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Je WLeQV WRXW d¶abRUd j UePeUcLeU OeV dLUecWeXUV de O¶IQVWLWXW de CKLPLe deV SXbVWaQceV NaWXUeOOeV 

AQgeOa MaULQeWWL eW BRULV VaX]eLOOeV, de P¶aYRLU dRQQp Oa SRVVLbLOLWp d¶LQWpgUeU ceW pWabOLVVePeQW R� 

M¶aL SX UpaOLVeU PeV WUaYaX[ de WKqVe daQV de bRQQeV cRQdLWLRQV. Je WLeQV aXVVL j UePeUcLeU O¶IDEX de 

PaULV SacOa\ de P¶aYRLU aWWULbXp XQe bRXUVe dRcWRUaOe. 

Je UePeUcLe pgaOePeQW OeV PePbUeV dX MXU\ d¶aYRLU acceSWp de MXgeU PRQ WUaYaLO. MeUcL aX PURfeVVeXU 

JeaQ-MaUc CaPSagQe eW aX DRcWeXU MaOeN NecKab d¶aYRLU acceSWp Oa WkcKe de UaSSRUWeXUV de Pa 

WKqVe. MeUcL pgaOePeQW aX DRcWeXU MaULRQ BaUba]aQgeV eW aX PURfeVVeXU SaQdULQe PLgXeO d¶aYRLU pWp 

SUpVeQWeV eQ WaQW TX¶e[aPLQaWULceV, eW aX PURfeVVeXU XaYLeU MRUeaX d¶aYRLU SUpVLdp Pa VRXWeQaQce 

de WKqVe. 

Je WLeQV bLeQ pYLdePPeQW j UePeUcLeU PRQ dLUecWeXU de WKqVe, PKLOLSSe DaXbaQ TXL P¶a SeUPLV de 

UpaOLVeU deV SURMeWV YaULpV, LQQRYaQWV eW WUqV LQVWUXcWLfV daQV OeV PeLOOeXUeV cRQdLWLRQV SRVVLbOeV. TX aV 

faLW SaUW de bLeQYeLOOaQce, de SaWLeQce eW de beaXcRXS de cRQfLaQce, TXL P¶RQW SeUPLV de faLUe PeV 

eUUeXUV, d¶aSSUeQdUe eW de gUaQdLU SeQdaQW ceV cLQT aQQpeV j O¶LQVWLWXW. Je We UePeUcLe aXVVL 

pQRUPpPeQW SRXU WRXW Oe WePSV eW O¶LQYeVWLVVePeQW TXe WX aV aSSRUWp j Oa cRUUecWLRQ de ce PaQXVcULW, 

d¶aXWaQW SOXV TXe PRQ WaOeQW d¶pcULYaLQ Q¶pWaLW SaV aX UeQde]-YRXV. EW bLeQ V�Ue WX aV pWp, WX eV eW WX 

VeUaV eQcRUe ORQgWePSV Oa SLeUUe aQgXOaLUe eW Oe WeQaQcLeU dX © 12 ª. 

MeUcL pgaOePeQW j WRL BeQ-VaQ, PaQLaTXe dX UaQgePeQW ceUWeV, PaLV aYec XQ pQRUPe c°XU. DqV Oa 

SUePLqUe eQWUeYXe aYec WRL eW RRPaLQ Oe SURMeW de V\QWKqVe de Oa SacWa !!! P¶a SaUX gpQLaO. TX eV XQ 

KRPPe VLPSOe, SaVVLRQQp, bOagXeXU eW dU{Oe. TX aV aXVVL de WUqV MROLV W-VKLUWV TXL UeQdaLeQW MaORX[ 

RORO. TX P¶aXUaV beaXcRXS, PaLV beaXcRXS aSSULV aX OabR, PrPe VL Me Q¶aLPe WRXMRXUV SaV faLUe Oa 

YaLVVeOOe. NRV dLVcXVVLRQV VXU OeV PaQgaV P¶RQW beaXcRXS PaQTXp aSUqV WRQ dpSaUW, PrPe VL WX aV 

cRQWLQXp d¶rWUe Oj j dLVWaQce, WX cORV eQfLQ WRQ c\cOe de cRUUecWLRQ de QRV brWLVeV TXRL TXe, LO UeVWe 

JXQLR (MERCI SRXU Oe PaQXVcULW -). 

EW SXLV bLeQV�U PeUcL j WRXWeV OeV SeUVRQQeV de PRQ pTXLSe aYec TXL M¶aL SaUWagp deV PRPeQWV 

e[ceSWLRQQeOV, de gURVVeV ULgROadeV eW beaXcRXS de VRLUpeV e[ceSWLRQQeOOeV. TRXW d¶abRUd AOL (PRQ 

LLbaQaLV SUef) RRPaLQ (PRQ SRUWXgaLV SUef) eW JXOLeQ c¶pWaLW XQ SOaLVLU de YRXV c{WR\eU eW d¶aSSUeQdUe 

aYec YRXV. OQ aXUa aXVVL SaUWagp deV PRPeQWV gpQLaX[ KRUV dX OabR, c¶pWaLW YUaLPeQW V\PSaWKLTXe. 

EQVXLWe VLQceQW BRTXeW, aK BRTXeW, RQ a cRPPeQcp eQ PrPe WePSV cKe] PKLOLSSe, eW RQ a faLOOL fLQLU 

eQ PrPe WePSV -. CKaTXe PRPeQW TXe M¶aL SaVVp aYec WRL dXUaQW ceV WURLV aQQpeV Me P¶eQ 

VRXYLeQdUaL, RQ a beaXcRXS ULgROp, faLV beaXcRXS de brWLVeV eW RQ V¶eVW beaXcRXS SULV Oa WrWe, PaLV bRQ 

aX fRQd c¶eVW oa TXL faLV OeV YUaLV aPLV. EQVXLWe YLeQW Oa NeR WeaP 12, EUZaQ (PRQ bUeWRQ SUef) eW 

JXQLR (PRQ bUpVLOLeQ SUef), fUaQcKePeQW Oa fLQ de Pa WKqVe Q¶aXUaLW SaV pWp SaUeLO VL YRXV Q¶aYLe] SaV 



    
 

pWp Oj. OQ a YUaLPeQW beaXcRXS, beaXcRXS ULgROp, PeUcL SRXU WRXV ceV UeVWRV, VRLUpeV eW aXWUeV bRQV 

PRPeQWV eQ Y{WUe cRPSagQLe, Qe cKaQge] ULeQ eW YRXV aOOe] aUULYeU j bRQ SRUW. CRQWLQXeU a aSSOLTXp 

OeV PpWKRdeV dX OabR oa Sa\e WRXMRXUV -. EQfLQ Me WLeQV j UePcLeU Oe deUQLeU aUULYaQW de ceWWe pTXLSe 

eW SaV deV PRLQdUeV, TaQgX\. TX P¶aV SeUPLV d¶aYaQceU, j WUaYeUV deV dLVcXVVLRQV eQULcKLVVaQWeV VXU 

Oa cKLPLe. TX aV aLdp j pcULUe deX[ deV SOXV gURV SaSLeUV de Pa YLe, eW WX aV VX P¶pcRXWeU TXaQd ce 

Q¶pWaLW SaV facLOe © SKRNUaQe HabLbL ª.  

UQ gUaQd PeUcL aXVVL j WRXV OeV aXWUeV PePbUeV de O¶pTXLSe 12 TXe M¶aL SX c{WR\eU aX cRXUV de ceV 

cLQT aQQpeV : GZeQdaO GUeOLeU, AOeMaQdUR DaQa, SpbaVWLjQ CaVWUR, IYaQa LaSXK, AOaULc 

DeVPaUcKeOLeU, M\OqQe JRLgQeaX[ eW AOe[aQdUa HecNeU. TKpR PRQ SeWLW VWagLaLUe VXdLVWe (beaXcRXS 

WURS PrPe). Je VXLV YUaLPeQW KeXUeX[ d¶aYRLU WUaYaLOOp aYec WRL VXU Oe SURMeW, WX eV TXeOTX¶XQ 

d¶LQcUR\abOePeQW d\QaPLTXe eW WUaYaLOOeXU. CRXUage SRXU Oa VXLWe de WeV SURMeWV, TXL Me VXLV SeUVXadp, 

VeURQW cRXURQQpV de VXccqV. 

Je YRXdUaLV UePeUcLeU pgaOePeQW OeV dLffpUeQWV CEI TXL RQW aQLPp O¶LQVWLWXW ceV deUQLqUeV aQQpeV, eW 

SOXV SaUWLcXOLqUePeQW PeV caPaUadeV dX CEI 2019 SRXU OeV UeSaV SaUWagpV eW OeV bRQV PRPeQWV SaVVpV. 

VLQceQW, TKRPaV, TKLbaXOW, CaSXcLQe, NaZeO eW TpR. NRXV aYRQV cRQQX OeV PrPeV gaOqUeV, COVID, 

WUaYaX[ «. eWc. MaLV bRQ, RQ a WRXW de PrPe bLeQ ULgROp (VXUWRXW VXU TKLbaXOW). Je YRXV VRXKaLWe XQe 

bRQQe cRQWLQXaWLRQ eW de Oa UpXVVLWe. 

EQfLQ, XQ gUaQd PeUcL j PeV aPLV, Me SeQVe TX¶XQ PaQXVcULW de WKqVe Qe VXffLUaLW SaV j dLUe j TXeO 

SRLQW M¶aL de Oa cKaQce de YRXV aYRLU UeQcRQWUp. MeUcL j MaWWKLeX (Q{WUe aPLWLp Q¶a MaPaLV cKaQgp 

PrPe aSUqV WRQ dpSaUW), VLcWRU (WX aV pWp Oj SRXU OeV bRQV eW OeV PaXYaLV PRPeQWV), MpORd\, EOLQa, 

LaXUa (Me WLeQV SaUWLcXOLpUePeQW j We UePeUcLeU caU WX P¶aV aSSRUWp XQe aLde SUpcLeXVe SeQdaQW Oa 

UpdacWLRQ), CaPLOOe SRXU QRV PRPeQWV eW WRXWeV ceV WeUUaVVeV SaULVLeQQeV TXL YRQW SRXYRLU 

UeSUeQdUe -, MaXd, BU\BU\ bLeQW{W SaSa, MaULaQQe, CpcLOe, COaLUeWWe, CaPLOOe«. eW WRXW Oe CUeZ. 

FLQaOOePeQW, M¶aLPeUaLV UePeUcLeU Pa faPLOOe, Pa V°XU SaUa, c¶eVW WRL TXL P¶a Oe SOXV VXSSRUWp SeQdaQW 

ceWWe WKqVe, PaLV bRQ RQ a bLeQ ULV. MeUcL SaSa eW PaPaQ aLQVL TXe PeV deX[ WaQWeV, VaQV YRXV ULeQ de 

WRXW oa Q¶aXUaLW pWp SRVVLbOe. EQfLQ, ceV deUQLeUV PRWV Me OeV adUeVVe j ceOOe TXL SaUWage Pa YLe, SURfLWe 

eQ -.  SLOYa VaQV WRL ceWWe WKqVe Q¶aXUaLW MaPaLV fLQL de Oa PrPe faoRQ caU WX aV VX WURXYeU OeV PRWV 

TXaQd c¶pWaLW UXde. TX aV pWp ]eQ eW cRPSUpKeQVLYe eW WX eV ceOOe TXL Pe cRPSUeQdV Oe PLeX[ eW c¶eVW 

SRXU oa TXe Me YaLV P¶aUUpWe] Oj. 

EW PeUcL j YRXV, OecWeXUV de ceWWe WKqVe. 
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 CRQWe[We de Oa WKqVe  
 LeV KpWpURc\cOeV a]RWpV VRQW deV PRWLfV UpcXUUeQWV eQ cKLPLe SKaUPaceXWLTXe. A WLWUe d'e[ePSOe, XQe 

aQaO\Ve UpceQWe de Oa VWUXcWXUe deV PROpcXOeV aSSURXYpeV SaU Oa FDA a PRQWUp TXe 59 % d¶eQWUe eOOeV 

SRVVqdeQW XQ KpWpURc\cOe a]RWp VaWXUp RX LQVaWXUp.1 CeV PRWLfV VRQW aXVVL UpgXOLqUePeQW UeWURXYpV daQV 

dLYeUVeV gUaQdeV faPLOOeV de cRPSRVpV de Oa cKLPLe RUgaQLTXe WeOV TXe OeV aOcaORwdeV. 
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FigXUe 1 -TRS 25 deV hpWpURc\cOeV a]RWpV OeV SOXV fUpTXeQWV daQV OeV PpdicaPeQWV aSSURXYpV SaU Oa FDA. 

AX YX de Oa SUpYaOeQce eW de O¶LQWpUrW deV KpWpURc\cOeV a]RWpV eQ cKLPLe de PaQLqUe gpQpUaOe, OeXU 

SUpSaUaWLRQ UeVWe XQ dpfL d¶acWXaOLWp SRXU OeV cKLPLVWeV de V\QWKqVe TXL V¶aWWqOeQW j PeWWUe aX SRLQW de 

QRXYeOOeV YRLeV d¶accqV WRXMRXUV SOXV LQQRYaQWeV eW effLcaceV. DaQV ce cRQWe[We, ce PaQXVcULW de WKqVe 

Ya WRXW d¶abRUd Ve cRQceQWUeU VXU OeV S\UUROLdLQeV TXL aSSaUaLVVeQW eQ 5qPe SRVLWLRQ daQV Oe WabOeaX deV 

KpWpURc\cOeV OeV SOXV fUpTXePPeQW UeQcRQWUpV daQV OeV SULQcLSeV acWLfV. POXV SUpcLVpPeQW, Oa dLVcXVVLRQ 

VeUa ceQWUpe VXU OeV S\UUROLdLQeV 2,5-dLVXbVWLWXpeV.  

De PaQLqUe WRWaOePeQW LQdpSeQdaQWe, XQe aXWUe SaUWLe dX SURMeW de WKqVe a pWp dpdLpe j Oa V\QWKqVe 

WRWaOe d¶XQe PROpcXOe QaWXUeOOe LVROpe j O¶ICSN : Oa CUaPbeVcLQe B281. 

 

 

                                                      
1 E. VLWaNX, D. T. SPLWK, J. T. NMaUdaUVRQ, J. Med. Chem. 2014, 57, 10257 
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 LeV S\UUROLdLQeV 2,5 dL-VXbVWLWXpeV 

La S\UUROLdLQe I eVW XQ KpWpURc\cOe a]RWp j cLQT cKavQRQV, dRQW Oe SKa de O¶aPLQe Ve VLWXe aX[ aOeQWRXUV 

de 11. CeW KpWpURc\cOe a pWp LVROp SRXU Oa SUePLqUe fRLV SaU CRXUW eQ 1907 j SaUWLU de Oa SOaQWe j Wabac.2 

Sa SUpVeQce daQV dLYeUV cKaPSV d¶aSSOLcaWLRQ de Oa cKLPLe RUgaQLTXe, eW dLffpUeQWeV PROpcXOeV j fRUWe 

SOXV-YaOXe eQ fRQW XQe cLbOe V\QWKpWLTXe de SUePLeU RUdUe SRXU OeV RUgaQLcLeQV. 

LeV e[ePSOeV SUpVeQWpV (FLgXUe 2) dpPRQWUeQW bLeQ ceWWe LPSRUWaQce de Oa S\UUROLdLQe TX¶RQ UeWURXYe 

aX c°XU de Oa VWUXcWXUe de O¶LQKLbLWeXU de O¶KpSaWLWe C O¶OPbLVWaYLU (V).3 EOOe eVW aXVVL XQ PRWLf 

SULYLOpgLp eQ caWaO\Ve aV\PpWULTXe SXLVTX¶eOOe eVW SUpVeQWe aX VeLQ de OLgaQdV de V\PpWULe C2 XWLOeV eQ 

caWaO\Ve RUgaQRPpWaOOLTXe (X), RX eQ RUgaQRcaWaO\Ve (VII,VIII,IX).4-5 
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FigXUe 2 - E[ePSOeV de S\UUROidiQeV d¶iQWpUrWV. 

                                                      
2 A. PLcWeW, G. CRXUW, Ber. Dtsch. Chem. Ges. 1907, 40, 3771±3783. 
3 J. J. FeOd, K. V. KRZdOe\, E. CRaNOe\, S. SLgaO, D. R. NeOVRQ, D. CUaZfRUd, O. WeLOaQd, H. AgXLOaU, J. XLRQg, T. PLORW-
MaWLaV, B. DaSLOYa-TLOOPaQQ, L. LaUVeQ, T. PRdVadecNL, B. BeUQVWeLQ, N. Engl. J. Med. 2014, 370, 1594±1603. 
4  M. FaxaQiV-MaVWUaO, M. PpUe], P. H. BRV, A. RXdROSK, S. R. HaUXW\XQ\aQ, B. L. FeULQga, Angew. Chem. Int. Ed. 2012, 
51, 1922±1925. 
5 E. K. KePSSaLQeQ, G. SaKRR, A. PLLVROa, A. HaP]a, B. KRWaL, I. PaSaL, P. M. PLNKR, Chem. Eur. J. 2014, 20, 5983-5993 
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De QRPbUeXVeV PpWKRdeV de V\QWKqVeV de S\UUROLdLQeV 2,5-dLVXbVWLWXpeV VRQW dpcULWeV daQV Oa 

OLWWpUaWXUe. EOOeV SeXYeQW PeQeU j deV SURdXLWV UacpPLTXeV RX pQaQWLRSXUV, dRQQeU accqV j O¶LVRPqUe cis 

RX trans, RX cRQVWLWXeU XQe pWaSe daQV Oa V\QWKqVe WRWaOe de PROpcXOeV SOXV cRPSOe[eV. 

CeV VWUaWpgLeV de V\QWKqVe SeXYeQW rWUe cOaVVpeV VeORQ Oe W\Se de OLaLVRQ cUpp, C ࡳ C RX C ࡳ N, SRXU Oa 

fRUPaWLRQ dX c\cOe j 5 (FLgXUe 3). 
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FigXUe 3 - DpcRQQe[iRQV V\QWhpWiTXeV eW VWpUpRchiPie deV S\UUROidiQeV 

CeWWe LQWURdXcWLRQ gpQpUaOe SUpVeQWe OeV dLffpUeQWeV YRLeV d¶accqV aX[ cRPSRVpV pQaQWLRSXUV. NRWUe 

WUaYaLO bLbOLRgUaSKLTXe eVW dpOLbpUpPeQW OLPLWp j ceV deUQLeUV, SRXU XQe cRPSaUaLVRQ SOXV aSSURSULpe 

aYec OeV WUaYaX[ UpaOLVpV SeQdaQW ceV WURLV aQQpeV de WKqVe.  

 eWaW de O¶aUW : VRLeV de V\QWKqVeV YeUV OeV S\UUROLdLQeV N-H pQaQWLRSXUeV 
3.1.  CĮ-N dpcRQQe[LRQ 
3.1.1.  S\QWKqVe de KaWVXNL 

La SUePLqUe V\QWKqVe aV\PpWULTXe de S\UUROLdLQeV a pWp dpcULWe SaU KaWVXNL eW VRQ gURXSe eQ 1984.6 

L¶LQWeUPpdLaLUe 1 V\QWKpWLVp eQ 4 pWaSeV j SaUWLU de O¶acLde adLSLTXe eVW WRXW d¶abRUd VaSRQLfLp eQ 

SUpVeQce de VRXde. UQ dpdRXbOePeQW eVW eQVXLWe UpaOLVp eQ SUpVeQce dX (1R,2R)-2-aPLQR-1-(4-

QLWURSKpQ\O)SURSaQe-1,3-dLRO afLQ d¶RbWeQLU Oe cRPSRVp 3 de PaQLqUe pQaQWLReQULcKLe. Ce deUQLeU eVW 

UpdXLW eQ dLRO 4, SXLV pWKpULfLp eQ SUpVeQce de cKORUXUe de PpWKR[\PpWK\Oe. EQfLQ, Oe gURXSePeQW 

SURWecWeXU N-beQ]\Oe eVW eQOeYp SaU K\dURgpQaWLRQ caWaO\WLTXe SRXU cRQdXLUe aX cRPSRVp (R,R)-VII 

(ScKpPa 1). 

 

 

                                                      
6 Y. KaZaQaPL, Y. IWR, T. KLWagaZa, Y. TaQLgXcKL, T. KaWVXNL, M. YaPagXcKL, Tetrahedron Lett. 1984, 25, 857±860. 
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SchpPa 1- S\QWhqVe de KaWVXNi 

CeSeQdaQW, ceWWe PROpcXOe d¶accqV dLffLcLOe Q¶RffUe TXe SeX d¶RSSRUWXQLWpV SRXU d¶aXWUeV aSSOLcaWLRQV 

eQ cKLPLe. LeV cKeUcKeXUV RQW dRQc eVVa\p de dpYeORSSeU de QRXYeaX[ aQaORgXeV, cRPPe OeV PRWLfV 

de W\Se 2,5 dLaU\O-S\UUROLdLQeV. CeV cRPSRVpV c\cOLTXeV RffUeQW Oe dRXbOe LQWpUrW d¶XQe SOXV gUaQde 

cRQWUaLQWe cRQfRUPaWLRQQeOOe eW d¶XQe PRdXOaULWp accUXe aYec Oa YaULaWLRQ SRVVLbOe de Oa VXbVWLWXWLRQ 

deV gURXSePeQWV aURPaWLTXeV eQ a de O¶aWRPe d¶a]RWe. 

3.1.2.  S\QWKqVe de CKRQg 

UQe deV V\QWKqVeV OeV SOXV cOaVVLTXeV SRXU O¶RbWeQWLRQ de ce W\Se de PRWLf a pWp dpcULWe SaU O¶pTXLSe de 

CKRQg eQ 1995 (FLgXUe 4).7  

 

FigXUe 4 - RpWUR V\QWhqVe de ChRQg. 

CeWWe YRLe dpbXWe SaU Oa SUpSaUaWLRQ deV VXbVWUaWV de W\Se 1,4-dLaU\ObXWaQe-1,4-dLRQeV 6 TXL VRQW 

acceVVLbOeV SaU Oe bLaLV de WURLV PpWKRdeV dpcULWeV daQV Oa OLWWpUaWXUe.  

La YRie I eVW XQe UpacWLRQ de FULedeO-CUafWV UpaOLVpe eQWUe Oe cKORUXUe de fXPaU\Oe eW O¶aU\Oe VRXKaLWp 

TXL fRXUQLW O¶aOcqQe LQWeUPpdLaLUe. Ce deUQLeU eVW eQVXLWe UpdXLW eQ 6 SaU Oe cKORUXUe d¶pWaLQ daQV O¶acLde 

cKORUK\dULTXe. NpaQPRLQV, Oa YRie II eVW Oa PpWKRde Oa SOXV cRPPXQpPeQW XWLOLVpe. EOOe LPSOLTXe Oa 

                                                      
7 CKRQg, J. M.; COaUNe, I. S.; KRcK, I.; OObacK, P. C.; Ta\ORU. Tetrahedron: Asymmetry 1995, 6, 409±418. 
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UpacWLRQ de dLPpULVaWLRQ eQWUe deV bURPR-acpWRSKeQRQeV 9 baVpe VXU O¶ePSORL de URQgaOLWe dLK\dUaWpe 

SRXU dRQQeU OeV dLcpWRQeV VRXKaLWpeV.8  

FLQaOePeQW, RQ SRXUUa pgaOePeQW cLWeU Oa UpacWLRQ dpcULWe SaU KXOLQNRYLcK daQV OeV aQQpeV 2000 

(YRie III), TXL SaVVe SaU XQ LQWeUPpdLaLUe c\cORSURS\Oe LVVX de Oa cRQdeQVaWLRQ eQWUe deX[ 

acpWRSKeQRQeV 9 eW 10 afLQ d¶RbWeQLU deV dpULYpV 6 V\PpWULTXeV RX dLVV\PpWULTXeV eQ fRQcWLRQ deV 

SaUWeQaLUeV cKRLVLV (FLgXUe 5).9  

 

FigXUe 5 - S\QWhqVe deV SUpcXUVeXUV di-aU\Oe-di-RQe. 

CeV cRPSRVpV dLRQeV QRQ V\PpWULTXeV VRQW MXVWePeQW SOXV cRPSOe[eV j SURdXLUe. La OLWWpUaWXUe Qe 

UeceQVe TXe TXeOTXeV e[ePSOeV de V\QWKqVe de ceV LQWeUPpdLaLUeV, QRWaPPeQW j SaUWLU d¶KRPRpQROaWe 

d¶LQdLXP SUpaOabOePeQW SUpSaUpV. CeV deUQLeUV SeXYeQW rWUe cRXSOpV aYec XQ cKORUXUe d¶ac\Oe 

beQ]\OLTXe eQ SUpVeQce d¶XQ caWaO\VeXU de SaOOadLXP SRXU abRXWLU aX[ cRPSRVpV 6 QRQ V\PpWULTXeV 

(FLgXUe 6).8  

 

FigXUe 6 - S\QWhqVe deV SUpcXUVeXUV di-aU\Oe-di-RQe QRQ V\PpWUiTXeV. 

DaQV Oa VXLWe de Oa V\QWKqVe deV 2,5 dLaU\O-S\UUROLdLQeV, CKRQg UpaOLVe XQe UpdXcWLRQ aV\PpWULTXe deV 

dLcpWRQeV eQ dLROV 7 cRUUeVSRQdaQWV.7 PRXU ce faLUe, O¶XWLOLVaWLRQ d¶XQ TXaQWLWp VW°cKLRPpWULTXe d¶XQ 

                                                      
8 (a) E. K. KePSSaLQeQ, G. SaKRR, A. VaONRQeQ, P. M. PLKNR, Org. Lett. 2012, 14, 1086±1089. (b) A. COaUa], G. SaKRR, D. 
BeUWa, È. MadaUiV], I. PiSaL, P. M. PLKNR, Angew. Chem. Int. Ed. 2016, 55, 669±673. 
9 (a) N. M. NeYaU, A. V. KeO¶LQ, O. G. KXOLQNRYLcK, Synthesis 2000, 1259±1262. (b) J. BaUd et al, J. Med. Chem. 2006, 49, 
6158±6161. 
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bRUaQe cKLUaO de W\Se ((-)-DIP-CO) 13 daQV Oe THF SeUPeW d¶RbWeQLU OeV cRPSRVpV UpdXLWV aYec 

d¶e[ceOOeQWV UeQdePeQWV eW de SaUfaLWV UaWLRV pQaQWLRPpULTXeV.  

SWeeO dpYeORSSeUa SOXV WaUd XQe YeUVLRQ caWaO\WLTXe de Oa UpacWLRQ de UpdXcWLRQ, eQ a\aQW UecRXUV j 

O¶R[a]abRUROLdLQe 14, SUpSaUpe in situ j SaUWLU de Oa (R)-PK2-S\UUROLdLQe-2-\O PpWKaQRO eW dX bRUaWe de 

WULPpWK\Oe.10 La UpacWLYLWp eW Oa VWpUpRVpOecWLYLWp de ceWWe UpacWLRQ VRQW SaUfaLWePeQW cRQWU{OpeV SRXU 

dRQQeU deV dLROV pQaQWLRSXUV. DaQV Oa OLWWpUaWXUe, O¶XWLOLVaWLRQ de Oa ceWWe YRLe eVW eQcRUe OaUgePeQW 

UpSaQdXe. Ce VRQW deV cRQdLWLRQV dRXceV, cRPSaWLbOeV aYec dLffpUeQWV QR\aX[ aURPaWLTXeV eW OeXU PLVe 

eQ °XYUe eVW SeX RQpUeXVe. IO e[LVWe QpaQPRLQV TXeOTXeV e[ePSOeV SRXU OeVTXeOV O¶XWLOLVaWLRQ deV deX[ 

UpacWLRQV SUpcpdeQWeV V¶eVW aYpUpe SeX SUaWLTXe.11 AfLQ de cRQWRXUQeU ce SURbOqPe, Oe gURXSe de 

YaPada a LPagLQp XQe UpdXcWLRQ aX bRURK\dUXUe de VRdLXP cRXSOpe j XQ cRPSOe[e de cRbaOW cKLUaO 

15. LeV dLROV VRQW aLQVL RbWeQXV aYec deV UeQdePeQWV TXaQWLWaWLfV eW de WUqV bRQQeV VpOecWLYLWpV (FLgXUe 
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FigXUe 7 - MpWhRdeV de UpdXcWiRQ deV dicpWRQeV 6 dpcUiWeV daQV Oa OiWWpUaWXUe 

La VXLWe de Oa V\QWKqVe eVW XQe pWaSe de VXbVWLWXWLRQ QXcOpRSKLOe deV cRPSRVpV PpV\OpV 16 SRXU abRXWLU 

aX[ S\UUROLdLQeV SURWpgpeV 17. IO eVW SeUWLQeQW de QRWeU TXe SOXVLeXUV WeQWaWLYeV d¶RbWeQWLRQ de Oa 

S\UUROLdLQe VIII SaU XQ VLPSOe WUaLWePeQW deV SUpcXUVeXUV 16 daQV O¶aPPRQLaTXe RQW pWp UpaOLVpeV daQV 

                                                      
10 (a) S. IWVXQR, K. IWR, A. HLUaR, S. NaNaKaPa, J. Chem. Soc., Chem. Commun. 1983, 469±470. 
 (b) E. J. CRUe\, R. K. BaNVKL, S. SKLbaWa, J. Am. Chem. Soc. 1987, 109, 5551±5553. 
11 (a) D. J. AOdRXV, W. M. DXWWRQ, P. G. SWeeO, Tetrahedron: Asymmetry 2000, 11, 2455±2462. (b) H. CKeQ, J. A. SZeeW, 
K.-C. LaP, A. L. RKeLQgROd, D. V. McGUaWK, Tetrahedron: Asymmetry 2009, 20, 1672±1682. 
12 M. SaWR, Y. GXQML, T. INeQR, T. YaPada, Synthesis 2004, 1434±1438. 
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dLffpUeQWeV cRQdLWLRQV aYec XQ VXccqV OLPLWp. Le SURdXLW VRXKaLWp eVW LVROp aYec XQ UeQdePeQW PRdeVWe 

de 33% cRQWaPLQp SaU Oe dpULYp WeUWUaK\dURfXUaQe 18, VRXV-SURdXLW de Oa UpacWLRQ.  

UQe VXbVWLWXWLRQ de O¶aPPRQLac SaU O¶aOO\Oe aPLQe cRPPe QXcOpRSKLOe a SeUPLV de UpVRXdUe ce 

SURbOqPe eW d¶LVROeU Oa S\UUROLdLQe trans-17 aYec de bRQV UeQdePeQWV.  

SchpPa 2 - VRie de V\QWhqVe cOaVViTXe deV S\UUROidiQeV VIII. 

PeQdaQW Oa PLVe aX SRLQW de ceWWe V\QWKqVe, CKRQg eW SWeeO RQW PLV eQ aYaQW O¶LQVWabLOLWp deV 

LQWeUPpdLaLUeV dL-PpV\OpV 16. AfLQ de cRQWRXUQeU ce SURbOqPe, O¶pTXLSe de YaPada a SURSRVp Oe PrPe 

VcKpPa V\QWKpWLTXe aYec SRXU VeXO dLffpUeQce, Oa UpaOLVaWLRQ de Oa UpacWLRQ de W\Se SN2 de faoRQ 

PRQRWRSe VXU Oa PROpcXOe 16. ASUqV VpSaUaWLRQ deV deX[ dLaVWpUpRLVRPeUeV VXU cRORQQe de geO de VLOLce, 

Oa cRXSXUe dX VXbVWLWXaQW aOO\Oe VXU O¶a]RWe eVW UpaOLVpe gUkce aX caWaO\VeXU de WLONLQVRQ eW a SeUPLV 

d¶LVROeU Oa S\UUROLdLQe VIII. LeV cRQdLWLRQV RSWLPLVpeV de ceWWe YRLe de V\QWKqVe RQW SeUPLV d¶RbWeQLU 

deV S\UUROLdLQeV dLffpUePPeQW VXbVWLWXpeV aYec XQe bRQQe VpOecWLYLWp eW de WUqV bRQV UeQdePeQWV 

(TabOeaX 1). 

CRPPe Oe dpPRQWUe Oe WabOeaX cL-deVVRXV, ceWWe PpWKRde aSSaUaLW cRPPe pWaQW URbXVWe. CeSeQdaQW, 

eOOe UeVWe SeUfecWLbOe daQV Oe cadUe de QR\aX[ aURPaWLTXeV VXbVWLWXpV eQ SRVLWLRQ ortho (eQWUpe 12) RX 

O¶RQ QRWe XQe SeUWe de VWpUpRVpOecWLYLWp.  
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TabOeaX 1 - E[ePSOeV de S\UUROidiQeV V\QWhpWiVpeV SaU Oa PpWhRde de ChRQg. 

3.1.3.  S\QWKqVe de TeLcKeUW eW FeULQga 

AfLQ de V¶affUaQcKLU de ceWWe OLPLWaWLRQ, TeLcKeUW eW FeULQga RQW dpYeORSSp XQe aXWUe VWUaWpgLe PXOWL 

pWaSeV SRXU abRXWLU aX PrPe W\Se de PRWLfV.  

CeOOe-cL V¶LOOXVWUe SaU O¶RbWeQWLRQ de Oa S\UUROLdLQe trans (S,S)-28 VXbVWLWXpe SaU deV gURXSePeQWV 

QaSKWK\Oe. EOOe dpbXWe SaU Oa SUpSaUaWLRQ dX dLcaUbRQaWe 20 j SaUWLU dX dLRO 19.17 L¶LQWeUPpdLaLUe 20 

eVW eQVXLWe eQgagp daQV XQe UpacWLRQ de PpWaWKqVe cURLVpe aYec Oe 2-YLQ\OQaSKWaKaOqQe SRXU dRQQeU Oe 

cRPSRVp 23 aYec XQ e[ceOOeQW UeQdePeQW eW XQe e[ceOOeQWe VpOecWLYLWp E:Z. La VWpUpRcKLPLe deV ceQWUeV 

2 eW 5 eVW fL[pe SaU aOO\OaWLRQ aV\PpWULTXe caWaO\Vpe SaU Oe cRPSOe[e d¶LULdLXP 24, VeORQ Oa PpWKRde 

dpcULWe SaU Oe gURXSe d¶HaUWZLg.18 DaQV ceWWe PpWKRdRORgLe Oe caUbRQe beQ]\OLTXe de O¶LQWeUPpdLaLUe 

23 eVW VXbVWLWXp SaU de O¶aPPRQLac SRXU gpQpUeU XQe aPLQe aOO\OLTXe LQWeUPpdLaLUe. CeWWe deUQLqUe VXbLW 

                                                      
13 S. KRUWeW, A. COaUa], P. M. PLKNR, Org. Lett. 2020, 22, 3010±3013. 
14 D. A. DegRe\, W. M. KaWL, C. W. HXWcKLQV, P. L. DRQQeU, A. C. KUXegeU, J. T. RaQdROSK, C. E. MRWWeU, L. T. NeOVRQ, S. 
V. PaWeO, M. A. MaWXOeQNR, eW aO. AQWL-VLUaO CRPSRXQdV. US2010317568A1, 2010. 
15 R. SKLQWaQL, T. IWR, M. NagaPRWR, H. OWRPR, T. Ha\aVKL, Chem. Commun. 2012, 48, 9936±9938. 
16 B. D. W. AOOeQ, M. J. CRQQROO\, J. P. A. HaUULW\, Chem. - A Eur. J. 2016, 22, 13000±13003. 
17 J. TeLcKeUW, B. FeULQga, Synthesis 2010, 1200±1204. 
18 M. J. PRX\, L. M. SWaQOe\, J. F. HaUWZLg, J. Am. Chem. Soc. 2009, 131, 11312±11313. 

EQWUpe AU AU¶ ReQdePeQWV 8 U.e. Ref 

1 PK PK 98% >99 : 1 7,10 

2 3,5-(CF3)2- PK 3,5-(CF3)2- PK 91% 99 : 1 5,13 

3 4-CO-3-NO2-PK 4-CO-3-NO2-PK 74% Q.d. 14 

4 4-NO2-PK 4-NO2-PK 96% 99 : 1 13 

5 4-CF3-PK 4-CF3-PK 70% 99 : 1 5 

6 3,5-(CF3)2- PK PK 88% 99 : 1 13 

7 4-F-PK 4-F-PK 95% 99 : 1 13 

8 3,5-Me2-PK PK 85% >99 : 1 8(b) 

9 4-t-BX-PK 4-t-BX-PK 82% >99 : 1 5,12 

10 3,5-Me2-PK 3,5-Me2-PK 44% Q.d. 15 

11 3,5-i-PU2-PK 3,5-i-PU2-PK 41% Q.d. 16 

12 2-Me-PK 2-Me-PK 67% 85 : 15 5 

13 2-QaSKWK\O 2-QaSKWK\O 63% >99 : 1 12 
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UaSLdePeQW XQe VecRQde UpacWLRQ d¶aOO\OaWLRQ VXLYaQW Oe PrPe cKePLQ UpacWLRQQeO SRXU cRQdXLUe aX 

cRPSRVp 25 aYec XQ UeQdePeQW de 95% eW XQe VWpUpRVpOecWLYLWp SaUfaLWe. UQe VecRQde UpacWLRQ de 

PpWaWKqVe SeUPeW Oa c\cOLVaWLRQ de Oa dL-ROpfLQe SRXU cRQdXLUe aX SURdXLW trans-26.  

La deUQLqUe pWaSe de ceWWe YRLe eVW XQe UpdXcWLRQ de Oa dRXbOe OLaLVRQ dX cRPSRVp 2,5-dLK\dUR-S\UUROe. 

DaQV Oa OLWWpUaWXUe, deX[ PpWKRdeV VRQW dpcULWeV SRXU effecWXeU ceWWe UpacWLRQ. La SUePLqUe eVW UpaOLVpe 

SaU dX dLLPLde gpQpUp in situ eQ cRPbLQaQW de O¶K\dUa]LQe eW de O¶R[\gqQe eQ SUpVeQce d¶XQ dpULYp de 

ULbRfOaYLQe 27, cRQdXLVaQW j Oa S\UUROLdLQe (S,S)-28 aYec XQ UeQdePeQW de 81%.19 La VecRQde, dpcULWe 

SaU TURVW eW MaWa, LPSOLTXe O¶ePSORL dX 2,4,6-WULLVRSURS\ObeQ]qQeVXOfRQ\O K\dUa]Lde (TPSH) cRPPe 

SUpcXUVeXU de dLLPLde.20 CeWWe PpWKRde, XQ SeX PRLQV effLcace TXe Oa SUePLqUe, eVW cRPSOpPeQWaLUe de 

ceWWe deUQLqUe. EOOe a pWp aSSOLTXpe j Oa V\QWKqVe de O¶pQaQWLRPqUe (R,R)-28 TXL a pWp LVROp aYec XQ 

UeQdePeQW de 50% (ScKpPa 3).  

 

SchpPa 3 - S\QWhqVe de TeicheUW eW FeUiQga. 

EQ cRQcOXVLRQ, ceWWe YRLe d¶accqV aX[ 2,5-dLaU\OS\UUROLdLQeV eVW XQe aOWeUQaWLYe YLabOe j ceOOeV dpcULWeV 

SaU CKRQg eW YaPada, ceSeQdaQW Va PLVe eQ °XYUe QpceVVLWe de PaLWULVeU Oa V\QWKqVe dX caWaO\VeXU 

d¶LULdLXP 24. 

                                                      
19 C. SPLW, M. W. FUaaLMe, A. J. MLQQaaUd, J. Org. Chem. 2008, 73, 9482±9485. 
20 TURVW, B. M.; MaWa, G. Angew. Chem-Int. Ed. 2018, 57, 12333±12337. 
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3.1.4.  S\QWKqVe de HeOPcKeQ 

UQ deUQLeU e[ePSOe de V\QWKqVe LPSOLTXaQW XQe dpcRQQe[LRQ CĮ-N a pWp dpcULW eQ 2013 SaU 

HeOPcKeQ.21 CeWWe aSSURcKe dpbXWe de Oa PrPe faoRQ TXe Oa SUpcpdeQWe aYec Oa SUpSaUaWLRQ dX 

caUbRQaWe 31 j SaUWLU de O¶aOcRRO cLQQaPLTXe 30. CeW LQWeUPpdLaLUe VXbLW eQVXLWe XQe UpacWLRQ 

d¶aOO\OaWLRQ aV\PpWULTXe caWaO\Vpe SaU Oe cRPSOe[e d¶LULdLXP 33. La dLffpUeQce aYec Oa V\QWKqVe dpcULWe 

SaU FeULQga UpVLde daQV Oe faLW TXe Oe QXcOpRSKLOe XWLOLVp LcL eVW Oe PeWKR[\aPLde 32. Ce deUQLeU eVW SOXV 

aYaQWageX[ TXe O¶aPPRQLac caU LO SeUPeW XQ PeLOOeXU cRQWU{Oe de Oa UpacWLRQ d¶aON\OaWLRQ. L¶pWaSe 

VXLYaQWe eVW XQe PpWaWKqVe effecWXpe afLQ d¶RbWeQLU XQ S\UUROLdRQe a�E LQVaWXUpe, TXL Ya LPPpdLaWePeQW 

rWUe UpdXLWe SaU acWLRQ de NaBH4 eQ SUpVeQce de NLCO2 VaQV SXULfLcaWLRQ SUpaOabOe afLQ d¶pYLWeU Oa 

fRUPaWLRQ dX SURdXLW 35¶.  

UQe SUePLqUe WeQWaWLYe d¶RbWeQWLRQ de O¶KpWpURc\cOe a]RWp dpSURWpgp SaU WUaLWePeQW dX cRPSRVp 35 

aYec Oe bURPXUe de SKpQ\OPagQpVLXP, VXLYL SaU XQe K\dURgpQaWLRQ aX QLcNeO de RaQe\, a cRQdXLW j 

LVROeU Oa S\UUROLdLQe (S,R)-8 aYec XQ UeQdePeQW de 76% eW XQe dLaVWpUpRVpOecWLYLWp de 98:2. NpaQPRLQV, 

daQV Oe bXW de dpYeORSSeU XQe YRLe de V\QWKqVe PRdXOabOe, Oe gURXSe de HeOPcKeQ a aXVVL dpcULW deV 

cRQdLWLRQV SRXYaQW PeQeU j O¶aXWUe dLaVWpUpRLVRPqUe.  PRXU ce faLUe, Oe cRPSRVp 35 eVW UpdXLW eQ 

KePLaPLQaO SaU Oe DIBAL-H, aYaQW de VXbLU XQe UpacWLRQ de dpVK\dUaWaWLRQ eQ SUpVeQce d¶acLde 

acpWLTXe. L¶LRQ LPLQLXP fRUPp UpagLW eQVXLWe eQ SUpVeQce de bURPXUe de SKpQ\OPagQpVLXP SRXU 

cRQdXLUe aX cRPSRVp trans-36 aYec XQ UeQdePeQW PRdeVWe de 32%.  

Le gURXSe a aXVVL RbVeUYp Oa fRUPaWLRQ de O¶LVRPqUe cis-36 LVROp aYec XQ UeQdePeQW de 10%. EQfLQ, 

XQe UpdXcWLRQ aX ]LQc daQV deV cRQdLWLRQV acLdeV cRQdXLW j Oa S\UUROLdLQe fLQaOe dpVLUpe aYec XQ 

UeQdePeQW de 95% (ScKpPa 4). 

                                                      
21 M. JlNeO, J. QX, T. ScKQLW]eU, G. HeOPcKeQ, Chem. Eur. J. 2013, 19, 16746±16755. 
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SchpPa 4 - S\QWhqVe de HeOPcheQ. 

3.2.  CĮ-CaU\O dpcRQQe[LRQ  
3.2.1.  S\QWKqVe d¶OQXPXUa 

La VWUaWpgLe de dpcRQQe[LRQ CĮ-CaU\O a pWp eQYLVagpe eQ SUePLeU eQ 2008 SaU Oe gURXSe d¶OQRPXUa, 

afLQ de PeWWUe eQ SOace XQe YRLe de V\QWKqVe pQaQWLRVpOecWLYe de Oa S\UUROLdLQe trans-(2S,5S)-

dLPpVLW\OS\UUROLdLQe (S,S)-42.22 La V\QWKqVe dpbXWe SaU Oa dRXbOe SURWecWLRQ de Oa SUROLQe 37 SaU XQe 

UpacWLRQ d¶eVWpULfLcaWLRQ de Oa SaUWLe acLde eW d¶aPLdLfLcaWLRQ de Oa SaUWLe aPLQe. PaU Oa VXLWe, XQe 

R[\daWLRQ aQRdLTXe SeUPeW O¶LQWURdXcWLRQ dX gURXSePeQW PpWKR[\ eQ SRVLWLRQ 2 dX cRPSRVp 38. Ce 

deUQLeU VXbL eQVXLWe XQe UpacWLRQ d¶aU\OaWLRQ eQ SUpVeQce d¶XQ acLde de LeZLV SRXU RbWeQLU Oe cRPSRVp 

39 aYec XQ bRQ UeQdePeQW eW XQe bRQQe VpOecWLYLWp de 89:11 eQ faYeXU dX VWpUpRLVRPqUe trans (ScKpPa 

5).  

                                                      
22 O. OQRPXUa, P. G. KLULUa, T. TaQaNa, S. TVXNada, Y. MaWVXPXUa, Y. DePL]X, Tetrahedron Lett. 2008, 64, 7498±7503. 
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SchpPa 5 - S\QWhqVe d¶OQRPXUa. 

Le cKRL[ dX gURXSePeQW SURWecWeXU de O¶a]RWe eVW XQ SRLQW SULPRUdLaO SRXU Oa VpOecWLYLWp de Oa UpacWLRQ. 

LeV LQWeUPpdLaLUeV cOpV de ceWWe V\QWKqVe VRQW OeV LRQV caUbpQLXPV eW LPLQLXPV LOOXVWUpV daQV Oa fLgXUe 

cL-deVVRXV (FLgXUe 9). EQ effeW, ORUVTXe Oe VXbVWLWXaQW SURWecWeXU eVW XQ fRUPaPLde RQ QRWe XQe WUqV 

faLbOe VpOecWLYLWp (57:43 r.d.). EQ UeYaQcKe ORUVTXe O¶a]RWe eVW SURWpgp VRXV fRUPe de caUbaPaWe RX 

d¶aPLde, XQe WRWaOe VpOecWLYLWp cis (0/100 r.d.) RX SUpfpUeQWLeOOe trans (89/11 r.d.) VRQW UeVSecWLYePeQW 

RbWeQXeV. EQ effeW, ORUVTXe Oe gURXSePeQW SURWecWeXU eVW de W\Se caUbaPaWe, OeV acLdeV de LeZLV SeXYeQW 

V¶aVVRcLeU j ceV deUQLeUV eW faYRULVeU O¶LQWeUPpdLaLUe caUbpQLXP TXL cRQdXLW aX VWpUpRLVRPqUe cis. Le 

caV cRQWUaLUe eVW RbVeUYp SRXU OeV aPLdeV, faLbOePeQW cRRUdLQaQWV, caU LOV RULeQWeQW Oe V\VWqPe YeUV Oa 

fRUPaWLRQ de O¶LQWeUPpdLaLUe LPLQLXP TXL faYRULVeUa O¶aSSURcKe trans SaU UaSSRUW aX VXbVWLWXaQW eVWeU 

eQ SRVLWLRQ 5 (FLgXUe 8). 

 

FigXUe 8 ± FigXUe e[SOicaWiYe de O¶iQdXcWiRQ aV\PpWUiTXe daQV Oa V\QWhqVe d¶OQRPXUa. 

DaQV Oa VXLWe de Oa V\QWKqVe dpcULWe SaU OQRPXUa, Oe SURdXLW 39 eVW VaSRQLfLp eW UecULVWaOOLVp afLQ de 

cRQdXLUe j O¶acLde pQaQWLRSXU cRUUeVSRQdaQW. CeW LQWeUPpdLaLUe eVW eQVXLWe eQgagp daQV XQe UpacWLRQ de 

dpcaUbR[\OaWLRQ pOecWURcKLPLTXe daQV Oe PpWKaQRO SRXU abRXWLU aX cRPSRVp 40 VRXV Oa fRUPe d¶XQ 

PpOaQge de dLaVWpUpRLVRPqUeV.  



IQWURdXcWLRQ GpQpUaOe 
 

 

24 

FLQaOePeQW, OeV PrPeV cRQdLWLRQV d¶aU\OaWLRQ VRQW UeSURdXLWeV SRXU V\QWKpWLVeU Oe cRPSRVp 41 aYec XQ 

UeQdePeQW de 88% eW XQe VpOecWLYLWp SaUfaLWe. Le gURXSePeQW SURWecWeXU de O¶a]RWe eVW eQfLQ pOLPLQp eQ 

2 pWaSeV : XQe UpdXcWLRQ dX beQ]R\Oe eQ beQ]\Oe SXLV XQe K\dURgpQaWLRQ UpaOLVpe aYec Oe caWaO\VeXU de 

PeaUOPaQ cRQdXLVeQW aX dpULYp N-H OLbUe (S,S)-42 LVROp aYec XQ UeQdePeQW de 81% VXU 2 pWaSeV. 

3.2.2.  S\QWKqVe de CaPSRV 

UQe deV YRLeV OeV SOXV SRSXOaLUeV daQV Oa OLWWpUaWXUe SRXU SUpSaUeU OeV S\UUROLdLQeV 2,5-dLVXbVWLWXpeV a 

pWp dpYeORSSpe SaU CaPSRV eW VRQ gURXSe j MeUcN eQ 2006.23 CeWWe PpWKRdRORgLe cRQVLVWe eQ XQe 

SUePLqUe pWaSe de dpSURWRQaWLRQ pQaQWLRVpOecWLYe de Oa SRVLWLRQ eQ a de O¶a]RWe de Oa S\UUROLdLQe 43, eQ 

SUpVeQce de sec-BXLL eW d¶XQe TXaQWLWp VW°cKLRPpWULTXe de O¶pQaQWLRPqUe ( ࡳ ) de Oa VSaUWpLQe. 

L¶LQWeUPpdLaLUe OLWKLp aLQVL fRUPp VXbLW XQe UpacWLRQ de WUaQVPpWaOOaWLRQ SaU acWLRQ dX dLcKORUXUe de 

]LQc SRXU gpQpUeU O¶RUgaQR]LQcLTXe cRUUeVSRQdaQW. FLQaOePeQW, ce deUQLeU eVW eQgagp daQV XQ cRXSOage 

de NegLVKL aYec Oe bURPXUe d¶aU\Oe adpTXaW. CeWWe PpWKRde SeUPeW O¶accqV j XQe OaUge gaPPe de 

S\UUROLdLQeV VXbVWLWXpeV eQ SRVLWLRQ 2 aYec deV gURXSePeQWV aU\OeV aXVVL bLeQ ULcKeV TXe SaXYUeV eQ 

pOecWURQV. LeV VpOecWLYLWpV VRQW e[ceOOeQWeV eW OeV UeQdePeQWV VRQW bRQV. NpaQPRLQV, O¶XWLOLVaWLRQ ( ࡳ ) de 

Oa VSaUWpLQe, OLPLWe ceWWe YRLe de  V\QWKqVe j O¶RbWeQWLRQ d¶XQ VeXO LVRPqUe (ScKpPa 6). 

 

SchpPa 6 - S\QWhqVe de CaPSRV. 

3.2.3.  ASSOLcaWLRQ de Oa V\QWKqVe de CaPSRV 

CeWWe V\QWKqVe a pWp UeSULVe SaU OeV gURXSeV de TURVW eW DeQPaUN, afLQ de cRQVWUXLUe de QRXYeaX[ 

RUgaQRcaWaO\VeXUV aYec deV QR\aX[ aURPaWLTXeV dLffpUeQWV eQ SRVWLRQV 2 eW 5.24-25 CeV PRWLfV TXL VRQW 

eQ gpQpUaO aVVe] cRPSOe[eV j RbWeQLU SaU OeV PpWKRdeV cOaVVLTXeV de YaPada eW CKRQg, RQW SX rWUe 

LVROpV eQ 3 pWaSeV j SaUWLU de Oa VLPSOe S\UUROLdLQe 43 aYec XQe e[ceOOeQWe dLaVWpUpRVpOecWLYLWp. TURVW eW 

DeQPaUN RQW aXVVL dpPRQWUp TXe Oa VecRQde UpacWLRQ d¶aU\OaWLRQ Ve faLVaLW PRLQV bLeQ TXe Oa SUePLqUe, 

QRWaPPeQW j caXVe de Oa cRPSpWLWLRQ eQWUe OeV deX[ SRVLWLRQV acLdeV eQ a de O¶a]RWe TXL Qe VRQW SOXV 

pTXLYaOeQWeV aSUqV O¶LQWURdXcWLRQ dX SUePLeU VXbVWLWXaQW aURPaWLTXe (ScKpPa 7). 

                                                      
23 K. R. CaPSRV, A. KOaSaUV, J. H. WaOdPaQ, P. G. DRUPeU, C. CKeQ, J. Am. Chem. Soc. 2006, 128, 3538±3539. 
24 B. M. TURVW, S. M. SLOYeUPaQ, J. P. SWaPbXOL, J. Am. Chem. Soc. 2011, 133, 19483±19497. 
25 S. E. DeQPaUN, W.-T. T. CKaQg, K. N. HRXN, P. LLX, J. Org. Chem. 2015, 80, 313±366. 
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SchpPa 7 - S\QWhqVe de CaPSRV XWiOiVpe SaU TURVW eW DeQPaUN. 

SXLWe j ceOa, Oa dpcRQQe[LRQ CĮ-CaU\O a pWp XWLOLVpe TXeOTXeV aQQpeV SOXV WaUd eQ 2018 SaU SeLdeO.26 UQ 

VcKpPa V\QWKpWLTXe eQ 2 pWaSeV UaSSeOaQW ceOXL d¶OQRPXUa eVW LcL XWLOLVp. La S\UUROLdLQe 48 eVW R[\dpe 

in situ eQ LPLQe aYaQW de UpagLU aYec dLffpUeQWV aU\OOLWKLXPV. L¶LPLQe eVW gpQpUpe UaSLdePeQW SaU 

dpSURWRQaWLRQ de O¶a]RWe, LQdXLVaQW aORUV XQ WUaQVfeUW d¶K\dUXUe j SaUWLU dX caUbRQe Ca
 VXU XQ acceSWeXU 

de W\Se beQ]RSKpQRQe. CeWWe YRLe de V\QWKqVe SeUPeW O¶RbWeQWLRQ dX SURdXLW trans e[cOXVLYePeQW. CeWWe 

VWpUpRVeOecWLYLWp eVW dXe j O¶aWWaTXe de O¶aU\OOLWKLXP VXU Oe c{Wp Oe PRLQV eQcRPbUp de O¶LPLQe. La 

VpTXeQce SeXW rWUe aXVVL XWLOLVpe VXU deV VXbVWUaWV pQaQWLReQULcKLV, eW OeV SURdXLWV cRUUeVSRQdaQWV VRQW 

aORUV RbWeQXV aYec de bRQV UeQdePeQWV eW VaQV UacpPLVaWLRQ (ScKpPa 8).  

 

SchpPa 8 - S\QWhqVe de SeideO. 

                                                      
26 W. CKeQ, L. Ma, A. PaXO, D. SeLdeO, Nat. Chem 2018, 10, 165±169 
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3.3.  CĮ-CE�dpcRQQe[LRQ  
CRQceUQaQW ceWWe VWUaWpgLe, eOOe Q¶a pWp TXe WUqV SeX XWLOLVpe. DaQV Oa OLWWpUaWXUe, OeV VeXOV e[ePSOeV 

dpcULWV VRQW deV YRLeV de V\QWKqVeV UacpPLTXeV. CeSeQdaQW eOOe a pWp aVVRcLpe aX[ aXWUeV W\SeV de 

dpcRQQe[LRQV TXL RQW pWp dLVcXWpeV SUpcpdePPeQW afLQ d¶RbWeQLU deV SURdXLWV pQaQWLReQULcKLV, VXMeW TXL 

eVW SUpVeQWp daQV Oe SaUagUaSKe VXLYaQW.  

3.4.  S\QWKqVeV cRPbLQaQW SOXVLeXUV dpcRQQe[LRQV 
3.4.1.  S\QWKqVe de HLgaVKL\aPa 

EQ 1994, Oe gURXSe de HLgaVKL\aPa a dpYeORSSp Oa SUePLqUe YRLe V\QWKpWLTXe YeUV Oe PRWLf S\UUROLdLQe 

2,5-dLVXbVWLWXp trans eQ cRPbLQaQW OeV W\SeV de dpcRQQe[LRQV CĮ-CaU\O eW CĮ-CE.27  

EOOe dpbXWe SaU Oa fRUPaWLRQ de O¶LPLQe 44 UpVXOWaQW de Oa cRQdeQVaWLRQ d¶aOdpK\deV aURPaWLTXeV aYec 

Oe (R)-PKpQ\OgO\cLQRO. CeWWe LPLQe, eQ pTXLOLbUe aYec Oa fRUPe R[a]ROLQe 45, eVW WUaLWpe aYec XQ UpacWLf 

de GULgQaUd, SRXU cRQdXLUe aX[ acpWaOV de cRQfLgXUaWLRQV (R,R) aYec de bRQV UeQdePeQWV. L'aWWaTXe 

QXcOpRSKLOe KaXWePeQW dLaVWpUpRVpOecWLYe, eVW e[SOLTXpe daQV Oe VcKpPa cL-deVVRXV (ScKpPa 8). La 

cKpOaWLRQ eQWUe Oa fRQcWLRQ aONR[\ eW O¶a]RWe de O¶LPLQe LQdXLW XQ eQcRPbUePeQW de Oa face Si SaU Oe 

SKpQ\Oe, Oe QXcOpRSKLOe aSSURcKe dRQc SaU Oa face RSSRVpe Re. UQe dpSURWecWLRQ de O¶acpWaO 46 eVW 

eQVXLWe UpaOLVpe daQV deV cRQdLWLRQV acLdeV eW abRXWLW j Oa fRUPaWLRQ d¶XQe R[a]ROLdLQe LQWeUPpdLaLUe. 

CeWWe deUQLqUe VXbLW aORUV XQe UpacWLRQ d¶aU\OaWLRQ afLQ de fRUPeU OeV S\UUROLdLQeV SURWpgpeV 48 aYec 

deV UeQdePeQWV d¶eQYLURQ 80%.  

PRXU e[SOLTXeU O¶RbWeQWLRQ d¶XQ XQLTXe LVRPqUe, OeV aXWeXUV PeWWeQW eQ aYaQW Oa grQe VWpULTXe cUppe SaU 

OeV QR\aX[ aURPaWLTXeV VXU Oa face Re de O¶LPLQe LVVXe de O¶RXYeUWXUe de O¶R[a]ROLQe 47. FLQaOePeQW, 

Oa UpacWLRQ de dpSURWecWLRQ SRXU fRXUQLU Oa S\UUROLdLQe VRXKaLWpe eVW UpaOLVpe eQ deX[ pWaSeV SaU 

aSSOLcaWLRQ de Oa cKLPLe dpcULWe SaU Me\eUV eW BXUgeVV.28 L¶LQWeUPpdLaLUe 48 eVW d¶abRUd WUaQVfRUPp eQ 

VRQ dpULYp WKLR-SKpQ\Oe, aYaQW TXe O¶aX[LOLaLUe cKLUaO Qe VRLW cRXSp VRXV fRUPe de VW\UqQe VRXV 

cRQdLWLRQV UadLcaOaLUeV. LeV UeQdePeQWV VXU OeV deX[ pWaSeV VRQW bRQV, aYec XQe PR\eQQe de 78% SaU 

pWaSeV VXcceVVLYeV (ScKpPa 9).  

                                                      
27 K. HLgaVKL\aPa, H. IQRXe, H. TaNaKaVKL, Tetrahedron Lett. 1994, 50, 1083±1092. 
28 A. I. Me\eUV, L. E. BXUgeVV, J. Org. Chem. 1991, 56, 2294±2296. 
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SchpPa 9 - S\QWhqVe d¶HigaVhi\aPa.  

3.4.2.  S\QWKqVe de DaYLeV 

EQ 2006, DaYLV a pgaOePeQW V\QWKpWLVp de PaQLqUe pQaQWLRVpOecWLYe Oa (2R,5R)-dLSKpQ\O-S\UUROLdLQe, 

eQ V¶aSSX\aQW VXU deV dpcRQQe[LRQV CĮ-N eW CĮ-CE.29 Ce WUaYaLO cRPPeQce SaU Oa SUpSaUaWLRQ de Oa 

VXOfLQ\OLPLQe 52 j SaUWLU dX dpULYp ( ࡳ)-PeQWKRO 51, cRPPeUcLaOePeQW dLVSRQLbOe, aYec XQ e[ceOOeQW 

UeQdePeQW. UQe UpacWLRQ de MaQQLcK eVW eQVXLWe UpaOLVpe eQWUe Oe dpULYp 52 eW O¶pQROaWe fRUPp j SaUWLU 

de O¶aPLde de WeLQUeb 53, ce TXL cRQdXLW j Oa fRUPaWLRQ dX E-aPLQR aPLde 54 aYec XQe 

dLaVWpUpRVpOecWLYLWp de 85:15.  Le SURdXLW dLaVWpUpRSXU eVW RbWeQX aSUqV UecULVWaOOLVaWLRQ aYec XQ 

UeQdePeQW de 65%. L¶LQWeUPpdLaLUe 54 eVW eQVXLWe UpdXLW eQ aOdpK\de, SRXU rWUe WUaQVfRUPp eQ ROpfLQe 

SaU UpacWLRQ de WLWWLg aYec XQe VpOecWLYLWp aVVe] faLbOe (66:34 E/Z). Le gURXSe de DaYLV Q¶a SaV WeQWp 

O¶RSWLPLVaWLRQ de ceWWe pWaSe eW Oa V\QWKqVe Ve SRXUVXLW SaU O¶R[\daWLRQ de Oa SaUWLe VXOfLQ\Oe de Oa 

PROpcXOe 55 eQ WRV\OaPLde aYec XQ UeQdePeQW de 69%, VaQV cKaQgePeQW de VpOecWLYLWp. CeV PrPeV 

cRQdLWLRQV VRQW UpXWLOLVpeV afLQ de PeQeU j Oa S\UUROLdLQe 57 aYec XQ UeQdePeQW de 58 % eW XQe 

                                                      
29 F. A. DaYLV, M. SRQg, A. AXgXVWLQe, J. Org. Chem. 2006, 71, 2779±2786. 
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e[ceOOeQWe dLaVWpUpRVpOecWLYLWp. La VWpUpRcKLPLe de 57 SeXW rWUe e[SOLTXpe SaU O¶LQWeUacWLRQ VWpULTXe 

RbVeUYpe VXU O¶LQWeUPpdLaLUe syn-56 TXL cRQdXLW j O¶aXWUe VWpUpRLVRPqUe. 

La V\QWKqVe Ve WeUPLQe SaU XQe UpacWLRQ de dpLRdaWLRQ eQ SUpVeQce d¶K\dUXUe de WUL-bXW\OpWaLQ, TXL 

V¶effecWXe de PaQLqUe TXaQWLWaWLYe, eW XQe UpdXcWLRQ de BLUcK afLQ de cRXSeU Oa SaUWLe VXOfRQ\Oe TXL 

SeUPeW Oa fRUPaWLRQ de Oa S\UUROLdLQe (R,R)-8 aYec XQ UeQdePeQW PR\eQ de 47% (ScKpPa 10). 

 

SchpPa 10 - S\QWhqVe de DaYieV. 

3.4.3.  S\QWKqVe de PLKNR 

La deUQLqUe V\QWKqVe, XWLOLVaQW XQe aSSURcKe PL[aQW OeV dpcRQQe[LRQV, a pWp SXbOLpe SaU PLKNR eQ 2016.8 

La S\UUROLdLQe trans-63 eVW V\QWKpWLVpe de PaQLqUe pQaQWLRVpOecWLYe eQ 9 pWaSeV. Le SUePLeU VXbVWLWXaQW, 

eQ SRVLWLRQ 2, eVW LQVWaOOp SaU XQe UpacWLRQ d¶addLWLRQ QXcOpRSKLOe WLUaQW SURfLW dX VWpUpRceQWUe dpMj 

SUpVeQW VXU O¶acLde S\URgOXWaPLTXe (S)-59. Le VecRQd, eQ SRVLWLRQ 5 eVW TXaQW j OXL LQWURdXLW SaU XQe 

aSSURcKe CĮ-CaU\O.  

DaQV XQ SUePLeU WePSV O¶pQaQWLRPqUe (S) de O¶acLde S\UROgOXWaPLTXe eVW SURWpgp VXU Va SaUWLe a]RWe eW 

acLde, aYec de WUqV bRQV UeQdePeQWV eW VaQV UacpPLVaWLRQ. UQe UpdXcWLRQ dX OacWaPe eQ KpPLaPLQaO eVW 

UpaOLVpe j O¶aLde dX VXSeUK\dUXUe, aYaQW Oa fRUPaWLRQ de O¶pWKeU d¶KpPLaPLQaO (2S)-61 eQ PLOLeX acLde 

daQV Oe PpWKaQRO. Ce deUQLeU eVW eQVXLWe aU\Op YLa O¶LPLQLXP cRUUeVSRQdaQW j O¶aLde d¶XQ cXSUaWe de 

SKpQ\Oe, afLQ d¶abRXWLU aX cRPSRVp trans-62 aYec XQ UeQdePeQW de 70% VXU WURLV pWaSeV. Ce dpULYp de 

SUROLQe eVW eQVXLWe VaSRQLfLp, cRXSOp aYec dX 1,2 dLaPLQRbeQ]qQe eW c\cOLVp daQV deV cRQdLWLRQV acLdeV 

eQ beQ]LPLda]ROe.  
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La V\QWKqVe eVW cRQcOXe SaU XQe UpacWLRQ de dpSURWecWLRQ dX gURXSePeQW BRc UpaOLVpe daQV Oe TFA, 

SRXU cRQdXLUe j Oa S\UUROLdLQe trans-63 aYec XQ UeQdePeQW de 64% VXU TXaWUe pWaSeV. La PpWKRde eVW 

ceUWeV ORQgXe (9 pWaSeV), PaLV eOOe SeUPeW O¶accqV j deV S\UUROLdLQeV dLVV\PpWULTXeV de PaQLqUe effLcace 

eW aYec XQe VpOecWLYLWp SaUfaLWe (ScKpPa 11). 

 

SchpPa 11 - S\QWhqVe de PiNhR. 

3.5.  AXWUeV YRLeV de V\QWKqVeV aV\PpWULTXeV de S\UUROLdLQeV  
DaQV Oa OLWWpUaWXUe, LO e[LVWe pgaOePeQW deV YRLeV j O¶LVVXe deVTXeOOeV deV S\UUROLdLQeV aXWUePeQW 

VXbVWLWXpeV VRQW LVROpeV, WeOOeV TXe deV 2,5-dLaU\OS\UUROLdLQeV WRXMRXUV SURWpgpeV aX QLYeaX de O¶aWRPe 

d¶a]RWe. 

3.5.1.  S\QWKqVe de S]\PRQLaN 

La V\QWKqVe dpcULWe SaU S]\PRQLaN eQ 2012 SeUPeW d¶RbWeQLU Oa S\UUROLdLQe WRV\Ope 58.30 PUePLqUePeQW 

O¶LPLQe pQaQWLRSXUe (R)-64 eVW SUpSaUpe j SaUWLU dX (R)-SKpQ\OgO\cLQRO. L¶LPLQe eVW eQVXLWe aOO\Ope aYec 

XQ bRQ UeQdePeQW eW XQe e[ceOOeQWe VWpUpRVpOecWLYLWp, SRXU cRQdXLUe j O¶aPLQe (R,R)-65. DaQV Oa 

SXbOLcaWLRQ, OeV aXWeXUV pPeWWeQW O¶K\SRWKqVe d¶XQe cKpOaWLRQ eQWUe Oe ]LQc, O¶a]RWe, eW O¶R[\gqQe TXL 

SRUWe Oe gURXSePeQW PMB, afLQ d¶e[SOLTXeU Oa dLaVWpUpRVpOecWLYLWp de ceWWe pWaSe. EQfLQ Oe SURdXLW aPLQp 

65 eVW WUaQVfRUPp eQ 5 pWaSeV eQ S\UUROLdLQe WRV\Ope 58, LQcOXaQW Oa UpacWLRQ d¶LRdROacWRQLVaWLRQ dpcULWeV 

SaU O¶pTXLSe de DaYLV eQ 2006 (ScKpPa 12).29 

 

SchpPa 12 - S\QWhqVe de S]\PRQiaN. 

                                                      
30 P.-O. DeOa\e, J.-L. VaVVe, J. S]\PRQLaN, Org. Lett. 2012, 14, 3004±3007. 
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3.5.2.  S\QWKqVe de WaQg 

EQfLQ, Oa deUQLqUe V\QWKqVe SUpVeQWpe daQV ceWWe LQWURdXcWLRQ a pWp dpcULWe SaU WaQg eQ 2019.31 La 

VWUaWpgLe UeSRVe VXU Oa SUpSaUaWLRQ de O¶aPLQe KRPaOO\OLTXe cKLUaOe 68, j SaUWLU de O¶aOdLPLQe rac-66 

dpULYp de Oa (±)-OeXcLQe. DaQV Oa UpacWLRQ, Oe cRPSOe[e de cXLYUe SeUPeW Oa fRUPaWLRQ in situ d¶XQ \OXUe 

d¶a]RPpWKLQe SaU cKpOaWLRQ eQWUe O¶a]RWe eW Oe caUbRQ\Oe de O¶eVWeU, TXL UpagLW LQVWaQWaQpPeQW aYec Oe 

cRPSOe[e�S-aOO\Oe-IU SRXU abRXWLU j O¶LQWeUPpdLaLUe 67 aYec XQe VpOecWLYLWp SaUfaLWe. Ce deUQLeU VXbLW 

XQ UpaUUaQgePeQW d¶a]a-CRSe eW deX[ pWaSeV VXSSOpPeQWaLUeV VRQW QpceVVaLUeV SRXU RbWeQLU Oa 

S\UUROLdLQe (S,S,S)-69 VRXV Oa fRUPe d¶XQ VeXO LVRPqUe, aYec XQ UeQdePeQW de 72% VXU OeV 2 pWaSeV 

(ScKpPa 13). 

 

SchpPa 13 - S\QWhqVe de WaQg. 

 

 

 

 

 

                                                      
31 L. WeL, Q. ZKX, L. XLaR, H.-Y. TaR, C.-J. WaQg, Nat. Commun. 2019, 10, 1594. 
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  PUpVeQWaWLRQ dX SURMeW de WKqVe 
LeV aYaQcpeV UpaOLVpeV j ce MRXU daQV Oe dRPaLQe de Oa fRQcWLRQQaOLVaWLRQ C ࡳ ࡳH RQW abRXWL j Oa 

dpcRXYeUWe de QRXYeOOeV PpWKRdeV SRXU O¶LQVeUWLRQ d¶aWRPeV d¶a]RWe VXU deV VXbVWUaWV dpQXpV de 

fRQcWLRQV cKLPLTXeV. EOOeV RffUeQW Oa SRVVLbLOLWp de cRQceYRLU de QRXYeOOeV dLVcRQQecWLRQV eQ 

UpWURV\QWKqVe daQV Oa SeUVSecWLYe de SUpSaUeU deV PROpcXOeV cRPSOe[eV eQ SeX d¶pWaSeV eW de PaQLqUe 

VWpUpRcRQWU{Ope. EQ SaUWLcXOLeU, QRXV YeUURQV daQV O¶LQWURdXcWLRQ dX cKaSLWUe III cRPPeQW OeV UpacWLRQV 

de fRQcWLRQQaOLVaWLRQ C ࡳ ࡳH caWaO\WLTXeV LQWUaPROpcXOaLUeV RQW SeUPLV de dpYeORSSeU de QRXYeOOeV 

VWUaWpgLeV d¶accqV dLUecW j deV S\UUROLdLQeV VXbVWLWXpeV eQ C-2 eW C-5, TXL Ve UpYqOeQW cRPSOpPeQWaLUeV 

de ceOOeV dpcULWeV daQV ceWWe LQWURdXcWLRQ gpQpUaOe.  

LeV WUaYaX[ UpaOLVpV daQV Oe cadUe de ceWWe WKqVe V¶LQVcULYeQW daQV ce cRQWe[We. POXV SUpcLVpPeQW, 

O¶RbMecWLf a pWp de dpPRQWUeU Oa SRVVLbLOLWp de SUpSaUeU deV S\UUROLdLQeV dLUecWePeQW j SaUWLU de VXbVWUaWV 

QRQ-fRQcWLRQQaOLVpV WeOV TXe deV aOcaQeV. UQe WeOOe VWUaWpgLe SeUPeWWUaLW de YaORULVeU ceV PROpcXOeV 

SaUPL OeV SOXV VLPSOeV eW abRQdaQWeV de Oa cKLPLe RUgaQLTXe, eW SRXUWaQW dpdLpeV XQLTXePeQW j Oa 

SURdXcWLRQ d¶pQeUgLe SaU OeXU dpcRPSRVLWLRQ WKeUPLTXe eQ CO2 eW H2O. DaQV ce bXW, QRXV aYRQV 

eQYLVagp XQ VcKpPa de V\QWKqVe LPSOLTXaQW XQe SUePLqUe pWaSe caWaO\WLTXe d¶aPLQaWLRQ C ࡳ ࡳH 

LQWeUPROpcXOaLUe QRQ dLULgpe VXLYLe d¶XQe deX[LqPe pWaSe d¶aPLQaWLRQ C ࡳ ࡳH LQWUaPROpcXOaLUe. EQ 

LQcOXaQW XQe deUQLqUe pWaSe de dpSURWecWLRQ, c¶eVW aX fLQaO XQe VpTXeQce de 3 pWaSeV TXL dRLW dRQQeU 

accqV aX[ S\UUROLdLQeV 2,5-dLVXbVWLWXpeV, VXMeW TXL Ya faLUe O¶RbMeW deV deX[ SUePLeUV cKaSLWUeV de ce 

PaQXVcULW (FLgXUe 10). 
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- E[ceOOeQW UpgiR eW VWpUpRcRQWU{Oe
- ASSOicaWiRQ aX[ ViPSOeV aOcaQeV

 

FigXUe 10 ± S\QWhqVe de S\UUROidiQeV pQaQWiRSXUeV j SaUWiU d¶h\dURcaUbXUeV. 

EQ SaUaOOqOe, PeV WUaYaX[ de WKqVe RQW pWp cRQVacUpV j Oa V\QWKqVe WRWaOe d¶XQe PROpcXOe QaWXUeOOe LVROpe 

j O¶ICSN SaU O¶pTXLSe dX DU. J. OXa]]aQL, Oa CUaPbeVcLQe B281. AYec O¶RbMecWLf de cLbOeU Oa V\QWKqVe 

d¶aQaORgXeV, QRXV aYRQV cRQoX XQe VWUaWpgLe LPSOLTXaQW cRPPe pWaSeV cOpV deX[ UpacWLRQV d¶aPLQaWLRQ 

SaU LQVeUWLRQ C ࡳ ࡳH de QLWUqQeV (FLgXUe 11). CeV WUaYaX[ feURQW O¶RbMeW dX deUQLeU cKaSLWUe de ce PpPRLUe. 
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FigXUe 11 ± RpWURV\QWhqVe d¶aQaORgXeV d¶XQe PROpcXOe QaWXUeOOe Oa cUaPbeVciQ B281. 
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 IQWURdXcWLRQ eW RbMecWLfV 
La V\QWKqVe d¶KpWpURc\cOeV eW, eQ SaUWLcXOLeU, de S\UUROLdLQeV pQaQWLRPpULTXePeQW SXUeV RccXSe XQe 

SOace LPSRUWaQWe daQV Oa cKLPLe RUgaQLTXe PRdeUQe. Ce SUePLeU cKaSLWUe dpWaLOOe Oa VWUaWpgLe eQYLVagpe 

SaU Oe OabRUaWRLUe daQV Oe bXW de dpYeORSSeU XQe QRXYeOOe YRLe d¶accqV aX[ PRWLf S\UUROLdLQeV 2,5-

dLVXbVWLWXpeV (FLgXUe 12). 

N
H

a d
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R2  

FigXUe 12 - SWUXcWXUe deV S\UUROidiQeV YiVpeV. 

DaQV O¶LQWURdXcWLRQ gpQpUaOe de ce PpPRLUe, OeV dLffpUeQWeV V\QWKqVeV pQaQWLRVpOecWLYeV de ceWWe faPLOOe 

de cRPSRVpV RQW pWp dpWaLOOpeV. NRPbUe d¶eQWUe eOOeV VXLYeQW deV VcKpPaV cOaVVLTXeV de V\QWKqVe PXOWL 

pWaSeV UeSRVaQW VXU Oa WUaQVfRUPaWLRQ de fRQcWLRQV cKLPLTXeV. C¶eVW daQV ce cRQWe[We TX¶a pWp cRQoXe 

XQe QRXYeOOe VWUaWpgLe de V\QWKqVe VWpUpRVpOecWLYe de S\UUROLdLQeV 2,5-dLVXbVWLWXpeV SaU aSSOLcaWLRQ de 

UpacWLRQV d¶aPLQaWLRQ C(VS3) ࡳ ࡳH VXcceVVLYeV, cecL j SaUWLU de VXbVWUaWV dpQXpV de WRXW gURXSePeQW 

fRQcWLRQQeO.   

La VpTXeQce dpcULWe daQV Oe VcKpPa 13 a dRQc pWp LPagLQpe : XQe SUePLqUe pWaSe d¶aPLQaWLRQ SaU 

LQVeUWLRQ C(VS3) ࡳ ࡳH de QLWUqQeV SeUPeWWUaLW O¶LQWURdXcWLRQ d¶XQ aWRPe d¶a]RWe de faoRQ UpgLR eW 

VWpUpRcRQWU{Ope. PXLV, Oe SURdXLW aPLQp UpVXOWaQW VXbLUaLW XQe UpacWLRQ d¶aPLQaWLRQ UadLcaOaLUe de W\Se 

HRfPaQQ-LऺffOeU-FUe\Wag SRXU abRXWLU aX c\cOe a]RWp. CeV deX[ pWaSeV, OeXU aSSOLcaWLRQ eW OeXU 

RSWLPLVaWLRQ YRQW rWUe dpcULWeV daQV OeV deX[ cKaSLWUeV TXL VXLYeQW. 
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SchpPa 13 ± S\QWhqVe eQYiVagpe. 
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 FRUPaWLRQ de OLaLVRQV C ࡳ N SaU LQVeUWLRQ de QLWUqQeV 
La fRQcWLRQ aPLQe MRXe XQ U{Oe eVVeQWLeO daQV OeV VcLeQceV dX YLYaQW. De ce faLW, O¶abRQdaQce de O¶aWRPe 

d¶a]RWe daQV OeV PROpcXOeV bLRORgLTXePeQW acWLYeV, a cRQdXLW OeV cKLPLVWeV j dpYeORSSeU de 

QRPbUeXVeV PpWKRdeV de fRUPaWLRQ de OLaLVRQV C ࡳ N, SeUPeWWaQW VRQ LQcRUSRUaWLRQ effLcace aX VeLQ de 

dLffpUeQWeV PROpcXOeV.32  

¬ WLWUe d¶e[ePSOe VLgQLfLcaWLf, RQ SeXW cLWeU O¶aPLQaWLRQ UpdXcWULce de cRPSRVpV caUbRQ\OpV, Oa 

VXbVWLWXWLRQ QXcOpRSKLOe RX eQcRUe O¶aON\OaWLRQ d¶LPLQeV. CeSeQdaQW, ceV PpWKRdeV QpceVVLWeQW Oa 

SUpVeQce SUpaOabOe d¶XQ gURXSePeQW fRQcWLRQQeO SRXU Oa fRUPaWLRQ de Oa OLaLVRQ C ࡳ N.  
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FigXUe 13 - MpWhRdeV cOaVViTXeV de fRUPaWiRQ de OiaiVRQV C±N. 

POXV UpcePPeQW, aYec O¶aYqQePeQW de Oa caWaO\Ve RUgaQRPpWaOOLTXe, de QRXYeOOeV PpWKRdeV RQW YX Oe 

MRXU, WeOOeV TXe O¶K\dURaPLQaWLRQ eW Oa dLaPLQaWLRQ d¶ROpfLQeV,33 OeV UpacWLRQV de cRXSOage de BXcKZaOd-

HaUWZLg34 aX SaOOadLXP eW de CKaQ-LaP-EYaQV35 aX cXLYUe RX eQcRUe O¶aPLQaWLRQ aOO\OLTXe (FLgXUe 

13).36 CeSeQdaQW, WRXWeV UeSRVeQW eQcRUe VXU Oa cRQYeUVLRQ d¶XQe fRQcWLRQ. 

 

                                                      
32 (a) A. RLccL, Amino Group Chemistry: From Synthesis to the Life Sciences, JRKQ WLOe\ & SRQV, 2008. (b) R. HLOL, A. K. 
YXdLQ, Nat. Chem. Biol. 2006, 2, 284±287. 
33 (a)T. E. M�OOeU, K. C. HXOW]VcK, M. YXV, F. FRXbeOR, M. Tada, Chem. Rev. 2008, 108, 3795±3892. (b) R. M. de 
FLgXeLUedR, Angew. Chem. Int. Ed. 2009, 48, 1190±1193. 
34 P. RXL]-CaVWLOOR, S. L. BXcKZaOd, Chem. Rev. 2016, 116, 12564±12649 
35 J.-Q. CKeQ, J.-H. LL, Z.-B. DRQg, Adv. Synth. Catal. 2020, 362, 3311±3331. 
36 R. L. GUaQge, E. A. COL]be, P. A. EYaQV, Synthesis 2016, 48, 2911±2968 
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AfLQ de cRQWRXUQeU Oa SUpVeQce QpceVVaLUe de ceV gURXSePeQWV fRQcWLRQQeOV, OeV UpacWLRQV de 

fRQcWLRQQaOLVaWLRQV C ࡳ H caWaO\WLTXeV RQW pPeUgp cRPPe Oa VROXWLRQ SRXU cRQYeUWLU dLUecWePeQW, eW de 

PaQLqUe KaXWePeQW VpOecWLYe, XQe OLaLVRQ C ࡳ H eQ OLaLVRQ C ࡳ N.  EQ PaWLqUe de PpcaQLVPe, OeV UpacWLRQV 

d¶aPLQaWLRQ SaU fRQcWLRQQaOLVaWLRQ C ࡳ H SeXYeQW rWUe cOaVVpeV eQ deX[ caWpgRULeV. CeOOeV-cL dpSeQdeQW 

de dLffpUeQWV SaUaPqWUeV, WeOV TXe Oa QaWXUe de Oa VRXUce d¶a]RWe eW dX W\Se de caWaO\VeXU PpWaOOLTXe 

XWLOLVp daQV Oa UpacWLRQ (ScKpPa 14).37-38 

La SUePLqUe cOaVVe de UpacWLRQV dLWeV d¶acWLYaWLRQ C ࡳ H TXL SURcqdeQW daQV Oa VSKqUe LQWeUQe dX PpWaO, 

LPSOLTXe XQe SUePLqUe pWaSe de UXSWXUe de Oa OLaLVRQ C ࡳ H TXL cRQdXLW j Oa fRUPaWLRQ d¶XQ cRPSRVp 

RUgaQRPpWaOOLTXe. Ce deUQLeU Ya eQVXLWe UpagLU aYec Oe UpacWLf a]RWp SRXU dRQQeU Oe SURdXLW aWWeQdX. IO 

eVW gpQpUaOePeQW adPLV TXe OeV SRVLWLRQV OeV SOXV UpacWLYeV daQV ce W\Se de WUaQVfRUPaWLRQV VRQW ceOOeV 

TXL VRQW VWpULTXePeQW OeV SOXV acceVVLbOeV. 

DaQV Oe caV deV UpacWLRQV d¶LQVeUWLRQ C ࡳ H, Oa SUePLqUe pWaSe LPSOLTXe Oe dpSOacePeQW SaU Oe PpWaO de 

WUaQVLWLRQ d¶XQ gURXSePeQW KaXWePeQW QXcOpRfXge, WeO TX¶XQe PROpcXOe de dLa]RWe RX d¶LRdRbeQ]qQe. 

CeWWe pWaSe cOp cRQdXLW j Oa fRUPaWLRQ d¶XQe eVSqce KaXWePeQW UpacWLYe aSSeOpe PpWaOOaQLWUqQe, TXL SeXW 

SaU Oa VXLWe V¶LQVpUeU daQV Oa OLaLVRQ C ࡳ H d¶XQ VXbVWUaW. L¶abVeQce d¶LQWeUacWLRQ dLUecWe eQWUe Oe PpWaO 

eW Oa OLaLVRQ C ࡳ H cRQdXLW j dpcULUe ce PpcaQLVPe cRPPe SURcpdaQW eQ deKRUV de Oa VSKqUe de 

cRRUdLQaWLRQ dX PpWaO. 

 

SchpPa 14 - MpcaQiVPe d¶iQVeUWiRQ eW d¶acWiYaWiRQ C±H.  

                                                      
37 J. JLaR, K. MXUaNaPL, K. IWaPL, ACS Catal. 2016, 6, 610±633. 
38 Y. PaUN, Y. KLP, S. CKaQg, Chem. Rev. 2017, 117, 9247±9301. 
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 GpQpUaOLWpV VXU OeV QLWUqQeV 
UQ QLWUqQe eVW cRQVLdpUp cRPPe O¶aQaORgXe a]RWp d¶XQ caUbqQe. CRPPe ce deUQLeU, LO  

V¶agLW d¶XQe eVSqce QeXWUe pOecWURdpfLcLeQWe j OaTXeOOe LO PaQTXe 2 pOecWURQV de YaOeQce eW 2 OLaLVRQV. 

Ce WeUPe a pWp ePSOR\p SRXU Oa SUePLqUe fRLV eQ 1891 SaU TLePaQQ ORUV de O¶pWXde dX UpaUUaQgePeQW 

de LRVVeQ (ScKpPa 15).39 
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SchpPa 15 ± RpaUUaQgePeQW de LRVVeQ. 

Le dpfLcLW eQ pOecWURQV eW eQ OLaLVRQV faLW deV QLWUqQeV deV eVSqceV KaXWePeQW UpacWLYeV. ALQVL, LOV 

dpPRQWUeQW XQe gUaQde caSacLWp j V¶LQVpUeU daQV SOXVLeXUV W\SeV de OLaLVRQV WeOOeV TXe OeV OLaLVRQV C=C 

(a]LULdLQaWLRQ) RX OeV OLaLVRQV C ࡳ H (aPLQaWLRQ).  

Le QLWUqQe e[LVWe SULQcLSaOePeQW VRXV deX[ pWaWV : O¶pWaW VLQgXOeW R� OeV deX[ pOecWURQV VRQW daQV Oa 

PrPe RUbLWaOe eW O¶pWaW WULSOeW SRXU OeTXeO OeV deX[ pOecWURQV aYec deV VSLQV SaUaOOqOeV VRQW daQV deV 

RUbLWaOeV dLffpUeQWeV (FLgXUe 14). 
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FigXUe 14 - SWUXcWXUe pOecWURQiTXe deV QiWUqQeV eW deV PpWaOOaQiWUqQeV. 

IQLWLaOePeQW gpQpUpV SaU dpcRPSRVLWLRQ WKeUPLTXe RX SKRWRcKLPLTXe, OeV QLWUqQeV OLbUeV  

PRQWUeQW d¶aSUqV Oa UqgOe de HXQd XQe fRUWe caSacLWp j UeOa[eU YeUV O¶pWaW WULSOeW, SOXV VWabOe, eW j gpQpUeU 

aLQVL deV eVSqceV UadLcaOaLUeV, cRQdXLVaQW VRXYeQW j Oa fRUPaWLRQ de SOXVLeXUV SURdXLWV. L¶XWLOLVaWLRQ 

d¶XQ cRPSOe[e PpWaOOLTXe a SeUPLV de cRQWU{OeU Oa UpacWLYLWp deV QLWUqQeV eW d¶aPpOLRUeU Oa VpOecWLYLWp 

deV UpacWLRQV. EQ effeW, XQ PpWaO SRVVpdaQW XQ caUacWqUe j Oa fRLV ı-acceSWeXU eW ʌ-UpWURdRQQeXU, eVW 

                                                      
39 M. S. POaW], LQ React. Intermed. Chem., JRKQ WLOe\ & SRQV, LWd, 2003, SS. 501±559. 
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caSabOe de cRQdXLUe j XQ PpWaOOaQLWUqQe VWabLOLVp daQV O¶pWaW VLQgXOeW. C¶eVW eQ SaUWLcXOLeU Oe caV deV 

cRPSOe[eV de UKRdLXP(II), dRQW O¶XWLOLVaWLRQ faYRULVe deV UpacWLRQV cRQceUWpeV VWpUpRVSpcLfLTXeV 

d¶LQVeUWLRQ de QLWUqQeV. 

DLffpUeQWV cRPSRVpV a]RWpV RQW pWp dpcULWV cRPPe SUpcXUVeXUV de QLWUqQeV. L¶e[ePSOe SUpcpdeQW dX 

UpaUUaQgePeQW de LRVVeQ PRQWUe TXe deV dpULYpV N-R[\ VRQW d¶e[ceOOeQWeV VRXUceV de QLWUqQe TXL, daQV 

ce caV, SeXYeQW rWUe gpQpUp SaU a-pOLPLQaWLRQ d¶XQ gURXSePeQW N-ac\OR[aPLde daQV deV cRQdLWLRQV 

baVLTXeV. CeWWe PrPe VWUaWpgLe de gpQpUaWLRQ de QLWUqQeV a pWp aSSOLTXpe SOXV UpcePPeQW j SaUWLU de 

cRPSRVpV de W\Se N-(VXOfRQ\OR[\)-caUbaPaWe RX KaORaPLQe. 

LeV QLWUqQeV SeXYeQW aXVVL rWUe gpQpUpV SaV dpcRPSRVLWLRQ d¶a]RWXUeV via Oa OLbpUaWLRQ d¶XQe PROpcXOe 

de dLa]RWe, XQ SURceVVXV RSWLPaO eQ PaWLqUe d¶pcRQRPLe d¶aWRPeV. DaQV ce cRQWe[We, OeV dLR[a]RORQeV 

cRQVWLWXeQW XQe aXWUe VRXUce de QLWUqQe effLcace TXL eVW RbWeQX SaU XQe VLPSOe UpacWLRQ de 

dpcaUbR[\OaWLRQ caWaO\Vpe SaU XQ PpWaO de WUaQVLWLRQ aSSURSULp. 

EQfLQ, OeV LPLQRLRdaQeV, UpacWLfV de VWUXcWXUe gpQpUaOe PKI=NR, VRQW SaUPL OeV SUpcXUVeXUV de QLWUqQe 

OeV SOXV XWLOLVpV. IQLWLaOePeQW V\QWKpWLVpV eW LVROpV j SaUWLU de VXOfRQaPLdeV, deV PpWKRdeV de fRUPaWLRQ 

in situ de ceV UpacWLfV RQW SaU Oa VXLWe pWp dpYeORSSpeV SaU UpacWLRQ eQWUe XQe VRXUce a]RWpe eW XQ UpacWLf 

d¶LRde K\SeUYaOeQW (FLgXUe 15).40 
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FigXUe 15 - PUpcXUVeXUV de QiWUqQeV. 

 

                                                      
40 M. JX, J. M. ScKRPaNeU, Nat. Rev. Chem. 2021, 5, 580±594. 



CKaSLWUe 2 : APLQaWLRQ VWpUpRVpOecWLYe de OLaLVRQV C(VS3) ࡳ H SaU WUaQVfeUW de QLWUqQe caWaO\Vp aX UKRdLXP(II) 
 

 

40 

 eWaW de O¶aUW deV UpacWLRQV de WUaQVfeUWV caWaO\WLTXeV de QLWUqQe 

LeV SUePLqUeV UpacWLRQV d¶aPLQaWLRQ caWaO\VpeV SaU XQ PpWaO de WUaQVLWLRQ RQW pWp dpcULWeV j Oa fLQ deV 

aQQpeV 1960 SaU WURLV gURXSeV dLffpUeQWV. KZaUW, BUeVORZ eW TXUQeU RQW cKacXQ OeXU WRXU PLV aX SRLQW 

deV V\VWqPeV de dpcRPSRVLWLRQ d¶a]RWXUeV RX d¶KaORaPLQeV eQ SUpVeQce de cRPSOe[eV de cXLYUe eW de 

]LQc.41 

CeV WUaYaX[ SLRQQLeUV RQW RXYeUW Oa YRLe j Oa dpcRXYeUWe de QRXYeaX[ SUpcXUVeXUV de QLWUqQeV. DaQV ce 

cRQWe[We, OeV gURXSeV de YaPaPRWR eW AbUaPRYLWcK RQW dpcULW aX PLWaQ deV aQQpeV 1970 Oa V\QWKqVe 

deV LPLQRLRdaQeV.42,43 AQaORgXeV a]RWpV de O¶LRdRV\ObeQ]qQe, LOV SeXYeQW rWUe SUpSaUpV j SaUWLU de 

VXOfRQaPLdeV daQV deV cRQdLWLRQV baVLTXeV. EQ SaUWLcXOLeU, daQV Oa PpWKRde de UpfpUeQce SXbOLpe SaU 

YaPaPRWR,11 OeV LPLQRLRdaQeV VRQW RbWeQXV SaU UpacWLRQ d¶XQ VXOfRQaPLde aYec Oe UpacWLf de O¶LRde 

K\SeUYaOeQW PKI(OAc)2 eQ SUpVeQce de KOH daQV Oe PpWKaQRO (ScKpPa 16). 
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SchpPa 16 - S\QWhqVe d¶iPiQRiRdaQeV dpYeORSSpe SaU Oe gURXSe de YaPaPRWR. 

L¶XWLOLVaWLRQ deV LPLQRLRdaQeV cRPPe UpacWLfV d¶aPLQaWLRQ a pWp UaSSRUWpe SRXU Oa SUePLqUe fRLV SaU 

BUeVORZ, daQV XQe pWXde TXL V'eVW LQVSLUpe deV WUaYaX[ aQWpULeXUV de GURYeV VXU OeV UpacWLRQV 

d'R[\gpQaWLRQ aYec XQe SRUSK\ULQe de feU.44 

La cRPbLQaLVRQ de O¶LPLQRLRdaQe PKI=NTV aYec deV SRUSK\ULQeV de feU RX de PaQgaQqVe a SeUPLV de 

UpaOLVeU deV WUaQVfeUWV de QLWUqQe LQWeUPROpcXOaLUeV VXU deV aOcaQeV WeOV TXe Oe c\cORKe[aQe, aYec 

WRXWefRLV XQe effLcacLWp WUqV OLPLWpe.45 EQ 1983, XQe YeUVLRQ caWaO\WLTXe LQWUaPROpcXOaLUe a pgaOePeQW 

pWp dpcULWe, SeUPeWWaQW QRWaPPeQW d¶LOOXVWUeU Oa PeLOOeXUe caSacLWp deV cRPSOe[eV de dLUKRdLXP(II) j 

caWaO\VeU ceWWe UpacWLRQ VXU XQe SRVLWLRQ beQ]\OLTXe (ScKpPa 17).46 

                                                      
41 (a) H. KZaUW, A. A. KKaQ, J. Am. Chem. Soc. 1967, 89, 1951±1953. (b) D. S. BUeVORZ, M. F. SORaQ, Tetrahedron Letters 
1968, 9, 5349±5352. (c) D. CaUU, T. P. SedeQ, R. W. TXUQeU, Tetrahedron Letters 1969, 10, 477±478. 
42 Y. YaPada, T. YaPaPRWR, M. ONaZaUa, Chem. Lett. 1975, 4, 361±362. 
43 R. A. AbUaPRYLWcK, T. D. BaLOe\, T. TaNa\a, V. UPa, J. Org. Chem. 1974, 39, 340±345. 
44 J. T. GURYeV, T. E. NePR, R. S. M\eUV, J. Am. Chem. Soc. 1979, 101, 1032-1033. 
45 R. BUeVORZ, S. H. GeOOPaQ, J. Chem. Soc., Chem. Commun. 1982, 1400±1401. 
46 R. BUeVORZ, S. H. GeOOPaQ, J. Am. Chem. Soc. 1983, 105, 6728-6729. 
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SchpPa 17 - APiQaWiRQ C(VS3)±H caWaO\WiTXe j SaUWiU d¶iPiQRiRdaQeV. 

DaQV ce cKaSLWUe, O¶pWaW de O¶aUW Ve OLPLWeUa aX[ UpacWLRQV d¶aPLQaWLRQ C(VS3)±H SaU WUaQVfeUWV de QLWUqQeV 

LQWeUPROpcXOaLUeV j SaUWLU d¶LPLQRLRdaQeV. CeWWe WUaQVfRUPaWLRQ cRQVWLWXe eQ effeW Oa SUePLqUe pWaSe cOp 

daQV QRWUe VWUaWpgLe de V\QWKqVe deV S\UUROLdLQeV 2,5-dLVXbVWLWXpeV.  

AX dpbXW deV aQQpeV 2000, Oa PLVe aX SRLQW de PpWKRdeV de gpQpUaWLRQ in situ deV LPLQRLRdaQeV a 

cRQWULbXp j deV aYaQcpeV PaMeXUeV daQV ce dRPaLQe. EQ effeW, aX UegaUd de O¶LQVWabLOLWp de ceV UpacWLfV 

eW, de ce faLW, de OeXU dpOLcaWe SUpSaUaWLRQ eW caUacWpULVaWLRQ, Oa PLVe eQ °XYUe de UpacWLRQV PRQRWRSeV 

j SaUWLU de VRXUceV a]RWpeV dLffpUeQWeV eW d¶XQ UpacWLf de O¶LRde K\SeUYaOeQW, a gUaQdePeQW cRQWULbXp j 

O¶aPpOLRUaWLRQ de O¶effLcacLWp deV UpacWLRQV eW j O¶e[WeQVLRQ de OeXU cKaPS d¶aSSOLcaWLRQ.  

4.1.  TUaYaX[ SLRQQLeUV SRXU OeV LQVeUWLRQV C(VS3)±H de QLWUqQeV 
LeV SUePLeUV e[ePSOeV de UpacWLRQV LPSOLTXaQW Oa fRUPaWLRQ in situ d¶LPLQRLRdaQeV RQW pWp dpcULWV SaU 

CKe SRXU O¶aPLQaWLRQ C ࡳ H LQWeUPROpcXOaLUe caWaO\Vpe SaU deV SRUSK\ULQeV de UXWKpQLXP RX de 

PaQgaQqVe (III).47 La fRUPaWLRQ dX PpWaOOaQLWUqQe SeXW rWUe LQdXLWe SaU XQ LPLQRLRdaQe SUpfRUPp 

PKI=NTV RX gpQpUp in situ eQ cRPbLQaQW XQ R[\daQW de W\Se PKI(OAc)2 eW XQ VXOfRQaPLde. Le cKRL[ 

MXdLcLeX[ dX caWaO\VeXU SeUPeW de PRdXOeU Oa cKLPLRVpOecWLYLWp de Oa UpacWLRQ, daQV Oe bXW d¶pYLWeU OeV 

UpacWLRQV VecRQdaLUeV d¶a]LULdLQaWLRQ VXU OeV VXbVWUaWV SRUWeXUV d¶XQe dRXbOe OLaLVRQ C=C. FLQaOePeQW, 

OeV cRQdLWLRQV RQW pWp aSSOLTXpeV a deV OLaLVRQV C ࡳ H de QaWXUeV dLffpUeQWeV cRPPe O¶LOOXVWUe Oe VcKpPa 

cL-deVVRXV (ScKpPa 18).48  

                                                      
47 S.-M. AX, J.-S. HXaQg, W.-Y. YX, W.-H. FXQg, C.-M. CKe, J. Am. Chem. Soc. 1999, 121, 9120-9132. 
48 X.-Q. YX, J.-S. HXaQg, X.-G. ZKRX, C.-M. CKe, Org. Lett. 2000, 2, 2233±2236. 
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SchpPa 18 ± PUePieUV WUaYaX[ dpcUiWV SaU Che. 

Le PrPe gURXSe a eQVXLWe dpYeORSSp XQe YeUVLRQ pQaQWLRVpOecWLYe de ceWWe PpWKRde, eQ XWLOLVaQW XQe 

SRUSK\ULQe cKLUaOe SRXU abRXWLU j deV aPLQeV pQaQWLReQULcKLeV. CeSeQdaQW, ceWWe YRLe Qe V¶eVW SaV 

aYpUpe cRQcOXaQWe eW O¶LQdXcWLRQ aV\PpWULTXe RbWeQXe UeVWe PR\eQQe.49  

IQVSLUp SaU ceV WUaYaX[, Oe gURXSe de KaWVXNL a dpcULW deV cRPSOe[eV de MaQgaQqVe-VaOeQ cKLUaX[ SRXU 

O¶aPLQaWLRQ LQWeUPROpcXaOLUe pQaQWLRVpOecWLYe. DeV aPLQeV aOO\OLTXeV eW beQ]\OLTXeV RQW pWp LVROpeV 

aYec de bRQV UeQdePeQWV eW de WUqV bRQQeV VpOecWLYLWpV (ScKpPa 19).50 

 

SchpPa 19 - APiQaWiRQ C(VS3)±H pQaQWiRVpOecWiYe caWaO\Vpe SaU deV cRPSOe[eV MQ-SaOeQ. 

                                                      
49 X.-G. ZKRX, X.-Q. YX, J.-S. HXaQg, C.-M. CKe, Chem. Commun. 1999, 2377±2378. 
50 Y. KRKPXUa, T. KaWVXNL, Tetrahedron Letters 2001, 42, 3339±3342. 
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BLeQ TXe OeV PRWLfV VaOeQ VePbOeQW aVVe] PRdXOabOeV eW SRO\YaOeQWV SRXU ce W\Se de UpacWLYLWp, BeWOe\ 

a PRQWUp aX cRXUV de ceV WUaYaX[ VXU OeV a]RWXUeV O¶effLcacLWp deV cRPSOe[eV j OLgaQdV QRQ KpPLTXeV.51 

DeV pTXLSeV cRPPe ceOOeV de CKe eW WKLWe YRQW V¶LQVSLUeU de ceV UecKeUcKeV, SRXU O¶pOabRUaWLRQ de 

QRXYeaX[ caWaO\VeXUV PpWaOOLTXeV.  

CKe et al VeURQW OeV SUePLeUV j dpcULUe XQ cRPSOe[e de feU(II) SRUWaQW XQ OLgaQd de W\Se 

© TXLQTXeS\ULdLQe ª, TXL SeUPeW d¶accpdeU aX PpWaOOaQLWUqQe j SaUWLU de O¶LPLQRLRdaQe dpULYp dX 

QLWURbeQ]qQeVXOfRQaPLde RX QRV\OaPLde cRPPeUcLaO. CeWWe PpWKRde OeXU a SeUPLV de fRQcWLRQQaOLVeU 

deV SRVLWLRQV acWLYpeV eW QRQ acWLYpeV VXU deV aOcaQeV XWLOLVpV cRPPe UpacWLfV OLPLWaQWV (ScKpPa 20).52 

 

SchpPa 20 - APiQaWiRQ C(VS3)±H caWaO\Vpe SaU OeV cRPSOe[eV de Fe(II)-TXiQTXeS\UidiQe.  

De VRQ c{Wp, Oe gURXSe de WKLWe a dpYeORSSp XQ V\VWqPe d¶aPLQaWLRQ LQWeUPROpcXOaLUe LPSOLTXaQW XQ 

cRPSOe[e de PaQgaQqVe-SKWKaORc\aQLQe. UQ LPLQRLRdaQe dpULYp dX WULcKORURpWKR[\VXOfaPaWe eVW 

XWLOLVp eQ WaQW TXe SUpcXUVeXU a]RWp SRXU dRQQeU deV SURdXLWV d¶aPLQaWLRQ aYec de WUqV bRQV UeQdePeQWV 

eW XQe cRPSOqWe UpgLRVpOecWLYLWp. De SOXV, OeV cRQdLWLRQV aVVe] dRXceV de ce V\VWqPe RQW SeUPLV deV 

aPLQaWLRQV WaUdLYeV de SURdXLWV cRPSOe[eV cRPPe O¶aWWeVWeQW OeV e[ePSOeV dpULYpV dX VXObacWaPe eW 

de Oa LeeOaPLQe (ScKpPa 21).53  

                                                      
51 E. R. KLQg, E. T. HeQQeVV\, T. A. BeWOe\, J. Am. Chem. Soc. 2011, 133, 4917±4923. 

52 Y. LLX, X. GXaQ, E. L.-M. WRQg, P. LLX, J.-S. HXaQg, C.-M. CKe, J. Am. Chem. Soc. 2013, 135, 7194±7204. 
53 J. R. COaUN, K. FeQg, A. SRRNe]LaQ, M. C. WKLWe, Nature Chem 2018, 10, 583±591. 
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SchpPa 21-APiQaWiRQ C(VS3)±H caWaO\Vpe SaU OeV cRPSOe[eV de MQ-ShWhaORc\aQiQe. 

4.2.  CXLYUe, aUgeQW eW OLgaQdV VcRUSLRQaWeV SRXU OeV LQVeUWLRQV C(VS3)±H      
LeV cRPSOe[eV de cXLYUe, cRQWUaLUePeQW aX PaQgaQqVe eW aX feU, RQW WRXW d¶abRUd pWp XWLOLVpV SRXU Oa 

dpcRPSRVLWLRQ d¶KaORaPLQeV RX d¶a]RWXUeV cRPPe VRXUceV a]RWpeV, afLQ de V\QWKpWLVeU deV SURdXLWV 

aPLQpV j SaUWLU d¶aOcaQeV eQ OaUge e[cqV. LeV baVeV aLQVL SRVpeV, d¶aXWUeV gURXSeV RQW dpYeORSSp ceWWe 

cKLPLe SRXU Oa fRQcWLRQQaOLVaWLRQ deV pWKeUV RX deV OLaLVRQV C(VS3)±H acWLYpeV (ScKpPa 22).10- 

 

 SchpPa 22 - APiQaWiRQ C(VS3)±H CaWaO\Vpe SaU deV VeOV de cXiYUe. 

L¶pTXLSe de PpUe] eVW O¶XQe deV SOXV acWLYeV daQV Oe dRPaLQe deV WUaQVfeUWV de QLWUqQeV SRXU OeV 

UpacWLRQV d¶aPLQaWLRQ C±H caWaO\VpeV SaU dX cXLYUe. Ce deUQLeU a SeUPLV de UpeOOeV aYaQcpeV 

QRWaPPeQW j WUaYeUV Oe dpYeORSSePeQW deV cRPSOe[eV de cXLYUe(I) WULV(S\Ua]RO\O) bRUaWeV (TS[CX) RX 

VcRUSLRQaWeV.54 IQLWLaOePeQW SUpYXV SRXU deV UpacWLRQV d¶a]LULdLQaWLRQ, LOV Ve VRQW aYpUpV WUqV effLcaceV 

                                                      
54 M. A. MaLUeQa, M. M. Dta]-ReTXeMR, T. R. BeOdeUUatQ, M. C. NLcaVLR, S. TURfLPeQNR, P. J. PpUe], Organometallics 2004, 
23, 253±256. 
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eQ aPLQaWLRQ LQWeUPROpcXOaLUe. LRUVTX¶LO eVW cRXSOp j XQ LPLQRLRdaQe, ce caWaO\VeXU VLQgXOLeU SeUPeW 

de fRQcWLRQQaOLVeU deV aOcaQeV aYec de bLeQ PeLOOeXUV UpVXOWaWV TXe ceX[ dpcULWV LQLWLaOePeQW SaU 

BUeVORZ eW MaQVX\ PrPe VL OeV VXbVWUaWV VRQW LQWURdXLWV eQ OaUge e[cqV (ScKpPa 23).55 

 

SchpPa 23 -APiQaWiRQ C(VS3)±H caWaO\Vpe SaU OeV cRPSOe[eV de cXiYUe (I) WUiV(S\Ua]RO\O) bRUaWeV. 

NpaQPRLQV, Oe V\VWqPe dpcULW cL-deVVXV a pWp aSSOLTXp SULQcLSaOePeQW j Oa fRQcWLRQQaOLVaWLRQ deV 

aOcaQeV c\cOLTXeV, eW OeV e[ePSOeV Ve fRQW SOXV UaUeV SRXU OeV aOcaQeV OLQpaLUeV. UQe deV SUePLqUeV 

VROXWLRQV a pWp dpcULWe SaU Oe gURXSe de He eQ 2009. La PpWKRde UeSRVe VXU O'XWLOLVaWLRQ d¶XQ VeO d¶aUgeQW 

eW XQ OLgaQd de W\Se SKpQaQWUROLQe SRXU O¶aPLQaWLRQ dX 2-PpWK\OSeQWaQe aYec XQ UeQdePeQW PR\eQ de 

22%.56 CeWWe OLPLWaWLRQ a SX rWUe dpSaVVpe SaU O¶XWLOLVaWLRQ de OLgaQdV VcRUSLRQaWeV SaU Oe gURXSe de 

PeUe]. ASUqV XQ cULbOage e[KaXVWLf de caWaO\VeXUV, Oe cRPSOe[e [TS*,BUAg]2  V¶eVW aYpUp rWUe Oe SOXV 

effLcace eQ PaWLqUe de UpacWLYLWp. CeSeQdaQW, Oa PpWKRde a WRXMRXUV deV OLPLWeV cRPPe O¶ePSORL de 

O¶aOcaQe eQ WaQW TXe VROYaQW, eW XQe UpgLRVpOecWLYLWp TXL UeVWe WUqV SeUfecWLbOe. LeV SURdXLWV VRQW eQ effeW 

RbWeQXV VRXV fRUPe de PpOaQge d¶aPLQeV LQVpSaUabOeV aYec de bRQV UeQdePeQWV (ScKpPa 24).57 

                                                      
55 M. R. FUXcWRV, S. TURfLPeQNR, M. M. Dta]-ReTXeMR, P. J. PpUe], J. Am. Chem. Soc. 2006, 128, 11784±11791. 
56 Z. LL, D. A. CaSUeWWR, R. RaKaPaQ, C. He, Angew. Chem. Int. Ed. 2007, 46, 5184±5186. 
57 B. P. GyPe]-EPeWeULR, J. UUbaQR, M. M. Dta]-ReTXeMR, P. J. PpUe], Organometallics 2008, 27, 4126±4130. 
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SchpPa 24 - APiQaWiRQ C(VS3)±H dpcUiWe SaU He eW PqUe]. 

POXV UpcePPeQW, d¶aXWUeV gURXSeV cRPPe ceOXL de SWaYURSRXORV Ve VRQW aSSX\pV VXU ceV WUaYaX[ SRXU 

aPpOLRUeU O¶effLcacLWp de ce W\Se de UpacWLRQV. UQe QRXYeOOe faPLOOe de caWaO\VeXUV de V\PpWULe C3, 

cRPSRVpV de OLgaQdV de W\Se gXaQLdLQe, V¶eVW aYpUpe rWUe WUqV UpacWLYe eW facLOe d¶accqV. Le cKaPS 

d¶aSSOLcaWLRQ de ceWWe PpWKRde a pWp pWeQdX j d¶aXWUeV aOcaQeV LQWURdXLWV ceWWe fRLV-cL daQV deV 

SURSRUWLRQV VW°cKLRPpWULTXeV, eW OeV aPLQeV cRUUeVSRQdaQWeV RQW pWp RbWeQXeV aYec de bRQV UeQdePeQWV 

(ScKpPa 25).58  

 

SchpPa 25 - APiQaWiRQ C(VS3)±H caWaO\Vpe SaU OeV cRPSOe[eV de cXiYUe WUiV[(WpWUaPpWh\OegXaQidiQR)-
ShpQ\Oe]aPiQe. 

 

 

 

 

 

                                                      
58 V. BagcKL, P. PaUaVNeYRSRXORX, P. DaV, L. CKL, Q. WaQg, A. CKRXdKXU\, J. S. MaWKLeVRQ, L. CURQLQ, D. B. PaUdXe, T. 
R. CXQdaUL, G. MLWULNaV, Y. SaQaNLV, P. SWaYURSRXORV, J. Am. Chem. Soc. 2014, 136, 11362±11381. 
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4.3.  L¶aYqQePeQW dX RKRdLXP SRXU OeV UpacWLRQV d¶LQVeUWLRQV C(VS3)±H 

LQWeUPROpcXOaLUeV 
PaUPL WRXV OeV PpWaX[ de WUaQVLWLRQ XWLOLVpV SRXU O'LQVeUWLRQ C(VS3)±H de QLWUqQeV, OeV PpWKRdRORgLeV 

dpYeORSSpeV aYec OeV cRPSOe[eV de dLUKRdLXP(II) VRQW SURbabOePeQW OeV SOXV facLOeV j PeWWUe eQ °XYUe. 

LeV SUePLqUeV pWXdeV cRQceUQaQW OeV WUaQVfeUWV de QLWUqQe LQWeUPROpcXOaLUeV caWaO\VpV aX UKRdLXP(II) 

RQW pWp PeQpeV SaU O¶pTXLSe de M�OOeU aX PLOLeX deV aQQpeV 1990.59 MaOgUp O¶XWLOLVaWLRQ de 5 j 20 

pTXLYaOeQWV de VXbVWUaWV, ceV WUaYaX[ Ve VRQW aYpUpV fRQdaPeQWaX[ SRXU OeV dpYeORSSePeQWV fXWXUV.  

D¶XQe SaUW, LOV RQW dpPRQWUp Oa bRQQe UpacWLYLWp deV OLaLVRQV C±H VecRQdaLUeV beQ]\OLTXeV eW aOO\OLTXeV 

aYec ce W\Se de caWaO\VeXU PpWaOOLTXe. D¶aXWUe SaUW, daQV Oe caV dX c\cORKe[qQe, Oa caWaO\Ve aX UKRdLXP 

V¶aYqUe cRPSOpPeQWaLUe de ceOOe aX cXLYUe TXL fRXUQLW e[cOXVLYePeQW O¶a]LULdLQe (ScKpPa 26). 

 

SchpPa 26 ± TUaYaX[ de M�OOeU. 

LeV WUaYaX[ XOWpULeXUV de O¶pTXLSe de DX BRLV RQW eQVXLWe SeUPLV OeV aYaQcpeV OeV SOXV LPSRUWaQWeV aYec 

Oa dpcRXYeUWe de QRXYeaX[ V\VWqPeV caWaO\WLTXeV SRXU OeV UpacWLRQV d¶aPLQaWLRQV C±H 

LQWUaPROpcXOaLUeV eW LQWeUPROpcXOaLUeV.  PaUWLcXOLqUePeQW, O¶effLcacLWp de ceV WUaQVfRUPaWLRQV a pWp 

gUaQdePeQW aPpOLRUpe SaU Oa cRQceSWLRQ dX caWaO\VeXU de dLURdLXP(II) : Oe RK2(eVS)2 (ScKpPa 27). 60
 

Ce caWaO\VeXU, eQ cRPSaUaLVRQ deV aXWUeV cRPSOe[eV dpULYpV de VLPSOeV acLdeV caUbR[\OLTXeV, eVW bLeQ 

SOXV URbXVWe. Le RK2(eVS)2 eVW cRQVWLWXp de deX[ OLgaQdV bLdeQWaWeV dpULYpV de O¶acLde m-

beQ]qQedLSURSLRQLTXe, ce TXL OXL cRQfqUe XQe SOXV gUaQde VWabLOLWp YLV-j-YLV deV cRQdLWLRQV R[\daQWeV 

eW pYLWe QRWaPPeQW OeV UpacWLRQV d¶pcKaQge de OLgaQdV aYec OeV acLdeV caUbR[\OLTXeV OLbpUpV j SaUWLU dX 

UpacWLf de O¶LRde K\SeUYaOeQW. SRQ effLcacLWp eVW LOOXVWUpe SaU de QRPbUeX[ e[ePSOeV dpcULWV daQV Oa 

OLWWpUaWXUe (ScKpPa 27).  

                                                      
59 (a) P. M�OOeU, C. BaXd, Y. JacTXLeU, Tetrahedron 1996, 52, 1543±1548. (b) I. NlgeOL, C. BaXd, G. BeUQaUdLQeOOL, Y. 
JacTXLeU, M. MRUaRQ, P. M�OOeU, Helv. Chim. Acta 1997, 80, 1087±1105. 
60 C. G. EVSLQR, P. M. WeKQ, J. CKRZ, J. DX BRLV, J. Am. Chem. Soc. 2001, 123, 6935±6936. 
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SchpPa 27 ± S\QWhqVe dX Rh2(eVS)2. 

EQ effeW, VRQ XWLOLVaWLRQ a cRQdXLW aX dpYeORSSePeQW de UpacWLRQV d¶aPLQaWLRQ C(VS3)±H 

LQWeUPROpcXOaLUeV daQV deV cRQdLWLRQV VW°cKLRPpWULTXeV eQ VXbVWUaW. EQ cRPbLQaLVRQ aYec Oe 

WULcKORURpWK\OVXOfaPaWe (TceVNH2), O¶LQVeUWLRQ de QLWUqQe daQV deV VLWeV beQ]\OLTXeV VecRQdaLUeV, aLQVL 

TX¶XQ e[ePSOe de SRVLWLRQ WeUWLaLUe a d¶abRUd pWp dpcULWe (ScKpPa 28).61 

 

SchpPa 28 - APiQaWiRQ C(VS3)±H de SRViWiRQV acWiYpeV dpcUiWe SaU DX BRiV. 

PaU Oa VXLWe, eW daQV Oe bXW de UeQdUe ceWWe UpacWLRQ eQcRUe SOXV SeUfRUPaQWe eW d¶pWeQdUe VRQ cKaPS 

d¶aSSOLcaWLRQ, O¶pTXLSe de DX BRLV a dpYeORSSp XQ VecRQd V\VWqPe aYec Oe 2,6-dLfOXRURSKpQ\OVXOfaPaWe 

(DfVNH2) cRPPe SUpcXUVeXU de QLWUqQe, TXL a SeUPLV Oa fRQcWLRQQaOLVaWLRQ effLcace de OLaLVRQV C±H 

WeUWLaLUeV (ScKpPa 29).62 

                                                      
61 K. W. FLRUL, J. DX BRLV, J. Am. Chem. Soc. 2007, 129, 562±568. 
62 J. L. RRL]eQ, D. N. ZaOaWaQ, J. DX BRLV, Angew. Chem. Int. Ed. 2013, 52, 11343±11346. 



CKaSLWUe 2 : APLQaWLRQ VWpUpRVpOecWLYe de OLaLVRQV C(VS3) ࡳ H SaU WUaQVfeUW de QLWUqQe caWaO\Vp aX UKRdLXP(II) 
 

 

49 

1 PRO% Rh2(eVS) 2

PhI(OAc)2, MgO
i-PUOAc, W.a.

1 pTXiY.

R

H

H2N
S

O

O O
F

F

R1
R2 R

NHDfV

R1
R2

OB]

57%

NHDfV

Me
Me

MeO

O

BRcHN NHDfV

Me
Me

45 %

NHDfVMe

Me

50%

EWO2C
NHDfV

Me
Me

EWO2C Me Me
Me

NHDfVNHBbV

50%

63%  

SchpPa 29 - APiQaWiRQ C(VS3)±H de SRViWiRQV WeUWiaiUeV dpcUiWe SaU DX BRiV. 

EQfLQ, de QRXYeOOeV cRQdLWLRQV d¶aPLQaWLRQ C(VS3)±H LQWeUPROpcXOaLUeV baVpeV VXU O¶XWLOLVaWLRQ dX 

SLYaORQLWULOe cRPPe VROYaQW eW dX SKpQ\OVXOfaPaWe cRPPe VRXUce a]RWp RQW pWp PLVeV aX SRLQW. Ce 

QRXYeaX V\VWqPe a pWp aSSOLTXp j Oa fRQcWLRQQaOLVaWLRQ WaUdLYe de SURdXLWV QaWXUeOV eW de cRPSRVpV 

bLRORgLTXePeQW acWLfV via O¶aPLQaWLRQ de OLaLVRQV C(VS3)±H beQ]\OLTXeV, WeUWLaLUeV eW pgaOePeQW 

VecRQdaLUeV (ScKpPa 30).63 

1 PRO% Rh2(eVS) 2

PhI(OPiY) 2, AO2O3
W-BXCN, W.a.

1 pTXiY.

H2N
S

O

O O

PhVNH2

R

NHPhV

R1
R2R

H

R1
R2

O

O

77%

NHPhVMe

H
O

Me
NHOAc

O

O

H

Me
PhVH N

Me Me 60%
Me

Me

HO

Me

Me

OH
Me

PhVHN
O

38%

+

NHPhV

BU

64%

DX BRiV

 

SchpPa 30 ± DeUQiqUeV cRQdiWiRQV d¶aPiQaWiRQ C(VS3)±H dpcUiWe SaU DX BRiV. 

 APLQaWLRQ C(VS3)±H : cRQWU{Oe de Oa VpOecWLYLWp 

LeV UpacWLRQV d¶aPLQaWLRQ C(VS3) ࡳ H LQWeUPROpcXOaLUeV SRVeQW deV dpfLV aPbLWLeX[ j UeOeYeU SRXU Oe 

cKLPLVWe RUgaQLcLeQ. IO V¶agLW de PeWWUe aX SRLQW deV UpacWLRQV VXVceSWLbOeV de dLVcULPLQeU XQe XQLTXe 

OLaLVRQ C ࡳ H SaUPL ceOOeV QRPbUeXVeV UeWURXYpeV daQV WRXWe PROpcXOe RUgaQLTXe. A ceWWe TXeVWLRQ de 

                                                      
63 (a) N. D. CKLaSSLQL, J. B. C. MacN, J. DX BRLV, Angew. Chem. Int. Ed. 2018, 130, 5050±5053. (b) K. N. BeW], N. D. 
CKLaSSLQL, J. DX BRLV, Org. Lett. 2020, 22, 1687±1691. 
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Oa UpgLRVpOecWLYLWp, V¶aMRXWe ceOOe de O¶pQaQWLRVpOecWLYLWp, eQ SaUWLcXOLeU daQV Oe caV deV gURXSePeQWV 

PpWK\OqQeV, eW de Oa cKLPLRVpOecWLYLWp SaUfaLWePeQW LOOXVWUpe SaU Oa cRPSpWLWLRQ aPLQaWLRQ C ࡳ ࡳH 

aOO\OLTXe vs a]LULdLQaWLRQ d¶aOcqQe.     

AfLQ de UeOeYeU WRXV ceV dpfLV, Oa VWUaWpgLe baVpe VXU Oa UecKeUcKe de QRXYeaX[ UpacWLfV eW caWaO\VeXUV 

e[eUoaQW XQ cRQWU{Oe VXU Oa VpOecWLYLWp aSSaUavW cRPPe LdpaOe. NpaQPRLQV, LO Q¶e[LVWe TXe de UaUeV 

e[ePSOeV de UpacWLRQV cRQWU{OpeV SaU Oe caWaO\VeXU eW/RX Oe UpacWLf daQV Oa OLWWpUaWXUe. La PLVe aX SRLQW 

de PpWKRdeV LQWeUPROpcXOaLUeV eW VWpUpRVpOecWLYeV d¶aPLQaWLRQ C(VS3)±H V¶eVW aYpUpe dLffLcLOe. UQe 

SUePLqUe VROXWLRQ a pWp aSSRUWpe SaU Oe OabRUaWRLUe d¶accXeLO j Oa fLQ deV aQQpeV 2000. EOOe UeSRVe VXU 

O¶XWLOLVaWLRQ d¶XQ cRPSOe[e de dLUKRdLXP(II) eW d¶XQ SUpcXUVeXU de QLWUqQe, WRXV deX[ cKLUaX[. Le 

VXOfRQLPLdaPLde 72, aQaORgXe a]RWp de VXOfRQaPLde eW SRUWaQW XQe cKLUaOLWp ceQWUaOe (S) VXU O¶aWRPe de 

VRXfUe, eVW aVVRcLp aYec Oe RK2(S-QWa)4 73 dpULYp de Oa N-(QaSKWR\O)aOaQLQe (ScKpPa 31). 

 

SchpPa 31 ± RpacWifV d¶aPiQaWiRQ C(VS3)±H diaVWpUeRVpOecWiYe PiVe aX SRiQW SaU Oe OabRUaWRiUe. 

CeWWe SaLUe © PaWcK ª de UpacWLfV SeUPeW O¶LQVeUWLRQ de QLWUqQe daQV deV OLaLVRQV C(VS3)±H beQ]\OLTXeV, 

aOO\OLTXeV eW WeUWLaLUeV aYec d¶e[ceOOeQWV UeQdePeQWV, dLaVWpUpRVpOecWLYLWpV eW cKLPLRVpOecWLYLWpV.64 Le 

SRWeQWLeO V\QWKpWLTXe de ce V\VWqPe a pWp dpPRQWUp SaU O¶aPLQaWLRQ C(VS3)±H de WeUSqQeV aYec 

d¶e[ceOOeQWV UpVXOWaWV RbWeQXV SRXU deV dpULYpV de gpUaQLRO eW de OLPRQqQe (ScKpPa 32).65  

                                                      
64 (a) C. LLaQg, F. CROOeW, F. RRbeUW-PeLOOaUd, P. M�OOeU, R. H. DRdd, P. DaXbaQ, J. Am. Chem. Soc. 2008, 130, 343±350. 
(b) B. DaUVeV, A. G. JaUYLV, A.-K. MafURXd, G. EVWeQQe-BRXKWRX, G. DaUga]aQOL, P. DaXbaQ, Synthesis 2013, 45, 2079±
2087. 
65 C. LeVcRW, B. DaUVeV, F. CROOeW, P. ReWaLOOeaX, P. DaXbaQ, J. Org. Chem. 2012, 77, 7232±7240. 
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SchpPa 32 - APiQaWiRQ C(VS3)±H diaVWpUeRVpOecWiYe PiVe aX SRiQW SaU Oe OabRUaWRiUe. 

L¶effLcacLWp de ceWWe UpacWLRQ a pWp PLVe j SURfLW XOWpULeXUePeQW SRXU SURSRVeU deV VROXWLRQV aX SURbOqPe 

de Oa gpQpUaWLRQ de TXaQWLWpV VW°cKLRPpWULTXeV d¶LRdRbeQ]qQe j SaUWLU dX UpacWLf de O¶LRde K\SeUYaOeQW 

daQV OeV WUaQVfeUWV de QLWUqQe. La SUePLqUe LPSOLTXe Oa cRQceSWLRQ d¶XQ WaQdeP de UpacWLRQV PRQRWRSeV 

d¶aPLQaWLRQ C ࡳ ࡳH eW de cRXSOage de SRQRgaVKLUa. CeV WUaYaX[ RQW SeUPLV O¶RbWeQWLRQ de SURdXLWV 

aPLQpV cRPSOe[eV aYec de bRQV UeQdePeQWV eW d¶e[ceOOeQWeV VpOecWLYLWpV (ScKpPa 33).66 PXLV XQ 

SURceVVXV LQpdLW d¶aXWR-aPLQaWLRQ a pWp cRQoX eQ cRQVLdpUaQW Oe UpacWLf de O¶LRde K\SeUYaOeQW j Oa fRLV 

cRPPe Oe UpacWLf R[\daQW, Oe VXbVWUaW de Oa UpacWLRQ d¶aPLQaWLRQ, eW O¶KaORgpQXUe aURPaWLTXe SRXU OeV 

cRXSOageV SaOOadR-caWaO\VpV.67   

                                                      
66 J. BXeQdLa, B. DaUVeV, P. DaXbaQ, Angew. Chem. Int. Ed. 2015, 54, 5697±5701. 
67 J. BXeQdLa, G. GUeOLeU, B. DaUVeV, A. G. JaUYLV, F. TaUaQ, P. DaXbaQ, Angew. Chem. Int. Ed. 2016, 55, 7530±7533. 
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SchpPa 33 ± RpacWiRQV d¶aPiQaWiRQ eW cRXSOage SRXU YaORUiVeU Oe PRWif AUI iVVX de O¶iRde h\SeUYaOeQW. 

L¶XWLOLVaWLRQ deV VXOfRQLPLdaPLdeV daQV O¶aPLQaWLRQ C ࡳ H VWpUpRVpOecWLYe, bLeQ TX¶effLcace, SRVe Oe 

SURbOqPe de O¶ePSORL de O¶aX[LOLaLUe de cKLUaOLWp eQ TXaQWLWpV VW°cKLRPpWULTXeV. La PLVe aX SRLQW de 

UpacWLRQV pQaQWLRVpOecWLYeV SaVVe dRQc SaU Oe dpYeORSSePeQW d¶XQ SURcpdp SRXU OeTXeO Oe WUaQVfeUW de 

cKLUaOLWp eVW XQLTXePeQW aVVXUp SaU Oe caWaO\VeXU. ALQVL, LQVSLUpV SaU OeV WUaYaX[ de M�OOeU eW 

d¶HaVKLPRWR, DaYLeV a dpcULW Oa cRPbLQaLVRQ dX RK2(S-WcSWad)4, cRPSOe[e dpULYp de 

O¶adaPaQW\OgO\cLQe SURWpgpe SaU XQ gURXSePeQW WpWUacKORURSKWKaOR\Oe, aYec XQ VXOfRQaPLde de W\Se 

QRV\Oe cRPPe VRXUce a]RWpe. Ce V\VWqPe a SeUPLV d¶LQdXLUe deV pQaQWLRVpOecWLYLWpV aOOaQW de 62 j 94% 

j SaUWLU de dpULYpV d¶LQdaQe eW d¶LQdaQRQe, QpaQPRLQV XWLOLVpV eQ e[cqV afLQ d¶RbWeQLU de bRQQeV 

cRQYeUVLRQV (ScKpPa 34).68 

 

                                                      
68 R. P. Redd\, H. M. L. DaYLeV, Org. Lett. 2006, 8, 5013±5016. 
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SchpPa 34 - APiQaWiRQ C(VS3)±H iQWeUPROpcXOaiUe pQaQWiRVpOecWiYe caWaO\Vpe aX UhRdiXP(II). 

La QaWXUe deV SUpcXUVeXUV de QLWUqQe eW deV cRPSOe[eV RUgaQRPpWaOOLTXeV RQW XQe gUaQde LQfOXeQce VXU 

Oa UpacWLYLWp eW Oa VpOecWLYLWp deV UpacWLRQV de WUaQVfeUWV de QLWUqQeV. C¶eVW daQV ce cRQWe[We TXe Oe 

OabRUaWRLUe V¶eVW LQWpUeVVp j Oa UecKeUcKe de QRXYeOOeV cRQdLWLRQV afLQ de UpVRXdUe OeV dpfLV 

SUpcpdePPeQW PeQWLRQQpV daQV Oe caV deV UpacWLRQV LQWeUPROpcXOaLUeV.  

LeV WUaYaX[ de DX BRLV RQW dpPRQWUp Oa SOXV gUaQde UpacWLYLWp deV VXOfaPaWeV eQ WaQW TXe SUpcXUVeXUV 

de QLWUqQeV. CeV deUQLeUV SUpVeQWeQW pgaOePeQW O¶aYaQWage d¶rWUe facLOePeQW acceVVLbOeV j SaUWLU deV 

aOcRROV cRUUeVSRQdaQWV. CRQceUQaQW OeV caWaO\VeXUV, OeV cRPSOe[eV de dLUKRdLXP(II) dpULYpV d¶acLdeV 

aPLQpV VRQW de SUePLeUV cKRL[ eQ UaLVRQ de OeXU V\QWKqVe aLVpe, OeXU PRdXOaULWp eW OeXU effLcacLWp aXVVL 

dpPRQWUpe daQV Oa cKLPLe deV caUbqQeV.69  

A SaUWLU de ceV RbVeUYaWLRQV, Oe OabRUaWRLUe a UpcePPeQW dpcULW Oa cRPbLQaLVRQ d¶XQe QRXYeOOe SaLUe de 

UpacWLfV : Oe SeQWafOXRURbeQ]\OVXOfaPaWe 74 (PfbVNH2) aYec Oe RK2(S-WfSWad)4 75 dpULYp de 

O¶adaPaQW\OgO\cLQe SURWpgpe SaU XQ gURXSe WpWUafOXRURSKWKaOR\Oe, SRXU Oa UpacWLRQ d¶aPLQaWLRQ C(VS3)±

H LQWeUPROpcXOaLUe pQaQWLRVpOecWLYe de SRVLWLRQV beQ]\OLTXeV. EOOe SeUPeW Oa fRQcWLRQQaOLVaWLRQ d¶XQe 

OaUge gaPPe de VXbVWUaWV XWLOLVpV eQ TXaQWLWp VW°cKLRPpWULTXe aYec deV UeQdePeQWV SRXYaQW aWWeLQdUe 

99% eW deV e[cqV pQaQWLRPpULTXeV aOOaQW MXVTX¶j 89% (ScKpPa 35).70  

CeWWe UpacWLRQ SeXW rWUe aSSOLTXpe j O¶pcKeOOe de 50 PPROeV de VXbVWUaW VaQV SeUWe d¶effLcacLWp eW OeV 

SURdXLWV cRUUeVSRQdaQWV SeXYeQW rWUe dpSURWpgpV daQV deV cRQdLWLRQV dRXceV VaQV pSLPpULVaWLRQ.71   

                                                      
69 H. M. L. DaYLeV, K. LLaR, Nat. Rev. Chem. 2019, 3, 347±360. 
70 A. NaVUaOOaK, V. BRTXeW, A. HecNeU, P. ReWaLOOeaX, B. DaUVeV, P. DaXbaQ, Angew. Chem. Int. Ed. 2019, 58, 8192±8196. 
71 A. NaVUaOOaK, Y. La]Lb, V. BRTXeW, B. DaUVeV, P. DaXbaQ, Org. Process Res. Dev. 2020, 24, 724±728. 
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SchpPa 35 - APiQaWiRQ C(VS3)±H iQWeUPROpcXOaiUe pQaQWiRVpOecWiYe de SRViWiRQV beQ]\OiTXeV. 

LRUV de O¶aSSOLcaWLRQ de ceWWe QRXYeOOe SaLUe de UpacWLf/caWaO\VeXU j O¶a]LULdLQaWLRQ pQaQWLRVpOecWLYe 

d¶aOcqQeV, XQe RbVeUYaWLRQ LQpdLWe a abRXWL j Oa dpcRXYeUWe d¶XQe QRXYeOOe cRPbLQaLVRQ SRXU 

O¶aPLQaWLRQ KaXWePeQW VpOecWLYe de SRVLWLRQV WeUWLaLUeV (BDE : 96 NcaO/PRO) eQ SUpVeQce d¶XQe SRVLWLRQ 

beQ]\OLTXe acWLYpe (BDE : 85 NcaO/PRO). LeV cRQdLWLRQV RSWLPaOeV SRXU O¶aPLQaWLRQ C±H 

cKLPLRVpOecWLYe de Oa SRVLWLRQ WeUWLaLUe LPSOLTXeQW O¶ePSORL dX 4-tert-bXW\OSKpQ\OVXOfaPaWe 76 eW dX 

cRPSOe[e RK2(S-WfSWWO)4 77. EOOeV RQW pWp aSSOLTXpeV j deV dpULYpV iso-bXW\O- eW iso-aP\ObeQ]qQe SRXU 

cRQdXLUe aX[ SURdXLWV aWWeQdXV aYec de WUqV bRQV UeQdePeQWV eW VpOecWLYLWpV (ScKpPa 36).72 

 

 

                                                      
72 E. BUXQaUd, V. BRTXeW, E. VaQ EOVOaQde, T. SageW, P. DaXbaQ, J. Am. Chem. Soc. 2021, 143, 6407±6412. 
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SchpPa 36 - APiQaWiRQ C(VS3)±H iQWeUPROpcXOaiUe UpgiRVpOecWiYe de SRViWiRQV WeUWiaiUeV. 

PaUaOOqOePeQW aX[ WUaYaX[ UpceQWV dpcULWV SaU Oe OabRUaWRLUe, deV UpacWLRQV d¶aPLQaWLRQ C ࡳ H 

pQaQWLRVpOecWLYeV RQW pWp eQYLVagpeV aYec Oe dpYeORSSePeQW de QRXYeaX[ RXWLOV eQ caWaO\Ve 

VXSUaPROpcXOaLUe. 

D¶XQe SaUW, Oe gURXSe de BacK a SUpSaUp de QRXYeaX[ cRPSOe[eV de UKRdLXP(II) VXSUaPROpcXOaLUeV 

LQVSLUpV dX cRPSOe[e RK2(eVS)2. EQ aVVRcLaWLRQ aYec Oe TceVNH2, deV UpacWLRQV d¶aPLQaWLRQ 

LQWeUPROpcXOaLUe aV\PpWULTXeV RQW pWp UaSSRUWpeV, WRXWefRLV, OeV SUePLeUV UpVXOWaWV RbWeQXV UeVWeQW 

PRdeVWeV eW SeUfecWLbOeV.73 

De PrPe, O¶XWLOLVaWLRQ de VeO d¶aUgeQW aVVRcLp j XQ OLgaQd cKLUaO de W\Se SKpQaQWUROLQe SRVVpdaQW XQe 

fRQcWLRQ OacWaPe caSabOe d¶LQWeUagLU aYec Oe VXbVWUaW SaU OLaLVRQ K\dURgqQe a pWp PLVe aX SRLQW. CeWWe 

aSSURcKe a SeUPLV O¶aPLQaWLRQ C(VS3)±H VpOecWLYe de dpULYpV de 2-TXLQRORQeV eQ SRVLWLRQ C7 aYec deV 

e[cqV pQaQWLRPpULTXeV VXSpULeXUV j 83% (ScKpPa 37).74 

 

SchpPa 37 - APiQaWiRQ C(VS3)±H iQWeUPROpcXOaiUe pQaQWiRVpOecWiYe caWaO\Vpe De Bach. 

D¶aXWUe SaUW, Oe gURXSe de PKLSSV a cRQoX XQ V\VWqPe pOpgaQW dpULYp eQcRUe XQe fRLV dX cRPSOe[e 

RK2(eVS)2, eQ LQWURdXLVaQW XQ gURXSePeQW VXOfRQaWe VXU Oe OLgaQd caSabOe d¶LQWeUagLU aYec XQ caWLRQ 

                                                      
73 T. H|Ne, E. HeUdWZecN, T. BacK, Chem. Commun. 2013, 49, 8009. 
74 R. R. AQQaSXUedd\, C. JaQdO, T. BacK, J. Am. Chem. Soc. 2020, 142, 7374±7378. 
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cKLUaO dpULYp de Oa TXLQLQe. L¶LQWeUacWLRQ LRQLTXe QRQ cRYaOeQWe SeUPeW aORUV O¶RbWeQWLRQ d¶aPLQeV aYec 

d¶e[ceOOeQWV UeQdePeQWV eW VpOecWLYLWpV, Oa OLPLWaWLRQ de ce V\VWqPe pWaQW Va dpSeQdaQce aX VXbVWUaW. EQ 

effeW, Oa SUpVeQce d¶XQ gURXSePeQW K\dUR[\Oe eVW LQdLVSeQVabOe j O¶effLcacLWp de Oa UpacWLRQ (ScKpPa 

38).75  

 

SchpPa 38 ± APiQaWiRQ C(VS3)±H iQWeUPROpcXOaiUe pQaQWiRVpOecWiYe caWaO\Vpe SaU XQ dpUiYp dX 

Rh2(eVS)2. 

 

 

 

 

                                                      
75 A. FaQRXUaNLV, B. D. WLOOLaPV, K. J. PaWeUVRQ, R. J. PKLSSV, J. Am. Chem. Soc. 2021, 143, 10070±10076. 
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 TUaYaX[ SUpOLPLQaLUeV eW RSWLPLVaWLRQ  
6.1.  PUePLeUV WeVWV SRXU Oa UpacWLRQ d¶aPLQaWLRQ C(VS3) ࡳ H LQWeUPROpcXOaLUe 
L¶effLcacLWp deV UpacWLRQV d¶aPLQaWLRQ C(VS3)±H LQWeUPROpcXOaLUe caWaO\VpeV SaU deV cRPSOe[eV de 

UKRdLXP(II) eW O¶e[SeUWLVe dX OabRUaWRLUe daQV Oe dRPaLQe QRXV RQW LQcLWpV j e[SORLWeU ceWWe 

WUaQVfRUPaWLRQ daQV Oa SUePLqUe pWaSe de V\QWKqVe de S\UUROLdLQeV 2,5 dLVXbVWLWXpeV (ScKpPa 39).  
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SchpPa 39 ± PUePiqUe pWaSe de V\QWhqVe iPSOiTXaQW Oa chiPie deV QiWUqQeV. 

AfLQ de YaOLdeU Oa VWUaWpgLe SURSRVpe, QRXV aYRQV cKRLVL Oe 1,4-dLSKpQ\ObXWaQe cRPPe VXbVWUaW PRdqOe. 

Ce cRPSRVp SeXW rWUe SUpSaUp j O¶pcKeOOe de SOXVLeXUV gUaPPeV eQ deX[ pWaSeV, j VaYRLU XQ cRXSOage 

de GOaVeU aSSOLTXp aX SKeQ\OacpW\OeQe VXLYLe d¶XQe K\dURgpQaWLRQ caWaO\WLTXe dX dLqQe UpVXOWaQW 

(ScKpPa 40).76  
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SchpPa 40± SXbVWUaW PRdqOe eW UpacWiRQ eQYiVagpe.  

                                                      
76 S. M. WebeU, G. HLOW, Org. Lett. 2019, 21, 4106±4110. 
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AfLQ d¶pWXdLeU Oa UpacWLYLWp de ce VXbVWUaW YLV-j-YLV de Oa UpacWLRQ d¶aPLQaWLRQ LQWeUPROpcXOaLUe, QRXV 

aYRQV d¶abRUd aSSOLTXp OeV cRQdLWLRQV dpcULWeV SaU DX BRLV.62-64 EQ SUpVeQce de TceVNH2 RX de PKVNH2 

eW dX RK2(eVS)2, Oe SURdXLW aPLQp cRUUeVSRQdaQW eVW LVROp aYec XQ UeQdePeQW PR\eQ de 37-38% ORUVTXe 

Oe VXbVWUaW eVW LQWURdXLW eQ cRQdLWLRQV VW°cKLRPpWULTXeV. NpaQPRLQV, XQ PeLOOeXU UeQdePeQW de 59% 

eVW RbWeQX eQ SUpVeQce de 5 pTXLYaOeQWV de 1,4-dLSKpQ\ObXWaQe. IO eVW LPSRUWaQW de VRXOLgQeU TXe ceV 

cRQdLWLRQV Qe cRQdXLVeQW TX¶j deV SURdXLWV UacpPLTXeV (ScKpPa 41).  

 

SchpPa 41 - RpVXOWaWV SUpOiPiQaiUeV RbWeQXV daQV OeV cRQdiWiRQV de DX BRiV. 

LeV PpWKRdeV dpYeORSSpeV aX OabRUaWRLUe RQW aORUV pWp WeVWpeV.71 La UpacWLRQ d¶aPLQaWLRQ 

pQaQWLRVpOecWLYe eQ SUpVeQce dX SeQWafOXRURbeQ]\OVXOfaPaWe (PfbVNH2) eW dX RK2(S-WfSWad)4 aSSOLTXpe 

aX 1,4-bLV(4-PpWKR[\SKpQ\O)bXWaQe cRQdXLW aX SURdXLW aWWeQdX aYec XQ UeQdePeQW PRdeVWe de 40% eW 

XQe pQaQWLRVpOecWLYLWp de 62%. CeV UpVXOWaWV V¶aYqUeQW d¶aXWaQW PRLQV VaWLVfaLVaQWV TXe OeV SRVLWLRQV 

beQ]\OLTXeV VRQW eQULcKLeV SaU effeW PpVRPqUe dRQQeXU, ce TXL WKpRULTXePeQW cRQWULbXe j XQe 

PeLOOeXUe UpacWLYLWp daQV ceV cRQdLWLRQV (ScKpPa 42). 

 

SchpPa 42 - APiQaWiRQ C(VS3)±H iQWeUPROpcXOaiUe eW pQaQWiRVpOecWiYe dX OabRUaWRiUe. 

SXLWe j ceV UpVXOWaWV, LO a pWp dpcLdp de WeVWeU OeV cRQdLWLRQV d¶aPLQaWLRQ C ࡳ H VWpUpRVpOecWLYe LPSOLTXaQW 

Oa cRPbLQaLVRQ d¶XQ VXOfRQLPLdaPLde cRPPe SUpcXUVeXU de QLWUqQe aYec Oe cRPSOe[e de UKRdLXP 

RK2(S-QWa)4. SaQV RSWLPLVaWLRQ SUpaOabOe, Oe 1,4-dLSKpQ\ObXWaQe aPLQp 84 eVW LVROp aYec XQ UeQdePeQW 
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de 52% eW XQe e[ceOOeQWe dLaVWpUpRVpOecWLYLWp de 24:1. CeV UpVXOWaWV QRXV RQW cRQdXLWV j cKRLVLU ceV 

cRQdLWLRQV SRXU OeVTXeOOeV XQ SUePLeU WUaYaLO d¶RSWLPLVaWLRQ a pWp eQYLVagp (ScKpPa 43). 

 

SchpPa 43 - APiQaWiRQ C(VS3)±H iQWeUPROpcXOaiUe eW diaVWpUpRVpOecWiYe dX OabRUaWRiUe. 

6.2.  PUpSaUaWLRQ deV UpacWLfV  
6.2.1.  PUeSaUaWLRQ dX RK2(S-QWa)4 73 

OXWUe OeV WUqV bRQV UeQdePeQWV eW VpOecWLYLWpV TX¶LOV LQdXLVeQW, Oe VXOfRQLPLdaPLde (S)-72 eW Oe 

caWaO\VeXU RK2(S-QWa)4 73 SUpVeQWeQW aXVVL O¶LQWpUrW de SRXYRLU rWUe SUpSaUpV j O¶pcKeOOe dX gUaPPe RX 

de Oa dL]aLQe de gUaPPeV.  

La V\QWKqVe dX OLgaQd QWa eVW UpaOLVpe j SaUWLU d¶aQK\dULde 1,8- QaSKWRwTXe eW de L-aOaQLQe. La (S)-N-

1,8-NaSKWKR\OaOaQLQe aLQVL RbWeQXe eVW aORUV LQVWaOOpe VXU Oe cRPSOe[e de dLUKRdLXP(II) SaU XQe VLPSOe 

UpacWLRQ d¶pcKaQge de OLgaQd UpaOLVpe SaU cKaXffage j UefOX[ daQV Oe cKORURbeQ]qQe dX RK2(OAc)4 

cRPPeUcLaO. CeWWe V\QWKqVe URbXVWe eVW aSSOLcabOe j O¶pcKeOOe dX gUaPPe SRXU dRQQeU Oe cRPSOe[e 

RK2(S-QWa)4 73 aYec deV UeQdePeQWV e[ceOOeQWV (ScKpPa 44).60 

 

SchpPa 44 - S\QWhqVe deV cRPSOe[eV Rh2(S-QWa)4 73. 

 



CKaSLWUe 2 : APLQaWLRQ VWpUpRVpOecWLYe de OLaLVRQV C(VS3) ࡳ H SaU WUaQVfeUW de QLWUqQe caWaO\Vp aX UKRdLXP(II) 
 

 

60 

CRQceUQaQW Oa SUpSaUaWLRQ dX VXOfRQLPLdaPLde, eOOe V¶LQVSLUe deV WUaYaX[ de LeYcKeQNR eW d¶OQaPL.77 

La PpWKRde de V\QWKqVe XWLOLVpe aX OabRUaWRLUe eVW UpVXPpe daQV Oe VcKpPa cL-deVVRXV. EQ SUpVeQce de 

cKORUXUe de WKLRQ\Oe, Oe p-WROXqQeVXfLQaWe de VRdLXP eVW WUaQVfRUPp eQ cKORUXUe de p-WROXeQeVXfLQ\Oe 

TXL, SaU acWLRQ de Oa cKORUaPLQe-T, dRQQe Oe cKORUXUe de VXOfRQLPLdR\Oe. La UpacWLRQ de ce deUQLeU aYec 

Oa (R)-a-PpWK\ObeQ]\OaPLQe cRQdXLW j XQ PpOaQge de dLaVWpUpRLVRPqUeV TXL SeXYeQW rWUe VpSaUpV SaU 

UecULVWaOOLVaWLRQ. UQe fRLV Oe dpdRXbOePeQW effecWXp, Oa dpSURWecWLRQ Ve faLW daQV O¶acLde 

WULfOXRURPpWKaQeVXOfRQLTXe SXU, cRQdXLVaQW aX VXOfRQLPLdaPLde pQaQWLRPpULTXePeQW SXU. UQe 

deUQLqUe UecULVWaOOLVaWLRQ daQV XQ PpOaQge MeOH-eaX dRQQe Oe VXOfRQLPLdaPLde aYec XQ WUqV bRQ e[cqV 

pQaQWLRPpULTXe VXSpULeXU j 99%, PeVXUp SaU HPLC cKLUaOe. De PaQLqUe gpQpUaOe, OeV 

VXOfRQLPLdaPLdeV VRQW deV cRPSRVpV VWabOeV j WePSpUaWXUe aPbLaQWe j O¶pcKeOOe de SOXVLeXUV aQQpeV 

(ScKpPa 45).  

6.2.2.  PUpSaUaWLRQ dX VXOfRQLPLdaPLde (S)-72 

 

SchpPa 45 - S\QWhqVe VXOfRQiPidaPide (S)-72. 

6.3.  CULbOage deV SaUaPqWUeV de Oa UpacWLRQ d¶aPLQaWLRQ dLaVWpUpRVpOecWLYe 
6.3.1.  CULbOage dX WaX[ caWaO\WLTXe  

DaQV XQ SUePLeU WePSV, QRXV aYRQV dpcLdp d¶pWXdLeU O¶LQfOXeQce de Oa cKaUge caWaO\WLTXe VXU Oe 

UeQdePeQW de Oa UpacWLRQ. CeSeQdaQW, aXcXQe aPpOLRUaWLRQ QRWabOe de ce deUQLeU Q¶a pWp UeOeYpe, PrPe 

                                                      
77 (a) E. S. LeYcKeQNR, N. Y. DeUNacK aQd A. V. KLUVaQRY, Zh. Obshch. Khim. 1960, 30, 1971-5; (b) E. S. LeYcKeQNR, N. 

Y. DeUNacK aQd A. 85 V. KLUVaQRY, Zh. Obshch. Khim. 1961, 31, 1971-6. (c) S. TVXVKLPa, Y. YaPada, T. OQaPL, K. 

OVKLPa, M. O. CKaQe\, N. D. JRQeV, J. K. SZaUW]eQdUXbeU, BCSJ 1989, 62, 1167±1178.  
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eQ SUpVeQce de 5 PRO% de cRPSOe[e de UKRdLXP. De PaQLqUe gORbaOe, OeV UpVXOWaWV RbWeQXV UeVWeQW 

TXaVL LdeQWLTXeV j ceX[ dpcULWV daQV OeV cRQdLWLRQV LQLWLaOeV (TabOeaX 2). 

 

EQWUpe SXbVWUaW SXOfRQiPidaPide S*NH2 Rh2(S-QWa)4 ReQdePeQW[%] U.d. 

1 1,0 pTXLY. 1,2 pTXLY. 3 PRO% 52 24:1 

2 1,0 pTXLY. 1,2 pTXLY. 4 PRO% 55 24:1 

3 1,0 pTXLY. 1,2 pTXLY. 5 PRO% 55 24:1 

TabOeaX 2 - OSWiPiVaWiRQ de Oa TXaQWiWp de caWaO\VeXU. 

6.3.2.  CULbOage de Oa TXaQWLWp dX VXOfRQLPLdaPLde   

NRXV aYRQV eQVXLWe cULbOp Oe QRPbUe d¶pTXLYaOeQWV aMRXWpV SRXU Oe SUpcXUVeXU de QLWUqQe. De QRXYeaX, 

aXcXQ gaLQ cRQVpTXeQW eQ PaWLqUe de UeQdePeQW Q¶a pWp RbVeUYp PrPe ORUVTXe Oe VXOfRQLPLdaPLde eVW 

LQWURdXLW eQ OaUge e[cqV SaU UaSSRUW aX VXbVWUaW (TabOeaX 3).  

Rh2(S-QWa)4 3 PRO%
PhI(OPiY)2 (1,4 pTXiY.)

TCE/MeOH 3:1
-35 �C, 72 h

HH

1,0 pTXiY.

S
O

NTVN
S-TRO H

S
O

NH2NTV
(S)-72 (X pTXiY.)

78 84  

EQWUpe SXbVWUaW SXOfRQiPidaPide S*NH2 Rh2(S-QWa)4 ReQdePeQW[%] U.d. 

1 1,0 pTXLY. 1,2 pTXLY. 3 PRO% 52 24:1 

2 1,0 pTXLY. 2,0 pTXiY. 3 PRO% 52 24:1 

3 1,0 pTXLY. 3,0 pTXiY. 3 PRO% 57 24:1 

TabOeaX 3 - OSWiPiVaWiRQ de Oa TXaQWiWp de VXOfRQiPidaPide. 
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6.3.3.  CULbOage deV R[\daQWV   

NRXV aYRQV eQVXLWe pYaOXp O¶LQfOXeQce dX UpacWLf de O¶LRde K\SeUYaOeQW eW Oa TXaQWLWp aMRXWpe VXU Oe 

UeQdePeQW. NRXV aYRQV WeVWp deV UpacWLfV dLVSRQLbOeV WeOV TXe Oe PKI(OAc)2, Oe PKI(OCOWBX)2 RX Oe 

PKI=O. LeV UpVXOWaWV VRQW eQ adpTXaWLRQ aYec ce TXL a pWp dpcULW aXSaUaYaQW, j VaYRLU TXe O¶XWLOLVaWLRQ 

de O¶LRde K\SeUYaOeQW PKI(OCOWBX)2, cRPSRVp SOXV VROXbOe, cRQdXLW j de PeLOOeXUV UeQdePeQWV 

(TabOeaX 4). 

 

EQWUpe  PhIL2 eTXiYaOeQWV ReQdePeQW[%] U.d. 

1 PhI=O 1,4 eTXLY. 29 24:1 

2 PhI(OAc)2 1,4 eTXLY. 35 24:1 

3 PhI(OCOWBX)2 1,4 eTXLY. 52 24:1 

4 PKI(OCOWBX)2 2,0 eTXiY. 57 24:1 

TabOeaX 4 - OSWiPiVaWiRQ de O¶R[\daQW. 

6.3.4.  CULbOage de Oa VW°cKLRPpWULe eQ VXbVWUaW   

LeV dLffpUeQWV e[ePSOeV de Oa OLWWpUaWXUe PRQWUeQW TX¶aXgPeQWeU Oe QRPbUe d¶pTXLYaOeQWV de VXbVWUaW 

SeUPeW d¶aPpOLRUeU Oa cRQYeUVLRQ. C¶eVW eQ Ve baVaQW VXU ceWWe K\SRWKqVe TXe QRXV aYRQV dpcLdp de 

faLUe YaULeU ce SaUaPqWUe.   

ALQVL, eQ SUpVeQce de WURLV pTXLYaOeQWV de 1,4-dLSKpQ\ObXWaQe, QRXV aYRQV SX RbWeQLU XQ UeQdePeQW 

aPpOLRUp de 65% SRXU XQe VpOecWLYLWp LQcKaQgpe VXSpULeXUe j 20:1. MaLV de PaQLqUe eQcRUe SOXV 

VaWLVfaLVaQWe, O¶XWLOLVaWLRQ dX VXbVWUaW eQ OpgeU e[cqV, c¶eVW-j-dLUe, 1,1 pTXLYaOeQW, cRQdXLW aX SURdXLW 

aPLQp aYec XQ UeQdePeQW pTXLYaOeQW de 64% eW XQe e[ceOOeQWe dLaVWpUpRVpOecWLYLWp de 24:1 (TabOeaX 

5). CeV cRQdLWLRQV RQW pWp UeWeQXeV SRXU O¶pWXde dX cKaPS d¶aSSOLcaWLRQ de Oa UpacWLRQ. 
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Rh2(S-QWa) 4 3 PRO%
PhI(OPiY)2 (1,4 pTXiY.)

TCE/MeOH 3:1
-35 �C, 72 h

HH

X pTXiY.

S
O

N
TVN

S-TRO H

S
O

NH2
NTV

(S)-72 (1,0 pTXiY.)

78 84  

EQWUpe  SXbVWUaW SXOfRQiPidaPide S*NH2  Rh2(S-QWa)4 ReQdePeQW[%] U.d. 

1 1.0 pTXLY. 1,0 pTXLY. 3 PRO% 52 24:1 

2 3,0 pTXiY. 1,0 pTXLY. 3 PRO% 65 24:1 

3 1,1 pTXiY. 1,0 pTXLY. 3 PRO% 64 24:1 

TabOeaX 5 - OSWiPiVaWiRQ de Oa TXaQWiWp de VXbVWUaW. 

 eWXde dX cKaPS d¶aSSOLcaWLRQ 
7.1.  S\QWKqVe de VXbVWUaWV V\PpWULTXeV 
UQe fRLV OeV cRQdLWLRQV RSWLPaOeV dpWeUPLQpeV, QRXV aYRQV dpcLdp d¶pWXdLeU Oe cKaPS d¶aSSOLcaWLRQ de 

QRWUe UpacWLRQ eQ cRPPeQoaQW SaU V\QWKpWLVeU deV dpULYpV dX 1,4-dLSKpQ\ObXWaQe V\PpWULTXeV. CRPPe 

SRXU Oe 1,4-dLSKpQ\ObXWaQe, Oa VWUaWpgLe UeSRVe VXU XQ cRXSOage de GOaVeU caWaO\Vp aX cXLYUe, VXLYL 

d¶XQe pWaSe d¶K\dURgpQaWLRQ eQ SUpVeQce de SaOOadLXP VXU cKaUbRQ daQV O¶acpWaWe d¶pWK\Oe. CeWWe 

PpWKRde WUqV effLcace a cRQdXLW aX[ dpULYpV dpVLUpV aYec de WUqV bRQV UeQdePeQWV cRPPe Oe dpcULW Oe 

VcKpPa cL-deVVRXV (ScKpPa 46). 

CXCO2,(2�H2O)

N
N

H2, Pd/C

DCM

EWOAcR R R
R

R

MeO

OMe

F3C

CF3

98%
VXU 2 pWaSeV

78%
VXU 2 pWaSeV

98%
VXU 2 pWaSeV

95%
VXU 2 pWaSeV

78 79 80

81  

SchpPa 46 - S\QWhqVe deV dpUiYpV 1,4-diShpQ\ObXWaQe V\PpWUiTXeV. 
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7.2.  APLQaWLRQ C(VS3) ࡳ H deV dpULYpV de 1,4-dLSKpQ\ObXWaQe V\PpWULTXeV 

ASUqV aYRLU LVROp OeV VXbVWUaWV, LOV RQW pWp eQgagpV daQV OeV cRQdLWLRQV d¶aPLQaWLRQ RSWLPLVpeV 

SUpcpdePPeQW. NRXV aYRQV SX, de ce faLW, aSSUpcLeU Oa UpacWLYLWp de ce W\Se de PROpcXOeV eW OeV effeWV 

pOecWURQLTXeV e[eUcpV SaU OeV VXbVWLWXaQWV SOacpV eQ SRVLWLRQ para VXU OeV QR\aX[ aURPaWLTXeV. CRPPe 

SUeVVeQWL, OeV PeLOOeXUV UpVXOWaWV RQW pWp RbWeQXV ORUVTXe OeV SRVLWLRQV beQ]\OLTXeV VRQW eQULcKLeV eQ 

pOecWURQV. RpcLSURTXePeQW, QRXV aYRQV QRWp XQe baLVVe de Oa UpacWLYLWp eQ SUpVeQce de gURXSePeQWV 

pOecWURaWWUacWeXUV. EQfLQ, O¶aPLQaWLRQ dX dLbeQ]RVXbpUaQe cRPPeUcLaO QRXV a SeUPLV d¶LVROeU Oe SURdXLW 

cRUUeVSRQdaQW aYec XQ UeQdePeQW TXaQWLWaWLf eW XQe VpOecWLYLWp SaUfaLWe (ScKpPa 47). 

 

SchpPa 47 ± APiQaWiRQ C ࡳ H deV dpUiYpV de 1,4-diShpQ\OebXWaQe V\PpWUiTXeV. 

7.3.  S\QWKqVeV deV VXbVWUaWV dLVV\PpWULTXeV  
NRXV aYRQV SaU Oa VXLWe caSLWaOLVp VXU ceV UpVXOWaWV, SRXU aMRXWeU XQ degUp de dLffLcXOWp daQV Oa UpacWLRQ 

d¶aPLQaWLRQ C±H, j VaYRLU O¶pWeQdUe j deV VXbVWUaWV SRXU OeVTXeOV Ve SRVe Oa TXeVWLRQ de Oa 

UpgLRVpOecWLYLWp. PRXU ce faLUe, QRXV aYRQV cLbOp deV VXbVWUaWV aYec deV gURXSePeQWV aURPaWLTXeV 

dLffpUePPeQW VXbVWLWXpV, daQV Oe bXW de SRXYRLU dLVcULPLQeU OeV OLaLVRQV C ࡳ ࡳH beQ]\OLTXeV aYec deV 

facWeXUV d¶RUdUe pOecWURQLTXe RX VWpULTXe. NRXV aYRQV pgaOePeQW SUpSaUp TXeOTXeV e[ePSOeV de 

VXbVWUaWV de W\Se aON\OaUqQeV. 

La VWUaWpgLe UeWeQXe SRXU Oa V\QWKqVe de ceV cRPSRVpV LPSOLTXe XQe UpacWLRQ de WLWWLg eQWUe XQ dpULYp 

dX trans-cLQQaPaOdeK\de, eW XQ VeO de SKRVSKRQLXP beQ]\OLTXe. LeV dLqQeV UpVXOWaQWV, LVROpV VRXV Oa 
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fRUPe de PpOaQgeV d¶LVRPqUeV Z:E, VRQW eQVXLWe K\dURgpQpV afLQ de PeQeU aX[ SURdXLWV dpVLUpV aYec 

de bRQV UeQdePeQWV (ScKpPa 48).  

 

SchpPa 48 - S\QWhqVe deV dpUiYpV diVV\PpWUiTXeV. 

DaQV Oe bXW d¶aYRLU accqV j deV aQaORgXeV de Oa QLcRWLQe, XQ deUQLeU VXbVWUaW a pWp SUpSaUp VeORQ XQe 

VpTXeQce SUpVeQWpe daQV Oe VcKpPa cL-deVVRXV TXL LPSOLTXe XQe pWaSe VXSSOpPeQWaLUe d¶R[\daWLRQ. Le 

SURdXLW LVVX de Oa VpTXeQce UpacWLRQ de WLWWLg-K\dURgpQaWLRQ eVW dRQc R[\dp daQV OeV cRQdLWLRQV 

dpcULWeV SaU PaVcKaO SRXU abRXWLU aYec XQ UeQdePeQW de 64% aX dpULYp N-R[\de (ScKpPa 49).78 Ce 

cRPSRVp a pWp cRQoX afLQ d¶aQWLcLSeU OeV SURbOqPeV de UpacWLRQ UeQcRQWUpV daQV Oe caV deV VXbVWUaWV 

SRVVpdaQW XQe fRQcWLRQ baVLTXe, cRQQXe SRXU LQWeUfpUeU aYec O¶acWLYLWp caWaO\WLTXe de cRPSOe[eV 

PpWaOOLTXeV acLdeV aX VeQV de LeZLV.  

 

SchpPa 49 - S\QWhqVe d¶XQ dpUiYp de S\UidiQe. 

                                                      
78 R. T. SKXPaQ, P. L. OUQVWeLQ, J. W. PaVcKaO, P. D. GeVeOOcKeQ, J. Org. Chem. 1990, 55, 738±741. 
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7.4.  APLQaWLRQ C(VS3) ࡳ H deV dpULYpV de 1,4-dLSKpQ\ObXWaQe dLVV\PpWULTXeV 
TRXV ceV dpULYpV RQW eQVXLWe pWp eQgagpV daQV OeV cRQdLWLRQV dpcULWeV SUpcpdePPeQW eW OeV UpVXOWaWV Ve 

VRQW aYpUpV WUqV VaWLVfaLVaQWV. D¶XQe SaUW, OeV aPLQeV VRQW RbWeQXeV aYec d¶e[ceOOeQWV UeQdePeQWV, 

d¶aXWUe SaUW, XQ cRQWU{Oe WUqV pOeYp de Oa UpgLR- eW de Oa VWpUpR-VpOecWLYLWp a SX rWUe RbVeUYp. Le faLW 

d¶aYRLU dLVcULPLQp OeV deX[ QR\aX[ aURPaWLTXeV de PaQLqUe pOecWURQLTXe SeUPeW de dLULgeU 

VpOecWLYePeQW O¶aPLQaWLRQ VXU OeV SRVLWLRQV OeV SOXV ULcKeV eQ pOecWURQV. De PrPe, Oa SUpVeQce d¶XQ 

VXbVWLWXaQW eQ SRVLWLRQ ortho VXU XQ deV deX[ gURXSePeQWV aURPaWLTXeV LQdXLW XQe grQe VWpULTXe 

VXffLVaQWe SRXU dLULgeU Oa UpacWLRQ de fRQcWLRQQaOLVaWLRQ VpOecWLYePeQW VXU O¶aXWUe SRVLWLRQ beQ]\OLTXe 

(ScKpPa 50). 

 

SchpPa 50 ± APiQaWiRQ C ࡳ H deV dpUiYpV de 1,4-diShpQ\OebXWaQe diVV\PpWUiTXeV. 

7.5.  APLQaWLRQ C(VS3) ࡳ H deV aON\OaUqQeV 
NRXV aYRQV eQVXLWe aSSOLTXp ceWWe UpacWLRQ j deV aON\OaUqQeV SRVVpdaQW deV cKavQeV caUbRQpeV de 

ORQgXeXUV dLffpUeQWeV. Ce W\Se de VXbVWUaWV Qe SUpVeQWe aXcXQ bLaLV VWpUpRpOecWURQLTXe eW OeV SURdXLWV 

cRUUeVSRQdaQWV RQW pWp LVROpV aYec deV UeQdePeQWV eW dLaVWpUpRVpOecWLYLWpV cRPSaUabOeV aX[ caV 

SUpcpdeQWV (ScKpPa 51). 
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SchpPa 51 - S\QWhqVe deV dpUiYpV dX beQ]qQe aPiQp. 

7.6.  APLQaWLRQ C(VS3) ࡳ H deV aOcaQeV 
EQfLQ, O¶pWXde dX cKaPS d¶aSSOLcaWLRQ a pWp cRPSOpWpe aYec deV aOcaQeV cRPPeUcLaX[. DaQV XQ SUePLeU 

WePSV, OeV aOcaQeV c\cOLTXeV RQW pWp PLV eQ MeX daQV ceWWe UpacWLRQ eW OeV aPLQeV cRUUeVSRQdaQWeV RQW 

pWp LVROpeV aYec de WUqV bRQV UeQdePeQWV de 76 eW 70 %, UeVSecWLYePeQW SRXU Oe c\ORKeSWaQe eW Oe 

c\cORRcWaQe. PaU aLOOeXUV, XQ aOcaQe VLPSOe, Oe 2-PpWK\OSeQWaQe, a pWp WeVWp PaLV Oe UpVXOWaW V¶eVW aYpUp 

WUqV PR\eQ, Oe SURdXLW cRUUeVSRQdaQW a\aQW pWp LVROp aYec XQ UeQdePeQW de 26%. AfLQ d¶aPpOLRUeU ce 

UpVXOWaW, Oa UpacWLRQ a pWp UeSURdXLWe eQ SUpVeQce de 5 pTXLYaOeQWV de VXbVWUaW, ce TXL a abRXWL j XQ 

UeQdePeQW VXSpULeXU de 50% (ScKpPa 52). 

 

SchpPa 52 - S\QWhqVe deV dpUiYpV dX beQ]qQe aPiQp. 
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DXUaQW O¶pWXde dX cKaPS d¶aSSOLcaWLRQ de ceWWe PpWKRdRORgLe d¶aPLQaWLRQ, ceUWaLQV dpULYpV dX 1,4-

dLSKpQ\ObXWaQe eW ceUWaLQV aOcaQeV Q¶RQW SaV abRXWL j deV UpVXOWaWV VaWLVfaLVaQWV. PaU e[ePSOe, OeV 

dpULYpV fRUWePeQW eQcRPbUpV RX Oe 2-PpWK\OKeSWaQe Q¶RQW SaV dRQQp de bRQQeV cRQYeUVLRQV PrPe 

V¶LOV VRQW LQWURdXLWV eQ OaUge e[cqV.  De SOXV, OeV VXbVWUaWV aOO\OLTXeV Ve VRQW UpYpOpV rWUe de PaXYaLV 

caQdLdaWV SRXU ce W\Se de PpWKRdRORgLe, O¶aPLQe cRUUeVSRQdaQWe a\aQW pWp LVROpe aYec XQ UeQdePeQW 

PR\eQ de 39% eW XQe VpOecWLYLWp TXaVL LQe[LVWaQWe (ScKpPa 53). 

 

SchpPa 53 ± LiPiWaWiRQV dX chaPS d¶aSSOicaWiRQ. 

8. CRQcOXVLRQ 
EQ cRQcOXVLRQ, ceWWe SUePLqUe pWaSe d¶aPLQaWLRQ C(VS3)-H dLaVWpUpRVpOecWLYe caWaO\Vpe aX UKRdLXP, 

XWLOLVaQW XQ VXOfRQLPLdaPLde cRPPe SUpcXUVeXU de QLWUqQe, QRXV a SeUPLV d¶accpdeU j deV cRPSRVpV 

aPLQpV eQ SRVLWLRQ beQ]\OLTXe RX WeUWLaLUe. TRXW SaUWLcXOLqUePeQW, ceV SURdXLWV RQW pWp LVROpV aYec 

d¶e[ceOOeQWV UeQdePeQWV eW de WUqV bRQQeV VWpUpR- eW UpgLR-VpOecWLYLWpV.  

CeV LQWeUPpdLaLUeV de V\QWKqVe YRQW SaU Oa VXLWe rWUe eQgagpV daQV XQe VecRQde pWaSe d¶aPLQaWLRQ, de 

W\Se HRffPaQ-L|ffOeU-FUe\Wag daQV Oe bXW de fRUPeU deV S\UUROLdLQeV pQaQWLRSXUeV, ce TXL faLW O¶RbMeW 

dX cKaSLWUe VXLYaQW. 
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 IQWURdXcWLRQ eW RbMecWLfV dX cKaSLWUe 
DaQV Oe cKaSLWUe SUpcpdeQW, QRXV aYRQV dpcULW XQe UpacWLRQ d¶aPLQaWLRQ C(VS3) ࡳ ࡳH LQWeUPROpcXOaLUe 

aSSOLTXpe j dLYeUV VXbVWUaWV caUbRQpV. PRXU ce faLUe, deX[ UpacWLfV cKLUaX[ fRUPaQW XQe SaLUe "PaWcK", 

XQ VXOfRQLPLdaPLde eW XQ cRPSOe[e PpWaOOLTXe de dLUKRdKLXP(II) RQW pWp XWLOLVpV.   

CeWWe pWaSe cOp QRXV a SeUPLV d¶LQVWaOOeU XQe fRQcWLRQ a]RWpe de PaQLqUe VWpUpR- eW UpgLR-cRQWU{Ope. La 

fRUPaWLRQ de S\UUROLdLQeV pQaQWLRSXUeV VXbVWLWXpeV eQ SRVLWLRQ 2 eW 5 UeSRVe VXU ceWWe fRQcWLRQ j SaUWLU 

de OaTXeOOe LO eVW SUpYX de PeWWUe aX SRLQW XQ SURceVVXV c\cOLVaQW.  

Le cKaSLWUe TXL VXLW dpcULW Oa WUaQVfRUPaWLRQ eQYLVagpe daQV ceWWe SeUVSecWLYe. IO SUpVeQWe XQ pWaW de 

O¶aUW deV UpacWLRQV de fRQcWLRQQaOLVaWLRQ C ࡳ ࡳH SRXU Oa fRUPaWLRQ de S\UUROLdLQeV. IO V¶LQWpUeVVe 

SaUWLcXOLqUePeQW j Oa fRQcWLRQQaOLVaWLRQ SaU abVWUacWLRQ 1,5 d¶aWRPe d¶K\dURgqQe de W\Se HRfPaQQ-

L|ffOeU-FUe\Wag, eW VRQ aSSOLcaWLRQ j Oa fRUPaWLRQ d¶KpWpURc\cOeV a]RWpV (ScKpPa 54). 

EWaSe 1 : APiQaWiRQ iQWeUPROpcXOaiUe SaU iQVeUWiRQ de QiWUqQeV EWaSe 2 : APiQaWiRQ iQWUaPROpcXOaiUe UadicaOaiUe SaU 1,5 HAT

R¶

H2

H1

O[\daQW

1,5-HAT

C\cOiVaWiRQ
R¶N

S
*RpgiRVpOecWif 

VWpUpRcRQWU{Oe
TUanV

R¶

H2

NHS* S*NH2

Rh
R¶

H2

*SN
X

 

SchpPa 54± S\QWhqVe dX OabRUaWRiUe. 

 S\QWKqVe de S\UUROLdLQeV SaU UpacWLRQV de fRQcWLRQQaOLVaWLRQ C ࡳ H 
L¶pPeUgeQce deV UpacWLRQV de fRQcWLRQQaOLVaWLRQ C ࡳ ࡳH a cRQdXLW j de QRXYeOOeV VWUaWpgLeV SRXU Oa 

V\QWKqVe de S\UUROLdLQeV. CeV UpacWLRQV RffUeQW eQ effeW O¶RSSRUWXQLWp de UpaOLVeU de QRXYeOOeV 

dLVcRQQecWLRQV UpWURV\QWKpWLTXeV SRXU Oa cRQceSWLRQ de VpTXeQceV UpacWLRQQeOOeV SOXV pcRQRPeV eQ 

PaWLqUe d¶pWaSeV. 

Le VcKpPa cL-deVVRXV UpVXPe OeV WURLV gUaQdeV VWUaWpgLeV TXL RQW pWp PLVeV aX SRLQW SRXU Oa V\QWKqVe 

de S\UUROLdLQeV LPSOLTXaQW XQe pWaSe de fRQcWLRQQaOLVaWLRQ C ࡳ ࡳH. EOOeV UeSRVeQW VXU O¶ePSORL de Oa 

caWaO\Ve RUgaQRPpWaOOLTXe RX de Oa cKLPLe UadLcaOaLUe (ScKpPa 55).79  

                                                      
79 (a) J. C. K. CKX, T. RRYLV Angew. Chem. Int. Ed. 2018, 57, 62±101. (b) G. KXPaU, S. PUadKaQ, I. CKaWWeUMee, Chemistry 
± An Asian Journal 2020, 15, 651±672. (c) L. M. SWaWePaQ, K. M. NaNafXNX, D. A. NagLb, Synthesis 2018, 50, 1569±1586. 
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SchpPa 55 ± DiYeUVeV PpWhRdeV de V\QWhqVeV de S\UUROidiQeV. 

2.1.  S\QWKqVe SaU dpSURWRQaWLRQ PpWaOORcRQceUWpe (CMD) 
PaUPL Oe gUaQd QRPbUe de UpacWLRQV d¶acWLYaWLRQ C ࡳ H dpYeORSSpeV aX cRXUV de ceWWe deUQLqUe dpceQQLe, 

Oa VWUaWpgLe UeSRVaQW VXU Oa cRRUdLQaWLRQ d¶XQ PpWaO de WUaQVLWLRQ SaU XQ gURXSePeQW dLUecWeXU, a UeoX 

XQe aWWeQWLRQ cRQVLdpUabOe de Oa SaUW deV cKLPLVWeV RUgaQLcLeQV. EQ effeW, Oa SUpVeQce de PXOWLSOeV 

OLaLVRQV C ࡳ ࡳH daQV XQe PROpcXOe RUgaQLTXe UeQd dLffLcLOe OeXU fRQcWLRQQaOLVaWLRQ VpOecWLYe. PRXU 

UpVRXdUe ce SURbOqPe, O¶LQVWaOOaWLRQ d¶XQ gURXSePeQW dLUecWeXU j XQe SOace MXdLcLeXVe de Oa PROpcXOe 

SRXU cLbOeU XQe OLaLVRQ C ࡳ H SaUWLcXOLqUe a pWp eQYLVagpe.  

LeV WUaYaX[ SLRQQLeUV fRQdpV VXU ceWWe PpWKRde SRXU Oa fRUPaWLRQ d¶KpWpURc\cOeV a]RWpV RQW pWp LQLWLpV 

SaU Oe gURXSe de GORULXV eQ 2009 TXL dpcULW Oa SUpSaUaWLRQ d¶LQdROLQeV SaU deV UpacWLRQV d¶aPLQaWLRQ 

SaOOadRcaWaO\VpeV dLULgpeV SaU XQ gURXSePeQW dLUecWeXU de W\Se acpWaPLde (ScKpPa 56).80  

                                                      
80 J. J. NeXPaQQ, S. RaNVKLW, T. DU|ge, F. GORULXV Angew. Chem. Int. Ed. 2009, 48, 6892±6895. 
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SchpPa 56 ± S\QWhqVe de GORUiXV. 

CeV UpVXOWaWV YRQW LQVSLUeU de QRPbUeX[ gURXSeV daQV Oe dpYeORSSePeQW de PpWKRdRORgLeV effLcaceV 

SRXU Oa V\QWKqVe d¶KpWpURc\cOeV. ALQVL, eQ 2012, CKeQ eW DaXgXOLV RQW PLV aX SRLQW OeV SUePLqUeV 

UpacWLRQV d¶aPLQaWLRQ de SRVLWLRQV SULPaLUeV SaU acWLYaWLRQ C ࡳ ࡳH dLULgpe SaU XQ gURXSePeQW 

SLcROLQaPLde, SRXU Oa fRUPaWLRQ de S\UUROLdLQeV dLffpUePPeQW VXbVWLWXpeV aYec de WUqV bRQV 

UeQdePeQWV. L¶pWXde dX PpcaQLVPe de ceV WUaQVfRUPaWLRQV RQW SeUPLV de dpPRQWUeU QRWaPPeQW Oe U{Oe 

dpWeUPLQaQW de O¶R[\daQW SRXU Oa fRUPaWLRQ d¶XQe eVSqce de SaOOadLXP(IV) SUpaOabOePeQW j O¶pWaSe 

d¶pOLPLQaWLRQ UpdXcWULce PeQaQW aX SURdXLW fLQaO (ScKpPa 57).81  

 

 

SchpPa 57 ± MpWhRdeV dpYeORSSpeV SaU DaXgXOiV eW CheQ. 

CeWWe PrPe VWUaWpgLe a eQVXLWe pWp UeSULVe SRXU Oa V\QWKqVe de PROpcXOeV SRO\c\cOLTXeV SaU WX eW VRQ 

gURXSe. CeSeQdaQW, eOOe PqQe j deV PpOaQgeV pTXLPROaLUeV d¶a]pWLdLQe eW de S\UUROLdLQe, VaQV Oa 

SRVVLbLOLWp de SRXYRLU VpSaUeU OeV deX[ SURdXLWV j Oa fLQ de Oa UpacWLRQ.82 

                                                      
81 (a) G. He, Y. ZKaR, S. ZKaQg, C. LX, G. CKeQ, J. Am. Chem. Soc. 2012, 134, 3±6. (b) E. T. NadUeV, O. DaXgXOLV, J. Am. 
Chem. Soc. 2012, 134, 7±10. 
82 J. ZKaR, X.-J. ZKaR, P. CaR, J.-K. LLX, B. WX, Org. Lett. 2017, 19, 4880±4883. 



CKaSLWUe 3 :  APLQaWLRQ VWpUpRVpOecWLYe de OLaLVRQV C(VS3) ࡳ H SaU WUaQVfeUW 1,5 d¶K\dURgqQe  
 

 

74 

POXV UpcePPeQW, O¶pTXLSe de SKL a dpcULW Oe PrPe W\Se de UpacWLRQV eQ SUpVeQce d¶acpWaWe d¶aUgeQW j 

SaUWLU de WULfOaPLdeV cRPPe VXbVWUaWV. CeV deUQLeUV VRQW facLOeV d¶accqV eW OeXU c\cOLVaWLRQ a SeUPLV 

O¶RbWeQWLRQ d¶KpWpURc\cOeV a]RWpV aYec deV UeQdePeQWV cRUUecWV. De SOXV, cRQWUaLUePeQW aX[ aXWUeV 

PpWKRdeV, ceOOe-cL Ve dLffpUeQcLe SaU Oa fRQcWLRQQaOLVaWLRQ faYRULVpe de OLaLVRQV C ࡳ H SULPaLUeV. Ce 

SURWRcROe a SX rWUe aSSOLTXp j Oa V\QWKqVe d¶XQ dpULYp de Oa cRdRQRSVLQLQe, XQ SURdXLW QaWXUeO TXL 

SUpVeQWe XQe acWLYLWp aQWLbLRWLTXe (ScKpPa 58).83  

 

SchpPa 58 ± MpWhRde de Shi. 

2.2.  S\QWKqVe SaU LQVeUWLRQ de QLWUqQeV  
UQe VecRQde VWUaWpgLe de V\QWKqVe SRXU Oa V\QWKqVe de S\UUROLdLQeV UeSRVe VXU O¶LQVeUWLRQ de QLWUqQeV 

daQV deV OLaLVRQV C ࡳ H j SaUWLU de VXbVWUaWV SUpR[\dpV de W\Se a]RWXUe RX K\dUR[\OaPLQe (ScKpPa 59).  

 

SchpPa 59 ± IQVeUWiRQ d¶XQ QiWUqQe daQV XQe OiaiVRQ C ࡳ H. 

2.2.1.  ¬ SaUWLU deV a]RWXUeV 

HLVWRULTXePeQW, OeV a]RWXUeV VRQW OeV SUePLeUV UpacWLfV j aYRLU pWp XWLOLVpV SRXU Oa gpQpUaWLRQ de QLWUqQeV. 

eWRQQaPPeQW, LOV Q¶RQW pWp e[SORLWpV TXe WUqV UpcePPeQW daQV Oe cRQWe[We de O¶aPLQaWLRQ C ࡳ ࡳH 

caWaO\Vpe SaU deV PpWaX[ de WUaQVLWLRQ.84  

                                                      
83 M. YaQg, B. SX, Y. WaQg, K. CKeQ, X. JLaQg, Y.-F. ZKaQg, X.-S. ZKaQg, G. CKeQ, Y. CKeQg, Z. CaR, Q.-Y. GXR, L. 
WaQg, Z.-J. SKL, Nat. Commun. 2014, 5, 4707. 
 
84 (a) G. SPROLQVN\, J. Am. Chem. Soc. 1961, 83, 2489±2493. (b) W. LZRZVNL, G. T. TLVXe, J. Am. Chem. Soc. 1965, 87, 
4022±4023. (c) B. J. SWRNeV, H. DRQg, B. E. LeVOLe, A. L. PXPSKUe\, T. G. DULYeU, J. Am. Chem. Soc. 2007, 129, 7500±
7501. 
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TKpRdRUe BeWOe\ fXW Oe SUePLeU j dpcULUe XQe UpacWLRQ d¶aPLQaWLRQ C ࡳ ࡳH LQWUaPROpcXOaLUe j SaUWLU 

d¶a]RWXUeV d¶aON\Oe SRXU Oa V\QWKqVe de S\UUROLdLQeV caWaO\Vpe SaU XQ cRPSOe[e de feU(II). DaQV Oe bXW 

d¶aYRLU XQe UpacWLRQ effLcace, LO V¶eVW aYpUp QpceVVaLUe de UaMRXWeU XQ gURXSePeQW SURWecWeXU dRQW Oe 

U{Oe eVW de dLPLQXeU Oa QXcOpRSKLOLe de O¶KpWpURc\cOe fRUPp eW aLQVL pYLWeU Va cRRUdLQaWLRQ aX ceQWUe 

PpWaOOLTXe j PrPe d¶LQKLbeU Oa caWaO\Ve. LeV gURXSePeQWV de W\Se aONR[\caUbRQ\OeV, eW QRWaPPeQW Oe 

gURXSePeQW BRc, Ve VRQW UpYpOpV dRQQeU OeV PeLOOeXUV UpVXOWaWV. CeWWe QRXYeOOe PpWKRdRORgLe SeUPeW 

de faLUe UpagLU O¶a]RWXUe aYec WRXV W\SeV de OLaLVRQ C ࡳ H \ cRPSULV OeV SRVLWLRQV SULPaLUeV QRQ acWLYpeV. 

La SUpVeQce dX gURXSePeQW gem-dLPpWK\Oe facLOLWe ceWWe c\cOLVaWLRQ via XQ effeW TKRUSe-IQgROd 

(ScKpPa 60).85  

 

SchpPa 60± MpWhRdRORgie dpcUiWe SaU BeWOe\. 

QXeOTXeV aQQpeV SOXV WaUd, ce PrPe gURXSe a dpcULW XQe YeUVLRQ dLaVWpUpRVpOecWLYe SRXU Oa V\QWKqVe de 

PRWLfV 2,5-dLVXbVWLWXpV. DeV pWXdeV DFT RQW pWp effecWXpeV daQV Oe bXW de dpWeUPLQeU OeV pOpPeQWV 

VWUXcWXUaX[ dX caWaO\VeXU eVVeQWLeOV SRXU Oe cRQWU{Oe de Oa VpOecWLYLWp. CeWWe VWUaWpgLe V¶eVW aYpUpe 

Sa\aQWe eW O¶XWLOLVaWLRQ de OLgaQdV de W\Se SKpQRO aVVRcLpV j dX feU(II) a cRQdXLW j O¶RbWeQWLRQ deV PRWLfV 

VRXKaLWpV aYec XQe VpOecWLYLWp SaUfaLWe (ScKpPa 61).86  

                                                      
85 E. T. HeQQeVV\, T. A. BeWOe\, Science 2013, 340, 591±595. 
86 D. A. IRYaQ, M. J. T. WLOdLQg, Y. BaeN, E. T. HeQQeVV\, T. A. BeWOe\, Angew. Chem. Int. Ed. 2017, 56, 15599±15602. 
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SchpPa 61 ± S\QWhqVe eW aSSOicaWiRQ de QRXYeaX[ caWaO\VeXU SaU BeWOe\. 

EQ 2017, Oe gURXSe de De BUXLQ V¶eVW LQVSLUp de ceV WUaYaX[ SRXU pOabRUeU deV caWaO\VeXUV SOXV URbXVWeV 

eW effLcaceV. PRXU ce faLUe, O¶pTXLSe a cRQoX deV OLgaQdV de W\Se S\ULdLQeíaPLQRSKpQRO TXL VRQW 

V\QWKpWLVpV eQ deX[ pWaSeV, j SaUWLU de Oa 2-c\aQRS\ULdLQe aYec de bRQV UeQdePeQWV (ScKpPa 62).87  

 

SchpPa 62 ± S\QWhqVe dX caWaO\VeXU de De BUXiQ. 

CeV deUQLeUV, XQe fRLV cRXSOpV j XQ aWRPe de feU, V¶aYqUeQW rWUe WUqV effLcaceV SRXU effecWXeU deV 

UpacWLRQV aYec de faLbOeV cKaUgeV caWaO\WLTXeV. LeXU XWLOLVaWLRQ a SeUPLV Oa V\QWKqVe de dLYeUVeV 

S\UUROLdLQeV aYec de WUqV bRQV UeQdePeQWV.  

NpaQPRLQV, ceWWe PpWKRde SUpVeQWe ceUWaLQeV OLPLWaWLRQV. D¶XQe SaUW, XQ PpOaQge de S\UUROLdLQe eW de 

SLSpULdLQe a pWp RbWeQX daQV Oe caV dX 1-a]LdR-KeSWqQe. D¶aXWUe SaUW, XQe UpacWLRQ VecRQdaLUe de 

UpdXcWLRQ de O¶a]RWXUe eQ aPLQe Ve SURdXLW dXUaQW Oa caWaO\Ve, Ve WUadXLVaQW SaU XQe baLVVe de Oa 

cRQYeUVLRQ eQ SURdXLW dpVLUp (ScKpPa 63).88  

                                                      
87 D. L. J. BUReUe, B. de BUXLQ, J. N. H. ReeN, M. LXW], S. DecKeUW, J. I. YaQ deU VOXgW, J. Am. Chem. Soc. 2014, 136, 11574±
11577. 
88 B. BagK, D. L. J. BUReUe, V. SLQKa, P. F. KXLMSeUV, N. P. YaQ LeeVW, B. de BUXLQ, S. DePeVKNR, M. A. SLegOeU, J. I. YaQ 
deU VOXgW, J. Am. Chem. Soc. 2017, 139, 5117±5124. 
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SchpPa 63 ± MpWhRde de De BUXiQ. 

D¶aXWUeV cRPSOe[eV de feU baVpV VXU Oa cKLPLe deV SRUSK\ULQeV RQW pWp dpYeORSSpV SRXU Oa cRQYeUVLRQ 

d¶a]RWXUeV eQ S\UUROLdLQeV. ALQVL eQ 2018, CKe eW VRQ pTXLSe RQW dpcULW O¶XWLOLVaWLRQ cRPbLQpe d¶XQe 

SRUSK\ULQe eW de caUbqQeV N-KpWpURc\cOLTXeV cRPPe OLgaQdV dX feU SRXU Oa dpcRPSRVLWLRQ d¶a]RWXUeV. 

Ce V\VWqPe caWaO\WLTXe a pWp aSSOLTXp j Oa V\QWKqVe de PRWLfV LPSRUWaQWV cRPPe Oe WURSaQe RX de 

SURdXLWV QaWXUeOV cRPPe Oa QRUQLcRWLQe eW XQ dpULYp de Oa OeeOaPLQe, WRXV RbWeQXV aYec deV bRQV 

UeQdePeQWV eQ SeX d¶pWaSeV (ScKpPa 64).89   

 

SchpPa 64 ± APiQaWiRQ iQWUaPROpcXOaiUe dpYeORSSpe SaU Che. 

POXV UpcePPeQW, CKe et al RQW dpcULW XQ caWaO\VeXU de VecRQde gpQpUaWLRQ, ePSOR\p aYec XQe cKaUge 

caWaO\WLTXe SOXV faLbOe. Le SUpcpdeQW, bLeQ TXe WUqV UpacWLf, Qe SeUPeWWaLW TX¶XQ cRQWU{Oe PR\eQ de Oa 

VpOecWLYLWp. Ce QRXYeaX cRPSOe[e SeUPeW dRQc XQe QeWWe aPpOLRUaWLRQ j ce QLYeaX, cRPPe O¶aWWeVWe 

O¶e[ePSOe VpOecWLRQQp cL-deVVRXV R� Oe 1-a]LdR-5-PpWK\OKe[aQe PqQe e[cOXVLYePeQW aX SURdXLW de 

W\Se SLSpULdLQe (ScKpPa 65).90  

                                                      
89 K.-P. SKLQg, Y. LLX, B. CaR, X.-Y. CKaQg, T. YRX, C.-M. CKe, Angew. Chem. Int. Ed. 2018, 57, 11947±11951. 
90 Y.-D. DX, Z.-J. XX, C.-Y. ZKRX, C.-M. CKe, Org. Lett. 2019, 21, 895±899. 
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SchpPa 65 ± CaWaO\VeXUV V\QWhpWiVpV SaU Che. 

 MpWKRdeV de fRQcWLRQQaOLVaWLRQ C ࡳ ࡳH pQaQWLRVpOecWLYeV SRXU Oa 
fRUPaWLRQ de S\UUROLdLQeV 

3.1.  ¬ SaUWLU deV a]RWXUeV 
LeV PpWKRdeV dLVcXWpeV SUpcpdePPeQW, bLeQ TXe WUqV effLcaceV, Qe SeUPeWWeQW SaV O¶RbWeQWLRQ de 

S\UUROLdLQeV pQaQWLRSXUeV. NpaQPRLQV, LO e[LVWe daQV Oa OLWWpUaWXUe de UaUeV e[ePSOeV d¶aPLQaWLRQ C ࡳ ࡳH 

LQWUaPROpcXOaLUe pQaQWLRVpOecWLYe j SaUWLU d¶a]RWXUeV TXL UeSRVe VXU O¶XWLOLVaWLRQ de Oa caWaO\Ve 

RUgaQRPpWaOOLTXe aV\PpWULTXe. 

LeV SUePLeUV UpVXOWaWV RQW pWp SXbOLpV SaU Oe gURXSe de De BUXLQ. L¶XWLOLVaWLRQ d¶XQe SRUSK\ULQe de 

cRbaOW cKLUaOe SeUPeW Oa cRQVWUXcWLRQ d¶aPLQeV c\cOLTXeV VXbVWLWXpeV eQ SRVLWLRQ 2 aYec deV UpVXOWaWV 

WRXWefRLV PR\eQV SXLVTXe OeV e[cqV pQaQWLRPpULTXeV Q¶e[cqdeQW SaV 46% (ScKpPa 66).91  
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91 P. F. KXLMSeUV, M. J. TLeNLQN, W. B. BUeXNeOaaU, D. L. J. BUReUe, N. P. YaQ LeeVW, J. I. YaQ deU VOXgW, J. N. H. ReeN, B. 
de BUXLQ, Chem. Eur. J. 2017, 23, 7945±7952. 
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SchpPa 66 ± S\QWhqVe pQaQWiRVpOecWiYe dpYeORSSpe SaU de De BUXiQ. 

POXV UpcePPeQW, Oe gURXSe de MeggeUV a dpcULW deV cRQdLWLRQV d¶aPLQaWLRQ C(VS3) ࡳ H LQWUaPROpcXOaLUe 

pQaQWLRVpOecWLYe eQ SUpVeQce d¶XQ V\VWqPe caWaO\WLTXe cRPbLQaQW XQ cRPSOe[e de UXWKpQLXP cKLUaO eW 

XQe SKRVSKLQe. UWLOLVp aYec XQe cKaUge caWaO\WLTXe de 1 PRO%, LO SeUPeW de cRQYeUWLU a]RWXUeV eQ 

S\UUROLdLQeV aYec de bRQV UeQdePeQW eW d¶e[ceOOeQWV e[cqV pQaQWLRPpULTXeV (ScKpPa 67).92  

 

SchpPa 67 ± S\QWhqVe pQaQWiRVpOecWiYe de MeggeUV. 

EQfLQ, Oe gURXSe de BeWOe\ a PLV aX SRLQW XQe PpWKRdRORgLe XWLOLVaQW XQ cRPSOe[e de QLcNeO cKLUaO. 

DaQV ce caV, O¶aPLQaWLRQ C ࡳ H SeUPeW de cRQYeUWLU, daQV deV cRQdLWLRQV WKeUPLTXeV aYec XQe faLbOe 

cKaUge caWaO\WLTXe, deV a]RWXUeV eQ S\UUROLdLQeV aYec de bRQV UeQdePeQWV eW deV VpOecWLYLWpV PRdpUpeV 

(MXVTX'j 73 % ee). CeWWe PpWKRde eVW VXbVWUaW dpSeQdaQWe, daQV Oe VeQV R� XQe VXbVWLWXWLRQ 3,5-dLaON\Oe 

Pa[LPLVe O¶LQdXcWLRQ aV\PpWULTXe cRPPe Oe PRQWUe Oe VcKpPa cL-deVVRXV (ScKpPa 68).93  

 

SchpPa 68 ± S\QWhqVe pQaQWiRVpOecWiYe de BeWOe\. 

3.2.  ¬ SaUWLU deV N-R[\caUbaPaWeV 

BLeQ TXe OeV a]RWXUeV RffUeQW XQe UpacWLYLWp LQWpUeVVaQWe, d¶aXWUeV VXbVWUaWV R[\dpV RQW pWp XWLOLVpV daQV 

Oe bXW d¶abRXWLU j deV S\UUROLdLQeV. 

                                                      
92 J. QLQ, Z. ZKRX, T. CXL, M. HePPLQg, E. MeggeUV, Chem. Sci. 2019, 10, 3202±3207. 
93 Y. DRQg, C. J. LXQd, G. J. PRUWeU, R. M. COaUNe, S.-L. ZKeQg, T. R. CXQdaUL, T. A. BeWOe\, J. Am. Chem. Soc. 2021, 143, 
817±829. 
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FaOcN a dpPRQWUp O¶XWLOLWp V\QWKpWLTXe deV N-WRV\OR[\caUbaPaWeV eQ dpcULYaQW eQ 2017 XQ V\VWqPe 

caWaO\WLTXe LPSOLTXaQW deV cRPSOe[eV de UKRdLXP. LeV VXbVWUaWV VRQW SUpSaUpV SaU UpacWLRQ de 

MLWVXQRbX j SaUWLU d¶aOcRROV aOLSKaWLTXeV UacpPLTXeV RX pQaQWLRSXUV.  LeV SURdXLWV de c\cOLVaWLRQ RQW 

pWp LVROpV aYec de bRQV UeQdePeQWV eW de WUqV bRQQeV VpOecWLYLWpV. UQe deV caUacWpULVWLTXeV SULQcLSaOeV 

de ceWWe UpacWLRQ eVW de SRXYRLU cRQWU{OeU Oa dLaVWpUpRVpOecWLYLWp SaU XQe VLPSOe PRdXOaWLRQ dX 

caWaO\VeXU PpWaOOLTXe eW deV VROYaQWV. EQ effeW, j SaUWLU d¶XQ VXbVWUaW cKLUaO, OeV cRPSOe[eV de UKRdLXP 

aVVRcLpV j deV OLgaQdV YROXPLQeX[ dpULYp de Oa Wert-OeXcLQe YRQW dRQQeU SUpfpUeQWLeOOePeQW O¶LVRPqUe 

cis, cRQWUaLUePeQW aX[ OLgaQdV de W\Se acpWaWe TXL SeUPeWWeQW O¶RbWeQWLRQ de O¶LVRPqUe trans (ScKpPa 

69).94  

 

SchpPa 69 ± ASSOicaWiRQ deV N-WRV\OR[\caUbaPaWeV SaU FaOcN. 

EQfLQ, O¶pTXLSe SKLbaVaNL eW NRda a SXbOLp O¶XWLOLVaWLRQ de O-beQ]R\OK\dUR[\OaPLQeV cRPPe 

SUpcXUVeXUV de QLWUpQeV. DeV aPLQeV SULPaLUeV cRPPeUcLaOePeQW dLVSRQLbOeV VRQW WUaQVfRUPpeV eQ 

S\UUROLdLQeV SaU caWaO\Ve RUgaQRPpWaOOLTXe aSUqV XQe pWaSe d¶R[\daWLRQ SaU Oe SeUR[\de de beQ]R\Oe. 

CeWWe UpacWLRQ eVW WUqV effLcace eW ceWWe cKLPLe eVW cRPSOpPeQWaLUe de ceOOe dpcULWe SaU FaOcN eQ PaWLqUe 

de SUpSaUaWLRQ deV VXbVWUaWV (ScKpPa 70).95  

 

SchpPa 70 ± ASSOicaWiRQ deV O-beQ]R\Oh\dUR[\OaPiQeV SaU ShibaVaNi eW NRda. 

                                                      
94 S. MXQQXUL, A. M. AdebeVLQ, M. P. PaXd\aO, M. YRXVXfXddLQ, A. DaOLSe, J. R. FaOcN, J. Am. Chem. Soc. 2017, 139, 
18288±18294. 
95 H. NRda, Y. AVada, M. SKLbaVaNL, Org. Lett. 2020, 22, 8769±8773. 
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 RadLcaO aPLd\Oe eW aPLQaWLRQ C(VS3) ࡳ H dLULgpe SaU WUaQVfeUW 1,5 HAT 
4.1.  RpacWLRQV SKRWRcKLPLTXeV   
UQe deUQLqUe PpWKRde d¶aPLQaWLRQ C(VS3) ࡳ H LQWUaPROpcXOaLUe UeSRVe VXU Oa gpQpUaWLRQ de UadLcaX[ 

ceQWUpV VXU O¶a]RWe TXL SeXYeQW eQVXLWe UpagLU VeORQ XQ WUaQVfeUW d¶aWRPe K\dURgqQe-1,Q (1,Q-HAT). 

DaQV Oa OLWWpUaWXUe, Oa YRLe Oa SOXV cRPPXQe SRXU gpQpUeU ce W\Se d¶eVSqceV eVW O¶XWLOLVaWLRQ de Oa 

SKRWRcKLPLe.96 TUqV j Oa PRde, ceWWe VWUaWpgLe dePaQde WRXWefRLV O¶XWLOLVaWLRQ de VXbVWUaWV 

SUpfRQcWLRQQaOLVpV de W\Se K\dUR[\OaPLQe.97  

EQ effeW, Oa OLaLVRQ N ࡳ O a XQe pQeUgLe de dLVVRcLaWLRQ PRLQV LPSRUWaQWe TX¶XQe OLaLVRQ N ࡳ H (50 

NcaO/PRO vs 80 NcaO/PRO). CeWWe SURSULpWp a QRWaPPeQW pWp XWLOLVpe SaU OeV gURXSeV de NeYadR eW de 

LeRQRUL. CeV deUQLeUV, RQW LPSOpPeQWp deV gURXSePeQWV aURPaWLTXeV aSSaXYULV eQ pOecWURQV 

(pOecWURSKRUeV) VXU O¶K\dUR[\OaPLQe SRXU facLOLWeU Oa UpacWLRQ de UpdXcWLRQ SaU XQ SKRWRcaWaO\VeXU.98 

Le UadLcaO aLQVL fRUPp SeXW eQVXLWe rWUe eQgagp daQV dLYeUVeV UpacWLRQV dRQW OeV WUaQVfeUWV 

LQWUaPROpcXOaLUeV d¶K\dURgqQe (ScKpPa 71).  
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SchpPa 71 ± RadicaO a]RWp eW UpacWiYiWp 1,Q-HAT. 

4.2.  La UpacWLRQ HRffPaQQ-L|ffOeU-FUe\Wag 
UWLOLVeU XQe aPLQe OLbUe cRPPe SUpcXUVeXU de UadLcaO ceQWUp VXU O¶a]RWe, SeXW V¶aYpUeU SaUfRLV rWUe XQe 

VWUaWpgLe SOXV MXdLcLeXVe. UQe deV PpWKRdeV OeV SOXV cRQQXeV eVW Oe cOLYage KRPRO\WLTXe d'XQe OLaLVRQ 

a]RWe-KaORgqQe aSUqV cRQYeUVLRQ de O¶aPLQe eQ KaORaPLQe. 

                                                      
96 M. D. KlUNlV, ACS Catal. 2017, 7, 4999±5022. 
97 (a) J. DaYLeV, S. P. MRUcLOOR, J. J. DRXgOaV, D. LeRQRUL, Chem. Eur. J. 2018, 24, 12154±12163. K. M. NaNafXNX, S. C. 
FRVX, D. A. NagLb, J. Am. Chem. Soc. 2018, 140, 11202±11205. (b) K. M. NaNafXNX, Z. ZKaQg, E. A. WaSSeV, L. M. 
SWaWePaQ, A. D. CKeQ, D. A. NagLb, Nat. Chem. 2020, 12, 697±704 
98 (a) J. DaYLeV, T. D. SYeMVWUXS, D. FeUQaQde] ReLQa, N. S. SKeLNK, D. LeRQRUL, J. Am. Chem. Soc. 2016, 138, 8092±8095. 
(b) W. SKX, C. NeYadR, Angew. Chem. Int. Ed. 2017, 56, 1881±1884. 
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CeWWe UpacWLYLWp a pWp dpcRXYeUWe eQ SUePLeU SaU AXgXVW WLOKeOP YRQ HRfPaQQ eQ 1885. Le cKaXffage 

j 140 �C de Oa N-bURPRcRQLLQe daQV deV cRQdLWLRQV fRUWePeQW acLdeV LQdXLW Oa fRUPaWLRQ d¶XQ UadLcaO 

aPLQ\Oe TXL VXbLW XQ WUaQVfeUW 1,5 d¶K\dURgqQe. UQ WUaLWePeQW fLQaO aYec XQe baVe SeUPeW aORUV d¶LVROeU 

Oa d-cRQpceLQe aSUqV c\cOLVaWLRQ (ScKpPa 72).99  

 

SchpPa 72 ± S\QWhqVe de Oa d-cRQpceiQe SaU HRfPaQQ. 

PaU Oa VXLWe, Oe PpcaQLVPe a pWp pWXdLp SaU WaZ]RQeN eW CRUe\ TXL RQW VXggpUp XQe cKavQe d¶pWaSeV 

UadLcaOaLUeV. TRXW d¶abRUd, Oa SURWRQaWLRQ de O¶aWRPe d¶a]RWe fUagLOLVe Oa OLaLVRQ N ࡳ X TXL Ya VXbLU XQe 

UXSWXUe KRPRO\WLTXe. Le UadLcaO aPLQ\Oe aLQVL fRUPp VXbLW Oe WUaQVfeUW d¶K\dURgqQe VpOecWLYePeQW eQ 

1,5 SRXU gpQpUeU XQ UadLcaO ceQWUp VXU Oe caUbRQe. Ce deUQLeU UpagLW aYec XQe VRXUce d¶KaORgqQe daQV 

Oe PLOLeX UpacWLRQQeO SRXU fRUPeU O¶KaORgpQXUe d¶aON\Oe cRUUeVSRQdaQW eW OLbpUeU de QRXYeaX XQ UadLcaO 

aPLQ\Oe. PRXU fLQLU, XQ WUaLWePeQW baVLTXe SeUPeW O¶RbWeQWLRQ dX SURdXLW c\cOLVp.  

EQ gpQpUaO, OeV UpacWLRQV de W\Se HRfPaQQ-L|ffOeU-FUe\Wag PqQeQW j deV SURdXLWV c\cOLTXeV j 5 

cKavQRQV, WaQdLV TXe Oa fRUPaWLRQ deV c\cOeV j 6 cKavQRQV Q¶eVW TXe UaUePeQW RbVeUYpe. CeOa eVW d� j 

XQ pWaW de WUaQVLWLRQ cKaLVe, OaUgePeQW faYRULVp daQV Oe SUePLeU caV (ScKpPa 73).100  

 

SchpPa 73 ± MpcaQiVPe dpcUiW SaU WaZ]RQeN eW CRUe\. 

                                                      
99 A. W. HRfPaQQ, Ber. Dtsch. Chem. Ges. 1885, 18, 109±131. 
100 (a) S. WaZ]RQeN, P. J. TKeOeQ, J. Am. Chem. Soc. 1950, 72, 2118±2120. (b) S. WaZ]RQeN, M. F. NeOVRQ, P. J. TKeOeQ, 
J. Am. Chem. Soc. 1951, 73, 2806±2808. (c) E. J. CRUe\, W. R. HeUWOeU, J. Am. Chem. Soc. 1960, 82, 1657±1668.  
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ASUqV Oa dpcRXYeUWe d¶HRfPaQQ, ceWWe VWUaWpgLe a pWp UeSULVe SaU KaUO L|ffOeU eW CXUW FUe\Wag TXL YRQW 

dpPRQWUeU VRQ XWLOLWp eW pWeQdUe VRQ cKaPS d¶aSSOLcaWLRQ j deV aPLQeV VecRQdaLUeV eW SULPaLUeV. IOV 

O¶aSSOLTXeURQW QRWaPPeQW j Oa V\QWKqVe de Oa QLcRWLQe eQ 1910 (ScKpPa 74).101  

 

SchpPa 74 ± S\QWhqVe de Oa QicRWiQe SaU L|ffOeU. 

4.3.  La PRdLfLcaWLRQ de SXaUe] 
La UpacWLRQ de HRfPaQQ-L|ffOeU-FUe\Wag LPSOLTXe WRXWefRLV deV cRQdLWLRQV UpacWLRQQeOOeV dXUeV, ce TXL 

UeVWUeLQW VRQ cKaPS d¶aSSOLcaWLRQ j deV VXbVWUaWV dpQXpV de fRQcWLRQV cKLPLTXeV VeQVLbOeV. La 

UecKeUcKe de cRQdLWLRQV SOXV dRXceV SRXU Oa fRUPaWLRQ eW Oe cOLYage deV OLaLVRQV N ࡳ X a abRXWL j 

O¶XWLOLVaWLRQ d¶LRde PROpcXOaLUe cRPbLQp j XQ R[\daQW afLQ de gpQpUeU deV eVSqceV K\SRLRdLWeV WUqV 

UpacWLYeV daQV deV cRQdLWLRQV WKeUPLTXeV RX SKRWRcKLPLTXeV (ScKpPa 75).102  

 

SchpPa 75 ± FRUPaWiRQ deV eVSqceV h\SRiRdiWeV. 

UQ VLqcOe aSUqV OeV WUaYaX[ SLRQQLeUV d¶HRfPaQQ, SXaUe] a aLQVL dpcULW Oe SUePLeU V\VWqPe TXL SeUPeW 

de fRUPeU XQe OLaLVRQ N ࡳ X in situ eQ a\aQW UecRXUW aX[ UpacWLfV de W\Se K\SRLRdLWe. UQ PpOaQge 

VW°cKLRPpWULTXe d¶LRde PROpcXOaLUe, de Pb(OAc)4 eW d¶R[\de de PeUcXUe eVW XWLOLVp SRXU fRUPeU XQe 

LRdRaPLQe j SaUWLU de fRQcWLRQV a]RWpeV SURWpgpeV SaU deV gURXSePeQWV QLWUR RX SKRVSKRUaPLdLWeV. 

                                                      
101 (a) K. L|ffOeU, C. FUe\Wag, Ber. Dtsch. Chem. Ges. 1909, 42, 3427±3431. (b) K. L|ffOeU, Ber. Dtsch. Chem. Ges. 1910, 
43, 2035±2048. 
102 R. GLUL, J.-Q. YX, LQ Encyclopedia of Reagents for Organic Synthesis, APeULcaQ CaQceU SRcLeW\, 2008. 
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ASUqV XQe acWLYaWLRQ OXPLQeXVe eW WKeUPLTXe, OeV SURdXLWV de c\cOLVaWLRQ VRQW LVROpV daQV Oe caV de 

dpULYpV VWpURwdeV aYec deV UeQdePeQWV eQWUe 63 eW 100% (ScKpPa 76).103  

 

SchpPa 76 ± PUePiqUe PpWhRde PiVe aX SRiQW SaU SXaUe]. 

NpaQPRLQV, O¶XWLOLVaWLRQ de UpacWLfV cRPPe Oe SORPb RX Oe PeUcXUe RQW cRQdXLW O¶pTXLSe de SXaUe] j 

WURXYeU deV cRQdLWLRQV aOWeUQaWLYeV PRLQV WR[LTXeV. EQ 1985, Oa dpcRXYeUWe TXe OeV UpacWLfV de O¶LRde 

K\SeUYaOeQW cRQVWLWXeQW deV R[\daQWV adaSWpV j ce W\Se de UpacWLRQV Ya abRXWLU j deV cRQWULbXWLRQV 

PaMeXUeV daQV ce dRPaLQe. UQe SUePLqUe LOOXVWUaWLRQ a pWp aSSRUWpe SaU O¶aPLQaWLRQ LQWUaPROpcXOaLUe 

UpaOLVpe aYec de WUqV bRQV UeQdePeQWV SRXU abRXWLU j deV PROpcXOeV fRQcWLRQQeOOeV cRPSOe[eV (ScKpPa 

77).104  

 

SchpPa 77 ± MRdificaWiRQ de SXaUe]. 

 

                                                      
103 (a) R. HeUQiQde], A. RLYeUa, J. A. SaOa]aU, E. SXiUe], J. Chem. Soc., Chem. Commun. 1980, 958±959. (b) C. BeWaQcRU, 
J. I. CRQceScLRQ, R. HeUQaQde], J. A. SaOa]aU, E. SXaUe], J. Org. Chem. 1983, 48, 4430±4432 
104 (a) P. de AUPaV, R. CaUUaX, J. I. CRQceScLyQ, C. G. FUaQcLVcR, R. HeUQiQde], E. SXiUe], Tetrahedron Letters 1985, 26, 
2493±2496. (b) P. de AUPaV, C. G. FUaQcLVcR, R. HeUQiQde], J. A. SaOa]aU, E. SXiUe], J. Chem. Soc., Perkin Trans. 1 1988, 
3255±3265. (c) R. L. DRUWa, C. G. FUaQcLVcR, E. SXiUe], J. Chem. Soc., Chem. Commun. 1989, 1168±1169. (d) A. BRWR, D. 
HeUQiQde], R. HeUQiQde], E. SXiUe], J. Org. Chem. 2003, 68, 5310±5319. 
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DaQV OeV aQQpeV 2000, FaQ a UeSULV OeV cRQdLWLRQV dpcULWeV SaU SXaUe] SRXU OeV aSSOLTXeU j deV 

VXOfRQaPLdeV aOLSKaWLTXeV. LeV SURdXLWV c\cOLVpV VRQW RbWeQXV aYec de bRQV UeQdePeQWV aORUV TXe OeV 

caUbaPaWeV cRUUeVSRQdaQWV Q¶RQW PRQWUp aXcXQe UpacWLYLWp (ScKpPa 78).105 

 

SchpPa 78 ± ASSOicaWiRQ de FaQ.  

4.4.  MpcaQLVPe LQdXLW SaU OeV eVSqceV K\SRLRdLWeV 
D¶XQ SRLQW de YXe PpcaQLVWLTXe, XQe aQaORgLe SeXW rWUe faLWe aYec ceOXL dpcULW SaU WaZ]RQeN eW CRUe\. 

GpQpUpe aSUqV UpacWLRQ eQWUe I2 eW PKIX2, O¶eVSqce K\SRLRdLWe I(X) SeUPeW de gpQpUeU j SaUWLU dX 

VXOfRQaPLde O¶LRdaPLQe A in situ, OaTXeOOe VXbLW XQe UXSWXUe KRPRO\WLTXe SRXU cRQdXLUe aX N-UadLcaO 

B. ASUqV Oe WUaQVfeUW 1,5 d¶K\dURgqQe, Oe UadLcaO caUbRQp C UpagLW aYec XQe VRXUce d¶KaORgpQXUe daQV 

Oe PLOLeX SRXU fRUPeU O¶LRdRdRaOcaQe D. Ce deUQLeU SeXW fLQaOePeQW c\cOLVeU dLUecWePeQW RX rWUe R[\dp 

eQ LQWeUPpdLaLUe E aYaQW de PeQeU aX SURdXLW c\cOLTXe (ScKpPa 79).  

 

SchpPa 79 ± MpcaQiVPe aYec OeV UpacWifV de W\Se h\SRiRdiWe.  

 

 

                                                      
105 R. FaQ, D. PX, F. WeQ, J. WX, J. Org. Chem. 2007, 72, 8994±8997. 
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4.5.  PUePLeUV V\VWqPeV caWaO\WLTXeV 
UQe deV OLPLWaWLRQV de ceWWe cKLPLe eVW TX¶eOOe LPSOLTXe Oa cRPbLQaLVRQ de TXaQWLWpV VW°cKLRPpWULTXeV 

d¶LRde PROpcXOaLUe eW XQ OaUge e[cqV d¶R[\daQW. CeV deX[ SaUaPqWUeV VRQW j O¶RULgLQe de Oa fRUPaWLRQ 

de VRXV-SURdXLWV de VXUR[\daWLRQ LdeQWLfLpV SaU Oe gURXSe de HeUUeUa eQ 2015.106 D¶aXWUeV gURXSeV de 

UecKeUcKe RQW dRQc SURSRVp deV V\VWqPeV LQgpQLeX[ eW SOXV SeUfRUPaQWV SRXU cRQWRXUQeU ceV SURbOqPeV 

(ScKpPa 80).  

 

SchpPa 80 ± PURdXiW VecRQdaiUe fRUPp ORUV de Oa UpacWiRQ de c\cOiVaWiRQ. 

UQe SUePLqUe VROXWLRQ pOpgaQWe a pWp aSSRUWpe eQ 2015 SaU O¶pTXLSe de KLOLaQ MXxL], TXL a cRQoX XQ 

SURWRcROe LPSOLTXaQW XQe TXaQWLWp caWaO\WLTXe d¶LRde PROpcXOaLUe eW XQ OpgeU e[cqV d¶XQ UpacWLf de 

O¶LRde K\SeUYaOeQW PLV aX SRLQW SRXU ce W\Se de UpacWLRQ, Oe PKI(mCBA)2. DeV aPLQeV SULPaLUeV RQW 

aLQVL pWp cRQYeUWLeV eQ S\UUROLdLQeV aYec d¶e[ceOOeQWV UeQdePeQWV. CeV deUQLeUV VRQW aPpOLRUpV SaU Oa 

SUpVeQce d¶XQe gem-dLVXbVWLWXWLRQ eQ SRVLWLRQ brWa de O¶a]RWe j O¶RULgLQe d¶XQ effeW TKRUSe-IQgROd 

bpQpfLTXe (ScKpPa 81). 107  

 

SchpPa 81 ± S\VWqPe caWaO\WiTXe dpcUiW SaU MXxi]. 

 

 

 

 

                                                      
106 N. R. Pa], D. RRdUtgXe]-SRVa, H. VaOdpV, R. MaUWLcRUeQa, D. MeOLiQ, M. B. CRSaQR, C. C. GRQ]iOe], A. J. HeUUeUa, 
Org. Lett. 2015, 17, 2370±2373. 
107 C. MaUWtQe], K. MXxL], Angew. Chem. Int. Ed. 2015, 54, 8287±8291. 
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POXV WaUd, Oe PrPe gURXSe dpcULUa deX[ aXWUeV V\VWqPeV UpacWLRQQeOV, baVpV VXU O¶ePSORL de N-

LRdRVXccLQLPLde RX de bURPXUe de WpWUabXW\OaPRQLXP. IO cRQYLeQW WRXWefRLV de PeQWLRQQeU TXe daQV 

ceV caV, O¶aPLQaWLRQ fRQcWLRQQe ceUWeV aYec de WUqV bRQV UeQdePeQWV, PaLV XQLTXePeQW VXU deV SRVLWLRQV 

beQ]\OLTXeV acWLYpeV (ScKpPa 82).108  

 

SchpPa 82 ± VRieV aOWeUQaWiYeV pOabRUpeV SaU MXxi]. 

4.6.  AXWUe V\VWqPe caWaO\WLTXe baVp VXU O¶ePSORL d¶LRdXUe 
PaUaOOqOePeQW j ceV WUaYaX[, Oe gURXSe de NagLb a dpYeORSSp XQ aXWUe V\VWqPe caWaO\WLTXe SRXU 

cRQWU{OeU Oa TXaQWLWp d¶LRde PROpcXOaLUe SUpVeQW daQV Oe PLOLeX, VRXYeQW j O¶RULgLQe de Oa fRUPaWLRQ de 

VRXV-SURdXLWV QRQ dpVLUpV. ALQVL, eQ cRPbLQaQW XQ LRdXUe aYec XQ R[\daQW, LO eVW SRVVLbOe de gpQpUeU 

O¶LRde TXL eVW VpTXeVWUp VRXV Va fRUPe WULRdXUe. DaQV ceV cRQdLWLRQV, dLYeUV KpWpURc\cOeV LVVXV de 

O¶aPLQaWLRQ VXU deV SRVLWLRQV acWLYpeV RX dpVacWLYpeV RQW SX rWUe RbWeQXV aYec de WUqV bRQV UeQdePeQWV 

PaLV deV dLaVWpUpRVpcWLYLWpV OLPLWpeV (ScKpPa 83).  

 

SchpPa 83 ± S\VWqPe dpcUiW SaU Nagib. 

                                                      
108 (a) C. Q. O¶BURLQ, P. FeUQiQde], C. MaUWtQe], K. MXxL], Org. Lett. 2016, 18, 436±439. (b) P. BecNeU, T. DXKaPeO, C. 
MaUWtQe], K. MXxL], Angew. Chem. Int. Ed. 2018, 57, 5166±5170. 
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CeWWe PpWKRde SeUPeW d¶XWLOLVeU OeV aPLQeV VecRQdaLUeV cRPPe QXcOpRSKLOeV eW OeV S\UUROLdLQeV 

cRUUeVSRQdaQWeV RQW SX rWUe LVROpeV aYec de bRQV UeQdePeQWV (ScKpPa 84).109  

 

SchpPa 84 ± CRPSaUaiVRQ deV V\VWqPeV dpcUiW SaU Nagib eW MXxi] VXU deV aPiQeV VecRQdaiUeV. 

POXV UpcePPeQW, O¶pTXLSe de SaUSRQg a XWLOLVp Oa N,N-dLLRdRK\daQWRLQe SRXU Oa fRUPaWLRQ de bLc\cOeV 

a]RWpV SRQWpV. POXVLeXUV e[ePSOeV RQW pWp dpcULWV, eW ceWWe PpWKRdRORgLe a SX rWUe aSSOLTXpe j O¶pcKeOOe 

dX gUaPPe. NpaQPRLQV, VXU SOXV gURVVe pcKeOOe, XQe OpgqUe SeUWe de UeQdePeQW eVW RbVeUYpe, XQ UpVXOWaW 

e[SOLTXp SaU Oe OaUge e[cqV de UpacWLf XWLOLVp (ScKpPa 85).110  

 

SchpPa 85 ± S\VWqPe dpcUiW SaU SaUSRQg. 

FLQaOePeQW, ORUV de ceWWe WKqVe, deV VWUaWpgLeV de V\QWKqVe de S\UUROLdLQeV 2,5-dLVXbVWLWXpeV VLPLOaLUeV 

j ceOOeV eQYLVagpeV SaU Oe OabRUaWRLUe d¶accXeLO RQW pWp SXbOLpeV SaU OeV gURXSeV de MXxL] eW LL. EOOeV 

UeSRVeQW VXU XQ WaQdeP de UpacWLRQV d¶aPLQaWLRQ aSSOLTXp j deV dpULYpV de 1,4-dLSKpQ\ObXWaQe eQ 

SUpVeQce d¶LRde K\SeUYaOeQW RX de NIS eQ OaUge e[cqV. LeV SURdXLWV de c\cOLVaWLRQV cRUUeVSRQdaQWV RQW 

SX rWUe LVROpV aYec de bRQV UeQdePeQWV, PaLV aYec de faLbOeV dLaVWpUpRVpOecWLYLWpV eW de PaQLqUe 

UacpPLTXe (ScKpPa 86).111  

                                                      
109 E. A. WaSSeV, S. C. FRVX, T. C. CKRSNR, D. A. NagLb, Angew. Chem. Int. Ed. 2016, 55, 9974±9978. 
110 M. C. LX[, J. JXUc]\N, Y. LaP, Z. J. SRQg, C. Ma, J. B. RRTXe, J. S. HaP, N. ScLaPPeWWa, D. AdSUeVVa, R. SaUSRQg, 
C. S. YeXQg, Org. Lett. 2020, 22, 6578±6583. 
111 (a) A. E. BRVQLdRX, K. MXxL], Angew. Chem. Int. Ed. 2019, 58, 7485±7489. (b) F. WX, J. P. AUL\aUaWKQa, N. KaXU, N.-
E. AORP, M. L. KeQQeOO, O. H. BaVVLRXQL, W. LL, Org. Lett. 2020, 22, 2135±2140. 
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SchpPa 86 ± DRXbOe aPiQaWiRQ SRXU O¶RbWeQWiRQ de S\UUROidiQeV SaU Li eW MXxi]. 

 TUaYaX[ SUpOLPLQaLUeV aX OabRUaWRLUe 
Ce bUef pWaW de O¶aUW PRQWUe TXe OeV UpacWLRQV de fRQcWLRQQaOLVaWLRQ C ࡳ H SeXYeQW rWUe aSSOLTXpeV j Oa 

V\QWKqVe d¶KpWpURc\cOeV a]RWpV. NpaQPRLQV, OeV VWUaWpgLeV dpcULWeV MXVTX¶j SUpVeQW SUpVeQWeQW ceUWaLQeV 

OLPLWaWLRQV : 

x LeV e[cqV pQaQWLRPpULTXeV deV KpWpURc\cOeV RbWeQXV VRQW SeUfecWLbOeV. 

x L¶XWLOLVaWLRQ de cRPSOe[eV PpWaOOLTXeV dLffLcLOeV d¶accqV. 

x La SOXSaUW deV PpWKRdeV SURdXLVeQW deV S\UUROLdLQeV PRQRVXbVWLWXpeV. 

DaQV Oe cKaSLWUe SUpcpdeQW, QRXV aYRQV dpcULW XQe SUePLqUe pWaSe d¶aPLQaWLRQ dLaVWpUpRVpOecWLYe TXL 

QRXV a SeUPLV d¶RbWeQLU deV aPLQeV SURWpgpeV RSWLTXePeQW SXUeV. La VXLWe dX SURMeW de WKqVe a cLbOp Oa 

PLVe aX SRLQW de cRQdLWLRQV de cKLPLe UadLcaOaLUe de W\Se HRfPaQQ-L|ffOeU-FUe\Wag, j SaUWLU de ceV 

SURdXLWV SRXU Oa fRUPaWLRQ de S\UUROLdLQeV aYec de bRQV UeQdePeQWV eW Oa SOXV KaXWe dLaVWpUpRVpOecWLYLWp 

SRVVLbOe (ScKpPa 87).  
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SchpPa 87 ± SWUaWpgie dX OabRUaWRiUe. 
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Ne cRQQaLVVaQW SaV Oa UpacWLYLWp deV VXOfRQLPLdaPLdeV YLV-j-YLV deV UpacWLRQV de W\Se HRfPaQQ-

L|ffOeU-FUe\Wag, Oe WUaYaLO SUpOLPLQaLUe a cRQVLVWp j WeVWeU OeXU cRPSRUWePeQW daQV OeV dLffpUeQWeV 

cRQdLWLRQV dpcULWeV daQV Oa OLWWpUaWXUe. La YRLe de V\QWKqVe Oa SOXV pOpgaQWe de QRWUe SRLQW de YXe pWaLW 

d¶aVVRcLeU deX[ pWaSeV caWaO\WLTXeV SRXU O¶RbWeQWLRQ deV KpWpURc\cOeV VRXKaLWpV. LeV cRQdLWLRQV dpcULWeV 

SaU MXxL], WUqV LQWpUeVVaQWeV eQ PaWLqUe d¶pcRQRPLe d¶aWRPeV eW de UpacWLYLWp, RQW dRQc d¶abRUd UeWeQX 

QRWUe aWWeQWLRQ. Le cRPSRVp de UpfpUeQce dpULYp dX 1,4-dLSKpQ\ObXWaQe 84 a pWp SOacp VRXV LUUadLaWLRQ 

OXPLQeXVe daQV OeV cRQdLWLRQV dpcULWeV daQV OeV VcKpPaV 81 (I2 eW PKI(mCBA)2) eW 82 (nBX4NBU eW 

mCPBA). CeSeQdaQW, aSUqV aQaO\Ve deV bUXWV de UpacWLRQ SaU RMN 1H, aXcXQe cRQYeUVLRQ Q¶a pWp 

RbVeUYpe. Le PrPe cRQVWaW a pWp faLW SRXU deV eVVaLV UpaOLVpV j 50 �C, ce TXL QRXV a SRXVVpV j cKaQgeU 

de VWUaWpgLe (ScKpPa 88).  

 

SchpPa 88 ± PUePieUV WeVWV de c\cOiVaWiRQ dX SXOfRQiPidaPide. 

NRXV aYRQV aORUV dpcLdp d¶pYaOXeU OeV aXWUeV V\VWqPeV dpcULWV daQV Oa OLWWpUaWXUe. LeV cRQdLWLRQV 

VW°cKLRPpWULTXeV pOabRUpeV SaU NagLb, SXaUe] eW MXxL] RQW SeUPLV d¶LVROeU OeV deX[ dLaVWpUpRLVRPqUeV 

cLV eW WUaQV aYec XQ UaWLR de 1:1, eW aYec de PeLOOeXUV UeQdePeQWV daQV Oe caV d¶XQe acWLYaWLRQ WKeUPLTXe. 

TRXWefRLV, O¶XWLOLVaWLRQ d¶LRde PROpcXOaLUe RX de NIS cRPPe UpacWLf R[\daQW RffUe SeX de PaUge de 

PaQ°XYUe SRXU RSWLPLVeU OeV SaUaPqWUeV de Oa UpacWLRQ. NRXV aYRQV dRQc dpcLdp de QRXV WRXUQeU YeUV 

Oa PpWKRde dpcULWe SaU O¶pTXLSe de NagLb, TXL cRPbLQe NaI eW PKI(OAc)2, eW de O¶adaSWeU aX 

VXOfRQLPLdaPLde (ScKpPa 89).  

 

SchpPa 89 ± CUibOage deV cRQdiWiRQV dpcUiWeV daQV Oa OiWWpUaWXUe. 
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 OSWLPLVaWLRQ de Oa UpacWLRQ de c\cOLVaWLRQ 
6.1.  CULbOage dX VROYaQW de Oa UpacWLRQ 
Le dpbXW de O¶RSWLPLVaWLRQ a cRQVLVWp j cULbOeU deV VROYaQWV de QaWXUe dLffpUeQWe. LeV VROYaQWV OeV PRLQV 

effLcaceV VRQW OeV VROYaQWV SROaLUeV SURWLTXeV TXL LQKLbeQW WRXWe UpacWLRQ (eQWUpeV 5 eW 6, TabOeaX 6), 

ceUWaLQePeQW eQ UaLVRQ de OeXU UpacWLRQ aYec OeV eVSqceV UadLcaOaLUeV fRUPpeV. D¶aXWUe SaUW, O¶XWLOLVaWLRQ 

de QLWULOeV aXWUeV TXe O¶acpWRQLWULOe cRQdXLW j XQe baLVVe d¶effLcacLWp (eQWUpe 2, TabOeaX 6). A cRQWUaULR, 

OeV VROYaQWV aSROaLUeV aSURWLTXeV Ve VRQW aYpUpV rWUe OeV PeLOOeXUV caQdLdaWV. LeV deX[ LVRPqUeV de 

c\cOLVaWLRQ de O¶aPLQe 84 RQW pWp LVROpV aYec XQ UeQdePeQW de 76% daQV Oe caV dX WROXqQe eW dX 

cKORURbeQ]qQe (eQWUpeV 3 eW 4, TabOeaX 6). LeV deX[ S\UUROLdLQeV RQW pWp facLOePeQW VpSaUpeV VXU 

cRORQQe de geO de VLOLce, SeUPeWWaQW de cRQfLUPeU Oe UaWLR dLaVWpUpRLVRPpULTXe de 2:1 eQ faYeXU dX 

cRPSRVp trans.  

NaI (4 pTXiY.)
PhI(OAc) 2 (4 pTXiY.)

65 �C SROYaQW

NH
S

OS-TRl
TVN

NTVO S

N

84
WUanV-126
S-TRl

NTVO S
N

S-TRl
ciV-126  

EQWUpe SROYaQW ReQdePeQW iVROp U.d. 

1 MeCN 58% 1:1 

2 tBXCN 10% 1:1 

3 PKCO 76% 2:1 

4 PKMe 76% 2:1 

5 MeOH PaV de UpacWLRQ PaV de UpacWLRQ 

6 HFIP < 10% 1:1 

7 DCE 52% 1:1 

8 TCE 56% 1:1 

 
TabOeaX 6 ± OSWiPiVaWiRQ dX VROYaQW SRXU Oa UpacWiRQ de c\cOiVaWiRQ. 

6.2.  CULbOage de O¶R[\daQW de Oa UpacWLRQ 
DaQV VeV WUaYaX[, KLOLaQ MXxL] a dpPRQWUp TXe Oa VWUXcWXUe deV UpacWLfV de O¶LRde K\SeUYaOeQW RQW XQe 

LQfOXeQce VLgQLfLcaWLYe VXU Oe UeQdePeQW de Oa UpacWLRQ de c\cOLVaWLRQ de W\Se HRfPaQQ-L|ffOeU-FUe\Wag. 

NRXV aYRQV dRQc cRPPeQcp j WeVWeU OeV UpacWLfV cRPPeUcLaOePeQW dLVSRQLbOeV.  
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CeV R[\daQWV RQW SeUPLV de PeWWUe eQ pYLdeQce OeXU effeW VXU Oa cRQYeUVLRQ. Le PpOaQge d¶LVRPqUeV a 

pWp RbWeQX aYec XQ PRLQV bRQ UeQdePeQW daQV Oe caV de O¶XWLOLVaWLRQ dX PKI(OPLY)2, WaQdLV TX¶aXcXQe 

UpacWLRQ Q¶a pWp RbVeUYpe ORUVTXe O¶aPLQe 84 a pWp PLVe eQ SUpVeQce de PKI(O2CCF3)2 RX 

d¶LRdRV\ObeQ]qQe (ScKpPa 90).  

 

SchpPa 90 ± CUibOage deV iRdeV h\SeUYaOeQWV cRPPeUciaX[. 

CeV UpVXOWaWV QRXV RQW aPeQpV j WeVWeU d¶aXWUeV UpacWLfV de O¶LRde K\SeUYaOeQW V\QWKpWLTXeV SRVVpdaQW 

deV OLgaQdV beQ]RaWeV RX XQ PRWLf LRdRaUqQe VXVbWLWXp. CeV R[\daQWV VRQW SUpSaUpV eQ XQe pWaSe j SaUWLU 

dX PKI(OAc)2 SaU XQe UpacWLRQ d¶pcKaQge de OLgaQdV daQV Oe cKORURbeQ]qQe SRXU O¶LQWURdXcWLRQ deV 

OLgaQdV caUbR[\OaWeV, RX SaU R[\daWLRQ d¶LRdRaUqQeV daQV O¶acLde acpWLTXe j UefOX[ SRXU Oa V\QWKqVe 

deV dpULYpV VXbVWLWXpV VXU Oa SaUWLe aURPaWLTXe (ScKpPa 91).  

 

SchpPa 91 ± VRie de V\QWhqVe PiVe aX SRiQW SRXU RbWeQiU deV QRXYeaX[ UpacWifV de O¶iRde h\SeUYaOeQW. 

UQe OLbUaLULe d¶R[\daQWV a SX rWUe cRQVWLWXpe aYec de WUqV bRQV UeQdePeQWV aSUqV UecULVWaOOLVaWLRQ daQV 

XQ PpOaQge pTXLPROaLUe de cKORURfRUPe/c\cORKe[aQe. CeOOe-cL a pWp WeVWpe VXU Oa UpacWLRQ de c\cOLVaWLRQ 
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eW a SeUPLV d¶LVROeU OeV S\UUROLdLQeV aYec deV UpVXOWaWV WUqV LQWpUeVVaQWV, cRQfLUPaQW O¶LQfOXeQce deV 

UpacWLfV de O¶LRde K\SeUYaOeQW VXU Oa UpacWLRQ (ScKpPa 92).  

La VXbVWLWXWLRQ de Oa SRVLWLRQ 3 de Oa SaUWLe LRdRaUqQe SaU XQ gURXSePeQW pOecWURaWWUacWeXU (113) RX XQ 

cKORUe (115) a SeUPLV d¶LVROeU OeV SURdXLWV c\cOLVpV aYec XQ UeQdePeQW VXSpULeXU j 70% eW XQe 

dLaVWpUpRVpOecWLYLWp de 3:1 eQ faYeXU dX cRPSRVp trans.  

 

SchpPa 92 ± IQfOXeQce de Oa VXbVWiWXWiRQ dX QR\aX aURPaWiTXe VXU Oa UpacWiRQ de c\cOiVaWiRQ. 

NpaQPRLQV, Oa SUpSaUaWLRQ dX cRPSRVp 113 pWaQW PRLQV effLcace TXe ceOOe dX cRPSRVp 115, ce deUQLeU 

a pWp cKRLVL SRXU Oa VXLWe de O¶RSWLPLVaWLRQ (ScKpPa 93). 

 

SchpPa 93 ± IQfOXeQce de Oa VXbVWiWXWiRQ dX QR\aX aURPaWiTXe VXU Oa UpacWiRQ de c\cOiVaWiRQ. 
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La SaUWLe caUbR[\OaWe de O¶R[\daQW a eQVXLWe pWp PRdLfLpe SRXU aSSUpcLeU VRQ LPSacW eQ PaWLqUe de 

UpacWLYLWp eW de VpOecWLYLWp. NRXV aYRQV SX UePaUTXeU TXe ceV OLgaQdV aYaLeQW XQe gUaQde LQfOXeQce VXU 

Oa UpacWLRQ. EQ effeW, XQe PeLOOeXUe dLaVWpUpRVpOecWLYLWp eVW RbVeUYpe aYec Oa PaMRULWp deV UpacWLfV 

VXbVWLWXpV SaU deV OLgaQdV dLffpUeQWV deV acpWaWeV.  

PaUPL OeV UpacWLfV pYaOXpV, Oe PKI(mCBA)2 dpcULW SaU O¶pTXLSe de MXxL] V¶eVW UpYpOp dRQQeU OeV 

PeLOOeXUV UpVXOWaWV, Oa S\UUROLdLQe 126 pWaQW LVROpe aYec XQ UeQdePeQW gORbaO de 72% eW XQe 

dLaVWpUpRVpOecWLYLWp aPpOLRUpe de 4:1 eQ faYeXU dX cRPSRVp trans (ScKpPa 94).  

 

SchpPa 94 ± IQfOXeQce deV OigaQdV deV R[\daQWV V\QWhpWiTXeV VXU Oa UpacWiRQ de c\cOiVaWiRQ. 

LeV UpVXOWaWV RbWeQXV ORUV deV cULbOageV deV OLgaQdV caUbR[\OaWeV eW dX PRWLf LRdRaUqQe QRXV RQW 

cRQYaLQcXV de SUpSaUeU Oe dpULYp 3-CO-PKI(mCBA)2 SRXU cRPbLQeU OeV effeWV SRVLWLfV LQdXLWV SaU cKaTXe 

VXbVWLWXWLRQ. Ce UpacWLf a pWp SUpSaUp eQ deX[ pWaSeV d¶R[\daWLRQ SXLV d¶pcKaQge de OLgaQdV aYec XQ 

UeQdePeQW gORbaO de 91 % aSUqV UecULVWaOOLVaWLRQ (ScKpPa 95).  

 

SchpPa 95 ± S\QWhqVe dX UpacWif 3-CO-PhI(mCBA)2 125. 
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Le WeVW de ceW R[\daQW a aORUV SeUPLV d¶LVROeU Oa S\UUROLdLQe 126 aYec XQ UeQdePeQW de 76% eW XQe 

dLaVWpUpRVpOecWLYLWp de 5:1 (ScKpPa 96).  

 

SchpPa 96 ± RpacWiRQ de c\cOiVaWiRQ aYec Oe 3-CO-PhI(mCBA)2 125. 

6.3.  CULbOage deV VeOV d¶LRdXUe 
La deUQLqUe pWaSe de ceWWe RSWLPLVaWLRQ a cRQVLVWp j cULbOeU dLffpUeQWV LRdXUeV PpWaOOLTXeV 

cRPPeUcLaOePeQW dLVSRQLbOeV. LeV UpVXOWaWV cRQVLgQpV daQV Oe WabOeaX 7 LQdLTXeQW TXe Oa QaWXUe dX 

caWLRQ a XQ effeW VLgQLfLcaWLf VXU Oa dLaVWpUpRVpOecWLYLWp de Oa UpacWLRQ de c\cOLVaWLRQ. EQ effeW, Oa 

VXbVWLWXWLRQ de NaI SaU CXI RX AgI SeUPeW d¶RbWeQLU Oa S\UUROLdLQe 126 aYec deV UaWLRV UeVSecWLfV de 

6:1 eW 8:1 (eQWUpeV 5 eW 6).  

 

EQWUpe iRdXUe ReQdePeQW iVROp U.d. 

1 NaI 76% 5:1 

2 KI 70% 4:1 

3 LLI 50% 4,5:1 

4 CVI 75% 4,4:1 

5 CXI 65% 6:1 

6 AgI 30% 8:1 
 

TabOeaX 7 ± CUibOage d¶iRdXUeV PpWaOOiTXeV SRXU Oa UpacWiRQ de c\cOiVaWiRQ. 

 

 



CKaSLWUe 3 :  APLQaWLRQ VWpUpRVpOecWLYe de OLaLVRQV C(VS3) ࡳ H SaU WUaQVfeUW 1,5 d¶K\dURgqQe  
 

 

96 

AfLQ d¶aPpOLRUeU Oe faLbOe UeQdePeQW de 30% RbWeQX aYec AgI, QRXV aYRQV dpcLdp de WUaYaLOOeU j SOXV 

KaXWe WePSpUaWXUe (90 �C) ce TXL QRXV a SeUPLV d¶LVROeU Oe SURdXLW 126 aYec XQ UeQdePeQW de 61%. 

PXLV SRXU OLPLWeU OeV SURdXLWV de dpgUadaWLRQ RbVeUYpV j ceWWe WePSpUaWXUe, Oa cRQceQWUaWLRQ dX PLOLeX 

UpacWLRQQeO a pWp PRdLfLpe. EQ SaVVaQW d¶XQe cRQceQWUaWLRQ de 0,1 M j 0,05 M, Oa S\UUROLdLQe a pWp 

LVROpe aYec XQ UeQdePeQW gORbaO de 71% eW XQ r.d. de 8:1. ASUqV VpSaUaWLRQ VXU cRORQQe de geO de VLOLce, 

O¶LVRPqUe d¶LQWpUrW trans eVW RbWeQX de PaQLqUe pQaQWLRSXUe. (ScKpPa 97). 

AgI (4,3 pTXiY.)

90 �C PhMe

3-CO-PhI(mCBA) (4,3 pTXiY.)

0,05 M
71%

U.d. 8:1

CRQdiWiRQV RSWiPiVpeV

NH
S

OS-TRl
TVN

NTVO S

N

84 WUanV-126
S-TRl

NTVO S
N

S-TRl
ciV-126

 

SchpPa 97 ± CRQdiWiRQV RSWiPiVpeV SRXU Oa UpacWiRQ de c\cOiVaWiRQ. 

 eWXde dX cKaPS d¶aSSOLcaWLRQ  
7.1.  AccqV aX[ S\UUROLdLQeV V\PpWULTXeV 
NRXV aYRQV dpbXWp O¶pWXde dX cKaPS d¶aSSOLcaWLRQ de Oa UpacWLRQ de c\cOLVaWLRQ SaU OeV dpULYpV aPLQpV 

SRVVpdaQW deV gURXSePeQWV aURPaWLTXeV LdeQWLTXeV. LeV S\UUROLdLQeV cRUUeVSRQdaQWeV RQW pWp LVROpeV 

aYec de bRQV UeQdePeQWV eQWUe 51 eW 63%, eW cKaTXe dLaVWpUpRLVRPqUe a SX rWUe RbWeQX de PaQLqUe 

pQaQWLRSXUe aSUqV VpSaUaWLRQ VXU cRORQQe de geO de VLOLce. La UpacWLYLWp VXU ce W\Se de VXbVWUaWV eVW aVVe] 

KRPRgqQe eW Oa SUpVeQce de gURXSePeQWV pOecWURaWWUacWeXUV RX pOecWURdRQQeXUV Q¶LQfOXeQce TXe 

OpgqUePeQW OeV UpVXOWaWV (ScKpPa 98).  

1 pTXiY.

AgI (4.3 pTXiY.)

90 �C PhMe

3-CO-PhI(mCBA) (4.3 pTXiY.)

0.05 M

WUanV-126 63%
ciV-126 8%

WUanV-127 52%
ciV-127 9%

WUanV-128 58%
ciV-128 10%

WUanV-129 51%
ciV-129 9%

NH
S

OS-TRl
TVN

NTVO S

N

S-TRl
R

R

NTVO S
N

S-TRl
NTVO S

N

S-TRl

MeO OMe
NTVO S

N

S-TRl

F3C CF3
NTVO S

N

S-TRl

R R NTVO S

N

S-TRl

R R

 

SchpPa 98 ± P\UUROidiQeV V\PpWUiTXeV. 
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LeV cRQdLWLRQV RQW eQVXLWe pWp aSSOLTXpeV j O¶RbWeQWLRQ dX SURdXLW c\cOLVp 130, dRQW Oa VWUXcWXUe eVW 

SURcKe dX MK-801, XQ aQWagRQLVWe QRQ cRPSpWLWLf dX UpceSWeXU dX N-PpWK\O-D-aVSaUWaWe, XQ UpceSWeXU 

dX gOXWaPaWe. PRXU ce faLUe, Oe dLbeQ]RVXbpUaQe a pWp eQgagp daQV Oa VpTXeQce UpacWLRQQeOOe SRXU 

dRQQeU Oe bLc\cOe SRQWp LVROp aYec XQ UeQdePeQW gORbaO de 42% VXU 2 pWaSeV (ScKpPa 99).  

 

SchpPa 99 ± S\QWhqVe d¶XQ dpUiYp dX MK-801. 

7.2.  AccqV aX[ S\UUROLdLQeV dLVV\PpWULTXeV 
PaU Oa VXLWe, QRXV aYRQV pWXdLp OeV dpULYpV dLVV\PpWULTXeV afLQ d¶RbWeQLU deV S\UUROLdLQeV aYec deV 

QR\aX[ aURPaWLTXeV dLffpUeQWV. CeV PRWLfV VRQW SaUWLcXOLqUePeQW dLffLcLOeV j V\QWKpWLVeU SaU OeV 

PpWKRdeV de Oa OLWWpUaWXUe TXL RQW pWp SUpVeQWpeV eQ LQWURdXcWLRQ. NRWUe VWUaWpgLe RffUe O¶aYaQWage de 

dRQQeU accqV j ceV SURdXLWV eQ 2 pWaSeV.  

NRXV aYRQV cRQVWaWp TXe Oa c\cOLVaWLRQ V¶RSqUe aYec XQe bRQQe VpOecWLYLWp eQ SUpVeQce de VXbVWLWXaQWV 

eQ ortho VXU O¶XQ deV gURXSePeQWV aURPaWLTXeV. EQ UeYaQcKe, Oe dpULYp meta-dLVXbVWLWXp 134 eVW LVROp 

aYec XQ UaWLR dLaVWpUpRLVRPpULTXe de 1:1.  

PaU aLOOeXUV, Oa SUpVeQce de VXbVWLWXaQW pOecWURaWWUacWeXUV eQ para Qe VePbOe SaV rWUe dpOpWqUe SRXU Oa 

UpacWLRQ d¶aPLQaWLRQ LQWUaPROpcXOaLUe. LeV cRPSRVpV 135 eW 136 RQW pWp LVROpV aYec de bRQV UeQdePeQWV 

eW de bRQQeV VpOecWLYLWpV (ScKpPa 100). 
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WUanV-131 51%
ciV-131 12%

WUanV-132 59%
ciV-132 8%

WUanV-133 66%
ciV-133 7%

WUanV-135 62%
ciV-135 8%

1 pTXiY.

AgI (4.3 pTXiY.)

90 �C PhMe

3-CO-PhI(mCBA) (4.3 pTXiY.)

0.05 M
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TVN

NTVO S
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R
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N
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NTVO S

N

S-TRl

MeO

F3C
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N

S-TRl

MeO

BU

NTVO S

N

S-TRl

MeO CF3
NTVO S

N

S-TRl

MeO CN

NTVO S

N
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MeO

CF3

CF3

WUanV-136 62%
ciV-136 17%

WUanV-134 41%
ciV-134 40%

 

SchpPa 100 ± MRWifV S\UUROidiQiTXeV diVV\PpWUiTXeV. 

ASUqV aYRLU VpSaUp OeV deX[ dLaVWpUpLRVRPqUeV VXU cRORQQe de geO de VLOLce, deV e[SpULeQceV RMN 2D 

de W\Se NOESY QRXV RQW SeUPLV cRQfLUPeU TXe O¶LVRPpUe trans eVW bLeQ PaMRULWaLUe. EQ effeW, deV WacKeV 

de cRUUpOaWLRQ deV SURWRQV eQ a de O¶a]RWe VRQW RbVeUYpV VXU Oe VSecWUe dX cRPSRVp cis eW SaV dX WRXW 

daQV Oe caV dX cRPSRVp trans (cf. SaUWLe e[SpULPeQWaOe).  

D¶aXWUe SaUW, deV pWXdeV de cULVWaOORgUaSKLe SaU dLffUacWLRQ de Ua\RQV X RQW SX rWUe UpaOLVpV SRXU OeV 

PROpcXOeV cULVWaOOLQeV trans-131 eW trans-136. LeV YXeV RUWeS cL-deVVRXV cRQfLUPeQW bLeQ Oa 

VWpUpRcKLPLe trans deV S\UUROLdLQeV (FLgXUe 16). 

 

 

 

 

 

 

 

 

FigXUe 16 ± COichpV RX deV cRPSRVp WUanV-131 eW WUanV-136. 

 

NTVO S
N

S-TRl
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NRXV aYRQV eQVXLWe WeVWp OeV cRQdLWLRQV VXU OeV dpULYpV aON\OaUqQeV SRXU OeVTXeOV Oa c\cOLVaWLRQ dRLW 

V¶RSpUeU VXU XQe SRVLWLRQ QRQ beQ]\OLTXe, eW dRQc QRQ acWLYpe. LeV S\UUROLdLQeV 137, 138 eW 139 

PRQWUeQW TXe OeV OLaLVRQV C ࡳ H SULPaLUeV eW VecRQdaLUeV VRQW aXVVL UpacWLYeV, QpaQPRLQV, OeV PROpcXOeV 

RQW pWp LVROpeV aYec deV UeQdePeQWV SOXV PRdeVWeV. PaU aLOOeXUV, daQV Oe caV dX cRPSRVp 139, Oa 

VpSaUaWLRQ VXU cRORQQe de geO de VLOLce V¶eVW aYpUpe SOXV cRPSOLTXpe (ScKpPa 101). 

137 55% WUanV-139 52%
ciV-139 13%

138 51%

1 pTXiY.

AgI (4.3 pTXiY.)

90 �C PhMe

3-CO-PhI( mCBA) (4.3 pTXiY.)

0.05 M

NH
S

OS-TRl
TVN

NTVO S
N

S-TRl
R RQ

Q

NTVO S
N

S-TRl

R

Q

NTVO S
N

S-TRl
NTVO S

N

S-TRl
NTVO S

N

S-TRl

 

SchpPa 101 ± P\UUROidiQeV RbWeQXeV SaU c\cOiVaWiRQ deV chavQeV aON\OeV. 

EQfLQ, ceWWe PpWKRde a pWp aSSOLTXpe j de VLPSOeV aOcaQeV daQV Oe bXW de YaORULVeU ceV PROpcXOeV 

WRWaOePeQW dpQXpeV de fRQcWLRQV cKLPLTXeV, SULQcLSaOePeQW XWLOLVpeV eQ WaQW TXe VROYaQW de UpacWLRQ. 

CeWWe VpTXeQce eQ 2 pWaSeV a SeUPLV d¶LVROeU Oe bLc\cOe de W\Se WURSaQe 140 aYec XQ UeQdePeQW de 52% 

RX eQcRUe Oa 2,2-dLPpWK\OS\UUROLdLQe 141 TXL eVW V\QWKpWLVpe j SaUWLU dX 2-PpWK\OSeQWaQe (ScKpPa 

102).  
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AWURSiQe

N
Me

O

H

O

OH
N
S
*

H H
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0.05 M
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SchpPa 102 ± P\UUROidiQeV dpUiYpeV d¶aOcaQeV. 
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 DpSURWecWLRQ dX gURXSePeQW VXOfRQLPLdR\Oe eW cRQWU{Oe de Oa SXUeWp 

pQaQWLRPpULTXe 
DaQV Oe bXW de SRXYRLU XWLOLVeU OeV S\UUROLdLQeV V\QWKpWLVpeV, LO pWaLW QpceVVaLUe de SRXYRLU cRXSeU Oa 

cRSXOe cKLUaOe SRUWpe SaU O¶a]RWe. NRXV aYRQV dRQc aSSOLTXp dLffpUeQWeV cRQdLWLRQV UpdXcWULceV aX[ N-

(VXOfRQLPLdR\O-S\UUROLdLQeV. La dpSURWecWLRQ V¶eVW aYpUpe SRVVLbOe eQ SUpVeQce de cRSeaX[ de 

PagQpVLXP daQV Oe PpWKaQRO eW VRXV VRQLcaWLRQ SeQdaQW 3K. AOWeUQaWLYePeQW, Oa dpSURWecWLRQ SeXW rWUe 

UpaOLVpe j -78�C SaU WUaLWePeQW aYec XQ PpOaQge VRdLXP/QaSKWaOqQe SUpaOabOePeQW SUpSaUp daQV Oe 

dLPpWKR[\pWKaQe. LeV cRPSRVpV (R,R)-8 eW (R,R)-142 RQW SX rWUe LVROpV aYec de bRQV UeQdePeQWV eW de 

PaQLqUe RSWLTXePeQW SXUe (ScKpPa 103).  

N
H

CRQdiWiRQV UpdXcWUiceV

Mg, MeOH
SRQicaWeXU 

3 h

Na, NaShWaOqQe
DME, -78 �C, 2 h

N
HMeO

F3C

66%, 59%

76%, 65%

(R,R )-8

(R,R)-142

WUanV-132

NTVO S
N

S-TRl

MeO

F3C

WUanV-126

NTVO S

N

S-TRl

 

SchpPa 103 ± DpSURWecWiRQ deV S\UUROidiQe. 

L¶abVeQce de UacpPLVaWLRQ a SX rWUe YpULfLpe aSUqV dpULYaWLVaWLRQ dX cRPSRVp (R,R)-8 VeORQ Oa PpWKRde 

UeSRVaQW VXU Oa SUpSaUaWLRQ deV SKRVSKRUaPLdLWeV de BLQRO dpcULWe SaU PLNKR.8b ASUqV aYRLU SUpSaUp Oe 

cRPSRVp Rac-8 SaU Oa PpWKRde de SeLdeO,26 ce deUQLeU eW Oe cRPSRVp pQaQWLRSXU RQW pWp PLV eQ UpacWLRQ 

aYec Oe dpULYp R-bLQRO SKRVSKRUaPLdLWe. CRPPe OeV H2 eW H5 deV dLaU\OS\UUROLdLQeV aSSaUaLVVeQW VRXV 

Oa fRUPe d'XQ PXOWLSOeW XQLTXe aYec deV dpSOacePeQWV cKLPLTXeV dLffpUeQWV SRXU cKaTXe 

dLaVWpUpRLVRPqUe, OeXU r.d., TXL cRUUeVSRQd j O'e.r. de Oa S\UUROLdLQe dpSURWpgpe SaUeQWe, SeXW rWUe 

facLOePeQW dpWeUPLQp SaU RMN 1H (FLgXUe 18).  

O
O

P N

(R,R,R)-143

O
O

P N
[ (R,S,S)-143 + (R,R,R)-143]

H5

H2

Uac-144

 

FigXUe 18 ± CRQWU{Oe de Oa SXUeWp pQaQWiRPpUiTXe deV S\UUROidiQeV dpSURWpgpeV. 
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PRXU fLQLU, LO eVW LPSRUWaQW de VRXOLgQeU TXe ceUWaLQeV aPLQeV V\QWKpWLVpeV SaU Oa SUePLqUe pWaSe de QRWUe 

VpTXeQce Q¶RQW SaV SX rWUe WUaQVfRUPpeV eQ S\UUROLdLQeV. C¶eVW Oe caV de O¶LQWeUPpdLaLUe 108, TXL 

ORUVTX¶LO eVW eQgagp daQV OeV cRQdLWLRQV de c\cOLVaWLRQ Q¶eVW MaPaLV cRQYeUWL eQ SURdXLW dpVLUp. Ce PrPe 

cRQVWaW a pWp faLW aYec Oe c\cORRcWaQe aPLQp 110. EQfLQ, QRXV aYRQV cRQVWaWp TXe ceWWe PpWKRde Q¶eVW 

SaV cRPSaWLbOe aYec deV OLaLVRQV C ࡳ H WeUWLaLUeV. EQ effeW, aSUqV UpacWLRQ O¶aPLQe 106 a pWp dpgUadpe RX 

a abRXWL j deV SURdXLWV QRQ aWWeQdXV (ScKpPa 104). 

PeX de UpacWiYiWp
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S-TRO H

OMe

O

MeO

S
O

N
TVN

S-TRO H

MeO
106

108

S
O

N
TVN

S-TRO H

110

AgI (4.3 pTXiY.)
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N
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S
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N
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SchpPa 104 ± LiPiWaWiRQV dX chaPS d¶aSSOicaWiRQ. 

 eWXde dX PpcaQLVPe eW e[SpULeQceV cRQWU{Oe 
DaQV Oa deUQLqUe SaUWLe de ce SURMeW, QRXV aYRQV LQLWLp O¶pWXde dX PpcaQLVPe de Oa UpacWLRQ de 

c\cOLVaWLRQ. La SUePLqUe e[SpULeQce UpaOLVpe eQ SUpVeQce d¶XQ LQKLbLWeXU de UadLcaX[ QRXV a SeUPLV de 

YpULfLeU O¶LPSOLcaWLRQ d¶XQ PpcaQLVPe de W\Se UadLcaOaLUe. L¶aMRXW d¶XQ pTXLYaOeQW de BHT a 

cRPSOpWePeQW LQKLbp Oa UpacWLRQ de c\cOLVaWLRQ eW Oe VXbVWUaW a SX rWUe UpcXSpUp (ScKpPa 102). 

90 �C PhMe
BHT

AgI (4.3 pTXiY.)
3-CO-PhI(mCBA) (4.3 pTXiY.)NH
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N

S-TRl
NTVO S

N
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SchpPa 104 ± CRQWU{Oe de Oa fRUPaWiRQ de UadicaX[ SeQdaQW Oa UpacWiRQ. 

NRXV aYRQV eQVXLWe YRXOX cRQfLUPeU Oa fRUPaWLRQ d¶XQe KaORaPLQe daQV Oa SUePLqUe pWaSe de Oa 

UpacWLRQ. PRXU ce faLUe, QRXV aYRQV SUpSaUp Oa cKORUaPLQe dpULYpe dX SURdXLW 84. EQ effeW, LO eVW cRQQX 

TXe ceV cRPSRVpV SeXYeQW rWUe LVROpV cRQWUaLUePeQW j OeXUV aQaORgXeV N-LRdR, TXL VRQW WRWaOePeQW 

LQVWabOeV.  
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AfLQ de V\QWKpWLVeU Oa PROpcXOe 145, Oe 1,4-dLSKpQ\ObXWaQe aPLQp 84 a pWp WUaLWp SaU O'acLde 

WULcKORURLVRc\aQXULTXe daQV Oe DCM, eW O¶aQaORgXe KaORgpQp a SX rWUe LVROp aYec XQ UeQdePeQW de 60% 

(ScKpPa 105).  

 

SchpPa 105 ± S\QWhqVe de Oa chORUaPiQe 126. 

Ce cRPSRVp a pWp eQgagp daQV dLYeUVeV e[SpULeQceV SRXU eVVa\eU de cRPSUeQdUe Oe PpcaQLVPe de Oa 

UpacWLRQ. DaQV OeV cRQdLWLRQV de Oa UpacWLRQ de c\cOLVaWLRQ, Oa cKORUaPLQe 145 a cRQdXLW aX[ S\UUROLdLQeV 

cis eW trans aYec XQ UeQdePeQW de 60% eW XQe VpOecWLYLWp de 5:1. MaLV deV UpVXOWaWV WUqV dLffpUeQWV RQW 

pWp RbWeQXV eQ SUpVeQce de cKacXQ deV UpacWLfV VpSaUpV. 

ALQVL, eQ SUpVeQce XQLTXePeQW d¶AgI, OeV deX[ S\UUROLdLQeV RQW pWp LVROpeV aYec XQ PRLQV bRQ 

UeQdePeQW de 28% eW XQe VpOecWLYLWp de 3:1. EQ UeYaQcKe, ORUVTXe Oa UpacWLRQ eVW effecWXpe aYec Oe VeXO 

UpacWLf de O¶LRde K\SeUYaOeQW, bLeQ TXe Oa cRQYeUVLRQ VRLW VePbOabOe, Oa VpOecWLYLWp eVW e[ceOOeQWe SXLVTXe 

VeXOe Oa S\UUROLdLQe trans eVW fRUPpe.  

UQe deUQLqUe e[SpULeQce a pWp effecWXpe eQ SUpVeQce d¶AgCO eQ UePSOacePeQW d¶AgI. DaQV ce caV QRXV 

aYRQV LVROp Oe VeXO LVRPqUe trans-126 aYec XQ UeQdePeQW de 45% (ScKpPa 106).  

 

SchpPa 106 ± E[SpUieQceV cRQWU{Oe VXU Oa chORUaPiQe 126. 

 



CKaSLWUe 3 :  APLQaWLRQ VWpUpRVpOecWLYe de OLaLVRQV C(VS3) ࡳ H SaU WUaQVfeUW 1,5 d¶K\dURgqQe  
 

 

103 

TRXWeV ceV cRQVWaWLRQV QRXV RQW SeUPLV de cRQfLUPeU Oa fRUPaWLRQ de O¶LQWeUPpdLaLUe KaORaPLQe TXL 

VXbLW XQe UXSWXUe KRPRO\WLTXe SRXU gpQpUeU XQ UadLcaO aP\dLOe. Ce deUQLeU LQdXLW XQ WUaQVfeUW 1,5 

d¶K\dURgqQe. Le UadLcaO caUbRQp fRUPp SRXUUaLW aORUV eQVXLWe UpagLU VeORQ deX[ YRLeV :  

- VRLW LO VeUaLW SLpgp SaU O¶LRde SUpVeQW daQV Oe PLOLeX UpacWLRQQeO SRXU cRQdXLUe j XQ LRdXUe d¶aON\Oe. 

UQ PpcaQLVPe de W\Se SN2 cRQdXLUaLW j Oa fRUPaWLRQ de Oa S\UUROLdLQe.  

- VRLW LO VeUaLW R[\dp eQ caUbRcaWLRQ SaU O¶LRde K\SeUYaOeQW eW Oa c\cOLVaWLRQ SURcpdeUaLW SaU XQ 

PpcaQLVPe de W\Se SN1.  

AX YX de WRXV ceV UpVXOWaWV, QRXV aYRQV cRQcOX j XQe cRQcRPLWaQce de ceV deX[ PpcaQLVPeV SeQdaQW 

Oa UpacWLRQ ce TXL e[SOLTXe eQ SaUWLe Oa VpOecWLYLWp RbVeUYpe eQWUe 3:1 eW 20:1 (ScKpPa 107).  
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SchpPa 107 ± MpcaQiVPe h\SRWhpWiTXe. 

 CRQcOXVLRQ 
Ce cKaSLWUe a dpcULW Oe dpYeORSSePeQW d¶XQe UpacWLRQ de c\cOLVaWLRQ UeSRVaQW VXU XQ SURceVVXV 

UadLcaOaLUe. EOOe cRPbLQe O¶ePSORL d¶LRdXUe d¶aUgeQW eW d¶XQ QRXYeaX UpacWLf de O¶LRde K\SeUYaOeQW SRXU 

gpQpUeU deV eVSqceV K\SRLRdLWe LQLWLaQW XQe UpacWLRQ de W\Se HRfPaQQ-L|ffOeU-FUe\Wag. Ce V\VWqPe a 

pWp RSWLPLVp eW aSSOLTXp j O¶eQVePbOe deV aPLQeV V\QWKpWLVpeV eW SUpVeQWpeV aX cKaSLWUe II de ce 

PaQXVcULW. LeV S\UUROLdLQeV RQW pWp RbWeQXeV aYec de bRQV UeQdePeQWV eW de PaQLqUe pQaQWLRSXUe aSUqV 

VpSaUaWLRQ VXU cRORQQe de geO de VLOLce deV deX[ dLaVWpUpRLVRPqUeV fRUPpV. CeWWe UpacWLRQ de c\cOLVaWLRQ 

a SeUPLV de V\QWKpWLVeU deV KpWpURc\cOeV V\PpWULTXeV RX dLVV\PpWULTXeV eQ 2 pWaSeV eW a pWp aSSOLTXpe 

j de VLPSOeV aOcaQeV. 

EQfLQ, O¶ePSORL de cRQdLWLRQV UpdXcWULceV a cRQdXLW j O¶RbWeQWLRQ de S\UUROLdLQeV dpSURWpgpeV VaQV 

pSLPpULVaWLRQ. DeV e[SpULeQceV cRQWU{OeV RQW SeUPLV de SURSRVeU XQ PpcaQLVPe de UpacWLRQ SRXU 

UaWLRQaOLVeU Oe cRQWU{Oe WRWaO de Oa VpOecWLYLWp ORUV de O¶pWaSe de c\cOLVaWLRQ.
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 IQWURdXcWLRQ eW RbMecWLfV 

La UecKeUcKe de UpacWLRQV de fRQcWLRQQaOLVaWLRQ C ࡳ H effLcaceV eW VpOecWLYeV a UpcePPeQW abRXWL j Oa 

dpcRXYeUWe de QRPbUeXVeV VWUaWpgLeV.112 CRPPe QRXV O¶aYRQV dpPRQWUp SUpcpdePPeQW, aYec Oa PLVe 

aX SRLQW d¶XQe YRLe de V\QWKqVe abRXWLVVaQW j deV S\UUROLdLQeV j SaUWLU de VLPSOeV aOcaQeV, O¶aPLQaWLRQ 

dLUecWe de OLaLVRQV C ࡳ H SaU LQVeUWLRQ de QLWUqQeV PpWaOORcaWaO\Vpe eVW XQ RXWLO SXLVVaQW SRXU Oa V\QWKqVe 

de cRPSRVpV a]RWpV.113 

AX dpbXW de ce PaQXVcULW, Oa VROXWLRQ XWLOLVpe SRXU UpSRQdUe j QRWUe SUePLqUe SURbOpPaWLTXe pWaLW 

O¶XWLOLVaWLRQ de UpacWLRQV LQWeUPROpcXOaLUeV d¶LQVeUWLRQ de QLWUqQeV gpQpUpV j SaUWLU d¶LPLQRLRdaQeV. Ce 

cKaSLWUe, feUa LQWeUYeQLU deV UpacWLRQV LQWUaPROpcXOaLUeV SRXU Oa V\QWKqVe d¶XQe PROpcXOe QaWXUeOOe Oa 

CUaPbeVcLQ B281 (ScKpPa 108). 
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SchpPa 108 ± ASSOicaWiRQ deV PpWhRdeV d¶aPiQaWiRQ C(VS3) ࡳ H SRXU Oa V\QWhqVe hpWpURc\cOeV a]RWpV. 

 GpQpUaOLWpV VXU OeV aPLQaWLRQV LQWUaPROpcXOaLUeV de OLaLVRQV C(VS3) ࡳ H  
L¶pTXLSe de JXVWLQ DX BRLV a dpPRQWUp TXe O'XWLOLVaWLRQ d'LPLQRLRdaQeV gpQpUpV in situ eQ SUpVeQce 

d¶XQ UpacWLf de O¶LRde(III), SeUPeW de UpaOLVeU deV UpacWLRQV d¶aPLQaWLRQ C(VS3) ࡳ ࡳH 

LQWUaPROpcXOaLUeV. CeV UpacWLRQV d'LQVeUWLRQV caWaO\VpeV SaU deV cRPSOe[eV de UKRdLXP(II), 

faYRULVaQW Oa fRUPaWLRQ d¶XQ PpWaOOaQLWUqQe VLQgXOeW UpagLVVaQW de PaQLqUe VWpUpRVSpcLfLTXe, 

dRQQeQW accqV j dLffpUeQWV KpWpURc\cOeV VeORQ Oe SUpcXUVeXU de QLWUqQe XWLOLVp eW RQW pWp OaUgePeQW 

aSSOLTXpeV eQ V\QWKqVe WRWaOe (ScKpPa 109).11ϰ 

                                                      
112 (a) C ࡳ H AcWLYaWLRQ, Top. Curr. Chem. 2010, 292, 1-384. (b) SeOecWLYe FXQcWLRQaOL]aWLRQ Rf C ࡳ H BRQdV, Chem. Rev. 
2010, 110, 575-1211.  (c) C ࡳ H FXQcWLRQaOL]aWLRQ LQ OUgaQLc S\QWKeVLV, Chem. Soc. Rev. 2011, 40, 1845-2040.  (d) C ࡳ H 
FXQcWLRQaOL]aWLRQ, Acc. Chem. Res., 2012, 45, 777-958. 
113 Y. La]Lb, P. ReWaLOOeaX, T. SageW, B. DaUVeV, P. DaXbaQ, Angew. Chem. Int. Ed. 2021, 60, 21708±21712. 
114 (a) C. G. EVSLQR, J. DX BRLV, Angew. Chem. Int. Ed. 2001, 40, 598-600. (b) C. G. EVSLQR, P. M. WeKQ, J. CKRZ, J. DX 
BRLV, J. Am. Chem. Soc. 2001, 123, 6935±6936. c) M. KLP, J. V. MXOcaK\, C. G. EVSLQR, J. DX BRLV, Org. Lett. 2006, 8, 
1073-1076. d) T. KXURNaZa, M. KLP, J. DX BRLV, Angew. Chem. Int. Ed. 2009, 48, 2777-2779. e) D. E. OOVRQ, D. A. 
RRbeUWV, J. DX BRLV, Org. Lett, 2012, 14, 6174-6177. 
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SchpPa 109 ± APiQaWiRQ C(VS3) ࡳ H iQWUaPROpcXOaiUe SaU iQVeUWiRQ de QiWUqQeV caWaO\Vpe aX UhRdiXP(II). 

IO cRQYLeQW de PeQWLRQQeU TXe d¶aXWUeV caWaO\VeXUV RUgaQRPpWaOOLTXeV j baVe de PaQgaQqVe, feU, RX 

aUgeQW, RQW pWp dpYeORSSpV SRXU OeV UpacWLRQV d¶aPLQaWLRQ C ࡳ ࡳH LQWUaPROpcXOaLUeV. IOV cRQVWLWXeQW deV 

RXWLOV cRPSOpPeQWaLUeV aX[ cRPSOe[eV de UKRdLXP SeUPeWWaQW d¶pWeQdUe Oe cKaPS d¶aSSOLcaWLRQ de 

ceWWe WUaQVfRUPaWLRQ (ScKpPa 110).115 
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SchpPa 110 ± APiQaWiRQV iQWUaPROpcXOaiUeV SaU iQVeUWiRQ de QiWUqQeV caWaO\VpeV SaU d¶aXWUeV PpWaX[ de 

WUaQViWiRQV. 

 CRQWU{Oe de Oa VpOecWLYLWp de O¶aPLQaWLRQ C(VS3) ࡳ H LQWUaPROpcXOaLUe  
Le cRQWU{Oe de Oa VpOecWLYLWp daQV OeV UpacWLRQV d¶LQVeUWLRQ de QLWUqQeV LQWUaPROpcXOaLUeV SeXW rWUe 

UpaOLVp j WUaYeUV Oe cKRL[ MXdLcLeX[ deV caWaO\VeXUV PpWaOOLTXeV eW deV VRXUceV a]RWpeV XWLOLVpeV. 

 

 

 

 

 

                                                      
115 (a) S. M. PaUadLQe, J. R. GULffLQ, J. ZKaR, A. L. PeWURQLcR, S. M. MLOOeU, M. C. WKLWe, Nat. Chem. 2015, 7, 987±994. (b) 
Y. CXL, C. He, Angew. Chem. Int. Ed. 2004, 43, 4210±4212. 
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3.1.  CRQWU{Oe de Oa UpgLRVpOecWLYLWp 
POXVLeXUV VWUaWpgLeV RQW pWp e[SORUpeV afLQ de cRQWU{OeU Oa UpgLRVpOecWLYLWp deV UpacWLRQV d¶aPLQaWLRQ 

LQWUaPROpcXOaLUeV. UQe SUePLqUe aSSURcKe cRQVLVWe j cRQWU{OeU ceWWe VpOecWLYLWp eQ e[SORLWaQW OeV 

SURSULpWpV dX VXbVWUaW. LeV WUaYaX[ de DX BRLV RQW dpPRQWUp TXe O¶XWLOLVaWLRQ d¶XQ SUpcXUVeXU de 

W\Se caUbaPaWe cRQdXLW SUpfpUeQWLeOOePeQW j Oa fRUPaWLRQ d¶R[a]ROLdLQRQeV UpVXOWaQW de O¶LQVeUWLRQ 

dX QLWUqQe eQ ±ȕ, aORUV TXe OeV VXOfaPaWeV SeUPeWWeQW Oa fRUPaWLRQ de c\cOeV j 6 cKavQRQV via XQe 

LQVeUWLRQ eQ ±Ȗ (ScKpPa 111).3 

 

SchpPa 111 ± APiQaWiRQ iQWUaPROpcXOaiUe UpgiRVpOecWiYe cRQWU{Ope SaU Oe VXbVWUaW. 

La VecRQde VWUaWpgLe Ve baVe VXU XQ cRQWU{Oe SaU Oe V\VWqPe caWaO\WLTXe XWLOLVp. L¶pTXLSe de ScKRPaNeU 

a dpYeORSSp ceWWe aSSURcKe eQ dpcULYaQW UpcePPeQW XQ V\VWqPe baVp VXU O¶XWLOLVaWLRQ de VeOV d¶aUgeQW. 

La UpacWLRQ d¶aPLQaWLRQ C(VS3)±H LQWUaPROpcXOaLUe de dpULYpV caUbaPaWeV eVW dLULgpe eQ -ȕ RX -Ȗ SaU 

Oa QaWXUe dX OLgaQd. Le cRPSOe[e fRUPp aYec Oe OLgaQd de W\Se bLV(R[a]ROLQe) faYRULVe Oa fRUPaWLRQ dX 

c\cOe j 6 cKavQRQV aORUV TXe Oe OLgaQd de W\Se 2,6-bLV[1,1-bLV(2-S\ULd\O)pWK\O]-S\ULdLQe (P\5Me2), 

LPSRVaQW XQe cRQWUaLQWe VWpULTXe LPSRUWaQWe, cRQdXLW aX[ R[a]ROLdLQRQeV (ScKpPa 112).116 
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SchpPa 112 ± APiQaWiRQ iQWUaPROpcXOaiUe UpgiRVpOecWiYe cRQWU{Ope SaU Oe caWaO\VeXU. 

                                                      
116 M. JX, M. HXaQg, L. E. VLQe, M. DeKgKaQ\, J. M. RRbeUWV, J. M. ScKRPaNeU, Nat. Catal. 2019, 2, 899±908. 
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3.2.  CRQWU{Oe de O¶pQaQWLRVpOecWLYLWp eW de Oa cKLPLRVpOecWLYLWp 
DeV SUePLqUeV YeUVLRQV pQaQWLRVpOecWLYeV de O¶aPLQaWLRQ C(VS3)±H LQWUaPROpcXOaLUe de VXOfaPaWeV RQW 

pWp dpYeORSSpeV j O¶aLde de SRUSK\ULQeV cKLUaOeV de UXWKpQLXP(II)117 eW de cRPSOe[eV cKLUaX[ de 

dLUKRdLXP(II) WpWUacaUbR[\OaWeV.118 NpaQPRLQV, de PeLOOeXUeV VpOecWLYLWpV RQW pWp RbWeQXeV aYec XQ 

cRPSOe[e bLPpWaOOLTXe de UKRdLXP WpWUacaUbR[aPLde, Oe RK2(S-QaS)4. Ce deUQLeU, a SeUPLV O¶aPLQaWLRQ 

de OLaLVRQV beQ]\OLTXeV VecRQdaLUeV eW de cRPSRVpV KpWpURc\cOLTXeV aYec deV e[cqV pQaQWLRPpULTXeV 

aOOaQW MXVTX¶j 99%. De SOXV, ce caWaO\VeXU SeUPeW Oa fRQcWLRQQaOLVaWLRQ cKLPLRVpOecWLYe de VLWeV 

aOO\OLTXeV aYec de bRQQeV pQaQWLRVpOecWLYLWpV daQV Oe caV d¶aOcqQeV (Z).119  

PaUaOOqOePeQW aX[ UecKeUcKeV de DX BRLV, Oe gURXSe de BOaNe\ a dpYeORSSp deV cRQdLWLRQV, UeSRVaQW 

VXU O¶XWLOLVaWLRQ d¶XQ cRPSOe[e de UXWKpQLXP(II) eQ SUpVeQce de VeOV d¶aUgeQW, SRXU O¶aPLQaWLRQ 

LQWUaPROpcXOaLUe de SRVLWLRQV beQ]\OLTXeV eW aOO\OLTXeV aYec d¶e[ceOOeQWV UeQdePeQWV eW de WUqV bRQQeV 

pQaQWLRVpOecWLYLWpV. CeWWe PpWKRde eVW UaSLdePeQW deYeQXe cRPSOpPeQWaLUe de ceOOe dpcULWe SaU DX 

BRLV daQV Oe caV deV aPLQaWLRQV de SRVLWLRQV aOO\OLTXeV. EQ effeW, c¶eVW O¶aOcqQe de cRQfRUPaWLRQ (E) 

TXL UpagLW Oe PLeX[ daQV ceV cRQdLWLRQV.120 

 

SchpPa 113 ± APiQaWiRQV iQWUaPROpcXOaiUeV pQaQWiRVpOecWiYeV. 

                                                      
117 J.-L. LLaQg, S.-X. YXaQ, J.-S. HXaQg, W.-Y. YX, C.-M. CKe, Angew. Chem. Int. Ed. 2002, 41, 3465±3468. 
118 M. YaPaZaNL, S. KLWagaNL, M. AQada, S. HaVKLPRWR, Heterocycles 2006, 69, 527±537. 
119 D. N. ZaOaWaQ, J. DX BRLV, J. Am. Chem. Soc. 2008, 130, 9220±9221. 
120 E. MLOc]eN, N. BRXdeW, S. BOaNe\, Angew. Chem. Int. Ed. 2008, 47, 6825±6828. 
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 APLQaWLRQV LQWUaPROpcXOaLUeV de OLaLVRQV C(VS3) ࡳH eW aSSOLcaWLRQV eQ 

V\QWKqVe WRWaOe 
L¶aSSOLcaWLRQ eQ V\QWKqVe WRWaOe deV UpacWLRQV d¶aPLQaWLRQ LQWUaPROpcXOaLUe de OLaLVRQV C(VS3) ࡳ H 

LOOXVWUe SaUfaLWePeQW OeXU effLcacLWp. La SUePLqUe eW SURbabOePeQW Oa PeLOOeXUe deV dpPRQVWUaWLRQV 

a pWp aSSRUWpe SaU DX BRLV ORUV de Oa V\QWKqVe WRWaOe de Oa ( ࡳ)-WpWURdRWR[LQe. La SUpSaUaWLRQ dX 

SUpcXUVeXU KaXWePeQW fRQcWLRQQaOLVp 146 eVW XQ SRLQW cOp de ceWWe VpTXeQce. EOOe eVW UpaOLVpe de 

WeOOe VRUWe TX¶XQe VeXOe OLaLVRQ C ࡳ H WeUWLaLUe VRLW adpTXaWePeQW dLVSRVpe. La UpacWLRQ d¶aPLQaWLRQ 

j SaUWLU dX caUbaPaWe eVW effecWXpe eQ SUpVeQce de RK2(NHCOCF3)4, ceUWeV aYec XQe cKaUge 

caWaO\WLTXe pOeYpe (10 PRO%), eW XQ UpacWLf de O¶LRde K\SeUYaOeQW SRXU fRXUQLU O¶R[a]ROLdLQRQe 147 

aYec XQ UeQdePeQW de 77% (ScKpPa 114).121 
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SchpPa 114 ± S\QWhqVe de Oa ( ࡳ )-WpWURdRWR[iQe. 

Ce PrPe gURXSe a dpcULW Oa V\QWKqVe de Oa PaQ]acLdLQe A, SRXU OaTXeOOe O¶pWaSe cOp eVW XQe 

aPLQaWLRQ C ࡳ H LQWUaPROpcXOaLUe VWpUpRVSpcLfLTXe UpaOLVpe j SaUWLU dX VXOfaPaWe 149. Ce deUQLeU eVW 

gpQpUp j SaUWLU de O¶aOcRRO 148, SXLV PLV eQ UpacWLRQ eQ SUpVeQce de RK2(OAc)4, PKI(OAc)2 eW de 

MgO SRXU dRQQeU O¶R[aWKLa]LQaQe 150 aYec XQ WUqV bRQ UeQdePeQW de 85%. La PaQ]acLdLQe A eVW 

fLQaOePeQW RbWeQXe eQ 10 pWaSeV aYec XQ UeQdePeQW gORbaO de 28% (ScKpPa 115).122 
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SchpPa 115± S\QWhqVe de Oa MaQ]acidiQe A. 

                                                      
121 A. HLQPaQ, J. DX BRLV, J. Am. Chem. Soc. 2003, 125, 11510±11511. 
122 P. M. WeKQ, J. DX BRLV, J. Am. Chem. Soc. 2002, 124, 12950±12951 
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L¶aSSOLcaWLRQ deV UpacWLRQV d¶aPLQaWLRQ C ࡳ H LQWUaPROpcXOaLUe RQW SaU aLOOeXUV SeUPLV j TURVW de 

V\QWKpWLVeU eQ SeX d¶pWaSeV Oa SaUWLe VXcUe dX CaOOLSeOWRVLde A, XQ cRPSRVp PaULQ LVROp eQ 1996 de 

O¶pSRQge callipelta sp (FLgXUe 19).123 

 

FigXUe 19 ± CaOOiSeOWRVide A. 

Le cRPSRVp 152 eVW RbWeQX eQ 4 pWaSeV j SaUWLU dX dLqQe de DaQLVKefVN\ aYec XQ UeQdePeQW gORbaO de 

30%. Le caUbaPaWe 153 eVW eQVXLWe fRUPp effLcacePeQW aYaQW d¶rWUe WUaQVfRUPp eQ R[a]ROLdLQRQe 154 

SaU ePSORL dX RK2(OAc)4 eW dX PKI(OAc)2 daQV Oe DCM j UefOX[ aYec XQ UeQdePeQW de 63%. Le 

caOOLSeWRVLde de PpWK\Oe eVW fLQaOePeQW RbWeQX aSUqV 6 pWaSeV de V\QWKqVe eW XQ UeQdePeQW gORbaO de 

17% (ScKpPa 116).124 

 

SchpPa 116 ± S\QWhqVe dX CaOOiSeOWRVide de MpWh\Oe. 

EQ 2010, IcKLNaZa et al RQW dpcULW Oa SUePLqUe V\QWKqVe WRWaOe de Oa ( ࡳ )-PXUa\P\cLQe D2. La 

UpWURV\QWKqVe eQYLVagpe LQcOXW Oa V\QWKqVe d¶XQ PRWLf L-ppi-caSUpRP\cLdLQe SaU aSSOLcaWLRQ d¶XQe 

UpacWLRQ d¶aPLQaWLRQ C ࡳ H. CeW acLde aPLQp, aQaORgXe c\cOLTXe d¶XQe aUgLQLQe, SRVVqde eQ effeW 

XQ PRWLf 1,3-dLaPLQR acceVVLbOe SaU XQe UpacWLRQ d¶aPLQaWLRQ aX dpSaUW d¶XQ VXOfaPaWe (FLgXUe 

20)� 

                                                      
123 A. ZaPSeOOa, M. V. D¶AXULa, L. MLQaOe, C. DebLWXV, C. RRXVVaNLV, J. Am. Chem. Soc. 1996, 118, 11085±11088. 
124 B. M. TURVW, J. L. GXQ]QeU, O. DLUaW, Y. H. RKee, J. Am. Chem. Soc. 2002, 124, 10396±10415. 



CKaSLWUe 4 : APLQaWLRQ caWaO\WLTXe de OLaLVRQV C(VS3) ࡳ H : aSSOLcaWLRQ j Oa V\QWKqVe WRWaOe de Oa CUaPbeVcLQ B 
281 

 

 

 

FigXUe 20 ± MXUa\P\ciQe D2. 

UQ SUePLeU VXOfaPaWe 155a a dRQc pWp WUaLWp SaU XQ V\VWqPe cRPbLQaQW dX RK2(eVS)2, dX PKI(OAc)2 

eW dX MgO daQV Oe dLcKORURPpWKaQe j UefOX[. CeSeQdaQW, Oe SURdXLW aWWeQdX eVW RbWeQX VRXV Oa 

fRUPe de deX[ dLaVWpUpRLVRPqUeV aYec XQ UeQdePeQW PRdeVWe de 47%. DeX[ SURdXLWV VecRQdaLUeV, 

LdeQWLfLpV cRPPe UpVXOWaQW d¶XQe LQVeUWLRQ C ࡳ H eQ 1,5- eW 1,8- dX QLWUqQe, VRQW aXVVL LVROpV (ScKpPa 

117).125 

 

SchpPa 117 ± S\QWhqVe de Oa MXUa\P\ciQe D2. 

ASUqV XQe ORQgXe RSWLPLVaWLRQ deV cRQdLWLRQV de UpacWLRQ VaQV UpVXOWaWV SURbaQWV, ceWWe VWUaWpgLe a 

pWp abaQdRQQpe, eW XQ QRXYeaX VXOfaPaWe SOXV UpacWLf 155b a pWp XWLOLVp. Ce deUQLeU, PLV daQV OeV 

cRQdLWLRQV de UpacWLRQ dpcULWeV SaU DX BRLV, SeUPeW d¶abRXWLU j O¶R[aWKLa]LQaQe 156 aYec XQ 

UeQdePeQW de 92% eW VRXV Oa fRUPe d¶XQ VeXO dLaVWpUpRLVRPqUe.  

CeWWe VWpUpRVpOecWLYLWp SaUfaLWe eVW e[SOLTXpe SaU OeV effeWV VWpULTXeV aX QLYeaX deV pWaWV de 

WUaQVLWLRQ cL-deVVRXV, ET2 pWaQW faYRULVp SaU UaSSRUW j ET1 (ScKpPa 118).126 

                                                      
125 T. TaQLQR, S. IcKLNaZa, M. SKLUR, A. MaWVXda, J. Org. Chem. 2010, 75, 1366±1377. 
126 T. TaQLQR, S. IcKLNaZa, A. MaWVXda, Org. Lett. 2011, 13, 4028±4031. 



CKaSLWUe 4 : APLQaWLRQ caWaO\WLTXe de OLaLVRQV C(VS3) ࡳ H : aSSOLcaWLRQ j Oa V\QWKqVe WRWaOe de Oa CUaPbeVcLQ B 
281 

 

 

 

SchpPa 118 ± S\QWhqVe RSWiPiVpe de Oa MXUa\P\ciQe D2. 

EQfLQ, UpcePPeQW, HaWaNe\aPa a dpcULW XQe V\QWKqVe WUqV pOpgaQWe cRPbLQaQW deX[ UpacWLRQV 

d¶aPLQaWLRQ C ࡳ H caWaO\VpeV aX UKRdLXP(II) j SaUWLU d¶XQ VXOfaPaWe SXLV d¶XQ caUbaPaWe SRXU 

O¶RbWeQWLRQ de Oa (±)-NaLWRcpSKaOLQe. ASUqV fRUPaWLRQ dX VXOfaPaWe 157, ceOXL-cL eVW PLV eQ UpacWLRQ 

daQV OeV cRQdLWLRQV de DX BRLV SRXU dRQQeU O¶R[aWKLa]LQaQe cRUUeVSRQdaQWe de PaQLqUe WRWaOePeQW 

UpgLR- eW VWpUpRVpOecWLYe aYec XQ UeQdePeQW de 74%. Ce SURdXLW eVW SURWpgp SaU XQ gURXSePeQW BRc 

aYaQW de UpagLU eQ PLOLeX baVLTXe SRXU dRQQeU XQe S\UUROLdLQe aYec XQ e[ceOOeQW UeQdePeQW de 97%. 

EQfLQ, Oe caUbaPaWe eVW fRUPp aYaQW d¶rWUe eQgagp daQV XQe deX[LqPe UpacWLRQ d¶aPLQaWLRQ C ࡳ H, ceWWe 

fRLV eQ SRVLWLRQ aOO\OLTXe, SRXU dRQQeU O¶LQWeUPpdLaLUe cOp 158 de PaQLqUe effLcace (ScKpPa 119).127 

                                                      
127 K. TaNaKaVKL, D. YaPagXcKL, J. IVKLKaUa, S. HaWaNe\aPa, Org. Lett. 2012, 14, 1644±1647. 
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SchpPa 119 ± S\QWhqVe de Oa (±)-NaiWRcpShaOiQe. 

EQ cRQcOXVLRQ, ce VXUYRO QRQ e[KaXVWLf deV WUaYaX[ cRQVacUpV j O¶aSSOLcaWLRQ de O¶aPLQaWLRQ C ࡳ H 

LQWUaPROpcXOaLUe QRXV a SeUPLV de PeWWUe eQ YaOeXU VRQ effLcacLWp SRXU Oa SUpSaUaWLRQ de PROpcXOeV 

cRPSOe[eV. La PpWKRde SKaUe eVW VaQV cRQWeVWe ceOOe dpYeORSSpe SaU DX BRLV, eQ YeUVLRQ 

LQWUaPROpcXOaLUe j SaUWLU de VXOfaPaWeV. C¶eVW daQV ce cRQWe[We TXe Oe deUQLeU RbMecWLf de Pa WKqVe 

a cLbOp Oe dpYeORSSePeQW d¶XQe V\QWKqVe de Oa CUaPbeVcLQ B281. 
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 CUaPbeVcLQ B281 
LeV cUaPbeVcLQV VRQW deV PROpcXOeV QaWXUeOOeV LVVXeV de O¶pSRQge PpdLWeUUaQpeQQe Crambe 

crambe eW SUpVeQWeQW deV VWUXcWXUeV a]RWpeV SRO\c\cOLTXeV. LeXUV acWLYLWpV bLRORgLTXeV RQW pWp SeX 

dpWaLOOpeV. LeV SOXV LPSRUWaQWeV cRQceUQeQW O¶LQKLbLWLRQ deV caQaX[ VRdLTXeV YROWage-dpSeQdaQWV 

LPSOLTXpV daQV SOXVLeXUV SaWKRORgLeV cRPPe O¶pSLOeSVLe, OeV dRXOeXUV cKURQLTXeV, eW O¶aU\WKPLe 

caUdLaTXe. DeV acWLYLWpV aQWLfRQgLTXeV RX c\WRWR[LTXeV RQW pWp aXVVL UaSSRUWpeV SRXU ceUWaLQV 

aQaORgXeV deV cUaPbeVcLQV (FLgXUe 21). 
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FigXUe 21 ± E[ePSOe de cUaPbeVciQV. 

 POXVLeXUV VWUaWpgLeV de V\QWKqVe RQW pWp SURSRVpeV, LQcOXaQW Oe SaVVage SaU XQ LQWeUPpdLaLUe 

gXaQLdLQR-a]LULdLQe, aYec XQ QRPbUe d¶pWaSeV cRQVLdpUabOe eW XQ UeQdePeQW gORbaO PRdeVWe 

(ScKpPa 121).128 
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SchpPa 121 ± RpWURV\QWhqVe deV cUaPbeVciQV SaU NiVhiNaZa. 

 

                                                      
128 R. G. S. BeUOLQcN, S. RRPPLQgeU, Nat. Prod. Rep. 2016, 33, 456±490. (a) A. NaNa]aNL, Y. IVKLNaZa, Y. SaZa\aPa, M. 
YRWVX-YaPaVKLWa, T. NLVKLNaZa, Org. Biomol. Chem. 2014, 12, 53±56. (b) A. NaNa]aNL, Y. NaNaQe, Y. IVKLNaZa, M. 
YRWVX-YaPaVKLWa, T. NLVKLNaZa, Org. Biomol. Chem. 2016, 14, 5304±5309. 
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EQ SaUWLcXOLeU, OeV cUaPbeVcLQV B281 eW B253 RQW UpcePPeQW pWp LVROpeV j O¶ICSN. CeV PROpcXOeV 

VeUaLeQW UeVSRQVabOeV in vivo de Oa WR[LcLWp eQYeUV d¶aXWUeV RUgaQLVPeV PaULQV WeOOeV TXe OeV aQpPRQeV, 

XQe K\SRWKqVe LVVXe de O¶RbVeUYaWLRQ de OeXU cRPSRUWePeQW daQV Oe PLOLeX QaWXUeO eW UeSURdXLW eQ 

aTXaULXP. De SOXV, Oa cUaPbeVcLQ B281 SUpVeQWe XQe acWLYLWp aQWLbLRWLTXe VLgQLfLcaWLYe VXU deV bacWpULeV 

j GUaP+ eW GUaP- (FLgXUe 22).129 

HN NH
O

NH2

HN NH
O

NH2

CUaPbeVciQ B281 CUaPbeVciQ B253  

FigXUe 22 ± CUaPbeVciQeV B281 eW B253 iVROpeV j O¶ICSN. 

AfLQ d¶aSSURfRQdLU OeV UpVXOWaWV bLRORgLTXeV, Oa V\QWKqVe de ceV cRPSRVpV QaWXUeOV a pWp eQYLVagpe. 

L¶RbMecWLf de ce cKaSLWUe de WKqVe a dRQc pWp de dpYeORSSeU XQe YRLe de V\QWKqVe YeUV Oa CUaPbeVcLQ B 

281 UeSRVaQW VXU OeV UpacWLRQV d¶aPLQaWLRQ C ࡳ H LQWUaPROpcXOaLUeV, eW d¶XWLOLVeU ceWWe VWUaWpgLe SRXU 

SURdXLUe deV aQaORgXeV. 

 AQaO\Ve UpWURV\QWKpWLTXe 
EQ Ve UeSRVaQW VXU Oe VaYRLU-faLUe dX OabRUaWRLUe daQV Oe dRPaLQe deV UpacWLRQV d¶aPLQaWLRQ C(VS3) ࡳ H, 

QRXV aYRQV SURSRVp deX[ aQaO\VeV UpWURV\QWKpWLTXeV SRXU Oa V\QWKqVe d¶aQaORgXeV de Oa cUaPbeVcLQ 

B281.  

La VWUaWpgLe LQLWLaOe eQYLVagpe deYaLW SeUPeWWUe d¶accpdeU aX SURdXLW QaWXUeO eQ WUqV SeX d¶pWaSeV j 

SaUWLU dX THF, VXbVWUaW dLVSRQLbOe eQ gUaQde TXaQWLWp eW SeX RQpUeX[. ALQVL, XQe SUePLqUe UpacWLRQ de 

fRQcWLRQQaOLVaWLRQ C ࡳ H SeUPeWWUaLW O¶LQWURdXcWLRQ de Oa cKavQe aON\Oe OLQpaLUe SRXU abRXWLU j 

O¶LQWeUPpdLaLUe 159. Le ceQWUe WeUWLaLUe aLQVL cUpp VeUaLW aSSURSULp SRXU eQVXLWe PeWWUe eQ °XYUe 

O¶LQVeUWLRQ VpOecWLYe d¶XQ aWRPe d¶a]RWe SaU UpacWLRQ d¶aPLQaWLRQ C(VS3) ࡳ H LQWeUPROpcXOaLUe. UQe 

VpTXeQce de dpSURWecWLRQ-VXOfaPR\OaWLRQ cRQdXLUaLW aX VXOfaPLde 161, SUpcXUVeXU de QLWUqQe adpTXaW 

SRXU aSSOLTXeU XQe deX[LqPe UpacWLRQ d¶aPLQaWLRQ C(VS3) ࡳ H, ceWWe fRLV de PaQLqUe LQWUaPROpcXOaLUe. 

EQfLQ, XQe pWaSe de dpSURWecWLRQ VXLYLe de Oa fRUPaWLRQ de Oa gXaQLdLQe deYUaLW dRQQeU accqV j Oa 

CUaPbeVcLQ B (ScKpPa 122). 

                                                      
129 P. VOacKRX, G. Le GRff, C. AORQVR, P. A. ÈOYaUe], J.-F. GaOOaUd, N. FRNLaOaNLV, J. OXa]]aQL, Marine Drugs 2018, 16, 
152 
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SchpPa 122 ± PUePiqUe V\QWhqVe eQYiVagpe. 

NpaQPRLQV, deV WUaYaX[ SUpOLPLQaLUeV UpaOLVpV j SaUWLU dX PpWK\O-THF, aQaORgXe VLPSOLfLp de 

O¶LQWeUPpdLaLUe 159, RQW UePLV eQ caXVe Oe cRQWU{Oe de Oa UpgLRVpOecWLYLWp SRXU Oa UpacWLRQ d¶aPLQaWLRQ 

LQWeUPROpcXOaLUe. EQ effeW, O¶aSSOLcaWLRQ deV cRQdLWLRQV VpOecWLYeV deV SRVLWLRQV WeUWLaLUeV dpcULWeV SaU 

Oe OabRUaWRLUe cRQdXLW j XQ PpOaQge de SURdXLWV SRO\aPLQpV LQVpSaUabOeV (ScKpPa 123).130 

 

SchpPa 123 ± APiQaWiRQ dX PpWh\Oe-THF. 

DaQV Oe bXW d¶aPpOLRUeU ce UpVXOWaW, QRXV aYRQV cKRLVL de WeVWeU O¶acLde WpWUaK\dURfXUaQe-2-caUbR[\OLTXe 

cRPPe VXbVWUaW caU Oa SUpVeQce d¶XQe fRQcWLRQ acLde aSSaXYULW eQ pOecWURQV OeV OLaLVRQV C ࡳ ࡳH 

eQYLURQQaQWeV. CeSeQdaQW, ORUVTX¶LO a pWp PLV eQ UpacWLRQ daQV OeV cRQdLWLRQV dpcULWeV SUpcpdePPeQW, 

XQ PpOaQge d¶aPLQeV QRQ VpSaUabOeV a pgaOePeQW pWp RbWeQX (ScKpPa 124). 

 

SchpPa 124 ± APiQaWiRQ de O¶acide WpWUah\dURfXUaQe-2-caUbR[\OiTXe. 

 

 

                                                      
130 E. BUXQaUd, V. BRTXeW, E. VaQ EOVOaQde, T. SageW, P. DaXbaQ, J. Am. Chem. Soc. 2021, 143, 6407±6412. 
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UQe deUQLqUe WeQWaWLYe d¶aPLQaWLRQ C ࡳ H LQWeUPROpcXOaLUe j SaUWLU de Oa OacWRQe 164 a pWp UpaOLVpe 

daQV OeV PrPeV cRQdLWLRQV. A O¶LVVXe de ce deUQLeU eVVaL, QRXV Q¶aYRQV SaV SX fRUPeU Oe SURdXLW 

dpVLUp. La SUpVeQce d¶XQ cRPSRVp PaMRULWaLUe cRUUeVSRQdaQW aX SURdXLW d¶RXYeUWXUe VXUR[\dp a SX 

rWUe RbVeUYp SaU e[SpULeQce RMN 1H (ScKpPa 125). 

 

SchpPa 125 ± APiQaWiRQ de Oa OacWRQe 164. 

AX UegaUd de ceV UpVXOWaWV, XQe VecRQde VWUaWpgLe a pWp eQYLVagpe SRXU SaOOLeU aX[ dLffLcXOWpV UeQcRQWUpeV 

ORUV de Oa VpTXeQce dpcULWe SUpcpdePPeQW. CeOOe-cL UeSRVe VXU XQe VXcceVVLRQ de UpacWLRQV 

LQWUaPROpcXOaLUeV d¶aPLQaWLRQ C(VS3) ࡳ ࡳH, SRXU LQWURdXLUe OeV 2 gURXSePeQWV a]RWpV eW V\QWKpWLVeU deV 

aQaORgXeV de Oa CUaPbeVcLQ B 281.  

CeWWe V\QWKqVe XWLOLVeUa cRPPe VXbVWUaW Oa OacWRQe 164 dRQW Oa UpdXcWLRQ deYUaLW SeUPeWWUe de fRUPeU 

Oe dLRO 165. UQe pWaSe de SURWecWLRQ VpOecWLYe de O¶aOcRRO SULPaLUe daQV deV cRQdLWLRQV cLQpWLTXeV VXLYLe 

d¶XQe UpacWLRQ de VXOfaPR\OaWLRQ de O¶aOcRRO VecRQdaLUe dRQQeUaLW accqV aX SUePLeU LQWeUPpdLaLUe cOp 

167. UQe SUePLqUe UpacWLRQ d¶aPLQaWLRQ C(VS3) ࡳ H LQWUaPROpcXOaLUe SRXUUaLW rWUe UpaOLVpe SRXU dRQQeU 

O¶R[aWKLa]LQaQe 168 aSUqV SURWecWLRQ. CeSeQdaQW, XQ SRWeQWLeO SURbOqPe de UpgLRVpOecWLYLWp SRXU ceWWe 

UpacWLRQ LQWUaPROpcXOaLUe QpceVVLWeUa de cULbOeU dLffpUeQWV gURXSePeQWV SURWecWeXUV R1 afLQ de 

dpfaYRULVeU O¶aPLQaWLRQ Oa SRVLWLRQ eQ�E de OR1. ASUqV dpSURWecWLRQ de O¶aOcRRO SULPaLUe, XQe UpacWLRQ 

VWpUpRVSpcLfLTXe de W\Se SN2 LQWUaPROpcXOaLUe SeUPeWWUaLW de fRUPeU Oe cRPSRVp 170 TXL VXbLUaLW XQe 

UpacWLRQ de VXOfaPR\OaWLRQ. L¶LQWeUPpdLaLUe 171 deYUaLW UpagLU SaU aPLQaWLRQ C(VS3) ࡳ H 

LQWUaPROpcXOaLUe SRXU dRQQeU O¶a]aWKLa]LQaQe 172. FLQaOePeQW, XQe pWaSe de dpSURWecWLRQ VXLYLe de 

O¶LQVeUWLRQ dX PRWLf gXaQLdLQe, dRQQeUaLW O¶aQaORgXe dpVLUp 173. LeV SaUagUaSKeV VXLYaQWV YRQW dpcULUe 

O¶aYaQcpe de QRV WUaYaX[ de V\QWKqVe YeUV Oa PROpcXOe cLbOpe (ScKpPa 126). 
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SchpPa 126 ± SecRQde V\QWhqVe eQYiVagpe. 

 TUaYaX[ de V\QWKqVe 

La SUePLqUe pWaSe de QRWUe VWUaWpgLe de V\QWKqVe eVW Oa UpdXcWLRQ de Oa ܵ-dRdpcaOacWRQe 164 eQ 

SUpVeQce de LLAOH4 eQ VXVSeQVLRQ daQV Oe THF j 0 �C. ASUqV 18 K de UpacWLRQ, Oe dLRO 165 eVW 

RbWeQX aYec XQ UeQdePeQW de 90% (ScKpPa 127). 

LiAOH4 THF
0 �C, 18 h

OH

165

HO

164

O

O

5

90%  

SchpPa 127 ± FRUPaWiRQ dX diRO SaU UpdXcWiRQ de Oa ܵ-dRdpcaOacWRQe. 

L¶aOcRRO SULPaLUe 165 a eQVXLWe pWp SURWpgp eQ SUpVeQce dX cKORUXUe d¶acpW\Oe eW de cROOLdLQe daQV 

Oe DCM. La UpacWLRQ a pWp effecWXpe j baVVe WePSpUaWXUe (-78�C) afLQ de cRQWU{OeU aX PLeX[ Oa 

VpOecWLYLWp, SeUPeWWaQW d¶LVROeU 166a aYec XQ UeQdePeQW de 85% (ScKpPa 128). 

OH AcCO, cROOidiQe

165
DCM, -78 �C

HO OH
AcO

166a
5 5

85%  

SchpPa 128 ± PURWecWiRQ VpOecWiYe de O'aOcRRO SUiPaiUe de 165. 

AfLQ d¶effecWXeU Oa SUePLqUe UpacWLRQ d¶aPLQaWLRQ LQWUaPROpcXOaLUe, XQ gURXSePeQW a]RWp, 

SUpcXUVeXU de QLWUqQe, a d� rWUe LQVWaOOp aX QLYeaX de Oa fRQcWLRQ K\dUR[\Oe OLbUe. Le VXOfaPaWe 

167a a dRQc pWp SUpSaUp daQV Oe DMA, eQ cRPbLQaQW O¶LVRc\aQaWe de cKORURVXOfRQ\Oe eW O¶acLde 

fRUPLTXe SRXU gpQpUeU in situ Oe cKORUXUe de VXOfaPR\Oe. DaQV ceV cRQdLWLRQV, Oe SURdXLW VXOfaPR\Op 
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aWWeQdX a pWp LVROp aYec XQ UeQdePeQW de 80% (ScKpPa 129). 

 

SchpPa 129 - FRUPaWiRQ dX cRPSRVp VXOfaPR\Op 167a. 

7.1.  RpacWLRQ d¶aPLQaWLRQ C(VS3) ࡳ H LQWUaPROpcXOaLUe 
LeV cRQdLWLRQV d¶aPLQaWLRQ C(VS3) ࡳ ࡳH LQWUaPROpcXOaLUe aSSOLTXpeV aX cRPSRVp 167a (2 pTXLYaOeQWV 

de PKI(OPLY)2, 2 pTXLYaOeQWV de MgO eW de 3 PRO% de RK2(OAc)4 daQV Oe DCM) RQW cRQdXLW j XQ 

PpOaQge de UpgLRLVRPqUeV aYec XQ UaSSRUW de 3,2:1 eQ faYeXU dX UpgLRLVRPqUe 168a eW XQe 

dLaVWpUpRVpOecWLYLWp de 10:1, dpWeUPLQpeV SaU RMN 1H. LeV deX[ UpgLRLVRPqUeV RQW SX rWUe VpSaUpV 

SaU cKURPaWRgUaSKLe VXU cRORQQe de VLOLce eW Oe cRPSRVp 168a a pWp LVROp aYec XQ UeQdePeQW de 

49%. GUkce j XQe e[SpULeQce RMN NOESY eW eQ cRPSaUaLVRQ aYec OeV WUaYaX[ de DX BRLV,131 

QRXV aYRQV SX dpWeUPLQeU TXe OeV SURdXLW c\cOLTXeV 168 eW 169 VRQW RbWeQXV PaMRULWaLUePeQW aYec 

deV cRQfLgXUaWLRQV UeOaWLYeV cis (ScKpPa 130). 

 

SchpPa 130 ± PUePieU WeVW de Oa UpacWiRQ d¶aPiQaWiRQ C ࡳ H iQWUaPROpcXOaiUe. 

7.1.1.  CULbOage deV cRQdLWLRQV : cRPSOe[eV de UKRdLXP 

PaU Oa VXLWe, afLQ d¶RSWLPLVeU Oe UeQdePeQW eW Oa VpOecWLYLWp eQ faYeXU dX UpgLRLVRPqUe YLVp, dLffpUeQWV 

SaUaPqWUeV UpacWLRQQeOV RQW pWp cULbOpV. DaQV XQ SUePLeU WePSV, SOXVLeXUV cRPSOe[eV de RK(II) RQW pWp 

WeVWpV eQ SUpVeQce de PKI(OPLY)2, de MgO eW de DCM (TabOeaX 8). 

 

 

                                                      
131 P .M. WeKQ, J. Lee, J. DX BRLV, Org. Lett. 2003, 5, 4823-4826. 
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CRQYeUVLRQ RMN dpWeUPLQpe aYec Oe WULPpWKR[\beQ]qQe cRPPe pWaORQ LQWeUQe  

 
TabOeaX 8 : CUibOage deV cRPSOe[eV de UhRdiXP (II) SRXU Oa UpacWiRQ d¶aPiQaWiRQ C ࡳ H. 

L¶ePSORL de RK2(OAc)4, RK2(eVS)2, RK2(RcW)4 RX RK2(WfacaP)4 cRQdXLW j XQe cRQYeUVLRQ WRWaOe (TabOeaX 

8). PaUPL ceV TXaWUe cRPSOe[eV, VeXOV OeV cRPSOe[eV RK2(eVS)2 eW RK2(RcW)4 SeUPeWWeQW d¶RbWeQLU Oe 

cRPSRVp 168a aYec XQe bRQQe VpOecWLYLWp, Oe PeLOOeXU UpVXOWaW pWaQW RbWeQX aYec Oe RK2(RcW)4. C¶eVW 

dRQc ce cRPSOe[e TXL a pWp UeWeQX SRXU Oa VXLWe de O¶RSWLPLVaWLRQ. PaU aLOOeXUV, LO eVW LQWpUeVVaQW de QRWeU 

O¶LQYeUVLRQ de VpOecWLYLWp RbVeUYpe aYec Oe RK2(WSa)4, cRPSOe[e cRQQX SRXU rWUe SOXV VeQVLbOeV aX[ 

effeWV VWpULTXeV. 

7.1.2.  CULbOage deV cRQdLWLRQV : VROYaQW de Oa UpacWLRQ 

EQVXLWe, dLYeUV VROYaQWV RQW pWp WeVWpV eQ SUpVeQce de RK2(RcW)4, PKI(OPLY)2 eW de MgO (TabOeaX 9). Ce 

WabOeaX dpPRQWUe TXe Oa UpacWLRQ SeXW rWUe UpaOLVpe daQV deV VROYaQWV KaORgpQpV (TCE, DCE, DCM), 

aURPaWLTXeV (beQ]qQe, WULfOXRURWROXqQe, cKORURbeQ]qQe), eW SROaLUeV (MeCN, tBXCN, TFE, iPUOAc). 

Le VROYaQW SeUPeWWaQW d¶RbWeQLU XQe cRQYeUVLRQ WRWaOe eW Oa SOXV KaXWe VpOecWLYLWp eVW Oe DCM. Ce deUQLeU 

a dRQc pWp XWLOLVp cRPPe VROYaQW de UpacWLRQ SRXU Oe WeVW dX deUQLeU SaUaPqWUe, O¶LRde K\SeUYaOeQW. 

 

 

 

Rh2(X)4 CRQYeUViRQ RMN U.U. ReQdePeQW iVROp 168a U.d. 

RK2(OAc)4 100 3,2:1 49 >10:1 

RK2(eVS)2 100 3,0:1 60 >10:1 

RK2(WSa)4 96 1 :1,6 X >10:1 

RK2(RcW)4 100 4,3:1 73 >10:1 

RK2(Wfa)4 12 X X >10:1 

RK2(KfbX)4 28 X X >10:1 

RK2(WfacaP)4 100 1:1 34 >10 :1 
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CRQYeUVLRQ RMN dpWeUPLQpe aYec Oe WULPpWKR[\beQ]qQe cRPPe pWaORQ LQWeUQe 

SROYaQWV CRQYeUViRQ RMN U.U. ReQdePeQW iVROp 168aa U.d. 

TCE 72 3,0:1 X >10:1 

DCE 80 3,5:1 53 >10:1 

MeCN 82 3,0:1 X >10:1 

t-BXCN 93 3,0:1 42 >10:1 

TFE 40 X X >10:1 

DCM 100 4,3:1 73 >10:1 

BeQ]qQe 80 3,6:1 41 >10:1 

TULfOXRURWROXqQe 96 3,6:1 50 >10:1 

i-PUOAc 100 3,0:1 X >10:1 

PKCO 80 3,6:1 X >10:1 

TabOeaX 9 : CUibOage deV VROYaQWV SRXU Oa UpacWiRQ d¶aPiQaWiRQ C ࡳ H. 

7.1.3.  CULbOage deV cRQdLWLRQV : UpacWLf de O¶LRde K\SeUYaOeQW 
FLQaOePeQW, WURLV UpacWLfV d¶LRde K\SeUYaOeQW RQW pWp WeVWpV eQ SUpVeQce de RK2(RcW)4, eW de MgO daQV 

Oe DCM (TabOeaX 10). OQ cRQVWaWe TXe Oe PKI(OPLY)2 eW Oe PKI(adaPaQW\OCO2)2 cRQdXLVeQW j XQe 

cRQYeUVLRQ WRWaOe. EQ ce TXL cRQceUQe Oa VpOecWLYLWp, O¶ePSORL de PKI(OPLY)2 RX de PKI(OAc)2 dRQQeQW 

Oe PrPe UpVXOWaW. La cRPbLQaLVRQ de ceV UpVXOWaWV QRXV a aPeQpV j cKRLVLU Oe PKI(OPLY)2 cRPPe UpacWLf 

R[\daQW de Oa UpacWLRQ. 
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CRQYeUVLRQ RMN dpWeUPLQpe aYec Oe WULPpWKR[\beQ]qQe cRPPe pWaORQ LQWeUQe. 

PhI(L)2 CRQYeUViRQ RMN U.U. ReQdePeQW iVROp 168aa d.U. 

PKI(OPLY)2 100 4,3:1 73 >10:1 

PKI(OAc)2 90 4,3:1 60 >10:1 

PKI(adaPaQW\OCO2)2 100 3,6:1 X >10:1 

TabOeaX 10 : CUibOage deV iRdeV h\SeUYaOeQWV SRXU Oa UpacWiRQ d¶aPiQaWiRQ C ࡳ H. 

EQ cRQcOXVLRQ, ce WUaYaLO de cULbOage QRXV a SeUPLV de dpfLQLU OeV cRQdLWLRQV RSWLPaOeV SRXU Oa UpacWLRQ 

d¶aPLQaWLRQ C(VS3) ࡳ H LQWUaPROpcXOaLUe, j VaYRLU O¶ePSORL de RK2(RcW)4, PKI(OPLY)2 eW MgO daQV Oe 

DCM j WePSpUaWXUe aPbLaQWe. DaQV ceV cRQdLWLRQV, Oe cRPSRVp 168a eVW LVROp aYec XQ UeQdePeQW de 

70% (ScKpPa 131).  

 

SchpPa 131 : CRQdiWiRQV RSWiPiVpeV SRXU Oa V\QWhqVe de 168a. 

7.2.  RpacWLRQ d¶aPLQaWLRQ C(VS3) ࡳ H LQWUaPROpcXOaLUe : LQfOXeQce dX gURXSePeQW 

SURWecWeXU de O¶aOcRRO SULPaLUe. 
AfLQ d¶aPpOLRUeU Oa UpgLRVpOecWLYLWp de Oa UpacWLRQ d¶aPLQaWLRQ C ࡳ H LQWUaPROpcXOaLUe, QRXV aYRQV pWXdLp 

O¶LQfOXeQce pYeQWXeOOe dX gURXSePeQW SURWecWeXU de O¶aOcRRO SULPaLUe dX VXOfaPaWe 167, QRWaPPeQW 

O¶effeW VWpULTXe eW pOecWURQLTXe. CeSeQdaQW, SaUce TXe O¶ePSORL d¶XQ gURXSePeQW BRc VXU Oe VXOfaPaWe 

pWaLW eQYLVagp daQV Oa VXLWe de Oa V\QWKqVe, QRXV QRXV VRPPeV fRcaOLVpV VXU deV gURXSePeQWV SURWecWeXUV 

RUWKRgRQaX[ j ce deUQLeU.  

TRXW d¶abRUd, QRXV aYRQV WeVWp O¶effeW VWpULTXe eQ LQWURdXLVaQW XQ gURXSePeQW eQcRPbUaQW VXVceSWLbOe 

de dpfaYRULVeU O¶aSSURcKe dX PpWaOOaQLWUqQe. NRXV aYRQV cKRLVL Oe gURXSePeQW SURWecWeXU VLO\Op 

TBDPS, eW Oe SURdXLW SURWpgp 166b a pWp RbWeQX aYec XQ UeQdePeQW de 65% SaU UpacWLRQ dX dLRO 165 

aYec TBDPSCO eQ SUpVeQce de NaH eW daQV Oe THF. Le SURdXLW 166b a eQVXLWe pWp VXOfaPR\Op daQV OeV 

PrPeV cRQdLWLRQV TXe ceOOeV dpcULWeV SUpcpdePPeQW SRXU dRQQeU Oe VXOfaPaWe 167b aYec XQ UeQdePeQW 
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de 60%. EQfLQ, O¶aSSOLcaWLRQ deV cRQdLWLRQV RSWLPaOeV SRXU O¶aPLQaWLRQ C(VS3) ࡳ H LQWUaPROpcXOaLUe a 

cRQdXLW aX SURdXLW aPLQp 168b aYec XQ UeQdePeQW de 50%, XQe UpgLRVpOecWLYLWp de 4:1 eW XQe 

dLaVWpUpRVpOecWLYLWp de 14:1. Ce UpVXOWaW, PRLQV VaWLVfaLVaQW TXe Oe SUpcpdeQW, QRXV a cRQdXLW j Qe SaV 

UeWeQLU ce gURXSePeQW SURWecWeXU SRXU Oa VXLWe de Oa V\QWKqVe (ScKpPa 132). 

 

SchpPa 132 : S\QWhqVe dX SURdXiW 168b. 

NRXV aYRQV aORUV dpcLdp d¶pWXdLeU O¶LQfOXeQce pYeQWXeOOe d¶effeWV pOecWURQLTXeV. EQ effeW, Oe caUacWqUe 

pOecWURSKLOe dX PpWaOOaQLWUqQe cRQdXLW j Oa fRQcWLRQQaOLVaWLRQ SUpfpUeQWLeOOe deV OLaLVRQV C(VS3) ࡳ H 

ULcKeV eQ pOecWURQV. UQ gURXSePeQW SURWecWeXU pOecWURaWWUacWeXU SeUPeWWUaLW dRQc de dpfaYRULVeU Oa 

UpacWLRQ aX QLYeaX de Oa OLaLVRQ C(VS3) ࡳ H SUR[LPaOe. NRXV aYRQV dRQc RSWp SRXU Oe gURXSePeQW p-

QLWURbeQ]R\Oe, TXL SRVVqde XQ QR\aX aURPaWLTXe pOecWUR-dpfLcLeQW. Le SURdXLW SURWpgp 166c a pWp RbWeQX 

aYec XQ UeQdePeQW de 77% SaU UpacWLRQ dX dLRO 165 aYec 4-NO2C6H4COCO eQ SUpVeQce de cROOLdLQe eW 

de DCM j -78 �C. L¶aOcRRO a eQVXLWe pWp VXOfaPR\Op daQV OeV PrPeV cRQdLWLRQV TXe ceOOeV dpcULWeV 

daQV Oe ScKpPa 128 SRXU dRQQeU Oe VXOfaPaWe 167c aYec XQ UeQdePeQW de 79%. EQ UeYaQcKe, 

cRQWUaLUePeQW aX gURXSePeQW VLO\Op, ce gURXSePeQW pOecWURaWWUacWeXU a eX XQ effeW bpQpfLTXe VXU Oa 

UpacWLRQ d¶aPLQaWLRQ C(VS3) ࡳ H. CeOOe-cL cRQdXLW eQ effeW aX SURdXLW aPLQp 168c aYec XQ UeQdePeQW de 

80%, XQe dLaVWpUpRVeOecWLYLWp WRWaOe (>20:1) eQ faYeXU de O¶LVRPqUe cis eW XQe UpgLRVpOecWLYLWp de 6:1. 

La VXLWe de Oa V\QWKqVe a dRQc pWp eQYLVagpe j SaUWLU de 168c (ScKpPa 133). 
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SchpPa 133 : S\QWhqVe dX SURdXiW 168. 

7.3.  S\QWKqVe dX SURdXLW c\cOLVp 169 
LeV deX[ pWaSeV VXLYaQWeV SeUPeWWeQW de fRUPeU Oe SURdXLW c\cOLVp 170. TRXW d¶abRUd, XQe SURWecWLRQ 

dX SURdXLW 168c SeUPeW d¶acWLYeU Oe VXOfaPaWe YLV-j-YLV de Oa UpacWLRQ de VXbVWLWXWLRQ QXcOpRSKLOe 

LQWUaPROpcXOaLUe. EQVXLWe, Oa dpSURWecWLRQ de O¶aOcRRO SULPaLUe SaU XQe VROXWLRQ de NaOH 2 M daQV Oe 

THF SeUPeW de gpQpUeU O¶aOcRROaWe cRUUeVSRQdaQW. Ce deUQLeU UpagLW in situ eQ SRVLWLRQ d SRXU fRUPeU 

Oe SURdXLW c\cOLVp 170, LVROp aYec XQ UeQdePeQW gORbaO de 75% (ScKpPa 134). 

 

SchpPa 134 : S\QWhqVe dX SURdXiW 169. 

7.4.  S\QWKqVe dX VXOfaPLde 171 
Le VXOfaPLde 171 a pWp RbWeQX eQ 2 pWaSeV j SaUWLU dX cRPSRVp 170 eQ aSSOLTXaQW OeV cRQdLWLRQV dpcULWeV 

SaU DX BRLV. TRXW d¶abRUd, XQe UpacWLRQ de VXOfaPR\OaWLRQ, effecWXpe eQ SUpVeQce dX UpacWLf 

COSO2NHCB], a SeUPLV d¶RbWeQLU XQ LQWeUPpdLaLUe de V\QWKqVe QRQ LVROp. Le UpacWLf COSO2NHCB] eVW 

SUpSaUp j SaUWLU de O¶LVRc\aQaWe de cKORURVXOfRQ\Oe eW d¶aOcRRO beQ]\OLTXe. La fRQcWLRQ aPLQe WeUPLQaOe 

dX VXOfaPLde pWaQW SURWpgpe SaU XQ gURXSePeQW Cb], XQe dpSURWecWLRQ SaU K\dURgpQaWLRQ caWaO\Vpe aX 

Pd/C a pWp effecWXpe SRXU cRQdXLUe aX cRPSRVp 171, LVROp aYec XQ UeQdePeQW gORbaO de 80% (ScKpPa 

135). 
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SchpPa 135 : S\QWhqVe dX SURdXiW 170. 

7.5.  S\QWKqVe dX VXOfaPLde c\cOLTXe 172 
DeV SUePLeUV WeVWV d¶aPLQaWLRQ de O¶LQWeUPpdLaLUe 171 RQW eQVXLWe pWp UpaOLVpV aX OabRUaWRLUe. EQ 

SUpVeQce de RK2(eVS)2 eW de PKI(OPLY)2 daQV O¶acpWaWe d¶LVRSURS\Oe j WePSpUaWXUe aPbLaQWe, Oe 

VXOfaPLde 171 eVW WRWaOePeQW cRQYeUWL eQ SURdXLWV d¶aPLQaWLRQ aYec XQ UaSSRUW UpgLRLVRPpULTXe de 1:1 

d¶aSUqV O¶aQaO\Ve deV bUXWV de UpacWLRQ SaU RMN 1H (ScKpPa 136).  

 

SchpPa 136 : S\QWhqVe dX SURdXiW 172. 

NpaQPRLQV, deV SURbOqPeV de SXULfLcaWLRQV de ceWWe PROpcXOe RQW pWp UeQcRQWUpV. Le SaVVage de ceWWe 

deUQLqUe, VXU XQe cRORQQe de geO de VLOLce RX d¶aOXPLQe cRQdXLW V\VWpPaWLTXePeQW j Va dpgUadaWLRQ. 

DeV WeQWaWLYeV de SXULfLcaWLRQ SaU UecULVWaOOLVaWLRQ RQW aXVVL pWp WeQWpeV PaLV VaQV SaUYeQLU j LVROeU Oe 

SURdXLW VRXKaLWp. 

EQ cRQVpTXeQce de ceV UpVXOWaWV, QRXV aYRQV pPLV O¶K\SRWKqVe TXe Oe UpgLRLVRPqUe 172 pWaLW acWLYp SaU 

Oa SUpVeQce dX gURXSePeQW BRc, ce TXL LQdXLW VRQ RXYeUWXUe aX PRPeQW de Oa SXULfLcaWLRQ. NRXV aYRQV 

dRQc UeSeQVp Oa VpTXeQce, eQ LQcOXaQW ceWWe fRLV-cL XQe pWaSe de dpSURWecWLRQ dX BRc aYaQW de UpaOLVeU 

Oa UpacWLRQ d¶aPLQaWLRQ LQWUaPROpcXOaLUe. UQ WUaLWePeQW de O¶LQWeUPpdLaLUe 171 SaU dX TFA daQV Oe 

dLcKORURPpWKaQe j UefOX[ QRXV a SeUPLV d¶LVROeU Oe SURdXLW dpSURWpgp aYec XQ UeQdePeQW de 50%. 

CeSeQdaQW, Oa UpacWLRQ d¶aPLQaWLRQ Qe fRQcWLRQQe SaV j SaUWLU de ce VXbVWUaW (ScKpPa 137). 
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SchpPa 137 : S\QWhqVe dX SURdXiW 172. 

CeV UpVXOWaWV, QRXV RQW cRQWUaLQWV j UeYRLU OeV deUQLqUeV pWaSeV de Oa YRLe de V\QWKqVe. DeX[ 

VWUaWpgLeV VRQW acWXeOOePeQW j O¶pWXde aX OabRUaWRLUe : Oa SUePLqUe eVW de SURWpgeU O¶LQWeUPpdLaLUe 

N ࡳ H OLbUe aYec deV gURXSePeQWV SURWecWeXUV dLffpUeQWV SRXU dpWeUPLQeU O¶LQfOXeQce de ceV deUQLeUV 

VXU Oa UpacWLRQ eW OeV SURdXLWV de c\cOLVaWLRQ. La VecRQde VeUaLW d¶LQVWaOOeU dLUecWePeQW Oe 

gURXSePeQW gXaQLdLQe j Oa SOace dX VXOfaPLde. CeSeQdaQW, ce W\Se de gURXSePeQW SURWecWeXU de 

O¶a]RWe PqQe SUpfpUeQWLeOOePeQW j deV KpWpURc\cOeV j 5 cKavQRQV.  PRXU SaOOLeU j ce SURbOqPe, 

O¶XWLOLVaWLRQ deV V\VWqPeV dpcULW SaU SKRPaNeU eW VRQ gURXSe SRXU e[eUceU XQ cRQWU{Oe de Oa 

UpgLRVpOecWLYLWp SaU Oe bLaLV deV UpacWLfV VePbOe LQWpUeVVaQWe. De SOXV, ceWWe YRLe SeUPeWWUaLW 

d¶abRXWLU aX SURdXLW cLbOp eQ XQ PLQLPXP d¶pWaSeV (ScKpPa 138). 
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SchpPa 138 : SWUaWpgie eQYiVagpe SRXU Oa fiQ de Oa V\QWhqVe. 

 



CKaSLWUe 4 : APLQaWLRQ caWaO\WLTXe de OLaLVRQV C(VS3) ࡳ H : aSSOLcaWLRQ j Oa V\QWKqVe WRWaOe de Oa CUaPbeVcLQ B 
281 

 

 

 CRQcOXVLRQ eW SeUVSecWLYeV 

L¶RbMecWLf de ce cKaSLWUe pWaLW de UpaOLVeU Oa V\QWKqVe d¶XQ aQaORgXe d¶XQe PROpcXOe QaWXUeOOe bLRacWLYe, 

Oa CUaPbeVcLQ B 281, VeORQ XQe VWUaWpgLe LPSOLTXaQW deX[ pWaSeV cOpV d¶aPLQaWLRQ C(VS3) ࡳ H. La 

SUePLqUe UpacWLRQ d¶aPLQaWLRQ j SaUWLU d¶XQ VXOfaPaWe a pWp RSWLPLVpe daQV Oe bXW d¶aPpOLRUeU Oa 

UpgLRVpOecWLYLWp eW Oa VWpUpRVpOecWLYLWp. LeV cRQdLWLRQV RSWLPaOeV dpfLQLeV LPSOLTXeQW O¶ePSORL de 

RK2(RcW)4, de MgO eW PKI(OAc)2, daQV Oe DCM. EOOeV SeUPeWWeQW aLQVL d¶RbWeQLU XQe UpgLRVpOecWLYLWp 

de 4:1 eW XQe dLaVWpUpRVpOecWLYLWp de 10:1. L¶LQfOXeQce dX gURXSePeQW SURWecWeXU R1 de O¶aOcRRO SULPaLUe 

a pgaOePeQW pWp pWXdLpe. AfLQ de faYRULVeU Oa fRUPaWLRQ dX SURdXLW aPLQp dpVLUp, OeV SURSULpWpV VWpULTXeV 

eW pOecWURQLTXeV de ce gURXSePeQW RQW pWp PRdXOpeV, PaLV VeXOV OeV effeWV pOecWURQLTXeV QRXV RQW SeUPLV 

d¶aPpOLRUeU de PaQLqUe VLgQLfLcaWLYe Oa dLaVWpUpRVpOecWLYLWp (20:1) eW Oa UpgLRVpOecWLYLWp (6:1) eQ faYeXU 

dX UpgLRLVRPqUe dpVLUp.  

FLQaOePeQW, OeV WUaYaX[ RQW abRXWL j Oa V\QWKqVe de O¶LQWeUPpdLaLUe cOp 171 RbWeQX aYec XQ UeQdePeQW 

gORbaO de 15% eQ 6 pWaSeV. Ce deUQLeU feUa O¶RbMeW de dLffpUeQWeV PRdLfLcaWLRQV afLQ de PeWWUe eQ °XYUe 

Oa deX[LqPe UpacWLRQ d¶aPLQaWLRQ C(VS3) ࡳ H LQWUaPROpcXOaLUe aYec OeV PeLOOeXUeV UpacWLYLWp eW VpOecWLYLWp 

SRVVLbOeV. LeV deUQLqUeV pWaSeV de Oa V\QWKqVe cRQVLVWeURQW j LQWpgUeU Oe PRWLf gXaQLdLQe SRXU LVROeU Oe 

cRPSRVp 173 afLQ d¶eQ pYaOXeU O¶acWLYLWp bLRORgLTXe.  
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APiQaWiRQ C(VS3)±H iQWeUPROpcXOaiUe aSSOicaWiRQ j Oa V\QWhqVe de S\UUROidiQeV 

EQ cRQcOXVLRQ, ceWWe WKqVe a pWp cRQVacUpe aX dpYeORSSePeQW de QRXYeOOeV UpacWLRQV d¶aPLQaWLRQ C ࡳ H 

VpOecWLYeV afLQ d¶accpdeU de PaQLqUe effLcace j deV KpWpURc\cOeV a]RWpV j KaXWe YaOeXU aMRXWpe. PRXU ce 

faLUe, QRXV QRXV VRPPeV LQWpUeVVpV j deV VpTXeQceV UpacWLRQQeOOeV cRPbLQaQW Oa cKLPLe deV QLWUqQeV 

aYec deV UpacWLRQV UadLcaOaLUeV de W\Se HRfPaQQ-L|ffOeU-FUe\Wag. DaQV ce cRQWe[We, XQe UpacWLRQ 

LQWeUPROpcXOaLUe d¶aPLQaWLRQ C ࡳ H aV\PpWULTXe QRXV a SeUPLV daQV XQ SUePLeU WePSV d¶LQVWaOOeU XQe 

fRQcWLRQ a]RWpe de PaQLqUe UpgLR- eW VWpUpRVeOecWLYe aX VeLQ d¶K\dURcaUbXUeV. CeWWe UpacWLRQ eVW 

caWaO\Vpe SaU deV cRPSOe[eV cKLUaX[ de UKRdLXP(II) eQ SUpVeQce d¶XQ QLWUqQe dpULYp dX N-(p-

WROXqQeVXOfRQ\O)-p-WROXqQeVXOfRQLPLdaPLde. 

 

La fRQcWLRQ a]RWpe LQWURdXLWe gUkce aX[ WUaQVfeUWV de QLWUqQeV caWaO\WLTXeV a SeUPLV eQVXLWe de dLULgeU 

XQe VecRQde UpacWLRQ d¶aPLQaWLRQ C ࡳ H via XQ WUaQVfeUW d¶aWRPe d¶K\dURgqQe LQWUaPROpcXOaLUe [1,5]. 

CeWWe pWaSe UeTXLeUW Oa fRUPaWLRQ d¶XQ UadLcaO aPLd\Oe caSabOe d¶aUUacKeU XQ aWRPe d¶K\dURgqQe aYec 

XQe UpgLRVpOecWLYLWp WRWaOe eW cRQdXLW j deV PRWLfV S\UUROLdLQeV aSUqV c\cOLVaWLRQ. UQe VLPSOe pWaSe de 

dpSURWecWLRQ dRQQe eQVXLWe accqV aX[ S\UUROLdLQeV pQaQWLRSXUeV cRUUeVSRQdaQWeV. 
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R1
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NHS*
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TRO, 90 �C
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S
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51%-55%

Q

N
S
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MeO
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Mg, MeOH

2 h, W.a. N
HMeO

F3C76%  

EQ SeUVSecWLYe de ceV WUaYaX[, LO VeUaLW LQWpUeVVaQW de dpYeORSSeU XQe PpWKRde d¶aPLQaWLRQ C ࡳ ࡳH 

caWaO\WLTXe pQaQWLRVpOecWLYe SeUPeWWaQW de V¶affUaQcKLU de O¶XWLOLVaWLRQ d¶XQe cRSXOe cKLUaOe SRXU Oa 

UpacWLRQ d¶aPLQaWLRQ C ࡳ ࡳH LQWeUPROpcXOaLUe. De UpceQWV WUaYaX[ dX OabRUaWRLUe SRUWaQW VXU O¶XWLOLVaWLRQ 

de QLWUqQeV dpULYpV de VXOfaPaWeV fRQcWLRQQaQW eQ V\QeUgLe aYec deV cRPSOe[eV de UKRdLXP(II) cKLUaX[ 

OaLVVeQW eQYLVageU de QRPbUeXVeV SLVWeV j e[SORUeU.  

PaU aLOOeXUV, Oe dpYeORSSePeQW d¶XQ SURWRcROe SOXV dRX[ eW SOXV pcRQRPe SRXU Oa fRUPaWLRQ dX UadLcaO 

aPLd\Oe VeUaLW gUaQdePeQW aSSUpcLabOe. EQ ce VeQV, Oe dpYeORSSePeQW d¶XQ SURceVVXV 

(SKRWR)caWaO\WLTXe j SaUWLU de VXbVWUaWV SUpR[\dpV de W\Se cKORUaPLQeV eVW acWXeOOePeQW pWXdLp aX 

OabRUaWRLUe. 

De PaQLqUe XOWLPe, XQ SURWRcROe LdpaO SRXU Oa UpacWLRQ de c\cOLVaWLRQ LPSOLTXeUaLW Oa PLVe eQ °XYUe de 

cRQdLWLRQV cRQdXLVaQW j Oa gpQpUaWLRQ in situ d¶XQe cKORUaPLQe SXLV dX UadLcaO aPLd\Oe. 

PaUaOOqOePeQW j ceV dpYeORSSePeQWV PpWKRdRORgLTXeV YeUV XQe cKLPLe SOXV pcR-cRPSaWLbOe, OeV 

QRXYeOOeV S\UUROLdLQeV RbWeQXeV SaU Oe WaQdeP de UpacWLRQV d¶aPLQaWLRQ C ࡳ H SeXYeQW rWUe e[SORLWpeV 

eQ WaQW TXe QRXYeaX[ RUgaQRcaWaO\VeXUV RX LQWpgUpeV daQV deV OLgaQdV de Oa faPLOOe deV 

SKRVSKRUaPLdLWeV. La SRVVLbLOLWp de SRXYRLU dLffpUeQcLeU OeV deX[ gURXSePeQWV aURPaWLTXeV eQ C-2 eW 

eQ C-5 SeXW QRWaPPeQW SURcXUeU de QRXYeOOeV RSSRUWXQLWpV eQ caWaO\Ve aV\PpWULTXe.   
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APiQaWiRQ C(VS3)±H SaU WUaQVfeUW de QiWUqQeV : aSSOicaWiRQ j Oa V\QWhqVe de Oa cUaPbeVciQ B281 

DaQV Oa deUQLqUe SaUWLe dX PaQXVcULW, QRXV aYRQV e[SORUp XQe YRLe de V\QWKqVe SRXU O¶RbWeQWLRQ Oa 

cUaPbeVcLQ B281 j SaUWLU de Oa ܵ-dRdpcaOacWRQe. CeV WUaYaX[ UeSRVeQW VXU O¶XWLOLVaWLRQ de deX[ 

UpacWLRQV d¶aPLQaWLRQ C ࡳ H LQWUaPROpcXOaLUeV caWaO\VpeV SaU deV cRPSOe[eV de UKRdLXP(II). CKaTXe 

pWaSe d¶aPLQaWLRQ SeUPeW d¶LQWURdXLUe XQ aWRPe d¶a]RWe aX VeLQ dX VTXeOeWWe aOLSKaWLTXe aYec XQe 

gUaQde UpgLRVpOecWLYLWp. CeWWe VWUaWpgLe de V\QWKqVe deYUaLW aLQVL QRXV SeUPeWWUe d¶accpdeU j deV 

PePbUeV de Oa faPLOOe deV cUaPbeVcLQeV aLQVL TX¶j de QRPbUeX[ aQaORgXeV V\QWKpWLTXeV de PaQLqUe 

effLcace eW PRdXOaLUe. Le UePSOacePeQW de Oa fRQcWLRQ gXaQLdLQe SaU XQe fRQcWLRQ C=O RX SO2 eVW 

eQYLVagpe aLQVL TXe Oa PRdLfLcaWLRQ de Oa cKavQe aON\Oe, de O¶KpWpURaWRPe dX c\cOe VSLUR RX eQcRUe Va 

WaLOOe. 
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PaUWLe e[SpULPeQWaOe cKaSLWUe 2 
GeQeUaO UePaUNV 

MeOWLQg SRLQWV ZeUe PeaVXUed LQ caSLOOaU\ WXbeV RQ a B�cKL B-540 aSSaUaWXV aQd aUe XQcRUUecWed. 

IQfUaUed VSecWUa ZeUe UecRUded RQ a PeUNLQ EOPeU SSecWUXP BX FT-IR VSecWURPeWeU. PURWRQ (1H) aQd 

caUbRQ (13C) NMR VSecWUa ZeUe UecRUded RQ BUXNeU VSecWURPeWeUV: AYaQce 300 MH] (QNP - C13, 

P31, F19 - SURbe RU DXaO C13 SURbe) aQd AYaQce 500 MH] (BB0 - ATM SURbe RU BBI - ATM SURbe). 

FOXRULQe (19 F) NMR ZeUe UecRUded LQ WKe BUXNeU AYaQce II VSecWURPeWeU. CaUbRQ NMR (13C) VSecWUa 

ZeUe UecRUded aW 125 RU 75 MH], XVLQg a bURadbaQd decRXSOed PRde ZLWK WKe PXOWLSOLcLWLeV RbWaLQed 

XVLQg a JMOD RU DEPT VeTXeQce. NMR e[SeULPeQWV ZeUe caUULed RXW LQ deXWeUaWed cKORURfRUP 

(CDCO3), MeOH-d4, RU DMSO-d6. CKePLcaO VKLfWV (d) aUe UeSRUWed LQ SaUWV SeU PLOOLRQ (SSP). TKe 

fROORZLQg abbUeYLaWLRQV aUe XVed fRU WKe SURWRQ VSecWUa PXOWLSOLcLWLeV: V: VLQgXOeW, d: dRXbOeW, W: WULSOeW, 

T: TXadUXSOeW, TXLQW: TXLQWXSOeW, VeSW: VeSWeW, aSSW: aSSaUeQW, P: PXOWLSOeW, bU: bURad. CRXSOLQg cRQVWaQWV 

(J) aUe UeSRUWed LQ HeUW] (H]). MaVV VSecWUa ZeUe RbWaLQed eLWKeU ZLWK a LCT (MLcURPaVV) LQVWUXPeQW 

XVLQg eOecWURVSUa\ LRQL]aWLRQ (ES), RU fURP a TLPe Rf FOLgKW aQaO\]eU (ESI-MS) fRU WKe KLgK UeVROXWLRQ 

PaVV VSecWUa (HRMS). TKLQ-Oa\eU cKURPaWRgUaSK\ ZaV SeUfRUPed RQ VLOLca geO 60 F254 RQ aOXPLQLXP 

SOaWeV (MeUcN) aQd YLVXaOL]ed XQdeU a UVP MLQeUaOLgKW UVLS-28 OaPS (254 QP) aQd b\ VWaLQLQg ZLWK 

VROXWLRQV Rf eLWKeU QLQK\dULQ, baVLc KMQO4, SKRVSKRPRO\bdLc acLd, RU acLdLc p-aQLVaOdeK\de LQ 

eWKaQRO. FOaVK cROXPQ cKURPaWRgUaSK\ ZaV cRQdXcWed RQ MeUcN VLOLca geO 60 (40-63 �P) aW PedLXP 

SUeVVXUe (300 PbaU) RU RQ SXULFOaVK SSRWW II (IQWeUcKLP). AOO UeageQWV ZeUe RbWaLQed fURP cRPPeUcLaO 

VXSSOLeUV XQOeVV RWKeUZLVe VWaWed. TKe UKRdLXP caWaO\VW 73 ZaV SUeSaUed fURP UKRdLXP(II) aceWaWe 

ZKLcK ZaV SXUcKaVed fURP AOfa AeVaU, fROORZLQg WKe SURcedXUe deVcULbed b\ RXU gURXS.132 TKe 

VXOfRQLPLdaPLde 72 ZaV aOVR SUeSaUed fROORZLQg WKe VaPe SURcedXUe.132 

  

                                                      
132 B. DaUVeV, A. G. JaUYLV, A.-K. MafURXd, G. EVWeQQe-BRXKWRX, G. DaUga]aQOL, P. DaXbaQ, Synthesis 2013, 45, 2079. 
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PUeSaUaWLRQ Rf VXbVWUaWeV. 
S\QWheViV Rf 72 

PUeSaUed fROORZLQg WKe SURcedXUe deVcULbed b\ RXU gURXS.132 TKe e[SecWed SURdXcW ZaV RbWaLQed aV a 

Rff ZKLWe VROLd (32 g, 93%). 

 
PS 159±160 �C  

[Į] 𝟐𝟎
𝑫  = -106 (c = 0.19, aceWRQe). 

IR (QeaW): Q = 3270, 3182, 3071, 1597, 1560, 1495, 1451, 1405,1384, 1303, 1288, 1265, 1138, 1098, 
1059, 1018, 937, 811, 739,670, 658 cP±1. 
1H NMR (300 MH], aceWRQe-d6) į  2.37 (V, 3 H), 2.41 (V, 3 H),7.10 (bU V, 2 H), 7.20±7.29 (P, 2 H), 
7.30±7.37 (P, 2 H), 7.61±7.71(P, 2 H), 7.73±7.83 (P, 2 H). 
13C NMR (75 MH], aceWRQe-d6): į  21.4, 21.5, 127.3, 127.8, 129.8,130.3, 140.2, 142.5, 143.0, 144.8. 
HRMS [ESI(+)]: P/] [M + H]+ caOcXOaWed fRU [C14H17N2O3S2]+

 : 325.0675, fRXQd : 325.0691. 

S\QWheViV Rf 73 

PUeSaUed fROORZLQg WKe SURcedXUe deVcULbed b\ RXU gURXS.132 TKe e[SecWed SURdXcW ZaV RbWaLQed aV a 

gUeeQ VROLd (2.5 g, 95%). 
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PS 330±331 �C  

[Į] 𝟐𝟎
𝑫  = -106 (c = 0.19, aceWRQe). 

1H NMR (300 MH], CDCO3 + 1 dURS CD3OD) į = 1.71 (d, J = 6.9H], 12 H), 5.89 (T, J = 6.9 H], 4 
H), 7.73 (dd, J = 8.2, 7.3 H], 8 H), 8.12 (d, J = 8.2 H], 8 H), 8.60 (d, J = 7.3 H], 8 H). 
13C NMR (75 MH], CDCO3 + 1 dURS CD3OD) į = 15.2, 50.7, 122.6,127.0, 128.1, 131.48, 131.53, 
133.9, 163.5, 188.5. 

IR (QeaW): Q = 937, 1702, 1660, 1587, 1411, 1377, 1339, 1295,1239, 1193, 1097, 1034, 969, 889, 845, 
777, 683 cP±1. 

HRMS [ESI(±)]: P/] [M + HCO2]± caOcXOaWed fRU [C61H41N4O18RK2]- :1323.0531, fRXQd : 1323.0549. 

GeQeUaO PURcedXUe A fRU Whe S\QWheViV Rf S\PPeWUicaOO\ SXbVWiWXWed 1,4-diSheQ\ObXWaQe.  

 

UQdeU aQ R[\geQ aWPRVSKeUe, cRSSeU(II) cKORULde dLK\dUaWe (0.10 eTXLY.) aQd N,N,N,N-

WeWUaPeWK\OeWK\OeQedLaPLQe (0.30 eTXLY.) ZeUe dLVVROYed LQ aQK\dURXV CH2CO2 (1 PPRO/PO). TKe 

aON\Qe (1.00 eTXLY.) ZaV added aQd WKe PL[WXUe ZaV VWLUUed aW URRP WePSeUaWXUe XQWLO cRPSOeWe 

cRQYeUVLRQ ZaV RbVeUYed b\ TLC. H2O ZaV added aQd WKe RUgaQLc SKaVe ZaV cROOecWed. TKe aTXeRXV 

Oa\eU ZaV e[WUacWed WKUee WLPeV ZLWK CH2CO2. TKe cRPbLQed RUgaQLc SKaVeV ZeUe dULed RYeU MgSO4, 

fLOWeUed, aQd WKe fLOWUaWe ZaV cRQceQWUaWed XQdeU UedXced SUeVVXUe. TKe cUXde SURdXcW ZaV SXULfLed b\ 

fOaVK cKURPaWRgUaSK\ (VLOLca geO; eOXeQW: EWK\O aceWaWe/ PeWURO eWKeU) affRUdLQg WKe dL\Qe SURdXcW.  

IQ a dULed URXQd bRWWRP fOaVN ZLWK a PagQeWLc VWLUULQg baU ZaV added dLSKeQ\ObXWa-1,3-dL\Qe (950 Pg, 

4.61 PPRO, 1.00 eTXLY.) aQd Pd/C (491 Pg, 0.461 PPRO, 0.100 eTXLY.). EWOAc (25 PL) ZaV added 

aQd WKe UeVXOWLQg PL[WXUe ZeUe degaVVed 5 WLPeV (YacXXP/H2) befRUe beLQg OefW VWLUULQg YLgRURXVO\ 

XQdeU aQ H2 aWPRVSKeUe. AfWeU 18 K, WKe VROLd ZaV UePRYed b\ fLOWUaWLRQ WKURXgK ceOLWe� aQd ZaVKed 

ZLWK AcOEW. TKe fLOWUaWe ZaV cRQceQWUaWed XQdeU UedXced SUeVVXUe aQd WKe UeVLdXe ZaV SXULfLed b\ 

fOaVK cROXPQ cKURPaWRgUaSK\. 
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S\QWheViV Rf 78 

 

PUeSaUed accRUdLQg WR WKe geQeUaO SURcedXUe A fURP SKeQ\O aceW\OeQe (8.09 g, 40.0 PPRO, 1.00 eTXLY.). 

AfWeU fOaVK cROXPQ cKURPaWRgUaSK\ (PE/AcOEW 99:1), WKe e[SecWed SURdXcW  ZaV RbWaLQed aV a ZKLWe 

VROLd (8.3 g, 98%). 

1H NMR (500 MH], CDCO3) į 7.34 -7.29 (P, 6H), 7.22-7.20 (P, 4H), 2.75-2.58 (P, 4H), 1.78-1.65 
(P, 4H). 
13C NMR (75 MH], CDCO3) į 142.6 (CAU.TXaW), 128.4 (CAU-H), 128.3, (CAU-H) 125.6 (CAU-H), 35.8 (CH2), 
31.1 (CH2).  

S\QWheViV Rf 79 

 

PUeSaUed accRUdLQg WR WKe geQeUaO SURcedXUe A fURP 1-eWK\Q\O-4-PeWKR[\beQ]eQe (1.21 g, 4.61 PPRO, 

1.00 eTXLY.). AfWeU fOaVK cROXPQ cKURPaWRgUaSK\ (PE/AcOEW 95:5), WKe e[SecWed SURdXcW ZaV RbWaLQed 

aV a ZKLWe, VWLcN\ VROLd (7.90 g, 98%).  

1H NMR (300 MH], CDCO3) į 7.07 (d, J = 8.6 H], 4H), 6.81 (d, J = 8.6 H], 4H), 3.78 (V, 6H, OMe), 
2.56 (W, J = 7.0 H], 4H), 1.63-1.61 (P, 4H).  
13C NMR (75 MH], CDCO3) į 157.7 (CAU.TXaW), 134.7 (CAU.TXaW), 129.2 (CAU-H), 113.7 (CAU-H), 55.2 (2 X 
CO-CH3), 34.9 (CH2), 31.3 (CH2).  

S\QWheViV Rf 80 

 

PUeSaUed accRUdLQg WR WKe geQeUaO SURcedXUe A fURP 1-eWK\Q\O-4-(WULfOXRURPeWK\O)beQ]eQe (6.81 g, 

40.0 PPRO, 1.00 eTXLY.). AfWeU fOaVK cROXPQ cKURPaWRgUaSK\ (PE/AcOEW 95:5), WKe e[SecWed SURdXcW 

ZaV RbWaLQed aV a ZKLWe VWLcN\ VROLd (13.6 g, 98%). 

1H NMR (300 MH], CDCO3) į 7.45 (d, J = 8.0 H], 4H), 7.18 (d, J = 8.0 H], 4H), 2.64-2.59 (P, 4H), 
1.62-1.57 (P, 4H). 
13C NMR (75 MH], CDCO3) į 146.5 (CAU.TXaW), 128.8 (CAU-H), 128.1 (CAU.TXaW), 125.4 (CAU-H), 122.7 
(T, J = 271.8 H], 2C), 35.7 (CH2), 30.7 (CH2). 
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19F NMR (282 MH], CDCO3) į -62.3 (V, 6F) 

S\QWheViV Rf 81 

 

PUeSaUed accRUdLQg WR WKe geQeUaO SURcedXUe A fURP 1-eWK\Q\O-4-PeWK\ObeQ]eQe (4.10 g, 35.0 PPRO, 

1.00 eTXLY.). AfWeU fOaVK cROXPQ cKURPaWRgUaSK\ (PE/AcOEW 95:5), WKe e[SecWed SURdXcW  ZaV RbWaLQed 

aV a ZKLWe, VWLcN\ VROLd (7.90 g, 95%). 

1H NMR (300 MH], CDCO3) į 7.09-7.06 (P, 8H), 2.60 (W, J = 7.1 H], 4H), 2.31 (V, 6H, Me), 1.65-
1.63 (P, 4H). 
13C NMR (75 MH], CDCO3) į 139.6 (CAU.TXaW), 135.0 (CAU.TXaW), 128.9 (CAU-H), 128.3 (CAU-H), 35.4 (CH2), 
31.3 (CH2), 21.0 (CH3).  

GeQeUaO PURcedXUe B fRU Whe S\QWheViV Rf XQV\PPeWUicaOO\ SXbVWiWXWed 1,4-diSheQ\ObXWaQe. 

TR aQ Lce-cRROed VWLUUed VXVSeQVLRQ Rf beQ]\O WULSKeQ\OSKRVSKRQLXP bURPLde/cKORULde (1.00 eTXLY., 

5.00 PPRO) ZaV added NaH (60% ZW LQ RLO, 2.00 eTXLY., 240 Pg, 10.0 PPRO) SRUWLRQZLVe. TKe PL[WXUe 

ZaV VWLUUed fRU 1 KRXU aQd WKeQ SOaced aW UW fRU 1 KRXU. TKe PL[WXUe ZaV cRROed agaLQ WR 0 �C aQd a 

VROXWLRQ Rf WKe cRUUeVSRQdLQg aOdeK\de (1.00 eTXLY., 5.00 PPRO) LQ aQK\dURXV THF ZaV added. TKe 

PL[WXUe ZaV aOORZed WR ZaUP XS WR URRP WePSeUaWXUe aQd ZaV VWLUUed fRU 16 KRXUV. AfWeU cRPSOeWLRQ 

Rf WKe UeacWLRQ, eWK\O aceWaWe ZaV added aQd WKe PL[WXUe ZaV SRXUed RQWR Lce-ZaWeU befRUe beLQg 

e[WUacWed ZLWK AcOEW. TKe RUgaQLc Oa\eUV ZeUe cRPbLQed, dULed RYeU MgSO4, fLOWeUed, aQd WKe fLOWUaWe 

ZaV cRQceQWUaWed XQdeU UedXced SUeVVXUe. TKe UeVLdXe ZaV SXULfLed b\ fOaVK cKURPaWRgUaSK\ (VLOLca 

geO, KeSWaQe/AcOEW), affRUdLQg WKe cRUUeVSRQdLQg WLWWLg SURdXcW. IQ a dULed URXQd bRWWRP fOaVN ZLWK 

a PagQeWLc VWLUULQg baU ZaV added WKe LVRPeULc PL[WXUe Rf bXWadLeQe deULYaWLYe (5.00 PPRO, 1.00 eT) 

aQd Pd/C (10 % ZW) RU PWO2 (0.50 PPRO, 0.10 eTXLY., fRU 89c). EWOAc (25 PL) ZaV added aQd WKe 

UeVXOWLQg PL[WXUe ZaV degaVVed 5 WLPeV (YacXXP/H2) befRUe beLQg OefW VWLUULQg YLgRURXVO\ XQdeU aQ H2 

aWPRVSKeUe. AfWeU 18 K WKe VROLd ZaV UePRYed b\ fLOWUaWLRQ RYeU ceOLWe� aQd ZaVKed ZLWK AcOEW. TKe 

fLOWUaWe ZaV cRQceQWUaWed XQdeU UedXced SUeVVXUe aQd WKe UeVLdXe ZaV SXULfLed b\ fOaVK cROXPQ 

cKURPaWRgUaSK\ (VLOLca geO, PE/DCM).  
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S\QWheViV Rf 1-PeWhR[\-2-(4-(4-PeWhR[\SheQ\O)bXW\O)beQ]eQe 89a 

PPh3CO

MeO
O

OMe

MeO

MeO
89a

 

PUeSaUed accRUdLQg WR WKe geQeUaO SURcedXUe B. AfWeU fOaVK cROXPQ cKURPaWRgUaSK\ (PE/DCM 90:10), 

WKe e[SecWed SURdXcW ZaV RbWaLQed aV a cRORUOeVV RLO (1.29 g, 95%). 

1H NMR (300 MH], CDCO3) į 7.17-7.13 (P, 1H), 7.12-7.05 (P,3H), 6.88-6.83 (P, 1H), 6.83-6.79 
(P, 3H), 3.79 (V, 3H), 3.76 (V, 3H), 2.63 (W, J = 7.2 H], 2H), 2.57 (W, J = 7.2 H], 2H), 1.65-1.58 (P, 
4H). 
13C NMR (75 MH], CDCO3) į 157.7 (CAU.TXaW), 157.5 (CAU.TXaW), 135.0 (CAU.TXaW), 131.1 (CAU.TXaW), 129.8 
(CAU-H), 129.3 (CAU-H), 126.9 (CAU-H), 120.4 (CAU-H), 113.7 (CAU-H), 110.3 (CAU-H), 55.3 (2 [ CO-CH3), 34.9 
(CH2), 31.6 (CH2), 30.0 (CH2), 29.5 (CH2). 

S\QWheViV Rf 1-(4-(4-PeWhR[\SheQ\O)bXW\O)-2-(WUifOXRURPeWh\O)beQ]eQe 89b 

PPh3BU

O

F3C

MeO

CF3

OMe

89b

 

PUeSaUed accRUdLQg WR WKe geQeUaO SURcedXUe B. AfWeU fOaVK cROXPQ cKURPaWRgUaSK\ (PE/DCM 90:10), 

WKe e[SecWed SURdXcW  ZaV RbWaLQed aV a cRORUOeVV RLO (1.50 g, 97%). 

1H NMR (500 MH], CDCO3) į 7.59 (d, J = 7.8 H], 1H), 7.43 (W, J = 7.5 H], 1H), 7.29 (d, J = 7.8 H], 
1H), 7.25 (W, J = 7.5 H], 1H), 7.09 (d, J = 8.5 H], 2H), 6.82 (d, J = 8.5 H], 2H), 3.78 (V, 3H), 2.79 
(W, J = 7.2 H], 2H), 2.59 (W, J = 7.2 H], 2H), 1.72-1.62 (P, 4H). 
13C NMR (126 MH], CDCO3) į 157.9 (CAU.TXaW), 141.6 (CAU.TXaW), 134.6 (CAU.TXaW), 131.7 (CAU-H), 131.0 
(CAU-H), 129.4 (CAU-H), 126.0 (CAU-H), 125.9 (CAU-H), 113.9 (CAU-H), 55.4 (CO-CH3), 34.9 (CH2), 32.6 
(CH2), 31.7 (CH2), 31.3 (CH2). (TKe VLgQaOV Rf WKe WULfOXRURPeWK\O aQd LSVR CAU.TXaW aUe QRW OLVWed). 
19F NMR (282 MH], CDCO3) į -59.6 (V, 3F). 

S\QWheViV Rf 1-bURPR-2-(4-(4-PeWhR[\SheQ\O)bXW\O)beQ]eQe 89c 

PPh3BU

O

BU

MeO

BU

OMe

89c
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PUeSaUed accRUdLQg WR WKe geQeUaO SURcedXUe B. AfWeU fOaVK cROXPQ cKURPaWRgUaSK\ (PE/DCM 95:5), 

WKe e[SecWed SURdXcW ZaV RbWaLQed aV a cRORUOeVV RLO (1.54 g, 96%). 

1H NMR (500 MH], CDCO3) į 7.53 (d, J = 7.8 H], 1H), 7.23-7.18 (P, 2H), 7.11 (d, J = 8.6 H], 2H), 
7.06-7.03 (P, 1H), 6.83 (d, J = 8.6 H], 2H), 3.79 (V, 3H), 2.76 (W, J = 7.0 H], 2H), 2.61 (W, J = 7.0 H], 
2H), 1.68-164 (P, 4H). 
13C NMR (126 MH], CDCO3) į 157.8 (CAU.TXaW), 142.0 (CAU.TXaW), 134.7 (CAU.TXaW), 132.9 (CAU-H), 130.4 
(CAU-H), 129.4 (CAU-H), 127.5 (CAU-H), 127.4 (CAU-H), 124.6 (CAU.TXaW), 113.9 (CAU-H), 55.4 (CO-CH3), 36.2 
(CH2), 35.0 (CH2), 31.5 (CH2), 29.6 (CH2). 

S\QWheViV Rf 1-PeWhR[\-4-(4-(4-(WUifOXRURPeWh\O)SheQ\O)bXW\O)beQ]eQe 90a 

PPh3BU

O
MeO

OMe

F3C

CF3

90a

 

PUeSaUed accRUdLQg WR WKe geQeUaO SURcedXUe B. AfWeU fOaVK cROXPQ cKURPaWRgUaSK\ (PE/DCM 95:5), 

WKe e[SecWed SURdXcW  ZaV RbWaLQed aV a ZKLWe VROLd (1.51 g, 98%). 

1H NMR (500 MH], CDCO3) į 7.51 (d, J = 8.5 H], 2H), 7.25 (d, J = 8.5 H], 2H), 7.07 (d, J = 8.5 H], 
2H), 6.82 (d, J = 8.5 H], 2H), 3.78 (V, 3H), 2.67 (W, J = 7.0 H], 2H), 2.58 (W, J = 7.0 H], 2H), 1.67-1.65 
(P, 4H). 
13C NMR (126 MH], CDCO3) į 157.9 (CAU.TXaW), 146.8 (CAU.TXaW), 134.5 (CAU.TXaW), 129.4 (CAU-H), 128.8 
(CAU-H), 125.3 (CAU-H), 113.9 (CAU-H), 55.4 (OCH3), 35.8 (CH2), 34.9 (CH2), 31.3 (CH2), 30.8 (CH2). 
(TKe VLgQaOV Rf WKe WULfOXRURPeWK\O aQd LSVR CAU.TXaW aUe QRW OLVWed). 
19F NMR (282 MH], CDCO3) į -62.3 (V, 3F). 

S\QWheViV Rf 4-(4-(4-PeWhR[\SheQ\O)bXW\O)beQ]RQiWUiOe 90b 

PPh3BU

O
MeO

OMe

NC

CN

90b

 

PUeSaUed accRUdLQg WR WKe geQeUaO SURcedXUe B. AfWeU fOaVK cROXPQ cKURPaWRgUaSK\ (PE/DCM 95:5), 

WKe e[SecWed SURdXcW ZaV RbWaLQed aV a ZKLWe VROLd (1.29 g, 97%). 

1H NMR (500 MH], CDCO3) į 7.58 (d, J = 8.2 H], 2H), 7.28 (d, J = 8.2 H], 2H), 7.10 (d, J = 8.6 H], 
2H), 6.85 (d, J = 8.6 H], 2H), 3.81 (V, 3H), 2.71 (W, J = 7.0 H], 2H), 2.61 (W, J = 7.0 H], 2H), 1.66-1.58 
(P, 4H). 
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13C NMR (126 MH], CDCO3) į 157.9 (CAU.TXaW), 148.4 (CAU.TXaW), 134.3 (CAU.TXaW), 132.2 (CAU-H), 129.34 
(CAU-H), 129.31 (CAU-H), 119.3 (CAU.TXaW), 113.9 (CAU-H), 109.7 (CCN), 55.4 (CO-CH3), 36.1 (CH2), 34.9 
(CH2), 31.2 (CH2), 30.5 (CH2). 

S\QWheViV Rf 1-(4-(4-PeWhR[\SheQ\O)bXW\O)-3,5-biV(WUifOXRURPeWh\O)beQ]eQe 91 

PPh3BU

O
MeO

OMe

F3C

CF3

CF3

CF3
91

 

PUeSaUed accRUdLQg WR WKe geQeUaO SURcedXUe B. AfWeU fOaVK cROXPQ cKURPaWRgUaSK\ (PE/DCM 95:5), 

WKe e[SecWed SURdXcW ZaV RbWaLQed aV a cRORUOeVV RLO (1.79 g, 95%). 

1H NMR (500 MH], CDCO3) į 7.51 (d, J = 8.5 H], 2H), 7.25 (d, J = 8.5 H], 2H), 7.07 (d, J = 8.5 H], 
2H), 6.82 (d, J = 8.5 H], 2H), 3.78 (V, 3H), 2.67 (W, J = 7.0 H], 2H), 2.58 (W, J = 7.0 H], 2H), 1.67-1.65 
(P, 4H). 
13C NMR (126 MH], CDCO3) į 145.0 (CAU.TXaW), 134.2 (CAU.TXaW), 131.6 (T, J = 33.1 H], CAU.TXaW), 129.4 
(CAU.TXaW), 128.7 (CAU-H), 123.6 (T, J = 273 H], CCF3), 120.0 (CAU-H), 114.0 (CAU-H), 55.4 (CO-CH3), 35.6 
CH2), 34.8 (CH2), 31.20 (CH2), 30.6 (CH2).  

19F NMR (282 MH], CDCO3) į -62.8 (V, 6F). 

IQWeUPROecXOaU C(VS3 ) ࡳ H aPLQaWLRQ UeacWLRQ 
GeQeUaO SURcedXUe C 

R1 S NH2

O

N

S-TRO

3 PRO% Rh2(S-QWa)4 73
PhI(OPiY) 2 1,4 eTXiY.

(CO2CH)2/MeOH (3:1)
MS 4 c MS -35 �C, 3 d

+ R1

S
NH

O

TVN

S-TRO

R2 R2
HH

H H
TV1.1 eTXiY. 1.0 eTXiY. 72

N

O

O

O O
Rh Rh

Rh2(S-QWa) 4
73

 

IQ aQ RYeQ-dULed VeaOabOe WXbe eTXLSSed ZLWK a VWLUULQg baU ZeUe LQWURdXced WKe VXbVWUaWe (0.550 PPRO, 

1.10 eTXLY.), RK2>(S)-QWa@4 (19 Pg, 15 �PRO, 3.0 PRO%), (±)-N-(p-WROXeQeVXOfRQ\O)-p-

WROXeQeVXOfRQLPLdaPLde (±)-(S)-6 (0.500 PPRO, 1.00 eTXLY.) aQd 250 Pg Rf 4 c PROecXOaU VLeYeV. TKe 

WXbe ZaV cRYeUed ZLWK a UXbbeU VeSWXP aQd fOXVKed ZLWK aUgRQ (YacXXP/aUgRQ [3). AQK\dURXV aQd 

degaVVed WeWUacKORUReWKaQe (1.5 PL) aQd PeWKaQRO (0.50 PL) ZeUe added aQd WKe PL[WXUe ZaV VWLUUed 

fRU 5 PLQXWeV XQWLO WKe VROLdV geW dLVVROYed. TKe WXbe ZaV WKeQ cRROed WR ±78 �C, aQd 

(dLSLYaOR\OR[\)LRdRbeQ]eQe (284 Pg, 0.700 PPRO, 1.40 eTXLY.) ZaV added LQ RQe SRUWLRQ. TKe VeSWXP 

ZaV TXLcNO\ UeSOaced b\ a WefORQ-cRaWed VcUeZcaS aQd WKe PL[WXUe ZaV VWLUUed aW ±35 �C fRU 72 KRXUV. 
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TKe WXbe ZaV WKeQ aOORZed WR ZaUP XS WR URRP WePSeUaWXUe, WKe PROecXOaU VLeYeV ZeUe fLOWeUed Rff aQd 

ZaVKed ZLWK CH2CO2 (5 PL), aQd WKe fLOWUaWe ZaV cRQceQWUaWed XQdeU UedXced SUeVVXUe. TKe UeVLdXe 

ZaV SXULfLed b\ cROXPQ cKURPaWRgUaSK\ (DCM/AcOEW RU PE/AcOEW) affRUdLQg WKe e[SecWed SURdXcW 

Rf WKe aPLQaWLRQ UeacWLRQ. TKe d.U. aQd WKe U.U. ZeUe eVWLPaWed b\ 1H NMR aQaO\VLV Rf WKe cUXde 

SURdXcW. 

S\QWheViV Rf 84 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg 1,4-dLSKeQ\ObXWaQe aV VXbVWUaWe (116 Pg). 

PXULfLcaWLRQ b\ fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 20:80 EWK\O aceWaWe/ PeWURO eWKeU) affRUded 

WKe SURdXcW aV a \eOORZ RLO (173 Pg, 65%, d.U. >20:1). 

[Į] 𝟐𝟎
𝑫 = +64.6 (c = 1.0, CHCO3). 

1H NMR (300 MH], CDCO3) į 7.74 (d, J = 8.4 H], 2H), 7.70 (d, J = 8.4 H], 2H), 7.30-7.14 (P, 12H), 
6.97 (d, J = 8.4 H], 2H), 6.37 (d, J = 6.8 H], 1H, N-H), 4.27 (aSS T, J = 6.9 H], 1H), 2.47-2.30 (P, 
8H), 1.82-1.60 (P, 2H), 1.52-1.36 (P, 1H), 1.33-1.18 (P, 1H). 
13C NMR (75 MH], CDCO3) į 144.7 (CAU.TXaW), 142.9 (CAU.TXaW), 141.5 (CAU.TXaW), 140.7 (CAU.TXaW), 140.4 
(CAU.TXaW), 136.1 (CAU.TXaW), 129.7 (CAU-H), 129.3 (CAU-H), 128.7 (CAU-H), 128.35 (CAU-H), 128.32 (CAU-H), 
127.84 (CAU-H), 127.80 (CAU-H), 126.9 (CAU-H), 126.8 (CAU-H), 125.9 (CAU-H), 58.6 (CN-H), 36.6 (CH2), 
35.2 (CH2), 27.3 (CH2), 21.64 (CH3), 21.61(CH3). 

IR (QeaW): Q = 3143, 1597, 1495, 1453, 1286, 1246, 1154, 1107, 1054,1017, 907, 810, 751, 696 cP-1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C30H33N2O3S2]+: 533.1928, fRXQd: 533.1909 

S\QWheViV Rf 85 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg 1,4-bLV(4-PeWKR[\SKeQ\O)bXWaQe aV VXbVWUaWe 

(149 Pg). PXULfLcaWLRQ b\ fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 5/95 EWK\O aceWaWe/DCM) affRUded 

WKe aPLQaWLRQ SURdXcW aV a \eOORZ RLO (270 Pg, 91%, d.U. >20:1).  
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[Į] 𝟐𝟎
𝑫 = +111 (c = 1.00, CHCO3). 

1H NMR (300 MH], CDCO3) į 7.70 (d, J = 8.4 H], 2H), 7.69 (d, J = 8.4 H], 2H), 7.17 (W, J = 8.9 H], 
4H), 7.08 (d, J = 8.9 H], 2H), 6.87 (d, J = 8.9 H], 2H), 6.80-6.73 (P, 4H), 6.15 (d, J = 6.9 H], 1H, N-
H), 4.22 (aSSW T, J = 6.9 H], 1H), 3.79 (V, OMe), 3.77 (V, OMe), 2.38-2.30 (P, 8H), 1.75-1.60 (P, 2H), 
1.43-1.31 (P, 1H), 1.27-1.16 (P, 1H). 
13C NMR (75 MH], CDCO3) į 159.2 (CAU.TXaW), 157.9 (CAU.TXaW), 144.6 (CAU.TXaW), 142.9 (CAU.TXaW), 140.4 
(CAU.TXaW), 136.3 (CAU.TXaW), 133.7 (CAU.TXaW), 132.7 (CAU.TXaW), 129.7 (CAU-H), 129.3 (CAU-H), 129.2 (CAU-H), 
128.1 (CAU-H), 127.9 (CAU-H), 126.8 (CAU-H), 114.1 (CAU-H), 113.8 (CAU-H), 58.2 (CN-H), 55.4 (2 [ CO-CH3), 
36.4 (CH2), 34.3 (CH2), 27.6 (CH2), 21.7 (2 [ CH3). 

IR (QeaW): Q = 3228, 1612, 1512, 1455,1301,1286, 1246, 1150, 1105, 1090, 1032, 1017, 910, 811, 730, 
657 cP-1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H37N2O5S2]+: 593.2139, fRXQd: 593.2119 

S\QWheViV Rf 86 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg XVLQg 4-bLV(4-(WULfOXRURPeWK\O)SKeQ\O)bXWaQe aV 

VXbVWUaWe (190 Pg). PXULfLcaWLRQ b\ fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 5/95 EWK\O aceWaWe/DCM) 

affRUded WKe aPLQaWLRQ SURdXcW aV a \eOORZ RLO (131 Pg, 40%, d.U. >20:1).  

[Į] 𝟐𝟎
𝑫 = +57.6 (c = 1.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.78 (d, J = 7.9 H], 2H), 7.70 (d, J = 7.9 H], 2H), 7.46 (aSSW d, J = 7.1 
H], 4H), 7.31 (d, J = 7.9 H], 3H), 7.20 (d, J = 7.9 H], 2H), 7.13 (d, J = 8.0 H], 2H), 7.10 (d, J = 8.0 
H], 2H), 4.42 (aSSW W, J = 6.9 H], 1H), 2.53-2.49 (P, 1H), 2.39 (V, 3H), 2.35 (V, 3H), 1.91-1.83 (P, 
1H), 1.73-1.67 (P, 1H), 1.59-1.51 (P, 1H), 1.39-1.32 (P, 1H). 
13C NMR (126 MH], CDCO3) į 145.5 (CAU.TXaW), 144.9 (CAU.TXaW), 144.6 (CAU.TXaW), 143.2 (CAU.TXaW), 140.4 
(CAU.TXaW), 135.8 (CAU.TXaW), 129.7 (CAU-H), 129.4 (CAU-H), 128.7 (CAU-H), 127.7 (CAU-H), 127.4 (CAU-H), 126.7 
(CAU-H), 125.5 (CAU-H), 125.3 (CAU-H), 58.4 (CN-H), 36.5 (CH2), 35.0 (CH2), 27.1 (CH2), 21.6 (CH3), 
21.5(CH3). (TKe VLgQaOV Rf WKe WULfOXRURPeWK\O aQd LSVR CAU.TXaW aUe QRW OLVWed). 
19F NMR (282 MH], CDCO3) į -62.3 (V, 3F), -62.6 (V, 3F). 

IR (QeaW): Q = 3228, 1618, 1597, 1495, 1449, 1424, 1324, 1296, 1263, 1151, 1118, 1090, 1056,1015, 
858, 812, 763, 672 cP-1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H31F6N2O3S2]+: 669.1675, fRXQd: 669.1636 
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S\QWheViV Rf 87 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg 1,4-dL-p-WRO\ObXWaQe aV VXbVWUaWe (131 Pg). 

PXULfLcaWLRQ b\ fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 15:85 EWK\O aceWaWe/ PeWURO eWKeU) affRUded 

WKe aPLQaWLRQ SURdXcW aV a cRORUOeVV RLO (250 Pg, 85 %, d.U. >20/1). PXULfLcaWLRQ b\ fOaVK cROXPQ 

cKURPaWRgUaSK\ (VLOLca geO, 15:85 EWK\O aceWaWe/PeWURO eWKeU). 

[Į] 𝟐𝟎
𝑫  = +66.1 (c = 1.0, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.75 (d, J = 8.3 H], 2H), 7.72 (d, J = 8.3 H], 2H), 7.21 (d, J = 8.1 H], 
2H), 7.17 (d, J = 8.1 H], 2H), 7.09 (V, 4H), 7.04 (d, J = 7.8 H], 2H), 6.88 (d, J = 7.8 H], 2H), 6.33 
(d, J = 7.2 H], 1H, N-H), 4.25 (aSSWT, J = 7.2 H], 1H), 2.43-2.32 (P, 14H), 1.77-1.70 (P, 1H), 1.69-
1.62 (P, 1H), 1.45-1.37 (P, 1H), 1.29-1.20 (P, 1H). 
13C NMR (126 MH], CDCO3) į 144.6 (CAU.TXaW), 142.8 (CAU.TXaW), 140.5 (CAU.TXaW), 138.5 (CAU.TXaW), 137.7 
(CAU.TXaW), 137.5 (CAU.TXaW), 136.3 (CAU.TXaW), 135.3 (CAU.TXaW), 129.7 (CAU-H), 129.3 (CAU-H), 129.2 (CAU-H), 
129.0 (CAU-H), 128.2 (CAU-H), 127.9 (CAU-H), 126.84 (CAU-H), 126.83 (CAU-H), 58.4 (CN-H), 36.5 (CH2), 
34.7 (CH2), 27.5 (CH2), 21.62 (CH3), 21.61 (CH3), 21.2 (CH3), 21.1 (CH3). 

IR (QeaW): Q = 2920, 1596, 1516, 1438, 1309, 1303, 1261, 1147, 1102, 1068, 1034, 947, 929, 909, 868, 
852, 808, 761, 722, 704, 680, 658 cP-1  

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H37N2O3S2]+: 561.2241, fRXQd: 561.2222 

S\QWheViV Rf 88 
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S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg dLbeQ]RVXbeUaQe aV VXbVWUaWe (107 Pg). 

PXULfLcaWLRQ b\ fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 30:70 EWK\O aceWaWe/PeWURO eWKeU) affRUded WKe 

aPLQaWLRQ SURdXcW aV aQ Rff-ZKLWe fRaP\ VROLd (257 Pg, 99 %, d.U. >20/1). TKe PLQRU dLaVWeUeRLVRPeU 

cRXOd QRW be deWecWed b\ 1H NMR aQaO\VLV. 

PS: 71-73 �C 

[Į] 𝟐𝟎
𝑫  = +37.0 (c = 1.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.94 (d, J = 8.2 H], 2H), 7.78 (d, J = 8.2 H], 2H), 7.46 (d, J = 7.2 H], 
1H), 7.40 (d, J = 8.2 H], 2H), 7.23-7.13 (P, 8H), 6.74 (d, J = 7.2 H], 1H), 5.68 (bU V, 1H, N-H), 5.02 
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(bU d, J = 3.0 H], 1H), 4.17 (d, J = 15.4 H], 1H), 3.90 (d, J = 15.4 H], 1H), 3.17 (dd, J = 3.3, 14.5 H], 
1H), 2.77 (dd, J = 7.5, 14.4 H], 1H), 2.51 (V, 3H), 2.41 (V, 3H). 
13C NMR (126 MH], CDCO3) į 145.0 (CAU.TXaW), 142.9 (CAU.TXaW), 140.5 (2 [ CAU.TXaW), 137.6 (CAU.TXaW), 
137.2 (CAU.TXaW), 136.4 (CAU.TXaW), 134.5 (CAU.TXaW), 132.2 (2 [ CAU-H), 130.1 (CAU-H), 129.9 (CAU-H), 129.3 
(CAU-H), 128.5 (CAU-H), 128.1 (CAU-H), 127.9 (CAU-H), 127.4 (CAU-H), 127.3 (CAU-H), 127.0 (CAU-H), 126.8 
(CAU-H), 54.3 (CN-H), 41.1 (CH2), 37.6 (CH2), 21.7 (CH3), 21.6 (CH3). 

IR (QeaW): Q = 3227, 3024, 2925, 1596, 1493, 1446, 1302, 1259,1151, 1107, 1089, 1026, 814, 752 
cP1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C29H29N2O3S2]+: 517.1614, fRXQd: 517.1632 

S\QWheViV Rf 98 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg 89a aV VXbVWUaWe (149 Pg). PXULfLcaWLRQ b\ fOaVK 
cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 35:65 EWK\O aceWaWe/PeWURO eWKeU) affRUded WKe aPLQaWLRQ SURdXcW 
aV a VWLcN\ VROLd (252 Pg, 85 %, d.U. 90/10, U.U. > 20/1).  
1H NMR (300 MH], CDCO3) į 7.71-7.67 (P, 4H), 7.19-7.13 (P, 5H), 7.09 (d, J = 8.7 H], 2H), 6.88-
6.81 (P, 1H), 6.78 (d, J = 8.7 H], 4H), 6.16 (d, J = 7.0 H], 1H, N-H), 4.23 (aSSW T, J = 7.2 H], 1H), 
3.78 (V, 3H), 3.74 (V, 3H), 2.43-2.33 (P, 8H), 1.74-1.62 (P, 2H), 1.43-1.31 (P, 1H), 1.24-1.14 (P, 1H). 
13C NMR (75 MH], CDCO3) į 159.2 (CAU.TXaW), 157.4 (CAU.TXaW), 144.6 (CAU.TXaW), 142.9 (CAU.TXaW), 140.5 
(CAU.TXaW), 136.3 (CAU.TXaW), 132.9 (CAU.TXaW), 130.0 (CAU.TXaW), 129.75 (CAU-H), 129.69 (CAU-H), 129.3 (CAU-H), 
128.2 (CAU-H), 127.9 (CAU-H), 127.2 (CAU-H), 126.9 (CAU-H), 120.4 (CAU-H), 114.0 (CAU-H), 110.4 (CAU-H), 
58.1(CN-H), 55.4 (OCH3), 55.3 (OCH3), 36.6 (CH2), 29.4 (CH2), 25.8 (CH2), 21.7 (2 [ CH3). 

IR (QeaW): Q = 3231, 1598, 1513, 1493, 1456, 1287, 1241, 1150, 1107, 1056, 1027, 811, 752, 656 cP1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H37N2O5S2]+: 593.2138, fRXQd: 593.2112 

S\QWheViV Rf 99 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg 89b aV VXbVWUaWe aV VXbVWUaWe (169 Pg). 

PXULfLcaWLRQ b\ fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 30:70 EWK\O aceWaWe/PeWURO eWKeU) affRUded WKe 

aPLQaWLRQ SURdXcW aV a bURZQ RLO (252 Pg, 80 %, d.U. 92/8, U.U. > 20/1).  
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1H NMR (500 MH], CDCO3) į 7.64 (d, J = 8.4 H], 2H), 7.62 (d, J = 8.4 H], 2H), 7.46 (d, J = 7.5 H], 
1H), 7.29 (W, J = 7.5 H], 1H), 7.15 (W, J = 7.5 H], 1H), 7.09-7.06 (P, 4H), 7.04 (d, J = 8.6 H], 2H), 7.00 
(d, J = 7.5 H], 1H), 6.70 (d, J = 8.6 H], 2H), 6.24 (d, J = 7.1 H], 1H, N-H), 4.17 (aSSW T, J = 7.1 H], 
1H), 3.70 (V, 3H), 2.52-2.40 (P, 2H), 2.28 (V, 3H), 2.27 (V, 3H), 1.71-1.65 (P, 1H), 1.64-1.57 (P, 1H), 
1.34-1.24 (P, 1H), 1.19-1.12 (P, 1H). 
13C NMR (126 MH], CDCO3) į 159.3 (CAU.TXaW), 144.6 (CAU.TXaW), 142.7 (CAU.TXaW), 140.49 (CAU.TXaW), 
140.46 (CAU.TXaW), 136.4 (CAU.TXaW), 132.5 (CAU.TXaW), 131.8 (CAU-H), 130.8 (CAU-H), 129.7 (CAU-H), 129.3 (CAU-

H), 128.2 (CAU-H), 127.8 (CAU-H), 126.8 (CAU-H), 126.0 (CAU-H), 125.9 (CAU-H), 114.1 (CAU-H), 58.1 (CN-H), 
55.4 (OCH3), 36.6 (CH2), 31.8 (CH2), 27.6 (CH2), 21.6 (2 [ CH3). (TKe VLgQaOV Rf WKe WULfOXRURPeWK\O 
aQd LSVR CAU.TXaW aUe QRW OLVWed). 
19F NMR (282 MH], CDCO3) į -59.7 (V, 3F). 

IR (QeaW): Q = 3229, 1610, 1513, 1494, 1454, 1312, 1286, 1248, 1150, 1108, 1091, 1059, 1033, 1018, 
910, 812, 768, 732, 655 cP-1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H34F3N2O4S2]+: 631.1907, fRXQd: 631.1896 

S\QWheViV Rf 100 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg 89c aV VXbVWUaWe (175 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 30:70 EWK\O aceWaWe/PeWURO eWKeU) affRUded WKe aPLQaWLRQ SURdXcW 

aV a bURZQ RLO (266 Pg, 83 %, d.U. 90/10, U.U. > 20/1). 

1H NMR (500 MH], CDCO3) į 7.72 (d, J = 8.3 H], 2H), 7.68 (d, J = 8.3 H], 2H), 7.46 (d, J = 8.0 H], 
1H), 7.18-7.14 (P, 7H), 7.02 (W, J = 8.0 H], 1H), 6.98 (d, J = 8.0 H], 1H), 6.80 (d, J = 8.7 H], 2H), 
6.17 (d, J = 7.2 H], 1H, N-H), 4.25 (aSSW T, J = 7.2 H], 1H), 3.80 (V, 3H), 2.57-2.49 (P, 2H), 2.36 (V, 
6H), 1.78-1.72 (P, 1H), 1.71-1.63 (P, 1H), 1.42-1.33 (P, 1H), 1.26-1.17 (P, 1H). 
13C NMR (126 MH], CDCO3) į 159.3 (CAU.TXaW), 144.6 (CAU.TXaW), 142.9 (CAU.TXaW), 140.9 (CAU.TXaW), 140.5 
(CAU.TXaW), 136.3 (CAU.TXaW), 132.8 (CAU-H), 132.6 (CAU.TXaW), 130.2 (CAU-H), 129.7 (CAU-H), 129.3 (CAU-H), 
128.2 (CAU-H), 127.9 (CAU-H), 127.7 (CAU-H), 127.6 (CAU-H), 126.8 (CAU-H), 124.5 (CAU.TXaW), 114.1 (CAU-H), 
58.1 (CN-H), 55.4 (OCH3), 36.4 (CH2), 35.4 (CH2), 26.0 (CH2), 21.7 (CH3), 21.6 (CH3). 

IR (QeaW): Q = 2958, 2934, 1597, 1494, 1455, 1426, 1310, 1302, 1285, 1239, 1153, 1105, 1089, 1049, 
1033, 1015, 941, 808, 750, 698, 679, 658 cP-1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C31H34BUN2O4S2]+: 641.1138, fRXQd: 641.1158 
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S\QWheViV Rf 101 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg 90a aV VXbVWUaWe (175 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 30:70 EWK\O aceWaWe/ PeWURO eWKeU) affRUded WKe aPLQaWLRQ SURdXcW 

aV a bURZQ RLO (266 Pg, 83 %, d.U. >20/1, U.U. > 8/1).  

1H NMR (500 MH], CDCO3) į 7.74-7.72 (P, 4H), 7.47 (d, J = 8.0 H], 2H), 7.18 (d, J = 6.9 H], 4H), 
7.11 (W, J = 8.6 H], 4H), 6.80 (d, J = 8.6 H], 2H), 6.31 (d, J = 6.6 H], 1H, N-H), 4.30 (aSSW T, J = 6.9 
H], 1H), 3.81 (V, 3H), 2.54-2.45 (P, 2H), 2.39 (V, 3H), 2.38 (V, 3H), 1.82-1.74 (P, 1H), 1.70-1.66 (P, 
1H), 1.50-1.41 (P, 1H), 1.34-1.25 (P, 1H). 
13C NMR (126 MH], CDCO3) į 159.3 (CAU.TXaW), 145.8 (CAU.TXaW), 144.6 (CAU.TXaW), 143.0 (CAU.TXaW), 140.5 
(CAU.TXaW), 136.4 (CAU.TXaW), 132.5 (CAU.TXaW), 129.7 (CAU-H), 129.3 (CAU-H), 128.7 (CAU-H), 128.2 (CAU-H), 
127.8 (CAU-H), 126.9 (CAU-H), 125.3 (CAU-H), 114.1 (CAU-H), 58.2 (CN-H), 55.4 (OCH3), 36.4 (CH2), 35.0 
(CH2), 27.2 (CH2), 21.62 (CH3), 21.57 (CH3).(TKe VLgQaOV Rf WKe WULfOXRURPeWK\O aQd LSVR CAU.TXaW aUe 
QRW OLVWed). 
19F NMR (282 MH], CDCO3) į -62.2 (V, 3F). 

IR (QeaW) Q =2931, 1618, 1593, 1496, 1449, 1424, 1324, 1296, 1264, 1151, 1119, 1056, 1015, 859, 
813, 763, 704, 672 cP-1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H33F3N2O4S2]+: 631.1907, fRXQd: 631.1888 

S\QWheViV Rf 102 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg 90b aV VXbVWUaWe (175 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 30:70 EWK\O aceWaWe/PeWURO eWKeU) affRUded WKe aPLQaWLRQ SURdXcW 

aV a cRORUOeVV RLO (266 Pg, 83 %, > d.U. 20/1, U.U. > 15/1). TKe PLQRU UegLRLVRPeU ZaV UePRYed afWeU 

cROXPQ cKURPaWRgUaSK\. 

[Į] 𝟐𝟎
𝑫 = +67.6 (c = 1.0, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.71 (d, J = 8.3 H], 2H), 7.68 (d, J = 8.3 H], 2H), 7.47 (d, J = 8.1 H], 
2H), 7.16 (W, J = 7.2 H], 4H), 7.07 (d, J = 8.1 H], 4H), 6.75 (d, J = 8.3 H], 2H), 6.28 (d, J = 7.1 H], 
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1H, N-H), 4.28 (aSSW T, J = 7.1 H], 1H), 3.78 (V, 3H), 2.52-2.42 (P, 2H), 2.37 (V, 6H), 1.80-1.72 (P, 
1H), 1.67-1.60 (P, 1H), 1.48-1.39 (P, 1H), 1.32-1.23 (P, 1H). 
13C NMR (126 MH], CDCO3) į 159.3 (CAU.TXaW), 147.4 (CAU.TXaW), 144.6 (CAU.TXaW), 143.0 (CAU.TXaW), 140.4 
(CAU.TXaW), 136.2 (CAU.TXaW), 132.3 (CAU.TXaW), 132.2 (CAU-H), 129.6 (CAU-H), 129.3 (CAU-H), 129.2 (CAU-H), 
128.1 (CAU-H), 127.8 (CAU-H), 126.8 (CAU-H), 119.1 (CAU.TXaW), 114.1 (CAU-H), 109.8 (CN), 58.2 (CN-H), 55.4 
(OCH3), 36.3 (CH2), 35.3 (CH2), 27.0 (CH2), 21.7 (2 [ CH3). 
IR (QeaW) 2924, 2861, 1597, 1495, 1454, 1403, 1312, 1301, 1287, 1259, 1150, 1090, 1016, 909, 812, 
730, 699, 671, 657 cP-1 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H34N3O4S2]+: 588.1986, fRXQd: 588.1983 

S\QWheViV Rf 103 

 
S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg 91 aV VXbVWUaWe (287 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 30:70 EWK\O aceWaWe/PeWURO eWKeU) affRUded WKe aPLQaWLRQ SURdXcW 

aV a bURZQ RLO (266 Pg, 82 %, d.U. >20/1, U.U >20/1).  

[Į] 𝟐𝟎
𝑫   = +71.4 (c = 1.0, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.64-7.62 (P, 4H), 7.60 (V, 1H), 7.36 (V, 2H), 7.09 (d, J = 7.8 H], 4H), 
7.02 (d, J = 8.6 H], 2H), 6.71 (d, J = 8.6 H], 2H), 6.18 (d, J = 6.9 H], 1H, N-H), 4.22 (aSSW T, J = 6.9 
H], 1H), 3.72 (V, 3H), 2.52-2.41 (P, 2H), 2.29 (V, 3H), 2.27 (V, 3H), 1.76-1.69 (P, 1H), 1.64-1.56 (P, 
1H), 1.44-1.35 (P, 1H), 1.27-1.18 (P, 1H). 
13C NMR (126 MH], CDCO3) į 159.4 (CAU.TXaW), 144.7 (CAU.TXaW), 144.2 (CAU.TXaW), 143.0 (CAU.TXaW), 140.5 
(CAU.TXaW), 136.3 (CAU.TXaW), 132.3 (CAU.TXaW), 131.64 (T, J = 33.0 H], CAU.TXaW), 129.6 (CAU-H), 129.3 (CAU-H), 
128.5 (CAU-H), 128.1 (CAU-H), 127.8 (CAU-H), 126.8 (CAU-H), 120.1 (CAU-H), 114.2 (CAU-H), 58.2 (CN-H), 55.4 
(OCH3), 36.4 (CH2), 35.0 (CH2), 27.1 (CH2), 21.6 (CH3), 21.5 (CH3). 

(TKe VLgQaOV Rf WKe WULfOXRURPeWK\O LV QRW OLVWed). 
19F NMR (282 MH], CDCO3) į -62.78 (V, 6F). 

IR (QeaW): Q = 2981, 1615, 1515, 1381, 1265, 1133, 953, 814, 707, 683, 649, 632, 623, 610 cP1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C33H33F6N2O4S2]+: 699.1781, fRXQd: 699.1757 
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S\QWheViV Rf 104 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg bXW\ObeQ]eQe aV VXbVWUaWe (74.0 Pg). PXULfLcaWLRQ 

b\ fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 1/20 EWK\O aceWaWe/DCM) affRUded WKe aPLQaWLRQ SURdXcW 

aV a \eOORZ RLO (133 Pg, 58%, d.U. 95:5).  

[Į] 𝟐𝟎
𝑫     = +188.2 (c = 1.00, CHCO3). 

1H NMR (300 MH], CDCO3) į 7.74 (d, J = 8.4 H], 2H), 7.69 (d, J = 8.4 H], 2H), 7.28-7.14 (P, 9H), 
6.30 (d, J = 7.3, 1H, N-H), 4.22 (aSSW T, J = 7.3 H], 1H), 2.40 (V, 3H), 2.36 (V, 3H), 1.74-1.53 (P, 2H), 
1.19-1.10 (P, 1H), 1.04-0.93 (P, 1H), 0.70 (W, J = 7.3 H], 3H). 
13C NMR (75 MH], CDCO3) į 144.7 (CAU.TXaW), 142.9 (CAU.TXaW), 140.9 (CAU.TXaW), 140.4 (CAU.TXaW), 136.0 
(CAU.TXaW), 129.7 (CAU-H), 129.3 (CAU-H), 128.6 (CAU-H), 127.9 (CAU-H), 127.7 (CAU-H), 126.90 (CAU-H), 
126.86 (CAU-H), 58.5 (CN-H), 39.4 (CH2), 21.7 (CH3), 21.6 (CH3) 19.0 (CH2), 13.6 (CH3). 

IR (QeaW): Q = 2934, 1597, 1493, 1455, 1426, 1302, 1239, 1153, 1105, 1089 1049, 1034, 1015, 941, 
808, 750, 698, 659 cP-1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C24H29N2O3S2]+: 457.1615, fRXQd: 457.1611 

S\QWheViV Rf 105 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg 2-bXW\OQaSKWaOeQe aV VXbVWUaWe (101 Pg). 

PXULfLcaWLRQ b\ fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 1/20 EWK\O aceWaWe/DCM) affRUded WKe 

aPLQaWLRQ SURdXcW aV a cRORUOeVV RLO (139.0 Pg, 55%, d.U. 95:5). TKe PLQRU dLaVWeUeRLVRPeU ZaV 

UePRYed afWeU cROXPQ cKURPaWRgUaSK\. 

[Į] 𝟐𝟎
𝑫     = +135.8 (c = 1.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.83-7.80 (P, 1H), 7.75-7.71 (P, 6H), 7.59 (V, 1H), 7.50-7.48 (P, 2H), 
7.34 (aSSW d, J = 8.3 H], 1H), 7.12 (d, J = 8.2 H], 2H), 7.06 (d, J = 8.1 H], 2H), 6.33 (bU V, 1H, N-H), 
4.46 (aSSW W, J = 7.2 H], 1H), 2.33 (V, 3H), 2.30 (V, 31H), 1.86-1.80 (P, 1H), 1.79-1.71 (P, 1H), 1.25-
1.18 (P, 1H), 1.10-1.03 (P, 1H), 0.77 (W, J = 7.3 H], 3H). 



PaUWLe E[SpULPeQWaOe ± CKaSLWUe 2  
 

 

153 

13C NMR (126 MH], CDCO3) į 144.7 (CAU.TXaW), 142.9 (CAU.TXaW), 140.5 (CAU.TXaW), 138.0 (CAU.TXaW), 136.0 
(CAU.TXaW), 133.3 (CAU.TXaW), 133.0 (CAU.TXaW), 129.6 (CAU-H), 129.2 (CAU-H), 128.6 (CAU-H), 128.0 (CAU-H), 
127.9 (CAU-H), 127.7 (CAU-H), 126.80 (CAU-H), 126.3 (CAU-H), 126.3 (CAU-H), 126.1 (CAU-H), 58.9 (CN-H), 
39.2 (CH2), 27.2 (CH3), 21.59 (CH3), 21.56 (CH3), 13.6 (CH3). 

IR (QeaW) Q = 2960, 1598, 1450, 1302, 1189, 1109, 1091, 913, 814, 748, 678, 654 cP-1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C28H31N2O3S2]+: 507.1771, fRXQd: 507.1750 

S\QWheViV Rf 107 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg Ke[\ObeQ]eQe aV VXbVWUaWe (89.0 Pg). PXULfLcaWLRQ 

b\ fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 20:80 EWK\O aceWaWe/PeWURO eWKeU) affRUded WKe aPLQaWLRQ 

SURdXcW aV a bURZQ RLO (146 Pg, 60%, d.U. >20:1).  

[Į] 𝟐𝟎
𝑫     = +31.3 c = 1.00, CHCO3). 

1H NMR (300 MH], CDCO3) į 7.68 (d, J = 8.4 H], 2H), 7.63 (d, J = 8.4H], 2H), 7.17-7.11 (P, 7H), 
7.05 (d, J = 8.1 H], 2H), 6.45 (d, J = 7.5 H], 1H, N-H), 4.12 (aSSW T, J = 7.3 H], 1H), 2.30 (V, 3H), 
2.26 (V, 3H), 1.64-1.54 (P, 2H), 0.98-0.79 (P, 6H), 0.64 (W, J = 7.0, 3H). 
13C NMR (75 MH], CDCO3) į 144.5 (CAU.TXaW), 142.7 (CAU.TXaW), 141.1 (CAU.TXaW), 140.5 (CAU.TXaW), 136.2 
(CAU.TXaW), 129.6 (CAU-H), 129.2 (CAU-H), 128.5 (CAU-H), 127.8 (CAU-H), 127.5 (CAU-H) 126.84 (CAU-H), 126.80 
(CAU-H), 58.6 (CN-H), 37.1 (CH2), 31.2 (CH2), 25.4 (CH2), 22.4 (CH2), 21.6 (2 [ CH3), 13.9 (CH3). 

IR (QeaW): Q = 3094, 1593, 1529, 1450, 1362, 1344, 1327, 1272, 907, 808, 727 cmିଵ. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C26H33N2O3S2]+: 485.1928, fRXQd: 485.1931 

S\QWheViV Rf 109 

S
O

N
TVN

S-TRO H

109  

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C XVLQg c\cORKeSWaQe aV VXbVWUaWe (54.0 Pg). PXULfLcaWLRQ 

b\ fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 20:80 EWK\O aceWaWe/PeWURO eWKeU) affRUded WKe aPLQaWLRQ 

SURdXcW aV a VWLcN\ VROLd (160 Pg, 76%). 
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1H NMR (500 MH], CDCO3) į 7.84 (d, J = 8.2 H], 2H), 7.82 (d, J = 8.3 H], 2H), 7.30 (d, J = 8.2 H], 
2H), 7.27 (d, J = 8.0 H], 2H), 5.94 (d, J = 7.8 H], 1H, N-H), 3.39-3.33 (P, 1H), 2.45 (V, 3H), 2.42 (V, 
3H), 1.98-1.93 (P, 1H), 1.70-1.61 (P, 3H), 1.53-1.35 (P, 8H). 
13C NMR (126 MH], CDCO3) į 144.7 (CAU.TXaW), 142.9 (CAU.TXaW), 140.6 (CAU.TXaW), 136.5 (CAU.TXaW), 129.9 
(CAU-H), 129.3 (CAU-H), 127.9 (CAU-H), 126.9 (CAU-H), 55.0 (CN-H), 36.2 (CH2), 35.2 (CH2), 28.0 (CH2), 
27.9 (CH2), 23.5 (2 [ CH2), 21.7 (CH3), 21.6 (CH3). 

IR (QeaW): Q = 3239,  2922,  1316,  1153,  1102,  1081, 1033,  1014,  809,  680,  655 cP-1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C21H29N2O3S2]+: 421,1615 fRXQd: 421,1 

S\QWheViV Rf 111 

S
O

N
TVN

S-TRO H

111  

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe C 2-PeWK\OSeQWaQe aV VXbVWUaWe (216 Pg, 5 eTXLY.). 

PXULfLcaWLRQ b\ fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 15/85 EWK\O aceWaWe/PeWURO eWKeU) affRUded WKe 

aPLQaWLRQ SURdXcW aV a \eOORZ RLO (102 Pg, 50%). 

1H NMR (500 MH], CDCO3) į 7.74 (d, J = 8.3 H], 2H), 7.70 (d, J = 8.3 H], 2H), 7.20-7.17 (P, 4H), 
6.11 (V, 1H, N-H), 2.34 (V, 3H), 2.33 (V, 3H), 1.46-1.42 (P, 1H), 1.32-28 (P, 2H), 1.19-1.15 (P, 1H), 
1.14 (V, 3H), 1.00 (V, 3H), 0.78 (W, J = 6.9 H], 3H). 
13C NMR (126 MH], CDCO3) į 144.4 (CAU.TXaW), 142.9 (CAU.TXaW), 140.6 (CAU.TXaW), 138.9 (CAU.TXaW), 129.7 
(CAU-H), 129.3 (CAU-H), 127.8 (CAU-H), 126.9 (CAU-H), 59.6 (CN-H), 45.9 (CH2), 28.1 (CH3), 26.9 (CH3), 
21.7 (2 [ CH3), 17.2 (CH2), 14.3 (CH3) 

IR (QeaW): Q = 2981, 1728, 1463, 1381, 1279, 1251, 1180, 1091, 953, 815, 748, 673, 663 cP-1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C20H29N2O3S2]+: 409,1615 fRXQd: 409,162
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PaUWLe e[SpULPeQWaOe dX cKaSLWUe 3 
PUeSaUaWLRQ Rf WKe K\SeUYaOeQW LRdLQe UeageQW 
 

I

NaBO3,4H2O
R1

I

R1

OO
Me

O
Me

O

AcOH, UefOX[, 16h PhCO 
55 �C, 10 PbaU.

45 PiQ.

O

OH
R

2 pTXiY.
I OO

O O RR

R1

 

IQ aQ aUgRQ-fOXVKed 100 PL RQe-QecNed fOaVN eTXLSSed ZLWK a VWLUULQg baU aQd a UefOX[ cRQdeQVeU ZeUe 

LQWURdXced WKe LRdRaUeQe (0.050 PRO, 1.00 eTXLY.) aQd gOacLaO aceWLc acLd (50 PL). TKe VROXWLRQ ZaV 

KeaWed WR 50 �C aQd VRdLXP SeUbRUaWe WeWUaK\dUaWe (57.6 g, 0.375 PRO, 7.50 eTXLY.) ZaV added 

SRUWLRQZLVe RYeU a 30 PLQXWeV SeULRd. TKe UeacWLRQ PL[WXUe ZaV VWLUUed aW 50 �C XQWLO cRPSOeWLRQ Rf 

WKe UeacWLRQ cKecNed b\ TLC (geQeUaOO\ beWZeeQ 5 aQd 12 KRXUV), WKeQ WKe aceWLc acLd ZaV UePRYed 

XQdeU UedXced SUeVVXUe. WaWeU (10 PL) ZaV added WR WKe KeWeURgeQeRXV UeVLdXe aQd WKe aTXeRXV SKaVe 

ZaV e[WUacWed YeU\ TXLcNO\ ZLWK CHCO3 (2[15 PL). TKe cRPbLQed RUgaQLc Oa\eUV ZeUe fLOWeUed RYeU 

ceOLWe, dULed RYeU MgSO4 aQd eYaSRUaWed XQdeU UedXced SUeVVXUe. TKe cUXde VROLd ZaV SXULfLed b\ 

UecU\VWaOOL]aWLRQ XVLQg WKe fROORZLQg SURcedXUe: TKe VROLd ZaV dLVVROYed LQ a PLQLPXP YROXPe V Rf 

KRW AcOH, WKeQ SUecLSLWaWed addLQg WKe VaPe YROXPe V Rf Ke[aQe, aQd cRROLQg WKe fOaVN ZLWK aQ Lce-

baWK.  

A VROXWLRQ Rf dLaceWR[\LRdRbeQ]eQe (3,60 g, 10.0 PPRO) LQ cKORURbeQ]eQe 15.0 PL) ZaV WUeaWed ZLWK 

3 beQ]RLc acLd ( 20.0 PPRO), KeaWed aW 50 �C, VWLUUed fRU 30 PLQ aQd cRQceQWUaWed (3 WLPeV). TKe VROLd 

ZaV dLVVROYed LQ DCM, Ke[aQe ZaV added aQd a SUecLSLWaWe aSSeaUed. TKe SUecLSLWaWe ZaV fLOWeUed aQd 

ZaVKed ZLWK Ke[aQe WR affRUd WKe K\SeUYaOeQW LRdLQe UeageQW aV a ZKLWe VROLd LQ 58%-91% \LeOdV. 

 
1H NMR (500 MH], CDCO3) į 7.66 ± 7.61 (P, 2H, AU), 7.39 (YLUW W, J = 8.1 H], 1H, AU), 7.08 (ddd, J 
= 8.4, 2.4, 0.8 H], 1H), 3.85 (V, 3H, OMe), 2.00 (V, 6H, OAc). 
13C NMR (126 MH], CDCO3) į 176.5, 160.6, 131.6, 127.2, 121.6, 120.6, 118.1, 55.8, 20.5. 
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1H NMR (500 MH], CDCO3) į 8.33 (V, 1H, AU), 8.28 (d, 1H, J =8.2 H], AU), 7.85 (d, 1H, J = 7.8 H], 
AU), 7.65 (W, 1H, J = 8.0 H], AU), 2.03 (V,6H, OAc).  
13C NMR (126 MH], CDCO3) į 176.7, 138.2, 133.1 (T, J = 33.6 H]), 131.8(T, J = 3.9 H]), 131.3, 
128.5 (T, J = 3.5 H]), 122.8 (T, J = 273.1 H]), 20.3 SSP.  
19F NMR (CDCO3) į -62.74 SSP 

 
1HNMR (500 MH], DMSO) į 8.10 (V, 1H, AU), 8.03 (d, 1H, J = 7.6 H], AU), 7.50í7.43 (P, 2H, AU), 
2.37 (V, 3H, OAc), 1.91 (V, 3H, OAc). 
13C NMR (126 MH], DMSO) į 175.8,141.5, 135.9, 133.1, 132.8, 131.2, 122.3, 21.2, 20.7. 

 

1H NMR (500 MH], CDCO3) į 8.20 (YLUW W, J = 1.8 H], 1H, AU), 8.01 (ddd, J = 8.1, 1.8, 0.9 H], 1H, 
AU), 7.68 (ddd, J = 8.1, 1.8, 0.9 H], 1H, AU), 7.36 (YLUW W, J = 8.1 H], 1H, AU), 1.99 (V, 6H, OAc). 
13C NMR (126 MH], CDCO3) į 176.7, 137.4, 135.1, 133.5, 132.2, 124.0, 121.5, 20.5. 

 
1H NMR (500 MH], CDCO3) į 8.23 (YLUW dW, J = 7.9, 1.2 H], 1H, AU),7.88 (YLUW dW, J = 7.9, 1.2 H], 1H, 
AU), 7.48 (YLUW WW, J = 7.6 H], 1H,AU), 7.39 (YLUW WW, J = 7.6, 1.2 H], 1H, AU), 2.00 (V, 6H, OAc).  
13C NMR (126 MH], CDCO3) į 176.9, 138.8, 133.8, 133.3,129.5, 128.2, 127.5, 20.4. 
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1H NMR (500 MH], CDCO3) į 8.05 ± 7.93 (P, 2H, AU), 7.48 ± 7.43 (P, 2H, AU), 2.01 (V, 6H, OAc).  
13C NMR (126 MH], CDCO3) į 176.6, 138.6, 136.5, 131.4, 119.0, 20.5. 

 

1H NMR (300 MH], CDCO3) į 7.98 (YLUW d, J = 1.8 H], 2H, AU), 7.56 (YLUW W, J = 1.8 H], 1H, AU), 2.05 
(V, 6H, OAc). 
13C NMR (75 MH], CDCO3) į 176.9, 136.8, 133.0, 132.3, 120.7, 20.4. 

 
1H NMR (500 MH], CDCO3) į 8.24 (d, J = 7.5 H], 2H), 7.88(W, J = 1.9 H], 2H), 7.81 (dW, J = 7.8, 1.4 
H], 2H), 7.66 (Wd, J = 7.2 H], 1.2 H], 1H), 7.58 (W, J = 7.8 H], 2H), 7.49±7.43 (P, 2H), 7.31 (t, J = 7.9 
H], 2H). 
13C NMR (126 MH], CDCO3) į 169.9,134.8, 134.1, 132.4,131.9, 131.6, 131.1, 130.0, 129.4, 128.1, 
122.1. 

IR (QeaW): Q = 3086, 3059, 1655, 1631, 1572, 1476, 1424, 1282, 1263, 1127, 1073, 993, 906, 876, 741, 
677, 659, 557, 494, 461, 437 cP±1. 

 
1H NMR (300 MH], CDCO3) į 8.27 (YLUW W, J = 1.8 H], 1H), 8.17-8.13 (P, 1H), 7.90-7.87 (P, 2H), 
7.77 (bUV, 2H), 7.67-7.63 (P, 1H), 7.55 (W, J = 8.0 H], 1H), 7.46-7.36 (P, 4H). 
13C NMR (75 MH], CDCO3) į 170.1, 149.2, 134.8, 133.1, 132.6, 132.1, 132.0, 129.9, 128.6 125.3, 
122.7, 122.2, 121.8. 

IR (QeaW): Q = 3090, 3085, 1654, 1629, 1562, 1486, 1414, 1262, 1253, 1117, 1093, 983, 916, 886, 758, 
665, 646, 575, 474, 450, 430 cP±1. 
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1H NMR (500 MH], CDCO3) į 7.98-8.00 (P, 2H), 7.52-7.55 (P, 1H), 7.45í7.48 (P, 2H), 1.91-1.94 
(P, 6H), 1.79-1.80(P, 11H), 1.62-1.74 (P, 13H).  
13C NMR (125 MH], CDCO3) į 182.9, 134.3, 131.2, 130.7, 122.0, 41.2, 39.5, 36.6, 28. 

IR (QeaW): Q = 2893, 2849, 1637, 1443, 1323, 1270, 1244, 1179, 1077, 993, 796, 763, 732, 678, 537, 
480 cPí1. 

 

PS: 155-158 �C 
1H NMR (300 MH], CDCO3) į 8.24 (V, 1H), 8.13 (d, J = 8.0 H], 1H), 7.89 (V, 2H), 7.82 (d, J = 7.8 
H], 2H), 7.63 (d, J = 8.0 H], 1H), 7.54 (W, J = 8.0 H], 1H), 7.49 (d, J = 8.3 H], 2H), 7.33 (W, J = 7.8 
H], 2H). 
13C NMR (75 MH], CDCO3) į 170.3, 136.5, 134.8, 134.5, 133.1, 132.9, 132.6, 132.1, 131.7, 130.3, 
129.7, 128.4, 121.8. 

IR (QeaW): Q = 1626, 1569, 1456, 1426, 1301, 1264, 1132, 1073, 899, 877, 859, 779, 766, 667, 658  cm-

1. 

IQWUaPROecXOaU C(VS3) ࡳ H aPLQaWLRQ UeacWLRQ 
GeQeUaO PURcedXUe D 

R
R'

NH
S

OS-TRl
TVN AgI (4.3 eTXiY.)

3-COPhI(PCBA)2 (4.3 eTXiY.)

TRO, 90 �C
0.05 M

48 h-72 h

NR R'

S OTVN

NR R'

S OTVN

 

NRWe: ViOYeU iRdide aQd Whe h\SeUYaOeQW iRdiQe UeageQW PXVW be VXfficieQWO\ dU\ WR eQVXUe 

RSWiPXP \ieOdV. T\SicaOO\, Whe PaWeUiaO ZaV OefW XQdeU high YacXXP (< 10-2 PbaU) fRU aW OeaVW 24 

hRXUV befRUe XVe. 
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IQ aQ RYeQ-dULed VeaOabOe WXbe eTXLSSed ZLWK a VWLUULQg baU ZeUe added WKe VXbVWUaWe (0.20 PPRO, 1.00 

eTXLY.), aQK\dURXV VLOYeU LRdLde (0.860 PPRO, 203 Pg, 4.3 eTXLY.) aQd (3-cKORURSKeQ\O-LRdaQedL\O 

bLV(3-cKORURbeQ]RaWe) (0.860 PPRO, 473 Pg, 4.30 eTXLY.). TKe WXbe ZaV cRYeUed ZLWK a UXbbeU VeSWXP 

aQd fOXVKed ZLWK aUgRQ (YacXXP/aUgRQ [3). AQ\dURXV WROXeQe (4 PL) ZaV added aQd WKe WXbe ZaV 

KeaWed aW 90 �C. TKe UeacWLRQ ZaV PRQLWRUed b\ TLC aQd XSRQ cRPSOeWLRQ. TKe PL[WXUe ZaV dLOXWed 

ZLWK AcOEW, fLOWeUed WKURXgK a Sad Rf ceOLWe, ZaVKed ZLWK aTXeRXV VRdLXP WKLRVXOfaWe (15% Z/Z), a 

VROXWLRQ Rf NaOH 0.1 M, aQd ZaWeU. TKe aTXeRXV Oa\eU ZaV WKeQ e[WUacWed ZLWK AcOEW, WKeQ WKe 

cRPbLQed RUgaQLc fUacWLRQV ZeUe dULed RYeU aQK\dURXV Na2SO4 aQd fLOWeUed. TKe fLOWUaWe ZaV 

cRQceQWUaWed XQdeU UedXced SUeVVXUe. TKe UeVLdXe ZaV SXULfLed b\ cROXPQ cKURPaWRgUaSK\ (PeWUROeXP 

EWKeU/WROXeQe/MTBE RU AcOEW) affRUdLQg WKe e[SecWed c\cOL]aWLRQ SURdXcW. 

S\QWheViV Rf 126 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 84 aV VXbVWUaWe (107 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 10/90 WR 20/80 EWK\O aceWaWe/PeWUROeXP EWKeU) affRUded PLQRU 

dLaVWeUeRLVRPeU (8.0 Pg, 8%) aQd WKe PaMRU dLaVWeUeRLVRPeU (66.0 Pg, 62%) aV \eOORZ RLOV. 

ChaUacWeUi]aWiRQ Rf PajRU diaVWeUeRiVRPeU 

 

[Į] 𝟐𝟎
𝑫     = +91.2 (c = 1.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.75 (d, J = 8.3 H], 2H), 7.32-7.31 (P, 4H), 7.25-7.23 (P, 6H), 7.20 
(d, J = 8.3 H], 2H), 7.13 (d, J = 8.1 H], 2H), 6.94 (d, J = 8.1 H], 2H), 5.46 (d, J = 7.4 H], 2H), 2.80-
2.71 (P, 2H), 2.34 (V, 3H), 2.33 (V, 3H), 1.90-1.83 (P, 2H). 
13C NMR (126 MH], CDCO3) į 143.3 (CAU.TXaW), 142.4 (2 [ CAU.TXaW), 141.2 (CAU.TXaW), 137.5 (CAU.TXaW), 
129.1 (CAU-H), 129.0 (CAU-H), 128.4 (CAU-H), 127.3 (CAU-H), 127.0 (CAU-H), 126.9 (CAU-H), 126.8 (CAU-H), 
66.3 (CĮ-N), 33.7 (CH2), 21.54 (CH3), 21.48 (CH3). 

IR (QeaW) Q = 3289, 2926, 2853, 1707, 1587, 1567, 1449, 1420, 1353, 1170, 1080, 1018, 974, 933, 
878, 803, 753, 713, 695 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C30H31N2O3S2]+: 531.1771, fRXQd: 531.1754 
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ChaUacWeUi]aWiRQ Rf PiQRU diaVWeUeRiVRPeU 

 

 

[Į] 𝟐𝟎
𝑫 = +51.0 (c = 1.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.91 (d, J = 8.2 H], 2H), 7.50 (d, J = 7.5 H], 2H), 7.41 (W, J = 7.5 H], 
2H), 7.34 (d, J = 7.1 H], 1H), 7.25 (d, J = 8.2 H], 2H), 7.20 (d, J = 8.3 H], 2H), 7.17 (d, J = 7.1 H], 
2H), 7.11 (d, J = 7.0 H], 1H), 7.06 (d, J = 7.5 H], 2H), 6.85 (d, J = 8.3 H], 2H), 5.65 (dd, J = 3.5, 8.7 
H], 1H), 5.22 (aSS W, J = 7.5 H], 1H), 2.71-2.63 (P, 1H), 2.53-2.47 (P, 1H), 2.39 (V, 3H), 2.26 (V, 3H), 
2.26-2.18 (P, 1H), 2.13-2.08 (P, 1H). 
13C NMR (126 MH], CDCO3) į 143.8 (CAU.TXaW), 143.6 (CAU.TXaW), 142.6 (CAU.TXaW), 141.2 (CAU.TXaW), 139.6 
(CAU.TXaW), 136.1 (CAU.TXaW), 129.3 (CAU-H), 128.9 (CAU-H), 128.6 (CAU-H), 128.3 (CAU-H), 127.9 (CAU-H), 127.8 
(CAU-H), 127.5 (CAU-H), 127.4 (CAU-H), 127.1 (CAU-H), 126.8 (CAU-H), 67.4 (CĮ-N), 65.6 (CĮ-N), 36.0 (CH2), 
33.5 (CH2), 21.6 (CH3), 21.5 (CH3). 

IR (QeaW) Q = 3289, 2926, 2853, 1707, 1587, 1567, 1449, 1420, 1353, 1170, 1080, 1018, 974, 933, 
878, 803, 753, 713, 695 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C30H31N2O3S2]+: 531.1771, fRXQd: 531.1756 

S\QWheViV Rf 127 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 85 aV VXbVWUaWe (119 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 10/90 WR 20/80 EWK\O aceWaWe/PeWUROeXP EWKeU) affRUded PLQRU 

dLaVWeUeRLVRPeU (10.0 Pg, 9%) aQd WKe PaMRU dLaVWeUeRLVRPeU (62.0 Pg, 52%) aV \eOORZ RLOV. 

ChaUacWeUi]aWiRQ Rf PajRU diaVWeUeRiVRPeU 

 

[Į] 𝟐𝟎
𝑫  = +140 (c = 1.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.73 (d, J = 8.2 H], 2H), 7.22 (d, J = 8.6 H], 4H), 7.17 (d, J = 8.3 H], 
2H), 7.11 (d, J = 8.2 H], 2H), 6.93 (d, J = 8.3 H], 2H), 6.75 (d, J = 8.6 H], 4H), 5.38 (d, J = 7.2 H], 
2H), 3.80 (V, 6H), 2.70-2.63 (P, 2H), 2.32 (V, 3H), 2.31 (V, 3H), 1.85-1.79 (P, 2H). 
13C NMR (126 MH], CDCO3) į 158.9 (CAU.TXaW), 143.2 (CAU.TXaW), 142.4 (CAU.TXaW), 141.3 (CAU.TXaW), 137.7 
(CAU.TXaW), 134.6 (CAU.TXaW), 129.1 (CAU-H), 129.0 (CAU-H), 128.2 (CAU-H), 127.0 (CAU-H), 126.8 (CAU-H), 113.7 
(CAU-H), 65.7 (CĮ-N), 55.4 (CO-CH3), 33.9 (CH2), 21.6 (CH3), 21.5 (CH3). 
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IR (QeaW) Q = 2954, 1611, 1513, 1462, 1449, 1314, 1303, 1280, 1178, 1154, 1105, 1089, 1072, 1033, 
1017, 912, 828, 813, 756, 733, 703, 677, 657 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H34N2O5S2]+: 591.1981, fRXQd: 591.1951 

ChaUacWeUi]aWiRQ Rf PiQRU diaVWeUeRiVRPeU 

 

[Į] 𝟐𝟎
𝑫  = +53.2 (c = 1.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.89 (d, J = 8.3 H], 2H), 7.38 (d, J = 8.6 H], 2H), 7.22 (d, J = 8.3 H], 
2H), 7.13 (d, J = 8.3 H], 2H), 7.04 (d, J = 8.6 H], 2H), 6.91 (d, J = 8.6 H], 2H), 6.85 (d, J = 8.2 H], 
2H), 6.57 (d, J = 8.7 H], 2H), 5.55 (dd, J = 3.2, 8.7 H], 1H), 5.13 (dd, J = 7.0, 8.6 H], 1H), 3.84 (V, 
3H), 3.73 (V, 3H), 2.65-2.57 (P, 1H), 2.45-2.40 (P, 1H), 2.37 (V, 3H), 2.25 (V, 3H), 2.21-2.15 (P, 1H), 
2.06-2.00 (P, 1H). 
13C NMR (126 MH], CDCO3) į 159.1 (CAU.TXaW), 158.9 (CAU.TXaW), 143.5 (CAU.TXaW), 142.6 (CAU.TXaW), 141.2 
(CAU.TXaW), 136.5 (CAU.TXaW), 135.8 (CAU.TXaW), 131.3 (CAU.TXaW), 129.3 (CAU-H), 129.1 (CAU-H), 128.8 (CAU-H), 
128.3 (CAU-H), 127.7 (CAU-H), 126.7 (CAU-H), 113.9 (CAU-H), 113.6 (CAU-H), 66.9 (CĮ-N), 64.8 (CĮ-N), 55.45 
(CO-CH3), 55.40 (CO-CH3), 35.9 (CH2), 33.4 (CH2), 21.6 (CH3), 21.5 (CH3). 
IR (QeaW) Q = 2955, 1611, 1513, 1462, 1443, 1314, 1302, 1280, 1178, 1152, 1102, 1090, 1068, 1034, 
1016, 912, 829, 813, 757, 731, 701, 677, 658 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H34N2O5S2]+: 591.1982, fRXQd: 591.1961 
S\QWheViV Rf 128  

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 86 aV VXbVWUaWe (134 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 10/90 WR 25/75 MTBE/PeWUROeXP EWKeU) affRUded PLQRU 

dLaVWeUeRLVRPeU (13.0 Pg, 10%) aQd WKe PaMRU dLaVWeUeRLVRPeU (78.0 Pg, 58%) aV \eOORZ RLOV. 

ChaUacWeUi]aWiRQ Rf PajRU diaVWeUeRiVRPeU 

 
[Į] 𝟐𝟎

𝑫   = +178 (c = 1.00, CHCO3) 
1H NMR (500 MH], CDCO3) į 7.64 (d, J = 8.2 H], 2H), 7.37 (d, J = 8.2 H], 4H), 7.33 (d, J = 8.2 H], 
4H), 7.13 (d, J = 8.3 H], 2H), 7.06 (d, J = 8.1 H], 2H), 6.85 (d, J = 8.1 H], 2H), 5.45 (d, J = 7.5 H], 
2H), 2.70-2.66 (P, 2H), 2.25 (V, 3H), 2.23 (V, 3H), 1.84-1.77 (P, 2H). 
13C NMR (126 MH], CDCO3) į 146.0 (CAU.TXaW), 144.2 (CAU.TXaW), 143.0 (CAU.TXaW), 140.8 (CAU.TXaW), 137.4 
(CAU.TXaW), 129.8 (T, J = 32.6, C-CF3), 129.3 (CAU-H), 129.2 (CAU-H), 127.1 (CAU-H), 126.8 (CAU-H), 126.7 
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(CAU-H), 125.4 (CAU-H), 65.8 (CĮ-N), 33.3 (CH2), 21.5 (CH3), 21.4 (CH3). (TKe VLgQaOV Rf WKe 
WULfOXRURPeWK\O aQd LSVR CAU.TXaW aUe QRW OLVWed). 
19F NMR (282 MH], CDCO3) į -62.5 (V, 6F). 

IR (QeaW) Q = 2980, 2228, 1610, 1598, 1513, 1461, 1445, 1313, 1303, 1245, 1176, 1152, 1102, 1089, 
1035, 1015, 985, 910, 878, 868, 829, 812, 754, 728, 703, 657 cmିଵ 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H29F6N2O3S2]+: 667.1519 fRXQd: 667.1514 

ChaUacWeUi]aWiRQ Rf PiQRU diaVWeUeRiVRPeU 

 

[Į] 𝟐𝟎
𝑫 = +56.5 (c = 1.0, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.81 (d, J = 8.2 H], 2H), 7.61 (d, J = 8.1 H], 2H), 7.54 (d, J = 8.1 H], 
2H), 7.23 (d, J = 8.1 H], 2H), 7.17 (aSSd, J = 8.0 H], 4H), 7.08 (d, J = 8.4 H], 2H), 6.78 (d, J = 8.2 
H], 2H), 5.68-5.65 (P, 1H), 5.18-5.15 (P, 1H), 2.71-2.63 (P, 1H), 2.50-2.44 (P, 1 H), 2.30 (V, 3H), 
2.17 (V, 3H), 2.14-2.06 (P, 1H), 2.02-1.98 (P, 1 H). 
13C NMR (126 MH], CDCO3) į 147.6 (CAU.TXaW), 144.7 (CAU.TXaW), 143.3 (CAU.TXaW), 143.1 (CAU.TXaW), 140.8 
(CAU.TXaW), 135.5 (CAU.TXaW), 129.4 (CAU-H), 129.2 (CAU-H), 128.2 (CAU-H), 127.7 (CAU-H), 127.3 (CAU-H), 126.7 
(CAU-H), 125.8 (CAU-H), 125.3 (CAU-H), 67.0 (CĮ-N), 65.0 (CĮ-N), 35.9 (CH2), 33.3 (CH2), 21.6 (CH3), 21.3 
(CH3). (TKe VLgQaOV Rf WKe WULfOXRURPeWK\O aQd LSVR CAU.TXaW aUe QRW OLVWed). 
19F NMR (282 MH], CDCO3) į -62.4 (V, 3F), -62.7 (V, 3F). 

IR (QeaW) Q = 2980, 2228, 1610, 1598, 1513, 1461, 1445, 1313, 1303, 1245, 1176, 1152, 1102, 1089, 
1035, 1015, 985, 910, 878, 868, 829, 812, 754, 728, 703, 657 cmିଵ 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H29F6N2O3S2]+: 667.1519 fRXQd: 667.1520 

S\QWheViV Rf 129 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 87 aV VXbVWUaWe (112 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 10/90 WR 25/75 EWK\O aceWaWe/PeWUROeXP EWKeU) affRUded WKe PLQRU 

dLaVWeUeRLVRPeU (10 Pg, 9%) aQd WKe PaMRU dLaVWeUeRLVRPeU (57.0 Pg, 51%) aV \eOORZ RLOV. 

ChaUacWeUi]aWiRQ Rf PajRU diaVWeUeRiVRPeU 

WUanV-129

NTVO S
N

S-TRl
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[Į] 𝟐𝟎
𝑫 = +124 (c = 1.0, CHCO3). 

H NMR (500 MH], CDCO3) į 7.75 (d, J = 8.2 H], 2H), 7.19 (d, J = 7.8 H], 6H), 7.13 (d, J = 8.2 H], 
2H), 7.03 (d, J = 7.8 H], 4H), 6.93 (d, J = 8.2 H], 2H), 5.40 (d, J = 7.4 H], 2H), 2.75-2.71 (P, 2H), 
2.35 (V, 6H), 2.34 (V, 3H), 2.34 (V, 3H), 1.87-1.80 (P, 2H). 
13C NMR (126 MH], CDCO3) į 143.2 (CAU.TXaW), 142.3 (CAU.TXaW), 141.3 (CAU.TXaW), 139.5 (2 [ CAU.TXaW), 
137.6 (CAU.TXaW), 136.9 (2 [ CAU.TXaW), 129.0 (2 [ CAU-H), 128.9 (CAU-H), 127.2 (CAU-H), 126.9 (2 [ CAU-H), 
66.0 (CĮ-N), 33.8 (CH2), 21.6 (CH3), 21.5 (CH3), 21.2 (CH3).  

IR (QeaW) Q = 2981, 1598, 1514, 1447, 1381, 1316, 1260, 1184, 1106, 1089, 1016, 1007, 813, 756, 
703, 676, 657 cmିଵ 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H35N2O3S2]+: 559.2084, fRXQd: 559.2086 

ChaUacWeUi]aWiRQ Rf PiQRU diaVWeUeRiVRPeU 

ciV-129

NTVO S
N

S-TRl
 

 

[Į] 𝟐𝟎
𝑫 = +28.2 (c = 1.0, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.91 (d, J = 8.0 H], 2H), 7.37 (d, J = 7.8 H], 2H), 7.24 (d, J = 8.0 H], 
2H), 7.20 (d, J = 7.9 H], 4H), 7.04 (d, J = 7.8 H], 2H), 6.86 (d, J = 7.9 H], 4H), 5.61-5.58 (P, 1H), 
5.14 (W, J = 7.6 H], 1H), 2.67-2.59 (P, 1H), 2.49-2.42 (P, 1H), 2.40 (V, 3H), 2.39 (V, 3H), 2.28 (V, 3H), 
2.26 (V, 3H), 2.24-2.22 (P, 1H), 2.09-2.03 (P, 1H). 
13C NMR (126 MH], CDCO3) į 143.6 (CAU.TXaW), 142.6 (CAU.TXaW), 141.3(CAU.TXaW), 140.7 (CAU.TXaW), 137.2 
(CAU.TXaW), 137.0 (CAU.TXaW), 136.5 (CAU.TXaW), 136.3 (CAU.TXaW), 129.26 (CAU-H), 129.24 (CAU-H), 128.9 (CAU-H), 
128.7 (CAU-H), 127.86 (CAU-H), 127.83 (CAU-H), 127.0 (CAU-H), 126.8 (CAU-H), 67.1 (CĮ-N), 65.3 (CĮ-N), 35.8 
(CH2), 33.6 (CH2), 21.6 (CH3), 21.5 (CH3), 21.3 (CH3), 21.1 (CH3). 

IR (QeaW) Q = 2978, 1598, 1514, 1447, 1381, 1315, 1249, 1184, 1152, 1106, 1090, 1017, 1007, 812, 
755, 689, 658 cmିଵ 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H35N2O3S2]+: 559.2084, fRXQd: 559.2089 

S\QWheViV Rf 130 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 88 aV VXbVWUaWe (103 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 20/80 EWK\O aceWaWe/PeWUROeXP EWKeU) affRUded WKe aPLQaWLRQ 

SURdXcW (43.0 Pg, 42 %) aV a \eOORZ RLO. 
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[Į] 𝟐𝟎
𝑫  = +30.1 (c = 1.0, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.80 (d, J = 8.1 H], 2H), 7.50 (d, J = 8.3 H], 2H), 7.13-7.07 (P, 5H), 
6.97-6.81 (P, 7H), 5.55 (V, 1H), 5.44 (d, J = 5.6 H], 1H), 3.64 (dd, J = 5.6, 16.7 H], 1H), 2.68 (d, J = 
16.7 H], 1H), 2.34 (V, 3H), 2.22 (V, 3H). 
13C NMR (126 MH], CDCO3) į 145.5 (CAU.TXaW), 144.3 (CAU.TXaW), 142.8 (CAU.TXaW), 140.7 (CAU.TXaW), 139.5 
(CAU.TXaW), 138.0 (CAU.TXaW), 132.9 (CAU.TXaW), 131.8 (CAU.TXaW), 130.3 (CAU-H), 129.24 (CAU-H), 129.2 (CAU-H), 
128.3 (CAU-H), 127.8 (CAU-H), 127.4 (CAU-H), 127.3 (CAU-H), 127.2 (CAU-H), 126.2 (CAU-H), 124.0 (CAU-H), 
121.9 (CAU-H), 119.9 (CAU-H), 65.2 (CĮ-N), 63.1 (CĮ-N), 33.6 (CH2), 21.7 (CH3), 21.5 (CH3). 

IR (QeaW) Q = 2961, 1722, 1597, 1456, 1314, 1288, 1251, 1152, 1105, 1083, 1016, 812, 749, 699, 657 
cmିଵ 

HRMS [ESI(+)]: m/z [M +  Na]+ caOcXOaWed fRU [C29H26N2O3NaS2]+: 537.1283 fRXQd: 537.1265 

S\QWheViV Rf 131 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 98 aV VXbVWUaWe (119 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 10/45/45 WR 20/40/40 EWK\O aceWaWe/PeWUROeXP EWKeU/TRO) affRUded 

PLQRU dLaVWeUeRLVRPeU (15 Pg, 12%) aQd WKe PaMRU dLaVWeUeRLVRPeU (58.0 Pg, 51%) aV \eOORZ RLOV. 

ChaUacWeUi]aWiRQ (PajRU diaVWeUeRiVRPeU) 

 
[Į] 𝟐𝟎

𝑫  = +127 (c = 1.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.79 (d, J = 8.0 H], 2H), 7.74 (d, J = 7.4 H], 1H), 7.26-7.22 (P, 3H), 
7.14 (d, J = 8.0 H], 2H), 7.11 (d, J = 8.5 H], 2H), 6.96 (P, 3H), 6.84 (d, J = 8.0 H], 1H), 6.68 (d, J = 
8.5 H], 2H), 5.66 (d, J = 8.0 H], 1H), 5.56 (d, J = 8.0 H], 1H), 3.85 (V, 3H), 
3.82 (V, 3H), 2.73-2.65 (P, 1H), 2.64-2.56 (P, 1H), 2.34 (V, 3H), 2.33 (V, 3H), 1.86-1.82 (P, 1H), 1.80-
1.76 (P, 1H). 
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13C NMR (126 MH], CDCO3) į 159.0 (CAU.TXaW), 155.5 (CAU.TXaW), 143.1 (CAU.TXaW), 142.3 (CAU.TXaW), 141.4 
(CAU.TXaW), 137.9 (CAU.TXaW), 133.6 (CAU.TXaW), 131.3 (CAU.TXaW), 129.1 (CAU-H), 128.9 (2 [ CAU-H), 128.1 (2 [ 
CAU-H), 127.1 (CAU-H), 126.9 (CAU-H), 120.4 (CAU-H), 113.6 (CAU-H), 110.1 (CAU-H), 66.4 (CĮ-N), 60.3 (CĮ-

N), 55.41 (CO-CH3), 55.40 (CO-CH3), 33.2 (CH2), 33.1 (CH2), 21.6 (CH3), 21.5 (CH3). 
IR (QeaW) Q = 2956, 1599, 1513, 1491, 1463, 1440, 1313, 1302, 1290, 1244, 1179, 1153, 1105, 1070, 
1030, 1016, 1003, 908, 865, 828, 811, 754, 714, 676, 655 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H35N2O5S2]+: 591.1982, fRXQd: 591.1987 

ChaUacWeUi]aWiRQ Rf PiQRU diaVWeUeRiVRPeU  

 
[Į] 𝟐𝟎

𝑫   = + 23.6 (c = 0.500, CHCO3). 
1H NMR (500 MH], CDCO3) į 7.86 (d, J = 8.1 H], 2H), 7.45 (d, J = 7.6 H], 1H), 7.27-7.22 (P, 5H), 
7.19 (d, J = 8.1 H], 2H), 6.95 (W, J = 7.4 H], 1H), 6.90 (d, J = 8.2 H], 2H), 6.87 (d, J = 8.2 H], 1H), 
6.66 (d, J = 8.5 H], 2H), 5.91-5.89 (P, 1H), 5.14-5.11 (P, 1H), 3.86 (V, 3H), 3.77 (V, 3H), 2.64-2.56 
(P, 1H), 2.35 (V, 3H), 2.28 (V, 3H), 2.25-2.22 (P, 1H), 2.11-2.03 (P, 1H), 1.93-1.88 (P, 1H).  
13C NMR (126 MH], CDCO3) į 159.3 (CAU.TXaW), 156.3 (CAU.TXaW), 143.5 (CAU.TXaW), 142.5 (CAU.TXaW), 141.3 
(CAU.TXaW), 136.3 (CAU.TXaW), 132.3 (CAU.TXaW), 131.4 (CAU.TXaW), 129.5 (CAU-H), 129.2 (CAU-H), 128.7 (CAU-H), 
128.2 (CAU-H), 127.9 (CAU-H), 127.0 (CAU-H), 126.8 (CAU-H), 120.0 (CAU-H), 113.8 (CAU-H), 110.6 (CAU-H), 
67.0 (CĮ-N), 60.8 (CĮ-N), 55.5 (2 [ CO-CH3), 34.9 (CH2), 32.6 (CH2), 21.6 (CH3), 21.5 (CH3). 
IR (QeaW) Q = 2936, 1599, 1513, 1488, 1463, 1439, 1302, 1290, 1241, 1180, 1150, 1100, 1090, 1042, 
1016, 987, 909, 869, 829, 811, 756, 728, 690, 657 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H35N2O5S2]+: 591.1982, fRXQd: 591.1975 

S\QWheViV Rf 132 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 99 aV VXbVWUaWe (126 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 20/80 WR 30/70 EWK\O aceWaWe PeWUROeXP EWKeU) affRUded PaMRU 

dLaVWeUeRLVRPeU (74.0 Pg, 59%) aQd WKe PLQRU dLaVWeUeRLVRPeU (10.0, 8 %) aV \eOORZ RLOV. 

ChaUacWeUi]aWiRQ Rf PajRU diaVWeUeRiVRPeU 
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[Į] 𝟐𝟎
𝑫  = +171 (c = 1.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 8.27 (d, J = 7.8 H], 1H), 7.75 (d, J = 8.2 H], 2H), 7.66 (d, J = 7.8 H], 
2H), 7.39 (W, J = 7.8 H], 1H), 7.12 (W, J = 8.2 H], 4H), 6.98 (d, J = 8.3 H], 2H), 6.95 (d, J = 8.3 H], 
2H), 6.63 (d, J = 8.5 H], 2H), 5.80 (d, J = 8.0 H], 1H), 5.50 (d, J = 8.7 H], 1H), 3.79 (V, 3H), 2.85-
2.68 (P, 2H), 2.32 (V, 3H), 2.30 (V, 3H), 1.89 (dd, J = 6.7, 12.3 H], 1H), 1.81 (dd, J = 6.7, 12.3 H], 
1H). 
13C NMR (126 MH], CDCO3) į 159.2 (CAU.TXaW), 143.5 (CAU.TXaW), 143.4 (CAU.TXaW), 142.6 (CAU.TXaW), 141.2 
(CAU.TXaW), 136.6 (CAU.TXaW), 132.5 (CAU.TXaW), 132.3 (CAU-H), 129.2 (CAU-H), 129.1 (CAU-H), 129.0 (CAU-H), 
128.5 (CAU-H), 127.1 (CAU-H), 127.0 (CAU-H), 126.7 (CAU-H), 125.8 (CAU-H), 113.8 (CAU-H), 67.5 (CĮ-N), 60.6 
(CĮ-N), 55.5 (CO-CH3), 34.9 (CH2), 31.8 (CH2), 21.6 (CH3), 21.5 (CH3). 

(TKe VLgQaOV Rf WKe WULfOXRURPeWK\O aQd LSVR CAU.TXaW aUe QRW OLVWed). 
19F NMR (282 MH], CDCO3) į -58.2 (V, 3F). 

IR (QeaW) Q = 2952, 1610, 1599, 1514, 1456, 1439, 1312, 1248, 1108, 1090, 1071, 1035, 1017, 989, 
911, 813, 770, 738, 702, 690, 658 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H32F3N2O4S2]+: 629.1751, fRXQd: 629.1731 

ChaUacWeUi]aWiRQ Rf PiQRU diaVWeUeRiVRPeU  

 
[[Į] 𝟐𝟎

𝑫 = +26.2 (c = 0.500, CHCO3). 
1H NMR (500 MH], CDCO3) į 7.85 (d, J = 8.2 H], 2H), 7.82 (d, J = 7.9 H], 1H), 7.69 (d, J = 7.9 H], 
1H), 7.58 (W, J = 7.9 H], 1H), 7.39 (W, J = 7.9 H], 1H), 7.23-7.18 (P, 6H), 6.90 (d, J = 8.3 H], 2H), 6.65 
(d, J = 8.3 H], 2H), 5.99 (dd, J = 3.4, 9.3 H], 1H), 5.18 (dd, J = 6.3, 9.2 H], 1H), 3.77 (V, 3H), 2.73-
2.65 (P, 1H), 2.35 (V, 3H), 2.32-2.24 (P, 1H), 2.28 (V, 3H), 2.22-2.215 (P, 1H), 1.87-1.83 (P, 1H). 
13C NMR (126 MH], CDCO3) į 159.5 (CAU.TXaW), 143.8 (CAU.TXaW), 143.7 (CAU.TXaW), 142.7 (CAU.TXaW), 141.0 
(CAU.TXaW), 135.9 (CAU.TXaW), 131.8 (CAU-H), 130.5 (CAU.TXaW), 129.4 (CAU-H), 129.2 (CAU-H), 128.9 (CAU-H), 
127.8 (CAU-H), 127.24 (CAU-H), 127.19 (CAU-H), 126.8 (CAU-H), 126.46 (CAU-H), 113.9 (CAU-H), 66.9 (CĮ-N), 
61.6 (CĮ-N), 55.4 (CO-CH3), 34.3 (CH2), 34.0 (CH2), 21.6 (CH3), 21.5 (CH3). 

(TKe VLgQaOV Rf WKe WULfOXRURPeWK\O aQd LSVR CAU.TXaW aUe QRW OLVWed) 
19F NMR (282 MH], CDCO3) į -58.2 (V, 3F). 

IR (QeaW) Q = 2952, 1610, 1599, 1514, 1456, 1439, 1312, 1248, 1108, 1090, 1071, 1035, 1017, 989, 
911, 813, 770, 738, 702, 690, 658 cmିଵ 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H32F3N2O4S2]+: 629.1751, fRXQd: 629.1730 
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S\QWheViV Rf 133 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 100 aV VXbVWUaWe (128 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 20/80 WR 30/70 EWK\O aceWaWe/PeWUROeXP EWKeU) affRUded PaMRU 

dLaVWeUeRLVRPeU (84.0 Pg, 66%) aQd WKe PLQRU dLaVWeUeRLVRPeU (9.0 Pg, 7 %) aV \eOORZ RLOV. 

ChaUacWeUi]aWiRQ Rf PajRU diaVWeUeRiVRPeU 

 
[Į] 𝟐𝟎

𝑫 = +139 (c = 1.00, CHCO3). 
1H NMR (500 MH], CDCO3) į 8.06 (d, J = 7.8 H], 1H), 7.80 (d, J = 8.3 H], 2H), 7.56 (d, J = 7.9 H], 
1H), 7.40 (W, J = 8.2 H], 1H), 7.21 (d, J = 8.4 H], 2H), 7.16 (d, J = 8.4 H], 3H), 7.05 (d, J = 8.7 H], 
2H), 7.00 (d, J = 8.2 H], 2H), 6.66 (d, J = 8.7 H], 2H), 5.74 (d, J = 8.6 H], 1H), 5.56 (d, J = 8.6 H], 
1H), 3.82 (V, 3H), 2.84-2.75 (P, 1H), 2.66-2.58 (P, 1H), 2.35 (V, 3H), 2.34 (V, 3H), 1.91 (dd, J = 6.9, 
12.9 H], 1H), 1.81 (dd, J = 6.7, 12.8 H], 1H). 
13C NMR (126 MH], CDCO3) į 159.2 (CAU.TXaW), 143.4 (CAU.TXaW), 142.55 (CAU.TXaW), 142.51 (CAU.TXaW), 
141.2 (CAU.TXaW), 137.1 (CAU.TXaW), 132.60 (CAU-H), 132.57 (CAU.TXaW), 129.1 (3 [ CAU-H), 128.8 (CAU-H), 128.7 
(CAU-H), 127.5 (CAU-H), 127.1 (CAU-H), 126.8 (CAU-H), 121.3 (CAU.TXaW), 113.7 (CAU-H), 67.1 (CĮ-N), 64.4 (CĮ-

N), 55.4 (CO-CH3), 33.6 (CH2), 32.1 (CH2), 21.6 (CH3), 21.5 (CH3). 

IR (QeaW) Q = 2981, 1619, 1598, 1422, 1260, 1156, 1121, 1106, 1091, 1068, 1016, 1007,837, 814, 761, 
704, 675, 658 cmିଵ 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C31H32BUN2O4S2]+: 639.0982, fRXQd: 639.0959 

ChaUacWeUi]aWiRQ Rf PiQRU diaVWeUeRiVRPeU 

 

 

[Į] 𝟐𝟎
𝑫 = +41.9 (c = 1.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.90 (d, J = 8.3 H], 2H), 7.60 (d, J = 7.9 H], 2H), 7.35 (W, J = 7.5 H], 
1H), 7.30 (d, J = 8.4 H], 2H), 7.24 (d, J = 8.6 H], 2H), 7.23 (d, J = 8.3 H], 2H), 7.18 (W, J = 8.3 H], 
1H), 6.94 (d, J = 8.3 H], 2H), 6.69 (d, J = 8.6 H], 2H), 5.94 (dd, J = 3.4, 9.1 H], 1H), 5.19 (dd, J = 
6.2, 9.0 H], 1H), 3.79 (V, 3H), 2.76-2.70 (P, J = 3.2 H], 1H), 2.38 (V, 3H), 2.35-2.29 (P, 1H), 2.31 (V, 
3H), 2.16-2.10 (P, 1H), 1.93-1.88 (P, 1H). 
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13C NMR (126 MH], CDCO3) į 159.4 (CAU.TXaW), 143.9 (CAU.TXaW), 143.2 (CAU.TXaW), 142.7 (CAU.TXaW), 141.1 
(CAU.TXaW), 135.8 (CAU.TXaW), 133.3 (CAU-H), 130.8 (CAU.TXaW), 129.32 (CAU-H), 129.27 (CAU-H), 128.9 (CAU-H), 
128.6 (CAU-H), 127.9 (CAU-H), 127.5 (CAU-H), 127.2 (CAU-H), 126.8 (CAU-H), 122.6 (CAU.TXaW), 113.9 (CAU-H), 
67.2 (CĮ-N), 65.0 (CĮ-N), 55.4 (CO-CH3), 34.4 (CH2), 32.7 (CH2), 21.6 (CH3), 21.5 (CH3). 

IR (QeaW) Q = 2981, 1611, 1598, 1514, 1466, 1442, 1316, 1304, 1290, 1249, 1180, 1106, 1089, 1073, 
1035, 1017, 1004, 912, 813, 756, 734, 703, 677, 658 cmିଵ 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C31H32BUN2O4S2]+: 639.0982, fRXQd: 639.0951 

S\QWheViV Rf 134 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 103 aV VXbVWUaWe (140 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 20/80 WR 30/70 EWK\O aceWaWe/PeWUROeXP EWKeU) affRUded WKe PLQRU 

dLaVWeUeRLVRPeU (56.0 Pg, 40%) aQd WKe PaMRU dLaVWeUeRLVRPeU (57.0 Pg, 41 %) aV \eOORZ RLOV. 

ChaUacWeUi]aWiRQ Rf PajRU diaVWeUeRiVRPeU 

 
[Į] 𝟐𝟎

𝑫 = +187 (c = 1.00, CHCO3). 
1H NMR (500 MH], CDCO3) į 7.87 (V, 2H), 7.69 (V, 1H), 7.67 (d, J = 8.0 H], 2H), 7.10 (d, J = 8.0 
H], 2H), 7.07 (d, J = 8.1 H], 4H), 6.90 (d, J = 8.0 H], 2H), 6.65 (d, J = 8.0 H], 2H), 5.55 (d, J = 8.3 
H], 1H), 5.33 (d, J = 8.8 H], 1H), 3.73 (V, 3H), 2.80-2.71 (P, 1H), 2.60-2.52 (P, 1H), 2.25 (V, 6H), 
1.83-1.77 (P, 2H). 
13C NMR (126 MH], CDCO3) į 159.2 (CAU.TXaW), 146.1 (CAU.TXaW), 144.0 (CAU.TXaW), 142.8 (CAU.TXaW), 141.0 
(CAU.TXaW), 137.0 (CAU.TXaW), 132.9 (CAU.TXaW), 131.8 (T, J = 33.3 H], CAU.TXaW), 129.3 (CAU-H), 129.2 (CAU-H), 
128.6 (CAU-H), 126.9 (CAU-H), 126.8 (CAU-H), 126.7 (CAU-H), 123.4 (T, J = 272.8 H], CCF3), 121.4 (CAU-H), 
113.9 (CAU-H), 66.6 (CĮ-N), 64.5 (CĮ-N), 55.4 (CO-CH3), 34.3 (CH2), 32.8 (CH2), 21.54 (CH3), 21.47 
(CH3). 
19F NMR (282 MH], CDCO3) į -62.6 (V, 6F). 

IR (QeaW) Q = 2981, 2889, 1612, 1514, 1463, 1381, 1251, 1177, 1156, 1133, 1111, 1088, 1018, 955, 
899, 815, 751, 704, 681, 658 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C33H31F6N2O4S2]+: 697.1624 fRXQd: 697.1632. 

ChaUacWeUi]aWiRQ Rf PiQRU diaVWeUeRiVRPeU 
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[Į] 𝟐𝟎
𝑫  = +61.3 (c = 2.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.83 (V, 2H), 7.81 (d, J = 8.3 H], 2H), 7.74 (V, 1H), 7.17 (d, J = 8.2 
H], 2H), 7.11 (d, J = 8.3 H], 2H), 7.00 (d, J = 8.5 H], 2H), 6.82 (d, J = 8.2 H], 2H), 6.53 (d, J = 8.5 
H], 2H), 5.67 (dd, J = 2.7, 8.5 H], 1H), 5.14(dd, J = 6.9, 8.2 H], 1H), 3.68 (V, 3H), 2.74-2.66 (P, 1H), 
2.38-2.33 (P, 1H), 2.30 (V, 3H), 2.20 (V, 3H), 2.10-1.99 (P, 1H), 1.94-1.91 (P, 1H). 
13C NMR (126 MH], CDCO3) į 159.6 (CAU.TXaW), 147.0 (CAU.TXaW), 144.3 (CAU.TXaW), 143.0 (CAU.TXaW), 140.8 
(CAU.TXaW), 135.7 (CAU.TXaW), 131.9 (T, J = 33.3 H], CAU.TXaW), 130.3 (CAU.TXaW), 129.4 (CAU-H), 129.1 (CAU-H), 
129.0 (CAU-H), 127.6 (CAU-H), 126.9 (CAU-H), 126.7 (CAU-H), 123.5 (T, J = 272.7 H], CCF3), 121.3 (CAU-H), 
114.0 (CAU-H), 67.2 (CĮ-N), 64.4 (CĮ-N), 55.4 (CO-CH3), 34.9 (CH2), 33.7 (CH2), 21.6 (CH3), 21.5 (CH3). 
19F NMR (282 MH], CDCO3) į -62.8 (V, 6F). 

IR (QeaW) Q = 2981, 1613, 1598, 1515, 1463, 1382, 1319, 1305, 1248, 1153, 1133, 1105, 1090, 1071, 
1040, 1016, 992, 957, 897, 814, 753, 731, 703, 692, 682, 658 cmିଵ 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C33H31F6N2O4S2]+: 697.1624 fRXQd: 697.1646. 

S\QWheViV Rf 135 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 101 aV VXbVWUaWe (126 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 20/80 WR 30/70 EWK\O aceWaWe/PeWUROeXP EWKeU) affRUded WKe PLQRU 

dLaVWeUeRLVRPeU (10.0 Pg, 8 %) aQd WKe PaMRU dLaVWeUeRLVRPeU (78.0 Pg, 62 %) aV \eOORZ RLOV. 

ChaUacWeUi]aWiRQ Rf PajRU diaVWeUeRiVRPeU 

 

[Į] 𝟐𝟎
𝑫  = +166 (c = 2.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.65 (d, J = 8.2 H], 2H), 7.41 (V, 4H), 7.11 (d, J = 8.2 H], 2H), 7.07 
(d, J = 8.6 H], 2H), 7.05 (d, J = 8.2 H], 2H), 6.86 (d, J = 8.1 H], 2H), 6.63 (d, J = 8.6 H], 2H), 5.43 
(d, J = 8.2 H], 1H), 5.32 (d, J = 8.6 H], 1H), 3.73 (V, 3H), 2.73-2.65 (P, 1H), 2.63-2.55 (P, 1H), 2.25 
(V, 3H), 2.24 (V, 3H), 1.80-1.75 (P, 2H). 
13C NMR (126 MH], CDCO3) į 159.1 (CAU.TXaW), 146.9 (CAU.TXaW), 143.6 (CAU.TXaW), 142.7 (CAU.TXaW), 141.0 
(CAU.TXaW), 137.5 (CAU.TXaW), 133.6 (CAU.TXaW), 129.12 (CAU-H), 129.08 (CAU-H), 128.3 (CAU-H), 127.0 (CAU-H), 
126.9 (CAU-H), 126.7 (CAU-H), 125.3 (CAU-H), 113.8 (CAU-H), 66.1 (CĮ-N), 65.3 (CĮ-N), 55.4 (CO-CH3), 33.9 
(CH2), 33.3 (CH2), 21.5 (CH3), 21.4 (CH3).  

(TKe VLgQaOV Rf WKe WULfOXRURPeWK\O aQd LSVR CAU.TXaW aUe QRW OLVWed). 
19F NMR (282 MH], CDCO3) į -62.4 (V, 3F). 

IR (QeaW) Q = 2981, 1612, 1598, 1513, 1463, 1422, 1381, 1324, 1304, 1248, 1154, 1104, 1089, 1038, 
1016, 1005, 969, 955, 911, 830, 813, 758, 733, 703, 674, 657 cmିଵ 
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HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H32F3N2O4S2]+: 629.1751, fRXQd: 629.1730 

ChaUacWeUi]aWiRQ Rf PiQRU diaVWeUeRiVRPeU 

 

[Į] 𝟐𝟎
𝑫 = +45.1 (c = 2.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.90 (d, J = 8.1 H], 2H), 7.66 (d, J = 8.1 H], 2H), 7.59 (d, J = 8.1 H], 
2H), 7.24 (d, J = 8.1 H], 2H), 7.21 (d, J = 8.2 H], 2H), 7.10 (d, J = 8.5 H], 2H), 6.92 (d, J = 8.2 H], 
2H), 6.64 (d, J = 8.5 H], 2H), 5.68 (dd, J = 3.3, 8.9 H], 1H), 5.18 (W, J = 7.5 H], 1H), 3.77 (V, 3H), 
2.74-2.67 (P, 1H), 2.45-2.42 (P, 1H), 2.39 (V, 3H), 2.30 (V, 3H), 2.21-2.14 (P, 1H), 2.06-2.02 (P, 1H). 
13C NMR (126 MH], CDCO3) į 159.3 (CAU.TXaW), 148.0 (CAU.TXaW), 144.0 (CAU.TXaW), 142.8 (CAU.TXaW), 141.0 
(CAU.TXaW), 135.9 (CAU.TXaW), 130.8 (CAU.TXaW), 129.3 (CAU-H), 129.1 (CAU-H), 129.0 (CAU-H), 127.7 (CAU-H), 
127.2 (CAU-H), 126.7 (CAU-H), 125.6 (CAU-H), 113.8 (CAU-H), 67.0 (CĮ-N), 64.9 (CĮ-N), 55.4 (CO-CH3), 35.4 
(CH2), 33.6 (CH2), 21.6 (CH3), 21.5 (CH3).  

(TKe VLgQaOV Rf WKe WULfOXRURPeWK\O aQd LSVR CAU.TXaW aUe QRW OLVWed). 
19F NMR (282 MH], CDCO3) į -62.4 (V, 3F). 

IR (QeaW) Q = 2981, 1613, 1598, 1514, 1462, 1382, 1325, 1304, 1248, 1154, 1122, 1104, 1090, 1038, 
1016, 1005, 967, 957, 830, 812, 758, 735, 702, 692, 675, 658 cmିଵ 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H32F3N2O4S2]+: 629.1751, fRXQd: 629.1762. 

S\QWheViV Rf 136 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 102 aV VXbVWUaWe (118 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 20/80 WR 30/70 EWK\O aceWaWe/PeWUROeXP EWKeU) affRUded WKe PLQRU 

dLaVWeUeRLVRPeU (20.0 Pg, 17 %) aQd WKe PaMRU dLaVWeUeRLVRPeU (73.0 Pg, 62 %) aV \eOORZ RLOV. 

ChaUacWeUi]aWiRQ Rf PajRU diaVWeUeRiVRPeU 

 
[Į] 𝟐𝟎

𝑫 = +113 (c = 1.00, CHCO3). 
1H NMR (500 MH], CDCO3) į 7.65 (d, J = 8.2 H], 2H), 7.53-7.49 (P, 4H), 7.10 (d, J = 8.3 H], 2H), 
7.07 (d, J = 8.1 H], 2H), 6.99 (d, J = 8.6 H], 2H), 6.88 (d, J = 8.1 H], 2H), 6.59 (d, J = 8.6 H], 2H), 
5.48 (d, J = 8.3 H], 1H), 5.23 (d, J = 8.6 H], 1H), 3.72 (V, 3H), 2.73-2.65 (P, 1H), 2.60-2.52 (P, 1H), 
2.27 (V, 3H), 2.26 (V, 3H), 1.78 (d, J = 7.0 H], 1H), 1.75 (d, J = 7.0 H], 1H). 
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13C NMR (126 MH], CDCO3) į 159.2 (CAU.TXaW), 148.8 (CAU.TXaW), 143.8 (CAU.TXaW), 142.8 (CAU.TXaW), 141.0 
(CAU.TXaW), 137.3 (CAU.TXaW), 132.9 (CAU.TXaW), 132.3 (CAU-H), 129.2 (CAU-H), 129.1 (CAU-H), 128.5 (CAU-H), 
127.3 (CAU-H), 127.0 (CAU-H), 126.7 (CAU-H), 119.0 (CAU.TXaW), 113.8 (CAU-H), 111.1 (CCN), 66.3 (CĮ-N), 65.2 
(CĮ-N), 55.4 (CO-CH3), 34.1 (CH2), 32.9 (CH2), 21.6 (CH3), 21.5 (CH3). 

IR (QeaW) Q = 2981, 2889, 1620, 1598, 1473, 1462, 1382, 1251, 1155, 1124, 1090, 1067, 1016, 956, 
835, 814, 758, 703, 693, 659 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H32N3O4S2]+: 586.1829 fRXQd: 586.1819 

ChaUacWeUi]aWiRQ Rf PiQRU diaVWeUeRiVRPeU 

 
[Į] 𝟐𝟎

𝑫 = +45.1 (c = 2.00, CHCO3). 
1H NMR (500 MH], CDCO3) į 7.87 (d, J = 8.3 H], 2H), 7.68 (d, J = 8.3 H], 2H), 7.57 (d, J = 8.2 H], 
2H), 7.23 (d, J = 8.2 H], 2H), 7.17 (d, J = 8.4 H], 2H), 7.05 (d, J = 8.6 H], 2H), 6.91 (d, J = 8.2 H], 
2H), 6.61 (d, J = 8.7 H], 2H), 5.65 (dd, J = 3.5, 9.0 H], 1H), 5.14 (dd, J = 6.7, 8.4 H], 1H), 3.74 (V, 
3H), 2.72-2.64 (P, 1H), 2.45-2.40 (P, 1H), 2.37 (V, 3H), 2.28 (V, 3H), 2.17-2.10 (P, 1H), 2.00-1.96 
(P, 1H). 
13C NMR (126 MH], CDCO3) į 159.4 (CAU.TXaW), 149.5 (CAU.TXaW), 144.1 (CAU.TXaW), 142.9 (CAU.TXaW), 140.9 
(CAU.TXaW), 135.8 (CAU.TXaW), 132.5 (CAU-H), 130.6 (CAU.TXaW), 129.4 (CAU-H), 129.04 (CAU-H), 129.03 (CAU-H), 
127.7 (CAU-H), 127.6 (CAU-H), 126.7 (CAU-H), 118.9 (CAU.TXaW), 113.9 (CAU-H), 111.3 (CCN), 67.1 (CĮ-N), 64.9 
(CĮ-N), 55.4 (CO-CH3), 35.4 (CH2), 33.4 (CH2), 21.6 (CH3), 21.5 (CH3). 

IR (QeaW) Q = 2981, 2889, 1610, 1514, 1463, 1382, 1304, 1251, 1155, 1105, 1090, 1072, 1017, 956, 
814, 752, 703, 676, 659 cmିଵ 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C32H32N3O4S2]+: 586.1829 fRXQd: 586.1849. 

S\QWheViV Rf 137 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 104 aV VXbVWUaWe (91.0 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 10/90 WR 25/75 MTBE/PeWUROeXP EWKeU) affRUded WKe aPLQaWLRQ 

SURdXcW (50.0 Pg, 55 %) aV a \eOORZ RLO. 

[Į] 𝟐𝟎
𝑫  = +249 (c = 1.00, CHCO3). 

1H NMR (300 MH], CDCO3) į 7.83 (d, J = 8.3 H], 2H), 7.66 (d, J = 8.3 H], 2H), 7.23-7.14 (P, 9H), 
4.88 (dd, J = 4.0, 8.0 H], 1H), 3.86-3.69 (P, 2H), 2.36 (V, 6H), 2.20-2.12 (P, 1H), 1.95-1.80 (P, 3H). 
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13C NMR (75 MH], CDCO3) į 144.4 (CAU.TXaW), 142.6 (CAU.TXaW), 142.1 (CAU.TXaW), 141.2 (CAU.TXaW), 134.5 
(CAU.TXaW), 129.6 (CAU-H), 129.2 (CAU-H), 128.3 (CAU-H), 127.6 (CAU-H), 127.1 (CAU-H), 126.9 (CAU-H), 126.5 
(CAU-H), 64.4 (CĮ-N), 50.8 (CCH2-N), 36.4 (CH2), 24.0 (CH2), 21.6 (2 [ CH3). 

IR (QeaW) Q = 2981, 1597, 1494, 1452, 1381, 1315, 1303, 1263, 1152, 1104, 1088, 1016, 1008, 970, 
912, 834, 813, 731, 701, 657 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C24H27N2O3S2]+: 455.1458 fRXQd: 455.1437 

S\QWheViV Rf 138 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 105 aV VXbVWUaWe (101 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 10/90 WR 20/80 MTBE/PeWUROeXP EWKeU) affRUded WKe aPLQaWLRQ 

SURdXcW (51.0 Pg, 51 %) aV a \eOORZ RLO. 

[Į] 𝟐𝟎
𝑫  = +121 (c = 1.0, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.87 (d, J = 8.2 H], 2H), 7.79 (d, J = 8.2 H], 1H), 7.76 (d, J = 7.5 H], 
1H), 7.73 (V, 1H), 7.70 (d, J = 8.5 H], 1H), 7.67 (d, J = 8.2 H], 2H), 7.49-7.44 (P, 2H), 7.33 (d, J = 
8.5 H], 1H), 7.17 (d, J = 8.1 H], 2H), 7.05 (d, J = 8.1 H], 2H), 5.10-5.05 (P, 1H), 3.94-3.90 (P, 1H), 
3.86-3.82 (P, 1H), 2.35 (V, 3H), 2.23 (V, 3H), 2.05-1.90 (P,4H). 
13C NMR (126 MH], CDCO3) į 144.4 (CAU.TXaW), 142.6 (CAU.TXaW), 141.1 (CAU.TXaW), 139.2 (CAU.TXaW), 134.6 
(CAU.TXaW), 133.2 (CAU.TXaW), 132.7 (CAU.TXaW), 129.5 (CAU-H), 129.2 (CAU-H), 128.2 (CAU-H), 128.1 (CAU-H), 
127.58 (CAU-H), 127.56 (CAU-H), 126.9 (CAU-H), 126.2 (CAU-H), 125.9 (CAU-H), 125.8 (CAU-H), 124.5 (CAU-H), 
64.7 (CĮ-N), 50.8 (CCH2-N), 36.4 (CH2), 24.1 (CH2), 21.6 (CH3), 21.4 (CH3). 

IR (QeaW) Q = 2960, 1598, 1450, 1302, 1109, 1090, 913, 814, 748, 678 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C28H29N2O3S2]+: 505.1615 fRXQd: 505.1635 

S\QWheViV Rf 139 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 107 aV VXbVWUaWe (97.0 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 10/45/45 WR 20/40/40 MTBE/PeWUROeXP EWKeU/TRO) affRUded WKe 

PLQRU dLaVWeUeRLVRPeU (12.6 Pg, 13 %) aQd WKe PaMRU dLaVWeUeRLVRPeU (50.4 Pg, 52 %) aV \eOORZ RLOV. 

ChaUacWeUi]aWiRQ PajRU diaVWeUeRiVRPeU 
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[Į] 𝟐𝟎
𝑫 = +187 (c = 1.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.87 (d, J = 8.1 H], 2H), 7.37 (d, J = 8.2 H], 2H), 7.23 (d, J = 8.1 H], 
2H), 7.10 (d, J = 7.5 H], 1H), 7.05 (W, J = 7.5 H], 2H), 7.01 (d, J = 7.5 H], 2H), 6.97 (d, J = 8.2 H], 
2H), 5.19 (d, J = 8.7 H], 1H), 4.23-4.19 (P, 1H), 2.60-2.52 (P, 1H), 2.39 (V, 3H), 2.32 (V, 3H), 2.29-
2.19 (P, 2H), 1.88 (dd, J = 6.8, 12.8 H], 1H), 1.75 (dd, J = 6.8, 12.8 H], 1H), 1.69-1.65 (P, 1H), 0.95 
(W, J = 7.4 H], 3H). 
13C NMR (126 MH], CDCO3) į 143.3 (CAU.TXaW), 142.5 (CAU.TXaW), 141.5 (CAU.TXaW), 141.4 (CAU.TXaW), 138.3 
(CAU.TXaW), 129.2 (CAU-H), 129.1 (CAU-H), 128.1 (CAU-H), 127.0 (CAU-H), 126.92 (CAU-H), 126.91 (CAU-H), 
126.7 (CAU-H), 65.8 (CĮ-N), 64.9 (CĮ-N), 33.7 (CH2), 27.7 (CH2), 27.6 (CH2) 21.6 (CH3), 21.5 (CH3), 
11.2 (CH3). 

IR (QeaW) Q = 2971, 1722, 1598, 1494, 1453, 1316, 1304, 1255, 1154, 1074, 1038, 1016, 998, 913, 
814, 754, 734, 701, 685, 657cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C26H31N2O3S2]+: 483.1771 fRXQd: 483.1761 

ChaUacWeUi]aWiRQ Rf PiQRU diaVWeUeRiVRPeU 

 
[Į] 𝟐𝟎

𝑫 = +85.4 (c = 0.500, CHCO3). 
1H NMR (500 MH], CDCO3) į 7.90 (d, J = 8.4 H], 2H), 7.50 (d, J = 8.4 H], 2H), 7.25 (d, J = 8.1 H], 
2H), 7.05-7.04 (P, 5H), 6.97 (d, J = 8.2 H], 2H), 4.96 (W, J = 7.7 H], 1H), 4.42-4.39 (P, 1H), 2.41-
2.38 (P, 1H), 2.40 (V, 3H), 2.29 (V, 3H), 2.21-2.14 (P,1H), 2.11-2.07 (P, 1H), 1.98-1.91 (P, 1H), 1.78-
1.74 (P, 1H), 1.69-1.74 (P, 1H), 1.03 (W, J = 7.5 H], 3H). 
13C NMR (126 MH], CDCO3) į 144.0 (CAU.TXaW), 142.5 (CAU.TXaW), 141.4 (CAU.TXaW), 140.7 (CAU.TXaW), 135.9 
(CAU.TXaW), 129.3 (CAU-H), 129.1 (CAU-H), 128.1 (CAU-H), 127.9 (CAU-H), 127.0 (CAU-H), 126.9 (CAU-H), 126.8 
(CAU-H), 66.3 (CĮ-N), 64.5 (CĮ-N), 36.1 (CH2), 29.6 (CH2), 28.7 (CH2), 21.6 (CH3), 21.5 (CH3), 11.2 
(CH3). 
IR (QeaW) Q = 2971, 1722, 1598, 1494, 1455, 131, 1304, 1244, 1153, 1103, 1075, 1038, 1016, 998, 
913, 814, 757, 734, 700, 685, 658 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C26H31N2O3S2]+: 483.1771 fRXQd: 483.1769. 

S\QWheViV Rf 140 

S
O

NTV

H

H

N

140  
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S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 109 aV VXbVWUaWe (84.0 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 20/80 WR 30/70 EWK\O aceWaWe/PeWUROeXP EWKeU) affRUded WKe 

aPLQaWLRQ SURdXcW (44.0 Pg, 52%) aV a \eOORZ RLO. 

1H NMR (500 MH], CDCO3) į 7.82 (W, J = 8.6 H], 4H), 7.28 (d, J = 8.6 H], 2H), 7.22 (d, J = 8.0 H], 
2H), 4.35-4.30 (P, 1H), 4.25-4.20 (P, 1H), 2.44 (V, 3H), 2.40 (V, 3H), 1.94-1.83 (P, 2H), 1.75-1.56 
(P, 6H), 1.53-1.45 (P, 2H). 
13C NMR (126 MH], CDCO3) į 144.5 (CAU.TXaW), 142.4 (CAU.TXaW), 141.3 (CAU.TXaW), 136.0 (CAU.TXaW), 129.8 
(CAU-H), 129.1 (CAU-H), 127.9 (CAU-H), 126.8 (CAU-H), 58.4 (CĮ-N), 57.8 (CĮ-N), 32.0 (CH2), 31.7 (CH2), 
28.3 (CH2), 28.1 (CH2), 21.7 (CH3), 21.6 (CH3), 16.6 (CH2). 
IR (QeaW) Q = 2952, 1590, 1312, 1254, 1230, 1154, 1114, 1092, 1020, 964, 941, 823, 766, 741, 704, 
690, 654, 612 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C21H27N2O3S2]+: 419.1458 fRXQd: 419.1454. 

S\QWheViV Rf 141 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe D XVLQg 111 aV VXbVWUaWe (82.0 Pg) aQd cRSSeU LRdLde aV 

LRdLQe VaOW. PXULfLcaWLRQ b\ fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 2/8 WR 3/7 MTBE/PeWUROeXP 

EWKeU) affRUded WKe aPLQaWLRQ SURdXcW (49.0 Pg, 60 %) aV a \eOORZ RLO. 

1H NMR (500 MH], CDCO3) į 7.86 (d, J = 8.4 H], 2H), 7.77 (d, J = 8.4 H], 2H), 7.27 (d, J = 8.0 H], 
2H), 7.23 (d, J = 8.0 H], 2H), 3.78-3.73 (P, 1H), 3.20-3.16 (P, 1H), 2.41 (V, 3H), 2.38 (V, 3H), 2.00-
1.89 (P, 2H), 1.77-1.70 (P, 2H), 1.58 (V, 3H), 1.36 (V, 3H). 
13C NMR (126 MH], CDCO3) į 143.9 (CAU.TXaW), 142.5 (CAU.TXaW), 141.5 (CAU.TXaW), 137.6 (CAU.TXaW), 129.7 
(CAU-H), 129.2 (CAU-H), 127.3 (CAU-H), 126.8 (CAU-H), 68.3 (CĮ-N), 50.8 (CCH2-N), 43.4 (CH2), 29.3 (CH3), 
27.6 (CH3), 22.7 (CH2), 21.64 (2 [ CH3). 

IR (QeaW) Q = 2971, 1584, 1496, 1368, 1272, 1120, 1103, 1080, 1062, 1016, 959, 828, 815, 706, 691, 
610 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C20H27N2O3S2]+: 407.1458 fRXQd: 407.1482. 
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DeSURWecWLRQ Rf N-(VXOfRQLPLdR\O)-S\UUROLdLQeV 
GeQeUaO SURcedXUe E 

 

TR a VROXWLRQ Rf N-(VXOfRQLPLdR\O)S\UUROLdLQe  (0.150 PPRO, 1.00 eTXLY.) LQ 2 PL Rf MeOH ZaV added 

acWLYaWed PagQeVLXP (144 Pg, 6.00 PPRO, 50.0 eTXLY.). TKe UeVXOWLQg VXVSeQVLRQ ZaV VRQLcaWed XQWLO 

cRPSOeWLRQ, WKeQ, WKe UeacWLRQ PL[WXUe ZaV TXeQcKed ZLWK 1 M HCO (VORZ addLWLRQ) aQd e[WUacWed ZLWK 

EWOAc. TKe cRPbLQed RUgaQLc Oa\eUV ZeUe ZaVKed ZLWK VaWXUaWed NaHCO3 aQd bULQe befRUe beLQg 

dULed RYeU MgSO4 aQd fLOWeUed. TKe VROYeQW ZaV UePRYed b\ URWaU\ eYaSRUaWLRQ aQd WKe cUXde UeVLdXe 

ZaV SXULfLed b\ fOaVK cROXPQ cKURPaWRgUaSK\ (EWOAc/PeWUROeXP EWKeU) affRUdLQg WKe deVLUed SURdXcW. 

GeQeUaO SURcedXUe F 

A 1M VROXWLRQ Rf Na/NaSWKaOeQe ZaV Pade b\ dLVVROYLQg 0.270 g Rf QaSWKaOeKe aQd 0.035 g Na LQ 3 

PO Rf aQK\dURXV DME aQd VWLUULQg WKLV VXVSeQVLRQ aW UW RYeUQLgKW. P\UUROLdLQeV (0.5 PPRO) ZaV 

VeSaUaWeO\ dLVVROYed LQ 3 PL Rf aQK\dURXV DME aQd cRROed WR -78�C LQ aQd aceWRQe/dU\ Lce baWK. TKe 

1 M VROXWLRQ Rf VRdLXP QaSWKLOLde (2 PL) ZaV WKeQ added dURSZLVe XQWLO WKe daUN bOXe cRORU Rf WKe 

UeacWLRQ VROXWLRQ UePaLQed. TKe UeacWLRQ ZaV VWLUUed fRU aQ addLWLRQaO 10 PLQ, aQd WKeQ TXeQcKed ZLWK 

5 PL H2O aQd ZaUPed WR UW. TKe DME ZaV cRQceQWUaWed Rff XQdeU UedXced SUeVVXUe aQd WKe UeVLdXaO 

RLO ZaV dLVVROYed LQ 1 M HCI (4 PL) aQd e[WUacWed ZLWK CH2CI2 (2[ 10 PL). TKe aTXeRXV Oa\eU ZaV 

WKeQ baVLfLed ZLWK 10 PL 15% NaOH aQd e[WUacWed ZLWK fUeVK CH2CI2 (2[10 PL). TKe SURdXcW 

cRQWaLQLQg RUgaQLcV ZeUe cRPbLQed, dULed RYeU Na2SO4, fLOWeUed aQd cRQceQWUaWed XQdeU UedXced 

SUeVVXUe 

ChaUacWeUi]aWiRQ (2R,5R)-2,5-diSheQ\OS\UUROidiQe 8 
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S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe E XVLQg 9a aV VXbVWUaWe (79.0 Pg). PXULfLcaWLRQ b\ fOaVK 

cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 10/90 EWK\O aceWaWe/PeWUROeXP EWKeU) affRUded WKe aPLQaWLRQ 

SURdXcW (22.0 Pg, 66 %) aV a \eOORZ RLO. 

[Į] 𝟐𝟎
𝑫   = +101 (c = 0.500, CHCO3).  

1H NMR (500 MH], CDCO3) į 7.43 (d, J = 7.5 H], 4H), 7.35 (W, J = 7.5 H], 4H), 7.26 (d, J = 8.4 H], 
1H), 4.59 (W, J = 6.8 H], 2H), 2.46-2.39 (P, 2H), 2.29 (V, 1H, N-H), 1.99-1.95 (P, 2H). 
13C NMR (126 MH], CDCO3) į 145.1 (CAU.TXaW), 128.6 (CAU-H), 127.1 (CAU-H), 126.6 (CAU-H), 62.4 (2 [ 
CĮ-N), 35.3 (2 [ CH2). 

CRPSRXQd (+)-10a ZaV SUeYLRXVO\ UeSRUWed aQd LWV SXbOLVKed cKaUacWeUL]aWLRQ daWa PaWcKed RXU RZQ 
LQ aOO UeVSecWV.133 

ChaUacWeUi]aWiRQ (2R,5R)-2-(4-PeWhR[\SheQ\O)-5-(2-(WUifOXRURPeWh\O)SheQ\O)S\UUROidiQe 142 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe E XVLQg WUanV-132 aV VXbVWUaWe (94.0 Pg). PXULfLcaWLRQ b\ 

fOaVK cROXPQ cKURPaWRgUaSK\ (VLOLca geO, 70/30 EWK\O aceWaWe/PeWUROeXP EWKeU) affRUded WKe aPLQaWLRQ 

SURdXcW (38.0 Pg, 76 %) aV a \eOORZ RLO. 

 [Į] 𝟐𝟎
𝑫    = +85.5 (c = 1.00, CHCO3). 

1H NMR (500 MH], CDCO3) į 7.91 (d, J = 7.9 H], 1H), 7.60 (d, J = 7.9 H], 1H), 7.56 (W, J = 7.6 H], 
1H), 7.36-7.32 (P, 3H), 6.90 (d, J = 8.6 H], 2H), 4.97 (aSSWW, J = 7.5 H], 1H), 4.54 (aSSWW, J = 7.2 H], 
1H), 3.81 (V, 3H), 2.50-2.43 (P, 1H), 2.40-2.34 (P, 1H), 1.95-1.87 (P, 1H), 1.82-1.77 (P, 1H). 
13C NMR (126 MH], CDCO3) į 158.8 (CAU.TXaW), 146.1 (CAU.TXaW), 137.5 (CAU.TXaW), 132.3 (CAU-H), 127.9 
(CAU-H), 127.5 (CAU-H), 126.6 (CAU-H), 125.6 (CAU-H), 114.1 (CAU-H), 62.8 (OCH3), 57.5 (CĮ-N), 55.5 (CĮ-

N), 36.7 (CH2), 35.8 (CH2). 

(TKe VLgQaOV Rf WKe WULfOXRURPeWK\O aQd LSVR CAU.TXaW aUe QRW OLVWed). 
19F NMR (282 MH], CDCO3) į -58.17 (V, 3F). 

IR (QeaW) Q = 2972, 2889, 1610, 1513, 1456, 1382, 1312, 1247, 1158, 1118, 1089, 1059, 1036, 956, 
828, 769 cmିଵ 
HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C18H19F3NO]+: 322.1414 fRXQd: 322.1393. 
 

  

                                                      
133 F. A. DaYiV, M. SRQg, A. AXgXVWiQe, J. OUJ. CKeP, 200�, 71, 2779. 
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CKecN Rf WKe eQaQWLRSXULW\ Rf (R,R)-S\UUROLdLQe 8 
TKe eQaQWLRSXULW\ Rf WKe (R,R)-trans-2,5-dLSKeQ\OS\UUROLdLQe 8 ZaV cKecNed b\ aSSOLcaWLRQ Rf WKe 

PeWKRd UeSRUWed b\ PLKNR et al.134 TKe SURcedXUe LQYROYeV WKe cRQYeUVLRQ Rf WKe 2,5-dLaU\OS\UUROLdLQeV 

WR dLaVWeUeRPeULc SKRVSKRUaPLdLWeV YLa WKe UeacWLRQ ZLWK RSWLcaOO\ SXUe BINOL-deULYed 

cKORURSKRVSKLWeV. BecaXVe WKe H-2 aQd H-5 Rf WKe dLaU\OS\UUROLdLQeV aSSeaU aV a XQLTXe PXOWLSOeW ZLWK 

dLffeUeQW cKePLcaO VKLfWV fRU eacK dLaVWeUeRPeU, WKeLU d.U., ZKLcK cRUUeVSRQdV WR WKe e.U. Rf WKe SaUeQW 

deSURWecWed S\UUROLdLQe, caQ be eaVLO\ deWeUPLQed b\ 1H NMR.  

PUeSaUaWiRQ Rf UacePic WUanV-2,5-diSheQ\OS\UUROidiQe 8 

N
H

N
H

N
H

Uac-144

BXLi, PhLi
BeQ]RSheQRQe

EW2O, -78 �C

BXLi, PhLi
W-BX SheQ\ONeWRQe

EW2O, -78 �C48

 

TKe UacePLc trans-2,5-dLSKeQ\OS\UUROLdLQe ZaV SUeSaUed fURP S\UUROLdLQe fROORZLQg aSSOLcaWLRQ Rf WKe 

V\QWKeWLc PeWKRd UeSRUWed b\ SeLdeO et al.135  

ReacWiRQ Rf Whe UacePic WUanV-S\UUROidiQe 8 ZiWh (R)-BINOL: fRUPaWiRQ Rf (R,R,R)-143 aQd 

(R,S,S)-143 
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134 A. COaUa], G. SaKRR, D. BeUWa, È. MadaUiV], I. PiSaL, P. M. PLKNR, Angew. Chem. Int. Ed. 2016, 55, 669; Angew. Chem. 
2016, 128, 679.  
135 W. CKeQ, L. Ma, A. PaXO, D. SeLdeO, Nat. Chem. 2018, 10, 165. 
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ReacWiRQ Rf (R,R)-S\UUROidiQe 11 ZiWh (R)-BINOL: fRUPaWiRQ Rf (R,R,R)-143 

O
O

P CO
OH
OH

O
O

P N
N O

PCO3

H
N

2 5

EW3N, DMAP
WROXeQe, UW  (R,R,R)-143

(R)-BiQRO (R)-B2

(R,R) WUanV-S\UUROidiQe 8

 

TR a VXVSeQVLRQ Rf (R)-1,1'-bLQaSKWK\O-2,2'-dLRO (R)-BiQRO (500 Pg, 1.75 PPRO, 1.00 eTXLY.) LQ PCO3 

(2.40 PL, 28 PPRO, 16.0 eTXLY.) ZaV added N-PeWK\O-2-S\UUROLdRQe (34 ȝL, 0.35 PPRO, 0.20 eTXLY.). 

TKe PL[WXUe ZaV VWLUUed aW 60 �C fRU 15 PLQXWeV, XQWLO WKe VXVSeQVLRQ WXUQed LQWR a cOeaU VROXWLRQ. TKe 

UeacWLRQ PL[WXUe ZaV WKeQ caUefXOO\ cRQceQWUaWed WR gLYe a \eOORZ, fRaP\ VROLd, ZKLcK ZaV WZLce 

a]eRWURSed ZLWK WROXeQe (5 PL). TKe UeVXOWLQg fRaP\ VROLd ZaV dLVVROYed LQ WROXeQe (3.5 PL) WR PaNe 

a 0.5M VWRcN VROXWLRQ Rf cKORURSKRVSKLWe (R)-B2, aQd VWRUed aW ±20 �C. 

TR WKe (2R,5R)-2,5-dLSKeQ\OS\UUROLdLQe 11 (10.0 Pg, 40.0 PPPRO, 1.00 eTXLY.) LQ a VaPSOe YLaO aW 

URRP WePSeUaWXUe ZeUe VeTXeQWLaOO\ added cKORURSKRVSKLWe (R)-B2 VROXWLRQ (0.5 M LQ WROXeQe, 160 PL, 

2.00 eTXLY.), EW3N (28.0 PL, 0.200 PPRO, 5.00 eTXLY.) aQd DMAP (1.9 Pg, 0.016 PPRO, 0.40 eTXLY.). 

TKe UeVXOWLQg PL[WXUe ZaV VWLUUed aW URRP WePSeUaWXUe. AfWeU 1 K aQd WRWaO cRQVXPSWLRQ Rf WKe VWaUWLQg 

PaWeULaO (PRQLWRUed b\ TLC), WKe UeacWLRQ PL[WXUe ZaV fLOWeUed WKURXgK a VPaOO Sad Rf VLOLca (20/80 

EWK\O aceWaWe/PeWUROeXP EWKeU aV eOXeQW). TKe fLOWUaWe ZaV cRQceQWUaWed XQdeU UedXce SUeVVXUe WR affRUd 

WKe SURdXcWV SKRVSKRUaPLdLWeV 13 aV a \eOORZ RLO. (dU >98:2. 

1H NMR cRPSaUiVRQ Rf Whe diaVWeUeRiVRPeU deUiYaWiYeV RQ Whe cUXde. 
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CU\VWaO daWa, daWa cROOecWLRQ aQd VWUXcWXUe UefLQePeQW deWaLOV fRU WUanV-131 

CRPSRXQd 
TUanV-131 

 

 

 

 

  

 

N-((S)-((2R,5R)-2-(2-PeWKR[\SKeQ\O)-5-(4-

PeWKR[\SKeQ\O)S\UUROLdLQ-1-\O)(R[R)(p-WRO\O)- Ȝ6-

VXOfaQe\OLdeQe)-4-PeWK\ObeQ]eQeVXOfRQaPLde 

EPSLULcaO fRUPXOa C32H34N2O5S2, [+ 0.115 CH2Cl2] 

FRUPXOa ZeLgKW 
600.50 

TePSeUaWXUe (K) 100(2) 

WaYeOeQgWK (c) 0.71073 

CU\VWaO V\VWeP,  

VSace gURXS 

MRQRcOLQLc, 

P21 

UQLW ceOO dLPeQVLRQV _ (c) 

 

 

                                  _ (�) 

 

 

10.0472 (11) 

9.6136 (17) 

15.598 (2) 

90 

97.144 (10) 

90 

VROXPe (c3) 1494.9 (4) 

Z,  

CaOcXOaWed deQVLW\ (Mg/P3) 

2, 

1.334 

AbVRUSWLRQ cReffLcLeQW (PP-1) 0.242 

F(000) 633.7 
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CU\VWaO VL]e (PP) 
0.15 [ 0.04 [ 0.03 

T UaQge fRU daWa cROOecWLRQ (�) 2.564 WR 24.710 

LLPLWLQg LQdLceV 

 

 

-11 � N � 11 

-11 � N � 11 

-18 � O � 18 

RefOecWLRQV cROOecWed / XQLTXe 

[R(LQW) 

12792 / 5031 

0.116 

CRPSOeWeQeVV WR T�fXOO (%) 99.5 

AbVRUSWLRQ cRUUecWLRQ SePL-ePSLULcaO fURP eTXLYaOeQWV 

Ma[. aQd PLQ. WUaQVPLVVLRQ 1.000 aQd 0.060 

RefLQePeQW PeWKRd FXOO-PaWUL[ OeaVW-VTXaUeV RQ F2 

DaWa / UeVWUaLQWV / SaUaPeWeUV 5030 / 309 / 447 

GRRdQeVV-Rf-fLW RQ F2 1.019 

FLQaO R LQdLceV   

[I>�V�I)] R1, ZR2  

0.0700, 

0.1496 

R LQdLceV           

 (aOO daWa) R1, ZR2  

0.1061 

0.1642 

AbVROXWe VWUXcWXUe SaUaPeWeUV 0.05(11) 

LaUgeVW ¨ SeaN aQd KROe (e.c-3) 0.378 aQd -0.296 

CCDC deSRVLW QXPbeU 2051915 
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CU\VWaO daWa, daWa cROOecWLRQ aQd VWUXcWXUe UefLQePeQW deWaLOV fRU trans-136. 

CRPSRXQd 
trans-136 

 

 

 

 

 

 

 

N-((S)-((2R,5R)-2-(4-c\aQRSKeQ\O)-5-(4-

PeWKR[\SKeQ\O)S\UUROLdLQ-1-\O)(R[R)(p-WRO\O)-Ȝ6-

VXOfaQe\OLdeQe)-4-PeWK\ObeQ]eQeVXOfRQaPLde 

EPSLULcaO fRUPXOa C32H31N3O4S2 

FRUPXOa ZeLgKW 
585 .72 

TePSeUaWXUe (K) 100(2) 

WaYeOeQgWK (c) 0.71073 

CU\VWaO V\VWeP,  

VSace gURXS 

MRQRcOLQLc, 

C2 

UQLW ceOO dLPeQVLRQV _ (c) 

 

 

                                  _ (�) 

 

 

40.1566 (9) 

7.5918 (2) 

9.3652 (2) 

90 

90.566 (2) 

90 

VROXPe (c3) 2854.94 (12) 

Z,  

CaOcXOaWed deQVLW\ (Mg/P3) 

4, 

1.363 

AbVRUSWLRQ cReffLcLeQW (PP-1) 0.230 
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F(000) 1231 

CU\VWaO VL]e (PP) 
0.12 [ 0.10 [ 0.03 

T UaQge fRU daWa cROOecWLRQ (�) 2.175 WR 27.733 

LLPLWLQg LQdLceV 

 

 

-50 � N � 50 

-9 � N � 9 

-11 � O � 11 

RefOecWLRQV cROOecWed / XQLTXe 

[R(LQW) 

30809 / 6050 

0.041 

CRPSOeWeQeVV WR T�fXOO (%) 99.9 

AbVRUSWLRQ cRUUecWLRQ SePL-ePSLULcaO fURP eTXLYaOeQWV 

Ma[. aQd PLQ. WUaQVPLVVLRQ 1.000 aQd 0.648 

RefLQePeQW PeWKRd FXOO-PaWUL[ OeaVW-VTXaUeV RQ F2 

DaWa / UeVWUaLQWV / SaUaPeWeUV 6049 / 1 / 373 

GRRdQeVV-Rf-fLW RQ F2 1.054 

FLQaO R LQdLceV   

[I>2V�I)] R1, ZR2  

0.0271, 

0.0658 

R LQdLceV           

 (aOO daWa) R1, ZR2  

0.0294, 

0.0666 

AbVROXWe VWUXcWXUe SaUaPeWeUV 0.01(2) 

LaUgeVW ¨ SeaN aQd KROe (e.c-3) 0.222 aQd -0.287 

CCDC deSRVLW QXPbeU 2051916 
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CU\VWaO daWa, daWa cROOecWLRQ aQd VWUXcWXUe UefLQePeQW deWaLOV fRU 141. 

CRPSRXQd 
141 

 

 

 

 

 

 

 

(S)-N-((2,2-dLPeWK\OS\UUROLdLQ-1-\O)(R[R)(S-WRO\O) 

-��-VXOfaQe\OLdeQe)-4-PeWK\ObeQ]eQeVXOfRQaPLde 

EPSLULcaO fRUPXOa C20H26N2O3S2 

FRUPXOa ZeLgKW 
406.55 

TePSeUaWXUe (K) 293(2) 

WaYeOeQgWK (c) 0.71073 

CU\VWaO V\VWeP,  

VSace gURXS 

OUWKRUKRPbLc, 

P212121 

UQLW ceOO dLPeQVLRQV _ (c) 

 

 

                                  _ (�) 

 

 

6.8210(10) 

19.4046 (17) 

15.8830 (15) 

90 

90 

90 

VROXPe (c3) 2102.3 (4) 

Z,  

CaOcXOaWed deQVLW\ (Mg/P3) 

4, 

1.285 

AbVRUSWLRQ cReffLcLeQW (PP-1) 0.275 
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F(000) 864 

CU\VWaO VL]e (PP) 
0.23 [ 0.08 [ 0.07 

T UaQge fRU daWa cROOecWLRQ (�) 2.460 WR 20.600 

LLPLWLQg LQdLceV 

 

 

-6 � N � 6 

-18 � N � 19 

-15 � O � 15 

RefOecWLRQV cROOecWed / XQLTXe 

[R(LQW) 

7033/ 2127 

0.0598 

CRPSOeWeQeVV WR T�fXOO (%) 99.4 

AbVRUSWLRQ cRUUecWLRQ SePL-ePSLULcaO fURP eTXLYaOeQWV 

Ma[. aQd PLQ. WUaQVPLVVLRQ 1.000 aQd 0.202 

RefLQePeQW PeWKRd FXOO-PaWUL[ OeaVW-VTXaUeV RQ F2 

DaWa / UeVWUaLQWV / SaUaPeWeUV 2126 / 279 / 248 

GRRdQeVV-Rf-fLW RQ F2 1.217 

FLQaO R LQdLceV   

[I>2V�I)] R1, ZR2  

0.0990, 

0.2208 

R LQdLceV           

 (aOO daWa) R1, ZR2  

0.1117, 

0.2279 

AbVROXWe VWUXcWXUe SaUaPeWeUV -0.09(7) 

LaUgeVW ¨ SeaN aQd KROe (e.c-3) 0.696 aQd -0.488 

CCDC deSRVLW QXPbeU 2081923 
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OUWeS YieZ Rf Whe majRU cRQfRUmeU fRU Whe diaVWeUeRiVRmeU 9f. ElliSVRidV aUe dUaZQ aW 50% Rf SURbabiliW\. DCM VRlYeQW 

mRlecXle iV QRW VhRZQ fRU claUiW\. 

 

 

OUWeS YieZ Rf Whe diaVWeUeRiVRmeU 9j. ElliSVRidV aUe dUaZQ aW 50% 

 

 

OUWeS YieZ Rf Whe diaVWeUeRiVRmeU 9o. ElliSVRidV aUe dUaZQ aW 30% Rf SURbabiliW\. 
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2D NOESY e[SeULPeQW fRU WKe dLVV\PeWULcV S\UUROLdLQeV  
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PaUWLe e[SpULPeQWaOe dX cKaSLWUe 4 
S\QWheViV Rf 165. 

 

A VROXWLRQ Rf ܵ-OacWRQe dRdecaQe 164 (21 PL, 100 PPRO) LQ THF (300 PL) ZaV added WR WKe fOaVN 

cRQWaLQLQg LLAOH4 (11.0 g, 300 PPRO) aW 0�C. TKe PL[WXUe ZaV VWLUUed aW U.W. fRU 18K. TKeQ, H2O (2 [ 

25 PL) aQd aTXeRXV NaOH 3.75 M (2 [ 25 PL) ZeUe added aW 0�C (aOWeUQaWe WKe addLWLRQ Rf ZaWeU aQd 

NaOH). TKe VROXWLRQ ZaV dULed RYeU MgSO4, fLOWeUed ZLWK AcOEW aQd eYaSRUaWed WR dU\QeVV. TKe 

UeVLdXe ZaV SXULfLed b\ VLOLca geO cROXPQ cKURPaWRgUaSK\ (PET/AcOEW 1/1 WKeQ AcOEW) WR affRUd dLRO 

165. 

1H NMR (500 MH], CDCO3) į 3.67 j 3.65 (P, 3H), 1.93 (bUV, 2H), 1.67-1.60 (P, 2H), 1.60-1.55 (P, 
1H 1.45-1.32 (P, 4H), 1.28-1.15(P, 11H), 0.81 (W, J = 6.8 H], 3H). 
13C NMR (126 MH], CDCO3) į 71.9, 63.1, 37.7, 34.3, 31.9, 29.7, 29.6, 29.3, 29.2, 25.7, 22.7, 14.1.  

IR (QeaW) Q = 3186, 2917, 2869, 2847, 1464 cP-1. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C12H27O2]+: 203.2006 fRXQd: 203.2001. 

S\QWheViV Rf 166a. 

 

TR a VROXWLRQ Rf dLRO 165 (2.02 g, 10 PPRO) aQd cROOLdLQ (2.7 PL, 20 PPRO) LQ 30 PL Rf DCM, ac\O 

cKORULde (0.6 PL, 8.30 PPRO) ZaV added dURSZLVe aW -78�C. TKe VROXWLRQ ZaV VWLUUed XQdeU WKLV 

WePSeUaWXUe RYeUQLgKW. TKeQ, 15 PL Rf HCO 1M ZaV added WR WKe PL[WXUe aQd WKe RUgaQLc SKaVe ZaV 

e[WUacWed ZLWK DCM (3 [ 20 PL), dULed RYeU MgSO4 aQd eYaSRUaWed WR dU\QeVV. TKe UeVLdXe ZaV 

SXULfLed b\ VLOLca geO cROXPQ cKURPaWRgUaSK\ (PET/AcOEW :85/15 WKeQ AcOEW ) WR affRUd WKe 

aceW\OaWed SURdXcW 166a. 

1H NMR (500 MH], CDCO3) į 4.02 (W, J = 6.6 H], 2H), 3.58-3.53 (P, 1H), 1.98 (V, 1H), 1.77-1.69 
(P, 1H), 1.67-1.58 (P, 1H), 1.50-1.44 (P, 1H), 1.41-1.34 (P, 4H), 1.28-1.15 (P, 12H), 0.81 (W, J = 7.0 
H], 3H). 
13C NMR (126 MH], CDCO3) į 171.2, 71.5, 64.6, 37.6, 33.7, 31.9, 29.7, 29.6, 29.3, 25.6, 24.9, 22.7, 
21.0, 14.1. 
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IR (cP-1): 3440, 2955, 2924, 2855, 1740, 1466. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C14H29O3]+: 245.2112 fRXQd: 245.2115. 

S\QWheViV Rf 166b 

 

TR a VROXWLRQ Rf NaH (60% LQ RLO, 0.37 g, 9.2 PPRO) LQ 50 PL Rf THF, ZaV added WKe dLRO 165 (2.02 

g, 10 PPRO) LQ 25 PL Rf THF dURSZLVe RYeU 10 PLQ, XQdeU VWLUULQg aW 0�C aQd LQeUW aWPRVSKeUe. TKe 

PL[WXUe ZaV VWLUUed fRU 30 PLQ aQd TBDPSCO (2.4 PL, 9.1 PPRO) ZaV added dURSZLVe RYeU 5 PLQ aW 

0�C aQd VWLUUed aW U.W. fRU 2 K. AcOEW aQd H2O ZeUe added aQd WKe cRPbLQed RUgaQLc Oa\eUV ZeUe dULed 

RYeU MgSO4, fLOWeUed aQd eYaSRUaWed XQdeU YacXR. TKe UeVLdXe ZaV SXULfLed b\ VLOLca geO cROXPQ 

cKURPaWRgUaSK\ (PET/AcOEW: 90/10) WR affRUd WKe aceW\OaWed SURdXcW WR \LeOd WR WKe SURWecWed 

cRPSRXQd 166b. 

1H NMR (500 MH], CDCO3) į 7.72-7.68 (P, 4H), 7.44-7.39 (P, 6H), 3.73 (W, J = 5.8 H], 2H), 3.65 

(bUV, 1H), 1.72-1.61 (P, 2H), 1.54-1.41 (P, 4H), 1.39-1.25 (P, 12H), 1.09 (V, 9H), 0.92 (W, J = 6.8 H], 

3H). 

13C NMR (126 MH], CDCO3) į 135.6, 134.8, 133.8, 129.6, 127.7, 127.7, 71.6, 64.2, 37.5, 34.2, 31.9, 

29.7, 29.6, 29.3, 28.8, 26.9, 26.6, 25.7, 22.7, 19.2, 14.1.  

IR (cP-1): 3365, 3071, 3049, 2927, 2855, 1954, 1888, 1821, 1471. 

S\QWheViV Rf 166c 

 

TR a VROXWLRQ Rf aOcRKRO 165 (2.02 g, 10 PPRO) aQd cROOLdLQ (2.7 PL, 20 PPRO) LQ 30 PL de DCM ZaV 

added aceW\O cKORULde (0.6 PL, 8.30 PPRO) dURSZLVe aW -78�C. TKe VROXWLRQ ZaV VWLUUed XQdeU WKLV 

WePSeUaWXUe RYeUQLgKW. TKeQ 15 PL Rf HCO 1 M ZaV added WR WKe PL[WXUe aQd WKe RUgaQLc Oa\eU ZaV 

e[WUacWed ZLWK DCM (3 [ 20 PL). TKe cRPbLQed RUgaQLc Oa\eUV ZeUe dULed RYeU MgSO4 aQd eYaSRUaWed 

LQ YacXR. TKe UeVLdXe ZaV SXULfLed b\ VLOLca geO cROXPQ cKURPaWRgUaSK\ (PeW/AcOEW :85/15 WKeQ 

AcOEW) WR affRUd aceW\OaWed 166c. 
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1H NMR (500 MH], CDCO3) į 8.32 (d, J = 8.9 H], 2H), 8.23 (d, J = 8.8 H], 2H), 4.84 (V, 2H), 4.70 
(TXLQW, J = 5.9 H], 1H), 4.44 (W, J = 6.4 H], 2H), 2.01-1.94 (P, 2H), 1.93-1.84 (P, 2H), 1.83-1.77 (P, 
1H), 1.76-1.69 (P, 1H), 1.48-1.37 (P, 2H), 1.37-1.24 (P, 10H), 0.90 (W, J = 6.9 H], 3H).  
13C NMR (126 MH], CDCO3) į 164.8, 150.6, 135.5, 130.7, 123.6, 84.3, 65.4, 34.1, 31.8, 30.3, 29.4, 
29.2, 24.9, 24.1, 22.6, 14.1. 

IR (cP-1): 3373, 3283, 3113, 2926, 2855, 1721, 1607, 1527, 1467. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C15H22NO5]+: 296.1493 fRXQd: 296.1415. 

GeQeUaO SURcedXUe: VXOfaPR\OaWLRQ UeacWLRQ A 

TR WKe cKORURVXOfRQ\O LVRc\aQaWe (1.30 PL, 15 PPRO) ZaV added fRUPLc acLd (0.57 PL, 15 PPRO) aW 

0 �C WKURXgK a VeSWacaS. TKe PL[WXUe ZaV VWLUUed fRU 5 PLQ aQd MeCN (10 PL) ZaV added aQd VWLUUed 

fRU 8 K WR affRUd VXOfaPR\O cKORULde. TR WKLV PL[WXUe ZaV added a VROXWLRQ Rf SURWecWed cRPSRXQd 

166a-c (1.23 g, 5 PPRO) LQ DMA (10 PL) aQd MeCN (10 PL) aW 0 �C. AfWeU 2 K VWLUULQg, VaWXUaWed 

NaHCO3 (20 PL) ZaV added aW 0�C aQd WKe UeVLdXe ZaV e[WUacWed ZLWK AcOEW, ZaVKed ZLWK VaWXUaWed 

NaCO, dULed RYeU MgSO4 aQd eYaSRUaWed LQ YacXR. TKe UeVLdXe ZaV SXULfLed b\ VLOLca geO cROXPQ 

cKURPaWRgUaSK\ (PeW/AcOEW) WR affRUd WKe VXOfaPaWeV 167a-c. 

S\QWheViV Rf 167a 

 
S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe A XVLQg 166a aV VXbVWUaWe. PXULfLcaWLRQ b\ fOaVK cROXPQ 

cKURPaWRgUaSK\ (VLOLca geO, 85/15 WR 80/20 PeW/AcOEW) affRUded 167a aV ZKLWe aPRUSKRXV SRZdeU. 

1H NMR (500 MH], CDCO3) į 4.86 (V, 2H), 4.68-4.62 (P, 1H), 4.16-4.10 (P, 2H), 2.08 (V, 3H), 1.83-
1.75 (P, 6H), 1.37-1.24 (P, 12H), 0.90 (W, J = 6.9 H], 3H). 
13C NMR (126 MH], CDCO3) į 84.8, 64.3, 34.6, 32.2, 30.6, 29.8, 29.6, 25.2, 24.5, 23.0, 21.3, 14.4. 

IR (cP-1): 3357, 3271, 2925, 2855, 1719, 1563, 1466. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C14H30NO5S]+: 324.1839 fRXQd: 324.1841. 

S\QWheViV Rf 167b 
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S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe A XVLQg 166b aV VXbVWUaWe. PXULfLcaWLRQ b\ fOaVK cROXPQ 

cKURPaWRgUaSK\ (VLOLca geO, 85/15 WR 80/20 PeW/AcOEW) affRUded 167b aV a cRORUOeVV RLO. 

1H NMR (500 MH], CDCO3) į 7.65 (d, J = 7.2 H], 4H), 7.44-7.37 (P, 6H), 4.64-4.59 (P, 3H), 3.73-
3.66 (P, 2H), 1.89-1.61 (P, 6H), 1.33-1.22 (P, 12H), 1.05 (V, 9H), 0.88 (W, J = 6.9 H], 3H).  
13C NMR (126 MH], CDCO3) į 135.6, 133.8, 129.7, 127.7, 85.3, 63.4, 34.0, 31.8, 30.3, 29.5, 29.2, 
27.7, 26.9, 24.8, 22.6, 19.2, 14.1. 

IR (cP-1): 3376, 3279, 3071, 3050, 2954, 2856, 1471. 

S\QWheViV Rf 167c 

 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe A XVLQg 166c aV VXbVWUaWe. PXULfLcaWLRQ b\ fOaVK cROXPQ 

cKURPaWRgUaSK\ (VLOLca geO, 85/15 WR 80/20 PeW/AcOEW) affRUded 167c aV a \eOORZ RLO. 

H NMR (500 MH], CDCO3) į 8.32 (d, J = 8.9 H], 2H), 8.23 (d, J = 8.8 H], 2H), 4.84 (V, 2H), 4.70 
(TXLQW, J = 5.9 H], 1H), 4.44 (W, J = 6.4 H], 2H), 2.01-1.94 (P, 2H), 1.93-1.84 (P, 2H), 1.83-1.77 (P, 
1H), 1.76-1.69 (P, 1H), 1.48-1.37 (P, 2H), 1.37-1.24 (P, 10H), 0.90 (W, J = 6.9 H], 3H).  
13C NMR (126 MH], CDCO3) į 164.8, 150.6, 135.5, 130.7, 123.6, 84.3, 65.4, 34.1, 31.8, 30.3, 29.4, 
29.2, 24.9, 24.1, 22.6, 14.1. 

IR (cP-1): 3373, 3283, 3113, 2926, 2855, 1721, 1607, 1527, 1467. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C19H31N2O7S]+: 431.1847 fRXQd: 431.1844. 

GeQeUaO SURcedXUe: C(VS3) ࡳ H LQWUaPROecXOaU aPLQaWLRQ UeacWLRQ B 

TR a PL[WXUe Rf VXOfaPaWe (30.9 Pg, 0.1 PPRO), RK2(X)Q (0.003 PPRO) aQd MgO (8.06 Pg, 0.2 PPRO) 

LQ DCM (0.5 PL), ZaV added PKI(OPLY)2 (81.25 Pg, 0.2 PPRO) aQd VWLUUed RYeUQLgKW. TKe PL[WXUe 

ZaV fLOWeUed RYeU ceOLWe aQd ULQVed ZLWK DCM aQd WKe YROaWLOeV ZeUe UePRYed. TKe UeVLdXe ZaV SXULfLed 

b\ VLOLca geO cROXPQ cKURPaWRgUaSK\ WR affRUd c\cOL]ed cRPSRXQd 5a-c. 



PaUWLe E[SpULPeQWaOe ± CKaSLWUe 4 
 

 

205 

S\QWheViV Rf 168a 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe B XVLQg 167a aV VXbVWUaWe. PXULfLcaWLRQ b\ fOaVK cROXPQ 

cKURPaWRgUaSK\ (VLOLca geO, 70/30 PeW/MTBE) affRUded 168a aV cRORUOeVV RLO. 

 
1H NMR (500 MH], CDCO3) į 4.69-4.66 (P, 1H), 4.07-3.98 (P, 2H), 3.64 (d, J = 10.7 H], 1H), 3.62-
3.57 (P, 1H), 1.98 (V, 3H), 1.81-1.62 (P, 4H), 1.44 (T, J = 6.9 H], 2H), 1.35-1.19 (P,10H), 0.82 (W, J 
= 6.7 H], 3H). 
13C NMR (126 MH], CDCO3) į 171.1, 83.5, 63.6, 55.2, 36.1, 35.3, 32.0, 31.6, 28.8, 25.1, 23.9, 22.5, 
20.9, 14.0.  

IR (cP-1): 3255, 2955, 2928, 2857, 1725, 1515, 1421. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C14H28NO5S]+: 322.1683 fRXQd: 322.1681. 

S\QWheViV Rf 168c 

S\QWKeVL]ed fROORZLQg WKe geQeUaO SURcedXUe B XVLQg 167c aV VXbVWUaWe. PXULfLcaWLRQ b\ fOaVK cROXPQ 

cKURPaWRgUaSK\ (VLOLca geO, 70/30 WR 60/40 PeW/MTBE) affRUded 168c aV cRORUOeVV RLO. 

 
1H NMR (500 MH], CDCO3) į 8.31 (d, J = 8.8 H], H10), 8.22 (d, J = 8.8 H], H9), 4.84-4.79 (P, H4), 
4.48-4.39 (P, H7), 3.87 (d, J = 10.7 H], N-H1), 3.73-3.65 (P, H2), 2.11-2.02 (P, H6), 2.00-1.87 (P, 
H5), 1.86-1.80 (P, H3), 1.54 (T, J = 7.3 H], H11), 1.48-1.37 (P, H12), 1.36-1.26 (P, 7H : H12-H15), 0.90 
(W, J = 6.8 H], H16).  
13C NMR (126 MH], CDCO3) į 164.7, 150.6, 135.4, 130.7, 123.6, 83.4, 65.2, 55.2, 36.1, 35.3, 32.0, 
31.6, 28.8, 25.1, 24.0, 22.5, 14.0. 

IR (cP-1): 3258, 3113, 3056, 2929, 2858, 1725, 1639, 1527, 1415. 

HRMS [ESI(+)]: m/z [M+H]+ caOcXOaWed fRU [C19H29N2O7S]+: 429.1690 fRXQd: 429.11687. 

S\QWheViV Rf 170 

TR a VROXWLRQ Rf 168c (216 Pg, 0.500 PPRO) LQ DCM (15 PL) aW U.W., ZaV added EW3N (0.38 PL, 2.7 

PPRO), BRc2O (142 Pg, 0.65 PPRO) aQd DMAP (25.1 Pg, 0.21 PPRO). TKe PL[WXUe ZaV VWLUUed aW U.W., 

eYaSRUaWed XQdeU YacXR aQd WKe LQWeUPedLaWe ZaV SXULfLed b\ VLOLca geO cROXPQ cKURPaWRgUaSK\ 
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(PeW /MTBE : 80/20 WKeQ 70/30). TKeQ, ZaV added 0.3 PL Rf NaOH 2 M WR WKe SUeYLRXVO\ fRUPed 

LQWeUPedLaWe (108 Pg, 0.200 PPRO) LQ SUeVeQce Rf THF (1 PL). TKe cUXde ZaV e[WUacWed ZLWK AcOEW, 

ZaVKed ZLWK VaWXUaWed NaCO, dULed RYeU MgSO4 aQd eYaSRUaWed LQ YacXR. TKe UeVLdXe ZaV SXULfLed b\ 

VLOLca geO cROXPQ cKURPaWRgUaSK\ (PeW/AcOEW :95/5 WKeQ 90/10) WR affRUd cRPSRXQd 170. 

 
1H NMR (500 MH], CDCO3) į 4.99 (d, J = 7.7 H], 1H), 3.96 (TXLQW, J = 6.5 H], 1H), 3.89 (T, J = 7.3 
H], 1H), 3.75-3.67 (P, 2H), 2.01-1.97 (P, 2H), 1.95-1.81 (P, 2H), 1.73-1.64(P, 2H), 1.54-1.48 (P, 
2H),1.46 (V, 9H), 1.38-1.26 (P, 8H), 0.90 (W, J = 6.6 H], 3H). 
13C NMR (126 MH], CDCO3) į 155.5, 67.7, 49.1, 39.8, 34.9, 32.0, 31.8, 29.3, 28.5, 26.1, 25.5, 22.6, 
14.1. 

S\QWheViV Rf 171 

 

TR a PL[WXUe Rf WeUW-bXW\O caUbaPaWe 170 (0.7 PPRO) aQd EW3N (157 ȝL, 1.12 PPRO, 1.6 eTXLY.) LQ 3.0 

PL Rf THF aW 0 �C ZaV added dURSZLVe YLa V\ULQge a VROXWLRQ Rf COSO2NHCB] (262 Pg, 1.05 PPRO, 

1.5 eTXLY) LQ 3.0 PL Rf THF. AfWeU VWLUULQg WKLV PL[WXUe fRU 5 PLQ, WKe VROXWLRQ ZaV ZaUPed WR 23 �C 

aQd VWLUUed aW WKLV WePSeUaWXUe fRU 0.5±15 K XQWLO TLC VKRZed cRPSOeWe cRQVXPSWLRQ Rf WKe VWaUWLQg 

caUbaPaWe. TKe UeacWLRQ ZaV TXeQcKed b\ WKe addLWLRQ Rf 10 PL Rf VaWXUaWed aTXeRXV NaCO. TKe 

VROXWLRQ ZaV WUaQVfeUUed WR a VeSaUaWRU\ fXQQeO aQd WKe PL[WXUe ZaV e[WUacWed ZLWK 3 [ 15 PL Rf EWOAc. 

TKe cRPbLQed RUgaQLc e[WUacWV ZeUe ZaVKed ZLWK 1 [ 10 PL Rf VaWXUaWed aTXeRXV NaCO, dULed RYeU 

MgSO4, fLOWeUed aQd cRQceQWUaWed XQdeU UedXced SUeVVXUe. TKe LVROaWed PaWeULaO ZaVdLVVROYed LQ 

Ke[aQeV/EWOAc (cRQdLWLRQV A, aV gLYeQ beORZ) aQd SaVVed WKURXgK a VKRUW SOXg Rf VLOLca geO (30 [ 

50PP) SUe-VRaNed LQ WKe SUeVcULbed VROYeQW. TKe fLOWUaWe ZaV cRQceQWUaWed XQdeU UedXced SUeVVXUe WR 

aQ RLO\ UeVLdXe WKaW ZaV Ue-dLVVROYed LQ 15 PL Rf abVROXWe EWOH. TKe UeacWLRQ fOaVN ZaV cKaUged ZLWK 

5 ZW% Pd/C (75 Pg, 0.05eTXLY) aQd fLWWed ZLWK a baOORRQ cRQWaLQLQg K\dURgeQ gaV. TKe bOacN VOXUU\ 

ZaV VWLUUed YLgRURXVO\ fRU 2±6 K XQWLO TLC VKRZed cRPSOeWe cRQVXPSWLRQ Rf WKe VWaUWLQg PaWeULaO. 
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FROORZLQg WKLV WLPe, WKe UeacWLRQ PL[WXUe ZaV dLOXWed ZLWK 10 PL Rf EWOAc aQd fLOWeUed WKURXgK a 

VPaOO Sad Rf CeOLWe (40 [ 10 PP). TKe fOaVN aQd fLOWeU caNe ZeUe ULQVed ZLWK 2 [ 20 PL Rf EWOAc aQd 

WKe cRPbLQed fLOWUaWeV cRQceQWUaWed XQdeU UedXced SUeVVXUe WR aQ RLO\ UeVLdXe. PXULfLcaWLRQ Rf WKLV 

PaWeULaO b\ cKURPaWRgUaSK\ RQ VLOLca geO (PeW/AcOEW :90/10 WKeQ 80/20) affRUded WKe deVLUed SURdXcW 

1H NMR (500 MH], CDCO3) į 5.50 (bUV, 2H), 4.38 (bUV, 1H), 3.82-3.77 (P, 1H), 3.73-3.65 (P, 2H), 
2.02-1.91 (P, 1H), 1.88-1.77 (P, 3H), 1.58-1.40 (P, 14H), 1.33-1.17 (P, 8H), 0.80 (W, J = 6.7 H], 3H) 
13C NMR (126 MH], CDCO3) į 155.5, 79.5, 78.1, 67.9, 49.1, 43.5, 37.9, 32.5, 31.8, 29.3, 28.4, 26.7, 
25.9, 22.6, 14.1. 
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TiWUe : Amination de liaisons C(sp3)²H catalysée par des complexes de rhodium(II) : Applications à la synthèse 
d·hétérocycles azotés et d·une molécule naturelle la crambescin B281. 

MoWV clpV : Amination, Fonctionnalisation C²H, Nitrène, Rhodium, Synthèse asymétrique, Iode hypervalent 

RpVXmp Cette thèse est consacrée au développement 
et à l·application de réactions d·amination C(sp3)²H 
par transfert de nitrène catalysé au rhodium(II).  
La première partie, décrit l·application de réactions 
d'amination C(sp3)²H pour la préparation de 
pyrrolidines en se basant d·une part sur l'expertise du 
laboratoire dans le domaine des réactions d'insertion 
de nitrènes et d·autre part sur les réactions 
radicalaires de type Hofmann-L|ffler-Freytag.  
Dans ce contexte, une réaction intermoléculaire 
d·amination C²H asymétrique nous a permis dans un 
premier temps d·installer une fonction azotée de 
manière régio- et stéréoselective au sein 
d·hydrocarbures. 

Cet azote a ensuite permis de diriger une deuxième 
réaction d·amination C²H Yia un transfert d·atome 
d·hydrogène intramoléculaire [1,5]. Cette seconde 
étape totalement régiosélective a conduit à des 
motifs pyrrolidines après cyclisation. 
Dans la dernière partie, une voie de synthèse pour 
l·obtention d·un molécule naturelle la crambescin 
B281 a été explorée. Ces travaux reposent sur 
l·utilisation de deux réactions d·amination C(sp3)²H 
catalysées par des complexes de rhodium(II).  
Ces deux étapes d·amination intramoléculaires ont 
permis d·introduire un atome d·azote avec une 
grande régio- et diastéréoselectivité pour mener à 
des intermédiaires clés de la synthèse aboutissant à 
la crambescin B281. 

 

 

TiWle: Rhodium(II) complex catalyzed C(sp3)-H bond amination: Applications to the synthesis of nitrogen 
heterocycles and a natural molecule, crambescin B281. 

Ke\ZoUdV: Amination, C²H Functionalization, Nitrene, Rhodium, Asymmetric synthesis, Hypervalent Iodine 

AbVWUacW: This thesis is devoted to the development 
and application of C(sp3)-H amination reactions by 
rhodium(II) catalyzed nitrene transfer.  
The first part describes the application of C(sp3)-H 
amination reactions for the preparation of 
pyrrolidines based on the laboratory's expertise in the 
field of nitrene insertion reactions and on radical 
reactions of the Hofmann-L|ffler-Freytag type.  
In this respect, an asymmetric intermolecular C-H 
amination reaction allowed us to install a nitrogen 
function in a regio- and stereoselective manner within 
hydrocarbons.  
 

This nitrogen has then enabled to drive a second C-
H amination reaction via intramolecular hydrogen 
atom transfer [1,5].  
This second fully regioselective step led to 
pyrrolidine units after cyclization. 
In the last part, a synthetic route to obtain a natural 
molecule, crambescin B281, was explored. This work 
is based on the use of two C(sp3)-H amination 
reactions catalyzed by rhodium(II) complexes.  
These two intramolecular amination steps have 
enabled the introduction of a nitrogen atom with 
high regio- and diastereoselectivity in order to lead 
to key intermediates in the synthesis of crambescin 
B281. 

 


