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I. General Information

All reactions were run in a tube under air atmosphere. All commercially available reagent grade
chemicals and solvents were used as received without further purification. "H NMR (400 MHz), 13C
NMR (100 MHz) ,'F NMR (376 MHz) and *'P NMR (162 MHz), spectra are reported relative to
chemical shift of tetramethylsilane (TMS). Chemical shifts (8) are reported in ppm and coupling
constants (J) in hertz (Hz). The following abbreviations are used to explain the multiplicities: s =
singlet, d = doublet, dd = doublet of doublet, t = triplet, q = quartet, m = multiplet. For HRMS (ESI)
measurements, the mass analyzer is micrOTOF-Q. The UV-Vis measurements were carried out us-
ing a UV-Vis spectrophotometer (ULN 2209003, MAPADA P6). Photochemical reactions were per-
formed with a 100 W 390 nm LED purchased from Shanghai 3S Technology Co., Ltd

(https://www.3s-tech.net/en/#).
I1. General procedure for Phosphinic Amides

(1) With the scale of 0.2 mmol

Add nitroarene (0.2 mmol), pentamethyldiethylenetriamine (PMDETA, 2.0 equivalents), and
chlorophosphines (1.2 equivalents) sequentially to ethyl acetate (4 mL) in a 10 mL reaction tube.
Irradiate the mixture with a 100 W 390 nm LED at room temperature under an air atmosphere for 8
hours, monitoring the reaction progress by thin-layer chromatography (TLC). Upon completion,
quench the reaction mixture with water (10 mL) and extract it with ethyl acetate (3x). Combine the
organic layers, dry over anhydrous Na:SOs, and filter. Concentrate the filtrate under reduced pres-
sure to obtain the crude product. Purify the residue by silica gel column chromatography using a
petroleum ether/ethyl acetate gradient to afford the pure product.

(2) With the scale of gram quantities and subsequent derivatization to synthe-
size inhibitors of Kv1.5

Add 3-nitropyridine (1 g), PMDETA (2.0 equiv.), and chlorophosphines (1.2 equiv.) sequentially
to ethyl acetate (20 mL) in a 50 mL reaction tube. Irradiate the mixture with a 100 W 390 nm LED
at room temperature under an air atmosphere for 8 hours, monitoring the reaction progress by thin-
layer chromatography (TLC). Upon completion, quench the reaction mixture with water (10 mL)
and extract it with ethyl acetate (3x). Combine the organic layers, dry over anhydrous Na.SOs, and
filter. Concentrate the filtrate under reduced pressure to obtain the crude product. Purify the residue
by silica gel column chromatography using a petroleum ether/ethyl acetate gradient to afford the
pure product.

Dissolve compound 44 in anhydrous DMF (15 mL) and cool the mixture to 0°C. Add sodium

hydride (3 equivalents) in batches. After 1 hour, add iodo propane (3 equivalents) dropwise and stir
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the mixture at room temperature for 6 hours. Slowly pour the reaction mixture into ice-cold water
and extract with ethyl acetate. Wash the organic layer with brine, dry over MgSO4, and concentrate
under reduced pressure. Purify the residue by silica gel column chromatography (dichloro-

methane/methanol = 10:1) to obtain compound 45.

II1. Mechanistic Studies

(1) Control experiment
The formation was completely restrained upon adding TEMPO (2.0 equiv.) under standard con-
ditions, and radical adduct 47 was detected by NMR and HRMS.

a7
Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 5:1) as eluant, white solid (31% yield, 22.2mg).
'H NMR (400 MHz, Chloroform-d) 8 7.75 — 7.69 (m, 4H), 7.47 — 7.26 (m, 6H), 1.70 — 1.67 (m,
2H), 1.6 2— 1.59 (m, 4H), 1.36 (s, 12H).
3IP NMR (162 MHz, Chloroform-d) & 32.4.
HRMS (ESI) m/z: 358.1991 [M+H]*
(Known compound: Org. Lett. 2023, 25,9, 1583—1588)
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(2) UV-vis experiment

UV-vis experiments were performed to analyze the potential association of PMDETA, with elec-
tron acceptors—nitrobenzene

Various combinations of 1, PMDETA and chlorodiphenylphosphine in EA

a) PMDETA (400 pL) was dissolved in EA (4.6 mL).

b) chlorodiphenylphosphine (200 pL) was dissolved in EA (4.8 mL).

¢) 1(100 pL) was dissolved in EA (4.9 mL).

d) 1(100 pL) and chlorodiphenylphosphine (200 uL) were dissolved in EA (4.70 mL).

e) 1(100 puL) and PMDETA (400 pL) were dissolved in EA (4.50 mL).
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Figure S1 UV-vis spectra of various combinations of 1, PMDETA and chlorodiphenylphosphine in EA

The results revealed that PMDETA can associate with 1 to form the EDA complex I, resulting a

bathochromic shifted compared to the spectra of the individual components.

(3)Quantum yield experiment

Based on the report by Yoon et al. (Chem. Sci., 2015, 6, 5426-5434), the photon flux of the LED
(Amax =405 nm) was determined using the standard ferrous oxalate spectrophotometric method. First,
potassium oxalate monohydrate (0.737 g) was dissolved in 10 mL of 0.05 M H2SOa to prepare a
0.15 M ferrous oxalate solution. Subsequently, 1,10-phenanthroline (5.0 mg) and sodium acetate
(1.13 g) were dissolved in 5.0 mL of 0.5 M H2SOs to prepare the 1,10-phenanthroline buffer solution.
Both solutions were stored in the dark.

To determine the photon flux of the LED, 3.0 mL of the ferrous oxalate solution was placed in a
test tube and irradiated for 90 seconds with the LED at Amax = 405 nm. After irradiation, 0.525 mL
of the 1,10-phenanthroline solution was added to the test tube, and the mixture was stirred in the
dark for 1 hour to ensure complete complexation between ferrous ions and 1,10-phenanthroline. The
absorbance of a diluted sample (200 pL of the resulting solution diluted to 3.5 mL with water) was
measured at 510 nm. The absorbance measured at 510 nm for a non-irradiated sample was used as

a blank control. The obtained absorbance experimental data are as follows:

Non-irrad Irrad 1 Irrad 2 Irrad 3
A510 0m 0.041 0.455 0.446 0.440
Average 4510 nm of irradiation samples 0.447
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Based on the molar absorptivity (g) of the Fe?*-1,10-phenanthroline complex at 510 nm, the molar
amount of Fe?* (mol Fe?**) can be calculated using Equation (2-1).
mol Fe?* = (V x AA)/ (1 x ¢) (2-D)
mol Fe** = (V x AA x V,)/ (Ix £ x V)
mol Fe?* =(3.525%1073x0.406x3.0x10-%)/ (1x11100%200x10) =1.93x10° mol
(V represents the total volume of the solution after the addition of the phenanthroline solution
(3.525%x107* L), Vi is the volume of the sample taken for measurement before dilution (200 pL =
200 x 107° L), V; is the total volume after dilution for absorbance measurement (3.0 mL = 3.0 x
1072 L), AA is the absorbance difference between the irradiated and non-irradiated solutions at 510
nm, L is the path length (1.00 cm), and € is the molar absorptivity of the ferrous oxalate complex at
510 nm (11100 L-mol '-ecm™).)
The photon flux can be calculated using Equation (2-2).
photo flux= mol Fe*/ ® (Fe?") x tx (2-2)
photo flux=1.93x10%/ (1.13x90x0.942) =2.01x10® einstein s~!

(Where @ is the quantum yield of the ferrous oxalate complex (the quantum yield of a 0.15 M
solution at A =405 nm is 1.13) (Green Chem., 2024, 26, 7198-7205), t is the exposure time (90.0 s),
and f is the fraction of absorbed light at A = 405 nm (f=1 - 1074« "™ = (0.94246). The photon flux
(average value from three experiments) is calculated to be 2.01 x 107® einstein s7.)

Finally, nitrobenzene (0.2 mmol), PMDETA(0.4 mmol), and diphenylphosphine chloride(0.24
mmol) were tested at A max=405 nm. Under the irradiation of an LED lamp, the reaction lasted for
12000 seconds, and the nuclear magnetic resonance yield was calculated using 1,3,5-trimethox-
ybenzene as the internal standard. The yield of 2 was 16%. Finally, according to formula (2-3), the
quantum yield of the reaction can be obtained.

Quantum Yield = moles of product formed / (flux x fx t) (2-3)
Quantum Yield = 0.024x1073/ (2.01x10% x 0.942 x 12000) = 0.11
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III. Characterization data for the products

1]
HN—R—Ph
Ph

H 2

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (73% yield, 44.94 mg).

'H NMR (400 MHz, Chloroform-d) 8 7.94 — 7.84 (m, 4H), 7.56 — 7.50 (m, 2H), 7.50 — 7.42 (m,
4H), 7.14 (t, J="7.7 Hz, 2H), 6.98 (d, J = 7.9 Hz, 2H), 6.89 (t, /= 7.4 Hz, 1H), 5.37 (s, 1H).

13C NMR (100 MHz, Chloroform-d) & 140.3, 132.3 (d, J= 2.7 Hz), 132.0 (d, /= 10.0 Hz), 131.9
(d, J=133.7 Hz), 129.3, 128.9 (d, /= 13.0 Hz), 121.9, 118.5 (d, J= 6.6 Hz).

3IP NMR (162 MHz, Chloroform-d) & 18.5.

(Known compound: J. Org. Chem. 2024, 89, 10, 6729-6739).

i
HN—R—Ph
Ph

Me 3

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (65% yield, 39.91 mg).

'"H NMR (400 MHz, DMSO-d6) & 8.12 (d, J = 11.7 Hz, 1H), 7.85 — 7.73 (m, 4H), 7.59 — 7.44 (m,
6H), 6.99 — 6.87 (m, 4H), 2.13 (s, 3H).

13C NMR (100 MHz, DMSO-d6) 4 139.4, 133.1 (d, J = 126.6 Hz), 131.8 (d, J= 2.8 Hz), 131.7 (d,
J=9.8 Hz), 129.3, 129.2, 128.6 (d, /= 12.5 Hz), 118.4 (d, J = 6.9 Hz), 20.2.

3P NMR (162 MHz, DMSO-d6) § 16.2.

(Known compound: J. Org. Chem. 2024, 89, 10, 6729-6739).

1]
HN—FR—Ph
Ph

4

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (62% yield, 44.03 mg).
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'H NMR (400 MHz, Chloroform-d) & 7.94 — 7.82 (m, 4H), 7.55 — 7.48 (m, 2H), 7.48 — 7.41 (m,
4H), 7.16 — 7.11 (m, 2H), 6.89 (d, J = 8.6 Hz, 2H), 5.39 (s, 1H), 1.22 (s, 9H).

13C NMR (100 MHz, Chloroform-d) & 144.6, 137.5, 132.2 (d, J = 2.8 Hz), 132.1 (d, J = 129.4 Hz),
132.0 (d, J= 10.0 Hz), 128.8 (d, J = 13.0 Hz), 126.1, 118.2 (d, J = 6.5 Hz), 34.1, 31.4.

3IP NMR (162 MHz, Chloroform-d) & 18.6.

(Known compound: Org. Lett. 2022, 24, 49, 9130-9134).

i
HN—FR—Ph
Ph

Ph 5

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (49% yield, 36.20 mg).

TH NMR (400 MHz, DMSO-ds) 8 8.39 (s, 1H), 7.82 (m, 4H), 7.65 — 7.33 (m, 12H), 7.31 — 7.07 (m,
3H).

13C NMR (100 MHz, DMSO-ds) 4 141.7, 139.8, 133.6, 132.4, 132.0, 131.7 (d, /= 10.0 Hz), 131.5
(d,J=9.7Hz), 128.7 (d, J = 11.1 Hz), 127.1, 126.6, 126.0, 118.6 (d, /= 7.0 Hz).

3IP NMR (162 MHz, DMSO-ds) 6 16.47.

(Known compound: J. Org. Chem. 2024, 89, 11, 7848-7858).

i
HN—FR—Ph
Ph

PhO 6

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (66% yield, 50.87 mg).

H NMR (400 MHz, Chloroform-d) & 7.95 — 7.86 (m, 4H), 7.59 — 7.52 (m, 2H), 7.51 — 7.43 (m,
4H), 7.32 — 7.26 (m, 2H), 7.09 — 6.97 (m, 3H), 6.95 — 6.89 (m, 2H), 6.87 — 6.79 (m, 2H), 5.55 (s,
1H).

13C NMR (100 MHz, Chloroform-d) & 158.0, 151.7, 136.2, 132.4 (d, /= 2.8 Hz), 132.1 (d, /= 10.0
Hz), 131.9 (d, J = 129.2 Hz), 129.7, 128.9 (d, J = 12.9 Hz), 122.8, 120.4, 120.3 (d, J = 6.3 Hz),
118.1.

3IP NMR (162 MHz, Chloroform-d) & 18.9.

HRMS: C24H20NO,P [M+H] *; calculated: 386.1310, found: 386.1317.
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=0

HN—F—Ph

7

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (63% yield, 38.72mg).

'H NMR (400 MHz, Chloroform-d) & 7.94 — 7.84 (m, 4H), 7.56 — 7.49 (m, 2H), 7.49 — 7.42 (m, 4H),
7.20 (d, J=8.0 Hz, 1H), 7.11 (d, J=7.5 Hz, 1H), 6.97 — 6.91 (m, 1H), 6.87 — 6.75 (m, 1H), 5.06 (s, 1H),
2.28(S, 3H).

13C NMR (100 MHz, Chloroform-d) § 138.6, 132.2 (d, J= 2.9 Hz), 132.1 (d, J=129.5 Hz), 131.9 (d, J
=9.9 Hz), 130.5, 128.8 (d, J=12.9 Hz), 127.0, 125.5 (d, /= 7.9 Hz), 122.1, 118.9 (d, /= 4.2 Hz), 17.8.
3P NMR (162 MHz, Chloroform-d) § 18.6.

(Known compound: J. Org. Chem. 2024, 89, 10, 6729-6739).

0
HN=—R—Ph
Ph

F 8

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (84% yield, 52.30 mg).

'H NMR (400 MHz, Chloroform-d) & 7.93 — 7.80 (m, 4H), 7.56 — 7.47 (m, 2H), 7.46 — 7.36 (m, 4H),
7.05 - 6.93 (m, 2H), 6.87 — 6.73 (m, 2H), 5.64 (s, 1H).

13C NMR (100 MHz, Chloroform-d) § 158.4 (d, J = 240.6 Hz), 136.5, 132.4 (d, J = 2.8 Hz), 132.1 (d, J
=10.0 Hz), 131.1, 128.9 (d, J=13.0 Hz), 120.9 — 119.9 (m), 116.0 (d, J= 22.7 Hz).

3P NMR (162 MHz, Chloroform-d) 5 18.9.

1F NMR (376 MHz, Chloroform-d) & -121.8.

(Known compound: J. Org. Chem. 2024, 89, 11, 7848—7858).

1]
HN—R—Ph
Ph

Cl 9

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (79% yield, 51.78 mg).
'H NMR (400 MHz, DMSO-ds) & 8.42 (d, J = 11.6 Hz, 1H), 7.79 (m, 4H), 7.66 — 7.44 (m, 6H), 7.30 —
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7.15 (m, 2H), 7.12 — 7.03 (m, 2H).

13C NMR (100 MHz, DMSO-ds) & 141.2, 133.2, 132.0 (d, J=2.7 Hz), 132.0, 131.6 (d, /= 9.9 Hz), 128.8
(d, J=12.2 Hz), 124.4,119.7 (d, J=7.0 Hz).

3P NMR (162 MHz, DMSO-ds) 6 16.9.

(Known compound: J. Org. Chem. 2024, 89, 11, 7848-7858).

1]
HN—R—Ph
Ph

Br 10

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (62% yield, 46.15 mg).

'"H NMR (400 MHz, DMSO-de) & 8.44 (d, J=11.7 Hz, 1H), 7.83 — 7.73 (m, 4H), 7.63 — 7.46 (m, 6H),
7.32 —7.25 (m, 2H), 7.06 — 6.99 (m, 2H).

13C NMR (100 MHz, DMSO-de) 8 141.6, 133.2, 132.1 (d, J = 2.7 Hz), 131.9, 131.7 (d, J = 9.9 Hz),
128.8 (d, J=12.5Hz), 120.2 (d, J= 7.0 Hz), 112.3.

3P NMR (162 MHz, DMSO-de) 5 16.9.

(Known compound: J. Org. Chem. 2024, 89, 11, 7848—7858).

1
HN—R—Ph
Ph

l 11

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (62% yield, 51.98 mg).

'"H NMR (400 MHz, DMSO-de) § 8.41 (d, J=11.7 Hz, 1H), 7.83 — 7.73 (m, 4H), 7.61 — 7.48 (m, 6H),
7.47-1741 (m, 2H), 6.91 (d, J= 8.5 Hz, 2H).

13C NMR (100 MHz, DMSO-de)8 142.1, 137.4, 132.6 (d, J = 126.5 Hz), 132.0 (d, J = 2.7 Hz), 131.6 (d,
J=9.9 Hz), 128.8 (d, J=12.5 Hz), 120.6 (d, J=7.0 Hz), 83.5.

3P NMR (162 MHz, DMSO-ds) 6 16.8.

(Known compound: J. Org. Chem. 2024, 89, 11, 7848—7858).
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~U=0

HN—R—Ph
Ph

FsC 12

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (70% yield, 50.58 mg).

'H NMR (400 MHz, DMSO-ds) 8 8.76 (d, J= 11.8 Hz, 1H), 7.80 (m, 4H), 7.64 — 7.45 (m, 8H), 7.22 (d,
J=28.6 Hz,2H).

13C NMR (100 MHz, DMSO-de) & 146.1, 132.9, 132.2 (d, J = 2.9 Hz), 131.6 (d, J = 10.2 Hz), 128.8 (d,
J=12.7Hz), 126.2 (d,J=4.0 Hz), 124.6 (d, J=271.1 Hz), 120.7 (4, J=31.9 Hz), 117.9 (d, J=7.2 Hz).
3P NMR (162 MHz, DMSO-dg) 6 17.1.

F NMR (376 MHz, DMSO-ds) & -59.9.

(Known compound: J. Org. Chem. 2024, 89, 11, 7848—7858).

0
HN—R—Ph
Ph

0= 13
Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (93% yield, 59.76 mg).
'H NMR (400 MHz, Chloroform-d) & 9.74 (s, 1H), 7.88 — 7.79 (m, 4H), 7.66 — 7.59 (m, 2H), 7.58 — 7.50
(m, 2H), 7.49 — 7.40 (m, 4H), 7.13 — 7.07 (m, 2H), 6.27 (s, 1H).
13C NMR (100 MHz, Chloroform-d) § 191.0, 147.0, 132.8 (d, J= 2.8 Hz), 132.0 (d, /= 10.1 Hz), 131.7,
131.2 (d, J=128.9 Hz), 130.4, 129.1 (d, /= 13.0 Hz), 118.2 (d, J = 6.6 Hz).
3Ip NMR (162 MHz, Chloroform-d) § 19.2.

HRMS: Cy0H;sNOP [M+H] *; calculated: 322.0997, found: 322.1002.
0
HN— \—Ph
Ph

0]
14

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (88% yield, 59.02 mg).
'H NMR (400 MHz, Chloroform-d) & 7.89 — 7.82 (m, 4H), 7.73 (d, J = 8.3 Hz, 2H), 7.58 — 7.50 (m, 2H),
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7.48 — 7.41 (m, 4H), 7.02 (d, J = 8.5 Hz, 2H), 2.47 (s, 3H).

13C NMR (100 MHz, Chloroform-d)5 196.8, 145.3,132.6 (d, J=2.9 Hz), 131.9 (d, J = 10.3 Hz), 131.1
(d, J=126.4 Hz)130.9, 130.1, 129.0 (d, J = 13.2 Hz), 117.7 (d, J = 6.6 Hz), 26.2.

3P NMR (162 MHz, Chloroform-d) § 19.2.

(Known compound: Chin Chem Lett. 2007, 18,1033—-1036).
]
HN—R—Ph
Ph

\ 15

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (74% yield, 47.26 mg).

'H NMR (400 MHz, Chloroform-d) § 7.91 — 7.82 (m, 4H), 7.57 — 7.49 (m, 2H), 7.44 (ddd, J= 8.5, 6.7,
3.4 Hz, 4H), 7.21 - 7.16 (m, 2H), 6.98 — 6.92 (m, 2H), 6.57 (dd, J=17.6, 10.9 Hz, 1H), 5.60 — 5.50 (m,
2H), 5.08 (dd, J=10.9, 0.9 Hz, 1H).

13C NMR (100 MHz, Chloroform-d) 140.2, 136.3, 132.4 (d, J = 2.8 Hz), 132.1 (d, J = 10.1 Hz), 131.9
(d, J=129.4 Hz), 131.5, 128.9 (d, J=13.0 Hz), 127.3, 118.6 (d, J= 6.6 Hz), 112.0.

3P NMR (162 MHz, Chloroform-d)  18.5.

HRMS: Cy0HsNOP [M+H] *; calculated: 320.1204, found: 320.1199.

i
HN—R—Ph
Ph

% 16

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (79% yield, 50.14 mg).

'"H NMR (400 MHz, DMSO-de) & 7.66 (d, J = 11.8 Hz, 1H), 6.97 — 6.82 (m, 4H), 6.74 — 6.64 (m, 6H),
6.37 (d, J=8.5 Hz, 2H), 6.18 (s, 2H), 3.10 (s, 1H).

13C NMR (100 MHz, DMSO-ds) '*C NMR (100 MHz, DMSO-ds) & 143.0, 132.5 (d, J = 126.5 Hz),
132.5,132.1 (d, J=2.7 Hz), 131.6 (d, J = 9.9 Hz), 128.8 (d, /= 12.6 Hz), 118.1 (d, J=7.2 Hz), 113.5,
83.8,79.2.

3P NMR (162 MHz, DMSO-d) 6 16.7.

HRMS: Cy0H,NOP [M+H] *; calculated: 318.1048, found: 318.1046.
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=0

HN—FR—Ph
Ph

© O

?’ 17

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (80% yield, 56.21 mg).

'H NMR (400 MHz, DMSO-ds) 6 8.32 (dd, J = 11.5, 2.2 Hz, 1H), 7.86 — 7.76 (m, 4H), 7.65 — 7.44 (m,
6H), 7.13 = 7.03 (m, 2H), 6.95 — 6.84 (m, 2H), 2.19 (s, 3H).

13C NMR (100 MHz, DMSO-ds) 6 169.4, 144.2, 139.7, 133.5, 132.3 131.9 (d,J=2.8 Hz), 131.6 (d, J =
9.9 Hz), 128.7 (d, J=12.5 Hz), 122.0, 118.7 (d, J= 7.0 Hz), 20.7.

3P NMR (162 MHz, DMSO-d)  16.6.

HRMS: Cy0HsNOsP [M+H] *; calculated: 352.1102, found: 352.1098.

0
HN—R—Ph
Ph

© NH
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Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (78% yield, 54.66mg).

'"H NMR (400 MHz, DMSO-dc) 5 9.68 (s, 1H), 8.13 (d, J = 11.5 Hz, 1H), 7.94 — 7.71 (m, 4H), 7.66 —
7.40 (m, 6H), 7.34 — 7.24 (m, 2H), 7.14 — 6.90 (m, 2H), 1.95 (s, 3H).

13C NMR (100 MHz, DMSO-ds) '*C NMR (100 MHz, DMSO-ds) 6 169.4, 144.2, 139.7, 132.9 (d, J =
126.5 Hz), 132.0 (d, J= 2.8 Hz), 131.6 (d, J=9.9 Hz), 128.7 (d, /= 12.5 Hz), 122.1, 118.8 (d, /= 7.0
Hz), 20.8.

3P NMR (162 MHz, DMSO-ds) 6 16.3.

HRMS: CyHsN2O,P [M+H] 7; calculated: 351.1262, found: 351.1259.

N 1
N HN—FR—Ph
Ph
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Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA

= 1:1) as eluant, white solid (74% yield, 47.11mg).
S12



'H NMR (400 MHz, Chloroform-d) & 7.96 — 7.86 (m, 4H), 7.68 — 7.55 (m, 1H), 7.55 — 7.47 (m, 6H),
7.44 (d, J= 8.4 Hz, 1H), 7.36 — 7.30 (m, 1H), 6.98 (d, J= 144.7 Hz, 1H), 5.93 (d, J=9.5 Hz, 1H).

13C NMR (100 MHz, Chloroform-d) § 144.0, 134.3,132.9 (d, /= 2.9 Hz), 132.7,131.9 (d, J= 10.2 Hz),
130.9 (d, J=129.2 Hz), 129.2 (d, /= 13.2 Hz), 122.1, 119.0 (d, /= 4.1 Hz), 117.0, 101.5 (d, /= 8.1 Hz).
3P NMR (162 MHz, Chloroform-d) § 19.6.

(Known compound: Eur. J. Inorg. Chem. 2004, 530-537).

0 20

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (84% yield, 71.99mg).

'H NMR (400 MHz, Methanol-ds)  7.91 — 7.79 (m, 4H), 7.65 — 7.48 (m, 8H), 7.22 — 7.12 (m, 2H), 3.14
(q,J=7.1 Hz, 4H), 1.04 (t, J = 7.1 Hz, 6H).

13C NMR (100 MHz, Methanol-ds) § 147.1, 133.9 (d, J = 2.9 Hz), 133.6, 133.0 (d, J = 10.4 Hz), 132.0
(d, J=130.1 Hz), 130.1 (d, /= 13.2 Hz), 129.5, 119.4 (d, J= 7.3 Hz), 43.2, 14.6.

3P NMR (162 MHz, Methanol-ds) § 21.4.

HRMS: C2H3sN2O3PS[M+H] *; calculated: 429.1401, found: 429.1401.

0
HN—R—Ph
Ph

21

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (58% yield, 37.28mg).

'"H NMR (400 MHz, Chloroform-d) & 7.93 — 7.84 (m, 4H), 7.55 — 7.48 (m, 2H), 7.47 — 7.41 (m, 4H),
7.12(d, J=8.1 Hz, 1H), 6.83 (t,J=7.7 Hz, 1H), 6.75 (d, J= 7.5 Hz, 1H), 5.08 (d, /= 8.4 Hz, 1H), 2.27
(s, 3H), 2.19 (s, 3H).

13C NMR (100 MHz, Chloroform-d) § 138.4, 137.1, 132.3 (d,J=129.0 Hz), 132.1 (d,J=2.4 Hz), 131.9
(d, J=9.8 Hz), 128.8 (d, J= 12.8 Hz), 126.0, 124.5 (d, /= 7.5 Hz), 124.2, 117.5 (d, J = 3.9 Hz), 20.8,
13.3.

3P NMR (162 MHz, Chloroform-d) § 18.6.

HRMS: Cy0H3N,O,P [M+H] ; calculated: 322.1361, found: 322.1359.
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Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (20% yield, 12.85mg).

'H NMR (400 MHz, Chloroform-d) & 7.85 — 7.78 (m, 4H), 7.52 — 7.46 (m, 2H), 7.44 — 7.37 (m, 4H),
6.97 - 6.91 (m, 3H), 4.60 (d, J= 5.3 Hz, 1H), 2.27 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 136.3 (d, J=4.2 Hz), 135.1 (d, J=3.6 Hz), 133.3, 132.0 (d, J =
1.8 Hz), 131.9, 128.8, 128.5 (d, /= 12.8 Hz), 125.6 (d, J= 1.5 Hz), 20.2..

3P NMR (162 MHz, Chloroform-d) § 20.4.

(Known compound: New J. Chem., 2012, 36, 2280-2285).

| 23

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (80% yield, 54.61mg).

'H NMR (400 MHz, Chloroform-d) & 7.99 — 7.84 (m, 4H), 7.57 — 7.50 (m, 2H), 7.50 — 7.42 (m, 4H),
7.20 (t,J=9.2 Hz, 1H), 6.63 (d, 1H), 6.50 — 6.37 (m, 1H), 5.21 (d, J=9.1 Hz, 1H), 3.68 (s, 3H).

13C NMR (100 MHz, Chloroform-d) § 155.4 (d, /= 10.3 Hz), 154.9 (d, J=10.2 Hz), 152.5 (d,J= 7.8
Hz), 132.5 (d, J = 2.4 Hz), 132.1 (d, /= 9.8 Hz), 129.0 (d, J = 12.9 Hz), 121.5 (d, /= 13.0 Hz), 121.3,
109.5 (d, J=3.1 Hz), 102.4 (d, J=22.8 Hz), 55.8.

3P NMR (162 MHz, Chloroform-d) § 19.3.

F NMR (376 MHz, Chloroform-d) & -129.1.

HRMS: Ci9H7FNO,P [M+H] *; calculated: 342.1059, found: 342.1055.

o @
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Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
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= 1:1) as eluant, white solid (85% yield, 62.11mg).
'H NMR (400 MHz, Chloroform-d) § 9.72 (s, 1H), 7.87 — 7.78 (m, 4H), 7.60 (d, J = 8.1 Hz, 2H), 7.56 —
7.50 (m, 2H), 7.47 — 7.40 (m, 4H), 7.13 — 7.04 (m, 2H), 6.50 (s, 1H).
13C NMR (100 MHz, Chloroform-d) 8 191.0, 147.1, 132.8 (d, J = 2.5 Hz), 132.0 (d, /= 10.2 Hz), 131.6,
130.3,129.1 (d, J=13.1 Hz), 118.2 (d, J= 7.0 Hz), 118.1.
3P NMR (162 MHz, Chloroform-d) & 19.3.
HRMS: Cy0H6NO4P [M+H] *; calculated: 366.0895, found: 366.0885.
e
oy
S 25
Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (68% yield, 47.52mg).
'H NMR (400 MHz, DMSO-dc)  8.34 (d, J = 11.7 Hz, 1H), 7.86 — 7.77 (m, 4H), 7.74 (d, J = 8.7 Hz,
1H), 7.64 (d, J= 5.4 Hz, 1H), 7.59 — 7.46 (m, 7TH), 7.25 — 7.18 (m, 2H).
13C NMR (100 MHz, DMSO-ds) & 140.0, 139.1, 133.6, 132.3, 131.9 (d, J = 2.8 Hz), 131.7 (d, /= 10.0
Hz), 128.6 (d, J=12.4 Hz), 128.0, 123.5, 122.7, 117.2 (d, J= 7.4 Hz), 112.0 (d, J = 6.7 Hz).
3P NMR (162 MHz, DMSO-ds) 6 16.8.
HRMS: Cy0HNOPS [M+H] *; calculated: 350.0748, found: 350.0744.

26

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (57% yield, 39.17mg).

'H NMR (400 MHz, Chloroform-d) & 8.02 — 7.89 (m, 5H), 7.87 — 7.80 (m, 1H), 7.58 — 7.37 (m, 10H),
7.23 -7.14 (m, 1H), 5.96 — 5.69 (m, 1H).

13C NMR (100 MHz, Chloroform-d) & 135.5, 134.4, 132.4 (d, J = 3.5 Hz), 132.1 (d, /= 9.8 Hz), 132.1
(d, J = 130.0 Hz), 129.1 (d, J = 2.9 Hz), 129.0 (d), 126.2, 123.2, 120.4, 117.0.3'P NMR (162 MHz,
Chloroform-d) 6 19.0.

(Known compound: J. Org. Chem. 2024, 89, 10, 6729-6739).
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Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (87% yield, 57.85mg).

'H NMR (400 MHz, Chloroform-d) 4 8.74 (dd, J=4.3, 1.6 Hz, 1H), 8.09 (dd, /= 8.3, 1.7 Hz, 1H), 8.01
(d, J=13.3 Hz, 1H), 7.95 (m, 4H), 7.60 — 7.50 (m, 2H), 7.49 — 7.43 (m, 4H), 7.42 — 7.36 (m, 2H), 7.33
—7.20 (m, 2H).

13C NMR (100 MHz, Chloroform-d) § 148.1, 138.8 (d, J=7.3 Hz), 137.8, 136.4, 132.3 (d, J = 2.9 Hz),
132.2 (d,J=129.0 Hz), 131.9 (d, /= 10.2 Hz), 128.9 (d, /= 13.1 Hz), 128.5,127.2, 121.8, 119.5, 113.9
(d, J=3.8 Hz).

3P NMR (162 MHz, Chloroform-d) & 19.0.

(Known compound: J. Org. Chem. 2019, 84, 16, 10481-10489).

0
HN—R—Ph
Ph

<=N

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA

28

= 1:1) as eluant, white solid (79% yield, 54.56mg).

'H NMR (400 MHz, Chloroform-d) & 8.60 (d, J= 2.0 Hz, 1H), 8.56 (d, J= 2.0 Hz, 1H), 7.93 — 7.82 (m,
5H), 7.77 (dd, J = 9.0, 2.6 Hz, 1H), 7.64 — 7.54 (m, 2H), 7.52 — 7.44 (m, 2H), 7.43 — 7.36 (m, 5H), 6.90
(d, J=9.9 Hz, 1H).

13C NMR (100 MHz, Chloroform-d) '*C NMR (100 MHz, Chloroform-d) & 107.5, 106.2, 105.3, 105.1,
101.5,94.9 (d, J=2.8 Hz), 94.4 (d, J=10.3 Hz), 93.1, 92.8, 91.3 (d, /= 13.1 Hz), 86.3 (d, J = 6.6 Hz),
76.6 (d, J= 6.9 Hz).

3P NMR (162 MHz, Chloroform-d) § 19.19.

HRMS: Cy0H6N3OP [M+H] *; calculated: 346.1109, found: 346.1106.

o 29

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
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= 1:1) as eluant, white solid (55% yield, 36.77mg).

'H NMR (400 MHz, Chloroform-d) & 7.95 (s, 1H), 7.93 — 7.84 (m, 4H), 7.46 (dtd, J = 31.6, 7.5, 2.0 Hz,
7H), 7.30 (d, J= 8.7 Hz, 1H),7.14(m, 1H), 5.85 (d, /= 9.0 Hz, 1 H).

13C NMR (100 MHz, Chloroform-d) & 153.3, 145.8, 140.8, 137.8, 132.5 (d, J = 2.7 Hz), 132.2 (d,
J=10.0Hz), 131.7 (d, J=129.6 Hz), 129.0 (d, /= 12.9 Hz), 117.9 (d, /= 6.4 Hz), 111.3, 110.4 (d,
J=6.9 Hz).

3IP NMR (162 MHz, Chloroform-d) & 19.0.

HRMS: Ci9H;sN,O,P [M+H] *; calculated: 335.0895, found: 335.0947.

AV 30

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (41% yield, 28.73mg).
'"H NMR (400 MHz, DMSO-de) 6 9.11 (s, 1H), 8.33 (s, 1H), 7.91 — 7.77 (m, 5H), 7.73 (d, J = 2.2 Hz,
1H), 7.61 — 7.48 (m, 6H), 7.34 (dd, J= 8.8, 2.2 Hz, 1H).
13C NMR (100 MHz, DMSO-de) & 153.0, 147.7, 140.4, 133.9 (d, J = 120.2 Hz), 132.1 (d, J = 2.8 Hz),
131.7 (d,J=9.9 Hz), 128.8 (d, /= 12.5 Hz), 123.2, 118.4 (d, /= 7.6 Hz), 109.9 (d, J= 7.0 Hz), 79.2.
31p NMR (162 MHz, DMSO-de) 5 17.4.
HRMS: Ci9H;sN,OPS [M+H] *; calculated: 351.0721, found: 351.0718.
1o
\Ph

N

31

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (53% yield, 41.28mg).

'H NMR (400 MHz, Chloroform-d) & 7.97 — 7.87 (m, 4H), 7.57 — 7.41 (m, 6H), 7.21 — 7.15 (m, 2H),
6.95-6.87 (m, 1H), 6.20 (s, 1H), 5.39 (d, J= 8.8 Hz, 1H), 2.70 (t, J= 7.6 Hz, 2H), 1.71 — 1.64 (m, 2H),
1.45 —1.33 (m, 2H), 0.94 (t, /= 7.3 Hz, 3H).

13C NMR (100 MHz, Chloroform-d) & 160.7, 150.8, 135.3, 132.2 (d, J= 3.4 Hz), 132.2, 129.8, 128.9 (d,
J=12.8 Hz), 115.8 (d, /= 6.7 Hz), 111.5, 111.1, 110.7, 102.0, 29.8, 28.3, 22.4, 13.9.

3P NMR (162 MHz, Chloroform-d) & 18.7.
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HRMS: C24H2sNO,P [M+H] *; calculated: 390.1623, found: 390.1618.

0
F HN—F—Ph

Ph
L
— 32

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (86% yield, 53.71mg).

'H NMR (400 MHz, Chloroform-d) § 7.98 — 7.86 (m, 4H), 7.82 (d, J= 5.0 Hz, 1H), 7.59 — 7.49 (m, 2H),
7.43 (d, J=3.9 Hz, 4H), 7.33 — 7.22 (m, 1H), 6.82 — 6.66 (m, 1H), 6.05 (s, 1H).

13C NMR (100 MHz, Chloroform-d) & 147.5 (dd, J = 254.1, 6.5 Hz), 143.8 (d, J= 11.8 Hz), 143.3 (d, J
=6.0 Hz), 132.2 (d, J=2.9 Hz), 132.0 (d, /= 131.0 Hz), 131.8 (d, J=10.3 Hz), 128.7 (d, /= 13.3 Hz),
122.3 (d,J=15.8 Hz), 117.2.

19F NMR (376 MHz, Chloroform-d) & -137.39.

3P NMR (162 MHz, Chloroform-d) § 19.3.

HRMS: Ci7H14FN,OP [M+H] *; calculated: 314.0906, found: 314.0908.

0
HN—F—Ph
N= Ph

\ 7 33

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (81% yield, 47.68mg).

'"H NMR (400 MHz, Chloroform-d) & 8.04 — 7.88 (m, 4H), 7.73 — 7.65 (m, 1H), 7.61 — 7.53 (m, 2H),
7.53 — 7.44 (m, 4H), 7.43 — 7.35 (m, 1H), 7.06 (d, J= 8.3 Hz, 1H), 6.73 — 6.62 (m, 1H).

13C NMR (100 MHz, Chloroform-d) § 154.2 (d, J = 2.5 Hz), 147.7 (d, J = 1.9 Hz), 138.0, 132.3, 131.9
(d, /=103 Hz), 131.0, 128.8 (d, /= 13.1 Hz), 117.0, 112.1 (d, /= 2.9 Hz).

3P NMR (162 MHz, Chloroform-d) & 18.9.

(Known compound: Org. Lett. 2023, 25, 31, 5724-5729).

o)

\
Cy” ¢y 34

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (77% yield, 53.51mg).

'"H NMR (400 MHz, DMSO-ds) 4 7.75 (d, J = 8.8 Hz, 2H), 7.46 (d, J = 12.6 Hz, 1H), 7.28 (d, /= 8.7
Hz, 2H), 2.45 (s, 3H), 1.95 - 1.66 (m, 11H), 1.37 — 1.02 (m, 11H).
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13C NMR (100 MHz, DMSO-ds) § 196.0, 150.1, 129.7, 128.5, 116.7 (d, J = 5.1 Hz), 35.9 (d, J = 82.1
Hz), 26.2,25.9,25.8 (d, /J=4.0 Hz), 25.6 (d, J= 7.4 Hz), 25.1 (d, J= 3.3 Hz), 24.8 (d, /= 2.9 Hz).

3P NMR (162 MHz, DMSO-de) 5 46.1.

HRMS: Cy0H30NO2P [M+H] *; calculated: 348.2092, found: 348.2106.

o)

A
EtO OEtg3sg

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, Yellow oily liquid (77% yield, 48.83mg).

'H NMR (400 MHz, DMSO-dp) 6 8.55 (d, J=9.4 Hz, 1H), 7.84 (d, J= 8.7 Hz, 2H), 7.10 (d, /= 8.7 Hz,
2H), 4.13 - 3.91 (m, 4H), 2.48 (s, 3H), 1.22 (t, J= 7.1 Hz, 6H).

13C NMR (100 MHz, DMSO-ds) 5 196.2, 145.9, 129.9, 129.6, 116.4 (d,J= 7.8 Hz), 62.3 (d, /= 5.2 Hz),
26.3,16.0 (d, J= 6.6 Hz).

3P NMR (162 MHz, DMSO-d) 6 1.29.

HRMS: C12 HI8 N O4 P [M+H] *; calculated: 271.1051, found: 272.1046.

o)

t-Bu \t-Bu 36

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (37% yield, 21.86 mg).

TH NMR (400 MHz, DMSO-ds) 4 8.91 (s, 1H), 6.97 (d, J = 8.5 Hz, 2H), 6.35 (d, J = 8.6 Hz, 2H),
1.61 (s, 3H), 0.39 (d, /= 13.2 Hz, 18H).

13C NMR (100 MHz, DMSO-ds) '*C NMR (100 MHz, DMSO-ds) & 195.9, 155.7 (d, J = 6.7 Hz),
129.5, 128.4, 112.8, 50.0 (d, J = 65.6 Hz), 35.2 (d, J = 56.8 Hz), 26.0.

3P NMR (162 MHz, DMSO-ds) 6 59.42.

HRMS: C;6H26NO2P [M+H] *; calculated: 296.1179, found: 292.1175.

37

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate
(PE/EA = 1:1) as eluant, white solid (56% yield, 40.70 mg)

'"H NMR (400 MHz, Chloroform-d) & 7.70 — 7.64 (m, 6H), 7.19 — 7.16(m, 4H), 7.03 (d, /= 8.4
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Hz, 2H), 6.83 (s, 1H), 2.40 (s, 3H), 2.33 (s, 6H).

13C NMR (100 MHz, Chloroform-d) 4 197.0, 146.2, 142.9 (d, J = 2.9 Hz), 132.0 (d, J= 10.6 Hz),
130.4,130.1, 129.6 (d, /= 13.4 Hz), 129.0, 117.7 (d, /= 6.8 Hz), 26.2, 21.7.

3'PNMR (162 MHz, Chloroform-d) § 19.5.

HRMS: C2H2:NOLP [M+H] *; calculated: 363.1388, found: 363.1386.

O0— 38

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate
(PE/EA = 1:1) as eluant, white solid (56% yield, 39.54 mg)

'"H NMR (400 MHz, Chloroform-d) & 7.75 — 7.69 (m, 6H), 7.04 (d, J= 8.7 Hz, 2H), 6.91 (m, 4H),
6.54 (d, J=10.2 Hz, 1H), 3.80 (s, 6H), 2.45 (s, 3H).

13C NMR (100 MHz, Chloroform-d) 4 197.0, 162.8 (d, /= 3.0 Hz), 146.2, 133.8 (d, /= 11.5 Hz),
130.5,130.1, 122.9 (d, J=136.7 Hz), 117.7 (d, /= 6.8 Hz), 114.4 (d, /= 14.1 Hz), 55.4,

3IP NMR (162 MHz, Chloroform-d) & 19.4

HRMS: C2H2oNO4P [M+H] *; calculated: 395.1286, found: 365.1277.

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate
(PE/EA = 1:1) as eluant, white solid (63% yield, 54.87 mg)
'"H NMR (400 MHz, DMSO-ds) 6 9.04 (d, J = 13.1 Hz, 1H), 8.87 — 8.85 (m, 2H), 8.21 (d, /=8.2
Hz, 2H), 8.19 — 8.06 (m, 2H), 7.77 (d, J = 8.7 Hz, 2H), 7.69 — 7.52 (m, 8H), 7.32 — 7.29 (m, 2H),
2.44 (s, 3H).
13C NMR (100 MHz, DMSO-de) & 196.1, 147.8, 133.6 (d, J=9.9 Hz), 133.4, 133.2 (d, /= 23.8
Hz), 133.1 (d, J=2.9 Hz), 129.8, 129.4, 129.0, 128.7, 127.4, 126.9 (d, /J="71.1 Hz), 126.9 (d, /=
4.9 Hz), 124.9 (d, /= 14.8 Hz), 117.3 (d, /= 6.7 Hz), 26.2.
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3P NMR (162 MHz, DMSO-ds) & 23.4.
HRMS: C2H2oNO4P [M+H] *; calculated: 435.1388, found: 435.1393.
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Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (70% yield, 93.06mg).

'"H NMR (400 MHz, DMSO-ds) 6 8.86 (d, J=11.8 Hz, 1H), 7.89 — 7.40 (m, 15H), 7.40 — 7.11 (m,
6H), 7.05 (d, J = 8.5 Hz, 2H), 5.45 (dd, J = 8.5, 4.3 Hz, 1H), 3.19 — 3.09 (m, 1H), 3.03 — 2.94 (m,
1H), 2.61 (s, 3H), 2.14 — 2.02 (m, 1H), 1.98 — 1.87 (m, 1H).

13C NMR (100 MHz, DMSO-ds) 5 160.3, 146.7, 140.4, 132.8, 132.2 (d, J= 2.8 Hz), 131.7 - 131.33
(m), 130.2 (d, J= 11.4 Hz), 129.0, 128.9, 128.8, 128.6, 128.5, 127.8 (d, /= 4.1 Hz), 126.8 (d, J =
4.0 Hz), 126.0, 117.8 (d, J="7.2 Hz), 116.2, 76.6, 46.4, 35.8, 34.8.

3IP NMR (162 MHz, DMSO-de) 6 17.29.

1F NMR (376 MHz, DMSO-ds) 8 -59.88.

HRMS: C3sH3,F3N20O4PS [M+H] *; calculated: 665.1850, found: 665.1836.

/O
b
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Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (65% yield, 62.21mg).
'"H NMR (400 MHz, DMSO-ds) 8 9.03 (s, 1H), 8.39 (d, /= 11.5 Hz, 1H), 7.78 — 7.69 (m, 4H), 7.62
—7.46 (m, 6H), 7.32 (t, /= 7.9 Hz, 2H), 7.13 (dd, J = 10.2, 8.0 Hz, 2H), 6.84 (d, J = 8.0 Hz, 2H),
6.79 (dd, J = 8.6, 2.5 Hz, 1H), 6.63 (d, J = 2.5 Hz, 1H), 2.87 (s, 3H).
13C NMR (100 MHz, DMSO-d6)3 153.6 (d, J = 421.1 Hz), 141.6, 133.1, 132.5, 132.0 (d, J = 2.7
Hz), 131.8,131.6 (d, J=9.9 Hz), 130.3 (d, /J=11.5 Hz), 129.9, 129.1, 129.0 (d, /= 12.5 Hz), 128.7
(d,J=12.6 Hz), 123.6, 120.1, 118.7, 110.6 (dd, J = 514.1, 6.9 Hz).
3IP NMR (162 MHz, DMSO-ds) 6 16.4.
HRMS: CsH23N,04PS [M+H] *; calculated: 479.1194, found: 479.1192.
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Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (67% yield, 66.68mg).

'"H NMR (400 MHz, Chloroform-d) & 7.92 — 7.77 (m, 4H), 7.54 — 7.45 (m, 2H), 7.42 (q, J = 3.8
Hz,4H), 7.31 — 7.20 (m, 2H), 7.16 — 7.04 (m, 2H), 7.01 — 6.87 (m, 2H), 6.75 (dd, J = 8.9, 2.4 Hz,
2H), 5.85 —5.49 (m, 1H), 3.86 (q, /= 7.1 Hz, 1H), 2.45 (d, J= 7.2 Hz, 2H), 1.85 (dt, /= 13.5, 6.8
Hz, 1H), 1.55 (d, J=7.1 Hz, 3H), 0.89 (d, J= 6.6 Hz, 6H).

13C NMR (100 MHz, Chloroform-d) & 173.5, 145.5, 140.9, 138.2, 137.3, 132.4, 132.1 (d,J=9.9
Hz), 131.1,129.6, 128.9 (d, /= 13.0 Hz), 127.3, 122.1, 119.4 (d, J = 6.5 Hz), 45.3, 45.1, 30.3, 22.5,
18.6.

3IP NMR (162 MHz, Chloroform-d) & 18.7.

HRMS: C3;H3:N,03P [M+H] *; calculated: 498.2198, found: 498.2198.

1
HN—K—-Ph
— Ph

N
\ // a4

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, white solid (87% yield, 2.06 g).

"H NMR (400 MHz, DMSO-ds) 6 8.52 (d, /= 11.2 Hz, 1H), 8.34 (d, /= 2.7 Hz, 1H), 8.02 (dd, J =
4.7, 1.4 Hz, 1H), 7.86 — 7.77 (m, 4H), 7.66 — 7.48 (m, 6H), 7.44 — 7.34 (m, 1H), 7.13 (dd, J = 8.3,
4.6 Hz, 1H).

13C NMR (100 MHz, DMSO-ds) '3*C NMR (100 MHz, DMSO-ds) & 141.8, 140.1 (d, J = 7.4 Hz),
138.8, 133.0, 132.2 (d, J=2.9 Hz), 131.7 (d, /= 9.9 Hz), 128.9 (d, /= 12.6 Hz), 124.6 (d, /= 6.6
Hz), 123.6..

(Known compound: Bioorg. Med. Chem. Lett. 2013, 23, 706-710).

Os._.Ph
“Ph

|
\N
L
N 45

S22



Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 1:1) as eluant, pale yellow solid solid (95% yield, 2.24 g).

'TH NMR (400 MHz, Chloroform-d) & 8.51 (d,J= 2.5 Hz, 1H), 8.24 (d, J=4.5 Hz, 1H), 7.89 — 7.80
(m, 4H), 7.71 — 7.65 (m, 1H), 7.47 — 7.33 (m, 6H), 7.08 (dd, J = 8.3, 4.7 Hz, 1H), 3.41 — 3.30 (m,
2H), 1.55 - 1.49 (m, 2H), 0.78 — 0.70 (m, 3H).

13C NMR (100 MHz, Chloroform-d) '3C NMR (100 MHz, Chloroform-d) & 149.2, 146.2, 140.2,
135.6 (d, /=4.3 Hz), 132.6 (d,/=9.2 Hz), 132.0 (d, /=2.9 Hz), 131.4 (d, /= 129.5 Hz), 128.6 (d,
J=12.7Hz), 123.5,52.9 (d, J=3.2 Hz), 22.3 (d, /= 3.1 Hz), 11.2.

3IP NMR (162 MHz, Chloroform-d) & 26.92.

(Known compound: Bioorg. Med. Chem. Lett. 2013, 23, 706-710).

OH
O
46

Purified by column chromatography using the mixture of petroleum ether and ethyl acetate (PE/EA
= 3:1) as eluant, yellow solid solid.
'"H NMR (400 MHz, Chloroform-d) & 7.36 — 7.28 (m, 2H), 7.09 — 6.99 (m, 3H), 6.37 (s, 1H), 6.13

(s, 1H).
(Known compound: Chem. Sci., 2021,12, 13730-13736)

$23



IV. NMR Spectra

N-0O0O@UOUOMNMM-cENONYEIMMOTNONTSON
(EEEEEEREEEEEEE R AR RS EEEE RN
NRNNNNNNNNNNNNNNNNNNNNNKNK GGG SO
Pl et
AP p—
1
NH—
—— L T
4.00 210 4.03 1.93 1.92 0.98 0.90
T T T— T T— T T T T T T T T T T T
10.5 100 9.5 9.0 85 80 7.5 7.0 6.0 5.0 4.5 4.0 3.0 2 2.0 L5 1.0 0.0
£1 (ppm)
1
H NMR of 2 (400 MHz, CDCls)
aan
gyy
aoao
oNnRtNNmOVEMYaY Uy
IR R EREEREEEEE mco
SNNAN---dgdr-aa m QN
SAMmMAmmmANRNRNT® KN o
h - R O (L RRR
1
NH—
[
— H
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)

13C NMR of 2 (100 MHz, CDCl3)

S24

|- 7500

| 7000

|- 6500

|- 6000

5000

|- 4500

k4000

|- 3000

|- 2500

| 2000

b 1500

|- 1000

500

|- 4500

k4000

|- 2500

|- 2000

| 1500

|- 1000

k500




18.50

500

o
I L 450

|- 400

|- 200

k150

k100

50

T T T T T T T I T I T T T I T T T T T T T T T T T T T T T T I T I T T T
140 120 100 80 60 40 20 0 —20 —40 —60 —80 —100 —120 —140 -160 —180 —200 —220 —240

£1 (ppm)
3IP NMR of 2 (162 MHz, CDCl3)

25000

24000

_-81a
e
7.81
7.81
7.80
7.80
695
691
s.89
213

L 23000

| 7.78
| 778

| 7.70
—_2.50 DMSO-d6

| 22000
L-21000
{20000
L 19000
[¢] L 18000
||I:_ NH L 17000
L 16000
L 15000
L 14000
L 13000
L 12000
L 11000
L 10000
|- 9000
L 8000
L 7000
|- 6000
|- 5000
L 4000
| 3000

{2000

k L 1000
(N Lo

I - ~1000
o
Q
o

L —2000

- T T T T T T T T T T T L T T T
5 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 0.0

£1 (ppm)

"H NMR of 3 (400 MHz, CDCls)

$25



P
3
Q
b
H
I8 RREAIRESR o P
G MmN~~~ ~~00CdGdaO " o
ceofonooRRORLC H S
e
o
NH
|
|
T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 0 40 30 20 10 0 -10
1 (ppm)
13
C NMR of 3 (100 MHz, CDCl3)
S
g
o
P— NH
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
140 120 100 80 60 40 20 0 —20 —40 —60 —80 —100 -120 —140 —160 —180 —200 —220 —240
1 (ppm)

3P NMR of 3 (162 MHz, CDCl3)

$26

- ruuuu

L 9000

L 8000

L 7000

L 6000

L 5000

|- 4000

L 3000

2000

L 1000

L 34000

2000

|- 30000

|- 28000

I 26000

|- 24000

L 22000

k- 20000

k18000

{16000

{14000

{12000

{10000

L 8000

L 6000

4000

2000

Lo

{—2000




45000

L4
|- 40000
L 35000

{30000

{25000

k- 20000

L 15000

- 10000

L 5000

oE's —
88’9
os's
06’9
Eve
Eve

suz

epasszz

LLLLLLELSEE

coo0ORNYNOTEmMm NN
MR ERRERERERERRRREIN
NRNRNKNNKNNNNNRNRRR

e
es
vsL o
b
oo
oo
ooy
v
o
i
oo
o
o
zoc

Ll

Fioe

Feeo

EN

ooy

]

foo

™

)

(ppm)

"H NMR of 4 (400 MHz, CDCls)

f1

- 5500

L 5000

k4000

- 3500

- 3000

2000

00

- 1000
0

ee—
s0'vE

ozeLL v-
)

szl
svieL F
seLEL
sozeL
Zuzer

ozzeL
vozEL
sszEL

8SYYL

~10

T
170

T

180

(ppm)

13C NMR of 4 (100 MHz, CDCl3)

f1

S27



18.57

P—NH

- 3000

L 2600

2000

I 1800

- 1600

L 1400

L 1200

L 1000

L 800

L 600

L 400

L 200

L -200

£1 (ppm)

3P NMR of 4 (162 MHz, CDCl3)

- 5000

L 4500

4000

{3000

2000

L 1500

- 1000

500

°
3
o
]
H
o
MM NO0TOETOB VD0 EO 0T °
R EEEE R R E R R a
NARNRNRNNRNRNRRRNRKR P
o
NH— P
A A
@
9
T T T_ T T T T_ T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.

£1 (ppm)

"H NMR of 5 (400 MHz, DMSO-ds)

S28



1
3
SEEEESEERREEE d
SERERRERERLE
fomoomoosaNNaCo E
Y,
0
NH— P
T T T T T T T T T T T T T T T T T T T T T T
210 208 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 3 20 10 -10
f1 (ppm)
13C NMR of 5 (100 MHz, DMSO-ds)
.
y
°
0
NH— P
)
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
140 120 100 80 60 40 20 0 -20 —40 -60 -80 —~100 -120 —140 -160 —~180 -200 —240
f1 (ppm)

3P NMR of 5 (162 MHz, DMSO-ds)

S29

L 1500

L 1400

k1200

L1100

L 1000

k900

{800

- 700

k600

- 500

|- 400

L 300

L 2300

L2100

2000

k1900

k1800

k1700

L 1600

L 1500

- 1400

L 1300

L 1200

L1100

- 1000

L 900

- 800

- 700

- 600

L 500

L -100

L -200




L 19000

- 18000

L 17000

L 16000

L 15000

L 14000

L 13000

12000

L 11000

- 10000

9000

L8000

L 7000

{6000

5000

4000

{3000

2000

- 1000

L ~1000

sz
oz e
oz'z

Fewe

Rooe
Bl

Wmo.n

Feoe

Feow
Fioe

Foos

4.0

w

i

6.0

w

9.0

(ppm)

"H NMR of 6 (400 MHz, CDCl3)

fl

L 7000
L 6500

6000

3000
2500

L 5500

L 5000
51
L4000
L 3500

000
L 1500
L 1000

L 500

€pa>oLcs

60'8LL
vzozL
Le0zL
vrozL
os'zzL /

seszL
66°8Z1
zzezL

-10

£1 (ppm)

13C NMR of 6 (100 MHz, CDCl3)

S30



26
5000

L 3000

500

2600

100

L 2200

000

- 1800

L 1600

L 1400
0

- 1000
{800
- 600
400
00

200

30000

k40000

{20000

k15000

|- 10000
000

|- 5¢
0

e _ B S

4 s.m
] ‘o
oe
oo
cos
vas
e
oas
cos
cos L
Voo
voo
e o
96'9 M=
ove
6Lz <
Lee i Fzeo [©
v
cve
e
e
e
e -
e <
e
e
svz | L3
e os'z -
sz
r Lsz 7} Ere0
- zsc Bor |
S zs7z E660

€sz | %no.—

r €572 "\ 90'% ]
vore oo |2

= vsc
=
1 . = Foov | o
Z . pr¥ “

—100

(ppm)

3P NMR of 6 (162 MHz, CDCl3)

0
fl

seeL

s
o8c L
o 3

%3
Lec
zez

i -
r z

S31

£1 (ppm)

"H NMR of 7 (400 MHz, CDCls)



|- 4000

138.60
132.73
132.21
13218
131.03
131.83
131.44
130.47
128.80
128.76
127.03
125.58
125.50
122.00
118.94
118.90
17.76

O e e

L 3500

NH—|

|- 3000

|- 2500

|- 2000

|- 1500

| 1000

500

T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
£1 (ppm)

13C NMR of 7 (100 MHz, CDCl3)

*
L]
El

L 6500

|- 6000

b 5500

NH—|

|- 5000

|- 4500

k4000

|- 3500

k3000

|- 2500

|- 2000

k1500

|- 1000

k500

- —500

T T T T T T I T I T T T I T T T T T T T T T T T T T T T I T I T T T
140 120 100 80 60 40 20 0 —20 —40 —60 —80 —100 —120 —140 -160 —180 —200 —220 —240

£1 (ppm)

3P NMR of 7 (162 MHz, CDCl3)

$32



803833333320 00000088R399939933953338338838a83288R%
NNRKNNNNNNNNRNNNNRNNNNRNNNNNRNNNNNNNNNRNGGGGGGGG606G6E6060
) U
F
o
NH—|
i
]
L
{4 {f ]
¢ . N S
T T — T T T T T — T T T T T T T — T —
10.0 9.0 85 80 7.5 7.0 65 6.0 5.0 5 40 35 30 25 20 L5 1.0 05 00 -0.5
£1 (ppm)
1
H NMR of 8 (400 MHz, CDCls)
o
g
a
N @monpmover-vay u
W= MRS EEE R EE] ©
o~ YN NNN-®D®OCO0 0N M
°e i O N
F
o
NH—|

T T T T
190 180 170 160

N

T
210 ¢

T T T T T T T T T T
100 90 80 70 60 50 40 30 20 10 0
£1 (ppm)

T T T T
140 130 120 110

13C NMR of 8 (100 MHz, CDCl3)

S33

k24000

|- 23000

k22000

k21000

|- 20000

| 19000

k18000

- 17000

|- 16000

- 15000

| 14000

|- 13000

|- 12000

11000

|- 10000

|- 9000

k- 8000

| 7000

L 6000

| 5000

| 4000

|- 3000

|- 2000

| 1000

Lo

}-—1000

- —2000

|- 5000

|- 4500

k4000

|- 3500

|- 3000

L 2500

|- 2000

|- 1500

L 1000

{500

- —500



18.96

F
o
NH—|
.t
T T T T T T T T T T T T T T T T T T
100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70
£1 (ppm)
31
P NMR of 8 (162 MHz, CDCl3)
o
@
N
E
o
NH—
T T T T T T T T T T T T T T T T T T T T T T T
10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210

£1 (ppm)

9F NMR of 8 (376 MHz, CDCl;)

S34

|- 10000

k9000

|- 8000

k7000

|- 6000

L 5000

|- 4000

L3000

{2000

| 1000

- -1000

{60000

L 50000

|- 45000

|- 40000

L 35000

|- 30000

|- 25000

{20000

L 15000

|- 10000

k5000

|- —5000




L 2.50 pmso-de

153233 3RRRRRANGAAOARRRIRYANAOA0aRRRI AR B8888
CENNNNNRRNNNRNNNRNNNNNNNNRNNRNNNRNNNRNNNRNRNRNKKNRRNNRKN
Do oo o
c Vo SN
NH
[e—1]
1
i
1 "

— T T T T T T T T T T
10.5  10.0 9.0 6.5 6.0 55 50 45 4.0 2.5 2.0 1.0 0.5 -0.5 -1
£1 (ppm)

1
H NMR of 9 (400 MHz, DMSO-ds)
©
3
9
@
g
RN888833R83X% B
cMANFc-g6%ao0 o
R R A a
c |
NH :
|
| |
| } L
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
£1 (ppm)

13C NMR of 9 (100 MHz, DMSO-ds)

S35

L 50000

|- 45000

|- 40000

L 30000

k25000

{20000

k15000

| 10000

|- 5000

|- 11000

L 10000

L. 9000

L 8000

|- 7000

L 6000

|- 5000

L 4000

|- 3000

L 2000

|- 1000

|- —1000




1684

3P NMR (162 MHz, DMSO- "(,) 5 16.84. L 17000

| 16000
|- 15000
L 14000
fo—ry - 13000
k12000
| 11000
|- 10000

|- 9000

A(s)
16.84

L 8000

L 7000

L 6000

{5000

|- 4000

L3000

L 2000

| 1000

g - —1000

T T T T T T T T

T T
60 40 20 0 20

T T T T T LT T
40 60 80 100

£1 (ppm)

T

T T T T T T T T T T T T I T T T
140 120 100 80 20 140 160 180 200 220 240

3P NMR of 9 (162 MHz, DMSO-ds)

L 75000

2.50 DMSO-d6

8.a5

7.81

7.81

7.80
\_7.79
\ 7.70
| 776
| 776
L 7.50
| 7.57
| 7.55

L 70000

k

Br, \

k65000

{60000

|- 50000

|- 45000

L 40000

|- 30000

|- 25000

|- 20000

L 15000

L 10000

|- —5000

T T T T T
6.0 5.5 Lo 0.5 0.0 -0.

T T T T T T T T
12.0 1.5 1.0 10.5 10.0 9.5 9.0 85 8.0 5
£1 (ppm)

=

"H NMR of 10 (400 MHz, DMSO-ds)

S36



°
3 L
9
2
8
§2288R848R%4% 1§ o L
cHdN---dd66 o o
poffooonin o a
B eV
NH [
[e—)
\ L
T T T T T T T T T T T T T T T T T T T T T T
210 200 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
£1 (ppm)
13
C NMR of 10 (100 MHz, DMSO-ds)
o
3
°
Br,
NH
[e—)
T T T T T T T T T T T T T T T T T T T T T T T ]
140 120 80 60 40 20 0 20 40 60 80 100 120 140 160 180 200 220 240
£1 (ppm)

3P NMR of 10 (162 MHz, DMSO-ds)

S37

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

2000

1000

1000

|- 22000

1000

20000

19000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

1000

—2000



L 14000
- 13000
L 12000
L 11000
L 10000

9000

L 8000

- 7000

|- 6000

5000

|- 4000

{3000

2000

L 1000

Lo

L ~1000

oP-OSWa 05°Z
069
ze'9
e
eve
e
sve
ove
osz
osz
sz
sz
zsz
zse
€5
s
ssc
ssc
osC
o5z
s

Bsz
Bsz
o5
o5
se
s
s
coe
cre
8cc
sce
oz
0wz
0wz
[
e
zvs

oz

geve

619
oy

Foot

]

«

(ppm)

"H NMR of 11 (400 MHz, DMSO-ds)

fl

L 15000

L 14000

L 13000

L 12000

L 11000

- 10000

9000

{8000

L 7000

- 6000

- 5000

4000

{3000

{2000

L 1000

1000

9P-OSWA Z5°'6€

is'e8

8s°0TL
ssozL
ocszL
zemTL
esLEL
eoLEL
g6 'LEL
zozeL
sozeL
SLEEL
sezeL
LezvL

>
A

T T
160 150

T
170

T
180

(ppm)

13C NMR of 11 (100 MHz, DMSO-ds)

fl

S38



1676

- 10000

L9000

{8000

L 7000

{6000

{5000

4000

{3000

L 2000

- 1000

L -1000

0
£1 (ppm)

3P NMR of 11 (162 MHz, DMSO-ds)

2.50 DMSO-d6

7.83
7.83
7.83
7.82
7.81
7.81
7.80
\ 7.80
| 7.70
| 7.78
| 7.78
L 7.77
| 7.62
| 7.62
7.47
7.23
7.21
7.21

NH— P

T T T T T T T T
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0

1 (ppm)

"H NMR of 12 (400 MHz, DMSO-ds)

S39

L 19000

|- 18000

L 17000

{16000

L 15000

{14000

{13000

- 12000

- 11000

L 10000

L9000

- 8000

- 7000

- 6000

£ 5000

|- 4000

3000

L 2000

1000

Lo

f-1000




14614

39.52 DMSO-d6

F

T T T T T T T
140 130 120 110 100 90 80 70
1 (ppm)

13C NMR of 12 (100 MHz, DMSO-ds)

1714

T
50

T I T T I T T I T I T T T T

T T T T T T T L T T T T T
80 60 40 20 0 —20 —40 —60 —80 ~100 -120

1 (ppm)

3P NMR of 12 (162 MHz, DMSO-ds)

S40

—240

L 7000

k6500

|- 6000

{5000

4500

4000

L 3500

- 3000

k2500

{2000

L 1500

- 1000

L 500

L -500

L 6500

- 6000

L5500

5000

4000

L 3500

3000

2000

1500

1000

L ~500




074
7.86
7.86
7.86
7.85
7.84
7.84
7.83
7.83
7.82
7.82
7.81
7.81
\ 7.63
\ 7.63
| 7.62
| 7.61
L 7.56
| 7.56
| 756
| 7.55
| 755
7.54
7.54
7.53
7.53
7.52
7.52
7.52
7.47
7.46
7.45
7.44
7.44
7.43
7.43
7.1
7.10
7.00
7.00
627

|

NH—|

|- 14000

|- 13000

|- 12000

|- 11000

k10000

| 9000

L 8000

L 7000

|- 6000

|- 5000

|- 4000

|- 3000

L 1000

k- ~1000

190.95

"H NMR of 13 (400 MHz, CDCl;3)

147.00

13278
13275
132,03
13103
13108
130.41

7
1208

N 12003
11821

<iraaa
7716 coc13

T T T
Lo 0.5 0.0

T
0.5

|- 5500

L5000

|- 4500

|- 4000

|- 3000

|- 2500

| 2000

b 1500

|- 1000

L 500

- —500

T
210

T
200

T
190

T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 1o 100 90 80 70 60 50 40 30 20 10 0
£1 (ppm)

13C NMR of 13 (100 MHz, CDCl3)

S41

T
10



L850

19.20

L 800
o] L 750

|- 700

k500
|- 450

|- 400

L 150

|- 100

50

L-100

T

T T T T T T T T I T T T
140 160 180 200 220 240

T T T T
40 60 80 100
£1 (ppm)

T T T T T T T T T T T I T T T T
140 120 100 80 60 40 20 0 20

I

3P NMR of 13 (162 MHz, CDCl3)

N |- 19000

7.88

7.88
a1

7.86

| 18000
L 17000
L 16000
L 15000
k14000
NH—| k13000
k12000
L 11000
| 10000
|- 9000
|- 8000
| 7000
L 6000
L 5000
F- 4000
L 3000
|- 2000

| 1000

|

Lo

L ~1000

20053
3113

T T T T T T T T T T
Q 4.5 4.0 3.5 3.0 . . .

IS
o
o
)
o
)
o
o
o
)

T T
7.0 6.5 6.0 5.

£1 (ppm)

"H NMR of 14 (400 MHz, CDCl;)

S42



2 298528288 ¢ o
9 GAN--668068 NN o
2 MER-E-E- - b
i
NH—|
|
|
I
! I}
| J
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
£1 (ppm)
13
C NMR of 14 (100 MHz, CDCls)
b
b
o
I
NH—|
R e e B e 0 VA S B 5 L L B BB S s s B s s e
140 120 100 80 60 40 20 0 -20 -40 -60 -80 100 -120  -140  -160  -180 200 = -220  -240

£1 (ppm)

3P NMR of 14 (162 MHz, CDCl3)

S43

|- 6000

L 5500

|- 5000

|- 4500

k4000

|- 3500

k3000

|- 2500

|- 2000

| 1500

|- 1000

k500

- —500

|- 1400

k1300

L 1200

L 1100

| 1000

{900

{800

|- 700

k600

500

|- 400

{300

{200

|- 100

L —100




000
1000
0
500

- 1ouuy
- 18000
L 17000
L 16000
L 15000

L 14000
L 13000
L 12000
L 11000
L 10000
{9000
L 8000
L 7000
t 6000
|5
4000
L 3000
000
- 1000
L 7000
L 6500
k6000
L5500
5000
5
4000
3500
3000
2500
2000
L 1500
L 1000
0

0

~10

<
&

E: L2

o5 =
05 e
60'S !
ous
es's w
es's 4 o
ss's
578
578

°
959 e

Bs'®

e Y 7 o

4.
(ppm)

@~

S
4
fl

Fseo

110

£0'zLL T

8seLl v.

oo

oz

[—
e sz — 2
vvc Lz —
e |

svz
ove ]
e |
osz |
os°z |
o5z
LSz N
15z 7
ose
ese
ese
v
voe
e
e
sue
°8L @ [
e

ra- 21 ©
es8s re Fa
wc

o -
68°Z L=

e
e
Eve
Eve
Eve k.

epasszz ﬁ

Foor [

T
120

"H NMR of 15 (400 MHz, CDCl;3)

I Fo ovLEL - -
oot vozeL LS
vizeL
iy e ovzeL

voL [ evzEL L2
Fost ovzeL -
peo
ire0z

ST9EL
sLovtL =3

Foov | o

O= [ O=

NH—
8.
NH—
T
180

e ——— e L

\
\

S44

f1

13C NMR of 15 (100 MHz, CDCl;)



1900

- 1800

L1700

1600

1500

- 1400

k1300

1200

L1100

L 1000

|- 900

100

L —-100

o
3
<
0
NH—
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
140 120 100 80 60 40 20 0 -20 -40 —60 -80 —100 -120 -140 -160 -180 —200 -220 —240
f1 (ppm)
31
P NMR of 15 (162 MHz, CDCls)
o
3
[]
3
H
388833003888 RNARARFREETEEBYITRAR22er 2 ]
NAEEEEEE R ERERERER MR ERRRRRREEE S EEE 2
[N SR T T B s B B B B B |
\\
o
NH—
Il
Jt 1
T T
H 3
¢ 3
. : - — : : : : : —
9.0 8.5 8.0 5.0 4.5 4.0 3.5 3.0 2.0 1.5 1.0 0.5 0.0 0.
£1 (ppm)

"H NMR of 16 (400 MHz, DMSO-ds)

$45

k28000

|- 26000

|- 24000

|- 22000

|- 20000

|- 18000

|- 16000

|- 14000

| 12000

|- 10000

|- 8000

|- 6000

|- 4000

| 2000

L 2000




L 6500

L 6000

142.90
11810
113.46
39.52 DMSO-d6

8376
7918

\

|- 5500
{5000
NH— [ 4500
L 4000
13500
L 3000
{2500
{2000
| 1500
|- 1000

| {500

L -500

T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)

13C NMR of 16 (100 MHz, DMSO-ds)

|- 12000

1674

| 11000
\
| 10000
k9000
{8000
L 7000
L 6000
|- 5000
|- 4000
|- 3000
|- 2000
| 1000

B Lo

k- ~1000

T T T T T T T T T
30 25 20 15 10 5 0 5 10 15 20 25 30
£1 (ppm)

3P NMR of 16 (162 MHz, DMSO-ds)

S46



L 32000

|- 30000

|- 28000

{26000

{24000

22000

{20000
k- 18000
|- 16000
L 14000
|- 10000
8000
L 6000
4000
L2000

sp-oswa

89

£e'w
££8

N2

Fosz

Foor

Feor

Fsos
Foov

Foo

(ppm)

"H NMR of 17 (400 MHz, DMSO-ds)

f1

2 o e 2 o < o o < o < 3 < e 2
S S S S S S S S S S S S S S < S
I S S B 3 i 3 S 5 3 i S 15 S S B
S % = < < e i * @ & Q Q - = it o
1 1 ! 1 1 1 1 1 1 ! ! ! ! ! 1 1 !
oz

op-OsWa zs'6E

sewLLSy

zemLL
sozTL
somzL
g8z
os'LEL
ocLEL
seLEL
86'LEL
szzeL
os'EEL
oceEL
crvve

ovesL

|

|

~10

<
&

2

T
50 !

T
5

T
60

o

[

150

210

(ppm)

f1

13C NMR of 17 (100 MHz, DMSO-ds)

S47



{13000

16.6a

- 12000

{11000

|- 10000

L 9000

L 8000

- 7000

L 6000

5000

4000

3000

2000

L 1000

- —1000

T T T T T T
20 0 —20 —40 —60 —80 ~100 -120 —140 —160 —180 —200 -220 —240
1 (ppm)

3P NMR of 17 (162 MHz, DMSO-ds)

130000

2.50 DMSO-d6

L 7.50
| 7.a0
| 7.a0
| 7.40
| 7.8
| 748
| 7.47
7.47
7.20
7.28
7.27
7.26
6.99
698
6.97
6.96

&

|- 25000

|- 20000

k15000

|- 10000

k5000

s.01
2.00.

1001 -
105.] e
257

~

2

T T
6 5
£1 (ppm)

2.05.
~ ~

A‘A
-
-

o

N

"H NMR of 18 (400 MHz, DMSO-ds)

S48



$ AR8IIIRNINEYN q °
N AmAN----86064 ~
2 cefoeoaRtLRCt E b
NH
NH
o
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)
13C NMR of 18 (100 MHz, DMSO-ds)
o
o
°
NH
NH
o=
T T T T T T T T T T T T I B A N T L R 6 A I DO T T T T T
140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 = -120  -140  -160  -180  -200 220  -240
£1 (ppm)

3P NMR of 18 (162 MHz, DMSO-ds)

S49

b 2400

L2300

2200

k2100

|- 2000

|- 1900

|- 1800

L 1700

k1600

|- 1500

| 1400

k1100

|- 1000

|- 900

{800

L 600

k500

|- 400

|- 300

L 200

L 100

Lo

}-—100

L3000

L 2500

|- 2000

b 1500

|- 1000

500




338488338 a8t 92089983838 24
NNRNRRNN NN N NNRRNNNNGGEES
il ) \ et — \/
o
/7
|
I
i
dTey 4 J
9 9gd9g ¢ a
§ oNd<e - °
0.5 10.0 90 g0 75 70 65 60 To 4o 3.0 0.0
£1 (ppm)
1
H NMR of 19 (400 MHz, CDCl;3
9
o
g
a
QgomaaNgsBONAR DR @0 u
aNcaRd@aNMm-COTd 0o ©
MENNNe--=-000NOO U s = M
ffsfzepRRRRCCC 22 N
[e]
/7 "
|
T T T T T T T T T T T T T T T T T T T
210 200 180 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

£1 (ppm)

13C NMR of 19 (100 MHz, CDCl3)

S50

b 28000

k26000

k24000

{22000

|- 20000

|- 18000

|- 16000

| 14000

k- 12000

k10000

|- 8000

|- 6000

|- 4000

| 2000

- —2000

| 7000

L 6500

k6000

|- 5500

L5000

k4500

|- 4000

k3000

|- 2500

{2000

k1500

|- 1000

500

- —500




19.67

T
140

T

T T
120 100

7.87
7.87
7.87
7.86
7.85
7.85

\_ 7.84

\ 7.84
| 7.84
| 7.83
| 7.82
L 7.82
| 7.63
| 762

|

T
R0

T

T T T T T T T I T T T
140 160 180 200 220 240

T T T T
40 60 80 100
£1 (ppm)

T T T T T T T T

T T
60 40 20 0 20

I

3P NMR of 19 (162 MHz, CDCl3)

7.50
7.50
719
7.8
747
716
716
4.87 cp30D
316
3as
343
3
1.06
/108
N 103

o
A

e \

|- 10000

L 9000

L 8000

L 7000

L 6000

{5000

|- 4000

{3000

|- 2000

| 1000

- ~1000

{40000

{35000

{30000

{25000

- 20000

- 15000

|- 10000

L 5000

1973
4.04 3

T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
1 (ppm)

"H NMR of 20 (400 MHz, CDCl;3)

S51



L 12000

14712
133.03
133.01
133.55
133.07
132,07
132.60
131.40
13016
130.03
120.46
110.30
11031

49,00 CD30D
4323

14.55

B Y]

|- 11000
NH L 10000
o

A\ L 9000

SN
o
L s000
L 7000
L 6000
L 5000
L4000
L 3000

2000

1000

- —1000

T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ~10

1 (ppm)

13C NMR of 20 (100 MHz, CDCl3)

|- 23000

21.36

22000
L 21000
L 20000
L 19000

NH t 18000

° o// L 17000
N\ {16000

{15000
{14000
{13000
t- 12000
- 11000
L 10000
L9000
L 8000
7000
- 6000
5000
4000
3000
2000
L 1000

Lo

- —1000

k- -2000

T T T T T T T T
140 120 100 80 60 40 20 0 —20 —40 —60 —80 ~100 -120 —140 —160 —180 —200 -220 —240
1 (ppm)

3P NMR of 20 (162 MHz, CDCl3)

$52



701
780
788
786
753
751
740
747
7.6
7as
744
743
743
72
a3
Lom
84
Loss
o
P
67
500
<sor
227

~ 219

|- 30000
|- 28000
|- 26000
" |- 24000
NH—
22000
|- 20000
| 18000
|- 16000
| 14000
|- 12000
|- 10000
|- 8000
|- 6000
L 4000

|- 2000

|- —2000

T
0.5 10.0 9.5 9.0 8.5

£1 (ppm)

"H NMR of 21 (400 MHz, CDCl3)

k- 8000

117.49

2079
13.30

Y

L

% :
Civae

L 7500
L 7000
(o} _

I L 6500

|- 6000

k5000

k4500

k4000

|- 3500

|- 3000

|- 2500

k2000

k1500

k1000

500

k500

T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 [ -10
£1 (ppm)

13C NMR of 21 (100 MHz, CDCl3)

S53



18.58

3IP NMR (162 MHz, Chloroform- d) & 18.58

NH—|

| 900

|- 850

L 800

- 750

|- 700

|- 650

k600

500

|- 450

k400

{200

150

|- 100

k50

T T T T T L s e B A B T T T T
140 120 100 80 60 40 20 0 -20 -40 -60 -80 100 -120  -140 160  -180 200
£1 (ppm)

3P NMR of 21 (162 MHz, CDCl3)

7.85
7.84
7.84
7.83
7.82
7.82
781

7.81

7.81

7.80
7.7
7.79
7.52
7.51

e sean
28 8989993
REIRININNINN

7.47
7.43
7.42
7.41
7.41

: ¢

P Y T S S S S S S S S S S S S R Y

7.40
a.61

Caso

o
q
N

).

| s.os
L .00
| s.oa
Lso3
Le.ot

NH—|

T
—240

| 45000

k40000

L 30000

k25000

L 20000

L 15000

|- 10000

|- 5000

a00x
2.08,

Py

=
1027
601z

2.95.

6

£1 (ppm)

)
=
=7
©
oo
-

N

"H NMR of 22 (400 MHz, CDCl;)

S54



77.16 cDCI3

mMAc=-MOCOO YN YYQN Kl
fponoooiaRlongg 8
[e]
NH—
Il
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
f1 (ppm)
13,
C NMR of 22 (100 MHz, CDCl3)
A
:
]
:
[o]
NH—
140 120 100 80 60 40 20 0 20 40 60 80 100 120 140 160 180 200 220 240
f1 (ppm)

3P NMR of 22 (162 MHz, CDCl3)

S55

|- 5000

k4500

|- 4000

|- 3000

| 2500

| 2000

|- 1500

L 1000

500

500

|- 7500

L 7000

|- 6000

L 5000

|- 4500

k4000

|- 3000

k2500

L 2000

|- 1500

|- 1000

- —500




7.01
7.89
7.88

7.55
7.53

§720

7.48
7.46

717
s.65

s.62
s.61

6.aa
6.43

§ |

6.43
6.2
6.41

5.23

3.68

k- 19000

| 18000

|- 17000

|- 16000

L 15000

L 14000

- 13000

|- 12000

|- 11000

L 10000

| 9000

L 8000

|- 7000

|- 6000

L5000

k4000

|- 3000

{2000

|- 1000

Lo

L ~1000

i i L
A A N A
J d
3 a
3 o
T T T T T T m T T T T T T
0. 10.0 9. 9.0 6.0 5.0 4 4.0 3.5 3.0 2.5 2.0 .5 1.0 0. 0.0 0.5
£1 (ppm)
1
H NMR of 23 (400 MHz, CDCl3)
]
g
a
@ngrm c@uumonga 3o on u
TMonY wT-cdaayn whnown o o
EC S NN NNO D SSNN M by
ffoof fooRatetpr 22 ER N a
o
o
F NH—
1
H
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10

£1 (ppm)

13C NMR of 23 (100 MHz, CDCl;)

S56

|- 4000

|- 3500

L3000

|- 2500

|- 2000

| 1500

|- 1000

500




[ 1200

1928

1100

[e] L 1000

|- 900

F NH— k800

|- 700

L 600

|- 500

k400

L300

|- 200

L 100

L —100

L e A B T S A
40 60 80 100

£1 (ppm)

T T T T T T T
140 120 100 R0

T T T T T I T I T T
140 160 180 200 220 240

.
t
I

3P NMR of 23 (162 MHz, CDCl3)

|- 10000

12014

|- 9000
L s000
o

I k7000
L 6000
L 5000
L 4000
|- 3000
L 2000

|- 1000

L 1000

T T T T T T T T T T T T T T
10 0 10 20 30 40 50 60 70 80 90 100 110 120 130

£1 (ppm)

T T T T T T T T
140 15¢ 160 170 180 190 200 -210

18F NMR of 23 (376 MHz, CDCls)

S57



7.26 cDCI3

NRRR@@eRonannysyessInarmGgCCaan
ALLLLEEELIRY
e s
2 I
! t
O\/O
1
hy TS
8 88358 aR
T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3
f1 (ppm)
'H NMR of 24 (400 MHz, CDCl3)
a
y
¢
2 ghYssqqts 518 i
= ANANANNE-~-0CO0O0 @ @&@ M
2 Ioo@mpeady Coo
PCE NN N
! h
0\/0
l‘ l
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

13C NMR of 24 (100 MHz, CDCl;)

S58

- 12000

{11000

{10000

L9000

L 8000

- 7000

L 6000

5000

4000

| 3000

k2000

L 1000

f-1000

L 3000

k2800

L 2600

L 2400

2000

- 1800

k1600

- 1400

L 1200

1000

|- 800

|- 600

400

200

- -200




6000

2000

0
0
28000

{24000

0000
{18000
{16000
L 14000
{10000

700
f650
{600
5
500
{400
350
00
50
00
150
{100
0
£ 8000
L 6000
{4000
{2000

)

9P-OSWa 0s'z -
13
oz

vsL _ M\-e.m
s
L
o - [
o5z Fweo
s9°¢L =

(ppm)

3P NMR of 24 (162 MHz, CDCl3)

0
f1

A(s)
19.38

a6l o6cz
o8 r
osz
o (93
e —
(29
(29
o Es's 0—
esz
ver
sez
=3 sez
ee's i

a L o8 [
:

™

T
NH—

T

Q,
120

S59

(ppm)

"H NMR of 25 (400 MHz, DMSO-ds)

f1



L 6500

39.52 DMSO-d6

j[ e
e
{iame
o

2oz

140.06
139.16
133.61
132.36
131.87
13176
128.05

N
117.33

Larrae

- 6000
L5500

o 5000
Il

|- 4000
3500

| 3000

2000
L 1500

L 1000

L -500

o
S
o
S
o
=

50 40

~
=)
o
<)

T T T T T T
160 150 140 130 120 110 100 90 80
1 (ppm)

13C NMR of 25 (100 MHz, DMSO-ds)

{15000

1681

{14000
L 13000
- 12000

" L 11000
NH—

/ k- 10000

L9000
L 8000
- 7000
L 6000
5000
4000
3000
L 2000

1000

- —1000

T T T T T T T T
120 100 80 60 40 20 0 —20 —40 —60 —80 ~100 -120 —140 —160 —180 —200 -220 —240
1 (ppm)

3P NMR of 25 (162 MHz, DMSO-ds)

S60



t- 12000

- 11000

{10000
9000

L 8000

- 7000

- 6000

L 5000

|- 4000

3000

2000

L 1000

1000

zzs

*ﬁ\;%

noo
NNA
ENENEN

epasszz
=3

——— L\
=

TNO@NGU MM o0
KRR RRERERERERN
RRRNNRKNKNNNNNNRN

ssc
o5z
s
zes
(223
ves
sec
L6
(23
(23
2
ves
se
96
z6¢
66

Oo—d

NH—

M

Lo

L
o't
Feoor

s

(ppm)

"H NMR of 26 (400 MHz, CDCl3)

f1

9000

L 8000
L 7000
- 6000

5000

|- 4000

3000

2000
1000

e Y 7

oozLL
seozL
Lz ezt
viozL
curozL
88'8TL
oo'ezL
zo'6zL
coezL
ovezt
LreL
sozEL
sLzeL
vezEL
sEzEL
oczeL
ovrEL
vsSEL

o—ud

NH—

~10

o
[

(ppm)

13C NMR of 26 (100 MHz, CDCl3)

f1

S61



NH—

o

19.06

| 3000

2800

2600

L2400

2200

2000

k1800

1600

1400

1200

1000

|- 800

|- 600

L-400

200

T

\ 8.07

\ s.03

L 7.00

| 7.08
| 7.08

| 7.07

| 796
| 796

7.96
7.05
7.05
7.94
7.03
7.03
7.02
7.55
7.54
7.53
7.53
7.52

LI AU L U B AUA B B B |
—40 —60

1 (ppm)

3P NMR of 26 (162 MHz, CDCl3)

7.52
7.51

7.51

7.51

7.50
7.48
7.47
7.47
7.46
7.45
7.44
7.44
7.44
7.43
7.41

7.41

7.39
7.38
7.31

7.30
7.20
7.28
7.27
7.25
7.23

T
10. €

T
10.0

T T
4.0 3. 3.0
£1 (ppm)

"H NMR of 27 (400 MHz, CDCl;)

$62

L 15000

| 14000

|- 13000

k12000

L 11000

|- 10000

|- 9000

{8000

L 7000

|- 6000

{5000

L 4000

|- 3000

|- 2000

| 1000

}-—1000




a
g
o
90 N"-"-O0-®¢TOTONDNONON N @ v
SRREYa@nNcaaanaaenNns aa ©
GddrvNANNcerrRaanca mm :
ha S B R B B X
/ o
=N NH—
L,
T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
£1 (ppm)
13
C NMR of 27 (100 MHz, CDCl5)
P
3
H
/ o
=N NH—
L P e L o B e ML B B B T L B
140 120 100 80 60 40 20 [} 20 40 60 80 100 120 140 160 180 200 220 240

£1 (ppm)

3P NMR of 27 (162 MHz, CDCl3)

S63

|- 11000

| 10000

k9000

L 8000

L 7000

L 6000

{5000

|- 4000

{3000

| 2000

L 1000

|- —1000

|- 19000

k18000

|- 17000

|- 16000

- 15000

|- 14000

L 13000

|- 12000

k11000

L 10000

|- 9000

L 8000

|- 7000

k6000

{5000

|- 4000

L3000

{2000

k1000

Lo

}-—1000




£1 (ppm)

"H NMR of 28 (400 MHz, CDCl3)

S64

IEREEREFEEREES SN E R PEEEEEEEEREREEEREEEEEERE ]
G4 6 NNNNNNNRNRNNRNNRNNNRNNNNNRNNNNRNRNNNNRNR GO
PSS RNPPE R
NH
o=
. o
— T — T T T T T T T T
1.5 11.0 10.5 10.0 9.5 6.0 55 5.0 4.0 3.5 30 25 20 L5 1.0 0.5 00
£1 (ppm)
1
H NMR of 28 (400 MHz, CDCls)
°
¥
I
b
H
3238 Qomumneoencanc ¢ o
Ngudu - 29 ITMONTAMA ©q a
8888 5 idssmnr--0¢ ¢ ¢ o
~rFr*er - 00000000 L o
NH
[o—1
;o
JH i J
T T T T T T T T T T T T T
30 125 120 115 110 105 100 95 90 85 80 70 65 60 55 50 15 10 o % 2o Is lo

k25000

| 24000

|- 23000

|- 22000

k21000

L 20000

| 19000

|- 18000

|- 17000

L 16000

- 15000

| 14000

| 13000

|- 12000

11000

L 10000

| 9000

|- 8000

|- 7000

|- 6000

L 5000

k4000

{3000

{2000

|- 1000

L0

L ~1000

|- —2000

L 6000

|- 4500

L 4000

L3000

| 2500

| 2000

| 1500

L 1000

L -500




1919

I

A(s)
19.19

T T

T

T T T T T T -
40 60 80 100 140 160 180

£1 (ppm)

T T T T T T
140 120 100 80 20

I

3P NMR of 28 (162 MHz, CDCl3)

L 7.26 cociz
L 717
L7.1a
L7.aa

s.86
saa

¢ £

T
200

T
220

T
240

- 10000

|- 9000

L 8000

L 7000

L 6000

| 5000

L 4000

|- 3000

| 2000

|- 1000

L -1000

L 14000

{13000

{11000

I 10000

9000

8000

- 7000

- 6000

5000

4000

L3000

2000

L 1000

L -1000

1 (ppm)

"H NMR of 29 (400 MHz, CDCl3)

S65



¢

153.33

145.80

140.84

137.80

132.47

132.44

13237
13222
V5108
120,03
X\za.n
12890
117.04
<arer
11120
e 110.48
X042

T T T T T

T T T T
140 130 120 110 100 90 80 70 60 50

o
S

2 200 170 160 150 40 0 10 0 -10
f1 (ppm)
13C NMR of 29 (100 MHz, CDCls)
8
2
NH
/ P
< /
o]
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
140 120 100 80 60 40 20 0 -20 -40 —60 -80 —~100 -120 —140 -160 —~180 —200 -220 —240

1 (ppm)

3P NMR of 29(162 MHz, CDCl3)

S66

3000

2600

L2400

2200

2000

1800

L 1600

1400

L 1200

L 1000

|- 800

|- 600

400

200

L 1200

L1100

1000

900

L 800

{700

|- 600

}-400

200

t 100

L -100




000

0000

L 15000

- 10000

- 5000

oP-OSWa 05°Z
zee
23
sez
sez
ove
osz
osz
osz
sz
sz

A

=00t

o1

-

]

«

(ppm)

"H NMR of 30 (400 MHz, DMSO-ds)

fl

sec0L ™y

se'soL
semLL V.
zrBLL

sLUEzLY\

2 2 ¢ @ g ¢ g g g ¢ g g g e g
s & & & & & &8 & &8 & & & & 9 9 2 9 °©o 8 g 9o g s &
g - & & ®» E & B ¥ & © - S & & & & & 3 & & & ~ a
4 @ 8 A = = =~ &4 =& & 4 =Z = & ® = ® B ¥ % & = o 7
L L L L L L L L L L I I L I I L L I I
zzec ¢

oo\
ol
bl

paa

~10

<
&

(2

(ppm)

13C NMR of 30 (100 MHz, DMSO-ds)

f1

S67



17.37

|- 6!

|- 6

| 5t

[t

b 34

L1

LU\ B U B S B L A B B AL B UL B AU B N B FA B SO BELR NS B D B DU B B EUL D B D
140 120 100 80 60 40 20 0 —20 —40 —60 —80 ~100 -120 —140 —160 —180

1 (ppm)

3P NMR of 30 (162 MHz, DMSO-ds)

I0s e INGEN e N2 55088 Q8% NO@omem-oanVeOYm
400en@0IIIIIINNN-CGIGQaN Taa RRGRYGITIAaAmnoada
RARNRNNNNNRNNNNRNRNRNNGGGEGGS wna PTG  JL L  J
e b\ | < I R B
[e]
NH—
B 4 d e d
gdaoa a9 e e 99¢
ddno S : o a
T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 6 5 4 3 2 1 0 -2
£1 (ppm)

"H NMR of 31 (400 MHz, DMSO-ds)

S68

b1

b1

b1

b1

b1

s

L

500

000

000

500

000

500

000

500

000

500

000

500

5000

4000

3000

2000

1000

0000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0000

L9000

L 8000

- 7000

- 6000

5000

4000

3000

2000

000

)

1000

2000



77.16 cDCIz

£8  A%RtIaR whE g ane &
] § sanfasg =5c 3 FP I
| | O\\A i~ VI | 17\ |
NH—
[ |
T T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
13C NMR of 31 (100 MHz, DMSO-ds)
2
K
I
I
NH—
T T T T T T T T T T T T T T T T T T T T T T T
20 0 -20 -40 —60 -80 —100 -120 -140 -160 -180 —200 -220 —240

1 (ppm)

3P NMR of 31 (162 MHz, DMSO-ds)

S69

6500

k6000

L5500

5000

L4000

L 3500

3000

L2000

L 1500

L 1000

L -500

|- 800

750

L 700

650

L 600

500

450

}-400

L300

150

L-50

L -100




|- 26000

|- 24000

22000

k20000

|- 18000

- 16000

|- 14000

k12000

L 10000

|- 8000

L 6000

|- 4000

| 2000

|- —2000

£1 (ppm)

"H NMR of 32 (400 MHz, CDCl3)

77.16 cDCI3

14881
14875
14385
14373
14330
14324
13267
13222
132110
13188
13177
13137
12876
12237
Na2221

~ 11721

T
0.0

T
0.5

|- 8500
|- 8000
L 7500
|- 7000
|- 6500

L 6000

|- 5500

{5000

|- 4500

|- 4000

|- 3500

L3000

k2500

{2000

| 1500

| 1000

500

L0

k500

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)

13C NMR of 32 (100 MHz, CDCl3)

S70

T
-10



|- 10000

-137.39

/ \ N |- 9000

F NH—| L 8000
L 7000
L 6000
|- 5000
L 4000
|- 3000
| 2000

|- 1000

L1000

2

T T T T T T T T T T
45 150 155 160 165 170 175 180 190 195 200

£1 (ppm)

T
35 140

3P NMR of 32 (162 MHz, CDCl3)

1038

|- 5500
/ \ N |- 5000
L 4500
|- 4000
|- 3500
L3000
|- 2500
L 2000
k1500
|- 1000

L 500

- —500

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
26 24 22 20 18 16 14 12 10 8 ] 4 2 0 2 4 6 8 10 12 14 16 18 20 22

£1 (ppm)

oy
%

19F NMR of 32 (376 MHz, CDCls)

S71



f 45000

|- 40000

5000

51

L 30000

0000
- 15000
L 10000

000

|- 5¢
«

99
899
899
oce
5oz
oz
cee
cee
=

oEc

ves

se'z
se'c

s6°z

Feeo

Aot

Foov

0 5.5

T
6.

£1 (ppm)

"H NMR of 33 (400 MHz, CDCl;)

|- 10000

|- 9000

|- 8000

|- 7000

|- 6000

5000

|- 5¢

|- 4000

3000

|- 2000

|- 1000

1000

svziL

[EIT
e
et

scovLy

scevL

srvsiYy

LSt

z

7
AN

!

|

T T T T
120 110 o 90 80
£1 (ppm)

T

130

13C NMR of 33 (100 MHz, CDCl;)

S72



18.95

T

T T T
140 120 100

O

T

T T T T T T T T T
40 60 80 100 140 160

£1 (ppm)

T
0 20

I

3P NMR of 33 (162 MHz, CDCl3)

2.50 DMSO-d6

—T
180

T T
200

T
220

T
240

1.20
119
118

|- 50000

|- 45000

L 40000

{35000

|- 30000

|- 25000

L 20000

k15000

|- 10000

|- 5000

{25000

195 T

2.00
o.99

{20000

{15000

{10000

5000

T T T T T T
6 5 4 3 2 1 0

(ppm)

7?
~

f1

"H NMR of 34 (400 MHz, DMSO-ds)

S73

N

i
@



0196.01

L2100

2000

150.00

12060
Lhzasa

11660
Cireea

39.52 DMSO-ds
—~

268

2588

2570

2575

2566

2486

2484

L1900

A 3553

|

L 1800

L1700

1600

L 1500

L 1400

L1300

1200

L1100

1000

L 900

|- 800

700

{600

{500

|- 400

L300

200

L 100

L —-100

-200

as.10

T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ~10

1 (ppm)

13C NMR of 34 (100 MHz, DMSO-ds)

{12000
{11000
{- 10000
L 9000
L 8000
L 7000
L 6000
L 5000
£ 3000

1000

f-1000

T T T
40 20 0 —20 —40 —60 —80 ~100 -120 —140 —160 —180 —200 -220 —240
1 (ppm)

3P NMR of 34 (162 MHz, DMSO-ds)

S74



|- 26000
}- 24000

22000

{20000
L 18000
{16000

L 14000

2000

L 10000

L 8000

- 6000

|- 4000

2000

2000

et

vz'L

vz
sp-oswaosz”
se€ |
see |
zee
s6€ |
s6°€
so€
o6 |
oow "\

60z
60
oz

3
23
vez
sez
sez

vsE
os's

g0

Feov

Fooz

fS—

(ppm)

"H NMR of 35 (400 MHz, DMSO-ds)

f1

o o o o o o e e o o e <
S S S S S S S S S S S o 2 < < S
3 % < 5 Q S % < + 3] S S ] =] S 5]
& & Q & & Q — — - — = % ®© ¥ S o

! ! ! ! ! ! ! ! ! ! ! 1 1 1 ! 1 !
sesLy
zo'oL
ooz — 3
3
PTOSWIZTEE
szee,
e —

vEZS

oveLLYy,

sroLL

@oTL

ze'6zL

vesvL

vzosL

~10

<
&

2

150

210

(ppm)

13C NMR of 35 (100 MHz, DMSO-ds)

f1

S75



z
I

X

\/O\
e

8.01

|G

1 (ppm)

3P NMR of 35 (162 MHz, DMSO-ds)

s.08
2.50 DMSO-d6

<ese

s36

< e3a

104 g

0.41

<osr

—240

L 11000

|- 10000

L 9000

L 8000

L 7000

- 6000

5000

4000

3000

2000

1000

f-1000

|- 34000

|- 32000

|- 30000

28000

L 26000

|- 24000

|- 22000

- 20000

|- 18000

{16000

{14000

{12000

|- 10000

8000

- 6000

4000

L 2000

Lo

t-2000

5

=

&

©0.94 1

T T
6 5 4 3 2 1

1 (ppm)

200 1

"H NMR of 36 (400 MHz, DMSO-ds)

S76

I\

-
@



195.93

{10000

155.69
120.49
Lizaas
11276
_-39.52 DMsO-de
35.43
Ve
L 3487

asse
~

m‘
< avss

2620
< 2603

9000

- 8000

- 7000

L 6000

5000

4000

3000

L 2000

L 1000

L1000

50.42

T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60

1 (ppm)

o
S
i
S
=
o
S
)
o
|
°

13C NMR of 36 (100 MHz, DMSO-ds)

I 1ouUy
k15000
|- 14000
[e] |- 13000
L 12000
L 11000
{10000
9000
8000
L 7000
L 6000
L 5000
|- 4000
3000
k2000

1000

f-1000

T T T T T T
40 20 0 —20 —40 —60 —80 ~100 -120 —140 —160 —180 —200 -220 —240
1 (ppm)

3P NMR of 36(162 MHz, DMSO-ds)

S77



7.26 cpCI3

CERNYNITOODNG T NM em
Regoognernrnrnoqaae n
RANNRNNNRNRNRNRNRNRYSG N
e N \/
I
NH—
R l
dudy e
LEER] S8
$¥-o LR
T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0 -1 -3
£1 (ppm)
"H NMR of 37 (400 MHz, CDCl3)
m
g
S
3 T535838885 RY ¢ 13
H $YYRRRRRAR BR 19 ¢ -
- LR i S S S R &R
I SSNTESSE VY Il
I
NH—
L y L |
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ~10

£1 (ppm)

13C NMR of 37 (100 MHz, CDCl3)

S78

L 21000

20000

k19000

- 18000

L 17000

k16000

L 15000

L 14000

L 13000

L 12000

L 11000

- 10000

9000

{8000

- 7000

L 6000

{5000

4000

L 3000

L ~1000

L —2000

{5500

L 5000

|- 4500

L 4000

- 3000

{2500

L 1500

L 1000

500

L -500




19.55

£ 5000

4000

L 3500

3000

L 2500

2000

L 1500

1000

7.75

R e T A ;

1 (ppm)

3P NMR of 37 (162 MHz, CDCl3)

K
S
N

1355828 o o
1 Q00 aw Q <
R EEEE] o ~

L -500

|- 50000

45000

L 40000

L 30000

25000

L 20000

L 15000

L 10000

{5000

£1 (ppm)

"H NMR of 38 (400 MHz, CDCl3)

S79



162.86

<283

L 14000

77.16 cDCI3

,M
Tt
<ires
o

146.19
133.86
N 13011
55.43

26.27

L 13000

Lo
z

L 12000

L 11000

- 10000

|- 9000

{8000

- 7000

L 6000

L 5000

4000

- 3000

{2000

- 1000

L 1000

o
S
[
=1
)
o
|
°

T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40
£1 (ppm)

13C NMR of 38 (100 MHz, CDCl3)

k4000

1938

L 3000

{2000

L 1500

- 1000

500

£1 (ppm)

3P NMR of 38(162 MHz, CDCl3)

S80



900
{800
- 700

600
500

400
L 300
200
- 100

100

=) =) =) 2 ) 2 ) ) =) .
S S S 8 =1 8 =1 =1 2 s 2 s s 2 s 2 s S g
3 3 3 3 <3 8 8 g 5] S 8 S S 8 S 5] S 3 g
= 8 5 3 & S = S 8 1 ] =1 =1 ] S 8 S = 3
= = = b = = = = & & = & & ¥ & 8 = o i =
h h h h 1 1 h 1 1 1 i I 1 h 1 !
©
i
< tzoz
~
L3
T
D =o0e o
9P-OSWa 05T A
oz
oez M
- @
ez D
zer
zec - [ N
zs'e H
zsc
sz M
vsz Lo
vsz ] OO
o5z <
osz E ~"
esc e = a
w5 E
0972 [}
o9z ©
. [
1oz
z92 reoz &
2972 Pove M S
z927] Froz || N sTLLL
esc zeoe [ ogvei\
<v.»u 90z H sevzL
vor — 5921
soc ] Feoz ewozL
4 E ozt
o] €0t w0z
o] szczL
ooz ] voszL ]
oz ] o o8z
oce] s.w«.u
8L svezt |
sos ozt
sos L= ooeet |
zo8 o zves
c08 - “_” vreeL
c08 vzEeEL
soe Z o ceeen
so's ssEEL
sus ooee |
tze sczvy
)
se's [t
se's
s8'8
w8 -
w8 =
zo's E1eeL
%06
[
o

S81

(ppm)

13C NMR of 39 (100 MHz, DMSO-ds)

fl




3000
2000
L 1000

2000
1900
1800
L1700
L 1600
L 1500
1400
L 1300

0
L1100
1000

|- 900
|- 800
L 700
|- 600

0
400
L 300

0
100
11000
|- 10000
L9000
L 8000
- 7000
- 6000
5000
4000
f-1000

se'z ™

sv's (]

ETL |l
- | v il
Pz o E se0

=

Lo
F s60

Lo

(ppm)

3P NMR of 39 (162 MHz, DMSO-ds)

esz w

0
f1

£6°L
ve's
€0'S L

foo

Fsoola

svEz 00'L

e \o?
zoL O\\ —

z e «

T

80

2R

NN
N\ N

120
a
N

T

3IP NMR (162 MHz, DMSO- dé) 823

$82

(ppm)

"H NMR of 40 (400 MHz, DMSO-ds)

f1



160.35
146.74

39.52 DMSO-d6

35.89
Lsas7

=
o
S

IEEREEEESEREEEERE R R R R 3
CnNNNer-=-0CO0@%T&NNGEGONNYY b
TERSRARARNNRNANRAINNIICY ¢
|t -
F
F
=
|
| ‘llll ' | |
‘ AL[ ) _J
T T T T T T T T T I
140 130 120 110 100 90 80 70 60 50
f1 (ppm)
13C NMR of 40 (100 MHz, DMSO-ds)
A
L
R
I
F
F
-
T T T T T T T T T T T T T T
20 0 -20 —40 —60 -80 —100 -120 —140
f1 (ppm)

3P NMR of 40(162 MHz, DMSO-ds)

S83

L5500

L 5000

k4500

4000

L 3500

3000

L2500

L 2000

k1500

1000

-500

L 6500

- 6000

5000

4000

L 3500

3000

2500

L2000

1500

L 1000

L -500




3 ) 3 ) 3
S S S S < I < I 2 I o 2 I S
S 8 S 8 S S S S g S S g S S
S <] 3 1< S S S S 3 13 S 3 13 3
® 5] = ] S S S 3 ] S 3 <] 3 —
= - - = & % = < B - & 5 - o |
! ! ! ! ! 1 ! 1 1 1 ! ! ! 1 1
boow
w
8865
—_— [e]

N
Q

(ppm)

19F NMR 0f40 (162 MHz, DMSO-ds)

f1

|- 10000

9000

- 8000

- 7000
k6000
5000
|- 4000

3000
2000
1000

P
z9'9

€99
PrEy
sc9
69
os's
=

s89 ]
s
zve
s
viz
sue]
oec
osz
zee
eee ] ﬁ
ves

vz

ove]
os'z
sz
zsc
esc
osc

osz

8sc
ws 2
o5z
o092
ey
ey
ece
£cc
oz

ez
P

Ry

ov's

NH
P.

Fooe

oL
660
ve'L

0T
EFoue
Rooe
u/a:

Yoy
Feso

Foot

]

e

Lo

Lo

«

(ppm)

"H NMR of 41 (400 MHz, DMSO-ds)

f1

S84



29 9258333 ny82388883]n8 P
@ = CANrrr-ocdodsgancamnd B
22 fooompoRoReRoRRRRCoDe ¢
(! St \

Q NH
p
o
H

o=S5=0

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

-10
f1 (ppm)
I3C NMR of 41 (100 MHz, DMSO-ds)
.
<
Q, NH

Np

/

le]

1
[o— |= o
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 T T T T
140 120 100 80 60 40 20 0 -20 -40 —60 -80 —~100 -120 —140 -160 —~180 —200 -220 —240

1 (ppm)

3P NMR of 41 (162 MHz, DMSO-ds)

$85

2000

L 1900

1800

L1700

L 1600

L 1500

L1100

L 1000

|- 900

|- 800

L 700

|- 600

400

L 300

200

100

L-200

| 3000

2800

2600

2400

2200

2000

L 1800

L 1600

L 1400

1200

k- 1000

|- 800

{600

{400

200

- -200




g g =3 =3 =3 =3 =3 =3 =3 =3
g S 2 S < I3 I3 I3 I3 < I3 I3 I3 < < 2 - - - g g
g g g g g g g S S S S S S S S S S S S o 2 2 IS
s ¢ § & B & & &8 g g ¢ E g § £ § 8§ £ § § 8 § ¢ ¢t § g8 88 _ &8 ¢8
= ¢ 8§ § ¢ & 2 & & § 2 o ;3 R EREEREREEEEEEEREEEERE
i 0 3 i 5 1 5 b 0 \ 1 1 1 1 1 1
L L L L L L i i L h L L Lo L I I L L L
,
<
< [
]
Lo
.
=1
:
<
-
e
S -
= 0szT T
° - ] 2
wror— - ,
owo\ L
06" 60’9 Tn
- =3
[
. I
ek o Eusy sy
. Lo : )
~
B
B8'L = - v -
e
Fe =
. O ]
: - Fvoe |2 - e
emazorii— .
[
zes o
vee = .
w < 4
vnv ™
>
; : .
L 3 s
€e® —= vou | o & S
ls° «
<o o R
sos ~ seout B
ove w M WweLL
oz [ vizzL
g
e T soszt
vz e 85°6Z1 m
s 8O LEL T = @
i s0°ze _
W e — -
< orZEL
- _
ov'z eezeL 18
e oLBEL
g zeovL
ol & 0 .
ol o : B
e
c
e
8y ~
s
vz N b %
<
, _
o . s
" o0
Z
)
] S
]
ez o0
-, <
- - :
e
e :

S86

(ppm)

13C NMR of 42 (100 MHz, CDCl;)

f1



|- 4500

4000

L 3500

L3000

2500

2000

00

1000

sceL T

120

T

(ppm)

3P NMR of 42 (162 MHz, CDCl3)

f1

L9000

|- 8000
L 7000

{6000

5000

4000

{3000

{2000

L 1000

Lo

op-oswaosiz

(3
Eve
vz

-

3
L3
3
3
2=
sEC
oEc
o€z
Lz
sz
zse
zse
zse
€sz
€sz
vse
vse
ssc
ssz
o5z
s
s
ssC
ssC
o5z
o5z
o9z
1oz
1oz
oce
6cc
ogz
18z
18z
18z
zes
(2
€ss
ver
ver
ves
zo'8
zo's
€0
€0
ve's
ve's
os's
€s's

oL
o0t
Feos
Fov

€0t
Eeon

00'L

]

foo

™

)

(ppm)

"H NMR of 44 (400 MHz, DMSO-ds)

fl

S87



L2100

2000

L1900

L 1800

L1700

L 1600

1500

- 1400

1300

1200

L1100

k- 1000

L 900

|- 800

700

{600

L -200

T
100
1 (ppm)

13C NMR of 44 (100 MHz, DMSO-ds)

140

1716

L 4500

4000

L 3500

3000

2000

L 1500

k- 1000

L 500

T T T I T T LT I T 1T T T T
p 0 20

T T T T T T T T T T
-40
1 (ppm)

3P NMR of 44 (162 MHz, DMSO-ds)

S88



L 19000

- 18000

L 17000

- 16000

L 15000

- 5000

- 3000
2000
L 1000

L 14000
- 13000
12000
L 11000
L 10000
{9000
{8000
L 7000
|- 6000
4000
L0

1000

zz0
vzo
veo

90

e
ovL
[

EsL

851
voe]
v ]
soz )
£1>a>9z'z
sez )
se¢ )
Bl
ez
e\
ZE2 N
ses

L

=
158

!

]

|l

VAR

Feoz

Froz

660
Fros
Eio

00
FooL
FooL

)

o~
=

(ppm)

"H NMR of 45 (400 MHz, CDCl3)

fl

L 8000
L 7500

- 7000

L 6500

t 6000

{5500

4000

- 3000
0

5
{2000
L 1500
k1000
00

|5
0

I

sezy,

srzz

zezs

sezs

epaserzs ™

vsETL

!

-10

o
&

o
&

(ppm)

13C NMR of 45 (100 MHz, CDCl3)

fl

S89



|- 9000

26.92

L 8500
|- 8000

L 7500
| 7000
L 6000
L 5500

- 5000

i

\_/

4500

4000

L 3500

{3000

2500

2000

L 1500

- 1000

L 500

L -500

T T T T T T I T T T T T T I T T T T T I T 1 T T T
—20 —40 —60 -80 —100 -120 —140 -160 —180 —200 —220 —240

£1 (ppm)

IS
S
g
]
=)
3
o
8
@
S
.
)
o
S
o

3P NMR of 45 (162 MHz, CDCl3)

|- 40000

OH
L 35000
/

|- 30000

25000

|- 20000

k15000

{10000

5000

AR

3

2.00 o
3.02.5
119,
0.97.

T T T T T T T T T T T T T
6 5 4 3 2 1 0 -1

1 (ppm)

I
N
I

o
IS
w7
15
@
o

"H NMR of 46 (400 MHz, CDCl3)

S90



