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General Experimental 

     Reactions described in the Supplementary Materials section were performed in flame- or oven-

dried round-bottom flasks using solvents directly as supplied by commercial vendors, or dried as 

needed over standard drying agents, depending on the moisture sensitivity of the particular 

reaction.  All other reagents were used directly as supplied without additional drying or 

purification.  1H NMR and 13C NMR spectra were determined in CDCl3 or DMSO-d6 using internal 

references: δ 7.27 or 2.50 (1H), δ 77.23 or 39.52 (13C), respectively.  High resolution mass spectra 

were obtained using fast atom bombardment electrospray (ES) ionization techniques and had 

errors of less than ± 5 ppm.   

Ligand Synthesis 

Ligands L-1, L-2, L-3, and L-4 were prepared via a modification of the method of Huang and 

co-workers, where we employed Ph3P/NIS to generate a reactive acyl iodide intermediate1, 2 to 

achieve the desired amidation (Scheme S1).  In our hands, the method of Huang and co-workers 

which employed SOCl2 for generating an acyl chloride consistently gave yields <35%, even after 

rigorous drying of glassware, solvents, and reagents.  The Ph3P/NIS method was more 

reproducible, and ligands were obtained in 38-67% (ave = 49%). 
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Scheme S1.  Reagents and conditions:  (a)  NaNO2, AcOH:DMSO (1:1); 0°C–RT; (b) Zn, 
EtOH:AcOH (4:1), 0°C–RT, 5 h;  (c)  RCO2H (1.3 equiv.), Ph3P  (1.5 equiv.), NIS (1.5 equiv.), 
CH3CN, 0°C – RT, 16 h.  
 
 

  N-Nitroso-9H-carbazole  

 N-Nitroso-9H-carbazole was prepared via the method of Huang and co-workers (1 g, 97%).3  An 

exhaustive search of CAS SciFinder (Oct. 2024) revealed that although the 1H characterization 

data for this compound has been reported, 13C NMR data was missing.  We report such data for 

archival purposes.  
1H NMR (CDCl3, 500 MHz) δ  8.59–8.58 (m, 1H), 8.26 (d, J = 8.0 Hz; 1H), 7.97–7.93 (m, 2H), 

7.57 (dt, J = 8.3, 1.0 Hz; 1H), 7.53–7.48 (m, 3H), 13C NMR (CDCl3, 125 MHz) δ 138.5, 132.7, 

128.5, 128.1, 127.4, 126.2, 125.3, 124.8, 120.3, 119.8, 116.5, 112.3; HRMS Calcd. for 

C12H9N2O [M+H]: 197.0715; Found: 197.0721 (D = 3.0 ppm).  

N-Amino-9H-carbazole (S-1)   

N-Amino 9H-carbazole (S-1) was prepared following a modification of the method of Cui et al.4  

To a stirred solution of N-nitrosocarbazole (500 mg, 2.55 mmol), in EtOH:AcOH (4:1)(15 mL) 

at 0 °C was added Zn dust (670 mg, 10.5 mmol, 4 equiv.) in four aliquots over 1 hour (one 

aliquot every 15 min).  The resulting mixture was allowed to warm to RT and stirred for 5 h.  

The crude reaction mixture was poured into EtOAc (20 mL), partitioned with H2O (20 mL), and 

washed with NaHCO3 (sat’d) (2 X 40 mL).  The organic layer was dried over MgSO4, filtered, 
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and then evaporated under reduced pressure.  Purification via column chromatography (10% 

EtOAc/Hexanes) gave S-1 (0.399 g, 2.2 mmol, 86%).  
1H NMR (DMSO-d6, 500 MHz) δ  8.11 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.5 Hz, 2H), 7.46 (dt, J 

= 8.0, 1.0 Hz, 2H), 7.17 (‘t’, J = 7.8 Hz, 2H), 5.83 (s, 2H); 13C NMR (DMSO-d6, 125 MHz) δ 

141.6, 125.9, 120.4, 120.2, 119.0, 109.5; HRMS Calcd. for C12H10N2 [M+H]: 183.0922; Found: 

183.0929 (D = 3.8 ppm).   

 

N-(9H-Carbazol-9-yl)-1H-pyrrole-2-carboxamide (L-1)  

A solution of 1H-pyrrole-2-carboxylic acid (79 mg, 0.71 mmol, 1.3 equiv), N-iodosuccinimide 

(187 mg, 0.83 mmol, 1.5 equiv), and Ph3P (218 mg, 0.83 mmol, 1.5 equiv), in CH3CN (3 mL), 

was stirred under Argon at ambient temperature for 30 minutes.  N-amino-9H-carbazole (100 

mg, 0.55 mmol) was added, and the mixture stirred for an additional 16 h.  Solvents were 

removed under reduced pressure and the crude residue purified via chromatography (20% 

EtOAc/Hexanes) to give L-1 (101 mg, 0.37 mmol, 67%).  

 
1H NMR (DMSO-d6, 500 MHz) δ 11.84 (s, 1H), 11.36 (s, 1H), 8.21 (d, J = 7.7 Hz, 2H), 7.46 (dt, 

J = 8.1, 1.0 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 7.28 (‘t’, J = 7.8 Hz, 2H), 7.20 (bs, 1H), 7.07 (bs, 

1H), 6.27 (bs, 1H); 13C NMR (DMSO-d6, 125 MHz) δ 160.8, 140.7, 126.7, 123.8, 123.7, 121.1, 

120.9, 120.4, 112.5, 109.8, 109.1; HRMS Calcd. for C17H14N3O [M+H]: 276.1137; Found: 

276.1130 (D = 2.5 ppm).  

 

N-(9H-Carbazol-9-yl)picolinamide (L-2) 

Similar to L-1; N-aminocarbazole (100 mg, 0.55 mmol), picolinic acid (87 mg, 0.71 mmol, 1.3 

equiv), N-iodosuccinimide (187 mg, 0.83 mmol, 1.5 equiv), Ph3P (218 mg, 0.83 mmol, 1.5 equiv); 

L-2  (73 mg, 0.25 mmol, 46%). 
1H NMR (DMSO-d6, 500 MHz) δ  12.14 (s, 1H), 8.83 (d, J = 4.7 Hz, 1H), 8.20 (d, J = 7.7 Hz, 

2H), 8.12–8.10 (m, 2H), 7.78–7.75 (m, 1H), 7.44 (t, J = 7.2 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 

7.26 (‘t’, J = 7.5 Hz, 2H); 13C NMR (DMSO-d6, 125 MHz) δ 163.4, 148.4, 148.1, 139.2, 137.5, 

127.0, 125.5, 122.3, 120.1, 119.8, 119.3, 108.1; HRMS Calcd. for C18H14N3O [M+H]: 288.1137; 

Found: 288.1134 (D = 1.0 ppm).  
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N-(9H-Carbazol-9-yl)furan-2-carboxamide (L-3) 

Similar to L-1; N-aminocarbazole (100 mg, 0.55 mmol), furan-2-carboxylic acid (79 mg, 0.71 

mmol, 1.3 equiv), N-iodosuccinimide (187 mg, 0.83 mmol, 1.5 equiv), Ph3P (218 mg, 0.83 mmol, 

1.5 equiv); L-3  (68 mg, 0.25 mmol, 45%) 
1H NMR (DMSO-d6, 500 MHz) δ 11.8 (bs, 1H), 8.20 (d, J = 7.8 Hz, 2H), 8.06 (d, J = 0.9 Hz, 

2H), 7.47 - 7.44 (m, 3H), 7.37 (d, J = 8.1 Hz, 2H), 7.28 (ddd, J = 7.8, 7.1, 0.6 Hz, 2H), 6.80 (dd, 

J = 3.4, 1.7 Hz, 1H); 13C NMR (DMSO-d6, 125 MHz) δ 156.8, 145.9, 144.9, 139.3, 125.6, 120.1, 

119.8, 119.5, 115.4, 111.7, 108.1; HRMS Calcd. for C17H13N2O2 [M+H]: 277.0977; Found: 

277.0989 (D = 4.3 ppm). 

 

N-(9H-Carbazol-9-yl)thiophene-2-carboxamide (L-4) 

Similar to L-1; N-aminocarbazole (100 mg, 0.55 mmol), thiophene-2-carboxylic acid (91 mg, 0.71 

mmol, 1.3 equiv), N-iodosuccinimide (187 mg, 0.83 mmol, 1.5 equiv), Ph3P (218 mg, 0.83 mmol, 

1.5 equiv); L-4 (61 mg, 0.21 mmol, 38%). 
1H NMR (DMSO-d6, 500 MHz) δ  11.9 (bs, 1H), 8.20 (d, J = 7.6 Hz, 2H), 8.14 (‘s’, 1H), 8.01 (d, 

J = 4.5 Hz, 1H), 7.47 (‘t’, J = 7.5 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 4.6 Hz, 1H), 

7.28 (‘t’, J = 7.4 Hz, 1H); 13C NMR (DMSO-d6, 125 MHz) δ 160.4, 139.3, 135.4, 132.1, 129.5, 

127.9, 125.7, 120.1, 119.9, 119.5, 108.1; HRMS Calcd. for C17H13N2OS [M+H]: 293.0749; 

Found: 293.0755 (D = 2.0 ppm). 

Optimization of C-3 Amination  

  Reactions were set up according to the manuscript General Procedure for 3,5-bis-

aminopyrazolo[1,5-a]pyrimidines 30, reproduced below for clarity.  After reacting at the 

specified temperatures, at timed intervals (as indicated in Table 1, see manuscript), the reactions 

were cooled to RT and analyzed by 1H NMR.  Various bases, solvents, and ligands were also 

evaluated (Table 1, manuscript).   

 

General Procedure: 

  A solution of 3-Bromo-5-(pyrrolidin-1-yl)pyrazolo[1,5-a]pyrimidine (29a) (50 mg, 0.19 mmol), 

morpholine (25 mg, 0.29 mmol, 1.5 equiv.), L-1 (6 mg, 0.02 mmol, 10 mol%), CuI (2 mg, 0.01 

mmol, 5 mol%), and K2CO3 (52 mg, 0.38 mmol, 2 equiv.), in diethyleneglycol (DEG, 1 mL) was 
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stirred in a 10 mL microwave reactor vessel and heated at various temperatures and for varying 

lengths of time.  Solvents, bases, and ligands were also varied (see Table 1, manuscript).    

  After the reaction had cooled to RT, an aliquot of reaction mix (approx. 200 µL) was directly 

mixed with DMSO-d6 to prepare an NMR sample consisting of DEG:DMSO-d6 (approx. 1:10, 

DEG:DMSO-d6).  Resonances Ha were normalized, then comparative integrations were used to 

determine the relative ratios of 29a, 30e, and 31 (see pp. 164-169). 

 

1 FrØyen, P. Formation of acyl bromides from carboxylic acids and N-bromosuccinimide; some reactions of 
bromocyanotriphenylphosphorane. Phosphorus, Sulfur, and Silicon and the Related Elements, 1995, 102, 253–259. 
https://doi.org/10.1080/10426509508042564 
 
2 Wangngae,S; Duangkamol, C.; Pattarawarapana, M.; Phakhodee; W.  Significance of reagent addition sequence in 
the amidation of carboxylic acids mediated by PPh3 and I2.  RSC Adv., 2015, 5, 25789-25793 
https://doi.org/10.1039/C5RA03184B 
 
3 Hong, P.; Zhu, X.; Lai, X.; Gong, Z.; Huang, M.; Wan, Y. Room-Temperature CuI-Catalyzed N-Arylation of 
Cyclopropylamine. J. Org. Chem. 2024, 89, 57–67. https://doi.org/10.1021/acs.joc.3c01357. 
 
4 Cui, H. et al.  Synthesis of N-Amino-Carbazole, Yingyong Huagong 2006, 35, 295-297. 
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Hb

29a

Ha

Hc

t = 7 d, RT 



29a

t = 7 d, RT 

Ha (29a)

Ha (31)

31



Ha (29a)

29a

30e

Ha (31)

31

Ha (30e)

Hd (31)

t = 24 h, 70 °C Conventional Heating



Ha (29a)

29a

30e

Ha (31)

31

Ha (30e)

Hd (31)

t = 30 min, 70 °C Microwave



Ha (29a)

29a

30e

Ha (31)

31

Ha (30e)

Hd (31)

t = 1 h, 70 °C Microwave



29a

30e

Ha (31)

31

Ha (30e)

Hd (31)

t = 1 h, 80 °C Microwave


