
 
 

 
 

 
Chem. Proc. 2021, 3, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/chemproc 

Proceedings 

Palladium cyclometallated compounds: evaluation of their cata- 1 

lytic activity in cross-coupling reactions† 2 

Marcos Rúa-Sueiro*, Paula Munín-Cruz, Sara Bermúdez-Fernández and José M. Vila 3 

epartment of Inorganic Chemistry, Faculty of Chemistry, University of Santiago de Compostela, Avda. das 4 
Ciencias s/n, 15782, Santiago de Compostela, Spain. 5 
* Correspondence: marcos.rua.sueiro@usc.es 6 
† Presented at the title: Palladium cyclometallated compounds: evaluation of their catalytic activity in 7 

cross−coupling reactions, 8 
Place: The 2nd Electronic Conference on Catalysis Science, Date: Oct. 15th 2021. 9 

Abstract: Catalysts are substances that can increase the speed of a chemical reaction and have been 10 

used a lot in chemical industry. Palladium is one of the most widely used metal center in 11 

metal−based catalysts, and a lot of palladium complexes have been extensively used in many reac- 12 

tions, particularly in cross-coupling reactions with carbon-carbon bond formation. All their possible 13 

applications as catalysts, along with their uses in biological assays as anticancer agents, make these 14 

family of complexes a very interesting and studied one, allowing to modify the ligands around the 15 

metal, extremely modulating their properties. Herein we report the synthesis of several palladium 16 

cyclometallated compounds with thiosemicarbazone ligands and bis(diphenylphosphino)methane 17 

(dppm). Also, we evaluate their catalytic activity in Suzuki-Miyaura cross-coupling reaction, using 18 

4-bromoacetophenone and phenylboronic acid as reagents, following the reaction with 1H-NMR 19 

spectroscopy. A final comparison between the catalytic conversions and the complexes allows us to 20 

propose the best structure for a catalytic purpose in these conditions. 21 
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 23 

1. Introduction 24 

Chemistry of transition metals have been extensively studied over the years1, 2. The 25 

high number of different metals and all ligands that could coordinate around them make 26 

this kind of complexes a very extensive number with different properties and applications 27 

in coordinative and organometallic chemistry. 28 

Among all these metals, palladium is one of the most interesting ones. Its coordina- 29 

tive ability to many donor atoms3-5, including carbon atoms to synthesized cyclometal- 30 

lated compounds6-8, makes this metal an excellent choice. The square-planar geometry 31 

facilitates the coordination of multidentate ligands9, 10, creating very stable complexes. 32 

Cyclometallated compounds with palladium are reported in this research work, us- 33 

ing thiosemicarbazone ligands11-15. Catalytic activity of all species synthesized is discussed 34 

for Suzuki-Miyaura’s reaction. 35 

2. Experimental 36 

The reactions to obtain the thiosemicarbazone ligands, tetranuclear compounds with 37 

palladium and reaction of these compounds with dppm were carried out following the 38 

procedure earlier reported by us16. 39 

2.1. Synthesis of homodinuclear compounds (10-12) 40 

Compounds 7-9 (15 mg) and bis(benzonitrile)palladium (II) chloride (quantities 41 

shown in Table 1) were added under nitrogen in a deoxygenated solution of acetone 42 
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(Scheme 1). After stirring for 24 h at room temperature, the solvent was removed under 1 

reduced pressure and the residue was titrated with dichloromethane-hexane, centrifu- 2 

gated and dried under vacuum. 3 

 4 

Scheme 1. Formation of dinuclear compounds. 5 

Table 1. Summary of yields and colours of complexes 10-12. 6 

Compound Reagent R (PhCN)2PdCl2 /mg Yield /% Appearance 

10 7 H 8.1 60 Red solid 

11 8 Me 7.9 52 Orange solid 

12 9 Et 7.8 55 Orange solid 

3. Results and discussion 7 

Previous synthetic route and NMR spectra are included in Appendix A, and general 8 

procedures and characterization data are listed in Appendix B. 9 

The comparison of the 1H NMR spectra between the dinuclear compounds (10-12) 10 

with the previous ones (7-9) does not show very significant changes. The most remarkable 11 

one is the high field shift of the PCH2P protons, due to the second metal coordination to 12 

the free phosphorus atom. This fact is supported with the 31P-{1H} NMR spectrum of 10, 13 

because two doublets appear down field, caused by the coordination of the two phospho- 14 

rus atoms to different palladium metal centres (as shown in Figure 1). 15 

   

Figure 1. NMR spectra of compound 10 in CDCl3. a) 1H NMR spectrum and b) 31P-{1H} NMR spec- 16 
trum. 17 

a) b) 
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4. Catalytic conversion 1 

Reaction of Suzuki-Miyaura was carried out using 4-bromoacetophenone and phe- 2 

nylboronic acid as reagents (see Scheme 2). Aliquots were taken during the reaction, mon- 3 

itoring results with 1H NMR spectroscopy as shown in Figure 2. 4 

Scheme 2. Suzuki-Miyaura's reaction scheme. 5 

 6 

 

Figure 2. Example of a 33% conversion rate for a catalytic reaction. 7 

Conversion results are shown in Table 2 for all reactions. Aliquots in 4-9 reactions are 8 

not listed due to the low conversion. 9 

Table 2. Results obtained for catalytic assays. 10 

Compound Reaction time /h Temperature /˚C Conversion /% 

4 24 80 0 

5 24 80 15 

6 24 80 18 

7 24 80 12 

8 24 80 17 

9 24 80 22 

10 

2 80 45 

8 80 89 

24 80 98 

11 

2 80 36 

8 80 74 

24 80 97 

12 

2 80 43 

8 80 65 

24 80 96 

The results show that the dinuclear compounds are extremely good catalysts, proba- 11 

bly due to the Pd-Cl bond. The bond lability allows these compounds to be very effective 12 

in these conditions. 13 

Compounds 4-9 show poor catalytic activity in these conditions, especially compared 14 

to their homodinuclear counterparts. 15 
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5. Conclusions 1 

1. Homodinuclear compounds were satisfactorily synthesized, showing a six- 2 

membered ring with two palladium atoms. 3 

2. NMR spectra of compounds 10-12 confirm the product structure. 4 

3. Catalytic assays were performed for compounds 4-12. 5 

4. Catalytic results show that the dinuclear compounds are better catalysts for 6 

the Suzuki-Miyaura reaction. 7 
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Appendix A 11 

Scheme 3. Synthetic route of compounds 1-9. 12 

 

 

a) 

b) 
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Figure A3. 1H spectra in DMSO-d6 of compound 3 (a) and 5 (b). 

 

a) 
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Figure A4. NMR spectra of compound 8 in MeCOMe-d6. a) 1H NMR spectrum and b) 31P-{1H} NMR spectrum. 

 

  

b) 
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Appendix B 

Elemental analyses were performed with a Thermo Finnigan analyzer, model Flash 1112. IR spectra were recorded 

on Jasco model FT/IR-4600 spectrophotometer equipped with an ATR model ATR-PRO ONE. 1H NMR spectra and 31P-

{1H} NMR spectra were recorded on a Varian Inova 400 spectrometer operating at 400.14 MHz (1H NMR) and 161.91 

MHz (31P-{1H} NMR), using 5 mm o.d. tubes. Chemical shifts, in ppm, are reported downfield relative to TMS using the 

solvent signal as reference (DMSO-d6 = 2.50, MeCOMe-d6 = 2.05, CDCl3 = 7.26) in 1H NMR spectra and relative to external 

H3PO4 (85%) in 31P-{1H} NMR. Coupling constants are reported in Hz. 

Compound 1 

Yield: 535.3 mg, 90%. Anal. Theorical: C: 53.8, H: 5.9, N: 18.8, S: 14.4 %; found: C: 52.7, H: 5.9, N: 18.1, S: 15.0 %; 

C10H13N3OS (223.29 g/mol); IR (cm-1): ν(C=N) 1606, ṽ(C=S) 826. 1H NMR (400 MHz, DMSO-d6, δ/ppm): 10.11 (s, 1H, 

NNH), 8.20 (s, 1H, NH2), 7.88 (d, 1H, H2/H6, N = 8.8), 7.85 (s, 1H, NH2), 6.92 (d, 2H, H3/H5, N = 8.8), 3.78 (s, 3H, OMe), 

2.26 (s, 3H, MeC=N). 

Compound 2 

Yield: 619.5 mg, 98%. Anal. Theorical: C: 55.7, H: 6.4, N: 17.7, S: 13.5 %; found: C: 55.6, H: 6.6, N: 17.5, S: 13.4 %; 

C11H15N3OS (237.32 g/mol); IR (cm-1): ν(C=N) 1607, ν(C=S) 836. 1H NMR (400 MHz, DMSO-d6, δ/ppm, J/Hz): 10.11 (s, 1H, 

NNH), 8.39 (q, 1H, NHMe, 3J = 4.5), 7.89 (d, 2H, H2/H6, N = 8.8), 6.94 (d, 2H, H3/H5, N = 8.8), 3.79 (s, 3H, OMe), 3.03 (d, 

3H, NHMe, 3J = 4.6), 2.26 (s, 3H, MeC=N). 

Compound 3 

Yield: 589.1 mg, 88%. Anal. Theorical: C: 57.3, H: 6.8, N: 16.7, S: 12.8 %; found: C: 57.4, H: 6.8, N: 16.7, S: 13.0 %; 

C12H17N3OS (251.35 g/mol); IR (cm-1): ν(C=N) 1595, ν(C=S) 829. 1H NMR (400 MHz, DMSO-d6, δ/ppm, J/Hz): 10.03 (s, 1H, 

NNH), 8.43 (t, 1H, NHEt, 3J = 5.7), 7.88 (d, 2H, H2/H6, N = 8.8), 6.94 (d, 2H, H3/H5, N = 8.8), 3.79 (s, 3H, OMe), 3.61 (m, 

2H, NHCH2CH3), 2.26 (s, 3H, MeC=N), 1.15 (t, 3H, NHCH2CH3, 3J = 7.1). 

Compound 4 

Yield: 112.9 mg, 75%. Anal. Theorical: C: 36.7, H: 3.4, N: 12.8, S: 9.8 %; found: C: 36.7, H: 3.6, N: 12.7, S: 9.6 %; 

C40H44N12O4Pd4S4 (1310.79 g/mol); IR (cm-1): ν(C=N) 1577. 1H NMR (400 MHz, DMSO-d6, δ/ppm, J/Hz): 6.93 (d, 1H, H5, 
4J = 1.9), 6.53 (m, 3H, H2/NH2), 6.30 (dd, 1H, H3, 3J = 8.3, 4J = 1.9), 3.75 (s, 3H, OMe), 1.76 (s, 3H, MeC=N). 

Compound 5 

Yield: 122.5 mg, 78%. Anal. Theorical: C: 38.7, H: 3.8, N: 12.3, S: 9.4 %; found: C: 38.6, H: 3.9, N: 12.0, S: 9.1 %; 

C44H52N12O4Pd4S4 (1366.90 g/mol); IR (cm-1): ν(C=N) 1571. 1H NMR (400 MHz, DMSO-d6, δ/ppm, J/Hz): 7.09 (d, 1H, H5, 

4J = 2.6), 6.60 (d, 1H, H2, 3J = 8.4), 6.36 (dd, 1H, H3, 3J = 8.4, 4J = 2.6), 4.95 (q, 1H, NHMe, 3J = 4.8), 3.84 (s, 3H, OMe), 2.94 

(d, 3H, NHMe, 3J = 4.9), 1.81 (s, 3H, MeC=N). 

Compound 6 

Yield: 140.6 mg, 86%. Anal. Theorical: C: 40.5, H: 4.3, N: 11.8, S: 9.0 %; found: C: 40.5, H: 4.4, N: 11.9, S: 8.9 %; 

C48H60N12O4Pd4S4 (1423.01 g/mol); IR (cm-1): ν(C=N) 1572. 1H NMR (400 MHz, DMSO-d6, δ/ppm, J/Hz): 7.18 (d, 1H, H5, 
4J = 2.5), 6.81 (m, 1H, NHEt), 6.76 (d, 1H, H2, 3J = 8.4), 6.55 (dd, 1H, H3, 3J = 8.4, 4J = 2.5), 4.00 (s, 3H, OMe), 2.75 (m, 2H, 

NHCH2CH3), 2.01 (s, 3H, MeC=N), 1.30 (t, 3H, NHCH2CH3, 3J = 7.0). 

Compound 7 

Yield: 71.7 mg, 66%. Anal. Theorical: C: 59.0, H: 4.7, N: 5.9, S: 4.5 %; found: C: 59.0, H: 4.9, N: 5.6, S: 4.3 %; 

C35H33N3OP2PdS (712.10 g/mol); IR (cm-1): ν(C=N) 1575. 1H NMR (400 MHz, MeCOMe-d6, δ/ppm, J/Hz): 7.94-7.15 (m, 

20H, HAr), 6.89 (d, 1H, H2, 3J = 8.4), 6.25 (d, 1H, H3, 3J = 8.2), 5.87 (m, 1H, H5), 5.73 (s, 2H, NH2) 3.39 (m, 2H, PCH2P), 3.14 

(s, 3H, OMe), 2.18 (s, 3H, MeC=N). 31P-{1H} NMR (400 MHz, MeCOMe-d6, δ/ppm, J/Hz): 28.20 (d, PA, 2J = 87.9), -23.55 (d, 

PB, 2J = 87.9). 

Compound 8 

Yield: 79.7 mg, 75%. Anal. Theorical: C: 59.6, H: 4.9, N: 5.8, S: 4.4 %; found: C: 59.3, H: 4.8, N: 5.6, S: 4.3 %; 

C36H35N3OP2PdS (726.12 g/mol); IR (cm-1): ν(C=N) 1578. 1H NMR (400 MHz, MeCOMe-d6, δ/ppm, J/Hz): 7.87-7.18 (m, 

20H, HAr), 6.93 (d, 1H, H2, 3J = 8.4), 6.28 (dd, 1H, H3, 3J = 8.4, 4J = 2.3), 5.89 (m, 1H, H5), 3.40 (m, 2H, PCH2P), 3.14 (s, 3H, 

OMe), 2.91 (d, 3H, NHMe, 3J = 4.8), 2.35 (s, 3H, MeC=N). 31P-{1H} NMR (400 MHz, MeCOMe-d6, δ/ppm, J/Hz): 28.53 (d, 

PA, 2J = 87.4), -23.58 (d, PB, 2J = 87.4). 

Compound 9 

Yield: 74.9 mg, 72%. Anal. Theorical: C: 60.0, H: 5.0, N: 5.7, S: 4.3 %; found: C: 60.2, H: 5.1, N: 5.3, S: 4.2 %; 

C37H37N3OP2PdS (740.15 g/mol); IR (cm-1): ν(C=N) 1577. 1H NMR (400 MHz, MeCOMe-d6, δ/ppm, J/Hz): 7.91-7.14 (m, 

20H, HAr), 6.92 (d, 1H, H2, 3J = 8.4), 6.27 (d, 1H, H3, 3J = 8.4), 5.89 (m, 1H, H5), 3.40 (m, 5H, PCH2P/NHCH2CH3), 3.14 (s, 

3H, OMe), 2.23 (s, 3H, MeC=N), 1.22 (t, 3H, NHCH2CH3, 3J = 7.4). 31P-{1H} NMR (400 MHz, MeCOMe-d6, δ/ppm, J/Hz): 

28.57 (d, PA, 2J = 86.7), -23.57 (d, PB, 2J = 86.7). 
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Compound 10 

Yield: 11.2 mg, 60%. Anal. Theorical: C: 47.3, H: 3.7, N: 4.7, S: 3.6 %; found: C: 46.2, H: 3.7, N: 4.3, S: 3.4 %; 

C35H33Cl2N3OP2Pd2S (889.41 g/mol); IR (cm-1): ν(C=N) 1578. 1H NMR (400 MHz, CDCl3, δ/ppm, J/Hz): 7.92-7.11 (m, 20H, 

HAr), 7.00 (d, 1H, H2, 3J = 8.0), 6.39 (d, 1H, H3, 3J = 8.1), 5.82 (m, 1H, H5), 5.28 (s, 2H, NH2), 3.12 (m, 5H, PCH2P/OMe), 

2.36 (s, 3H, MeC=N). 31P-{1H} NMR (400 MHz, CDCl3, δ/ppm, J/Hz): 21.87 (d, PA, 2J = 26.0), 16.10 (d, PB, 2J = 26.0). 

Compound 11 

Yield: 9.7 mg, 52%. Anal. Theorical: C: 47.9, H: 3.9, N: 4.7, S: 3.6 %; found: C: 46.7, H: 3.6, N: 4.4, S: 3.3 %; 

C36H35Cl2N3OP2Pd2S (903.44 g/mol); IR (cm-1): ν(C=N) 1573. 1H NMR (400 MHz, CDCl3, δ/ppm, J/Hz): 7.94-7.15 (m, 20H, 

HAr), 6.92 (d, 1H, H2, 3J = 8.0), 6.43 (d, 1H, H3, 3J = 8.0), 5.87 (m, 1H, H5), 4.89 (m, 1H, NHMe), 3.16 (m, 5H, PCH2P/OMe), 

3.03 (m, 3H, NHMe), 2.45 (s, 3H, MeC=N). 31P-{1H} NMR (400 MHz, CDCl3, δ/ppm, J/Hz): 21.69 (d, PA, 2J = 26.9), 15.71 

(d, PB, 2J = 26.9). 

Compound 12 

Yield: 10.2 mg, 55%. Anal. Theorical: C: 48.4, H: 4.1, N: 4.6, S: 3.5 %; found: C: 46.5, H: 3.7, N: 4.4, S: 3.4 %; 

C37H37Cl2N3OP2Pd2S (917.47 g/mol); IR (cm-1): ν(C=N) 1576. 1H NMR (400 MHz, CDCl3, δ/ppm, J/Hz): 7.92-7.10 (m, 20H, 

HAr), 6.99 (d, 1H, H2, 3J = 7.8), 6.38 (d, 1H, H3, 3J = 7.8), 5.83 (m, 1H, H5), 5.17 (m, 1H, NHEt), 3.43 (m, 2H, NHCH2CH3), 

3.12 (m, 5H, PCH2P/OMe), 2.37 (s, 3H, MeC=N), 1.17 (m, 3H, NHCH2CH3). 31P-{1H} NMR (400 MHz, CDCl3, δ/ppm, 

J/Hz): 21.70 (d, PA, 2J = 26.7), 15.70 (d, PB, 2J = 26.7). 
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