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Ac = acetyl
Bu = butyl
Et = ethyl
Me = methyl

THF = tetrahydrofuran

DCM = dichloromethane

n = normal

Ph = phenyl

FAB = fast atom bombardment
TBDPS = tertiary butyldiphenylsilyl
TES = triethylsilyl

HRMS = high resolution mass spectrum
LRMS = low resolution mass spectrum
DMSO = dimethyl sulfoxide

D.r. = diastereomeric ratio

DMP = Dess-Martin periodinane

IR = infrared

Mp = melting point

Sat = saturated

s = singlet

d = doublet

t = triplet

q = quartet

quin = quintet

Ar =aryl

ppm = parts per million

NMR = nuclear magnetic resonance
equiv = equivalent

m = multiplet

dd = double doublet

TBAF = tetrabutyammonium fluoride
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Frim

PRI 2 102 < OEMTEEME I HEEE R T ONE < | OFHG AN
RRITLIZR 2 DEAZRT OO0, EHOBIICE D RH DL HLONTEALET
bbb, TORENZREIE LT, VU K~vA FRETFLND, VU FvA KD S
RIZITHEFTEAEER . RIKICIMEREFER R 2 Z ENE< BN TNS D,
ZDD, WETIIAAT T V=D SIKOLERAUL LIz F T v L0 TR
. DNVT w7 D RIEOHERFUL LTV A P EEREHEIZ, FTNVAAL v
FHRIFNL, Thbb, 78 IKROIEN O HFAEERIEE LT 2ERICH Y
LSBBEXTNAAL v FRFINETETHZILLEEZDN TS 29, £/, BIfE
T, L EHENDEELD S B—EoORs & RE 2 COLFEEEEZ A LT
Wb D, FDIH, HEEEIIEEMESD Z L1k, REBEEREEREZ O,

ZD XD FEVERCEM D FEX, RELSHITT32H5bH, £,
—OBIIXTINT—ETH D, T NVT— kLR RARICHEET D ATH
BT X W, FER EONFEEMACEM I ALK Y . BHINE T 585
EHEARELBLFETH DL, ZOFEL LHMEOEVLEMEH L Z Lna]
RECH 20, FIHAREZRHBEERHIIRY 350 . o7& b LWk %%
SENSH IO TRPELS 2A2MHMICH 5,2 DHIZ AFRENETH S,
ZOFEF. BET LMD T2 I KEAKR L, TNENDBES 5 LT
b5, Bz, TEIREZX TN TLILONEET A ETHD, ZDOFE
X7 BIREEKT D ETENENERGIIGED Z LIFHKL N, BRDIL
N B50%TLOELNRNENI RENH D, 32T, FEEKIETH D,
ZOFEF2HEDH Y, = F U FABRROKIEE T AT VARIRIKS &I
T HND, =F U FARNOG &1, 7% TV & EE T A il b
FOSHIIN G, HeFE I i %155 FIETH 5, MBLIEE N2 TIST 5
FECEIGY A ZVIREI D T8, DEO X T VAR 5 KREOIEE 6 L TR
EHETLHIENARETHD, LML, ZOMBOIZE A EIXEMT, EER
B2 HT 570 HEHICIIRBY R H L E NI REBRHDH, —FH, VT AT
VARG & X, T TNARIEE LT NN S T VAl a &
T A FETHD, FINMBEHRORFSLZFIHL, 7 2T LA R
FOGZEATV, File2 A F 208 LA ES5 2 & T, HIMORF 25T
HZEMAEETH D, ZORISTIFEE L X I NMEEZREAETOILERD Y |
X T VB EMEF ER BV E TH D H T, =7 U FARIRISITIES -
TW5b, LML, = F ARSI EEPURAME, IR O TI3 L T
W5,



Enantioselective reaction

Substrate + Catalyst » | Catalyst-substrate complex
(achiral) (chiral) (chiral)

T reaction
Product 4 Catalyst - Catalyst-product complex
(chiral) (chiral) (chiral)

Diastereoselective reaction

reaction

Substrate Chiral auxiliary _ Substrate-chiral auxiliary

(achiral) (chiral) - (chiral)
Diastereoselective
reaction

Product Chiral auxiliary _ reaction Product-chiral auxiliary

(chiral) (chiral) D (chiral)

Fig. 1 Enantioselective reaction & diastereoselective reaction

—75 . AL BI T D AFZEIR20 A ORI S X T LR AT
BLTEEERO D Th S, HAEHEILEWIIE, FA—L, FF=—T 1L,
TANT 4 R, AVRF YR, ARV ENGER, FTHLALRF Y R
AR O T TEHGITH LN L FEH LG L L TR mHRL TV,
ANVRX Y FIIANT 4 REBELNTIL L, BRI % 7 R T
FITHASED 2L THOND, AVRF Y RORME-BREO/K A, AR
YOENEHAT S L, L YhitE TR L T B 7= b RSP .
Flz, ANEF Y RIEREE T OF T 25RO sPE & 3diE DRI & D 32D ofk
G & VRO IEIATE - Isp B D = A HE 2 TR L T D72 JESAE 1%t
N DO FE FRMIE LIAFHET D, ZOFER, dimethyl sulfoxide® X 5 725 Fr7s
ZNRF Y RERETRERTOANARF T NICIIARF R F2MEET D,
DRIZ, T DAVERF Y RITAEMF L O IEEIRIC SO THIATEDOE W
WL LCTRS AVDI, TOMFELREL TEEY,

FEAEIEA VAR X & RIE, 1960 FEFIEHN HIEH S, BUKTH RIS A



VXY RORFFUEEAZFIA L% < ORF AR ﬂ%<®ﬁ iz
TEAATON T WD, HFAEEZ VR F T ROA ML, LU\—F@%@%
DTH D,

1) REMBIE L LTHWS Z & CRIGONEZHIHTE 5 2 &

2) BELROETT, D MRSUGR EIC K DV AESICANVR X Rl ERIT S 2 &

3) ARVIARF T NI LT IR FBIRFITHE ST 2 KB F ORI 72 0 R

&<, HIEETHUET 5 Z & THS I Zo-sulfinyl carbanion Z TR L. fRFE-/%
RGOS EE B ATA D &

HFEME A VAR % 2 R sulfinic acid & I-menthol 7> 515 541 % [-menthyl
sulfinate 2> SR ZITERAIEETH H Z & A Andersen HIZ LV RS, Bk
DFEIZ K VESNTAE R 2 VR XY R B ICHW T ARE RN %
PR EINTE, HAEEA VAR REHJLIMOARIEIZIE, AVT 4 R
DALZER TV E I 1T BRI e R ERAL Ve ENFET D, Lv L, AFBELIC
Ko THON D HFAIEEAVAR XY RIZFERNHF 2 D& Z gL
WZ EMD, BB AEEA LR S v ROFEIZIE Andersen H 2BHFE L7=F
EEHWNDOR—RHTH S,

Scheme 1, Synthesis of chiral sulfoxide with Andersen method

O
é l menthol
/©/3\C1 ether pyridine /©/ ~0 Q/ ~0

Solid Liquid

J RMgX

Chiral sulfoxide

HEFEVE A VR o R &2 REMBIA & L CHW 72 ) X B-ketosulfoxide DR
Fimot P& . a,B-unsaturated sulfoxide (2519 % Michael AN B, &
JVR= T B R A ST R TDRE-RBIE SRS 19, sulfinyl enone % ]
W= 7= b B —iiifiz ', Diels-Alder i 7 ELIKICHES> TR Y, EHK
A 72 SIS STV 5



WMIFERICBW T, ZONRFEEEALVEFY FEHWEARFTRISEEZ WL D
MR LTE 7, #xiE. o-sulfinyl enone (2 YbCls i#7E . NaBH4 THLEET 5
ESAREIRIBE TSR EITL R (AT VAT L a— L2 B 505 2 & VA
L7229, %7z, o-sulfinyl enone |~ DBU, PPh; CHLH#% ., #fgL S SEHZ L
T23- v/~ bt —EM45 2 ENAHE L7, o-Sulfinyl enone ™ S7{AEEIR
HRR TN BN T, SIEDOT U LTIV a— L OERRITITE SR o727, IR
|2 B-sulfinyl enone % M\ TYZARBINAYE LIS DT B IT O T2, Fi R,
B-sulfinyl enone %, LaCl; f#(£ . DIBAL THLELT B & SIKDOT VLT /La—)L
DFHAL, NaBH, TS S & RIEOT VATV a—LEHBONDL T EERL
7= 29,

Scheme 2, o-Sulfinyl enones D YLAAREIRHRE IS & 2,3-2 7~ b 1 B —HiAf

)iﬁi\
9 1 I\\(Ilil(g?g4"6H o 1L1 n-PrNH H
lS = R 42> : = R!
. MeOH, 0 °C
0~ "R? 0 R?
‘ 1) DBU, PPH,
2)H
) 202 aq . e}
CH;CN, 0 °C sz\/\‘/Rl

OH

Scheme 3, B-Sulfinyl enone O 37 (A& AJIE T

HO R!
DIBAL, LaCl, NaBH,, LaCl3 0
R2Z S NP~ R?
.. R3

G A VAR v ROMSLITEHE A AL F0BTIcB VT, AHRAREARK
D —DOThY . KL TIEZDORFIEEA VAT REHWTEHHARTE
BSOS DO BIEIZE LTk~ 5,



2N

%5 1 % B-Sulfinyl enone & Grignard #3EIT K 2 STARIEIRAY 1,2-FH NS O ET

9H1ED B

HFIEWRB =T I AT a— s LAXFE =R T Vv a— VA2 HT 5
{LEMITEENZZTLE L OEMIEEMEICEENTND, fIZIE, e
75V BHITH D, Arbaprostil X° Prostalene, #HJRIEFEIK TH 5 Oxybutynin
REPMON TN D, FRRITHET DEMIEMEWE L, HEEMTE CNH-741
SCEHE CNC-979 205 B X415 (+)-curctetranol <° Aspergillus sp. & V) HLfE S 37z
(+H)-sydonol 72 & DALEH) PN T b SEHIERMES =k T v 2 — LA 2 o,
P T, DX RHFAIEMERE T Vo — S 2RI A R T D 2 &
ITIEFICEHETH 5,

OH o—

J
HO' ch,

B OH

Arbaprostil Prostalene

Oxybutynin (+)-Curcutetranol

OH, omn
o \/@A/\)\

(+)-Sydonol
Fig. 1-1 JFIEM RS =7 L o — )L 2 B R 3K o ]
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WAEERE =T VAT va— s LIT Vv a— L a2 55 5L
—hD—2L LT, =/, HDNIT DA T D REHNC L 2 AFMIK
JEBE N TH D, ULz ) AR LREAIINEOGS 21T 9 BE. RIS 1,4-130
FOSHIE Z B FREMENE X DL DT, =k T VLT b a— L& SR T
HIIXZ ORISE A HEREIE DS RO BV D,

OH Nu
“\\Nu .\\OH
1,2-addition //ﬁisf/l\\ ‘//§<>//1\\

Nu : Nu:

KD
/QVJ\ Nu O Nu O
enone Michael addition M /\)k

Fig. 1-2 Enone & REZAID 1 2-f500, 1,408

TIVT & ROREH & O F o F A BRI IMBOSIZ DN TR, 2 ET
R OEE N2 INTNDD, = T b ~DREHI~DFRIERD X
JETIEZ OHEFNT D72 <FREH 2,

1990 RN B, 7 b EREAIE OROSIZIZ, ER29Z2 1T 0D, F 4 25,
Yy L2 XTI N 200 E OSBRI S = T AR IR IS &
179 ETCARITHAL Z ERRESN TS, L, ZnboiEix, &if<T
HY ., KERENEZ AT 27 OMEAEHICIIRY B"HH NI REDRH D,

—F7 . ®RTIMBEAE WY T 2T U ARIRIIRGIE, ST S I —
S 2D WEETEE AL ARV RE W =7 v a— v a2 AT 5 FIERN <
OPRHENTE 7, LiL, BFHEEALES Y RIZBT 57 b Aoxtd 5
REMIMEOE TIX, & O SAREIEI R K D & 01 7 EH] S D 7
(Fig. 1-3, Fig. 1-4)2829),

o . o . o .
LA LA LA

S%,. S: S7.
| “isp-borneol MeMgl "’iso-borneol . | “iso-borneol
Ph Ph | Ph

0 HO HO
70 % (70:30)

Fig. 1-3 Z)VARF L R W HB =7 VATV a—LOER-1



p-Tol
a J AlMe3 b
R(a:b) Yield c.d:e:f
HO)i/? e HO, N 9 \
{__Sxq + {__Se % n-Pr (39:61) 72 % 13:10:67:10
REY TpeTol R p-Tol i-Pr (36:64) 58%  29:0:7:0
- o Ph (44: 56) 89 % 33:10:38:19
c ; #-Bu (100:0) 40 % 70:30:0:0
+ #-Bu (0:100) 43 % 0:0:100:0
HO 9 HO 9 . n-Pr (40:60) 90 % 18:9:69:4
/</ * - e
R Y p-Tol R p-Tol
d f

Fig. 1-4 Z)VAR ¥ REHWIZE =7 L a— /L OHF -2

L EDZ E775, B-sulfinyl enone (Z%F L THLEIERAY DD VAKEIRAIIZ 1,2
MBS Z AT S TR FELHE T2 2 L1, TV REMEEYE.
EVDTE=RTINTNLNa—LOERIIAHTHLEBZZBLD,

3 R3
HoR R! R‘ R!
O

SN

I RZ*Q e o

Fig 1-4 SCARERIT) 1,2-4 00508 Ot



w28 SIE M 72 B-sulfinyl enones DA K

OGS & 72 % B-sulfinyl enone (344G 512 L 0 A S e Hik 2D DY
B-sulfinyl aldehyde Z#%7= 7L K VSR L 7=, 1EROGHITTETIL(Fig. 1), 4
B CRUGIHSE T % B-sulfinyl enone & & SR 205 ALEW) 2 & ARl L7 B
TR'BRELTLEY, —FFIHE 4 OB-sulfinyl enone Z AT % DR T
172200, 2 CTARMFZE T, SOG TAREENS 6 Beft & 18 % 573, X 0 24572 B-sulfinyl
enone & WNFRANZH BN DHE MG A 72T, £ OMF 21T - 1= (Fig. 2-2),

OTES
OTES [RCu(CN)Li], 0
Q ST g
/©/ OTES -

3
RL) _OH

[ R
deprotection | oxidation (o)
_ i _ IS = —>/©/S

Fig. 2-1 &R D N5 M 72 B-sulfinyl enone 5 D& ik

o .-

4

AEHIEOFRIL, B-sulfinyl aldehyde 9 Z AL LTHWD Z Liz kv,
B-sulfinyl aldehyde & ffi %  Grignard R A SR S5 2 & T, 7 /LF IR
AEHBICEZ BN EICH D, FHUT LY 24E72B-sulfinyl enones & ST % =
ENFRETHD LEZBND,

OTBDPS OTBDPS
[R2Cu(CN)Li], |
—_— S = Rz
/©/ \OTBDPS /@ﬁ
7 N
o OH o) R _OH
deprotection Y \/[ oxidation 9 - R'MgX 9
- . S — E——
/@/1 = R2 /O/]S 7 2 /©/ls = R
8 9 4

Fig. 2-2 J.o@E M 72 B-sulfinyl enone 5 D4 fk i H|



L& 6 KN T DEFIIANE D OREEZBZEBIZEMR LT, WTILORIRITE
WTH RAFRIGER TG 6, T 215 7-(Fig 2-3),

Mg — _~OTBDPS OTBDPS
rMg
[RCu(CN)Li] i \/[
- - NPZ
/©/ \/OTBDPS THF /@ﬁ R
6: 76% 7a:R=Me 97 %

7b: R=Et 95 %
Te:R=i-Pr 94 %
7d: R=n-Bu 82 %

Fig. 2-3 J&0E M7 alkenyl sulfoxide 7 DAL

eV T TBAF & W TG 7 Ol LILGW) 8 215, IR\ T DMP [i#{t. %
TV ME 72 B-sulfinyl aldehyde 9 % #%7- (Fig2-4),
OTBDPS OH (6}

(0] ; 9 4
4 DMP / NaH:

S .~ LAF> a CO3 S~ R
/©/l ¢ /©/ pem /©/l

Ta: R=Me 8a:R=Me 96 % 9a: R=Me 94 %
7b: R=Et 8b: R=Et 95% 9b: R=Et 90 %
Te: R=i-Pr 8c:R=i-Pr 97 % 9¢: R=i-Pr 99 %
7d: R=n-Bu 8d: R=n-Bu 92 % 9d: R=n-Bu 95 %

Fig. 2-4 Jt241EME 72 B-sulfinyl aldehyde 9 DA%



Y25 M 72 B-sulfinyl aldehyde 9 (ZFE 4 @ Grignard 73K % )i S, B-sulfinyl
allylic alcohol 4 DHEEIT o7z, £7. Flix DB-sulfinyl aldehyde |Z MeMgl % X
ISR A, BAFRIERTHM & 3 % B-sulfinyl allylic alcohol 4 2345 5 4172,
(Table 1, entry 1-3,7), —J7. 9¢ & i-PrtMgBr O s TIE A /WA = VI D& ST G
RANKRF Y RO S A REEIOC R EORIBOCHAEE . HEYE T 5 4¢-2
DFF B2 Do T=(entry 4), % Z C. turbo Grignard iA3EZ AW TS E{TH 72 &
ZA, BETHILEM 4 2155 2 L3 HIkT-, turbo Grignard #AZEIX, LiCl %
W

Table 1 Y A% P72 B-sufinyl enone 5 D&%

R!.__O

R. H
0) -0 ] o 0 O
é P . Grignard reagent é _ , DMP / NaHCO4 é P .

9a: R>=Me 4a-1: R'=Me 4d-1: R'=Me 5a-1: R'=Me 5d-1: R'=Me
9b: R?>=Et 4b-1: R'=Me 4d-2: R!'=i-Pr 5b-1: R'=Me 5d-2: R!=i-Pr
9¢: R?=i-Pr 4c-1: R'=Me 4d-3: R'=n-Bu 5c-1: R'=Me 5d-3: R'=n-Bu
9d: R*>=n-Bu 4¢-2: R'=i-Pr 4d-4: R'=i-Bu 5¢-2: R'=i-Pr 5d-4: R'=i-Bu

Entry Substrate Nucleophile Lewis Compound  Yield Product Yield

acid 4 (%) 5 (%)
1 9a MeMgl 4a-1 69 5a-1 98
2 9b MeMgl 4b-1 48 5b-1 91
3 9¢c-1 MeMgl 4c-1 76 Sc-1 quant.
4 9c-2 i-PrMgBr 4¢-2 0
5 9¢c-2 i-PrMgCl 4¢-2 51
LiCl
6 9c¢-2 i-PtMgCl  LaCls 4c-2 60 5¢-2 91
LiCl
9d-1 MeMgl 4d-1 74 5d-1 79
9d-2 i-PrMgCl  LaCls 4d-2 0
LiCl
9 9d-3 n-BuMgl 4d-3 16
10 9d-3 n-BuMgl  LaCls 4d-3 29
11 9d-3 n-BuMgl  LaCl; 4d-3 32 5d-3 85
2LiCl
12 9d-4 i-BuMgl 4d-4
13 9d-4 i-BuMgl  LaCl; 4d-4
14 9d-4 i-BuMgl  LaCl; 4d-4 21 5d-4 71
2LiCl

10



HE. BEMRD Grignard RIEEZ DR L, T =AU MENREL D Z ENRAMBLNT
Wb, TDT-8, /~— REDEW T LR = VT Grignard #3238 R AV K&
L72D T2 EE 2 Iz (entry 5), 12, LaCly ¥ L. turbo Grignard i3
ERGSED EL FDOIRIT 60%IZ EH- L7, Latfild, AR = 104 I s
KA % 1,2-(01 S % Luche iIBLUNMZHWHILTWS, 72, Griiganrd 7
HEHWS Z ETRIKISDMA DN Z ENRMBNTWDS, O, ZOK
JAZBWT S 12N 2 T ST DO TIER W E & X T (entry 6), [RIEED
B 9d (2 bR TZN . 1 VR = VIR ORISR0 KON S SR A% 2 SREZ B
FOSHEZ Y . HBY & T 28T D> T (entry 8), 9d & n-BuMgl &
W i-BuMgl & DS TIL, Lewis acid ZWsIN4 5 Z & TUEROA B3GR O b7
N, WITNHIRINETH - 72, Z AU Grignard SREEICH Wz v o ng U5k
Ji+ToH Y, turbo Grignard i{FEDIEFHF & b~ Grignard FFE D KEZME DMK
Mo T T OUERIMEN S T2 D TIE W EE 2 HivD(entry 9-14), £72. HF 51
7- T % DB-sulfinyl allylic alcohol 4 % DMP fg{l 42 & | V=R K < B-sulfinyl enone 5
WFF BT,

PLE®D Z &5 Grignard FREED 7 L LIEEN i-Pr B, n-Bu DL E, v
R VEEDR TR, ANVRFT Y RO S A2k 2 SR E ST < 7
H1e RKERV— b &2 AW B A RS 1T TlEB-sulfinyl enone D&k IFHEE L
EEZT,

T, AELOERV— R VT~ OB-sulfinyl enone DE L HIT - 72,

11



AHE O DA IEZHE, 3-(triethylsilyloxy)-1-heptyne % Grignard #8225 H#
L. l-menthyl sulfinate 1 & & S EREINEETHEY 2 2157, 2 % Gilman R &

FOS S EALEY 3 21572,
n-Bu _OTES
OTES Gilman reagent 9)
ls R

o Q== Sl gy

OTES
2:90 % 3a-2: R=Me 99 %
3b-2: R=Et 91 %
3c-4:R=i-Pr 78 %
3e: R=Ph 67 %

Fig. 2-5 Alkenyl sulfoxide 3 DAk

Alkenyl sulfoxide 3 Z F2Zf T CTHifR## 217V \B-sulfinyl allylic alcohol 4 % =i
HTH5, T DMP 21k L % D pB-sulfinyl enone 5 % &I TE7-,

n-Bu OTES n-Bu OH n-Bu 0
0 o) 0
S AcOH : HyO : THF $ DMP / NaHCO; S
/@q R 6:3:1 /@q R DCM | R

3a-2: R=Me 4a-2: R=Me quant. 5a-2: R=Me 99 %
3b-2: R=Et 4b-2: R=Et 95 % 5b-2: R=Et 88 %
3c-4: R=i-Pr 4c-4: R=i-Pr 92 % 5c-4: R=i-Pr 92 %
3e: R=Ph 4e:R=Ph 99 % 5e R=Ph 99 %

Fig. 2-6 B-Sulfinyl enone 5 DA A%

12



% 3 #i  B-Sulfinyl enone O LAREER A 1,2-FF 015

% 2 H#iCHE B L 72B-sulfinyl enone % AN SEARERIRAY 1,25 IS E O it &
1Fotz, Tk S DA 2T, 2-sulfinyl benzaldehyde 1253 % KA & D i
IZBWT, FHY F v LR3K X0 | Grignard FREKDIT 5 A3, @R K ONLIAREER
B L2-MINBOG 3T LTV D Z &b, flix @ Grignard a2 W TR &
1To7,

HOL R
i-Pr (R O\ i-Pr O
4
S _ RMgX S
| /|
i-Pr $ipr i-Pr Nipr

Fig. 3-1 Sulfinyl benzaldehyde ¢ SEAAREEIR A 1,2-A4 15t

F WD IZB-sulfinyl enone 5a-2 (2% LT Me JEDE A &R AT & 2 A, IR
86% & RIF CThH-T2b DD, & DNLAAEPIEIT 54 %de &tV < & DTl 720
S7z(entry 1), KIT, S5a-2 T i-Pr AEDOBANLRARLTZE T A, 12-I1KIE & &G
FOSMIRIRFIZHEIT L7e7ed, IRMET L, EONMERIREGIK T L, Ay
1T, RIK, SIKOZEREREMTHH 7 IR TH-7(entry2), LML, 1%
T vinyl F O Ph ZEOE AT, SEREIRIC 12-MINRS DS E T2 2 &
R L7, FFICPhREOEATIE, BWIETHMETHHE =K T U LT L=
—/LME B AT (entry 3, 4),

Table 2 B-Sulfinyl enone 5a-2 @ 1,2-fF 1S D AEFT-1

o (0) n-Bu OHO - _n-Bu o =

1 RM (5.0 equiv) ! 1

NP~ —_ > S~ S~
! e (! !

h 0.5h o

5a-2 (Ss, R)-10 (Ss,5)-10
Entry RM D.r Yield"
1 MeMgl 23:77 86
2 i-PrMgl 49 : 51 71
3 VinylMgl 100: 0 43
4 PhMgl  99.1:0.9 85

“ The diastereoisomeric ratio was determined by 'H NMR analysis of the crude

product at the vinyl proton.
®Isolated yield.

13



Bt D X0 i 70 5500 % R 3772 9 12 B-sulfinyl enone 5a-2 (Zxf LAk &% 72 5644
TIMEIRFI DO EIN R T B I D KR DO E 21T > 77,

Table 3 B-Sulfinyl enone 5a-2 @ 1,2-F 1 i D gt-2

®

OH
S _n-Bu

o e] n-Bu OHO - _n-Bu o
L L L
) 0.5h ) '°
5a-2 (Ss, R)-10a-2 (Ss,8)-10a-2
Entry RM Temp. Lewis acid D.r. (R:S)* Yield (%)°
1 PhMgl —78°C 0
(1.0 equiv)
2 PhMgl —78°C 99.5:0.5 59
(2.0 equiv)
3 PhMgl —78°C 99.1:0.9 88
(5.0 equiv)
4 PhMgl 0°C 98.0:2.0 81
(5.0 equiv)
5 PhMgBr —78°C 98.5:1.5 85
(5.0 equiv)
6 PhMgl —78°C LaCls 98.3:1.7 27
(5.0 equiv)
7 PhMgl —78°C YbCls 97.2:2.8 37
(5.0 equiv)
8 PhLi —78°C 99.5:0.5 6
(5.0 equiv)

“The diastereoisomeric ratio was determined by "H NMR of the crude product at the
vinyl proton.
®The yield was determined by "H NMR analysis of the crude product using CH,Br; as

an internal standard.

Grignard A2 W56 WEIZK L TZEO Y EA T Z & ITHMDOIL
RHIT 5 Z &R B, TSR SUS 23 HETT L7 (entries 1-3), [A]
FROK)EZ 0°C TITo7c & T A IR, BRMEIZDO T IE T Lz (entry 4), X

14



2. RS DOERBIRREIZ 1T D LR S 2 [EE 3 5 B 19 & UB-ketosulfoxide (Z%F L |
A Az PSIN LT UG & v A Ak % - TO7RWRUESR T O DIBAL T T
1. RS OSEARBRRE NG T BB B D5 2 E 0D 0, A 2% N % Fkk
DS ZRAT=D, WERITE T L, B OSRERME G IZIEED LR o T
(entries 6,7), — 7. Grignard FEDR DV IZHK Y F U L5032 W56, I
RKE LK L7c(entry 8), ZAUiZ., AU F U L EDmWREMEIZ LD |
ANKRF Y NI U TREEHBERB D, ROICEEN I LS
2D, 1> T Grignard FAEEHER CALBE L721X 5 3@, @ AREIRIZ
FOSHETT 5 Z &3 LT,

RAFE L2-AIMBRIE, BHEE R, R? k2 72 7 VX VT 7 = = L FE A
BLTHZDOVAERMEIIRFFSI, MWNERTERME 525 Z VB L
7= (Table 4).

Table 4 & 4 D B-sullfinyl enone & VN2 AF 1,2-F(H NS D FRES

HO

0. _R! HOP}’} R! Ph, R!
0] o N 0

§ i ; S

= 2 > = 2 =+ 2

PO T O L O L
. -78°C/0.5h " -

59

(Ss5,R)-10 (S5.5)-10

Entry Substrate Product
R! R’ D.r. (R:S)  Yield (%)
1 9¢ H i-Pr 4c-3 91:9 72
2 9d H n-Bu 4d-5 91:9 62
3 5a-1 Me Me 10a-1 100:0 86
4 5a-2 n-Bu Me 10a-2 99.1:0.9 85
5 5b-1 Me Et 10b-1 100:0 88
6 5b-2 n-Bu Et 10b-2 99.7:0.3 79
7 Sc-1 Me i-Pr 10c-1 99.4:0.6 84
8 5c-4 n-Bu i-Pr 10c-4 99.0:1.0 68
9 5d-1 Me n-Bu 10d-1 99.8:0.2 81
10 5d-3 n-Bu n-Bu 10d-3 100:0 63
11 5d-4 i-Bu n-Bu 10d-4 99.3:0.7 72
12 Se n-Bu Ph 10e 99.0:1.0 32

“ The diastereoisomeric ratio was determined by "H NMR analysis of the crude product
the vinyl proton.
®Isolated yield.
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ARFRISIC L 0 IESNDE =T VLTIV a— )L ORI E 2 MEEd 5 7
D X S SRS E AT 12 K > CTIRE L 7= (Fig. 3-2), Fig. 3-2 X W RFIRFE O fsxid
EiX, R BliE (A TFNEZRICEWSEEIC, KRE, MEsE0EE, 7o
SVIEREFEEIY ) THDHZENbolz, ZHE TSR L b & Rt
BliE L 2 O X #fG S AT OFE RIS VT 5,

Fig. 3-2 10b-1 O X #fk S AT

16



RIZ, Sa-11Zxf L. 3ALETIT 41i ’a@%?ﬁél‘h’*&%% L <ITEFHGHERL L FF
> aryl Grignard i3 & W CTRISIZ RIEFTRBICOW TR L7z, 37, 47iZ
EE?TﬁEL‘ﬁ%if: IXEFRII iﬁ%)ff LTWTH, BUSFIER R < SEARZEIR
AT LT 5 Z & A3 B L 72 (Table 5),

Table 5 5a-1 (Z%}3 % ff & @ Grignard #3KIZ X 2 1,2-(H NG O RET

Q %Q Q‘

-78°C/0.5h
(Ss)-10a-1 (Ss, R)-11a-11d (Ss, S)-11a-11d
Entry R D.r. (R:S) Product Yield (%)
1 4-H;COC¢H4 93:7 11a 63
2 4-CIC¢H4 98:2 11b 73
3 4-H;CCgHy 92:8 11c 81
4 3-H3CCgHy 93:7 11d 73

“ The diastereoisomeric ratio was determined by 'H NMR analysis of the crude
product at the vinyl proton.

®solated yield.

AT 5 T2 AR 12-MHN O OFE L Y | B-sulfinyl enone (ZFEE D K/ i
TSR 2R Lz, EIURIC B0 THDRIEHE Th 5 Se 25< 2T
S RAF7R IR TR 12 INBUS S TS5 Z LI L7z, Se 137
= SAHAFALBM T, AFLUMEE A LTS, 20D, ok
EHEARUGHEDNED ZENBERBND, £DT-8, Grignard #HNS S JEF-IZKEL
EHSOSNE X FRE L THRER DI TLE Y IS EIT LD, K
WNRIZR -T2 D TRV EEXT-, LLEX Y B-sulfinyl enone (Z5%F L aryl
Grignard 25 = & THRBEL 12Nk ARG RTH S 2 &
AHIBH L7z,
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WA RS ST VLT v a— L DAL

ARFE 12N XG55 M 72 B-sulfinyl enone % 5 UWNSTARERIRUA: T oo BL4F
7RISR B ) & T 5 NI VE 72 55 =k sulfinyl allylic alcohol 252 Z & 3o 7z,
Lo, 2o A E % I TH R LA T 5 7 DRk S 721,
BT OE = HT VAT A a— L5255 FESRRICHELTANEND S,
WE . BEALR % REOSIZIE Raney-Ni % F U238 TR B 8 — kB T H
Do Flo, ANVKF Y RDG AR ZRKT, Na-Hg (2 X 25ELHIBATLRIG
Z< HOHBNTWD, KIELOHAIZ LS &, B-sulfinyl allylic alcohol Z MMPP
(&Y AR & LTetk, Na-Hg TEITHICBAMLOS SED 2 LT, IRRL
B ET D T VAT A a—LORRETATNDZ Enb 20 AMebmic
BWTHFEEROFELZ W THM AT > 72,

18



Table 6. YEFIEMEE =T VLT L a— L OERK

), ®
"y

9\;j: 1) MMPP _ HOZ _R!
/©/ls ZNR2  2)Na-Hg/Na,HPO,
RZ
4d-5, 10a-1 12a-12d
10a-2, 10b-2

2 steps yield

Ent Substrate Product b) [o]
ntry roduc a) E.r (%
(dr) %) r. (%) D
4d-5
12a 81 86:14 —21
(91:9)
10a-1
12b 65 96:4 +23
(100:0)
10a-2
12¢ 76 97:3 +15
(99.1:0.9)
10b-2
12d 78 92:8 +20
(99.7:0.3)
*Isolated yield.

®The e.r. was determined by HPLC. HPLC condition was Chiralpak OD-3 column,

3% isopropanol in hexane, 1.0 mL/min,
L&MW 4d-5 K110 Z MMPP (2L W A/LaR > & L, Na-Hg I X 0 & IcHgICH)

Wrd 22 Lok, RBEHRESJMT VLT ILa—LOEREIT- T2, HhiE
LT, BIRINERTHWETAE =T VLT L a— I LOEKREITAT,
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% 5 Hi  B-sulfinyl enone (%9 % Grignard FR3E DRI NINESIZ IS 5 SR
ORI 0D 75 %%

AT Cik~7= X 5 |ZB-sulfinyl enone 10 & ary Grignard i3I K 5 1,2-FHINEUG
VL EREIRAVIZ D BAFRINRTHM & 3% tertiary allylic alcohol 2345 H 17z,
F 72, vinyl Grignard FFEIZBWTHILRTITME TE RN DD, EOALIREE
RMEAfERR L7=, —J5. B-sulfinyl enone 10 & alkyl Grignard sA3E & O S ClEAE
BRI SOSITHEIT Lo Tz, ZORERNS, FEH X, nBE DB KSEF T
RABDPOREBEERIFT L TWAD TN EZ X T, LT ZIUI DN THEE
T2,

ikt & 3913 2-(aryl sulfinyl) benzaldehyde & Grignard 33K & 0 K& TIESZAER
PINCEORMMEIT L TWD Z E2HE LT D, 722 OMNEBIREIZHB VT,
HEDOREFIFT 2 O & Grignard FRFED Mg 3% L— MEEZ > TWH D TiZ
RN ER TN S (Fig. 5-1) 2N EEHT S &, ARISOEFE T H B-sulfinyl
enone 10 DIEFEFE 2 D& Grignard #FED Mg (3% L— MEEZ > TS &

% 615 (Fig. 5-3),
lPr/i:[ -Pr

Fig. 5-1 Nakamura's chelation model

% 7-. Garcia Ruano 5 *?I3. sulfinyl amine & #iJE & DO RIGEBIRAE Tl N
BUBRENRVE VRS- EERIC LD SR EE S ARSI RS DS
AT L2 Z & 2 LTV 5 (Fig. 5-2),

SOp-Tol KHMDS Q‘ & ﬁPMP

CF,

Fig. 5-2 Garcia Ruano’s chelation model
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hEEHT 5 & Fig. 5-3 12T X 912, AR F T RO p-tolyl 2 & Grignard
REDOR B URP -t EAERIC KV ERY, INVR=AVEOEET 25,
INLFE A5 ONLE &I SNBSS Z o 7o b D EHERI S 5,

LL_E X Y B-sulfinyl enone I ary Grignard FRFEIZ LV | SEAIRIAIIZ 1,2-F5 0023
i Z Y R {ED tertiary allylic alcohol 235 H L7z & D & HEHR L 7=,

WS

2 *
RO O~/
S

Mg

AN

Fig. 5-3 B-Sulfinyl enone 10 O SZAIERIR A 1,2-4F 10> % 22
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FoHi FLw

%5 2 fi Tl B-sulfinyl aldehyde % H i {A#% 7= #1 7= 72 B-sulfinyl enone D & B ik % —H
PR 5 2 E kT, B-sulfinyl aldehyde & COARTIL, #ERDTiEE HW
THAREIT> T2, TORERE, WEIZRDT, B\ T4 OB-sulfiny aldehyde
A RRIZ BN L 7= (Fig 6-1),

_____OTBDPS

BrMg——~ o OTBDPS
[RCu(CN)Li] é\)i
_— > /@/ \/OTBDPS THF /©/ { R
6: 76% 7a:R=Me 97 %
7b: R=Et 95%
Tc:R=i-Pr 94 %
7d: R=n-Bu 82 %
OH
(0]
TBAF é P DMP / NaHCO;
R

o ot o

8a:R=Me 96 % 9a: R=Me 94 %
8b: R=Et 95% 9b: R=Et 90 %
8c:R=i-Pr 97 % 9¢: R=i-Pr 99%
8d: R=n-Bu 92 % 9d: R=n-Bu 95 %

Fig. 6-1 B-Sulfinyl aldehyde &k

0] R OH RL _O

(0] = O (?
) i 1
S, Grignard reagent S , DMP / NaHCO4 S .

9a: R?>=Me 4a-1: R'=Me 4d-1: R'=Me 5a-1: R'=Me 5d-1: R'=Me
9b: R2=Et 4b-1: R'=Me 4d-2: R'=i-Pr 5b-1: R'=Me 5d-2: R!=i-Pr
9¢: R?=i-Pr 4c-1: R'=Me 4d-3: R'=n-Bu 5c-1: R'=Me 5d-3: R'=n-Bu
9d: R?>=n-Bu 4c-2: R'=i-Pr 4d-4: R'=i-Bu 5¢-2: R'=i-Pr 5d-4: R'=i-Bu

Fig. 6-2 B-Sulfinyl enone DA %

WIZ, Fx DB-sulfinyl aldehyde (2% 9% MeMgl DE AL, RE < ®fiid 2
sulfinyl allylic alcohol Z%57=, —J7, 9¢ & i-PrtMgBr O )iz T I VAR = /L D&
TCRUGR AN X2 RO S JL IS RZEWS 72 EDORIFOG A E H720, H
B &T 5 de2 LRI, & T AN, turbo Grignard 73 A4 HW TR %
1To72& 2 A, BiYL 9 5 sulfinyl allylic alcohol 4 % 51 % C155 Z &3k,
Z X, turbo Grignard ARZEIX, LiICl RIS 5 &, S HB 1RO Grignard iAFK %
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SFRL. T=A U HERELSRD I ERMBNT WD, ZDTD, V7 MEME
T H_HEHEALD AR ﬁ@ml/\ﬁﬂ/ﬂ‘%ﬂ/ﬁ% Grignard sEEN UG L7z
EEZBND, F12. HW= Grignard i D a7 VT % Br nb CLIZE Z
FICED, Ko, L EL o720 T, BHETHILEMESDL Z N
HR7=DTlidZevwmeEZ N5, BT, LaCl Z¥M L. turbo Grignard 53K &
RIS EED & ZDOIHET 60% LA Lz, Ladfiix, DAR=1R4 I~k
A% 1,2-4I1 &% Luche BTSN BN TN D, ZD72, ZDUGIZ
BT L2AMBS ZRERNZHELT S B2 D TIERW & B 2 T, AR O UG
Z 94 2 BRI, VAR = VDR ITIL L NS S-Sk D SRAZ (8 i s
NEEZ Y, B E T 5 sulfinyl allylic alcohol 4 (15 5417272 > 72, 9d & n-BuMgl
SN i-BuMgl & OFSTIE, Lewis acid ZWINT 25 Z & TUIERO [ LG B
7o, WTNHIERINETH -7, ZiE Grignard iREEICH W e xm R gy
FTHY ., turbo Grignard FAIEDHEFE & e~ Grignard FAFE D REZMEDME D> 72
- EEZLND, £72. n-Bu X i-Bu 2R i-Pr L TII SR FEDE
FHEZRZITTWDT2D, KEWEDRRS 720 ~N— O W IR =)V
HIZIER LT o O TRV EE 2 b b,

5 5 7= T 4 D B-sulfinyl allylic alcohol 4 2 DMP fgfb9 2 &, INRE <
B-sulfinyl enone 5 7345 & #1172 (Fig. 6-2),

PLE®D Z &5 Grignard BRIED 7 /L X /LIEHAS i-Pr 55, n-Bu ZEOLE. B
ETHRISINEZ 59, WK = VEOBE TS, AVERF Y RO S JFA12%
T O RBERSOUSHNE L 2D T2, BUED &L ZAKRGHILV— M2 HWTc Y
BRI TIE AR OTE D D B-sulfinyl enone 2 BT 2 Z 1T LW EEZ D
ns,

ffi % D B-Sulfinyl enone & aryl Grignard FIEIZ K B SEAREIREY 1,20 A3
TT5Z LR L, UL, RICT = =LA FSB-sulfinyl enone (23T
13 SEREERAIS 12-MIBE A EIT T 5 b 0D RINRICR > TLE -7, 2
TUIATF L UEEEZ R LTS T2, ofbEW & e _BUSEDE 9 2 & 23E
2D, O, Grignard iFEIZ X 5 SJFRTITxFT D REEE WG & |
FERE L THENGMINTLE > 72D Tl & & 2 7= (Fig 6-3),

| Ph
(@) R HO -
o
\ ArMgl
S =~ R2
Jor o ot
* -78°C/0.5h
59 (Ss,R)-10

Fig. 6-3 B-Sulfinyl enone O 37K A 1,2-1F 0 St
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B %2 b-sulfinyl enone % H/E|Z Grignard /G S CAEUZH =H/T7 U LT v
a— LA S X T AMBIETH D ANE XY FERLS BERNH LN, F0D
ALERYE & L C. MMPP, R\ Na-Hg CTHLFET 25 Z &L C. BRI L 3 54000t
PR AR T VLT L a— LN EEEC & T,

HOCZ _R!
/@/f Z g2 2) Na-Hg / Na,HPO, l
R2
4d-5, 10a-1 12a-12d
10a-2, 10b-2

Fig. 6-4 imis e

AWFFETIE, HEME 72 B-sulfinyl enone & aryl Grignard 3K K 0 SRR 72
L2 24T, & DF% MMPP, ¥RV NTC Na-Hg TS S5 2 & T
FIEMWRFE =BT VAT A a—LOERR AR THLZEEZR LD THD,
ETEEE DOERICA A EWIFF L TV 5,

Bl 21X, RFEICLDNEFAEEFE =BT Va—LOEKERWS Z &Ik b
BERIBIEIE T H %5 Oxybutynin OERIZISH TE S £ F 2 5415, B-sulfinyl enone
1312, SEASERIRE 1,2-M 0052170 14, MMPP TER{L 1%, Na-Hg CTHLEL LY
FARMEIR G =T VT 2 — 15 #1535, 15 (2%t LAY VL V%470
16 & L7-%. NaClO, THAL L W AR R 16 27155 ), HLN- R B 16
ET R E ) — )V EBRSM T TG SR E R E B (S)-Oxybutynin D5 ik
SSDNTTRE TIR AR W & 4% T & 5 (Fig 6-5), F /- MBEAIE CNH-741 CE
CNC-979 /b HEE X415 (+)-curctetranol <° Aspergillus sp. 0 HEfE S 7=
(+)-sydonol 7 & OHELE 2 FF ORI L OVEMTEMEME OA R b ISR 5 T
HAH9,
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1) MMPP

PhMgl 2) Na-Hg
— > — >
THF
g : 14 15
0
HO, lJ\OH
NaClO, ¢ H
- s f o \/\NE‘Q - >
- 18

16

(S)-Oxybutynin

Fig. 6-5 (S)-Oxybutynin D& ¥,
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eSO

AR N OV

A SO RLEE U2 BSOS BEE, TEK) TGO FE £ ZFEORRI 7KL
2N DETIZOWTIELL T ORI 2 Lc, £, ik v~ b
777 4 —BRIZAETHKRO & O &R L,

» THF, diethyl ether, DCM: BARALSF O /K ESEE A L 7=,

* MeLi (1.13 M solution in diethyl ether), n-BuLi (1.60 M solution in n-hexane), PhLi
(1.60 M solution in cyclohexane-diethyl ether): B L= THA L= DZMHH L
7o

* Isopropyl magnesium chloride (lithium chloride complex 1.3M solution in THF): .

Aldrich fE CHEA L= b D& H L 7=,

STk

NMR H/7E 1% "H-NMR, >C NMR #£{Z, JEOL INM-LA 600FT (600 MHz for 'H and
150 MHz for *C)% 7=1%. INM-LA 500 FT (500 MHz for 'H and 125 MHz for *C) T
WE LU=, £ EREE T E 2 0 n kL A(CDCL) £ 7213 DMSO  (DMSO0-d6)
RV, WEEREYEIZ TMS Z# W T, Z#xE 0ppm & L7,

FRAMER A7 S LAR) L, FT/IR-4100 Z FWCHIE L=,

B8 AT hL(MS)IE, JEOL IMS-GCMATE & Waters Xevo G2-QTof Z i FH L .
Electron Impact (EI)f UF Fast Atom Bombardment (FAB), Electro Spray Ionization
(ESI)'C HRMS & Y LRMS % Z 1VEFVRIE LTz,

JiEH £ 1x JASCO P-1030 % F W CTHIE L7z,

Al IE X, Yanaco MP-360 % HWCHlIE L 7=,

High-performance liquid chromatography (HPLC)!3 Waters 600 systems Zfii L 7=,

TLC % Merck Silica gel 60 Fps4 0.25mm % 50 mm x 20 mm (28] > THEAH L7,

717 L7 v~ N7Z 7 4 —%, Kanto 40-100um silica gel 60N (spherical) % F V>
TIT-o 72,

26



(Ss)-3-(z-Butyldiphenylsiloxy)-1-(4-tolylsulfinyl)prop-1-yne 6

OTBDPS

o : = / 0
.é\o\“ _— S
1 6

4> )@ Mg (815 mg, 34.0 mmol) & EtBr (2.3 mL, 34.0 mmol)7> 538 L 7= 3.8
M EtMgBr @ = —7 WVIAHRIZ 1 (LD KEER: %A TBDPS ££:# L 7= 2-alkyne (12.0
g,40.8 mmol) #MMx ., FEiER T 1h H#%, DCM (17.9 mL) TH L. alkynyl
grignard reagent Z#H5 L 7=, FMenthyl-(S)-4-tolylsulfinate 1 ® DCM &K
(0.34 M)&Z —78°C & L, ZAUUZHIZFREL L 7= Grignard reagent % /1 X —78 °C T
0.5 h #iE#k L7=, SUGIR % sat. aq. NH4Cl TlE® | il 2 AcOEt Tl L. H,0,
brine DOJIE TP L. Na,SO, THzME L7, AR ZBIEIRNE L T5E b iviz iRk
LU BTNHT A a~< v 7T 7 ¢ —(hexane : AcOEt =10 : 1 )IT kL - CH5L
L. l-alkynyl sulfoxide 6 % 5.5 g (12.7 mmol, 76%)37-,

Yellow liquid, [a]p= +23° (c = 1.20, acetone), 'H-NMR (600 MHz, CDCls) &: 1.02 (s,
9H), 2.43 (s, 3H), 4.45 (d, 2H, J = 3.1 Hz), 7.31-7.37 (m, 6H), 7.43 (t, 2H, J = 7.6 Hz),
7.61-7.64 (m, 6H); >C-NMR (150 MHz, CDCl5) &: 19.1, 21.5, 26.5, 52.8, 82.7, 101.3,
125.2, 127.8, 130.0, 132.3, 135.5, 140.5, 142.4; IR (KBr) Vmax/cm’ 2183, 1089, 1062,
808; HRMS(FAB+) Calcd for CagH290,SiS [M+H]: 433.1657; found: 433.1656; LRMS
(FAB"): 433.2 [M+H]"
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(Z)-1-Alkenylsulfoxide 7

o OTBDPS
é Gilman reagent

OJ

A

_— > S =
/©// \/OTBDPS THF /©/l R

6 7a:R=Me 97 %
7b: R=Et 95 %
7e:R=i-Pr 94 %
7d: R=n-Bu 82 %

HZf U 72 ALK 7 2 A 2|2 THF (20 mL / mmol sulfoxide) & CuCN (3.0 equiv)Z Il X .
ZOREIREZ —T78°C L L, FZITAKY F U LK (3.0 equive) & F L 1h i

L7z, £D%, THF (5.0 mL / mmol sulfoxide)(Z(Ss)-3-(¢-butyldiphenylsiloxy)-1-

(4-tolylsulfinyl)-prop-1-yne 6 Z¥7> L7k 2 M A T2, 1 h #E#% . sat. aq. NH4Cl

TGz 1k, AcOEt Tl L7z, A1/ Z Hy0. brine DIATYEF L. NaySOy

THB L, A ZBIERE LT, BONIREEZ L VDTN T LT a~

7T 7 4 —THBE L. (Z)-1-alkenylsulfoxide 7 73%5% H 7=,

(2)-(Rs)-3-(t-Butyldiphenylsiloxy)-2-methyl-1-(4-tolylsulfinyl)prop-1-ene 7a
(Ss)-3-(z-Butyldiphenylsiloxy)-1-(4-tolylsulfinyl)-prop-1-y

0 J/\OTBDPS ne 6 500 mg (1.16 mmol), CuCN 310.5 mg (3.47 mmol),
ls = MelLi in diethyl ether 1.07 M solution 3.2 mL (3.47 mmol,
)@i 3.6 equiv) were used. It was purified by flash column

chromatography (hexane : AcOEt =4 : 1) to give the 7a
(503.0 mg, 1.12 mmol) as colorless solid.

colorless solid, [a]p= —156 ° (¢ = 1.15, acetone), 'H-NMR (600 MHz, CDCls) &: 1.07
(s, 9H), 1.96 (d, 3H, J = 1.1 Hz), 2.37 (s, 3H), 4.58 (s, 2H), 6.01 (s, 1H), 7.23-7.24 (m,
2H), 7.36-7.45 (m, 8H), 7.67-7.69 (m, 4H); *C-NMR (150 MHz, CDCl5) &: 19.2, 21.0,
21.3,26.7,63.1,124.0, 127.8, 127.9, 129.8, 129.9, 130.0, 132.6, 132.9, 133.1, 135.4,
135.56, 135.59, 140.8, 141.4, 149.4 ; IR (KBr) vpa/em™ 2931, 1084, 1041, 820;
HRMS(FAB") Calcd for C,7H330,SiS [M+H]": 449.19705; found: 449.19702; LRMS
(FAB"): 449.2[M+H]"
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(2)-(Rs)-3-(t-Butyldiphenylsiloxy)-2-ethyl-1-(4-tolylsulfinyl)prop-1-ene 7b
OTBDPS  (Ss)-3-(#-Butyldiphenylsiloxy)-1-(4-tolylsulfinyl)-prop-1-y
é% ne 6 6.20 g (14.3 mmol), CuCN 4.06 g (43.1 mmol), Mg
/©/l = 1030 mg (43.1 mmol), bromoethane 3.1 mL (43.1 mmol)
were used. It was purified by flash column chromatography
(hexane : AcOEt=4: 1) to give the 7b (6.30 g, 13.6 mmol) as yellow liquid.
Yellow liquid, [a]p=—161 ° (c = 1.01, acetone), 'H-NMR (600 MHz, CDCls) &: 1.03 (t,
3H, J=17.2 Hz), 1.08 (s, 9H), 2.33-2.37 (m, 2H), 2.38 (s, 3H), 4.58 (d, 1H, J = 12.7 Hz),
4.64 (d, 1H, J = 12.7 Hz), 6.01 (s, 1H), 7.25 (d, 2H, J = 7.9 Hz), 7.38-7.47 (m, 8H),
7.68-7.70 (m, 4H); >C-NMR (150 MHz, CDCl;) &: 11.4, 19.2, 21.3, 26.7, 27.1, 62.2,
124.1, 127.8, 127.9, 129.8, 129.91, 129.99, 132.0, 132.6, 132.9, 135.56, 135.59, 140.7,
141.5, 1543 ; IR (KBr) vma/cm™ 2857, 1622, 1082, 822; HRMS(ESI") Calcd for
Cy3H340,NaSiS [M+Na]': 485.1946; found: 485.1964; LRMS(ESI"): 485.2 [M+Na]"

(Z2)-(Rs)-3-(t-Butyldiphenylsilyloxy)-2-ethylmethyl-1-(4-tolylsulfinyl)prop-1-ene 7¢
OTBDPS (Ss)-3-(z-Butyldiphenylsiloxy)-1-(4-tolylsulfinyl)-prop-1-
(é)MI//\ yne 6 2.27 g (5.25 mmol), CuCN 1.73 g (18.9 mmol, 3.6
/©/ : i-Pr equiv), i-PrMgCI-LiCl in THF 1.3 M solution 14.5 mL
"’ (18.9 mmol, 3.6 equiv) were used. It was purified by flash
column chromatography (hexane : AcOEt =8 : 1) to give the 7¢ (2.36 g, 4.95 mmol) as
white solid.
Yellow liquid, [a]p=—130 ° (c = 1.09, acetone), 'H-NMR (600 MHz, CDCl) &: 1.02
(d, 3H, J=6.9 Hz), 1.07 (d, 3H, J = 6.9 Hz), 1.08 (s, 9H), 2.39 (s, 3H), 2.72 (m, 1H),
4.57 (d, 1H, J = 12.7 Hz), 4.66 (d, 1H, J = 12.7Hz), 6.01 (s, 1H), 7.25 (d, 2H, J=7.9
Hz), 7.38-7.48 (m, 8H), 7.68-7.70 (m, 4H); *C-NMR (150 MHz, CDCl5) &: 19.2, 20.9,
21.1, 21.3, 26.8, 31.6, 61.5, 124.1, 127.83, 127.88, 129.8, 129.91, 129.99, 131.8, 132.6,
132.8, 135.5, 135.6, 140.6, 141.5, 158.0 ; IR (KBr) vma/cm™ 3049, 1109, 1041, 822;
HRMS(FAB") Caled for CyH3;0,SiS [M+H]": 477.22835; found: 477.22775;
LRMS(FAB"): 477.2 [M+H]"

(2)-(Rs)- 2-Butyl-3-(#-butyldiphenylsiloxy)-1-(4-tolylsulfinyl)prop-1-ene 7d
(Ss)-3-(¢-Butyldiphenylsiloxy)- 1-(4-tolylsulfinyl)-prop-1-
o OTBDPS  yhe 6 3.10 g (7.17 mmol), CuCN 3.10 g (21.5 mmol),
*%n—Bu n-BuLi in hexane 1.63 M solution 15.5 mL (21.5 mmol)

S

]
/©/-- were used. It was purified by flash column chromatography
(hexane : AcOEt=4:1) to give the 7d (2.90 g, 5.91 mmol)
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as yellow liquid.

Yellow liquid, [o]p=—172 ° (¢ = 1.00, acetone), 'H-NMR (600 MHz, CDCl;) &: 0.85 (t,
3H, J= 7.2 Hz), 1.08 (s, 9H), 1.27 (sex, 2H, J = 7.2 Hz), 1.36-1.42 (m, 2H), 2.28 (t, 2H,
J=17.6 Hz), 2.39 (s, 1H), 4.56 (d, 1H, J = 12.7 Hz), 4.62 (d, 1H, J = 12.7 Hz), 6.01 (s,
1H), 7.25 (d, 2H, J = 6.5 Hz), 7.38-7.48 (m, 8H), 7.68-7.70 (m, 4H); “C-NMR (150
MHz, CDCl;) &: 13.8, 19.2, 21.3, 22.4, 26.8, 29.2 33.9, 62.0, 124.1, 127.8, 127.9, 129.8,
129.9, 130.0, 132.6, 132.8, 132.9, 135.5, 135.6, 140.7, 141.5, 153.0 ; IR (KBr) vjpae/cm™
2857, 1468, 1081, 821; HRMS(FAB") Calcd for C3gH300,SiS [M+H]": 491.24400;
found: 491.24424; LRMS(FAB"): 491.3 [M+H]"
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(Z)-B-Sulfinyl alcohol 8

0 OTBDPS o OH
S
[ = R > [ = R
LY THF LY

7a: R=Me 8a: R=Me 96 %
7bh: R=Et 8b: R=Et 95 %
7c: R=i-Pr 8c: R=i-Pr 97 %
7d: R=n-Bu 8d:R=n-Bu 82 %

THF (0.25 M) (Z alkenyl sulfoxide 7 Z¥#7>L. % ZIZ TBAF (1.3 equiv, ca 1.0 M
THF solution) & Il %, B EAT 5 £ CTHEIR THIE L7z, KG%E H0 TIE®D,
H,O. brain THEEVEBLZ P L, NaSO, TR S W7o, AR 2 8L i) <
B, BonTEREE Y AN T A u~ N T T 4 — (hexane : AcOEt =1 :
1) THRLL ., (2)-B-sulfinyl alcohol 8 % 457-,

(£)-(Rs)-2-Methyl-3-(4-tolylsulfinyl) prop-2-en-1-ol 8a
oH (2)-1-Alkenylsulfoxide 7a 2.03 g (4.53 mmol), TBAF 5.9 mL
éJ/\ (5.89 mmol) were used. It was purified by flash column
)@ﬁ chromatography (AcOEt = 100 % ) to give the 8a (0.90 g, 4.29
- mmol) as colorless solid.
Colorless solid, Mp : 67.0 - 68.5 °C, [o]p= —277 ° (¢ = 1.20, acetone), 'H-NMR (600
MHz, CDCls) &: 1.95 (d, 3H, J = 1.3 Hz), 2.41 (s, 3H), 3.11 (dd, 1H, J = 5.5, 7.2 Hz),
4.39 (dd, 1H, J = 7.2, 13.8 Hz), 4.65 (dd, 1H, J = 5.5, 13.8 Hz), 6.05 (s, 1H), 7.31 (d,
2H, J = 7.9 Hz), 7.52 (d, 2H, J = 7.9 Hz); "C-NMR (150 MHz, CDCl;) &: 21.4, 21.5,
62.5, 124.4, 130.1, 132.9, 140.9, 141.3, 150.2; IR (KBr) vma/cm™ 3350, 1627, 1081,
809; HRMS(FAB") Calcd for C;H;50,S [M+H]": 211.07927; found: 211.07928; LRMS
(FAB"): 211.1[M+H]"

(£)-(Rs)-2-Ethyl-3-(4-tolylsulfinyl) prop-2-en-1-ol 8b
o (£)-1-Alkenylsulfoxide 7b 200 mg (0.43 mmol), TBAF 0.6 mL
QJ (0.56 mmol) were used. It was purified by flash column
/©/ls Et  chromatography (hexane : AcOEt =1 : 1) to give the 8b (91.5

B mg, 0.41 mmol) as yellow liquid.

Yellow liquid, [a]p= —204 ° (c = 1.00, acetone), 'H-NMR (600 MHz, CDCl5) &: 1.05
(t,3H, J= 7.4 Hz), 2.29 (q, 2H, J = 7.4 Hz), 2.40 (s, 3H), 4.05 (m, 1H), 4.42 (dd, 1H, J
=17.4,13.7 Hz), 4.65 (dd, 1H, J= 5.1, 13.7 Hz), 6.00 (s, 1H), 7.31 (d, 2H, J = 8.1 Hz),
7.52 (d, 2H, J = 8.1 Hz); >C-NMR (150 MHz, CDCl3) &: 11.5, 21.3, 27.6, 61.2, 124.3,
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129.9, 131.2, 140.9, 141.1, 155.7; IR (KBr) vma/cm™ 3350, 1627, 1081, 809;
HRMS(FAB") Calcd for Cj,H;60,NaS [M+Na]": 247.0769; found: 247.0790; LRMS
(FAB"): 247.1[M+Na]"

(2)-(Rs)-2-Ethylmethyl-3-(4-tolylsulfinyl) prop-2-en-1-ol 8¢
OH (Z)-1-Alkenylsulfoxide 7¢ 2.36 g (4.95 mmol), TBAF 6.45 mL
$ (6.45 mmol) were used. It was purified by flash column
Q/l P chromatography (hexane : AcOEt=1:1) to give the 8¢ (1.14
g, 4.78 mmol) as yellow liquid.
Yellow liquid, [a]p= —144 ° (c = 1.35, acetone), 'H-NMR (600 MHz, CDCl3) &: 1.07
(d, 3H, J=6.6 Hz), 1.10 (d, 3H, J = 6.6 Hz), 2.41 (s, 3H), 2.54-2.60 (m, 1H), 3.18 (dd,
1H, J=5.2, 7.5 Hz), 4.45 (dd, 1H, J = 7.5, 13.4 Hz), 4.61 (dd, 1H, J = 5.2, 13.4 Hz),
6.01 (s, 1H), 7.31 (d, 2H, J = 7.9 Hz), 7.55 (d, 2H, J = 7.9 Hz); >C-NMR (150 MHz,
CDCl3) 8:20.9, 21.1, 21.4, 33.7, 60.6, 124.7, 130.1, 131.3, 141.0; IR (KBr) vya/cm™
3346, 1597, 1080, 808; HRMS(FAB") Calcd for C;3H;00,S [M+H]": 239.11057; found:
239.11045; LRMS (FAB"): 239.1[M+H]"

(£)-(Rs)-2-Butyl-3-(4-tolylsulfinyl) prop-2-en-1-ol 8d
o OH (Z2)-1-Alkenylsulfoxide 7d 2.20 g (4.65 mmol), TBAF 5.3 mL
g J\ (65.27 mmol) were used. It was purified by flash column
)©/.l #-Bu chromatography (hexane : AcOEt=1:1) to give the 8d (1.08
. g, 4.29 mmol) as yellow liquid.

Yellow liquid, [at]p= —169 ° (c = 1.06, acetone), 'H-NMR (600 MHz, CDCl5) &: 1.87
(t, 3H, J = 7.2 Hz), 1.30 (sex, 2H, J = 7.2 Hz), 1.41-1.46 (m, 2H), 2.21-2.30 (m, 2H),
2.40 (s, 3H), 3.19 (dd, 1H, J =5.2, 7.5 Hz), 4.41 (dd, 1H, J= 7.5, 13.4 Hz), 4.63 (dd,
1H, J=15.2, 13.4 Hz), 6.02 (s, 1H), 7.31 (d, 2H, J = 8.1 Hz), 7.53 (d, 2H, J = 8.1 Hz);
BC-NMR (150 MHz, CDCls) 8:13.8, 21.3, 22.3,29.3, 34.8, 61.4, 124.4, 130.01, 130.04,
132.22, 132.28, 140.9, 141.2, 154.0; IR (KBr) vma/cm™ 3346, 2956, 1620, 1080, 808;
HRMS(FAB") Caled for C4H,;0,S [M+H]™: 253.12622; found: 253.12613; LRMS
(FAB"): 253.1[M+H]"
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(Z)-B-sulfinyl aldehyde 9

OH (0]

0 DMP / NaHCO, O
NNPZ > N2 R
o TR

8a: R=Me 9a: R=Me 94 %
8b: R=Et 9b: R=Et 90 %
8c: R=i-Pr 9¢: R=i-Pr 99 %
8d: R=n-Bu 9d: R=n-Bu 95 %

DCM (0.04 M)(Z(Z)-B-sulfinyl alcohol 8 Z¥#2>L ., & Z1Z NaHCOs (5.0 equiv),
DMP (1.6 equiv)Z N Z 2R T 0.5 h #H#E L7, K% H,0 Tlk®, DCM CTHiH
L7-, A8 % HyO, brine TYEIF L. NaySO, T L, AHIASL A WITERRZE L
o oK ELE Y WSV T A Ia~ NI T 7 40— TR L,
(Z)-B-sulfinyl aldehyde 9 7345 5 7=,

(2)-(Rs)-2-Methyl-3-(4-tolylsulfinyl) prop-2-en-1-al 9a
o (Z£)-B-Sulfinyl alcohol 8a 0.92 g (4.36 mmol), NaHCO; 1.84 g
é\/i (21.79 mmol), DMP in DCM (15 wt %) 19.7g (6.97 mmol) were
/©/l used. It was purified by flash column chromatography (DCM :
) AcOEt =2 : 1) to give the 9a (0.85 g, 4.33 mmol) as colorless
solid.
Colorless solid, Mp : 73.0 — 74.0 °C, [a]p= —147 ° (c = 1.09, acetone), 'H-NMR (600
MHz, DMSO-D6) 6: 1.84 (d, 3H, J = 1.4 Hz), 2.37 (s, 3H), 7.31 (d, 1H, J = 1.4 Hz),
7.42 (d, 2H, J=7.9 Hz), 7.62 (d, 2H, J = 7.9 Hz), 10.46 (s, 1H,); C-NMR (150 MHz,
DMSO0-D6) 6:15.5, 20.9, 124.6, 130.2, 140.3, 141.5, 142.0, 149.4, 190.9; IR (KBr)
vma/em” 2923, 1686, 1079, 813; HRMS(FAB") Caled for C; H;30,S [M+H]™:
209.06361; found: 209.06362; LRMS (FAB"): 209.1[M+H]"

(£)-(Rs)-2-Ethyl-3-(4-tolylsulfinyl) prop-2-en-1-al 9b
0 (£)-B-Sulfinyl alcohol 8b 1.00 g (4.46 mmol), NaHCO; 1.87 g
EJ (22.3 mmol), DMP in DCM (15 wt %) 2.59 g (5.8 mmol, 1.3
/©/l Bt equiv) were used. It was purified by flash column
) chromatography (DCM : AcOEt=1 : 1) to give the 9b (0.90 g,

4.01 mmol) as yellow solid.

Yellow solid, Mp : 62.0 — 64.0 °C, [a]p= —196 ° (¢ = 1.00, acetone), 'H-NMR (600
MHz, CDCls) &: 1.04 (t, 3H, J = 7.4 Hz), 2.30-2.40 (m, 2H), 2.42 (s, 2H), 6.90 (t, 1H, J
= 1.1 Hz), 7.36 (d, 2H, J = 8.0 Hz), 7.55 (d, 2H, J = 8.0 Hz), 10.56 (s, 1H,); >C-NMR
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(150 MHz, CDCl;) 8:11.6, 21.4, 22.9, 124.3, 130.4, 139.7, 142.1, 147.9, 149.0, 189.7;
IR (KBr) vima/cm™ 3005, 2865, 1685, 1079, 812; HRMS(ESI") Calcd for C,H;40,NaS
[M+Na]": 245.0612; found: 245.0629; LRMS (ESI"): 245.1[M+Na]"

(2)-(Rs)-2-Ethylmethyl-3-(4-tolylsulfinyl)prop-2-en-1-al 9¢

o _0 (£)-B-Sulfinyl alcohol 8¢ 1.34 g (5.62 mmol), NaHCO3 2.37 g
éM/[ (28.10 mmol), DMP in DCM (15 wt %) 25.4 g (8.99 mmol)
/@l P Wwere used. It was purified by flash column chromatography

(DCM : AcOEt =1 : 1) to give the 9¢ (2.29 g, 9.14 mmol) as
yellow solid.

Yellow solid, Mp : 37.5 — 38.0 °C, [a]p= —77 ° (c = 1.04, acetone), "H-NMR (600
MHz, CDCls) &: 1.03 (d, 3H, J = 6.9 Hz), 1.10 (d, 3H, J = 6.9 Hz), 2.42 (s, 3H),
2.89-2.98 (m, 1H), 6.83 (d, 1H, J= 1.1 Hz), 7.31 (d, 1H, J = 1.4 Hz), 7.35 (d, 2H, J =
8.0 Hz), 7.54 (d, 2H, J = 8.0 Hz), 10.49 (s, 1H,); >C-NMR (150 MHz, DMSO-D6)
8:20.9, 21.0, 21.4, 28.1, 124.4, 130.4, 139.8, 142.0, 148.2, 151.9, 189.8; IR (KBr)
Vmadem™ 2966, 1687, 1081, 802; HRMS(FAB") Caled for Ci3H;;0,S [M+H]™:
237.09492; found: 237.09499; LRMS (FAB"): 237.1[M+H]"

(£)-(Rs)-2-Butyl-3-(4-tolylsulfinyl)prop-2-en-1-al 9d

. o (2)-B-Sulfinyl alcohol 8d 2.32 g (9.22 mmol), NaHCO; 3.87
~

éJ\ g (46.08 mmol), DMP in DCM (15 wt %) 41.7 g (14.74 mmol)

/©/ { "BU - were used. It was purified by flash column chromatography

(hexane : AcOEt=2:1) to give the 9d (1.31 g, 5.55 mmol) as
white solid.

White solid, Mp : 32.0 — 34.0 °C, [o]p= —164 ° (c = 1.35, acetone), 'H-NMR (600
MHz, CDCls) &: 0.86 (d, 3H, J = 7.2 Hz), 1.29 (sex, 2H, J = 7.2 Hz), 1.36-1.41 (m, 2H),
2.26-2.37 (m, 2H), 2.42 (s, 3H), 6.90 (t, 1H, J = 1.4 Hz), 7.36 (d, 1H, J = 7.9 Hz), 7.54
(d, 2H, J = 7.9 Hz), 7.54 (d, 2H, J = 8.0 Hz), 10.54 (s, 1H,); >C-NMR (150 MHz,
CDCl;) 8:13.6, 21.4, 22.2, 29.4, 29.7, 124.3, 130.4, 139.7, 142.1, 146.7, 149.7, 189.8;
IR (KBr) vnax/cm™’ 2955, 1686, 1079, 808; HRMS(FAB™) Calcd for C4H;60,S [M+H]":
251.11057; found: 251.11053; LRMS (FAB"): 251.0[M+H]"
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(Z2)-B-Sulfinyl enone 5

1 1
(0] \)i/o Grignard reagent OL\[OH fo) R 0
! Lewis acid ¢ DMP / NaHCO !
S, —ewsaid Sy S N e
| { DCM {

9a: R=Me 4a: R'=Me  4d-1: R'=Me 5a:R'=Me  5d-1: R'=Me
g":RR:fE; 4b:R'-Me  4d-2: R'=i-Pr 5b:R'-Me  5d-2: R'=i-Pr
C. R=I-Pr
. LRl Rlo -1: Rl= -3 Rl=j-
9d: R=n-Bu 4¢-1: R'=Me 4d-3: R'=n-Bu 5¢-1: R'=Me 5d-3: R'=n-Bu
4¢-2: R'=i-Pr 4d-4: R'=i-Bu 5¢-2: R'=i-Pr 5d-4: R'=i-Bu

THF (0.1 M){Z¥&EH> L 7=B-sulfinyl aldehyde 9 2 —78 °C & L., & Z TR L 7=
Grignard 743K (5.0 equiv) %17 F L 0.5 h ## L 7=, Sat. aq. NH4Cl TRt % 1E® .,
AcOEt THitH L7z, A8 % H,0. brine THEH L. NaySO4 THAEES . AT
EWIERE L, SoncBEE VDTSN T Ara~ NI T T 4 —TrEil
L. (Z2)-B-sulfinyl allylic alcohol 4 % %% 5 417=,

DCM (0.04 M) (215 547z (2)-B-sulfinyl allylic alcohol 4 Z¥HL., £ 2T
NaHCO; (5.0 equiv), DMP (1.6 equiv)Z 1 2 =R T 0.5 h #5#: L7z, Mt % H,0 T
1k, DCM T L7=, A8 % H,0. brine TYEH L. NaSO, THZEL, A
BRI 2 BERRE Lz, GonEEE2 s VSNV h T arua~ N IT7 41—
THRL L. (2)-B-sulfinyl enone 5 7345 5417z,

(2£)-(Rs)-2-Methyl-1-(4-tolylsulfinyl)-but-1-ene-3-one Sa
o 0 (2)-B-Sulfinyl aldehyde 9a 100 mg (0.48 mmol), Mel 0.15 mL
*\;/[ (2.40 mmol), Mg 57.6 mg (2.40 mmol), diethyl ether (2.2 mL)

S
)@ﬁ were used. It was purified by flash column chromatography
(hexane : AcOEt =1 :2) to give the diastereomeric mixture of 4a

(74.2 mg, 0.33 mmol, yield = 69 %).

Diastereomeric mixture of 4a 98.7 mg (0.42 mmol), NaHCO; 186.6 mg (2.21

mmol), DMP in DCM (15 wt %) 2.0 g (0.71 mmol) were used. It was purified by flash
column chromatography (hexane : AcOEt=1: 3 ) to give the 5a (96.5 mg, 0.43 mmol,
yield = 98 %) as yellow liquid.
Yellow liquid; [a]p= —427 ° (c = 1.55, acetone); 'H-NMR (500 MHz, CDCls) &:
2.10 (d, 3H, J= 1.4 Hz), 2.38 (s, 3H), 2.40 (s, 3H), 6.35 (d, 1H, J= 1.4 Hz), 7.29 (d, 2H,
J=8.0 Hz), 7.74 (d, 2H, J = 8.0 Hz); °C NMR (125 MHz, CDCl;) &:19.7, 21.4, 28.3,
125.1, 130.0, 1412, 141.3, 141.5, 146.0, 199.6; IR (KBr) vma/cm™ 2920, 1688,
1588,1490, 1443, 1360, 1304, 1181, 1036, 809; HRMS (FAB") Calcd for C;,H;50,S
[M+H]": 223.07927 ; found: 223.07931; LRMS (FAB"): 223[M+H]"
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(£)-(Rs)-2-Ethyl-1-(4-tolylsulfinyl)but-1-en-3-one Sb
0 (Z£)-B-Sulfinyl aldehyde 9a 950 mg (4.28 mmol), Mel 1.3 mL
é\;/[ (21.4 mmol), Mg 541 mg (21.4 mmol), diethyl ether (42.8 mL)
/@l EU Were used. It was purified by flash column chromatography
. (DCM : AcOEt =1 : 1) to give the diastereomeric mixture of 4b
(489 mg, 2.05 mmol, yield = 48 %).

Diastereomeric mixture of 4b 489 mg (2.05 mmol), NaHCO; 0.86 g (10.3 mmol),
DMP 1.19 g (2.67 mmol, 1.3 equiv) were used. It was purified by flash column
chromatography (DCM : AcOEt =1 : 1) to give the Sb (470 mg, 1.87 mmol, yield =
91 %) as yellow liquid.

Yellow liquid; [a]p : —236 ° (¢ = 1.36, acetone), 'H-NMR (600 MHz, CDCl;) &: 1.11
(t, 3H, J="7.2 Hz), 2.39-2.49 (m, 8H), 6.27 (t, 1H, J= 1.7 Hz), 7.30 (d, 2H, J= 7.9 Hz),
7.71 (d, 2H, J = 7.9 Hz); C-NMR (150 MHz, CDCl3) &: 11.7, 21.4, 26.2, 28.6, 124.9,
129.8, 141.1, 141.2, 142.3, 148.9, 200.5; IR (KBr) vma/cm™ 2972, 1687, 1461, 1077,

813; HRMS (ESI") Calcd for C3H;40,S [M+Na]": 259.0769 ; found: 259.0778; LRMS
(EST"): 259.1 [M+Na]".

(2)-(Rs)-2-(Methylethyl)-1-(4-tolylsulfinyl)but-1-en-3-one Sc-1

o 0 (£)-B-Sulfinyl aldehyde 9¢ 800 mg (3.38 mmol), Mel 2.1 mL

*\X (33.8 mmol), Mg 810 mg (33.8 mmol), diethyl ether (2.2 mL)
FPT Wwere used. Tt was purified by flash column chromatography

(DCM : AcOEt =3 : 1) to give the diastereomeric mixture of

4c-1 (635 mg, 2.52 mmol, yield = 76 %).

Diastereomeric mixture of 4¢-1 950 mg (3.73 mmol), NaHCO; 1.58 g (18.8 mmol),

DMP in DCM (15 wt %) 16.7 g (5.9 mmol) were used. It was purified by flash column
chromatography (DCM : AcOEt=1 : 1) to give the 5c-1 (1.103 g, 4.40 mmol, yield =
117 %) as yellow liquid.
Yellow liquid; [a]p= —130° (c = 0.95, acetone); 'H-NMR (600 MHz, CDCl;) &:
1.04 (d, 3H, J = 6.8 Hz), 1.16 (d, 3H, J = 6.8 Hz), 2.40 (s, 3H), 2.47 (s, 3H), 2.75 (m,
1H), 6.19 (d, 1H, J = 1.4 Hz), 7.30 (d, 2H, J = 8.3 Hz), 7.65 (d, 2H, J = 8.3 Hz); °C
NMR (150 MHz, CDCl;) &: 20.5, 21.3, 21.4, 29.7, 31.3, 124.7, 129.9, 137.5, 140.6,
141.2, 155.8, 201.9; IR (KBr) vmax/cm™ 2967, 1700, 1463, 811; HRMS (FAB") Calcd
for C14H,30,S [M+H]": 251.10609 ; found: 251.11074; LRMS (FAB"): 251.1[M+H]"
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(2)-(Rs)-4-Methyl-2-methylethyl-1-(4-tolylsulfinyl)pent-1-en-3-one Sc-2
iPr_ o (2£)-B-Sulfinyl aldehyde 9¢ 800 mg (3.38 mmol), LaCl; 1.98 g
‘?v\i (5.07 mmol, 1.5 equiv), 1.3 M i-PrMgCILiCl in THF solution
/©/ ls NP 26.0 mL (33.8 mmol, 10 equiv), THF (33.8 mL) were used. It
- was purified by flash column chromatography (DCM : AcOEt =
1 : 1) to give the diastereomeric mixture of 4¢-2 (635 mg, 2.52 mmol, yield = 60 %).
Diastereomeric mixture of 4c-2 850 mg (3.03 mmol), NaHCO; 1.27 g (15.2 mmol),
DMP in DCM (15 wt %) 13.9 g (4.9 mmol) were used. It was purified by flash column
chromatography (DCM : AcOEt=1 : 1) to give the Sc-2 (765 mg, 2.74 mmol, yield =
91 %) as yellow solid.
Yellow solid; Mp: 49.5-50.5 °C, [at]p= —90 ° (¢ = 1.02, acetone); 'H-NMR (600 MHz,
CDCl;) o: 1.00(d,3H,J=7.2Hz),1.15(d, 3H,J="7.1 Hz), 1.20 (d, 3H, J=7.2Hz),
1.25 (d, 3H, J = 7.2 Hz), 2.40 (s, 3H), 2.71-2.78 (m, 1H), 3.01 (sept, 1H, J = 7.2 Hz)),
6.17 (d, 1H, J = 1.4 Hz), 7.30 (d, 2H, J = 8.3 Hz), 7.66 (d, 2H, J = 8.3 Hz); °C NMR
(150 MHz, CDCl;) 6: 17.4, 18.3, 20.1, 21.3, 21.8, 31.1, 38.8, 124.6, 129.8, 137.0, 140.6,
141.0, 156.3, 208.4; IR (KBr) vma/em™ 2972, 1687, 1461,1077, 813; HRMS (FAB")
Caled for Ci;sH20,S [M+H]": 279.13739 ; found: 279.14181; LRMS (FAB"):
279.1[M+H]"

(Z )-(Rs)-2-Butyl-1-(4-tolylsulfinyl)but-1-en-3-one 5d-1
0 (£)-B-Sulfinyl aldehyde 9d 800 mg (3.38 mmol), Mel 2.1 mL
Z\I (33.9 mmol), Mg 1.19 g (33.9 mmol), diethyl ether (33.9 mL)
Q/l n-BU - were used. It was purified by flash column chromatography
N (DCM : AcOEt =1 : 1) to give the diastereomeric mixture of
4d-1 (970 mg, 3.66 mmol, yield = 74 %).

Diastereomeric mixture of 4d-1 970 mg (3.66 mmol), NaHCO; 1.53 g (18.3 mmol),

DMP in DCM (15 wt %) 20.7 g (7.32 mmol, 2.0 equiv) were used. It was purified by
flash column chromatography (DCM : AcOEt =2 : 1) to give the 5d-1 (760 mg, 2.88
mmol, yield = 79 %) as yellow liquid.
Yellow liquid; [o]p = -141° (¢ = 1.16, acetone); 'H-NMR (600 MHz, CDCl;) &: 0.89
(t, 3H, J = 7.2 Hz), 1.29-1.40 (m, 2H), 1.43 (qui, 2H, J = 7.2 Hz), 2.39-2.42 (m, 8H),
6.26 (t, 1H, J = 1.4 Hz), 7.30 (d, 2H, J = 8.0 Hz), 7.70 (d, 2H, J = 8.0 Hz ); °C NMR
(150 MHz, CDCl3) &: 13.7, 21.7, 22.1, 28.6, 29.6, 32.9, 125.0, 129.9, 141.0, 141.2,
142.5, 148.0, 200.6; IR (KBr) vma/cm 2958, 2862, 1685, 1590, 1079, 812; HRMS
(FAB") Calcd for Ci5sH,;0,S [M+H]" 265.12622; found: 265.12611; LRMS (FAB+):
265.0[M+H]".
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(2)-(Rs)-2-Butyl-1-(4-tolylsulfinyl)hept-1-ene-3-one 5d-3
»-Bu (2£)-B-Sulfinyl aldehyde 9d 205 mg (0.80 mmol), LaCl; 2LiCl
0 0.33 M THF solution (3.6 mL, 1.20 mmol), n-Bul 0.93 mL
/©/ls Z5Bu (7.98 mmol, 10 equiv), Mg 190 mg (7.98 mmol, 10 equiv),
o diethyl ether (8.0 mL) were used. It was purified by flash
column chromatography (DCM : AcOEt =1 : 1) to give the diastereomeric mixture of
4d-3 (489 mg, 2.05 mmol, yield = 32 %).

Diastereomeric mixture of 4d-3 587 mg (1.90 mmol), NaHCO3; 800 mg (9.52 mmol),

DMP in DCM (15 wt %) 8.6 g (3.0 mmol, 1.3 equiv) were used. It was purified by flash
column chromatography (DCM : AcOEt=2: 1) to give the 5d-3 (496 mg, 1.62 mmol,
yield = 85 %) as yellow liquid.
Yellow liquid; [a]p : —313 © (¢ = 1.70, acetone), 'H-NMR (500 MHz, CDCl5) &: 0.94
(t,3H, J=17.5 Hz), 1.37 (sex, 2H, J= 7.5 Hz), 1.65 (qui, 2H, J= 7.5 Hz), 2.08 (d, 3H, J
= 1.4 Hz), 2.39 (s, 3H), 2.59-2.72 (m, 2H), 6.30 (dd, 1H, J=0.9, 1.4 Hz), 7.29 (d, 2H, J
= 8.0 Hz), 7.74 (d, 2H, J = 8.0 Hz); PC-NMR (125 MHz, CDCl3) &:13.6, 13.8, 21.3,
22.1, 22.2, 25.4, 29.5, 32.7, 40.7, 124.7, 129.8, 140.9, 141.0, 149.0, 203.5; IR (KBr)
Vmadem™ 2956, 1689, 1591, 1460, 1077, 811; HRMS (FAB") Caled for CgH,705S
[M+H]": 307.17316 ; found: 307.17311; LRMS (FAB"): 307 [M+Na]".

(2£)-(Rs)-2-Butyl-5-methyl-1-(4-tolylsulfinyl) hex-1-en-3-one 5d-4
i-Bu_ o (£)-B-Sulfinyl aldehyde 9d 1.70 g (6.79 mmol), LaCl;*2LiCl
(é)\/;i 0.60 M THF solution (16.9 mL, 10.2 mmol), #-Bul 3.9 mL
/@ﬁ n-Bu (33,9 mmol), Mg 810 mg (33.9 mmol), diethyl ether (33.9 mL)
N were used. It was purified by flash column chromatography
(DCM : AcOEt=1: 1) to give the diastereomeric mixture of 4d-4 (439 mg, 1.42 mmol,
yield =21 %).

Diastereomeric mixture of 4d-4 539 mg (1.75 mmol), NaHCO; 730 mg (8.74 mmol),
DMP 963 mg (2.27 mmol, 1.3 equiv) were used. It was purified by flash column
chromatography (DCM : AcOEt=2: 1) to give the 5d-4 (378 mg, 1.23 mmol, yield =
71 %) as yellow liquid.

Yellow liquid; [a]p : —275 ° (¢ = 1.28, for acetone), 'H-NMR (600 MHz, CDCl5) &:
0.88 (t,3H, J=7.5 Hz), 0.98 (d, 3H, J= 6.9 Hz), 1.00 (d, 2H, J= 6.9 Hz) 1.25-1.36 (m,
2H), 1.41 (qui, 2H, J = 7.5 Hz), 2.22-2.29 (m, 1H), 2.33-2.43 (m, 5H), 2.51 (dd, 1H, J =
6.9 Hz, 17.1 Hz), 2.63 (dd, 1H, J = 6.9 Hz, 17.1 Hz), 6.20 (d, 1H, J = 1.3 Hz), 7.29 (d,
2H, J=7.9Hz ), 7.70 (d, 2H, J = 7.9 Hz); “C-NMR (150 MHz, CDCls) &: 13.7, 21.3,
22.1, 22.5, 22.6, 24.3, 29.6, 32.7, 49.8, 124.8, 129.8, 141.0, 141.3, 149.2, 203.1; IR
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(KBr) vma/em™ 2957, 1686, 1595, 1079, 811; HRMS (FAB") Calcd for CjgHa70,S
[M+H]": 307.17316; found: 307.17321; LRMS (FAB"): 307.1[M+H]"
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(3RS, Ss)-1-(4-Tolylsulfinyl)-3-triethylsiloxy-hept-1-yne
n -Bu

OTES

Toluene /©/ \{n -Bu

OTES

AL L 7= EtMgBr (15.8 mmol, 3.8 M, ether solution)!Z 3-triethylsilyloxy-1-heptyne
(5.38 g, 23.6 mmol) Z=IR TIMZ 0.5 h#iE¥%Z, Tz —78°C £THL, Z
AT dry toluene (41.0 mL) C¥&7> L7- Fmenthyl-(S )-4-tolylsulfinate (2.32 g,
7.91 mmol)Z Mz, —78°C TO0.5h, ={ET 1 hfEHk. KL% sat. aq. NH,Cl
TIk, AcOEt THIHY L7z, AHEE % HyO., brine THaiF L. NaySO THIME L |
BRI 2 W TERRE LT, BREE VAW TN DT L a~ N7 T 7 ¢4 — Tyl
L (3RS, Ss)-1-(4tolylsulfinyl)-3-triethylsiloxy)-hept-1-yne (2.59 g, 7.12 mmol, 90 %)
DF BT,

0 Yellow liquid; '"H-NMR (600 MHz, CDCl3) &: 0.56 (qui,

4

IS “ 12H, J = 7.5 Hz), 0.85-0.95 (m, 24H), 1.27-1.39 (m, 8H),
/©/-- SN BY 661,72 (m, 4H), 2.42 (s, 6H), 4.48 (t, 2H, J = 6.6Hz), 7.33

OTES  (d, 4H, J = 8.2 Hz), 7.67 (d, 4H, J = 8.2 Hz); °C NMR (150
MHz, CDCls) 8:4.6, 6.6, 13.9, 21.4, 22.24,22.27, 27.1, 37.5, 62.92, 62.95, 82.0, 104.5,
104.7,125.1, 130.1, 140.8, 142.3.
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(Z)-B-Sulfinyl enones

0 n-Bu___OTES nBu .OH
ls “ Gilman reagent (é) AcOH : H,O : THF 2 DMP / NaHCO,
S N I ——
/@i \n-Bu THE /@ﬁ R 6:3:1 /@ﬁ R pcMm
OTES h )
5 3a-2: R=Me 99 % 4a-2: R=Me quant.
3b-2:R=Et 91 % 4b-2: R=Et 95 %
3c-4:R=i-Pr 78 % 4c¢-4: R=i-Pr 92 %
3e: R=Ph 67 % 4e: R=Ph 99 %
n-Bu 0

Jes

5a-2: R=Me 99 %
5b-2: R=Et 88 %
5¢-4: R=i-Pr 92 %
5¢: R=Ph 99%

Hif U 72 ALK 7 7 A =212 THF (20 mL / mmol sulfoxide) & CuCN(3.0 equiv)% il
Z. ZORERAZ—T18°C L L, £ ZIZAKY F 7 L3 EK (3.0 equive)Z i F L 1
h### L7=, £ D, THF (5.0 mL / mmol sulfoxide)(Z(3RS, Ss)-1-(4-tolylsulfinyl)-
3-triethylsiloxy-hept-1-yne Z 7> L 7c ik &2 Mz 72, 1 h fi{#P1% . sat. NH4Cl T
% 18, AcOEt THiIH L7c, BH/E % HyO, brine DI THEE L7=%. NaySO,
THIE L, ARSI AZBERE L, oG2S VW N AT L7~
N7Z 7 4 —THB L., (Z)-1-alkenylsulfoxide 7345 54177,

THF. H,0 IR&ERIZ(Z)-1-alkenylsulfoxide Z A7 L. & 212 AcOH % N2 i
BER2< 72D ETHALIZ(ACOH : H,O : THF = 6 : 3 : 1), =D, sat. aq.
NaHCO; T/t % 1k®, AcOEt THiH L7z, A%/ % sat. aq. NaHCO;, brine T
Ve L, Na,SOy THzM: L7-, AHIEEZHIERE L, BonEEz s ) o
NIThTa~<w N7 T7 4 —THE L, (2)-B-sulfinyl allyl alcohol 7345 5 417z,

DCM (0.04 M) (2 57z (Z2)-B-sulfinyl allyl alcohol Z &L . & ZIZ
NaHCO; (5.0 equiv), DMP (1.6 equiv)Z 1 2 =i CT 0.5 h ¥ L7z, KIt% H,O C
1, DCM Thi L7z, A#%E %2 H,0. brine THEE L. NaSO, THEEE L7214,
AR 2 WIERRE Lz, SoniEiEz s VTSN T LA~ NI T 7 4
— THHR L, (2)-B-sulfinyl enone 235 5417,

(£)-(Rs)-2-Methyl-1-(4-tolylsulfinyl)hept-1-en-3-one 5a-2
n-Bu (3RS, Ss)-1-(4-Tolylsulfinyl)-3-triethylsiloxy-hept-1-yne 2 100
0 mg (0.274 mmol), CuCN 75.0 mg (0.84 mmol), MeLi in diethyl

4

/©/ ls Z ether 1.50 M solution 0.55 mL (0.83 mmol) were used. It was
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purified by flash column chromatography (hexane : AcOEt = 4 : 1 ) to give
diastereomeric mixture of 3a-2 (102.8 mg, 0.27 mmol).

Diastereomeric mixture of 3a-2 1.14 g (3.0 mmol), 40 mL of AcOH : H,O : THF =6 :

3 : 1, were used. It was purified by by flash column chromatography (hexane : AcOEt
=1:2) to give diastereomeric mixture of 4a-2 795 mg (3.0 mmol).

Diastereomeric mixture of 4a-2 795 mg (3.0 mmol), NaHCO; 1.33 g (15.9 mmol),
DMP in DCM (15 wt %) 13.7 g (4.78 mmol) were used. It was purified by flash column
chromatography (hexane : AcOEt =1 : 2 ) to give the 5a-2 (732 mg, 2.77 mmol) as
yellow liquid.

Yellow liquid; [a]p= —453 ° (¢ = 1.10, acetone); 'H-NMR (500 MHz, CDCl3) &:
0.94 (t, 3H, J= 7.5 Hz), 1.37 (sex, 2H, J = 7.5 Hz), 1.65 (qui, 2H, J = 7.5 Hz), 2.08 (d,
3H, J = 1.4 Hz), 2.39 (s, 3H), 2.59-2.72 (m, 2H), 6.30 (dd, 1H, J= 0.9, 1.4 Hz), 7.29 (d,
2H, J = 8.0 Hz), 7.74 (d, 2H, J = 8.0 Hz); "C-NMR (125 MHz, CDCls) 5:13.8, 19.4,
21.3, 22.1, 25.3, 40.2, 124.9, 129.8, 141.14, 141.19, 144.7, 202.3; IR (KBr) vpa/cm™
2934, 1687, 1593,1462, 1072, 817; HRMS (FAB") Calcd for C;sH,0,S [M+H]":
265.12622 ; found: 265.12619; LRMS (FAB"): 265[M+H]"

(£)-(Rs)-2-Ethyl-1-(4-tolylsulfinyl)-hept-1-en-3-one Sbh-2
(3RS, Ss)-1-(4-Tolylsulfinyl)-3-triethylsiloxy)hept-1-yne 2 200
0 mg (0.548 mmol), CuCN 310 mg (3.29 mmol), Mg 39.5 mg (1.64
/©/ lS Et mmol), bromoethane 0.12 mL (1.64 mmol) were used. It was
" purified by flash column chromatography (hexane : AcOEt =4 :
1) to give the diastereomeric mixture of 3b-2 (198 mg, 0.501 mmol).
Diastereomeric mixture of 3b-2 912 mg (2.31 mmol), 27 mL of AcOH : H,O : THF =

6 : 3 : 1, were used. It was purified by by flash column chromatography (DCM :

AcOEt=3:1) to give diastereomeric mixture of 4b-2 619 mg (2.2 mmol).

Diastereomeric mixture of 4b-2 619 mg (2.2 mmol), NaHCO3 927 mg (11.0 mmol),
DMP 1.28 g (2.9 mmol, 1.3 equiv) were used. It was purified by flash column
chromatography (DCM : AcOEt =3 : 1) to give the 5b-2 (542 mg, 1.94 mmol) as
yellow liquid.

Yellow liquid [a]p : —326° (c = 1.25, acetone), 'H-NMR (600 MHz, CDCl3) & 0.94 (t,
3H,J=17.5 Hz), 1.08 (t, 3H, J= 7.5 Hz), 1.38 (sept, 2H, J= 7.5 Hz), 1.63-1.69 (m, 2H),
2.36-2.49 (m, 5H), 2.63-2.75 (m, 2H), 6.22 (t, 1H, J= 1.2 Hz), 7.30 (d, 2H, J = 8.1 Hz),
7.71 (d, 2H, J = 8.1 Hz); C-NMR (150 MHz, CDCls) &: 11.7, 13.8, 21.4, 22.2, 25 .4,
26.0, 40.8, 124.9, 129.9, 140.7, 141.0, 141.1, 150.0, 203.5; IR (KBr) vmax/cm™ 3291,
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2930 1596, 1444, 1134, 1073, 845; HRMS (ESI") Calcd for C;¢H,,0,NaS [M+Na]":
301.1238; found: 301.1237; LRMS (ESI"): 301.1[M+Na]".

(2)-(Rs)-2-Phenyl-1-(4-tolylsulfinyl)-hept-1-en-3-one Sc-4
nBu_ o (3RS, Ss)-1-(4-Tolylsulfinyl)-3-triethylsiloxy-hept-1-yne 2

0 500 mg (1.37 mmol), CuCN 367 mg (4.10 mmol), i-PrLi in

S
/©/ ] i-Pr pentane 0.7 M solution 5.85 mL (4.10 mmol) were used. It was
- purified by flash column chromatography (hexane : AcOEt=4:

1) to give diastereomeric mixture of 3c-4 (433 mg, 1.06 mmol).
Diastereomeric mixture of 3¢-4 232 mg (0.568 mmol), 8 mL of AcOH : H,O : THF =
6 : 3 : 1, were used. It was purified by by flash column chromatography (hexane :
AcOEt=1:2) to give diastereomeric mixture of 4c-4 154 mg (0.524 mmol).
Diastereomeric mixture of 4¢-4 154 mg (0.524 mmol), NaHCOj3 220 mg (2.63 mmol),
DMP in DCM (15 wt %) 2.3 g (0.79 mmol) were used. It was purified by flash column
chromatography (hexane : AcOEt=1:2) to give the 5¢-4 (184 mg, 0.57 mmol) as pale
yellow liquid.
Pale yellow liquid; [a]p : —275° (¢ = 1.30, acetone), 'H-NMR (500 MHz, CDCls) :
0.95 (t, 3H, J= 7.5 Hz), 1.02 (d, 3H, J= 6.9 Hz), 1.14 (d, 3H, J = 6.9 Hz), 1.41 (sext,
2H, J=17.5 Hz), 1.65-1.71 (m, 2H), 2.40 (s, 3H), 2.66-2.82 (m, 3H), 6.14 (d, 1H, J=1.1
Hz), 7.29 (d, 2H, J = 8.1 Hz), 7.63 (d, 2H, J = 8.1 Hz); *C-NMR (125 MHz, CDCl;) &:
13.9,20.4, 21.38, 21.45, 22.3, 25.5, 31.3, 42.0, 124.7, 129.9, 136.4, 140.7, 141.1, 156.8,
204.9; IR (KBr) vmax/cm™ 2962, 2872, 1694, 1462, 1081, 1043 811; HRMS (FAB")
Calcd for Cy7Hps0,S [M+H]™: 293.15751; found: 293.15749; LRMS (FAB"): 293
[M+H]".

(£)-(Rs)-2-Phenyl-1-(4-tolylsulfinyl)-hept-1-en-3-one Se
nBu_ o (3RS, Ss)-1-(4-Tolylsulfinyl)-3-triethylsiloxy-hept-1-yne 2
Q 300 mg (0.823 mmol), CuCN 220 mg (2.46 mmol), PhLi in
/@ﬁs Ph  cyclohexane-diethyl cther 1.15 M solution 2.14 mL (2.46 mmol)
- were used. It was purified by flash column chromatography
(hexane : AcOEt=4: 1) to give diastereomeric mixture of 3e (244 mg, 0.55 mmol).
Diastereomeric mixture of 3e 291 mg (0.658 mmol), 8 mL of AcOH : H,O : THF =
6 : 3 : 1, were used. It was purified by by flash column chromatography (hexane :
AcOEt=1:2) to give diastereomeric mixture of 4e 215 mg (0.656 mmol).
Diastereomeric mixture of 4e 215 mg (0.656 mmol), NaHCO3 274 mg (3.29 mmol),
DMP in DCM (15 wt %) 2.9 g (0.99 mmol) were used. It was purified by flash column
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chromatography (hexane : AcOEt=1:2) to give the 5e (184 mg, 0.57 mmol) as yellow
liquid.

Pale yellow solid; Mp: 43.5 °C; [a]p : —174° (¢ = 1.10, acetone), 'H-NMR (500 MHz,
CDCls) 8: 0.89 (t, 3H, J = 7.4 Hz), 1.30-1.37 (m, 2H), 1.64-1.69 (m, 2H), 2.39 (m, 3H),
2.67 (t, 2H, J = 7.5 Hz), 6.55 (s, 1H), 7.29-7.32 (m, 4H), 7.37-7.40 (1m, 3H); *C-NMR
(125 MHz, CDCls) 6: 13.8, 21.4, 22.1, 25.4, 42.5, 124.9, 127.4, 129.1, 129.9, 130.0,
133.7, 139.4, 140.4, 141.4, 148.9, 203.7; IR (KBr) vmax/cm™ 2957, 2870, 1698, 1592,
1492, 1449, 1125, 1043, 810; HRMS (FAB") Calcd for Cy0H230,S [M+H]": 327.14186;
found: 327.14218; LRMS (FAB"): 327 [M+H]".
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Remote induction of stereoselective 1,2-addition of aryl Grignard reagents to 5, 9
R? Ar

o O HO:

; ArMgl O

S 1 - S

d R THF / R!
- -78 C .

59 4,10

%L L 7= Grignard #3£(1.0 M, ether solution)Z —78 °C & L. & Z (ZB-sulfinyl
enone 5 Z N Z T O0S5h#H# L7, XIH% sat. aq. NH,Cl CTlk&®, AcOEt THiHi L
7=, fHE % H,0. brine THEH L, NaySOs THzME U 7o, AHIRME 2 BERRZE L,
o Tkl a > VTN T h7ua~ NI 74— ZL0REHL, 48 LI
10 X535z, U7 AT LA ~—0HFIT crude product 2 'H-NMR ClllE Lk
E LT,

(2)-(Ss, R)-2-Methyl-3-phenyl-1-(4-tolylsulfinyl)hept-1-en-3-ol
HOP}?l - Bu The title compound was prepared from 5a (49.0 mg, 0.185
QJ/i mmol) and PhMgl (Mg 22 mg, 0.925 mmol, PhI 0.10 mL, 0.925
/@/ls mmol). Chromatography with DCM : AcOEt = 4 : 1 gave 6a

" (53.9 mg, 0.157 mmol) as colorless crystal.

Colorless crystal; Mp: 119.0-120.0 °C; [o]p : —340° (¢ = 1.05, acetone), 'H-NMR
(600 MHz, CDCl3) &: 0.87 (t, 3H, J= 7.2 Hz), 1.04-1.06 (m, 3H), 1.99 (m, 1H), 2.14 (m,
1H), 2.39 (s, 3H), 2.90 (s, 1H), 5.99 (d, 1H, J= 1.4 Hz), 7.27 (d, 2H, J = 7.9 Hz), 7.30 (t,
IH, J = 7.3 Hz), 7.37 (t, 2H, J = 7.3 Hz), 7.57 (d, 2H, J = 7.3Hz), 7.62 (d, 2H, J =
7.9Hz); *C-NMR (150 MHz, CDCls) &: 14.0, 21.3, 21.7, 23.0, 25.4, 37.5, 80.9, 125.1,
126.0, 128.0, 128.7, 129.6, 135.4, 140.7, 143.4, 144.3, 150.3; IR (KBr) vma/cm™ 3291,

2930 1596, 1444, 1134, 1073, 845; HRMS (ESI+) Calced for C,1Hys0,NaS [M+Na]+:
365.1551; found: 365.1558; LRMS (ESI+): 365.2[M+Na]"

(2)-(Ss, R)-2-Ethylmethyl-1-phenyl-3-(4-tolylsulfinyl)prop-2-en-1-ol 4¢-3

HOP}% H The title compound was prepared from 9¢ (52.1 mg, 0.220

o mmol) and PhMgl (Mg 26 mg 1.102 mmol, PhI 0.12 mL, 1.102

/@/lsii-pr mmol). Chromatography with DCM : AcOEt =4 : 1 gave 4¢-3
" (49.6 mg, 0.158 mmol) as colorless crystal.

Colorless crystal; Mp: 129.0-131.0°C [a]p : —42.4° (¢ = 0.91, CHCl3), "H-NMR (600
MHz, CDCls) 6: 0.77 (d, 3H, J = 6.9 Hz), 1.11 (d, 3H, J = 6.9 Hz), 2.41 (s, 3H), 2.50
(sept, 1H, J = 6.9 Hz), 4.12 (d, 1H, J=4.4 Hz), 6.17 (d, IH, J= 4.4 Hz), 6.18 (s, 1H),

45



7.27-7.31 (m, 3H), 7.34 (t, 2H, J = 7.2 Hz), 7.39 (d, 2H, J = 7.2 Hz), 7.54 (d, 2H, J =
8.3 Hz); "C-NMR (150 MHz, CDCls) &: 21.3, 23.3, 23.4, 29.6, 73.0, 124.7, 126.4,
127.7, 128.4, 130.0, 131.7, 140.5, 141.21, 141.28, 160.0; IR (KBr) vina/cm™ 3313, 2967,
1601, 1082, 804; HRMS (ESI") Calcd for CoH»O0,NaS [M+Na]": 337.1238; found:
337.1241; LRMS (ESI"): 337.1[M+Na]"

(2)-(Ss, R)-2-Buthyl-1-phenyl-3-(4-tolylsulfinyl)prop-2-en-1-ol 5d-5

HOP}_:I . The title compound was prepared from 9d (48.7 mg, 0.195

(Pl mmol) and PhMgl (Mg 23 mg 0.975 mmol, PhI 0.11 mL, 0.975

/@/ IS n-Bu mmol). Chromatography with DCM : AcOEt =4 : 1 gave 5d-5
. (39.8 mg, 0.121 mmol) as coloress crystal.

Colorless crystal; Mp: 83.0-84.0 °C [a]p : —23.5° (¢ = 1.16, CHCl;), 'H-NMR (600
MHz, CDCl;) &: 0.76 (t, 3H, J = 7.2 Hz), 1.15-1.28 (m, 3H), 1.35-1.42 (m, 1H),
1.94-1.99 (m, 1H), 2.26-2.32 (m, 1H), 2.41 (s, 3H), 4.56 (t, 1H, J = 4.1 Hz), 6.16 (d, 1H,
J=4.1Hz), 6.26 (d, 1H, J = 4.1 Hz), 7.26-7.35 (m, 5H), 7.37 (d, 2H, J = 7.2Hz), 7.52
(d, 2H, J = 7.9Hz); "C-NMR (150 MHz, CDCly) &: 13.7, 21.3, 22.3, 29.7, 30.4, 72.1,
124.6, 126.3, 127.5, 128.4, 130.0, 132.0, 140.8, 141.0, 141.3, 156.6; IR (KBr) via/cm™
3348, 2956, 1611, 1420, 1132, 1081, 807; HRMS (ESI") Calcd for CyHy40,NaS
[M+Na]": 351.1395; found: 351.1398; LRMS (ESI"): 351.1[M+Na]"

(2£)-(Ss, R)-2-Methyl-3-phenyl-1-(4-tolylsulfinyl)but-1-en-3-ol 10a-1

HOPI_.} The title compound was prepared from Sa-1 (50.4 mg, 0.227

(?J/i mmol) and PhMgl (Mg 27 mg, 1.135mmol, Phl 0.13 mL,

Qﬁs 1.135mmol). Chromatography with AcOEt : hexane = 2 : 1 gave
" 10a-1 (58.5 mg, 0.195 mmol) as colorless crystal.

Colorless crystal; Mp: 116.0-117.5 °C; [o]p : —237° (¢ = 1.00, acetone), "H-NMR (600
MHz, CDCl3) &: 1.69 (d, 3H, J = 1.1 Hz), 1.79 (2, 3H), 2.40 (s, 3H), 3.08 (d, 1H, J=5.7
Hz), 5.96 (d, 1H, J= 1.1 Hz), 7.28 (d, 2H, J = 8.0 Hz), 7.30-7.34 (m, 1H), 7.39 (dt, 2H,
J=8.1,7.2 Hz), 7.55 (dd, 2H, J = 8.1, 7.2 Hz), 7.59 (d, 2H, J = 8.0 Hz); >*C-NMR (150
MHz, CDCLy) &: 21.3, 22.1, 26.7, 78.4, 124.8, 125.7, 128.1, 128.8, 129.7, 134.0, 140.7,
142.8, 144.4, 151.9; IR (KBr) vmna/em™ 3154, 1596, 1080, 998, 850, 761; HRMS (ESI")
Caled for Ci;sHyO,NaS [M+Na]™: 323.1082; found: 323.1099; LRMS (ESI'):
323.1[M+Na]”
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(2)-(Ss, R)-2-Methylethyl-3-phenyl-1-(4-tolylsulfinyl)but-1-en-3-ol 10¢-1
HOPI% The title compound was prepared from Sc-1 (50.1 mg, 0.200
Qi mmol) and PhMgl (Mg 24 mg, 1.000 mmol, PhI 0.13 mL, 1.000
/@qs i-pr mmol). Chromatography with DCM : AcOEt =4 : 1 gave 10c-1
" (54.9 mg, 0.167 mmol) as colorless crystal.
Colorless crystal; Mp: 161.0-163.0°C; [o]p : —102° (¢ = 0.97, acetone), 'H-NMR (600
MHz, CDCls) &: 0.75 (d, 3H, J= 6.6 Hz), 1.79 (s, 3H), 1.01 (d, 3H, J = 6.6 Hz), 1.77 (s,
3H), 2.02 (sept, 1H, J= 6.6 Hz), 2.41 (s, 3H), 2.88 (s, 1H), 6.03 (s, 1H), 7.29 (d, 2H, J =
7.8 Hz), 7.31-7.34 (m, 1H), 7.37-7.40 (m, 2H), 7.54 (d, 2H, J= 6.9 Hz), 7.61 (d, 2H, J =
7.8Hz); PC-NMR (150 MHz, CDCl;) &: 21.3, 23.9, 24.4, 25.9, 31.5, 79.4, 124.9, 126.2,
128.2, 129.7, 132.7, 140.7, 143.5, 143.8, 163.1; IR (KBr) vma/cm™ 3197, 2969, 1596,
1155, 1074, 818, 767, 700; HRMS (ESI") Calcd for CyH,40,NaS [M+Na]™: 351.1395;
found: 323.1411; LRMS (ESI"): 351.1[M+Na]"

(2)-(Ss, R)-2-Butyl-3-phenyl-1-(4-tolylsulfinyl)but-1-en-3-ol 10d-1

HOPI% The title compound was prepared from Sd-1 (44.7 mg, 0.169

C')j mmol) and PhMgl (Mg 21 mg, 0.845 mmol, Phl 0.09 mL,

/©/ lS n-Bu  0.845 mmol). Chromatography with DCM : AcOEt=4: 1 gave
" 10d-1 (47.1 mg, 0.138 mmol) as colorless liquid.

Colorless liquid; [a]p : —129° (c = 1.29, acetone), 'H-NMR (600 MHz, CDCl;) &: 0.76
(t, 3H, J=7.2 Hz), 1.13-1.24 (m, 2H), 1.25-1.28 (m, 1H), 1.32-1.37 (m, 1H), 1.83-1.88
(m, 1H), 1.96-2.01 (m, 1H), 2.40 (s, 3H), 2.80 (s, 3H), 5.96 (t, 1H, J= 1.4 Hz), 7.28 (d,
2H, J=179 Hz), 7.33 (t, I1H, J= 7.3 Hz), 7.39 (t, 2H, J= 7.3 Hz), 7.54 (d, 2H, J= 7.3
Hz), 7.57 (d, 2H, J = 7.9 Hz); >C-NMR (150 MHz, CDCl;) &: 13.7, 21.3, 22.3, 26.7,
30.7,33.6,78.9,124.9, 125.9, 128.2, 128.8, 129.7, 133.4, 140.7, 143.0, 144.6, 156.1; IR
(KBr) vinax/cm™ 3280, 2956, 1597, 1461, 1446, 1127, 1072, 808; HRMS (ESI") Calcd
for C,1Hy6OoNaS [M+Na]+: 365.1551; found: 365.1549; LRMS (ESI+): 365.2[M+Na]+

(Z)-(Ss, R )-2-Ethyl-3-phenyl-1-(4-tolylsulfinyl)but-1-en-3-o0l 10b-1

HOP}’:I The title compound was prepared from 5b-1 (52.4 mg, 0.221
(‘)j mmol) and PhMgl (Mg 27 mg, 1.058 mmol, PhI 0.12 mL, 1.058
/©/ lS Et mmol). Chromatography with DCM : AcOEt =4 : 1 gave 10b-1

" (61.6 mg, 0.196 mmol) as colorless crystal.

Colorless crystal; Mp: 150.0-151.0 °C; [a]p : —174.2° (c = 0.70, acetone), "H-NMR
(600 MHz, CDCls) &: 0.94 (t, 3H, J= 7.2 Hz), 1.79 (s, 3H), 1.90 (m, 1H), 2.06 (m, 1H),
2.40 (s, 3H), 2.85 (s, 1H), 5.95 (t, 1H, J= 1.4 Hz), 7.28 (d, 2H, J = 8.3 Hz), 7.33 (t, 1H,
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J=17.3Hz), 7.39 (t, 2H, J = 7.3 Hz), 7.53 (d, 2H, J = 7.3 Hz), 7.59 (d, 2H, J = 8.3 Hz);
BC-NMR (150 MHz, CDCl3) &: 12.7, 21.3, 26.8, 78.9, 124.9, 125.9, 128.2, 128.8, 129.7,
132.9, 140.7, 143.0, 144.7, 157.4; IR (KBr) vma/cm™ 3209, 2857, 1595, 1079, 808;
HRMS (ESI") Caled for CioH,,0-NaS [M+Na]™: 337.1238; found: 337.1247; LRMS
(ESI"): 337.1[M+Na]"

(2)-(Ss, R)-2-Ethyl-3-phenyl-1-(4-tolylsulfinyl)hept-1-en-3-ol 10b-2
Ph - Bu The title compound was prepared from Sbh-2 (49.0 mg, 0.176

QHOJ mmol) and PhMgl (Mg 21 mg, 0.880 mmol, Phl 0.100 mL,
/©/ lS Et 0.880 mmol). Chromatography with DCM : AcOEt=4: 1 gave

" 10b-2 (49.1 mg, 0.138 mmol) as colorless crystal.
Colorless crystal; Mp: 120.0-122.0 °C [a]p : —199° (¢ = 2.65, acetone), 'H-NMR (600
MHz, CDCls) 6: 0.84 (t, 3H, J = 6.8 Hz), 0.89 (t, 3H, J = 7.2 Hz), 0.96-1.02 (m, 1H),
1.24-1.36 (m, 3H), 1.75-1.82 (m, 1H), 1.93-2.03 (m, 2H), 2.12-2.17 (m, 1H), 2.39 (s,
3H), 2.89 (s, 1H), 5.98 (d, 1H, J=2.3 Hz), 7.26 (d, 2H, J = 8.3 Hz), 7.29 (t, IH, J=17.2
Hz), 7.36 (t, 2H, J = 7.2 Hz), 7.54(d, 1H, J = 7.2 Hz), 7.60 (d, 2H, J = 8.3 Hz);
BC-NMR (150 MHz, CDCl3) &: 12.3, 13.9, 21.3, 23.0, 25.5, 26.0, 37.6, 81.3, 125.2,
126.1, 127.9, 128.6, 129.5, 134.0, 140.6, 143.7, 144.6, 155.7; IR (KBr) via/cm™ 3383,

2955, 1446, 1097, 1075, 808; HRMS (ESI") Calcd for CasH,s0,NaS [M+Na]':
379.1708; found: 379.1713; LRMS (ESI"): 379.2[M+Na]"

(Z)-(Ss, R )-2-Methylethyl-3-phenyl-1-(4-tolylsulfinyl)hept-1-en-3-ol 10c-4

HOP}':I - Bu The title compound was prepared from Sc-4 (44.3 mg, 0.151

Ql mmol) and PhMgl (Mg 18 mg, 0.755 mmol, Phl 0.08 mL,

/@/ls i-pr  0.755 mmol). Chromatography with hexane : AcOEt = 2 : 1
" gave 10c-4 (38.3 mg, 0.103 mmol) as colorless liquid.

Colorless liquid; [a]p : —128° (¢ = 1.03, acetone), 'H-NMR (600 MHz, CDCl;) 8: 0.60
(t, 3H, J= 6.9 Hz), 0.84 (d, 3H, J = 7.4 Hz), 0.97 (d, 3H, J = 6.9 Hz), 0.99-1.03 (m, 1H),
1.27-1.34 (m, 2H), 1.97-2.11 (m, 3H), 2.40 (s, 3H), 2.72 (s, 1H), 6.09 (s, 1H), 7.29 (d,
2H, J=8.2 Hz), 7.30 (t, 1H, J = 7.2 Hz), 7.37 (t, 2H, J = 7.2 Hz), 7.54 (d, 2H, J = 7.2
Hz), 7.63 (d, 2H, J = 8.2 Hz); >C-NMR (150 MHz, CDCls) &: 14.0, 21.4, 23.0, 24.4,
25.7, 31.0, 36.7, 81.8, 125.3, 126.5, 128.1, 128.6, 129.7, 133.9, 140.8, 143.8, 144.2,
161.8; IR (KBr) vma/cm™ 3281, 3057, 2954, 1596, 1465, 1112, 1078, 838; HRMS
(EST") Caled for Ca3H300,NaS [M+Na]™: 393.1864; found: 393.1870; LRMS (ESI"):
393.2[M+Na]"
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(2)-(Ss, R)-2,3-Diphenyl-1-(4-tolylsulfinyl)hept-1-en-3-ol 10e

HOP}:} 1 Bu The title compound was prepared from Se (44.0 mg, 0.135

(’); mmol) and PhMgl (Mg 16 mg, 0.675 mmol, Phl 0.08 mL,
/©/ lS Ph 0.675 mmol). Chromatography with hexane : AcOEt =3 : 1

" gave 10e (18.9 mg, 0.05 mmol) as colorless liquid.

Colorless liquid; [o]p : —16.3° (¢ = 1.42, acetone), 'H-NMR (600 MHz, CDCls) &:
0.78 (t, 3H, J=7.2 Hz), 1.13-1.38 (m, 1H), 1.32-1.38 (d, 3H, J = 6.6 Hz), 1.91-1.97 (m,
2H), 2.42 (s, 3H), 2.96 (s, 1H), 6.16 (s, 1H), 6.66 (d, 2H, J = 8.1 Hz), 7.10 (t, 2H, J =
8.1 Hz), 7.19 (t, 1H, J= 7.2 Hz), 7.31 (d, 2H, J = 8.1 Hz), 7.35(t, 1H, J = 7.2 Hz), 7.40
(t, 2H, J = 7.2 Hz), 7.59 (d, 2H, J = 8.1 Hz), 7.71 (d, 2H, J = 8.1 Hz); *C-NMR (150
MHz, CDCls) 6: 13.9, 21.4, 22.9, 25.4, 37.9, 80.9, 125.3, 126.8, 127.7, 127.9, 128.1,
128.3, 128.8, 129.8, 139.0, 139.1, 141.0, 143.8, 154.3; IR (KBr) vma/cm™ 3346, 2923,
1596, 1424, 1115, 1073, 1115, 1073, 808; HRMS (ESI") Calcd for C,sHy3O,NaS
[M+Na]": 427.1708; found: 427.1713; LRMS (ESI"): 427.2[M+Na]"

(2)-(Ss, R)-2-Butyl-3-phenyl-1-(4-tolylsulfinyl)hept-1-en-3-ol 10d-3
HOP}:} - Bu The title compound was prepared from 5d-3 (50.7 mg, 0.165
Ql mmol) and PhMgl (Mg 20 mg, 0.825 mmol, Phl 0.09 mL,
/@/ls n-Bu  0.825 mmol). Chromatography with DCM : AcOEt=8 : 1 gave
. 10d-3 (39.9 mg, 0.104 mmol) as colorless liquid.
Colorless liquid; [a]p : —135° (c = 1.40, acetone), 'H-NMR (600 MHz, CDCl3) &: 0.73
(t, 3H, J = 7.2 Hz), 0.85 (t, 3H, J = 7.2 Hz), 0.97-1.04 (m, 1H), 1.07-1.20 (m, 3H),
1.25-1.36 (m, 4H), 1.73-1.75 (m, 1H), 1.88-1.98 (m, 1H), 1.97-2.02 (m, 1H), 2.12-2.17
(m, 1H), 2.39 (s, 3H), 2.75 (s, 1H), 6.00 (s, 1H), 7.26 (d, 2H, J = 8.2 Hz), 7.30 (t, 1H, J
=7.6 Hz), 7.37 (t, 2H, J= 7.6 Hz), 7.55 (d, 2H, J = 7.6 Hz), 7.60 (d, 2H, J = 8.2 Hz),
BC-NMR (150 MHz, CDCl;) 8: 13.6,14.0, 21.3, 22.2, 23.0, 25.5, 30.2, 32.8, 37.5, 81.3,
125.2, 126.1, 128.0, 128.7, 129.5, 134.5, 140.6, 144.5, 154.4; IR (KBr) Vmax/Cm’’ 3281,
3057, 2955, 1597, 1074, 1110, 808; HRMS (ESI") Caled for Co4H3,0,NaS [M+Na]":
407.2021; found: 407.2029; LRMS (EST"): 407.2[M+Na]"

(2)-(Ss, R)-2-Butyl-5-methyl-3-phenyl-1-(4-tolylsulfinyl)hex-1-en-3-0l 10d-4

HOPI__I Bu The title compound was prepared from Sd-4 (44.3 mg, 0.151
QJ mmol) and PhMgl (Mg 18 mg, 0.755 mmol, Phl 0.08 mL,

/@/ls n-Bu 0.755 mmol). Chromatography with hexane : AcOEt = 2 : 1
. gave 10d-4 (38.3 mg, 0.103 mmol) as colorless liquid.
Colorless liquid; [o]p : —149 ° (¢ = 1.03, acetone), 'H-NMR (600 MHz, CDCl;) &:
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0.72 (t, 3H, J= 7.2 Hz), 0.88 (d, 3H, J = 6.6 Hz), 0.96 (d, 3H, J = 6.6 Hz), 1.06-1.15 (m,
3H), 1.25-1.31 (m, 1H), 1.64-1.75 (m, 2H), 1.96 (dd, 1H, J= 6.1 Hz, 14.1 Hz), 2.14 (dd,
1H, J = 5.8 Hz, 14.1 Hz), 2.40 (s, 3H), 2.86 (s, 1H), 5.97 (s, 1H), 7.26-7.30 (m, 3H),
7.35 (t, 2H, J = 7.6 Hz), 7.54 (d, 2H, J = 7.6 Hz), 7.59 (d, 2H, J = 7.9 Hz); *C-NMR
(150 MHz, CDCl3) &: 13.7, 21.3, 22.3, 24.2, 24.7, 24.9, 30.2, 33.1, 46.0, 81.9, 125.1,
126.1, 127.9, 133.9, 140.7, 143.6, 145.2, 155.5; IR (KBr) vma/cm™ 3281, 3057, 2954,
1596, 1465, 1112, 1078, 838; HRMS (ESI") Calcd for CyH3,0,NaS [M+Na]':
407.2021; found: 407.2030; LRMS (EST"): 407.2[M+Na]"

(£)-(Ss, R)- 3-(4-Methoxyphenyl)-2-methyl-1-(4-tolylsulfinyl)but-1-en-3-ol 11a

4-anisole The title compound was prepared from Sa-1 (50.0 mg, 0.225
on—/i mmol) and Grinard reagent (Mg 27 mg, 1.125 mmol, 4-iodoanisole
f 267 mg, 1.12 mmol). Chromatography with DCM : AcOEt =4 : 1

S
|
/©/-- gave 11a (44.6 mg, 0.142 mmol) as colorless crystal.

Colorless crystal; Mp: 165.0-167.0 °C [a]p : —268° (¢ = 2.65, acetone), 'H-NMR (600
MHz, CDCl3) &: 2.40 (s, 3H), 3.03 (s, 1H), 3.81 (d, 1H, J = 2.3 Hz), 5.94 (s, 1H), 6.90
(d, 2H, J = 8.9 Hz), 7.28 (d, 2H, J = 8.3 Hz), 7.47 (d, 2H, J = 8.9 Hz), 7.61 (d, 2H, J =
8.3 Hz); “C-NMR (150 MHz, CDCl3) &:21.3, 22.1, 26.7, 55.2, 78.1, 114.0, 124.8,
127.1, 129.7, 133.8, 136.5, 140.6, 142.9, 152.1, 159.3; IR (KBr) vmax/cm™ 3153, 3014,
2962, 1607, 1579, 1106, 1079, 833; HRMS (ESI") Calcd for C;9H,03NaS [M+Na]':
353.1187; found: 353.1185; LRMS (ESI"): 353.1[M+Na]"

(£)-(Ss, R)-3-(4-Chlorophenyl)-2-methyl-1-(4-tolylsulfinyl)but-1-en-3-ol 11b
4-Cl-phenyl The title compound was prepared from Sa-1 (47.0 mg, 0.211

OHO; mmol) and Grignard reagent (Mg 25 mg, 1.055 mmol,
* I-chloro-4-iodobenzene 254 mg, 1.055 mmol). Chromatography

S
/©/l with hexane : AcOEt =1 : 1 gave 11b (51.9 mg, 0.155 mmol) as
colorless crystal.

Colorless hite crystal; Mp: 184.0-185.0 °C [a]p : —248° (¢ = 1.05, CHCl3), 'H-NMR
(600 MHz, CDCls) &: 1.68 (d, 3H, J= 1.3 Hz), 1.76 (s, 3H), 2.40 (s, 3H), 5.96 (q, 1H, J
= 1.3 Hz), 7.28 (d, 2H, J = 8.2 Hz), 7.33 (d, 2H, J = 8.6 Hz), 7.48 (d, 2H, J = 8.6 Hz),
7.58 (d, 2H, J = 8.2 Hz); *C-NMR (150 MHz, CDCl3) &: 21.3, 22.2, 26.8, 77.8, 124.8,
127.4, 128.8, 129.8, 133.9, 140.9, 142.4, 143.1, 151.7; IR (KBr) vma/cm™ 3156, 2971,
1654, 1108, 1080, 807; HRMS (ESI") Calcd for C3H;90,NaSCI[M+Na]": 357.0692;
found: 357.0700; LRMS (ESI'): 357.1[M+Na]"
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(2)-(Ss, R)-2-Methyl-3-(4-tolyl)-1-(4-tolylsulfinyl)but-1-en-3-ol 11¢

4;(0)13’; The title compound was prepared from 5a-1 (48.3 mg, 0.217
O mmol) and Grignard reagent (Mg 26 mg, 1.085 mmol,
/©/ lS 4-iodotoluene 249 mg, 1.085 mmol). Chromatography with
- hexane : AcOEt = 1 : 1 gave 1lc¢ (55.4 mg, 0.176 mmol) as

colorless crystal.

Colorless crystal; Mp: 174.0-176.0 °C [a]p : —297° (¢ = 0.52, CHCl;), "H-NMR (600
MHz, CDCl;) o: 1.67 (d, 3H, J= 1.4 Hz), 1.75 (s, 3H), 2.39 (s, 3H), 3.13 (s, 1H), 5.92
(q, 1H, J=1.4 Hz), 7.18 (d, 2H, J = 8.0 Hz), 7.26 (d, 2H, J = 8.0 Hz), 7.43 (d, 2H, J =
8.0 Hz), 7.60 (d, 2H, J = 8.0 Hz); *C-NMR (150 MHz, CDCl;) &: 21.0, 21.3, 22.0, 26.6,
78.2, 124.8, 125.7, 129.6, 133.9, 137.8, 140.5, 141.5, 142.8, 151.9; IR (KBr) vpa/cm™
3156, 2971, 1654, 1108, 1080, 807; HRMS (ESI") Calcd for Cj9H2,0,NaS [M+Na]':
337.1238; found: 337.1245; LRMS (EST"): 337.1[M+Na]"

(2)-(Ss, R)-2-Methyl-3-(3-tolyl)-1-(4-tolylsulfinyl)but-1-en-3-ol 11d
3-tolyl The title compound was prepared from 5d-1 (48.9 mg, 0.219

HO:
Oj/i mmol) and Grignard reagent (Mg 26 mg, 1.095 mmol,
1-chloro-4-iodobenzene 0.14 mL, 1.095 mmol). Chromatography

4

S
A

. with hexane : AcOEt=1: 1 gave 11d (50.1 mg, 0.159 mmol) as

colorless crystal.
Colorless crystal; Mp: 117.0-119.0 °C [a]p : —178° (c = 1.04, CHCl;), "H-NMR (600
MHz, CDCl;) &: 1.70 (d, 3H, J = 1.4 Hz), 1.77 (s, 3H), 2.38 (s, 3H), 2.40 (s, 3H), 5.97
(q, 1H, J=1.4 Hz), 7.14 (d, 1H, J = 7.3 Hz), 7.27-7.29 (m, 3H), 7.33-7.35 (m, 2H), 7.60
(d, 2H, J = 8.3 Hz); *C-NMR (150 MHz, CDCl;) &: 21.3, 21.5, 22.1, 26.7, 78.3, 122.7,
124.8, 126.4, 128.6, 128.8, 129.7, 133.9, 138.5, 140.6, 142.8, 144.4, 151.9; IR (KBr)
Vma/em™ 3157, 2968, 1596, 1095, 1079, 810; HRMS (ESI") Calcd for CjoH,,0,NaS
[M+Na]": 337.1238; found: 337.1239; LRMS (ESI"): 337.1[M+Na]"
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Cleavage of sulfoxide

HO_R' 1) MMPP :

?\I : _ HOG_R!
Z g2 2) Na-Hg l

RZ

4,10 12
0°C TAZ ) —MZEENLTALEY 4d-5 H L <1210 (2 MMPP 21z LI
O <IEEZ%, B THBAR 25 E TSI, sz fafxig) Y
U LK TR A Z ) — )V & JERRER AcOEt Thitt L 7=, A% 2 H,0.
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HTNATETa~w T T 7 4 —IZX VR L. tosyl tertiary allylic alcohol 15
LTz,

WRE S H 72 Na-Hg & NapHPO4 12, A # / — /L CTE#H> L7C tosyl tertiary allylic
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BV ATNITATavw NI T T 4 —IZ X 0 L tertiary allylic alcohol 12
NFFHIT,

(8)-2-Butyl-1-phenyl-prop-2-en-1-o0l 12a
The title compound was prepared from 4d-5 (204 mg, 0.621 mmol)
© and MMPP (729 mg, 1.180 mmol) followed by Na-Hg (3.86 g, 9.135
mmol) and Na,HPO, (355 mg, 2.48 mmol). Chromatography with
hexane : AcOEt = 10 : 1 gave 12a (95.3 mg, 0.501 mmol) as colorless

HO:_H

liquid.

Colorless liquid; ee = 72 %, [a]p : — 21 ° (¢ = 0.53, acetone), 'H-NMR (600 MHz,
CDCls) &: 0.84 (t, 3H, J = 7.4 Hz), 1.21-1.30 (m, 2H), 1.34-1.41 (m, 2H), 1.80-1.86 (m,
1H), 1.92-1.98 (m, 2H), 4.97 (s, 1H), 5.14 (s, 1H), 5.25 (s, 1H), 7.25-7.29 (m, 1H),
7.32-7.37 (m, 4H); "C-NMR (150 MHz, CDCl;) &: 13.9, 22.4, 29.9, 31.4, 77.3, 109.5,
126.6, 127.6, 128.3, 142.1, 151.1; IR (KBr) vma/cm™ 3375, 1594, 902, 761; HRMS
(EI") Caled for C;3H 30 [M]": 190.13576; found: 190.13533; LRMS (EI"): 190.2 [M]"
HPLC condition:Chiralpak OD-3 column, 3% isopropanol in hexane, 1.0 mL/min, Tr=
11.79 (minor), 15.74 (major).
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(S)-2-Methyl-3-phenyl-but-1-en-3-ol 12b
The title compound was prepared from 10a-1 (58.1 mg, 0.194 mmol) and
ho? . MMPP (182 mg, 0.368 mmol) followed by Na-Hg (1.23 g, 2.91 mmol) and
Na,HPO, (111 mg, 0.776 mmol). Chromatography with hexane : AcOEt = 10 :
1 gave 12b (20.4 mg, 0.126 mmol) as colorless liquid.

Colorless liquid; ee = 92 %, [a]p : + 22 ° (c = 1.74, acetone), "H-NMR (600 MHz,
CDCl;) o: 1.62 (dd, 3H, J= 1.4, 0.7 Hz), 1.70 (s, 3H), 1.84 (s, 1H), 4.96 (quin, 1H, J =
1.4 Hz), 5.19 (q, 1H, J=0.7), 1.97-2.05 (m, 2H), 4.96 (t, 1H, J= 1.4 Hz), 5.21 (dd, 1H,
J=14,0.7 Hz), 7.23-7.26 (m, 1H), 7.33 (t, 2H, J = 8.2 Hz), 7.42 (dd, 2H, J =8.2, 1.4
Hz); C-NMR (150 MHz, CDCl;) &: 19.0, 28.6, 76.9, 110.6, 125.2, 126.9, 128.1, 145.9,
150.1; IR (KBr) vinax/em™ 3462, 1128, 900, 699; HRMS (EI") Calcd for C;;H 40 [M]":
162.10446; found: 162.10438; LRMS (EI'): 162.1[M]"

HPLC condition:Chiralpak OD-3 column, 3% isopropanol in hexane, 1.0 mL/min, Tr=
11.81 (minor), 14.36 (major).

(8)-2-Methyl-3-phenyl-hept-1-en-3-o0l 12¢
The title compound was prepared from 10a-2 (50.0 mg, 0.146 mmol)
© and MMPP (171.5 mg, 0.277 mmol) followed by Na-Hg (1.08 g, 2.55
Hoi\/\ mmol) and Na,HPO, (84 mg, 0.584 mmol). Chromatography with
hexane : AcOEt = 10 : 1 gave 12¢ (22.7 mg, 0.111 mmol) as colorless

liquid.

Colorless liquid; ee = 94 %, [o]p : + 15 © (¢ = 1.56, acetone), 'H-NMR (600 MHz,
CDCl3) 6: 0.89 (t, 3H, J = 7.3 Hz), 1.14-1.22 (m, 1H), 1.27-1.36 (m, 3H), 1.57 (m, 3H),
1.76 (s, 1H), 1.97-2.05 (m, 2H), 4.96 (t, 1H, J= 1.4 Hz), 5.21 (dd, 1H, J= 1.4, 0.7 Hz),
7.22-7.24 (m, 1H), 7.32 (t, 3H, J = 7.9 Hz), 7.42 (dd, 2H, J = 7.9, 1.4 Hz); *C-NMR
(150 MHz, CDCls) 6: 14.8, 19.3, 23.1, 25.6, 38.7, 77.2, 110.6, 125.6, 126.7, 128.0,
145.0, 149.3; IR (KBr) vma/cm™ 3417, 1589, 1100, 903, 765; HRMS (EI") Calcd for
C14H200 [M]": 204.15141; found: 204.15188; LRMS (EI"): 204.1[M]"

HPLC condition:Chiralpak OD-3 column, 3 % isopropanol in hexane, 1.0 mL/min, Tr=
7.11 (minor), 7.67 (major).
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(8)-2-Ethyl-3-phenyl-hept-1-en-3-ol 12d
The title compound was prepared from 10b-2 (85.5 mg, 0.240 mmol)
HC© and MMPP (282 mg, 0.456 mmol) followed by Na-Hg (1.53 g, 3.60
J/i:/\ mmol) and Na,HPO4 (137 mg, 0.960 mmol). Chromatography with
hexane : AcOEt = 10 : 1 gave 12d (40.9 mg, 0.187 mmol) as colorless

liquid.

Colorless liquid; ee = 84 %, [a]p : +20 ° (¢ = 0.53, acetone), "H-NMR (500 MHz,
CDCl;) o: 0.88 (t, 3H, J = 7.2 Hz), 093 (t, 3H, J = 7.4 Hz), 1.12-1.18 (m, 1H),
1.25-1.34 (m, 3H), 1.77-1.91 (m, 3H), 1.99-2.05 (m, 2H), 4.96 (s, 1H), 5.32 (s, 1H),
7.20-7.23 (m, 1H), 7.30 (t, 2H, J = 8.1 Hz), 7.42 (dd, 2H, J = 8.1, 1.5 Hz); "C-NMR
(125 MHz, CDCls) o: 12.4, 14.0, 23.1, 23.8, 25.6, 39.1, 79.1, 107.9, 125.6, 126.6, 127.9,
145.3, 155.0; IR (KBr) Vima/em” 3469, 1128, 901, 700; HRMS (EI") Calcd for C;5sH»,0
[M]": 218.16706; found: 218.16740; LRMS (EI"): 218.2[M]"

HPLC condition:Chiralpak OD-3 column, 3% isopropanol in hexane, 1.0 mL/min, Tr=
5.55 (minor), 5.87 (major).

Crystallographic data for

C19H»,0,S, M=314.43, Orthorhombic, Space group P2(1)2(1)2(1), a=8.8078(3) A,
b=11.2230(3) A, ¢=17.0825(5) A, V= 1688.60(9) A, Z=4, F(000)=672, D.y=1.237
Mg/m®, p(Cu Ka)y= 1.729 mm ', T=173 K, radiation=1.54178 A, R1 = 0.0324 for
[[>2sigma(I). wR2 = 0.0837 for all data (10535 reflections), GOF=1.062 (203
parameters), Crystal size 0.22 x 0.15 x 0.15 mm’.
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