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The separation of products from catalysts and reaction mixture is often the 
most difficult step in a chemical process. However, the use of insoluble 
polymeric reagents and catalysts has emerged in recent years as an exciting 
new way to overcome difficult separation problems.1  Many conventional 
chemical syntheses and processes have been improved by using a polymeric 
support as a handle to which reagents are bound. Immobilization of reagents 
and catalysts often results in more convenient and efficient isolation 
procedures. Once the reaction is complete, the spent polymeric reagent can be 
easily separated from the product by filtration. Ideally, a simple treatment is 
then used to regenerate the reagent so that is can be reused many times.
In addition to simplified product isolation, polymer-bound reagents and 
catalysts offer other unique benefits:

Functionalized Resins as Reagents and Catalysts

This brochure contains a brief review of the applications of Reillex™ crosslinked 
poly-4-vinylpyridine resins as catalysts and reagents in organic synthesis. 
The examples we describe are either taken from the chemical literature or are 
based on unpublished research. Experimental procedures are included in order 
to illustrate the advantages of the methods and to facilitate development of 
new reagents and processes. Investigators are encouraged to consult the origi-
nal literature (where applicable) for more detail about the scope and limitations 
of the various methods. 

•  easier to handle and store
•  enhanced selectivity and stability of reagents
•  diminished corrosive action
•  suitable for automation of continuous reactors
•  expensive materials are recovered
•  excess reagent can be used without product contamination
•  environmental pollution problems are avoided

Polymeric reagents are just one of the areas where Reillex resins have found 
applications. 
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ReillexTM Resins: Pyridine Functionality in Solid Form

Reillex™ 402 and Reillex™ 425 differ in physical form, level of crosslinking and 
physical properties. Some of the examples in this brochure employ ReillexTM 402 
while others employ Reillex™ 425. Normally either resin can be used with similar 
results. However, sometimes significant differences in reactivity are observed. 
Your choice between Reillex™ 402 and Reillex™ 425 resins depends on the 
particular application and process. Therefore, we encourage you to evaluate 
both Reillex™ resins for best process optimization. Both Reillex™ resins possess 
properties which make them ideal for use as polymeric reagents and catalysts.

Reactivity: Reillex™ resins undergo the reactions typical of pyridine:

Impor tant Features of Reillex™ Resins Reillex™402 Reillex™425

Tough physical form suited for batch reactions

Bead shape for column use

Porous, macroreticular structure

Suitable for aqueous and nonaqueous applications

Insoluble in all solvents

High capacity

Stable at high temperatures

Broad pH stability

Low levels of soluble impurities

Suitable for gas phase reactions (fixed and fluid bed)

Typical Proper ties Reillex™402 Reillex™425

Appearance

Particle sizeª 

Bulk densityb, g/cm3

                       lb/ft3

Skeletal densityb, g/cm3

Particle densityb, g/cm3

Surface area, m2/g

Moisture retained upon filtration (% by weight) 

Approximate pKa

Hydrogen ion capacity, in water (meq/g)

% swelling from free base to hydrochloride form, in water 

% swelling from dry state to solvent - saturated state

methanol

acetone

water

isopropanol

toluene

ethyl acetate

hexane

Temperature Stability, maximum 
recommended for extended use, °C

off-white granular powder

ca. 60 mesh

0.45

28

1.15

---

ca.0.5

36-39

3-4

8.8

100%

70-75

30-35

33-37

13-17

8-12

3-6

0

225

off-white beads

18-50 mesh

0.29

18

1.14

0.6

ca.90

50-60

3-4

5.5

52%

28-32

32-36

12-16

28-32

18-22

32-36

12-16

260

a. The particle size of Reillex™ 402 and 425 can be varied. Inquiries for material of different particle size will be considered.  
b. Density determinations were carried out on dry material.
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React with acids to form salts; 
returned to free base form by 
treatment with aqueous NaOH or NH3

Promote base-catalyzed reactions 
such as acylations and 
condensations. 
Form complexes with many Lewis 
acids. 

Form coordination compounds with 
many metal ions, including Cu+2, 
Co+2, and Pd+2. 

React with alkyl halides to give 
polymeric alkylpyridinium salts. 
React with peracids to form 
polymeric N-oxides.

cont...
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ReillexTM Resins: Pyridine Functionality in Solid Form  (cont...)

•
•
•

Stability: Reillex™ resins survive harsh process 
conditions where other weak base resins fail:

Temperatures up to 260°C (O2 excluded).
Strongly oxidizing conditions.
Entire pH range.

High capacity: The high exchange Capacity of Reillex™ 
resins means process advantages:

Reduced equipment size.
Higher reactor throughput.
Reduced catalyst and reagent costs.

Other Features of Reillex™ Resins

Insoluble in all solvents; recoverable by simple 
filtration; reusable.
Odorless and noncontaminating to product 
and waste streams.
Available in commercial quantity. 

•
•
•

•

•

•
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Acid Scavengers for Nonaqueous Reactions

Reillex™ resins can replace organic bases such as triethylamine and pyridine in reactions where 
strong acid is a by-product. Removal of acid from reaction mixtures aids workup and improves 
yields of acid sensitive molecules. For example, competing polymerization caused by traces of 
free HCl can lead to low yields in preparations of alpha, beta unsaturated esters.3 However, good 
yields of these reactive compounds are obtained in the presence of 
Reillex™ 402 resin.2

Applications

Butyl Methacrylate: A stirred slurry of Reillex™ 402 resin (24.0 g, dry), n-butanol (9.0 g, 
0.12 mol) and methacryloyl chloride ( 15.7 g, 0.14 mol) in carbon tetrachloride (240 mL) is 
refluxed for 19 hours, then filtered and the resin washed with carbon tetrachloride. The filtrate and 
washes are distilled (bp 80°C, 40 mm) to provide butyl methacrylate in 80% yield.

The esterification and dehydrobromination steps of the commercial synthesis of provitamin D3 
become more convenient when Reillex™ 425 is employed. In the dehydrobromination step, 
Reillex™ 425 resin2 replaces 2, 4, 6- collidine.4 

Cholesterol Benzoate:  Benzoyl chloride (2.0 g, 14 mmol) is added to Reillex™ 425 resin 
(3.0 g, dry) in toluene (50 mL) and stirred 1 hour.  Cholesterol (5.0 g, 13 mmol) is added then 
the mixture is heated at reflux for 2 hours. When the reaction is complete by TLC, the resin is 
separated by filtration, washed with toluene then the combined filtrate and washes are evaporated 
to yield 82% cholesterol benzoate.

Dehydrocholesterol Benzoate:  After cholesterol benzoate (4.0 g, 5 mmol) from above 
is brominated by NBS in carbon tetrachloride,4 Reillex™ 425 resin (5.0 g) and xylene are added 
to the crude product. The mixture is then heated at reflux for 1 hour. After filtering to remove 
the resin, and evaporation of the xylene, the residue is recrystallized from acetone to give 
7-dehydrocholesterol benzoate (33% yield).

Primary hydroxyl groups in carbohydrates are selectively protected by treatment with 
diphenyl-t-butyl-·chlorosilane (DPBSiCI) and a Reillex™ resin.5

Reuse: The recovered resins are treated in turn with excess 5% NaOH or NH3, water, and 
methanol, then dried and reused.
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Applications  (cont...)

Reillex™ resins also function as effective base catalysts. For example, Reillex™ 425 resin2 
catalyzes the condensation of aliphatic aldehydes with malonic acid (Knoevenagel reaction).6

Beta-n-Hexylacrylic Acid:  A slurry of malonic acid (34.7 g, 0.33 mot), heptaldehyde (35.4 
g, 0.28 mol), Reillex™ 425 resin (30 g, dry) and piperdine (1 mL) in acetone (300 mL) is heated 
and stirred under reflux for 18 hours.  The reaction mixture is cooled and filtered, and the resin 
is washed with methanol.  The filtrate and washes are combined and distilled (bp 113 -115°C, 
1mm) to give beta-n-hexylacrylic acid (36.9 g, 77%).

Reuse:  The recovered Reillex™ resin can be reused many times.

The easily-prepared Reillex™ hydrochloride salts are mild, selective acid catalysts. Unlike pyridine 
hydrochloride, the polymeric hydrochlorides are non-hygroscopic and therefore, easier to handle.

Reillex™ HCI catalysts can be used in the presence of sensitive functional groups which will not 
tolerate strong sulfonic acid resins.7

Reillex™ 425 Hydrochloride Salt:  Reillex™ 425 resin is treated with excess 
5% aqueous hydrochloric acid.  After stirring the slurry for a few minutes, the polymeric 
hydrochloride is filtered, and the excess acid is removed by a water rinse.  The resin can
be dried at 70-80°C for 8-10 hours or by azeotropic distillation from a slurry of the moist 
resin in toluene.

Acid Catalysts

Base Catalysis
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Applications  (cont...)

Cyclohexanone Ketal:  A mixture of cyclohexanone (100g, 1.02 mol), ethylene glycol (71.4 
g, 1.15 mol) and Reillex™ 425 hydrochloride (5.0 g) in toluene is heated and stirred under reflux 
with azeotropic removal of water (7 hours).  Upon cooling, the catalyst is recovered by filtration 
and the filtrate distilled (bp 70-72°C, 10 mm) to give the ketal9 (122.3g, 84.5%).

Reuse: The recovered acid catalysts can be used repeatedly without further treatment.

1-Morpholino-1-Cyclohexene:  A slurry of cyclohexanone (88g, 0.9 mol), morpholine 
(94.2 g, 1.08 mol) and Reillex™ 425 hydrochloride (50 g) in toluene (200 mL) is stirred and 
refluxed with azeotropic removal of water (7 hours).  After cooling, the mixture is filtered and the 
resin is washed with toluene. The combined filtrate and washings are distilled (bp 118-120°C, 3 
mm) to give 1-morpholino-1-cyclohexene8 (109 g,72%)

The polymeric pyridinium chlorochromate reagent allows selective, high yield oxidation of alcohols 
to aldehydes and ketones.10,11  Benefits include: safe, simple reagent preparation, quantitative 
recovery and regeneration, and simple product isolation. Generally, no products of overoxidation, 
soluble chromium salts, or other impurities are detected in the reaction mixture once the oxidation 
is complete. The poly (vinylpyridinium) chlorochromate reagent is faster and are efficient than 
other chromate ion exchanged polymeric reagents.10 

Reillex™ Chlorochromate Reagent:  A solution of chromic anhydride (45g) in 
concentrated HCI (50mL) is added to a stirred slurry of Reillex™ 402 (50g) or Reillex™ 425 resin 
(80g) in 200mL water. After 1 hour, the slurry is filtered and the resin is rinsed with water to 
remove unbound chromium salts. The moist resin is used without further treatment.

Chlorochromate Oxidation Reagent
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Applications  (cont...)

Oxidation of Alcohols:  A stirred slurry of moist Reillex™ 402 chlorochromate (50 g), 
cyclohexane (225 mL) and the alcohol (43 mmol) is heated to 75°C and monitored by gas 
chromatography. Upon completion (typically 1-2 hours), the mixture is filtered and the resin is 
washed with cyclohexane. The combined filtrate and washes are concentrated to give the carbonyl 
compound.

Reuse: The partially spent reagent from above can be used without further treatment in at least 
two additional reactions with comparable results.
 
Regeneration: Chromium salts are removed from the spent resin by washing the resin with 10% 
HCl followed by 10% aqueous KOH and a water rinse. The resin is then reloaded with chromic 
anhydride as described above and used for subsequent oxidations.

Alcohol Product Yield (%)

cinnamylalcohol

cyclohexanol

benzylalcohol

cyclopentanol

cinnamaldehyde

cyclohexanone

benzaldehyde

cyclopentanone

100

94

95

99

Electrochemical Oxidation

Reillex™  HBr salt acts as a catalytic mediator for electrochemical oxidation. The polymeric 
oxidizing agent is continuously regenerated in situ under mild conditions. No chemical oxidants are 
consumed and hydrogen is the only reduced by product. Alcohol,12 alkylbenzene,13 and sulfide15 
oxidations have been reported. 

Amine Oxidation

A convenient, reliable method for amine oxidation was developed by Biloski and Ganem.15 The 
use of Reillex™ 402 resin to trap liberated benzoic acid results in higher yields and simplifies the 
product isolation.
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Applications (cont...)

Amine Oxidation:  A solution of di benzoyl peroxide (11.0 mmol) in THF (10 mL) is added 
dropwise to a mixture of Reillex™ 402 resin (5.0 g, dry), amine (10.0 mmol) and THF (30 mL). 
After 24 hours at room temperature and 2 hours at reflux, the resin is separated by filtration 
and rinsed with dichloromethane. The combined organic phases are evaporated, redissolved in 
dichloromethane, washed with 10% aqueous NaHCO3 and concentrated to afford 0-benzoylamine 
in 65-98% yield. The hydroxylamine is obtained by saponification.

Reduction of Carbonyl Compounds 

Reillex™- borane complexes are useful for the selective reduction of carbonyl compounds. Best 
results are obtained in acetic acid solvent with a lightly crosslinked resin such as Reillex™ 402.16 
The method features mild conditions, high yields and better chemoselectivity than monomeric 
pyridine-borane. The spent reagent can be regenerated and reused many times.

Reillex™ 402-Borane Reagent:17  Reillex™ 402 resin (10 g) is stirred 3h in 3N HCI then 
rinsed with water, suspended in DMF (20 mL) and treated dropwise with a solution of
sodium borohydride (3.0 g, 80 mmol) in DMF (10 mL). The resin reagent is collected by filtration, 
rinsed with methanol, and dried.

Reduction of Carbonyl Compounds:  The carbonyl compound (2.0 mmol) in acetic acid 
(1 mL) is added to a suspension of Reillex™ 402-borane (0. 3 g) in acetic acid (10 mL).  The 
mixture is stirred 1 to 24 h after which the resin is recovered by filtration. Extraction of the filtrate 
with ether followed by concentration affords the alcohol.

Regeneration: The spent reagent is washed with 3M HCl then regenerated with sodium 
borohydride as described above.

Carbonyl 
Compound

Reduction
Product

Yield (%)

cyclohexanone

furfural

2-octanone

cyclopentanone

cyclohexanol

furylalcohol

2-octanol

cyclopentanol

100

100

61

44
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Applications (cont...)

Reillex™ 425 Hydrobromide Perbromide:  Bromine (60 g) is added to 
a stirred slurry of Reillex™ 425 resin (72 g), 48% hydrobromic acid (90 mL) and 
water (200 mL).  The polymeric reagent is filtered, washed with water and dried 
for 24 hours at room temperature.

Alkene and Ketone Bromination

The Reillex™ hydrobromide perbromide reagent can be used instead of free 
bromine for the bromination of alkenes or ketones.18 The immobilized reagent is 
safer, easier to handle, and more selective than liquid bromine. In addition, the 
reagent is stable to storage, fully regenerable, and reusable.

Bromination of Alkenes:  The alkene (0.3 mol) is added to a stirred 
mixture of Reillex™ 425 hydrobromide perbromide (200 g) and methanol 
(300 mL). Upon completion of the reaction (1-2.5 hours) the resin is collected 
by filtration and rinsed with methanol. Evaporation of the combined filtrate and 
washes leaves the dibromoalkane.

Alkene Product Yield (%)

cis-stilbene

cyclohexene

styrene

dl-stilbene-dibromide

1,2-dibromocyclohexane

1-phenyl-1,2-dibromoethane

98

88

99

Bromination of Cholestanone:19  A mixture of cholestanone (38 mg, 
0.1 mmol),  Reillex™ 402 hydrobromide perbromide (32 mg) and ethanol (2 
mL) are stirred and warmed to 60°C for 2 hours.  The precipitated product and 
spent resin are filtered from the solvent. 3-Bromocholestanone is dissolved with 
chloroform and separated from the spent resin by filtration.

Regeneration: After the reaction is complete, the resin is washed with water, then 
treated with bromine as described above.
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Applications (cont...)

The complex formed from bromine and Reillex™ resin in carbon tetrachloride replaces 
N-bromosuccinimide for free radical bromination of alkylaromatics.20 The reaction is simple to 
perform and provides good yields of mono- and dibrominated products.

Reillex™ 425-Bromine Complex:  Bromine (5.5 mL) is added to a stirred mixture of 
Reillex™ 425 resin (4.0 g, dry) and carbon tetrachloride (60 mL). The reagent is separated by 
filtration, rinsed with carbon tetrachloride and air dried.

Bromination of Toluene:   The aromatic compound (0.76 g, 9.0 mmol) is added to carbon 
tetrachloride (50 mL), Reillex™ 425-bromine complex  (8.2 g) and dibenzoyl peroxide (0.1 
g). The mixture is heated at reflux 4-5 hours then filtered and the resin is washed with carbon 
tetrachloride and evaporated to yield the brominated product.

Regeneration: Spent beads are washed in turn with methanol, water, 1M sodium hydroxide, 
water, and methanol, then dried and reused.

Substrate Product Yield (%)

toluene

1-methylnaphthalene

2-methylnaphthalene

ethylbenzene

1,2-dimethylbenzene

benzylbromide

1-(bromomethyl)naphthalene

2-(bromomethyl)naphthalene

1-phenyl-1-bromoethane

1,2-bis(bromomethyl)benzene

78

63

79

81

85

Bromination of Alkylaromatics
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Applications (cont...)

Addition of highly reactive SO3 to acid-sensitive molecules such as indoles22, peptides, 
beta-lactam antibiotics23 and carbohydrates24 is generally accomplished through the use of 
pyridine/SO3 complexes.  Crosslinked polyvinyl pyridine resins also react with SO3 to give stable 
complexes which are useful for sulfonation reactions.  These interesting polymeric reagents have 
been used to sulfonate 2, 6- dimethylfuran,25 and in the synthesis of the gastrointestinal hormone 
caerulein.26

Sulfonic Acid and Sulfate Ester Formation

How to Put Reillex™ Resins to Work 

You may already have an application in mind for Reillex™ resins.
If so, our resin applications team is eager to help you develop it.

A novel reagent for ortho selective nitration of phenol was prepared from a polyvinylpyridine resin.21 
Quaternization of the pyridine groups with Mel followed by oxidation with KOH/K3Fe(CN)6 provides 
a resin with N-methyl pyridone functionality. Use of the resin for the transfer-nitration reaction 
leads to 97% ortho nitration. The remarkable selectivity is thought to arise from a strong donor-
acceptor interaction between the pyridinium salt and phenol.

Selective Nitration
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Notice:  This document supersedes all previous editions.  The information contained 
herein is believed to be accurate on the date of issue.  Because use conditions 
and applicable laws may differ from one location to another and may change 
with time, the user is solely responsible for determining whether products and 
the information in this document are appropriate for use and for ensuring that 
workplace and disposal practices are in compliance with applicable laws and other 
governmental regulations.  No freedom from any patent owned by Vertellus or others 
is to be inferred.  Vertellus assumes no obligation or liability for the information in 
this documents.  References to "Vertellus" or "Company" mean Vertellus Holdings 
LLC and its consolidated subsidiaries and affiliates, unless otherwise expressly 
noted.  NO WARRANTIES OF ANY KIND ARE GIVEN; ALL IMPLIED WARRANTIES OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY 
EXCLUDED.

TM Indicates a trademark registered in the United States and/or elsewhere.
Copyright © Vertellus [2021]. All rights reserved.
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Contact Information

About Vertellus

Vertellus is a leading provider of specialty chemicals for 
nutrition, agriculture, pharmaceuticals, fine chemicals, 
personal care, performance coatings, & more. Vertellus 
develops and produces fine chemicals and intermediates 
for sophisticated chemistry applications, as well as systems 
and additives that enhance the physical properties of 
end-use formulations. 

From crop protection chemicals to the highest standards of 
production for FDA approved pharmaceutical applications, 
Vertellus consistently meets the challenge with smart 
chemistry.

Vertellus
201 North Illinois Street
Suite 1800
Indianapolis, IN 46204

www.vertellus.com
ask@vertellus.com
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