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1. Copies of NMR spectra for compounds 3 

 

 
 

 
Figure S1: 1H and 13C{1H} spectra for 2,5-dimethyl-1-phenyl-1H-pyrrole 3a. [1] 
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Figure S2: 1H and 13C{1H} spectra for 2,5-dimethyl-1-(p-tolyl)-1H-pyrrole 3b. [2] 
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Figure S3: 1H, 19F{1H}, 13C{1H}, and DEPT-135 spectra for 1-(3-methoxy-5-

(trifluoromethyl)phenyl)-2,5-dimethyl-1H-pyrrole 3c 
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Figure S4: 1H, 13C{1H}, and DEPT-135 spectra for 1-(4-chlorophenyl)-2,5-dimethyl-1H-pyrrole 

3d. [3] 
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Figure S5: 1H and 13C{1H} spectra for 2,5-dimethyl-1-(4-nitrophenyl)-1H-pyrrole 3e. [1] 
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Figure S6: 1H, 13C{1H}, and DEPT-135 spectra for 1-benzyl-2,5-dimethyl-1H-pyrrole 3f. [3] 
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Figure S7: 1H, 13C{1H}, and DEPT-135 spectra for 1-(4-chlorobenzyl)-2,5-dimethyl-1H-pyrrole 

3g. [4] 
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Figure S8: 1H, 19F{1H}, 13C{1H}, and DEPT-135 spectra for 1-(3,5-bis(trifluoromethyl)benzyl)-

2,5-dimethyl-1H-pyrrole 3h. 
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Figure S9: 1H and 13C{1H} spectra for 2,5-dimethyl-1-(naphthalen-1-yl)-1H-pyrrole 3i. [3] 
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Figure S10: 1H and 13C{1H} spectra for 2-(2,5-dimethyl-1H-pyrrol-1-yl)benzo[d]thiazole 3l. [5] 
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Figure S11: 1H and 13C{1H} spectra for 6-chloro-2-(2,5-dimethyl-1H-pyrrol-1-

yl)benzo[d]thiazole 3m. [5] 
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Figure S12: 1H and 13C{1H} spectra for 2-(2,5-dimethyl-1H-pyrrol-1-yl)-6-nitrobenzo[d]thiazole 

3n. [5] 
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Figure S13: 1H, 13C{1H}, and DEPT-135 spectra for 5-(2,5-dimethyl-1H-pyrrol-1-yl)-3-methyl-

1-phenyl-1H-pyrazole 3o. 
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Figure S14: 1H, 13C{1H}, DEPT-135, and HSQC spectra for 2-((2,5-dimethyl-1H-pyrrol-1-

yl)methyl)-1H-benzo[d]imidazole 3p. 
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2. Copies of HRMS spectra for compounds 3 

 

 
 

Figure S15: HRMS spectrum for 1-(3-methoxy-5-(trifluoromethyl)phenyl)-2,5-dimethyl-1H-

pyrrole 3c. 
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Figure S16: HRMS spectrum for 1-(4-chlorophenyl)-2,5-dimethyl-1H-pyrrole 3d. 
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Figure S17: HRMS spectrum for 1-benzyl-2,5-dimethyl-1H-pyrrole 3f. 
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Figure S18: HRMS spectrum for 1-(4-chlorobenzyl)-2,5-dimethyl-1H-pyrrole 3g. 
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Figure S19: HRMS spectrum for 1-(3,5-bis(trifluoromethyl)benzyl)-2,5-dimethyl-1H-pyrrole 3h. 
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Figure S20: HRMS spectrum for 5-(2,5-dimethyl-1H-pyrrol-1-yl)-3-methyl-1-phenyl-1H-

pyrazole 3o. 
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Figure S21: HRMS spectrum for 2-((2,5-dimethyl-1H-pyrrol-1-yl)methyl)-1H-

benzo[d]imidazole 3p. 
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3. Crystal data, data collection, and structure refinement details for compound 3g 

 

Table S1: Experimental data for X-ray diffraction analysis for compound 3g. 

 
Crystal data Compound 3g 

CCDCa code 2239500 

Formula C13H14ClN 

Mr 219.70 

T [K] 200(2) 

[Å] 0.71073 

crystal system Monoclinic 

space group C2 

a [Å];  [º] 19.000(1) 

b [Å];  [º] 6.100(1); 135.17(1) 

c [Å];  [º] 14.256(1) 

V [Å3] 1164.8(1) 

Z 4 

calcd [g cm-3] 1.253 

mm-1] 0.294 

F(000) 464 

crystal size [mm3] 0.56×0.38×0.21 

  range (deg) 2.03 to 27.48 

index ranges –24 to 24, 

–7 to 7, 

–18 to 18 

Reflections collected 29796 

Unique data 2676 [Rint = 0.039] 

obsd data [I>2(I)] 2532 

Goodness-of-fit on F2 1.131 

final Ra indices [I>2(I)] R1 = 0.030, 

wR2 = 0.089 

Rb indices (all data) R1 = 0.035, 

wR2 = 0.101 

largest diff. peak/hole [e Å-3] 0.246/–0.245 

 
a Cambridge Crystallographic Data Centre.  bR1 = ||F0|-|Fc|| / [|F0|], wR2 = {[w(F0

2-Fc
2)2] / [w(F0

2)2]}1/2 
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4. X-Ray powder difraction data for compound 3g 
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Figure S22: X-Ray powder difraction data for compound 3g. 
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5. Surface area, pore volume, and pore size of aluminas 

 

Table S2: Surface area, pore volume, and pore size of CATAPAL 200. 
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Table S3: Surface area, pore volume, and pore size of CATAPAL C-1. 
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Table S4: Surface area, pore volume, and pore size of CATALOX SBA-90. 
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Table S5: Surface area, pore volume, and pore size of CATALOX SBA-200. 

 

 



S35 

 

 

 

 



S36 

 

6. References 

 
[1]  Walia, A.; Kang, S.; Silverman, R. B. Microwave-assisted protection of primary amines as 

2,5-dimethylpyrroles and their orthogonal deprotection. J. Org. Chem. 2013, 78, 10931–
10937, doi: 10.1021/jo401778e. 

 
[2] Aghapoor, K.; Ebadi-Nia, L.; Mohsenzadeh, F.; Mohebi Morad, M.; Balavar, Y.; Reza 

Darabi, H. Silica-supported bismuth(III) chloride as a new recyclable heterogeneous catalyst 
for the Paal–Knorr pyrrole synthesis. J. Organomet. Chem. 2012, 708–709, 25–30, doi: 
10.1016/j.jorganchem.2012.02.008. 

 
[3] Chen, X.; Yang, M.; Zhou, M. Efficient synthesis of substituted pyrroles through 

Pd(OCOCF3)2-catalyzed reaction of 5-hexen-2-one with primary amines. Tetrahedron Lett. 
2016, 57, 5215–5218, doi: 10.1016/j.tetlet.2016.10.029. 

 
[4]  Fu, W.; Zhu, L.; Tan, S.; Zhao, Z.; Yu, X.; Wang, L. Copper/nitroxyl-catalyzed synthesis of 

pyrroles by oxidative coupling of diols and primary amines at room temperature. J. Org. 
Chem. 2022, 87, 13389–13395, doi: 10.1021/acs.joc.2c01646. 

 
[5] Portilla-Zúñiga, O.; Sathicq, Á.; Martínez, J.; Rojas, H.; De Geronimo, E.; Luque, R.; 

Romanelli, G. P. Novel bifunctional mesoporous catalysts based on Preyssler heteropolyacids 
for green pyrrole derivative synthesis. Catalysts 2018, 8, 419, doi: 10.3390/catal8100419. 

 

 


