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Structural characterization of compounds 1-13

QL

4 3 P=0O

White solid. Yield: 80%. Empirical formula: C;gH,s,NOP. MW: 301.36 g/mol. Mp: 115
°C. '"H-NMR (499.84 MHz, CDCl;, ppm): 8 1.15 (d, 12 H, 3Jyy = 6.8 Hz, H-1) 3.39
(dhep, 2H, 3Jyy = 6.7 Hz and 3Jpy = 5.9 Hz, H-2), 7.32-7.44 (m, 6H, H-5, H-6), 7.73-
7.81 (m, 4 H, H-4). 3'P-NMR (202.34 MHz, CDCl;, ppm): 6 30,44. IR: 2970 cm! (vC-

H), 1435 (vP-Ph), 1173 (vP=0), 1021 (VP N-C).
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White solid. Yield: 88%. Empirical formula: C;9H,sNO,P. MW: 329.37 g/mol. Mp =
116-117 °C. 'TH-NMR (299,95 MHz, CDCl;, ppm): 8 1.31 and 1.22 (2d, 12H, 3Jyy = 6,0

Hz, H-1), 3.48 (dhep, 2H, 3Jiy = 6.5 Hz and *Jpy= 7.5 Hz, H-2), 7.54 to 7.44 (m, 3H),

7.70 to 7.58 (m, 3H), 7.76-7.72 (m, 2H, H-4), 8.11 to 8.09 (m, 1H, H-8), 10.95 (s, 1H,



H-13). 3'P-NMR (202.34 MHz, CDCls, ppm): & 32.49. IR: 2970 cm™ (vC-H), 1689

(vC=0), 1404 (vP-Ph), 1190 (vP=0), 984 (vP N-C).

Yellow solid. Yield: 65%. Empirical formula: C,yH,4sNOs;P. MW: 357.38 g/mol. Mp =
123 °C. 'TH-NMR (299.95 MHz, CDCl;, ppm): 6 1.24 (12H, H-1), 3.45 (2H, H-2), 7.64
to 7.37 (m, 6H, H-5, H-6, H-7), 8.10-8.05 (m, 2H, H-4), 10.94 (s, 2H, H-9). 3.C-NMR
(75.43 MHz, CDCl;, ppm): 8 23.67 and 23.45 (C-1), 48.28 (C-2), 129.12 (C-4), 132.48
(C-5), 132.72 (C-6), 132.89 (C-7), 136.95 (d, 'Jpc = 116.9 Hz, C-3), 139.84 (C-8),
192.49 (C-9). 3'P-NMR (121.42 MHz, CDCl3, ppm): & 34.94. IR: 2969 (vC-H), 1688
(vC=0), 1398 (vP-Ph), 1190 (vP=0), 976 (vP-N-C). HRMS (ESI) m/z, calc. for

Cy0H24NO;P: 358.1572 [M+H]"; found: 358.1561.

Sa

White solid. Yield: 65%. Empirical Formula: C;,H;;CIN,O,. MW: 250.68 g/mol. Mp =

291 °C. 'H-NMR (500 MHz, DMSO-ds, ppm): 8 1.36 (¢, 3H, 3/ = 7.1 Hz, CHs), 4.35



(q, 2H, 3y =7.1 Hz, CH,), 7.48 (t, 1H, 3y = 7.1 Hz, H-6), 7.91 (d, 1H, 3Jyn = 6.5 Hz,
H-7), 8.36 (d, 1H, 3/i = 8.4 Hz, H-5), 8.42 (s, 2H, NH,), 8.98 (s, 1H, H-2). 3C-NMR
(125.69 MHz, DMSO-ds, ppm): & 14.61 (CHs), 61.09 (CH,), 100.89 (C-3), 120.12 (C-
4a), 122.77 (C-5), 125.84 (C-6), 132.22 (C-7), 132.98 (C-4), 145.16 (C-8), 152.30 (C-
2), 154.73 (C-8a), 167.74 (C=0). IR: 3374 (VN-H), 3159 (vC-H), 1687 (vC=0), 753

(vC-Cl).

5b

White solid. Yield: 62%. Empirical Formula: C,H;;BrN,O,. MW: 295.13 g/mol. Mp =
265 °C. 'TH-NMR (500 MHz, DMSO-dg, ppm): 6 1.36 (t, 3H, *Juyz= 7.1 Hz, CH3), 4.36
(q, 2H, 3Jun = 7.1 Hz, CH,), 7.41 (t, 1H, 3Jyy = 7.1 Hz, H-6), 8.10 (d, 1H, 3Jyy = 10.0
Hz, H-7), 8.37 (s, 2H, NH,), 8.39 (m, 1H, H-5), 8.98 (s, 1H, H-2). PC-NMR (125.69
MHz, DMSO-dg, ppm): & 14.46 (CH3), 62.34 (CH,), 101.13 (C-3), 101.37 (C-4), 119.23
(C-8), 125.08 (C-5), 128.05 (C-6), 138.16 (C-7), 148.24 (C-2), 165.83 (C=0). IR: 3368

(vN-H), 3139 (vC-H), 1688 (vC=0), 558 (vC-Br).



Sc

White solid. Yield: 70%. Empirical Formula: C,,H;1FN,0,. MW: 234.23 g/mol. Mp =
289 °C. 'H-NMR (300 MHz, DMSO-d 4, ppm): 6 1.28 (t, 3H, *Jyn = 7.1 Hz, CHj;), 4.22
(9, 2H, 3Jun = 7.1 Hz, CH,), 7.25 (1H, H-6), 7.37 (1H, H-7), 8.22 (m, 1H, H-5), 8.55 (s,
1H, H-2). BC-NMR (75.43 MHz, DMSO-ds, ppm): 6 14.11 (CH3), 59.47 (CH,), 104.04
(C-6), 110.33 (C-4), 113.00 (C-7), 124.10 (C-8), 128.81 (C-5), 140.38 (C-8a), 145.19
(C-2), 162.27 (C-4a), 164.44 (C-3), 165.58 (C=0). IR: 3106 (vN-H), 2988 (vC-H),

1692 (vC=0), 1194 (vC-F).

6a

White solid. Yield: 62%. Empirical formula: C3;H35CIN;O3;P. MW: 564.05 g/mol. Mp =
211 °C. 'TH-NMR (499.84 MHz, CDCls, ppm): 8 1.15 and 1.22 (12H, H-22), 1.36 (t, 3H,
3Jun= 7.1 Hz, OCH,CH,), 3.45 (2H, H-21), 4.35 (q, 2H, *Jyy = 7.1 Hz, OCH,), 4.45 (d,
1H, 2Jyq = 9.9 Hz, H-10), 4.71 (d, 1H, 2Juyy = 9.9 Hz, H-10"), 6.05 (s, 1H, H-9), 7.23-
7.27 (m, 1H, H-6), 7.31-7.46 (m, 7H), 7.66-7.78 (m, 4H), 9.17 (s, 1H, H-2). *C-NMR

(125.69 MHz, CDCl;, ppm): & 14.61 (s, OCH,CH3;), 23.41-23.43 (C-22), 47.63 (d, %Jpc



= 5.0 Hz, C-21), 60.80 (OCH,CH;), 64.69 (d, 3Jpc = 5.0 Hz, C-10), 101.68 (C-3),
119.44 (C-4a), 119.84 (C-5), 125.06 (C-6), 126.96 (d, 3Jpc = 12.5 Hz, C-19 or C-14),
128.24 (d, 3Jpc = 12.5 Hz, C-19 or C-14), 131.46 (C-13), 131.63 (C-18 or C-15), 131.68
(C-18 or C-15), 132,14, 132.22, 133.46, (C-17 or C-16), 133.47 (C-17 or C-16), 134.50,
152.43 (C-2), 153.74 (C-8), 167.99 (C=0). 3'P-NMR (202.34 MHz, CDCLs, ppm): &
35.77. IR: 3378 (VNH), 3165 (vCH), 1687 (vC=0), 1626 (vC=N), 1495 (vP-Ph), 1254

(vC-0), 1167 (vP=0), 781 (vC-Cl).

6b

White solid. Yield: 59%. Empirical formula: C3;H;5BrN;O3;P. MW: 608.51 g/mol. Mp =
249 °C. '"H-NMR (499.84 MHz, DMSO-d 4, ppm): & 1.12 and 1.22 (12H, H-22), 1.36 (t,
3H, 3Jyn = 7.1 Hz, OCH,CH3;), 3.45 (2H, H-21), 4.36 (q, 2H, 3Jyg = 7.1 Hz, OCH,),
4.61 (d, 1H, 2Juy = 9.9 Hz, H-10), 4.63 (d, 1H, 2Jyg = 9.9 Hz, H-10"), 5.52 (1H, H-9),
7.40-7.66 (m, 9H), 8,10 (H-7 or H-5), 8.11 (H-7 or H-5), 8.40 to 8.43 (m, 2H), 8.98 (s,

1H, H-2). BC-NMR (125.69 MHz, DMSO-ds, ppm): & 14.32 (OCH,CH3), 23.09 and

23.14 (C-22), 46.97 (C-21), 60.67 (OCH,CH3), 61.95 (d, 3Jpc = 5.0 Hz, C-10), 100.57
(C-3), 119.82 (C-4a), 123.30 (C-5), 124.53 (C-4), 125.96 (C-6), 126.58 (d, 2Jpc = 12.5
Hz, C-18), 128.56 (d, 2pc = 11.3 Hz, C-15), 128.85 (C-12), 130.92 (C-11), 131.62 (C-
19 or C-14), 131.79 (C-19 or C-14), 132.03 (C-18 or C-15), 132.66 (C-18 or C-15),

134.91 (d, 'Jpc = 120.6 Hz, C-17 or C-16), 135.32 (C-7), 146.27 (d, 'Jpc = 118.1 Hz, C-
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17 or C-16), 152.19 (C-2), 154.43 (C-8), 167.41 (C=0). >P-NMR (202.34 MHz,
DMSO-ds, ppm): & 34.18. IR: 3370 (VNH), 2961 (vCH), 1687 (vC=0), 1628 (vC=N),

1442 (vP-Ph), 1258 (vC-0), 1175 (vP=0), 980 (vP-N-C), 760 (vC-Br).

6¢

White solid. Yield: 69%. Empirical formula: C;;H;35FN;O3P. MW: 547.60 g/mol. Mp =
228 °C. 'H-NMR (499.84 MHz, DMSO-dg, ppm): 8 1.16 and 1.22 (12H, 3Jyu = 4.9 Hz,
H-22), 1.55 (m, 3H, OCH,CH3;) 3.44 (2H, *Jyy = 4.9 Hz and *Jpy; = 9.9 Hz, H-21), 4.05
(g, 2H, 3Juu = 7.1 Hz, OCH,), 4.45 (d, 1H, 2Jyu= 9.9 Hz, H-10), 4.71 (d, 1H, 2/ =9.9
Hz, H-10"), 6.05 (1H, H-9), 6.72 (H-5), 7.02 (m, 1H, H-7), 7.23-7.27 (m, 1H, H-6),
7.33-7.46 (m, 6H), 7.55 (m, 1H), 7.66-7.70 (m, 2H), 8.29 (s, 1H, H-2). *C-NMR
(125.69 MHz, DMSO-dg, ppm): 6 14.47 (OCH,CHj3), 23.18 and 23.21 (C-22), 47.08 (C-
21), 60.12 (OCH,CH3), 62.01 (d, 3Jpc = 3.8 Hz, C-10), 126.68 (d, 2Jpc= 12.6 Hz, C-18),
128.65 (d, 2Jpc = 12.6 Hz, C-15), 128.93 (d, 3Jpc = 11.3 Hz, C-12), 130.94 (C-11),
131.72 (C-19 or C-14), 131.90 (C-19 or C-14), 132.14 (C-6), 132.77 (d, 2Jgc= 11.3 Hz,
C-7), 134.91 (d, 'Jpc = 122.2 Hz, C-17 or C-16), 146,73 (C-8), 162.02 (C=0). 3'P-NMR
(202.34 MHz, DMSO-ds, ppm): & 34.20. IR: 3380 (vNH), 2960 (vCH), 1683 (vC=0),

1627 (vC=N), 1435 (vP-Ph), 1180 (vP=0), 980 (vP-N-C), 1181 (VCF).
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Yellow oil. Yield: 71%. Empirical formula: C,5sH3,N;OP. MW: 421.51 g/mol. 'H-NMR
(499.84 MHz, CDCls, ppm): 6 1.15 and 1.22 (H-21), 3.44 (2H, H-20), 3.78-4.07 (m,
2H, H-7), 4.45 (d, 1H, 2Jyy= 9.9 Hz, H-9), 4.71 (d, 1H, 2Jyz= 9.9 Hz, H-9"), 5.73 (1H,
H-8), 7.23-7.27 (m, 1H, H-4), 7.33-7.46 (m, 6H), 7.48-7.64 (m, 1H), 7.64-7.70 (m, 2H,
H-17), 7.74-7.86 (m, 1H), 8.01-8.04 (m, 1H, H-6). 3'P-NMR (202.34 MHz, CDCl;,
ppm): & 33.69. IR: 3298 (VN-H), 2968 (vC-H), 1591 (vC=N), 1435 (vP -Ph), 1176

(vP=0), 978 (vP-N-C).

8b

II N21

Yellow oil. Yield: 69%. Empirical formula: C,sH34N;OP. MW: 435.54 g/mol. 'TH-NMR
(499.84 MHz, CDCl;, ppm): 6 1.10 and 1.22 (2d, 12H, H-22), 2.82-2.92 (m, 4H, H-7,
H-8), 3.38 (2H, H-21), 3.79 (d, 1H, 2Jyz = 14.9 Hz, H-10), 4.03 (d, 1H, 2Jyz= 14.9 Hz,
H-10"), 7.00 (1H, H-5), 7.08 (d, 1H, 3Jyz= 9.9 Hz, H-3), 7.19-7.22 (m, 1H, H-4), 7.50-

7.31 (m, 6H), 7.62 (d, 2H, 3/ = 9.9 Hz, H-18), 8.41 (d, 1H, 3/iyy = 9.9 Hz, H-6). 3'P-



NMR (202.34 MHz, CDCls, ppm): & 34.20. IR: 3298 (VN-H), 2968 (vC-H), 1591

(vC=N), 1435 (vP -Ph), 1176 (vP=0), 978 (vP-N-C).

11a

Yellow oil. Yield: 68%. Empirical formula: C,;H4sN304P, MW: 537.61 g/mol. 'H-
NMR (299.95 MHz, CDCl;, ppm): 6 1.21-1.31 (m, 24H, H-1, H-19), 2.51 (1H, H-14),
2.64 (m, 2H, H-15), 2.89-3.03 (m, 2H, H-16), 3.46 (dhep, 2H, 3Jyy = 5.9 Hz, 3Jp; = 8.9
Hz, H-2), 3.70 (d, 1H, 2Jyg = 11.9 Hz, H-13b), 3.91 (d, 1H, 2Jyy = 11.9 Hz, H-13a),
4.48-4.62 (m, 2H, H-18), 6.12 (1H, H-17), 7.36-7.53 (m, 7H, H-5, H-6, H-9, H-10, H-
11), 7.63-7.77 (m, 3H, H-4, H-12). 3*'P-NMR (121.42 MHz, CDCl;, ppm): & 8.83 (Pb),
34.29 (Pa). IR: 3361 and 3254 (vN-H), 2978 (vC-H), 1214 (vP=0O phosphoramidate),

1178 (vP=0O phosphinic amide) 979 (vP-O).

10



11b
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Yellow oil. Yield: 65%.Empirical formula: CyoH4N3;04P, MW: 565.66 g/mol. 'H-NMR
(499.84 MHz, CDCl3, ppm): & 1.15-1.25 (m, 24H, H-1, H-21), 1.44 (m, 4H, H-16, H-
17), 2.48 (m, 2H, H-15), 2.79 (m, 2H, H-18), 3.17 (1H, H-14), 3.41 (2H, H-2), 3.68 (d,
1H, 2Jun = 14.9 Hz, H-13b), 4.02 (d, 1H, 2Jyg = 14.9 Hz, H-13a), 4.43-4.54 (m, 2H, H-
20), 7.33-7.47 (m, 7H, H-5, H-6, H-9, H-10, H-11, H-12), 7.61-7.69 (m, 2H, H-4). 3C-
NMR (125.69 MHz,CDCls, ppm): 6 23.23 (d, 3Jpc = 8.8 Hz, C-1), 23.64 (d, 3Jpc = 8.8
Hz, C-21), 26.40 (C-16), 29.13 (d, *Jpc = 11.3 Hz, C-17), 41.05 (C-18), 47.28 (d, 2Jpc =
7.5 Hz, C-2) 48.17 (C-15), 52.15 (d, 3Jpc = 6.3 Hz, C-13), 70.27 (d, 2Jpc = 8.8 Hz, C-
20), 126.51, 128.05 (C-5), 131.69, 131.99 (C-4), 132.88 (C-9), 133.67 (d, 'Jpc = 109.3
Hz, C-3), 135.31 (d, 'Jpc = 101.8 Hz, C-7). 3'P-NMR (202.34 MHz, CDCls;, ppm): &
8.11 (Pb), 34.46 (Pa). IR: 3340 and 3227 (vN-H), 2976 (vC-H), 1228 (vP=0O
phosphoramidate), 1176 (vP=O phosphinic amide) 976 (vP-O). HRMS (ESI) m/z, calc.

for CooH49N304P;: 566.3263 [M+H]"; found: 566.3276.
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Yellow oil. Yield: 68%. Empirical formula: C;0Hs;N3;O4P, MW: 579.69 g/mol. 'H-
NMR (499.84 MHz, CDCl;, ppm): 6 0.82 (m, 2H, H-17), 1.11-1.25 (m, 24H, H-1, H-
22), 1.34-1.48 (m, 4H, H-16, H-18), 2.47 (H-15), 2.75-2.84 (m, 2H, H-19), 3.35-3.45
(m, 3H, H-2, H-14), 3.70 (d, 1H, 2Jqg = 14.9 Hz, H-13b), 4.04 (d, 1H, 2Jyz = 14.9 Hz,
H-13a), 4.45-4.54 (m, 2H, H-21), 7.36-7.47 (m, 7H, H-5 H-6, H-9, H-10, H-11, H-12),
7.60-7.65 (m, 2H, H-4). BC-NMR (125.69 MHz, CDCl;, ppm,): & 23.25 (C-1), 23.67
(C-22), 24.09 (C-17), 28.75 (C-16), 31.24 (C-18), 41.20 (C-19), 47.34 (C-2), 48.50 (C-
15), 52.23 (d, *Jpc = 5.0 Hz, C-13), 70.36 (d, 2/pc = 6.3 Hz, C-21), 126.63, 128.10 (C-5),
131.36, 131.73 (C-4), 132.92 (C-9), 132.55 (d, 'Jpc = 123.2 Hz, C-3), 134.72 (d, 'Jpc =
121.9 Hz, C-7), 134.88 (C-8). 3'P-NMR (202.34 MHz, CDCl;, ppm): & 7.66 (Pb) and
34.82 (Pa). IR: 3371 and 3203 (vN-H), 2927 (vC-H), 1205 (vP=0O phosphoramidate),
1177 (vP=0 phosphinic amide) 978 (vP-O). HRMS (ESI) m/z, calc. for C3oHs;N;O4P5:

580.3433 [M+H]"; found: 580.3428.

12
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Yellow oil. Yield: 69%. Empirical formula: C;;H53sN3O4P, MW: 593.72 g/mol. 'H-
NMR (299.95 MHz, CDCl;, ppm): o 1.11-1.13 (m, 4H, H-17, H-18), 1.23-1.25 (m,
24H, H-1, H-23), 1.33-1.43 (m, 4H, H-16, H-19), 2.32-2.44 (m, 3H, H-14, H-15), 2,76-
2.84 (m, 2H, H-20), 3.33-3.48 (m, 2H, H-2), 3.69 (d, 1H, 2Jyy = 11,9 Hz, H-13b), 4.03
(d, 1H, 2Jyy = 11,9 Hz, H-13a), 4.46-4.57 (m, 2H, H-22), 7.34-7.49 (m, 7H, H-5, H-6,
H-9, H-10, H 11, H-12), 7.61-7.68 (m, 2H, H-4). 3C-NMR (75.43 MHz, CDC]l;, ppm):
823.13 (C-1), 23.57 (C-23), 26.17 (C-18), 26.58 (C-17), 28.88 (C-16), 31.27 (*Jpc= 6.8
Hz, C-19), 41.13 (C-20), 47.22 (C-2), 48.38 (C-15), 51.99 (d, 3Jpc = 3.8 Hz, C-13),
70.25 (d, 2Jpc = 6.0 Hz, C-22), 126.54, 127.99 (C-5), 131.26, 131.60 (C-4), 132.50 (C-
9), 132.83, 134.70 (d, 'Jpc = 121.4 Hz, C-3), 132.21 (d, 'Jpc = 123.7 Hz, C-7), 142.54
(C-8). 3'P-NMR (121.42 MHz, CDCls, ppm): 8 7.66 (Pb), 34.87 (Pa). IR: 3405 and
3251 (vN-H), 2931 (vC-H), 1205 (vP=O phosphoramidate), 1176 (vP=O phosphinic
amide) 976 (vP-O). HRMS (ESI) m/z, calc. for C3;Hs53N304P,: 594.3589 [M+H]";

found: 594.3584.
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Yellow oil. Yield: 68%. Empirical formula: C3;sHgNsO,P; MW: 773.85 g/mol. 'H-
NMR (299.95 MHz, CDCls, ppm): 6 0.84 (m, 4H, H-12), 1.12-1.22 (m, 36H, H-1, H-
15), 1.49-1.98(m, 4H, H-11), 2.73-2.79 (2H, H-10), 3.42-3.51 (m, 2H, H-9/9’), 3.64
(1H, H-9), 3.92 (1H, H-9”), 4.38 (dhep, 4H, 3Jyn = 5.9, 3Jpy = 8.9 Hz, H-14), 4.70-4.79
(2H, H-13), 7.51-7.80 (m, 8H, H-4, H-5, H-6, H-7). 3C-NMR (75.43 MHz, CDCl;,
ppm): & 23.69 (C-15), 29.36 (C-1), 39.33 (C-11), 42.59 (d, *Jpc= 5.3 Hz, C-9), 47.73 (d,
2Jpc = 5.3 Hz, C-12), 70.76 (d, 2Jpc = 5.3 Hz, C-14), 70,43 (C-2), 127.21-133,54 (C-3,
C-4, C-5, C-6, C-7, C-8). 3'P-NMR (121.42 MHz, CDCls, ppm): & 8.62 (2P, Pb), 28.90
(1P, Pa). IR: 3386 and 3233 (vN-H), 2976 (vC-H), 1205 (vP=0O phosphoramidate),

1177 (vP=0O phosphinic amide) 979 (vP-O).

13b

Yellow oil. Yield: 58%. Empirical formula: C4H74NsO,P; MW: 829.96 g/mol. 'H-
NMR (299.95 MHz, CDCl;, ppm): 6 1.14-1.27 (m, 36H, H-1, H-17), 1.41-1.49 (m, 4H,

H-13), 2.43-2.57 (m, 4H, H-12), 2.72-2.87 (m, 4H, H-14), 3.13-3.22 (2H, H-10), 3.39

14



(dhep, 2H, 3Juy = 5.9 Hz, 3Jpy = 8.9 Hz, H-2), 3.70 (d, 2H, 2/yy = 14.9 Hz, H-9/9°), 4.09
(d, 2H, 2Jgg = 14.9 Hz, H-9/9°), 4.49 (4H, H-16), 7.19-7.20 (m, 2H, H-6), 7.23 (m, 4H,
H-4, H-5), 7.73-7.80 (m, 1H, H-7). *C-NMR (75.43 MHz, CDCl;, ppm): & 22.82 and
22.88 (C-17), 25.64 (C-12), 28.38 (C-1), 40.21 (C-13), 46.07 (d, 3Jpc = 4.5 Hz, C-9),
46.67 (d, °Jpc= 5.3 Hz, C-14), 47.23 (C-11), 69.39 (d, 2Jpc = 5.3 Hz, C-2), 69.64 (d, 2Jpc
= 5.3 Hz, C-16), 125.62-132.90 (C-3, C-4, C-5, C-6, C-7, C-8). 3'P-NMR (121.42 MHz,
CDCl;, ppm): & 8.23 (2P, Pb), 38.84 (1P, Pa). IR: 3409 and 3265 (vN-H), 2918 (vC-H),
1229 (vP=0O phosphoramidate), 1179 (vP=O phosphinic amide), 979 (vP-O). HRMS

(ESI) m/z, calc. for C4oH74N50,P5: 830.4879 [M+H]*; found: 830.4883.

13c

4, Lo 2 = \\P/ok
~ bé r

Yellow oil. Yield: 62%. Empirical formula: C4;H7sNsO,P; MW: 858,01 g/mol. 'H-
NMR (499.84 MHz, CDCl;, ppm): o 1.12-1.26 (m, 36H, H-1, H-18), 1.30-1.61 (m,
12H, H-12, H-13, H-14), 2.41-2.55 (m, 4H, H-11), 2.74-2.84 (m, 4H, H-15), 3.35-3.43
(m, 2H, H-2), 3.72 (d, 2H, 2Jyu = 14.9 Hz, H-9/9"), 4.10 (d, 2H, 2Jyy = 14.9 Hz, H-9/9’),
4.43-4.56 (m, 4H, H-17), 7.20 (m, 2H, H-6), 7.34-7.76 (m, 6H, H-4, H-5, H-7). 13C-
NMR (125.69 MHz, CDCl;, ppm): & 15.08 (C-13), 23.66 and 23.67 (C-18), 24.17 (C-
13), 28.91 (C-12), 31.18 (d, 3Jpc = 6.3 Hz, C-14), 41.15 (d, *Jpc = 1.3 Hz, C-9), 47.54
(C-11), 48.50 (C-15), 70.26 (d, 2Jpc = 5.0 Hz, C-2), 70.41 (d, 2Jpc = 5.0 Hz, C-17),
126.60-133,33 (C-3, C-4, C-5, C-6, C-7, C-8). 3'P-NMR (202.34 MHz, CDCl;, ppm): &

8.15 (2P, Pb), 38.62 (1P, Pa). IR: 3420 and 3251 (VN-H), 2930 (vC-H), 1205 (vP=0

15



phosphoramidate), 1177 (vP=O phosphinic amide), 978 (vP-O). HRMS (ESI) m/z, calc.

for C4,H75N507P5: 858.5192 [M+H]"; found: 858.5159.

13d

19

sl Ak

H 15 13 11 H

O\b/N N
p” 17 16

o\ A E%O N //P\o
\< Y : >\\/< C 4 7/
4

6

Yellow. Yield: 69%. Empirical formula: Cy4Hg,NsO,P; MW: 886.07 g/mol. 'H-NMR
(299.95 MHz, CDCl;, ppm): 6 0.91-1.12 (m, 4H, H-14), 1.14-1.27 (m, 36H, H-1, H-19),
1.28-1.61 (m, 8H, H-12, H-13), 2.51 (m, 4H, H-15 or H-16), 2.72-2.85 (m, 4H, H-11),
3.32-3.46 (m, 2H, H-2), 3.73 (d, 2H, 2Jyy= 11.9 Hz, H-9/9"), 4.10 (d, 2H, 2Jyg = 11.9
Hz, H-9,9%), 4.45-4.57 (m, 4H, H-18), 7.19 (m, 2H, H-6), 7.24-7.77 (m, 6H, H-4, H-5,
H-7). BC-NMR (75.43 MHz, CDCls, ppm): 8 23.45-23.68 (C-19), 26.17 (C-14), 26.79
(C-13), 31.48 (d, *Jpc = 6,8 Hz, C-15), 41.23 (C-12), 47.55 (C-11), 48.67 (C-16), 51.97
(d, 3Jpc = 4.5 Hz, C-9), 70.33 (d, 2Jpc = 5.3 Hz, C-2), 70.41 (d, 2Jpc = 6.0 Hz, C-18),
126.66-133.59 (C-3, C-4, C-5, C-6, C-7, C-8). 3'P-NMR (121.42 MHz, CDCl;, ppm): 8
4.75 (2P, Pb), 5.76 (1P, Pa). IR: 3409 and 3244 (vN-H), 2928 (vC-H), 1205 (vP=0
phosphoramidate), 1182 (vP=0 phosphinic amide), 979 (vP-O). HRMS (ESI) m/z, calc.

for C44H82N507P3I 886.5505 [M+H]+; found: 886.5535.
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TH NMR,3C NMR, 3'P NMR, IR and HRMS (ESI) spectra
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3P NMR spectrum of 2
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3P NMR spectrum of 3
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HRMS (ESI) spectrum of 3
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APT 13C NMR spectrum of 5a
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"H NMR spectrum of 5b
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IR spectrum of 5b

0,95 -
0,90 - W wwv\
0,85 -
@ 0,80
5 J 3368 8,36
E 075- |
n
s | 421
2 0,70 ,
= ] 1688,
0,65 162367
i 1576,76 1012,93
0,60 - -
] 125518
0,55 786’5&5’ q
. | . | ' | Y | ' | Y I v I ’ |
4500 4000 3500 3000 2500 2000 1500 1000 500
wavenumber cm’!
"H NMR spectrum of 5S¢
RRge mos R 7
NH, O
= C)’/\‘I:H3
e
N

I (\f I |
}“\ ‘___M._/-"H ll‘.L ”_/Jl l'JnIL/ f\AL‘ __J-'“' v '*".‘M__ )/,'I Lk’

e T T T T T - T
83 82 81 74 7.3 7.2 4.3 4.2 1.30
(ppn f1 (ppm) f1 (ppm) f1 (ppm) f1 (ppm)

2,761

T T T T T T T T T T T T

5.5 5.0
1 (ppm)

24



APT 13C NMR spectrum of 5¢
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"H NMR spectrum of 6a
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3P NMR spectrum of 6a
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APT 13C NMR spectrum of 6b
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'H NMR spectrum of 6¢
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3P NMR spectrum of 6¢
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3P NMR spectrum of 8a
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3P NMR spectrum of 8b

8
<
H,C CH, ™
O\l/
F E/NYCHB
S I CH,
N NH
5‘5 5I[I 4‘5 4I[I 3‘5 3‘[] I ZI[] ll5 l‘ﬂ ‘5 [II
f1 (ppm)
'H NMR spectrum of 11a
~ M My (] ™ MOy WS MO T —
g 0@ — C¥ O®@™OLMOE WD Moy
LS N N w T T e Mmoo ey ey ~—
SN IR iy S N7
HaC Chy,,
HC
Y/k @ i
N
|F|'/ cH, ‘\'\:_ CH,
M o CH MmN
NH/\\\/ Y5 L i
| |
CH, ﬁ
E € ¥ a8 R ARARReTTLILA |
w0 s - M m m m MM e M M e 0N N H
Ty a0 RS AREIALE |

'}_‘
ol
s
!LC'
k=
a

™ M
6‘3 6‘2 6‘1 6‘0 5‘9 5‘8 I ; ! ; I J ‘ ‘ : : ‘ : ;
= ¥ . ! . o 4.6 4.4 3.9 3.8 3.7 3.55 3.45 3.35 153 12
1 (ppm) f1 (ppm) f1 (ppm) f1 (ppm) 1 (ppm)
[ #\ \
r, Lk ' il ) |
1 ! |
_}'\l PN \__,r\.} A
el by r P Pt e i
A i & 88% nE8 G
T T T T — R~ T T S T T e R T | T — D — T
75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

10.0 9.5 9.0 8.5 8.0



3P NMR spectrum of 11a

—34.29
8,83

WWWWWJMMWWWWWWWMMWW

z !

L (o
a o
o =
T T T T T T T T T T T
45 40 35 30 20 15 10 5 o =
f1 (ppm)
"H NMR spectrum of 11b
Qi m TOM OO T ™S O© < i
A0 A0 O e DO o e a0 S Rl e e AL b
L N T T T 00000 M e —
NP IR v Sy

I

1.25 1.20 115

| )lA I I I ”
]
| I I
I/ )
|
I
U _ ) IV |
o e o
— Q QM =Wy — M [ee] 8
WS w0 QS Q b
. N T T
10.0 9.5 9.0 8.3 8.0 73 7.0 6.3 6.0 2.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.3

33



3P NMR spectrum of 11b
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HRMS (ESI) spectrum of 11b
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APT BC NMR spectrum of 11¢
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HRMS (ESI) spectrum of 11¢
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"H NMR spectrum of 11d
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3P NMR spectrum of 11d
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3P NMR spectrum of 13a

—2890
8.62

HaC CH,

NH
H.C O~ ~ \”/\‘NH
_—P
07N
o

Py -

3
NH N
= i N OYCHB
CH,

HaC C
4 Bu,
? i
Il _n
P CH

HaC
CH,

P g

L
to) o
o o
o ol
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
39 37 35 33 31 29 27 25 23 1 fg 19) 17 15 13 11 9 8 7 6 5 4 2 1 0
1 (ppm
'"H NMR spectrum of 13b
RENNN]Y SEusngeNNaNNRe ogfy
[ L S T e S TTT T N0 0o — —
SESSAE T e N S ~1 4
HaC HiC )\ CH,
o] CH 0]
Hb  Ha | N 3 II
NH p Ha_ Hb k..
HaC e s W — NH N\ O CHs
SIREN N N OYCHB
(o]
HyC
: CH,
CHa
|
| | WA
0 |L NN Vi
A ' ‘ s
\JU JI || ﬂl l || || --—""HV \H\.\‘le
M v l
J Ve M __
T T T T ’ T T T T T T T T T
4.60 4.55 4.50 4.45 4.40 4.35[4.30 42 4.0 3.8 36 3.50 345 3.40 335 3.30 3.25]
1 . I M
| | "
1
I
|| |
DATA ) I
| S
il i R e e ’r"_Elg'_*
RITA 185 ERHT NG
T T T T 2 T T T T - TR e e e v T Ty T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.5 -1.0

10.0 9.5 9.0 8.5

41



42

T
10

T
15

20

25

3C NMR spectrum of 13b

~
T
1880 —— -
€87z = z
grE=—s & M
6872 iJﬁfJ e
1822 I
£922 w | -
;8 ~ i
et  —
po'sz _ \lm
be'8e bE'8z~ — + 2 £z'8— ~65'T
82 Ev' 8 7 &
200
il o - £ o
or'oy " g . BL
o' S 5o i 5 2 "
el £ IA g L s. 2 © Ym
€Tty o v’ ¢ 7
6115 ol
odC OO o 2 S
i oT'or” & N = =
= n
%69 ke T £
Ep'69 149 -|\|M — |
19'69 5 L
89'69
. z
= o
a W -] T
Uma pr (8]
7o il N — o \ﬁ i
\% T EFEg— L@ s Lm
g\ 1969~ = = i peEE— \ —————— =S80
A\ 8969 h £ s o=
o=n0. ] 2 Qo \
< = o
T \ =~ “ = £
£ 2 ]
r 3 = = o e,
R [ G =
N 2952~ I B o
zgszl gzt et § g
0821 €042~ _ w -
ezl ozeer i - m
0z'tZ1 o g 8
EOTET- B = z
hm_ﬁm% =4 P L i & R
06'2€1 o " . & .
&y B €01€1~ Mi|l1wy B d = DMmA b 3%
- = | c\A J\
M\A /ﬂ 0B ZET~ 3 [ @ g Z 2 N G
PP i 2 -
-

T
30

T
35

40

45

50

60

1 (ppm)



HRMS (ESI) spectrum of 13b

mBcmaa
03-17-03 {0.030) Is {1.00,1.00) C40H7ENA0T7P3 1. TOF MS ES+
930.4879 6.13e12
100
B - 931.4911
g3z.4941 533 4964
4
D 1 1 1 I 1 I ] | | 1 I ] I

03-17-03 331 (1.439) Crm (351-280:304)

1: TOF M35 ES+
100+ 230.4883 1 F9e3
8115015
=
8325013 8332826
0 ; ol i .
T f T T T T T T T T T T T T mfz
026 0827 828 5829 830 831 832 B33 834 835 836 837 8938 539
mbBcmak

03-17-03 381 (1.439) Cm (351-280:304)

1: TOF MS ES+
100+ 830.4383 1.69e3
831.5015
w2
g44.5239
3455326
ra
g16.4825
Q-

40 780 780 800 820

sz
940  8e0 @30 900 920 940 980 980

43



"H NMR spectrum of 13¢
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3P NMR spectrum of 13¢
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HRMS (ESI) spectrum of 13¢
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"H NMR spectrum of 13d
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3P NMR spectrum of 13d
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HRMS (ESI) spectrum of 13d

macmB 1

03-17-06 (0.030) 15 (1.00,1.00) C44H83MN07F3
1004 B86.5505

1: TOF MS ES+
586812
8a7.5538
m e
888.5568
38955496
D 1 1 1 1 1 : 1 1 1
03-17-06 372 (1.407) Crm (37 2-200:266) 1: TOF MS ES+
386.55345 2.41e3
100+
ga7.a7a7
3‘?‘_
888.5787
8895334
0 T T T T =) T : T T T mfz
g04 g5 baalad agv a8a a9 a0 a9 g2
mecmB
03-17-06 372 (1.407) Crm (37 2-200:265) 1: TOF M5 ES+
4437711 9.1%e3
100
4442741
B\Q_
445.2695 il
4672233 BE4.4077
.
4152341 . iﬂ.?gga /Ei/EIEI.5818
0 llll-Jl..Ulll| | ki .“.':'
400 a00

600 700 800

iz
Q00 1000

49



Complexation data

1) '"H NMR spectra of 11b and 11b/ZnCl,
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2) IR spectra

IR spectrum of 6a
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IR spectrum of 6a in the presence of CuSO4
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IR spectrum of 6b
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IR spectrum of 6b in the presence of CuSO4
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IR spectrum of 6¢
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IR spectrum of 6¢ in the presence of CuSOy4
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IR spectrum of 8a
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IR spectrum of 8a in the presence of CuSO4
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IR spectrum of 8b
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IR spectrum of 8b in the presence of CuSO4
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IR spectrum of 11a
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IR spectrum of 11a in the presence of CuSO4

|——11a+Cy
1.0 Lsiga
0,9 -
B |
Q
S 08
= b <
g | 0\ 3
& S\ <
= 074 e N
; N
0,6 -
05 J T ¥ T i T y T 1 T T T T T
4000 3500 3000 2500 2000 1500 1000 500
wavenumber cm’”’
IR spectrum of 11a in the presence of Y(NO3);3
1.0 i
\ USSPl
4 \ [L f
= : s (
<
@ 1 > 2 ﬂ
o (32} L ol e
c o o))
o 08 o © o
5= o [ee]
& ! =4 3
2 07 1E
07 S |z a
& 48
1 &> ® 2
™~ (o)}
o~
0,6 - =
0.5 T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

-1
wavenumber cm

62



IR spectrum of 11b
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IR spectrum of 11b in the presence of CuSO4
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IR spectrum of 11¢
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IR spectrum of 11¢ in the presence of CuSOy
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IR spectrum of 11d

3251

4€
1634,

3405,

o
[(8,]
1 1
2931,
142;
12053
1{0d3e ==

Transmittance

698,

o
V)

1
545,

©
M~
o)

T

0,0 — : ; : .
4000 3500

T | T T T T
3000 2500 2000 1500 1000 500

#
wavenumber cm

IR spectrum of 11d in the presence of ZnCl,

[ —— 11d + Zn|

ool \

[39]
O
-—

3317

O
o

2977,

=

(=]

[e)]

1
—

m—
o
o
I
it

Transmittance
o o
~ [3)]
| T
117
697
548,H

988,

T T T T T T

T T | T T T T
4000 3500 3000 2500 2000 1500 1000 500

#
wavenumber cm

67



IR spectrum of 11d in the presence of CuSO4
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IR spectrum of 13a
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IR spectrum of 13a in the presence of CuSO4
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IR spectrum of 13b
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IR spectrum of 13b in the presence of CuSO4
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IR spectrum of 13¢
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IR spectrum of 13¢ in the presence of CuSOy,
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IR spectrum of 13d
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IR spectrum of 13d in the presence of CuSO4
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3) Spectrofluorimetric spectra

6a in the presence of ZnCl,
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6b in the presence of ZnCl,
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6¢ in the presence of ZnCl,
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8a in the presence of ZnCl,
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8b in the presence of ZnCl,
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11a in the presence of ZnCl,
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11b in the presence of ZnCl,
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11c¢ in the presence of ZnCl,
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11d in the presence of ZnCl,
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13a in the presence of ZnCl,
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13b in the presence of CuSO4
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13c in the presence of ZnCl,
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13d in the presence of CuSO4
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4) Titration curves

Titration curves of ligands 6a-c and 8a-b with Zn?".
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Titration curves of ligands 11a-d and 13a-c with Zn?*,
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Titration curves of ligands 11a-d and 13a-d with Cu?".
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Titration curves of ligands 11a-d and 13a-d with Y3,
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