
 
 
 
 
 
 
 
 
 

 

 
 
 
 

�-Sulfinyl enone aryl Grignard 1,2-  

 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 



 
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 
 



 

1 
 

                                                5 

�-Sulfinyl enone Grignard

1,2-  

1   5 

2 �-sulfinyl enones            8 

3 �-sulfinyl enone 1,2-     13 

4      18 

5                        20 

6                                    22 

 

                                           26 

                                           55 

 



1 
 

    

S
R 1)

S
R

2,3)

4)  
3

2

50 % 3
2

 
 



2 
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3) 

�-sulfinyl carbanion -
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Scheme 1, Synthesis of chiral sulfoxide with Andersen method 
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�-sulfinyl enone YbCl3 NaBH4

R
20) �-sulfinyl enone DBU PPh3

2,3- 17) �-Sulfinyl enone
S

�-sulfinyl enone
�-sulfinyl enone LaCl3 DIBAL S

NaBH4 R
21)  

 
Scheme 2, �-Sulfinyl enones 2,3-

 

 
 

Scheme 3, �-Sulfinyl enone  
 

 

 
 
 
 
 



5 
 

 
 

1 �-Sulfinyl enone Grignard 1,2-  
 

1  

Arbaprostil Prostalene Oxybutynin
CNH-741

CNC-979  (+)-curctetranol Aspergillus sp.  
(+)-sydonol 22)

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 1-1  
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1,4-

 

Fig. 1-2 Enone 1,2- 1,4-  
 

23)

 
1990 24) 25)

26) 27)

 

22)

 
(Fig. 1-3, Fig. 1-4)28-29)  

 
Fig. 1-3 -1 
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Fig. 1-4 -2 
 

�-sulfinyl enone 1,2-

 
 

 
 

Fig 1-4 1,2-  
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2 �-sulfinyl enones  
 

�-sulfinyl enone 21)

�-sulfinyl aldehyde (Fig. 1) 4
�-sulfinyl enone 2

R1 �-sulfinyl enone
6 �-sulfinyl 

enone (Fig. 2-2)  

 

Fig. 2-1 �-sulfinyl enone 5  
 

�-sulfinyl aldehyde 9
�-sulfinyl aldehyde Grignard (R1)

�-sulfinyl enones
 

Fig. 2-2 �-sulfinyl enone 5  
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6 7
6, 7 (Fig 2-3)  

 

Fig. 2-3 alkenyl sulfoxide 7  
 

TBAF 7 8 DMP
�-sulfinyl aldehyde 9  (Fig2-4)  

 
 

Fig. 2-4 �-sulfinyl aldehyde 9  
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�-sulfinyl aldehyde 9 Grignard �-sulfinyl 
allylic alcohol 4 �-sulfinyl aldehyde MeMgI

�-sulfinyl allylic alcohol 4  
(Table 1, entry 1-3,7) 9c i-PrMgBr

S 4c-2
(entry 4) turbo Grignard

4 turbo Grignard LiCl
 

Table 1 �-sufinyl enone 5  

 
Entry Substrate Nucleophile Lewis 

acid 
Compound 

4 
Yield 
(%) 

Product 
5 

Yield 
(%) 

1 9a MeMgI  4a-1 69 5a-1 98 
2 9b MeMgI  4b-1 48 5b-1 91 
3 9c-1 MeMgI  4c-1 76 5c-1 quant. 
4 9c-2  i-PrMgBr  4c-2 0   
5 9c-2 i-PrMgCl 

LiCl 
 4c-2 51   

6 9c-2 i-PrMgCl 
LiCl 

LaCl3 4c-2 60 5c-2 91 

7 9d-1 MeMgI  4d-1 74 5d-1 79 
8 9d-2 i-PrMgCl 

LiCl 
LaCl3 4d-2 0   

9 9d-3 n-BuMgI  4d-3 16   
10 9d-3 n-BuMgI LaCl3 4d-3 29   
11 9d-3 n-BuMgI LaCl3 

2LiCl 
4d-3 32 5d-3 85 

12 9d-4 i-BuMgI  4d-4 8   
13 9d-4 i-BuMgI LaCl3 4d-4 9   
14 9d-4 i-BuMgI LaCl3 

2LiCl 
4d-4 21 5d-4 71 
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Grignard
Grignard

(entry 5) LaCl3 turbo Grignard
60% La

1,2- Luche Griiganrd

1,2- (entry 6)
9d S

(entry 8) 9d n-BuMgI
i-BuMgI Lewis acid

Grignard
turbo Grignard Grignard

(entry 9-14)
�-sulfinyl allylic alcohol 4 DMP �-sulfinyl enone 5 

 
Grignard i-Pr n-Bu

S
�-sulfinyl enone

 
�-sulfinyl enone  
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3-(triethylsilyloxy)-1-heptyne Grignard
l-menthyl sulfinate 1 2 2 Gilman

3  

 
Fig. 2-5 Alkenyl sulfoxide 3  

 
Alkenyl sulfoxide 3 �-sulfinyl allylic alcohol 4

DMP �-sulfinyl enone 5  
 

 
Fig. 2-6 �-Sulfinyl enone 5  
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3 �-Sulfinyl enone 1,2-  
2 �-sulfinyl enone 1,2-

21) 2-sulfinyl benzaldehyde
Grignard

1,2- Grignard
 

 
Fig. 3-1 Sulfinyl benzaldehyde 1,2-  

 
�-sulfinyl enone 5a-2 Me

86% 54 %de
(entry 1) 5a-2 i-Pr 1,2-

R S (entry 2) �
vinyl Ph 1,2-

Ph
(entry 3, 4)  

Table 2 �-Sulfinyl enone 5a-2 1,2- -1 

 
 

Entry RM D.r.a Yieldb 
1 MeMgI 23 : 77 86 
2 i-PrMgI 49 : 51 71 
3 VinylMgI 100 : 0 43 
4 PhMgI 99.1 : 0.9 85 

a The diastereoisomeric ratio was determined by 1H NMR analysis of the crude 
product at the vinyl proton. 

b Isolated yield. 
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�-sulfinyl enone 5a-2
 

 
Table 3 �-Sulfinyl enone 5a-2 1,2- -2 

 
Entry RM Temp. Lewis acid D.r. (R:S)a Yield (%)b 

1 PhMgI 
(1.0 equiv) 

78 oC   0 

2 PhMgI 
(2.0 equiv) 

78 oC  99.5:0.5 59 

3 PhMgI 
(5.0 equiv) 

78 oC  99.1:0.9 88 

4 PhMgI 
(5.0 equiv) 

0 oC  98.0:2.0 81 

5 PhMgBr 
(5.0 equiv) 

78 oC  98.5:1.5 85 

6 PhMgI 
(5.0 equiv) 

78 oC LaCl3 98.3:1.7 27 

7 PhMgI 
(5.0 equiv) 

78 oC YbCl3 97.2:2.8 37 

8 PhLi 
(5.0 equiv) 

78 oC  99.5:0.5 6 

a The diastereoisomeric ratio was determined by 1H NMR of the crude product at the 
vinyl proton. 
b The yield was determined by 1H NMR analysis of the crude product using CH2Br2 as 
an internal standard. 

 
Grignard

(entries 1-3)
0 oC (entry 4)
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�-ketosulfoxide
DIBAL

30)

(entries 6,7) Grignard
(entry 8)

Grignard
 

1,2- R1, R2

(Table 4)  
Table 4 �-sullfinyl enone 1,2-  

 
Entry Substrate Product 

 R1 R2  D.r. (R:S) Yield (%) 
1 9c 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 5c-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 5e n-Bu Ph 10e 99.0:1.0 32 

a The diastereoisomeric ratio was determined by 1H NMR analysis of the crude product 
the vinyl proton. 
b Isolated yield. 
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X (Fig. 3-2) Fig. 3-2 
R 

X  
 

Fig. 3-2 10b-1 X  
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5a-1 3 4
aryl Grignard 3 4

(Table 5 )  
 

Table 5 5a-1 Grignard 1,2-  
 

 
Entry R D.r. (R:S)a Product Yield (%)b 

1 4-H3COC6H4 93:7 11a 63 

2 4-ClC6H4 98:2 11b 73 

3 4-H3CC6H4 92:8 11c 81 

4 3-H3CC6H4 93:7 11d 73 
a The diastereoisomeric ratio was determined by 1H NMR analysis of the crude 
product at the vinyl proton. 

b Isolated yield. 
 

1,2- �-sulfinyl enone
5e

1,2- 5e

Grignard S

�-sulfinyl enone aryl 
Grignard 1,2-
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4  
  1,2- �-sulfinyl enone

sulfinyl allylic alcohol

Raney-Ni
Na-Hg
�-sulfinyl allylic alcohol MMPP

Na-Hg
20)
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Table 6.  
 
 
 
 
 
 
 
 

 
a Isolated yield. 
b The e.r. was determined by HPLC. HPLC condition was Chiralpak OD-3 column, 

3% isopropanol in hexane, 1.0 mL/min, 
 

4d-5 10 MMPP Na-Hg

 
 
 
 
 

 
 
 
 

Entry 
Substrate 

(d.r.) 
Product 

2 steps  yield 

(%)
a)

 
E.r. (%)

b)
 [�]

D
 

1 
4d-5 

(91:9) 
12a 81 86:14 21 

2 
10a-1 

(100:0) 
12b 65 96:4 +23 

3 
10a-2 

(99.1:0.9) 
12c 76 97:3 +15 

4 
10b-2 

(99.7:0.3) 
12d 78 92:8 +20 
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5 �-sulfinyl enone Grignard
 

  
�-sulfinyl enone 10 ary Grignard 1,2-

tertiary allylic alcohol
vinyl Grignard

�-sulfinyl enone 10 alkyl Grignard
�

 
31) 2-(aryl sulfinyl) benzaldehyde Grignard

2 Grignard Mg
(Fig. 5-1) �-sulfinyl 

enone 10 2 Grignard Mg
(Fig. 5-3)  

 
Fig. 5-1 Nakamura's chelation model 

 
García Ruano 32) sulfinyl amine

���
�Fig. 5-2� 	

 

 
Fig. 5-2 García Ruano’s chelation model 
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Fig. 5-3 p-tolyl Grignard
���

 
�-sulfinyl enone ary Grignard 1,2-

R tertiary allylic alcohol  
 

 
Fig. 5-3 �-Sulfinyl enone 10 1,2-  
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6  
 
2 �-sulfinyl aldehyde �-sulfinyl enone

�-sulfinyl aldehyde
�-sulfiny aldehyde

(Fig 6-1)  
 

 

 
 

Fig. 6-1 �-Sulfinyl aldehyde  
 

   
Fig. 6-2 �-Sulfinyl enone  

 
�-sulfinyl aldehyde MeMgI

sulfinyl allylic alcohol 9c i-PrMgBr
S

4c-2 turbo Grignard
sulfinyl allylic alcohol 4 51 %

turbo Grignard LiCl Grignard
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Grignard
Grignard Br Cl

LaCl3 turbo Grignard
60% La

1,2- Luche
1,2-

9d S
sulfinyl allylic alcohol 4 9d n-BuMgI

i-BuMgI Lewis acid
Grignard

turbo Grignard Grignard
n-Bu i-Bu i-Pr

 
�-sulfinyl allylic alcohol 4 DMP

�-sulfinyl enone 5 (Fig. 6-2)  
Grignard i-Pr n-Bu

S

�-sulfinyl enone
 
�-Sulfinyl enone aryl Grignard 1,2-

R2 �-sulfinyl enone
1,2-

Grignard S
(Fig 6-3)  

 
Fig. 6-3 �-Sulfinyl enone 1,2-  
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b-sulfinyl enone Grignard

MMPP Na-Hg
 

 
Fig. 6-4  

 
�-sulfinyl enone aryl Grignard

1,2- MMPP Na-Hg

 

Oxybutynin �-sulfinyl enone 
13 1,2- 14 MMPP Na-Hg

15 15 33-34)

16 NaClO2 16 35) 16
(S)-Oxybutynin

36-37) (Fig 6-5) CNH-741
CNC-979  (+)-curctetranol Aspergillus sp.  
(+)-sydonol
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Fig. 6-5 (S)-Oxybutynin  
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THF, diethyl ether, DCM:  
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): 
 

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

 
NMR 1H-NMR 13C NMR JEOL JNM-LA 600FT (600 MHz for 1H and 

150 MHz for 13C) JNM-LA 500 FT (500 MHz for 1H and 125 MHz for 13C)
(CDCl3) DMSO (DMSO-d6)

TMS 0 ppm  
(IR) FT/IR-4100  

(MS) JEOL JMS-GCMATE Waters Xevo G2-QTof
Electron Impact (EI) Fast Atom Bombardment (FAB) Electro Spray Ionization 
(ESI) HRMS LRMS  

JASCO P-1030  
Yanaco MP-360  

High-performance liquid chromatography (HPLC) Waters 600 systems  
TLC Merck Silica gel 60 F254 0.25mm 50 mm x 20 mm  

Kanto 40-100
m silica gel 60N (spherical)
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(Ss)-3-(t-Butyldiphenylsiloxy)-1-(4-tolylsulfinyl)prop-1-yne 6 
 

 
Mg (815 mg, 34.0 mmol) EtBr (2.3 mL, 34.0 mmol) 3.8 

M EtMgBr 1 TBDPS 2-alkyne (12.0
g, 40.8 mmol) 1 h DCM (17.9 mL) alkynyl 
grignard reagent l-Menthyl-(S)-4-tolylsulfinate 1 DCM
(0.34 M) 78 °C Grignard reagent 78 °C
0.5 h sat. aq. NH4Cl AcOEt H2O
brine  Na2SO4

(hexane : AcOEt = 10 : 1 )
1-alkynyl sulfoxide 6 5.5 g (12.7 mmol, 76%)  

 
Yellow liquid, [�]D = +23° (c = 1.20, acetone), 1H-NMR (600 MHz, CDCl3) �: 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); 13C-NMR (150 MHz, CDCl3) �: 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-1 2183, 1089, 1062, 
808; HRMS(FAB+) Calcd for C26H29O2SiS [M+H]+: 433.1657; found: 433.1656; LRMS 
(FAB+): 433.2 [M+H]+ 
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(Z)-1-Alkenylsulfoxide 7 

 
 

THF (20 mL / mmol sulfoxide) CuCN (3.0 equiv)
78 °C  (3.0 equive) 1 h

THF (5.0 mL / mmol sulfoxide) (Ss)-3-(t-butyldiphenylsiloxy)-1- 
(4-tolylsulfinyl)-prop-1-yne 6 1 h sat. aq. NH4Cl

AcOEt H2O brine Na2SO4

(Z)-1-alkenylsulfoxide 7  
 
(Z)-(Rs)-3-(t-Butyldiphenylsiloxy)-2-methyl-1-(4-tolylsulfinyl)prop-1-ene 7a 

(Ss)-3-(t-Butyldiphenylsiloxy)-1-(4-tolylsulfinyl)-prop-1-y
ne 6 500 mg (1.16 mmol), CuCN 310.5 mg (3.47 mmol), 
MeLi in diethyl ether 1.07 M solution 3.2 mL (3.47 mmol, 
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, [�]D = 156 ° (c = 1.15, acetone), 1H-NMR (600 MHz, CDCl3) �: 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); 13C-NMR (150 MHz, CDCl3) �: 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) vmax/cm-1 2931, 1084, 1041, 820; 
HRMS(FAB+) Calcd for C27H33O2SiS [M+H]+: 449.19705; found: 449.19702; LRMS 
(FAB+): 449.2[M+H]+ 
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(Z)-(Rs)-3-(t-Butyldiphenylsiloxy)-2-ethyl-1-(4-tolylsulfinyl)prop-1-ene 7b 
(Ss)-3-(t-Butyldiphenylsiloxy)-1-(4-tolylsulfinyl)-prop-1-y

ne 6 6.20 g (14.3 mmol), CuCN 4.06 g (43.1 mmol), Mg 
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, [�]D = 161 ° (c = 1.01, acetone), 1H-NMR (600 MHz, CDCl3) �: 1.03 (t, 
3H, J = 7.2 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); 13C-NMR (150 MHz, CDCl3) �: 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, 154.3 ; IR (KBr) vmax/cm-1 2857, 1622, 1082, 822; HRMS(ESI+) Calcd for 
C28H34O2NaSiS [M+Na]+: 485.1946; found: 485.1964; LRMS(ESI+): 485.2 [M+Na]+ 
 
(Z)-(Rs)-3-(t-Butyldiphenylsilyloxy)-2-ethylmethyl-1-(4-tolylsulfinyl)prop-1-ene 7c 

(Ss)-3-(t-Butyldiphenylsiloxy)-1-(4-tolylsulfinyl)-prop-1- 
yne 6 2.27 g (5.25 mmol), CuCN 1.73 g (18.9 mmol, 3.6 
equiv), i-PrMgCl•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 7c (2.36 g, 4.95 mmol) as 
white solid. 
Yellow liquid, [�]D = 130 ° (c = 1.09, acetone), 1H-NMR (600 MHz, CDCl3) �: 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); 13C-NMR (150 MHz, CDCl3) �: 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) vmax/cm-1 3049, 1109, 1041, 822; 
HRMS(FAB+) Calcd for C29H37O2SiS [M+H]+: 477.22835; found: 477.22775; 
LRMS(FAB+): 477.2 [M+H]+ 
 
(Z)-(Rs)- 2-Butyl-3-(t-butyldiphenylsiloxy)-1-(4-tolylsulfinyl)prop-1-ene 7d 

(Ss)-3-(t-Butyldiphenylsiloxy)-1-(4-tolylsulfinyl)-prop-1- 
yne 6 3.10 g (7.17 mmol), CuCN 3.10 g (21.5 mmol), 
n-BuLi in hexane 1.63 M solution 15.5 mL (21.5 mmol) 
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, [�]D = 172 ° (c = 1.00, acetone), 1H-NMR (600 MHz, CDCl3) �: 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 = 7.6 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); 13C-NMR (150 
MHz, CDCl3) �: 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) vmax/cm-1 

2857, 1468, 1081, 821; HRMS(FAB+) Calcd for C30H39O2SiS [M+H]+: 491.24400; 
found: 491.24424; LRMS(FAB+): 491.3 [M+H]+ 
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(Z)-�-Sulfinyl alcohol 8 

 

THF (0.25 M) alkenyl sulfoxide 7 TBAF (1.3 equiv, ca 1.0 M 
THF solution) H2O
H2O brain Na2SO4

 (hexane : AcOEt = 1 : 
1 ) (Z)-�-sulfinyl alcohol 8  
 
(Z)-(Rs)-2-Methyl-3-(4-tolylsulfinyl) prop-2-en-1-ol 8a 

 (Z)-1-Alkenylsulfoxide 7a 2.03 g (4.53 mmol), TBAF 5.9 mL 
(5.89 mmol) were used. It was purified by flash column 
chromatography (AcOEt = 100 % ) to give the 8a (0.90 g, 4.29 
mmol) as colorless solid. 

Colorless solid, Mp : 67.0 - 68.5 °C, [�]D = 277 ° (c = 1.20, acetone), 1H-NMR (600 
MHz, CDCl3) �: 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); 13C-NMR (150 MHz, CDCl3) �: 21.4, 21.5, 
62.5, 124.4, 130.1, 132.9, 140.9, 141.3, 150.2; IR (KBr) vmax/cm-1 3350, 1627, 1081, 
809; HRMS(FAB+) Calcd for C11H15O2S [M+H]+: 211.07927; found: 211.07928; LRMS 
(FAB+): 211.1[M+H]+ 
 
(Z)-(Rs)-2-Ethyl-3-(4-tolylsulfinyl) prop-2-en-1-ol 8b 

(Z)-1-Alkenylsulfoxide 7b 200 mg (0.43 mmol), TBAF 0.6 mL 
(0.56 mmol) were used. It was purified by flash column 
chromatography (hexane : AcOEt = 1 : 1 ) to give the 8b (91.5 
mg, 0.41 mmol) as yellow liquid. 

Yellow liquid, [�]D = 204 ° (c = 1.00, acetone), 1H-NMR (600 MHz, CDCl3) �: 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 
= 7.4, 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); 13C-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) vmax/cm-1 3350, 1627, 1081, 809; 
HRMS(FAB+) Calcd for C12H16O2NaS [M+Na]+: 247.0769; found: 247.0790; LRMS 
(FAB+): 247.1[M+Na]+ 
 
(Z)-(Rs)-2-Ethylmethyl-3-(4-tolylsulfinyl) prop-2-en-1-ol 8c 

(Z)-1-Alkenylsulfoxide 7c 2.36 g (4.95 mmol), TBAF 6.45 mL 
(6.45 mmol) were used. It was purified by flash column 
chromatography (hexane : AcOEt = 1 : 1 ) to give the 8c  (1.14 
g, 4.78 mmol) as yellow liquid. 

Yellow liquid, [�]D = 144 ° (c = 1.35, acetone), 1H-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); 13C-NMR (150 MHz, 
CDCl3) �:20.9, 21.1, 21.4, 33.7, 60.6, 124.7, 130.1, 131.3, 141.0; IR (KBr) vmax/cm-1 

3346, 1597, 1080, 808; HRMS(FAB+) Calcd for C13H19O2S [M+H]+: 239.11057; found: 
239.11045; LRMS (FAB+): 239.1[M+H]+ 
 
(Z)-(Rs)-2-Butyl-3-(4-tolylsulfinyl) prop-2-en-1-ol 8d 

(Z)-1-Alkenylsulfoxide 7d 2.20 g (4.65 mmol), TBAF 5.3 mL 
(65.27 mmol) were used. It was purified by flash column 
chromatography (hexane : AcOEt = 1 : 1 ) to give the 8d (1.08 
g, 4.29 mmol) as yellow liquid. 

 Yellow liquid, [�]D = 169 ° (c = 1.06, acetone), 1H-NMR (600 MHz, CDCl3) �: 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 = 5.2, 13.4 Hz), 6.02 (s, 1H), 7.31 (d, 2H, J = 8.1 Hz), 7.53 (d, 2H, J = 8.1 Hz); 
13C- NMR (150 MHz, CDCl3) �: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) vmax/cm-1 3346, 2956, 1620, 1080, 808; 
HRMS(FAB+) Calcd for C14H21O2S [M+H]+: 253.12622; found: 253.12613; LRMS 
(FAB+): 253.1[M+H]+ 
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(Z)-�-sulfinyl aldehyde 9 

 

DCM (0.04 M) (Z)-�-sulfinyl alcohol 8 NaHCO3 (5.0 equiv)
DMP (1.6 equiv) 0.5 h H2O DCM

H2O brine Na2SO4

(Z)-�-sulfinyl aldehyde 9  
 
(Z)-(Rs)-2-Methyl-3-(4-tolylsulfinyl) prop-2-en-1-al 9a 

(Z)-�-Sulfinyl alcohol 8a 0.92 g (4.36 mmol), NaHCO3 1.84 g 
(21.79 mmol), DMP in DCM (15 wt %) 19.7g (6.97 mmol) were 
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, [�]D = 147 ° (c = 1.09, acetone), 1H-NMR (600 
MHz, DMSO-D6) �: 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,); 13C-NMR (150 MHz, 
DMSO-D6) �:15.5, 20.9, 124.6, 130.2, 140.3, 141.5, 142.0, 149.4, 190.9; IR (KBr) 
vmax/cm-1 2923, 1686, 1079, 813; HRMS(FAB+) Calcd for C11H13O2S [M+H]+: 
209.06361; found: 209.06362; LRMS (FAB+): 209.1[M+H]+ 

 
(Z)-(Rs)-2-Ethyl-3-(4-tolylsulfinyl) prop-2-en-1-al 9b 

(Z)-�-Sulfinyl alcohol 8b 1.00 g (4.46 mmol), NaHCO3 1.87 g 
(22.3 mmol), DMP in DCM (15 wt %) 2.59 g (5.8 mmol, 1.3 
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, [�]D = 196 ° (c = 1.00, acetone), 1H-NMR (600 
MHz, CDCl3) �: 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,); 13C-NMR 
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(150 MHz, CDCl3) �:11.6, 21.4, 22.9, 124.3, 130.4, 139.7, 142.1, 147.9, 149.0, 189.7; 
IR (KBr) vmax/cm-1 3005, 2865, 1685, 1079, 812; HRMS(ESI+) Calcd for C12H14O2NaS 
[M+Na]+: 245.0612; found: 245.0629; LRMS (ESI+): 245.1[M+Na]+ 

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

(Z)-�-Sulfinyl alcohol 8c 1.34 g (5.62 mmol), NaHCO3 2.37 g 
(28.10 mmol), DMP in DCM (15 wt %) 25.4 g (8.99 mmol) 
were used. It was purified by flash column chromatography 
(DCM : AcOEt = 1 : 1 ) to give the 9c (2.29 g, 9.14 mmol) as 

yellow solid. 
Yellow solid, Mp : 37.5 – 38.0 °C, [�]D = 77 ° (c = 1.04, acetone), 1H-NMR (600 

MHz, CDCl3) �: 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,); 13C-NMR (150 MHz, DMSO-D6) 
�:20.9, 21.0, 21.4, 28.1, 124.4, 130.4, 139.8, 142.0, 148.2, 151.9, 189.8; IR (KBr) 
vmax/cm-1 2966, 1687, 1081, 802; HRMS(FAB+) Calcd for C13H17O2S [M+H]+: 
237.09492; found: 237.09499; LRMS (FAB+): 237.1[M+H]+ 
 
(Z)-(Rs)-2-Butyl-3-(4-tolylsulfinyl)prop-2-en-1-al 9d 

(Z)-�-Sulfinyl alcohol 8d 2.32 g (9.22 mmol), NaHCO3 3.87 
g (46.08 mmol), DMP in DCM (15 wt %) 41.7 g (14.74 mmol) 
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, [�]D = 164 ° (c = 1.35, acetone), 1H-NMR (600 

MHz, CDCl3) �: 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,); 13C-NMR (150 MHz, 
CDCl3) �: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) vmax/cm-1 2955, 1686, 1079, 808; HRMS(FAB+) Calcd for C14H19O2S [M+H]+: 
251.11057; found: 251.11053; LRMS (FAB+): 251.0[M+H]+ 
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(Z)-��-Sulfinyl enone 5 

 
 

THF (0.1 M) �-sulfinyl aldehyde 9 78 °C
Grignard  (5.0 equiv) 0.5 h Sat. aq. NH4Cl
AcOEt H2O brine Na2SO4

(Z)-�-sulfinyl allylic alcohol 4  
DCM (0.04 M) (Z)-�-sulfinyl allylic alcohol 4

NaHCO3 (5.0 equiv) DMP (1.6 equiv) 0.5 h H2O
DCM H2O brine Na2SO4

(Z)-�-sulfinyl enone 5  
 
 (Z)-(Rs)-2-Methyl-1-(4-tolylsulfinyl)-but-1-ene-3-one 5a 

(Z)-�-Sulfinyl aldehyde 9a 100 mg (0.48 mmol), MeI 0.15 mL 
(2.40 mmol), Mg 57.6 mg (2.40 mmol), diethyl ether (2.2 mL) 
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), NaHCO3 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; [�]D= 427 ° (c = 1.55, acetone); 1H-NMR (500 MHz, CDCl3)  �:  
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); 13C NMR (125 MHz, CDCl3) �:19.7, 21.4, 28.3, 
125.1, 130.0, 141.2, 141.3, 141.5, 146.0, 199.6; IR (KBr) vmax/cm-1 2920, 1688, 
1588,1490, 1443, 1360, 1304, 1181, 1036, 809; HRMS (FAB+) Calcd for C12H15O2S 
[M+H]+: 223.07927 ; found: 223.07931; LRMS (FAB+): 223[M+H]+ 
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(Z)-(Rs)-2-Ethyl-1-(4-tolylsulfinyl)but-1-en-3-one 5b 
(Z)-�-Sulfinyl aldehyde 9a 950 mg (4.28 mmol), MeI 1.3 mL 
(21.4 mmol), Mg 541 mg (21.4 mmol), diethyl ether (42.8 mL) 
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), NaHCO3 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 5b (470 mg, 1.87 mmol, yield = 
91 %) as yellow liquid. 
Yellow liquid; [�]D : 236 ° (c = 1.36, acetone), 1H-NMR (600 MHz, CDCl3) �: 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); 13C-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) vmax/cm-1 2972, 1687, 1461, 1077, 
813; HRMS (ESI+) Calcd for C13H16O2S [M+Na]+: 259.0769 ; found: 259.0778; LRMS 
(ESI+): 259.1 [M+Na]+. 
 
(Z)-(Rs)-2-(Methylethyl)-1-(4-tolylsulfinyl)but-1-en-3-one 5c-1 

(Z)-�-Sulfinyl aldehyde 9c 800 mg (3.38 mmol), MeI 2.1 mL 
(33.8 mmol), Mg 810 mg (33.8 mmol), diethyl ether (2.2 mL) 
were used. It 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 4c-1 950 mg (3.73 mmol), NaHCO3 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; [�]D= 130° (c = 0.95, acetone); 1H-NMR (600 MHz, CDCl3)  �:  
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); 13C 
NMR (150 MHz, CDCl3) �: 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-1 2967, 1700, 1463, 811; HRMS (FAB+) Calcd 
for C14H18O2S [M+H]+: 251.10609 ; found: 251.11074; LRMS (FAB+): 251.1[M+H]+ 
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(Z)-(Rs)-4-Methyl-2-methylethyl-1-(4-tolylsulfinyl)pent-1-en-3-one 5c-2 
(Z)-�-Sulfinyl aldehyde 9c 800 mg (3.38 mmol), LaCl3 1.98 g  

(5.07 mmol, 1.5 equiv), 1.3 M i-PrMgCl•LiCl in THF solution 
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 4c-2 (635 mg, 2.52 mmol, yield = 60 %). 
 Diastereomeric mixture of 4c-2 850 mg (3.03 mmol), NaHCO3 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 5c-2 (765 mg, 2.74 mmol, yield = 
91 %) as yellow solid. 
Yellow solid; Mp: 49.5-50.5 °C, [�]D= 90 ° (c = 1.02, acetone); 1H-NMR (600 MHz, 
CDCl3)  �:  1.00 (d, 3H, J = 7.2 Hz), 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); 13C NMR 
(150 MHz, CDCl3) �: 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) vmax/cm-1 2972, 1687, 1461,1077, 813; HRMS (FAB+) 
Calcd for C16H23O2S [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 

(Z)-�-Sulfinyl aldehyde 9d 800 mg (3.38 mmol), MeI 2.1 mL 
(33.9 mmol), Mg 1.19 g (33.9 mmol), diethyl ether (33.9 mL) 
were used. It was purified by flash column chromatography 
(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), NaHCO3 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; [�]D = -141° (c = 1.16, acetone); 1H-NMR (600 MHz, CDCl3)  �: 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 ); 13C 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) vmax/cm-1 2958, 2862, 1685, 1590, 1079, 812; HRMS 
(FAB+) Calcd for C15H21O2S [M+H]+ 265.12622; found: 265.12611; LRMS (FAB+): 
265.0[M+H]+. 
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(Z)-(Rs)-2-Butyl-1-(4-tolylsulfinyl)hept-1-ene-3-one 5d-3 
(Z)-�-Sulfinyl aldehyde 9d 205 mg (0.80 mmol), LaCl3 2LiCl 
0.33 M THF solution (3.6 mL, 1.20 mmol), n-BuI 0.93 mL 
(7.98 mmol, 10 equiv), Mg 190 mg (7.98 mmol, 10 equiv), 
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; [�]D : 313 ° (c = 1.70, acetone), 1H-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); 13C-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) 
vmax/cm-1 2956, 1689, 1591, 1460, 1077, 811; HRMS (FAB+) Calcd for C18H27O2S 
[M+H]+: 307.17316 ; found: 307.17311; LRMS (FAB+): 307 [M+Na]+. 
 

(Z)-(Rs)-2-Butyl-5-methyl-1-(4-tolylsulfinyl) hex-1-en-3-one 5d-4 
(Z)-�-Sulfinyl aldehyde 9d 1.70 g (6.79 mmol), LaCl3•2LiCl 
0.60 M THF solution (16.9 mL, 10.2 mmol), n-BuI 3.9 mL 
(33.9 mmol), Mg 810 mg (33.9 mmol), diethyl ether (33.9 mL) 
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), NaHCO3 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; [�]D : 275 ° (c = 1.28, for acetone), 1H-NMR (600 MHz, CDCl3) �: 
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); 13C-NMR (150 MHz, CDCl3) �: 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) vmax/cm-1 2957, 1686, 1595, 1079, 811; HRMS (FAB+) Calcd for C18H27O2S 
[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 

 

 
EtMgBr (15.8 mmol, 3.8 M, ether solution) 3-triethylsilyloxy-1-heptyne 

(5.38 g, 23.6 mmol) 0.5 h 78 °C
dry toluene (41.0 mL) l-menthyl-(S )-4-tolylsulfinate (2.32 g, 

7.91 mmol) 78 °C 0.5 h 1 h sat. aq. NH4Cl
AcOEt H2O brine Na2SO4

(3RS, Ss)-1-(4tolylsulfinyl)-3-triethylsiloxy)-hept-1-yne (2.59 g, 7.12 mmol, 90 %) 
 

Yellow liquid; 1H-NMR (600 MHz, CDCl3)  �:  0.56 (qui, 
12H, J = 7.5 Hz), 0.85-0.95 (m, 24H), 1.27-1.39 (m, 8H), 
1.66-1.72 (m, 4H), 2.42 (s, 6H), 4.48 (t, 2H, J = 6.6Hz), 7.33 
(d, 4H, J = 8.2 Hz), 7.67 (d, 4H, J = 8.2 Hz); 13C NMR (150 

MHz, CDCl3) �: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)-�-Sulfinyl enones 

 
 

THF (20 mL / mmol sulfoxide) CuCN(3.0 equiv)
78 °C  (3.0 equive) 1 

h THF (5.0 mL / mmol sulfoxide) (3RS, Ss)-1-(4-tolylsulfinyl)- 
3-triethylsiloxy-hept-1-yne 1 h sat. NH4Cl

AcOEt H2O brine Na2SO4

(Z)-1-alkenylsulfoxide  
THF H2O (Z)-1-alkenylsulfoxide AcOH

(AcOH : H2O : THF = 6 : 3 : 1 ) sat. aq. 
NaHCO3 AcOEt sat. aq. NaHCO3 brine

Na2SO4

(Z)-�-sulfinyl allyl alcohol  
DCM (0.04 M) (Z)-�-sulfinyl allyl alcohol

NaHCO3 (5.0 equiv) DMP (1.6 equiv) 0.5 h H2O
DCM H2O brine Na2SO4

(Z)-�-sulfinyl enone  
 
(Z)-(Rs)-2-Methyl-1-(4-tolylsulfinyl)hept-1-en-3-one 5a-2 

 (3RS, Ss)-1-(4-Tolylsulfinyl)-3-triethylsiloxy-hept-1-yne 2 100 
mg (0.274 mmol), CuCN 75.0 mg (0.84 mmol), MeLi in diethyl 
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 : H2O : 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), NaHCO3 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; [�]D= 453 ° (c = 1.10, acetone); 1H-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); 13C-NMR (125 MHz, CDCl3) �: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) vmax/cm-1 
2934, 1687, 1593,1462, 1072, 817; HRMS (FAB+) Calcd for C15H21O2S [M+H]+: 
265.12622 ; found: 265.12619; LRMS (FAB+): 265[M+H]+ 
 

(Z)-(Rs)-2-Ethyl-1-(4-tolylsulfinyl)-hept-1-en-3-one 5b-2 

 (3RS, Ss)-1-(4-Tolylsulfinyl)-3-triethylsiloxy)hept-1-yne 2 200 
mg (0.548 mmol), CuCN 310 mg (3.29 mmol), Mg 39.5 mg (1.64 
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 : H2O : 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 [�]D : 326° (c = 1.25, acetone), 1H-NMR (600 MHz, CDCl3) � 0.94 (t, 
3H, J = 7.5 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); 13C-NMR (150 MHz, CDCl3) �: 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-1 3291, 
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2930 1596, 1444, 1134, 1073, 845; HRMS (ESI+) Calcd for C16H22O2NaS [M+Na]+: 
301.1238; found: 301.1237; LRMS (ESI+): 301.1[M+Na]+. 
 
(Z)-(Rs)-2-Phenyl-1-(4-tolylsulfinyl)-hept-1-en-3-one 5c-4 

 (3RS, Ss)-1-(4-Tolylsulfinyl)-3-triethylsiloxy-hept-1-yne 2 
500 mg (1.37 mmol), CuCN 367 mg (4.10 mmol), i-PrLi in 
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 3c-4 232 mg (0.568 mmol), 8 mL of AcOH : H2O : 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 4c-4 154 mg (0.524 mmol), NaHCO3 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 5c-4 (184 mg, 0.57 mmol) as pale 
yellow liquid. 
Pale yellow liquid; [�]D : 275° (c = 1.30, acetone), 1H-NMR (500 MHz, CDCl3) �� 
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 = 7.5 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); 13C-NMR (125 MHz, CDCl3) �: 
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-1 2962, 2872, 1694, 1462, 1081, 1043 811; HRMS (FAB+) 
Calcd for C17H25O2S [M+H]+: 293.15751; found: 293.15749; LRMS (FAB+): 293 
[M+H]+. 
 
(Z)-(Rs)-2-Phenyl-1-(4-tolylsulfinyl)-hept-1-en-3-one 5e 

 (3RS, Ss)-1-(4-Tolylsulfinyl)-3-triethylsiloxy-hept-1-yne 2 
300 mg (0.823 mmol), CuCN 220 mg (2.46 mmol), PhLi in 
cyclohexane-diethyl ether 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 : H2O : 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 



44 
 

chromatography (hexane : AcOEt = 1 : 2 ) to give the 5e (184 mg, 0.57 mmol) as yellow 
liquid. 
Pale yellow solid; Mp: 43.5 °C; [�]D : 174° (c = 1.10, acetone), 1H-NMR (500 MHz, 
CDCl3) �� 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); 13C-NMR 
(125 MHz, CDCl3) �: 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-1 2957, 2870, 1698, 1592, 
1492, 1449, 1125, 1043, 810; HRMS (FAB+) Calcd for C20H23O2S [M+H]+: 327.14186; 
found: 327.14218; LRMS (FAB+): 327 [M+H]+. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



45 
 

Remote induction of stereoselective 1,2-addition of aryl Grignard reagents to 5, 9 

 
 

Grignard (1.0 M, ether solution) 78 °C �-sulfinyl 
enone 5 0.5 h sat. aq. NH4Cl AcOEt

H2O brine Na2SO4

4
10 crude product 1H-NMR

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

  The title compound was prepared from 5a (49.0 mg, 0.185 
mmol) and PhMgI (Mg 22 mg, 0.925 mmol, PhI 0.10 mL, 0.925 
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; [�]D : 340° (c = 1.05, acetone), 1H-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, 
1H, 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); 13C-NMR (150 MHz, CDCl3) ��	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) vmax/cm-1 3291, 
2930 1596, 1444, 1134, 1073, 845; HRMS (ESI+) Calcd for C21H26O2NaS [M+Na]+: 
365.1551; found: 365.1558; LRMS (ESI+): 365.2[M+Na]+  
 
(Z)-(Ss, R)-2-Ethylmethyl-1-phenyl-3-(4-tolylsulfinyl)prop-2-en-1-ol 4c-3 

The title compound was prepared from 9c (52.1 mg, 0.220 
mmol) and PhMgI (Mg 26 mg 1.102 mmol, PhI 0.12 mL, 1.102 
mmol). Chromatography with DCM : AcOEt = 4 : 1 gave 4c-3 
(49.6 mg, 0.158 mmol) as colorless crystal. 

Colorless crystal; Mp: 129.0-131.0 °C [�]D : 42.4° (c = 0.91, CHCl3), 1H-NMR (600 
MHz, CDCl3) �� 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, 1H, J = 4.4 Hz), 6.18 (s, 1H), 
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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); 13C-NMR (150 MHz, CDCl3) ��	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) vmax/cm-1 3313, 2967, 
1601, 1082, 804; HRMS (ESI+) Calcd for C19H22O2NaS [M+Na]+: 337.1238; found: 
337.1241; LRMS (ESI+): 337.1[M+Na]+ 

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

The title compound was prepared from 9d (48.7 mg, 0.195 
mmol) and PhMgI (Mg 23 mg 0.975 mmol, PhI 0.11 mL, 0.975 
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 [�]D : 23.5° (c = 1.16, CHCl3), 1H-NMR (600 
MHz, CDCl3) �� 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 = 4.1 Hz), 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); 13C-NMR (150 MHz, CDCl3) ��	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) vmax/cm-1 
3348, 2956, 1611, 1420, 1132, 1081, 807; HRMS (ESI+) Calcd for C20H24O2NaS 
[M+Na]+: 351.1395; found: 351.1398; LRMS (ESI+): 351.1[M+Na]+ 

 

(Z)-(Ss, R)-2-Methyl-3-phenyl-1-(4-tolylsulfinyl)but-1-en-3-ol 10a-1 
The title compound was prepared from 5a-1 (50.4 mg, 0.227 

mmol) and PhMgI (Mg 27 mg, 1.135mmol, PhI 0.13 mL, 
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; [�]D : 237° (c = 1.00, acetone), 1H-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); 13C-NMR (150 
MHz, CDCl3) ��	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) vmax/cm-1 3154, 1596, 1080, 998, 850, 761; HRMS (ESI+) 
Calcd for C18H20O2NaS [M+Na]+: 323.1082; found: 323.1099; LRMS (ESI+): 
323.1[M+Na]+  
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 (Z)-(Ss, R)-2-Methylethyl-3-phenyl-1-(4-tolylsulfinyl)but-1-en-3-ol 10c-1 
The title compound was prepared from 5c-1 (50.1 mg, 0.200 

mmol) and PhMgI (Mg 24 mg, 1.000 mmol, PhI 0.13 mL, 1.000 
mmol). Chromatography with DCM : AcOEt = 4 : 1 gave 10c-1 
(54.9 mg, 0.167 mmol) as colorless crystal.  

Colorless crystal; Mp: 161.0-163.0oC; [�]D : 102° (c = 0.97, acetone), 1H-NMR (600 
MHz, CDCl3) �: 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); 13C-NMR (150 MHz, CDCl3) ��	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) vmax/cm-1 3197, 2969, 1596, 
1155, 1074, 818, 767, 700; HRMS (ESI+) Calcd for C20H24O2NaS [M+Na]+: 351.1395; 
found: 323.1411; LRMS (ESI+): 351.1[M+Na]+  
 
(Z)-(Ss, R)-2-Butyl-3-phenyl-1-(4-tolylsulfinyl)but-1-en-3-ol 10d-1 

The title compound was prepared from 5d-1 (44.7 mg, 0.169 
mmol) and PhMgI (Mg 21 mg, 0.845 mmol, PhI 0.09 mL, 
0.845 mmol). Chromatography with DCM : AcOEt = 4 : 1 gave 
10d-1 (47.1 mg, 0.138 mmol) as colorless liquid. 

Colorless liquid; [�]D : 129° (c = 1.29, acetone), 1H-NMR (600 MHz, CDCl3) �: 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 = 7.9 Hz), 7.33 (t, 1H, 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); 13C-NMR (150 MHz, CDCl3) ��	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) vmax/cm-1 3280, 2956, 1597, 1461, 1446, 1127, 1072, 808; HRMS (ESI+) Calcd 
for C21H26O2NaS [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-ol 10b-1 

The title compound was prepared from 5b-1 (52.4 mg, 0.221 
mmol) and PhMgI (Mg 27 mg, 1.058 mmol, PhI 0.12 mL, 1.058 
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; [�]D : 174.2° (c = 0.70, acetone), 1H-NMR 
(600 MHz, CDCl3) �: 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 = 7.3 Hz), 7.39 (t, 2H, J = 7.3 Hz), 7.53 (d, 2H, J = 7.3 Hz), 7.59 (d, 2H, J = 8.3 Hz); 
13C-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) vmax/cm-1 3209, 2857, 1595, 1079, 808; 
HRMS (ESI+) Calcd for C19H22O2NaS [M+Na]+: 337.1238; found: 337.1247; LRMS 
(ESI+): 337.1[M+Na]+  
 
(Z)-(Ss, R)-2-Ethyl-3-phenyl-1-(4-tolylsulfinyl)hept-1-en-3-ol 10b-2 

The title compound was prepared from 5b-2 (49.0 mg, 0.176 
mmol) and PhMgI (Mg 21 mg, 0.880 mmol, PhI 0.100 mL, 
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 [�]D : 199° (c = 2.65, acetone), 1H-NMR (600 
MHz, CDCl3) �: 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, 1H, J = 7.2 
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); 
13C-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) vmax/cm-1 3383, 
2955, 1446, 1097, 1075, 808; HRMS (ESI+) Calcd for C26H28O2NaS [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 
The title compound was prepared from 5c-4 (44.3 mg, 0.151 

mmol) and PhMgI (Mg 18 mg, 0.755 mmol, PhI 0.08 mL, 
0.755 mmol). Chromatography with hexane : AcOEt = 2 : 1 
gave 10c-4 (38.3 mg, 0.103 mmol) as colorless liquid. 

Colorless liquid; [�]D : 128° (c = 1.03, acetone), 1H-NMR (600 MHz, CDCl3) �: 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); 13C-NMR (150 MHz, CDCl3) ��	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) vmax/cm-1 3281, 3057, 2954, 1596, 1465, 1112, 1078, 838; HRMS 
(ESI+) Calcd for C23H30O2NaS [M+Na]+: 393.1864; found: 393.1870; LRMS (ESI+): 
393.2[M+Na]+ 
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(Z)-(Ss, R)-2,3-Diphenyl-1-(4-tolylsulfinyl)hept-1-en-3-ol 10e 

The title compound was prepared from 5e (44.0 mg, 0.135 
mmol) and PhMgI (Mg 16 mg, 0.675 mmol, PhI 0.08 mL, 
0.675 mmol). Chromatography with hexane : AcOEt = 3 : 1 
gave 10e (18.9 mg, 0.05 mmol) as colorless liquid.  

Colorless liquid; [�]D : 16.3° (c = 1.42, acetone), 1H-NMR (600 MHz, CDCl3) �: 
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); 13C-NMR (150 
MHz, CDCl3)	��	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) vmax/cm-1 3346, 2923, 
1596, 1424, 1115, 1073, 1115, 1073, 808; HRMS (ESI+) Calcd for C26H28O2NaS 
[M+Na]+: 427.1708; found: 427.1713; LRMS (ESI+): 427.2[M+Na]+ 
 
(Z)-(Ss, R)-2-Butyl-3-phenyl-1-(4-tolylsulfinyl)hept-1-en-3-ol 10d-3 

The title compound was prepared from 5d-3 (50.7 mg, 0.165 
mmol) and PhMgI (Mg 20 mg, 0.825 mmol, PhI 0.09 mL, 
0.825 mmol). Chromatography with DCM : AcOEt = 8 : 1 gave 
10d-3 (39.9 mg, 0.104 mmol) as colorless liquid. 

Colorless liquid; [�]D : 135° (c = 1.40, acetone), 1H-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); 
13C-NMR (150 MHz, CDCl3) ��	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-1 3281, 
3057, 2955, 1597, 1074, 1110, 808; HRMS (ESI+) Calcd for C24H32O2NaS [M+Na]+: 
407.2021; found: 407.2029; LRMS (ESI+): 407.2[M+Na]+ 

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

The title compound was prepared from 5d-4 (44.3 mg, 0.151 
mmol) and PhMgI (Mg 18 mg, 0.755 mmol, PhI 0.08 mL, 
0.755 mmol). Chromatography with hexane : AcOEt = 2 : 1 
gave 10d-4 (38.3 mg, 0.103 mmol) as colorless liquid. 

Colorless liquid; [�]D : 149 ° (c = 1.03, acetone), 1H-NMR (600 MHz, CDCl3) �: 
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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); 13C-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) vmax/cm-1 3281, 3057, 2954, 
1596, 1465, 1112, 1078, 838; HRMS (ESI+) Calcd for C24H32O2NaS [M+Na]+: 
407.2021; found: 407.2030; LRMS (ESI+): 407.2[M+Na]+ 

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

The title compound was prepared from 5a-1 (50.0 mg, 0.225 
mmol) and Grinard reagent (Mg 27 mg, 1.125 mmol, 4-iodoanisole 
267 mg, 1.12 mmol). Chromatography with DCM : AcOEt = 4 : 1 
gave 11a (44.6 mg, 0.142 mmol) as colorless crystal.  

 
Colorless crystal; Mp: 165.0-167.0 °C [�]D : 268° (c = 2.65, acetone), 1H-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); 13C-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-1 3153, 3014, 
2962, 1607, 1579, 1106, 1079, 833; HRMS (ESI+) Calcd for C19H22O3NaS [M+Na]+: 
353.1187; found: 353.1185; LRMS (ESI+): 353.1[M+Na]+ 

 
(Z)-(Ss, R)-3-(4-Chlorophenyl)-2-methyl-1-(4-tolylsulfinyl)but-1-en-3-ol 11b 

The title compound was prepared from 5a-1 (47.0 mg, 0.211 
mmol) and Grignard reagent (Mg 25 mg, 1.055 mmol, 
1-chloro-4-iodobenzene 254 mg, 1.055 mmol). Chromatography 
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 [�]D : 248° (c = 1.05, CHCl3), 1H-NMR 
(600 MHz, CDCl3) �: 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); 13C-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) vmax/cm-1 3156, 2971, 
1654, 1108, 1080, 807; HRMS (ESI+) Calcd for C18H19O2NaSCl[M+Na]+: 357.0692; 
found: 357.0700; LRMS (ESI+): 357.1[M+Na]+ 
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(Z)-(Ss, R)-2-Methyl-3-(4-tolyl)-1-(4-tolylsulfinyl)but-1-en-3-ol 11c 
The title compound was prepared from 5a-1 (48.3 mg, 0.217 

mmol) and Grignard reagent (Mg 26 mg, 1.085 mmol, 
4-iodotoluene 249 mg, 1.085 mmol). Chromatography with 
hexane : AcOEt = 1 : 1 gave 11c (55.4 mg, 0.176 mmol) as 

colorless crystal.  
Colorless crystal; Mp: 174.0-176.0 °C [�]D : 297° (c = 0.52, CHCl3), 1H-NMR (600 
MHz, CDCl3) �: 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); 13C-NMR (150 MHz, CDCl3) ��	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) vmax/cm-1 
3156, 2971, 1654, 1108, 1080, 807; HRMS (ESI+) Calcd for C19H22O2NaS [M+Na]+: 
337.1238; found: 337.1245; LRMS (ESI+): 337.1[M+Na]+ 

 

(Z)-(Ss, R)-2-Methyl-3-(3-tolyl)-1-(4-tolylsulfinyl)but-1-en-3-ol 11d 
The title compound was prepared from 5d-1 (48.9 mg, 0.219 
mmol) and Grignard reagent (Mg 26 mg, 1.095 mmol, 
1-chloro-4-iodobenzene 0.14 mL, 1.095 mmol). Chromatography 
with hexane : AcOEt = 1 : 1 gave 11d (50.1 mg, 0.159 mmol) as 

colorless crystal. 
Colorless crystal; Mp: 117.0-119.0 °C [�]D : 178° (c = 1.04, CHCl3), 1H-NMR (600 
MHz, CDCl3) �� 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); 13C-NMR (150 MHz, CDCl3) ��	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) 
vmax/cm-1 3157, 2968, 1596, 1095, 1079, 810; HRMS (ESI+) Calcd for C19H22O2NaS 
[M+Na]+: 337.1238; found: 337.1239; LRMS (ESI+): 337.1[M+Na]+ 
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Cleavage of sulfoxide 

 
 0 °C 4d-5 10 MMPP

AcOEt H2O
brine Na2SO4

tosyl tertiary allylic alcohol
 

Na-Hg Na2HPO4 tosyl tertiary allylic 
alcohol
H2O brine Na2SO4

tertiary allylic alcohol 12
 

 
(S)-2-Butyl-1-phenyl-prop-2-en-1-ol 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 Na2HPO4 (355 mg, 2.48 mmol). Chromatography with 
hexane : AcOEt = 10 : 1 gave 12a (95.3 mg, 0.501 mmol) as colorless 

liquid. 
 

Colorless liquid; ee = 72 %, [�]D :  21 ° (c = 0.53, acetone), 1H-NMR (600 MHz, 
CDCl3) �� 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); 13C-NMR (150 MHz, CDCl3) ��	13.9, 22.4, 29.9, 31.4, 77.3, 109.5, 
126.6, 127.6, 128.3, 142.1, 151.1; IR (KBr) vmax/cm-1 3375, 1594,  902, 761; HRMS 
(EI+) Calcd for C13H18O [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 

MMPP (182 mg, 0.368 mmol) followed by Na-Hg (1.23 g, 2.91 mmol) and 
Na2HPO4 (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 %, [�]D : + 22 ° (c = 1.74, acetone), 1H-NMR (600 MHz, 
CDCl3) �� 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 = 1.4, 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); 13C-NMR (150 MHz, CDCl3) ��	19.0, 28.6, 76.9, 110.6, 125.2, 126.9, 128.1, 145.9, 
150.1; IR (KBr) vmax/cm-1 3462, 1128, 900, 699; HRMS (EI+) Calcd for C11H14O [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). 
 
(S)-2-Methyl-3-phenyl-hept-1-en-3-ol 12c 

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 
mmol) and Na2HPO4 (84 mg, 0.584 mmol). Chromatography with 
hexane : AcOEt = 10 : 1 gave 12c (22.7 mg, 0.111 mmol) as colorless 

liquid. 
 

Colorless liquid; ee = 94 %, [�]D : + 15 ° (c = 1.56, acetone), 1H-NMR (600 MHz, 
CDCl3) �� 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); 13C-NMR 
(150 MHz, CDCl3) ��	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) vmax/cm-1 3417, 1589, 1100, 903, 765; HRMS (EI+) Calcd for 
C14H20O [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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(S)-2-Ethyl-3-phenyl-hept-1-en-3-ol 12d 

The title compound was prepared from 10b-2 (85.5 mg, 0.240 mmol) 
and MMPP (282 mg, 0.456 mmol) followed by Na-Hg (1.53 g, 3.60 
mmol) and Na2HPO4 (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 %, [�]D : +20 ° (c = 0.53, acetone), 1H-NMR (500 MHz, 
CDCl3) �� 0.88 (t, 3H, J = 7.2 Hz), 0.93 (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); 13C-NMR 
(125 MHz, CDCl3) ��	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) vmax/cm-1 3469, 1128, 901, 700; HRMS (EI+) Calcd for C15H22O 
[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  
C19H22O2S, M=314.43, Orthorhombic, Space group P2(1)2(1)2(1), a=8.8078(3) Å, 
b=11.2230(3) Å, c=17.0825(5) Å, V= 1688.60(9) Å, Z=4, F(000)=672, Dcalc=1.237 
Mg/m3, 
	(Cu K�)= 1.729 mm 1, T=173 K, radiation=1.54178 Å, R1 = 0.0324 for 
[I>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 mm3.  
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