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General Information. Infrared (IR) spectra were recorded on a Shimadzu IRPrestige-21 

spectrometer. 
1
H NMR spectra were measured on a JEOL JNM-FX400 (400 MHz) 

spectrometer. Data were reported as follows: chemical shifts in ppm from tetramethylsilane 

as an internal standard, integration, multiplicity (s = singlet, d = doublet, t = triplet, q = 

quartet, dd = double-doublet, ddd = double-double-doublet, dt = double-triplet, m = 

multiplet, br = broad, and app = apparent), coupling constants (Hz), and assignment. 
13

C 

NMR spectra were measured on a JEOL JNM-FX400 (100 MHz) spectrometer with 

complete proton decoupling. Chemical shifts were reported in ppm from the residual 

solvent as an internal standard. High performance liquid chromatography (HPLC) was 

performed on Shimadzu 10A instruments at 210 nm using 4.6 mm x 25 cm Daicel chiral 

columns. High-resolution mass spectra (HRMS) were performed on Brucker microTOF. 

For thin layer chromatography (TLC) analysis throughout this work, Merck precoated TLC 

plates (silica gel 60 GF254, 0.25 mm) were used. The products were purified by flash 

column chromatography on silica gel 60 (Merck, 230-400 mesh).  

In experiments requiring dry solvent, toluene was purchased from Kanto Chemical Co. Inc. 

as “Dehydrated” and further purified by passing through neutral alumina under nitrogen 

atmosphere. Simple ketones were purchased and used after distillation or column 

chromatography on silica gel. Other cyclic ketones were synthesized according to the 

literature.
1
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·Preparation of (S)-3,3’-bis(trimethylsilyl)-1,1’-binaphthyl-2,2’-diol ((S)-1a).
2a

 

 

 To a stirred solution of (S)-1,1’-binaphthyl-2,2’-diol derivative i (2.0 g, 5.34 mmol) in 

Et2O (100 mL), TMEDA (4.0 mL, 26.7 mmol) and n-BuLi (1.6 M solution in hexane, 13.4 

mL, 21.4 mmol) were added dropwise at room temperature under Ar atmosphere. After 

stirring for 30 min, TMSCl (4.0 mL, 32.0 mmol) was added dropwise to the resulting 

suspension at room temperature, and the mixture was stirred at the same temperature for 

additional 16 h. The reaction mixture was quenched with saturated aqueous NH4Cl and 

extracted with ethyl acetate. The combined organic layers were dried over Na2SO4 and 

evaporated. The residue was purified by flash column chromatography (eluting with 

hexane/ethyl acetate = 100:1) to afford the compound ii in 83% yield (2.3 g, 4.43 mmol). 

 To a stirred solution of the compound ii (2.3 g, 4.43 mmol) in THF (100 mL), 6 M HCl 

(100 mL) was added at room temperature. The solution was kept stirring at 60 °C for 24 h. 

The resulting mixture was cooled down to room temperature and extracted with Et2O. The 

combined organic layers were dried over Na2SO4 and evaporated. The residue was purified 

by flash column chromatography (eluting with hexane) to afford (S)-1a as a white solid in 

64% yield (1.2 g, 2.79 mmol).  
1
H NMR (400 MHz, CDCl3) 8.07 (2H, s), 7.88 (2H, d, J = 8.0 Hz), 7.24-7.39 (4H, m), 

7.09 (2H, s), 5.23 (2H, s), 0.41 (18H, s). The detailed spectral data of (S)-1 were reported in 

the literature.
2
 

 

·Preparation of -alkyldiazoacetates (2).
1,3

 

 

To a stirred suspension of NaH (60 % dispersion in mineral oil, 1.04 g, 26 mmol) in THF 

(20 mL), acetoacetate (20 mmol) was added dropwise at room temperature under Ar 

atmosphere. After the formation of a clear solution, the corresponding alkyl halide (22 

mmol) was added dropwise, and the mixture was stirred at 40 °C for 10 h. The resulting 

mixture was quenched with saturated aqueous NH4Cl and extracted with ethyl acetate. The 

combined organic layers were dried over Na2SO4 and evaporated. The residue was purified 

by flash column chromatography to afford the corresponding -alkyl--ketoesters. 
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To a stirred solution of thus-formed -alkyl--ketoester (5 mmol) and 

p-acetamidobenzenesulfonyl azide (p-ABSA) (1.92 g, 7.5 mmol) in MeCN (10 mL) was 

added DBU (2.2 ml, 15 mmol) at 0 °C. The reaction mixture was then allowed to warm to 

room temperature. After stirring for 12 h, the resulting mixture was quenched with 1N HCl, 

and extracted with hexane. The combined organic layers were washed with saturated 

aqueous NaHCO3 and brine, and dried over anhydrous Na2SO4. The solvent was removed 

under reduced pressure and purified by flash column chromatography to give the 

corresponding -alkyldiazoacetates 2. 

 

Methyl 2-diazo-3-phenylpropanoate (2a). 
1
H NMR (400 MHz, CDCl3)  7.21-7.36 (5H, m), 3.79 (3H, s), 3.63 (2H, 

s). The detailed spectral data were reported in the literature.
4a

 

 

 

Benzyl 2-diazo-3-phenylpropanoate (2b). 
 1

H NMR (400 MHz, CDCl3)  7.21-7.42 (10H, m), 5.23 (2H, s), 3.65 

(2H, s). The detailed spectral data were reported in the literature.
4b 

 

 

tert-Butyl 2-diazo-3-phenylpropanoate (2c). 
 1

H NMR (400 MHz, CDCl3)  7.21-7.36 (5H, m), 3.56 (2H, s), 1.48 

(9H, s). The detailed spectral data were reported in the literature.
4a

 

 

 

Methyl 2-diazo-3-(o-tolyl)propanoate (2d). 
1
H NMR (400 MHz, CDCl3)  7.11-7.22 (5H, m), 3.79 (3H, s), 3.63 

(2H, s), 2.31 (3H, s); 
13

C NMR (100 MHz, CDCl3) 167.6, 136.4, 

134.7, 130.6, 129.1, 127.4, 126.3, 56.2, 52.0, 26.9, 19.3; IR (neat) 

2081, 1686, 1435, 1344, 1300, 1265, 1192, 1171, 1117, 1096 cm
-1

; HRMS (ESI) exact mass 

calcd. for C11H12N2O2: m/z 227.0791 ([M + Na]
+
), found: m/z 227.0781 ([M + Na]

+
). 

 

Methyl 2-diazo-3-(m-tolyl)propanoate (2e). 
1
H NMR (400 MHz, CDCl3)  7.20 (1H, m), 6.98-7.10 (3H, m), 

3.78 (3H, s), 3.59 (2H, s), 2.33 (3H, s); 
13

C NMR (100 MHz, 

CDCl3) 167.6, 138.5, 137.1, 129.0, 128.7, 127.9, 125.3, 56.9, 

52.0, 26.2, 21.3; IR (neat) 2079, 1690, 1609, 1437, 1344, 1308, 1273, 1190, 1179, 1109 

cm
-1

; HRMS (ESI) exact mass calcd. for C11H12N2O2: m/z 227.0791 ([M + Na]
+
), found: 

m/z 227.0788 ([M + Na]
+
). 
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Methyl 2-diazo-3-(p-tolyl)propanoate (2f). 
1
H NMR (400 MHz, CDCl3)  7.09-7.16 (4H, m), 3.78 (3H, s), 

3.59 (2H, s), 2.33 (3H, s); 
13

C NMR (100 MHz, CDCl3) 167.6, 

136.7, 134.0, 129.5, 128.2, 57.0, 52.0, 28.9, 21.0; IR (neat) 2081, 

1694, 1437, 1346, 1317, 1298, 1192, 1175, 1117, 1103 cm
-1

; HRMS (ESI) exact mass calcd. 

for C11H12N2O2: m/z 227.0791 ([M + Na]
+
), found: m/z 227.0784 ([M + Na]

+
). 

 

Methyl 2-diazo-3-(4-methoxyphenyl)propanoate (2g). 
1
H NMR (400 MHz, CDCl3)  7.15 (2H, m), 6.85 (2H, m), 3.79 

(3H, s), 3.78 (3H, s), 3.57 (2H, s); 
13

C NMR (100 MHz, CDCl3) 

167.6, 158.7, 129.4, 129.1, 114.2, 57.0, 55.2, 51.9, 28.5; IR 

(neat) 2081, 1690, 1512, 1437, 1346, 1302, 1246, 1177, 1117, 1034 cm
-1

; HRMS (ESI) 

exact mass calcd. for C11H12N2O3: m/z 243.0740 ([M + Na]
+
), found: m/z 243.0744 ([M + 

Na]
+
). 

 

Methyl 3-(4-bromophenyl)-2-diazopropanoate (2h). 
1
H NMR (400 MHz, CDCl3)  7.44 (2H, d, J = 8.4 Hz), 7.12 (2H, 

d, J = 8.4 Hz), 3.78 (3H, s), 3.58 (2H, s). The detailed spectral 

data were reported in the literature.
4c

 

 

Methyl 2-diazo-3-(2-naphthalenyl)propanoate (2i). 
1
H NMR (400 MHz, CDCl3)  7.81-7.83 (3H, m), 7.68 (1H, m), 

7.46-7.49 (3H, m), 7.38 (2H, m), 3.82 (3H, s), 3.81 (2H, s). The 

detailed spectral data were reported in the literature.
4c 

 

Methyl 2-diazopropanoate (2j). 
1
H NMR (400 MHz, CDCl3)  3.70 (3H, s), 1.94 (3H, s). Synthesized 

according to the literature
4d

 and the detailed spectral data were reported 

therein.
 

 

Methyl 2-diazo-4-methylpentanoate (2k). 
1
H NMR (400 MHz, CDCl3)  3.76 (3H, s), 2.17 (2H, d, J = 7.2 Hz), 

1.82 (1H, septet, J = 7.2 Hz), 0.96 (6H, d, J = 7.2 Hz). The detailed 

spectral data were reported in the literature.
4e

 

 

·General procedure for the chiral aluminum Lewis acid catalyzed desymmetrizing 

asymmetric ring expansion of substituted cyclohexanones 5 with 
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-alkyl--diazoacetates 2. 

 

To a solution of (S)-1a (17.2 mg, 0.040 mmol) in degassed toluene (2 mL) was added 

dropwise a 0.5 M toluene solution of trimethylaluminum (160 L, 0.080 mmol) at room 

temperature under Ar and stirred for 60 min. Cyclohexanone 5 (0.20 mmol) was then added 

to the resulting solution at the same temperature, and the solution was cooled to —78 °C. 

Methyl -alkyldiazoacetate 2 (0.22 mmol) was added to this solution, and the stirring was 

maintained at the same temperature for 48 h. The mixture was quenched with 1N HCl, 

extracted with ethyl acetate and dried over Na2SO4. After concentration under reduced 

pressure, the residue was purified by column chromatography on silica gel (eluting with 

hexane/ethyl acetate = 40/1) to give the desired product 6. 

 

Methyl (S)-1-benzyl-2-oxocycloheptanecarboxylate (4a). 
1
H NMR (400 MHz, CDCl3)  7.18-7.30 (3H, m), 7.05-7.11 (2H, m), 

3.69 (3H, s), 3.36 (1H, d, J = 14.0 Hz), 2.97 (1H, d, J = 14.0 Hz), 2.61 

(1H, ddd, J = 12.8, 9.6, 3.2 Hz), 2.30 (1H, ddd, J = 12.8, 10.0, 3.6 Hz), 

2.05 (1H, ddd, J = 14.8, 8.8, 1.2 Hz), 1.81 (1H, ddd, J = 15.2, 10.8, 1.6 

Hz), 1.38-1.75 (6H, m); 
13

C NMR (100 MHz, CDCl3) 209.3, 172.3, 136.7, 130.3, 128.2, 

126.8, 64.3, 52.2, 42.3, 40.8, 31.5, 29.8, 25.4, 24.4; IR (neat) 2934, 2359, 1734, 1711, 1454, 

1445, 1234, 1200, 1173, 1146 cm
-1

; HRMS (ESI) exact mass calcd. for C16H20O3: m/z 

283.1305 ([M + Na]
+
), found: m/z 283.1297 ([M + Na]

+
); []

25

D = −43.8 (c = 1.0, CHCl3; 

90% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALCEL OJ-H, hexane/isopropanol = 97/3, flow rate = 0.5 mL/min, retention time; 

28.3 min (major) and 33.1 min (minor)). The absolute configuration of this product was 

established to be S by comparison with the literature.
5
 

 

Benzyl 1-benzyl-2-oxocycloheptanecarboxylate (4b). 
1
H NMR (400 MHz, CDCl3)  7.16-7.41 (8H, m), 6.99-7.05 (2H, m), 5.14 

(1H, d, J = 12.0 Hz), 5.09 (1H, d, J = 12.0 Hz), 3.37 (1H, d, J = 14.0 Hz), 

2.98 (1H, d, J = 14.0 Hz), 2.56 (1H, ddd, J = 12.8, 9.2, 3.6 Hz), 2.30 (1H, 

ddd, J = 12.0, 8.8, 3.2 Hz), 2.05 (1H, ddd, J = 14.8, 8.8, 1.6 Hz), 1.80 (1H, 

ddd, J = 15.2, 10.4, 1.2 Hz), 1.34-1.74 (6H, m); 
13

C NMR (100 MHz, CDCl3) 209.1, 

171.6, 136.7, 130.4, 128.5, 128.4, 128.3, 128.1, 126.7, 67.0, 64.3, 42.3, 40.7, 31.5, 29.7, 

25.3, 24.4; IR (neat) 2932, 2859, 1732, 1709, 1497, 1454, 1231, 1213, 1194, 1167, 1144 
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cm
-1

; HRMS (ESI) exact mass calcd. for C22H24O3: m/z 359.1618 ([M + Na]
+
), found: m/z 

359.1621 ([M + Na]
+
). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AD-H, hexane/isopropanol = 95/5, flow rate = 0.5 mL/min, retention time; 

17.0 min and 21.9 min). 

 

tert-Butyl 1-benzyl-2-oxocycloheptanecarboxylate (4c). 
1
H NMR (400 MHz, CDCl3)  7.12-7.27 (5H, m), 3.29 (1H, d, J = 14.0 

Hz), 2.98 (1H, d, J = 14.0 Hz), 2.62 (1H, ddd, J = 12.8, 8.4, 3.2 Hz), 

2.30 (1H, ddd, J = 12.8, 10.0, 3.6 Hz), 2.00 (1H, ddd, J = 14.4, 8.8, 0.8 

Hz), 1.18-1.82 (7H, m), 1.42 (9H, s). The detailed spectral data has been 

reported in the literature.
2b

 The enantiomeric purity of the product was determined by 

HPLC analysis (Daicel CHIRALPAK AD-H, hexane/isopropanol = 99/1, flow rate = 0.5 

mL/min, retention time; 15.3 min and 17.9 min). 

 

Methyl (S)-1-(2-methylbenzyl)-2-oxocycloheptanecarboxylate (4d). 
1
H NMR (400 MHz, CDCl3)  7.05-7.16 (3H, m), 6.94 (1H, m), 3.69 (3H, 

s), 3.38 (1H, d, J = 14.8 Hz), 3.09 (1H, d, J = 14.8 Hz), 2.60 (1H, ddd, J = 

12.4, 10.4, 3.6 Hz), 2.37 (1H, ddd, J = 12.4, 8.8, 3.2 Hz), 2.26 (3H, s), 

2.04 (1H, dd, J = 15.2, 9.6 Hz), 1.83 (1H, ddd, J = 15.2, 10.4, 1.2 Hz), 

1.33-1.79 (6H, m); 
13

C NMR (100 MHz, CDCl3) 209.3, 172.7, 137.3, 

135.2, 130.5, 130.4, 126.7, 125.6, 64.2, 52.2, 42.1, 36.1, 30.8, 30.0, 25.9, 24.6, 19.9; IR 

(neat) 2947, 2932, 2860, 1732, 1713, 1495, 1456, 1202, 1173, 1146 cm
-1

; HRMS (ESI) 

exact mass calcd. for C17H22O3: m/z 297.1461 ([M + Na]
+
), found: m/z 297.1463 ([M + 

Na]
+
); []

25

D = −48.9 (c = 0.5, CHCl3; 71% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK IC, hexane/isopropanol = 30/1, flow rate = 0.5 mL/min, retention time; 23.6 

min (major) and 27.8 min (minor)). 

 

Methyl (S)-1-(3-methylbenzyl)-2-oxocycloheptanecarboxylate (4e). 
1
H NMR (400 MHz, CDCl3)  7.13 (1H, m), 7.02 (1H, m), 6.83-6.91 

(2H, m), 3.69 (3H, s), 3.32 (1H, d, J = 13.6 Hz), 2.93 (1H, d, J = 13.6 

Hz), 2.60 (1H, ddd, J = 12.4, 9.2, 3.6 Hz), 2.33 (1H, ddd, J = 12.0, 8.8, 

3.2 Hz), 2.30 (3H, s), 2.04 (1H, ddd, J = 15.2, 9.2, 1.2 Hz), 1.81 (1H, 

ddd, J = 15.2, 10.4, 1.6 Hz), 1.37-1.76 (6H, m); 
13

C NMR (100 MHz, 

CDCl3) 209.3, 172.4, 137.6, 136.6, 131.1, 128.0, 127.5, 127.3, 64.3, 52.1, 42.3, 40.7, 31.4, 

29.8, 25.4, 24.4, 21.4; IR (neat) 2930, 2860, 1732, 1711, 1454, 1443, 1233, 1200, 1171, 

1146 cm
-1

; HRMS (ESI) exact mass calcd. for C17H22O3: m/z 297.1461 ([M + Na]
+
), found: 
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m/z 297.1467 ([M + Na]
+
); []

23

D = −39.7 (c = 1.0, CHCl3; 81% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALCEL OD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time; 

20.3 min (major) and 26.1 min (minor)). 

 

Methyl (S)-1-(4-methylbenzyl)-2-oxocycloheptanecarboxylate (4f). 
1
H NMR (400 MHz, CDCl3)  7.05 (2H, d, J = 8.0 Hz), 6.96 (2H, d, J 

= 8.0 Hz), 3.70 (3H, s), 3.31 (1H, d, J = 14.0 Hz), 2.93 (1H, d, J = 

14.0 Hz), 2.60 (1H, ddd, J = 12.8, 9.6, 3.6 Hz), 2.33 (1H, ddd, J = 

12.0, 8.8, 3.2 Hz), 2.30 (3H, s), 2.04 (1H, ddd, J = 14.8, 9.2, 1.2 Hz), 

1.81 (1H, ddd, J = 15.2, 10.4, 1.6 Hz), 1.38-1.75 (6H, m); 
13

C NMR 

(100 MHz, CDCl3) 209.4, 172.4, 136.3, 133.5, 130.2, 128.9, 64.3, 52.1, 42.4, 40.3, 31.4, 

29.8, 25.4, 24.4, 21.0; IR (neat) 2930, 1734, 1711, 1514, 1443, 1233, 1198, 1171, 1146, 

1117 cm
-1

; HRMS (ESI) exact mass calcd. for C17H22O3: m/z 297.1461 ([M + Na]
+
), found: 

m/z 297.1465 ([M + Na]
+
); []

27

D = −37.9 (c = 1.0, CHCl3; 84% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time; 

24.0 min (major) and 25.7 min (minor)). 

 

Methyl (S)-1-(4-methoxybenzyl)-2-oxocycloheptanecarboxylate (4g). 
1
H NMR (400 MHz, CDCl3)  7.00 (2H, m), 6.78 (2H, m), 3.77 (3H, 

s), 3.69 (3H, s), 3.29 (1H, d, J = 14.4 Hz), 2.93 (1H, d, J = 14.4 Hz), 

2.59 (1H, ddd, J = 12.8, 9.2, 3.2 Hz), 2.32 (1H, ddd, J = 12.0, 8.8, 

3.2 Hz), 2.04 (1H, ddd, J = 15.2, 8.8, 1.2 Hz), 1.81 (1H, ddd, J = 

15.2, 10.4, 1.6 Hz), 1.37-1.75 (6H, m); 
13

C NMR (100 MHz, CDCl3) 

209.5, 172.4, 158.4, 131.3, 128.6, 113.6, 64.4, 55.1, 52.1, 42.5, 40.0, 31.6, 29.8, 25.4, 

24.5; IR (neat) 2932, 1732, 1709, 1512, 1456, 1443, 1248, 1200, 1179, 1034 cm
-1

; HRMS 

(ESI) exact mass calcd. for C17H22O4: m/z 313.1410 ([M + Na]
+
), found: m/z 313.1408 ([M 

+ Na]
+
); []

27

D = −29.6 (c = 1.0, CHCl3; 84% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALCEL OD-H, hexane/isopropanol = 97/3, flow rate = 0.5 mL/min, retention time; 

19.6 min (major) and 22.2 min (minor)). 

 

Methyl (S)-1-(4-bromobenzyl)-2-oxocycloheptanecarboxylate (4h). 
1
H NMR (400 MHz, CDCl3)  7.37 (2H, m), 6.97 (2H, m), 3.68 (3H, s), 

3.30 (1H, d, J = 13.6 Hz), 2.92 (1H, d, J = 13.6 Hz), 2.62 (1H, ddd, J = 

12.8, 9.2, 3.6 Hz), 2.35 (1H, ddd, J = 12.0, 8.8, 3.2 Hz), 2.05 (1H, m), 

1.34-1.82 (7H, m); 
13

C NMR (100 MHz, CDCl3) 208.9, 172.1, 135.8, 
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132.1, 131.2, 120.8, 64.1, 52.2, 42.4, 40.2, 31.8, 29.7, 25.3, 24.5; IR (neat) 2932, 1732, 

1709, 1487, 1443, 1233, 1200, 1171, 1146, 1013 cm
-1

; HRMS (ESI) exact mass calcd. for 

C16H19BrO3: m/z 361.0410 ([M + Na]
+
), found: m/z 361.0410 ([M + Na]

+
); []

22

D  = −25.8 (c 

= 1.0, CHCl3; 89% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AS-H, hexane/isopropanol = 97/3, flow rate = 0.5 mL/min, retention time; 

14.2 min (minor) and 16.1 min (major)). 

 

Methyl (S)-1-(naphthalen-2-ylmethyl)-2-oxocycloheptanecarboxylate (4i). 
1
H NMR (400 MHz, CDCl3)  7.69-7.84 (3H, m), 7.55 (1H, s), 

7.39-7.49 (2H, m), 7.20 (1H, dd, J = 8.4, 1.6 Hz), 3.69 (3H, s), 3.52 

(1H, d, J = 13.6 Hz), 3.16 (1H, d, J = 13.6 Hz), 2.62 (1H, ddd, J = 

13.2, 9.6, 4.0 Hz), 2.34 (1H, ddd, J = 12.0, 8.8, 3.2 Hz), 2.09 (1H, 

ddd, J = 14.8, 8.4, 1.2 Hz), 1.86 (1H, ddd, J = 15.2, 10.8, 1.6 Hz), 

1.39-1.76 (6H, m); 
13

C NMR (100 MHz, CDCl3) 209.3, 172.4, 134.3, 133.3, 132.3, 129.1, 

128.5, 127.6, 127.5, 125.9, 125.6, 64.4, 52.2, 42.5, 41.0, 31.7, 29.8, 25.3, 24.5; IR (neat) 

2932, 2859, 1732, 1709, 1454, 1443, 1217, 1198, 1171, 1148 cm
-1

; HRMS (ESI) exact mass 

calcd. for C20H22O3: m/z 333.1461 ([M + Na]
+
), found: m/z 333.1461 ([M + Na]

+
); []

21

D = 

−31.4 (c = 1.0, CHCl3; 80% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AD-H, hexane/isopropanol = 95/5, flow rate = 0.5 mL/min, retention time; 

18.9 min (minor) and 20.0 min (major)). 

 

Methyl (R)-1-methyl-2-oxocycloheptanecarboxylate (4j). 
1
H NMR (400 MHz, CDCl3)  3.71 (3H, s), 2.73 (1H, ddd, J = 12.4, 10.4, 

2.8 Hz), 2.51 (1H, ddd, J = 12.8, 8.8, 2.8 Hz), 2.16 (1H, dd, J = 13.2, 9.2 

Hz), 1.49-1.87 (6H, m), 1.41 (1H, m), 1.35 (3H, s); 
13

C NMR (100 MHz, 

CDCl3) 210.3, 174.0, 58.8, 52.3, 42.0, 35.4, 30.1, 25.8, 24.7, 21.5; IR 

(neat) 2936, 1740, 1728, 1705, 1447, 1261, 1234, 1192, 1153, 1105 cm
-1

; HRMS (ESI) 

exact mass calcd. for C10H16O3: m/z 207.0992 ([M + Na]
+
), found: m/z 207.0993 ([M + 

Na]
+
); []

26

D = 10.5 (c = 1.0, CHCl3; 14% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK IC, hexane/isopropanol = 50/1, flow rate = 0.5 mL/min, retention time; 35.4 

min (major) and 41.8 min (minor)). 

 

Methyl (S)-1-isobutyl-2-oxocycloheptanecarboxylate (4k). 
1
H NMR (400 MHz, CDCl3)  3.71 (3H, s), 2.61 (1H, m), 2.49 (1H, m), 

2.20 (1H, dd, J = 14.8, 9.6 Hz), 1.97 (1H, dd, J = 14.4, 7.2 Hz), 1.41-1.80 
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(9H, m), 0.89 (3H, d, J = 6.4 Hz), 0.83 (3H, d, J = 6.4 Hz); 
13

C NMR (100 MHz, CDCl3) 

209.5, 173.4, 62.8, 52.0, 43.5, 41.6, 32.7, 29.8, 25.8, 24.7, 24.6, 24.5, 23.3; IR (neat) 

2953, 2868, 1732, 1711, 1454, 1223, 1150 cm
-1

; HRMS (ESI) exact mass calcd. for 

C13H22O3: m/z 249.1461 ([M + Na]
+
), found: m/z 249.1468 ([M + Na]

+
); []

24

D  = −14.9 (c = 

1.0, CHCl3; 43% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALCEL OD-H (triple), hexane/isopropanol = 50/1, flow rate = 0.3 mL/min, retention 

time; 49.6 min (minor) and 51.5 min (major)). 

 

Methyl (R)-4-benzyl-5-oxooxepane-4-carboxylate (4l). 
1
H NMR (400 MHz, CDCl3)  7.19-7.31 (3H, m), 7.03-7.14 (2H, m), 

3.80 (1H, ddd, J = 12.8, 6.4, 4.4 Hz), 3.73-3.78 (2H, m), 3.72 (3H, s), 

3.62 (1H, ddd, J = 12.4, 8.4, 3.6 Hz), 3.31 (1H, d, J = 14.0 Hz), 3.08 (1H, 

d, J = 14.0 Hz), 2.82 (1H, ddd, J = 14.8, 6.8, 3.6 Hz), 2.63 (1H, ddd, J = 

14.8, 8.8, 4.4 Hz), 2.13 (1H, ddd, J = 15.6, 3.6, 2.8 Hz), 1.89 (1H, ddd, J = 15.6, 7.2, 6.0 

Hz); 
13

C NMR (100 MHz, CDCl3) 206.0, 171.9, 136.0, 130.4, 128.3, 127.0, 68.2, 65.8, 

63.5, 52.3, 45.7, 41.6, 34.0; IR (neat) 2953, 1707, 1441, 1287, 1256, 1198, 1180, 1148, 

1132, 1103 cm
-1

; HRMS (ESI) exact mass calcd. for C15H18O4: m/z 285.1097 ([M + Na]
+
), 

found: m/z 285.1099 ([M + Na]
+
); []

25

D = −29.2 (c = 1.0, CHCl3; 80% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK IA, hexane/ethanol = 99/1, flow rate = 0.5 mL/min, retention time; 51.6 min 

(major) and 61.2 min (minor)). 

 

Methyl (R)-4-benzyl-5-oxothiepane-4-carboxylate (4m). 
1
H NMR (400 MHz, CDCl3)  7.19-7.30 (3H, m), 7.02-7.08 (2H, m), 

3.69 (3H, s), 3.37 (1H, d, J = 14.0 Hz), 3.11 (1H, ddd, J = 13.6, 6.4, 3.2 

Hz), 2.99 (1H, d, J = 14.0 Hz), 2.89 (1H, ddd, J = 15.6, 11.2, 2.0 Hz), 

2.74-2.86 (2H, m), 2.54-2.66 (2H, m), 2.45 (1H, ddd, J = 14.8, 6.0, 2.4 

Hz), 1.87 (1H, ddd, J = 14.8, 11.6, 2.8 Hz); 
13

C NMR (100 MHz, CDCl3) 205.7, 171.9, 

136.1, 130.1, 128.2, 127.0, 64.3, 52.1, 44.7, 41.9, 36.0, 28.8, 26.0; IR (neat) 2949, 2926, 

1711, 1495, 1267, 1240, 1200, 1175, 1082 cm
-1

; HRMS (ESI) exact mass calcd. for 

C15H18O3S: m/z 301.0869 ([M + Na]
+
), found: m/z 301.0870 ([M + Na]

+
); []

28

D = −71.9 (c 

= 1.0, CHCl3; 77% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK IA, hexane/ethanol = 99/1, flow rate = 0.5 mL/min, retention time; 28.0 min 

(minor) and 30.4 min (major)). 

 

Methyl (1S,5R)-1-benzyl-5-methyl-2-oxocycloheptanecarboxylate (6a). 
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1
H NMR (400 MHz, CDCl3)  7.18-7.30 (3H, m), 7.02-7.11 (2H, m), 

3.68 (3H, s), 3.51 (1H, d, J = 14.4 Hz), 2.81 (1H, d, J = 14.4 Hz), 2.68 

(1H, ddd, J = 12.8, 11.2, 2.4 Hz), 2.39 (1H, ddd, J = 11.6, 7.2, 2.8 Hz), 

1.97-2.14 (2H, m), 1.90 (1H, m), 1.59-1.75 (2H, m), 1.21 (1H, m), 0.95 

(1H, m), 0.90 (3H, d, J = 6.4 Hz); 
13

C NMR (100 MHz, CDCl3) 208.5, 

171.6, 137.1, 130.2, 128.2, 126.7, 64.8, 52.4, 40.1, 38.5, 36.6, 35.0, 31.7, 28.4, 22.5; IR 

(neat) 2951, 2928, 1730, 1711, 1454, 1238, 1196, 1173, 1148, 1020 cm
-1

; HRMS (ESI) 

exact mass calcd. for C17H22O3: m/z 297.1461 ([M + Na]
+
), found: m/z 297.1465 ([M + 

Na]
+
); []

20

D = −79.8 (c = 1.0, CHCl3; 86% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time; 

22.0 min (major) and 24.9 min (minor)). 

 

Methyl (1S,5R)-1-benzyl-5-isopropyl-2-oxocycloheptanecarboxylate (6b). 
1
H NMR (400 MHz, CDCl3)  7.17-7.32 (3H, m), 7.03-7.12 (2H, m), 

3.67 (3H, s), 3.50 (1H, d, J = 14.4 Hz), 2.81 (1H, d, J = 14.4 Hz), 2.65 

(1H, m), 2.44 (1H, ddd, J = 11.6, 7.6, 2.4 Hz), 2.02-2.11 (2H, m), 1.83 

(1H, m), 1.69 (1H, m), 1.54 (1H, m), 1.25-1.42 (2H, m), 0.89 (1H, m), 

0.82 (6H, d, J = 6.8 Hz); 
13

C NMR (100 MHz, CDCl3) 208.7, 171.6, 

137.1, 130.2, 128.2, 126.7, 64.6, 52.4, 47.8, 40.1, 38.5, 32.6, 29.6, 28.7, 26.3, 19.5, 19.3; IR 

(neat) 2955, 2934, 1728, 1711, 1454, 1443, 1252, 1236, 1196, 1173 cm
-1

; HRMS (ESI) 

exact mass calcd. for C19H26O3: m/z 325.1774 ([M + Na]
+
), found: m/z 325.1771 ([M + 

Na]
+
); []

29

D = −82.2 (c = 1.0, CHCl3; 93% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALCEL OD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time; 

16.9 min (major) and 18.8 min (minor)). 

 

Methyl (1S,5R)-1-benzyl-5-tert-butyl-2-oxocycloheptanecarboxylate (6c). 
1
H NMR (400 MHz, CDCl3) 7.18-7.30 (3H, m), 7.02-7.12 (2H, m), 

3.67 (3H, s), 3.51 (1H, d, J = 14.2 Hz), 2.80 (1H, d, J = 14.2 Hz), 2.64 

(1H, ddd, J = 12.4, 11.2, 2.4 Hz), 2.43 (1H, ddd, J = 10.8, 6.0, 1.6 Hz), 

1.94-2.16 (3H, m), 1.87 (1H, m), 1.16-1.37 (2H, m), 0.84 (9H, s), 0.72 

(1H, m); 
13

C NMR (100 MHz, CDCl3) 208.7, 171.6, 137.1, 130.2, 

128.2, 126.7, 64.6, 52.4, 40.1, 38.2, 33.2, 28.83, 28.80, 28.6, 27.6, 24.3; IR (neat) 2955, 

1732, 1711, 1454, 1441, 1240, 1229, 1196, 1175 cm
-1

; HRMS (ESI) exact mass calcd. for 

C20H28O3: m/z 339.1931 ([M + Na]
+
), found: m/z 339.1921 ([M + Na]

+
); []

23

D  = −80.1 (c = 

1.0, CHCl3; 90% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 
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CHIRALPAK AD-H, hexane/ethanol = 97/3, flow rate = 0.5 mL/min, retention time; 14.2 

min (major) and 15.8 min (minor)). 

 

Methyl (1S,5R)-1-benzyl-2-oxo-5-phenylcycloheptanecarboxylate (6d). 
1
H NMR (400 MHz, CDCl3) 7.15-7.34 (6H, m), 7.03-7.15 (4H, m), 

3.71 (3H, s), 3.57 (1H, d, J = 14.4 Hz), 2.87 (1H, d, J = 14.4 Hz), 2.83 

(1H, ddd, J = 13.6, 11.2, 2.4 Hz), 2.73 (1H, app ddt, J = 12.4, 4.8, 2.4 

Hz), 2.52 (1H, ddd, J = 11.2, 6.8, 2.4 Hz), 2.04-2.31 (3H, m), 1.92 (1H, 

m), 1.70 (1H, m), 1.38 (1H, m); 
13

C NMR (100 MHz, CDCl3) 208.2, 

171.4, 146.3, 137.0, 130.2, 128.5, 128.3, 126.8, 126.6, 126.4, 64.8, 52.5, 48.9, 40.4, 38.2, 

35.0, 31.0, 28.9; IR (neat) 2949, 1728, 1709, 1493, 1452, 1234, 1196, 1173 cm
-1

; HRMS 

(ESI) exact mass calcd. for C22H24O3: m/z 359.1618 ([M + Na]
+
), found: m/z 359.1618 ([M 

+ Na]
+
); []

25

D = −15.0 (c = 1.0, CHCl3; 91% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AD-H, hexane/ethanol = 99/1, flow rate = 0.5 mL/min, retention time; 42.1 

min (minor) and 43.9 min (major)). 

 

Methyl (1S,5R)-1-benzyl-5-(tert-butyldimethylsilyloxy)-2-oxocycloheptanecarboxylate 

(6e). 
1
H NMR (400 MHz, CDCl3) 7.18-7.30 (3H, m), 7.04-7.13 (2H, m), 

3.83 (1H, br), 3.70 (3H, s), 3.36 (1H, d, J = 14.0 Hz), 2.98 (1H, d, J = 

14.0 Hz), 2.83 (1H, ddd, J = 12.4, 10.8, 2.4 Hz), 2.48 (1H, dd, J = 

15.2, 10.0 Hz), 2.18 (1H, ddd, J = 11.6, 8.8, 2.4 Hz), 1.58-1.83 (4H, 

m), 1.42 (1H, ddd, J = 14.4, 10.0, 1.6 Hz), 0.87 (9H, s), 0.02 (6H, s); 
13

C NMR (100 MHz, CDCl3) 209.2, 172.0, 136.8, 130.3, 128.2, 126.8, 69.4, 64.1, 52.3, 

40.0, 36.8, 34.6, 32.1, 25.8, 23.7, 18.0, −4.8, −4.9; IR (neat) 2951, 2928, 2857, 1736, 1711, 

1441, 1252, 1206, 1080, 1043 cm
-1

; HRMS (ESI) exact mass calcd. for C22H34O4Si: m/z 

413.2119 ([M + Na]
+
), found: m/z 413.2128 ([M + Na]

+
); []

25

D = −31.4 (c = 1.0, CHCl3; 

88% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALCEL OD-H, hexane/ethanol = 99/1, flow rate = 0.5 mL/min, retention time; 13.6 

min (major) and 17.1 min (minor)). 

 

Methyl (1S,5S)-1-benzyl-5-methyl-2-oxo-5-(trimethylsilyloxy)cycloheptanecarboxylate 

(6f). 
1
H NMR (400 MHz, CDCl3) 7.20-7.28 (3H, m), 7.05-7.09 (2H, m), 

3.68 (3H, s), 3.48 (1H, d, J = 14.0 Hz), 2.95 (1H, ddd, J = 12.4, 12.0, 

2.4 Hz), 2.84 (1H, d, J = 14.0 Hz), 2.62 (1H, m), 2.18 (1H, ddd, J = 
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12.0, 7.6, 2.4 Hz), 1.86 (1H, ddt, J = 14.8, 7.6, 2.4 Hz), 1.63-1.79 (2H, m), 1.49 (1H, ddd, J 

= 14.4, 12.4, 2.0 Hz), 1.23 (3H, s), 1.19 (1H, m), 0.11 (9H, s); 
13

C NMR (100 MHz, CDCl3) 

209.1, 171.6, 137.1, 130.2, 128.2, 126.7, 73.7, 64.7, 52.4, 41.1, 38.7, 37.2, 36.7, 30.9, 

23.1, 2.4; IR (neat) 2955, 1732, 1713, 1443, 1250, 1196, 1134, 1082, 1045, 1005 cm
-1

; 

HRMS (ESI) exact mass calcd. for C20H30O4Si: m/z 385.1806 ([M + Na]
+
), found: m/z 

385.1798 ([M + Na]
+
); []

27

D = −39.3 (c = 1.0, CHCl3; 60% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time; 

14.9 min (minor) and 16.3 min (major)). 

 

Methyl (1S,4S,6R)-1-benzyl-4,6-dimethyl-2-oxocycloheptanecarboxylate (6g). 
1
H NMR (400 MHz, CDCl3)  7.17-7.32 (3H, m), 7.02-7.12 (2H, m), 

3.68 (3H, s), 3.48 (1H, d, J = 14.0 Hz), 2.84 (1H, d, J = 14.0 Hz), 

2.51 (1H, dd, J = 11.6, 10.8 Hz), 2.32 (1H, m), 1.99 (1H, dd, J = 

15.2, 9.6 Hz), 1.64-1.88 (3H, m), 1.26 (1H, m), 1.01 (3H, d, J = 6.8 

Hz), 0.97 (1H, m), 0.93 (3H, d, J = 6.8 Hz); 
13

C NMR (100 MHz, 

CDCl3) 206.7, 171.6, 137.1, 130.3, 128.2, 126.7, 64.1, 52.4, 48.8, 48.6, 38.3, 37.2, 35.1, 

29.1, 24.9, 23.6; IR (neat) 2953, 2928, 1711, 1454, 1263, 1200, 1184, 1169, 1150, 1045 

cm
-1

; HRMS (ESI) exact mass calcd. for C18H24O3: m/z 311.1618 ([M + Na]
+
), found: m/z 

311.1617 ([M + Na]
+
); []

30

D  = −65.5 (c = 1.0, CHCl3; 58% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AD-H, hexane/ethanol = 99/1, flow rate = 0.5 mL/min, retention time; 18.6 

min (major) and 19.8 min (minor)). 

 

Methyl (1S,5R)-1-(4-methoxybenzyl)-2-oxo-5-phenylcycloheptanecarboxylate (6h). 
1
H NMR (400 MHz, CDCl3) 7.23-7.33 (2H, m), 7.19 (1H, m), 

7.08-7.14 (2H, m), 6.99 (2H, m), 6.79 (2H, m), 3.76 (3H, s), 3.71 

(3H, s), 3.51 (1H, d, J = 14.4 Hz), 2.84 (1H, d, J = 14.4 Hz), 2.82 

(1H, ddd, J = 14.0, 11.6, 2.8 Hz), 2.73 (1H, ddt, J = 12.0, 4.4, 2.0 

Hz), 2.51 (1H, ddd, J = 11.2, 6.4, 2.4 Hz), 2.03-2.30 (3H, m), 1.91 

(1H, m), 1.69 (1H, m), 1.38 (1H, m); 
13

C NMR (100 MHz, CDCl3) 

208.3, 171.5, 158.5, 146.4, 131.1, 128.8, 128.5, 126.6, 126.4, 113.7, 64.8, 55.2, 52.5, 48.9, 

40.4, 37.4, 35.0, 31.1, 29.0; IR (neat) 2951, 1709, 1512, 1452, 1441, 1248, 1196, 1179, 

1113, 1034 cm
-1

; HRMS (ESI) exact mass calcd. for C23H26O4: m/z 389.1723 ([M + Na]
+
), 

found: m/z 389.1727 ([M + Na]
+
); []

25

D = −3.0 (c = 1.0, CHCl3; 91% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AD-H, hexane/ethanol = 95/5, flow rate = 0.5 mL/min, retention time; 31.9 

min (minor) and 34.9 min (major)). 
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Methyl (1S,5R)-1-(4-bromobenzyl)-2-oxo-5-phenylcycloheptanecarboxylate (6i). 
1
H NMR (400 MHz, CDCl3) 7.37 (2H, m), 7.15-7.32 (3H, m), 

7.07-7.13 (2H, m), 6.96 (2H, m), 3.70 (3H, s), 3.51 (1H, d, J = 14.0 

Hz), 2.84 (1H, d, J = 14.0 Hz), 2.82 (1H, ddd, J = 14.0, 11.6, 2.4 Hz), 

2.73 (1H, ddt, J = 12.0, 4.0, 2.0 Hz), 2.53 (1H, ddd, J = 11.2, 6.4, 2.0 

Hz), 2.28 (1H, dd, J = 15.6, 10.8 Hz), 2.05-2.17 (2H, m), 1.91 (1H, 

m), 1.69 (1H, m), 1.36 (1H, dt, J = 14.8, 11.2 Hz); 
13

C NMR (100 

MHz, CDCl3) 207.9, 171.3, 146.2, 136.0, 131.9, 131.4, 128.6, 126.6, 126.5, 120.9, 64.6, 

52.6, 48.9, 40.4, 37.8, 35.0, 31.1, 29.3; IR (neat) 2949, 1730, 1709, 1489, 1450, 1250, 1196, 

1173, 1111, 1013 cm
-1

; HRMS (ESI) exact mass calcd. for C22H23BrO3: m/z 437.0723 ([M 

+ Na]
+
), found: m/z 437.0719 ([M + Na]

+
); []

26

D = 3.2 (c = 1.0, CHCl3; 90% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AD-H, hexane/ethanol = 95/5, flow rate = 0.5 mL/min, retention time; 21.3 

min (minor) and 25.0 min (major)). 

 

Methyl (1S,5R)-1-isobutyl-2-oxo-5-phenylcycloheptanecarboxylate (6j). 
1
H NMR (400 MHz, CDCl3)  7.23-7.33 (2H, m), 7.10-7.23 (3H, m), 

3.72 (3H, s), 2.79 (1H, ddd, J = 13.2, 12.0, 2.8 Hz), 2.75 (1H, m), 2.47 

(1H, ddd, J = 11.2, 6.4, 2.4 Hz), 2.41 (1H, dd, J = 13.2, 11.2 Hz), 

2.11-2.27 (2H, m), 2.06 (1H, m), 1.93 (1H, dd, J = 14.8, 8.8 Hz), 

1.61-1.75 (2H, m), 1.52 (1H, dd, J = 14.8, 5.2 Hz), 1.39 (1H, dt, J = 

14.8, 11.6 Hz), 0.92 (3H, d, J = 6.4 Hz), 0.85 (3H, d, J = 6.4 Hz); 
13

C NMR (100 MHz, 

CDCl3) 208.9, 172.9, 146.5, 128.5, 126.7, 126.4, 62.8, 52.4, 48.9, 41.2, 40.2, 35.0, 31.2, 

30.4, 24.7, 24.4, 23.1; IR (neat) 2955, 2870, 2361, 1711, 1456, 1227, 1206, 1155, 1123 

cm
-1

; HRMS (ESI) exact mass calcd. for C19H26O3: m/z 325.1774 ([M + Na]
+
), found: m/z 

325.1776 ([M + Na]
+
); []

27

D = −52.6 (c = 1.0, CHCl3; 66% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time; 

19.0 min (minor) and 23.3 min (major)). 

 

Methyl 

(1S,5S)-5-(tert-butyldimethylsilyloxy)-1-(4-methoxybenzyl)-2-oxocycloheptanecarboxy

late (6k). 
1
H NMR (400 MHz, CDCl3) 6.98 (2H, m), 6.76 (2H, m), 3.79 

(1H, br), 3.75 (3H, s), 3.67 (3H, br), 3.25 (1H, d, J = 13.6 Hz), 

2.91 (1H, d, J = 13.6 Hz), 2.79 (1H, ddd, J = 12.8, 10.8, 2.8 Hz), 

2.43 (1H, dd, J = 14.8, 9.6 Hz), 2.14 (1H, ddd, J = 11.6, 8.8, 2.8 
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Hz), 1.58-1.77 (4H, m), 1.40 (1H, m), 0.84 (9H, s), 0.01 (6H, s); 
13

C NMR (100 MHz, 

CDCl3) 209.4, 172.2, 158.5, 131.3, 128.6, 113.6, 69.6, 64.2, 55.2, 52.3, 39.4, 37.0, 34.5, 

32.2, 25.8, 23.9, 18.0, −4.8; IR (neat) 2951, 2930, 1736, 1711, 1512, 1250, 1206, 1179, 

1076, 1036 cm
-1

; HRMS (ESI) exact mass calcd. for C23H36O5Si: m/z 443.2224 ([M + Na]
+
), 

found: m/z 443.2216 ([M + Na]
+
); []

27

D = −23.0 (c = 1.0, CHCl3; 78% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK IC, hexane/isopropanol = 30/1, flow rate = 0.5 mL/min, retention time; 31.9 

min (major) and 35.3 min (minor)). 

 

Methyl 

(1S,5S)-1-(4-bromobenzyl)-5-(tert-butyldimethylsilyloxy)-2-oxocycloheptanecarboxyla

te (6l). 
1
H NMR (400 MHz, CDCl3) 7.37 (2H, m), 6.98 (2H, m), 3.84 

(1H, br), 3.69 (3H, s), 3.29 (1H, d, J = 14.0 Hz), 2.93 (1H, d, J = 

14.0 Hz), 2.86 (1H, ddd, J = 12.8, 11.6, 2.8 Hz), 2.51 (1H, dd, J = 

15.6, 9.6 Hz), 2.19 (1H, ddd, J = 12.0, 8.4, 2.8 Hz), 1.52-1.84 (4H, 

m), 1.37 (1H, m), 0.87 (9H, s), 0.03 (6H, s); 
13

C NMR (100 MHz, 

CDCl3) 208.9, 171.9, 135.9, 132.1, 131.3, 120.9, 69.2, 64.0,  

52.4, 39.4, 36.8, 34.6, 32.1, 25.8, 23.8, 18.0, −4.82, −4.84; IR (neat) 2951, 2930, 2857, 

1736, 1711, 1489, 1254, 1207, 1074, 1013 cm
-1

; HRMS (ESI) exact mass calcd. for 

C22H33BrO4Si: m/z 491.1224 ([M + Na]
+
), found: m/z 491.1229 ([M + Na]

+
); []

29

D = −28.3 

(c = 1.0, CHCl3; 88% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time; 

14.6 min (minor) and 15.7 min (major)). 

 

·Procedure for synthesis of optically active 4-phenylcycloheptanone 9 via traceless 

catalytic desymmetrizing asymmetric expansion. 

 

To a solution of (S)-1a (17.2 mg, 0.040 mmol) in degassed toluene (2 mL) was added 

dropwise a 0.5 M toluene solution of trimethylaluminum (160 L, 0.080 mmol) at room 

temperature under Ar and stirred for 60 min. 4-Phenylcyclohexanone (34.8 mg, 0.20 mmol) 

was then added to the resulting solution at the same temperature, and the solution was 

cooled to —78 °C. Benzyl diazoacetate 7 (42.3 mg, 0.24 mmol) was added to this solution 



S15 

 

and the stirring was maintained at the same temperature for 24 h. The mixture was 

quenched with 1N HCl, extracted with ethyl acetate and dried over Na2SO4. After 

concentration under reduced pressure, the residue was used for the next step without further 

purification. 

To a solution of thus-obtained ethyl 2-oxo-5-phenylcycloheptanecarboxylate 8 in DMSO 

(2 mL) was added lithium chloride (8.5 mg, 0.2 mmol) at room temperature. The mixture 

was stirred at 160 °C for 3 h. The resulting solution was poured into brine and extracted 

with Et2O. The combined organic layers were dried over anhydrous Na2SO4 and removed 

under reduced pressure. The residue was purified by column chromatography on silica gel 

(eluting with hexane/ethyl acetate = 30/1) to give 4-phenylcycloheptanone 9 in 54% yield 

in 2 steps (20.4 mg, 0.11 mmol) with 97% ee. 
1
H NMR (400 MHz, CDCl3) 7.24-7.34 (2H, m), 7.15-7.23 (3H, m), 2.65-2.75 (2H, m), 

2.55-2.64 (3H, m), 2.14 (1H, m), 1.98-2.08 (2H, m), 1.71-1.94 (2H, m), 1.63 (1H, m); 
13

C 

NMR (100 MHz, CDCl3) 214.7, 147.5, 128.5, 126.5, 126.2, 48.7, 43.8, 42.9, 38.4, 31.8, 

23.8; IR (neat) 2926, 2860, 1699, 1493, 1452, 1342, 1252, 1163 cm
-1

; HRMS (ESI) exact 

mass calcd. for C13H16O: m/z 211.1093 ([M + Na]
+
), found: m/z 211.1097 ([M + Na]

+
); []

29

D 

= −138.0 (c = 1.0, CHCl3; 97% ee). 

The enantiomeric purity of the product was determined by HPLC analysis (Daicel 

CHIRALPAK AD-H, hexane/isopropanol = 97/3, flow rate = 0.5 mL/min, retention time; 

17.7 min (major) and 29.9 min (minor)). 
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·Preliminary NMR experiments of (S)-1a/Me3Al complexes using no-D NMR 

spectroscopy.
6 

(S)-1a/Me3Al 1:2 complex (I) 

 

To a stirred solution of (S)-1a (34.4 mg, 0.080 mmol) in CH2Cl2 (1.0 mL) was added a 1M 

CH2Cl2 solution of Me3Al (160 μL, 0.16 mmol). After stirring for 1 h, the sample was taken 

to low pressure/vacuum (LPV) sample tube (Wilmad) and subjected to no-D 
1
H and 

13
C 

NMR studies (JEOL JNM-FX500 (500 and 125 MHz) (see Charts 1-4). The NMR spectra 

at room temperature showed the peaks assigned to be a symmetrical structure having only 5 

peaks at the aromatic region in accordance with Yamamoto and co-workers observation.
7
 

On the other hand, the VT-NMR spectroscopy at –78 °C resulted in the appearance of the 

unsymmetrical structure. From these studies and the previous X-ray study by Rothwell,
8
 we 

assumed the formation of dinuclear aluminum complex I whose Al-Me moieties were in 

rapid equilibrium at room temperature. 

(S)-1a/Me3Al /cyclohexanone 1:2:1 complex (II) 

To this solution was added cyclohexanone (8.3 μL, 0.80 mmol) and this sample was 

subjected to no-D NMR studies (Chart 5-8). The symmetrical peaks of the complex I 

(Charts 1 and 2) varied apparently to provide new unsymmetrical peaks (Charts 5 and 6) at 

room temperature. Although VT NMR experiments at –78 °C led to the slight shift of some 

peaks and the splitting of the peaks assigned to cyclohexanone, the fundamental structure 

seems to be retained (Charts 7 and 8). In consideration of these facts, we propose two 

possibilities as below, both of which constitute Lewis acid-assisted Lewis acid as an active 
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species.
9
  

 

(S)-1a/Me3Al 1:1 complex (III) 

 

To a stirred solution of (S)-1a (34.4 mg, 0.080 mmol) in CH2Cl2 (1.0 mL) was added a 1M 

CH2Cl2 solution of Me3Al (80 μL, 0.080 mmol). After stirring for 1 h, the sample was taken 

to low pressure/vacuum (LPV) sample tube (Wilmad) and subjected to no-D 
1
H and 

13
C 

NMR studies (JEOL JNM-FX500 (500 and 125 MHz) (see Charts 9-12). These 

experiments clearly showed the formation of an unsymmetrical structure which could not 

be superimposed with the free ligand (S)-1a or (S)-1a/Me3Al 1:2 complex. The elucidation 

of this complex needs to await further investigation. 

(S)-1a/Me3Al/cyclohexanone 1:1:1 complex (IV) 

To this solution was added cyclohexanone (8.3 μL, 0.80 mmol) and this sample was 

subjected to no-D NMR studies (Charts 13-16). Addition of cyclohexanone immediately 

led to the formation of new species having a C2-symmetry and this symmetry was retained 

even at –78 °C. In addition, one sharp peak assignable to the Al-Me group appeared at 

–78 °C. Based on these observations, this complex is assumed to be a monomeric 

BINOL-Al complex coordinated by cyclohexanone. 
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Chart 1. 
1
H NMR spectra of the complex I at rt 
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Chart 2. 
13

C NMR spectra of the complex I at rt 
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Chart 3. 
1
H NMR spectra of the complex I at –78 °C 
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Chart 4. 
13

C NMR spectra of the complex I at –78 °C 
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Chart 5. 
1
H NMR spectra of the complex II at rt 
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Chart 6. 
13

C NMR spectra of the complex II at rt 
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Chart 7. 1
H NMR spectra of the complex II at –78 °C 
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Chart 8. 13
C NMR spectra of the complex II at –78 °C 

 

 



S26 

 

Chart 9. 1
H NMR spectra of the complex III at rt 
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Chart 10. 13
C NMR spectra of the complex III at rt 
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Chart 11. 1
H NMR spectra of the complex III at –78 °C 
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Chart 12. 13
C NMR spectra of the complex III at –78 °C 
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Chart 13. 1H NMR spectra of the complex IV at rt 
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Chart 14. 13
C NMR spectra of the complex IV at rt 
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Chart 15. 1H NMR spectra of the complex IV at –78 °C 
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Chart 16. 13
C NMR spectra of the complex IV at –78 °C 
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