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Por the rir~'t time. the liquid phase oxidation reactio ns of satu­
rated . -heterm:yclics like piperidine and pyrrolidine to piperidone 
and pyrrolidone have heen carried out over modified MCM -4 1 
molecular sieves wit h 30-55 % yie ld and >80% selectivity. 

A number of liquid phase oxidation reactions over 
redox molecul ar sieves have been reported '-). We have 
carri ed out liquid phase ox idation of cyclohexene4

, 

anthracene to I A-anthraqui none, stilbene to sti lbene­
ox ide', 2-pico ly l a lcoho l to pyridine-2-
carboxa lde hyde6 and 2-methylnaphthalene to 2-
met hyl- I A-naphthoquin one 7 over redox/modified 
molecul ar s ieves, in the presence of an oxidant like 
H20 }. In thi s note, we report the liquid phase oxida­
tion of saturated N-heterocyclics like piperidine and 
pyrrolidine over modified MCM-41 molecular sieve 
in the presence of H20 2. 
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The liquid phase ox idati on of piperidine and pyr­
rolidine was ca rri ed out over va ri ous modified MCM­
-ll mesoporClUS molec ul ar sieves and the results are 
depic ted in Tables I and II . . The yields of piperidone 
were 27.5. 53.5, 30.2, 48.2 and 27.3 wt % at 34.4, 
54 .7. 39.3. 52 .3 and 30.3 % conversions over Fe(ac) 

+ IICT Cummunication 0.: 3lJ72. 

Table I- Liquid phase oxidation of piperidine to piperidone over 
mudilied MCM-4 1 molecular sieves 

(Catalyst WI.= I g: Reactant wl.= I g; Reactant : H20 2= 1:4 molar; 
So lvent: Methano l (20 mL); Duration=20hr; ac=acetyl} 

S. o. Catalys t Conversion Yield (wt %) 
of piperi-

Piperi- Other 
dine (%) 

done products 

Mn(ac) MCM-41 3.2 2.8 0.4 
2 Co(ac) MCM-4 1 6.9 5. 1 1.8 

3 Ti(ac)MCM-41 6.2 5.6 0.6 

4 TiMCM-41 7.3 6.8 0.5 

5 VMCM-4 1 8.2 7.0 1.2 
6 Co MC M-41 11.6 11.2 0.4 
7 Fe(ac) Y 30.3 27.3 3.0 

Fe(ac) MCM-41 34.4 27.5 6.9 
9 Cu-MC M-4 1 27.9 27.7 0 .2 
10 Fc-MC M-4 1 39.3 30.2 9 .1 

" Mn-MCM-41 44.8 44.4 0.4 
12 Cr-MC M-4 1 52.3 48.2 4 .1 

13 C r(ac) MCM-41 54.7 .53.5 1.2 

Table II- Liquid phase ox idation of pyrrolidine to pyrrolidone 
over modified MCM-41 molecular sieves 

{Pyrrolid ine= I g; Catalyst= I g; Pyrro lidine :H20 2= 1:4 molar; Sol-
vent: methanol (20 mL); Duration=20 hr} 

SI. Catalyst Conversion Yield (wt%) 

0 of pyrroli- Pyrro- Other 
dine (%) Iidone products 

I Co(ac)MCM -41 5.4 4 .9 0.5 
2 Fe(ac)MCM-4 1 6.8 5.7 1.1 
3 Fe-MCM-41 8.4 6 .1 2.3 
4 Mn-MCM -41 7 .3 6.3 1.0 
5 Ti (ac)MCM-41 7 .6 6.4 1.2 
6 Co-MCM -41 8.7 7.7 1.0 
7 Fe(ac)Y 8.0 7 .8 0.2 
8 Mn(ac)MCM -41 16.5 15 .2 1.3 
9 Cu-MCM -4 1 23.7 23 .3 0.4 
LO V-MCM-4 1 46.5 41.4 5.1 

" Cr- MCM-4 1 49.l! 47 .1 2.7 
12 Cr(ac)MCM -41 54 .8 53.5 1.3 

MCM-4 I , Cr (ac) MCM-4 1, Fe-MCM-41 , Cr-MCM-
4 1 and Fe (ae) Y molecular s ieves respectively (cf 

Table I) . 
There was no spec ific trend in the ac ti vity of the 

redox meta l ions but redox potentia l is f onsidered to 
be respons ible for the activation of the reactant mole­
cule and H20 2. tn the liquid phase ox idation of pyrro-
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Table III- Liquid phase oxidation of various saturated N-heterocyclics over Cr modified MCM-41 molecular sieves 
I Reactan t WI. = I g, Catalyst WI.= I g, Reactant : 2 = 1:4 molar, Durat ion 20 hr, Solvent: Methanol (20 mJ), a= other 

products (corresponding diketones or aldehydes) } 

SI. o. Substrate Conversion (%) 
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lidine, the yie lds of the pyrrolidone were 53 .5, 15 .2, 
47.1 and 41.4 wt % at 54.8, 16.5 ,49.8 and 46.5% con­
versions over Cr Cac) MCM-41 , Mn (ac) MCM-4I, 
Cr-MCM-41, and Y-MCM-41 molecular sieves re­
spectively and the results are given in Table II. We 
have also studied the effect of various solvents and 
bxidants and redox mol ecular sieves like YSAPO, 
etc,. 

The stoichiometric equation for the reaction may 
be written as follows: 

The resu lts of the liquid phase ox idation of various 
saturated nitrogen-containing heterocyc lics over Cr­
MCM-41 are given in Table Ill. The conversions 
and yields are in the range of 50- 100 % and 20-97 % 
respectively . Tn general, we have developed a meth­
odology for the oxidation of saturated cycl ic amines 
to amides over redox molecu lar sieves. The work is 
bei ng extended to other heterocyclics . These proc­
esse can be commercially useful and eco-friendly. 

Experimental Section 
MCM-41 was prepared according to the literature 

procedure and the catalysts were highly crystalline. 
The typical molar gel mjxture composition in the 
preparation of Cr (M"+) MCM-4 1 was as follows: 0 .5 
Cr20 1 : 31.0 I Si02 : 0 .5 Al 20 1 : 2.2 (surfactant)20 : 
3.16 (TEAh O : 1.89 Na20 : 615-820 H20. The tem-

Product Product Yield (wt%) Others 
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plate and surfactant were removed by calcining at 
500°C for 12 hr and represented as Cr-MCM-41. Cr 
(ac) MCM-41 was prepared by reflu xing above Cr­
MCM-41 in acetic anhydride in methanol for 5 hr. 
The catalysts have been characterized by XRD, IR 
and Sorption tec hniques . IR spectra showed a peak at 
960 cm" corresponding tetrahedral Mn+:I (transition 
metal ion). The reacti on was carried out taking 20 ml 
of methano l as <. so lvent, I g of reactant and I g of the 
catalyst in a round bottom fl ask. H20 2 was used as an 
ox idant and the molar ratio of reactant:H 20 2 was 1:4. 
The reaction mixture was refluxed for 20 hr. The 
product was analyzed by gas chromatography using 
FlD and 5% SE-30 column and confirmed by mass 
spectra, GC-Mass and NMR . 
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