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SOLID-PHASE COSOLVENTS. 

A POLYMER ANALOG OF N-NETHYL-2-PYRROLIDONE BASED ON CROSSLINKED POLYSTYRENE 

V$clav Janout and Pave1 Cefelin 

Institute of Macromolecular Chemistry, Czechoslovak Academy of Sciences, 

162 06 Prague 6, Czechoslovakia 

SLJWARY: Polymer analogs of N-methyl-Z-pyrrolidone were prepared by reacting crosslinked 
polystyrene with N-hydroxymethyl-2-pyrrolidone. These polymers are effective catalysts of 
nucleophilic substitution reactions carried oGt under liquid-solid (L-S) and liquid-solid- 
-liquid conditions. 

N-Methyl-2-pyrrolidone (NMP) is known as a polar aprotic solvent which effectively 

accelerates nucleophilic substitution reactions'. Similarly to other solvents possessing 

similar properties (dimethylsulfoxide, N,N-dimethylformamide, N,N-diethylacetamide, hexa- 

methylphosphortriamide), its application is restricted with respect to several facts: 

(i) Difficulties arising in the isolation of products from the reaction mixture. (ii) A pro- 

perty common to the group of polar aprotic solvents is their high salvation power and high 

miscibility both with organic solvents and with water. In handling with toxic compounds 

dissolved in such solvents, contact of the solution with skin may lead to the penetration 

of the toxic compounds into tissues and thus to intoxications '. (iii) A comparatively high 

price of NMP. 

2 
In connection with the development of the concept of three-phase catalysis , an inves- 

tigation was begun of polymer analogs of these solvents with a view to their use as solid 

2,3 cosolvents and catalysts . Up to now, polymers bearing bound groups and having a structure 

analogous to WT 495 , DMSO 6-8, DMF', dialkylacetamide", dimethylsulfone" have been de- 

scribed, but only poly(n-vinyl-2-pyrroiidone) 
12-14 

has been studied with attention as a mo- 

del for the investigation of the properties of a polymer analog of NMP. However, the results 

obtained in the catalysis of nucleophilic substitution reactions were not very encouraging. 

This may be due to the fact that poly(N-vinyl-2-pyrrolidone) is not a too suitable structura 

model for modelling properties similar to those of NMP: in this model, the structural unit 

which plays the key role in the catalysis is part of the main chain as a constitutional 

repeat unit. At the same time, it is known that it is just the increase in the mobility of 

catalytically active functional groups due to the increase in their distance from the main 

polymer chain (by means of a spacer) that considerably affects the rise in their catalytic 

2,3 activity . 

In this study we report a new easy method of preparation of a polymer analog of NMP 

based on polystyrene crosslinked with divinylbenzene (DVB) and data which demonstrate its 
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Table. Nucleophilic substitution on I-bromooctane 

catalyzed by polymer analogs of NMP (l)-(4) 

Nucleophile Catalyst 

IlUll 

kc 
sP 

PhONad 

--- 

KSCNf 

9 

PS-Z%DVB 9 

NMP; 0.101 1.60 69 

(1); 0.100 2.05 76 

(2); 0.108 3.11(3.14je 89(90je 

(2); 0.054 1.54 66 

(3); 0.100 1.58 64 

(4); 0.100 1.90 74 
____-------- s-w 

0 

PS-2%DVB 0 

NMP; 0.200 2 

(1); 0.130 1.23(1.26)e 97(98je 

(I); 0.065 0.89 92 

(2); 0.135 0.98 93 

(3); 0.075 0.27(0.25je 55c53je 

(4): 0.125 0.76 98 

_. 

15.8 

20.5 

28.8(29.1je 

28.5 

15.8 

19.0 
------- 

9.46(9.69je 

13.7 

7.26 

3.60(3.33)e 

6.08 

akobs 
- rate constants determined from eight measurements; for the reaction of PhONa 

second-order kinetics (lx mol 
-Is-l , for the reaction of KSCN pseudomonomolecular second- 

-order kinetics (min 
-1 b 

). Extent of the reaction in the case of sodium phenoxide, 22 h, in 

the case of reactions of KSCN calculated as the average from the determination of the con- 

centrations of I-bromooctane and octylthiocyanate, 48 h. Analysis of the reaction mixtures: 

GLC using Chrom 51, steel column 0.3 x 150 cm, 10% OV 17 using chromaton N-AW HMDS, carrier 

gas N2, FID. Accuracy of the concentration determination was 3%. 'k 
sP 

= kobs/ccat, where 

C 
cat 

is the "concentration" of functional groups of the catalyst in the organic phase; unit 

for the reaction of PhONa in 12mol 
-2s:1 , for the reaction of KSCN in 1 mol 

-1 
min 

-1 d . To 20- 

-67 mg of polymer (or to 25 mg PS-2%DVB) equilibrated 2 h with 0.5 ml of 0.5 M C8H17Br in 

anhydrous 1.4-dioxan (dodecane as the internal standard) at 75-C, 0.5 ml of 2M sodium 

phenoxide in 1.4-dioxan was added. The mixture was stirred with a magnetic teflon stirrer 

and kept in a closed test tube at 75-C for 22 h. eIn the re-use. The polymer was separated 

after the given time, washed with the respective solvent (1.4-dioxan or toluene) and used 

by employing the same procedure as in the first experiment. fTo 25-50 mg of polymer (l)-(4) 

(or 50 mg of PS-2%DVB) equilibrated with 1 ml of 0.6~ I-bromooctane in toluene at IOO'C, 

after one hour 2 ml of aqueous 13M KSCN was added and the mixture was stirred with a magne- 

tic teflon stirrer in a closed test tube at IOO'C for 48 h. 
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tional reorganization of the polymer matrix (cf. polymers (l), (4)). The same polymers (l), 

(4) possess a high catalytic activity also under the three-phase L-S-L conditions. Under 

similar conditions, the polymer analog of N,N-dialkylacetamide is either completely in- 

active, or its catalytic activity is very low 
10 . The results obtained with poly(N-vinyl- 

14 
-pyrrolidone) under three-phase conditions are not satisfying either . Thus, while in the 

reaction of I-bromooctane with alkali iodides in the presence of the catalytically most 

active crosslinked poly(N,N-dioctylacrylamide) the conversion reached in the toluene/H20 

system at 90-C after 24 h is 36%, and that reached in the presence of the crosslinked 

poly(N-vinyl-2-pyrrolidone) is 66%, in the case of polymer (3) and under analogous condi- 

tions a 98% conversion is reached after 10 h. 

Compared with the other polymers modelling the structure of amide solvents and de- 

scribed so far, the polymer analog of NMP has the following advantages: (i) it is readily 

available by means of a functionalization reaction of the structurally well defined polymer 

carrier, (ii) it possesses a high catalytic activity. Further aspects of the application of 

these polymers in catalysis are being investigated and will be reported. 
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N-Hydroxymethylpyrrolidone was prepared by a reaction of 2-pyrrolidone (17.000 g, 

200 mmol) with paraformaldehyde (6.000 g, 200 mmol) in ethanol (100 ml) in the presence 

of 0.100 g anhydrous Na2C03 (0.1 g, 1.0 mmol) at 50-C. The raw product was recrystal- 

lized from the mixture EtOH-Et20 (2:1), yield 16.310 g (71X), m.p. 82-3-C. 

Elemental analysis (Calculated/found,%): (1) C = 84.81184.72; H = 7.5817.46; N = -/3.58. 

(2) C = 84.34184.08; H = 7.57i7.39; N = -13.77. (3) C = 87.93187.49; H = 7.6217.50; 

N = -/2.10. (4) C = 95.14184.91; H = 7.5817.49; N = -13.43. 
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