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Partie expérimentale

. *pQpUDOLWDpPV

A. Abréviations

1. Unités

°C

h

Hz, MHz
g, mg
min

mL, pL
mmol

ppm

2. Autres

ar

cat.

TLC (CCM)
d
G

equiv
HRMS

MP

quant.

RMN

V

382

degré Celsius

heure

hertz, mégahertz
gramme, milligramme
minutes

millilitre, microlitre
millimole

partie par million

aromatique

catalytique

chromatographie sur couche mince
doublet

déplacementhimique

QRPEUH GTpTXLYDOHQ
spectrométrie de masse haute résolut
infra-rouge

constante de cougle

point de fusion

guantitatif

quadruplet

résonance magnétique nucléaire
singulet

QRPEUH GYRQGHYV



Généralités

B. Purification des solvants et réactifs

/IH GLFKORURPpWKDQH HVW GLVWLOOpP VXU K\GUXUH GH F

distillés sur sodium en présence de benzophénone comme indicateur.

Les réactifs sont généralement utilisés sans purificgti@alable, leur pureté étant

vérifiée par RMN du proton.

7TRXWHV OHV UpDFWLRQV VHQVLEOHYV j OfHDX RX j OfDLU

C. Chromatographie

Les chromatographies sur couche mince (CCM) ont été&teffes sur des plaques de
silice sur aiminium 60 ks4(Merck ou SDS)

Les CCM sont observées en lumiere ultraviolette a 254 ou 366 nm. Elles sont
généalement immergées dans un réAVHXU | OD YDQLOOLQH |j OYDQ

permanganateegotassium, puis chauffées au pistolet a décapage.

Les chromatographies flash sur gel de silice ont été réakseesde la silice SDS 60 A
C.C. (4663 pm).

D. $SSDUHLOODJH GYIDQDO\WH XWLOLVpP

Les spectres de résonance magnétique nucléaire ont été réalisés sur un appareil Bruker
AMX 400 (400 MHz).

En RMN du proton (RMN'H), les déplacements chimique& 6ont exprimés en partie

par million (ppm) par rapport au proton du chloroforn@ .26 ppm). Les constantes de

couplage J) sont exprimées en Hertz (Hz).
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Partie expérimentale

En RMN du carbone (RMRC), les déplaceemts chimiques ¢ sont exprimés en partie
par million (ppm) en prenant la raie centrale du chloroforme deutérés.0 ppm)
comme référence interne. Pour chaque produit, un spectre a été enrdgistd Band»
(découplage par bruit de protons) et utr@en séquence Jmod ou DEPT pour déterminer

la parité du nombre de protons portés par le carbone.

'DQV FHUWDLQV FDV OYDWWULEXWLRQ GHV VLIJQDX[ D pW,
dimensions (COSY, HSQCQC).

Les spectres infraouge (IR) ont été réiakes sur un appareil PerkiEimer FT-IR 2000 a
transformée de Fourier en solution dans le tétrachlorure de carbone, dans une cuve de
chlorure de sodium ou de fluorure de calcium. Les spectres sont réalisés en absorption et
les nombresGTRQGHY EDQGHYV SftREpKrRes &Wwh R Q

Les spectres de masse a haute résolution (HRMS) ont été réalisés sur un spectrométre
JEOLIJMS*&PDWH ,, *6 06 j OT(FROH 3RO\WHFKQLTXH

Les molécules ont été nommées selon la nomenclature IUPAC par lielldgitonom
1.1 (Beilstein Institut).
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Chapll - 6\ Q W K-G&t&IC&biAols Vinyliques

. ORGHY RSpUDWRLUHY HW DQDO\

A. Chaptrelll : 6\ Q W K g-Céto Gathinols Vinyliques

GENERAL PROCEDURE Il -A : INTERMOLECULAR RADICAL ADDITION

A solution of xanthate (1.0 equiv) andblefin (2.0 equiv) inethyl acetate (AcOEt) (1
mL/mmol of xanthate) was refluxed for 15 min under a nitrogen flBWauroyl
peroxide (DLP) (5 mol %) was then added and additional DLP (5 mol %) was added
every 90 min until total consumption of the startkanthateor until no evolution could

be detected by TLC analysis. The reaction mixture was then cooled f&€ 2hd
evaporated to dryness undezduced pressure. The residue was purified by flash
chromatography on silica gel to yield the deskadthate adduct
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Partieexpérimentale

O-Ethyl S-1-(ethylthio)-4-oxopentyl carbonodithioate Il -16a

CioH180:S3
M= 266.4g.mol*

Following general proceduitd -A for radical addition, the reaction was carried osihg
xanthatelll -7a" (178 mg 1.0 mmol) andethyl vinyl sulfidelll -15 (203 pL, 2.0 mmol)
and needed 20 nfal of DLPto go to completior{6 h). Theresiduewas purified by silice
gel column chromatographyith a gradientof ether in petroleum etheR:@8, 5:95) to
afford radical adductll -16a (216 mg, 81%) as acolorlessoil.

IH NMR ( Gppm) 4.80 (dd,J= 7.5, 5.9 Hz, 1H, €-1), 4.64 (q,J= 7.1 Hz, 2H,

(CDClg, 400 MHZ) OCHz), 2.582.79 (m, 4H, E1,-3, SCHz), 2.182.29 (m, 2H, E,-
2),2.01 (s, 3H, €l3-5). 1.43 (t,J= 7.1 Hz, 3H, OCHCH3), 1.28 (t,
J= 7.4 Hz, 3H, SCHCH,).

°C NMR ( Gppm) 214.0 (C=S), 207.3 (@), 70.1 (OCH), 55.0 (G1), 40.8 (G3), 30.1
(CDCls, 100 MHZ) (CHs-5), 29.8 (G2), 259 (SCH), 145 (SCHCHy), 13.8
(OCH,CHb).

IR (Qcmt, CCl) 2961, 2928, 2872, 2856, 1722, 144365, 1291, 1266, 1220, 11¢
1111, 1049.

HRMS (El) Calcd. br CigH180,Ss: 266.0469 Found: 266.047¢

! Charrier, N; Gravestock, D; Zard, S.&ngew. Chem. Int. E2006 39, 6520.
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O-Ethyl S-1-(ethylthio)-2-(2-oxotetrahydrofuran -3-yl)ethyl

carbonodithioate Il -16b

C11H1805S3
M= 294.5g.mol*

Following general proceduld -A for radical addition, the reaction waarried out witr
xanthatelll -7b? (618 ng, 3.0 mmol) andethyl vinyl sulfidelll -15 (608 pL, 6.0 mmol),
and needed.0 mol % of DLPto go to completion(3 h). The residuewas purified by
silica gel column chromatographyith a gradieh of ether in petroleum etheb:05, 2:8)
to afford radical adductll -16b (777 ngy, 88%) as a yellow oiandas a mixture of twi
diasteromers in a 1:1 ratio

1H NMR ( Gppm) 5.06 (t,J= 7.2 Hz, 0.5, CH-1), 4.72(dd, J= 10.1, 4.0 Hz, 08,

(CDCls, 400MHz) CH-1), 460-4.67 (m, 2H, @H;), 4.324.41 (m, 1H, GI-5), 4.15
4.24 (m, 1H, ®-5), 2.482.97 (m, 5H, -3, CH-4, SCH,, CH-2),
2.02-2.19 (m, 2H, (H-2, CH-4), 1.391.43 (m 3H, OCH,CHs),
1.231.29 (m,3H, SCHCH3).

%C NMR ( Gppm) 213.8,213.4 (C=S),178.4,178.1 (C=0), 70.270.0 (CCH,), 66.5,

(CDCls, 100 MHz) 664 (G5),53.6,53.4 (G1),37.4,37.4 (G3), 36.9 36.5(C-2), 29.7
28.4 (C-4), 25.9 25.5(SCHy), 14.5,14.4 (SCHCH,), 13.7, 13.7
(OCH,CH3).

IR (Qcmi, CCl) 2980, 2931, 2874, 1781, 1455, 1372, 1220, 1146, 1111, 1049, :

HRMS (EI) Calcd. br C11H1505S3: 294.0418 Found: 294.040¢

2Engler, E. M.; Patel, V. V.; Andersen, J. R.; Schumaker, R. R.; Fukushima,JAAfM. Chem. Sot978
100, 3769
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S-3-Cyano-1-(ethylthio)propyl O-ethyl carbonodithioate [l -16c

CoH1isNOS
M= 249.4g.mol*

Following general proceduld -A for radical addition, the reaction was carried out \
xanthatelll -7¢® (323 ng, 2.0 mmol) andethyl vinyl sulfidelll -15 (406 pL, 4.0mmol),
and needed5 mol % of DLPto go to completiorf4 h 30 min) Theresiduewas purified
by silica gel column chromatographyith a gradient of ether in petroleum eth2r9g,
1.9) to afford radical adductll -16c (434 ny, 87%) as a yellow oil.

'H NMR (Gppm) 4.79 (ddJ= 8.8, 4.9 Hz, 1H, 6-1), 4.67 (qJ= 7.1 Hz,2H, OCH)>),

(CDCls, 400 MHz) 2.642.79 (m, 2H, SE,), 2.62 (t,J= 7.3 Hz, 2H, ¢i,-3), 2.412.50
(m, 1H, H-2), 2.142.23 (m, 1H, ©-2), 1.45 (t,J= 7.1 Hz, 3H,
OCH,CH3), 1.31 (t,J= 7.4 Hz, 3H, SCHCH3).

C NMR ( Gppm) 213.0 (C=S), 118.5 (@), 70.3(OCH,), 53.6 (G1), 31.8 (G2), 26.1
(CDCls, 100 MHz) (SCHy), 15.2 (G3), 14.5 (SCHCH3), 13.7 (QCH,CHy).

IR (Qcmit, CCl) 2979, 2930, 2873, 2856, 2251, 1711, 1443, 1424, 1379, 1364,
1266, 12151147, 1111, 1055.

HRMS (El) Calcd. br CoH1sNOS;: 249.0316 Found: 249.031z

% Dinizo, S.E. et alJ. Org. Chem1976 17, 2846.
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S-4-(4-Chlorophenyl)-1-(ethylthio)-4-oxobutyl O-ethyl

carbonodithioate I -16d

Ci15H1oCIOS;

M= 363.0
g.mol*

Following general proceduld -A for radical addition, the reaction was carried out \
xanthatelll -7* (1.37 g, 5.0 mmol) andethyl vinyl sulfidelll -15 (1.01 mL, 10.0mmol),
and needed5 mol % of DLPto go to completion(3 h). The residuewas purified by
silica gel column chromatographyith a gradienof ether in petroleum ethe2:08, 5:95)
to afford radical adductll -16d (1.63g, 90%) as a yellow oil.

1H NMR ( Gppm) 7.90 (d,J= 8.5 Hz, 2H, ®i-ar), 7.43 (d,J= 85 Hz, 2H, (H-ar), 4.89

(CDCls, 400 MHz) (dd,J=7.3,5.9 Hz, 1H, €-1), 4.584.66 (m, 2H, @H>), 3.26 (ddd
J=17.1, 8.9, 5.9 Hz, 1H, 1€-3), 3.14 (ddd J= 17.1, 8.9, 6.0 Hz
1H, CH-3), 2.622.80 (m, 2H, SE,), 2.322.50 (M, 2H, El-2),
1.41 (t,J= 7.1 Hz, 3H, @H,CH3), 1.8 (t, J= 7.4 Hz, 3H,
SCH,CHy).

13 NMR ( Gppm) 213.8 (C=S), 197.4 (@), 139.5, 13®), 129.4, 128.9C-ar), 70.0
(CDCl, 100 MHz) (OCHz), 55.0 (G1), 35.8 (G3), 30.3 (G2), 25.9 GCH,), 144
(SCH,CH3), 13.7 (QCH,CHs).

IR (Qcmi', CCl) 2979,2929, 2872, 2856, 1692, 1591, 1401, 1364, 1265, 1221,
1094.

HRMS (El) Calcd. br CisH19ClIO.Ss: 362.0236 Found: 362.024z

* Liard, A. unpublished results.
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S-3-(1,3-Dioxoisoindolin-2-yl)-1-(ethylthio)propyl O-ethyl

carbonodithioate [l -16e

Ci16H19NOsSs
M= 369.5g.mol*

Following general proceduld -A for radical addition, the reaction was carried out v
xanthatelll -7e> (563 ng, 2.0 mmol) andethyl vinyl sulfide (406 pL, 4.0nmol), and
neededl5 mol % of DLPto go to completiori4 h 30) Theresiduewas purified by silice
gel column chromatographyith a gradieh of ether in petroleum etheb:5, 3:7) to
afford radical adductll -16e (600 nyg, 81%) as a yellow oil.

14 NMR ( Gppm) 7.85 (dd,J= 5.4, 3.1 Hz, 2H, B-ar), 7.72 (dd,J)= 5.4, 3.0 Hz, 2H

(CDCl5, 400MHz) CH-ar), 4.68 (dd,J= 9.9, 3.9 Hz, 1H, €1-1), 456 (q,J= 7.1 Hz,
2H, OCH,), 4.00 (ddd,)= 14.0, 7.7, 6.3 Hz, 1H, 1&-3), 3.89 (dt J=
14.Q 6.1 Hz 1H, CH-3), 2.77 (dgJ= 12.6, 7.4 H, 1H, S®H), 2.67
(dg, J= 12.6, 7.4 Hz, 1H, SB), 2.45 (ddddJ= 11.6, 77, 61, 3.9
Hz, 1H, G4-2), 2.17 (dddd,J= 11.6, 9.9, 6.3, 6.1 Hz, 1HGH-2),
136 (t, J= 7.1 Hz, 3H, @H,CHg), 1.28 (t,J= 7.4 Hz, 3H,
SCH,CH3).

13 NMR ( Gppm) 214.0 (C=S), 168.3 (C=0), 139.9, 132.2, 123.2a(}; 69.8(0OCH,),
(CDCl, 100 MHz) 53.1 (G1), 35.8 (G3), 35.4 (G2), 26.3 (SEGh), 14.4 (SCHCHy),
13.7 (QCH,CHs).

IR (Qcmi', CCl) 2980, 2930, 2872, 1775, 1720, 1469, 1437, 1393, 1367, 1219,
1050.

HRMS (EI) Calcd. br M-Xa : C13H14NO,S : 248.0745  Found: 248.0735

® QuicletSire, B.; Zard, S. ZOrg. Lett.2008 10, 3279.
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O-Ethyl S-1-(ethylthio)-4-(methoxy(methyl)amino)-4-oxobutyl

carbonodithioate I -16f

C11H21NOsSs
M= 311.5g.mol*

Following general proceduild -A for radical addition, the reaction waarried out witr
xanthatelll -7f® (223 g, 1.0 mmol) andethyl vinyl sulfidelll -15 (203 pL, 2.0mmol),
and needed5 mol % of DLPto go to completiorf4 h 30) Theresiduewas purified by
silica gel column chromatographyith a gradieh of ether in petroleum etheb:05, 3.7)
to afford radical adductll -16f (265 ny, 85%) as acolorlessoil.

1H NMR ( Gppm) 4.85 (ddJ= 7.5, 5.8 Hz, 1H, €-1), 4.64 (qJ= 7.1 Hz,2H, OCH,),

(CDCls, 400 MHz) 3-67 (s, 3H, O8l3), 3.17 (s, 3H, N8l3), 2.662.77 (m, 4H, Ei>-3,
SCHy), 2.232.39 (m, 2H, Gl»2), 1.42 (t, J= 7.1Hz, 3H,
OCH,CH3), 1.27 (t,J= 7.4 Hz, 3H, SCHCH3).

%C NMR ( Gppm) 213.8 (C=S), 173.2 (@), 69.9(OCH,), 61.2 (OCH), 55.1 (G1),
(CDCls, 100 MHz) 32-3(NCH), 30.8 (G2), 29.4 C-3), 25.8 (SGH2), 14.4 (SCHCHy),
’ 13.7 (GCH,CHy).

IR (Qcmi', CCl) 2964, 2931, 2872, 2856, 1676, 1461, 1443, 1413, 1384, 1221,
1112, 1053.

HRMS (EI) Calcd. br C11H21NO3S;: 311.0684 Found: 311.068¢

® Briggs, M. E.; Zard, S. ZSynlett2005 334.
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O-Ethyl S-1-(ethylthio)-4,4-dimethyl-5-(2-methyl-1,3-dioxolan-2-

yl)pentyl carbonodithioate 1 -169

Ci16H300:S3
M= 366.6g.mol*

Following general proceduild -A for radical addition, the reaction was carried out \
xanthatelll -7g’ (430 ng, 1.6 mmol) andethyl vinyl sulfidelll -15 (330 pL, 3.2 mmol)
andshowed no evolution after the addition 28 moP6 of DLP (6 h). The residuewas
purified by silica gel columehromatographyvith a gradient of ether in petroleum etl
(2:98,5:95) to afford radical adductll -16g (305 ng, 52%) as acolorlessoil.

IH NMR ( Gppm) 4.95 (ddJ= 7.2, 5.4Hz, 1H, (H-1), 4.65 (qJ= 7.1 Hz,2H, OCH,),

(CDCls, 400 MHz) 3-93 (S, 4H,0CH>CH,0), 2.572.78 (m, 2H, SEl,), 2.13 (dd,J=
14.9, 5.4 Hz, 1H, B-2), 1.99 (dd,J= 14.9, 7.2 Hz, 1H, 8-2),
1.741.84 (m, 2H, Gix-4), 1.43(t, J= 7.1 Hz, 3H, @H,CH5), 1.34
(s, 3H, GH3-6), 1.28 (t,J= 7.4 Hz, 3H, SCHCH3), 1.12, 1.11(2s,
6H, (CH3)2-3).

13C NMR ( Gppm) 214.1 (C=S), 110.5 (&), 69.8(OCH,), 63.8 (CH-O),, 52.8 (G1),
(CDCls, 100 MHz) 49-1 (G4), 48.8 (G2), 34.1 (G3), 28.6 ((CH)>-3), 26.2 (G6), 26.0
! (SCH), 14.4 (SCHCHS3), 13.8(OCH,CHs).

IR (Qcmi*, CCl) 2960, 2929, 2874, 1449, 1364, 1216, 1146, 1111, 1047.

HRMS (EI) Calcd. br CigH3003S;3: 366.1357 Found: 366.134¢

" Corbet, M. Thesi&cole Polytechnique009
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O-Ethyl S-1-(ethylthio)-5,5-dimethoxy-4-oxopentyl carbonodithioate [l -16h

C12H2:04S3
M= 326.5g.mol*

Following general proceduld -A for radical addition, the reaction waarried out witr
xanthatelll -7h® (200 ng, 0.84 mmol) andethyl vinyl sulfide Ill -15 (170 pL, 1.68
mmol), and needetl5 mol % of DLPto go to completiorf4 h 30 min) Theresiduewas
purified by silica gel column chromatograpiwth a gradiehof ether in petroleum eth
(5:95, 2:8) to afford radical adductll -16h (208 g, 76%) as ayellow oil.

'H NMR ( Gppm) 4.79 (ddJ= 7.9, 5.6 Hz, 1H, €-1), 4.64 (qJ= 7.1 Hz,2H, OCH,),

(CDCl;, 400 MHz) 448 (s, 1HCH-5), 3.40(s, 6H, (OCH3)2), 2.622.94 (m, H, CH2-3,
SCH,), 2152.35 (m, 2H, Hz-2), 1.41 (t, J= 7.1 Hz, 3H,
OCH,CHy3), 1.27(t, J= 7.4 Hz, 3H, SCHCHy).

°C NMR ( Gppm) 213.8 (C=S), 204.3 (@), 103.9 (G5), 70.0 (QCH,), 54.9 (G1),
(CDCls, 100 MHz) 54.8 (OCH)2), 34.9 (G2), 29.2 (G3), 25.8 (SCHp), 14.4
(SCH,CH3), 13.7 (QCH,CH).

IR (Qcmit, CCl) 2963, 2933, 2872, 2834, 1732, 1443, 1366, 1292, 1266, 1223,
1111, 1051.

HRMS (El) Calcd. br CioH2,04Ss: 326.0680 Found: 326.068<

& Mougin, C; Sanion, J., Zard, S. BEeterocycle®007, 74, 211.
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80-Ethyl S-1-(ethylthio)-2-(5-0x0-6,7,8,9tetrahydro-5H-benzo[7]

annulen-6-yl)ethyl carbonodithioate Il -16i

Ci18H240,S3
M= 368.6g.mol*

Following general proceduld -A for radical addition, the reaction was carried out \
xanthatdll -7i° (500 ng, 1.78mmol) andethyl vinyl sulfidelll -15 (270 uL, 3.56 mmol)
and needed 15 mid of DLPto go to completior{4 h 30) The residuewas purified by
silica gel column chromatographyith a gradienof ether in petroleum ether:@B, 5:95)
to afford radical adductll -16i (578 mg, 88%) as a yellow oilandas a mixture of twi
diastereomers in a 1:1 ratio

1H NMR ( Gppm) 7.657.68 (m, 1H, ®i-ar), 7.267.37 (m, 3H, ©i-ar), 4.96 (dd,]J=

(CDCl, 400MHz) 8:2, 7.0Hz, 0.5, CH-1), 4.82 (ddJ= 8.9, 6.3 Hz, 0.H, CH-1),
4.524.68 (m, 2H, @H,), 3.173.26 (m, 1H, ©-3), 2.963.08 (M
2H,CH»-6), 2.562.84 (m, 3H, @-2, SH,), 1.962.18 (m, 3H,
CH»-5, CH-2), 1.6%1.74 (m, 2H, G,-4), 1.45 (tJ= 7.1 Hz, 1.5H
OCH,CH3), 1.37 (tJ= 7.1 Hz, 1.5H, @H,CH3), 1.27 (tJ= 7.4 Hz,
1.5H, GCH,CH3), 1.21 (t,J= 7.4 Hz 1.5H, SCHCH3).

%C NMR ( Gppm) 213.8 (C=S), 205.8, 205(C=0), 142.2, 142.0, 139.9, 136.7, 13!

(CDCls, 100 MHz) 129:9, 129.9, 128.8, 128.5, 126.4, 126.3a(f; 70.1, 70.QOCH,),
54.2, 54.0 (Gl), 47.5, 47.§C-3), 37.5, 36.8 (€2), 33.7, 33.6 (CB),
30.8, 30.0 (&4), 25.8, 25.7 (SH.), 25.6, 25.6 (C5), 14.6, 14.E
(SCH,CH3), 13.7 (CCH,CHs).

IR (Qcmit, CCl) 3070, 3022, 2929, 2857, 1821, 1687, 1599, 1449, 1378, 1265,
1112, 1051.

HRMS (EI) Calcd. br CigH240,S3: 368.0938 Found: 368.092z

® Tetard, T.Unpublished results.
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O-Ethyl S-1-(ethylthio)-2-(1-ox0-1,2,3,4tetrahydronaphthalen-2-

yl)ethyl carbonodithioate I -16

Ci17H220,S3
M= 354.6g.mol*

Following general proceduld -A for radical addition, the reaction was carried out v
xanthatell -7j*° (1.33g, 5.0 mmol) andethyl vinyl sulfidelll -15(1.01 mL, 10.0 mmol)
and needed 25 md of DLP to go to completior{7 h 30) The residuewas purified by
silica gel column chromatographyith a gradient of ether in petroleum ethel9g, 5:95)
to afford radical adductll -16 (1.61 g 91%) as aslightly yellow oil andas a mixture o
two diastereomers in a 1:1 ratio

IH NMR ( Gppm) 8.02 (t,J= 7.3 Hz, 1H, Gi-ar), 7.447.48 (m, 1H, Ei-ar), 7.227.32

(CDClg, 400 MHZ) (m, 2H, CH-ar), 5.15 (de: 7.7, 7.5 Hz, G:_)H, O‘|-1), 4,96 (dd,.]:
10.4, 5.3 Hz, 08, CH-1), 4.63 (q J= 7.1 Hz, 1H, @H,), 4.62 (q
J= 7.1 Hz, 1.H, @H,), 2.643.08 (m, 6H, E-2, CH,-5, CH-3,
SCH,), 2.322.42 (m, 1H, CH-4), 2.05 (ddd,J= 14.3, 8.7, 5.2 Hz
0.5H, H-2), 1.882.00 (m, 1.5H, E-2, CH-4), 1.40(t, J= 7.1 Hz,
3H, OCH,CH3), 131 (t, J= 7.5Hz, 1.5H, SCHCH3), 1.29(t,J=7.4
Hz, 1.5H, SCHCHS3).

%C NMR ( Gppm) 214.0, 213.9 (C=S), 199.0, 198.9 (C=0), 143.8, 143.7, 133.3, !

(CDCls, 100 MHZ) 132.3, 128.6, 127.4, 127.4, 126.6-46), 70.0, 69.9(OCH,), 54.1,
53.8 (G1), 45.4(C-3), 36.5, 35.7 (€2), 29.4, 28.8 (€4), 28.6, 28.1
(C-5), 25.8, 25.4 (SH,), 14.5, 14.4 (SCKCHs), 13.7, 13.7
(OCH,CHa).

IR (Qcmt, CCl) 2958, 2930, 2857, 1688, 1602, 1455, 1435, 1364, 1297, 1221
1049.

HRMS (EI) Calcd. br Ci7H200,S;3: 354.0782 Found: 354.0797

10 pothier, JThesis Ecole Polytechniquel 999.
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O-Ethyl-S-1-(ethylthio)-2-(1-ox0-2,3-dihydro-1H-inden-2-yl)ethyl

carbonodithioate [l -16k

Ci16H200.S3
M= 340.5g.mol*

Following general proceduld -A for radical addition, the reaction was carried out v
xanthatell -7k° (1.0g, 4.0 mmol) andethyl vinyl sulfidelll -15 (812 pL, 8.0mmol), and
neededl5 moP6 of DLPto go to completior{4 h 30 min) The residuewas purified by
silica gel column chromatographyith a gradient of ether in petroleum eth2198, 5:95)
to afford radical adductll -16k (1.21 g, 89%) asa yellow oil andas a mixture otwo
diastereomers in a 1:1 ratio

IH NMR ( Gppm) 7.75(d,J= 7.6 Hz, H, CH-ar), 760 (m, 1H, CH-ar),7.50 (d,J= 7.6

(CDClg, 400MHZ) Hz, 0.9, CH-ar), 7.46 (d,J: 7.7 Hz, 0.1, CH-ar), 7.37 (m, H,
CH-ar), 5.23 (dd J= 7.3, 7.3 Hz, 0.6, CH-1), 4.91 (dd J= 10.9,
4.2 Hz, 0.5, CH-1), 4.64 (g,J= 7.1 Hz, H, OCH»), 4.63(q, J= 7.1
Hz, 1H, OCH,), 3.403.49(m, 1H, CH-3), 2.553.15 (m, 5H, El-2,
CH-4, StH,), 2.062.16 (m, 1H, &-2), 1.41 (t,J= 7.1 Hz, 3H,
OCH,CH3), 129-1.35(m, 3H, SCHCH3).

13 NMR (Gppm) 214.2, 213.9 (C=S), 207.3, 207@=0), 153.3, 136.5, 136.4, 134

(CDCl, 100 MHz) 134.8, 127.5, 127.5, 126.6,63, 124.0 (€ar), 70.1, 70.0 (OH)),
54.4, 54.2 (€l), 45.7, 45.4 (3), 38.0, 37.3 (€2), 33.9, 32.5 (&),
26.0, 25.5 (SE)), 14.6, 14.5 (SCHCH3), 13.8, 13.7 (GH,CHs).

IR (Qcmt, CCly) 3076, 3034, 2979, 2932873, 2849, 1717, 1610, 1590, 1474, 1¢
1455, 1434, 1378, 1363, 1342, 1326, 1295, 1277, 1220, 1111, :

HRMS (EI) Calcd. br CigH200,S3: 340.0625 Found: 340.0614
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O-Ethyl S-1-(ethylthio)-3-methyl-4-oxo-4-phenylbutyl

carbonodithioate [ -16l

Ci6H220,S3
M= 342.5g.mol*

Following general proceduild -A for radical addition, the reaction was carried out \
xanthatelll -71° (1.27 g, 5.0 mmol) andethyl vinyl sulfidelll -15 (1.0 mL, 10.0mmol),
and needed5 mol % of DLPto go to completionTheresiduewas purified by silica ge
column chromatographwith a gradient of ether in petroleum eth2198, 5:95) to afford
radical adductll -16l (1.61g, 94%) as a yellow oiandas a mixturef two diastereomer
ina 1:1 ratio

IH NMR ( Gppm) 7.938.00 (m, 2H, Ei-ar), 7.427.56 (m, 3H, El-ar), 4.81 (ddJ=

(CDClg, 400 MHZ) 8.9, 6.4 HZ, 0.5H, B-l), 4.77 (dd, J= 8.7, 65 HZ, O.5H, CH-].),
4.364.62(m, 2H, OCH5), 3.803.91(m, 1H, CH-3), 2.37-2.73 (m,
3H, CH-2, SCH,), 2.09 (ddd,J= 13.6, 6.6, 6.6 Hz, 0.5H, I&-2),
1.901.97 (m, 0.5H, @-2), 1.40(t, J= 7.1 Hz, 1.5H, OCH,CH3),
1.32 ¢ J= 7.1 Hz, 1.5H, CCH,CH3), 1.27 (t,J= 7.4 Hz, 1.5H
SCH.CH3) 1.27 (d,J= 7.0 Hz, 1.5H, ©s-4), 1.23 (d,J= 7.0 Hz,
1.5H, (Hz-4), 1.12(t, J= 7.4 Hz, 1.5, SCHCH5).

13C NMR ( Gppm) 213.2 (C=S), 202.9, 202.6 (C=0), 136.5, 135.9, 133.0, 133.0,

(CDCl;, 100 MHz) 128.6, 128.3, 128.3 (@r), 70.0, 69.40CH,), 53.6 (G1), 39.8, 39.1
(C-3), 38.6, 38.4 (), 25.8, 25.6 (SCH), 18.4, 17.1 (&4), 14.4,
14.3 (SCHCHs), 13.6, 13.6 (OCHCHs).

IR (Qcm*, CCl) 3089, 3067, 3029, 2983, 2932, 2900, 2870, 1745, 1688, 1597,
1449, 1389, 1374, 1326, 1291220, 1149, 1112, 1054.

HRMS (El) Calcd. br CigH220,S3: 342.0782 Found: 342.078z2
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O-Ethyl S-1-(ethylthio)-2-(4-oxo-1-tosylpiperidin -3-yl)ethyl

carbonodithioate

[l-16m

C1oH27/NOsS,
M= 461.7g.mol*

Following general proceduild -A for radical addition, the reaction waarried out witr
xanthatdll -7m° (1.87g, 5.0mmol) andethyl vinyl sulfidelll -15(1.01 mL, 10.0mmol),
and needed5 mol % of DLPto go to completiorf4 h 30) Theresiduewas puriied by
silica gel column chromatographyith a gradient of ether in petroleum ethel9g, 5:95)
to afford radical adductll -16m (2.01 g, 80%) as a yellow oilandas a mixture otwo
diastereomers in a 1:1 ratio

'H NMR ( Gppm)
(CDCls, 400 MHz)

C NMR ( Gppm)
(CDCls, 100MHz)

IR (Qcmit, CCl)

HRMS (EI)

398

7.69(d, J= 8.1 Hz, H, CH-ar), 7.66 (dJ= 8.1 Hz, 1H CH-ar),
7.34 (d,J= 8.1 Hz, H, CH-ar), 7.34 (dJ= 8.1 Hz, 1H, CH-ar),
4.82 (dd,J= 9.0, 6.2 Hz, GH, CH-1), 4.71 (dd,J= 9.7, 5.7 Hz
0.5H, CH-1), 4.594.68 (m, 2H, @H), 4.17(ddd, J= 11.8, 6.1, 2.f
Hz, 0.8H, CH-5), 3.99 (dtd, J= 8.8, 5.9, 2.7Hz, 0.5H, CH-4), 3.85
(ddd,J=11.9, 5.6, 2.0 Hz, 0.5HGH-5), 3.703.76 (m, 0.5, CH-4),
2.47-3.04 (M, 7.5H, ©-3, CH-5, CH-4, CH»-6, CH-2, SCH)), 2.42
(s, 3H, Gz-ar), 2.36:2.54 (m, 0.5H, €-2), 1.82 (ddd))= 14.5, 7.7,
5.7 Hz, 0.5H, €-2), 1.71(ddd, J= 14.7, 9.1, 5.6 Hz, OH, CH-2),
1.43 (t,J= 7.1 Hz, 1.5H, @H,CHs), 1.41 (t,J= 7.1 Hz, 15H,
OCH,CH3), 130 (t, J= 7.4 Hz, 1.5, SCHCH3), 1.25(t, J= 7.4 Hz,
1.5H, SCHCH).

214.2 213.3(C=S),206.3,206.2 (C=0).144.1,144.1, 133.3133.2,
129.9,129.9, 127.5127.4(C-ar), 70.2,70.1(OCH,), 53.2 53.0(C-
1), 51.2,50.7 (G4), 47.4,46.9 (G3), 46.5 46.4(C-5), 40.3 40.0
(C-2), 33.8,32.9 (C-6), 25.9 25.9(SCH,), 21.5 21.5(CHg-ar), 14.5
14.4(SCHCHs), 13.7, 13.7 (GH,CHa).

2979, 2928, 2872, 2854, 1722, 1599, 1494, 1470, 1452, 1443,
1220, 1170, 1111, 1048.

Calcd.for M-Xa : C1gH2oNO3S, : 340.1041 Found : 340.105
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S-5-Cyano-3-(1,3-dioxoisoindolin-2-yl)-1-(ethylthio)pentyl O-ethyl

carbonodithioate [l -16n

C19H220:S5
M= 422.6g.mol*

Following general proceduld -A for radical addition, the reaction waarried out witr
a solution of the xanthatél -7n** (668 ng, 2.0 mmol) andethyl vinyl sulfide Il -15
(406 pL, 4.0mmol), and neededl5 mol % of DLPto go to completior{4 h 30) The
residuewas purified by silica gel column chromatograptith a gradéent of etlyl acetate
in petroleum etherx95, 37) to afford the radical adduchil -16n (752 mg, 89%) as &
colorlessoil andas a mixture ofwo diastereomers in a 1:1 ratio

IH NMR ( Gppm) 7.887.93 (m, 2H, Ei-ar), 7.787.81 (m, 2H,CH-ar), 4.534.89 (m,

(CDCl, 400 MHz) 4H, CH-1, OCH, CH-3), 2.062.80 (m, 8H, S€l,, CHz-2, CHx-4,
CH»-5), 1.45 (t,J= 7.1 Hz, 1.5H, OCKCH3), 1.36 (t,J= 7.1 Hz,
1.5H, OCHCH3), 1.28 (t,J= 7.4 Hz, 1.5, SCHCH3), 1.17 (t,J=
7.4 Hz, 1.5, SCHCHS).

13C NMR ( Gppm) 214.1, 213.4 (C=S), 168.5, 168.5 (C=0), 134.3, 134.2, 131.7, !

(CDCls, 100 MHz) 123.4, 123.4 (6\n), 118.7, 118.5,(CN), 69.9 (OGH 53.0, 52.8 (€
3), 49.0, 48.8 (€1), 39.6, 39.4 (€2), 28.6, 27.9 (&), 26.5, 25.
(SCHy), 14.8, 14.6 (), 14.3, 12 (SCHCHs), 13.7, 13.t
(OCH,CH?).

IR (Qcmi*, CCl) 2976, 2930, 2872, 2251, 1775, 1716, 1470, 1451, 1392, 1372,
1220, 1146, 1111, 1088, 1049.

HRMS (EI) Calcd. br CigH2,05S;3: 422.0793 Found: 422.080¢

1 QuicletSire, B.; Revol, G.; Zard, S.[Zetrahedrof201Q 66, 6656.
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S-4-((1,3-Dioxoisoindolin-2-yl)methyl)-2,5-dioxo-1-phenylpyrrolidin -3-

yl O-ethyl carbonodithioate [ -70

C2oH1sN2OsS,
M= 454.5g.mol*

A solution of N-phenylmaleimidelll -18 (173 mg, 1.0 mmol 1.0 equiv) andxanthate
Il -7e (562 mg, 2.0 mmol, 2.Gquiv) in ethyl acetate (1 mLyvas refluxed for 15 mil
under a nitrogerflow. Dilauroyl peroxide (DLP) (5 mol %) was then added dhe
reaction mixture was refluxed for 1 h.3lhe reaction mixture was then cooled2®°C
andevaporatedn vacuo The residuewas purified by silica gel column chromatogray
with a gradient of etyl acetatan petroleum ether5(95, 3:7) to afford the radical adduc
[l -7m (350 ny, 77%) as a colorless oil which solidified upon standing

IH NMR ( Gppm) 7.94 (dd,J= 5.4, 3.1 Hz, 2H, G-ar), 7.82 (ddJ= 5.4, 3.1 Hz, 2H

(CDCls, 400 MHz) CH-ar), 7.407.56 (m, 5H, Gi-ar), 4.584.68 (m, 2H, @H), 447
(dd, J= 14.1, 6.2Hz, 1H, (H-3), 4.41 (d J= 6.3 Hz, 1H, CH-1),
4.24 (dd J= 14.1, 8.9Hz,, 1H, CH-3), 3.92 (td,J= 8.9, 6.3Hz, 1H,
CH-2), 1.40(t, J= 7.1 Hz, 3H, GH,CH3).

3¢ NMR (Gppm) 209.2 (C=S), 173.2, 171.1 (C=0), 168.2 (C=0), 134.4, 131.7, 1
(CDCl3, 100 MHz) 129.2, 128.9, 126.1, 123.7 &), 710 (OCH,), 49.3 (Gl1), 45.2
(C-2), 37.7 (GC3), 13.6 (CCH,CHy).

IR (Qcm*, CCl) 2957, 2927, 2855, 1777, 1720, 1599, 1501, 1467, 1383, 1370,
1261, 1240, 1199, 1166, 1114, 1047.

HRMS (EI) Calcd. brM-Xa : C1gH13N204: 333.0875 Found: 333.0884
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S-2-(4-((1,3-Dioxoisoindolin-2-yl)methyl)-2,5-dioxo-1-phenyl

pyrrolidin -3-yl)-1-(ethylthio)ethyl O-ethyl carbonodithioate Il"-160

Co6H26N205S3
M= 542.7g.mol*

Following general proceduld -A for radical addition, the reaction was carried out v
xanthatdll -70 (400 nyg, 0.88mmol) andethyl vinyl sulfidelll -15 (178 pL, 1.76mmol),
and needed5 mol % of DLPto go to completiorf4 h 30 min) Theresiduewas purified
by silica gel column chroatographywith a gradient of ethyl acetate in petroleumee
(5:95, 3:7) to afford the radical adductll -160 (267 mg, 56%) as amixture of two
epimers at €l in a 1:1 ratio ana@s a colorless all

IH NMR ( Gppm) 7.87-7.89 (m, 2H,CH-ar), 7.737.75 (m, 2H,CH-ar), 7.367.49 (m,

(CDCl, 400 MHz) 5H, H-ar), 5.09 (ddJ= 10.9, 4.3 Hz, 0.5H, B-1), 4.96 (dd,J=
10.8, 4.5 Hz, 0.5H, B-1), 4.564.67 (M, 2H, O€l,), 4.254.31 (m,
1H, CH-5), 4.064.13 (m, 1H, @-5), 3.553.60 (m, 0.5H, €-4),
3.31:3.36 (m, 0.5, CH-4), 3.103.22 (m, 1H, ©i-3), 2.41-2.82(m,
4H, SCH,, CH-2), 1.42(t, J= 7.1 Hz, 1.5H, OCKCH3), 1.37(t, J=
7.1 Hz, 1.5H, OCKCH3), 1.27 (t, J= 7.4 Hz, 1.5, SCHCH3), 1.17
(t, J= 7.4 Hz, 1.5, SCHCH2).

%C NMR ( Gppm) 213.4(C=S),176.4, 176.3, 175.4, 175.1 (C=0), 168.1, 168.80),

(CDCls, 100 MHz) 134.2, 134.2, 1318, 131.8, 129.1, 129.1, 128.6, 126.3, 123.6,
(C-ar), 70.2, 70.1 (@Hy), 53.0, 52.5 (€l1), 43.5, 43.4 (&), 42.3,
42.0 (G3), 38.2, 38.2 (&), 36.6, 36.5 (), 26.3, 2P (SCH),
14.4, 14.4 (SCBCH3), 13.8, 13.7 (@H,CHs).

IR (Qcmt, CCl) 3070, 2929, 1777, 1721, 1599, 1501, 1385, 1365, 1220, 1189,
1049.

HRMS (EI) Calcd.For CyeH26N205S;: 542.1004 Found: 542.099z
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GENERAL PROCEDURE Ill -B : RADICAL CYCLIZATION

A solution ofxanthate (1.0 equiv) inethyl acetate(AcOEt) (10 mL/mmol of xanthate)
was refluxed fo20 min under a nitrogen flow. Dilauroyl peroxidBl(P) (20 mol %) was
then added and additional DLRO( mol %) was added everg0 min until total
consumption of the startinganthateor until no evolution could be detected by TLC

analysis. The reaction mixture was then cooled t6Q@nd evaporated to dryness under

reduced pressure. The residue was purified by flash chromatogyvagilyca gel to yield
thetetralone

4-(4-Chlorophenyl)-1-(ethylthio)-4-oxobutyl dodecanoate [ -20

CosH3/CIOsS
M= 4402 g.mol*

Following general proceduril -B for radical cyclisation the reactionwas carried ou
with xanthatelll -16d (363 mg, 1.0 mmol) and needed40 mol % of DLPto go to
completion. The residuewas purified by silica gel column chromatograptwth a
gradient of ethyl acetate in peteum ether §:95, 3:7) to afford radical adductlll -20
(185mg, 42%) as a colorless oWhich solidified upon standing

'H NMR (Gppm) 7.89 (d,J= 8.6 Hz, 2H, Gi-ar), 7.43 (d,J= 8.6 Hz, 2H, Ei-ar),

(CDCls, 400 MHz) 6-10 (t,J= 8.6 Hz, 1H, Gi-1), 3.013.16 (m, 2H, ©1,-3), 2.512.77
m, 3H, GH-CO, SCH,), 2.252.33 (m, 3H, G2, CH-CO),
1.571.64 (m, 2H, COCKCHj), 1.241.28 (m, 19H, @H1s
SCH,CH3), 0.87 (tJ= 7.8 Hz, 3H, Gl3).

°C NMR ( Gppm) 197.2 (G4), 173.2 (C=0), 139.6, 134.9, 129.4, 128.9a(§; 77.9

(CDCls, 100 MHz) (C-1), 34.6 (G3), 34.5 COCH), 31.9 (G2), 29.6, 29.4, 29.3, 29.
29.1 (GHu4), 24.9 (SEy), 24.8 (COCHCH,), 22.7 CH2CHs), 15.0
(SCH,CH3), 14.1 (GHa).

IR (Qcm', CCl) 2958, 2928, 2872, 2856, 1738, 1692, 1591, 1488, 1466, 1456,
14000, 1368, 1313, 1266223, 1202, 1175, 1150, 1094.

HRMS (E|) Calcd. br CooH25CIOsS: 440.2152 Not found
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GENERAL PROCEDURE Il -C : OXIDATION OF SULFIDES TO SULFOXIDES

An aqueoussolution (1.8 mL/mmol of sulfide) oNalO4 (1.0 equiv) was added to a
methanolic solution (8.5 mL/mmol of sulfide) ofulfide (1.0 equiv) at 20°C. The
mixture was stirred at 28C overnight, then filtered and the filtrate was concentrated
vacua The residue was extracted with ethyl acetate. The combined organic extracts were
washed with brine, dried over anhydrous MgSfitered and concentrated vacuo The
residue was purified by flash chromatography on silica gel to yield the desired
compounds.

S-4-(4-Chlorophenyl)-1-(ethylsulfinyl) -4-oxobutyl O-ethyl

carbonodithioate I1-23

C15H1oCIOsS;
M= 379.0g.mol*

Following general proceduld -C, the reaction was carried out with sulfide-16d (72
mg, 0.D mmol) and NalQ@ (43 mg, 0.D mmol). Flash chromatography on silica !
(ethyl acetate/petroleum ether, 7:3) affordeé sulfoxidelll -23 (57 mg, 75%) as

yellow oil andas a mixture ofwo diastereomers in a 1:1 ratio.

1H NMR ( Gppm) 7.89 (d,J= 8.5 Hz, 2H, Gi-ar), 7.44 (d,J= 8.5 Hz, 2H, Gi-ar),

(CDCl, 400 MHz) 5.05 (dd,J= 10.3, 4.7 Hz, 0.5H, B-1), 4.99 (ddJ= 10.3, 3.9 Hz
0.5H, CH-1), 4.504.66 (M, 2H,0CH), 3.243.30 (m, 2H, Ei,-3),
2.683.06 (M, 3H, E-3, SH,), 2.262.41 (m, 1H, Ei-3), 1.35
1.45 (m, 64, OCH,CH3, SCHCHy).

13C NMR ( Gppm) 211.4, 210.6 (C=S), 197.9, 196.0-4¢; 139.8, 134.8 129.4, 12¢
(CDCl, 100 MHz) (C-ar), 71.6, 71.5QCH;), 67.3, 66.2 (€1), 43.8, 43.0 (SC), 35.2,
34.6 (G3), 23.7, 21.5 (€2), 13.7 OCH,CHs), 7.7, 7.4 (SCHCHS).

IR (Qcm™, CCl) 2983, 2961, 2935, 2877, 1691, 1592, 1453, 1401, 1364, 1292,
1148, 1111, 1045.

HRMS (El) Calcd. br CisH19ClOsSs: 378.0185 Found: 378.0182
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S-4-(4-Chlorophenyl)-1-(ethylsulfinyl) -4-oxobutyl O-ethyl

carbonodithioate I -25

CasH26CINO4Ss
M= 536.1g.mol*

Following general proceduld -A for radical addition, the reaction was carried out \
the xanthatdll -16d (726 mg, 2.0 mmol) andN-phenylmaleimiddll -18 (173 mg, 1.0
mmol), and neede8 mol % of DLPto go to completionThe residuewas purified by
silica gel column chromatographwith a gradient of etyl acetate in petroleum eth
(5:95, 3:7) to afford the radical addudtl -25 (311 mg, 58%) as amixture of twoepimers
at G3in a 1:1 raticandas ayellow solid.

1H NMR ( Gppm) 7.94 (d, = 86 Hz, 1H, CH-ar), 7.94 (d,J= 8.7 Hz, 1H, Gi-ar),

(CDCls, 400 MHz) 7-41:7.51 (m, 5H, Gi-ar), 7.34 (d, J= 8.6 Hz, 1H, CH-ar), 7.34 (d,
J= 8.7 Hz, 1H, ®i-ar), 4.604.71(m, 2H, OCH), 4.53 (ddJ= 5.7,
4.2 Hz,1H, CH-1), 3.71(dd, J= 6.1, 2.8 Hz, 0.H, CH-2), 3.59-3.66
(m, H, CH-2, CH-3), 3.343.41 (m, 0.5H, @-3), 3.31(t, J= 7.2
Hz, 2H, CH»5), 2.562.68 (m, 2H, SG,), 222-2.39 (m, 1.H,
CH»-4), 1.952.05 (m, 0.5H @-4), 1.41 (t, J= 7.1 Hz, 3H,
OCH,CH3), 1.28 (t,J= 7.4 Hz, 3H, SCHCH.).

13 NMR (Gppm) 210.3, 209.8 (C=S), 197.9, 197.7-6}; 174.7, 174.2 (C@2),

(CDCl, 100 MHz) 1722, 171.8 (CEC1), 139.7, 139.7, 1350, 134.9, 1319, 13
129.4, 129.2, 129.2129.0, 129.0 128.9, 126.3, 126.2-4€), 71.1
(OCHp), 51.9, 51.1 (€2), 49.0, 47.2 (€L), 46.1, 45.8 (&3), 36.1,
35.9 (G5), 27.6, 26.6 (&), 24.7, 22.7 (SCH, 152, 14.c
(SCHCHs), 14.1, 13.7 (OCKCHS3).

IR (Qcm, CCl) 3065, 2970, 2930, 2860775; 1720, 1690, 1405, 1363, 1220, 11:

HRMS (EI) Calcd.br CasH26CINO,S; : 535.0712 Found: 535.0710
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GENERAL PROCEDURE Il -D ! SELECTIVE ELIMINATION  OF THE

XANTHATE

A solution of xanthate (1.0 equiv) in diphenylether (2 mL/mmol of xanthate) was
heated at 190C under a nitrogeflow until total consumption othe starting material or
until no evolution couldoe detected by TLC analysi$he reaction mixire was then
cooled t020 °C. The residue was purified by flashromatography on silica ged tield
the desired compounds.

3-(2-(Ethylthio)vinyl)dihydrofuran -2(3H)-one I -26a

CsH120,S
M= 172.2g.mol™*

Following general procedunél -D, the reaction wasarried out withxanthatelll -16b
(390 mg, 1.32 mmol)Theresiduewas purified by silica gel column chromatograptith
a gradien of ether in petroleum ethebd:5, 3:7) to afford (2)-vinylsulfide Il -26a (82
mg, 36%) and E)-vinylsulfide Ill -26a (88 ng, 39%) as two colorless ails

(E) isomer

14 NMR ( Gppm) 6.21 (ddJ= 15.3, 1.3 Hz, 1H, 8-1), 5.53 (ddJ= 15.3, 6.6 Hz, 1H

(CDCl;, 400 MH2) CH-2),4.36 (t, J=9.0, 3.3 Hz, 1H, Ei-5), 4.23 (t, J= 9.0, 6.6 Hz,
' 1H, CH-5), 3.28 (ddddJ= 10.0, 8.3, 6.61.3 Hz, 1H CH-3), 2.71

(q,J= 7.4 Hz, 2H,SCH)), 2.46 (dddd,)= 12.4, 8.36.6, 3.3 Hz, 1H

CH-4), 2.16 (dtd,J= 12.4, 9.5 8.4 Hz, 1H,CH-4),1.29 (t J=7.4

Hz, 3H,SCH.CH3).

3¢ NMR ( Gppm) 176.9(C=0),128.4 (G1), 121.1 (G2), 66.5(C-5), 42.8(C-3), 29.2
(CDCls, 100 MHz) (C-4), 26.1(SCHy), 14.2(SCH,CHa).

IR (Qcmt, CCl) 2973, 2929, 2874, 1783, 1712, 1678, 1613, 1558, 1541, 1454,
1262, 1211, 1151, 1031.

HRMS (EI) Calcd. br CgH120,S: 172.0558 Found: 172.055C
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(Z) isomer

'Y NMR (Gppm) 6-31 (d.J= 9.4 Hz, 1H, @i-1), 5.595.63(m, 1H, (H-2), 4.394.42
(CDCl,, 400 MHz) (™ 1H, GH-5),4.244.32(m, 1H, 0-5), 3.9-3.58(m, 1H, C1-3)

% 2.72 (q,J= 7.4 Hz, 2H, SEl,), 2.522.57 (m, 1H, ©i-4), 2.002.08
(m, 1H, GH-4), 1.30 (tJ= 7.4 Hz, 3H, SCHCH3).

3C NMR (Gppm) 177.2 (C=0), 130.9 (&), 123.3 (G2), 66.8 (C5), 40.0 (G3), 29.5
(CDCls, 100 MHz) (C-4), 28.0 (SCH), 15.4(SCH,CHs).

IR (Qcm, CCl) 2977, 2929, 2874, 1781, 1668, 1608, 1558, 1541, 1484, 1454,
1266, 1211, 1147, 1030.

HRMS (EI) Calcd. br CgH120,S: 172.0558 Found: 172.0562

406



Chapll - 6\ Q W K-G&t&IC&biAols Vinyliques

1-(4-Chlorophenyl)-4-(ethylthio)but-3-en-1-one [l -26b

C1oH13ClOS
M= 240.7g.mol*

Following general procedunél -D, the reaction wasarried out withxanthatelll -16d
(724 mg, 2.0 mmol)Theresiduewas purified by silica gel column chromatographiyh
a gradienbf ether in petroleum ether (2:98.95) to afford (E)-vinylsulfide Ill -26b (171
mg, 36%) and4)-vinylsulfide Ill -26b (178 ng, 37%) as twoyellow oils.

(E) isomer

IH NMR ( Gppm) 7.89 (dd,J= 8.6, 1.9 Hz, 2HCH-ar), 7.43 (d,J= 8.6, 3.0 Hz, 2H,

(CDCls, 400 MHz) CH-ar), 6.14 (dtJ= 15.2, 1.2 Hz, 1H, B-1), 5.75 (dtJ= 15.2, 6.9
Hz, 1H, GH-2), 3.74 (dd J= 6.9, 1.2Hz, 2H, CH,-3), 2.71 (q,J=
7.4 Hz, 2H, SEl,), 1.28 (tJ= 7.4 Hz, 3H, SCHCH3).

3C NMR ( Gppm) 196.3 (G4), 139.6, 134.7, 129.7, 129.4-(E), 127.7 (Cl), 119.7
(CDCls, 100 MHz) (C-2), 42.6 (G3), 26.2 (SEi2), 14.3 (SCHCH,).

IR (Qcmit, CCl) 2973, 29292873, 1691, 1591, 1572, 1488, 1450, 1400, 1377, 1
1264, 1205, 1094, 1052.

HRMS (El) Calcd. br C12H13CIOS: 240.0376 Found: 240.037C

(2) isomer

1H NMR ( Gppm) 7.94 (d, J= 8.6 Hz, 2H, CH-ar), 7.2 (d, J= 8.6 Hz, 2H, (H-ar),

(CDCls, 400 MHz) 621 (dt, J= 9.5, 14 Hz, 1H, GH-1), 5.75 (dtJ= 9.5, 6.7Hz, 1H,
CH-2), 3.8 (dd, J= 6.7, 14 Hz,, 2H, CH,-3), 2.7 (q, J= 7.4 Hz,
2H, SMH,), 132(t, J= 7.4 Hz, 3H, SCHCH3).

*C NMR ( Gppm) 1961 (C-4), 139.6, 1348, 129.7,128.9 (C-ar), 128.5(C-1), 120.8
(CDCls, 100 MHz) (C-2), 39.0(C-3), 27.9(SCH,), 15.6(SCHCH3).

IR (Qcmit, CCl) 2969, 2929, 2873, 1692, 1590, 1572, 1488, 1400, 1355, 1314,
1217, 1084, 1051.

HRMS (EI) Calcd. br C12H13CIOS: 240.0376 Found : 240.038

407



Partieexpérimentale

2-(3-(Ethylthio)allyl)isoindoline -1,3-dione [l -26c

C]_3H13NOZS
M= 247.3 g.mof

Following general proceduri#l -D, the reaction wasarried out with xanthatdl -16e
(120 mg, 0.32 mmol)Theresiduewas purified by silica gel column chromatograptith
a gradientof ether in petroleum etheR:08, 28) to afford vinylsulfide Il -26¢ (67 ng,
85%) asa yellow oilandas a mixture of geometric isomers in a 1:1 ratio.

(E) isomer

'H NMR ( Gppm)
(CDCls, 400 MHz)

*C NMR ( Gppm)
(CDCl;, 100 MHz)

(Z2) isomer

'H NMR ( Gppm)
(CDCls, 400 MHz)

*C NMR ( Gppm)
(CDCls, 100 MHz)

IR (Qcmit, CCl)

HRMS (EI)

408

7.84 (dd,J= 5.4, 3.0 Hz, 2HCH-ar), 7.71 (dd,)= 5.4, 3.0 Hz, 2H
CH-ar), 6.38 (dtJ= 15.1, 1.0 Hz, 1H, B-1), 5.58 (dtJ= 15.1, 6.8
Hz, 1H, GH-2), 4.28 (ddJ= 6.8, 1.0 Hz, B, CH-3), 2.69 (q,J=
7.4 Hz, 2H, SE,), 1.27 (tJ= 7.4 Hz, 3H, SCHCH3).

167.9 (C=0), 133.9, 132.1, 123.3-68), 130.0 (C1), 119.7 (C2),
39.6 (G3), 26.0 (£H,), 14.3(SCH.CHy).

7.90 (dd, J= 5.4, 3.0 Hz, 2HCH-ar), 776 (dd, J= 5.4, 3.0 Hz, 2H
CH-ar), 619 (dt, J= 9.6, 1.4Hz, 1H, G4-1), 5.58 (dtJ= 9.6, 6.5
Hz, 1H, GH-2), 439 (dd, J= 6.5, 1.4Hz, 2H, CH»-3), 2.67 (q,
J= 7.4 Hz, 2H, SE>), 132(t, J= 7.4 Hz, 3H, SCHCH,).

167.9(C=0), 133.9 132.2 123.3 (Gar), 129.4(C-1), 122.3(C-2),
36.3(C-3), 28.2(SCH5), 15.4 (SCHCHa).

2975, 2929, 2874, 1774, 1717, 1616, 1468, 1430, 1391, 1345,
1058.

Calcd. br C13H13NO,S: 247.0667 Found: 247.06D
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(E)-6-(2-(Ethylthio)ethylidene)-6,7,8,9tetrahydro-5H-

benzo[7]annulen5-one ln-27d

CisH160S
M= 246.4g.mol*

Following general procedurkl -D, the reaction wasarried out with xanthatél -16i
(510 mg,1.38 mmol) Theresiduewas purified by silica gel column chromatograptith
a gradieh of ether in petroleum etheb:05, 28) to afford allylsulfide Il -27d (230 ng,
67%) as a yellow oil.

14 NMR ( Gppm) 7.71:7.73(m, 1H, CH-ar), 7.157.46 (m, 3H, CH-ar), 6.90(t, J= 8.2

(CDCls, 400 MHz) H2, 1H, GH-2), 3.34(d, J= 8.2 Hz, 2H, (Hx-1), 2.79(t, J= 6.9 Hz,
2H, CH,-6), 258 (g J= 7.4 Hz, S®y), 2.37 ({ J= 6.9 Hz, 2H,
CH2-4), 1.91 (p,J= 6.9 Hz, 2H, G1,-5), 1.26 (t,J= 7.4 Hz, 3H,
SCH,CHy).

%C NMR ( Gppm) 197.2 (C=0), 139.4,30.4, 135.7, 132.4, 129.029.0,126.9 (Car,
(CDCls, 100 MHz) C-3), 138.3 (G2), 31.2 (G6), 28.5 (G1), 26.1 (G5), 25.6 (SCH),
23.7 (G4), 14.7 (SCHCHy).

IR (Qcm', CCl) 3070, 3023, 2942, 2864, 1677, 1619, 139851, 1296, 1264, 1252

HRMS (EI) Calcd. br Ci5H150S: 246.1078 Found: 246.107¢€
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(E)-2-(2-(Ethylthio)ethylidene)-3,4-dihydronaphthalen-1(2H)-one I -27e

Cu4H160S
M= 232.3g.mol*

Following general proceduri#l -D, the reaction wasarried out with xanthatdél -16
(900 mg, 2.53 mmol)Theresiduewas purified by silica gel column chromatograptith
a gradien of ether in petroleum ethe%:05, 2:§ to afford allylsulfide IIl -27e (394 nyg,
67%) asa yellow oil andvinylsulfide Il -26e(108 mg, 18%) as a yellow oil.

1H NMR ( Gppm) 8.09 (dd,J= 7.8, 1.1 Hz, 1H, €-ar), 7.47 (dddJ= 7.5, 7.5, 1.1z,

(CDCl, 400 MHz) 1H, CH-ar), 7.33 (ddJ= 7.5, 7.5 Hz, 1H, 6-ar), 7.24 (dJ= 7.8,
Hz, 1H, GH-ar), 6.95 (ttJ= 8.1, 1.4 Hz, 1H, €-2), 3.35 (dJ= 8.1
Hz, 2H, (Hx-1), 2.973.00 (M, 2H, Ei-4), 2.832.86 (M, 2H, El,-
5), 253 (q,J= 7.4 Hz, 2H, SCHy), 1.26 (t, J= 7.4 Hz, 3H,
SCH,CH3).

13C NMR ( Gppm) 187.0 (C=Q, 143.4, 133.3, 133.2, 128.2, 128.2, 12(00%ar), 136.3
(CDCl;, 100 MHz) (C-3) 134.5 (G2), 29.0 (G4), 28.2 (G1), 25.6(SCH,), 25.3 (G5),
14.6(SCHCHa).

IR (Qcmi*, CCl) 3072, 3029, 2965, 2931, 2872, 2849, 1780, 1621, 1600, 1456,
1376, 1314, 1296, 1249, 1228157, 1127, 1055.

HRMS (El) Calcd. br Ci4H160S: 232.0922 Found: 232.092%
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(E)-2-(2-(Ethylthio)ethylidene)-2,3-dihydro-1H-inden-1-one I -27

Ci3H140S
M= 218.3g.mol*

Following general procedurdl -D, the reaction wascarried out with a solution ¢
xanthatelll -16k (409 mg, 1.2 mmol)The residuewas purified by silica gel colum
chromatographywith a gradieh of ether in petroleum ethel5:05, 28) to afford
allylsulfide Il -27f (261 ng, 67%) asa yellowoil.

14 NMR ( Gppm) 7.66(dd, J= 7.7, 1.1 Hz, H, CH-ar), 760 (ddd, J= 7.7, 7.6, 1.1Hz,

(CDCls, 400 MHz) 1H. CH-ar), 7.50 (d,J= 7.6 Hz, H, CH-ar), 7.40 (dd,J= 7.7, 7.6
Hz, 1H, CH-ar), 6.90 (tf J= 8.1, 2.1Hz, 1H, GH-2), 3.71 (t, J=
2.1 Hz, 2H, (H»-4), 3.38(d, J= 8.1 Hz, M, CH»-1), 2.55(q, J= 7.4
Hz, 2H, SCHy), 1.27(t, J= 7.4 Hz, 3H, SCHCHS3).

C NMR ( Gppm) 193.0 (C=0), 149.1, 137.5, 134.7,26.3, 124.5C-ar), 138.6 (G3),
(CDCls, 100 MHz) 133.0 (G2), 30.0(C-1), 29.8 (G4), 25.6(SCH,), 14.6(SCH.CHs).

IR (Qcmi', CCl) 2927, 2855, 1716, 1608, 1466, 1264, 1208, 1168, 1046, 1009.

HRMS (El) Calcd. br Ci3H140S: 218.0765 Found : 218.076!
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(E)-4-(Ethylthio) -2-methyl-1-phenylbut-2-en-1-one I -269
4-(Ethylthio) -2-methyl-1-phenylbut-3-en-1-one I -27g
C13H160S

M= 220.3g.mol*

Following general procedurkl -D, the reaction wasarried out with xanthatédl -16l
(1.39 g, 4.05 mmol)Theresiduewas purified by silica gel column chromatograptiyh
a gradien of ether in petroleum etheb:05, 28) to afford allylsulfide 11l -27g (280 ng,
31%) asa yellow oil andvinylsulfide Ill -26g (440 mg, 49%) as a yellow cédndas a
mixture of geometricsomers in a 1:1 ratio.

Allylsulfide Il -27qg

IH NMR ( Gppm) 7.647.66 (m, 2H,CH-ar), 7.507.53 (m, 1H,CH-ar), 7.407.44 (m,

(CDCl, 400 MHz) 2H, CH-ar),6.32 (t, J= 7.9, 1.0Hz, 1H, (H-2), 3.36 (d J= 7.9 Hz,
2H, CH»-1), 2.53 (q J= 7.4 Hz,, 2H, SCH,), 2.01 (d J= 1.0 Hz, 3H,
CHs-4), 1.27(t, J= 7.4 Hz, 3H, SChCHs3).

3¢ NMR (Gppm) 198.4 (C=0),140.9 (G2), 138.1, 137.5 (@r, G3), 137.5, 131.7
(CDCl3, 100 MHz) 129.3, 128.1 (&ar), 29.3 (C1), 25.6 ECH,), 14.7(SCHCH3), 12.6
(CHs-4).

IR (Qcmi*, CCl) 3066, 2974, 2929, 2873, 1655, 1598, 1578, 1447, 1382, 1353,
1278, 1220, 1176, 1005.

HRMS (El) Calcd. br Cy3H,20S: 220.0922 Found : 220.091

Vinylsulfide 11l -26q

'H NMR (Gppm) 7.998.09 (m, 2H,CH-ar), 7.487.63 (m, 3H,CH-ar), 6.17 (ddJ=

(CDCls, 400 MHz) 15.3, 0.8 Hz, 0.5H, B-1 Eisome}), 6.10 (d,J= 9.3 Hz, 0.5H, Ei-1
Z isome), 5.73 (dd,J= 15.3, 8.2 Hz, 0.5H, B-2 E isome),
5.61-5.64 (m, 0.5H, E-2 Z isome), 4.48 (dq J= 13.7, 6.8 Hz
0.5H, (H-3 Z isomel, 4.25 (m, 0.5H, €-3 E isome), 2.79 (q,J=
7.4 Hz, 1H, SE, Z isome), 2.71 (q,J= 7.4 Hz, 1H, SE, E
isome), 1.281.39 (m, 6H, Eis-4, SCHCH3).
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“*C NMR ( Gppm) (Z) isomer
(CDCl;, 100 MHz) 201.3 (C=0), 136.2, 133.0, 128.5, 128.54¢, 129.2(C-2), 126.6
(C-1), 42.2 (G3), 27.9 (SCH), 16.6 (G4), 15.7 (SCHCHs).

(E) isomer
200.7 (C=0), 136.3133.0, 128.6, 128.5 (@r), 129.3(C-2), 125.9
(C-1), 45.0(C-3),26.2(SCH,), 17.6 (G4), 14.3(SCHCHy).

IR (Qcm?, CCl) 2977, 2933, 28751722, 1686, 1598, 1580, 144, 1369, 1265, 1.
1170, 1111, 1065.

HRMS (EI) Calcd. br Cyi3H;20S: 220.0922 Found : 220.092!
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(E)-3-(2-(Ethylthio)ethylidene)-1-tosylpiperidin-4-one ll-27h
3-(2-(Ethylthio)vinyl) -1-tosylpiperidin-4-one Il -26h
Ci16H21NO3S;

M= 339.5g.mol*

Following general proceduld -D, the reaction wasarried out xanthatil -16m (1.7 g,
3.68 mmol) The residuewas purified by silica gel column chromatograpivith a
gradient of ethl acetate in petroleum ether (852:8) to afford allylsulfide Il -27h
(775mg, 62%) as a yellow oil and vinylsulfidd -26h (200 mg, 16%) as a yellow c
andas a 1:1 mixture of geometric isomers.

Allylsulfide 11l -27h

IH NMR ( Gppm) 7.70 (d,J= 8.2 Hz, 2H, ®-ar), 7.35 (dJ= 8.2 Hz, 2H, E&-ar),

(CDCl, 400 MHz) 6-78 (tt.J= 8.3, 2.0 Hz, 1H, €-2), 4.04 (s, 2H, €-4), 3.42 (tJ=
6.3 Hz, 2H, G1,-5), 3.18 (dJ= 8.3 Hz, H, CH-1), 2.60 (1 J= 6.3
Hz, 2H, CH-6), 2.50 (qJ= 7.4 Hz, 2H, SEl,), 2.44 (s 3H, CHx-
ar), 1.24 (tJ= 7.4 Hz, 3H, SChCHs).

°C NMR ( Gppm) 194.4 (C=0), 144.2, 133.1, 131.2, 129.94}, 136.9 (G3), 127.6
(CDCls, 100 MHz) (C-2), 45.7 (G5), 43.5 (G4), 38.5 (G6), 27.8 (G1) 25.7 (SGiy),
21.5 (CH-ar), 14.6 (SCHCHS>).

Vinylsulfide Il -26h

IH NMR (Gppm) 7.647.70 (m, 2H, ®i-ar), 7.327.34 (m, 2H, Ei-ar), 6.27 (ddJ=

(CDCl, 400 MHz) 9:6. 0.8 Hz, 0.5H, B-1), 6.18 (ddJ= 155, 0.9 Hz, 0.5H, B-1),
5.62 (dd,J= 9.6, 8.4 Hz, 0.5H, B-2 Z), 5.53 (dd,J= 15.5, 7.7 Hz
0.5H, (H-2 E), 3.763.87 (m, 1H, Ei-4), 3.633.69 (m, 1H, Gi-5),
3.523.58 (m, 06H, CH-3), 3.283.34 (m, 0.54, CH-3), 3.063.10 (m,
1H, CH-5), 2.89 (dd,J= 11.8, 9.3 Hz, 0.5H, B-4), 2.78 (dd,J=
12.0, 9.5 Hz, 0.8, CH-4), 2.71 (q,J= 7.4 Hz, 1H,SCH,) 2.70 (q,
J= 7.4 Hz, 1H,SCH,) 2.482.60 (m,2H, CH»-6), 2.42 (s, 3H, Bs
ar), 1.29 (t, J= 7.4 Hz, 1.5, SCHCHs), 1.28 (t,J= 7.4 Hz, 1.5,
SCH,CHy).

*C NMR (Gppm) (E) isomer

(CDCl;, 100 MHz) 205.1 (C=0),144.1, 131.1, 129.9, 127(&-ar), 129.4 (Cl1), 119.6
(C-2), 52.8 (G3), 49.9 (G4), 46.3 (G5), 39.8 (G6), 26.1 (SCH),
21.5 (CH-ar), 14.6 (SChCHy).
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IR (Qcm, CCl)

HRMS (EI)

(2) isomer

204.6 (C=0), 144.6, 133.7, 129.9, 127&-ar), 1299 (C-1), 120.7
(C-2), 51.1 (C-3), 49.9 (G4), 46.3 (G5), 40.0 (C-6), 28.0 (SCHb),
21.5 (CHy-ar), 15.4(SCH.CHa).

2973, 2928, 2852, 1724, 1598, 1495, 1467, 1367, 1169, 1100.

Calcd. br CigH21NOsS, : 339.0963 Found: 339.095¢
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GENERAL PROCEDURE Il -E : FORMATION OF VINYL C ARBINOLS

To a solution of the crudsulfoxide (1.0 equiv) intoluene (5 mL/mmol), was added
triphenylphosphine (2.0 equiv) at 20°C. The mixture was refluxed overnighthe
reaction mixture was then cooled 20 °C and concentratedn vacuo The residue was
purified by flashchromatography on silica gel to yield desitediary alcohols

6-Hydroxy-6-vinyl-6,7,8,9tetrahydro -5H-benzo[7]annulen5-one Il -32a

C13H140
M= 202.2g.mol*

Following general procedutd -C, the reaction was carried out widllyl sulfide Il -27d
(74 mg, 0.30mmol) andNalO, (64 mg, 0.3dnmol). Crude sulfoxide was directly used
the next stp without further purification.

Following general proceduld -E, the reaction was carried out withude sulfoxideand
triphenylphosphin€157 mg,0.60 mmol). Flash chromatography on silica ge¢tfoleum
ethefether, 8:2) affordedtertiary alcohollll -32a (31 mg, 51% over 2 stepsas a yellown
oil.

IH NMR (Gppm) 7.187.42 (m, 4H, ®i-ar), 5.93 (ddJ= 16.9, 10.6 Hz, 1H, B-2),

(CDCl, 400 MHz) 5-46 (dd.J= 16.9, 1.4 Hz, 1H, B-1), 5.09 (ddJ= 10.6, 1.4 Hz, 1H
CH-1), 4.37 (s, 1H, @), 2.912.94 (m, 2H, El»-6), 2.002.25 (m,
4H, CHy-4, CH-5).

*C NMR ( Gppm) 208.0 (C=0), 139.0137.8, 131.8, 129.9,29.2, 126.7 (r), 138.C
(CDCls, 100 MHz) (C-2), 115.7 (G1), 81.9 (G3), 41.4 (G4), 36.2 (G6), 24.0 (G5).

IR (Qcm*, CCl) 3504, 2959, 2929, 2856, 1701, 1686, 1600, 1450, 1263, 1147,
1072.

HRMS (EI) Calcd. br Ci3H140, : 202.0994 Found : 202.099
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2-Hydroxy-2-vinyl-3,4-dihydronaphthalen-1(2H)-one I -32o

C1oH1207
M= 188.2g.mol*

Following general procedurdl -C, the reaction was carried owtith a mixture of
allylsulfide 11l -27e and vinylsulfidelll -26e (140 mg, 0.60 mmol) andNalO, (128 mg,
0.60 mmol). Crude sulfoxide was directly used in the next step without fu
purification.

Following general procedutd -D, the reaction was carried out withude sulfoxideand
triphenyphosphing(315 mg,1.2 mmol). Flash chromatography on silica geétfoleum
etherether,8:2) affordedtertiary alcoholll -32b (73 mg, 65% over 2 stepsas acolorless
oil.

'H NMR ( Gppm) 8.04(dd, J= 7.9, 1.2 Hz, H, CH-ar), 7.53(ddd, J= 7.6, 7.5, 1.Hz,

(CDC|3, 400 MHZ) 1H, CH-ar),7.35(ddd, J=7.9,75, 1.Hz, H, CH-ar),7.27(dd, J=
7.6, 1.2Hz, 1H, CH-ar), 6.06 (dd, J= 17.3, 10.7 Hz, 1H, H-2),
5.31(dd,J=17.3,0.9Hz, 1H, (H-1), 5.21(dd,J= 10.7, 0.9Hz, 1H,
CH-1), 3.96 (s, 1H, ®), 3.14(ddd,J= 17.7,12.5, 5.4Hz, 1H, CH-
5), 3.00(ddd, J= 17.7, 5.1, 2.5Hz,, 1H, CH-5), 223-2.36 (m, 2H,
CH.-4).

*C NMR ( Gppm) 199.4 (C=0), 143.8, 134.2, 130.6, 129.0, 127.9, 126-8r]C136.7
(CDCls, 100 MHz) (C-2), 117.1 (G1), 35.4 (G4), 26.4(C-5)."?

IR (Qcmi', CCl) 3508, 2935, 1693, 1604, 1456, 1286, 1222, 1158, 1084.

HRMS (El) Calcd. br CyioH120, : 188.0837 Found : 188.084.

2 The quaternary carbon of the alcool3@annot be seen because of the carbons of the chloroform.
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2-Hydroxy-2-vinyl-2,3-dihydro-1H-inden-1-one I -32c

C11H1002
M= 174.2g.mol*

Following general procedurBl -C, the reaction was carried out withe allylulfide
[l -27f (150 mg, 0.69 mmol) andNalO, (148 mg, 0.69mmol). The crude sulfoxide we
directly used in the next step without further purification.

Following general proceduld -E, the reaction was carried out withude sulfoxideand
triphenylphosphin€362 mg,1.38 mmol). Flash chromatography on silica ge¢tfoleum
ethefpetroleum,8:2) affordedtertiary alcohollll -32c (85 mg, 71% over 2 stepsas a
yellow oil.

IH NMR ( Gppm) 7.79(d, J= 7.6Hz, H, CH-ar), 7.657.67(m, 1H, CH-ar), 7.37-7.48

(CDCl, 400 MHz) (M, 2H, CH-ar),5.89(dd, J= 17.2 10.6Hz, 1H, GH-2), 5.41 (d J=
17.2Hz, 1H, GH-1), 5.22 (dJ= 10.6Hz, 1H, CH-1), 3.423.48 (m,
2H, CH2-4), 2.92 (s, 1H, @).

*C NMR ( Gppm) 205.4 (C=0), 150.9, 136.0, 128.1, 126.7, 12&ar), 138.0 (G2),
(CDCls, 100 MHz) 115.1 (G1), 81.0 (G3), 41.2 (G4).

IR (Qcmi*, CCl) 3554, 3480, 2928, 2856, 1728, 1611, 15882, 1466, 1323, 129
1211, 1138.

HRMS (EI) Calcd. br Cy1H100,: 174.0681 Found: 174.068<

418



Chapll - 6\ Q W K-G&t&IC&biAols Vinyliques

2-Hydroxy-2-methyl-1-phenylbut-3-en-1-one I -32d

C11H120
M= 176.2g.mol*

Following general procedurdl -C, the reaction was carried out with mixture of
allylsulfide Il -27g and vinylsulfidelll -26g (420 mg, 1.9 mmol) andNalO, (408 mg,
1.9mmol). Crude sulfoxide was directly used in the next step without further purifice

Following general procedurdl -E, the reaction was carried out witbulfoxide and
triphenylphosphing996 mg,3.8 mmol). Flash chromatography on silica geétfoleum
ethefether, 8:2) affordedtertiary alcohollll -32d (224 mg, 67 % over 2 stepsas a
colorlessoil.

IH NMR ( Gppm) 8.02 (d,J= 8.4 Hz, 2H, Gi-ar), 7.427.56 (m, 3H, E-ar), 6.22 (dd

(CDCl, 400 MHz) J= 17.3, 10.6 Hz, 1H, B-2), 5.55 (dd,J= 17.3, 0.5 Hz, 1H, 8-1),
5.34 (dd J= 10.6, 0.5 Hz, 1H, CH-1), 4.46 (s, 1H, @), 1.67 (s,
3H, CHz-4).

C NMR ( Gppm) 202.1 (C=0), 140.3 (), 133.6, 133.3, 130.1, 128.5-¢F), 116.6
(CDCl;, 100 MHz) (C-1), 78.3 (G3), 26.0 (GA4).

IR (Qcmt, CCl) 3502, 2929, 2856, 1687, 1601, 1455, 1364, 1264, 1223, 1112, :

HRMS (El) Calcd. br Cy1H120, : 176.0837 Found :176.0832
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3-Hydroxy-1-tosyl-3-vinylpiperidin -4-one I -32e

C14H17NO4S
M= 295.4g.mol*

Following general proceduld -C, the reaction was carried out widilylsulfide IIl -27h
and vinylsufidelll -26h (340 mg, 1.0 mmol) andNalO, (214 mg, 1.0mmol). Crude
sulfoxide was directly used in the next step without further purification.

Following general proceduld -E, the reaction was carried out withude sulfoxideand
triphenylphosphing(524 mg, 2.0 mmol). Flashchromatography on silica gel (ett
acetate/petroleurather,8:2) affordedtertiary alcoholll -32e (165mg, 56% over 2 steps
as a yellow oail.

IH NMR ( Gppm) 7.65 (d,J= 8.1 Hz, 2H, Gi-ar), 7.34 (d,J= 8.1 Hz, 2H, ®&i-ar),

(CDCl, 400 MHz) 6:32 (dd.J= 17.1, 10.6 Hz, 1H, B-2), 5.60 (d.J= 17.1 Hz, 1H,
CH-1), 5.39 (d,J= 10.6 Hz, 1H, &-1), 4.154.20 (m, 1H, Ei-5),
4.10 (dddJ= 11.4, 2.9 Hz, 1H, B-4), 2.99 (ddgJ=14.2, 12.8, 7.:
Hz,, 1H, CH-5), 2.592.66 (m, 1H, ©i-6), 2.51 (dddJ= 14.3, 2.6,
2.0 Hz, 1H, CH-6), 2.04 (s, 3H, Bs-ar), 2.03 (dJ= 11.4 Hz, 1H,
CH-4).

13C NMR ( Gppm) 206.6 (C=0), 144.3, 132.930.0, 127.5C-ar), 135.2 (G2), 118.3
(CDCls, 100 MHz) (C-1), 7.6 (G3), 56.7 (G4), 46.9 (G5), 37.3 (G6), 21.5 (Ch-ar).

IR (Qcmit, CCl) 3491, 2927, 2854, 1726, 1598, 1495, 1467, 1401, 1368, 1293,
1184, 1171, 1095.

HRMS (El) Calcd. br Ci4H1/NO,S : 295.0878 Found: 295.0884
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B. Chapitre IV : Synthese Stéreosélective deSulfones
Vinyliqueset GT120pILQHYV

5-Phenyl-2-(trimethylsilyl)pent -1-en-3-ol*84 IV-7a

C14H220S
M= 234.4 gmol*

To a solution of(1-bromovinyl) trimehylsilanelV -6 (431 uL, 2.8 mmol,1.0 equiv) in
ether(8 mL), was addediropwisea 15 M solution oftert-butyllithium in hexang2.27
mL, 3.4 mmol, 1.2equiv) at-78 °C. After 2 h at-78 °C, hydrocynnamaldehydB/ -5a
(195 pL, 2.8 mmolwas added dropwise and the mixture wenstirred for 1 h at 20 °C
The reaction mixture was slowbuenched with wateiThe agueous phase was extrac
with ether and the combined organic extracts were washed with brine, dries
anhydrous MgSgQ) filtered and concentrated vacuo The residue was purified by sili
gel column chromatography (petroteuether/ether8:2) to afford the correspondir
alcohollV -7a (426 mg 65%) as ayellow oil.

IH NMR (Gppn)  7.2%7.27 (m, 2H,CH-ar), 7.177.22 (m, 3H,CH-ar), 5.82 (dd,J=

(CDCl, 400 MHz) 24, 1.4 Hz, 1H, @-1), 5.45 (dd,J= 2.4, 0.8 Hz, 1H, €-1), 4.31
(dd, J= 7.9, 4.6 Hz, 1H, ©-3), 2.76 (ddJ= 13.9, 9.7, 5.6 Hz, 1F
CH-5), 2.67 (ddJ= 13.9, 9.7 Hz, 1H, 8-5), 2.62 (s, 1H, @),
1.781.94 (m, 2H, El,-4), 0.13 (s, 9H, Si(Ch)s).

C NMR (Gppm) 155.3 (G2), 142.1, 128.5128.3, 125.8 (@), 124.0 (€1), 75.5 (G
(CDCls, 100 MHz) 3), 39.0 (G5), 32.1 (G4),-0.58 (Si(CH)s.

IR (Qcmt, CCl) 3621, 3086, 3064, 3029, 2956, 2861, 1941, 1870, 1715, 1691,
1496, 1455, 1407, 1250, 1184, 1120, 1048.

HRMS (EI) Calcd. forCi4H2,0S : 234.1440 Found: 234.1442

184 Chan,T. H.; Mychajlowskij, W.; Ong,B. S.;Harpp D. N.J. Org. Chenl978 43, 1526.
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GENERAL PROCEDURE [V -A ; PREPARATION OF VINYLSULFIDE

DERIVATIVES 185

To a 1.6 M solution oh-butyllithium in hexane (1.2 equiv) and TMEDA (1.0 equiv) in
THF (3 mL/mmol of phenyl vinyl thioether) af8 °C was addeghenyl vinyl thioether
IV-12 (1.0 equiv) allowing the temperature to rise to 20 °C during 30 min. The
electrophile IV -5 (1.2 equiv) waghenadded at78 °Cto the yellow reaction mixture
After completion, the reaction mixture was slowly quenched with wdiee.aqueous
phase was extracted withhgt acetateand the combined organic extracts were washed
with brine, dried over anhydrous Mg&Q@iltered and concentrated vacuo The residue
was purified by silica gel column chromatography ttora the correspondiy alcohol
IV-13.

5-Phenyl-2-(phenylthio)pent-1-en-3-ol IV-13a

Ci17H180S
M= 270.4 g.mof

Following general procedur®/-A, the reaction was carried out usipgenyl vinyl
thioether (2.4 mL, 20 mmolhydrocinnamaldehyd€.2 mL, 24 mmol), givingthe crude
alcohol. The residue was purified by silica gel column chromatography (petrc
ether/ether 70:30) to afford alcoH¥l-13a(4.5 g,78%) as a yellow oil.

1H NMR ( Gppm) 7.547.56 (m, 2H, CH-ar), 7.297.42 (m, 8H,CH-ar), 5.56 (s, 1H,
(CDCl, 400 MHz) CH-1),5.05(s, 1H, G4-1), 4.3%4.34(m, 1H, CH-3), 2.742.90(m,
2H, CH,-5), 2.11:2.24(m, 2H, CH,-4).

C NMR (Gppm) 149.0 (G2), 1416, 133.4, 129.2, 128.4, 128.828.3,1280, 125.8
(CDCls, 100 MHz) (C-Ar), 113.0(C-1), 73.9 (G3), 376 (C4), 31.7(C-5).

IR (Qcmt, CCl) 3527, 3514, 3086, 3065, 2958, 2931, 2863, 1713, 1604, 1583,
1478, 1454, 1440, 1374, 1356

HRMS (EI) Calcdfor Cy7H1g0S: 270.1078 Found: 270.108<

185 Eoubelo, F.; Gutierrez, A.; Yus, Metrahedron Lett1999 40, 8173.
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4-M ethyl-2-(phenylthio)pent-1-en-3-ol IV-13b

C12H160S
M= 2083 g.mol*

Following general procedurd/-A, the reaction was carried out usipbenyl vinyl
thioetherlV-12 (2.4 mL, 20 mmol) andso-butyraldéhydg3.0 mL, 24 mmol), givingthe
crude alcoholThe residue was purified by silica gel column chromatography (petrc
ether/ether 70:30) to afford alcoH®l-13b (2.41 g 58%) as ayellow oil.

'H NMR (Gppm) 7.47%7.49 (m, 2H,CH-ar), 7.3%7.37 (m, 3H,CH-ar), 5.39 (s, 1H

(CDCls, 400 MHz) CH-1), 4.87 (s, 1H, G-1), 3.92 (d,J= 6.8 Hz, 1H, E-3), 2.04
(sextd, J= 13.5, 6.7 Hz, 1H, 8-4), 0.98 (d,J= 6.8 Hz, 3H, Ei3-
C4), 0.92 (dJ= 6.8 Hz, 3H, Gi;-C4).

C NMR ( Gppm) 148.5 (G2), 133.7, 132.3, 129.3, 128-ar), 112.9(C-1), 80.4(C-
(CDCls, 100 MHz) 3),32.1(C-4),19.5, 17.2(CHs)2-4).

IR (Qcmt, CCl) 3612, 3378,2962, 2931, 2873, 1606, 1584, 1476, 1468, 1440, 1
1367, 1301, 1233, 1173.

HRMS (El) Calcd. for GoH160S: 208.0922 Found : 208.0915
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1-Cyclopropyl-2-(phenylthio)prop-2-en-1-ol IV-13c

C12H140S
M= 2063 g.mol*

Following general proceduré/-A, the reaction was carried out usipdgenyl vinyl
thioetherV-12 (4.8 mL, 40 mmol), cyclopropanecadxaldehydelV-5c (3.6 mL, 48
mmol), giving the crude alcohol. The residue was purified by silica gel col
chromatography (petroleum ether/ether 70:30) to afford alddhdl3c (6.9 g, 82%) as
yellow oil.

IH NMR ( Gppm)  7.437.45(m, 2H, CH-ar), 7.227.31 (m, 3H, Gi-ar), 5.52(s, 1H,

(CDCl, 400 MHz) CH-1), 4.93(s, 1H, G4-1), 3.52(d, J= 8.1 Hz 1H, CH-3), 2.88
(ors 1H, OH), 1.191.27 (m, 1H, &-4), 0.620.64 (m, 2H,
CH2-C4), 0.41-0.45(m, 2H, GH,-4).

%C NMR (Gppm) 148.3 (G2), 133.1, 132.9, 129.2, 127.7-€F), 113.7(C-1), 78.4(C-
(CDCls, 100 MHz) 3),17.0 (G4), 3.3, 3.2((CH2)2-C4).

IR (Qcm', CCl) 3616, 3495, 3080, 3008, 2959, 2930, 2873, 2860, 1717, 1584,
1440, 1401, 1044.

HRMS (EI) Calcdfor C;2H140S : 2060765 Found: 206.0697
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5,9-Dimethyl-2-(phenylthio)deca1,8-dien-3-ol IV-13d

C18H260S
M= 2904 g.mol*

Following general procedurk/-A, the reaction was carried out usipgenyl vinyl
thioetherlV -12 (2.4 mL, 20 mmol)(£)-citronellal IV -5d (4.3 mL, 24 mmol), givingthe
crude alcohol. The residue was purified by silica gel column chromatography (pet
ether/ether 8:2) to afford alcohiM'-13d (5.1 g, 85%)as a mixture of two diastereome
in a 1:1 ratio andsa yellow oil.

1H NMR ( Gppm) 7.467.48 (m, 2HCH-ar), 7.297.35 (m, 3HCH-ar), 5.47, 5.417%s,

(CDCl, 400 MHz) 1H, CH-1), 5.10 (tJ= 7.1 Hz, 1H, CHB), 4.85, 4.923s, 1H, Gi-
1), 4.254.34 (m, 1H, ©-3), 2.212.29 (m, 1H, ®1), 1.962.07 (m,
2H, CH,-7), 1.051.93 (m, 5H, @i,-4, CH-5, CH,-6), 1.68, 1.60 (s
6H, (CH3)2-9), 0.94 (d,)= 6.5 Hz, 1.5H, E5-5), 0.92 (d,)= 6.6 Hz
1.5H, (H3-5).

13C NMR ( Gppm) 150.0, 149.8, 133.5, 133.2, 129.2, 129.2, 127.9, 1@74&), 132.6

(CDCl,, 100 MHz) 1325 (G2), 131.0 (G9), 124.8, 124.7 (@), 112.4 (Cl), 73.3, 69.¢
(C-3), 43.8, 43.6 (&%), 37.4, 36.6 (B), 29.3, 29.2 (&), 25.6,
25.2(CH-C9), 25.4, 25.3 (€7), 20.3, 20.0 (CHC9), 17.6 (Ch-
C5).

IR (Qcm*, CCl) 3614, 34892959, 2929, 2873, 1716, 1583, 1479, 1457, 1440, 1
1086.

HRMS (EI) Calcd. forCigH260S: 290.1704 Found : 290.170:!
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1-((3aR5R,6S,6aR)-6-M ethoxy-2,2-dimethyltetrahydrofuro[3,2 -

d][1,3]dioxol-5-yl)-2-(phenylthio)prop-2-en-1-ol NS

C17H2205S
M= 3384 g.mol*

Following general procedurk/-A, the reaction was carried out usipgenyl vinyl
thioether IV-12 (2.2 mL, 18 mmol) and(3aR5S,6 68R)-6-Methoxy-2,2-dimethyl
tetrahydrofuro[3,2][1,3]dioxole-5-carbaldehyd® (4.4 g, 21.5 mmol), giving crud
alcohol. The residue was purified by silica gel column chromatography (petr
ether/ethyl acetate 2:1) to afford alcohdl-13e (5.4 g, 69%) as a yellowil andas a
mixture of epimerat C3 in a 3:1 ratio.

IH NMR ( Gppm) 7.47-7.49(m, 2H,CH-ar), 7.297.38 (m, $, CH-ar), 6.02(d, J= 3.3

(CDCl, 400 MHz) H2, 0.734, CH-7 dia1), 5.99(d, J= 3.3 Hz, 0.251, CH-7 dia2, 5.77
(s, 0.2%1, CH-1 dia?, 5.72 (s, 0.7H, CH-1 dial), 5.26 (s, 0.7H,
CH-1 dial), 5.21 (s, ®5H, CH-1 dia2), 4.595.62 (m, 2H CH-3,
CH-4), 4.444.48 (m, 1H, CH-6), 3.96 (d,J= 3.7 Hz, 0.75H, €-5
dial),3.42 (d,J= 3.2 Hz, 0.25H, @-5 dial),3.42 (s, 2.25H, O3
dia 1) 3.40(s,0.75H, OCH3dia2), 1.52 1.3 (25, 6H, (G3).).

%C NMR ( Gppm) Major diastereomer (1)

(CDCl,, 100 MHZ) 145.0(C-2), 132.5, 132.5, 129.2, 127(8-Ar), 116.6 (G1), 112.1
(C-(CHs),), 105.0 (C-7), 85.3 (C-5), 811 (C6), 79.4 (G4), 72.9
(C-3), 57.7(0CHb), 26.7, 26.3(CHa)).

Minor diastereomer (2)

143.2(C-2), 132.9, 132.3, 129.2, 127(€-Ar), 117.2 (G1), 111.7
(C-(CHg)y), 104.9 (C-7), 85.0 (C-5), 815 (C6), 80.9 (G4), 72.1
(C-3), 57.6(0OCH), 26.8, 26.3(CHs3)2).

IR (Qcm', CCl) 3592, 3541, 2992, 2935, 2832, 1731, 1609, 1583, 1558, 1541,
1440,1383, 1373, 1249, 1217, 1194, 1165, 1114, 1084, 1025.

HRMS (EI) Calcd. forCy7H205S: 3381188 Found: 3381193

!5 The aldehyde was prepared from diacetorgliizose in three steps according to literature procedures :
(8 Yan, S.; Klemm, DTetrahedron2002 58, 10065.(b) Petitou, M.; Sinay, P. Eud. Org. Chem2002
67, 3595.
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4-(5)-4-((2aR,48R,4bS,6aS,7R,9a8S,9bS,11R,11R)-11-Methoxy-4a,6a
dimethylhexadecahydrocyclopentad]cyclopropal2,3]cyclopenta[l,2 IV -13f
flnaphthalen-7-yl)- 2-(phenylthio)pent-1-en-3-ol

C31H4405S
M= 480.7g.mol*

To a 2.2M solution of n-butyllithium in hexane 1.74 mL, 3.82 mmoll.2 equiv) anc
TMEDA (500 pL, 3.32 mmol1.0 equiv) in THF 9.5 mL) at-78 °C was addeghhenyl
vinyl thioetherlV-12 (500 pL, 3.82 mmoll1.2 equiv) allowing the temperature to rise
20 °C during 30 minAldehyde IV -5f*° (1.15 g, 3.32 mmol, 1.@quiv) was adde
at -78°C. After completion, the reaction mixture was slowly quenched with wates.
agueous phase was extracted wityketcetateand the combined organic extracts w
washed with brine, dried over anhydrous MgSiXered and concentrated vacuo The
residuewas purified by silica gel column chromatografpgtroleum ether/ether 8:8&)
afford alcohol IV-13f (1.20 g, 75%) as two colorless oils corresponding to the
epimers at €3. (1.0 g 50%) of the major diastereomard (200 mg, 25%) as of the otf
diageromer were obtained

Major diastereomer (1)

1H NMR (Gppm) 7.477.48 (m, 2H, CH-ar), 7.337.35 (m, 3, CH-ar), 5.58 (s, H,

(CDCl, 400 MHz) CH-1), 5.24 (s, 1H CH-1), 426 (ors 1H, CH-3), 3.36 (s, 3H
OCHs), 2.80 (brs 1H, GH-OCHs), 1.00-2.00 (m,15H), 1.07 (s, 3H
CH3), 0.780.99 (m, 5H),0.94 (d,J= 6.8 Hz, 3H, G13-C4),0.76 (s,
3H, CH3), 0.67-0.70 (m, 1H), 0.44.47 (m, 1H).

°C NMR ( Gppm) 147.4,132.9,132.7, 129.1, 127.7, 113.6, 82.3, 74,8, 56.5, 56.4
(CDCls, 100 MHz) 47.9, 433, 2.6, 40.0, 38.2, 35.1, 35.0, 8027.3, 24.0, 22.7, 21.
19.2,13.0, 12.2, 11.1.

IR (Qcmt, CCl) 3621, 3491, 3063, 2939, 2869, 2850, 2820, 1713, 1608, 1584,
1456, 1441, 1382, 1328295, 1270, 1200, 1184, 1099.

18 The aldehyde was prepared from stigmasterol in three steps according to litterature procedures : Izgu, E.
C.; Burns, A. C.; Hoye, T. FOrg. Lett 2011, 13, 703.
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HRMS (EI)

Calcd. forCz1H440,S: 480.3062 Found :480.307C

Minor diastereomer ()2

'H NMR ( Gppm)
(CDCls, 400 MHz)

*C NMR ( Gppm)
(CDCl;, 100 MHz)

IR (Qcmit, CCl)

HRMS (El)

428

7.497.51(m, 2H, CH-Ar), 7.347.39 (m, 3, CH-Ar), 5.50 (s, H,
CH-1), 5.02 (s, 1H CH-1), 4.36 prs 1H, CH-3), 3.37 (s, 3H
OCH), 2.82(brs 1H, CH-OCHy), 1.07-2.04 (m, 151), 1.07 (s, 3H
CHs), 0.92(d, J= 6.8 Hz, 3H, G13-C4), 081 (s, 3H,CH3), 0.75
0.8.90 (m, 5H)0.66:0.71 (m, 1H), 0.48.48(m, 1H).

147.0, 132.2, 132.9, 129.2, 127.8, 114.7, 82.3, 76.6, 56.5,%0661
47.9, 43.3, 43.3, 42.6, 40.1, 35.2, 35.0, 33.3, 30.5, 28.5, 24.9,
22.7,21.4,19.2,14.3, 13.0, 12.1.

3615, 3489, 3063, 2935, 2870, 2851, 2820, 1710, 1472, 1456,
1382, 1374, 1325, 1270, 1246, 1185, 1099, 1024.

Calcd. forCz1H440-.S: 480.3062 Found :480.3061



Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

3-M ethyl-5-phenyl-2-(phenylthio)pent-1-en-3-ol IV-13¢g

C18H200S
M= 2844 gmol*

Following general procedurd/-A, the reaction was carried out usiphenyl vinyl
thioether (2.4 mL, 20 mmol) and tRephenyt2-butanonelV-5g (3.59 mL, 24 mmol),
giving the crude alcohol. The residue was purified by silica gel column chromatog
(petroleum ether/ether 8:2) to afford alcoR6t13g(4.55 g, 80%) as a lew oil.

'H NMR (Gppm) 7.5%7.53 (m, 2H,CH-ar), 7.267.40 (m, 8H,CH-ar), 5.47 (s, 1H
(CDCls, 400 MHz) CH-1), 4.75 (s, 1H, €-1), 2.672.71 (m, 2H, Ei,-4), 2.022.18 (m,
2H, CH,-5), 1.54 (s, 3H, €3-3).

3C NMR (Gppm) 153.6(C-2), 142.2, 134.2, 133.0, 129.4, 128.4, 128.3, 125-8r)(
(CDCls, 100 MHz) 110.5 (G1), 76.2 (G3), 43.3 (G5), 30.4 (G4), 28.5 (CH-C3).

IR (Qcmi', CCl) 3614, 3482, 3076, 3063, 2957, 2928, 1713, 1477, 1455, 1441,
1209, 1171, 1086, 1024.

HRMS (El) Calcd. forCigH200S: 2841235 Found : 284.123
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Partie expérimentale

3,4,4Trimethyl -2-(phenylthio)pent-1-en-3-ol IV-13h

C14H200S
M= 236.4 g.mof

Following general procedurk/-A, the reaction was carried out usipgenyl vinyl
thioether (4.8 mL, 40 mmol) and 3¢dmethylbutar2-one IV -5h (6.0 mL, 48 mmol),
giving the crude alcohol. The residue was purified by silica gel column chromatog
(petroleum ether/ether 90:10) to afford alcohbi13h (6.62 g, 70%) as aotorless oil.

'H NMR (Gppm) 7.497.51 (m, 2H,CH-ar), 7.367.38 (m, 3H,CH-ar), 5.40 (s, 1H
(CDCls, 400 MHz) CH-1), 4.96 (s, 1H, @-1), 2.38 (s, 1H, @), 1.52 (s, 3H, E3-3),
1.11 (s, 9H, (€l3)s-4).

C NMR (Gppm) 152.8 (G2), 134.7, 133.2, 129.2, 127(8-ar), 114.9 (€1), 80.0 (G
(CDCls, 100 MHz) 3), 35.4 (G4), 26.0 (CH)s-4, 20.7 (CH-3).

IR (Qcmit, CCl) 3629, 3608, 3482, 3076, 3064, 2960, 2874, 1701, 1583, 1478,
1396, 1370, 1355, 1230, 1132, 1114, 1084, 1025.

HRMS (EI) Calcdfor Cy4H200S : 2361235 Found :236.123€
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

(1S,2S,5RP-1sopropyl-5-methyl-1-(1-(phenylthio)vinyl)cyclohexanol IV -13i

ClgHZGOS
M= 290.4 g.mof

Following general procedurd/-A, the reaction was carried out usiphenyl vinyl
thioether (2.4 mL, @ mmol) andL-menthonelV-5i (4.14 mL, 24 mmol), giving the
crude alcohol. The residue was purified by silica gel column chromatography (pet
ether/etheB5:5) to afford alcoholV -13i (4.94 g, 85%) as elearoil.

1H NMR ( Gppm) 7.497.51 (m, 2H, CH-ar), 7.337.38 (m, 3H,CH-ar), 5.46(s, 1H,

(CDCl, 400 MHz) CH-1), 4.61 (s, 1H, Gi-1), 2.022.09 (m 1H, CH-C4), 1.791.82
(m, 2H, CH-6, CH-7), 1.5%-1.69 (m, 5H, CH»-5, CH»-8, CH-4),
0.959.98 (m, 1H, ©i-6), 0.95 (dJ= 7.0 Hz, 3H, Gz-7), 0.90 (d.
J= 4.7 Hz, CHs)-CH), 0.89 (d3H, J= 4.5 Hz, CH3)-CH).

3¢ NMR (Gppm) 155.2 (G2), 134.6, 133.2, 129.3, 128.3-(¢), 108.5(C-1), 80.3
(CDCls, 100 MHz) (C-3), 48.8 (G4), 47.3(C-8), 34.9 (G6), 28.2 CH(CHz)2), 26.7
(CH3-C7), 23.8, 18.4 [H3)-CH), 22.2 (G7).

IR (Qcmi', CCl) 3600, 3077, 3063, 2940, 2928, 2870, 2846, 1600, 1583, 1477,
1440, 1385, 1376, 1366, 1238, 1178, 1118, 1024.

HRMS (EI) Calcdfor CigH260S: 290.1704 Found : 290.169:
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Partie expérimentale

1,1-Dimethoxy-3-(phenylthio)but-3-en-2-ol IV -13]

C12H1603S
M= 254.3 g.mol*

Following general procedurév-A, the reaction was carried out usimipenyl vinyl
thioether 2.4 mL, @ mmol) and thel,l-dimethoxyacetondV -5j (2.9 mL, 24 mmol),
giving crude alcohol. The residue was purified by silica gel column chromatog
(petroleum ether/ether 70:30) to afford alcohbi13j (3.51 g, 69%) as a yellow oil.

'H NMR (Gppm) 7.413-7.43 (m, 2H,CH-Ar), 7.237.30 (m, 3H,CH-Ar), 5.58 (s, 1H
(CDCls, 400 MHz) CH-1), 4.80 (s, 1H, €6-1), 4.42 (s, 1H, €-4), 3.49, 3.36 (s, 6F
((OCH3),), 1.39 (s, 2H, E3-3).

C NMR (Gppm) 1497 (C-2), 133.5, 129.2, 128.0C-Ar), 113.6(C-1), 107.9(C-4),
(CDCls, 100 MHz)  77.9(C-3),58.0, 57.7(OCHg),), 22.6(CHz-3).

IR (Qcmit, CCl) 3643, 3579, 3467, 3076, 3063, 2958, 2934, 2874, 2834, 1715,
1478, 1440, 1375, 1355, 1198, 1146, 1110, 1086.

HRMS (EI) Calcdfor C12H1603S : 54.0977 Found :254.0981
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

GENERAL PROCEDURE [V -B : PREPARATION OF THE FLUOROPYRIDINE

DERIVATIVES 17

To a stirred solution of alcohd®V/-13 (1.0 equiv) in anhydrous dimethylsulfoxide (1 mL
per mmol of alcohol) was addgubrtwise sodium hydride (60% in mineral oil, 1.2
equiv). The resulting mixture was stirred for 20 nip6-Difluoropyridine (1.2 equiv)

was then addedropwise The reaction was monitored by TLC. After completion, the
reaction mixture was slowly quenched with waldre aqueouphase was extracted with
diethyletherand the combined organic extracts were washed with brine, dried over
anhydrous MgSgQ) filtered and concentratad vacuo The residue was purified by silica

gel column chromatography téf@rd the correspondinfjluoropyridine derivative

Y Charrier, N.; QuicleSire, B.; Zard, S. ZJ. Am. Chem. So2008 130, 8898.
433



Partie expérimentale

2-Fluoro-6-(5-phenyl-2-(phenylthio)pent-1-en-3-yloxy)pyridine IV-11la

C22H20FNOS
M= 365.5 g.mof

Alcohol IV-13a(4.47 g, 16.5 mmol) was transformed following general procel+B,
using 2,6-difluoropyridine (2.8 mL, 19.8 mmal)to give the crude fluoropyridine
derivative (rt, 2 h) The residue was purified by silica gel column chromatogr:
(petroleum ether/ether 98:2) to affdtdoropyridine derivativdV -11a(6.43 g, 88%) as
colorles oil.

14 NMR ( Gppm) 7.65 (dd,J= 8.0, 7.8 Hz, 1H, @8- {1  -7.53 (m, 2H,CH-ar),

(CDCl, 400 MHz) 7-227.36 (m, 8H,CH-ar), 6.62 (ddJ= 8.0, 1.1 Hz, 1H, @- T
6.48 (ddJ= 7.8, 2.6 Hz, 1H, €- 1 J='8/8 Hz, 1H, ®i-3),
5.54 (s, 1H, @-1), 5.11 (s, 1H, 6-1), 2.682.84 (M, 2H, Gi-5),
2.292.42 (m, 2H, ©i-4).

°C NMR ( Gppm) 162.1 (d,J= 13.6 Hz, G 1 J=G237.1 Hz, G |

(CDCl, 100 MHz) (C-2), 142.7 (dJ=8.0 Hz, G 1
128.3, 127.8, 125.9, -@r), 115.5 (G1), 107.4 (dJ=5.1 Hz, G T
100.5 (d J=35.7 Hz, G -3)&35.7 (G4), 31.6 (G5).

IR (Qcmi', CCl) 3065, 3029, 2928, 2858, 1612, 1574, 1452, 14323, 1232, 1017

HRMS (EI) Calcd. for GoH20FNOS : 365.1250 Found : 365.124.
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

2-Fluoro-6-(4-methyl-2-(phenylthio)pent-1-en-3-yloxy)pyridine IV-11b

C17H18FNOS
M= 303.4 g.mof

Alcohol IV-13b (2.13g, 10.2mmol) was transformed following general procediueB,
using 2,6-difluoropyridine (.07 mL, 11.7 mmol), to give the crude fluoropyridini
derivative (rt, 1 h) The residue was purified by silica gel column chromatogri
(petroleum ether/ether 9§:8 affordfluoropyridine derivativdV-11b (2.5 g, 8%) as &
colorless oil.

IH NMR (Gppm) 7.63 @d, J= 8.0, 7.8Hz, 1H, GH- 1  -7.50 (m, 2H,CH-Ar),

(CDCl, 400 MHz) 7-287.34 (m, 3H,CH-Ar), 6.61 (d,J= 8.0 Hz, 1H, Gi-21
(dd,J= 7.8,2.6 Hz, 1H, Gi-4 1 V H-1), 5832 (d, J= 6.
Hz, 1H, GH-3), 5.04 (s, 1H, 6-1), 2.35 (dext J= 13.5, 6.7 Hz
1H, CH-4), 1.03 (d,J= 6.8 Hz, 3H, Gi5-4), 1.00 (dJ= 6.8 Hz, 3H,
CHs-4).

13¢ NMR (Gppm) 162.5 (d,J= 13.6 Hz, G J=3x240.3 Hz, C ¢ g

(CDCl3, 100 MHz) (C-2), 142.6 (d,J= 8.0 Hz, G T 133.1, 132.6, 129.1, 127
(C-ar), 115.9 (C1), 107.4 (dJ=5.1 Hz, G2¢ J=(35.8
Hz, G419 -3),830.7 (G4), 19.3, 17.2 (CHt4).

IR (Qcm', CDCly) 3077, 3063, 2967, 2936, 2912875, 1611, 1574, 1477, 14¢
1386, 1367, 1323, 1272, 1231, 1142, 1099, 1068, 1023.

HRMS (El) Calcd. for G7H1gFNOS : 303.1093 Found : 303.109:
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Partie expérimentale

2-Fluoro-6-(1-cyclopropyl-2-(phenylthio)allyloxy) pyridine IV-11c

C17H16FNOS
M= 301.4 g.mof

Alcohol IV-13c (6.8 g, 330 mmol) was then transformed following general procel
IV -B, using2,6-difluoropyridine (3.6 mL, 39.6 mmal¥o givethe crudefluoropyridine
derivative(1 h 30 min) The residue was purified by silica gel column chromatogr:
(petroleum ether/ether 98:2) to affdidoropyridine derivativg8.75 g, 88%)V -11cas a
colorless oil.

IH NMR (Gppm) 7.62 (d, J= 8.0, 7.8Hz, 1H, GH- §  -7.49 (m, 2H,CH-a),

(CDCl, 400 MHz) 7-257.33 (m, 3H,CH-ar), 6.61 (dd,J= 8.0, 1.5 Hz, 1H, €21
6.45 (dd,J= 7.8, 2.6 Hz, 1H, €-41 V H-1), 506 (s
1H, CH-1), 5.03 (d,J= 8.6 Hz, 1H, ®i-3), 1.361.45 (m, 1H, G-
4),0.580.71 (M, 2H, ©l»-4), 0.46:0.56 (M, 2H, ©l-4).

°C NMR ( Gppm) 161.9 (dJ=13.5Hz, G 1 J=@40.5Hz, G -

(CDCls, 100 MHZ) 2), 142.6 (d.J= 8.0 Hz, G 1 133.0 132.8, 129.0, 127.0 (@),
115.4 (G1), 107.5(d, J= 5.1 Hz, G2 { (d,J=35.7 Hz, G4
81.0(C-3), 15.3(C-4), 3.9, 3.6((CH,),-4).

IR (Qcmi*, CCl) 3079, 3064, 2932, 1618, 1574, 1478, 1441, 1328, 1273, 1231,
1069, 1016.

HRMS (EI) Calcd. for G7H16FNOS: 3010937 Found : 301.093.
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

2-Fluoro-6-(5,9-Dimethyl-2-(phenylthio)deca-1,8-dien-3-yloxy)pyridine IvV-11d

CaaH2sFNGSS
M= 385.5 g.mof

Alcohol IV -13d (5.0 g, 17.2 mmol) was transformed following general procebifB,
using 2,6-difluoropyridine (1.9 mL, 20.6mmol), to give the crude fluoropyridine
derivative (rt, 2 h) The residue was purified by silica gel column chromatogr:
(petroleum ether/ether 98:2) to affdtdoropyridine derivativdV-11d (5.3 g, 79%) as
colorless oil.

'H NMR (Gppm) 7.67 (ddJ=7.9,7.8Hz, 1H, 8- §  -7.56 (m, 2HH-ar), 7.32

(CDCl;, 400 MHz) 7-38 (m, 3H, Bi-ar), 6.63 (dJ=7.9, 1.6 Hz, 1H, @ {
J=7.8,2.4Hz, 1H, €- ¢ J& &5, 5.3 Hz, 0.5H, 8-3),
5.61 (dd,J= 10.3, 3.9 Hz, 0.5H, B-3), 5.5, 5.53 (s, 1H, €-1),
5.14 (t,J= 7.1 Hz, 0.5H, €-8), 5.07 (tJ= 7.0 Hz, 0.5H, EI-8),
5.09, 5.04 (s, 1H, B-1), 1.952.07 (m, 2H, @l»-7), 1.601.82 (m,
4H, CH»-4, CH-5), 1.72, 1.68, 1.65, 1.61 (s, 6H,Hg)>-9), 1.00 (d,
J=6.7 Hz, 1.5H, E3-5), 0.88 @, J= 6.5 Hz, 1.5H, El5-5).

13C NMR ( Gppm) 162.0 (d,J= 240.6 Hz, G 1 J=G13.4 Hz, G 1

(CDCl, 100 MHz) 145.5, 133.3, 133.1, 129.1, 129.0, 127.8, 1278r)C142.6 (d,)=
8.1Hz, G  132.5 (G2), 131.2 (C9), 124.8, 124.71C-8), 114.9,
114.7 (G1), 107.4(d, J= 5.0Hz, G | J=G.4 Hz, G T
107.0 (dJ=5.4 Hz, G Y 100.3(d, J= 35.8Hz, G { 100.3(d, J=
35.7Hz, G  76.4, 75.7(C-3), 41.7, 41.4(C-4), 37.5, 36.5(C-6),
293, 29.1(C-5), 25.7, 25.6(CHz-9), 25.5, 25.2 (€7), 20.0, 19.1
(CHg-9), 17.7, 17.6CHa-5).

IR (Qcmit, CCl) 2961, 2929, 2857, 1611, 1573, 1451, 1324, 1231, 1019.

HRMS (EI) Calcd. for GsH2sFNOS:385.1876 Found : 385.188.
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Partie expérimentale

2-Fluoro-6-(1-((3aR,5S,6R,6aR)-6-methoxy-2,2-dimethyltetrahydro

furo [3,2-d][1,3]dioxol-5-yl)-2-(phenylthio)allyloxy)pyridine il

CooH4sFNGOsS
M= 4335 g.mol*

Alcohol IV-13e(2.35 g, 6.95 mmol) was transformed following general procel(+B,
using 2,6-difluoropyridine (634 uL, 8.00 mmal}tto give crudefluoropyridine derivative
rt, 3 h) The residue was purified by silica gel column chromatography (petrc
ether/ethyl acetate 80:20) to affdtdoropyridine derivativdV -11e(2.74 g, 9%) astwo
epimers at €3 in a 3:1 ratiovhich could be separated.

Major diastereomer (1)

4 NMR (Gppm) 7.60 (dd J= 8.0, 7.8Hz, 1H, GH- T  -7.42 (m, 2H,CH-ar),
(CDCl, 400 MHz) 7-197.25 (m, 3HCH-ar), 6.51 (dJ= 8.0 Hz, 1H, Gi-2 1
J=7.8, 2.6 Hz, 1H, 6-41 J=G.6 Hz, 1H, Gi-7), 5.86 (d.
J= 9.4 Hz, 1H, ©i-3), 5.81 (s, 1H, 6-1), 5.17 (s, 1H, 6-1), 4.68
(dd,J= 9.5, 3.0 Hz, 1H, @-4), 4.57 (dJ= 36 Hz, 1H, GH-6), 3.9
(d, J= 3.0 Hz, 1H, CH-5), 3.17 (s, 3H, OBl3), 1.51, 1.33(s, 6H,
(CH3)2).

13C NMR (Gppm) 161.7 (d,J= 240.9 Hz, G 1 J=A3.8Hz, G T

(CDCl, 100 MHz) J= 7.8 Hz, G -2)&133.2, 133.0, 129.0, 127.5-£C),
120.6 (G1), 111.9 C-(CHa)s), 107.0 (d,J= 5.0 Hz, G2
(C-7), 100.8 (dJ= 35.6 Hz, G4 -5)881.6 (G6), 79.4 (G
4), 75.4 (G3), 57.9 (OCH), 26.9, 26.5 ((Ch).).

IR (Qcmi*, CCl) 3063, 2992, 2933, 2829, 1615, 1576, 1451, 1383, 1373, 1329,
1165, 1120, 1085, 1024.

HRMS (El) Calcd. for GoH24FNOsS : 4331359 Found : 433.136.

Minor diastereomer {2

IH NMR (Gppm) 7.59 (dd,J= 7.8, 7.8 Hz, 1H, €- |  -7.44 (m, 2H,CH-ar),

(CDCls, 400 MHz) 7-227.32 (m, 3H,CH-ar), 6.61 (dd,J= 7.8, 1.0 Hz, 1H, €-21
6.44 (dd, J= 7.8, 2.6 Hz, 1HCH-41 7 (d, J= 3.2 Hz, 1H,
CH-7), 5.% (d,J= 7.9 Hz, 1H, GH-3), 567 (s, 1H, G4-1), 4.99(s,
1H, CH-1), 4.68 (ddJ= 8.6, 33 Hz, 1H, GH-4), 460 (d, J= 3.3Hz,
1H, CH-6), 3.42 (d,J= 3.2 Hz, 1H, CH-5), 3.18 (s, 3H, OCG5),
1.51,1.5 (S, 6H, (CH3)2).
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

%C NMR (Gppm) 161.7 (d,J= 244.4 Hz, C (d,J= 137 Hz, G 1 (d,

(CDCls, 100 MHz) J= 7.7 Hz, C- 1 (C-2), 1339, 133.9, 129.2, 128.2C-Ar),
117.2(C-1), 112.0(C-(CHs)s), 108.0(d, J= 5.0 Hz, G2 1 -
7), 100.5(d, J= 35.8Hz, G4 (C-5), 81.4(C-6), 80.9 (G4),
76.4 (G3), 57.5(0CH;), 26.9, 26.4(CHs).).

IR (Qcmt, CCl) 3063, 2992, 2933, 2829, 1615, 1576, 1451, 1383, 1373, 1329,
1165, 1120, 1085, 1024.

HRMS (EI) Calcd. for GoH24FNGsS : 4331359 Found : 433.136.
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Partie expérimentale

2-Fluoro-6-(((9)-4-((2aR,4aR,4bS,6aS,7R,9aS,9bS,11R,11aR)-11-
methoxy-4a,6adimethylhexadecahydrocyclopentag]cyclopropal2,3]

cyclopenta[1,2flnaphthalen-7-yl)- 2-(phenylthio)pent-1-en-3-yloxy) A
pyridine
C36Ha6FNOS
M= 575.8 g.mof

Alcohol IV-13f (1.14 g, 2.36 mmol) was transformed following general proceldxB,
using 2,6-difluoropyridine (257 pL, 3.24 mmal}o give cruddluoropyridine derivative
The residue was purified by silica gel column chromatography (petroleum ethe
acetate98:2) to affordfluoropyridine derivativdV -11f (1.09 g, 80%) as a mixture of tv
epimers at €3 in a 4:1 ratio.

'H NMR (Gppm) 7.577.63 (m,2.2H, CH- | H&ar), 7.457.47 (m, 08H, CH-ar),

(CDCl3, 400 MHz) 7.25-736 (m, #H, CH-ar), 6.59 (dd, J= 8.0, 1.2Hz, 1H, CH-2¥,
6.43(dd,J= 7.8 24 Hz, 1H, (H-41 5.57(d, J= 3.7Hz, 0.2H, -
3 dia2, 5.48(s, 08H, CH-1 dial), 5.44(s, 02H, CH-1 dia2, 5.32
(d,J=1.2 Hz, 0.81, CH-3 dial),5.32 (s, 0.8H, €-1 dial),5.00 (s,
0.2H, CH-1 dia2, 3.31 (s, 0.6HOCH; dia2), 3.29 (s,2.4H, OCH;
dial), 2.76 prs 0.2H), 2.71(brs 0.8H),1.332.10 (m, 1%1), 1.12 (d,
J= 6.8 Hz, 0.6H, Ei;-4 dia?, 1.01 (d,J= 6.9 Hz, 2.4H, Ei:-4
dial), 1.01(s, 3H),0.830.89 (m, %), 0.76 (s, 0.6Hlia?), 0.70(s,
2.4Hdial), 0.61-0.65 (m, 1H), 0.3®.44(m, 1H).

%C NMR ( Gppm) Major diastereomer (1)

(CDCls, 100 MHz) 162.1(d,J=240.6 Hz, C 1 (d,J=13.7Hz, G 1 142.7 (d,

J=79 Hz, G T 141.9 (G2), 132.9, 132.3, 128.9, 127(€-Ar),
116.2 (G1), 106.8(d,J= 5.1 Hz, G2  .1(d,J=35.7Hz, G4
82.2,78.4, 56.4, 56.3, 52.87.9, 43.3, 42.6, 40.0, 37.1, 35.2, 3¢
33.3,30.4, 27.2, 24.9, 28.22.7, 21.4, 19.2, 13.0, 12.3, 12.2.
Minor diastereome(?2)
162.0 (dJ=240.4 Hz, C J=A3.7Hz, C 1 5(d,
J=7.9 Hz, G T 149.0 (G2), 133.1, 132.5, 129.0, 127(6-Ar),
116.2 (G1), 107.4d,J= 5.1 Hz, G2 (d,J=35.7 Hz, G4
82.2,79.9, 56.5, 56.1, 52.7, 43.3, 43.3, 40.5, 40.1, 37.1, 35.2,
33.3, 30.4, 28.3, 24.9, 24.4, 22.7, 19.2, 15.1, 13.0, 12.2, 12.0.
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

IR (Qcmt, CCl) 3060, 2946, 2865, 2845, 2819, 1612, 1572, 1442, 1380, 1323,
1178, 11411100, 1080, 1021.

HRMS (El) Calcd. for GgHaFNO,S : 575.3233 Found: 575.322¢€
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Partie expérimentale

2-Fluoro-6-(3-methyl-5-phenyl-2-(phenylthio)pent-1-en-3-

yloxy)pyridine NG

CoaH2oFNOS
M= 379.5 g.mof

Alcohol IV-13g (4.27 g, 15 mmol) was transformed following general procedlveB,
using 2,6-difluoropyridine (1.64 rh, 18 mmol), to give the crude fluoropyridine
derivative (rt, 3 h) The residue was purified by silica gel column chromatogr:
(petroleum ether/ethyl acetate) tifoad the corresponding fluoropyridine derivativy -
119(4.449, 78%) as a colorless oil.

IH NMR ( Gppm) 7.70 (d, J= 7.9, 7.7Hz, 1H, (H- 1  -7.55 (m, 2H,CH-ar),

(CDCls, 400 MHz) 7-347.40 (m, 5HCH-ar), 7.267.28 (m, 3HCH-a), 6.72 (dJ= 7.9
Hz, 1H, GH-21 J6G7.7 Hz, 1H, G4 Vv
CH-1), 4.86 (s, 1H, B-1), 2.762.79 (m, 2H, E,-5), 2.522.59 (m,
2H, CH,-4), 1.97 (s, 3H, B3-3).

13¢ NMR (Gppm) 161.6 (dJ=14.6 Hz, C 1 J=@39.3 Hz, C

(CDCl3, 100 MHz) J= 8.0 Hz, G ¢ 150.8(C-2), 142.2 134.4, 132.9, 129.2, 128,
128.4, 128.2, 125.8 @), 111.7 (G1), 108.9(d, J= 5.1 Hz, G2
100.4(d, J= 36.0 Hz, G4 2 (G3),42.2 (G5), 30.3(C-4),24.2
(CHs-3).

IR (Qcmi', CCl) 2928, 2855, 1612, 1574, 1441, 1326, 1231, 1209, 1172, 1086, :

HRMS (El) Calcd. for GsH2,FNOS: 3791406 Found: 379.140C
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

2-Fluoro-6-(3,4,4trimethyl -2-(phenylthio)pent-1-en-3-yloxy)pyridine IV-11h

CigH2oFNOS
M= 3314 g.mol*

Alcohol IV-13h (6.38 g, 27 mmol) was transformed following general procetWr8,
using 2,6-difluoropyridine (3.0 mL, 32.4 mmal}o give cruddluoropyridine derivative
(rt, 3 h) The residue was purified by silica gel column chromatography (petrc
ether/ether 99:1) to afforfluoropyridine derivativelV-11h (5.6 g, 63%) as a colorle
oil.

4 NMR ( Gppm) 7587.62 (m, 3, CH-ar, CH- ¥, 7.277.35 (m, 3, CH-ar), 6.63

(CDCl;, 400 MHz) (dd, J= 8.0, 1.4Hz, 1H, GH-2 (dd, J= 7.6, 2.7Hz, 1H,
CH-4Y9], 5.24 (s, 1H, H-1), 4.97(s, 1H, H-1), 1.90 (s, B, CH3-
3), 1.16 (S, 9H,¢H3)3—4).

3¢ NMR (Gppm) 162.0 (d,J= 14.6 Hz, G 1 J=x38.5 Hz, C |

(CDCl3, 100 MHz) (d,J=8.0Hz, G ¢ 135.1(C-2),133.3, 129.1, 128.8, 127(6-ar),
1163 (CG1), 108.9 (dJ=5.2 Hz, G211 99.9(d, J= 36.2Hz, G4
89.4 (G3), 39.5(C-4), 26.0((CHg)3-4), 20.2(CHs-3).

IR (Qcmit, CCl) 3063, 2962, 231, 2875, 1616, 1601, 1573, 1478, 1439, 13973,
1330, 1232, 1126, 1105, 1073, 1015.

HRMS (El) Calcd. forCigH2oFNOS: 3311406 Found :331.140C
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Partie expérimentale

2-Fluoro-6-((1S,2S,5R)-2-isopropyl-5-methyl-1-(1-(phenylthio)vinyl)
cyclohexyloxy)pyridine

IV -11i

CoaH2sFNOS
M= 3855 g.mol*

Alcohol IV -13i (4.80g, 16.5mmol) was transformed following general procediyfeB,
using 2,6-difluoropyridine (.83 mL, 20 mmol), to give crudeluoropyridine derivative
(rt, 4 h) The residue was purified by silica gel column chromatography (petrc
ether/ether 99:1) to afforthe corresponding fluoropyridine derivatiVé-11i (3.95 g
62%) as a colorlessil.

'H NMR ( Gppm)
(CDCls, 400 MHz)

*C NMR ( Gppm)
(CDCls, 100 MHz)

IR (Qcmit, CCl)

HRMS (EI)

444

7.60 (dd,J= 7.9, 7.8 Hz, 1H, @- §  -7.58 (m, 2H, Gi-ar),
7.267.38 (m, 3H, G-Ar), 6.63 (dd,J= 7.9, 1.5 Hz, 1H, €-21
6.43 (dd,J= 7.8, 2.8 Hz, 1H, €-4 (s, 1H, G4-1), 4.96(s,
1H, CH-1), 3.23 (dt,J= 14.0, 2.3, 1H, €-4), 2.222.32 (m, 1H,
CH-C4), 1.551.78 (m, 64, CH-6, CH»-5, CH-7, CH»-8), 0.951.08
(m, 1H, GH-6), 0.9 (d, J= 7.0 Hz, 3H, Gis-7), 0.96(d, J= 7.2 Hz,
3H, (CH3)-CH), 0.77(d, J= 6.7 Hz, 3H, (CH3)-CH).

161.7 (d,J= 14.6 Hz, G T J=(238.9 Hz, C |
(d,J=8.0Hz, G T (C-2), 133.4, 129.2, 127.2 (&), 108.7
(d,J=52Hz, G T J=G36.3 Hz, G | -3)&0.1

(C-8), 34.9 (G6), 27.7 CH3-C7), 26.5 (G4), 23.8, 17.7 CHa)
CH), 22.2 (G7), 20.7 (G5).

3063, 2957, 2871, 2848, 1611, 1573, 1477, 1440, 1385, 1368,
1302, 1230, 1141, 1128, 1011, 1024.

Calcdfor Co3H2sFNOS: 385.1876 Found :385.1867



Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

2-Fluoro-6-(1,1-dimethoxy-3-(phenylthio)but-3-en-2-yloxy)pyridine IV-11]

M= 349.4 g.mol*

Alcohol IV-13j (4.80 g, 17 mmol) was transformed following general procediveB,
using 2,6-difluoropyridine (.7 mL, 18.7 mmol), to give crude protected alcohol. T
residue was purified by silica gel column chromatography (petroleum ether/ether 9
afford protected alcohdV -11j (5.10g, 86%) as &olorlessoil.

IH NMR ( Gppm) 762 (dd, J= 8.0, 7.8 Hz,1H, CH- 1 -7.43(m, 2H, CH-Ar),

(CDCls, 400 MHz)  7-267.33 (m, 3H, @i-ar), 6.64 (dd, J= 8.0 Hz, 1.5Hz, 1H, CH-
647 (dd,J= 7.8, 2.8 Hz, 1H, €- T 3 (s, 1H, Gi-1), 4.91 (s,
1H, CH-1), 4.66(s, 1H, G1-4), 3.67, 3.55s, 6H, OCH3),), 1.86 (s,
3H, CH3-3).

13C NMR (Gppm) 161.1 (dJ=239.4 Hz, G T J=A4.6 Hz, G 1 -

(CDCl, 100 MHz)  2), 142.1 (dJ= 7.9 Hz, G 1 133.6, 133.1, 128.9, 127(€-Av),
114.6 (G1), 108.7(d, J= 5.1 Hz, G2 108.5 (G4), 100.4(d, J=
35.9Hz, G4 1 86.5(C-3),58.5, 57.5(OCHj)), 17.0(CHa-3).

IR (Qcmit, CCl) 3076, 2995, 2931, 2833, 1614, 1575, 1456, 1376, 1327, 1273,
1207, 1187, 1089, 1023.

HRMS (El) Calcdfor CigH20FNOsS: 349.1148 Found :349.115C
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Partie expérimentale

GENERAL PROCEDURE [V -C: OLEFINATION R EACTION

A solution ofxanthate (1.0 equiv) and the desiradefin (2.0 equiv) in ethyl acetate (1
mL /mmol of starting xanthate) was refluxed for 20 min under nitrogen. Lauroyl peroxide
(DLP) (20% mol) was then added to the refluxing solution, followed by additional
portions (20% mol) every hour until startittye xanthate was completely consumed. The
mixture was then cooled to 20C, concentratedn vacuo and purified by flash
chromatography on silica gel.

8-Phenyl-5-(phenylthio)oct-5-en-2-one IV-10a

CZOHZZOS
M= 310.5 g.mot

Following general procedut® -C, the reaction was carried out using oldft+11a (800
mg, 2.0 mmol) and xanthat¥ -4a" (180 mg, 1.0 mmol). The reaction needed 140 m
of DLP to go to completion7 h). The residue was purified by silica gel colu
chromatography with a gradient of ether in petroleum ethe®8,210:90) to afford
vinylsulfide IV -10a(200 mg, 64%) as a colorless aildas a mixture oZ/E isomers in &
2:1 ratio in favor of th& isomer.

'H NMR (Gppm) 7.137.33 (m, 10H, CH-ar), 5.98 (t, J= 6.8 Hz, 0.6H, CH-6 Z
(CDCls, 400 MHz) |somep 5.92 (t,J= 7.6 Hz, 0.33H,CH-6 E isome), 2.652.76 (m,
3.3H, CH,-7, CHx8 Z |someb 2.572.61 (m, 2H,CH>-4), 2.48
2.53 (m,0.6MH, CH>-8 E isome), 2.392.43 (m, 1.38l, CH,-3 Z
isome), 2.322.35 (m, 0.6H, CH,-3 E isome), 2.05 (s, H, CHz-1

Zisomej, 2.04 (s, H, CH3-1 E isomelj).

¥C NMR (Gppm) Zisomer

(CDCls;, 100 MHz) 208.0 (G2), 141.4 (G5), 137.1 (G6), 134.7, 132.7, 129.3, 128
128.5, 128.3126.1, 125.9 (r), 42.6(C-3), 35.4 (C8), 31.6 (G7,
C-4), 30.0 (G1).
E isomer

207.9 (G2), 141.3 (C5), 136.8 (G6), 135.0, 132.9, 130.2, 129
128.9, 128.4, 126.4, 126.048), 42.0 (C3), 35.4 (G8), 31.1 (G4),
30.3 (G7), 29.9 (G1).

IR (Qcmt, CCl) 3065, 30293005, 2927, 2857, 1718, 1606, 158496, 13621053.

HRMS (EI) Calcd. for GoH2,0S: 310.1391 Found: 310.140¢<
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

1-(4-Chlorophenyl)-7-phenyl-4-(phenylthio)hept-4-en-1-one IV-10b

CosH2sClOS
M= 4070 g.mol*

Following general procedutt¥ -C, the reaction was carried out using old#11a (800
mg, 2.0 mmol) and xanthat¥ -4b* (275 mg, 1.0 mmol). The reaction needed 140 m
of DLP to go to completion7 h). The residue was purified by silica gel colu
chromatography with a gradient of ether in petroleum etfe88 5:95) to afford
vinylsulfide IV -10b (244 mg, 80%) as a colorless céndas a mixture oZ/E isomers in &
2:1 ratio in favor of th& isomet

'H NMR (Gppm) 7.79 (d,J= 8.6 Hz, CH-ar Z isomer 1.33H), 7.78 (dJ= 8.7 Hz,

(CDCls, 400 MHz) CH-ar E isomer, 0.6H), 7.40 (d,J= 8.6 Hz, 0.67H, CH-ar E
isome), 7.39 (d,J= 8.6 Hz,1.33H,CH-ar Z isome), 7.167.32 (m,
10H,CH-ar), 6.05 (tJ= 6.8 Hz, 0.6, CH-5 Z isome}, 5.98 (t,J=
7.5 Hz, 0.33H, @&-5 E isome), 3.09 (dd,J= 7.8, 6.7 Hz, 1.33H
CH,-2 Zisomel), 2.90 (ddJ= 8.4, 6.8 Hz, 0.6M, CH,-2 E isome)),
2.81:2.84 (m, 0.67H, B,-7 E isomer), 2.762.52 (m, 5.38l, CH»-6
Zisomer CH»-7, CH»-3).

°C NMR ( Gppm) 198.1 (C=0Z isome), 198.0 (C=OE isome), 141.3, 141.2, 139..

(CDCl;, 100MHz) 139.3, 137.4, 137.1, 134.7, 134.6, 133.0, 132.8, 130.2, 129.9,
129.4, 129.0, 129.0, 128.8, 128.8, 128.6, 128.5, 128.3, 128.3,
126.2, 126.0, 125.9 ¢ar, G4, G5), 37.9 (G2 Z isomer),37.3 (G2
E isome), 35.4 (G7 Z isome), 35.4 C-7 E isome), 32.2 (GC3 Z
isome), 31.6 (C6 E isome), 31.1 (G3 E isomer), 25.5C-6 Z
isome).

IR (Qcmt, CCl) 3064, 3029, 2927, 2857, 1690, 1590, 1478, 1440, 1401, 1290,
1093,1025, 1013.

HRMS (EI) Calcd. for GsH23CIOS: 406.1158 Found: 406.116C
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Partie expérimentale

2-(4-Methyl-6-phenyl-3-(phenylthio)hex-2-enyl)isoindoline-1,3-dione IV-10c

CZGHZ?,NOZS
M= 413.5 g.mof

Following general procedutl¥ -C, the reaction was carried out using oldWh11a (800
mg, 2.0 mmol) and xanthat¥ -4c> (281 mg, 1.0 mmol). The reaction needed 120 m
of DLP to go to completion6 h). The residue was purified by silica gel colu
chromatography with a gradient ether in petroleum ether :@B, 2:8) to afford the
correspondinginylsulfide 1V -10c (318 mg, 77%) as a colorless aihdas a mixture o
Z/Eisomers in a 2:1 ratio in favor of t@asomer.

'H NMR ( Gppm)
(CDCls, 400 MHz)

C NMR ( Gppm)
(CDCls, 100 MHz)

IR (Qcmit, CCl)

HRMS (EI)

448

7.81-7.83 (m, 2H, El-ar), 7.697.71 (m, 2H, ©-ar), 7.097.26 (m,
10H, CH-ar), 5.93 (tJ= 7.6 Hz, 0.33H, €E-4 E isome), 5.91 (t,J=
6.9 Hz, GH-4, 0.6 Zisome}), 3.83 (t,J= 6.9 Hz, 1.33H, €,-1 Z
isome), 3.79 (t,J= 7.2 Hz, 0.67H, € ,-1 E isome), 2.562.67 (m,
3.33H, (H»6, CHx-5 Z isome), 2.4:2.51 (m, 2.6H, CH»2,
CH,-5 E isome).

168.1, 168.1 (C=0), 141.4, 141.0-8}, 137.9, 137.9 (@), 134.8,
134.7, 133.9, 133.8, 132.1, 132.1, 131.1, 130.5, 129.9, 128.9,
128.4, 128.4, 128.3,26.6, 126.3, 126.0, 125.9, 123.2, 123.1a(;
37.2, 36.7 (1), 36.0, 29.8 (€5), 35.4, 35.3 (), 31.6, 30.8 (B).

3064, 3029, 2927, 2856, 1775, 1718, 1614, 1583, 1454, 1440,
1360, 1236, 1224, 1024.

Calcd.for CygH23NO,S : 413.1449 Found : 413.145



Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

7-Methyl-5-(phenylthio)oct-5-en-2-one IV-10d

C15H2()OS
M= 248.4 g.mof

Following general procedut¥ -C, the reaction was carried out using oldft11b (607
mg, 2.0 mmol) and xanthat¥ -4a" (178 mg, 1.0 mmol). The reaction needed 120 m
of DLP to go to completion7 h). The residue was purified by silica gel colu
chromatography with a gradient of ether in petroleum ether (2:98, 5:95) to
vinylsulfidelV -10d (164 mg, 66%) as a colorless aitdas a mixture oZ/E isomers in ¢
2:1 ratio in favor of th& isomer.

'H NMR (Gppm) 7.157.27 (m, 5H,CH-ar), 5.80 (d,J= 11.3 Hz, 033H, CH-6 E
(CDCls, 400 MHz) isome), 5.78 (d,J= 9.2 Hz, 067H, CH-6 Z isome), 2.933.06 (m,
0.67H, CH-7 Z isomer), 2.62.77 (m, 0.3H, CH-7 E isome)), 2.62
(t, 3= 7.5 Hz, 2H, ®i,-3), 2.46 (t,J= 7.4 Hz, 067H, CH»4 E
isome), 2.41 (t,J= 7.5 Hz, 133H, CH»-4 Z isome}, 2.09 (s,1H,
CHs-1 E isomer), 2.07 (s,R, CHs-1 Z isome), 1.02 (d,J= 6.7 Hz,
2H, (CH3),-7 Eiisome), 1.00 (dJ= 6.7 Hz,4H, (CH3).-7 Zisomej.

¥*C NMR ( Gppm) Zisomer

(CDCl;, 100 MHz) 207.9 (C=0), 145.4 (®), 133.0 (C5), 129.2, 129.1, 128.9, 12¢
(C-ar), 42.7 (G3), 31.6 (G2), 30.0 (G7), 29.3 (G1), 22.7
((CHa)2- 7).
E isomer
207.8 (C=0), 146.6 (®), 135.5 (G5), 129.3, 129.1, 128.9, 12¢
(C-ar), 42.5 (G3), 31.9 (G2), 29.7 (G7), 28.6 (Gl), 22.8
((CHa)2- 7).

IR (Qcmit, CCl) 3075, 2964, 2930, 2868, 1731, 1584, 1478, 1441, 1388, 1233
1152, 1052.

HRMS (EI) Calcd. for GoH220S : 2481235 Found :2481230
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Partie expérimentale

1-(4-Chlorophenyl)-6-methyl-4-(phenylthio)hept-4-en-1-one IV-10e

CooH21CIOS
M= 344.9 g.mof*

Following general procedut¥ -C, the reaction was carried out using oldftr11b (607
mg, 2.0 mmol) and xanthat¥ -4b* (275mg, 1.0 mmol). The reaction needetDImol%
of DLP to go to completion7 h). The residue was purified by silica gel colu
chromatography with a gradient of ether in petroleum ether (2:98, 5:9%ffdml
vinylsulfide IV -10e (203 mg, 59%) as a colorless odndas a mixture oZ/E isomers in ¢
2:1 ratio in favor of th& isomer.

'H NMR ( Gppm)
(CDCls, 400 MHz)

C NMR ( Gppm)
(CDCl;, 100MHz)

IR (Qcmit, CCl)

HRMS (EI)
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7.667.71 (m, 2H, El-ar), 7.237.27 (m, 2H, ©-ar), 7.037.24 (m,
5H, CH-ar), 5.73 (dJ= 9.8 Hz, 033H, CH-5 E isome}, 5.70 (d,J=
9.2 Hz, 067H, CH-5 Z isome), 2.973.03 (m, 2H, Ei-2), 2.83
2.92 (m, 067H, CH-6 Z isomer), 2.632.73 (m, 0.3H, CH-6 E
isome), 2.50 (t,J= 7.5 Hz, 067H, CH,-3 Eisome), 2.44 (tJ=7.4
Hz, 133H, CH,-3 Z isome}), 0.91 (d,J= 6.6 Hz,2H, (CH3),-6 E
isome), 0.87 (dJ= 6.7 Hz,4H, (CH3)»,-6 Z isome)).

Zisomer

198.3 (C=0), 145.8 (®), 139.3, 135.2, 135.0, 129.5, 129.2, 1Z
128.8, 128.6, 126.1 @r, G5), 38.0 (C2), 32.2 (C2), 29.3 (C6),
22.7 ((CH).-6).

E isomer

198.1 (C=0), 147.0 (®), 139.4, 135.4, 134.8, 129.6, 129.4, 12
128.8, 128, 126.3 (Gar), 37.7 (G2), 32.2 (C3), 28.7 (C6), 22.8
((CHs3)2-6).

3064, 3029, 2927, 2856, 1719, 1583, 1478, 1454, 1439, 1360,
1159, 1054, 1025.

Calcd for CygH»1CIOS : 344.100: Found : 344.099



Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

tert-Butyl 6-methyl-4-(phenylthio)hept-4-enoate IV -10f

Ci18H2602S
M= 3065 g.mol*

Following general procedull® -C, the reaction was carried out using old¥h11b (607
mg, 2.0 mmol) and xanthal¥ -4d*® (236 mg, 1.0 mmol). The reaction needezdnol%
of DLP to go to completion6 h). The residue was purified by silica gel colu
chromatography with a gradient of ether in petroleum ether (2:98, 5:95) to
vinylsulfide IV -10f (218 mg, 71%) as a colorlessil andas a mixture oZ/E isomersin a
2:1 ratio in favor of th& isomer.

'H NMR (Gppm) 7.26:7.29 (m,3H, CH-ar), 7.167.21 (m,2H, CH-ar),5.80 (d, J= 9.

(CDCls, 400 MHz) Hz, 0.67H, G1-5 Z isomer),3.00 (ddt,J= 13.3, 9.1, 6.7 Hz, 0.67,
CH-6 Z isome), 2.71 (ddt,J= 13.2, 9.7, 6.6 Hz, 0.33H,K:6 E
isome), 2.402.51 (m, 4H, Ei,-2, CH,-1), 1.42 (s, 3H, (CHs E
isome), 1.41 (s, 6H, (Ck)s Z isome), 1.03 (d,J= 6.6 Hz, 2H,
(CH3)2-5 Eiisomel, 1.00 (dJ= 6.7 Hz,4H, (CH3)2-5), Z isome)).

¥C NMR ( Gppm) Zlsomer

(CDCl, 100 MHz) 172.1 (G1), 145.3 (C5), 135.4 (G4), 129.4, 129.1, 128.9, 126.2-(
ar), 80.2 (CO), 34.7 (G2), 32.8 (G3), 29.4 (C6), 28.1 ((CH)s),
22.7 ((CH)2-6).
E Isomer
172.2 (G1), 146.7 (G5), 135.8 (G4), 129.7, 129.1128.9, 125.9 (€
ar), 80.3 (CO), 34.6 (G2), 32.8 (G3), 28.7 (C6), 28.0 ((CH)s),
22.9 ((CH).-6).

IR (Qcmi, CCl) 2927, 2857, 1733, 1608, 1585, 1452, 1440, 1233, 1156, 1025.

HRMS (EI) Calcd. forCigH260,S : 306.1654 Found :306.166C

8Woulfe, S.R., Miller M. J.J. Org. Chem1986 51, 3133
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Partie expérimentale

8,12Dimethyl-5-(phenylthio)trideca-5,11-dien-2-one IV-10g

Cz 1H 300 S
M= 330.5 g.nol™

Following general procedut¥y -C, the reaction was carried out using oldi11b (771
mg, 2.0 mmol) and xanthat¥ -4d* (178 mg, 1.0 mmol). The reaction needetDImol%
of DLP to go to completion7 h). The residuewas purified by silica gel colum
chromatographywith a gradient of ether in petroleum eth@:98, 5:99 to afford
vinylsulfide IV -10g (218 mg, 66%) as acolorlessoil andas a mixture oZ/E isomers in ¢
2:1 rato in favor of theZ isomer

'H NMR (Gppm) 7.17%7.28 (m, 5H,CH-ar), 5.97 (t,J= 8.0 Hz, 0.3H, CH-6 E

(CDCls, 400 MHz) isome), 5.95 (t,J= 7.6 Hz, 067H, CH-6 Zisome), 5.09 (t,J= 6.0
Hz, 1H, (H-11), 2.57-2.65 (m, 3H, CH-7, CH2-3), 2.432.47 (m,
2H, CH»-4), 1.97-2.06 (m, M, CH»-10), 1.701.79 (m, 1H, ©-7),
1.69, 1.6Q(s, 6H, (G13)2-9), 1.30-1.43 (m, 3H, Ei>-9, CH-8), 0.91
(d,J=6.7 Hz, H, CHz-5), 0.86(d, J= 6.5 Hz,1H, CH3-8).

C NMR ( Gppm) Zisomer:

(CDCls, 100 MHz) 208.0 (G2), 136.9 (G6), 135.0 (G5), 132.4 (C12), 131.2, 129.;
128.9, 126.0 (€ar), 124.7 (€11), 42.7 (C3), 37.0 (G9), 36.8 (C
7), 32.9 (G3), 30.0 (C1), 26.7 (C8), 24.6 (CH-12), 22.7 (C10),
19.6 (CH-8), 17.7(CHs-12).
E isomer:
207.9 (G2), 137.9 (G6), 135.4 (G5), 132.4 (C12), 131.2, 129.c
129.0, 126.4 (€ar), 124.6 (C11), 42.2 (C3), 36.7 (C9), 36.3 (C
7), 34.3 (G3), 29.9 (C1), 25.6 (G8), 25.2 (CH-12), 21.0 (G10),
19.6 (CH-8), 17.7 (CH-12).

IR (Qcmil, CClL) 3075, 2958, 2856, 1774, 1720, 1607, 1584, 1478, 1449, 1377
1326, 1292, 1231, 1219, 1160, 1103.

HRMS (EI) Calcd. for G1H300S : 330.2017 Found :330.201%
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1-(4-Chlorophenyl)-5-methyl-7-phenyl-4-(phenylthio)hept-4-en-1-one IV-10h

CoeH2sClOS
M= 421.0 g.mof*

Following general procedut¥ -C, the reaction was carried out using oldftr11d (759
mg, 2.0 mmol) and xanthat¥ -4b* (178 mg, 1.0 mmol). The reaction needezDimol%
of DLP to goto completion(6 h). The residuewas purified by silica gel colum
chromatographywith a gradient of ether in petroleum eth@:98, 5:95 to afford
vinylsulfide IV -10h (265 mg 63%) as acolorlessoil andas a mixture oZ/E isomersin a
2:1 ratio in fawr of theZ isomer

'H NMR ( Gppm) 7.82 (d,J= 8.6 Hz, 1.33H, @-ar Z isome), 7.76 (d,J= 8.6 Hz,

(CDCls, 400 MHz) 067H, CH-ar E isome), 7.39 (d,J= 8.6 Hz, 1.33H, @-ar Z
isome), 7.37 (d,J= 8.6 Hz, 067H, CH-ar E isome), 7.057.28 (m,
10H, (H-ar), 3.08 (ddJ= 8.4, 7.0 Hz, 1.3H, CH,-2 Z isome}),
2.42-2.90 (m, 667H, CH,-2 E isomer CH,-6, CH»-7, CH»-3), 2.09
(s, 1H, GH3-C5E isome), 1.97 (s, 2H, E3-C5Zisome).

13C NMR ( Gppm) 198.5, 198.5 (€1 ), 144.6, 144.5, 141.841.2, 139.3, 139.3, 136.

(CDCl,, 100 MHz) 136.3,135.1,135.1, 129.5, 129.5, 128.9, 128.8, 128.7, 128.6,
128.5, 128.4, 128.4, 128.3, 128.3, 127.8, 126.0, 125.9, 125.6,
(C-ar, G4, G5), 39.0, 37.9 (€2), 37.6, 36.8 (&), 34.7, 34.3 (&),
27.9, 27.6 (€3),19.3, 21.2 (CH5).

IR (Qcmi', CCl) 3064, 3029, 2928, 2856, 1774, 1689, 1589, 1449, 1441, 1231,
1014.

HRMS (EI) Calcd. for GgH2sCIOS: 4201315 Found: 420.130C
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Partie expérimentale

2-(4-M ethyl-6-phenyl-3-(phenylthio)hex-3-enyl)isoindoline-1,3-dione IV -10i

CorH25NOLS
M= 427.6 g.mof

Following general procedull® -C, the reaction was carried out using old¥h11d (759
mg, 2.0 mmol) and xanthat¥ -4c® (281 mg, 1.0 mmol). The reaction neede2Dimol%
of DLP to goto completion(6 h). The residuewas purified by silica gel colum
chromatographywith a gradient of ether in petroleum ethg:98, 1:9 to afford
vinylsulfide IV -10i (334 mg 74%) as acolorlessoil andas a mixture oZ/E isomersin a
2:1 ratio in favo of theZ isomer.

'H NMR (Gppm) 7.807.83 (m, 2H, ®l-ar), 7.677.71 (m, 2H, El-ar), 7.017.32 (m,

(CDCls, 400 MHz) 10H, CH-ar), 3.85 (t,J= 7.5 Hz, 1.33H, El»-1 Z isome), 3.77 (t,
J= 7.5 Hz, 0.6H, CH»1 E isome), 2.81 (t,J= 7.6 Hz, 0.6H,
CH,-6 E isome), 2.722.77 (m, 1.33H, €656 Z isome), 2.652.68
(m, 2H, H,-5 Zisome), 2.582.62 (m, 2H, El,-5 E isomer CH,-2
Zisome), 2.48 (t,J= 7.5 Hz, 067H, CH»-2 Eisomej, 2.05 (s, 1H
CHs-4 Eisome), 1.90 (s, 2H, El3-4 Zisome).

*C NMR ( Gppm) Zisomer

(CDCls, 100 MHz) 168.2 (C=0), 145.8, 136.3, 133.8, 132.1, 128.9, 128.8, 128.4, :
125.8, 125.7, 123.1 (@r), 141.7 (€3), 124.0 (G4), 39.1 (G1),
36.7 (G6), 34.7 (G5), 31.9 (G2), 22.7 (CH-6).
E isomer

168.2 (C=0), 145.8, 136.333.8, 132.1, 128.8, 128.6, 128.4, 12!
126.0, 125.4, 123.1 (@r), 141.1 (€3), 124.2 (C4), 37.1 (GL),
36.4 (G6), 34.3 (G5), 31.9 (G2), 21.0 (CH-6).

IR (Qcm*, CCl) 3064, 3029, 2928, 2856, 1775, 1718, 1615, 1604, 1583, 1468,
1439,1393, 1358, 1120.

HRMS (EI) Calcd. for G7H2sNO,S : 4271606 Found : 427.161

454



Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

tert-Butyl 5-methyl-7-phenyl-4-(phenylthio)hept-4-enoate IV-10j

C24H300,.S
M= 382.6 g.mof

Following general procedull® -C, the reaction was carried out using old¥h11d (759
mg, 2.0 mmol) and xanthal¥ -4d*® (236 mg, 1.0 mmol). The reaction neededInol%
of DLP to go to completion6 h). The residuewas purified by silica gel colum
chromatographywith a gradient of dter in petroleum ethe(2:98, 1:9 to afford
vinylsulfide IV -10j (230 mg, 60%) as acolorlessoil andas a mixture oZ/E isomersin a
2:1 ratio in favor of th& isomer.

'H NMR (Gppm) 7.027.33 (m, 10HCH-ar), 2.812.84(m, 0.67H,CH-7 E isome},

(CDCls, 400 MHz) 2.682.78 (m, 2.67H, €E,-7 Z isomet CH,-6 Z isome)), 2.532.63
(m, 0.67H, ®1,-6 E isome), 2.492.52 (m, 1.33H, @,-3 Z isome),
2.362.44 (m, 2H, E©,-3 E isometr CH»-2 Z isome), 2.242.28 (m,
0.6M, CH,-2 E isome), 2.03 (s, 1H, E3-5 E isome}, 1.95 (s, 2H
CH3-5 Zisome), 1.41 (s, 6H, (El3)3Zisome), 1.40 (s, 3H, (El3)s3
E isome).

¥C NMR (Gppm) Zisomer

(CDCl;, 100 MHz) 172.5 (G1), 144.7, 136.6, 128.8, 128.4, 128.3, 128.2, 125.9, 1
(C-ar), 141.7 (&4), 126.1 (G5), 80.1(C-0), 39.1 (C7), 34.8 (C6),
34.5 (G2), 28.7 (GC3), 28.1 ((CH)3), 19.3 (CH-5).
E isomer

172.4 (G1), 144.5, 136.7, 128.8, 128.5, 128.4, 127.6, 126.0, 1
(C-ar), 141.3 (G4), 128.1 (G5), 80.1 (GO), 36.8 (G7), 34.7 (G6),
34.4(C-2), 28.6 (G3), 28.1 ((CH)s), 21.2 (CH-5).

IR (Qcmt, CCl) 3060, 30202928, 2856, 1731, 1610, 1583, 1441, 1231, 1150, 1

HRMS (EI) Calcd. for G4H3¢0,S : 3821967 Found: 3821973
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Partie expérimentale

3-(Dimethoxymethyl)-6-methyl-8-phenyl-5-(phenylthio)oct-5-en-2-one IV -10k

Co4H3003S
M= 398.6 g.mof

Following general procedut® -C, the reaction was carried out usiting olefin IV -11d
(759 mg, 2.0 mmol) andhe xanthatelV -4e*® (252 mg, 1.0 mmol). The reaction neec
140 mol% of DLP to go to completio{i7 h). The residuewas purified by silica ge
column chromatographwith a gradient of ether in petroleum etl{2r98, 1:9 to afford
vinylsulfide IV -10k (298 mg 78%) as acolorlessoil and as a mixture df/E isomers in &
2:1 ratio in favor of theZ) isomer.

'H NMR ( Gppm)
(CDCls, 400 MHz)

C NMR ( Gppm)
(CDCls, 100 MHz)

IR (Qcmit, CCl)

HRMS (EI)

7.11-7.33 (m, 10H, @©-ar), 4.30 (d,J= 8.0 Hz, 0.67H, G-C3 Z
isomer), 4.29 (dJ= 7.0 Hz, 0.33H, G-C3 E isomer), 3.313.38 (m,
1H, CH-3), 3.25 (s, 3H, OCH), 2.71 (s, 1H, OCEIE isomer), 2.7(
(s, 2H, OCH Zisomer), 2.632.86 (m, 4.67 H, €,-8, CH-4, CH,-7
Z isomer, -7 E isomer), 2.442.51 (m, 0.33H, €@-7 E isomer),
2.26 (dd,J= 14.4, 4.0 Hz, 0.67H, B-4 Z isomer), 2.132.17 (m,
0.33H, H-4 E isomer), 2.13 (s, 1H, I€s-1 E isomer), 2.12 (s, 2+
CHs-1 Z isomer), 2.04 (s, 1H, Ig5-6 E isomer), 1.92 (s, 2H, Id5-6
Z isomer).

209.8, 209.7 (), 145.5, 145.3, 135.8, 135.828.9, 128.8, 128
128.5, 128.4, 128.3, 128.3, 128.0, 1260.0, 125.8, 125.7,
(C-ar), 141.5, 141.3 (B), 124.5, 124.4 (@), 104.8 CH(OCHs),),
55.5, 55.4, 52.2, 52.8 ((OGH), 39.1, 36.5 (€8), 34.8, 34.1 (),
32.9, 32.8 (&4), 30.5 (G1), 21.3,19.5 (G6).

3064, 3043, 2932, 2860, 2834, 1716, 1583, 1558, 1478, 1440,
1119, 1060.

Calcd.for Co4H3003S : 398.1916 Found : 398.191

Y El Qacemi, M, Ricard, L.; Zard, S. ZChem.Commun2006 4422.
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GENERAL PROCEDURE IV -D : OXIDATION OF VINYLSULFIDE S

To a stirred solutiorof the vinylsulfide IV-11 (1.0 equiy in CH,Cl, (10 mL/mmol of
vinysulfure) at 0°C, was added in small portions 7084-CPBA (2.5 equiv) and the
reaction was stirred overnight 2@ °C. It was then filtered and diluted with GEl,. The
solution was washedvice with a 10% Nz5,03; and a saturatedqueousNaHCQ; then
brine, dried over anhydrous MggQiltered and concentrated vacuo The residue was
purified by slica gel column chromatography affordthe corresponding vinylsulfone

2-Fluoro-6-(5-phenyl-2-(phenylsulfonyl)pent-1-en-3-yloxy)pyridine IV-15a

CooH20FNO5S
M= 397.5 g.mof

Vinylsulfide IV-11a (5.75 g, 15.7 mmolwas oxidized following general procedur
IV -D using 70% m-CPBA (6.78 g, 39.3 mmol), giving crude sulfoneThe residuewas
purified by silica gel column chromatography (petroleum ether/etbe3Q to afford
sulfonelV -15a (5.55 g 83%) as acolorless oil which solidified upon standing.

1H NMR ( Gppm) 7.77-7.79 (m, 2H,CH-ar), 7.437.60 (m, 4HCH-ar, CH- 1 -

(CDCls, 400 MHz) 7-27 (m, 3HCH-ar), 7.127.14 (m, 2HCH-ar), 6.49 (s, 1H, B-1),
6.40 (dd,J= 7.9, 1.2 Hz, 1H, &- 1 J& B8, 2.5 Hz, 1H
CH- T V. H-t), ®53 (m, 1H, @-3), 2.78 (dddJ=
14.0, 9.6, 5.0 Hz, 1H, Ig-5), 2.69 (dddJ= 14.0, 9.2, 7.3 Hz, 1F
CH-5), 2.372.46 (m, 1H, G-4), 2.21 (dtd,J= 14.0 9.4, 5.0 Hz
1H, CH-4).

13C NMR (Gppm) 161.6 (d,J= 242.4 Hz, G 1 J=A3.5Hz, G -

(CDCl, 100 MHz) 2)» 142.7 (d,J= 7.8 Hz C- §, 140.8, 139.1, 133.4, 129.028.6,
128.4, 128.4, 126.0 (@), 125.5 (G1), 106.9 (dJ= 5.2 Hz C- ¥,
100.9 (§ J=35.3 Hz C- ¥, 71.8(C-3), 36.7 (G4), 31.6 (G5).

IR (Qcmt, CCl) 3067,3029, 2930, 2863, 1614, 1578, 1497, 1451, 1322, 1274,
1232, 1142, 1084.

HRMS (EI) Calcd. for GoH20FNO3S: 397.1148 Found: 397.115Z
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Partie expérimentale

2-Fluoro-6-(1-cyclopropyl-2-(phenylsulfonyl)allyloxy)pyridine IV-15b

C17H16FNO3S
M= 333.4 g.mof

Vinylsulfide IV -11c (4.0 g, 13.3 mmol) wasexidizedfollowing general procedur®/ -D
using 70% m-CPBA (8.2 g, 33.2 mmo])giving crude sulfoneThe residuewas purified
by silica gel column chromatography (petroleum ether/e@eB0) to afford sulfone
IV-15b (4.0 g 91%) as ecolorless oil which solidified upon standing.

1H NMR ( Gppm) 7.81:7.83 (m, 2H,CH-Ar), 7.257.33 (m, 4H,CH-ar, CH- T

(CDCl, 400 MHz) (S 1H, G-1), 6.35 (dd,J= 7.8, 2.5 Hz, 1H, €2 Vv
CH-1), 6.22 (ddJ= 7.9, 1.3 Hz, 1H, €-41 J=G8.6 Hz,
1H, CH-3), 1.371.45 (m, 1H, ©-4), 0.560.62 (M, 3H, El,-C4,
CH-C4), 0.460.43 (m, 1H, ©I-C4).

°C NMR (Gppm) 161.4 (d,J= 236.4 Hz, C 1 J=GI3.3 Hz, G | 3
(CDCls, 100 MHz) (C-2), 142.6 (dJ= 7.9 Hz, G 139.8, 133.2, 128.8, 128.14®),
127.2 (G1), 107.1 (dJ= 5.1 Hz, G2 { J=@5.3 Hz, G4

75.1 (G3), 15.2 (G4), 4.4, 3.3 (CH2)2-4).

IR (Qcmi*, CCl) 3071, 3013, 2959, 1614576, 1444, 1324, 1232, 1158, 1147, 1(
1018

HRMS (El) Calcd. for G7H16FNOsS : 333.0835 Found: 333.084C
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2-Fluoro-6-(7-(3,3-dimethyloxiran -2-yl)-5-methyl-2-

(phenylsulfonyl)hept-1-en-3-yloxy)pyridine IV-15¢

Co3HosFNO,S
M= 433.5g.mol*

To a stirred solution ofinylsulfide IV -11d (3.9 g, 10 mmqlin CH,ClI, (100 mL) at O°C,
was added in small portions 7086CPBA 8.6 g, 35 mmol, 3.®2quiv) and the reéion
was stirred overnight at 20 °Che reaction mixturgvasdiluted with CHCIl,and filtered.
The solution was washed twice with a 10% aqueousSig, once witha saturate
agueous NaHC&then brine, dried over anhydrous Mg&@ltered and concentrated
vacua The residue was purified bylisa gel columnchromatographyto afford
vinylsulfonelV -15c (3.3 g, 76%)as acolorlessoil which solidified upon standings a
mixture of 4 diastereomers

1H NMR ( Gppm) 7.877.91 (m, 2H,CH-ar), 7.467.59 (m, 4H, GH-ar, CH- 1

(CDCl, 400 MHz) 645, 6.43(s, 1H, G4-1), 6.386.41 (m, 1H, &1-2  -6.34 (m,
1H, CH-4 1 N-1), 5.64&.73 (m, 1H, G-
3), 2.622.69 (M, 1H, ©-8), 1.232.04 (M, 7H, G,-4, CH-5, CHy-
6, CH»-7), 1.29, 1.28, 1.26, 1.25, 1.24, 1.22 (s, 6H{3-9), 0.92
0.95 (M, 3H, &l3-5).

13C NMR ( Gppm) 161.6 (d,J= 242.3 Hz, G 1 J=@3.4Hz,G 1
(CDCls, 100 MHz) J=13.4Hz, G T J=@3.4Hz,G 1
151.0 (G2), 142.7 (dJ= 7.9 Hz, G T J=F.8Hz, G 1

139.3, 139.2, 139.2, 139.2, 133.5, 133.5, 129.0, 129.0, 128.2,
(C-Ar), 125.7, 125.7, 125.2, 125.140, 107.0 (dJ=5.2 Hz, G T
107.0 (dJ=5.4Hz, G T ,J=35.7 Hz, G T , I
353 Hz, G 1 , J=GB52 Hz, G T -3),
64.5, 64.4, 64.4, 64.4 (8), 58.3, 58.3, 58.2, 58.1 (@), 42.9, 42.8
42.5, 42.3 (&4), 33.8, 33.8, 32.4, 32.4 {6), 29.7, 29.6, 29.5, 29
(C-5), 26.3, 26.0, 25.9 (@), 24.9, 24.9, 24.8, 24.8 (G19), 19.9,
19.8(CHs-5), 18.9, 187, 18.6, 18.6 (CHt9).

IR (Qcm*, CCl) 3070, 2962, 928, 2874, 1614, 1575, 1444, 1378, 1322, 1274, 1

HRMS (EI) Cdcd. for CogHosFNO,S 1 433.1723 Found : 433.171
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Partie expérimentale

2-Fluoro-6-(1-((3aR,5S,6R,6aR)-6-methoxy-2,2-dimethyltetrahydro

IV -15d

furo [3,2-d][1,3]dioxol-5-yl)-2-(phenylsulfonyl)allyloxy)pyridine

C22H24FNO7S
M= 465.5 g.mof

Vinylsulfide IV-11e(1.75 g, 4.0 mmolyasoxidizedfollowing general procedurd/-D
giving crude sulfoneThe residuewas purified by silica gel column chromatograg
(petroleum ether/etth acetate 7:B to afford sulfone IV-15d (1.58 g 85%) as two
colorless oils which solidified upon standing. 590 mg of the less polar @@ster ad
990 mg of a mixture (3:1) of thisvo diastereomers were obtained.

'H NMR ( Gppm)
(CDCls, 400 MHz)

*C NMR ( Gppm)
(CDCls, 100 MHz)
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Major dastereomer

7.757.77 (m, 2HCH-ar), 7.297.45 (m, 4HCH-ar, CH-
1H, CH-1), 6.43 (s, 1H, 6-1), 6.28 (dd,J= 7.8, 2.5 Hz, 1H
CH-21 (d, J= 8.0 Hz, 1H, ®i-3), 5.97 (dd,J= 8.0, 1.4 Hz,
1H, CH-4 1 J=G4.0 Hz, 1H, Gi-7), 5.05 (ddJ= 8.1, 3.7
Hz, 1H, GH-4), 4.59 (dJ= 4.0 Hz, 1H, &i-6), 3.87 (dJ= 3.7 Hz,
1H, CH-5), 3.31 (s, 3H, OB3), 1.58, 1.34 (s, 6H, (€3)2 ).

Minor diastereomer

7.757.79 (m, 2H,CH-ar), 7.297.44 (m, 4H,CH-ar, CH- 1

(s, 1H, H-1), 6.38 (s, 1H, @-1), 6.33 (dd,J= 7.8, 2.5 Hz, 1H
CH-2¢ (dd,J= 8.0, 0.9 Hz, 1H, @-41 J=(3.4 Hz,
1H, CH-3),5.83 (d, 1HJ= 3.6 Hz, CH-7),4.87 (dd,J=9.4, 3.2 Hz
1H, CH-4), 4.52 (dJ= 3.6 Hz, 1H, ®&i-6), 3.77 (dJ= 3.2 Hz, 1H,
CH-5), 3.10 (s, 3H, OE3), 1.54, 1.32 (s, 6H, (€3)>).

Major diastereomer

161.3 (dJ= 241.1 Hz, G5 J=A1.5Hz, G171 -
2), 142.2 (dJ= 7.8 Hz, G T -ar),
132.6 (G1), 112.3 C-(CHa),), 107.2 (dJ= 5.1 Hz, G2 -
7), 100.5 (dJ= 35.5 Hz, G4 -5)881.9 (G6), 80.0 (G4),

73.7 (G3), 57.5 (OCH), 27.1, 26.6 ((CH),).

Minor diastereomer

161.4 (dJ=241.7 Hz, G5 J=A1.7Hz, C19 -
2), 1425 (d,J= 7.8 Hz, G ¢ 140.6, 132.7, 128.5, 127.9 4%,
131.8 (G1), 112.4 C-(CHg),), 106.6 (dJ=5.1 Hz, G2 -
7), 100.9 (dJ=35.4 Hz, G4 -5)881.7 (G6), 79.8 (C4),
71.7 (G3), 57.7 (OCH), 27.0, 26.6 ((Ch)2).




Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

IR (Qcmt, CCl) 3070,2990, 2933, 2832, 1618, 1577, 1444, 1383, 1373, 1323,
1147, 1086, 1029.

HRMS (EI) Calcd. for G;H24FNO;S : 465.1258 Found: 465.126¢
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Partie expérimentale

2-Fluoro-6-(((S)-4-((2aR,4aR,4bS,6aS, 7R,9aS,9bS, 11R, 11aR)-11-

methoxy-4a,6adimethylhexadecahydrocyclopentag]cyclopropal2,3]
cyclopenta[l,2f]naphthalen-7-yl)- 2-(phenylsulfonyl)pent-1-en-3-

yloxy) pyridine

IV-15e

C3H4sFNOLS
M= 607.8 g.mol*

Vinylsulfide IV -11e(1.00g, 1.74mmol) wasoxidizedfollowing general procedur®/ -D
giving crude sulfoneThe residuewas purified by silica gel column chromatograg
(petroleum ether/etth acetate 8:pto afford sulfonelV-15e (813 mg 77%) as a4:1
mixture ofepimers at Candas a solid.

'H NMR ( Gppm)
(CDCls, 400 MHz)

C NMR ( Gppm)
(CDCls, 100 MHz)

462

7.987.98 (m, 1.6HCH-ar dial), 7.877.88 (m, 0.4HCH-ar dia2),

7.357.64 (m, 4H,CH-ar, (H- 1 V  H-}dia®), 6.5C
(d,J=8.1Hz, 0.8H, G-2Y GLD \H-1 diat), 6531
(dd,J= 7.8, 2.3 Hz, 1H, 6-41 J=G7.6 Hz, 0.2H, E1-29

dia2), 6.17 (s, 0.2H, 8-1 dia2), 5.83 (s, 0.8H, &1 dial), 5.73 (d
J= 4.5 Hz, 0.2H, €l-3 dia2), 5.65 (s, 8H, CH-3 dial), 3.29 (s
3H), 2.74 brs 0.2H), 2.72 rs 0.8H), 2.242.27 (m, 0.2H), 2.03
2.07 (m, 0.8H), 1.81.94 (m, 2H), 1.68..75 (m, 3H), 1.34..54 (m,
7H), 1.061.18 (m, 3H), 0.99 (s, 3H), 0.94 (d= 6.8 Hz, 3H),
0.740.86 (m, 4H), 0.72 (s, 0.6HCH; dia2), 0.71 ¢, 2.4H CHs
dial), 0.660.62 (m, 1H), 0.39 (ddl= 7.8, 5.0 Hz 1H).

Major diastereomet

161.6 (dJ=2424Hz, C J=A3.4Hz, C -
2), 142.7 (dJ= 7.9 Hz, G { 139.3, 133.5, 129.0, 128.2 D),
125.8 (G1), 106.7 (dJ= 5.1 Hz, G2 J=@5.4 Hz, G4

82.2, 74.3, 56.4, 56.3, 52.5, 47.9, 43.2, 42.6, 39.9, 38.2, 35.1,
33.2,30.4,27.4,24.8, 23.9, 22.7, 21.3, 19.2, 13.0, 12.1, 11.6.

Minor diasteeomer2

161.5 (dJ=241.3 Hz, C J=A3.2Hz, G 1 -
2), 1425 (dJ= 8.0 Hz, G 1 9.7, 133.0, 128.7, 128.0 {&),
125.8 (G1), 107.0 (dJ)= 5.1 Hz, G2 1 J=G6.7 Hz, G4 |

82.2, 75.6, 56.4, 55.8, 52.6, 47.8, 4318,2, 40.0, 38.2, 35.1, 34.
33.2,30.4, 28.9, 27.5, 24.4, 22.5, 21.3, 19.2, 15.8, 12.0, 11.3.



Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

IR (Qcmt, CCl) 3063, 2945, 2870, 2849, 2819, 1616, 1576, 1443, 1383, 1323,
1178, 1141, 1099, 1981, 1021, 958.

HRMS (El) Calcd. for GgHasFNO,S : 607.3132 Found: 607.313C
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Partie expérimentale

2-Fluoro-6-(3-methyl-5-phenyl-2-(phenylsulfonyl)pent-1-en-3-

yloxy)pyridine e

CoaH2oFNO3S
M= 411.5 g.mof

Vinylsulfide 1V -11g (3.04 g, 8.0mmol) wasoxidizedfollowing general procedur®/-D
using70% m-CPBA (4.8 g, 20mmol), giving crude sulfoneThe residuewas purified by
silica gel column chromatography (petroleum ether/effe30 to affordsulfonelV -15f
(2.83g, 86%) as acolorless oil which solidifiedipon standing.

IH NMR ( Gppm) 7.887.90 (m, 2H, Gi-ar), 7.51 (ddJ= 7.9, 7.8 Hz 1H, CH- 1

(CDClg, 400 MHZ) 7.427.50 (m, H, CH-ar), 7.147.28 (m, H, CH-ar), 6.74 (S, 1H
CH-1),6.39 (dd, J= 7.9 1.2Hz, 1H, (H-2Y 35(d,J=1738, 2.6
Hz, 1H, (H-49 6.12 (s, 1H, (H-1), 2.422.74 (m, H, CH,-5,
CHy-4), 1.73(s, 3H, GH3-3).

13C NMR (Gppm) 160.9(d, J= 240.5 Hz, G 1 (d,J= 14.0 Hz, G1 Y 151.4 (G

(CDCl, 100 MHz) 2), 142.3(d, J= 7.8 Hz, G 1 141.4, 140.6, 132.9, 128.7, 128
128.3, 128.0, 126.6C-Ar), 125.8 (G1), 108.8(d, J= 5.3 Hz, G2
100.6(d, J= 35.6 Hz, G4 -3)842.9 (G4), 29.8 (G5), 24.2
(CHs-3).

IR (Qcm*, CCl) 3062, 3020, 2930, 2860, 1612, 1580, 1497, 14320, 1274, 123
1080

HRMS (EI) Calcd. forCysH2oFNOsS: 411.1304 Found :411.130€
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

2-Fluoro-6-(3,4,4trimethyl -2-(phenylsulfonyl)pent-1-en-3-

yloxy)pyridine N/

CszzFNOgS
M= 363.4g.mol*

Vinylsulfide 1IV-11h (3.3 g, 10 mmol) was transformed following general proce
IV-D using 70% m-CPBA (6.0 g, 25 mmol) giving crude sulfoneThe residuewas
purified by silica gel column chromatography (petroleum ether/e8bet to afford
sulfonelV -15g(2.94 g 81%) as acolorless oil which solidified upon standing.

1H NMR ( Gppm) 7.97-8.00(m, 2H,CH-Ar),), 7.50.7.61(m, 4H,CH-Ar, CH- 1

(CDCls, 400 MHz) (S, 1H, Gi-1), 653 (dJ=7.9Hz, 1H, GH- T (dd, J=7.7,2.2
Hz, 1H, GH- 9, 6.00 (s, 1H, G4-1), 1.86 (s, Bl, CH3-3), 1.18 (s,
9H, (CH3)s-C4).

3C NMR (Gppm) 160.9 (dJ=241.1Hz, C | J=@4.1Hz,C -
(CDCls, 100 MHz) 2),142.2 (dJ=79 Hz, G -Ar),
132.3 (G1), 108.9 (dJ=5.2Hz,C 1 J=@55Hz,C |

87.0 (G3), 40.6 (G4), 25.3 ((CH)3-4), 18.4 (CH-3).

IR (Qcmit, CCl) 3068,2928, 2856, 1634, 1618, 1574, 1538, 1483, 14846, 1320
1234, 1144, 1073, 1016

HRMS (El) Calcd. forCigH2oFNGOsS : 3631304 Found: 363.131¢

465



Partie expérimentale

2-Fluoro-6-(1,1-dimethoxy-3-(phenylsulfonyl)but-3-en-2-yloxy)

pyridine

IV -15h

CigH20FNOsS
M= 3814 g.mol*

Vinylsulfide IV -11j (3.49¢g, 10 mmol) was transformed following general procedur&®
using 70% m-CPBA (6.0 g, 25 mmol) giving crude sulfoneThe residuewas purified by
silica gel column chromatography (petroleum ether/e@et5 to afford sulfonelV -15h
(2.949, 77%) asawhite solid.

'H NMR ( Gppm)
(CDCls, 400 MHz)

C NMR ( Gppm)
(CDCl;, 100 MHZz)

IR (Qcmit, CCl)

HRMS (El)

MP

466

7.727.74(m, 2H, CH-Ar), 7.36 (dd,J= 8.0, 7.7 Hz, 1H, €&-
7.187.27 (m, #H, CH-ar), 6.81(s, 1H, G4-1), 6.28 (d,J= 8.0 Hz,

1H, CH- T (s, 1H, G4-1), 6.20 (dd,J= 7.8, 2.1 Hz, 1H
CH- 1 V H-#), 265, 3.49 (s, 6HOCH3),), 1.70 (s,
3H, CHs-3).

160.6 (dJ= 236.5 Hz, C | J=@4.2 Hz, G 1 -

2), 142.0 (dJ=8.0Hz, G 9 140.1, 132.5, 128.2,28.2 (C-Ar),
130.8 (G1), 109.0(d, J= 5.3 Hz, G2 107.0 (G4), 100.7(d,
J= 35.7Hz, G4 1 84.6(C-3), 59.3, 57.3(OCHs)2), 17.3(CHs-3).

3070, 2998, 2955, 2937, 2911, 2837, 1617, 1603, 1575, 1446,
1316, 1232, 1154,120, 1088, 1023.

Calcdfor C1gHogFNOsS: 381.1046 Found :381.104C

88-89 °C



Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

5,9-Dimethyl-2-(phenylsulfonyl)deca1,8-dien-3-0l*° IV-18

Ci18H2603S
M= 3224 g.mol*

To a solution ofphenyl vinyl sulfone(1.70 g 10 mmol) and(x)-citronellal (7.71 g, 5C
mmol, 50 equiy wasadded DABCO 1.12 g, 10 mmol, 1.0 equiv) The solution was
stirred at 20 °Cfor 6 weeks The mixture was quenched with a saturated aqueouSh
solution, and the aqueous phagas then extracted with GBI,. The combined organ
extracs were washed with brine, drieder anhydrous MgSQfiltered and concentrate
in vacuo The crude mixture was then purifidoly flash chromatography on silica ¢
(petroleum ethdAcOEt 8:2 to dford the alcohollV-18 (2.22 g, 69%) asa mixture of
two diastereomers in a 1:1 ratio andsasolorless oil.

1H NMR ( Gppm) 7.867.88 (m, 2H,CH-Ar), 7.527.64 (m, 3HH-Ar), 6.42, 6.41 (s

(CDCl, 400 MHz) 1H, CH-1), 6.10, 6.07 (s, 1H, I€-1), 4.985.00 (m, 1H, E-8),
4.394.44 (m, 1H, ©-3) 2.532.61 (m, 1H, OH), 1.83.93 (m, 2H,
CH»7), 1.66, 1.64, (s, 3H, Kz-9), 1.56, 1.55(s, 3H, KB5-9),
1.40-1.47 (m, 2H, El,-4), 0.931.27 (m,3H, CH-6, CH-5), 0.79 (d,
J=6.5 Hz, 1.5H, (H3-5), 0.72 (d,J=6.3 Hz, 1.5H, (H3-5).

13 NMR (Gppm) 153.9, 153.3 (€), 139.1, 139.0, 133.7, 129.2, 128.1, 128.4a(§

(CDCl, 100 MHz) 131.3, 131.2 (@), 124.7, 124.5 (1), 124.4 (G8), 66.8, 66.5 (€
3), 42.5, 43.0 (€1), 37.4, 36.1 (&), 29.1, 28.8 (&), 25.7, 17.6
17.6 (CH-9), 25.2, 25.0 (€7), 19.7, 18.5 (CHi5).

IR (Qcmit, CCl) 3612, 3534, 3070, 2964, 2915, 2873, 2854, 1447, 1378, 1319,
1171, 1140, 1081, 1025.

HRMS (El) Calcd. forCyigH2603S : 3221603 Found: 322.160C

DWeichert, A.; Hoffmann, H. M. RJ. Org.Chem 1991, 56, 4098
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Partie expérimentale

8-Phenyl-5-(phenylsulfonyl)oct-5-en-2-one (x)-1V-14a

Co0H2203S
M= 342.5 g.mof

Following general procedurdé/-D, the reaction was carried out usingylsulfide
IV-11a (155 mg, 0.5 mmo))giving crude sulfoneTheresiduewas purified by silica ge
column chromatography (petroleum ether/eth@) to afford the correspondinsulfone
(x)-1V-14a (146 mg 85%) as a mixture oZ/E isomers in a 2:1 ratio in favor of the
isomerandas acolorless oil which solidified ugn standing.

'H NMR ( Gppm)
(CDCls, 400 MHz)

13C NMR ( Gppm)
(CDCls, 100 MHz)

IR (Qcmit, CCl)

HRMS (EI)

468

Zisomer

6.947.81 (m, 10H,CH-ar), 6.16 (t,J= 7.7 Hz, 1H, Gi-6),
2.993.03 (M, 2H, El»-7), 2.732.77 (M,4H, CH»-8, CH-4), 2.54
2.57 (M, 2H, ©1>-3), 2.12 (s, 3H, E5-1).

E isomer

6.947.73 (m, 10H,CH-ar), 6.94 (tJ= 7.7 Hz, 1H, &i-6), 2.80
2.83 (M, 2H, ©,-7), 2.502.55 (M, 2H, El,-8), 2.342.39 (m, 2H,
CH»-3), 2.242.28 (m, 2H, ©l»-4), 2.01 (s, 3H, B5-1).

Zisomer

206.3 (G2), 143.9 (G6), 141.1, 140.5, 133.2, 129.2, 128.5, 12
127.1, 126.2 (€ur), 139.6 (C5), 43.0 (G3), 35.0 (G7), 30.1 (G8),
29.3 (G1), 27.6(C-4).

E isomer

206.9 (G2), 142.0 (G6), 140.5, 140.2133.1, 129.1, 128,6128.5,
127.9, 126.4 (@r), 139.3(G5), 42.1 (G3), 34.4 (G7), 30.3 (G8),
29.7 (G1), 20.1 (GA).

3066, 3029, 2929, 2860, 1720, 1640, 1604, 1586, 1497, 1479,
1359, 1317, 1148, 1085, 1030.

Calcd. for GgH25,03S: 342.1290 Found: 342.127¢



Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

(E)-8-Phenyl-5-(phenylsulfonyl)oct-5-en-2-one IV-14a

CooH2:03S
M= 342.5 g.mof

Following general procedull® -C, the reaction was carried out using oldfifir15a(1.6
g, 4.0 mmol) and xanthat¥ -4a' (356 mg,2.0 mmol). The reaction needed 2061% of
DLP to go to completion(10 h) The residue was purified by silica gel colum
chromatographywith a gradient of ether in petroleum eth@&:95, 30:70) to afford
(E)-vinylsulfonelV -14a(500 mg 73%) as acolorlessoil which solidified upon standing

1H NMR ( Gppm) 6.947.73 (m, 10H,CH-ar), 6.94 (tJ= 7.7 Hz, 1H, Gi-6), 2.80
(CDCl, 400 MHz) 2-83 (M, 2H, El>-7), 2.562.55 (m,2H, CH,-8), 2.342.39 (m, 2H,
CH-3), 2.242.28 (m, 2H, ©i»-4), 2.01 (s, 3H, B5-1).

13 NMR ( Gppm) 206.9 (G2), 142.0 (G6), 140.5, 140.2, 133.1, 129.1, 128.6, 12
(CDCl, 100 MHz) 127-9, 126.4 (), 239.3 (G5), 42.1 (G3), 34.4 (G7), 30.3 (G8),
29.7 (G1), 20.1 (GA4).

IR (Qcm*, CCl) 3066, 3029, 2928, 2853720, 1644, 1613, 1576, 1497, 1446, 1:
1317, 1232, 1148, 1085, 1023.

HRMS (EI) Calcd. for GoH2203S : 342.1290 Found: 342.1291
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Partie expérimentale

(E)-N-M ethoxy-N-methyl-7-phenyl-4-(phenylsulfonyl)hept-4-enamide IV-14b

Co1H2504S
M= 387.5 g.mof

Following general procedut¥ -C, the reaction was carried out using old#15a (790
g, 2.0 mmol) and xanthat® -4f° (223 mg, 1.0 mmol). The reaction needed 180 9
DLP to go to completion(9 h). The residue was purified by silica gel colum
chromatographyvith a gradient of ethyl acetate in petroleum e{i€r90, 3:70, 50:50Q
to afford (E)-vinylsulfonelV -14b (248 mg 64%) as acolorlessoil which solidified upor
standing

14 NMR ( Gppm) 7.717.73 (m, 2HH-ar), 7.457.56 (m, 3HH-ar), 7.127.25 (m, 5H,

(CDCl, 400MHz) H-an), 6.97 (tJ= 7.6 Hz, 1H, Gi-3), 3.58(s, 3H, OCG1s), 3.116,
3H, NCH3), 2.86 (t,J= 7.3 Hz, 2H, Gl,-1), 2.542.59 (m,2H, CH -
2), 2.452.48 (M, 2H, €1-6), 2.362.39 (M, 2H, E,-5).

13C NMR ( Gppm) 172.8(C-7), 142.4,140.2, 139.5, 129.1, 128.6, 128.4, 127.9, 1.
(CDCl, 100 MHz) (C-ar), 140.5 (C-4), 133.1 (C-3), 61.2 (OCH), 345 (G1), 32.2
(NCHs), 31.1 (G6), 30.1 (G2), 21.4(C-5).

IR (Qcm*, CCl) 3067, 30292938, 2860, 1669, 1613, 1497, 1446, 1415, 1386, !
1307, 1232, 1178, 1141085.

HRMS (EI) Calcd. for GiH250,S: 387.1504 Found: 387.1491
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

(E)-3-(3-Cyclopropyl-2-(phenylsulfonyl)allyl)dinydrofuran -2(3H)-one IV -14c

C16H1804S
M= 3064 g.mol*

Following general procedut¥ -C, the reaction was carried out using olditt15b (667
mg, 2.0 mmol) and xanthat¥ -4¢? (220 mg, 1.0 mmiy. The reaction needed 160 r®
of DLP to go to completion8 h). The residuewas purified by silica gel colum
chromatographywith a gradient of ether in petroleum eth@r9, 3:7) to afford the

correspondig (E)-vinylsulfonelV -14c (223 mg, 73%) as acolorless oil which solidifiec
upon standing

1H NMR ( Gppm) 7.837.85 (m, 2H,CH-ar), 7.527.64 (m, 3H,CH-ar), 6.41 (d,J=

(CDC, 400MHz) 109 Hz,1H, CH-2), 4.324.34(m, 1H, CH-7), 4.17 (ddd)= 10.6,
9.1, 6.2 Hz, 1H, €-7), 3.08 (tdd,)= 11.3, 8.5, 8 Hz, 1H, GH-5),
2.82 (ddJ= 15.2, 4.3 Hz, 1H, B-4), 2.402.45 (m, 2H CH-4, CH-
6), 2.032.13 (m, 1H, ©-6), 1.571.65 (m, 1H, ©-1), 1.051.10
(M, 2H, GH,-C1), 0.720.77 (m, 2H, El,-C1).

3¢ NMR (Gppm) 172.3 (G8), 149.5 (G2), 139.3 (C3), 134.9, 133.3, 129.3, 127.9+(
(CDCls, 100 MHz) ar), 66.6 (C7), 39.5 (Gb), 28.9 (G6), 26.8 (C4), 11.7 (C1), 9.4,
9.1 ((CH)2-1).

IR (Qcmi*, CCl) 3069,2928, 2856, 1778, 1708, 1615, 1577, 1446, 1372, 1306,
1149, 1027.

HRMS (El) Calcd. for GeH1504S : 306.0929 Found : 306.093
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Partie expérimentale

(E)-6-Cyclopropyl-1,1-dimethoxy-5-(phenylsulfonyl)hex5-en-2-one IV -14d

C17H2:08S
M= 3384 g.mol*

Following general procedutt® -C, the reaction was carried out using old¥15b (667
mg, 2.0 mmol) and xanthat¥ -4h® (238 mg, 1.0 mmol). The reaction needed &&0%
of DLP to go to completion9 h). The residuewas purified by silica gel colum
chromatographywith a gradient of ether impetroleum ether(5:95, 3:7)to afford
(E)-vinylsulfonelV -14d (257 mg 76%) as acolorlessoil which solidified upon standing

14 NMR ( Gppm) 7.8%7.83 (m, 2H,CH-ar), 7.517.59 (m, 3H,CH-ar), 6.29 (d

(CDCl, 400 MHz) J= 10.8 Hz,1H,CH-2), 4.44 (s, 1H, 6-7), 3.37 (s, 6H,QCH3),),
2.792.84 (M, 2H, ©l»-5), 2.5£2.55 (M, 2H, El,-4), 1.531.59 (m,
1H, CH-1), 1.001.05 (M, 2H, ©i»-1)., 0.700.74 (M, 2H, @i-1).

3¢ NMR (Gppm) 204.4 (C6), 148.1 (G2), 139.7 (GC3), 136.3, 133.0, 129.1, 127.9-(
(CDCls, 100 MHz) ar), 103.7 (€7), 54.7 ((OCH),), 37.0 (G5), 19.9 (G4), 11.4(C-1),
8.9 ((CH)2-1).

IR (Qcmi*, CCl) 3069, 3010, 2932, 2856, 2834, 1732, 1639, 1616, 1574, 1446,
1221, 1142, 1089.

HRMS (EI) Calcd. for G7H220sS : 338.1188 Found : 338.118
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

(E)-1-Cyclopropyl-7,7-dimethyl-9-oxo-1-(phenylsulfonyl)dec 1-en-4-yl

: IV -14e
pivalate

Co5H3605S
M= 448.6 g.mof

Following general procedull® -C, the reaction was carried out using old¥15b (333
mg, 10 mmol) and xanthat®/ -4i** (174 mg, 0.5 mmol). The reaction need&® mol%
of DLP to go to completion8 h). The residuewas purified by silica gel colum
chromatographywith a gradient of ether in petroleum eth@o0:90, 30:D) to afford
vinylsulfonelV -14e (159 mg 71%) as a mixture oE/Z isomers in a 92:8 ratio ifavor
of theE isomer andas acolorless oil which solidified upon standing.

'H NMR ( Gppm) 7.867.88 (m, 2H,CH-ar), 7.527.59 (m, 3H,CH-ar), 6.39 (d,1H,

(CDCl,, 400 MHz) 9= 10.9 Hz, G4-2), 5.155.21 (m, 1H, ©i-5), 2.58 (dd,)= 14.4, 5.6
Hz, 1H, GH-4), 2.39 (ddJ= 14.4, 9.0 Hz, 1H, E-4), 2.42 (s, 2H
CH>-8), 2.09 (s, 3H, €5-10), 1.60 (d,)= 3.8 Hz, 2H, E&i-6), 1.14
1.18 (m, 1H, ©-1), 1.14 (s, 9H, O(H3)3), 0.920.98 (m, 2H
CH-1), 0.92, 0.89 (s, 6H, (€)-6), 0.720.77 (m, 2H, Ei>-1).

%C NMR ( Gppm) 208.2 (G9), 177.9 (C=0), 150.6 (), 140.0 (G3), 133.7, 133.C

(CDCls, 100 MHz) 129.1, 128.1 (@), 69.9 (G5), 53.9 (G8), 43.8 (G6), 38.6 (GO),

’ 32.6 (G8), 32.3 (G4), 32.1 (G10), 27.5, 27.2 ((CH-7), 27.1
((CHa)3), 11.9 (G1), 9.5, 9.3(CH,)--1).

IR (Qcmi*, CCl) 3068,2958, 2931, 2873, 1720, 1636, 1479, 1446, 1364, 1319,
1148, 1088, 1031.

HRMS (EI) Calcd. for GsH3605S : 448.2283 Found: 448.229¢

Z Tournier, L. Thesi€cole Polytechniqug005
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Partie expérimentale

(E)-9-(3,3-Dimethyloxiran -2-yl)-N-methoxy-N, 7-dimethyl-4-

(phenylsulfonyl)non-4-enamide IV -14f

CZZH33NOSS
M= 423.6 g.mof

Following general procedull¥ -C, the reaction was carried out using oldW15c (867
mg, 2.0 mmol) and xanthat¥ -4f° (223 mg, 1.0 mmol). The reaction needed 20§%
of DLP to go to completio10 h) The residuewas purified by silica gel colum
chromatographywith a gradient of ethyl acetate in petroleum etpetroleum(10:90,
30/70, 50:5) to afford (E)-vinylsulfone IV-14f (296 mg 70%) as a mixture o
diastereomers in a 1:1 ratimdas acolorless oil which solidified upon standing

IH NMR ( Gppm) 7.847.86 (m, 2HCH-ar), 7.507.60 (m, 3, CH-ar), 6.99 (tJ= 7.5

(CDCl, 400 MHz) HZ, 1H, GH-5), 3.64 (s, 3HOCH3), 3.15 (s, 3H, N€l3), 2.612.68
(m, 3H, GH-10, CH-2), 2.49 (dd,J= 9.9, 6.0 Hz, 2H, €-3), 2.22
2.31 (m, 1H, ©-6), 2.072.16 (m, 1H, Ei-6), 1.691.76 (m, 1H,
CH-7), 1.371.56 (m, 4H, El»8, CH»9), 1.30, 1.25 (s, 6F
(CH3)2-11), 0.93 (dJ= 6.7 Hz, 1.5, CH3-7), 0.92 (d,J= 6.7 Hz,
1.5H, CH3-7).

13C NMR ( Gppm) 172.8 (G1), 142.2 (G4), 140.6 (G5), 139.6, 133.2, 129.2, 128.0~(

(CDCl, 100 MHz) &), 64.2, 64.2 (€10), 61.3 (OCH), 58.3, 58.1 (€l1), 35.5, 35.:
(C-6), 33.4, 33.4 (C7), 32.8, 32.8 (€8), 32.2 (NCH), 31.2 30.8
(C-2), 26.5, 26.5 (), 24.9 (CH-11), 21.4 (C3), 19.6, 19.4 (CHt
7), 18.7, 18.7 (CHH11).

IR (Qcmi*, CCl) 3069, 2962, 2929, 1667, 1614, 1574, 1446, 1385, 1318, 1232,
1085, 1023.

HRMS (EI) Calcd.for CyoH33NOsS @ 423.2079 Found : 423.206
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

(E)-1-Cyclopropyl-5-((3aR,5R,6aR)-6-methoxy-2,2-dimethyltetra

hydrofuro[3,2-d][1,3]dioxol-5-yl)-4-(phenylsulfonyl)pent-4-en-1-one Al

CoH260;S
M= 436.5g.mol*

Following general procedut¥ -C, the reaction was carried out using oldftr15d (466
mg, 1.0 mmol) and xanthate -4g?* (102 mg, 0.5 mmol). The reaction needed 180 m
of DLP to go to completion9 h). The residuewas purified by dica gel columr
chromatographywith a gradient of ethyl acetate in petroleum et{i).90, 30:D) to
afford (E)-vinylsulfone 1V-14g (175 mg 80%) and as acolorless oil which solidifiec
upon standing

IH NMR ( Gppm) 7.857.87 (m, 2HCH-ar), 7.507.61 (m, 3HCH-ar), 6.98 (d,)= 7.2

(CDCl, 400 MHz) Hz, 1H, GH-5), 5.93 (dJ= 3.7 Hz, 1H, Gi-1), 4.91(dd, J= 7.2,
3.2 Hz, 1H CH-4), 4.62(d, J= 3.7 Hz, H, CH-2), 3.79 (d J= 3.2
Hz, 1H CH-3), 337 (s, H, OCH3), 2.80:2.95 (m, 2H, Ei,-8), 2.61
(ddd,J= 15.2, 9.5, 6.2 Hz, 1H, 18-7), 2.47 (ddd,]J= 15.2, 9.2, 5.¢
Hz, 1H, QH-7), 1.8:1.87 (m, 1H, E-10), 1.48 132 (s, &,
(CH3)2), 0.961.00 (m, 2HCH»-10), 0.840.87 (m, 2HCH,-10).

°C NMR ( Gppm) 208.8 (G9), 143.7, 133.4, 129.2,28.2 (Gar), 138.9 (G6), 136.0

(CDCls, 100 MHz) (C-5), 112.0 C(CHa)2), 105.1 (G1), 85.9 (G3), 81.9 (G2), 76.8 (G
4), 59.3 (OCH), 42.2 (G8), 26.8, 26.2 ((Ch),), 21.2 (G10), 20.5
(C-7), 10.8, 10.7(CH2)2-10).

IR (Qcm*, CCl) 3069, 2991, 2934, 2856, 17Q614, 1577, 1446, 1384, 1374, 13
1232, 1145, 1115, 1084.

HRMS (EI) Calcd. forCyH207S : 436.1556 Found: 436.155¢

2 Charrier, N. Thesi&colePolytechnique008
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Partie expérimentale

3-((E)-5-((3aR,5R,6aR)-6-M ethoxy-2,2-dimethyltetrahydrofuro[3,2 -

d][1,3]dioxol-5-yl)-4-(phenylsulfonyl)pent-4-enoyl)oxazolidin-2-one Sl

C22H27NOQS
M= 481.5 g.mof

Following general procedutt® -C, the reaction was carried out using old¥15d (466
mg, 10 mmol) and xanthat®/ -4h?® (125 mg, 0.5 mmid. The reaction needed 180 r®
of DLP to go to completion(9 h). The residuewas purified by silica gel colum
chromatographyvith a gradient of ethyl acetate in tolugii®:90, 25:75, 50:5Q to afford
(E)-vinylsulfone IV -14h (123 mg 51%) and as acolorless oil which solidified upo
standing

14 NMR (Gppm) 7.91-7.93(m, 2H, CH-ar), 7.567.66 (m, 3H,CH-ar), 7.04 (d, 1H,
(CDCl;, 400 MH2) J= 6.9 Hz,CH-5), 5.94 (d, 1HJ= 3.7 Hz,CH-1), 4.97 (dd, 1H

' J=16.9, 3.2 HzCH-4) , 4.62 (d, 1H,)= 3.7 Hz,CH-2), 4.39 (t, 2H.
J= 8.0Hz,CH»-12), 3.97 (td, 2HJ= 8.0, 1.5 HzCH,-11), 3.85 (d,
1H, J=3.2Hz,CH-3) , 3.41(s, 3H, OCt3), 3.133.18 (m, 2H,CH.-
8), 2.602.77 (m, 2H, €1,-7), 1.54, 1.37s, 6H, (G3),).

%C NMR ( Gppm) 171.0 (G9), 153.2 (C=0), 142.5, 133.329.1, 128.2 (&ur), 138.¢

(CDCls, 100 MHzZ) (C-6), 136.9 (G5), 111.9 €(CHy)2), 105.1 (G1), 85.9 (G3), 81.8
(C-2), 76.4 (G4), 62.1 (G12), 58.2 (OCH), 42.3 (G11), 34.5 (C
8), 26.7, 26.1 ((Ch}2), 21.6 (G7).

IR (Qcmi*, CCl) 3069,2942, 2933, 1791, 1701, 161¥540, 1480, 1446, 1384, 13-
1231, 1153, 1114, 1084, 1024.

HRMS (EI) Calcd. forM £Hs: CyiH24NOS : 466.1171 Found: 466.1161

% pautrat, F. Thesi&cole Polytechniqu002
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

(6E,89)-8-[(4aR,4bS,6aR,7R,9aS,9bS,11R,11aR)-11-M ethoxy-4a,6a
dimethylhexadecahydro cyclopenta]cyclopropal2,3]cyclopenta [1,2- IV -14i
flnaphthalen-7-yl]-2,2-dimethyl-6-(phenylsulfonyl)non-6-en-3-one

C37H5404S
M= 5949 g.mol*

A solution of olefin IV-15e (456 mg, 0.75 mmoland xanthatelV -4i** (235 mg, 1.5
mmol, 2.0 equiv) in ethyl acetate (750 pL) was refluxed for 20 min under nitrc
Lauroyl peroxide (DLP) (20% mol) was then added to the refluxing solution, follow:
additional portions (20% mol) every hour until starting xanthate was comp
consumedThe reaction needed2D mol% of DLP to go to completiof® h). The mixture
was then cooled to 20 °C, concentrategtacuoand purified by flah chromatography c
silica gelwith a gradient of ether in petroleum ett{2r98, 10:90, 30:70) to afford tt
correspnding E)-vinylsulfone IV -14i (214 mg, 480) and xanthatdV-20 (224 mg,
36%).

A solution ofxanthatdV -20 (224 mg, 0.27mmol) in ethyl acetate300uL) was refluxec
for 20 min under nitrogen. Lauroyl peroxide (DLP) (20% mol) was then added
refluxing solution, followed by additional portions (20% mol) every hour until sta
xanthate was completely consumddhe reaction needed2@ mol% of DLPto go to
completion(6 h). The mixture was then cooled to 20 °C, concentrategtacuo and
purified by flash chromatography on silica geth a gradient of ether in petroleum etl
(2:98, 10:90, 30:70) to affordej-vinylsulfonelV -14i (98 mg, 22%from IV -156).

'H NMR (Gppm) 7.80:7.82 (m, 2H,CH-ar), 7.567.59 (m, 3H,CH-ar), 6.77 (d,J=

(CDCls, 400 MHz) 10.8 Hz, 1H, 3.32 (s, 3H), 2.72.78 (m, 2H), 2.62.68 (m, 1H),
2.422.50 (m, 2H), 2.2&.35 (m, 1H), 1.84..95 (m, 2H),1.051.80
(m, 12H),1.09 (s, 9H), 1.06 (d]= 6.6 Hz, 3H), 1.02 (s, 3H), 0.8
0.90 (m, 5H), 0.71 (s, 3H), 0.8%66 (m, 1H), 0.44 (dd]= 7.6, 5.2
Hz, 1H).

°C NMR ( Gppm) 214.5, 148.4, 139.8, 137.0, 133.1, 129.1, 127.8, 82.2, 56.6,
(CDCl,, 100 MHz) 556, 48.044.0, 43.4, 43.1, 40.1, 36.1, 35.6, 35.1, 33.3, 27.7,
24.9,24.2,22.7,21.4,21.0,19.4,19.2, 13.1, 12.7.

% Brunet E.; Garcia Ruano, J. L.; Rodriguez, J. H.; Alcudial étrahedronl 984 40, 4433.
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Partie expérimentale

IR (Qcm?, CCl) 2934, 2870, 1708, 1446, 1368, 1316, 1144, 1086, 1017.

HRMS (El) Calcd. forCs7Hs404S : 594.3743 Found: 594.374C
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

2-(4-M ethyl-6-phenyl-3-(phenylsulfonyl)hex3-enyl)isoindoline-

1,3-dione el

Co7/HosNO4S
M= 4596 g.mol*

Following general procedut® -C, the reaction was carried out usithg olefin IV -15f
(823 mg, 2.0 mmol) andhe xanthatelV -4¢ (281 mg, 1.0 mmol). The reaction neec
140 mol% of DLP to go to completiofi7 h). The residuewas purified by silica ge
column chromatographyith a gradient of ethyl acatin petroleum ethe(5:95, 3:7)to
afford the correspondinvinylsulfone IV -14j (262 mg 57%) as acolorlessoil which
solidified upon standing and as a mixturegegbmetricisomers in a 2:1 ratio in favor
theE isomer

'H NMR ( Gppm) 7.80-7.89 (m, 4H,CH-ar), 7.767.72 (m, 2H,CH-ar), 7.487.59 (m,

(CDCls, 400 MHz) 3H, CH-ar), 7.097.31 (m, 5H,CH-ar), 3.753.82 (m, 2H, E&,-6),
2.642.98 (m, 4H, E©,-1, CH,-2), 2.642.68 (m, 1.33H, €5 E
isome), 2.532.57 (m, 0.67H, €,-5 Z isome), 2.24 (s, 1H, E3-4
Zisomej, 2.09 (s, 2H, E3-4 E isomel).

13%C NMR ( Gppm) E.isomer

(CDCl,, 100 MHz) 168.1 (C=0), 154.2, 141.7, 141.3, 134.0, 133.0, 132.7, 132.1, :
128.5, 127.4, 126.4, 123.3 4@, G3, C4), 37.9 (G1), 36.7 (C6),
35.1 (G5), 29.1 (G2), 22.4 CHa-C4).
Zisomer
168.0 (C=0), 152.9, 141.840.1, 133.9, 133.7, 132.1, 132.9, 12!
128.6, 127.3, 126.2, 123.34€, G3, C4), 39.0 (G1), 37.6 (G6),
33.5 (G5), 28.4 (G2), 20.2 CHa-C4).

IR (Qcmt, CCl) 3087, 3066, 2929, 2857, 1776, 1719, 1616, 1496, 1446, 1394,
1317, 1308, 1149,086.

HRMS (EI) Calcd. forCy7H25NO4S: 459.1504 Found: 459.149€
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Partie expérimentale

(E)-2-(5,5Dimethoxy-4-methyl-3-(phenylsulfonyl)pent-3-enyl)

isoindoline-1,3-dione 1V-14k

C2o2H23NOsS
M= 429.5 g.mof

Following general procedut¥ -C, the reaction was carried out using oldi15h (762
mg, 2.0 mmol) and xanthat¥ -4c> (281 mg, 1.0 mmol). The reaction needegDimol%
of DLP to go to completion8 h). The residue was purified by silica gel colul
chromatographyith a gradient of eyl acetate in petroleum ethes:95, 2:8, 3:7) to
afford vinylsulfone IV -14k (279 mg, 65%) as a yellow odnd as a mixture gjeometric
isomers in a 2:1 ratio in favor of tkeisomet

'H NMR (Gppm) 7.887.94 (m, 2H,CH-ar), 7.797.82 (m, 2H,CH-ar), 7.677.70 (m,

(CDClg, 400 MHZ) 2H, CH-ar), 7.317.61 (m, 3H,CH-ar), 6.20 (S, 03H, CH-1 Z
isomer), 5.11 (s, 67H, CH-1 E isomer),3.76:3.80 (m, 2H, Ei,-5),
3.38 (s, M, (OCH3), Z isomer), 3.33¢, H, (OCH3), E isomer),
2.842.88 (m, 133H, CH»-4 E isomer), 2.672.71 (m, 0.6H, CH,-4
Z isomej, 2.00 (s, B, CHs-2 E isome), 1.99 (s, H, CH3-2 Z
isomer).

*C NMR (Gppm) Eisomer

(CDCl3, 100 MHz) 167.9 (C=0), 149.1 (Q), 141.2, 136.8, 133.9, 132.0, 129.2, 12
123.2 (Gar, G3), 103.0 (G1), 55.1 ((OCH)»-1), 37.8 (G5), 27.8
(C-4), 13.5(CHz-2).
Zisomer

167.9 (C=0),150.2 (G2), 141.0, 135.5, 134.0, 132.0, 129.2, 12
123.2 (Gar, G3), 100.1 (G1), 55.7 ((OCH),), 36.2 (G5), 29.0
(C-4), 14.1(CHz-2).

IR (Qcm*, CCl) 3069, 2932, 1776, 1719, 1617, 1468, 1446, 1395, 1361, 1320,
1109, 1085.

HRMS (EI) Calcd. for GoH23NOgS : 429.1246 Found: 429.123¢
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

(E)-2,2,3,8,8Pentamethyl10-0x0-4-(phenylthioperoxy)undec 3-en-6-yl

, IV-14]
pivalate

Co7H4205S
M= 478.7 g.mof

Following general procedut¥ -C, the reaction was carried out using old#h15g (700
mg, 2.0 mmol) and xanthat¥ -4i** (349 mg, 1.0 mmol). The reaction needed 160 m
of DLP to go to completion8 h). The residuewas purified by silica gel colum
chromatographywith a gradient of ether irpetroleum ether(5:95, 3:7)to afford
(E)-vinylsulfonelV -141 (297 mg 62%) as acolorlessoil which solidified upon standing.

1H NMR ( Gppm) 7.747.77 (m, 2HCH-ar), 7.447.53 (m, 3H,CH-ar), 5.505.57 (m,

(CDCls, 400 MHz) 1H, CH-5), 3.34 (ddJ= 14.8, 6.9 Hz, 1H, 6-4), 3.07 (ddJ= 14.8,
5.8 Hz, 1H, Gi-4), 2.48 (s, 2H, €8), 2.13 (s, 3H, H3-10),
1.791.83 (m, 2H, Gl-6), 1.80 (s, 3H, €E2), 1.23 (s, 9H
(CH3)s(OPiv)), 1.18 §, 9H,(CH3)s-1), 1.06, 1.05 (S, 6H, (€5)2-7).

°C NMR ( Gppm) 208.8 (G9), 177.7(C=0 Piv), 160.1 (€2), 144.2, 132.3, 128.
(CDCls, 100 MHZ) 1264 (Gar), 137.0 (€3), 70.7 (G5), 53.9 (G8), 46.2(C-6), 39.0
’ (C-O (Piv)), 38.8 (C-1), 37.0 (C-4), 33.0 (C-10), 32.4 (C-7),
30.6(CHs)s-1), 28.0, 27.9((CHs)2-7), 27.2 ((CH)s(OPiv)), 20.3

(CHs-C2).

IR (Qcmt, CCl) 3068, 2959, 2931, 2874, 1720, 1608, 1583, 1479, 1446, 1366,
1154, 1085, 1034.

HRMS (EI) Calcd. forCy7H420sS : 478.2753 Found : 478.275:
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Partie expérimentale

(E)-1-(4-Chlorophenyl)-5,6,6trimethyl -4-(phenylthioperoxy)hept-4-

IV-14m
en-l-one

CooH2sClOsS
M= 4050 g.mol*

Following general procedut¥ -C, the reaction was carried out using old#ih15g (700
mg, 2.0 mmol) and xanthat¥ -4b* (275 mg, 1.0 mmol). The reaction needed 160 m
of DLP to go to completion8 h). The residuewas purified by silica gecolumn
chromatographywith a gradient of ether in petroleum ether98: 2:8) to afford
(E)-vinylsulfonelV -14m (250 mg 62%) as awhite solid

'H NMR ( Gppm) 7.97-8.00 (m, 2H,CH-ar), 7.807.83 (m, 2H, CH-ar), 7.447.58 (m,
(CDCls, 400 MHz) SH CH-ar), 3.433.47 (m, M, CH,-5), 3.223.25 (m, H, CH»-4),
1.92 (s, 3HCH3-2), 1.21 (s, ¥, (CH3)s-1).

%C NMR ( Gppm) 197.8 (G6), 160.1 (G2), 143.6, 139.7, 138.8, 134.8, 132.6, 12
(CDCl, 100MHz) 1290, 128.9, 126.1 (@, G3), 39.5 (G5), 38.7 (Gl), 30.0
((CHs)3-1), 26.5 (G4), 19.8 (CH-2).

IR (Qcmit, CCl) 3069, 2959, 2928, 2858, 1711, 1688, 1590, 1467, 1447,18817,
1150, 1089.

HRMS (El) Calcd. forCyoH2sCIOsS 1 404.1213 Found: 404.121¢
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

(2)-8-Phenyloct-5-en-2-one? (2)-IV-1a

Ci14H10
M= 202.3 g.mof

NaS,04 (1.14 9, 6.57 mmol, 15.0equiv) and NaHC®(1.10g, 13.1 mmol, 30.0 equiv)
were added to a solution of a solution aflfone IV -14a (150 ng, 0.44 mmol) in
H,O/EtOH 1:1(10 mL) and the resulting mixture wagfluxed for 4 h Ethanol was
removedin vacuoand the aqueous residue was extracted withGGHThe combined
organic extracts were washed with brine, dried over anhydrous Mdg#@red and
concentratedn vacuo The residue was purified by silica gel column chromatogr:
(petroleum ether/ethed:1) to afford (2)-alkene(Z)-1V-1a (63 mg 71%) as acolorless
oil.

14 NMR ( Gppm) 7.187.30 (m, 5HCH-ar), 5.43 (dddJ= 12.1, 9.5, 7.2 Hz, 1H, B-

(CDCls, 400 MHz) 5), 5.32 (dddJ= 12.1, 9.5, 7.0 Hz, 1H, 8- 6), (t,J= 7.6 Hz, 2H,
CH2-8), 2.222.38 (M, 6H, G4, CH,-7, CH2-3), 2.09 (s, 3H, B5-
1).

3C NMR ( Gppm) 208.4 (G2), 141.9, 128.5, 128.2, 125.8-F), 129.8 (G6), 129.5
(CDCl,, 100 MHz) (C-5), 43.3 (G3), 35.8 (G8), 29.9 (G1), 29.1 (G7), 21.6 (G4).

IR (Qcmi', CCl) 3065, 3028, 2926, 2857, 1721, 1604, 1496, 1454, 1360, 1158.

HRMS (El) Calcd. forCi4H10 : 202.1358 Found: 202.134¢&

BKim, T. H. ; Park, K. MTetrahedron Lett1995 36, 4833.
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Partie expérimentale

(2)-N-M ethoxy-N-methyl-7-phenylhept-4-enamide® IV-1b

CisH21NO;
M= 247.3 g.mof

NaS,04 (472mg, 2.71mmol, 15.0equiv) and NaHC@(455mg, 5.42mmol, 30.0equv)
were added to a solution sdilfone IV -14b (70 mg, 0.18 mmol) in HLO/EtOH 1:1(4 mL)
and the resulting mixture wasfluxed for 4 h Ethanol was removedn vacuoand the
aqueous residue was extracted with,CkH The combined organic extractsere washet
with brine, dried over anhydrous Mg@Qiltered and concentratad vacuo The residue
was purified by silica gel column chrotography (petroleum ether/ether $té afford
(2)-alkenelV -1b (34 mg 76%) as acolorlessoil.

'H NMR (Gppm) 7.17-7.29 (m, 5H, CH-ar),5.37-5.49 (m 2H, CH-4, CH-5), 366 (s,
(CDCls, 400 MHz) 3H, OMH3), 3.17 (s, H, NCH3), 267 (t, J= 7.7 Hz, 2H, H>-7),
2.332.65(m, 6H, CH,-3, CH,-6, CH,-2).

3C NMR (Gppm) 141.9, 128.5, 128.2, 125(C-ar), 129.9 (G5), 128.9 (G4), 61.2
(CDCls, 100 MHz) (OCHs), 35.9 (C-7), 31.8 (NCHy), 29.7 (C-2), 29.1 (C-6), 2.4
’ (C-3).

The quartenary carbon-Ccannot be seen in the NMR.
IR (Qcmt, CCl) 3059,2942, 2929, 2857, 1673, 1612, 1558, 1454, 1382, 1305, 1

HRMS (EI) Calcd. for GsH21NO;: 247.1572 Found: 247.157¢
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

(2)-1-Cyclopropyl-5-((3aR,5R 6aR)-6-methoxy-2,2-dimethyl

tetrahydrofuro[3,2 -d][1,3]dioxol-5-yl)pent-4-en-1-one” IV-1c

Ci16H2405
M= 2964 g.mol*

N&S;04 (392 mg, 2.25mmol, 15.0equiv) and NaHC®(378 mg, 4.5 mmol, 30.0equiv)
were added to a solution of a solution silfone IV-14f (65 mg, 0.15 mmol) in
H,O/EtOH 1:1(4 mL) and the resulting mixture wa®fluxed for 4 h Ethanol was
removedin vacuoand the aqueous residue was extracted withGGHThe combinec
organic extracts were washed with brine, dried over anhydrous Mdg$®red and
concentratedn vacuo The residue was purified by silica gel column chromatogr:
(petroleum ether/ether 9M) to afford(Z2)-alkenelV -1c (36 mg 82%) as acolorlessoil.

1H NMR ( Gppm) 5.91 (d,J= 3.9 Hz, 1H, ®i-1), 5.575.69 (m, 2H, ©-5, CH-6),

(CDCls, 400 MHz) 4-94(0d, 3= 7.7, 3.1 Hz, 1HCH-4), 4.60(d, J= 3.9 Hz, H, CH-2),
3.64 (d J= 3.1 Hz, 1H CH-3), 340 (s, H, OCH5), 2.67 (td,J= 7.2,
4.1 Hz, 2H, G1»-7), 2.43 (ddJ= 14.2, 7.2 Hz, 2H, 82-8), 1.91 (i,
J= 7.8, 4.6 Hz, 1H, €-10), 1.52, 1.33 (s, &1, (CHs),), 1.061.04
(m, 2H,CH»-C10), 0.850.89 (m, 2HCH,-C10),

13C NMR ( Gppm) 209.8 (G9), 133.4 (G6), 124.2 (C5), 111.4 C(CHa)2), 104.6 (G1),
(CDCl,, 100MHz) 858 (G3), 82.2 (G2), 75.6 (G4), 59.2 (OCH), 42.8 (G8), 26.8,
! 26.2 ((CH),), 22.5 (G10), 20.5 (C7), 10.8, 10.8 ((Ch)--10).

IR (Qcmi*, CCl) 2991, 2930, 2856, 2830705, 1559, 1540, 1454, 1383, 1373, 1-
1216, 1194, 1165, 1115.

HRMS (EI) Calcd. for GgH2405: 296.1624 Found: 296.160¢
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Partie expérimentale

(E)-8-Phenyloct-5-en-2-one?® (E)-IV-1a

Ci14H10
M= 202.3 g.mof

To a stirredsolution of E)-vinylsulfonelV -14a (34 mg, 0.0 mmol) in THF/MeOH 4:1
(10 mL) , was added aBO °C few crystals of KHPO, andthe amalganNa/Hg (276 mg,
1.38 g, 0.6 mmol, 6.0 equiv). The reaction mixture was stirre80tC for 4 h and thel
guenchd with a pH 7 buffer solutionThe aqueous phase was extracted wikierend
the combined organic extracts were washed with brine, dried over anhydrous,)
fillered and concentrateth vacuo The residue was purified by silica gel colul
chromatography (petroleum ether/ether 90:10) to afford alkejé/ -1a (13 mg, 64%
as a colorless olil.

H NMR (Gppm) 7.167.30 (m, 5H,CH-ar), 5.385.22 (m, 2H, @i-6, CH-5), 2.64
(CDCls, 400 MHz) 2-67(m, 2H, G42-8), 2.46 (t.J= 7.3 Hz, 2H, G1,-3), 2.232.32 (m,
4H, CHz-4, CHz-7), 2.12 (S, 3H, Eg-l).

C NMR ( Gppm) 2085 (C-2), 141.9,130.5,128.4, 128.2 (&), 129.0(C-6), 125.7
(CDCls, 100 MHz) (C-5), 434 (C-3), 359 (C-8), 34.3 (G7),29.9 (G1), 26.8(C-4).

IR (Qcmi', CCl) 3065, 3029, 2935, 2858, 1721604, 1496, 1454, 1358, 1158.

HRMS (El) Calcd. for GgH2,05S : 202.1358 Found: 202.134¢&

% Chen, SH. ; Horvath, R. F. ; Joglar, J. ; Fisher, M. Danishefsky, S. Jl. Org.Chem.1991, 56, 5834.
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Chap.l¥ 6\QWKqVH 6WpUpRVPOHFWLYH GH 6XC

(2)-2,5-Dimethyl-8-phenyloct-5-en-2-ol*’ IV-21a

Ci6H240
M= 2324 g.mol*

To a stirred solution of sulfon®/-14a (34 mg, 0.1 mmol) in THF (1 mL), was add
Ni(acacy (5 mg, 5 mol%) at 20°C. To theresulting green solution, was add:
methylmagnesium bromide (1.4 M THF solution, 214 pL, 0.3 mmolgguiv) dropwise
at 20 °C. Afterstirring overnight, the reactiomixturewas stirred under reflux for 4 h a
then quenched witlsaturatedaqueousNH4CI, filtered and extracted with ether. T
combined organic extracts were washed with brine, dried eWsmdaous MgSQ filtered
and concentrateith vacuo The residue was purified by silica gel column chromatogr:
(petroleum ether/ether 7:3) to afford trisubstitutéglkenelV-21a (18 mg, 78%) as
colorless oil.

IH NMR ( Gppm) 7.267.29 (m, 2HCH-ar), 7.177.19 (m, 3H.CH-ar), 5.18 (t,J=7.0

(CDCl, 400 MHz) Hz, 1H, CH-5), 2.64(t, J= 7.7 Hz, 2H, &1,-7), 2.302.34(m, 2H,
CH-6), 2.002.04 (m, 2H,CH»-3), 1.69 (s, B, CHz-4), 1.371.41
(m, 2H,CH2-2), 1.20 (S, B, (CH3)2-1).

°C NMR (Gppm) 142.3, 128.5, 128.2, 125.748), 136.1 (€4), 124.2 (C5), 70.9 (G
(CDCls, 100 MHz) 1), 41.9 (G2), 36.3 (G7), 29.9 (G6), 29.1((CHa)>-1), 26.6 (G3),
23.4 (CH-4).

IR (Qcmit, CCl) 3617, 3570, 3491, 3086, 3065, 3028, 2968, 2929, 2858, 1608,
1454, 1370, 1328, 1218, 1121.

HRMS (El) Calcd. for GeH240 : 232.1827 Found : 232.181

%" Arjona, O.; Iradier, F.; Plumet, J.; Martinédcazar, M. P, HernandezCano, F.; Fonseca, Tetrahedron
Lett. 1998 39, 6741.
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Partie expérimentale

(2)-6-Cyclopropyl-1,1-dimethoxy-2,5-dimethylhex-5-en-2-ol*’ IV-21b

Ci13H2403
M= 2283 g.mol*

To a stirred solution of sulfon&/ -14d (80 mg, 0.23 mmol) in THF (2 mL), was adc
Ni(acac) (11 mg, 5 mol%) at 20°C. To the green solution, was added methylmagr
bromide (1.4 M THF solution, 490 pL, 0.69 mmol, 3.0 equiv) dropwise &tC20After
stirring at 20°C overnight, the reaction was stirred under reflux for 3 h. The ree
mixture was then quenched with saturated aqueougCNHiltered and extracted wit
ether. The combined organic extracts were washed with brine, dried over ant
MgSQ,, filtered and concentrated vacuo The residue was purified by silica gel colu
chromatography (petroleum ether/ether 70:30) to afford trisubstitd)eslienelV -21b
(37 mg, 71%) as a colorless oil.

1H NMR ( Gppm) 4.52 (d,J= 9.3 Hz, 1H, @i-2), 4.06 (s, 1H, B-7), 3.57, 3.54 (s

(CDCls, 400 MHz) 6H. (OGHs)), 2.172.31 (m, 2H, @i»-4), 1.67 (d,J= 1.2 Hz, 3H,
CHs-3), 1.601.64 (m, 2H, ®i2-5), 1.401.50 (m, 1H, Ei-1), 1.17
(s, 3H, GH3-6), 0.640.67 (M, 2H, ©i2-1), 0.230.27 (m, 2H, G-
1).

°C NMR (Gppm) 134.6 (G3), 129.0 (G2), 111.0 (G7), 74.7 (G6), 58.3, 58.]
(CDCls, 100 MHz) ((CH:0)2), 35.1 (G5), 25.9 (G4), 23.2 (Gz-3), 21.2 (Giz-6), 9.7
(C-1), 6.6 ((CH)2-1).

IR (Qcmt, CCl) 3590, 3082, 2931, 2856, 2833, 1639, 1616, 14387, 1319, 118¢
1145, 1107, 1078.

HRMS (El) Calcd. for GsH240 : 228.1726 Found: 228.171¢
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ChapV - Induction de la Stéréochimie sur des Systemes Cycliques

C. Chaptre V : Induction de la stereochimie sur des

systemes cycliques

GENERAL PROCEDURE V-A : ADDITION OF THE VINYL ETHYL ETHER

To a stirred solution oéthyl vinyl ether (5.0 equiv) inTHF (2 mL/ mmol of ketone)

under nitrogen and at78 °C, was added dropwise over 10 minuted-butyl lithium

(~1.35 M in pentane, 2.0 equiv). After 15 more minutes, the acetone/dry ice bath was
replaced by a water/ice bath, afe solution was then stirred fab min. The flask was
cooled back te78 °C, and a solution of thieetone (1.0 equiv) inTHF (2 mL/mmol) was

then added dropwise over 10 min. The mixture was then allowed to warm up’@ 20

and sirred for an additional 2 .hSaturated NECI and ether were added to quench the
reaction. The aqueous layer was then extracted with ether, and the combined organic
layers were washed with brine, dried over anhydrous MgSiered and then
concentratedin vacuoto afford the corresponding ethyl vinyl ether adduct.

GENERAL PROCEDURE V-B ! XANTHATE FORMATION FROM THE VINYL

ETHYL ETHER ADDUCT

To a stirred solution of thethyl vinyl ether adduct (1.0 equiv) in a mixture of
acetonitrile/water (9:1§2 mL/mmol) under nitrogen in an ice water bath, was added a
solution ofN-bromosuccinimide (1.1 equiv) inacetonitrile/water (9:1) (2 mL/mmol).

The resulting solution was stirrefbr 20 more minutes, and the mixture was then
partitioned between ether and water. The organic layer was then washed with brine, and
dried over anhydrous MgS(iltered and the solvent were removiedvacuoto afford

the Dbromo ketone IR and*H NMR analysis could be used to see the formation of the
carbonyl group.

The previous crudbromo ketone (1.0 equiv) was then stirred atetone(1.5 mL/mmol)
under nitrogen at OC, andpotassium O-ethyl xanthate (1.2 equiv) was themadded.
After one hourat 0°C, the mixture was partitioned betweetner andvater. Brine was
added to the aqueous layer, and extracted etliter. The combined organic layers were
washed with brine, dried over anhydrodgSQ,, filtered and were removed vacuo
The residue was purified by silica gel column chromatographjford the xanthate.
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Partie expérimentale

O-Ethyl S-3-hydroxy-3-(4-methylcyclohex3-enyl)-2-oxobutyl

carbonodithioate RH2

C14H203S;
M= 302.5g.mol*

Following general procedur®-A, the reagbn was carried out using-(#-methyk
cyclohex3-enyl}ethanoneRH1 (2.2 mL, 15.0 mmol). The adduct obtained \
transformed following general procedifeB to givethecrude xanthate. The residue v
purified by silica gel column chromatography (petroleum ether /ethyl acetate ¢
afford xanthateRH2 (2.77 g, 61% over 3 steps) as a yellow oil as a mixturawvof
epimers in a 1:1 ratio.

'H NMR (Gppm) 5.275.41 (m, 1H), 4.6%q, J= 7.1 Hz, 21, 4.274.40 (m, 28, 3.8
(CDCl, 400 MHz) (brs, 19, 1.802.15 (m, 61, 1.56-1.66 (m,1H), 1.63 (s, 3H, 1.45,
1.40 (2s, 3H), 1.4, J= 7.1 Hz,3H).

C NMR (Gppm) 213.3, 213.1, 207,42071, 133.8, 133.7119.9, 119.581.2, 80.8
(CDCl;, 100 MHz) 70.8, 70.842.0, 41.1, 40.830.2, 30.2, 25.8, 24,23.6,232, 23.2,
23.1,22.1,13.7.

IR (Qcm?, CCl) 3618, 3503, 1715, 1227, 1055.

HRMS (EI) Calcd. forCiyH2,05S,: 302.1011 Found: 302.100¢
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GENERAL PROCEDURE V-C. REDUCTION OF XANTHATE WITH

HY POPHOSPHOROUS ACID

A solution of xanthate (1.0 equiv),triethylamine (5.5 equiv) anchypophosphorous

acid (50% in water)(5.0 equiv) indioxane(12.5 mL/mmol of xanthate) was refluxed
under nitrogen fol5 minutesAIBN (0.15 mL/mmol of xanthate) was then added to the
solution, and reflux wa kept for an additional 1 tnde N,. The resulting mixture was
partitioned between ethyl acetate and water. The organic layer was then washed with
brine, dried over anhydrous MggQiltered, and the solvent was removadracuo The
residue was purified by silica gel coluranromatographyo affordthereduced product
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Partie expérimentale

2-Hydroxy-2,6-dimethylbicyclo[3.3.1]nonan3-one RH4

C11H1802
M= 182.3g.mol*

Following general procedur@l -A, the reaction was carried out using xanthaté6
(150 mg, 0.5 mmoland needed 10 mol % of DLP to go to complet{@nh). Crude
xanthatewas then transformed following general procedv<C. The residue wa
purified by silica gel column chromtography (petroleum ether /ethyl acetate) 9dl
afford .-hydroxyketoneRH4 (73 ng, 80% over 2 stepsas a mixture ofwo epimers a
C-3in al:l ratioandas two colorless oils The diastereome®H4a and RH4b were
separated at this step and mixed together after characterization for the next <
analyzingthe infrared data, we can determine the structure of the diaster&ider
which has an intramolecular hydrogen bond and the structure of the diasteRid4ie
which has an intermolecular hydrogen bond.

DiastereomeRH4a

IH NMR ( Gppm) 2.77 (dd,J= 16.2 6.1 Hz, 1H), 2.52 (ddd])= 13.1, 6.0, 3.2 Hz
(CDCh, 400 MH2) 1H), 2.40 (dtJ= 16.2, 2.1 Hz, 1H), 2.22.30 (m, 1H), 2.02.11

% (m, 1H), 2.032.05 (m, 1H), 1.6€..80 (m, 2H), 1.48..60 (m, 2H),
1.341.44 (m, 1H), 1.30 (s, 3H), 0.87 (@ 6.9 Hz, 3H), 0.74.87
(m, 1H).

C NMR ( Gppm)

212.4, 76.6, 41.8, 38.87.4, 35.7, 30.8, 27.8, 27.0, 21.9, 19.7
(CDCls, 100 MHz)
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IR (Qcm?, CCl) 3598, 3497, 1712.

HRMS (EI) Calcd. forCy1H150,: 182.1307 Found: 182.131¢5

DiastereomeRH4b

I NMR (Gppm)  2:56-2.62 (m, 1H), 2.49 (ddi= 16.2, 6.0 Hz, 1H), 2.3®.25 (m,
(CDCl, 400 MHz) 2H): 160182 (m, 2H), 1.71 (s, 1H), 1.7BA1 (m, 2H), 1.40 (¢
3 3H), 0.88 (d,J= 6.9Hz, 3H), 0.770.90 (m, 1H).

13C NMR ( Gppm)

217.177.7,42.2, 38.0 37.9 35.9, 33.4, 2D, 26.9, 26.4, 19.6
(CDCls, 100 MHz)

IR (Qcm*, CCl) 3528, 1741, 1709.

HRMS (EI) Calcd. forCq1H180,: 182.1307 Found: 182.131°%
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Partie expérimentale

O-Ethyl S-3-hydroxy-3-(4-(4-methylpent-3-enyl)cyclohex3-enyl)-2-

oxobutyl carbonodithioate VR

C19H3003S;
M= 370.6 g.mol*

Following general proceduié-A, the reaction was carried out using4i(4-methylpert
3-enyl)cyclohex3-enyl)ethanon@ V-1 (7.5 mmol 1.55 g). Theadduct obtained we
transformed following general procedifeB to givethecrude xanthate. The residue v
purified by silica gel column chromatography (petroleum ether /ether 9:1) to
xanthateV-2 (2.14 g, 77% over 3 steps) as a yellow oil as a mixtutevofepimersin a
1:1 ratia

IH NMR ( Gppm) 5.465.48 (m, 06H), 5.355.37 (m, 0.5H), 5.1:6.35 (m, 18, 4.70

(CDCl, 400 MHz) (@,3= 7.1 Hz, 1, 4.69 (q,J= 7.1 Hz, H), 4.3%4.44(m, 2H), 331
(brs 1H), 1.942.11 (m, $), 1.72 (s, 81), 1.64 (s 3H), 1.351.40
(m, 2H), 1.52(s, 3H), 1.47(t, J= 7.1 Hz,1.5H), 1.48(t, J= 7.1 Hz,
1.5H).

C NMR ( Gppm) 213.4, 213.3207.5, 207.5, 137.7, 137.6, 131.3, 131.5, 124.2, 1
(CDCl;, 100 MHz) 119.3, 81.3, 81.0, 71.G0.9 42.1, 41.4, 41.1, 37.5, 37.5, 282B.7,
26.5, 26.5, 25.95.8,25.0,23.8, 22.3, 17.813.8.

IR (Qcmt, CCl) 3618, 3505, 3155, 2983, 2914, 1816, 1795, 1717, 1469, 1383,
1097, 1054.

HRMS (El) Calcd. forCigH3003S,: 370.163F Found: 370.163C

% The ketone was prepared from methylvinyl ketone and myraerane step according to literature
procedures: Veselovsky, V. V.; Gybin, A. S.; Lozanova, A. M.; Moiseenkov, A. M.; Smit, W. A.
Tetrahedron Lett1988 29, 175.

494



ChapV - Induction de la Stéréochimie sur des Systemes Cycliques

2-Hydroxy -2-methyl-6-(4-methylpent-3-enyl)bicyclo[3.3.1]nonanr3-one V-3

C16H2602
M= 250.4 g.mof

Following general procedulld -A, the reaction was carried out using xanthat2 (741
mg, 2.0 mmolland needed 10 mol % of DLP to go to complet{drh). Crude xanthate
was then transformed following general procedUr€. The residue was purified
silica gel column chrodmWRJUDSK\ SHWUROHXP HWKHU -|
hydroxyketoneV/-3 (351 ng, 70% over 2 stepsas a mixture ofwo epimersin al:1 ratio
andas a colorless oil

1H NMR ( Gppm) 5.06 (t,J= 7.1 Hz, 15, 3.83 (s, 0.5H), 2.78 (dd= 16.1, 6.1 Hz
(CDCl, 400 MHz) 0-5H), 1.892.53 (m, 3.5H, 1.67 (s, 3#), 1.231.66 (m, $), 1.57 (s.
3H), 1.41 (s, 1.5H), 1.32 (s, 1.5H), 0-889 (M, 2H).

%C NMR ( Gppm) Diastereome¥-3a

(CDCls, 100 MHz) 212.2, 131.6, 124.4, 77.3, 42.4, 40.3, 38.3, 35.5, 34.2, 30.8,
25.8, 25.8,25.4,22.1, 17.7.

Diastereome¥-3b

217.3, 131.5124.3, 77.842.7, 40.5, 38.2, 36.2, 34.1, 33.4, 2
26.4,25.725.3,25.117.6

IR (Qcmi*, CCl) 3598, 3504, 2930, 2858, 1709, 1646, 1461, 1415, 1376, 1316,
1166, 1126.

HRMS (EI) Calcd. forCygH260,: 2501933 Found: 250.1932
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Partie expérimentale

GENERAL PROCEDURE V-D : CLEAVAGE OF HYDROXYCE TONES

To a solution ofhydroxyketone (1.0 equiv) inethanol (1.25 mL/mmol), was added
water (225 L/ mmol), hydroxylamine hydrochloride (3.0 equiv), andsodium
hydroxide (8.0 equiv). After being refluxed for 3 h, the mixture was then partitioned
between ethyl acetate and wafBne aqueous layer was then extracted with ethyl acetate,
and the combined organic layers were washed with water, brine, dried over,igdO
the solvent were removed vacuq giving oxime.

The crude product was then dissolvegymidine (1.2 mL/mmol),andmethanesulfonyl
chloride (2.0 equiv) was added'he reaction mixture was stirremlernight at 20°C.

Water was then added, and the mixture was extracted with ethyl acetate. The organic
layer was washed with brine, dried over MgS(Dd concentratesh vacuo The residue

was purified by silica gel column chromatography to afford nitrile.

2-(5-Acetyl-2-(4-methylpent-3-enyl)cyclohexyl)acetonitrile V-4

Ci1eH2sNO
M= 247.4 g.mof

Following general proceduM-D, thereaction wasarried out using hydrokgtoneV-3
(87 mg, 0.35 mmol)The residue was purified bylisa gel column chromatograpt
(petroleum ether/ ethyl acetate 85:15nffword nitrile V-4 (65 mg, 75% over 2 steps) a:
colorless oil.

IH NMR (Gppm) 5.07 (t,J= 7.1 Hz, 1H, 2.3%2.45 n, 1H), 2.28 (ddJ= 7.9, 2.4 Hz,
(CDCl, 400 MHz) 2H), 2.15 (s, 3§ 1.7:2.06 (m, 7H), 1.68 (s, 3H), 1.59 (s, 3|
1.291.42 (m, 4H), 1.08..16 (m, 1H).

C NMR (Gppm) 210.8 132.2, 123.7, 118.60.8 37.2, 35.0, 28.2, 28.27.8 25.7,
(CDCl;, 100 MHz) 25.7,24.1,22.021.8, 17.7.

IR (Qcm', CCl) 2936, 2863, 2248, 1713, 1451, 1427, 1376, 1353, 1162, 1176.

HRMS (EI) Calcd. forCygH2sNO : 247.1936 Found: 247.194C
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S-3-(3,4-Dimethylcyclohex3-enyl)-3-hydroxy-2-oxobutyl O-ethyl
carbonodithioate

CisH2403S,
M= 316.5g.mol*

Fdlowing general procedure/-A, the reaction was carried out using(314
dimethylcyclohex3-enyl)ethanon@ V-5 (6.09 g, 40 mmol). The adduct obtained \
transformed following general proceduveB to give crude xanthate. The residue \
purified by silica gel column chromatography (petroleum ether /ether 9:1) to

xanthateV-6 (8.48 g, 67% over 3 stepa¥ a yellow oilandas a mixture ofwo epimers
in a 1:1 ratio.

IH NMR ( Gppm) 4.65 (q,J= 7.1 Hz, 15, 4.64 (qJ= 7.1 Hz, 2H, 4.284.38 (m, 2H),
(CDCl,, 400 MHz) 3-24 rs 1H), 1.892.06 (m, 5H), 1.63, 1.60, 1.56 (3s, 6l
1.381.50 (m, 1H).1.47, 1.40 (2s3H), 1.42 (tJ= 7.1 Hz 3H).

C NMR (Gppm) 213.3, 213.2207.3, 207.3125.5. 125.4124.5, 124.2, 81.2. 8Q.
(CDCls, 100 MHz) 70.9, 70.942.0, 41.9, 41.7, 32.1, 31.9, 3122.0,23.3, 23.122.5
19.2. 19.1, 18.713.7

IR (Qcmit, CCl) 3598, 3513, 2979, 2937, 1711, 1459, 1375, 1221, 1113, 1053.

HRMS (EI) Calcd. forCisH2405S,: 3161167 Found: 316.116C

% The ketone was prepared frdmt-3-en-2-one and 2,3-dimethylbutal,3-dienein one step according to
literature procedures: Kreiser, W.; Haumesser, W.; Thomas, Helkitica ChemActa 1974 57, 164.
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Partie expérimentale

4-Hydroxy-1,4,8trimethylbicyclo[3.3.1]nonan-3-one V-7

C12H200-
M= 196.3g.mol*

Following general procedutd -A, the reaction was carried out using xanthaté (870
mg, 2.75 mmol) and needed 10 mol % of DLP to go to compl¢8dr). Crude xanthat
was then transformed following general procedw€. The residue was purified by silic
gel column chromatography (petroleum etbtryl acetate 9:1) to afford the
.-hydroxyketoneV-7 (372 mg, 69% over 2 steps) as a mixturévad diastereomers in
1:1 ratio of thetwo epimersandas two colorless oils. Ehdiastereomerg-7a andV-7b
were separated at this step and mixed together after characterization for the next s

Diastereome¥-7a

'H NMR ( Gppm)
(CDCls, 400 MHz)

*C NMR ( Gppm)
(CDCls, 100 MHz)

IR (Qcmit, CCl)

HRMS (El)

Diastereome¥-7b

'H NMR ( Gppm)
(CDCls, 400 MH2)

*C NMR ( Gppm)
(CDCls, 100 MHz)
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2.43 (d,J= 16.2 Hz, 1H), 2.22.35 (m, 2H), 2.02.10 (m, 1H),
1.771.71 (m, 1H), 1.44.56 (m, 1H), 1.33.42 (m, 3H), 1.3:
(s,3H), 0.96 (s, 3H), 0.83 (d= 6.6Hz, 3H), 0.80:0.86 (M, 2H).

212.2, 75.5, 44.3, 42.8, 41.38.6, 38.1, 28.8, 28.5, 28.0, 21
15.6

3598, 3487, 2955, 928, 2870, 1711, 1456, 1443, 1375, 1318,
1157, 1123, 1073, 1025.

Calcd. forCioHo005: 196.1463 Found: 196.1460

3.80 (s, 1H), 2.50 (dd)= 16.1, 3.3 Hz, 1H), 2.202.23 (m, 1H),
2.15 (d,J= 16.1 Hz, 1H), 1.9€.01 (m, 1H), 1.62 (dy= 13.8, 3.2
Hz, 1H), 1.331.44 (m, 3H), 1.38 (s, 3H), 0.98 (s, 3H), 0.83.Jd,
6.6 Hz, 3H), 0.8@.86 (m, 2H).

212.2,75.5,44.3,42.8, 41.2, 38.6, 38.1, 28.8, 28.5, 28.0,15.6
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IR (Qcmt, CCl) 3507, 2959, 2927, 2873, 1707, 1462, 1453, 1373, 1241, 1162,
1125, 1106, 1024.

HRMS (EI) Calcd. forCioH200,: 196.1463 Found: 196.1460
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Partie expérimentale

5-Acetyl-1,2-dimethylcyclohexyl)acetonitrile V-8

C12H19NO
M= 193.3g.mol*

Following general proceduié-D, the reactiorwascarried out using the hydrokgtone
V-7 (90 mg, 0.47mmol). Theresiduewas purified by silica gel column chromatogray
(petroleum ether/ ethyl acetate 85:1®afford nitrile V-8 (75 mg, 83% over 2 steps) as
colorless oil.

IH NMR (Gppm) 2.55 (tt, J= 11.7, 4.0Hz, 1H), 2.132.26 (m 2H), 2.13(s, 3H),
(CDCl, 400 MHz) 1.661.85(m, 3H), 1.40-1.53(m, 4H), 1.20 (s, 3#, 0.94 (d J= 7.1
Hz, 3H).

C NMR (Gppm) 211.1, 117.9, 46.6, 35.6, 34.7, 33.3, 29.9, 28.1, 28.1, 24.5,
(CDClz, 100 MHz) 14.6.

IR (Qcmit, CCl) 2960, 2874, 2249, 1712, 1558, 1541, 1455, 1434, 1359, 1320,
1175, 1127.

HRMS (El) Calcd. forCyioH1gNO : 193.1467 Found: 193.146C
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S(9)-3-((1S,254S)-Bicyclo[2.2.1]hept5-en-2-yl)-3-hydroxy-2-oxobuty!l

O-ethyl carbonodithioate VALY

C14H200:S,
M= 300.4g.mol*

Following general procedureV-A, the reaction was carried out usl
ende2-acetyts-norbornene V-9 (5.4 mL, 40 mmol). The adduct obtained v
transformed following general proceduveB to give crude xanthate. The residue \
purified by silica gel columnchromatography (petroleum ethether 9:1) to afforc
xanthatev-10 (7.57 g, 63% over 3 steps) agalow oil andas a mixture ofwo epimers
in a 9:1 ratio.

'H NMR (Gppm) 6.286.30 (m, 0.1H), 6.25.28 (m, 0.9H), 6.08.10 (m, 0.9H),

(CDCls, 400 MHz) 6.066.09 (m, 0.1H, 4.574.65 (m,2H), 4.234.42 (m, 2H), 3.0:
(brs, 1H), 2.82 (bs, 1H), 2.57-2.67 (m, 1H), 2.56 (s, 0.1H), 2.
(s,0.9H), 1.93 (dddJ= 11.8, 9.6, 3.9 Hz, 0.11.76 (dddJ= 11.7,
9.6, 3.9 Hz, ®H), 1.301.40 (m, 6H), 1.24..28 (m, 2H, 1.12 (ddd
J=11.8,5.1, 2.3 Hz, 0.1110.92 (dddJ=11.7, 5.3, 2.4 Hz, 0.9H

1%C NMR ( Gppm) Major diastereomer

(CDCls, 100 MHz) 213.4, 207.3138.5 132.2 80.9 70.4, 50.3, 45.6, 43.8, 43.1, 42
27.6, 25.8, 13.7.

Minor diastereomer

213.4, 208.0, 139.2, 131.3, 81.1, 70.6, 51.4, 45.9, 44.4, 43.1,
27.0, 26.3, 13.7.

IR (Qcmi', CCl) 3558, 3311, 2980, 2901, 2873, 1716, 1445, 1367, 1263, 1227,
1053.

HRMS (EI) Calcd. forCi4H2005S;: 300.0854 Found : 300.086!
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Partie expérimentale

5-Hydroxy -5-methyloctahydro-6H-2,4-methanoinden6-one V-11

C11H1602
M= 180.2g.mol*

Following general procedultd -A, the reaction was carried out using xanth&te0 (901
mg, 3.0 mmol)and needed 10 mol % of DLP to go to complei{@rh). Crudexanthate
was then transformed following general procedUr€. The residue was purified
silica gel columnchromatography (petroleum etfether W R D-hiyaroxgketone
V-11 (454 ny, 84% over 2 stepsas a mixture of diastereomers in a eafio of thetwo
epimers at € and as two colorless oils. The diastemersV-11la and V-11b were
separated at this step in order to characterize them and then combined for the nex

Major diastereomey-11a

IH NMR (Gppm) 3.22 (dd,J= 13.4, 5.8 Hz, 1H), 2.62.66 (m, 1H), 2.42.46 (m,

(CDCl, 400 MHz) 1H), 2.242.30 (m, 1H), 2.12.14 (m, 2H), 1.64.81 (m, 2H)
1.37-1.47 (m, 2H), 1.23 (s, 3}10.73 (ddd,J= 12.5, 4.2, 2.5 Hz
1H), 0.62 (dddJ= 12.9, 5.1, 2.3 Hz, 1H

*C NMR ( Gppm)

213.0, 76.7, 51.3, 40.5, 40.4, 38.9, 37.7, 33630 32.2, 22.4
(CDCls, 100MHz)

IR (Qcmi', CCl) 3604, 3494, 2949, 2873, 1720, 1453, 1421, 1376, 1353, 1309,
1114, 1098, 1047.

HRMS (EI) Calcd. forCy1H160,: 180.1150 Found : 180.115

Minor diastereome¥-11b

1H NMR ( Gppm) 3.97 (s, 1H), 2.81 (dd,J= 14.2, 5.6 Hz, 1H), 2.3@.51 (m, 4H)
(CDCl, 400 MHz) 2-142.16 (m, 1H), 1.79.87 (m, 1H), 1.64.73 (m, 1H), 1.46.49
(m, 2H), 1.45 (s, 34 081-0.86 (m 1H), 0.720.76 (m, 1H.

C NMR ( Gppm)

215.4, 77.3, 51.6, 41.1, 4040.5 38.2 36.7, 36.431.8, 26.5
(CDCls, 100 MHz)

502



ChapV - Induction de la Stéréochimie sur des Systemes Cycliques

IR (Qcmt, CCl) 3499, 2953, 2874, 1714, 1558, 1541, 1454, 1377, 1366, 1323,
1174, 1098.

HRMS (EI) Calcd. forCy1H160,: 180.1150 Found :180.1157
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Partie expérimentale

2-((1S,25,4S,®)-6-Acetylbicyclo[2.2.1]heptan2-yl)acetonitrile V-12

C11H1sNO
M= 177.2g.mol*

Following general proceduié-D, the reaction was carried out usimgdroxyketoneV-11
(220 mg, 1.22 mmol)The residuewas purified by silica gel column chromatograg
(petroleum etheethyl acetate 8)2o afford nitrile V-12 (195mg, 90% over 2 steps) as
colorless oil.

'H NMR (Gppm) 2.882.95 (m, 2H), 2.22.36 (m, 4H), 2.30 (s, 3H}.952.03 (m,
(CDCls, 400 MHz) 1H), 1.79 (ddd,J= 12.8, 6.2, 1.7 Hz, 1H), 1.5B69 (m, 3H,
0.880.92 (m, 1H.

C NMR ( Gppm)

211.1, 119.554.7, 43.9, 42.8, 38.4, 37.5, 36.4, 30.2, 30.0, 19.9.
(CDCl;, 100 MHz)

IR (Qcmi', CCl) 2960, 2874, 2249, 1712, 1558, 1541, 1455, 1434, 1359, 1320,
1175, 1127.

HRMS (EI) Calcd. forCq1H1sNO : 177.1154 Found : 177.115
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ChapV - Induction de la Stéréochimie sur des Systemes Cycliques

S-3-(Cyclopent-3-enyl)-3-hydroxy-2-oxobutyl O-ethyl carbonodithioate V-17

C12H180:S,
M= 274.4g.mol*

Following general procedur€-A, the reaction was carried out usingcyclopent3-
enyl)ethanon&/-16 (770 mg, 7.0 mmol). The adduct obtained was transformed follo
general procedur¥-B to give crude xanthate. The residue was purified by silice
column chromatography (petroleum ether /ether 9:1) to afford xanthafe (1.02 g,
53% over 3 steps) as a colorless oil.

'H NMR (Gppm) 5.635.69 (n, 2H), 4.64(q, J= 7.1 Hz, 2H, 4.304.41(m, 2H), 2.73
(CDCls, 400 MHz) 2.82(m, 1H, 2.47:2.51(m, 1H), 2.252.37 (m, 2H, 2.042.29 (m,
2H), 1.46 (s, 3B, 142 (1 J= 7.1 Hz, 3H.

¥*C NMR ( Gppm) 213.3 206.9 129.6, 129.580.4, 71.0 45.Q 42.0,33.4 33.3,24.6,
(CDCls, 100 MHz) 13.8.

IR (Qcmi', CCl) 3616, 3505, 3059, 2984, 2934, 2853, 1717, 1444, 1358, 1228,
1114, 1053, 1027.

HRMS (EI) Calcd. forCioH1803S,: 274.0697 Found : 274.070:
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Partie expérimentale

2-Hydroxy -2-methylbicyclo[3.2.1]octanr3-one V-18

C12H1803S;
M= 274.4g.mol*

Following general procedultd -A, the reaction was carried out using xanthate7 (870
mg, 2.75 mmoland needed 10 mol % of DLP to go to comple(idm). The residue wa
purified by silicagel column chromatography (petroleum etliethyl acetate 9:1) t
afford xanthatev-18 (551 mg, 73%) as amixture oftwo diastereomers in a 10:1 radod
astwo yellow oils The diastereomerg-18a andV-18b were separated at this step ¢
mixed together after characterization for the next step.

Major diastereomeyY-18a

1H NMR ( Gppm) 4.584.64 (m, 2, 3.77(s, 1H, 3.60 (dddJ= 9.1, 5.2, 1.6 Hz, 1}

(CDCls, 400 MHz) 274 (dd,J= 15.7, 4.4Hz, 1H), 2.642.69 (m, 2H), 2.47 (t,J= 5.1
Hz, 1H), 2.38 (dd, J= 15.3, 9.1, 2.0 Hz, 1 2.062.10 (m, 1H),
1.921.97 (m, 1H, 1.49 (ddd,J= 15.3, 6.8, 5.2 Hz, 1H), 1.41 |
J= 7.1 Hz, 3H), 1.39 (s, 3H).

“C NMR (Gppm) 214.2, 213.7, 79.1, 69.7, 49.2, 47.7, 455, 44.6, 33.1, 29.9,
(CDCl;, 100 MHz) 13.8.

IR (Qcmi', CCl) 3601, 3510, 2984, 2958, 2935, 2872, 1720, 1452, 1413, 1377,
1218, 1146, 1113, 1054.

HRMS (EI) Calcd. forCyoH1805S,: 274.0697 Found : 274.069

Minor diastereomeY-18b
14 NMR ( Gppm) 4.584.67 (m, 2H, 3.67 (ddd, J= 8.8, 5.1, 1.5 Hz, 1K 294 (dd,

J= 155, 4.4 Hz. 1, 241-2.60 (m, 45, 1.99 (ddd J= 15.5, 8.8
(CDCls, 400 MH2) 4  *113"1 651.76 (m, 28, 1.41 (tJ= 7.1 Hz, 38, 1.31 (s.3H).

C NMR (Gppm) 214.0, 209.8, 77.6, 69.7, 49.8, 47.1, 46.1, 43.4, 30.8, 30.4,
(CDClz, 100 MHz) 13.8.
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ChapV - Induction de la Stéréochimie sur des Systemes Cycliques

IR (Qcm, CCl) 3512, 2985, 2937, 2877, 1717, 1452, 1419, 1372, 1361, 1340,
1219, 1145, 1112, 1058.

HRMS (EI) Calcd. forCq2H1803S,: 274.0697 Found : 274.069.
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Partie expérimentale

2-Hydroxy -2-methylbicyclo[3.2.1]octanr3-one V-19

CoH1402
M= 154.2g.mol*

Following general procedultd -A, the reaction was carried out using xanth&te7 (274
mg, 1.0 mmol)and needed 10 mol % of DLP to go to completdoh). Crudexanthate
was then transformed following general procedUr€. The residue was purified
silica gel columrchromatography (petroleum etfether W R D-hyaroxg@ketor
V-19 (106 ng, 69%over 2 stepsasa colorless oil.

'H NMR (Gppm) 3.80 (s, 1H, 2.61 (ddd,J= 14.9, 3.5, 2.1Hz, 1H), 2.522.56 (m,
(CDCls, 400 MHZz) 1H), 2.38 (t,J= 5.6 Hz, 1H), 2.31 (dtJ= 14.9, 3.0 Hz, 1M

2.07-2.11 (m, 18, 1.541.81 (m, 4H),1.38(s, 3H), 1.361.38 (m,
1H).

°C NMR ( Gppm)

215.2, 79.4, 48.1, 46.1, 36.9, 36.1, 28.0, 25.7, 23.7.
(CDCls, 100 MHz)

IR (Qcmi', CCl) 3604, 3501, 2960, 2928, 2855, 1731, 1466, 1377, 1261, 1097.

HRMS (El) Calcd. forCgH140,: 154.0994 Found: 154.0997
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ChapV - Induction de la Stéréochimie sur des Systemes Cycliques

6-(3,3-Diethoxypropyl)-2-hydroxy-2,6-dimethylbicyclo[3.3.1]nonan 3-
one

V-24

C14H220,
M= 222.3g.mol*

Following general procedutd -A, the reaction was carried out using xanthrRit&2 (303
mg, 2.0 mmol) and needed 10 mol % of DLP to go to completi¢® h)
Allyltrimethylsilane (305 pL, 2.0 equiy was added to the reaction mixtufiehe reactior
needed 20 mol% to go to completi(@h). The solvent wathenremovedin vacuo To a
solution of xanthaté/-23in THF (7 mL)was added TBAF (4 mL, 4.0 mmol). The solv
was removedn vacuo The residue was purified by silica gel column chatography
(petroleum ether /ethyl acetate 89:1® afford the .-hydroxyketonev-24 (144 ng, 32%
over 3 $ep9 and .-hydroxyketoneV-24a (190 mg, 32% over 3 stepas two colorles
oils. The diastereomeng-24a andV-24b were separated at thisageand mixed togethe
after characterization for the next step.

Diastereome¥-24a

Y NMR (Gppm) 5-725.82 (m, 1H), 5.05.06 (m, 2H),2.86 (dd,J= 15.9, 5.9 Hz
(CDCly, 400MHz) LH), 247253 (m, 1H), 22831 (m, 1H), 2.22.30 (m, 1H)

! 1.901.93 (m, 1H), 1.86 (dddl= 13.9, 6.2, 3.1 Hz, 1H), 1.5B75
(m, 3H), 1.32 (s, 3H), 1.16.28 (m, 3H), 0.97 (td)= 14.8, 4.8 Hz
1H), 0.87 (s, 3H).

3C NMR (Gppm) 212.0, 134.7, 117.4, 76.4, 42.4, 42.0, 40.7, 39.7, 35.7, 30.3,
(CDCls, 100 MHz) 25.3, 23.5, 22.0.

IR (Qcmi*, CCl) 3595, 3503, 2975, 2931, 2874, 1711, 1455, 1444, 1376, 1264,
1125, 1063.

HRMS (EI) Calcd. forCy4H220,: 222.1620 Found: 222.161¢€
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Partie expérimentale

Diastereome¥-24b

'Y NMR (Gppm) 576 (ddddJ= 17.0, 10.4, 8.0, 7.0 Hz, 1H), 58106 (m, 2H), 3.8
(CDCh, 400 MHz) (& 1H), 2.682.71 (m, 1H), 2.52.58 (m, 2H), 2.31 (ddJ= 138, 8.1

3 Hz, 1H), 1.912.21 (m, 5H), 1.44..50 (m, 1H), 1.40 (s, 3H), 0.87 |
3H), 0.981.25 (m, 2H).

13C NMR (Gppm) 217.0,134.6, 117.4, 77.4, 42.5, 42.80.5, 40.2,36.0, 30.3, 27.9
(CDCl;, 100 MHz) 27.9,25.5, 22.1.

IR (Qcmt, CCl) 3509,2975, 2931, 2872, 1709, 1455, 1445 1378, 1264, 1238,
1065.

HRMS (El) Calcd. forCi4H2,0,: 222.1620 Found: 222.1622
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ChapV - Induction de la Stéréochimie sur des Systemes Cycliques

5-Acetyl-2-allyl-2-methylcyclohexyl)acetonitrile V-25

C14H21NO
M= 219.3g.mol*

Following general proceduré-D, the reaction was carried out using hydroxyl ket
V-24 (233 mg, 1.0 mmol)Theresiduewas purified by silica gel columahromatograph
(petroleum ether/ ethyl acetate 85:1®bafford nitrile V-25 (178 mg, 81% over 2 stepas
a colorless oil.

IH NMR (Gppm) 5.725.83 (m, 1H), 5.06.13 (m, 2H, 2.54 (tt,J= 11.6, 3.4Hz, 1H),
(CDCl, 400 MHz) 2-322.41(m, 2H), 2.16(s, 3H, 197-2.09 (m, 3H, 1.691.81 (m,
2H), 1.37-1.51 (m, 48, 0.81 (s3H).

3¢ NMR (Gppm) 210.6,133.1 119.4, 118.6, 50.7, 46.0, 40.3, 36.6, 35.6, 29.0, :
(CDCls, 100 MHz) 23.8, 18.6, 17.8.

IR (Qcmit, CCl) 3079, 2978, 2937, 2870, 2248, 1713, 1639, 1468, 1444, 1425,
1212, 1175, 1148.

HRMS (El) Calcd. forCi4H2:NO : 219.1623 Found: 219.162¢
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Partie expérimentale

6-(3,3-Diethoxypropyl)-2-hydroxy-2,6-dimethylbicyclo[3.3.1]nonan 3-

V-26
one

Ci1gH304
M= 312.4g.mol*

Following general procedutd -C, the reaction was carried out using xanthit (605
mg, 2.0 mmol)and needed 10 mol % of DLP to go to complei{@rh). Acrolein diethyl
acetal 475uL, 2.0 equiy was added to the reaction mixtiaedthe reactiomeeded 1!
mol% to go to completio@d h 30 min) Crudexanthatewas then transformed folving
general procedur®-C. The residue was purified by silica gel column chatography
(petroleum ether /ethyl acetate Ptb afford .-hydroxyketoneV-26a,b (312 ng, 50%
over 3 stepsas a mixture ofwo epimersin a 1:1 ratio and as two colorles®ils. The
diastereomerd/-26a and V-26b were separated at thisage and mixed together aft
characterization for the next step.

Diastereome¥-26a

Y NMR (Gppm) 445 (tJ= 5.5 Hz, 1H), 3.58.68 (m, 2H), 3.38.45 (m, 2H), 2.8!
(CDCly, 400 MHz) (@0 9= 15.9, 6.0 Hz, 1H), 2.48.53 (m, 1H), 2.22.28 (m, 1H)

! 1.81:2.04 (m, 4H), 1.49.59 (m, 4H), 1.32 (s, 3H), 1.20 @ 7.3
Hz, 3H), 1.20 (tJ= 7.3 Hz, 3H), 1.181.39 (m, 3H), 0.84 (s, 3H
0.740.87 (m, 1H).

13C NMR (Gppm) 212.0, 103.4, 76.5, 61.0, 60.8, 42.1, 40.7, 39.7, 35.1, 32.5,
(CDC, 100 MHz) 27-8,25.625.5,23.6, 22.0, 15.4.

IR (Qcmi', CCl) 3598, 3502, 2976, 2931, 2876, 1710, 1465, 1455, 1444, 1417,
1343, 1238, 1126, 1063.

HRMS (EI) Calcd. forCygH3204: 312.2301 Found: 312.2292
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ChapV - Induction de la Stéréochimie sur des Systemes Cycliques

Diastereome¥-26b

'H NMR ( Gppm)

(CDCl,, 400 MHz) 45 (4= 55 Hz, 1H), 3.68.66 (m, 2H), 3.4B.44 (m, 2H)

2.652.71 (m, 1H), 2.54 (ddJ= 16.0, 5.8 Hz, 1H), 2.262.19 (m,
1H), 2.062.11 (m, 1H), 1.9€L.96 (m, 3H), 1.46L.65 (m, 4H), 1.4(
(s, 3H), 1.20 (tJ= 7.4 Hz, 3H), 1.20 (tJ= 7.4 Hz, 3H), 1.121.26
(m, 3H), 0.84 (s, 3H), 0.768.90 (m, 1H).

3¢ NMR (Gppm) 217.0,103.3, 77.4, 61.0, 60.8, 43.3, 40.4, 40.2, 35.2, 32.5,
(CDCls, 100 MHz) 28.0, 27.9, 27.7,25.4, 22.1, 15.3.

IR (Qcmit, CCl) 3509, 2975, 2930, 2875, 1709, 1467, 1455, 1444, 1421, 1376,
1241, 1124, 1063.

HRMS (EI) Calcd for CigH3103: 295.2273 Found: 295.227¢
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Partie expérimentale

5-Acetyl-2-allyl-2-methylcyclohexyl)acetonitrile V-27

C18H31NO3
M= 309.4g.mol*

Following general proceduié-D, the reaction was carried out usimgdroxyketoneV-26
(222 mg, 0.71 mmol)The residuewas purified by silica gel columichromatograph
(petroleum etheethyl acetate 8)2o afford nitrile V-27 (154 mg, 70% over 2 steps) a
yellow oil.

IH NMR (Gppm) 4.42 (t,J= 5.4 Hz, 1H), 3.58.66 (m, 2H), 3.48.52 (m, 2H), 2.5:

(CDCl, 400 MHz) (dd,J= 16.7, 3.4 Hz, 1H), 2.32.40 (m, 1H), 2.16 (s, 3H), 1.9709
(m, 2H), 1.651.74 (m, 4H), 1.48.58 (m, 2H), 1.20 (t)= 7.4 Hz,
3H), 1.20 (tJ= 7.4 Hz, 3H), 1.181.29 (m, 4H), 0.78 (s, 3H).

3¢ NMR (Gppm) 210.6, 119.5, 103.1, 61.4, 61.2, 50.7, 40.9, 36.3, 36.1, 34.7,
(CDCl;, 100 MHz) 28.2,27.2,23.8, 18.7,17.6, 15.3.

IR (Qcmt, CCl) 2976, 2931, 2873, 2249, 1714, 1467, 1444, 1375, 1354, 1127, .

HRMS (El) Calcd. forCyigH31NOs: 309.2304 Found : 309.2301
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ChapV - Induction de la Stéréochimie sur des Systemes Cycliques

O-Ethyl S-(5-hydroxy-5-methyl-6-oxooctahydro-1H-2,4-
methanoinden1-yl) dithiocarbonate

V-22

C14H200:S,
M= 300.4g.mol*

Following general proceduid -A, the reaction was carried out using the xantNat®
(7.00 g, 23.3 mmol) and needed 10 mol% of DLP to go to compl&ibi. The residue
was purified by silica gel column chromatograggpgtroleum ethéether85:15 to &ford
the xanthaté&/-22 (6.30 g, 90%) as a mixture tfo diastereomers in a 9:1 ratamdas a

yellow oil.

'H NMR ( Gppm)
(CDCls, 400 MHz)

C NMR ( Gppm)
(CDCls, 100 MHz)

IR (Qcmit, CCl)

HRMS (EI)

4.554.68 (m, 2H), 3.24dd, J= 13.8, 5.8 Hz, 0.9H 3.053.08 (m,
1H), 2.83 (dd,J= 14.7, 6.2 Hz, 0.1HP.76-2.78 (m, 1H) 2.3@2.40
(m, 4H), 1.871.95 (m, 1H), 1.64.73 (m, 1H, 168-1.71 (m, 1H),
1.41 (t,d= 7.1 Hz, 3H), 1.42, 1.2726, 3H), 1.261.25 (m, 1H, 1.03
(ddd, J= 14.1, 4.7, 2.7 Hz, 0.1H), 0.83 (ddd= 14.1, 4.7, 2.7
0.9H).

Major diastereome¥Y-22a

213.6, 210.9, 76.9, 69.7, 55.7, 50.1, 44.7, 43.8, 39.0, 38.9,
31.3,22.4,13.8.

Minor diastereomeY-22b

213.2, 210.9, 76.9, 69.7, 55.7, 50.1, 44.7, 43.8, 39.0, 38.9,
31.3, 22.4, 13.8.

3603, 3503, 2978, 2958, 2900, 2877, 1722, 1453, 1421, 1377,
1215, 1113, 1061, 1018.

Calcd. forCi4H2005S;: 300.0854 Found: 300.086¢
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Partie expérimentale

1-(2,2-Dichlorovinyl) -5-hydroxy-5-methyloctahydro-6H-2,4-

methanoinden6-one V-29

Ci13H16ClL0;
M= 275.2g.mol*

A solution ofthe xanthatev-22 (601 mg, 2.0 mmol) and dichlorovinyl ethyl sulfone (i
mg, 4.0 mmol, 2D equiv.) in chlorobenzene (2 mL) was heated to reflux unde
atmosphere for 10 mir drops of DTBP weraddedto the solutionat intervals of 4 h
After refluxing for 12 h the reaction mixture was allowed to cool to°Z0 The solven
was removedn vacuo The residue was purified by silica gel column chromatogr:
(petroleum ether /aér 7:3 to afford thedichlorovinyl adductv-29 (336 mg, 61%xs a
mixture of diastereomers in a 9dtio andas two colorless oils. The diastereomér29a
andV-2% were separated at this step and mixed together after characterization
next step.

Major diastereomeyY-29a

1H NMR ( Gppm) 5.71 (d,J= 9.0 Hz, 15, 3.22 (ddJ= 13.7, 5.9 Hz, 1H), 2.72.75

(CDCl, 400 MHz) (M, 1H), 2.272.35 (m, 2H), 2.12.23 (m, 1H, 2.07 (d,J= 4.5 Hz,
1H), 2.00 (ddd,J= 9.0, 4.1, 1.5 Hz, 1H), 1.7£.85 (m, 1H,
1.581.61 (m, 1H), 1.42.45 (m, 1H), 1.26 (s, 3H0.73 (dddJ=
13.4,5.1, 2.5 Hz, 1H

®C NMR (Gppm) 211.4, 133.6119.6 76.8, 50.5, 48.6, 46.4, 42.39.7, 39.0, 38.Z
(CDCl, 100 MHz) 31.8 22.4.

IR (Qcm', CCl) 3604, 3497, 2958,716, 1646, 1615, 1455, 1421, 1377, 1114, 1C

HRMS (El) Calcd. forCy3H16Cl20,: 274.0527 Found: 274.0527

Minor diastereomeY-2%

1H NMR ( Gppm) 5.72 (d,J= 9.1 Hz, 1H), 3.96 (s, 1H, 2.84 (dd,J= 14.6, 6.0Hz,

(CDCls, 400 MHz) 1H), 2.592.55 (m, 2H), 2.412.47 (m, H), 2.222.24 (m, 1H),
2.06 (d,J= 4.4Hz, 1H), 1.99 (ddd,J= 9.0, 4.2, 1.4Hz, 1H), 1.77
(ddd, J= 13.8, 2.6, 4.6 Hz, 1H), 1.5862(m, 1H), 1.50 (dd,J=
10.4, 1.3 Hz1H), 1.4 (s, 38, 0.95 (dddJ= 13.8, 4.6, 2.6Hz,
1H).
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ChapV - Induction de la Stéréochimie sur des Systemes Cycliques

“C NMR (Gppm) 214.5 133.4 119.9, 77.350.8, 48.9, 4@, 42.2,41.2 39.9, 38.6
(CDCls, 100 MHz) 31.5 26.6.

IR (Qcmil, CCl) 3501, 2956, 2881, 1715, 1644, 1614, 1570, 1455, 1339, 1139

HRMS (EI) Calcd. forCy3H16Cl0,: 274.0527 Found: 274.051%
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Partie expérimentale

2-((1S,2S,3,4S,69)-6-Acetyl-3-(2,2-dichlorovinyl)bicyclo[2.2.1]heptan+

2-yl)acetonitrile V-30

C13H15CILNO
M= 272.2g.mol*

Following general proceduié-D, the reaction was carried out usimgdroxyketoneV-29
(210 mg, 0.81 mmol)The residuewas purified by silica gel column chromatograj
(petroleum etheethyl acetate 85:150 afford nitrile V-30 (165 mg, 75% over 2 steps)
a colorless oil.

1H NMR ( Gppm) 5.63 (d,J= 9.5 Hz, 1H, 2.972.99 (m, 2, 2.44 (dd,J= 17.4, 6.3
(CDCl, 400 MHz) HZ, 1H),2.35 (ddJ= 17.4, 10.7 Hz, 1} 2.36 (s, 3H), 2.18.23 (m,
2H), 1.932.05 (m, 2, 1.581.74 (m, 3H.

“C NMR (Gppm) 210.§ 132.1, 120.9, 118.8, 53.6, 48.9, 46.7, 43.9, 43.4, 403,
(CDCl;, 100 MHz) 30.1, 18.6.

IR (Qcmit, CCl) 2962, 2928, 2885, 2250, 1712, 1616, 1467, 1455, 1434, 1350,
1175, 1167.

HRMS (El) Calcd. forCy3H1sCIbNO @ 271.0531 Found: 271.0527
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ChapV - Induction de la Stéréochimie sur des Systemes Cycliques

2-(4-Acetyl-2-(2,2-dichlorovinyl)cyclopentyl)acetonitrile V-32

C11H12CINO
M= 246.1g.mol*

A solution of xanthaté&/-22 (162 mg, 0.67 mmol) and dichlorovinyl ethyl sulfone2%3
mg, 1.34 mmol, 20 equiv.) in chlorobenzene (67Q)uwas heated to reflux under,l
atmosphere for 10 min. 3 drops of DTBRsvaddedo the solutionat intervals of 4 h
After refluxing for 12 h the reaction mixture was allowed to cool to°Z0) The solven
was removedn vacuo The residue was purified by silica gel column chromatduyy:
(petroleum ether /aer 8:3 to afford thedichlorovinyl adductv-31 (100 mg, 60%)s a
mixture oftwo epimersn al0:1 ratio ofand as a colorless oll

Following general proceduié-D, the reaction was carried out using hydroxyket@rgl
(86 mg, 0.34 mmol)The residuewas purified by silica gel column chromatograj
(petroleum etheethyl acetate 8)2to afford nitrile V-32 (58 mg, 69% over 2 steps) a:
colorless oil.

'H NMR (Gppm) 5.69 (d,J= 9.5 Hz, 1H), 3.09 (dtdJ)= 10.3, 8.4, 4.5 Hz, 1H

(CDCls, 400 MHz) 2.57-2.66 (m, 1H), 2.53 (ddJ= 16.9, 4.8 Hz, 1H), 2.34 (ddl=
16.9, 8.4 Hz, 1H), 2.22.37 (m, 2H), 2.19 (s, 3H), 1.9707 (m,
1H), 1.631.76 (m, 2H).

13C NMR ( Gppm)

208.5, 130.3122.7, 118.1, 49.2, 45.1, 43.1, 38.9, 33.4, 28.8, 20.
(CDCls, 100 MHz)

IR (Qcm', CCl) 2934, 2873, 2251, 1716, 1621, 1455, 1424, 1361, 1327, 1154, .

HRMS (El) Calcd. forCy1H13CINO: 245.0374 Found : 245.0383
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Partie expérimentale

O-Ethyl S-(5-hydroxy-5-methyl-6-oxooctahydro-1H-2,4-methanoinden

-1-yl) dithiocarbonate® V-35

C11H140,
M= 178.2g.mol*

A stirred solution of xanthate/-22 (601 mg, 2.0 mmol) and ethyl-l@omao2-
methylpropionateV-33 (1.96 g, 10.0 mol, 5.0 equivh chlorobenzene (28 mL) wi
refluxed for 15 min under a nitrogen floicumyl peroxide (272 mg, 20 mol%) w
then added and additiondicumyl peroxide (20 mol %) wasdded every 2 .hThe
reaction needed 140 mol% dicumyl peroxide to go to completion. The reaction mixt
was then cooled to ZTC and evaporateith vacuo The residue was purified by silica ¢
column chromatography (petroleum ethethyl acetate 8:2to afford thecorresponding
bromideV-34 (368 mg, 71%pasa mixture ofepimersin a 9:1ratio as a yellow oil.

To a stirred solution of bromid€-34 (500 mg, 1.4 mmol) in THF (D mL) was addel
t-BuOK at 0°C (340 mg, 3.0 mmol, 2.2 equiv). The reaction mixture was allowec
warm to 20°C and stirred for 2 hSaturated NECI and ether were added to quench
reaction. The aqueous layer was then extracted with ether, and the combined
layers were washed with brine, dried over anhydrous MgSiered and ther
concentratedn vacuo.The residue was pur&d by silica gel columrchromatograph
(petroleum ethéethyl acetate 7:8to afford tetracyclé/-35a (192 mg, 77%) as a white
solid andthe tetracyclé/-35b a colorless 0i{20 mg, 8%). The diastereomeig-35a and
V-35b were separated at this step and mixed together after characterization for t
step.

Major diastereomeyY-35a

1H NMR (Gppm) 2.64-2.67 (m 18, 2.402.49 (m, 1H)2.182.34 (m, 4H, 1.992.03
(CDCl, 400 MHz) (M, 1H), 1.731.79 (m, 2H, 1.29 (s, 3}, 081-0.86 (m, 11, 0.64
(td, J= 12.9, 3.0 Hz, 1M

*C NMR ( Gppm)

209.7, 72.5, 54.4, 42.7, 38.9, 38.0, 37.8, 36.1, 35.9, 30.9, 22.3.
(CDCl;, 100 MHz)

IR (Qcm*, CCl) 3597, 3474, 3035, 2956, 2878, 1701, 1454, 1373, 1315, 1225,
1100,1056.

%0 Barbier, F.; Pautrat, F.; Quictsire, B.; Zard, S. ZSynlett2002 811.
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ChapV - Induction de la Stéréochimie sur des Systemes Cycliques

HRMS (El) Calcd. forCq1H140,: 178.0994 Found: 178.099C

TF (°C) 99-100 °C

Minor diastereomeY-35b

IH NMR (Gppm) 3.24 (dd,J= 13.4, 5.8 Hz, 1H), 2.68.67 (m 1H), 2.42.48 (m,

(CDCl, 400 MHz) 1H), 2272.32 (m, 1H), 2.12.18 (m, 2H), 1.69.83 (m, 2H),
1.41:1.50 (m, 2H), 1.24s, 3H, 0.76 (ddd,J= 12.4, 4.1, 2.5 Hz
1H), 0.65 (ddi, J= 12.9,5.1, 2.3 Hz, 1M

°C NMR ( Gppm) 212.6, 51.4, 40.6, 40.4, 38.9, 37.7, 37.3, 36.0, 32.3, 22.5.

(CDCls, 100MHz) The quaternary carbon of the alcool cannot be seen because
carbons of the chloroforme.

IR (Qcmi*, CCl) 3604, 2952, 2873, 1721, 1453, 1376, 1264, 1198, 114, 1088, 1

HRMS (El) Calcd. forCq1H140,: 178.0994 Found: 178.099¢
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Partie expérimentale

6-Acetyltricyclo[3.2.1.07“|octane-3-carbonitrile V-38

C12H1sNO3S
M= 253.3g.mol*

Following general proceduié-D, the reaction was carried out usimgdroxyketoneV-35
(178 mg, 1.0 mmol)The residuewas purified by silica gel column chromatograg
(petroleum etheethyl acetate 7)3o afford imineV-38 (152 mg, 60% over 2 steps) a
yellow oil.

'H NMR (Gppm) 3.14 (dddJ= 7.0, 4.9, 2.1 Hz, 1H), 3.68.10 (m, 1H), 3.06 (s, 3H

(CDCls, 400 MHz) 2.88 (dt,J= 7.5, 4.5 Hz, 1H), 2.62.67 (m, 1H), 2.42.49 (m, 1H),
2.28 (s, 3H), 2.12.19 (m, 1H), 2.0&.08 (m, 1H), 1.73 (ddd]=
12.3, 2.3, 1.8 Hz, 1H), 1.58.57 (m, 1H).

C NMR (Gppm) 203.5, 196.1, 65.6, 49.2, 46.3, 44.1, 4210,9, 39.3, 37.6, 36.4
(CDCl;, 100 MHz) 28.5.

IR (Qcmi', CCl) 3054, 2973, 2876, 1713, 1626, 1469, 1449, 1319, 1285, 1238,
1150, 1073.

HRMS (EI) Calcd. forCyoH1sNOsS : 253.0773 Found: 253.076¢
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Chap. VAApproche a la Synthése des Sesquisterpénes de type Eudesm:

D. Chapitre VI : Approche a la Synthese des

Sesquierpenes deype eudesmane

La numérotation des carbones et des hydrogenes de chague composé décrit dans ce

chapitre correspondantiaé&nomenclatureles composés de type eudesmane.

Figure 1 xStructure des composés de type eudesmane

2-Chloro-1-(4-isopropylphenyl)ethanone VI-4

C11H15CIO
M = 196.7 g.mot

To a solution of aluminium trichloride (1.73 g, 58 mmol, 1.4 equiv) in carbone dis
(7 mL) was added dropwise t0 °C a solution of cumene (5.0 g, 42 mmol, 1.0 equn\
2-choroacetylchloride (7.06 g, 63 mmol, 1.5 equiv). The reaction mixture was allo\
warm at 20°C andwas stirred overnightice and concentrated chlorhydric acidnfg)
were then added carefullyand the mixture was extracted with ether. Tdmnbined
organic extracts wereashed with brine, dried over Mg@@nd concentrateoh vacua
The residue was purified by silica gel column chromatography to affafdordketone
VI-4(8.19g, 98%) as a yellowil.

IH NMR ( Gppm) 7.89 (d,J= 8.2 Hz, 2H, ®i-8, CH-6), 7.35 (dJ= 8.2 Hz, 2H, Gi-
(CDCl, 400 MHz) 9 CH-5), 4.68 (s, 2H, €5-2), 2.933.03 (m, 1H, GI-(CH)), 1.28
(d, J= 6.9 Hz, 6H, (E13),).

“C NMR (Gppm) 190.7 (G1), 155.7(C-7), 132.2 (C10), 128.8 (€9, C-5), 126.9
(CDCls, 100 MHz) (C-8, G6), 45.8 (G2), 34.3 CH-(CHj)2), 23.6 ((CHa)2)-
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Partie expérimentale

IR (Qcm?, CCly) 2963, 2928, 2856, 1709, 1688, 1607, 1464, 1282, 1056.

HRMS (EI) Calcd. forCy3H13CIO : 196.0655 Found: 190.065€
O-Ethyl S-2-(4-isopropylphenyl)-2-oxoethyl carbonodithioate VI-3
C14H180:S,
M= 282.4 g.mof

Chloro ketoneVI-4 (8.0 g, 40.7 mmoll.0 equiv) was stirred iacetong(60 mL) under
nitrogen at 0 °C, andotassiunO-ethyl xanthatg7.82 g, 48.8 mmoll.2 equiv) was the
added. Afterl hat 0 °C, the mixture was partitioned betwether and water. Brine wi
thenadded to the aqueous layer, and extracted etlier. The combined organic lay:
were washed with brinajried over anhydrou$1gSQO, filtered and the solvent we
removedin vacuoto afford crude xanthat&he residue was purified by silica gel colui
chromatography (petroleum ether /ether 9:1) to afford xanWiat& (11.3g, 98%) as a
yellow oil.

IH NMR (Gppm) 7.96 (d,J= 8.3 Hz, 2H, ®i-8, CH-6), 7.35 (d,J= 8.3 Hz, 2H,

(CDCl, 400 MHz) CH-9, CH-5), 4.65 (s, 2H, 61,-2), 4.63 (q,J= 7.1 Hz, 2H, OGl,),
2.933.05 (M, 1H, ©l-(CHs)), 1.40 (t,J= 7.1 Hz, 3H, OCHCHS),
1.28 (d,J= 6.9 Hz, 6H, (Gl3),).

%C NMR (Gppm) 213.4 (C=S), 191.9 (@), 155.4(C-7), 133.7 (C10), 128.7 (9,
(CDCls, 100 MHz) C-5), 126.9 (G8, C-6), 70.6 (OCH), 43.5 (G2), 34.3 CH-(CH)),
23.6 (((H3)y), 13.7 (OCHCH3).

IR (Qcm?, CCl) 2964, 2928, 2872, 1686, 1607, 146317, 1288, 1229, 1149, 111
1054

HRMS (EI) Calcd. for G4H150,S,: 282.0748 Found: 282.074¢
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Chap. VAApproche a la Synthése des Sesquisterpénes de type Eudesm:

(7-1sqoropyl-4-oxo-1,2,3,4tetrahydronaphthalen-1-yl)methyl acetate VI-2a

Ci16H2003
M= 2603 g.mol*

Following general procedund -A for radical addition, the reaction was carried out \
a solution of xanthat¥1-3 (2.82 g, 10 mmol) and allyl acetate (2.17 mL, 20 mmol),
needed 15 mol% of DLP to go to completi@nh 30 min) After completion, theaaction
mixture was then cooled to 2€ and evaporateth vacuo Crude xanthate was direct
used in the next step of cyclization.

Following general proceduril -B for radical cyclisation the reaction was carried ¢
with a solution ofcrude xanthatand needed40 mol % of DLPto go to completiot
(7 h). Theresiduewas purified by silica gel column chromatograpkigh a gradientof
ether in petroleum ethes:05, 3:7) to afford tetraloneVl-2a(2.40 g, 63%over 2 stepsas
a colorless oil.

1H NMR ( Gppm)  7.95 (d,J= 8.1 Hz, 1H, ®i-9), 720 (d,J= 8.1 Hz, 1H, Gi-8), 7.15

(CDCl, 400 MHz) (S 1H, GH-6), 4.264.36 (m, 2H, &1,-0), 3.26 (dqJ= 9.9, 4.9 Hz
1H, CH-4), 2.862.96 (m, 1H, Gi-(CHs),), 2.702.78 (m, 1H, -
2), 2.56 (dddJ= 17.7, 6.9, 3.2 Hz1H, CH-2), 2.262.32 (m, 1H,
CH-3), 2.092.17 (m, 1H, Ei-3), 2.05 (s, 3H, 85-CO), 1.23 (d
J= 6.8 Hz, 6H, (®l3)y).

13C NMR (Gppm) 197.0 (G1), 170.6 (C=0), 155.1 (), 143.1 (G5), 130.5 (G10),

(CDCl, 100 MHz) 127.6 (G6), 126.2 (G9), 125.7(C-8), 65.9 (OCH), 37.4 (G4),

! 34.7 (G2), 34.3 CH-(CHs),), 24.6 (G3), 23.5, 23.5 ((El3),), 20.7
(CH5-CO).

IR (Qcmit, CCly) 2955, 2935, 2859, 1745, 1691, 1613, 1513, 1464, 1455, 1361,
1234, 1172, 1099, 1040

HRMS (EI) Calcd. for GeH203: 260.1412 Found: 260.141C
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Partie expérimentale

S-1-(tert-Butyldimethylsilyloxy) -5-(4-isopropylphenyl)-5-oxopentan2-

VI-5

yl O-ethyl carbonodithioate

Ca3H3503S,Si
M= 454.8 g.mof

Following general procedulld -B for radical addition, the reaction was carried out v
a solution of xanthat&/1-3 (2.82 g, 10 mmol) and allyloxigrt-butyl)dimethylsilane
(3.44 g, 20 mmol), and needed 20 mol% of DLP to go to compldBoh) After
completion, the reaction mixture wtsen cooled to 20C and evaporateith vacuo The
residuewas purified by silica gel column chromatographigh a gradientof ether in
petroleum ether (98:2, 95:8 afford radical adduc¥l-5 (3.91 g, 86%) as a colorless ¢

'H NMR ( Gppm)
(CDCls, 400 MHz)

*C NMR ( Gppm)
(CDCl;, 100 MHz)

IR (Qcmit, CCly)

HRMS (EI)
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7.89(d, J= 8.4 Hz, H, CH-8, CH-6), 730 (d, J= 8.1 Hz, H, CH-
9, CH-5), 454-4.67 (m, 2H, OCH,CHs), 3.90-3.96 (m, 2H,CH-4,
OCH), 3.78 (dd, J= 11.5, 7.5Hz, 1H, OCH), 3.14 (t,J= 7.5 Hz,
2H, CH»-2), 2.91-3.00 (m, 1H, GH-(CHa),), 2.322.40 (m, 1H,
CH-3), 1.982.07 (m, 1H, @H-3), 1.38 (t, J= 7.1 Hz, 3H,
OCH,CH3), 1.26 (d, J= 6.9 Hz, 6H, (GHs)y), 0.96 (s, I,
SiC(CH3)3), 0.07, 0.07 (s, 6H, Sitds)y).

214.3 (C=S), 198.9 (@), 154.5 (C7), 134.8 (C10),128.4 (G8, G
6), 126.7 (C9, G5), 69.9 (QCH,CHs), 65.3 (OCH), 52.6 (G4),
35.9 (G2), 34.3 CH-(CHa),), 25.9 (SiCCHa)s, 24.6 (G3), 23.7
(CHa), 18.3 (SiC), 13.8 (OCHH5), -5.3,-5.4 (Si(THa).).

2964, 2929, 2872, 1685, 160462, 1416, 1365, 1268, 1219, 11
1146, 1054, 1018

Calcd. forCo3H3503S,Si : 454.2032 Found: 454.2034



Chap. VAApproche a la Synthése des Sesquisterpénes de type Eudesm:

4-((tert-Butyldimethylsilyloxy)methyl) -6-isopropyl -3,4-

dihydronaphthalen-1(2H)-one Wll-o

CooH3204S
M= 3326 g.mol*

Following general proceduril -B for radical cyclisation the reaction was carried c
with a solution ofxanthateVI-5 (3.91 g, 8.6 mmoland needed 20 mol % of DLPto go
to completion The residuewas purified by silica gel column chromatographith a
gradientof ether in petroleum etheR:08, 5:95) to afford tetraloneVI-2b (1.69g, 59%)
as a colorless olil.

IH NMR (Gppm) 7.97 (d, J= 8.0 Hz, 1H, CH-9), 7187.21 (m, M, CH-6, CH-8),

(CDCl, 400 MHz) 3-86 (dd,J= 11.5, 6.1 Hz, 1H, O8), 3.80 (dd,J= 10.1, 7.9 Hz
1H, OCH), 3.07(it, J= 9.8, 7.4Hz, 1H, CH-4), 291-2.94 (m,1H,
CH-(CHg),), 277 (ddd, J= 17.7, 11.5, 6.1 HZIH, CH-2), 2.56 (d,
J=17.7,4.7Hz, 1H, GH-2), 2.202.27 (m, M, CH»-3), 1.23 (dJ=
6.8 Hz, 6H, (Gl3),), 0.87 (s, 9H, SiC(H3)3), 0.02,-0.01 (s, 6H
Si(CH3)2).

13 NMR ( Gppm) 198.0 (G1), 154.8 (C7), 144.9 (G5), 130.8 (C10), 127.5 (C6),
(CDCl;, 100 MHz) 126.7 (G9), 125.3 (G8), 66.0 (OCH), 40.8 (G4), 34.9(C-2), 34.4
! (CH-(CHs)2), 25.8 (SICCHa)s), 24.6 (G3), 23.5, 23.5 ((Ela)y),

18.2 (SiC)5.4,-5.6 (SiCHa)y).

IR (Qcmit, CCly) 2963, 2929, 1687, 1606, 1455, 1279, 1038

HRMS (El) Calcd. forCyoH3204Si : 332.2172 Found: 332.217¢€
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Partie expérimentale

tert-Butyl((7-isopropyl-1,2,3,4tetrahydronaphthalen-1-
yl)methoxy)dimethylsilane

VI-8

CoH340S
M= 3186 g.mol*

To a solution of tetralon®1-2b (40 mg, 0.116 mmol) in THF (3 mL) a¥8 °C, was
condensed ammoni® mL). Small pieces of lithium were quickly added to the reac
mixture. The resulting blue solution was stirring for 1 h7& °C. Then, ammoniavas
slowly removed at OC and iodomethane (0.02 mL, 0.232 mmol, 2.0 equiv) was a
The reaction mixtte was stirred at OC for 2 h and then quenched with NH (solid)
until the solution becameplorless.The resulting mixture was partitioned between,Chl
and water. Thecombined organic extracts wethen washed with brine, dried o\
anhydrous MgS@ filtered, and the solvent was removedvacuo The residue wa:
purified by silica gel column chromatography with a gradanether in petroleum eth
(2:98,5:95) toafford reduced compound -8 (26 mg, 70%) as a colorless oil.

'H NMR ( Gppm)
(CDCls, 400 MHz)

C NMR ( Gppm)
(CDCls, 100 MHz)

IR (Qcmit, CCly)

HRMS (EI)

528

6.997.16 (m, 3H, E€1-9, CH-6, CH-8), 3.80 (ddJ= 10.0, 5.1 Hz
1H, OCH), 3.65 (t,J= 9.7 Hz, 1H, O®l), 2.922.98 (m, 1H, G-
4), 2.832.89(m, 1H, CH-(CHs),), 2.73 (t,J= 5.9 Hz, 2H, Gl»-1),
1.722.00 (M, 4H, €13, CH»-2), 1.25 (d,J= 6.9 Hz, 6H, ((H3)y),
0.93(s, 9H, SiC(6l3)s), 0.08, 0.06 (s, 6H, Si(€:)2).

144.9 (G7), 137.2 (G5), 135.2 (C10), 129.0 (€9), 127.3 (C6),
124.0 (G8), 67.5 (OCH), 40.5 (G4), 33.8 CH-(CHy)), 29.4 (G
1), 26.0 (SiCCHa)3), 24.7 (G3), 24.2, 24.0 ((CH», 19.3 (G2),
18.3 (SiC),-5.3,-5.4 (SiCHa).).

2963, 2934, 2873, 1462, 1384, 1235, 1227, 1027

Calcd. forCogH3,0 Si : 318.2379 Found: 318.237¢€



Chap. VAApproche a la Synthése des Sesquisterpénes de type Eudesm:

8a-Methyl-3,4,6,8atetrahydronaphthalen-1(2H)-one VI-10

C11H10
M= 162.2g.mol*

Ammonia (85 mL) was condensed af8 °C. Then, a solution ofetraloneVI-9 (20
mmol, 2.92 g) andBuOH (2.5 mL, 24 mmol, 1.2 equiv) in ether (10 mL) was ac
dropwise. Potassium (1.7 g, 2.0 equiv) in small pieces was then sultieel solution
After stirring at-78 °C for 15 min, lithium bromide (3.83 g, 40 mmol02quiv) was
added. The reaction mture was stirred vigorously at78 °C for 30 min. Then
iodomethane (2.5 p 20 mmol, 20 equiv) was added dropwise to the solution. Aftel
min at-78 °C, the reaction mixture was allowed to wato20 °C. Water and ether we
addedA solution of HCI 1M was then added, until the pH readli® The aqueous pha
was extracted with ether, and treombinedorganic extracts were washed with wa
brine, and dried over anhydrous MgS@he residue was purified by silica gel colu
chromatography with a graht of ether in petroleum ether (2:98:95) to afford diene
VI-10(2.92 g, 90%) as a colorless ail.

1H NMR ( Gppm) 5.945.99 (m, 1H, ®-9), 5.725.74 (m, 1H, ®i-8), 5.53 (bs, 1H,

(CDCl, 400 MHz) CH-6), 2.632.76 (m, 4H, ®l»-7, CH-2, CH-4), 2.352.41(m, 1H,
CH-4), 2.222.27 (m, 1H, &-2), 1.992.06 (m, 1H, &-3), 1.64
(qd,J= 13.0, 4.6 Hz, 1H, B-3), 1.36 (s, 3H, E3-10).

13 NMR ( Gppm) 212.4 (G1), 1385 (G5), 128.5 (G9), 123.1 (G8), 120.2 (GB),
(CDCl;, 100 MHz) 508 (G10), 38.1 (€2), 31.0 (G4), 27.0 CH4-10), 26.6 (C7), 25.2
(C-3).

IR (Qcmi', CCl) 2956, 2930, 2886, 2858, 1711, 1471, 1463, 1412, 1389, 1361,
1103.

HRMS (EI) Calcd. for GiH140 : 162.1045 Found: 162.1043
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Partie expérimentale

2-(4-Oxo-1,2,3,4tetrahydronaphthalen-1-yl)ethyl acetate VI-14

C14H1603
M= 232.3g.mol*

Following general proceduld -A for radical addition, the reaction was carried out v
a solution of xanthat¥’l-13 (3.24 g, 13.5 mmol) and b&enyl (3.08 g, 27 mmol), ar
needed 20nol% of DLP to go to completiof6 h). Following general procedutd -B for
radicalcyclisation the reaction was carried out with a solutiortheff crudexanthateand
neededl40 mol % of DLPto go to completionThe residue was purified by silica ¢
column chromatography with a gradient of ether in petroleum e, (7:3) toafford
tetraloneVl-14 (1.38 g, 44%over 2 stepsas a yellow oil.

1H NMR ( Gppm) 8.01 (d,J= 7.6 Hz, 1H, ®i-9), 7.47 (tJ= 7.6 Hz,1H, CH-7), 7.29

(CDCk, 400MHz) (. J= 7.6 Hz, 1H, Gi-8), 7.24 (dJ= 7.6 Hz, 1H, Gi-8), 4.18 (td,
J= 7.5, 2.5 Hz, Bl, OCH,), 3.043.10 (m, 1H, E©l-4), 2.74 (ddd
J= 17.5, 12.0, 5.0 Hz, 1H, K-2), 2.58 (dtJ= 17.5,4.9 Hz, 1H,
CH-2), 2.222.31 (m, 2H, ©i»-3), 2.05 (s, 3H, OH3), 1.972.05
(M, 2H, GH,-C4).

3¢ NMR (Gppm) 197.7 (G1), 170.9 (C=0), 146.8 {0), 133.5(C-7), 131.8 (G5),
(CDCl3, 100 MHz) 128.1(C-6), 127.4(C-8), 126.9(C-9), 61.2 CH,-OAc), 34.7(C-4),
’ 34.6 (G2), 33.1 CH,-C4), 26.8 (C3), 20.8 (CH).

IR (Qcm*, CCl) 3071, 3026, 2935, 2872, 1744, 1691, 1601, 1479, 1455, 1417,
1367, 1328, 1284, 1234, 1159, 1118, 1042

HRMS (EI) Calcd. for G4H1603: 232.1099 Found: 232.1103
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Chap. VAApproche a la Synthése des Sesquisterpénes de type Eudesm:

5,6,7,8Tetrahydro-9H-5,8-methanobenzo[7]annuler9-one Co1

C2H10
M= 172.2g.mol*

To a solution of tetralon¥1-14 (1.20 g, 7.0 mmol) in methanol (30 mL) was adde
aqgueous 1M NKDH solution (30 mL). The reactianixture was stirred for 4 h at 2C.
The resulting mixture was partitioned between,Chland water. The organic layer w
then washed with brine, dried over anhydrous MgSiltered, and the solvent wi
removedn vacugq giving alcohol.

To a solution ofcrude alcohol in CkCl, (30 mL), was added at TC, EgN (1.02 mL,
10.5 mmol, 1.5 equiv) and tosythloride (1.33 g, 1.0 equiv, 7.0 mmol). The reac
mixture wasthen stirred overnight at 20C. The resulting mixture was partition
between CHCI, and water. The organic layer was then washed with brine, dried
anhydrous MgSQ filtered, and the solvent was removidvacuo The residue wa
purified by silica gel column chromatography (petroleum ether/ethyl acetate afigrh
the protected alcoh@R.07 g, 86%over 2 stepsas a white solid.

To a solution of protected alcohol (800 mg, 2.32 mmol) in ethanol (40 mL) was a
1M KOH solution (80 mL).The reaction mixture wastiring for 2 h at refluxcooled to
20 °C and neutralized with a 1M HCI solutiomhe resulting mixture was extracted w
CH.Cl,. The combined organic extractarere then washed with brine, dried ov
anhydrous MgSQ filtered, and the solvent was removidvacuo The residue wa
purified by silca gel column chromatography (petroleum ether/ethyl acetate @affptd
tricycle CO1 (331 mg, 83%) as a yellow oil.

'H NMR (Gppm) 7.98 (d,J= 7.5 Hz, 1H, ®1-9), 7.46 (tJ= 7.5 Hz,1H, CH-7), 7.29

(CDCls, 400 MHz) (t, J= 7.5 Hz, 1H, ®-8), 7.25 (d,J= 7.5 Hz, 1H, @-6), 3.38 (t,
J=5.0 1H, H-2), 3.14 (ddJ= 6.6, 5.0 Hz, 1H, €-4), 2.122.24
(m, 3H, H,-C2, CH-3), 1.85 (dt,J= 11.7, 4.4 Hz, 1H, 8-3),
1.591.72 (m, 2H, Ei,-C4).

13C NMR ( Gppm) 201.7 (G1), 151.0(C-5), 133.7 (G7), 130.4 (C10), 127.5, 126.7
(CDCl;, 100 MHz) 126.6 (C-6, C8, C9), 50.0 (G2), 42.3 (G4), 395 (G3), 31.7
(CH-C2), 24.7 CH,-C4).

IR (Qcm*, CCl) 3073, 3026, 2951, 2873, 1693, 1604, 1478, 1457, 1448, 1325,
1242, 1152, 1099, 1010

HRMS (EI) Calcd. forCy2H120 : 172.0888 Found: 172.089C
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Partie expérimentale

6,7,8,9Tetrahydro-5H-5,8-methanobenzo[7]annulene VI-15

CioH1a
M= 158.2g.mol*

To a solution otthe tetraloneCO1 (20 mg, 0.116 mmol) in THF (3 mL) a78 °C, was
condensed ammoni® mL). Small pieces of lithium were quickly added to the reac
mixture. The rsulting blue solution was stirrefdr 1 h at-78 °C. Then, ammoniavas
slowly removed at OC and iodomethane (0.02 mL, 0.232 mmol, 2.0 equiv) ackied.
The reaction mixture was stirred at'Q for 2 h and then quenched with NH (solid)
until the solution becameplorless.The resulting mixture was partitioned between,Chl
and water.The aqueous phase wastracted with CHCIl, and thecombined oganic
extractswas then washed with brine, dried over anhydrous Mg$@ered, and the
solvent was removedn vacuo The residue was purified by silica gel colur
chromatography with a gradieof ether in petroleum etheb:05, 10:®) to afford the
reduced compoundl! -15 (14 mg, 76%) as a colorless oil.

'H NMR (Gppm) 7.007.10 (m, 4H, €1-9, CH-6, CH-7, CH-8), 3.10 (ddJ= 18.8,

(CDCls, 400 MHz) 45 Hz, 1H, Gi-1), 3.023.06 (m,1H, CH-4), 2.65 (dJ= 16.8 Hz,
1H, CH-1), 2.542.58 (m,1H, CH-2), 1.921.96 (m, 2H, Ei-C4,
CH-3), 1.721.82 (m, 3H, €I-3, CH»-C2), 1.461.50 (m, 1H, Ei-
C4)

°C NMR (Gppm) 145.3 (G5), 134.5 (G10), 129.3 (9), 126.9 (G6), 125.7, 125.-
(CDCls, 100 MHz) (C-8, C7), 41.2 (G4), 39.4 (GL), 36.4(C-3), 35.5(CH-C2), 33.6
(C-2), 29.6 CH,-CA).

IR (Qcmit, CCl) 3072, 2955, 2873, 1574, 1457, 1447, 1439, 1325, 1280, 1230,
1133, 1023

HRMS (El) Calcd. forCqoH14: 158.1096 Found: 158.109¢€
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Chap. VAApproche a la Synthése des Sesquisterpénes de type Eudesm:

9a-Methyl-3,5,6,7,8,9ehexahydro-9H-5,8-methanobenzo[7]annuler9-

VI-16
one

Ci3H160
M= 188.3g.mol*

Ammonia(10 mL) was condensed at8 °C. Then, a solution ahetetraloneCO1 (1.0
mmol, 146.2 mg) antBuOH (120pL, 1.2 mmol, 1.2 equiv) in ether (1 mL) was ad
dropwise. Potassium (80 mg, 2.0 equiv) was then atléte solutionin small pieces
After stirring at-78 °C for 15 min, lithium bromide (200 mg, 2 mmol,0Zquiv) was
added. The reaction mixte was stirred vigorously af8 °C for 30 min.lodomethant
(125 pL, 2 mmol, D equiv) wasthen added dropwise to the solution. After 15 r
at -78 °C, the reaction mixture was allowed to waten20 °C. Water and ether we
added andh solution ofHCI 1M was added, until the pH reached 7. The aqueous |
was then extracted witbther andhe combinedorganicextractswas then washed wit
water, brine, dried over anhydrous Mg@Cfiltered, and the solvent was removed
vacua Theresiduewas purifed by silica gel column chromatograptwth a gradienof
ether in petroleum ethef:08, 5:95) to afford the dieneVl-16 (122 mg, 65%) as
colorless oilandas a mixture of diasteromers in a 8:2 ratio.

'H NMR (Gppm) 6.296.25(m, 1H, H-9), 568-5.75(m, 18H, CH-8, CH-6 dial),

(CDCls, 400 MHz) 5.55(brs, 0.2H, CH-6 dia2), 3.12 frs, 0.8H, GH-2 dial), 3.01Mgrs,
0.2H, (H-2 dia2), 2.842.86 (m, 1H, Ei-4), 2.64 brs, 1.6H,CH,-7
dial) 2.59 prs, 0.4H, CH,-7 dia2), 2.22 (d,J= 12.4 Hz, 0.8H
CH-C4 dia), 1.891.98 (m, 1.8H, CH-C2, (H-3 dial), 1.75 (bs,
0.4H, CH-3), 1.412-:1.56 (m, 3, CH-3 dial, (H-C2, (H-C4, (H-
C4 diag, 126 (d J= 1.6 Hz, 0.6, CH3-10dia2), 1.22 (d J= 1.6
Hz, 2.4H, CH;-10dia2).

%C NMR ( Gppm) Major diastereomet

(CDCls, 100 MHz) 215.1(C-1), 144.0(C-5), 132.5 (G9), 124.0(C-8), 121.6(C-6),
48.7 (G2), 47.3 (C10), 41.3 (G4), 36.1 CH»-C3), 31.3 CHy-
C4), 30.7(CH3-10),27.3(C-7), 25.2 CH2-C2).
Minor diastereome?
214.9(C-1), 145.8(C-5), 132.1 (G9), 124.1(C-8), 118.1(C-6),
51.4 (G2), 49.3 (G10), 449 (&4), 37.0 CHC3), 30.5
(CH3-10),28.2 CH,-C4), 28.1(C-7), 26.3 CH,-C2).

IR (Qcm*, CCl) 3039, 2959, 2874, 2817, 1712, 1604, 1587, 1504, 1457,
1424, 1325, 1280, 1250, 1229, 1154, 14M,7.

HRMS (EI) Calcd. for GsH160 : 188.1201 Found: 188.1194
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Partie expérimentale

4-((tert-Butyldimethylsilyloxy)methyl) -3,4-dihydronaphthalen-1(2H)-
one

VI-19

Ci17H2602S
M= 290.5g.mol*

Following general proceduild -A for radical addition, the reaction was carried out \
a solution of the xanthat&l -20 (4.8 g, 20.0 mmol) and allyloxigrt-butyl)dimethylsilane
(6.89 g, 40.0 mmol), and needed 15 mol% of DLP to go to complélioa.reactior
mixture was then cooled to 20°C and evaporatedacuo The crude xanthate w.
directly used in the next step of cyclization. A solution of xanthatethyl acetate
(100mL) was refluxed for 15 min under a nitrogen flow. Dilauroyl peroxidé&RE
(20mol %) was then added and additional DLP (20 mol %) was added every 90 m
total consumption of the starting material. The reaction needed 160 mol% dboRo
completion The reaction mixture was then cooled to°20and evaporateith vacuo. The
residuewas purified by silica gel column chromatograpligh a gradientof ether in
petroleum ether (98, 3:7) to afford thetetraloneVI-19 (2.38 g, 41%over 2 stepsas a
colorless oil.

1H NMR ( Gppm) 8.03 (d,J= 8.0 Hz, 1H, ©1-9), 7.48 (tJ= 8.1 Hz,1H, CH-7), 7.30

(CDCl, 400 MHz) 7-34 (m, 2H, -6, CH-8), 3.86 (dqJ= 9.5, 4.8 Hz, 1H, OB),
3.78 (dd,J= 10.1, 6.9 Hz, 1H, OB), 3.07 (td,J= 9.8, 4.8 Hz, 1H
CH-4), 2.80 (dddJ= 17.6, 11.1, 6.5 Hz, 1H, I&-2), 2.56 (dt,J=
17.6,4.9 Hz, 1H, ©-2), 2.222.28 (m, 2H, &,-3), 0.87 (s, 9H
SIC(CH3)s), 0.02,-0.01 (s, 6H, Si(Bl3),).

13 NMR (Gppm) 198.2 (G1), 144.6 (G5), 133.3 (G7), 132.7 (G10), 128.7 (©6),
(CDCl, 100 MHz) 127.2 (GB), 127.0 (&9), 65.9 (OCH), 40.6 (G4), 34.9 (G2), 25.8
! (SIC(CH3)3), 24.4 (G3), 18.2 (SiC);5.5,-5.6 (SiCH3)y).

IR (Qcm*, CCly) 2928, 2856, 2873, 1690, 1600, 1454, 1329, 1285, 1234, 1158,
1047, 1034

HRMS (EI) Calcd. forCy7H260,Si : 290.1702 Found: 290.1701
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Chap. VAApproche a la Synthése des Sesquisterpénes de type Eudesm:

4-((tert-Butyldimethylsilyloxy)methyl) -8a-methyl-3,4,6,8a

tetrahydronaphthalen-1(2H)-one RS

ClgHgoOZSi
M= 306.5g.mol*

Ammonia(10 mL) was condensed at8 °C. Then, a solution ahe tetraloneVI-19 (1
mmol, 146.2 mg) antBuOH (120puL, 1.2 mmol, 1.2 equiv) in ether (1 mL) was ad(
dropwise. Potassium (80 mg, 2.0 equiv) in small pieces was then added the solutic
stirring at-78°C for 15 min, lithium bromide (200 mg,@mmol, 20 equiv) was addec
The reaction mixture was stirred vigorously-@a8 °C for 30 min. Then, iodomethal
(125 pL, 20 mmol, 20 equiv) was added dropwise to the solution. After 15

at -78°C, the reaction mixture was allowed to warm at°@0 Water and &her were
added andh solution ofHCI 1M was added, until the pH reached 7. The aqueouse|
was then extracted with etha@nd thecombinedorganic extracts were washed with wa
brine, and dried over anhydrous MgSO@he residuewas purified by silicagel column
chromatographywith a gradientof ether in petroleum ether :@8, 5:95) to afford the
dieneVI-18 (110 mg, 36%) as a colorless oil.

'H NMR (Gppm) 5.95(dt, J=10.2, 1.9 Hz1H, CH-9), 575 (dtd J= 10.2, 3.5, 1.

(CDCl3, 400 MHz) Hz, 1H, CH-8), 5.36 (brs, 1H, CH-6), 3.96 (dd,J= 9.7, 4.6 Hz, 1H
OCH), 3.56 (ddJ= 9.6, 8.0 Hz, 1H, O8), 2.622.76 (m,4H, CH-
7, CH-2, CH-4), 243 (ddd, J= 15.4, 5.1, 3.0 HAH, CH-2), 2.24
230 (m, 1H, H-3), 1.341.40 (m, 1H, H-3), 1.37 (s, 3H,
CH3-10), 0.91 (s, 9H, SiC(El3)3), 008 (s, 6H, Si(G3)y).

°C NMR (Gppm) 212.8 (G1), 138.9 (G5), 128.9 (G9), 122.9 (G8), 117.5 (C6),
(CDCls, 100 MHz) 64.7 (OCH), 50.3 (G10), 39.3 (G4), 37.3 (G2), 28.4 (G7), 27.7
’ (CHs-10), 26.5 (G3), 25.9 (SiCCHa)3), 18.3 (SiC),-5.3 (SiCHa).).

IR (Qcmit, CCly) 2956, 2930, 2886, 2858, 1711, 1471, 1463, 1412, 1389, 1361,
1103, 1005

HRMS (EI) Calcd. for GgH3¢0,Si : 306.2015 Found: 306.200€
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