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13C{1H} NMR Spectrum 3-(furan-2-yl)-1-(p-tolyl)pyrrolo[1,2-a]pyrazine(3a)

1H NMR Spectrum 3-(naphthalen-2-yl)-1-(p-tolyl)pyrrolo[1,2-a]pyrazine(3b)
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13C{1H} NMR Spectrum 3-(naphthalen-2-yl)-1-(p-tolyl)pyrrolo[1,2-a]pyrazine(3b)
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1H NMR Spectrum 3-phenethyl-1-(p-tolyl)pyrrolo[1,2-a]pyrazine(3c)
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13C{1H} NMR Spectrum 3-phenethyl-1-(p-tolyl)pyrrolo[1,2-a]pyrazine(3c)
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1H NMR Spectrum 1-(4-methoxyphenyl)-3-phenylpyrrolo[1,2-a]pyrazine(3d)
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13C{1H} NMR Spectrum 1-(4-methoxyphenyl)-3-phenylpyrrolo[1,2-a]pyrazine(3d)
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1H NMR Spectrum 3-(2-bromophenyl)-1-(p-tolyl)pyrrolo[1,2-a]pyrazine(3e)
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13C{1H} NMR Spectrum 3-(2-bromophenyl)-1-(p-tolyl)pyrrolo[1,2-a]pyrazine(3e)
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1H NMR Spectrum 3-phenyl-1-(p-tolyl)pyrrolo[1,2-a]pyrazine(3f)
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13C{1H} NMR Spectrum 3-phenyl-1-(p-tolyl)pyrrolo[1,2-a]pyrazine(3f)
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1H NMR Spectrum 1-(4-chlorophenyl)-3-phenylpyrrolo[1,2-a]pyrazine(3g)
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13C{1H} NMR Spectrum 1-(4-chlorophenyl)-3-phenylpyrrolo[1,2-a]pyrazine(3g)
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1H NMR Spectrum 1-(3-chlorophenyl)-3-phenylpyrrolo[1,2-a]pyrazine(3h)

13C{1H} NMR Spectrum 1-(3-chlorophenyl)-3-phenylpyrrolo[1,2-a]pyrazine(3h)
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1H NMR  Solid Spectrum for [Cu(BDC-NH2)@Schiff-Base-Pd(II)]

The 1HNMR results indicate two types of hydrogen bonded to the amine nitrogen in the structure 
of the metal-organic framework. This spectrum indicates that the surface amine nitrogens form 
imine with the ligand in question and are part of free internal amines.
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In order to investigate the positive effect of the synthesis and application of this metal organic 
framework with copper-based catalytic carriers, we synthesized some of them according to the 
instructions and used them in the synthesis of product number 3a in comparison with the 
mentioned catalyst. Inputs 1 to 4 can be seen due to the penetration of palladium inside the sites, 
the available surface of the catalyst is less, as a result, the product efficiency is lower.

Tabel 1. Comparison of the effect of different catalyst carriers containing Cu for use in the synthesis of products 
with C-N couplinga.

Entry Catalyst Carriers Yield (%) Refs.
1 Cu-MOF 62 [1]
2 Mn/Cu metal–organic 

frameworks
51 [2]

3 MOF-891 57 [3]
4 Cu-MOF2 48 [4]
5 [Cu(BDC-NH2)@Schiff 

base Pd(II)]catalyst
66 This work

aProduct sample (3a)
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