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RÉSUMÉ 

Un nouveau procédé oxydatif tandem de la réaction de Prins-pinacol a été mis au point. La 
vers ion umpolung aromatique de cette transformation a été déve loppée à par1ir de phénols 
simpl es su ivant un processus oxydatif impliquant l' utilisation d ' un réactif à base d ' iode 
hypervalent. Cette méthode a permis l' é laboration de systèmes compacts et 
polyfo nctionnali sés de type spiro[4.5]décanyl contenant des centres quaternaires reliés à des 
carbones sp2 à par1ir de s imples phénols peu chers et rapidement accessibles . Les limites de 
la réaction ont été étudi ées en utili sant des phénols contenant des alcènes et des alcynes plus 
ou moins encombrés. La stéréosé lectivité de la trar1sformation a auss i été étudiée à par1ir de 
phéno ls contenant déjà un centre asymétrique tertiaire ou quaternaire contrôlé. Enfi n, 
l'app lication de ce procédé en synthèse de produits naturel s a aussi été démontrée. E n effet, la 
synthèse du squelette principal de la (-)-p latensi myc ine, un antibiotique prometteur contre les 
staphylocoq ues dorés multirés istants, a été effectuée en appliquant cette méthodologie. Une 
fragmentation de type Schreiber-Fenton a aussi été employée afin de mettre en place le 
sq uelette désiré. 

Dans le but de démontrer la versatilité synthétiq ue assoc iée aux transformations que peuvent 
permettre les réactifs à base d ' iode hyperva lent, la synthèse totale asymétrique de la f011ucine 
a été effectuée. Cette molécul e aurait des propri étés antivirales et antitumorales. La synthèse 
proposée met à profit la méthodologie de Wipf en utilisant le protocole de désaromatisation 
oxydante de Kita à partir d' un dérivé de la L-tyrosine. Cela a permis la formation de façon 
hautement diastéréosélective, du squelette aza-bi cyclique requ is pour la suite de la synthèse. 
Une seconde étape clé cons iste en l' é laboration du tétracyc le pyrrolo[d,e]phénanthridine de la 
mo lécule cible via une carbopall adation de type Heck. Ensuite, dans le but de retirer l' ac ide 
carboxylique introdu it en début de synthèse par la L-tyrosine pour contrô ler la 
diastéréosélectivité des étapes subséquentes, le protocole de Boto, Hernandez et Suarez a été 
app liqué. Il s ' agit à nouveau d 'une méthode faisant interven ir la chimi e de l' iode hypervalent. 
Enfin , dans le but de procéder à la migration de la double li aison, la stratégie de Zard a été 
exécutée en appliquant un procédé de type Julia-Lythgoe. Cette première synthèse 
asymétrique a perm is de corriger la confi gurat ion abso lue du produit naturel. 



ABSTRACT 

A novel oxidati ve Prins-pinaco l tandem process has been deve loped. The aromatic ring 
umpolung version of this transformati on has been achieved from cheap and readily access ible 
phenols fo llowing their oxidati ve acti vati on by a hypervalent iodine reagent. Thi s method 
allows the effic ient constructi on of some very compact and highly functionali zed scaffolds of 
spiro[4.5]decanyl type which bears quaternary centers connected to severa! sp2 carbon 
centers. The scope of thi s transformation has been studi ed using phenols containing alkenes 
and alkynes more or Jess hindered. The stereoselectiv ity of thi s transformation bas also been 
studied using phenols that already carry a controlled asymmetric center through a tertiar y or a 
quaternary carbon center. Moreover, the application of thi s process in na tura! products 
synthes is has been demonstrated. Indeed, the formai synthes is of (-)-p latensimyc in, a novel 
class of antibiotic against mult ires istant Staphylococcus aureus, has been accompli shed using 
thi s methodology. A Schreiber-Fenton type fragmentation bas also been employed in arder to 
construct the des ired cage compound . 

ln arder to show the synthetic versatility of hypervalent iodine chemist1y , the fi rst 
asymmetr ic total synthes is of fortucine has been achi eved. This molecule has already shawn 
some ant iviral and anti tumoral acti viti es. The herein proposed synthes is puts forward the 
Wipfs methodology concerning oxydative dearomatization using Kita' s protocol from a L­
tyros ine deri vative. Thi s allows the fo rmati on, in a highly diastereose lective way, of the aza­
bi cyc li c system requisite fo r the subsequent steps. A second key step consists in the 
elaboration of the pyrrolo[d,e]phénanthr idine tetracycli c core of the target molecule via a 
Heck-type carbopall adation. Furthermore, in a rder to remove the carboxylic ac id moiety 
previously introduced through L-tyrosine that has control led the di astereoselecti vity of the 
synthesis, a Boto, Hernandez and Suarez's oxidati ve decarboxylation protocol has been used. 
Once again, thi s method invo lves hyperva lent iodine chemi stry. F inally, fo ll owing Zard 's 
strategy, the do ub le bond migration has been done through a Julia-type process. In addition, 
thi s work has enabled to reassign the abso lute configuration of the natural product. 



INTRODUCTION 

l. L ' iode hypervalent en synthèse 

Encore aujourd ' hui, la synthèse tota le de produits naturels et de dérivés bioactifs représente 

une des so lutions afin de combattre plusieurs malad ies. Parmi les mo lécules cibles, cetiaines 

sont très compactes et ne contiennent pas beaucoup d' hétéroatomes. Pow- mettre en place ces 

architectures complexes, la chimie organique a fourn i plusieurs outi ls permettant de créer les 

li ens clés qui composent ces molécules. Parmi les méthodes connues, on retrouve celles qui 

imp li quent l' util isation de métaux lourds comme le palladium, le mercure, le plomb, etc. 

Ceux-ci peuvent être coüteux, toxiques et nocifs pour 1 ' environnement. Yoi là pourquoi 

plusieurs chercheurs tentent de mettre au point de nouvell es méthodologies de synthèse qui 

cadreraient davantage avec le développement durab le. À cet effet, parmi les alternat ives 

connues, l'utilisati on de réactifs à base d ' iode hypervalent constitue une solution v iable qui 

gagne à être connue 1
-
2

. Mi s à prut le periodate de sodium (Nal04) ou l' acide period ique 

(H104) permettant d' effectuer des clivages de diois vicinaux selon la procédure de 

Malaprade3
, des exemples bi en connus de réactifs à base d' iodes hypervalents sont déjà 

utili sés depuis plusieurs années (Figure 1). 
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Réactifs d'iode hypervalen t (VIl ) : Réactifs d'iode hypervalent (V) : 

r;? e ® 
0 = 1- 0 Na 

Il 
0 

l 'lo 

6 

0 
Il 

0=1- 0H 
I l 
0 

o,, OH 
( 

~'o 
0 

IBX 

Réactifs d'iode hypervalent (Ill ): 

H0,
1
-'0Ts H3CÎ(O, I-'Oî(CH3 

()1, 0 6 6 ' N, 5, a '<:: a 

O' 'Q 1 ô 

lodosobenzène Réactif de Koser Phi=NTs DIB 

Figure 1: Réactifs à base d'iode hypervalent 

DMP 

F3Cî(O' I-'OÎ(CF3 

0 6 0 
lô 
PIFA 

Le periodinane de D ess Martin (DMP) est très utili sé pour oxyder des alcools en a ldéhydes 

ou en cétones sous des conditions douces. L'acide 2-iodoxybenzoïque (IBX), encore plus 

doux, est auss i couramment utili sé . Par exemple, en 2000, N ico lao u a mis au point un 

procédé efficace permettant de former, en une étape, des cétones a, ~-insatu rées à partir 

d ' a lcools saturés, de cétones et d ' aldéhydes en présence d ' IBX4 (Schéma 1). De nombreuses 

transformations impliquant des réactifs d ' iode hypervalent (III) sont aussi venues outiller les 

chimistes de synthèse. Dans les années 1980, plusieurs méthodes d ' a -oxygénation de cétones 

ou de leurs déri vés s il ylés ont été mises au point en utili sant un réactif d ' iode hyperva lent tel 

que le réactif de Koser ou l' iodosobenzène5
• 

6
. E n 2005, Ochiai a auss i proposé un procédé 

catalytiq ue permettant d'effectuer des a-acétoxy lat ions de cétones en utili sant m-CPBA 

comme co-oxydant de l'iodobenzène7
. S' ajo utant à ces transformations, la chimi e de l' iode 

hypervalent a auss i été empl oyée pour la formation de li ens carbone-cru·bone dans des 

réactions de couplage. Par exempl e, en 1989, Zhdankin propose un procédé permettant le 

couplage entre des éthers d'énols silylés et différents nucléophiles carbonés (cyc lohexène, 

all y ltriméthylsilane, etc.) en utilisant un comp lexe d'iode hyperva lent hautement électrophil e 

(Ph iO/HBF4l Un procédé d ' a-ary lat ion chira le de cyc lohexanones a auss i été proposé en 

2005 pru· le groupe d ' Aggarwa l9. De plus, des méthodes d ' aziri dinations énanti osé lectives 
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d ' o léfines ont été déve loppées à partir de P hi=NTs par Evans et Jacobsen 10' 
11

. Des réacti ons 

de couplage biary lique et des procédés radi ca la ires basés sur l' utili sation de réactifs d ' iode 

hypervalent ont auss i été appliqués en synthèse 12
' 

13
. E nfi n, parmi les nombreux exemples 

démontrant 1 ' utilité de te ls réactifs à base d ' iode hyperva lent, la désaromati sation oxydative 

des phénols est l' une de cell es qui a le plus retenu l'attention des chimistes de synthèse. À ce 

propos, en 1987, le g roupe de Kita a proposé un procédé d ' oxydation de phénols en présence 

de PIFA. Cette procédure simple a permis la fo rmation de déri vés de p -benzoquinone et de 

spiro lactones, des intermédia ires clés en synthèse de nombreux produits naturels 14
. 
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Ph~ 
0 

Phi O/HBF4 

-78·c , 90% 

C? n 
Ph~ 

Zhdankin. J. Org. Chem. 1989, 54, 2605. 

OAc 

ID c 1e n in 
Cl N N~ Cl 

41 %, d.r.>20:1, 94%ee 

Aggarwa l. Angew. Chem. !nt. Ed. 2005, 44, 5516 . 

Ts 
1 
N 

4 

Phi=NTs 
Ph oo•f--\"•H Evans. J. Am. Chem. Soc. 1993, 115, 5328. 

benzène, 24h, tp 
64%, 97%ee 

PIFA, BF3"0 Et 

DCM ,-4o·c , 91 % 

59% 
HO~ OH 

PIFA, pyr 

H C0 2Ph 

MeO 

MeO l "' () 

MeOXXJ 

Kita. J . Org. Chem. 1998, 63, 7698 

Paquette. J. Am. Chem. Soc. 1997, 119, 8438 . 

QO=o Kita. J. Org. Chem. 1987, 52, 3927. 

Schéma 1: Exemples de transformations utilisant l'iode hypervalent 
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2. Umpolung class ique et Umpolung aromatique 

En synthèse, il peut s ' avérer util e d'inverser la po lari té naturelle des espèces mises en jeu lors 

d 'une réaction chimique. Par exempl e, si l' atome de carbone d ' un a ldéhyde est chargé 

négativement, c ' est que ce lui-ci , nature ll ement é lectrophile, a subi une invers ion de polarité. 

L'espèce formée peut alors réagir à titre de nucléophile avec d ' autres électrophil es . Des 

travaux publiés en 197 5 par les chercheurs Seebach et Core y témoignent de la faisab i 1 ité 

d ' une te ll e inversion de la réactivité naturell e des aldéhydes 15
• En effet, l 'aldéhyde 

électrophile 1 est d ' abord protégé sous forme de dithi ane 2 (Schéma 2). Ensui te, en traitant 

ce dernier avec une base fo rte te ll e que le butyl-lithium, une déprotonation se produ it et cela 

génère le carbani on 3, ma intenant nucléophil e. Ce dernier peut a lors attaq uer un électrophile 

pour donner le produit 4. C' est le principe de l' umpolung (inversion de polarité en a ll emand) 

classiq ue. 

[(l l (j) suu s~s E 
- R/8 -

0 
HgO )l 

' H'20;::;-7/T"'H"'F,_ R E Acide de Lewis (cat. ) 
3 5 

Schéma 2: Umpolung de Seebach et Corey 

Des réactions très connues utili sent ce principe. La condensation benzoïne, découverte dans 

les années 1830, en est un bon exempl e et consiste en une add iti on 1,2 du carbani on du 

benzaldéhyde sur une autre molécule de benzaldéhyde pour former la benzoïne. Plus de 140 

ans plus tard, la réaction de Stetter permet de réa li ser des additi ons 1,4 conjuguées de 

Michae l à pa11ir d ' a ldéhydes 6 ayant subi une activation wnpolung catalysée au cyanure ou 

par des se ls de thiazoliums 81\ Schéma 3). Plusieurs améliorations considérab les, notamment 

l' emploi de sels de tri azo lium (NHC) chiraux, ont été apportées à cette transformation afin de 

la rendre hautement stéréosé lective. Cela a permis plusieurs app li cations en synthèse 17
• 

18
. 
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0 

Ph~ 
7 

c1 8~ (!) --.;::: OH 
Bn-N 

'L-s 8 (cat.) R~ 
Ph 0 
9 

Schéma 3: Réaction de Stetter 

6 

Un autre exempl e récent d' umpolung a été mis de 1 ' avant par le groupe de Nicolaou lors de la 

synthèse de la ( -)-platensimycine 12 (Schéma 4). En effet, à un stage avancé de la synthèse, 

le carbone de l' aldéhyde du produit 10 doit être connecté à l' énone de façon intramoléculaire. 

Pour ce fa ire, bien que la réaction de Stetter n' ai t pas donné le résultat escompté selon 

l' auteur, l'activation umpolung au Sml2 a permis d'obtenir Je tricycle souhaité 11 19
. 

10 

Sml 2 

HMPA, HFIP 

THF , -78"C 
51% 

11 

--
12, (- )-platensimycine 

Schéma 4: Activation umpolung au Sml2 en synthèse 

Par analogie, le principe de l' umpolung aromatique consiste à renverser la réacti vité naturell e 

d'espèces aromatiques ri ches en électrons afi n de les rendre électrophil es. Étant 

électrodéficients, les réactifs à base d' iode hypervalent peuvent accomplir cette tâche sui vant 

des échanges de ligands ou après des transfe1ts monoélectroniques20-31. Ceci peut être réalisé 

sur des phénols14' 29 ou des aryl-sul fo namides30. Une fo is ces espèces oxydées, ce ll es-ci 

peuvent maintenant réagi r avec des nucléophil es. Cette activation umpolung, ou 

désaromatisation oxydati ve, est à la base de nombreuses stratégies de synthèse. L' utilisation 

de la chi mie de l' iode hypervalent pour créer des li ens carbone-carbone à partir de phénols a 

d' aill eurs suscité l' intérêt de plusieurs chercheurs ces derni ères années32-34. 



Le groupe de Quideau propose trois mécan ismes différents pour l' act ivation umpolung de 

phénols en utili sant des réactifs à base d 'iode hypervalene 5 (Schéma 5). 

ou 

Coup lage 1 +Nu e 
de ligands -A cO l -Phl 1 -Phl 

0 

(Jr"' 
R, TPh (Nu) 

Schéma 5: Mécanismes d'activation umpolung de phénols à l'iode hypervalent 

7 

Ces tro is propos itions ont pour point commun la fo rmation d ' un intermédiaire de type 

phenyl-1.?-iodanyle suite à un échange de li gand entre le phénol et l' iode hyperva lent (ex: 

DIB). De plus, dans chacun des cas, la force motrice de la réaction consiste en la réduction du 

grou pe phenyl-1.?-iodany le en iode monovalent (ex: iodobenzène). À ce niveau, trois 

poss ibilités sont envisageab les . D'abord, un mécanisme par couplage de ligands pourrait être 

possible considérant le caractère pseudo-métallique et hypervalent des espèces mises en jeu. 

E n effet, ces caractéri stiq ues leur confère nt une qualité reconnue pour effectuer des réactions 

de couplage au même titre que d 'autres composés organo-métalliques36 Un deux ième 

échange de li gand par un nucléophile externe pourrait a insi permettre ce couplage de li gands 

condui sant aux espèces désaromatisées. Dans un autre ordre d ' idées, il pourrait s ' agi r d ' un 
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mécani sme assoc iatif par lequel le départ du groupe phényi-À3 -i odanyle se ferait de façon 

concertée avec l' entrée du nucléophile, ce qu i s'apparenterait à un mécanisme de typeS 2 ' . 

Cependant, au ni veau orbitalaire, cette réact ion ne devrait pas se produire (Schéma 6). 

Ph 

R 1~ ,.J _...- OAc 
Nu ______ ~·· 1\. __ _ -X-__ _ 

R2 ~ . . . · .. \ 
/ doublet p de 0 

doublet sp2 de 0 

Schéma 6: Recouvrement orbitalaire impossible lors d'une SN2' 

Effecti vement, pui sque l' orbitale p de 0 se trouve à 90° de l' orbitale cr*-sp2 du nucléofuge, il 

ne peut y avo ir de recouvrement orbitalaire adéquat lors de l' attaque du nucléopbjle. Peut­

être qu ' il s ' agit alors d' un mécani sme de type S 2 ' détendu, donc qui ne serait pas 

complètement associati f. En effet, un mécanisme di ssociatif serait plus réaliste (Schéma 5). 

Ce derni er impliquerait d' abord le départ du groupe phényi-À3-i odanyle pour générer l' ion 

phénoxonium qui, par la suite, subirait l ' attaque nucl éophil e en position ortho ou para. Étant 

donné le haut gain entropique des groupes partants de type phényi-À3 -i odanyle, un tel 

mécani sme serait crédible. Auss i, il n ' est pas rare de vo ir ces désaromati sati ons oxydatives se 

produire dans des so lvants polaires perfluorés (HFIP, TFE), des conditions favori sant un 

mécarusme di ssociatif. De plus, comme en témoignera ce document, ces conditi ons ont 

permis d' effectuer plusieurs transpos itions cationiques (Wagner-Meerwein, Pri ns, Prins­

pinacol, etc . .. ), ce qui renfo rce J'hypothèse d' un mécanisme dissociatif dans les conditi ons 

utili sées. Enfin, considérant le caractère pseudo-métallique de l' iode, il est probable que le 

mécanisme réel impliquerait des réactions d' oxydo-réductions par transferts 

monoélectroniques (SET) sans nécessairement générer l' espèce phényi-À3-iodanyle de départ, 

notamment en présence de solvants protiques (Schéma 7). Le Pr. Kita a d' aill eurs démontré, 

par des analyses spectroscopiques UV et RSE, l' existence de radi caux cationiques obtenus 

par SET en oxydant, en utili sant du PIFA, des éthers phénoliques para-substitués dans le 

HFIP37
. D' abord , le phénol13 subira it le premi er SET, ce qui génèrerait le radical cationique 
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14. Ce dernier se ferait déprotonner par un ion acétate relâché lors du SET pour donner le 

radical neutre 15. Ensuite, un second SET surviendrait et génèrerait l' ion phénoxonium 16. 

Ce faisant, l' iode retrouverait son état d'oxydation naturel (I) en formant l' iodobenzène, ce 

qui serait la fo rce motrice de la réaction. La charge positive de l' ion phénoxonium peut être 

délocali sée dans le cycle via deux autres formes limites de résonnance (17 et 18) . 

. l _.:._Ph 

~(±)(±) 
· o-H 

2 X 8 üAc 

R -& 

SET 

1-JFIPfOCM 

0 °C, 2 min 
13 

~0 
R~ 

17 

. '+ .· ·. 
. ü..;H) . 1-Ph 

<t>e 
OAc 

R 8 üAc 
14 

SET 

7 
Ph - I : 15 

8 üAc 

Schéma 7: Méca nisme d'oxydation de phénols à l'iode hyperva lent par SET 

Donc, lorsque des espèces aromatiques riches en électrons tel les que des phénols 19 (ou aryl­

sulfonamides) sont ainsi oxydés en présence de réactifs à base d' iode hypervalent, leur 

réactivité naturelle s' inverse (Schéma 8). C'est le concept de l' umpolung aromatique. 

Globalement, étant riches en électrons au départ, ces espèces réagissent normalement avec 

des électroph il es, comme c'est le cas lors d' une réaction de type Friedei-Crafts. Cependant, 

après une activation oxydative à l' iode hyperva lent, ces espèces génèreraient un ion 

phénoxonium (ou phénoximinium) 20 hautement électrophile. Celui-ci peut donc maintenant 

réagir en tant qu ' électrophil e avec plusieurs types de nucléophiles. L'attaque peut survenir en 

position ortho ou para selon la nature du nucléophile utili sé. Si un nucléophile externe plus 

encombré est mi s en jeu lors de l' activation umpo lung, com me un nucl éophi le carboné, 

l'attaque survient surtout en position ortho, sans doute parce que ce ll e-ci est plus dégagée 
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d ' un point de vue stérique. Ceci don.ne lieu à la formati on du produit 21 normalement obtenu 

lors d ' une réacti on de type Fri edei-Crafts. Toutefo is, si le nucléophile est fa iblement 

encombré, la pos ition para est favori sée, fo rt probabl ement parce que cell e-ci correspond à la 

pos ition où la charge positive est la plus stable, donc la moins ex igeante en énergie à l' état de 

transition. Ce fa isant, il y a formation d ' un squelette hautement fo nctionna li sé 22 contenant 

un carbone tétrasubstitué connecté à au moins deux centres sp2 a ins i qu ' une di énone 

prochirale hautement fonctionna lisable . Ceci fa it de cet intermédiaire un excell ent candidat 

pour la synthèse totale. Il est important de noter que, lorsque le nucléophile est délivré de 

faço n intramoléculaire via un bras directeur porté par le groupement R, l ' attaque se fera en 

pos ition para pour donner le produit 23, un squelette pouvant s'avérer intéressant en synthèse 

de produits nature ls. E n effet , de te ls centres spiraniques sont présents dans de nombreuses 

molécules bioactives. C ' est spécifiquement cet intermédia ire clé qui fera l' objet du présent 

document. 

XH x }-- XH x x 

Q PhJ(OAc)z $:f" ~N" Q Q ~ ou ou 
HFIP 

R R R N u R u 

X = 0 ou NS02R' u 
19 20 21 22 23 

Schéma 8: Activation umpolung aromatique et régiosélectivité 

Le Pr. K ita, pionn ier dans ce domaine, a démontré qu ' il éta it poss ible de réa li ser ces réactions 

d 'oxydati ons désaromati santes en tra itant des phénols au moyen de réactifs à base d ' iode 

hypervalent. De plus, il a démontré que l' utili sation d ' hexafluoroisopropanol (HFIP) comme 

solvant permetta it la stabilisati on de l' ion phénoxonium fo rmé. En effet, l' ion phénoxonium 

constitue un intermédiaire instable qui peut réagir avec plusieurs nuc léophi les présents dans 

le mili eu, y compri s le solvant. Afi n de limi ter la réactiv ité de cet intermédi aire instable au 

nucléophil e dés iré, l' ion phénoxoniu m doit être stabili sé pa r un so lvant polai re, pratique et 

non nucléophil e, comme le HF IP ou le 2,2,2-trifl uoroéthanol (TFE). Ainsi, en plus de 

stabili ser suffisamment l' ion phénoxonium pour lui donne r le temps de vie nécessaire afin 
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que la réaction puisse avo ir li eu, ce so lvant n'effectue pas d ' addi tion nucléophil e. Cela 

permet donc au nucléophile souhaité de s ' additionner afi n d ' obtenir le produit dés iré20
-
22

' 
30

. 



CHAPITRE I: 

RÉACTION DE PRINS-PINACOL OXYDA TIVE 

1.1. Introduction 

Les transposttJOns cationiques constituent depuis longtemps une avenue intéressante en 

synthèse de molécules complexes38
. Les réarrangements de type Wagner-Meerwein sont au 

nombre des exemples les plus connus39
. La réaction de Prins-pinaco l fa it auss i partie du lot 

et a été utilisée comme étape clé dans plusieurs synthèses totales de produits naturels. Le 

groupe de Overman a notamment utilisé cette transformation pour la synthèse 

énantiosélective de la (-)-magellan ine40 et de la shahami n K41 (Schéma 1.1). 

~ magellanine 

TMSO lMe3Si . ._:9) l 0 fj ~ (]·····~SPh _D_M_T_S_F._D_C_M.., ~ Pci"'-piooool ~SP' 

~Ph ®S - ph ~H 
~ shahamin K 

Schéma 1.1: Réaction de Prins-pinacol en synthèse de produits naturels 

Sommairement, la réaction de Prins-pinacol est une combinaison de deux réactions en 

cascade, soit la réaction de Prins et un réarrangement pinacolique. En effet, suivant une 

activation appropriée au moyen d 'un acide de Lewis (S nC1 4 , DMTSF, etc.), l' ion oxon ium 

(ou thiocarbénium) est piégé par une doub le li aison. C' est la "partie Prins" de la réaction. De 

façon concomitante, la stabili sation de la charge positive formée lors de la réaction de Prins 
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s'effectue v ia la rupture stéréospécifique du lien carbone-carbone périplanai re à l' orbita le n;* 

de la double li aison. Ce réarrangement cationique, au cours duque l s'effectue auss i la rupture 

de l'éther de sily le pour former la cétone correspondante, réfère à la "parti e pinacol" de la 

réaction. Ce fa isant, il se produit une élongati on et une contraction de cycle de faço n 

simultanée. Cette transformation a été uti lisée en mode aliphat ique par d ifférents groupes de 

recherche pour synthétiser plusieurs molécules bioactives. Dans le présent document, la 

version umpolung aromatique de cette réaction sera décrite. En effet, suite à l' acti vati on de 

phénols simp les (24 et 25) en appliquant un processus oxydati f impl iquant un réacti f à base 

d' iode hyperva lent, il a été possib le de mettre au point la vers ion wnpolung aromat ique de la 

réaction de Prins-pinacol (Schéma 1.2). 

Phi(OAc}z Prins-pinacol 

umpolung 

24 

HO~= R' -"'"'R' R1 -~ 
R2 OSiR3 

umpolung 

25 

Schéma 1.2: Réaction de Prins-pinacol oxydative 

Cette nouve lle méthodologie a non seul ement été déve loppée à part ir de phénols 24 contenant 

des alcènes jouant le rô le de nucléophi le, mais aussi à partir de phénols 25 comportant des 

alcynes . Dans le premier cas, l' état de trans ition serait de type chaise, alors que dans l' autre, 

il serait plutôt de type demi-chaise. P lusieurs exempl es ont été réali sés dont certains avec des 

substrats très encombrés stériquement. En effet, un exemple avec un substrat contenant deux 

carbones quaterna ires contigus a même été exécuté. De plus, la stéréosélectivité de la réaction 

a été étudiée en uti 1 isant des phénols contenant déjà un centre asymétrique tert iaire ou 

quaternaire contrôlé. Il a alors été remarqué, par RMN 19F en emp loyant la stratégie de 
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Mosher, que J' information chirale des produits de départ était, dans certains cas, totalement 

transmi se aux produi ts fi naux. Enfi n, cette méthodologie a été appliquée à la synthèse 

fo rmell e d'un antibi otique important, la (-)-platensimycine 12 (Schéma 4). Depuis sa 

découverte en 200642
, cet antibioti que s ' est révé lé comme étant très efficace contre le 

staphylocoque doré. E n effet, son mode d 'acti on unique, par lequel il inhiberait la 

bi osynthèse des ac ides gras de ces bactéri es, a suscité l' intérêt de la communauté sci ent ifique. 

E n 2007, plusieurs chercheurs ont proposé di fférentes synthèses du système oxatétracyclique 

(composé cage) de cette molécule43
. Toutefo is, seul s N ico laou et Ghosh ont réali sé la 

synthèse totale de cet antib iotique44
. Afin de fo rmer le système spi robicyclique (Schéma 1.3), 

N icolaou propose une cycloisoméri sati on de Trost en ut ili sant un catalyseur à base de 

ruthénium. Plus récemment, pour é laborer ce squelette, le même chercheur a proposé une 

alternati ve qui implique justement une désaromatisation oxydati ve en utili sant la chimie de 

1' iode hyperva lent 19
. 

0 

[CpRu (MeCN)J] PF6 cat. E 
acétone 

92% 

/'= 
TBSO 

Phi(0Ac)2 

TFE 
68% 

Schéma 1.3: Synthèses de la (-)-platensimycine de Nicolaou 
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La synthèse de ce système spi rob icylci que a été effectuée en app liquant la méthodologie de 

Prins-p inaco l oxydative. La synthèse fo rmell e de cet antibiotique a donc été accomplie 

(Schéma 1.4). 

/ -Q-oH 

c:y~ 
Me 

26 

0~ 
31 

Phi (OAch 

HFIP/DCM 

27 

AcO~;c:x::>=o 

30 

Prins-pinacol [ ~fOooj 
28 

! H202 

FeS04 , Cu(OAc)2 ( ''•··poo 

MeOH HO-~~,,,, -

29 

Schéma 1.4: Réaction de Prins-pinacol oxydative et son application à la synthèse 

de la (-)-platensimycine 

Au cours de cette synthèse, le cycloéther trans 26 a été synthétisé de manière stéréosélective 

en ut ili sant la stratégie d 'Evans. L'oxydati on de ce derni er da ns les conditions développées 

par Ki ta a permis d ' effectuer le réarrangement de P rins-pinaco l souhaité v ia 1 'état de 

transition présumé 27. Ceci a généré l' intermédia ire cationique 28 qui, une fo is traité par du 

peroxyde d'hydrogène, a donné 1 ' hydroperoxycéta l 29. Ce derni er a subi une fragmentation 

de type Shreiber-Fento n, ce qui a permi s d'o bteni r le prod ui t 30 sous forme d'un mélange 3: 1 

d'a lcènes (exocyclique: endocyclique). Ce mélange a convergé vers un seu l produi t après 

quelques transformations et le composé cage 31 de la (-)-pl atensimycine a été obtenu . 
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ABSTRACT: An oxidative l'rins-pinacol tandem process 
mediated by a hypervalent iodine reagent has been developed. 
This oxidative version of the famous tandem process fits within 
the concept of "aromatic ri ng umpolung· and allows the 
stereoselective transformation of simple phenols into highly 
elaborated spirocycl ic dîenone cores containing severa! 
quatemary carbon centers. The scope and the limitations of 
this process, indudlng the study of its stereoselectivity, are 
described in this article. A< a direct application of thi 
stercoselcctive proccss, wc describe the formai synthcsis of 
( - )-platensimycin, an important antibiotic agent. 

• INTRODUCTION 

Cationic m olecular transpositions' providc an csthctically 
appealing route to comple.x molecular structures. A remarkablc 
transfonnation of this type is the elegant f' rins-pinacol tandem 
proœss; this method has been used as the key step in severa! 
total synthescs of natural products, as demons tratcd by 
Overman and co·workers? At1 e."dension of Ù1is aliphati 
transformntion to aromatic. systems would open up seveml 
oppo 1tunïties in chemical synth esis. Our intere t in oxidative 
dearomatization of electron-rich aromaticsJ med iated by 
hypervalent iodine reagcnts4-

6 led us to question whether an 
analogous process could be initia ted by ox.idative activa tion. 
\t\'h ile electron-rich aromotic systems normally react as 
nucleophiles, ox.idativc actintion converts them into highly 
electrophilic species, \>ilich may then b e intercepted with 
appropriale nucleoplùles. Jf one considers the behavior of 
in termedia te 2, th is reversai of reactivity may be thought of a 
involving "aromatic ring umpolun(.3·4d PhenoL dearomatiza­
tio n p rocesses mediated by hypetvalent iodjne reagents su ch as 
(diacetoxyiodo)hem.ene (DI B), an environmentaJI)' ben.ign 
reagent, are wcll-documentcd in the liternture, and this has 
elicited s ubstantiaJ interest in the synthetic arcna. +-? An 
indication of how the formation of the corresponding 
phenoxonium ion 2 can be efficie nt ly achieved and sufficiently 
stabilized to be trapped by o nudeopbile is well apparent in the 
work of Kita/ who has shown that such proccsses are best 
performed în solvents such a.s he.'ialluoroisopr pnnol (HF1P) .8 

Extending the aromatic ring umpolung concept9 to the fumous 
Pri.ns~pin ilcol transfonnation would allow Ù1e rapid conversion 
of simple and inexpensive cor , such :.s phenols, into more 
complex spirodienone architectures, .3i wh ile co ntroll ing the 
stereoseJective formation of quaternary carbon centers, in a 
single step.

10 We assumed that during the umpolung activ.1 tion, 
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mediated by a single-electron transfer (SET), the phenoxonium 

ion 2 ge nerated would be trapped via an oxidative Prins process 

by the double bond, possibly through a cydic chai rlike transition 

state. ·n,is would be fo Uowed by a stereocontroUed ring 

contraction th at shouid occur \vith retention of the configuration 

of tl1e emerging quaternary carbon center (Figure 1). 

~~~ 0u_R5 R2 

R, ~R..R3 ----- R1 ~R3 
2 OP 

3 
(OP ' 

Figure l. Presumed course of the oxidative Prins-pin:tcol tandem 
proccss. 

Sucl1 spiro [4,S)decanyl scaffolds 4 are fou nd in severa! 
natural products having interesting biological properties such ns 
( + )-anhydro-/J-rotunol S, 11 

an antifungal agen~ ( + )-dellydro­
solanilscone 6,l2 an ilntibactcrial producr resulting from a 
potential [ 2 + 2] cycloaddi tion process from S, (-)-scopadulcic 
acid A 7, 13 an antiviral agent against herpes simplex virus type 
1, and ( + )-magellaninone 8, 14 a compound belongi ng to the 
lycopodium family15 (Figure 2). 

Rcccivcd: Scptcn"'ber 20, !Ol J 

Puhlished: Octobcr 11, 201 1 
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Figure 2 . Natural products containing a spiro [4.S]decanyl core. 

ln th is poper, we subst:mrially exrend the scope of the 
oxidative Prins-pinacol process to phenol derivatives containing 
al lylic and propon gyli c alcohol moietie.s,3 i and we pre ent an 
avenue for the. stereoselective for mati on of te rtiary and 
quaternary carbon centers. Furth ermore, as a first application 
to this process, the synthesis of the known main cage of 
(- )-platensimydn, a novel important class of antibiotic agent is 
reported. 

• RESULTS AND DISCUSSION 

We fust investigated the scope and limit:ltions of ùùs process 
on different phenols 1 conraining a rem1inal alkene as an 
in ternal nudcophile to triggcr the oxidative Prins process 
followed by a semipinacol-type rearrnngement to p roduœ the 
main spirocyclic system 4. ·n,is reaction could be perfom1ed 
e.ithcr in H FU) at room temperature or at - 1 S °C in an equal 
mi,ture of ùCM/ H FII'. To cxemp lify tlùs transformatio n, 
different phenols substituted at any position on rl1e lateral chain 
or at the ortlro-positions were oxidized. A TBS moiety was first 
used os an alrohol protecting group in order to avoid the 
formation of the cyclic ether compound resulting from a direct 
attack by the alcohol on the phenoxonium ion 2 generated 
upon O:\i.dation, as demonstrated hy Kita and co-\·~.rorkers? A 
summary of reprcscnt.ltivc experiments appears in T:lble L 

Table 1. Oxida tive P rins -P inacol T andem Process of 
Olefinic Subs trates 

R, 

Ho~ . 
--V-7.:21- ~ 0 RI ?-tR,R.l HFIP, rt 

1 OTBS 2 min 4 R, 

R, 

e:ntt)' R, R, R, Il,, Rs Y"ld (96) 

H H H Mc ll 64 

h H H H CH=CH, H 60 
li li H Ph !-.<fe 58 
H H H Me s\·fe 68 

Bt li li Mt.> Mc 84 
H ,\.1e H Mo H 50 
H t-t Mc ~1e H JO 
li H •tl yi CH= CH, H 55 

The anticipated ketones 4a-h emerged in good yields (up to 
84%) and wirl1 very good diastercoselectivity, dictated by allylic 
strain interactions in the chan·like transition state (cntrics f-h), 
and only one other diastereoisomer was detectable by 1H NJvUt 
(S- 1 0%). Thi methotl produccd compact polysubstituted 
scaffolds con taining substituents loc.1ted at any of the positions 
on the lateral chain. lt should be noted that in the case of R5 
being an alkyl group, tl1e reaction simultaneously produces two 
quatemary carbon aroms, one of Y...f1ich is also a spire center. 
TI1e presence of bromines in ort/w-positions appears to lead to 
nn increase of the global yield of rl1is transformJtion. This may 
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be cxplaincd by considering that the firs t inre m1ediate is a 
highly delocalized carboniu m ion, which can be rcp resented by 
2 (f igure 11 R1 =Br) as one of its resonance structures. VVe 
believe that, because of the presence of the electron­
withdrawing bromine atoms1 2 would be the dominant 
resonance form rather than the ortho-mesomer and thus 
would be Jess susceptible ta a bimolecular attack by extemal 
nudeophiles at the ortho-position. As an additional advantage, 
the bromine atoms provide a handle fo r the introduction of 
o rhe.r substî tuents1 using transition m etal chemistry. CompoWld 
4g was obtained in a low 30% yield, about half of the yield 
recarded earlier for substrates without substituen ts in position 2 
(R3 = H). T his resul.t could shed light on the stereochemical 
course of the reaction: a .1: 1 epimeric mixture of the tertiary 
alcohol moiet)• in 1g is oxidized, and it is possible dl3t only one 
diastereoiso mer} having minimal A 1 .. 1 interactions, is a 
competent substrate for the requisite oxidative Prins-pinacol 
process. lndeed, the confom1ation of diastereomer 2g, which 
presumably undergoes reaction, is sud1 that th e OTBS group is 
subjected to minimal A1

•3 interaction with the .. inside" vinyHc 
hydrogen.16 Tlùs contrast with diastereomer 2g', where tbe 
allylic interaction is considerably more severe, due to tbe 
presence of a more sterically demanding methyl group in 
proximity to the same vinylic hydrogen. This interaction co uld 
slow the Prins step of diastereoL•omer 2g' and divert the 
reactive electrophilic spccies, created upon wnpolung activation 
of the phenol, toward ether reaction pathways. ln either case, 
the major product of the reaction IS cis-ketone 4g17 (Scheme 1 ). 

To support this hypothesis, compound 1 h, containing an 
ally! substituent at position 2, was prepnred. fn this case, both 
viny! group at po ition 3 (R, = viny! and R5 = H) were able to 
trap the phenoxonium ion species, thus automatically placing 
the OTBS group in an axial position in the transi tio n state 2h, 
to generate compound 4h in a 55% yield, comparable to that 
obtained with similar substrates. 

'l11i~ transformation Î!i not restricted to rl1e fo rmation o f 
ketones but can be extended ra the formation of aldehydes 
from secondary allylic ethers. ln this case, a protecting group 
more hindered than a TBS group must be used lndeed, in the 
absence of a tertiary center, the phenoxo nhun ion, genernted 
during umpohmg activation, is more accessible ta the oxygen 
atom and leads mainly to cydoether 10 via a five-membered 
ring, and only a small amount of the de.•ired compound 12 wa.• 
observed. ln order to fuvor the 6-endo process, the second1ry 
alcohol moiety was protected with th e bulky T!PS protecting 
group. Moreover, the formation of aldehyde 12 requi red the 
use of PIFA (phenyl iodine( U! )bis(triJluoroacetatc) instead of 
Dili, to prevent d1e fonnation of a mixed acetal, such as 15 in 
43% yield. T he formation of the latte r resu lted from th e 
nudeophilic attock of an acetate ion, released upon umpohmg 
activation, on intermediate 14. Tl1e presence of the Jess 
nucleophilic tri!luoroacetate ligand on the hypenalent iodine 
comple.' (PlFA) allowed formation of the aldehyde 12 in 6 196 
yield lt should be noted, however, thal the mixed acetal 
function in 15 could be useful if a pro tected aldehyde is 
required in rl1e synd1esis (Scheme 2). 

ln order to broaden the scope and test the limitations of this 
transfom1ation1 \\IC have also substituted the C· l alkcne 
position with two methyl groups.9 This result suggests the 
potential for constructing high ly hindered cores contaî ni:ng hvo 
contiguous quaternary carbon centers. Jndeed, the elaboration 
of such challenging systems is often prevented by the steric 
hindr.:mce of the first quatemary carbon center. During the 
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Sche me l. A 1•
3 Strain lnteractions lnvolved during th e T ransition State of Compound l g 

HO'O I H H 
~--+Me 
H~Me 

1g H OTBS 

HO'O IH H 
"'-94Me 
H -- OTBS 

1g' 
H Me 

Schemc 2. Formation of Aldehyde and Acetal Ftmctionalitics 

PIFA 
HOYil 
~ HFIP, n 

0~ 
10 ° ~ TBS"

0 
"" 

9 
2 min, 57% 

PIFA HO~ 
"" 1 

11 ~ OTIPS HFIP,rt 
2min, 61% 

HO~. 
VM• 
~OTIPS 

13 H 

Phi(OAc) 
2min 

oxidation of compow1d 16, the aldehyde 17 formed was not 
stable and further trnnsfonned into Ù1e corresponding triqclic 
core J 8 vin :l Michael addition o-n the die none system medinted 
by the aldehyde functionolity to produce hemiacetnl 18 in 40% 
overall yield. lt should be stressed thot this is a one-pot 
muJtistep, stereosclectÎ\"e tr.msformation producing a function­
alized, highly congested tricyclic system 18 (Scheme 3). 

Our next stage was to develop an enantioselective pathway 
enabling the fom10tion of tertiary or quatemary carbon centers 
from an enantîopurc (or an enantioenriched) substrate 
containing a stereogenic aUylic alcohol functionality on the 
acyclic lateral chain, sucb as ( + )- 13.'8 ' For this to be successful, 
the conformational equilibrium, involved during the chairlike 
transition state, had ta be easi ly shifted to one conformer, 
considering ail the possible A'·', A1

•
3
, and 1,3-diaxial sterk 

interactions, as well a.s the stereoelectronic effects involved . 
lndeed, confomters 19 will lead srcreoselectively, after a ring 
contraction1 ta the t\va opposite stereoœnters of 20. ln thîs 
case, the two confonners 19 and 19 ' each have their own steric 
interactions1 resulting in overaU law enantioselectivity. Con­
fonncr 19' has to accommodate A1 ~ and 1,3-dia.xial steric 
interactions, whereil.S conformer 19 presents more evere Al). 

interactions. The balance of these effects results in the 
fomtation of bath enantiomcrs of compound 20 in 68% yield 
with low cnantiomeric cxcess 19 (30%) (Schcme 4)- Such a 
result suggests that, in principle, ond depending on the 
protecting group usee!, the ame enantiopure tertiary alcohol 
13 could lead to an exœss of either R or S compotmd 20. 
lndeed, an 0-TBS version of (R)- 13 that would fuvor 
conformer 191 led to m excess of the opposite enantiomer 
(R)-10 with ::. simibr ee. 19 Ta irnprove this enantioselectivity, 
we removed tbe mismatched sr eric A 1'2 interaction generated by 
the aU ylie methyl group and the smaller TB$ protecting group 
\""JS used. As a result, an enantioenrid1ed fonn of compound 
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12 

o~JTIPS 
_ \d"-\ OAc 

15 

(R)-la (70% ce) was synrltesized.' "" During tl1e umpolung 
activation, the t-wo confo rmers 21 and 2 1' can equ il ibrate, but 
the transition state originating from 21' should be the most 
stable (Sd1eme 1 ) . Compound (R)-4a was obtained with the 
same optical purity (70% ee) 19 as the starting material used, 
thus demonstrating the high reaction enantioselectivîty in this 
case (Scheme 4 ). 

Jn order to develop an efficient stereoselective route to 
compotmds containing a quatemary Clrbon œnter1 we resorted 
ro a diastcrcosclective reaction where one transition state would 
be favored over the other. ln the desired conformer 24, the set 
stereochemistry of the quntemary merl1yl group diclates the 
configuration of the emerging quaternnry carbon center, such 
thot chirali ty transfer lnkes pince with retention of configuration 
(Scheme S). Therefore, a trans-cydoether 23 was synthesized, 
and in this case, only the formation U1e bicyclic transition state 
24 was permitted. 11te required tetrahydrofuran core 23, 
involving minimal A1~ interaction betwcen the equatorial 
o>-ygcn atom and the methyl group, and thcrefore presumably 
thcrmodynamically favored, was obtained by acid treatrncnt of 
the mLxture of triols 22 in 88% yield. The asymmctric version of 
2 2 was assembled using Evans' asymmetric alkylation 
technology20 Umpolung activation of cydoether 23 led to 
the hemiketal 26 after the ring contraction, ring elongotion 
process in 70% yield. E'urther treatment of the crude mixture of 
anomer-s 26 with Dess-Martin oxidation periodinate-:! 1 led to 
keto-aldehyde 27 as a single diastereoisomer in 60% yield 
overaU from compound 2.3 . As anticipated, on the hasis of our 
mechanistic hypothesis, compound 2.7 displayed a Gis-relative 
configuration between the two carbonyl branches. lt should be 
noted that1 in this new proœss1 we have cfficiently created a 
pair of contiguous stereocenteTs, one tertiary and the other 
quaternnry, wîth complete degree of stereocontrol, thus 
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Sc hemc 3. Fonnation of Conti guous Quatern ary Carbon Ce nters 

HO~ 
::,.. ~ OTIPS 

/ H 16 

0 

~. 
Schemc 4. Stereoselectivity Issues Following the Conformational Equilibriums 

0~ - 19 
~le 
~OTIPS 

(R)-
13 HF~~f~CM 

11 HIRJ 

t:f!-:s -15 <C, 2 mm 

0 Me 19' 

(R)-1a 
(70% ee) 

Ph1(0Ac)2 

HFIP/OCM 
-15 "C.2min 

0~ 21 
<il H 

""' 2 ----zorss 
~(R)T 

(1 Me 

OTBS 

~R)Me 
0~ 1' 21 ' 

68%yield 
30%ee 

64% 

0~ 
~Me 

(S)-20 ~HO 

0 

19''-/·~Me 
0~ H 

(R) -4a 
(70o/o ee) 

Scheme S. Effid ent dinstereoselective avenue for the fom1ation o f a quatemary ca rbon cen ter 

~OH 
HO Me 22 

[~~0]0 
CH, 24 

TFAIDCM 

40'C, 2h 
88% 

Phi(0Ac)2 

HFIP/DCM 
23 

H CH3 H,r0C!:-0 - 0 
25 

('''f-y~o 
ox,·-~ '=' -

DMPIOCM 
40 'C, 12h 

HO 26 
SOOk avera tl 

dcmonstrating the potentin! practical utility of tl1is oxidative 
proœss in a diastcreosdective pathway (Scheme 5). 

We were nlso interested in extending this process to 
acetylenic substrates 28 to readily produce in teres ting 
polyfunctionalized and polysubstitu ted compact spiro( 4,5 )­
decan yi systems 30. ~' ordcr to broadcn the scope ond 
limitation of this new tronsformation, different phenols, 
containing scveral substituents at any position on the lateral 
d1ain1 were învestigated. The desired compound 30 was 
obtained in 46-SJ % yield A ummary of representative 
e."\'])eriments appears i.n T able 2. 

This novel tandem process allo1.-s the production, in u eful 
to good yield (up lo 8 1%), of the scaffold 30, a compact 
polysubstituted and functionalized subunit present in severa! 
natural products. TI1is key functionalizcd core was ea ily 
obtained fi-om simple and inexpensive phenols. lt should be 
stressed thnt thi proces occurs even in presence of hindered 
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alkynes with yields similar to those of unhindered alkynes and 
nllows the generation of a contiguous qnatemary carbon center 
and a tetrasubstituted alkene moiety. 1 n addi tion, the geometry 
provided by the half-chair transition state 29 appears to tolera te 
a wide range of bulky substituents on the lateral chain . lndeed, 
the absence of 1,3-allylic strain interactions allows the presence 
of sub>tituents in position 2 and leads to good yields of the 
desircd system (up to 8 1%, 2Sf and 28h), by contrast with 
compound 4h (Scheme 1). As already observed in Table 1, the 
presence of bromines in the ortho-position increased consid­
erably the global )"Cid of this transformation (30e versus 30f 
ond 30g versus 30h). ·n,is reachon can al<o generale a 
conjugated aldehyde functiona lity (30m) in 47% yicld from 
compound 28 m. 'l'he presence of~ more hindered 1"1PS as an 
o'-ygen protecting group was stiU required with a secondary 
alcohol moiety to efficiently produce the aldehyde functionality. 
As a demonstration of the potential of this new process, 
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Ta ble 2. Oxidati've Prin s- Pi nacol Ta nd em Reaction with Alkyncs 

R, -{ R, ~ R1 Rz R HO ~ 0 "' - :
3 

R,~- R A, A,~0,7:.1-A, o=<:Y:J:" ·A. 

Az 28 OP Rz- 29 OP 30 rn 
entry p R, Rz R, 

TBS H H H 

TBS H H H 
TBS H H H 
TBS H H Me 
TBS H H Me 
TBS Br H Me 

g res H H Me 
h TBS Br H Me 
1 TBS H H H 

1 TBS H H Allyl 
TBS H Me H 
TBS H Me H 

m TIPS H H H 

compound 3 1, containing a ge111-dimethyl bcnzylic function ­
ality, was prcpared and the subsequent "umpolung activation" 
of this polysubstituted phenol resultcd in compound 32 in 5196 
yield. ln thi case, the compact polyfunctionalized system 
contains t'\\'0 contiguous quatemary carbon centcrs and a 
ttisubstituted alkene moiety. Such a hindered s tructure 
represents a difficult scaffold to synthesizc. This new process 
represents an e.."tpeditious access to such challenging structures 

(Scheme 6). 

Scheme 6. Fonnation of Contiguous Quatern ary Carbo n 
Centers and a T r isubsti tuted Alkcne Moiety 

HO~~ - 4-
31 

OTBS 

Phi(0Ac)2 
HFIPJOCM 
0 'C, 2 m1n 

f=\.~0 
~~51% 

The proccss was also extended to compounds containing a 
propargylic ether in position 6 such as 33, producing the 
aldehyde 34 in 5196 yield via an exocyclic l'rins-pinacol process. 
ln cl1is case, a S-exo-dig cydization was observed instead of the 
standard 6-e11do-dig mode normally observed with substratcs 
such as 28 (Table 2), prompted by the sterically demanding 
ether moiety genemted in position 3. ln the case of an 
unsubstituted position 3, howeve r, wi th an alkyne segment 
substituted in position 5, the process now proceeds via a S-exo­
dig mode cyclizatiun, leading to the spiro[S.S ] undecanyl 
structure 34 with good selectivity (9/ l ) in favor of the E­
isomer, as observed by NMR l11is new reaction course of 
compounds containing an alkyne functionality, which hinges on 
the position of th e ether moiety during the o.udative Prins 
transfom1ation, opens the door to novel opportunitics such os 
d1e facil imted construction of the subunit present in the natuml 
product (- )-hispidosperm idin 3522 (Scheme 7). 

lt should be noted that the oxidative Prins-pinacol reaction 
proœeded sometimes with formation of byproducts such as 37 
(Scheme 8; in 5-10% yield). The formotion of such 
spiro[S.5] undecanyl systems was mtionalized by invoking an 
alkyl migrJtion from intermediate 36, occurring in competition 
with ring contraction, albeit to a minor cxtent. While the ring 
contraction wa th~ ·major pathway, migration of the acyclic 
moiety could occasionolly be observed (Scheme 8). 

R, R, yield(%! 

Me H 51 

Me n-Bu 48 
Me n-Dec 55 
Me H 46 

= H H 57 
~H H 78 
== n-Bu n-Bu 60 

== n-Bu n-Bu 81 

= n-Dec n-Dec 50 
~,.eu n-Bu 53 
==-n-Bu n-Bu 56 

= H H 53 
H H 47 

Sch e me 7 . 5-cxo-d ig Cycl iza t io n o f Su bs trat c with 
Propargylic Ether at Posi tion 7 

TIPSO 

HO~ 
33 

Phi(0Ac)2 
HFIP, 0 "C 
2min, 51% 34 

As an initial application of the oxidative l'rins-pinacol tandem 
sequence, wc describc now a fom1ol synthesis of (- )-platen i­
mycin 53?3 "'Ibis substance is an e."(citing e>.'Perimental 
antibiotic thot is bclievcd to act as a FobF inhibitor_,_,, lts 
unusual structure and potent bioactivi~ have clidtcd enormous 
interest in the synthetic community. '- Our strategie approach 
to (-)-platensimycin rnrgeted compound 52, an advanced 
intermediate in Nicolaou's to to! synthcsis24 (Figure 3). 

·n,e availability of a stnughtforwarcl route to compounds 
such as 4 or 30 presents new opportunities for cl>e formation of 
the mo in core of natuml products uch as (- )·platensimycin, 
53. To that cffect, the enantioenrichcd cycloether compound 
23 was obtained using Evans' asymmetric alkylation 
teclmology from compound 38 (Sd1eme 5).31 At dlis stage, 
we had assumed that a Baeyer-Yilliger reaction or a similar 
transformation on the hcmiketal 26 wotùd produce the 
requircd tertiary alcohol functionality in a compound (43) 
whid1 contoins the carbon framework of the desired torget. 
Unfortunately, direct treatment of compolmd 26 in presence of 
mC L'BA fuiled to produce 43, and instead, an epoxidc was 
recovered resulting from mCPBA over oxidation of alkenc 42 
( d1eme 9). Consequently, we proceeded to inve tigate 
alternatives to the Baeycr-ViU igcr proccss, such as the useful 
methodologies developed by Schreibcr and co-workers'5•

26 

Indeed, during the phenolic activation of cydoether 23 with the 
hypervnlent iodine reagent; the resu lting m:onium spede.s 25 
(Scheme 5) can be trapped in the same pot with hydrogen 
peroxide, affording a 3:2 mixture of unassignecl dia tereo­
isomers of hydroperoxyketal 39 in 64% yield from 23 
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Scheme 8. Formati on of Spiro[S.S]undeca nyl Byproducts 

R1 R, Ei> 
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~ 

36 R, R2 Ra 1 \ 
30 contraction 5·10% 

MicllBef OH O n -NA_-.__ 0 
HOOC~H ~~ OH ~ J\ 52 

~ 
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Me 

Figure 3. Structure of ( -)·platcnsimycin and rctTQsynthctit: logic. 

Baoyor·Villigor 

= 

Scheme 9. Schreiber Fragmentation Process o n the Hydroperoxyketal 39 

0 0 

.)l~ 
DCM, NEta 
1 h, rt, 67% 

(Figure 3). Further treatment of this hydroperoxyketal in 
presence of acctic anhydride25 furnished a mixture of the 
desired alcohol 43 and the unwanted tetrasubstituted alkene 42 
in 67% yield in a 3:2 ratio in fnvor of the alkene. This alkene 
functionalit:y presumably results &om an elimination promoted 
by the released acetate ion on the anti-periplanar hydrogen on 
intermediate 41; the desired compound 43 would result from 
the hydrolysis of the oxonium speôes 41 (Scheme 9). 

To optimize the formation of nlcobol 43, we deôded to 
perform this transformation in a bipha.sic medium using a 
Schotten-Baumann-type procedure on hydroperoxides 39. 
lndeed, in such conditions, the presence of water favored the 
nudeophilic attack on the oxonium 41, leading almost 
e.<clusively to the formation of the desi.red alcohol 43 with 
rl1e required configuration, thereby demonstrating the stereo· 
selectivity of the oxidative process (Scheme S ). This trans­
formation could be perforn1ed with acetic anhydride; however1 

2-nosyl cl1loride proved to be more convenient us a peroxidc 
activator, afl'orcllng 43 in 72% yield. Du ring this transfom1ation, 
rl1e ke tal function of 39 h:t.s been replaced by the desired 
alcohol funclionallty (43) with retention of configuration in 
good yield (Scbcme 10). 

Subsequently, the acetate group was removed and the 
primary alcohol obtained was selectively oxidized to the 
hemiketal 44 in presence of lBX in 80% yield. Further 

0 

Scheme 10. Stereoselective Formation of the Tertiary 
Alcobol Moiety H o:S02CI (''··poo 0 N02 x - -----· 9 39 THFIH,O. rt, 12 h 

OH NaHC03, 72% 

H 
ACO--./''· :~Q 

Ho·· tJ'=I 
43 

treatment of 44 wilh thiophenol and TFA produced thio-.acetal l 
45 in 70% yield. Unfortunately, ail radical or anionic attempts 
to produce the main cage core 52 from 45 f.tiled, and only 
traces of the desired compound 52 was ob erved during the 
treatment of 45 with lithium naphthalenide (L'\! ) (Scheme J 1). 

As first demonstrated by Nicobou,"' it appears th at the 
formation of the main cage was not so straightforward1 most 
probably due to the presence of the quatemary corbon center. 
Indeed, in the literature1 few reactions allowing the fonnation of 
such a system by a Micl10el addition have been reported;24 as 
an example, the Sterter trnnsfonnï1tion djd not proceed?-4 To 
be able to produce n formai synthesis of (-)·platensimyci.n1 ·we 

decided to sacrifice the second quaternary carbon center 
generated with total stereocontrol during the ''umpolung 
activation" to obtain a fiat and ]., s hindered cyclopentene 
moiety, in arder to fa vor the Michael addition required ln the 
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Schemc 1 1. F irs t Unsuccessful Pathway to the Main Core 
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Scheme 12. Schreiber-Fenton Fragmentation l'rocess 
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Schcmc 13. Formnl Synthcsis of(- )-l'la tcnsimycin 
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event, hydropcroxide 39 was trcated witl1 a mi>'turc of the 
Fenton rcngent (Fc$04) and Cu(0Ac) 1 in MeOH ta producc 
the intenmediate 46, and a subsequent addi tion of K,C0 3 ta the 
reaction mixture induced conversion to 47 in 44% overaU yicld 
from 29. Compound 47 was obtained as a 3: 1 mi>.'l:ure of 
exocyclic (major) and endocycUc nlkcnes. The substitution of 
Cu(0Ac)1 by CuCI2 during the Schreiber fragment>~lion 26 led 
exclusively ta the chlora compound 49 in good yield (74%) 
\\~th 4: j selec.tivity in favor of the trans isomer but, as 

presumcd, subsequent treatment with DBU led mainly ta the 
undesired tetrasubstituted alkene 42. As demonstrat~-d first by 
Nicolaou et al/ ' bath isomers of compound 48 converge ta 
the tetraqclic main core of platensimydn 52. Accordingly to 
this hypothcsis, no separJtion " 'J requircd at thi stage. The 
alcohol mixture 47 was thu adv:mced to o mixture of the 
corresponding aldehydes 48 in 7496 )Oeld by PCC oxidation 
(Scheme 12). 

Bath compounds in the mixture 48 are known synthetic 

precursors24 for (-)-platensimycin. Accordingly, they were 
treated by Kagan's reagent (Sml2),

27 whereupon stereoselective 
cyclization to alcohols 50 occurred vin a regular aliphatic 
umpolung transformation (Scheme 13).28 Finally, the Jikene 
mixture 50 was ttansformed ta the known cage compound 52 
upon tre:\tment with TF A via the fom1ation of a common 
tertiary carbocation 51. The fma l elaboration of 52 ta 
(- )·platensimycin is weU-known in the literature. 2A Therefore, 
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0 'C. 1.5 h 
36% overall HO $ 

ch~ 52 

51 

the synthesis of 52 rcprcsents a formai synthesis of 
(- )-platensimycin (Sd1eme 13). 

• CONCLUSION 

ln summary, an o:ddative Prins-pinacol tandem process has 
been developed. This version repre ents an e'l:tension to 
aromatic systems of this important transformation and :ùlows 
the generation of compact polyfunctionnlized and polysub­
stituted spiro['f.S)decanyl systems containing severa! quater· 
nary carbon centcrs fi-om inexpensive phenol derivatives. In 
addition, we have devîsed an enamioselective and a 
diastereoselective pnthway to compounds contlining tertiary 
and quaternary carbon centcrs; these scaftOlds are present in 
numerou nntural products that bear important biologic:ù 
activities. As the first application of this novel process, a fom>al 
synthesis of (- )-platen imycin hls been achieved. T his 
demonstrates the synthetic potentiaJ of this novel oxidative 
extension of the Prins·pinacol process1 as weil as the utility of 
the "aromatic ring umpolung" concept. 

• EXPERIMENTAL SECTION 
Unie~~ o then.,ise indicated, 1H 4; nd '.iC "MR pectra ,,-cre recorded at 
300 and ï5 MHz., re~-pectively, in CDCI3 solutions. Chemical shi(ts are 
rcportcd in parts pcr mtlilon on the {J scale. Multiplia tics nrc describcd 
a!'i s (:-;iHglct), d (doublet), dd, ddd, etc. {douhlct of doublets, doublet 
of doublet< of double", etc.), t (lliplct), 4 (quanct), quin (quintuplet), 
m (multiplet), and li.u·ù1cr qwlifocd as app (apparent), bi' (broad). 
Coupling consunts, ] , are rcporred in hertz. IR spectr.l (cm- 1

) wcrc 
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recorded from thin films. Mass spectra (m/e) were 1neasured in the 
clectrospmy (ES!) mode. 

General Procedure fo r the Oxidative Prins--Pinacol Process. A 
solut ion of l'hi (OA )2 ("DJ.B·, 38 mg, 0.11 mmol, 1.1 cq,üv) in 
(CF,)1CHOH ("HPir•, 0.25 mL) was added over 5 s to a ,;gorously 
stirrcd solution of phenol (0.1 mmol1 1 cqtùv) in 0.75 mL of a solution 
of C H, CI,/HFIP (2 / 1) cooled tu -15 •ç for a few seconds (to avoid 
precipitation of HPlP) or in 0.75 mL of HFU' :~.t room temperature. 
After addition of DIB, the solntion was st irred for 2 min, qucnchcd 
wi.th 0.1 mL <.lf acetone, filtc.rcd dircctly ovcr silicil gd ( n-hcxanc/ 
EtOAc, 1: 1 ), and the f'iltratc was concenl'ral'ed und er rcdnced pressurC!. 
The residue was purified by sil ica gel chromatography with a mixture 
of ethyl acclatc/ hexane to affonl the corrcsponding dienonc. 

2-Acerylspiro[4.5)deca-6,9-dien-8-one {4a): Pale }"llow o~, 0.064 
mmol, I2.2 mg. 6496 );eld; IR ~ (cm-') 2957, I707, 1660, I623; ' H 
NMR (600 MHz, CDCI3) 8 6.87 (dd, J = 10.2, 3.0 H7, LH ), 6.86 (dd, 
J= 10.2, 3.0 H7, I H),6.21 (d,J= 10.8Hz,2H),3.31 (q uin, J =7.8 Hz, 
tH), 2.22 (s, 3H), 2.21 -2. IO (m, 3H), 1.95-1.78 (rn, 3 H); 13C NMR 
( ISO MHz, CDCI3) 8 208.7, 185.9, 154. 1, 152.9, 127.7, 127.6, 51.3, 
48.5, 38.9, 37.S, 29.2, 28.0; HRMS (ES!) c•lcd for CnHc;0 2 (M + H )" 
191.1067, f<JUnd 191.1 065. 

2-Acry/oylspiro[4.5}deca-6,9-dien-8-one (4b): Pale yeilow oil , 
0.060 mmol, 12.0 mg. 60% )ield; IR ~ (cm- 1

) 2935, 1661, 161S, 
1404; ' H ( 600 MHz, CDCI3) â 6.91 (d, J = 9.6 H7, 2H), 6.43 (dd, J = 
17.4, 9.6 Hz, lH), 6.40 (d, j = 17.4 Hz, IH), 6.23 (d, j = 9.6 Hz, 2H), 
5.89 (d, J = 9.6 Hz, IH ), 3.58 (quin, J = 8.4 Hz, IH ), 2.2I-2.17 (m, 
3H), 1.99-1.82 (m, 3H); 13C NMR ( 150 MHz, CDC13) o 200.6, 
186.0, 154.2, 152.9, 135.4, l29.1, 127.7, 127.7, 48.7, 47.6, 39.1, 37.7, 
28.5; HRMS (IlS!) cakd fo r C13H ,,O, (M + H)< 203.1067, founJ 
203.1063. 

2-Benzoyl·2·methylspiro[45]deca-6,9-dien-8-one (4c): Pale yeJ. 
low oil, 0.058 mmol, 15.5 mg. 58% yicld; IR v (cm-') 2935, 1667, 
1612, 1445, 1260; 1H (300 MHz, CDCI3) 8 7.88 (d, 1 = 7.6 H'l., 2H), 
7.54 (d, 1 = 7.6 H•., 1H), 7.45 (d, j = 7.6 Hz, 2H), 6.93 (dd, j = 10.0, 
2.91·17, 2H), 6.80 (dd, l = 10.0, 2.9 H7., IH), 6.23 (tkl, 1 = 10.0, 1.7 H7? 
IH), 6.15 (dd, j = 10.0, 1.7 Hz, 1H), 2.81 (dt, } = 12.9, 7.0 Hz, 1H), 
2.78 (d,l = 14.0 Hz, IH), 2.06 (dt, 1 = 12.9, 7.0 H-L, IH), 2.00 (dt, J = 
12.9, 7.0 Hz, 1H), 1.93 (d, J = 14.0 Hz, IH), 1.84 (d t,]= I2.9, 7.0 Hz, 
IH), 1.64 (s, 3H); '3C NMR ( ISO MHz, CDCJ.,) 6 204.1 , 185.9, 
154.5, 153.6, 135.1, 132.3, 129.2, 128.3, 127.6, 127.0, 55.5, 48.7, 47.8, 
37.5, 37.3, 28.6; HRMS (ES!) calcd for C,,H,90, (M + H)+ 267.1 380, 
found 267.1381. 

2-Acecyl-2-merhylspiro[45)deca·6,9·dien-8-one {4d): Pale yellow 
oil, 0.059 mmol, 12.1 mg. 59% yicld; lR v (tm- ') 2928, 170I, I662, 
1623; 1H NM R (600 MHz, CDC13) 6 6.86 (d,j = 10.2 Hz, 2H), 6.17 
(d, 1 = 10.2 Hz, 1 H), 6.15 (d, J = I0.2 Hz, IH), 2.48 (d, 1 = 14.4 Hz, 
1H), 2.41-2.37 (m, IH), 2.2 1 (s, 3H), 1.92-1.73 (rn, 3H), 1.59 
(d, J = 14.4 Hz), 1.+1 ( , 3H); '3C NMR (ISO MH·t., CDC1.1) 8 211.1, 
185.9, JS4.4,154.1, 127.2, 126.9, 56.7 , 48.4, 45.3, 37.2, 36.1, 25.8, 25.2; 
HIU11S (ES!) calcd fo r C 13H 170 1 (M + H)' 205 . .122_~, found 
205.1222. 

2 -Acetyl-7, 9-dibromo-2-merhy/5piro[4.5]deca-6,9-dien -8-one 
(4e): Pale ydlow oil, 0.084 mmol, 30.2 mg, 84% yield; 1H NMR (600 
MHz, CDC13) 6 7.38 (d, 1 = 29Hz, IH), 7.33 (d, 1 = 2.9 Hz, IH ), 
2.64 (d,J = 14.1 H>., IH), 2.37 (rn, lH), 2.24 (s, 3H), 2.41-2.37 (rn, 
IH), 2.21 (s, 3H), 1.97 (m, 1H), 1.91-1.82 (rn, 2H), 1.65 (d, J = 14.1 
Hz), 1.44 {s, 3H ); '·'C NMR ( ISO MH1., CDCI,) 6210.7, 172.5, 154.~, 
I20.4,120.2, 56.8, "3.9, 44 .2, 36.7, 36.3, 25.4, 2S.I; HRMS (E ·r) ca led 
for CllH15Br20, (M + H )+ 362.9412, !Uund 362.9416. 

rran5-3·Acetyl-1-merhylspiro[4.5]deco-6,9-dlen-8-one (4{): p,rc 
ycUow oil, 0.050 mmol, 10.1 mg, 50% );dd; lR v (cm- 1) 2924, 
1711, 1663, 1624; 1H 1MR (300MH·L,CDCl) li6.86(dd,l= 10.4, 
2.2 H7, 1 H), 6.74 (dd, j = 10.4, 2.2 Hz, IH), 6.36 (d, 1 = 10.+ Hz, 1 H), 
6.33 (d, J = 10.2 fu? 1 H), 3.34 (rn, IH), 2.40-2.10 (rn, 3H), 2.23 
(s, 3H), I.94 (dd,l = I3 .2, 8.2 H7, IH), 1.85 (d,j = 13.2, 8.2 Hz),0.77 
{d, 1 = 7.8 Hz, 3H); "C NMR ( ISO MH7., CDCI3) o 208.8, 186.4, 
154.5, 149.4, 129.9, 129.8, 53.0, 49.0, 44.4, 39.3, 34.9, 29.1 , 14.1; 
HRMS (ES!) alcd for C 11H ,,02 (M + H)" 205.1223, found 
20S.I2I8. 
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ds-2-Acetyl-3-merhy/5piro[4.5)deco·6,9·dien-8-one (4g): P:Ue 
yellow oH, 0.030 mmol, 6.0 mg. 30% yield; IR v (cm-') 2958, 2930, 
1707, 1661, 1620; 'H (300 MHz, CDCJ3) 87.20 (dd,j = 9.9, 2.7 Hz, 
1H), 6.93 (dd,J = 9.9, 2.7 Hz, IH), 6.20 (d, J = 9.9 Hz, IH), 6.16 (d, 
1 = 9.9 Hz, IH), 3.39 (q, J = 8.1 Hz, IH), 2.81-2.70 (rn, 1H), 2.32 
(dd,j = I4.-1-, 7.8 H7, IH), 2.22 (s, 3H), 1.92-1.72 (m, 3H), 1.30 (d, 
1 = 7.2 H ·4 3H); "C NMR (150 MHz, CDCI3) 15 209.8, 186.0, IS5.8, 
153.6, 127.5, 126.5, 54.7, 46.9, 44.8, 38.3, 36.9, 31.8, 16.5; HRMS 
(ES!) calet! fur CuH 170, (M + H)' 205.1223, found 205.1226. 

d5-2-Acryloyl-3-allylspiro[45ldeca-6,9-dien-8-one (4h): Pale ycl. 
lo,\r oil, 0.05S mmol, 11.2 mg. 55% yield; IR v (cm - 1

) 2928, 1701, 
1662, 1623; 1H NM R (600 MHz, C DCI3) ô6.82 (d,J = 10.0 H1., IH), 
6.74 (d, 1 = IO.O H•., I H), 6.38 (d, j = 10.0 Hz, IH), 6.35 (d,j = 10.0 
Hz, IH), 5.68 (rn, 2H), 5.09 (d, j = 17Hz, IH), 5.üï (d, 1 = 10Hz, 
1 H), 4.94 (d,J = I6.4Hz, IH), 4.91 (d, 1 = 10 H-L, IH), 2.57 (m, 2H), 
2.45 (m, IH), 2.39 (t, J = 7.6 Hz, IH), 2.26 (rn, IH), 2.09 (dd,j = 
13.5, 8.8 H<, IH), 1.91 (t, 1 = 11.7 H7.), 1.83 (rn, 1H); 13C NM R ( ISO 
MHz, C DCl,) {j I97.2, 185.8, 154.1, 148.2, 135. 1, J34.3, I30.8, 130.4, 
118.1, 11 7.3, 58.8, 48.2, 45.5, 38.4, 35.3, 30.6; HRMS (ES!) c:Ucd for 
C,.H1901 (M + H) ' 243.1380, fou nd 243.1377. 

8·0XO$piro[45}deca-6,9-diene-2-carbaldehyde (12): l'ale yellow 
oi l, 0.061 mmol, 10.7 mg, 6196 yie ld; 1H NMR (300 MHz, CDCJ.1) ô 
9.74 (s, 1 H), 6.87 (d, J = 9.8 H1., 1 H), 6.77 (d, J : 9.8 H z, 1 H), 6.1 7 
(d, j = 10.2 Hz, IH), 6.22 (d, J = 9.8 Hz, 2H), 3.18 (m, IH), 2.29-
2.I4 (m, 3H), 1.99 (dd, l = 13.7, 9.4 Hz, IH),1.83 (t,j = 7. I Hz, 2H); 
13C NMR (751\iHz, CDCJ.,) .5 201.4, 185.8, 153.4, 152.5, 128.0, 127.8, 
51.0, 48.3, 37.4, 36.7, 25.5; HRMS (ES!) akd for C"H110 , (M + H)' 
177.0910, found 177.0908. 

2-Hydroxy-1 0, 1 O·dimethyl-4,5,9,9a-cetrahydro-2H· 3,5a-mecha· 
nobenzo-oxepin-8(3 H)-one (18): Pale ycllow oil, 40% yicld; 'H 
NMR (600 MHz, CDC13) 8 6.52 (dd, J = 10.2, 2.3 Hz, 2 H), 6. I 7 (d, 
1 = 10.4 Hz, 1 H), 5.35 (m, IH), 4.09 (rn, 1 H), 2.77 (dd, 1 = 7.8, 3.4 
Hz, 1H), 2.20 (dd, J = 7.8, 3.4 Hz, IH), 1.94 (s, IH), 1.94 (dd, J = 7.8, 
3.4 H z, IH), 1.33 (s, 3H), 1.30 (s, 3H); JJC NMR ( ISO MHz, CD03) 

ô 195.8, IS2.3, 126.8, 82.8, 80.7, 68.5, 56.2, 38.3, 33.0, 31.4, 31.1, 29.6, 
23.2; H Rl\15 (ESJ) calcd for C13H190 3 (M + H)" 223.I329, fou nd 
223.1327. 

2·Melhyl-8-oxo5piro[4..5]deca-6,9-diene-2-corbaldehyde (20): Pale 
yellow oil, 6896 yicld; IR u (c,n- 1

) 2930, 1718, 1663, 1623; 1H NM R 
(600 MH7, CDCI,) {j 9.57 (s, IH ), 6.92 {dd, 1 = I0.2, 3.2 Hz, IH ), 
6.87 (dd, 1 = 10.2, 3.2 Hz, IH), 6.21 (dd, J = 10.2, 3.2 Hz, 1 H), 6.20 
(dd, 1 = 10.2, 3.2 fu., JH), 2.40 (d,j = 14.4 Hz, IH), 1.92- 1.77 (m, 
3H), 1.62 (d, 1 = 14.4 rh, 1H), 1.92-1.73 (m, 3H), 1.35 (s, 3H); tlç 
NMR (75 MHz, CDCJ3) /j 202.9, I8S.7, I53.8, 153.6, 127.3, 127.3, 
54.8, 48.5, 43.3, 37.2, 34.2, 22.4; HRMS (ES!) cakd for C12H1,0, (M 
+ H)' 191.1067, found 191.1066. 

2-Acerylspiro[4.5]deca-1,6,9-rrien-8-one (30a): Pale yellow oil, 
0.05 mmol, 9.7 mg, 51% yicld; lR v (cm- 1) 1923, 1667, 1621, 
.1367; 1H (300 MH7, CDCI3) 6 6.80 (d, j = 9.6 Hz, 2H), 6.29 (d,l = 
9.6 H>., 2H), 6.11 (s, IH), 2.82 (t, 1 = 7.5 H7., 2H), 2.35 (s, 3H), 2.17 
(t, J = 7.5 Hz, 2H); 13C NMR (150 MHz, CDCJ3) o 196.0, 185.2, 
150.3, 148.7, I4 1.9, 128.7, 54.8, 34.6, 30.·, 26.9; Hlù\1$ (ES!) ca!cd 
for C,H 130 2 (M + H)' 189.09IO, fuund 189.0907. 

2-Aceryl-1-burylspiro[4.5}deca-1,6,9-trien-8-one (JOb): l'ale ycl­
low oil, 0.04S mmol1 10.9 mg, 4.;)% }';cid; IR v {cm-1) 2925, 16651 

16IS, I370; 1H (600 1\.iHz, CDC13) 15 6.74 (d, J = 9.9 Hz, 2H), 
6.24 (d, j = 9.9 Hz, 2 H), 2.43 (t, J = 7.2 Hz, 2H), 2.15 (t, J = 7.2 fu, 
2H), 2. 11 (s, 3H), 2.10 (t, 1 = 7.2 Hz, 2H), 1.46- 1.22 (m, 4H), 0.87 
(t, 1 = 6.0 H,., 3H); '3C NMR (150 MHz, CDCI3) ô 206.7, 185.0, 
150.9, 149.9, 129.4,128.3, 84.7, 76.1 , 38.8, 38.2, 33.6, 30$, 30. 1, 21.8, 
18.3, 13.5; HRMS (ES!) calcd for C 16H11 0 1 (M + H)+ 24S.J536, 
found 245.1S39. 

2-Acetyl-1-decylspiro[4.5]deca-1,6,9-rrien-8-one (30c): Pale yel· 
lov.r oil, O.O.SS mmol, 18.0 m~ SS% yield; IR u (l.m- 1

) 29251 285--J, 
1720, 1673, 1628; 'H (600 MHz, CDCI3) 6 6.7S (d, J = 9.8 H·t, 2H), 
6.2S (d, 1 = 9.8 Hz, 2H), 2.43 (t, 1 = 7.8 Hz, 2H), 2.15 ( r, 1 = 7.8 Hz, 
2H), 2. Il (s, J H), 2.10 (t, 1 = 7.8 Hz, 2 H), 1.46 (q1ùn, j = 7.8 Hz, 
IH), 1.47 (<Jnin, 1 = 7.8 Hz, 2H), 1.36-1.21 (m, 16H), 0.87 (1, 1 = 7.8 
Hz, 3H); '·'C NMR (ISO MHz, CDC11) li 206.7, 185.0, 150.9, ISO.O, 
I29.4, 128.3, 84.8, 38.8, 38.2, 33.6, 31.8, 30.1, 29. '29.4, 29.2, 29.0, 
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28.7, 28.7, 28.5, 21.6, 18.6, 14.0; H1Uv1S (ES!) calcd fur C,2H32 aO, 
(M + Na)' 351.2295, fo und 3512297. 

2-Acety/-3-merhylspiro/4.5]deca-1,6, 9-rrien-8-one (30d): Pale 
ycllow oil, 0.046 rnmol, 9.3 mg. 46% yidd; IR v (cm- 1

) 3482, 2959, 
1663, 1622, 1666; 'H (600 MHz, CDCJ3 ) 8 6.84 (dd,J = 10.0, 2.3 Hz, 
lH), 6.72 {dt!, J = 10.0, 1.3 Hz, 1H), 6.3 (d, J = 10.0 H7? l H), 6.28 (d, 
j = 10.0 HL, 1 H), 6.07 (s, 1 H), 3.34 (bex, J = 7.0 Hz, 1 H), 2.40 (ddd, 
J = 13.5, 8.2, 1.1 Hz, 1 H), 2.34 (s, 3H), 1. 79 ( ddd, ] = 13.5, 5.9, 1.1 Hz, 
11-1), 1.28 (d,] = 8.2 !-Ir., 3H); I.!C NMR ( 150 MHz, CDCI.,) 6 196.3, 
185.1, 152.3, 15 1.6, 15 1.0, 141.5, 128.6, 128.5, 53.7, 42. 8, 39.2, 27.5, 
20.6; HRMS (ESJ.) alcd for C 13 H1.<0> (M + H)- 203.1067, fonnd 
203.1064. 

3-Methyl-2-propioloy/spiro{4S ]deca-1.6.9-trien-8-one (30e): l'ale 
ycUow oil, 0.057 mmoJ, 12 mg. 57% yield; Dt v (cm- 1

) 2092, 1662, 
1636, 857; 1H (300 Ml-Ir., CDCl,) 6 6.84 (dù, j = 10.4, 3.3 Hz, l 1-1) , 
6.73 (dd, J = 10.4, 3.3 H z, 1H), 6.52 (d. ] = 9.6 Hz, 1 H), 6.34 (dd,] = 
10.4, 3.3 Hz, 1H), 6.31 (dd, J = 10.4, 3.3 Hz, IH), 3.37 (m, 1H), 325 
(s, 11-1), 2.47 (dd, ] = 13.7, 8.8 Hz, LH ), 1.87 (dd, j = 13.7, 8.8 H·t, 
IH), 1..33 (d, J = 7.2 H7., 3H); 13C NMR (75 MH7., C DCI,) a 185.0, 
174.3, 152.3, 150.9, 150.1, 148.2, 129.0, 128.9, 80.1, 78.6, 53.5, 43.3, 
38.5, 20.3; HRMS (ES1) calcd for C,. !-1 130 2 (M + H)" 213.Q910, 
fou nd 2 l 3.0905. 

7,9-Dibromo-3-merhyl-2-propioloylspiro{4S]deca-1,6,9-trien-8-
one (30(}: l'ale ycl low oil, 78% yicld; IR v (cm- 1

) 2092, 1733, 1677, 
1641, 1072; ' H (300 MH·,, CDCI,) 6 7.31 (d, J = 2.7 Hz, lH), 720 
{d, J = 2.7 Hz, LH ), 6.52 (d, J = 1.6 H·,, 1H), 3.37 (m, IH), 3.30 (s, 
IH), 2,>6 (dd, J = 13.7, 8.8 Hz, 11-1), 1.97 (dd, J = l.l.7, 8.8 Hz, 11-1 ), 
1.33 (d, J =72 Hz, 3H); "'C NMR (75 MH7., C DCI_1) li 173.7, .172.0, 
153.0, 150.9, 150.2, 144.9, 129.3, 122.5, 122.3, 80.0, 79.2, ss.s, 42.7, 
38.7, 25.5, 20.0; HRMS (ES!) c..lcd for C,.H 11llr,02 (M + Hj+ 
370.9 100, found 370.9094. 

1-Bucyl-2-(hept-2-ynoyl) -3 -methylspiro[4.5]deca -1. 6,9-rrien-8-
one (30g): Pale ydlow oil, 60% )ield; IR v (cm- 1

) 2933, 2205, 1667, 
1626; ' H (600 MHz, CDCJ.,) li 6.78 (d j : 9.9 Hz, Hl ), 6.76 (d, J = 
9.9 H'l., l H) , 6.28 (d, J = 9.9 Hz, 1 H), 6.22 (d, J = 9.9 Hz, 1H), 2.67 
(dd, ] = 14.0,8.2 Hz, 1H), 2.60 (qd, J =8.2, 2.9 Hz, 11-1 ),2.37 ( t,J = 
7.0 Hz, 21-1), 2.17 (t, J = 7.0 Hz, 2H), 1.70 (dd, J = 13.4, 2.9 Hz, 11-1) , 
1.60- 1.56 (rn, 41-1), 1.50-1 .37 (rn, SH ), l.20 (d, J = 7.0 Hz, ,)H), 0.94 
(t, j = 7.0 :Hz, 3H), 0.92 (1, J = 7.0 Hz, 3H); ' 3C NMR (75 MHz, 
CDCI,) li 190.3, .185.0, 150.1, 149.9, 128.4, 128.2, 96.4, 84.9, 80.0, 
76.1, 44.8, 42.4, 39.2, 30.5, 29.6, 21.9, 21.8, 18.8, 18.6, 18.3, 13.5, 13.4; 
HRM$ (ES!) calcd fo r C22 H, 0 2 (M + H)' 325.2162, found 
325.2 156. 

7, 9-Dibrom o-1-bu ryl-2-(hepr-2-ynoyl)-3-methylspiro{4.5]deca-
1,6. 9-rrien-8-one (:JOh): Pale yellow oil, 81% );eld; l.R v (cm - •) 2923, 
2205, 1733, 1677; 1H (600 MHz, CDCI,) §7.21 (d,J = 2.7 Hz, 11-1), 
7.19 (d, j = 2.7 Hz, lH ), 2.67 (dd, j = 14.3, 9.3 Hz, JH), 2.59 (m, 11-1), 
2.39 (t, J = 7.0 Hz, 2 1-1 ), 2.18 (t, J = 7.0 Hz, 2.1-1 ), 1.79 (dd, ] = 13.7, 2.7 
Hr., 1 H), 1.63-1.27 (rn, SH), 1.20 (<~ J = 7.0 Hz, 31-1 ), 0.94 ( t,J = 7.0 
1-1·,., 31-1), 0.91 (t,] = 7.0 J-h,, 3H); 13C NMR (ISO MHz, CDCI3) li 
189.7, 171.9, 150.3, 1 49.8, 121.8, 97.2, 86.8, 80.0, 73.4, 44.7, 44.5, +2.8, 
30.3, 29.6, 21.9, 2 1.9, 18.7, 18.4, 13.5, 13.4; HRMS (ESI ) calcd for 
C,2H11Br10 1 (M + H)+ 483.0353, fo und 483.0343. 

1-Decyl-2-(tridec-2-ynoy/)spiro[4.5]deca-1,6,9-trien-8-one (30i): Pale 
ycllow oil, 0.05 mmol, 23.9 mg, 50% yicld; IR v (an- 1

) 2925, 2854, 
1674, 1627; 11-1 (600 MHz, CDC13) 5 6.76 (d,] = 9.8 Hz, 21-1), 6.26 
(d, J= 9.6 Hz, 21-1), 2.57 (t, J = 7.8 Hz, 2H), 2.16 (t, J = 7.2 Hz, 41-1), 
1.56 (<!uin, J = 7.8 H7., 1H ), 1.47 (quin, J = 7.8 Hz, 2H), 1.40-1.21 
(m, 28H), 0.87 (<, ] = 7.8 Hz, 61-1 ); "C NMR ( 150 MHz, CDCI3) li 
185.9, 185.0, l49.7, l32.9, 128.4, ll5.2, 95.5, 85.1, 80.5, 80.5, 75.8, 
40.4, 38.7, 33.9, 3 1.8, 29.5, 29.5, 29.4, 292, 28.9, 29.2, 29.0, 28.9, 28.8, 
28.8, 28.5, 27.6, 22.6, 18.9, 18.6, 14.0; HRMS (ESI) calcd for 
C . .,H,J'a0 2 (M + Na)• 501.3703, found 501.3700. 

3 -A 1/yl-1-bu tyl-2-(hepr-2-yno yl)spiro[4.5]deco- 1, 6, 9- rrien-8-one 
(30j): Pale ye lluw oil, 53% yicld; IR v (an- 1

) 2923, 2205, 1667, 1625, 
146 1; 1H (300 MH·,., C DC13) o 6.75 (dd, J = 9.8, 2.7 Hz, 1H), 6.7 1 
(dd, j = 9.8, 2.7 H1., 1H), 6.28 (d, J = 9.8, 1.7 Hz, l H), 6.21 (cl, j = 9.8, 
1.7 H7., Ul), 5.65 (m, 1H), 5.11 (d, 17.0 H z, lH), 5.08 (d, J = 8.0, 
l H), 2.59 (m, 2H), 2.45 (m, l H), 2.37 (1, ] = 7.0 Hz, 2H), 2.22 (m, 
JH), 2.1 7 (t,J ~ 7.0 Hz, 21-1), 1.80 (dt, J = 12.1, 7.1 Hz, 11-1), 1.60-
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l .31 (rn, 6H), 1.25 (cq = 9.2 H1., 11-1), 0.93 (t, J = 7.8 Hz, 31-1 ). 0.90 
( t, J = 7.8 Hz, 3 H); "C NMR (75 MHz, CDCJ3) li 189.3, 185.0, 
150.1 , 149.8, 133.9, 128.5, 1282, 11 8.3, %.6, 85.0, 80.4, 49.7, 39.5, 
39.1, 37.2, 30.5, 29.6, 21.9, 18.7, 18.4, 13.5; HRMS (ESl) calcd for 
C,. H"O' (M + H)' 35.12319, found 35 12 305. 

1-Butyl-2-(hepr-2-ynayl)-4 -mechylspiral4.5]deca- 1,6,9-crien-8-
one (30k): Pale ycUow oil, 5696 yicld; lllv (cm- 1

) 2929,2854, 2210, 
1670; 1H (300 MI-l,, CDCl,) li 6.RO (dd,] = 9.8, 2.7 1-17., .11-1), 6.72 
( dd,] = 9.8, 2.7 H•t, 1 H), 6.32 (ù, j = 9.8 Hz, 21-1 ) , 2.88 (dd, J ~ 16.4, 
2.2 Hz, 11-1), 2.61 (m, lH ), 2.59 (m, 21-1), 2.45 (m, 1H), 2.38 (t, J = 
7.0 Hz, 2H), 2.34 (dd,J = 16.4, 9.8 H7., IH), 2.20 (t, J = 7.0 Hz, 2.1-1 ), 
1.60-131 (m, 61-1), 1.03 (d, J = 7.0 ~17., 3H), 0.98 (t, J = 7.8 H7., 3H). 
0.91 ( t,] = 7.8 Hz, 31-1); " C NMR (75 MHz, CDCI 1) a 186.0, 185.2, 
167.1, 148.7, 148.6, 133.0, 129.4, 1292, 115.2, 952, 85.7, 80.8, 75.7, 
48.0, 43.2, 37.9, 30.5, 29.6, 21.9, 21.9, 18.6, 18.4, 15.3, 13.5, 13.4; 
H.RMS (ES I) calcd fur C22 H,90 1 (M + H )' 325.2162, found 
3252164. 

4-Methyl-2-propioloyfspiro[4.5]deca-1,6,9-trien-8-one (301): Pale 
ycllow oil, 54% yie ld; IR v (cm- •) 2925, 2854, 1674, 1627; 11-1 (300 
MHz, CDCJ~) 6 6.79 (dd, ) = 10.4, 3.3 !-11, LH), 6.71 (del, j = 10.4, 3.3 
H z, 11-1), 6.6.1 (s, 1 H), 6.4J (dd, j = 8.8, 3.3 H7., 21-1), .1.27 (s, 1H), 
3.03 (dd, J = 16.5, 8.2 H·,., 1H), 3.03 (dd,J ~ 16.5, 82Hz, 11-1), 2.69 
(m, 11-1), 2.46 (ddd, j = 16.4, 10.4, 22Hz, l H), 0.99 (t, j = 7.1 Hz, 
31-1); ° C NM R ( ISO M I-l?., CDC13) o 185.4, 174.1, 167. 1, 150.3, 
148.6, 146.3, 130.8, 130.6, 79.7, 79.2, 57.6, 44.6, 36.8, 14.4; H RMS 
(ESI) calcd for C 14H,,O, (M + H)' 213.0910, fo und 2 13.0907. 

8-0xospira{4.5Jdeca-l ,6.9-rriene-2-carbaldehyde (30m): Pale 
ye llow oil, 45% yicld; [R v (cm-1

) 2928, 1701, 1662, 1623; 11-1 
NMR (600 MH7., CDCIJ 6 9.86 (s, 1 H), 6.79 (d, j = 10.0 Hz, 2H), 
6.33 (d, J = 10.0 Hz, 2 1-1), 6.30 (s, lH), 2.83 (d, J = 7.6 Hz, 2H), 2.25 
(d. j = 7.6 Hz, 2H); ' 3C NMR (150 MHz, CDCI3) 8189.2, 185.3, 
149.9, 149.8, 149.7, 129.3, 54.6, 35.1 , 28.7; HRM$ (E$1) calcd for 
C"H "O' (M + H )' 175.0754, found 175.075 1. 

2-Acetyl-4,4-dimerhylspiro[4S]deca -1,6,9-rrien-8-one (32): l'ale 
yeUow oil, 5 1% yield; IR v (cm- 1

) 1667, 1621; 'H NMR (600 
M Hz, CDC1 3) 5 6.85 (d,J = 10.2 Hz, 2H), 6.37 (d, j = 10.2 Hz, JH), 
6.16 (t, J = 1.6 H:1? l. H ), 2.,64 (d, j = 1.6 Hz, 1H), 2.34 (s, 3 H), 1.10 
(s, 6 1-1); '·'C NMR (75 MHz, CDC13) ô 196.3, 184.9, 148.5, 148.0, 
142.0, 130.4, 59.8, 49.7, 44.9, 26.4, 25.8; HRMS (ES!} calcd for 
C .. H,,O, (M + H)' 217.1223, fo und 217.1232. 

(E) -2-(8-0xospiro[ 4.5]deco-6, 9-dien-1 -y/idene)aceto ldehyde 
(34): 9.6 mg, 0.051 mmol, 51%, as an oil; J R v (cm -•) 2923, 2858, 
.1667, 1622, 1403, 1253, IJH 863; 'H NMR (300 MHz, DCI,) § 

9.84 (d, JH, j = 7.0 Hz), 6.76 (d, 2H, J = 10.1 H7.), 6.31 (cl, 2H, j = 
10.1 Ht), S.77 (dt, 11-1, j = 7.0, 2.5 Hz), 3.11 (td, 2H,j = 7.0, 2.5 Hz), 
2.14 (m, 21-1), 2.06 (m, 2H); " C NMR (150 MHz, CDC13) 6 190.7, 
185.5, 168.4, 149.7, 128.1, 125.1, 53.9, 37.2, 30.7, H.O; HRMS (ES!) 
calcd for C.,H130 1 (M + H)• 189.09 101 found 189.0910. 

4-(((25,35)-l-methy/-2-(prap·l -en-2-yl)tetrallydrpfuran-3-yl)­
merhyl)phenol (23]. To a solution of the triol< 223' (50 mg, 0.2 
mmol) in dry CH,CI, (2 mL) w a.< added TFA ( 45 mg, 0.4 rn mol, 2 
equiv) and the sol ution was stirrcd for 90 min at 40 °C. The crudc 
mixt11rc is puriflcd dhcctly on sil ica gel ( r~ -he:xanc/EtOAc, ï:3) to 
a[ord 2J compotmd 35 mg.. O.JS mmol) in ïS% yicld 3S .m oil: m. t; 

(cm-') 3312, 1610, 122 1, 1164; ' H NMR (300 MHz, CDC13) li 7.04 
(d. J = 8.2 H7? 21-1 ), 6.77 (d. ] = 8.2 Hz, 21-1), 4.99 (s, lH), -1.85 (s, 
J H), 3.74 (<~ J = 8.2 1-17., 1 H), 2.78 (d, J = 10.4 H7., lH ), 2.31 (rn, 
21-1 ), 1.89 ( rn, 1H), .1.82 (s, 31-1), 1.71 (rn, lH), 1.30 (s, 3H); "C 
NMR ( 150 MHz, CDCl,) li 153.9, 149.7, 133. 1, 129.7, 115.2, 109.8, 
86.1, 65.9, 47.4, 35.4, 31.4, 20.8, 18.8; HR.!\-15 (E>l ) calcd for 
C,. H210 1 ( M + H )' 233.1536, found 133.1536. 

3 -A cet yl-3-me 1 h y 1-8 -oxospi ro{ 4.5 ]deco -6, 9-d ien -2 -y/)­
aceraldehyde (27). The crudc mixtme 26 resulting from the direct 
oxidation of compound 13 (0. J rn mol, 15 mg) wa.tii quit:kly filtrdtcd hy 
du·om:.Hogr:~.phy (EtOAc)J concentrated undcr reduccd pressure, and 
dissolvcd in dry CH;CL.!. (O.ïS mL). Dcss-Marrin periodinanc ( S mg, 
0.2 rn mol) was addcd. The solution \o.~JS !!.t irrcd ovcrnight {a nd \'crificd 
by TLC) at 40 oc. Thcn a solution of 2 mL of saturatcd <HJucous 
J\.'3HC03 and 2 m L of !t'<tturatcd aqncOU) sodilU11 thiosuJ(atc were 
added. The mixt ure wa!l diluted with 4 mL o( ethyl acetate, the organk 
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!ayN removed, and the ::~qucous phase C..\trnct~ \vith EtOAc (2 X 4 
mL), and the combined orgnnk !ayen; wcrc washcd with brinc, dried 
ovcr N:t2SO.y :md conc:cntmtcd under n.-duccd pressure. The crude 
was pw·ified by chromatography (n-he>":lnc/ EtOAc, U ) to afford 
263 mg (60% ovcr two s teps) of compound 27 as a oolorless oil , IR Y 
(cm- ') 2932, 1 n3, 1692, 1656; 1H NMR (300 MHz, CDCI3) 15 9.71 
(s, JH), 6.98 (d,J = 9.8 HL, 2H), 6.!6 (d, j = 9.8 Hz, 2H), 2.73-2.48 
(m, 3H), 2.36 (cl, J = 14.3 Hz, IH ), 2.19 (s, 3H), 1.99 (d,] = 9.8 Hz, 
2H), 1.71 (d,] = 14.3 H1, IH ), 1.44 (s, 3H); "C NMR (75 MHz, 
CDC13) ô 200.2, 18$.7, 15$.0, 1$4.6, 127.0, 126.1, 57.9, 47.5, 45.7, 
44.2, +3.9, 42.0, 28.2, 24.1; HJ~MS (ES!) cakd for C,5H,.03Na 
{M + Na}' 269.1 148, fu und 269.1147. 

2-(3-Merhyl-8-oxospiro{4.5]deca-2,6,9-rrien-2-yl)er1Jyl acerare 
(42). A solutioll of Ph l(OAc}. ("Dm-, 80 mg, 0.25 mmol) in 
(C P1) 2 H OH ("HF!P", 0.75 mL) was added cwer 10 s ro a vigorously 
stirred solution of phenol 2331 (02 mmol, l cquiv) in 2 mL of a 
solut ion ofC H, CI1/ HF IP (3/2) cooled lll - 17 •c fur a fuw seconds 
(to avoid prtcjpitation o( HPLP). Afh:..r additiün of D.m, the solution 
\ -r.\5 stirred for 1 min1 and H20 1 (35%, O.ïS mL) '"'as addcd to the 
mecüum. The reaction was stirrcd for 5 min and flltcrcd directly over 
silka ge l (n·IH:xane/Et0Ac1 1:1), and the 6ltratc w ·dS conccntr.lted 
wtder feduced pressure. The residue was purified by silia gel 
chromatography (e thyl acetate/hexane, 3, 1) to afford a mixture 
(37 mg. 64%) of two diastcreoisomcrs 39 as <\Il oil;; The cpimeric 
mixture of CùmpOmld 39 wa."\ rapidly uscd (17 mg, 0.064 mmol} in dry 
DCM (0.6 mL); NEt3 (30 pL, 0.200 mmol, 3. 1 equiv) "'as added 
fo llowed by Ac,O (20 Jt.L, 0.200 mmol, 3. 1 ), and the solu iion was 
sth-rcd for J h undcr argon and filtered tlircctly ovcr silica gel (n· 
he:x:me/ Et0Ac1 1:1 ). The crude product was purificd by chromatog· 
raphy (n-hexanc/ EtOAc, 1, 1) to afford 6.0 mg (38%) of compound 42 
as weil as 4.0 mg (24%) of compound -~3 (o ils), IR Y (cm-1) 1738, 
1664, 1233; 1 H NMR (300 MHz, CDCI3) ô 6.97 (d, ] = 10.0 Hz, 2H), 
6.21 (cl, j = 10.0 H·L, 2H), ~.12 ( t, j = 7.5 H>, 2H), 2.53 (s, 2H), 2..50 
(s, 2H), 2.43 {t,] = 7.5 Hz, 2H), 2.06 (s, 3H), 1.69 (s, 3H); 13C NMR 
(75 MHz, CDCJ3) 6 186.3, 170.9, 1549, 132.5, 1293, 127. 1, 62.4, 
47.8, 45.8, 27.5, 20.9, 13.6; HRM (ES!) calcd for C,5H 100 3 (M +Ht 
247. 1329, found 247.1336. 

l-((25,35)-3-Hydroxy-3-merhyl-8-oxospiro/4.5]deca-6,9-dien-l­
yf)ethyl acetate (43). To a solution of compound 39 (sœ formation 
of compound 42, 63 mg. 0.239 mmol) in TH~ (2.5 mL) was added a 

solution (25 mL) of satu rntcd aqncous NaHC03 followcd by ortho­
NsCI (320 mg, 1.448 mmol, 6.0 equiv), thcn the solution was stirred 
for 12 h and H20 (10.0 mL) was addcd. The aquoous phase was 
crtractcd 'vith EtOAc (3 X 5 mL), and the combincd organic laycrs 
wcre washed with brinl!, dried over Na2S04 , and concentrated w1der 
reduced pressure. The crudc product was purified by chromntography 
(n -hexane / EtOAc, 1 '.l) to afford 45.5 mg (72%) of the desired akohol 
as nn oU, IR " (cm- 1

) 2921, 1732, 1660, 1557; 1H NM R (300 MH<, 
CDCJ_,) ii 7.16 (dd, j = 10.0, 2.7 H z, IH), 6.86 (dd, J = JO.O, 2.7 Hz, 
1H), 6.16 ( dd, j = J 0.0, 2.7 Hz, lH ), 6.13 (dd, ] = 10.0, 2.7 Hz, 1 H), 
4.12 (m, 2H), 2.06 (s, 3H), 2.01-1.89 (m, 7 H), 1.68 (m, 2H), 1.38 
(s, 3H); "C NMR (75 MHz, CDCJ3) ii 186.1, 171.0, 157.0, 155.4, 
126.1, 125.8, 81.1, 63J, 5 1.4, 46.4, 44.8, ~1.3, 27.2, 25.9, 20.9; HR.MS 
(ES!) calcd for CI.IH20Na0, (M +NaY 287.1254, found 287.1267. 

(3a ' 5,6a ' 5)-2 ' -Hydroxy -6a ' -m erhy /-2 ', 3' ,3 a ', 4',6' ,6a ' ­
hexah ydrospi rot cyclohexa{2,5]diene- 7,5 '-cyclopen ta/b] furan) -4 -
one (44). Tu a solution of compound 43 (23 mg. 0.8$ mmol) in 
mctl1anol (2.0 mL) was added fincly powdercd potassium carbonate 
(12.0 mg, 0.9 mmol, 1.05 equiv). The reaction mL-rturc was stirred tO r 
25 min1 and the methanol was partly removed by C\~porati on umler 
reduccd pressure:. The LTudc. product was direct ly purified by 
chromatography (DCM/McOH, from 9, 1 to 8,2) to afford 18.5 mg 
(97%) of the desired compound. The co rresponding diol ( 1 S..S mg. 
0.07 mmnl) '"IS disnh•Lxl in a ( 1/ 1) DMSO/ EtOAc mixture (2 mL), 
and th en was added mx (30 mg, 0.11 mmo11 1.5 equiv ) . The 1'eaction 
mixture was stirred for 2 h, and H10 (5.0 mL) was addcd. The 
aqucous phase \V<\S cxtractcd with EtOAc (4 X • mL), and the 
combîncd oryanic 1:1}-crs \v-ere w'ashed \llith brine, d1ied over Na!S04, 

and concc.nrratcd under rOOuced pressure to afford 24.0 mg (80%) of 
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the desired mixture of hemiketals, H !Uv!$ (ES I) calcd fo r C,,1H .,0 2 

(M + H - H20 )- 203.1067, fo1md 203.1074. 
(3a ' 5,6a' 5)- 6a' -Mer hyl-2' -(phen y/ rh io}-2 ',3 ', 3a' ,4' , 6 ', 6a'­

hexah ydrospiro{ cyclohexa {2,5]die ne- 7 ,5' -cyclopen ta{ b ]fur a n)-4-
one (45). To a solution of the compotmd 44 (8.0 mg. 0.036 mmol) in 
.DCM ( 1.0 mL) werc ackled Ph$H (S pL, 0.048 mmol, 1.4 l'<}Uiv) and 
TFA (.S Jd., 0.068 mmol, J.9 cqniv}. The rcactjon mixture was s tirrcd 
for 1 h. The erode product was directly purifled by chromatogr.•phy 
(n-hcxane/EtOAc, 80,20) to affurd 7.0 mg (62%) of the desired 
d.ia.~crcomcric mixture as an oiJ, HAAIS (ESJ) for C,9H,.Na02S (M + 
Na) ' 33S.1076, found 3.)5.1073. 

(5)-2-(2-Hydroxyethyl)-3-met/Jylenespiro{4.5]deca-6,9-dien-8-
one (47). To a solution of compounds 39 (see fOrmation of 
compound 42, 18 mg, 0.068 mmol) in dcbr.lssed MeOH at - 15 •c 
wns disS"olved Cu(OAc)-1 (27 mg. 2 equiv)1 and the solution was: stirrcd 
5 min until the salt was soluble, thcn FcSO'* (12_<; mg, 1.2 equh•) was 
:u.k1eJ at -20 °C . The re3cûon was stirred until the: starûng nutcrial 
disappeared by TLC ( erhyl acetatc/ hexane 1: 1 )1 th en the solution was 
fil tra tcd on silica gel chromatography and concentrated under vacuum. 
The rcsidue was d.issolved in methanol (2 mL); K2C03 solid ( 14 mg. 
0.1 mrnol) \""S ;ldded, :md the solution was stirrcd until the st:arting 
material disappcarcd by TLC, .affording a m.ixture of alken es 4 7 ( 6 mg, 
44%) in a ratio -3/J in favor of the ua isomcr: col01-lcss ail; 'H NMR 
(cxo isom<r, 300 MJ-17, CDCI3) li 6.98 (cid, J = 9.8, 3.3 Hz, 11-1), 6.81 
(dt!,]= 9.8, 2.3 1-l'l., IH), 6.16 (t, I= 9.8, L6H1., 21-1 ), 5.08 (s, JH), 
S.OZ (s, 1H), 3.74 (m, 2H), 2.92, (m,1 H), 2.67 (dq.] = 15.9, 2.2 Hz, 
1 H), 2.43 (dd, J = JS.9, 1.6 Hz, 1 H), 2.06 (m, 2H), 1.75 (m, 2H ); 
LRMS (ESI) for C 13 H160 1Na (M + Na) - 227, identical to the 
litcmture.24 

(5)- 2-(3-Methylene-8-oxospiro {4.5)deca-6,9-dien-2-y/) ­
aceraldehyde (48). TI1c alkcnc mixture 47 (1 1 mg, 0.054 mmol) was 

disso lved in 2 mL of DCM, and PCC (24 mg. 0.11 mmol) wa.< added; 
the reaction was stirrcd unril the starting material disappeared by 
T LC (ethyl acetatc / hcxanc 3, 1) <Uld filtcrcd dircctly ovcr silica gel 
(n-h1!X:mc/.Et0Ac, l :3). The filtra te was cuncentrated under rcduced 
pres..o;:nre and purified by silka ge l chrom3tography with a rni.t.ture of 
erhyl acetate/ hOJ<ane (3, 1) to aH'ord a mixture of >ldehydes 48 (8.1 
mg. 74%) as a colorless oil' 1H NMR (cxo isomcr, 300 MHz, CDC!,) 
D 9.83 (s, 1H), 6.98-6.95 (m, lH), 6.79-6.76 (m, 1H), 6.27-6.23 (m, 
2H ), S.l 0 (s, 1 H), 4.98 (s, 1 H), 330 (m, 1 H), 2.90 {dd,] = 1 8.1, 5.5 
Hz, JH), 2.66 (m, 2H), 247 (m, IH), 2.15 {ddd, j = 13.0, 8.0, 1.6 Hz, 
1 H), 1.69 (m, J = 13.0, 10.3 Hz, JH ); LRMS (ES!) C13H,.O!Na 
(M + Na}~ 225, identical to the litcrature.lA 

l-(3-Chloro-3-merhyl-8-oxospiro{4.S]deca-6,9-dien-2-yl)erhyf ac­
etate (49). To a solution of compounds 39 (sce formation of 
compound 421 26.5 mg, 0.1 mmol) in dcg:J.5Scd McOH ('2 mL) at rt 

was dissolved Cu( Cl), (27 mg. 0.2 mmol, 2 equiv), and the solu tion 
was stirrcd 5 min until the s:tlt ""'s soluble. The mi.\:ture was cooled 
.r -30 •c, and PcS04 (41 mg. O.JS mmol, 1..5 cquiv) was addc-d. The 
.rea ûon was s tirred JO min ,,t -30 °C, and t-he c:ttide product \if.L<: 

direcdy purifled by chromawgraphy (n-hcxane/ EtOAc, 1' 1 ), affu rdjng 
a mixture of alkenes 47 (20.4 mg, 74%) in a ratio -4/1 in favor of the 
trn11s isumcr as a colurlcss oih 1H NM R (300 MHz, CDCJ3) li 7.25 
(dd, J = 9.8, 3.8 Hz, 1 H), 6.86 (dd,J = 9.8, 3.8 Hz, 1 H), 6.20 (dd, J = 
9.8, 3.8 H>, IH), 6.17 ( t, J = 9.8, 3.8 H>, JH), 4.14 (m, 2H), 2.50 (d, 
J= 1S.4 H7, IH ),2.20(d,J = 15.4 Hz, 1H),2. 17-1.98(m, 2H),2.08 
(s, 3H), 1.79 (m, IH), 1.71 (s, 3H); ''C NMR (ISO MHz, CDCJ_1) 6 
18-.6, 171.1, 1543, 154.3, llï.S, 126.6, 74.6, 63.1, 53.4, 49.9, 44.9, 
41.3, 28.5, 27.2, 21.2; HRMS (ES!) ct~lcd for C 15H ,9C!Na03 
(M +Na)" 305.0915, fu und 30S.09l9. 

(4a5,55,7R,85,9a5)-8-Methyl-4a,5,6,7,8,9-hexahydro-5,8-epoxy-
7,9a-merhanobenzo[7]annulen-3(4H) -one (Cage Compound 52). To 
a vigor.ously stirrcd solution of comp<.lund 48 ( 8 mg, 0.04 mmol), 
liMPA (73 mg, 0.4 mmnl), .md HFIP ( 10 mg, 0.06 mmol) in THF 
( 1.2 ml ) a1 - 78 •c was rap idly added Sm !, (0.09 mmol, 0.53 mL, 
0.17 M in THF}. The re-;ulting m.ixtun.· was stirrcd il t dut temperature 
f<.lr 20 s bcfore it \'laS qucnched with saturat~d aqm.-ous N H-'CI 
solution ( 4 mL). After cxtr.:u .. 1.ion with EtOAc (3 X 5 mL) 1 the 
combin~d organic ph3se \\"3.~ dried over Na2SO.~. a.nd tiltcrcd. The 
solvent was removed unde.r vacuum, and the rcsidue w::ts djssol\•l!d in 

dx.dol.orgl1 0 .1021 1jo21li9027U 0t9- Cl»n·t 1()11. 16, 9460-947 1 
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CH!CI, (0.1 mL). To the rcsulting solution at 0 •c "-"lS added TFA 
(0.25 mL), and the rcsulting mixture was stirrcd at that temperature 
for LS h The so lvent was thcn rcmoved by a stream of argon, and the 
rcsid\IC was di.~lvcd in EtOAc (5 m~). The resnJtil.l8 orga.nic phase 
\ 'I'JS wa.shcd w1th atur·J.tcd aqucou~ NaHCOJ !iOiuuon (4 mL) and 
bl'ine (4 mL) and dried over Na:!SOl. After filtration and rcmoval of 
the soh·cnt under vacuum, the residuc was puritled by flash column 
chromatogr.:~phy ";th EtOAc/ hexanes (2/3) os clucnt to give cage 
compound 31 (2.8 mg, 36%): [a]0 "' = -21 (r = 0.5 in CHCI,); 1H 

Mil (600 MH>., DC13) i) 6.62 (d, J = 10.0 H>, 1H), 5.94 (d, J = 
10.0 Hz, 1H), 4.17 (t, J= 3.4 Hz, 1H), 2.43-2.29 (m,4H), 1.97-1.94 
(m, 2H), 1.90 (d, J = 11.6 Hz, 1H), 1.79-l.ï4 (m, 2H), 1.66 (d,J = 
11.2 Hz, 1H), l.4S (s, 3H); 1-RMS (ESI) CI.1H,. 0 2Na (M + Na}' 
(unnd 227, idcntiml to the literatliJ\!. 24 
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1.3. Conclus ion 

En conclusion, la réaction de Prins-pinacol oxydative a été développée. Il s ' agit de la version 

umpolung aromatique de cette transposition cationique rendue possible par l' utilisation d ' un 

réactif à base d ' iode hypervalent. Plusieurs exemp les ont été étud iés (alcènes et alcynes), 

dont certains étaient très encombrés stériquement. La stéréosélectivité de la réaction a aussi 

été démontrée et une synthèse formelle de la (-)-platensimycine a été accomp li e en app liquant 

cette nouvelle méthodologie. Éventuellement, la synthèse d ' autres molécules 

spirobicycliques bioactives (ex: (+)-anl1ydro-j3-rotunol, acide (-)-scopadulcique A, etc.) 

pourrait être réalisée en appliquant cette méthodologie. 

1.4. Informations supplémentaires 

Les informations supplémentaires, contenant les protocoles expérimentaux ainsi que les 

caractéri sations et spectres RMN, sont présentées à 1 'Annexe A. 



CHAPITRE II : 

SYNTHÈSE ASYMÉTRJQUE DE LA FORTUCINE 

2. l . lntroducti on 

Le second vo let de ce document portera sur la synthèse asymétrique de la f01tucine, une 

molécule aux propri étés antivirales et antitumorales. Cette molécule appattient à la classe des 

lycorines, des alcaloïdes isolés des espèces Amaryllidacées de pl antes45
. Ces molécul es 

bi oacti ves ont un sq uelette tétracyclique de type pyrrolo[d,e]phénantlu· idine. La pluprut 

possèdent une jonction cyclique BIC trans. C'est le cas de la (-)-lycorine 32, la plus répandue 

de cette classe d' alcaloïdes (Figure 2.1). Toutefo is, cett aines de ces molécul es possèdent une 

jonction cyclique BIC cis, comme la (+)-fo rtucine 33, la (+)-kirkine 34 et la (-)-siculinine 35. 

OH 
OŒH~:;::~ 
< 1~ 0 :::,..._ N 

32 

34 

MeoŒH~:~r~ 
1 ~TJ HO :::,..._ N 

33, (+)-fortucine 

(configuration absolue présumée) 

35 

Figure 2.1: Structures des alcaloïdes de type lycorines rapportées dans la 

littérature 

Une seule synthèse non-asymétrique de cette molécule a été rapportée dans la littératu re et il 

s'agit de ce ll e proposée en 2008 par le groupe de Zard46
. Au cours de cette synthèse, un 
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procédé radica lai re élégant est ut il isé pou r élaborer le tétracyc le de type 

pyrrolo[d,e]phénanthri dine de la mo lécu le (Schéma 2.1). 

co"" 
MeO ,;/" obOTBS 

~,~) 
BnO~I 

O NPhCS2Me 

0 

'H;yo'o~ 
0 (1.4 eq .) 

1 ,2-dichloroéthane 
reflux 

60% 

Schéma 2.1: Cascade radicalaire proposée par le groupe de Zard 

Le présent document traitera de la première synthèse asymétrique de la fortuc ine 33 et de la 

réassignation de la configuration absolue du prod ui t naturel. Le squelette principal 36 de la 

fortucine a été mis en place via une carbopall adation de type Heck à partir de l'éther d' énol 

silylé 37 (Schéma 2.2). La stratégie de Zard a ensuite été employée pour procéder à 

l' isomérisation de la doub le li aison selon un procédé de type Juli a-Lythgoe afin d ' obtenir la 

fo11ucine 33 . L ' azab icycle 37 a été mis en place en app liquant la méthodologie de Wipf, 

élégante et efficace, qu i consiste en une désaromatisation oxydative du phénol 38 dérivé de la 

L-tyrosine en uti lisant un réactif à base d' iode hypervalent, suivie d ' une addition conjuguée 

de type aza-Michael en mili eu basique. Cette synthèse débute par le couplage de Schotten­

Baumann entre l' ester méthylique 39 de la L-tyrosine et un dérivé silylé 40 du ch lorure 

d' acyle de l' a ldéhyde commercial 41. 
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Schéma 2.2: Analyse rétrosynthétique de la synthèse asymétrique de la fortucine 

Cette synthèse a permis de mettre en va leur, à deux repri ses, la chimi e de l' iode hyperva lent. 

En effet, dans un premier temps, la méthodologie de Wipf a été uti li sée pour mette en place le 

système azabicycli que du produi t 37. En 1995 , le groupe de Wipf a mis au point une méthode 

générale permettant de synthétiser ces systèmes ( 45 et 46) à partir de dérivés N-protégés 42 

de la L-tyros ine (Schéma 2.3)47
. 
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R= OBn , 0 Bu1, alkyl, aryl 

Phi (OAc)2, NaHC03 

MeOH, 21- 40°C 

20-60% 

OH 

~C02Me 
0~/''•··· H 

H >=o 
R 

>98:2 46 

33 

Schéma 2.3: Méthodologie de Wipf pour la synthèse de systèmes azabicycliques 

Il s' agit d' une désaromatisation oxydative en présence d 'un réacti f d' iode hypervalent, le 

DIB. Selon Wipf, les prod uits 45 et 46 seraient obtenus via les approches représentées ci­

dessus. Afi n d'expliquer la haute di astéréosé lectivité de cette transformation, l ' auteur a 

suggéré l' impli cation, au ni veau du confo rmère 44, de grandes tensions A 1•3 (E vs amide) et 

d' une plus grande répulsion stérique entreE et l' environnement relativement encombré sous 

la di énone. Le conformère 43 serait donc bi en plus favo ri sé et donnerait li eu à la fo rmation 

quasi exc lusive du di astéréo isomère dés iré 45 . Enfin , Wipf a démontré que cet intermédi aire 

était très intéressant en synthèse de prod uits naturels48
. C' est cette méthode qui a été choisie 

au laboratoire pour effectuer notre synthèse du système azabicyc lique de la fortucine 

(Schéma 2.4). 
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Schéma 2.4: Application de la méthodologie de Wipf à la synthèse de la fortucine 

Tout d ' abord, au cours de ce procédé, notre phénol 38 subi t l 'activation umpolung 

aromati que (ou désaromatisation oxydative) en présence d 'un réactif d ' iode hypervalent 

se lon les conditions développées par le groupe de K ita. L ' ion phénoxonium 47 ainsi formé 

indui rait la sp irolactoni sation pour donner la sp irolactone 48. Un produit semblabl e a 

d'aill eurs déjà été obtenu par le groupe de Pettus en appliquant le même procédé oxydatif à 

base de DIB49
. L ' iso lati on de ce produi t suggère une autre approche que cell e décri te par 

Wipf. En effet, expérimentalement, il a été remarqué que le produi t ouvert 51 , obten u lors de 

la désaromatisation oxydative du phénol 50 sui vant l'addi tion d ' une molécule d'eau sur l' ion 
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phénoxonium généré, ne parvena it pas à réa liser la cyclisation souha itée en mili eu bas ique. 

Donc, il serait probable que 1 'étape de désymétri sation de la di énone s ' effectue plutôt via la 

spiro lactone 48 qui ra pprocherait dans l' espace l' amide et l' énone dans une ori entati on plus 

propice à l'addition conj uguée de type aza-Michae l. Ce serait uniquement à la suite de cette 

cyc li sati on, conduisant à un intermédiai re très tendu, que s ' effectuerait la réouverture de la 

spiro lactone par transestéri ficat ion en mili eu bas ique. Effecti vement, en présence de 

méthy late de potass ium, la spiro lactone 48 fournit 1 ' azabicycle souhaité 49 de faço n 

hautement stéréosé lective avec un exce ll ent rendement. 

Dans un deux ième temps, afi n d ' obtenir le produit 36 (Schéma 2.2), il a été nécessaire de 

procéder à la décarboxylat ion de l' ester méthylique présent dans le produit 37. Il convient ic i 

de rap pe ler que le centre asy métrique au pied de cet ester est celui de la L-tyros ine et qu ' il 

avait été introduit en début de synthèse afin de contrô ler la di astéréosé lecti vité des étapes 

subséquentes. Pour retire r ce fragment, le protocole de Boto, Hernandez et Suarez a été 

app liqué50 Développée en 2000, il s ' ag it d ' une méthode fa isant à nouveau appel à la chimie 

de 1' iode hype rvalent. Ce groupe a a lo rs démontré que, en tra itant des ac ides aminés N­

substitués te ls que 52 en présence de DIB (2. 0 éq .) et d ' l2 (0.5 éq .), il se produit une 

décarboxylati on oxydati ve (Schéma 2.5). 
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0

y R 1 -C0 2 

l R~R 1 
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OY R 

l 
0

y R 1 N Nu-

R4 
RV Nu 

R R 

56 55 

Schéma 2.5: Décarboxylation radicalaire O).')'dative d'acides amin és N-substitués 



36 

Le radical carboxyle 53, fo rmé après un premi er SET, évolue en l' espèce radi calaire 54 

sui vant une perte de C0 2 . Ensui te, après un second SET, l' ion N-acy liminium 55 peut être 

pi égé par un nucléophile dans le milieu (ex : ion acétate, méthanol , etc.) pour donner le 

produi t 56. Dans le cas de la synthèse de la fortucine, la même stratégie a été empl oyée. En 

effet, pour retirer l' acide carboxylique du produi t 57, celui -ci a été traité dans des conditi ons 

simil aires pour donner le produit décarboxylé 36 après un traitement subséquent au 

tri éthy lsil ane (Schéma 2.6). 

Phi(OAch, lz, 
hu, DCM, tp, 2 h 

puis HSiEt3, 30 min 
51 % 

57 
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Aco,, .. GX ... soz 
H OTBS 
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1 H §_) 

TIPSO ~ N 

0 

36 

Schéma 2.6: Décarboxylation oxydative lors de la synthèse de la fortucine 

Enfi n, la premi ère synthèse asymétrique de la fortuc ine 33 (Figure 2.1) a été achevée. Afi n 

de véri fie r la configu ration abso lue du produit naturel, une analyse par diffraction des rayons 

X a été effectuée sur le produi t 58 (Figure 2.2). Il a donc été poss ib le de démontrer, après 

l' oléfi nation de type Juli a-Lythgoe subséquente, que le produit 33 synthétisé était bien de 

même configurati on abso lue que ce ll e rapportée dans la littérature concernant le produit 

naturel. Cependant, se lon l' acti v ité opti que obtenue et les analyses de di chroïsme circulaire, 

ce travail a permi s de réassigner la configu rati on abso lue du produi t naturel ent-33 . 
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Asymmetric Synthesis of F01tucine and Reassignrnent of its Absolu te Configuration 

Ma rc-André Beaulicu1"1 and Sylvain Canesi*1"1 

Lycorine alka loids are natura l products isolatcd from 
amary lli da~,;cae specics.IIJ Thcsc compounds have been rcportcd ta 

possess ant-iviral and anritumor acLivities.PJ Thcir main core contnins 
a tctracyclic pyrrolo[d.ejph cnanthridine skclcton as illustrntcd in the 

stmcturc of lycorinc 1 ~ which is the most prevalent phcnanihridinc 

Amnryllidaccac alk:tloid. Compounds belonging to this fami ly have 

au ractcd substantial in tcrest in the synthctic community slnce the 

isolation and charncterization of(-)- lycorine t .l-'1 While mos t have a 

trans B/C·ring junction. a fcw have a ds junctlon, including (+)~ 

f(Jrtucin c 2.t<J (+ )-k.irkjnc 3 ,1'1 :md (-)-siculininc 4.1•1 Althougb no 

expcrimc111ol evidence wns provided for cstablishing the ubsolutc 
configurat ion of (+)-fomJcine,l•J the Ut1Ù10r.> proposed the s tructure 

or compo 11nd 2 described in Chart 1, most probably by a 11alogy with 

(-)- lycorinc 1, a rclatcd pa rem and more stud ied a lkaloid . 

OH 
1 HO.._ 

H 1 H J 

o~,.........,, 

<.,~N 

z HO,@; 

"' MoOXXE, 
j H t 

HO ~ N 

OMo 
i 

4 HO~OH H H 
(1"')--"'l 
o~N 

Chart 1. Lycorine (flkaloid nlùllb{·l·s ro.:porlod in tfle lito::n11ure. 

ln th is paper, we present n convcrgt;nt" asymmetric synthesis of 

one enantiomer of fàrtucinc, 2. a molecu le isolated from fhc fortune 

varicty of mucissus. The only synthcsis of fortu cine in the literaturc 

was reportccl by Zard and cQworkcr.sY'l whosc prepara tion of the 

mai n tetracyclic core of fortucinc cmploycd an elegant radical 

cascade rrnnsformnti on as a key tep. l:iowever. since it is a rncemic 

symhcsis. rhe au thors could nm conlim1 the absolute configuration 

init ia l proposcd s tructure of ki rkinc 3. a notuml rda tcd iso mer which 

has probably the same absolute configuration than fortucine. A 

significant advantage of our asymmctric synthcsis is that we werc 

able to dctennine the corrêtt tt bsolute conligur.ltion of natur~ l 

fortucinc. O ur asymmetric synthesis of fortucinc ·tnrts from L­

tyros inc-mcthyl ester 8 and 3-hydroxy-4-mcrhoxybcnzaldehydc 5 

along a re lrO~")'nlhetic pathwny prcscntcd in Schemc 1. l11ese 

segments arc joincd through nn amide functionality 9. which is uscd 

a an amine·pmtecting group and is later reduccd to install ùte 

requircd cycloami ne. This approach presents un inte rest ing 

allcmatîvc to common protccting-group-frcc !i tr<Jtcgics}81 since a 

functi ont~l protccting group nor only mosks fhe rcac tivity of a 

sensitive ensemble but als,o carri cs a moicty of the final targe t. \\fe 

a l o decided to in volve hypervn lcn ( iodine rcagcnts in severa ! s teps 

of the synthcsis duc to their lowt: r cnvironmenta l impact comparcd 

with her1vy mctul rcagcnts. Thus, a Wipf-type s trah..:gylql bascd o n 

the Ki ta oxidat-ive dcarommizmion processl10l was used to provide 

stcrcosclectivity and was followcd by nn oxidative decarboxylat ion 
proccs,.t"l to yic ld the final product. 
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The hydroxyl group of the incxpensive s tarting matcriol 3-

hydroxy-4-mc•hoxybcnza ldehydc 5 was protccted using TIPSCI . 

Subsequent trca rmcnt \vith iodinc rmd silvcr nitnuc produccd 

compound 6 m 73% yie ld owr two s tcps. The a ldehyde 

funcùo nality was oxidizcd into the des1red acyl chlonde in the 



presence of CuCJ, and t-13u00H,I"l lollowed by a Vilsmdcr 
nc tîva tioniDJ tu y iclù compound 7 in 75% ovcra ll yield. Schemc 2. 

1) TIP S-CI, lm ld 
OMF, rt. 3 h 

2) Ag NO,, 11• 14 h 
OCM, 3o·c 

73"/.over:all 

. ;=<' 0 
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TIPSO 6 

11 cuc l,. t-BvOOH, 
CH3 CN, SO•C,1 6 h 

2) SOCi l, DMF {c at} 

Dfs~!~:~~ h 

Sch~ 2. Fo!l:.t~ ion of tht' uroelltit· !iubun i t.. 

At t.h is stngel compound 7 was attached through the umino 

group to L-tyrosinc methyl ester 8 using the Schoucn-Baumann 
renct·ion and tht: ester fi.mctionali ty was selective! y tn:msfonnl!d inro 
a carboxylic acid undcr mi ld K.rapcho-l ike. conditions11 4 1 to avoid 
deprolecting the phenol group, lesding 10 intcrmedia te 9 in 71% 
ovcrall )dcld. Compound 9 rcprcsents the tirst key intermcdiatc in 

the synthesis. Us ing a renmrkable met hodology dcvcloped by Wipf 
and coworkcrs, th is phenol was rcadily dcaromar izcd und 
stcrcoselectively trunsformcd into the functionalized bicyclic system 
11. The stcreochcmistry is guidcd by the chira l cemcr o f the 
tyrosinc.fl5J TI1is e legant proccssi91 oc~.:u rs through an oxidative 
lactonization medintcd by the hypcrvalcnl iodinc reagcnt h~nding to 

compound 10 in 50% yic ld. Subsequent treatment in the presence of 
powssium mcthoxidc produccs the desî rcd bicyclic core 11 in 95% 
yic ld wilh higJ1 stcrcosclt:ct ivi ty, Sch eme 3. 
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$choM 3. llor1U1t io-n ot thl' bicycl i c t'Mt'. 

TI1c rcqL1ircd tCtTncyclic system was produccd from the 

fun ctionalized synthon Il via a Hcck-typc curbopallad;tlion proccss. 
Fîn~t. the kctOllC functionolity \VUs quan ti tativcly transfonncd inlo 

the pre-activa tcd cnol-ethcr 12 in the presence of' TBS-trifla te. 

which also convcncd the tcniary olcohol moict-y imo the 
corresponding. si lyl ether rcquircd al the end of the syn Lhesis. The 

inlramolecular C-C coupling wns perfom10d by trcatmenl of 12 with 
t<>trnkis(triphcnylphosph inc)pnllndium, 10 yicld ihc dcs ircd ci.< 
tetracychc pyrrolo[d.ejphenanthridine skclelon J 3 in 85% yicld. l11e 
observcd cis s tcreoseleCi ivity is ralionalizcd by lhe planar gcomctry 
of the bcrnm segment. Tt should be noted that cornpound 13 
rcprescnts the main core of severa! natura l products of the same 

family (Chnrt· 1 ) . The alkcnc m1gm tion ncccssnry to rea ch -fi nal 
product 2 enta ils the Julia- type tnmsformationPnJ brilliantl y uscd by 
Zord ond co-workcrs cluring thcîr symhesis of fon ucinc. Following 
thcir appronch, treatmcnt of compound 13 with ortho­

methoxythl ophenol and NEt, cnablcd ùte kincuc tonnation of 14 
lhrough a 1-4 addi tion in 93% yicld. Schcrnc 4. 
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The secondai)' a lcohol fu nct ionality in the structure of 
ennntiopure fortucine was obraincd in 96% yicld by trcatmcnt of 14 
with LiBH~, which Wà S choscn based on its supcrior 

stereo~>cl ectivi t y . Subsequent ly, an aceta te group w:l!; qwtnïiuu ively 
introduced on the alcohol moiety as a protecting group to yicld 

compound 15. The enantiopuri ly of 15 was vcritied by NMR by 
coupling the acid derivative of 15 wilh (S)-(-)-alpha­
mcthylbcnzylamine. Only one diastcrcoisomcr of the product was 
apparcn1 wi1hin the limi1s of 11-1 -N MR spcctroscopy (300 MHz), 
estàb lishing a lower limil of 95% for the cnan tiomcric excess of 
compound 15. At this srage, the ester func tionaJity was 
quan titative ly tnnsfom1cd in to a carboxylic ncid using a Kmpcho­
likc tmnsfonnntion tha t is mi ld cnough 10 ovoid deprotecting rhe 

hydroxyl groups. Furthcr tn:utment wi th mCPOA produced sulfone 
16 in 98% yicld. The su lfonyl group was rcqui rcd for the fina l stcp 
to ena ble the introduction of the nlkenc functîonaliîy by :.~ Julia-like 
rransfonnution. The carboxyl ic acid moicty that cnablcd us to 
comrol the diast~rcoselectivity of the tctr.tcyclic core was rcmovcd 

using a second stnucgic stcp mcdiatcd by a hypcrv;dcnt iodinc 
reagent,I17J tbllowing a no tewonhy protocol developed by Dolo, 
Hemundez, and Suarez." 'l Howcver, this stnucgy wns only 

success fUI whcn tJ1c sc-oondary alcohol moicty was prcviom;ly 
protected as an ocetote to prcvcnt ils oxiclation imo a kctonc 
promolcd by the h)~perva l cnt spccics. An ox idat ive dcc.a rboxyl:ttion 

proct...-ss mediatcd by diacctoxyiodo-bcnzcne and iodinc was uscd to 
fi rst generale an iminium ion which was furt hcr rc.d uced to 17 by t'he 

addi tion of tricthylsi lylanc in 51% yicld. Schemc 5. 

1)UBH,, TliF 
.J8•c. 6 h. 96% 

2) Ac20 , HEt:s. DCM 
OMAP, rt . 3 h , 88% 

Q-oMo 
1) LU, EtOAc, 8 h 

77"C, 94'/o 15 Aco .... ~s 
H OTBS 

MoOxx;:~ ~ 2) mCPBA, OC M 
rt, 2 h , 80% 1 H l 

TIPSO :::... N 
O C0 2Me 

Phi(OAc )2, l 2.o 
f\ u, OCM, tt. 2 h 
thon HSIEtJ, 30 min 

51Y. 

Q-oMo 
17 Aco, m so, 

H OTDS MoOY')''t" ~) 
TIPSO~ 

0 

To conclude the synthesis, the lac tam subunii w.:;cd as a 

pyrro lidinc protcct ing group and the acetate functionality wcrc 
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rcduced in the presence of DlllAI-H in 80% yicld. Subsequent 

trca tment with K1C03 in n1cthanol resultcd in TIPS dcprotection. 

producing phenol 18 in 95% yie ld. Compound 18 is the final 

precursor to fortuci ne and has been t.rnnsformed imo the target by 
trcatment with lithium nnphthalcnc (Julia-type condition 11 81) in 65% 

yic ld. Scheme 6. A similar rnmsfom1Htion with sodi um amalg.am in 

mcthnnol wns first dcmonstrmed by Zord et ni. during thc ir 

synthcsis. 171 Formuly. the transformation of the enonc moiety 

present in 13 in to fo rtucinc rcp rcscnts n rcductivc isornerization 

proccss. 

ÇlOM• 
Aco.._GXso, 

H OTBS 1) OIBAi~, 20 h 
M•O~·"" "\:, Tol.,rt.84% 

TIPSO ~ : H ~J 2) K2CO~, MeOH 
6s•c . 16 h, 95% 

17 0 

THF, LI, Napjh, 

rt , 0.5 h, 65% 

Sehcmo 6. Final :f\Cp.! of the .llYn\.hes i s . 

The confirmation of the s tructure and abso lute configuration of 

2 was carried out using severa! techniques. At this stage, the NM R 
and mass spectrometry data for 2 wcr~ in agreement with the 
ltterature.t>.7J llowcvcr, the optkal rotation of our synthetic 2. [a0 )w 
= - 63 (c = 0.04 in ethanol), had the opposite sign from whot is 

report cd in the litcrntnrc for natural fortucine, [au ho = +66 (c = 0.23 

in ethanol).t"l ln addi tion, our synthcsizcd fonuci nc has the opposite 
Cotton cffect at 285 nm comporcd with the nutural product. a!) 

asscssccl by circular dichroism ~pcctroscopy. l4 1.1n ordcr to detem1inc 

the actuill abso lutc con figuration of our cnnntiopurc compound, wc 

pcrformed a crystallograpbic analysis of four crysta ls of the fi nal 

prccursor 18 (Figure la).t"l The presence of S and Si henvy 

clements in this mo lecule guamntccs unt .. '<]uivocal a.ssignmcnt of the 

absolut.:. configuration as dr'<~WH in Schemc 6 (Fiack pnrarnctcr of 
0.00(2)). Circular dichroism cxperimcnts also confinned that the 

crystals had the same positive Cotton cff~ct at 285 nm as the wholc 

samplc, furthcr confirming that the X-ruy tnu; turc is representative 
of the whole samplc.(201 llcnec, wc undoubtcdly synthesized the 

reponed enant iomer of lonucine. but the isolated n:nural product 

ent-2 is ac1ually its rnin·or 1mage, with the correct absolu te stmcture 

reassigned as drawn in Figure 1 b. By nna logy, we rea son that the 

obsolutc configuration of(+)-kirkine}5
·
71 which tlppcars as a nattll'al 

rcla tt:d isomcr o f fortucine . is probably a Iso incorrect. 

Figure l i (u} ORTEJI l OPI:u:H.'nLui.JQn <Jt 50% oJlipsoid 
prob~hi 1 i I.Y of 18 it1 tho st).l t d-:;tcl ll' si rul-Lut·c of 18· !9120. 
ll ydrouon a t oms >~l're~ 1·crr.ovl~ri for dar i lY, \'Xc,mt thoset on t lw 
asyJI.o.uwlri<· l·arhons. (b) CorrN: t c~d ~usolutù t•mtfjguration of 
(+}-f()l"IU<'Ïilc. 

ln summ::try. an asymmctric synthesis of fortucinc wa.s achicvcd 

us ing L-tyrosmc-mcthyl ester as the sole prccursor of chiral ity on 

threc asymmetric carbons. The synthcsis was bnsed on two key steps 

mcdiated by hype rvalcnr iodinc reag~.:nts . In addition. this work has 
ena bled to rcassign 1he absolutc configuration of th is na tura! product 
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2.3. Conclusion 

La premi ère synthèse asymétrique de la fo tt ucine a été réali sée. Parmi les étapes clés de cette 

synthèse, deux impliquent l' utili sati on de la chimi e de l' iode hypervalent. En effet, la 

stéréosélecti vité de cette synthèse est dO à l'appli cati on de la méthodol ogie de Wipf qui 

consiste en une désaromati sati on oxydative d' un dérivé de la L-tyrosine en utili sant un réacti f 

d' iode hypervalent. Cela a permi s de mettre en place le système azabi cyclique de la molécule. 

C' est l' unique centre chiral présent sur la L-ty rosine qui a permis un contrô le de tous les 

autres centres stéréogéniques de la f01tucine. Cette synthèse n' implique donc pas l' utili sation 

ni Je gaspillage d' auxili aires chiraux ou encore de systèmes cata lytiques à base de métaux 

coCtteux et de ligands dont la synthèse est très souvent ardue. De plus, une décarboxylation 

oxydative permet d' obtenir un substrat clé à partir duquel il a été poss ibl e d 'appliquer la 

stratégie de Zard afi n de procéder à l' isoméri sation de la doubl e li a ison. Enfi n, cette synthèse 

a non seulement permis de mettre en va leur la chimi e de 1' iode hypervalent en synthèse 

totale, mais ell e a auss i permi s la réass ignati on de la configuration absolue du produit nature l. 

La stratégie développée au laboratoire pour la synthèse du tétracyc le 

pyrrolo[d, e]phénanthridine pourrait être mise à profi t lors d' éventuell es synthèses d ' autres 

molécul es de la classe des lycorines, te ll es que la (+)-kirkine ou la (-)-s iculinine. Il serait 

alors intéressant de véri fier l' exactitude de l' attribution de la configuration abso lue de ces 

produi ts naturels. 

2.4. Informations supplémentaires 

Les informati ons suppl émentaires contenant les protocoles expérimentaux ainsi que les 

caractéri sati ons et spectres RMN, sont présentées à 1 'Annexe B. 
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I. General information and materials 

Unless otherwise indicated, 1H and 13C NMR spectra were recorded at 300 and 75 MHz, 

respectively, in CDCI3 solutions. Chemical shifts are reported in ppm on the 8 sca le. 

Mu ltip licities are described as s (singlet), cl (dou blet), cid, ddd. etc. (do ublet of doublets. 

doublet of doublets of doublets, etc.), t (triplet), q (quarter), quin (qu intuplet), rn (multip let), 

and further qualified as app (apparent), br (broad). Coupling con tants, J, are reported in Hz. 

IR spectra (cm- 1) were recorded from th in fi lms. Mass spectra (rn/e) were measured in the 

electro pray (ESI) mode. 

11.4: Representative procedures for the formai synthesis of (-)-Platensimycin: 

This ex peri mental partis a.lso present in reference 3i of this manusc ript. 

a) Synthesis of compound 23. 

LiOOH 

1) 0 3, MeOH 
then NaBH4 

2) TBDMSCI 
80% overall 

,Jli 
98% 

TBSOY'Il 

~ 

LDA 

Br~ 
76% 

~OH 

c 0 

TB SOn 

1 

TBSO~N,O/ 
E 0 

~OTBS 

TBSO-o-/ G 

-S2-

COl, DCM 
MeNHOMe 

87% 

MeMgBr 

93% 

1) TBAF 

2) TFA, DCM 
88% overall 

TBSOY'Il 

~ 

D 

TBSOn 
~ 1 F 

TBSO~ 
0 

)JQ 
HO-o-,··· 

23 
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b) Procedures. (see reference 3i) 

TBSO~I Me, .. ,{h 

""'- 1 N 0 
8 Il' 

38 0 0 

To a solu tion o r the Evans oxazolidinone A (1.4 mmo l. 6 15 mg) in THF 

(4.5 mL) was added LD A (4.:! mmol. 4.2 mL) at -78°C. After 20 minu tes. 

all yl bro mide (7 mmo l, 0.6 1 mL) wa · added dropwise. The re.1ctio n was 

Lhen slowly warmed at 5°C ~md st irred unti 1 complction by TLC. T he 

reacti on was gucnc hed by ù1e addition of sa uu·ated N H, CJ so luti on, the 

aqueous layer was ex trncted with e th yi acetate. The co mbinee! organi c extracts were dried (Na1S04), fi lte red and 

the solvcm re moved i11 vriCIIO. T he crude prod uct was puri fi cd by si lica ge l chromatognlphy (he,,anc/ethyl 

acetate 90/JO) tO yield n yell ow oi l B (or 38) (76%, 5 t 0 mg) . [u0 ]20 =-50 (c = 1, in C HCb); IR v (cm-1
) 1782, 

1648, 1607, 1342, 1253, 11 95; 1H (600 MHz, CDCI3): o= 7.38 (t. J = 8.2 Hz, 3H); 7.25 (t, J = 8 .2 Hz, 2H); 7.09 

(d, J = 8.2 H7~ 2H ); 6.77 (d. 1 = 8.2 Hz, 2H); 5.83 (m. IH), 5.28 (d, J = 7.1 Hz, 1 H); 5.07 (d, J = 17.0 Hz, 1 H ); 

5.03 (d. J = 9.4 Hz, 1 H); 4.57 (q, J = 6.6 Hz. 1 H): 4.29 (m, 1 H); 2.88 (dd, J = 13.7, 9.4 Hz, 1 H); 2.78 (dd, J = 

13.7. 6.6 Hz, 1 H); 2.50 (m, 1 H). 2.33 (m, 1 H); 0.96 (s, 9H); 0 .82 (d, J = 13.7 Hz. 3 H): 0. 18 (s, 6H); 0. 16 (s, 6H): 
13C NM.R (75 M Hz, CDCI>): ô= 175.2. 154. 1. 152.:), 134 .9. 133. 1. 13 1.5. 130.0. 128.5, 125.5. 11 9.8, 11 7. 1. 

78.6, 54.9, 44. 1. 37.6, 36.3, 25.6, 18. 1, 14.5. -4 .4; HRMS (E$ 1): Ca le. for C2J{38N04Si (M+ H)+: 480.2565: 

round : 480.2573. 

TBSOY'il 

~ c 
~OH 

0 

To a so lution of compound B ( 1.2 mmol, 575 mg) in T HP!H20 (311, 24 mL) was 

added H202 (30 % in H20 , -9.6 mmol) fo llowed by Li0 H.H20 (2.4 mmol, 101 

m g). The mixtu re was allowed to wann to roo m temperature and s tirred until 

complelion by TLC (- 10 min .). The mixture was coo led to 0°C and qucnched 

wi th saturnled Na2S03 solution. and di luted wilh e thy l acetate (25 m L) thcn cirric 

ncid was added (460 mg, 3.6 mmo l, 1.5 equiv. PH-3). the aq ueous layer was extracted with ethy l acetate (3*20 

mL). The combined organic phases were washed with brine (30 m l). dried (Na,S04) . fille rcd and the -olvent 

removecl in vacuo, the c rude product wns puri lied by si lica gel chromatogrnphy (hexane/cthyl acetate 25n5) to 

yielcl a co1ourless oil C (89%, 342 mg). [a0]20 = +20 (c = 0.6 in CHCI~); lR u (cm-1
) 2922, 1705, 1503, 1249: 

' H NM R (300 MHz. COCI3) : o= 7 .04 (d, J = 8.2 Hz, 2H); 6.75 (d. J = 8.2 Hz, 2H); 5.78 (m, IH) ; 5. 10 (cl. J = 

8.2 Hz, IH); 5.08 (d, J = 18. 1 Hz, IH); 2.92 (dd, J = 10 .4. 15.9 Hz. IH): 2.73 (m, 2H); 2.33 (m, 2H); 0 .98 (S, 

9H); 0. 1 9 (s, 6H). L'C NMR (75 MHz, COCI3): o= 180.7. 154. 1, 134.8, 13 1.4. 1 29.8, 11 9.9, 1 17 .3, 47. 1, 36.5, 

35.4, 25.6, 18. 1, -4.4; HRMS (ES! ): Cale. for C18H290 3Si (M+Ht: 321.1880 ; found: 32 1. 1884. 

TBSOY'il 

~ 
D : 1 

~N,o ...... 
0 

To a so lution o f compound C (320 mg, 1 mmol) in dichloromethane (5 mL) at 

0°C was aclded carbony ldiimi dizo1e (2 10 mg. 1.3 mmol) and a cawlytic 

amoum of DMAP ( 10 %, 12 mg. O.J mmo l). The resulling solution was stirred 

for 1 hour. To this so lution was addecl O,N-<Iimcthylhydroxy laminc 

hydroch loridc (300 mg, 3 mmol) and the reaction was stirred ovemight. T he 

reaction so lution was thcn quenched with saturated NH4CI so lution ( JO mL) then di luted wi th cthy l acetate (20 

mL). The combined urganic phases were washed wi th b•·ine (30 ml). dried (Na2S04), lï ltered and the sol vent 

removed in vacuu. the crude product was puri fi ed by si lica gel chro matography (hcxane/ethyl acetate 80/20) to 

yie ld a pa le yellow oil D (87%. 317 mg). [a0 ]20 = - 26 (c = 0.5 in CHCI,.); IR u (cm' 1
) 2929, 166 1, 1608. 1510, 

-S3 -
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1256; 1H (300 MHz, CDCIJ): li= 7 .03 (d, J = 8.:! H7~ 2 H); 6.73 (d . J = 8.2 H7. 2H); 5.76 (m, 1 H) ; 5.07 (d . J = 
17.0 Hz, 1 H): 5.0 1 (d,J = 12.0 Hz, 1 H): 3.3 1 (s, 3H); 3. 15 (m, 1 H): 3.08 (s. 3H); 2.89 (dd , J = 13.2; 9 .3 Hz. 1 H): 

2.64 (dd. J = 13.2; 5.5 Hz. 1 H); 2.42 (rn, 1 H); 2.23 (m, 1 H); 0.97 (s. 91-l); 0. 16 (s. 6H); uç .NM.R (75 MH z, 

CDCI1): ô= 175.8, 153.9, 135.7, 132.7, 129.9, 119.9. 11 6.6. 6l.l , 43.3 , 37.5, 36.7, 31.9, 25.6, 18. 1, -4.4; HRMS 

(ES! ): Cale. for y olf34 N01Si (M+H)•: 364.2302; round: 364 .2300. 

A solution o r the a ll y! compound D ( 1.36 g. 3.74 mmol) in methanol (25 ml) 

at -78°C was treated wilh ozone (bubbled through the so lution unti l 

appearance of blue co lor). Argon wa~ bubhled through the so lution lor 3 min . 

and NaB I-14 ( 150 mg. 3.74 rn mol) was added. The reacti on was a llowed 10 

warm 10 room temperature and was stirred umil the starùng materia l 

disappears by "[l.C. The reaction was quenched with NH4C I (20 ml) and U1e mix ture was concentraled in vacuo. 

The reaction was di luted wi th ethyl acetate (30 ml). The organic layer was removed a nd the aque us lawer 

was hed two times wi th elhyl aketa le ( 15 mL). 'l11e organic !ayen; were combined. dried over Na2S04 and 

concentrated in vacuo. The crude a lcoho l obtained was di luted a.~ it in dry DMF at 0 •c and irnidazole (620 mg. 

9 11uno l). ren-butyldimethylsil yl chl oride (685 mg, 4.50 mmol) were added. The resulting so lution was stirred at 

room tempera lure for 12 hours and lhen wns lrealed wi th sai. aq. Na H 0 3 ( 10 mL). The aqueous phase was 

ex tracted wi th EtOAc (4 x 20 mL) and the combined organic layers were wdshed wi th bri ne ( 10 mL), dried over 

Na2SO, . concentratcd under rcduced pressu re. The crude product was pu ri fi ed by chromatography over si lien ge l 

(n-hexanc/ EtOAc, 88: 12) to allord 1.45 g (80%. overa ll ) of the product E as a yell ow oi l. ia0 i20 = - 9 (c = 0.75 

in C H Cl;): IR v (c m'1) 2930. 1663. 15 10. 1256; 1H (3 00 MHz, CDCI3): ô= 7.04 (d. J = 8.2 Hz. 2H); 6.73 (d. J= 

8.2 Hz, 2H); 3.60 (m, 2H); 3.38 (s, 3H); 3.08 (s, 3H); 2.88 (dd. J = 13.2: 8.8 Hz, 1 H); 2.62 (dd , J = 13.2; 6.0 Hz, 

1 H); 1.89 (m. 1 H); 1.67 (m . 1 H); 0.97 (", 9H); 0.87 (s. 91-l) ; 0. 16 (s, 6H); OJJI (s , 61-1); t'C NMR (75 MHz, 

CDCI3) : o= 176.4 , .153.9, 132.8, 129.9 , 11 9.8 . 6 1.0, 60.7, 39.7. 37.7 , 35. 1, 3 1.9. 25.8. 25.6, 18. 1, -4 .4, -5.3; 

HRl\llS (ESl): Cale. for y 5H,8N04Si 2 (M+H)': 482.31 16; found: 482.3 1 J 3. 

TBSO'ü 
1 F 

:::,.., 

TBSO~ 
0 

To a solution or the Weinreb amide E ( 1.45 g, 3 mmo l) in dry THF (13 mL) at 0 °C 

was added meùJy lmagnes ium bromide (3 M in THF. 2 mL 6 mmol. 2 equiv.) 

dropwise. The reaction mixture was stirred o•c for 1 h and rhen n solution of 10 mL · 

of sat. aq. H4CI wa~ added. The aqueou- phase was ex tracted witb EtOAc (3 * 10 

mL) and the combined organic layers were washed with brine, dtied over Na2S04• 

concenlrated under reduced pressure. T he crude product was purilï ed by chromatography (n-hexane:EtOAc, 9: 1) 

to afford 1.22 g (93 %) o f the compound F desi red as a co lorless oil. la0 ]20 = -20 (c = 0.9 in THP); IR u (cm"1
) 

2954, 17 15, 15 10. 1256, JJ 06; 1H (3(X) MHr~ DCI3): ô= 7.00 (d. J = 8. Hz, 2H); 6.74 (d. J = 8.8 Hz, 2H): 

3.58 (L J = 6.0 Hz, 2H); 2.96 (m, 1 H); 2.80 (dd, J = 13.7; 8.2 Hz, l H); 2.6 1 (dd , J = 1 3.7: 7. 1 Hz . 1 H); 1.98 (s, 

31-1); 1.87 (111 , 1 H); 1.62 (m, 1 H): 0.98 (s. 9H); 0.88 (~. 91-1): 0. 18 (s. 6H) ; 0.02 (•. 6H). 13C NMI~ (75 MH z, 

CDCI3): o= 2 12.5 . 154.0. 132. 1, 129.7 . 120.0. 60.9. 51.4. 37.4. 34.4. 30.6. 25.8. 25.6, 18.2. 18. 1. -4.4, -5.4. 

HRMS (ESI): Ca le. lor C24 H450 3Si (M+H)': 437.2902: found: 437.2899. 

Copies of 1H and 13C NMR spectra 
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142 

1H and 13C NMR spectra were recorded at 300 and 75 MHz, respectively, in CDCI3 
solutions. Chemical shifts are reported in ppm on the 5 scale . Multiplicities are described 
as s (single!), d (doublet) , dd , ddd, etc. (doublet of doublets, doublet of doublets of 
doublets, etc.), t (triplet), q (quartet), p (pentuplet) , hept (heptuplet) , m (multiplet), b 

(bread). Coupling constants, J, are reported in Hz. Mass spectra (m/e) were measured in 

the electrospray (ES!) mode. 
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Il. Experimental procedures and descriptions 

1 H 
/0~5bis 

TIPSO ~ 
0 

To a stirred solution of the commercial aldehyde 5 (2.96 g, 19.4 mmol) in dry DMF (20 
ml) and under argon atmosphere was added imidazole (3 .17 g, 46.6 mmol) and 
triisopropyls ilyl chloride (5.0 ml, 23.3 mmol). The solution was stirred for 3 h (monitored 
by TlC) at room temperature . The crude mixture was then poured in water (200 ml) and 
the organic layer was diluted with a 1:1 mix of n-hexane an EtOAc (40 ml). The organic 
layer was removed and the aqueous phase extracted with a 1:1 mix of n-hexane an 
EtOAc (2 x 40 ml). The combined organic layers were washed with brine, dried over 
Na2S04 and concentrated under reduced pressure. The crude was purified by silica gel 
chromatography (n-hexane/EtOAc, 9:1) to afford 5.95 g (99%) of the protected 
compound 5bis as a colorless cil. 1H NMR (300 MHz, CDCI3 ) o 9.80 (s, 1 H), 7.44 (dd, J 
== 8.3, 2.0 Hz, 1 H), 7.38 (s , 1 H), 6.93 (d, J = 8.3 Hz, 1 H), 3.88 (s, 3H), 1.30- 1.21 (m, 
3H), 1.09 (d , J = 7.1 Hz, 18H).13C NMR (75 MHz, CDCI3 ) o 191 .23, 156.87, 146.38, 
130.43, 126.42, 119.63, 111.42, 55 .86, 18.16, 13.15. HRMS (ESI) calculated for 
C17H290 3Si (M + Ht: 309.1880; found : 309.1885. 

1 H 
/OX::ÇJ 

TIPSO ~ 
6 0 

To a stirred solution of the previously prepared protected aldehyde Sbis (2.00 g, 6.5 
mmol) in dry DCM (20 ml) and under argon atmosphere was added silver nitrate (1.21 
g, 7.1 mmol). Then, a freshly prepared 12 (1 .81 g, 7.1 mmol)/ DCM (80 ml) solution was 
added in the previous mixture by canulation under argon atmosphere over 15 min at 
room temperature . The solution was stirred for 14 h (monitored by TlC) at 30°C. The 
crude mixture was then treated with a 0.1 M Na2S20 3 aqueous solution (80 ml) for 5 min. 
The mixture was fi ltered on celite (rinsed with DCM) and the filtrate was poured in water 
(100 ml). The organic layer was removed and the aqueous phase extracted with DCM 
(2 x 50 ml). The combined organic layers were washed with brine, dried over Na2S04 

and concentrated under reduced pressure. The crude was purified by si lica gel 
chromatography (n-hexane/EtOAc, 9:1) to afford 2.10 g (74%) of compound 6 as an 
orange ci l. 1H NMR (300 MHz, CDCI3) o 9.83 (s, 1 H), 7.40 (s, 1 H), 7.28 (s, 1 H), 3.88 (s, 
3H), 1.30 - 1.20 (m, 3H ), 1.08 (d , J == 7.0 Hz, 18H). 13C NMR (75 MHz, CDCb) o 195.10, 
156.99 , 146.68, 128.78, 122.76 , 120.81 , 92.65, 56.24, 18.16, 13.13. HRMS (ESI) 
calculated for C17H28103Si (M + Ht : 435.0847; found : 435.0836. 
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1 6bis 
_.....O:cçl 

TIPSO .& OH 

0 

To a sti rred solution of the iodoaryle 6 (2 .00 g, 4.6 mmol) in CH3CN (6.0 ml) was added 
copper(l l) chloride (673 mg, 5.0 mmol), followed by a 70% (w/w in H20) solution of tert­
butyl hydroperoxyde (1 0 ml) at room temperature. The solution was stirred for 16 h 
(monitored by TlC) at 50 oc (not more to avoid S,Ar iodine substitution by chloride from 
CuCb). The crude mixture was then poured in water (150 ml) and filtered on celite 
(rinsed with EtOAc). The organic layer was diluted with EtOAc (40 ml) and removed. 
The aqueous phase was extracted with EtOAc (2 x 40 ml). The combîned organîc 
layers were washed with brine, dried over Na2S04 and concentrated under reduced 
pressure. The crude was purified by silica gel chromatography (n-hexane/EtOAc, 9:1 
following an increasing gradient up to 6:4) to afford 1.55 g (75%) of the desired 
carboxylic acid 6bis as a yellow oil. 1H NMR (300 MHz, CDCb) o 7.61 (s, 1 H), 7.41 (s, 
1 H), 3.86 (s. 3H), 1.29 - 1.22 (m. 3H), 1.09 (d , J = 7.2 Hz, 18H). 13C NMR (75 MHz, 
CDCI3) o 170.12, 155.09, 145.65, 125.15, 124.25, 85.92, 56.11 , 18.18, 13.16. HRMS 
(ESI) calcu lated for C17H26104Si (M- Ht: 449.0651; found : 449.0667. 

d" 
_.....o:CÇ'y 

1 NH o-
TIPSO .& 

8bis 

0 

To a stirred solution of the previously prepared carboxyl ic acid 6bis (3 .86 g, 8.57 mmol) 
in dry DCM (20 ml) and under argon atmosphere, DMF (133 ,ul, 1.71 mmol) was added, 
followed by thion yi chloride ( 1.25 ml, 17.1 mmol) at room temperature. The solution was 
stirred for 2 h at refluxing temperature. The crude mixture (acyl chloride 7) was 
concentrated under reduced pressure. ln another flask, to a solution of commercial L­

tyrosine (3.1 0 g, 17.1 mmol) in Me OH (35 ml), thionyl chloride (3.8 ml, 51.4 mmol) was 
slowly added dropwise at 0°C. The solution was stirred at this temperature for 30 min 
and at room temperature for 2 h. The crude mixture (L-tyrosine methyl ester 8) was 
concentrated under reduced pressure and dissolved in a 1:1 mix of THF and H20 (50 
ml ). To the resu lting mixture, at 0°C, solid sodium carbonate (2.90 g, 34.3 mmol) was 
slowly added (be careful). The mixture was allowed to stir at this temperature for about 5 
min and the acyl chloride 7, prepared above in the previous flask and dissolved in THF 
(25 ml), was added to the mixture. The pasly mixture was stirred for 2 h (monitored by 
TlC) at 0°C. The crude mixture was then treated with saturated NH4 CI aqueous solution 
(50 ml ) and filtered on celite (rinsed with EtOAc) . The fi ltrate was poured in water (50 
ml ). The organic layer was removed and the aqueous phase extracted with EtOAc (2 x 

50 ml ). The combined organic layers were washed with brine, dried over Na 2S04 and 
concentrated under reduced pressure. The crude was purified by silica gel 
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chromatography (n-hexane/EtOAc, 9:1 following an increasing gradient up to 1:1) to 
afford 4.57 g (85%) of the desired Schotten-Baumann product Sb is as a white foam. 
laDiw = +34 (c = 0.93 in CI-l.Ch). 1H NMR (300 MHz, CDCI3 ) 5 7.21 {s, 1H), 7.00 (d, J = 
8.5 Hz, 2H), 6.91 (s. 1 H), 6.71 (d , J = 8.5 Hz, 2H), 6.33 (d, J = 7.7 Hz, 1 H), 5.00 (dt, J = 
7.6, 5.8 Hz, 1 H), 3.79 {s, 3H), 3.75 (s, 3H), 3.16 (ddd , J = 31.0, 14 .1, 5.8 Hz, 2H) , 1.24-
1.14 (m , 3H), 1.05 {d , J = 6.9 Hz, 18H). 13C NMR (75 MHz, CDC13 ) 5 172.20, 168.55, 
155.59 , 153.13, 146.02, 133.22, 130.75, 127.55, 123.52, 120.91 , 115.94, 81.79, 56.02, 
54.28, 52.77, 37.40, 18.1 7, 13.15. HRMS (ESI) calculated for C27H39IN06Si (M + Ht: 
628 .1586; found: 628.1581 . 

d" 
__....OJCÇI ~O 

1 ~ NH OH 
TIPSO 

0 9 

To a stirred solution of the previously prepared Schotten-Baumann product Sbis (2 .93 g, 
4.67 mmol) in EtOAc (20 ml), Lil xH20 (6 .24 g, 46.6 mmol) was added at room 
temperature. The solution was stirred for 2 days (monitored by TlC) at refluxing 
temperature (it may be necessary to concentrate the mixture under air flux to allow the 
completion of the reaction).The crude mixture was then treated with saturated NH4 CI 
aqueous so lution (50 ml ) and monohydrate citric acid (1 0.8 g, 51.4 mmol) was added . 
After about 5 min , the mixture was poured in water (50 ml ). The organic layer was 
diluted with EtOAc (20 ml ) and removed . The aqueous phase was extracted with EtOAc 
(2 x 50 ml). The combined organic layers were washed with brine, dried over Na2S04 

and concentrated under reduced pressure. The crude was purified by silica gel 
chromatography (n-hexane/EtOAc, 1:1 following an increasing gradient up to 1:4) to 
afford 2.38 g (83%) of the desired carboxylic acid 9 as a beige foam . [a0 )20 = +31 (c = 
0.78 in CHCI3). 1H NMR (300 MHz, CDCI3) 5 7.21 (s, 1H), 7.03 (d, J = 7.0 Hz, 2H), 6.92 
(s , 1 H), 6. 71 (d, J = 7.2 Hz, 2H), 6 .39 (d, J = 6.1 Hz, 1 H), 5.01 (s, 1 H), 3.79 (s , 3H), 3.20 
(dd, J = 28.6, 11 .5 Hz, 2H), 1.25- 1.15 (m , 3H), 1.05 (d , J = 7.0 Hz, 18H). 13C NMR (75 
MHz, CDCI3) 5 169.16, 155.44, 153.29, 146.07, 132.88, 130.92, 127.44, 123.60, 120.99, 
116.12, 81 .91 , 56 .06, 36.93, 18.19, 13.16. HRMS (ESI) calcu lated for C26H31 IN06Si (M + 
Hf: 614.1429; found: 614.1 408. 
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To a stirred solution of the carboxylic acid 9 (450 mg, 0.733 mmol) in a mix of DCM: 
HFIP 5:2 (14 ml ), DIB (354 mg, 1.10 mmol), previously dissolved in HFIP (2.0 ml), was 
added at room temperature. The solution was stirred for 10 min (monîtored by TlC) and 
was treated with saturated NaHC03 aqueous so lution (2.0 ml ). The mixture was poured 
in water (20 ml ), the organic layer was removed and the aqueous phase was extracted 
wi th DCM (2 x 10 ml). The combined organic layers were washed with brine, dried over 
Na2S04 and concentrated under reduced pressure. The crude was purified by sil ica gel 
chromatography (n-hexane/EtOAc, 9:1 following an increasing gradient up to 3:2) to 
afford 224 mg (50 %) of the desired spi rolactone 10 as a beige foam . [a 0 )2o = -110 (c = 
0.58 in CHCI3 ) . 

1H NMR (300 MHz, CDCI3 ) o 7.20 (s , 1H), 7.01 (s , 1H), 6.94 (ddd, J = 
1 0.0, 8.3, 3.3 Hz, 2H), 6.86 - 6.71 (m, 1 H), 6.30- 6.21 (m, 2H), 4.89 (ddd , J = 11.0, 9.4, 
6.5 Hz, 1H), 3.80 (s , 3H), 2.92-2.78 (m, 1H), 2.61 (dd, J = 12.5, 11 .9 Hz, 1H), 1.26-
1.14 (m , 3H), 1.05 (d, J = 7.3 Hz, 18H). 13C NMR (75 MHz, CDCI3) o 184.33, 173.38, 
169.04, 153.40, 146.46, 146.17, 144.64, 132.07, 129.99 , 129.39, 123.29, 121 .19, 81 .90, 
55.95, 50 .05, 38.39, 18.15, 13.15. HRMS (ESI) calculated for C26H35 IN0 6Si (M + Ht: 
612.1273; found: 612.1277. 

0 

TI PSO ~ 
/o~\_LoH / 1 . ', 

~ ~~ 
1 o ) --0 

0 \ 
11 

To a stirred 3.0 M potassium hydroxide aqueous solution (33 ml), 33 ml of MeOH was 
added . This solu tion was cooled at -20°C and the prepared compound 10 (2 .05 g, 3.35 
mmol), previously dissolved in 33 ml MeOH and also cooled at -20°C , was added 
quickly. The solution was vigorous ly stirred for 15 min (monitored by TlC) at -20°C and 
treated wi th saturated NH. CI aqueous so lution (20 ml ). The mixture was poured in water 
(150 ml), the orga nic layer was removed and the aq ueous phase was extracted with 
EtOAc (2 x 50 ml). The combined organic layers were washed with bri ne , dried over 
Na2SO. and concentrated under reduced pressure. The crude was purified by si lica gel 
chromatography (n-hexane/EtOAc, 8:2 fo llowing an increasing gradien t up to 3:7) to 
afford 2.05 g (95 %) of the desired compound 11 as a beige foam. [a 0 ho = -72 (c = 1.0 in 
CHC13) . ' H NMR (300 MHz, CDCI3 ) : see spectrum (rotamers mix) . 13G NMR (300 MHz, 
CDCI3) : see spectrum (rotamers mix) . HRMS (ESI) calcu lated for C27H39IN07Si (M + Ht: 
644 .1535; found : 644 .1561. 
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TIPSO ~ 
/o~ y orss n N-Y 

1 o _)-0 
0 1 

12 
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To a stirred solution of the prepared compound 11 (2.50 g, 3.88 mmol) in dry DCM 
(35ml) and under argon atmosphere was added 2,6-lutidine (3.0 ml, 26.0 mmol) and 
TBS-OTf (3.0 ml, 13.1 mmol) at room temperature. The solution was stirred for 3 h 
(monitored by TlC) and the mixture was pou red in water ( 150 ml), the organic layer 
was removed and the aqueous phase was extracted with DCM (2 x 30 ml). The 
combined organic layers were washed with brine , dried over Na2S04 and concentrated 
under reduced pressure. The crude was purified by silica gel chromatography (n­
hexane/EtOAc, 9:1) to afford 3.30 g (97 %) of the desired compound 12 as a white foam . 
[aoho = -104 (c = 1.8 in CHCI3 ). 

1H NMR (300 MHz, CDCI3 ) : see spectrum (rota mers 
mix). 13C NMR (300 MHz, CDCb): see spectrum (rotamers mix). HRMS (ESI ) calculated 
for C39Hô1IN07Si3 (M + Ht; 872.3265; found: 872.3276. 

To a stirred solution of the prepared compound 12 (2.10 g, 2.41 mmol) in dry (and 
previously degazed under argon atmosphere) CH3CN (30 ml) and under argon 
atmosphere was added Et3N (3.4 ml, 24.1 mmol) followed by a 0.02 M (in THF) solution 
of Pd(PPh3)4 (11 ml) at room temperature. The solution was stirred for 4 h (monitored by 
TlC) at refluxing temperature. The crude mixture was directly filtered on silica gel 
(eluted with EtOAc) and concentrated under reduced pressure. The crude was purified 
by silica gel chromatography (n-hexane/EtOAc, 8:2 following an increasing gradient up 
to 5:2) to afford 1.30 g (85 %) of the desired tetracycle 13 as a beige solid. [aoho = -148 
(c = 0.30 in CHCI3). 

1H NMR (300 MHz, CDCI3 ) o 7.47 (s, 1 H), 6.80 (s, 1 H), 6.68 (dd , J = 
1 0.2, 2.1 Hz, 1 H), 6.14 (d , J = 10.2 Hz, 1 H), 4.59 (dd, J = 4.5, 2.0 Hz, 1 H), 4.24 (dd, J = 
10.4, 7.5 Hz, 1H), 3.89 (s, 3H), 3.81 (s, 3H), 3.67 (d, J = 4.6 Hz, 1H), 2.56 (dd , J = 12.5, 
7.5 Hz, 1H), 2.30 (dd, J = 12.4, 10.6 Hz, 1H), 1.30 - 1.20 (m, 3H), 1.07 (d , J = 7.1 Hz, 
18H), 0.88 (s, 9H), 0.18 (s, 3H), 0.15 (s, 3H). 13C NMR (75 MHz, CDCI3 ) o 194.17, 
172.25, 162.97, 154.40, 146.63, 145.83, 130.57, 128.85, 121.37, 119.45, 113.61 , 75.28, 
64.41 , 56.43, 55.88, 52.94, 45.44 , 42.84, 25.83, 18.23, 13.21 , -1 .83, -1 .94 . HRMS (ESI) 
calculated for C33H52N07Si2Na (M + Ht: 630.3277; found: 630.3304. 
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To a stirred solution of the prepared tetracycle 13 (250 mg, 0.397 mmol) in dry THF (4 .0 
ml ) and under argon atmosphere, was added 2-methoxythiophenol (966 pl, 7.94 mmol) 
followed by Et3N (941 ~l . 6.75 mmol). The solution was stirred for 60 min (monitored by 
T l C) at room temperature. The crude mixture was treated with saturated NH4CI aqueous 
solution (5.0 ml) and poured in water (50 ml). The organic layer was diluted with EtOAc 
(15 ml) and removed. The aqueous phase was extracted with EtOAc (2 x 20 ml). The 
combined organic layers were washed with brine, dried over Na2S04 and concentrated 
under reduced pressure. The crude was purified by silica gel chromatography (n­
hexane/EtOAc, 9:1 fo llowing an increasing gradient up to 7:3) to afford 283 mg (93 %) of 
the desired product 14 as an orange foam. [a 0 ] 20 = +40 (c = 0.93 in CHCI3). 

1 H NMR 
(300 MHz, CDCI3 ) o 7.58 (s. 1 H), 7.40 - 7.27 (m. 2H), 6.89 (dd, J = 7.3, 5.7 Hz, 2H), 
6.63 (s, 1 H), 4.94 (dd, J = 9.5, 5.8 Hz, 1 H), 4.68 (d, J = 6.5 Hz, 1 H), 3.99- 3.92 (m , 1 H), 
3.90 (s, 3H), 3.85 (s , 3H), 3.79 (s. 3H), 3.72 (d, J = 6.5 Hz, 1H), 3.17 (dd, J = 13.2, 9.5 
Hz, 1H), 2.96 (dd, J = 15.4, 4.2 Hz, 1H), 2.38 (dd , J = 15.4, 6.9 Hz, 1H), 2.25 (dd , J = 
13.3, 5.8 Hz, 1H), 1.37-1 .15 (m, 3H), 1.09 (d , J = 7.1 Hz, 18H), 0.91 (s. 9H), 0.26 (s, 
3H), 0.19 (s, 3H) . 13C NMR (75 MHz, CDCI3 ) o 204.61, 172.59, 163.12, 159.77, 154.34, 
145.77, 136.66, 130.68, 127.60, 121 .60, 121.42, 120.55, 119.47, 113.64, 111 .59, 82.47, 
67.63, 57.86, 56.09, 55.88, 52.79, 51 .97, 49.11 , 42.18, 39.81 , 26.02, 18.47, 18.28, 
13.23, -2.22, -2.23 . HRMS (ESI) calculated for C4oHsoN08SSi2 (M + Hr: 770.3573; 
found: 770.3566. 

To a stirred solution of the prepared compound 14 (272 mg, 0.354 mmol) in dry THF (5.0 
ml ) and under argon atmosphere was added a 2.0 M solution of liBH4 in THF (800 pl, 
1.60 mmol) at -78°C. The solution was stirred for 6 h at this temperature. The crude 
mixture was slowly treated with saturated NH 4 CI aqueous solution (5.0 ml) and water 
(10 ml ) was added . The organic layer was di luted with EtOAc (5.0 ml) and was 
removed . The aqueous phase was extracted with EtOAc (2 x 10 ml ). The combined 
organic layers were washed with brine, dried over Na2S04 and concentrated under 
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reduced pressure. The crude was purified by silica gel chromatography (n­
hexane/EtOAc, 9:1 following an increasing gradient up to 6:4) to afford 261 mg (96%) of 
the desired alcohol 14bis as a beige foam. [aoho = -1.9 (c = 0.94 in CHCI3 ) . 

1H NMR 
(300 MHz, CDCI3 ) o 7.64 (s, 1 H), 7.48 (dd, J = 7.5, 1.4 Hz, 1 H), 7.33 (td , J = 7.9, 1.6 Hz, 
1H), 6.94 (t, J = 7.6 Hz, 2H), 6.71 (s, 1H), 5.01 (t, J = 8.5 Hz, 1H), 4.16 (d , J = 6.0 Hz, 
1 H), 4.10- 3.99 (m, 1 H), 3.91 (s, 3H), 3.85 (s, 3H), 3.79 (s, 3H), 3.64 (t , J = 2.9 Hz, 1 H), 
3.13 (m, 3H), 2.36 - 2.19 (m , 2H), 1.98 (dd , J = 12.6, 8.2 Hz, 1 H), 1.34- 1.20 (m , 3H), 
1.09 {d, J = 7.1 Hz, 18H), 0.85 (s, 9H), 0.07 (s, 3H), 0.06 (s, 3H). 13C NMR (75 MHz, 
CDCI3 ) o 173.31 , 163.80, 159.50, 154.83, 145.22, 135.60, 132.96, 130.46, 123.65, 
123.05, 121 .66, 119.51, 111.61, 110.37. 81.37, 69.52, 62.4 7, 58.1 9, 56.07, 55.82, 52.68, 
48.81 , 40.93, 40.61, 31.07, 25.92, 18.29, 13.25, -2.48, -2.67 . HRMS (ESI) ca lcu lated for 
C40H62N08SSi2 (M + Ht: 772.3729; found: 772.3753. 

To a stirred solution of the previously prepa red alcohol 14bis (238 mg, 0.309 mmol) in 
DCM (3.0 ml ) and under argon atmosphere was added Et3N (258 !Jl , 1.85 mmol), A~O 
(88.0 !Jl , 0.926 mmol) and DMAP (7 .6 mg, 0.062 mmol), respectively at room 
temperature. The solution was stirred for 3 h at this temperature. The crude mixture was 
then treated with saturated NH4 Cl aqueous solution (5.0 ml) and water (15 ml) was 
added. The organic layer was diluted with DCM (5.0 ml) and was removed . The 
aqueous phase was extracted with DCM (2 x 10 ml). The combined organic layers were 
washed with brine, dried over Na2S04 and concentrated under reduced pressure. The 
crude was purified by silica gel chromatography (n-hexane/EtOAc, 9:1 following an 
increasing gradient up to 6:4) to afford 220 mg (88%) of compound 15 as a beige foam. 
[a oho = -66 (c = 0.75 in CHCI3 ) . 

1H NMR (300 MHz, CDCI3 ) o 7.60 (s, 1 H), 7.52 (dd , J = 
7.6, 1.6 Hz, 1H), 7.37 - 7.27 (m, 1H), 7.01-6.84 (m , 2H), 6.68 (s. 1H), 5.28 (t, J = 8.6 
Hz, 1 H), 5.16 (d, J = 2.6 Hz, 1 H) , 4.17 (d, J = 6.0 Hz, 1 H), 3.91 (s, 3H), 3.84 (s, 3H), 
3.80 (s, 3H), 3.53 (d , J = 2.5 Hz, 1H), 3.15 (dd, J = 5.9, 4.2 Hz, 1H), 2.83 (dd, J = 12.5, 
8.6 Hz, 1H), 2.66 - 2.55 {m, 1H), 2.49 - 2.36 (m, 1H), 1.86 (dd , J = 12.5, 8.7 Hz, 1H), 
1.71 (s , 3H), 1.32 - 1.19 (m, 3H), 1.07 (d, J = 7.1 Hz, 18H), 0.82 (s, 9H), -0.08 (s. 3H), -
0.14 (s, 3H). 13C NMR (75 MHz, CDCI3) o 173.50, 170.47, 162.97, 159.06, 154.58, 
145.34 , 134.11 , 131.46, 130.00, 126.68, 123.76, 121.67 , 119.43, 111 .50, 110.52, 82.24, 
69.53, 62. 13, 58.83, 55.99, 55.87, 52.66, 49 .67, 40.57, 38.65, 31 .65, 25.88, 21.31 ' 
18.26, 13.22, -2.74, -3.01 . HRMS (ESI) ca lculated for C42H64N09SSi2 (M + H}': 
814.3835; found: 814.3859 . 
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To a stirred solution of the prepared compound 15 (195 mg, 0.240 mmol) in EtOAc (4.0 
ml), Ul xH20 (320 mg, 2.39 mmol) was added at room temperature. The solution was 
stirred for 8 h (monitored by TlC) at refluxing temperature (it may be necessary to 
concentrate the mixture under air flux to al low the completion of the reaction) . The crude 
mixture was then treated with saturated NH4CI aqueous solution (5.0 ml) and water (15 
ml) was added. The organic layer was diluted with EtOAc (5.0 ml) and was removed. 
The aqueous phase was extracted with EtOAc (2 x 10 ml). lt should be note here that 
the carboxylate is liposoluble enough to be extracted thal way. The combined organic 
layers were washed with brine, dried over Na2S04 and concentrated under reduced 
pressure. The crude was purified by sil ica gel chromatography (DCM/MeOH, 9:1) to 
afford 180 mg (94%) of the desired carboxylic acid 15bis as a colorless ail. [a oho = -83 
(c = 1.5 in CHCI3 ) . 

1H NMR (300 MHz, CDCI3 ) o 7.57 (s, 1H), 7.48 (d, J = 7.5 Hz, 1H), 
7.35 - 7.27 (m , 1 H), 6.92 (dd, J = 15.4, 7.8 Hz, 2H), 6.69 (s , 1 H), 5.59 (t, J = 8.2 Hz, 
1 H), 5.11 (d, J = 2.2 Hz, 1 H), 4.04 (d, J = 6.2 Hz, 1 H), 3.89 (s. 3H), 3.85 (s. 3H), 3.54 (d, 
J = 2.8 Hz, 1 H), 3.17 (dd, J = 6.1 , 4.0 Hz, 1 H), 2.79 - 2.54 (m. 2H), 2.52 - 2.37 (m. 2H), 
1.74 (s, 3H), 1.32 - 1.18 (m , 3H), 1.08 (d , J = 7.2 Hz, 18H), 0.83 (s, 9H), -0 .09 (s, 6H). 
13C NMR (75 MHz, CDCI3 ) o 170.15, 165.63, 158.95, 155.36, 145.55, 134.23, 131 .26, 
130.23 , 126.35, 122.56, 121 .82, 119.44, 111 .55, 110.46, 81 .10, 69.55, 62.27, 60.77, 
56.01 , 55.93, 50.15, 38.81 , 38.26, 31.47, 30.04, 25.91 , 21 .28, 18.22, 18.21 , 13.15, -2.69, 
-3.12. HRMS (ESI ) calcu lated for C41 H62N09SSi2 (M + H)': 800.3678; found : 800.3669. 
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To a stirred solution of the previously prepared carboxylic acid 15bis (140 mg, 0.175 
mmol) in DCM (2.0 ml) and under argon atmosphere , mCPBA (121 mg, 0.7 mmol) was 
added at room temperature. The solution was stirred for 2 h (monitored by TlC) at this 
temperature. The crude mixture was treated with a 0.1 M Na2S20 3 aqueous solution (3.0 
ml) for 5 min and then with saturated NaHC03 aqueous solution (3.0 ml). Water was 
added (1 0 ml) and the organic layer was diluted with DCM (5.0 rnl) and was removed. 
The aqueous phase was extracted with DCM (2 x 5.0 ml). The combined organic layers 
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were washed with brine, dried over Na2S04 and concentrated under reduced pressure. 
The cru de was purified by sil ica gel chromatography (DCM/MeOH, 9:1) to afford 116 mg 
(80%) of compound 16 as a pale yellow oil. [aoho = -24 (c = 0.33 in CHCI3}. 

1H NMR 
(300 MHz, CDC13 ) éi 7.94 (d , J = 6.7 Hz, 1H), 7.68 - 7.58 (m, 1H), 7.56 (s, 1H), 7.15 (t, J 
= 7.6 Hz, 1H), 7.07 (d , J = 8.3 Hz, 1H), 6.65 (s. 1H}, 5.27 (t, J = 7.7 Hz, 1H), 5.11 (dd, J 
= 1 0.3, 5.1 Hz, 1 H), 4.14 (d , J = 5.3 Hz, 2H), 3.98 (s, 3H), 3.84 (s, 3H), 3.64 (s. 1 H(not 
a/ways present)) , 3.26 (t, J = 5.8 Hz, 1 H) , 3.24- 3.06 (m, 1 H), 2.86 (dd, J = 13.6, 8.7 Hz, 
1 H), 2.63- 2.43 (m. 1 H), 2.26- 2.09 (m, 1 H), 1.65 (s. 3H), 1.33- 1.19 (m, 3H), 1.09 (d, 
J = 7.1 Hz, 18H), 0.87 (s . 9H) , 0.09 (s. 3H), 0.05 (s. 3H). 13C NMR (75 MHz, CDCI3 ) éi 
170.42, 165.29, 157.25, 155.15, 145.71 , 136.26, 130.80, 130.16, 128.66, 122.36, 
121 .70 , 119.55, 113.13, 110.99, 79.95, 67 .08, 66.16, 65.85, 59.40, 56.77 , 55 .96, 38.08, 
30.04, 26.96, 25.95, 20. 79 , 18.32, 18.22, 13.16, -2.49, -2.92. HRMS (ESI) calcu la ted for 
c .,H62N0,1SSi2 (M + H( 832.3577; found : 832.3535. 

To a stirred solution of the prepared compound 16 (95 mg, 0.114 mmol) in DCM (1 .0 
ml ) and under argon atmosphere, DIB (92 mg, 0.286 mmol) and 12 (9.0 mg, 0.034 mmol) 
was added simultaneously at room temperature . The solution was stirred for 2 h 
(monitored by lRMS) under a 100W light at this temperature. The solution was carefully 
treated with Et3SiH (145 J.ll, 0.908 mmol) for 30 min (monitored by lRMS). The crude 
mixture was treated with a 0.1 M Na2S20 3 aqueous solution (3.0 ml) and with saturated 
NaHC03 aqueous solution (3.0 ml ) for 5 min . Water (1 0 ml) was added, the organic 
layer was diluted with DCM (5.0 ml) and was removed . The aqueous phase was 
extracted with DCM (2 x 10 ml). The combined .organic layers were washed with brine, 
dried over Na2S04 and concentrated under reduced pressure. The crude was purified by 
silica gel chromatography (n-hexane/EtOAc, 9:1 following an increasing gradient up to 
6:4) to afford 46 mg (51 %) of compound 17 as a yellow oil. [a 0 )z0 = +61 (c = 1.5 in 
CHCI3) . 'H NMR (300 MHz, CDCI3 ) éi 7.90 (dd , J = 7.8, 1.7 Hz, 1 H), 7.64 - 7.56 (m, 1 H), 
7.54 (s, 1 H), 7.09 (dd , J = 17.3, 8.0 Hz, 2H), 6.57 (s, 1 H), 5.21 {dd , J = 7.5 Hz, 1 H), 4.11 
- 3.95 (m, 3H), 3.99 (s. 3H), 3.88 - 3. 75 (m , 1 H), 3.80 (s. 3H), 3.25- 3.10 (m. 2H), 2.41 
- 2.26 (m. 1 H), 2.02 (t, J = 8.6 Hz, 2H), 1.52 (s. 3H), 1.33- 1.19 (m, 3H), 1.08 (d , J = 7.1 
Hz, 18H), 0.90 (s . 9H), 0.21 (s. 3H), 0.17 (s. 3H). 13C NMR (75 MHz, CDCI3 ) éi 170.46, 
162.89, 157.65 , 153.89, 145.49, 136.10, 131 .38, 129.55, 127.45, 124.08, 121 .34, 
119.24 . 113.11 ' 11 1.57, 82.49, 69.00, 67 .7 4, 65.46, 56.72, 55.93, 43 .65, 38.40 , 34.51 ' 
28.96, 26.17, 20 .74, 18.57, 18.23, 13.1 7, -2.02, -2.18. HRMS (ESI) calculated for 
C40H62N09SSi2 (M + Hr: 788 .3678 ; found: 788.3689. 
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To a stirred solution of the prepared compound 17 (30 mg, 0.038 mmol) in toluene (1 .0 
ml) and under argon atmosphere, was slowly added a 1.0 M solution of 
diisobutylaluminium hydride in toluene (300 pl, 0.3 mmol) at room temperature. The 
solution was stirred for 20 h (monitored by lRMS and TlC) at this temperature. The 
solution was treated with EtOAc (1.0 ml) and water (1.0 ml) for 5 min. The mixture was 
then filtrated on celite (rinsed with 5.0 ml EtOAc) and the filtrate was poured in water 
(15 ml). The organic layer was removed and the aqueous phase extracted with EtOAc 
(2 x 10 ml). The combined organic layers were washed with brine, dried over Na2SO. 
and concentrated under reduced pressure. The crude was purified by sil ica gel 
chromatography (n-hexane/EtOAc, 9:1 following an increasing gradient up to 6:4) to 
afford 17 mg (84%) of the desired reduced compound 17bis as a pale yellow oil. [a 0 ho = 
+33 (c = 0.47 in CHCI3) . 

1H NMR (300 MHz, CDCI3 ) o 7.93 (dd, J = 7.8, 1.7 Hz, 1 H), 7.56 
(dd , J = 12.4, 5.1 Hz, 1 H), 7.10 (t, J = 7.2 Hz, 1 H), 7.03 (d, J = 8.3 Hz, 1 H), 6.60 (s, 1 H), 
6.58 (s, 1H), 4.08- 3.89 (m . 3H), 3.98 (s, 3H), 3.74 (s, 3H), 3.47 (d, J = 14.3 Hz, 1H), 
3.29 (t, J = 7.8 Hz, 1 H), 3.04- 2.90 (m, 1 H), 2.90- 2.81 (m, J = 8.1 Hz, 2H), 2. 71 - 2.58 
(m, 1 H), 2.35- 2.02 (m, 4H), 1.25- 1.15 (m, 3H), 1.08 (d, J = 6.8 Hz, 18H), 0.90 (s, 9H), 
0.1 9 (s, 6H). 13C NMR (75 MHz, CDCI3 ) o 157.54, 150.01 , 144.74, 135.52, 131.52, 
128.52 , 127.89 , 127.35, 121.20, 118.23 , 112.76, 112.28, 82.44, 75.53, 68.73, 65.64, 
56.58, 55.82, 55.48, 52.75 , 40.13, 35.30, 33.27, 26.40, 18.73, 113 .29, 13.27, -1 .18, -1.44. 
HRMS (ESI) calculated for C38H62N07SSi2 (M + Hr: 732 .3780; fou nd: 732 .37 42. 

18 

To a stirred solution of the previously prepared reduced compound 17bis (8.0 mg, 0.011 
mmol) in MeOH (1 .0 ml), K2C03 (10 mg, 0.072 mmol) was added at room temperature. 
The solution was stirred for 16 h (monitored by TlC) at refluxing tempera ture. The crude 
mixture was directly filtered on a silica gel pad using MeOH as eluent. The crude was 
then concentrated under reduced pressure and purified by sil ica gel chromatography 
(DCM/MeOH, 9:1) to afford 6.0 mg (95%) of compound 18 as a pale sol id. [a 0 b =+56 
(c = 0.36 in CHCI3). 

1H NMR (300 MHz, CDCI3 ) o 7.93 (dd, J = 7.8, 1.7 Hz, 1H), 7.62-
7.52 (m . 1 H), 7.10 (t, J = 7.2 Hz, 1 H), 7.04 (d, J = 8.3 Hz. 1 H). 6.65 (s, 1 H), 6.63 (s, 1 H), 
5.54 (s. 1 H), 4.07 (d, J = 14.3 Hz, 1 H), 3. 98 (s, 3H), 3.95 - 3.88 (m . 1 H), 3.84 (s. 3H), 
3.50 (d, J = 14.3 Hz, 1H), 3.29 (t, J = 7.8 Hz, 1H), 3.04- 2.91 (m. 1H), 2.92- 2.82 (m. 
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2H), 2.72 - 2.58 (m, 1H), 2.36 - 2.03 (m, 4H), 0.90 (s, 9H), 0.18 (s, 6H). 13C NMR (75 
MHz, CDCI3) o 157.56 , 145.96, 144.89, 135.55, 131 .53, 128.54, 128.49, 126.38, 121 .20, 
112.79 , 112.56, 110.69, 82.43, 75.71' 68.85, 65.53, 56.61 ' 56.16, 55.55, 52 . 77, 40.16, 
35.29, 33.39, 26.39, 18.72, -1.18, -1.42. HRMS (ESI) calcu lated for C29H42N01SSi (M + 
Ht: 576.2446; found: 576.2464. 

2 

To a stirred solution of the prepared compound 18 (7.0 mg, 0.012 mmol) in anhydrous 
THF (0.5 ml) and under argon atmosphere, was added a freshly prepared 0.66 M 
solution of lithium naphtalenide in THF (300 pl, 0.198 mmol) dropwise at room 
temperature. The solution was stirred for 30 min (monitored by lRMS and TlC) at this 
temperature. The solution was then cooled at aoc and treated with water (0.5 ml) and 
brine (10 ml ). The organic layer was di luted with EtOAc (5.0 ml) and removed . The 
aqueous phase was extracted with EtOAc (2 x 5.0 ml). The combined organic layers 
were dried over MgS04 and concentrated under reduced pressure. The crude was 
purified by silica gel chromatography (CH2CI2/MeOH , 10:0 following an increasing 
gradient up to 7:3) to afford 2.1 mg (65%) of the desired (-)-fortucine as a pale yellow 
residue. [aoho = -63 (c = 0.04 in ethanol) . 'H NMR (300 MHz, CDCI3) o 6.84 (s, 1 H), 
6.65 (s. 1 H), 5.54 (d, J = 7.6 Hz, 1 H), 4.26 (d, J = 2.5 Hz, 1 H), 3.94 (d , J = 13.9 Hz, 1 H) , 
3.89 (s, 3H), 3.31 (d , J = 13.1 Hz, 2H), 2.97 (s, 1 H), 2.70 (s, 1 H), 2.58 - 2.26 (m , 6H). 

To a stirred solution of the prepared compound 15bis (3.3 mg, 0.0041 mmol) in 
anhydrous DMF (0.3 ml) and under argon atmosphere, was added CuCI2 (0.8 mg, 0.006 
mmol) at ooc followed by HOBT (0.8 mg, 0.006 mmol) and DCC (1 .2 mg , 0.006). After 
being stirred for 15 min at 0°C, (S)-(-)-a-Methylbenzylamine (1 .0 1Jl, 0.008 mmol) was 
added (the color of the mixture immediately changed from yellow to green) at the same 
temperature and the reaction mixture was allowed to warm gradually at room 
temperature. After 16 hours (monitored by TlC), the reaction mixture was diluted with 
EtOAc (5.0 ml) and washed with a saturated NaHC03 aqueous solution (10 ml). The 
organic layer was removed and the aqueous phase was extracted with EtOAc (2 x 5.0 
ml). The combined organic layers were dried over MgS04 and concentrated under 
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reduced pressure. The crude was purified by silica gel chromatography (Hex/EtOAc, 9:1 
following an increasing gradient up to 7:3) to afford 2.0 mg (54%) of the desired product 
as a pale yellow residue. [aoho = +49 (c = 0.06 in CHCI3 ) . 

1H NMR (300 MHz, CDCh) éi 
7.94- 7.86 (m, 1 H), 7.58 (s, 1 H), 7.48- 7.29 (m, 6H), 6.95- 6.83 (m, 2H), 6.69 (s, 1 H), 
5.24 (t, J = 7.8 Hz, 1H), 5.07 (m, 2H), 4.07-3.95 (m, 2H), 3.85 (s, 6H), 3.52- 3.44 (m, 
1 H), 3.20- 3.10 (m, 1 H), 2.75- 2.42 (m, 4H), 1. 74 (s, 3H), 1.46 (d, J = 7.0 Hz, 3H), 1.34 
- 1.17 (m, 3H, ROSiCH(CH3 )2 behind grea se signais) , 1.10 (d, J = 5.9 Hz, 18H), 0.84 (s, 
9H), -0 .03 (s, 3H),-0.08 (s, 3H). 
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Ill. Copies of 1H and 13C NMR spectra 
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X-ray crystallographic analysis 

Figure 1: ORTEP at 50% thermal ellipsoid probability of the elementary unit cell of 
(18)3-H20 . Hydrogen atoms omitted for clarity. 

Crystallograph ic analysis was performed on a Bruker APEX-DUO diffractometer. A clear 
colourless needle-like specimen of (18h" H20 , of approximate dimensions 0.035 mm x 
0.038 mm x 0.473 mm, was used for the X-ray crysta llographic analysis. The X-ray 
intensity data were measured. A total of 5856 frames were collected . The tota l exposure 
time was 16.27 hours. The frames were integrated with the Bruker SAINT software 
package using a narrow-frame algorithm. The integration of the data using a trigonal unit 
cell yielded a total of 25636 reflections to a maximum 8 angle of 66.95° (0.84 A 
resolution), of which 5353 were independent (average redundancy 4.789, completeness 
= 99.4%, R;n1 = 13.29%) and 3898 (72.82%) were greater than 2a(F2

). The final cell 
constants of§. = 33.1514(1 0) A, Q = 33.1514(1 0) A, ~ = 7 .1 798(3) A, volume = 6833.6(5) 
N , are based upon the refinement of the XYZ-centroids of 9981 reflections above 20 a(l) 
wi th 5.331 • < 28 < 133.r . Data were corrected for absorption effects using the mufti ­
scan method (SADABS). The ratio of minimum to maximum apparent transmission was 
0.837. The calculated minimum and maximum transmission coefficients (based on 
crystal size) are 0.4990 and 0.9430. 

The structure was so lved and refined using the Bruker SHELXTL Software Package, 
using the space group R3, with Z = 3 for the formula unit, C87H123N30 22S3Si3 . Ali non­
hydrogen atoms were refined with anisotropie thermal parameters. Hydrogen atoms 
were generated in idealized positions, riding on the carrier atoms with isotropie thermal 
parameters.The final anisotropie full-matrix !east-squares refinement on F2 with 364 
variables converged at R, = 4.88%, for the observed data and wR2 = 10.73% for ali data . 
The goodness-of-fit was 0.970. The larges! peak in the final difference electron density 
synthesis was 0.232 e"/A3 and the largest hole was -0.380 e·/N with an RMS deviation of 
0.051 e"/N. On the basis of the final madel, the ca lculated density was 1.271 g/cm3 and 
F(OOO), 2796 e·. 
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We were not able to locale the two hydrogen atoms on the water molecule by analyzing 
the difference map, nor did we constrain them at idealized positions because the 0 a tom 
lies on a 3-fo ld axis. ln addition, the molecule of interest is the organic moiety and the 
data was of sufficient quali ty for structural confirmation of this molecule. 

Table 1: Sample and crystal data for (18)J- H20. 
CCDC deposition number 985620 
Chemical formula C87H123N30 22S3Si3 

Formula weight 1743.33 g/mol 
Temperature 150(2) K 
Wavelength 1.54178 A 
Crystal size 0.035 x 0.038 x 0.473 mm 
Crysta l habit clear colourless needle 
Crystal system trigonal 
Space group R 3 
Unit cell dimensions a = 33.1514(1 0) A 

Volume 
z 
Density (calculated) 
Absorption coefficient 
F(OOO) 

b=33.1514(10)A 
c = 7.1798(3) A 
6833.6(5) N 
3 
1.271 g/cm3 

1.709 mm·1 

2796 

a= go• 
~ = go· 
y= 120° 

Table 2: Data collection and structure refinement for (18)J- H20 . 
Theta range for data collection 4.62 to 66.95• 
Index ranges -38 s h s 39, -39 s k s 39, -8 s 1 s 8 
Reflections collected 25636 
lndependent reflections 5353 [R(int) = 0.1329) 
Coverage of independent reflections 99.4% 
Absorption correction multi-scan 
Max. and min. transmission 0.9430 and 0.4990 
Structure solution technique direct methods 
Structure solution program SHELXS-97 (Sheldrick, 2008) 
Refinement method Full-matrix !east-squares on F2 

Refinement prog ram SHELXL-2013 (Sheldrick, 201 3) 
Function minimized 2:: w(F/ - F/ )2 

Data 1 restraints 1 parameters 5353 1 1 1 364 
Goodness-of-fit on F2 0.970 

Final R indices 

Weighting scheme 
Absolute structure parameter 
Larges! diff. peak and hole 
R.M.S. deviation from mean 

3898 data; 
1>2o(l) 

R1 = 0.0488, wR2 = 0.0933 

ali data R1 = 0.0895, wR2 = 0.1073 
w=1 /(o2(F/ )+(0.0469P)2

] where P=(F0
2+2F/ )/3 

0.0(0) 
0.232 and -0.380 e A-3 

0.051 e A-3 

Atomic coordinates and equivalent isotropie atomic displacement parameters, bond 
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lengths, bond angles, torsion angles, anisotropie atomic displacement parameters are 
provided in the attached CIF file , which can also be retrieved from the Cambridge 
Crystallographic Data Centre using deposition number 985620 at the following URL: 
http://www.ccdc.cam.ac.uk/Community/Requestastructure/Pages/Requestastructure.asp 
x 
Circular dichroism analysis 
Circular dichroism experiments were carried out on a Jasco J-710 spectropolarimeter in 
methanol solutions at 1.0 mm pathlength. Spectra were corrected from a baseline (pure 
solvent) that was collected the same number of times as the spectra. 

Oi 
Q) 
-o 

20 

.s 10 
0 
u 

0 

M BA-Precursor 

300 400 

Wavelength [nm] 

Figure 2: CD spectrum of a sample of 18 in MeOH (3 scans). 
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1.0 
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Figure 3: CD spectrum in MeOH of three crystals of 18 (20 scans), which absolute 
configuration was confirmed by X-ray diffraction. 
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+2000, 10 scans), showing the opposite Cotton effects compared with reports on natural 
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