
S1 

 

Supporting Information 
 

 

Lewis Acid and (Hypo)iodite Relay Catalysis Allows a 

Strategy for the Synthesis of Polysubstituted Azetidines and 

Tetrahydroquinolines 

 

Jing-Qiang Han, Huan-Huan Zhang, Peng-Fei Xu, and Yong-Chun Luo* 

 State Key Laboratory of Applied Organic Chemistry, College of Chemistry and Chemical Engineering, Lanzhou 

University, Lanzhou 730000, P. R. China 

luoych@lzu.edu.cn 

 

1. General Information .............................................................................................. 2 

2. Analysis of Byproducts .......................................................................................... 2 

3. Experiment Procedure. .......................................................................................... 4 

4. Characterization Data of Compounds 3a-3s and 4a-4k .......................................... 5 

5. Crystallographic data of 3a and 4a. ...................................................................... 15 

6. 
1
H NMR and 

13
C NMR Spectra. .......................................................................... 17 

 



S2 

 

1. General Information 

  Chemicals and solvents were either purchased from commercial suppliers or purified by 

standard techniques. Analytical thin-layer chromatography (TLC) was performed on silica gel 

plates with F-254 indicator and the compounds were visualized by irradiation with UV light. Flash 

chromatography was carried out utilizing silica gel 200-300 mesh. 
1
H NMR, 

13
C NMR spectra 

were recorded on 400 MHz or 100 MHz spectrometers, The spectra were recorded in CDCl3 as 

solvent at room temperature, 
1
H and 

13
C NMR chemical shifts are reported in ppm relative to 

either the residual solvent peak or TMS as an internal standard. Data for 
13

C NMR are reported as 

chemical shift. IR spectra were recorded on FT-IR instrument and are reported in wave numbers 

(cm
-1

). HRMS were performed on FT–ICRMS mass instrument (ESI). 

2. Analysis of Byproducts 

The reaction of dimethyl 2-phenylcyclopropane-1,1-dicarboxylate 1a and 4-methylaniline 2a was 

performed under the conditions as depicted in Scheme 1. After 24 hours, the reaction mixture was 

subjected to HRMS (ESI) study. In the positive mode, some compounds were detected except for 

the product 3a (Scheme 1 & Figure 1).  
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Scheme 1 [3+1] Annulation reaction of 2-phenylcyclopropane-1,1-dicarboxylate and 

4-methylaniline.
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Figure 1 High resolution mass spectrogram of the reaction mixture 
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According to the above results, we speculated the generation routes of the byproducts (Scheme 2). 

Imine A and compound D should derive from the intermediate II via Grob fragmentation. 

Compound B is the product of nucleophilic substitution of H2O to intermediate II. Compound C is 

the Michael adduct of ring opening product I to compound D.  

 

Scheme 2 Speculate the generation routes of the byproducts 

3. Experiment Procedure. 

Compounds 1 were prepared according to the known procedures
1 , 2 ,3

. Compounds 2 were 

commercially available. 

To a stirring mixture of 1 (0.3 mmol), 2 (1.5 eq, 0.45 mmol), Ni(ClO4)2
.
6H2O (20 mol %, 0.06 

mmol), Bu4NI (20 mol %, 0.06 mmol), Al(OTf)3 (10 mol %, 0.03 mmol) in CH3CN (3 mL, c=0.1 

M) was added TBHP (2 eq, 0.6 mmol, 70% wt aqueous solution) via syringe. The mixture was 

stirred at 60 
o
C and monitored by TLC analysis. Usually after 20 to 60 hours, the resulting mixture 

was poured into saturated aq. Na2S2O3 (5 mL). The aqueous layer was separated and extracted 

with EtOAc (three times). The combined organic layers were washed with brine and dried over 

anhydrous MgSO4. Then the solvents were removed in vacuo. The residue was purified by flash 

column chromatography on silica gel to afford the product 3 or 4. 

                                                             

(1). Gopinath, P.; Chandrasekaran, S. J. Org. Chem. 2011, 76, 700.  

(2). Goldberg, A. F. G.; O’Connor, N. R.; Craig, R. A.; Stoltz, B. M. Org. Lett. 2012, 14, 5314. 

(3). Volkova, Y. A.; Budynina, E. M.; Kaplun, A. E.; Ivanova, O. A.; Chagarovskiy, A. O.; Skvortsov, D. A.; 

Rybakov, V. B.; Trushkov, I. V.; Melnikov, M. Y. Chem.- Eur. J. 2013, 19, 6586. 
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4. Characterization Data of Compounds 3a-3s and 4a-4k 

Dimethyl 1-(4-methylphenyl)-4-phenylazetidine-2,2-dicarboxylate (3a) 

Pale yellow solid, 78.4 mg, 77% yield; mp: 79–81 
o
C; Rf = 0.52 

(EtOAc/petroleum ether = 1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.46 

(d, J = 7.2 Hz, 2H), 7.37–7.26 (m, 3H), 6.93 (d, J = 8.0 Hz, 2H), 6.56 (d, J 

= 8.4 Hz, 2H), 5.16 (t, J = 7.6 Hz, 1H), 3.91 (s, 3H), 3.69 (s, 3H), 3.15 (dd, 

J = 11.2, 8.0 Hz, 1H), 2.60 (dd, J = 11.2, 7.2 Hz, 1H), 2.20 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 

170.8, 169.7, 144.8, 142.2, 129.3, 128.8, 128.7, 127.9, 125.9, 113.3, 71.8, 62.5, 52.8, 52.6, 36.6, 

20.5; IR (KBr) cm
-1

: 3030, 2953, 1738, 1615, 1515, 1294, 1254, 1132, 812, 701; HRMS calcd for 

C20H21NO4Na [M+Na]
+ 

362.1363, found 362.1368. 

Dimethyl 1,4-di-p-tolylazetidine-2,2-dicarboxylate (3b) 

Pale yellow oil, 64.7 mg, 61% yield; Rf = 0.54 (EtOAc/petroleum ether = 

1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.34 (d, J = 7.6 Hz, 2H), 7.16 

(d, J = 8.0 Hz, 2H), 6.92 (d, J = 8.0 Hz, 2H), 6.56 (d, J = 8.4 Hz, 2H), 5.12 

(t, J = 8.0 Hz, 1H), 3.90 (s, 3H), 3.69 (s, 3H), 3.12 (dd, J = 11.2, 8.4 Hz, 

1H), 2.58 (dd, J = 11.2, 7.2 Hz, 1H), 2.34 (s, 3H), 2.19 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 

170.8, 169.7, 144.9, 139.3, 137.6, 129.4, 129.2, 128.6, 125.9, 113.3, 71.8, 62.4, 52.7, 52.6, 36.8, 

21.1, 20.5; IR (KBr)cm
-1

: 3028, 2953, 1738, 1515, 1286, 1252, 1132, 812; HRMS calcd for 

C21H24NO4 [M+H]
+
 354.1700, found 354.1706. 

Dimethyl 1-(4-methylphenyl)-4-(3-methylphenyl)azetidine-2,2-dicarboxylate (3c) 

Yellow solid, 84.8 mg, 80% yield; mp: 87–89 
o
C; Rf = 0.53 

(EtOAc/petroleum ether = 1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 

7.26–7.25 (m, 3H), 7.10 (d, J = 3.6 Hz, 1H), 6.93 (d, J = 8.0 Hz, 2H), 6.57 

(d, J = 8.0 Hz, 2H), 5.12 (t, J = 7.6 Hz, 1H), 3.91 (s, 3H), 3.69 (s, 3H), 3.12 

(dd, J = 11.2, 8.8 Hz, 1H), 2.59 (dd, J = 11.2, 7.6 Hz, 1H), 2.34 (s, 3H), 

2.20 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.8, 169.7, 145.0, 142.2, 138.5, 129.3, 128.8, 128.7, 

N CO2Me

CO2Me

N CO2Me

CO2Me

N CO2Me

CO2Me
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128.6, 126.5, 123.0, 113.3, 71.8, 62.6, 52.7, 52.6, 36.6, 21.5, 20.5; IR (KBr)cm
-1

: 3027, 2953, 

1739, 1613, 1515, 1284, 1253, 1132, 811, 788; HRMS calcd for C21H24NO4 [M+H]
+
 354.1700, 

found 354.1707. 

Dimethyl 1-(4-methylphenyl)-4-(2-methylphenyl)azetidine-2,2-dicarboxylate (3d) 

Pale yellow oil, 60.4 mg, 57% yield; Rf = 0.53 (EtOAc/petroleum ether = 

1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.53–7.51 (m, 1H), 7.17–7.16 

(m, 3H), 6.95 (d, J = 8.0 Hz, 2H), 6.56 (d, J = 8.0 Hz, 2H), 5.31 (t, J = 8.0 

Hz, 1H), 3.87 (s, 3H), 3.70 (s, 3H), 3.23 (dd, J = 11.2, 8.4 Hz, 1H), 2.52 

(dd, J = 11.2, 7.6 Hz, 1H), 2.34 (s, 3H), 2.22 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.8, 169.7, 

144.9, 139.6, 133.6, 130.1, 129.3, 128.7, 127.2, 126.4, 125.6, 113.3, 72.0, 60.0, 52.7, 52.6, 35.2, 

20.5, 18.7; IR (KBr)cm
-1

: 3028, 2953, 1739, 1515, 1284, 1253, 1134, 812, 733; HRMS calcd for 

C21H24NO4 [M+H]
+
 354.1700, found 354.1705. 

Dimethyl 1-(4-methylphenyl)-4-(4-fluorophenyl)azetidine-2,2-dicarboxylate (3e) 

Pale yellow oil, 83.6 mg, 78% yield; Rf = 0.49 (EtOAc/petroleum ether = 

1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.45–7.42 (m, 2H), 7.06–7.02 

(m, 2H), 6.93 (d, J = 8.0 Hz, 2H), 6.54 (d, J = 8.0 Hz, 2H), 5.13 (t, J = 7.6 

Hz, 1H), 3.91 (s, 3H), 3.69 (s, 3H), 3.14 (dd, J = 11.2, 8.4 Hz, 1H), 2.56 

(dd, J = 11.2, 7.2 Hz, 1H), 2.20 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.7, 169.5, 162.4 (d, JF 

= 244.0 Hz), 144.6, 137.9 (d, JF = 3.0 Hz), 129.3, 128.9, 127.6 (d, JF = 9.0 Hz), 115.6 (d, JF = 21.0 

Hz), 113.3, 71.7, 61.8, 52.8, 52.6, 36.7, 20.4; IR (KBr)cm
-1

: 3010, 2954, 1738, 1512, 1254, 1133, 

813, 733; HRMS calcd for C20H21FNO4 [M+H]
+
 358.1449, found 358.1458. 

Dimethyl 1-(4-methylphenyl)-4-(4-chlorophenyl)azetidine-2,2-dicarboxylate (3f) 

Pale yellow oil, 70.6 mg, 63% yield; Rf = 0.49 (EtOAc/petroleum ether = 

1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.39 (d, J = 8.4 Hz, 2H), 7.32 

(d, J = 8.4 Hz, 2H), 6.93 (d, J = 8.0 Hz, 2H), 6.54 (d, J = 8.0 Hz, 2H), 5.13 

(t, J = 7.6 Hz, 1H), 3.90 (s, 3H), 3.69 (s, 3H), 3.14 (dd, J = 11.2, 8.4 Hz, 

1H), 2.55 (dd, J = 11.2, 7.2 Hz, 1H), 2.20 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.6, 169.5, 

144.5, 140.6, 133.6, 129.3, 129.0, 128.9, 127.3, 113.3, 71.7, 61.8, 52.8, 52.7, 36.5, 20.5; IR 

(KBr)cm
-1

: 3030, 2954, 1738, 1515, 1282, 1133, 910, 812, 733; HRMS calcd for C20H21ClNO4 

[M+H]
+
 374.1154, found 374.1149. 

N CO2Me

CO2Me

N CO2Me

CO2Me

F

N CO2Me

CO2Me

Cl
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Dimethyl 1-(4-methylphenyl)-4-(4-bromophenyl)azetidine-2,2-dicarboxylate (3g) 

Pale yellow oil, 79.1 mg, 63% yield; Rf = 0.48 (EtOAc/petroleum ether = 

1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.47 (d, J = 8.4 Hz, 2H), 7.33 

(d, J = 8.4 Hz, 2H), 6.93 (d, J = 8.4 Hz, 2H), 6.53 (d, J = 8.4 Hz, 2H), 

5.11 (t, J = 7.6 Hz, 1H), 3.90 (s, 3H), 3.69 (s, 3H), 3.14 (dd, J = 11.2, 8.0 

Hz, 1H), 2.54 (dd, J = 11.2, 7.2 Hz, 1H), 2.21 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.6, 169.5, 

144.5, 141.2, 131.9, 129.3, 129.1, 127.7, 121.7, 113.3, 71.8, 61.8, 52.8, 52.7, 36.4, 20.5; IR 

(KBr)cm
-1

: 3030, 2954, 1738, 1515, 1255, 1133, 910, 812, 733; HRMS calcd for C20H21BrNO4 

[M+H]
+
 418.0648, found 418.0641. 

Dimethyl 1-(4-methylphenyl)-4-(naphthalen-2-yl)azetidine-2,2-dicarboxylate (3h) 

Pale yellow oil, 71.3 mg, 61% yield; Rf = 0.50 (EtOAc/petroleum ether = 

1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.91 (s, 1H), 7.85–7.81 (m, 

3H), 7.58 (d, J = 8.4 Hz, 1H), 7.47–7.45 (m, 2H), 6.92 (d, J = 8.4 Hz, 

2H), 6.61 (d, J = 8.4 Hz, 2H), 5.33 (t, J = 7.6 Hz, 1H), 3.93 (s, 3H), 3.72 

(s, 3H), 3.21 (dd, J = 11.2, 8.4 Hz, 1H), 2.67 (dd, J = 11.2, 7.2 Hz, 1H), 2.19 (s, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ 170.7, 169.7, 144.9, 139.6, 133.4, 133.2, 129.3, 128.8, 128.7, 128.0, 127.7, 

126.2, 125.9, 124.7, 123.8, 113.3, 71.9, 62.8, 52.8, 52.7, 36.5, 20.5; IR (KBr)cm
-1

: 3030, 2954, 

1738, 1515, 1254, 1133, 909, 813, 734; HRMS calcd for C24H23NO4Na [M+Na]
+
 412.1519, found 

412.1522. 

Dimethyl 1-(4-methylphenyl)-4-vinylazetidine-2,2-dicarboxylate (3i) 

Pale yellow oil, 30.4 mg, 35% yield; Rf = 0.53 (EtOAc/petroleum ether = 1/5); 

1
H NMR (400 MHz, CDCl3): δ (ppm) 6.97 (d, J = 8.4 Hz, 2H), 6.66 (d, J = 8.4 

Hz, 2H), 6.08–5.99 (m, 1H), 5.42 (d, J = 17.2 Hz, 1H), 5.21 (d, J = 10.4 Hz, 1H), 

4.66–4.62 (m, 1H), 3.87 (s, 1H), 3.65 (s, 1H), 2.93 (dd, J = 11.2, 8.4 Hz, 1H), 2.55 (dd, J = 11.2, 

7.2 Hz, 1H), 2.23 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.8, 169.7, 145.3, 139.4, 129.2, 128.7, 

116.7, 113.1, 71.9, 61.6, 52.7, 52.6, 33.9, 20.5; IR (KBr)cm
-1

: 3009, 2954, 1739, 1515, 1278, 1254, 

1133, 812, 732; HRMS calcd for C16H19NO4Na [M+Na]
+
 312.1206, found 312.1212. 

Dimethyl 1-(4-(tert-butyl)phenyl)-4-phenylazetidine-2,2-dicarboxylate (3j) 

Pale yellow solid, 91.6 mg, 80% yield; mp: 106–108 
o
C; Rf = 0.54 (EtOAc/petroleum ether = 1/5); 

1
H NMR (400 MHz, CDCl3): δ (ppm) 7.47 (d, J = 7.2 Hz, 2H), 7.36 (t, J = 7.2 Hz, 2H), 7.27 (t, J 

N CO2Me

CO2Me

Br

N CO2Me

CO2Me

N CO2Me

CO2Me
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= 7.2 Hz, 1H), 7.14 (d, J = 8.8 Hz, 2H), 6.57 (d, J = 8.8 Hz, 2H), 5.16 (t, J = 

7.6 Hz, 1H), 3.91 (s, 3H), 3.71 (s, 3H), 3.15 (dd, J = 11.2, 8.0 Hz, 1H), 2.61 

(dd, J = 11.2, 7.2 Hz, 1H), 1.22 (s, 9H);
 13

C NMR (100 MHz, CDCl3) δ 170.7, 

169.7, 144.6, 142.2, 142.0, 128.8, 127.9, 126.0, 125.5, 112.8, 71.6, 62.6, 52.7, 

52.6, 36.7, 33.8, 31.4; IR (KBr)cm
-1

: 3030, 2957, 1739, 1612, 1517, 1253, 910, 733; HRMS calcd 

for C23H28NO4 [M+H]
+
 382.2013, found 382.2020. 

Dimethyl 1,4-diphenylazetidine-2,2-dicarboxylate (3k) 

Yellow solid, 49.8 mg, 51% yield; mp: 94–96 
o
C; Rf = 0.46 (EtOAc/petroleum 

ether = 1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.47 (d, J = 7.6 Hz, 2H), 

7.36 (t, J = 7.6 Hz, 2H), 7.29 (t, J = 7.6 Hz, 1H), 7.14–7.10 (m, 2H), 6.79 (t, J 

= 7.6 Hz, 1H), 6.65 (d, J = 8.0 Hz, 2H), 5.19 (t, J = 8.0 Hz, 1H), 3.91 (s, 3H), 

3.69 (s, 3H), 3.17 (dd, J = 11.2, 8.4 Hz, 1H), 2.62 (dd, J = 11.2, 7.2 Hz, 1H); 
13

C NMR (100 MHz, 

CDCl3) δ 170.6, 169.6, 147.1, 142.0, 128.8, 128.7, 127.9, 125.9, 119.6, 113.2, 71.9, 62.6, 52.8, 

52.7, 36.6; IR (KBr)cm
-1

: 3029, 2954, 1738, 1601, 1501, 1291, 1131, 755, 733; HRMS calcd for 

C19H20NO4 [M+H]
+
 326.1387, found 326.1393. 

Dimethyl 1-(4-fluorophenyl)-4-phenylazetidine-2,2-dicarboxylate (3l) 

Pale yellow oil, 74.2 mg, 72% yield; Rf = 0.46 (EtOAc/petroleum ether = 1/5); 

1
H NMR (400 MHz, CDCl3): δ (ppm) 7.45 (d, J = 7.2 Hz, 2H), 7.36 (t, J = 7.2 

Hz, 2H), 7.30 (t, J = 7.2 Hz, 1H), 6.85–6.80 (m, 2H), 6.64–6.61 (m, 2H), 5.14 

(t, J = 8.0 Hz, 1H), 3.91 (s, 3H), 3.68 (s, 3H), 3.15 (dd, J = 11.6, 8.4 Hz, 1H), 

2.62 (t, J = 11.6, 7.6 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 170.6, 169.4, 157.1 (d, JF = 236.0 

Hz), 143.5 (d, JF = 1.0 Hz), 141.7, 128.9, 128.1, 125.9, 115.3 (d, JF = 23.0 Hz), 114.5 (d, JF = 8.0 

Hz), 72.0, 62.7, 52.8, 52.7, 36.5; IR (KBr)cm
-1

: 3030, 2954, 1739, 1509, 1256, 1130, 828, 759, 

700; HRMS calcd for C19H19FNO4 [M+H]
+
 344.1293, found 344.1299. 

Dimethyl 1-(4-chlorophenyl)-4-phenylazetidine-2,2-dicarboxylate (3m) 

Pale yellow oil, 65.8 mg, 61% yield; Rf = 0.45 (EtOAc/petroleum ether = 1/5); 

1
H NMR (400 MHz, CDCl3): δ (ppm) 7.45–7.43 (m, 2H), 7.39–7.35 (m, 2H), 

7.32–7.28 (m, 1H), 7.09–7.05 (m, 2H), 6.61–6.57 (m, 2H), 5.15 (t, J = 8.0 Hz, 

1H), 3.91 (s, 3H), 3.71 (s, 3H), 3.15 (dd, J = 11.2, 8.0 Hz, 1H), 2.63 (dd, J = 

11.2, 6.8 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 170.3, 169.3, 145.7, 141.5, 128.9, 128.7, 128.1, 

N CO2Me

CO2Me

N CO2Me

CO2Me

N CO2Me

CO2Me

F

N CO2Me

CO2Me

Cl
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125.9, 124.7, 114.6, 71.9, 62.8, 52.9, 52.8, 36.6; IR (KBr)cm
-1

: 3030, 2954, 1739, 1592, 1494, 

1291, 1256, 1132, 821, 700; HRMS calcd for C19H19ClNO4 [M+H]
+
 360.0997, found 360.0991. 

Dimethyl 1-(4-bromophenyl)-4-phenylazetidine-2,2-dicarboxylate (3n) 

Pale yellow oil, 71.6 mg, 59% yield; Rf = 0.49 (EtOAc/petroleum ether = 1/5); 

1
H NMR (400 MHz, CDCl3): δ (ppm) 7.43 (d, J = 7.2 Hz, 2H), 7.37 (t, J = 7.2 

Hz, 2H), 7.30 (t, J = 7.2 Hz, 1H), 7.20 (d, J = 8.8 Hz, 2H), 6.54 (d, J = 8.8 Hz, 

2H), 5.14 (t, J = 8.0 Hz, 1H), 3.91 (s, 3H), 3.72 (s, 3H), 3.15 (dd, J = 11.2, 8.0 

Hz, 1H), 2.63 (dd, J = 11.2, 7.2 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 170.3, 169.3, 146.2, 

141.4, 131.5, 128.9, 128.1, 125.9, 115.1, 112.0, 71.9, 62.8, 52.9, 52.8, 36.6; IR (KBr)cm
-1

: 3030, 

2954, 1739, 1592, 1491, 1290, 1257, 1133, 910, 732; HRMS calcd for C19H19BrNO4 [M+H]
+
 

404.0492, found 404.0484. 

Dimethyl 1-(4-fluorophenyl)-4-vinylazetidine-2,2-dicarboxylate (3o) 

Pale yellow oil, 44.9 mg, 51% yield; Rf = 0.49 (EtOAc/petroleum ether = 1/5); 

1
H NMR (400 MHz, CDCl3): δ (ppm) 6.90–6.86 (m, 2H), 6.74–6.71 (m, 2H), 

6.06–5.98 (m, 1H), 5.42 (d, J = 17.2 Hz, 1H), 5.23 (d, J = 10.4 Hz, 1H), 

4.65–4.59 (m, 1H), 3.88 (s, 3H), 3.64 (s, 3H), 2.93 (dd, J = 11.2, 8.0 Hz, 1H), 2.56 (dd, J = 11.2, 

7.2 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 170.6, 169.4, 157.1 (d, JF = 236.0 Hz), 144.0, 139.0, 

117.1, 115.2 (d, JF = 22.0 Hz), 114.3 (d, JF = 8.0 Hz), 72.1, 61.8, 52.8, 52.6, 33.7; IR (KBr)cm
-1

: 

3008, 2956, 1739, 1510, 1256, 1229, 1131, 829, 733; HRMS calcd for C15H16FNO4Na [M+Na]
+
 

316.0956, found 316.0961. 

Dimethyl 1-(3-methylphenyl)-4-phenylazetidine-2,2-dicarboxylate (3p) 

Variation from the standard conditions: no Al(OTf)3. Pale yellow oil, 50.9 

mg, 50% yield; Rf = 0.49 (EtOAc/petroleum ether = 1/5); 
1
H NMR (400 

MHz, CDCl3): δ (ppm) 7.46 (d, J = 7.6 Hz, 2H), 7.38–7.34 (m, 2H), 7.29 (t, 

J = 7.2 Hz, 1H), 7.03–6.99 (m, 1H), 6.61 (d, J = 7.6 Hz, 1H), 6.45 (s, 2H), 

5.17 (t, J = 7.6 Hz, 1H), 3.91 (s, 3H), 3.69 (s, 3H), 3.16 (dd, J = 11.2, 8.4 Hz, 1H), 2.59 (dd, J = 

11.2, 6.8 Hz, 1H), 2.20 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.7, 169.7, 147.2, 142.2, 138.5, 

128.8, 128.6, 127.9, 125.9, 120.6, 113.8, 110.5, 71.9, 62.6, 52.8, 52.6, 36.6, 21.7; IR (KBr) cm
-1

: 

3029, 2953, 1738, 1606, 1493, 1287, 1252, 1129, 775, 699; HRMS calcd for C20H22NO4 [M+H]
+ 

340.1543, found 340.1549.  

N CO2Me

CO2Me

Br

N CO2Me

CO2Me

F

N CO2Me

CO2Me
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Dimethyl 1-(2-methylphenyl)-4-phenylazetidine-2,2-dicarboxylate (3q) 

Variation from the standard conditions: no Al(OTf)3. Pale yellow oil, 23.4 mg, 

23% yield; Rf = 0.53 (EtOAc/petroleum ether = 1/5); 
1
H NMR (400 MHz, 

CDCl3): δ (ppm) 7.58–7.55 (m, 2H), 7.34–7.30 (m, 2H), 7.27–7.23(m, 1H), 

7.06–7.02 (m, 2H), 6.95 (d, J = 7.6 Hz, 1H), 6.91–6.87 (m, 1H), 5.40 (t, J = 

7.6 Hz, 1H), 3.86 (s, 3H), 3.52 (s, 3H), 3.24 (dd, J = 10.8, 8.4 Hz, 1H), 2.51 (dd, J = 10.8, 7.2 Hz, 

1H), 2.31 (s, 3H);
 13

C NMR (100 MHz, CDCl3) δ 170.8, 168.5, 144.2, 142.2, 132.2, 131.3, 128.5, 

127.8, 126.7, 125.9, 123.3, 119.0, 73.0, 62.1, 52.6, 52.3, 35.9, 19.6; IR (KBr)cm
-1

: 3027, 2953, 

1736, 1493, 1435, 1262, 1116, 911, 734; HRMS calcd for C20H22NO4 [M+H]
+
 340.1543, found 

340.1541. 

Dimethyl 1-(4-methoxyphenyl)-4-phenylazetidine-2,2-dicarboxylate (3r) 

Variation from the standard conditions: Bu4NI, TBHP and Al(OTf)3 were 

added after the ring-opening reaction finished. Pale yellow solid, 64.0 mg, 60% 

yield; mp: 79–81 
o
C; Rf = 0.36 (EtOAc/petroleum ether = 1/5); 

1
H NMR (400 

MHz, CDCl3): δ (ppm) 7.47 (d, J = 7.2 Hz, 2H), 7.36 (t, J = 7.2 Hz, 2H), 

7.29 (t, J = 7.2 Hz, 1H), 6.72–6.69 (m, 2H), 6.66–6.63 (m, 2H), 5.14 (t, J = 7.6 Hz, 1H), 3.91 (s, 

3H), 3.70 (s, 3H), 3.67 (s, 3H), 3.14 (dd, J = 11.2, 8.4 Hz, 1H), 2.59 (dd, J = 11.2, 7.2 Hz, 1H); 

13
C NMR (100 MHz, CDCl3) δ 170.8, 169.6, 153.4, 142.1, 141.1, 128.8, 127.9, 126.0, 114.6, 

114.3, 72.0, 62.4, 55.5, 52.7, 52.6, 36.5; IR (KBr)cm
-1

: 3028, 2954, 1737, 1511, 1244, 1130, 825, 

733; HRMS calcd for C20H22NO5 [M+H]
+
 356.1492, found 356.1496. 

Dimethyl 1-(4-methylphenyl)-4-(4-methoxyphenyl)azetidine-2,2-dicarboxylate (3s) 

Scheme 5e. Yellow oil, 44.3 mg, 40% yield; Rf = 0.40 (EtOAc/petroleum 

ether = 1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.39 (d, J = 8.8 Hz, 

2H), 6.92 (d, J = 8.4 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 6.56 (d, J = 8.4 

Hz, 2H), 5.10 (t, J = 7.6 Hz, 1H), 3.91 (s, 3H), 3.80 (s, 3H), 3.69 (s, 3H), 

3.12 (dd, J = 11.2, 8.0 Hz, 1H), 2.57 (dd, J = 11.2, 7.2 Hz, 1H), 2.20 (s, 3H);
 13

C NMR (100 MHz, 

CDCl3) δ 170.8, 169.8, 159.3, 144.9, 134.4, 129.2, 128.7, 127.3, 114.1, 113.3, 71.7, 62.2, 55.3, 

52.8, 52.6, 37.0, 20.5; IR (KBr)cm
-1

: 3006, 2954, 1737, 1612, 1514, 1250, 1132, 811, 733; HRMS 

calcd for C21H23NO5Na [M+Na]
+
 392.1468, found 392.1473. 

Dimethyl 4-(4-methoxyphenyl)-6-methyl-3,4-dihydroquinoline-2,2(1H)-dicarboxylate (4a) 

N CO2Me

CO2Me

N CO2Me

CO2Me

MeO
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Pale yellow solid, 86.4 mg, 78% yield; mp: 119–121 
o
C; Rf = 0.31 

(EtOAc/petroleum ether = 1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 

7.10 (d, J = 8.4 Hz, 2H), 6.86 (d, J = 8.4 Hz, 3H), 6.63 (d, J = 8.0 Hz, 

1H), 6.45 (s, 1H), 4.81 (s, 1H), 4.04 (dd, J = 11.2, 5.2 Hz, 1H), 3.81 (s, 3H), 3.77 (s, 3H), 3.68 (s, 

3H), 2.81 (ddd, J = 13.6, 5.2, 1.2 Hz, 1H), 2.32 (dd, J = 13.6, 11.2 Hz, 1H), 2.09 (s, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ 170.8, 170.0, 158.3, 139.5, 136.1, 129.7, 129.6, 128.1, 127.8, 123.8, 115.0, 

113.8, 64.9, 55.2, 53.2, 53.1, 39.7, 36.0, 20.5; IR (KBr)cm
-1

: 3003, 2954, 1743, 1511, 1255, 1177, 

910, 733; HRMS calcd for C21H24NO5 [M+H]
+
 370.1649, found 370.1656. 

Dimethyl 4-(4-methoxyphenyl)-6-fluoro-3,4-dihydroquinoline-2,2(1H)-dicarboxylate (4b) 

Pale yellow oil, 88.5 mg, 79% yield; Rf = 0.26 (EtOAc/petroleum ether 

= 1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.10 (d, J = 8.8 Hz, 2H), 

6.87 (d, J = 8.4 Hz, 2H), 6.76 (td, J = 8.4, 2.8 Hz, 1H), 6.66–6.63 (m, 

1H), 6.36 (dd, J = 9.6, 2.4 Hz, 1H ), 4.85 (s, 1H), 4.02 (dd, J = 11.6, 5.2 Hz, 1H), 3.81 (s, 3H), 

3.79 (s, 3H), 3.71 (s, 3H), 2.86–2.81 (m, 1H), 2.29 (dd, J = 13.2, 11.6 Hz, 1H); 
13

C NMR (100 

MHz, CDCl3) δ 170.7, 169.8, 158.5, 156.2 (d, JF = 235.0 Hz), 138.0 (d, JF = 2.0 Hz), 135.1, 129.6, 

125.6 (d, JF = 6.0 Hz), 115.7 (d, JF = 8.0 Hz), 115.4 (d, JF = 23.0 Hz), 114.3 (d, JF = 23.0 Hz), 

114.0, 64.9, 55.3, 53.3, 53.2, 39.8, 35.5; IR (KBr)cm
-1

: 3390, 3034, 2955, 1742, 1512, 1253, 1178, 

911, 732; HRMS calcd for C20H21FNO5 [M+H]
+
 374.1398, found 374.1405. 

Dimethyl 4-(4-methoxyphenyl)-6-chloro-3,4-dihydroquinoline-2,2(1H)-dicarboxylate (4c) 

Pale yellow oil, 60.8 mg, 52% yield; Rf = 0.27 (EtOAc/petroleum ether 

= 1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.09 (d, J = 8.4 Hz, 2H), 

7.00–6.98 (m, 1H), 6.87 (d, J = 8.4 Hz, 2H), 6.64 (d, J = 8.8 Hz, 1H), 

6.60 (s, 1H), 4.94 (s, 1H), 4.01 (dd, J = 11.2, 4.8 Hz, 1H), 3.81 (s, 3H), 

3.79 (s, 3H), 3.71 (s, 3H), 2.81 (dd, J = 13.2, 4.8 Hz, 1H), 2.28 (t, J = 12.4 Hz, 1H); 
13

C NMR 

(100 MHz, CDCl3) δ 170.5, 169.7, 158.6, 140.5, 134.9, 129.6, 128.8, 127.4, 125.6, 123.2, 116.0, 

114.1, 64.7, 55.2, 53.3, 39.6, 35.4; IR (KBr)cm
-1

: 3389, 3001, 2954, 1743, 1512, 1488, 1257, 734; 

HRMS calcd for C20H20ClNO5Na [M+Na]
+
 412.0922, found 412.0929. 

Dimethyl 4-(4-methoxyphenyl)-6-bromo-3,4-dihydroquinoline-2,2(1H)-dicarboxylate (4d) 

Pale yellow oil, 66.4 mg, 51% yield; Rf = 0.26 (EtOAc/petroleum ether 

MeO
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= 1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.14–7.07 (m, 3H), 6.87 (d, J = 8.4 Hz, 2H), 6.74 (s, 

1H), 6.59 (d, J = 8.4 Hz, 1H), 4.94 (s, 1H), 4.02 (dd, J = 11.6, 5.2 Hz, 1H), 3.81 (s, 3H), 3.79 (s, 

3H), 3.70 (s, 3H), 2.81 (dd, J = 13.6, 4.8 Hz, 1H), 2.27 (dd, J = 13.6, 12.0 Hz, 1H); 
13

C NMR (100 

MHz, CDCl3) δ 170.4, 169.7, 158.6, 141.0, 134.9, 131.7, 130.3, 129.7, 126.1, 116.4, 114.1, 110.4, 

64.7, 55.3, 53.3, 53.2, 39.6, 35.4; IR (KBr)cm
-1

: 3001, 2954, 1742, 1611, 1486, 1255, 1064, 852, 

732; HRMS calcd for C20H20BrNO5Na [M+Na]
+
 456.0417, found 456.0427. 

Dimethyl 4-(thiophen-2-yl)-6-methyl-3,4-dihydroquinoline-2,2(1H)-dicarboxylate (4e) 

Pale yellow oil, 51.8 mg, 50% yield; Rf = 0.38 (EtOAc/petroleum ether = 1/5); 
1
H NMR (400 MHz, 

CDCl3): δ (ppm) 7.22 (d, J = 4.8 Hz, 1H), 6.97–6.95 (m, 1H), 6.89–6.87 (m, 2H), 6.64–6.62 (m, 

2H), 4.82 (s, 1H), 4.44 (dd, J = 10.4, 5.2 Hz, 1H), 3.78 (s, 3H), 3.68 (s, 3H), 

2.92 (dd, J = 13.2, 5.2 Hz, 1H), 2.45 (dd, J = 13.2, 10.8 Hz, 1H), 2.13 (s, 3H); 

13
C NMR (100 MHz, CDCl3) δ 170.5, 169.9, 147.3, 138.9, 129.3, 128.6, 

127.9, 126.4, 126.1, 124.2, 122.9, 115.0, 64.6, 53.3, 53.2, 36.3, 35.7, 20.5; IR (KBr)cm
-1

: 3388, 

3010, 2953, 1742, 1506, 1264, 1228, 813; HRMS calcd for C18H19NO4SNa [M+Na]
+
 368.0927, 

found 368.0933. 

Dimethyl 4-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-6-methyl-3,4-dihydroquinoline-2,2(1H)- 

dicarboxylate (4f) 

Yellow oil, 94.2 mg, 79% yield; Rf = 0.21 (EtOAc/petroleum ether = 

1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 6.85 (d, J = 8.0 Hz, 1H), 

6.82 (d, J = 8.4 Hz, 1H), 6.70–6.65 (m, 2H), 6.62 (d, J = 8.0 Hz, 1H), 

6.49 (s, 1H), 4.80 (s, 1H), 4.26 (s, 3H), 3.97 (dd, J = 11.6, 5.2 Hz, 1H), 3.77 (s, 3H), 3.71 (s, 3H), 

2.83–2.79 (m, 1H), 2.29 (dd, J = 13.2, 11.6 Hz, 1H), 2.11 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 

170.9, 170.0, 143.4, 142.3, 139.5, 137.4, 129.6, 128.1, 127.8, 123.7, 121.7, 117.5, 117.1, 115.0, 

65.0, 64.4, 64.3, 53.2, 53.1, 39.9, 36.0, 20.5; IR (KBr)cm
-1

: 3384, 2953, 1742, 1505, 1286, 1258, 

1068, 911, 733; HRMS calcd for C22H23NO6Na [M+Na]
+
 420.1418, found 420.1425. 

Dimethyl 4-(3,4,5-trimethoxyphenyl)-6-methyl-3,4-dihydroquinoline-2,2(1H)-dicarboxylate 

(4g) 

Yellow solid, 92.8 mg, 72% yield; mp: 163–165 
o
C; Rf = 0.13 

(EtOAc/petroleum ether = 1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 

NH
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6.87 (d, J = 8.0 Hz, 1H), 6.64 (d, J = 8.0 Hz, 1H), 6.50 (s, 1H), 6.40 (s, 2H), 4.81 (s, 1H), 4.04 (dd, 

J = 11.6, 5.6 Hz, 1H), 3.86 (s, 3H), 3.81 (s, 6H), 3.78 (s, 3H), 3.73 (s, 3H), 2.86 (dd, J = 13.2, 5.6 

Hz, 1H), 2.31 (dd, J = 13.2, 11.6 Hz, 1H), 2.12 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.8, 

170.0, 153.2, 139.8, 139.4, 136.6, 129.6, 128.3, 128.0, 123.3, 115.0, 105.7, 64.9, 60.8, 56.1, 53.2, 

41.0, 35.9, 20.5; IR (KBr)cm
-1

: 3378, 2931, 1742, 1507, 1231, 1127, 732; HRMS calcd for 

C23H27NO7Na [M+Na]
+
 452.1680, found 452.1687. 

Dimethyl 4-(4-methylphenyl)-6-methyl-3,4-dihydroquinoline-2,2(1H)-dicarboxylate (4h) 

Pale yellow oil, 23.3 mg, 22% yield; Rf = 0.40 (EtOAc/petroleum ether = 

1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 7.13 (d, J = 8.0 Hz, 2H), 7.07 

(d, J = 8.0 Hz, 2H), 6.86 (d, J = 8.0 Hz, 1H), 6.64 (d, J = 8.4 Hz, 1H), 6.46 

(s, 1H), 4.82 (s, 1H), 4.05 (dd, J = 11.2, 5.2 Hz, 1H), 3.77 (s, 3H), 3.68 (s, 3H), 2.82 (dd, J = 13.6, 

5.2 Hz, 1H), 2.35–2.29 (m, 4H), 2.09 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.9, 170.0, 141.1, 

139.6, 136.2, 129.6, 129.2, 128.7, 128.1, 127.9, 123.7, 115.0, 64.9, 53.2, 53.1, 40.1, 36.1, 21.1, 

20.5; IR (KBr)cm
-1

: 3018, 2953, 1743, 1505, 1257, 1066, 910, 814, 733; HRMS calcd for 

C21H24NO4 [M+H]
+
 354.1700, found 354.1707. 

Dimethyl 4-phenyl-6-methyl-3,4-dihydroquinoline-2,2(1H)-dicarboxylate (4i) 

Reaction was performed at 130 
o
C. Pale yellow oil, 16.1 mg, 16% yield; Rf = 

0.38 (EtOAc/petroleum ether = 1/5); 
1
H NMR (400 MHz, CDCl3): δ (ppm) 

7.33–7.30 (m, 2H), 7.26–7.22 (m, 1H), 7.20–7.18 (m, 2H), 6.86 (dd, J = 8.4, 

1.2 Hz, 1H), 6.63 (d, J = 8.0 Hz, 1H), 6.45 (s, 1H), 4.82 (s, 1H), 4.09 (dd, J = 11.2, 5.6 Hz, 1H), 

3.77 (s, 3H), 3.66 (s, 3H), 2.84 (dd, J = 13.2, 5.6 Hz, 1H), 2.36 (dd, J = 13.2, 11.2 Hz, 1H), 2.09 (s, 

3H); 
13

C NMR (100 MHz, CDCl3) δ 170.8, 170.0, 144.2, 139.6, 129.6, 128.8, 128.5, 128.2, 127.9, 

126.7, 123.5, 115.1, 64.9, 53.2, 53.1, 40.6, 36.0, 20.5; IR (KBr)cm
-1

: 3026, 2953, 1742, 1506, 

1256, 1227, 1063, 911, 812, 734; HRMS calcd for C20H22NO4 [M+H]
+
 340.1543, found 340.1555. 

Dimethyl 4-(4-methoxyphenyl)-7-methyl-3,4-dihydroquinoline-2,2(1H)-dicarboxylate (4j) 

Reaction was performed without Al(OTf)3. Pale yellow oil, 28.0 mg, 25% 

yield; Rf = 0.31 (EtOAc/petroleum ether = 1/5); 
1
H NMR (400 MHz, 

CDCl3): δ (ppm) 7.10 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.4 Hz, 2H), 

6.53–6.51 (m, 2H), 6.44 (d, J = 8.0 Hz, 1H), 4.85 (s, 1H), 4.03 (dd, J = 

11.6, 5.6 Hz, 1H), 3.79 (s, 3H), 3.77 (s, 3H), 3.68 (s, 3H), 2.81 (ddd, J = 13.2, 5.2, 0.8 Hz, 1H), 
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2.30 (dd, J = 13.2, 11.2 Hz, 1H), 2.23 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.8, 170.0, 158.4, 

141.7, 137.2, 136.1, 129.7, 129.1, 121.1, 119.6, 115.4, 113.9, 64.8, 55.2, 53.2, 53.1, 39.4, 36.0, 

21.1; IR (KBr)cm
-1

: 3000, 2954, 2925, 1742, 1512, 1243, 1065, 806, 734; HRMS calcd for 

C21H24NO5 [M+H]
+
 370.1649, found 370.1664. 

Dimethyl 4-(4-methoxyphenyl)-5-methyl-3,4-dihydroquinoline-2,2(1H)-dicarboxylate (4k) 

Reaction was performed without Al(OTf)3. Yellow oil, 28.0 mg, 25% 

yield; Rf = 0.27 (EtOAc/petroleum ether = 1/5); 
1
H NMR (400 MHz, 

CDCl3): δ (ppm) 7.04 (t, J = 7.6 Hz, 1H), 6.88 (d, J = 8.8 Hz, 2H), 6.75 

(d, J = 8.8 Hz, 2H), 6.65 (d, J = 8.0 Hz, 1H), 6.60 (d, J = 7.6 Hz, 1H), 4.87 (s, 1H), 4.25 (dd, J = 

6.0, 3.2 Hz, 1H), 3.75 (s, 3H), 3.74 (s, 3H), 3.13 (s, 3H), 2.92 (ddd, J = 14.0, 3.2, 1.6 Hz, 1H), 

2.66 (dd, J = 13.6, 6.0 Hz, 1H), 1.89 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 170.6, 169.7, 157.9, 

142.4, 137.8, 135.0, 129.4, 127.5, 120.9, 120.1, 113.5, 113.4, 63.0, 55.2, 53.2, 52.6, 36.8, 34.9, 

19.3; IR (KBr)cm
-1

: 2954, 2926, 1744, 1510, 1256, 1198, 910, 734; HRMS calcd for C21H24NO5 

[M+H]
+
 370.1649, found 370.1664. 
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5. Crystallographic data of 3a and 4a. 

The crystal structure 3a has been deposited at the Cambridge Crystallographic Data 

Centre and allocated the deposition number: CCDC 1488219. 

  

N

MeO2C

MeO2C

3a

CCDC 1488219  

 

Bond precision: C-C = 0.0021 A Wavelength=1.54184 

Cell: a=9.7358(3) b=9.6518(2) c=19.9910(5) 

 alpha=90 beta=98.694(3) gamma=90 

Temperature: 291 K 

 Calculated Reported 

Volume 1856.93(8) 1856.93(9) 

Space group P 21/n P 1 21/n 1 

Hall group -P 2yn -P 2yn 

Moiety formula C20 H21 N O4 C20 H21 N O4 

Sum formula C20 H21 N O4 C20 H21 N O4 

Mr 339.38 339.38 

Dx,g cm-3 1.214 1.214 

Z 4 4 

Mu (mm-1) 0.689 0.689 

F000 720.0 720.0 

F000’ 722.26  

h,k,l max 11,11,24 11,11,24 

Nref 3505 3426 

Tmin,Tmax 0.786, 0.830 0.875, 1.000 

Tmin’ 0.786  

Correction method= # Reported T Limits: Tmin=0.875 Tmax=1.000 

AbsCorr = MULTI-SCAN 

Data completeness= 0.977 Theta(max)= 69.780 

R(reflections)= 0.0422( 2931) wR2(reflections)= 0.1224( 3426) 

S = 1.025 Npar= 229 
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The crystal structure 4a has been deposited at the Cambridge Crystallographic Data 

Centre and allocated the deposition number: CCDC 1488222. 

   

MeO

NH

CO2Me

CO2Me

4a

CCDC 1488222  

 

Bond precision: C-C = 0.0039 A Wavelength=0.71073 

Cell: a=9.996 (3) b=10.556 (2) c=11.033 (2) 

 alpha=69.226 

(19) 

beta=73.09(2) gamma=65.04(2) 

Temperature: 295 K 

 Calculated Reported 

Volume 973.0(4) 973.1(4) 

Space group P -1 P -1 

Hall group -P 1 -P 1 

Moiety formula C21 H23 N O5 C21 H23 N O5 

Sum formula C21 H23 N O5 C21 H23 N O5 

Mr 369.40 369.40 

Dx,g cm-3 1.261 1.261 

Z 2 2 

Mu (mm-1) 0.090 0.090 

F000 392.0 392.0 

F000’ 392.20  

h,k,lmax 12,13,13 12,13,13 

Nref 3844 3835 

Tmin,Tmax 0.982, 0.987 0.937, 1.000 

Tmin’ 0.981  

Correction method= # Reported T Limits: Tmin=0.937 Tmax=1.000 

AbsCorr = MULTI-SCAN 

Data completeness= 0.998 Theta(max)= 26.020 

R(reflections)= 0.0615( 2133) wR2(reflections)= 0.1749( 3825) 

S = 1.049 Npar= 248 
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6. 
1
H NMR and 

13
C NMR Spectra. 
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