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SYNTHETIC COMMUNICATIONS. 29(3), 513-520 (1999) 

H ETEROGEN EOlJS CATA LYTlC CONVERSIONS 

WITH HYDROUS SnO, 

Gulzar Waghoo, R V. Jayaram*l and M. V. Joshi2 

'Department of Chemical Technology, Applied Chemistry Division, University of 
Mumbai, Mumbai 400 01 9, 1NDI.4 

ICI India Research & Technology Centre, Thane 400 601, INDIA 

ABSTRACT: Hydrous Tin oxide (SnOz) was prepared by the action of conc H N 0 3  
on tin metal. It was found to  catalyse transesterification. amidation and transfer- 
hydrogenation in the vapour phase significantly. There was no loss in activity for at 
least 50 runs of the reactions. 

The manufacture of speciality and fine chemicals in batch production processes 

are commonly associated with the production of large quantities of toxic waste 

materials when traditional reagents such as mineral acids, strong bases and 

stoichiometric oxidants are used. They also suffer from other drawbacks like handling 

difficulties, poor reaction selectivities and inorganic contamination of organic products. 

These problems can be overcome to a large extent if environmentally acceptable 

heterogeneous catalytic systems are developed 

In this aspect, hydrous oxides can emerge as a promising catalyst system 

Hydrous oxides have several advantages as catalysts as they are generally very stable 

* To whom correspondence should be addressed. 
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5 14 WAGHOO, JAYARAM, AND JOSH1 

and are not sensitive to air or water and so the reactions do not require water-free 

conditions. In recent years, interest in hydrous zirconium oxide for heterogeneous 

catalysis has greatly increased 3 - j  

In an earlier work we carried out detailed investigation on the activity of SnOz 

catalyst modified with Lewis and Bronsted acids It was observed that the catalyst had 

good activity and moderate reusability for several reactions6 To our knowledge, there 

are few reports on the catalytic activity of untreated hydrous tin oxide (SnO2) This 

has prompted us to carry out preliminary studies on the catalytic efficiency of hydrous 

SnOZ towards some industrially important reactions viz , transesterification, amidation 

and transfer-hydrogenation in liquid phase as well as in vapour phase 

Transesterification over hydrous Sn02 

The percentage yield of ester obtained by transesterification of different 

alcohols with ethyl acetate on hydrous Sn02 (Scheme I) are given in Tables 1 and 2 

in the liquid and vapour phase respectively. The exceptional low activity observed for 

transesterification of octyl alcohol with ethyl acetate in the liquid as well as in the 

vapour phase may be due to the longer chain length and high difference in the boiling 

points of the parent ester and the alcohol . However, the reaction was totally selective 

for traiisesterification. 

Hydro us 

Liquid I 
Vapour phase 

CH3COOR + C,H,OH ROH + CH~COOC~HS sa2 . 

(R = Butyl, Octyl, Cyclohexyl or Benzyl) 

Scheme I 
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HYDROUS SnO, 

- 

Alcohol Time (hrs.) Yield of Ester ( ? a )  

n-Butyl alcohol 5 36 

n-Octyl alcohol 5 10 

C yclohexanol 5 0 

Benzyl alcohol 5 21 

515 

Alcohol 

Table 1 .  Liquid phase transesterification of 

various alcohols with ethyl acetate over hydrous S n 0 2  

Temperature for Ester 

Cyclohexanol 

Benzyl alcohol 

Reaction conditions 

170 70 

210 71 

Reflu1 temperature. Catal~st - 1  Og. Eth?l acetate - 100 ninol. Alcohol - 10 nimol 

Table 2 . Vapour phase transesterification of 

various alcohols with ethyl acetate over hydrous SnOz 

maximum conversion ( O C )  (Ob) 

n-But I alcohol 

n-Oct 1 alcohol D
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516 

React ants Time 

(hrs.) 

Acetic acid n-Propyl amine 5 

Acetic acid n-Butyl amine 5 

Acetic acid Ammonia (aq.) 5 

Ethyl acetate n-Butyl amine 5 

WAGHOO, JAYARAM, AND JOSH1 

Yield of h i d e  

(%) 

0 

38 

0 

6 

Amidation over hydrous Sn02: 

Table 3 and 4 show the catalytic efficiency of hydrous Sn02 for the amidation 

of acetic acid/ ethyl acetate with aliphatic amines as well as ammonia (Scheme II). It 

was observed that the yields were better with acetic acid. Ammonia itself gave very 

poor yields with this catalyst. 

Hydrous 
SnO, 

R’COOF? + R3NH2 * R1CONHR3 + R20H 
Liquid I 
Vapour phase 

(R1 = Methyl, R* = H or Ethyl, R3 = H, Propyl or Butyl) 

Scheme I1 

Reaction conditions: 

Reflus temperature, Catalyst -1.Og. Acetic acid (10 mmol ) : Anline ( 50 mmol ). Ethyl 

acetatc ( SO mmol ) : Aniine ( 5 minol ). Actic acid ( 1 mmol ) : 10 nil. Ammonia ( 25 %). 
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HYDROUS SnO, 

Acetic acid 

Acetic acid 

Acetic acid 

Ethyl acetate 

517 

n-Propyl amine 

n-Butyl amine 

Ammonia (aq.) 

n-Butyl amine 

Table 4. Vapour phase amidation over hydrous SnOz 

170 

Reactants 

43 

Temperature for Yield of Amide 

maximum conversion 

Iyo 
200 79 

Reaction condrtions : 

Catalyst - 2.05 g. Acetic acid (10 inniol ) : &nine ( S O  iiiinol ). Ethyl acetate ( 50 niniol ) 

: Amine ( 5 nimol ). Acetic acid ( I niinol ) : 10 nil. Ammonia ( 25 O h ) .  Sample feed - 3 6 cm-’ lir-I 

Transfer-hydrogenation reaction over hydrous Sn02: 

In the liquid phase, it was observed that hydrous S n O 2  could not bring about 

transfer-hydrogenation. Even in the vapour phase, only with cyclohexanone more than 

60% of cyclohexanol was formed (Scheme 111, Table 5). 

Hydrous 
SnO, 

Vapour Phase 
R~COR* + (CH,),CHOH R ’ R ~ C H O H  + CH,COCH, 

(R1 = Methyl, R* = Isobutyl, Phenyl or Ethyl) 

Scheme 111 
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(OC)  

I70 

I70 

170 

170 

WAGHOO, JAYARAM. AND JOSH1 

( 9  0 )  

61 

II 

18 

0 

Table 5 Vapour phase transfer-hydrogenation o f  

various ketones over hydrous SnOz 

Ketone 

C yclohexanone 

Methyl isobutyl ketone 

Acet ophenone 

Ethyl methyl ketone 

maximum conversion Alcohol 

Reaction conditions 

Catalyst - 2.U.S g. Ketone - 10 mrnol. Isopropyl alcohol - 100 mmol. Sample feed - 3 6 cm' hr-' 

For all these reactions the catalyst was reusable without much loss in activity 

for at least up t o  50 runs. There is also ample scope for improving the yields or 

decreasing the reaction temperatures by optimising reaction parameters such as contact 

time and mole ratio of  the reactants. 

Preparation of the catalyst: 

To 20 g of tin metal, 53 cm3 of conc. HN03 was added in small aliquots and 

complete oxidation of tin metal was achieved by vigorously stirring the reaction 

mixture. After completion of oxidation, the white product mass was washed repeatedly 

with deionised water to completely remove the nitrate ions. The hydrous Sn02 thus 

obtained was then dried in air at 80°C for five hours. It was observed that this process 

of pretreatment was adequate t o  get reproducible and maximum catalytic activity 

under the chosen reaction conditions. 
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HYDROUS SnOz 519 

General procedure for liquid phase reactions: 

The liquid phase reactions were carried out in a 50cm3 three-necked round- 

bottomed flask equipped with a reflux condenser and a thermometer. The reaction 

mixture was stirred and heated to the desired temperatures with the help of  a magnetic 

stirrer-heater and a Teflon coated magnetic bob. 

General procedure for vapour phase reactions: 

The catalytic activity in the vapour phase was studied using a fixed bed 

continuous flow integral reactor? The reactor system consisted of a Pyrex glass tube 

of 40 cm length and 1.25 cm inner diameter with an inlet tube of 0.8 cm diameter 

spiralled around the entire length. The reactants were fed into the reactor through the 

spiral preheater using a motor driven s y r u i p  pzmp (Sage Instruments Co. NY., 

Model 34 1 ) The catalyst sample was held in the reactor tube between glasswool plugs 

surrounded by glass beads. The reactor was kept in an electrically heated furnace. The 

temperature could be maintained and measured with the help of a digital temperature- 

controller indicator attached with a Cr-AI thermocouple. 

The products of the reactions were analysed by gas chromatography with the 

help of  a Chemito 2865 Gas Chromatograph fitted with OV 17 capillary column. 
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