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Benzyl alcohol, benzyl chloride and dibenzyl ether polymerize in certain conditions in 
the presence of ion exchange resins in the H § form to give a polymer of  the general for- 
mula (C 6 H4CH ~ )n- Independently of the  reactant, this result allows to establish reaction 
mechanism based solely on the add-base equilibrium in the Br6nsted or Lewis meaning 
and independently of the catalyst type: sulfuric acid, stannie chloride or ion exchange 
resin. 

l~eHZmlOBIJ~ ClmlYr , x.ffopHC~,I~ 6eHZHH H ~H6eHgH.rlOBtdl~ ~dpap HOHHMepH3ylOTCH B 
OIIpe~eHeI-IHBIX yc.rlOBHaX B HpH0yTCTBHH HOHOO6MeHHO~ CMOHbI B ~OpMe H + , ~aBa,R 
Him :~TOM nOaHMep C o6meg ~bopMyaol~ (-C6H4CH 2 - ) n .  He3aBHC~MO OT peaKTHB- 
HOCTH, 3TOT pe3yY~TaT HO3BOYIReT yCTaHOBHT~ pcaKIIHOm-lS~ MeXaHH3M, OCHOBaHHbI~ 

KHCHOTHO-OCHOBHOM paBHOBeCHH 1IO Bp~HCT3~y HHH fII~OHCy, HOI~I YIIO~OFO THHa Ka- 
TanHzaTopa: cepHa,~ KHCHOTa, qeTsipexxnopHcroe OHOBO HHH HOHOO~MeHHa~ CMOHB. 

INTRODUCTION 

Benzyl alcohol(I), benzyl chloride(II) and dibenzyl ether(III) can polymerize in 
the presence of concentrated sulfuric acid (a) or stannic chloride (b) /1 ,  2/. 

This paper reports the comparable results obtained on an ion exchange resin in 
the H + form (c). 

Furthemore, the consideration of the problem from the thermodynamic aspect, 
these observations allow to suggest a general description of the polymerization phe- 
nomenon. This interpretation is independent of the reactant(I), (II) or (III) and of 
catalyst (a), (b) or (c) used. 

*To whom correspondence should be addressed 
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Fig. 1. Nmr (i H) spectrum of the polymer: H(C 6 H 4 -CH 2)n R; The abscissa represents the 
chemical shift (~) relative to tetramethylsilane 

RESULTS AND DISCUSSION 

The syntheses are carried out in a 250 ml three-necked bottle supplied with: 

- a Dean Stark apparatus for eliminating the water formed, 
- a magnetic stirrer, 
- a thermometer. 

They are carried out at the boiling temperature of toluene used as solvent. 

The ion exhange resins are Lewatit SP 120 or Amberlyte 15. 
Before each synthesis, toluene (100 ml) and the resin (5 g) are kept boiling in 

order to eliminate comp!etely the residual water of  the resin. Then, the reactant 
(20 ml) of  the general formula C6HsCH2R (with R = OH (I), R = C1 (II) or 
R = O-CH2C6Hs (III) is added. 

Upon applying the resin in the FF form as catalyst, a precipitate is quickly for- 
med. I f  the resin is in a metal cation form (e.g. Ag § Na +) no precipitation is ob- 
served. 

With an anion exchange resin in the C1- form, a slow reaction is observed. No 
results are observed with a resin in the OH- form. 

In the presence of the ion exchange resin, the appearance of a solid polymer cor- 
responds to the formation of a second solid phase. These two phases are separated 
by decantation with dichloromethan. The fraction of polymer dissolved in the di- 
chloromethan may be recovered after the evaporation of this solvent. 
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The evolution of the synthesis reaction is followed by chromatography on OV 
101 Varian column. 

The obtained solid polymer is studied by elementary analysis, infrared spectroscopy 
and proton NMR (Fig. 1). Together, these results confirm that the composition of 
the solid corresponds to the form H -C6H4CH=- n R and it is comparable, in all 
respects, to that obtained from concentrated sulfuric acid (a) or stannic chloride 
(b) /1, 2/. 

The degree of polymerization is determined by cryoscopy in benzene /3, 4/ and 
it varies between 12 and 25. 

O CH20H § A--H + :,, CH 2 + A- + H20 

G c6Hsc   CBHs__CH 2 + CH20 H CH20H ~ 2 CH 2 

C6Hs-CH 2 

C 6 H s - C H 2 ~  ~ -  CH20H ~- C6Hs-CH2-C6H4-CH20H -F H + 
H + /  - -  

A-+ H + -~ A-- H + 

S theme: 
Polymerization mechanism with an ion exchange resip in the I-I + form 

OH 

Scheme represents the reaction mechanism of polymer synthesis, when the cata- 
lyst is anion exhcange resin in the I-I + form. The ion exchange resin is noted 
A--H +, A- symbolizing the macromolecular net of the resin. 

Reaction mechanisms proposed in the literature differ in the catalyst used /1, 2, 
5 -7 /  but, taking into account th~ results obtained with anion exchange resin used 
as catalyst, it is possible to suggest reaction mechanisms valid for reactants (I), (II) 
and (III) and catalysts (a), (b) or (c). 

This thermodynamic interpretation makes use only of classic types of reactions 
comparable to those proposed by Br6nsted or Lewis/8,  9/ and applies classic 
equilibria in solution. 

Step 1 is the appearance of a solvate carbocation. 
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The competition of two molecular species, C6HsCH2R and R-, to form this 

carbocation gives respectively the entities C6 H s Ct-I~2, C6 Hs CH2 R and C6 HsCH2 R: 

2C6HsCH2R ~- C6HsCH~, C6HsCH2R + R- 

In Step 2, the catalyst interacts with the substrate, being a Br6nsted acid ((a) and 
(c)) or a Lewis acid (b): 

(a) H2SO4 + 2 R- ~ 2 HR + SO~- 

(b) SnC14 + 2 R- ~ SnC14, 2 R- 

(c) 2 A- -H + + 2 R - ~ - 2 H R + 2 A -  

Stage 3 is the process of polymerization. First of  all the dimer is formed: 

(a) 2C6HsCH2, C6HsCH2R + + SO4- ~ 2C6HsCH2C6H4CH2 R + H2SO4 

(b) 2C6HsCH2, C6HsCH2R § + SnC14,2R- ~ 2C6HsCH2C6H4CH2R + SnCI4,2HR 

(c) 2C6HsCH2, C6HsCH2R + + 2A- -~ 2C6HsCHzC6H4CH2R + 2A--H + 

Finally, the dimer gives rise to the formation of a new carbocation 
C6HsCH2C6H4CH ~ in accordance with the description proposed in stage 1. 

The process can thus continue. 
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