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ABSTRACT: A one-pot, three-component condensation reaction of an isatin, aminopyrazole and
alkyl cyanoacetate in water to give 2,6'-dioxo-1',5',6',7'-tetrahydrospiro[indoline-3,4'-
pyrazolo[3,4-b]pyridine]-5'-carbonitrile with good yields, at 90 °C, using a Et;N as catalyst, is

described.



Table of contents

General Experimental Method S-1
General procedure S-2
Representative data S-3
ROSEY spectrum of compound 4{1,1,2} S-4
HMBC spectrum of compound 4{1,1,2} S-5
IR spectrum of compound 4{1,1,1} S-6
"H NMR spectrum of compound 4{1,1,1} S-7
3C NMR spectrum of compound 4{1,1,1} S-8
Mass spectrum of compound 4{1,1,1} S-9
Sample description presented by mass instrument to compound 4{1,1,1} S-10
"H NMR spectrum of compound 4{1,1,1} S-11
IR spectrum of compound 4{1,1,2} S-12
"H NMR spectrum of compound 4{1,1,2} S-13



3C NMR spectrum of compound 4{1,1,2}

Mass spectrum of compound 4{1,1,2}

Sample description presented by mass instrument to compound 4{1,1,2}
IR spectrum of compound 4{1,1,3}

'H NMR spectrum of compound 4{1,1,3}

3C NMR spectrum of compound 4{1,1,3}

Mass spectrum of compound 4{1,1,3}

Sample description presented by mass instrument to compound 4{1,1,3}
IR spectrum of compound 4{1,1,4}

"H NMR spectrum of compound 4{1,1,4}

3C NMR spectrum of compound 4{1,1,4}

Mass spectrum of compound 4{1,1,4}

Sample description presented by mass instrument to compound 4{1,1,4}
IR spectrum of compound 4{1,1,5}

'H NMR spectrum of compound 4{1,1,5}

3C NMR spectrum of compound 4{1,1,5}

IR spectrum of compound 4{1,2,1}

S-14

S-15

S-16

S-17

S-18

S-19

$-20

§-21

§-22

S-23

S§-24

§-25

$-26

§-27

S$-28

S-29

S-30



'H NMR spectrum of compound 4{1,2,1}

3C NMR spectrum of compound 4{1,2,1}

Mass spectrum of compound 4{1,2,1}

Sample description presented by mass instrument to compound 4{1,2,1}
IR spectrum of compound 4{1,2,2}

"H NMR spectrum of compound 4{1,2,2}

3C NMR spectrum of compound 4{1,2,2}

Mass spectrum of compound 4{1,2,2}

Sample description presented by mass instrument to compound 4{1,2,2}
IR spectrum of compound 4{1,3,1}

'H NMR spectrum of compound 4{1,3,1}

C NMR spectrum of compound 4{1,3,1}

Mass spectrum of compound 4{1,3,1}

Sample description presented by mass instrument to compound 4{1,3,1}
IR spectrum of compound 4{1,3,2}

"H NMR spectrum of compound 4{1,3,2}

BC NMR spectrum of compound 4{1,3,2}

§-31

§-32

$-33

S-34

S-35

§$-36

S§-37

S-38

$-39

S-40

S-41

S-42

S-43

S-44

S-45

S-46

S-47



Mass spectrum of compound 4{1,3,2}

Sample description presented by mass instrument to compound 4{1,3,2}
IR spectrum of compound 4{1,3,3}

"H NMR spectrum of compound 4{1,3,3}

3C NMR spectrum of compound 4{1,3,3}

Mass spectrum of compound 4{1,3,3}

Sample description presented by mass instrument to compound 4{1,3,3}
IR spectrum of compound 4{1,3,4}

'H NMR spectrum of compound 4{1,3,4}

3C NMR spectrum of compound 4{1,3,4}

Mass spectrum of compound 4{1,3,4}

Sample description presented by mass instrument to compound 4{1,3,4}
IR spectrum of compound 4{1,3,5}

"H NMR spectrum of compound 4{1,3,5}

3C NMR spectrum of compound 4{1,3,5}

Mass spectrum of compound 4{1,3,5}

Sample description presented by mass instrument to compound 4{1,3,5}

S$-48

S-49

S-50

§-51

§-52

S$-53

S-54

§-55

$-56

S§-57

S$-58

S$-59

S-60

S-61

$-62

S-63

S-64



IR spectrum of compound 4{1,3,6} S-65

"H NMR spectrum of compound 4{1,3,6} S-66
3C NMR spectrum of compound 4{1,3,6} S-67
Mass spectrum of compound 4{1,3,6} S-68
Sample description presented by mass instrument to compound 4{1,3,6} S-69
"H NMR spectrum of compound 4{2,1,1}¢ S-70

Production and separation mixture of 5{-,1,1} and 4{1,1,1} via three component reaction

(Entries 12 and 13, Table 1) S-71
Procedure for preparation of 5{-,1,1} §-72
Representative data 5{-,1,1} S-73
IR spectrum of compound 5{-,1,1} S-74
"H NMR spectrum of compound 5{-,1,1} S-75
3C NMR spectrum of compound 5{-,1,1} S-76



S1
General information:

All chemicals were purchased and used without any further purification. IR spectra were
recorded on a FT Infrared Spectroscope instrument JASCO, FT/IR-6300 model as KBr discs.
Mass spectra were recorded on a Shimadzu QP 1100 EX mass-Spectrometer operating at an
ionization potential of 70 eV. The 'H NMR, “C NMR, ROESY and HMBC spectra were
recorded on a Bruker-AVANCE 400 MHz (tope spine) NMR instrument using SMSO-d as

solvent. Elemental analyses were performed using a Heraeus CHNS Rapid analyzer.

S2

General procedure for the synthesis of 2,6'-dioxo-1',5',6',7'-tetrahydrospiro[indoline-3,4'-
pyrazolo[3,4-b]pyridine]-5'-carbonitriles 4: A solution of isatin (1mmol), ethyl cyanoacetate
(1 mmol) and Et;N (0.1 mmol) in water (10 ml) in a balloon (25 mL) was stirred for 1 h at 60-
70°C in oil bath. After production of intermediate 3-amin-pyrazole (1 mmol) was added in
balloon and stirred for 5-12 h at 90°C in oil bath. Later than the completion of the reactions,
which has been followed by TLC (EtOAc:n-hexene, 1:2), the reaction mixture was filtered as
warm. The residue was washed with water and then recrystallized from ethanol and pure product

was obtained.



S3
3'-methyl-2,6'-dioxo-1',5',6',7'-tetrahydrospiro[indoline-3,4'-pyrazolo[3,4-b]pyridine]-5'-
carbonitrile (4{1,1,1}): white powder (89%); IR (KBr): 3229, 3125, 3043, 2884, 2254, 1716,
1693, 1622, 1603 cm™; MS (EL 70 eV): m/z (%): 293 (M", 100), 238 (67), 115 (61), 77 (72), 69
(81), 67 (89), 57 (91), 42 (85); Anal.Calcd for C;sH;NsO,: C 61.43, H 3.78, N 23.88; Found: C
61.49, H 3.74, N 23.91. (major isomer) 'H NMR (400 MHz, DMSO-d¢) &: 1.37 (s, 3H, CHa),
5.38 (s, 1H, CH), 6.98 (d, >J = 7.6 Hz, 1H, CHarom), 7.11 (ddd, *J=7.2 Hz, °J=7.6 Hz, *J= 0.8
Hz, 1H, CHarom), 7.35 (ddd, >J = 7.8 Hz, >J = 7.8 Hz, *J = 1.2 Hz, 1H, CHarom), 7.41 (d,*J = 7.2
Hz, 1H, CHuom), 10.76 (s, 1H, NHumige), 11.01 (s, 1H, NHumige), 12.14 (s, 1H, NHpyrazole) Ppm.
*C NMR (100 MHz, DMSO-dq) &: 8.82, 42.50, 48.82, 97.27, 110.23, 115.19, 122.39, 124.63,
127.51, 129.84, 134.94, 142.58, 148.17, 162.13, 176.05 ppm. (minor isomer) '"H NMR (400
MHz, DMSO-ds) &: 1.80 (s, 3H, CH3), 4.88 (s, 1H, CH), 6.97-7.02 (m, 3H, CHqom), 7.27-7.32
(m, 1H, CHarom), 11.11 (s, 1H, NHamide), 11.26 (s,1H, NHamige), 12.24 (5,1H, NHpyrazoie) ppm. °C
NMR (100 MHz, DMSO-d¢) &: 9.08, 43.30, 48.27, 98.24, 110.47, 114.77, 122.68, 123.15,

128.96, 129.63, 134.20, 140.84, 147.64, 161.70, 175.31 ppm.

) CN
N\
N
H N ©
4{1,1,1}

3',5-dimethyl-2,6'-dioxo-1',5',6',7'-tetrahydrospiro[indoline-3,4'-pyrazolo[3,4-
b]pyridine]-5'-carbonitrile (4{1,1,2}): white powder (57%); IR (KBr): 3639, 3313, 3256, 3039,
2912, 2254, 1707, 1605, 1530 cm™; MS (EL, 70 eV): m/z (%): 307 (M", 100), 280 (49), 252 (82),

77 (75), 63 (53), 42 (61); Anal.Calcd for C;sH;3N50,: C 60.53, H 4.26, N 22.79; Found: C 60.29,



H 4.29, N 22.65. (major isomer) ) 'H NMR (400 MHz, DMSO-de) &: 1.38 (s, 3H, CH3), 2.29 (s,
3H, CH3), 5.31(s, 1H, CH), 6.87 (d, *J = 7.6 Hz, 1H, CHarom), 7.16 (d, *J = 7.6 Hz, 1H, CHarom),
7.24 (s, 1H, CHarom), 10.64 (s, 1H, NHamiae), 10.97 (s, TH, NHamige), 1211 (s, 1H, NHpyrazolc) ppm.
C NMR (100 MHz, DMSO-dg) &: 8.90, 20.73, 42.54, 48.88, 97.39, 109.96, 115.24, 125.06,
127.57, 130.05, 131.36, 134.96, 140.12, 148.15, 162.15, 176.04 ppm. (minor isomer) 'H NMR
(400 MHz, DMSO-d) &: 1.82 (s, 3H, CHs), 2.22 (s, 3H, CHs), 4.88 (s, 1H, CH), 6.79 (s, 1H,
CHarom), 6.89 (d, °J = 7.6 Hz, 1H, CHarom), 7.10 (d, °J = 7.6 Hz, 1H, CHaom), 11.01 (s, 1H,
NHamige)> 11.23 (s, 1H, NHamige), 12.22 (s, 1H, NHpyrazore) ppm. °C NMR (100 MHz, DMSO-de)
8: 9.07, 20.61, 43.41, 48.41, 98.61, 110.28, 114.74, 123.45, 129.19, 129.96, 131.61, 134.18,

138.35, 147.57, 161.74, 175.27 ppm.

4{1,1,2}

5-methoxy-3'-methyl-2,6'-dioxo-1',5',6',7'-tetrahydrospiro[indoline-3,4'-pyrazolo[3,4-
b]pyridine]-5'-carbonitrile (4{1,1,3}): white powder (76%); IR (KBr): 3628, 3407, 3237, 3039,
2906, 2254, 1709 cm™; MS (EL 70 eV): m/z (%): 323 (M", 100), 268 (38), 77 (36), 63 (45), 52
(57), 42 (65); Anal.Calcd for C;¢H3NsO5: C 59.44, H 4.05, N 21.66; Found: C 59.62, H 4.08, N
21.55. (major isomer) 'H NMR (400 MHz, DMSO-dy) &: 1.41 (s, 3H, CH3), 3.71 (s, 3H, OCH3),
5.34 (s, 1H, CH), 6.89-6.94 (bm, 2H, CHgrom), 7.10 (s, 1H, CHarom), 10.59 (s, 1H, NHgmige), 11.00
(s, 1H, NHamide), 12.15 (s, 1H, NHpyrazole) ppm. C NMR (100 MHz, DMSO-dg) &: 8.83, 42.47,
49.30, 55.49, 97.33, 110.82, 111.14, 114.75, 115.16, 128.69, 135.04, 135.66, 148.08, 155.36,
162.11, 175.95 ppm. (minor isomer): 'H NMR (400 MHz, DMSO-dy) &: 1.81(s, 3H, CHs), 3.66

(s, 3H, OCHs), 4.86 (s, 1H, CH), 6.52 (d, *J = 2 Hz, 1H, CHarom), 6.89-6.94 (bm, 2H, CHarom),



10.96 (s, 1H, NHamige), 11.25 (s, 1H, NHamige), 12.26 (s, 1H, NHpyrazote) ppm. °C NMR (100
MHz, DMSO-dg) 8: 9.04, 43.30, 48.58, 55.40, 98.42, 110.13, 111.09, 113.74, 115.16, 130.15,

134.01, 137.37, 147.54, 155.23, 161.72, 175.07 ppm.

4{1,1,3}

5-chloro-3'-methyl-2,6'-dioxo-1',5',6',7'-tetrahydrospiro[indoline-3,4'-pyrazolo[3,4-
b]pyridine]-5'-carbonitrile (4{1,1,4}): white powder (57%); IR (KBr): 3633, 3418, 3323, 2906,
2254, 1716, 1690, 1619, 1529, 1477, 1306, 1174, 708 cm™; MS (EL 70 eV): m/z (%): 329
(M2, 31), 327 (M", 79), 166 (91), 75 (93), 69(95), 67 (90), 57 (100), 44 (87). Anal.Calcd for
Ci5sH9CINsO,: C 54.97, H 3.08, N 21.37; Found: C 55.09, H 4.11, N 21.26. (major isomer) 'H
NMR (400 MHz, DMSO-dg) &: 1.44 (s, 3H, CHs), 5.38 (s, 1H, CH), 7.02 (d, *J = 8.0 Hz, 1H,
CHarom), 7.43 (dd, *J = 8.4 Hz, *J = 2.0 Hz, 1H, CH,rom), 7.54 (d, *J = 1.6 Hz, 1H, CH,om), 10.90
(s, 1H, NHamide), 11.01 (s, 1H, NHamige), 12.16 (s, 1H, NHpyrazole)ppm. BC NMR (100 MHz,
DMSO-dg) 8: 8.94, 42.22, 49.09, 96.66, 111.86, 114.95, 154.80, 126.48, 129.44, 129.89, 134.99,
141.49, 148.04, 161.77, 175.74 ppm. (minor isomer): 'H NMR (400 MHz, DMSO-dg) &: 1.82 (s,
3H, CHs), 4.92 (s, 1H, CH), 6.94 (d, *J = 2.0 Hz, 1H, CHaom), 7.04 (d,”J = 8.8 Hz, 1H, CHaom),
7.38 (dd, °J = 8.4 Hz, *J = 2.0 Hz, 1H, CHyom), 11.24 (s, 1H, NHumige), 11.26 (s, 1H, NHamige),
12.28 (s, 1H, NHpyrazole) ppm. BC NMR (100 MHz, DMSO-ds) 8: 9.04, 43.17, 48.43, 97.69,

112.26, 114.57, 122.85, 126.48, 129.77, 130.81, 134.99, 139.84, 148.04, 161.42, 174.93 ppm.
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4{1,1,4}

1,3'-dimethyl-2,6'-dioxo-1',5',6',7'-tetrahydrospiro[indoline-3,4'-pyrazolo[3,4-
b]pyridine]-5'-carbonitrile (4{1,1,5}): white powder (63%); IR (KBr): 3338, 3201, 3059, 2869,
2256, 1693, 1612, 1525, 1472, 1374 cm™. Anal.Calcd for C16H3N50,: C 60.53, H 4.26, N 22.79;
Found: C 60.36, H 4.22, N 22.70. (major isomer) ) 'H NMR (400 MHz, DMSO-dg) 8: 1.34 (s,
3H, CHs), 3.16 (s, 3H, CHj3), 5.42 (s, 1H, CH), 7.18-7.21 (m, 2H, CHarom), 7.45-7.48 (m, 2H,
CHarom), 11.06 (s, 1H, NHamige), 12.16 (s, 1H, NHpyraz0i) ppm. °C NMR (100 MHz, DMSO-dg)
d: 8.88, 26.16, 42.61, 48.47, 96.97, 109.36, 115.01, 123.11, 124.30, 126.61, 130.02, 135.11,
143.96, 148.19, 162.04, 174.20 ppm. (minor isomer) ) 'H NMR (400 MHz, DMSO-dg) &: 1.71 (s,
3H, CHs), 3.28 (s, 3H, CHj3), 5.42 (s, 1H, CH), 7.18-7.13 (m, 2H, CHarom), 7.39-7.43 (m, 2H,
CHarom), 11.29 (s, 1H, NHamige), 12.26 (s, 1H, NHpyraz0i) ppm. °C NMR (100 MHz, DMSO-dg)
d: 9.01, 26.57, 43.09, 47.85, 98.10, 109.61, 114.72, 122.84, 123.39, 128.03, 129.79, 134.33,

142.31, 147.65, 161.62, 173.53 ppm.

4{1,1,5}

2,6'-dioxo-3'-phenyl-1',5',6',7'-tetrahydrospiro[indoline-3,4'-pyrazolo[3,4-b]pyridine]-5'-
carbonitrile (4{1,2,1}): white powder (83%); IR (KBr): 3597, 3508, 3398, 3165, 2261, 1734,

1708, 1618, 1469, 761, 701 em™; MS (EL 70 eV): m/z (%): 355 (M, 29), 300 (17), 77 (100), 57
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(81), 51 (64), 43 (93); Anal.Calcd for CyH;3N50,: C 67.60, H 3.69, N 19.71; Found: C 67.41, H
3.67, N 19.79. (major isomer) ) "H NMR (400 MHz, DMSO-dg) &: 5.33 (s, 1H, CH), 6.63 (t,°] =
7.6 Hz, 1H, CH,pom), 6.83-7.38 (m, 7H, CHaom), 10.96 (s, 1H, NH,pige), 11.18 (s, 1H, NHymige),
12.74 (s, 1H, NHpyrazole) ppm. °C NMR (100 MHz, DMSO-de) 8: 43.78, 48.90, 97.75, 108.86,
114.94, 122.15, 124.44, 127.19, 127.25, 127.81, 128.46, 128.88, 129.46, 139.54, 142.71, 149.02,
162.05, 175.97 ppm. (minor isomer) ) 'H NMR (400 MHz, DMSO-de) &: 4.91 (s, 1H, CH), 6.83-
7.38 (m, 8H, CHarom), 11.03 (s, 1H, NHamige), 11.43 (s, 1H, NHamiae), 12.86 (s, 1H, NHpyrazolc)
ppm. *C NMR (100 MHz, DMSO-de) &: 44.58, 48.70, 98.47, 110.55, 114.44, 122.80, 123.44,

126.70, 127.81, 127.90, 128.25, 128.88, 130.09, 138.68, 140.97, 148.44, 161.58, 174.88 ppm.

4{1,2,1}

5-methyl-2,6'-dioxo-3'-phenyl-1',5',6',7'-tetrahydrospiro[indoline-3,4'-pyrazolo|3,4-
b]pyridine]-5'-carbonitrile (4{1,2,2}): white powder (77%); IR (KBr): 3453, 3246, 3026, 2912,
2868, 2266, 1704, 1622, 1594, 1488 cm™. MS (EL 70 eV): m/z (%): 369 (M", 89), 314 (42), 77
(100), 55 (50), 51 (58), 44 (62), 43 (81). Anal.Calcd for C;;H;5NsO,: C 68.28, H 4.09, N 18.96;
Found: C 68.20, H 4.06, N 19.01. (major isomer) 'H NMR (400 MHz, DMSO-de) &: 1.90 (s, 3H,
CH3), 5.27 (s, 1H, CH), 6.70-7.37 (m, 8H, CHawom), 10.82 (s, 1H, NHamige), 11.15 (s, 1H,
NHamide), 12.71 (s, 1H, NHpyrazole) ppm. C NMR (100 MHz, DMSO-dg) &: 20.31, 43.76, 48.86,
97.75, 109.57, 115.02, 125.13, 127.21, 127.32, 127.65, 128.44, 129.09, 129.53, 130.94, 138.57,
140.32, 148.94, 162.11, 175.91 ppm. (minor isomer) "H NMR (400 MHz, DMSO-dg) &: 2.23 (s,
3H, CH3), 491 (s, 1H, CH), 6.70-7.37 (m, 8H, CHarom), 10.92 (s, 1H, NHamide), 11.41 (s, 1H,

NHamide), 12.85 (s, 1H, NHpyrazore) ppm. °C NMR (100 MHz, DMSO-dg) 8: 20.59, 44.66, 48.77,
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98.61, 110.33, 114.47, 123.79, 126.49, 127.32, 127.65, 128.10, 128.84, 130.44, 131.69, 138.62,

139.55, 148.43, 161.61, 174.79 ppm.

4{1,2,2}

3'-methyl-2,6'-dioxo-1'-phenyl-1',5',6',7'-tetrahydrospiro[indoline-3,4'-pyrazolo[3.,4-
b]pyridine]-5'-carbonitrile (4{1,3,1}): white powder (83%). IR (KBr): 3571, 3165, 3092, 2258,
1734, 1711, 1597, 1557 ecm™ . MS (EL, 70 eV): m/z (%): 369 (M", 100), 341 (87), 301 (32), 115
(47), 77 (81), 57 (61), 51 (66); Anal.Calcd for C,;H;sNsO,: C 68.28, H 4.09, N 18.96; Found: C
68.44, H 4.05, N 18.89. (major isomer) ) 'H NMR (400 MHz, DMSO-de) &: 1.38 (s, 3H, CH3),
5.59 (s, 1H, CH), 7.02-7.55 (m, 9H, CHarom), 10.89 (s, 1H, NHamide), 11.40 (s, 1H, NHamide) ppm.
BC NMR (100 MHz, DMSO-de) &: 11.67, 42.53, 49.13, 98.75, 110.48, 114.61, 122.55, 123.09,
124.75, 126.95, 127.48, 129.34, 130.12, 137.34, 139.17, 142.83, 144.23, 162.93, 175.77 ppm.
(minor isomer) ) '"H NMR (400 MHz, DMSO-dq) &: 1.84 (s, 3H, CH3), 5.18 (s, 1H, CH), 7.02-
7.55 (m,9H, CHarom), 11.25 (s, 1H, NHamiae), 11.58 (bs, 1H, NHamiae), ppm. *C NMR (100 MHz,
DMSO-ds) 6: 12.66, 43.54, 48.85, 100.15, 109.71, 110.60, 114.15, 122.66, 122.86, 123.14,

126.95, 128.19, 129.03, 129.97, 137.37, 140.91, 143.55, 162.42, 175.19 ppm.

@ 4{1,3,1}
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3',5-dimethyl-2,6'-dioxo-2'-phenyl-1',5',6',7'-tetrahydrospiro[indoline-3,4'-pyrazolo[3,4-
b]pyridine]-5'-carbonitrile (4{1,3,2}): white powder (71%). IR (KBr): 3572, 3502, 3180, 2938,
2252, 1718, 1595, 1496, 1319 cm™. MS (EI, 70 eV): m/z (%): 383 (M", 100), 354 (72), 77 (95),
65 (40), 51 (67). Anal.Calcd for C5,H7NsO,: C 68.92, H 4.47, N 18.27; Found: C 59.08, H 4.42,
N 18.16. (major isomer) 'H NMR (400 MHz, DMSO-dg) 8: 1.39 (s, 3H, CHs), 2.32 (s, 3H, CH3),
5.52 (s, 1H, CH), 6.92 (d,>J=7.6 Hz, 1H, CHarom), 7.20 (d,>J = 8.0 Hz, 1H, CHaom), 7.31 (s, 1H,
CHarom), 7.39-7.55 (m, 5H, CHarom), 10.78 (s, 1H, NHamiae), 11.37 (s, 1H, NHamice) ppm. °C
NMR (100 MHz, DMSO-d¢) o: 11.73, 20.71, 42.55, 49.16, 98.85, 110.20, 114.68, 123.11,
125.17, 127.03, 127.47, 129.34, 130.32, 131.56, 137.36, 139.14, 140.36, 144.27, 162.94, 175.75
ppm. (minor isomer) 'H NMR (400 MHz, DMSO-de) 8: 1.84 (s, 3H, CHs), 2.23 (s, 3H, CHa),
5.16 (s, 1H, CH), 6.83 (s, 1H, CHyrom), 6.93 (d,’J=7.2 Hz, 1H, CHyrom), 7.14 (d,>J = 8.0 Hz, 1H,
CHarom), 7.39-7.55 (m, 5H, CHarom), 11.15 (s, 1H, NHamige), 11.54 (s, 1H, NHamige) ppm. °C
NMR (100 MHz, DMSO-d¢) &: 11.68, 20.61, 43.60, 48.93, 100.32, 110.38, 114.19, 123.65,

125.17, 127.03, 127.47, 129.34, 130.32, 131.80, 138.46, 139.14, 140.36, 143.54, 162.49, 175.14
ppm.

NH
O

CN

N
N N0
)
4{1,2,2}

5-methoxy-3'-methyl-2,6'-dioxo-1'-phenyl-1',5',6',7'-tetrahydrospiro[indoline-3,4'-
pyrazolo[3,4-b]pyridine]-5'-carbonitrile (4{1,3,3}): white powder (78%). IR (KBr): 3564,
3496, 3174, 3067, 2935, 2252 (weak), 1720, 1615, 1556, 1497, 1312, 1212 cm™. MS (EI, 70

eV): m/z (%): 399 (M",100), 356 (79), 77 (78), 65 (24), 51 (55); Anal.Caled for Co,H;7N505: C
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66.16, H 4.29, N 17.53; Found: C 65.98, H 4.32, N 17.48. (major isomer) ) 'H NMR (400 MHz,
DMSO-d¢) &: 1.43 (s, 3H, CH3), 3.75 (s, 3H, OCHj3), 5.56 (s, 1H, CH), 6.94-7.55 (m, 8H,
CHarom), 10.72 (s, 1H, NHamige), 11.40 (br,s, 1H, NHgmice) ppm. °C NMR (100 MHz, DMSO-de)
d: 11.69, 42.49, 49.59, 55.55, 98.78, 111.06, 111.23, 114.62, 115.04, 123.08, 127.50, 128.17,
129.36, 135.93, 137.31, 139.12, 144.25, 155.47, 162.88, 175.65 ppm. (minor isomer) 'H NMR
(400 MHz, DMSO-dg) &: 1.85 (s, 3H, CHs), 3.67 (s, 3H, OCH3), 5.16 (s, 1H, CH), 6.94-7.55 (m,
8H, CHgurom), 11.09 (s, 1H, NHypige), 11.40 (br,s, 1H, NHumige (This signal overlap with major
signal)) ppm. °C NMR (100 MHz, DMSO-ds) &: 11.69, 43.54, 49.15, 56.01, 100.23, 110.36,
111.16, 114.03, 114.17, 123.08, 127.50, 128.17, 129.42, 134.07, 137.37, 143.56, 155.34, 162.46,

174.91 ppm.

@ 4{1,2,3}

5-chloro-3'-methyl-2,6'-dioxo-1'-phenyl-1',5',6',7'-tetrahydrospiro[indoline-3,4'-pyrazolo
[3,4-b]pyridine]-5'-carbonitrile (4{1,3,4}): white powder (72%). IR (KBr): 3574, 3503, 3172,
2965, 2266, 1724, 1619, 1563, 1479 cm™. MS (EL, 70 eV): m/z (%): 405 (M'+2, 44), 403 (M",
100), 375 (46), 77 (87), 51 (65), 43 (43); Anal.Calcd for C;H;4CINsO,: C 62.46, H 3.49, N
17.34; Found: C 62.57, H 3.48, N 17.39. (major isomer) 'H NMR (400 MHz, DMSO-dq) &: 1.44
(s, 3H, CH3), 5.63 (s, 1H, CH), 7.05 (s, 1H, CHarom), 7.42-7.55 (m, 6H, CHarom), 7.64 (s, 1H,
CHarom), 11.07 (s, 1H, NHamige), 11.47 (br,s, 1H, NHamice) ppm. °C NMR (100 MHz, DMSO-de)
o: 11.82, 42.24, 49.37, 98.11, 112.05, 114.42, 123.16, 124.99, 126.58, 127.58, 128.97, 129.37,

130.12, 137.26, 139.21, 141.77, 144.03, 162.56, 175.46 ppm. (minor isomer) ) '"H NMR (400
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MHz, DMSO-dg) 6: 1.85 (s, 3H, CHj3), 5.23 (s, 1H, CH), 7.07 (s, 1H, CHyrom), 7.42-7.55 (m, 7H,
CHarom), 11.42 (s, 1H, NHamige), 11.47 (s, 1H, NH,mige (This signal overlap with major signal)),
ppm. BC NMR (100 MHz, DMSO-d) o: 11.70, 43.45, 49.01, 98.11, 112.27, 114.42, 123.22,

124.99, 126.58, 127.58, 128.97, 129.30, 130.03, 137.26, 139.21, 141.77, 143.50, 162.13, 175.46

@ 4{1,2,4)

5-bromo-3'-methyl-2,6'-dioxo-1'-phenyl-1',5',6',7'-tetrahydrospiro[indoline-3,4'-pyrazolo
[3,4-b]pyridine]-5'-carbonitrile (4{1,3,5}): white powder (64%). IR (KBr): 3577, 3504, 3071,
2938, 1723, 1616, 1499, 1318 cm™. MS (EI, 70 eV): m/z (%): 449 (M'+2, 100), 447 (M", 96),
445 (91), 418 (85), 152 (48), 141 (62), 127 (60), 114 (64). Anal. Calcd for C,;H4BrNsO,: C
56.27, H 3.15, N 15.62. Found: C 55.98, H 3.17, N 15.57. (major isomer) ) 'H NMR (400 MHz,
DMSO-ds) 8: 1.44 (s, 3H, CH3), 5.64 (s, 1H, CH), 7.01 (d,J = 8.0 Hz, 1H, CHyom), 7.40-7.61
(m, 6H, CHarom), 7.76 (s, 1H, CHarom), 11.07 (s, 1H, NHamige), 11.46 (s, 1H, NHamiae), ppm. °C
NMR (100 MHz, DMSO-d¢) &: 11.82, 42.22, 49.30, 98.13, 112.53, 114.14, 114.43, 123.17,
123.22, 127.59, 127.72, 129.32, 129.37, 132.95, 137.25, 139.18, 142.17, 144.02, 162.56, 175.33
ppm. (minor isomer) ) 'H NMR (400 MHz, DMSO-dg) &: 1.85 (s, 3H, CHs), 5.24 (s, 1H, CH),
7.01 (d,°J = 8.0 Hz, 1H, CHarom), 7.03 (s, 1H, CHarom), 7.15 (s, 1H, CHyrom), 7.40-7.61 (m, 6H,
CHarom), 11.43 (s, 1H, NHamiae), 11.52 (s, 1H, NHamiqe) ppm. °C NMR (100 MHz, DMSO-dg) §:
11.71, 43.49, 48.93, 112.77, 123.22, 125.89, 140.34, 143.50, 162.13, 174.70 ppm (some of other

carbons signals did not apeared in">’C NMR).

16



@ 4{1,2,5}

1,3'-dimethyl-2,6'-dioxo-1'-phenyl-1',5',6',7'-tetrahydrospiro[indoline-3,4'-pyrazolo|[3,4-
b]pyridine]-5'-carbonitrile (4m): white powder (55%); IR (KBr): 3172, 3101, 2952, 2882,
2258, 1732, 1697, 1612, 1561, 1497, 1378, 751 cm™. MS (EL 70 eV): m/z (%): 383 (M", 100),
357 (85), 354 (42), 77 (87), 65 (33), 51 (62). Anal.Caled for C»,H;7N50,: C 68.92, H 4.47, N
18.27; Found: C 69.11, H 4.45, N 18.38. (major isomer) 'H NMR (400 MHz, DMSO-dy) &: 1.34
(s, 3H, CH3), 3.21 (s, 3H, CH3), 5.63 (s, 1H, CH), 7.23-7.56 (m, 9H, CHgtom), 11.48 (br, s, 1H,
NHamige)ppm. “C NMR (100 MHz, DMSO-de) &: 11.72, 26.28, 42.59, 48.74, 98.42, 109.61,
114.46, 123.15, 123.17, 123.26, 124.44, 126.07, 127.56, 129.36, 130.27, 137.32, 139.27, 144.27,
162.83, 173.92 ppm. (minor isomer) 'H NMR (400 MHz, DMSO-d¢) &: 1.74 (s, 3H, CH3), 3.34
(s, 3H, CHs), 5.24 (s, 1H, CH), 7.08-7.56 (m, 9H, CHgrom), 11.48 (br, s, 1H, NHypnige(This minor
signal is under the major signal)) ppm. *C NMR (100 MHz, DMSO-d¢) &: 11.60, 26.73, 43.31,
48.44, 99.80, 109.75, 114.09, 122.96, 123.15, 123.59, 124.44, 126.07, 127.36, 129.36, 130.11,

138.77, 143.50, 144.19, 162.32, 173.39 ppm.

@ 4{1,2,6}
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Sample Code: 11900830122 (KE-122)
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S-6: IR spectrum of compound 4{1,1,1}
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'Sample Description T
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S-9: Mass spectrum of compound 4{1,1,1}



Sample Description
KE122 63 (1.182)

No  Mass
1: 4018
2 4126
3 4224
4 43.25
B 4420
6 45.25
7. 4824
8 50.21
9 51
100 6221
11 5320
12: 54.21
13 5524
14 56.28
16, 57.30
16: 5843
17 6118
i8: 62.19
19: 6318
o200 6417
b2t 8519
b2 6619
23 6747
24 6819
25 6926
26 7044
2L Hr
28 7417
29 7547
30: 7618
3t 7718
32 7815
33 7918
34 8039
36 8123
36 8236
37. 8330
38 8432
39 8525
40: 8815
41 8717
42. 8818
43 89.19
44 9019
45, 9120
46 9220
47, 93.19
48 9526
4. 96.23
500 97.28
;51 9821
| 52 99.18
53 100.16
54 10119
550 102,19
56: 10318
57:  104.20
58 10528
58 109.25
| B0 11022
61: 11119
62: 11216
63 113.19
64 11420
65 11522
66 11621

S-10: Sample description presented by mass instrument to compound 4{1,1,1}

Inten
1.03e6
1.25e6
1.72e6
1.57e6
1.54e6
6.55e5
2.87e5
1.20e6
1.62e6
1.34e6
5.90e5
3.89e5
1.34e6
5.98e5
1.84e6
2.66e5
2.99e5
1.15e6
1.79e8
1.46e6
1.13e6
8.81e5
1.80e6
8.97e5
1.64e6
6.47e5
8.31e5
5.90e8
1.15e6
1.43e6
1.46e6
5.00e5
2.51e5
1.44e5
3.52e5
2.30e5
5.45e5
2.02e5
4.26e5
2.91e5
5.57e5
8.40e5
1.00e6
5.94eb
4.18e5
1.36e5
1.6%e5
2.70e5
2.02eb
5.53e5
2.06e5
3.93e5
4.92e5
5.61e5
5.16e5
3.81e5
2.91e5
1.74e5
1.56e5
1.69e5
3.44e5
2.04e5
4.92e5
9.38e5
1.23e6
6.02e5

%BPI
51.02
61.79
8537
78.05
76.42
32.52
14.23
59.35

80.49.

66.67
29.27
19.31
66.67
29.67
91.06
13.21
14.84
56,91
88.62
72.36
56.10
4370
89.43
44,51
81.30
32.11
41.26
2907
56.91
70.73
72.36
24.80
12.45

7.16
17.48
11.43
27.03
10.01
21.14
1443
27.64
4167
49.80
2947
20.73

676

8,38
13.41
10.01
27.44
1021
19.51
24.39
27.85
2561
18.90
14.43

864

7.72

7.88
17.07
10.41
24.39
4654
60.98
29.88

GTIC
131
1.58
2.19
2.00
196
0.83
0.36
152
2,06
$71
0.75
050
1.71
0.76
2.34
0.34
0.38
1.46
227
1.86
1.44
1.12
229
1.14
2.09
.82
1.06
075
1.46
1.81
1.86
0.64
0.32
0.18
0.45
0.29
0.69
0.26
0.54
0.37
0.71
107
1.28
0.76
0.53
017
0.22
0.34
0.26
0.70
0.26
0.50
0.63
0.71
0.66
048
0.37
0.22
0.20
0.20
0.44
0.26
0.63
1.19
156
0.77

No Mass
67 i17.22
68 118.19
69 119.21
70 123.22
71 12424
2. 1256.21
73 12618
74 127.20
75 128.19
76:  129.19
77: 13019
78:  137.23
79:  138.18
80: 138.18
81: 14048
82:  141.19
83: 14220
84: 143.18
85: 14418
86:  146.48
87: 15120
88: 152.18
89: 153.18
90:  154.19
94 18519
92: 15618
93: 15717
94: 16417
95 18517
96: 166.17
97: 187.20
98: 168.18
99: 16919
100:  170.18
101 171.18
102: 17219
103: 17817
104:  179.18
105:  180.16
106: 18117
107:  182.18
108: 183.18
109:  184.19
110: 19118
111 192.18
112:  193.18
1131 194.18
114:  195.18
115: 196,18
116: 197.18
147:  188.19
118:  207.18
119:  208.18
120:  209.18
121:  210.18
122; 22118
123: 22219
124: 22320
1250 224.19
126: 22518
127 226.18
128: 236.18
129: 237.18
130: 23B.18
131:  238.18
132: 248.186

Inten
2.58e5
1.17e5
1.39e5
21585
1.87e5
3.52e5
4.46e5
6.80e5
4.75e5
2.74e5
1.67e5
1.02e5
1.67e6
3.07e5
7.25e5
5.32e5
6.02e5
2.74e5
1.36e5
1.67e5
1.44e5
3.93e5
541eb
63165
4.10e5
1.91e5
1.34e5
2.33e5
2.91e5
2.62e5
2.79e5
3.60e5
4.26e5
52885
2.95e5
1.18e5
1.09e5
3.07e5
2.91e5
2.17¢5
1.62e5
1.62e5
1.69e5
1.26e5
1.67e5
1.96e5
2.24eb5
2.28e5
1.65e5
1.57e5
2.42e5
1.43e5
1.46e5
2.59¢5
1.77e5
1.67e5
4.66e5
1.95e5
2.07e5
5.04e5
1.04e5
1.01e5
2.23e5
1.36e8
4.55e5
1.23e5

%BPI %TIC

12.86
579
.91

10.67
9.30

17.48

2215

3374

23.58

13.62
8.28
5.08
8.28

15.24

3598

26.42

29.88

13.62
B.78
8.28
7.18

19.51

26.83

3130

20.33
9.50
6.65

11.59

14.43

13.01

13.82

17.89

21.14

26.22

14.63
584
539

15.24

14.43

10.77
8.03
8.03
8.38
6.25
828
9.71

1113

14.33
8.18
777

11.99
711
7.27

12.86
8.78
8.28
823
9.65

10.26

25.00
5.18
5.03

11.08

67.48

22.56
6.10

0.33
0.15
0.18
027
0.24
045
0.57
0.87
0.60
0.35
0.21

0.12
0.21

0.38
0.92
0.68
077
035
017
0.21

0.18
0.50
069
0.80
052
0.24
0.17
0.30
0.37
0.33
0.35
0.46
0.54
Q.67
0.38
0.15
0.14
0.39
0.37
0.28
8.21

0.21

G.22
0.16
0.21

0.25
Q.29
0.29
.21

0.20
0.31

0.18
019
0.33
023
0.21
021
025
026
0.64
0.13
013
0.28
1.73
3.58
§.16

No
133:
134:
126;
136
137
138
139;
140:
141;
142
143;
144:
145:

Mass

Scan Ei+

Inten  %BPI

3.93e5 1851

249.15
250 14
251.14
264.14
265.12
266.12
267.13
27810
20007
291.08
202 08
293,07
294.10

+90e5 945
1.28e5 6.35
7.50e5 3720
4.34ed 21.54
8.85e5 43.50
3.93e5 19.51
10925 539
1.57e5 7.77
1.66e5 8.23
2.15e5 1067
2.02e6 100.00
467e5 2317

%TIC
0.50
0.24
.16
085
.55
1.33
050
Q.14
020
0.21
027
2.57
059
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Sample Code: IT900830-125 (KE-197)

Instrusnent Specifications
FT nfrared Spectroscope, JASCO, FT/IR-6200 (4004000 em™), Sapan

399,98 cret
1144
A 43 em1
eme1
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% 0
: < 701962 eme 1
33131 et 140 7H emet
1530.24 ome1
1707 66 cro-1
i iy i | ;
4000 P i -

Wavenumber [crn-1]

S-12: IR spectrum of compound 4{1,1,2}

Date: 90/09/05

No.:
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S-14:>C NMR spectrum of compound 4{1,1,2}
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'Sample Description
KE197 87 (1.622)
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S-15: Mass spectrum of compound 4{1,1,2}
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Sample Descripii_on

KE197 87 (1.622) Scan El+
No Mass  Inten %EBPI %TIC No Mass Inten %BPI %TIC No Mass Inten %BP! %TIC
1: 40.14 4.01e5 1551 054 87 15316 3.60e5 13.92 048
2 41.23 553e5 2136 074 88: 154.08 5.68e5 21.89 0.78
3 42.21 157e6 60.76 210 69: 15518 5.65e5 2184 076
4: 4322 920e5 35.76 1.24 70: 156.18 3.48eb 13.45 047
5 44.17 5.08e5 19.62 0.68 71, 167.20 3.40e5 13.13 045
6: 45.21 2955 1138 0.39 72: 16820 4.22e5 16.30 0.56
% 5017 4.87e5 18.83 085 73: 169.18 2.66e5 1028 0.38
i 8 51.18 1.25e6 48.10 1.67 74: 183.18 2.87e5 11.08 0.38
I 8 5217 889%5 3434 1,19 75; 18418 3.85e5 14,87 052
-0 53.17 4.92e5 18.99 0.66 76. 19418 2.61eb 10.09 035
11 55.18 57885 2231 0.77 77 20915 282185 1123 028
12: 57.22 991e5 3829 1.33 78: 210.16 2.66e5 10.28 038
2 6214 455e5 1756 061 79. 223.16 3.28e5 1266 044
14: 62.16 1.38e8 53.16 1.84 80: 22515 7.9beb 30.70 1.08
15: 64.13 8.48e5 3275 1.13 81: 23517 2955 11.39 039 o
16: 66.12 9.34e5 36.08 1.25 82 23616 299%5 11.55 040
17: 66.14 6.06e5 2342 081 83: 23715 549e¢5 2120 0.73
18: 67.13 991e5 3829 1.33 84: 23815 3.93e5 1519 053
19: 68.14 5785 2231 0.77 85 23916 4.06e5 1566 (.54
20: 69.22 99165 3828 1.32 86 251,16 3.52e5 13.61 047
21: 70.37 512e5 1978 0.69 B87: 25216 2.11e6 81465 2.83
L 23 71.24 B.14eb 2373 082 88 25317 7.95e5 3070 1.08
. 7412 332e5 1282 044 89: 263.14 9.05e5 3497 1.21
24 7542 7.70e5 2975 1.03 90: 26414 6.14e5 23.73 082
25: 76.13 1.11e6 43.04 1.49 91: 26513 4.18e5 16,14 0.58
26: 77.14 1.95e6 7532 2.61 92 278.16 1.16e6 44.94 158
27: 78.11 7.82e5 3022 1.05 93; 27915 7.21e5 27.85 0.95
28: 79.12 3.07e5 11.87 0.41 94: 280.14 1.26e6 4873 168
29 81.17 261es 1008 0.35 95; 28114 6.72¢5 2595 080
30: 83.28 7.28e5 28.16 0.98 96: 292.10 4.92¢5 18.99 0.68
31: 85.14 4.06e5 1566 0.54 97: 306.11 3.44e5 1329 046
32: 87.11 3.07e5 11.87 0.41 98: 307.11 2.59e6 100.00 3.48
33 88.12 3.8%e5 1503 0.52 99. 308.12 1.08e6 4177 145
34; 89.14 7.21e5 27.856 0.96
35: 90.13 4.96e5 19.15 0.66
36: 91.12 537e5 2073 0.72
37: 91.98 262e5 1043 0.35

38: 97.21 6.18e5 23.88 083
39: 99.07 3.11e5 12.03 042
40:  100.12 262e5 1013 0.35
41: 10115 5.08e5 19.62 0.68
42: 10215 594e5 22.94 0.79
43; 10313 5.24eb 2025 0.70
44 104,08 4.55e5 17.56 Q.61
45: 105.056 3.07e5 11.87 041
46: 11029 262e5 1013 Q.35
47; 111,19 3.32¢5 12.82 044
48: 11210 2.74e5 1060 0.37
49: 113.06 5.82e5 2247 0.78
50: 114.15 4.01e5 1551 054
51: 11518 6.80e5 26.27 0.91%
52: 11617 3.8%e5 1503 052
§3. 117,18 2.79¢6 10.76 0.37
54: 11811 2.59e5 10.01 035
55 119.07 260e5 10.05 035
56: 12511 2.866e5 10.28 036
57 1268.15 3.85e3 14.87 052
58 127.16 6.18¢5 23.89 0.83
59; 12817 7.13eb 27.53 095
60: 12917 3.15e5 1218 042
61; 13017 3.28e5 1266 044
62, 13215 3.24e5 1250 043
63: 139,14 2.99e5 11.85 0.40
64: 14017 6.51ed 2516 087
65; 141.17 3.89e5 15.03 0.52
66: 14218 3.07e5 11.87 0.41

S-16: Sample description presented by mass instrument to compound 4{1,1,2}



Sample Code: 17900830-124 (KE-129)

Instrument Specifications
FT Infrared Spectroscope, JASCO, FT/IR-6300 (4004000 ca™"), Japan
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S-17: IR spectrum of compound 4{1,1,3}
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S-18: 'H NMR spectrum of compound 4{1,1,3}
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S-18: Expand of "H NMR spectrum of compound 4{1,1,3}
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Sample DescriTation
KE129 88 (1.640) Scan EI+
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S-20: Mass spectrum of compound 4{1,1,3}



Sample Description
KE129 88 (1.640)

No

S-21: Sample description presented by mass instrument to compound 4{1,1,3}

Mass
40.18
41.27
42.26
43.26
44.21
45.25
46.24
50.23
51.22
52.21
53.21

Inten
5.41e5
6.47e5
1.46e6
1.20e8
9.13e5
3.81e5
1.60e5
4.83e5
9.58e5
1.28e6
9.95e5
3.69e5
5.69e5
2.33e5
6.80e5
4.30e5
1.01e6
6.31e5
5.82e5
4.96e5
7.78e5
6.02e5
8.10e5
2.41e5
2.70e5
2.37e5
5.65e5
9.71e5
8.07e5
3.93e5
242e5
4.83e5
2.29e5
1.91e5
1.77e¢5
1.23e5
2.52e5
3.11e5
3.41e5
2.70e5
2.20e5
2.33e5
1.19e5
2.28e5
1.51e8
1.68e5
2.13e5
3.32e5
4.87eb
2.99e5
2.18e5
1.67e5
1.36e5
1.59e5
1.78e5
2.33e5
3.77e5
3.03e5
2.18e5
1.69¢5
1.35e5
1.33e6
1.25e5
1.81e5
2.95e5
3.32e5

%BP1 %TIC No Mass  inten
2426 1.1 67: 129.20 3.40e5
2904 132 68 130,19 1.96eb
6544 298 69 13131 1.15e5
5388 2.45 70: 13223 1.38e5
4099 1.87 71 139.20 1.47e5
17.16 078 72, 14019 4.26e5

717 033 73 14119 2.70e5
2169 099 T4 14220 2.17e5
43.01 1.96 75 14319 1.26e5
5735 261 76 14418 1.23e5
44.67 2.04 770 15219 1.46e5
16.54 Q.75 78 15320 2.06e5
2555 147 7% 154.20 1.97e5
1048 048 80 15519 2.38e5
3051 1.39 81: 15618 2.14eb
19.30 0.88 82: 15717 3.36e5
4522 208 83: 158.20 1.64e5
2831 129 84: 161.58 1.29e¢5
26.10 118 85 166.17 1.1deb5
2224 101 86: 167.20 1.76e5
34.93 158 87: 168.19 1.68e5
2702 123 88: 168.19 1.75e5
2739 125 89: 17018 1.B6eb
10.80 0.49 90: 171.18 1.87e5
1213 055 91: 17219 1.14e5
1062 048 92: 179.18 1.18e5
2537 1.16 93: 180.17 1.42eb
43.57 1.99 94: 18117 1.16e5
36.21 1865 95 182.18 1.1%eb
17.85 0.89 96: 183.18 1.51e5
10.85 049 97: 184.17 1.55eb
2189 099 98: 185.18 1.71e5
10.29 047 99: 19518 1.33e5
859 0.39 100 198.18 1.14e5

7.95 0.38 i01: 20919 1.61e5
5§51 025 102:  210.19 1.1%e5
11.31 052 103: 22518 3.32e3
13.97 064 104: 237.17 1.67e5
13.97 064 105 25216 2.66eb
12143 055 106: 253.16 3.77eb
988 045 107: 25415 1.30e5
10.48 048 108: 268,14 8.52e5
533 0.24 108:  268.15 1.99e5
10.25 047 110;  279.13 3.07e5
676 0.31 111:  280.11 9.67eb
754 034 112: 281.11 2.54eS
956 044 113: 296.10 1.67e5
14.89 Q.68 114 297.11 2.13eS
21.88 1.00 115:  308.07 1.74e5
13.42 0.61 116:  322.05 1.32e5
979 045 117: 323.06 2.23e6
703 032 118 324.06 7.00e5
611 0.28

712 032

800 0.36
10.48 0.48
16.91 0.77
13.60 0.62

9.79 045

758 035

6.07 0.28

597 027

561 026

8143 037
13.24 060
14.89

%BPI
15.26
8.78
5.15
8.20
6.62
19.12
12.43
9.74
5.65
5.51
657
924
882
10.66
960
15.07
7.35
5.79
5.10
7.90
7.54
7.86
7.44
8.41
5.10
5.28
6.39
5.19
5.33
6.76
6.94
7.67
597
5.10
7.22
5.33
14.89
7.49
11.85
16.91
5.84
38.24
8.92
13.79
43.38
11.40
7.49
9.56
7.81
5,93
100.00
31.43

No

Mass

Scan El+
inten %BPI %TIC
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Sample Code: I1900830-123 (KE-128)

Iustrument Specifications
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S-22: IR spectrum of compound 4{1,1,4}

Date: 90/08/30
No.:
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S-23: 'H NMR spectrum of compound 4{1,1,4}
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S-23: Expands of "H NMR spectrum of compound 4{1,1,4}

41



< SN AL AN T OO WD SO0

~ M~ O TOO©ME T OO W N0
§ W RN RN EY RN L
w HAH O ANITONO DO TN T TN A .
= WO TITNMONNNNNNAA A A O
— HeA A A A A A A A A A OO
VAR o a4

49.09
48.43

ra

1

——43.

2.0

9.04
8.94

«

T T T T T T

T T T T AT T
200 190 180 170 160 150 140 130 120 110 100 90 80

S-24: *C NMR spectrum of compound 4{1,1,4}
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éample Description

KE128 77 (1.439) Scan El+
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S-25: Mass spectrum of compound 4{1,1,4}




Sample Description

KE128 77 (1.43%) . ScanEl+
No Mass Inten %BPI %TiC No Mass  Inten %BPI %TIC No Mass . Inten  %BPI %TIC
1: 40056 1.16e6 51.82 1.10 67: 11512 4.42e5 1971 042 ¥
2 41.15 1.70e6 7581 1.61 68 119.27 246e5 1095 023
3 4214 192e6 8540 1.81 69 121.04 2.29e5 1022 0.22
4 43.156 2.02e6 89.78 1.90 70: 122,09 2.66e5 1188 026
5 44,08 1.97e6 87.50 1.86 711 12312 7.74e5 3449 073
8: 4514 1.56e6 69.34 1.47 72: 12411 6.0685 27.01 0.57
7 46.13 6.80e5 3020 064 73: 12511 5.98e5 2664 0.56
8 50.10 1.16e6 51.82 1.10 . 74: 1286.10 5.53e5 2464 0.52 {
9 51.10 1.49e6 6642 1.41 75: 12712 541e5 2408 2.51 i
10: 52,08 1.11e¢6 49.64 1.05 76:  128.10 2.66e5 11.86 0.25
11 53.10 6.37e5 23.81 081 77: 137.11 3.83e5 1752 0.37
12 5412 3.85e5 17.15 0.36 78: 138.09 7.13e5 3175 0.67
13 5543 1.93e6 86.13 1.83 . 79 138.10 4.83e5 2153 0.48
14: 56.14 1.03e6 4580 0.97 80: 140.12 7.20e5 3248 0.89
16 5713 2.24e6 100.00 2.12 81: 14113 4.61e5 2007 043
16 5812 3.03e5 13.50 0.29 82: 14211 3.32¢5 1478 0.31
17 6109 5.12e5 22.81 048 83: 147.99 3.40e5 1515 0.32
18 6208 1.29e6 5766 1.22 84: 149.09 3.6%e5 1642 0.35
19: 63.08 2.00e6 83.05 1.89 85: 150.10 3.73e5 1661 0.35
20 64.07 1.05¢6 46.72 0.89 86: 15112 541e5 24.09 0.51
21 6508 6.92e5 30.84 0.65 87: 15212 4.34e5 1934 0.41
22 66.08 7.17e5 3193 0.68 88: 153.12 4.14e6 1843 0.39
23 6708 2.03e6 9051 1.92 89: 15415 2.51e5 1118 024
24: 68.09 1.08¢6 48.18 1.02 90: 163.18 3.15e5 1405 0.30
25 69.13 2.15e6 9562 2.03 91: 16410 3.40e5 1515 0.32
26 70.20 9.95e5 44.34 0.94 92: 165.10 3.6%e5 1642 0.35
g 71.14 1.77e6 7883 1.67 93: 166.06 2.05e6 9124 1.93
28: 7208 2595 11.54 0.24 94: 187.10 4.83e5 2153 0.46
29; 7305 9.01ed 40.15 0.85 951 168.09 8.77e5 3905 0.83
30 7406 1.21e6 5401 1.15 96: 169.12 2.46e5 1085 023
31 75.06 2.08e6 92.70 1.97 97: 175.09 3.56e5 1588 0.34
32 76.07 1.85e6 73.72 1586 98: 176.10 3.85e6 1715 0.36
33 77.07 9.95¢5 44.34 0.94 99: 177.11 4.06e5 1807 0.38
34; 78,07 4.30e5 18.16 0.41 100: 17810 3.11eS 13.87 0.29
35 79.11 4.01e5 17.88 0.38 101: 178.13 2.83¢5 1259 0.27
36 8009 3.07e5 1368 0.29 102:  203.11 2.51e5 1118 0.24
37 8113 9.83e5 4288 0.91 103: 20411 2.47e5 1099 023
38 8212 4.38e5 19.53 0.41 104:  226.15 2.91e5 1296 027
39 83.13 1.18e6 52.55 1.11 108 23811 2.50e5 1113 0.24
40 8410 3.97e5 17.70 0.8 106: 272.08 7.25e5 3230 068
41 8513 1.08e6 48.18 1.02 107: 273.08 2.66e5 11.86 0.25
42 86.07 5.41e5 2409 0.51 108: 274.07 2.61e5 1163 0.25

43 8708 9225 4106 0.87  10% 202.00 2.28e5 1047 022
44 8807 852e5 37.96 080  110: 2098.06 4.96e5 2208 047
45. 8905 7.74e5 3449 073  111: 209.07 3.11e5 1387 029
46; Q007 4.42¢5 1971 042 112 300.05 7.91e5 3522 075
470 9105 348e5 1551 033 113 301.06 3.60e5 1606 034
48 9313 2795 1241 026 114 302.02 598e5 2664 0.56
49: 9513 7.82e5 3485 074 115 30402 240e5 1068 022
50 96.13 4.38e5 18.53 041 116: 327.03 1.77e6 78.83 1.67
51 9714 1186 5255 111  7117: 328.03 4.2665 1898 040
52 9811 5905 2628 056 118 32002 6.9665 31.02 0.6
53 9900 9795 4361 082 119 232900 6.39%5 2647 060
54: 100.08 6.59e5 29.38 0.62 120: 331.99 5.20e5 2318 049
55: 10110 56105 2500 0.53
56: 10209 8.64e5 3850 0.82
57 103.05 4.06e5 1807 0.38
58: 104.08 2325 10.36 022 :
590 105.18 3.07e5 13.69 029 |
60: 107.16 2275 1013 0.21 i
61 10974 537e5 23.91 0.51 ‘
62: 11011 52485 2336 050
63 11111 120e6 5328 1.3
64: 11200 594e5 2646 0.56
i 5. 113.08 8.36e5 3723 0.79 |
| 86 11412 1.05¢6 4672 0.99 !

S-26: Sample description presented by mass instrument to compound 4{1,1,4}



s

Central Laboratory of the University of Isfahan 1

Sample Code: [1901111-29 (KE-2135)

Instrument Specifications
FT Infraced Spectroscope, JASCO, FT/IR-6300 (400-4000 cm™), Japan

102

2256.31 cm-1

286859 cm-1

69232 em-1
755959 cm-1

%T 50~

333818 cm-1

1
1683.19 cm-1

L L 1 1 1
0
4000 3000 2000 1000 400
‘Wavenumber [cm-1]

Date: 90/11/11
No.:

S-27: IR spectrum of compound 4{1,1,5}
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S-28: '"H NMR spectrum of compound 4{1,1,5}
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S-28: Expand of "H NMR spectrum of compound 4{1,1,5}
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S-29: *C NMR spectrum of compound 4{1,1,5}
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Insirurment Soacikatione:
HMR Spectromeior 460 s, Avance N 400
riukar, Gormany

type of experiment:

4 Decoupled 13C Spectrum

naie

0
FLORES
Az
2
o
e
™ 2362
n 2.06909C0¢ see
il 0.03200000 zec
™0

aNEL 11

15¢]

570 usee
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2w
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Sample Code: 17900830-127 (KE-180)

Instrument Specifications

FT Infrared Spectroscope, JASCO, FT/IR-6300

(400-4000 cm™), Japan

226113 o1
1
15 e 523 ¢m-1
1 I
48 cnB878.24 cm-1 507187 cm-
I
316558 cm-1 51522 cm1
sal
1616.95 cm-1 ! el
%T ‘ §
S 3597 66 o1 1469.49 cm-1 i
)
3397.96 cm1
wt
1707/ cm-1

20+ 173369 cm-1

10 L L 1

“0m 3000 2000 1000 400

S-30: IR spectrum of compound 4{1,2,1}

Wavenumber [cm-1]

Date: 90/08/30
No.:
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S-31: 'H NMR spectrum of compound 4{1,2,1}
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Instrument Specifications;
M Specsgmitar &G0 Witz Avance 0 400
‘Bruker, Ganmany

Type of experiment:
1H Spectrum
o Kenax 4 Aban
10
1
Date 20111026
15.36
spect
PROBHD 5 nm PRGSO BB~
2UL2ROG
65335
SOLVENT SO
N5 16

2
5223.585 Hz
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S-31: Expand of 'H NMR spectrum of compound 4{1,2,1}
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S-32: *C NMR spectrum of compound 4{1,2,1}
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Instrumant Spocitcations:
MR Sposinometar 400 WS, Avanco i 400
‘Bruker, Garmany.

Type of experiment;
1H Decoupled 13C Spectrum
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S-32: Expand of *C NMR spectrum of compound 4{1,2,1}
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SaTnﬁIe Description
KE180 88 (1.643) Scan El+
100- w2 9.46e5

| 43.27

| 57.26

‘ 355.05
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115.20 300.11
[l
|
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20, 328.05  [356.05
176.19 504 51 ha7ia |
!

S-33: Mass spectrum of compound 4{1,2,1}



Sample Description
KE180 88 (1.643)

No _ Mass _Inten %BPI
40.19 1.79¢5 18.94
41.28 3.97e5 41.99
4228 1.56e5 16.45
4327 8.77e5 92.64
44.23 2.87e5 30.30
4525 1.19e5 12,55
4624 4.86e4 5.14
50.23 1.85e5 19.59
51.23 6.10e5 64.50

10 5222 2.09e5 22.08

11 5322 9424 996

12 5423 7.07e4 747

13 5525 5.12e5 54.11

14: 5625 1.94e5 2045

15 57.26 7.70e5 81.39

16: 6219 1.09e5 11.47
| 17: 6321 2.66e5 28.14
| 18 6420 1.43e5 1515
| 19: 6521 1.35e5 14.29

20:  66.20 5.68e4 6.01

21:  67.19 6.27e5 66.23

22:  68.20 3.19e5 33.77
| 23 69.24 475e5 50.22

24: 7025 1.17e5 12.34

25;  71.25 2.99e5 31.60

260 7417 9324 9.85

27: 7518 1.86e5 19.70

28:  76.17 2.60e5 27.49

29;  77.21 9.46e5 100.00

30: 7820 1.34e5 14.18

311 79.22 576e4 6.09

32;  81.27 1.52e5 16.02

33: 8226 594e4 6.28

34: 8324 1.86e5 19.70

35: 8525 1.37e5 14.50

36:  87.18 8.09e4 8.55

37: 8819 1.81e5 19.16

38:  89.19 1.38e5 14.61

39: 9019 6.50e4 6.87

40:  91.20 6.66e4 7.03

41:  93.31 6.76e4 7.14

42: 9442 57%4 6.1
| 43: 9528 143e5 15.15
| 44:  97.26 1.52e5 16.02
|

o ccde ottt g

45: 98.22 5.27e4 557
46: 9923 9.22¢4 974
47: 100.18 1.08e5 11.36
| 48 10121 142e5 15.04
P49 10219 1.30e5 13.74
i 50: 10315 9.42e4 9.96
! 51 10422 1.77e5 18.72
52 107.39 4.92e4 519
53: 109.24 7.99%4 844
54: 11123 1.08e5 11.36
550 11324 7.48e4 7.90
56 11419 1.45e5 15.37
57. 11520 1.53e5 16.13
58: 116.23 7.88e4 8.33
59: 123.20 5.76e4 6.09
60: 125.24 522e4 5.52
61 12619 8.81e4 9.31
62: 127.22 1.16e5 12.23
63: 12825 1.15e5 12.12
64 12918 507e4 536
i 65 139.21 548e4 579
| 66: 140.20 6.66e4 7.03

S-34: Sample description presented by mass instrument to compound 4{1,2,1}

Mass
141.22
142.20
150.20
151.21
152.20
163.21
154.22
176.19
203.214
204.21
287.12
300.11
301.10
326.07
327.07
328.05
356.06
356.05

Inten
7.48e4
7.78e4
5.35e4
6.66e4
5.61e4
6.09e4
5.09e4
5.66e4
4.89e4
4.97e4
4.76e4
1.58e5
6.96e4
7.07e4
5.04e4
7.58e4
2.74e5
8.50e4

%EBPI

7.90
823
5.65
7.03
593
6.44
5.38
5.98
517
5.25
5.03
16.67
7.36
747
5.33
8.01
29.00
6.87

%TIC

038

Mass

Inten

|
Scan El+.
%BPI %TIC
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Sample Code: 17900830-128 (KE-198)

Instrument Specifications
FT Infrared Spectroscope, JASCO, FT/IR-6300 (400-4000 cm™), Japan

102
|
228595 cm-1 i
966.339 em-1
345292 em-1
5? 36 cm-1
025.76 cm-1 "
|
699.089 cm-1
324561 cm-1 i
1488.78 cm-1
%T 501
]
1703.8 cm-1

a ! I 1 .
4000 3000 2000

S-35: IR spectrum of compound 4{1,2,2}

Wavenumber fcm-1]

1000

Date: 90/09/05
No.:

400
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S-36: 'H NMR spectrum of compound 4{1,2,2}
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S-36: Expand of 'H NMR spectrum of compound 4{1,2,2}

e KE 190
EXPNO 10
PROCNO 1
Tate_ 20121114
Tine 23.45
INSTRUY npect
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N a
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S-37: *C NMR spectrum of compound 4{1,2,2}

Instrumant Specitications:
MR Specirametsr 400 Wz, Avance I 400
‘aruker, Germany

Type of experiment;
1H Decoupled 13C Spectrum
k198
15
1
20131126
15.39
5 mn PRBRO BB-
2gpg30
32768
oo
us 1024
o 2
24038.4€1 Bz
FIDREs 0.733585 Ke
2 ©.6616244 sec
RS 575
ow 20,500 usec
e £.50 usec
= 2836 ¥
o 2.00000000 sec
pI1 0103000000 sec
ke 1
necl e
el £.70 usec
eL1 -1
L1 1260075012 W
sFoL 106.6228258 M4z
s CHARNE
croPRG2
noc2 4
ecedz 90.00 usec
12 0100 d&
eilz 15.26 ds
113 18.26 d
EL2k £1.05230045 W
L1 T32610a58 W
ELLsd 0.164881
sFo2 400.1216005 Mz
st 32
sF 100.6128193 Moz
Wit B
sse o
I 1.00 Bz
3 o
3 1.40
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S-37: Expand of '>C NMR spectrum of compound 4{1,2,2}
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S-37: Expand of '>’C NMR spectrum of compound 4{1,2,2}

tnstrumant Spoctications:
NUR Spactromotor 400 Wi, Avanc i 400
Braker, Gormany

e of xporiment;
M Decoupled 13C Spectrum

e K198 ¢
ExEHO 20
PROCRO 1
Date_ 20131126

i 22,03

2.00000000 sne
0103000000 sec
1

CHANNEL £1 ==
Fi

5.70

-1,00 a3
42.69675012 W
1006228205 Wiz

= CHANNEL £2
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80.00
0.
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18 1.00 2
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Sample Description

KE198 76 (1.421) Scan El+
100 74 7.86e5
‘ 369.06
1
| |asts
%
314.11
370.05
' 104.14
i
| 12812 340.09
11
4 1] 15518
i
\‘ ‘ i
; | ‘ ‘
L3451 |
o WLkl I - - P e TfZ

50 100 156 200 250 300 350 400 450 500 550

S-38: Mass spectrum of compound 4{1,2,2}
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Sample Description
KE198 76 (1.421)

No

S-39: Sample description presented by mass instrument to compound 4{1,2,2}

Mass
40.08
41.20
4219
43.19
44.14
4517
50.15
51.15
52.14
53.14
55.17
56.18
57.18
63.13
64.12
65.14
67.12

__Inten
1.72e5
2.99e5
1.32e5
6.35e5
4.92e5
1.46e5
1.22e5
4.55e5
2.05e5
1.06e5
3.93e5
1.39e5
5.61eb
1.94e5
8.40e4
1.13e5
3.15e5
2.02e5
3.60e5
1.01e5
2.49e5
1.37e5
1.89e5
7.86e5
1.27e5
1.37e5
1.65e5
1.06e5
8.40e4
1.12e5
7.99e4
13985
1.24e5
1.18e5
1.34e5
9.32e4
1.77e5
7.88e4
8.70e4
1.02e5
1.16e5
8.70e4
9.01e4
3.28e5
1.09e5
1.19e5
1.01e5
1.09e5
7.00e5
1.98e5

No

Mass

Inten  %BPI %TIC

No

Mass

Inten

Scan El+
%BPI %TIC
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Sample Code: 11900830-129 (KE-183)

m‘”‘m’g HFEE

Instrument Specifications
FT Infrared Spectroscope, JASCO, FT/IR-6300 (400-4000 cm™), Japan

102
226823 cm-1
357152 cm-1
2.3 cme1
316461 cm1 58 P ;
%T 50 766.566 crm-1
i
1711161 em-1
|
1733.69 cme1

0 - ‘ '
4000 3000

Wavenumber [cm-1]

S-40: IR spectrum of compound 4{1,3,1}

1000

400

Date: 90/08/30
No.:
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S-41: '"H NMR spectrum of compound 4{1,3,1}
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tnstrument Spacications:
MR Spoctramater 400 HS, Avance B 400
‘raker, Germany

type of experiment:
H Spectrum

R K8 16 Aban

EXPNO 183

PROCKO 1

Dake_ 20111108
me’ 15.21

NETRIM spect:
PROEED 5 um PAEEC BB-
PULPROG 2530
™

32768
sF 400.1300000 Mz
B

2,00
s
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S-41: Expand of 'H NMR spectrum of compound 4{1,3,1}
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S-42: *C NMR spectrum of compound 4{1,3,1}
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S-42: Expand of *C NMR spectrum of compound 4{1,3,1}



~—144.23
—143.55
-——142.83
el 01

#3917

o XTHT
T137.34

intramant Speciicatons:
N Spactroneor 400 s, Avance 1 400
e oo,

e sxperiment:
Decoupled 13C Spectrum

X8 283 C
10

1

20111127

o.q1

spect.

5t PABBO BB
sapg30

33768

g0
1020

24038481 Bz

Ao 0.6815201 sec
RG 56
oy 20.800 usec
DE 6.50 usec
il 2974
oL 2.00000000 sec
i1 0103000000 sec
™ 1

smmcnsew CEAMHEL £3 =
xveL

Py 8.70 usec
PLL 100 aB
PLIN 42,69075012 ¥
s¥o1 100.6226298 Mtz

CHANNEL £2 ss=scewn
waltzle
m
80.0¢ usec
0l00 dr
15026 dB
“26 dB
11.05250045 ¥
0l32513a58 W
0.185358812 W
400.1316005 YRz
2 32768

¢ 100.6128183 ¥Hz
9 B

ssz 3

8 1.00 2

o5

re 1.40

AN

T T T T T T T T [ T
153 152 151 150 149 148 147 146 145 144 143 142 141 140 139 138 137 136

ppm

S-42: Expand of *C NMR spectrum of compound 4{1,3,1}
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S-42: Expand of *C NMR spectrum of compound 4{1,3,1}



'Sample Description
KE183 64 (1.201)
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S-43: Mass spectrum of compound 4{1,3,1}
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Sam;;le Description
KE183 64 (1.201)

No
1

S-44: Sample description presented by mass instrument to compound 4{1,3,1}

_ Mass

4017
41.27
42.26
43.25
44.20
4525
46.24
50.22
51.20
52.21
53.20
54.22
55.23
56.24
57.24
58.25
61.18
62.19
63.19
64.18
65.20
66.19

Inten
7.05e5
1.23e8
1.15e6
1.64e8
1.56e6
1.31e6
5.94e5
9.46e5
1.67e6
1.05¢6
3.80e5
2.70e5
1.52¢6
6.51e5
1.72e6
2.24e5
1.44e5
5.37eb
1.51e6
1.56e6
1.62e6
7.54¢5
1.11e8
5.98e5
1.56e6
5.00e5
1.15e6
3.66e5
7.37eb
1.13e6
2.28e8
1.18e6
2.83e5
1.65e5
557e5
2.49e5
7175
1.70e5
5.49e5
2.79e5
6.18e5
6.51e5
5.08e5
1.11e6
§.40e5
5.49e5
1.59e5
561e5
2.37e5
6.92e5
1.55e5
3.89¢6
3.69¢5
573eb
5.37eb
5.37e5
4.34e5
25285
1.62e5
1.72¢5
4.46e5
1.62e5
4.79e5
1.90e5
4.51e5
9.67e5

%BPI
25.00

13.81

20.35
19.04
19.04
1541
8.94
5.74
6.10
15.84
5.74
17.01

15.99
34.30

%TIC No Mass Inten %BPI %TIC
0.68 67 11520 134e6 47.67 1.28
1.18 68: 11624 6.68e5 23.69 0.64
1.10 69: 117.22 3.15¢5 11.19 03¢
1.58 70. 11821 778e5 2762 075
1.50 71, 11920 50865 18.02 049
1.26 72: 12131 1989%5 7.05 0.19
0.57 73: 12237 1.59e5 563 0.15
0.91 74: 12325 2.7ded 974 026
1.80 75: 12523 2.87¢5 10.17 0.28
1.01 76: 126.19 5.16e5 18.31 0.50
0.35 77 12721 B.15e5 28.92 O.EB
0.26 78: 12824 598e5 21.22 (038
147 79: 129.24 3.48e5 12.35 033
0.63 80: 130.18 193e5 6.83 0.19
1.66 81: 13119 1625 574 016
0.22 82: 13543 230e5 818 022
0.14 83: 137.23 151e5 534 014
0.82 84: 138.20 1.85e5 6.58 0.18
145 85: 139.20 3.40e5 12.06 0.33
1.50 86 14022 7.33e5 2602 071
1.56 87: 141.21 8.31e5 2238 0.61
073 88: 14220 4.75e5 16.86 0.46
1.07 89: 14319 2.74e5 0.74 0.26
058 90: 14519 1.91e5 6.80 0.18
150 91: 14724 211e6 7.49 0.20
048 92: 148.36 1.62¢5 574 016
1.10 93: 14929 1.5%5 563 0.15
0.34 94: 15120 2.29¢5 814 (.22
.71 85: 15249 4.79e5 17.01 046
1.09 96 153.20 5.94e5 21,08 0.57
2.19 97: 15421 4.30e5 1526 0.41
1.13 88: 15621 3.81e5 13.52 0.37
0.27 99: 15619 1.67e5 592 0.16
0.16 100:  167.22 1.93s5 683 0.19
0.54 101 16319 2.66e5 945 026
0.24 102 16416 3.28e5 11.63 032
0.69 103 16518 3.85e5 1366 0.37
0.186 104: 166.19 2.18e5 7.74 0.21
053 105, 167.20 2.51e5 890 0.24
027 106: 168.19 2.99e5 1061 0.29
0.60 107: 169.20 3.36e5 11.92 0.32
0.63 108: 17018 2.66e5 9.45 0.26
049 108: 17218 1.97e5 698 0.19
1.07 110:  173.20 4.18e5 14.83 0.40
0.81 111 17718 1.51e5 534 0.4
0.53 112: 178.17 1.69e5 6.00 0.16
0.15 113: 17918 3.89e6 13.08 0.35
0.54 114:  180.17 3.28e5 11.63 0.32
0.23 118: 18118 1.88e5 8.61 0.18
0.67 116: 18449 295e5 1047 028
0.15 117. 19017 2055 7.27 020
0.37 118: 19118 176e6 6256 0.17
0.35 119: 19218 145¢5 516 0.14
0.55 120: 18319 1.43e5 609 0.14
0.52 12t 19419 1.83s5 650 0.18
0.52 122 18517 1.83¢e5 650 0.18
0.42 128, 20517 1.55e5 549 0.15
0.24 124: 22516 1.47e5 523 0.14
0.16 125: 22917 1.89%e5 672 0.18
0.7 126: 24316 1.44e5 512 0.14
0.43 127: 24417 1.76e5 625 017
0.18 128 256.14 1.89e5 672 0.18
0.46 129: 26018 1.8%e5 672 0.18
0.18 130: 273.15 2.87e5 1017 0.28
0.43 131 27414 151e5 534 014
0.93 132: 28410 1.45e5 516 0.14

No

133

134:
135;
136:
137:
138

139;
140

141:
142:
143:
144:
145:
146:
147.
148:
149:
150

i51;
152:
153:
154;
155
156:
157:
158:
159
160:
161:
162:
163:
164:
165:
166:
167;

Mass

29207
295.12
297.10
29811
299.11
300.10
301.10
302.10
303.13
31212
31311
314.10
315.10
323.07
32407
325.07
326.07
327.05
328.06
329.06
338.06
339.07
340.07
341.07
342.06
343.05
344.05
354.02
366.01
367.03
368.03
389.03
370.03
371.04

Scan El+
Inten  %BPl %TIC

285.12

1.43e5  5.09
1435 509
2.02e5 7.6
1,79e5 636
1.81e5 643
2.38e5 843
2.37e5 839
9.00e5 3227
2.07e5  7.34
1.5185 534
160e5 5867
238e5 843
4.55e5 16.13
41065 14.53
217e5  7.70
352e5 12.50
6.43e5 22.82
3.24e5 1148
3.07e5 10.80
4.18e5 14.83
143e5 5.09
2.11e5  7.49
2335 8.28
246e6 87.21
220e8 77.91
1.43e6 50.58
1.87e6 66.28
4.67e5  16.57
164e5 581
3.3%e5 1197
164e6 58.14
74585 2645
2.82e6 100.00
1.88e6 70.35
340e5 12.08

014
014
019
017
0.17
0.33
0.23
0.87
020
0.14
0.15

72



Central Laboratory of the University of Isfahan

Sample Code: 1/900830-131 (KE-199)

Instrument Specifications
FT Infrared Spectroscope. JASCO, F1/IR-6300 (400-4000 cm™), Japan

102884 o1
1365 cm1 | 4.932 el
i 912.165 cm
| 1ps] .88 k1 )
1.6 eyl ! 815.742 gm*t
08 cm-1)1216.85 cm-1 |
B6H.177 cm-1
; 308,19 em-1
I
3572.49 -1 I
" 762.709 cm-1
ol WS A 4 i
1319.07 em-1
1496.49 cra-1
|
1718.26 cm-1
0 - ' : I :
" B0 2000 1000 400

Wavenumber [crm-1]

Date: 90/09/05
No.:

S-45: IR spectrum of compound 4{1,3,2}
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S-46: '"H NMR spectrum of compound 4{1,3,2}
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S-46: Expand of "H NMR spectrum of compound 4{1,3,2}
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S-47: *C NMR spectrum of compound 4{1,3,2}

instrumant Spociications:
NMR Spectromater 400 Wb, Avance 1 400
Bruker, Gormany

Type of exparimont;
1H Decoupled 13C Spectrum
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0.4z
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6 e
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ISample Description
IKE199 92 (1.715)

Scan El+
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| ‘ 165.19 34000 | :
L1 i i i
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dEd
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S-48: Mass spectrum of compound 4{1,3,2}



Samble Description

‘ No Mass
I4 4128
|2 4224
3 4325
41 5019
5 5120
6 5219
7. 8o
8 5722
9. 63.16
10: 6447
11 86.18
12: 8617
13;  67.15
14, 6816
15 69.20
16 7120
17; 7543
18 76.15
19:  77.16
200 7817
21 89.16
220 9147
230 9216
24: 10117
25 102.16
26. 103.16
27 11418
28 11519
29:  116.16
30 118,19
3 12749
32. 12818
33 120.14
34 140.19
35 141.19
36 15519
37. 339.10
38 340.09
39: 354.09
40; 35509
41: 35607
42;  357.08
43 38103
44: 38203
45;  383.04
46: 384.05

S-49: Sample description presented by mass instrument to compound 4{1,3,2}

KE199 92 (1.715)

Inten
3.03e5
3.81e5
4.51eb
2.83e5
1.69e6
4.67e5
3.32e5
5.08eb5
6.27e5
6.96e5
9.9685
3.77e5
4.06e5
2.74e5
4.3885
3.32e5
3.60e5
6.06e5
2.39e8
8.89e5
3.44e5
6.27e5
3.03e8
2.70e5
3.32e6
3.03e5
2.58eb5
3.89¢5
2.79e5
4.79e5
3.48e5
5.00e5
2.62eb
4.42e5
2.60e5
3.44e5
2.91e5
3.32e5
1.80e6
1.67e6
7.74e5
9.54e5
3.40e5
2.51e5
2.51e6
9.05e5

%BPl %BTIC

12.09 0.83
15.20 0.80
17.97 094
11.27 0.59
67.32 3.53
18.63 0.98
13.24 0.69
20.26 1.0
2500 131
27.786 1.46
38.71 2.08
16.03 0.79
16.18 0.85
1095 0.57
17.48 0.92
13.24 069
14.38 075
2418 127
9542 500
3546 1.86
13.73 072
25,00 1.31
12.08 063
10.78 057
13.24 069
1208 0.863
10.28 0.54
1552 0.81
1111 0.38
1992 1.00
13.8¢ 0.73
1893 1.05
1046 0.55
1765 093
10.38 054
13.73 072
1180 061
13.24 0.69
7190 3.97
66.67 3.50
3088 1.62
3807 2.00
18.56 0.71
10.01 052
100.00 524
3611 1.89

No

Mass __Inten

%BPI %TIC

No

Mass

Scan El+

Inten _ %BP1 %TIC:
1
|
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Sample Code: 11900830-132 (KE-202)

Instrument Specifications
FT Infrared Spectroscope, JASCO, FT/IR-6300 (400-4000 em™), Japan

" 599 753 om-1
248 cm-

L 1
317426 e o195 f,? de
34P6.31 eme1 3067.23 cm-1 4 dig | 762708 e
356381 cm-1 1556.27 cpi-1 212.04 em-1
131232 cm-1
%T 50}
1497 4 cm-1
172013 em-1
0 1 1 L 1
000 3000

S-50: IR spectrum of compound 4{1,3,3}

Wavenumber [cm-1]

1000

400

Date: 90/09/05
No.:
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S-51: '"H NMR spectrum of compound 4{1,3,3}

.96
20,

|

stcument Specfcations:
MR Speciranietss 400 #hs, Avance 1 400
Bruker, Gormany.

type of experiment;
T Spectam
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1

3
20111114
.19
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32768
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1

0
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1.9523484

6

3
400.%20000¢ Mz
=
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S-51: Expand of "H NMR spectrum of compound 4{1,3,3}

ke, Gormany

yps of experiment
7H Spectru:

32768

100.3306099 YHz
M

.30 Hz

1.0

81



[

SRS 0 2

NHOOWE T OONDNEOCNOEOOTNMSDMOO0Om
WOHDLIITMNMANANMNAOINANOOWVWHAONAD MO N ®
AN YRR E R T Yy
MTANNLDTONO - NFDRNOENDFTTAAADD -
OOV TITMOOOONMNNNNNAAAA A A O @
HA A A A A A A A A A A A AT A A A A A A A O

s i J R Y

Vs

56071
85 55

=55%4 1
~—49.59

N49.15
\.
AN

43.54
42.49

—18.49
—L1.69

Iatrument Spocifcations:
N Specmaie 10 i Ao 50

Type of experiment:
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S-52: *C NMR spectrum of compound 4{1,3,3}
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Samp'lue Description

IKE202 63 (1.182) Scan El+ |
146 399‘.01 2.85e61
j \
— 356.05
%
1400.03
78.18
|
| i!
i f 9118 |
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S-53: Mass spectrum of compound 4{1,3,3}



Sample Description
KE202 63 (1.182) Scan El+
No Mass Inten %BPl %TIC No Mass  inten  %BPl %TIC Ne Mass  Inten %8Pl %TIC
1: 41.27 3.60e5 1264 075
;4226 3.8%e5 1365 0.81

3 4326 7.09e5 2486 148

4 44.21 4.22¢5 1480 0.88

5 51.21 156e6 5460 3.24

6: 52.21 528e5 1853 1.10

7 5320 3685 1283 0.77

& 5522 545e5 1911 1.13

9 57.23 77486 2716 1.61
10 63.18 4.87e5 17.10 1.01
11 64.18 586985 19.97 1.19
12 65.19 6.92e5 24.28 1.44
13 67.19 3.77e5 1322 0.78
14 69.21 5.16e5 18.10 1.07
15 7121 410e5 1437 085
16 7516 3.2885 11489 0.68
17 7617 5.53e5 1940 1.156
18 7716 221e6 77.59 4.60
19 78.18 6.23e5 2184 1.30
20 80.16 3.65e5 12.79 0.76
21 91.18 4.46e5 1566 0.93
22, 10218 3.40e5 11.93 071
23 11419 2.81e5 1020 061
24: 11821 3.89e5 1365 081
25 129.18 2.87e5 10.06 0.60
26: 356.05 2.24e6 7874 4.67
27 357.05 8.19e5 2874 171
28 37108 5.73e5 2011 119
29: 37205 5.53¢5 1940 115
30: 37305 8.64e5 3032 180
31: 397.01 6.10e5 2141 1.27
32; 398.02 3.40e5 1193 074
33 39901 2.85e6 100.00 594
34: 40003 1.33e6 46.55 276
351 40102 2955 10.34 061

S-54: Sample description presented by mass instrument to compound 4{1,3,3}



Sample Code: 1/900830-133 (KE-204)

strument Specifications
FT Infrared Spectroscope, JASCO, FT/IR-6300 (400-4000 cm™"), Japan

]
557.327 em-1
6559.068 erm-1
3574:? c%f"” 3171.36 cm-1 76753 cm-1
563.99 emit |
-1 1 -

15 3),??%3 131807 o

60
%T

40r

t

172405 cm-1

ar
10 1 . L
4000 3000 1000 400

S-55: IR spectrum of compound 4{1,3,4}

Wavenumber [cm-1]

Date: 90/09/05
No.:
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S-56: '"H NMR spectrum of compound 4{1,3,4}
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S-57: *C NMR spectrum of compound 4{1,3,4}
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Sample Description

KE204 98 {1.823) Scan El+
100- 402.98 24666
|
|
77.18
|
37400 |
% :
|
‘ 404.99
I
i ‘ {
i‘ ‘
b
i ! "
| Al
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78.19
[ o120
: { l11ae 1405.99
I ;I‘
! i :
1 ‘ “‘
* |
OM“H L e . ] e, )|
50 100 150 200 250 300 350 400 450 500 550 600 i

S-58: Mass spectrum of compound 4{1,3,4}
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Samblé Descriﬁgn

KE204 98 (1.823)
N

_..Mass Inten %BPl| %TIC Ne Mass  Inten_ %BPI %TIC No
41.27 3.40e5 13.83 0.83
2 4225 4.22¢5 1717 1.03
3 43.25 1.06e6 43.33 2.61
4 4420 4.22e5 1717 1.03
L 4524 2.74e5 1117 0.67
6: 5021 2.91e8 11.83 0.71
7ie 5121 1.61e6 6533 3.93
8 52.21 3.36e5 13.67 0.82
9 55.22 3.97e5 1617 0.97
10 57.24 573e5 2333 1.40 3
I 11: g3t 292e5 2000 120
12 64.19 557e5 2267 1.36
13 65.20 B.47e5 26.33 158
14 66.19 2.62e5 1067 0.64
19 67.19 3.24e5 1317 0.79
16 69.22 3.60e5 14.67 0.88
17 71.21 251e5 1021 0.61
8 76.16 2.91e5 1183 0.71
19 76.17 3.36e5 1367 0.82
20 77.18 2.1B6e6 87.33 525
21 78.49 4.55e5 1850 1.1
22 91.20 3.77e5 1533 0.92
23 114,99 2.89e56 12.17 0.73
24;  118.23 2.62¢5 1057 0.64
25 374.00 1.47e6 60.00 3.61
261 37502 1.13e6 46.00 277
27. 376.00 1.06e6 43.33 261
28: 377.00 1.04e6 4250 256
29 37789 3.36e5 1367 0.82
30:  378.89 246e5 1000 0.60
31 400.96 3.85e5 1587 0.94
| 32:  402.98 2.46e6 10000 8.01 -
33: 40398 7.91e5 3217 1,93
34 404.99 1.08e68 44.00 265
35: 405.99 2.62¢5 1067 0.64

S-59: Sample description presented by mass instrument to compound 4{1,3,4}

Mass

Inten

Scan El+

%BPI %TIC

&9



Sample Code: /1900830-130 (KE-186)

Instrument Specifications
FT Infrared Spectrascope, JASCO, FT/IR-6300 (400-4000 cm™), Japan

102

[l
36h4.02 cmet =
367731 em-1 AL R

%T

40

|
1723.08 cm-1

10
4000 3000

S-60: IR spectrum of compound 4{1,3,5}

Wavenumber [cm-1]

2000

1000

Date: 90/09/05
No.:

400
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S-61: 'H NMR spectrum of compound 4{1,3,5}
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S-61: Expand of "H NMR spectrum of compound 4{1,3,5}
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S-62: *C NMR spectrum of compound 4{1,3,5}
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Sample Description

KE186 75 (1.401) Scan El+
100 448.96 4.01e6
448.99
444.96
417.99
77.12
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141.20
i
i
i
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L]
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|
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S-63: Mass spectrum of compound 4{1,3,5}



|Sample Description

IKE186 75 (1.401) Scan El+
No Mass  Inten  %BPI %TIC No Mass Inten %BPI %TIC No Mass Inten %BPI %TIC
4 4017 1.25¢6 31.02 0.39 67: 12517 1.49e6 3714 047 133: 296.08 6.23e5 1551 0.19
2 4124 1.43e6 3551 045 68: 12617 1.93e6 48.16 0.680 134; 209.06 6.84e5 16.53 0.21
i 42,23 1.69¢6 42.04 083 69 127.24 2.41e6 60.00 0.75 135:  301.07 1.56e6 38.78 0.49
4. 4323 167¢6 4163 052 70: 128.26 2.13e6 53.06 0.67 136:  323.03 1.26e6 3143 0.39
5 4415 2,16e6 53.88 068 71:  128.19 1.23e6 3061 0.38 137: 324.04 1.08¢6 2684 0.34
6 50.19 1.81e6 40.00 050 72 133.37 7.41eS 1847 0.23 138: 32504 81455 2031 0.25
iz 5115 2.46e6 61.22 0.77 73. 134.39 1.65be6 4122 0.52 139: 338.02 131e6 3265 044
8 £2.18 1.56e6 38.78 0.49 74; 135.35 1.36e€ 33.88 0.43 140:  339.06 1.11e6 27.76 035
S 5521 8.48e5 21142 0.27 75: 136.31 6.23e5 1551 0.18 141: 340.06 221e6 55.10 0.69
10: 57.22 1.23e6 3061 0.38 76: 138.16 9.01e5 2245 028 142: 341.07 136e6 33.88 043
11 62,16 9.01e5 2245 0.28 77: 139.16 1.80e8 44.90 0.58 143:  342.01 930e5 23.16 029
12 63.16 1.80e6 44.90 0.56 78 14019 2.38e6 59.18 0.74 144:  343.04 639e6 1592 020
P13 64.18 1.88e6 48,94 0.59 79: 141.20 2.4%e¢6 62.04 0.78 145 350.97 8.03e5 2000 025
|4 65.18 1.93e6 48.16 0.60 80:  142.22 1.54e6 3837 048 146:  352.96 647e5 16.12 0.20
[ 15 8618 156 2857 0.36 81 14316 7.21e5 17.96 0.23 147:  366.01 6.14e5 1531 0.19
16 67.17 1.23e6 3061 0.38 821 14517 7.70e5 19.18 0.24 148: 367.05 7.05e5 1755 022
17: 68.16 6.64e5 1653 0.21 83 147.39 152e6 37.96 048 149: 368.05 1.18e6 2939 037
18: 69.21 1.16e6 23.98 0.38 84: 148.38 1.65e6 41.22 0.52 150:  369.07 1.84e6 4571 057
1% 71.23 8.48e5 21.12 027 85 150.16 B.84e5 18.53 0.21 151:  370.02 6.31e5 1571 020
200 74.16 9.50e5 23.67 0.30 86: 15117 1.39e6 34.69 0.44 152: 37493 7.33e5 1827 0.23
21 7515 1.85e6 46.12 0.58 87. 15217 1.92e6 4776 0.60 153: 376.95 8.68e5 2163 027
22 76.16 2.16e6 53.88 0.68 88: 153.18 1.87¢6 4163 0.52 154: 37795 7.21e5 17.96 0.23
23: 7712 3.28e6 81.63 1.02 89: 154.18 1.16e6 2898 0.36 155 378.95 1.56e6 3878 049
24: 7817 2.02e6 50.20 0.63 90: 155624 1.20e6 29.80 0.37 156: 379.95 6.72¢5 16.73 0.21
25: 7913 1.13¢6 28.16 035 91:  156.26 7.86e5 19.59 0.25 157. 380.95 1.4d4e6 35.82 045
28 80.09 1.67e6 4163 0.52 92: 16140 8.27e5 2061 0.26 158 391.95 1.10e6 27.35 0.34
27 81.16 1.44e6 35.92 045 93: 162.36 852¢5 2122 0.27 159: 389295 9.22e5 2286 0.28
28 82.09 1.80e6 44.90 0.66 94: 163.18 7.25e5 18.06 0.23 160: 393.95 9.18e6 22.86 0.29
29 8320 1.23e6 30.61 038 95 164.14 9.71e5 24.18 0.30 161: 400.95 7.86e5 19.59 0.25
30: 8521 1.02e6 2551 0.32 96: 165.47 1.11e6 27.76 0.35 162: 40194 7.05e5 17.55 022
31 86.16 7.58e5 18.88 0.24 97: 166.17 7.58e5 18.88 0.24 163: 40296 193e6 4816 060
32 87.15 1.80e6 44.90 0.58 98: 167.21 8.85e5 22.04 0.28 164: 403.85 1.21e6 30.20 0.38
33 88.15 2.03e6 50.61 0.64 99: 168.17 8.93e5 22.24 0.28 165: 404.96 1.85e6 46.12 0.58
34; 89,15 1.84e6 4571 057 100: 16910 1.16e6 28.98 Q.36 166: 405.94 141¢6 35.10 044
35 0015 1.88e6 46.94 0.59 101: 17011 1.08e6 26.94 0.34 167: 406.94 868e5 2163 027
36:  91.16 2.21e6 55.10 0.69 102:  177.14 8.36e5 20.82 026 168: 407.93 979e5 2439 0.3
37 9217 2.05¢6 51.02 0.64 103:  178.47 9.05e5 22.55 0.28 169; 415.95 8.87e5 22.35 028
38: 9318 1.98e6 49.39 0.62 104: 179.18 1.36e6 33.88 043 170:  417.99 342¢6 8531 1.07
A 9426 70955 19.80 0.25 106 18017 7.82e6 19.49 024 171: 419.00 3.29e¢6 82.04 1.03
i 40 95.25 1.31e6 32.65 0.41 106: 183.41 8.93e5 2224 (.28 172:  419.99 360e6 89.80 1v1.3‘
I a1 97.21 1.13e6 28.16 0.35 107: 184.25 1.16e6 28.98 038 173; 421.00 3.39e¢6 8448 1. 3
42: 99.15 1.84e6 4571 0.57 108: 190,16 8.36e5 20.82 028 174;  421.87 2796 69.39 0.
43: 100.15 1.95e6 48.57 0.61 109: 18316 6.59e5 16.43 021 175: 422,98 274e6 68.16

44: 10113 1.77¢6 44.08 0.55 110;  194.14 8.19e5 20.41 026 176:  423.97 1.08e6 26.94

1.0
0.8
08
0.3
45: 10214 2.06e6 51.43 085 114 19515 7.99e5 19.90 025 177: 44393 152e6 37.96 048
46: 10313 1.97e6 48.98 061 112: 20217 7.00e5 17.45 022 178:  444.96 3.64e6 90.61 1.14‘
t47; 10415 1.56e6 38.78 0.49 113 203.15 8.72e6 2173 0.27 179: 44594 2.83e6 70.61 0.89
i 480 10515 1.26e6 3143 039 114;  204.14 6.92e5 17.24 022 180: 446.96 4.01e6 100.00 126
¢ 490 106.20 7.70e5 19.18 0.24 116: 20614 8.44e6 21.02 028 181 447.99 3.23e6 80.41 1,01\-!‘
50:  107.30 7.95e5 18.80 0.25 116: 20613 6.39e5 1592 0.20 182, 448.99 3.83e6 9551 1.20
51. 108.32 8.15¢5 20.3t1 0.25 117 20712 6.68eb 16.63 0.21 183: 449.97 2.90e6 7224 081«
52:  100.23 7.29¢5 18.16 0.23 118 21614 6.27e5 1561 0.20 184 45097 9.42e5 2347 029
53: 111,16 1.04e6 25.82 0.33 118 21911 7.13e5 17.76 0.22
54: 112,13 1.08e6 26.94 0.34 120 22008 6.76e5 16.84 0.2t
55 113.17 2.00e6 48.80 0.62 121 221.08 6.39s5 1592 0.20
56. 114.18 2.59e6 64.49 0.81 1220 22221 6.64e5 16.53 0.2t

57: 11520 2.24e6 5592 Q.70 1230 223.48 12306 3061 038
58: 116.16 1.16e6 28.98 0.36 124:  224.42 1.13e6 28.16 0.35
59: 117.14 1.18e6 29.39 037 125; 22814 6.72e5 16.73 0.2t
60: 118117 2.39¢6 59.59 075 1260 230,12 7.00e5 1745 022
61: 11947 1.51e6 37.55 047 127, 23112 6.31e5 1571 0.20
62; 12035 8.44e5 21.02 0286 128 24312 6.96e5 17.35 0.22
63: 121.38 1.13e6 28.16 0.35 1290 24412 8.51e5 1622 0.20
64: 12231 7.82e5 1849 0.24 180: 25412 6.18e5 1541 0.19
65 12317 7.33e5 1827 023 131 269.10 6.10e5 1520 0.19
66: 12414 1.08e6 26.84 0.34 132: 295.09 8.56e5 2133 027

S-64: Sample description presented by mass instrument to compound 4{1,3,5}



Sample Code: 1/900830-134 (KE-213)

Instrument Specifications
FT Infrared Spectroscope, JASCO, FT/IR-6300 (400-4000 cm™), Japan

102
26023 cm 1952 57 em-1
1.1cm-1
|
2842 09 cm-1 . 005 -1
3.41 cm em-
| 493,688 cm-1
952.48 em-1 908.308 o1
G aespa 32,97 fim-1 EE
= 236 cm-1
1
1093 44 cm-1
LE7- &) 13071 em-1
B[E3 cm-
%T 50} AN7E R e 1377 8 cm-1
i
1487 45 cme1
1o L 751138 cme1
1612.2 cm-1
169705 cm-1
173273 cm-1
0 L 1 L
4000 3000 2000 1000 360

Wavenumber [cm-1]

S-65: IR spectrum of compound 4{1,3,6}

Date: 90/09/05
No.:

96
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S-66: '"H NMR spectrum of compound 4{1,3,6}
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S-66: Expand of "H NMR spectrum of compound 4{1,3,6}
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S-67: *C NMR spectrum of compound 4{1,3,6}



‘Samﬁle Description ’ ) |

KE213 70 (1.311) Scan El+ ‘
100 ‘ 383.03 2676
77.16 |
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i
|
|
i
|
| i
%
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i
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S-68: Mass spectrum of compound 4{1,3,6}
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Sample Descr'iption_ 777777777
KE213 70 (1.311) Scan El+
No Mass __inten %BPI %TIC No Mass__ Inten  %BPI %TIC No Mass  Inten  %BPI %T)

: 41.25 2095 11.20 0.57

1

2 4225 451e5 16.87 086

3 43.25 7.41e5 27.76 142

4: 44.20 270e5 1012 052
5 50.19 2.87e5 10.74 055 - -

6 51.20 1.65¢6 61.96 3.17

7 5220 3.19e5 11.96 0.61

8 5520 4.63e5 17.33 088

9 97.22 7.17e5 26.84 137

10: 63.16 6.31e5 2362 1.21

11: 64.16 7.05e5 2638 135

12 6518 8.77e5 32.82 1868

13 66.17 3.73e5 13.96 0.71

14 67.16 4.34e5 16.26 083

15 69.20 537e5 2008 1.03

16: 71.20 4.18e5 1564 0.80
17: 7514 451e5 1687 .86 &
| 18: 76.15 6.10e6 2285 1.17
;18 77.16 23366 8712 446
‘ 20: 78.16 7.86e5 2945 1.51
T 2 8321 291e5 1088 0.56
1 22 88.15 3.07e5 1156 0.59
| (2 89.16 3.69e5 1330 0.71
24: 91.16 7.50e5 2807 1.44
25 92.17 3.28e5 1227 063
26: 9319 291e5 1089 0.56
27. 101.17 381e5 1426 0.73
28: 102,16 340e5 1273 065
29:  114.18 4.14e5 1549 079
30: 11819 4.42¢5 1656 0.85
31: 118.18 2.83e5 1058 054
32: 11820 4.7%9e5 17.94 092
33 12618 274e5 1028 0.53
34: 127.18 4.82e5 1840 0.94
35 128.18 6.18e5 2316 1.19
36: 128.15 3.24e5 1212 062
37: 14019 4.34e5 1626 0.83
38: 156420 283e5 1058 054
39: 155.18 344e5 1288 0.66
40:  184.15 2.83¢5 10.58 054
41 31511 5.00e5 1871 0986
42: 35407 1.11e6 4172 213
43: 35509 1.10e6 41.10 210
44: 358.07 3.28e5 1227 063
45: 357.06 2.28e6 8528 4.36
46: 358.07 598e5 2239 1.15
47: 382,03 3.36e5 1258 0.64
48: 383.03 2.67e6 100.00 512
49: 38404 1.16e6 4356 223

S-69: Sample description presented by mass instrument to compound 4{1,3,6}
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S-70: 'H NMR spectrum of compound 4{2,1,1}°
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S71

Production and separation of 5{-,1,1} and 4{1,1,1} via three component reaction (Entries
12 and 13, Tablel): A solution of isatin (Immol), ethyl cyanoacetate (I mmol) and Et;N (0.1
mmol) in aprotic solvents (10 ml) such as ethyl acetate and acetonitrile in a balloon (25 mL) was
stirred for 1 h at 60-70°C in an oil bath. Then 3-amin-pyrazole (1 mmol) was added in balloon
and stirred for 24 h under reflux condition in an oil bath. After 24 h, which has been followed by
TLC (EtOAc:n-hexene, 1:2), the solvent was removed using vacuum. The participate was
washed with water prior to chromatographic separation (EtOAc:n-hexene (4:1)). The products

5{-,1,1} and 4{1,1,1} were obtained as pure compounds.

S72

Procedure for the synthesis of 3-(5-amino-3-methyl-1H-pyrazol-1-yl)-3-hydroxyindolin-2-
one 5{-,1,1}: A solution of isatin (Immol), 3-amin-pyrazole (1 mmol) in acetonitrile (10 ml) in a
balloon (25 mL) was stirred for 20 min at 60-70°C in oil bath. After the completion of the
reactions, which has been followed by TLC (EtOAc:n-hexene, 1:2), the reaction mixture was

filtered as warm and pure product was obtained.

S73
Representative data 5{-,1,1}: white powder (87%); IR (KBr): 3447, 3281, 2927, 1689, 1619,
1497, 1473, 1185, 765 cm'l; Anal.Calcd for Cp,H2N4O,: C 59.01, H 4.95, N 22.94; Found: C
58.81, H4.91, N 23.01. "H NMR (400 MHz, DMSO-de) &: 1.57 (s, 3H, CH3), 4.47 (s, 2H, NH,),

6.33 (s, 1H, CHpyrazole), 6.83 (d, 3J =17.6 Hz, 1H, CHyrom), 6.93-6.97 (m, 1H, CHyrom), 7.19-7.23
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(m, 1H, CHarom), 7.30 (d, >J = 7.2 Hz, 1H, CHarom), 10.28 (s, 1H, NHamige), 11.16 (bs, 1H, OH)
ppm. °C NMR (100 MHz, DMSO-de) &: 10.77, 74.14, 109.57, 121.68, 124.78, 129.06, 133.24,
141.27, 178.30 ppm.

NH
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Sample Code: 11900606-19 (KE-99)

Instrument Specifications
FT Infrared Spectroscope, JASCO, FT/IR-6300 (400-4000 cm™), Japan
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S-74: IR spectrum of compound 5{-,1,1}
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S-75: "H NMR spectrum of compound 5¢-,1,1}
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S-76: *C NMR spectrum of compound 5{-,1,1}
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Instrument Spacitications:
WVR Specirometer 400 MHz, Avance il 400
Bruker, Gormany

{yme of experiment.
H Decoryled 13C Spectrum

IN910224-14. .16
i

1
2012051¢
.48

spect
5 mn PASZO B3-

107



