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MICROWAVE ASSISTED, HIGHLY EFFICIENT SOLID STATE N- AND 
S-ALKYLATION 

Harsha G. Jaisinghani, Bhushan M. Khadilkar* 

University Department of Chemical Technology, University of Mumbai, 
Matunga, Mumbai-400 01 9, India 

Abstract: Secondary amines and thiophenols were alkylated with alkyl and 
benzyl halides rapidly on alumina supported potassium carbonate under solvent- 
free conditions using microwaves. Equimolar amounts of the secondary 
amindthiophenol and alkyl halide were used. The procedure neither required any 
strong base nor a PTC. Aniline was also monobenzylated with benzylchloride. 
Separation of the products from the reactants was very simple by using a nonpolar 
solvent for desorption. 

Solid inorganic supports are being increasingly used in synthetic organic 

chemistry.'-' Their effectiveness in organic synthesis may be due to their large 

surface area, the presence of pores, and the suitable adsorption of the reactants on 

their surface. Reactions on such supports often involve milder conditions, easier 

work-up, and higher selectivity than the reactions in the solution phase. 

Microwave heating has already gained importance in synthetic organic chemistry 

in a short span of only a d e ~ a d e . ~ ' ~  However the use of solvents in MW ovens 

*To whom correspondence should be addressed. 
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gives rise to elevated temperatures and consequently high pressures. These 

problems have been overcome to a large extent by carrying out the reactions in 

the modified oven or under ‘dry’ conditions using solid supports. M W  enhanced 

chemical reactions on inorganic solid supports under solventless conditions have 

attracted attention recently. ‘-’ The advantages of this method are enhanced 

reaction rates, less or no formation of side products and higher yields of pure 

products. 

N-alkylation of secondary amines with alkyl halides is an important synthetic 

method to obtain tertiary amines. However, quaternary salt formation results in 

lower yields of the tertiary amines. Generally a large excess of the secondary 

amine is used to control this.’ Use of strong bases like lithium naphthalenide,’ 

EtlN & KH, “I KOH in acetone” and in DMSOl’ have been made. Some phase 

transfer catalysts have also been employed to improve the  yield^.'^‘'^ KF on 

alumina is reported for N-alkylation. I s  N-benzylaniline is prepared by using a 

molar ratio of 4.1 of aniline: benzyl chloride. The reaction is carried out for 4 h at 

90-95”c in the presence of K2C03.16 Arylpiperazines are alkylated using K2CO3 as 

the base in a solvent. The reported reaction time is 1 6h.I7 There are a few reports 

on N-alkylation of amines under MW irradiation. Benzoxazinones and 

benzothiazinones have been N-alkylated using sodium ethoxide as a base, 

triethylbenzylammonium chloride as a phase transfer catalyst and silica gel as 

~ u p p o r t . ’ ~  The other reports are of N-alkylation of Carbazole with alkyl halide 

adsorbed on K2C03,’’ ma heterocycles in dry media,” triazole and benzotriazole 

in basic media,” and azoles in dry media.” N-alkylation of arylpiperazines and 

that of aniline is not reported under MW irradiation. 
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SOLID STATE N- AND S-ALKYLATION 3695 

Table 
Yields of alkylated products under optimized conditions 

a The products obtained exhbited satisfactory physical and spectral Qta. 
PMR (CDC13) 6 (ppm):- 1.25 (1, 6H, -CH, of awtal group), 2.6 (4 2H, -CH2- attached to 

pipemine nng), 2.7 (t. JH. piperazinc ring protons), 3.2 (1, 4H, pipermine ring protons), 3 .6  (q, 
2H, -CH2- of acctal group), 3.7 (q, 2H. -CHz- of acetai group), 4.7 (t, IH, -CH- attached to XHz-), 
6.8-7.2 (m, SH, aromatic ring protons) 

PMR (CDCI?) 5 (ppm):- 2.3 (s, 3H). 2.7 (1, JH, piperazine ring protons), 3.0 (t 1H, piperazinc 
ring protons), 3.7 (s, 2H), 7.0-7.6 (m 7H, aromatic ring protons) 

Molar ratio of Aniline: Benzylchloride, 4: 1; The product was purified through a short column of 
silica gel (mesh SEC 60-120) using toluene as the eluent. 
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Conventionally thioethers are formed by alkylation of the thiolate anions with 

alkyl halides in an inert atmo~phere.'~ KOH in DMS0?4 phase transfer 

DBU,27 K2C03-DMFz8 and NaX zeolitesz9 have been used. Bulman 

Page et al. have reported the use of Na2C03 and a catalytic amount of 

(dppm)RCl2 [dppmzbis (diphenylpho~phinomethane)].~~ Refluxing thiophenols 

and alkyl halides with KzC03-Al~03 in benzene is reported to give 65-87% 

thioether~.~' Use of n-BuLi is also reported.32 There are no reports of S-alkylation 

under MW irradiation. 

We report here an easy method of alkylation of secondary amines, thiophenols 

and monoalkylation of aniline using K2C03 on alumina as support under MW 

irradiation. The starting materials were separately adsorbed on the support as 

simultaneous adsorption resulted in the formation of a quaternary salt as the major 

product. Good yields of pure alkylated products were obtained by simple 

desorption with a non-polar solvent. The method reported here does not require 

any strong base or any phase transfer catalyst. 

General Procedure: 5 mmol of KzCO3 i.e. 0.69 g was coground with 12 g of 

alumina in an agate mortar. To 5mmol of the secondary amine/thiophenol in 10 

ml Et2O was added the mixture of KzCO3- A1203. EtzO was evaporated with 

stirring to give a dry mixture. 5mmol of alkyl halide in 10 ml Et2O was added to 

the above dry mixture. Et2O was again evaporated with stirring. The resultant dry 

mixture was irradiated in a beaker covered with a petridish in the MW oven (IFB, 

output 750 watts) for the specified time. The product was obtained by desorption 

with toluene. 
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