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I. General Information.
Commercially available materials purchased from Alfa Aesar or Aldrich or Ouhe 

were used as received. Unless otherwise indicated, all reactions were carried out 
under argon atmosphere. Anhydrous THF and toluene were distilled from sodium and 
benzophenone, CH2Cl2, DMSO and DMF were distilled from CaH2. Proton nuclear 
magnetic resonance (1H NMR) spectra were recorded on a Bruker Ascend 400 (400 
MHz) spectrometer. Chemical shifts were recorded in parts per million (ppm, δ) 
relative to tetramethylsilane (δ 0.00) or chloroform (δ 7.26, singlet). 1H NMR splitting 
patterns are designated as singlet (s), doublet (d), triplet (t), quartet (q), dd (doublet of 
doublets); m (multiplets), and etc. All first-order splitting patterns were assigned on 
the basis of the appearance of the multiplet. Splitting patterns that could not be easily 
interpreted are designated as multiplet (m) or broad (br). Carbon nuclear magnetic 
resonance (13C NMR) spectra were recorded on a Bruker Ascend 400 (100 MHz) 
spectrometer. High resolution mass spectral analysis (HRMS) was performed on 
Exactive Plus LC-MS spectrometer (Thermo Fisher Scientific). The determination of 
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ee was performed via chiral HPLC analysis using Shimadzu LC-20AD HPLC 
workstation. X-ray crystallography analysis was performed on SuperNova Rigaku 
Oxford X-ray diffraction meter. Optical rotations were measured using a 1 mL cell 
with a 1 dm path length on a Starna scientific polarimeter (SGW-1) and are reported 
as follows: [α]rt

D (c in g per 100 mL solvent). Analytical thin-layer chromatography 
(TLC) was carried out on Merck 60 F254 pre-coated silica gel plate (0.2 mm 
thickness). Visualization was performed using a UV lamp or potassium permanganate 
stain.

II. General procedures for 1,4-diloefin desymmetric reactions.
To a 10 mL Schlenk tube was added base (0.02 mmol), triazolium salt (0.02 mmol) 
and stirring bar. The flask was then evacuated and refilled with dry argon. The 
reaction mixture was then cooled to -25 oC. Anhydrous solvent (1 mL) was added. 
The mixture was stirred at -25 oC for 20 min. The diolefin (0.10 mmol) in solvent (1 
mL) was added and the mixture was stirred for another 6 h. Then the mixture was 
quenched with saturated NH4Cl aqueous, and extracted with ethyl acetate (2 × 10 mL). 
The organic layers were combined, dried over anhydrous Na2SO4, and filtered. The 
solvents were removed under reduced pressure, and the residue was purified via 
column chromatography on silica gel with petroleum ether/ethyl acetate as eluent to 
afford the product. Racemic products were synthesized via similar procedure using 
achiral precatalyst.

III. Reaction condition optimization. 

1. Substrates with aromatic aldehyde groups

EtO2C

Me

CO2Et

CHO

EtO2C

Me

CO2Et

O

conditions

NHC (20 mol%)

base (20 mol%)

N

O

N
N

Ar

BF4

C1, Ar = Ph; C2, Ar = 4-BrC6H4
C3, Ar = C6F5; C4, Ar = Mes
C5, Ar = 2,4,6-Cl3C6H2

1a 2a

H

Entrya NHC Base Solvent T
(oC)

Additive
(mol %)

yield
(%)

d.r.b eec

(%)

1 C1 KHMDS toluene rt - 0 - -
2 C2 KHMDS toluene rt - 0 - -
3 C3 KHMDS toluene rt - 65 4.2:1 87
4 C4 KHMDS toluene rt - 49 5.2:1 99
5 C5 KHMDS toluene rt - 93 4.3:1 99
6 C5 KOtBu toluene rt - 100 4.5:1 99
7 C5 KOAc toluene  rt - 90 4.2:1 98
8 C5 K2CO3 toluene  rt - 87 4.3:1 97
9 C5 KOH toluene rt - 73 4.5:1 98
10 C5 NaOAc toluene rt - 87 4.2:1 99
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11 C5 Cs2CO3 toluene  rt - 67 4.3:1 98
12 C5 NEt3 toluene  rt - 81 4.3:1 98
13 C5 DBU toluene  rt - 75 4.3:1 99
14 C5 iPr2NEt toluene  rt - 23 4.2:1 98
15 C5 NaOtBu toluene  rt - 90 4.3:1 98
16 C5 LiOtBu toluene  rt - 15 3.0:1 98
17 C5 KOtBu CH2Cl2 rt - 100 3.6:1 99
18 C5 KOtBu DCE rt - 99 3.8:1 99
19 C5 KOtBu MeCN rt - 66 3.0:1 98
20 C5 KOtBu THF rt - 100 4.4:1 98
21 C5 KOtBu benzene rt - 100 3.7:1 98
22 C5 KOtBu MeOH rt - 84 3.3:1 82
23 C5 KOtBu 1,4-dioxane rt - 100 4.2:1 98
24 C5 KOtBu Et2O rt - 100 4.2:1 99
25 C5 KOtBu DMF rt - 71 3.2:1 93
26 C5 KOtBu Mesitylene rt - 99 3.9:1 98
27 C5 KOtBu TBME rt - 99.6 4.1:1 97
28 C5 KOtBu Xylene rt - 98 4.1:1 98
29 C5 KOtBu toluene rt Ti(OiPr)4 (20) 97 4.3:1 98
30 C5 KOtBu toluene rt LiCl (20] 96 4.3:1 98
31 C5 KOtBu toluene rt Mg(OTf)2 (20) trace - -
32 C5 KOtBu toluene rt HOAc (20) 100 4.1:1 97
33 C5 KOtBu toluene rt ZnCl2 (20) trace - -
34 C5 KOtBu toluene rt SnCl2 (20) 54 4.0:1 96
35 C5 KOtBu toluene rt Mg(ClO4)2 (20) 24 3.6:1 89
36 C5 NaOAc toluene rt HOAc (20) 92 4.2:1 95
37 C5 NaOAc toluene rt Picolinic acid 

(20)
0 - -

38 C5 NaOAc toluene rt L-Phenylalanine
(20)

28 3.0:1 -

39 C5 NaOAc toluene rt Citric acid 
monohydrate
(20)

0 - -

40 C5 KOtBu toluene rt KCl (100) 84 4.1:1 98
41 C5 NaOAc toluene rt Salicylic acid 

(100)
0 - -

42 C5 NaOAc toluene rt Picolinic acid
(100)

22 2.7:1 -

43 C5 NaOAc toluene rt L-Phenylalanine
(100)

53 4.0:1 -

44 C5 NaOAc toluene rt Citric acid 
monohydrate
(100)

0 - -
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45 C5 KOtBu toluene 0 - 100 5.7:1 99
46 C5 KOtBu toluene -20 - 90 6.7:1 99
47 C5 KOtBu toluene -25 - 99 7.2:1 99
a 1a (0.1 mmol), 6 h. b Determined by 1H NMR analysis of unpurified reaction mixtures. c Major 
diasteromer, determined by chiral-phase HPLC.

2. Substrate with aliphatic aldehyde group 

conditions

NHC ( 20 mol% )
base ( 20 mol% )

N

O

N
N

Ar

BF4

C1, Ar = Ph
C2, Ar = 4-BrC6H4
C3, Ar = C6F5
C4, Ar = Mes
C5, Ar = 2,4,6-Cl3C6H2

Bn
N N

N
BF4

Ph

C6

O

N

Bn

N
N

Mes
BF4

C7

N N
N
BF4

Ph

O

Ph

Ph

C10

Ph

N N
N

BF4

Ph

HO
Ph

C9
BF4

O

N N
N

F

F

F

F

FMe Me

Me

C8

5b 6b
EtO2C

Me

O

CO2Et

EtO2C

Me

CO2Et

O
H

Entrya NHC Base Solvent Temp./time Yield
(%)

d.r.b eec

(%)

1 C1 KOtBu toluene -25 oC/8 h; 25 oC/10 h 0 - -
2 C2 KOtBu toluene -25 oC/12 h; 25 oC/12 h 0 - -
3 C3 KOtBu toluene -25 oC/8 h; 25 oC/10 h;

70 oC/8 h
80 3.3:1 7

4 C4 KOtBu toluene -25 oC/12 h; 25 oC/6 h 71 4.7:1 19.0
5 C5 KOtBu toluene -25 oC/6 h 99 2.3:1 23.0
6 C5 KOtBu THF -25 oC/12 h 99 3.0:1 29.0
7 C5 KHMDS THF -25 oC/12 h; 25 oC/6 h 74 2.8:1 23.0
8 C6 KOtBu toluene -25 oC/12 h; 50 oC/12 h 64 36:1 31.0
9 C6 KHMDS toluene -25 oC/12 h; 50 oC/12 h 92 2.4:1 23.0
10 C6 KHMDS toluene 25 oC/24 h 64 2.7:1 27.0
11 C6 KOtBu toluene 25 oC/24 h 64 3.3:1 25.0
12 C7 KOtBu toluene -25 oC/12 h; 25 oC/6 h 84 4.5:1 32.0
13 C8 KOtBu toluene -25 oC/8 h; 25 oC/6 h;

70 oC/24 h
0 - -

14 C9 KOtBu toluene -25 oC/8 h; 25 oC/6 h;
70 oC/10 h

80 2.0:1 22.0

15 C10 KOtBu toluene -25 oC/8 h; 25 oC/6 h;
70 oC/24 h

81 1.9:1 38.0

a 5b (0.1 mmol). b Determined by 1H NMR analysis of unpurified reaction mixtures. c Major diasteromer, 
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determined by chiral-phase HPLC.

IV. Procedures for substrates preparation

1. 1,4-diolefin with ester substitutent (1a as example)

 

O
Br

Me
NaH, THF, 0-50 oC, 8 h

1)

2) NaH, MeI, THF, 0-50 oC, 8 h

P
EtO

O Ph Ph

Ph

2) NMO, CH3CN, Ar, rt, 20 h

1) LiAlH4, THF, 0 oC-rt, 8 h

CH2Cl2, rt, 12 h

1) BBr3, CH2Cl2, -78 oC-rt, 6 h

1a

96%
99%

87% 74%

S4

S2

S3

S6

S1

S5

EtO2C

Me

CO2Et

OMe

EtO2C

Me

CO2Et

O

O

Me
O

OMe
EtO2C

Me CO2Et

EtO2C

EtO2C MeO 2) DMSO, Et3N, (COCl)2,
CH2Cl2, -78 oC-rt, 5 h

To a 200 mL flame dried round bottom flask charged with S1 (5.9102 g, 0.0369 
mol) and dry THF (90 ml) at 0 oC was added NaH (0.8856 g, 0.0369 mol) under argon. 
S2 (6.6140 g, 0.0308 mol) in THF (15 mL) was added to the mixture after 1 h and the 
reaction was stirred at 50 oC for 8 h. Saturated NH4Cl solution (25 mL) was added to 
quench the reaction. The mixture was washed with brine, dried over MgSO4, 
concentrated in vacuum and was purified by flash column chromatography with 
petroleum ether/ethyl acetate (v/v = 10:1) to afford the yellow liquid product diethyl 
2-(2-(methoxymethyl)benzyl)malonate (9.0511 g, 100% yield). To a solution of 
diethyl 2-(2-(methoxymethyl)benzyl)malonate (9.0511 g, 0.0308 mol) in THF (200 
mL) was added NaH (0.8856 g, 1.2 eq) at 0 oC under argon. MeI (2.30 mL, 1.2 eq) 
was added to the mixture after 1 h and the reaction was stirred at 50 oC for 8 h. 
Saturated NH4Cl solution (25 mL) was added to quench the reaction. The mixture was 
washed with brine, dried over MgSO4, concentrated in vacuum and was purified by 
flash column chromatography with petroleum ether/ethyl acetate (v/v = 10:1) to 
afford yellow liquid product S3 (9.0969 g, 96% yield). 

To a suspension of LiAlH4 (8.9572 g, 0.2360 mol) in THF (200 mL) at 0 oC was 
added a solution of S3 (9.0969 g, 0.0295 mol) in THF (20 mL) dropwise under argon. 
The reaction mixture was stirred overnight at room temperature and quenched 
sequentially by adding H2O (9 mL), 10% aqueous NaOH (18 mL), and then H2O (27 
mL) at 0 oC with caution. The mixture was stirred for another 1 h and then the white 
precipitate was filtrated off and the two layers were separated. The organic layer was 
washed with brine, dried over MgSO4, concentrated in vacuum to afford the crude 
product 2-(2-(methoxymethyl)benzyl)-2-methylpropane-1,3-diol as a yellow oil 
(6.6168 g, 100% yield). A solution of dry DMSO (9.22 mL, 0.1298 mol) in dry 
CH2Cl2 (20 mL) was added dropwise at -78 oC to oxalyl chloride (8.18 mL, 0.0649 
mol) in dry CH2Cl2 (300 mL). After stirring for 30 min at this temperature, 2-(2-
(methoxymethyl)benzyl)-2-methylpropane-1,3-diol (6.6168 g, 0.0295 mol) in dry 
CH2Cl2 (40 mL) was added dropwise at a temperature of -78 to -70 oC. After stirring 
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for 90 min at -65 oC, the mixture was cooled to -78 oC again, Et3N (28.74 mL, 0.2065 
mol) was added slowly and the mixture was stirred for 30 min at this temperature. The 
reaction mixture was allowed to warm to room temperature over the course of 1 h. 
The reaction was terminated by addition of saturated NH4Cl solution (25 mL) and the 
two layers were separated. The aqueous layer was extracted with CH2Cl2 and the 
combined organic layers were washed with 2M HCl and brine. The solution was dried 
over MgSO4, concentrated in vacuum to afford the crude product S4 as a yellow oil 
(6.4978 g, 100% yield).

The mixture of S4 (6.4978 g, 0.0295 mol) and S5 (22.6095 g, 2.2 eq) in CH2Cl2 
(200 mL) was stirred overnight at room temperature under argon. The mixture was 
concentrated and the residue was purified via silica gel column chromatography with 
petroleum ether/ethyl acetate (v/v = 5:1) to afford product S6 as a yellow oil (9.2454 
g, 87% yield). A solution of S6 (9.2454 g, 0.0257 mol) in 300 mL of CH2Cl2 cooled 
to -78 oC was treated with BBr3 (24.31 mL, 10 eq) under argon. After 30 min the 
reaction was warmed to -12 oC and stirring was continued for 4 h. The reaction was 
quenched at -12 oC by addition of ether, warmed to room temperature and was stirred 
an additional 30 min followed by addition of water. The mixture was washed with 
brine, dried over MgSO4, concentrated in vacuum and the residue was purified by 
flash column chromatography with petroleum ether/ethyl acetate (v/v = 10:1) to 
afford (2E,5E)-diethyl 4-(2-(hydroxymethyl)benzyl)-4-methylhepta-2,5-dienedioate 
as a yellow oil (8.8856 g, 100% yield). The mixture of (2E,5E)-diethyl 4-(2-
(hydroxymethyl)benzyl)-4-methylhepta-2,5-dienedioate (8.8856 g, 0.0257 mol) and 
4-Methylmorpholine N-oxide (NMO) (12.0196 g, 4 eq) in CH3CN (300 mL) was 
stirred for 20 hours at room temperature under argon. The solvent was removed and 
the resulting residue was extracted with water and brine and the residue was purified 
via silica gel column chromatography with petroleum ether/ethyl acetate (v/v = 5:1) to 
afford 1a as a yellow oil (6.5371 g, 74% yield).  

2. 1,4-diolefin with ketone substitutent (3a as example)

Me OiPr

O

Me
O

OiPr
iPrO
Br

NaH, THF, 0-50 oC, 8 h

1)

P
Me

O Ph Ph

Ph

1) LiAlH4, THF, 0 oC-rt, 8 h

3a

96% 99%

87%
81%

S9

S7

S8

S11

S1

S10

toluene, reflux, 12 h

DDQ, CH2Cl2/H2O = 10:1, rt, 12 h

EtO2C

Me CO2Et

O

Me

O

Me O
O

Me

Me

O

Me

EtO2C

EtO2C iPrO
2) NaH, MeI, THF,
0-50 oC, 8 h

2) DMSO, Et3N, (COCl)2,
CH2Cl2, -78 oC-rt, 5 h

To a 200 mL flame dried round bottom flask charged with S1 (5.3977 g, 0.0337 
mol) and dry THF (90 ml) at 0 oC was added NaH (0.8088 g, 0.0337 mol) under argon. 
S7 (6.8323 g, 0.0281 mol) in THF (15 mL) was added to the mixture after 1 h and the 
reaction was stirred at 50 oC for 8 h. Saturated NH4Cl solution (25 mL) was added to 
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quench the reaction. The mixture was washed with brine, dried over MgSO4, 
concentrated in vacuum and was purified by flash column chromatography with 
petroleum ether/ethyl acetate (v/v = 10:1) to afford the yellow liquid product diethyl 
2-(2-(isopropoxymethyl)benzyl)malonate (9.0594 g, 100% yield). To a solution of 
diethyl 2-(2-(isopropoxymethyl)benzyl)malonate (9.0594 g, 0.0281 mol) in THF (200 
mL) was added NaH (0.8088 g, 1.2 eq) at 0 oC under argon. MeI (2.10 mL, 1.2 eq) 
was added to the mixture after 1 h and the reaction was stirred at 50 oC for 8 h. 
Saturated NH4Cl solution (25 mL) was added to quench the reaction. The mixture was 
washed with brine, dried over MgSO4, concentrated in vacuum and was purified by 
flash column chromatography with petroleum ether/ethyl acetate (v/v = 10:1) to 
afford the yellow liquid product S8 (9.0834 g, 96% yield). 

To a suspension of LiAlH4 (8.1982 g, 0.2160 mol) in THF (200 mL) at 0 oC was 
added a solution of S8 (9.0834 g, 0.0270 mol) in THF (20 mL) dropwise under argon. 
The reaction mixture was stirred overnight at room temperature and quenched 
sequentially by adding H2O (9 mL), 10% aqueous NaOH (18 mL), and then H2O (27 
mL) at 0 oC with caution. The mixture was stirred for another 1 h and then the white 
precipitate was filtrated off and the two layers were separated. The organic layer was 
washed with brine, dried over MgSO4, concentrated in vacuum to afford the crude 
product 2-(2-( isopropoxymethyl)benzyl)-2-methylpropane-1,3-diol as a yellow oil 
(6.8135 g, 100% yield). A solution of dry DMSO (8.44 mL, 0.1188 mol) in dry 
CH2Cl2 (18 mL) was added dropwise at -78 oC to oxalyl chloride (7.49 mL, 0.0594 
mol) in dry CH2Cl2 (300 mL). After stirring for 30 min at this temperature, 2-(2-( 
isopropoxymethyl)benzyl)-2-methylpropane-1,3-diol (6.8135 g, 0.0270 mol) in dry 
CH2Cl2 (36 mL) was added dropwise at a temperature of -78 to -70 oC. After stirring 
for 90 min at -65 oC, the mixture was cooled to -78 oC again, Et3N (28.94 mL, 0.2079 
mol) was added slowly and the mixture was stirred for 30 min at this temperature. The 
reaction mixture was allowed to warm to room temperature over the course of 1 h. 
The reaction was terminated by addition of saturated NH4Cl solution (25 mL) and the 
two layers were separated. The aqueous layer was extracted with CH2Cl2 and the 
combined organic layers were washed with 2M HCl and brine. The solution was dried 
over MgSO4, concentrated in vacuum to afford the crude product S9 as a yellow oil 
(6.7046 g, 100% yield).

A mixture of S9 (6.7046 g, 0.0270 mol) and S10 (18.9095 g, 2.2 eq) in toluene 
(150 mL) was refluxed overnight under argon. The mixture was concentrated and the 
residue was purified via silica gel column chromatography with petroleum ether/ethyl 
acetate (v/v = 5:1) to afford product S11 as a yellow oil (7.7185 g, 87% yield). The 
mixture of S11 (7.7185 g, 0.0235 mol) and 2,3-Dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ) (10.6690 g, 2 eq) in CH2Cl2 (200 mL) and H2O (20 mL) was 
stirred for 20 h at room temperature. The reaction was quenched with saturated 
NaHCO3 solution and extracted with water and brine and the residue was purified via 
silica gel column chromatography with petroleum ether/ethyl acetate (v/v = 5:1) to 
afford 3a as a yellow oil (5.4126 g, 81% yield).  

V. Characterizations of new compounds.
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EtO2C

Me

CO2Et

CHO
1a

(2E,5E)-diethyl 4-(2-formylbenzyl)-4-methylhepta-2,5-dienedioate (1a): Yellow 
oil. 1H NMR (400 MHz, CDCl3) δ 10.14 (s, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.52-7.42 
(m, 2H), 7.18 (d, J = 8.0 Hz, 1H), 7.01 (d, J = 16.0 Hz, 2H), 5.70 (d, J = 16.0 Hz, 2H), 
4.19 (q, J = 8.0 Hz, 4H), 3.42 (s, 2H), 1.28 (t, J = 8.0 Hz, 6H), 1.20 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ 192.4, 166.2, 151.9, 138.1, 135.0, 133.2, 133.1, 133.0, 127.6, 
120.6, 60.5, 44.1, 41.1, 21.8, 14.2; HRMS (ESI, m/z): calcd. for C20H24O5H+ 

345.1697, found 345.1690.

EtO2C

Et

CO2Et

CHO 1b

(2E,5E)-diethyl 4-ethyl-4-(2-formylbenzyl)hepta-2,5-dienedioate (1b): Yellow oil. 
1H NMR (400 MHz, CDCl3) δ 10.10 (s, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.51-7.41 (m, 
2H), 7.18 (d, J = 8.0 Hz, 1H), 6.88 (d, J = 16.0 Hz, 2H), 5.70 (d, J = 16.0 Hz, 2H), 
4.19 (q, J = 8.0 Hz, 4H), 3.43 (s, 2H), 1.70 (q, J = 8.0 Hz, 2H), 1.29 (t, J = 8.0 Hz, 
6H), 0.89 (t, J = 6.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 192.3, 166.1, 150.7, 
138.2, 135.1, 133.0, 132.8, 127.5, 122.0, 60.5, 47.6, 40.0, 29.3, 14.2, 8.9; HRMS (ESI, 
m/z): calcd. for C21H26O5H+ 359.1853, found 359.1850.

EtO2C

CO2Et

CHO 1c

(2E,5E)-diethyl 4-allyl-4-(2-formylbenzyl)hepta-2,5-dienedioate (1c): Yellow oil. 
1H NMR (400 MHz, CDCl3) δ 10.10 (s, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.52-7.43 (m, 
2H), 7.21 (d, J = 8.0 Hz, 1H), 6.90 (d, J = 16.0 Hz, 2H), 5.75-5.71 (m, 3H),  5.17-
5.12 (m, 2H), 4.19 (q, J = 6.0 Hz, 4H), 3.46 (s, 2H), 2.45 (d, J = 8.0 Hz, 2H), 1.29 (t, 
J = 6.0 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 191.3, 164.9, 149.4, 137.0, 134.0, 
132.1, 132.04, 132.02, 131.7, 126.6, 121.0, 118.4, 59.5, 45.7, 40.1, 38.6, 13.2; HRMS 
(ESI, m/z): calcd. for C22H26O5H+ 371.1853, found 371.1851.

EtO2C

CO2Et

CHO
Ph

1d
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(2E,5E)-diethyl 4-benzyl-4-(2-formylbenzyl)hepta-2,5-dienedioate (1d): Yellow 
oil. 1H NMR (400 MHz, CDCl3) δ 10.05 (d, J = 2.8 Hz, 1H), 7.81-7.78 (m, 1H), 7.45-
7.37 (m, 2H), 7.25-7.20 (m, 3H), 7.15-7.11 (m, 3H), 6.94 (dd, J = 2.0, 16.0 Hz, 2H), 
5.73 (dd, J = 2.0, 16.0 Hz, 2H), 4.19-4.12 (m, 4H), 3.50 (d, J = 2.8 Hz, 2H), 3.01 (d, J 
= 2.8 Hz, 2H), 1.27-1.22 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 192.3, 165.8, 150.8, 
138.3, 135.7, 135.1, 133.2, 133.1, 132.8, 130.8, 128.2, 127.6, 126.9, 122.1, 60.5, 47.2, 
45.4, 39.7, 14.2; HRMS (ESI, m/z): calcd. for C26H28O5H+ 421.2010, found 421.1997.

MeO2C

Me

CO2Me

CHO 1e

(2E,5E)-dimethyl 4-(2-formylbenzyl)-4-methylhepta-2,5-dienedioate (1e): Yellow 
oil. 1H NMR (400 MHz, CDCl3) δ 10.13 (s, 1H), 7.82 (d, J = 7.2 Hz, 1H), 7.53-7.43 
(m, 2H), 7.16 (d, J = 7.2 Hz, 1H), 7.00 (d, J = 16.0 Hz, 2H), 5.69 (d, J = 16.0 Hz, 2H), 
3.74 (s, 6H), 3.41 (s, 2H), 1.20 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 192.5, 166.6, 
152.2, 138.0, 135.0, 133.4, 133.2, 133.1, 127.6, 120.3, 51.7, 44.2, 41.1, 21.8; HRMS 
(ESI, m/z): calcd. for C18H20O5H+ 317.1389, found 317.1389.

PhO2C

Me

CO2Ph

CHO 1f

(2E,5E)-diphenyl 4-(2-formylbenzyl)-4-methylhepta-2,5-dienedioate (1f): Yellow 
oil. 1H NMR (400 MHz, CDCl3) δ 10.15 (s, 1H), 7.83 (d, J = 4.0 Hz, 1H), 7.58-7.37 
(m, 6H), 7.25-7.12 (m, 9H), 5.94 (d, J = 16.0 Hz, 2H), 3.51 (s, 2H), 1.32 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ 192.7, 164.5, 153.8, 150.6, 137.8, 135.1, 133.7, 133.3, 
133.2, 129.5, 127.9, 125.9, 121.6, 120.2, 44.7, 41.3, 21.8; HRMS (ESI, m/z): calcd. 
for C28H24O5Na+ 463.1516, found 463.1510.

tBuO2C

Me

CO2tBu

CHO 1g

(2E,5E)-di-tert-butyl 4-(2-formylbenzyl)-4-methylhepta-2,5-dienedioate (1g): 
Yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.15 (s, 1H), 7.82 (d, J = 7.2 Hz, 1H), 
7.51-7.41 (m, 2H), 7.17 (d, J = 7.2 Hz, 1H), 6.87 (d, J = 16.0 Hz, 2H), 5.60 (d, J = 
16.0 Hz, 2H), 3.37 (s, 2H), 1.48 (s, 18H), 1.17 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 
192.1, 165.5, 150.8, 138.4, 135.1, 133.3, 133.0, 132.4, 127.5, 122.2, 80.6, 43.8, 41.2, 
28.1, 21.9; HRMS (ESI, m/z): calcd. for C24H32O5Na+ 423.2142, found 423.2137.
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EtO2C

Me

CO2Et

CHO

F

1h

(2E,5E)-diethyl 4-(5-fluoro-2-formylbenzyl)-4-methylhepta-2,5-dienedioate (1h): 
Yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.08 (s, 1H), 7.80 (d, J = 2.4 Hz, 1H), 
7.48-7.45 (m, 1H), 7.11 (d, J = 8.0 Hz, 1H), 6.95 (d, J = 16.0 Hz, 2H), 5.70 (d, J = 
16.0 Hz, 2H), 4.20 (q, J = 4.0 Hz, 4H), 3.35 (s, 2H), 1.29 (t, J = 8.0 Hz, 6H), 1.20 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ 190.6, 166.0, 151.4, 136.5, 136.2, 134.5, 133.9, 
133.0, 132.0, 121.0, 60.6, 44.0, 40.6, 21.9, 14.2; 19F NMR (376 MHz, CDCl3) δ 
103.80; HRMS (ESI, m/z): calcd. for C20H23FO5H+ 363.1602, found 363.1598.

EtO2C

Me

CO2Et

CHO

Cl

1i

(2E,5E)-diethyl 4-(4-chloro-2-formylbenzyl)-4-methylhepta-2,5-dienedioate (1i): 
Yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.08 (s, 1H), 7.80 (d, J = 2.0 Hz, 1H), 
7.48-7.45 (m, 1H), 7.11 (d, J = 8.2 Hz, 1H), 6.95 (d, J = 16.0 Hz, 2H), 5.70 (d, J = 
16.0 Hz, 2H), 4.22-4.17 (m, 4H), 3.35 (s, 2H), 1.29 (t, J = 8.0 Hz, 6H), 1.19 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 190.6, 166.0, 151.3, 136.5, 136.2, 134.5, 133.9, 133.0, 
132.0, 121.0, 60.6, 44.0, 40.6, 21.9, 14.2; HRMS (ESI, m/z): calcd. for C20H23ClO5H+ 

379.1307, found 379.1307.

EtO2C

Me

CO2Et

CHO

F

1j

(2E,5E)-diethyl 4-(4-fluoro-2-formylbenzyl)-4-methylhepta-2,5-dienedioate (1j): 
Yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.11 (d, J = 4.0 Hz, 1H), 7.55-7.51 (m, 
1H), 7.24-7.14 (m, 2H), 6.96 (d, J = 16.0 Hz, 2H), 5.70 (d, J = 16.0 Hz, 2H), 4.22-
4.17 (m, 4H), 3.34 (s, 2H), 1.29 (t, J = 8.0 Hz, 6H), 1.20 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 190.4, 166.0, 161.9, 151.4, 136.5, 134.9, 134.0, 121.0, 120.3, 117.8, 60.6, 
43.9, 40.5, 21.9, 14.2; 19F NMR (376 MHz, CDCl3) δ 113.53; HRMS (ESI, m/z): 
calcd. for C20H23FO5H+ 363.1602, found 363.1600.
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EtO2C

CO2Et

CHO

F

1k

(2E,5E)-diethyl 4-allyl-4-(4-fluoro-2-formylbenzyl)hepta-2,5-dienedioate (1k): 
Yellow solid. Mp 51-52 ºC. 1H NMR (400 MHz, CDCl3) δ 10.07 (d, J = 1.2 Hz, 1H), 
7.53 (d, J = 8.0 Hz, 1H), 7.22 (d, J = 4.0 Hz, 2H), 6.87 (d, J = 16.0 Hz, 2H), 5.76-5.30 
(m, 3H), 5.18-5.12 (m, 2H), 4.20 (q, J = 8.0 Hz, 4H), 3.39 (s, 2H), 2.44 (d, J = 8.0 Hz, 
2H), 1.29 (t, J = 8.0 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 190.3, 165.8, 161.9, 
150.0, 136.6, 134.7, 133.82, 132.5, 122.4, 120.3, 119.6, 117.8, 60.6, 46.6, 41.1, 39.0, 
14.2; 19F NMR (376 MHz, CDCl3) δ 113.47; HRMS (ESI, m/z): calcd. for 
C22H25FO5H+ 389.1759, found 389.1756.

EtO2C

Me

CO2Et

CHO

Me

1l

(2E,5E)-diethyl 4-(2-formyl-4-methylbenzyl)-4-methylhepta-2,5-dienedioate (1l): 
Yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.10 (s, 1H), 7.61 (s, 1H), 7.31 (d, J = 8.0 
Hz, 1H), 7.05 (d, J = 8.0 Hz, 1H), 6.99 (d, J = 16.0 Hz, 2H), 5.69 (d, J = 16.0 Hz, 2H), 
4.22-4.16 (m, 4H), 3.36 (s, 2H), 2.40 (s, 3H), 1.29 (t, J = 8.0 Hz, 6H), 1.19 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 192.5, 166.2, 152.1, 137.4, 135.1, 134.8, 133.9, 133.4, 
133.2, 120.5, 60.5, 44.1, 40.8, 21.8, 20.8, 14.2; HRMS (ESI, m/z): calcd. for 
C21H26O5H+ 359.1853, found 359.1851.

EtO2C

Me

CO2Et

CHO

Me

Me

1m

(2E,5E)-diethyl 4-(2-formylbenzyl)-2,4,6-trimethylhepta-2,5-dienedioate (1m): 
Yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.17 (s, 1H), 7.85 (d, J = 8.0 Hz, 1H), 
7.53-7.42 (m, 2H), 7.28 (d, J = 8.0 Hz, 1H), 6.91 (s, 2H), 4.19 (d, J = 4.0 Hz, 4H), 
3.45 (s, 2H), 1.62 (s, 6H), 1.32-1.28 (m, 9H); 13C NMR (100 MHz, CDCl3) δ 191.7, 
168.0, 146.3, 139.1, 135.3, 133.3, 133.0, 131.6, 129.3, 127.4, 60.7, 42.11, 42.05, 26.5, 
14.4, 14.2; HRMS (ESI, m/z): calcd. for C22H28O5H+ 373.2010, found 373.2016.
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Me
CHO

O

Me

Me

O

3a

2-((E)-2-methyl-5-oxo-2-((E)-3-oxobut-1-en-1-yl)hex-3-en-1-yl)benzaldehyde (3a): 
Yellow oil. 1H NMR (400 MHz, CDCl3) δ 9.97 (s, 1H), 7.66 (d, J = 8.0 Hz, 1H), 
7.40-7.30 (m, 2H), 7.04 (d, J = 8.0 Hz, 1H), 6.71 (d, J = 16.0 Hz, 2H), 5.76 (d, J = 
16.0 Hz, 2H), 3.30 (s, 2H), 2.08 (s, 6H), 1.09 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 
198.1, 193.0, 150.8, 137.9, 134.9, 134.2, 133.3, 133.1, 129.4, 127.8, 44.3, 41.6, 27.4, 
22.0; HRMS (ESI, m/z): calcd. for C18H20O3H+ 285.1485, found 285.1484.

Me
CHO

O

Me

Me

O Me

3b

5-methyl-2-((E)-2-methyl-5-oxo-2-((E)-3-oxobut-1-en-1-yl)hex-3-en-1-
yl)benzaldehyde (3b): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.07 (s, 1H), 7.60 
(s, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.06 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 16.0 Hz, 2H), 
5.91 (d, J = 16.0 Hz, 2H), 3.40 (s, 2H), 2.41 (s, 3H), 2.24 (s, 6H), 1.24 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ 198.1, 193.1, 151.0, 137.6, 134.9, 134.7, 134.4, 133.9, 
133.3, 129.4, 44.3, 41.2, 27.2, 22.0, 20.8; HRMS (ESI, m/z): calcd. for C19H22O3H+ 

299.1642, found 299.1642. 

Me
CHO

O

Me

Me

O F

3c

5-fluoro-2-((E)-2-methyl-5-oxo-2-((E)-3-oxobut-1-en-1-yl)hex-3-en-1-
yl)benzaldehyde (3c): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.09 (d, J = 0.8 Hz, 
1H), 7.53 (dd, J = 4.0, 12.0 Hz, 1H), 7.26-7.15 (m, 2H), 6.81 (d, J = 16.0 Hz, 2H), 
5.94 (d, J = 16.0 Hz, 2H), 3.39 (s, 2H), 2.24 (s, 6H), 1.23 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 198.0, 191.0, 161.9, 150.3, 136.4, 135.0, 133.8, 129.6, 120.4, 118.6, 
44.1, 40.7, 27.5, 21.9; 19F NMR (376 MHz, CDCl3) δ 113.14; HRMS (ESI, m/z): 
calcd. for C18H19FO3H+ 303.1391, found 303.1389.
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Me
O

O Me

Me

Me
CHO 3d

5-methyl-2-((E)-2-methyl-5-oxo-2-((E)-3-oxohept-1-en-1-yl)non-3-en-1-
yl)benzaldehyde (3d): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.07 (s, 1H), 7.59 
(s, 1H), 7.30 (d, J = 9.0 Hz, 1H), 7.03 (d, J = 9.0 Hz, 1H), 6.85 (d, J = 16.4 Hz, 2H), 
5.93 (d, J = 16.4 Hz, 2H), 3.38 (s, 2H), 2.51 (t, J = 8.0 Hz, 4H ), 2.40 (s, 3H), 1.61-
1.53 (m, 4H), 1.36-1.30 (m, 4H), 1.21 (s, 3H), 0.92 (t, J = 8.0 Hz, 6H ); 13C NMR 
(100 MHz, CDCl3) δ 200.4, 192.9, 149.9, 137.5, 135.1, 134.8, 134.1, 133.9, 133.3, 
128.5, 44.2, 41.1, 40.3, 26.1, 22.4, 22.0, 20.8, 13.9; HRMS (ESI, m/z): calcd. for 
C25H34O3Na+ 405.2400, found 405.2400.

Me
O

O Me

Me

CHO

Me
Me Me

3e

2-((E)-2,8-dimethyl-2-((E)-6-methyl-3-oxohept-1-en-1-yl)-5-oxonon-3-en-1-yl)-5-
methylbenzaldehyde (3e): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.07 (s, 1H), 
7.59 (s, 1H), 7.31-7.27 (m, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 16.0 Hz, 2H), 
5.93 (d, J = 16.0 Hz, 2H), 3.38 (s, 2H), 2.51 (t, J = 6.0 Hz, 4H), 2.40 (s, 3H), 1.60-
1.45 (m, 6H), 1.34-1.21 (m, 8H), 0.91 (d, J = 6.4 Hz, 12H); 13C NMR (100 MHz, 
CDCl3) δ 200.5, 192.9, 149.9, 137.5, 135.1, 134.8, 134.2, 133.9, 133.3, 128.4, 44.2, 
41.2, 38.7, 32.8, 29.7, 27.8, 22.4, 22.1, 20.8; HRMS (ESI, m/z): calcd. for 
C27H38O3Na+ 433.2713, found 433.2712.

Me
CHO

O

Ph

Ph

O

3f

2-((E)-2-methyl-5-oxo-2-((E)-3-oxo-3-phenylprop-1-en-1-yl)-5-phenylpent-3-en-1-
yl)benzaldehyde (3f): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.14 (s, 1H), 7.89 
(d, J = 8.0 Hz, 4H), 7.82-7.79 (m, 1H), 7.59-7.54 (m, 2H), 7.51-7.44 (m, 6H), 7.23-
7.16 (m, 3H), 6.80 (d, J = 16.0 Hz, 2H), 3.55 (s, 2H), 1.38 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 192.7, 190.1, 152.3, 138.2, 137.6, 135.1, 133.5, 133.4, 133.1, 133.06, 
128.7, 128.6, 127.6, 124.4, 44.9, 41.4, 22.3; HRMS (ESI, m/z): calcd. for C28H24O3H+ 

409.1798, found 409.1802.



S14

Me

O

O

3gMe

O

Me

2-((E)-2-methyl-5-oxo-2-((E)-3-oxo-3-(p-tolyl)prop-1-en-1-yl)-5-(p-tolyl)pent-3-
en-1-yl)benzaldehyde (3g): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.14 (s, 1H), 
7.80 (d, J = 8.0 Hz, 5H), 7.50-7.40 (m, 2H), 7.26-7.21 (m, 5H), 7.16 (d, J = 16.0 Hz, 
2H), 6.80 (d, J = 16.0 Hz, 2H), 3.54 (s, 2H), 2.41 (s, 6H), 1.37 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 192.6, 189.6, 151.9, 143.9, 138.3, 135.13, 135.05, 133.34, 133.25, 
133.0, 129.3, 128.7, 127.5, 124.4, 44.8, 41.4, 22.4, 21.7; HRMS (ESI, m/z): calcd. for 
C30H28O3H+ 437.2111, found 437.2114.

3h

Me

O

O

Cl

O

Cl

Me

2-((E)-5-(4-chlorophenyl)-2-((E)-3-(4-chlorophenyl)-3-oxoprop-1-en-1-yl)-2-
methyl-5-oxopent-3-en-1-yl)-5-methylbenzaldehyde (3h): Yellow oil. 1H NMR 
(400 MHz, CDCl3) δ 10.08 (s, 1H), 7.82 (d, J = 8.0 Hz, 4H), 7.59 (s, 1H), 7.40 (d, J = 
8.0 Hz, 4H), 7.29 (d, J = 8.0 Hz, 1H), 7.19 (d, J = 16.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 
1H), 6.76 (d, J = 16.0 Hz, 2H), 3.50 (s, 2H), 2.38 (s, 3H), 1.38 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 192.9, 188.7, 152.9, 139.4, 137.5, 135.8, 135.0, 134.9, 134.0, 133.9, 
133.3, 130.0, 128.9, 123.8, 45.0, 41.1, 22.3, 20.8; HRMS (ESI, m/z): calcd. for 
C29H24Cl2O3H+ 491.1175, found 491.1179.

3i

Me

O

O

F

O

F

Me

2-((E)-5-(4-fluorophenyl)-2-((E)-3-(4-fluorophenyl)-3-oxoprop-1-en-1-yl)-2-
methyl-5-oxopent-3-en-1-yl)-5-methylbenzaldehyde (3i): Yellow oil. 1H NMR (400 
MHz, CDCl3) δ 10.09 (s, 1H), 7.93 (m, 4H), 7.60 (s, 1H), 7.30 (d, J = 8.0 Hz, 1H), 
7.20-7.09 (m, 7H), 6.77 (d, J = 16.0 Hz, 2H), 3.51 (s, 2H), 2.39 (s, 3H), 1.38 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 192.9, 188.3, 165.7, 152.6, 137.5, 135.0, 134.9, 134.1, 
133.93, 133.90, 133.3, 131.2, 123.9, 115.9, 115.7, 44.9, 41.1, 22.4, 20.8; 19F NMR 
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(376 MHz, CDCl3) δ 105.06; HRMS (ESI, m/z): calcd. for C29H24F2O3H+ 459.1766, 
found 459.1770.

Me

O

O Me

O

O

CHO 3j

2-((E)-5-(furan-2-yl)-2-((E)-3-(furan-2-yl)-3-oxoprop-1-en-1-yl)-2-methyl-5-
oxopent-3-en-1-yl)-5-methylbenzaldehyde (3j): Yellow solid. Mp 181-182 ºC. 1H 
NMR (400 MHz, CDCl3) δ 10.12 (s, 1H), 7.63-7.59 (m, 3H), 7.29-7.23 (m, 5H), 7.10 
(d, J = 8.0 Hz, 1H), 6.71 (d, J = 16.0 Hz, 2H), 6.56-6.55 (m, 2H), 3.49 (s, 2H), 2.37 (s, 
3H), 1.35 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 192.8, 177.6, 153.2, 151.8, 146.7, 
137.4, 135.1, 134.9, 133.9, 133.7, 133.2, 123.5, 118.0, 112.5, 44.7, 41.0, 22.3, 20.8; 
HRMS (ESI, m/z): calcd. for C25H22O5H+ 403.1540, found 403.1549.

Me

O

O Me

S

S

CHO 3k

5-methyl-2-((E)-2-methyl-5-oxo-2-((E)-3-oxo-3-(thiophen-2-yl)prop-1-en-1-yl)-5-
(thiophen-2-yl)pent-3-en-1-yl)benzaldehyde (3k): Yellow solid. Mp 150-151 ºC. 1H 
NMR (400 MHz, CDCl3) δ 10.10 (s, 1H), 7.71-7.59 (m, 5H), 7.28 (d, J = 4.0 Hz, 1H), 
7.21 (d, J = 16.0 Hz, 2H), 7.12-7.09 (m, 3H), 6.70 (d, J = 16.0 Hz, 2H), 3.49 (s, 2H), 
2.36 (s, 3H), 1.36(s, 3H); 13C NMR (100 MHz, CDCl3) δ 192.9, 181.7, 151.8, 144.9, 
137.4, 135.1, 134.9, 134.2, 134.0, 133.9, 133.2, 132.3, 128.2, 123.9, 44.7, 41.1, 22.4, 
20.8; HRMS (ESI, m/z): calcd. for C25H22O3S2Na+ 457.0903, found 457.0904.

     
EtO2C

Me

O

CO2Et

CHO
5a

(2E,5E)-diethyl 4-(2-formylphenoxy)-4-methylhepta-2,5-dienedioate (5a): Yellow 
oil. 1H NMR (400 MHz, CDCl3) δ 10.64 (s, 1H), 7.86 (dd, J = 1.2, 7.6 Hz, 1H), 7.46-
7.41 (m, 1H), 7.12-7.07 (m, 3H), 6.90 (d, J = 8.4 Hz, 1H), 6.13 (d, J = 16.0 Hz, 2H), 
4.22 (q, J = 7.2 Hz, 4H), 1.72 (s, 3H), 1.31 (t, J = 7.0 Hz, 6H); 13C NMR (100 MHz, 
CDCl3) δ 189.5, 165.6, 157.4, 147.4, 135.1, 133.0, 128.8, 122.32, 122.27, 118.8, 80.5, 
61.0, 25.7, 14.2; HRMS (ESI, m/z): calcd. for C19H22O6H+ 347.1489, found 347.1488.
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NC

Me
CN

CHO 5b

(2E,5E)-4-(2-formylbenzyl)-4-methylhepta-2,5-dienedinitrile (5b): Yellow oil. 1H 
NMR (400 MHz, CDCl3) δ 10.07 (s, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.60-7.52 (m, 2H), 
7.16 (d, J = 8.0 Hz, 1H), 6.74 (d, J = 16.0 Hz, 2H), 5.22 (d, J = 16.0 Hz, 2H), 3.44 (s, 
2H), 1.22 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 193.7, 157.2, 136.4, 136.0, 134.8, 
133.4, 133.3, 128.3, 116.7, 100.3, 46.3, 40.9, 21.1; HRMS (ESI, m/z): calcd. for 
C16H14N2ONa+ 273.0998, found 273.1004.

EtO2C

Me

O

CO2Et

5c

(2E,5E)-diethyl 4-methyl-4-(3-oxopropyl)hepta-2,5-dienedioate (5c): Yellow oil. 
1H NMR (400 MHz, CDCl3) δ 9.69 (s, 1H), 6.80 (d, J = 16.0 Hz, 2H), 5.73 (d, J = 
16.0 Hz, 2H), 4.16-4.10 (m, 4H), 2.37 (t, J = 8.0 Hz, 2H), 1.83 (t, J = 8.0 Hz, 2H), 
1.23 (t, J = 8.0 Hz, 6H), 1.17 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 199.8, 165.2, 
150.6, 120.0, 59.6, 40.9, 38.1, 30.4, 21.6, 13.2; HRMS (ESI, m/z): calcd. for 
C15H22O5Na+ 305.1359, found 305.1364.

 
EtO2C

Me

CO2Et

CHO 5d

(2E,5E)-diethyl 4-(2-formylphenyl)-4-methylhepta-2,5-dienedioate (5d): Yellow 
oil. 1H NMR (400 MHz, CDCl3) δ 10.14 (s, 1H), 8.01 (d, J = 6.4 Hz, 1H), 7.62 (t, J = 
7.0 Hz, 1H), 7.50-7.48 (m, 2H), 7.40 (dd, J = 1.2, 16.0 Hz, 2H), 5.59 (dd, J = 1.2, 
16.0 Hz, 2H), 4.20-4.15 (m, 4H), 1.73 (s, 3H), 1.29-1.25 (m, 6H); 13C NMR (100 
MHz, CDCl3) δ 191.2, 166.0, 153.7, 144.0, 134.0, 133.7, 131.3, 128.3, 127.8, 121.3, 
60.8, 47.3, 28.1, 14.2; HRMS (ESI, m/z): calcd. for C19H22O5Na+  353.1359, found 
353.1359.

EtO2C

Me

CO2Et

O
H

2a

(E)-ethyl 3-((2S,3S)-3-(2-ethoxy-2-oxoethyl)-2-methyl-4-oxo-1,2,3,4-
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tetrahydronaphthalen-2-yl)acrylate (2a): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 
8.00 (d, J = 7.6 Hz, 1H), 7.53-7.49 (m, 1H), 7.33 (t, J = 7.6 Hz, 1H), 7.21 (d, J = 7.6 
Hz, 1H), 7.05 (d, J = 16.0 Hz, 1H), 5.91 (d, J = 16.0 Hz, 1H), 4.26-4.16 (m, 4H), 
3.41-3.36 (m, 2H), 2.81-2.72 (m, 2H), 2.22 (dd, J = 3.6, 16.4 Hz, 1H), 1.35-1.27 (m, 
6H), 1.03 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 196.7, 172.6, 166.3, 153.6, 140.2, 
134.1, 131.4, 129.2, 127.2, 127.1, 120.7, 60.8, 60.7, 52.0, 43.1, 42.4, 30.7, 16.9, 14.24, 
14.15; HRMS (ESI, m/z): calcd. for C20H24O5H+ 345.1697, found 345.1693; [α]D

26: 
42.0 (c 2.2, CHCl3); HPLC analysis: 99.5% ee (Chiralcel AD-H, 20:80 iPrOH/Hexane, 
1 mL/min), Rt (major) = 6.0 min, Rt (minor) = 5.4 min.

EtO2C

Et

CO2Et

O
H

2b

(E)-ethyl 3-((2S,3S)-3-(2-ethoxy-2-oxoethyl)-2-ethyl-4-oxo-1,2,3,4-
tetrahydronaphthalen-2-yl)acrylate (2b): Yellow oil. 1H NMR (400 MHz, CDCl3) 
δ 8.01 (d, J = 7.2 Hz, 1H), 7.52 (t, J = 7.0 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 7.25 (d, J 
= 9.8 Hz, 1H), 6.93 (d, J = 16.0 Hz, 1H), 5.94 (d, J = 16.0 Hz, 1H), 4.26-4.14 (m, 4H), 
3.37-3.34 (m, 1H), 3.21 (d, J = 16.0 Hz, 1H), 3.04 (d, J = 16.0 Hz, 1H), 2.81-2.74 (m, 
1H), 2.40-2.35 (m, 1H), 1.34-1.28 (m, 8H), 0.74 (t, J = 6.0 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ 197.1, 172.7, 166.3, 151.7, 139.8, 134.2, 131.7, 128.9, 127.2, 127.1, 
121.7, 60.9, 60.7, 53.5, 45.7, 37.4, 30.1, 23.2, 14.3, 14.2, 8.6; HRMS (ESI, m/z): 
calcd. for C21H26O5H+ 359.1853, found 359.1846; [α]D

26: 20.5 (c 1.0, CHCl3); HPLC 
analysis: 98% ee (Chiralcel IA, Hexane, 1 mL/min), Rt (major) = 5.2 min, Rt (minor) 
= 4.8 min.

EtO2C

CO2Et

O
H

2c

(E)-ethyl 3-((2S,3S)-2-allyl-3-(2-ethoxy-2-oxoethyl)-4-oxo-1,2,3,4-
tetrahydronaphthalen-2-yl)acrylate (2c): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 
8.02 (d, J = 7.6 Hz, 1H), 7.51 (t, J = 7.2 Hz, 1H), 7.34 (t, J = 7.2 Hz, 1H), 7.20 (d, J = 
7.6 Hz, 1H), 6.99 (d, J = 16.0 Hz, 1H), 5.98 (d, J = 16.0 Hz, 1H), 5.65-5.54 (m, 1H), 
5.00 (d, J = 10.0 Hz, 1H), 4.75 (d, J = 17.2 Hz, 1H), 4.26-4.17 (m, 4H), 3.41-3.37 (m, 
1H), 3.22 (d, J = 16.4 Hz, 1H), 3.04 (d, J = 16.4 Hz, 1H), 2.85-2.79 (m, 1H), 2.43-
2.37 (m, 1H), 2.30-2.24 (m, 1H), 2.07-2.02 (m, 1H), 1.31 (q, J = 7.2 Hz, 6H); 13C 
NMR (100 MHz, CDCl3) δ 196.8, 172.6, 166.2, 151.4, 139.7, 134.2, 132.3, 131.7, 
129.1, 127.2, 127.1, 121.8, 119.2, 60.9, 60.8, 53.0, 45.3, 38.3, 35.1, 30.2, 14.3, 14.2; 
HRMS (ESI, m/z): calcd. for C22H26O5H+ 371.1853, found 371.1849; [α]D

26: -15.7 (c 
1.5, CHCl3); HPLC analysis: 94% ee (Chiralcel IC, Hexane, 1 mL/min), Rt (major) = 
9.0 min, Rt (minor) = 7.4 min.
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EtO2C

CO2Et

OPh
H

2d

(E)-ethyl 3-((2S,3S)-2-benzyl-3-(2-ethoxy-2-oxoethyl)-4-oxo-1,2,3,4-
tetrahydronaphthalen-2-yl)acrylate (2d): Yellow oil. 1H NMR (400 MHz, CDCl3) 
δ 7.98 (d, J = 8.0 Hz, 1H), 7.49 (t, J = 7.2 Hz, 1H), 7.33-7.26 (m, 4H), 7.17 (d, J = 7.6 
Hz, 1H), 7.05 (d, J = 6.4 Hz, 2H), 6.85 (d, J = 16.0 Hz, 1H), 6.44 (d, J = 16.0 Hz, 1H), 
4.25-4.18 (m, 2H), 4.11 (q, J = 6.8 Hz, 2H), 3.43 (dd, J = 4.0, 8.8 Hz, 1H), 3.10 (d, J 
= 16.8 Hz, 1H), 2.93-2.84 (m, 4H), 2.72-2.66 (m, 1H), 1.30 (t, J = 7.2 Hz, 3H), 1.23 (t, 
J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 195.9, 171.2, 164.7, 147.5, 139.1, 
134.3, 133.2, 130.3, 129.6, 128.0, 127.2, 126.4, 126.1, 126.0, 121.9, 76.2, 60.0, 59.5, 
51.6, 45.3, 43.6, 35.3, 29.8, 13.2, 13.1; HRMS (ESI, m/z): calcd. for C26H28O5H+ 

421.2010, found 421.2005; [α]D
26: -31.1 (c 1.1, CHCl3); HPLC analysis: 98% ee 

(Chiralcel IC, 10:90 iPrOH/Hexane, 1 mL/min), Rt (major) = 10.5 min, Rt (minor) = 
6.4 min.

MeO2C

Me
CO2Me

O
H

2e

(E)-methyl 3-((2S,3S)-3-(2-methoxy-2-oxoethyl)-2-methyl-4-oxo-1,2,3,4-
tetrahydronaphthalen-2-yl)acrylate (2e): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 
8.00 (d, J = 7.6 Hz, 1H), 7.62 (t, J = 7.6 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 7.22 (d, J = 
7.6 Hz, 1H), 7.06 (d, J = 16.0 Hz, 1H), 5.92 (d, J = 16.0 Hz, 1H), 3.78 (s, 3H), 3.73 (s, 
3H), 3.40-3.36 (m, 2H), 2.81-2.72 (m, 2H), 2.22 (dd, J = 3.2, 16.0 Hz, 1H), 1.03 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ 196.7, 173.1, 166.8, 153.9, 140.1, 134.2, 131.3, 
129.2, 127.2, 127.1, 120.4, 52.1, 52.0, 51.8, 43.1, 42.3, 30.5, 16.8; HRMS (ESI, m/z): 
calcd. for C18H20O5H+ 317.1384, found 317.1381; [α]D

26: -15.4 (c 1.6, CHCl3); HPLC 
analysis: 99% ee (Chiralcel IC, Hexane, 1 mL/min), Rt (major) = 13.4 min, Rt (minor) 
= 9.6 min.

PhO2C

Me
CO2Ph

O
H

2f

(E)-phenyl 3-((2S,3S)-2-methyl-4-oxo-3-(2-oxo-2-phenoxyethyl)-1,2,3,4-
tetrahydronaphthalen-2-yl)acrylate (2f): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 
8.07 (d, J = 7.6 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.42-7.32 (m, 5H), 7.29-7.12 (m, 
8H), 6.18 (d, J = 16.0 Hz, 1H), 3.53 (dd, J = 3.6, 9.6 Hz, 1H), 3.46 (d, J = 16.4 Hz, 



S19

1H), 3.10-3.03 (m, 1H), 2.83 (d, J = 16.4 Hz, 1H), 2.53 (dd, J = 3.8, 16.6 Hz, 1H), 
1.15 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 196.2, 171.2, 164.7, 155.6, 150.9, 150.6, 
140.1, 134.3, 131.2, 129.5, 129.4, 129.3, 127.3, 127.2, 126.0, 125.8, 121.6, 121.5, 
120.3, 52.3, 43.4, 42.3, 31.0, 17.0; HRMS (ESI, m/z): calcd. for C28H24O5H+ 

441.1697, found 441.1695; [α]D
26: -14.6 (c 2.1, CHCl3); HPLC analysis: 95% ee 

(Chiralcel IC, 10:90 iPrOH/Hexane, 1 mL/min), Rt (major) = 38.1 min, Rt (minor) = 
27.5 min.

tBuO2C

Me

CO2tBu

O
H

2g

(E)-tert-butyl 3-((2S,3S)-3-(2-(tert-butoxy)-2-oxoethyl)-2-methyl-4-oxo-1,2,3,4-
tetrahydronaphthalen-2-yl)acrylate (2g): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 
8.01 (d, J = 7.6 Hz, 1H), 7.52-7.47 (m, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.20 (d, J = 7.6 
Hz, 1H), 6.95 (d, J = 16.0 Hz, 1H), 5.82 (d, J = 16.0 Hz, 1H), 3.38-3.30 (m, 2H), 
2.74-2.66 (m, 2H), 2.16 (dd, J = 3.2, 16.4 Hz, 1H), 1.51 (s, 9H), 1.48 (s, 9H), 1.00 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ 196.9, 171.8, 165.7, 152.7, 140.3, 133.9, 131.5, 
129.1, 127.2, 126.9, 122.3, 80.8, 80.6, 52.1, 42.9, 42.6, 31.7, 28.2, 28.1, 17.1; HRMS 
(ESI, m/z): calcd. for C24H32O5H+ 401.2323, found 401.2323; [α]D

26: -83.2 (c 0.7, 
CHCl3); HPLC analysis: 96% ee (Chiralcel AD-H, 5:95 iPrOH/Hexane, 1 mL/min), Rt 
(major) = 6.3 min, Rt (minor) = 5.0 min.

EtO2C

Me
CO2Et

O

F

H

2h

(E)-ethyl 3-((2S,3S)-3-(2-ethoxy-2-oxoethyl)-7-fluoro-2-methyl-4-oxo-1,2,3,4-
tetrahydronaphthalen-2-yl)acrylate (2h): Yellow oil. 1H NMR (400 MHz, CDCl3) 
δ 8.06-7.96 (m, 1H), 7.04-7.00 (m, 2H), 6.90 (d, J = 8.8 Hz, 1H), 5.91 (d, J = 16.0 Hz, 
1H), 4.26-4.16 (m, 4H), 3.38-3.14 (m, 2H), 2.80-2.70 (m, 2H), 2.22 (dd, J = 3.6, 16.4 
Hz, 1H), 1.34-1.26 (m, 6H), 1.03 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 195.3, 172.5, 
166.2, 153.2, 143.2, 130.4, 128.0, 121.0, 115.6, 114.8, 60.9, 60.7, 51.9, 43.0, 42.4, 
30.6, 16.9, 14.3, 14.2; 19F NMR (376 MHz, CDCl3) δ 103.58; HRMS (ESI, m/z): 
calcd. for C20H23FO5Na+ 385.1422, found 385.1423; [α]D

26: 8.6 (c 2.7, CHCl3); HPLC 
analysis: 90% ee (Chiralcel IC, 3:97 iPrOH/Hexane, 1 mL/min), Rt (major) = 36.0 
min, Rt (minor) = 34.3 min.
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EtO2C

Me

CO2Et

O

Cl

H

2i

(E)-ethyl 3-((2S,3S)-6-chloro-3-(2-ethoxy-2-oxoethyl)-2-methyl-4-oxo-1,2,3,4-
tetrahydronaphthalen-2-yl)acrylate (2i): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 
8.05-7.95 (m, 1H), 7.53-7.29 (m, 1H), 7.23-6.99 (m, 2H), 5.91 (dd, J = 0.8, 16.0 Hz, 
1H), 4.26-4.16 (m, 4H), 3.38-3.30 (m, 2H), 2.79-2.70 (m, 2H), 2.25-2.19 (m, 1H), 
1.34-1.27 (m, 6H), 1.01 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 195.7, 172.4, 166.2, 
153.2, 138.4, 134.0, 133.3, 132.6, 130.8, 127.0, 121.0, 77.2, 60.9, 60.8, 51.9, 43.0, 
41.8, 30.5, 16.9, 14.3, 14.2; HRMS (ESI, m/z): calcd. for C20H23ClO5Na+ 401.1126, 
found 401.1127; [α]D

26: -20.8 (c 1.9, CHCl3); HPLC analysis: 97% ee (Chiralcel AS-
H, 1:99 iPrOH/Hexane, 1 mL/min), Rt (major) = 24.3 min, Rt (minor) = 18.8 min.

EtO2C

Me

CO2Et

O

F

H

2j

(E)-ethyl 3-((2S,3S)-3-(2-ethoxy-2-oxoethyl)-6-fluoro-2-methyl-4-oxo-1,2,3,4-
tetrahydronaphthalen-2-yl)acrylate (2j): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 
7.67 (dd, J = 6.0, 13.2 Hz, 1H), 7.23-7.20 (m, 2H), 7.03 (d, J = 16.0 Hz, 1H), 5.91 (d, 
J = 16.0 Hz, 1H), 4.26-4.17 (m, 4H), 3.38-3.31 (m, 2H), 2.80-2.71 (m, 2H), 2.22 (dd, 
J = 3.2, 16.4 Hz, 1H), 1.34-1.27 (m, 6H), 1.02 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 
195.8, 172.4, 166.2, 161.7, 153.3, 135.8, 133.0, 131.0, 121.5, 121.4, 113.2, 60.9, 60.7, 
51.9, 43.1, 41.7, 30.6, 16.9, 14.2, 14.1; 19F NMR (376 MHz, CDCl3) δ 104.30;  
HRMS (ESI, m/z): calcd. for C20H23FO5Na+ 385.1422, found 385.1423; [α]D

26: -12.7 
(c 2.9, CHCl3); HPLC analysis: 94% ee (Chiralcel AD-H, 10:90 iPrOH/Hexane, 1 
mL/min), Rt (major) = 9.3 min, Rt (minor) = 7.7 min.

EtO2C

CO2Et

O

F

H

2k

(E)-ethyl 3-((2S,3S)-2-allyl-3-(2-ethoxy-2-oxoethyl)-6-fluoro-4-oxo-1,2,3,4-
tetrahydronaphthalen-2-yl)acrylate (2k): Yellow oil. 1H NMR (400 MHz, CDCl3) 
δ 7.68 (dd, J = 2.6, 9.0 Hz, 1H), 7.25-7.17 (m, 2H), 6.97 (d, J = 16.0 Hz, 1H), 5.97 (d, 
J = 16.0 Hz, 1H), 5.63-5.53 (m, 1H), 5.00 (d, J = 10.4 Hz, 1H), 4.76 (d, J = 17.2 Hz, 
1H), 4.25-4.17 (m, 4H), 3.38 (dd, J = 3.6, 9.2 Hz, 1H), 3.16 (d, J = 16.0 Hz, 1H), 3.02 
(d, J = 16.0 Hz, 1H), 2.84-2.78 (m, 1H), 2.40 (dd, J = 3.4, 16.2 Hz, 1H), 2.30-2.25 (m, 
1H), 2.04-1.98 (m, 1H), 1.33-1.26 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 195.8, 
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172.4, 166.1, 151.0, 135.4, 133.3, 132.1, 130.9, 122.0, 121.5, 119.3, 113.3, 61.0, 60.8, 
52.7, 45.4, 37.6, 35.1, 30.1, 14.23, 14.15; 19F NMR (376 MHz, CDCl3) δ 114.17; 
HRMS (ESI, m/z): calcd. for C22H25FO5Na+ 411.1578, found 411.1579; [α]D

26: 15.0 (c 
5.0, CHCl3); HPLC analysis: 93% ee (Chiralcel IC, 10:90 iPrOH/Hexane, 1 mL/min), 
Rt (major) = 13.4 min, Rt (minor) = 10.2 min.

EtO2C

Me

CO2Et

O

Me

H

2l

(E)-ethyl 3-((2S,3S)-3-(2-ethoxy-2-oxoethyl)-2,6-dimethyl-4-oxo-1,2,3,4-
tetrahydronaphthalen-2-yl)acrylate (2l): Yellow oil. 1H NMR (400 MHz , CDCl3) 
δ 7.81 (s, 1H), 7.32 (d, J = 6.8 Hz, 1H), 7.11-7.02 (m, 2H), 5.90 (d, J = 16.0 Hz, 1H), 
4.25-4.16 (m, 4H), 3.38-3.31 (m, 2H), 2.79-2.68 (m, 2H), 2.36 (s, 3H), 2.20 (dd, J = 
3.4, 16.2 Hz, 1H), 1.34-1.27 (m, 6H), 1.01 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 
196.9, 172.7, 166.4, 153.8, 137.3, 136.8, 135.0, 131.1, 129.1, 127.3, 120.6, 60.8, 60.7, 
52.1, 43.2, 42.0, 30.7, 21.0, 16.9, 14.3, 14.2; HRMS (ESI, m/z): calcd. for 
C21H26O5Na+ 381.1673, found 381.1672; [α]D

26: -68.6 (c 0.7, CHCl3); HPLC analysis: 
98% ee (Chiralcel AD-H, 5:95 iPrOH/Hexane, 1 mL/min), Rt (major) = 13.3 min, Rt 
(minor) = 11.8 min.

OMe

Me

O

O

Me

H
4a

(2S,3S)-3-methyl-3-((E)-3-oxobut-1-en-1-yl)-2-(2-oxopropyl)-3,4-
dihydronaphthalen-1(2H)-one (4a): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.98 
(d, J = 7.6 Hz, 1H), 7.52 (t, J = 7.2 Hz, 1H), 7.33 (t, J = 7.2 Hz, 1H), 7.22 (d, J = 7.2 
Hz, 1H), 6.83 (d, J = 16.4 Hz, 1H), 6.13 (d, J = 16.4 Hz, 1H), 3.52 (d, J = 8.0 Hz, 1H), 
3.38 (d, J = 16.4 Hz, 1H), 3.10-3.03 (m, 1H), 2.76 (d, J = 16.4 Hz, 1H), 2.29 (s, 6H), 
2.12 (d, J = 17.2 Hz, 1H), 1.02 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 206.9, 198.4, 
196.8, 153.0, 140.2, 134.1, 131.3, 129.3, 129.2, 127.13, 127.09, 51.5, 43.1, 42.5, 38.9, 
30.6, 27.3, 17.0; HRMS (ESI, m/z): calcd. for C18H20O3Na+ 307.1305, found 
307.1305; [α]D

26: 74.1 (c 0.6, CHCl3); HPLC analysis: 98% ee (Chiralcel AD-H, 
30:70 iPrOH/Hexane, 1 mL/min), Rt (major) = 4.1 min, Rt (minor) = 3.7 min.

OMe

Me

O

O

Me

Me

H
4b



S22

(2S,3S)-3,7-dimethyl-3-((E)-3-oxobut-1-en-1-yl)-2-(2-oxopropyl)-3,4-
dihydronaphthalen-1(2H)-one (4b): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.78 
(s, 1H), 7.35-7.30 (m, 1H), 7.11 (d, J = 8.0 Hz, 1H), 6.83 (d, J = 16.0 Hz, 1H), 6.12 (d, 
J = 16.0 Hz, 1H), 3.51 (dd, J = 3.4, 8.4 Hz, 1H), 3.33 (d, J = 16.4 Hz, 1H), 3.09-3.02 
(m, 1H), 2.71 (d, J = 16.4 Hz, 1H), 2.36 (s, 3H), 2.30 (s, 3H), 2.29 (s, 3H), 2.12 (dd, J 
= 3.2, 16.8 Hz, 1H), 1.01 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 207.0, 198.5, 197.0, 
153.2, 137.3, 136.8, 135.1, 131.1, 129.3, 129.1, 127.3, 51.5, 43.2, 42.1, 38.9, 30.6, 
27.3, 21.0, 16.9; HRMS (ESI, m/z): calcd. for C19H22O3H+ 299.1642, found 299.1642; 
[α]D

26: 70.3 (c 1.5, CHCl3); HPLC analysis: 92% ee (Chiralcel AD-H, 5:95 
iPrOH/Hexane, 1 mL/min), Rt (major) = 14.3 min, Rt (minor) = 12.7 min.

OMe

Me

O

O

Me

F

H

4c

(2S,3S)-7-fluoro-3-methyl-3-((E)-3-oxobut-1-en-1-yl)-2-(2-oxopropyl)-3,4-
dihydronaphthalen-1(2H)-one (4c): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.64 
(dd, J = 2.0, 8.8 Hz, 1H), 7.24-7.21 (m, 2H), 6.82 (d, J = 16.4 Hz, 1H), 6.13 (d, J = 
16.4 Hz, 1H), 3.51 (dd, J = 3.2, 8.4 Hz, 1H), 3.33 (d, J = 16.4 Hz, 1H), 3.08-3.02 (m, 
1H), 2.74 (d, J = 16.4 Hz, 1H), 2.30 (s, 3H), 2.29 (s, 3H), 2.13 (dd, J = 3.2, 17.2 Hz, 
1H), 1.01 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 206.7, 198.3, 195.9, 161.7, 152.6, 
135.9, 132.9, 131.1, 129.5, 121.5, 113.2, 51.2, 43.2, 41.8, 38.8, 30.5, 27.4, 16.9; 19F 
NMR (376 MHz, CDCl3) δ 114.21; HRMS (ESI, m/z): calcd. for C18H19FO3Na+ 

325.1210, found 325.1216; [α]D
26: 31.9 (c 0.6, CHCl3); HPLC analysis: 83% ee 

(Chiralcel AD-H, 10:90 iPrOH/Hexane, 1 mL/min), Rt (major) = 7.1 min, Rt (minor) 
= 6.7 min.

O
Me

O

O Me

Me

Me H
4d

(2S,3S)-3,7-dimethyl-3-((E)-3-oxohept-1-en-1-yl)-2-(2-oxohexyl)-3,4-
dihydronaphthalen-1(2H)-one (4d): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.78 
(s, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.10 (d, J = 7.6 Hz, 1H), 6.84 (d, J = 16.4 Hz, 1H), 
6.13 (d, J = 16.4 Hz, 1H), 3.53 (dd, J = 3.2, 8.4 Hz, 1H), 3.32 (d, J = 16.4 Hz, 1H), 
3.04-2.97 (m, 1H), 2.72-2.44 (m, 5H), 2.36 (s, 3H), 2.07 (dd, J = 3.0, 9.0 Hz, 1H), 
1.62-1.60 (m, 4H), 1.38-1.32 (m, 4H), 1.00 (s, 3H), 0.95-0.90 (m, 6H); 13C NMR (100 
MHz, CDCl3) δ 209.2, 200.7, 197.3, 152.1, 137.3, 136.8, 135.0, 131.2, 129.1, 128.5, 
127.3, 51.4, 43.2, 42.2, 40.1, 38.2, 29.7, 26.2, 25.9, 22.4, 21.0, 17.1, 13.9; HRMS 
(ESI, m/z): calcd. for C25H34O3Na+ 405.2400, found 405.2407; [α]D

26: -58.9 (c 0.6, 
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CHCl3); HPLC analysis: 96% ee (Chiralcel AD-H, 10:90 iPrOH/Hexane, 1 mL/min), 
Rt (major) = 5.5 min, Rt (minor) = 4.9 min.

O
Me

O Me

H
O

Me

Me
Me Me

4e

(2S,3S)-3,7-dimethyl-2-(5-methyl-2-oxohexyl)-3-((E)-6-methyl-3-oxohept-1-en-1-
yl)-3,4-dihydronaphthalen-1(2H)-one (4e): Yellow oil. 1H NMR (400 MHz, CDCl3) 
δ 7.78 (s, 1H), 7.32 (d, J = 7.6 Hz, 1H), 7.10 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 16.0 Hz, 
1H), 6.14 (d, J = 16.0 Hz, 1H), 3.53 (dd, J = 2.8, 8.8 Hz, 1H), 3.32 (d, J = 16.4 Hz, 
1H), 3.05-2.99 (m, 1H), 2.72-2.45 (m, 5H), 2.36 (s, 3H), 2.08 (dd, J = 3.0, 17.0 Hz, 
1H), 1.60-1.47 (m, 6H), 1.01 (s, 3H), 0.91 (t, J = 5.0 Hz, 12H); 13C NMR (100 MHz, 
CDCl3) δ 209.3, 200.8, 197.3, 152.0, 137.3, 136.8, 135.0, 131.1, 129.1, 128.4, 127.3, 
51.4, 43.20, 42.19, 41.5, 38.5, 38.2, 32.9, 32.6, 27.8, 22.41, 22.37, 21.0, 17.1; HRMS 
(ESI, m/z): calcd. for C27H38O3Na+ 433.2713, found 433.2717; [α]D

26: 16.0 (c 1.2, 
CHCl3); HPLC analysis: 90% ee (Chiralcel AD-H, 8:92 iPrOH/Hexane, 1 mL/min), Rt 
(major) = 5.0 min, Rt (minor) = 4.5 min.

OMe
Ph

O

O

Ph

H
4f

(2S,3S)-3-methyl-2-(2-oxo-2-phenylethyl)-3-((E)-3-oxo-3-phenylprop-1-en-1-yl)-
3,4-dihydronaphthalen-1(2H)-one (4f): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 
8.00 (t, J = 7.6 Hz, 3H), 7.89 (d, J = 7.2 Hz, 2H), 7.57-7.42 (m, 7H), 7.33 (t, J = 7.6 
Hz, 1H), 7.26-7.23 (m, 1H), 7.15 (d, J = 16.0 Hz, 1H), 6.99 (d, J = 16.0 Hz, 1H), 3.91 
(dd, J = 2.2, 8.6 Hz, 1H), 3.78-3.72 (m, 1H), 3.49 (d, J = 16.4 Hz, 1H), 2.86 (d, J = 
16.4 Hz, 1H), 2.64 (dd, J = 2.6, 17.0 Hz, 1H), 1.21 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 198.3, 197.1, 190.4, 154.3, 140.3, 137.6, 137.1, 134.1, 133.0, 131.5, 129.3, 
128.7, 128.6, 128.2, 127.2, 127.1, 124.3, 51.6, 43.7, 42.7, 34.4, 17.8; HRMS (ESI, 
m/z): calcd. for C28H24O3H+ 409.1798, found 409.1802; [α]D

26: 47.6 (c 4.0, CHCl3); 
HPLC analysis: 97% ee (Chiralcel IC, 10:90 iPrOH/Hexane, 1 mL/min), Rt (major) = 
15.9 min, Rt (minor) = 12.1 min.

4g

Me

O

O

O
MeMe

(2S,3S)-3-methyl-2-(2-oxo-2-(p-tolyl)ethyl)-3-((E)-3-oxo-3-(p-tolyl)prop-1-en-1-
yl)-3,4-dihydronaphthalen-1(2H)-one (4g): Yellow oil. 1H NMR (400 MHz, CDCl3) 



S24

δ 7.99 (d, J = 7.2 Hz, 1H), 7.91 (d, J = 7.2 Hz, 2H), 7.79 (d, J = 6.8 Hz, 2H), 7.58-
7.50 (m, 1H), 7.33-7.17 (m, 6H), 7.12 (d, J = 16.0 Hz, 1H), 6.97 (d, J = 16.0 Hz, 1H), 
3.89 (d, J = 7.6 Hz, 1H), 3.74-3.68 (m, 1H), 3.47 (d, J = 16.0 Hz, 1H), 2.85 (d, J = 
16.0 Hz, 1H), 2.63 (d, J = 16.8 Hz, 1H), 2.40 (s, 3H), 2.38 (s, 3H), 1.20 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ 197.9, 197.3, 190.0, 153.9, 143.9, 143.7, 140.3, 135.1, 
134.6, 134.0, 131.6, 129.33, 129.27, 129.2, 128.7, 128.6, 128.4, 128.3, 127.2, 127.0, 
124.2, 51.6, 43.7, 42.8, 34.2, 21.69, 21.65, 17.8; HRMS (ESI, m/z): calcd. for 
C30H28O3H+ 437.2111, found 437.2114; [α]D

26: 15.7 (c 1.2, CHCl3); HPLC analysis: 
97% ee (Chiralcel AS-H, 4:96 iPrOH/Hexane, 1 mL/min), Rt (major) = 39.3 min, Rt 
(minor) = 34.1 min.

4h

Me

O

O

O
ClCl

Me

(2S,3S)-2-(2-(4-chlorophenyl)-2-oxoethyl)-3-((E)-3-(4-chlorophenyl)-3-oxoprop-1-
en-1-yl)-3,7-dimethyl-3,4-dihydronaphthalen-1(2H)-one (4h): Yellow oil. 1H 
NMR (400 MHz, CDCl3) δ 7.94 (d, J = 8.8 Hz, 2H), 7.83 (d, J = 8.8 Hz, 2H), 7.79 (s, 
1H), 7.44-7.40 (m, 4H), 7.35 (d, J = 8.0 Hz, 1H), 7.17-7.13 (m, 2H), 6.94 (d, J = 16.0 
Hz, 1H), 3.86 (dd, J = 2.6, 8.2 Hz, 1H), 3.71-3.65 (m, 1H), 3.44 (d, J = 16.4 Hz, 1H), 
2.82 (d, J = 16.4 Hz, 1H), 2.56 (dd, J = 2.8, 16.8 Hz, 1H), 2.36 (s, 3H), 1.19 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 197.3, 197.2, 188.9, 154.9, 139.6, 137.3, 136.9, 135.8, 
135.5, 135.2, 131.1, 129.9, 129.6, 129.2, 129.0, 128.9, 127.4, 123.6, 51.9, 43.8, 42.3, 
34.3, 21.0, 17.7; HRMS (ESI, m/z): calcd. for C29H24Cl2O3Na+ 513.0995, found 
513.0999; [α]D

26: -22.3 (c 0.7, CHCl3); HPLC analysis: 97% ee (Chiralcel OD-H, 5:95 
iPrOH/Hexane, 1 mL/min), Rt (major) = 19.4 min, Rt (minor) = 17.3 min.

4i

Me

O

O

O
FF

Me

(2S,3S)-2-(2-(4-fluorophenyl)-2-oxoethyl)-3-((E)-3-(4-fluorophenyl)-3-oxoprop-1-
en-1-yl)-3,7-dimethyl-3,4-dihydronaphthalen-1(2H)-one (4i): Yellow oil. 1H NMR 
(400 MHz, CDCl3) δ 8.04 (q, J = 5.6 Hz, 2H), 7.94 (q, J = 5.6 Hz, 2H), 7.79 (s, 1H), 
7.35 (d, J = 6.8 Hz, 1H), 7.17-7.09 (m, 6H), 6.96 (d, J = 15.6 Hz, 1H), 3.87 (dd, J = 
2.6, 8.2 Hz, 1H), 3.73-3.66 (m, 1H), 3.44 (d, J = 16.4 Hz, 1H), 2.82 (d, J = 16.4 Hz, 
1H), 2.58 (dd, J = 2.8, 16.8 Hz, 1H), 2.36 (s, 3H), 1.19 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 197.3, 196.9, 188.6, 167.0, 164.5, 154.7, 137.1, 135.1, 133.7, 131.2, 131.1, 
130.8, 129.2, 127.4, 123.7, 115.9, 115.7, 115.5, 51.8, 43.8, 42.4, 34.3, 21.0, 17.8; 19F 
NMR (376 MHz, CDCl3) δ 104.96, 105.53; HRMS (ESI, m/z): calcd. for 
C29H24F2O3Na+ 481.1586, found 481.1584; [α]D

26: -13.7 (c 6.6, CHCl3); HPLC 
analysis: 96% ee (Chiralcel IC, 10:90 iPrOH/Hexane, 1 mL/min), Rt (major) = 18.0 
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min, Rt (minor) = 16.8 min.

OMe

O

O Me

O

H
O

4j

(2S,3S)-2-(2-(furan-2-yl)-2-oxoethyl)-3-((E)-3-(furan-2-yl)-3-oxoprop-1-en-1-yl)-
3,7-dimethyl-3,4-dihydronaphthalen-1(2H)-one (4j): Yellow solid. Mp 171-172 ºC. 
1H NMR (400 MHz, CDCl3) δ 7.79 (s, 1H), 7.63 (s, 1H), 7.57 (s, 1H), 7.34 (d, J = 6.8 
Hz, 1H), 7.29-7.21 (m, 3H), 7.13 (d, J = 7.6 Hz, 1H), 6.91 (d, J = 16.0 Hz, 1H), 6.60-
6.50 (m, 2H), 3.80 (dd, J = 2.4, 9.2 Hz, 1H), 3.58-3.52 (m, 1H), 3.42 (d, J = 16.8 Hz, 
1H), 2.80 (d, J = 16.4 Hz, 1H), 2.53 (dd, J = 2.6, 16.6 Hz, 1H), 2.36 (s, 3H), 1.18 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ 197.2, 187.4, 177.7, 153.6, 153.2, 152.7, 146.8, 
146.1, 137.3, 136.8, 135.0, 131.2, 129.1, 127.4, 123.5, 118.1, 116.9, 112.6, 112.3, 
51.3, 43.6, 42.3, 34.3, 21.0, 17.7; HRMS (ESI, m/z): calcd. for C25H22O5Na+ 425.1359, 
found 425.1366; [α]D

26: -37.0 (c 0.6, CHCl3); HPLC analysis: 85% ee (Chiralcel AD-
H, 40:60 iPrOH/Hexane, 1 mL/min), Rt (major) = 5.1 min, Rt (minor) = 4.4 min.

OMe

O

O Me

S

H
S

4k

(2S,3S)-3,7-dimethyl-2-(2-oxo-2-(thiophen-2-yl)ethyl)-3-((E)-3-oxo-3-(thiophen-2-
yl)prop-1-en-1-yl)-3,4-dihydronaphthalen-1(2H)-one (4k): Yellow solid. Mp 150-
151 ºC. 1H NMR (400 MHz, CDCl3) δ 7.81-7.75 (m, 2H), 7.67 (d, J = 4.4 Hz, 1H), 
7.62 (d, J = 4.8 Hz, 1H), 7.34 (d, J = 7.2 Hz, 1H), 7.21-7.11 (m, 5H), 6.90 (d, J = 15.6 
Hz, 1H), 3.84 (d, J = 6.4 Hz, 1H), 3.65-3.58 (m, 1H), 3.42 (d, J = 16.4 Hz, 1H), 2.82 
(d, J = 16.4 Hz, 1H), 2.66-2.62 (m, 1H), 2.36 (s, 3H), 1.18 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 197.3, 191.0, 182.0, 153.5, 144.9, 144.0, 137.3, 136.8, 135.1, 134.3, 
133.5, 132.3, 131.9, 131.2, 129.1, 128.3, 128.0, 127.4, 124.0, 51.5, 43.6, 42.4, 35.3, 
29.7, 21.0, 17.9; HRMS (ESI, m/z): calcd. for C25H22O3S2H+ 435.1083, found 
435.1084; [α]D

26: 11.1 (c 1.6, CHCl3); HPLC analysis: 92% ee (Chiralcel IA, 10:90 
iPrOH/Hexane, 1 mL/min), Rt (major) = 17.3 min, Rt (minor) = 14.3 min.

EtO2C

Me

O

CO2Et

O
H

6a

(E)-ethyl 3-((2S,3S)-3-(2-ethoxy-2-oxoethyl)-2-methyl-4-oxo-1,2,3,4-tetrahydro- 
naphthalen-2-yl)acrylate (6a): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.83 (d, J 
= 8.0 Hz, 1H), 7.51 (t, J = 7.8 Hz, 1H), 7.05-6.97 (m, 3H), 6.22 (d, J = 16.0 Hz, 1H), 
4.26-4.16 (m, 4H), 3.56-3.52 (m, 1H), 2.82-2.75 (m, 1H), 2.37 (dd, J = 4.4, 16.4 Hz, 
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1H), 1.41 (s, 3H), 1.31-1.26 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 191.8, 171.4, 
165.8, 158.6, 147.4, 136.5, 126.9, 122.5, 121.5, 119.9, 118.2, 82.4, 61.2, 60.9, 50.4, 
30.2, 18.8, 14.2, 14.1; HRMS (ESI, m/z): calcd. for C19H22O6H+ 347.1489, found 
347.1488; [α]D

26: 20.4 (c 2.5, CHCl3); HPLC analysis: 88% ee (Chiralcel AD-H, 
10:90 iPrOH/Hexane, 1 mL/min), Rt (major) = 6.9 min, Rt (minor) = 6.1 min.

NC

Me

CN

O
H

6b

(E)-3-((2S,3S)-3-(cyanomethyl)-2-methyl-4-oxo-1,2,3,4-tetrahydronaphthalen-2-
yl)acrylonitrile (6b): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 7.6 Hz, 
1H), 7.58 (t, J = 7.6 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.25-7.23 (d, J = 8.0 Hz, 1H), 
6.98 (d, J = 16.4 Hz, 1H), 5.53 (d, J = 16.4 Hz, 1H), 3.34 (d, J = 16.4 Hz, 1H), 3.06 (t, 
J = 6.0 Hz, 1H), 2.90 (d, J = 6.8 Hz, 0.5H), 2.85 (d, J = 6.8 Hz, 0.5H), 2.79 (d, J = 
16.4 Hz, 1H), 2.44 (d, J = 5.2 Hz, 0.5H), 2.40 (d, J = 5.2 Hz, 0.5H), 1.11 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ 193.4, 158.7, 139.1, 134.9, 130.6, 129.3, 127.72, 127.66, 
118.4, 116.4, 101.1, 52.1, 44.6, 41.9, 15.9, 13.9; HRMS (ESI, m/z): calcd. for 
C16H14N2ONa+ 273.0998, found 273.0999; [α]D

26: -39.1 (c 1.0, CHCl3); HPLC 
analysis: 76% ee (Chiralcel IA, Hexane, 0.5 mL/min), Rt (major) = 13.9 min, Rt 
(minor) = 12.4 min.

EtO2C

Me

CO2Et

O
H

6c

(E)-ethyl 3-((1S,2S)-2-(2-ethoxy-2-oxoethyl)-1-methyl-3-oxocyclopentyl)acrylate 
(6c): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.00 (d, J = 16.0 Hz, 1H), 5.84 (d, J = 
16.0 Hz, 1H), 4.24-4.10 (m, 4H), 2.83 (t, J = 6.6 Hz, 1H), 2.57-1.86 (m, 6H), 1.35-
1.24 (m, 6H), 1.00 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 215.4, 171.9, 166.4, 154.1, 
120.0, 60.9, 60.6, 55.5, 44.3, 33.8, 29.2, 17.7, 14.3, 14.1; HRMS (ESI, m/z): calcd. for 
C15H22O5Na+ 305.1359, found 305.1361; [α]D

26: -87.6 (c 1.8, CHCl3); HPLC analysis: 
32% ee (Chiralcel AD-H, 10:90 iPrOH/Hexane, 1 mL/min), Rt (major) = 8.5 min, Rt 
(minor) = 8.0 min.

EtO2C

Me

CO2Et

O

6d (2.1:1 dr)

H

(E)-ethyl 3-((1S,2S)-2-(2-ethoxy-2-oxoethyl)-1-methyl-3-oxo-2,3-dihydro-1H- 
inden-1-yl)acrylate (6d): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.78 (t, J = 6.8 
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Hz, 1H), 7.68-7.62 (m, 1H), 7.48-7.37(m, 2H), 7.16 (d, J = 16.0 Hz, 0.3H), 6.79 (d, J 
= 16.0 Hz, 0.7H), 5.96 (d, J = 16.0 Hz, 0.3H), 5.59 (d, J = 16.0 Hz, 0.7H), 4.23-4.14 
(m, 4H), 3.30-3.26 (m, 0.3H), 3.26-3.15 (m, 0.7H), 2.97-2.86 (m, 1H), 2.48-2.36 (m, 
1H), 1.71 (s, 3H), 1.32-1.23 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 203.9, 172.2, 
165.9, 157.6, 151.1, 135.4, 128.6, 125.0, 124.1, 121.5, 120.6, 61.0, 60.6, 56.7, 47.8, 
31.6, 24.8, 14.2; HRMS (ESI, m/z): calcd. for C19H22O5Na+  353.1359, found 
353.1359. [α]D

26: -35.9 (c 1.0, CHCl3); HPLC analysis: 24% ee (Chiralcel AD-H, 3:97 
iPrOH/Hexane, 1 mL/min), Rt (major) = 11.4 min, Rt (minor) = 10.8 min; 14% ee 
(Chiralcel AD-H, 3:97 iPrOH/Hexane, 1 mL/min), Rt (major) = 19.1 min, Rt (minor) 
= 13.5 min.

EtO2C

Me

CO2Et

O
H

7a

ethyl 3-((2R,3S)-3-(2-ethoxy-2-oxoethyl)-2-methyl-4-oxo-1,2,3,4-tetrahydrona 
phthalen-2-yl)propanoate (7a): Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.96 (d, J 
= 6.0 Hz, 1H), 7.50-7.46 (m, 1H), 7.29 (t, J = 7.6 Hz, 1H), 7.21 (d, J = 7.6 Hz, 1H), 
4.23-4.12 (m, 4H), 3.21-3.14 (m, 2H), 2.81-2.67 (m, 2H), 2.46-2.37 (m, 3H), 1.87-
1.81 (m, 2H), 1.32-1.26 (m, 6H), 0.83 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 197.3, 
172.3, 172.0, 139.9, 132.8, 130.4, 128.3, 126.0, 125.7, 59.7, 59.6, 51.6, 39.8, 37.8, 
34.8, 28.4, 27.8, 18.8, 13.19, 13.17; HRMS (ESI, m/z): calcd. for C20H26O5Na+ 

369.1673, found 369.1673; [α]D
26: -13.0 (c 5.0, CHCl3); HPLC analysis: 97% ee 

(Chiralcel AD-H, 5:95 iPrOH/Hexane, 1 mL/min), Rt (major) = 11.0 min, Rt (minor) 
= 9.4 min.

EtO2C

Me O

CO2Et

7b

(E)-ethyl 3-((2S,3R)-3-allyl-3-(2-ethoxy-2-oxoethyl)-2-methyl-4-oxo-1,2,3,4- 
tetrahydronaphthalen-2-yl)acrylate (7b): Yellow oil. 1H NMR (400 MHz, CDCl3) 
δ 7.34 (d, J = 7.2 Hz, 1H), 7.25-7.16 (m, 2H), 7.10 (d, J = 7.2 Hz, 1H), 6.84 (d, J = 
15.6 Hz, 1H), 6.09-5.99 (m, 1H), 5.75 (d, J = 15.6 Hz, 1H), 5.39 (d, J = 17.2 Hz, 1H), 
5.23 (d, J = 10.4 Hz, 1H), 4.33-4.29(m, 2 H), 4.17-4.10 (m, 4H), 3.38 (d, J = 16.4 Hz, 
1H), 3.16 (d, J = 16.4 Hz, 1H), 2.90-2.80 (m, 2H), 1.26 (t, J = 6 Hz, 6H), 1.22 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 172.1, 166.6, 152.3, 151.4, 134.5, 133.9, 130.1, 127.9, 
126.8, 122.13, 122.09, 119.7, 116.9, 72.8, 60.8, 60.3, 41.5, 41.0, 32.3, 29.7, 22.1, 
14.21, 14.15; HRMS (ESI, m/z): calcd. for C23H28O5H+ 385.2010, found 385.2021; 
[α]D

26: 18.3 (c 2.6, CHCl3); HPLC analysis: 86% ee (Chiralcel AD-H, 10:90 
iPrOH/Hexane, 1 mL/min), Rt (major) = 4.2 min, Rt (minor) = 3.7 min.
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VI. Stereochemistry determination and X-Ray Crystallographic analysis.
Absolute configuration of Stetter products was determined via X-ray structure 

analysis of 4e.

Crystallographic data of (2S,3S)-3,7-dimethyl-2-(5-methyl-2-oxohexyl)-3-((E)-6- 
methyl-3-oxohept-1-en-1-yl)-3,4-dihydronaphthalen-1(2H)-one (4e): C27H38O3, 
monoclinic, space group P21, a = 5.8458(3) Å, b = 12.3784(6) Å, c = 16.7657(12) Å, 
V = 1201.22(12) Å3, Z = 2, d = 1.135 g/cm3, crystal dimensions 0.20 × 0.18 × 0.15 
mm was used for measurements on an SuperNova Rigaku oxford X-ray diffraction 
meter with a mirror Cu Ka (λ= 1.54184 Å ) radiation at 293 K (ω scans, 2θmax = 
150.78º). The total number of independent reflections measured was 3204, of which 
3024 were observed (|F|2 ≥ 2δ|F|2). Final indices (|F|2 ≥ 2δ|F|2): R1 = 0.0457, ωR2 = 
0.1185, S = 1.044, (Δρ)min = -0.175 e/ Å3, (Δρ)max = 0.228 e/ Å3. Flack χ = -0.1(2).

The crystal structures were solved by direct methods using SHELXS-97 
(Sheldrick, G.M. University of Gottingen: Gottingen, Germany, 1997) and expanded 
using difference Fourier techniques, refined by SHELXL-97 (Sheldrick, G. M. 
University of Gottingen, Germany, 1997) and full-matrix least-squares calulations. 
The absolute configuration was determined by anomalous dispersion effects in 
diffraction measurements on the crystal.

O
Me

O
Me

Me

O

MeMe

Me

H

(S)
(S)

chiral 4e
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VII. NMR spectra of new compounds. 
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