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1. General

'"H NMR spectra were taken on a Bruker AVANCE III 600 MHz NMR
spectrometer. The chemical shifts are reported in ppm downfield to the CDCl;
resonance (0 = 7.27). Spectra are reported as follows: chemical shift (& ppm),
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling
constants (Hz), integration, and assignment. 13C NMR data were collected at 100
MHz with complete proton decoupling. The chemical shifts are reported in ppm
downfield to the central CDCl; resonance (6 = 77.0). High-resolution mass spectra
were performed on a micrOTOF-Q II instrument with an ESI source. Melting points
were measured with a RD-II melting point apparatus and are uncorrected. Unless
otherwise noted, all reagents and solvents obtained from commercial sources were
used without further purification. Deuterated solvents were purchased from Sigma—
Aldrich. The purity of the KOH is 95%. Column chromatography was performed on
silica gel (200—300 mesh). All yields were referred to isolated yields (average of two

runs) of compounds.

2. General procedure for KOH-mediated three-component annulation of

amidines, nitrosoarenes, and malonic acid diesters

To a reaction system of amidine 1 (0.2 mmol), nitrosoarene 2 (0.26 mmol, 1.3
equiv) and KOH (0.1 mmol, 0.5 equiv) in CHCI; (1.2 mL) was added malonic acid
diester 3 (0.34 mmol, 1.7 equiv) under air atmosphere. Subsequently, the resulting
mixture was stirred under 60 °C (oil bath) and monitored by TLC. Upon completion
of the consumption of the amidine 1, the reaction mixture was purified by silica gel

column chromatography to give the cycloaddition product 4.
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3. Characterization data and "H-NMR spectra of intermediate A

©/ N CI:/COOEt
COOEt  Intermediate A

Yellow oil; Ry = 0.3 (PE:EA = 20:1); 'TH NMR (400 MHz, CDCl3) ¢ 7.37-7.32 (m,
2H), 7.24-7.19 (m, 1H), 7.01-6.97 (m, 2H), 4.44 (q, J = 7.2 Hz, 2H), 4.15 (q, J = 7.2
Hz, 2H), 1.41 (t,J= 6.8 Hz, 3H), 1.07 (t, J = 7.2 Hz, 3H); HRMS (ESI) m/z [M + H]*
Calcd for C;3HsNO4 250.1074; found 250.1078.
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4. Characterization data of products

Ethyl 5-ox0-1,2-diphenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-carboxylate (4aaa)

©\(N COOEt
/ngNH

N
O
Yellow solid (75.0 mg, 94% yield); mp 156—158 °C; Column chromatography on

silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); 'H NMR (400 MHz,
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CDCLy) 6 7.44-7.41 (m, 3H), 7.40-7.35 (m, 3H), 7.30~7.25 (m, 2H), 7.19-7.13 (m,
2H), 7.10-7.07 (m, 2H), 6.83 (t, J = 7.2 Hz, 1H), 6.78 (m, 2H), 5.54 (s, 1H),
4.37-4.25 (m, 2H), 1.28 (t, J = 7.2 Hz, 3H) ppm; BC{'H} NMR (100 MHz, CDCl;) ¢
177.2 (O—C=0), 165.6 (N-C=0), 165.2 (C=N), 143.5, 134.0, 131.8, 129.6, 129.3,
128.8, 128.5, 128.4, 126.9, 120.4, 1163, 842 (C), 63.6 (CH,), 14.0 (CHs) ppm;
HRMS (ESI) m/z [M + H]" Calcd for C,4H2,N303 400.1656; found 400.1645.

Ethyl 5-oxo-2-phenyl-4-(phenylamino)-1-(m-tolyl)-4,5-dihydro-1H-imidazole-4-carboxylate

(4baa)

Yellow solid (79.3 mg, 96% yield); mp 132—134 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCly) 0 7.38=7.33 (m, 3H), 7.24—7.17 (m, 3H), 7.09 (t, J = 8.0 Hz, 3H), 6.87 (s, 1H),
6.76 (t, J = 7.6 Hz, 2H), 6.68 (d, J = 7.6 Hz, 2H), 5.44 (s, 1H), 4.31-4.19 (m, 2H),
2.26 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H) ppm; BC{'H} NMR (100 MHz, CDCl;) 6 177.3
(O—C=0), 165.6 (N—C=0), 165.2 (C=N), 143.5, 139.8, 134.0, 131.7, 129.7, 129.3,
129.2, 128.9, 128.5, 128.4, 127.4, 124.0, 120.4, 116.3, 84.1 (C), 63.6 (CH,), 21.3
(CH3), 14.0 (CH3) ppm; HRMS (ESI) m/z [M + H]* Calcd for C,sH4N305 414.1812;
found 414.1818.

Ethyl 5-oxo-2-phenyl-4-(phenylamino)-1-(p-tolyl)-4,5-dihydro-1H-imidazole-4-carboxylate

(4caa)

Yellow solid (80.2 mg, 97% yield); mp 145—147 °C; Column chromatography on
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silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCly) 0 7.46—7.40 (m, 3H), 7.29 (t, J = 7.6 Hz, 2H), 7.21 (m, 4H), 6.97 (d, J = 8.4
Hz, 2H), 6.83 (t, J= 7.2 Hz, 1H), 6.75 (d, J= 7.6 Hz, 2H), 5.52 (s, 1H), 4.38—4.25 (m,
2H), 2.36 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H) ppm; 3C{'H} NMR (100 MHz, CDCI;) ¢
177.4 (O—C=0), 165.6 (N-C=0), 165.3 (C=N), 143.5, 138.9, 131.7, 131.4, 130.2,
129.2, 128.9, 128.5, 128.4, 126.7, 120.4, 116.3, 84.1 (C), 63.5 (CH,), 21.2 (CHj),
14.0 (CH3) ppm; HRMS (ESI) m/z [M + H]* Calcd for C,sH4N;05 414.1812; found
414.1816.

Ehyl1-(2-fluorophenyl)-5-oxo-2-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-

carboxylate (4daa+4d'aa)

Yellow solid (62.6 mg, 75% yield); mp 149—151 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCly) 0 7.50-7.45 (m, 6H), 7.45-7.40 (m, 2H), 7.37-7.29 (m, 6H), 7.27-7.13 (m,
8H), 6.90—6.84 (m, 2H), 6.83—6.77 (m, 4H), 5.63 (s, 1H), 5.60 (s, 1H), 4.45-4.29 (m,
4H), 1.38—1.28 (m, 6H) ppm; ’F NMR (376 MHz, CDCl;) 6-119.60, -119.70 ppm;
HRMS (ESI) m/z [M + H]" Calcd for C,4H,1FN305 418.1561; found 418.1576.

Ethyl 1-(3-fluorophenyl)-5-oxo-2-phenyl-4-(phenylamino)-4,5-dihydro-1 H-imidazole-4-
carboxylate (4eaa)
@N COOEt

/\X—NH

N \>/\/

O
F

Yellow solid (64.2 mg, 77% yield); mp 118—120 °C; Column chromatography on

silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
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CDCly) 6 7.52-7.44 (m, 3H), 7.42-7.33 (m, 3H), 7.23-7.18 (m, 2H), 7.15-7.09 (m,
1H), 6.90-6.85 (m, 3H), 6.78 (d, J = 7.6 Hz, 2H), 5.54 (s, 1H), 4.42-4.30 (m, 2H),
1.32 (t, J = 7.2 Hz, 3H) ppm; '*C{'H} NMR (100 MHz, CDCl;) § 176.8 (O~C=0),
165.3 (N-C=0), 164.6 (C=N), 162.7, (d, J = 247.8 Hz), 143.3, 135.3 (d, J = 9.8 Hz),
132.0, 130.7 (d, /= 9.0 Hz), 129.3, 128.7 (d, J = 12.9 Hz), 128.1, 122.6, 120.7, 116.4,
115.9 (d, J = 20.8 Hz), 114.4 (d, J = 23.5 Hz), 84.3 (C), 63.7 (CH,), 14.0 (CH;) ppm;
1F NMR (376 MHz, CDCl;) & -110.03 ppm; HRMS (ESI) m/z [M + H]* Calcd for
Ca4H, FN305 418.1561; found 418.1568.

Ethyl 1-(4-fluorophenyl)-5-oxo0-2-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-

carboxylate (4faa)

Yellow solid (72.6 mg, 87% yield); mp 136—138 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCly) 0 7.51-7.43 (m, 3H), 7.35 (t, J = 7.2 Hz, 2H), 7.20 (t, J = 7.2 Hz, 2H),
7.15-7.06 (m, 4H), 6.88 (t, J = 7.6 Hz, 1H), 6.79 (d, J = 8.4 Hz, 2H), 5.53 (s, 1H),
4.43-4.49 (m, 2H), 1.32 (t, J= 7.2 Hz, 3H) ppm; BC{'H} NMR (100 MHz, CDCls) ¢
177.2 (O—C=0), 165.4 (N-C=0), 164.8 (C=N), 162.3 (d, J=248.1 Hz), 143.4, 131.9,
130.0 (d, J = 3.2 Hz), 129.2, 128.8, 128.7 (d, J = 8.8 Hz), 128.5, 128.2, 120.6, 116.7
(d, J=22.9 Hz), 116.5, 84.2 (C), 63.6 (CH,), 14.0 (CH3) ppm; °’F NMR (376 MHz,
CDCl3) 6-111.19 ppm; HRMS (ESI) m/z [M + H]" Calcd for Cp4H,1FN3;0; 418.1561;
found 418.1568.

Ethyl 1-(3,5-dimethylphenyl)-5-0xo0-2-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-

carboxylate (4gaa)
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Yellow solid (73.5 mg, 86% yield); mp 150—152 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl,) 0 7.53-7.43 (m, 3H), 7.33 (t,J = 7.6 Hz, 2H), 7.24-7.17 (m, 2H), 7.03 (s, 1H),
6.87 (t,J=17.2 Hz, 1H), 6.80 (d, J= 7.6 Hz, 2H), 6.72 (s, 2H), 5.54 (s, 1H), 4.42—4.29
(m, 2H), 2.31 (s, 6H), 1.33 (t,J = 6.8 Hz, 3H) ppm; *C{'H} NMR (100 MHz, CDCls)
0 177.4 (O—C=0), 165.7 (N—C=0), 165.2 (C=N), 143.5, 139.4, 133.9, 131.7, 130.7,
129.2, 128.9, 128.5, 128.4, 124.6, 120.4, 116.3, 84.1 (C), 63.5 (CH,), 21.2 (CH; X 2),
14.0 (CH3) ppm; HRMS (ESI) m/z [M + H]" Calcd for C,sHp6N303 428.1969; found
428.1967.

Ethyl 1-(naphthalen-1-yl)-5-oxo-2-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-

carboxylate (4haa+4h'aa)
N @ + N \\Z"”COOEt
oG

Yellow solid (62.9 mg, 70% yield); mp 152—154 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl,) 0 8.06—8.00 (m, 1H), 7.92—7.83 (m, 3H), 7.56—7.51 (m, 2H), 7.48—7.44 (m,
1H), 7.41 (d, J = 8.0 Hz, 1H), 7.39-7.34 (m, 2H), 7.33—-7.25 (m, 4H), 7.25-7.19 (m,
3H), 7.14-7.08 (m, 4H), 7.05 (d, J = 7.6 Hz, 1H), 6.98 (t, J = 7.2 Hz, 1H), 6.90—6.83
(m, 3H), 5.61 (s, 1H), 5.47 (s, 1H), 4.53—4.44 (m, 1H), 4.42—-4.32 (m, 2H), 1.42 (t,J =
7.2 Hz, 3H), 1.32 (t, J = 7.2 Hz, 1H) ppm; HRMS (ESI) m/z [M + H]" Calcd for
Co3H24N305 450.1812; found 450.1815.

Ethyl 1-(naphthalen-2-yl)-5-0x0-2-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-
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carboxylate (4iaa)

Yellow solid (67.4 mg, 75% yield); mp 135—137 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCls) 6 7.90-7.83 (m, 3H), 7.70 (d, J = 1.6 Hz, 1H), 7.59-7.54 (m, 2H), 7.53—7.50
(m, 2H), 7.44 (t, J = 7.2 Hz, 1H), 7.29 (t, J = 8.4 Hz, 2H), 7.24-7.21 (m, 2H), 7.09
(dd, J = 8.8, 2.0 Hz, 1H), 6.90 (t, J = 7.2 Hz, 1H), 6.85 (d, J = 7.6 Hz, 2H), 5.58 (s,
1H), 4.45-4.33 (m, 2H), 1.36 (t, J = 7.2 Hz, 3H) ppm; *C{'H} NMR (100 MHz,
CDCly) 6 177.4 (O—C=0), 165.6 (N-C=0), 165.1 (C=N), 143.5, 133.3, 132.8, 131.8,
131.4, 129.6, 129.3, 128.9, 128.5, 128.4, 128.2, 127.9, 127.2, 127.1, 125.8, 124.2,
120.5, 116.4, 84.3 (C), 63.7 (CH,), 14.0 (CH3) ppm; HRMS (ESI) m/z [M + H]*
Calcd for C,gH,4N305 450.1812; found 450.1815.

Ethyl 1-benzyl-5-0x0-2-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-carboxylate

(4kaa)

Yellow solid (75.2 mg, 91% yield); mp 119—121 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl) 0 7.59-7.54 (m, 1H), 7.50—7.42 (m, 4H), 7.33—7.28 (m, 3H), 7.14-7.06 (m,
4H), 6.84 (t, J = 8.0 Hz, 1H), 6.64 (d, J= 7.6 Hz, 2H), 5.52 (s, 1H), 4.92 (d, /= 15.6
Hz, 1H), 4.82 (d, J = 15.6 Hz, 1H), 4.39—4.26 (m, 2H), 1.30 (t, /= 7.2 Hz, 3H) ppm;
BC{H} NMR (100 MHz, CDCls) § 178.6 (O—C=0), 167.2 (N-C=0), 165.6 (C=N),
143.4, 135.6, 131.7, 129.2, 129.0, 128.9, 128.8, 128.1, 128.0, 127.3, 120.2, 116.2,
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83.8 (C), 63.5 (CH,), 45.7 (CH,), 13.9 (CH;) ppm; HRMS (ESI) m/z [M + H]* Calcd
for CysH,uN305 414.1812; found 414.1810.

Ethyl 5-oxo-1-phenyl-4-(phenylamino)-2-(o-tolyl)-4,5-dihydro-1H-imidazole-4-carboxylate

(4laa)

Yellow solid (74.4 mg, 90% yield); mp 141—-143 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl) 6 7.32—7.25 (m, 4H), 7.23—7.15 (m, 3H), 7.11 (d, J = 8.4 Hz, 2H), 7.02—6.98
(m, 2H), 6.88 (t, J= 7.6 Hz, 1H), 6.81 (d, /= 7.6 Hz, 2H), 5.50 (s, 1H), 4.42—4.30 (m,
2H), 2.18 (s, 3H), 1.34 (t, J = 7.2 Hz, 3H) ppm; 3C{'H} NMR (100 MHz, CDCI;) ¢
176.6 (O—C=0), 166.4 (N-C=0), 165.5 (C=N), 143.4, 136.8, 133.3, 130.8, 130.7,
129.2, 129.1, 128.9, 128.8, 128.3, 126.0, 125.8, 120.8, 116.9, 84.5 (C), 63.6 (CH,),
19.5 (CHj3), 14.0 (CH3) ppm; HRMS (ESI) m/z [M + H]*" Calcd for C,5sH4N;0;
414.1812; found 414.1818.

Ethyl 5-oxo0-1-phenyl-4-(phenylamino)-2-(m-tolyl)-4,5-dihydro-1H-imidazole-4-carboxylate

(4maa)

Yellow solid (76.0 mg, 92% vyield); mp 154—156 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl) 6 7.35-7.27 (m, 4H), 7.17 (d, J = 9.2 Hz, 1H), 7.13—7.06 (m, 3H), 7.04—6.98
(m, 3H), 6.76 (t,J = 7.2 Hz, 1H), 6.68 (d, /= 7.6 Hz, 2H), 5.47 (s, 1H), 4.31-4.19 (m,
2H), 2.19 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H) ppm; 3C{'H} NMR (100 MHz, CDCI;) ¢
177.2 (O—C=0), 165.6 (N-C=0), 165.3 (C=N), 143.5, 138.5, 134.1, 132.6, 129.5,
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129.4, 129.2, 128.7, 128.3, 128.1, 126.9, 125.9, 120.3, 116.2, 84.1 (C), 63.6 (CH,),
21.3 (CH3), 14.0 (CH;) ppm; HRMS (ESI) m/z [M + H]* Calcd for CysHaN;O5
414.1812; found 414.1818.

Ethyl 5-oxo-1-phenyl-4-(phenylamino)-2-(p-tolyl)-4,5-dihydro-1H-imidazole-4-carboxylate

(4naa)

Yellow solid (77.7 mg, 94% yield); mp 163—165 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl3) 0 7.44-7.36 (m, 3H), 7.32 (d, J= 8.0 Hz, 2H), 7.19-7.14 (m, 2H), 7.09 (d, J =
7.6 Hz, 4H), 6.83 (t,J=7.2 Hz, 1H), 6.75 (d, J= 7.6 Hz, 2H), 5.54 (s, 1H), 4.38—4.26
(m, 2H), 2.33 (s, 3H), 1.29 (t,J = 7.2 Hz, 3H) ppm; *C{'H} NMR (100 MHz, CDCls)
0 177.3 (O—C=0), 165.7 (N—C=0), 165.0 (C=N), 143.5, 142.4, 134.2, 129.5, 129.2,
129.5, 129.1, 128.8, 128.7, 127.0, 125.5, 120.4, 116.3, 84.1 (C), 63.5 (CH,), 21.5
(CH3), 14.0 (CH3) ppm; HRMS (ESI) m/z [M + H]" Calcd for C,5sH,4N3;05 414.1812;
found 414.1814.

Ethyl 2-(2-fluorophenyl)-5-oxo-1-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-
carboxylate (40aa)

F
@({N COOEt

/ngNH

N
SRS
Yellow solid (58.4 mg, 70% yield); mp 145—147 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl;) ¢ 7.57-7.52 (m, 1H), 7.49-7.42 (m, 1H), 7.39-7.33 (m, 3H), 7.26—7.20 (m,
3H), 7.12=7.07 (m, 2H), 6.95 (t, J = 8.8 Hz, 1H), 6.89 (t, /= 7.2 Hz, 1H), 6.80 (d, J =
7.6 Hz, 2H), 5.59 (s, 1H), 4.44-4.32 (m, 2H), 1.36 (t, J = 6.8 Hz, 3H) ppm; 3C{'H}
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NMR (100 MHz, CDCl3) ¢ 176.3 (O—C=0), 165.1 (N-C=0), 163.2 (C=N), 159.5 (d,
J=1251.4 Hz), 143.3, 133.5 (d, J = 8.2 Hz), 133.2 (d, J = 1.4 Hz), 130.4 (d, J = 2.4
Hz), 129.2 (d, J = 9.2 Hz), 128.6, 126.1, 124.7 (d, J = 3.6 Hz), 120.5, 117.8 (d, J =
14.6 Hz), 116.2, 116.1, 116.0, 84.3 (C), 63.7 (CHy), 13.9 (CH;) ppm; ’F NMR (376
MHz, CDCly) & -110.34 ppm; HRMS (ESI) m/z [M + H]* Caled for Ca4Ha FN;O;
418.1561; found 418.1564.

Ethyl 2-(3-fluorophenyl)-5-0xo-1-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-

carboxylate (4paa)

Yellow solid (60.9 mg, 73% yield); mp 137—-139 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCly) 0 7.48-7.40 (m, 3H), 7.32—7.27 (m, 1H), 7.23—7.18 (m, 4H), 7.17-7.10 (m,
3H), 6.88 (t, J = 7.6 Hz, 1H), 6.78 (d, J = 7.6 Hz, 2H), 5.54 (s, 1H), 4.44—4.32 (m,
2H), 1.36 (t, J = 6.8 Hz, 3H) ppm; BC{'H} NMR (100 MHz, CDCl;) ¢ 177.0
(O—C=0), 165.3 (N—C=0), 164.0 (C=N), 162.3 (d, J =246.5 Hz), 143.3, 133.7, 130.4
(d, J=8.0 Hz), 130.2 (d, J= 8.0 Hz), 129.7, 129.3, 129.1, 126.8, 124.6 (d, /= 3.2 Hz),
120.6, 118.9 (d, J = 21.0 Hz), 116.4, 116.0 (d, J = 23.8 Hz), 115.9, 84.2 (C), 63.7
(CH,), 14.0 (CH3) ppm; F NMR (376 MHz, CDCls) ¢ -111.18 ppm; HRMS (ESI)
m/z [M + H]" Calcd for C,4H,1FN3O3 418.1561; found 418.1572.

Ethyl 2-(4-fluorophenyl)-5-oxo-1-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-
carboxylate (4qaa)
F
\©\rN COOEt
- NH
e
O °
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Yellow solid (70.1 mg, 84% yield); mp 170—171 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); 'TH NMR (400 MHz,
CDCl,) ¢ 7.49-7.40 (m, 5H), 7.23—7.17 (m, 2H), 7.13-7.09 (m, 2H), 7.01 (t, J = 8.8
Hz, 2H), 6.87 (t, J= 7.6 Hz, 1H), 6.78 (d, J= 7.6 Hz, 2H), 5.53 (s, 1H), 4.42—4.29 (m,
2H), 1.32 (t, J = 7.2 Hz, 3H) ppm; BC{!lH} NMR (100 MHz, CDCl3) ¢ 177.1
(O—C=0), 165.5 (N—C=0), 164.7 (d, J=252.4 Hz), 164.1 (C=N), 143.4, 133.9, 131.2
(d, J = 8.9 Hz), 129.5 (d, J = 45.6 Hz), 129.0, 127.0, 124.6 (d, J = 3.2 Hz), 120.5,
116.3, 115.8 (d, J = 21.9 Hz), 84.2 (C), 63.6 (CH,), 14.0 (CH3) ppm; ’F NMR (376
MHz, CDCl;) 6 -106.48 ppm; HRMS (ESI) m/z [M + H]J" Calcd for Cp4H,FN30;
418.1561; found 418.1568.

Ethyl 2-(2,4-dichlorophenyl)-5-oxo-1-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-
carboxylate (4raa)
cl cl
\©;(N COOEt
/\\ZLNH
N
SR Re
Yellow oil (66.3 mg, 71% yield); Column chromatography on silicagel (Eluent: V/V,
petroleum ether/ethyl acetate, 8/1); 'H NMR (400 MHz, CDCl;) ¢ 7.35—-7.28 (m, 6H),
7.23=7.18 (m, 2H), 7.06—7.02 (m, 2H), 6.88 (t, J = 7.2 Hz, 1H), 6.80 (d, J = 8.0 Hz,
2H), 5.54 (s, 1H), 4.43—-4.30 (m, 2H), 1.34 (t, J = 7.2 Hz, 3H) ppm; BC{'H} NMR
(100 MHz, CDCl;) ¢ 176.0 (O—C=0), 165.0 (N—-C=0), 163.9 (C=N), 143.1, 137.8,
133.6, 132.8, 131.5, 130.0, 129.3, 129.2, 128.7, 127.6, 126.2, 120.8, 116.6, 84.5 (C),
63.8 (CHz), 14.0 (CH3) ppm; HRMS (ESI) m/z [M + H]+ Calcd for C24H20C12N303
468.0876; found 468.0888.

Ethyl 2-(naphthalen-1-yl)-5-0xo-1-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-

carboxylate (4saa)
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Yellow oil (78.2 mg, 87% yield); Column chromatography on silicagel (Eluent: V/V,
petroleum ether/ethyl acetate, 8/1); 'H NMR (400 MHz, CDCls) 6 7.98 (d, J = 8.0 Hz,
1H), 7.88 (m, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.48=7.38 (m, 2H), 7.35-7.30 (m, 2H),
7.25 (t, J = 8.0 Hz, 2H), 7.20—7.14 (m, 3H), 7.00—6.94 (m, 2H), 6.91 (t, J = 6.4 Hz,
3H), 5.56 (s, 1H), 4.48—4.35 (m, 2H), 1.40 (t, J = 7.2 Hz, 3H) ppm; BC{'H} NMR
(100 MHz, CDCl3) 6 176.8 (O—C=0), 165.5 (N—C=0), 165.4 (C=N), 143.5, 133.4,
133.3, 131.4, 130.7, 129.3, 129.2, 128.5, 128.4, 127.7, 127.4, 126.6, 126.3, 126.1,
124.8, 124.5, 121.1, 117.3, 84.9 (C), 63.8 (CH,), 14.1 (CH3) ppm; HRMS (ESI) m/z
[M + HJ" Calcd for CpgH,4N305 450.1812; found 450.1820.

Ethyl 2-(naphthalen-2-yl)-5-0xo-1-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-

carboxylate (4taa)

OO N c%c:'Et

ve
@ o
Yellow solid (79.1 mg, 88% yield); mp 138—140 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl3) 0 7.98 (s, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.74 (t, /= 8.8 Hz, 2H), 7.56—7.38 (m,
1H), 7.50—7.44 (m, 2H), 7.41-7.37 (m, 3H), 7.21-7.17 (m, 2H), 7.16—7.13 (m, 2H),
6.86—6.78 (m, 3H), 5.58 (s, 1H), 4.41-4.28 (m, 2H), 1.33 (t, J = 7.2 Hz, 3H) ppm;
BC{H} NMR (100 MHz, CDCl3) § 177.2 (O—C=0), 165.6 (N-C=0), 165.1 (C=N),
143.5, 134.6, 134.2, 132.3, 130.1, 129.6, 129.3, 128.9, 128.8, 128.2, 128.1, 127.8,
127.0, 126.9, 125.7, 124.7, 120.4, 116.3, 84.2 (C), 63.7 (CH,), 14.0 (CH3) ppm;
HRMS (ESI) m/z [M + H]" Calcd for C,3H,4N303 450.1812; found 450.1814.
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Ethyl 2-benzyl-5-oxo-1-phenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-carboxylate

(4uaa)

Yellow solid (62.0 mg, 75% yield); mp 101-103 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl,) 6 7.42-7.33 (m, 3H), 7.22—7.10 (m, 5H), 6.92—6.88 (m, 2H), 6.85 (d, J = 8.4
Hz, 3H), 6.68 (dd, J = 8.4, 0.8 Hz, 2H), 5.45 (s, 1H), 4.37—4.25 (m, 2H), 3.84-3.75
(m, 2H), 1.27 (t, J = 7.2 Hz, 3H) ppm; 3C{'H} NMR (100 MHz, CDCls) § 176.9
(O—C=0), 166.5 (N—C=0), 165.6 (C=N), 143.3, 132.8, 132.7, 129.6, 129.2, 129.0,
128.5, 127.7, 127.4, 120.5, 116.5, 84.0 (C), 63.6 (CH,), 36.4 (CH,), 14.0 (CH3) ppm;
HRMS (ESI) m/z [M + H]" Calcd for C,5H,4N303 414.1812; found 414.1820.

Ethyl 5-oxo0-1,2-diphenyl-4-(o-tolylamino)-4,5-dihydro-1H-imidazole-4-carboxylate (4aba)

Yellow solid (68.6 mg, 83% yield); mp 109—111 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCly) 0 7.45-7.40 (m, 4H), 7.39-7.36 (m, 2H), 7.31-7.26 (m, 2H), 7.13—7.08 (m,
3H), 7.00 (t,J= 7.6 Hz, 1H), 6.75 (t,J= 7.2 Hz, 1H), 6.53 (d, /= 8.0 Hz, 1H), 5.57 (s,
1H), 4.39-4.27 (m, 2H), 2.36 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H) ppm; 3C{'H} NMR
(100 MHz, CDCls) ¢ 177.3 (O—C=0), 165.8 (N—C=0), 165.1 (C=N), 141.8, 134.1,
131.8, 130.7, 129.6, 128.8, 128.7, 128.5, 128.4, 126.9, 126.8, 125.0, 120.0, 113.2,
84.1 (C), 63.7 (CHy), 17.7 (CH3;), 14.0 (CH3) ppm; HRMS (ESI) m/z [M + H]* Calcd

for C,5H,4N305 414.1812; found 414.1820.
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Ethyl 5-ox0-1,2-diphenyl-4-(m-tolylamino)-4,5-dihydro-1H-imidazole-4-carboxylate (4aca)

©\rN COOEt
g
N
7 O

Yellow solid (71.9 mg, 87% yield); mp 109—111 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl,) 0 7.45-7.39 (m, 4H), 7.39-7.35 (m, 2H), 7.32—7.26 (m, 2H), 7.11-7.06 (m,
2H), 7.04 (d, J = 8.8 Hz, 1H), 6.67 (d, J = 7.6 Hz, 1H), 6.56 (d, /= 7.2 Hz, 2H), 5.50
(s, 1H), 4.39—4.26 (m, 2H), 2.23 (s, 3H), 1.29 (t, /= 7.2 Hz, 3H) ppm; *C{'H} NMR
(100 MHz, CDCl3) 6 177.3 (O—C=0), 165.6 (N—C=0), 165.1 (C=N), 143.4, 138.9,
134.1, 131.7, 129.6, 129.1, 128.8, 128.7, 128.5, 128.4, 126.9, 121.3, 116.9, 113.3,
84.2 (C), 63.6 (CH,), 21.6 (CH3;), 14.0 (CH3) ppm; HRMS (ESI) m/z [M + H]* Calcd

for C;sH,4N305 414.1812; found 414.1818.

Ethyl 5-o0xo0-1,2-diphenyl-4-(p-tolylamino)-4,5-dihydro-1H-imidazole-4-carboxylate (4ada)

©\(N COOEt
/\(LNH

N

o Q
Yellow solid (73.5 mg, 89% vyield); mp 141-143 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCly) 0 7.45-7.33 (m, 6H), 7.31-7.24 (m, 2H), 7.07 (m, 2H), 6.98 (d, J = 8.4 Hz,
2H), 6.70 (d, J = 8.4 Hz, 2H), 5.38 (s, 1H), 4.38—4.26 (m, 2H), 2.22 (s, 3H), 1.29 (t, J
= 7.2 Hz, 3H) ppm; BC{'H} NMR (100 MHz, CDCl;) § 177.3 (O—C=0), 165.7
(N-C=0), 165.0 (C=N), 140.9, 134.1, 131.7, 130.0, 129.7, 129.5, 128.8, 128.7, 128.5,
128.4, 126.9, 117.0, 84.6 (C), 63.5 (CH,), 20.6 (CH3), 14.0 (CH3) ppm; HRMS (ESI)

m/z [M + H]" Calcd for C,5H4N303 414.1812; found 414.1814.

Ethyl 4-((2-chlorophenyl)amino)-5-oxo-1,2-diphenyl-4,5-dihydro-1H-imidazole-4-

carboxylate (4aea)
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Yellow oil (72.8 mg, 84% yield); Column chromatography on silicagel (Eluent: V/V,

N COOEt
/\(LNH Cl

petroleum ether/ethyl acetate, 8/1); 'TH NMR (400 MHz, CDCl;) 6 7.47-7.42 (m, 3H),
7.42—7.36 (m, 3H), 7.32—7.26 (m, 3H), 7.13 (dd, J = 6.4, 1.6 Hz, 2H), 7.08—7.02 (m,
1H), 6.75-6.69 (m, 1H), 6.63 (dd, J = 8.0, 1.2 Hz, 1H), 6.36 (s, 1H), 4.36—4.27 (m,
2H), 1.27 (t, J = 7.2 Hz, 3H) ppm; C{'H} NMR (100 MHz, CDCl;) 6 176.8
(0—C=0), 165.5 (N-C=0), 165.2 (C=N), 140.1, 134.0, 132.0, 129.7, 129.6, 129.0,
128.9, 128.5, 128.2, 127.6, 126.8, 121.4, 120.1, 113.6, 83.6 (C), 63.8 (CH,), 14.0
(CH3) ppm; HRMS (ESI) m/z [M + HJ" Calced for C,4H,;CIN;O; 434.1266; found

434.1274.
Ethyl 4-((3-chlorophenyl)amino)-5-oxo-1,2-diphenyl-4,5-dihydro-1H-imidazole-4-
carboxylate (4afa)

©\VN COOEt
/\(LNH
N

b O

Yellow solid (74.5 mg, 86% yield); mp 137—-140 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCL) 0 7.47-7.41 (m, 4H), 7.41-7.38 (m, 2H), 7.31 (t, J = 7.6 Hz, 2H), 7.14 (dd, J
= 8.0, 1.6 Hz, 2H), 7.08 (t, /= 8.0 Hz, 1H), 6.78 (dd, J = 8.0, 0.8 Hz, 1H), 6.68—6.63
(m, 2H), 5.68 (s, 1H), 4.40-4.27 (m, 2H), 1.30 (t, J = 7.2 Hz, 3H) ppm; BC{'H}
NMR (100 MHz, CDCl3) ¢ 176.9 (O—C=0), 165.6 (N-C=0), 165.2 (C=N), 144.8,
134.9, 133.9, 131.9, 130.3, 129.7, 129.0, 128.8, 128.5, 128.3, 127.0, 120.0, 115.0,
114.2, 83.7 (C), 63.8 (CH,), 14.0 (CH;) ppm; HRMS (ESI) m/z [M + H]" Calcd for
Cy4H,CIN303 434.1266; found 434.1268.

Ethyl 4-((4-chlorophenyl)amino)-5-oxo-1,2-diphenyl-4,5-dihydro-1H-imidazole-4-

carboxylate (4aga)
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Yellow solid (80.6 mg, 93% yield); mp 122—124 °C; Column chromatography on

N COOEt
/\\ZLNH

Cl

silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl5) 6 7.47-7.40 (m, 4H), 7.40 (s, 2H), 7.30 (t, /= 7.2 Hz, 2H), 7.13 (d, J = 8.8 Hz,
2H), 7.08 (dd, J = 8.0, 2.0 Hz, 2H), 6.71 (d, J = 8.8 Hz, 2H), 5.54 (s, 1H), 4.38—4.26
(m, 2H), 1.30 (t, J = 7.2 Hz, 3H) ppm; *C{'H} NMR (100 MHz, CDCls) 6 176.9
(0—C=0), 165.4 (N-C=0), 165.3 (C=N), 142.3, 134.0, 131.9, 129.6, 129.2, 128.9,
128.8, 128.5, 128.2, 126.8, 125.2, 117.4, 84.1 (C), 63.7 (CH,), 14.0 (CH3) ppm;
HRMS (ESI) m/z [M + H]* Calcd for Cp4H,;CIN;03 434.1266; found 434.1279.

Ethyl 4-((2-nitrophenyl)amino)-5-0xo0-1,2-diphenyl-4,5-dihydro-1H-imidazole-4-carboxylate
(4aha)
e,

N\\ZL @
@ o
Yellow solid (65.7 mg, 74% yield); mp 129—134 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl;) 0 9.53 (s, 1H), 8.22 (dd, J = 8.8, 1.6 Hz, 1H), 7.49 (d, J = 8.0 Hz, 3H),
7.47-7.39 (m, 4H), 7.33 (t, /= 7.6 Hz, 2H), 7.17 (dd, J = 8.4, 2.0 Hz, 2H), 6.84—6.77
(m, 2H), 4.42-4.30 (m, 2H), 1.31 (t, J = 7.2 Hz, 3H) ppm; *C{'H} NMR (100 MHz,
CDCl;) 0 176.1 (O—C=0), 166.0 (N—C=0), 164.5 (C=N), 141.6, 135.8, 134.4, 133.8,
132.2, 129.7, 129.1, 128.9, 128.6, 128.0, 127.1, 126.8, 118.1, 115.5, 83.2 (C), 64.1
(CH,), 14.0 (CH3) ppm; HRMS (ESI) m/z [M + H]* Calcd for C,4H,1N4O5 445.1506;
found 445.1512.

Ethyl 4-((3-nitrophenyl)amino)-5-0xo0-1,2-diphenyl-4,5-dihydro-1H-imidazole-4-carboxylate

(4aia)
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Yellow solid (79.9 mg, 90% yield); mp 119—121 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl;) 0 7.65 (dd, J = 8.4, 1.6 Hz, 1H), 7.51-7.45 (m, 3H), 7.45-7.40 (m, 3H), 7.38
(d, J=2.4 Hz, 1H), 7.35-7.30 (m, 3H), 7.26—7.22 (m, 2H), 7.11 (dd, J = 7.6, 2.0 Hz,
1H), 6.06 (s, 1H), 4.44-4.32 (m, 2H), 1.34 (t, J = 7.2 Hz, 3H) ppm; *C{'H} NMR
(100 MHz, CDCl3) 6 176.5 (O—C=0), 166.5 (N—C=0), 164.9 (C=N), 149.1, 144 .4,
133.7, 132.0, 130.0, 129.7, 129.1, 128.8, 128.6, 128.1, 127.1, 122.3, 114.4, 107.1,
83.2 (C), 64.1 (CH,), 14.0 (CH3) ppm; HRMS (ESI) m/z [M + H]J" Calcd for
Cy4H1N4O5 445.1506; found 445.1510.

Ethyl 4-((4-nitrophenyl)amino)-5-oxo-1,2-diphenyl-4,5-dihydro-1H-imidazole-4-carboxylate

(4aja)

Yellow solid (80.8 mg, 91% yield); mp 198—-200 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl) 0 8.09 (d, J = 9.2 Hz, 2H), 7.52-7.43 (m, 6H), 7.34 (t, J = 7.6 Hz, 2H), 7.15
(dd, J = 8.0, 2.0 Hz, 2H), 6.70 (d, J = 9.2 Hz, 2H), 6.25 (s, 1H), 4.42—4.30 (m, 2H),
1.31 (t, J = 7.2 Hz, 3H) ppm; BC{'H} NMR (100 MHz, CDCl3) ¢ 176.0 (O—C=0),
166.2 (N—-C=0), 164.8 (C=N), 149.4, 140.1, 133.7, 132.3, 129.8, 129.2, 128.8, 128.7,
127.9, 126.7, 126.0, 113.7, 83.9 (C), 64.2 (CH,), 14.0 (CH3) ppm; HRMS (ESI) m/z
[M + H]J* Calcd for C4H,N4O5 445.1506; found 445.1516.

Ethyl 4-((2,4-dimethylphenyl)amino)-5-0xo0-1,2-diphenyl-4,5-dihydro-/H-imidazole-4-

carboxylate (4aka)
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Yellow oil (58.1 mg, 68% yield); Column chromatography on silicagel (Eluent: V/V,
petroleum ether/ethyl acetate, 8/1); 'TH NMR (400 MHz, CDCl;) ¢ 7.45-7.35 (m, 6H),
7.29 (t, J=17.2 Hz, 2H), 7.09 (dd, J = 8.0, 2.0 Hz, 2H), 6.92 (s, 1H), 6.81 (d, J = 8.0
Hz, 1H), 6.49 (d, J= 8.0 Hz, 1H), 5.42 (s, 1H), 4.39-4.27 (m, 2H), 2.33 (s, 3H), 2.20
(s, 3H), 1.30 (t, J = 7.2 Hz, 3H) ppm; BC{'H} NMR (100 MHz, CDCls) ¢ 177.4
(O—C=0), 165.9 (N—C=0), 164.9 (C=N), 139.3, 134.1, 131.7, 131.5, 129.5, 1294,
128.8, 128.7, 128.6, 128.4, 127.1, 126.9, 125.6, 114.0, 84.5 (C), 63.5 (CH,), 20.5
(CH;), 17.7 (CHj), 14.0 (CH;3) ppm; HRMS (ESI) m/z [M + H]* Calcd for
Cy6H26N305 428.1969; found 428.1973.

Ethyl 4-((3,5-dichlorophenyl)amino)-5-o0xo-1,2-diphenyl-4,5-dihydro-1H-imidazole-4-

carboxylate (4ala)

©\(N COOEt
/\(LNH
N

o O

cl
Yellow solid (59.8 mg, 64% yield); mp 60—62 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); 'H NMR (400 MHz,
CDCl) 0 7.48—7.45 (m, 2H), 7.44 (s, 1H), 7.43 (s, 1H), 7.42—7.39 (m, 2H), 7.32 (t, J
=7.6 Hz, 2H), 7.15 (dd, J = 8.8, 2.0 Hz, 2H), 6.78 (t, /= 1.6 Hz, 1H), 6.59 (d, /=2.0
Hz, 2H), 5.82 (s, 1H), 4.40—4.27 (m, 2H), 1.30 (t, J = 7.2 Hz, 3H) ppm; BC{'H}
NMR (100 MHz, CDCl3) ¢ 176.6 (O—C=0), 166.0 (N—C=0), 165.0 (C=N), 145.5,
135.5, 133.7, 132.0, 129.7, 129.1, 128.8, 128.6, 128.2, 127.0, 119.6, 113.5, 83.3 (C),
64.0 (CH,), 14.0 (CH3) ppm; HRMS (ESI) m/z [M + HJ" Calcd for Cy4H»yCI,N50;
468.0876; found 468.0879.

Methyl 5-oxo0-1,2-diphenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-carboxylate (4aab)
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Yellow solid (73.2 mg, 95% yield); mp 145—147 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl) 0 7.46—7.41 (m, 3H), 7.41-7.37 (m, 3H), 7.31-7.27 (m, 2H), 7.20—7.15 (m,
2H), 7.10-7.06 (m, 2H), 6.85 (t, /= 7.2 Hz, 1H), 6.78 (dd, J = 8.8, 1.2 Hz, 2H), 5.49
(s, 1H), 3.87 (s, 3H) ppm; BC{'H} NMR (100 MHz, CDCl;) ¢ 177.1 (O—C=0), 166.3
(N—-C=0), 165.2 (C=N), 143.3,133.9, 131.8, 129.5, 129.2, 128.9, 128.8, 128.4, 128.3,
126.9, 120.7, 116.7, 84.1 (C), 54.3 (CH;) ppm; HRMS (ESI) m/z [M + H]" Calcd for
C23H20N30; 386.1499; found 386.1499.

Isopropyl 5-ox0-1,2-diphenyl-4-(phenylamino)-4,5-dihydro-1H-imidazole-4-carboxylate

(4aac)

Yellow solid (72.7 mg, 88% yield); mp 145—147 °C; Column chromatography on
silicagel (Eluent: V/V, petroleum ether/ethyl acetate, 8/1); '"H NMR (400 MHz,
CDCl,) 6 7.45—7.36 (m, 6H), 7.31-7.25 (m, 2H), 7.18-7.14 (dd, J = 7.6, 0.8 Hz, 2H),
7.10-7.07 (dd, J = 6.4, 2.0 Hz, 2H), 6.84 (t, J= 7.6 Hz, 1H), 6.75 (d, J= 7.6 Hz, 2H),
5.54 (s, 1H), 5.15-5.11 (m, 1H), 1.30 (d, J = 6.4 Hz, 3H), 1.27 (d, J = 6.0 Hz, 3H)
ppm; BC{'H} NMR (100 MHz, CDCl;) § 177.1 (O—C=0), 164.9 (N-C=0), 164.8
(C=N), 143.5, 134.1, 131.7, 129.5, 129.2, 128.7, 128.4, 126.8, 120.2, 115.9, 84.2 (C),
71.8 (CH,), 21.6 (CHj3), 21.5 (CH3) ppm; HRMS (ESI) m/z [M + H]J" Calcd for
Cy5H24N30; 414.1812; found 414.1814.
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5. Crystal structure of compound 4aaa (CCDC 2092223)
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Crystal data
Chemical formula Co4Hy N304
M, 399.44

Crystal system, space group
Temperature (K)

a, b, c(A)

V(A3)

Z

Radiation type

p (mm™')

Crystal size (mm)

Data collection
Diffractometer

Absorption correction

Orthorhombic, Pbca

273
12.1633 (9), 16.9191 (14), 20.7850 (16)

4277.4 (6)
8

Mo Ka
0.08
0.35 x0.27 x 0.21

CCD area detector

Multi-scan
SADABS-2016/2 (Bruker,2016/2) was used for
absorption correction. wR2(int) was 0.1052 before
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and 0.0562 after correction. The Ratio of minimum
to maximum transmission is 0.9453. The A/2
correction factor is Not present.

T mins T, max M, M

No. of measured, 73985, 5330, 3383
independent and observed

[> 20(])] reflections

Ring 0.054

(sin 0/0)max (A7) 0.668

Refinement

R[F> 26(F2)], wR(F?), S 0.055, 0.148, 1.05

No. of reflections 5330

No. of parameters 272

H-atom treatment H-atom parameters constrained
APrnaxs APmin (€ A7) 0.29,0.32

Computer programs: SAINT v8.37A (Bruker, 2015), ShelXT (Sheldrick, 2015),
ShelXL (Sheldrick, 2015), Olex2 (Dolomanovet al., 2009).
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7. 'H- and 3C-NMR spectra of products
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==t Time 18.33
INSTRUM spect
T T T T T T T 1 PROBHD 5 mm PABBO BB/
7.4 7.3 7.2 7.1 7.0 6.9 6.8 ppm PULPROG 2g30
D 65536
SOLVENT CDC13
NS 16
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SWH 8012.820 Hz
FIDRES 0.122266 Hz
] : i ﬁg 4.38%3922 sec
435 480 ppm DW 62.400 usec
DE 6.50 usec
TE 293.6 K
Dl 1.00000000 sec
D 1
= CHANNEL £l == =
SFO1 400.1324710 MHz
NUC1 1H
1 Pl 9.70 usec
SI 65536
- - - - - - - - - - SF 400.1300176 MHz
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35B o]
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NAME 2018-11-24 tyut-1x—6¢
EXPNO 10
@\ PROCNG 1
SN BO0R Date_ 20181125
it Time 4.21
o INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
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== CHANNEL £l
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T T T T T T T T T 1 GE 4
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INSTRUM spect
PROBHD 5 mm PABBO BB/
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FIDRES 0.366798 Hz
20 1.3631988 sec
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oW 20.800 usec
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D1 2.00000000 sec
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Time 17.41
INSTRUM spect
PRCBHD 5 mm PABBO BB/
PULPROG zg30
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SOLVENT CDC13
T T T T T T T T 1 ;S =
1.5 7.4 T3 Wosl Pl 7.0 6.9 6.8 ppm SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32
DW 62.400 usec
DE 6.50 usec
TE 296.1 K
D1l 1.00000000 sec
TDO 1
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I A NUC1 1H
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0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
£l (ppm)

S26



4eaa

=]
-
©

NAME 2018-11-15 tyut-1x
EXPNO 10
PROCNO 1
Date_ 20181116
Time 2.16
INSTRUM spect
PROBED 5 mm PABBO BB/
PULPROG zg30
D 65536
: : g : y : r i SOLVENT cDCl3
7.5 7.4 7.3 7.z 7.1 7.0 6.9 6.8 ppm e 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32
oW 62.400 use
E 6.50 use:
E 296.6 K
D1 1.00000000 sec
DO L
== CHANNEL £1
SFO1 400.1324710 MHz
NUC1 1H
) k_J | P1 9.70 use
ST 65536
SF 400.1300000 MHz
T T T T T T T T T T T"WDW EM
10 9 8 7 é 5 4 3 2 1l ppPmsSE 0
LB 0.30 Hz
o~ [on =] =)o o — & GB 0
Moo= =] ~ 0 PC 1.00
Ea iy 1Eel (=] (=] (=] o b lat]
oleledleifenled A o o
OO T AMAMO0WMST @
M0N0 ADDNAN™ DO OTOMINNTMONND O o™
OO MM N O~ D 00T O DINM 0 DO o ©
e TS e e L PN N S R P R =
AL e e ° BRUKER
NAME 2018-11-15 tyut-1x-02
EXPNO 10
_N_COOEt PROCNOQ 1
N\‘ZLNH Date_ 20181116
Time 23.34
o] Z::? INSTRUM spect
PROBHD 5 mm PABBO BB/
E PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43
DwW 20.800 usec
DE 6.50 usec
TE 297.1 ¥
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
CHANNEL £l =
100.6228293 MHz
13C
9.50 usec
32768
J 1 100.6127690 MHz
| { .\ EM
0
1.00 Hz
T T T T T T T T T T T 0
200 180 160 140 120 100 80 60 40 20 0 ppm 1.40
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N COOEt
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0 10 20 30 40 50 60 -70 -80 90 -110 -130 -150 -170 -190
f1 (ppm)
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= NAME 2018-11-15 tyut-1x-(
= EXPNO 10
PROCNO 1
Date_ 20181116
Tine 2421
INSTRUM spect
FROBED 5 mm PABBO BB/
PULPROG 2g30
TD 65536
SOLVENT che13
NS 16
T T T T T DS 2
7.6 7.4 7.2 7.0 6.8  ppm SWH 8012.820 Hz
FIDRES 0.122266 Hz
2O 4.0894566 sec
RG 34.32
DW 62.400 usec
DE 6.50 usec
TE 296.5 K
D1 1.00000000 sec
TDO 1
CHANNEL £1 =
400.1324710
1 ,A A 18
9.70 usec
65536
T T T T 1 T T T 400.1300000 MHz
El 8 7 & 5 4 3 2 1 EM
0
0.30 Hz
O[O = (O LY | o [a) ™~
| on [ | |10 | =] 0 wn 0
oo |o|lo o o ] 1.00
mleiled] < liled - I o
NTOOONO~ WO 0ONTW A0
M ANTONOMOT AIMINWMONDNOOMONTE- o
AT OONOMA OO NN MWW ST O S A
T adm o0 O DD B DO OGO - - = (ﬂ:><:f>
solv i B o T s 2 BRUKER
NAME 2018-11-15 tyut-1x-03
EXPNO 1
PROCND 1
SN Date_ 20181117
N Time 0.36
INSTRUM spect
jii:y o PROBHD 5 mm PABBO BB/
F PULPROG zgpg30
™ 65536
SOLVENT cnecl3
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
20 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 297.1 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
SF 100.6127690 MHz
H ) | WDW EM
‘ 558 0
LB 1.00 Hez
T T T T T T T T T T 3 0
180 160 140 120 100 80 60 40 20 0 pepm FC 140
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0 10 20 30 40 50 60 -70 -80 90 -110 -130 -150 -170 -190
f1 (ppm)
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6.886
6.868
6.849
6.809
6.790
6.722
5.545

4.4

3

4gaa

4.398
4.389
4,379
4,371

4.353
4.343
4.335
4.325

w0 o @
oo
MmN ®m

ooy

N

1.347
1.329
131

N\

12

N COOEt
[~ Y-NH
N
AvS
T T T T T T T T T T
b Fub Tl T.T 1.2 LT .0 9 6.8 ppm
J 1 1 o
T T T T T T T T 1
9 8 7 6 5 4 3 2 i ppm
o[ (efa|m]w]wn =3 ) < t
|90 [ (0[O |~ (=] - < ™
NN [O[H [ H O (=3 o~ =l -
NN A A e ey — ™~ wr ™
~ HIS 0 ) OO O
o | Pt o ) NO AN OO S0 Om oy s~ Oy o — ™
o WwoN NTOFYA®ONnmm Ao~ ™ o o
. L N owor n o o
~ M MAMHON OO T O L . ..
N WY TN NN NN T2 @ - ™
HoHH A A A A A A A o o~~~ © N
[l N COOE
[~ Y-NH
N
Q 8 O
L
T T T T T T T T T
180 160 140 120 100 80 60 40 20
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NAME 2018-11-16 tyut-1x
EXPNO 10
PROCNO 1
Date_ 20181117
Time 6.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.1222e6 Hz
AQ 4,0894966 sec
RG 34.32
DW 62.400 use
o) €.50 use
TE 295.8 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 = =
SFO1 400.1324710 MH=z
NUC1 1H
Pl 9.70 use
ST 65536
SF 400.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB Q
PC 1.00
NAME 2018=-11=17 tyut=-1x-7
EXPNO 10
PROCNO s
Date_ 20181117
Time 22.24
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT CDEL3
NS 1024
Ds 4
24038.461 Hz
0.366798 Hz
1.3631988 sec
185.43
20.800 usec
6.50 usec
296.8 K
2.00000000 sec
0.03000000 sec
1
== CHANNEL fl == =
100.6228293 MHz
13C
9.50 usec
32768
100.6127690 MHz
EM
0
1.00 Hz
0
1.40
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WHOMUNMECEMOTONNYEMNOCAITNONNITOOONHIONDONMINC N T
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@ NAME 2018-11-23 tyut-1x-0
_N_COOEt N NH EXPNO 10
NH = PROCNO

Qg :
N“( + NKZ“CODEQ Date_ 20181123
O o o Time 18.44
INSTRUM spect
Q PROBHD 5 mm PABEO BB/
PULPROG 0
)
SOLVENT

T—_——

T T T T T T T 1 gg 3
8.0 7.8 7.6 7.4 7.2 7.0 6.8 ppm SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
G 15.58
DW ©2.400 usec
T T T DE 6.50 usec
4.5 4.4 Bpm TE 293.7 K
D1 1.00000000 sec
DO 1
== CHANNEL f1
SFO1 400.1324710 MHz
L NUC1 1H
L i Pl 9.70 usec
SI 65536
T T T T T T T T T T T T T T SF 400.1300239 MHz
10 9 8 7 € 5 4 3 2 I 0wl =2 ppm WDW EM
SSB Q
LB 0.30 Hz
() [ GB 4]
afa & 1.00
ol
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NAME 2018-11-16 tyut-lx
EXPNO 10
PROCNO 1
Date_ 20181117
Time 6.18
INSTRUM spect
PROBHD 5 mm PAEEQ BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
T T T T T T N3 16
7.8 7.6 7.4 B2 T ppm bs 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32
oW 62.400 use
DE 6.50 use
TE 285.8 K
D 1.00000000 sec
TDO 1
CHANNEL f1 == ==
400.1324710 MHz
1H
9.70 use
65536
T T T T T T T T 400.1300000 MHz
) 5 4 3 EM
Q
0.30 Hz
S b= o GE 0
= - ™ PC 1.00
o~ ™
NANWNINMMANOOOT AN TINDNNNODMN
WO DY A~ O~ 4O WWDNENOM TS o ™
Bt e s et [ 3
FNNMOONAANNOV0OOOE--ITOW0 + v ¢ . .
FEERRRPANNRANGNANRAR ey o s BE%R
NAME 2018-11-17 tyut-1x-9
EXPNO
PROCNO i
Date_ 20181117
Time 23425
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
G 185.43
DW 20.800 usec
DE 6.50 usec
TE 296.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDQ 1
CHANNEL f1
SFol 100.6228293 MHz
NUC1 13C
1 9.50 usec
SI 32768
SF 100.6127690 MHz
[ WDW EM
4 SSB Q
LB 1.00 Hz
GB 0
T T T T IPC 1.40

T T T T
180 160 140 120 100 80 60
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4,360
4,348

4

.342
4,330
4.324

BRUKER
e

NAME 2018-11-16 tyut-lx-
EXPNO 10
PROCNC al
Date 20181117
Time 6.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
T T T T T PULPRCG zg30
7.4 7.2 7.0 6.8 ppm ™D 65536
SOLVENT CDC13
NS 16
Ds 2z
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
T T T 1 RG 34.32
4.9 4.8 ppm oW 62.400 usec
DE 6.50 usec
TE 295.8 K
Dl 1.00000000 sec
TDO 1.
= CHANNEL fl == =
400.1324710 MHz
1H
i Lafan 9.70 usec
65536
400.1300000 MHz
T T T T T T T T T T T EM
11 10 9 8 7 [ 5 4 3 2 1 0
0.30 Hz
OWw ooy | o olo] |+ w 0
ol |w0]|m|e o || e ] P 1.00
O = o ] |M -
Al ||l 1Al e ™
N MO OO EMOOdOoAbmTm
N OM EFANCENOOMDAMO0 ~One o )
s} 0 MWE oo A0MN N O O W\ - o (5]
L T T R = v STien & = b
5 B8 EnnndgatNyE pEEE B B ] BE%R

i T T
180 160 140 120 100 80 60
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NAME 2018-11=17 tyut-1x-5¢
EXPNO
PROCNO 1
Date_ 20181117
Time 21.22
INSTRUM spect
PROBED 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT CDCl13
NS 1024
D& 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
G 185.43
DW 20.800 usec
DE 6.50 usec
TE 296.8 K
D1 2,00000000 sec
D11 0.03000000 sec
D0 1
== CHANNEL fl == =
100.6228293 MHz
13C
9.50 usec
32768
100.6127690 MHz
EM
0
1.00 Hz
0
1.40
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7 NAME 2018-11-14 tyut-1x
My cooet EXPNO 10
e N PROCNO il
A~ Date_ 20181114
i) ° 5 Time 17.45
o INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD §5536
SCLVENT ¢DCl3
T T T T T T NS 16
7.3 1.2 7.1 7.0 6.9 ppm 5a 5
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32
DW 62.400 use
DE 6.50 use
TE 296.1 K
D1 1.00000000 sec
TDO 1
CHANNEL £1
SFOl 400.1324710 MHz
NUC1 1H
1 ,|P; 9.70 use
SI 65536
; ; : ‘ ; ‘ : ; > ; |SE 400.1300128 MHz
10 9 8 7 6 5 4 3 2 3]: ppmggg EI[J]I
LB 0.30 Hz
[0 (e e © () ) (=) GB 0
lalols|a]s e et o o BC 1.00
el eilHled — o~ o
a N ADOEOM=O A AN O NO
o HOM™ A= 0 O S oL W W - 5 == ~ o~
w TN DNONA00N O (=N N als] o~ o™
R - s e
5 pommanoacdaNNnNes Booe o ke BRUKER
NAME 2018-11-14 tyut-1x-07
EXPNO 10
PROCNO 1
N COCEt Date_ 20181116
R Time 12.48
St E::? INSTRUM spect
7 = PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT cpcl3
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
aQ 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 297.0 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
HANNEL f1 ==
100.6228293 MHz
13C
9.50 usec
32768
100.6127690 MHz
l EM
A 4]
.00 Hz
4]
T T T T T T T T T 1.40
180 160 140 120 100 80 60 40 20
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3

7.352
7830
o
7.30

7.178
)
el
7.095
7.093
7.074
7.055
7.034
7.029
Fal13
7.009
6.985
6.774
6.756
6.737
6.687
6.668
5.456
4.31

4.295
4,286
4.277
4.268
4.251
4.234
4,225
4.216
4.207
4.189

™~2.192

T ==

3

4maa

1.238
1.220
1.202

NAME 2018-11-14 tyut-1l=x-
EXPNO 10
PROCNO 1
2 Fooet Date_ 20181114
”XZ_N Time 17.49
O % @ INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
T T T [ J T T I T SOLVENT cpel3
7.4 T8 T2 Tl 7.0 6.9 6.8 6.7 ppm NS 1
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
pate] 4.0894966 sec
RG 34.32
DW 62.400 usec
DE 6.50 usec
TE 296.1 K
D1 1.00000000 sec
DO 1
CHANNEL f1 = =
400.1324710 MHz
18
i 9.70 usec
65536
400.1300426 MHzZ
T T T T T T T M
9 8 g 6 5 4 3 0
0.30 Hz
el oo Bl el g g ) o o o~ f¥=) GB O
w|o|o|~|s|n S ) o 0 PC e G
o|afo|w|o|o o ~ o o
wlleifmlSled - ~ - o
W) VRO TN WS OGS ON
@ OO ATOWOENTOOMNN @S~ < O = o o N
— WMNFO AN NN AWM — W~ N W W
00 0@ o YO O G0 S I OO e Pl 94"
& SesadsibasganaN ShnE b 2 8 BRUKER
NAME 2018-11-14 tyut-1x-08¢C
EXPNO 10
PROCNO 1
N COOEt Date_ 201811le
N:gLNH Time 13.49
@ INSTRUM spect
@l ® PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SCLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 297.2 K
D1 2.00000000 sec
D11 0.03000000 sec
D0 1
== CHANNEL fl ==
SFC1 100.6228293 M
NUC 13C
Pl 9.50 usec
SI 32768
SF 100.6127690 MHz
\ WowW EM
A S5B 0
LB 1.00 Hz
T T T T T T T T T 1 £8 2
180 160 140 120 100 80 60 40 20 ppm re .0
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NAME 2018-11-14 tyut-lx-
EXPNO
PROCNO il
Date_ 20181114
Time 17.53
INSTRUM spect
PROBHD 5 mm PABBO EB/
PULPROG zg30
T T T T T T T T ™ 65536
7.4 Hed Tl Bl 7.0 6.9 6.8 PEm SOLVENT cDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 67.58
Dw 62.400 usec
DE 6.50 usec
TE 296.1 K
Dl 1.00000000 sec
TDO i
== == CHANNEL fl =
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.70 usec
SI 65536
SF 400.1300111 MHz
T T T T T T T T T 1 WDW EM
9 8 7 3 5 4 3 2 1 ppm SSB 0
LB 0.30 Hz
GB 0
cRiEERlE g i 3 7 .00
oo v | ooy o — © =
| riled]|en || o I o o
M T M HNAOINWY AT OO (:_‘::><::f-j)
[T} WA ST N AN S~ O o = -~ O
[} w0 o SFONODAAD AN OO N R ] o - P
0 MmN EReo®®einow SAven 0 a3 %
P BupdliiddaNeas e g 5o BE%R
NAME 2018-11-14 tyut-1x-09C
EXPNO 0
PROCNOQ i
Date_ 20181116
Time 14.51
INSTRUM spect
PROBED 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
RO 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 297:2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO i
== CHANNEL fl =
SFO1 100.6228293 MH=z
NUC1 13C
B 9.50 usec
ST 32768
SF 100.6127690 MHz
L :
o ) SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T 1 pC 1.40
180 160 140 120 100 80 60 40 20 epm
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4.422
4,413
4,406
4.396
4,388

4.370
4.360
4.353
4.344
4.326
1.382
1.365
1.347
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NAME 2018-11-15 tyut-lx-
EXPNO 10
PROCNO £
Date_ 20181116

Time 228
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

D 65536
SOLVENT CDC13

NS 16

Ds 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34532

DW 62.400 usec
DE 6.50 usec
TE 296.5 K

D1 1.00000000 sec
TDO 1

== CHANNEL f1

65536
400.1300000 MHz
WDW EM
SSB 0
LB 0:30 Hz
GB 0
E 1.00

B SVL N
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
(=) = —
(=] (o3 Ll
=} o —
- o o
CDANMAD DY A0 AN HONMO O T ™
VTN EFATONNTEO AR TOE 0NN o
NHANE NN NN TN A QO™ O TOE S0 00~ 10 —
R RN MR R OO e e N
CMOWMMMMMNOONNOOTTOMOWI o+ v .
FOLVUTMMMMMMENNNNNN A A S~ Oo ©
e R B e e e e e Bt e Sl e e B O -

ERESS

=

i
b N COOEt
5 NH

(g

S " FR
it ® I

=
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NAME 2018-11-15 tyut-1x-04c¢
EXPNO 10
PROCNO E
Date_ 20181117

Time 1.37
INSTRUM spect
PROEHD 5 mm PABBO EB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

Ds 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1,3631988 sec
RG 185.43

bW 20.800 usec
DE 6.50 usec
TE 297.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

== CHANNEL fl = =
100.6228293 MHz
13c
9.50 usec
32768
100.6127690 MHz
EM
4]
1.00 Hz
[4]

1.40



-110.337

T T T T T T T T T T T T T T T T T T T
0 10 20 30 -40 50 60 -70 -80 90 -110 -130 -150 -170 -190
f1 (ppm)
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NAME 2018-11-15 tyut-lx-
EXPNO 10
2N, FOOEt PROCNC 1

NﬁgL Date_ 20181116
S @ Time 2.29
INSTRUM spect

PROBHD S mm PABEC BB/

PULPROG zg30
T T T T T T T T T D 65536
Tl 7.4 7.3 T2 7.1 7.0 6.9 6.8 PPM SOLVENT cpcl3
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32
DW 62.400 usec
DE 6.50 usec
TE 296.5 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 = =
L 400.1324710 MHz
1H
A/ I 9.70 usec
65536
T T T T T T T T T T 400.1300000 MHz
9 8 i 3 5 4 3 2 1 ppm EM
0
0.30 Hz
e ) o o @
e == = = £ ~ 0
il i e - . 1.00
Ao AN — o ™M
OMMEAMNMVOONNANEETOETTOO0ONN S-S
ANOWOANT NN WRONTTNS AN AN OO0 L
MO T ONETNN AT NONVOOWOWODMHNONOO @
R B e s e e e r e e A NMO D& o
bbb e F R S Rl R OO o
SRR na e e g R e L B BRUKER

RS

NAME 2018-11-15 tyut-1x-0¢
EXPNO 10
PROCNO 1
Date_ 20181117
Time 2.38
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 297.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =
100.6228293 MHz
13C
9.50 usec
32768
100.6127690 MHz
I L &
0
1.00 Hz
T T T T T T T T T 1 0
180 160 140 120 100 80 60 40 20  ppm © 1.40
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-111.177

T T T T T T T T T T
70 80 90 -100 -120 -140 -160 -180
f1 (ppm)
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T T T T T T T T
745 7.4 7:3 7.2 Tl T 6.9 6.8 ppm

NAME 2018-11-15 tyut-lx-
EXPNO 10
PROCNO 1
Date_ 20181116

Time 2.33
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG zg30

D 65536
SOLVENT CDC13

NS 16

Ds 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32

DW 62.400 usec
DE 6.50 usec
TE 296.5 K

D1 1.00000000 sec
D0 G4

~d
o
o
'
w -
[N}

10 9 8
in[mfo]o]c)oy o ) (]
o] || o @ ©
Bl =111t o 3] o
[To] (S oM (N ST Lot} — 3] ™

MEASFMNA A A COND S O

VWINENMO SO0 S WE < 0o o-dmn ®

QOO ONNO NN MO0 N ®

AR RN S e e e w ‘s VAL W, a8 HM O~ 0

CMNTOMMAAOO0TTOWINN e .

FOVYOYITMM I NNNNNN A A Tor-we m

HA A A A A A A A A A A A A A A -~ 9

—13.980

T T T
180 160 140 120 100 80 60 40 20
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CHANNEL f1l =
400.1324710 MHz
1H
9.70 usec
65536
400.1300000 MEz
EM
0
0x30- 3=z

0
1.00

NAME 2018-11-15 tyut-1x-06
EXPNO

PROCNO 1
Date_ 20181117

Time 3.40
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 65536
SOLVENT CDCl3

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43

DW 20.800 usec
DE 6.50 usec
TE 296.9 K

Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL fl =
100.6228293
13cC
9.50 usec
32768
100.6127690 MH=z
EM
0
1.00 Hz

0
1.40



-106.483

N COOEt
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-150

-170

-190



7.340
e
T30,
7.283
7.256
7.224

T2

Wﬁ/ W—J

5
3

0
0

Tl

7.184
7.055
7.048
7.035
7.031
6.900
6.882

4raa

6.863
6.811
6.792
5.538
4.425
4.407
4.398
4. 380
4.370
4.363
4.352
4.345
4.334
4.325
4.307
1.360
1.342
1.324

<

cl cl
N COOEt
- NH
N
3 %
T T T T T T T
7.4 7.3 7.2 7.1 7.0 6.9 6.8 ppm
| A " |
T T T T T T T T T T
39 8 7 § 5 4 3 2 1 ppm
o= |oh|co|uy (=) [a) e
||| |oy (= o o
[58] [=] (2] [=] [<3} o o~ <
WN|H| ] 1 o~ ™
H A NO NN N DO W N
M OMOMNAONMSLNO NN ~omn o <
O OO HOWOWNONNWWAHMW ~owsoT o <
Tmom = o
R R T I = T R =
~ COTMMOM MO NN NN N s E 9 @ -
oot i b b B B (o o) o~~~ 9 S
cl Cl
_N_COOEt
NH
N
g
L l
T T T T T T T T T 1
180 160 140 120 100 80 60 40 20 ppm
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

s

2018-11-19 tynt=lux=2

20181119
20.10
spect

5 mm PABBO BB/
zg30

65536
CDC13

16

2

8012.820
0.122266
4.0894966
34.32
62.400
6.50

294.8
1.00000000
1

Hz
sec

usec
usec

sec

HANNEL £f1

400.1324710 1

1H

9.70

65536

400.1300115 b
EM

0
0.30
0

1.00

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

2018-11-19 tyut-1lx-:3
10

20181121

4,18

spect

5 mm PABBO BB/

zgpg30

65536

CDC13

1024

4

24038.461

0.366798 I

1.3631988

185.43
20.800
6.50

2558 ¥

2.00000000

0.03000000

== CHANNEL £l
100.6228293 MHz
13C
9.50 usec
32768
100.6127690 MHz
EM
0
1.00 Hz
0



‘**%“*%NVWMWW

SN SN O
VI~ O W O~
MOV
P

s 407
7.390
#5333
7.326
T 317
7.268
7.248

N~ 0O ®
N~ 0o
100l oy o
R wwe

6 929
65,913

6.

893

5.564
4.477
4.459
4.450
4.441
4.433
4.415
4.399
4.391
4.382
4.373
4.355

4saa

1.415
1.397
1.379

BRUKER
(<O

NAME 2018-11-19 tyut-1x
O EXPNO 10
o PROCNO 1
N _GOOEt Date_ 20181119
N (A“;,\ Time 20.02
~y N INSTRUM spect
&:} o ) PROBED 5 mm PABBO BB/
PULPROG 2g30
™D 65536
SOLVENT €DCl13
NS 16
DS 2
T T T T T T ) SWH 8012.820 Hz
8.0 7.8 7.6 7.4 Hei2 7.0 Tpm FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32
DW ©62.400 use
DE 6.50 use
TE 294.8 K
DL 1.00000000 sec
DO 1
SFOL 400.1324710 MHz
NUCL 1H
i | PL 9.70 use
SI 65536
SF 400.1300172 MHz
T T T I \ T T T T T WDW EM
10 9 s 4 2 2 1 PPMm 538 0
LB 0.30 Hz
cB 0
= & & EC 1.00
S 2 A
- & &
00D D 00D M T O O 0 (M O SO M N AD O (:-1::;><::-j)
NMeEANDCONNDOA~ONNNAF AO AR O A wn
FONDMOOMOOWMNEFTOOMONAONOM-ENOO N (<)
O T PV P v Pl R I 2
iiiiiii;;gggéé;;;;ﬁﬁ;;i;ff 3 BRUKER
> NAME 2018-11-19 tyut-1x-
< EXPNO 10
PROCNO 1
2N, ZOOEL Date_ 20181121
i NH 5
- -\ Time 2.16
SO Y INSTRUM spect
LJJ = PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT cDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Ez
AQ 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 295.8 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
SFOL 100.6228293 MHz
NUC1 13C
Pl 9.50 usec
ST 32768
SF 100.6127690 MHz
WDW EM
- o SSB 0
LB 1.00 Hz
T T T T T T T T T 1 GE a
180 160 140 120 100 80 60 40 20 ppm F€ 140
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TOTECONOCIEOVNMNENRNNO ANV OON~WOORHNDTONMINO NN
BOBMNHADWVNMNOAON~INODDIFOBE=NMOMODVMEOOMEWTITOADDN DD
e T e e R B B B e B B i e s R R R e R R R R R
O R S v i o

T e ==——""""" BRUKER

N
2 NAME
EXENO 10
2N, FO0R PROCNO 1
Yy Date_ 20181119
43 Time 20.06
e INSTRUM spect
PROBHED 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT cpcl3
T T T T T T T NS 16
8.0 7.8 7.6 7.4 .2 7.0 ppm Ds 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ £.0894966 sec
RG 34.32
DwW 62.400 usec
DE 6.50 usec
TE 294.8 K
D1 1.00000000 sec
DO 1

CHANNEL fl =
400.1324710 MHz

b Al

1H
9.70 usec
65536
; ! ! ! ! ! : : ! ! ! 400.1300159 MHz
11 10 6 5 4 3 2 1 ™
0
= ) S LB 0.30 Hz
™) o [=] oy GB 0
i I o i PC 1.00
e ~
NAONHDMINAINONODM T ONEMM N (:‘1:::><::j-':)
LA AOOAMNOI - MONGOE O TN A N w0
N ANMDANMOWNONONAFEONWWYWITNTOWS N —
E o T T O NG DmDDD M OO T O - . . =
oA oOEDNSNgohnENnagGZECE o g BRUKE
NAME 2018-11-19 :yut 1x-
EXPNO
3 PROCNO 1
L cocer Date_ 20181121
NH Time .17
e INSTRUM spect
3 o PROBHD 5 mm PABEBO BB/
~7 PULPROG 2gpg30
D 65536
SOLVENT cDCl3
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 295.8 X
Dl 2.00000000 sec
D11 0.03000000 sec
DO 1
= CHANNEL f1
100.6228293 MHz
13¢
9.50 usec
32768
\ | I‘ 100.6127690 MHz
L EM
D.
1.00 Hz
T T T T T T T T T 1 0
180 160 140 120 100 80 60 40 20 PPm 1.40
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

—176.888

_—166.457

|

481
2.102
1.000
2,318
2..T78
3.392

3

5

7

.
™

. 341
6
2

7

132,735
129627
129.459
129.239
129.006
128.503
Z
120.505
116.477
77.455
TF=137
76.819

a0
Sy
-
w
™

T~165.624
143
132,82
1

f
/
§

_—84.028

<

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

180

T T T T T T T T 1
160 140 120 100 80 60 40 20 ppm
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== CHANNEL f1

CHANNEL f1l =

2018-11-23 tyut-lx-
10

1

20181123

18.40

spect

5 mm PABBO BB/
zg30

65536

CDC13

16

2

8012.820
0.122266
4.0894966
34.32
62.400
6.50

293.7
1.00000000
1

Hz
Hz
sec

usec
usec

Sec

usec

400.1300159
EM

0

0.30

0

1.00

MHz

Hz

<)

L)

2018-11-24 tyut-lx-
10

1
20181125
526
spect

5 mm PABBO BB/

zgpg30
65536
CDC13
1024

4
24038.461
0.366798
1.3631988
185.43
20.800
6.50

294.1
2.00000000
0.03000000
1

Hz
Hz
sec

usec
usec
K
sec
sec

100.6228293
13C

9.50

32768
100.6127690
EM

0
1.00
0

1.40
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NAME 2018-11-19 tyut-1lx-
EXPNO 10
PROCNO i
Date_ 20181119
Time 20.18
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
T T T T T DS 2
7.4 7.2 7.0 6.8 6.6 ppm SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32
DW 62.400 usec
DE 6.50 usec
TE 294.8 K
D1 1.00000000 sec
TDO 1
l = == CHANNEL f1
SFO1 400.1324710 MHz
3 i S | W ) 1H
Pl 9.70 usec
T T T T T T T T ST 65536
9 3 5 4 3 2 1. ppm SF 400.13001;5 MHz
WDW EM
SS5B
= w = LB 0.30 Hz
o = o Gl 0
= i ot BC 1.00
Y COTOWEWMEO NI ME MW
F FNOANMYNOODOOTON DAY ¢ o0
N CHEACE NN TO~O0 A ONO® I © o
. N N N N T S © o
W e O 000 m 00O o M L.
S ganonso i nninas REeR © o BRUKER

NAME 2018-11-19 tyut-1x-—
EXPNO 10
PROCNO 2
C Date 20181121
S FOORL Time 6.21
N yﬁi INSTRUM spect
/'“ o) i J PROBHD 5 mm PABBO BB/
G = PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 295.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO hi
= CHANNEL f1
SFOL 100.6228293
NUC1 13C
Pl 9.50 usec
SI 32768
SF 100.6127690 MHz
| L | 4 WDW EM
88B 0
LB 1.00 Hz
T T T T T T T T T 1 GB 0
180 160 140 120 100 80 60 40 20 ppm PC 1.40

S48



4aca

N OV AD AT ANOHRNON S D=0 @0~
N~OOWSFOND-NANDFONORONLIMNNADO DO M o~
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NAME 2018-11-19 tyut-1x-4
N EXPNO 10
~ S PROCNO 1
o L_ Date_ 20181119
Time 20.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
16
! : ] ’ ! ) 8012 325 Hz
7.4 T.2 T.0 6.8 6.6 ppm 0.122266 Hz
4.0894966 sec
34.32
62.400 usec
6.50 usec
294.8 K
1.00000000 sec
1
CHANNEL f1 ==
400,1324710 MHz
[ , 15
9.70 usec
65536
T T T T T T T T T 400.1300146 MHz
9 8 7 6 5 4 3 2 1 EM
0
0[Oy s | [\D | [=] o o w0 3'30 Hz
|~ oo foo |~ [ o =) - © GE 0
B i 2 - i PC 1.00
<lalalalolol- - o )
[x] NLONWOWONTTAOD SN
'2] WOMDONOLDATMWOOVINDND ~ W~ o0 o~ o <
o~ NOLVOMHENOEEWNTONM W N O W W e o
Y Ml p R L SRl SR S ip o o
EB8IBIAIARIRILANR s o 4 BRUKER
U W T
NAME 2018-11-19 tyut-lx--
EXPNO 10
| PROCNO 1
\ N_COCEt Date_ 20181121
ok Time 5.20
INSTRUM spect
PROBHD 5 mm PABBO EB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
A0 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 295.7 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =
SFOl 100.6228293 MHz
NUC1 13C
Pl 9.50 usec
SI 32768
SF 100.6127690 MHz
WDW EM
" i LA LAL 1 'l A l AL S5B 0
LB 1.00 Hz
GB 0
T T T T T T T T T 1 PC 1.40

180 160 140 120 100 80 60 40 20 ppm
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7.440
7.419
7.400
7.386
7.368
7.298
7.280
T:z25%
7.249
7.065
7.060
7.045
7.041
6.987
6.966
6.71
6.694
—5:381

S
4.376
4.358
4.349
4.339
4,337
4.321
4.314
4.303
4.295
4.286
4,277

4
— 2215

4ada

+ 274

1
1

BRUKER
L)

NAME 2018-11-19 tyut-1x-6
EXPNO
PROCNC 1
Date_ 20181119
Time 20.22
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPRCG zg30
D 65536
SOLVENT CDCl3
NS 16
T T T T T T T T T T DS 2
7.5 2.4 3.3 7.2 7.1 7.0 ©.9 6.8 6.7 ppm SWH 8012.820 H=z
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32
oW 62.400 usec
DE 6.50 usec
TE 294.8 K
Dl 1.00000000 sec
DO 1
= CHANNEL fl = =
400.1324710 MHz
L m
L 9.70 usec
65536
| . . . . ; . . : 400.1300142 MHz
9 8 7 6 5 4 3 2 1 El‘04
0.30 Hz
w||r~|oofn (=] o o o 0
o] [ea|an o n ~ I
wljon|o|o o — o — 1.00
wled| et - o o -
N O TOND N QS (:‘I::><::f-j)
N WY OFOTNMTIDO ocwre o o © o
M Wo HOROMIN®E ST O O nNo® O ~ o
KoY o9 000 ®o® @0~ ¥R I '
LBl Inamoaomeass  Stbe @ S5 BRUKER
NAME 2018-11-19 tyut-1x-¢€
EXPNO 10
PROCNO 1
Date_ 20181121
Time 7.22
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 05536
SOLVENT CDC13
NS 1024
D 4
SWH 24038.46l1 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43
D 20.800 usec
D 6.50 usec
TE 295.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1:
= == CHANNEL fl ==
SFC1 100.6228293 MHz
NUCL 13c
P 9.50 usec
SI 32768
SF 100.6127690 MHz
WDW EM
L SSB 0
LB 1.00 Hz
GB Q
T T T T T T T T T 1 pC 1.40
180 160 140 120 100 80 60 40 20 ppm
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7.460
7.44

7.438
7.430
7.406
7.388
7.369
7..366
2307
7.288
7.268

|

2

4aea

CUNVWNOEOADNDNONO ADADNO®NO T MO N 0
TITANNCOTONTONACODTONOTNN OO0 10
N 4100000 OWWWOMMMMNMNM NN NN
S 00000000 W00 T T T T A

NAME
EXPNO
PROCNO
Date_
Time

[::LW’N CODEL
f/%y NH C!

(}“ﬂ‘b €:§

LA =

INSTRUM

PROBHD

ppm

10

—176.756

}
|

w ]

165.544
165.208
140.109
1334979
132.012

[C

-
o -

« 223

129.705
129.677
128.975
128.866
128.548
128.243
127,599
126.843
121.401
120.084
113.644

_-83.577
77.537
77.218
76.900
13.994

<

NAME
EXENO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT

T
180

T
160

T T T
140 120 100 80
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PULFROG

2018-12-06 tyut-lx-

10

1

20181206
22.42
spect

5 mm PABBO BB/
zg30

65536
CDC13

16

2

8012.820
0.122266
4.0894966
14.45
62.400
6.50

293.2
1.00000000
1

CHANNEL f1l
400.1324710

1H

9.70

65536
400.1300175

EM

0
0.30
0

1.00

Hz
Hz
sec

usec
usec

sec

2018-12-07 tyut-1x-1

10

1

20181207

17.23

spect

5 mm PABBO BB/
zgpg30

65536

CDC13

1024

4
24038.461
0.366798
1.3631988
185.43
20.800
6.50

294.9
2.00000000
0.03000000
1

CHANNEL fl ==
100.6228293
13C

9.50

2768
100.6127690
EM

0

1.00

0

1.40




7.468
7.450
7.433
7.422
7.403
7.387
7.327
7.308
7.289
7.254
7.155
7.151
7.135

7.083
7.064
6.795
6.793
6D
T
6.676
6.670
6.665
6.638
6.637
6.633
5.681

4afa

.394
4.376
4.367
4.349

4.338

4.332
4.320

4,303
4.293
4.276
1.320
1.303
1.285

7.5 T4 3 W2 TSl T B9 6.8 6.7 Ppm
l 114_ VS
T T T T T T T T T T T
11 10 2 5 4 2 2 1
o o ™
o o 0
=} I o
— K\: o
o o m FENOOoOnNoONOHWnnN
- NN WA A0 O Mo W W oy = o
w0 WENMFOOOAMWASINMNOOON W o ™ o
. G W N e D6 W A Tet g oo~ @ o
W WYY MAOODDD DO O T T [ ¥
mLVTOOOO NN NN NN me~wo @ o
e e I~ [ [ e gl ik Jub el i o~~~ 0 —
&
e N COOEt
’{LNH
s &_§>rm
0 A=
o | L Ll A1 L I
T T T T T T T T T 1
180 160 140 120 100 80 60 40 20 ppm
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NAME 2018=11=19 Tyut-1x=
EXPNO 10
PROCNO 1
Date_ 201811198
Time 20.38
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
Ds 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32
DW 62.400 usec
DE 6.50 usec
TE 294.8 XK
D1l 1.00000000 sec
TDO 1
CHANNEL fl1 ==
400.1324710 MHz
1H
9.70 usec
65536
400.1300123 MHz
EM
0
0.30 Hz
0
1.00

NAME 2018-11-19 tyut-1x-1
EXPNO 10
PROCNO 5 8
Date_ 20181121
Time 931507,
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43
oW 20.800 usec
DE 6.50 usec
TE 295.4 K
D 2.00000000 sec
D11 0.03000000 sec
DO 1
= CHANNEL fl ==
100.6228293 MHz
13C
9.50 usec
32768
100.6127690 MHz
EM
0
1.00 Hz
GB 0
PC 1.40



P U ahgRER

[::LTJJCOOH NAME 2018-11-20 tyut-1x-01
#" NH EXENO 10
P 7N PROCNO 1
L ° = Date_ 20181120
cl Time 20.47
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
T T T T T T T T T SOLVENT CDC13
Tod B GL2 9. R 6.9 6.8 ppm NS 16
Ds 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
a0 4,0894966 sec
RG 34.32
DW 62.400 usec
DE 6.50 usec
TE 294.7 K
D1 1.00000000 sec
TDO 1
l A SFO1 400.1324710
= = L NUC1 1H
Bl 9.70 usec
T T T T T T T T T T TSI 65536
10 9 8 7 6 5 4 3 2 1 ppm SF 400.1300125 MHz
WDW EM
SSB 4]
e - e L2 0.30 Hz
o |c|on o [on o el — GB 0
) i P M e — o = PC 1.00
i =3 MAUANOANNEORHhTM
() '] WA SO N A0 e 00 WAy W0 —
o ™ NN WA O N @0 WO o N
6 5 dodasssssegs S T - @ (_‘><7
S5 30o3a8888N8D 3ERE Qg a BRUKER

NAME 2018-11-20 tyut-1x-1C
EXPNO
PROCNO 1
Date_ 20181121
Time 15.38
INSTRUM spect
PROBED 5 mm PABBO BB/
PULPROG zgpg30
T 65536
SOLVENT CDCL13
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
G 185.43
DW 20.800 usec
DE 6.50 usec
1E 295.5 &
D1 2.00000000 sec
prji i 0.03000000 sec
DO 1
= CHANNEL f£1
SFO1 100.6228293 MH=z
NUC1 13C
Pl 9.50 usec
51 32768
SF 100.6127690 MHz
WDW EM
L i . SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T 1 c 1.40

180 160 140 120 100 80 60 40 20 ppm
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NAME 2018-12-06 tyut-1lx-3
EXPNO 10
PROCNO 1
Date_ 20181206
Time 22.50
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30
D 65536
SOLVENT cDC13
NS 16
DS 2
SWH 8012.820 Hz
f T T T T T T T T T FIDRES 0.122266 Hz
8.2 8.0 7.8 7.6 7.4 g2 7.0 6.8 ppm AQ 4.0894966 sec
RG 34.32
oW 62.400 usec
DE 6.50 usec
E 293.3 K
D1 1.00000000 sec
DO s
CHANNEL f1
SFOl 400.1324710 MHz
J L NUCl 18
| L P1 9.70 usec
SI 65536
. ‘ ‘ . ‘ ‘ ; ‘ ‘ ; ‘ - SF 400.1300088 MHz
5 0 1 WDW EM
12 11 10 9 8 T 6 S 4 3 2 1 ppm HEE 0
LB 0.30 Hz
o o] [ [0 w]o]ov o o GB o]
S R b = ES BC 1.00
— O |ev s oo ey o ™
O AFNOLFAMNODNONTNO
OOV AOCOO LI A WIN OO - -
AOTO~TONS A0WOHOr-OLWn ™Mo Ao o o0
G T D TO NN BB OB - e e e 2
CEERLERRAREANNEY neer g & BRUKER
NAME 2018-12-07 tyut-1x-3C
EXPNO 10
3 PROCNO 1
E‘ND Date_ 20181207
?  Time 18.24
e INSTRUM spect
= PROBHD 5 mm PABBO BB/
PULPROG zgpg30
T 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 294.9 K
D1 2.00000000 sec
D1l 0.03000000 sec
D0 T
== CHANNEL £l ==
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.50 usec
81 32768
SF 100.6127690 MHz
WDW EM
. T L S8B 0
LB 1.00 Hz
GB 0
T T T T T T T T T 1 PC 1.40
180 160 140 120 100 80 60 40 20  ppm
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NAME 2018-11-19 tyut-1x-7
EXPNO 10
PROCNO 1
Date_ 20181119
Time 20.26
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CpCl13
NS 16
T T T T \7 L T 1 v 2
T P8 75 7.4 T3 T2 7.1 ppm SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 54.19
oW 62.400 usec
DE 6.50 usec
TE 294.8 K
D1 1.00000000 sec
TDO 1
= = CHANNEL £f1 = e
SF 400.1324710 MHz
NUC1 1H
== Pl 9.70 usec
SI 65536
T T T T T T T T T " SF 400.1300094 MHz
11 10 9 6 5 4 3 2 1 PEM  WOW EM
SSB 0
= e i A4 LB 0.30 Hz
o o — ™ GB 0
2. < 2 % BC 1.00
— — (3] oy
— NYMONHDWOWINMENOOO ™ D
o QONT A HOIITROTITONO o ST 0 (=] ™
wny NOOTOO™ AN A MNM O WO (=3 o
I R R R aNmo~ o o
W WSO O GG WM D o - . . -
oS5 33020333333358 SRRR S a BRUKER

NAME 2018-11-19 tyut-1x-Tt
EXPNO
PROCNO 1
Date_ 20181121
Time 8.23
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 295.6 K
D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL f1 = =
100.6228293 MHz
13c
9.50 usec
32768
‘ 100.6127690 MHz
' EM
0
1.00 Hz
T T T T T T T T T 0
180 160 140 120 100 80 60 40 20 1.40

S55



8.110
8.087

ocom o~ w0
Mmoo 0o
mmm MM
<o e

NAME 2018-12-06 tyut-lx-
EXFNO 10
PROCNO 1
Date_ 20181206
Time 22.54
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
D 65536
SOLVENT £DE13
NS 16
DS 2
SWH 8012.820 Hz
T T T T T T T T T T T FIDRES 0.122266 Hz
8.2 8.0 7.8 7.6 7.4 T2 Feil] 6.8 6.6 6.4 pRm AD 4.0894966 sec
RG b4 19
DwW 62,400 usec
DE 6.50 usec
TE 292. 3K
D1 1.00000000 sec
TDO 1
== CHANNEL fl == =
400.1324710 MHz
L 1 1 i
! 9.70 usec
65536
T T T T T T T T T T BE 0.1300081 MHz
9 8 T 6 5 4 3 2 1 ppm WDW EM
SSB 0
LB 0.30 Hz
8 R R B g o ce 0
o —lo|o| (o] |o — o PC 1.00
Al lelalal 14 14 o o
W AN OCOTORNROITH®AAD
< mO P ONNAMON M A A NONW o
o e M N0 Yo O Mar-w 0 =
MO~ o &
w W ODOMNOHAWDIME-WWOm L I i) # +
S SEEA00ANS8AN9S SRR E a BRUKER
NAME 2018-12-07 tyut-1x-4
EXPNO 10
PROCNO 1
Date_ 20181207
Time 21.23
INSTRUM spect
PROBHD 5 mm PABBQC BB/
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185,43
oW 20.800 usec
DE 6.50 usec
TE 294.8 K
D1l 2.00000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL f1 =
100.6228293 MHz
13C
9.50 usec
32768
100.6127690 MHz
EM
- 0
1.00 Hz
0
T T T T T T T T T 1 1.40
180 160 140 120 100 80 60 40 20 ppm
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7.446
7.426
7.423
7.404

%\l%//

7.381
7.376
7.362
7.304
7.286

.265
7.251
7.092
7.087
T 02
7.068
6.923
6.819
6.799
6.500
6.480
5.425
4.388
4.371
4,362

7

k¢

4aka

2.197
1.285

N COOEt
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N
o
T T T T T T T T T
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T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
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NAME 2018-11-20 tyut-1x-02
EXPNO 10
PROCNO 1
Date_ 20181120
Time 21.14
INSTRUM spect
PROBHD 5 mm PAEBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32
oW €2.400 usec
DE 6.50 usec
TE 294.5 K
Dl 1.00000000 sec
TDO 1
= CHANNEL f1
400.1324710 MHz
1H
9.70 usec
65536
400.1300136 MHz
WDW EM
3SB 0
LB 0.30 Hz
GB 0
PG 1.00

NAME 2018-11-20 tyut-1x-2
EXPNO 10
PROCNO 1
Date_ 20181121
Time 16.39
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.3667398 Hz
AQ 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 2985 .5 K
ijil 2.00000000 sec
D11 0.03000000 sec
TDO L
CHANNEL £l
100.6228293 MHz
13e
9.50 usec
32768
100.6127690 MH=z
EM
0
1.00 Hz
0
1.40



7.465
7.462
7.457
7.442
7.429
7.410
7.404
7.336
BT

e o N e

T252
Fe 111
7.166

7.147

6.780
6.776

6

£05

6.590
5.823
4,397
4.378
4.370
4.361
4.358
4,353
4.340

4ala

4.317
4.314
4.305
4.296
4.278
1.322

.304
1.286
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NAME 2019-03-16 tyut-1lx-0
EXPNO 10
N FOCES PROCNO 1
M- Date_ 20190316
O ¢ Vo Time 19.17
Lz = INSTRUM spect
ci PROBHD 5 mm PABBO BB/
T T T PULPROG z2g30
7.4 ] 7.2 ppm D 65536
SOLVENT €DCL13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
_~ngk AD 4.0894%66 sec
RG 34.32
T T T T T T 1 DW 62.400 usec
6.75 6.70 6.65 6.60 6.55 ppm DE 6.50 usec
TE 296.1 K
Dl 1.00000000 sec
TDO 1
CHANNEL £f1 = =
400.1324710 MHz
1H
l, I i 9.59 usec
65536
0.1300129 MHz
T T 3 T T T T T EM
Bl 10 9 5 4 3 2 1 Py
0.30 Hz
) () 0
= b= 1.00
o~ I
O M O S S0 ) 0
u LU OEMST O AN AM YO W Oy —
N OO O M 9O © N N o o ~
S BTN Moo ®®© S n N Wik i
E BEdpebdcsanens dece 2 BRUKER
NAME 2019-03-18 tyut-1x-C-03
EXPNO 10
PROCNG 1.
Date_ 20190318
Time 19.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 297.4 K
D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
= == CHANNEL fl =
SFO1 100.6228293
NUC1 13C
el 10.27 usec
SI 32768
SF 100.6127690 MHz
WDW EM
. L Ll . L SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T T PC 1.40
180 160 140 120 100 80 60 40 20 ppm
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NAME 2018-11-23 tyut-lx-1
EXPNO 10
PROCNOQ 1
Date_ 20181123
Time 18.48
INSTRUM spect
: : - - : - - PROBHD 5 mm PABBO BB/
7.4 7.3 7.2 7.1 7.0 6.9 6.8 ppm = ULEROG 2920
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG BilslE
DW 62.400 usec
DE 6.50 usec
TE 2930 K
D1 1.00000000 sec
TDO 1
= CHANNEL f1l
400.1324710 MHz
l ! i
1. 9.70 usec
65536
T T T T T T T T T T T SF 400.1300118 MHz
i 10 9 8 7 6 5 4 3 2 1 ppm WDW EM
SSB 0
LB 0.30 Hz
= 1 GB 0
o 0 PC 1.00
1 o~
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NN MO OINN D Mo~ o wwin o
Am o~ ™
~ WIN MM A DOE®DE O .. v
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NAME 2018=-11=24 tyut-1x=1
EXPNO
PROCNO €
Date_ 20181125
Time 6.31
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT CDC13
N& 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 185.43
DW 20.800 usec
DE 6.50 usec
TE 294.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO it
CHANNEL f1 = =
100.6228293 MHz
13C
9.50 usec
32768
| “ | [ 100.6127690 MHz
EM
0
1.00 Hz
T T T T T T T T T 0
180 160 140 120 100 80 60 40 20 1.40

S59



4aac

307
1.291
270
255

<

D e
1.30 1.25 ppm (:::K€ o] Z::i?
Jdl L JLJJK‘Mh 1
T T T T T T T T
10 9 8 7 6 5 a 3 2 T opm
G [fca|oln)e ol [o o[
0|r~|e4| | i e ol = 4|0
O[OV |D o (=] —eNy
105 P Pl ] Al 4 o
(=) w o~ O NWW S N W0Oo S
n o~ CINOoOr-MMENM- A o ™ W [~
— L= ) WA NN 00N O o (] = o
. .. L L T T T o~ oo W n
-~ < o) e OV OV 00 00 WO O N . . . .
~ O W LN NN NN A = A —
— — A A A A A A A oo r~ oo™
CQOi-Pr
NH
N
@ O
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 Ppm

S60

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

20190619-3
1

1

20190619

13.07

spect
2116098_0711 (
zg30

65536

CDC13

16

2

8012.820
0.244532
4.0894966
80.76
62.400
6.50

296.0
1.00000000

i
400.1324708
1H

9.76

65536
400.1300114
EM

Q

0.30

Q

1.00

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

DW

20190619-3
2

1
20190619

13.23

spect
2116098_0711 (
2gpg30

65536

cDC13

256

4
24038.461
0.733596
1.3631988
204.18
20.800
6.50

2%6.3
2.00000000
0.03000000
1

1

o

0.6228298
13C

9. 71
32768
100.6127685
EM

Q
1.00

Q
1.40



