Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2020

Supporting Information
Synthesis of C3-alkenylated 2, 3, 4-trisubstituted pyrrole
derivatives through cyclization of methylene isocyanides and

Ene-yne-ketones

Shasha Li*, Gongruixue Zeng™, Xiaogi Xing®, Zhiheng Yang® Feiyun Ma® Boxia Li® Weiyan
Cheng*?, Jiankang Zhang*" and Ruoyu He**

 Department of Pharmacy, The First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052,
Henan province, China

> School of Medicine, Zhejiang University City College, Hangzhou 310015, Zhejiang Province, China

¢ Department of pharmaceutical Preparation, Hangzhou Xixi Hospital, Hangzhou 310023, Zhejiang

Province, China

Table of contents
1. Experimental (General procedures and characterization data for target compounds)
2. X-ray crystallography data of compounds (E)-3n and (Z)-3n

3. Hand *C NMR spectra for target products

1. Experimental



General. All reactions were carried out in test tube under air atmosphere. Chemicals were
purchased from commercial suppliers and used without further purification. Purification of
reaction products were carried out by chromatography using silica gel (200-300 mesh). High
resolution MS data were recorded on a Agilent 6200 Series TOF spectrometer. NMR spectra were
recorded on AVIII for *H NMR at 400 MHz and for *C NMR at 100 MHz. For 'H NMR,
tetramethylsilane (TMS) was served as internal standard (8). The spectra data presented here are
reported as follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, q
= quartet, m = multiplet), and coupling constant(s) in Hertz. For *C NMR TMS was used as
internal standard and spectra were obtained with complete proton decoupling. The starting
materials ene-yne-ketones (1) were prepared according to literature with modification (Chem.

Commun., 2017, 53, 640-643).

General procedure for the synthesis of ene-yne-ketones (1)
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To a round bottom flask, a mixture of S1 (10 mmol), AcOH (0.1 equiv), piperidine (0.1 equiv) in
40 mL of toluene was added propiolaldehyde S2 (1.1 equiv) and dry MgSO, (1.2 equiv). The
reaction was carried out at room temperature for 3h. After completion of the reaction, the mixture
was dried under reduced pressure to give the crude product. The ene-yne-ketone was purified by

chromatography on silica gel in 70-95% vyields.

General procedure for the preparation of target compounds 3

A mixture of corresponding ene-yne-ketone (0.5 mmol), methylene isocyanide (0.75 mmol, 1.5
equiv) and DBU (0.75 mmol, 1.5 equiv) was stirred in DCM (2 mL) at room temperature for 1 h.
The reaction was monitored with TLC. After completion, the solvent was removed in vacuo, and

purification of the crude product by chromatography with silica gel afforded target compounds 3.



Characterization data for target compounds 3
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ethyl 4-acetyl-3-styryl-1H-pyrrole-2-carboxylate (3a)
(E)-isomer: White solid; 34%; *H NMR (400 MHz, CDCl,): 6 9.39 (1H, s), 7.78 (1H, d, J = 20.0
Hz), 7.56-7.45 (4H, m), 7.35 (2H, t, J = 8.0 Hz), 7.25-7.23 (1H, m), 4.38 (2H, g, J = 8.0 Hz), 2.48
(3H, s), 1.26 (3H, t, J = 8.0 Hz); *C NMR (100 MHz, CDCl5): ¢ 193.95, 161.10, 137.88, 135.64,
128.68, 128.57, 127.63, 126.76, 125.38, 121.14, 119.47, 61.02, 28.89, 14.41; HRMS calcd. for
C17H17NO; [M+H]" 284.3350, found 284.3348.
(2)-isomer: Colorless oil; 34%; *H NMR (400 MHz, CDCl,): 6 9.71 (1H, s), 7.54 (1H, d, J = 4.0
Hz), 7.14-7.07 (5H, m), 6.72 (2H, g, J = 16.0 Hz), 4.14 (2H, g, J = 8.0 Hz), 2.32 (3H, s), 1.19 (3H,
t, J = 8.0 Hz); BC NMR (100 MHz, CDCls3): ¢ 194.01, 161.17, 137.35, 132.71, 128.35, 128.07,
127.12,126.92, 126.42, 126.15, 122.06, 120.69, 60.87, 28.53, 14.12; HRMS calcd. for C;7H;7NO;

[M+H]" 284.3350, found 284.3352.
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ethyl 4-acetyl-3-(4-fluorostyryl)-1H-pyrrole-2-carboxylate (3b)

White solid; 62%; '"H NMR (400 MHz, CDCl5): 6 9.68 (0.43H, s), 9.60 (1H, s), 7.70 (1H, d, J =
16.0 Hz), 7.53-7.46 (4.33H, m), 7.07-7.01 (2.81H, m), 6.82 (0.84H, t, J = 8.0 Hz), 6.68 (0.84H, q,
J=12.0 Hz), 437 (2H, q, J = 8.0 Hz), 4.16 (0.86H, q, J = 8.0 Hz), 2.47 (3H, s), 2.32 (1.26H, s),
1.38 (3H, t, J = 8.0 Hz), 1.20 (1.28H, t, J = 8.0 Hz); *C NMR (100 MHz, CDCls): J 193.95,
193.79, 161.24, 161.07, 134.32, 134.13, 133.60, 131.43, 129.97, 129.89, 128.26, 127.95, 127.02,
126.04, 125.14, 121.87, 121.12, 120.70, 119.25, 115.60, 115.38, 115.07, 114.86, 61.03, 60.89,

28.82, 28.43, 14.40, 14.14; HRMS calcd. for C17H1FNO3 [M+H]" 302.3254, found 302.3262.



ethyl 4-acetyl-3-(4-chlorostyryl)-1H-pyrrole-2-carboxylate (3c)

White solid; 69%; *H NMR (400 MHz, CDCl3): 6 9.55 (1H, s), 7.77 (1H, d, J = 16.0 Hz),
7.51-7.46 (4H, m), 7.30 (2H, d, J = 8.0 Hz), 4.39 (2H, g, J = 8.0 Hz), 2.47 (3H, s), 1.38 (3H, t, J =
8.0 Hz); BC NMR (100 MHz, CDCls): 6 193.88, 160.98, 136.49, 134.17, 133.22, 128.73, 128.43,
127.92, 127.90, 125.16, 121.26, 120.09, 61.07, 28.81, 14.40; HRMS calcd. for C;7H;cCINO;

[M+H]" 318.7770, found 318.7764.
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ethyl 4-acetyl-3-(4-bromostyryl)-1H-pyrrole-2-carboxylate (3d)

White solid; 53%; ‘H NMR (400 MHz, CDCly): 6 9.43 (1.39H, s), 7.79 (1H, d, J = 16.0 Hz),
7.54-7.40 (6.39H, m), 7.26-7.24 (0.84H, m), 6.95 (0.86H, t, J = 8.0 Hz), 6.77 (0.45H, d, J = 12.0
Hz), 6.63 (0.45H, d, J = 12.0 Hz), 4.38 (2H, g, J = 8.0 Hz), 4.16 (0.85H, g, J = 8.0 Hz), 2.48 (3H,
s), 2.33 (1.26H, s), 1.38 (3H, t, J = 8.0 Hz), 1.20 (1.30H, t, J = 8.0 Hz); **C NMR (100 MHz,
CDCly): 6 193.80, 193.52, 160.93, 160.75, 136.93, 136.41, 134.25, 131.67, 131.43, 131.18, 129.87,
128.39, 128.24, 127.81, 126.87, 126.04, 125.94, 125.22, 122.87, 121.41, 121.27, 120.89, 120.70,
120.17, 61.08, 60.92, 28.83, 28.41, 14.41, 14.18; HRMS calcd. for Ci;H1sBrNO; [M+H]*

363.2310, found 363.2319.
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ethyl 4-acetyl-3-(4-cyanostyryl)-1H-pyrrole-2-carboxylate (3e)



White solid; 48%; 'H NMR (400 MHz, CDCly): & 9.61 (2.1H, s), 7.95 (1H, d, J = 16.0 Hz),
7.64-7.60 (5H, m), 7.55-7.53 (2.11H, m), 7.42 (2.20H, d, J = 8.0 Hz), 7.18 (2.20H, d, J = 8.0 Hz),
6.92 (1.10H, d, J = 12.0 Hz), 6.69 (1.10H, d, J = 12.0 Hz), 4.39 (2H, g, J = 8.0 Hz), 4.14 (2.28H, q,
J=8.0Hz), 2.49 (3H, s), 2.34 (3.33H, 5), 1.39 (3H, t, J = 8.0 Hz), 1.19 (3.42H, t, J = 8.0 Hz); *C
NMR (100 MHz, CDCly): § 193.70, 193.16, 160.68, 160.49, 142.69, 142.39, 133.36, 132.39,
131.80, 130.72, 128.76, 128.07, 127.71, 127.16, 127.11, 125.80, 125.63, 125.34, 125.17, 123.23,
121.75, 120.78, 119.20, 118.97, 110.47, 110.14, 61.20, 60.99, 28.78, 28.23, 14.41, 14.15; HRMS

calcd. for CigH16N,03 [M+H]" 309.3450, found 309.3455.

ethyl 4-acetyl-3-(4-(methoxycarbonyl)styryl)-1H-pyrrole-2-carboxylate (3f)

White solid; 72%; *H NMR (400 MHz, CDCls): 6 9.57 (1H, s), 8.01 (2H, d, J = 8.0 Hz), 7.91 (1H,
d, J =16.0 Hz), 7.61-7.56 (3H, m), 7.51 (1H, d, J = 4.0 Hz), 4.38 (2H, g, J = 8.0 Hz), 3.92 (3H, 3),
2.48 (3H, s), 1.38 (3H, t, J = 8.0 Hz); BC NMR (100 MHz, CDCl,): ¢ 193.80, 167.07, 160.91,
142.58, 134.29, 129.93, 128.89, 128.10, 127.96, 126.55, 125.24, 122.10, 121.57, 61.14, 52.04,

28.80, 14.38; HRMS calcd. for C19H1oNOs [M+H]" 342.3710, found 342.3716.

ethyl 4-acetyl-3-(4-methylstyryl)-1H-pyrrole-2-carboxylate (3g)

White solid; 59%; ‘H NMR (400 MHz, CDCls): 6 9.42 (1H, s), 7.73 (1H, d, J =16.0 Hz),
7.48-7.43 (4H, m), 7.15 (2H, d, J = 8.0 Hz), 4.37 (2H, g, J = 8.0 Hz), 2.47 (3H, s), 2.35 (3H, 9),
1.38 (3H, t, J = 8.0 Hz); *C NMR (100 MHz, CDCl5): ¢ 194.05, 161.18, 137.59, 135.62, 135.08,

129.31, 128.92, 127.71, 126.69, 125.31, 120.99, 118.48, 60.99, 28.91, 21.29, 14.42; HRMS calcd.



for C1gH1oNO3 [M+H]" 298.3620, found 298.3615.
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ethyl 4-acetyl-3-(4-methoxystyryl)-1H-pyrrole-2-carboxylate (3h)

White solid; 65%; ‘H NMR (400 MHz, CDCly): 6 9.32 (1H, s), 7.66 (1H, d, J =16.0 Hz),
7.51-7.43 (4H, m), 6.89 (2H, d, J = 8.0 Hz), 4.38 (2H, g, J = 8.0 Hz), 3.83 (3H, s), 2.48 (3H, 3),
1.39 (3H, t, J = 8.0 Hz); BC NMR (100 MHz, CDCls): 6 194.00, 161.11, 159.42, 135.28, 130.70,
129.14, 128.01, 127.64, 125.25, 120.82, 117.30, 114.03, 60.95, 55.31, 28.91, 14.43; HRMS calcd.

for C1gH1oNO, [M+H]" 314.3610, found 314.3617.

ethyl 4-acetyl-3-(3-chlorostyryl)-1H-pyrrole-2-carboxylate (3i)

White solid; 54%; *H NMR (400 MHz, CDCly): § 9.53 (1H, s), 7.79 (1H, d, J = 16.0 Hz),
7.53-7.40 (4H, m), 7.27-7.20 (2H, m), 4.38 (2H, q, J = 8.0 Hz), 2.48 (3H, s), 1.39 (3H,t, J = 8.0
Hz); B3¢ NMR (100 MHz, CDCl,): ¢ 193.88, 160.99, 139.89, 134.55, 134.01, 129.78, 128.17,
127.97, 127.52, 126.56, 125.20, 124.94, 121.43, 120.90, 61.15, 28.84, 14.41; HRMS calcd. for

C17H16CINO; [M+H]* 318.7770, found 318.7774.
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ethyl 4-acetyl-3-(3-methylstyryl)-1H-pyrrole-2-carboxylate (3j)

White solid; 67%; *H NMR (400 MHz, CDCly): § 9.55 (1H, s), 7.76 (1H, d, J =16.0 Hz),



7.49-7.42 (2H, m), 7.37-7.34 (2H, m), 7.25-7.21 (1H, m), 7.07 (1H, d, J =8.0 Hz), 4.37 (2H, q, J =
8.0 Hz), 2.47 (3H, s), 2.36 (3H, ), 1.39 (3H, t, J = 8.0 Hz); *C NMR (100 MHz, CDCL): 6
194.08, 161.18, 138.08, 137.80, 135.76, 128.83, 128.52, 128.46, 127.83, 127.44, 125.29, 123.95,
121.09, 119.28, 61.01, 28.89, 21.43, 14.41; HRMS calcd. for C;5H1sNO3 [M+H]* 298.3620, found

298.3627.
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ethyl 4-acetyl-3-(2-chlorostyryl)-1H-pyrrole-2-carboxylate (3k)

White solid; 47%; *H NMR (400 MHz, CDCl3): 6 9.53 (1H, s), 7.89-7.75 (3H, m), 7.56-7.47 (1H,
m), 7.38-7.33 (1H, m), 7.20-7.16 (2H, m), 4.39 (2H, g, J = 8.0 Hz), 2.49 (3H, s), 1.37 (3H, t, J =
8.0 Hz); BC NMR (100 MHz, CDCls): 6 193.97, 161.13, 135.96, 133.56, 131.48, 129.71, 128.56,
128.19, 127.69, 126.89, 126.77, 125.44, 122.08, 121.37, 61.18, 28.83, 14.39; HRMS calcd. for

C17H16CINO; [M+H]" 318.7770, found 318.7776.

0]
I\

\/O N

H

(0]
ethyl 4-acetyl-3-(2-methylstyryl)-1H-pyrrole-2-carboxylate (3I)

White solid; 56%; '"H NMR (400 MHz, CDCls): § 9.38 (1H, s), 7.83 (1H, d, J =16.0 Hz),
7.69-7.65 (2H, m), 7.56-7.51 (1H, m), 7.25-7.17 (3H, m), 4.40 (2H, q, J = 8.0 Hz), 2.49 (3H, s),
2.46 (3H, s), 1.38 (3H, t, J = 8.0 Hz); *C NMR (100 MHz, CDCls): 6 193.85, 161.02, 136.95,
136.28, 133.66, 130.29, 129.11, 127.82, 127.55, 126.09, 125.52, 125.33, 121.25, 120.41, 61.01,

28.98, 19.98, 14.46; HRMS calcd. for C1gH19NO3 [M+H]" 298.3620, found 298.3624.
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ethyl 4-acetyl-3-(2-(naphthalen-1-yl)vinyl)-1H-pyrrole-2-carboxylate (3m)
Pale yellow oil; 45%; *H NMR (400 MHz, CDCls): § 9.48 (1H, s), 9.33 (1H, s), 8.43 (1H, d, J
=16.0 Hz), 8.38 (1H, d, J =8.0 Hz), 8.10 (1H, d, J =8.0 Hz), 7.87-7.77 (5H, m), 7.63 (1H, d, J =8.0
Hz), 7.53-7.44 (6H, m), 7.38 (1H, d, J =4.0 Hz), 7.32 (1H, d, J =12.0 Hz), 7.16 (1H, t, J =8.0 Hz),
7.07 (2H, t, J =8.0 Hz), 4.41 (2H, q, J =8.0 Hz), 3.97 (2H, g, J =8.0 Hz), 2.52 (3H, s), 2.20 (3H, 5),
1.39 (3H, t, J =8.0 Hz), 1.07 (3H, t, J =8.0 Hz); **C NMR (100 MHz, CDCl5): 5 193.84, 161.06,
161.05, 135.70, 134.22, 133.74, 133.52, 132.84, 131.72, 131.59, 130.42, 129.07, 128.39, 128.06,
127.98, 127.41, 126.44, 126.41, 126.33, 126.16, 126.11, 125.74, 125.72, 125.60, 125.27, 125.01,
124.41, 124.28, 123.93, 123.56, 122.01, 121.42, 120.97, 61.09, 60.79, 28.95, 28.30, 14.46, 14.09;

HRMS calcd. for C1gH1gNO4 [M+H]" 314.3610, found 314.3617.
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diethyl 3-styryl-1H-pyrrole-2,4-dicarboxylate (3n)
(E)-isomer: White solid; 42%; *H NMR (400 MHz, CDCl,): 6 9.44 (1H, s), 7.79 (1H, d, J = 16.0
Hz), 7.61-7.54 (4H, m), 7.34 (2H, t, J = 8.0 Hz), 7.26-7.23 (1H, m), 4.38 (2H, g, J = 8.0 Hz), 4.30
(2H, q, J = 8.0 Hz), 1.41-1.34 (6H, m); *C NMR (100 MHz, CDCl5): ¢ 164.31, 161.02, 138.01,
135.27, 129.26, 128.55, 127.59, 126.69, 120.62, 119.05, 116.13, 60.94, 60.11, 14.44; HRMS calcd.
for C1gH1gNO, [M+H]+ 314.3610, found 314.3617.
(2)-isomer: White solid; 42%; 'H NMR (400 MHz, CDClg): 6 9.47 (1H, s), 7.54 (1H, d, J = 4.0
Hz), 7.15-7.09 (5H, m), 6.69 (2H, g, J = 12.0 Hz), 4.15-4.07 (4H, m), 1.22-1.16 (6H, m); °C
NMR (100 MHz, CDCls): ¢ 163.88, 161.03, 137.75, 132.27, 128.25, 127.90, 127.24, 127.10,

126.87, 121.33, 120.41, 117.08, 60.76, 59.95, 14.20, 14.11; HRMS calcd. for C1gH1gNO,4 [M+H]"



314.3610, found 314.3614.
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4-allyl 2-ethyl 3-styryl-1H-pyrrole-2,4-dicarboxylate (30)
(E)-isomer: White solid; 34%; 'H NMR (400 MHz, CDCl,): 6 9.42 (1H, s), 9.78 (1H, d, J = 16.0
Hz), 7.62-7.54 (4H, m), 7.34 (2H, t, J = 8.0 Hz), 7.26-7.22 (1H, m), 6.07-5.97 (1H, m), 5.38 (1H,
dd, J = 16.0, 4.0 Hz), 5.25 (1H, dd, J = 12.0, 4.0 Hz), 4.76 (2H, d, J = 4.0 Hz), 4.38 (2H, g, J = 8.0
Hz), 1.39 (3H, t, J = 8.0 Hz); *C NMR (100 MHz, CDCls): 6 163.82, 160.98, 138.01, 135.41,
132.58, 129.42, 128.54, 128.04, 127.61, 126.74, 120.72, 118.07, 115.77, 64.79, 60.96, 14.43;
HRMS calcd. for C1gH1sNO, [M+H]" 326.3720, found 326.3725.
(2)-isomer: White solid; 34%: *H NMR (400 MHz, CDCls): 6 9.32 (1H, s), 7.56 (1H, d, J = 4.0
Hz), 7.12-7.07 (5H, m), 6.69 (2H, g, J = 12.0 Hz), 5.90-5.82 (1H, m), 5.28 (1H, dg, J = 20.0, 4.0
Hz), 5.18 (1H, dqg, J = 12.0, 4.0 Hz), 4.55 (2H, dt, J = 4.0, 1.0 Hz), 4.12 (2H, q, J = 8.0 Hz), 1.18
(3H, t, J = 8.0 Hz); *C NMR (100 MHz, CDCls): § 163.42, 160.88, 137.71, 132.50, 132.47,
128.26, 127.90, 127.28, 127.13, 126.90, 121.20, 120.54, 117.69, 116.80, 64.65, 60.76, 14.11;

HRMS calcd. for C19H1oNO4 [M+H]" 326.3720, found 326.3723.
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ethyl 4-cyano-3-styryl-1H-pyrrole-2-carboxylate (3p)

White solid; 62%; '*H NMR (400 MHz, CDCl,): 6 9.72 (0.62H, s), 9.63 (1H, s), 7.72 (1H, d, J =
16.0 Hz), 7.63-7.54 (3H, m), 7.39-7.35 (3H, m), 7.31-7.29 (1.6H, m), 7.23-7.16 (3H, m), 6.83
(0.6H, d, J=12.0 Hz), 6.63 (0.6H, d, J = 12.0 Hz), 4.42 (2H, q, J = 8.0 Hz), 4.32 (1.2H, q, J = 8.0
Hz), 1.44 (3H, t, J = 8.0 Hz), 1.34 (1.8H, t, J = 8.0 Hz); "*C NMR (100 MHz, CDCls): 6 160.41,

137.01, 136.72, 134.43, 133.05, 129.60, 129.48, 129.44, 128.74, 128.43, 128.31, 128.28, 127.65,



126.79, 120.86, 120.43, 119.10, 118.41, 116.06, 114.26, 96.41, 92.97, 61.42, 61.37, 14.41, 14.28;

HRMS calcd. for C16H1,N,0, [M+H]" 267.3080, found 267.3089.

\
N
H

methyl 4-acetyl-3-styryl-1H-pyrrole-2-carboxylate (3q)

White solid; 70%; *H NMR (400 MHz, CDCls): 6 9.58 (1.72H, m), 7.76 (1H, d, J = 16.0 Hz),
7.57-7.47 (4.81H, m), 7.36-7.33 (2.23H, m), 7.26-7.08 (3.6H, m), 6.73 (1.19H, g, J = 12.0 Hz),
3.90 (3H, s), 3.66 (1.81H, s), 2.47 (3H, s), 2.31 (1.78H, s); *C NMR (100 MHz, CDCl5): 5 194.09,
194.02, 161.55, 161.45, 137.87, 137.39, 135.72, 132.88, 128.99, 128.59, 128.30, 128.07, 127.74,
127.14, 127.09, 126.82, 126.50, 126.13, 125.24, 121.93, 120.85, 120.58, 119.42, 51.92, 51.70,

28.91, 28.48; HRMS calcd. for C16H1sNOs [M+H]" 270.3080, found 270.3082.
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isopropyl 4-acetyl-3-styryl-1H-pyrrole-2-carboxylate (3r)
White solid; 61%; *H NMR (400 MHz, CDCls): 6 9.51 (1H, s), 7.54 (1H, d, J = 4.0 Hz), 7.14-7.10
(5H, m), 6.70 (2H, g, J = 12.0 Hz), 5.06-5.00 (1H, m), 2.32 (3H, s), 1.15 (6H, d, J = 8.0 Hz); *C
NMR (100 MHz, CDCl,): ¢ 193.94, 160.59, 137.38, 132.61, 128.43, 128.07, 127.10, 126.57,
126.31, 126.26, 122.16, 120.96, 68.67, 28.53, 21.70; HRMS calcd. for CigH1gNO; [M+H]"

298.3620, found 298.3625.




tert-butyl 4-acetyl-3-styryl-1H-pyrrole-2-carboxylate (3s)

White solid; 64%; *H NMR (400 MHz, CDCls): 5 9.64 (0.53H, s), 9.53 (0.86H, s), 7.73 (1H, d, J
= 20.0 Hz), 7.55-7.52 (2.57H, m), 7.47 (1H, d, J = 4.0 Hz), 7.39-7.32 (3H, m), 7.26-7.22 (2.78H,
m), 6.68 (1.16H, g, J = 12.0 Hz), 2.46 (3H, s), 2.33 (1.73H, s), 1.58 (9H, s), 1.37 (5.25H, s); °C
NMR (100 MHz, CDCly): ¢ 194.12, 194.02, 160.80, 160.59, 137.91, 137.36, 135.26, 132.18,
128.54, 128.44, 128.07, 127.69, 127.55, 127.30, 127.08, 126.67, 126.39, 126.11, 125.76, 125.32,
122.56, 121.79, 119.84, 82.29, 82.00, 28.89, 28.54, 28.46, 27.99; HRMS calcd. for CygH,;NO;

[M+H]" 312.3890, found 312.3896.

benzyl 4-acetyl-3-styryl-1H-pyrrole-2-carboxylate (3t)

White solid; 60%; *H NMR (400 MHz, CDCl): § 9.58 (1H, s), 7.73 (1H, d, J = 16.0 Hz),
7.48-7.34 (9H, m), 7.30-7.20 (3H, m), 5.33 (2H, s), 2.45 (3H, s); *C NMR (100 MHz, CDCly): ¢
1194.00, 161.02, 137.74, 135.80, 135.36, 129.06, 128.74, 128.59, 128.53, 128.50, 128.14, 127.66,
126.81, 125.33, 120.90, 119.43, 66.99, 28.92; HRMS calcd. for CyH;gNO3 [M+H]" 346.4060,
found 346.4065.

2. X-ray crystallography data of compounds (E)-3n and (Z)-3n

Crystals of compounds (E)-3n (CCDC No. 2035580) and (Z)-3n (CCDC No. 2035586) were
measured on a Rigaku RAXIS-RAPID single-crystal diffractometer. The recrystallization solvent
was MeOH.

Crystal structure of (E)-3n (two molecular of E-3n)



Table S1 X-ray crystallography data of (E)-3n

Formula moiety
Formula sum
Formula weight
Temperature
Crystal system
Space group

Unit cell dimensions

\olume
Z
Calculated density
Absorption coefficient
F(000)
Crystal size
Theta range for data collection
Reflections collected / unique
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [1>2sigma(l)]
R indices (all data)

C18H19NO,4
C18H19NO,4
313.34
170 K
monoclinic
P12l/cl
a=12.567(3) A
b=14.560(3) A
c=18.343(5) A
alpha=90 deg.
beta=104.458(8) deg.
gamma=90 deg.
3250.0(14) A®
8
1.281 glem®
0.091
1328.0 mm™*
0.42>0.32>0.26 mm
2.293 t0 27.075 deg.
5830/7119 [R(int) = 0.0486]
7119/73/448
1.048
R1=0.0486, wR2 = 0.1159
R1=0.0603, wR2 = 0.1244




Crystal structure of (Z2)-3n (six molecular of Z-3n)

Table S2 X-ray crystallography data of (Z)-3n

Formula moiety
Formula sum
Formula weight
Temperature
Crystal system
Space group

Unit cell dimensions

\olume
Z
Calculated density
Absorption coefficient
F(000)
Crystal size
Theta range for data collection
Reflections collected / unique
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I>2sigma(l)]
R indices (all data)

C18H19NO4
C18H19NO4
313.34
170 K
monoclinic
Plc1l
a=12.8475(15) A
b=13.2526(18) A
c=29.650(4) A
alpha=90 deg.
beta=102.492(5) deg.
gamma=90 deg.
4928.8(11) A
12
1.267 g/cm®
0.090
1992.0 mm™
0.36>0.26>0.23 mm
2.236 t0 26.430 deg.
13233/18954 [R(int) = 0.0663]
18954/35/1266
1.035
R1=0.0663, wR2 = 0.1595
R1 = 0.0990, wR2 = 0.1870




3. Hand *C NMR spectra for target compounds 3

s g = =2 g =2 3 = s
g 8 &8 8 8 8 § 8 8 88 8 8 8 8 8 8 8 3 2 2 2 2 = 8 5 2 2 2 2 o 2
58 5 3 8 85 3 8 g 38 B g E 8 B §5 8 = I I I . A . . - R - - s
L N L L n 1 L 1 J. L 1 { L 1_1 1 1 1 ﬂ H ,ﬂ L L L L L L L 1 1 1 1 ,,
[ L =

00— = F2 P

oo 100

"
re
e 1—
L e
Z
Foe] 68'9E—
- A
L=
-
8P I— Fosz L b
=)
M 0 19—
[ 0098
mm.tw
| = [T
= 207

32

MN,H = Fooz |
133 o a 4%

( = \
Q
) )
Lal Q
LPE1T~

5Tt F2 prizi—

(A BECL][=—

9z L £9 LTI
Py Fa LSREl

SEL POEEI~

9L B LE1

Sk J Fe

054 .

1o w01
. E861

s hﬁ "

95— Feeep

SLL— Fool

oxe Lo

=
Fe
o
Mo
6E6— - 860
F F o sGEal—

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

120



s 2 g =2 =2 2 =2 =g s o s
g 8 8 8 8 8 8 8 8 8 8 8 8 8 & 8 8 2 s =2 8 = & s s =2 &8 =B 2
g 8 5 3 5 85 z 8 2 g 8 g 2 8 2 35 £ = = g g & g2 &2 g =z 5 7 2
L 1 1 L f 1 1 I T i I e 1 i 1 I L T Il n 1 i L T 1 i 1 | I T !
00— — e
00— -
-3
[ARAE -
LT L=
QEW FO0E
1
Fa SR -
pi1—
L=
e A
20 —=, E86C
"
[
L=
- L800— -
"
[ en
4% | =
£ P
——
e FE0T
L -
[ =
-
.5
et~
i 7B
v
Ei Fa —
(=]
o "
= | o 69021, |
G © 90'2e1— -
g9 V s19z— i
HE.M ] 3
£Lo 1eesl— -
R Tt
[T SELEl— =
L e
W07 Faos | 7
o/
"
£5E =660 [
s i
L e IANEIE =
&
L
o
L e
=
()
o 10p61— R —
16— |A, Wa_o

180 170 160 130 140 130 120 110 100 20 80 70 60 30 40 30 20 10
il (ppm)

190



g 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 o o o o s s 8 828 &8 &8 8 8 8 =2 2 = o 2
R EREEEEEEEEEEREEEEENR B = § § £ ® = & =5 g § § § 3
AP P LS AR LR LT GNP PR MR WA W n I n I YW A P VNP SR | | I | I 1 1 1 n T hd i | i
ono-—
00 0— F2
"
Lo o
811
0z 1 |l =
el - P8
9CIN¢ - ERE e
mm.q Fooe|
oF 1 =
pei— -
=)
M
Tri— Fol
LT —., Fuweln
L =
-
L~ [
. - PO
M.W beid
iy o Cap— L= 98 L
8yt = M oz
SER Fooz
9g Y © Fa
80 & o ,m
op't {
il e
EERA =
Lo~ / e
Ll B
< )
-]
Prszli—
- PO9ZL
T e 919zl
— fE0 ezl
T el [ S6'221
Freop 2 81'821
9’8zl
Feer | 2 TepsEl
= Frot
Fa (191
¥z 191
e
L=
=
09 6 T s
S6 6056

10.0

SEEsl

180 170 160 130 140 130 120 110 100 90 30 70 60 0 40 30 20 10
il (ppm)

190



s =2 = o =
mmmmmmmmmmmmmmm m g 8 8 8 8 8 8 8 8 8 8 8 8 8 o o o o 2
2 T 2. 8 =z 2 2 28 =28 8 2 g8 g2 8 =2 ~ S &4 8 82 &8 8 3 a & 2 & 2 ood =2 3 3 8 7 a9
1 L n L L 1 J, 1 1 rW 1 4 1 L 1 ﬂ k L L L 1 L L 1 L L 1 1 L 1 L L rﬁ 4 1 __

Do—
000— _ L
e OF I— L
L=

981 -

MEW
' T Face | 18'88— \

F-
0L1— -
L=
~
e— Evez L2
F2 L019—
[
o 27
=i u
| o VT il
. - SELL

o - )
3¢t al = T&w-j.
oF't e P

d §
L=
am
o F -
| = GU0E1_
@ oz 1z1—

gt N 9r'sgl—

GE L e i
s BEEI=
9L - cresi
8p'L; Fe 6k'951
05" L
05" 661
186 Foce | o
Si—= ot
6t L o

=
86'091—
M
L =
o
SS6— T&.H Mo

BIEOl—

130 170 160 130 140 130 120 110 100 20 80 70 60 30 40 30 20 10
il (ppm)

190



] =2 s ] o = =) = =) =) o =) = 2 =] ] = 5] = 5] = =1 =
“ o = 2 2 H 2 2 2 3 2 = = - g 3 o 2 a = o S H
1 L L 1 J. L 1 ,ﬁ L 4 1 L 1 7_ 4 L L ' L 1 L 1 L
ouo— 7 Fe 00—
8L ° 8111
0zl 1wl
441 | =
9’| -
il @N Fogl
[ Feoe 8L,
Fo €888
o —
L=
o~
£0g— —————————, Ful
87— — Fooe b
L=
-
-
oo
£t
ST
Aty © Vs gz B
8l — =
SEb—g Fioe
£t N © Mz Lozl
L Q ,m Lozl
or' v o F
L om g
¥ 12
4 . L8721 =
F o 4=l e}
PESEL
(L V
=) 9
e 892
1942
2=l &
99 Lo ee 8Ll
QEW - mem LR GEL
PEO
cm.cV Fogo | =
vTE— =0
St = o |
Feeo 2 6981
Lil— r Fol
e L= SL091
- L6091
e
L=
o
£ G— J
T\uw Lz 75E61

OREnl

180 170 160 130 140 130 120 110 100 90 80 10 60 30 40 30 20 10
il (ppm)

190



=
= s g 2 g s s 2 2 o m 2 2 g g 2 2 g = 2 2 m
(=3 v =1 wy =1 Dl =1 sl = =1 — =] > S S =3 =3 =) (=3 > = —
T T T T T T z T T T T T T T b hd T T T i T T !
00— -—3
oo o— - Ls
Sivl 1 1
Lo 1 e
1
i
— £E8E~ L ]
Eat] e Be8e B 3
e =90 |
QEN L
171
=)
=
pEE— e
6T FR6GT [ L
L=
-
~
e
1y
£l
Sit FS
. -+
f3cs o7 TV Tz B80T
9ErE — Bz ., =
EDae o Fad= o ZT
filde m =
: o
e M | on o
" =t
PLOLL w
U F o hw_c:“v
= hm,.m:/. o
- SLOZIAL z —_—
Fe £T6T1~ e
PESEI— —
ossTIF B ——
199 Fa lifd] ——
CEV Eart L0821 T
06 9— Ol
Fe BEEE] \-
{ri— 0T 59 Trl
£
. 02T | w
PSS =z
Nigs
€t + B0l | o sk gl
Lo 29091
Fa
L=
=
. re
196 T: 4 BN RN =

oLEsl-"

130 170 160 130 140 130 120 110 100 o0 80 70 60 0 40 30 20 10
il (ppm)

120



= = = s = s
2 2 2 g 2 2 g 2 2 5 2 g 2 2 2 2 2 2 g 2 g
2 d H a 2 o E) il o o = 2 2 2 2 2 - 2 = = =
T T T T 7 n n N T f 1 T i f hd 1 | T i n T i
10— —
00— e
e 8ETI— -
L=
el -~
mm.Lr
o' 1= Fooe | ORRE— -
F =
89 [—
L=
~
BT 66T |
F o FO'EE— —_
L=
- FITo— —
Fa
189¢ i
o6 E— Feot | =
SEp =+ SEEE
e )
65t Faal | n
¥y -
.E
al-]
L=
- 5121
4 orzzi P -—
- prsEl— . ——
e orser— 1 T
aTPEl— -
L=
=
LU 85Tk 1— -
Ll SE0 | =
1§ we [ 7
6 [ | o
5617 a1 [ =
0% 16091— —
'S -
[ e L0 91— —
L=
o
Lo
56— Freo[ =
08 £61=— —

10.0

180 170 160 130 140 130 120 110 100 o0 30 70 60 30 40 30 20 10
il (ppm)

120



s =2 2 = 2 2 g =2 s
2 8 88 8 8 8 § 8 8 8 8 8 8 8 8 8§ 8 g g 8 8 8 8 8 8 8 8 8 8 8 8 8 &8 8 o g
S 2 20 2 o2 zZ 2 82 2 82 8 2 58 2 5 2 - o5 o 2 8 2 o9 2 % o7 o 2 4 a 95 = 2 "
n 1 1 L n 1 L N J, 1 L 4 1 L L 1 L ﬂ 1 1 L 1 1 ,W 4 L L I_a L 1 L 1 L L L L $ !

oulo— J FS 00— -

"
r=

T l— e
L= :

E = GElE— -

mm}.

01— T Fooe |~ 16'88— —

—
€9 [— -
L=
(]
SEE— 66T
L= Fooe -7
F= 66/00— —
&
L =
p
PER
€Y mu .
= oz
8t Lo~
ory -
g s
Fom
=]
ov
S8 11~ ——
Fa 66021— -—
lesel— _ —
—
Fe 1oz
BUCEl—F —=——=
) %,E% -

i.h 4 2 66 EEL

9L ——= a6l
z

Efi— - Fooy |

1i— —= 1ol

coi

L2 8U191— ——3
M
L =
o
e— - 960 |y
Facol 5

SOpal—

180 170 160 130 140 130 120 110 100 90 30 70 60 30 40 30 20 10
il (ppm)

190



2 2 2 2 2 2 2 2 2 g 2 g 2 S
g 8 8 & 8 2o 2 =2 =2 2 2 2 o = 2 g2 8 8 8 8 8 8 8 88 8 2 28 &8 8 888 8 8 8 8 g 2
Iz 2 = =2 82 23 & &€ & g &2 =3 = - S8 2EE B0 I odzx=2 22 282 38 83 8 2 = oA
N 1 1 I L T i 1 b 1 T 1 | I T ! L h I L 1 1 1 n L I 1 1 P AP TR I i | T Tt L
4 F2 00— ||w
ra
£ l— -—F
L=
LET -
QEW
1= Eset| o, 1682— —
65 1— -
L=
"
8 L— = Frec} o
3 1£66— e
Fa S6109— -—
Lo~ 3
-
gy o, _J L~
€8 E— FO0E J
=)
[«
SEP m
L&y Feoz
BE Lo
o'y 4,m P
L =™ 1
Lo w
” £0pI— E
0£L11— o/ -
L= T8 0T1— -—3
=
STEEl— —
10821— O B ——
[ e
ahro 8TSE1— -—%
060 Fooz| o
- 1
=
L Privi
o
GpL i Tr sl
05" & > —
oot Fa 1191 T
P9 L
89L .
b i
L=
o
a— Foso
[ = 0obel— -

180 170 160 130 140 130 120 110 100 o0 30 70 60 0 40 30 20 10
il (ppm)

190



§ § &8 &8 8 &8 § &8 g2 g8 g2 =@ g 8§88 2EE8SEEEEEEEzz2 28 g &
a B
A U S WS M G (R A P SRR T. T . T r.r YT LT LRELRLTLT P
: g 00— L
0o0— L=
re
I 1—
L=
me -
el
W = Feee| o, 88E—
91— —
L=
-
. _J )
shi— = Fweln
=
[ S19—
| Lo
ol
| = E
Seh - e
I A _ .
ot i J W00mun
. — -
[t2e ,m iy
/ =} Fom —
) e
L = 06021
veL © (o
i P bEl— o
bTL | -
oT'L © 30621
op'L 10pET—
mmm Fe 6868l
& _
-
[ 1 o
5L = = Leial gt
i = Fot
1we! | =
- 66 01—
L
«
L=
=
€56 - %Eo-m

88E6l—

180 170 160 130 140 130 120 110 100 20 30 70 60 30 40 30 20 10
il (ppm)

190



2 g 2 g 2 g 2 g = 2 g ] g 2 g ] g 2 g ] g = 2
- =3 [l > a) =] a3 = =3 el =] . =3 vy =] e > vy =] w = = w
T T T T b T T T T T bl b T T T T T T b i T T T T !
00— =
()
[ = .
i el
9z | L=
Lol - rE— -
anm =00
Fooe |, GRRE— -
91— -
L=
o -5
96T~ FEGT
e bpaz | o
]
- 1019— -
008 Lo
[ ~ .
[l == Fleo
Soe F2
ser “ 7
9L — nllﬂ €0z 3
8P Feoe | q
o' =] -
< &
L= Gl-7.-
] —
| - 8611 o
- a0 121
. st <
90°L - 67521
BOE e [ axal =
e £5 £21 -
gt . ok 821 i —
S Fe a8zl =
9T L £9/821
HEL - 90581— -
4L il ol 08451  a—
i ] 30861
9 L 961
&L Salp
-
vil—7 Faao
sl -
[ e
81 191— -—
.
s
L=
o
-
GG H— *wmd [ =

BUPEI—

180 170 160 130 140 130 120 110 100 o0 80 70 60 30 40 30 20 10
il (ppm)

190



2 5 2 5 o 8 2 = 5 2 2 8 2 o
-y =] wy =] (=3 - =) wy > el =] ) =] (=3
ki T T T i T T T T T b b T T i
00— _ | =
= 10—
Fe
GERI— -
L=
Se1 -
e Lr FEEO
6o 1t Fooe |
- £8RE— =
99" |— -
L=
[
Fozo
6 i— Fusel 3
L=
-
"
e
o“ TV zm L=
- —_— -+
mmw Fozo
o'y ] / < dllnjn Feat | 7
[ =] w
W Fom @] ZT
s o
@]
ra ! V
-]
0T L mc,mm_V
9T ¢ - PrSTI—
[y e L9zl
95 L 68921
BE' L 69'£21
e F e 61'821
i L Fuwe 958zl
15°¢ Ips0 1£6zl
L oot -2 8 €1
SEiF T .
set 9Lt |
601 o e
P £1191
6% -
e
L=
=
£5'6— TUS S

LEEGT—

1380 170 160 130 140 130 120 110 100 20 30 70 60 30 40 30 20 10
il (ppm)

190



°
s s s s s s s s s g g g g g g g g g g H
g H H H g g g g g E g g g 3 g 2 2 = S =
ﬂ% L L 4 1 L 1 L L 4 L 1 1 L ,ﬁ 1 L 1 L L 4 H
w 00— -
00'0~— F2
L .
1 s 91— =
STl 86'61— -
oz | | =
LET ) -
sEl - Taso S6RE— -
65 1— - s
L =
-
9T 34 .
HAAS 68T [ 7 3
mm.m\\w = wmm.o
5T 670 |M
Lo 10°19— =
e 3
3
(g E
b
e _ . 3
gL E8F0
. i
8¢
or' roe|
el + 4@
" T zz
o —
Q
Lo~ =}
10zl V E
=]
Fe AT
£E6E1—
[ e szl
95 €81 —
8T9EIF
o e
- Fe SE9El
Fbe - I og
. 1
§t—= Fogl o
95 i p Fi61
oL 001
60°¢ L ,
s 20191
=3
(]
o
L=
=
8C6— Feso|
Mo

SREAI—

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

190



s 2 2 s 2 2 s = 2 2 = 2 = 2 = s = s 2 o 2
=) ) =] ey =] ) =] =3 =] ) =] - =] wy =3 ey =] sl =3 = W
T T T ki 2 T T ‘T e ‘T i i T T T T b T T ‘T T L
o0 — e onig— —
M= 601 L :
ol oyl —
8.)" L= g
80— Bosz | = 3
9Tl . 0£8T~_ %
i 68T =
i 3
£ 1—
Lo =
prT— I
0T z— Fsaz 3
- 3
5T— F66T [l
L= =
-
e
PEE
96 )
86 Fooe | <2 1
666
6L ooz - g
9}% . L6 0T -4
e ,m izl e
| 10zei = ZT
Les 955zl =
£6'€Z14
STHEI \ °
Lo~ 1P FEIA <
"~ 10SZ1
LTsTl
L | = 09§21 —
600 L = 2ESTINE s
oy peszi<f _ T
9T L " 9zl T
oL e 919214 =
scl ££0714 —3
o - s ai
i re PP OzI
v .g £
G.im 6E8EI
-
5L Fe
=
Vs - SO191 3
p 7 - F e a0 191
LEw o 3
608 F o 3
17
S
L=
=
£E6—
Spip— e PR EGT—

30 70 60 0 40 30 20 10

20

180 170 160 150 140 130 120 110 100
il (ppm)

120



2 2 2 2 2 2 2 2 2 2 2 g = =
5 8 8 8 8 8 8 8 8 8 B 8 8 8 8 8 o o o o g g2 28 8 8 8 8 8 8 8 8 £ 8 8 8 8 8 8 8 8 8 8 2 2
€ =2 % 85 =% 3§ =& 3553 38 88 G Z §8 258835338 =2 333z 2 22 8 2 2 8 S 3
B AP AP PR P LTI LA LAY WM VT VI 1 1 1 N f T T T T L | I 1 I I f f 1 n N T T T A P | f (P S (P |
00— s 4
"
[ =
vEL PrP1—
og'| |l =
8¢'1 -
681
1715 Fas| .,
99 1— -
L
[
"
e
L
-
. 1109~ .
e #609-" -
6T
1 L=
ey ) el
mmw WMﬂ wm_w PO'LL
- b= reeef
Ly ° 4,m oEeL
65
or't - L o™
/ o L w
a (=
) 2 Ny
wy (=]
— Fa W
WMM 91— q ]
be SOG11— V —_
7600 e 29071
PEL _ Ol GO0T]—
og (& Iﬁ Fooz | se ce1<F - E===
bei— Foov [ =
Lo S 3 £E8E1- -
12/ - 10851— -
F e
o
L=
=
20 191— ——
et - ﬁmqo | - 1£bo1— ——]
=

130 140 130 120 110 100 90 80 70 60 30 40 30 20 10
il (ppm)

160



=
g &8 8 8 8 8 8 8 8 8 8 B8 B8 o o o o g m s = g g = = 2 = 2 2 m
I8 23 2 3 5 5 =2 8 3 8 5 8 8 8 § G = s 2 = & g = = 2 g 2 =
B A LR VP T T n n i 1 1 i .7 | T L f i 1 i 1 hd 1 i i | I T i
00 _ L= 4
L0 -
STl ° el
Mﬂ - oz
0zl ol 7
=ik - T
gl WV L~
P 1— -
L=
~
-
[ e
L = 3
-
- S5 .
. [ en 94097
6i'p
i L=
iy |ﬂ Fose| =
£l 0494
£ 9 L~ 3
Siy ) PELL
= | o=
L~
v o & E
L= T
o (=]
PO Lo v
195 - _ .
0o - = Fooz S0°E 11— —
pLo L= W oTl— - —
oLz Huwm.q h ez
ere B 189T1— _ E
" “w
5L Foot [
oy [eTEl— - ]
ks SLLE1— -
M
L=
=
£0'191— —
ihe— = _va.o Lo S8 £91— —g

130 140 130 120 110 100 20 30 70 60 0 40 30 20 10
il (ppm)

160



16000

s = o o =
2 s 8 =1 g 5 2 g 8 = 2 5 g B 2 g g 8 8 8 8 8 8 8 8 8 &8 8 82 8 8 8 o 2
b X o 2 = 2 2 2 = 2 2 S a8 2 - s 8 2 2 8 8 4 2 7 3 &8 & 4085 o =2 R -
L 1 1 1 L L .w, 1 1 ,ﬁ L 1 L 1 L ﬂ ,_ 1 1 1 1 ,ﬁ ,ﬁ 1 1 1-1 Aﬂ L L L L L n L 4 V_
noYr— |.m
00'0— Le
rs
£ 1— -—
L=
LET -
QEW
w1 = Fooe |
91— -
=
e
Fa
L=
-
L~ 9609— ¥
-
GLPI— -
L=
SEP 3
16 1494
P Fooe | £0°LL: =
v w =g SE'LL
9oy 7 Fooz m
b [ o=
L T = 660
s - .
E.m\ & B 60|
'S L
o \ ==smpm o503 i
86 ] oL
009
10 L~ o
e © LLS TN —_—
P L LU~ v I
. 86'811== T
9T L= mm—
oL wil” zeogl”
- b
PEL 10t pLozl— - — ]
PEL \\J | g ES
GG _ i me” 85 TE1— -
85 ) - IPsEl— -
65°L F e 10851— ——
2
9L
08 -
L=
=
o E— - _va.o - 86'091— -—
ol 78 €91 — —

130 140 130 120 110 100 20 30 70 60 30 40 30 20 10
il (ppm)

160



2 2 2 = 2 2 2 5 8 2 2 2 2 = o 2 2 2 8 5 2 2 2 = 2 2 o 2
coo° 8 8 w2 0% % o9 R o4 0§85 o= R " a 2 g 2 e 2 a = B = 2 "
I 1 hd hd i 1 T i i 1 h hn 1 1 1 T L 1 1 T T 1 i | | 1 1 1 L
i L 00—
000 Fe
"
[ =
11—
91’ L o
811 L
oz 1F = F66T
51— -
L e
-
-
[~
59T—| -
L=
i
- 9L 09— =
e
SOPI—
ory | o
m_w - Fooe | ™ 609¢
. 1o
STy e il
(o = Fwi .,,.,m o
32
955 p\ F
61 Fa
0TS o 660 &
LTEF £01
it e i
SR'G — 7
98'S — o = Foot| B
885 d re =
065 V =
§ - a
MW.WW Fa 08911
1097 = Fest 60'L11—
. (SRS
wm.m E L= ozizd
— oLy
I 06'921—
9T
(] e
95" - ool | e LPTEl—
IS¢
16 e81—
Lo
o
F 3
L e
o
88091
16— - Fsso Ty Evl—

130 140 130 120 110 100 o0 80 70 60 30 40 30 20 10
il (ppm)

160



s g 2 2 s g s 2 o 2 2 g s 2 s 2 s 2 2 g s = o 2
= ¢ 2 = 5 5 5= = B2 F g g v B 5 5 B g 5§ 5 =2 =2 2 5
T T T T 7 T 1 1 1 T | e T 1 . T i I i | f 1 n 7 T i
00— \‘llj_ =3 3
(]
6Tl °
[ sTFl _
mﬁ F2 [sal
2 = G T
- Eoog | E
WEN ] -
3
L=
- [
"
e
L =
-
] s
4
. L£19 —
mmw - w19
e m 3
ser Gl —_— e 0
prod ZT - Fooz | n
[T% — T E
e ,m
Spp \ o L
g b
€
L~ e
16'56— -—
L= 96— © -4
o (=]
199 Lo M
sorot reso | °
1597 650 40T
ww.@.\ w2 wo.w:./ 4
91 L 191 :n.m:./. —
81 26T aratl-= e
614 Ewoe [ 2 shOzIF —
Te Frot 980z
L 0ot 6£971— e —
9z ¢ ks 8z e
6TL SOEEI— R —
184 SPpEl I
LeL Fa [23:8
68 1oesl
L=
=
Lo ¥
6 wa.o 2
Rl - ‘
wo 1P 091 —

130 140 130 120 110 100 20 80 70 60 30 40 30 20 10
il (ppm)

160



g 8 88 88 8 8 8 8 8 =2 =2 o = 2 g 8 &8 8 8 8 8 8 8 8 8 8 8 2 8 o g
5 2 4 7 =2 =& I 49 = g 2 g 3 o 2 C° 2 8 g 8 o2 % 7 L2 405 4 =2 2 "
T 7 b G 1 n n n L L e i I T L i L I i hd f I i 1 i 1 I | n 1 1 T !
00— —
opo— hd
3
=
2RI, L
2 16582
£l —
=
-
I - I SE:TAlY
e— Froe poo 5
=
-
996— - Fui| © E
06'£— Fooe | o =
1 <
<
-
o.m 3
b 4
b,
61l
o 85'0Z1
° SHOLI -
0L €6 12—
£L " PTSEI—
yes © [FiACE
1ot Fern 88 7E1— T
= TLsEl— -—
qoL— Fooe| © 68 L1 -
- P L8151
50— Feyp o
B L— Fool
el =
I
o
=
=
86— o

%wn;

100

U kel
alreel

180 170 160 130 140 130 120 110 100 90 30 70 60 30 40 30 20 10
il (ppm)

190



= = = = s g = s
2 2 2 2 2 2 g g g g 2 2 =2 2 =2 2 B2 2 g B2 g B2 g B2 2 g
= 2 2 2 2 2 3 E a2 2 o 4oz ooz - 2 s 2 27 2 8 2 =
1 J. L L ,W L 4 1 L L ﬂ L L L L 1 L 1 L 1 4 1 I_1 L 1 L ﬂ 1
) o 10— -

00— s

ra
o L= 08 18— S
EIN Foos o
. £6°8E— -
. M-
€9 1— =
L=
~
ET— Feoe
— =gol &
L=
i
L989— o —
[ e
L=
=
-
=

00§ ,m

oS

e |.|le Fool [ oem

SOE 010

90E:

- 96 DE 1, .
[ e arzzl— -—
9z az1— _ —

999 | - -

699 Eio A 19zEl— -

Leo-F e el i

ib 8 LE1

L=

ol'i— Tuo.n I

el

£ L

S L

o 65 09 == =—

e

L=

=l

56— Feso b =
beE61— -—3

180 170 160 130 140 130 120 110 100 o0 80 70 60 30 40 30 20 10
il (ppm)

120



s 2 g g g = g g = s
s 8 8 8 8 8 8 8 8 8 8 8 8 828 8 82 o 2 g 8 8 8 8 8 8 § 8 8 8 8 8 8 8 8 8 8 3
5 2 £ B 3 8 5 2 7 38 & 2 4 8 o =2 2 kel 2 S 2 o2 oo4d = 22 8 2 8 2 3 2 &8 = -
L 1 1 L { 4 1 1 4 1 1 L 1 1 L 1 1 ﬂ __ 1 n N L L 1 L 1 1 1 1 1 (ﬁ L L L L L ﬂ ,_
00o— _ Ls
rs
L=
- 66'LE
9'8E RS SN I E——
L8 1— - = 4TS | PSRT —
= o6 [ - 688
691" L
=
M
£0E— =601
I T— = = Fe6T |0
L=
-
e
=
Lo 0078
- 6778 -
& Tz
— g
VS H
o} =
& Mo PRI
6L'121
= 95221
Fn zEsTl
91521
- 19z1
F3 65921 -
L9921
L~ sgpt L
o G -
009 For o7 6g1— -
oo 80T o ot 81 —
80'L— %m_; = 16'££1
jre e
[AN'2 ws._.cc_fuj
o LYl
9ri 001
PT L - .
Lo 65'091
9T = } —
de s 08091
[ | -
o
£S5 L
L =
o
£5' 6 980 - o
PO g0 zo'pbel

Zlrol

180 170 160 130 140 130 120 110 100 90 30 70 60 0 40 30 20 10
il (ppm)

190



o mon TomwToo = 0 = 2
v e R N R R RN L] =t o <]
@ e i o = <

S| ———— | I

]

) .
- L L o
=) o oo — o =
= & gihin & =]
f=] o oo — M

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

9.3 2.0 8.3 8.0 13 7.0 6.3 6.0 3.3 3.0 4.3 4.0 33 30 3 2.0 13 Lo 0.3 0.0

il (ppm)

2 o Tow lgm oo

[=3 L=} ~ 00 W Oy o o

= = oo 0N oo < ]

2 9 gEe (34 8 8 &

e LR |
1 | 1

| | ii " 1

| | |
T T T T T T T T T T T T T T T T T T T T
190 80 70 60 30 40 30 20 10 o

180 170 160 130 140 130 120 110 100 90
il (ppm)

23000
22000
21000
20000
19000
18000
17000
16000
F15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
3000
4000
3000
2000
1000

1000

+-2000

F15000

14000

13000

12000

11000

10000

+9000

8000

7000

6000

3000

4000

3000

F2000

1000

F-1000




