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General. NMR spectra were recorded at 300 MHz/75 MHz (1H NMR/13C NMR) or 500 MHz/125 MHz (1H 
NMR/13C NMR) using Varian Gemini-300 (300 MHz), Varian MERCURY plus 300 (300 MHz), or Varian 
NMR system AS 500 (500 MHz) spectrometers. Chemical shifts (δ) are reported as follows: chemical shift, 
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, sext = sextet, m = multiplet, br = broad), 
coupling constants, and integration. IR spectra were obtained on a Perkin Elmer SpectrumOne A 
spectrometer. Mass spectra were obtained by EI, CI or ESI methods on a Hitachi M-4100 and Thermo Fisher 
Scientific Exactive. Melting points were recorded on Yanaco NP-S3 and are uncorrected. Preparative TLC 
separations (PTLC) were carried out on precoated silica gel plates (E. Merck 60F254). Unless otherwise stated, 
all the reagents and solvents were used as received from the manufacturer. 
 

Typical reaction procedure for radical addition to olefin 4, 6 and 8. 

A mixture of olefin (0.35 mmol) and toluene derivatives (15 mL) was sttired at 180 °C for 0.5−3 h. The 
reaction mixture was concentrated in vacuo and purified by column chromatography on SiO2 (AcOEt/hexane 
= 1/5) to afford the desired compounds.  
 

2-(Phenyl)methylsuccinic Acid Dimethyl Ester (5a) 
a colorless oil  

IR ν max (neat) cm-1 : 1736 (CO), 1437 (Ar). 
1H-NMR (300 MHz) δ : 2.41 (1H, dd, J=16.5, 4.5 Hz, CH2CO2Me), 2.68 (1H, dd, J=16.5, 9.0 Hz, 

CH2CO2Me), 2.76 (1H, dd, J=13.5, 8.0 Hz, CH2Ar), 3.06 (1H, dd, J=13.5, 7.0 Hz, CH2Ar), 
3.11-3.18 (1H, m, 2-H), 3.64 (3H, s, CO2CH3), 3.67 (3H, s, CO2CH3), 7.14-7.32 (5H, m, Ar-H). 

13C-NMR (75 MHz) δ : 174.4, 172.0, 137.9, 128.8, 128.3, 126.5, 51.6, 51.4, 42.8, 37.5, 34.6.  
HRMS m/z : Calcd for C13H17O4 (M+H) + 237.1121. Found : 237.11201. 

 

2-[(4-Methoxyphenyl)methylsuccinic Acid Dimethyl Ester (5b) 
a colorless oil  

IR ν max (neat) cm-1 : 1736 (CO), 1437 (Ar). 
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1H-NMR (300 MHz) δ : 2.40 (1H, dd, J=17.0, 5.0 Hz, CH2CO2Me), 2.67 (1H, dd, J=17.0, 9.0 Hz, 
CH2CO2Me), 2.70 (1H, dd, J=13.5, 9.0 Hz, CH2Ar), 2.99 (1H, dd, J=13.5, 6.0 Hz, CH2Ar), 
3.04-3.14 (1H, m, 2-H), 3.64 (3H, s, CO2CH3), 3.67 (3H, s, CO2CH3), 3.79 (3H, s, Ar-OCH3), 6.83 
(2H, br d, J=8.5 Hz, Ar-H), 7.06 (2H, br d, J=8.5 Hz, Ar-H). 

13C-NMR (75 MHz) δ : 174.7, 172.3, 158.4, 130.1, 130.0, 113.9, 55.2, 51.9, 51.7, 43.2, 36.9, 34.8.  
HRMS m/z : Calcd for C14H19O5 (M+H) + 267.1227. Found : 267.1227. 

 

2-[(3-Methoxyphenyl)methylsuccinic Acid Dimethyl Ester (5c) 
a colorless oil  

IR ν max (neat) cm-1 : 1736 (CO), 1437 (Ar). 
1H-NMR (300 MHz) δ : 2.41 (1H, dd, J=17.0, 5.0 Hz, CH2CO2Me), 2.67 (1H, dd, J=17.0, 9.0 Hz, 

CH2CO2Me), 2.72 (1H, dd, J=13.5, 8.0 Hz, CH2Ar), 3.04 (1H, dd, J=13.5, 6.0 Hz, CH2Ar), 
3.08-3.16 (1H, m, 2-H), 3.64 (3H, s, CO2CH3), 3.68 (3H, s, CO2CH3), 3.79 (3H, s, Ar-OCH3), 
6.70-6.79 (3H, m, Ar-H), 7.20 (1H, t, J=8.0 Hz, Ar-H). 

13C-NMR (75 MHz) δ : 174.7, 172.3, 159.8, 139.7, 129.6, 121.3, 114.7, 112.1, 55.2, 52.0, 51.8, 42.9, 
37.7, 34.9.  

HRMS m/z : Calcd for C14H18O5 (M +) 266.1153. Found : 266.1138. 
 
2-[(2-Methoxyphenyl)methylsuccinic Acid Dimethyl Ester (5d) 

a colorless oil  

IR ν max (neat) cm-1 : 1736 (CO), 1438 (Ar). 
1H-NMR (300 MHz) δ : 2.40 (1H, dd, J=17.0, 5.0 Hz, CH2CO2Me), 2.67 (1H, dd, J=17.0, 9.0 Hz, 

CH2CO2Me), 2.79 (1H, dd, J=13.0, 8.0 Hz, CH2Ar), 3.04 (1H, dd, J=13.0, 6.0 Hz, CH2Ar), 
3.16-3.26 (1H, m, 2-H), 3.62 (3H, s, CO2CH3), 3.66 (3H, s, CO2CH3), 3.82 (3H, s, Ar-OCH3), 
6.82-6.89 (2H, m, Ar-H), 7.07 (1H, dd, J=7.0, 1.0 Hz, Ar-H), 7.21 (1H, dt, J=7.5, 1.0 Hz, Ar-H). 

13C-NMR (75 MHz) δ : 175.3, 172.6, 157.7, 130.9, 128.9, 128.2, 126.5, 120.4, 110.3, 55.2, 51.8, 51.7, 
41.3, 35.1, 32.6.  

HRMS m/z : Calcd for C14H19O5 (M+H +) 267.12269. Found : 267.1224.  
 
2-[(3,4-Dimethoxyphenyl)methylsuccinic Acid Dimethyl Ester (5e) 

a colorless oil  

IR ν max (neat) cm-1 : 1736 (CO), 1439 (Ar). 
1H-NMR (300 MHz) δ : 2.42 (1H, dd, J=17.0, 5.0 Hz, CH2CO2Me), 2.68 (1H, dd, J=17.0, 9.0 Hz, 

CH2CO2Me), 2.71 (1H, dd, J=13.5, 8.0 Hz, CH2Ar), 3.00 (1H, dd, J=13.5, 6.0 Hz, CH2Ar), 
3.06-3.14 (1H, m, 2-H), 3.65 (3H, s, CO2CH3), 3.68 (3H, s, CO2CH3), 3.86 (3H, s, Ar-OCH3), 3.87 
(3H, s, Ar-OCH3), 6.67 (1H, s, Ar-H), 6.69 (2H, d, J=8.0 Hz, Ar-H), 6.79 (2H, d, J=8.0 Hz, Ar-H). 

13C-NMR (75 MHz) δ : 174.8, 172.4, 149.0, 147.9, 130.7, 122.2, 112.1, 111.3, 55.93, 55.88, 52.0, 51.8, 
43.3, 37.4, 35.0.  

HRMS m/z : Calcd for C15H20O6 (M +) 296.1259. Found : 296.1270. 
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2-[(4-Methylphenyl)methylsuccinic Acid Dimethyl Ester (5f) 

a colorless oil  

IR ν max (neat) cm-1 : 1737 (CO), 1437 (Ar). 
1H-NMR (300 MHz) δ : 2.31 (3H, s, Ar-CH3), 2.40 (1H, dd, J=16.5, 4.5 Hz, CH2CO2Me), 2.66 (1H, dd, 

J=16.5, 9.0 Hz, CH2CO2Me), 2.71 (1H, dd, J=13.0, 8.0 Hz, CH2Ar), 3.01 (1H, dd, J=13.0, 6.0 Hz, 
CH2Ar), 3.06-3.15 (1H, m, 2-H), 3.64 (3H, s, CO2CH3), 3.68 (3H, s, CO2CH3), 7.03 (2H, d, J=8.0 
Hz, Ar-H), 7.10 (2H, d, J=8.0 Hz, Ar-H). 

13C-NMR (75 MHz) δ : 174.8, 172.3, 136.2, 135.0, 129.3, 128.9, 51.9, 51.7, 43.1, 37.3, 34.8, 21.0.  
HRMS m/z : Calcd for C11H19O4 (M+H +) 251.1278. Found : 251.1274. 
 
2-[(3-Methylphenyl)methyl]succinic Acid Dimethyl Ester (5g) 

a colorless oil  

IR ν max (neat) cm-1 : 1736 (CO), 1436 (Ar). 
1H-NMR (300 MHz) δ : 2.32 (3H, s, Ar-CH3), 2.40 (1H, dd, J=16.5, 5.0 Hz, CH2CO2Me), 2.67 (1H, dd, 

J=16.5, 10.0 Hz, CH2CO2Me), 2.69 (1H, dd, J=13.5, 9.0 Hz, CH2Ar), 3.02 (1H, dd, J=13.5, 6.0 Hz, 
CH2Ar), 3.07-3.16 (1H, m, 2-H), 3.64 (3H, s, CO2CH3), 3.68 (3H, s, CO2CH3), 6.95 (1H, d, J=8.0 
Hz, Ar-H), 6.96 (1H, s, Ar-H), 7.03 (1H, d, J=8.0 Hz, Ar-H), 7.17 (1H, t, J=8.0 Hz, Ar-H). 

13C-NMR (75 MHz) δ : 174.8, 172.4, 138.2, 138.1, 129.8, 128.5, 127.5, 126.0, 51.9, 51.7, 43.1, 37.7, 
34.9, 21.4.  

HRMS m/z : Calcd for C14H19O4 (M+H) + 251.1305. Found : 251.1275. 
  
2-[(2-Methylphenyl)methyl]succinic Acid Dimethyl Ester (5h) 

a colorless oil  

IR ν max (neat) cm-1 : 1736 (CO), 1436 (Ar). 
1H-NMR (300 MHz) δ : 2.34 (3H, s, Ar-CH3), 2.43 (1H, dd, J=17.0, 5.0 Hz, CH2CO2Me), 2.68-2.77 (2H, 

m, CHCH2CO2Me), 3.03-3.14(2H, m, CH2Ar), 3.63 (3H, s, CO2CH3), 3.67 (3H, s, CO2CH3), 
7.06-7.16 (4H, m, Ar-H). 

13C-NMR (75 MHz) δ : 175.1, 172.4, 136.5, 130.6, 129.9, 127.0, 126.0, 52.0, 51.8, 41.8, 35.3, 35.1, 19.4.  
HRMS m/z : Calcd for C14H19O4 (M+H) + 251.1289. Found : 251.1277. 

 
2-[(4-Chlorophenyl)methyl]succinic Acid Dimethyl Ester (5i) 

a colorless oil  

IR ν max (neat) cm-1 : 1739 (CO), 1493 (Ar). 
1H-NMR (300 MHz) δ :  2.40 (1H, dd, J=17.0, 5.0 Hz, CH2CO2Me), 2.67 (1H, dd, J=17.0, 9.0 Hz, 

CH2CO2Me), 2.76 (1H, dd, J=14.0, 8.0 Hz, CH2Ar), 3.00 (1H, dd, J=14.0, 7.0 Hz, CH2Ar), 
3.06-3.11 (1H, m, 2-H), 3.65 (3H, s, CO2CH3), 3.66 (3H, s, CO2CH3), 7.09 (2H, d, J=8.0 Hz, Ar-H), 
7.26 (2H, d, J=8.0 Hz, Ar-H). 

13C-NMR (75 MHz) δ : 174.4, 172.1, 136.7, 132.6, 130.4, 128.7, 52.0, 51.8, 42.9, 37.0, 34.9. 
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HRMS m/z : Calcd for C13H15ClO4 (M +) 270.0672. Found : 270.0665.  
 
2-[(4-Bromophenyl)methyl]succinic Acid Dimethyl Ester (5j) 

a colorless oil  

IR ν max (neat) cm-1 : 1736 (CO), 1437 (Ar). 
1H-NMR (300 MHz) δ : 2.40 (1H, dd, J=16.5, 6.0 Hz, CH2CO2Me), 2.67 (1H, dd, J=16.5, 8.5 Hz, 

CH2CO2Me), 2.74 (1H, dd, J=13.0, 8.0 Hz, CH2Ar), 2.99 (1H, dd, J=13.0, 7.0 Hz, CH2Ar), 
3.05-3.13 (1H, m, 2-H), 3.65 (3H, s, CO2CH3), 3.66 (3H, s, CO2CH3), 7.03 (2H, d, J=8.5 Hz, Ar-H), 
7.41 (2H, d, J=8.5 Hz, Ar-H). 

13C-NMR (75 MHz) δ : 174.3, 172.0, 137.2, 131.6, 130.7, 120.6, 52.0, 51.8, 42.8, 37.0, 34.9. 
HRMS m/z : Calcd for C13H15

79BrO4 (M +) 314.0153. Found : 314.0167.  
 
2-[(4-Fluorophenyl)methyl]succinic Acid Dimethyl Ester (5k) 

a colorless oil  

IR ν max (neat) cm-1 : 1738 (CO), 1438 (Ar). 
1H-NMR (300 MHz) δ : 2.41 (1H, dd, J=16.5, 5.0 Hz, CH2CO2Me), 2.68 (1H, dd, J=16.5, 9.0 Hz, 

CH2CO2Me), 2.76 (1H, dd, J=13.5, 8.5 Hz, CH2Ar), 3.00 (1H, dd, J=13.5, 6.0 Hz, CH2Ar), 
3.06-3.15 (1H, m, 2-H), 3.65 (3H, s, CO2CH3), 3.66 (3H, s, CO2CH3), 6.95-7.00 (2H, m, Ar-H), 
7.09-7.14 (2H, m Ar-H). 

13C-NMR (75 MHz) δ : 172.2, 130.6, 130.5, 115.6, 115.3, 52.0, 51.9, 43.2, 37.0, 35.0. 
HRMS m/z : Calcd for C13H15FO4 (M +) 254.0953. Found : 254.0967.  

 
2-[(4-Iodophenyl)methyl]succinic Acid Dimethyl Ester (5l) 

a colorless oil  

IR ν max (neat) cm-1 : 1736 (CO), 1436 (Ar). 
1H-NMR (300 MHz) δ : 2.40 (1H, dd, J=17.0, 5.0 Hz, CH2CO2Me), 2.67 (1H, dd, J=17.0, 9.0 Hz, 

CH2CO2Me), 2.72 (1H, dd, J=14.0, 8.0 Hz, CH2Ar), 2.98 (1H, dd, J=14.0, 7.0 Hz, CH2Ar), 
3.05-3.12 (1H, m, 2-H), 3.65 (3H, s, CO2CH3), 3.66 (3H, s, CO2CH3), 6.91 (2H, d, J=8.0 Hz, Ar-H), 
7.61 (2H, d, J=8.0 Hz, Ar-H). 

13C-NMR (75 MHz) δ : 174.3, 172.0, 137.8, 137.6, 131.0, 92.1, 52.0, 51.8, 42.8, 37.1, 34.9. 
HRMS m/z : Calcd for C13H15IO4 (M +) 363.00881. Found : 363.0083.  

 
2-[(3-Chlorophenyl)methyl]succinic Acid Dimethyl Ester (5m) 

a colorless oil  

IR ν max (neat) cm-1 : 1736 (CO), 1437 (Ar). 
1H-NMR (300 MHz) δ : 2.41 (1H, dd, J=17.0, 5.0 Hz, CH2CO2Me), 2.68 (1H, dd, J=17.0, 9.0 Hz, 

CH2CO2Me), 2.75 (1H, dd, J=13.5, 7.5 Hz, CH2Ar), 3.02 (1H, dd, J=13.5, 7.0 Hz, CH2Ar), 
3.07-3.14 (1H, m, 2-H), 3.66 (3H, s, CO2CH3), 3.67 (3H, s, CO2CH3), 7.02-7.06 (1H, m, Ar-H), 
7.16 (1H, s, Ar-H), 7.21-7.23 (2H, m, Ar-H). 
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13C-NMR (75 MHz) δ : 174.3, 172.1, 140.3, 134.3, 129.8, 129.1, 127.2, 127.0, 52.0, 51.9, 42.8, 37.3, 
35.0. 

HRMS m/z : Calcd for C13H15
35ClO4 (M +) 270.0658. Found : 270.0688.  

 
2-[(2-Chlorophenyl)methyl]succinic Acid Dimethyl Ester (5n) 

a colorless oil  

IR ν max (neat) cm-1 : 1737(CO), 1438 (Ar). 
1H-NMR (300 MHz) δ : 2.46 (1H, dd, J=17.0, 5.0 Hz, CH2CO2Me), 2.73 (1H, dd, J=17.0, 9.0 Hz, 

CH2CO2Me), 2.92 (1H, dd, J=13.5, 8.5 Hz, CH2Ar), 3.16 (1H, dd, J=13.5, 7.0 Hz, CH2Ar), 
3.20-3.30 (1H, m, 2-H), 3.64 (3H, s, CO2CH3), 3.66 (3H, s, CO2CH3), 7.17-7.20 (3H, m, Ar-H), 
7.34-7.37 (1H, m, Ar-H). 

13C-NMR (75 MHz) δ : 174.6, 172.1, 136.0, 134.3, 131.3, 129.8, 128.3, 126.9, 52.0, 51.8, 41.3, 35.4, 
35.1. 

HRMS m/z : Calcd for C13H15
35ClO4 (M +) 270.0658. Found : 270.0647. 

 
2-[[4-(Methoxycarbonyl)phenyl]methyl]succinic Acid Dimethyl Ester (5o) 

a colorless oil  

IR ν max (neat) cm-1 : 1736 (CO), 1437 (Ar). 
1H-NMR (300 MHz) δ : 2.41 (1H, dd, J=16.5, 5.0 Hz, CH2CO2Me), 2.69 (1H, dd, J=16.5, 8.5 Hz, 

CH2CO2Me), 2.88 (1H, dd, J=12.5, 7.5 Hz, CH2Ar), 3.08 (1H, dd, J=12.5, 6.0 Hz, CH2Ar), 
3.13-3.21 (1H, m, 2-H), 3.65 (3H, s, CO2CH3), 3.66 (3H, s, CO2CH3), 3.91 (3H, d, J=0.5 Hz, 
Ar-CO2CH3), 7.23 (2H, d, J=8.5 Hz, Ar-H), 7.97 (2H, d, J=8.5 Hz, Ar-H).  

13C-NMR (75 MHz) δ : 174.3, 172.0, 166.9, 143.6, 129.9, 129.2, 129.1, 128.7, 127.1, 52.1, 52.0, 51.8, 
42.7, 37.6, 35.0.  

HRMS m/z : Calcd for C15H18O6 (M +) 294.1102. Found : 294.1132. 

 
2-(1,2-Diphenylethyl)succinic Acid Dimethyl Ester (5p) 

a colorless oil  
6:1 mixture of diastereomers 

IR ν max (neat) cm-1 : 1737(CO), 1437 (Ar). 
1H-NMR (300 MHz) δ : 2.24 (1/7H, dd, J=16.5, 3.0 Hz, CH2CO2Me), 2.40 (6/7H, dd, J=16.5, 5.0 Hz, 

CH2CO2Me), 2.54 (1/7H, dd, J=16.5, 6.0 Hz, CH2CO2Me), 2.67 (6/7H, dd, J=16.5, 9.0 Hz, 
CH2CO2Me), 2.75 (6/7H, dd, J=13.0, 10.0 CH2Ar), 2.85 (1/7H, dd, J=13.0, 4.0 Hz, CH2Ar), 
2.98-3.16 (1/7H+6/7H+1H+1H, m, CH2Ar+2-H+CHPh), 3.52 (3/7H, s, CO2CH3), 3.57 (3/7H, s, 
CO2CH3), 3.63 (18/7H, s, CO2CH3), 3.66 (18/7H, s, CO2CH3), 6.88-7.36 (10H, m, Ar-H). 

13C-NMR (75 MHz) δ : 174.8, 172.4, 138.2, 138.1, 129.6, 129.1, 128.63, 128.58, 128.5, 128.4, 127.7, 
126.8, 126.7, 126.0, 52.0, 51.8, 46.2, 43.1, 37.8, 35.0. 

HRMS m/z : Calcd for C20H23O4 (M+H) + 327.2140. Found : 327.1585. 
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2-(1-Phenylpropyl)succinic Acid Dimethyl Ester (5q) 
a colorless oil  
1:1 mixture of diastereomers 

IR ν max (neat) cm-1 : 1738(CO), 1437 (Ar). 
1H-NMR (300 MHz) δ : 1.277 (3/2H, d, J=7.0 Hz, CH2CH3), 1.282 (3/2H, d, J=7.0 Hz, CH2CH3), 2.19 

(1/2H, dd, J=17.0, 3.5 Hz, CH2CO2Me), 2.34 (1/2H, dd, J=17.0, 3.5 Hz, CH2CO2Me), 2.59 (1/2H, 
dd, J=17.0, 11.0 Hz, CH2CO2Me), 2.75 (1/2H, dd, J=17.0, 11.0 Hz, CH2CO2Me), 2.85-3.03 (1H, m, 
2-H), 3.09-3.16 (1/2H, m, CHPh), 3.19-3.28 (1/2H, m, CHPh), 3.57 (3H, s, CO2CH3), 3.62 (3/2H, s, 
CO2CH3),  3.75 (3/2H, s, CO2CH3), 7.15-7.34 (5H, m, Ar-H). 

13C-NMR (75 MHz) δ : 175.2, 174.3, 172.7, 172.4, 143.5, 143.1, 128.8, 128.5, 127.5, 127.4, 127.0, 126.8, 
51.9, 51.82, 51.79, 51.7, 48.4, 48.2, 42.5, 40.8, 35.4, 32.3, 20.3, 16.4. 

HRMS m/z : Calcd for C14H19O4 (M+H) + 251.1518. Found : 251.1251. 
 

2-[(4-Methoxyphenyl)methyl]butanedinitrile (7) 
a colorless oil  

IR ν max (neat) cm-1 : 2248 (CN), 1515 (Ar). 
1H-NMR (300 MHz) δ : 2.63 (2H, d, J=6.0 Hz, CH2CN), 2.96-3.15 (3H, m, 2-H+ CH2Ar), 3.80 (3H, s, 

Ar-OCH3), 6.90 (2H, br d, J=8.5 Hz, Ar-H), 7.18 (2H, br d, J=8.5 Hz, Ar-H). 
13C-NMR (75 MHz) δ : 159.4, 130.3, 126.4, 118.7, 115.7, 114.6, 55.4, 36.2, 30.3, 20.0.  
HRMS m/z : Calcd for C12H12N2O (M) + 200.0949. Found : 200.0940. 
 

2-[(4-Methoxyphenyl)methyl]-1,4-diphenyl-1,4-butanedione (9) 
a colorless oil  

IR ν max (neat) cm-1 : 1679 (CO), 1513 (Ar). 
1H-NMR (300 MHz) δ : 2.67 (1H, dd, J=14.0, 9.0 Hz, CH2Ar), 3.09 (1H, dd, J=18.5, 5.0 Hz, CH2COPh), 

3.09 (1H, dd, J=14.0, 5.0 Hz, CH2Ar), 3.69 (1H, dd, J=18.5, 9.0 Hz, CH2COPh), 3.76 (3H, s, 
Ar-OCH3), 4.33-4.42 (1H, m, 2-H), 6.80 (2H, d, J=8.5Hz, Ar-H), 7.12 (2H, d, J=8.5Hz, Ar-H), 
7.39-7.59 (6H, m, COC6H5), 7.90 (2H, d, J=7.0 Hz, COC6H5), 8.04 (2H, d, J=7.0 Hz, COC6H5) 

13C-NMR (75 MHz) δ : 202.9, 198.6, 158.4, 136.7, 136.7, 133.2, 133.0, 130.8, 130.7, 129.0, 128.7, 128.6, 
128.1, 114.1, 55.3, 43.7, 40.2, 37.4. 

HRMS m/z : Calcd for C24H22O3 (M) + 358.1567. Found : 358.1577. 
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