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Homogeneous or Heterogeneous?
The invention of homogeneous catalysis by soluble inorganic or organometallic 
compounds has made possible much of today's organic chemistry: the oxo 
reaction, acetic acid from methanol, the Wacker synthesis of acetaldehyde, and 
numerous liquid-phase oxidations, to name just a few processes. Nevertheless, 
there are many disadvantages to homogeneous catalysis:

• Necessity for recovery of expensive metal compound for recycle
• Necessity to remove inorganics from residues before incineration
• High inorganic load on effluents
• Low space-time yields because of low catalyst concentrations

A potential solution having attendant advantages (some, far beyond those 
readily perceived), may be to anchor- "heterogenize" -the homogeneous 
catalyst onto insoluble sup ports via specific functional group interactions.1  By 
fastening a homogeneous catalyst to an insoluble support in this manner, most 
of the disadvantages of homogeneous catalysis can often be avoided. Compare 
the two batch slurry processes represented in the adjacent figure.
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Reillex™ Resins as Metal Catalyst Supports:
Reillex™ crosslinked polyvinylpyridines offer special-advantages in catalyst 
preparation and usage:

• Reproducible commercial material available at any scale
• Higher capacity (small equipment size, lower cost!)
• Superior physical properties
• High temperature stability (260°C)
• High stability to oxidative and reductive conditions
• High space-time yields
• Stable to both high and low pH
• Suitable for aqueous and non- aqueous applications
• Suitable for vapor phase applications (Reillex™ 425)
• Selectivity
• Reactivity
• Versatility (batch slurry, fixed bed, fluidized bed)
• Easy separation and recovery
• Easy catalyst handling and storage
• No odor
• Eliminates waste disposal problems
• Binds a variety of metals (Pd, Pt, Ni, Fe, Co, Rh, Ir, Ru, Cu, Ag, Au etc.)
• No amines, phosphorus compounds, or resin fragments in product

Overview cont...
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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.

Overview cont...

The Reillex™ Solution
Reillex™ 425 bead and Reillex™ 402 powder macroreticular poly-4-vinylpyridine 
weak base resins are particularly well suited as "hybrid phase" metal catalyst 
supports in a number of metal catalyzed chemical processes. The Reillex™ line 
exhibits excellent temperature stability (up to 260°C) and their immobilized 
pyridine functionality gives them the ability to complex effectively with a diversity 
of metallic species.

Coordination of catalytic metals by the pyridine (amine) functionality of Reillex™ 
resins not only anchors the metal species but has been shown to enhance both 
selectivity and reactivity of certain chemical reactions. The universal insolubility, 
high capacity and physical toughness of Reillex™ 425 and 402 resins make 
both forms easily recoverable, long lasting, reusable, heterogeneous supports for 
catalytic metals in many aqueous and nonaqueous "batch" applications. 
The bead form, Reillex™ 425 resin, is likewise suitable as a catalyst support in 
fixed bed and fluidized bed vapor and liquid phase process applications.

Under vapor phase fluidization, Reillex™ 425 exhibits a very low rate of 
attrition even at fluidizing superficial velocities in nitrogen of over 0.5 ft/sec for 
extended periods. Reillex™ 425 can be made available in bead size and particle 
distributions to yield "minimum fluidizing velocities"(Umf) of as low as 0.01 ft/sec 
to as high as 0.29 ft/sec. (standard Reillex™ 425). Superficial velocities under 
reaction conditions can range from 0.016 ft/ sec (Ufs of special grade Reillex™ 
425) to over 1 ft/sec. Such versatility in fluid velocities offers a wide range of 
residence times for process development.

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)
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Three General Classes of Reillex™ Supported 
Metal Catalysts and Their Preparation

Type A. Coordinately Bound - Active metals (e.g. Cu) are bound to the resin 
via coordination complex with the pyridine nitrogens within the resin matrix.

Virtually any metal salt which can form a stable complex with tertiary amines 
can be supported on Reillex™ by coordinative binding. Generally, coordinative 
binding of catalytically active metals onto Reillex™ resins is achieved simply 
by adding a homogeneous solution of the catalytic salt in a non-chelating 
solvent (aqueous or non-aqueous) to a slurry of the degassed resin (see 
Reillex™ report #2).

Type B. Ionically Bound - A metal salt having an overall negative charge is 
bound ionically to the cationic pyridinium salt form of Reillex™ resin.
For example:

The pyridinium salt of a Reillex™ resin can be either generated in situ (with 
an electrophilic agent in the reaction medium), or prepared prior to metal 
anchoring by reaction of the free base resin with the desired electrophile (e.g. 
MeI), usually at elevated temperatures.

Type C. Deposited Metal - Treatment of Type A and Type B catalysts with 
reducing agents affords zero valent metals in the matrix of the Reillex™ resin. 
The chemical reducing agents most often employed are hydrazine, formic 
acid, diborane, and hydrogen. By using this mode of catalyst preparation 
zero valent metal atoms can be very highly dispersed within the polymeric 
framework and with very narrow metallic particle size distribution.2
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Penetration and dispersion of the metal throughout the resin matrix are improved 
by: allowing more time for adsorption of the metal; increasing the temperature; 
adding non-coordinating salts to the solution of the catalytic salt. The resulting 
"immobilized" transition or noble metal catalyst can be isolated by standard 
filtration methods. Unwanted leaching of the metal from the resin during chemical 
reactions and multiple recycles can be minimized by: limiting the catalyst salt 
loadings to 1-5% (based on amount of resin); using less polar solvents as 
reaction media.

General Comments

Examples of Reactions Catalyzed by Crosslinked 
Poly-4-vinylpyridine3 Supported Metal Catalysts
Examples 1-4 arise from research efforts and constitute novel and useful 
applications of Reillex™ resins not only as solid supports but also as effective 
catalyst modifiers.

1.  Carbonylation of Methanol

The rhodium catalyzed homogeneous carbonylation of methanol, introduced in 
the early 1970's by Monsanto,4 is currently the commercial process of choice 
for the synthesis of acetic acid. Recently in our own laboratories, investigators 
discovered an extraordinary new Reillex™ rhodium catalyst system which not only 
has the advantages of the Monsanto process catalyst:

• High selectivity (>99%)
• Catalyzes at low temperature (175-195°C)
• Catalyzes at low pressure (<40 bar)
• Unaffected by H2 contamination but also offers these added cost savings 
    advantages:
 • Rate enhancements of 6-40 fold over the homogeneous reaction
 • Catalyst is easily separated by simple filtration
 • Catalyst can be handled in dry form
 • Catalyst is recyclable without significant loss of activity
 • Catalyst is regenerable

Ag Au Co Cr Cu Fe lr Mn Mo Ni Os Pd Pt Re Rh Ru W

0 • • • •
1 • • •
2 • • • • • • • • • • • •
3 • • • • • • • • • • • •
4 • • • •
5 •
6 • •

Some Oxidation states of metals which form stable amine complexes.
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2.  Reformation of Methyl Formate to Acetic Acid

A patent5 discloses a homogeneous catalyst system for the preparation of 
acetic acid by the rearrangement of methyl formate in 100% yield and 100% 
conversion. The catalyst system consists of rhodium salts in the presence 
of a halogen promotor (Mel) and an organic nitrogen compound. We found 
that the conversion can be very efficiently catalyzed by the same catalyst 
that we found so effective for the carbonylation of methanol (Example I). The 
reaction proceeds with comparable selectivity and conversion with the added 
advantages of:

• Ease of separation
• Catalyst recyclability
• No handling of liquid organic amines
• Adaptable to fixed and fluid bed reactors

General Comments (cont...)

3.  Oxidation of 1,2,3,4- Tetrahydronaphthalene

1,2, 3,4- tetrahydronaphthalene-2-one (THN- 2-one) can be used in 
the manufacture of insecticides, agricultural chemicals, and pharmaceuticals. 
THN-2-one can be prepared by liquid phase autoxidation of THN in the 
presence of a homogeneous complex catalyst containing Cr(lll) acetate and 
amine promoters. The product obtained is a mixture of THN-2-one and THN-2-
ol in ca. 20:1 ratio. Without amine promoters present the ratio falls to about 
2:1.6 

An exciting Reillex™ chromium oxidation catalyst was developed in our 
laboratories which not only eliminates the need for promoters, but also:

• Gives high Ketone: Alcohol selectivity
• Is easily separated
• Has no odor
• Gives cost savings through recycling
• Is adaptable to fixed and fluid beds
• Can be used in the oxidation of a variety of alkylaromatics 
    and alkylheteroaromatics
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4.  Oxidation of Cyclohexane

In an industrial process for the preparation of adipic acid, cyclohexane 
is air-oxidized in the presence of a soluble cobalt catalyst (0.3-3ppm) at 
150-160°C and 8-10 atmospheres to give an intermediate which is an 
alcohol-ketone mixture in a 4-6% conversion.7 Several stages of oxidation 
are employed to minimize over-oxidation of the cyclohexanol/cyclohexanone 
(KA oil) which is produced. Selectivities to KA oil of 75-80 mol% are typical 
with an alcohol:ketone ratio of 2:1. Heterogenation of batch reactions by 
employing Reillex™ resin bound Co(ll) affords the following:

• Easily recoverable catalyst
• Similar reactivity
• Alcohol selectivity reversed to 0.5:1
• Recyclable catalyst
• Catalyst adaptable to fixed and fluid beds

Examples 5-12 are taken from both patent literature and chemical journals. 
Examples which originally employed crosslinked polvinylpyridines other than 
Reillex™ 402 or 425 have been successfully reproduced in our laboratories 
using the Reillex™  resins.

General Comments (cont...)

5.  Oxidative Coupling of Ketimines (Schiff 's Bases)

Ketimines can be oxidatively coupled on homogeneous Cu(I) or Cu(II) 
catalysts to yield ketazines. Certain ketazines are commercially utilized 
in processes which produce hydrazine economically from ammonia feed 
stocks. According to published reviews, both Bayer 8a  (Mobay) and Produits 
Chimiques Ugine Kuhlmann (PCUK)8b,c utilize ketazine processes to produce 
two thirds of the free world capacity of hydrazine at nearly 30,000 metric 
tons annually.9  In both the Bayer and PCUK processes NH3 is allowed to 
react with ketones to give ketimines. The ketimines are oxidatively coupled 
yielding ketazines which are in turn hydrolyzed to yield hydrazine and the 
starting ketones. Both processes suffer chemical losses of ketone and require 
chemical oxidants. 
In addition, the Bayer coupling process suffers a disadvantage because it 
produces large quantities of salt by products and thereby creates a sizable 
waste disposal problem. Hence, a heterogeneous metal catalyst system for 
the ketazine coupling, which would eliminate both the need for expensive 
chemical oxidants and the formation of undesirable salt by-products, holds 
great commercial promise. One such catalyst system has been reported which 
employs crosslinked poly-4-vinylpyridine as a support for Cu(II)OMe, Cl (40% 
loading) in the oxidative coupling of benzophenone ketimine. The Reillex™ 
resin modified catalyst displayed the following advantages:10

• Easily recoverable
• Recyclable
• Gives 90% yields of ketazine
• Gives fast reaction rate
• Adaptable to fixed and fluid beds
• Nonpolluting oxidation catalyst
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6.  Oxidation of Thio Salts

Removal of polythionate contaminants from effluent wastes resulting 
from mining operations and several other industrial processes has great 
environmental importance. One method of removal of polythionates, being 
investigated extensively, is that of using a catalyst to assist in the air-oxidation 
of the contaminating salts to their non contaminating sulfate form. Certain 
homogeneous Cu(ll) amine complexes efficiently catalyze this oxidation but 
are not suitable for commercial continuous operation. Only those amine 
ligands which leave vacant coordination sites on copper (for bonding thio 
salts) form catalytically active compounds. Reillex™ crosslinked  poly-4-
vinylpyridine, nonetheless, forms a very active complex.11  The unexpected 
activity of the poly-4-vinylpyridine bound catalyst may be a result of steric 
constraints imposed by the resin backbone leaving a significant number of 
coordinating sites on copper vacant. The crosslinked poly-4-vinylpyridine 
bound catalyst has been extensively investigated in both batch and 
continuous processes. Advantages noted are:

• Adaptable to certain continuous processes
• Recyclable
• Regenerable
• No odor
• Ease of separation
• Comparable reactivity
• Adaptable to fixed and fluid beds

General Comments (cont...)

7.  Oxidative Coupling of Olefins

Several homogeneous metal catalyst shaving high activity and selectivity 
in the coupling of olefins are known but each has little scope of practical 
applications. In a patented process, Ni(II) is coordinatively deposited 
on crosslinked polyvinylpyridine to form a Type A catalyst, which was 
subsequently treated with alkylaluminum chlorides in situ to give a Type C 
catalyst.12  In the dimerization of propylene, the polymeric catalyst:

• Has high selectivity (100% selectivity to dimers)
• Has high activity
• Is suitable for batch, fixed, and fluid bed reactors (liquid or vapor phases)
• Is easily separated
• Is recoverable
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8.  Aldol Condensation (Claisen-Schmidt)

Aldol condensations are ubiquitous in organic chemistry. For instance-ethyl-1- 
hexanol is produced via base catalyzed processes in which butyraldehyde 
undergoes normal Aldol condensation either neat or in situ under oxo process 
conditions followed by a hydrogenation step.

In liquid phase systems with monomeric pyridines and bipyridines as 
modifying ligands, certain "crossed Aldol condensations" (Claisen  Schmidt) 
are selectively catalyzed by transition metals in their plus (II) oxidation states, 
such as Ni(II), Zn(II), Cu(II), and Co(II). Successful heterogenation of the 
condensation of benzaldehyde and acetophenone with Reillex™ 402 resin as 
a modifying solid support was reported by Neckers.13 
The unoptimized conditions gave:

• High conversion (90%)
• High selectivity

General Comments (cont...)

9.  Water Gas Shift

The water gas shift reaction, typically carried out at elevated temperatures and 
pressures, has recently been performed using soluble rhodium catalysts under 
less severe conditions.
 
Heterogenation of the homogeneous rhodium catalyst without loss of activity 
could be of great importance considering efforts directed toward employing in 
situ generated H2 (by WGSR) in a variety of organic reactions. Reillex™ resins 
were found to be well suited as rhodium supports for the water gas shift.14 
The following similarities and advantages over the homogeneously catalyzed 
system should be noted:

• Similar activity
• Recyclable
• May be suitable for continuous operation
• Easily separated
• Regenerable
• No odor
• Active at low CO pressure
• Adaptable to fixed and fluid beds
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10.  Hydroformylation of Olefins (Oxo process)

Hydroformylation (oxo reaction) is yet another reaction which is normally 
carried out under homogeneous conditions. A variety of transition metals 
have been used for oxo reactions including iridium, cobalt, and rhodium, all 
of which have been heterogenized on Reillex™ resins as well as on several 
experimental crosslinked polyvinylpyridine  supports.15  One of the most 
striking examples of a successful crosslinked polyvinylpyridine  supported 
hydroformylation catalyst is found in a patent.15b  A thermal C13-C14 
olefin-mixture was hydroformylated in a batch reaction to give a 98.7% yield 
of aldehyde products. Interestingly the amount of linear normal aldehydes 
was increased, possibly via metal catalyzed isomerization, when the reaction 
was carried out on the resin as opposed to the homogeneous system. 
Immobilization of the catalytic metal on crosslinked polyvinylpyridine:

• Increased the amount of linear aldehydes
• Gave good reactivity (98.7% yield)
• Gave recyclable catalyst
• Made catalyst easily recoverable 
• Adaptable to fixed and fluid beds

General Comments (cont...)

11.  Hydrogenations

Several types of hydrogenation reactions have been carried out by a wide 
range of metal catalysts supported on Reillex™ resins and on experimental 
crosslinked polyvinyl pyridines in our laboratories and in other 
laboratories.16, 15b  Those types of reactions include hydrogenations of nitro 
compounds, olefins, aromatics, aldehydes and ketones. The resin supported 
catalysts employed in most cases fall under catalyst Type C, being zero valent 
metals deposited upon the polymeric matrix.
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12.  Hydrolysis of Nitriles

As shown in a patent, carboxylic acid amides can be prepared from their 
corresponding nitriles in high yield with good selectivity by using zero valent 
copper catalyst on crosslinked polyvinylpyridine.17  Several mono and 
dinitriles were investigated in the hydrolysis including acrylonitrile, adiponitrile, 
acetonitrile, 3-cyanopyridine and others. Classically such hydrolysis reactions 
are commercially achieved by using strong mineral acids as catalysts rather 
than the relatively new copper catalysts, but large by  production of salts from 
the alkali neutralization of mineral acids give rise to costly waste treatment 
and disposal problems. The catalyst consisting of copper on crosslinked 
polyvinylpyridine, however, offers these advantages:

• Eliminates copious amount of salt by-products
• Recyclable and recoverable
• No need for expensive neutralization
• High reactivity/selectivity
• Adaptable to fixed and fluid beds 

General Comments (cont...)

Other forms of polyvinylpyridine have been used as metal catalyst supports in 
several other types of reactions: for example; olefin isomerizations,18  oxidative 
coupling of phenols,19  oxidative cleavage of catechols,20  olefinic addition 
reactions,21  and desulfurization of transition metal catalysts and SRC 
liquids22  to mention a few. What catalyst problems can our polyvinylpyridines 
solve for you?
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Recovery of Metals From Reillex™ Resins

If desired, metal values may be recovered from Reillex™ resin anchored 
catalysts quite simply as follows:

Type A Catalysts
• Base metals can be eluted from Type A catalysts with dilute mineral
    acid solutions.
• Precious metals can be eluted with a solution of Thiourea.

Type B Catalysts
• Metal removal from Type B catalysts is generally accomplished by classical 
    ion-exchange techniques.  Completing ions are eluted through the resin 
    displacing the anionic metal species

Type C Catalysts
• The preferred method of metal recovery from Type C catalysts is combustion 
    of the resin, however, in some cases acid washing is successful.

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.

Regeneration of Reillex™  Resins
After acid elution of anchored metals from Reillex™ resins the pyridine 
functionality is left in the protonated form. Neutralization of the resin, returning 
it to its free base form, can be easily accomplished by subsequent elution 
with 3% NaOH aq. solution followed by water.

CAUTION: Reillex™ resins, like other organic resins, may swell or contract 
when changing solvent, pH, or ionic strength. This swelling can cause 
extreme pressures to build up and result in the violent rupture of a glass 
column. If significant swelling is expected, the swelling solvent should be 
admitted by backwashing into an expanded bed.

General information on thermal stability, hydraulic characteristics, column use, 
conditioning, etc, of Reillex™ resins can be found in our General Applications 
Brochure (Reillex™ Report #2).  We would encourage the reader to contact 
us with any questions regarding the Reillex™ resins, their physical properties, 
handling, and applicability.
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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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