fC)@"C*5';O;<)"2&';<)"C)"I&"^&2;II)"

C)@"2&<K&2;<)@"

"

>]t!

! L*V976CMC79A61-!%! 9! /2/! 60+7/-! -1! >qq^!)x41-! /3+18-! 61)+1/06-11-!)4! 8-1,-!`&I;6I5<&! 39,!

7x/f463-! )-! P,-Z0X>qp! <77-! A+12,-! 41-! 9C26@62/! 61V6562,6C-! )*41-! -1YMA-! 04,-D3,6A/-! )910! )-!

1+A5,-4D!C91C-,0!r!7x61+061-!A+1+3V+03V9292-!)/0VM),+8/190-!dNE.GQe!dPNa?!�!>!�8XALK>eX>qt!P-22-!

A+7/C47-!-02!/897-A-12!61V6562,6C-!)-!C,+60091C-!)-!37406-4,0!AMC+59C2/,6-0!392V+8g1-0!-2!3+00g)-!

)-0! 3,+3,6/2/0! 9126245-,C47-40-0X! %! C-! S+4,[! 94C41-! 0M12Vg0-! 2+297-! 1*9! /2/! ,-3+,2/-! 3+4,!

7*V976CMC79A61-!%X!

!

! .7406-4,0!V976C7+19CMC79A61-0!+12!/2/!-D2,962-0!)x41-!/3+18-!9402,976-11-!)4!8-1,-!`&I;6I5<&"

39,!7x/f463-!)-!PV9,91!-2!C-77-!)-!P79,cX>qq[B??!%!262,-!)*-D-A37-[!7-0!V976C7+19CMC79A61-0!%!-2!H!dI684,-!

]qe!3+00g)-12!41-!F+,2-!9C26@62/!912659C2/,6-11-!-2!9126F+186f4-!d,-03-C26@-A-12!r!PNa?!�!?[t!�8XALK>!

-2!?[_!�8XALK>!04,!)-0!C-7747-0!.]tt!)-!0+4,60!7-4C/A6f4-0eX!L-0!9,/1+0C7/,61-0!G!-2!<!dI684,-!]qe!0+12!

7-0! )-,16-,0! 97C97+m)-0! )-! C-! 8,+43-! k! 9@+6,! /2/! 60+7/0! )*41-! /3+18-! A9,61-! G&64J64&I;<&"

&I6&I5;C;^)'&XB?>!

!

" " #$%$I"D)/"/727a')/"

!

! <1!>qt_[!41!1+4@-94!8,+43-! F962! 0+1!9339,626+1!)910! 79! F9A677-!)-0!A91Y9A61-0[! C-746!)-0!

09,9m1-0!)+12!f4-7f4-0!C+A3+0/0!0+12! ,-3,/0-12/0!04,! 79! F684,-!]qX!P-0!A/295+762-0!+12!/2/! 60+7/0!

)x41-! /3+18-!A/)62-,,91/-11-! )4! 8-1,-!+)<;)'&" @&'&;! 39,! 7x/f463-! )-! P6A61+XB?B! G910! C-! 8,+43-!

)*97C97+m)-0[! +1! )6026184-! 7-0! /)6F6C-0! C+A37-D-0! C+102624/0! )*V-D9VM),+f461+76Y61+1-0! 76/-0!

)6,-C2-A-12!k!41-!2/2,9VM),+3M,6)61-!-2!@69!)-4D!CV9|1-0!VM),+C9,5+1/-0!)-!7+184-4,0!)6FF/,-12-0[!

C+AA-!7-0!09,9m1-0!>!+4!B[!)*41!942,-!0+40K8,+43-!)+12! 79!09,9m1-!%!-02!C9,9C2/,6026f4-X!<77-!9!/2/!

60+7/-!-1!>qtq[! 2+4S+4,0!)-! 79!ARA-!/3+18-X!L*9197M0-!39,!)6FF,9C26+1!)-0! ,9M+10!l!)-! 0+1!)/,6@/!

)69C/2M7/! 9! 3-,A60! )-! C+119|2,-! 09! 02,4C24,-! -2! )-! )/)46,-! C-77-! )*942,-0! 09,9m1-0XB?]! P+AA-!

37406-4,0!A-A5,-0!)-!79!F9A677-!)-0!A91Y9A61-0[!C-0!97C97+m)-0!3+00g)-12!41!C�4,!9Y+2/!2,6CMC76f4-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>qp!9e!;9039,0[!EX`!.904392VM[!bX`!P,-Z0[!.X!/0#'O034)2[!UTTa[!>\[!]Ba]`!5e!Q9,,60+1[!HX`!=979392,9[!$X`!L+5c+@0cM[!<X`!P79,)M[!

;X`!P,-Z0[!.X!])('&4)C'5<"X)((X!UTTc[!UB[!q>a>X!
>qt!%,96[!EX`!$+5+4[!EX`!b67CV-Y-[!PX`!H948V1[!%X`!Q90V6Y4A-[!QX`!.,4c09c+,1[!.X`!N0V6)9[!$X`!E9204A+2+[!EX`!;9C+50[!OX!#X`!

o+59M90V6[!EX!=;55'O0"[)C0"34)20!Chhd[!7Y[!_p]BX!
>qq!9e!PV9,91[!#X!GX`!\9,0+1[!EX!;X`!H,-,-2+1[!NX!EX`!O67760[!%X!PX`!Q++3-,[!;X!'X!%X!])('&4)C'5<!UTTc[!>8[!q>>>!`!5e!E4)69129[!NX!

OX`!\9,0+1[!EX!;X`!H-,1V9,)2[!.X!bX!1:@(0"/0"34)20!ChhT[!Y8[!__pX!
B??!P79,c[!#X!;X`!I6-7)[!oX!LX`!PV9,91[!#X!GX`!\9,0+1[!EX!;X[!H,-,-2+1[!NX!EX`!O67760[!%X!PX!])('&4)C'5<!UTTd[!>W[!tt>>X!
B?>!G-! "76@6-,9[! ;X`! '90C6A-12+[! %X!EX`! o+00489[!EX! QX`! P9@97C9126[! HX! PX`! .-00+9[! PX! "X`!E+,9-0[!EX! "X`!E9C-)+[!EX! LX`!

I-,,-6,9[!%X!\X`!Q9S)4[!<X`!.61V-6,+[!:X!$X`!H-,761Cc[!#X!\X!$X!/0"$&(0"G'5C0!ChhS[!B9[!a]tX!
B?B!P6A61+[!\X`!G-!$23-V91+[!$X`!$C+819A6876+[!\X`!$+)91+[!\X`!=,6@-77+1-[!<X!=:II0",560"34;20"=)IO0!UTdc[!\>[!pt]X!
B?]!9e!P6A61+[!\X`!E92269[!PX!%X`!E9Y9,-779[!LX`!.47626[!#X`!$C+819A6876+[!\X`!$361-779[!%X`!=,6@-77+1-[!<X!])('&4)C'5<!UTdT[!W>[!

]t_]!`!5e!P6A61+[!\X`!$C+819A6876+[!\X`!$361-779[!%X`!=,6@-77+1-[!<X!/0"$&(0"G'5C[!UTTh[!>U[!>a>qX!



G&'(;)"EE"H"34&%;(')"E0"X)@"&2;<5%)<(&C;D<&I@"C&<@"I)@"4J%5(4P@)@"C)"M;5O)<P@)"C)@"&I6&I5fC)@"C*5';O;<)"2&';<)"C)"I&"^&2;II)"

C)@"2&<K&2;<)@"

>]q!

-2! )-! 7+184-0! CV9|1-0! C9,5+1/-0! )+11912! )-4D! A9C,+CMC7-0X! L9! C+A37-D62/! 02,4C24,97-! )-! C-0!

A+7/C47-0! -02! C9,9C2/,60/-! -1! 39,26C476-,! 39,! 79! 3,+D6A62/! 0392697-! -12,-! 7x92+A-! )x9Y+2-! 'K>! -2!

7x92+A-! )-! C9,5+1-! PKB! )-! 79! F+1C26+1! 97)/VM)-! f46! C+1Fg,-! k! 79! A+7/C47-! 41! C9,9C2g,-!

YZ622-,6+16f4-X!P-0!A+7/C47-0!0+12!3740! 612/,-00912-0!)-!39,! 7-4,!02,4C24,-0! 61V95624-77-0!f4-!3+4,!

7-4,! 9C26@62/0! 56+7+86f4-0! f46! 0*9@g,-12! A+)/,/-0XB?^! <1! B??_[! 7*/f463-! )*"@-,A91! 34576-[! 3+4,! 79!

3,-A6g,-! F+60[! 79! 0M12Vg0-! 2+297-! )-! 79! 09,9m1-! %X! N7! -02! k! 1+2-,! f4*67! 0*9862! )*9677-4,0! )-! 79! 0-47-!

0M12Vg0-!2+297-!,-3+,2/-!k!C-!S+4,XB?a!!

!

! NXB!QM3+2Vg0-0!)-!56+8-1g0-!

!

! <1! CV6A6-! 56+A6A/26f4-[! 7*/2957600-A-12! )-! 0CV/A90! ,/2,+0M12V/26f4-0! -02! 41! -D-,C6C-!

39,F+60!39,26C476g,-A-12!)6FF6C67-!C9,! 7-0!/24)-0!56+CV6A6f4-0[!)-0261/-0!k!C+119|2,-! 7-0!3,/C4,0-4,0!

)-0!/)6F6C-0!C+A37-D-0!3-4@-12!R2,-!-D2,RA-A-12!)6FF6C67-0!k!A-22,-!-1!�4@,-XB?_!!

!

! L*+,6861-! 56+8/1/26f4-! )-0! 97C97+m)-0! )-! 79! F9A677-! )-0! A91Y9A61-0! 9! 39,26C476g,-A-12!

612/,-00/! H97)Z61! -2!OV62-V-9)! 96106! f4-!E9,9Y91+X! <1! -FF-2[! 670! @+M96-12[!A978,/! 7-4,! 9339,-12-!

)6@-,062/! 02,4C24,97-[! 41-!+,6861-! C+AA41-!94D!A+7/C47-0!)-! C-22-! F9A677-X! N70! +12! 97+,0! /29576! )-0!

0C/19,6+0!56+8/1/26f4-0!f46[!94!F67!)-0!911/-0[!+12!34!R2,-!9334M/0!39,!)-0!,/0472920!-D3/,6A-1294DX!!

!

!

!

!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B?^!P93,6+76[!bX`!P6A61+[!\X`!G-!\4676+[!%X`!E9)96+[!%X`!$C+819A6876+[!\X`!=,6@-77+1-[!<X!352%0"=;564)20"G4J@;5IX!UTTC[!79U=[!

Bq]X!
B?a!9e!\9,8[!'X!oX`!Q6-5-,2[!$X`!"@-,A91[!LX!<X!1<O)Z0"34)20"E<(0"-C0!Chhc[!W>[!Bq>B!`!5e!H-Cc-,[!EX!QX`!PV49[!.X`!G+Z1V9A[!

#X`!G+48790[!PX!;X`!\9,8[!'X!oX`!Q-65-,2[!$X`!;9,+CV[!$X`!E9204+c9[!#X!=X`!E6))7-2+1[!;X!%X`!'8[!IX!OX`!"@-,A91[!LX!<X!/0"120"34)20"

,560!ChhS[!78\[!>>qtpX!
B?_!\9,0+1[!EX!;X!/0"$&(0"G'5C0"+)%0!UTdT[!Y[!>^]X!



G&'(;)"EE"H"34&%;(')"E0"X)@"&2;<5%)<(&C;D<&I@"C&<@"I)@"4J%5(4P@)@"C)"M;5O)<P@)"C)@"&I6&I5fC)@"C*5';O;<)"2&';<)"C)"I&"^&2;II)"

C)@"2&<K&2;<)@"

"

>^?!

" #$4$%"D)"?1+B6)"+)"b76+c.'")0"d<.0)<)7+"

!

! P*-02! -1! >qqB[! f4-! H97)Z61! 9! 3,+3+0/[! 3+4,! 79! 3,-A6g,-! F+60! -2! 8,�C-! k! 7*9197M0-! )-! 79!

A91Y9A61-! P[B?p! 41-! VM3+2Vg0-! )-! 56+8-1g0-! 3+4,! 7-0! 97C97+m)-0! )-! 79! F9A677-! )-0! A91Y9A61-0!

d$CV/A9!p?eXB?t!!

!

$CV/A9!p?!K!QM3+2Vg0-!)-!56+8-1g0-!)-!79!A91Y9A61-!P!

!

! $-7+1!H97)Z61[!79!A91Y9A61-!P!3,+@6-1),962!)-!79!C+1)-10926+1!)*41-!A+7/C47-!)*9AA+169C!

9@-C! 2,+60! -1262/0! C9,5+1/-0! r! 79! 2,M329A61-! d)/,6@/! )4! 2,M32+3V91-e[! 7*9C,+7/61-! -2! 41! )697)/VM)-!

610924,/! k! 7+184-! CV9|1-X! N7! -02! k! 1+2-,! f4*67! 9! 3+0247/! 7*612-,@-126+1! )-! C-0! 4162/0! 0910! 3,-4@-!

-D3/,6A-1297-!-2!f4*67!9!F962!)-!ARA-!3+4,!79!A91Y9A61-!%!f4*67!C+106)/,962!6004!)-!)-4D!)697)/VM)-0!

610924,/0! k! 7+184-! CV9|1-[! )-! )-4D! 4162/0! )*9C,+7/61-! -2! )*9AA+169CX! L*9197M0-! 56+0M12V/26f4-! )-!

H97)Z61!-02!3,+3+0/-!C6K)-00+40!d$CV/A9!p>eX!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B?p!H97)Z61[!;X!<X`!OV62-V-9)[!#X!PX!])('&4)C'5<"X)((0!UTTC[!UU[!B?aqX!
B?t!$9c96[!#X!oX`!o+VA+2+[!$X`!Q689[!=X`!;-FF+,)[!PX!OX`!H-,19,)61-776[!\X!])('&4)C'5<"X)((0!UTdS[!8T[!a^q]X 

N

N
N
H

manzamine C

N
H

HO2C

NH2

O
NH3

O
O



G&'(;)"EE"H"34&%;(')"E0"X)@"&2;<5%)<(&C;D<&I@"C&<@"I)@"4J%5(4P@)@"C)"M;5O)<P@)"C)@"&I6&I5fC)@"C*5';O;<)"2&';<)"C)"I&"^&2;II)"

C)@"2&<K&2;<)@"

>^>!

!

$CV/A9!p>!K!QM3+2Vg0-!)-!56+8-1g0-!)-!79!A91Y9A61-!%!dH97)Z61!-2!OV62-V-9)e!

! L-!A9C,+CMC7-!CSd! 0-,962! +52-14!39,! 79! C+1)-10926+1!)-!)-4D! 9A61+97)/VM)-0! 610924,/0! k!

7+184-! CV9|1-! CSS! 6004! )-! )-4D! A+7/C47-0! )x9AA+169C! -2! )-! )-4D! )697)/VM)-0! 610924,/0X! :1-!

,/9C26+1!)-! CMC7+9))626+1! 612,9A+7/C4796,-! 2,9109114796,-! U^jBW! )-! 79!A+7/C47-!CSd! 3+00/)912! 41-!

39,26-! >[BK)6VM),+3M,6)61-! d)6g1-e! -2! 41-! 39,26-! 0-7! )-! B[]K)6VM),+3M,6)6164A! d)6g1+3V67-e!

3-,A-22,962!97+,0!)*+52-16,!7*6A6164A!3+7MCMC76f4-!CSTX!:1-!,/9C26+1!)*+DM)926+1!612,9A+7/C4796,-!)-!

C-2! 6A6164A! 3+7MCMC76f4-! CST! F+4,16,962! 7*6A6164A! CdhX! L*VM),+7M0-! )-! C-! )-,16-,! C+1)46,962! k!

OH

N

N N
HH

N
H

OH

N

H

N
H

OH
N

H

HN

OO

N

H

HN

O

N

NN

N

NH2

NH2

O

O

O

O

281

278

278

277

277

ircinal B ircinal A

HX

oxydation

oxydation

tryptamine
oxydation

manzamine A

N
N

réduction

N
N

kéramaphidine B

H2O oxydo-réduction

N
N

279280

réduction

X

X

X

X



G&'(;)"EE"H"34&%;(')"E0"X)@"&2;<5%)<(&C;D<&I@"C&<@"I)@"4J%5(4P@)@"C)"M;5O)<P@)"C)@"&I6&I5fC)@"C*5';O;<)"2&';<)"C)"I&"^&2;II)"

C)@"2&<K&2;<)@"

"

>^B!

7*97)/VM)-!CdU!f46[!93,g0!41-!0/,6-!)-!,/9C26+10!)*+DM)926+1[!Ag1-,962!k!7*6,C6197!H!3460!k!7*6,C6197!%X!

I6197-A-12!93,g0!,/9C26+1!9@-C!79!2,M329A61-!-2!+DM)926+1[!79!A91Y9A61-!0-,962!+52-14-X!

! G910!7-0!911/-0!q?[!7*6,C6197!HB?q!-2!79!c/,9A93V6)61-!HB>?!@+12!R2,-!60+7/-0!-2!@-16,!C+1F+,2-,!

7-0!VM3+2Vg0-0!/A60-0X!G-!3740[!-1!0-!590912!04,!C-!A+)g7-[!7*/f463-!)-!E9,9Y91+B>>!-2!7*/f463-!)-!

P,-Z0B>B! @+12! 3,+3+0-,! 41-! 933,+CV-! 3+4,! 7*V976CMC79A61-X! L-! A+)g7-! )-! H97)Z61! 0-A57962! )+1C!

3+4@+6,!-D376f4-,!79!F+,A926+1!)-!1+A5,-40-0!A+7/C47-0!)-!79!F9A677-!)-0!A91Y9A61-0X!!

!

! P-3-1)912[!f491)!)-0!A+)g7-0!+12!/2/!,/9760/0!3+4,!2-02-,!7-0!VM3+2Vg0-0[!-2!1+29AA-12!79!

,/9C26+1! )-! CMC760926+1! 612-,A+7/C4796,-[B>]! 67! 0*-02! 0*9@/,/! f4-! 7-0! A+7/C47-0! -0C+A32/-0! 1-! 0-!

F+,A96-12!f4*9@-C!)-! F9657-0! ,-1)-A-120X!%6106[! 7+,0f4-!f4-! 7-! 0-7!)-!)6VM),+3M,6)6164A!CdC!9!/2/!

A60! -1! ,/9C26+1! 3+4,! /24)6-,! 79! ,/9C26+1! )-! CMC760926+1! 612-,A+7/C4796,-! -12,-! C-746KC6! -2! 79!

)6VM),+3M,6)61-! C+,,-03+1)912-[! C*-02! 41-! ,/9C26+1! 39,9062-! )-! )60A42926+1! f46! 9! 2,g0!

A9S+,6296,-A-12!-4!76-4!d$CV/A9!pBeX!!

!

!

$CV/A9!pB!

!

! L9! ,/9C26+1!)-!)60A42926+1!-02!41!3,+57gA-!f46!9!94006!/2/!,-1C+12,/[!k!37406-4,0! ,-3,60-0[!

)910!7*/f463-!)-!E9,9Y91+XB>^!G910!C-0!,-CV-,CV-0!04,!79!A91Y9A61-!%[!7*/f463-!1*9!/897-A-12!390!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B?q!o+1)+[!oX`!$V68-A+,6[!QX`!o6c40V6[!&X`!N0V6590V6[!EX`!$909c6[!=X`!o+59M90V6[!;X!/0"#'O0"34)20!UTTC[!>B[!B^t?X!
B>?!9e!o+59M90V6[!;X`!=04)9[!EX`!o9Z909c6[!'X`!E9204A+2+[!EX`!%)9CV6[!=X!])('&4)C'5<"X)((0!UTTa[!U>[!^]t]!`!5e!o+18[!IX!EX`!

%1)-,0-1[!#X!;X!])('&4)C'5<!UTT`[!>7[!BtqaX!
B>>!\67[!LX`!\92-94K"7-0c-,[!%X`!E9,9Y91+[!PX`!G90[!HX!PX!])('&4)C'5<"X)((0!UTT`[!UY[!p?pX!
B>B!9e!;9039,0[!EX`!.904392VM[!bX`!P,-Z0[!.X!/0"#'O0"34)20!UTTa[!>\[!]Ba]!`!5e!Q9,,60+1[!HX`!=979392,9[!$X`!L+5c+@0cM[!<X`!P79,)M[!

;X`!P,-Z0[!.X!])('&4)C'5<"X)((0!UTTc[!UB[!q>a>X!
B>]!H97)Z61[!;X!<X`!P79,6)8-[!=X!GX!OX`!Q-43-7[!IX!%X`!OV62-V-9)[!#X!PX!])('&4)C'5<"X)((0!UTTa[!U>[!ptBqX!
B>^! 9e!E9,9Y91+[! PX[! 2Vg0-! )-! )+C2+,92[! .9,60! lN[! >qt>! `! 5e!E9,9Y91+[! PX`! I+4,,-M[! ;XKLX`! G90[! HX! PX! /0" 34)20" ,560" 34)20"

3522:<0!UTdU[!]tq!`!Ce!\67[!LX`!H94CV-,-7[!lX`!E9,261[!EXK=X`!E9,9Y91+[!PX`!G90[!HX!PX!])('&4)C'5<"X)((0!UTT`[!UY[!_B]>!`!)e!
\67[!LX`!\92-94K"7-0c-,[!%X`!O+18[!&X!$X`!PV-,192+@9[!LX`!E9,9Y91+[!PX`!G90[!HX!PX!])('&4)C'5<"X)((0!UTT`[!UY[!B?aqX!

N N + NN
CF3CO2

282 283 284

1- tampon pH 8,3, 18 h
2- NaBH4, MeOH

10%



G&'(;)"EE"H"34&%;(')"E0"X)@"&2;<5%)<(&C;D<&I@"C&<@"I)@"4J%5(4P@)@"C)"M;5O)<P@)"C)@"&I6&I5fC)@"C*5';O;<)"2&';<)"C)"I&"^&2;II)"

C)@"2&<K&2;<)@"

>^]!

C+10292/! 79! F+,A926+1! )*41! 9A61+97)/VM)-! 93,g0! VM),+7M0-! )*41! 6A6164A! 56CMC76f4-! A+)g7-! )-!

7*6A6164A!CdhXB>a!

!

! %6106[!56-1!f4-!H97)Z61!962!34576/!-1!>qqt!79!3,-A6g,-!0M12Vg0-!2+297-!)-!79!c/,9A93V6)61-!

H[B>_! C-! f46! 746! 9! 3-,A60! )-! @976)-,! 0+1! VM3+2Vg0-[! 7*/f463-! )-! E9,9Y91+! 9! F962[! 93,g0! 37406-4,0!

A+)6F6C926+10! )-! C-77-KC6[! 41-! 1+4@-77-! 3,+3+0626+1X! P-77-KC6! 3-,A-22962! )*-D376f4-,! k! 79! F+60! 79!

F+,A926+1!)-!79!A91Y9A61-!%!-2!C-77-!)-!1+A5,-40-0!942,-0!A+7/C47-0!)-!79!ARA-!F9A677-XB>p!!

!

" " #$4$4"D,<;(10<B/)"+)"=727S7'1"

!

! L*VM3+2Vg0-! )-! E9,9Y91+! ,-3+0-! 04,! 79! F+,A926+1! )*-03gC-0! )-! )-8,/0! )*+DM)926+1!

043/,6-4,0!k!C-4D!)-0!612-,A/)696,-0!3+0247/0!)910!7*VM3+2Vg0-!)-!H97)Z61X!%4006[!7-0!)-4D!4162/0!k!

2,+60!C9,5+1-0!)*9C,+7/61-!0+12!,-A379C/-0!39,!)-4D!4162/0!)-!A97+1)697)/VM)-!dA97+197)/VM)-eX!P-!

C+A3+0/[! 3,+)462! )-! )/8,9)926+1! )-0! 9C6)-0! 8,90[B>t! 3-,A-22,962! 97+,0! 79! F+,A926+1! )-0! 1+4@-94D!

612-,A/)696,-0!C7/0! r! 7-0!9A61+3-129)6g1970!Cd`!+4!CdcX!P-C6!3-,A-2!1+29AA-12!)-!C+12+4,1-,! 7-!

3,+57gA-!)-!7*VM),+7M0-!)-!7*6A6164A!-1!9A61+97)/VM)-X!

!

! L-0! 9A61+3-129)6g1970! 0-,96-12! 60040! )-! 79! C+1)-10926+1! )*41-! 9A61-! 3,6A96,-! -2! )4!

A97+197)/VM)-! 9@-C! 41! 97)/VM)-! 9763V926f4-! d$CV/A9! p]eX! G-! 39,! 7-4,! C9,9C2g,-[! k! 79! F+60[!

/7-C2,+3V67-! -2! 14C7/+3V67-[! 670! +FF,-12! 41-! ,/9C26@62/! 2+42-! 39,26C476g,-X! P-0! A+7/C47-0! 0+12! 94006!

C+114-0!3+4,!CMC760-,!-1!0-7!)-!3M,6)6164A!-1!A676-4!7/8g,-A-12!9C6)-XB>q!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B>a!\+A-Y[!;X!EX`!I-,,+4)[!PX`!\92-94K"7-0c-,[!%X`!E9,261[!EXK=X`!E9,9Y91+[!PX!/0"#'O0"34)20!ChhU[!YY[!^tqtX!
B>_!9e!H97)Z61[!;X!<X`!P79,6)8-[!=X!GX!OX`!P470V9Z[!%X!;X`!Q-43-7[!IX!%X`!L--[!bX`!$3,618[!GX!#X`!OV62-V-9)[!#X!PX`!H+48V2F7+Z-,[!#X!

;X`!E422+1[! NX!EX`!:32+1[!#X! ;X!1<O)Z0"34)20" E<(0"-C0!UTTd[!UB[!B__>! `!5e!H97)Z61[! ;X!<X`!P79,6)8-[!=X!GX!OX`!P470V9Z[!%X! ;X`!
Q-43-7[!IX!%X`!L--[!bX`!$3,618[!GX!#X`!OV62-V-9)[!#X!PX!34)20"-:'0"/0!UTTT[!>[!]>a^X!
B>p!9e!o960-,[!%X`!H677+2[! lX`!\92-94K"7-0c-,[!%X`!E9,9Y91+[!PX`!G90[!HX!PX! /0"120"34)20" ,560!UTTd[!789[! t?B_! `!5e! $91CV-YK

$97@92+,6[!EX!GX!#X`!E9,9Y91+[!PX!/0"#'O0"34)20!ChhV[!YU[!ttt]X!
B>t!<02-,594-,[!QX!1IC)4JC;6"G'5C:6(@"5^"X;%;C"#N;C&(;5<`!%C9)-A6C!.,-00!-)X!'-Z!&+,c[!UTdCX!
B>q!9e!H-CV-,[!;X!,J<(4)@;@!UTdh[!at?!`!5e!;9c45+Z6CY[!oX`!H-1!%5)-7S-767[!oX`!Q-,)-A911[!EX`!E9,261[!EXK=X`!\92-94K"7-0c-,[!
%X`!%7!E+4,9562[!%X`!E9,9Y91+[!PX`!G90[!HX!PX!/0"#'O0"34)20!UTTT[!YW[!p]t>!`!Ce!Q-,)-A911[!EX`!%7!E+4,9562[!%X`!EXK=X[!EX`!
E9,9Y91+[!PX!/0"#'O0"34)20!ChhC[!YB[!>tq?X!



G&'(;)"EE"H"34&%;(')"E0"X)@"&2;<5%)<(&C;D<&I@"C&<@"I)@"4J%5(4P@)@"C)"M;5O)<P@)"C)@"&I6&I5fC)@"C*5';O;<)"2&';<)"C)"I&"^&2;II)"

C)@"2&<K&2;<)@"

"

>^^!

!

$CV/A9!p]!

! :1-!1+4@-77-!@+6-!56+8/1/26f4-!9!97+,0!/2/!3,+3+0/-!3+4,!79!A91Y9A61-!%!d$CV/A9!p^eX!

!

!

$CV/A9!p^!K!QM3+2Vg0-!)-!56+8-1g0-!)-!79!A91Y9A61-!%!dE9,9Y91+e!

!

! :1-!0/,6-!)-!C+1)-10926+10!04CC-006@-0!-12,-!)-4D!A97+197)/VM)-0!-2!)-4D!9A61+97)/VM)-0!

k! 7+184-! CV9|1-! CSS! C+1)46,962[! 93,g0! 3-,2-! )-! f492,-! A+7/C47-0! )*-94[! k! 41! A9C,+CMC7-! CdS!

C+A3+,2912! )-4D! 4162/0! 9A61+3-129)6g1970X! :1-! ,/9C26+1! )-! CMC7+9))626+1! F+4,16,962! 97+,0! 7-!

NH2

R1

O

O

R2

O
- 2 H2O

1

2

1, 2

H
N

R1

R2

O

H
N

R1
O

R2

ou

285

286

H2N O

O

O

O

O

O

NH2

H
N

HN

O

O

N

HN

O

O

N

HN

O

O

- 4 H2O

288287

289

H+

- H2O

1 - réduction

2 - oxydation

N
H

H2N

N

HN

O

290

H

X

1 - réduction

2 - oxydation

N

N

O

H

H

291

N

N

O

H

H

OH
N

N

H

H

OH

manzamine A

N N
H

oxydation

ircinal A

277

277



G&'(;)"EE"H"34&%;(')"E0"X)@"&2;<5%)<(&C;D<&I@"C&<@"I)@"4J%5(4P@)@"C)"M;5O)<P@)"C)@"&I6&I5fC)@"C*5';O;<)"2&';<)"C)"I&"^&2;II)"

C)@"2&<K&2;<)@"

>^a!

C+A3+0/!CdT!f46!93,g0! ,/9C26+1! 612,9A+7/C4796,-!)*41-!)-!0-0! F+1C26+10!97)/VM)-0! 04,! 09! F+1C26+1!

6A61-!C+1)46,962[!93,g0!3-,2-!)*41-!A+7/C47-!)*-94[!k!7*6A6164A!CThX!%3,g0!)-0!/293-0!)-!,/)4C26+1!

3460!)*+DM)926+1!04CC-006@-0[!7-!C+A3+0/!CTU!3460!7*6,C6197!%!0-,96-12!+52-140X!<1F61[!41-!,/9C26+1!)-!

.6C2-2K$3-187-,!9@-C!79!2,M329A61-!046@6-!)*41-!+DM)926+1!F6197-[!)+11-,962!79!A91Y9A61-!%X!

!

! NX]!P+1C7406+1!

!

! \,�C-!94D!-03gC-0!9A61+3-129)6g1970[!79!F+,A926+1!)-!2,g0!1+A5,-4D!97C97+m)-0!)-!79!F9A677-!

)-0! A91Y9A61-0! C+AA-! 7-0! V976CMC79A61-0[! 7-0! A9)9189A61-0[BB?! 7-0! A919)+A91Y9A61-0BB>! +4!

-1C+,-!7-0!09,9m1-0!3+4,,962!R2,-!-D376f4/-X!<1!+42,-[!7-0!2,9@94D!-FF-C24/0[!)910!41!3,-A6-,!2-A30[!

04,!)-0!A+)g7-0[!0+12!@-140[!94!F67!)-0!911/-0[!933+,2-,!)-0!3,-4@-0!-D3/,6A-1297-0!94D!VM3+2Vg0-0!

F+,A47/-0XBBB! N7! 0*9@g,-! C-3-1)912! f4-! 79! C+1)-10926+1! )-! )/,6@/0! )-! 2M3-! 9A61+3-129)6g197! -02!

)6FF6C67-!k!,/9760-,!)*41-!A916g,-!8/1/,97-!94!795+,92+6,-X!N7!9!)+1C!/2/!/29576!41!A+)g7-!VM5,6)-!-12,-!

C-746!)-!H97)Z61!-2!C-746!)-!E9,9Y91+X!G910!C-!C90[!67!M!94,962!C+1)-10926+1!)*41!1+M94!)-!2M3-!B[]K

)6VM),+3M,6)6164A!9@-C!41!)/,6@/!)-!2M3-!9A61+3-129)6g197!d$CV/A9!paeX!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

BB?!9e!o+18[!IX`!%1)-,0-1[!#X!;X`!%77-1[!=X!EX!/0"120"34)20",560!UTTa[!77Y[!_??p!`!5e!o+18[!IX`!\,9Y6916[!<X!NX`!%1)-,0-1[!#X!;X!/0"

$&(0"G'5C0!UTTd[!Y7[!B_pX!
BB>!.-18[!;X`!Q4[!;XKIX`!o9Y6[!%X!HX`!L6[!vX`!%@-,M[!EX`!.-94)[!"X`!Q677[!#X!=X`!I,91Y57-94[!$X!\X`!vV918[!IX`!$CV619Y6[!#X!IX`!O6,2Y[!$X!$X`!

=V9,160V[!.X`!o-77M[!EX`!O9VM4+1+[!$X`!Q9A911[!EX!=X!/0"120"34)20",560!ChhV[!78>[!>]]tBX!
BBB!OM3MCV[!;XKPX`!'84M-1[!=X!EX`!'4V912[!.X`!H/1/CV6-[!EX`!E9,9Y91+[!PX!1<O)Z0"34)20"E<(0"-C0!Chhd[!WB[!a^>t!`!5e!'4V912[!

.X`!#96c9,[!$X!HX`!OM3MCV[!;XKPX`!G-73-CV[!HX`!E9,9Y91+[!PX!/0"#'O0"34)20!ChhT[!BW[!q^>]X!



G&'(;)"EE"H"34&%;(')"E0"X)@"&2;<5%)<(&C;D<&I@"C&<@"I)@"4J%5(4P@)@"C)"M;5O)<P@)"C)@"&I6&I5fC)@"C*5';O;<)"2&';<)"C)"I&"^&2;II)"

C)@"2&<K&2;<)@"

"

>^_!

!

$CV/A9!pa!

!

! L-0!2,9@94D!-FF-C24/0!C-0!)-,16g,-0!911/-0[BB]!+12!)+1C!/2/!3740!+,6-12/0!@-,0!C-22-!)-,16g,-!

933,+CV-!590/-!04,!41-!VM3+2Vg0-!416F6/-X!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

BB]!9e!$616898769[!NX[!2Vg0-!)-!)+C2+,92[!.9,60!lN[!B?>?!`!5e!.-6D+2+[!$X[!2Vg0-!)-!)+C2+,92[!.9,60!lN[!B?>?!`!Ce!$616898769[!NX`!
'84M-1[!=X!EX`!OM3MCV[!;XKPX`!G-73-CV[!HX`!E9,9Y91+[!PX!34)20"-:'0"/0!ChUh[!7Y[!]aq^!`!)e!.-6D+2+[!$X`!E9,261[!EXK=X`!P,6CV[!GX`!
G-73-CV[!HX`!E9,9Y91+[!PX!34)20"-:'0"/0!ChUU[!7B[!qq?pX!

N

N

H

H

OH

manzamine A

N N
H

N

N
H

H

halicyclamine A

N

HN

O

O

O

O

O

m

n

NH2

292

NH2

O

hypothèse Baldwin 
et Whitehead

modification de Marazano

X

m = 1
n = 1

N

H
N

m = 5
n = 3

O

X

N

NH2

X

O O

m

n

a

b

+ HX
- 3 H2O

voie a

voie b

- H2O

- H2O



!

!

!

!

PV9362,-!NN





!

!

/YH[;FG=!$$R!6=E!X<WFH:LPH<M9YJM=E!=F!HQ;PL[=PFHM;9PH<E!LZJM9E!=P!

[LE;F;LP! C! :LQQ=! ;PF=GQ9M;H;G=E! M=! EJPFY^E=! [LEE;D<=E! O=GE! <=E!

H<:H<LeM=E!QHG;PE!M=!FJ[=![JGGL<=,;Q;MH\L<=!

!

! NNX>!L-0!97C97+m)-0!)-!79!F9A677-!)-0!3M,,+7-KBK9A61+6A6)9Y+7-0!d.KBK%Ne!

!

" " ##$%$%"`>'>276.0>/"

!

! G-3460!79!F61!)-0!911/-0!>qq?[!41-!942,-!F9A677-!)-!C+A3+0/0!)*+,6861-!A9,61-!040C62-!94006!

7x612/,R2! )-0! CV-,CV-4,0!r! 7-0! 3M,,+7-KBK9A61+6A6)9Y+7-0! d.KBK%NeX! =+42! C+AA-! 7-0! C+A3+0/0! )-! 79!

F9A677-!)-0!A91Y9A61-0[! 7-0!.KBK%N! 0+12!)-0!A/295+762-0! 0-C+1)96,-0!A9,610XBB^!P-0!97C97+m)-0!0+12!

-D2,9620!)x/3+18-0!3,61C6397-A-12!)-! 79! F9A677-!)-0!1O)I&@;C&)[!`J2)<;&6;C5<;C&)"`&I;65<C';C&)
BBa!

-2!1N;<)II;C&)XBB_! P-22-! F9A677-! )*97C97+m)-0[! f46! C+A32-! 94S+4,)xV46! 3740! )-! >a?! ,-3,/0-129120[! 1-!

C-00-!)-!0x98,91)6,!9@-C!79!)/C+4@-,2-!)-!A+7/C47-0!94D!9,CV62-C24,-0!2+4S+4,0!3740!C+A37-D-0X>t^!!

!

! i4-7f4-0!97C97+m)-0!)-!79!F9A677-!)-0!.KBK%N!0+12!6C6!,-3,/0-12/0!dI684,-!^?er!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

BB^!I947c1-,[!GX!;X!$&(0"G'5C0"+)%X!ChhC[!7\[!>!-2!7-0!,-@4-0!3,/C/)-12-0X!
BBa!H7412[! ;X!OX`!P+33[!HX!#X`!E41,+[!EX!QX!\X`!'+,2VC+2-[!.X!=X`!.,61C-3[!EX!#X!$&(0"G'5C0"+)%X!Chhc[!8U[!B_!-2! 7-0!,-@4-0!

3,/C/)-12-0X!
BB_!9e!H,9-CcA91[!;XKPX`!G97+Y-[!GX`!$2+77-,[!PX`!b91!$+-02[!#X!OX!EX!=;564)20",J@(0"-65IX!UTTC[!89[!^>p!`!5e!<,3-15-Cc[!GX`!b91!

$+-02[!#X!OX!EX![&'0"=;5()64<5IX!ChhS[!\[!BX!!



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>a?!

!!

I684,-!^?!K!L9!F9A677-!)-0!3M,,+7-!BK9A61+6A6)9Y+7-0!d.KBK%Ne 

 

! P-0!A/295+762-0!0-C+1)96,-0!3-,A-22-12!94D!/3+18-0!)-!0-!)/F-1),-!C+12,-!7-0!3+600+10[BBp!

7-0! 59C2/,6-0! +4! -1C+,-! 7-! C+,967XBBt! N70! +12! ,936)-A-12! 9226,/! 7*922-126+1! )-! 79! C+AA41942/!

0C6-126F6f4-!f46!0*9CC+,)-!)*9677-4,0!k!3-10-,!f4-!C-0!97C97+m)-0[!2+42!C+AA-!C-4D!)-! 79!F9A677-!)-0!

A91Y9A61-0[! 0-,96-12! 56+0M12V/260/0! 39,! )-0! A6C++,89160A-0! f46! @6@-12! -1! 0MA56+0-! 9@-C! 7-0!

/3+18-0!)*+{!670!0+12!-D2,9620XBBq!

!

! "42,-! 7-4,0! 3,+3,6/2/0! 56+7+86f4-0! 2+42! k! F962! @9,6/-0! -2! 612/,-00912-0[! C-0! A+7/C47-0!

,-3,/0-12-12!)-!@/,62957-0!)/F60!0M12V/26f4-0X!N7!-02!k!1+2-,!f4-!79!,-CV-,CV-[!)910!C-!)+A961-[!-02!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

BBp!9e!PV9190[!HX`! .9Z76c[! ;X! #X`! L61)-7[! =X`! I-16C97[!OX! /0" -N%0"[&'0"=;5I0" -65IX!UTTS[!89T[! >ta`!5e! L61)-7[! =X`!Q+FFA911[!QX`!

Q+CV8�,2-7[!EX`!.9Z76c[!;X!#X!/0"34)20"-65IX!Chhh[!8Y[!>^ppX!!
BBt!#6CV-77-KE94,-,[!<X`!G-!o746S@-,[!EX!;X`!I-6+[!$X`!\94)R1C6+[!$X`!\9039,[!#X`!\+A-Y!#X`!=9@9,-0[!#X`!b91!)-,!bM@-,[!\X`!b91!

$+-02[!#X!OX!EX!=;564)20",J@(0"-65IX!ChhV[!U7[!>?p]X!
BBq!I-16C97[!OX`!;-10-1[!.X!#X!$&(0"34)20"=;50!Chhc[!8[!___X!
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G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>a>!

2,g0!3,+76F6f4-XB]?!G-!2,g0!1+A5,-40-0!0M12Vg0-0!-1!0/,6-!,9C/A6f4-!-2!/19126+0/7-C26@-!+12!@4!7-!S+4,!

C-0!)6D!)-,16g,-0!911/-0[!ARA-!06!1+40!1*977+10!390!-12,-,!6C6!)910!7-0!)/29670!)-!C-77-0KC6X!

!

! L-0! CV-,CV-4,0! 0-! 0+12! /897-A-12! 612/,-00/0! k! 7x+,6861-! 56+8/1/26f4-! )-! C-0! C+A3+0/0X! %!

3,-A6g,-! @4-! -2[! A978,/! 79! )6@-,062/! )-0! 02,4C24,-0[! 79! C+10291C-! )-0! A+26F0! 9A61+6A6)9Y+7-! -2!

3M,,+7-!0488g,-!41!76-1!-12,-!2+42-0!C-0!A+7/C47-0X!P-3-1)912!94C41-!56+0M12Vg0-!1x-02!C+114-!k!C-!

S+4,! C9,! 7-0! /24)-0! 56+0M12V/26f4-0! -2! 79! C4724,-! )-! C-7747-0! )x/3+18-0! 0x9@g,-12! 39,26C476g,-A-12!

)6FF6C67-X!G*41-!A916g,-!8/1/,97-[!7-0!CV-,CV-4,0!0*9CC+,)-12!k!3-10-,!f4-!7*+,+m)61-!-2!0+1!9197+84-!

1+1! 5,+A/[! 79! C792V,+)61-[! dI684,-! ^?e! 0+12! )-0! 612-,A/)696,-0! C7/0! )910! 7-0! 0C/19,6+0! )-!

56+8-1g0-XB]>!L-0!VM3+2Vg0-0!)6@-,8-12!-10462-!-1!C-!f46!C+1C-,1-!7*+,6861-!)-!C-0!-03gC-0X!

!

! <1! F+1C26+1! )-0! )6FF/,-12-0! A+7/C47-0! 60+7/-0[! 37406-4,0! 3,/C4,0-4,0! 0+12! 3+00657-0! 3+4,!

7*+,+m)61-!d$CV/A9!p_eX!<1!>qqq[!o-,,B]B!9!A+12,/!f4-!7xV6026)61-!-2!79!3,+761-!/296-12!7-0!3,/C4,0-4,0!

56+8/1/26f4-0!)-!79!02-@-1061-!d)/,6@/!CMC76f4-!)-!7*+,+m)61-e!-1!2,9@9677912!04,!7x/3+18-!]);64&N;<)II&"

25'64)II&"g1N;<)II;C&)hX!L*/f463-!)*%7KE+4,9562!9!60+7/!7-!@-,39C9A6)-!P!-2!9!3+0247/!f4-!79!3,+761-!-2!

7*9,86161-! 3+4,,96-12! R2,-! k! 7*+,6861-! )-! 79! 56+0M12Vg0-! )-! 7*+,+m)61-XB]]! o629Z989B]^! -2! 3740! 29,)!

H,9-cA91B]a!C+106)g,-12[!f4912!k!-4D[!f4-!7-!3,+761-[!7*+,162V61-!-2!79!84916)61-!3+4,,96-12!R2,-!)-0!

3,/C4,0-4,0!k!7*+,+m)61-X!L9!)/C+4@-,2-!)-0!792+1)461-0!-02!@-14-!9334M-,!7-4,!6)/-XB]_!<1F61[!oyCc!-2!

L61)-7! 3,+3+0-12! 79! 7M061-! C+AA-!3,/C4,0-4,! )-! 7*+,+m)61-XB]p! N70! +12! 1+29AA-12! 60+7/! 7-! C+A3+0/!

CTVX!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B]?!9e!Q+FFA911[!QX`! L61)-7[! =X!,J<(4)@;@!ChhV[! >pa]! `! 5e!O-61,-5[! $X!EX!$&(0" G'5C0" +)%X!ChhS[!8W[! q]>! `! Ce!%,1)2[!QXKGX`!

#6-),6CV[!EX!1<O)Z0"34)20"E<(0"-C0!Chhd[!WB[!^ptaX!
B]>

!%7!E+4,9562[!%X`!E914-7[!%X`!v91C91-779[!$X!=X`!#+A+[!GX!$&(0"G'5C0"+)%0!ChUU[!8T[!>BBqX!
B]B!%1),9)-[!.X`!O677+48V5M[!.+A3+16[!$X!%X`!o-,,[!#X!\X!])('&4)C'5<"X)((X!UTTT[!W9[!^ppaX!
B]]!9e!=,9@-,2[!'X`!%7KE+4,9562[!%X!/0"120"34)20",560!Chha[!78Y[!>?BaB!`!5e!b-,81-[!PX`!H+4,9MK%019472[!'X`!.-,-Y[!=X`!E9,261[!

EXK=X`!Q44!G94[!<X!=X`!%7KE+4,9562[!%X!#'O0"X)((0!Chhc[!T[!B^B>X!
B]^!o62989Z9[!NX`!o+59M90V6[!EX`!o62919c9[!oX`!o6)+[!EX`!oM+8+c4[!&X!34)20"G4&'20"=:II0!UTdV[!U7[!B]B>X!
B]a!H,9-cA91[!;X!PX`!G97+Y-[!GX`!$2+77-,[!PX`!@91!$+-02[!#X!OX!EX!=;564)20",J@(0"-65I0!UTTC[!89[!^>pX!
B]_!L616182+1[!#X!\X`!O67769A0[!GX!<X`!=9V6,[!%X`!@91!$+-02[!#X!OX!EX`!%1)-,0-1[!#X!#'O0"X)((0!ChhV[!>[!Bp]aX!
B]p!L61)-7[!=X`!Q+CV8�,2-7[!EX`!%00A911[!%X`!oyCc[!EX!/0"$&(0"G'5C0!Chhh[!YU[!>a__X!
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>aB!

!

$CV/A9!p_!

!

" " ##$%$4"-;(10<B/)"+)"F.1:)'B/)"/)61'"Z10.)2")0"T6"=1*27F.0"

!

! .7406-4,0! 0C/19,6+0! 56+8/1/26f4-0! +12! 94006! /2/! 3+0247/0! 3+4,! -D376f4-,! 79! F+,A926+1! )-0!

/)6F6C-0! 3740! C+A37-D-0X! %6106[! k! 262,-! )*-D-A37-[! H�CV6! @9! /A-22,-! )-0! VM3+2Vg0-0! 04,! 7*+,6861-!

56+8/1/26f4-!)-!79!)65,+A+3V9c-7761-[B]t!E9D6A+@!04,!79!)65,+A+98/7903+1861-[B]q!-2!$CV-4-,!04,!79!

39794*9A61-XB^?!P*-02!-1!B??>[!f4-!.+26-,!-2!%7!E+4,9562B^>!@+12!3,+3+0-,[!3+4,!79!3,-A6g,-!F+60[!41-!

VM3+2Vg0-! )-! 56+8-1g0-! 8/1/,97-! 3-,A-22912! )*-D376f4-,! 79! F+,A926+1! )-0! A/295+762-0! A9,610!

3M,,+7+6A6)9Y+76f4-0! ,/39,260! -1! C61f! C92/8+,6-0! r! 7-0!A+1+Ag,-0! 761/96,-0! d+,+m)61-[! VMA/16)61-e[!

7-0!A+1+Ag,-0!3+7MCMC76f4-0!d)65,+A+3V9c-7761-[!)65,+A+98/7903+1861-e[!7-0!)6Ag,-0!3+7MCMC76f4-0!

d39794x9A61-[!02M7+84916)61-e[!7-!8,+43-!)-!7x98/79029261-!-2!79!8,+43-!)-!79!86,+7761-X!!

! $910! -12,-,! )910! 7-0! )/29670! )-0! VM3+2Vg0-0! )-! 56+8-1g0-[! 79! )6@-,062/! )-0! 02,4C24,-0!

+50-,@/-0! 0-,962!1+29AA-12!)4-!k! 7*9A56@97-1C-!)-! 79! ,/9C26@62/!)-0!3+0626+10!^!-2!a!)4!1+M94!BK

9A61+6A6)9Y+7-! d$CV/A9! ppeX! %6106[! 7*+,+m)61-! d+4! 79! C792V,+)61-e! 3+4,,962! -D602-,[! 94! 0-61! )-0!

-1YMA-0! 0+40! )6FF/,-12-0! F+,A-0! 2942+Ag,-0! d$CV/A9! pte! f46! 3-,A-22,96-12! )-0! ,/9C26+10! )-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B]t!I+7-M[!LX!QX`!H�CV6[!\X!/0"120"34)20",560"UTdC[!79W[!>pp_X!
B]q

!I-)+,-M-@[!$X!%X`!N76M61[!$X!\X`!:2c619[!'X!oX`!E9D6A+@[!"X!HX`!#-0V-21M9c[!EX!bX!])('&4)C'5<!UTdT[!W>[!]^tpX!
B^?!o611-7[!#X!HX`!\-V,c-1[!QXK.X`!$CV-4-,[!.X!;X!/0"120"34)20",560!UTTV[!77>[!]]p_X!
B^>!%7!E+4,9562X!%X`!.+26-,X!.X!-:'0"/0"#'O0"34)2X!ChhU[!B]pX!
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>a]!

CMC760926+1!+4!)-!)6A/,60926+1X!<10462-[!79!A9CV61-,6-!-1YMA926f4-!948A-12-,962!41-!F+60!)-!3740!7-!

1+A5,-!)-!A+7/C47-0!)-!C-22-!F9A677-!)*97C97+m)-0X!

!

!

$CV/A9!pp!K!I+,A-0!2942+Ag,-0!)4!BK9A61+6A6)9Y+7-!

!

!

$CV/A9!pt!K!I+,A-0!2942+Ag,-0!)-!7*+,+m)61-!

!

! %4!F67!)-0!911/-0[!79!)/C+4@-,2-!)*612-,A/)696,-0!3+0247/0!-2!)-!1+4@-77-0!A+7/C47-0!3+4@912!

0*612/8,-,! +4! 1+1! 94D! 0C/19,6+0! 56+8/1/26f4-0! 3+0247/0! @6-12! 9334M-,! +4! 94! C+12,96,-! 9FF96576,! 7-0!

VM3+2Vg0-0!F+,A47/-0X!

!

" " ##$%$C"e*)6E*)/"2)(2>/)'07'0/"+)"67"87?.66)"+)/"ZK4KT#"

!

! G910! C-! 39,98,93V-[! 1+40! 977+10! ,-@-16,! 04,! f4-7f4-0! 97C97+m)-0! f46! @+12! 1+40! 612/,-00-,!

)910!79!0462-!)4!A9140C,62!7+,0f4-!1+40!95+,)-,+10!7-0!@+6-0!)-!0M12Vg0-!3+00657-0!94!)/39,2!)-!$K

9CM79A61+3-129)6g1970!+DM)/0!-1!3+0626+1!BX!

!

!

!

!

!
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G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>a^!

! ! $$RURVRU!61LGLeM;P=!=F!E=E!HPH<LXW=E!<H!:<HFYGLM;P=A!<1YJQ9P;M;P=!=F!<H!i9GHQHM;P=!

!

! Lx+,+m)61-! dI684,-! ^?e! -02! 7-! 3,-A6-,! 97C97+m)-! )-! 79! F9A677-! )-0! .KBK%N! k! 9@+6,! /2/! 60+7/! -1!

>qp>!)x41-!/3+18-!1O)I&@"5'5;C)@!39,!7x/f463-!)-!I+,-1Y9XB^B!.9,A6!0-0!9C26@62/0!56+7+86f4-0[!+1!746!

C+1Fg,-! )-0! 3,+3,6/2/0! 912659C2/,6-11-0B^]! -2! C-22-! A+7/C47-! 61V65-! 94006! 79! A/29A+,3V+0-! )-! 79!

79,@-! )-!=&I&<:@" &2%4;(';()! dG<a?! �! >a!�8XALK>! -2! >q!�8XALK>eXB^^! P+AA-!@4!3,/C/)-AA-12[! C-22-!

A+7/C47-!761/,96,-!-02!41!612-,A/)696,-!C7/!)910!7-0!VM3+2Vg0-0!)-!56+8-1g0-!/A60-0!3+4,!79!F9A677-!

)-0!.KBK%NX!<77-!9!F962!7*+5S-2!)-!37406-4,0!0M12Vg0-0!)+12!f4-7f4-0!41-0!0+12!3,+3+0/-0!6C6X!

!

! P*-02!-1!>qt_!f4-!7*+,+m)61-!9!/2/!0M12V/260/-!3+4,! 79!3,-A6g,-!F+60XB^a!L9!,/9C26+1!C7/!)910!

C-22-!0M12Vg0-!-2!)910!)x942,-0!f46!046@,+12B^_!-02!41-!,/9C26+1!)-!O62268K$CVZ-6Y-,!f46!426760-!7-!>K

2,62M76A6)9Y+7K^KC9,597)/VM)-! CTa! -2! 41! M74,-! )-! 3V+03V+164A! 3,/39,/! 61! 0624! 39,! 7x9229f4-!

14C7/+3V67-! )4! 3V2V976A6)-! CT`! +4! )4! 2,6CV7+,+9C/29A6)-! CTc! 04,! 7-! 5,+A4,-! )-!

2,6542M7@61M73V+03V+164A!CTS!d$CV/A9!pqeX!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B^B!9e!I+,-1Y9[!$X`!E6197-[!LX`!#6CC6+[!#X`!I922+,400+[!<X!/0"34)20",560F"34)20"3522:<0!UTSU[!>>Bq!`!5e!\9,C69[!<X!<X`!H-1S9A61[!

LX!<X`!I,M-,[!#X!NX!/0"34)20",560F"34)20"3522:<0!UTSV[!ptX!
B^]!9e!Q468-10[!#X!OX`!#-M-0[!$X`!#--)[!PX!$X`!H41)-,0[!PX`!#+8-,0[!$X!%X`!$2-61V94-,[!%X!=X`!E-791)-,[!PX!=;55'O0"[)C0"34)20!

ChUh[!7T[!__]!`!5e!#+8-,0[!$X!%X`!Q468-10[!#X!OX`!E-791)-,[!PX!/0"120"34)20",560!ChhT[!7U7[!qt_t!`!Ce!Q468-10[!#X!OX`!#6CV9,)0[!
;X!;X`!.9,60-[!\X`!H9779,)[!=X!<X`!v-8[!OX`!G-+,9[!#X`!E-791)-,[!PX!/0"120"34)20",560!ChhS[!78\[!_q__X!
B^^!=40c9A+2+[!$X`!o92+[!QX`!Q6,+29[!QX`!I40-2916[!'X!/0"$&(0"G'5CX!UTTc[!>\[!a?>X!
B^a!G-!'912-467[!\X`!%V+1)[!%X`!.+4392[!PX`!=V+60+1[!"X`!.+26-,[!.X!=:II0",560"34;20"b'X!UTdc[!t>]X!
B^_!9e!G9161+0[!$X`!%7!E+4,9562[!%X`!%V+1)[!%X`!H-)+M9Kv4,629[!EX`!.+4392[!P`!.+26-,[!.X!=:II0" ,560"34;20"b'0"UTTa[!>]>! `!5e!

G9161+0Kv-8V97[!$X`!%7!E+4,9562[!%X`!%V+1)[!%X`!.+4392[!PX`!.+26-,[!.X!])('&4)C'5<"UTTS[!>U[!p_?aX!



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>aa!

!

$CV/A9!pq!K!$M12Vg0-!)-!7*+,+m)61-!0-7+1!%V+1)!

!

! L9! ,/9C26+1! )4! >K2,62M76A6)9Y+7K^KC9,597)/VM)-! CTa! 9@-C! 7-! 3V2V976A6)-! )+11-!

7x9A61+3,+3/1M7K6A6)9Y+7-!CTd!0+40! 79!F+,A-!)-! 7x60+Ag,-!-"d$CV/A9!pq9eX!$6! 7-!2,6CV7+,+9C/29A6)-!

-02! 426760/[! Cx-02! 7x60+Ag,-! .! f46! -02! +52-14! 3,/F/,-126-77-A-12! d$CV/A9! pq5eX! L9! ,/9C26+1! -12,-!

7x612-,A/)696,-! CTd! -2! 7-! 3V/1M79Y6)-! )+11-! 7-! 2,69Yg1-! CTT! f46[! 93,g0! C+43798-! 9@-C! 7-!

2,6CV7+,+9C/2M73M,,+7-! )65,+A/! Vhh! -2! VM),+7M0-! 9C6)-[! F+4,162! 7x+,+m)61-! -1! a! /293-0! -2! 9@-C! 41!

,-1)-A-12!87+597!)-!>[thX!!

! L+,0f4-!7-!2+0M79Y6)-!-02!426760/!9@-C!7x612-,A/)696,-!VhU[!7x9Y6)-!VhC!-02!+52-14X!L9!,/)4C26+1!

)-! C-22-! F+1C26+1! 9@-C! 7-! 3,+391-K>[]K)62V6+7[! 3460! 79! )/3,+2-C26+1! )-! 79! F+1C26+1! 2,62M7-! -1!A676-4!

9C6)-!F+4,162!7x+,+m)61-!9@-C!41!2+297!)-!_!/293-0!-2!41!,-1)-A-12!87+597!)-!_hX!!

!

! <1! >qqp[! 7-! 8,+43-! )-! .+26-,! 9! 3,+3+0/! 41-! 0M12Vg0-! )-! 7x+,+m)61-! -1! 046@912! 7-! 0CV/A9!

,/9C26+11-7! 426760/! 3+4,! 79! C792V,+)61-[! 9197+84-! 1+1! 5,+A/! )-! 7x+,+m)61-XB^_! L*933,+CV-! -02!

0-A57957-!k!C-77-!)/C,62-!9439,9@912!-2!9!3-,A60!)-!0M12V/260-,[!3+4,! 79!3,-A6g,-[!F+60!)-4D!942,-0!

A/295+762-0!0-C+1)96,-0!3M,,+7+6A6)9Y+76f4-0!761/96,-0!r!7xVMA/16)61-!-2!79!c/,9A9)61-!d$CV/A9!t?eX!!

!

nBu3P
Br
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O

O

, NaH

THF, reflux, 48 h
70%

,

N

N

Tr

O N

N

CPh3

PhthN

1 - i. nBuLi, THF, - 5 °C
     ii. PhN3, ta
2 - N2H4, EtOH, reflux, 24 h

17%

N

N

CPh3

H2N

N

N NH

Ph

3 - i.                , CH2Cl2, 5 min
     ii. HCl conc, ta, 18 h

N
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Br

Br
Cl

O

15%

N
H
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N
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, NaH

THF, reflux, 12 h
63%

,

N

N
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O N
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Tr 1. NaOH 1 N, dioxane, ta, 4 h 

2.                     ,DMAP, NEt3, CH2Cl2, ta, 1 h
 

3. LDA, TsN3, THF, - 70 °C
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O

NH2
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N

O
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(Z:E = 6:1)
38%

N
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N
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1 - HS(CH2)3SH, MeOH, ta, 3 h 

2 - HCl  6 N, MeOH, CH2Cl2, 40 °C, 36 h

26%
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>a_!

!

$CV/A9!t?!

!

! Gx942,-0! 0M12Vg0-0!3-4@-12! ,936)-A-12!R2,-! C62/-0!39,A6! 7-0f4-77-0! C-77-!)x%7!E+4,9562XB^p!

P-22-!/f463-!3,+3+0-!79!F+,A926+1!)-0!2,+60!A/295+762-0!0-C+1)96,-0!3,/C/)-120[!k!39,26,!)-!$K9CM7K

>[BK)6VM),+3M,6)61-0!d$CV/A9!t>eX!!

!

!

$CV/A9!t>!

!

! <1F61[!67!-02!612/,-00912!)-!1+2-,!f4*-1!B??_[!7x/f463-!)-!L61)-7!9!34576/!3+4,!79!3,-A6g,-!F+60!

79! ,/9C26+1! )-! 7x+,+m)61-! 04,! -77-KARA-! -2! )-! F9w+1! 612,9A+7/C4796,-! 3+4,! )+11-,! 79! CMC7++,+m)61-!

,9C/A6f4-!dI684,-!^>eXB^t!!

!

I684,-!^>!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B^p!$CV,+6FK\,/8+6,-[!PX`!=,9@-,2[!'X`!v939,4CV9[!%X`!%7!E+4,9562[!%X!#'O0"X)((0"Chhc[!T[!Bq_>X!
B^t!.y@-,7-61[!PX`!H,-Cc7-[!\X`!L61)-7[!=X!#'O0"X)((0!Chhc[!T[!t>qX!

N
H

O
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R

N
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G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>ap!

! Lx/f463-! 9! A+12,/[! 2+42! )x95+,)! 04,! 41! A+)g7-[! 3460! 04,! 7x+,+m)61-[! f4x-1! 3,/0-1C-! )-!

)6g1+3V67-!C+AA-! 7-0!A97/6A6)-0! 79!,/9C26+1!)-!G6-70K%7)-,!9@962! 76-4X!<77-!9!-10462-!A+12,/!f4x-1!

7x950-1C-!)-!)6g1+3V67-0!-D2-,1-0!-2!-1!CV94FF912[! 7x+,+m)61-!CMC760962!3+4,!)+11-,! 79!CMC7++,+m)61-!

,9C/A6f4-!d$CV/A9!tBe!94!76-4!)xR2,-!6A376f4/-!)910!41-!CMC7+)6A/,60926+1!U^jBW!f46!C+1)46,962[!39,!

-D-A37-[!k! 79!)65,+A+98/76F/,61-!dI684,-!^>eX!L-0!C97C470!-FF-C24/0!39,! 79!0462-[!0+12!@-140!9334M-,!

7-0! ,/0472920! +52-140! -D3/,6A-1297-A-12X! N7! 0-A57-,962! f4-! 79! CMC7++,+m)61-! ,9C/A6f4-! 0+62! 7-!

C+A3+0/!-12,+36f4-A-12! F9@+,60/!39,!,933+,2!k!2+42!942,-!3,+)462! d7-0!CMC7+9))4620!39,!-D-A37-eX!

G-! 3740[! 67! 0-A57-,962! f4-[! )910! 79! 1924,-[! 79! F+,A926+1! )-! 79! CMC7++,+m)61-! 0+62! 900602/-! 39,! 41-!

-1YMA-!3460f4x-77-!-02!+326f4-A-12!9C26@-XB^q!

!

!

$CV/A9!tB!

!

! ! $$RURVRC!6=E!HX9EHQ;M=E!+!=F!B!

!

! L-0!98/09A6)-0!%!-2!H!dI684,-!^?e!+12!/2/!60+7/0!3+4,!79!3,-A6g,-!F+60!-1!B??_!k!39,26,!)x41-!

/3+18-!A9,61-!1O)I&@" @%)6;)@! )-! 79! 596-! )x"c619Z9! 39,! 7x/f463-! )-! o+59M90V6XBa?X! L-0! 3,+3,6/2/0!

56+7+86f4-0!)-! C-0! A+7/C47-0! 1*+12! 390! /2/! 2-02/-0! k! C-! S+4,X! L9! 3,-A6g,-! 0M12Vg0-! 3+4,! C-0!

C+A3+0/0!9!/2/!3,+3+0/-!39,!=,+02!-1!B??pXBa>!<77-!9!F962!933-7!k!41-!,/9C26+1!)*97cM7926+1!977M76f4-!

90MA/2,6f4-! 39779)+KC9297M0/-! d.)K%%%e! -12,-! 41-! 9Y6,6)61-! @61M76f4-! -2! 41! 5,+A+3M,,+7-!

14C7/+3V67-[!C-!f46! 746!9!3-,A60!)*+52-16,!7-0!98/09A6)-0!%!-2!H!-1!a!/293-0!9@-C!41!,-1)-A-12!)-!

a_h!d$CV/A9!t]eX!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B^q!I922+,400+[!<X`!=98769792-79K$C9F926[!"X!])('&4)C'5<"X)((0!Chhh[!W7[!qq>pX!
Ba?!=04)9[!EX`!&904)9[!=X`!I4c40V6[!<X`!o9Z95929[!;X`!$-c684CV6[!EX`!I,+A+12[!;X`!o+59M90V6[!;X!#'O0"X)((X!Chhc[!T[!^B]aX!
Ba>!9e!=,+02[!HX!EX`!G+18[!\X!#'O0"X)((0!ChhS[!\[!B]ap!`!5e!=,+02[!HX!EX`!"063+@[!EX`!G+18[!\X!/0"120"34)20",560!ChUh[!7U8[!

>at??X 

N
H

O

NH
Br

Br

HN
NH

NH2

HCO2

H2O/EtOH (4:1)
95 °C, tube scellé

45 h N
H

OH

N
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Br

N
N
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H H

N
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Br

N

H
N

NH2
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>at!

!

$CV/A9!t]!�!$M12Vg0-!)-0!98/09A6)-0!%!-2!H!0-7+1!=,+02!

!

! ! $$RURVRV!6H!M;DGLQLHX9<HE[LPX;P=!

!

! L9!)65,+A+98/7903+1861-!dI684,-!^?e!-02!41!A+1+Ag,-!2/2,9CMC76f4-!)-!79!F9A677-!)-!.KBK%N!

3+00/)912!)-4D!C9,5+1-0!90MA/2,6f4-0!9)S9C-120!-2!41-!S+1C26+1!)-!CMC7-!C60X!<77-!9!/2/!60+7/-!)x41-!

/3+18-!1O)I&@"@%)6;)@!-1!>qtqXBaB!L9!3,-A6g,-!0M12Vg0-!2+297-!)-!C-2!97C97+m)-!9!/2/!34576/-!-1!B??t!

39,! 7x/f463-! )-! I-7)A91XBa]! :1! -D-A37-! )-! 0C/19,6+! 56+8/1/26f4-! A-22912! -1! S-4! 7x+,+m)61-! 9!

/897-A-12!/2/!3+0247/!3+4,!C-22-!A+7/C47-!d$CV/A9!t^eXBa^!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

BaB!I-)+,-M-@[!$X!%X`!N7M61[!$X!\X`!:2c619[!'X!oX`!E9D6A+@[!"X!HX`!#-0V-21M9c[!EX!bX`!%126361[!EX!&X`!$24CVc+@[!&X!=X!])('&4)C'5<[!

UTdT[!W>[!]ptpX!
Ba]!9e!I-7)A91[!oX!$X`!I+)+,[!EX!GX!/0"120"34)20",56X!Chhd[!7U9[!>^q_^!`!5e!I-7)A91[!oX!$X`!I+)+,[!EX!GX!/0"#'O0"34)20!ChhT[!

BW[!]^^qX!!
Ba^!.6C+1[!$X`!=,91!Q44!G94[!<X`!E9,261[!EX!=X`!#-29677-94[!.X`!v939,4CV9[!%X`!%7!E+4,9562[!%X!#'O0"X)((0!ChhT[!77[!BaB]X!

N NH

N
H

NH
O

O

H

O
Br

Br

N

DMB = 2,4-diméthoxybenzyle

agésamides A et B

4 étapes
78%Pd°, Ligand

DCE, ta
72%

H
N OMe

O

Br

+

309307 308

DMB

N N

O

Br DMB



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"
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>aq!

!

$CV/A9!t^!

!

! %3,g0! 60+A/,60926+1! -2! CMC760926+1! 612,9A+7/C4796,-[! 7x612-,A/)696,-! VUU! 0-,962! +52-14X! N7!

)+11-,962[!39,!2942+A/,6-[!79!363/,6)61-!BK9A61+6A6)9Y+7-!VUCX!Lx+DM)926+1!)-!C-!04502,92!F+4,16,962!

97+,0! 7x9CM76A6164A! VUV! f46! CMC760-,962! 03+1291/A-12! )-!A916g,-! 612,9A+7/C4796,-! 3+4,! )+11-,! 79!

)65,+A+98/7903+1861-X!

!

! ! $$RURVRa!6H!M;DGLQL[YHi=<<;P=!!

!

! L9!F9A677-!)-0!3V9c-7761-0!-02!41!3-262!8,+43-!)-!A+1+Ag,-0!2/2,9CMC76f4-0!)-!79!F9A677-!)-0!

.KBK%N[! 3+00/)912! 0+62! 41! A+26F! 84916)61-! 0+62! 41! A+26F! 4,/-X! .9,A6! C-0! A+7/C47-0[! 79! dKeK

)65,+A+3V9c-7761-!dI684,-!^?e!9!/2/!60+7/-!)x41-!/3+18-!r!G4&c)II;&"^I&M)II&(&!-1!>q_q!39,!H4,V+7)-,!

-2!$V9,A9XBaa!L-0!9C26@62/0!56+7+86f4-0!)-!C-0!A+7/C47-0!0+12!A+)-02-0XBa_!.7406-4,0!0M12Vg0-0!)-!C-!

8,+43-! )x97C97+m)-0! )-! 79! F9A677-! )-0! .KBK%N! +12! /2/! 3,+3+0/-0XB]t[Bap! .9,A6! 2+42-0! C-77-0KC6[! 79!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Baa!9e!H4,cV+7)-,[!.X!EX`!$V9,A9[!\X!E[!XI5JC;&!UTcT[!U8[!^__`!5e!$V9,A9[!\X!EX`!H4,cV+7)-,[!.X!E[! ! /0"34)20",560"34)20"

3522:<X!UTSUA!>a>`!Ce!$V9,A9[!\X`!E98)+FFKI96,CV67)[!/0"#'O0"34)2X!UTSS[!W8[!^>>tX!
Ba_!.-2262[!\X!#X`!EC'472M[! ;X`!Q-,97)[!GX!LX`!G+45-c[!GX!LX`!PV93460[! ;XKPX`!$CVA6)2[! ;X!EX`!=9Cc-22[!LX!.X`!H+M)[!EX!#X! /0"$&(0"
G'5CX!UTTS[!Y9[!>t?X!
Bap!9e!O6-0-[!oX!;X`!&9c40V6S61[!oX`!Q+,1-[!GX!%X!])('&4)C'5<"X)((X!ChhC[!WU[!a>]a!`!5e!PV418[!#X`!&4[!<X`!N1C9,@62+[!PX!GX`!%40261[!

GX!/0"#'O0"X)((X!Chha[!Y[!]tt>!`!Ce!;9Cf4+2[!GX!<X!'X`!v+77618-,[!EX`!L61)-7[!=X!1<O)Z0"34)20"E<(0"-CX!Chh`[!WWF!BBqa!`!)e!I-7)A91[!
oX!$X`!$c+4A5+4,)60[!%X!.X!#'O0"X)((X!Chh`[!B[!qBq! `!-e!=,9@-,2[!'X`!E9,261[!EX`!H+4,84-2Ko+1),9Cc6[!EXKLX`!%7!E+4,9562[!%X!
])('&4)C'5<"X)((X!Chh`[!WY[!B^q!`!Fe!L4X!;X`!=91X!lX`!PV-1[!PX`!/0"120"34)20",560"ChhS[!78\[!pp_t!`!8e!Q-Z7-22[!'X!EX`!=-3-[!;X!;X!
#'O0"X)((0!ChUU[!7U[!^aa?X!
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>_?!

0M12Vg0-! ,9C/A6f4-!)-! 79!)65,+A+3V9c-7761-!)-!I+7-M!-2!H�CV6B]t! 3-42!R2,-! C62/-! C9,! 67! 0x9862!)-! 79!

3,-A6g,-!0M12Vg0-!56+A6A/26f4-!)x41!97C97+m)-!A9,61!CMC76f4-!)-! 79! F9A677-!)-0!.KBK%NX!<77-!,-3+0-!

04,!79!CMC760926+1!+DM)912-!)-!79!)6VM),++,+m)61-!VU`!d$CV/A9!taeX!P-77-KC6!-02!2+42!)x95+,)!5,+A/-!

3+4,! )+11-,! 7x612-,A/)696,-!VUc! 0+40! F+,A-!)-! 3,/C6362/! f46! ,/9862! 97+,0! 9@-C! 7-! ()'(K542+DM)-!)-!

3+290064A!)910!7-!(K54291+7!3+4,!C+1)46,-!k!79!)65,+A+3V9c-7761-!,9C/A6f4-X!!

!

!

$CV/A9!ta!

!

! Gx93,g0! 7xVM3+2Vg0-! )-! 56+8-1g0-! 3,+3+0/-! 39,! .+26-,! -2! %7! E+4,9562! -1! B??>[B^>! 79!

)65,+A+3V9c-7761-! 0-,962! 6004-! )-! 7x612-,A/)696,-! 761/96,-! C-12,97[! k! 09@+6,! 7x+,+m)61-! d$CV/A9! t_eX!

P-77-KC6! 0-!A-22,962! 0+40! 09! F+,A-! 2942+Ag,-!VUhX! L�92+A-! )x9Y+2-! )4! 3M,,+7-! 9229f4-,962! 97+,0! 79!

F+1C26+1! 6A61-! 3+4,! )+11-,! 7x612-,A/)696,-! CMC76f4-! VUS! k! 1-4F! CV9|1+10! f46[! 2+4S+4,0! @69! 7-0!

/f46765,-0!2942+Ag,-0[!)+11-,962!7x60+Ag,-!VUdX!Lx92+A-!)x9Y+2-!)-!79!F+1C26+1!9A6)-!3+4,,962!97+,0!

9229f4-,!79!F+1C26+1!6A61-!-2!)+11-,!79!)65,+A+3V9c-7761-X!

!

!

$CV/A9!t_!

!

!

!

dibromophakelline

H
N

N

H2N

HN O

HN

BrBr

N

N

H2N

N O

HN

BrBr

Br2

AcOH

KOt-Bu

t-BuOH

H
N

N

H2N

N O

N

BrBr

H
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316

H

Br

N
H

O

NH

Br

Br

N

NH

NH2

tautomérie

NH N

N

O

H
N

Br

Br

NH2

H+
N

Br

Br

HN N

NH2

tautomérie

H+

HN

N

NH2

N

O

N
Br

Br
H

H
N

N

H2N

N O

N

BrBr

H

=

oroïdine

318

317310

dibromophakelline

H
N

O

N

Br

Br

N N

NH2

H
N

O



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>_>!

! NNXB!b+6-0!)-!0M12Vg0-!3+00657-0!-1!39,2912!)-!$K9CM79A61+3-129)6g1970!

+DM)/0!-1!3+0626+1!B!

!

" " ##$4$%"57+2)"+*"/*W)0"

!

! G-! A916g,-! k! /79,86,! 7-! CV9A3! )*93376C926+1! )-0! 87429C+197)/VM)-0! -2! )-0!

9A61+3-129)6g1970[!67!9!/2/!-1@6098/!)-!3,/39,-,!C-0!-03gC-0!+DM)/-0!-1!3+0626+1!B!3+4,!9CC/)-,!k!

)-0! C+A3+0/0! V/2/,+CMC76f4-0! d$CV/A9! tpeX! Lx+DM)926+1! )-@,962! A+)6F6-,! C+106)/,957-A-12! 79!

,/9C26@62/! )-! C-0! -03gC-0! 3460f4*41! 8,+43-A-12! )+11-4,! -1! B! 3-,24,5-! 7-! 0M02gA-!340VK3477! -2! 67!

0-,962!612/,-00912!)-!7*/24)6-,X!!

!

!

$CV/A9!tp!K:26760926+1!3+00657-!)*9A61+3-129)6g1970!+DM)/0!-1!3+0626+1!B!

!

! %!39,26,!)-!7k[!1+40!9@+10!)+1C!-1@6098/!79!3+00656762/!)*426760-,!7-0!87429C+197)/VM)-0!-2!7-0!

9A61+3-129)6g1970!+DM)/0!C+AA-!)-0!+42670!-1!0M12Vg0-!+,8916f4-!-2!1+40!1+40!0+AA-0!612/,-00/0!

k!79!F9A677-!)-0!.KBK%N!d�!NNX>eX!<1!39,26C476-,[!1+40!9@+10!-1@6098/!79!3+00656762/!)*9CC/)-,!k!f4-7f4-0!

A+1+Ag,-0!)-! C-22-! F9A677-! d$CV/A9!tte! @69! 79! 0M12Vg0-!)*41! 612-,A/)696,-! C+AA41!k! 2+42-0! C-0!

-03gC-0!r!41!$K9CM79A61+3-129)6g197!)-!2M3-!VUTX!

!

position électrophile

position nucléophile

O

1 2

3 4

5
OH

O

NHR

HO

OR

O N
H

OR

O
R1

N
H

R1

X
Y

Z

X, Y, Z = N ou O



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>_B!

!

$CV/A9!tt!K!G6FF/,-120!A+1+Ag,-0!)-!79!F9A677-!)-0!.KBK%N!

!

" " ##$4$4"Z21(1/.0.1'"+)" /;'0<B/)"+)"E*)6E*)/" 2)(2>/)'07'0/"?1'1?B2)/"+)" 67"

87?.66)"+)/"ZK4KT#"

 

! i4-7f4-0! 933,+CV-0! )-! 0M12Vg0-! )-! C-,29610! A+1+Ag,-0! )-! 79! F9A677-! )-0! .KBK%N! 0+12!

3,+3+0/-0!94!)/39,2!)4!C+A3+0/!)4!2M3-!VUTX!P+AA-1w+10!39,!C-77-!)-!7*+,+m)61-!d$CV/A9!tqeX!

 

!

$CV/A9!tq!K!$M12Vg0-!3+00657-!3+4,!7*+,+m)61-!-2!0-0!9197+84-0 

!

N
H

O

NH
Y

X

X = Y = Br oroïdine
X = Y = H clathrodine
X = H, Y = Br hyménidine

N
NH

NH2

N

H
N

N
N

H2N

O

Br

Br

OH

dibromoagélaspongine

N

O N
H

Br

Br

NHN

NH2

N

N
HN

N

O

Br

Br

H2N

dibromophakelline

H

N NH

N
H

NH
O

O

H

H

O
Br

Br

agésamides A et B

N
PG2

O

NPG3

Y

X

X = H ou Br
Y = H ou Br

OPG1

O

319

N
H

O

NH
Y

X

X = Y = Br oroïdine
X = Y = H hyménidine
X = H,  Y = Br clathrodine

N
NH

NH2

N
PG2

O

NPG3

Y

X

OPG1

O

réduction 
(NaBH4)

N
PG2

O

NPG3

Y

X

O

OH

N
PG2

O

NPG3

Y

X

OPG1

OH
hydrolyse acide

N
PG2

O

NPG3

Y

X

N
NH

NHPG

 guanidine protégée

319

321
322

320

déprotection



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>_]!

! %! 39,26,! )-! 7x612-,A/)696,-!VUT[! 41-! ,/)4C26+1! )-! 79! F+1C26+1! 97)/VM)-! 94! 5+,+VM),4,-! )-!

0+)64A! 3-,A-22,962! )x+52-16,! 7x97C++7! VCh! f46[! 0462-! k! 41-! VM),+7M0-! 9C6)-[! )+11-,962! 7-! )/,6@/!

C/2+16f4-!"[!&610924,/!VCUX!L9!C+1)-10926+1!)x41-!84916)61-!3,+2/8/-[!046@6-!)-!79!)/3,+2-C26+1!)-!

7x612-,A/)696,-!VCC!+52-14[!)+11-,962!94!CV+6D[!7x+,+m)61-[!7*VMA/16)61-!+4!-1C+,-!79!C792V,+)61-!-1!

F+1C26+1!)4!3M,,+7-!426760/!d5,+A/!+4!1+1!-1!3+0626+10!^!-2!aeX!

!

! .+4,! 7-0! 98/09A6)-0!%! -2! H! d$CV/A9!q?e[! k! 39,26,! )-! 7x612-,A/)696,-! C+AA41!)65,+A/[! 7-0!

ARA-0! /293-0! )-! ,/)4C26+1! -2! )xVM),+7M0-! 9C6)-! 3-,A-22,96-12! )x+52-16,! 7x612-,A/)696,-! VCaX! L9!

)/3,+2-C26+1!)4!3M,,+7-[!046@6-!39,!41-!9))626+1!>[^!612,9A+7/C4796,-!F+4,16,962[!7-!C+A3+0/!VC`!f46[!

39,!C+1)-10926+1!9@-C!7*4,/-!-2!+DM)926+1!C+1)46,962!94D!98/09A6)-0!%!-2!HX!

 

!

$CV/A9!q?!K!$M12Vg0-!3+00657-!3+4,!7-0!98/09A6)-0!%!-2!H!

!

! <1! C-! f46! C+1C-,1-! 79! )65,+A+98/7903+1861-! d$CV/A9! q>e[! -1! 39,2912! )-! 7x612-,A/)696,-!

C+AA41! )65,+A/! VUT[! 41-! +DM)926+1! )-! P+,-M[Bat! 046@6-! )x41-! ,/)4C26+1! 0/7-C26@-! )-! 79! F+1C26+1!

/19A6)-Baq! )4! C+A3+0/! VCc[! F+4,16,962! 7x-02-,!VCSX! %3,g0! )/3,+2-C26+1! )-! 79! F+1C26+1! 9A6)-[! 41-!

CMC760926+1! )+11-,962! 97+,0! 7x612-,A/)696,-! VCd! f46[! 93,g0! )/3,+2-C26+1! )4! 3M,,+7-[! C+1)46,962! 94!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Bat!P+,-M[!<X!;X`!\67A91[!'X!OX`!\91-A[!HX!<X!/0"120"34)20",560!UTcd[!\9[!a_>_X!
Baq!9e!\,6557-[!\X!OX!34)20",560"+)S0!UTTd[!8B[!]qa!`!5e!.-,6909AM[!EX`!=V6,4A9796c4A9,[!EX!/0"#'O&<52)(&I0"34)20!Chhh[!

Y9\[!>]pX!

Br

Br

N
PG2

O

NPG3

Br

Br

OPG1

O

N
PG2

O

NPG3

Br

O

OH

hydrolyse acide

1 - déprotection (PG3)
2 - cyclisation

N NPG2
Br

O

O OH

N NH
Br

O

NH

H
N OO

H

N
PG2

O

NPG3

Br

Br

OPG1

OHNaBH4

Br

324

agésamides A et B

325

323319

1 - urée
2 - oxydation
3 - déprotection (PG2)



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>_^!

C+A3+0/!2,6CMC76f4-!VCTX!L9!,/8/1/,926+1!)-!79!F+1C26+1!C/2+1-!)-!C-!)-,16-,!C+A3+0/[!046@6-!)-!79!

C+1)-10926+1!9@-C!79!84916)61-[a?9!F+4,16,962!97+,0!79!)65,+A+98/7903+1861-X!

!

!

$CV/A9!q>!K!$M12Vg0-!3+00657-!3+4,!79!)65,+A+98/7903+1861-!d,9C/A6f4-e!

!

! <1F61[! 3+4,! 79! )65,+A+3V9c-7761-! -2! 79! )65,+A+C912V9,-7761-! d$CV/A9! qBe[! 79! ,/)4C26+1! 94!

CM91+5+,+VM),4,-! )-! 0+)64A! )910! 7x9C6)-! F+,A6f4-Baq! )-! 7x612-,A/)696,-! C+AA41! )65,+A/! VUT!

)+11-,962! 7x97C++7!VVUX! L9! )/3,+2-C26+1! )-! 79! F+1C26+1! 9A6)-! 3-,A-22,962! 97+,0! 41-! CMC760926+1! k! a!

CV9|1+10! 04,! 79! F+1C26+1! C9,5+1M7-! -2! 3-,A-22,962! )x+52-16,! 79! 3M,,+76)61-! VVV! C+A3+,2912! 41-!

F+1C26+1!)6+7!@6C6197X!P-22-!A+7/C47-!93,g0!+DM)926+1!-2!9))626+1!)-!84916)61-B_?!C+1)46,962[!0+62!k!79!

)65,+A+3V9c-7761-[! 0+62!k! 79! C912V9,-7761-[! 0-7+1! 7x9229f4-!14C7/+3V67-!)4!3M,,+7-!39,! 7x9Y+2-!+4!-1!

/19A61-X!!

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B_?!9e!%1)+[!'X`!=-,90V6A9[!$X!,J<I)((!Chhc[!7B[!Bt]_!`!5e!%5+4K;1-6)[!#X`!\V+479A6[!$X`!E9,261[!EXK=X`!=,91!Q44!G94[!<X`!

=,9@-,2[!'X`!%7!E+4,9562[!%X!#'O0"X)((0!Chha[!Y[!]q]]X!

N
PG2

O

NPG3 OPG1

O
N
PG2

O

NPG3 OPG1

O

OMnO2, KCN

N

PG1O

O

O
N

NN

O

PG1O

HO
NN

O

O

PG3

N
PG2

O

NPG3 OPG1

O

O

Br

Br

Br

Br

Br

Br

Br

Br

Br

Br

Br

Br

1 - acide de Lewis
2 -  guanidine

N

H
N

N
N

H2N

O

Br

Br

OH

AcOH, MeOH HCO2H

NaBH3CN

HO

1 - déprotection (PG2)
2 - cyclisation

327

319 326

329

328

330

1 - déprotection (PG3)
2 - cyclisation

 déprotection (PG1)

dibromoagélaspongine
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%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>_a!

!

$CV/A9!qB!K!$M12Vg0-!3+00657-!3+4,!79!)65,+A+3V9c-7761-!-2!79!)65,+A+C912V9,-7761-!

!

! '+40! 9@+10! -1@6098/! )*+52-16,! 7*9A61+3-129)6g197! $K9CM7/! VUT! 39,! ,/9C26+1! )*41! 0-7! )-!

87429C+197)/VM)-! +DM)/! -1! B! )-! 2M3-! VVd[! )*41-! 9A61-! 3,6A96,-! 3,+2/8/-! )-! 2M3-! VVT[! -2! )*41!

2,6CV7+,+9C/2M73M,,+7-!)-!2M3-!Vah!d$CV/A9!q]eX!Lx612-,A/)696,-!VUT!/2912!V942-A-12!F+1C26+119760/[!

67!F942!3,+2/8-,!2+42-0!7-0!F+1C26+10!3+4,!/@62-,!7-0!,/9C26+10!39,9062-0X!'+40!977+10[!)910!79!0462-!)4!

A9140C,62[!95+,)-,[!04CC-006@-A-12[! 79!0M12Vg0-!)4!0-7!)-!87429C+197)/VM)-!)4!2M3-!VVd!3460!C-77-!

)4! 2,6CV7+,+9C/2M73M,,+7-! 3,+2/8/! )4! 2M3-! VahX! '+40 ,-@6-1),+10! /897-A-12! 04,! 7-! CV+6D! )-0!

8,+43-A-120!3,+2-C2-4,0!9@912!)-!)60C42-,!)-!79!,/9C26@62/!)-!7*612-,A/)696,-!)-!2M3-!VUTX!!

!

N
PG2

O

NPG3

Br

Br

OPG1

O
N
PG2

O

NPG3

Br

Br

OPG1

OH

hydrolyse acide

N
PG2

O

NPG3

Br

Br

O

OH N
OH

OH

O
G3PN

N
OH

O
G3PN

O

oxydation
1 - déprotection (PG2)
2 - cyclisation

N N

O

Br

Br

Br

Br

Br

Br

OHOH

N

O

OHOH

N

Br

Br

N

O

OHOH

N
H

Br

Br

N

O N
H

Br

Br

NHN

NH2

dibromocantharelline

N

N
HN

N

O

Br

Br

H2N

dibromophakelline

H

HCO2H

NaBH3CN

1 - déprotection (PG3)
2 - cyclisation

1 - acide de Lewis
2 - oxydation
3 - guanidine

1 - déprotection (PG3)
2 - cyclisation

331
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332

333

335

337

336

334

1 - acide de Lewis
2 - oxydation
3 - guanidine
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>__!

!

$CV/A9!q]!K!%CCg0!k!7*612-,A/)696,-!C7/!VUT!k!39,26,!)*41!87429C+197)/VM)-!9@-C!41!VM),+DM7-!3,+2/8/!-1!B!

!

! NNX]! .,/39,926+1! )4! BKA/2V+DM87429C+197)/VM)-! VaU! -2! 9CCg0! k!!!!!!!!!!!!!!!!!!

7*!9A61+3-129)6g197!+DM)/!-1!3+0626+1!B!VaC!

!

! L-0!9A61+3-129)6g1970!0+12!7-0!612-,A/)696,-0!-D2,RA-A-12!6A3+,29120!)910!7-0!VM3+2Vg0-0!

)-! 56+8-1g0-! )4! 795+,92+6,-! E9,9Y91+X! %4! F67! )-0! 911/-0! 7-0! A/2V+)-0! )-! 3,/39,926+1! )-! C-0!

C+A3+0/0!0-!0+12!9A/76+,/-0[!C-!f4-!1+40!977+10!@+6,!)910!C-22-!39,26-X!%4S+4,)*V46[!79!A/2V+)-!)-!

3,/39,926+1! )-! C-0! -03gC-0! -02! ,936)-[! 06A37-! -2! -FF6C9C-! -2! 1+40! 9! 3-,A60! )*9CC/)-,! 94! BK

A/2V+DM87429C+197)/VM)-!VaU!-2!k!7*9A61+3-129)6g197!VaC!+DM)/!-1!3+0626+1!B!dI684,-!^BeX!

!

!

I684,-!^B"

!

" " ##$C$%"D7"2>790.1'"+)"f.'9g)")0"6,<;+216;/)"+)/"7?.'1()'07+.B'.?.'.*?/"

!

! G*41! 3+612! )-! @4-! 3,926f4-[! 06! 7*+1! F962! ,/986,! )4! A97+197)/VM)-! 9@-C! 41! 97)/VM)-!

9763V926f4-[! C-! 1*-02! 390! 41! 87429C+197)/VM)-! f46! 0-,9! +52-14[!A960! 7-! 3,+)462! )-! 79! ,/9C26+1! )-!

o1+@-198-7X!.+4,!C-22-!,960+1[!67!9!/2/!-1@6098/[!7-0!911/-0!3900/-0[!)*9@+6,!,-C+4,0!k!79!,/9C26+1!)-!

v61Cc-! 3+4,! C+1)46,-! k! )-0! 0-70! )*9A61+3-129)6g16A6164A0! VaV! f46[! 93,g0! VM),+7M0-! 5906f4-[!

)+11-12!)-0!9A61+3-129)6g1970!Vaa!-2!)-0!87429C+197)/VM)-0!0+40! F+,A-!)*/1+792-0!Va`! d$CV/A9!

q^eX!

!

O O

OPG1

K

PG3

N
Y

X

O

CCl3

+

PG2

NH2

N
PG2

O

NPG3

Y

X

X = H ou Br

Y = H ou Br

OPG1

O
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338

340

339

1

2

3

4

5

O O

O

K

341

N
H

O

O
MeO

342



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>_p!

!

$CV/A9!q^!

!

! L9!,/9C26+1!)-!v61Cc-!-02!41-!,/9C26+1!)92912!)4!)/542!)4!B?gA-!06gC7-XB_>!N162697-A-12[!C*/2962!

41-!A/2V+)-!972-,1926@-!k!79!3,/39,926+1!)-!0-70!)-!3M,6)6164A!@69!7*97cM7926+1!)*41-!3M,6)61-!39,!41!

V97+8/14,-!)*97cM7-X!L9!,/9C26+1!3900-!2+42!)*95+,)!39,!79!F+,A926+1!)*41!0-7!)-!v61Cc-!VaS!f46!3-42[!

39,! 79! 0462-[! ,/986,! 9@-C! 41-! 9A61-! 3,6A96,-! 3+4,! )+11-,! 41! 1+4@-94! 0-7! )-! 3M,6)6164A! VadB_B!

d$CV/A9!qae!+4!)-0!9A61+3-129)6g16A6164A0!VaT!d$CV/A9!q_eX!!

!

!

$CV/A9!qa!K!.,/39,926+1!)4!0-7!)-!v61Cc-"VaS!-2!)4!3M,6)6164A!Vad!

!

! L-!A/C9160A-!)-!79!,/9C26+1!-02!)/29677/!C6K93,g0!d$CV/A9!q_eX!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B_>!9e!v61Cc-[!=X!X;)M;O@0"1<<0"34)20!UThV[!UU9[!]_>!`!5e!v61Cc-[!=X!X;)M;O@0"1<<0"34)20!UTha[!UUU[!Bq_!`!Ce!v61Cc-[!=X`!O4,c-,[!

OX!X;)M;O@0"1<<0"34)20!UTh`[!UUT[!>?pX!
B_B

!\/1600+1[!&X`!E9,9Y91+[!PX`!E-VA91)+402[!EX`!\1-CC+[!GX`!G90[!HX!PX!,J<(4)@;@!UTTC[!^]>X!
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G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>_t!

!

$CV/A9!q_!K!E/C9160A-!)-!79!,/9C26+1!)-!v61Cc-!

!

! Lx9229f4-!14C7/+3V67-!)4!3,-A6-,!/f46@97-12!)-!7x9A61-!3,6A96,-!-1!3+0626+1!B!+4!_!)4!0-7!)-!

3M,6)6164A!VaS!3-,A-2!)x+52-16,!7-!0-7!)x9A61+3-129)6g16A6164A!V`VX!L-!0-C+1)!/f46@97-12!)x9A61-!

3,6A96,-! 3-,A-2! )-! 765/,-,! 79! B[^K)6162,+916761-! S941-! )910! 7-! A676-4! -2! )x+52-16,! 7-! 0-7!

)x9A61+3-129)6g16A6164A!V``[! -1!/f46765,-!9@-C! 7-! 0-7!)x9A61+3-129)6g16A6164A!VaTX! $6! 7-!A676-4!

-02!CV94FF/!)910!41!97C++7[!41-!,/9C26+1!)x/7-C2,+CMC760926+1!-2!)x/76A61926+1!)x9A61-!d/293-!7-12-!-2!

)6FF6C67-e!k!39,26,!)4!C+A3+0/!V``!)+11-!7-!0-7!)-!3M,6)6164A!VadX!

!

! %M912! -1! A961! 7-0! 0-70! )*9A61+3-129)6g16A6164A0[! 7*VM),+7M0-! 5906f4-! )-! C-0! -03gC-0!

C+1)462!94D!9A61+3-129)6g1970!-2!94D!0-70!)-!87429C+197)/VM)-X!P-22-!,/9C26+1[!6162697-A-12!)/C,62-!

39,!OV62618B_]!d$CV/A9!qpe!9!/2/!39,!79!0462-!,-3,60-!)910!7*/f463-!E9,9Y91+X!

!

!

$CV/A9!qp!K!I+,A926+1!)-!0-7!)-!87429C+197)/VM)-"V`T!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B_]
!E97V+2,9[!$X!$X`!OV62618[!EX!PX!/0"34)20",560!UTch[!]t>BX!
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G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>_q!

! P-22-!3,-A6g,-!A/2V+)-!)-!3,/39,926+1!)-0!9A61+3-129)6g1970! 0x9@g,-! 2+42!k! F962!-FF6C9C-!

A960!67!C+1@6-12!)x426760-,!)-4D!/f46@97-120!)x9A61-!3+4,!F+,A-,!7x6A6164A!612-,A/)696,-!C-!f46!1x-02!

390!2,g0!/C+1+A6f4-[!-1!39,26C476-,!7+,0f4-!7x+1!)+62!426760-,!)-0!9A61-0!V942-A-12!F+1C26+119760/-0X!

<1! +42,-[! 7+,0f4-! 79! ,/9C26+1! -02! -FF-C24/-! 9@-C! )-0! 9A61-0! 3,6A96,-0[! 7-0! 0-70!

)x9A61+3-129)6g16A6164A0! +12! 2-1)91C-! k! CMC760-,! 3+4,! )+11-,! 7-0! 0-70! )-! 3M,6)6164A0XB>q! .9,!

C+12,-[! 7+,0f4-! 79! ,/9C26+1! )-! v61Cc-! 9! 76-4! 9@-C! )-0! 9A61-0! 0-C+1)96,-0[! 7-0!

9A61+3-129)6g16A6164A0!0+12!3740!02957-0!-2!1-!3-4@-12!390!CMC760-,!-1!3M,6)6164AX!!

!

! .+4,!C-22-!,960+1[!67!9!/2/!-1@6098/!)-!3,/39,-,!)-0!0-70!)-!87429C+197)/VM)-0!-1!426760912!)-0!

9A61-0! 0-C+1)96,-0! 5+1! A9,CV/! d)6A/2VM79A61-[! )6/2VM79A61-e! 3460! )-! 7-0! F96,-! ,/986,! 9@-C! )-0!

9A61-0!3740!)6FF6C67-0!k!3,/39,-,!3+4,!+52-16,! 7-0!9A61+3-129)6g1970!0+4V962/0X!P-C6!@9!F96,-! 7*+5S-2!

)4!3+612!046@912X!

!

" " ##$C$4"V;'0<B/)"+)"/)6/"+)":6*0791'76+><;+)/")0"+,7?.'1()'07+.B'76/"

!

! ! $$RVRCRU!?9FYLM=!X9P9GH<=!

!

! L-0! 0-70! )-! 87429C+197)/VM)-! +12! /2/! )/C,620[! 3+4,! 79! 3,-A6g,-! F+60[! 39,! H94A89,2-1! -1!

>qB^XB_^! <1! >qpq[! H-CV-,B>q9! 9! ,-3+,2/! 79! A/2V+)-! )-! 3,/39,926+1! )4! 0-7! )-! 0+)64A! )4!

87429C+197)/VM)-! d$CV/A9! qteX! P-3-1)912[! 39,! 79! 0462-[! 2,g0! 3-4! )-! 0-70! )-! 87429C+197)/VM)-0!

04502624/0! 0+12! ,/F/,-1C/0!)910! 79! 7622/,924,-[!3,61C6397-A-12!)4! F962!f4*670! 0+12! 6102957-0! 0+40! 7-4,!

F+,A-! 765,-! -2! f4*67! -02! )6FF6C67-! )*-17-@-,! 7x-94! )-0! 0-70! 3+4,! +52-16,! C-0! -03gC-0! C+A37g2-A-12!

91VM),-0XB>q9[B_a! N7! -1! ,/0472-! f4*670! +12! /2/! 3-4! 426760/0[! S40f4*k! 3,/0-12[! 3+4,! )-0! 93376C926+10!

0M12V/26f4-0X!"1!1+2-!C-3-1)912!f4-7f4-0!-D-A37-0!)910!)-0!,/9C26+10!)-!G6-70K%7)-,B__! d93,g0!#K

9C/2M7926+1e!+4!-1C+,-!)910!79!0M12Vg0-!)-!C+A3+0/0!3+7Mg16f4-0XB_p!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B_^!H94A89,2-1[!.X!=)'0"?(@640"34)20"A)@X!UTCa[!>B[!>_BBX!
B_a!OM3MCV[!;XKPX`!'84M-1[!=X!EX`!H/1/CV6-[!EX`!E9,9Y91+[!PX!/0"#'O0"34)2X!Chhd[!BU[!>>_qX!
B__!9e!;+,8-10-1[!=X`!'6-70-1[!QXPX`!E97V+2,9[!'X`!H-CV-,[!;X`!H-82,43[!EX!/0"`)()'56J6I0"34)2X!UTTC[!8\[!>t^>!`!5e!H-,2V+1[!LX`!

=9V,6[!%X`!:84-1[!GX!])('&4)C'5<"X)((X!UTTa[!U>[!]q]pX!
B_p! 9e! $+477-Y[! GX`! .7/[! \X`! G4V9A-7[! LX! /0" 34)20" ,560F" G)'c;<" ]'&<@0" 7" UTTS[! >_]q!`! 5e! b6C9,2[! 'X!`! P902-2KP967795-2[! GX`!
#9A+1)-1-[!&X`!.7/[!\X`!G4V9A-7[!LX!,J<I)((!UTTd[!^>>!`!Ce!L630V42Y[!HX!QX`!:77A91[!HX`!L61)07-M[!PX`!.-CCV6[!$X`!H4Y9,)[!GX!;X`!
G6Cc0+1[!GX!/0"#'O0"34)2X!UTTd[!YU[!_?qBX!!



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>p?!

!

$CV/A9!qt!

!

! L9!A/2V+)-!+326A97-!3+4,!3,/39,-,! 7-0! 0-70!)-!87429C+197)/VM)-0!04502624/0!-1!3+0626+1!B!

VcC!9@-C!41-!8,91)-!34,-2/[!0910!A+7/C47-!)*-94!-2!9@-C!)-!5+10!,-1)-A-120!-02!)/C,62-!C6K)-00+40!

d$CV/A9!qqeXB_t!!

!

!

$CV/A9!qq!

!

! L9! ,/9C26+1! C+AA-1C-!9@-C! 7x+4@-,24,-!)4! CV7+,4,-!)-!B[^K)6162,+3V/1M73M,6)6164A! d0-7!)-!

v61Cc-e! VcV! 39,! 79! )6A/2VM79A61-X! L9! )6162,+916761-! 610+7457-! )910! 7x-94! -02! /76A61/-! 39,! 06A37-!

F672,926+1! -2! 7xVM),+7M0-! )4! 0-7! )x6A6164A! 612-,A/)696,-! Vca! 3-,A-2! )x+52-16,! 7-0! )-4D!

9A61+3-129)6g1970!60+Ag,-0!Vc`!-2!Vcc[!-1!3,+3+,26+10!@9,6957-0!0-7+1!7-!04502624912!-1!3+0626+1!BX!

N7!-02!k!1+2-,!f4-!7*9A61+3-129)6g197!04502624/!-1!3+0626+1!^!-02!7*60+Ag,-!A61+,6296,-X!N7!0*9@g,-[!-1!

+42,-[! 6102957-!3+4@912!C+1)46,-!k! 7*60+Ag,-! 7-!3740!02957-!)910! 7-0!C+1)626+10!)-!CV,+A92+8,93V6-!

+4!-1!0+7426+1XB>q5!!

!

! LxVM),+7M0-!)-0! 9A61+3-129)6g1970!Vc`! -2!Vcc! 0-! F962! k! 7xVM),+DM)-!)-!3+290064A!)910!41!

A/7918-!=QIuE-"QX!P-!A/7918-!)-!0+7@912!3-,A-2!)-!0+7456760-,! 7xVM),+DM)-!)-!3+290064A!-2! 7-0!

,/9C26F0!6162694DX!.9,!C+12,-[!7-!0-7!)-!87429C+197)/VM)-!1x-02!390!0+7457-!)910!C-!A676-4!-2!3,/C6362-[!

C-!f46! F9C6762-! 0+1! 2,962-A-12X!%3,g0! F672,926+1!)4!A676-4! ,/9C26+11-7[! 7-! 0-7!-02! ,-3,60!)910!<2"Q!+4!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B_t!'84M-1[!=X!EX`!.-6D+2+[!$X`!"496,M[!PX`!'84M-1[!=X!GX`!H/1/CV6-[!EX`!E9,9Y91+[!PX`!E6CV-7[!.X!,J<(4)@;@!ChUh[!>?]X!

O O
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R

N N

R

KO O

R

H2O/EtOH

N O

R

+

N O

R

Cl

Cl

NaOH

362

364

365

366

363



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>p>!

E-"Q! k! F,+6)! dK! B?! (Pe! 3460! 79! 0+7426+1! -02! F672,/-! 04,! P/762-#! 3+4,! /76A61-,! 7-0! 6A34,-2/0! d0-70!

A61/,94De!,-02912-0!f46!)6A614-12!79!,/9C26@62/!)-!7x-03gC-!F+,A/-X!

! .7406-4,0!0-70!)-!87429C+197)/VM)-0!+12!34!R2,-!+52-140!@69!C-22-!A/2V+)-!-2!1+29AA-12!7-!

0-7! )-! BKA/2V+DM87429C+197)/VM)-! VaU! )+12! 1+40! ,-39,7+10! 3740! 29,)! )910! 7-! A9140C,62X! L-0!

,-1)-A-120!+52-140!39,!C-22-!A/2V+)-!0+12!61)6f4/0!)910!7-!2957-94!046@912!d=957-94!peX!

!

&PFG9=! (=<!M=!@;P:i=! '! 'HF;L!Vc`jVcc! 'MF!fog! (=<!M=!X<WFH:LPHF=!! 'MF!fog!

>! VcS! Q! K!d]_a!�!]__e! t]! Vcd! q]!

B! VcT! E-! >!r!?! t^! VSh! t?!

]! VSU! dPQBeB"Q! >!r!?! a>! VSC! t]!

^! VSV9! dPQBe>?"Q! a!r!>! K! VSa! p>5!

a! VS`! "E-! B!r!>! q>! VaU! _a!

_! KC! H,! KC! tBC! VSc! _q5!

9!
7-!3,/C4,0-4,!)4!0-7!)-!v61Cc-!VSV!9!/2/!+52-14!-1!2,+60!/293-0!k!39,26,!)-!79!]K36C+761-!`!

5!,-1)-A-12!04,!)-4D!/293-0!`!!!!!

C
VSc!9!/2/!+52-14!)6,-C2-A-12!39,!5,+A926+1!)-!7*9A61+3-129)6g197!Vc`!d#!�!Qe!

=957-94!p!

!

! <1F61[! 3+4,! +52-16,! 7-0! aK9A61+KB[^K3-129)6g1970! 04502624/0! -1! 3+0626+1! B[! 67! 04FF62! )-! F96,-!

,/986,! 7-0! 0-70! )-! 87429C+197)/VM)-0! 9@-C! 7-0! 9A61-0! )/06,/-0[! 0+62! 0+40! F+,A-! )-! 2,6F74+,+9C/292-!

)*9AA+164A[! 0+62! -1! 9S+42912! 41! /f46@97-12! )x9C6)-! 2,6F74+,+9C/26f4-! )910! 7-! A676-4! ,/9C26+11-7!

d$CV/A9!>??eX!!

!

!

$CV/A9!>??!

!

! G-!3740[! 67!9!/2/!C+10292/!f4-! 7x9S+42!)x41!3-4!)x-94!)910!C-!A676-4!3-,A-2!)x948A-12-,! 79!

@62-00-! )-! ,/9C26+1X! :1-! 06A37-! -D2,9C26+1! )+11-! -10462-! 7-0! 9A61+3-129)6g1970! -0C+A32/0! f46!

3-4@-12!R2,-!-1898/0!)910!)-0!0M12Vg0-0!472/,6-4,-0!0910!34,6F6C926+1X!<1!-FF-2[!0x67!,-02-!)4!3,+)462!

KO O

R

R1R2NH, TFA

CH2Cl2

N

R2

R1

O

R
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G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>pB!

6162697[! 67!3900-!)910! 79!3V90-!9f4-40-! 7+,0!)4!2,962-A-12!-2!0x67! 0-! F+,A-!)-0!0-70!)-!3M,6)6164A[! 670!

3900-12!/897-A-12!-1!3V90-!9f4-40-X!L9!34,6F6C926+1!04,!C+7+11-!)-!0676C-!948A-12-!7-0!,60f4-0!)-!

CMC760926+1!)-!7x9A61+3-129)6g197!04,!746KARA-!-2!)-!)/8,9)926+1!)-0!C+A3+0/0X!!

! \,�C-! k! C-22-! A/2V+)-[! )6FF/,-120! 9A61+3-129)6g1970! 04502624/0! -1! 3+0626+1! B! +12! /2/!

3,/39,/0!d=957-94!teX!

!

&PFG9=! *GLMW;F! '! 'U'C#4! 'MF!fog!

>! VSd! Q! H1'QB! qt!

B! VST! Q! H1B'Q! qp!

]! Vdh! E-! H1'QB! pq!

^! VdU! E-! H4'QB! tB!

a! VdC! E-! .EH'QB! tB!

_! VdV! dPQBeB"Q! H1'QB! p?9!

p! Vda! dPQBe>?"Q! .EH'QB! tt!

t! VaC! "E-! .EH'QB! qB!

q! Vd`! H,! H1'QB! _]9!

>?! Vdc! H,! .EH'QB! a]9!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!9!
,-1)-A-12!93,g0!34,6F6C926+1!

=957-94!t!

!

! P-22-!A/2V+)-!0x9@g,-!R2,-!3740!3,926f4-!-2!/C+1+A6f4-!f4-! 7x+4@-,24,-!)6,-C2-!)4!0-7!)-!

v61Cc-! 3460f4x9M912! 7-! 0-7! )-! 87429C+197)/VM)-! C-746KC6! 3-42! ,/986,! 9@-C! 1x6A3+,2-! f4-77-! 9A61-!

3,6A96,-!+4!0-C+1)96,-!0+40!F+,A-!)-!0-7!3+4,!)+11-,!7x9A61+3-129)6g197!0+4V962/X!

!

!

!



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>p]!

! ! $$RVRCRC!*G9[HGHF;LP!MW!E=<!M=![LFHEE;WQ!MW!fChAahg,`,YJMGLZJ,C,Q9FYLZJ[=PFH,CAa,

M;^PH<!VaU!!

!

! L9!A/2V+)-!)-!3,/39,926+1!)-0! 0-70!)-!87429C+197)/VM)-!-2!)-! 7-4,0!)/,6@/0! 04502624/0!-1!

3+0626+1! B! 3,/0-12/-! 94! 39,98,93V-! 3,/C/)-12! d�! NNX]XBX>e! 9[! 2+42! )*95+,)[! /2/! 93376f4/-! k! 79!

3,/39,926+1! )4! 0-7! )-! 3+290064A! )4! dB-[^-eKaKVM),+DMKBKA/2V+DM3-129KB[^K)6g197X! L-! 8,+43-A-12!

A/2V+DM!F962!6C6!+FF6C-!)-!F+1C26+1!VM),+DM7-!3,+2/8/-X!N7!F942!1+2-,!f4-!)910!7-0!0CV/A90!)-!0M12Vg0-!

-1@6098/0!@-,0!7-0!.KBK%N0!d�!NNXBXBe[!67!9!/2/!3,/@4!41-!VM),+7M0-!)*41!/2V-,!)*/1+7!-1!C/2+1-!-2!)+1C!

f4*41!A/2V+DM!3-42!2,g0!56-1!C+1@-16,X!d$CV/A9!>?>eX!

!

!

$CV/A9!>?>!K!.,/39,926+1!)4!0-7!)-!87429C+197)/VM)-!VaU!

!

! L9!,/9C26+1!-12,-!79!]KA/2V+DM3M,6)61-!VdS!-2!7-!>KCV7+,+KB[^K)6162,+5-1Yg1-!)910!7*9C/2+1-!

C+1)462!94!0-7!)-!3M,6)6164A!VS`!9@-C!41!,-1)-A-12!)-!^ahX!%3,g0!+4@-,24,-!39,!79!)6A/2VM79A61-!

-2!VM),+7M0-[!7-0!9A61+3-129)6g1970!Vdd!-2!VdT!0+12!+52-140!-1!3,+3+,26+10!B!3+4,!>!d-1!F9@-4,!)-!

7*60+Ag,-!Vdde!9@-C!41!,-1)-A-12!)-!q>hX!L9!0-C+1)-!VM),+7M0-!k! 79!3+2900-!C+1)462!94!0-7!)-!BK

A/2V+DM!87429C+197)/VM)-!VaU!)/06,/!9@-C!41!,-1)-A-12!)-!_ahX!

!

! L-!ARA-!2,9@967!9!-10462-!/2/!,/9760/!-1!39,2912!)-!79!]KVM),+DM3M,6)61-!3+4,!3+4@+6,!+52-16,!

7-!0-7!)-!3+290064A!)4!dB-[^-eKaKVM),+DMKBK977M7+DM3-129KB[^K)6g197!d$CV/A9!>?BeX!

!

N

O

NO2

NO2

Cl

N O

O

O O

O

K

KOH

N O

O

2 : 1

N

O

387

375

388

389

341

1 -

2 - H2O puis NaOH (1N)

, EtOH,

30 min

NH 70 °C

91%

MeOH/THF, 70 °C, 3 h
65%

NO2

NO2

Cl

1- , 70 °C, 20 min

2- acétone, 70 °C, 30 min

45%



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>p^!

!

$CV/A9!>?B!

!

! L9!,/9C26+1!)-!0450262426+1!14C7/+3V67-!-12,-!79!]KVM),+DM3M,6)61-!VTh!-2!7-!5,+A4,-!)x977M7-!

)+11-! 79! ]K977M7+DM3M,6)61-!VTU!9@-C!41! ,-1)-A-12!)-!^>hX! L9! F+,A926+1!)4! 0-7! )-! v61Cc-!VTC! -2!

7x+4@-,24,-!)-!C-!0-7!39,! 79!)6A/2VM79A61-!1x9!390!3+0/!)-!3,+57gA-!-2!3-,A-2!)x+52-16,! 7-0!)-4D!

60+Ag,-0!VTV!-2!VTa!-1!3,+3+,26+10!>!3+4,!>!-2!9@-C!41!,-1)-A-12!)-!_]hX!.9,!C+12,-[!67!1*9!390!/2/!

3+00657-!)-!F+,A-,!7-!87429C+192-!C+,,-03+1)912X!<1!-FF-2[!7-0!C+1)626+10!)xVM),+7M0-!93376f4/-0!94D!

)-4D!9A61+3-129)6g1970!VTV!-2!VTa!+12!0-47-A-12!C+1)462!k! 7x60+A/,60926+1!)-!7x9A61+3-129)6g197!

VTa!-1!VTVX!$6!7-0!C+1)626+10!0+12!3+400/-0!3740!7+61!-2!-1!39,26C476-,!06!7-!A676-4!-02!2,+3!CV94FF/[!7-!

C+A3+0/!0-!)/8,9)-!-2!67!M!9!F+,A926+1!)-!3+7MAg,-0X!!

!

! '+40! 9@6+10! -1@6098/! )*942,-0! 8,+43-A-120! 3,+2-C2-4,0! 3+4,! 7-! 87429C+197)/VM)-! +DM)/!

A960! 7-! CV+6D! 0*9@g,-! 94! F6197! ,-02,-612!f491)! +1! @-42! 426760-,! 79! A/2V+)-! )-! 3,/39,926+1! )/C,62-!

9439,9@912X!<1!39,26C476-,[! 7*426760926+1!)-!8,+43-A-120!067M7/0!+4!)*-02-,0!1*-02!390!41-!5+11-!6)/-!

C9,!670!1-!,/0602-12!390!94D!C+1)626+10!5906f4-0!)-0!VM),+7M0-0X!'+40!9@+10!)+1C!CV+606!)-!3+4,046@,-!

9@-C!7-!0-7!)-!87429C+197)/VM)-!#KA/2VM7/!F9C67-A-12!9CC-00657-!k!39,26,!)-!79!]KA/2V+DM3M,6)61-X!

!

! ! $$RVRCRV! *G9[HGHF;LP! MW! fCfAahg,C,Q9FYLZJ,`,fa,Q9FYLZJD=P\J<HQ;PLg[=PFH,CAa,

M;^PH<!VaC!

!

! Lx9A61+3-129)6g197!VaC!-02!+52-14!39,!,/9C26+1!)4!0-7!)-!87429C+197)/VM)-!#KA/2VM7/!VaU!

9@-C!41-!9A61-!3,6A96,-!3,+2/8/-!-2!0+40!F+,A-!)-!0-7!)-!=I%!9@-C!41!,-1)-A-12!)-!qBh!d$CV/A9!

>?]eX! Lx9A61-! CV+606-! -02! 79! %&'&KA/2V+DM5-1YM79A61-X! .7406-4,0! 8,+43-A-120! 3,+2-C2-4,0! )-!

7*9A61-! 0+12! 3+00657-0! `! 67! F942! 06A37-A-12! 89,)-,! 79! 14C7/+3V676-! )-! 7x9Y+2-! 3+4,! 7*9CM7-,! 9@-C! 7-!

N

O

NO2

NO2

Cl

1 -

2 - H2O puis NaOH (1N)

, EtOH,

30 min

NH
N O

O

N O

O

1 : 1

70 °C

95%

N

O

NO2

NO2

Cl

1- , 70 °C, 1 h

2- acétone, 70 °C, 30 min

63%

394

393

392

391

N

OH

390

1- tBuOK, - 15 °C, 20 min, THF/DMF (3 :8)

2-             , - 15 °C, puis ta, 12 h, THF/DMF (3 : 8)

41%

Br

KOH



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>pa!

2,6CV7+,+9C/2M73M,,+7-!)-!2M3-!Vah!d$CV/A9!q]eX!L9!3,+2-C26+1!-02!1/C-0096,-!3+4,!/@62-,!79!CMC760926+1!

-1!3M,6)61-X!!

!

!

$CV/A9!>?]!K!.,/39,926+1!)-!7*9A61+3-129)6g197!VaC!

!

! $6! 7*+1! C+A39,-! 7-0! @97-4,0! )-0! )/379C-A-120! CV6A6f4-0! 3+4,! 7-0! 92+A-0!)-! C9,5+1-0! )-0!

C+A3+0/0!VaC!-2!VdC!dI684,-!^]e[!+1!0*93-,w+62!f4*-FF-C26@-A-12!7x+DM)926+1!-1!3+0626+1!B!-02!@-14!

3-,24,5-,!7-!0M02gA-!340VK3477!C-!f46!79600-!3,/098-,!)-!)6FF/,-1C-0!-1!C-!f46!C+1C-,1-!79!,/9C26@62/!

)-!C-0!-03gC-0!+DM)/0X!

!

!

I684,-!^]!K!b97-4,0!)-!"!-1!#E'!)4!>]P!)910!PGP7]!

!

" " ##$C$C"51'96*/.1'"

!

! G910!C-22-!39,26-!1+40!9@+10!@4!C+AA-12!9CC/)-,!06A37-A-12!-2!-FF6C9C-A-12!94D!0-70!)-!

87429C+197)/VM)-0! -2! k! 7-4,0! )/,6@/0! 9A61+3-129)6g1970X! '+40! 9@+10! 1+29AA-12! 93376f4/! 79!

A/2V+)-! )-! 3,/39,926+1! )/@-7+33/-! 94! 795+,92+6,-! 94! 87429C+192-! +DM)/! -1! 3+0626+1! B! VaU! 3460!

+52-14!7*9A61+3-129)6g197!VaC!d$CV/A9!>?>[!$CV/A9!>?]e!-1!^!/293-0!9@-C!41!,-1)-A-12!)-!Bah!k!

39,26,! )-! 79! ]KA/2V+DM3M,6)61-! VdSX! <1! +42,-[! C-22-! A/2V+)-! 3,926f4-! )*9CCg0! 94D! 0-70! )-!

87429C+197)/VM)-0!96106!f4*k! 7-4,0!)/,6@/0!9A61+3-129)6g1970[!3-,A-22,9!3-42KR2,-!)*948A-12-,! 7-!

3+2-126-7!-2!7-0!93376C926+10!)-!C-0!A+7/C47-0XB_q!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

B_q!E9,261[!GX!HX!PX`!b91)-,Z97[!PX!GX!;X!/0"120"34)20",560!ChhT[!7U7[!]^pBX!

O O

O

K
N
H

O

O
MeO

NH2

MeO TFA

341 342

CH2Cl2, ta, 5 min

H2O

92%

N
H

O

MeO

382

193,1

127,2

153,7

96,3

147,5

N
H

O

O
MeO

342

185,4

159,1

113,9

93,4

142,9



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>p_!

! NNX^!I+,A926+1!-2!,/9C26@62/!)-!BKA/2V+DMK$K9CM79A61+3-129)6g197!

!

" " ##$I$%"Z2>(7270.1'"+*"02.9<612179>0;6(;2216)"(210>:>"CXM"

!

! L9!3,/39,926+1!)4! 2,6CV7+,+9C/2M73M,,+7-!3,+2/8/!VT`!1x9!390!3+0/!)-!3,+57gA-!39,26C476-,X!

.7406-4,0!8,+43-A-120!3,+2-C2-4,0!/296-12!3+00657-0!3+4,!7-!3M,,+7-!d$<E[!E"E[!=N.$[!$"B'E-Be!`
Bp?!

67!F977962!0-47-A-12!-1!2,+4@-,!41!f46!3-,A-22-!41-!)/3,+2-C26+1!+,2V+8+197-!39,!,933+,2!k!C-4D!)4!

BK97c+DMK$K9CM79A61+3-129)6g197! )-! 2M3-! VUT! d$CV/A9! q]eX! I6197-A-12[! Cx-02! 7-! 8,+43-A-12! BK

d2,6A/2VM7067M7eK/2V+DMA/2VM7-! d$<Ee! f46! 9! /2/! CV+606X! L9! 0/f4-1C-! ,/9C26+11-77-! -02! 3,/0-12/-! 94!

0CV/A9!>?^X!

!

!

$CV/A9!>?^!

!

! Lx9))626+1!)4!CV7+,4,-!)-!2,6CV+,+9C/2M7-!04,!7-!3M,,+7-!VTc!3-,A-2!)-!04502624-,!C-746KC6!-1!

3+0626+1!B!-2!)x+52-16,!7-!2,6CV7+,+9C/2M73M,,+7-!VTS!9@-C!41!,-1)-A-12!)-!pqhXBp>!L9!5,+A926+1!)-!

C-! )-,16-,! )910! 7x9C6)-! 9C/26f4-! )+11-! 97+,0! 7-! ^[aK)65,+A+KBK2,6CV7+,+9C/2M73M,,+7-! VTd! 9@-C! 41!

,-1)-A-12!f491262926FXB]_! <1F61! 7x9))626+1!)4!$<EP7! 04,! C-!)-,16-,! C+A3+0/!VTd! )/3,+2+1/! F+4,162!

7x612-,A/)696,-!3,+2/8/!VT`!0+4V962/!9@-C!41!,-1)-A-12!)-!pahX!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Bp?!;+76C+-4,[!HX`!PV93A91[!<X!<X`!=V+A30+1[!%X`!L45-77[!OX!GX!])('&4)C'5<!Chhc[!Y8[!>>a]>X!
Bp>!$CVA4Cc[!PX`!H6Cc-,2[!bX`!E-,0CVcM[!EX`!\-68-,[!LX`!#433,-CV2[!GX`!G4)9CY-c[!;X`!O6CV[!.X`!#-VA[!=X`!E9CV+1[!:X!-:'0"/0"

#'O0"34)20"Chhd[!]B^X 

N
H

Cl

O

CCl3

N
H O

CCl3

N
H O

CCl3

Br

Br

N
O

CCl3

Br

Br

O

Si

Et2O, ta, 1 h
79%

(1,1 éq)

Br2 (4 éq)

AcOH, ta puis 60 °C, 1 h
quantitatif

1 - NaH (1,1 éq), DMF

2 - SEMCl (1,2 éq), ta, 30 min
                     75%

396 397 398

395
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%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>pp!

" " ##$I$4"Z2>(7270.1'"+*"4K?>0<1U;K!K79;67?.'1()'07+.B'76"CXX"

!

! %@912!)-!A-22,-!-1! ,/9C26+1! 7-! 2,6CV7+,+9C/2M73M,,+7-!3,+2/8/!VT`! 9@-C! 7*9A61+3-129)6g197!

VaC[!79!,/9C26+1!-12,-!C-746KC6!-2!7-!CV7+,+F+,A692-!)-!A/2VM7-!9!2+42!)x95+,)!/2/!2-02/-!3+4,!@+6,!06!

7*9CM7926+1! )-! 7*916+1! +52-14! 39,! 2,962-A-12! 9@-C! 7xVM),4,-! )-! 0+)64A! 9@962! 56-1! 76-4! -2! 06! 94C41!

3,+)462!)*#K9CM7926+1!1x/2962!+52-14!d$CV/A9!>?aeX!!

!

!

$CV/A9!>?a 

 

! L9! ,/9C26+1! 9! /2/! ,/9760/-! )910! 7-! =QI! -2! 9! 3-,A60! )x+52-16,! 7-! C9,59A92-! ahh! 9@-C! 41!

,-1)-A-12!)-!_ah!2+42!k!F962!09260F960912X!%4C41!3,+)462!)*#K9CM7926+1!1*9M912!/2/!60+7/[!79!,/9C26+1!9!

)+1C!/2/!-FF-C24/-!9@-C!7-!2,6CV7+,+9C/2M73M,,+7-!3,+2/8/!VT`!d$CV/A9!>?_eX!

!

!

$CV/A9!>?_ 

 

! %! 2-A3/,924,-! 9A56912-[! 0+40! 9,8+1! -2! )910! 79! =QI[! 79! ,/9C26+1! )*9CM7926+1! )-! 7x916+1! )-!

7x9A61+3-129)6g197!VaC!39,!7-!2,6CV7+,+9C/2M73M,,+7-!3,+2/8/!VT`!9!3-,A60!)x+52-16,!7-!C+A3+0/!VTTX!

P-3-1)912!7-!,-1)-A-12!2,g0!A+)-02-!)-!>]h!1+40!9!3+400/0!k!-009M-,!)x+326A60-,!7-0!C+1)626+10X!

=+42!)x95+,)[!1+40!9@+10!-009M/!)-! ,/9760-,! 79! ,/9C26+1!)910! 7-!GEI!3+4,!@+6,! 06!41!A676-4!3+796,-!

93,+26f4-!F9@+,60962!79!,/9C26+1X!N7!1x-1!-02!,6-1!-2!7-!3,+)462!$K9CM7/!-02!+52-14!9@-C!41!,-1)-A-12!

06A6796,-X!L-!CV918-A-12!)-!590-[!-2!-1!39,26C476-,! 7x426760926+1!)-!LG%[!1x9A/76+,-!390!1+1!3740!)-!

5-94C+43!7-!,-1)-A-12!f46!3900-!)-!>]h!k!B?hX!L-!A91f4-!)-!,/9C26@62/!)4!2,6CV7+,+9C/2M73M,,+7-!9!

97+,0! /2/! A60! -1! C940-! -2! 79! ,/9C26@62/! )4! CV7+,4,-! )-! 7x9C6)-! 3M,,+76f4-! 9! /2/! 2-02/-X!

N
H

O

O
O 2 -              (1,2 éq), THF, ta, 12 h

1 - NaH (1,2 éq), THF, ta

Cl O

O

N O

O
O

65%

O O

342 400

13%

1 - NaH (2 éq), THF, ta

N
H

O

O
O

N O

O
O O

N Br

BrO

Si

N

Br

Br
O

CCl3

O

Si

2- (2 éq), ta, 5 h

399

342

395
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>pt!

Lx9A61+3-129)6g197!A/2VM7/! VdC! 9! /2/! 426760/! 3+4,! 1-! 390! 8903677-,! )4! )/,6@/!#KA/2VM7/! d$CV/A9!

>?peX!

!

!

$CV/A9!>?p 

 

! Lx-0096! 1*9! 390! /2/! C+1C74912! -1! 2-,A-! )-! ,-1)-A-12! 3460f4-! 7x9A61+3-129)6g197!$K9CM7/!

ahV! 9! /2/! +52-14! 9@-C! 41! ,-1)-A-12! )-! B?h! 2+42! k! F962! C+A39,957-! k! C-746! +52-14! 9@-C! 7-!

2,6CV7+,+9C/2M73M,,+7-X!L-!3,+57gA-!1x-02!)+1C!390!)�!k!79!,/9C26@62/!)-!C-!)-,16-,X!P-2!-0096!1+40!9!

/897-A-12!3-,A60!)x60+7-,!7-!C+A3+0/!aha!9@-C!41!,-1)-A-12!)-!>]h!dI684,-!^^eX!

!

!

I684,-!^^!

!

! '+40! 0433+0+10! 6C6! 41-! ,/9C26+1! )x#K9CM7926+1! -1! 3740! )-! 79!$K9CM7926+1! 3+4,! C+1)46,-! 94!

3,+)462!ah`!f46[!93,g0!VM),+7M0-!7+,0!)4!2,962-A-12[!)+11-,962!7x9A61-!9CM7/-!aha!d$CV/A9!>?teX!

!

!

$CV/A9!>?t 

!

! P-C6! 9! /897-A-12! 34! 0-! 3,+)46,-! 7+,0! )-! 79! ,/9C26+1! )+11912! 7-! BK97c+DMK$K

9CM79A61+3-129)6g197!VTT[!F960912!CV42-,!C+106)/,957-A-12!7-!,-1)-A-12X!!

N
H

OH

O acétone, reflux, 3 h

SOCl2 (2,5 éq)

N
H

Cl

O

in situ

N
H

O
O

 (1 éq), DMAP (1,5 éq)

CH2Cl2, 0°C puis ta, 12 h

20%

N O

O O

HN

401 402
403

382

NH

O O

HN

404

H

O O

H

O

O O

H

O
H

H2O

405 404



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>pq!

! .+4,!C-22-!,960+1[!1+40!9@+10!)+1C!)/@-7+33/!-1!39,977g7-!41-!A/2V+)-!)*9CCg0!3740!,936)-!

-2!-FF6C9C-!94D!9A61+3-129)6g1970!$K9CM7/0X!P-C6!F-,9!7*+5S-2!)4!CV9362,-!]!)-!C-22-!)-4D6gA-!39,26-!

A960!3900+10!A9612-1912!k!79!,/9C26@62/!)-!C-22-!-03gC-!BKA/2V+DMK$K9CM79A61+3-129)6g197!VTTX!

!

" " ##$I$C"\>790.A.0>"+*"4K?>0<1U;K!K79;67?.'1()'07+.B'76"CXX"

!

! G910! 7-! C9),-! )4! 3,+S-2! 04,! 7-0! .KBK%N[! 67! C+1@-1962[! )910! 41! 3,-A6-,! 2-A30[! )*/24)6-,! 79!

,/9C26@62/! )-! 7*6A6)-! 560K@61M7+84-! VTT! -2! 1+29AA-12! 79! ,/)4C26+1! -2! 7*+DM)926+1! )-! 79! F+1C26+1!

7x97)/VM)-[!7*VM),+7M0-!)-!7x/2V-,!)x/1+7!-2!79!,/)4C26+1!)-!79!)+457-!76960+1!)-!79!F+1C26+1!/19A6)-X!!

!

! ! $$RaRVRU!'9MW:F;LP!=F!LZJMHF;LP!M=!<H!bLP:F;LP!H<M9YJM=!

!

! G910!1+2,-!933,+CV-!)-! 79! 0M12Vg0-!)-!C-,29610!A+1+Ag,-0!)-! 79! F9A677-!)-0!.KBK%N[!1+40!

9@+10!@+474!2-02-,!79!,/)4C26+1!)-!79!F+1C26+1!97)/VM)-!)-!7x612-,A/)696,-!VTT!39,!7-!5+,+VM),4,-!)-!

0+)64A!)910!7x9C6)-!9C/26f4-Baq!+4!7-!A/2V91+7X!G910!7-0!)-4D!C90[!7*97C++7!ahc!-02!+52-14!A960!67!-02!

k!1+2-,!f4-!79!,/9C26+1!)910!7x9C6)-!9C/26f4-!-02!3740!,936)-!f4-!)910!7-!A/2V91+7!dB?!A61!C+12,-!]!Ve!

-2!)+11-!7x97C++7!9@-C!41!A-677-4,!,-1)-A-12!dath!C+12,-!]>he!d$CV/A9!>?qeX!$4,!7-!03-C2,-!#E'!>Q!

)4!C+A3+0/!,/)462!ahc[! 7-!068197!)4!3,+2+1!97)/VM)6f4-!k!q[>B!33A!9!/2/!,-A379C/!39,!41!068197!k!

^[>]!33A!612/8,912!C-22-!F+60KC6!3+4,!)-4D!3,+2+10X!

!

!

$CV/A9!>?q 

!

! '+40!1+40!0+AA-0!-10462-!612/,-00/!k!7*+DM)926+1!)-!7*612-,A/)696,-!C+AA41!VTTX!.+4,!C-79!

1+40!9@+10!-4!,-C+4,0!k!41-!A/2V+)-!)/C,62-!39,!P+,-MBat!-1!>q_t!3-,A-22912!)-!2,910F+,A-,!41!

97)/VM)-!"[!K610924,/! -1! -02-,!A/2VM76f4-! d$CV/A9!>>?eX! <1!3,/0-1C-!)x+DM)-!)-!A91891g0-[! )-!

CM914,-!)-!3+290064A!-2!)x9C6)-!9C/26f4-!)910! 7-!A/2V91+7[! 7*-03gC-!VTT! 0x+DM)-!-2!)+11-! 7x-02-,!

A/2VM76f4-!ahS!9@-C!41!,-1)-A-12!1+1!+326A60/!)-!BqhX!

N O

O
O O

N Br

BrO

Si

N OH

O
O O

N Br

BrO

Si

NaBH4 (10 éq)

AcOH, 0 °C puis ta, 20 min, 58%
MeOH, 0 °C puis ta, 3 h, 31%

399

406



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>t?!

!

$CV/A9!>>? 

!

! L-!A/C9160A-!)-!C-22-!,/9C26+1!-02!3,+3+0/!04,!7-!0CV/A9!>>>!C6K93,g0!r!

!

!

$CV/A9!>>>"

 

! <1! 3,/0-1C-! )*9C6)-! 9C/26f4-[! 7-! CM914,-! )-! 3+290064A!)+11-! )-! 7*9C6)-! CM91VM),6f4-! f46!

,/9862!9@-C!79!F+1C26+1!97)/VM)-!)4!C+A3+0/!VTT!3+4,!)+11-,!79!CM91VM),61-!ahd!f46!-02!+DM)/!39,!

E1"B!3+4,!)+11-,!7-!CM914,-!)*9CM7-!ahTX!P-!)-,16-,!,/9862!-1F61!9@-C!7-!A/2V91+7!3+4,!C+1)46,-!k!

7*-02-,!ahSX!

!

!

!

N O

O
O O

N Br

BrO

Si

MnO2 (20 éq), KCN (4 éq), AcOH (1,1 éq)

MeOH, ta, 3 h
29%

N O

O
O O

N Br

BrO

Si

O

399 40

N O

O
O O

N Br

BrO

Si

N O

O
O O

N Br

BrO

Si

CN

399

409

N OH

O
O O

N Br

BrO

Si

CN

HCN

408

MnO2

N O

O
O O

N Br

BrO

Si

O

MeOH

407



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>t>!

! ! $$RaRVRC!'9MW:F;LP!E9<=:F;O=!M=!<H!bLP:F;LP!9PHQ;M=!!

!

! .,/C/)-AA-12[! 1+40! 9@+10! @4! f4*67! /2962! 3+00657-! )-! ,/)46,-! -2! )*+DM)-,! 0/7-C26@-A-12! 79!

F+1C26+1!97)/VM)-!)-! 7*9A61+3-129)6g197!+DM)/!VTTX!.+4,!9CC/)-,!k! 79!)65,+A+98/7903+1861-[!k! 79!

)65,+A+3V9c-7761-!-2!k! 79!)65,+A+C912V9,-7761-[!1+40!1+40!0+AA-0!94006! 612/,-00/0!k! 79!,/)4C26+1!

0/7-C26@-!)-!79!F+1C26+1!/19A6)-!C-!C+A3+0/!96106!f4-!)-!7*97C++7!ahcX!

! '+40! 9@+10! 2-02/! 41! C-,2961! 1+A5,-! )-! A/2V+)-0X! =+42! )*95+,)[! 1+40! 9@+10! ,-3,60! 7-0!

C+1)626+10!f46!1+40!+12!3-,A60!)-!,/)46,-!79!F+1C26+1!97)/VM)-!)4!C+A3+0/!VTT!-2!1+40!9@+10!79600/!

7-!C+A3+0/!-1!A676-4!,/)4C2-4,!d'9HQ^e[!9C6)-[!3-1)912!^t!V!94!76-4!)-!]!V!d$CV/A9!>>BeX!L*9197M0-!

#E'! >Q! 1+40! 9! 97+,0! 61)6f4/! f4*-1! 3740! )-! 79! ,/)4C26+1! )-! 79! F+1C26+1! 97)/VM)-[! 7*/2V-,! )*/1+7!

A/2VM76f4-!1*/2962! 3740! 3,/0-12! -2! f4-! 7-0! )-4D!3,+2+10! 3+,2/0! 39,! 7-! C9,5+1-!P_!)4! 8,+43-A-12!

%&'&KA/2V+DM5-1YM7-!/296-12!)/0+,A960!)6902/,/+2+36f4-0!C-!f46!1+40!9!9A-1/0!k!-1@6098-,!f4*67!M!

962!-4!,/)4C26+1!)-! 79! F+1C26+1!C9,5+1M7-!-1!>BX!P-C6!-02!C+,,+5+,/!39,! 79!3,/0-1C-!)*41!)+457-2!k!

^[^q! 33A! d/! �! p[t! QYe! )-@-1912! 061847-2! 93,g0! /CV918-! )-0! VM),+8g1-0! A+567-0! 9@-C! GB"[!

C+,,-03+1)912!3,+5957-A-12!k!Q>BX!<1!+42,-[!7-0!3,+2+10!Q][!Q^!-2!Qa!+12!2+4S+4,0!)-0!"!@+60610!)-!

C-4D!+50-,@/0!3+4,!ahc!-2!79!ARA-!A4726376C62/X!N7!1*9!390!/2/!3+00657-!)-!)/2-,A61-,!79!02,4C24,-!)4!

C+A3+0/!aUh[!60+7/!9@-C!41!,-1)-A-12!)*-1@6,+1!]?h[!A960!+1!3-42!/C,6,-!C-77-!61)6f4/-!C6K)-00+40!

9@-C! l! ,-02912! k! 3,/C60-,X! N7! -02! k! 1+2-,! f4*67! 1*M! 9! )+1C! 390! -4! ,/)4C26+1! )-! 79! )+457-! 76960+1! )-!

7*/19A6)-X!!

!

!

$CV/A9!>>B 

!

! .+4,! -009M-,! )-! ,/)46,-! 0/7-C26@-A-12! 79! F+1C26+1! /19A6)-[! 1+40! 9@+10! -10462-! -009M/! 7-!

CM91+5+,+VM),4,-! )-! 0+)64A! -1! 3,/0-1C-! )*9C6)-! F+,A6f4-BpB! +{! -1C+,-! 7-! 2,6/2VM706791-! -1!

3,/0-1C-!)-!=I%Bp]!+4!)-!=I%%X!P-0!A/2V+)-0!/296-12!)/C,62-0!)910!79!7622/,924,-!C+AA-!3-,A-22912!

79!,/)4C26+1!0/7-C26@-!)-!79!F+1C26+1!f46!1+40!612/,-00962X!E97V-4,-40-A-12[!2+40!1+0!-00960!0-!0+12!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

BpB!%610C+Z[!#X!HX`!H,-227-[!#X`!$V6565[!$X!EX!/0"34)20",560F"G)'c;<"]'&<@0"7!UTd`[!>pt>X!
Bp]!9e!P+A610[!GX!LX`!EM+418[!&X!PX!/0"#'O0"34)20!UTTh[!>>[!BqBX!`!5e!E9041+[!EX!'X`!E+7610c6[!=X!IX!])('&4)C'5<"X)((0!ChhU[!

W8[!tB_BX!

N O

O
O O

NBr

Br O

Si

N OH

X
O OH

NBr

Br O

Si

NaBH4 (10 éq)

AcOH, ta, 48 h
33%

399 410

12

1
2

3

4

56



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>tB!

0+7)/0!39,!41!/CV-C!-2!+12! C+1)462!k! 79!)/8,9)926+1!)-0! 04502,920! 6162694DX!'+40!1*9@+10!)+1C!390!

3+4,046@6!7-0!61@-0268926+10!04,!79!,/)4C26+1!0/7-C26@-!)-!79!F+1C26+1!/19A6)-!04,!1+0!C+A3+0/0!2,g0!

F+1C26+119760/0X!

! ! $$RaRVRV!4JMGL<JE=!M=!<19FY=G!M19PL<!

!

! %M912!-1!A961[!7*97C++7!ahc[!67!1+40!F977962!94006!VM),+7M0-,!7*/2V-,!)*/1+7!)-!A916g,-!k!3+4@+6,!

472/,6-4,-A-12!/24)6-,!7-0!3+00656762/0!)-!CMC760926+1!612,9A+7/C4796,-!93,g0!)/3,+2-C26+1!)-!7*9A6)-!

+4!)4!3M,,+7-X!

! P+AA-!1+40! 7*9@+10!@4!3,/C/)-AA-12!d�! NNX^X]XBe[! 67!M!9!-4!3-,2-!)4!8,+43-A-12!A/2V+DM!

7+,0f4-! 7-! BKA/2V+DMK$K9CM79A61+3-129)6g197! VTT! -02! 79600/! 3740! 7+182-A30! )910! 41! A676-4!

,/)4C2-4,! 9C6)-! f4-! 3+4,! 79! 06A37-! ,/)4C26+1! )-! 79! F+1C26+1! 97)/VM)-X! P-3-1)912[! )910! C-!A676-4!

,/9C26+11-7!)*942,-0!,/9C26+10!+12!76-4[!C-!f46!1*-1!F962!390!41-!A/2V+)-!933,+3,6/-!3+4,!7*VM),+7M0-!

)-!79!F+1C26+1!/2V-,!)*/1+7X!

! '+40!9@+10!97+,0!-009M/!)xVM),+7M0-,!7x/2V-,!)x/1+7!)910!7x9C6)-!F+,A6f4-!-1!3,/0-1C-!)x-94X!

<1!-FF-2[!41!3,-A6-,!-0096!9@-C! 7-!C9,59A92-!ahh!1+40!9@962!3-,A60!)x+52-16,!41-!CMC7+3-12/1+1-!

aUU!9M912!7-!)-8,/!)*+DM)926+1!09260F960912!3+4,!977-,!@-,0!)-0!C+A3+0/0!C+AA-!7x98/79029261-B]?5[!Bp^!

d$CV/A9!>>]eX!!

 

!

$CV/A9!>>] 

!

! Gx93,g0! 7-! A/C9160A-! 0433+0/! C6K)-00+40! d$CV/A9! >>^e[! 7xVM),+7M0-! )-! 79! F+1C26+1! /2V-,!

)x/1+7!)4!C+A3+0/!ahh!94,962!2+42!)x95+,)!76-4!-2!F+4,16,962!7-!C+A3+0/!"[!K)6C9,5+1M7/!aUCX!.9,!7-0!

/f46765,-0! C/2+K/1+76f4-0[! 7-! C+A3+0/! aUV[! 2+297-A-12! C+1S484/! d7-! 3740! 02957-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Bp^!9e!G*%A5,+06+[!EX`!\4-,,6-,+[!%X`!PX[!GX`!#65-0[!"X`!.400-2[!;X`!L-,+M[!$X`!.6-2,9[!IX!/0"34)20",560F"34)20"3522:<0!UTTV[!

>]?a!`!5e!Q+18[!=X!OX`!;6A-1-Y[!GX!#X`!E+7610c6[!=X!IX!/0"$&(0"G'5C0"UTTd[!Y7[!>atX 

N O

O
O O O

HCO2H, H2O (9:1)

O

OH

N
O

O

O
ta, 12 h

53%

N NH

NH
N

O

Br

O

H H

HO

H

agelastatine A

400 411



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>t]!

2V-,A+)M19A6f4-A-12e!0-,962!+52-14X!L9!CMC760926+1!612,9A+7/C4796,-!-1!A676-4!9C6)-!)-!C-!)-,16-,!

C+A3+0/!)+11-,962!97+,0!79!CMC7+3-12/1+1-!aUUX!

!

!

$CV/A9!>>^!

!

#-A9,f4-!r!79!ARA-!,/9C26+1!9!76-4!7+,0f4*+1!VM),+7M0-!k!7*9C6)-!CV7+,VM),6f4-!dQP7!^!'eX!

!

! L+,0f4-!C-22-!VM),+7M0-!9!/2/!2-02/-!04,!1+2,-! 612-,A/)696,-!,/)462!ahc[!0-47! 7x9A6)-!aUc!9!

/2/!,/C43/,/!d$CV/A9!>>aeX!

!

!

$CV/A9!>>a!

!

! LxVM),+7M0-!)-!7x/2V-,!)x/1+7!94,962!56-1!76-4!-1!ARA-!2-A30!f4-!79!)/3,+2-C26+1!)4!3M,,+7-!

-2! )+11-,962! 7-! C+A3+0/! aUS! dF+,A-! C/2+1-! F9@+,60/-eX! .460! 7x6A6164A! aUd! 0xVM),+7M0-,962! C-! f46!

-D376f4-,962!3+4,f4+6!0-47!7x9A6)-!aUc!-02!,/C43/,/!r!7-!C+A3+0/!aCh!,-02-,962!-1!3V90-!9f4-40-!7+,0!

)4!2,962-A-12!d$CV/A9!>>_eX!

!

R

N O

OMe

R

CO2Me

N O

O

R

CO2Me

H3O+

N O

OH

R

CO2Me

H+

NR

CO2Me

OH

OH
O

HO

N

CO2Me

H O

HO

N

CO2Me

400 412 413

414
415 411

R = 4-CH3OC6H4

R

N OH

O
O O

N Br

BrO

i

HCO2H, H2O 9:1)

ta, 12 h
64%

NH

O O

HN Br

Br

406

416



G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>t^!

!

$CV/A9!>>_!

!

! ! $$RaRVRa!/LP:<WE;LP!

!

! G910! C-! 39,98,93V-! 1+40! 9@+10! 34! /24)6-,! 79! ,/9C26@62/! )4! BKA/2V+DMK$K

9CM79A61+3-129)6g197!VTTX!P-22-!-03gC-[!V942-A-12!F+1C26+119760/-[!-02!)/76C92-!k!A916347-,X!'+40!

9@+10!,/4006!k!,/)46,-!79!F+1C26+1!97)/VM)-!-1!97C++7!-2!k!7*+DM)-,!-1!-02-,!A/2VM76f4-!A960!67!1*9!390!

/2/!3+00657-!)-! ,/)46,-! 0/7-C26@-A-12! 7*/19A6)-X!'+40!9@+10!/897-A-12!-1@6098/! 7*VM),+7M0-!9C6)-!

3+4,!)/3,+2/8-,!7*/2V-,!)*/1+7!-1!3+0626+1!BX!N7!0-A57-!f4-!04,!C-!8-1,-!)-!04502,920!C-!1-!0+62!390!

@,96A-12!9)932/!C9,!67!M!9!k!CV9f4-!F+60!VM),+7M0-!)-!7*6A6164A!F+,A/!3+4,!765/,-,!41!9A6)-!)-!2M3-!

aUc!)*41!Cz2/!-2!41!C+A3+0/!)6C9,5+1M7/!aCh!)-!7*942,-[!f46!,-02-!-1!3V90-!9f4-40-!d$CV/A9!>>_eX!

!

! NNXa!P+1C7406+1!-2!.-,03-C26@-0!

!

! L-0! 9A61+3-129)6/1970! 0+12! )-0! -03gC-0! C7/0! )910! 7-0! VM3+2Vg0-0! )-!56+8-1g0-! F+,A47/-0!

39,!PV,602691!E9,9Y91+!-1!>qqt!3+4,!7-0!97C97+m)-0!)-!79!F9A677-!)-0!A91Y9A61-0X!:1-!)-0!)-,16g,-0!

6)/-0! f4*67! 962! -1@6098/-0! 9! /2/! )*+DM)-,! C-0! -03gC-0! -1! 3+0626+1! BX! <77-0! )-@-196-12! 97+,0! )-0!

612-,A/)696,-0! )-! 0M12Vg0-! 3+00657-0! @-,0! 7-0! 97C97+m)-0! A9,610! )-! 79! F9A677-! )-0! .KBK%NX! L9!

A/2V+)+7+86-! )/@-7+33/-! ,/C-AA-12B_t! 9! 3-,A60! )*9CC/)-,! 94! BKA/2V+DM87429C+197)/VM)-! VaU!

d/1+792-!)-!3+290064Ae!3460!k!7*9A61+3-129)6g197!VaCX!'+40!9@+10!97+,0!34!3,/39,-,!7-!BKA/2V+DMK$K

9CM79A61+3-129)6g197!VTT!-2!C+AA-1C-,!k!/24)6-,!79!,/9C26@62/!)-!C-0!-03gC-0!+DM)/0!-1!3+0626+1!BX!!

!

! L-0! C6,C+10291C-0! +12! F962! f4-! 1+40! 9@+10! 9,,R2/! 7-! 3,+S-2! k! C-! 029)-X! ERA-! 06! 7-0! BK

97c+DM87429C+197)/VM)-0! -2! 7-0! BK97c+DMK$K9CM79A61+3-129)6g1970! 0-A57-12! R2,-! )-0! -03gC-0!

)/76C92-0!k!A916347-,[!67!1*-1!)-A-4,-!390!A+610!f4*-77-0!+12!41!2,g0!F+,2!3+2-126-7!)*93376C926+1!-2!
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+
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G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>ta!

A/,62-12!f4-!7*+1!0*M!612/,-00-!C9,!41-!933,+CV-!)-!0M12Vg0-!)-0!97C97+m)-0!)-!79!F9A677-!)-0!.KBK%N!

@69!C-0!-03gC-0!0-,962!2+42!k!F962!+,686197-X!

!

! L9! )6A/,60926+1! )-! )-4D! 4162/0! 87429C+197)/VM)-! +4! 9A61+3-129)6g197! +DM)/-0! 0-,962!

/897-A-12!2,g0!612/,-00912-!k!/24)6-,X!<77-!3-,A-22,962!)-!C,/-,!41-!76960+1!-D2,RA-A-12!6A3+,2912-!

f46!)+11-,962! 9CCg0!94! C�4,!)-! 79!39794x9A61-X!<1!-FF-2[! -1!/C,6@912! 7-0!87429C+197)/VM)-0!+4! 7-0!

9A61+3-129)6g1970! 0+40! )-4D! F+,A-0! )6FF/,-12-0[! 41-! 9229f4-! -1! >[^! )-! 7x/2V-,! )x/1+7! +4! )-!

7x/19A61-!04,!7-0!C/2+97)/VM)-0!C+1S484/0!0-,962!3+00657-!d$CV/A9!>>peX!!

!

!

$CV/A9!>>p!K!G6A/,60926+1!)-!)-4D!4162/0!87429C+197)/VM)-!+4!9A61+3-129)6g197!

 

! L-0!-1262/0! F+,A/-0!3+4,,96-12!-10462-! ,/986,!)-!A916g,-! 612,9A+7/C4796,-!3+4,!)+11-,! 7-0!

CMC7+3-12g1-0!046@9120!f4-!7x+1!,-C+119|2!)910!79!39794x9A61-!d$CV/A9!>>p!-2!$CV/A9!>>teX!!

 

!

$CV/A9!>>t!K!P+102,4C26+1!)4!C�4,!)-!79!39794*9A61-!k!39,26,!)-!79!)6A/,60926+1!)-!)-4D!4162/0!

87429C+197)/VM)-!+4!9A61+3-129)6g197!
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G&'(;)"EE"H"34&%;(')"EE0"X)@"OI:(&65<&ICD4JC)@")("&2;<5%)<(&C;D<&I@"5NJCD@")<"%5@;(;5<"8"6522)";<()'2DC;&;')@"C)"@J<(4P@)"

%5@@;MI)@"S)'@"I)@"&I6&I5fC)@"2&';<@"C)"(J%)"%J''5I)H;2;C&K5I)"

>t_!

! L9! 39794x9A61-! -02! 7x41-! )-0! A+7/C47-0! 7-0! 3740! C+A37-D-0! )-! 79! F9A677-! )-0! 3M,,+7-! BK

9A61+6A6)9Y+7-0X! <77-! 9! /2/! 60+7/-! )x41-! /3+18-! ,(JI5()II&" &:'&<(;:2[" -1! >qq][! 39,! 7x/f463-! )-!

$CV-4-,XB^?[Bpa!L9!)/2-,A61926+1!)-!79!02,4C24,-!,-7926@-!)-!C-2!97C97+m)-!1*9!390!/2/!CV+0-!F9C67-!-2!9!

1/C-0062/!41-!)6Y961-!)*911/-!)-!2,9@967XBp_[Bpp!L*/f463-!)-!H9,91!Bpt!9!3,+3+0/[!-1!B?>?[!09!3,-A6g,-!

0M12Vg0-! 2+297-X! Gx41! 3+612! )-! @4-! 56+7+86f4-[! 79! 39794x9A61-! -02! 2+42! 94006! 612/,-00912-XBpq! <77-!

3+00g)-! )-0! 3,+3,6/2/0! CM2+2+D6f4-0! C+12,-! 37406-4,0! 7681/-0! )-! C-7747-0! C91C/,-40-0! dPNa?! �! ?[>!

�8XALK>!04,!.K]tt!-2!PNa?!�!?[B!�8XALK>!04,!%Ka^qe[!41-!9C26@62/!6AA41+0433,-006@-!dPNa?!�!>t!18XALK>!

04,! 7-0! 7MA3V+CM2-0e! -2! 912656+26f4-! C+12,-! G)<;6;II;:2" <5(&(:2X! <1! +42,-[! 09! 2+D6C62/! -02!

,-7926@-A-12!F9657-!dCV-Y!79!0+4,60!r!GLa?!�!>]!A8Xc8K>eX!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Bpa!o611-7[!#X!HX`!\-V,c-1[!QXK.X`!$Z976[!#X`!$c+,+3+Z0c6[!\X`!$CV-4-,[!.X!;X!/0"#'O0"34)20!UTTd[!YU[!]Bt>X!!
Bp_!9e!\,45-[!%X`!oyCc[!EX!1<O)Z0"34)20"E<(0"-C0"ChhS[!WY[!B]B?!`!5e!H472A91[!EX!$X`!E9[!;X`!\61[!GX!&X!1<O)Z0"34)20"E<(0"-C0!

Chhd[!WB[! >! `! Ce!\,45-[!%X`! NAA-7[! $X`! H9,91[! .X! $X`! oyCc[!EX!1<O)Z0"34)20" E<(0" -C0!ChhS[!WY[! _pB>! `! )e!H4CV9191[!EX! $X`!
P9,,+77[!%X!#X`!%))-39776[!#X`!%@-,M[!bX!EX`!%X[!QX!;X!'X`!i4611[!#X!;X!/0"#'O0"34)20!ChhS[!B8[!B]?q!`!-e!o+59M90V6[!QX`!o629A4,9[!
oX`!'9896[!oX`!'9c9+[!&X`!I40-2916[!'X`!@91!$+-02[!#X!OX!EX`!E92041989[!$X!])('&4)C'5<"X)((0!ChhS[!WT[!B>BpX!
Bpp!9e!'+,2V,+3[!HX!QX`!"xE977-M[!GX!.X`!v+8,9F+0[!%X!LX`!H9,91[!.X!$X`!Q+4c[!oX!'X!1<O)Z0"34)20"E<(0"-CX!Chhc[!W>[!^>B_!`!5e!

oyCc[!EX`!\,45-[!%X`!$-637-!NX!HX`!H9,91[!.X!$X!1<O)Z0"34)20"E<(0"-CX!ChhS[!WY[!_at_X!!
Bpt!$-637-[!NX!HX`!$4[!$X`!&+418[!NX!$X`!L-Z60[!PX!%X`!&9A984CV6[!;X`!H9,91[!.X!$X!1<O)Z0"34)20"E<(0"-C0!ChUh[!W\[!>?qaX!
Bpq

!o611-7[!#X!HX`!\-V,c-1[!QXK.X`!$CV-4-,[!.X!;X`!\,9@97+0[!GX!\X`!I96C7+2V[!\X!=X!H,-@-2!<4,+3/-1!'(!q^]?Bpp?X_[!>>u]?u>qq^X!



!

!

!

!

PV9362,-!NNN





!

!

/YH[;FG=! $$$R! (JPFY^E=! M=!!,H:J<,`,HQ;PL[=PFH,CAa,M;^PH<E! O;H! WP=!

LWO=GFWG=!M=!bWGbWGJ<HQ;P=E!!,H:J<9=ECdh!!

!

! NNNX>!P9),-!)-!7*/24)-!

!

! G910! 7-! CV9362,-! 3,/C/)-12[! 7*6)/-! /2962! )*/2-1),-! 7-! 3+2-126-7! )*93376C926+1! )-0! aK

9A61+3-129)6g1970[!)/@-7+33/!)910!7-!C9),-!)-0!97C97+m)-0!)-!79!F9A677-!)-0!A91Y9A61-0[!k!C-4D!)-!

79! F9A677-! )-0! 3M,,+7-KBK9A61+6A6)9Y+7-0X! <1! 39,26C476-,[! 7-0! $Kd3M,,+7-KBKC9,5+1M7eKaK9A61+3-129K

B[^K)6g1970! 0+12! 9339,40! C+AA-! )-0! 0M12V+10! 612/,-009120X! .+4,! 9CC/)-,! k! C-0! C+A3+0/0[! 1+40!

9@+10!@4!f4*67!/2962!3+00657-!)*9@+6,!,-C+4,0!94D!0-70!)-!87429C+197)/VM)-0!@69!7-0!0-70!)-!v61Cc-X!G910!

C-!C90[!67!F942!97+,0!3,/39,-,[!)910!41!3,-A6-,!2-A30[!41!9A61+3-129)6g197!3460!7*9CM7-,X!N7!-02!k!1+2-,!

f4-!7*9A61-!3,6A96,-!426760/-!3+4,!2,910F+,A-,!7-!0-7!)-!87429C+197)/VM)-!-1!9A61+3-129)6g197!)+62!

R2,-! CV+606-! )-! 2-77-!A916g,-!f4-! 7*92+A-!)*9Y+2-!34600-! R2,-!)/3,+2/8/! 93,g0! 7*9CM7926+1! d$CV/A9!

>>qeX!G-!3740[!67!9!)-0!,60f4-0!)-!#K9CM7926+1!-1!3740!)-!79!$K9CM7926+1XB>q9[BBB5!!

!

!

$CV/A9!>>q!

!

! P-22-! @+6-! )*9CCg0! -02! ,-7926@-A-12! 7+184-! -2! F9026)6-40-[! C-! f46! 1+40! 9! )+1C! C+1)4620! k!

CV-,CV-,[! -1! 39,977g7-[! 41-! @+6-! )x9CCg0! 3740! ,936)-! 94D! 9A61+3-129)6g1970! $K9CM7/0X! L-0! $K

9CM73M,6)6164A0!0+12!3742z2!C+1140!C+AA-!/2912!)-0!98-120!9CM79120[!-2! 7*+4@-,24,-!)-!C-0!0-70!)-!

3M,6)6164A[!k! 7*VM),+DM)-!)-!0+)64A[!1-!1+40!9!390!0-A57/!R2,-!41-!5+11-!A/2V+)-!3+4,!9CC/)-,!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Bt?!"496,M[!PX`!E6CV-7[!.X`!G-73-CV[!HX`!P,6CV[!GX`!E9,9Y91+[!PX!/0"#'O0"34)20!ChUh[!B>[!^]>>X!
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G&'(;)"EE"H"34&%;(')"EEE0",J<(4P@)"C)"$H&6JIH>H&2;<5%)<(&H8FWHC;P<&I@"S;&":<)"5:S)'(:')"C)"^:'^:'JI&2;<)@"$H&6JID)@""

>q?!

94D!C+A3+0/0!)/06,/0[!56-1!f4*67!-D602-!f4-7f4-0!-D-A37-0!)910! 79! 7622/,924,-X! Bt>[BtB!<1!3+4,046@912!

1+0! 61@-0268926+10[!41-!,/9C26+1!9[!97+,0[!39,26C476g,-A-12!,-2-14!1+2,-!922-126+1X!<77-!9!/2/!)/C,62-!

-1! >qt>! 39,! "V1+! -2! E9CV6)9! -2! )/C+4@-,2-! )-! A916g,-! F+,2462-! -1! @+47912! 97cM7-,! 79! $K

5-1Y+M7F4,F4,M79A61-XBt]! N7! 0*9862! )-! 79! 3,/39,926+1! )4! $K5-1Y+M79A61+3-129)6g197! aC`! 0462-! 94!

2,962-A-12!)4!$KF4,F4,M75-1Y9A6)-!aCa!9@-C!7-!LG%!dB[a!K!]!/f46@97-120e!)910!7-!=QI!-2!-12,-!K!pt!(P!

-2!K!]?!(P!d$CV/A9!>B?eX!!

!

!

$CV/A9!>B?!K!"4@-,24,-!)-!'KF4,F4,M75-1Y9A6)-!aCa!39,!2,962-A-12!94!LG%!

!

! '+40!9@+10!97+,0!2-02/!C-22-!,/9C26+1!9@-C!7x9A6)-!aCcX!P-746KC6!9!/2/!3,/39,/!@69!7*9CM7926+1!

)-! 79! F4,F4,M79A61-!aCS!39,! 7-!$K5-1YM7KBK2,6CV7+,+9C/2M73M,,+7-!aCdX! P-! C+A3+0/[!+52-14!9@-C!41!

,-1)-A-12!)-!_]h!9!-10462-!/2/!A60!-1!3,/0-1C-!)-!B[q!/f!)-!LG%[!)910!7-!=QI[!k!K!pt!(PX!L-!A676-4!

,/9C26+11-7[!9!/2/!)+4C-A-12!,9A-1/!)-!K!pt!(P!k!K!^a!(P!-2[!93,g0!2,962-A-12!k!7*9C6)-!CV7+,VM),6f4-!

d>!'e[!7x9A61+3-129)6g197!d-[-e!aCT!9!/2/!+52-14!9@-C!41!,-1)-A-12!)-!p^h!d$CV/A9!>B>eX!!

!

!

$CV/A9!>B>!K!.,/39,926+1!-2!+4@-,24,-!)4!$KF4,F4,M73M,,+7-KBKC9,5+D9A6)-!aCc!

 

! %!39,26,!)-!7k[!1+40!9@+10!/24)6/!)x41!3-4!3740!3,g0!79!3+,2/-!-2!7-0!76A62-0!)-!C-22-!,/9C26+1!

)x+4@-,24,-!)-!F4,F4,M79A61-0!$K9CM7/-0!39,!)+457-!)/3,+2+1926+1!-1!A676-4!5906f4-!d$CV/A9!>BBeX!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Bt>!9e!;+V10+1[!$X!LX`!#4A+1[!oX!%X!])('&4)C'5<"X)((0!UTcc[!7B87!`!5e!;+V10+1[!$X!LX`!#4A+1[!oX!%X!=;564)2;@('J!UTSh[!\[!t^pX!
BtB

!9e!P+795,+M[!oX!LX`!H-87-M[!=X!.X!/0"120"34)20",560!Chh`[!78B[!t^?!`!5e!:1+[!=X`!"74A4,9[!oX`!o4,+)9[!&X!/0"#'O0"34)20!UTdU[!

WY[!]>paX!
Bt]!"V1+[!oX`!E9CV6)9[!EX!])('&4)C'5<"X)((0!UTdU[!88[!^^tpX!!

O
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G&'(;)"EE"H"34&%;(')"EEE0",J<(4P@)"C)"$H&6JIH>H&2;<5%)<(&H8FWHC;P<&I@"S;&":<)"5:S)'(:')"C)"^:'^:'JI&2;<)@"$H&6JID)@""

>q>!

!

$CV/A9!>BB!

!

! %@912!)-!@+6,!7-0!-FF-20!)4!04502624912!#>!04,!7-!8,+43-A-12!C9,5+1M7-!96106!f4-!7x-FF-2!)-!79!

0450262426+1!)-!7xV/2/,+CMC7-[!,-@-1+10!2+42!)*95+,)!04,!79!3,/39,926+1!)-0!F4,F4,M79A61-0!$K9CM7/-0X!!

!

! NNNXB!.,/39,926+1!)-0!$K9CM7F4,F4,M79A61-0!

!

! Gx41-! F9w+1! 8/1/,97-[! 7-0! $K9CM7F4,F4,M79A61-0! 0+12! 3,/39,/-0! 39,! 9CM7926+1! )-! 79!

F4,F4,M79A61-!933,+3,6/-!d$CV/A9!>B]eX!L-0!)6FF/,-12-0!A+7/C47-0!f46!+12!34!R2,-!0M12V/260/-0!0+12!

,/3-,2+,6/-0!)910!7-!2957-94!C6K)-00+40!d=957-94!qeX! N7!-02!k!1+2-,!f4-!7-0!$K9CM7F4,F4,M79A61-0!aVa[!

aV`!-2!aVc!0+12[!-77-0[!)6,-C2-A-12!+52-14-0!,-03-C26@-A-12!39,!,/9C26+1!9@-C!7*91VM),6)-!9C/26f4-[!

7*91VM),6)-!2,6F74+,+9C/26f4-!-2!7-!)6C9,5+192-!)-!)6K()'(K542M7-!dH+CB"eX!

!

!

$CV/A9!>B]!

!

!

!

!

!

!

!

!

O
N
H

O

R1
LDA, THF

O N
H

O

R1

R2

R3

R4

R4

R3

R2

-78 °C à T °C
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H

O
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o



G&'(;)"EE"H"34&%;(')"EEE0",J<(4P@)"C)"$H&6JIH>H&2;<5%)<(&H8FWHC;P<&I@"S;&":<)"5:S)'(:')"C)"^:'^:'JI&2;<)@"$H&6JID)@""

>qB!

&PFG9=! /LQ[LE9! 'U! 'C! 'V! 'a! 'MFE!

>! aVa! PQ]! Q! Q! Q! __h!

B! aVS! PdPQ]e]! Q! Q! Q! qph!

]! aVd! ^KPQ]"P_Q^! Q! Q! Q! q>h!

^! aVT! ^K"B'P_Q^! Q! Q! Q! pqh!

a! aah! 3M,,+7-KBKM7! Q! Q! Q! q^h!

_! aaU! $KA/2VM73M,,+7-KBKM7! Q! Q! Q! p?h!

p! aCc! $K5-1YM73M,,+7-KBKM7! Q! Q! Q! _]h!

t! aV`! PI]! Q! Q! Q! p?h!

q! aVc! "PdPQ]e]! Q! Q! Q! a_h!

>?! aaC! 'dPQ]eB! Q! Q! Q! pqh!

>>! aaV! .V! PQ]! Q! Q! a>h!

>B! aaa! .V! Q! ^KP7P_Q^! Q! th!

>]! aa`! .V! Q! Q! PQ]! q]h!

>^! aac! .V! Q! H,! Q! ]h!

=957-94!q!

!

! "1!3-42!,-@-16,!f4-7f4-0!61029120!04,!79!3,/39,926+1!)-0!C+A3+0/0!aaV[!aaa!-2!aac!C9,!7-4,0!

3,/C4,0-4,0!aaS!-2!aad!-2!aaT!1-!0+12!390!C+AA-,C694DX!

!

! L9!$K9CM7F4,F4,M79A61-!aaV!-02!+52-14-!-1!]!/293-0!k!39,26,!)4!]KA/2VM7F4,+92-!)-!A/2VM7-!

0-7+1! 41! 3,+2+C+7-! 61036,/! )-! 79! 7622/,924,-! d$CV/A9! >B^eXBt^! :1-! 3,-A6g,-! ,/9C26+1! )910! 7-!

F+,A9A6)-[!-1!3,/0-1C-!)-!A/2VM792-!)-!0+)64A[!3-,A-2!)-!F+,A-,! 7*9A6)-!a`UX!P-746KC6!-02!97+,0!

)6,-C2-A-12!-1898/!)910!41-!,/9C26+1!)-!,/)4C26+1!94!L6%7Q^!3+4,!)+11-,!79!F4,F4,M79A61-!aaSX!:1-!

)-,16g,-! /293-! )*9CM7926+1! 94! CV7+,4,-! )-! 5-1Y+M7-! )910! PQBP7B! 3-,A-2! 97+,0! )*+52-16,! 79! $K

9CM7F4,F4,M79A61-!aaV!9@-C!41!,-1)-A-12!)-!a>h!d]!/293-0eX!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Bt^!P++A50[!=X!PX`!L--[!EX!GX`!O+18[!QX`!%,A02,+18[!EX`!PV-18[!HX`!PV-1[!OX`!E+,-22+[!%X!IX`!L6-5-0c61)[!LX!$X!/0"#'O0"34)20!

Chhd[!BU[!ttBX!



G&'(;)"EE"H"34&%;(')"EEE0",J<(4P@)"C)"$H&6JIH>H&2;<5%)<(&H8FWHC;P<&I@"S;&":<)"5:S)'(:')"C)"^:'^:'JI&2;<)@"$H&6JID)@""

>q]!

!

$CV/A9!>B^!

!

! L9!$K9CM7F4,F4,M79A61-! aaa! -02[! f4912! k! -77-[! +52-14-! -1! _! /293-0! k! 39,26,! )-! 7*9C6)-! ^[aK

)65,+A+F4,+mf4-! d$CV/A9! >BaeXBta! :1-! 3,-A6g,-! /293-! )-! A+1+)/5,+A926+1! 94! Y61C! F+4,162! 7-!

)/,6@/!F4,916f4-!a`V!)-!A916g,-!f491262926@-X!P-22-!-03gC-!-02!97+,0!-1898/-!)910!41-!,/9C26+1!)-!

C+43798-!)-!$4Y4c6!9@-C!7*9C6)-!^KCV7+,+3V/1M75+,+16f4-!3+4,!)+11-,!7-!F4,91-!B[^K)604502624/!a`a!

f46!-02!97+,0!A60!-1!,/9C26+1!9@-C!7-!2,6A/2VM7067M7)69Y+A/2V91-!3+4,!C+1)46,-!k!7*-02-,!aad!9@-C!41!

,-1)-A-12!)-!Bph!3+4,! 7-0!B!/293-0X!%!39,26,!)-! 7k[! 79!ARA-!0/f4-1C-! ,/9C26+11-77-!f4-!3+4,! 7-!

C+A3+0/! aaV! )+11-! 9CCg094! $K9CM7F4,F4,M79A6)-! aaa! 9@-C! 41! ,-1)-A-12! )-! ]>h! 3+4,! 7-0! ]!

)-,16g,-0!/293-0X!

!

!

$CV/A9!>Ba!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Bta!9e!G6@97)[!$X`!PV41[!EX!PX`!;+4776/[!EX!EX!/0"#'O0"34)20!UTSc[!W7[!Bt]aX`!5e!o+,2[!EX!<X!)("&I[!/0"[)C0"34)20!Chhd[!>7[!^?pX!

O

OMe

O
O

NH2

O O

NH2

O

Cl (1,2 éq), NEt3 (1 éq)

CH2Cl2, 0 °C puis ta, 12 h

51% (3 étapes)

O

N
H

O

HCONH2, 100 °C, 45 min

NaOMe (4 éq) LiAlH4 (2,5 éq)

THF, 60 °C, 4 h

450 451 447
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OH

O
Br

Br

O

OH

O

Br

O

OH

O

Cl

O

OMe

O

Cl

                    

 Pd(PPh3)2Cl2, Na2CO3 (1,8 éq)

Cl B(OH)2 (1,05 éq),

isopropanol / eau (3 : 1), reflux, 4 h

(CH3)3SiCHN2 (1,6 éq)

toluène / MeOH (8 : 2), ta, 2 h
27% (2 étapes)

31% (3 étapes)

O

N
H

O

Cl

448

444

454

453452

Zn (1 éq)

eau / NH4OH (4 : 1), ta, 12 h

quantitatif (brut)



G&'(;)"EE"H"34&%;(')"EEE0",J<(4P@)"C)"$H&6JIH>H&2;<5%)<(&H8FWHC;P<&I@"S;&":<)"5:S)'(:')"C)"^:'^:'JI&2;<)@"$H&6JID)@""

>q^!

<1F61! 7-!$K9CM7F4,F4,M79A6)-!aac!9! /2/! 3,/39,/-! -1! B! /293-0! d$CV/A9! >B_eX! :1-! 3,-A6g,-!

,/9C26+1! )-! ,/)4C26+1! )4! ^K5,+A+KBKF4,97)/VM)-! a``! -2! 426760912! 7-! 5+,91-! C+A37-D/! 94!

)6A/2VM7047F4,-! 9! 3-,A60! )-! F+,A-,! 7*97C++7! aaT! )-! A916g,-! f491262926@-XBt_! P-746KC6! 9! 97+,0! /2/!

-1898/! )910! 41-! ,/9C26+1! )-! #622-,Btp! 3+4,! )+11-,! 7-!$K9CM7F4,F4,M79A6)-! aac! -0C+A32/! 9@-C! 41!

,-1)-A-12!)-!]hX!P-!,-1)-A-12[!2,g0!F9657-[!1*9!390!/2/!+326A60/X!N7!0-A57-!f4-!79!,/9C26+1!)-!#622-,!

1-!0+62!390!2,g0!933,+3,6/-!k!79!F+,A926+1!)-!1+2,-!04502,92X!!

!

!

$CV/A9!>B_!

!

! NNNX]!%CCg0!94D!$K9CM7KaK9A61+3-129KB[^K)6g1970!

!

" " ###$C$%"Y*A)20*2)"+)/"8*28*2;67?.')/"!K79;6>)/")'"?.6.)*"F7/.E*)"

!

! .+4,! 79! ,/9C26+1!)*+4@-,24,-[! 7-0! C+A3+0/0!3,/39,/0!3,/C/)-AA-12! 0+12!379C/0[!k! K!pt! (P[!

)910!7-!=QI!C+12-1912!B[q!/f46@97-120!)-!LG%X!L9!2-A3/,924,-!)4!A676-4!,/9C26+11-7!,-A+12-!97+,0[!

S40f4xk!C-!f4-!7-!046@6!39,!PPE!61)6f4-!f4-!79!,/9C26+1!-02!2-,A61/-X!N7!-02!k!1+2-,!f4-!7x+1!C+10292-!

41-! /@+7426+1! )-! 79! C+7+,926+1! )4! A676-4! ,/9C26+11-7! 3-1)912! 79! ,/9C26+1X! L-! A676-4! -02! -10462-!

1-42,9760/!k! 7*9C6)-!CV7+,VM),6f4-!d>!'e!+4!9@-C!41-!0+7426+1!9@-C!41-!0+7426+1!0924,/-!)-!CV7+,4,-!

)*9AA+164AX!

!

L9! ,/9C26+1! -02! ,933-7/-! C6K)-00+40! d$CV/A9!>Bpe! -2! 7-0! ,/0472920! )-! 7x/24)-! 0+12! ,-3+,2/0! )910! 7-!

2957-94!f46!0462!d=957-94!>?er!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Bt_!G6@97)[!$X`!PV41[!EX!PX`!;+4776/[!EX!EX!/0"#'O0"34)20!UTSc[!W7[!Bt]aX 
Btp!P+226-,[!LX`!G-0C+2-0[!\X`!<MA9,)[!LX`!#933[!oX!,J<(4)@;@!UTT`[!]?]X!!

O
O

Br

H

O

Br

OH

O

Br

N
H

O

TfOH (1 éq), H2O (1 éq)BH3.Me2S (1 éq)

THF, 0 °C, 1 h
quantitatif

benzonitrile, ta, 2 h
3%

455 449 446



G&'(;)"EE"H"34&%;(')"EEE0",J<(4P@)"C)"$H&6JIH>H&2;<5%)<(&H8FWHC;P<&I@"S;&":<)"5:S)'(:')"C)"^:'^:'JI&2;<)@"$H&6JID)@""

>qa!

!

$CV/A9!>Bp!

!

&PFG9=! /LQ[LE9! 'U! 'C! 'V! 'a! )!fk/g7" 'MFE!

>! a`c! PQ]! Q! Q! Q! ?! _h5!

B! a`S! PdPQ]e]! Q! Q! Q! Ka?! ^ph!

]! a`d! ^KPQ]"P_Q^! Q! Q! Q! Kaa! __h!

^! a`T! ^K"B'P_Q^! Q! Q! Q! ?! �5!

a! ach! 3M,,+7-KBKM7! Q! Q! Q! ?! �5!

_! acU! $KA/2VM73M,,+7-KBKM7! Q! Q! Q! K^a! ^]h!

p! aCT! $K5-1YM73M,,+7-KBKM7! Q! Q! Q! K^a! p^h!

t! acC! PI]! Q! Q! Q! ?! �5!

q! acV! "PdPQ]e]! Q! Q! Q! ?! �5!

>?! aca! 'dPQ]eB! Q! Q! Q! ?! ^^h!

>>! ac`! .V! PQ]! Q! Q! K^a! pahC!

>B! acc! .V! Q! ^KP7P_Q^! Q! ?! �5!

>]! acS! .V! Q! Q! PQ]! Kaa! _qh!

>^! acd! .V! Q! H,! Q! ?! K5!

! 9!@+6,!0CV/A9!>Bp!`!
5!3,+)462!6162697!`!C!A/7918-!)*60+Ag,-0!d-eud.e!�!Bu> 

=957-94!>?!K!#-1)-A-120!)-0!$K9CM79A61+3-129)6g1970!k!39,26,!)-0!F4,91-0!C+,,-03+1)9120!

!

! Gx41-!A916g,-!8/1/,97-[!7-!,/047292!-02!56196,-!r!0+62!7x+4@-,24,-!9!76-4!-2!7x9A61+3-129)6g197!

$K9CM7/!-02!+52-14[!0+62!79!3,+)462!)-!)/39,2!-02!,-2,+4@/X!L-0!C+A3+0/0!0+12!+52-140!0+40!79!F+,A-!

d-[-e!094F!)910!7-!C90!)4!C+A3+0/!9@-C!79!)+457-!76960+1!2,604502624/-!+{[!7k[!7-0!)-4D!60+Ag,-0!0+12!

O
N
H

O

R1
LDA, THF

O N
H

O

R1

R2

R3

R4

R4

R3

R2

-78 °C à T °C

430 431



G&'(;)"EE"H"34&%;(')"EEE0",J<(4P@)"C)"$H&6JIH>H&2;<5%)<(&H8FWHC;P<&I@"S;&":<)"5:S)'(:')"C)"^:'^:'JI&2;<)@"$H&6JID)@""

>q_!

+52-140! 0+40! 79! F+,A-! d-[-e! -2! d-[.e!)910! 7-0!3,+3+,26+10! dBu>eX!%3,g0!9@+6,! @4! 7-!A/C9160A-!)-! 79!

,/9C26+1[!1+40!,-@6-1),+10!04,!7-0!)/29670!)-!79!,/9C26+1X!

!

" " ###$C$4"=>97'./?)"+)"67"2>790.1'"

!

! L-!A/C9160A-!)-!79!,/9C26+1!-02!3,+3+0/!C6K)-00+40!d$CV/A9!>Bter!

!

!

$CV/A9!>Bt 

 

! %3,g0!41-!3,-A6g,-!)/3,+2+1926+1!94!LG%!f46!3-,A-22,962!)x+52-16,!41-!-03gC-!762V6/-!aSh[!

C-77-KC6!!0456,962!41-!0-C+1)-!)/3,+2+1926+1!3+4,!C+1)46,-!k!41-!-03gC-!)6762V6/-!aSU!f46!0x+4@,6,962!

3+4,!)+11-,!7-!3-129K>[][^K2,6g1K>K+792-!762V6/!$K04502624/!aSCX!E978,/!7-!F962!f4-!7*+1!3-,)-!7*/1-,86-!

)-! ,/0+191C-! )4! F4,91-[! 79! F+,A926+1! )-! 7*/1+792-! 762V6/! aSC! 0-A57-,962! F9@+,60/-!

2V-,A+)M19A6f4-A-12! 39,! ,933+,2! 94! C9,5916+1! 762V6/! aSUX! N7! 1*-1! )-A-4,-! 390! A+610! f4-! 79!

,/9C26+1!3-42!R2,-!,/@-,0657-!dCMC760926+1!aK)N5K)68eXBtt!P-!A/C9160A-!0-,962!9197+84-!k!C-746!3,+3+0/!

3+4,! 7x+4@-,24,-! )-! C9,5916+10! F4,F4,M7-0! 02956760/0! 39,! 41! )62V691-[Btq! 41! 3V/1M7-! +4! -1C+,-! 41!

8,+43-A-12! 2,6A/2VM7067M7-Bq?! 3+4,! 79f4-77-! 79! F+,A-! 977g16f4-! 9! /2/! 60+7/-X! %3,g0! VM),+7M0-[! 79!

3,+2+2,+36-! -2! 7x60+A/,60926+1! )-@,962! C+1)46,-! 94! $K9CM79A61+3-129)6g197! aSa[! 0+40! 09! F+,A-!

60+A/,6f4-!d-[-e!7-!3740!02957-X!

!

! .+4,!79!F+,A926+1!)-!C-2!9A61+3-129)6g197!aSa[!+1!3-42!94006!-1@6098-,!41-!A68,926+1!U>[aW!

)*VM),+8g1-[!k!39,26,!)-!7*/1+7[!C+,,-03+1)912!k!7*/1+792-!762V6/!aSC[!046@6!)*41-!60+A/,60926+1!.!K!-XBq>!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Btt!9e!E9,0V977[!;X!%X`!G459M[!OX!;X!/0"#'O0"34)20!UTTV[!>T[!]^]a!`!5e!$V-,,M[!HX!GX`!E940[!LX`!L9F+,2-Y9[!HX!'X`!=+02-[!IX!GX!!!!!!!!!

/0"120"34)20",560!Chhc[!78T[!t>]B!`!Ce!E98-0Z9,91[!$X`!"7760[!OX!GX`!$+42V9A[!GX!%X`!$42V-,791)[!NX!"X`!=V-529,91+12V[!&X!/0"
34)20",56F"G)'c;<"]'&<@0"7!UTdU[!>q_q!`!)e!E9[!$X!1660"34)20"+)@0!ChhT[!W8[!>_pq!-2!,/F/,-1C-0!C62/-0X!
Btq!=90V1-,[!EX!;X`!o,940[!\X!%X!/0"#'O0"34)20!UTSd[!WU[!^B]aX!
Bq?!9e!%204A6[!oX`!o4Z9S6A9[!NX!34)20"X)((0!UTSd[!]tp!`!5e!%204A6[!oX`!o4Z9S6A9[!NX!/0"120"34)20",560!UTST[!797[!BB?tX!
Bq>!E9M19,)[!GX!IX`!"c9A4,9[!OX!QX!/0"#'O0"34)20!UTT`[!Y9[!>p_]X!

O
N
H

O

R
LDA O

N

OLi

R O
N

OLi

R

LDA

Li

H+

O N
H

O

R• N
H

R

O

O• N R

OLiOLi

469 470 471
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G&'(;)"EE"H"34&%;(')"EEE0",J<(4P@)"C)"$H&6JIH>H&2;<5%)<(&H8FWHC;P<&I@"S;&":<)"5:S)'(:')"C)"^:'^:'JI&2;<)@"$H&6JID)@""

>qp!

" " ###$C$C"Z120>)")0"6.?.0)/"+)"67"2>790.1'"

!

! G*93,g0! 7-0! ,/0472920! -D3/,6A-1294D! d=957-94! >?e! -2! 7-!A/C9160A-! )-! 79! ,/9C26+1! d$CV/A9!

>Bte[! 67!9339,9|2! 2+42!)*95+,)!f4-! 79!,/9C26+1!-02!@,96A-12!04502,92!)/3-1)912-! r! 7x+4@-,24,-!9! 76-4!

7+,0f4-! 7-! 04502624912! 04,! 7-! C9,5+1M7-! -02! 41! 8,+43-A-12! 3V/1M7-! +4! 41! 8,+43-A-12!

/7-C2,+)+11-4,X!.9,!C+12,-[!7+,0f4-!7-!8,+43-A-12!04,!7-!C9,5+1M7-!)-@6-12!2,+3!/7-C2,+)+11-4,[!79!

762V6926+1! 792/,97-!)-@6-12!)6FF6C67-! C9,! 7x-03gC-!A+1+762V6/-!-02! 2,+3! ,6CV-!-1!/7-C2,+10X!P*-02! C-!f46!

-D376f4-!f4-!7-!3,+)462!)*+4@-,24,-!aca!d#!�!'E-Be!0+62!+52-14!k!41-!2-A3/,924,-!3740!/7-@/-!d?!(Pe!

f4-!)910!7-0!942,-0!C90!dK!aa!k!K!^a!(PeX!

!!

! $6!7*-03gC-!)6762V6/-!-02!2,+3!02956760/-[!7*+4@-,24,-!1-!0-!F962!390X!P-C6!9!/897-A-12!/2/!A60!-1!

/@6)-1C-!9@-C!7-!047F+19A6)-!aS`!-2!7x6A61-!aSc!f46!+12!/2/!3,/39,/0!dI684,-!^aeX!L-0!8,+43-A-120!

922,9C2-4,0!04,! 7-!C9,5+1M7-!-2!3+4@912!02956760-,! 7-0!CV9,8-0!1/8926@-0[!-A3RCV-12! 79!,/9C26+1X!P-0!

C+A3+0/0! 1-! 0+12! 390! 0910! ,933-7-,! 7-! C+A3+0/! aSS! dI684,-! ^ae! +52-14! 39,! $CVy77c+3F! -1!

)/3,+2+1912! 7x60+CM914,-! C+,,-03+1)912! 39,! 7-! (H4"o! -2! f46! 0*9@g,-! 02957-! S40f4xk! K! >?(P! )910! 7-!

=QIXBqB!!

!

!

I684,-!^a!

!

! %@-C! 7x9C/29A6)-! aVa[! 7-! ,-1)-A-12! -D2,RA-A-12! F9657-! 3-42! 0x-D376f4-,! k! 79! F+60! 39,! 79!

)/3,+2+1926+1! C+A3/2626@-! )4! 8,+43-A-12! A/2VM7-! -2! 39,! 79! 0+7456762/! )4! C+A3+0/! -1! 3V90-!

9f4-40-!3460f4*9@-C! 7-! 36@979A6)-!aVS[! 7-! ,-1)-A-12! -02! )-! ^phX!H6-1! 0�,! 7+,0f4-! 7-0! )/,6@/0! )4!

3M,,+7-!0+12!426760/0[!67!F942!3,+2/8-,!7*9Y+2Y!)-!C-746KC6!d=957-94!>?[!-12,/-0!a[!_!-2!peX!
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390! 76-4! S;&! 79! )/3,+2+1926+1! 94! LG%X! L9! $K067M7926+1! )-! C-! C+A3+0/! aVc! /2912! )/C,62-! )910! 79!
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390!76-4!3+4,!)-0!,960+10!02/,6f4-0X!%!262,-!)*-D-A37-[!67!9!/2/!,-3+,2/!)910!79!7622/,924,-!f4-!79!)+457-!

)/3,+2+1926+1!)4!5-1YM7C9,59A92-!)-!()'(K542M7-!1/C-0062-!7*426760926+1!)-!B!/f46@97-120!)-!@KH4L6!-1!

3,/0-1C-!)-!B[>!/f46@97-120!)-!=E<G%XBq^!
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! <1! C-!f46! C+1C-,1-! 79! 0450262426+1! 04,! 7xV/2/,+CMC7-[! 7+,0f4-! 7-0!3+0626+10!]! -2! a!)4! F4,91-!

0+12!04502624/-0[!7x+4@-,24,-!9!76-4!A960!390!f491)!79!3+0626+1!^!7x-02X!G910!7-!3,-A6-,!C90[!C+AA-!+1!

7x9!F962!,-A9,f4-,!3,/C/)-AA-12[!41!A/7918-!)-0!60+Ag,-0!d-[-e!-2!d.[-e!-02!+52-14[!-1!3,+3+,26+10!

Bu>X! G910! 7-! )-4D6gA-! C90[! +1! 3-42! @+6,! f4-! 79! ,/9C26+1! 3-,A-2! 94006! )x+52-16,! )-0!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

$K9CM79A61+3-129)6g1+1-0X! L+,0! )-! 7x+4@-,24,-! )-! 7xV/2/,+CMC7-[! 67! M! 9! 948A-12926+1! )-0! 9187-0!

612-,1-0!)4!F4,91-X!P-C6!3,+@+f4-!)-0!612-,9C26+10!)-!2+,06+1!>[B[!3740!+4!A+610!6A3+,2912-0[!-12,-!

7-0! 045026249120X! %6106[! f491)! 7-! F4,91-! -02! 04502624/! -1! 3+0626+1! ]! +4! a! 67! 1xM! 9! f4x41-! 0-47-!

612-,9C26+1!PKP[!PKQ[!7*+4@-,24,-!9!76-4X!G910!7-!C90!)-!79!0450262426+1!-1!^[!67!M!9!B!612-,9C26+10!PKP[!PK

Q[!67!-1!,/0472-!f4-!7x+4@-,24,-!1x9!390!76-4X!
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! <1F61[!67!9@962!/2/!-1@6098/!)-!3+4@+6,!9CC/)-,!39,!C-22-!A/2V+)-!94D!$K9CM7KaK9A61+3-129K

B[^K)6g1970! 5,+A/0! -1! 3+0626+1! B! d=957-94! >?[! -12,/-! >^e[! C*-02KkK)6,-! k! 94D! 9A61+3-129)6g1970!

+DM)/0! -1! 3+0626+1! B! )+12! 67! 9! /2/! f4-026+1! 94! CV9362,-! 3,/C/)-12X!E97V-4,-40-A-12[! 79! ,/9C26+1!

)*+4@-,24,-!1*9!390!/2/!C+1C74912-!r!1+40!9@+10!06A37-A-12!,-2,+4@/!7-!3,+)462!6162697[!C-!f46!677402,-[!
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$K9CM79A61+3-129)6g1970[! C+A3+0/0! )6FF6C67-A-12! 9CC-00657-0! 39,! )x942,-0! A/2V+)-0[! -2! 79!

3,/39,926+1! )-! $K9CM79A61+3-129)6g1+1-0! -02! 94006! 3+00657-X! .7406-4,0! 93376C926+10! 0+12!

-1@6098-957-0! 3+4,! C-0! C+A3+0/0X! N70! 3+4,,96-12[! 39,! -D-A37-[! R2,-! 426760/0! )910! )-0! ,/9C26+10! )-!

G6-70K%7)-,[Bqa! +4! -1C+,-! )910! )-0! ,/9C26+10! )-! CMC7+9))626+1! 612,9A+7/C4796,-! 93,g0! ,/)4C26+1! -1!
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H-CV-,[! ;X`! P7940-1[! QX`! '6-70-1[! QX! PX! ])('&4)C'5<" X)((0! UTd`[! 8Y[! >B^q! `! )e! H-CV-,[! ;X`! '6-70-1[! QX! PX`! ;9C+50-1[! ;X! .X`!
$6A+10-1[!"X`!P7940-1[!QX!/0"#'O0"34)20!UTdd[!>U[!>t_B!`!-e!;+,8-10-1[!=X`!'6-70-1[!QX!PX`!E97V+2,9[!'X`!H-CV-,[!;X`!H-82,43[!
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! G910! 79! 3,-A6g,-! 39,26-! )-! C-! A9140C,62[! 1+40! 1+40! 0+AA-0! 612/,-00/0! k! 7*61V65626+1! )-0!

87MC+06)90-0X!P-0!-1YMA-0!0+12! 6A376f4/-0!)910!)-!1+A5,-40-0!A979)6-0X!:1!)-0!-1S-4D[!k! 7*V-4,-!

9C24-77-[! -02! )-! 3+4,046@,-! 79! C+A3,/V-106+1! )-0! A/C9160A-0! )-! 7*VM),+7M0-! -1YMA926f4-! )-! 79!

76960+1! 87MC+06)6f4-!-2! )-! C+A3,-1),-! 7-0! CV-A610! C+1F+,A926+11-70! -A3,412/0! 94! C+4,0!)-! C-22-!

,/9C26+1! 9@-C! 7-0! )6FF/,-12-0! -1YMA-0[! -1! 39,26C476-,! 94! 16@-94! )-! 7*/292! )-! 2,910626+1[! 9F61! )-!

)/@-7+33-,!)-0!61V6562-4,0!2+4S+4,0!3740!346009120X!.+4,!C-!F96,-[!)-0!A6A-0!)-!7*/292!)-!2,910626+1!)-!

7*VM),+7M0-! 87MC+06)6f4-! 0+12! C+1w40X! N70! 612g8,-12! 41-! +4! 37406-4,0! C9,9C2/,6026f4-0! )-! 7*6+1!

+D+C9,5/164AX!!
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! $9@+6,!06!41-!A+7/C47-!3-42[!+4!1+1[!R2,-!C+106)/,/-!C+AA-!41!A6A-!)-!7*/292!)-!2,910626+1!

1*-02!390!41-!CV+0-!F9C67-!-2!-02!2,g0!7+182-A30!,-02/!900-Y!6124626FX!N7!-D602-[!A9612-1912[!)-0!C,62g,-0!

f491262926F0!C+AA-!7-0!/24)-0!LI<#0!3+4,!f4976F6-,!41-!A+7/C47-!)-!A6A-!)-!7*/292!)-!2,910626+1!)-!
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C+1F+,A926+11-7! 0-A57-! 61V95624-7!A960! C+1@6-1),962! 7-!A6-4D!94!)/@-7+33-A-12!)4! C9,9C2g,-!)-!

)+457-! 76960+1!-12,-! 7-! C9,5+1-!91+A/,6f4-!-2! 7*+DM8g1-!-1)+CMC76f4-!-2! 94!)/@-7+33-A-12!)-! 79!

CV9,8-!3+0626@-! 7+,0f4-! 7-! 0M02gA-!-02! 3,+CV-!)-! 7*/292! )-! 2,910626+1X!G-!3740[! 67! 0-A57-,962! f4-! 79!

C+1F+,A926+1! HB[a! 0+62! 94006! 3,6@67/86/-! 3+4,! 7-0! "KA911+06)90-0[! C-! f46! ,-1F+,C-! 7*612/,R2!
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C940/!41-!C-,2961-!)602+,06+1!)-0!A+7/C47-0X!
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97C97+m)-0! )-! 79! F9A677-! )-0! A91Y9A61-0[! k! 09@+6,! 7-0! 9A61+3-129)6g1970X! '+40! 9@+10! @4! f4-! C-0!

-03gC-0!/296-12!)/0+,A960!9CC-00657-0!)-!A916g,-!06A37-!-2!-FF6C9C-!8,�C-!k!41-!1+4@-77-!A/2V+)-!

)-! 3,/39,926+1! f46! F962! 933-7! k! )-0! -03gC-0! C+114-0! )-3460! 7+182-A30! r! 7-0! 0-70! )-!

87429C+197)/VM)-0X!'+40!9@+10!/897-A-12!@4!f4-!7*+DM)926+1!-1!3+0626+1!B!)-!C-0!-03gC-0!+4@,962!79!

3+,2-! k! 2+42-! 41-! 942,-! F9A677-! )*97C97+m)-0! A9,610[! 7-0! .KBK%NX! .+4,! C-22-! ,960+1[! 1+40! 9@+10!

0M12V/260/! 7-! BKA/2V+DM87429C+197)/VM)-! VaU! d/1+792-! )-! 3+290064Ae! -2! 7-! BKA/2V+DMK$K
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L-0! G9H:F;LPE! 0-10657-0! k! 7*96,! -2u+4! k! 7*-94! +12! /2/! ,/9760/-0! 0+40! 9,8+1! -2! 046@6-0! 39,!

CV,+A92+8,93V6-!04,!C+4CV-!A61C-!dPPEe!-1!426760912!7-0!379f4-0!)-!0676C-!_?!IBa^!d$G$e!)-!?[Ba!AA!

)*/39600-4,X! L-0! 3,+)4620! +12! /2/! @6049760/0! 0+40! 74A6g,-! :b! dBa^! -2! ]__! 1Ae! +4! ,/@/7/0! k! 7*96)-!
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L-!2/2,9VM),+F4,91-!9!/2/!)602677/!04,!0+)64A!-1!3,/0-1C-!)-!5-1Y+3V/1+1-!0+40!9,8+1X!
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Exact Mass: 400,19

Mol Wt: 400,46
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C20H24O6

Exact Mass: 360,16

Mol Wt: 360,40
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Chemical Formula: C41H42O6

Exact Mass: 630,30

Mol Wt: 630,77
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Exact Mass: 438,18

Mol Wt: 438,47
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C36H35 N2O4

Exact Mass: 686,16

Mol Wt: 686,58
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3,+2+C+7-!CF!398-!B_t!

!
U4!#?'!f/-/<VA!Vhh!?4\g!"  f[[Qg!N!p[^>!K!p[B_!dA[!>a!Q[!.Ve[!a[]p!d07[!>!Q[!'Qe[!a[BB!d)[!/!�!a[t!QY[!>!

Q[!Q]e[!^[t]!d)[!/!�!>>[B!QY[!>!Q[!Q>?e[!^[t?!d)[!/!�!>>[B!QY[!>!Q[!Q>?xe[!^[ap!d)[!/!�!>>[B[!B!Q[!Q>>e[!^[a>!dA[!

]!Q[!Qp[!Qqe[!^[^B!d))[!/!�!a[t!`!B[B!QY![!>!Q[!Q^e[!^[BB!dA[!>!Q[!Qae[!][_?!d))[!/!�!q[_!`!^[]!QY[!>!Q[!Q_e[!

][^B!d)[!/!�!a[_!QY[!B!Q[!Qte[!][]p!d0[!]!Q[!"PQ]e[!][]_!d0[!]!Q[!"PQ]e[!][>t!d))[!/!�!q[_!`!q[_!QY![!>!Q[!Q_xe!!

!

?(!f&($pg!N!2dK!UE!j!QWj!a>p[]!

!

4'?(!f&($pg!N!UE!j!QWj!a>p[Bp?B!dC97C47/e[!a>p[B_pp!d2,+4@/e!P]>Q]p'B"a!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

23

4
5

6

7

8H
N

N

O

O

O

O

O

10

11

9

C31H36N2O5

Exact Mass: 516,26

Mol Wt: 516,63



!

Bp?!

!!!!VaU!!!!!(=<!M=![LFHEE;WQ!MW!fChAahg,`,YJMGLZJ,C,Q9FYLZJ[=PFH,CAa,M;^PH<!!

!

!

!

EL<;M=!D=;X=!bLP:9!

!

%!41-!0+7426+1!)xVM),+DM)-!)-!3+290064A!k!tah!dq^]!A8[!>^[Bq!AA+7e[!)910!7-!A/2V91+7!dB[t!ALe[!k!

2-A3/,924,-!9A56912-[!0+40!9,8+1[!-02!9S+42/!)4!=QI!dB?!ALeX!%3,g0!f4-7f4-0!A6142-0!)x9862926+1[!7-!

A/7918-! )*9A61+3-129)6g1970!Vdd! -2!VdT! dB[BB! 8[! >^[]>!AA+7[! >[??! /fe! -02! 612,+)462! -2! 7-!A676-4!

,/9C26+11-7!-02!CV94FF/!k!p?!(P!3-1)912!]!V!r!7-!87429C+192-!3,/C6362-!3-4!k!3-4X!L-!A676-4!,/9C26+11-7!

-02! -10462-! ,-F,+6)6! k! ?! (P! 3460! <2B"! d]?!ALe! -02! 9S+42/! 3+4,! F96,-! 3,/C6362-,! 2+297-A-12! 7-! 0-7X! L-!

A676-4!-02!97+,0!79600/[!3-1)912!]?!A61[!0910!9862926+1!-2!k!?!(PX!%3,g0!F672,926+1!-2!79@98-!94!PQBP7B[!7-!

87429C+192-! 0+76)-! -02! ,-3,60! )910! 7x/2V91+7! k! K! B?! (P! d-1@6,+1! a?!ALeX! %3,g0! F672,926+1! 04,! P/762-#[!

79@98-! k! 7x/2V91+7[! -2! /@93+,926+1! k! 0-C[! 7-! 87429C+192-!VaU! d>[a^! 8[! ,)2! �! _ahe! -02! ,/C43/,/! 0+40!

F+,A-!)-!0+76)-!5-68-!F+1C/X!

!
U4!#?'!f/-V2-A!Vhh!?4\g!" !f[[Qg!N!t[at!d)[!/!�!>>[q!QY[!>!Q[!Qae[!t[B?!d0[!>!Q[!Q>e[!_[q^!d)[!/!�!>>[q!

QY[!>!Q[!Q]e[!a[_q!d2[!/!�!>>[q!QY[!>!Q[!Q^e[!][aq!d0[!]!Q[!Q_e!

!
UV/!#?'!f/-V2-A!S`!?4\g!" !f[[Qg!N!>t_[]!dP>e[!>pt[t!dPae[!>a^[>!dP]e[!>^][?!dPBe[!>?a[q!dP^e[!aq[]!dP_e!

!

?(!f&($,g!N!2dK">Bp[?!UE!K!oWK!!!

!

4'?(!f&($,g!N!UE!K!oWK!r!>Bp[?]qa!dC97C47/e[!>Bp[?]q]!d2,+4@/e!P_Qp"]!

!

.)$'!# !f:Q,Ug!N!Bqtq!K!Bpaa[!>^q>[!>Ba_[!>>B_[!>?Bq[!>???[!p^a!!

!

*.!fk/g!N!>__!d93,g0!)/C+A3+0626+1e!

!

!

!

!

!

!

!

O O

OMe

K

1
2

3

4

5

6

C6H7KO3

Exact Mass: 166,00

Mol Wt: 166,22



!

Bp>!

!!!!VaC!!!!!!fCfAahg,C,?9FYLZJ,`,fa,Q9FYLZJD=P\J<HQ;PLg[=PFH,CAa,M;^PH<!!

!

!

!

!

!

!

!

YW;<=!O;E]W=WE=!GLWX=!bLP:9=!

!

%!41-!0+7426+1!)-!%&'&KA/2V+DM5-1YM79A61-!0+40!F+,A-!)-!0-7!)-!=I%!d^B]!A8[!>[_t!AA+7[!>[>B!/fe!

)910!PQBP7B!dq!ALe[!k!2-A3/,924,-!9A56912-[!0+40!9,8+1[!-02!9S+42/!7-!87429C+192-!VaU!fB^q!A8[!>[a?!

AA+7e!96106!f4x41-!8+422-!)x-94X!%3,g0!a!A61!)x9862926+1!k! 2-A3/,924,-!9A56912-[! 79! ,/9C26+1!-02!

2-,A61/-! dPPEeX! L9! 0+7426+1[! )-@-14-! 76A36)-! -2! ,+48-[! -02! 97+,0! 2,962/-! 9@-C! '9QP"]092! d>a!ALeX!

%3,g0!-D2,9C26+1!94!PQBP7B!d^!+!>a!ALe[!7-0!3V90-0!+,8916f4-0!0+12!,900-A57/-0[!0/CV/-0!04,!E8$"^!

-2!/@93+,/-0X!Lx9A61+3-129)6g197!VaC!d]^B!A8[!,)2!�!qBhe!-02!+52-14!0+40!F+,A-!)*V467-!@60f4-40-!

,+48-!F+1C/-X!

!
U4!#?'!f/-/<VA!Vhh!?4\g!" !f[[Qg!N!t[t_!d0[!>!Q[!Q>e[!p[>B!d)[!/!�!p[p!QY[!B!Q[!Qte[!_[qB!d)[!/!�!>B[^!QY[!>!

Q[!Qa[e[!_[t_!d)[!B!Q[!/!�!p[p!QY[!Qqe[!_[^^!d)[!>!Q[!/!�!>B[^!QY[!Q]e[!a[^?!d2[!/!�!>B[^!QY[!>!Q[!Q^e[!a[t?!d07[!>!

Q[!'Qe[!^[B>!d0[!B!Q[!Q_e[!][pp!d0[!]!Q[!Q>>e[!][_q!d0[!]!Q[!Q>Be!

!
UV/!#?'!f/-/<VA!S`!?4\g!" ! f[[Qg! N!>ta[^! dP>e[!>aq[>! dPBe[!>^p[_! dP>?e[!>^B[q! dPae[!>Bq[]! dPpe[!>Bt[q!

dPte[!>>^[>!dPqe[!>>][q!dP]e[!q][^!dP^e[!aq[]!dP>>e[!aa[^!dP>Be[!^p[q!dP_e!!

!

?(!f&($pg!N!2dK"B^t[>!UE!j!QWj!!

!

4'?(!f&($pg!N!UE!j!QWj!!r!B^t[>Btp!dC97C47/e[!B^t[>Bpt!d2,+4@/e!P>^Q>t'"]!

!

.)$'!# !f:Q,Ug!N!]Bta[!Bq]B[!Bt]^[!>aaa[!>a?q[!>^^?[!>B^][!>>^B[!>?Bq[!t>][!p^t!

!

!

!

!

!

N
H

O

OMe
MeO

1
2

3

4

5

8
9

10 12

6

7

8
9

11

C14H17NO3

Exact Mass: 247,12

Mol Wt: 247,29



!

BpB!

!!!!!VS`!!!!!!!!/Y<LGWG=!M=!U,fCAa,M;P;FGL,[Y9PJ<g,V,Q9FYLZJ[JG;M;P;WQBqt!!

!

!

EL<;M=!D<HP:!

!

%! 79! ]KA/2V+DM3M,6)61-! d_[>]! 8[! a_[>p! AA+7e! -02! 9S+42/! )4! >KCV7+,+KB[^K)6162,+5-1Yg1-! d>>[^>! 8[!

a_[]]!AA+7[!>[??!/fe!-2!7-!A676-4!,/9C26+11-7!-02!CV94FF/!k!p?!(P!3-1)912!>a!A61!r!41!3,/C6362/!5,41!

9339,9|2X!G-!7x9C/2+1-!da?!ALe!-02!97+,0!9))626+11/-!-2!7-!A676-4!,/9C26+11-7!-02!k!1+4@-94!CV94FF/!k!

p?!(P[!3-1)912!>!V[!C-!f46!3-,A-2!)x+52-16,! 7-!0-7!)-!v61Cc-!0+40! F+,A-!)-!3+4),-!5791CV-X!%3,g0!

F672,926+1!-2!79@98-!k!7x9C/2+1-[!7-!0-7!)-!v61Cc-!VS`!dp[q?!8!`!,)2!�!^ahe!-02!,/C43/,/!0+40!F+,A-!)-!

0+76)-!5791CX!

!
U4!#?'!f/-V2-A!Vhh!?4\g!" !f[[Qg!N!q[B_!d)[!/!�!B[]!QY[!>!Q[!Q>?e[!q[B>!d))[!/!�!B[]!`!>[]!QY[!>!Q[!Q^e[!

t[qa!dA[!>!Q[!Q>e![!t[q?!dA[!>!Q[!Qte[!t[a_!d)))[!/!�!t[q!`!B[p!`!?[p!QY[!>!Q[!Q]e[!t[]a!d)[!/!�!t[q!QY[!>!Q[!

Qpe[!t[]B!dA[!>!Q[!QBe[!^[>a!d0[!]!Q[!Q>Be!

!
UV/!#?'!f/-V2-A!S`!?4\g!" !f[[Qg!N!>_?[^!dPae[!>a>[B!dPqe[!>^^[a!dP>>e[!>^?[>!dP_e[!>]q[p!dP]e[!>]a[>!

dPte[!>]^[_!dPpe[!>]B[_!dPBe[!>]>[>!dP^e[!>Bq[q!dP>e[!>B][>!dP>?e[!at[_!dP>Be!

!

?(!f&($pg!N!2dK"Bp_[>!UE!K!P7Wj!

!

4'?(!f&($pg!N!UE!K!P7Wj!!r!Bp_[?_B?!dC97C47/e!UE!K!P7Wj!r!Bp_[?_>^!d2,+4@/e!P>BQ>?']"a!

!

.)$'!# !f:Q,Ug!N!Bqta!K!Bt?][!>_?^[!>a]a[!>a]^[!>^q^[!>]^_[!>B_B[!>??B[!t>p[!p^][!_tt!

!

*.!fk/g!N!B??KB?^!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Bqt!<)9[!EX`!o4,2V[!EX!;X`!'912Y[!EX!QX!/0"#'O0"34)20!Chhh[!Y>[!a>]>X 

N

O

NO2

NO2

1

2

3 4

5

6

7

8
9

10

11

12

Cl

C12H10ClN3O5

Exact Mass: 311,03

Mol Wt: 311,68



!

Bp]!

!!!Vdd!=F!VdT!!!!!fChAahg,`,f-;Q9FYJ<HQ;PLg,C,Q9FYLZJ[=PFHP,CAa,M;^PH<Bqq!=F!fChAahg,`,

fM;Q9FYJ<HQ;PLg,a,Q9FYLZJ[=PFHP,CAa,M;^PH<!!

!

!

!

YW;<=!O;E]W=WE=!GLWX=!bLP:9=!

!

%! 41-! 0+7426+1! )-! 0-7! )-! v61Cc-! VS`! dB[aa! 8[! t[>t! AA+7e! )910! 7x/2V91+7! d^?! ALe[! k! 2-A3/,924,-!

9A56912-[!0+40!9,8+1[!-02!9S+42/-!41-!0+7426+1!k!a[_!E!)-!)6A/2VM79A61-!)910!7*/2V91+7!d^!AL[!BB[^!

AA+7[!B[p^!/feX!L9!0+7426+1!)-@6-12!76A36)-!-2!,+48-!F+1C/-X!L-!A/7918-!,/9C26+11-7!-02!97+,0!CV94FF/!

k!p?!(P[!3-1)912!]?!A61X!L-!A676-4!-02!,9A-1/!k!2-A3/,924,-!9A56912-!-2!7-!0+7@912!-02!/@93+,/!3460!

)-! 7*-94! d^?!ALe[! k! ?! (P[! -02! 9S+42/-! 3+4,! F96,-! 3,/C6362-,! 79! B[^K)6162,+916761-X! %3,g0! F672,926+1! 04,!

P/762-#[!PQBP7B!d^?!ALe!-2!'9"Q!>!'!d^?!ALe!0+12!9S+42/0!94!A676-4!,/9C26+11-7!-2!79!3V90-!9f4-40-!

-02! -D2,962-! 94! PQBP7B! d]! +! a?!ALeX! L-0! 3V90-0! +,8916f4-0! 0+12! ,900-A57/-0[! 0/CV/-0! 04,!E8$"^X!

%3,g0! /@93+,926+1! )4! 0+7@912[! 7-0! B! 60+Ag,-0! )-! 3+0626+1! d3,+3+,26+10! B! r! >e! )4!

)6A/2VM79A61+3-129)6g197! Vdd! -2! VdT! d>[>a! 8[! ,)2! �! q>he! 0+12! ,/C43/,/0! 0+40! F+,A-! )xV467-!

@60f4-40-! ,+48-! F+1C/-! -2! 7-! 5,42! ,/9C26+11-7! -02! )6,-C2-A-12! 426760/! 3+4,! 79! F+,A926+1! )4! 0-7! )-!

87429C+192-!VaUX!

!
U4!#?'!f/-/<VA!Vhh!?4\g!" !f[[Qg!N!3+4,!7x60+Ag,-!A9S+,6296,-!dBKA/2V+DMe!r!t[]^!d0[!>!Q[!Q>e[!_[p^!d)[!

/!�!>B[_!QY[!>!Q[!Qa[e[!_[^?!d)[!/!�!>>[_!QY[!>!Q[!Q]e[!a[]a!d))[!/!�!>B[_!`!>>[_!QY[!>!Q[!Q^e[!][p?!d0[!]!Q[!

Q_e[!B[q?!d0[!_!Q[!Qpe!`!3+4,!7x60+Ag,-!A61+,6296,-!d^KA/2V+DMer!q[Ba!d)[!/!�!t[B!QY[!>!Q[!Q>5e[!_[_p!d)[!/!�!

>^[?!QY[!>!Q[!Q]5e[!a[qt!d0[!>!Q[!Qa5e[!a[t_!d))[!/!�!>^[?!`!t[B!QY[!>!Q[!QB5e[!][a?!d0[!]!Q[!Q_5e[!][?a!d0[!_!Q[!

Qp5e!

!
UV/!#?'!f/-/<VA!S`!?4\g!" ! f[[Qg! N!3+4,! 7x60+Ag,-!A9S+,6296,-! dBKA/2V+DMe!r!>q>[a! dP>e[!>a?[t! dPae[!

>^?[t! dP]e[!>]B[]! dPBe[!qB[a! dP^e[!_?[^! dP_e[!aq[B! dPpe! `!3+4,! 7x60+Ag,-!A61+,6296,-!d^KA/2V+DMe!r!>ta[?!

dP>5e[!>a>[a!dP]5e[!>^p[]!dP^5e[!>^B[]!dPB5e[!>>a[_!dPa5e[!pp[B!dP_5e[!^B[>!dPp5e!!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Bqq!E9-)618[!.X`!$2-6159CV[!;X`!;+V9110-1[!HX!/0"X&M)II)C"352%C0"+&C;5%4&'20""UTTS[!U\[!ataX!

N O

OMe

N O

OMe

2

3

4

5

7

1 1b

2b

3b

4b
5b

6b
7b

7 7b

6

C8H13NO2

Exact Mass: 155,09

Mol Wt: 155,19

maj min



!

Bp^!

!!!!VTU!!!!!!V,+<<J<LZJ[JG;M;P=]??!!

!

!

<;]W;M=!qHWP=![r<=!!

!

%!41-!0+7426+1!)-!]KVM),+DM3M,6)61-! d>a[?p!8[!>at!AA+7e!)910!41!A/7918-!GEI!u!=QI! dt!r!]e! d>_a!

ALe[!-12,-!K!>a!(P!-2!K!B?!(P[!0+40!9,8+1[!-02!9S+42/!)4!(H4"o!d>q[aB!8[!>p^!AA+7[!>[>?!/feX!L-!A676-4!

-02! A9612-14! )910! C-22-! 89AA-! )-! 2-A3/,924,-! -2! 0+40! 9862926+1! A981/26f4-[! 3-1)912! B?! A61!

dS40f4xk! )600+7426+1! 2+297-! )4! (H4"oeX! .460[! )4! 5,+A4,-! )x977M7-! d>^[a!AL[! >_t!AA+7[! >[?_! /fe! -02!

612,+)462[!8+422-!k!8+422-[!04,!B?!A6142-0X!%3,g0!>!V!)x9862926+1[!-12,-! K!>a!(P!-2! K!B?!(P[! 7-!A676-4!

,/9C26+11-7!-02!79600/[!3-1)912!>!1462[!k!2-A3/,924,-!9A56912-X!%3,g0!/@93+,926+1!)4!=QI[!<2B"!dB??!

ALe!-02!9S+42/!-2!79!3V90-!+,8916f4-!-02!79@/-!9@-C!'9P7092!dB!+!B??!ALe!3460!k!7x-94!dB??!ALeX!%3,g0!

0/CV98-!04,!E8$"^[! 7-!0+7@912!-02!/@93+,/!k!0-C!-2! 7-! 76f46)-!1+6,!+52-14!-02!)602677/!0+40!3,-006+1!

,/)462-! d>t!A59,eX! L9!]K977M7+DM3M,6)61-!VTU! dt[_a!8[! ,)2!�!^>he!-02!97+,0! ,/C43/,/-!0+40! F+,A-!)-!

76f46)-!S941-!3�7-X!

!
U4!#?'!f/-/<VA!`hh!?4\g!" !f[[Qg!N!t[Bt!d0[!>!Q[!Q^e[!t[>_!dA[!>!Q[!Q]e[!p[>^!dA[!B!Q[!QB[!-2!Q>e[!a[qt!

dA[!>!Q[!Qpe[!a[]p!d)[!>!Q[!/!�!>_[q!QY[!Qte[!a[B_!d)[!>!Q[!/!�!>?[]!QY[!Qtxe[!^[aB!d)[!B!Q[!/!�!a[B!QY[!Q_e!

!
UV/!#?'!f/-/<VA!S`!?4\g!" !f[[Qg!N!>a^[^!dPae[!>^B[]!dP]e[!>]t[]!dPpe[!>]B[_!dP^e[!>B][t!dPBe[!>B>[a!dP>e[!

>>t[^!dPte[!_q[>!dP_e!

!

.)$'!# !f:Q,Ug!N!]?t_!�!Bt_^[!>_pt[!>apB[!>^pq[!>^BB[!>BB_[!qqB[!qB_[!pq_!

"

?(!f&($pg!N!X&"2&@@)"<*)@("%&@"CD()6(D)")<"X3H[,"

!

!

!

!

!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

]??!E+FF-2[!#X!HX!/0"#'O0"34)20!UTcV[!8T[!BttaX!

N

O
2

43

6
7

5
8

1

C8H9NO

Exact Mass: 135,07

Mol Wt: 135,16



!

Bpa!

!!!!VTC!!!!!!/Y<LGWG=!M=!U,fCAa,M;P;FGL,[Y9PJ<g,V,H<<J<LZJ[JG;M;P;WQ!!

!

!

EL<;M=!D<HP:!

!

%!41-!0+7426+1!)-!]K977M7+DM3M,6)61-!VTU!d][>q!8[!B][_?!AA+7e[!k!2-A3/,924,-!9A56912-[!0+40!9,8+1[!

-02! 9S+42/! )4! >KCV7+,+KB[^K)6162,+5-1Yg1-! d^[t]8[! B][ta!AA+7[! >[?>! /feX! L-!A676-4! ,/9C26+11-7! -02!

CV94FF/!k!p?!(P[!3-1)912!>!V[!0910!0+7@912!r!41!3,/C6362/!5,41!9339,9|2X!G-!7x9C/2+1-!dBa!ALe!-02!97+,0!

9))626+11/!-2! 7-!A676-4! ,/9C26+11-7!-02! CV94FF/!k!1+4@-94!k!p?! (P[!3-1)912!]?!A61[! C-!f46!3-,A-2!
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Exact Mass: 337,05

Mol Wt: 337,72
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Exact Mass: 181,11

Mol Wt: 181,23
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Exact Mass: 496,84

Mol Wt: 500,51
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Exact Mass: 366,76

Mol Wt: 370,25
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Exact Mass: 626,04

Mol Wt: 628,43
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Exact Mass: 324,15

Mol Wt: 324,37
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Exact Mass: 628,06

Mol Wt: 630,44
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Exact Mass: 656,06

Mol Wt: 658,45
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