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Abstract 
Eight novel Schiff Bases, from 6,6′-diformyl-2,2′-bipyridyl (1a, 43%)with O, N, S and F containing 
amines: Thiosemicarbazide (2a, 70%), 4-Ethyl-3-thiosemicabazide (2b, 75%), 4,4-Dimethyl-3-thio- 
semicarbazide (2c, 75%), S-benzyldithiocarbazide, SBDTC (2d, 80%), (Trifluromethyl) phenylhy-
drazine (2e, 80%), 4-Phenyl-3-thiosemcarbazide (2f, 80%), Thiocarbazide (2g, 70%), 2-Amino- 
thiophenol (2h, 65%), have been synthesized. The conventional method of synthesis of the Schiff 
bases involves refluxing the reaction mixture containing the diformyls and amines for 1 hour. The 
solid products that had formed were filtered off using suction filtration. In few reactions, 2 - 3 
drops of conc. sulfuric acid were used to obtain high yield. The structures of all eight novel synthe-
sized compounds have fully been characterized by spectroscopic (IR, NMR, MS) methods. 
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1. Introduction 
Previously we have reported synthesis of several Schiff Bases derived from 1, 10-phenanthroline-2,9-dicarbal- 
dehyde [1]. Phenanthroline backbone rather produced structurally rigid, less flexible Schiff Bases. We therefore, 
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decided to add more flexibility to the molecule by synthesizing similar Schiff Bases derived form 6,6’-difor- 
myl-2,2’-bipyridyl, thereby eliminating structural rigidity. Moreover, design and synthesis of organic chelating 
agents containing nitrogen and sulfur as donor atoms is our major focus. In this case, bi-dentate N,N chelating 
agent such as 2,2’-bipyridyl is expected to play a vital role in building many mixed-ligand complexes for their de-
sired predictable co-ordination behavior and their electrochemical and photo-physical properties [2]-[4]. The 
2,2’-bipyridyl and ligands derived from it also extensively used in different areas, such as molecular scaffolding, 
supramolecular assemblies, catalysis, biochemistry, electrochemistry, ring-opening metathesis polymerization and 
biochemistry [5]-[9], biologically photoredox reactions [10], synthetic, medicinal chemistry, biotechnology [11] 
and solar cell [12] [13]. Being more flexible, these Schiff bases are expected to form stable complexes with a wide 
variety of metal ions, which are expected to show interesting properties as observed in the literature for similar 
metal complexes [14]-[16]. In view of the importance of Schiff bases derived from 6,6’-formyl-2,2’-bipyridyl 
and O, S, N and F-containing amines in different fields, we report here synthesis and characterization of eight 
new Schiff bases from 6,6’-diformyl-2,2’-bipyridyl. We also plan to continue studies like anti-cancer, antibac-
terial, and antitumor activities with novel Schiff bases derived from 6,6’-formyl-2,2’-bipyridyl with O, S, N and 
F-containing amines.  

2. General Method and Procedures 
2.1. Experimental 
HPLC grade solvents were used in all the reactions. All reagents were purchased from Sigma-Aldrich Chemical Co. 
(St. Louis, MO, USA) and ACROS (drive Pittsburgh, PA, USA) and were used without further purification. Routine 
thin-layer chromatography (TLC) was performed on aluminum-backed Whatman, Sigma-Aldrich Chemical Co. (St. 
Louis, MO, USA). The conventional method of synthesis of the Schiff bases involves refluxing the reaction mixture 
containing the diformyls and amines for 1 hour. The solid product that had formed was filtered off using suction 
filtration. In some of the reactions, 2 - 3 drops of conc. sulfuric acid were used to obtain high yield. To obtain NMR 
spectra, all compounds were dissolved in DMSO-d6 and recorded on a Bruker Ascend 400 M Hz NMR spectrometer 
using TMS as an internal standard. To obtain Mass spectra, samples were dissolved in CH3CN:H2O:AcOH 
(50%:50%:0.1%) and injected by a direct infusion method. Data were recorded on a LTQ XL linear Ion Trap Mass 
spectrometer with electrospray ionization (ESI) mode. MS spectrophotometer was purchased from Thermo Scien-
tific. All infra-red (IR) data were recorded (υmax in cm−1) on Smart iRT purchased from Thermo Scientific.  

2.2. Synthesis of 6,6′-Diformyl-2,2′-Bipyridyl (1a) from 6,6′-Dimethyl-2,2′-Bipyridyl 
6,6′-Diformyl-2,2′-bipyridyl (245 mg, 43%) 1a was synthesized from 6,6′-dimethyl-2,2′-bipyridyl (500 mg, 
0.003 mol) through direct oxidation by SeO2 (3 g, 0.03 mol) in presence of glacial acetic acid (40 ml) following 
a previously reported procedure [17]. 1H NMR and 13C NMR data were consistent with the literature value 
(Scheme 1). 

 

 
6, 6′-dimethyl-2, 2′-bipyridyl 1a, 43% 

Scheme 1. Synthesis of 6,6′-diformyl-2,2′-bipyridyl (1a) from 6,6′- 
dimethyl-2,2′-bipyridyl.                                       
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2.3. General Procedure for Synthesis of Schiff Bases (2a-2h) from  
6,6′-Diformyl-2,2′-Bipyridyl (1a) 

3 equivalents of O, N, S and F containing amines were added to a solution of 1 equivalent of 6,6'-diformyl-2,2'- 
bipyridyl (1a) in 30 ml of MeOH. The solution was refluxed for 1 hour and then allowed to cool to room tem-
perature. The solid product formed was filtered off and washed with methanol and dried under vacuum. For 
synthesizing compound 2d, S-benzyldithiosemicarbazide was prepared following a previously reported proce-
dure [18] and 1H NMR and 13C NMR data were consistent with the literature value. 2 - 3 drops of conc. H2SO4 
were added in the reaction mixture to obtain high yield of compound 2e (Scheme 2). The spectral data to con-
firm the structures of all eight desired Schiff bases have been shown in Table 1. 

 
Table 1. Spectral data of the synthesized compounds.                                                              

Compound Spectral Data 

2a 

IR, v (cm−1): 3433, 3240 and 3154 (NH, stretching), 2990, 2850 (=CH, stretching), 1522 (C=N, imine),  
1595 (C=C, aromatic), 1114 (C=S). 1H-NMR (DMSO-d6, 400 M Hz, δ ppm): δH = 11.77 (s, 2H-N), 8.45 - 8.30  
(m, 6H, pyridine ring and imine protons), 8.27 (s, 2N-H), 8.18 (s, 2N-H), 8.01  
(t, J1 = J2 = 7.6 Hz, 2H, pyridine ring protons). 13C-NMR (DMSO-d6, 100 M Hz, δ ppm): 
δC = 178, 154, 153, 152, 138, 121.2, 121.1. LC-MS (m/z): 359 (M+H), 381 (M + Na) (100%). 

2b 

IR, v (cm−1): 3314 and 3155 (NH, stretching), 2960 and 2810 (>CH, stretching), 1515 (C=N, imine),  
1573 (C=C, aromatic), 1076 (C=S). 1H-NMR (DMSO-d6, 400 M Hz, δ ppm): δH = 11.80 (s, 2N-H),  
8.79 (t, J1 = J2 = 4 Hz, 2H, pyridine ring protons), 8.40 - 8.3 (m, 4H, pyridine ring and imine protons),  
8.20 (s, 2N-H), 8.03 (t, J1 = J2 = 8 Hz, 2H, pyridine ring protons), 3.65 (m, 4H, methylene bridge),  
1.2 (t, J1 = J2 = 7 Hz, 6H, methyl group). 13C-NMR (DMSO-d6, 100 M Hz, δ ppm):  
δC = 177, 155,153, 142, 138, 121.1, 121.0, 49, 14. LC-MS (m/z): 415 (M + H), 437 (M+Na) (100%). 

2c 

IR, v (cm−1): 3415, 3345 and 3220 (N-H, stretching), 2910 and 2870 (CH, stretching), 1470 (C=N, imine),  
1557 (C=C, aromatic), 911 (C=S). 1H-NMR (DMSO-d6, 400 M Hz, δ ppm): δH = 11.40 (s, 2N-H),  
8.40 - 8.3 (m, 4H, pyridine ring and imine protons), 8.10 - 7.90 (m, 4H, pyridine ring protons),  
3.35 (s, 12H, methyl protons). 13C-NMR (DMSO-d6, 100 M Hz, δ ppm): 
δC = 180, 155, 153, 144,138, 120.9, 120.4, 42. LC-MS (m/z): 415 (M + H), 437 (M + Na) (100%). 

2d 

IR, v (cm−1): 3115 (NH, stretching), 2988 and 2849 (CH, stretching), 1510 (C=N, imine), 1580 (C=C, aromatic),  
1041 (C=S). 1H-NMR (DMSO-d6, 400 M Hz, δppm): δH = 13.70 (s, 2N-H), 8.40 (d, J = 8 Hz, 2H),  
8.35 (s, 2H, imine proton), 8.03 (t, J1 = J2 = 8 Hz, 2H, pyridine ring protons), 7.98 (d, J = 8 Hz, 2H, pyridine ring protons),  
7.45 (d, J = 8 Hz, 2H, benzene ring protons), 7.35 (t, J1 = J2 = 8 Hz, 4H, benzene ring protons),  
7.30 (t, J1 = J2 = 8 Hz, 4H, benzene ring protons). 13C-NMR (DMSO-d6, 100 M Hz, δ ppm): 
δC = 198, 155, 152, 146,138,136, 129.7, 129.0, 127, 122, 121, 38. LC-MS (m/z): 572.92 (M + H), 594.83 (M + Na) (100%). 

2e 

IR, v (cm−1): 3334 and 3089 (NH, stretching), 2940 (CH, stretching), 1505 (C=N, imine), 1615 (C=C, aromatic). 
1H-NMR (DMSO-d6, 400 M Hz, δ ppm): δH = 11.20 (s, 2N-H), 8.35 (d, J = 6 Hz, 2H, pyridine ring protons),  
8.11 - 8.05 (m, 4H, pyridine ring protons), 8.02 (t, J1 = J2 = 6 Hz, 2H, pyridine ring protons),  
7.60 (d, J1 = 6 Hz, 4H, benzene ring protons), 7.30 (d, J = 6 Hz, 4H, benzene ring protons). 13C-NMR (DMSO-d6,  
100 M Hz, δ ppm): δC = 154.4, 154.1, 148,139,138, 127, 126, 124, 120.3, 120.1, 112. LC-MS (m/z): 529.01 (M + H), (100%). 

2f 

IR, v (cm−1): 3290, 3149 and 3000 (NH, stretching), 2940 (CH, stretching), 1550 (C=N, imine),  
1595 (C=C, aromatic), 1163 (C=S). 1H-NMR (DMSO-d6, 400 M Hz, δ ppm): δH = 12.20 (s, 2N-H), 10.30(s, 2N-H),  
8.55 (d, J = 8 Hz, 2H, pyridine ring protons), 8.40 (d, J = 8 Hz, 2H, pyridine ring protons),  
8.3 (d, J1 = 8 Hz, 2H, imine protons), 8.11 (t, J1 = J2 = 8 Hz, 2H, pyridine ring proton),  
7.55 (d, J1 = J2 = 8 Hz, 4H, benzene ring protons), 7.40 (t, J1 = J2 = 8 Hz, 4H, benzene ring protons),  
7.25 (t, J1 = J2 = 8 Hz, 2H, benzene ring protons). 13C-NMR (DMSO-d6, 100 M Hz, δ ppm):  
δC = 176, 155, 153, 143, 139, 138, 128, 126.6, 126.1, 121.5, 121.4. LC-MS (m/z): 533 (M + Na), 551(M + K) (100%). 

2g 

IR, v (cm−1): 3264, 3120 (NH, stretching), 2946 (CH, stretching), 1505 (C=N, imine), 1556 (C=C, aromatic),  
1042 (C=S). 1H-NMR (DMSO-d6, 400 M Hz, δ ppm): δH = 11.80 (s, 2N-H), 10.10 (s, 2N-H),  
8.48 (d, J = 8 Hz, 2H, pyridine ring protons), 8.33 (d, J = 8 Hz, 2H, imine protons),  
8.14 (d, J = 8 Hz, 2H, pyridine ring protons), 8.00 (t, J1 = J2 = 8 Hz, 2H, pyridine ring protons), 5.10 (s, broad, 4H, NH2 group).  
13C-NMR (DMSO-d6, 100 M Hz, δ ppm): δC = 176, 154, 153, 142, 138, 126.2, 121. LC-MS (m/z): 389 (M+H). 

2h 

IR, v (cm−1): 3360, 3053 (NH, stretching), 2920 (CH, stretching), 1562 (C=C, aromatic).  
1H-NMR (DMSO-d6, 400 M Hz, δ ppm): δH = 8.52 (d, J = 4 Hz, 1H, pyridine ring proton),  
8.38 - 8.5 (m, 2H, pyridine ring protons), 8.32 (s, 1H, thiazolyl C-H proton),  
8.30 - 8.08 (m, 3H, pyridine ring and thiazolyl C-H proton protons), 7.50 (d, J = 4 Hz, 1H, benzene ring proton),  
7.65 - 7.40 (m, 3H, benzene ring),7.25 (s, broad, 1 N-H thiazolyl ring proton), 7.10 (d, J = 4 Hz, 1H, benzene ring proton),  
6.90 (t, J1 = J2 = 4 Hz, 1H, benzene ring proton), 6.75 (d, J = 4 Hz, 1H, benzene ring proton),  
6.67 (t, J1 = J2 = 4 Hz, 1H, benzene ring proton), 6.5 (s, 1H, N-H proton). 13C-NMR (DMSO-d6, 100 M Hz, δppm): 
δC = 169, 162, 155, 154, 153, 150, 148, 139.7, 139.3, 135, 127, 126.6,  
126.0, 124, 123.8, 123.1, 121.7, 121.2, 121.1, 120, 119, 109. LC-MS (m/z): 449 (M + Na). 
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1a                                     2a-2h 

Scheme 2. Synthesis of Schiff Bases from 1a with O, N, S and F containing amines. 2a, amine: 
Thiosemicarbazide (Y 70%); 2b, amine: 4-Ethyl-3-thiosemicarbazide (Y 75%); 2c, amine: 4,4-Di- 
methyl-3-thiosemicarbazide (Y 75%); 2d, amine: 4 with S-Benzyldithiosemicarbazide (Y 80%); 2e, 
amine: (Trifluromethyl) phenylhydrazine, (Y 80%); 2f, amine: 4-Phenyl-3-thiosemicarbazide (Y 
80%); 2g, amine: Thiocarbazide (Y 70%); 2h, amine: 2-Aminothiophenol (Y 65%).                

3. Results and Discussions 
The synthesis of novel Schiff Bases were outlined in Scheme 3. All compounds were obtained from 6, 
6'-diformyl-2, 2'-bipyridyl and confirmed by the help of infrared, 1H-NMR, 13C-NMR and Massspectrometry. In 
IR spectrum of 2a, bands appeared at 3433 cm−1, 3240 cm−1 and 3154 cm−1 were identified as stretching fre-
quencies for the presence of NH and NH2 group. The IR spectrum of 2a revealed C=N stretching band of imine 
group at 1522 cm−1. Band at 1595 cm−1 was for aromatic C=C bond. Band at 1114 cm−1 was due to the presence 
of C=S bond in amine residue. 1H-NMR spectrum of compound 2a showed peak at 11.77 ppm (highly de-
shielded) as singlet for the presence of secondary amine >N-H which confirms the formation of imine C=N 
bond. 6 pyridyl protons appeared between 8.45 - 8.30 ppm as multiplet. Total number of 13C-NMR peaks were 7 
in which peak at 178 ppm was for the presence of C=S group. Other peaks appeared between 154 and 121. In 
LC-MS, the molecular ion as base peak appeared at m/z 381 (M+Na).  

IR spectrum of compound 2b showed two bands 3314 cm−1 and 3155 cm−1 due to NH group. Bands at 2960 
cm−1 and 2810 cm−1 stretching frequencies were for >CH group. The imine C=N bond showed IR band at 1515 
cm−1 whereas 1573 cm−1 for aromatic C=C bond. Thiol (C=S) band appeared at 1076 cm−1. In 1H-NMR for the 
compound 2b, two singlet peaks appeared at 11.80 ppm and 8.20 ppm due to 4 N-H groups. 2 pyridine protons 
showed triplet at 8.79 ppm with coupling constant value of 4 Hz. 4 pyridine ring and 2 imine protons showed 
peaks as multiplet between 8.40 - 8.3 ppm. Other 2 pyridine ring protons showed triplet at 8.03 ppm with 
coupling constant, J1 = J2 = 8 Hz. 4 methylene protons appeared as multiplet at 3.65 ppm whereas 6 methyl pro-
tons at 1.2 ppm with coupling constant of 7 Hz. 9 peaks were observed for compound 2b in 13C-NMR spectrum 
with 177 ppm for thiol carbon and remaining peaks appeared for pyridine and aliphatic carbons. Molecular ion 
peak appeared at m/z 437 (M + Na) and M+H ion peaks at m/z 415 for compound 2b.  

Compound 2c, IR spectrum showed bands at 3415 cm−1, 3345 cm−1 and 3220 cm−1 for the group N-H’s stret-
ching frequencies. >CH group’s stretching bands appeared at 2910 cm−1 and 2870 cm−1. Imine band appeared at 
1470 cm−1. The bands at 1557 cm−1 and 911 cm−1 were for C=C bond (aromatic) and thiol bond C=S, respec-
tively. In compound 2c, the indication of imine bond formation in 1H-NMR spectrum was found at 11.40 ppm 
due to two N-H protons which is in highly deshielded region. 6 pyridine ring protons and 2 imine proton peaks 
appeared between 8.40 - 8.3 ppm and 8.10 - 7.90 ppm as multiplet. 12 methyl protons peak appeared at 3.35 
ppm as singlet. Number of peaks in 13C-NMR spectrum for compound 2c were 8, including thiol carbon at 180 
ppm. The molecular ion peak for compound 2c appeared at m/z 437 (M + Na).  

Compound 2d in IR spectrum showed only 1 band at 3115 cm−1 for the group NH. The stretching frequencies 
at 2988 cm−1 and 2849 cm−1showed the presence of =CH groups. The imine and thiol bands appeared at 1510 
cm−1 and 1041 cm−1 whereas aromatic C=C bond frequency appeared at 1580 cm−1. Peak at 13.70 ppm in 
1H-NMR spectrum appeared for two N-H groups as singlet which is highly deshielded region and implies the 
imine bond formation. Two doublets at 8.40 ppm and 7.98 ppm with J = 8 Hz appeared for 4 pyridine ring pro-
tons. The imine proton peak appeared at 8.35 ppm as singlet for compound 2d. Another peak at 8.03 ppm as 
triplet showed for 2 pyridine ring protons. 8 benzene protons appeared at 7.30 ppm and 7.35 ppm as triplet with 
coupling constant J1 = J2 = 8 Hz where as other two at 7.45 ppm as doublet with J = 8 Hz. There were twelve  
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Scheme 3. Synthetic pathways of Schiff Bases from 1a with different O, N, S and F containing amines.                    

 
13C-NMR peaks appeared in 2d compound spectrum with thiol peak at 198 ppm. Other peaks were for aliphatic, 
pyridine and benzene rings. The molecular ion peak for compound 2d was shown at m/z 594.83 in LC-MS.  

There were 2 IR bands at 3334 cm−1 and 3089 cm−1 for the presence of NH for compound 2e. 1 stretching 
frequency observed at 2940 cm−1 due to =CH. For imine bond and aromatic C=C bond, bands appeared at 1505 
cm−1 and 1615 cm−1 respectively. A singlet in 1H-NMR spectrum in highly deshielded region at 11.20 ppm of 
two N-H groups helps to determine the formation of imine bond. 2 doublets appeared at 7.60 ppm and 7.30 ppm 
of 8 benzene ring protons with J value 6 Hz for compound 2e. Between 8.11 - 8.05 ppm, peak of 4 of pyridine 
ring protons appeared as multiplet whereas 2 pyridine ring protons at 8.35 ppm appeared as doublet with J = 6 
Hz and remaining 2 pyridine ring protons appeared at 8.02 ppm as triplet with J1 = J2 = 6 Hz. 13C-NMR spec-
trum for compound 2e showed 11 peaks all with pyridine, benzene and aliphatic regions. In LC-MS spectrum, 
the molecular ion peak for the compound 2e appeared at m/z: 529.01 (M + H).  

There were 3 IR stretching frequencies 3290 cm−1, 3149 cm−1 and 3000 cm−1 appeared for NH group for 
compound 2f. 1 stretching frequency at 2940 cm−1 appeared for =CH group whereas imine, aromatic and thiol 
bond frequencies were observed at 1550 cm−1 , 1595 cm−1 and 1163 cm−1 respectively. For compound 2f, a 
singlet in highly deshielded region peat appeared at 12.20 ppm due to 2N-Hgroups which helps to identify the 
formation of imine bond. Peak at 10.30 ppm appeared for 2N-H groups as singlet. 4 doublets appeared at 8.55 
ppm, 8.40 ppm, 8.3 ppm and 7.55 ppm with coupling constant value 8 Hz in which first 2 of them were pyridine 
ring protons, imine protons and benzene ring protons respectively. 3 triplets appeared at 8.11 ppm, 7.40 and 7.25 
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ppm with coupling constant value J1 = J2 = 8 Hz for 2 pyridine ring protons, 4 benzene ring protons and 2 ben-
zene ring protons respectively. In total 11 peaks appeared in 13C-NMR spectrum for the compound 2f with all in 
the pyridine carbon and benzene carbon regions. LC-MS spectrum showed molecular ion as base peak at m/z: 
551 (M + K). 

2 stretching frequencies observed in IR spectrum for the compound 2g at 3264 and 3120 cm−1 due to the 
presence of NH group. 2 stretching frequencies at 2946 cm−1 and 1556 appeared for =C-H and aromatic C=C 
groups. The imine and thiol bands appeared at 1505 cm−1 and 1042 cm−1 respectively. Compound 2g in 
1H-NMR spectrum showed peak at 11.80 ppm as singlet due to 2N-H groups which is in highly deshielded re-
gion and thus indicated the imine bond formation. Other 2N-H groups’ singlet peaks appeared at 10.10 ppm 
which was also relatively deshielded region. 3 doublet peaks observed at 8.48 ppm, 8.33 ppm and 8.14 ppm for 
6 pyridine ring protons and imine protons with the value of coupling constant 8 Hz whereas 1 triplet peak ap-
peared at 8.00 ppm for 2 pyridine protons with J value 8 Hz equally. There was a broad singlet observed at 5.10 
ppm due to presence of 2 NH2 groups in compound 2g. In 13C-NMR spectrum for compound 2g, 7 peaks were 
observed with thiol carbon at 176 ppm. Mass analyses showed base peak at 389 (M + H).  

For compound 2h, 2 bands appeared for N-H group at 3360 cm−1 and 3053 cm−1 due to stretching vibrations. 
1 band appeared at 2920 for the presence of =CH group. Aromatic C=C bond frequency appeared at 1562 cm−1. 
Compound 2h showed twisted geometry that appeared in both 1H-NMR and 13C-NMR spectrums. In 1H-NMR 
spectrum of compound 2h, 3 singlet peak appeared: at 8.32 ppm for 1 thiazolyl ring C-H proton, at 6.5 ppm as 
singlet for 1 thiazolyl ring N-H proton and 7.25 ppm for another thiazolyl ring N-H proton. 4 doublet peaks ob-
served at 8.52 ppm, 7.70 ppm, 7.05 ppm and 6.75 ppm for 1 pyridine ring proton and later 3 peaks for benzene 
ring protons. 2 triplet peaks appeared at 6.90 ppm and 6.67 ppm due to 2 benzene ring protons. 2 multiplet peaks 
were observed between 8.38 - 8.5 ppm for 2 pyridine ring protons and between 8.30 - 8.08 ppm for 3 pyridine 
protons and 1 thiazolyl C-H protons. 1 multiplet peak between 7.65 - 7.50 ppm due to 3 benzene ring protons. In 
1H-NMR spectrum of compound 2h, all coupling constant value were observed at J = 4 Hz. In 13C-NMR spec-
trum, 22 peaks of carbon were observed due to twisted geometry of the product which made 2h carbons diaste-
reotopic in nature. All carbons appeared in pyridine ring, benzene ring regions. Molecular ion peak appeared in 
LC-MS spectrum at m/z: 449 (M + Na). 

4. Conclusion 
Eight novel Schiff bases of 6,6’-diformyl-2,2’-Bipyridyl with O, S, N and F containing amines have been suc-
cessfully synthesized. Conc. sulfuric addition has been found to significantly enhance the yields of the products. 
In some cases, sulfuric acid was not added to avoid salt formation with nitrogen and amine group. However, it 
was observed that the yield increased significantly when the reaction was carried out under mild acidic condi-
tions. This is due to the fact that protonation of the carbonyl group (C=O) enhances the nucleophilic attack-NH2 
group of the amine. 
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