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2a  N, N’–Di(benzyl) Tet dihydrobromide.
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2a  N, N’–Di(benzyl) Tet dihydrobromide as a white powder. 1H NMR (400 MHz, CD3OD) δ 7.60-7.43 (m, 9H), 7.37 (t, J = 7.7 Hz, 2H), 7.15 (s, 1H), 7.00 (s, 1H), 6.95-6.87 (m, 2H), 6.80 (s, 1H), 6.73 (dd, J = 8.2, 2.5 Hz, 1H), 6.62 (s, 1H), 6.49 (d, J = 1.7 Hz, 1H), 6.14 (s, 1H), 5.08 (d, J = 9.6 Hz,1H), 4.68 (s, 1H), 4.66-4.53 (m, 4H), 4.45-4.29 (m, 2H), 4.06-3.83 (m, 2H), 3.83-3.79 (m, 6H), 3.79-3.66 (m, 2H), 3.62 (dd, J = 15.9, 11.0 Hz, 2H), 3.56 (s, 3H), 3.51 (s, 2H), 3.39 (s, 3H), 3.30 (s, 3H), 3.22 (d, J = 45.2 Hz, 2H), 2.64 (s, 3H).13C NMR (100 MHz, CD3OD) δ 154.73, 153.76, 149.96, 149.69, 148.54, 146.33, 144.13, 143.64, 138.72, 133.31, 132.78, 132.73, 132.30, 132.03, 131.56, 131.14, 130.83, 130.65, 129.24, 129.12, 128.90, 127.38, 127.15, 125.63, 124.15, 123.46, 122.19, 121.77, 121.56, 120.67, 120.46, 116.03, 113.97, 112.85, 112.43, 106.70, 68.48, 67.86, 66.31, 64.60, 64.55, 59.80, 55.33, 55.26, 54.98, 53.53, 53.36, 50.01, 39.29, 36.06, 23.21, 23.03. HRMS(ESI): calcd for C52H56N2O62+ m/z: 402.2064, found: 403.1978, yield: 77%.

2b  N, N’–Di(m-F-benzyl) Tet dihydrobromide
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2b  N, N’–Di(m-F-benzyl) Tet dihydrobromide as a white powder. 1H NMR (400 MHz, CD3OD) δ 7.60-7.48 (m, 2H), 7.47-7.24 (m, 6H), 7.14 (d, J = 6.1 Hz, 1H), 7.03 (d, J = 7.3 Hz, 1H), 6.99-6.87 (m, 2H), 6.80 (s, 1H), 6.73 (dd, J = 8.1, 2.2 Hz, 1H), 6.59 (t, J = 7.5 Hz, 1H), 6.51 (s, 1H), 6.20-6.12 (m, 1H), 5.08 (d, J = 9.7 Hz, 2H), 4.74-4.57 (m, 4H), 4.39 (dd, J = 12.9, 8.5 Hz, 2H), 3.92 (dd, J = 17.0, 9.3 Hz, 2H), 3.85-3.80 (m, 6H), 3.66 (dd, J = 11.1, 4.5 Hz, 2H), 3.58 (d, J = 4.9 Hz, 3H), 3.55-3.47 (m, 2H), 3.45 (d, J = 9.6 Hz, 3H), 3.40-3.32 (m, 2H), 3.29 (d, J = 6.1 Hz, 3H), 3.20 (dd, J = 17.7, 7.0 Hz, 2H), 2.65 (s, 3H).13C NMR (100 MHz, CD3OD) δ 154.78, 153.81, 149.92, 149.76, 148.57, 146.38, 144.14, 138.68, 132.36, 131.95, 131.11, 130.88, 129.86, 129.78, 129.47, 129.01, 128.66 , 125.61, 124.14, 123.47, 122.09, 121.75, 121.51, 121.38, 120.54, 119.67, 119.33, 119.10, 117.82, 117.58, 117.37, 115.65 , 113.91, 112.93, 112.43, 106.70, 68.69, 66.33, 63.64, 59.77, 55.26, 55.30, 55.23, 54.82, 54.14, 53.58, 53.50, 50.13, 39.21, 36.12, 29.38, 23.18, 22.99. HRMS(ESI): calcd for C52H54F2N2O62+ m/z: 420.1969, found: 420.1959, yield: 87%.
2c  N, N’–Di(p-Cl-benzyl) Tet dihydrobromide.
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2c  N, N’–Di(p-Cl-benzyl) Tet dihydrobromide as a white powder. 1H NMR (400 MHz, CD3OD) δ 7.59 (ddd, J = 21.6, 8.5, 5.2 Hz, 4H), 7.49 (d, J = 1.9 Hz, 1H), 7.28 (t, J = 8.6 Hz, 2H), 7.17-7.09 (m, 3H), 7.01 (s, 1H), 6.97 (d, J = 8.4 Hz, 1H), 6.92 (dd, J = 8.3, 2.4 Hz, 1H), 6.81 (s, 1H), 6.78 -6.71 (m, 1H), 6.63 (d, J = 1.9 Hz, 1H), 6.51 (d, J = 1.5 Hz, 1H), 6.19 (s, 1H), 5.01 (d, J = 9.6 Hz, 1H), 4.69 (s, 1H), 4.64 (d, J = 3.7 Hz, 2H), 4.57 (d, J = 5.3 Hz, 2H), 4.36 (qd, J = 13.9, 8.0 Hz, 2H), 3.86 (d, J = 8.4 Hz, 6H), 3.76-3.65 (m, 2H), 3.60 (s, 3H), 3.56 (d, J = 7.4 Hz, 2H), 3.51-3.43 (m, 4H), 3.40 (s, 2H), 3.38-3.31 (m, 2H), 3.30 (s, 3H), 3.17 (s, 2H), 2.67 (s, 3H). 13C NMR (100 MHz, CD3OD) δ 154.89, 153.80, 149.98, 149.75, 148.65, 146.18, 144.10, 138.66, 135.23, 135.15, 135.05, 134.96, 132.14, 131.93, 131.55, 131.10, 125.68, 124.08, 123.53, 123.49, 123,30, 123.27, 121.95, 121.75, 121.47, 120.67, 116.29, 116.07, 115.82, 115.65, 114.11, 112.85, 112.43, 106.66, 68.27, 66.50, 63.66, 59.77, 59.58, 55.37, 55.27, 55.21, 54.93, 53.34, 52.98, 49.81, 39.25, 35.98, 23.16, 22.96. HRMS(ESI): calcd for C52H54F2N2O62+ m/z: 420.2041, found: 420.1959, yield: 83%.

2d N, N’–Di(p-SCF3-benzyl) Tet dihydrobromide.

[image: image10.jpg]SCF3

///f

e |

§EE FFTE T T oIy gEivite §
2 78 T4 70 66 62 58 54 50 46 42
pn)

38 34 30 26




[image: image11.emf]10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

f1 (ppm)

2

3

.

0

1

2

3

.

2

0

3

6

.

0

5

3

9

.

2

8

5

0

.

0

1

5

3

.

5

6

5

5

.

2

8

5

9

.

6

4

6

3

.

5

5

6

7

.

2

0

6

8

.

8

4

1

0

6

.

7

5

1

1

2

.

5

6

1

2

0

.

8

9

1

2

4

.

0

5

1

2

8

.

0

5

1

3

1

.

1

0

1

3

4

.

0

2

1

4

4

.

2

1

1

5

0

.

1

2

1

5

3

.

9

3

1

5

4

.

9

4

[image: image12.emf]274.2778

360.3279

431.1563

502.1747

813.3233

20190318-2.d: +MS, 0.0-0.1min #2-5

0.00

0.25

0.50

0.75

1.00

1.25

6

x10

Intens.

100 200 300 400 500 600 700 800 900 m/z


2d  N, N’–Di(p-SCF3-benzyl) Tet dihydrobromide as a white powder. 1H NMR (400 MHz, CD3OD) δ 7.86 (d, J = 8.1 Hz, 2H), 7.72 (dd, J = 14.0, 9.8 Hz, 5H), 7.58-7.49 (m, 1H), 7.18 (s, 1H), 7.09-6.93 (m, 3H), 6.86-6.69 (m, 2H), 6.59 (dd, J = 26.0, 1.8 Hz, 2H), 6.25 (s, 1H), 5.05 (t, J = 9.0 Hz, 1H), 4.76 (s, 1H), 4.67 (t, J = 20.1 Hz, 4H), 4.49-4.30 (m, 2H), 3.85 (d, J = 2.9 Hz, 6H), 3.83 (s, 4H), 3.61 (s, 3H), 3.57 (d, J = 5.1 Hz, 2H), 3.44 (s, 3H), 3.42 (s, 2H), 3.30 (d, J = 3.6 Hz, 3H), 3.23 (s, 2H), 2.73 (s, 3H).13C NMR (100 MHz, CD3OD) δ 154.94, 153.93, 150.12, 149.79, 148.71, 146.24, 144.21, 138.62, 136.47, 136.03, 134.14, 134.02, 132.10, 131.86, 131.64, 131.07, 130.51, 130.30, 128.07, 128.05, 127.54, 127.43, 127.31, 125.74, 124.05, 123.54, 121.85, 121.72, 121.42, 120.89, 115.76, 114.19, 112.87, 112.56, 106.75, 68.84, 67.20, 63.60, 63.55, 59.82, 59.64, 55.31, 55.28, 55.00, 53.56, 53.32, 50.01, 39.28, 36.05, 23.20, 23.01. HRMS(ESI): calcd for C54H54F6N2O6S22+ m/z: 502.1658, found: 502.1747, yield: 69%.
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2e  N, N’–Di(p-CF3-benzyl) Tet dihydrobromide
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2e  N, N’–Di(p-CF3-benzyl) Tet dihydrobromide as a white powder. 1H NMR (400 MHz, CD3OD) δ 8.06-8.02 (m, 1H), 7.98-7.81 (m, 6H), 7.78-7.68 (m, 2H), 7.20 (s, 1H), 7.15 (d, J = 8.3 Hz, 1H), 7.10-7.00 (m, 2H), 6.90 (dt, J = 18.9, 6.3 Hz, 2H), 6.79-6.67 (m, 2H), 6.46 (s, 1H), 5.24-5.13 (m, 2H), 4.69-4.46 (m, 4H), 4.19-3.91 (m, 3H), 3.88 (t, J = 7.8 Hz, 6H), 3.83-3.58 (m, 6H), 3.54 (d, J = 11.4 Hz, 3H), 3.51-3.34 (m, 4H), 3.34-3.22 (m, 6H), 3.14-2.97 (m, 2H), 2.55 (s, 3H).13C NMR (100 MHz, CD3OD) δ 154.71, 154.14, 150.24, 149.88, 148.71, 146.55, 144.23, 138.64, 135.48, 134.36, 133.13, 132.83, 132.47, 131.90, 131.59, 131.10, 128.07, 125.97, 125.72, 125.35, 125.30, 124.55, 123.55, 122.81, 121.78, 121.74, 121.48, 121.05, 115.78, 113.61, 112.97, 112.67, 106.91, 71.13, 70.25, 61.44, 61.33, 59.68, 55.36, 55.32, 55.10, 54.42, 53.73, 49.42, 39.42, 36.19, 29.35, 23.22, 22.84. HRMS(ESI): calcd for C54H54F6N2O62+ m/z: 470.1938, found: 470.1981, yield: 67%.

2f  N, N’–Di(o-Br-m-F-benzyl) Tet dihydrobromide.
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2f  N, N’–Di(o-Br-m-F-benzyl) Tet dihydrobromide as a white powder. 1H NMR (400 MHz, CD3OD) δ 7.85 (ddd, J = 25.7, 8.8, 5.3 Hz, 2H), 7.69 (d, J = 7.8 Hz, 1H), 7.55 (dd, J = 11.4, 4.9 Hz, 2H), 7.34 (ddd, J = 11.5, 7.6, 3.7 Hz, 2H), 7.21-7.10 (m, 2H), 6.99 (dd, J = 10.6, 5.1 Hz, 2H), 6.87-6.80 (m, 2H), 6.66-6.58 (m, 2H), 6.29 (d, J = 10.9 Hz, 1H), 5.28-5.11 (m, 2H), 4.76-4.60 (m, 2H), 4.59-4.31 (m, 2H), 4.01 (dd, J = 17.6, 11.3 Hz, 2H), 3.87 (d, J = 2.0 Hz, 6H), 3.81 (dd, J = 16.9, 8.8 Hz, 6H), 3.65 (d, J = 7.3 Hz, 2H), 3.56 (d, J = 22.9 Hz, 6H), 3.52-3.33 (m, 4H), 3.30 (s, 3H), 3.29-3.20 (m, 2H), 2.78 (s, 3H).13C NMR (100 MHz, CD3OD) δ 163.07, 162,99, 160.60, 160.51, 154.92, 154.04, 149.96, 149.87, 148.77, 146.41, 144.03, 138.56, 136.27, 136.13, 132.44, 131.92, 131.81, 131.13, 129.49, 125.87, 124.44, 123.60, 122.14, 121.85, 121.47, 120.97, 120.68, 120.07, 119.87, 119.65, 115.12 , 113.98, 112.76, 112.64, 106.80, 70.64, 69.23, 67.61, 63.91, 59.84, 55.48, 55.36, 55.32, 54.75, 53.64, 53.54, 49.42, 38.92, 35.99, 28.29, 23.39. HRMS(ESI): calcd for C52H52Br2F2N2O62+ m/z: 499.1024, found: 499.1047, yield: 84%.

2g  N, N’–Di(o-Cl-m-CF3-benzyl) Tet dihydrobromide.
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2g  N, N’–Di(o-Cl-m-CF3-benzyl) Tet dihydrobromide as a white powder. 1H NMR (400 MHz, CD3OD) δ 8.14 (s, 1H), 8.06-7.94 (m, 5H), 7.71 (dd, J = 8.4, 2.0 Hz, 1H), 7.26-7.18 (m, 2H), 7.06 (dd, J = 8.3, 6.1 Hz, 2H), 6.95-6.88 (m, 2H), 6.77-6.67 (m, 2H), 6.34 (s, 1H), 5.25 (d, J = 9.2 Hz, 1H), 5.17 (d, J = 5.2 Hz, 1H), 5.05 (s, 2H), 4.84-4.70 (m, 2H), 4.69-4.49 (m, 2H), 4.09 (s, 2H), 3.93 (s, 6H), 3.73 (dd, J = 12.2, 4.9 Hz, 4H), 3.66 (s, 3H), 3.59-3.55 (m, 3H), 3.55-3.33 (m, 4H), 3.32-3.28 (m, 3H), 2.89 (s,3H). 13CNMR(100 MHz, CD3OD) δ 154.96, 154.17, 150.28, 149.86, 148.88, 146.93, 146.59, 144.33, 141.19, 141.14, 138.51, 138.35, 132.52, 132.30, 132.08, 131.79, 131.43, 130.99, 130.02, 129.36, 129.22, 127.45, 127.45, 127.10, 125.77, 124.74, 124.61, 124.65, 123.91, 121.99, 121.57, 121.7, 121.32, 115.25, 114.21, 112.59, 112.50, 106.72, 70.21, 68.36, 68.21, 61.37, 61.29, 59.81, 59.71, 56.00, 55.32, 55.30, 54.70, 54.02, 49.17, 39.09, 36.03, 23.35. HRMS(ESI): calcd for C54H52Cl2F6N2O62+ m/z: 504.1548, found: 504.1548, yield: 84%.
2h  N, N’–Di(o-F-p-Br-benzyl) Tet dihydrobromide.

[image: image21.jpg]BeRFIAZE &

CegIRaEE & g
5

eosyaNw

0 45 40 35 30

3,07

80 75 W0 65 60 55 20




[image: image22.emf]20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

f1 (ppm)

2

3

.

0

9

2

8

.

9

4

3

6

.

2

1

3

9

.

2

0

4

9

.

8

1

5

3

.

7

9

5

5

.

2

6

5

9

.

8

2

6

6

.

7

9

6

9

.

2

6

1

0

6

.

6

8

1

1

2

.

5

5

1

2

0

.

0

3

1

2

1

.

8

3

1

2

5

.

5

0

1

2

7

.

9

6

1

3

8

.

6

8

1

4

3

.

5

4

1

4

8

.

7

0

1

5

3

.

9

3

1

6

0

.

6

7

1

6

0

.

9

0

1

6

3

.

2

1

1

6

3

.

4

3

[image: image23.emf]218.0078

281.1025 430.1166

499.1047

811.2485

20190308-1.d: +MS, 0.0-0.1min #2-4

0.00

0.25

0.50

0.75

1.00

1.25

6

x10

Intens.

100 200 300 400 500 600 700 800 900 m/z


2h  N, N’–Di(o-F-p-Br-benzyl) Tet dihydrobromide as a white powder. 1H NMR (400 MHz, CD3OD) δ 7.67-7.47 (m, 6H), 7.27 (d, J = 8.2 Hz, 1H), 7.16 (s, 1H), 7.07 (d, J = 7.5 Hz, 1H), 7.03-6.94 (m, 2H), 6.85-6.77 (m, 2H), 6.66 (d, J = 8.1 Hz, 1H), 6.52 (s, 1H), 6.19 (s, 1H), 5.05 (d, J = 9.7 Hz, 1H), 4.84-4.78 (m, 1H), 4.77-4.59 (m, 4H), 4.41 (d, J = 9.1 Hz, 2H), 3.87 (d, J = 6.2 Hz, 6H), 3.85-3.63 (m, 4H), 3.61 (s, 3H), 3.60-3.46 (m, 4H), 3.44 (s, 3H), 3.30 (s, 3H), 3.27-3.06 (m, 2H), 2.74 (s, 3H). 13C NMR (100 MHz, CD3OD) δ 163.43, 163.21, 160.90, 160.67, 154.93, 154.03, 153.93, 149.98, 149.83, 148.70, 146.11, 143.91, 143.54, 138.68, 138.44, 135.82, 132.16, 131.94, 131.68, 131.01, 128.59, 127.96, 126.21, 126.13, 126.03, 125.50, 124.11, 123.48, 121.90, 121.83, 121.42, 120.78, 120.29, 120.03, 115.37, 114.23, 114.10, 112.68, 112.55, 106.68, 69.26, 66.79, 59.82, 59.67, 57.99, 57.89, 55.32, 55.26, 55.01, 53.79, 53.46, 49.81, 39.20, 36.21, 28.94, 23.09. HRMS(ESI): calcd for C52H52Br2F2N2O62+ m/z: 499.1024, found: 499.1047, yield: 81%.

3  Fan.
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Fan as a white powder. 1H NMR (400 MHz, CDCl3) δ 7.21 (d, J = 8.0 Hz, 1H), 7.03 (dd, J = 8.1, 1.5 Hz, 1H), 6.70 (dd, J = 12.8, 4.7 Hz, 3H), 6.49 (s, 1H), 6.39 (s, 1H), 6.18 (d, J = 5.0 Hz, 2H), 5.96 (s, 1H), 3.80 (s, 3H), 3.77-3.72 (m, 1H), 3.68 (d, J = 9.7 Hz, 1H), 3.62 (s, 3H), 3.44-3.27 (m, 2H), 3.22 (s, 3H), 3.17-3.02 (m, 2H), 2.79 (td, J = 17.3, 6.5 Hz, 4H), 2.69-2.56 (m, 4H), 2.46 (s, 3H), 2.22 (s, 3H). 13C-NMR (100 MHz, CDCl3) δ 173.38, 153.70, 149.24, 148.86, 146.92, 146.49, 143.99, 142.62, 135.10, 135.05, 132.59, 130.18, 129.89, 128.11, 127.59, 123.37, 122.87, 122.77, 121.80, 120.84, 116.16, 112.76, 111.51, 104.97, 63.54, 61.48, 56.07, 56.03, 55.94, 53.59, 44.99, 44.14, 42.24, 38.03, 25.04, 22.39, 21.81. yield: 51%.

3a  7-O–(p-Br-o-F-benzyl) Fan.
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3a  7-O–(o-F-p-Br-benzyl) Fan. as a white powder. 1H NMR (400 MHz, CDCl3) δ 7.37-6.91 (m, 6H), 6.82-6.66 (m, 3H), 6.42 (d, J = 8.0 Hz, 1H), 6.29-6.18 (m, 2H), 5.67 (s, 1H), 4.51 (d, J = 11.0 Hz, 1H), 4.36 (d, J = 12.0 Hz, 1H), 3.85 (s, 3H), 3.72-3.62 (m, 3H), 3.61-3.50 (m, 2H), 3.50-3.33 (m, 2H), 3.28 (s, 3H), 3.23-3.00 (m, 2H), 2.93-2.79 (m, 2H), 2.67 (ddd, J = 35.6, 18.7, 9.3 Hz, 4H), 2.43(d, J=10.9 Hz, 3H), 2.23(d, J=17.9Hz ,3H), 2.17–1.84 (m, 2H). 13C NMR(100 MHz, CDCl3) δ 160.91, 158.41, 153.67, 151.24, 149.38, 148.74, 148.26, 147.03, 143.77, 136.39, 135.24, 134.79, 132.65, 131.11, 131.07, 130.15, 128.74, 128.33, 127.53, 127.25, 127.21, 124.15, 124.01, 123.23, 122.73 , 121.91, 121.23, 121.14, 120.15, 118.87, 118.34, 118.09, 116.15, 112.84, 111.47, 105.92, 66.92, 63.89, 61.43, 56.12, 55.91, 55.76, 45.57, 44.09, 42.53, 42.34, 41.97, 38.97, 29.74, 25.39, 22.73, 22.04. HRMS (ESI): calcd for C44H44ClFN2O6 m/z: 750.2872 found: 751.2957 [M+H]+ , yield: 94%.
3b  7-O–(o-Br-m-F-benzyl) Fan.
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3b  7-O–(o-Br-m-F-benzyl) Fan. as a white powder 1H NMR (400 MHz, CDCl3) δ 7.28-7.18 (m, 2H), 7.05 (dd, J = 8.1, 2.3 Hz, 1H), 6.89-6.62 (m, 5H), 6.45 (d, J = 6.0 Hz, 2H), 6.22 (dd, J = 15.7, 14.2 Hz, 2H), 5.82 (s, 1H), 4.55-4.43 (m, 1H), 4.18 (d, J = 13.6 Hz, 1H), 3.83 (d, J = 14.0 Hz, 3H), 3.65 (d, J = 10.5 Hz, 3H), 3.45 (ddd, J = 16.4, 13.1, 7.0 Hz, 2H), 3.40-3.33 (m, 3H), 3.31-3.06 (m, 2H), 2.94-2.81 (m, 2H), 2.79-2.33 (m, 8H), 2.24 (d, J = 15.9 Hz, 3H), 2.13 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 163.2, 153.64, 151.24, 149.39, 148.59, 148.31, 146.98, 143.58, 139.86, 135.83, 135.24, 134.78, 132.63, 130.22, 128.86, 128.17, 123.07, 122.72, 121.95 120.28, 116.10, 115.22, 115.07, 114.98, 112.74, 111.45, 105.89, 72.03, 63.97, 61.39, 56.12, 56.01, 55.82, 45.60, 44.01, 42.34, 42.10, 41.86, 40.75, 24.55, 22.04. HRMS (ESI) : calcd for C44H44ClFN2O6 m/z: 795.2446 found: 795.2427 [M+H]+, yield: 91%.
3c 7-O–(o-Cl-m-CF3-benzyl) Fan.
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3c  7-O–(o-Br-m-CF3-benzyl) Fan. as a white powder 1H NMR (400 MHz, CDCl3) δ 7.65 (s, 1H), 7.37 (dd, J = 23.1, 7.8 Hz, 3H), 7.16 (d, J = 8.0 Hz, 1H), 7.04-6.78 (m, 3H), 6.55 (d, J = 12.2 Hz, 2H), 6.44-6.23 (m, 2H), 5.93 (s, 1H), 4.82-4.70 (m, 1H), 4.27 (d, J = 13.8 Hz, 1H), 3.95 (s, 3H), 3.73 (d, J = 13.2 Hz, 3H), 3.49 (d, J = 14.0 Hz, 3H), 3.39-3.09 (m, 2H), 3.06-2.44 (m, 10H), 2.39 (d, J = 14.3Hz, 3H), 2.17(s, 3H). 13CNMR(100 MHz, CDCl3) δ 153.68, 151.22, 149.40, 148.59, 148.50, 147.00, 143.47, 137.28, 135.91, 135.22, 134.73, 134.65, 132.53, 130.19, 128.97, 128.89, 128.60, 128.07, 124.91, 124.88, 124.66, 124.62, 123.10, 122.75, 121.98, 121.95, 120.32, 116.16, 112.72, 111.47, 105.86, 69.84, 63.87, 61.40, 56.10, 55.98, 55.70, 45.40, 44.01, 42.35, 42.04, 41.84, 39.87, 24.57, 22.04. HRMS (ESI): calcd for C45H44ClF3N2O6 m/z: 800.2840 found: 801.2836 [M+H]+, yield: 92%.

3d  7-O–(diethyl malonate) Fan.
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3d  7-O–(diethyl malonate) Fan. as a white powder 1H NMR (400 MHz, CDCl3) δ 7.24 (t, J = 12.3 Hz, 1H), 7.05 (d, J = 7.2 Hz, 1H), 6.82-6.68 (m, 3H), 6.43 (d, J = 12.6 Hz, 2H), 6.31-6.17 (m, 2H), 5.84 (s, 1H), 4.07 (d, J = 7.5 Hz, 2H), 4.02 (s, 2H), 3.84 (s, 3H), 3.61 (s, 3H), 3.40 (d, J = 14.3 Hz, 2H), 3.27 (s, 3H), 2.93-2.69 (m, 6H), 2.53 (s, 3H), 2.38 (dd, J = 38.7, 14.9 Hz, 2H), 2.22 (s, 3H), 1.18 (s, 6H), 1.13-1.09 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 165.49, 165.25, 153.57, 150.39, 149.38, 148.05, 147.83, 146.96, 143.36, 135.37, 134.78, 132.68, 130.11, 129.07, 128.06, 123.53, 122.70, 121.95, 121.84, 120.26, 115.92, 112.87, 111.44, 106.00, 79.23, 63.92, 61.62, 61.57, 61.40, 56.09, 55.82, 55.72, 45.37, 44.02, 42.55, 42.34, 41.97, 38.27, 29.72, 25.38, 22.72, 21.97, 14.04, 13.97. HRMS (ESI): calcd for C44H50N2O10 m/z: 766.3465 found: 767.3556 [M+H]+, yield: 73%.

4a  7-O-(n-butyl-sulfonyl ester)Fan.
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4a  7-O-(n-butyl-sulfonyl ester)Fan. as a light-yellow powder. 1H NMR (400 MHz, CDCl3) δ 7.29 (d, J = 8.0 Hz, 1H), 7.06 (d, J = 7.8 Hz, 1H), 6.82-6.71 (m, 3H), 6.43 (d, J = 16.6 Hz, 2H), 6.34-6.22 (m, 2H), 5.95 (s, 1H), 3.84 (s, 3H), 3.78 (dd, J = 11.0, 4.8 Hz, 1H), 3.67 (d, J = 11.1 Hz, 3H), 3.62 (d, J = 9.8 Hz, 1H), 3.46-3.36 (m, 2H), 3.28 (s, 3H), 2.95-2.78 (m,6H), 2.71-2.60 (m, 2H), 2.53 (s, 3H), 2.49-2.30 (m, 2H), 2.21 (s, 3H), 1.62 (dt, J = 30.1, 15.2 Hz, 2H), 1.36-1.12 (m, 4H), 0.81 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 153.64, 150.37, 149.36, 148.97, 148.12, 146.93, 142.26, 135.11, 134.54, 132.55, 130.40, 128.44, 128.20, 127.70, 123.67, 122.81, 122.13, 121.93, 121.57, 115.87, 112.60, 111.41, 106.14, 64.06, 61.39, 56.07, 56.07, 55.87, 51.63, 45.17, 43.75, 42.48, 42.31, 41.55, 39.19, 25.28, 24.67, 22.09, 21.50, 13.58. HRMS (ESI): calcd for C41H48N2O8S m/z: 728.3131 found: 729.3204 [M+H]+, yield: 92%.

4b 7-O–(p-CH3-phenyl -sulfonyl ester) Fan.
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4b  7-O–(p-CH3-phenyl-sulfonyl eater) Fan. as a light-yellow powder. 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 8.1 Hz, 2H), 7.36-7.20 (m, 4H), 7.15 (dd, J = 8.0, 1.9 Hz, 1H), 6.87 (s, 2H), 6.75 (dd, J = 8.2, 1.9 Hz, 1H), 6.46 (d, J = 8.7 Hz, 2H), 6.32-6.22 (m, 2H), 3.92 (s, 3H), 3.77-3.51 (m, 4H), 3.47 (s, 3H), 3.28 (s, 3H), 2.97-2.69 (m, 8H), 2.64 (s, 3H), 2.54 (d, J = 13.7 Hz, 2H), 2.47 (s, 3H), 2.28 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 153.73, 151.10, 149.25, 148.83, 147.78, 147.10, 144.42, 142.40, 135.23, 134.99, 134.58, 134.37, 132.61, 132.35, 130.08, 129.13, 128.65, 128.21, 127.64, 123.62, 122.88, 121.65, 121.58, 120.98, 116.15, 115.94, 112.74, 111.50, 106.09, 64.06, 61.40, 56.11, 55.78, 55.72, 45.08, 43.84, 42.48, 42.29, 41.91, 39.62, 24.32, 22.06, 21.83. HRMS (ESI): calcd for C44H46N2O8S m/z: 762.2975 found: 763.3008 [M+H]+, yield: 87%.

4c  7-O-(o-Br-phenyl -sulfonyl ester)Fan.
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4c  7-O-(o-Br-phenyl-sulfonyl ester)Fan. as a light-yellow powder. 1H NMR (400 MHz, CDCl3) δ 7.79 (t, J = 1.6 Hz, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.51 (d, J = 8.0 Hz, 1H), 7.38-7.16 (m, 3H), 7.10 (dd, J = 8.1, 2.5 Hz, 1H), 6.83-6.77 (m, 2H), 6.66 (dd, J = 8.3, 2.5 Hz, 1H), 6.38 (d, J = 7.2 Hz, 2H), 6.25 (s, 1H), 6.17 (dd, J = 8.3, 2.0 Hz, 1H), 3.83 (d, J = 9.4 Hz, 3H), 3.65 (dd, J = 11.1, 5.4 Hz, 1H), 3.57 (d, J = 9.9 Hz, 1H), 3.45 (s, 3H), 3.43-3.31 (m, 2H), 3.20 (s, 3H), 2.96-2.59 (m, 8H), 2.55 (s, 3H), 2.43 (dd, J = 30.0, 9.4 Hz, 2H), 2.20 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 153.77, 150.96, 149.26, 148.70, 147.61, 147.12, 142.29, 139.25, 136.62, 135.06, 134.51, 132.69, 131.39, 130.17, 128.53, 128.32, 127.98, 127.22, 123.98, 122.85, 122.46, 121.77, 120.61, 116.26, 112.81, 111.47, 106.22, 63.74, 61.38, 56.11, 55.80, 46.14, 45.02, 43.80, 42.37, 39.64, 24.33, 22.00. HRMS (ESI): calcd for C43H43BrN2O8S m/z: 826.1923 found: 827.1844 [M+H]+, yield: 86%.

4d  7-O-(o-F-phenyl -sulfonyl ester)Fan.
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4d  7-O-(o-F-phenyl-sulfonyl ester)Fan. as a light-yellow powder. 1H NMR (400 MHz, CDCl3) δ 7.66-7.43 (m, 2H), 7.15 (ddd, J = 27.5, 17.5, 8.3 Hz, 4H), 6.77 (d, J = 7.8 Hz, 2H), 6.67 (dd, J = 8.2, 2.0 Hz, 1H), 6.41 (d, J = 3.2 Hz, 2H), 6.18 (d, J = 12.3 Hz, 2H), 5.27 (s, 1H), 3.83 (s, 3H), 3.65-3.53 (m, 2H), 3.42 (dd, J = 19.0, 9.5 Hz, 2H), 3.35-3.28 (m, 3H), 3.22 (s, 3H), 3.17-2.55 (m, 8H), 2.52 (s, 3H), 2.38 (dd, J = 35.6, 30.4 Hz, 2H), 2.22 (d, J = 16.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 160.96, 158.37, 153.80, 150.52, 149.29, 148.93, 147.91, 147.10, 142.35, 135.91, 135.00, 134.68, 132.65, 132.53, 131.06, 130.26, 128.46, 128.22, 127.69, 125.95, 123.71, 122.9, 121.71, 120.96, 117.15, 116.94, 116.14, 112.77, 111.52, 105.83, 63.91, 61.34, 56.12, 55.79, 55.56, 45.03, 43.76, 42.39, 42.29, 41.72, 39.88, 24.14, 22.00. HRMS (ESI): calcd for C43H43FN2O8S m/z: 766.2724 found: 767.2717 [M+H]+, yield: 85%.

4e  7-O-(p-NO2-phenyl-sulfonyl ester)Fan.
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4e  7-O-(p-NO2-phenyl-sulfonyl ester)Fan. as a light-yellow powder. 1H NMR (400 MHz, CDCl3) δ 8.22 (d, J = 8.8 Hz, 3H), 7.76 (d, J = 8.8 Hz, 2H), 7.20-7.15 (m, 1H), 7.04 (dd, J = 8.1, 2.5 Hz, 1H), 6.78 (s, 2H), 6.68 (dd, J = 8.3, 2.5 Hz, 1H), 6.38 (d, J = 20.5 Hz, 2H), 6.25-6.17 (m, 2H), 3.85 (s, 3H), 3.61-3.54 (m, 2H), 3.38 (s, 3H), 3.23 (s, 3H), 3.16-2.61 (m, 10H), 2.57 (s, 3H), 2.48-2.36 (m, 2H), 2.19 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 153.65, 150.49, 150.43, 149.38, 148.54, 147.73, 147.11, 142.84, 141.92, 135.11, 134.24, 133.11, 132.54, 130.09, 129.77, 128.64, 128.40, 127.80, 123.87, 123.69, 122.80, 122.01, 121.81, 120.30, 115.80, 112.78, 111.52, 106.16, 64.04, 61.33, 56.12, 55.76, 45.07, 43.76, 42.57, 42.35, 41.95, 38.15, 25.08, 22.15. HRMS (ESI): calcd for C43H43N3O10S m/z:793.2669 found: 794.2656 [M+H]+, yield: 82%.

4f  7-O-(m- thiophene-sulfonyl ester)Fan.
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4f  7-O-(m-thiophene-sulfonyl ester)Fan. as a light-yellow powder.  1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 4.9 Hz, 1H), 7.38 (d, J = 3.8 Hz, 1H), 7.26 (dd, J = 8.1, 1.7 Hz, 1H), 7.07 (dd, J = 8.1, 2.4 Hz, 1H), 7.01-6.96 (m, 1H), 6.78 (d, J = 8.0 Hz, 2H), 6.68 (dd, J = 8.2, 2.4 Hz, 1H), 6.42 (t, J = 9.4 Hz, 2H), 6.28-6.16 (m, 2H), 5.37 (s, 1H), 3.83 (d, J = 9.1 Hz, 3H), 3.70-3.59 (m, 2H), 3.43 (d, J = 11.3 Hz, 3H), 3.36 (dd, J = 27.5, 17.6 Hz, 2H), 3.22 (s, 3H), 2.75 (dddd, 5.8 Hz, 8H), 2.54 (d, J = 9.2 Hz, 3H), 2.49-2.30 (m, 2H), 2.26-2.18 (m, 3H). 13C NMR (100 MHz, CDCl3) δ 153.74, 150.97, 149.34, 149.15, 148.97, 147.83, 147.09, 142.37, 137.00, 135.16, 134.63, 133.66, 132.65, 130.27, 128.55, 127.96, 127.91, 127.05, 123.79, 122.83, 121.79, 121.24, 116.06, 112.64, 111.49, 105.85, 64.06, 61.37, 56.13, 55.81, 55.79, 45.16, 43.82, 42.56, 42.31, 41.94, 40.33, 24.16, 22.06. HRMS (ESI): calcd for C41H42N2O8S2 m/z: 754.2383 found: 755.2459 [M+H]+, yield: 82%.
4g  7-O-(o-pyridine -sulfonyl ester)Fan.
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4g  7-O-(o-pyridine-sulfonyl ester)Fan. as a light-yellow powder. 1H NMR (400 MHz, CDCl3) δ 8.77 (dd, J = 10.1, 3.3 Hz, 2H), 7.84 (d, J = 8.1 Hz, 1H), 7.31 (dd, J = 8.0, 3.5 Hz, 2H), 7.19 (s, 1H), 7.10 (dd, J = 8.1, 2.3 Hz, 1H), 6.79 (s, 2H), 6.69 (dd, J = 8.2, 2.3 Hz, 1H), 6.41 (d, J = 16.1 Hz, 2H), 6.27-6.17 (m, 2H), 3.86 (s, 3H), 3.75-3.60 (m, 2H), 3.40 (s, 3H), 3.34 (s, 3H), 2.96-2.76 (m, 6H), 2.68 (d, J = 12.2 Hz, 2H), 2.59 (s, 3H), 2.49-2.35 (m, 2H), 2.21 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 153.77, 150.36, 149.28, 148.84, 147.83, 147.11, 142.15, 136.06, 135.09, 134.42, 134.03, 132.95, 132.60, 130.37, 128.62, 127.93, 127.71, 123.84, 123.28, 122.81, 121.87, 121.08, 115.94, 112.68, 111.47, 105.92, 63.80, 61.33, 56.12, 55.81, 55.56, 53.49, 50.82, 43.68, 42.30, 41.87, 39.89, 24.21, 22.09. HRMS (ESI): calcd for C42H43N3O8S m/z: 749.2804 found: 750.2824 [M+H]+, yield: 80%.
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Figure S1. (a) the Chinese herbal medicine of Stephania tetrandra S. Moore; (b) the formula of tetrandrine and fangchinoline.
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Figure S2. The replicate experiments of CDK-1, Cyclin B1 and P21 protein expression in A549 cells were assessed by Western blot.
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Figure S3. The replicate experiments of MMP-2 and MMP-9 protein expression in A549 cells were assessed by Western blot.
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Figure S4. The replicate experiments of Cleaved Caspase 3, Cleaved Caspase 9, Cytochrome c, Bax, and Bcl-2 protein expression in A549 cells were assessed by Western blot.
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Figure S5. The replicate experiments of PI3K/Akt/mTOR signaling pathway protein expression in A549 cell tumors were assessed by Western blot.
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