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1. Introduction 

The Michael addition involves the addition of a nucleophile, called a ‘Michael donor,’ to an 

activated electrophilic olefin, the ‘Michael acceptor’, resulting in a ‘Michael adduct’(Scheme 

1).
1-3

Although, the Michael addition is generally considered the addition of enolate 

nucleophiles to activated olefins, a wide range of functional groups possess sufficient 

nucleophilicity to perform as Michael donors. Reactions involving non-enolate nucleophiles 

such as amines, thiols, and phosphines are typically referred to as ‘Michael-type additions’.
1-3

 

The Michael acceptor possesses an electron withdrawing and resonance stabilizing activating 

group, which stabilizes the anionic intermediate. Michael addition acceptors are far more 

numerous and varied than donors, due to variety of electron withdrawing activating groups 

that enable the Michael addition to olefins and alkynes. Acrylate esters, acrylonitrile, 

acrylamides, maleimides, alkyl methacrylates, cyanoacrylates and vinyl sulfones serve as 

Michael acceptors and are commercially available. Less common, but equally important, 

vinyl ketones, nitro ethylenes, α,β-unsaturated aldehydes, vinyl phosphonates, acrylonitrile, 

vinyl pyridines, azo compounds and even β-keto acetylenes and acetylene esters also serve as 

Michael acceptors. Over the years, the scope of this reaction has increased dramatically to 

include a broad range of acceptors and the Michael-type additions of non-carbon donors. 
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The mechanism of Michael type addition of activated olefins with various anionic and neutral 

nucleophiles is not well understood but remains controversial.  The mechanism differs with 

change in the nature of nucleophile as well as with change in the solvent from acetonitrile to 

water.
1-34

 Further there are few reports on the effects of solvent on the mechanism of Michael 

type addition and the reports are also limited to acetonitrile, DMSO and water. Thus to have 

more insight to the reaction mechanism and the effect of solvent on reaction mechanism, 

herein we have concentrated our research on the effect of different types of solvents on the 

reactivity and mechanism of the reaction of β-nitrostyrene with piperidine. 

2. Experimental 

Materials: All the solvents were purchased from Merck India and purified using standard 

procedure.
35

Acetonitrile was purified by distilling with calcium chloride. 

Synthesis of β-nitrostyrene: β-nitrostyrenewas synthesised by following the standard 

procedure.
36

10.2 g (8.94ml) of Nitromethane, 17.6 g (16.92ml) of Benzaldehyde and 33.32 

ml of Methanol were placed in a three naked flask with a thermometer and cooled at about -

10ºC. 7gm of NaOH was diluted to 15 ml with ice and water and was added with a vigorous 

stirring, to the mixture at such a rate that the temperature was held at 15ºC. The temperature 

was maintained by addition of crushed ice. A bulky white precipitate formed, to which about 

4ml of methanol was added. 116 ml of ice water was added to it. The resulting solution was 

run immediately with stirring into a flask contain 33.2 ml HCl. A pale yellow crystalline 

precipitate separated almost as soon as the alkaline medium solution mixed with the acid. The 

solid settled into the bottom of the flask when the stirrer was stopped. The residue was 

filtered by suction and washed with water until free from chlorides. The solid was transferred 

into a beaker immersed in hot water, two layers formed & on cooling again, the lower layer 

of nitrostyrene solidified, the upper water layer was poured off. The crude nitrostyrene was 

recrystallised in ethanol. Yield = 95%, M. P. = 57
0
. 
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Kinetic Measurements: The kinetics of Michael-type reaction of β-nitrostyrene with 

piperidine in different solvents was carried out using UV−VIS spectrophotometer. The 

temperature in the reaction cell was controlled by circulating water by using Lauda 

thermostat within a temperature fluctuation of 0.05ºC. The reactions were followed by 

monitoring the disappearance of the substrate at 309 nm from which the first-order rate 

constant, kobs, was obtained from the linear plot of log At versus t for up to 80% completion 

of the reaction. All reactions were carried out under pseudo-first-order conditions in which 

the amine concentrations were at least 20 times greater than the substrate concentration. 

 

3. Results and Discussions 

In order to study the effect of solvents on reactivity and reaction mechanism, kinetic study 

was undertaken spectrophotometrically in a range of solvents by monitoring the decrease in 

the concentration of -Nitrostyrene (BNS) at the analytical wavelength of 309 nm with a time 

interval of 30 sec. Pseudo-first-order conditions were maintained by taking excess 

concentration of amines as compared to the concentration of BNS. First-order kinetics was 

obeyed by all the reactions and their observed rate constants (kobs) were calculated using 

equation (1).   

ln At = -kobs t + C      (1) 

Where At represents the absorbance at time t. The plots of lnAt versus t were almost linear 

with correlation coefficient (R
2
) around 0.99.  The reaction was found to be 1

st
 order with 

respect to BNS. With increase in the concentration of piperidine (PIP), there is a slow 

increase in the observed rate constant at lower [PIP] while sharp increase was observed at 

higher concentration in all the solvents.  These kinds of upward curvature in the plots of kobs 
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vs. [PIP] are typical general acid/base catalysed reactions where a second molecule of the 

reactant behaves as a catalyst. Um et al. suggested both catalysed and un-catalysed route for 

the reaction of BNS with PIP in acetonitrile following a stepwise mechanism (Scheme 

2).
37

On the basis of the proposed mechanism, they dissected the kobs into Kk2 and Kk.3. 

Accordingly the rate expression can be derived as follows. 

BNS   +     PIP                  I
k1

k-1

I P

I + PIP P + PIP

k2

k3

 

(Scheme 2) 

 kobs= 

 

Under the assumption k-1>>k2+k3[NH] 

kobs=Kk2[PIP]+Kk3[PIP]2 , where K=k1/k-1 

     =Kk2+Kk3[PIP]    

 

To shed light on the effect of solvents on reactivity and mechanism of Michael type addition 

of amine nucleophiles with -nitrostyrene we have taken the following solvents groups.   

 (i) Non-polar solvents (benzene, toluene and hexane) 

(ii) Polar aprotic solvents (Acetonitrile, DMSO, DMF, Ethyl acetate) 

(iii) Polar protic solvents (Methanol, Butanol, Hexanol, octanol) 

(iv) Other solvent (Chloroform) 

k1k2[PIP]+k1k3[PIP]2 

k-1+k2+k3[PIP]2 

kobs 

[PIP] 
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In the present study, the plots of kobs/[PIP] versus [PIP]  are also found to be linear in all the 

studied solvents except octanol (figure 1B-12-B). Thus, except octanol, the above mechanism 

and the assumptions are supposed to be valid in all the solvents taken. The linear plots of 

kobs/[PIP]  versus  [PIP] gives the values of Kk2  (rate constant for un catalysed route) and Kk3 

(rate constant for catalysed route)  from the intercept and slope, respectively. The calculated 

values of Kk2 and Kk3 for different solvents are represented in Table 1.  

 

 

 

 

 

 

  

 

 

 

 

 

Figure 1. Plots of kobs vs [NH] (A) and kobs/[NH] vs [NH] (B) for the reaction of β-nitro 

styrene with pyridine in Acetonitrile at 25˚C. 
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Figure 2. Plots of kobs vs [NH] (A) and kobs/[NH] vs [NH] (B) for the reaction of β-nitro 

styrene with pyridine in DMSO at 25˚C. 

 

 

Figure 3. Plots of kobs vs [NH] (A) and kobs/[NH] vs [NH] (B) for the reaction of β-nitro 

styrene with pyridine in DMF at 25˚C. 
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Figure 4. Plots of kobs vs [NH] (A) and kobs/[NH] vs [NH] (B) for the reaction of β-nitro 

styrene with pyridine in ethyl acetate at 25˚C. 

 

 

Figure 5. Plots of kobs vs [NH] (A) and kobs/[NH] vs [NH] (B) for the reaction of β-nitro 

styrene with pyridine in Methanol at 25˚C. 
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Figure 6. Plots of kobs vs [NH] (A) and kobs/[NH] vs [NH] (B) for the reaction of β-nitro 

styrene with pyridine in Butanol at 25˚C. 

 

 

Figure 7. Plots of kobs vs [NH] (A) and kobs/[NH] vs [NH] (B) for the reaction of β-nitro 

styrene with pyridine in Hexanol at 25˚C. 
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Figure 8. Plots of kobs vs [NH] (A) and kobs/[NH] vs [NH] (B) for the reaction of β-nitro 

styrene with pyridine in Octanol at 25˚C. 

 

 

Figure 9. Plots of kobs vs [NH] (A) and kobs/[NH] vs [NH] (B) for the reaction of β-nitro- 

styrene with pyridine in Chloroform at 25˚C. 
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Figure 10. Plots of kobs vs [NH] (A) and kobs/[NH] vs [NH] (B) for the reaction of β-

nitrostyrene with pyridine in Toluene at 25˚C. 

 

 

 

Figure 11. Plots of kobs vs [NH] (A) and kobs/[NH] vs [NH] (B) for the reaction of β-

nitrostyrene with pyridine in Benzene at 25˚C. 
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Figure 12. Plots of kobs vs [NH] (A) and kobs/[NH] vs [NH] (B) for the reaction of β-

nitrostyrene with pyridine in Hexane at 25˚C. 

Table 1. Summary of Kinetic Data for the Reaction of β-nitrostyrene with Piperidine in 

different Solvents at 25˚C. 

Solvent Type Solvent Name Kk3/M
-1

s
-1

 Kk2/M
-1

s
-1

 

Non-Polar Hexane 10 -0.0098 

 Toluene 12.89 -0.0189 

 Benzene 16 -0.029 

Polar Aprotic DMSO 2434.7 0.1145 

 DMF 1234 0.142 

 Acetonitrile 498.38 0.0865 

 Ethyl acetate 27.83 0.012 

Polar protic Methanol 11.16 0.08 

 Butanol 53.3 0.056 

 Hexanol 189.67 0.099 

Other Chloroform 10.29 0.0085 



 

12 
 

 

4. Conclusions 

From all the above results and the values of Kk2 and Kk3discussions the following 

conclusions can be drawn. 

1. The curved plot of kobsvs. [NH] in all the solvents suggests that a second molecule of 

piperidine acts as catalyst for the reaction. 

2. The reactions proceed through both catalysed and unanalysed routes for polar aprotic 

and aprotic solvents whereas in nonpolar solvents only catalysed route is present. 

3.  The rate of reaction is higher in polar aprotic solvents as compared to polar protic 

solvents as compared to other solvents. 

4. A stepwise mechanism is proposed for polar protic and aprotic solvents whereas in 

nonpolar solvents it proposed to proceed through concerted process.  

5. The difference in mechanism and reactivity is based on the differential solvation of 

nucleophile and the zwitterionic intermediates due to difference in polarity, 

hydrophobicity, hydrogen bond donor and acceptor capabilities of the solvents.  
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