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1. Overview of substrates and products numbering 

(a) Substrates/reagents: dibenzoylmethane (3), ethyl cyanoacetate (7), acetophenones 8a-f, arylaldehydes 9a-f, 3-

aminocrotononitrile (10), hydrazine monohydrate (HM), N,N-dimethylformamide dimethyl acetal (DMF-DMA), ethyl 5-amino-

1H-pyrazole-4-carboxylate (1), 3-methyl-1H-pyrazol-5-amine (1'), and chalcones 2a-h. 

 

 
 

(b) 5,7-di-Aryl-2-methyl substituted pyrazolo[1,5-a]pyrimidines 4a'-c' 

 
 

Fig. S1 Structures of (a) commercial (top) and synthetics (bottom) substrate/reagents. (b) Structures of  PPs 4a'-c' 
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Fig. S2 Structure of (a) esters 4a-h and (b) amides 5a-h containing the pyrazolo[1,5-a]pyrimidine ring. 

 

2. Synthesis and characterisation of precursors 

Ethyl 5-amino-1H-pyrazole-4-carboxylate (1). A mixture of ethyl cyanoacetate (7, 120 mg, 1.06 mmol), 

DMF (0.2 mL), acetic acid (0.3 mL), and DMF-DMA (220 mg dropwise was added, 1.85 

mmol) was stirred for 1h at room temperature. To the resulting pale-yellow mixture, 

hydrazine monohydrate (110 mg, 2.20 mmol) dropwise was added at 0 °C, and the 

reaction mixture was stirred at 50 °C for 2h. After completion of the reaction, water was 

added (0.5 mL), and the mixture was extracted with ethyl acetate (3 × 2 mL). The combined organic layer 

was dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure giving a pale brown 

solid, which recrystallised from ethanol to afford the aminoester 1 as a white solid (135 mg, 85 %). For the 

multigram scale, 5.0 g of 7 (44.2 mmol), 5 mL of DMF, 7.5 mL of acetic acid, 8.7 g of DMF-DMA (73 mmol), 

and 4.5 g of HM (89.9 mmol) were used (6.04 g, 88%). Mp: 107-109 °C (Lit.1 102-103 °C). 1H NMR (400 MHz, 
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CDCl3): δ = 1.33 (t, J = 7.2 Hz, 3H), 4.27 (q, J = 7.2 Hz, 2H), 5.08 (s, 2H, NH2, br), 7.71 (br, 1H, H5) ppm. 13C 

NMR (100 MHz, CDCl3) δ 14.5 (CH3), 59.9 (CH2), 97.8 (C), 136.2 (CH), 154.0 (C), 164.7 (C=O) ppm. These NMR 

data matched previously reported data.1,2 

3-Methyl-1H-pyrazol-5-amine (1'). A mixture of 3-aminocrotononitrile (10, 86 mg, 1.05 mmol) and 

hydrazine monohydrate (HM, 76 mg, 1.52 mmol) was subjected to microwave irradiation 

at 120 °C (130 W, monitored by an IR temperature sensor) and maintained at this 

temperature for 30 min in a sealed MW tube of 10 mL. The resulting reaction mixture was 

cooled to room temperature by airflow, the excess of HM was removed under vacuum, and 

n-pentane was added (3 × 2 mL) to wash the mixture removing as much of the hydrazine as possible. The 

solid residue was purified by flash chromatography on silica gel (eluent: i. CH2Cl2 and ii. CH2Cl2/MeOH 20:1 

v/v) to afford 1' as a brown solid in high yield (81 mg, 79%). For the multigram scale, 3.0 g of 10 (36.4 mmol), 

2.8 g of HM (58.9 mmol), and a sealed MW tube of 35 mL were used (2.97 g, 84%). Mp: 43-45 °C (Lit.3 48-

49 °C). 1H NMR (400 MHz, DMSO-d6): δ= 2.04 (s, 3H), 4.45 (s-br, 8H, NH, NH2, 2.5H2O), 5.15 (s, 1H) ppm. 13C 

NMR (100 MHz, DMSO-d6) δ 11.5 (CH3), 90.4 (CH), 140.3 (C), 154.0 (C) ppm. These NMR data matched 

previously reported data.4 

General procedure for the synthesis of chalcones 2a-h. A mixture of aryl methyl ketone 8a-f (2.2 mmol), 

the appropriate arylaldehyde 9a-f (2.0 mmol), and 50% aqueous NaOH (7 mL) in MeOH (7 mL) was stirred 

at room temperature for 15 min. After the reaction was completed (monitored by TLC), the precipitated 

product was filtered, washed with cool ethanol/water (~1:2, 3 mL), and recrystallised from ethanol to give 

the substituted chalcones 2a-g in high yields. 

(E)-Chalcone (2a). By the general procedure with methyl phenyl ketone or acetophenone (8a, 266 mg, 2.2 

mmol) and benzaldehyde (9a, 214 mg, 2.0 mmol), product 2a was obtained as yellow 

crystals (376 mg, 90%). For the multigram scale, 2.74 g of 8a (22.8 mmol), 2.20 g of 9a 

(20.7 mmol), and 70 mL of aqueous NaOH/MeOH (1:1 v/v) were used (3.97 g, 92%). Mp: 

57-58 °C (Lit.5 56-58 °C). 1H NMR (400 MHz, CDCl3): δ= 7.40-7.45 (m, 3H), 7.47-7.70 (m, 6H), 7.82 (d, J = 15.8 

Hz, 1H), 8.03 (d, J = 8.0 Hz, 2H) ppm. 13C NMR (100 MHz, CDCl3): δ= 122.1 (CH), 128.5 (CH), 128.6 (CH), 128.7 

(CH), 129.0 (CH), 130.6 (CH), 132.8 (CH), 134.9 (C), 138.2 (C), 144.9 (CH), 190.6 (C=O) ppm. These NMR data 

matched previously reported data in the literature.5  

(E)-1,3-bis(4-fluorophenyl)prop-2-en-1-one (2b). By the general procedure with 4'-fluoroacetophenone 

(8b, 305 mg, 2.2 mmol) and 4-fluorobenzaldehyde (9b, 250 mg, 2.0 mmol), product 2b 

was obtained as white crystals (2.22 g, 91%). Mp: 116-118 °C (Lit.5 98-99 °C).  1H NMR 

(400 MHz, CDCl3): δ= 7.11 (t, J = 8.6 Hz, 2H), 7.18 (t, J = 8.5 Hz, 2H), 7.43 (d, J = 15.7 Hz, 

1H), 7.64 (dd, J = 8.5 Hz, 2H), 7.78 (d, J = 15.7 Hz, 1H), 8.06 (dd, J = 8.7 Hz, 2H) ppm. 13C NMR (100 MHz, 

CDCl3): δ= 115.7/116.1 (CH, d, J = 22.1 Hz), 115.9/116.3 (CH, d, J = 22.0 Hz), 121.2 (CH), 130.4/130.5 (CH, d, 

J = 8.8 Hz), 131.0 (C, d, J = 2.2 Hz), 131.0/131.1 (CH, d, J = 8.9 Hz), 130.4 (Co, d, J = 8.8 Hz), 134.4 (C, d, J = 
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2.9 Hz), 143.7 (CH), 162.9/165.4 (CF, d, J = 251.6 Hz), 164.4/166.9 (CF, d, J = 254.6 Hz), 188.6 (C=O) ppm. 

These NMR data matched previously reported data in the literature.5 

(E)-1,3-bis(4-Chlorophenyl)prop-2-en-1-one (2c). By the general procedure with 4'-chloroacetophenone 

(8c, 340 mg, 2.2 mmol) and 4-chlorobenzaldehyde (9c, 282 mg, 2.0 mmol), product 

2c was obtained as yellow crystals (2.64 g, 95%). Mp: 155-156 °C (Lit.6 154-155 °C).  
1H NMR (400 MHz, CDCl3): δ= 7.36-7.51 (m, 5H), 7.57 (d, J = 8.6 Hz, 2H), 7.76 (d, J = 

15.6 Hz, 1H), 7.96 (d, J = 8.7 Hz, 2H) ppm. 13C NMR (100 MHz, CDCl3): δ= 121.9 (CH), 129.0 (CH), 129.3 (CH), 

129.7 (CH), 129.9 (CH), 133.2 (C), 136.4 (C), 136.7 (C), 139.4 (C), 143.8 (CH), 188.9 (C=O). These NMR data 

matched previously reported data in the literature.6 

(E)-1,3-bis(4-Bromophenyl)prop-2-en-1-one (2d). By the general procedure with 4'-bromoacetophenone 

(8d, 458 mg, 2.2 mmol) and 4-bromobenzaldehyde (9d, 370 mg, 2.0 mmol), product  

2d was obtained as yellow crystals (3.47 g, 95%). Mp: 186-187 °C (Lit.6 183-185 °C). 
1H NMR (400 MHz, CDCl3): δ= 7.44-7.58 (m, 5H), 7.65 (d, J = 7.6 Hz, 2H), 7.75 (d, J = 

15.8 Hz, 1H), 7.88 (d, J = 7.7 Hz, 2H) ppm. 13C NMR (100 MHz, CDCl3): δ= 121.9 (CH), 125.1 (CH), 128.2 (CH), 

129.9 (CH), 130.0 (CH), 132.0 (C), 132.3 (C), 133.6 (C), 136.7 (C), 144.0 (CH), 189.1 (C=O) ppm. These NMR 

data matched previously reported data in the literature.6 

(E)-1,3-bis(4-Methoxyphenyl)prop-2-en-1-one (2e). By the reaction of 4'-methoxyacetophenone (8e, 330 

mg, 2.2 mmol) with 4-chlorobenzaldehyde (9e, 272 mg, 2.0 mmol), product 2e 

was obtained as yellow crystals (2.55 g, 95%). Mp: 101-102 °C (Lit.6 101-103 °C). 
1H NMR (400 MHz, CDCl3): δ= 3.84 (s, 3H), 3.88 (s, 3H), 6.92-6.98 (m, 4H), 7.43 

(d, J = 15.5 Hz, 1H), 7.60 (d, J = 8.8 Hz, 2H), 7.78 (d, J = 15.5 Hz, 1H), 8.03 (d, J = 8.9 Hz, 2H) ppm. 13C NMR 

(100 MHz, CDCl3): δ= 55.4 (CH3), 55.4 (CH3), 113.8 (CH), 114.4 (CH), 119.6 (CH), 127.8 (C), 130.1 (CH), 130.7 

(CH), 131.4 (C), 143.8 (CH), 161.5 (C), 163.3 (C), 188.8 (C=O). These NMR data matched previously reported 

data in the literature.6 

(E)-1,3-di-p-Tolylprop-2-en-1-one (2f). By the general procedure with 4'-methylacetophenone (8f, 295 mg, 

2.2 mmol) and 4-methylbenzaldehyde (9f, 240 mg, 2.0 mmol), product 2f was 

obtained as yellow/green crystals (2.00 g, 85%). Mp: 129-130 °C (Lit.6 128-129 °C). 
1H NMR (400 MHz, CDCl3): δ= 2.16 (s, 3H), 2.20 (s, 3H), 7.22 (d, J = 8.1 Hz, 2H), 7.29 

(d, J = 8.1 Hz, 2H), 7.47-7.57 (m, 3H), 7.80 (d, J = 15.7 Hz, 1H), 7.94 (d, J = 8.2 Hz, 2H) ppm. 13C NMR (100 

MHz, CDCl3): δ= 21.5 (CH3), 21.7 (CH3), 121.0 (CH), 128.4 (CH), 128.6 (CH), 129.3 (CH), 129.7 (CH), 132.2 (C), 

135.7 (C), 140.9 (C), 143.5 (C), 144.5 (CH), 190.1 (C=O) ppm. These NMR data matched previously reported 

data in the literature.6 



S6 

       

(E)-1-(4-Chlorophenyl)-3-(p-tolyl)prop-2-en-1-one (2g). By the reaction of 4'-chloroacetophenone (8c, 340 

mg, 2.2 mmol) and 4-methylbenzaldehyde (9f, 240 mg, 2.0 mmol), product 2g was 

obtained as yellow crystals (2.54 g, 99%). Mp: 149-150 °C (Lit.7 147-149 °C). 1H 

NMR (400 MHz, CDCl3): δ= 2.44 (s, 3H), 7.31 (d, J = 8.2 Hz, 2H), 7.39 (d, J = 8.4 Hz, 

2H), 7.51 (d, J = 15.7 Hz, 1H), 7.58 (d, J = 8.6 Hz, 2H), 7.75 (d, J = 15.7 Hz, 1H), 7.93 (d, J = 8.2 Hz, 2H) ppm. 
13C NMR (100 MHz, CDCl3): δ= 21.7 (CH3), 122.5 (CH), 128.7 (CH), 129.3 (CH), 129.4 (CH), 129.6 (CH), 133.5 

(C), 135.5 (C), 136.3 (C), 142.9 (C), 143.9 (C), 189.7 (C=O) ppm. These NMR data matched previously 

reported data in the literature.7 

(E)-3-(4-chlorophenyl)-1-(p-tolyl)prop-2-en-1-one (2h). By the reaction of 4'-methylacetophenone (8f, 295 

mg, 2.2 mmol) and 4-chlorobenzaldehyde (9c, 282 mg, 2.0 mmol), product 2h was 

obtained as yellow crystals (2.52 g, 98%). Mp: 161-162 °C (Lit.7 158-160 °C). 1H 

NMR (400 MHz, CDCl3): δ= 2.40 (s, 3H), 7.24 (d, J = 8.1 Hz, 2H), 7.42-7.50 (m, 3H), 

7.55 (d, J = 8.1 Hz, 2H), 7.80 (d, J = 15.7 Hz, 1H), 7.97 (d, J = 8.7 Hz, 2H) ppm. 13C NMR (100 MHz, CDCl3): δ= 

21.6 (CH3), 120.5 (CH), 128.6 (CH), 128.6 (CH), 129.8 (CH), 129.9 (CH), 132.0 (C), 136.7 (C), 139.1 (C), 141.4 

(C), 145.5 (CH), 189.3 (C=O) ppm. These NMR data matched previously reported data in the literature.7 
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3. Copies of NMR spectra 

12 11 10 9 8 7 6 5 4 3 2 1 0
ppm

3.162.122.011.000.71

TMSNH2

Chloroform-d

NH

-0
.0

1

1
.3

1
1

.3
3

1
.3

5

4
.2

4
4

.2
6

4
.2

8
4

.3
0

5
.0

8

7
.2

6

7
.7

2

1
1

.2
0

 
 

 

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm

CH3
CH2

Chloroform-d

C

CH

C

C=O

1
4

.4
7

5
9

.8
5

7
6

.7
3

7
7

.0
5

7
7

.3
6

9
7

.7
9

1
3

6
.1

7

1
5

3
.9

61
6

4
.6

2

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm

1
4

.4
6

5
9

.8
5

1
3

6
.1

7

 
Fig. S3 1H, 13C{1H}, and DEPT-135 NMR spectra of ethyl 5-amino-1H-pyrazole-4-carboxylate (1) 



S8 

       

12 11 10 9 8 7 6 5 4 3 2 1 0
ppm

8.09 3.351.02

CH3

DMSO-d6

NH, NH2, H2O

CH

2
.0

4

2
.5

0
2

.5
0

4
.4

5

5
.1

5

5.0 4.5 4.0 3.5 3.0 2.5 2.0
ppm

8.09 3.351.02

CH3

DMSO-d6
NH, NH2, H2O

CH

2
.0

4

2
.5

0
2

.5
0

2
.5

0

4
.4

5

5
.1

5

  

 

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm

DMSO-d6

1
1

.5
0

3
8

.8
7

3
9

.0
8

3
9

.2
93

9
.5

0
3

9
.7

0
3

9
.9

2
4

0
.1

3

9
0

.4
4

1
4

0
.3

3

1
5

3
.9

5

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm

1
1

.5
0

9
0

.4
4

Fig. S4 1H, 13C{1H}, and DEPT-135 NMR spectra of NMR spectrum for 3-methyl-1H-pyrazol-5-amine (1') 



S9 

       

12 11 10 9 8 7 6 5 4 3 2 1 0
ppm

9.172.00

TMS

H2O

Chloroform-d

0
.0

0

1
.6

4

7
.2

6
7

.4
2

7
.4

3
7

.5
2

7
.5

4
7

.5
7

7
.6

7
7

.8
4

8
.0

2
8

.0
4

8.05 8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25
ppm

9.172.00 1.00

Chloroform-d

7
.2

6

7
.4

2
7

.4
3

7
.4

4

7
.5

0

7
.5

2
7

.5
3

7
.5

4

7
.5

7

7
.5

8

7
.6

0

7
.6

2

7
.6

5
7

.6
5

7
.6

6
7

.6
7

7
.8

0

7
.8

4

8
.0

2

8
.0

4

 

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm

TMS

Chloroform-d

C

C
C=O

0
.0

0

7
6

.7
3

7
7

.0
5

7
7

.3
7

1
2

2
.0

7

1
2

8
.5

4
1

2
8
.6

7
1

2
9
.0

0
1

3
2
.8

4
1

3
4
.8

8
1

3
8
.2

0

1
4

4
.9

2

1
9

0
.6

4

138.5 138.0 137.5 137.0 136.5 136.0 135.5 135.0 134.5 134.0 133.5 133.0 132.5 132.0 131.5 131.0 130.5 130.0 129.5 129.0 128.5
ppm

CC

1
2

8
.4

9
1

2
8
.5

4
1

2
8
.6

7

1
2

9
.0

0

1
3

0
.6

1

1
3

2
.8

4

1
3

4
.8

8

1
3

8
.2

0

Fig. S5 1H and 13C{1H} of (E) chalcone (2a) 



S10 

       

12 11 10 9 8 7 6 5 4 3 2 1 0
ppm

4.112.142.12

TMS
H2O

Chloroform-d

0
.0

0

1
.6

7

7
.0

9
7

.1
1

7
.1

8
7

.2
6

7
.4

1
7

.4
5

7
.6

3
7

.6
4

8
.0

4

8
.0

6
8

.0
7

8.10 8.05 8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25 7.20 7.15 7.10 7.05
ppm

4.112.142.12 1.051.00

Chloroform-d

7
.0

9

7
.1

1

7
.1

3

7
.1

5

7
.1

8

7
.2

0

7
.2

6

7
.4

1

7
.4

5

7
.6

2
7

.6
3

7
.6

4
7

.6
5

7
.7

6

7
.8

0

8
.0

4
8

.0
5

8
.0

6
8

.0
7

 

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm

TMS

Chloroform-d

Co-F

Co-F'

Co-F

Co-F'

CHCHm-F

Cp-F

CHm-F'

Cp-F'

CH

CF

CF'

CF

CF'

C=O

0
.0

1

7
6

.7
3

7
7

.0
5

7
7

.3
6

1
1

5
.6

8
1

1
5
.9

0
1

1
6
.0

8
1

1
6
.3

0
1

2
1
.2

0

1
3

0
.3

6
1

3
1
.0

4
1

3
1
.1

3
1

3
4
.4

4

1
4

3
.7

4

1
6

2
.8

7
1

6
4
.3

7
1

6
5
.3

7
1

6
6
.9

01
8

8
.6

0

134 133 132 131 130 129 128 127 126 125 124 123 122 121 120 119 118 117 116
ppm

Co-F

Co-F'

Co-F

Co-F'

CH

CHm-FCp-F

CHm-F'

Cp-F'

1
1

5
.6

8
1

1
5
.9

0
1

1
6
.0

8
1

1
6
.3

0

1
2

1
.2

0

1
3

0
.3

6
1

3
0
.4

5

1
3

0
.9

8
1

3
1
.0

4
1

3
1
.1

3

1
3

4
.4

1
1

3
4
.4

4

Fig. S6 1H and 13C{1H} of (E)-1,3-bis(4-fluorophenyl)prop-2-en-1-one (2b) 
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Fig. S7 1H and 13C{1H} of (E)-1,3-bis(4-chlorophenyl)prop-2-en-1-one (2c) 
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Fig. S8 1H and 13C{1H} of (E)-1,3-bis(4-bromophenyl)prop-2-en-1-one (2d) 



S13 

       

12 11 10 9 8 7 6 5 4 3 2 1 0
ppm

4.042.052.02

TMS
H2O

Chloroform-d

0
.0

0

1
.7

2

3
.8

5
3

.8
8

6
.9

2
6

.9
4

6
.9

6
6

.9
8

7
.2

6
7

.4
1

7
.4

5
7

.5
9

7
.6

1
7

.7
6

8
.0

2
8

.0
4

8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9
ppm

4.042.052.02 1.021.00

Chloroform-d

6
.9

2

6
.9

4

6
.9

6

6
.9

8

7
.2

6

7
.4

1

7
.4

5

7
.5

9

7
.6

1

7
.7

6

7
.8

0

8
.0

2

8
.0

4

 

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm

TMS

Chloroform-d

C
C

C

C

C=O

0
.0

0

5
5
.4

1

7
6
.7

3
7

7
.0

5
7

7
.3

6

1
1
3

.8
0

1
1
4

.4
0

1
1
9

.5
7

1
2
7

.8
3

1
3
0

.1
1

1
3
0

.7
1

1
3
1

.3
8

1
4
3

.8
2

1
6
1

.5
2

1
6
3

.2
8

1
8
8

.7
8

160 155 150 145 140 135 130 125 120 115
ppm

C

C

CC

1
1
3

.8
0

1
1
4

.4
0

1
1
9

.5
7

1
2
7

.8
3

1
3
0

.1
1

1
3
0

.7
1

1
3
1

.3
8

1
4
3

.8
2

1
6
1

.5
2

1
6
3

.2
8

 
Fig. S9 1H and 13C{1H} of (E)-1,3-bis(4-methoxyphenyl)prop-2-en-1-one (2e) 
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Fig. S10 1H and 13C{1H} of (E)-1,3-di-p-tolylprop-2-en-1-one (2f) 
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Fig. S11 1H and 13C{1H} of (E)-1-(4-chlorophenyl)-3-(p-tolyl)prop-2-en-1-one (2g) 
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Fig. S12 1H and 13C{1H} of (E)-3-(4-chlorophenyl)-1-(p-tolyl)prop-2-en-1-one (2h) 
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Fig. S13 1H, 13C{1H}, and DEPT-135 NMR spectra of 2-methyl-5,7-diphenylpyrazolo[1,5-a]pyrimidine (4a') 
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Fig. S14 1H, 13C{1H}, and DEPT-135 NMR spectra of 5,7-bis(4-chlorophenyl)-2-methylpyrazolo[1,5-a]pyrimidine (4b') 
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Fig. S15 1H, 13C{1H}, and DEPT-135 NMR spectra of 2-methyl-5,7-di-p-tolylpyrazolo[1,5-a]pyrimidine (4c') 
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Fig. S16 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-carboethoxy-5,7-diphenylpyrazolo[1,5-a]pyrimidine (4a) 
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Fig. S17 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-carboethoxy-5,7-bis(4-fluorophenyl)pyrazolo[1,5-a]pyrimidine (4b) 
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Fig. S18 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-carboethoxy-5,7-bis(4-chlorophenyl)pyrazolo[1,5-a]pyrimidine (4c) 
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Fig. S19 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-carboethoxy-5,7-bis(4-bromophenyl)pyrazolo[1,5-a]pyrimidine (4d) 
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Fig. S20 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-carboethoxy-5,7-bis(4-methoxyphenyl)pyrazolo[1,5-a]pyrimidine (4e) 
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Fig. S21 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-carboethoxy-5,7-di-p-tolylpyrazolo[1,5-a]pyrimidine (4f) 
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Fig. S22 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-carboethoxy-5-(4-chlorophenyl)-7-(p-tolyl)pyrazolo[1,5-a]pyrimidine (4g) 
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Fig. S23 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-carboethoxy-7-(4-chlorophenyl)-5-(p-tolyl)pyrazolo[1,5-a]pyrimidine (4h) 
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Fig. S24 1H, 13C{1H}, and DEPT-135 NMR spectra of N-isopropyl-5,7-diphenylpyrazolo[1,5-a]pyrimidine-3-carboxamide (5a).  
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Fig. S25 1H, 13C{1H}, and DEPT-135 NMR spectra of N-(n-butyl)-5,7-diphenylpyrazolo[1,5-a]pyrimidine-3-carboxamide (5b). 
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Fig. S26 1H, 13C{1H}, and DEPT-135 NMR spectra of N-cyclohexyl-5,7-diphenylpyrazolo[1,5-a]pyrimidine-3-carboxamide (5c). 
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Fig. S27 1H, 13C{1H}, and DEPT-135 NMR spectra of N-benzyl-5,7-diphenylpyrazolo[1,5-a]pyrimidine-3-carboxamide (5d). 
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Fig. S28 1H, 13C{1H}, and DEPT-135 NMR spectra of N-(4-fluorobenzyl)-5,7-diphenylpyrazolo[1,5-a]pyrimidine-3-carboxamide (5e). 
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Fig. S29 1H, 13C{1H}, and DEPT-135 NMR spectra of N-(4-methoxybenzyl)-5,7-diphenylpyrazolo[1,5-a]pyrimidine-3-carboxamide (5f). 
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Fig. S30 1H, 13C{1H}, and DEPT-135 NMR spectra of 5,7-diphenyl-N-(1-phenylethyl)pyrazolo[1,5-a]pyrimidine-3-carboxamide (5g). 
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Fig. S31 1H and 13C{1H}/DEPT-135 NMR spectra of N-(3-Morpholinopropyl)-5,7-diphenylpyrazolo[1,5-a]pyrimidine-3-carboxamide (5h). 
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4. HRMS analysis 
 
 
 

 
Fig. S32 HRMS analysis of compound 4a. 
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Fig. S33 HRMS analysis of compound 4b. 
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Fig. S34 HRMS analysis of compound 4c. 
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Fig. S35 HRMS analysis of compound 4d. 
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Fig. S36 HRMS analysis of compound 4e. 
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Fig. S37 HRMS analysis of compound 4f. 
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Fig. S38 HRMS analysis of compound 4g. 
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Fig. S39 HRMS analysis of compound 4h. 
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Fig. S40 HRMS analysis of compound 5a. 
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Fig. S41 HRMS analysis of compound 5b. 
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Fig. S42 HRMS analysis of compound 5c. 
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Fig. 43 HRMS analysis of compound 5d. 
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Fig. 44 HRMS analysis of compound 5e. 
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Fig. 45 HRMS analysis of compound 5f. 
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Fig. 46 HRMS analysis of compound 5g. 
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Fig. 47 HRMS analysis of compound 5h. 
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5. Crystallographic details 
 
Experimental. The X-ray intensity data were measured at 25(2) °C using CuKα radiation (λ = 1.54184 Å), by 

ω scans in an Agilent SuperNova, Dual, Cu at Zero, Atlas four-circle diffractometer equipped with a CCD 

plate detector. The collected frames were integrated with the CrysAlis PRO software package (CrysAlisPro 

1.171.39.46e, Rigaku Oxford Diffraction, 2018). Data were corrected for the absorption effect using the 

CrysAlis PRO software package by the empirical absorption correction using spherical harmonics, 

implemented in the SCALE3 ABSPACK scaling algorithm. Crystal data, data collection, and structure 

refinement details are summarized in Table S1. H atoms were placed in calculated positions (C—H = 0.93 - 

0.98 Å) and included as riding contributions, with isotropic displacement parameters set at 1.2–1.5 times 

the Ueq value of the parent atom. H atoms belonging to NH groups were located in difference density maps 

and were refined freely. The crystal structures were solved using an iterative algorithm8 and subsequently 

completed by a difference Fourier map and refined using the program SHELXL2014.9 Molecular and 

supramolecular graphics were carried out using Mercury software.10 

 

Structural commentary. Molecular structures of 4a, 4g, 5a, 5d, and 5h were obtained from the structural 

determination using X-ray diffraction data (Fig. 48). Structures are shown with anisotropic thermal vibration 

Table S1 Crystallographic data of compounds 4a, 4g, 5a, 5d, and 5h recorded in a diffractometer at 25(2) °C. 
Data/compound (CF)a 4a (C21H17N3O2) 4g (C22H18ClN3O2) 5a (C22H20N4O) 5d (C26H20N4O) 5h (C26H27N5O2) 

Mr 343.38 391.84 356.42 404.46 441.52 

Crystal system, space group Monoclinic, P21/c Monoclinic, P21/c Tetragonal, I41/a Monoclinic, P21/c Orthorhombic, Pbca 

a, b, c (Å) 
12.2765 (7), 14.1241 
(8), 10.5227 (5) 

14.4736 (12), 7.8609 
(6), 17.8444 (16) 

22.9964 (10), 22.9964 (10) 
14.1407 (17) 

10.4688 (5), 10.5163 
(5), 18.8519 (10) 

10.4658 (8), 9.9343 (8), 
43.524 (3) 

α, β, γ (°) 
90.0, 105.977 (6), 
90.0 

90.0, 106.052 (9), 
90.0 

90.0, 90.0, 90.0 90.0, 100.789 (5), 90.0 90.0, 90.0, 90.0 

V (Å3) 1754.12 (17) 1951.1 (3) 7478.1 (11) 2038.78 (18) 4525.3 (6) 

Z 4 4 16 4 8 
Radiation type Cu Kα Cu Kα Cu Kα Cu Kα Cu Kα 
µ (mm−1) 0.69 1.92 0.64 0.66 0.68 
ρ, kg m-3 1.300 1.334 1.266 1.318 1.296 

Data collection b      

No. of measured, 
independent/observed  
[I > 2σ(I)] reflections 

14221, 3642, 3045 11940, 4047, 3384 12683, 3831,3350 19639, 4244, 3615 19705, 4693, 4230 

Rint 0.041 0.066 0.031 0.062 0.041 

(sin θ/λ)max (Å−1) 0.631 0.630 0.630 0.630 0.630 

Theta range for data 
collection 

-15<=h<=14, 
-17<=k<=17, 
-8<=l<=13 

-18<=h<=17, 
-9<=k<=6, 
-22<=l<=22 

-27<=h<=28, 
-28<=k<=19, 
-14<=l<=17 

-9<=h<=13, 
-13<=k<=13, 
-23<=l<=23 

-12<=h<=13, 
-11<=k<=12, 
-53<=l<=54 

Theta range for data 
collection 

3.745 to 76.574 5.158 to 76.372 3.669 to 76.205 4.299 to 76.360 4.063 to 76.343 

Refinement      

R[F2 > 2σ(F2)], wR(F2), S 0.050, 0.140, 1.03 0.068, 0.220, 1.06 0.051, 0.145, 1.04 0.055, 0.162, 1.06 0.054, 0.155, 1.04 

No. of reflections 3642 4047 3831 4244 4693 

No. of parameters 237 256 249 283 301 
No. of restraints 0 0 15 0 0 

H-atom treatment 
H-atom parameters 
constrained 

H-atom parameters 
constrained  

By a mixture of 
independent and 
constrained refinement 

By a mixture of 
independent and 
constrained refinement  

 By a mixture of 
independent and 
constrained refinement  

Δρmax, Δρmin (e Å−3) 0.19, −0.16 0.31, −0.28 0.26, −0.47 0.17, −0.23 0.25, −0.22 
a CF = Chemical formula. b A diffractometer SuperNova was used. Dual, Cu at zero, Atlas. Multi-scan (CrysAlis PRO; Agilent, 2014) was used as an absorption correction. 



S53 

       

ellipsoids drawn at the 50% probability level. The hydrogen atoms are shown as spheres of arbitrary radius. 

The structural determinations and the corresponding refinements were performed without ambiguity. The 

final R-values are shown in Table S1. In amides 5a, 5d, and 5h, the molecular conformations are influenced 

by an intramolecular N-H‧‧‧N hydrogen bond involving the amine group and the pyrazolo[1,5-a]pyrimidine 

ring with H‧‧‧N distances between 2.1 – 2.3 Å (Fig. S48). The non-bonding electron pairs over the oxygen 

atom in the carbonyl group play an essential role in the supramolecular structures. In esters 4a and 4g, C-

H‧‧‧O hydrogen interactions connect molecules in the crystal. However, the chlorine atom in 4g changes 

the acid character of the hydrogen atoms, inducing that in 4a, the hydrogen interaction is mediated by the 

phenyl group. In comparison, in 4g, this interaction involves the methylene moiety. This behaviour is 

additionally observed in the H‧‧‧O distances, 2.52 and 2.80 Å for 4a and 4g, respectively (Fig. S49). 

Fig. S48 Molecular structures of 4a, 4g, 5a, 5d, and 5h obtained by X-ray diffraction data 

On the other hand, in compounds 5a, 5d, and 5h (Reversan), the participation of the carbonyl group (C=O) 

is crucial in the supramolecular structure. However, the amide group instead of the ester group produces 

changes in connectivity. In 5a, the shortest C-H‧‧‧O hydrogen bond involves the pyrazolo[1,5-a]pyrimidine 

ring (H‧‧‧O distance of 2.53 Å), while in 5d, this interaction consists of the phenyl ring (H‧‧‧O distance of 

2.63 Å). In 5h, the shortest hydrogen interaction occurs between two neighbouring amide groups by N-H‧

‧‧O hydrogen bonds (H‧‧‧O distance of 2.53 Å) (Fig. S50). 
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Fig. S49 Hydrogen interactions (C-H‧‧‧O) connect molecules in the crystal for esters 4a and 4g. 

 

 
Fig. S50 Hydrogen interactions (C-H‧‧‧O) connect molecules in the crystal for amides 5a, 5d, and 5h (Reversan). 
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