
                                        

Supporting Information

Synthesis of spiro[isoquinolinone-4,2'-oxiranes] and isoindolinones via multicomponent reaction of 

2-acetyl-oxirane-2-carboxamides, arylaldehydes and malononitrile 

Bing Liu,a Enxiang Wei,a Shaoxia Lin,a Baozhong Zhaoa and Fushun Liang*,a,b

aDepartment of Chemistry, and bKey Laboratory for UV-Emitting Materials and Technology of Ministry 

of Education, Northeast Normal University, Changchun 130024, China

liangfs112@nenu.edu.cn 

Table of contents

I. General…………..…….………………………………………………………….......S2

II. Synthesis and analytical data of 1-5……...…...……..……..…………....….……...S2

III. Copies of 1H and 13C NMR spectra for compounds 1-5 ..…..…...............…........S11

Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2014

mailto:liangfs112@nenu.edu.cn


I. General

All reagents were purchased from commercial sources and used without treatment, unless otherwise 

indicated. The products were purified by column chromatography over silica gel. 1H NMR and 13C NMR 

spectra were recorded at 25 ºC on a Varian 500 MHz and 125 MHz, respectively, and TMS as internal 

standard. High resolution mass spectra (HRMS) were recorded on Bruck microTof by using ESI method. 

Data for 1H NMR are reported as follows: chemical shift (ppm), and multiplicity (s = singlet, d = doublet, 

t = triplet, m = multiplet), coupling constants (Hz) and integration; Data for 13C NMR are reported as ppm. 

Melting points were measured on an X4-type micro-melting point apparatus and were uncorrected.

II. Synthesis and analytical data of 1-5

General procedure for substrate preparation (1a and 1a’ as an example): To a mixture of 2-benzylidene-3-
oxo-N-phenylbutanamide (1 mmol, 0.265 g) in 2 mL of DCE added DBU (0.3 mmol, 0.045 mL) and 
TBHP (2.0 mmol, 0.2 mL). The reaction was stirred at room temperature for 15 min. After the reaction 
was completed (monitored by TLC), the resulting mixture was concentrated under reduced pressure and 
the residue was purified through column chromatography on silica gel (eluent, petroleum ether: ethyl 
acetate = 20: 1). Products 1a and 1a’ were obtained as white solid in respective 48% and 49% yields. 

(2S,3R)-2-Acetyl-N,3-diphenyloxirane-2-carboxamide (1a)

1a

O

O

N

O

Ph

H Ph

White solid. m.p. 123-125 ºC. 1H NMR (500 MHz, CDCl3):  = 2.53 (s, 3H), 4.48 (s, 1H), 7.08-7.11 (m, 
1H), 7.25 (t, J = 5.5 Hz, 4H), 7.30-7.34 (m, 3H), 7.38-7.40 (m, 2H), 8.17 (s, 1H); 13C NMR (CDCl3, 125 
MHz):  = 27.4, 64.1, 67.7, 120.3, 125.0, 126.3, 128.5, 128.9, 129.2, 131.4, 136.2, 161.2, 201.2; HRMS 
(ESI) m/z calcd for C17H15NO3 [M+H]+: 282.1130; found: 282.1122.

1-((2R,3R)-2-Benzoyl-3-phenyloxiran-2-yl)ethanone (1a')

1a'

N

O

O
Ph

O

H

Ph
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White solid. m.p. 121-123 ºC. 1H NMR (500 MHz, CDCl3):  = 2.15 (s, 3H), 4.45 (s, 1H), 7.18 (d, J = 7.0 
Hz, 1H), 7.33-7.35 (m, 3H), 7.38 (t, J = 3.5 Hz, 4H), 7.57 (d, J = 8.0 Hz, 2H), 8.61 (s, 1H); 13C NMR 
(CDCl3, 125 MHz):  = 30.1, 63.9, 68.6, 119.9, 125.1, 126.2, 128.7, 129.1, 129.3, 131.3, 136.5, 162.5, 
200.4; HRMS (ESI) m/z calcd for C17H15NO3 [M+H]+: 282.1130; found: 282.1125.

General procedure for the preparation of 3 (3a as an example): To a solution of (2S,3R)-2-acetyl-N,3-
diphenyloxirane-2-carboxamide 1a (1 mmol, 0.2813 g) and malononitrile (2.2 mmol, 0.1452 g) in CH2Cl2 
(4.0 mL) was added benzaldehyde (1.1 mmol, 0.11 mL) and piperidine (2.2 mmol, 0.22 mL). The 
reaction mixture was stirred at room tempreture for about 1 h. After the starting material 1a was 
consumed as indicated by TLC, the reaction mixture was poured into water and then extracted with 
CH2Cl2 (3 × 10 mL). The combined organic phase was washed with water (3 × 10 mL), dried over 
anhydrous MgSO4, filtered and concentrated under reduced pressure. The crude product was purified by 
flash chromatography (silica gel, petroleum ether: ethyl acetate = 12: 1) to give 3a (0.378 g, 83%) as 
yellow solid.

8-Amino-1-imino-3-oxo-2,3',6-triphenyl-2,3-dihydro-1H-spiro[isoquinoline-4,2'-oxirane]-7-

carbonitrile (3a）

N

NH2 NH
NC

O
O

3a

Yellow solid. m.p. 195-197 ºC. 1H NMR (500 MHz, CDCl3):  = 4.26 (s, 1H), 6.89 (s, 1H), 7.36 (t, J = 
3.5 Hz, 4H), 7.43 (s, 2H), 7.49-7.53 (m, 6H), 7.63-7.65 (m, 2H), 7.72 (s, 1H); 13C NMR (CDCl3, 125 
MHz):  = 62.3, 72.2, 96.3, 108.3, 110.1, 117.0, 127.2, 128.0, 128.5, 128.8, 129.0, 129.2, 129.4, 129.7, 
130.4, 130.9, 133.3, 137.8, 140.2, 149.7, 152.0, 155.9, 162.3; HRMS (ESI) m/z calcd for C29H20N4O2 
[M+H]+: 457.1665; found: 457.1659.

8-Amino-1-imino-3-oxo-3',6-diphenyl-2-(p-tolyl)-2,3-dihydro-1H-spiro[isoquinoline-4,2'-oxirane]-7-
carbonitrile (3b)

N

NH2 NH
NC

O
O

3b
White solid. m.p. 200-202 ºC. 1H NMR (500 MHz, CDCl3):  = 2.35 (s, 3H), 4.23 (s, 1H), 6.38 (s, 1H), 
6.87 (s, 1H), 7.00 (s, 1H), 7.17 (s, 1H), 7.33-7.37 (m, 3H), 7.47-7.53 (m, 5H), 7.63 (d, J = 6.5 Hz, 2H) 
7.74 (s, 1H); 13C NMR (CDCl3, 125 MHz):  = 21.2, 62.4, 72.2, 96.4, 108.3, 110.1, 117.0, 127.3, 127.9, 
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128.5, 128.8, 129.0, 129.4, 130.5, 131.0, 131.1, 137.8, 140.0, 140.3, 149.7, 152.1, 156.0, 162.4; HRMS 
(ESI) m/z calcd for C30H22N4O2 [M+H]+: 471.1821; found: 471.1829.

8-Amino-2-(4-chlorophenyl)-1-imino-3-oxo-3',6-diphenyl-2,3-dihydro-1H-spiro[isoquinoline-4,2'-
oxirane]-7-carbonitrile (3c)

N

NH2 NH
NC

O
O

3c

Cl

Yellow solid. m.p. 197-199 ºC. 1H NMR (500 MHz, CDCl3):  = 4.25 (s, 1H), 6.87 (s, 1H), 7.36 (d, J = 
4.0 Hz,5H), 7.49-7.53 (m, 5H), 7.62 (d, J = 7.0 Hz, 2H), 7.70 (s, 1H); 13C NMR (CDCl3, 125 MHz):  = 
62.3, 72.3, 96.5, 108.1, 110.1, 116.9, 127.3, 128.0, 128.5, 128.8, 129.2, 129.5, 130.8, 130.9, 131.8, 135.9, 
137.7, 140.1, 150.0, 152.1, 155.7, 162.4; HRMS (ESI) m/z calcd for C29H19ClN4O2 [M+H]+: 491.1275; 
found: 491.1281.

8-Amino-2-benzyl-1-imino-3-oxo-3',6-diphenyl-2,3-dihydro-1H-spiro[isoquinoline-4,2'-oxirane]-7-
carbonitrile (3d)

N

NH2 NH
NC

O
O

3d

Yellow solid. m.p. 123-125 ºC. 1H NMR (500 MHz, CDCl3):  = 4.22 (s, 1H), 4.42 (d, J = 16.5 Hz, 1H), 
5.52 (d, J = 16.5 Hz,1H), 6.67 (d, J = 4.0 Hz, 2H), 6.85 (s, 1H), 7.12 (t, J = 7.5 Hz, 2H), 7.18 (t, J = 7.0 
Hz, 1H), 7.40-7.44 (m, 3H), 7.48-7.52 (m, 3H), 7.56-7.61 (m, 4H), 8.19 (s, 1H); 13C NMR (CDCl3, 125 
MHz):  = 44.7, 62.4, 72.1, 96.4, 108.7, 109.8, 117.0, 126.1, 127.5, 127.8, 128.0, 128.5, 128.8, 129.0, 
129.2, 129.4, 130.9, 134.7, 137.8, 139.8, 149.6, 151.7, 155.4, 162.8; HRMS (ESI) m/z calcd for 
C30H22N4O2 [M+H]+: 471.1821; found: 471.1825.

8-Amino-1-imino-3-oxo-2,6-diphenyl-3'-(p-tolyl)-2,3-dihydro-1H-spiro[isoquinoline-4,2'-oxirane]-7-
carbonitrile (3e)



N

NH2 NH
NC

O
O

3e

Yellow solid. m.p. 196-198 ºC. 1H NMR (500 MHz, CDCl3):  = 2.34 (s, 3H), 4.22 (s, 1H), 6.87 (s, 1H), 
7.16 (d, J = 8.0 Hz,2H), 7.41 (t, J = 9.0 Hz,5H), 7.47-7.53 (m, 4H), 7.63 (d, J = 7.0 Hz, 2H), 7.70 (s, 1H);  

13C NMR (CDCl3, 125 MHz):  = 21.3, 62.3, 72.5, 96.3. 108.3, 110.1, 117.0, 127.2, 128.0, 128.5, 128.7, 
128.8, 129.3, 129.4, 129.7, 130.4, 133.4, 137.8, 139.0, 140.4, 149.7, 152.1, 156.0, 162.5; HRMS (ESI) 
m/z calcd for C30H22N4O2 [M+H]+: 471.1821; found: 471.1828.

8-Amino-3'-(4-bromophenyl)-1-imino-3-oxo-2,6-diphenyl-2,3-dihydro-1H-spiro[isoquinoline-4,2'-
oxirane]-7-carbonitrile (3f)

N

NH2 NH
NC

O
O

3f Br

Yellow solid. m.p. 172-174 ºC. 1H NMR (500 MHz, CDCl3):  = 4.20 (d, J = 4.5 Hz, 1H), 6.60 (s, 1H), 
6.82 (d, J = 23.5 Hz,1H), 7.14 (s, 1H), 7.40-7.42 (m, 2H), 7.47-7.54 (m, 7H), 7.62-7.66 (m, 2H), 7.75 (d, 
J = 10.5 Hz, 1H); 13C NMR (CDCl3, 125 MHz):  = 62.3, 72.2, 96.1, 108.6, 109.7, 116.8, 124.0, 127.2, 
128.0, 129.1, 129.2, 129.8, 130.0, 130.4, 130.8, 132.0, 133.2, 136.6, 140.5, 148.4, 152.1, 155.8, 162.2; 
HRMS (ESI) m/z calcd for C29H19BrN4O2 [M+H]+: 535.0770; found: 535.0764.

8-Amino-1-imino-3-oxo-2,6-diphenyl-3'-(pyridin-4-yl)-2,3-dihydro-1H-spiro[isoquinoline-4,2'-
oxirane]-7-carbonitrile (3g)

N

NH2 NH
NC

O
O

N3g

Yellow solid. m.p. 193-195 ºC. 1H NMR (500 MHz, CDCl3):  = 4.23 (s, 1H), 6.57 (s, 1H), 6.87 (s, 1H), 
7.14 (s, 1H), 7.46-7.64 (m, 10H), 7.80 (s, 1H), 8.64 (s, 2H); 13C NMR (CDCl3, 125 MHz):  = 61.9, 70.3, 
96.9, 108.3, 110.2, 116.8, 122.0, 128.4, 128.9, 129.2, 129.6, 130.0, 130.6, 133.0, 137.6, 139.3, 139.6, 
149.6, 149.9, 152.1, 155.6, 161.8; HRMS (ESI) m/z calcd for C28H19N5O2 [M+H]+: 458.1617; found: 
458.1609.



8-Amino-1-imino-3-oxo-2,3'-diphenyl-6-(p-tolyl)-2,3-dihydro-1H-spiro[isoquinoline-4,2'-oxirane]-7-

carbonitrile (3h）

N

NH2 NH
NC

O
O

3h

Yellow solid. m.p. 210-212 ºC. 1H NMR (500 MHz, CDCl3):  = 2.44 (s, 3H), 4.24 (s, 1H), 6.87 (s, 1H), 
7.32-7.36 (m, 6H), 7.42 (d, J = 2.0 Hz, 2H), 7.50-7.54 (m, 4H), 7.70 (s, 1H); 13C NMR (CDCl3, 125 
MHz):  = 21.3, 62.4, 72.2, 96.4, 108.1, 110.0, 117.1, 127.3, 128.0, 128.4, 129.0, 129.3, 129.5, 129.7, 
130.4, 131.0, 133.4, 135.0, 139.6, 140.2, 149.9, 152.1, 156.0, 162.4; HRMS (ESI) m/z calcd for  
C30H22N4O2 [M+H]+: 471.1821; found: 471.1827.

8-Amino-1-imino-6-(4-methoxyphenyl)-3-oxo-2,3'-diphenyl-2,3-dihydro-1H-spiro[isoquinoline-4,2'-

oxirane]-7-carbonitrile (3i）

N

NH2 NH
NC

O
O
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Yellow solid. m.p. 187-189 ºC. 1H NMR (500 MHz, CDCl3):  = 3.88 (s, 3H), 4.24 (s, 1H), 6.86 (s, 1H), 
7.03-7.04 (m, 2H), 7.34-7.37 (m, 3H), 7.42 (d, J = 2.0 Hz, 2H), 7.50-7.52 (m, 2H), 7.59-7.60 (m, 2H), 
7.68 (s, 1H); 13C NMR (CDCl3, 125 MHz):  = 55.4, 62.4, 72.2, 96.1, 107.8, 109.8, 114.2, 117.2, 127.3, 
127.9, 129.0, 129.3, 129.7, 129.8, 130.1, 130.4, 131.0, 133.4, 140.1, 149.4, 152.1, 155.9, 160.6, 162.4; 
HRMS (ESI) m/z calcd for C30H22N4O3 [M+H]+: 487.1770; found: 487.1761.

8-Amino-1-imino-6-(2-methoxyphenyl)-3-oxo-2,3'-diphenyl-2,3-dihydro-1H-spiro[isoquinoline-4,2'-
oxirane]-7-carbonitrile (3j)

N

NH2 NH
NC

O
O

3j
OMe

Yellow solid. m.p. 189-191 ºC. 1H NMR (500 MHz, CDCl3):  = 3.89 (s, 3H), 4.26 (s, 1H), 6.85 (s, 1H), 
7.05-7.10 (m, 3H), 7.32-7.36 (m, 4H), 7.42-7.47 (m, 3H), 7.52 (d, J = 6 Hz, 3H), 7.71 (s, 1H); 13C NMR 



(CDCl3, 125 MHz):  = 55.5, 62.3, 72.1, 98.7, 108.3, 111.2, 111.3, 116.7, 120.8, 126.8, 127.2, 127.9, 
129.0, 129.3, 129.7, 130.4, 130.4, 130.8, 131.1, 133.4, 139.8, 147.1, 151.3, 156.0, 156.3, 162.5; HRMS 
(ESI) m/z calcd for C30H22N4O3 [M+H]+: 487.1770; found: 487.1763.

8-Amino-6-(4-chlorophenyl)-1-imino-3-oxo-2,3'-diphenyl-2,3-dihydro-1H-spiro[isoquinoline-4,2'-

oxirane]-7-carbonitrile (3k）

N

NH2 NH
NC

O
O

3k
Cl

Yellow solid. m.p. 155-157 ºC. 1H NMR (500 MHz, CDCl3):  = 4.25 (s, 1H), 6.84 (s, 1H), 7.36 (d, J = 5 
Hz, 4H), 7.43 (s, 2H), 7.49 (d, J = 8.5 Hz, 5H), 7.57 (d, J = 8.0 Hz, 2H),7.74 (s, 1H); 13C NMR (CDCl3, 
125 MHz):  =62.3, 72.2, 96.2, 108.6, 109.8, 116.8, 127.2, 128.0, 128.5, 128.8, 129.1, 129.1, 129.8, 130.4, 
130.8, 133.2, 135.7, 136.2, 140.5, 148.4, 152.1, 155.8, 162.2; HRMS (ESI) m/z calcd for C29H19ClN4O2 
[M+H]+: 491.1275; found: 491.1263.

8-Amino-6-(4-bromophenyl)-1-imino-3-oxo-2,3'-diphenyl-2,3-dihydro-1H-spiro[isoquinoline-4,2'-
oxirane]-7-carbonitrile (3l)

N

NH2 NH
NC

O
O

3l
Br

Yellow solid. m.p. 185-187 ºC. 1H NMR (500 MHz, CDCl3):  = 4.24 (s, 1H), 6.84 (s, 1H), 7.35 (t, J = 
3.8 Hz, 4H), 7.43 (s, 2H), 7.49-7.52 (m, 4H), 7.65 (d, J = 8.5 Hz, 2H),7.74 (s, 1H); 13C NMR (CDCl3, 125 
MHz):  = 62.2, 72.2, 96.0, 108.5, 109.7, 116.7, 123.9, 127.2, 127.9, 129.0, 129.2, 129.7, 130.0, 130.4, 
130.8, 131.9, 133.2, 136.6, 140.4, 148.3, 152.0, 155.8, 162.2; HRMS (ESI) m/z calcd for C29H19BrN4O2 
[M+H]+: 535.0770; found: 535.0781.

8-Amino-1-imino-6-(3-nitrophenyl)-3-oxo-2,3'-diphenyl-2,3-dihydro-1H-spiro[isoquinoline-4,2'-
oxirane]-7-carbonitrile (3m)

N

NH2 NH
NC

O
O

3mNO2



Yellow solid. m.p. 207-209 ºC. 1H NMR (500 MHz, CDCl3):  = 4.30 (s, 1H), 6.52 (s, 1H), 6.88 (s, 1H), 
7.14 (s, 1H), 7.36-7.52 (m, 8H), 7.71 (t, J = 8.0 Hz, 1H), 7.97 (d, J = 7.5 Hz, 1H), 8.34 (d, J = 7.5 Hz, 4H), 
8.46 (s, 1H); 13C NMR (CDCl3, 125 MHz):  = 62.2, 72.3, 96.1, 109.3, 109.8, 116.3, 123.5, 124.0, 127.2, 
127.9, 129.1, 129.8, 129.9, 130.4, 130.6, 133.1, 134.5, 139.3, 140.9, 146.8, 148.2, 152.1, 155.6, 162.0; 
HRMS (ESI) m/z calcd for C29H19N5O4 [M+H]+: 502.1515; found: 502.1503.

8-Amino-1-imino-3-oxo-2,3'-diphenyl-6-(4-(thiophen-2-yl)phenyl)-2,3-dihydro-1H-
spiro[isoquinoline-4,2'-oxirane]-7-carbonitrile (3n)

N

NH2 NH
NC

O
O

3n

S

Brown solid. m.p. 193-195 ºC. 1H NMR (500 MHz, CDCl3):  = 4.26 (s, 1H), 6.98 (s, 1H), 7.18-7.20 (m, 
1H), 7.34-7.37 (m, 4H), 7.42 (t, J = 3.5 Hz, 2H), 7.50-7.53 (m, 4H), 7.70 (s, 1H), 7.77-7.78 (m, 1H); 13C 
NMR (CDCl3, 125 MHz):  = 62.3, 72.2, 94.6, 108.2, 109.4, 117.2, 127.3, 128.0, 128.3, 128.4, 128.5, 
129.1, 129.3, 129.7, 130.4, 130.9, 133.4, 139.2, 140.5, 141.5, 152.5, 155.8, 162.2; HRMS (ESI) m/z calcd 
for C27H18N4O2S [M+H]+: 463.1229; found: 463.1235.

4-Amino-3-imino-1-oxo-2,6-diphenylisoindoline-5-carbonitrile (4a)

N

NHNH2
NC

O4a
Yellow solid. m.p. 229-231 ºC. 1H NMR (500 MHz, CDCl3):  = 6.48 (s, 2H), 7.32 (t, J = 5.0 Hz, 3H), 
7.47-7.53 (m, 4H), 7.57-7.61 (m, 4H), 8.23 (s, 1H); 13C NMR (CDCl3, 125 MHz):  = 99.4, 112.6, 113.8, 
116.1, 127.8, 128.5, 128.8, 129.2, 129.5, 130.1,130.8, 134.8, 137.7, 147.9, 151.1, 157.1, 165.8; HRMS 
(ESI) m/z calcd for C21H14N4O [M+H]+: 339.1246; found: 339.1251.

4-Amino-3-imino-1-oxo-6-phenyl-2-(p-tolyl)isoindoline-5-carbonitrile (4b)

N

NHNH2
NC

O4b

Yellow solid. m.p. 225-227 ºC. 1H NMR (500 MHz, CDCl3):  = 2.45 (s, 3H), 7.19 (d, J = 8.5 Hz, 2H), 
7.30 (s, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.49-7.53 (m, 4H), 7.60 (t, J = 3.5 Hz), 8.19 (s, 1H); 13C NMR 
(CDCl3, 125 MHz):  = 21.2, 99.2, 112.5, 113.8, 116.1, 127.6, 127.9, 128.5, 128.8, 129.4, 130.6, 134.8, 
137.7, 139.3, 147.8, 151.0, 157.2, 165.9; HRMS (ESI) m/z calcd for C22H16N4O [M+H]+: 353.1402; 
found: 353.1408.
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4-Amino-2-(4-chlorophenyl)-3-imino-1-oxo-6-phenylisoindoline-5-carbonitrile (4c)

N

NHNH2
NC

O4c

Cl

Yellow solid. m.p. 242-244 ºC. 1H NMR (500 MHz, CDCl3):  = 7.29 (d, J = 10.0 Hz, 4H), 7.51-7.61 (m, 
8H), 8.21 (s, 1H); 13C NMR (CDCl3, 125 MHz):  = 99.5, 112.7, 113.7, 116.0, 128.5, 128.9, 129.1, 129.3, 
129.5, 130.4, 134.5, 135.2, 137.7, 148.0, 151.3, 156.7, 165.7; HRMS (ESI) m/z calcd for C21H13ClN4O 
[M+H]+: 373.0856; found: 373.0848.

4-Amino-3-imino-1-oxo-2-phenyl-6-(p-tolyl)isoindoline-5-carbonitrile (4d)

N

NHNH2
NC

O4d

Yellow solid. m.p. 204-206 ºC. 1H NMR (500 MHz, CDCl3):  = 2.44 (s, 3H), 7.31 (t, J = 17.0 Hz, 5H), 
7.51 (d, J = 8.0 Hz, 4H), 7.59 (t, J = 15.0 Hz, 3H), 8.21 (s, 1H); 13C NMR (CDCl3, 125 MHz):  = 21.4, 
99.2, 112.5, 113.5, 116.3, 127.8, 128.5, 129.1, 129.6, 130.1, 130.8, 134.8, 134.9, 139.7, 148.0, 151.2, 
157.1, 165.9; HRMS (ESI) m/z calcd for C22H16N4O [M+H]+: 353.1402; found: 353.1396.

4-Amino-6-(4-fluorophenyl)-3-imino-1-oxo-2-phenylisoindoline-5-carbonitrile (4e)

N

NHNH2
NC

O4eF

Yellow solid. m.p. 192-194 ºC. 1H NMR (500 MHz, CDCl3):  = 7.22, (t, J = 16.5 Hz, 2H), 7.27 (s, 2H), 
7.32 (d, J = 7.5 Hz, 2H), 7.52 (d, J = 7.5 Hz,1H), 7.60 (t, J = 5.5 Hz, 4H), 8.25 (s, 1H); 13C NMR (CDCl3, 
125 MHz):  = 99.2, 112.4, 113.9, 115.9, 116.0, 116.1, 127.7, 129.2, 130.1, 130.4, 130.5, 130.7, 133.8, 
134.9, 147.9, 149.9, 157.0, 162.4, 164.4, 165.7; HRMS (ESI) m/z calcd for C21H13FN4O [M+H]+: 
357.1152; found: 357.1159.

4-Amino-6-(4-chlorophenyl)-3-imino-1-oxo-2-phenylisoindoline-5-carbonitrile (4f)

N

NHNH2
NC

O4fCl



Yellow solid. m.p. 219-221 ºC. 1H NMR (500 MHz, CDCl3):  = 7.27 (s, 2H), 7.32 (d, J = 5.0 Hz, 2H), 
7.49-7.54 (m, 6H), 7.55-7.61 (m, 2H), 8.26 (s, 1H); 13C NMR (CDCl3, 125 MHz):  = 99.1, 112.4, 114.2, 
115.9, 127.7, 129.1, 129.2, 129.9, 130.1, 130.7, 134.9, 135.8, 136.1,148.0, 149.7, 157.0, 165.7; HRMS 
(ESI) m/z calcd for  C21H13ClN4O [M+H]+: 373.0856; found: 373.0854.

4-Amino-6-(4-bromophenyl)-3-imino-1-oxo-2-phenylisoindoline-5-carbonitrile (4g)

N

NHNH2
NC

O4gBr

Yellow solid. m.p. 246-248 ºC. 1H NMR (500 MHz, CDCl3):  = 6.50 (s, 2H), 7.27 (s, 2H), 7.32 (d, J = 
5.0 Hz, 2H), 7.41-7.52 (m, 3H), 7.60 (t, J = 7.0 Hz,2H), 7.66 (d, J = 5.0 Hz, 2H), 8.26 (s, 1H); 13C NMR 
(CDCl3, 125 MHz):  = 99.1, 112.3, 114.2, 115.9, 124.1, 127.8, 129.3, 130.1, 130.7, 132.1, 135.0, 136.6, 
148.0, 149.7, 157.0, 165.7; HRMS (ESI) m/z calcd for C21H13BrN4O [M+H]+: 417.0351; found: 417.0360.

4-Amino-3-imino-1-oxo-2-phenyl-6-(thiophen-2-yl)isoindoline-5-carbonitrile (4h)

N

NHNH2
NC

O4hS

Yellow solid. m.p. 246-248 ºC. 1H NMR (500 MHz, CDCl3):  = 6.52 (s, 2H), 7.20 (t, J = 4.5 Hz,1H), 
7.34 (t, J = 12.3 Hz, 2H), 7.43 (s, 1H), 7.51 (t, J = 7.0 Hz, 2H), 7.60 (t, J = 6.5 Hz, 2H), 7.75 (d, J = 5.0 
Hz, 1H), 8.22 (s, 1H); 13C NMR (CDCl3, 125 MHz):  = 97.5, 112.1, 113.6, 116.4, 127.8, 128.3, 
128.4,128.5, 129.2, 130.1, 130.8, 135.0, 139.3, 142.7, 148.3, 156.9, 165.6; HRMS (ESI) m/z calcd for 
C19H12N4OS [M+H]+: 345.0810; found: 345.0803.

2-(5-Amino-4,6-dicyano-[1,1'-biphenyl]-3-yl)-N,3-diphenyloxirane-2-carboxamide

5

CN

O

NH2
NC

Ph

N
H

O

White solid. m.p. 143-145 ºC. 1H NMR (500 MHz, CDCl3):  = 4.81 (s, 1H), 6.32 (s, 1H), 7.05 (d, J = 
10.0 Hz, 2H), 7.35-7.42 (m, 9H), 7.59 (t, J = 7.5 Hz,1H), 7.65 (t, J = 6.0 Hz, 2H), 7.90 (s, 1H); 13C NMR 
(CDCl3, 125 MHz):  = 59.8, 69.8, 96.3, 108.3, 114.4, 116.9, 127.7, 128.3, 128.4, 128.5, 128.9, 129.1, 
129.4, 130.1, 130.6, 131.5, 133.3, 136.1, 137.7, 147.8, 151.9, 155.7, 165.6; HRMS (ESI) m/z calcd for 
C29H20N4O2 [M+H]+: 457.1665; found: 457.1664.



III. Copies of 1H and 13C NMR spectra for compounds 1-5
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