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1. General information

All glassware was oven dried at 100 °C for hours and cooled down under vacuum.
Isoselenocyanatobenzene, isoselenocyanatobenzenes, and phosphite ester derivatives were prepared
according to reported procedures.! All the reaction prepared using the solvent of CH;CN, DMF, and
DMSO (AR, 99.0%) was purchased from Macklin. Unless otherwise noted, materials were obtained from
commercial suppliers and used without further purification. The instrument for electrolysis is dual
display potentiostat (DJS-292B or SS-L303SPD) (made in China), the carbon rods (¢ = 6 mm), carbon
felt (1 x 1 cm?), Pt plates (I x 1 cm?), and Ni plates (1 x 1 ¢cm?) was purchased from Xuzhou Xinke
Instrument and Meter Co. LTD. The thin layer chromatography (TLC) employed glass 0.25 mm silica
gel plates. Flash chromatography columns were packed with 200-300 mesh silica gel in petroleum (b. p.
60-90 °C). 'H, BC and "F NMR data were recorded with Bruker Advance III (400 or 500 MHz)
spectrometers with tetramethylsilane as an internal standard. All chemical shifts (8) are reported in ppm
and coupling constants (J) in Hz. All chemical shifts are reported relative to tetramethylsilane and d-
solvent peaks (77.00 ppm, chloroform, or 40.0 ppm, DMSO-dj), respectively.

2. General procedure electrooxidation-induced synthesis 3-thio/selenophosphorylated

imidazoles with H, evolution
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In an oven-dried undivided three-necked flask (25 mL) equipped with a stir bar, a (0.5 mmol), b (0.5
mmol), and NaOH (1.5 mmol, 60.0 mg) were combined. The flask was equipped with a carbon felt (1.0
x 1.0 cm?) as the anode and Pt plates (1.0 x 1.0 cm?) as the cathode. Under the air, CH;CN (8.0 mL) was
slowly injected into the reaction flask. The reaction mixture was stirred 1 h, and ¢ (1.0 mmol), HCI1 (37%,

1.5 mmol) were added and then electrolyzed at a constant current of 1.0 mA under room temperature for


mailto:wenjy@qfnu.edu.cn
mailto:shibowang@zstu.edu.cn

8 h. When the reaction was finished, adjust pH to neutral with HCI, the reaction mixture was concentrated
and then extracted with CH,Cl, (10 mL x 3). The organic layers were combined, dried over Na,SO,, and
concentrated. The pure product was obtained by flash column chromatography on silica gel.

Note: the resulting products should be stored under an inert atmosphere at 2-8 °C.

3. Large-scale synthesis of 1d
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In an oven-dried beaker (500 mL) equipped with a stir bar, 1a (10.0 mmol, 1.35 g), 1b (10.0 mmol, 1.01
g), and NaOH (30.0 mmol, 1.2 g) were combined. The beaker was equipped with a carbon felt (2.0 x 2.0
cm?) as the anode and Pt plates (1.0 x 1.0 cm?) as the cathode. Under the air, CH;CN (160.0 mL) was
slowly injected into the reaction system. The reaction mixture was stirred 1 h, and 1¢ (20.0 mmol), HCI
(37%, 30.0 mmol) were added and then electrolyzed at a constant current of 1.0 mA under room
temperature for 22 h. Adjust pH to neutral with HCI, the reaction mixture was concentrated and then
extracted with CH,Cl, (10 mL x 3). The organic layers were combined, dried over Na,SO,4, and
concentrated again. The pure product 1d was obtained in a yield of 57% (2.19 g) by flash column
chromatography on silica gel.

4. Preliminary mechanistic studies

a) Radical trapping experiments
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In an oven-dried undivided three-necked flask (25 mL) equipped with a stir bar, a (0.5 mmol), b (0.5
mmol), and NaOH (1.5 mmol, 60.0 mg) were combined. The flask was equipped with a carbon felt (1.0
x 1.0 cm?) as the anode and Pt plates (1.0 x 1.0 cm?) as the cathode. Under the air, CH;CN (8.0 mL) was
slowly injected into the reaction flask. The reaction mixture was stirred 1 h, and ¢ (1.0 mmol), HCI1 (37%,
1.5 mmol), TEMPO or CBr, (1.0 mmol) were added and then electrolyzed at a constant current of 1.0
mA under room temperature for 8 h. When the reaction was finished, the solution was concentrated in a

vacuum and not detected the desired product 1d. The compound H can be detected by HRMS.
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Figure S1. The HRMS results of H.



b) HRMS sampling results
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Figure S2. The HRMS results of A.
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Figure S4. The HRMS results of F.
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Figure S5. Cyclic voltammograms at grass carbon as work electrode, Ag/AgCl as the reference
electrode, Pt (1 x 1 cm 2) as counter electrode in 0.1 M "BuyNBF, in CH3CN, scan rate 100 mV/s. (1),
(2)), (3) 1a (0.25 mM), 1b (0.25 mM), 1¢, A (0.25 mM), HCI (0.25 mM). (4), (5) Mixed CV curves of

HCI (0.25 mM) and varying concentrations of 1¢ or intermediate A.
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Scheme S2. (a) Monitoring of reaction pH. (b) Investigation into the impact of pH on product stability.



5. The anti-locust activity of wheat seedlings and aquatic toxicity

Figure S6. Cultivation of wheat seedlings. Wheat seedlings were derived from the germination of
wheat seeds without any pharmaceutical additives.
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Figure S7. Preliminary study on the activity of pesticides. Grasshopper (2-3 cm) was purchased
from Feixian affluence grasshopper breeding base in Linyi city, Shandong province, and all the
grasshoppers were fed normally in groups for a week before the experiment. All animal experiments
were conducted in adherence with the Biomedical Ethics Committee of Qufu Normal University
(approval number 2023102).



Table S1. Aquatic toxicity, the mortality rate of carp juveniles (2-3 cm) at different trial times

Mortality rate of carp juvenile at different trial
Concentration :
Sample times
(mg/L)
24 h 48 h 72h 96 h
EtOH/H,0 (v=0.1/50 mL) 0 0 0 0
5 0 0 0 0
- 6.5 0 40 80 100
N {/Lcooa :
Br/@ %S 8.5 30 70 100 100
Et0” “OEt
6d 10 80 100 100 100
60 100 100 100 100

Carp juveniles (2-3 cm) was purchased from Zhizhi fishery aquaculture farm in Weihai, Shandong
province, and all the carp juveniles were fed normally in groups for a week before the experiment.
Carp juveniles were divided into several groups of 10 in each groups, and the results were the
average of 3 parallel experiments. All animal experiments were conducted in adherence with the
Biomedical Ethics Committee of Qufu Normal University (approval number 2023102).

6. References
1. (a) Takemoto, Y.; Nanjo, T.; Tsukano, C, Synlett. 2014, 25, 1473-1477; (b) Zhou, M.; Ji, S.;
Wu, Z.; Li, Y.; Zheng, W.; Zhou, H.; Chen, T., Eur. J. Med. Chem. 2015, 96, 92-7.

7. Detail descriptions for products
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Ethyl 5-((diethoxyphosphoryl)thio)-1-phenyl-1H-imidazole-4-carboxylate (1d): yellow oil was
obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/1) with 75% isolated yield
(144.2 mg). 'H NMR (500 MHz, CDCLy) § 7.82 (d, J= 1.7 Hz, 1H), 7.52 (dd, J=9.1, 6.1 Hz, 3H), 7.47
(dd, J=17.8, 1.5 Hz, 2H), 4.43 (q, J= 7.1 Hz, 2H), 4.02 — 3.93 (m, 2H), 3.88 —3.79 (m, 2H), 1.44 (t,J =
7.1 Hz, 3H), 1.19 (t, J = 7.1 Hz, 6H). *C NMR (126 MHz, CDCl;) § 162.0 (d, J=2.3 Hz), 140.1 (d, J =
2.0 Hz), 138.5 (d, J= 6.1 Hz), 135.0, 129.3 (d, J = 18.5 Hz), 127.4, 120.5 (d, /= 8.7 Hz), 64.3 (d, J =
6.2 Hz), 60.9, 15.8 (d, J = 7.4 Hz), 14.4. HRMS (ESI) m/z: [M+H] * calcd for C;sH;;N,OsPS:
385.0982; found: 385.0982. IR (film) v, cm™: 3112, 3068, 2979, 2929, 1718, 1594, 1496, 1463,

1384, 1309, 1249, 1190, 1050, 842, 767, 696.
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Ethyl 5-((ethoxyphosphoryl)thio)-1-phenyl-1H-imidazole-4-carboxylate (1d’): yellow oil was
obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/2) with 21% isolated yield
(17.8 mg). '"H NMR (500 MHz, CDCly) § 7.71 (s, 1H), 7.47 (t, J = 5.4 Hz, 3H), 7.28 (dd, J=10.8,
5.0 Hz, 2H), 4.39 (q, /= 7.1 Hz, 2H), 2.70 (q, J = 7.4 Hz, 2H), 1.39 (t, /= 7.2 Hz, 3H), 0.99 (t, J =
7.4 Hz, 3H). 3C NMR (126 MHz, CDCl;) 6 162.3, 138.8, 136.5, 135.2, 130.5, 129.3, 126.7, 68.2,

60.8, 14.5, 14.4.
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Ethyl 5-((diethoxyphosphoryl)thio)-1-(p-tolyl)-1H-imidazole-4-carboxylate (2d): yellow oil
was obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/1) with 64% isolated
yield (127.4 mg). '"H NMR (500 MHz, CDCl;) 6 7.79 (d, J= 1.5 Hz, 1H), 7.34 — 7.30 (m, 4H), 4.43 (q,
J=7.1Hz, 2H), 4.03 — 3.95 (m, 2H), 3.90 — 3.82 (m, 2H), 2.43 (s, 3H), 1.43 (t, /= 7.1 Hz, 3H), 1.19 (4,
J=17.1Hz, 6H). ®*C NMR (126 MHz, CDCl3) § 162.0 (d, J=2.4 Hz), 140.2 (d, J= 2.0 Hz), 139.6, 138.4
(d, /= 6.1 Hz), 132.41, 129.7, 127.1, 120.6, 64.2 (d, J = 6.3 Hz), 60.9, 21.1, 15.8 (d, J = 7.5 Hz), 14.3.
HRMS (ESI) m/z: [M+H] * calcd for C17H3N,05PS: 399.1138; found: 399.1138. IR (film) v, cm™":
3110, 3072, 2981, 2929, 1720, 1583, 1513, 1479, 1384, 1307, 1251, 1184, 1045, 821, 819.

—N
-
tBu/©/o\\P/s

Et0” "OEt

COOEt

Ethyl 1-(4-(tert-butyl)phenyl)-5-((diethoxyphosphoryl)thio)-1H-imidazole-4-carboxylate (3d):
yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/1) with
60% isolated yield (132.1 mg). 'H NMR (500 MHz, CDCl;) & 7.73 (s, 1H), 7.47 (d, J = 8.4 Hz, 2H),
7.30 (d, J=8.5 Hz, 2H), 4.36 (dd, J = 14.0, 7.0 Hz, 2H), 3.92 (m, 2H), 3.77 (m, 2H), 1.37 (t,J=7.1 Hz,
3H), 1.29 (s, 9H), 1.10 (t, /= 7.1 Hz, 6H). 3C NMR (126 MHz, CDCl;) § 162.0, 152.7, 140.2, 132.3,
126.9, 126.1, 120.6, 64.1 (d, J= 6.0 Hz), 60.8, 34.8, 31.2, 15.8 (d, ] = 7.5 Hz), 14.3. HRMS (ESI) m/z:
[M+H] * caled for CygH,9N,O5PS: 441.1608; found: 441.1607. IR (film) v, cm': 3114, 3056, 2969,

2917, 1724, 1610, 1513, 1469, 1380, 1309, 1251, 1187, 1051, 840, 781.
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Ethyl 5-((diethoxyphosphoryl)thio)-1-(4-methoxyphenyl)-1H-imidazole-4-carboxylate (4d):
yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/1) with
55% isolated yield (114.0 mg). 'H NMR (500 MHz, CDCl;) & 8.61 (s, 1H), 7.46 (d, J = 8.9 Hz, 2H),
7.05 (d, J=8.9 Hz, 2H), 4.44 (q, J= 7.1 Hz, 2H), 4.07 — 3.97 (m, 2H), 3.97 — 3.89 (m, 2H), 3.88 (s, 3H),
1.41 (t, J="7.1 Hz, 3H), 1.23 (t, /= 7.1 Hz, 6H). 3*C NMR (126 MHz, CDCl;) 6 161.1, 158.4, 139.6 (d,
J=2.4Hz),136.0,132.3,128.8, 115.2 (d, J=3.1 Hz), 114.6, 65.0 (d, J = 6.8 Hz), 62.3, 55.7, 15.8 (d, J
= 7.4 Hz), 14.2. HRMS (ESI) m/z: [M+H] * caled for Ci7H3N,O4PS: 415.1087; found: 415.1088.
IR (film) v, cml: 3124, 3079, 2981, 2935, 1727, 1608, 1511, 1496, 1384, 1301, 1253, 1186, 1180,

1041, 840, 838.
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Ethyl 1-(4-chlorophenyl)-5-((diethoxyphosphoryl)thio)-1H-imidazole-4-carboxylate (5d):
yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum ether = 2/1) with
51% isolated yield (106.6 mg). '"H NMR (500 MHz, CDCl3) 6 7.73 (d, J= 1.5 Hz, 1H), 7.44 (d, J=8.7
Hz, 2H), 7.36 (d, J = 8.7 Hz, 2H), 4.36 (q, J = 7.1 Hz, 2H), 4.00 — 3.91 (m, 2H), 3.90 — 3.80 (m, 2H),
1.37 (t, J="7.1 Hz, 3H), 1.16 (td, J= 7.1, 0.7 Hz, 6H). 3C NMR (126 MHz, CDCl;)  161.8 (d, J=2.6
Hz), 140.0 (d, /= 1.6 Hz), 138.7, 135.7, 133.4, 129.5, 129.4, 128.8, 64.5 (d, J= 6.5 Hz), 61.0, 15.9 (d, J
=7.4 Hz), 14.3. HRMS (ESI) m/z: [M+H] * caled for C;sH,oCIN,O5PS: 419.0592; found: 419.0590.
IR (film) v, cm': 3102, 3072, 2979, 2927, 1720, 1640, 1512, 1465, 1392, 1306, 1253, 1189, 1091,
1045, 835, 806.
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Ethyl 1-(4-bromophenyl)-5-((diethoxyphosphoryl)thio)-1H-imidazole-4-carboxylate (6d):
yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum ether = 2/1) with
49% isolated yield (113.4 mg). '"H NMR (500 MHz, CDCl;) 6 7.79 (s, 1H), 7.67 (d, J = 8.6 Hz, 2H),

7.37(d, J = 8.6 Hz, 2H), 4.43 (q, J = 7.1 Hz, 2H), 4.07 — 3.98 (m, 2H), 3.97 — 3.88 (m, 2H), 1.44 (t, J =



7.1 Hz, 3H), 1.23 (t, J= 7.1 Hz, 6H). 3C NMR (126 MHz, CDCl3)  161.8, 140.0, 138.7 (d, /= 5.8 Hz),
133.9, 132.4, 129.1, 123.6, 120.5 (d, J = 8.7 Hz), 64.5 (d, J = 6.4 Hz), 61.0, 15.9 (d, J = 7.3 Hz), 14.3.
HRMS (ESI) m/z: [M+H] * caled for C6HyBrN,OsPS: 463.0087; found: 463.0086. IR (film) v,

cm': 3106, 3073, 2983, 2923, 1720, 1643, 1515, 1494, 1398, 1309, 1251, 1186, 1071, 1047, 833,

784.
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Ethyl 5-((diethoxyphosphoryl)thio)-1-(4-iodophenyl)-1H-imidazole-4-carboxylate  (7d):
yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum ether = 2/1) with
48% isolated yield (122.4 mg). '"H NMR (500 MHz, CDCl;) § 7.85 (s, 1H), 7.83 (d, J= 8.4 Hz, 2H),
7.54 —7.48 (m, 2H), 4.42 (q, J=7.2 Hz, 2H), 4.01 —3.91 (m, 2H), 3.88 —3.78 (m, 2H), 1.43 (t,J =
7.1 Hz, 3H), 1.18 (t, J = 7.1 Hz, 6H). *C NMR (126 MHz, CDCl;) § 161.2, 140.4 (d, J = 10.5 Hz),
138.7, 129.5, 129.4, 129.1, 127.5, 95.5, 64.4 (d, J = 6.3 Hz), 61.2, 16.0 (d, J = 7.5 Hz), 14.4. HRMS
(ESI) m/z: [M+H] " calcd for C;sHIN,OsPS: 510.9948; found: 510.9948. IR (film) v, cm™': 3109,

3075, 2986, 2923, 1720, 1651, 1516, 1496 1399, 1308, 1251, 1185, 1080, 1047, 832, 802.
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Ethyl 5-((diethoxyphosphoryl)thio) -1-(4-(trifluoromethoxy)phenyl)-1H-imidazole- 4-
carboxylate (8d): yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum
ether = 1/1) with 50% isolated yield (117.1 mg). '"H NMR (500 MHz, CDCl;) 6 7.82 (s, 1H), 7.55 (d,
J=17.8Hz, 2H), 7.40 (d, J= 8.5 Hz, 2H), 4.44 (q, J = 6.8 Hz, 2H), 4.04 — 3.96 (m, 2H), 3.94 — 3.85 (m,
2H), 1.44 (td, J=17.0, 0.8 Hz, 3H), 1.22 (t,J= 7.1 Hz, 6H). 3C NMR (126 MHz, CDCl;) 4 161.9 (d, J=
2.2 Hz), 149.7 (d, /= 1.8 Hz), 140.1 (d, J= 1.7 Hz), 138.8 (q, J = 6.0 Hz), 133.4, 129.4, 121.7, 120.8 (q,
J=8.9 Hz), 120.4 (g, J = 258.8 Hz), 64.6 (d, J = 6.5 Hz), 61.1, 15.9 (d, J = 7.3 Hz), 14.4i (s). HRMS
(ESI) m/z: [M+H] * calcd for C17H,0F3N,O¢PS: 469.0805; found: 469.0805. IR (film) v, cm!: 3110,
3062, 2923, 2852, 1716, 1598, 1511, 1463 1378, 1302, 1249, 1205, 1184, 1047, 825, 804.

Me N//:}\

T

Et0" “OEt

COOEt



Ethyl 5-((diethoxyphosphoryl)thio)-1-(m-tolyl)-1H-imidazole-4-carboxylate (9d): yellow oil
was obtained by column chromatography (eluent: EtOAc/petroleum ether = 2/1) with 71% isolated
yield (141.3 mg). 'H NMR (500 MHz, CDCl3) 6 7.79 (d, J = 1.8 Hz, 1H), 7.40 (t, /= 7.6 Hz, 1H), 7.31
(d, J=17.7Hz, 1H), 7.26 (t, J = 5.0 Hz, 2H), 4.43 (q, J= 7.1 Hz, 2H), 4.03 — 3.95 (m, 2H), 3.89 — 3.80
(m, 2H), 2.44 (s, 3H), 1.44 (t, J = 7.1 Hz, 3H), 1.19 (t, J = 7.1 Hz, 6H). *C NMR (126 MHz, CDCl;) &
162.0 (d, J = 2.3 Hz), 140.1 (d, J = 1.9 Hz), 139.5, 138.5 (d, J = 6.1 Hz), 134.9, 130.0, 129.0, 127.8,
124.3, 120.5 (d, J= 8.7 Hz), 64.2 (d, J = 6.2 Hz), 60.9, 21.2, 15.9 (d, J = 7.5 Hz), 14.4. HRMS (ESI)
m/z: [M+H] * caled for C17Hp3N,05PS: 399.1138; found: 399.1138. IR (film) v, cm™': 3114, 3056,
2978, 2927, 1716, 1619, 1477, 1488, 1386, 1306, 1257, 1197, 1035, 854, 852, 788, 694.
E Ni%cooa
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Ethyl 5-((diethoxyphosphoryl)thio)-1-(3-fluorophenyl)-1H-imidazole-4-carboxylate (10d):
white oil was obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/1) with 68%
isolated yield (136.8 mg). 'H NMR (500 MHz, CDCLy) & 7.76 (s, 1H), 7.44 (dd, J = 14.2, 7.8 Hz, 1H),
7.25—7.15 (m, 3H), 4.36 (q, J = 7.1 Hz, 2H), 4.02 — 3.92 (m, 2H), 3.91 — 3.79 (m, 2H), 1.38 — 1.34 (m,
3H), 1.15 (t, J = 7.1 Hz, 6H). 3C NMR (126 MHz, CDCl;) § 162.4 (d, J = 250.1 Hz), 161.8 (d, J=2.3
Hz), 140.0 (d, J=2.1 Hz), 138.7 (d, J= 6.2 Hz), 136.1 (d, J= 10.0 Hz), 130.5 (d, J= 8.9 Hz), 123.2 (d,
J=3.4Hz), 120.5 (d, J=8.7 Hz), 116.5 (d, /= 20.9 Hz), 115.2 (d, /= 24.4 Hz), 64.5 (d, J = 6.5 Hz),
61.0, 15.8 (d, J = 7.3 Hz), 14.3. HRMS (ESI) m/z: [M+H] * caled for C;cH0FN,OsPS: 403.0887;
found: 403.0888. IR (film) v, cm™': 3114, 3045, 2925, 2854, 1716, 1608, 1488, 1460, 1376, 1309,
1201, 1130, 1078, 1035, 860, 852, 780, 650.
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Ethyl 5-((diethoxyphosphoryl)thio)-1-(m-tolyl)-1H-imidazole-4-carboxylate (11d): yellow oil
was obtained by column chromatography (eluent: EtOAc/petroleum ether = 2/1) with 77% isolated
yield (161.2 mg). 'H NMR (500 MHz, CDCLy) § 7.75 (s, 1H), 7.49 (s, 1H), 7.44 —7.39 (m, 2H), 7.31 (d,
J=1.5Hz, 1H), 4.36 (q, J= 7.1 Hz, 2H), 4.02 — 3.92 (m, 2H), 3.92 — 3.80 (m, 2H), 1.36 (t, /= 7.1 Hz,

3H), 1.16 (t,J=7.1 Hz, 6H). *C NMR (126 MHz, CDCl3) § 161.8 (d, J = 2.2 Hz), 140.0 (d, J= 1.9 Hz),



138.7 (d, J = 6.3 Hz), 135.9, 134.9, 130.2, 129.6, 127.6, 125.7, 120.6 (d, J = 8.5 Hz), 76.8, 64.5 (d, J =
6.5 Hz), 61.0, 15.9 (d, J = 7.4 Hz), 14.3. HRMS (ESI) m/z: [M+H] * caled for C;sHCIN,OsPS:
419.0592; found: 419.0592. IR (film) v, cm’": 3115, 3077, 2976, 2923, 1720, 1639, 1511, 1492,

1389, 1308, 1253, 1189, 1090, 1044, 878, 840, 785, 693.
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Ethyl 5-((diethoxyphosphoryl)thio)-1-(3-(trifluoromethyl)phenyl)-1H-imidazole-4-
carboxylate (12d): yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum
ether = 1/1) with 75% isolated yield (169.5 mg). 'H NMR (500 MHz, CDCl;) 6 7.78 (d, J = 1.6 Hz,
1H), 7.76 (s, 1H), 7.72 (dd, J= 4.4, 3.5 Hz, 1H), 7.63 (d, J = 5.2 Hz, 2H), 4.37 (q, J = 7.1 Hz, 2H), 3.99
—3.90 (m, 2H), 3.88 — 3.79 (m, 2H), 1.37 (t, J = 7.1 Hz, 3H), 1.14 (td, J = 7.0, 0.6 Hz, 6H). 3*C NMR
(126 MHz, CDCl3) 8 161.7 (d, J = 2.4 Hz), 140.4, 140.0 (d, J = 2.1 Hz), 135.3 (d, J= 32.0 Hz), 131.8
(qd, J =33.3, 5.5 Hz), 130.9 (d, /= 25.2 Hz), 130.0 (d, J = 10.3 Hz), 126.3 (dq, J = 34.5, 7.1 Hz), 124.5
(q,J=3.7Hz), 123.2 (q, J=273.6 Hz), 120.6 (d, J= 8.6 Hz), 64.5 (d, J= 6.6 Hz), 61.0, 15.7 (d, /= 7.3
Hz), 14.3. HRMS (ESI) m/z: [M+H] * calcd for C7H,0F3N,05PS: 453.0855; found: 453.0857. IR
(film) v, cm™: 3112, 3048, 2925, 2854, 1718, 1621, 1498, 1473, 1382, 1322, 1263, 1201, 1178,
1049, 862, 806, 701, 659.
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Ethyl 5-((diethoxyphosphoryl)thio)-1-(o-tolyl)-1H-imidazole-4-carboxylate (13d): yellow oil
was obtained by column chromatography (eluent: EtOAc/petroleum ether = 2/1) with 76% isolated
yield (151.2 mg). 'H NMR (500 MHz, CDCLy) § 7.64 (d, J = 1.7 Hz, 1H), 7.37 — 7.31 (m, 2H), 7.28 (dd,
J=14.7,7.1 Hz, 2H), 4.37 (q, J= 7.1 Hz, 2H), 3.99 — 3.91 (m, 1H), 3.90 — 3.83 (m, 1H), 3.82 — 3.75 (m,
1H), 3.71 — 3.64 (m, 1H), 2.03 (s, 3H), 1.38 (t, /= 7.1 Hz, 3H), 1.16 (t, /= 7.0 Hz, 3H), 1.09 (t, /= 7.0
Hz, 3H). 3C NMR (126 MHz, CDCl3) & 162.0 (d, J = 2.1 Hz), 140.0 (d, J = 1.7 Hz), 138.0 (d, J= 6.2
Hz), 136.0, 133.9, 130.9, 129.9, 129.3, 126.5, 121.2 (d, J = 8.6 Hz), 64.2 (d, J = 22.6 Hz), 60.9, 17.7,
15.8 (d, J = 14.4 Hz), 15.8 14.3. HRMS (ESI) m/z: [M+H] * calcd for C;7H»3;N,05PS: 399.1138;

found: 399.1138. IR (film) v, cm™': 3110, 3070, 2977, 2929, 1720, 1579, 1500, 1477, 1382, 1305,



1249, 1187, 1041, 815, 767.
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Ethyl 1-(2-bromophenyl)-5-((diethoxyphosphoryl)thio)-1H-imidazole-4-carboxylate (14d):
yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum ether = 2/1) with
70% isolated yield (162.1 mg). '"H NMR (500 MHz, CDCly) & 7.71 — 7.67 (m, 2H), 7.60 (dd, J = 7.8,
1.5 Hz, 1H), 7.4 (td, J= 7.7, 1.2 Hz, 1H), 7.36 (td, J = 7.8, 1.6 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 4.17
—4.01 (m, 2H), 3.82 — 3.62 (m, 2H), 1.39 (t,J="7.1 Hz, 3H), 1.24 (t, /=7.0 Hz, 3H), 1.09 (t, /J="7.1 Hz,
3H). 3C NMR (126 MHz, CDCl;) 6 161.8 (d, J= 2.4 Hz), 139.9 (d, J=2.2 Hz), 138.1 (d, J = 6.4 Hz),
134.1, 133.2, 131.3, 131.2, 128.0, 122.8, 121.3 (d, J = 8.6 Hz), 64.4 (d, J = 67.8 Hz), 64.4 (d, J = 67.5
Hz), 60.9, 15.9 (d, J = 16.0 Hz), 15.8 (d, J = 15.6 Hz), 14.3. HRMS (ESI) m/z: [M+H] * calcd for
C16H20BrN,OsPS: 463.0087; found: 463.0087. IR (film) v, cm™': 3106, 3073, 2983, 2923, 1720,

1643, 1515, 1494, 1398, 1309, 1251, 1186, 1043, 1039, 833, 784.
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Ethyl 5-((diethoxyphosphoryl)thio)-1-(3,5-dimethylphenyl)-1H-imidazole-4-carboxylate
(15d): yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/1)
with 72% isolated yield (148.3 mg). 'H NMR (500 MHz, CDCly) & 7.70 (d, J = 1.8 Hz, 1H), 7.05 (s,
1H), 6.98 (s, 2H), 4.35 (q, J= 7.1 Hz, 2H), 3.98 — 3.86 (m, 2H), 3.77 -3.79 (m, 2H), 2.31 (s, 6H), 1.36
(t,J=17.1 Hz, 3H), 1.12 (t, J = 7.1 Hz, 6H). 13C NMR (126 MHz, CDCl;) § 162.0 (d, J = 2.3 Hz), 140.1
(d,J=2.1 Hz), 139.1, 138.4 (d, J = 6.3 Hz), 134.7, 130.9, 130.8, 124.7, 124.6, 120.4 (d, J = 8.8 Hz),
64.1 (d, J = 6.1 Hz), 60.8, 21.1, 15.8 (d, J = 7.5 Hz), 14.3. HRMS (ESI) m/z: [M+H] * caled for
C1sH2sN,OsPS: 413.1295; found: 413.1295. IR (film) v, cm™': 3112, 3031, 2983, 2927, 1720, 1612,

1484, 1382, 1378, 1222, 1184, 1037, 850, 786, 696.
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Ethyl 5-((diethoxyphosphoryl)thio)-1-(naphthalen-2-yl)-1H-imidazole-4-carboxylate (16d):

yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/1) with



50% isolated yield (108.5 mg). 'H NMR (500 MHz, CDCls) § 7.97 (d, J = 8.3 Hz, 1H), 7.90 (d, J= 8.2
Hz, 1H), 7.79 (d, J = 1.8 Hz, 1H), 7.63 (dd, J= 7.3, 1.1 Hz, 1H), 7.55 (d, J = 8.2 Hz, 1H), 7.54 — 7.42
(m, 3H), 4.41 (q, J= 7.1 Hz, 2H), 3.92 — 3.76 (m, 2H), 3.72 — 3.62 (m, 1H), 3.54 — 3.45 (m, 1H), 1.41 (t,
J=17.1Hz, 3H), 1.08 (t, J= 7.1 Hz, 3H), 0.94 (t, /= 7.1 Hz, 3H). 3C NMR (126 MHz, CDCl3) & 162.0
(d,J=2.2Hz), 141.1 (d,J = 11.3 Hz), 138.5, 133.8 (d, J = 15.7 Hz), 130.3 (d, J= 2.8 Hz), 128.2, 127.9,
127.1, 127.1, 126.9, 125.1, 124.9, 122.3, 121.7, 64.3 (d, J = 6.4 Hz), 64.0 (d, J = 6.3 Hz), 61.0, 15.7 (d,
J=17.6Hz), 15.6 (d,J=7.2 Hz), 14.4. HRMS (ESI) m/z: [M+H] * calcd for C5oH3N,05PS: 435.1138;
found: 435.1138. IR (film) v, cm': 3110, 3062, 2981, 2931, 1718, 1598, 1508, 1479, 1369, 1309,

1249, 1189, 1035, 806, 844, 775.
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5-((diethoxyphosphoryl)thio)-1-(pyridin-3-yl)-1H-imidazole-4-carboxylic acid (17d): yellow
oil was obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/1) with 61%
isolated yield (109.0 mg). 'H NMR (500 MHz, CDCl;) & 10.85 (s, 1H), 8.98 (s, 1H), 8.63 (d, J = 8.3
Hz, 1H), 8.53 (d, J= 4.7 Hz, 1H), 7.91 (s, 1H), 7.37 (dd, J = 8.3, 4.8 Hz, 1H), 4.34 — 4.23 (m, 4H), 1.38
(t, J=17.1 Hz, 6H). 3C NMR (126 MHz, CDCl;) § 192.0, 149.0, 147.9, 143.9, 130.4, 129.2, 128.4 (d, J
=8.7 Hz), 126.3, 123.3, 65.5 (d, J= 6.9 Hz), 16.2 (d, J = 6.3 Hz). HRMS (ESI) m/z: [M+H] * calcd for
C13H6N305PS: 358.0621; found: 358.0621. IR (film) v, cm™': 3403, 3081, 3070, 2977, 2929, 1718,

1509, 1479, 1332, 1242, 1230, 1045, 808.
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ethyl 5-((diethoxyphosphoryl)thio)-1-ethyl-1H-imidazole-4-carboxylate (18d): yellow oil was
obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/2) with 36% isolated yield
(60.5 mg). 'H NMR (500 MHz, CDCl;) & 7.84 (s, 1H), 4.45 — 4.35 (m, 4H), 3.72 (q, J = 7.0 Hz, 2H),
3.35-3.20 (m, 2H), 1.41 (t,J= 7.1 Hz, 6H), 1.34 (t, J = 7.2 Hz, 3H), 1.24 (t, J= 7.0 Hz, 3H). *C NMR
(126 MHz, CDCl;) § 161.9, 133.7, 128.4 (d, J=8.2 Hz), 119.6, 61.4, 60.3, 58.4, 44.1 18.4, 14.5 (d, J =
8.3 Hz), 14.2. HRMS (ESI) m/z: [M+H] * calcd for C;,H,;N,OsPS: 337.0982; found: 337.0980. IR

(film) v, cm™': 3085, 2975, 2923, 1741, 1546, 1301, 1225, 1187, 1029, 838.
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Ethyl 1-(tert-butyl)-5-((ethoxyphosphoryl)thio)-1H-imidazole-4-carboxylate (19d): yellow oil
was obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/2) with 42% isolated
yield (67.2 mg). 'H NMR (500 MHz, CDCl;) 3 7.67 (s, 1H), 4.40 (q, J= 7.1 Hz, 2H), 3.03 (¢, /= 7.5
Hz, 2H), 1.77 (s, 9H), 1.41 (t, J = 7.1 Hz, 3H), 1.26 (t, J = 7.5 Hz, 3H). 3C NMR (126 MHz, CDCl;) §
162.4, 137.8, 136.0, 130.0, 60.6, 58.7, 31.8, 30.2, 14.4, 13.8. HRMS (ESI) m/z: [M+H] * caled for
C12H2oN,O4PS: 321.1032; found: 321.1030. IR (film) v, cm': 3084, 2973, 2920, 1741, 1546, 1300,
1227, 1187, 1029, 828.
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Methyl 5-((diethoxyphosphoryl)thio)-1-phenyl-1H-imidazole-4-carboxylate (20d): yellow oil
was obtained by column chromatography (eluent: EtOAc/petroleum ether = 2/1) with 73% isolated
yield (135.2 mg). 'H NMR (500 MHz, CDCly) & 7.82 (s, 1H), 7.52 (t, J = 7.2 Hz, 3H), 7.49 — 7.44 (m,
2H), 3.95 (s, 3H), 3.90 — 3.79 (m, 2H), 1.19 (t, /= 7.1 Hz, 6H). 3C NMR (126 MHz, CDCl;) 3 162.3,
149.0, 140.2, 134.9, 129.4, 129.2, 128.4 (d, /= 8.2 Hz), 127.4, 64.3 (d, /= 6.3 Hz), 51.9, 15.8 (d,/=17.3
Hz). HRMS (ESI) m/z: [M+H] * calcd for C;5H;9N,OsPS: 371.0825; found: 371.0826. IR (film) v,

cm': 3112, 3072, 2979, 2931, 1720, 1596, 1500, 1455, 1396, 1301, 1251, 1197, 1047, 809, 769,
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Ethyl 5-{[(benzyloxy)phosphonoyl]sulfanyl}-1-phenyl-1H-imidazole-4-carboxylate (21d):
yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/3) with
81% isolated yield (163.0 mg). 'H NMR (500 MHz, CDCls) § 7.60 (s, 1H), 7.43 — 7.40 (m, 1H), 7.37
—7.32 (m, 2H), 7.21 — 7.11 (m, 3H), 6.90 (d, J = 7.0 Hz, 2H), 6.75 (d, J = 7.2 Hz, 2H), 4.49 (q, J = 7.1
Hz, 2H), 4.01 (s, 2H), 1.48 (t,J=7.1 Hz, 3H). 3.C NMR (126 MHz, CDCl;) 6 162.5, 138.8, 137.3, 137.1,
134.8, 129.8, 129.0, 128.9, 128.8, 128.4, 127.2, 126.8, 74.2, 60.9, 14.4. HRMS (ESI) m/z: [M+H] *

caled for Ci9H 9N,O 4 PS: 403.0876; found: 403.0876. IR (film) v, cm™!: 3104, 3062, 2983, 2929,



2346, 1708, 1598, 1498, 1455, 1378, 1317, 1249, 1186, 1052, 836, 767, 698.

_N
N’/ _)—COOEt
Sl
i P~ome
Me

Ethyl 5-((dimethoxyphosphoryl)thio)-1-phenyl-1H-imidazole-4-carboxylate (22d): yellow oil
was obtained by column chromatography (eluent: EtOAc/petroleum ether = 2/1) with 72% isolated
yield (128.3 mg). '"H NMR (500 MHz, CDCl3) & 7.76 (s, 1H), 7.51 — 7.47 (m, 3H), 7.36 (d, J = 3.0 Hz,
2H), 4.28 (q, J = 7.1 Hz, 2H), 3.54 (s, 3H), 3.52 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz,
CDCl3) 8 162.3, 140.2, 134.9, 129.4, 129.2, 128.4 (d, J= 8.0 Hz), 127.4, 120.7 (d, J = 8.8 Hz), 64.3 (d,
J=6.4Hz),51.9,15.8 (d,J=7.5 Hz). HRMS (ESI) m/z: [M+H] * caled for C14H;7N,OsPS: 357.0669;
found: 357.0669. IR (film) v, cm': 3112, 3041, 2979, 2927, 1702, 1592, 1498, 1463, 1380, 1307,
1251, 1193, 1054, 854, 773, 698.
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Ethyl 5-((dibutoxyphosphoryl)thio)-1-phenyl-1H-imidazole-4-carboxylate (23d): yellow oil
was obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/1) with 75% isolated
yield (165.1 mg). 'H NMR (500 MHz, CDCLy) 5 7.84 (s, 1H), 7.54 — 7.49 (m, 3H), 7.48 — 7.44 (m, 2H),
4.41 (q,J=17.1 Hz, 2H), 3.66 — 3.60 (m, 2H), 3.53 — 3.46 (m, 2H), 1.85 — 1.75 (m, 2H), 1.42 (t, J=7.1
Hz, 3H), 0.82 (d, /= 6.7 Hz, 12H). 13C NMR (126 MHz, CDCl;) § 161.8, 140.1, 138.3 (d, J= 5.5 Hz),
135.0 (d, J=4.0 Hz), 129.4, 129.2, 127.5, 120.7 (d, J = 5.6 Hz), 73.7 (d, /= 7.0 Hz), 60.9, 28.8 (d, J =
7.4 Hz), 18.5, 18.5, 14.3. HRMS (ESI) m/z: [M+H] * caled for Cy0H,9N,OsPS: 441.1608; found:
441.1606. IR (film) v, cm!: 3110, 3066, 2962, 2935, 1720, 1596, 1500, 1471, 1382, 1307, 1187,

1027, 875, 765, 696.

Ethyl 5-((diphenoxyphosphoryl)thio)-1-phenyl-1H-imidazole-4-carboxylate (24d): yellow oil
was obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/1) with 56% isolated
yield (134.4 mg). '"H NMR (500 MHz, CDCls) 8 7.90 (s, 1H), 7.42 — 7.37 (m, 3H), 7.35 — 7.32 (m, 2H),

7.30 - 7.27 (m, 4H), 7.23 — 7.17 (m, 3H), 7.02 (d, J = 8.2 Hz, 3H), 4.30 (q, J = 7.1 Hz, 2H), 1.34 (t, J =



7.1 Hz, 3H). 3C NMR (126 MHz, CDCl;) & 160.9, 150.1 (d, J = 9.4 Hz), 144.7, 140.8 (d, J = 1.6 Hz),
134.5, 130.4, 129.7, 129.4 (d, J= 2.4 Hz), 129.2, 128.4, 127.1, 125.6, 120.2 (d, /= 5.0 Hz), 61.1, 14.2.
HRMS (ESI) m/z: [M+H] * calcd for Cp3H;N,OsPS: 481.0982; found: 481.0982. IR (film) v, cm™!:

3102, 3064, 2923, 2852, 1720, 1594, 1492, 1454, 1378, 1245, 1205, 1313, 1083, 842, 763, 692.
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Ethyl 5-((diethoxyphosphoryl)selanyl)-1-phenyl-1H-imidazole-4-carboxylate (25d): yellow oil
was obtained by column chromatography (eluent: EtOAc/petroleum ether = 2/1) with 52% isolated
yield (112.1 mg). '"H NMR (500 MHz, CDCl;) & 7.87 (s, 1H), 7.53 (d,J="7.1 Hz, 3H), 7.45 (dd, J= 7.7,
1.8 Hz, 2H), 4.43 (q, J = 7.1 Hz, 2H), 4.02 — 3.94 (m, 2H), 3.86 — 3.78 (m, 2H), 1.44 (t, J= 7.1 Hz, 3H),
1.20 (t,J=7.1 Hz, 6H). *C NMR (126 MHz, CDCl;) § 162.1 (d, J=2.1 Hz), 140.7 (d, /= 0.8 Hz), 138.9
(d, J=5.0Hz), 135.7,129.4, 129.2, 127.5, 116.7 (d, J = 10.9 Hz), 64.0 (d, /= 5.8 Hz), 61.0 (s), 15.8 (d,
J=17.6 Hz), 14.3. HRMS (ESI) m/z: [M+H] * calcd for C,¢H,;N,OsPSe: 433.0426; found: 433.0426. IR
(film) v, cm'': 3112, 3064, 2981, 2927, 1716, 1637, 1598, 1496, 1390, 1249, 1184, 1041, 815, 767, 696.
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Ethyl 5-((diethoxyphosphoryl)selanyl)-1-(2-iodophenyl)-1H-imidazole-4-carboxylate (26d):
yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum ether = 1/1) with
59% isolated yield (164.6 mg). '"H NMR (500 MHz, CDCl3) 8 7.98 (d, /J=7.9 Hz, 1H), 7.77 (d, J= 1.4
Hz, 1H), 7.75 (s, 1H), 7.62 (d, J= 8.0 Hz, 1H), 7.27 — 7.20 (m, 2H), 4.47 — 4.40 (m, 2H), 4.20 — 4.08 (m,
2H), 3.90 — 3.74 (m, 2H), 1.45 (t, J= 7.1 Hz, 3H), 1.30 (t, /= 7.1 Hz, 3H), 1.17 (t, J = 7.1 Hz, 3H). 1*C
NMR (126 MHz, CDCl;) § 175.3, 140.4, 139.5, 138.5 (d, J = 10.7 Hz), 131.4 (d, J = 9.8 Hz), 130.7,
130.2, 129.3, 129.0, 98.8 (d, J=48.1 Hz), 64.3 (dd, J=54.1, 6.2 Hz), 61.1, 15.9 (dd, J= 15.3, 7.5 Hz),
14.4. HRMS (ESI) m/z: [M+H] * calcd for C;¢HpIN,OsPSe: 558.9392; found: 558.9393. IR (film) v,
cm: 3110, 3075, 2981, 2923, 1716, 1621, 1510, 1492, 1389, 1241, 1185, 1083, 1040, 809, 800.
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Ethyl 1-(4-chloro-2-iodophenyl)-5-((diethoxyphosphoryl)selanyl)-1H-imidazole-4-



carboxylate (27d): rufous oil was obtained by column chromatography (eluent: EtOAc/petroleum
ether = 2/1) with 38% isolated yield (112.5 mg). 'H NMR (500 MHz, CDCl5) 8 7.91 (d, J = 2.2 Hz,
1H), 7.82 (d, J = 8.4 Hz, 1H), 7.68 (d, J= 9.5 Hz, 1H), 7.53 — 7.49 (m, 1H), 4.48 — 4.30 (m, 2H), 4.25
(9, J= 6.9 Hz, 2H), 4.22 — 4.15 (m, 1H), 3.97 — 3.75 (m, 1H), 1.39 (t, /= 7.1 Hz, 3H), 1.30 (t, J="7.0
Hz, 3H), 1.25 (t, J = 7.1 Hz, 3H). 3C NMR (126 MHz, CDCl;) & 161.4, 140.2, 138.7 (d, J = 4.1 Hz),
137.3, 136.6 (d, J = 4.0 Hz), 130.8, 129.4, 129.0, 120.8, 99.2 (d, J = 46.3 Hz), 64.4 (dd, J=54.3, 6.3
Hz), 61.0, 60.3, 15.8 (d, J= 7.8 Hz), 14.4. HRMS (ESI) m/z: [M+H] * caled for C;sH;9ClIN,OsPSe:
592.9003; found: 592.9004. IR (film) v, cm™: 3110, 3070, 2983, 2923, 1716, 1631, 1521, 1496,
1398, 1249, 1184, 1091, 1086, 1041, 817, 769, 696.
| N’i}\COOEt
Boret
EtO" OEt

Ethyl 5-((diethoxyphosphoryl)selanyl)-1-(4-fluoro-2-iodophenyl)-1H-imidazole-4-
carboxylate (28d): yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum
ether = 2/1) with 41% isolated yield (118.1 mg). 'H NMR (500 MHz, CDCls) 8 7.72 (d, J = 1.5 Hz,
1H), 7.68 — 7.62 (m, 2H), 7.24 — 7.18 (m, 1H), 4.44 — 4.37 (m, 2H), 4.20 — 4.03 (m, 2H), 3.96 — 3.74 (m,
2H), 1.42 (t, J = 7.1 Hz, 3H), 1.29 (t, J = 7.1 Hz, 3H), 1.19 (t, J = 7.0 Hz, 3H). 3C NMR (126 MHz,
CDCl;) 6 174.4, 162.4 (d, J=250.8 Hz), 161.6 (dd, J=82.4, 3.3 Hz), 140.4, 138.9 (d,J=5.4 Hz), 134.8
(dd,J=11.1, 3.4 Hz), 131.7 (d, J= 8.9 Hz), 126.3 (dd, J = 25.0, 4.7 Hz), 116.0 (dd, J = 53.0, 22.3 Hz),
98.9 (dd, J = 50.9, 8.8 Hz), 64.4 (dd, J = 57.5, 6.4 Hz), 61.0, 15.8 (d, J= 7.5 Hz), 14.3. HRMS (ESI)
m/z: [M+H] * calcd for Ci¢H;oFIN,OsPSe: 576.9298; found: 576.9298. IR (film) v, cm™': 3100,

3054, 2925, 2857, 1710, 1631, 1581, 1490, 1372, 1261, 1201, 1092, 1060, 1054, 863, 784, 669.

| NF ﬂ COOEt
O, ,Se
MeEtO OEt
Ethyl 5-((diethoxyphosphoryl)selanyl)-1-(2-iodo-5-methylphenyl)-1H-imidazole-4-

carboxylate (29d): yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum
ether = 2/1) with 60% isolated yield (171.6 mg). '"H NMR (500 MHz, CDCl;) é 7.81 (d, J = 8.1 Hz,
1H), 7.66 (s, 1H), 7.42 (s, 1H), 7.01 (d, J = 8.1 Hz, 1H), 4.42 (q, J = 7.1 Hz, 2H), 4.20 — 4.07 (m, 2H),

3.90 — 3.73 (m, 2H), 2.38 (s, 3H), 1.44 (t, J = 7.2 Hz, 3H), 1.30 (t, J = 7.1 Hz, 3H), 1.17 (t, J= 7.1 Hz,



3H). 13C NMR (126 MHz, CDCL3) 8 161.6, 140.1, 139.5 (d, J = 3.5 Hz), 139.0, 138.3 (d, J = 13.5 Hz),
132.2(d, J=11.5 Hz), 131.2, 130.7, 130.3, 94.3 (d, J = 49.2 Hz), 64.1 (dd, J = 63.3, 6.0 Hz), 60.9, 20.7,
15.8 (dd, J = 17.9, 7.4 Hz), 14.4. HRMS (ESI) m/z: [M+H] * caled for C,7H,IN,OsPSe: 572.9549;
found: 572.9549. IR (film) v, cm™': 3118, 3054, 2977, 2923, 1716, 1589, 1508, 1479, 1378, 1241,

1178, 1092, 1033, 813, 705, 659.

/¢N

N/ —COOEt

St
o O\\P,Se

Et0” “OEt
Ethyl 1-(benzo[d][1,3]dioxol-5-y])-5-((diethoxyphosphoryl)selanyl)-1H-imidazole-4-
carboxylate (30d): yellow oil was obtained by column chromatography (eluent: EtOAc/petroleum
ether = 1/1) with 59% isolated yield (140.4 mg). '"H NMR (500 MHz, CDCl;) & 7.78 (s, 1H), 6.94 (s,
1H), 6.88 (s, 2H), 6.06 (s, 2H), 4.40 (q, J = 7.1 Hz, 2H), 4.14 — 4.01 (m, 2H), 4.00 — 3.91 (m, 2H), 1.41
(t, J=7.1 Hz, 3H), 1.24 (t, J= 7.0 Hz, 6H). 3C NMR (126 MHz, CDCl;) 8 162.1, 148.5, 147.9, 140.9,
129.4, 129.2, 127.4, 121.3, 108.8, 108.0, 102.1, 64.2 (d, J = 6.3 Hz), 60.9, 15.8 (d, J = 7.5 Hz), 14.3.
HRMS (ESI) m/z: [M+H] * calcd for C{7H;;N,O,PSe: 477.0324; found: 477.0324. IR (film) v, cm"

113112, 3054, 2979, 2919, 1712, 1612, 1488, 1452, 1378, 1243, 1218, 1182, 1037, 815, 705, 659.



1d

Copies of product NMR Spectra

'H NMR

8.

=
85411 Lo
BE8L by — il gesE Pl
oz L 3 Flee 085861
SET =gl w 601551/
SEEP | m -
s
zizgc o
9ze8e B
59£8'€
L9v8¢ =
zZ158e o
olege
p598'¢
pare € =
0r96 €1
LB96'S
9B.6 ¢ F e 985609~
£e8s'e £9LT VO,
L8656 €A - 60T 652% P9
GE66 ¢ e R
=
i | sy
Lizry = FZLZL 0 ey
Bl ~
z96v i/ =
oQ
o2
w
[
Lo
[(=]
Lo 9955 021~
5529 021
992 11 ZOLP T,
Posy L o 8257 621,
635 L [ 000K 624
pLiv @r, . 0466 7L~
. 8195 821
b = jroe- o 9919851
9LIGL 90 6041 0F1
9ezs L) =00'kr 5984 0L
pacs L » -3
caig 1) S )
o § L0
_ 8 o 500291
Nf\s g & 6520 Nm_v
NS I
///N \\D./ W o M
(o) m 8 =3 N
A, » @)
Lw ]

10

20

30

40

50

60

70

100 a0 80
1 (ppm)

110

120

150 140 130

160

N
OEt

\%COOEI

=
,S
PLaN

N
(0N
126 MHz, CDCl3
170

EtO

o

30






1d’

'H NMR

19180
51650
£900'L+
SPIE L,
588%'}
Ze0v' L

86.9'C
9v69'e
PE0LE
ZyeL'e

Creel

mmmmw
oomm.qw
580p'y

B6GZ L1
861244
Emwhw
5L6T4
8zov L
B0Lb L[
eray L)
LObLd

=86'C

n

=61'E

F00'¢

nllL rsoe

- +€0¢

®l0Er

= =160
“— hl ™
5 B
o TQ
O H\D,-HOC
» T
Nw/j =
A\ =]
[Te)

95 90 85 80 75 70O 65 60 55 50 45 40 35 30 25 20 15 10 05 00

10.0

1 (ppm)

13C NMR

9.6¢'pl
pLLS w_.v.

Z5L8'08—
850288 —

TN
CLPTEZL~
804505k —
0.0Z58h~
Rmm.wmﬂ
905885}

LBLECOL—

CO,Et

¢

iy

126 MHz, CDCl3

190 180 170 160 150 140 130 120 110 f1200 ) 90 80 70 60 50 40 30 20 10
ppm

200



2d

'H NMR

SLALL
tm:W
L5021
L8LFL
ommv._.ww
Zivp'l

§BeEe
8ren's
0888
zeese
0085
95:5¢
6616
z065°¢
PPESE-

L0V b,
0BLY Y
zeer't
SLpb v

ehzeL
TGTE'L
Bzre Ld
SPEL .-
5L8L hv

86522
9¢0g \.W
a

N
\%\COOEt
s
P\
OFt

N
o,
Et0

500 MHz, CDCly

=009
=0Cc

=-00'€

8l
kgL

=0lL¢

e T4

=00'1L

85 80 75 70 65 B0 55 50 40 35 30 25 20 15 10 05 00
1 (ppm)

9.0

13C NMR

9G8E P~
85b8'S)
L5065}
9e5L'Le”

0216'09~
vmmw.vwv.
£808'r9

POS0'LL

omom.whv
SPLELL

VEL 0Tk —
geel iz

2854 621
Zelp ey
LSLEEEL
LETP 8T
5L BE L~
ErLE Dw&.
Z0SZ 0P}

L566 _,w_‘v.
prLOcal

_N
Q\Cooa

N
Q.8

LN
OEt

EtO
126 MHz, CDCly

170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
1 (ppm)

30



3d

'H NMR

5980'L
DEZW
LSLLL
LLBZ L~
6255k
LLOE L
GBS
EOLLE
erlis
08ZLE
6EEL°E
orrLs
LarL e
8Zre e |
9158
£298°¢
geigc|
LLigEy
pZ68°E

pove'y
mvmm;w/
mmwm.wﬂ
5Z8E'p

06612
mmmw.\.W
PTLEL
9L5F L
priv'd
e9ZL n\.

_N
N((Lcooa
EtO" “OEt

N

500 MHz, CDCl5

sl

N

809
208
nGlg

riee
A4

=20¢C

=50¢
e
=00}

85 80 75 70 65 B0 55 50 40 35 30 25 20 15 10 05 00
1 (ppm)

9.0

13C NMR

FIBE PN
momm.m_‘V
soLe'sl

PLIT LE—
0gegre—

S9.L8°09~
mmho.vmv
LLZL' PO

8LoLLL

S.vm.mhv
79SELL

LILo0Z)
Emw.oﬁv
8511971~
9026'9z1-
085828~
ZVEPact

ZhLP8EL

BL6L0PL"

9L8LE5 L —

mmmo.mmvv.
S5P0Zol

_N

%cooa
8

/P\

N
Oy

S

‘Bu/©/

OEt

EtO
126 MHz, CDCly

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

180



4d

'H NMR

mm_‘w.;
6622 _‘MP.
owww._,

BO6E' |-

Bov%
BEYEL
0168°€
chee
9gL6'e
8086¢
£GE6E
GEv5E
1985'¢
210011
L0017
2800y
GLLOY

8020 ?W
2LE0—

BLE Y
SZEr Y

Lavy]
809p 7

LOpO'2

6450 n./\
opie i~
ELSP L~
[351°]4 n\

wLLo8—

=
N

\%\COOE(

O, S

/P\
OEt

EtO
500 MHz, CDCl3

+00'9
=yl

FAR
=02
§1e

14

=LlC

=00¢

FO0'L

3.0 2:5 20 15 1.0 0.5 0.0

35

85 80 75 70 65 B0 55 50
1 (ppm)

9.0

13C NMR

L450'pL~,
£508°5)
9rogsl

8€9.L°65~
S‘mm.ww/.
mmvo.mmV
7.L60'59

LP08'9L

78502
8TIeLL

198 v_._./
\.om_‘.miﬂ
95151

9218821~
ETLECCI~
Z8r0'9tl~
ommm.mm_‘v
0LL96C1

L18F'85—
BELL'LOL—

_N
Nr \%cooa
O, 8
/P\
OFt

EtO

126 MHz, CDCly

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
1 (ppm)

200



5d

'H NMR

wwqi
mmiL
59541
0851’1
Lok
LZiLLd
125¢'L
(e

gHest
LLie'e
198’
6098°
0598°
2648
zLEs'E
SoPE'E
SLVE'E
LLGEE
8L96°
£596'C1
Emm.TW
21855}

moqw.q
wwmm.qW
889e'y

Legey!

€964 4
6755 it
POLELL
08Er L7
505t
WELL
zield

_N
’/\%cooa
OEt

N
0, s
PLaN

EtO

500 MHz, CDCly

=00'¢
=l0'€

50T
bapz

El0e

107
oz
=00’}

3.0 25 2.0 1.5 1.0

35

85 8.0 75 7.0 65 6.0 55 50 45
1 (ppm)

9.0

13C NMR

998T P
mmhm.m_w”
£Ce6'5l

ZSP0T Lo
ommm.vmV
LyBS'po

CTLLL m.\./

CTICULL

£6LT LLY

oqmm.mﬁ
mmwv.mﬁw
1PIG6TL
OPEr Eeh~
G96YGEL—
mmmh.mmC\ﬂ
pLSOObL
SPA0OpL

LE9B' Lol
mmmm._‘mvv

S
N

\%cooa

NP

/P\
OEt

EtO

126 MHz, CDCly

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200



6d

'H NMR

mv_‘w.;
mmmw._.)r
ave'L—
gzeh'l
Emv._.w“
ELSF'L

96.8€
0vee'e
Pe68'E
Z806'€
LEL5E
8:26'¢
B51E5°S
LZv6'S
Z9v5' e
P95 €
5285 ¢
7865'¢
L7074
52101 ﬂ
9820't74

1ZE0'7]
8ec0 v
9zyy
580y
8290y
9Lk
95zl
00pb'
Zvshy

0e9e n/
ommm.\.v.
£9L8'L
8099~
m.\.\.m.\.w
EE6LL

N
\%cooa
s
/P\
OFt

N
[oN

EtO
500 MHz, CDCl3

+00'9
=00'¢

0T
0T

F00¢

00T
#00T
+00'}

0.(

0.5

30 25 20 15 1.0

35

95 00 85 80 75 70 65 60 55 50 45
1 (ppm)
3C NMR

10.0

908E°h
512851
9626'1

0LZ0 L9~
OLSP9
8195 wmv,

8651°LL

Wmom mmv
Py LiL

LB6Y0Z4,
1895021

0v29'5Zh—
S904'6Zh,
SOZPZEL
E7LEEEl~
EL69BEL
ocyL8EL 7
ZE65'6E1

PrSe Lo —

H
100 a0 80 70 60 50 40 30 20 10
1 (ppm)

110

120

I

130

140

OEt
150

\%cooa

N
[N
P

EtO
126 MHz, CDCl3

160

170

30



=
o~

'H NMR

9raL’L
hm.t.._,W
8zel’l

LELPL
B2Vl

SERE L
fFloge
oiLlee
aLege
85¢8't
80ke't
L0ge'e
05se'c
p9Es £
AR
0956'C
9996'¢€
0LLB'EY
ZL86'EA|

L8Bge~

moov.v
miv.q
LEZF' Y
ol

985 L1
L5674
pe6k -
160G L
BELGL
1626’4
L8184
v5e8 4]
1258'L

_N
N’/\%cooa
O, s
/P\
OEt

EtO
500 MHz, CDCly

F02'9
=10'¢

66°1
~10°C

F20c

=€0¢
S0
Mvo._.

30 2.5 20 1.5 1.0 0.5 0.

3.5

85 8.0 75 7.0 65 6.0 55 50
1 (ppm)

2.0

13C NMR

298w Pl
momm.mvw
FOP0'9L

ZP0Z L9,
PLGYVO,
205 9

2906'9L

09| g
LY LL

1955'56—

BYES LThA
SPOL6ZIA
mam.@ﬁv
559562}

TYLLBEL
089E bl
89pP Opk

99eZ'L9l—

T%COOB

=
N

S
LN

N

OEt

EtO
126 MHz, CDCl

190 180 170 160 150 140 130 120 110 f1200 ) 90 80 70 60 50 40 30 20 10
ppm

200



8d

'H NMR

LE0T 1

191z’
£052'}
15201

TLZY LA
98ev'|
Syl
OpS¥ 1

LR
ge.8°c
7888°%
0206°%
£026°
BreR ]
7296°¢ 1
0LL6%1
51e6T
£800't+
8040 FW
G570

L91¥'P
oﬁmwww

[3=laa4
[Aci=i-as

6284
mmmm.hW
£50¥ L
€0ps'L
6555 L
mwwm.h\

N

//:%\COOEt

S
R

EtO

>

F3CO

OEt

500 MHz, CDClj

il

T

=

-

B

009
€0'E

60C
FAN4

c0¢

[Ar4
€0¢
00'L

30 25 20 15 1.0 05 0.0

35

85 80 75 70 65 60 55 50 45
1 (ppm)

9.0

13C NMR

PBLY 7l
Z868 mﬁw\‘
99568'GL

€851 L9~
6695 wwv
AN R]

2o06'9L
5091 .E.W
Ly LL

5858 'LL
OrLbELL
$0L4°0Z)
£864°0Z)
£698'0Z 1
L0602
£954'1Z 11
ZVZS eTLA
SZ6Z'8T 1
5907 62 bt
6E8rE)
95.4'8811"
2Lzg8eiql
m%m.m?uﬁ
8606'82 )

sealowl
6k opLd
8TLLEYL,
6984 6¥ )

0996191
mmmmewﬁv

L

ol

_N
%cooa
s
N

N
(o}
EtO’

OEt

126 MHz, CDCly

Lok

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

180



9d

'H NMR

6411
SE6L1
902’}
95ZY | -5
268y vL\\‘.
LPSY L

BEEE,
olLs8e
#988'¢
S048°€
LLO6'e
98.6'C
oles'e
CLE6'C
S566'C

S.Tq.?
\.qu.w
00p¥ 1
2=

6512 L
9597 ¢
1897,
6692 .
8005 .
£ALE L
768€ L
Lp0L
g6 s
70642
opes 1

N

_N
E%cooa

Me

o, 8

s F’\
OEt

EtO

500 MHz, CDCl3

=109
=20'€

=gl'e

¥60'C
12

=20¢

£ 11T
5 1e0'L

vO'L
=00’}

30 25 20 15 1.0 05 0.0

35

85 80 75 70 65 60 55 50 45
1 (ppm)

9.0

13C NMR

BOLF 7L~
5048§G1
LOEE'SL
8957 Lz~

L9EE 09~
0512 wmv
BE9Z 79

998.°9L

(= lva g oy o

BPEZ LL

€215 0711
1185071
608E ¥Z 1
0864241,
19bTBZLY
1£800E L
6906VEL
7505°8EL
LPSSBEL
gg6vecLf
7054 oqi\
959} 07}

95e0'Z9l
mmmo.wmﬁv

\(Lcooa

S
P\

S
N

Me

N

OEt

EtO

126 MHz, CDCl3

N | 1 I

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

30



10d

'H NMR

80FL" Ly

6PSL}
_,mm_,._%
a6kel
0g9e't
Lpotel
PLLE}
Z8Lel

s6Leey
peEe’s
6189°€
7z38e
7998°%
1pBEE
z659°%
91E6C
ZorE'e
8096°
VLLEE
5086°¢
2686°¢
5600
BLEC P
0Z5E b
5995
6.6

L2581
z69L'L
S8l
6581'L
Z96L'L
oIzl
L0ZZT L
s8¢z L
6Ll
eser L
Lapy L
1897 L]
GiGi L

N

)|

|

45
1 (ppm)

N
N \%cooa
0, s
/P\

Et0" OEt

500 MHz, CDCly

F00'9
=90'¢

90°¢
80°¢C
+10C

Reog
%100
/001

30 25 20 15 1.0 05 0.0

35

85 8.0 75 70 6.5 6.0 55 5.0

9.0

13C NMR

BEIE 7l
geve mﬁN
£Z06'S

B0V b9,
B00 ¥9~,
V255 9

P8LE'9L

Nvn e

9ZL0tr
0LzZe'LL

EL0) G
0562 5L
2961 gLl
€199 gLl
4805 0Z |1
9LL50Z1Y
0ZVE Ty
LBET'ETLA!
295 0%}
8909'0¢}
8vZl 9ty
LOT 9EL
8vzL et
LELL8EL
LLET YL
BLYOOV
88L5' 191y
L0819}
0928 181
BEIV'ED)

=
N

\%cooa

SN}

R
“OEt

EtO

126 MHz, CDCl3

100
1 (ppm)

-10

&80 70 60 50 40 30 20 10

90

190 180 170 160 150 140 130 120 110

210 200



11d

'H NMR

z8rk o
pzol Ly
99L4' L
Z0ST L
pree L]
£8.8)

a0za'e
1pER'E
6RE8'E
06Pa'E
ZrSE'E
P898's
5218
gz8e's
598E'E
LL06'E
8.£6'¢
LZ55°E
6196
5785
79850
mmoo.i
oLy
ogsey ]
zZzsey
S99EY
L08E'7

————

8807 )
18674

Em;ﬁ
60652

0L0v 2%
ENV.%
o6z L,
B Lt__

43514 J
SPSLL

OEt

N \(ﬁcooa
o8
/P\
126 MHz, CDCly

EtO

Cl

=09
=gl'e

06}
+01'C

160
602
160
%960

3.0 2:5 20 15 1.0 0.5 0.0

35

E9LE I
79L8S)
%32

829019~
Emm.vmv
Zees're

SHE9Ly

85 80 75 70 65 60 &5 50 45
1 (ppm)

9.0

13C NMR

fo ey

QogeLL

85EL'STI
BE8Y 421

mmmm.ﬁ%
PPEZ 0Sh L
8616 VEL
97555t
2289 BEL ~
zZzeL 8el

066 6¢1 |
ZOLO'Opl

LEBS 0TI
moww.ow;(

Q008’191
LgLe _,m_‘v

10

20

30

40

50

60

#mm%mmmwm
100 a0 80 70
1 (ppm)

110

120

140 130

150

N
\%cooa
s
P\
OFt

N

Et0
126 MHz, CDCl3

N
Q

160

170

Cl

30



12d

'H NMR

PN
SeThL
Potll
9.ELL
S0SL'L
LILSLL
955¢'L
56T

bEEE L
0628
5oes'e
Lopee
BEPSE
Legg's
L8LEE
ZEEE e
L5EE'E
96176 €1
9786'¢

W

[N

zZovey
S08EY

LrLE Y
068E b

Ge0e'L—

66L9°2
POEY L
99LLL
9vTL L
PoTL L
[4TAFS
L8GLL
SLLLL
808LL

L

209
=l0'€

| S U

vS0'T
hg0Z

=00¢C

caooo
= ol

OEt
8.0

_N
,( \%cooa
(OS]

P
EtO"
500 MHz, CDCl5

F3C

JL

1
e T
Q—QQ

70 65 60 55 50 5 40 35 30 25 20 15 10 05 00
1 (ppm)

T8

85

9.0

13C NMR

OFESPI
045251~
051861

00P0 L9~
wmﬁm.vwv
L0459

m\.wmm\.
810l _E.W.

5994
ZLEEPTL
8L9F'¥TL
pLEYPTL
8925 7T
£891'9Z4
p16L'9ZL
6TYP'9Th
9LLP' ST
1209921
ZHPO0TH
pEZL 0E 1
LOLE'0E I
90L0'LELA
elel EJW
6L00'TEH
CaYZ'SEL
0208'SEL
SOB6'6LL
SL00°0kL
88LY Ok

L2919l
ovmh._‘mvv

10

20

30

40

50

60

70

80

90

100

110
1 (ppm)

120

130

160 150 140

N
OEt
170

\%cooa

o, s

N
P
EtO
126 MHz, CDCly

180

FsC
190

200



13d

'H NMR

BSEL L
667l
0F9L LA
pL0Z')
pLzel
55ET'L

BBSE'E
FZ98'E
9618'¢ 1
BELEE
2826°¢
£100 EW
poLOp-t

8L0V'¥
Lzzr w%

£9Er'y
905¥'¥7

LB5Z 47
LBLE LT
9EET'L
88p¢ L 1
9z9¢'L
coge st
e85 4
Z66€ 4
|
L9zp 4
58zY 1
0z0L 49
55022

_N
%cooa
s
P\
OEt

N
o\

S

Me
EtO

500 MHz, CDCly

+S0'E
~Z0'e
0

— 60

8Ll
m_ji.._.
= 4

fmo._.
role

902
mmo_m
=160

30 25 20 15 10 05 00

35

95 90 85 80 75 70 65 60 55 50 45
1 (ppm)

10.0

13C NMR

£88e'rl
1861 mv/
mwmm.m_W
9zLe'sl
£z0L L)

P0Z6'09~
Sivl wmv.
69Z¢'P9

6880°LL

rire8 mmv
CEPELL

P11z
LZ9Z 121
085592 4+{
086264
Zovs @wjﬁ
8655081
ZIEBEEL
BES09EL—
zeeoeet £
LhhLBEL

gmo.ov%
£L60°0F1

mmoo.mwvv
652029l

Me =N
N(%cooa
o, s
P\
EtO OEt

N

126 MHz, CDCl3

20 10

30

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

200



14d

'H NMR

£840')
5Z60'L

9801l

ZLET L

gLzl

PG5Z 11
99:€ 11
B06E'L 1
LSOF L
0F99'e
9699°¢
LE89'E
£889°¢
920L'C
L8ELE
9P5LC
769L°€
SPLLE
068L'€
8L0'7 ]
0P507]
9550

165071
68071
LL0FA
L1807
6611 7
85EL7]
054 7
zZesl v
5551 17
LOLLP
50987
8rLE ]
L68E i
SEOb

16574

LSPEL

£8YE L

800€'L

159511
L94E 4
26454
L9Zb i
L82Y i
bbb iq
bbb £
hmmvﬁw

—

LESE L
665
865 /4
50197
5619 ]
RIEVE
LhegL
£589'L
LZ0L'L
PrOL L

Br

_N
N’;%cooa
[SNS)
P\

\

OEt

Et0”

500 MHz, CDCly

¥20'€
=¥0'€

o)

roo_m
FOET
700C

sLL
fez
2960
ez

85 80 75 70 65 60 &5 50 45 35 30 25 20 15 10 05 00
1 (ppm)

9.0

13C NMR

Nmmov;
1808'G1|
Sro8sl
8LE6G)
8L66'GL

80609
9.51'v9 ﬁ
80T b9
£769'b9
LibLp9
8506'9.L
w08 LL
zeyiLd

008€1.21 1
cEzr LT
z96. Nw:ﬂ
OrSOEZ I
895z E;,(
926e 11
LWTEEL~
zZ08L vEL,
goel BEl
IR
08681
9raEEEl

L7889l
mmom._‘mvv

Br =N
N(%cooa
[N}
/P\
Et0” OEt

S

126 MHz, CDCly

100

110

-10

80 70 60 50 40 30 20 10

90

1 (ppm)

180 170 160 150 140 130 120

190

220 210 200



15d

'H NMR

LPCL LA

Begre
LE8LE
paeLE
6L6L€
LZ0g
zalgs
zieet
8az5'¢
zevse
zivee

ﬁmqm.q
wommw
apLie'y
6888y

PE00 L~
59904
0oz’ L

BLLLL
mrmh.\.v

N

_N
’/\%cooa

N
_R

Me

OEt

500 MHz, CDCl3

F00'9
=00'€

=00'¢

rooe
Fooz

=00¢

»00°¢C
oL

860

70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

T

8.0

85

9.0

13C NMR

SZ9E P
PSZaslT
8r8E'Sl

paLL Lz

86€8'00~
AN
Dwt.vwv\

9651 LL

omom.mhv
ShLy il

SEY9FZh
:mt&;
8578'0E

BOBE 0EL|
167058l
POBE'BEL\"

Zopk'8cl
0L9L mm_.&

08.8°0Z1
ﬁmqv.oﬁ%
\

LOLLORL
0Lzl opl

66619
pLLO wm_.v

\%cooa

O, ,s

=
N

Me

P
mE© oEt
126 MHz, CDCl3

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
1 (ppm)

200



16d

'H NMR

599507
9000'}
gLl
80EL 'L
BrrlL
066}k
£ssh
segb
8eay'|
1055
8v95°c
9695°
695°€
bi02€
£1ZLg
072LE
28ELE
PLPLE
9759°¢ 1
8292'¢ |
0HEET
z628°¢
9.£5°¢ |
z8pb'77
SZab'r|
LSLY T
8061 11
z09Z'L 7#
zi6b'L
BLLGL
gL
15254
£825'L
eLesL
HLEG L
pIpS L
b5p52
LISSL
beggs
§595'L
18gg 2
£6i5'L
91854
9.85'4
EE
pGeS'L |
£209°4 |
18194
S8/9'L
%mw.b_
0869 L4y
2569 L f
CIEETE
55584 1

515641
£896°L
90208
Z.E08

N
o \%\COOEt
Q, s
/P\
OEt

EtO
500 MHz, CDCl3

200
“ooc
00

G0’}
80'}
Faz

=10¢

A
S6°0
=00'}
=00'}
3801
‘2o'L

85 8.0 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

9.0

13C NMR

PREF Pl
BE2US L
BIEEED
90945
z1zesh

L8109y

80LL'P9

o_‘wo.vww_e

omom.vw\
065¢'¥9

698L°9L

Ll PO
€56C LL

e6vLLZ
P8LECZ A
B9E6' VTl
L00L'SZ1
L106'9Z 1A
PSLL LTI

LE6B nw_‘N

S0£Z'8ZL
59£€084
885E°08 1
PPGLETH
Z6LBEELA
LEVSBEL-

W

———

8LOL L7
8LEL LYl

6040 Nm:v.

788029l

N
O

N
\%cooa
s
/P\
OFt
126 MHz, CDCly

EtO

190 180 170 160 150 140 130 120 110 = (100 ) 0 80 70 60 50 40 30 20 10
ppm

200



17d

869¢'L
0ree’)
286¢e'}

9087 ¥
PIET P
S5HTY
1082’
665711
5592171
s
642 1
0082 ¢4
1667 7]
9162
T
#00¢' ]
850¢ v
arley
#0ZE'Y
L6ZE Y
BYEC'y

0L9Z £
€E5E L

8z9¢ L%
m%m.hw
86.%L

VL6 L—

zLzgm
S0e5
9619 muﬂ
zoeoa

eyl

025801 —

'H NMR

_N
F \%COOH
\\P/S

" OEt

N
(o}

EtO
500 MHz, CDCl3

S
yZ
N

=009

FOO'Y

=00’}
-2bil
660

oL
=460

960

35 30 25 20 15 10 05 00

4.0

55 50

6.0
1 (ppm)

6.5

T0

8.0

105 9.5 85

1.5

292191
Liee m_‘v.

980559
wmwm.mwv.

£58L°9L

FECOLE
9E6T 4L

PLECTI
906974
LOSP'8ZhAL
Z00g mﬁw
ommmeCﬁ
LLBPOS)

0E6E'ER|~

P8SE LY~
LZLOBRL

LPOZ6L —

13C NMR

N
Q.8
i LN

OEt

EtO

126 MHz, CDCl

|
|

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
1 (ppm)

200



18d

'H NMR

I A]

0zZYe 11
0957}
z6zel|

9evel
085¢'L
066¢"L
eCipl
SLZP'L

£08z'e
opize
098Z'c
8887°¢
Zoog'e

geLE -

L98E'%
LLOP 7
iy
SLEp'y
8svh'y
8svP'y

0LigLi—

96e8'Li—

_N
(%cooa

Me. N
SNPS

/P\
OEt

EtO

500 MHz, CDCl3

JELE
Zo1g
Y909

=98¢

861

Floy

=9l

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

9.5

13C NMR

L9pTpl
Nmom.vvv
BrLS Pl
.\.omv.mv.\

SePL Py

BUPY S,
888509~
6epy L9

188L°9L

PO
Po6T L

566561 —

L8EY mw_.w.
8e05'8zl
BEFLES

BELE'LOL—

_N
E%cooa

Me N
(SN

/P\
OEt

EtO

126 MHz, CDCl3

] .

190 180 170 160 150 140 130 120 110 = (100 ) 90 80 70 60 50 40 30 20 10
ppm

200



19d

'H NMR

mhwm.v
vaN FW
PLLT b
04BE b~
ELFL
ELeTA
8694 1 —

£800E
LEZOE
LBEDE

LESODE

OPLE by
zasE r-y
bZOF b
9Ly p

BLLT i~

Obigi—

500 MHz, CDClj

=glE
EriE

=006

Fsie

Fozz

B0l

05

15

50 45 4.0 35 30 25 20

55

90 845 80 75 70 65

95

1 {ppm)

13C NMR

S002°EL~
alrrl-"

LASZ 0E~
orea e

66785~
6Z09°08

206494
LGF0 mhv
VBT 2L

28ro el —

0L909Ek~
Preg el

gleraal—

COOEt

I/:}V

_N

Bu

H OFt
R
o)

126 MHz, CDClg

S~

190 180 170 160 150 140 130 120 110 100 90 80 70
1 {ppm)

00



20d

gLl
5.8l _‘W
910zl

£008'¢q
8.18'¢
8ze't
9££8'C |
8iFE'C
Zzse'e
LZ98'c
P998'c
2088'¢c
G156’

G
9e5K 5/
890y L
969y L
5705 L
%E.%
TEES L
95Le8'L

'H NMR

_N
Nr \%COOMe
(o b
/P\
Et0" OEt

N

| .

500 MHz, CDCl3

=009

#Sl'C
~eoe

=207
‘e
=00’}

30 25 20 15 1.0 05

35

95 90 85 80 75 70 65 60 55 50 45
1 (ppm)

0.0

13C NMR

[Fa=te el
mafwmvv.

LGS6'L5—

08Le're
m\.mm.vmv.

9ELLBL

94207
L18TLL

ELLP LTy
LEPPBZL
£808'8214
SPIZEZL
ebgrazLd
ZEGEPELS
L66LOFL

Zro0erE—

Z8LEC9—

S

_N
Nr \%\COOMe
e,k
P\
OFt

EtO

126 MHz, CDCly

190 180 170 160 150 140 130 120 110 = (100 ) 90 80 70 60 50 40 30 20 10
ppm

‘00



21d

'H NMR

059F'L
PLeTA A
SEEP'L

BELOY—

avary
88LY

LEBl I

BLp7 8
8509
vZ68'9
£908'9
8ZZL L
55214
06zL'L
peeL L
perl i
PGl
804114
20411
e
088} 2
981 4]
czoz L4
2042 i1
80sg 24
pree i
pGre L]
18554 ]
zZh9e L
58684
900p' L
8z0v L
8lLb'L
S5l
9Ly L
pOSk L
8665 L

0.5 0.

1.0

S,

25 2.0 15

3.0

35

65 60 55 50
1 (ppm)

7.0

75

500 MHz, CDCl3
85 80

9.0

95

13C NMR

10.0

SO9¥'PL—

GE96'00—

ZG8Z i
.\.mmm.m.\../.
5880 _E.W
LEPELL

8199921
BLBT LZ)
9Epb' 8zl
ZEEE'8Z)
Z656'8Z)
L6906z
gvse'6z1f
p.Z8 qm%
9geL’LEL
SLpE e
5058'8¢L”

pLEFCOL—

110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

120

150 140 130

.O._Ph
160

Nw/\cooa
H
Sp
126 MHz, CDCly
180 170

190

‘00



22d

'H NMR

0268'b
ZLitLF
sec )/

SLLGE~
Serse

9L9Z 1
85.'7
1062 qw
Qom.q

€092 T{

0458€44
ommm.\.)/*

geap's

LeaY .

pzer L]
i

906k
5205 44
5094 4

500 MHz, CDCl

=80'c

c0'e
wm_._u.m

=ple

60T
e
=10°L

0.0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

10.0

13C NMR

0158°GL
wo_.m.mvv

PO56 LG —

mw_.mqw
PG9E qu

£584°91

ZBED
EEGT 1L

5854021
88y cw_‘v
290y L2t
r :uv.mm_‘./.
,.mom.mm_‘w
LhiTEEL
g Ev.mm;w
G056 qm_‘w\
LA

04487281 —

COOEt

126 MHz, CDCl3

20

190 180 170 160 150 140 130 120 10 100 90 80 70 60 50 40
1 (ppm)

00



23d

'H NMR

10

20

30

50

60

70

-5
L@
(=]
p—— . BLEE Ph~
mmmm@v =102} S0LEBLy
1o} 2 5ol58l
overL 60 9i1082
BLSLL - *60Ee
AL o pocgec
8L Fooe
V2L 1 e
5508} b
58LE'L
o
Zvare g
088p's
8L0S'E F
0L45°€ I VP56 09—
8800 |
L729e - 009 SE9LEL
S99 e =% g b1 es
Gy 51089,
) mmmo.Rw
LILEE T ¥ ge0e L.
090F 7 )
Z0Zry == g
SrEp S
£
LSea
cs
w
Mo
1T5L0Z1A
S (o V6L OZLA
£8bL < PL95 4Z)
o %mwmﬁ/
e [0 SELbBZL
G < £66VEk
L SIZ0'SEL
e i5e BTYEBEL
zeiriqf) - St
v — ZhiLopl
LB L T W
61604 » F a0k i
erog s 0 = =00t o Sz
mN_,m.\._ mmB o & [ oo LP88'L9L— mn,
9515 | o/ 8 °
06LG 4 N\$ Mooy N%
81251 I D L3 e L
0bES'Z 2 2= 3
59852 o
Ly [ &
& r 4
@]
o
-

100 90 80
1 (ppm)

110

120

126 MHz, CDCly
180 170 160 150 140 130

190

WWMM



24d

'H NMR

L8TT LA
mmqm._‘w
TL5T)

mmnw.q
wmmw.qv
690E'Y
Leey

86914
ZrelL
866L L
VLT
9LET L
9LbT L
LO9Z'L
L9221
€787 i
1671
£67E L
z9eeL
GLPE L
LSS L5
LLBEL

PRl L

0105 i—

COOEt

500 MHz, CDCly

=g0't

=50

[0£€
Mi.n
LIEY
W,(Nm.m

‘20'e
=00'L

95 00 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

10.0

13C NMR

9LETPI—

8.60'19—

658L°9.L

B66E02E
LeT LL

FAARAVA!
0£5Z0Z1
EDERTAR
mmt.R;
C06K 821
Zraz ezl
S57P6Z1
prel 6zl
9TGL6T) I
LOZV OEL)
0EPS PEL/
866 0%
6718 DE\
cLzLbbl
59T om%
LOZ'0GL
0566'09) —

COOEt

126 MHz, CDCly

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
1 (ppm)

)0



25d

'H NMR

Nom:‘
wwt. _‘W
588L°L

986¢' |
mm_.v.i_.

bEERE
8L10°€
begLe
zi6L%
£208°E
5918°¢
££26°C
SEE6'C
0EY6'E
BES6'E
£156°¢1
PBSE A
BELEE

mmmmq
Emoqw
0zLy
cozk v

092 4
98Lb'Lq|
9LZP LN
PECh 4
SlER L
5647,
8LLG LY
0Lpeid

OEt
500 MHz, CDCl3

_N
r\%cooa
Et0’

). Se
P\

N

=009
=20t

i 44
kgL

=60'C

rloc
JNo.m
=00'L

85 80 75 70 65 60 55 50 40 35 30 25 20 15 10 05 00
1 (ppm)

9.0

13C NMR

SEBE L
m_‘om.mvw
Nmmm.m_

P566'09,
9050'b9-~
6960 79

18Z8'9L
7280 .‘.\.W
L9ee'Ll

6824911
Nm_m.m:v
08.5'2Z)
mmom.mNJ/
LELFEZL
PL69SELY
LBYEBEL
L186'8EL
porsopk
B0SL0pLY

8eEL'Zol
Z0§ fmm;v.

K

_N
%cooa
_Se
P\

N
o,
Et0

OEt

126 MHz, CDCl

i

L

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190



26d

'H NMR

geel by
PLvLL
LIRS
8797 11
68711
LE6Z 11
LB0F L
EEZH LA
9LEY L
9Ll

ZE2LT

BLELE

SLELE

SI5L€

8954°€

1590°€

0bLLE

9€8L'€

££28°¢
B6EE'C T
SPGE'CT
I8

£070'7
95071
665071
Zri0 T
8801
5880t
62607
£eol v
894}
96zL 1]
LopL 'y
809L v
pogL 'y
Lv8e
668E Y
pEEE Y
BEOK
RXiby
18Lp'y
99zk '
pZer'y
Akl
Z54L -
gLl i
6261 L4
zL0Z' 4]
122z i
587 1
9652 2
1685/
25094 ]
piziid
ZPpLL

0LbLd

75064

0196 L

S

w
ﬁ

>

_N

E%cooa
,Se

/P\

N
O,

OEt

EtO

500 MHz, CDCly

p ¥ 10'C

= - |0¢

J 00

E =91'¢

JEVL
£260
l S0’}
Aot

3.0 25 20 1.5 1.0 0.5 0.0

3.5

85 80 75 70 65 60 55 50 45
1 (ppm)

9.0

13C NMR

_‘mwww;
6958'Gh~
arLe m_.v
69.6 m:
LiE0'91

wmmo 5/
LA
CTLLL'PY
8855'v9
0609'¥9

1506 m.\./

2091 2
erLrLL

16LY'B6~,
920066~

9/66'8Z1
LLPEBT)
205208l
8124 0El
60SY LEL~
LBZS LEL
SBESEEl
0r29'8el
9695 6E
Leseopl

POLE'SLE—

IS
N

\%COOEt

h_Se
/P\

o

OEt

EtO

126 MHz, CDCly

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190



27d

'H NMR

LyET L
0672 L
€297 L
6987'11
OE0E'L
bLLEL
LpiE LA
689E'L 1
ZE0V 1
zZo1L8°c
glza’s
0928°
£Ly8'E
8558°
9698°
gee8's
e
LL06'E
PSLE'E
1125
PSE6E
0ovl 'y
L0911
6721
1121
P08 11

0Z6L v

96l v
91617
Z90Z'7
8LLZ v
FANTAS
SIvTY
8Loz' Y
B7LTY
L0ZEY
SHEEY
LIEEY
LZGEP
zo0F' 7
BY0F' 7
brlby
06LF'7
98zY 11
ceer'y
1Zhry
9Lbb
z09Z'4 "
68y 4
8r6p 4]
EGEIE
m:mi
poLG L
V2197
STL8'L
C628 L
LB

ﬁ

ZoLe'L

_N
Nr \%cooa

O, ,Se

R

OEt

EtO
500 MHz, CDCl3

20
Mg.n
1E

POt
00
L7072
hgoz

79E°1
00}
=90’}
oL

1.0 05 0.0

15

3.0 25 20

3.5

85 8.0 ) 7.0 6.5 6.0 5.5 50

9.0

1 (ppm)

13C NMR

BYEr Pl
.\._‘wm.mvw
re8e'sl

BE6E09
£610°194
5881 b9k
58ETHY
mmg.v&ﬁ
0.8 b
818 9L

09e0 2
Loge h.\..\T

00Z0'66~,
#8886~

0988021 —
86£0'6Z4
BLLFEZL
9928'0¢ )
0429981~
9859'9¢ L7}
LZ0% le
8L '88 L
£69.'8E1
z6LZ0pL-

Ze6E' 19—

_N
NF \%cooa

O, _Se

/P\
OEt

EtO
126 MHz, CDCly

190 180 170 160 150 140 130 120 110 = (100 ) 90 80 70 60 50 40 30 20 10
ppm

200



28d

'H NMR

8641}
568} L
650211
847 11
pZ62 11
590¢' 1
16O L1
£ET I
EQ.:W
ZLBLE
5509
iee
7528
5068
Lp8e
59/8°€
5788
8E68'e
805
L8Z5°€
£LL07]
SBL0Y
L2601
890} 11
9Lt
0LZL 7
mmN:}W
LOFL -]
5v5l 7
ZhiL o
L88) 1!
5502 7
ereEY
9068 7]
5865 1]
PrOp
LZLpy
98LrY
L9zry
BZEY Y
0881'41

Zwel L

8502’4

oLz

L2z L

pizz s

£9eT L

z09z L~
£alos

9929’4

LEEY'L

9EvY'L

00894

58594

2599t

L0494

HOZL'L ]

BBLLL

+00C

= =00C

_N
N’/\%cooa

O, ,Se

/P\
OEt

EtO
500 MHz, CDCl3

— 80t

bz
=F 122
JEbT

80 7.5 7.0 6.5 6.0 55 5.0 45 35 30 25 20 15 1.0 05 0.0
1 (ppm)

85

13C NMR

629 Ph~
7ZLe m_.w
£CLESl

mmvo.g
ov8l Ek
Svez b9
8079 P9/
5269797
96089

o
ogLeLLt

coLLe6
oom.\..mmw
mw_;.mm.\_
158166

[ofoi=Y=TH R
09661
8r0Z 9k
icloid!
TLPT mw_w
z80r' 9zl
BP9zl
1924 E%
_\.3.‘..5

geeevels
B98P 0P}

982€'191 1
D oAEIRY
5866191
pOLOZSL
£20vE9)

8Cepr Ll —

-

\%cooa

N
O, ,Se

/P\
OEt

EtO

126 MHz, CDClj

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200



29d

'H NMR

L5511
869L'L
0r8L 1A
PZ8T’L
mmmw._‘W
LOLE'L
09zl
covp'L
Elztl

BoERET
789L°¢
BLiLE
8z8L't
0164°¢1
1BE8'E
L PS8'E
POGE EA
0LLEEA
9068t~
61407
22807
680t
1607
52017
NS
LY
SLELY
by
LBGL'Y
gLy
L9iLp
95617
cTOP'y
SoLby
90k ¥
Lovhy

PLEEO~
9gL0L
16GT L~
pLEb L~
LIS 4N
9008 4,
8oL L

N

). Se

s P\
OEt

| —N
E%cooa
1eE0

500 MHz, CDCly

»P0'C
=lge
"9L'e

=00'¢

T_._..N
Fll'C
Je

=92’}

~vel
v¥6'0
=10}

3.0 2.5 2.0 1.5 1.0 05 0.0

35

85 80 75 70 65 60 55 50 45
1 (ppm)

9.0

13C NMR

it
BEELGE
Emmm_w
G526G)
vmm@.m%
g65.0z7

mqmmom
ommm.mm/
£006'€9
655C' P9
PPO¥ o
PEBLOL

9.E0%
916 4L

B96L PE~,
6485 P6~

LOTE0E}
8L 0C
88¥E'LE I
SpPeeel
85Lecel
mmmw.mmvv.
Loor'scl
£680'6¢E1
0LZ5'6Cl
ommm.mmi
PS0L 0Pl

PrESLOL—

EtO

N
) Se
P

_N
r\%cooa

OEt
126 MHz, CDCly

Me

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
1 (ppm)

190



30d

'H NMR

55221
LBEZ Lo
£e5Z L+
£L68 |-
gl

BZk
S0€6€
LBEB'E
SPPEE
26v5'E
L€56'E
9855°€
9c96'¢
8Zi6¢€
81161
Z9E0
50501
9250t
0950 1
8990 7
2040
STLO 1
Re |
5980 7]
€607
€20 i
szl

LBLEY
BEBE Y
LEOr Y
zzzry

8.509—

8948'9~
08e6'9"

L0gg L=

9Ll L—

_N
N(%cooa

O, _Se

R
“OEt

EtO

500 MHz, CDCl3

=829
=8L'¢

rezT
fogz

#122]

=6l'C

00C
Wmm.o

=160

0.0

3.0 2.5 20 15 1.0 0.5

35

1 (ppm)

8.5 8.0 75 7.0 6.5 6.0 5.5 5.0

9.0

13C NMR

EPBE PRI
mmmm.mvw
9c68'sl

90E6'09~
Ewm.vwv.
869C'9

LogaL

G50 2o
960¢e'LL

0z8Lel—
9170801
6698'801—

PESE' L~
B90F L2
vmmw.mw_‘v.
Z0Er'6Zl

99z6'0p)—

108G 2Pl
BL1G8pL"

Z05L'col—

N:%cooa

O, _Se

/P\
OEt

EtO
126 MHz, CDClj

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

00



