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

solvent, RT, 6 h /U\)\
(S
Yield?
S.No Solvent (2) 4)
1 CHCl, 89 76
2 CH,Cl, 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 (%).



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

THF, RT, 6 h M
(5)
Yield?
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 (%).



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

o O (THF, RT, 6 h) Me
PN RL g
M
(5
S.No Catalyst Yield® Hg/Yield®
1 ) 93 90
2 (4)° 89 87
3 ] 40
4 Co(OAc),+4H,0 42
5 H,L! (1) 64
6 H,L2 (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),*4H,0/H,L!/H,L?, 2.5 mL of THF at room temperature, stir for 6 h.
(b). Isolated yields (%).
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Fig. S5 High Resolution Mass Spectrometry (HRMS) data of 1.
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Eager 300 Report
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11! Warning missing one or more peaks.
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Fig. S6 Elemental analysis data of 1.
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Table 4S. Important IR bands of 1(H,L! ) and 3 (H,L? ) dinucclear complexes 2 and 4

Compound V(O-H)/H20 V(C=N) V(c-0) V(c=0)
(cm!) (cm™) (cm™) (cm™)

H,L!(1) 3440 1618 1203 1427
2 3446 1599 1143 1421
H,L2 (3) 3386 1623 1255 1449
4 3451 1620 1254 1457

16



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

Compound Amax, nm absorbance e, Mlem! transition

H,L! (1) 236 3.5 52000 T —> Tk
341 1.7 25000 n— Tk

230 1.22 18000 T —> T*

2 280 0.54 8000 n—
393 0.26 4000 d—om*

H,L2 3) 244 0.23 3400 T —> ¥
342 0.11 1600 s

4 260 0.97 14000 T —s ¥
306 0.33 4900 s ¥

21 1
350 0 3100 .
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Sample ID : PG-AE-2-31-1 (# 18)

Analysis Type : UnkNown (Area)

Calib. method : uéing 'K Factors'

11! Warning missing one or more peaks.

Ret.Time

Company Name
Printed
Instrument N.

;
A

\ J

-0

O
o

U
/

4 ¥

: C.E. Instruments

9/23/2014 19:31

: Instrument #1
Sample weight :

.926

Area ratio K factor
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Hydrogen 5.5911
Totals 83.0203

Fig. S9 Elemental analysis data of 2.
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Elemental Composition Report @
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Single Mass Analysis (displaying only valid results) OO
Tolerance =40.0 PPM / DBE: min = -1.5, max = 200.0 OH
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0% @@ OH

Monoisotopic Mass, Odd and Even Electron lons =N
30 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass @

Micromass : Q-Tof micro (YA-105) Dept. Of Chemistry 1.1.T.(B)
C40M3BN202 @3)
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Fig. S15 High Resolution Mass Spectrometry (HRMS) data of 3.
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Eager 300 Report

Page: 1 Sample: PG-AE-1-86-2 (PG-AE-1-86-2) /4;j2
Method Name : SP-230712 =N
Method File : D:\CHNS2012\SP-230712.mth @@ oH
Chromatogram : PG-AE-1-86-2 o
Operator ID @@
Analysed : 07/23/2012 15:16 N
Sample ID : PG-AE-1-86-2 (# 9) jig
Analysis Type : UnkNown (Area)

Calib. method : using 'K Factors'

11! Warning missing one or more peaks.

Element Name

A3)

S ——————— et e Ll Il e ]

Nitrogen
Carbon
Hydrogen
Totals

Fig. S16 Elemental analysis data of 3.
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80.6678
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1476682 RS 1.000000 .242139E+07
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1812949
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Fig. S18 High Resolution Mass Spectrometry (HRMS) data of 4.



Page: 1 Sample: PG-Cp-

Method Name
Methed File
Chromatogram
Operater ID
Analysed
Sample ID
Analysis Type

Calib. method

LT

PGCP28082017

D:\chns2016 —1\PGCP23032017.mth

PG-CP-14-60-1
CHANDNT

08/28/2017 17
PG-CP-14-60-1 (# 7)

UnkNown (Area)

Eager 300 Report
14-60-1 (PG-cP-14-60-1)

Company Name
47 Printed

Instrument N.

Sample weight :

using 'K Factors'

!'!'! Warning missing one or more peaks.

Element Name

C.E. Instruments
8/28/2017 19:13
Instrument #1
.856

Area ratio K factor

T D N S SS S N M S e e i e e N RS S e MR R e o e o o o o e

Nitrogen
Carbon
Hydrogen
Totals

Fig.S19 Elemental analysis data of 4.
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1.000000 .261897E+07
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Fig. S20 '"H NMR spectrum of 5 in CDC]; formed in the reaction of acetyl acetone and methyl amine as catalyzed by the dinuclear [CoL'], (2)

and [CoL?], (4) complexes.
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Fig. S21 Expanded 'H NMR spectrum of 5 in CDCI; formed in the reaction of acetyl acetone and methyl amine as catalyzed by the dinuclear
[CoL'],(2) and [CoL?], (4) complexes.
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Fig. S22 3C{'H} NMR spectrum of 5 in CDCI; formed in the reaction of acetyl acetone and methyl amine as catalyzed by the dinuclear [CoL'],
(2) and [CoL?], (4) complexes.
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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 [CoL'], (2) and [CoL?], (4) complexes.
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Eager 300 Report

Page: 1 Sample: PG-CP-14-157-1 (PG-CP-14-197-1) M
_\ie

) @) @] 2/4 O HN

Mathod WName + PGCP30122017 //ﬂ\\//ﬂ\\+—|we——Nkb >

Method File : D:\CHNS-2017\PGCP30122017.mth THF, RT, 6 h =

Chromatogram : PG-CP-14-197-1 (5)

Operator ID : CHANDNI Company Name : C.E. Instruments

Analysed » 1273072017 17:34 Printed : 12/31/2017 22:02

Sample ID : PG-CP-14-197-1 (# 6) Instrument W. : Instrument #1

Analysis Type : UnkMown (Area) Sample weight : 1.271

Calib. mathod : using 'K Factors'

!!! Warning missing one or more peaks.

Reat. Time Area BC Area ratio E factor

Element Name %

1 0.0000 2 139533 RS 0.0000
Nitrogen 12.3527 41 170136 RS 12.354050 .l108364E+07
Carbon 63.6455 63 2101869 RS 1.000000 .258525E+07
Hydrogen 9.1709 130 T75439 RS 2.710554 .665260E+07
Totals B5.1691 3186977

Fig.S24 Elemental analysis data of 5 formed in the reaction of acetyl acetone and methyl amine as catalyzed by the dinuclear [CoL'], (2) and

[CoL?], (4) complexes.
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Fig. S25 'H NMR spectrum of 6 in CDCl; formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear [CoL'], (2) and
[CoL?], (4) complexes.
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Fig. S26 Expanded 'H NMR spectrum of 6 in CDCl; formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear
[CoL!],(2) and [CoL?], (4) complexes.
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Fig. S27 BC{'H} NMR spectrum of 6 in CDCI; formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear [CoL'],
(2) and [CoL?], (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 [CoL!], (2) and [CoL?], (4) complexes.
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Fig. S29 'H NMR spectrum of 7 in CDCl; formed in the reaction of acetyl acetone and n-propyl amine as catalyzed by the dinuclear [CoL'], (2)
and [CoL?], (4) complexes.
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Fig. S30 Expanded 'H NMR spectrum of 7 in CDCIl; formed in the reaction of acetyl acetone and n-propyl amine as catalyzed by the dinuclear
[CoL'],(2) and [CoL?], (4) complexes.
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Fig.S31 BC{'H} NMR spectrum of 7 in CDCl; formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear [CoL'],

(2) and [CoL?], (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 [CoL'], (2) and [CoL?], (4) complexes.
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Fig.S33 'H NMR spectrum of 8 in CDCI; formed in the reaction of acetyl acetone and i-propyl amine as catalyzed by the dinuclear [CoL'], (2)
and [CoL?], (4) complexes.
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Fig. S34 Expanded '"H NMR spectrum of 8 in CDCIl; formed in the reaction of acetyl acetone and i-propyl amine as catalyzed by the dinuclear
[CoL!'],(2) and [CoL?], (4) complexes.
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Fig. S35 13C{1H} NMR spectrum of 8 in CDCI3 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 [CoL!], (2) and [CoL?], (4) complexes.
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Fig. S37 'H NMR spectrum of 9 in CDCl; formed in the reaction of acetyl acetone and n-butyl amine as catalyzed by the dinuclear [CoL'], (2)

and [CoL?], (4) complexese
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Fig. S38 Expanded 1H NMR spectrum of 9 in CDCI3 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 BC{!H} NMR spectrum of 8 in CDCl; formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear [CoL!'],
(2) and [CoL?], (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 [CoL'], (2) and [CoL?], (4) complexes.
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Fig. S41 'H NMR spectrum of 10 in CDCl; formed in the reaction of acetyl acetone and 2-picolyl amine as catalyzed by the dinuclear [CoL'],
(2) and [CoL?], (4) complexes.
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Fig. S42 Expanded 'H NMR spectrum of 10 in CDC]l; formed in the reaction of acetyl acetone and 2-picolyl amine as catalyzed by the dinuclear
[CoL!'],(2) and [CoL?], (4) complexes.
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Fig. S43 3C{!H} NMR spectrum of 10 in CDC]l; formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear [CoL'],
(2) and [CoL?], (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 [CoL!], (2) and [CoL?], (4) complexes.
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Fig. S45 'H NMR spectrum of 11 in CDCl; formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and ethyl amine as catalyzed by the
dinuclear [CoL!], (2) and [CoL?], (4) complexes.
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Fig. S46 Expanded 'H NMR spectrum of 11 in CDC]l; formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and ethyl amine as
catalyzed by the dinuclear [CoL'], (2) and [CoL?], (4) complexes.
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Fig. S47 BC{'H} NMR spectrum of 11 in CDCl; formed in the reaction of acetyl acetone and ethyl amine as catalyzed by the dinuclear [CoL'],
(2) and [CoL?], (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 [CoL!], (2)

and [CoL?], (4) complexes.
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Eager 300 Report

Et
Paga: 1 Sample: PG-CP-14-198-1 (PG-CP-14-19%8-1) O @) NH 0
2/4
Method Name : PGCP30122017 OEt + Et—NH, > OFt
Method File : D:\CHNS-2017\PGCP30122017.mth THF, RT, 6 h
Chromatogram : PG-CP-14-19%8-1 11)
Oparator ID : CHANDNI Company WName : C.E. Instruments
Bnalysed : 12/30/2017 1%5:02 Printad : 12/31/2017 22:03
Sample ID : PG-CP-14-198-1 (# 14) Instrument N. : Instrument #1
Analysis Type : UnkNHown (Area) Sample weight : 1.068
Calib. method : using 'K Factors’
11! Warning missing one or more peaks.
Elament Hame % Ret.Time Area BC Area ratio K factor
------- ;_ 0.0000 2 135514 RSB 0.0000
Hitrogen 7.0577 41 B1682 RS 22.042400 .10B364E+07
Carbon 64.8684 63 1800456 RS 1.000000 .259525E+07
Hydrogen 9.1551 184 650466 RS 2.767948 .665260E+07

Totals g1.0812 2668118

Fig.S49 Elemental analysis data of 11 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and ethyl amine as catalyzed by the
dinuclear [CoL!], (2) and [CoL?], (4) complexes.
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Fig.S50 'H NMR spectrum of 12 in CDCl; formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-propyl amine as catalyzed by
the dinuclear [CoL'], (2) and [CoL?], (4) complexes.
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Fig. S51 Expanded 'H NMR spectrum of 12 in CDC]l; formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-propyl amine as
catalyzed by the dinuclear [CoL'], (2) and [CoL?], (4) complexes.
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Fig. S52 BC{'H} NMR spectrum of 12 in CDClI; formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-propyl amine as catalyzed
by the dinuclear [CoL'], (2) and [CoL?], (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 [CoL!], (2)
and [CoL?], (4) complexes.
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Eager 300 Report .

Page: 1 Sample: PG-CP-14-199-1 (PG-CP-14-199-1)0 O NH o
Mathod Name : PGCP30122017 OEt + n-Pr—NH, 2/4 R

Method File : D:\CHNS-2017\PGCP30122017.mth THF, RT, 6 h OFEt
Chromatogram PG-CP-14-199-1 12)
Operator ID : CHANDNI Company Name : C.E. Instruments

Analysed : 12/30/2017 18:42 Printed : 12/31/2017 22:04

Sample ID : PG-CP-14-199-1 (# 12) Instrument N. : Instrument #1

Analysis Type : UnkNown {Area) Sample weight : 2.013

Calib. method : using 'K Factors'

11! Warning missing one or more peaks.

Element WName % Raet.Tima Area BC Area ratioc E factor
1 0.0000 2 135385 RS 0.0000
Nitrogen 6.9002 42 150520 RS 23.062270 .10B364E+407
Carbon 66.3992 62 3471333 RS 1.000000 ,259525E+07
Hydrogen 10.0655 211 1347541 RS 2.575286 .665260E+07
Totals B3.3650 5105189

Fig. S54 Elemental analysis data of 12 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-propyl amine as catalyzed by the
dinuclear [CoL!], (2) and [CoL?], (4) complexes.
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Fig. S55 '"H NMR spectrum of 13 in CDCI; formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and i-propyl amine as catalyzed by
the dinuclear [CoL'], (2) and [CoL?], (4) complexes.
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Fig. S56 Expanded 'H NMR spectrum of 13 in CDCl; 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 3C{!H} NMR spectrum of 13 in CDC]l; formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and i-propyl amine as catalyzed
by the dinuclear [CoL!], (2) and [CoL?], (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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Eager 300 Report -
-~

Fage: 1  Sample: PG-CP-14-200-2 (PG-CP-14-200-2)
o o NH o

Method Name : PGCP30122017 2/4
Method File : D:\CHNS-2017\PGCP30122017 OEt + i-Pr—NH, >

.mth
Chromatogram : PG-CP-14-200-2 & THF, RT, 6 h ok
Operator ID : CHANDNI Company Name : C.E. Instruments 13
Analysaed : 12/30/2017 18:52 Printed : 12/31/2017 22:05
Sample ID : PG-CP-14-200-2 (# 13) Instrument N. : Instrument #1
Analysis Type : UnkNown (Area) Sample weight : 1.767

Calib. method : using 'K Factors'

!'!'! Warning missing one or more peaaks.

Element Name % Fet.Time Area BC Area ratio K factor
Hitrogan 6.BE6T 41 131484 RS 23.114010 .108364E+07
Carkbon 66.2180 62 3039112 RS 1.000000 .259525E+07
Hydrogen 10.1263 202 1190365 RS 2.553092 .665260E+07
Totals 83.2111 4360960

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 CDCI3 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 CDCl; 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. S62 '3C{'H} NMR spectrum of 14 in CDC]l; formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-butyl amine as catalyzed
by the dinuclear [CoL!], (2) and [CoL?], (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 [CoL.1]2 (2)
and [CoL2]2 (4) complexes.
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Eager 300 Report O O n-Bu

Page: 1 Sample: PG-CP-14-201-1 (PG-CP-14-201-1) 24 0
OEt + n-Bu—NH, >

Method Name : PGCP30122017 THF, RT, 6 h

Mathod File : D:\CHNS-2017\PGCP30122017.mth

Chromatogram PG-CP-14-201-1 (14)

Operator ID  : CHANDNI Company Name : C.E. Instruments

Analysed : 12/30/2017 19:22 Printed : 12/31/2017 22:05

Sample ID : PG-CP-14-201-1 (# 16) Instrument N. : Instrument #1

Analysis Type : UnkNown (Area) Sample weight : 1.565

calib. methed : using 'K Factors'

111 Warning missing one or more peaks.

Eleament MNama % Ret.Time Area BC Araea ratio K factor
"""";"’ 0.0000 2 131749 RS - lnaagi:igg
i 6.5050 41 110319 RS 24 .843 ‘
g::;::en 67.4186 62 2740732 RS 1.000000 .259525E+07
Hydrogen 10.2791 199 1070187 RS 2.560984 .665260E+07
Totals 84.2027 4052987

Fig. S64 Elemental analysis data of 14 formed in the reaction of ethyl 2-oxocyclopentanecarboxylate and n-butyl amine as catalyzed by the
dinuclear [CoL!], (2) and [CoL?], (4) complexes.
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Fig. S65 '"H NMR spectrum of 5 in CDCl; 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 § in CDCI3 formed in the reaction of acetyl acetone and methyl amine as catalyzed by Co(OAc)2+4H20.
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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+4H20.
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"H NMR spectrum of 5 in CDCl; formed in the reaction of acetyl acetone and methyl amine as catalyzed by H,L! (1).
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Fig. S70 GCMS trace of § (m/z 113) in EtOAc formed in the reaction of acetyl acetone and

methyl amine as catalyzed by H,L! (1).
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Fig. S71 'H NMR spectrum of 5 in CDCI; formed in the reaction of acetyl acetone and methyl amine as catalyzed by H,L? (3).
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Fig. S72 1H NMR spectrum of 5 in CDClI; 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 [CoL!], (2) and [CoL?], (4) complexes in the
presence of Hg.
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