
1

Suplementary Information

New Journal of Chemistry

                                   (Manuscript ID NJ-ART-01-2020-00005)

Dinuclear cobalt complexes supported by biphenol and binaphthol-derived bis 

(salicylaldimine) ligands: Synthesis, characterization and catalytic application in β-

enaminones synthesis from 1, 3-dicarbonyl compounds and Aliphatic amines

              Dr. Adelew Estifanos Filkalea, Dr. Chandni Pathakb 

aDepartment of Chemistry, College of Computational & Natural Sciences, Hawassa 

University, P.O. Box,05, Ethiopia
bDepartment of Applied Chemistry, Jabalpur Engineering College, Jabalpur, M.P.,

Table of Contents
Table 1S.  Solvent variation study for the -enaminone reaction of acetyl acetone and 
methyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes ______6

Table 2S.  Time variation study for the -enaminone reaction of acetyl acetone and methyl 
amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. ____________7

Table 3S.  Selected results of blank, control and mercury drop experiments for the -
enaminone reaction of  acetyl acetone and methylamine as catalyzed by the dinuclear 
[CoL1]2 (2) and [CoL2]2 (4) complexesa. _________________________________________8

Fig. S1  1H NMR spectrum of 1 in CDCl3. _________________________________________9

Fig. S2  Expanded 1H NMR spectrum of 1 in CDCl3.________________________________10

Fig. S3  13C{1H} NMR spectrum of 1 in CDCl3._____________________________________11

Fig. S4  Infrared spectrum of 1 in KBr. __________________________________________12

Fig. S5  High Resolution Mass Spectrometry (HRMS) data of 1.______________________13

Fig. S6  Elemental analysis data of 1.___________________________________________14

Fig. S7  Infrared spectrum of 2 in KBr. __________________________________________15

Table 4S.  Important IR bands of 1(H2L1 ) and 3 (H2L2 ) dinucclear complexes 2 and 4 ____16

Table 5S.  UV–Visible spectra of 1, 2, 3 and 4 ____________________________________17

Fig. S8  High Resolution Mass Spectrometry (HRMS) data of 2.______________________18

Fig. S9  Elemental analysis data of 2.___________________________________________19

Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2020



2

Fig. S10  1H NMR spectrum of 3 in CDCl3.________________________________________20

Fig S11  Expanded 1H NMR spectrum of 3 in CDCl3.________________________________21

Fig. S12  
 13C{1H} NMR spectrum of 3 in CDCl3. ____________________________________22

Fig S13  Expanded 13C{1H} NMR spectrum of 3 in CDCl3. ____________________________23

Fig.S14  Infrared spectrum of 3 in KBr. __________________________________________24

Fig. S15  High Resolution Mass Spectrometry (HRMS) data of 3. _____________________25

Fig. S16  Elemental analysis data of 3.__________________________________________26

Fig. S17  Infrared spectrum of 4 in KBr. _________________________________________27

Fig. S18  High Resolution Mass Spectrometry (HRMS) data of 4. _____________________28

Fig.S19  Elemental analysis data of 4. __________________________________________29

Fig. S20  1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and 
methyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. ______30

Fig. S21  Expanded 1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone 
and methyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.___31

Fig. S22  13C{1H} NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and 
methyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. ______32

Fig. S23  GCMS trace of 5 (m/z 113) in EtOAc formed in the reaction of acetyl acetone and 
methyl amine as catalyzed by the the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. ___33

Fig.S24  Elemental analysis data of 5 formed in the reaction of acetyl acetone and methyl 
amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes._____________34

Fig. S25  1H NMR spectrum of 6 in CDCl3 formed in the reaction of acetyl acetone and ethyl 
amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes._____________35

Fig. S26  Expanded 1H NMR spectrum of 6 in CDCl3 formed in the reaction of acetyl acetone 
and ethyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. ____36

Fig. S27  13C{1H} NMR spectrum of 6 in CDCl3 formed in the reaction of acetyl acetone and 
ethyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. ________37

Fig. S28  GCMS trace of 6 (m/z 127) in EtOAc formed in the reaction of acetyl acetone and 
ethyl amine as catalyzed by the the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes._____38

Fig. S29  1H NMR spectrum of 7 in CDCl3 formed in the reaction of acetyl acetone and n-
propyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. _______39

Fig. S30  Expanded 1H NMR spectrum of 7 in CDCl3 formed in the reaction of acetyl acetone 
and n-propyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. _40

Fig.S31  13C{1H} NMR spectrum of 7 in CDCl3 formed in the reaction of acetyl acetone and 
ethyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. ________41



3

Fig. S32  GCMS trace of 7 (m/z 141) in EtOAc formed in the reaction of acetyl acetone and 
n-propyl amine as catalyzed by the the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. __42

Fig.S33  1H NMR spectrum of 8 in CDCl3 formed in the reaction of acetyl acetone and i-
propyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. _______43

Fig. S34  Expanded 1H NMR spectrum of 8 in CDCl3 formed in the reaction of acetyl acetone 
and i-propyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. __44

Fig. S35  13C{1H} NMR spectrum of 8 in CDCl3 formed in the reaction of acetyl acetone and 
ethyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes _______45

Fig. S36  GCMS trace of 8 (m/z 141) in EtOAc formed in the reaction of acetyl acetone and 
i-propyl amine as catalyzed by the the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. __46

Fig. S37  1H NMR spectrum of 9 in CDCl3 formed in the reaction of acetyl acetone and n-
butyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. ________47

Fig. S38  Expanded 1H NMR spectrum of 9 in CDCl3 formed in the reaction of acetyl 
acetone and n-butyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) 
complexes ________________________________________________________________48

Fig. S39  13C{1H} NMR spectrum of 8 in CDCl3 formed in the reaction of acetyl acetone and 
ethyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. ________49

Fig. S40  GCMS trace of 9 (m/z 155) in EtOAc formed in the reaction of acetyl acetone and 
n-butyl amine as catalyzed by the the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. ___50

Fig. S41  1H NMR spectrum of 10 in CDCl3 formed in the reaction of acetyl acetone and 2-
picolyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes._______51

Fig. S42  Expanded 1H NMR spectrum of 10 in CDCl3 formed in the reaction of acetyl 
acetone and 2-picolyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) 
complexes.________________________________________________________________52

Fig. S43  13C{1H} NMR spectrum of 10 in CDCl3 formed in the reaction of acetyl acetone and 
ethyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. ________53

Fig.S44  GCMS trace of 10 (m/z 190) in EtOAc formed in the reaction of acetyl acetone and 
2-picolyl amine as catalyzed by the the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. __54

Fig. S45  1H NMR spectrum of 11 in CDCl3 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and ethyl amine as catalyzed by the dinuclear [CoL1]2 (2) and 
[CoL2]2 (4) complexes. _______________________________________________________55

Fig. S46  Expanded 1H NMR spectrum of 11 in CDCl3 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and ethyl amine as catalyzed by the dinuclear [CoL1]2 (2) and 
[CoL2]2 (4) complexes. _______________________________________________________56

Fig. S47  13C{1H} NMR spectrum of 11 in CDCl3 formed in the reaction of acetyl acetone and 
ethyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes. ________57



4

Fig. S48  GCMS trace of 11 (m/z 183) in EtOAc formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and ethyl amine as catalyzed by the the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes. ___________________________________________________58

Fig.S49  Elemental analysis data of 11 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and ethyl amine as catalyzed by the dinuclear [CoL1]2 (2) and 
[CoL2]2 (4) complexes. _______________________________________________________59

Fig.S50  1H NMR spectrum of 12 in CDCl3 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and n-propyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes. ___________________________________________________60

Fig. S51  Expanded 1H NMR spectrum of 12 in CDCl3 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and n-propyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes. ___________________________________________________61

Fig. S52  13C{1H} NMR spectrum of 12 in CDCl3 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and n-propyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes. ___________________________________________________62

Fig. S53  GCMS trace of 12 (m/z 197) in EtOAc formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and n-propyl amine as catalyzed by the the dinuclear [CoL1]2 

(2) and [CoL2]2 (4) complexes._________________________________________________63

Fig. S54  Elemental analysis data of 12 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and n-propyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes. ___________________________________________________64

Fig. S55  1H NMR spectrum of 13 in CDCl3 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and i-propyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes. ___________________________________________________65

Fig. S56  Expanded 1H NMR spectrum of 13 in CDCl3 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and i-propyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes ___________________________________________________66

Fig. S57  13C{1H} NMR spectrum of 13 in CDCl3 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and i-propyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes. ___________________________________________________67

Fig. S58  GCMS trace of 13 (m/z 197) in EtOAc formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and i-propyl amine as catalyzed by the the dinuclear [CoL1]2 
(2) and [CoL2]2 (4) complexes ________________________________________________68

Fig. S59  Elemental analysis data of 13 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and i-propyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes ___________________________________________________69

Fig. S60  1H NMR spectrum of 14 in CDCl3 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and n-butyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes ___________________________________________________70



5

Fig. S61  Expanded 1H NMR spectrum of 14 in CDCl3 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and n-butyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes ___________________________________________________71

Fig. S62  13C{1H} NMR spectrum of 14 in CDCl3 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and n-butyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes. ___________________________________________________72

Fig. S63  GCMS trace of 14 (m/z 211) in EtOAc formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and n-butyl amine as catalyzed by the the dinuclear [CoL1]2 
(2) and [CoL2]2 (4) complexes ________________________________________________73

Fig. S64  Elemental analysis data of 14 formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and n-butyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes. ___________________________________________________74

Fig. S65  1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and 
methyl amine. _____________________________________________________________75

Fig. S66  GCMS trace of 5 (m/z 113) in EtOAc formed in the reaction of acetyl acetone and 
methyl amine. _____________________________________________________________76

Fig. S67  1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and 
methyl amine as catalyzed by Co(OAc)2•4H2O __________________________________77

Fig. S68  GCMS trace of 5 (m/z 113) in EtOAc formed in the reaction of acetyl acetone and 
methyl amine as catalyzed by Co(OAc)2•4H2 ____________________________________78

Fig. S69  1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and 
methyl amine as catalyzed by H2L1 (1). _________________________________________79

Fig. S70  GCMS trace of 5 (m/z 113) in EtOAc formed in the reaction of acetyl acetone and 
methyl amine as catalyzed by H2L1 (1). _________________________________________80

Fig. S71  1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and 
methyl amine as catalyzed by H2L2 (3). _________________________________________81

Fig. S72  1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and 
methyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes in the 
presence of Hg_____________________________________________________________82

Fig. S73  GCMS trace of 5 (m/z 113) in EtOAc formed in the reaction of acetyl acetone and 
methyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes in the 
presence of Hg. ____________________________________________________________83



6

Table 1S.  Solvent variation study for the -enaminone reaction of acetyl acetone and methyl 
amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes

O O O HN
Me

Me NH2

(5)
solvent, RT, 6 h

2/4

Yieldb

S.No Solvent (2) (4)

1 CHCl3 89 76

2 CH2Cl2 75 71

3 THF 93 89

4 DMSO 86 77

5 DMF 63 65

(a).  Reaction conditions: 1.00 mmol of ketone, 4.0 mmol of amine, 1 mol % of catalyst (2/4), 

2.5 mL of solvent at room temperature, stir for 6 h.  (b) Isolated yields (%). 
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Table 2S.  Time variation study for the -enaminone reaction of acetyl acetone and 
methyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.  

O O O HN
Me

Me NH2

(5)
THF, RT, 6 h

2/4

Yieldb

S.No Time (h) (2) (4)

1 0.5 63 59

2 2 78 63

3 4 83 78

4 6 93 89

5 12 90 85

(a).  Reaction conditions: 1.00 mmol of ketone, 4.0 mmol of amine, 1 mol % of catalyst (2/4), 

2.5 mL of THF at room temperature, stir for the given time.  (b). Isolated yields (%).  
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Table 3S.  Selected results of blank, control and mercury drop experiments for the -
enaminone reaction of  acetyl acetone and methylamine as catalyzed by the dinuclear 
[CoL1]2 (2) and [CoL2]2 (4) complexesa.  

O O O HN
Me(THF, RT, 6 h)

Me NH2

(5)

S.No Catalyst Yieldb Hg/Yieldb

1 (2)a 93 90

2 (4)a 89 87

3 - 40

4 Co(OAc)2•4H2O 42

5 H2L1 (1) 64

6 H2L2 (3) 67

(a).  Reaction conditions: 1.00 mmol of ketone, 4.0 mmol of amine, 1 mol % of catalyst (2/4) 

or 2 mol % of Co(OAc)2•4H2O/H2L1/H2L2, 2.5 mL of THF at room temperature, stir for 6 h.  

(b). Isolated yields (%).  
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Fig. S1  1H NMR spectrum of 1 in CDCl3.
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Fig. S2  Expanded 1H NMR spectrum of 1 in CDCl3.
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Fig. S3  13C{1H} NMR spectrum of 1 in CDCl3.
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Fig. S4  Infrared spectrum of 1 in KBr.
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Fig. S5  High Resolution Mass Spectrometry (HRMS) data of 1.
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Fig. S6  Elemental analysis data of 1.



15

(2)

O

N

O

N

O

N

O

N

Co

Co

Fig. S7  Infrared spectrum of 2 in KBr.
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Table 4S.  Important IR bands of 1(H2L1 ) and 3 (H2L2 ) dinucclear complexes 2 and 4

Compound ν(O–H)/H2O

(cm-1)

ν(C=N)

(cm-1)

ν(C–O)

(cm-1)

ν(C=C)

(cm-1)

H2L1(1) 3440 1618 1203 1427

2 3446 1599 1143 1421

H2L2 (3) 3386 1623 1255 1449

4 3451 1620 1254 1457
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Table 5S.  UV–Visible spectra of 1, 2, 3 and 4

Compound λmax, nm absorbance ε, M-1cm-1 transition

H2L1 (1) 













n



H2L2 (3)

4







244

342

260

306

350







0.23

0.11

0.97

0.33

0.21







3400

1600

14000

4900

3100



n

d

*

n*

*

n*

d*
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Fig. S8  High Resolution Mass Spectrometry (HRMS) data of 2.
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Fig. S9  Elemental analysis data of 2.
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Fig. S10  1H NMR spectrum of 3 in CDCl3.
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Fig S11  Expanded 1H NMR spectrum of 3 in CDCl3.
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Fig. S12   13C{1H} NMR spectrum of 3 in CDCl3.
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Fig S13  Expanded 13C{1H} NMR spectrum of 3 in CDCl3.
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Fig.S14  Infrared spectrum of 3 in KBr.
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Fig. S15  High Resolution Mass Spectrometry (HRMS) data of 3.
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Fig. S16  Elemental analysis data of 3.
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Fig. S17  Infrared spectrum of 4 in KBr.
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Fig. S18  High Resolution Mass Spectrometry (HRMS) data of 4.
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Fig.S19  Elemental analysis data of 4.
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Fig. S20  1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and methyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes.
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Me
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THF, RT, 6 h

2/4

Fig. S21  Expanded 1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and methyl amine as catalyzed by the dinuclear 
[CoL1]2 (2) and [CoL2]2 (4) complexes.



32

Fig. S22  13C{1H} NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and methyl amine as catalyzed by the dinuclear [CoL1]2 
(2) and [CoL2]2 (4) complexes.
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O O O HN
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2/4

Fig. S23  GCMS trace of 5 (m/z 113) in EtOAc formed in the reaction of acetyl acetone and 
methyl amine as catalyzed by the the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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(5)
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Fig.S24  Elemental analysis data of 5 formed in the reaction of acetyl acetone and methyl amine as catalyzed by the dinuclear [CoL1]2 (2) and 
[CoL2]2 (4) complexes.
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Fig. S25  1H NMR spectrum of 6 in CDCl3 formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear [CoL1]2 (2) and 
[CoL2]2 (4) complexes.
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Fig. S26  Expanded 1H NMR spectrum of 6 in CDCl3 formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear 
[CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S27  13C{1H} NMR spectrum of 6 in CDCl3 formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear [CoL1]2 
(2) and [CoL2]2 (4) complexes.
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Fig. S28  GCMS trace of 6 (m/z 127) in EtOAc formed in the reaction of acetyl acetone and 
ethyl amine as catalyzed by the the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S29  1H NMR spectrum of 7 in CDCl3 formed in the reaction of acetyl acetone and n-propyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes.
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Fig. S30  Expanded 1H NMR spectrum of 7 in CDCl3 formed in the reaction of acetyl acetone and n-propyl amine as catalyzed by the dinuclear 
[CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig.S31  13C{1H} NMR spectrum of 7 in CDCl3 formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear [CoL1]2 
(2) and [CoL2]2 (4) complexes.
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Fig. S32  GCMS trace of 7 (m/z 141) in EtOAc formed in the reaction of acetyl acetone and 
n-propyl amine as catalyzed by the the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig.S33  1H NMR spectrum of 8 in CDCl3 formed in the reaction of acetyl acetone and i-propyl amine as catalyzed by the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes.
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Fig. S34  Expanded 1H NMR spectrum of 8 in CDCl3 formed in the reaction of acetyl acetone and i-propyl amine as catalyzed by the dinuclear 
[CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S35  13C{1H} NMR spectrum of 8 in CDCl3 formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear 

[CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S36  GCMS trace of 8 (m/z 141) in EtOAc formed in the reaction of acetyl acetone and i-
propyl amine as catalyzed by the the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S37  1H NMR spectrum of 9 in CDCl3 formed in the reaction of acetyl acetone and n-butyl amine as catalyzed by the dinuclear [CoL1]2 (2) 

and [CoL2]2 (4) complexes.
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Fig. S38  Expanded 1H NMR spectrum of 9 in CDCl3 formed in the reaction of acetyl acetone and n-butyl amine as catalyzed by the dinuclear 

[CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S39  13C{1H} NMR spectrum of 8 in CDCl3 formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear [CoL1]2 
(2) and [CoL2]2 (4) complexes.
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Fig. S40  GCMS trace of 9 (m/z 155) in EtOAc formed in the reaction of acetyl acetone and 
n-butyl amine as catalyzed by the the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S41  1H NMR spectrum of 10 in CDCl3 formed in the reaction of acetyl acetone and 2-picolyl amine as catalyzed by the dinuclear [CoL1]2 
(2) and [CoL2]2 (4) complexes.
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Fig. S42  Expanded 1H NMR spectrum of 10 in CDCl3 formed in the reaction of acetyl acetone and 2-picolyl amine as catalyzed by the dinuclear 
[CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S43  13C{1H} NMR spectrum of 10 in CDCl3 formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear [CoL1]2 
(2) and [CoL2]2 (4) complexes.
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Fig.S44  GCMS trace of 10 (m/z 190) in EtOAc formed in the reaction of acetyl acetone and 
2-picolyl amine as catalyzed by the the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S45  1H NMR spectrum of 11 in CDCl3 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and ethyl amine as catalyzed by the 
dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S46  Expanded 1H NMR spectrum of 11 in CDCl3 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and ethyl amine as 
catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S47  13C{1H} NMR spectrum of 11 in CDCl3 formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear [CoL1]2 
(2) and [CoL2]2 (4) complexes.
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Fig. S48  GCMS trace of 11 (m/z 183) in EtOAc formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and ethyl amine as catalyzed by the the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes.
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Fig.S49  Elemental analysis data of 11 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and ethyl amine as catalyzed by the 
dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig.S50  1H NMR spectrum of 12 in CDCl3 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-propyl amine as catalyzed by 
the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S51  Expanded 1H NMR spectrum of 12 in CDCl3 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-propyl amine as 
catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S52  13C{1H} NMR spectrum of 12 in CDCl3 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-propyl amine as catalyzed 
by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S53  GCMS trace of 12 (m/z 197) in EtOAc formed in the reaction of ethyl 2-
oxocyclopentanecarboxylate and n-propyl amine as catalyzed by the the dinuclear [CoL1]2 (2) 
and [CoL2]2 (4) complexes.
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Fig. S54  Elemental analysis data of 12 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-propyl amine as catalyzed by the 
dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S55  1H NMR spectrum of 13 in CDCl3 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and i-propyl amine as catalyzed by 
the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S56  Expanded 1H NMR spectrum of 13 in CDCl3 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and i-propyl amine as 

catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S57  13C{1H} NMR spectrum of 13 in CDCl3 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and i-propyl amine as catalyzed 
by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S58  GCMS trace of 13 (m/z 197) in EtOAc formed in the reaction of ethyl 2-

oxocyclopentanecarboxylate and i-propyl amine as catalyzed by the the dinuclear [CoL1]2 

(2) and [CoL2]2 (4) complexes.
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Fig. S59  Elemental analysis data of 13 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and i-propyl amine as catalyzed by the 

dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S60  1H NMR spectrum of 14 in CDCl3 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-butyl amine as catalyzed by 

the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S61  Expanded 1H NMR spectrum of 14 in CDCl3 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-butyl amine as 

catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.



72

n-Bu NH2
THF, RT, 6 h

2/4
O O

OEt

NH O

OEt

n-Bu

(14)

Fig. S62  13C{1H} NMR spectrum of 14 in CDCl3 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-butyl amine as catalyzed 
by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S63  GCMS trace of 14 (m/z 211) in EtOAc formed in the reaction of ethyl 2-

oxocyclopentanecarboxylate and n-butyl amine as catalyzed by the the dinuclear [CoL1]2 (2) 

and [CoL2]2 (4) complexes.
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Fig. S64  Elemental analysis data of 14 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-butyl amine as catalyzed by the 
dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes.
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Fig. S65  1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and methyl amine.
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Fig. S66  GCMS trace of 5 (m/z 113) in EtOAc formed in the reaction of acetyl acetone and 

methyl amine.
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Fig. S67  1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and methyl amine as catalyzed by Co(OAc)2•4H2O.
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Fig. S68  GCMS trace of 5 (m/z 113) in EtOAc formed in the reaction of acetyl acetone and 

methyl amine as catalyzed by Co(OAc)2•4H2O.
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Fig. S69  1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and methyl amine as catalyzed by H2L1 (1).
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Fig. S70  GCMS trace of 5 (m/z 113) in EtOAc formed in the reaction of acetyl acetone and 

methyl amine as catalyzed by H2L1 (1).
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Fig. S71  1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and methyl amine as catalyzed by H2L2 (3).
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Fig. S72  1H NMR spectrum of 5 in CDCl3 formed in the reaction of acetyl acetone and methyl amine as catalyzed by the dinuclear [CoL1]2 (2) 

and [CoL2]2 (4) complexes in the presence of Hg.
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Fig. S73  GCMS trace of 5 (m/z 113) in EtOAc formed in the reaction of acetyl acetone and 
methyl amine as catalyzed by the dinuclear [CoL1]2 (2) and [CoL2]2 (4) complexes in the 
presence of Hg.


