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General remarks

All reactions were carried out in a flame dried flask. Solvents used for reactions and column 
chromatography were commercial grade and distilled prior to use. THF, toluene and dioxane 
were dried over sodium/benzophenone, whereas dichloromethane (DCM) and dichloroethane 
(DCE) were dried over CaH2. Solvents (hexane, ethyl acetate) TLC was performed on pre-
coated Merck silica gel aluminium plates with 60F254 indicator, visualised by irradiation 
with UV light. Dragendorff, ceric ammonium molybdate (CAM), and alkaline KMNO4 were 
used as TLC staining solution. Column chromatography was performed using silica gel 
Merck 100-200 and 230-400 mesh. 1H-NMR and 13C NMR were recorded on 500 MHz and 
125 MHz using CDCl3, DMSO-d6  as solvent and multiplicity indicated as follows: s (singlet), 
d (doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of doublet), dt (doublet of 
triplet), td (triplet of doublet), ddd (doublet of doublet of doublet) qd (quartet of doublet). 
Coupling constants J are reported in Hz. Chemical shift are represent in δ. High resolution 
mass spectra were obtained by ESI using orbitrap elite mass spectrometer; IR spectra were 
recorded on a FT/IR-420 spectrometer and are reported in terms of frequency of absorption (ν 
, cm-1). Melting points were measured in open capillaries. 

II. Typical experimental procedure for [3 + 2] Cycloaddition of Azomethineimines with 
Malanonitriles:
To a solution of Azomethine imine (1.10 g, 5.97 mmol) in dry toluene (12 mL) at room 
temperature was added catalyst 4. The resulting mixture was stirred for 10 mins at room 
temperature and then malanonitrile was added to the reaction mixture. The reaction mixture 
was stirred at room temperature for 24 h. 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 to give the product 3. 

Table 1: Screening of organocatalysts for [3 + 2] Cycloaddition of Azomethineimine 1 
with Malanonitriles 2:
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entry catalyst yield ee
1 Proline thiourea 4a 64 92
2 Proline Squaramide 4b 53 27
3 Cinchonine 4c 43 12
4 Cinchonine thiourea 4d 45 62
5 Quinidine 4e 53 36
6 Quinidine squaramide 4f 45 66

(R)-3-amino-5-oxo-1-phenyl-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-
carbonitrile (3):

The product 3 was synthesized according to the general experimental procedure, white solid, 
Isolated yield 19.8 mg  (82 %), m.p. 132-136 °C. 1H NMR (400MHz, 
DMSO-d6)  = 7.41 - 7.38 (m, 3H), 7.38 - 7.32 (m, 2H), 7.21 (s, 2H), 
4.89 (s, 1H), 3.35 - 3.27 (m, 1H), 3.12 (td, J = 8.2, 12.6 Hz, 1H), 
2.96 - 2.82 (m, 1H), 2.75 - 2.63 (m, 1H)13C NMR (101MHz, DMSO-
d6)  = 166.2, 148.3, 139.0, 128.5, 128.3, 127.9, 117.4, 71.8, 62.1, 
51.6, 35.5; IR(ν, cm-1): 3074, 2961, 2947, 2223, 1765, 1618, 1252, 
1081, 933, 746; HRMS (ESI): Exact mass calcd C13H12ON4 
[M+Na]+ : 263.0903, Found: 263.0893; 92% ee was determined by 

HPLC on Diacel OD-H column, 10/90: 2-propanol/hexane, 1.0 mL/min, UV 254 nm, tminor = 
29.8 min, tmajor = 31.5 min.

(S)-3-amino-1-(2-fluorophenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3a):

The product 3a was synthesized according to the general experimental procedure, white solid, 
Isolated yield 20.4 mg  (79 %), m.p. 135-138 °C. 1H NMR 
(500MHz, DMSO-d6)  = 7.56 (dt, J = 1.6, 7.6 Hz, 1H), 7.44 - 7.38 
(m, 1H), 7.34 - 7.26 (m, 3H), 7.23 (ddd, J = 0.9, 8.4, 10.8 Hz, 1H), 
5.24 (s, 1H), 3.43 - 3.38 (m, 1H), 3.25 - 3.16 (m, 1H), 2.91 (ddd, J = 
8.4, 12.5, 16.7 Hz, 1H), 2.73 - 2.66 (m, 1H); 13C NMR (126MHz, 
DMSO-d6)  = 167.2, 161.2 (d, J = 245.7 Hz), 149.2, 130.7 (d, J = 
7.5 Hz), 129.8 (d, J = 37.8 Hz), 126.5 (d, J = 11.3 Hz), 125.2 (d, J = 

3.8 Hz), 117.7, 116.0 (d, J = 20.42 Hz), 65.5, 60.5, 52.6, 35.8; IR(ν, cm-1): 3361, 2781, 2637, 
2233, 1732, 1617, 1222, 1056, 953, 744; HRMS (ESI): Exact mass calcd:  C13H11ON4 F 
[M+Na]+ : 281.0809, Found: 281.0804; 91% ee was determined by HPLC on Phenomenex 
Amylose 2 column, 10/90: 2-propanol/hexane, 1.0 mL/min, UV 254 nm, tminor = 37.46 min, 
tmajor = 47.6 min.

(S)-3-amino-1-(2-chlorophenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3b):

The product 3b was synthesized according to the general experimental procedure, white 
solid, Isolated yield 23.3 mg (85 %), m.p. 129-132 °C. 1H NMR (500MHz, DMSO-d6)  = 
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7.64 (m, 2H), 7.51 - 7.46 (m, 1H), 7.31 (dd, J = 1.4, 7.7 Hz, 1H), 7.30 - 7.24 (br s, 2H), 5.36 
(s, 1H), 3.45 - 3.39 (m, 1H), 3.28 - 3.22 (m, 1H), 2.91 (ddd, J = 8.4, 
12.5, 16.7 Hz, 1H), 2.74 - 2.66 (m, 1H); 13C NMR (126MHz, 
DMSO-d6)  = 167.2, 149.3, 138.3, 133.2, 130.7, 130.7, 128.7, 
123.9, 117.6, 70.7, 61.2, 52.8, 35.9; IR(ν, cm-1): 3461, 2581, 2957, 
2133, 1755, 1511, 1352, 1086, 946, 745; HRMS (ESI): Exact mass 
calcd: C13H11ON4Cl [M+Na]+ : 297.0514, Found: 297.0507; 80% ee 

was determined by HPLC on Phenomenex Amylose 2 column, 10/90: 2-propanol/hexane, 1.0 
mL/min, UV 254 nm, tminor = 38.73 min, tmajor = 53.0 min.

(S)-3-amino-1-(2-bromophenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3c):

The product 3c was synthesized according to the general experimental procedure, white solid, 
Isolated yield 28.0 mg (82 %), m.p. 142 -145 °C. 1H NMR (500MHz, 
DMSO-d6)  = 7.69 - 7.59 (m, 2H), 7.48 (t, J = 6.9 Hz, 1H), 7.31 - 
7.29 (m, 3H), 5.36 (s, 1H), 3.46 - 3.39 (m, 1H), 3.30 - 3.18 (m, 1H), 
2.96 - 2.84 (m, 1H), 2.69 (dd, J = 7.5, 16.6 Hz, 1H); 13C NMR 
(126MHz, DMSO-d6)  = 167.1, 149.3, 138.3, 133.2, 130.8, 130.7, 
128.7, 124.0, 117.7, 70.7, 61.2, 52.8, 35.9; IR(ν, cm-1): 3361, 2911, 
2437, 2233, 1725, 1615, 1262, 1083, 953, 764; HRMS (ESI): Exact 

mass calcd C13H11ON4 Br [M+H]+ : 341.0008, Found: 340.9999; 77% ee was determined by 
HPLC on Diacel OD-H column, 7/93: 2-propanol/hexane, 1.0 mL/min, UV 254 nm, tminor = 
50.1 min, tmajor = 56.8 min.

(S)-3-amino-1-(2-methoxyphenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3d):

The product 3d was synthesized according to the general experimental procedure, white 
solid, Isolated yield 24.9 mg (82 %), m.p. 125 -128 °C. 1H NMR 
(500MHz, DMSO-d6)  = 7.44 (d, J = 7.3 Hz, 1H), 7.32 (t, J = 7.6 
Hz, 1H), 7.16 (br. s., 2H), 7.07 - 6.99 (m, 2H), 5.27 (s, 1H), 3.79 (s, 
3H), 3.33 - 3.24 (m, 1H), 3.22 - 3.04 (m, 1H), 2.91 - 2.78 (m, 1H), 
2.68 (dd, J = 6.3, 16.4 Hz, 1H); 13C NMR (126MHz, DMSO-d6)  = 
167.0, 157.9, 149.2, 129.8, 128.3, 127.0, 121.0, 118.0, 111.6, 65.3, 
61.2, 55.9, 52.5, 36.0; IR(ν, cm-1): 3061, 2981, 2937, 2233, 1735, 

1611, 1252, 1086, 943, 744; HRMS (ESI): Exact mass calcd: C14H14O2 N4[M+H]+ : 271.119, 
Found: 271.1185; 90% ee was determined by HPLC on Diacel AD-H column, 10/90: 2-
propanol/hexane, 0.5 mL/min, UV 254 nm, tminor = 73.94 min, tmajor = 82.71 min.

(S)-3-amino-1-(2-nitrophenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3e):
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The product 3e was synthesized according to the general experimental procedure, white solid, 
Isolated yield 22.8 mg (80 %), m.p. 148 -151 °C. 1H NMR (500MHz, 
DMSO-d6)   = 8.28 (t, J = 1.9 Hz, 1H), 8.23 (ddd, J = 1.0, 2.4, 8.2 
Hz, 1H), 7.93 - 7.84 (m, 1H), 7.73 (t, J = 7.9 Hz, 1H), 7.35 (s, 2H), 
5.13 (s, 1H), 3.46 - 3.42 (m, 1H), 3.21 (ddd, J = 7.7, 8.8, 12.9 Hz, 
1H), 2.96 (ddd, J = 8.5, 12.9, 16.7 Hz, 1H), 2.73 – 2.07 (m, 1H); 13C 
NMR (126MHz, DMSO-d6)  = 167.3, 149.0, 147.9, 142.1, 137.0, 

134.6, 130.2, 122.2, 116.9, 70.5, 61.1, 51.9, 35.2; IR(ν, cm-1): 3055, 2967, 2937, 2233, 1753, 
1631, 1232, 1186, 953, 64; HRMS (ESI): Exact mass calcd C13H11O3N5[M+Na]+ : 308.0754, 
Found: 308.0748; 78% ee was determined by HPLC on Phenomex Amylose 2 column, 50/50: 
2-propanol/hexane, 1 mL/min, UV 254 nm, tminor = 17.11 min, tmajor = 24.8 min.

(R)-3-amino-1-(3-fluorophenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3f):

The product 3f was synthesized according to the general experimental procedure, white solid, 
Isolated yield 20.1 mg (78 %), m.p. 133 -136 °C. 1H NMR 
(500MHz, DMSO-d6)   = 7.45 (dt, J = 6.3, 7.9 Hz, 1H), 7.28 (s, 
2H), 7.27 - 7.21 (m, 2H), 7.21 - 7.16 (m, 1H), 4.94 (s, 1H), 3.15 
(td, J = 8.1, 12.8 Hz, 1H), 2.92 (ddd, J = 8.4, 12.8, 16.7Hz, 1H), 
2.75 - 2.66 (m, 1H); 13C NMR (126MHz, DMSO-d6)   = 166.9, 
162.27(d, J = 244.44 Hz), 148.9, 142.9 (d, J = 7.56 Hz), 130.04 

(d, J = 8.82 Hz), 124.36 (d, J = 2.52 Hz), 117.8, 115.6 (d, J = 21.42 Hz), 114.8 (d, J = 21.42 
Hz), 65.5, 60.5, 52.6, 35.8; IR(ν, cm-1): 3456, 2951, 2927, 2232, 1733, 1531, 1352, 1186, 
953, 774; HRMS (ESI): Exact mass calcd C13H11ON4F [M+Na]+ : 281.0809, Found: 
281.0805; 90% ee was determined by HPLC on Phenomex Amylose 2 column, 10/90: 2-
propanol/hexane, 1 mL/min, UV 254 nm, tminor = 43.34 min, tmajor = 51.05 min.

(R)-3-amino-1-(3-chlorophenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3g):

The product 3g was synthesized according to the general experimental procedure, white solid, 
Isolated yield 21.6  mg (79 %), m.p. 142 -145 °C. 1H NMR 
(500MHz, DMSO-d6)  = 7.48 - 7.46 (m, 2H), 7.45 - 7.42 (m, 
1H), 7.40 - 7.36 (m, 1H), 7.30 (s, 2H), 4.94 (s, 1H), 3.43 - 3.38 
(m, 1H), 3.15 (td, J = 8.2, 12.8 Hz, 1H), 2.93 (ddd, J = 8.5, 12.7, 
16.6 Hz, 1H), 2.70 (ddd, J = 1.1, 7.5, 16.6 Hz, 1H); 13C NMR 
(126MHz, DMSO-d6)  = 167.0, 148.9, 142.6, 133.7, 131.0, 

128.8, 128.0, 127.1, 117.8, 71.4, 61.9, 52.3, 35.8; IR(ν, cm-1): 3361, 2481, 2337, 2243, 1731, 
1623, 1296, 986, 943; HRMS (ESI): Exact mass calcd C13H11ON4Cl[M+Na]+ : 297.0514, 
Found: 297.0524; 82% ee was determined by HPLC on Phenomex Amylose 2 column, 10/90: 
2-propanol/hexane, 1 mL/min, UV 254 nm, tminor = 30.69 min, tmajor = 34.36 min.
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(R)-3-amino-1-(3-bromophenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3h): 

The product 3h was synthesized according to the general experimental procedure, white 
solid, Isolated yield 28.4  mg (83%), m.p. 126 -129 °C. 1H 1H 
NMR (500MHz, DMSO-d6)  = 7.61 (t, J = 1.7 Hz, 1H), 7.57 - 
7.54 (m, 1H), 7.45 - 7.35 (m, 2H), 7.29 (s, 2H), 4.93 (s, 1H), 
3.40 (dt, J = 1.3, 8.5 Hz, 1H), 3.20 - 3.07 (m, 1H), 2.93 (ddd, J = 
8.5, 12.7, 16.6 Hz, 1H), 2.79 - 2.63 (m, 1H); 13C NMR 
(126MHz, DMSO-d6)  = 167.0, 148.9, 142.8, 161.6, 131.7, 

131.2, 130.9, 127.5, 122.3, 117.8, 71.4, 62.0, 52.3, 35.8; IR(ν, cm-1): 3364, 3181, 2977, 2283, 
1736, 1641, 1422, 1086, 953, 764; HRMS (ESI): Exact mass calcd: C13H11ON4Br [M+H]+ : 
341.0008, Found: 340.9999; 88% ee was determined by HPLC on Diacel OD-H column, 
10/90: 2-propanol/hexane, 1 mL/min, UV 254 nm, tminor = 47.28 min, tmajor = 57.9 min.

(R)-3-amino-1-(3-methoxyphenyl)-5-oxo-6,7-dihydro-1H,5H -pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3i):

The product 3i was synthesized according to the general experimental procedure, white solid, 
Isolated yield 25 mg (92%), m.p. 136 -138 °C. 1H NMR 
(500MHz, DMSO-d6)  = 7.32 (t, J = 7.9 Hz, 1H), 7.23 (s, 
2H), 7.01 - 6.90 (m, 3H), 4.87 (s, 1H), 3.77 (s, 3H), 3.39 - 3.36 
(m, 1H), 3.13 (td, J = 8.1, 12.8 Hz, 1H), 2.91 (ddd, J = 8.5, 
12.6, 16.7 Hz, 1H), 2.75 - 2.66 (m, 1H); 13C NMR (126MHz, 
DMSO-d6) = 166.7, 159.8, 148.8, 141.2, 130.1, 120.5, 117.9, 

114.2, 113.8, 72.2, 62.4, 55.5, 52.1, 35.9; IR(ν, cm-1): 3561, 3281, 2937, 2233, 1935, 1811, 
1742, 1126, 943, 744; HRMS (ESI): Exact mass calcd: C14H14O2 N4[M+H]+ : 271.119, 
Found: 271.1185; 68% ee was determined by HPLC on Diacel AD-H column, 10/90: 2-
propanol/hexane, 1 mL/min, UV 254 nm, tminor = 12.4 min, tmajor = 18.6 min.

(R)-3-amino-1-(4-fluorophenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3j):

The product 3j was synthesized according to the general experimental procedure, white solid, 
Isolated yield 23 mg (89 %), m.p. 126 -128 °C. 1H NMR 
(500MHz, DMSO-d6) d = 7.46 (dd, J = 5.7, 8.5 Hz, 2H), 7.26 (s, 
2H), 7.25 - 7.20 (m, 2H), 4.92 (s, 1H), 3.37 (br. s., 1H), 3.13 (td, J 
= 8.1, 12.8 Hz, 1H), 2.90 (ddd, J = 8.5, 12.7, 16.6 Hz, 1H), 2.70 
(dd, J = 6.9, 16.7 Hz, 1H); 13C NMR (126MHz, DMSO-d6) d = 
166.7, 162.5 (d, J = 244.44 Hz), 148.8, 135.9 (d, J = 2.5 Hz), 
130.4 (d, J = 7.56 Hz), 117.9, 115.8 (d, J = 21.42 Hz), 71.5, 62.3, 

52.0, 35; IR(ν, cm-1): 3061, 2981, 2937, 2233, 1735, 1611, 1252, 1086, 943, 744; HRMS 
(ESI): Exact mass calcd: C13H11ON4F[M+Na]+ : 281.0809, Found: 281.0802; 90% ee was 
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determined by HPLC on Phenomenex Amylose 2 column, 10/90: 2-propanol/hexane, 0.8 
mL/min, UV 254 nm, tminor = 18.4 min, tmajor = 21.0 min.

(R)-3-amino-1-(4-chlorophenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3k):

The product 3k was synthesized according to the general experimental procedure, white 
solid, Isolated yield 21.6 mg (79 %), m.p. 135 -138 °C. 1H NMR 
(500MHz, DMSO-d6) d = 7.46 (dd, J = 5.7, 8.5 Hz, 2H), 7.26 (s, 
2H), 7.25 - 7.20 (m, 2H), 4.92 (s, 1H), 3.37 (br. s., 1H), 3.13 (td, 
J = 8.1, 12.8 Hz, 1H), 2.90 (ddd, J = 8.5, 12.7, 16.6 Hz, 1H), 
2.70 (dd, J = 6.9, 16.7 Hz, 1H); 13C NMR (101MHz, DMSO-d6) 
d = 166.8, 148.8, 138.8, 133.4, 130.2, 129.0, 117.8, 71.5, 62.1, 
51.1, 35.9; IR(ν, cm-1): 3523, 3181, 2867, 2453, 1762, 1671, 

1252, 1086, 943, 744; HRMS (ESI): Exact mass calcd C13H11ON4 Cl Na [M+Na]+ : 
297.0514, Found: 297.0507; 96% ee was determined by HPLC on Phenomenex Amylose 2 
column, 10/90: 2-propanol/hexane, 1.0 mL/min, UV 254 nm, tminor = 33.6 min, tmajor = 35.3 
min.

(R)-3-amino-1-(4-bromophenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3l):

The product 3l was synthesized according to the general experimental procedure, white solid, 
Isolated yield 27.4 mg (80 %), m.p. 132 -135 °C. 1H NMR 
(500MHz,CHLOROFORM-d)  = 7.60 - 7.50 (m, J = 8.2 Hz, 
2H), 7.35 - 7.30 (m, J = 8.5 Hz, 2H), 5.73 (br. s., 2H), 4.85 (s, 
1H), 3.51 (t, J = 8.4 Hz, 1H), 3.12 (td, J = 8.0, 12.6 Hz, 1H), 
3.02 - 2.92 (m, 1H), 2.78 (dd, J = 7.1, 16.6 Hz, 1H); 13C NMR 
(126MHz,CHLOROFORM-d)  = 166.0, 148.0, 136.9, 132.1, 
129.4, 123.0, 116.2, 72.1, 64.9, 52.6, 36.1; IR(ν, cm-1): 3521, 

2992, 2457, 2233, 1655, 1641, 1285, 1246, 983, 654; HRMS (ESI): Exact mass calcd 
C13H11ON4 Br [M+H]+ : 341.0008, Found: 342.9979; 88% ee was determined by HPLC on 
Phenomenex Amylose 2 column, 10/90: 2-propanol/hexane, 1.0 mL/min, UV 254 nm, tminor = 
45.7 min, tmajor = 63.9 min.

(R)-3-amino-1-(4-methoxyphenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3m):

The product 3m was synthesized according to the general 
experimental procedure, white solid, Isolated yield 23.3 mg (86 
%), m.p. 119 -122 °C. 1H NMR (500MHz, DMSO-d6)  = 7.34 
- 7.29 (m, 2H), 7.23 (s, 2H), 6.98 - 6.93 (m, 2H), 4.83 (s, 1H), 
3.76 (s, 3H), 3.33 - 3.27 (m, 1H), 3.09 (td, J = 8.2, 12.6 Hz, 
1H), 2.88 (ddd, J = 8.4, 12.5, 16.7 Hz, 1H), 2.73 - 2.66 (m, 
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1H); 13C NMR (126MHz, DMSO-d6)  = 166.4, 159.8, 148.7, 131.2, 129.7, 118.0, 114.4, 
71.9, 62.7, 55.6, 51.8, 36.0; IR(ν, cm-1): 3661, 2961, 2967, 2233, 1765, 1691, 1250, 1186, 
942, 754; HRMS (ESI): Exact mass calcd C14H14O2 N4 [M+H]+ : 271.119, Found: 271.1185; 
91% ee was determined by HPLC on Diacel OD-H column, 7/93: 2-propanol/hexane, 0.7 
mL/min, UV 254 nm, tminor = 84.5 min, tmajor = 95.4 min.

(R)-3-amino-1-(4-nitrophenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3n):

The product 3l was synthesized according to the general experimental procedure, white solid, 
Isolated yield 22.8 mg (80 %), m.p. 147 -149 °C. 1H NMR 
(500MHz, DMSO-d6) d = 8.27 (d, J = 8.8 Hz, 1H), 7.71 (d, J 
= 8.8 Hz, 1H), 7.34 (s, 2H), 5.01 (s, 1H), 3.44 - 3.40 (m, 1H), 
3.21 (ddd, J = 7.7, 8.8, 12.9 Hz, 1H), 2.96 (ddd, J = 8.5, 12.9, 
16.7 Hz, 1H), 2.73 – 2.68 (m, 1H); 13C NMR (126MHz, 
DMSO-d6)  = 163.8, 149.8, 148.3, 140.3, 129.6, 124.1, 118.1, 
71.7, 61.7, 52.7, 35.7; IR(ν, cm-1): 3665, 2931, 2837, 2653, 

1755, 1671, 1552, 1096, 753, 744; HRMS (ESI): Exact mass calcd C13H11 O3N5 Na [M+Na]+ 
: 308.0754, Found: 308.0748; 98% ee was determined by HPLC on Phenomenex Amylose 2 
column, 30/70: 2-propanol/hexane, 1 mL/min, UV 254 nm, tminor = 29.1 min, tmajor = 39.3 min.

(R)-3-amino-1-(4-ethylphenyl)-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3o):

The product 3o was synthesized according to the general experimental procedure, white solid, 
Isolated yield 21.2 mg (86 %), m.p. 135 -138 °C. 1H NMR 
(500MHz, CDCl3)  = 7.34 (d, J = 8.1 Hz, 2H), 7.26 (d, J = 
8.1 Hz, 2H), 5.68 (s, 2H), 4.88 (s, 1H), 3.49 (dt, J = 1.9, 8.4 
Hz, 1H), 3.10 (ddd, J = 7.4, 8.7, 12.3 Hz, 1H), 2.99 - 2.91 (m, 
1H), 2.80 - 2.75 (m, 1H), 2.69 (q, J = 7.6 Hz, 2H), 1.28 - 1.25 
(m, 3H); 13C NMR (126MHz,CHLOROFORM-d)  = 166.0, 
147.9, 145.2, 134.7, 128.4, 127.8, 116.5, 72.5, 65.5, 52.4, 36.2, 

28.6, 15.4; IR(ν, cm-1): 3661, 3281, 2934, 2533, 1765, 1618, 1602, 1286, 843, 744; HRMS 
(ESI): Exact mass calcd C15H16ON4 [M+H]+ : 269.1397, Found: 269.1387; 82% ee was 
determined by HPLC on Phenomenex Amylose 2 column, 8/92: 2-propanol/hexane, 0.8 
mL/min, UV 254 nm, tminor = 40.2 min, tmajor = 43.0 min.

(S)-3-amino-5-oxo-1-(thiophen-2-yl)-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3p):

The product 3p was synthesized according to the general experimental procedure, white 
solid, isolated yield 19.9 mg (81 %), m.p. 127 -129 °C. 1H NMR (500MHz ,DMSO-d6) = 
7.56 (d, J = 4.7 Hz, 1 H), 7.27 (br. s., 2 H), 7.11 (d, J = 3.2 Hz, 1 H), 7.03 (t, J = 4.3 Hz, 1 H), 
5.25 (s, 1 H), 3.42 - 3.36 (m, 1 H), 3.21 - 3.10 (m, 1 H), 2.91 (ddd, J = 8.8, 11.8, 16.9 Hz, 1 
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H), 2.77 - 2.67 (m, 1 H); 13C NMR (126MHz, DMSO-d6)  = 166.7, 
148.6, 144.3, 127.4, 127.3, 126.8, 117.7, 67.5, 63.1, 51.4, 35.8; 
IR(ν, cm-1): 3531, 3184, 2923, 2543, 1695, 1603, 1652, 1341, 956, 
741; HRMS (ESI): Exact mass calcd C11H10N4OS [M+Na]+ : 
269.0473, Found: 269.0464; 83% ee was determined by HPLC on 
Phenomenex Amylose 2 column, 10/90: 2-propanol/hexane, 1.0 

mL/min, UV 254 nm, tminor = 56.7 min, tmajor = 63.8 min.

(R)-3-amino-5-oxo-1-(pyridin-4-yl)-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3q):

The product 3q was synthesized according to the general experimental procedure, white 
solid, Isolated yield 17.8 mg (74%), m.p. 141 -144 °C. 1H NMR 
(400MHz, DMSO-d6)  = 8.60 (br. s., 2 H), 7.42 (br. s, 2 H), 7.31 
(br. s, 2 H), 4.94 (br. s., 1 H), 3.47 - 3.40 (m, 1 H), 3.23 - 3.13 (m, 1 
H), 2.99 - 2.87 (m, 1 H), 2.75 - 2.66 (m, 1 H); 13C NMR (101MHz, 
DMSO-d6)  = 166.8, 149.8, 148.6, 148.3, 122.6, 117.1, 70.3, 60.7, 
52.1, 35.3; IR(ν, cm-1): 3652, 3451, 2854, 2643, 1761, 1648, 1598, 

985, 789, 684; HRMS (ESI): Exact mass calcd C12H11ON5 [M+H]+ : 242.1036, Found: 
242.1035; 72% ee was determined by HPLC on Daicel AD-H column, 10/90: 2-
propanol/hexane, 1.0 mL/min, UV 254 nm, tminor = 77.6 min, tmajor = 55.9 min.

(R)-3-amino-1-cyclohexyl-5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3r):

The product 3r was synthesized according to the general experimental procedure, white solid, 
Isolated yield 16.7 mg (68 %), m.p. 122 -125 °C. 1H NMR 
(400MHz, DMSO-d6)  = 6.97 (s, 2 H), 3.72 (d, J = 3.5 Hz, 1 H), 
3.49 (t, J = 8.1 Hz, 1 H), 3.07 - 2.96 (m, 1 H), 2.96 - 2.82 (m, 1 H), 
2.58 (dd, J = 6.7, 16.2 Hz, 1 H), 1.74 - 1.64 (m, 4 H), 1.47 - 1.34 
(m, 1 H), 1.28 - 1.14 (m, 4 H), 1.13 - 0.97 (m, 2 H); 13C NMR 
(101MHz ,DMSO-d6)  = 167.9, 149.6, 118.4, 73.6, 58.7, 55.4, 

41.7, 35.5, 29.5, 27.5, 26.6, 26.3, 26.2; IR(ν, cm-1): 3545, 3185, 2887, 2324, 1695, 1556, 
1452, 1025, 958, 862; HRMS (ESI): Exact mass calcd C13H18ON4 [M+Na]+ : 269.13783, 
Found:  269.1372; 41% ee was determined by HPLC on Daicel AD-H column, 5/95: 2-
propanol/hexane, 0.7 mL/min, UV 254 nm, tminor = 51.7 min, tmajor = 31.3 min.

(1R)-3-imino-2-methyl-5-oxo-1-phenyltetrahydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile (3s):

The product 3r was synthesized according to the general experimental procedure, white solid, 
Isolated yield 19.8 mg (78 %), m.p. 136 -139 °C. 1H NMR (400MHz ,DMSO-d6)  = 9.00 (s, 
1 H), 7.63 - 7.53 (m, 2 H), 7.53 - 7.43 (m, 4 H), 4.22 (s, 1 H), 3.48 (t, J = 8.6 Hz, 1 H), 3.16 
(ddd, J = 9.2, 12.3, 16.4 Hz, 1 H), 3.01 - 2.87 (m, 1 H), 2.79 (dd, J = 7.6, 16.3 Hz, 1 H), 1.57 
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(s, 3 H); 1H NMR (400MHz, DMSO-d6)  = 9.00 (s, 1 H), 7.63 - 7.53 (m, 2 H), 7.53 - 7.43 
(m, 3 H), 4.22 (s, 1 H), 3.48 (t, J = 8.6 Hz, 1 H), 3.16 (ddd, J = 9.2, 
12.3, 16.4 Hz, 1 H), 3.01 - 2.87 (m, 1 H), 2.79 (dd, J = 7.6, 16.3 Hz, 1 
H), 1.57 (s, 3 H); 13C NMR (101MHz, DMSO-d6)  = 166.8, 149.8, 
148.6, 148.3, 122.6, 117.13, 70.31, 60.71, 52.13, 35.25; IR(ν, cm-1): 
3548, 3247, 2647, 2478, 1678, 1656, 976, 823, 654; HRMS (ESI): 
Exact mass calcd C14H14ON4 [M+Na]+ : 277.1060, Found: 277.1061; 
70% ee was determined by HPLC on Daicel OD-H column, 5/95: 2-

propanol/hexane, 0.5 mL/min, UV 254 nm, tminor = 38.4 min, tmajor = 43.1 min.

N
N

O NH
N
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Table 1.  Crystal data and structure refinement for compound 3g

Bond precision: C-C = 0.0047 A Wavelength=0.71073

Cell: a=6.1447(4) b=8.6445(6) c=12.6178(9)

alpha=90 beta=101.032(3)gamma=90

Temperature: 293 K

Calculated Reported

Volume 657.85(8) 657.84(8)

Space group P 21 P 21

Hall group P 2yb P 2yb

Moiety formula C13 H11 Cl N4 O C13 H11 Cl N4 O

Sum formula C13 H11 Cl N4 O C13 H11 Cl N4 O

Mr 274.71 274.71

Dx,g cm-3 1.387 1.387

Z 2 2

Mu (mm-1) 0.287 0.287

F000 284.0 284.0

F000' 284.39

h,k,lmax 7,10,14 7,10,14

Nref 2318[ 1243] 2303

Tmin,Tmax 0.933,0.944 0.928,0.954

Tmin' 0.931

Correction method= # Reported T Limits: Tmin=0.928 
Tmax=0.954 AbsCorr = MULTI-SCAN

Data completeness= 1.85/0.99 Theta(max)= 24.989

R(reflections)= 0.0344( 1926) wR2(reflections)= 0.0666( 2303)

S = 1.134 Npar= 181
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X-ray Crystal Structure of Compound 4f and CCDC Number 1486491

 

1H and 13C-NMR spectra of compound (R)-3-amino-5-oxo-1-phenyl-6,7-
dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3
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1H and 13C-NMR spectra of compound (S)-3-amino-1-(2-fluorophenyl)-5-
oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3a
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1H and 13C-NMR spectra of compound (S)-3-amino-1-(2-chlorophenyl)-5-
oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3b
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1H and 13C-NMR spectra of compound (S)-3-amino-1-(2-bromophenyl)-5-
oxo-6,7-dihydro-1H,5H--pyrazolo[1,2-a]pyrazole-2-carbonitrile 3c
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1H and 13C-NMR spectra of compound (S)-3-amino-1-(2-methoxyphenyl)-5-
oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3d
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1H and 13C-NMR spectra of compound (S)-3-amino-1-(2-nitrophenyl)-5-
oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3e
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1H and 13C-NMR spectra of compound (R)-3-amino-1-(3-fluorophenyl)-5-
oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3f
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1H and 13C-NMR spectra of compound (R)-3-amino-1-(3-chlorophenyl)-5-
oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3g
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1H and 13C-NMR spectra of compound (R)-3-amino-1-(3-bromophenyl)-5-
oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3h
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1H and 13C-NMR spectra of compound (R)-3-amino-1-(3-methoxyphenyl)-
5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3i
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1H and 13C-NMR spectra of compound (R)-3-amino-1-(4-fluorophenyl)-5-
oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3j
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1H and 13C-NMR spectra of compound (R)-3-amino-1-(4-chlorophenyl)-5-
oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3k
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1H and 13C-NMR spectra of compound (R)-3-amino-1-(4-bromophenyl)-5-
oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3l
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1H and 13C-NMR spectra of compound (R)-3-amino-1-(4-methoxyphenyl)-
5-oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3m
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1H and 13C-NMR spectra of compound (R)-3-amino-1-(4-nitrophenyl)-5-
oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3n
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1H and 13C-NMR spectra of compound (R)-3-amino-1-(4-ethylphenyl)-5-
oxo-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3o
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1H and 13C-NMR spectra of compound (S)-3-amino-5-oxo-1-(thiophen-2-
yl)-6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3p
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1H and 13C-NMR spectra of compound (R)-3-amino-5-oxo-1-(pyridin-4-yl)-
6,7-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3q



s30

1H and 13C-NMR spectra of compound (R)-3-amino-1-cyclohexyl-5-oxo-6,7-
dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3r
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1H and 13C-NMR spectra of compound (R)-3-amino-1-cyclohexyl-5-oxo-6,7-
dihydro-1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3s
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HPLC profile for 3-amino-5-oxo-1-phenyl-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3
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HPLC profile for 3-amino-1-(2-fluorophenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3a
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HPLC profile for 3-amino-1-(2-chlorophenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3b
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HPLC profile for 3-amino-1-(2-bromophenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3c
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HPLC profile for 3-amino-1-(2-methoxyphenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3d
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HPLC profile for 3-amino-1-(2-nitrophenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3e
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HPLC profile for 3-amino-1-(3-fluorophenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3f



s39

HPLC profile for 3-amino-1-(3-chlorophenyl)-5-oxo-6,7-dihydro-1H,5H-
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pyrazolo[1,2-a]pyrazole-2-carbonitrile 3g

HPLC profile for 3-amino-1-(3-bromophenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3h
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HPLC profile for 3-amino-1-(3-methoxyphenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3i
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HPLC profile for 3-amino-1-(4-fluorophenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3j  
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HPLC profile for 3-amino-1-(4-chlorophenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3k
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HPLC profile for 3-amino-1-(4-bromophenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3l
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HPLC profile for 3-amino-1-(4-methoxyphenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3m



s46

HPLC profile for 3-amino-1-(4-nitrophenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3n
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HPLC profile for 3-amino-1-(4-ethylphenyl)-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3o
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HPLC profile for 3-amino-5-oxo-1-(thiophen-2-yl)-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3p
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HPLC profile for 3-amino-5-oxo-1-(pyridin-4-yl)-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3q
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HPLC profile for 3-amino-1-cyclohexyl-5-oxo-6,7-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazole-2-carbonitrile 3r
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HPLC profile for 3-imino-5-oxo-1-phenyltetrahydro-1H,5H-pyrazolo[1,2-
a]pyrazole-2-carbonitrile 3s
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HPLC profile  Catalyst screening for 3-amino-5-oxo-1-phenyl-6,7-dihydro-
1H,5H-pyrazolo[1,2-a]pyrazole-2-carbonitrile 3
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