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Three-component Mannich reaction of ketones, aromatic 

aldehydes and aromatic amines was catalyzed by four 

Bronsted acidic ionic liquids comprising of iodide and borate 

at room temperature. Ionic liquid have been used as catalyst 

and solvent to produce some Mannich bases in high yield 

(75%) and shorter reaction time (20 minutes). Work up has 

been facilitated by simple extraction with water to recover 

ionic liquid for recycling up to four times without any 

significant loss in activity. 
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INTRODUCTION 
 

Multicomponent reactions have been proven to be an 

economic and facile approach for building of complex 

molecules in one synthetic step. A remarkable diversity can 

be achieved by varying the starting materials. Such 

appealing reactions offer an elegant course for synthesis of 

carbon-carbon and carbon-hetero atom linkages with high 

atom economy, simple methodology and high selectivity in 

one-pot procedure [1]. Mannich reaction is a fundamental 

method for a formation of β-amino carbonyl compounds of 

synthetic intermediates for natural product synthesis 

(alkaloids and polyketides) and in pharmaceutical industry 

[2]. The conventional catalysts for the synthesis of classical  
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Mannich bases are mainly organic and mineral acids 

such as acetic acid [3], proline [4], p-

dodecylbenzenesulfonic acid [5] and lewis acids [6].In 

contribution to green chemistry, many studies reported 

on employing traditional volatile and flammable 

solvents to benign alternatives such as non-volatile 

solvent, supercritical system, aqueous media or 

solventless conditions. In this context, Mannich type 

reactions have also been reported in water [10]. In 

current years, ionic liquids (ILs) have been used as an 

environmentally benign solvents, efficient catalysts and 

a promising substitutes for volatile organic solvents and 

traditionally used acid/ base catalysts in construction of 

organic moieties [11, 12]. Use of organic solvents in 

reaction mixture usually leads to serious safety issues 

such as volatility, flammability and toxicity [12, 13]. The 

use of ionic liquids as reaction media offers a convenient 

solution to both solvent emission and catalytic recycling 

problems [10]. Beside high activity and selectivity, these 

versatile liquids are center of interest as they possess 

unique properties such as flexibility, high stability in air 

and water, easy separation and purification processes, 

reusability, non-volatility, non-flammability, 

noncorrosive nature, controlled immiscibility, low 

toxicity, low vapour pressure, low viscosities, high 

thermal and chemical stabilities [14-16]. Recently work 

on Mannich reaction is being carried out using ionic 

liquids. 

 
METHODOLOGY 
 

Chemicals All the reacting molecules used such as 

Dehydroacetic acid [3-Acetyl-4-hydroxy-6-

methyltetrahydro-2H-pyran-2-one], aromatic amines, 

aromatic aldehydes, methyl imidazole with 1,3-propane 

sultone and 1,4-butane sultone were purchased from 

Sigma Aldrich and used without any purification 

procedure. Melting points of the Mannich bases were 

determined in open capillaries and are uncorrected.  

 

Synthesisofionicliquids: The task specificionic liquids 

have been synthesized by using ananalogous method as 

reported in literature [17-18] with slight modifications. 

1,3-propanesultoneand 1,4-butanesultonewerereacted 

with N-methylimidazole in equimolar ratio affording 

the respective zwitterions that were then converted to 

ILs by acidification with two protic acids. The 

corresponding ILs was used further without any 

purification. 

 

Mannich reaction: A typical procedure Dehydroacetic 

acid (10 mmol), benzaldehyde (10 mmol), aniline (10 

mmol) and 5 mmol of catalyst were taken in round 

bottom flask at 25oC. The completion of reaction was 

determined using TLC. For work up, some amount of 

water was added and extraction with ethyl acetate was 

done. The excess solvent was evaporated via rotary 

evaporator to afford solid product which was 

recrystallized from acetonitrile and dried under vacuum 

until constant weight was obtained. At the end, the 

aqueous layer containing IL was vacuum dried at 70 °C 

to reuse ionic liquid for future use. 

 
RESULTS AND DISCUSSIONS 

 
The ionic liquids were synthesized by the reaction of 

methyl imidazole with 1,3-propane sultone and 1,4-

butane sultone for preparation of Mannish bases. 

Spectral analysis confirmed the structure of synthesized 

ILs. these synthesized ILs were used to catalyze 

Mannich reaction using dehydroacetic acid (10 mmol), 

benzaldehyde (10 mmol) and aniline (10 mmol) as 

model substrates at room temperature. The reaction 

mixture gradually turned to highly viscous material 

within 30 minutes. The reaction work up was done by 

addition of a small amount of water followed by 

extraction with ethyl acetate and finally evaporation of 

organic solvent. For purification, the synthesized 

Mannish bases were recrystallized from acetonitrile and 

the aqueous layer was further dried for recycling ionic 

liquid. Among the four protic ILs 75% of Mannich base 

was obtained as highest yield by 1-methyl-3-(3-

sulfopropyl)-imidazolium borate ([mimps]HBO) in 20 

minutes [Table 1]. 
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Table1:.Effect of ionic liquid on yield of Mannich basea 

Entry Catalyst SolventUsed ReactionTime 
(min) 

Isolated Yield 
(%) 

01 - -, EtOHb,c,d 10 NRa,b,c,d 

02 [mimps]I -, EtOHb,c,d 120 NRa,b,c,d 

03 [mimbs]I -, EtOHb,c,d 120 NRa,b,c,d 

04 [mimps]HBO - 20 75 

05 [mimbs]HBO - 30 69 
aReaction conditions: Dehydroacetic acid(10mmol), benzaldehyde (10mmol), aniline(10mmol), catalyst (5mmol) r.t. 

byield in presence of solvent  |  cyield obtained at 60oC | dyield obtained at 80oC 

 

Table2: Effect of amount of ionic liquid on Mannich reaction 

Sr. 

No 

IonicLiquid 

(mmol) 

ReactionTime 

(min) 

IsolatedYield(%) 

01 0 24 h 0 

02 1 30 71 

03 3 30 66 

04 5 30 75 

05 7 30 74 

06 9 30 75 

 

 Table3: Effect of ionic liquid/solvent on Mannich reactiona 

Entry Ionic Liquid / Solvent Isolated Yield Entry 

01 [mimps]HBO 75 01 

02 [mimps]HBO/H2O 71 02 

03 [mimps]HBO/C2H5OH 69 03 

04 [mimps]HBO/CH2Cl2 63 04 

05 [mimps]HBO/C6H6 42 05 

aRction conditions: cyclohexanone (10mmol), benzaldehyde (10mmol), aniline (10mmol), [mimps]HBO (5mmol)r.t. 

 

 

Forde termining the amount of IL used, there action of 

Dehydro acetic acid(10mmol), benzaldehyde(10mmol), 

aniline (10mmol) was catalysed under variable amounts 

of [mimps] HBO at room temperature. It was found that 

the yields of the Mannich base was increased with the 

increase in the amount of [mimps] HBO (Table2), where 

5mmol was found as an optimal amount. This 

observation might be rationalized on basis of pKa, 

which depicts that their action is catalysed by conjugate 

bases (I-and B (OH)4
-) of the protic acids(HIandH3BO3). 

Mannich reaction was also conducted in polar and non-

polar organic solvents to check the effect of solvent on 

the yield of product for med for estimation of the best 

reaction conditions. Here in there action of cyclo 

hexanone, benzal dehyde and aniline was selected as 

standard reaction. It was found that their action in 

which no solvent was used gave the highest yield of 

75% among the solvents selected showing that the ionic 

liquid may act as dual- reagent without need of any 

external solvent (Table3). 
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Table 4.Preparation of Mannich base using[mimps] HBO as catalyst 

Sr.No R1 R2 Product Yield Mp(oC) 

01 H H 

 

75 114–115 

02 CH3 H 

 

73 150–151 

03 OCH3 H 

 

75 178–179 

04 NO2 H 

 

74 141-153 

 

05 Cl H 

 

75 130 –132 

 

 

CONCLUSION  

 

Present methodology deals with a useful and effective 

way for synthesis of Mannich bases at room 

temperature in short reaction duration (20minutes) and 

good yield (75% )using ILs as dual reagents.There 

portedsynthetic method can be expected as an 

environmentally green procedure that might give 

valuable organic transformations by substituting 

conventional volatile, toxic and flammable organic 

solvents with ILs. Simpleex perimental and work up 

conditions along with reusability of IL can contribute a 

new method of green chemistry concept. 

REFERENCES 

 
1. Mukhopadhyay C, Rana S and Butcherb RJ. Anionic 

liquid {[secbmim]+Br-}asa“ dual reagent catalyst” 
for the multi component synthesis of (quinilinyl-
andisoquinolinyl-amino) alkyl naphthols, theirbis- 
analogs and a facileroute tonaphth oxazines. 
ARKIVOC,10, 2010,291– 304. 

2. Balasubramaniam, S and Aidhen IS (2008). The 
growing synthetic utility of the we inrebamide, 
Synthesis, 23, 2008, 3707–3738. 

3. Mogilaiah K and Kanksiah G. Synthesis and 
antibacterial activity of novel Mannich bases 



 
Bondar et al., 2018                             115 

 

 
Int. Res. J. of Science & Engineering, Special Issue A5, April, 2018:  

 

containing1,8-naphthyridinemoiety. Indian Journal 
Heterocyclic Chemistry, 11, 2002, 282–286. 

4. List B.The direct catalytic asymmetric three-
component Mannich reaction. Journal of American 
Chemical Society, 122, 2000, 9336–9338. 

5. Manabe K, Mori Yand Kobayashi S. Three-
component carbon-carbon bond-form ingreactions 
catalyzedbya Bronsted acid-surfactant-combined 
catalyst in water. Tetrahedron, 57,2001, 2537– 2544. 

6. Kobayashi S, Hamada T and Manabe K. The 
catalytic asymmetric Mannich type reactions in 
aqueous media. Journal of American Chemical Society, 
124, 2002, 5640–5641. 

7. Zhao G and Lu M. One-potgreen procedure for 
Mannich reaction catalysed by task specific ionic 
liquid. Chiang Mai Journal of Science, 39, 2012, 49–58. 

8. Vadivel P, Maheswari CS and Lalitha A. Synthesis 
of β-amino carbonyl compounds via Mannich 
reaction using sulphated MCM-41. International 
Journal of Innovative Technology and Exploring 
Engineering, 2, 2013, 2278–3075. 

9. Hajipoura AR and Rafieeb F. Basic ionic liquids. 
Ashort review. Journal of the Iranian Chemical Society, 
6, 2009, 647– 678. 

10. Sahoo S, Joseph T and Halligudi SB. Mannich 
reaction in Bronsted acid icionic liquids: A 
facilesynthesis of β-aminocarbonyl compounds. 
Journal of Molecular Catalysis A: Chemical,244, 
2006,179 –182. 

11. Cole AC, Jensen JL, Ntai L, Loan K and Forbes DC. 
Novel Bronsted acidic ionic liquids and their use as 
dual solvent-catalyst. Journal of American Chemical 
Society, 124, 2002, 5962– 5963. 

12. Sapkal SB, Shelke K, F Madje, BR Shingate, BB and 
Shingare MS. 1-butyl-3methyl imidazolium hydro 
gensulphate promoted one-pot three-component  
synthesis of amidoalskylnaphthols. Bulletin Korean 
Chemical Society, 30, 2009, 2887– 2889. 

13. Rajendran A and Priyadarshini M. Synthesis and 
characterization of anovelionic liquid (TBA- AMPS) 
and its applications in Mannich condensation 
reaction sunder solvent free conditions. African 
Journal of Pure and Applied Chemistry, 4, 2010, 183–
187. 

14. Dyson PJ and Geldbach TJ. Applications ofionic 
liquids in synthesis and catalysis. The Electrochemical 
Society Interface, 16(1), 2007, 50 –53. 

15. Cserjesi P, BakoK B and Gubicza N. Recent trends 
on application of ionic liquids inorganic synthesis. 

Hungarian Journal of Industrial Chemistry, 36, 2008, 27 
–34. 

16. Rajendran A, Ramu S and Karthikeyan C (2011). 
Green synthesis of some nove lN-Mannich bases 
using environmentally benign catalyst under 
solvent free conditions. 

17. Kundamudi K, Elavarasan P and Dyson PJ. 
Alkylation of p-cresol with tert-butyl alcohol using 
benign Bronsted acidic ionic liquid catalyst. Journal 
of Molecular Catalysis, 2010, 321:34 –41. 

18. Han X and Zhou L. Optimization of process 
variable sin the synthesis of butyl butyrate using 
acid ionic liquid as catalyst. Journal of Chemical 
Engineering, 2011, 172:459 –466. 

 

 

 

© 2018| Published by IRJSE 

 

 

Submit your manuscript to a IRJSE 
journal and benefit from: 
 Convenient online submission 
 Rigorous peer review 
 Immediate publication on acceptance 
 Open access: articles freely available 

online 
 High visibility within the field 

 

Email your next manuscript to IRJSE  

: editorirjse@gmail.com  

 


