
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=lsyc20

Download by: [University of California, San Diego] Date: 05 January 2016, At: 05:44

Synthetic Communications

ISSN: 0039-7911 (Print) 1532-2432 (Online) Journal homepage: http://www.tandfonline.com/loi/lsyc20

Polymers as Reagents and Catalysts. Part 28.
the Effect of Polymer Catalyst Structure on the
Esterification of Acids

M. Zupan & N. šegatin

To cite this article: M. Zupan & N. šegatin (1991) Polymers as Reagents and Catalysts.
Part 28. the Effect of Polymer Catalyst Structure on the Esterification of Acids, Synthetic
Communications, 21:4, 597-609, DOI: 10.1080/00397919108016789

To link to this article:  http://dx.doi.org/10.1080/00397919108016789

Published online: 23 Sep 2006.

Submit your article to this journal 

Article views: 16

View related articles 

Citing articles: 3 View citing articles 

http://www.tandfonline.com/action/journalInformation?journalCode=lsyc20
http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919108016789
http://dx.doi.org/10.1080/00397919108016789
http://www.tandfonline.com/action/authorSubmission?journalCode=lsyc20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=lsyc20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/00397919108016789
http://www.tandfonline.com/doi/mlt/10.1080/00397919108016789
http://www.tandfonline.com/doi/citedby/10.1080/00397919108016789#tabModule
http://www.tandfonline.com/doi/citedby/10.1080/00397919108016789#tabModule


SYNTHETIC COMMUNICATIONS, 21(4), 597-609 (1991) 

POLYMERS AS REAGENTS AND CATALYSTS. 
PART 28. T H E  EFFECT OF POLYMER CATALYST 

STRUCTURE O N  T H E  ESTERlFlCATlON OF ACIDS’ 

M. Zupan and N. Segatiii 

Laboratory for Organic aiid Bioorgaxiic Chemistry, Department of 

Chemistry and ’’ J .  Stefan” Institute, University of Ljubljana, 

Yugoslavia 

Summary  - Crosslindxd s,ulph.on.ated po1ystyren.e (Dourex 20 M )  and various 

salts of crosshbed  co-poly[styren.e-3-vin.yl~~yrkd~~ne] ,with hydrogen halides 

were used as solid catalysts in. in:i~estigatkon.s of th,e con:verskon. of acids to 

esters. The role of the strrrct~rre of t he  m i d  (acetic acid, benzoic acid), 

solvent (n-octan,e, toluenw, n-bri.tan.ol) a.n.d reaction temperature an the 

presence of polymer supported catalyst ‘was tested in, t he  reaction with n- 

butanol. Sulphon.a.ted crosslin,bed p l y s t y  m e  (a,) i m s  th.e most active 

catalyst, similar act.iuity wns found .with. crossli7rbed co-poly[styrene-4- 

vinyl(pyridiniiim ch.loride)], while catalysts bea1.in.g a fluoride (3) and 

‘Dedicated to the late Prof. M. Pcrpar 
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5 98 ZUPAN AND S E G A T I N  

iodide (&) funct ion were a h o s t  unl-eactive. The important  ro le  of co- 

solvents was also establish.ed. 

Chemical transformations of polymers offer an attractive possibility 

for the preparation of new catalysts, reagents, separation media, etc. and 

found increasing popularity in the last twenty years [l - 61. It is known that 

the reactivity of such a catalyst strongly depends on the structure of the 

polymer backbone (polarity, crosslinking, etc.). The structure and the 

amount of the active group introduced into the polymer backbone, the 

solvent (polarity - swelling of the polymer resin, viscosity, steric 

interactions, acidity or basicity and ability to form hydrogen bonds with 

the catalyst) and the structure of the organic molecules are usually more 

important than in the case of the corresponding homogeneous rcactions. 

The role of the above mentioned variables have been discussed recently [7]. 

The synthesis of esters is onc of the most important processes in 

organic chemistry [S] and is also of great industrial importance, being 

usually curried out today in the presence of a solid catalyst in the vapour 

or liquid phase. Thc choice of the typc of catalyst depends 011 the synthetic 

strategy. Preparation of esters from acid chlorides or acid anhydrides 

usually requires a catalyst bearing basic units. In  recent years, cxtcnsive 

studies were made of polymer-bound dimethylaniinopyridine [9 - 161, u-hile 

Frechet and coworkers [17] examined the effect of local reaction medium 

and catalyst efficiency. Recently, we have also pointed out the importance 

of the polymer structure when containing units of basic character 

(pyridine, butylamine, piperidine, piperazine etc.) i n  the reactions of acid 

chlorides and anhydrides with alcohols [ls]. 
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POLYMERS AS REAGENTS AND CATALYSTS. XXVIII 599 

On the other hand, direct conversion of acids to esters with alcohols 

usually requires the presence of an acid catalyst. In Scheme 1 three possible 

pathways (A, B and C), which must be taken into account when insoluble 

organic catalysts are used for acid catalysed esterification, are present. 

Solvent penetrates into insoluble resin and can swell it (species I), or can 

form a solvent-separated ion-pair (species 11) (equilibrium process). Acid 

can penetrate into swollen resin (1) and associate with an ionized acid 

group forming species (IV), which further reacts with alcohol to form an 

ester; the process following pathway A usually behaves as a hetcrogrneous 

catalysed reaction. Penetration of alcohol into the swollen resin (I), 

pathway B, results in the formation of the solvent-separated ion-pair (111) 

(equilibrium process). Pathways B or C, involving species I1 or 111, usually 

represent pseudo - hornogcneous reactions catalysed by solvated protons. 

Which pathway ( A ,  B or C) predominates in  the acid catalysed conversions 

of acids to esters depends on tlie structure of tlie catalyst, the solvent, the 

structure of thc acid and the alcohol, arid tlir type of operation (continuous 

or batch process), and usually competition bctwecn these various proccsses 

is observed. 

The usc of insoluble catalysts offcrs the following advantages over 

homogeneous catalysts: 

1. 

2. a higher degree of selectivity can be achieved in  comparison to 

the catalysts arc easily separated from the reaction mixture 

homogeneous catalysis 

3. undesirable side reactions can often be avoided 
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POLYMERS AS REAGENTS AND CATALYSTS. XXVIII 601 

4. a solid catalyst permits operation in either continuous or hatch process 

5 .  corrosion processes are reduced or even eliminated. 

The esterifications of acids with alcohols in the presence of 

crosslinked polystyrenesulphonic acid were studied extensively and it was 

considered that alcohol and water solvated the sulpho groups. The 

esterification of octanoic acid with n-butanol consists of a heterogeneous 

reaction catalysed by unionized sulpho groups and a pseudo - 

homogeneous reaction, catalysed by solvated protons [19]. Correlations with 

the results of reactions in which protic solvents were excluded suggest that 

the position of the equilibrium of the solvent-separated ion-pair formation 

depends mainly on the electron - donor properties of the solvent [20]. 

Solvents with a strong donor property diminish the number of unionized 

sulpho groups, which act as catalysts species for heterogeneous reactions. 

The important role of the solvent and polarity inside or outside the resin 

was also demonstrated by conversion of benzoic acid with n-butanol to 

ester in the presence of an insoluble catalyst [21]. 

The important role of polymer bonded catalyst structure on the 

conversion of organic molecules stimulated us to study the effect of 

polymer catalyst on the conversion of acetic and benzoic acid to esters with 

n-butanol (Scheme 2). The question of the swelling of the resin versus 

solvent polarity arises in these transformations, and for this reason we 

measured the swelling capacity of the catalysts in various solvents. As is 

evident from Scheme 2, in the nonpolar solvent n-octane all resins 

remained almost unchanged, while swelling was also suprisingly small in 
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602 ZUPAN AND SEGATIN 

3 d  - 

Po n C4H9 - O H  - //O 
R - C  \ O H  CATALYST 1 S O L V E N T -  R - C \ O - C ~ H 9  

1.0 1.0 1.1 2.5 

( 1 1  

( l a )  : R = -  CH3 

( l b l  : R = a 
THE E F F E C T  OF C A T A L Y S  
IN VARIOUS S O L V E N T S  

U ON F S W E L L I N G  

S O L V E N T  
C A T A L Y S T  

n CeH1d C6H 5CH3 n ChHgOH H C O N ( C H d 2  

1 .o 

1.0 

1.3 1. It 

1.0 2.3 

SCHEME 2 
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POLYMERS AS REAGENTS AND CATALYSTS. XXVIII 603 

toluene (uncharged crossliiilied polystyrene and crosslinked poly[4- 

vinylpyridine] type resins are swollen very much i n  aromatic solvents). The 

stucture of the catalysts influenced swelling in n-butanol, where 

hydrofluoride (a) and hydroiodide (&) resins remained almost unswollen, 

while a very large degree of swelling was observed for resins bearing 

pyridine rings in N,N-dimethylformamide. 

Crosslinked poly[styrene-4-vinylpyridine] (crosslinking 2%, 

containing 37% pyridine rings) was converted to the coresponding halide 

containing resin (&-&) by swelling the polymer beads in chloroform, 

followed by introduction of gaseous hydrogeii halide until saturation of the 

reaction mixture. After work-up, the polymer beads were analysed. In the 

case of fluoride resin 14.35% fluoride was found which means that each 

pyridine rings bears two fluoride anions, while functionalization with 

hydrochloride and hydrobromide, as shown previously [22], leads to a 

product in which each pyridine ring was functionalized by one hydrohalide 

molecule. Under the above mentioned procedure lower functionalization 

was estahlislied in the case of resin (&) (24.S% of iodide). 

First we studied the effect of the catalyst, reaction temperature and 

time on the conversion of acetic acid to n-butyl acetate. As is evident from 

Table 1, sulphonated resin (&) and poly[styrene-4-vinylpyridine] 

hydrochloride (3c)  were the most effective, while the solvent polarity 

influenced the conversion in a different way. Pyridine - bearing catalyst 

(&) in n-butanol was the most effective, while in n-octane the reactivity 

shape changed a little and became reversed in toluene, when comparing 
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TABLE 

ZUPAN AND SEGATIN 

T H E  EFFECT O F  THE STRUCTURE! 
O F  T H L  ORGANIC MOLECULE (l), CATALYST (i), AND SOLVENT 

ON T H E  FORMATION OF ESTER (2). 

a.) 5 mmol of acetic acid, 10 mmol of n-butanol, 250 mg of catalyst 3 and 5 1111 
of solvent (in the case of n-butanol no solvent was used), 
b.) 3 mmol of benzoic acid, 6 mmol of n-butanol, 150 mg of catalyst 3 and 3 
ml of solvent 
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POLYMERS AS REAGENTS AND CATALYSTS. XXVIII 605 

data with sulphonated polystyrene (&). Changing the halogen from 

chloride to bromide diminslied the conversion of acid to ester in all 

solvents studied, while suprisingly the resins bearing fluoride and iodide (a 
and &) appeared to be almost ineffective for this kind of transformation of 

organic molecules ( this ineffectiveness, however, is paralled by the very 

small degree of swelling in n-octane, toluene and n-butanol). 

Usually aromatic solvents swell polymeric catalysts very well, which 

means that they penetrate efficiently to the polymer matrix. However, as 

shown in Scheme 2, charged resins remained almost unchanged in toluene 

and for this reason we extended our studies to an aromatic acid. It can be 

seen from the Table that conversion of benzoic acid after two hours at  8OoC 

in the presence of sulphonated polystyrene (&) dropped dramatically. 

Conversion could of course be enhanced if  a longer reaction time and higher 

temperature were used. However, i t  is interesting that in the case of the 

conversion of benzoic acid to ester, the polystyrene type of catalyst (3a)  

was more effective than chloride resin (3c ) .  A larger effect of solvent on the 

conversion was also found. Reactions of benzoic acid i n  n-octane and 

toluene in the presence of & and were very slow 

In order to obtain more information about the course of the reaction 

(Scheme I) ,  200 mg of polymer beads were stirred in 20 ml of a mixture of 

methanol and water (1 : 1) for one hour, filtered off, washed with 20 ml of 

water-methanol mixture, and finally titrated with water solution of sodium 

hydroxide. It was found that the solution after stirring the polystyrene 

resin (&) contained only 0.0s mmol of acid per gram of resin, while the 
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606 ZUPAN AND S E G A T I N  

amounts were much higher for resins (&-a) (0.9 mmol per gram of resin 

for a, 1.1 mmol for &, 1.0 minol for u, 0.4 mmol for &). A lower acidity 

of the filtrate was observed when hydrochloride resin ( 3 c )  was stirred in n- 

butanol (0.4 mmol per gram of resin). 

Further, we also studied the effect of a loss of catalytic capacity of 

insoluble resin. 250 mg of polymer catalyst (k) was suspended in a 

mixture of 5 ml of n-octane, 5 mmol of acetic acid and 10 mmol of n- 

butanol and heated for 2 hours at  8OoC. Polymer beads were filtered off 

and the filtrate analysed by GLC. In the first reaction, complete conversion 

of acid to ester was found, while in the second experiment unregenerated 

resin was used and a lG% diminished conversion was found, while in the 

third experiment the conversion dropped to 64, and to 44% in the fourth 

cycle. However, the resin can be easily regenerated, by suspending the 

beads in chloroform a.nd addition of hydrohalogen. 

The present study again confirms the important role of the structure 

of the catalyst, the solvent and the structure of the organic molecule in 

such reactions, and the fact that the results found cannot be predicted in 

advance. Much more work is needed to understand the role of the above 

mentioned parameters on the transformations of organic molecules. 

EXPERIMENTAL 

Gas liquid partition chromatography was  carried out on a Varian 
Aerograph 3700 with a LDC/Milton Roy CI-10-B integrator. 

Poly[styrene-4-vinyl pyridine] , containing 2% DVB and 37% of 

pyridine rings (%N = 5,O) was prepared according to the literaturc [22]. 
Halide (chloride, bromide and iodide) contents were determined by 

Sy
nt

he
tic

 C
om

m
un

ic
at

io
ns

 1
99

1.
21

:5
97

-6
09

.



POLYMERS AS REAGENTS AND CATALYSTS. XXVIII 607 

potentiometric titrations [23] with silver nitrate and a silver electrode 
using an ISKRA M A  5705 pH meter. Fluoride was determined in the 
Fluorine Chemistry Department at  the "J. Stefan" 1nstitute.Sulphonated 
polystyrene (Dowex 50 W) was purified in methanol, crushed, and dried at  
room temperature for 1s hours.Solvents and reagents were purified before 
use [ 241. 

Preprsation of catalysts 3c. 3d and & 

15 g of poly(styrene-4-vinylpyridine) were suspended in 200 ml of 
chloroform, swollen for 18 hours at  room temperature and cooled on an ice- 
salt bath. During one hour 3 mmol of gaseous hydrogen halide per mmol of 
pyridine ring were supplied to the reaction mixture, which was then 
warmed to room temperature and stirred for 20 hours. Insoluble resin was 
filtered off, washed with 500 ml of chloroform and dried in vacuo at  23'C 
for 18 hours. For elemental analysis the polymer resin was dried for 3 hours 
at  80'C. Polymer catalyst & contained 14.4% of fluoride, & 10.0% of 

chloride, 20.4% of bromide and & 24.8% of iodide. 

Determination of Degree of Swelling 

To 1 ml of dry catalyst 3 in a graduated cylinder, 5 ml of solvent 
were added and left to swell for 24 hours at  room temperature and the final 
volume of the swollen resin was measured. 

SWELLING = V of swollen resin 
V of dry resin 

Esterification Procedure 

5 rnmol of acid and 10 mmol of alcohol were dissolved i n  5 in1 of 

solvent (in the case of the preparation n-butylacetate i n  n-butanol no 
solvent was used). 250 mg of polymei catalyst 3 were suspended in the 
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608 Z U P A N  AND S E G A T I N  

reaction mixture aiid stirred 
Insoluble resin was filtered off and waslied with 5 nil of chlorofor~n. 

The reaction mixture was analysed by glc (n-butylacetate: FFAP 5%, 
Chromosorb W AM1 SO/lOO, temperature program GO - 130'C; 11- 

butylbenzoate: OV - 17 1070, Chromosorb W AW SO/lOO, tempcraturc 
piogram GO - 19O'c, internal standard: camphor). 

at a given temperature for a given time. 
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