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General Experimental Methods 

[Cp*RhCl2]2 was purchased from Strem. N-Methoxybenzamides,1 propargylic alcohols,2 

and optically active propargylic alcohols (S-2f and S-2i)3-4 were prepared according to the 

literature procedures. H2
18O was purchased from Dr. Mao chemicals. Other commercially 

available chemicals were purchased and used without additional purification unless noted 

otherwise. 1H NMR spectra were recorded on a Bruker-300 MHz spectromete and 13C NMR 

spectra were recorded at 75 MHz. All 1H NMR experiments were measured with 

tetramethylsilane (0 ppm) or the signal of residual CHCl3 (7.26 ppm) in CDCl3 as the internal 

reference, 13C NMR experiments were measured in relative to the signal of CDCl3 (77.0 ppm). 

Infrared spectra were recorded from the film of pure samples on sodium chloride plates for 

liquid or in the form of KBr discs for the solid samples. Mass and HRMS spectra were 

carried out in EI mode. Elemental analyses were carried out by Elementar Vario MICRO cube. 

Thin layer chromatography was performed on pre-coated glassback plates and visualized with 

UV light at 254 nm. Flash column chromatography was performed on silica gel.  
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Synthesis of new starting materials 

1. Preparation of 1-(4-methoxyphenyl)-3-methylnon-4-yn-3-ol 2e.2 (Wsz-9-71) 

 

To a solution of hex-1-yne (2.9 mL, d = 0.72 g/mL, 2.0880 g, 25 mmol) in THF (80 mL) 

was added dropwise n-BuLi (2.5 M in hexane, 12 mL, 30 mmol) at 0 oC within 10 minutes. 

After lithiation for 1 h at 0 oC, 4-(4-methoxyphenyl)butan-2-one (5.1 mL, d = 1.042 g/mL, 

5.3142 g, 30 mmol) was added dropwise at this temperature within 5 minutes. After being 

stirred for another 1 h, the resulting mixture was warmed up to room temperature and stirred 

for 19 h as monitored by TLC (eluent: petroleum ether/ethyl acetate = 5/1). Then the resulting 

mixture was warmed up to room temperature and quenched with a saturated aqueous solution 

of NH4Cl. The organic phase was separated and the acqueous phase was extracted with ether 

(30 mL × 3). The combined organic phase was washed with brine and dried over anhydrous 

Na2SO4. After filtration, evaporation of the solvent and chromatography on silica gel (eluent: 

petroleum ether/ethyl acetate = 10/1) afforded 2e (5.2009 g, 79%) as an oil: 1H NMR (300 

MHz, CDCl3) δ 7.17-7.08 (m, 2 H, Ar-H), 6.87-6.78 (m, 2 H, Ar-H), 3.78 (s, 3 H, OCH3), 

2.87-2.72 (m, 2 H, CH2), 2.22 (t, J = 6.9 Hz, 2 H, CH2), 2.10 (brs, 1 H, OH), 1.98-1.83 (m, 2 

H, CH2), 1.57-1.36 (m, 7 H, CH3 + CH2 × 2), 0.92 (t, J = 7.2 Hz, 3 H, CH3); 
13C NMR (75 

MHz, CDCl3) δ 157.6, 134.1, 129.2, 113.7, 84.1, 83.7, 68.1, 55.2, 45.9, 30.7, 30.33, 30.29, 

21.9, 18.2, 13.5; IR  (neat, cm-1) 3435, 2955, 2932, 2870, 2862, 2835, 2237, 1612, 1584, 
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1513, 1464, 1455, 1443, 1368, 1300, 1246, 1177, 1109, 1083, 1037; MS (EI, 70 eV) m/z (%) 

260 (M+, 6.21), 121 (100); HRMS calcd. for C17H24O2 (M
+): 260.1776; Found: 260.1776. 

 

2. Preparation of 1-(4-cyanophenyl)-3-methyloct-1-yn-3-ol 2k.5 (Wsz-8-154) 

 

A dried three-necked flask equipped with a Teflon-coated magnetic stirring bar was 

evacuated and backfilled with nitrogen for three times. Then 4-iodobenzonitrile (6. 8710 g, 30 

mmol), Pd(PPh3)2Cl2 (0.1751 g, 0.25 mmol), CuI (0.4770 mg, 2.5 mmol), Et3N (10.4 mL, d = 

0.726 g/mL, 7.5504 g, 75 mmol), 3-methyloct-1-yn-3-ol (3.5043 g, 25 mmol), and THF (50 

mL) were added sequentially. The resulting mixture was stirred at rt and the reaction was 

complete after 24 h as monitored by TLC (eluent: petroleum ether/ethyl acetate = 5/1). 

Filtration through a short column of silica gel (eluent: ethyl acetate 40 mL × 3) and 

evaporation afforded the crude product, which was purified by flash column chromatography 

on silica gel (eluent: petroleum/ethyl acetate = 15/1 (800 mL) to 5/1) to afford 2k (4.8112 g, 

80%): oil; 1H NMR (300 MHz, CDCl3) δ 7.62-7.55 (m, 2 H, Ar-H), 7.52-7.45 (m, 2 H, Ar-H), 

2.57 (s, 1 H, OH), 1.82-1.71 (m, 2 H, CH2), 1.64-1.48 (m, 5 H, CH3 + CH2), 1.43-1.27 (m, 4 

H, CH2 × 2), 0.91 (t, J = 6.9 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 132.0, 131.8, 127.8, 

118.3, 111.3, 97.6, 81.5, 68.5, 43.4, 31.7, 29.5, 24.3, 22.4, 13.9; IR (neat, cm-1) 3439, 2956, 

2933, 2861, 2228, 1604, 1501, 1466, 1406, 1371, 1308, 1271, 1257, 1207, 1179, 1150, 1130, 

1093, 1056, 1040, 1018; MS (EI): m/z (%) 242 (M++1, 4.45), 241 (M+, 0.45), 170 (100); Anal. 

Calcd for C16H19NO: C 79.63, H 7.94, N 5.80. Found: C 79.28, H 7.92, N 5.55. 
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3. Preparation of S-1-(4-chlorophenyl)-3-methylpent-1-yn-3-ol S-2j.3-4 (Wsz-8-38) 

 

A dried three-necked flask equipped with a Teflon-coated magnetic stirring bar was 

evacuated and backfilled with nitrogen for three times. Then the ligand (0.6563 g, 30 mmol) 

and toluene (40 mL) were added. To the resulting mixture was added dropwise Et2Zn (2 M in 

toluene, 14.4 mL, 28.8 mmol) at rt within 10 minutes. After being stirred at rt for 5 minutes, 

Ti(O-i-Pr)4 (3.9 mL, d = 0.96 g/mL, 3.7440 g, 13.2 mmol) was added within 3 minutes. Then 

a solution of 4-(4-chlorophenyl)but-3-yn-2-one (2.1428 g, 12 mmol) in toluene (15 mL) was 

added dropwise at rt within 10 minutes. The resulting mixture was stirred for another 14 h 

and MeOH (10 mL) was added dropwise at 0 oC. After being stirred for a few minutes, a 

saturated aqueous solution of NH4Cl (40 mL) was added at 0 oC to quench the reaction. After 

filtration through a short column of silica gel (eluent: ethyl acetate 40 mL × 3), the organic 

phase of the filtrate was separated and the acqueous phase was extracted with ethyl acetate 

(40 mL × 3), and the combined organic phase was washed with brine and dried over 

anhydrous Na2SO4. After filtration, evaporation of the solvent and chromatography on silica 

gel (eluent: petroleum ether/ethyl acetate = 10/1) afforded S-2j (1624.6 g, 65%): oil, 98% ee 

(HPLC conditions: Chiralcel OD-H column, hexane/i-PrOH = 100/1, 0.5 mL/min, λ = 207 
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nm, tR(major) = 64.290 min, tR(minor) = 59.320 min); [α]D
20 = -1.2 (c = 1.14, CHCl3);

 1H 

NMR (300 MHz, CDCl3) δ 7.38-7.32 (m, 2 H, Ar-H), 7.32-7.23 (m, 2 H, Ar-H), 2.04 (s, 1 H, 

OH), 1.84-1.71 (m, 2 H, CH2), 1.56 (s, 3 H, CH3), 1.10 (t, J = 7.5 Hz, 3 H, Me); 13C NMR 

(75 MHz, CDCl3) δ 134.2, 132.9, 128.6, 121.3, 93.6, 82.3, 69.1, 36.6, 29.2, 9.0; IR (neat, 

cm-1) 3373, 2973, 2935, 2879, 2224, 1489, 1462, 1398, 1370, 1324, 1298, 1155, 1125, 1090, 

1052, 1034, 1015; MS (EI, 70 eV) m/z (%) 210 (M(37Cl)+, 2.10), 208 (M(35Cl)+, 6.67), 43 

(100); HRMS calcd. for C12H13O
35Cl (M+): 208.0655; Found: 208.0659. 

 

4. The characterization of R- and S-3-methyl-1-phenylhept-1-yn-3-ols R-2h and S-2h 

(Wsz-6-132). 

 

Compound R-2h was prepared by preparative HPLC separation of racemic 

3-methyl-1-phenylhept-1-yn-3-ol2: oil, >99% ee (HPLC conditions: Chiralcel OD-H column, 

hexane/i-PrOH = 100/1, 1.5 mL/min, λ = 207 nm, tR(major) = 22.408 min); [α]D
20 = +1.6 (c = 

1.12, CHCl3); 
1H NMR (300 MHz, CDCl3) δ 7.47-7.37 (m, 2 H, Ar-H), 7.36-7.26 (m, 3 H, 

Ar-H), 2.05 (s, 1 H, OH), 1.82-1.71 (m, 2 H, CH2), 1.63-1.48 (m, 5 H, CH3 + CH2), 1.47-1.33 

(m, 2 H, CH2), 0.95 (t, J = 7.2 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 131.6, 128.22, 

128.19, 122.8, 93.0, 83.2, 68.7, 43.5, 29.8, 27.0, 22.8, 14.1; IR (neat, cm-1) 3371, 2956, 2934, 

2862, 2227, 1596, 1489, 1471, 1438, 1370, 1310, 1260, 1221, 1156, 1130, 1090, 1046, 1025; 

MS (EI): m/z (%) 202 (M+, 2.11), 145 (100); HRMS calcd. for C14H18O (M+): 202.1358; 

Found: 202.1359. 
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Compound S-2h was prepared by preparative HPLC separation of racemic 

3-methyl-1-phenylhept-1-yn-3-ol2: oil, 95% ee (HPLC conditions: Chiralcel OD-H column, 

hexane/i-PrOH = 100/1, 1.5 mL/min, λ = 207 nm, tR(major) = 37.828 min, tR(minor) = 22.343 

min); [α]D
20 = -1.7 (c = 0.92, CHCl3); 

1H NMR (300 MHz, CDCl3) δ 7.46-7.38 (m, 2 H, 

Ar-H), 7.34-7.27 (m, 3 H, Ar-H), 2.05 (s, 1 H, OH), 1.81-1.72 (m, 2 H, CH2), 1.64-1.47 (m, 5 

H, CH3 + CH2), 1.46-1.33 (m, 2 H, CH2), 0.95 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, 

CDCl3) δ 131.6, 128.22, 128.19, 122.8, 93.0, 83.2, 68.6, 43.5, 29.8, 26.9, 22.8, 14.1; IR (neat, 

cm-1) 3388, 2957, 2934, 2862, 2230, 1598, 1489, 1466, 1443, 1267, 1212, 1156, 1130, 1086, 

1048, 1028; MS (EI): m/z (%) 202 (M+, 1.95), 145 (100); HRMS calcd. for C14H18O (M+): 

202.1358; Found: 202.1359. 

 

5. Synthesis of 3-18O-1-(4-methoxyphenyl)-3-methylnon-4-yn-3-ol 2e-18O 

(1) The preparation of 2-(4-methoxyphenethyl)-2-methyl-1,3-dioxolane.6 (Wsz-9-90) 

 

To a solution of 4-(4-methoxyphenyl)butan-2-one (5.1 mL, d = 1.042 g/mL, 5.3142 g, 30 

mmol) and TsOH.H2O (0.0279 g, 0.15 mmol) in DCM (40 mL) was added dropwise 

ethan-1,2-diol (3.3 mL, d = 1.120 g/mL, 3.6960 g, 60 mmol) at 0 oC within 10 minutes. Then 

the resulting mixture was warmed to rt and then refluxed with a condenser. After being stirred 
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for 48 h, the reaction was complete as monitored by TLC (eluent: petroleum ether/ethyl 

acetate = 10/1) and quenched with a saturated aqueous solution of NaHCO3 (30 mL). The 

organic phase was separated and the acqueous phase was extracted with diethyl ether (30 mL 

× 3). The combined organic phase was washed with brine and dried over anhydrous Na2SO4. 

After filtration, evaporation of the solvent and column chromatography on silica gel (eluent: 

petroleum ether/ethyl acetate = 10/1 (500 mL) to 5/1) afforded 

2-(4-methoxyphenethyl)-2-methyl-1,3-dioxolane (4.6829 g, 71%) as an oil: 1H NMR (300 

MHz, CDCl3) δ 7.16-7.08 (m, 2 H, Ar-H), 6.87-6.78 (m, 2 H, Ar-H), 4.03-3.94 (m, 4 H, 

OCH2 × 2), 3.78 (s, 3 H, OCH3), 2.71-2.61 (m, 2 H, CH2), 1.98-1.88 (m, 2 H, CH2), 1.37 (s, 3 

H, CH3); 
13C NMR (75 MHz, CDCl3) δ 157.6, 134.2, 129.1, 113.7, 109.6, 64.7, 55.2 41.2, 

29.3, 23.9; IR  (neat, cm-1) 2981, 2952, 2932, 2880, 2835, 1612, 1584, 1513, 1464, 1455, 

1376, 1300, 1246, 1178, 1135, 1110, 1087, 1055, 1038; MS (EI, 70 eV) m/z (%) 222 (M+, 

8.31), 87 (100); HRMS calcd. for C13H18O3 (M
+): 222.1256; Found: 222.1259. 

 

(2) The preparation of 2-18O-4-(4-methoxyphenyl)butan-2-one 13-18O. (Wsz-9-147) 

 

A dried Schlenk tube equipped with a Teflon-coated magnetic stirring bar was evacuated 

and backfilled with nitrogen for three times. Then TsOH (0.0089 g, 0.05 mmol), 

2-(4-methoxyphenethyl)-2-methyl-1,3-dioxolane (2.2235 g, 10 mmol), and H2
18O (1 mL, d = 

1.109 g/mL, 0.9017 g, 45 mmol, 97% 18O) were added sequentially at rt in the glovebox. 
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After being stirred for 108 h in the glovebox at rt as monitored by TLC, the reaction was 

stopped. Evaporation and purification by flash column chromatography on silica gel (eluent: 

petroleum/ethyl acetate = 10/1) afforded 13-18O (1.0311 g, 57%, 88% 18O): oil; 1H NMR (300 

MHz, CDCl3) δ 7.13-7.05 (m, 2 H, Ar-H), 6.86-6.78 (m, 2 H, Ar-H), 3.77 (s, 3 H, OCH3), 

2.87-2.78 (m, 2 H, CH2), 2.76-2.68 (m, 2 H, CH2), 2.13 (s, 3 H, CH3); 
13C NMR (75 MHz, 

CDCl3) δ 208.1, 157.9, 132.9, 129.1, 113.8, 55.2, 45.4, 30.0, 28.8; IR  (neat, cm-1) 3031, 

3000, 2955, 2935, 2914, 2836, 1715, 1612, 1583, 1513, 1465, 1443, 1366, 1301, 1247, 1179, 

1160, 1109, 1035; MS (EI, 70 eV) m/z (%) 180 (M (18O)+, 21.23), 178 (M (16O)+, 2.77), 121 

(100); HRMS Calcd for C11H14
16O2 (M+): 178.0994. Found: 178.0996. HRMS Calcd for 

C11H14
16O18O (M+): 180.1036. Found: 180.1036. 

The 18O% incorporation of 13-18O was determined via the analysis of MS spectrum. The 

natural abundances of the stable isotopes of C, H, and O are known. The naturally occurring 

isotopic 18O will also produce [M(18O)]+ peak. According to the natural abundance of 18O, the 

ratio C11H14
16O2 : C11H14

16O18O is 99.76:0.2. Thus, the intensity of [M(18O)+] (C11H14
16O18O)+ 

peak will be 0.2% of the intensity of the molecular peak [M(16O)+] (C11H14
16O2). According to 

the MS spectrum of 13-18O, the relative abundances of 13-16O 178 [M(16O)+] and 13-18O 180 

[M(18O)+] are 2.77, 21.23, respectively. The 18O% of 13-18O can be calculated as follows: 

([M(18O)+] - [M(16O)+] × 0.2%)/([M(18O)+] - [M(16O)+] × 0.2% + [M(16O)+]) = 

21.23-21.23×0.002/(21.23-21.23×0.002 + 2.77) ≈ 88.43%. 

In addition, the contributions to the isotope peak intensities from background peaks or from 

impurities in the sample must be considered. According to the MS spectrum of 13, such 

contribution of 13 to [M(16O)+2]+ is (0.34-30.78×0.002)% (≈ 0.28%). 
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So the 18O% of 13-18O is 88.43% - 0.28% ≈ 88%. 

 

(3) The preparation of 3-18O-1-(4-methoxyphenyl)-3-methylnon-4-yn-3-ol 2e-18O. 

(Wsz-9-151) 

 

To a solution of hex-1-yne (0.3285 g, 4 mmol) in THF (3 mL) was added dropwise n-BuLi 

(2.5 M in hexane, 1.9 mL, 4.8 mmol) at 0 oC in 10 minutes under N2. After lithiation for 1 h at 

0 oC, a solution of 13-18O (88% 18O) (0.8652 g, 4.8 mmol) in THF (2 mL) was added 

dropwise at this temperature within 5 minutes. After being stirred at 0 oC for 1 h, the resulting 

mixture was warmed up to room temperature and stirred for 36 h as monitored by TLC 

(eluent: petroleum ether/ethyl acetate = 5/1) and quenched with a saturated aqueous solution 

of NH4Cl (5 mL). The organic phase was separated and the acqueous phase was extracted 

with ether (20 mL × 3). The combined organic phase was washed with brine and dried over 

anhydrous Na2SO4. After filtration, evaporation of the solvent and chromatography on silica 

gel (eluent: petroleum ether/ethyl acetate = 10/1) afforded 2e-18O (0.7463 g, 71%, 86% 18O) 

as an oil: 1H NMR (300 MHz, CDCl3) δ 7.17-7.09 (m, 2 H, Ar-H), 6.86-6.79 (m, 2 H, Ar-H), 

3.78 (s, 3 H, OCH3), 2.85-2.72 (m, 2 H, CH2), 2.22 (t, J = 6.9 Hz, 2 H, CH2), 2.09 (bs, 1 H, 

OH), 1.96-1.83 (m, 2 H, CH2), 1.56-1.37 (m, 7 H, CH3 + CH2 × 2), 0.92 (t, J = 7.2 Hz, 3 H, 

CH3); 
13C NMR (75 MHz, CDCl3) δ 157.6, 134.1, 129.2, 113.7, 84.1, 83.7, 68.1, 55.2, 45.9, 
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30.7, 30.33, 30.29, 21.9, 18.2, 13.5; IR (neat, cm-1) 3431, 3028, 2955, 2929, 2873, 2858, 2835, 

2236, 1612, 1584, 1513, 1465, 1455, 1442, 1368, 1327, 1300, 1246, 1177, 1109, 1083, 1037; 

MS (EI, 70 eV) m/z (%) 262 (M (18O)+, 6.50), 260 (M (16O)+, 1.03), 121 (100); HRMS Calcd 

for C17H24
16O2 (M+): 260.1776. Found: 260.1775. HRMS Calcd for C17H24

16O18O (M+): 

262.1819. Found: 262.1820.  

The 18O% incorporation of 2e-18O was determined via the analysis of MS spectrum. The 

natural abundances of the stable isotopes of C, H, and O are known. The naturally occurring 

isotopic 18O will also produce [M(18O)]+ peak. According to the natural abundance of 18O, the 

ratio C17H24
16O2 : C17H24

16O18O is 99.76:0.2. Thus, the intensity of [M(18O)+] (C17H24
16O18O)+ 

peak will be 0.2% of the intensity of the molecular peak [M(16O)+] (C17H24
16O2). According to 

the MS spectrum of 2e-18O, the relative abundances of 2e-16O 260 [M(16O)+] and 2e-18O 262 

[M(18O)+] are 1.03, 6.50, respectively. The 18O% of 2e-18O can be calculated as follows: 

([M(18O)+] - [M(16O)+] × 0.2%)/([M(18O)+] - [M(16O)+] × 0.2% + [M(16O)+]) = 

6.50-6.50×0.002/(6.50-6.50×0.002+ 1.03) ≈ 86.30%. 

In addition, the contributions to the isotope peak intensities from background peaks or from 

impurities in the sample must be considered. According to the MS spectrum of 2e, such 

contribution of 2e to [M(16O)+2]+ is (0.15-6.21×0.002)% (≈ 0.14%). 

So the 18O% of 2e-18O is 86.30% - 0.14% ≈ 86%. 
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Table S1. The effect of base.[a] 

 

    

Entry Base Time/ h NMR yield of 3aa/ % 

1[b] Na2CO3 48 - 

2[c] K2CO3 48 10 

3 NaOAc 24 65 

4[d] KOAc 24 22 

5[e] CsOAc 24 25 

6[f] K3PO4 48 18 

[a] The reaction was conducted with 1a (0.3 mmol), 2a (0.2 mmol), [Cp*RhCl2]2 (0.004 

mmol), Base (0.06 mmol), MeOH (1.2 mL), and monitored by TLC. [b] The reaction only 

afforded a complicated mixture. [c] 21% of 2a was recovered. [d] 20% of 2a was recovered. [e] 

10% of 2a was recovered. [f] 27% of 2a was recovered. 

 

Rh(III)-Catalyzed Synthesis of of Tetra-substituted allenes 3 

1. Preparation of N-methoxy-2-(7-methyl-5,6-octadien-5-yl)benzamide 3aa. (Wsz-7-93) 

O

N
H

OMe

+ Bu
OH

2 mol% [Cp*RhCl2]2
30 mol% NaOAc

MeOH, rt, 34 h, 71%

O

N
H

OMe

Bu

1.5 equiv.

1a 2a

3aa  

Typical Procedure I: To a dried Schlenk tube equipped with a Teflon-coated magnetic 

stirring bar were added N-methoxybenzamide 1a (226.1 mg, 1.5 mmol), [Cp*RhCl2]2 (12.3 
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mg, 0.02 mmol), NaOAc (24.2 mg, 0.3 mmol), 2-methyloct-3-yn-2-ol 2a (140.6 mg, 1 mmol), 

and MeOH (6 mL) sequentially at rt (29 oC). After being stirred for 34 h, the reaction was 

complete as monitored by TLC. Filtration through a short column of silica gel (eluent: ethyl 

acetate 20 mL × 3) and evaporation afforded the crude product, which was purified by flash 

column chromatography on silica gel (eluent: petroleum/ethyl acetate/dichloromethane = 

8/1/0.1 (500 mL) to 5/1/0.1) to afford 3aa4 (195.6 mg, 71%): solid; m.p. 67.1-68.4 oC 

(hexane/ethyl acetate), reproted in the ref: 66.9-68.1 oC (hexane/ethyl acetate); 1H NMR (300 

MHz, CDCl3) δ 8.86 (brs, 1 H, NH), 7.54 (d, J = 7.2 Hz, 1 H, Ar-H), 7.43-7.34 (m, 1 H, 

Ar-H), 7.32-7.19 (m, 2 H, Ar-H), 3.83 (s, 3 H, OCH3), 2.29 (t, J = 7.1 Hz, 2 H, CH2), 1.75 (s, 

6 H, 2 × CH3), 1.47-1.28 (m, 4 H, 2 × CH2), 0.89 (t, J = 7.1 Hz, 3 H, CH3); 
13C NMR (75 

MHz, CDCl3) δ 201.3, 167.9, 138.3, 131.5, 130.5, 129.0, 126.7, 102.8, 97.5, 64.3, 33.5, 30.0, 

22.1, 20.3, 13.9; IR  (neat, cm-1) 3195, 3062, 2956, 2931, 2875, 2859, 2814, 1953, 1660, 

1595, 1570, 1465, 1440, 1361, 1300, 1260, 1188, 1158, 1108, 1035; MS (EI, 70 eV) m/z (%) 

273 (M+, 1.13), 198 (100). 

The following compounds were prepared according to the Typical Procedure I. 

Preparation of 3aa on 8 mmol scale. (Wsz-8-60) 

 

The reaction of 1a (1812.6 mg, 12 mmol), [Cp*RhCl2]2 (98.3 mg, 0.16 mmol), NaOAc 

(196.7 mg, 2.4 mmol), 2a (1122.1 mg, 8 mmol), and MeOH (50 mL) at rt (10 oC) afforded 

3aa (1590.4 mg, 73%) (eluent: petroleum/ethyl acetate/dichloromethane = 6/1/0.3): 1H NMR 
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(300 MHz, CDCl3) δ 8.82 (brs, 1 H, NH), 7.55 (d, J = 7.2 Hz, 1 H, Ar-H), 7.42-7.33 (m, 1 H, 

Ar-H), 7.32-7.18 (m, 2 H, Ar-H), 3.84 (s, 3 H, OCH3), 2.29 (t, J = 7.2 Hz, 2 H, CH2), 1.76 (s, 

6 H, 2 × CH3), 1.47-1.28 (m, 4 H, 2 × CH2), 0.89 (t, J = 7.2 Hz, 3 H, CH3). 

 

2. Identification of the byproduct (Z)-4-butyl-3-(2-hydroxypropan-2-yl)-1H-isochromen- 

1-one O-methyl oxime 4aa using mixed solvent (MeOH/H2O, V/V = 20/1). (Wsz-6-197) 

 

The reaction of 1a (226.6 mg, 1.5 mmol), [Cp*RhCl2]2 (12.6 mg, 0.02 mmol), NaOAc 

(24.9 mg, 0.3 mmol), 2a (140.8 mg, 1 mmol), MeOH (6 mL), and H2O (0.3 mL) at rt (21 oC) 

afforded 4aa (28.2 mg, 10%) and 3aa (166.7 mg, 61%) (eluent: petroleum ether/ethyl acetate 

= 15/1 to petroleum ether/ethyl acetate/dichloromethane = 6/1/0.4).  

3aa: solid, 1H NMR (300 MHz, CDCl3) δ 8.80 (brs, 1 H, NH), 7.56 (d, J = 7.2 Hz, 1 H, 

Ar-H), 7.42-7.33 (m, 1 H, Ar-H), 7.32-7.18 (m, 2 H, Ar-H), 3.85 (s, 3 H, OCH3), 2.29 (t, J = 

7.1 Hz, 2 H, CH2), 1.76 (s, 6 H, 2 × CH3), 1.47-1.28 (m, 4 H, 2 × CH2), 0.89 (t, J = 7.1 Hz, 3 

H, CH3). 

4aa: solid; m.p. 77.5-78.6 oC (hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 7.94 

(dd, J1 = 8.0 Hz, J2 = 1.1 Hz, 1 H, Ar-H), 7.48-7.39 (m, 1 H, Ar-H), 7.39-7.33 (m, 1 H, Ar-H),  

7.29-7.22 (m, 1 H, Ar-H), 3.92 (s, 3 H, OCH3), 2.82 (t, J = 7.1 Hz, 2 H, CH2), 2.28 (s, 1 H, 

OH), 1.63 (s, 6 H, 2 × CH3), 1.58-1.40 (m, 4 H, 2 × CH2), 0.97 (t, J = 7.1 Hz, 3 H, CH3).
 13C 
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NMR (75 MHz, CDCl3) δ 153.0, 148.6, 132.8, 130.8, 127.3, 123.8, 122.6, 121.3, 111.0, 74.1, 

62.4, 32.4, 29.7, 25.0, 23.1, 13.9; IR  (neat, cm-1) 3463, 2958, 2933, 2872, 2816, 1638, 1616, 

1593, 1486, 1457, 1345, 1191, 1140, 1056; MS (EI, 70 eV) m/z (%) 290 (M++1, 15.46), 289 

(M+, 100); Anal. Calcd for C17H23NO3: C 70.56, H 8.01, N 4.84. Found: C 70.35, H 8.19, N 

4.50. 

 

ORTEP representation of 4aa 

4aa: C17H23NO3, MW = 289.36, monoclinic, space group P 1 21/c 1, final R indices [I > 

2σ(I)], R1 = 0.0429, wR2 = 0.0980; Rindices (all data), R1 = 0.0708, wR2 = 0.1147; a = 

16.5610(13) Å, b = 9.1887(6) Å, c = 10.5955(7) Å, α = 90.00°, β = 98.666(7)°, γ = 90.00°, V 

= 1593.94(19) Å3, T = 293(2) K, Z = 4, reflections collected/unique 6042/2906 (Rint = 

0.0321), number of observations [> 2σ(I)]: 1993, parameters: 195. Supplementary 

crystallographic data have been deposited at the Cambridge Crystallographic Data Centre, 

CCDC 1483457. 

 

3. Preparation of N-methoxy-2-(1,1-hexamethylene-1,2-heptadien-3-yl)benzamide 3ab. 
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(Wsz-7-200) 

O

N
H

OMe

+ Bu
OH

2 mol% [Cp*RhCl2]2
30 mol% NaOAc

MeOH/H2O = 20/1, rt, 72 h, 70%

O

N
H

OMe

Bu

1.5 equiv.

1a 2b

3ab  

The reaction of 1a (227.1 mg, 1.5 mmol), [Cp*RhCl2]2 (12.7 mg, 0.02 mmol), NaOAc 

(24.9 mg, 0.3 mmol), and 2b (194.5 mg, 1 mmol) in MeOH (6 mL) and H2O (0.3 mL) at rt 

(13 oC) afforded 3ab (228.7 mg, 70%) (eluent: petroleum ether/ethyl acetate/dichloromethane 

= 7/1/0.3): oil; 1H NMR (300 MHz, CDCl3) δ 8.93 (s, 1 H, NH), 7.58 (d, J = 7.2 Hz, 1 H, 

Ar-H), 7.38 (td, J1 = 7.5 Hz, J2 = 1.2 Hz, 1 H, Ar-H), 7.32-7.17 (m, 2 H, Ar-H), 3.83 (s, 3 H, 

OCH3), 2.43-2.18 (m, 6 H, CH2 × 3), 1.75-1.49 (m, 8 H, CH2 × 4), 1.48-1.28 (m, 4 H, CH2 × 

2), 0.90 (t, J = 7.1 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 201.2, 167.7, 138.5, 131.2, 

130.5, 129.3, 129.1, 126.7, 106.7, 102.8, 64.2, 33.7, 32.2, 30.1, 29.2, 28.3, 22.1, 13.9; IR  

(neat, cm-1) 3187, 3063, 2953, 2926, 2852, 1947, 1658, 1594, 1569, 1499, 1462, 1440, 1376, 

1349, 1302, 1156, 1035; MS (EI, 70 eV) m/z (%) 328 (M++1, 11.16), 327 (M+, 4.84), 296 

(100); HRMS Calcd for C21H29NO2 (M
+): 327.2198. Found: 327.2192. 

 

4. Preparation of N-methoxy-2-(7-methyl-5,6-dodedien-5-yl)benzamide 3ac. (Wsz-7-189) 

O

N
H

OMe

+ Bu
OH

C5H11

2 mol% [Cp*RhCl2]2
30 mol% NaOAc

MeOH, rt, 72 h, 66%

O

N
H

OMe

C5H11

Bu

1.5 equiv.

1a 2c

3ac  
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The reaction of 1a (226.6 mg, 1.5 mmol), [Cp*RhCl2]2 (12.5 mg, 0.02 mmol), NaOAc 

(24.3 mg, 0.3 mmol), and 2c (196.7 mg, 1 mmol) in MeOH (6 mL) at rt (17 oC) afforded 3ac 

(218.3 mg, 66%) (eluent: petroleum ether/ethyl acetate/dichloromethane = 7/1/0.3): oil; 1H 

NMR (300 MHz, CDCl3) δ 8.96 (s, 1 H, NH), 7.61 (d, J = 7.5 Hz, 1 H, Ar-H), 7.39 (td, J1 = 

7.5 Hz, J2 = 1.2 Hz, 1 H, Ar-H), 7.33-7.17 (m, 2 H, Ar-H), 3.85 (s, 3 H, OCH3), 2.37-2.19 (m, 

2 H, CH2), 2.07-1.93 (m, 2 H, CH2), 1.77 (s, 3 H, CH3), 1.57-1.17 (m, 10 H, CH2 × 5), 

0.99-0.78 (m, 6 H, CH3× 2); 13C NMR (75 MHz, CDCl3) δ 200.8, 167.7, 138.4, 131.2, 130.6, 

129.4, 129.2, 126.8, 104.6, 101.9, 64.3, 34.1, 33.9, 31.5, 30.2, 27.3, 22.4, 22.2, 18.8, 14.0, 

13.9; IR  (neat, cm-1) 3189, 3063, 2956, 2929, 2869, 2857, 1950, 1659, 1590, 1566, 1499, 

1465, 1439, 1373, 1299, 1159, 1035; MS (EI, 70 eV) m/z (%) 329 (M+, 1.30), 130 (100); 

HRMS Calcd for C21H31NO2 (M
+): 329.2355. Found: 329.2360. 

 

5. Preparation of N-methoxy-2-(3-ethyl-3,4-nonadien-5-yl)benzamide 3ad. (Wsz-7-173) 

 

The reaction of 1a (226.8 mg, 1.5 mmol), [Cp*RhCl2]2 (12.5 mg, 0.02 mmol), NaOAc 

(24.3 mg, 0.3 mmol), and 2d (167.9 mg, 1 mmol) in MeOH (6 mL) at rt (20 oC) afforded 

3ad4 (220.5 mg, 73%) (eluent: petroleum ether/ethyl acetate/dichloromethane = 7/1/0.2): oil; 

1H NMR (300 MHz, CDCl3) δ 9.08 (s, 1 H, NH), 7.67 (d, J = 7.5 Hz, 1 H, Ar-H), 7.39 (td, J1 

= 7.5 Hz, J2 = 1.5 Hz, 1 H, Ar-H), 7.34-7.22 (m, 2 H, Ar-H), 3.85 (s, 3 H, OCH3), 2.29 (t, J = 

7.4 Hz, 2 H, CH2), 2.08 (q, J = 7.4 Hz, 4 H, CH2 × 2), 1.47-1.28 (m, 4 H, CH2 × 2), 1.10 (t, J 
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= 7.4 Hz, 6 H, CH3 × 2), 0.87 (t, J = 6.9 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 199.7, 

167.5, 138.5, 130.8, 129.8, 129.3, 127.1, 110.4, 108.0, 64.3, 34.4, 30.4, 25.9, 22.3, 13.9, 12.6; 

IR  (neat, cm-1) 3193, 3061, 2962, 2932, 2873, 1953, 1659, 1594, 1572, 1498, 1459, 1439, 

1376, 1305, 1153, 1035; MS (EI, 70 eV) m/z (%) 301 (M+, 3.36), 270 (100). 

 

6. Preparation of N-methoxy-2-(3-methyl-9-(4-methoxylphenyl)-3,4-dodedien-5-yl) 

benzamide 3ae. (Wsz-9-76) 

 

The reaction of 1a (226.7 mg, 1.5 mmol), [Cp*RhCl2]2 (12.6 mg, 0.02 mmol), NaOAc 

(24.3 mg, 0.3 mmol), and 2e (260.1 mg, 1 mmol) in MeOH (6 mL) at rt (23 oC) afforded 3ae 

(234.6 mg, 60%) (eluent: petroleum/ethyl acetate/dichloromethane = 8/1/0.3 to 5/1/0.3): oil; 

1H NMR (300 MHz, CDCl3) δ 8.32 (s, 1 H, NH), 7.47 (d, J = 7.5 Hz, 1 H, Ar-H), 7.37 (td, J1 

= 7.5 Hz, J2 = 1.5 Hz, 1 H, Ar-H), 7.30-7.15 (m, 2 H, Ar-H), 7.01 (d, J = 8.7 Hz, 2 H, Ar-H), 

6.65 (d, J = 8.7 Hz, 2 H, Ar-H), 3.78 (s, 3 H, OCH3), 3.71 (s, 3 H, OCH3), 2.69 (t, J = 7.2 Hz, 

2 H, CH2), 2.31 (t, J = 7.5 Hz, 2 H, CH2), 2.28-2.16 (m, 2 H, CH2), 1.80 (s, 3 H, CH3), 

1.38-1.25 (m, 4 H, CH2 × 2), 0.87 (t, J = 7.1 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 

201.2, 167.8, 157.5, 138.1, 133.6, 131.5, 130.4, 129.1, 129.0, 128.9, 126.6, 113.4, 104.5, 

100.9, 64.2, 55.0, 36.0, 33.5, 32.5, 30.1, 22.2, 18.6, 13.9; IR  (neat, cm-1) 3207, 3061, 2955, 

2932, 2870, 2857, 1953, 1661, 1611, 1512, 1465, 1440, 1368, 1300, 1246, 1178, 1158, 1106, 

1036; MS (EI, 70 eV) m/z (%) 393 (M+, 2.41), 121 (100); HRMS Calcd for C25H31NO3 (M
+): 
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393.2304. Found: 393.2308. 

 

7. Preparation of N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadienyl)benzamide 3af. 

(Wsz-7-6) 

 

The reaction of 1a (226.5 mg, 1.5 mmol), [Cp*RhCl2]2 (24.5 mg, 0.04 mmol), NaOAc 

(24.1 mg, 0.3 mmol), and 2f (174.8 mg, 1 mmol) in MeOH (6 mL) and H2O (0.3 mL) at rt 

(23 oC) afforded 3af4 (227.2 mg, 74%) (eluent: petroleum/ethyl acetate/dichloromethane = 

6/1/0.3): solid; m.p. 104.9-106.2 oC (hexane/ethyl acetate), reproted in the ref: m.p. 

105.9-107.5 oC (hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 8.69 (brs, 1 H, NH), 

7.76 (d, J = 7.5 Hz, 1 H, Ar-H), 7.53-7.23 (m, 5 H, Ar-H), 7.22-7.16 (m, 3 H, Ar-H), 3.45 (s, 

3 H, OCH3), 2.25-2.08 (m, 2 H, CH2), 1.89 (s, 3 H, CH3), 1.13 (t, J = 7.4 Hz, 3 H, CH3); 
13C 

NMR (75 MHz, CDCl3) δ 202.0, 166.5, 137.3, 135.6, 132.5, 131.2, 131.1, 129.6, 128.6, 

127.8, 127.0, 126.5, 107.5, 106.4, 63.8, 27.4, 18.7, 12.3; IR  (neat, cm-1) 3200, 3058, 3018, 

2966, 2933, 1944, 1661, 1595, 1491, 1456, 1440, 1369, 1302, 1157, 1032; MS (EI, 70 eV) 

m/z (%) 308 (M++1, 13.40), 307 (M+, 10.81), 276 (100). 

 

8. Preparation of N-methoxy-2-(1-phenyl-3-methyl-1,2-butadienyl)benzamide 3ag. 

(Wsz-7-118) 
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The reaction of 1a (226.7 mg, 1.5 mmol), [Cp*RhCl2]2 (24.5 mg, 0.04 mmol), NaOAc 

(24.3 mg, 0.3 mmol), and 2g (160.8 mg, 1 mmol) in MeOH (6 mL) and H2O (0.3 mL) at rt 

(24 oC) afforded 3ag4 (205.6 mg, 70%) (eluent: petroleum/ethyl acetate/dichloromethane = 

7/1/0.2): solid; m.p. 126.6-127.8 oC (hexane/ethyl acetate), reproted in the ref: 126.8-127.7 oC 

(hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 8.59 (brs, 1 H, NH), 7.73 (d, J = 7.2 Hz, 

1 H, Ar-H), 7.53-7.37 (m, 2 H, Ar-H), 7.37-7.25 (m, 3 H, Ar-H), 7.24-7.15 (m, 3 H, Ar-H), 

3.48 (s, 3 H, OCH3), 1.88 (s, 6 H, 2 × CH3); 
13C NMR (75 MHz, CDCl3) δ 202.8, 166.8, 

137.3, 135.6, 132.7, 131.1, 131.0, 129.5, 128.6, 127.8, 127.0, 126.8, 105.4, 99.9, 63.9, 20.1; 

IR  (neat, cm-1) 3199, 3057, 3022, 2977, 2934, 2911, 2856, 2814, 1950, 1659, 1595, 1491, 

1440, 1376, 1361, 1301, 1182, 1158, 1101, 1033, 1017; MS (EI, 70 eV) m/z (%) 294 (M++1, 

6.50), 293 (M+, 6.64), 262 (100). 

 

9. Preparation of N-methoxy-2-(1-phenyl-3-methyl-1,2-heptadienyl)benzamide 3ah. 

(Wsz-7-115) 
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The reaction of 1a (226.6 mg, 1.5 mmol), [Cp*RhCl2]2 (25.1 mg, 0.04 mmol), NaOAc 

(25.2 mg, 0.3 mmol), and 2h (201.9 mg, 1 mmol) in MeOH (6 mL) and H2O (0.3 mL) at rt 

(24 oC) afforded 3ah (241.7 mg, 72%) (eluent: petroleum/ethyl acetate/dichloromethane = 

6/1/0.3 to 5/1/0.3): oil; 1H NMR (300 MHz, CDCl3) δ 8.66 (brs, 1 H, NH), 7.78 (d, J = 7.2 Hz, 

1 H, Ar-H), 7.53-7.47 (m, 2 H, Ar-H), 7.47-7.24 (m, 3 H, Ar-H), 7.24-7.14 (m, 3 H, Ar-H), 

3.45 (s, 3 H, OCH3), 2.15 (t, J = 7.5 Hz, 2 H, CH2), 1.88 (s, 3 H, CH3), 1.59-1.43 (m, 2 H, 

Ar-H), 1.42-1.26 (m, 2 H, Ar-H), 0.89 (t, J = 7.2 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) 

δ 202.3, 166.5, 137.2, 135.5, 132.5, 131.2, 131.1, 129.6, 128.6, 127.9, 127.0, 126.5, 106.9, 

104.7, 63.9, 34.0, 29.8, 22.4, 18.7, 13.9; IR  (neat, cm-1) 3197, 3058, 3024, 2956, 2930, 

2871, 2861, 1950, 1659, 1599, 1492, 1465, 1439, 1376, 1301, 1153, 1032; MS (EI, 70 eV) 

m/z (%) 336 (M++1, 3.25), 335 (M+, 12.45), 304 (100); HRMS Calcd for C22H25NO2 (M
+): 

335.1885. Found: 335.1881. 

 

10. Preparation of N-methoxy-2-(1-(4-methoxylphenyl)-3-methyl-1,2-pentadienyl)- 

benzamide 3ai. (Wsz-8-21) 

 

The reaction of 1a (226.1 mg, 1.5 mmol), [Cp*RhCl2]2 (24.5 mg, 0.04 mmol), NaOAc 

(24.9 mg, 0.3 mmol), and 2i (204.6 mg, 1 mmol) in MeOH (6 mL) and H2O (0.3 mL) at rt (10 

oC) afforded 3ai (236.1 mg, 70%) (eluent: petroleum ether/ethyl acetate/dichloromethane = 

4/1/0.3 to 2/1/0.3): oil; 1H NMR (300 MHz, CDCl3) δ 8.74 (s, 1 H, NH), 7.79 (d, J = 7.2 Hz, 
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1 H, Ar-H), 7.54-7.37 (m, 2 H, Ar-H), 7.34 (d, J = 7.2 Hz, 1 H, Ar-H), 7.11 (d, J = 8.7 Hz, 2 

H, Ar-H), 6.82 (d, J = 8.7 Hz, 2 H, Ar-H), 3.77 (s, 3 H, OCH3), 3.50 (s, 3 H, OCH3), 

2.26-2.05 (m, 2 H, CH2), 1.88 (s, 3 H, CH3), 1.12 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 

MHz, CDCl3) δ 201.2, 166.6, 158.8, 135.8, 132.4, 131.1, 129.7, 129.5, 127.8, 127.7, 114.1, 

107.2, 106.3, 64.0, 55.2, 27.5, 18.8, 12.4; IR  (neat, cm-1) 3200, 3057, 2965, 2933, 2837, 

1950, 1659, 1605, 1572, 1508, 1462, 1440, 1367, 1292, 1247, 1179, 1033; MS (EI, 70 eV) 

m/z (%) 337 (M+, 1.98), 276 (100); HRMS calcd. for C21H23NO3 (M+): 337.1678; Found: 

337.1671. 

 

11. Preparation of N-methoxy-2-(1-(4-chlorophenyl)-3-methyl-1,2-pentadienyl)- 

benzamide 3aj. (Wsz-7-184) 

 

The reaction of 1a (226.1 mg, 1.5 mmol), [Cp*RhCl2]2 (24.5 mg, 0.04 mmol), NaOAc 

(24.9 mg, 0.3 mmol), and 2j (208.5 mg, 1 mmol) in MeOH (6 mL) and H2O (0.3 mL) at rt 

(19 oC) afforded 3aj (224.6 mg, 66%) (eluent: petroleum ether/ethyl acetate/dichloromethane 

= 3.5/1/3.5): solid; m.p. 142.3-143.9 oC (hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 

8.71 (s, 1 H, NH), 7.68 (d, J = 7.2 Hz, 1 H, Ar-H), 7.48 (td, J1 = 7.5 Hz, J2 = 1.2 Hz, 1 H, 

Ar-H), 7.44-7.37 (m, 1 H, Ar-H), 7.33 (dd, J1 = 7.5 Hz, J2 = 0.6 Hz, 1 H, Ar-H), 7.23 (d, J = 

9.0 Hz, 2 H, Ar-H), 7.12 (d, J = 8.7 Hz, 2 H, Ar-H), 3.50 (s, 3 H, OCH3), 2.24-2.06 (m, 2 H, 

CH2), 1.88 (s, 3 H, CH3), 1.11 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 202.0, 
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166.6, 136.0, 135.4, 132.7, 132.6, 131.1, 129.4, 128.6, 127.9, 127.8, 106.75, 106.72, 64.0, 

27.4, 18.6, 12.3; IR  (KBr, cm-1) 3436, 3268, 2973, 2931, 1953, 1659, 1492, 1465, 1439, 

1385, 1364, 1275, 1086, 1031, 1010; MS (EI, 70 eV) m/z (%) 343 (M(37Cl)+, 0.06), 341 

(M(35Cl)+, 0.21), 309 (100), 294 (M(35Cl)+-NH2OMe, 67.23), 259 (M(35Cl)+-NH2OMeCl, 

85.07); Anal. Calcd for C20H20ClNO2: C 70.27, H 5.90, N 4.10. Found: C 70.18, H 6.00, N 

4.03. 

 

12. Preparation of N-methoxy-2-(1-(4-cyanophenyl)-3-methyl-1,2-octadienyl)benzamide 3ak. 

(Wsz-8-158) 

 

The reaction of 1a (226.7 mg, 1.5 mmol), [Cp*RhCl2]2 (24.6 mg, 0.04 mmol), NaOAc 

(24.4 mg, 0.3 mmol), and 2k (241.3 mg, 1 mmol) in MeOH (6 mL), and H2O (0.3 mL) at rt 

(19 oC) afforded 3ak (227.8 mg, 61%) (eluent: petroleum/ethyl acetate/dichloromethane = 

4/1/0.3 to 3/1/0.3): oil; 1H NMR (300 MHz, CDCl3) δ 8.56 (s, 1 H, NH), 7.64 (d, J = 7.5 Hz, 

1 H, Ar-H), 7.56-7.46 (m, 3 H, Ar-H), 7.41 (td, J1 = 7.4 Hz, J2 = 1.2 Hz, 1 H, Ar-H), 

7.36-7.20 (m, 3 H, Ar-H), 3.53 (s, 3 H, OCH3), 2.16 (t, J = 7.7 Hz, 2 H, CH2), 1.89 (s, 3 H, 

CH3), 1.58-1.43 (m, 2 H, CH2), 1.46-1.22 (m, 4 H, CH2 × 2), 0.83 (t, J = 7.1 Hz, 3 H, CH3); 

13C NMR (75 MHz, CDCl3) δ 203.6, 166.6, 142.7, 134.9, 132.8, 132.2, 131.1, 129.0, 128.1, 

127.1, 118.9, 109.9, 106.1, 105.5, 64.0, 34.0, 31.5, 27.2, 22.3, 18.3, 13.9; IR  (neat, cm-1) 

3201, 2955, 2929, 2855, 2225, 1944, 1660, 1603, 1500, 1466, 1440, 1378, 1304, 1159, 1033; 
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MS (EI, 70 eV) m/z (%) 375 (M++1, 3.31), 374 (M+, 5.01), 57 (100); HRMS Calcd for 

C24H26N2O2 (M
+): 374.1994. Found: 374.1998. 

 

13. Preparation of N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadienyl)-4-bromobenzamide 3bf. 

(Wsz-7-8) 

 

The reaction of 1b (344.8 mg, 1.5 mmol), [Cp*RhCl2]2 (24.5 mg, 0.04 mmol), NaOAc 

(25.1 mg, 0.3 mmol), and 2f (175.1 mg, 1 mmol) in MeOH (6 mL), and H2O (0.3 mL) at rt 

(30 oC) afforded 3bf4 (290.2 mg, 75%) (eluent: petroleum/ethyl acetate/dichloromethane = 

6/1/0.4): solid; m.p. 135.5-137.0 oC (hexane/ethyl acetate), reproted in the ref: 134.6-135.8 oC 

(hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 8.67 (s, 1 H, NH), 7.63 (d, J = 8.4 Hz, 

1 H, Ar-H), 7.58-7.46 (m, 2 H, Ar-H), 7.36-7.13 (m, 5 H, Ar-H), 3.43 (s, 3 H, OCH3), 

2.28-2.08 (m, 2 H, CH2), 1.90 (s, 3 H, CH3), 1.13 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 

MHz, CDCl3) δ 202.1, 165.6, 137.6, 136.7, 133.9, 131.4, 131.2, 131.0, 128.7, 127.3, 126.4, 

125.4, 107.2, 106.6, 63.9, 27.4, 18.6, 12.4; IR  (neat, cm-1) 3182, 2967, 2933, 1947, 1659, 

1580, 1557, 1492, 1455, 1368, 1305, 1160, 1080, 1035; MS (EI, 70 eV) m/z (%) 388 

(M+(Br81)+1, 17.40), 387 (M+(Br81), 10.59), 386 (M+(Br79)+1, 17.70), 385 (M+(Br79), 7.47), 

356 (100). 

 

14. Preparation of N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadienyl)-4-methoxycarbonyl- 
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benzamide 3cf. (Wsz-8-47) 

 

The reaction of 1c (209.5 mg, 1.5 mmol), [Cp*RhCl2]2 (24.5 mg, 0.04 mmol), NaOAc 

(24.3 mg, 0.3 mmol), and 2f (173.9 mg, 1 mmol) in MeOH (6 mL) and H2O (0.3 mL) at rt 

(10 oC) afforded 3cf (233.0 mg, 64%) (eluent: petroleum ether/ethyl acetate/dichloromethane 

= 3/1/0.3): oil; 1H NMR (300 MHz, CDCl3) δ 8.65 (s, 1 H, NH), 8.08-7.97 (m, 2 H, Ar-H), 

7.81 (d, J = 7.8 Hz, 1 H, Ar-H), 7.33-7.24 (m, 2 H, Ar-H), 7.24-7.12 (m, 3 H, Ar-H), 3.93 (s, 

3 H, OCH3), 3.48 (s, 3 H, OCH3), 2.27-2.08 (m, 2 H, CH2), 1.90 (s, 3 H, CH3), 1.13 (t, J = 7.4 

Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 202.2, 166.1, 165.7, 136.9, 136.6, 136.2, 

132.32, 132.26, 129.6, 128.7, 127.1, 126.5, 106.9, 106.7, 63.9, 52.3, 27.4, 18.5, 12.3; IR  

(neat, cm-1) 3191, 2966, 2932, 1950, 1726, 1663, 1492, 1437, 1412, 1367, 1301, 1244, 1188, 

1163, 1118, 1096, 1035; MS (EI, 70 eV) m/z (%) 365 (M+, 4.40), 304 (100). HRMS calcd. for 

C22H23NO4 (M
+): 365.1627; Found: 365.1622. 

 

15. Preparation of N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadienyl)-4-methoxy- 

benzamide 3df. (Wsz-7-110) 

O

N
H

OMe

+ Ph
OH

Et
4 mol% [Cp*RhCl2]2

30 mol% NaOAc

MeOH/H2O = 20/1

O

N
H

OMe

Et

Ph

1.5 equiv.

rt, 42 h, 74%
MeO

MeO

1d 2f

3df  

The reaction of 1d (271.2 mg, 1.5 mmol), [Cp*RhCl2]2 (24.5 mg, 0.04 mmol), NaOAc 
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(25.1 mg, 0.3 mmol), and 2f (174.3 mg, 1 mmol) in MeOH (6 mL), and H2O (0.3 mL) at rt 

(20 oC) afforded 3df4 (249.0 mg, 74%) (eluent: petroleum/ethyl acetate/dichloromethane = 

3.5/1/1): oil; 1H NMR (300 MHz, CDCl3) δ 8.76 (s, 1 H, NH), 7.81 (d, J = 8.7 Hz, 1 H, Ar-H), 

7.33-7.24 (m, 2 H, Ar-H), 7.24-7.16 (m, 3 H, Ar-H), 6.94 (dd, J1 = 8.9 Hz, J2 = 2.6 Hz, 1 H, 

Ar-H), 6.85 (d, J = 2.4 Hz, 1 H, Ar-H), 3.83 (s, 3 H, OCH3), 3.42 (s, 3 H, OCH3), 2.28-2.07 

(m, 2 H, CH2), 1.90 (s, 3 H, CH3), 1.14 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) 

δ 201.6, 166.2, 161.6, 137.3, 136.9, 131.7, 128.6, 127.1, 126.4, 124.7, 116.6, 113.0, 107.8, 

106.6, 63.8, 55.3, 27.4, 18.7, 12.4; IR  (neat, cm-1) 3203, 2965, 2933, 1944, 1659, 1599, 

1568, 1490, 1367, 1316, 1287, 1224, 1182, 1156, 1109, 1028; MS (EI, 70 eV) m/z (%) 337 

(M+, 5.76), 276 (100). 

 

16. Preparation of N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadienyl)-4-tert-butylbenzamide 

3ef. (Wsz-7-199) 

O

N
H

OMe

+ Ph
OH

Et
4 mol% [Cp*RhCl2]2

30 mol% NaOAc

MeOH/H2O = 20/1, rt, 45 h, 71%

O

N
H

OMe

Et

Ph

1.5 equiv.

1e 2f

3ef  

   The reaction of 1e (311.2 mg, 1.5 mmol), [Cp*RhCl2]2 (24.6 mg, 0.04 mmol), NaOAc 

(24.1 mg, 0.3 mmol), and 2f (174.5 mg, 1 mmol) in MeOH (6 mL) and H2O (0.3 mL) at rt 

(13 oC) afforded 3ef4 (259.8 mg, 71%) (eluent: petroleum ether/ethyl acetate/dichloromethane 

= 6/1/0.4): oil; 1H NMR (300 MHz, CDCl3) δ 8.70 (s, 1 H, NH), 7.76 (d, J = 8.1 Hz, 1 H, 

Ar-H), 7.45 (dd, J1 = 8.1 Hz, J2 = 1.2 Hz, 1 H, Ar-H), 7.38-7.10 (m, 6 H, Ar-H), 3.43 (s, 3 H, 

OCH3), 2.28-2.07 (m, 2 H, CH2), 1.90 (s, 3 H, CH3), 1.33 (s, 9 H, CH3× 3), 1.15 (t, J = 7.4 Hz, 
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3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 201.9, 166.5, 154.7, 137.2, 135.0, 129.6, 129.5, 

128.6, 128.2, 127.0, 126.4, 125.0, 108.2, 106.3, 63.8, 34.8, 31.1, 27.4, 18.7, 12.4; IR  (neat, 

cm-1) 3222, 2964, 2932, 2908, 2872, 1947, 1662, 1601, 1491, 1460, 1395, 1364, 1307, 1256, 

1203, 1179, 1095, 1032; MS (EI, 70 eV) m/z (%) 364 (M++1, 11.00), 363 (M+, 7.19), 332 

(100). 

 

17. Preparation of N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadienyl)-5-chlorobenzamide 3ff. 

(Wsz-8-6) 

 

The reaction of 1f (278.3 mg, 1.5 mmol), [Cp*RhCl2]2 (24.8 mg, 0.04 mmol), NaOAc 

(24.1 mg, 0.3 mmol), and 2f (174.5 mg, 1 mmol) in MeOH (6 mL) and H2O (0.3 mL) at rt 

(27 oC) afforded 3ff (233.7 mg, 68%) (eluent: petroleum ether/ethyl acetate/dichloromethane 

= 7/1/0.3): solid; m.p. 106.2-107.5 oC (hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 

8.70 (s, 1 H, NH), 7.74 (d, J = 1.5 Hz, 1 H, Ar-H), 7.44 (dd, J1 = 8.1 Hz, J2 = 2.4 Hz, 1 H, 

Ar-H), 7.35-7.29 (m, 3 H, Ar-H), 7.28-7.13 (m, 3 H, Ar-H), 3.45 (s, 3 H, OCH3), 2.26-2.07 

(m, 2 H, CH2), 1.88 (s, 3 H, CH3), 1.11 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) 

δ 202.1, 165.1, 136.9, 134.2, 134.0, 133.8, 132.6, 131.1, 129.5, 128.7, 127.2, 126.4, 106.8, 

106.6, 63.9, 27.4, 18.6, 12.3; IR  (neat, cm-1) 3188, 3078, 3059, 3018, 2967, 2934, 2837, 

2816, 1947, 1660, 1597, 1492, 1455, 1369, 1303, 1160, 1114, 1039; MS (EI, 70 eV) m/z (%) 

343 (M(37Cl)+, 0.08), 341 (M(35Cl)+, 0.23), 311 (M(35Cl)+-OMe+H, 69.83), 280 (100); Anal. 
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Calcd for C20H20ClNO2: C 70.27, H 5.90, N 4.10. Found: C 70.17, H 5.91, N 4.06. 

 

18. Preparation of N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadienyl)-2-naphthamide 3gf. 

(Wsz-8-40) 

 

The reaction of 1g (302.1 mg, 1.5 mmol), [Cp*RhCl2]2 (24.5 mg, 0.04 mmol), NaOAc 

(24.9 mg, 0.3 mmol), and 2f (174.4 mg, 1 mmol) in MeOH (6 mL) and H2O (0.3 mL) at rt 

(10 oC) afforded 3gf (275.1 mg, 77%) (eluent: petroleum ether/ethyl acetate/dichloromethane 

= 5/1/0.5): solid; m.p. 146.4-147.9 oC (hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 

8.80 (s, 1 H, NH), 8.31 (s, 1 H, Ar-H), 7.91 (d, J = 6.9 Hz, 1 H, Ar-H), 7.88-7.78 (m, 2 H, 

Ar-H), 7.62-7.48 (m, 2 H, Ar-H), 7.33-7.15 (m, 5 H, Ar-H), 3.46 (s, 3 H, OCH3), 2.28-2.12 

(m, 2 H, CH2), 1.94 (s, 3 H, CH3), 1.18 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) 

δ 202.4, 166.4, 137.6, 134.4, 132.4, 132.1, 130.5, 130.4, 128.6, 128.5, 127.9, 127.6, 127.0, 

126.8, 126.7, 107.9, 106.2, 63.9, 27.5, 18.8, 12.5; IR  (neat, cm-1) 3189, 3055, 2966, 2932, 

1947, 1658, 1596, 1491, 1456, 1438, 1373, 1300, 1260, 1194, 1147, 1095, 1025; MS (EI, 70 

eV) m/z (%) 358 (M++1, 7.11), 357 (M+, 9.84), 326 (100); Anal. Calcd for C24H23NO2: C 

80.64, H 6.49, N 3.92. Found: C 80.39, H 6.47, N 3.81. 

 

Synthetic applications 

1. The synthesis of (E)-4-butyl-3-isopropyl-8-styrylisoquinolin-1(2H)-one 6. 7 (Wsz-9-9) 
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To a dried Schlenk tube equipped with a Teflon-coated magnetic stirring bar were added 

3aa (82.2 mg, 0.2 mmol), [Cp*RhCl2]2 (3.8 mg, 0.006 mmol), NaOAc (7.1 mg, 0.09 mmol), 

styrene (46.9 mg, 0.45 mmol), and MeOH (1.5 mL) sequentially at rt. The Schlenk tube was 

then equipped with a condenser. After being stirred for 25 h at 60 oC, the reaction was 

complete as monitored by TLC (eluent: petroleum ether/ethyl acetate = 3/1). Filtration 

through a short column of silica gel (eluent: (dichloromethane/ethyl acetate = 1/1) (20 mL × 

3)) and evaporation afforded the crude product, which was purified by flash column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate/dichloromethane = 

20/1/0.1) to afford 6 (89.1 mg, 86%): solid; m.p. 222.9-224.3 oC (dichloromethane/diethyl 

ether); 1H NMR (300 MHz, CDCl3) δ 11.00 (s, 1 H, NH), 8.74 (d, J = 16.2 Hz, 1 H, =CH), 

7.70-7.49 (m, 5 H, Ar-H), 7.36 (t, J = 7.5 Hz, 2 H, Ar-H), 7.32-7.20 (m, 1 H, Ar-H), 6.85 (d, J 

= 16.2 Hz, 1 H, =CH), 3.17 (h, J = 6.7 Hz, 1 H, CH), 2.69 (t, J = 7.4 Hz, 2 H, CH2), 1.58-1.37 

(m, 4 H, CH2 × 2), 1.20 (d, J = 6.9 Hz, 6 H, CH3 × 2), 0.96 (t, J = 6.9 Hz, 3 H, CH3);
 13C 

NMR (75 MHz, CDCl3) δ 164.4, 143.1, 141.5, 140.0, 138.3, 132.0, 131.7, 129.8, 128.4, 

127.2, 127.1, 125.1, 122.8, 122.2, 111.1, 32.6, 28.4, 26.5, 23.0, 20.6, 14.0; IR  (neat, cm-1) 

3172, 3073, 3021, 2958, 2926, 1641, 1587, 1553, 1491, 1465, 1447, 1328, 1296; MS (EI, 70 

eV) m/z (%) 346 (M++1, 20.44), 345 (M+, 77.71), 302 (100); Anal. Calcd for C24H27NO: C 

83.44, H 7.88, N 4.05. Found: C 83.17, H 7.76, N 3.80. 
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ORTEP representation of 6 

6: C24H27NO, MW = 345.46, triclinic, space group P -1, final R indices I > 2\s(I), R1 = 

0.0889, wR2 = 0.1758; Rindices (all data), R1 = 0.2693, wR2 = 0.2639; a = 8.316(2) Å, b = 

10.229(2) Å, c = 13.179(3) Å, α = 69.905(18)°, β = 82.818(18)°, γ = 72.230(19)°, V = 

1002.4(4) Å3, T = 293(2) K, Z = 2, reflections collected/unique 6466/3643 (Rint = 0.0886), 

number of observations [> 2σ(I)]: 1151, parameters: 238. Supplementary crystallographic 

data have been deposited at the Cambridge Crystallographic Data Centre, CCDC 1526789. 

 

2. The synthesis of 3-butyl-2-methoxy-3-(2-methylprop-1-en-1-yl)isoindolin-1-one 7.8 

(Wsz-9-66) 

O

NHOMe

Bu 10 mol% AuCl3

DCM, rt, 14 h

83%

N

O

Bu
OMe

3aa 7

 

A dried Schlenk tube equipped with a Teflon-coated magnetic stirring bar was evacuated 
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and backfilled with nitrogen for three times. Then AuCl3 (9.4 mg, 0.03 mmol) was added to it 

in the glovebox. Then 3aa (81.6 mg, 0.3 mmol) and DCM (2 mL) were added sequentially at 

rt. After being stirred for 14 h at rt, the reaction was complete as monitored by TLC. 

Filtration through a short column of silica gel (eluent: ethyl acetate 20 mL × 3) and 

evaporation afforded the crude product, which was purified by flash column chromatography 

on silica gel (eluent: petroleum/ethyl acetate = 15/1) to afford 7 (67.5 mg, 83%): solid; m.p. 

47.3-48.8 oC (hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 7.82 (d, J = 7.5 Hz, 1 H, 

Ar-H), 7.54 (td, J1 = 7.6 Hz, J2 = 1.1 Hz, 1 H, Ar-H), 7.42 (t, J = 7.4 Hz, 1 H, Ar-H), 7.22 (d, 

J = 7.5 Hz, 1 H, Ar-H), 5.45 (t, J = 1.4 Hz, 1 H, =CH), 3.97 (s, 3 H, OCH3), 2.24-2.09 (m, 1 

H, one proton of CH2), 2.02-1.88 (m, 1 H, one proton of CH2), 1.74 (d, J = 0.9 Hz, 3 H, CH3), 

1.31-1.05 (m, 5 H, CH2 + CH3), 1.03-0.87 (m, 1 H, one proton of CH2), 0.75 (t, J = 7.4 Hz, 3 

H, CH3), 0.55-0.38 (m, 1 H, one proton of CH2); 
13C NMR (75 MHz, CDCl3) δ 165.1, 147.1, 

140.5, 132.3, 129.7, 127.7, 123.4, 123.3, 121.7, 67.6, 64.1, 39.5, 27.0, 24.4, 22.3, 18.2, 13.8; 

IR  (neat, cm-1) 2958, 2936, 2863, 1713, 1661, 1611, 1467, 1340, 1087, 1003; MS (EI, 70 

eV) m/z (%) 273 (M+, 3.75), 216 (100); Anal. Calcd for C17H23NO2: C 74.69, H 8.48, N 5.12. 

Found: C 74.56, H 8.28, N 4.89. 

 

3. The synthesis of (Z)-3-butyl-3-(1-iodo-2-methylprop-1-en-1-yl)isobenzofuran-1(3H)-one 

O-methyl oxime 8. 9 (Wsz-9-97) 
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O

N
H

OMe

Bu 2.5 equiv. I2

MeCN/H2O = 15/1, rt, 40 min

75% (purity = 93%)

O

N

Bu

I

3aa 8

OMe

 

To a dried Schlenk tube equipped with a Teflon-coated magnetic stirring bar were added 

3aa (164.2 mg, 0.6 mmol), MeCN (2 mL), H2O (0.13 mL), and I2 (380.5 mg, 1.5 mmol) 

sequentially at rt. After being stirred for 40 min at rt, the reaction was complete as monitored 

by TLC. H2O (10 mL) was added to the resulting mixture with stirring. After another 10 min, 

a saturated aqueous solution of Na2S2O3 (5 mL) was added to quench the reaction and the 

resulting mixture was extracted with ethyl acetate (3 × 20 mL). The combined organic layer 

was washed with brine and dried over anhydrous Na2SO4. Filtration, evaporation, and 

purification by flash column chromatography on silica gel (eluent: petroleum/ethyl acetate = 

100/1 to petrpleum/ethyl acetate/dichloromethane = 40/1/0.4) afforded 8 (193.7 mg, 75%, 

purity = 93%): soild; m.p. 85.2-86.7 oC (hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 

7.65 (t, J = 8.4 Hz, 2 H, Ar-H), 7.50-7.34 (m, 2 H, Ar-H), 3.94 (s, 3 H, OCH3), 2.61-2.46 (m, 

1 H, one proton of CH2), 2.28-2.12 (m, 1 H, one proton of CH2), 2.08 (s, 3 H, CH3), 1.92 (s, 3 

H, CH3), 1.43-1.19 (m, 3 H, CH2 + one proton of CH2), 1.04-0.89 (m, 1 H, one proton of 

CH2), 0.83 (t, J = 7.1 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 154.9, 146.6, 142.9, 130.5, 

128.7, 128.3, 123.4, 121.0, 100.3, 95.4, 62.6, 44.0, 37.0, 25.6, 22.4, 21.9, 13.9; IR  (neat, 

cm-1) 2956, 2932, 2871, 2814, 1773, 1659, 1609, 1468, 1347, 1306, 1272, 1189, 1158, 1130, 

1092, 1052, 1019; MS (EI, 70 eV) m/z (%) 400 (M++1, 2.25), 399 (M+, 9.23), 184 (100); 

HRMS Calcd for C17H22NO2I (M
+): 399.0695. Found: 399.0694. 
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ORTEP representation of 8 

8: C17H22INO2, MW = 399.26, monoclinic, space group P 1 21/n 1, final R indices [I > 

2σ(I)], R1 = 0.0460, wR2 = 0.0999; Rindices (all data), R1 = 0.0708, wR2 = 0.1149; a = 

11.7810(10) Å, b = 12.2621(7) Å, c = 12.7517(10) Å, α = 90.00°, β = 110.261(9)°, γ = 90.00°, 

V = 1728.1(2) Å3, T = 293(2) K, Z = 4, reflections collected/unique 7006/3159 (Rint = 

0.0326), number of observations [> 2σ(I)]: 2229, parameters: 214. Supplementary 

crystallographic data have been deposited at the Cambridge Crystallographic Data Centre, 

CCDC 1525866. 

 

4. The synthesis of 3-butyl-3-(1-iodo-2-methylprop-1-en-1-yl)isobenzofuran-1(3H)-one 9. 

(Wsz-9-109) 
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To a dried Schlenk tube equipped with a Teflon-coated magnetic stirring bar were added 

3aa (164.3 mg, 0.6 mmol), MeCN (2 mL), H2O (0.13 mL), and I2 (380.5 mg, 1.5 mmol) 

sequentially at rt. After being stirred for 101 h at rt, the reaction was complete as monitored 

by TLC. H2O (10 mL) was added to the resulting mixture with stirring for another 10 min. 

Then a saturated aqueous solution of Na2S2O3 (5 mL) was added to quench the reaction and 

the resulting mixture was extracted with ethyl acetate (3 × 20 mL). The combined organic 

layer was washed with brine and dried over anhydrous Na2SO4. Filtration, evaporation, and 

purification by flash column chromatography on silica gel (eluent: petroleum/ethyl acetate = 

50/1) afforded 9 (147.1 mg, 66%): oil; 1H NMR (300 MHz, CDCl3) δ 7.96 (d, J = 7.5 Hz, 1 H, 

Ar-H), 7.86 (d, J = 7.5 Hz, 1 H, Ar-H), 7.67 (td, J1 = 7.5 Hz, J2 = 1.1 Hz, 1 H, Ar-H), 7.53 (td, 

J1 = 7.4 Hz, J2 = 0.7 Hz, 1 H, Ar-H), 2.69-2.56 (m, 1 H, one proton of CH2), 2.13-1.98 (m, 7 

H, CH3 × 2 + one proton of CH2), 1.44-1.22 (m, 3 H, CH2 + one proton of CH2), 1.14-0.99 (m, 

1 H, one proton of CH2), 0.85 (t, J = 7.2 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 169.6, 

152.5, 142.7, 133.5, 129.3, 125.7, 125.2, 124.5, 98.6, 91.5, 42.2, 37.0, 25.7, 22.8, 22.4, 13.8; 

IR  (neat, cm-1) 2956, 2929, 2870, 1770, 1610, 1592, 1465, 1379, 1364, 1336, 1286, 1266, 

1243, 1216, 1159, 1128, 1079, 1017; MS (EI, 70 eV) m/z (%) 370 (M+, 5.21), 186 (100); 

HRMS Calcd for C16H19O2I (M
+): 370.0430. Found: 370.0433. 

 

Asymmetric synthesis of tetral-substituted allenes by chirality transfer 

1. Preparation of S-N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadien-1-yl)benzamide S-3af. 

(Wsz-8-17) 
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The reaction of 1a (68.2 mg, 0.45 mmol), [Cp*RhCl2]2 (7.3 mg, 0.012 mmol), NaOAc (7.7 

mg, 0.09 mmol), and S-2f (97% ee, 52.5 mg, 0.3 mmol) in MeOH (2 mL) and H2O (0.1 mL) 

at rt (8 oC) afforded S-3af4 (64.5 mg, 70%) (eluent: petroleum/ethyl acetate/dichloromethane 

= 5/1/0.3): 97% ee (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 10/1, 1.0 

mL/min, λ = 207 nm, tR(minor) = 19.892 min, tR(major) = 21.832 min); [α]D
20 = +12.3 (c = 

0.75, CHCl3); solid; m.p. 100.2-101.2 oC (hexane/ethyl acetate), reproted in the ref: 

99.9-101.1 oC (hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 8.64 (s, 1 H, NH), 7.78 

(dd, J1 = 7.4 Hz, J2 = 1.1 Hz, 1 H, Ar-H), 7.52-7.39 (m, 2 H, Ar-H), 7.38-7.24 (m, 3 H, Ar-H), 

7.23-7.16 (m, 3 H, Ar-H), 3.46 (s, 3 H, OCH3), 2.27-2.08 (m, 2 H, CH2), 1.89 (s, 3 H, CH3), 

1.13 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 202.0, 166.6, 137.3, 135.6, 

132.5, 131.2, 131.1, 129.6, 128.7, 127.9, 127.1, 126.5, 107.6, 106.4, 63.9, 27.4, 18.7, 12.4; IR 

 (neat, cm-1) 3200, 3058, 3024, 2966, 2932, 1944, 1659, 1596, 1492, 1439, 1370, 1301, 1153, 

1099, 1032; MS (EI, 70 eV) m/z (%) 308 (M++1, 4.12), 307 (M+, 4.29), 276 (100). 

 

2. Preparation of S-N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadien-1-yl)-4-bromo- 

benzamide S-3bf. (Wsz-8-20) 
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O

N
H

OMe

+ Ph
OH

Et
4 mol% [Cp*RhCl2]2

30 mol% NaOAc

MeOH/H2O = 20/1

O

N
H

OMe

Et

Ph

1.5 equiv.

rt, 72 h, 70%1b
S-2f, 97% ee

S-3bf, 96% ee

Br

Br

 

The reaction of 1b (103.7 mg, 0.45 mmol), [Cp*RhCl2]2 (7.3 mg, 0.012 mmol), NaOAc 

(7.7 mg, 0.09 mmol), and S-2f (97% ee, 52.8 mg, 0.3 mmol) in MeOH (2 mL) and H2O (0.1 

mL) at rt (12 oC)afforded S-3bf4 (81.6 mg, 70%) (eluent: petroleum/ethyl 

acetate/dichloromethane = 5/1/0.3): 96% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 10/1, 0.7 mL/min, λ = 207 nm, tR(minor) = 26.202 min, tR(major) = 28.337 

min); [α]D
20 = +0.1 (c = 0.77, CHCl3); solid; m.p. 134.4-135.7 oC (hexane/ethyl acetate), 

reproted in the ref: 121.7-123.1 oC (hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 8.73 

(s, 1 H, NH), 7.61 (d, J = 7.8 Hz, 1 H, Ar-H), 7.56-7.46 (m, 2 H, Ar-H), 7.34-7.04 (m, 5 H, 

Ar-H), 3.42 (s, 3 H, OCH3), 2.25-2.09 (m, 2 H, CH2), 1.90 (s, 3 H, CH3), 1.13 (t, J = 7.4 Hz, 

3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 202.1, 165.5, 137.7, 136.7, 133.8, 131.4, 131.1, 

130.9, 128.7, 127.2, 126.4, 125.3, 107.1, 106.6, 63.8, 27.4, 18.6, 12.3; IR  (neat, cm-1) 3181, 

2966, 2933, 1944, 1659, 1580, 1557, 1492, 1455, 1367, 1305, 1160, 1080, 1035; MS (EI, 70 

eV) m/z (%) 387 (M+(Br81), 3.42), 385 (M+(Br79), 3.74), 245 (100). 

 

3. Preparation of S-N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadien-1-yl)-4-methoxy- 

benzamide S-3df. (Wsz-8-22) 
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The reaction of 1d (81.7 mg, 0.45 mmol), [Cp*RhCl2]2 (7.2 mg, 0.012 mmol), NaOAc (7.5 

mg, 0.09 mmol), and S-2f (97% ee, 52.6 mg, 0.3 mmol) in MeOH (2 mL) and H2O (0.1 mL) 

at rt (10 oC) afforded S-3df4 (69.1 mg, 68%) (eluent: petroleum/ethyl 

acetate/dichloromethane = 3.5/1/1): 97% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 10/1, 1.0 mL/min, λ = 207 nm, tR(minor) = 28.880 min, tR(major) = 32.365 

min); [α]D
20 = +1.4 (c = 1.05, CHCl3); oil; 1H NMR (300 MHz, CDCl3) δ 8.74 (s, 1 H, NH), 

7.83 (d, J = 8.7 Hz, 1 H, Ar-H), 7.33-7.24 (m, 2 H, Ar-H), 7.24-7.16 (m, 3 H, Ar-H), 6.95 (dd, 

J1 = 8.6 Hz, J2 = 2.6 Hz, 1 H, Ar-H), 6.85 (d, J = 2.4 Hz, 1 H, Ar-H), 3.85 (s, 3 H, OCH3), 

3.43 (s, 3 H, OCH3), 2.28-2.08 (m, 2 H, CH2), 1.90 (s, 3 H, CH3), 1.14 (t, J = 7.4 Hz, 3 H, 

CH3); 
13C NMR (75 MHz, CDCl3) δ 201.7, 166.2, 161.6, 137.3, 136.9, 131.8, 128.7, 127.1, 

126.4, 124.7, 116.6, 113.1, 107.9, 106.7, 63.8, 55.4, 27.5, 18.7, 12.4; IR  (neat, cm-1) 3204, 

2965, 2934, 1949, 1658, 1599, 1569, 1491, 1460, 1368, 1288, 1225, 1110, 1029; MS (EI, 70 

eV) m/z (%) 338 (M++1, 8.11), 337 (M+, 5.09), 306 (100). 

 

4. Preparation of S-N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadien-1-yl)-4-tert-butyl- 

benzamide S-3ef. (Wsz-8-27) 
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O

N
H

OMe

+ Ph
OH

Et
4 mol% [Cp*RhCl2]2

30 mol% NaOAc

MeOH/H2O = 20/1

O

N
H

OMe

Et

Ph

1.5 equiv.

rt, 85 h, 71%1e
S-2f, 97% ee

S-3ef, 97% ee  

The reaction of 1e (92.5 mg, 0.45 mmol), [Cp*RhCl2]2 (7.4 mg, 0.012 mmol), NaOAc (7.3 

mg, 0.09 mmol), and S-2f (52.8 mg, 0.3 mmol) in MeOH (2 mL) and H2O (0.1 ml) at rt (14 

oC) afforded S-3ef4 (78.1 mg, 71%) (eluent: petroleum ether/ethyl acetate/dichloromethane = 

6/1/0.4): 97% ee (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 10/1, 0.8 

mL/min, λ = 207 nm, tR(minor) = 19.643 min, tR(major) = 21.573 min); [α]D
20 = +1.4 (c = 2.0, 

CHCl3); oil; 1H NMR (300 MHz, CDCl3) δ 8.86 (s, 1 H, NH), 7.72 (d, J = 8.4 Hz, 1 H, Ar-H), 

7.43 (dd, J1 = 8.3 Hz, J2 = 2.0 Hz, 1 H, Ar-H), 7.36 (d, J = 1.5 Hz, 1 H, Ar-H), 7.32-7.13 (m, 

5 H, Ar-H), 3.41 (s, 3 H, OCH3), 2.26-2.08 (m, 2 H, CH2), 1.90 (s, 3 H, CH3), 1.32 (s, 9 H, 

CH3× 3), 1.15 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 201.8, 166.3, 154.4, 

137.2, 135.1, 129.5, 129.3, 128.4, 128.1, 126.8, 126.3, 124.8, 108.1, 106.0, 63.6, 34.6, 30.9, 

27.3, 18.6, 12.3; IR  (neat, cm-1) 3216, 3060, 3030, 2964, 2935, 2905, 2866, 1944, 1661, 

1601, 1491, 1460, 1394, 1364, 1302, 1257, 1095, 1033; MS (EI, 70 eV) m/z (%) 364 (M++1, 

6.99), 363 (M+, 5.12), 332 (100). 

 

5. Preparation of S-N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadien-1-yl)-5-chloro- 

benzamide S-3ff. (Wsz-8-96) 
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The reaction of 1f (83.8 mg, 0.45 mmol), [Cp*RhCl2]2 (7.1 mg, 0.012 mmol), NaOAc (7.5 

mg, 0.09 mmol), and S-2f (97% ee, 52.6 mg, 0.3 mmol) in MeOH (2 mL) and H2O (0.1 mL) 

at rt (17 oC) afforded S-3ff (68.9 mg, 67%) (eluent: petroleum/ethyl acetate/dichloromethane 

= 7/1/0.3): 94% ee (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 10/1, 1.0 

mL/min, λ = 207 nm, tR(minor) = 13.458 min, tR(major) = 19.063 min); [α]D
20 = +11.00 (c = 

1.92, CHCl3); solid; m.p. 106.4-107.7 oC (hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) 

δ 8.76 (s, 1 H, NH), 7.72 (s, 1 H, Ar-H), 7.44 (dd, J1 = 8.1 Hz, J2 = 2.4 Hz, 1 H, Ar-H), 

7.33-7.23 (m, 3 H, Ar-H), 7.23-7.15 (m, 3 H, Ar-H), 3.44 (s, 3 H, OCH3), 2.26-2.07 (m, 2 H, 

CH2), 1.88 (s, 3 H, CH3), 1.11 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 202.1, 

165.1, 136.9, 134.2, 134.0, 133.7, 132.5, 131.1, 129.5, 128.7, 127.2, 126.4, 106.8, 106.6, 63.9, 

27.4, 18.5, 12.3; IR  (neat, cm-1) 3192, 2966, 2933, 1947, 1662, 1596, 1492, 1456, 1370, 

1301, 1160, 1113, 1040; MS (EI, 70 eV) m/z (%) 343 (M(37Cl)+, 0.85), 341 (M(35Cl)+, 1.37), 

310 (100); Anal. Calcd for C20H20ClNO2: C 70.27, H 5.90, N 4.10. Found: C 70.00, H 6.01, N 

3.91. 

 

6. Preparation of S-N-methoxy-2-(1-phenyl-3-methyl-1,2-heptadien-1-yl)benzamide S-3ah. 

(Wsz-8-35) 
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The reaction of 1a (60.8 mg, 0.45 mmol), [Cp*RhCl2]2 (7.4 mg, 0.012 mmol), NaOAc (7.1 

mg, 0.09 mmol), and S-2h (95% ee, 58.6 mg, 0.3 mmol) in MeOH (2 mL) and H2O (0.1 mL) 

at rt (8 oC) afforded S-3ah (73.3 mg, 73%) (eluent: petroleum/ethyl acetate/dichloromethane 

= 5/1/0.3): 95% ee (HPLC conditions: Chiralcel AS-H column, hexane/i-PrOH = 10/1, 1.0 

mL/min, λ = 207 nm, tR(minor) = 43.928 min, tR(major) = 51.062 min); [α]D
20 = +14.00 (c = 

2.90, CHCl3); oil; 1H NMR (300 MHz, CDCl3) δ 8.64 (s, 1 H, NH), 7.79 (d, J = 6.6 Hz, 1 H, 

Ar-H), 7.53-7.37 (m, 2 H, Ar-H), 7.36-7.24 (m, 3 H, Ar-H), 7.24-7.13 (m, 3 H, Ar-H), 3.46 (s, 

3 H, OCH3), 2.22-2.07 (m, 2 H, CH2), 1.88 (s, 3 H, CH3), 1.59-1.43 (m, 2 H, Ar-H), 1.42-1.26 

(m, 2 H, Ar-H), 0.89 (t, J = 7.2 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 202.3, 166.6, 

137.2, 135.6, 132.5, 131.2, 131.1, 129.7, 128.6, 127.9, 127.0, 126.5, 106.9, 104.7, 63.9, 34.0, 

29.8, 22.4, 18.7, 13.9; IR  (neat, cm-1) 3201, 2956, 2928, 2875, 2855, 1949, 1659, 1599, 

1492, 1463, 1437, 1376, 1307, 1154, 1032; MS (EI, 70 eV) m/z (%) 336 (M++1, 12.46), 335 

(M+, 49.33), 246 (100); HRMS Calcd for C22H25NO2 (M
+): 335.1885. Found: 335.1882. 

 

7. Preparation of S-N-methoxy-2-(1-(4-chloro-phenyl)-3-methyl-1,2-pentadien-1-yl) 

benzamide S-3aj. (Wsz-8-59) 
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The reaction of 1a (68.3 mg, 0.45 mmol), [Cp*RhCl2]2 (7.3 mg, 0.012 mmol), NaOAc 

(7.7 mg, 0.09 mmol), and S-2j (98% ee, 62.9 mg, 0.3 mmol) in MeOH (2 mL) and H2O (0.1 

mL) at rt (10 oC) afforded S-3aj (64.7 mg, 63%) (eluent: petroleum/ethyl 

acetate/dichloromethane = 3.5/1/3.5): 98% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 10/1, 1.0 mL/min, λ = 207 nm, tR(minor) = 20.938 min, tR(major) = 26.005 

min); [α]D
20 = +5.00 (c = 1.06, CHCl3); solid; m.p. 141.9-143.2 oC (hexane/ethyl acetate); 1H 

NMR (300 MHz, CDCl3) δ 8.56 (s, 1 H, NH), 7.73 (d, J = 7.2 Hz, 1 H, Ar-H), 7.53-7.37 (m, 

2 H, Ar-H), 7.33 (dd, J1 = 7.4 Hz, J2 = 1.4 Hz, 1 H, Ar-H), 7.28-7.20 (m, 2 H, Ar-H), 

7.16-7.07 (m, 2 H, Ar-H), 3.53 (s, 3 H, OCH3), 2.25-2.07 (m, 2 H, CH2), 1.89 (s, 3 H, CH3), 

1.12 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 202.0, 166.6, 136.0, 135.4, 

132.8, 132.6, 131.2, 131.1, 129.5, 128.7, 128.0, 127.8, 106.8, 64.1, 27.4, 18.6, 12.4; IR  

(neat, cm-1) 3203, 2965, 2931, 1944, 1659, 1488, 1453, 1439, 1368, 1299, 1272, 1088, 1032, 

1012; MS (EI, 70 eV) m/z (%) 343 (M(37Cl)+, 20.57), 341 (M(35Cl)+, 57.90), 312 (100); Anal. 

Calcd for C20H20ClNO2: C 70.27, H 5.90, N 4.10. Found: C 69.92, H 5.90, N 3.94. 

 

8. Preparation of S-N-methoxy-2-(1-(4-methoxyl-phenyl)-3-methyl-1,2-pentadien-1-yl) 

benzamide S-3ai. (Wsz-8-69) 
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The reaction of 1c (68.3 mg, 0.45 mmol), [Cp*RhCl2]2 (7.4 mg, 0.012 mmol), NaOAc (7.7 

mg, 0.09 mmol), and S-2i (98% ee, 61.1 mg, 0.3 mmol) in MeOH (2 mL) and H2O (0.1 mL) 

at rt (8 oC) afforded S-3ci (74.3 mg, 74%) (eluent: petroleum/ethyl acetate/dichloromethane = 

4/1/0.3 (600 mL) to 2/1/0.3): 98% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 10/1, 1.0 mL/min, λ = 207 nm, tR(minor) = 14.268 min, tR(major) = 16.853 

min); [α]D
20 = +6.30 (c = 1.10, CHCl3); oil; 1H NMR (300 MHz, CDCl3) δ 8.84 (s, 1 H, NH), 

7.75 (d, J = 7.5 Hz, 1 H, Ar-H), 7.52-7.30 (m, 3 H, Ar-H), 7.16-7.07 (m, 2 H, Ar-H), 

6.86-6.73 (m, 2 H, Ar-H), 3.75 (s, 3 H, OCH3), 3.49 (s, 3 H, OCH3), 2.23-2.09 (m, 2 H, CH2), 

1.88 (s, 3 H, CH3), 1.12 (t, J = 7.5 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 201.1, 166.5, 

158.6, 135.8, 132.4, 130.94, 130.88, 129.5, 129.4, 127.6, 107.0, 113.9, 107.0, 106.0, 63.7, 

55.1, 27.4, 18.6, 12.2; IR  (neat, cm-1) 3199, 2965, 2933, 2837, 1950, 1660, 1605, 1578, 

1508, 1462, 1440, 1364, 1292, 1247, 1179, 1033; MS (EI, 70 eV) m/z (%) 338 (M++1, 12.39), 

337 (M+, 55.43), 308 (100). HRMS calcd. for C21H23NO3 (M
+): 337.1678; Found: 337.1678. 

 

9. Preparation of S-N-methoxy-2-(1-phenyl-3-methyl-1,2-pentadien-1-yl)-2-naphthamide 

S-3gf. (Wsz-8-104) 
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The reaction of 1g (90.8 mg, 0.45 mmol), [Cp*RhCl2]2 (7.3 mg, 0.012 mmol), NaOAc (7.6 

mg, 0.09 mmol), and S-2f (97% ee, 52.5 mg, 0.3 mmol) in MeOH (2 mL) and H2O (0.1 mL) 

at rt (10 oC) afforded S-3gf (80.7 mg, 75%) (eluent: petroleum/ethyl acetate/dichloromethane 

= 5/1/0.5): 97% ee (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 10/1, 1.0 

mL/min, λ = 207 nm, tR(minor) = 39.578 min, tR(major) = 53.270 min); [α]D
20 = +10.10 (c = 

2.80, CHCl3); solid; m.p. 146.2-147.8 oC (hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) 

δ 8.86 (s, 1 H, NH), 8.29 (s, 1 H, Ar-H), 7.89 (d, J = 7.5 Hz, 1 H, Ar-H), 7.86-7.76 (m, 2 H, 

Ar-H), 7.61-7.46 (m, 2 H, Ar-H), 7.33-7.13 (m, 5 H, Ar-H), 3.44 (s, 3 H, OCH3), 2.28-2.09 

(m, 2 H, CH2), 1.93 (s, 3 H, CH3), 1.17 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) 

δ 202.3, 166.3, 137.6, 134.3, 132.4, 132.0, 130.5, 130.3, 130.2, 128.5, 128.4, 127.8, 127.5, 

127.0, 126.7, 126.6, 107.8, 106.1, 63.8, 27.5, 18.7, 12.4; IR  (neat, cm-1) 3191, 3055, 2966, 

2932, 1947, 1659, 1596, 1491, 1456, 1438, 1368, 1300, 1263, 1197, 1146, 1095, 1025; MS 

(EI, 70 eV) m/z (%) 358 (M++1, 3.43), 357 (M+, 2.64), 326 (100); Anal. Calcd for C24H23NO2: 

C 80.64, H 6.49, N 3.92. Found: C 80.27, H 6.59, N 3.72. 

 

10. Preparation of R-N-methoxy-2-(1-phenyl-3-methyl-1,2-heptadien-1-yl)benzamide R-3ah. 

(Wsz-8-30) 
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The reaction of 1a (60.6 mg, 0.45 mmol), [Cp*RhCl2]2 (7.3 mg, 0.012 mmol), NaOAc (7.8 

mg, 0.09 mmol), and R-2h (>99% ee, 59.1 mg, 0.3 mmol) in MeOH (2 mL) and H2O (0.1 mL) 

at rt (12 oC) afforded R-3ah (75.6 mg, 75%) (eluent: petroleum/ethyl acetate/dichloromethane 

= 5/1/0.3): >99% ee (HPLC conditions: Chiralcel AS-H column, hexane/i-PrOH = 10/1, 1.0 

mL/min, λ = 207 nm, tR(major) = 47.442 min); [α]D
20 = -14.00 (c = 1.81, CHCl3); oil; 1H 

NMR (300 MHz, CDCl3) δ 8.64 (s, 1 H, NH), 7.79 (d, J = 7.5 Hz, 1 H, Ar-H), 7.52-7.47 (m, 

2 H, Ar-H), 7.46-7.24 (m, 3 H, Ar-H), 7.24-7.13 (m, 3 H, Ar-H), 3.46 (s, 3 H, OCH3), 2.15 (t, 

J = 7.5 Hz, 2 H, CH2), 1.88 (s, 3 H, CH3), 1.59-1.43 (m, 2 H, Ar-H), 1.42-1.25 (m, 2 H, Ar-H), 

0.89 (t, J = 7.2 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 202.3, 166.6, 137.2, 135.6, 

132.5, 131.2, 131.1, 129.7, 128.6, 127.9, 127.0, 126.5, 106.9, 104.7, 63.9, 34.0, 29.8, 22.4, 

18.7, 13.9; IR  (neat, cm-1) 3200, 3058, 3021, 2954, 2929, 2872, 2858, 1944, 1660, 1596, 

1492, 1459, 1439, 1379, 1301, 1158, 1032; MS (EI, 70 eV) m/z (%) 336 (M++1, 11.96), 335 

(M+, 49.94), 246 (100); HRMS Calcd for C22H25NO2 (M
+): 335.1885. Found: 335.1880. 

 

Control experiments with non-terminal propargylic alcohol 

1. The reaction of 1a with 2l: formation of 2-(7-butylundeca-5,6-dien-5-yl)-N-methoxy 

benzamide 3al (Wsz-10-13). 
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Following Typical Procedure I, the reaction of 1a (226.8 mg, 1.5 mmol), [Cp*RhCl2]2 

(12.6 mg, 0.02 mmol), NaOAc (24.3 mg, 0.3 mmol), and 2l (224.3 mg, 1 mmol) in MeOH (6 

mL) at rt (27 oC) afforded 3al (267.2 mg, 75%) (eluent: petroleum ether/ethyl 

acetate/dichloromethane = 10/1/0.3): oil; 1H NMR (300 MHz, CDCl3) δ 9.11 (s, 1 H, NH), 

7.66 (d, J = 7.5 Hz, 1 H, Ar-H), 7.39 (td, J1 = 7.5 Hz, J2 = 1.4 Hz, 1 H, Ar-H), 7.33-7.19 (m, 2 

H, Ar-H), 3.86 (s, 3 H, OCH3), 2.28 (t, J = 7.4 Hz, 2 H, CH2), 2.13-1.96 (m, 4 H, CH2 × 2), 

1.55-1.25 (m, 12 H, CH2 × 6), 0.99-0.82 (m, 9 H, CH3 × 3); 13C NMR (75 MHz, CDCl3) δ 

200.3, 167.4, 138.3, 130.8, 130.6, 129.7, 129.1, 126.8, 106.6, 64.0, 34.2, 32.5, 30.3, 30.0, 

22.4, 22.2, 13.8, 13.7; IR  (neat, cm-1) 3193, 3061, 2956, 2930, 2869, 2855, 1952, 1659, 

1595, 1570, 1498, 1465, 1439, 1377, 1300, 1258, 1193, 1158, 1105, 1035; MS (EI, 70 eV) 

m/z (%) 357 (M+, 20.35), 188 (100); HRMS Calcd for C23H35NO2 (M
+): 357.2668. Found: 

357.2669. 

 

2. The reaction of 1a with 2m: formation of 2-(3-butylhepta-1,2-dien-1-yl)-N-methoxy 

benzamide 3am and 3-(5-hydroxynonan-5-yl)isoquinolin-1(2H)-one 5am (Wsz-10-10). 
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Following Typical Procedure I, the reaction of 1a (679.3 mg, 4.5 mmol), [Cp*RhCl2]2 

(46.2 mg, 0.075 mmol), NaOAc (73.4 mg, 0.9 mmol), and 2m (504.6 mg, 3 mmol) in MeOH 

(18 mL) at 50 oC afforded 3am (6.2 mg, 0.7%) and 5am (356.3 mg, 41%) (eluent: petroleum 

ether/ethyl acetate/dichloromethane = 6/1/0.2 to 4/1/0.3):  

3am: oil; 1H NMR (300 MHz, CDCl3) δ 8.43 (s, 1 H, NH), 7.54-7.46 (m, 1 H, Ar-H), 

7.42-7.33 (m, 2 H, Ar-H), 7.18 (t, J = 7.5 Hz, 1 H, Ar-H), 6.52-6.45 (m, 1 H, =CH), 3.91 (s, 3 

H, OCH3), 2.17-2.02 (m, 4 H, CH2 × 2), 1.53-1.24 (m, 8 H, CH2 × 4), 0.89 (t, J = 7.1 Hz, 6 H, 

CH3 × 2); 13C NMR (75 MHz, CDCl3) δ 203.6, 167.5, 134.9, 130.6, 130.5, 127.7, 127.4, 

126.1, 109.0, 91.7, 64.7, 32.3, 29.8, 22.5, 13.9; IR  (neat, cm-1) 3192, 2957, 2930, 2873, 

2856, 1947, 1654, 1597, 1500, 1466, 1445, 1378, 1302, 1156, 1035; MS (EI, 70 eV) m/z (%) 

301 (M+, 10.76), 143 (100); HRMS Calcd for C19H27NO2 (M
+): 301.2042. Found: 301.2039. 

5am: oil; 1H NMR (300 MHz, CDCl3) δ 10.59 (s, 1 H, NH), 8.39 (d, J = 8.1 Hz, 1 H, 

Ar-H), 7.67-7.60 (m, 1 H, Ar-H), 7.54 (d, J = 7.8 Hz, 1 H, Ar-H), 7.47-7.40 (m, 1 H, Ar-H), 

6.39 (s, 1 H, =CH), 4.76 (s, 1 H, OH), 1.97-1.83 (m, 4 H, CH2 × 2), 1.51-1.10 (m, 8 H, CH2 × 

4), 0.80 (t, J = 7.2 Hz, 6 H, CH3 × 2); 13C NMR (75 MHz, CDCl3) δ 163.5, 145.0, 138.4, 

132.5, 127.1, 126.2, 126.0, 124.1, 101.6, 75.3, 41.8, 25.5, 22.8, 13.9; IR  (neat, cm-1) 3325, 

3184, 3057, 2956, 2934, 2870, 2860, 1633, 1605, 1556, 1467, 1379, 1346, 1307, 1253, 1229, 

1170, 1108, 1029, 1006; MS (EI, 70 eV) m/z (%) 287 (M+, 38.15), 230 (100); HRMS Calcd 
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for C18H25NO2 (M
+): 287.1885. Found: 287.1889. 

 

Mechanistic studies 

1. Steric effect 

(1) The reaction of 1a with 10: formation of (Z)-3-(tert-butyl)-4-phenyl-1H-isochromen- 

1-one O-methyl oxime 11. (Wsz-8-51) 

 

The reaction of 1a (226.7 mg, 1.5 mmol), [Cp*RhCl2]2 (12.5 mg, 0.02 mmol), NaOAc 

(24.7 mg, 0.3 mmol), and 10 (158.3 mg, 1 mmol) in MeOH (6 mL) and H2O (0.3 mL) at rt 

afforded 11 (80.9 mg, 26%) (eluent: petroleum/ethyl acetate = 30/1): solid; m.p. 150.0-151.2 

oC (hexane/ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 7.99-7.90 (m, 1 H, Ar-H), 7.46-7.35 

(m, 3 H, Ar-H), 7.24-7.16 (m, 4 H, Ar-H), 6.50-6.42 (m, 1 H, Ar-H), 3.97 (s, 3 H, OCH3); 

1.10 (s, 9 H, CH3 × 3); 13C NMR (75 MHz, CDCl3) δ 156.7, 148.8, 135.9, 134.7, 131.6, 130.5, 

128.2, 127.6, 127.1, 124.7, 123.2, 120.3, 113.0, 62.6, 38.4, 30.0; IR  (neat, cm-1) 3078, 3024, 

2991, 2965, 2934, 2816, 1632, 1615, 1591, 1482, 1457, 1344, 1299, 1251, 1197, 1141, 1107, 

1055; MS (EI, 70 eV) m/z (%) 308 (M++1, 64.60), 307 (M+, 100); Anal. Calcd for C20H21NO2: 

C 78.15, H 6.89, N 4.56. Found: C 78.13, H 6.81, N 4.36. 
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ORTEP representation of 11 

11: C20H21NO2, MW = 307.38, monoclinic, space group P 1 21/n 1, final R indices [I > 

2σ(I)], R1 = 0.0489, wR2 = 0.1144; Rindices (all data), R1 = 0.0821, wR2 = 0.1394; a = 

11.8310(8) Å, b = 8.4718(5) Å, c = 16.4581(10) Å, α = 90.00°, β = 90.759(6)°, γ = 90.00°, V 

= 1649.45(17) Å3, T = 293(2) K, Z = 4, reflections collected/unique 6441/3018 (Rint = 

0.0375), number of observations [> 2σ(I)]: 2013, parameters: 212. Supplementary 

crystallographic data have been deposited at the Cambridge Crystallographic Data Centre, 

CCDC 1483579. 

 

(2) The reaction of 1a with 12: the formation of (Z)-4-(1-hydroxyheptyl)-3-phenyl-1H- 

isochromen-1-one O-methyl oxime 13. (Wsz-8-198) 

 

The reaction of 1a (453.3 mg, 3 mmol), [Cp*RhCl2]2 (24.6 mg, 0.04 mmol), NaOAc (49.5 

mg, 0.6 mmol), and 12 (432.2 mg, 2 mmol) in MeOH (12 mL) at rt afforded 13 (131.3 mg, 
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18%) (eluent: petroleum/ethyl acetate = 20/1 to 10/1): oil; 1H NMR (300 MHz, CDCl3) δ 8.09 

(d, J = 7.8 Hz, 1 H, Ar-H), 7.98 (dd, J1 = 8.0 Hz, J2 = 1.1 Hz, 1 H, Ar-H), 7.55-7.46 (m, 2 H, 

Ar-H), 7.46-7.34 (m, 4 H, Ar-H), 7.31-7.20 (m, 1 H, Ar-H), 4.74 (dd, J1 = 7.8 Hz, J2 = 6.6 Hz, 

1 H, OCH), 3.91 (s, 3 H, OCH3), 2.41 (bs, 1 H, OH), 2.06-1.77 (m, 2 H, CH2), 1.33-1.02 (m, 

8 H, CH2 × 4), 0.81 (d, J = 6.9 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ 150.4, 148.5, 

133.1, 130.4, 129.9, 129.5, 129.2, 128.4, 127.7, 125.7, 124.2, 122.0, 113.7, 71.3, 62.6, 35.9, 

31.6, 28.8, 26.2, 22.5, 14.0; IR  (neat, cm-1) 3428, 3061, 3027, 2953, 2930, 2856, 2816, 

1639, 1616, 1601, 1592, 1482, 1456, 1446, 1378, 1341, 1324, 1299, 1237, 1190, 1145, 1129, 

1112, 1054; MS (EI, 70 eV) m/z (%) 365 (M+, 22.83), 105 (100); HRMS Calcd for 

C23H27NO3 (M
+): 365.1991. Found: 365.1994. 

 

2. Kinetic isotope effect by parallel experiments  

(1) The measurement of the KIE of 1a and 1a-d4.
4,10

 (Wsz-9-1, Wsz-9-2)   

   

 

To a dried Schlenk tube equipped with a Teflon-coated magnetic stirring bar were added 1a 

(68.2 mg, 0.45 mmol), [Cp*RhCl2]2 (3.7 mg, 0.006 mmol), NaOAc (7.6 mg, 0.09 mmol), 2a 

(42.1 mg, 0.3 mmol), and MeOH (2 mL) sequentially at rt (Wsz-9-1). After being stirred for 

13 h at rt, the resulting mixture was mixed with the resulting mixture of the subsequent 

reaction (Wsz-9-2).  
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In another dried Schlenk tube, the reaction of 1a-D5 (70.3 mg, 0.45 mmol), [Cp*RhCl2]2 

(3.7 mg, 0.006 mmol), NaOAc (7.5 mg, 0.09 mmol), 2a (41.8 mg, 0.3 mmol), and MeOH (2 

mL) at rt was stirred for 13 h at rt, and then the resulting mixture was mixed with the 

resulting mixture of the above reaction (Wsz-9-1). 

The mixed resulting mixture was evaporated to afford the crude product, which was 

purified by flash column chromatography on silica gel (eluent: petroleum/ethyl 

acetate/dichloromethane = 7/1/0.3) to afford 3aa and 3aa-D4 (61.8 mg, 38%): solid; m.p. 

68.7-69.9 oC (hexane/ethyl acetate), reproted in the ref: 68.1-68.9 oC (hexane/ethyl acetate); 

1H NMR (300 MHz, CDCl3) δ 8.82 (s, 1 H, NH), 3.85 (s, 3 H, OCH3), 2.29 (t, J = 7.1 Hz, 2 

H, CH2), 1.76 (s, 6 H, 2 × CH3), 1.53-1.28 (m, 4 H, 2 × CH2), 0.89 (t, J = 7.1 Hz, 3 H, CH3), 

the following signal is discernible for 3aa: δ 7.56 (d, J = 7.2 Hz, 0.50 H, Ar-H), 7.39 (t, J = 

7.4 Hz, 0.53 H, Ar-H), 7.32-7.20 (m, 1.12 H, Ar-H); 13C NMR (75 MHz, CDCl3) δ 201.3, 

167.9, 138.2, 131.4, 130.0, 129.7, 128.6, 128.4, 126.3, 125.9, 102.9, 97.6, 64.3, 33.6, 30.1, 

22.2, 20.4, 13.9; the following signal is discernible for 3aa: 138.3, 131.5, 130.5, 129.1, 128.6, 

128.4, 126.8; IR  (neat, cm-1) 3193, 3061, 2956, 2931, 2869, 2859, 2816, 1956, 1659, 1594, 

1570, 1495, 1465, 1440, 1376, 1361, 1300, 1259, 1188, 1158, 1108, 1035; MS (EI, 70 eV) 

m/z (%) 277 (M+(D4), 28.01), 273 (M+, 40.35), 198 (100). 

 

2. The measurement of the KIE of 2e and 2e-18O. (Wsz-9-153, Wsz-9-154) 
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To a dried Schlenk tube equipped with a Teflon-coated magnetic stirring bar were added 1a 

(68.1 mg, 0.45 mmol), [Cp*RhCl2]2 (3.7 mg, 0.006 mmol), NaOAc (7.1 mg, 0.09 mmol), 2e 

(78.2 mg, 0.3 mmol), and MeOH (2 mL) sequentially at rt (Wsz-9-153). After being stirred 

for 20 h, the reaction was stopped. Filtration through a short column of silica gel (eluent: 

ethyl acetate 20 mL × 3) and evaporation afforded the crude product. 3ae (33.3%) was 

formed as determined by NMR analysis of the crude product. 

In another dried Schlenk tube, the reaction of 1a (68.3 mg, 0.45 mmol), [Cp*RhCl2]2 (3.7 

mg, 0.006 mmol), NaOAc (7.5 mg, 0.09 mmol), 2e-18O (78.7 mg, 0.3 mmol), and MeOH (2 

mL) reacted at rt (Wsz-9-154). After being stirred for 20 h, the reaction was stopped. 

Filtration through a short column of silica gel (eluent: ethyl acetate 20 mL × 3) and 

evaporation afforded the crude product. 3ae (3.1%) was formed as determined by NMR 

analysis of the crude product. 

  The KIE value was determined by the ratio of the NMR yield of 3ae in these two reactions 
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using CH2Br2 as the internal standard: KIE = 33.3 / 3.1 ≈ 10.7.  

The crude product of Wsz-9-154 was was purified by flash column chromatography on 

silica gel (eluent: petroleum/ethyl acetate = 10/1 to petroleum/ethyl acetate/dichloromethane 

= 5/1/0.3) to afford recovered 2e-18O (57.6 mg, 73%, 87% 18O) and product 3ae (3.8 mg, 

3%).  

  2e-18O: oil; 1H NMR (300 MHz, CDCl3) δ 7.17-7.09 (m, 2 H, Ar-H), 6.86-6.79 (m, 2 H, 

Ar-H), 3.78 (s, 3 H, OCH3), 2.84-2.73 (m, 2 H, CH2), 2.25-2.17 (m, 3 H, CH2 + OH), 

1.97-1.84 (m, 2 H, CH2), 1.56-1.36 (m, 7 H, CH3 + CH2 × 2), 0.92 (t, J = 7.1 Hz, 3 H, CH3); 

MS (EI, 70 eV) m/z (%) 262 (M (18O)+, 16.37), 260 (M (16O)+, 2.45), 121 (100). 

  The 18O% incorporation of 2e-18O was determined via the analysis of MS spectrum. The 

natural abundances of the stable isotopes of C, H, and O are known. The naturally occurring 

isotopic 18O will also produce [M(18O)]+ peak. According to the natural abundance of 18O, the 

ratio C17H24
16O2: C17H24

16O18O is 99.76:0.2. Thus, the intensity of [M(18O)+] (C17H24
16O18O)+ 

peak will be 0.2% of the intensity of the molecular peak [M(16O)+] (C17H24
16O2). According 

to the MS spectrum of 2e-18O, the relative abundances of 2e-16O 260 [M(16O)+] and 2e-18O 

262 [M(18O)+] are 2.45, 16.37, respectively. The 18O% of 2e-18O can be calculated as follows: 

([M(18O)+] - [M(16O)+] × 0.2%)/([M(18O)+] - [M(16O)+] × 0.2% + [M(16O)+]) = 

16.37-16.37×0.002/(16.37-16.37×0.002+ 2.45) ≈ 86.96%. 

  In addition, the contributions to the isotope peak intensities from background peaks or 

from impurities in the sample must be considered. According to the MS spectrum of 2e, such 

contribution of 2e to [M(16O)+2]+ is (0.15-6.21×0.002)% (≈ 0.14%). 

So the 18O% of 2e-18O is 86. 96% - 0.14% ≈ 87%. 
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  3ae: oil; 1H NMR (300 MHz, CDCl3) δ 8.17 (s, 1 H, NH), 7.52 (d, J = 7.2 Hz, 1 H, Ar-H), 

7.39 (td, J1 = 7.5 Hz, J2 = 1.2 Hz, 1 H, Ar-H), 7.33-7.22 (m, 1 H, Ar-H), 7.19 (d, J = 7.5 Hz, 1 

H, Ar-H), 7.02 (d, J = 8.7 Hz, 1 H, Ar-H), 6.66 (d, J = 8.4 Hz, 2 H, Ar-H), 3.80 (s, 3 H, 

OCH3), 3.74 (s, 3 H, OCH3), 2.70 (t, J = 7.1 Hz, 2 H, CH2), 2.32 (t, J = 7.4 Hz, 2 H, CH2), 

2.28-2.16 (m, 2 H, CH2), 1.81 (s, 3 H, CH3), 1.39-1.25 (m, 4 H, CH2 × 2), 0.87 (t, J = 6.8 Hz, 

3 H, CH3). 
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