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Abstract 

Reductive amination of carbonyl compounds stands out as a potent method in the synthesis of 

structurally diverse amines. The synthesis of amine is an important reaction in drug discovery as 

well as in synthetic organic chemistry. It can lead to the synthesis of a variety of natural products 

as well as highly biologically active molecules. Present protocol deals with the reductive 

amination of aldehydes with aryl amines using Scandium triflate [Sc(OTf)3]-acidic silica as a 

catalyst and Hantzsch-1,4-dihydropyridine (HDHP) as an organo reducing agent in toluene 

solvent at ambient temperature. Notably, the reaction demonstrates a high degree of selectivity, 

resulting in very good yields. 
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Introduction 

Reductive amination
1-3

 emerges as a highly effective approach for synthesizing secondary or 

tertiary amines in both biological and chemical systems. Typically, this method involves a two-

step process: the initial synthesis of an intermediate (imine) in the first step, followed by the 

reduction of this imine in the second step (refer to Scheme 1). In many instances, the 

intermediate imine is neither stable nor isolable. Hence, the most practical and preferred 

approach for generating saturated amines from carbonyl compounds and amines involves the in 

situ formation and subsequent reduction of imines. Nature also employs reductive amination, 

where pyridoxal phosphate serves as a coenzyme in all transamination reactions. The natural 

conversion of pyridoxal phosphate into pyridoxamine phosphate in the presence of 

aminotransferase further exemplifies this process.
 4-5
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Scheme 1: Reductive amination. 

Thus, there are many approaches in literature to carry out this direct process some of these are 

NaBH3CN, borohydride derivatives NaBH(OAc)3, Ti(O
i
 -Pr)4-NaBH4, NaBH4-ZnCl2, NaBH4-

NiCl2, NaBH4-H3PW12O40, NaBH4 silica phosphoric acid, and N-methylpyrrolidine zinc 

borohydride, NaBH4-Mg(ClO4)2, NaBH4–wet clay, silica gel–Zn(BH4)2, [Zr(BH4)2Cl2(dabco)2], 

NaBH4 in micellar media, N–methylpiperidine zinc borohydride, Sodium cyanoborohydride and 

tin hydride
6-20

 etc. Several previously documented methods encounter limitations, such as 

reliance on catalytic hydrogenation, incompatibility with compounds featuring C=C or C≡C 

bonds, and sensitivity to other reducible functional groups. Additionally, some reported 

procedures demand harsh reaction conditions and the necessity for an Argon or Nitrogen 

atmosphere, contributing to increased process costs.
21-24

 Thus, the development of novel and 

simple catalytic method for a mild direct reductive amination is still an important research 

objective for researchers. 

Further, the use of triflate salts holds distinct advantages; they exhibit enhanced stability 

compared to traditional catalysts, are recoverable and reusable, and can function effectively in 

aqueous conditions. In the current literature, triflates have proven their versatility as catalysts in 

various organic transformations, encompassing reactions such as Aldol reactions, Diels-Alder 

reactions, Mukaiyama aldol reactions, Ugi condensation reactions, alkylations, Prins-type 

cyclization reactions, and the synthesis of benzodiazepines, Friedel-Crafts Acylation Reactions, 

Michael additions, among others.
25-31

 Metal triflate catalyzed reductive amination procedures are 

also well documented in.
32-33

  By keeping all these facts in considerations, this method employs 

Scandium triflate [Sc(OTf)3]-acidic silica as a catalyst and Hantzsch-1,4-dihydropyridine 

(HDHP) as an organo reducing agent in toluene solvent at ambient temperature. Significantly, 

the reaction demonstrates a high degree of selectivity, selectively reducing only the C=N 
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functionality, with no observed reduction of C=C and -CHO functions and obtained amines are 

very good in yields. 

Results and Discussion 

First of all we synthesized fresh Hantzsch 1,4-dihydropyridine (HDHP) as per standard 

procedure reported in literature, after that, we initially examined a direct reductive amination 

reaction of benzaldehyde with aniline using scandium triflate [Sc(OTf)3] and acidic silica as 

catalyst and freshly prepared, well dried,  Hantzsch 1,4-dihydropyridine (HDHP) as reducing 

agent.  The reaction was carried out by directly mixing a 1:1:1.2 mixture of benzaldehyde, 

aniline, HDHP and catalytic amount of Sc(OTf)3-acidic silica (0.1:0.5)  in 20.0 mL of toluene at 

ambient temperature. Progress of reaction was monitored via TLC until complete disappearance 

of benzaldehyde in TLC occurred. It afforded the expected N-benzylaniline 3a in very good 

yield, without reduction of benzaldehyde and HDHP was oxidized quantitatively to the 

corresponding pyridine derivative (Scheme 2).  

 

Scheme 2: Reductive Amination using HDHP and Sc(OTf)3-Acidic silica at Ambient 

Temperature. 

The use of a less amount of catalyst led to a decrease in product yield, whereas an increase in the 

catalyst amount did not exhibit a significant impact on either the reaction rate or overall yields. 

In a similar fashion, it was observed that 1.2 mmol of Hantzsch 1,4-dihydropyridine (HDHP) is 

needed for 1.0 mmol of aldehyde to get best results. After optimization of reaction condition, a 

diverse range of secondary amines was successfully synthesized employing functionally diverse 

amines and aldehydes, as detailed in Table-1. The presence of electron-withdrawing or electron-

donating substituents on the aromatic ring exhibited no impact on the reaction's progression. 

Notably, sensitive functionalities such as -CHO, C=C, OMe, and NO2 were well-tolerated under 
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these mild reaction conditions. The clean reaction profile, coupled with the mild nature of 

HDHP, showcased high selectivity, exclusively reducing the C=N bond. This resulted in the 

production of the desired amines in high yields without compromising other sensitive functional 

groups.  

 

Table 1: Synthesis of 

secondary amines via 

Reductive Amination 

using HDHP and 

Sc(OTf)3-Acidic 

silica at Ambient 

Temperature. 

     

S.N. R X Product
a
 Time (h) Yield

b
 (%) 

1 H H 3a 45 86 

2 4-MeO H 3b 55 83 

3 2-Cl H 3c 50 86 

4 4-Cl H 3d 50 82 

5 2-NO2 H 3e 55 80 

6 4-NO2 H 3f 55 82 

7 H 4-Cl 3g 50 83 

8 H 4-NO2 3h 55 80 

9 H 4-MeO 3i 55 84 

10 H 4-Me 3j 40 83 

11 4-NO2 4-MeO 3k 55 84 

12 2-Me 4-Cl 3l 45 84 

13 H 2-OH 3m 55 80 
a
All the 

products 

were 

identified 

by 

comparison 

of their 

physical 

and 

spectral 

data with 

those of 

authentic 

samples. 
b
Isolated 

yields. 
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Experimental  

All experiments were performed in oven dried glass apparatus. Reagent-grade chemicals were 

purchased from a commercial source and used without further purification. Melting points were 

determined in labotech melting point apparatus MPA350. Infrared (IR) spectra were recorded in 

KBr discs on a Perkin-Elmer FTIR spectrometer. 
1
H NMR spectra were recorded on a BRUKER 

AVANCE II 400 NMR spectrometer in CDCl3/DMSO-d6 using tetramethylsilane (TMS) as 

internal standard. The progress of the reaction was monitored by thin-layer chromatography 

(TLC) using silica gel G (Merck). 

General procedure for the synthesis of secondary amines (3a-m). 

In a typical procedure, aldehyde (1.0 mmol), aniline (1.0 mmol), freshly prepared and well dried 

Hantzsch 1,4-dihydropyridine (1.2 mmol) and Scandium triflate (0.1 mmol) acidic silica (0.5 

mol) were stirred in dry toluene (20.0 mL) at room temperature for time see table 1 to afford 

desired secondary amine 3a-m. Progress of reaction was monitored via TLC, after completion of 

the reaction the mixture was filtered and the residue was washed with CH2Cl2 (2×10 mL). 

Solvent was evaporated and obtained crude product was purified by column chromatography on 

silica (60-120 mesh) eluent ethyl acetate and petroleum ether containing 1% of triethylamine to 

afford the pure amine. The produced secondary amines were further characterized by comparison 

of their physical and spectral data with those of authentic samples. 

Physical and spectral data of some selected compounds: 

N-Benzylaniline 3a: Liquid. IR (KBr): 1320, 1496, 1590, 2921, 3418 cm
–1

; 
1
H NMR (400 MHz, 

CDCl3): δ 4.05 (br s, 1H), 4.36 (s, 2H), 6.56-6.91 (m, 3H), 7.08-7.36 (m, 7H); 
13

C NMR (100 

MHz, CDCl3): δ 46.20, 113.39, 117.40, 126.61, 127.30, 128.41, 139.90, 142.11, 149.81. ESI-

MS: m/z 184 (M+H)
+
. 

N-(4-Chlorobenzyl)benzenamine 3d: Liquid. IR (KBr): 1100, 1318, 1468, 1600, 2925, 3681 

cm
–1

; 
1
H NMR (400 MHz, CDCl3): δ 4.03 (br s, 1H), 4.31 (s, 2H), 6.63-6.88 (m, 3H), 7.01-7.25 

(m, 6H); 
13

C NMR (100 MHz, CDCl3): δ 47.69, 112.86, 117.47, 128.96, 129.04, 138.06, 147.81. 

ESI-MS: m/z 218, 220 (M+H)
+
. 

N-(4-Nitrobenzyl)benzenamine 3f: Liquid. 
1
H NMR (400 MHz, CDCl3): δ 4.33 (s, 2H), 5.11 

(br s, 1H), 6.45-6.61 (m, 3H), 7.01-7.29 (m, 4H), 8.04-8.09 (m, 2H); 
13

C NMR (100 MHz, 
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CDCl3): δ 46.22, 113.46, 117.23, 120.87, 127.86, 129.60, 146.46, 148.94. ESI-MS: m/z 229 

(M+H)
+
. 

N-Benzyl-4-methoxybenzenamine 3i: White solid, m.p. 46-47°C. IR (KBr): 1320, 1451, 1598, 

2935, 3432 cm
–1

; 
1
H NMR (400 MHz, CDCl3): δ 3.77 (s, 3H), 4.03 (br s, 1H), 4.23 (s, 2H), 6.61-

6.75 (m, 4H), 7.25-7.41 (m, 5H); 
13

C NMR (100 MHz, CDCl3): δ 49.71, 56.88, 114.37, 127.51, 

128.73, 140.16, 144.12, 152.18. ESI-MS: m/z 214 (M+H)
+
. 

N-Benzyl-2-hydroxybenzenamine 6m: White solid, m.p. 79-80°C. IR (KBr): 1320, 1480, 1595, 

2946, 3410 cm
–1

; 
1
H NMR (400 MHz, CDCl3): δ 4.01 (br s, 1H), 4.30 (s, 2H), 5.17 (br s, 1H), 

6.58-6.67 (m, 3H), 6.96–7.25 (m, 6H); 
13

C NMR (100 MHz, CDCl3): δ 48.50, 112.41, 113.53, 

118.09, 121.67, 127.44, 127.70, 129.58, 136.69, 140.31, 144.76. ESI-MS: m/z 200 (M+H)
+
. 

Conclusions 

Present protocol is mild, wide-ranging, efficient and very selective method for reductive 

amination of aldehydes and amines under easygoing conditions, mediated by Scandium triflate-

acidic silca in toluene at ambient temperature. Furthermore, this method has the advantages of 

inexpensive reagents, simple operation procedure, improved yields and simple experimental 

work up. It is recommended that Hantzsch dihydropyridine (HDHP) is an efficient, safe and 

environment friendly reducing agent for the direct reduction of imines. This method is not only 

of interest from ecological point of view, but also proves to be a clean, mild and very simple 

procedure in production of secondary amines. 

 

Acknowledgements 

The authors are thankful to the Sophisticated Analytical Instrument Facility (SAIF) Central 

Instrument Laboratory, Panjab University, Chandigarh, for spectral analysis and Department of 

Chemistry Punjabi University Patiala for additional help. Authors are also thankful to Guru 

Nanak College, Budhlada. 

 

 

 



Page|57 

AFRICAN DIASPORA JOURNAL OF MATHEMATICS                    ISSN: 1539-854X 

UGC CARE GROUP I                  www.newjournalzone.in 

Vol. 23 Issue 6, June 2020  

References     

1. (a) Emerson,W. S. Org. Reactions, Wiley; 1948, 4, 174; (b) K. Tanaka, T. Miki, K. 

Murata, A. Yamaguchi, Y. Kayaki, S. Kuwata, T. Ikariya, M. Watanabe, J. Org. 

Chem., 2019, 84, 10962-10977. (c) B. Li, J. Zheng, W. Zeng, Y. Li, L. 

Chen, Synthesis, 2017, 49, 1349-1355. 

2. (a) Hutchins, R. O.; Hutchins, M. K. In Comprehensive Organic Synthesis, Trost, B. 

M.; Fleming, I.; Eds.; Pergamon Press: Oxford, 1991, 8, 25; (b) A. Lator, Q. G. 

Gaillard, D. S. Mérel, J.-F. Lohier, S. Gaillard, A. Poater, J.-L. Renau, J. Org. 

Chem., 2019, 84, 6813-6829. 

3. (a) Baxter, E.W.; Reitz, A. B. Org. Reactions, Wiley, 2002, 59, 1. (b) Q. P. B. 

Nguyen, T. H. Kim, Synthesis, 2012, 44, 1977-1982. 

4. Toney, M. D. Archives Biochem. Biophys. 2005, 433, 279. 

5. Samuel, G.; Reeves, P. Carbohydrate Res. 2003, 338, 2503. 

6. (a) Lane, C. F. Synthesis 1975, 135-146. (b)  Shokrolahi, A.; Zali, A.; Keshavarz, M. 

H. Green Chemistry Letters and Reviews 2011, 4, 195-203. DOI: 

10.1080/17518253.2010.528051. 

7. Abdel-Magid, A. F.; Carson, K. G.; Harris, B. D.; Maryanoff, C. A.; Shah, R. D. J. 

Org. Chem. 1996, 61, 3849-3862. 

8. Bhattacharyya, S. J. Org. Chem. 1995, 60, 4928-4929. 

9. Bhattacharyya, S. Chatterjee, A. Williamson, J. S. Synth. Commun. 1997, 4265-4274. 

10. Alinezhad, H.; Tajbakhsh, M.; Salehian, F. Monatsh. Chem. 2005, 136, 2029-2933. 

11. Alinezhad, H.; Tajbakhsh, M.; Zamani, R. Synlett 2006, 431-434. 

12. Alinezhad, H.; Ardestani, E. Lett. Org. Chem. 2007, 4, 473-477. 

13. Alinezhad, H.; Tajbakhsh, M.; Ahangar, R. E. Monatsh. Chem. 2008, 139, 21-25. 

14.  Alinezhad, H.; Tajbakhsh, M.; Fazli, K. Tetrahedron Lett. 2009, 50, 659-661. 

15. Brusses, J.; van Benthe, R. A. T. M.; Kruse, C. G.; van der Gen, A. Tetrahedron: 

Asymmetry 1990, 1, 163-166. 

16. Varma, R. S.; Dahiya, R. Tetrahedron 1998, 54, 6293-6298. 

17. Saxena, I.; Borah, R.; Sarma, J. C. J. Chem. Soc., Perkin Trans. 1. 2000, 503-504. 

18. Ranu, B. C.; Majee, A.; Sarkar, A. J. Org. Chem. 1998, 63, 370-373. 

19. Firouzabadi, H.; Iranpoor, N.; Alinezhad, H. Bull. Chem. Soc. Jpn. 2003, 76, 143-



Page|58 

AFRICAN DIASPORA JOURNAL OF MATHEMATICS                    ISSN: 1539-854X 

UGC CARE GROUP I                  www.newjournalzone.in 

Vol. 23 Issue 6, June 2020  

151. 

20. Pereyre, M.; Quintard, J.-P.; Rahm, A. Tin in Organic Synthesis, Butterworths, 

London, 1987. 

21. Abdel-Magid, A. F.; Carson, K. G.; Harris, B. D.; Maryanoff, C. A.; Shah, R. D.; J. 

Org. Chem. 1996, 61, 3849. 

22. Cho, Y.S.; Kim, H. Y.; Cha, J. H.; Pae, A. N.; Hun, Yeong, K.; Choi, J. H.; Chang, 

M. H.; Org. Lett. 2002, 4, 2025. 

23. Saidi, M. R.; Stan, B. R.; Ziyaei-Halimjani, A. J. Iran. Chem. Soc. 2007, 4, 194. 

24. Narasimha, S.; Balakumar, R. Aldrichim. Acta 1998, 31, 19. 

25. Kobayashi, S. Eur. J. Org. Chem. 1999, 1, 15. 

26. Keung, W.; Bakir, F.; Patron, A. P.; Rogers, D.; Priest, C. D.; Darmohusodo, V. 

Tetrahedron Lett. 2004, 45, 733. 

27. Huang, W.; Wang, J.; Shen, Q.; Zhou, X. Tetrahedron Lett. 2007, 48, 3969. 

28. Nakamura, M.; Niiyama, K.; Yamakawa, T. Tetrahedron Lett. 2009, 50, 6462. 

29. Nardi, M.; Cozza, A.; Maiuolo, L.; Oliverio, M.; Procopio, A. Tetrahedron Lett. 

2011, 52, 4827. 

30. Desmurs, J. R. Tetrahedron Lett. 1997, 38, 8871. 

31. Chen, Z. W.; Wang, Y. L.; Chen, R. E.; Su, W. K. Chin. Chem. Lett. 2008, 19, 1024. 

32. Yang, J. W.; Fonseca, M. T. H.; List, B. Angew. Chem. Int. Ed. 2004, 43, 6660. 

33. Yang, J. W.; Fonseca, M. T. H.; Vignola, N.; List, B. Angew. Chem. Int. Ed. 2005, 

44, 108. 

 


