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I. General Information

All solvents were purified according to standard methods. Melting points were
recorded on a BUCHI B-540 melting point apparatus. NMR spectra were recorded for
'H NMR at 500 MHz and for **C NMR at 125 MHz. For *H NMR, tetramethylsilane
(TMS) served as internal standard (0 = 0) and data are reported as follows: chemical
shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet),
coupling constant in Hz and integration. For 3C NMR, CDCl; (6 =77.26) or
DMSO-Ds (6 =39.6) was used as internal standard and spectra were obtained with
complete proton decoupling. HRMS data were obtained on an Agilent 1290
HPLC-6224 Time of Flight Mass Spectrometer. The X-ray diffraction measurements
were carried out on a Rigaku RAXIS-RAPID single-crystal diffractometer. The
reactions were monitored by thin layer chromatography (TLC) using silica gel GF254.
1, 2-diaza-1, 3-dienes (DDs) and sulfur ylides were synthesized according to literature
procedure. -2
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Il. General Procedure of 3

General Procedure of 3a-3s: A mixture of linear 1,2-diaza-1,3-dienes (DDs) (0.5
mmol, 1.0 equiv) and sulfur ylides (1.0 mmol, 2.0 equiv) were stirred in 5 mL DCE at
25 °C for 12 hours. After the completeness of the reaction (monitored by TLC), the
reaction mixture was then concentrated and purified by chromatography (silica gel,
40-63 ) to afford 3a-3s as desired products (3a was carried out when 1 mmol (or
5.5 mmol ) DDs and 2 mmol (or 11 mmol) sulfur ylide were used).

General Procedure of 3a’: A mixture of linear 1,2-diaza-1,3-dienes (DDs) (0.5
mmol, 1.0 equiv) and sulfur ylides (0.5 mmol, 1.0 equiv) were stirred in 5 mL EtOAc
at 25°C for 12 hours. After the completeness of the reaction (monitored by TLC), the
reaction mixture was then concentrated and purified by chromatography (silica gel,
40-63 |um) to afford 3a” as desired products.
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@)

0
HN—X
N

HN ~~cooEt

3a’




Ethyl 3-benzoyl-2-carbamoyl-5-methyl-2,3-dihydro-1H-pyrazole-4-carboxylate (3a’)

Purified by column chromatography (silica gel, Pe : EA = 1 :1) to afford 3a’ as a
white solid. 47mg. 31% yield. m.p.: 235.1-236.7 °C. *H NMR (500 MHz, DMSO-Ds)
5 10.06 (s, 1H), 8.18-8.02 (m, 2H), 7.68 (d, J = 7.4 Hz, 1H), 7.57 (t, J = 7.7 Hz, 2H),
7.42 (s, 1H), 6.77 (s, 1H), 5.81 (s, 1H), 4.25 (q, J = 7.1 Hz, 2H), 2.15 (s, 3H), 1.24 (t,
J=7.1Hz, 3H). ¥C NMR (125 MHz, DMSO-Ds) 6 188.69, 167.50, 156.55, 148.06,
142.88, 137.39, 134.11, 129.36, 129.00, 121.87, 61.09, 14.40, 12.49. HRMS (ESI):
m/z calcd for C15H18N3O4 * [M+H]": 304.1292, found: 304.1294.
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Trans-1,2-dibenzoyl-7-methyl-4-oxo-5,6-diazaspiro[2.4]hept-6-ene-5-carboxamide
(3a)

Purified by column chromatography (silica gel, Pe : EA = 2:1) to afford 3a as a
white solid. 278 mg, 74% yield (the yield of 3a was 68% when 5.5 mmol of DDs and
11 mmol of sulfur ylide were carried out). m.p.: 166.3-168.6 °C. *H NMR (500 MHz,
DMSO-Ds) ¢ 8.03 (d, J = 8.0 Hz, 2H), 7.83 (d, J = 8.0 Hz, 2H), 7.74 (t, J = 7.4 Hz,
1H), 7.69 (t, J = 7.4 Hz, 1H), 7.61 (t, J = 7.8 Hz, 2H), 7.57-7.54 (m, 3H), 7.11 (s, 1H),
4.82 (d, J = 8.8 Hz, 1H), 4.25 (d, J = 8.8 Hz, 1H), 2.00 (s, 3H). 1*C NMR (125 MHz,
DMSO0-Dg) 6 191.27, 189.85, 169.39, 156.38, 149.31, 135.89, 135.50, 135.06, 134.81,
129.69, 129.56, 129.11, 128.76, 44.06, 40.87, 40.41, 15.23. HRMS (ESI): m/z calcd
for C21H18N304 * [M+H]": 376.1292, found: 376.1296.
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Trans-7-methyl-1,2-bis(4-methylbenzoyl)-4-oxo0-5,6-diazaspiro[2.4]hept-6-ene-5-carb
oxamide (3b)

Purified by column chromatography (silica gel, Pe : EA = 2:1) to afford 3b as a
white solid. 157 mg, 78% vyield. m.p.: 166.5-167.2 °C. 'H NMR (500 MHz,
DMSO-Deg) 6 7.91 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 8.0 Hz, 2H), 7.52 (s, 1H), 7.41 (d,
J=7.9 Hz, 2H), 7.35 (d, J = 7.9 Hz, 2H), 7.09 (s, 1H), 4.74 (d, J = 8.8 Hz, 1H), 4.18
(d, J = 8.8 Hz, 1H), 2.40 (s, 3H), 2.37 (s, 3H), 1.96 (s, 3H). *C NMR (125 MHz,
DMSO-Dg) 6 191.71, 189.28, 169.41, 156.39, 149.31, 145.82, 145.43, 133.51 (m,
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1H), 133.17, 130.24, 130.08, 129.17, 128.85, 44.02, 40.87, 39.75, 21.77, 21.73,
15.16). HRMS (ESI): m/z calcd for Cz3H2N30s4 * [M+H]*: 404.1605, found:
404.1607.
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Trans-7-methyl-1,2-bis(2-methylbenzoyl)-4-oxo-5,6-diazaspiro[2.4]hept-6-ene-5-carb
oxamide (3c)

Purified by column chromatography (silica gel, Pe : EA = 2:1) to afford 3c as a
white solid. 127 mg, 63% vyield. m.p.: 149.4-151.1 °C. 'H NMR (500 MHz,
DMSO-Ds) 6 7.86 (d, J = 7.6 Hz, 1H), 7.70 (d, J = 7.6 Hz, 1H), 7.57-7.48 (m, 3H),
7.44-7.33 (m, 4H), 7.09 (s, 1H), 4.79 (d, J = 8.7 Hz, 1H), 4.01 (d, J = 8.7 Hz, 1H),
2.53 (s, 3H), 2.50 (s, 3H), 2.02 (s, 3H).*C NMR (125 MHz, DMSO-Ds) ¢ 193.60,
192.26, 169.65, 156.43, 149.31, 139.88, 139.53, 135.76, 135.17, 133.57, 133.28,
132.77, 132.66, 130.74, 130.39, 126.92, 126.65, 45.23, 43.51, 42.01, 21.76, 21.73,
15.38. HRMS (ESI): m/z calcd for C23H22N304 " [M+H]": 404.1605, found: 404.1610.
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Trans-1,2-bis(3-methoxybenzoyl)-7-methyl-4-0x0-5,6-diazaspiro[2.4] hept-6-ene-5-ca
rboxamide (3d)

Purified by column chromatography (silica gel, DCM : MeOH =50 :1) to afford 3d
as a white solid. 174 mg, 80% vyield. m.p.: 158.7-159.3 °C. 'H NMR (500 MHz,
DMSO-Ds) 6 7.60 (d, J = 7.6 Hz, 1H), 7.55-7.46 (m, 4H), 7.39 (d, J = 7.6 Hz, 1H),
7.35-7.28 (m, 2H), 7.26 (dd, J = 8.1, 2.0 Hz, 1H), 7.09 (s, 1H), 4.78 (d, J = 8.8 Hz,
1H), 4.21 (d, J = 8.8 Hz, 1H), 3.83 (s, 3H), 3.79 (s, 3H), 2.00 (s, 3H). *C NMR
(125MHz, DMSO-Dg¢) ¢ 191.04, 189.68, 169.38, 160.04, 159.88, 156.47, 149.28,
137.22, 136.83, 130.92, 130.77, 121.59, 121.19, 121.13, 121.01, 113.42, 112.99,
55.87, 55.74, 44.06, 41.18, 40.27, 15.18. HRMS (ESI): m/z calcd for C23H22N30s *
[M+H]*: 436.1503, found: 436.1507.
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Trans-1,2-bis(4-chlorobenzoyl)-7-methyl-4-0x0-5,6-diazaspiro[2.4]hept-6-ene-5-carb
oxamide (3e)

Purified by column chromatography (silica gel, DCM : MeOH = 50 :1) to afford 3e
as a white solid. 198 mg, 89% vyield. m.p.: 172.6-173.7 °C. 'H NMR (500 MHz,
DMSO-Ds) ¢ 8.01 (d, J = 8.6 Hz, 2H), 7.83 (d, J = 8.6 Hz, 2H), 7.68 (d, J = 8.5 Hz,
2H), 7.64 (d, J = 8.5 Hz, 2H), 7.52 (s, 1H), 7.07 (s, 1H), 4.79 (d, J = 8.7 Hz, 1H), 4.23
(d, J = 8.7 Hz, 1H), 1.97 (s, 3H)."3C NMR (125 MHz, DMSO-Ds) ¢ 190.33 (s, 1H),
188.92, 169.23, 156.10, 149.29, 140.01, 139.74, 134.62, 134.25, 131.01, 130.61,
129.81, 129.72, 44.07, 40.62, 40.31, 15.23. HRMS (ESI): m/z calcd for
Ca1H16CI2N304 * [M+H]*: 444.0512, found: 444.0518.

Trans-1,2-bis(4-bromobenzoyl)-7-methyl-4-oxo-5,6-diazaspiro[2.4]hept-6-ene-5-carb
oxamide (3f)

Purified by column chromatography (silica gel, Pe : EA = 2:1) to afford 3f as a
white solid. 219 mg, 82% vyield. m.p.: 168.4-168.6 °C. 'H NMR (500 MHz,
DMSO-Ds) ¢ 7.93 (d, J = 8.6 Hz, 2H), 7.83 (d, J = 8.6 Hz, 2H), 7.81-7.77 (m, 2H),
7.74 (d, J = 8.6 Hz, 2H), 7.53 (s, 1H), 7.08 (s, 1H), 4.79 (d, J = 8.7 Hz, 1H), 4.22 (d, J
= 8.7 Hz, 1H), 1.96 (s, 3H). 3C NMR (125 MHz, DMSO-Ds) ¢ 190.56, 189.15,
169.21, 156.07, 149.27, 134.92, 134.55, 132.76, 132.68, 131.05, 130.66, 129.33,
129.04, 44.05, 40.27, 39.46, 15.23. HRMS (ESI): m/z calcd for Cz1H16BraN3O4*
[M+H]": 531.9502, found: 531.9500.




Trans-1,2-bis(3-bromobenzoyl)-7-methyl-4-0xo0-5,6-diazaspiro[2.4]hept-6-ene-5-carb
oxamide (39)

Purified by column chromatography (silica gel, Pe : EA = 2:1) to afford 3g as a
white solid.227 mg, 85% vyield. m.p.: 183.4-184.3 °C. 'H NMR (500 MHz,
DMSO-Ds) d 8.15 (s, 1H), 8.00 (d, J = 7.8 Hz, 1H), 7.95 (d, J = 6.2 Hz, 2H), 7.90 (d,
J=8.0 Hz, 1H), 7.79 (d, J = 7.8 Hz, 1H), 7.60-7.52 (m, 3H), 7.09 (s, 1H), 4.84 (d, J =
8.7 Hz, 1H), 4.26 (d, J = 8.7 Hz, 1H), 2.01 (s, 3H). *C NMR (125 MHz, DMSO-Ds)
0 190.28, 188.92, 169.20, 156.13, 149.25, 137.88, 137.52, 137.40, 137.36, 131.87,
131.84, 131.54, 131.12, 128.25, 127.87, 44.14, 40.64, 39.65, 15.31. HRMS (ESI): m/z
calcd for Co1H16Br2N3O4* [M+H]*: 531.9502, found: 531.9506.
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Trans-7-methyl-1,2-bis(4-nitrobenzoyl)-4-0xo0-5,6-diazaspiro[2.4]hept-6-ene-5-carbo
xamide (3h)

Purified by column chromatography (silica gel, DCM : MeOH =50 :1) to afford 3h
as a yellow solid.161 mg, 69% vyield. m.p.: 171.8-173.2 °C. *H NMR (500 MHz,
DMSO —Dg) 6 8.41 (d, J = 8.7 Hz, 2H), 8.37 (d, J = 8.7 Hz, 2H), 8.24 (d, J = 8.7 Hz,
2H), 8.08 (d, J = 8.7 Hz, 2H), 7.52 (s, 1H), 7.06 (s, 1H), 4.94 (d, J = 8.6 Hz, 1H), 4.34
(d, J = 8.6 Hz, 1H), 2.01 (s, 3H). *C NMR (125 MHz, DMSO-D6) 5 190.63, 189.08,
169.05, 155.78, 151.04, 150.98, 149.25, 140.38, 139.87, 130.64, 130.23, 124.67,
44.35, 40.70, 39.59, 15.36. HRMS (ESI): m/z calcd for Cz1HisNsOg" [M+H]":
466.0993, found: 466.0997.
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Trans-1,2-bis(4-cyanobenzoyl)-7-methyl-4-0x0-5,6-diazaspiro[2.4] hept-6-ene-5-carb
oxamide (3i)

Purified by column chromatography (silica gel, DCM : MeOH = 50 :1) to afford 3i
as a white solid.181mg. 85% yield. m.p.: 193.4-195.2 °C.*H NMR (500 MHz, DMSO
—Ds) 6 8.15 (d, J = 8.4 Hz, 2H), 8.08 (d, J = 8.4 Hz, 2H), 8.05 (d, J = 8.4 Hz, 2H),
7.97 (d, J=8.3 Hz, 2H), 7.53 (s, 1H), 7.06 (s, 1H), 4.88 (d, J = 8.7 Hz, 1H), 4.30 (d, J
= 8.7 Hz, 1H), 1.99 (s, 3H). 3C NMR (125 MHz, DMSO-Ds) § 190.79, 189.32,
169.08, 155.90, 149.25, 138.96, 138.47, 133.60, 129.73, 129.32, 118.44, 118.40,
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116.69, 116.61, 44.22, 40.54, 39.48, 15.33. HRMS (ESI): m/z calcd for CasHisNsO4*
[M+H]*: 426.1197, found: 426.1201.
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Trans-1,2-di([1,1-biphenyl]-4-carbonyl)-7-methyl-4-oxo0-5,6-diazaspiro[2.4]hept-6-e
ne-5-carboxamide (3j)

Purified by column chromatography (silica gel, Pe : EA = 2:1) to afford 3j as a
white solid. 229 mg. 87% yield. m.p.: 164.7-167.1 °C. *H NMR (500 MHz, DMSO
—De¢) 6 8.12 (d, J = 8.0 Hz, 2H), 7.93 (d, J = 6.0 Hz, 4H), 7.88 (d, J = 8.0 Hz, 2H),
7.77 (t, J = 6.9 Hz, 4H), 7.61-7.43 (m, 7H), 7.14 (s, 1H), 4.87 (d, J = 8.6 Hz, 1H),
4.33 (d, J = 8.6 Hz, 1H), 2.05 (s, 3H). C NMR (125 MHz, DMSO-D¢) ¢ 190.76,
189.31, 169.46, 156.40, 149.35, 146.31, 146.01, 139.04, 134.74, 134.39, 129.86,
129.64, 129.60, 129.53, 129.19, 129.12, 127.83, 127.68, 127.57, 127.56, 44.15, 41.00,
39.50, 15.28. HRMS (ESI): m/z calcd for CasH2sN304" [M+H]": 528.1918, found:
528.1924.
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Trans-1,2-di(1-naphthoyl)-7-methyl-4-oxo-5,6-diazaspiro[2.4]hept-6-ene-5-carboxam
ide (3Kk)

Purified by column chromatography (silica gel, Pe : EA = 2:1) to afford 3k as a
light yellow solid. 207 mg, 87% yield. m.p.: 168.9-169.7 °C. *H NMR (500 MHz,
DMSO-Ds) ¢ 8.93 (d, J = 8.6 Hz, 1H), 8.86 (d, J = 8.6 Hz, 1H), 8.33-8.19 (m, 3H),
8.14-8.00 (m, 3H), 7.78 — 7.60 (m, 6H), 7.50 (s, 1H), 7.07 (s, 1H), 5.07 (d, J = 8.7 Hz,
1H), 4.32 (d, J = 8.7 Hz, 1H), 2.10 (s, 3H). 3C NMR (125 MHz, DMSO-Ds) J 193.69,
192.42, 169.72, 156.47, 149.35, 135.32, 135.15, 134.08, 134.05, 132.86, 132.27,
131.82 , 131.45, 130.40, 130.20, 129.37, 129.33, 129.18, 129.10, 127.32, 127.22,
126.07, 125.66, 125.53, 125.32, 45.78, 43.90, 42.35, 15.53. HRMS (ESI): m/z calcd
for Ca9H22N304™ [M+H]": 476.1605, found: 476.1607.




Trans-7-methyl-4-ox0-1,2-di(thiophene-2-carbonyl)-5,6-diazaspiro[2.4]hept-6-ene-5-
carboxamide (3I)

Purified by column chromatography (silica gel, Pe : EA = 2:1) to afford 3l as a
white solid. 99 mg, 51% yield. m.p.: 165.7-167.3 °C. 'H NMR (500 MHz, DMSO-Ds)
08.17 (dd, J =4.9, 1.1 Hz, 1H), 8.10 (dd, J = 4.9, 1.1 Hz, 1H), 8.00 (dd, J = 3.8, 1.1
Hz, 1H), 7.70 (dd, J = 3.8, 1.1 Hz, 1H), 7.54 (s, 1H), 7.32 (dd, J = 4.9, 3.9 Hz, 1H),
7.27 (dd, J = 4.9, 3.8 Hz, 1H), 7.12 (s, 1H), 4.74 (d, J = 8.6 Hz, 1H), 4.18 (d, J = 8.6
Hz, 1H), 2.00 (s, 3H). *C NMR (125 MHz, DMSO-Dg) ¢ 182.55, 181.23, 168.20,
155.15, 148.25, 141.52, 141.19, 136.58, 135.73, 134.86, 133.73, 128.82, 128.49,
43.07, 39.78, 39.17, 14.09. HRMS (ESI): m/z calcd for C17H1aN3O4sS;* [M+H]*:
388.0420, found: 388.0422.
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Trans-7-methyl-4-oxo-1,2-bis(3-phenylpropanoyl)-5,6-diazaspiro[2.4]hept-6-ene-5-ca
rboxamide (3m)

Purified by column chromatography (silica gel, DCM : MeOH = 40 :1) to afford
3m as a white solid. 126 mg. 58% yield. m.p.: 131.7-133.2 °C. *H NMR (500 MHz,
DMSO-Ds) 6 7.55 (s, 1H), 7.21 (dq, J = 24.6, 7.0 Hz, 11H), 3.83 (d, J = 8.9 Hz, 1H),
3.51 (d, J = 8.9 Hz, 1H), 3.12 (t, J = 7.1 Hz, 2H), 3.02-2.93 (m, 1H), 2.82-2.71 (m,
5H), 1.73 (s, 3H). *C NMR (125 MHz, DMSO-Ds) ¢ 201.86, 199.73, 169.96, 156.26,
149.56, 141.09, 141.00, 128.74, 128.70, 128.69, 128.66, 44.72, 44.21, 43.85, 42.27,
41.05, 29.14, 29.06, 15.04. HRMS (ESI): m/z calcd for CzsH2sN3O4" [M+H]":
432.1918, found: 432.1926.



Trans-7-ethyl-1,2-bis(4-methylbenzoyl)-4-oxo-5,6-diazaspiro[2.4]hept-6-ene-5-carbo
xamide (3n)

Purified by column chromatography (silica gel, Pe : EA = 2:1) to afford 3n as a
white solid. 167 mg. 80% yield. m.p.: 180.4-181.8 °C. 'H NMR (500 MHz, DMSO
—De) 67.89 (d, J = 7.8 Hz, 2H), 7.70 (d, J = 7.8 Hz, 2H), 7.54 (s, 1H), 7.40 (d, J = 7.7
Hz, 2H), 7.35 (d, J = 7.7 Hz, 2H), 7.10 (s, 1H), 4.70 (d, J = 8.7 Hz, 1H), 4.15 (d, J =
8.7 Hz, 1H), 2.48-2.43 (m, 1H), 2.39 (s, 3H), 2.37 (s, 3H), 1.95 (dd, J = 17.5, 7.4 Hz,
1H), 1.09 (t, J = 7.0 Hz, 4H).3C NMR (125 MHz, DMSO-Ds) ¢ 190.72, 189.35,
169.58, 159.99, 149.39, 145.83, 145.37, 133.49, 133.23, 130.24, 130.07, 129.17,
128.80, 43.88, 41.06, 39.51, 21.77, 21.71, 21.63, 9.94. HRMS (ESI): m/z calcd for
C24H24N304" [M+H]": 418.1761, found: 418.1755.

0]
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Trans-1,2-bis(4-chlorobenzoyl)-7-ethyl-4-0x0-5,6-diazaspiro[2.4]hept-6-ene-5-carbox
amide (30)

Purified by column chromatography (silica gel, DCM : MeOH = 50:1) to afford 30
as a white solid. 197 mg, 86% vyield. m.p.: 134.6-136.1 °C. 'H NMR (500 MHz,
DMSO-Ds) ¢ 8.04-7.96 (m, 2H), 7.85-7.76 (m, 2H), 7.72-7.66 (m, 2H), 7.66 — 7.62
(m, 2H), 7.55 (s, 1H), 7.09 (s, 1H), 4.77 (d, J = 8.7 Hz, 1H), 4.20 (d, J = 8.7 Hz, 1H),
2.48-2.41 (m, 1H), 1.95 (dq, J = 17.7, 7.2 Hz, 1H), 1.11 (d, J = 7.3 Hz, 3H). *C NMR
(125MHz, DMSO-Ds) ¢ 190.35, 189.02, 169.40, 159.69, 149.36, 140.02, 139.69,
134.92, 134.30, 131.01, 130.57, 129.82, 129.73, 43.89, 40.81, 39.36, 21.70, 9.89.
HRMS (ESI): m/z calcd for C22H1sCI2N3O4" [M+H]*: 458.0669, found: 458.0671.



3p

Trans-1,2-bis(4-methylbenzoyl)-4-oxo-7-propyl-5,6-diazaspiro[2.4]hept-6-ene-5-carb
oxamide (3p)

Purified by column chromatography (silica gel, Pe : EA = 2:1) to afford 3p as a
white solid. 177 mg. 82% yield. m.p.: 181.8-182.4 °C. 'H NMR (500 MHz, DMSO
—De) 6 7.89 (d, J = 8.2 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.54 (s, 1H), 7.40 (d, J = 8.1
Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 7.10 (s, 1H), 4.71 (d, J = 8.8 Hz, 1H), 4.14 (d, J =
8.8 Hz, 1H), 2.47 — 2.41 (m, 1H), 2.39 (s, 3H), 2.37 (s, 3H), 1.94 (ddd, J = 17.0, 8.7,
6.0 Hz, 1H), 1.65 (dd, J = 14.4, 7.1 Hz, 1H), 1.60-1.49 (m, 1H), 0.87 (t, J = 7.3 Hz,
3H). *C NMR (125MHz, DMSO-Ds) ¢ 190.70, 189.37, 169.48, 158.88, 149.37,
145.82, 145.39, 133.53, 133.25, 130.23, 130.04, 129.16, 128.77, 43.90, 41.12, 29.87,
21.77, 21.70, 18.74, 14.00. HRMS (ESI): m/z calcd for CasH2sN3O4" [M+H]":
432.1918, found: 432.1918.

o)
HN—4
N-N

Trans-1,2-bis(4-chlorobenzoyl)-4-oxo-7-propyl-5,6-diazaspiro[2.4] hept-6-ene-5-carb
oxamide (3q)

Purified by column chromatography (silica gel, DCM : MeOH = 50:1) to afford 3q
as a white solid.189mg, 80% vyield. m.p.: 177.8-179.7 °C. *H NMR (500 MHz,
DMSO-Ds) ¢ 8.00 (d, J = 8.6 Hz, 2H), 7.80 (d, J = 8.6 Hz, 2H), 7.68 (d, J = 8.6 Hz,
2H), 7.63 (d, J = 8.6 Hz, 2H), 7.55 (s, 1H), 7.08 (s, 1H), 4.78 (d, J = 8.7 Hz, 1H), 4.20
(d, J =8.7 Hz, 1H), 2.39 (ddd, J = 16.9, 8.9, 6.1 Hz, 1H), 1.93 (ddd, J = 17.0, 8.8, 6.0
Hz, 1H), 1.60 (dtd, J = 16.0, 14.6, 7.2 Hz, 2H), 0.86 (t, J = 7.3 Hz, 3H). 3C NMR
(125 MHz, DMSO-Ds¢) ¢ 190.34, 189.04, 169.30, 158.61, 149.34, 140.02, 139.69,
134.61, 134.32, 131.00, 130.53, 129.81, 129.70, 43.89, 40.89, 39.33, 29.95, 18.71,
14.03. HRMS (ESI): m/z calcd for CasH2Cl2N3O4" [M+H]™: 472.0825, found:
472.0830
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3r

Trans-methyl-1,2-bis(4-chlorobenzoyl)-7-methyl-4-0x0-5,6-diazaspiro[2.4]hept-6-ene
-5-carboxylate (3r)

Purified by column chromatography (silica gel, DCM : MeOH = 50 :1) to afford 3r
as a light yellow solid. m.p.: 224.8-225.7 °C. 64 mg. 28% yield. *H NMR (500 MHz,
DMSO-De¢) 6 8.02 (d, J = 8.6 Hz, 2H), 7.85 (d, J = 8.5 Hz, 2H), 7.67 (d, J = 8.5 Hz,
2H), 7.63 (d, J = 8.5 Hz, 2H),4.79 (d, J = 8.7 Hz, 1H), 4.21 (d, J = 8.7 Hz, 1H), 3.77
(s, 3H), 1.97 (s, 3H). ®*C NMR (125 MHz, DMSO-Dg) § 190.36, 188.83, 167.35,
157.18, 149.08, 140.02, 139.74, 134.58, 134.22, 131.05, 130.66, 129.79, 129.75,
54.15, 43.48, 40.64, 39.37, 15.28. HRMS (ESI): m/z calcd for Cz2Hi7CloN2Os*
[M+H]*: 459.0509, found: 459.0513.

Trans-4-methyl-7-0x0-5,6-diazaspiro[2.4]hept-4-ene-1,2-diyl)bis(phenylmethanone)(
3s)

Purified by column chromatography (silica gel, Pe : EtOAc = 3 :1) to afford 3s as a
white solid. m.p.: 192.3-193.3 °C. 42 mg. 25% vyield in the reaction of
2-(dimethyl-A*-sulfanylidene)-1-phenylethan-1-one and
tert-butyl-2-(4-ethoxy-4-oxobut-2-en-2-yl)diazene-1-carboxylate (55 mg. 33% yield
in the reaction of 2-(dimethyl-A*-sulfanylidene)-1-phenylethan-1-one and ethyl
3-(acetyldiazenyl)but-2-enoate). *H NMR (500 MHz, DMSO-Ds) ¢ 11.40 (s, 1H),
7.96 (d,J=7.5Hz, 2H), 7.78 (d, J = 7.5 Hz, 2H), 7.73 (t, J = 7.3 Hz, 1H), 7.66 (t, J =
7.3 Hz, 1H), 7.61 (t, J = 7.6 Hz, 2H), 7.54 (t, J = 7.6 Hz, 2H), 4.56 (d, J = 8.3 Hz, 1H),
3.99 (d, J = 8.3 Hz, 1H), 1.86 (s, 3H). C NMR (125 MHz, DMSO-Ds) ¢ 191.9,
190.57, 171.28, 154.84, 136.08, 135.87, 134.93, 134.42, 129.71, 129.39, 128.80,
128.66, 42.61, 39.19, 37.85, 15.08. HRMS (ESI): m/z calcd for C20H17N203" [M+H]":
333.1234, found: 333.1236.

IV. General Procedure of 4
A mixture of cyclic 1, 2-diaza-1, 3-dienes (DDs) (0.5 mmol, 1.0 equiv) and sulfur
ylides (0.5 mmol, 1.0 equiv) were stirred in 5 mL DCE at 65 °C for 4 hours. After the
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completeness of the reaction (monitored by TLC), the reaction mixture was then
concentrated and purified by chromatography (silica gel, 40-63 pm) to afford 4a-4n
as desired products (4i was carried out when 1 mmol cyclic DDs and 1 mmol sulfur
ylide was used).

V. Characterization Data of 4

Trans-ethyl-3-benzoyl-2-carbamoyl-2,4,5,6-tetrahydrocyclopenta[c]pyrazole-3a(3H)-
carboxylate (4a)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4a as a
white solid. 147 mg, 89% vyield. m.p.: 174.7-176.1 °C. 'H NMR (500 MHz,
DMSO-Ds) 6 8.04 (d, J = 8.5 Hz, 2H), 7.74 (dd, J = 16.3, 8.9 Hz, 1H), 7.60 (t, J = 7.8
Hz, 2H), 6.48 (s, 2H), 6.04 (s, 1H), 4.38-4.12 (m, 2H), 2.57-2.52 (m, 1H), 2.31 (m,
1H), 2.14-1.92 (m, 2H), 1.79 (ddd, J = 12.7, 6.9, 1.8 Hz, 1H), 1.28 (t, J = 7.1 Hz, 3H),
1.261.22 (m, 1H). *C NMR (125 MHz, DMSO-Ds) 6 192.76, 170.93, 162.58, 155.58,
135.00 134.74, 129.62, 128.69, 67.45, 67.24, 62.68, 29.92, 25.84, 22.30, 14.29.
HRMS (ESI): m/z calcd for C17H20N304" [M+H]*: 330.1448, found:330.1452.

/N\ O
N4
< NH2
EtOOC
Me apb

Trans-ethyl-2-carbamoyl-3-(4-methylbenzoyl)-2,4,5,6-tetrahydrocyclopenta[c]
pyrazole-3a (3H)-carboxylate (4b)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4b as a
white solid. 158 mg. 92% vyield. m.p.: 223.1-223.9 °C. 'H NMR (500 MHz,
DMSO-Ds) 6 7.93 (d, J = 8.2 Hz, 2H), 7.39 (d, J = 8.1 Hz, 2H), 6.45 (s, 2H), 6.01 (s,
1H), 4.38-4.17 (m, 2H), 2.56-2.49 (m, 1H), 2.37-2.26 (m, 1H), 2.08-1.92 (m, 2H),
1.76 (ddd, J = 12.7, 6.9, 1.8 Hz, 1H), 1.28 (d, J = 7.1 Hz, 3H), 1.26-1.19 (m, 1H).%3C
NMR (125 MHz, DMSO-D¢) 6 192.14, 170.99, 162.56, 155.59, 145.35, 132.54,
130.14, 128.80, 67.45, 67.20, 62.65, 29.92, 25.84, 22.31, 21.70 14.29. HRMS (ESI):
m/z calcd for C1gH22N304" [M+H]": 344.1605, found: 344.1602.

Trans-ethyl-2-carbamoyl-3-(4-chlorobenzoyl)-2,4,5,6-tetrahydrocyclopenta
12



[c]pyrazole-3a (3H)-carboxylate (4c)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4c as a
white solid. 173 mg. 95% vyield. m.p.: 168.7-170.1 °C. 'H NMR (500 MHz,
DMSO-Ds) 6 8.05 (d, J = 8.6 Hz, 2H), 7.68 (d, J = 8.6 Hz, 2H), 6.49 (s, 2H), 6.03 (s,
1H), 4.42 — 4.12 (m, 2H), 2.52 (ddd, J = 8.3, 6.9, 3.2 Hz, 1H), 2.32 (dd, J = 16.5, 8.6
Hz, 1H), 2.08-1.94 (m, 2H), 1.84-1.73 (m, 1H), 1.28 (t, J = 7.1 Hz, 3H), 1.26-1.17
(m, 1H). C NMR (125 MHz, DMSO-Ds) J 191.96, 170.82, 162.59, 155.54, 139.81,
133.63, 130.60, 129.82, 67.44, 67.11, 62.72, 29.90, 25.83, 22.24, 14.27. HRMS (ESI):
m/z calcd for C17H19CIN3O4* [M+H]*: 364.1059, found: 364.1061.

N O
X
NH,

EtOOC ~0

Br 4d

et

Trans-ethyl-3-(4-bromobenzoyl)-2-carbamoyl-2,4,5,6-tetrahydrocyclopenta[c]
pyrazole-3a(3H)-carboxylate (4d)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4d as a
white solid. 198 mg, 97% vyield. m.p.: 198.0-199.1 °C. *H NMR (500 MHz,
DMSO-Ds) 6 7.96 (d, J = 8.6 Hz, 2H), 7.83 (d, J = 8.6 Hz, 2H), 6.49 (s, 2H), 6.02 (s,
1H), 4.38-4.15 (m, 2H), 2.60-2.51 (m, 1H), 2.40-2.23 (m, 1H), 2.10-1.95 (m, 2H),
1.86-1.73 (m, 1H), 1.28 (d, J = 7.1 Hz, 3H), 1.26-1.20 (m, 1H). **C NMR (125 MHz,
DMSO-Ds) 0 192.20, 170.81, 162.58, 155.53, 133.95, 132.79, 130.65, 129.09, 67.43,
67.08, 62.72, 29.89, 25.83, 22.24, 14.28. HRMS (ESI): m/z calcd for C17H19BrNsO4*
[M+H]": 408.0553, found: 408.0555.

Trans-ethyl-2-carbamoyl-3-(2-methylbenzoyl)-2,4,5,6-tetrahydrocyclopenta
[c]pyrazole-3a(3H)-carboxylate (4e)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4e as a
white solid.151 mg. 88% yield. m.p.: 170.4-171.8 °C. 'H NMR (500 MHz,
DMSO-Des) 6 7.97 (d, J = 7.2 Hz, 1H), 7.53 (td, J = 7.5, 1.1 Hz, 1H), 7.40 (t, J= 7.5
Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 6.49 (s, 2H), 5.85 (s, 1H), 4.37-4.09 (m, 2H),
2.60-2.51 (m, 1H), 2.45 (s, 3H), 2.38-2.28 (m, 1H), 2.14-1.97 (m, 2H), 1.88 (ddd, J
=12.7, 6.9, 2.4 Hz, 1H), 1.42 (dt, J = 12.8, 9.5 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H).*C
NMR (125 MHz, DMSO-Dg) ¢ 195.96, 171.01, 162.36, 155.68, 139.66, 134.84,
133.16, 132.81, 129.81, 126.58, 68.51, 67.86, 62.60, 29.53, 25.71, 22.34, 21.60, 14.26.
HRMS (ESI): m/z calcd for C1gH22N304" [M+H]™: 344.1605, found: 344.1609.

13



Trans-ethyl-carbamoyl-3-(3-bromobenzoyl)-2-carbamoyl-2,4,5,6-tetrahydrocyclopent
a[c]pyrazole-3a(3H)-carboxylate (4f)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4f as a
white solid. 190 mg. 93% vyield. m.p.: 165.9-167.3 °C. 'H NMR (500 MHz,
DMSO-Ds) 6 8.19 (s, 1H), 8.04 (d, J = 7.7 Hz, 1H), 7.94 (d, J = 7.8 Hz, 1H), 7.58 (t,
J=7.9 Hz, 1H), 6.50 (s, 2H), 6.04 (s, 1H), 4.27 (dtt, J = 14.3, 10.7, 7.1 Hz, 2H), 2.55
—2.53 (m, 1H), 2.38-2.27 (m, 1H), 2.10-1.94 (m, 2H), 1.86-1.71 (m, 1H), 1.30 (t, J =
7.1 Hz, 3H), 1.24 (d, J = 10.1 Hz, 1H). *C NMR (125 MHz, DMSO-Ds) § 191.92,
170.79, 162.60, 155.51, 137.41, 136.88, 131.92, 131.25, 127.73, 122.98, 67.44, 67.01,
62.75, 29.99, 25.80, 22.22, 16.43. HRMS (ESI): m/z calcd for Ci17H19BrN3zO4"
[M+H]*: 408.0553, found: 408.0556.

Trans-ethyl-2-  carbamoyl-3-(4-cyanobenzoyl)-2,4,5,6-tetranydrocyclopenta  [c]
pyrazole-3a(3H)-carboxylate (49)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4g as a
white solid. 170 mg. 96% vyield. m.p.: 196.1-197.5 °C.!H NMR (500 MHz,
DMSO-Ds) 6 8.19 (d, J = 8.4 Hz, 2H), 8.10 (d, J = 8.3 Hz, 2H), 6.53 (s, 2H), 6.10 (s,
1H), 4.35-4.20 (m, 2H), 2.55 (d, J = 4.9 Hz, 1H), 2.39-2.29 (m, 1H), 2.08-1.95 (m,
2H), 1.86-1.72 (m, 1H), 1.28 (t, J = 7.1 Hz, 3H), 1.24 (dd, J = 12.7, 10.4 Hz, 1H).C
NMR (125 MHz, DMSO-Ds) ¢ 192.63, 170.67, 162.58, 155.49, 138.02, 133.71,
129.30, 118.41, 116.69, 67.44, 67.17, 62.77, 29.86, 25.81, 22.18, 14.26. HRMS (ESI):
m/z calcd for C1gH19N4O4" [M+H]*: 355.1401, found: 355.1404.

P
NH,
EtO0C ~0
MeO
4h

Trans-ethyl-2-carbamoyl-3-(3-methoxybenzoyl)-2, 4, 5, 6-tetrahydrocyclopenta [c]
pyrazole-3a(3H)-carboxylate (4h)

ey
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Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4h as a
white solid.White solid, 167 mg. 93% vyield. m.p.: 153.6-154.9 °C.'H NMR (500
MHz, DMSO-Ds) 6 7.63 (d, J = 7.7 Hz, 1H), 7.52 (dd, J = 14.1, 5.9 Hz, 2H), 7.29 (dd,
J=8.1, 2.1 Hz, 1H), 6.49 (s, 2H), 6.02 (s, 1H), 4.27 (dddd, J = 24.9, 10.7, 7.1, 3.6 Hz,
2H), 2.58-2.52 (m, 1H), 2.36-2.27 (m, 1H), 2.02 (t, J = 10.3 Hz,3H), 1.85-1.75 (m,
1H). BC NMR (125MHz, DMSO-Ds) § 192.43, 171.02, 162.63, 160.06, 155.59,
136.23, 130.81, 121.08, 120.95, 113.04, 67.50, 67.45, 62.72, 55.85, 30.07, 25.87,
22.32, 14.30. HRMS (ESI): m/z calcd for C1gH22N30s™ [M+H]*: 360.1554, found:
360.1556.

4i

Trans-ethyl-3-(1-naphthoyl)-2-carbamoyl-2,4,5,6-tetrahydrocyclopenta[c]pyrazole-3a
(3H)-carboxylate (4i)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4i as a
white solid.364 mg. 96% yield. m.p.: 190.5-191.7 °C.*H NMR (500 MHz, DMSO-Ds)
0 8.72 (d, J = 8.5 Hz, 1H), 8.29 (d, J = 6.8 Hz, 1H), 8.25 (d, J = 8.2 Hz, 1H),
8.11-8.01 (m, 1H), 7.73-7.58 (m, 3H), 6.57 (s, 2H), 6.05 (s, 1H), 4.33-4.11 (m, 2H),
2.66-2.51 (m, 1H), 2.45-2.33 (m, 1H), 2.12-1.96 (m, 2H), 1.84 (ddd, J = 12.6, 6.2,
3.1 Hz, 1H), 1.53 (dt, J = 12.8, 9.5 Hz, 1H), 1.23 (t, J = 7.1 Hz, 3H).3C NMR (125
MHz, DMSO-Dg) ¢ 196.33, 170.97, 162.42, 155.77, 134.73, 134.13, 132.31, 130.26,
130.22, 129.26, 128.91, 127.18, 125.74, 125.23, 68.91, 68.13, 62.61, 29.48, 25.70,
22.37, 14.26. HRMS (ESI): m/z calcd for C21H22N304" [M+H]": 380.1605, found:
380.1611.

4

Trans-ethyl-3-([1,1'-biphenyl]-4-carbonyl)-2-carbamoyl-2,4,5,6-tetrahydrocyclopenta
[c]pyrazole-3a (3H) -carboxylate (4))

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4j as a
white solid. 192 mg. 95% vyield. m.p.: 163.1-164.7 °C. 'H NMR (500 MHz,
DMSO-Ds) ¢ 8.13 (d, J = 7.4 Hz, 2H), 7.91 (d, J = 7.5 Hz, 2H), 7.78 (d, J = 6.8 Hz,
2H), 7.52 (d, J = 7.4 Hz, 2H), 7.45 (d, J = 6.6 Hz, 1H), 6.50 (s, 2H), 6.08 (s, 1H),
4.45-4.11 (m, 2H), 2.52 (s, 1H), 2.41-2.27 (m, 1H), 2.00 (d, J = 16.5 Hz, 2H), 1.84 (d,

15



J =10.9 Hz, 1H), 1.29 (t, J = 6.2 Hz, 3H), 1.22-1.03 (m,1H). 3C NMR (125 MHz,
DMSO-Dg) 6 192.35, 171.01, 162.61, 155.61, 145.99, 139.06, 133.77, 129.62, 129.44,
129.13, 127.77, 127.57, 67.51, 67.26, 62.71, 29.96, 25.88, 22.34, 14.33. HRMS (ESI):
m/z calcd for C23H24N304" [M+H]*: 406.1761, found: 406.1764.

4k

Trans-ethyl-2-carbamoyl-3-(3-phenylpropanoyl)-2,4,5,6-tetrahydrocyclopenta[c]
pyrazole-3a(3H)-carboxylate (4k)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4k as a
white solid. 136 mg. 76% yield. m.p.: 90.8-92.8 °C. *H NMR (500 MHz, CDCls3) §
7.26 (dd, J = 8.6, 6.5 Hz, 2H), 7.22-7.17 (m, 3H), 5.34 (s, 3H), 5.23 (s, 1H),
4.28-4.18 (m, 2H), 2.95-2.79 (m, 4H), 2.58-2.51 (m, 1H), 2.38-2.29 (m, 1H),
2.15-2.07 (m, 1H), 1.96 (dddd, J = 24.4, 17.6, 8.8, 3.9 Hz, 2H), 1.30 (d, J = 7.1 Hz,
3H), 1.27-1.21 (m, 1H). $3C NMR (125 MHz, CDCIs) ¢ 202.90, 170.55, 163.35,
155.35, 140.67, 128.63, 128.45, 126.21, 69.39, 67.61, 62.46, 42.82, 28.80, 28.76,
25.45, 22.14, 14.07. HRMS (ESI): m/z calcd for C19H24N304" [M+H]": 358.1761,
found: 358.1764.

4]

Trans-ethyl-2-carbamoyl-3-(thiophene-2-carbonyl)-2,4,5,6-tetrahydrocyclopenta[c]py
razole-3a(3H)-carboxylate (4l)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4l as a
white solid. 146 mg. 87% vyield. m.p.: 194.2-196.1 °C. 'H NMR (500 MHz,
DMSO-Ds) ¢ 8.14 (dd, J = 4.9, 0.8 Hz, 1H), 8.09 — 8.04 (m, 1H), 7.33 (dd, J = 4.8,
3.9 Hz, 1H), 6.49 (s, 2H), 5.91 (s, 1H), 4.32-4.18 (m, 2H), 2.52 (ddd, J = 9.0, 6.6, 3.8
Hz, 1H), 2.38-2.26 (m, 1H), 2.02 (ddd, J = 11.8, 9.0, 3.3 Hz, 2H), 1.82 (ddd, J = 12.7,
6.2, 2.8 Hz, 1H), 1.37-1.30 (m, 1H), 1.27 (t, J = 7.1 Hz, 3H).3C NMR (125 MHz,
DMSO-Ds) 0 185.98, 170.86, 162.63, 155.49, 141.49, 137.19, 134.62, 129.72, 67.78,
67.66, 62.68, 29.79, 25.71, 22.28, 14.30. HRMS (ESI): m/z calcd for C15H1gsN304S*
[M+H]": 336.1013, found: 336.1017.
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4m

Trans-ethyl-3-benzoyl-2-carbamoyl-2,3,4,5,6,7-hexahydro-3aH-indazole-3a-carboxyl
ate (4m)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4m as a
white solid. 55 mg, 32% yield. m.p.: 150.0-151.7 °C. * HNMR (500 MHz, CDCl3) §
8.11 (d, J = 7.8 Hz, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.49 (d, J = 7.8 Hz, 2H), 5.98 (s,
1H), 5.30 (s, 2H), 4.34 (ddq, J = 45.3, 10.8, 7.1 Hz, 2H), 2.68 (d, J = 14.0 Hz, 1H),
2.52-2.40 (m, 1H), 2.14-2.07 (m, 1H), 1.92 (s, 1H), 1.68-1.57 (m, 2H), 1.38 (t, J =
7.1 Hz, 3H), 1.36-1.31 (m, 2H). *C NMR (125 MHz, CDCls) ¢ 192.86, 171.50,
155.04, 154.04, 135.57, 134.00, 128.90, 128.80, 66.26, 62.51, 62.05, 32.75, 26.49,
25.25, 22.06, 14.18. HRMS (ESI): m/z calcd for Ci1sH22N304" [M+H]": 344.1605,
found: 344.1609.

Trans-ethyl-3-(4-bromobenzoyl)-2-carbamoyl-2,3,4,5,6,7-hexahydro-3aH-indazole-3a
-carboxylate (4n)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 4n as a
white solid. 86 mg, 41% yield. m.p.: 199.0-200.2 °C.*H NMR (500 MHz, CDCls) §
7.97 (d, J = 8.5 Hz, 2H), 7.64 (d, J = 8.5 Hz, 2H), 5.91 (s, 1H), 5.36 (s, 2H), 4.33 (ddq,
J=45.3,10.7, 7.1 Hz, 2H), 2.67 (d, J = 13.5 Hz, 1H), 2.47 (dt, J = 20.4, 10.2 Hz, 1H),
2.06 (d, J = 6.3 Hz, 1H), 1.93 (d, J = 7.3 Hz, 1H), 1.68-1.56(m, 2H), 1.37 (d, J = 7.1
Hz, 3H), 1.32 (d, J = 7.9 Hz, 2H). 3C NMR (125 MHz, CDCls) ¢ 192.11, 171.51,
154.86, 154.04, 134.30, 132.19, 130.37, 129.50, 66.15, 62.63, 62.08, 32.30, 26.47,
25.25, 22.01, 14.17. HRMS (ESI): m/z calcd for C1gH21BrN3O4" [M+H]": 422.0710,
found: 422.0708.

V1. General Procedure of 5

General Procedure of 5a: A mixture of
ethyl-3-(carbamoyldiazenyl)-3-phenylacrylate (0.5 mmol, 1.0 equiv) and
benzoyl-sulfur ylides (0.5 mmol, 1.0 equiv) were stirred in 5 mL DCE at 25 °C for 12
hours. After the completeness of the reaction (monitored by TLC), the reaction
mixture was then concentrated and purified by chromatography (silica gel, 40-63pm)
to afford the desired products.

General Procedure of 5b-5d: A mixture of a-halogeno ketohydrazones (0.5 mmol,
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1.0 equiv), sulfur ylides (0.5 mmol, 1.0 equiv) and trimethylamine (0.5 mmol, 1.0
equiv) were stirred in 5 mL DCE at 25 °C for 12 hours. After the completeness of the
reaction (monitored by TLC), the reaction mixture was then concentrated and purified
by chromatography (silica gel, 40-63um) to afford the desired products 5b-5d.

VIl. Characterization Data of 5

5a

4-ethyl-1-methyl 5-benzoyl-3-phenyl-1H-pyrazole-1,4-dicarboxylate (5a)

Purified by column chromatography (silica gel, Pe : EA =5 :1) to afford 5a as a
white solid. 147 mg. 78% yield. m.p.: 133.6-135.2 °C.*H NMR (500 MHz, CDCls) 6
7.88 (d, J =7.7 Hz, 2H), 7.79 (dd, J = 6.1, 2.5 Hz, 2H), 7.63 (t, J = 7.3 Hz, 1H), 7.51
(t, J=7.6 Hz, 2H), 7.47-7.41 (m, 3H), 4.01 (q, J = 7.1 Hz, 2H), 3.97 (s, 3H), 0.83 (d,
J = 7.1 Hz, 2H). 3C NMR (125 MHz, CDCls) ¢ 186.70, 161.00, 155.71, 149.11,
146.99, 135.93, 134.21, 130.36, 129.64, 129.59, 129.05, 128.92, 128.02, 115.09,
61.17, 55.77, 13.21.

HRMS (ESI): m/z calcd for C21H1eN20s" [M+H]*: 379.1288, found: 379.1290.

0

HE N COOEt

5b

Ethyl-5-benzoyl-3-methyl-1H-pyrazole-4-carboxylate (5b)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 5b as a
light yellow sticky solid. 163 mg. 63% vyield. *H NMR (500 MHz, CDCl3) 6 7.78 (d, J
=7.4Hz, 2H), 7.49 (t, J = 7.4 Hz, 1H), 7.35 (t, J = 7.7 Hz, 2H), 3.90 (q, J = 7.1 Hz,
2H), 2.39 (s, 3H), 0.82 (t, J = 7.1 Hz, 3H). **C NMR (125 MHz, CDCls) § 191.01,
162.92, 150.79, 145.61, 137.31, 133.59, 129.72, 128.46, 110.97, 60.25, 13.53, 10.90.
HRMS (ESI): m/z calcd for C14H1sN203" [M+H]™: 259.1077, found: 259.1086.

0

HN™Ny_cookt

N=

5c
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Ethyl-3-methyl-5-(4-methylbenzoyl)-1H-pyrazole-4-carboxylate (5c¢)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 5c as a
light yellow sticky solid.. 101 mg, 74% yield. *H NMR (500 MHz, CDCls) § 7.68 (d,
J=8.2 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 3.92 (d, J = 7.1 Hz, 2H), 2.39 (s, 3H), 2.34
(d, J = 5.2 Hz, 3H), 0.85 (t, J = 7.1 Hz, 3H).*C NMR (125 MHz, CDCls) ¢ 189.56,
161.94, 149.91, 144.51, 143.56, 133.65, 128.88, 128.58, 128.14, 125.27, 109.85,
59.19, 20.72, 12.55, 9.95. HRMS (ESI): m/z calcd for CisHizN2Os* [M+H]*:
273.1234, found: 273.1235.

o cl

H"\.\'j N COOEt

5d

Ethyl-5-(4-chlorobenzoyl)-3-methyl-1H-pyrazole-4-carboxylate (5d)

Purified by column chromatography (silica gel, Pe : EA = 4 :1) to afford 5d as a a
light yellow sticky solid. 106 mg, 72% yield. m.p.: 87.9 — 88.7 °C.H NMR (500 MHz,
CDClg) 6 12.37 (s, 1H), 7.78 (d, J = 8.5 Hz, 2H), 7.38 (d, J = 8.5 Hz, 2H), 4.01 (q, J =
7.1 Hz, 2H), 2.47 (s, 3H), 0.95 (t, J = 7.1 Hz, 3H). *C NMR (125 MHz, CDCls) 6
189.64, 162.77, 140.13, 135.45, 131.10, 128.81, 111.07, 60.41, 13.67, 11.05. HRMS
(ESI): m/z calcd for C14H14CIN20Os™ [M+H]*: 293.0687, found: 293.0685.

VIIl. X-ray Crystallography Data of 3k and 4i

Single crystals of compound 3k was measured on a Rigaku RAXIS-RAPID
single-crystal diffractometer. The recrystallization solvent of 3k was MeOH/DCM
(volume ratio 1:1). (CCDC No. 1842437)

0
H,N—4
N-N
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C23 c22

Figure S1 X-ray crystallography of 3Kk.

Table S1 X-ray crystallography data of 3k.

Formula moiety
Formula sum
Formula weight
Temperature
Crystal system
Space group

Unit cell dimensions

Volume

Z

Calculated density
Absorption coefficient

F(000)

C29H21N304
C29H21N304
475.49

110K
monoclinic
P121/cl
a=18.8826 (8) A
b= 13.2600 (5) A
c=9.2363 (9) A
alpha=90 deg.
beta =90.076 (4)
gamma = 90 deg.
2312.61 (17) A®
4

1.366 g/cm?®
0.753 mm™*

992

deg.
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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)

0.48 x0.38 x0.2 mm

3.3302 t0 66.9151 deg

3555 / 4085 [R(int) = 0.0660]
4085/ 0/ 326

1.055

R1 =0.0660, wR2 = 0.1810

R1=0.0744, wR2 = 0.1970

Single crystals of compound 4i was measured on a Rigaku RAXIS-RAPID
single-crystal diffractometer. The recrystallization solvent of 4i was MeOH/DCM

(volume ratio 1:1). (CCDC No. 1842438)

Figure S2 X-ray crystallography of 4i.
Table S2 X-ray crystallography data of 4i.

Formula moiety
Formula sum

Formula weight

C21H21N304
C21H21N304
379.41
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Temperature
Crystal system
Space group

Unit cell dimensions

Volume

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 [I1>2sigma(l)]

R indices (all data)

293.15 K

monoclinic

C12/cl

a= 24.860 (3) A

b=10.591 (2) A
c=15.0502 (19) A
alpha=90 deg.

beta = 105.338 (13) deg.
gamma = 90 deg.

3821.5 (10) A3

8

1.319 g/cm?®

0.093 mm™*

1600

0.46 x<0.39 <0.36 mm
3.1990 to 29.3537 deg
2089 / 3490 [R(int) = 0.0569]
3490/ 0/ 254

1.026

R1 =0.0569, wR2 = 0.1359
R1=0.1016, wR2 = 0.1691
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IX. IH NMR and 3C NMR Spectra of Final Products

[==] =] [~} [-=} =] [==] P~
(=] [=} (=] (=] (=] (=] (=]
+ + + + + + +
w w w w w w w
T T N N Y T :m T
Ve L
gtz @ - i0¢
0sZ | q
FSt p0E
Lerz 1
aosz! =
lege— —
9z b
0ve b
pSz vw | Fe0e
B9Z b
i}
O
o |
808 5— O i 4 reso
[y
pil9— 0w Z \ﬁ Tmo
et 1= )z
A = TH0T
009 L~ = ———— 00}
T ]
5408- - — rz0z
140 &ﬁ
Z60'8
1500k— - - +850

10

F3E+08
F3E+08

F3E+08

3E+08

F2E+08

F2E+08

F2E+08

F2E+08

F2E+08

F1E+08

F1E+08

F1E+08

F8E+07

FBE+07

F4E+07

F2E+07

F-2E+07

SEP Zh~
0ar' Pl

88y 6¢
559'6¢
ZZ86e

686'6¢
951 ovw
£2e 07
880 19—

1 (ppm)

L8 lzl—

566'8Z1—
80L pPEl—

Pe8'Zrl—
€90'8rl—

P55 95—

LBF L9L—

689'88L—

o 0

HN—4

N

HN _~coom

3a’'

-10

10

190 170 150 130 110 80 70 60 50 40 30 2

210

1 (ppm)

23



24

-10

10

20

[=) [=) (=] (=] (=) (=] (=] [=) (=] (=] [=) (=) (=] o ¥ (=] (=] (=] (=] (=) (=] (=] [=) (=] (=] (=] (=] (=) [=) (=] o (=] o (=] ¥
+ + + + + + + + + + + + + + W + + + + + + o+ + + + + + + o+ + + + + + W
w w w w w w w w w w w w w w wow oW owowow W oo W wow
R,® ., % ® B ¥ F. ¥, 0 § § 9§ v 9 2 9 Ty e e ¥ ¥ I NT T TPET Y ¥
L &
(=]
o
=]
L=
= @]
| @ 68251 — J\
J =
. | =] . ol
966" L — =O0EF o Sev 6L T
779 6E
Lo 88.6E
556 € - SO e
| o zzLop [T
e ZLT o » N T2
— | @ 682 0f A
e 957 OF A
- 088 0F W
F3 90 v
BEZ I, e |
1577 Lo |
6081 b
sza'r” 80| o
w
| wE
wE
L o=
w
Lo 19821
obb @SM
o 095 6Z}
s0L 21— 8888888 —= el ~ VB9 BZ L A
R 20| 018 vel—r 8 8 8
kY I A B == B~ BeY St foodh b
e B — il b 88 .
ggg /4 90l i— #D. - 00z @ FLE BYL—
Lo 2] . ooz| w 18295 — r
1zo Faci=g @
big L 9854 0t o o L9L8Thy -8
o989/ _‘hwn/ =266 ~NE o PEC 69— 0LL'BZL~ HM
LoLs PEL LA = = - D%mmq = L £
A (44 PRN m = o 16O 6T s
6eL L = # o2
PSLL .08 bt & - 9v8 681 [ == |
ael 0z0'8 LT B aLa el L
pZa L . Lo \
s peoe c £90'5EL~ =
al08 867 g€l — I8
0z0'8 - 568 GEL J -
708

80 70 60 50 40 320

1 (ppm)

190 170 150 130 110

210




] ) ) ) ] ] ] ] ) 5

+ + + + + + + + + +

w w w w w w w w w w

L i i v P o & & T L <
poE 1 — Q rzoe
6982~ b ¥00¢
%687 = L0'e
0052 R
geg e— -L
0Lb 7y, .L :
e 00l
iy - .
Ry —— 0L
B0 L— - Foob
e L - 202
gee s’ E 70E
0L L7 02
8zl L 707
868'L
PLE L

35 30 25 20 15 10 05 00

40

85 80 75 70 65 60 55 50

9.0

1 (ppm)

F2E+08
F2E+08

F2E+08

F1E+08
F1E+08
F1E+08

F6E+07

FSE+07

H4E+07
F3E+07
F2E+07
H1E+07
FAE+07

SSL'GL—

0eL'Le
69.L _,ww‘

S05'6E
ZLIEE

6E8'6¢
900" 0p
CLL 0P
ope oF
L0S OF
PLE OF
SLO'pp

ope'aclL
ore'acl
PLL'BZL
PLL' BT
LL0°0EL
LL00EL
9ez gl
9gg el
LLLEEL
LLL'EEL
a0s'eel
805°€El

aZy shl
0ze’ miﬂ

€62 951
£6E'95 ﬁN

m:wmmﬁ
mﬁv.mwﬁv.

mhwmmf
m.\.wmmf
90.L'06 ﬁ/

F2E+08
F1E+08

2E+08
r1E+08

ape 8zl
are mwﬁ/
vLL'GBCL
Ll mmfw.
LLOOCL—F
mmw.omﬁ.\.
Libegl
LLL'EEL
805'¢Ll
805’ eel

126

130

134

1 (ppm)

10

20

180 170 160 150 140 130 120 110 100 90 80 70

190

1 (ppm)

25



26

F-1E+07

10

20

[=1] [+1] [=1] [~} [==] [-=} [-+] [~} [==] [==] [-+] [~} % [-=} =] =] [==] [==] [} =] =] =] M~ P~ P~ P~ I~ M~ P~ P~ I~
(=] [=] (=] (=] [=) [=] (=] (=] [=) [=) (=] (=] T [=] (=) [=) [=) [=) (=] (=) (=) (=] o (=] (=] (=) o o (=] (=] o
+ + + + + + + + + + + + W + + + + + + + + + + + + + + + + + +
w w w w w w w w w w w w — w w w w w w w w w w w w w w w w w w
R S L. L A < L S L S SR Ay s Ny Ty v.eere Py N T
(=]
=]
L@
(=] . o
- 11€'5) o
L < . L2}
- LNy
- 65L LT
o Z05 62
) - ale 699 65
zz0z— EE— U] P cermr
0052~ o m Aoﬁ.m | © £000F
05527 gl o 0LL-0F
J - 097 OF ® 8 5
Gy & &b .
Zee e— — 5 1 L 1
St 900°ZY
. 505 €F L%
200 I, & 2o} 2 9zT b
120t
0 re
8l |~ A _
s =SOL[ LEE0p <E
[ o 900 Zr— - r<a
| wE _ - =
wE 8re 9zl eosEr FE
| oz zz6'92L !
=] 065 051 9z Gr— - o
SpL0g) r
- £99'ZEL
[=e) [=e) [=e] .
680 L w M M —~ 0oLl m MMW Mmﬁﬂ
- xl o~ - o !
piGEEL ® =
Sy e = Tl n 0561 I I
mwM ML 8re L - - MDZ ~ 79160, 8 £ 8 o
688 L = = UL o 7558 T —
e 2y i= =10 Vo 8 788'65. Zran/ ]
o 24 08y i~ ot |« 90¢ 67k —
. 0LG L = - @ 0BL'0EL L&
Ziy L = Y N\ 4 r®
azp L =15} h.\‘ | m m | o lep agh opLOCL— = -
08y L = o
Z6Y L~ _ = B L2
SEF /2 a0 1~ |..4/mo Fo= | o . £99°CEl ||\|.|LJ <8
0LG'L [ o 259'69L— = Lge
5251 N ..1U_o ~ | 0LLGEL— — =
mmm M s98 L U z9Lgel” r
t w
895 L I Le e 97g'6¢h 2
Z89'L 15T 60~ N\ ]
mDh.h = 009 €L~ 788 6EL— = r
68 L
G98'L |2

60 50 40 30

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

200




F1E+09

F1E+09

F9E+08

FBE+08

F7E+08

FGE+08

FoE+08

4E+08

F3E+08
F2E+08
F1E+08

PO0C—

00s'c—

0Zee—

[F7NAN
0ege”
90Z ¥

€27 qw

SL_.W
th.wv

060° L
vz L
052" 11
€97 11
997 1
20¢" 17
1ZE L
5zg 1}
288 14
16 L
151 14
eib i
82y /4
215 4
629 L]
S5 L

vBg L

609 L

OMe

MeO

3d

__J
R

—

Feoe

.Mmo €
e
ool

FooL

85’0
mﬁmo 3
Mmo Z
60'L
Fmo 4
o'l

F-1E+08

FGE+08
FSE+08

4E+08

F4E+08

F4E+08

F3E+08
F2E+08
F2E+08
F2E+08
F1E+08
FSE+07

F-SE+07

0.0

0.5

LLVGL—

1.0

LIS BE
B9 6E
L58'6¢
LLOOp
el oF

1.5

2.0

L5E Op
SE1G6 %
71955 g

25

F4E-0T

3.0

35

£8'9gL—

40

45
1 (ppm)

2z leL—

886’z
mSw.mZW

5.0

55

ZLo vwfﬂ.

PEEbEL

LZ6'0gl
928 9¢gL—F

6.0

FBE+0T

FAE-0T

F2ZE-0T

—— 0

LZZ LEL

6.5

LiT6pL—

7.0

0Lp'95L—
588'651
op0' 09l

0826905055, —
PO 02L—

80 75

8.5

9L9'68L~
90 161"

9.0

e 10

3d

FEE+07
F4E+07
F2ZE+07
0

T
120.0

)
o
I}

T
120.5

TSN _ i
= IR -
“gLLzE

121.0
£1 (ppm)

1215

)

L= BSLEL— -

T
122.0

1610

10

20

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

200

27



8 &8 8 8 8 8 8 8 8 8 8 8 8 8 b 5
+ + + + + + + + + + + + + + + ,H_
w w L w w w wl w w w w w w w w ]
L G G P (R A S AU G S D SR LA <
9951 — =00'€
LBPT
005 NW
P05 T
AN oy
cor el
98
ey oot
[=e] [=e] @ [=e)
[s=) (=] (=) [=]
+ + + +
w w w w
. e S T .2
— =650 .
8907 L~ B0 Tl — Fes0
LG L T~ Lo
29I ; ~ - Yoz
ch r - 00z
2i9L LA 0} E - wm?
689'L PrY L~ ==pi~8 €0
818 L i ﬁ
528 L aLgL— ==t |
5008 I [ o
2Z0'8 500 mN ——==t0'¢
zzoe

1.0 05 0.0

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

95

10.5

1 (ppm)

I~ I~ I~ I~ [ =~ =~ [ I~
(=] (=] o (=] o o o o o
+ + + + + + + + +
w w w w w w w w w
? . ® % . ° 9 F . % .8, 7 .9
577 51— S
L7568 }
529'0F i
890 v
~
[==]
T
vZL BE) il
808 621 £ ?
L09'0¢E) bZU6Z1
SooLEL 808’624 - ) .
552 VEL L0908L7 - —
€29 vl 200161 o —
LEL6ELT = —
LLO Ol I | 3
602 6k — €29 PEL" - g I
8
£0L'95L— ] G
122'69L— LELBEL~ _ o N
O 0L = r
816'88L~ ]
628061~ -—

10

20

80 70 60 50 40 30

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

200

28



F1E+09

F1E+09

F1E+09

F1E+09

F9E+08

FBE+08

F7E+08

FGE+08

FoE+08

F4E+08

F3E+08

F2E+08
F1E+08

F-1E+08

796" L —

oom.m
vom NW
2052

e e—

mqu
wmw.wv

98L
mom.wv

LL0L—

88 L —
SeL L
[4=7A¥
BLLL
6L L
96L°L
0ze' L
aee' L
A
ope'L

©

=}
T

1]

[re}
i

esLi—
SELL
Z5LL
BLL A~

BEE 4~

_to

J—

=e0¢

=80l

=80

FroL

ool

1A
€L'e
50¢

ooe

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

95

F8E+07
F7E+07

FBE+07

FGE+07

FBE+07
FSE+07

F4E+07

L4E+07
H4E+07

F3E+07

F2E+07

F2E+07
F2E+07
F1E+07
F5E+06

F-5E+06

ZeC5L—

ZLY 6T

LSV BT
mom.mm%
BSQ A

900" 0P
LV Op
592 0p
ope oF
Zer op
L0S OF
755 0F
LG50 v

620621
£EE 6T
159°0¢€L
LPO'LEL
289'CElL
AL wmﬁv.
LS PEL
8Le'relL

SLE BYL—
S90'95L—

Leegl—

P68~
29506

I~
=)
T
1]
©

F4E+07

F2E+07

L
PRI T S

LS90EL—
LPOTLEL—

T89TEL~,
raLzeL<"

LPSPEL—

132 131
f1 (ppm)

133

134

L

10

20

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

200

29



8 8 8 8 8 8 8 8 8 8 8 8 8 8 85 5
+ + + + + + + + + + + + + + + + En”_
w w w w w w w w w w w w w w w w ]
S e P P e AP AT A A P P T N R s T

=
600°Z— @ Ti0e
9057— - —
geeE— =
Wy .
sozp” Lo
pea'y
zs 7 00}

[=1]
[ar]

680/ — -—= F8s0
129 Iy )
sty — e
595/ ==
RrEY ) o0}
el — R0z
18z o] S0
L 80
168 L
1052
Fp6 L
£55'L
965 L

F3E+08

F2E+08

35 30 25 20 15 10 05 00 -05

40

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

9.5

oze'zzl
ope'ze fw.

698 L2L—
e LEL—

L9gTLEL
A=Y ﬁﬂ

€52 67—
el 95—

20z 69l —

LLB'B8L~
LLT06L

8E+07
FEE+07

28 HE08

mmmf
mNNﬁN

898 LTI~
L5z'8zL"
ezh'lel
PPSLEL~:
LPeLEL
§i8'LEL

LegLel
POy LEL
T8 LeL—

30

L 2E+08
L2E+08
1E+08
L5E+07

10

20

80 70 60 50 40 20

90

100
1 (ppm)

120 110

FAE+07
1—2E+O?

130 126
160 150 140 130

1 (ppm)
170

134
180

190

138
200




31

F-1E+07

=2} [+1] [=2} [=1] [} [~} =] [~} =] [-+] [} [==] [} % [==] [==] =] [} P~ M~ M~ M~ I~ P~ P~ P~ M~
j==1 (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] ¥ (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=]
+ + + + + + ¥ + + + + + + 0 + + + + + + + ¥ + + + + +
U w w w w w w w w w w w w — w w w w w w w w w w w w w
T 5 T T T ° T e L i T N T < ! T T T T ? iy T L L i b N T T
(=]
A =]
F o 09 51— -
[ (=]
1 bZgEe
Lo 065 68
- 1696
. i I oon .
5002 J et S 20 0b - ‘
- Z6l O ,
005 Z— — F e B5€ OF 1
o 525 Ot
L2 169 0
e OJ\ B o 9pe o r
[3r] -
1
=, L= ]
H =t
geep B
sse v -J FOOLL @
9es'p : °
mmmqv 1|A:of5.m
o
[=N
Log
@ © ] | ©
M M © @ [
I . L2 IR
- © pi9 el — < % o
(=] " —
950 L— L2 -~ Foou| = a7 nyvei— ——4 |8
6908~ .
bes i— 18087 Sl L Feouf < 08 BELTF 527 08 g
6908 | [ e gLe 0wl waoels [ ¥
1808 9ET B~ otk . SOELE S 1PT 6L — -
gez'a - T g . =107 - A
ey s B Ryl 92 08L's51— -
. . [=+] —
zoes zov e E, 0LB'BEM~. 4 o2
nec e ose'e =0T | = 9i8 0L~ = [
868 86€'8 i S 560681 — -
gy olv'a 7 I P
[ o i 152 6L
® 54605k — L2
- SPO° LGk — ¥
L8O 684~
L2 ey 061"

10

60 50 40 30 20

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

200




F4E+08

F4E+08

F3E+08

F2E+08

F2E+08

F2E+08

F1E+08

F5E+07

986" —

L6P'C
oom.mv
€05'¢

epe'e

LBEZ 7
mom.wv

FLB
168

850 L—

LES L—
096'L
Li6'1
L20'8
750'8
L8
680'8
SPL'8
121’8

Feoe

Fio

Foorb

Feso
Fes0

44
0’
90'e

0oe

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

95

1 (ppm)

0 90 O @ @ ¢ @ @ @ @ @ @ @ M M M~ P M~ M~ A~ K 55
ggeeess888e8BoLoEoBREE F7
WowowoWwowoWoWwow oW oW ow oW owow oW Wow W oW wow oW W
sy T T s T eereRTeNTe 00
9zeGL—
0BF 6T
EF9'BE
9.8'6¢
jeTal=}
051 0p
Syl
gLeop
80F OF
C8F Op
8e5'0p
Leg vl
609'9bL~, A r
289'gLL = | g
[ E LEg pir— -
86€ 8L g
zovan ) = e
-% Lo
609'all -
889911
66E° 8L +
chr Ll
€Ze6gl— —_—
speel 2 ¢ ¢ g ) —
v ge’ I
8iZ 6L — —
. ECEBET L~ -
S06'85L— LELBE L - -m I
usesL— 1655Ek— ——— E ]
wa
ez
£Z 68h~ 0Lp 8Ek~ — —
CBL06L L96'8EL~" ] 2 —

10

60 50 40 30 20

190 180 170 160 150 140 130 120 10 100 90 80 7O
1 (ppm)

200

32



8 8 8 8 8 8 8 8 8 8 8 &8 8 8 B 5

+ + + + + + + + + + + + + + + _u_..”_

w w L w w w w wl w w w w w w w I

R (R R . GRS S S N GRS B R S G s

Sp0Z— u Leoe
808 2— -

ope'e— -

LLE by _ j .

Pee L Fsol
98 _ | .

leg e — FO0k
A — Teol
oy L= ‘M Feo:
oL 60
SLLL haoz
g8i'L - 00
gL JJ €02
068 L

V26 L

9e6'L

eie

R710

35 30 25 20 15 10 05 00

40

85 80 75 70O 65 60 55 50

9.0

1 (ppm)

e © e e © I~ I~ I~ I~ I~ I~ B~ P~ = s
S S S S S <] S <] S S S S S S T
+ T + ¥ T T T T + T + ¥ T T I
[0} 18} [0} [0} 18} L L [1E) L L L L L L —
P R S SR LI LA S N A GO S S <
1

SLT8—

9E8' 6T

laTaMal "3

Z09'6¢
mmm.mm%

0LV Op
LECOF
05 Op
266'0F
051 v

855 L2}
8.5 12
189 2zL
528 L2
0zl 62
06L'6Z
52562
70962
18962
95862
06E vEL—
B906EL—

oLoopL—

0P 95—

95k 69L—

608681~
95061

© ~
=1 =1
¥ ¥
L Ll
T L <

BES LT

§.5'L21

5Z8' Ll

0ZL'6gl—r

osl'ect

5562

rogect

Le9'6Z1

06E'PE L~
LELPEL

FSE+07

@ I~ o] I~
S =1 S o _
+ + + +
w w w w
T L T T :,u <
1 _
&N
orosmL - | 8552} -
5029v) A\
65 1Tk —
Bty @
528.T) &
- £ £
g L8
@6 &c
—— B ‘@ﬂmwp = A
52562 = = B
- ¥09'6ZL - o-
1898TL e
| a6zl

10

20

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

200

33



[-+] =] =] =] [~} =] =] P~

(=] (=) (=) (=] (=] [=) (=] (=]

+ + + + + + + +

w w w w w w w w

i ¥ ? o < N T i <

JE—

860'2 Fooe
005'z—
8pT E—
oLey -
Rm.qv Lok
G905~
£80°57 ool
19071~ Fron
861 L
Beg' Ly Lool
689 L~k Fiog
Ze08—> F50€
gol e~ Feoe
Pz 8
7588
Lig'g Lok
126'8 ool
8e6'8

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

9.0

9.5

1 (ppm)

F1E+08
F1E+08

F1E+08

F1E+08
FOE+07

FBE+07
FTE+07

FBE+07

F5E+07

H4E+07

F3E+07

F2E+07

F1E+07

FAE+07

8z5'GL—

8e8'6e
feTatatal "2

P05 6E
th.mm%

ZLL 0P
6EC 0P
05 0p
3l
P0G
8LLSP

LZE'STL
£E5' 52l
659'5ZL
0L0'9ZL
Sieiel
e LTl
L160'621
6LL'6CL
0ge 6Tl
LT BTL
F0Z'0EL

LOp0glL

¥Ze 5 ﬁ\‘
Fee 6yl —
0Lp'95L—

0ZL69L—

CCP B~
889'¢6L"

@
=1
F
w
S

FSE+07

LGS~

SLZ'LCl-F
pee \.Nf\

Le0ecl—
POZ'0EL—

BY7 LEL—
pLZeel—

50 FEL—
8FL'SEL—

130 128 126
1 (ppm)

132

134

10

20

180 170 160 150 140 130 120 110 100 90 8O0 70
1 (ppm)

190

34



g8 8 8 8 8 ¥ 8 8 8 8 5 =
+ + + + + + + + + + + r_..”_
w w w w w w w w w w w ]
e L i i T T A & N T i < \
-1
e
665 1 — = 50t
96T
005 NW
P05 T %
9zge—
191 . -
val v ot
LEL b _ -La
8pL ol
2]
ZZV I
15T L
59 L1
197" 14
§LT L1
108 14 oot
518 1
toi i\W gmmw
g I— -— 100k
u =50}
566 1T ~Z0'L
168 L4 — J»rmoe
2008 £0'L
700" g
06081
z60'g]

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

9.0

F4E+07
F4E+07

F4E+07

F3E+07

F2E+07

F2E+07

F2E+07

F1E+07
IF5E+06

080 #l—
Lovee
£L6'88
obLge
088
000 68
pLOEE
59168
L2 65
£EC6E
80¥ 68
8sv 68
BLL6E
SLOCh
I~ I~ I~ I~
[=] o (=) [=]
* * + *
w w Ll w
98y mNP T.o e ¥ .. 2
128'821 ——
. 9817 821~ _Jt
LTLEEL— \7enT - — =
L8 =
261 brl— R
192 87L— I -
) LTLEEL— -— LXE
£§lagsL— 858 VEL— — 172 -
924581~ — F =
285 9L~ 7
[=»]
96)'88L— P —]
LZT 18I AR = ‘
orgzeL”” T

10

20

180 170 160 150 140 130 120 10 100 90 80

190

1 (ppm)

35



FGE+08

FSE+08

F4E+08

F4E+08

F4E+08

F3E+08

F2E+08

-2E+08
F2E+08
F1E+08
FoE+07
o

F-5E+07

8zl —

8_&
Ew NW
0052
oLLz—
1607
G867
FELE—
z05e—

SZ8'¢
£re mﬂ

Sell
6pL'L
4=
LiLL
86",
[AAN
98T L
05g'L
S92

785 L—

(VN

= p0

5l
B 80k
= p0g

50k
=50

koL

F oo

25 20 15 10 05 00

3.0

80 75 70 65 60 55 50 45 40
1 (ppm)

8.5

9.0

[==] [==] [==] =] [==] [==] =] [-=} [} [~} [==] I~ M~ M~ P~ P~ P~ P~ I~ M~ m
[=) [=) [=) (=] [=) [=) (=] [=] (=] (=] [=) o o (=] o (=] (=] (=) o o ¥
+ + 4+ 4+ o+ + o+ o+ o+ o+ 4+ 4+ + b 4 W
W W wwwwwwwwwwwwwwww —_
N NN T T T T TR TN TR
PO GL— -
16062 ‘
plee
” i [} <=} <] ~ e ————
CLOES @ ? ? < e—=
6E8'6E L S g8 8 8 B
900 OF ) ) ! | T & & i i
£LL 0P NN T w9
e oF 959 821 L TIYBE =
Lev O 589 8Z 62
L05'0F s0L82k o e
50 L L 8Tk L o
71T TP N_ pS0LpT ~
reEr E wrer— rs
L = E
T 6EEh— - =
o uzwy - c
Lo L Lo
e
Vb ozl r
959 mﬁ/
§89' 82 ~ -
50.°62L
ZyL8el
e 8 8 8 b _
BEE 0L ki & & i
. S S L
655 6t7L— | -
097 95— W - -
(=]
i 966 0L - L=
| E
g
o
L e
hii
ZEL66L~ _
¥98 10z~ L -

-10

10

190 170 150 130 110 80 70 60 50 40 30 20

210

1 (ppm)

36



@ for} © © =) =) =) ) ) ) © =2
(=] (=] (=] (=] [=) [=) [=) (=] (=] (=] (=] F
+ + + + + + + + + + + i}
w w w w w w w wl w w w —
T T g ° T L L i T N T < !
080°4 i
w80 _‘W Ik =00'¢
8oL} |
8z} I
Y6 L
£OB' | FooL
8L6') oL
192 %mm z
eV - VLol
vz
878 e— -
L8V | I
g0y = Flol
1897 |
Y oot
ol L— — TFool|
ove L = 20z
95¢'L - L0
£6¢'L 601
60% £ = 66'L|
v L 007
9691
zLiL L
788,
868~

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

35

1 (ppm)

F2E+08
F2E+08
2E+08
F2E+08
F2E+08
F2E+08
F2E+08
F2E+08

F1E+08
F9E+07
FBE+07
FTE+07
F6E+07
FoE+07
F4E+07
F3E+07
F2E+07
F1E+07

AE+07
L 2E+07

6E6 66—
LZY LT
474 _,wwv
LO9LLE

S05°6¢
ZLY 6T

[SIA-mern
900" 0P
Ll 0P
ope oF
ey op
LOS OF
290" Ly
LI ER

LLOOEL
opz 0gl
Fee eel
68p el

SLE mj‘ﬂ
mNm.mi\‘
68T 67

986'65L—

08'8ZL
0LL mwﬁk
>

LLS69L—

F5E' 681~
8LL06L

~1E+08

wmw o#%
nom.o“\
a0t

LLBEP—

F2E+08
F2E+08

F1E+08

F5E+07

708824
0LV 6ZI—
LL00EL—
ovz ok

PET ETI~
Sl

40
1 (ppm)

42

44

129

f1 (ppm)

132

135

10

60 50 40 30 20

190 180 170 160 150 140 130 120 MO 100 9O 80 70

200

1 (ppm)

37



[=1] [==] [~} [-+] [==] [==] [~} [-+] [-=} [==]

(=] [=) (=] (=] [=) [=) (=] (=] [=] [=)

+ + + + + + + + + +

w w w w w w w w w w

T e 0w v % % 5 9§ 7
160’1
504 FW =90'¢
0zl
zil
Lb6 FW
956'L FZ0'L
Gpt
G5 7L far
Ev.mﬁ 850
0057
FZC e T
5617
20 Fiol
150 )
siiv” ook
1807 1— Fi60
6Ly Iy 850
855 I~k 00z
1S9'L L5}
Gv9 L T hgoe
av L 507
L99L
189 L
vag L
P08 L
L8 L
-y

F2E+08
F2E+08
F2E+08

1.0 05 00

1.5

888 6—
0E9'5L—
LBYLE—
S0¥ 6e
<05 @mw
QL9 6

85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

9.0

LEB BT
P00 0
LLL'Op
£9Z 0
ace oy
62F OF
505 0P
L8 oy
reg ey

SZL 6T
ZLe6gl
S95'0glL
LLOLEL
LOE PEL
S.m.wmﬁw.

vmm.mmﬁ
zz0 oi‘ﬂ
09g' 67l —
L6965, —

26869 —

el 68l
BPE 061"

38

F2E+08
F2E+08
F2E+08
H1E+08
F1E+08
F1E+08
F1E+08
F1E+08
FOE+07
FBE+07
FTE+07
FGE+07
FoE+07
F4E+07
F3E+07
F2E+07
F1E+07
F-1E+07

10

80 70 60 50 40 30 20

90

100
1 (ppm)

190 180 170 160 150 140 130 120 110

200




[=2] [=1] [=1] [=2} [~} [-=} [==] [-=} [==] =] [} [==] [==] %
(=] (=] (=] [=] (=] [=] [=) [=] [=) (=) (=] (=] [=) ¥
+ + + + + + + + + + + + + w
¢ 8 2 8 8 2 B B Y B K O o 05
1580
mmmow F00€
1880
orsl
gLe _W 0L
EpE0
605 7 660
mw@,_?/ c0e
562 2 = %8 £
mmv.w\ S50
LBFT
8zee— —
LEL 7
o Fook
6691 :
oL e Foot
560 L— -—= Tg60
988 L u& Feee
Z5e L S 10T
968 L M JDE
ZLp L - fm._
PG L €0
089 L
904 L
€88 L
006 L

90 85 80 75 70 65 B0 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

9.5

F2E+08
F2E+08
F2E+08
F2E+08
2E+08
F2E+08
F2E+08
F2E+08
F2E+08
F1E+08
F1E+08
F1E+08
F1E+08
F1E+08
F9E+07
FBE+07
F7E+07
F6E+07
FoE+07
F4E+07
F3E+07
F2E+07
F1E+07

L1E+07
F-2E+07

286’ el —
6eL8L—
LBI LT

ZL8 6T~

50568,
LBG AT~

z19 68
628 68
9000t
€41 0F
9z 0
oFe oF
VeV OF
£05°0F
vEL L
869 ¢f

Spo'0cl
LEZ'0gL
LT EEl
LES'EEL

§8¢ mi‘ﬂ
mﬁm.mi\‘
89g' 6L

18885 —

PLLGTL
mmﬁmmﬁ%

Lip' 69—

898681~
POL 061"

F2E+08
F2E+08

F1E+08

FoE+07

r0

LB bT~
1941z

r2E+08
r2E+08

F1E+08

FSE+07

R

Vil 8z~
951 QN%

e

LEG mmﬁ\

58¢' 5Pl
aLe miV

2 21
1 (ppm)

23

24

135 130
1 (ppm)

140

145

10

20

190 180 170 160 150 140 130 120 MO0 100 90 8 70 €60 50 40 30

200

1 (ppm)

39



F1E+09

H1E+09
H1E+09
L9E+08
L8E+08
L 7E+08
L6E+08
L5E+08
L4E+08
LaE+08

0

F-1E+08

900'0—

mwmo
Em oW
5180

7661
IR

968'L—
L9ee7
415 w%
005'e

pee—

GlLig
zei e/
£L02 vv

L94F
ras wv

L80L—
PSS'L
98 .ﬁ./
epe'L
L99°L
589'L
964°L
eLes
L66'L
8008

i

Fazirz
=501

+86'0

Ei0lL

=80l

10 05 00

15

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

9.5

] ] =] =] = =~ I~ I~ I~ [ I~ =~ [ =3
(=) (=] [=) [=) o o o (=] (=] o (=) o o F
+ + + + + + + + + + + + + i}
w w w w w w w w w w w w w —
rT.T .T . T .. .. 0 L F P N T T !
O
LZop— == - -
80181 — nuaUﬂ\mw L] —
5v6' 67— z © O -
GEE 68, T
08 /G~
0096¢] - _
18868 =
700 0F | d
LLkOb _
792 0 SEEY &
e 20568 8
506 Ot 0L9'6E -
58 0 g _]
L68 S
=
g
[ g
?
3
€0L 62}
ZLEBEL
ZE5 0EL
LB 0EL ) 5
L pEL - ©
069 6€} €0L6Z1 —
zzo o) 218621
_ ZES0EL-, ~
e YL Teaos/ o
809'85 4 — — -
SZEPEL~ E
LeyeL~ g
00E 69— g —
epoeEln.  DBIBEI o }
e 061" zzooplk-" - -

40

10

80 70 60 50 40 30 20

180 170 160 150 140 130 120 10 100 90
1 (ppm)

190

200



&€ 8 8 8 8 8 8 8 8 8 8 &8 8 b 5
+ + + + + + + + + + + + + + _L.U
w [u] [u] [u] w 1] 1] w L ] L L L L 5]
AR P R e G R A AP O P N P R !
095’}
PEIAN -0
008'?
2057/
1Z8e—
zire— 00t
€T =660
wzv!
18Ly =00}
solv/
029 11
€9 L
mmmhw ¥80Y
5192 L
8eg'L eos
558'.
800'8
s20'8

1 (ppm)

F2E+08

F2E+08

F2E+08

F1E+08

FoE+07

Z8C' 5L —

0L9'6E
Q6

LOT'BE
mom.mmM

00 0F
LLLOp

el Pe—

JAZN A
6L 6TL
099'0glL
S0 LEL
T el
LIS'PE D.
EPLGEL
€20 oj‘m.

080'6%L—

LLLLGL—

Lpe Lo —

928'881~
FET 061"

T T T T T T T T T T T T
190 180 170 160 150 140 130 120 10 100 90 80

200

1 (ppm)

41



42

-10

10

[=e) oQ [=e) [=e) [=s) [=e) (=) P~ [=e) (=) [=s] [=e) (=) [=s] oQ =+ [=e) oQ oo P~ P~ I~ I~ P~ I~ r~ I~ P~ 10.-.
[=] (=] (=] (=] (=] [=] (=] =] [=] (=] (=] (=] (=] (=] (=] (=1 [=] (=] (=1 =] =] [=] (=] =] [=] [=] [=] =] ¥
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + w
w w w w w w w w Wow oW oW oW wow —
i il ? N N N T L 2 NN AN T T T T 7259 LT PN
w
[o
(i P80 GL—
£98 L — - Fo0e|
Bve LC
. w 88} 6¢
oose— - Tl omw,mm%
r 128 6C
oree © 166 6C
[« 851 0%
Yooy S0 S5 0
w pLy OF
ks =00b[ = 167 OF
LLST [ slgzy
w
[
L E
vZS L a2
685'L Los
G55 L ©
165 L L
ety z0z 159821
1Z9°L _ MS.N ) 86.'8Z
oy == Lo~ £6E 624 o @ @ o~
£99°L POl 60L 621 S $ % 9 ——
1191 00Z Yy pel— 4 & 4 H o —_—
SLLL 0z w 626 FE) : . ! ! N
0eLL ® Lo
SkLL L 6L0°9¢€L PRO GL— —
SLLL ,
061 L - 628 PSL— - |g
G5 . Mo pZ8 68
5Z€°0 -
+ 159821 ok
o 9LT LI — €62 621 re2s
Fo vER FEL b
898'GE) = | o
r i BEB PG L— —H e
) ) 995 06}~ _
00% LL— —— IO BEB LEL :
T 9950817 )
i 656 L6 &
w
B

1 (ppm)

190 170 150 130 110

210




F9E+08

FBE+08

F7E+08

F6E+08

F5E+08

F4E+08

F3E+08

F2E+08
F1E+08

9Zee—
80 ¥
ZT
622 7
9gg P
144%
LT 7
85¢'

18Ty

£p09—

Lip9—

985 L
109 L
1L
gzL L
0808
mmo.mw
Lp0e

=0

EtOOC

[, R N

—

4a

oL'L
ﬁhoom
860
Loz

ool
=80l

661

00k

Fi61

»002
Fool
FLOZ

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

9.5

1 (ppm)

8 &8 8 8 8 83 8 8 55 6B 5B6BUbB B B B 5
+ + + + + + + + + + + + + + + + + ,H_
L w w w w w w w w w w w w w w w w —
N N N A R S L L i W A P B S|
o
I
o. =
ﬁﬂ\ o
6T 7h— = -
=z <+
967 22— N o -
958 52— o) -
LLE 62— o} -
667 6 [T
999 ¢ B
78865
666 65 ]
991°0F
[=e) oo P~
[=] [=] (=]
+ ¥ +
L W [NE}
11929 N T W 2 -
ShT 19 ]
psv 2ol [ F
| [=
]
£pZ Lo~ - ©
vy L9— - S
E
=S
|8
m L
I o
| e
,, lie]
L
)
189°82)
mamﬁv - o
LeLvely g T 9 _
166'VEL E m E o
11565 — L8982 — — L8 -
81670 1— glgeTl— - L _
3
- o
626 04L— = -
e
LELPEL~ _ @
ksl 165781 — e -

190 180 170 160 150 140 130 120 110 100 90 8 70
1 (ppm)

00

43



-6E+08

-5E+08
4E+08
L4E+08
-4E+08
L3E+08
L2E+08
F2E+08
L 2E+08
HE+08
FBE+07

L0009—

0sp' 9—

98¢g".L
Nov.\.V
wea L
_;w@..\‘.v

= \N)Z<
NH:
=0
4b

EtOOC
Me

Froz

=00t

Fooz

Fzoe

Feoe

1.0 05 00

1.5

50 45 40 35 30 25 20
1 (ppm)

55

90 85 80 75 70 65

9.5

g 8 8 8 8 8 8 8 8 8 5 B B B 5
+ + + + + + + + + + + + + + ,H_
w w w w w w w w w w w w w w o~
L G B B L BT B R M ML AR cRP ML P S
o™
T
OJ\N
Ke]
N\N =
26T 7l— N
vOL Lz e
ezl o —
9Eg'sT = —
005 68
L rialeii=]
191'0F 3 8
5820 i &
o T
=)
9rgz9—
50249 SRZ pL— ——
esv 197 <
SF
POL b2 ~g
LE'zz -
&
968 67—
VS 62—
86824
Zrl 0gl—
Ipezel” - -
I &
858 Gl — w =
995 551 —
155 T9L— &
185044 — epaze—
2F
a8
r8c
vl 6l — 502 29~
257 19~ @

44

-10

10

80 70 60 50 40 30 20

1 (ppm)

110

130

150

170

190

70
210




L6E+08
L5E+08
L4E+08
L4E+08
L4E+08

F3E+08

F2E+08
F2E+08
F2E+08
F1E+08
FoE+07

0

F-5E+07

ape e—

oLe'y
vZe ¥
LET P
i
09z’ ¥
PLE 7
a8z
S6T' ¥

Ze09—

180 9—

LLOL

mmm..\.W
op0'8—+
.\.mo.m\

Cl

4c

SO'L
ﬂ\.o €

BOO0'L
Feoz

660
5 6r0
H/_,m.o

Fsoz

oo

Fioz

Fooz

ELoe

90 85 80 75 70 65 60 55 50 45 40 35 230 25 20 15 10 05 00

9.5

1 (ppm)

F3E+08
F3E+08

F2E+08

F2E+08
F2E+08

F2E+08
F2E+08

F1E+08

F1E+08
F1E+08
FBE+07
FGE+07
F4E+07
F2E+07

F-2E+07

ZLTpL—

LT Zt—
SZ8'5e—
oog'6Z—
SLY 6T
W)

608'6¢
9LE'6E
ekl 0p

el
S0L' L9
ﬁvv.\.ww

mwmmmf
165°0¢ ﬁV
6Z9°CEL—

908'6gL—
L8565, —

065 29L—

28 0L —

298'L6L—

F1E+08

2L T9—

SOL' L9
_,Sw..\.w\

F2E+08

“

F1E+08

SZ8'6ZL—
LBS0EL—

]

N
4c

EtO0C
Cl

129 127
f1 (ppm)

131

10

60 50 40 30 20

190 180 170 160 150 140 130 120 110 100 90 8O0 70

200

1 (ppm)

45



F3E+08

-2E+08
- 2E+08
-2E+08
-1E+08
- BE+Q7

L88°¢

602
A
£Ze
g’ ¥
LET P
PPe
85T’y
LT P

L0 9—

a8y’ 9—

FAR=
es’ L
956",
LB L

4d

EtOQC
Br

Moo 3

s0e

=001
F86'L

ol
=0LL

Froz

EQoL

ooe

»88'L
=467

F2E+08
F1E+08

F1E+08

F1E+08
F1E+08
F1E+08
F9E+07
FBE+07
FTE+07
FGE+07

1.0 05 00

15

8LTPL—
Zpeee—
68 62—

68Y 6¢
s (s{e=]

85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

2.0

¥E8 6e
086'6¢
LSL'Op
el e9—

mhonw\
mmv.\.w.\.

wmomwf
apo'0g ﬁM
98LZEL-F
mvm.mm T\‘

825'65,—
£85°29L—

€L 0il—

66L'26L—

= \N——Q
NH;
=0
ad

EtOOC
Br

46

HEE+07
L4E+07
LaE+07
F2E+07
L1E+07
F1E+07

10

20

60 50 40 30

90 80 70

110 100
1 (ppm)

120

130

180 170 160 150 140

190

210 200



=) ) =) © © @ %) =) =) © @© I~ =3
[=) (=] (=] (=] (=] (=) [=) [=) [=) [=] (=] (=] T
+ + + + + + + + + + + + w
w w w w w w w w w w w w ]
L ? £ i v i ° N & N 5 iy < ;
55T}
B2 |
£9Z'L
T68' )
[
8Lyl i
osp' L - - 190
95t |
558 L— 860
wLoz— = Feoz
808z £SO’}
A — ﬁfom
00s'¢ 0o’k
825z
988 e—
piLf
88l 't
G6L 't o )
S0 < ==s== [00¢
0Lz ¥ o. =
Ly J\
vz i W
ISz Y =z h @
O
Q
758 6— o} —_  hn
i}
08 9— —— Foe
95¢'L
€8¢, .
I _ S0
[AE-3 - 66'0
=y Rz
856'L .
e Feo

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

9.0

F3E+08

F3E+08

F2E+08

F2E+08
F2E+08

F2E+08

F2E+08

F1E+08

F1E+08

F1E+08

FBE+07
FBE+07
F4E+07
F2E+07

F-2E+07

S9C pL—
669 LTF
ovm.mw%
S.\..mw\
£ES' 6T

ansac.

mwm.mm
wm_.ow
AN 2

S09'¢e—

958497
SLS mw.\‘

LL5°92L
S0g'6zl
808'zel
asl'eel
LE8'PEL—

159681 —

§L9'GGL—
£98° 29—

WO LL—

096'56L—

F2E+08

F1E+08

4e

-0

LA 9TI—

S08'6ZL—

808'ZEL~
8GL el

LEB'PEL—

134 132 130 128 126
f1 (ppm)

136

10

20

190 180 170 160 150 140 130 120 110 100 90 8O0 70
1 (ppm)

200

47



F1E+09

F9E+08
FBE+08
F7E+08
F6E+08
FoE+08
F4E+08
F3E+08
F2E+08
F1E+08

0

ziLl
LET |
kSTl
ez’
g6z’
£lel
8L l—
18571—
LITT=
0eT

£pPe'C
mNm.N\
628 ¢—

[
FAYA
vZe v
LET P
agg' v
5e
992 ¢

S6Z P

Se09—
205 9—
€951
mhm.hw
765" L
Se6'L

omm..\.ﬂ
re0'8
6v0'8

0618

b JLJL_L ;L

=0
4f

EtO0OC
Br

i |

o'l
.wmvo.m

FLol
Fioz

o
=80k

Feoz

Foory

Froe

Foorb

860
L0
by

F1E+08

FOE+07
FBE+07

10 05 00

1.5

LlEpL—

LT EL—
26L' 52—
LBEBE—

667 62
feeTeW

g0 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

8.5

9.0

mmm.mm
Dooow
LI 0

0sLzo—
PLO L9F
mmv.nw.\

88’z —
ogL lzl—
Pse el

£88'9EL—+
60K LE f.\

80555 —

965'29L—

S8L0LL—

aLe'lel—

F1E+08
FBE+07
FBE+07

48

L 7E+07
F6E+07
LEE+07
L4E+07
F3E+07
L2E+07
H1E+07

10

40 30 20

F4E+07
F2E+07

0

05L°29—

L0 L9~
SEP L9

F1E+08
FBE+07
FBE+07

86'cZL—

ogL lzl—

P&E e~
GZE el

£88' 9%~
680F LSV

100 90 80 70 60 50

69
1 (ppm)

120 110

FAE+07
125
150 140 130

160

135 130
1 (ppm)
180 170

190

140
200




FGE+08

L6E+08
L6E+08
L5E+08
L4E+08
L4E+08
-4E+08
-aE+08
2E+08
F2E+08
L2E+08
H1E+08
L5E+07
L 5E+07

9ee'e—

Ly
SZZ
[
622
Bl
€52
692 ¢

mmw.L

S60'9—

£E5'9—

960'8
cll'g
G8L'8
Log'g

NH
=0

4g

EtOQC
NC

F1E+08

1.0 05 00

1.5

09 pL—
LeLgT—
LS8 6Z—

CBY 6T
£GO A

85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

9.0

9.5

9Z8'6¢
66 6T
091" 0F
99.L°29—

69179
Spy .\.wﬂ

S99~
LOFBLLT

POe 6ZL—
0L EEL—
£Z0egl—

FEP 85—
78529l —

899'041—

£E9'TeL—

49

-1E+08
1E+08
L9E+07
-8E+07
L 7E+07
-6E+07
- 5E+07
L4E+07
L3E+07
- 2E+07
HE+07
L1E+07

10

20

60 50 40 30

8 70

=0
49
100 90
1 (ppm)

10

EtOOC
NC
120

130

190 180 170 160 150 140

200




F4E+08

F4E+08

F4E+08

-3E+08
- 2E+08
- 2E+08
- 2E+08
L 1E+08
L5E+07
0

£T by
AR\
L
[

6L L—
66" L~

1272
ez
ve
5z

£ e—

e E—
TP
A v/
e
9Z b}
8z
BT
g b

09—

6% 9—

87 L4

67 hw
g
(=3
£G4
G 2
=
o

JUJ A JL

4h

LJL J L/hg

={o]e]e;
MeQO

J

Iy

zLL
A? €
FLOL
Fsoz

FQ0L
=0l

Fsoz

oo
es1
=560

EG6 )
hzol

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

8.5

F8.0E+Q7
F7.5E+07

F7.0E+Q7

+6.5E+07

F6.0E+Q7

F5.5E+07
+5.0E+07
F4.5E+07
F4.0E+07
F3.5E+07
F3.0E+07
F2.5E+07
r2.0E+07
r1.5E+07
F1.0E+07
F5.0E+08
| -0.0E+00

F-5.0E+06

ogpL
TETT,
185~
HRE
LB'BE
A8

Jd

pL'op
Le0p

555~
ZL'Ze
5P th
0549

pOELL—
S60Z1
moemﬁ./

LB80%L—
€29l —

6555}~
90081~
€929

COLLL—

Pl —

4h

MeQ

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

210 200

50



[~} [} [-=} [==] [==] [==] [==] [==] =] [~} [} =] =] [==] P~ _..nW
(=] (=] [=] (=] [=) [=) [=) [=) (=) (=] (=] (=] (=] [=) (=) ¥
A T T ¥ T T TS ST T VIR VAT N BT R w
PR PP P ¥ . ¥F. . F. 2. ¥ ¥ F TP
8L}
o _W
A k862
7T b~ “]L. F880
0z8 L - F860
598'} -:IJ\ ooz
Lhee—= - Feo
52% — =0l
0052
zT5¢
GPTE—
zal' v
9il'p o N
78l L _ .
LEL 1 (@) = === 007
85l J\ @]
S0Z | —
NR.Q =7 =
N
[ O O
(@]
o
w
b50'9— Foot
045'9— -||H Froz
009 L
8Z9 L
PP L
. - Fesz
087 =660
8508 ~ Lok
ezl 160
oLee :
Rh.mv Feso

ay

0.0

05

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

9.0

r2.8E+08
r2.6E+08

F2.4E+08

+2.2E+08

F2.0E+08
r1.8E+08
r1.6E+08
F1.4E+08

1.2E+08
F1.0E+08
+8.0E+07
F6.0E+07
r4.0E+Q7
F2.0E+07
F0.0E+00

F-2.0E+07

LSTPL—

CLeZE—
POLGT—

a

mmm”mm%.

zee oy
£8% 0

50929~
6TLEI
0LE8s—

686'6¢
S50

LEZ'GZ 1A
evi ezl
8114zl
zL6'821
297621
LLT0Ef
e %%
Lz
seL el
2eLPEL

VLSS —
Pl —

696°0LL—

LEE'96L—

(/

“

|

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

51



8.133
L5118
—7.775
7519
7 505
7.461
7.448

—6.502

B

—6.080

—
w
]
—

—3.338

j

2.500
2.343
2.328

=£-2.308
—1.985
—1.826

1.207
1.295
1.282
1.180
1.167
1.154
1.129
1.096
1.083

|

L1069

192.352
—171.008
—162610
—155613

129,625
~-129 444
~129.129
~127.768
~127.572

i

145.891
139.061
133771
128,625
129.444
129,129
127.768
127572

- - . T
55 50 45
1 (ppm)

/
I
!
/
\

131 130 129 128
1 (ppm)

127

126

r2.0E+08

F1.5E+08

r1.0E+08

r5.0E+07

+0.0E+00

Ph

67.506
67.255
~62.714

<

4

40490
40.324

/
Ef

40157
25558
39.823
38828
—25877
—22.328

o iy

L

—14.326

[F£Ctue

F2E+09

F2E+09

F1E+09

F1E+09

F1E+09

F1E+09

F1E+09

F9E+08

FBE+08

F7E+08

F6E+08

F5E+08

F4E+08

3E+08

F2E+08

F1E+08

F-1E+08

2.30E+08
2. 20E+08
F2.10E+08
2.00E+08
1.90E+08
F1.80E+08
F1.70E+08
1.60E+08
F1.50E+08
F1.40E+08
1.30E+08
F1.20E+08
F1.10E+08
1.00E+08
9.00E+07
I8.00E+07
F7.00E+07
16.00E+07
5.00E+07
4.00E+07
I-3.00E+07
F2.00E+07
F1.00E+07

0.00E+00
-1.00E+07
F-2.00E+07

200 190 180 170 160 150 140 130 120 MOHTOO

50
(ppm)

70

60

50

40

30

52



=t
F1E+09

F1E+09

-9E+08
F8E+08
7E+08
H6E+08
LEE+08
L4E+08
LaE+08
L 2E+08
L1E+08

F-1E+08

102}
ZLz
ez}
£rZ' |
257 |
957 |
8.7}
67 |
LOE'}
168 |-
PLE |
oobed.
158z
bLL T
508'7
988’z
8L8'T
geb &
£02 ¥
0Lz
8z y
ez
56T
VT

8Z¢ S~
JRobN=

alL
LLV L
LBL'L
S0T°L
FALAYS
29z L
99T L
LiT L

-

—

4k

EtOOC

€Ll
ooz
1202
Fibh

Feol
=p0L

Fezy

ooz

zoe

wBZE
nBZT

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

9.5

1 (ppm)

F4E+08

F4E+08

F3E+08

2E+08

F2E+08

F2E+08

F1E+08
FSE+07

0L0PL—
Leree—
by 5T
6582
LBL'8T

e8P —

85y zo—
L09L9—

mom.wn
hmo n.\.w-
LLE AL

LT 9T
Spp'ezL-,
7E9°8T )

999'0pL—
05e'85L—

PSEE9L—
a5 04—

§68'C02—

4k

10

60 50 40 30 20

190 180 170 160 150 140 130 120 110 100 20 80 Y0

210 200

1 (ppm)

53



r5.5E+08

5.0E+08
r4.5E+08
+4.0E+08
F3.5E+08
r3.0E+08
2.5E+08
r2.0E+08
F1.5E+08

+1.0E+08
F5.0E+07
r0.0E+00
F-5.0E+07

r4.5E+08

r4.0E+08
F3.5E+08
F3.0E+08
F2.5E+08

2.0E+08

F1.5E+08
F1.0E+08
F5.0E+07
+0.0E+00

& & 16.0E408

——m
e o
— =

2211
€811
+8'h
=g

z8'h
£8'h1
78’
0021
Loz
20z
z0'z
£0Z
70T
70T
082

zeT
282
8r'z-
05

052

052

(=54

757

GeE
1z
A

AL
£T1
5271
STy

Clad

1y

8zl
6211
e
0s't
155
8pg?
ze'lq

£e'L
Powa
'L

008
908

AR

78
7l m&.
SL'8

gk8”

——

N

——

=]

L0'E
ﬂvm.o

a0y
hioz
o
S5

= Fziz

= FrOL

—— loe

m— E0'L

8.0

70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

75

8.5

LOEPL—

ogeze—
ZLLlst—

FapRE
9296
£6L68

09668
LZL07]
£62°0F

SLOZO~
P9 L9
SLL nmv.

0zlegl—
SZOVEL~
98LLeL—
Saplrl—

L8p'55L—
SE9Col—

S58°0L—

£86'581—

4

190 180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

54



0 0 0 0 0 0 0 0 0 0 0 0 I~ I~ I~ I~ =3
[=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] ¥
+ + + + + + + + + + + + + + + + W
w w w w w w w w w w w w w w w w o~
T e e P ¥ ¥ ¥ H N T T T P LT X P
|
5081 _
8se')
85e') h
zLe ) /82
881 67°¢
889 1— _ F00Z
918 1— -I|JU wmmw
£Zr'T 0L
mmv.N — 860
ZsheT
pare
L
e z
B F wo
BT
Ley Z \O £
L5E p¥ NF = Tooz
SLE Y o
1857
8
= L8l
10g'5— w -
786 6— - J_* Foor
99z L — Hw
Libi— ri6)
PEG L - 6610
5808 b
mmo.mv Fioz
zh'g

35 30 25 20 15 10 05 00

40

90 85 80 75 70 65 60 55 50

9.5

1 (ppm)

F2E+08
F2E+08
F2E+08
F2E+08
F2E+08
F2E+08
F2E+08
F1E+08
F1E+08
F1E+08
F1E+08
F1E+08
FOE+07
FBE+07
F7E+07
FBE+07
FoE+07
F4E+07
F3E+07
F2E+07
F1E+07

L_1E+07
L 2E+07

Lol 7L
26l S‘V

as0ge—

gl

TR N
506'297
157997

66921
rommwfw

000 72—
90g'seL”

P0G b~
156 751"

LOS LAL—

158'26L—

10

60 50 40 3020

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

200

55



g2 8 8 ¥ 8 8 8 8 8 8 g =]
+ + + + + + + + + + + ,H_
w w w w w w w w w w w —
T T T ° T e e bl T A T T !
T ,
LegL
zse )
99%'} 987
ot I T
659 1— - |U —07Z
zz5 1 — = 1660
g =iyt
AT = 860
LEPT = kel
09z
zire
98r'z A
057 7 ‘
BEE g T )
687 ¥ =
£0E ¥ /\“O g
PP -t
oy = \O J Feoe
6187 i s ”
PBE ¥
Q _
1585~ o) | ooz
i ﬂ
. = J
806'G— [s1] ——— koo
09z 1— -|J
629 1— ‘iJL =507
P95 L — 07
vas s/

50 45 40 35 30 25 20 15 10 05 00

1 (ppm)

5.5

90 85 80 75 70 65

95

FBE+07
FBE+07

FBE+07

F7E+07

FBE+07

FBE+07
FBE+07
FSE+07
F4E+07
F4E+07

F4E+07

F3E+07

F2E+07

F2E+07

F2E+07

F1E+07

F5E+06

-5E+06

LA pl—
600'Ze—
LpT ST
ooege—

180 Zo,
92929~
Bl 99-"
0LL'9L

4n

Br

v pay=

BLTLL

Emmﬁ
Nmm.o?V
881z fm
167 ¥EL

920 PS5 b~
158751

L0587 LLL—

ELLZel—

10

60 50 40 30 20

190 180 170 160 150 140 130 120 110 100 90 80 70

10 200

1 (ppm)

56



F3E+08
F3E+08

F3E+08

F3E+08

3E+08

F2E+08

F2E+08

F2E+08

F2E+08

F2E+08

F1E+08

F1E+08

- 1E+08
- 8E+07
L6E+07
L4E+07
L 2E+07
F-2E+07

0

zzeo
128 ov.

LLB'E
726'¢
66'¢

L0

09z’ L
7l 24
0sv 11
gy 4
ey 41
605 L
¥Zg Lo
9Ly'L

089 L T
avo 4f
Lil i
el L]
1L L
vee L]
sig
1eg L]

=L0¢

- Lxgl;

oL'e
%mm._.

= /5

o T
—_— 0o'e
LB

1.0 100 9.0 8.0 7.0 6.0 50 40 3.0 20 10 0.0
1 (ppm)

12.0

|F6E+08
FGE+08

F5E+08

F4E+08

F4E+08

F4E+08

F3E+08

F2E+08

F2E+08

F2E+08

F1E+08

FoE+07

F-5E+07

Lzel—

CLLGG—
991’ Le—

opg oL
vmo.t.w.
apeiL

080°GH —

szoazl
Z50'621
Po6ZL—=

907 PEL—
ge6 684

£66" 9L~
b6l —

L0465 —
S0 LeL—

£€0L 98—

5a

10

20

190 180 170 160 150 140 130 120 110 100 90 &0 70

200

1 (ppm)

57



F4E+08

F3E+08

F2E+08

F2E+08

F2E+08

F1E+08

FoE+07

mom.o
.t,m ov.
L2280

IPYEL

0g8'¢
ve8'e
806'¢

£Z6'¢

S6L°L
P
05¢'L
99¢'L
bib' L
98y L
L0S' L
PLLL
mmn.mw.

o

HN™S coort

M

5b

Il

Er0e

=l0e

=00e

~00T
=101
=56}

10.5 95 8.5 75 6.5 55 45 35 25 15 05 -05
1 (ppm)

1.5

F6E+08
F6E+08

FoE+08

F4E+08

F4E+08

F4E+08

F3E+08

F2E+08

F2E+08

F2E+08

F1E+08
FoE+07
F-5E+07

LB 0L~
88el—"

250 09—

828'9L
Nmo.\.nv
LECLL

LLBOM—

Cap'8Ti~

VZL6TT
685CEL
wel LeL

L9 spL—
LBL0GL—

€269 —

80016l —

COOHt

N

HN

\

5b

210 200

10

60 50 40 30 20

180 170 160 150 140 130 120 170 100 90 80 7O

190

1 (ppm)

58



©om oo o o © o
o o o @ N © 9@
©Q = SR @© 0o
L @ ooy coco
=N S~ N -
O
HN
. \—COOEt
N=—
5c
| |
1 1 T A T
@k o © © o
S o =3 R=] =
oo o oo «
T T T T T T T T T T T T T T T T
11.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 3 5 1.0 05
f1 (ppm)
<t < w o= o oW S o
@ ~ o © 0 © O Iry] — @ = — =
Irs! ) & 0 © @~ @ @ oo @ N W
@® -— @ @ © oW @ o b ~ e
o © < = o oo <) © ©Ww @ oS o
— — - — ey — ~r~r~ w o~ ~~ 3
| [ [ | ~ I 'Y
o]
HN
| —COOEt
Nz
5¢
1
1
1
dortboarihs .
T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70

1 (ppm)

2E+09
F2E+09
F2E+09
F2E+09
F2E+09
F2E+09
F2E+09
F2E+09
F2E+09
F1E+09
F1E+09
F1E+09
F1E+09
F1E+09
FOE+08
I8E+08
F7E+08
FGE+08
F5E+08
F4E+08
I 3E+08
F2E+08
F1E+08

F-1E+08

‘7—2E+08

FoE+us

FGE+08

F6E+08

F5E+08

4E+08

F4E+08

F4E+08

F3E+08

F2E+08

F2E+08

F2E+08

F1E+08

FoE+07

F-5E+07




o

I~ DN OO © T ®HW < [ Rea
© @~ Q= N O ® ~ © T
o [ A R [=g=T X1 < 3 @ B
— [ A A S B s I oo o
| ~ = e ~

HT\\I N COOERt

5d

—
I
'

L e

—_—T T T ¥ iy

[s0] o o — = o

2] o o o o o

(=) o™ ™ o™~ ©) ©)
: : . . : - . ‘ : . . : - . - .
15 14 13 12 11 10 7 5 4 3 2 1 0

1 (ppm)

7o) < @ = o

© r~ oW Pl = © P @ + o

© r~ ~ < (o o [=3' ¥ -+ o <

@ o4 o W o o — 3 gp ¥ s )

© w© < @ q = r~f o q o] —

— — — — o[ - =t~ ~ —
[ | = !

o cl
' AN oo
N\
5d
w—-J—-———L»ummmwmmw

T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 ;9? 9? 80 70 60 50 40 30 20 10 0o -0
ppm

F6E+08

FoE+08

F4E+08

F4E+08

F4E+08

3E+08

F2E+08

F2E+08

F2E+08

F1E+08

FSE+07

F-5E+07

F1E+08

H1E+08

F1E+08

F1E+08

FOE+07

FBE+07

L7E+07

FBE+07

FSE+07

L4E+07

F3E+07

F2E+07

F1E+07

F-1E+07

60



