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Summary 

Crosslinked co/poly(styrene-4-vinylpyridine)/ ( - I ) was converted with 

hydrogen bromide or alkyl bromide to a pyridinium salt (2) which was 

further converted in water medium to various immobilized dichromates 

(1) with Cr03. The insoluble reagent containing 0.6 - 1.0 mmol of di- 

chromate on a gram of resln (depending on the structure of  the polymer 

backbone) oxidized several secondary alcohols to ketones. The rate of 

conversion of alcohols to ketones depended on the structure o f  the poly- 

mer backbone, the structure of the alcohol, and the amount of water 

(5% or 20%) occluded in the reagent 2. 

I t  i s  well established that several reagents can be modified in the pre- 

sence of insoluble organic' or inorganic' supports, and besides the 

different behaviour, the work-up procedure i s  usually significantly im- 
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proved. One of the most studied organic supports is crosslinked poly- 

styrene. However, in spite of the fact that pyridine is a very useful 

substrate in organic synthesis, copolymers with polyvinylpyridines are 
3 much less studied . 

Cardillo and coworkers have found that dichromate could be bound to 

the ion-exchange resin Amberlyst A-26 4 ,  while Frgchet and coworkers 

reported the preparation of the following new supporting reagents: 

poly/vlnyl(pyridinium chlorochromate)/ and poly(viny1pyridinium dichro- 

m a d .  Brunelet and Gelbard have studied the oxidation o f  various 

5 

I alcohols with C r 0 3  in the presence of several polymers . 

In our continued interest in the preparation of polymer supported re- 

agents based on crosslinked ~o/poly(styrene-4-vinylpyridine)/~, we found 

i t  instructive to prepare several polymer supported reagents based on 

dichromate in order to study the effect of backbone structure and re- 

action conditions on the reactivity. 

Results and Discussion 

Crosslinked co/poly(styrene-4-vinylpyridine)/ prepared by suspension poly- 

merization 

verted with hydrogen bromide, n-hexyl bromide, and n-dodecyl bromide 

to the corresponding salts (2, 2, %).It has been demonstrated by poten- 

tiometric titration" that all the pyridine rings were functionalized. Pyri- 

dinium salts (21 - were suspended in water, C r 0 3  was added and the reac- 

tion mixture stirred for four hours at  room temperature. The insoluble pro- 

duct was filtered of f  and washed with water unti l a colourless fi l trate was 

9 and containing 40-43s  of pyridine rings (Scheme), was con- 
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achieved. The amount of dichromate bound was established by t i t ra t ion 

with Na S 0 and the following loadings were found: 2 0.8-0.95 mmol/ 

g; 2 0.85-1.0 mrnol/g; & 0.6-0.8 mmol/g (established for dry supports). 

W e  first studied the  e f f e c t  of the  s t ruc ture  of the backbone, the  solvent 

polarity, and the  amount of water  occluded into reagent on the  oxidation 

of 1 -phenylethanol, which is  presented in the Scheme. Chloroform and 

benzene swell the reagents  I_a - - 3c very well, while in toluene and cyclo- 

hexane the  swelling is much poorer. The amount of water  occluded plays 

a very important  role and different behaviour of  the  reagents  was ob- 

served. In benzene as solvent an increase in the  amount 0.f water  in- 

creased the r a t e  of oxidation of alcohol only in the  case of  2, while 

In the  case of 2 and & a grea te r  amount of  water  diminished the  r a t e  

of conversion. Further, we have studied the  effect of the  s t ruc ture  of 

the  alcohol on the  oxidation with the  hexyl substituted reagent  2 (con- 

taining 5% of water)  in benzene, and the  reaction conditions (react ion 

t ime and reaction temperature)  leading to  complete  conversion of the  

s tar t ing alcohol a r e  presented in the  Table. The course of t h e  reaction 

was followed by nmr spectrosCopy, and a f t e r  the  usual work-up proce- 

dure, the ketones isolated were purified (crystallization or distillation; 

the yields are presented in the  Table). The hexyl substituted reagent  - 3b 

could be regenerated and reused a t  least  five t imes without any appre- 

ciable loss of activity. 

2 2  3 

Experimental Section 

Ir spec t ra  were recorded using a Perkin Elmer 727 6 spectrometer ,  and 

IH nmr with a Jeol JNM PS 100 spectrometer  with MehSi as internal 
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reference, while mass spectra and high resolution measurements were 

taken with a CEC 21-110 spectrometer. Glc analysis was carr ied out on 

a Varian Aerograph 1800 instrument and t l c  on Merck Silicagel F 254 

Fertigpla tten. Crosslinked co/poly(styrene-4-vinylpyridine)/ and quater- 

nary salts (2a, - - -  2b, 2c) were prepared according to  previously published 

procedures - 9,l I 

Preparation o f  Polymer Supported Dichromates 3a, 3b, and 3c 

10 g o f  insoluble product 2 was suspended in 50 rnl of water, 2.5 g o f  

Cr03 was added and the reaction mixture was st irred a t  room ternpera- 

ture for four hours. Insoluble resins were f i l tered o f f  and washed w i th  

water until a colourless f i l t ra te  was achieved. For further investigations 

the resins containing di f ferent amounts o f  water were used, as indicated 

in Scheme - I. The loading of reagents 2, 2, or 2 wi th  dichromate was 

established in the following way: a glass column was f i l led w i th  the re- 

agent, the dlchromate was eluted w i th  3M NaOH until a colourless f i l -  

t rate appeared, the f i l t ra te  was acidified w i th  H2S04, K I  was added and 

the liberated iodine was t i t rated w i th  Na2S203. The following amounts 

of dichrornate were found: 3a: 0.8 - 0.95 mrnol/g; - 3b: 0.85 - 1.0 rnmol/g; 

- 3c: 0.6 - 0.8 rnmol/g. 

(Theoretical capacity o f  the ful ly loaded resins: mmols of Cr207=/g: 

3a: 1.35; 3b: 1.1; - 3c: 0.9.5/. 

- 

- - 

Addition and Isolation Procedures 

0.5 - 1.0 rnrnol o f  alcohol was dissolved in 7 - 10 ml o f  solvent and the 

reagent 3a, 3b, or - 3c, containing 0.6 - 1.2 rnmol of dichromate per gram 

of corresponding polymer was added. The suspensions were heated a t  

- -  
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various temperatures and for various times (see Scheme and Table). The 

insoluble resins were f i l tered o f f ,  washed w i th  solvent, the solvent was 

evaporated in  vacuo and the crude reaction mixture was analyzed by 'H 

nmr,  glc, or tlc. Ketones were purif ied by crystallization or dist i l lat ion 

and their physical and spectroscopic data were in agreement w i th  the 

literature. 
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