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|. General remarks:

All reagents were purchased from commercial sources and used without further treatment. DMSO
was distilled under reduced pressure from CaH, and stored over molecular sieves. All reactions were
carried out under O, atmosphere. Petroleum ether (PE) used refers to the 60-90 °C boiling point
fraction of petroleum. 'H NMR and “C NMR spectra were recorded on a 400 MHz NMR
spectrometer (‘H, 400 MHz; ">C, 100 MHz at 25 °C). Coupling constants are reported in Hz. All
high-resolution mass spectra (HRMS) were measured on a mass spectrometer (ESI-oa-TOF).
Melting points were measured on a melting point apparatus equipped with a thermometer and are
uncorrected. All reactions were monitored by TLC with GF254 silica gel coated plates. Flash

chromatography was carried out on SiO; (silica gel 200—300 mesh).

I1. Typical experimental procedure for the synthesis of 2 (2a as an example):

Cul (5 mol%)

/@/CI

cl

Cl 0 Cl @\ N
NN 0,, DMSO, 160 °C NN

1a 2a

To an oven-dried round-bottom flask (25 mL) equipped with an oxygen balloon was added
N,1-bis(4-chlorophenyl)-2-phenyl-1H-pyrrole-3-carboxamide 1a (81.4 mg, 0.2 mmol), Cul (1.9 mg,
0.01 mmol), the mixture was well stirred for 9 h in DMSO (1.5 mL) at 160 °C (the whole process
was closely monitored by TLC). After cooling, the mixture was added water (5.0 mL), and the
aqueous phase was extracted with EtOAc (10 mLx3). The combined organic layer was dried over
sodium sulfate. The solvent was evaporated, and the residue was purified by a short flash silica gel
column chromatography (Eluent: EtOAc/PE = 1/3) to give
1,5-bis(4-chlorophenyl)-1H-pyrrolo[3,2-c]quinolin-4(5H)-one 2a as a white solid (69%, the yield is

an average of four times).



I11. Mechanism probing experiments.
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IV. Analytical data of compounds 2

oY
X
N O

Cl

1,5-Bis(4-chlorophenyl)-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (2a)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a white solid (65 mg,
69%). mp 187-190 °C. "H NMR (400 MHz, DMSO-d) 6 7.75 (d, J = 8.4 Hz, 2H), 7.68 (t, J = 8.4 Hz,
4H), 7.38 (d, J = 8.4 Hz, 3H), 7.24-7.20 (m, 1H), 6.99 (d, J = 3.6 Hz, 2H), 6.88 (d, /= 2.4 Hz, 1H),
6.60 (d, J = 8.8 Hz, 1H). *C NMR (100 MHz, DMSO-ds) 6 158.5, 138.6, 137.4, 134.1, 133.2, 132.7,
131.6, 130.1, 129.8, 129.3, 127.5, 121.7, 120.7, 116.8, 116.2, 113.4, 106.4. (Two carbons are not
observed). HRMS (ESI), m/z calcd. for Co3H;sCLLN,O ([M+H]") 405.0556, found: 405.0562.

5-(3-Chlorophenyl)-1-(4-chlorophenyl)-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (2b)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a white solid (49 mg,
61%). mp 173-175 °C. '"H NMR (400 MHz, DMSO-dj) 6 7.76 (d, J = 9.2 Hz, 2H), 7.69-7.64 (m, 4H),
7.53 (s, 1H), 7.39 (d, J = 3.2 Hz, 1H), 7.35-7.33 (m, 1H), 7.25-7.22 (m, 1H), 7.03-6.98 (m, 2H), 6.88
(d, J=3.2 Hz, 1H), 6.58 (d, J = 8.4 Hz, 1H). °C NMR (100 MHz, DMSO-dj) 5 158.4, 139.9, 138.6,
138.5, 134.08, 134.05, 132.6, 131.7, 130.1, 129.8, 129.2, 128.8, 128.6, 127.5, 121.7, 120.68, 116.75,
116.20, 113.34, 106.32. (One carbon is not observed). HRMS (ESI), m/z calcd. for C,3H;5CI,N,O
([M+H]") 405.0556, found: 405.0548.
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5-(2-Chlorophenyl)-1-(4-chlorophenyl)-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (2c)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a white solid (49 mg,
60%). mp 147-150 °C. '"H NMR (400 MHz, DMSO-dj) d 7.80-7.75 (m, 4H), 7.68-7.60 (m, 3H), 7.51
(dd, /=6.0, 3.6 Hz, 1H), 7.39 (d, J = 3.2 Hz, 1H), 7.26-7.22 (m, 1H), 7.01 (d, J = 4.0 Hz, 2H), 6.90
(d, J=2.8 Hz, 1H), 6.46 (d, J = 8.4 Hz, 1H). *C NMR (100 MHz, DMSO-dj) 6 158.0, 138.6, 137.7,
135.8, 134.1, 132.7, 131.7, 130.7, 130.6, 130.1, 129.9, 129.4, 129.0, 127.7, 121.9, 120.9, 116.1,

116.0, 113.4, 106.4. (One carbon is not observed). HRMS (ESI), m/z calcd. for Cy3H;5CI,N,O
([IM+H]") 405.0556, found: 405.0557.
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Ethyl 4-(1-(4-chlorophenyl)-4-oxo-1H-pyrrolo[3,2-c]quinolin-5(4H)-yl)benzoate (2d)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a white solid (56 mg,
63%). mp 213-217 °C. "H NMR (400 MHz, DMSO-d;) 6 8.20 (d, J = 8.4 Hz, 2H), 7.76-7.74 (m, 2H),
7.69-7.67 (m, 2H), 7.51 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 3.2 Hz, 1H), 7.23-7.19 (m, 1H), 7.00 (d, J =
4.0 Hz, 2H), 6.88 (d, J =2.8 Hz, 1H), 6.55 (d, J = 8.8 Hz, 1H), 4.39 (q, J = 7.2 Hz, 2H), 1.37 (t, J =
7.2 Hz, 3H). >C NMR (100 MHz, DMSO-ds) § 165.2, 158.4, 142.9, 138.6, 138.4, 134.1, 132.7,
130.9, 130.3, 130.12, 130.09, 129.9, 129.3, 127.5, 121.8, 120.8, 116.8, 116.2, 113.4, 106.3, 61.1,
14.2. HRMS (ESI), m/z caled. for CogH 9CIN,O3 ([M+H]") 443.1157, found: 415.1214.



1-(4-Chlorophenyl)-5-phenyl-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (2€)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a white solid (34 mg,
46%). mp 212-215 °C. "H NMR (400 MHz, DMSO-dj) 6 7.75 (d, J = 8.4 Hz, 2H), 7.69-7.62 (m, 4H),
7.56 (t, J=7.2 Hz, 1H), 7.37 (d, J = 2.8 Hz, 1H), 7.32 (d, J = 7.2 Hz, 2H), 7.20 (t, J = 6.4 Hz, 1H),
7.00-6.95 (m, 2H), 6.87 (d, J = 2.8 Hz, 1H), 6.55 (d, J = 8.4 Hz, 1H). °C NMR (100 MHz,
DMSO-dg) 6 158.6, 138.9, 138.7, 138.5, 134.1, 132.6, 130.1, 130.0, 129.8, 129.6, 129.3, 128.6, 127.4,
121.5, 120.7, 116.9, 116.4, 113.3, 106.3. HRMS (ESI), m/z caled. for Cp3H;sCIN,O ([M+H])
371.0946, found: 371.0955.
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1-(4-Chlorophenyl)-5-(4-methoxyphenyl)-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (2f)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a white solid (56 mg,
70%). mp 231-235 °C. '"H NMR (400 MHz, DMSO-ds) d 7.75 (d, J = 8.8 Hz, 2H), 7.68 (m, J = 8.8
Hz, 2H), 7.37 (d, J = 2.8 Hz, 1H), 7.24-7.15 (m, 5H), 6.98 (m, J = 4.0 Hz, 2H), 6.86 (d, J = 3.2 Hz,
1H), 6.61 (d, J = 8.4 Hz, 1H), 3.86 (s, 3H). °C NMR (100 MHz, DMSO-ds) § 159.0, 158.8, 139.2,
138.7, 134.0, 132.5, 130.8, 130.5, 130.1, 129.7, 129.3, 127.3, 121.4, 120.6, 117.0, 116.4, 115.2,
113.3, 106.3, 55.4. HRMS (ESI), m/z caled. for Co4Hi3CIN,O, ([M+H]") 401.1051, found: 401.1064.
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1-(4-Chlorophenyl)-5-(3-methoxyphenyl)-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (29)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a white solid (52 mg,
65%). mp 149-153 °C. "H NMR (400 MHz, DMSO-dy) J 7.76-7.68 (m, 4H), 7.54 (t, J = 8.0 Hz, 1H),
7.38 (d, J=3.2 Hz, 1H), 7.24-7.20 (m, 1H), 7.14-7.12 (m, 1H), 6.99-6.97 (m, 2H), 6.90-6.87(m, 3H),
6.60 (d, J = 8.4 Hz, 1H), 3.79 (s, 3H). >C NMR (100 MHz, DMSO-dy) J 160.6, 158.4, 139.6, 138.8,
138.7, 134.1, 132.6, 130.7, 130.1, 129.7, 129.3, 127.4, 121.53, 121.49, 120.6, 117.0, 116.4, 115.1,
114.3, 113.3, 106.3, 55.4. HRMS (ESI), m/z caled. for Co4HisCIN,O, ([M+H]") 401.1051, found:
401.1061.

1-(4-Chlorophenyl)-5-(2-methoxyphenyl)-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (2h)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a white solid (42 mg,
53%). mp 194-197 °C. "H NMR (400 MHz, DMSO-ds) J 7.74-7.68 (m, 4H), 7.56-7.52 (m, 1H), 7.35
(d, J=3.2 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.25-7.15 (m, 3H), 6.99-6.94 (m, 2H), 6.86 (d, /= 3.2
Hz, 1H), 6.55 (d, J = 8.4 Hz, 1H), 3.66 (s, 3H). °C NMR (100 MHz, DMSO-dy) J 158.3, 155.5,
138.7, 138.4, 134.1, 132.6, 130.7, 130.3, 130.1, 129.6, 129.4, 127.5, 126.4, 121.44, 121.36, 120.6,
116.5, 116.3, 113.4, 112.8, 106.3, 55.6. HRMS (ESI), m/z caled. for CyyHisCIN,O, ([M+H]")
401.1051, found: 401.1065.
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Ethyl 4-(5-(4-chlorophenyl)-4-oxo-4,5-dihydro-1H-pyrrolo[3,2-c]quinolin-1-yl)benzoate (2k)
The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a White solid (65
mg, 73%). mp 224-228 °C.'"H NMR (400 MHz, DMSO-ds) ¢ 8.23 (d, J = 8.4 Hz, 2H), 7.79 (d, J =
8.4 Hz, 2H), 7.71-7.69 (m, 2H), 7.43 (d, J = 3.2 Hz, 1H), 7.42-7.38 (m, 2H), 7.25-7.21 (m, 1H),
6.70-6.95 (m, 2H), 6.91 (d, J=2.8 Hz, 1H), 6.60 (d, /= 8.4 Hz, 1H), 4.40 (q, /= 7.2 Hz, 2H), 1.38 (t,
J =172 Hz, 3H). °C NMR (100 MHz, DMSO-ds) J 165.0, 158.5, 143.6, 138.7, 137.4, 133.2, 132.5,
131.6, 130.9, 130.6, 130.1, 129.7, 127.7, 127.6, 121.7, 120.9, 116.8, 116.6, 106.6, 61.3, 14.2. (One
carbon is not observed). HRMS (ESI), m/z calcd. for CysHy0CIN,O; ([M+H]") 443.1157, found:
443.1162.
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5-(4-Chlorophenyl)-1-phenyl-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (2I)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a white solid (38 mg,
52%). mp: 241-245 °C. '"H NMR (400 MHz, DMSO-ds) 6 7.70-7.67 (m, 5H), 7.63-7.61 (m, 2H),
7.41-7.37 (m, 3H), 7.22-7.18 (m, 1H), 6.93-6.91 (m, 2H), 6.87 (d, J = 3.2 Hz, 1H), 6.58 (d, J = 8.8
Hz, 1H). "C NMR (100 MHz, DMSO-ds) d 158.6, 139.7, 138.6, 137.4, 133.1, 132.6, 131.6, 130.12,
130.09, 129.7, 129.6, 127.4, 121.5, 120.7, 116.8, 116.0, 113.5, 106.1. (One carbon is not observed).
HRMS (ESI), m/z calcd. for C23H;6CIN,O ([M+H]+) 371.0946, found: 371.0965.
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5-(4-Chlorophenyl)-1-(4-methoxyphenyl)-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (2m)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a white solid (58 mg,
73%). mp 198-200 °C. "H NMR (400 MHz, DMSO-dy) § 7.69 (d, J = 8.0 Hz, 2H), 7.53 (d, J = 8.4 Hz,
2H), 7.38 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 2.4 Hz, 1H), 7.20 (d, J = 8.0 Hz, 3H), 7.00-6.93 (m, 2H),
6.84 (s, 1H), 6.57 (d, J = 8.4 Hz, 1H), 3.89 (s, 3H). °C NMR (100 MHz, DMSO-dy) § 159.8, 158.6,
138.6, 137.5, 133.1, 132.8, 132.4, 131.6, 130.1, 130.0, 128.6, 127.3, 121.5, 120.7, 116.7, 115.8,
115.1, 113.6, 105.8, 55.6. HRMS (ESI), m/z calcd. for Cp4H;3CIN,O, ([M+H]") 401.1051, found:
401.1068.
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1-Benzyl-5-(4-chlorophenyl)-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (2n)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a white solid (38 mg,
50%). mp 226-228 °C. 'H NMR (400 MHz, DMSO-dy) 6 7.91 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.8
Hz, 2H), 7.49 (d, J = 3.2 Hz, 1H), 7.38-7.34 (m, 4H), 7.26 (t, J = 7.6 Hz, 1H), 7.20 (t, J = 7.6 Hz,
1H), 7.11-7.06 (m, 3H), 6.81 (d, J = 2.8 Hz, 1H), 6.56 (d, J = 8.4 Hz, 1H), 5.89 (s, 2H). *C NMR
(100 MHz, DMSO-ds) ¢ 158.5, 138.3, 137.53, 137.51, 133.0, 131.9, 131.6, 130.1, 130.0, 128.9,
127.4, 127.0, 125.8, 121.8, 121.7, 116.53, 116.48, 113.7, 105.2, 52.3. HRMS (ESI), m/z calcd. for
Ca4H;5sCIN,O ([M+H]") 385.1102, found: 385.1120.



5-(4-Chlorophenyl)-7-methoxy-1-phenyl-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (2p)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a white solid (52 mg,
65%). mp 210-213 °C. "H NMR (400 MHz, DMSO-d;) 6 7.71-7.67 (m, 5H), 7.62-7.59 (m, 2H), 7.38
(d, J= 8.4 Hz, 2H), 7.29 (d, J = 2.8 Hz, 1H), 6.85 (d, J=9.2, 1H), 6.81 (d, J = 2.8, 1H), 6.63 (dd, J,
=9.2 Hz, J,=2.4 Hz, 1H), 5.97 (d, J = 2.0 Hz, 1H), 3.56 (s, 3H). °C NMR (100 MHz, DMSO-d;) ¢
158.9, 158.3, 140.3, 139.7, 137.4, 133.2, 133.1, 131.6, 130.14, 130.12, 129.6, 128.8, 127.4, 122.2,
114.2, 108.0, 107.5, 105.9, 102.0, 55.2. HRMS (ESI), m/z calcd. for CpyH;sCIN,O, ([M+H]")
401.1051, found: 401.1059.

1,5-Bis(4-chlorophenyl)-8-methoxy-1,5-dihydro-4H-pyrrolo[3,2-c]quinolin-4-one (2q)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a White solid (62
mg, 71%). mp 234-238 °C. 'H NMR (400 MHz, DMSO-d) 6 7.75-7.65 (m, 6H), 7.37 (d, J = 8.0 Hz,
2H), 7.29 (d, J= 2.0 Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H), 6.82 (d, /= 2.0 Hz, 1H), 6.72 (d, J = 8.4 Hz,
1H), 5.98 (s, 1H), 3.57 (s, 3H). °C NMR (100 MHz, DMSO-ds) 6 158.8, 158.3, 140.3, 138.6, 137.3,
134.0, 133.2, 131.5, 130.1, 129.3, 128.8, 122.2, 114.4, 108.2, 107.4, 106.2, 102.1, 55.2. (Two
carbons are not observed). HRMS (ESI), m/z calcd. for C,4H;sCLN,O, ([M+H]") 435.0662, found:
435.0668.
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1-(4-Chlorophenyl)-6-methoxy-5-phenyl-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (2r)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a White solid (18
mg, 23%). mp 92-96 °C."H NMR (400 MHz, DMSO-ds) § 7.81-7.76 (m, 2H), 7.71 (d, J = 8.8 Hz,
2H), 7.63 (t, J = 7.2 Hz, 2H), 7.55 (t, J = 7.2 Hz, 1H), 7.40 (d, J = 3.2 Hz, 1H), 7.30 (d, J = 7.6 Hz,
2H), 6.89-6.86 (m, 1H), 6.47 (d, J = 9.2 Hz, 1H), 6.41 (d, J = 2.8 Hz, 1H), 3.41 (s, 3H). °C NMR
(100 MHz, DMSO-ds) ¢ 158.2, 153.4, 138.6, 138.5, 134.1, 133.3, 132.2, 130.0, 129.64, 129.60,
128.5, 118.1, 116.7, 114.7, 113.8, 106.4, 104.2, 54.7. (Two carbons are not observed). HRMS (ESI),
m/z calced. for Co4H;3CIN,O, ([M+H]+) 401.1051, found: 401.1054.

7-Chloro-1-(4-chlorophenyl)-5-phenyl-1H-pyrrolo[3,2-c]quinolin-4(5H)-one (2t)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a White solid (54
mg, 67%). mp 228-230 °C. 'H NMR (400 MHz, DMSO-dy)  7.75 (d, J = 8.4 Hz, 2H), 7.69-7.64 (m,
4H), 7.59 (t, J=7.2 Hz, 1H), 7.42 (d, J = 2.8 Hz, 1H), 7.36 (d, /= 7.2 Hz, 2H), 7.10 (d, J = 8.4 Hz,
1H), 6.99 (d, J = 8.8 Hz, 1H), 6.89 (d, J= 3.2 Hz, 1H), 6.46 (s, 1H). *C NMR (100 MHz, DMSO-dj)
0 158.5, 139.9, 138.3, 137.9, 134.2, 131.9, 131.6, 130.3, 130.2, 129.5, 129.2, 129.0, 122.3, 121.6,
116.5, 116.0, 112.3, 106.5. (One carbon is not observed). HRMS (ESI), m/z calcd. for C,3H;5CI1,N,O
([M+H]") 405.0556, found: 405.0565.
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1,5-Bis(4-Chlorophenyl)-4-oxo-4,5-dihydro-1H-pyrrolo[3,2-c]quinoline-2-carbaldehyde (4a)
The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a White solid (30
mg, 35%). mp 212-216 °C. "H NMR (400 MHz, DMSO-dy) 6 9.65 (s, 1H), 7.83 (s, 1H), 7.77-7.68 (m,
6H), 7.41 (d, J = 8.4 Hz, 2H), 7.33 (t, /= 8.0 Hz, 1H), 7.00 (t, J = 7.6 Hz, 1H), 6.77 (d, J = 8.0 Hz,
1H), 6.62 (d, J = 8.4 Hz, 1H). °C NMR (100 MHz, DMSO-d5) 6 180.6, 158.1, 140.5, 137.9, 137.0,
136.8, 136.0, 134.7, 133.4, 131.5, 130.2, 130.1, 129.7, 122.1, 122.0, 119.4, 117.3, 115.8, 112.7. (One
carbon is not observed) HRMS (ESI), m/z calcd. for Cy4H4CI,N,0; ([M+Na]+) 455.0325, found:
455.0330.

1-(4-Chlorophenyl)-4-oxo-5-phenyl-4,5-dihydro-1H-pyrrolo[3,2-c]quinoline-2-carbaldehyde
(4e)

The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a White solid (25
mg, 31%). mp 111-113 °C. "H NMR (400 MHz, DMSO-dy) 6 9.66 (s, 1H), 7.83 (s, 1H), 7.77-7.69
(m, 4H), 7.65 (t,J= 7.2 Hz, 2H), 7.58 (t,J = 7.6 Hz, 1H), 7.36-7.29 (m, 3H), 6.99 (t, J= 8.0 Hz, 1H),
6.78 (d, J=7.2 Hz, 1H), 6.58 (d, J = 8.4 Hz, 1H). °C NMR (100 MHz, DMSO-d;) ¢ 180.5, 158.1,
140.7, 137.90, 137.87, 137.8, 137.0, 136.0, 134.6, 130.11, 130.09, 130.07, 129.5, 129.4, 128.7, 121.9,
119.3, 117.2, 116.0, 112.6. HRMS (ESI), m/z caled. for Co4H;5CIN,O, ([M+H]") 399.0894, found:
399.0911.
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5-(4-Chlorophenyl)-4-oxo-1-phenyl-4,5-dihydro-1H-pyrrolo[3,2-c]quinoline-2-carbaldehyde
(41)
The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/3) as a White solid (25
mg, 32%). mp 261-264 °C. "H NMR (400 MHz, DMSO-dy) § 9.62 (s, 1H), 7.80 (s, 1H), 7.73-7.63 (m,
6H), 7.42 (d, J = 8.8 Hz, 2H), 7.30 (t, /= 7.6 Hz, 1H), 6.91 (t, J = 7.6 Hz, 1H), 6.67 (d, J = 7.2 Hz,
1H), 6.60 (d, J = 8.4 Hz, 1H). °C NMR (100 MHz, DMSO-d5) 6 180.5, 158.2, 140.5, 137.8, 137.7,
136.9, 136.1, 133.4, 131.5, 130.21, 130.15, 129.7, 129.5, 128.2, 122.0, 121.9, 118.4, 117.2, 115.7,
112.8. HRMS (ESI), m/z calcd. for Co4H; sCIN,O, ([M+Na]") 421.0714, found: 421.0731.

Cl

@(N%
SN CHO
N O

Cl
1,5-Bis(4-chlorophenyl)-4-oxo-4,5-dihydro-1H-pyrrolo[3,2-c]quinoline-3-carbaldehyde (4a’)
The product was isolated by flash chromatography (Eluent: EtOAc/PE = 1/4) as a White solid (24
mg, 28%). mp 185-189 °C.'H NMR (400 MHz, DMSO-ds) 6 10.60 (s, 1H), 8.13 (s, 1H), 7.80-7.71
(m, 6H), 7.44 (d, J = 8.4 Hz, 2H), 7.32 (t, J = 7.6 Hz, 1H), 7.05 (t, J= 7.6 Hz, 1H), 6.93 (d, /= 8.0
Hz, 1H), 6.66 (d, J = 8.4 Hz, 1H). °C NMR (100 MHz, DMSO-ds) ¢ 186.9, 158.3, 138.8, 137.7,
136.8, 134.9, 134.5, 133.4, 132.6, 131.5, 130.22, 130.16, 129.3, 128.5, 122.3, 122.1, 121.0, 117.0,
113.9, 112.8. HRMS (ESI), m/z calcd. for C,4H4C1,N,0, ([M+Na]") 455.0325, found: 455.0331



V. X-ray single crystal diffraction data.
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Note: Ortep drawing of 2a with thermal ellipsoids set at 50% probability

Table 1. Crystal data and structure refinement for 2a

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta =25.00
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

Final R indices [[>2sigma(])]
R indices (all data)

2a

C23H14C1LN,O

405.26

100.01(10) K

1.54184 A

Monoclinic, P 21/c

a=8.9936(3) A alpha = 90 deg.

b =20.9137(5) A beta = 112.585(4) deg.
c=10.6975(4) A gamma = 90 deg.
1857.79(10) A"3

4, 1.449 Mg/m"3

3.274 mm”*-1

832

4.23 to 70.08 deg.

-10<=h<=10, -23<=k<=25, -13<=I<=12
3092 /3521 [R(int) = 0.0417]
99.9%

Empirical

Full-matrix least-squares on F/2
2014/0/253

1.031

R1=0.0417, ®R2 = 0.0991
R1=0.0479, ®R2 = 0.1029




Largest diff. peak and hole

0.834 and -0.473 e- A"

Table 2. Bond lengths [A] and angles [deg] for 2a

C(2)- C(10) 1.393(3)
C(2)- C(20) 1.382(3)
N@3)-C(4) 1.391(3)
N(3)-C(11) 1.415(3)
N(3)-C(19) 1.443(3)
C(4)-C(7) 1.453(3)
N(5)-C(13) 1.447(3)
N(5)-C(18) 1.382(3)
N(5)-C(22) 1.370(3)
C(6)-C(11) 1.414(3)
C(6)-C(20) 1.410(3)
C(6)-C(22) 1.445(3)
C(7)-C(17) 1.410(3)
C(7)-C(22) 1.382(3)

C(20)-C(2)-C(10) 119.0 (2)
C(4)-N(3)-C(11) 124.12 (17)
C(4)-N(3)-C(19) 115.43 (17)
C(11)-N(3)-C(19) 120.45 (18)
O(1)- C(4)- N(3) 121.94 (19)
O(1)-C(4)-C(7) 123.56 (19)
N(3)-C(4)-C(7) 114.44 (17)
C(18)-N(5)-C(13) 120.31 (18)
C(22)-N(5)-C(13) 130.27 (19)
C(22)-N(5)-C(18) 109.28 (18)
C(11)-C(6)-C(22) 115.20 (19)
C(20)-C(6)-C(11) 119.13 (19)
C(20)-C(6)-C(22) 125.63 (19)
C(17)-C(7)-C(4) 128.01 (19)
C(22)-C(7)-C(4) 122.16 (19)
C(22)-C(7)-C(17) 109.62 (18)

C(8)-C(12) 1.384(3)
C(8)-C(21) 1.379(3)
C(9)-C(12) 1.384(3)
C(9)-C(19) 1.380(3)
C(10)-C(24) 1.377(3)
C(11)-C(24) 1.396(3)
C(13)-C(23) 1.389(3)
C(13)-C(25) 1.389(3)
C(14)-C(15) 1.385(3)
C(14)-C(23) 1.392(3)
C(15)-C(26) 1.385(3)
C(16)-C(19) 1.384(3)
C(16)-C(21) 1.384(3)
C(17)-C(18) 1.375(3)
C(25)-C(26) 1.389(3)
C(19)-C(9)-C(12) 120.12 (19)
C(24)-C(10)-C(2) 121.5 (2)
C(6)-C(11)-N(3) 121.28 (19)
C(24)-C(11)-N(3) 119.45 (19)
C(24)-C(11)-C(6) 119.27 (19)
C(8)-C(12)-C(9) 118.5 (2)
C(23)-C(13)-N(5) 119.31 (19)
C(25)-C(13)-N(5) 119.70 (19)
C(25)-C(13)-C(23) 120.7 (2)
C(15)-C(14)-C(23) 119.18 (19)
C(14)-C(15)-CI(1) 119.44 (17)
C(26)-C(15)-CI(1) 118.99 (17)
C(26)-C(15)-C(14) 121.6 (2)
C(19)-C(16)-C(21) 119.6 (2)
C(18)-C(17)-C(7) 105.63 (19)
C(17)-C(18)-N(5) 109.00 (19)




C(12)-C(8)-C1(2) 118.88 (17)
C(21)-C(8)-C1(2) 119.20 (17)
C(21)-C(8)-C(12) 121.89 (19)
C(2)-C(20)-C(6) 120.8 (2)
C(8)-C(21)-C(16) 119.0 (2)
N(5)-C(22)-C(6) 131.15 (19)
N(5)-C(22)-C(7) 106.46 (18)

C(9)-C(19)-N(3) 119.56 (19)
C(9)-C(19)-C(16) 120.73 (19)
C(16)-C(19)-N(3) 119.64 (19)
C(13)-C(23)-C(14) 119.6 (2)
C(10)-C(24)-C(11) 120.2 (2)
C(13)-C(25)-C(26) 119.8 (2)
C(15)-C(26)-C(25) 119.1 (2)

C(7)-C(22)-C(6) 122.35 (19)
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Note: Ortep drawing of 2r with thermal ellipsoids set at 50% probability

Table 1. Crystal data and structure refinement for 2r

Identification code 2r

Empirical formula C,4H17CIN,O,
Formula weight 400.85
Temperature 2912) K
Wavelength 1.54184 A

Crystal system, space group Monoclinic, P 21/c

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Theta range for data collection

a=8.0462 (5) A alpha =90 deg.
b=9.2337 (6) A beta = 90 deg.

¢ =26.6656 (13) A gamma = 90 deg.
1981.1 (2) A"3

4, 1.344 Mg/m"3

1.890 mm~-1

832

3.31 to 72.47 deg.




Limiting indices

Reflections collected / unique
Completeness to theta = 25.00
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

Final R indices [[>2sigma(])]
R indices (all data)

Largest diff. peak and hole

-8<=h<=9, -11<=k<=11, -17<=1<=32
3048 /3843 [R(int) = 0.0399]

99.9%

Empirical

Full-matrix least-squares on F"2
2014/0/ 264

1.041

R1=0.0399, ®R2=0.1013
R1=0.0529, ®R2 =0.1123

0.120 and -0.156 e-A”

Table 2. Bond lengths [A] and angles [deg] for 2r

CI(1)-C(3) 1.735 (3)
0(1)-C(9) 1.228 (3)
0(2)-C(16) 1.379 (3)
0(2)-C(18) 1.410 (3)
N(1)-C(6) 1.441 (3)
N(1)-C(7) 1.382 (3)
N(1)-C(11) 1.376 (3)
N(2)-C(9) 1.391 (3)
N(2)-C(13) 1.407 (3)
N(2)-C(19) 1.444 (3)
C(1)-C(2) 1.379 (3)
C(1)-C(6) 1.376 (3)
C(2)-C(3) 1.370 (5)
C(3)-C(4) 1.383 (4)
C(4)-C(5) 1.373 3)
C(5)-C(6) 1.376 (3)
C(7)-C(8) 1.353 (3)
C(8)-C(10) 1.415 (3)
C(9)-C(10) 1.442 (3)
C(10)-C(11) 1.379 (3)
C(11)-C(12) 1.439 (3)
C(12)-C(13) 1.414 (3)

C(16)-0(2)-C(18) 117.1 (2)
C(7)-N(1)-C(6) 124.03 (19)
C(11)-N(1)-C(6) 127.5 (2)
C(11)-N(1)-C(7) 108.52 (19)
C(9)-N(2)-C(13) 124.39 (18)
C(9)-N(2)-C(19) 116.89 (18)
C(13)-N(2)-C(19) 118.58 (19)
C(6)-C(1)-C(2) 119.8 (3)
C(3)-C(2)-C(1) 119.0 (3)
C(2)-C(3)-CI(1) 119.2 (2)
C(2)-C(3)-C(4) 121.6(2)
C(4)-C(3)-CI(1) 119.2(2)
C(5)-C(4)-C(3) 118.9(3)
C(4)-C(5)-C(6) 119.8(2)
C(1)-C(6)-N(1) 119.7(2)
C(5)-C(6)-N(1) 119.4 (2)
C(5)-C(6)-C(1) 120.8 (2)
C(8)-C(7)-N(1) 109.4 (2)
C(7)-C(8)-C(10) 106.6 (2)
O(1)-C(9)-N(2) 121.3 (2)
O(1)- C(9)-C(10) 124.3 (2)
N(2)-C(9)-C(10) 114.43 (18)




C(12)-C(17) 1.397 (3)
C(13)-C(14) 1.398 (3)
C(14)-C(15) 1.369 (3)
C(15)-C(16) 1.383 (3)
C(16)-C(17) 1.369 (3)
C(19)-C(20) 1.358 (5)
C(19)-C(24) 1.362 (4)
C(20)-C(21) 1.385 (5)
C(21)-C(22) 1.370 (7)
C(22)-C(23) 1.338 (7)
C(23)-C(24) 1.396 (4)
C(16)-C(17)-C(12) 120.66 (18)
C(20)-C(19)-N(2) 118.9 (3)
C(20)-C(19)-C(24) 121.2 (3)
C(24)-C(19)-N(2) 119.9 (3)
C(19)-C(20)-C(21) 119.4 (4)
C(22)-C(21)-C(20) 120.0 (5)
C(23)-C(22)-C(21) 119.9 (4)
C(19)-C(24)-C(23) 118.4(4)

C(8)-C(10)-C(9) 129.5 (2)
C(11)-C(10)-C(8) 108.5(2)
C(11)-C(10)-C(9) 121.95 (19)
N(1)-C(11)-C(10) 107.04 (19)
N(1)-C(11)-C(12) 130.15 (19)
C(10)-C(11)-C(12) 122.81 (18)
C(13)-C(12)-C(11) 115.05 (18)
C(17)-C(12)-C(11) 125.65 (19)
C(17)-C(12)-C(13) 119.28 (18)
N(2)-C(13)-C(12) 121.07(18)
C(14)-C(13)-N(2) 120.77 (18)
C(14)-C(13)-C(12) 118.15 (18)
C(15)-C(14)-C(13) 121.6 (2)
C(14)-C(15)-C(16) 119.8 (2)
0(2)- C(16)-C(15) 115.6 (2)
C(17)-C(16)-0(2) 123.9(2)
C(17)-C(16)-C(15) 120.5 (2)
C(22)-C(23)-C(24) 121.1 (4)
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Note: Ortep drawing of 4a with thermal ellipsoids set at 50% probability

Table 1. Crystal data and structure refinement for 4a

Identification code
Empirical formula
Formula weight
Temperature

Wavelength

4a
C24H14C1LNL O,
433.27

291(2) K
1.54184 A




Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.00
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

Final R indices [I>2sigma(])]
R indices (all data)

Largest diff. peak and hole

Monoclinic, P 21/c

a=06.3775 (5) A alpha = 80.819 (6) deg.
b=12.1686 (10) A beta = 88.955(5) deg.
c=13.4121 (8) A gamma = 75.537 (7) deg.
994.69(12) A3

2, 1.447 Mg/m"3

3.137 mm*-1

444

3.796 to 72.174 deg.

-7<=h<=6, -14<=k<=14, -16<=I<=11
2754 /3554 [R(int) = 0.0475]

100%

Empirical

Full-matrix least-squares on F"2
2014/0/271

1.046

R1=0.0475, ®R2 =0.1165
R1=0.0623, ®R2 =0.1292

0.272 and -0.349 e-A”

Table 2. Bond lengths [A] and angles [deg] for 4a

CI(1)-C(16) 1.744 (2)
C1(2)-C(22) 1.736 (2)
O(1)-C(9) 1.219 (3)
0(2)-C(12) 1.208 (3)
N(1)-C(5) 1.411 (3)
N(1)-C(9) 1.396 (3)
N(1)-C(13) 1.445 (3)
N(2)-C(7) 1.369 (3)
N(2)-C(11) 1.401 (3)
N(2)-C(19) 1.440 (3)
C(1)-C(2) 1.381 (3)
C(1)-C(6) 1.403 (3)
C(2)-C(3) 1.376 (4)

C(5)-N(1)-C(13) 120.00 (18)
C(9)-N(1)-C(5) 124.15 (18)
C(9)-N(1)-C(13) 115.81 (18)
C(7)-N(2)-C(11) 108.06 (18)
C(7)-N(2)-C(19) 128.32 (19)
C(11)-N(2)-C(19) 123.34 (19)
C(2)-C(1)-C(6) 121.1 (2)
C(3)-C(2)-C(1) 120.0 (2)
C(2)-C(3)-C(4) 120.6 (2)
C(3)-C(4)-C(5) 120.7 (2)
N(1)-C(5)-C(6) 120.95 (19)
C(4)-C(5)-N(1) 119.9 (2)
C(4)-C(5)-C(6) 119.1 (2)




C(3)-C(4) 1.376 (3)
C(4)-C(5) 1.402 (3)
C(5)-C(6) 1.417 (3)
C(6)-C(7) 1.442 (3)
C(7)-C(8) 1.386 (3)
C(8)-C(9) 1.445 (3)
C(8)-C(10) 1.408 (3)
C(10)-C(11) 1.360 (3)
C(11)-C(12) 1.451 (3)
C(13)-C(14) 1.380 (3)
C(13)-C(18) 1.379 (3)
C(14)-C(15) 1.382 (3)
C(15)-C(16) 1.380 (4)
C(16)-C(17) 1.369 (4)
C(17)-C(18) 1.388 (4)
C(19)-C(20) 1.368 (3)
C(19)-C(24) 1.375 (4)
C(20)-C(21) 1.380 (4)
C(21)-C(22) 1.375 (4)
C(22)-C(23) 1.365 (5)
C(23)-C(24) 1.384 (4)
C(16)-C(15)-C(14) 118.6 (2)
C(15)-C(16)-CI(1) 119.6 (2)
C(17)-C(16)-CI(1) 118.4 (2)
C(17)-C(16)-C(15) 122.0 (2)
C(16)-C(17)-C(18) 119.1 (3)
C(13)-C(18)-C(17) 119.7 (2)
C(20)-C(19)-N(2) 119.5 (2)
C(22)-C(23)-C(24) 119.4 (3)

C(1)-C(6)-C(5) 118.5 (2)
C(1)-C(6)-C(7) 125.6 (2)
C(5)-C(6)-C(7) 115.88 (19)
N(2)-C(7)-C(6) 130.6 (2)
N(2)-C(7)-C(8) 107.53 (19)
C(8)-C(7)-C(6) 121.8 (2)
C(7)-C(8)-C(9) 122.5 (2)
C(7)-C(8)-C(10) 108.63 (19)
C(10)-C(8)-C(9) 128.8 (2)
O(1)-C(9)-N(1) 121.2 (2)
0(1)-C(9)-C(8) 124.2 (2)
N(1)-C(9)-C(8) 114.57 (18)
C(11)-C(10)-C(8) 106.73 (19)
N(2)-C(11)-C(12) 122.7 (2)
C(10)-C(11)-N(2) 109.06 (19)
C(10)-C(11)-C(12) 128.3 (2)
0(2)-C(12)-C(11) 123.2 (2)
C(14)-C(13)-N(1) 120.2 (2)
C(18)-C(13)-N(1) 119.2 (2)
C(18)-C(13)-C(14) 120.5 (2)
C(13)-C(14)-C(15) 120.2 (2)
C(20)-C(19)-C(24) 120.5 (2)
C(24)-C(19)-N(2) 120.0 (2)
C(19)-C(20)-C(21) 120.0 (3)
C(22)-C(21)-C(20) 119.3 (3)
C(21)-C(22)-C1(2) 120.4 (2)
C(23)-C(22)-C1(2) 118.5 (2)
C(23)-C(22)-C(21) 121.1 (3)
C(19)-C(24)-C(23) 119.7 (3)
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Note: Ortep drawing of 4a’ with thermal ellipsoids set at 50% probability

Table 1. Crystal data and structure refinement for 4a’

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.00
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

Final R indices [[>2sigma(])]
R indices (all data)

Largest diff. peak and hole

4a’

C24H14CLLNLO,

433.27

291(2) K

1.54184 A

Monoclinic, P 21/¢c

a=5.2005 (5) A alpha = 73.584 (12) deg.
b =13.556 (3) A beta = 85.490 (8) deg.
c=15.6215 (13) A gamma = 87.120 (12) deg.
1052.6 (2) A"3

2, 1.367 Mg/m"3

2.964 mm~-1

444

2.96 to 67.12 deg.

-4<=h<=6, -16<=k<=14, -18<=I<=18
2071 /3774 [R(int) = 0.0698]

99.8%

Empirical

Full-matrix least-squares on F/2
2014/0/272

1.026

R1=0.0698, ®R2 = 0.1908
R1=0.1141, ®R2 = 0.2294

0.347 and -0.214 e-A”

Table 2. Bond lengths [A] and angles [deg] for 4a’

21



CI(1)-C(3) 1.747 (4)
Cl(2)-C(22) 1.751 (5)
0(1)-C(15) 1.227 (5)
0(2)-C(18) 1.208 (5)
N(1)-C(6) 1.454 (5)
N(1)-C(11) 1.403 (5)
N(1)-C(15) 1.396 (5)
N(2)-C(13) 1.390 (4)
N(2)-C(16) 1.368 (5)
N(2)-C(19) 1.430 (5)
C(1)-C(2) 1.378 (6)
C(1)-C(6) 1.359 (6)
C(2)-C(3) 1.356 (8)
C(3)-C(4) 1.357 (7)
C(4)-C(5) 1.388 (6)
C(5)-C(6) 1.370 (6)
C(7)-C(8) 1.387 (6)
C(7)-C(12) 1.397 (6)
C(8)-C(9) 1.379 (6)
C(9)-C(10) 1.374 (6)
C(10)-C(11) 1.403 (6)
C(11)-C(12) 1.413 (5)
C(12)-C(13) 1.439 (5)
C(13)-C(14) 1.374 (6)
C(14)-C(15) 1.444 (5)
C(14)-C(17) 1.428 (5)
C(16)-C(17) 1.372 (6)
C(19)-C(20) 1.366 (6)
C(19)-C(24) 1.375 (6)
C(21)-C(22) 1.357 (7)
C(22)-C(23) 1.361 (7)
C(23)-C(24) 1.369 (6)

O(1)-C(15)-N(1) 121.1 (3)

C(11)-N(1)-C(6) 119.3 (3)
C(15)-N(1)-C(6) 116.4 (4)
C(15)-N(1)-C(11) 124.1 (3)
C(13)-N(2)-C(19) 129.6 (4)
C(16)-N(2)-C(13) 108.0 (4)
C(16)-N(2)-C(19) 122.4 (3)
C(6)-C(1)-C(2) 119.9 (5)
C(3)-C(2)-C(1) 119.7 (5)
C(2)-C(3)-CI(1) 120.0 (4)
C(2)-C(3)-C(4) 121.4 (4)
C(4)-C(3)-CI(1) 118.5 (4)
C(3)-C(4)-C(5) 118.8 (5)
C(6)-C(5)-C(4) 120.1 (4)
C(1)-C(6)-N(1) 120.8 (4)
C(1)-C(6)-C(5) 120.0 (4)
C(5)-C(6)-N(1) 119.2 (4)
C(8)-C(7)-C(12) 121.4 (4)
C(9)-C(8)-C(7) 119.3 (4)
C(10)-C(9)-C(8) 120.7 (4)
C(9)-C(10)-C(11) 121.0 (4)
N(1)-C(11)-C(12) 121.3 (3)
C(10)-C(11)-N(1) 120.0 (4)
C(10)-C(11)-C(12) 118.7 (4)
C(7)-C(12)-C(11) 118.8 (4)
C(7)-C(12)-C(13) 125.8 (4)
C(11)-C(12)-C(13) 115.3 (4)
N(2)-C(13)-C(12) 130.1 (4)
C(14)-C(13)-N(2) 107.3 (3)
C(14)-C(13)-C(12) 122.6 (3)
C(13)-C(14)-C(15) 122.2 (4)
C(13)-C(14)- C(17) 109.0 (3)
C(17)-C(14)-C(15) 128.8 (4)
0(2)-C(18)-C(17) 125.4 (4)




O(1)-C(15)-C(14) 124.4 (4)
N(1)-C(15)-C(14) 114.5 (4)

N(2)-C(16)-C(17) 110.7 (4)

C(14)-C(17)-C(18) 129.9 (4)
C(16)-C(17)-C(14) 105.0 (4)
C(16)-C(17)-C(18) 125.1 (4)
C(21)-C(22)-C(23) 121.4 (5)
C(22)-C(23)-C(24) 120.1 (5)

C(20)-C(19)-N(2) 119.9 (4)
C(20)-C(19)-C(24) 120.1 (4)
C(24)-C(19)-N(2) 119.9 (4)

C(19)-C(20)-C(21) 120.2 (5)
C(22)-C(21)-C(20) 118.7 (5)
C(21)-C(22)-C1(2) 118.8 (5)
C(23)-C(22)-CI(2) 119.8 (4)
C(23)-C(24)-C(19) 119.4 (5)
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V1. "H NMR and "*C NMR spectra copies.

Compound 2a

3 768 '8¢
; €01 '6¢
“ 11¢€ "6
026G "6€ ——
102 "L S 871 '6¢
212 L LE6 6E
282 L7 gz 1 005 7 — ——— ° 91 "0F
€60 'L 7
eve L °
69€ "L~ . o9zee —
06g L —=VIE E ]
_ G6g €11/
g €12 91T ~—] G¥E "901
- L€8 9117 G6E ETT A
“& 61021 ~ ] tve 9111
- el L€8 7911 1
- €69 121 .
) 61L "0C1 1
A 205 "L21 669 121
o = €0¢ 621 205 "L21 —
€8 621 3 €0€ 621 | ]
S AR VIS N\ S —— 7€8 621 —
929 161~  —— AN ! -
9871 "€€T — = 929 'T€1 |
@ 90T FET [CLIN A B S —
- €LELET ] 981 "€€T =
= 029 '8ET ~ _— 901 "VET -
5 5 ¢Le 1el
e 029 '8€1
> P > P 6EG 86T ——4
Y 3. Y
] ]
= o =
o - o

110

120

130

140

150

160

170

180

190

£1 (ppm)

24



Compound 2b

288888888888 cocoocooococos 8
SCREZ2ICI-SRITEERIIRIS ST
96¥°C
00§ p—————
v0S°T
0L59 —=[40'1
115 05€°€
$88°9 .
1669~ - Zo._
= poC
LSE'L
o] o 0L59
050 || ~=5/$C0'! 16579 1
299°L tot 1189
oLy woo”_ 6889
9897, =] 0" 16691
s~ —=| V10T L66'91 0l
900°L+ R 0’1
%E; v0°C
TECLA H,S
. 6vEL 'l
L8ELT 01
S6€°L- 100'1
=P omm.tﬁ _w@o.v
P 959°L 4 10T
- 7991
UL
989°L -
. PiLL
LoLL-

Cl

=
(e} 3
.\J. 3
[e=)
= €01 "6¢
- 11€ '6€
= 026 "6¢€ ]
82L "6¢€
- .
2 9€6 "6¢
v
N
2 _
e 7€ €117
“ €07 91T ~ - ¥2€ 901
- ¥GL o911/ 176 €114
S 189 °021 ~ - &0 9111
i st VGL 9114
~ . 189027 {
wE 28V "L21 89 '1¢T
& 6.5 851 | 28Y "L211
o 02 631 6.5 821 1
e 681 671 - 1608214  -—]
" 180 “0€T - 0v2 ‘621
o 9v0 FET . . S8L°6CT ¢ T
S GTG "8 eVl =
y9G geT 3 039 761 |
v - = . )W J—
N : 90 TET\F—3
080 PET—  —
= cre8Elr =
5 796 '8¢ T \
" Q 1.8 6€1
o~
o o}
% = 0F¥ 85T ——
Vi
b
[ee]
<
[e)}
\n
[o)}

90

T
100

110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

90

1 (ppm)

25



Compound 2c

(=] (=] [l S () (=] o o o o o o o o
=3 (= S (= (= (=3 = = (=3 (=3 = (=3 (=3 = S S S S S S S S S o = =3 =3 =3 =3 =3 =3 =]
¥ & & = & & S & S S S S S 3 — = 8 38 2 8 &8 = 8 g g g8 g g & g g s
- -, - o+ = & ® B D v ¥ A& & = o ] A A A (S (A M (A A P A
4z
- ]
=
L2 €68 '8¢
€01 '6¢
[ 1€ °6¢
— 025 '6¢
001 - 62L "6 ;
LS 96 '6¢
. GARIZ
660 0057 —————— Fd
186'1 )
o1 00¥ "901
50 | S 60% €11 |
A0 856 "CTT {
F60'1 9pe'E ————— " : €01 9111
e e IINXARN L8021 |
feot - 220 621 106 1211
= 19€ 621 ~_ GeL 121+
£ 878 671 220 621 |
[ nE 107 "0€T 19¢ "621 |
< = 095 “0€T 8v8 621§
- LG9 .02\ - 10T "0€T {
o LELIET 095 061§ =
6L 7€ 1 2697061 __
e 96T eI LELTET T
€8L"GET 65 2ET b=
o . 98T TN =3
RS V89 LET — Y1 A —
i 85G ‘8T — 199 261 /[
L2 866 8¢
L2 :
_ = 5 V66 "LGT ——
LR L2 2 P
] | < < /
> [ele) =
v
[ oo
) L 2 o

190 180 170 160 150 140 130 120 110 100
£1 (ppm)
26

200




Compound 2d

4500

4000
3500
3000
F2500

2000
1500

- 1000

500

Sree

COOEt

F90°C

Cl

=00°¢

90T

86°0

101
Joo'l
LLET
=€0'[

190°C
Mﬁo_.m
10T

0°C

2500

5.0 4.0 3.0 2.0 1.0 0.0

f1 (ppm)

6.0

9.0 8.0 7.0

10.0

< =-R-- - -2R- - --E-=-=
() S S S (e (e (] (] (] () () S S
S S S S S S S (=) S S S () S
g S v S v S v S v [e] v S S
O O v v <t <t on on o (o] — — wv (e}
86T 71 —
768'8€
€01°6€
11€°6€
0TS 6€
6TL'6€
LE6'6E
910t
SSO'T9 —
6€€°901 —
POV EIT~ .
00T9TT~ 6€£7901 4
08L 91T~ ~ oom.S:
6SL°0ZT ~ - anqﬁ 1
AT (A cs 5;
cIs el \ 88T6C1 4 -
88C6C1 160°0€1
160°0€] +——— m:.om:ﬁ.
6IT°0€l 0LTOET | =
0LT0¢! €88°0€1 ,W _
£88°0¢1 - T0L'ZE] ~3
i 801+l 7 _]
o ]
O 865'8c1/ |
Q
TTr'8ST —
LR LET'S9T —
|
O

0

10

50 40 30 20

90 80 70 60

f1 (ppm)

190 170 150 130 110

210

27



3000
2800
[~ 2600
2400
2200
2000
1800
1600
1400
1200
[ 1000
800

600

400

200

r—200

“EL (ppm)

5%

RVSH— O — O O O
—HDAO A A A O O

S B

10.0

Cl

Compound 2e

10. 5

I
-3
mmm.mmﬂk/
228 "6T1 .
815 "6¢]1 81E 90T
69 60T GEE E11 1
€70 06T ¢ 8¢ 91T+
10T "0€T == 5.8 91T+
659 021 ;
7€8 121 ;
_ 6ge "L21
665 "zET Nvmuwmﬁ#ﬁ ‘..
990 FET — cee 6ol ]
8L5°6oT{
69,621 __I
aLy 8el mvo.omﬁ,w
10T 06T A -—j
799 '8¢ A EN—
58 '8¢ 990 T~
GLY 8T 7
1799 "8€T
S8 "8l
_ 3
€86 85T ——

30 20 10

40

5 140 130 120 110 100 90 80 70 60
£1 (ppm)
28

160

170




Compound 2f

c o o o o o o S
S S S S S & & o o o o o o o o o S g 8 8 8 8 8 8 8888 8 8 8 ¢ o 2 s 2 2 9o o o
S v ¥ A Qa -~ 3 S 3 S S 3S S S S S = S E S E S EEEEE S8 E S EEE 88882688 8 8
=22 I 202 =28883I B3I FF A =205 F § 388288 8% 3828228882 g2¢g g g e
o
_ L2
wv
- S
<
- €01 "6¢
L2 TTe6e
032G "6€ -
B o  83L°6%
el 8676
B . A p—
— N
R
- 80€ 90T —
| "
e . 80€ 901
. 22 el ) 226 11 |
Now m\\||kl | S mmﬁ mﬁﬁ/\ mmﬁ.mﬂﬁ
+ = eV 911 — ‘ 917 |
= 91T~ 996 911 -
- & 996 911 886G "0Z1
R 886 021 — - 866 ‘121 |
= 86¢ 121/ %N.E: T
- :
| L2 mwm MM 8.2 .@NL _
1099 . - 199 621 =
NN@L . 650 051 _ oeT 4
098°9 e L6V 08T ~= wmo.mmj B
9 11091 6061 toed
89891 o P78 08T bomeet
069, < 599 8ET | TIOver— —
owo.o; o1l mmwmmw N
ov1'L 1 == Mwmﬁw.ﬁv | °
AWA .
::.TW — 00T 2 J 161 '8¢1
IX ==t 150s 8617
oz == 0S| 166 °85T 7
vicLd I
o omNiTM wmo._ z°
Smi ol 2 /
% vLEL -
0L9°L1 Lo
169°L 1
) 8ELL L2 3
5 09LL) e ?

30 20 10

40

9 8 70 60
29

180 170 160 150 140 130 120 100
1 (ppm)

190

200



Compound 29

2 S = = o o = o = o o S

— (=) (=) (=3 (=) (= (=) (=} (=3 S () —

- — ()} oo o~ O wv < (e} (@] — (e} 1

S6v'T L

oowmv 2 :

v0S'T I

LYE'€ i

v6L'E — 220°E T

€659~ . i

clog—={E90'] .

L98'9 \ !

.Vhw.o = >OM [

$68°9 - Moz i

206'9 M 590’1 i

mb@.@ == Wwo._ 0l L

8697 2960 el

WMMM —== 0] 10z|

:%s\ 0t Jo0'l i
o Feoe 30'1

IvL'L \ =80 11

€9L°L U/WM 0F

i

°© 0T

0Tt

L ° i

Vi ] L

= L

3 i

1.0 0.0

2.0

3.0

4.0

5.0
f1 (ppm)

9.0 8.0 7.0 6.0

10.0

[ 13000
12000
[ 11000
[ 10000
9000
8000
7000

6000
5000

4000

3000
2000
1000

€0T "6€
1€ '6¢
08¢ "6 —_—
82L "6
LE6 "6
€66 66 ——&
672 11~ -
61T °CTT ~~
056 "9TT ~=
)
06 12T — 1
0z¢ ‘1217 672 V11
gge "Ll 61T °GTT -
612 621 056 911 1 3
VL 62§ 69G "0Z1 1
80 06T L. 06V 1214
02L 08T~ 926 121 |
GV VET ) gse el
6L0°621f =
109 '6€1 VIL'63T
/ 80 0€T 4
- 02L°0eT —4%
R N —
¥9 wﬂw —
\ 671 8ET ==
109 '6£1
L (o]
2 22y 85T ~
\ 08¢ 09T

Cl

30 20 10

40

130 120 110 100 90 80 70 60
£1 (ppm)

140

170 160

80

30



Compound 2h

- 768 8¢
= €07 "6
11€ '6¢
00G g — ¢ 025 "6€ —
] _ 82L "6
1 = L€6 '6€ w
€9g "¢ y - 9¥T 0% .
z N4
- 19¢ €11 -~
168 °9 0¥S 9 = 0¢¢ Hw: =
6059 L ————k01 199 .L z 597 911 .
: F 1689 ; 809 021 60€ "901 ;
658 91 19€ 121 Ia - mmm mxg
Mmm wu - ! 086 911 -
226794 N\oo = ble 621 809 021
65604 ——4c0.) @ 96S "61 19¢ 121 1
OpT Lk = %H L 880 0ET~ 9ey 12T ﬁ‘l
co1 'Ly —mliog o [© e8¢ 0El 7 - | ¥8Y "Le1
oL f ot e €IL 0¢cl : pLe 621 f
I == L90 V€T - ¢6¢ 621 |, __
161 'L R L89 wf/ 880 0Ty |
L61 "L 282 061\ =4
212 LA “ €1L 06T/ —
812 "L - 290 FeT/
€ET "L 7 189 °8¢T/
672 "L =
0 [=2]
987 "L | y
. 90€ " | = o LY CCT ~
16€ L] o 697 "8GT -
Y 6GE i g z
126 "L -
cz¢ "L = _
SRR '
095 "L =
289 "L 2
o 9¢L "L ] -
o o

10

20

30

40

150 140 130 120 110 100 90 80 70 60

160

180

190

£1 (ppm)

31



Compound 2k

650

600

550

500

450
400
350
300

250

200

150
100
50

F-50

Cl

EtO,C

9ee’e

L

FL60

880
hes'1
1601
61
60

861
M6l

o'l

PLED
T6EP_
0lyp
LThy

9869
£09°9
L069
Eo.o/ ]
L9699 _
€869/
LOT L ===
cTL
aaalk |
8TT'L]
PET'L 1
68¢°L
01'L
0Et'L |
8€HL
169°L |
€L
18L°L
208°L
L1T'8
8€T'8

]

[

86T |

=00'C

L6°0
H\wm.o

60°1
61

€6°0
me;

761

0.0

1.0

2.0

3.0

4.0

5.0

7.0 6.0
f1 (ppm)

8.0

10.5 9.0

12.0

m () S () () S (] () (e S
> (=) S () (=) S (=) (=) S (=)
> () S S (=) S S (=) S (=)
) () (=] S (=) S S () S (=)
—_ N [ele] o~ =} wv <t on (q\] — S
191 %1 —
768°8¢€
€01°6€
TIE6€
0TS 6€ -
6TL 6€
LE66E
91 0F )
088°0TT /-
1,L9° 121 \ mmN.ﬁo‘x
095°LTT
o%sﬁ/
9L9°6TT\ ____
SSQ/
185°0ET~ -
116°0ST -~~~
SEMQ
0bSTET
6£9°90T —
— 6¥ELET — 85911
it €99'8€T — 09§°LTT 4 ~
989,71 =
SSQ/[
o 18S°0€1 L=
z 11670617 ~
€19°1€1 =
%4 | ¥8SEHT —
=
861'8ST —
Q, vS6¥9T —
o
L

8 70 60 50 40 30 20 10

90
f1 (ppm)

150 130 110

170

32



Compound 21

4500

4000
3500
3000
2500
2000

r 1500

1000
500

16V ¢
S6V "¢
00S "¢
¥0S "¢
60S "¢

94¢ € —

Cl

N

shdb&ve

HHION0OHO

<H O O —

0.0

f1 (ppm)

30000

25000
20000

15000

10000

5000

Cl

£68 '8¢
£0T '6¢
T1€ '6€
02¢ '6¢ —
82L '6¢
LE6 '6E
ovT "0F
60¢ €11/
€0 911 -
0LL 911 630 901 -
€69 02T~ _ 60S €11+
LUV TET S20 911+
: 0LL 911
)
S80 0ET 4~ s |
€21 0€T 008 LCTE —
669 TET ~ ey |
€71 €8T ~ crelbely
. ¢80 061§
o1y 161 €1 0el =
V197861~ 6€9 T€T
- 019 26T+ —3
EP1 €T~ ]
Oy "LET ¢ =5
wﬁ@.wmﬁw\
cpL '6E1
88¢ "85T —

30 20 10

40

180 170 160 5 140 130 120 110 100 90 80 70 60
£1 (ppm)

190

33



Compound 2m

100 90 80 70 60 50 40 30 20 10
1 (ppm)
34

110

< 768 '8¢
€01 '6€
| = 11€ 6¢
02 "6€
] [ 871 "6€
= 166 '6€
YT "0 :
006 7 - P19 66 —
[ 969 611 —
zse e — [ - 260 STT —
= POL 91T — p18 501 4
o <l 969 €11
€68 '€ —————=F007¢ | < 099 "021 ~ _ 260 .mi
_ 138 1g1 - $0L ‘911 ;
| -8 ¢67 121 099 021 {
- . FRtAe
€09 821 el
< . _ 667 °L71
: 696 "621 LTy
. - €09 '8¢ 1 ]
790 "0£T . _ . —
. ‘ 696 671
| = 969 TET ~_ hed I
: ogn ool - p90 0eT§ =
: 989 TET | __ -]
< 0LG "8€T A R —
. / orr-eer/ ]
%m m - - 0LG 86T~
_ %o 7T ]
5 p1°¢ 2 .
%H 1 186 "8G~ __|
H,Wo 7| o 99. 651~
- »m.ﬂ z
807 | = p
) _
| - =z
p L
—0o _ —0

190 180 170 160 150 140 130 120

200




Compound 2n

1300

1200

1100

1000

900
800

700

- 600

500

Cl

Geee

01
wn@o
€6'C
S0°C
W@Qm
01

6’1

Kmo;

00s°C

I

Tt

A

86’1
0°1
L6°0
med
0¢
6'¢
joog
61

0l

3.0 2.0 1.0 0.0

7.0 6.0 5.0 4.0
f1 (ppm)

8.0

9.0

10.5

11.5

768 '8¢
€01 "6
1€ "6
03¢ "6€ S—
82. '6€
1€6 68
9K1 "OF 078 "7G ——
62L €117~ —
¥8Y 91T~ 012 "GOT -
geg 91T/ 62L €11
; ¥8Y "911
969 12T~ 3 866 911 |
69L 1217 1 969 ‘121 {
2€8 621 @@N.ﬁmﬂgf
096 921 .- 2€8 '62 11 ]
A AINARN — 096 '92T
1.8 82T ~ ; AN .5; -
600 0T -7 —————3 118 821 1 —
«:.oﬁw - — 600 .omjﬁ —
829 ‘1€1 —— RO
0€C "LET 3 829 'T6T ~ =
/ NS.EV
— 0 .5\ —
AT
5]
20G 86T ——
(o]
=
Vs

180 170 160 5 140 130 120 110 100

190

1 (ppm)

35



Compound 2p

20 10

30

60

80 70
36

(ppm)

110 100 90
f1

120

130

S (= S S S S S o
(==} (=) S (=) S (e S (=] S (=] S (=] S (=] S S S
eI d DS IEIETIRES E o~ 2 8822828888885 88888 32238288 s38 8 8
S
— =
| =
] I 768 "8¢
V0T 6€
= AT
: o 025 "6¢ =
o i 621 65
eyl 8€6 "6¢
r0s°C o 9¥1 "0F
[ Y81 "6G ——
mmmx 20T
8799 L2 GP0 20T ~. _
0189 . 6€6 50T
Liggy = Ot I 955 "L0T
L£8°9 = : §29'94 E] 966 LO1 570 201 4
doxo/ | 0% 1€9°9 4 R E g1 721, ccc 117 666 7C01 |
067'L 87991 = LTV 5” 085 101
.vm@.cg [ 8¢CT "0¢T 1
Sms/ : : 1 - st N
. ) . 0189 L96S~ B GLG TET . 1T
raa—F g aues TS i i =
919°L NW.M L8O W 2EL 6E1 18 .WNL A
800, L = ? : 098'9 S0TE 252 001 £55 "671 |
o o¢ 06T W0 S 8e1 08T
$89°L . 07| . —
owws E:% — 0T 2187861 wm MMV —=
soc . sl 2 TR AT A—
cos & - 2eL 6€T T
) L6SL i . 292 0V
< L09°L
919°L] - & 68z 85T~ __|
8997, - 218861/
pL9L] 1
$89°L =
90L'LA =

140

0

5

160 1

170

180




Compound 2q

(=] (=] S (=) (= S (= (=) (=
(=) [} (=] [} S S (=} (=} [}
(@)} 0 o~ O v <t on N — (e}
i
00S°T —
€€ —
L9S°€ — Loos
F00'1
6189
789 60
06T°L %@.o
_ S6T'L 60
9 v9E'L 166°0
Q v8€'L/ 0z
® LR WY L-F= 6'S
g ) L99°L
] 89'L
=
€0L°L
1€L°L
3 SLL

0.0

0.5

1.5 1.0

2.0

40 35 30 25

50 45

55

6.0

70 6.5

80 75

8.5

9.0

f1 (ppm)

S () () (=) () S () () (=) () S
(= (=} (=] (=} S S (=] S (=] S (= (=]
S el S w) S v () wy S w S ()
O v v <t <t on N N N — — v S
€01°6¢
TT6E
18€°6€
0756 -
659'6¢
86L6E
Sligsts g 2 .
— ®© © T aO o 8l'Ss ——
Il " Il " Il " Il " Il Il o
S
090701 ——4 | —
651901 ——3 | _
81801/ 1| S
L6EPIT~ ]
681" S
beeiy e 090201
96L'8T1 _ .
. = 651°901
187671\ 1l E .
DOt S |y 3 L8E°L01
er = = T81°801
08 1€1 = . —
) B L6EHI1 )
pSIEE] |2 . =
. = 681771 3
T10'HEl .
. 96L'81 B
LYELEL .
. o L8T6T1
TLS8El 2 .
. - 860°0€1 B
SsTopl .
: 0TS 1€1
6ec8SIn__§ | o . \
3 6LL'SST 2 SR

@
=
(o]

@L
{7

&

o

clovel — ]
LYELEL N —
CLS8E]
SSTovl

6£€'8ST~ |
6LL'8ST

60 50 40 30 20 10

70

160 150 140 130 120 110 100 90

70

f1 (ppm)

37



Compound 2r

SSSEEEEE5Ecgeseeggeese¢e
O O O O O O O O O O o o o o oS O O O O O O O O O O O O o o O o o <O
o
=
B 768 8¢
~ 201 "6€
1T T1€ "6¢
i 028 "6 4 —_—
‘ 82 "6€
: L= L6 H%\
vl 0V 199 "G ——]
005 g ———| .
(=)
[ o
: ‘ 162 701
LD ——t00°¢ | GG¢ 90T~
06L €11
: VEL PIT -
£17 "9 — Rog | = I
o= 6°0 <2 : 2gL 911 —-—
B9 1260 R B s/ 1101
868 "9 907 "9 _ V19 621 69 901
: €TV 9 o & 766 601 - o
mwm w kA Fe8'l cep 9] ) 3eg 2el F = VeL V1L /u
. 8LY 9 ‘ £12 €61/ ] gL 911 -3
. 8689 | ‘ Gy pel 66c50L 81T
698 91 pGp 8E1 7506211
T 8.8 .©g L < 166G "8¢T 766 621 Vam—
. © =3
0 mmmwjﬁ 670 | 127 €51 —— Py ger~ |
1 Sm.L 31670 L 212 861 — -—
g it
7 072 e o [ o< 12h 65T —
0€g .ET.A 0°T 15851 ——
8YS "L ) o |
X oe
998 'L £ 2 g1 |
609 L4 Ty 70 | ©
829 "L 1 Mo
99 L1
569 "L -
L1L "L ‘
19L L <
28L L] >
908 "L

0

90 8 70 60 50 40 30 20 10
38

f1 (ppm)

170 150 130 110

190




30 20 10

50 40

70 60

90 80

f1 (ppm)
39

110

Compound 2t

2288888888888 s2s2s82s¢g & SEEEEEEEEEEEEEgsses
AR S TR A LAt 23 a2 88388 EE IS 2833F 8o
(e}
=)
768 "8¢
o €01 '6€
- 11€ '6€
02¢ "6€
62. .@m\
_ L€6 '6€
00¢ g ——— ) L6 ot
157
89€ '€ —
~
. ¢6¥ "901 ;
~ ¢6¥ "901 — P12 211
- : 820 911 {
. oer o] N P22 2T ~- 0G7 911
888 .@ L 969 .©4 o2 970 97T \ 64 .ﬁmﬂ 1
968 "9 =Pgp - 91 g 91T A= 162 221 1
V.69 %@ 0 V1691 L 0gy ot 166 '831
~=[201 : L= g
96679/ 1601 ol I V68 121~ L0z621y ]
860 L7 = ° S | w@ 0 b 162 221/~ A
e e .L LMWW L0Z '621 mmm .wmﬁ -
e L E K A
V9E LN==161 2 eIV JeIT | 1o 62 061/ L06 “TET |
eIV Ly <Fer 08h L= 20070 | o PeT— PIg TEI
L L 200 VIZ €T .
pPgk 4 :m.g am! 626 L6 626 LET - -
€99°L| - 686 L0 oty N 162 8614
90 = 209°L 0% €98 '6€1
SY=lo1y Vh9 L
¢69 : €99 ] S
opL L ———=}00°¢ 0291 o 20 86T —
269 L
ovL L
19271
w
w.
o
w.

130

150

170

190



Compound 4a

r2100
2000
r 1900
r 1800
1700
r 1600
r 1500
r 1400
r 1300
r 1200
r1100
r 1000
900
r 800
r 700
r600
r500

r 400
r300
r200
r 100

ro

r—100

¥9€ ¢

00§ ¢ ——

Fer-
ke

F0 -

pr-
ket

Fee-

0 -

e

0199
16991
19L "9
18191
500 "L {

10V "L 1
2ev Ly

0L "L A
C3L LA
8vL°L
0LL"L
Ve8 L

T

€49 6 ——

00

— G =

10. 5 9.0 7.5 6.0 4.5 3.0 1.5 0.0

12.0

1 (ppm)

3 3 S S 3 3 3 3 3 3 o
> [« [« [« [e) [e) [e) [e) [e) [e) ()
> [e) [e) () (e) [e) [e) [e) (e) [e) [e)
o (=) Lo (e} Lo (=] Lo (=) Lo (=) (=)
(@] Lo < < [ap] [ap] N N — — Lo ()
768 '8¢
€01 "6
1€ °6¢
025 "6¢
62L "6¢
L€6 °6¢
9¥1 0F
889 °¢11 1
159 621 ~. ) AERINE
021 08T +—— V92 L11 1
803 01 65€ 61T |
A AT 110 °221 1
921 "zaT |
T 1296l
. 021 "0%T |
€99 VeI ~___| )
. 802 0ST
066 "GET )
oot L oLy 18l —
161 °9¢1 Jely
oo7 L Gzl eel —
196 "9¢T == Lot
698 "LET ~ ] 699 Telr
066 "GET _
16L 96T 3
. 196961+ =
3 677 OV T —— 658 .mmﬁ\ ]
S 6V "0V
€L0 86T —
165G "08T ——

o

0

90 80 70 60 50 40 30 20 10

190 170 150 130 110

10

£1 (ppm)

40



Compound 4e

% S (] S () S S (] () (=)
S S (] S S S (e (] S S
— (o)) (e} o~ [{e} Lo <t [ap] N i o
A
967 2
oom.m\‘ —
v0S "2
088 "¢ —
1959,
886 19
8919
L9G9~__ . 98L°9
wwm.©\1nM FO°T mmm.©#
891 "9 ) 766 9
9. '9 >~ F26 0 o
| v62 "L
€L6°9 L1
wmm.QHVMM 01 mmm.mg
) are "L
i) re L]
Nvm.hH/ . 09¢ "L |
09¢ L Y-=| P8¢ 09G "+
} 8.6 L4 [00°T
w%w.w s 166 °L§ Mmma.o
omm.m\/ Hp ce9 L 20T
0es 1 L——=| 162 € ve9 L 18T
T Ly 0 219 L § 48T T
mm@.m,mmwp.ﬁ
0L "L F=H60 €
6127, w80
0SL L]
NNN.NA
088 "L
© 169 "6 ——+3L 0

8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5
f1 (ppm)

9.5

m M () (] o (] o (] o () (]
(] [e) (] [e) [e) [e) [e) (e) [e] (] [e)
() (] () (] o (] (] (] o () (]
o [e) (] (e) [«] [e) [«] [e) S (] [e)
— (] () (] o (] o o o S (]
— — » [oe] o~ © Lo <t [ap) N — o
768 8¢
€01 "6¢
z1¢ "6
025 "6¢
62 @m\
166 °6¢€
9y "0F 665 Nﬁﬂg
L6 "SIT
Ve LI ]
90€ 61T
665 G117~ mmm Wmﬁg
LV6 ST~ _ 1
Ve LT — - V86 621 1
90€ 61T — 617 621 4
o
1
. STT"0€T
e 009 ve1 §=
oIl 061 _ 166 "SET =
- 116 981
009 V€T L08"LET 5
mm@.mmﬁwﬂ _ 698 "LET E=
116 98T\~ 006 &1 -7
@«@.owﬁ\/ 99 "0V I
o G0 "8GT —
V67 081 —

0

-10

180 160 140 120 100 80 60 40 20

200

f1 (ppm)

41



Compound 41

F350

300

250

200

F150

r100

50
0

OHC

€9 6

660

01
=00'T
JS0'1
:16'T
L609
Jmmd

F86°0

0.0

1.0

2.0

3.0

4.0

6.0

7.0

8.0

9.0

10.0

o [an] [an] o o o [an] [an] o
jan] (=] (=] (=] (=] o (=] (=] o o
) (=1 o (=) o o o (=1 o o
=1 s S s S ) S ) S =]
1o il = ¢ N o g i i i <
881 821~ L8LTTT;
aps 62T e
o\ 904 411
159 BZTL 77 1T
BFT 08T oo
el 616121
902 0%l 0v0 Zal
78 161 - i
seglel 8818011
£)S 6211
80p 'E8T— ANE |
907 0814
578 181y
£40 98Ty 80 €6 T4
GOR8 98T £40 98Tk
074 18T~ g98 981+
9€8 " LETAL 968 "LET—
€ap op1Y
5 16T "8GT—
0
=
4 74y 08T

(O
OHC

0

10

70 60 50 40 30 20

90 80

f1 (ppm)

110

130

170

190

42



Compound 4a

0

10

90 80 70 60 50 40 30 20

1 (ppm)
43

110

S = s = = SSEEEEEEE8cE¢E¢EEC
= 2 g 3 g = - % 3 S S 2 S22 S 88 % 88 2 o
o
o
o
- 768 '8¢
1 ‘ €01 "6€
i 21E "6€
o 02S "6€
[ o 6L .@f\
_— i 86 '6€
00572 o LV1 0¥
w o
e e I 6117211
€L8 €11 |
LS , 610 L1 {
. ‘ GLLGTIT —— 10 121 4
FOO°T : ‘ 7 Al
2999, gel
€199 o . , 062 231 1
61691 w2 610°L1T ——% 216821 1
EL6°0 6869 | m 3 0LZ 621
Fro-1 260 'L | [~ V10 1gl _ § 091 "0€1 {
280 L1 [ S €01 28T ~ g |
L6% "L L 062 221/ mww .WM: =
. L1€ L5 . . “ (418 B
R0 gLy el o g1% 8l i g2y €€l =3
[96 1 6Vv L =i b o 0.2 6C1 3 0Gh el
E1L°LL  dma0 1 | A 118 VeI =
e Ao L (L1 S— 808 01 -
grL L == o [ o 69y T6l~ —— 09 1614
$8°G 0LL "L ‘IAH/MM .m "o aey eeT —3 96. '8¢ 1
182 N\ \ H““w
cos 2 ) 0€€ "8GT —
1€1°8 i M 5
i N 2 g
: ol (] 206 '981 —
609 01 ——=12°0 [ S AUM
[ o

130

150

170

190

210



