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Scheme 2: Bromination of Cumene
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Chloromethylation has been by far the most versatile reaction in
polymer modification because the chloromethyl group, a key
intermediate, is suitable for both nucleophilic elaboration, such as
quaternization, phosphination, and esterification, and electrophilic
addition to activated aromatic feagents. Chloromethyl methyl ether
(CME) and bis(chloromethyl) methyl ether (BCME) and their bromo
analogues have been the most efficient halomethylating agents, yet
they are highly carcinogenic compounds. Aithough new reagents such as
1-chloromethoxy-4-chlorobutane and 1,4-bis(chloromethoxy)-
butane were deve]oped,”’18 the novel bromomethylating polymer, 4,
recently prepared,19 could be the most convenient reagent to effect
this modification. Bromomethylation of 1,2-dimethoxybenzene
(veratrole) with this polymeric bromomethylatiny agent in the presence

of Lewis acid, SnCl,, was successful, (eq. 1). \

OMe OMe
+ QU s O«
OMe BrCHp OMe

4

Among the earliest examples of polymer reagents are no doubt the
jon exchange resins. Although, their application in organic chemistry
has been neglected for sometime, the last two decades are full of
examples showing their advantages over the soluble analogues.
Quaternary ammonium resins, anion exchangers, are considered potential
substitutes for tetraalkylammonium salts, catalysts usually employed

in the phase transfer reactions. In general, these tetraalkyl



ammonjum salt polymers are prepared by quaternization of some
commercially available chloromethylated polymers. Table 2 contains
some of well-known organic reactions using these anion exchangers
during the last 15 years. The yields of reactions range generally
between 70 and 100%. Again, the ease of removal of the resin from the
reaction mixture remains the best feature in these systems. Also, the
excess of reagents enhances yields and rates of reactions. Finally,
the anion exchangers are readily prepared from less costly resins.

II. Polymer Catalysts: The common homogeneous catalysts are

linked to the polymer matrix tn catalyze an organic reaction. Polymer
catalysts resemble polymer transfer agents in regards to their
participation in the reaction, yet, according to the definition of a
catalyst, they must be recovered unchanged at the end of the

reaction. The general steps of this reaction are described in Scheme
5 where<::>£ represents a catalyst bound to a polymer matrix (::).

A substrate S reacts with a reagent A in the presence of the polymer
catalyst to afford the product D. After a simple filtration of the
spent polymer, the final product D can be isolated by evaporation of
the solvent followed by a purification technique. Generally, a
polymer catalyst may have an enzyme, an inoryanic or an organometallic
compound on its active site. The most frequently used polymer '
reagents as catalysts are the ion exchange resins either in acidic
form (H+) or basic form (OH™). They catalyze general acid or general
base catalyzed reaction. One major advantage of the jon exchangers

over the conventional acid and base is the absence of the corrosivity

potential of the species in contact with a vessel or a reactor.



Table 2: Quaternary Ammonium Resins (:)-u¥+-A'

in Organic Synthesis

A” Substrate Product Reference
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X N02
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Scheme 5: Polymer Catalyst
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1. Polymer-bound transition metal complexes: Extensive studies

have been conducted on pblymer-bound catalysts bearing transition
metal complexes. These systems successfully catalyzed
h.ydr*ogenation,33v34 hydrosi]ylation,35 and hydroformy]ation34’35 of
-olefins. Silica and polystyrenes were the most widely used supports
carrying metal complex catalysts usually through phosphine groups.
The polystyrene supports are easily prepared by chloromethylation of
polystyrene crosslinked with divinylbenzene and subsequent treatment
with Tithium diphenylphosphide. Some polymer catalysts used in
organic reactions are reported in Table 3. The polymer-bound catalyst
containing rhodium, 5, a Wilkinson type complex, is a very useful
catalyst in hydrogenation of olefins and shows more selectivity than
normal catalyst; for example, it reduced cyclohexene at the same rate
as with normal catalysts, but it reduced cyclododecene at 1/5 the
normal rate.33 The iridium-supported polymer, 6, revealed the same
activity.35 The decrease in activity of the rhodium and the iridium
polymer catalysts is explained as due to the double linkage of the

polymeric support to the metal of the complex. Hence, in order for
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the polymer catalyst to be effective and to maintain its activity
potential, the metal of interest should be 1inked to the polymer
matrix by a single bond. As evidence for the double linkage, it was
observed that at least two triphenylphosphine moieties were released
from each metal incorporation during the preparation of polymer

catalyst as outlined in eq. 2.

/c6H5
®— P + MCHCONPPhy), —> [®—PPh2]2M(CO)CI +2PPhy
H
“e's 5,M=Rn eq. 2
gi.lw = Ir
+
@ —PPh, + Co(NO)CO)y — ®—PPn2Co(N_§))(CO)2 co

A eq. 3

[®—rFna) comorcor+co

A similar type of chelation was formed when polymer-bound cobalt
catalyst was synthesized.37 The bis(polymeric) binding, in this case,
occurs only when the polymer catalyst, 7, is subjected to heat as
shown in eq. 3. Furthermore, investigations revealed that the
formation of this bis(polymeric) binding could be substantially
reduced by using 20% divinylbenzene instead of 2% crosslinking.
Therefore, the catalytic activity of the polymer catalyst is

enhanced. Accordingly the flexibility of copoly(styrene-2%

divinylbenzene) results in dimerization. The rigidity of the polymer
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plays an important role in the activity of the resin catalyst. For
example, polymer-bound titanocene, 8, prepared using 20%

divinylbenzene, was 25 to 100 times as active as its non solid phase
38,39

@—@—_—@F@

analogue.

In the study of palladium catalyzed vinylic substitution on a
variety of aryl halides, Heck 40 reported that nitrogen_containing
ligands were not effective in stabilizing the catalyst; paliadium
metal precipitates upon addition of aryl halides. Daly and sun!
recently succeeded in binding palladium on poly(4-vinyl-pyridine)
crosslinked with 10 or 15% divinylbenzene. This polymer-bound
catalyst promoted effectively the vinylation of aryl halides.

In 1982, Allock?2 reported that polyphosphazenes are well suited
for use as carriers of organometallic catalysts. Among the polymeric

phosphazene catalysts so far prepared are 9, 10, and 11. However,

their application as effective catalysts in organic reactions was not

mentioned.
: | :
-N-;- A '_ng_ _N-r_ CO(CO)3
[ ]
0 CH,— C=C
TFP2 Mo, 2
l Co(CO)4
M
il
'?' I_O_ - M= trans . metol
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Table 3: Polymer-bound Catalysts, @¥{)¢

Sy’

C Reaction type Reference
-SOBH Acid-catalyzed reaction 43
+
-CH2N(Me)30H' Base-catalyzed reaction "
-AlCl3  Lewis acid-catalyzed reaction 44, 45
-PRhClPPh2 rHydrogenation5 hydrosilylation 35, 38, 46
-RhCl3 and Hydroformylation of
-PtCl2 < olefins.
-PdCl2 Polymerization
?
-, n-@
|
c .
Rose Bengal Photooxidation via singlet L7

.oxidation production




2. Immobilized enzymes: The synthesis of a polymer catalyst with

the specifity and the activity of a naturally occurring catalyst,
i.e., enzymes, has not been accomplished and would be of great value.
Eventually, reactive and insoluble resin carriers with enzymes
attached by covalent bonding were prepared.48’49 The enzyme thus
immobilized retains its biological activity. A variety of such
immobilized enzymes on polymers are employed in industrial

processes. Again, the main feature of the use of immobilized enzymes
is their easy separation from solution. Since they can be recycled
and reused, many enzymatic reactions that were prohibitively
expensive have now become of economic interest. The preparation of a
reactive carrier can be achieved by incorporating a functional group
into synthetically preformed polymer or natural polymer, such as
cellulose or sephadex. For example, a cyano functional group can be
attached to sephadex by reaction with cyanogen bromide, then the
activated natural polymer is treated with enzyme as described in

Scheme 6.50

Scheme 6: Attachment of Enzymes on Sephadex

OH O—~CEN
+ OICN—>
OH OH

W I
oc -NH-Enzym:. — zo):-m
« 0

OH

15
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Poly(aminostyrene), a synthetic polymer, may be activated by
diazotization or by reaction with thiophosgene. Enzymes can then be
anchored and immobilized as shown in Scheme 7 with retention of its

activity .50

Scheme 7: Attachment of Enzymes on Polystyrene

Matrix

~HL—CH-CH~  ~HL=CH=CHSY ~HL~CH—CHy~

+Nw N N NmCmS
H-Enzyme lu.)l-imymo
~uzc- CH—CH,~ ~HL—CH~CHS™

N=sN-Enx . NH=CS=NH-Enz

The app]ications‘of immobilized enzymes in the industry are

numerous. For example, isomerization of glucose to fructose occurs in
the presence of an immobilized enzyme. The industries of the U.S.A.
manufacture annually about 2 miiiions tons of fructose with this
processQ51 The DL-forms of amino acids are produced in large
quantities and, since the biological system requires only L-form, a
separation technique is strongly needed. 1In 1972, the use. of
immobilized enzymes on polymers was successful in separating the L-
amino acid acy]ase.52 Also, hydrolyzed lactose, a sweetener for milk

products, was obtained by cleaving of lactose by immoblized lactase.
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III. Polymers as Protecting Groups: Scheme 8 illustrates the

steps involved when polymer is used as a protecting group in an
organic reaction. A difunctional reagent A is anchored by one of its
functionalities to the polymer support, and two or more chemical
transformations would take place to form (::)-A-B-C, a polymeric
product. The final product A-B-C is released from the polymer support

by a selective cleavaye of the (::)-A bond. As noted, this

Scheme 8: Polymer as Protecting Group

Dure ——@ - wons

methodology assures the protection of one functionality of a

bifunctional substrate by careful attachment to a polymer backbone.
The sequence of reactions on the polymer support originates from
Merrifield's solid state peptide synthesis.1 A typical peptide
synthesis is described in Scheme 9. In this, the amino acid is
attached to the functionalized polymer by its carboxylic acid group.
The N-protected group is then removed selectively and the free amine
obtained is coupled with a carboxyl group of a second amino acid
moiety. Depending on how long the peptide is wanted to be, this
sequence may be repeated as often as necessary. The desired peptide
can be isolated by acid or base cleavage of the amide group covalently

attached to the polymer backbone. O01ligomers, such as oligonucleotides

53,54

and ©11gosaccharides, were also prepared by this method, usually















Scheme 12: Protection of Aldehyde Group of

Dialdehyde by Polymer Matrix
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B. Redox Polymers

Polymer redox systems are known by the terms "oxidation -
reduction polymers" and "electron-transfer polymers". The name
"electron-exchange polymers" was also assigned to these resins in
analogy to "ion-exchange polymers", but Sansom‘58 pointed out that a
transfer is occurring instead of exchange, thus this name has been
dropped. These redox polymers are high molecular weight substances
that can transfer electrons in contact with reactive ions or
molecules. Therefore, polymers of this sort can be oxidized or
reduced with appropriate oxidizing and reducing agents,

respectively. These resins are usually loaded with functional groups

of the redox-type. A variety of redox functionalities has been of

22
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great interest for polymer chemists. Among the most widely studied
redox polymers are ferrocene, pyridinium, mercaptyl, and hydroquinone
containing polymers. Oxidized and reduced forms of these polymers are
compiled in Scheme 13. Ferrocene-containing polymers are valuable
electroactive resins. The ferrocene unit can be anchored onto a
variety of polymer matrices. For example, Allock?d reported recently
a synthesis of polyphosphazene bearing ferrocene or ruthenocene,
having molecular weight as high as 2,000,000. Recently, in Daly's
1aboratory60, the ferrocene moiety was introduced on styrene-methy]l
methacrylate copolymer; this polymer-bound ferrocene exhibits a
potential electroactivity as confirmed by cycliovoltammetric

measurements.

Scheme 13: Examples of Redox Polymers

(P = Potymer Backbone
N SN
\O/ O . -
®— Fe + HA — (P—Fe A~ + H' + e
©

| .
. @—@N-R + HA — ®-—@-R +2HY + 2¢
+

-
®\ = @] +2HY +2¢”

= @) +en* +2¢”
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A careful examination of redox polymers containing
dihydroxybenzene reveals their importance. These redox resins belong
to the polymer reagents class discussed in part A of this
introduction. The first transfer agent polymers reported in the
literature were undoubtedly the redox polymers, namely the electron-
transferring agents. Some of the early examples are
poly(vinylhydroquinones) and the condensation products of hydroquinone

and formaldehyde. The first application of these resins was the

oxidation of iodide to iodine as shown in eq. 4.9

w .
+ T — OO + 1, «ua
HO

I. Synthesis of Redox Polymers: Three routes could be conceived

as ways of preparation of redox polymers. They are : 1) condensation
polymerization of suitable monomers, 2) attachment of redox groups
onto preformed polymers, and 3) polymerization of vinyl monomers
having redox groups.

1. Condensation polymers: The earliest redox polymers were

undoubtedly the synthetic polymers derived from formaldehyde and
hydroguinone. The condensation of these two substances yielded
phenoplasts. Resorcinol and its derivatives are among those which are
stable to oxidation and used in commercial phenoplast formulation.
Catechol (1,2-dihydroxybenzene) and hydroquinone (1,4-dihydroxy-
benzene) are of interest because they are capable of forming quinoid
systems. The naphthaquinone and anthraquinone derivatives are also

examples of this category of polyphenols. The quinoid unit of
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catechol is unstable and most quinones are sensitive to 1ight and
oxidants. Condensation polymers may be classified into two
cateyories: those which have the redox units as part of the backbone
and those which have them as pendent from the matrix.

a. Redox units as part of backbone: Although formaldehyde

-hydroquinone polymers were prepared in the beginning of this century,
it was only in 1949 that a description of these resins as electron-
transfer polymers was given.61 The condensation polymerization of

hydroquinone and formaldehyde is a base- or acid- catalyzed reaction.

HO.
Rt 1 OH ‘1;j:l
Ho@_OH T CH=0 —BTO—W’CH?-@\ " CHz on eq. 5
c”z'@ OH
. OH OH

C

OH

Different products can be formed in three different stages of the
reaction. These materials produced.are dependent upon the initial
hydroquinone-formaldehyde ratio and the reaction conditions. In the
first staye, A-stage, the products exist as mono-, di-, and trinuclear
methylolphenols which are soluble in acetone, ethyl acetate, and
dioxane. In the second step, B-stage, as the condensation reaction
continues, the products became thermoplastic with reduced

solubility. These B-stage polymers aré termed "resoles". The resoles
possess highly branched structures with methylene bridges 1inking the
benzene rings. In the third stage, C-stage, condensation continues on

heating the resole mixture to produce high molecular weight



crosslinked polymers.

A change of formaldehyde-hydroquinone ratio results in a change
of chemical and physical properties of the polymer. For example, the
redox capacity increases as the formaldehyde concentration
increases. Formaldehyde can be substituted by other aldehydes, such
as acetaldehyde, benzaldehyde, furfural, glyoxal, and
paraformaldehyde. This last aldehyde with hexamethylenetriamine
releases formaldehyde upon hydrolysis, as reported by Kopra and
Welcher.52

Poly(2,5-dimethoxy~-p~xylene) was made by reaction of 2,5~
dimethoxy-4-methylbenzyltrimethyl ammonium chloride with alkali as in
eq. 6. The quaternary ammonium salt was obtained by treating 2,5-

dimethoxy-4-methy1benzy] chloride with trimethylamine. Demethylation

of the polymer with hydrobromic acid gave poly(2,5-dihydroxy-p- '

xylene).
3 OCHz  ,CI OCHy
CHZCI CHZNMeSOIKQN CHZ
+ MeyN —> —_—>
c CH CH
3 ocHy 3 OCHj ~""2 OCHg
| OH
CH
cH
=2 om

The hydroquinone diesters, Scheme 14, are readily reduced in good
yields to the hydroquinone diols with lithium aluminum hydride. The

hydroquinone moiety is easily oxidized aimost quantitatively by

26



stirring a tetrahydrofuran solution with silver oxide and anhydrous
magnesium sulfate to give the corresponding quinone diols.64 The -
reaction of these quinoid dialcohols with a diacyl chloride in THF in
the presence of pyridine yields polymer with a quinone unit as redox
group. These polymers are easily reduced to hydroguinone polyesters
with sodium dithionite or hydrogen and palladium-charcoal at ordinary

temperature.

Scheme 14: Synthesis of Poly(hydroquinoné-esters)

OH OH

(CH,), COOR (CH,) CH,OH
—_—
ROOC(CH,){ LiAlH HOCH,(CH,),;
H OH
0
Ag,0 /M0504 R ﬁ(CHZ)nCHZOH CICORCOC!
> R e
A HOCH,(CH,) - Py, THF 0°C
0
0 (CHa),CH,OCORCOO~
(CH,)CH,OCORCOO~ HO.
ﬁ 2y 2 NayS204
_’
~CHCHRITY or Hy/Pd~C,THF O
~CHA(CH,),
n = 0,,2 '

CasSidy6b reported the preparation of hydroguinone
polycarbonates. 2,5-Bis(3'-hydroxypropyl)-1,4-benzoquinone reacting
with phosgene in THF medium containing pyridine afforded a polymer

which precipitated in pentane in quantitative yield, eq. 7. This

27
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polymer is soluble in organic media, such as acetone, chloroform, THF,
and DMF, and can be readily reduced to the hydroquinone form by one of

the reducinyg ayents mentioned above.

]

0
(CHZ)30H THF J:::[], (CH,)50C00~
+ COCl, ————>
HO(CHL) 3 Py ~{CHR)
0 o

eq. 7

Cassidy66 also reported the synthesis of hydroquinone
polyurethane. 2,5-Bis(3'-hydroxyalkyl)-1,4-benzoquinone can react
with diisocyanate at room temperature in the presence of
triethylamine or dibutyltin diacetate as cata]jst to give the
corresponding quinoid polyurethane as yellow flakes, eq. 8. In this
case, all the reagents must be anhydrous and highly pure. The polymer
in oxidized form can be precipitated from THF in n-hexane. The
reduction of quinoid polymer to the corresponding hydroquinoid form is

achieved with no detection of a cleavage of the backbone.

0

o] .
(CH,)OH (CHZ)nOCONHRNHCOO ~
+ OCNRCNO ———>
HO(CHz)n

JCIRT

eq. 6
n=273

Quinone polyamines may be made by condensation of a diamine with
a quinone as shown in eq. 9. Among the diamines used in the
condensation with benzoquinone are p-phenylenediamine, benzidine, and
hexamethylenediamine. A 1:3 ratio of diamine-benzoquinone is required

to produce, after reflux in ethanolic solution, po]y(aminoquinone).67
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HNRNH, 4 3n O-O-o——-—rr"'mm .9

Suzuki and Tazuke98 recently prepared 2,5-bis(dimethyl -
aminomethyl)hydroquinone (HQMe), and 3,6-bis(dimethylamino-
methyl)catechol (CAMe) by reactinglhydroquinone or catechol with
aqueous dimethylamine and formaldehyde as illustrated in eq. 10.
Dimethylaminomethyl hydroquinone and the catechol analogue are used as
monomers in the formation of po]yidnenes as outlined in eq. 11. The
redox properties of these polyionenes were examined. They can be
oxidized with 0, in 1.5% sodium carbonate solution. The precipitated
brown powders showed an absorption band at 1630 em~! in the infrared,
indicating that hydroquinone units (or catechol) of the polymers were

oxidized to benzoquinone units.

CH,NICH,),
Wo—~O)~0n+ 2 CHy NH+ 2CHO —— KO oM
(CHy NCH} *q.i0
OH
(cu,)zncnz-@ CHpN(CHy, + BrCH,CHCHBr ———
HO Hp

"\. + B, OH \{04, Br~ ©©©
| ~e-CH CH,-N=CH - CH—CHy~ .

We .5 Me CH2

Redox polyamides were developed by Iwakura®? by condensing di-

lactones with diamine compounds. For example, in eq. 12 the di-



lactone obtained by heating the corresponding diacid at 280 °C
condensed with the diamine in dimethylacetamide (DMAc) upon warming
the mixture for several hours. Tne hydroquinone polymer was obtained
in 75% yield and could be oxidized to quinoid polymer with ceric

ammonium nitrate in DMAc.

OH .
COOH 0.0
HOOC HO 0770

OH
HaNRNH, COCHL

v

eq. 12
H CHCONHRNH

In general, hydroquinone-formaldehyde based polymers are slow to
react. To enhance their chemical reactivity, Manecke70 designed a
synthesis of redox polymers with good redox capacity (6.4 meq/g) and
high reactivity by combining hydroquinone, phenol, and formaldehyde.

A polymer of type 12 was obtained.

OH OH OH

72
B
In the previously discussed hydroquinone containing polymers, the
hydroquinone or quinone units are joined by single methylene
bridges. In 1985, Dallal and co-workers’! reported the synthesis of
poly(bismethylenehydroquinone), 13, where the hydroquinone moieties
are held toyether. by two methylene bridges. This polymer was prepared

by mixing trioxane and an excess of hydroquinone in sulfolane and



water in the presence of a catalytic amount of toluenesulfonic acid.
The mixture was.heated at 175 °C for one hour. This new redox polymer
is air oxidized and chemically oxidized with bromine-potassium
hydroxide. Both reduced and oxidized forms were characterized by a
combination of FT-IR, elemental analysis, and 13¢ so14d state CP/MAS

NMR.

b. Pendent redox groups from backbone: The redox units such as

hydroquinqne and catechol may be pendent from the polymer matrix. In
that case, oxidation and reduction will not affect the chain of the
resin. Poly(2,5-dihydroxyphenylalanine) and poly(3,4-dihydroxy -
phenylalanine) (DOPA) were synthesized by attaching hydroquinone and
catechol units, respectively, on polypeptide matrices,72 For
instance, 3,4-diacetoxyphenylalanine hydrochloride was prepared by
treatment of 3,4-dihydroxyphenylalanine with acetyl chloride, eq.

13. Reaction of 3,4-djacetoxyphenylalanine with phosgene afforded N-
carbonylanhydride which polymerized by a trace of sodium hydroxide in
dioxane. Acidification followed by cleavage of the acetyl groups

yielded poly(3,4-dihydroxyphenylalanine).
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Ry I\ CH,CHCOOH coc! Rg ' cu,—sn—c”o
@ u,v'u’cr — uu\ ?
Rs

Ry eq.13
. Hi—=NH —cu-g 0" No' " NH—CM-—E
NoOM R NP
ot — |0
' Ry R; >N RY
R,. Ry,= OCOCH, R’ R",R™ e OH

R o OCOCHgH

A pendent redox unit from a polyurethane matrix was also
made.73 As shown in eq. 14, the quinoid diol derivative reacted with
diisocyanate to yield the monomer, 14, which upon condensation with
glycol gave the corresponding polyurethane in which quinone diol

alternates with quinone glycol.

" ch CHZOH
0. & S CHy e OCNRNHCOOCHg~ CH~CH,0CONHRNGO
CHOH + OCNRNCO —> CHy

3

NS
¢ CHg ° %cﬁfo eq.l4
4 © CHy |

= CHy

1zoret’4 successfully synthesized a redox polymer with an
anthraquinone as redox unit pendent from a polyester matrix. Reaction
of diethyl malonate with 2-formylanthraquinone under
"malonic. ester" synthetic conditions afforded the vinylanthraquinone
derivative, eq. 15, This latter compound could be condensed with a

diol using sulfuric acid as catalyst to give the poly(anthraquinone)



derivatives. 1,4-Dihydroxybutane, diethylenegylycol, and glycerol were

amoné the dialcohols used in this type of condensation.

0 CO,EL
: cHo  , CO,EL CHxCH
@‘@ + °’{2 > @‘@ Ncoet

HO-R-OH +oc c—con—)— eq. 15

2. Attachment of redox units onto preformed polymers:

Electron-transfer polymer may be prepared by attachment of a redox
unit onto premade polymer. This attachment can be made by chemical
substitution, displacement, or other types of reactions with the
functional groups already existing on the polymer matrix.. For
example, as early as 1957, Sansoni°8 prepared redox polymer by
reacting hydroquinone with poly(styrene-diazonium salts), eq. 16.
This functionalized polymer was made by nitration of polystyrene
followed by reduction of the nitro group to an amino group and
subsequent treatment with nitrous acid. As expected, the diazonium
salts generated crossiinking between the polymer chains. He also
placed a ferrocene moiety on a polystyrene backbone employing a
similar reaction.

As reported by Kun,75 hydroquinone-quinone redox polymers may be

readily made using either quinone or hydroquinone in protected or

33
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~CH~-CHy~ ) ~ CH=-CHp~

+ <O — O e
@ OH

=
nNe

HO

unprotected form in a Friedel-Crafts reaction with halomethylated
styrene-divinylibenzene copolymer. As outlined in Scheme 15,'Friede1-'
Crafts reaction of the chloromethylated poly(styrene-divinylbenzene)
with hydroquinone, benzoquinone, 1,4-dimethoxybenzene, and 1,4-
diacetoxybenzene in the presence of a Lewis acid such as SnC1, gave
polymeric vinylbenzylhydroquinone after removal of the protecting
groups. The poly(vinylbenzylhydroquinone) may be oxidized to
poly(vinylbenzylbenzoquinone) which, in turn, may be reduced to the
hydrogyuinone again.

Because of the low reactivity of the chloromethyl group, Russian
investigators76 developed a synthesis of bromomethylated copolymer by
reacting the chloromethylated resin with lithium bromide in a mixture
of boiling dioxane and acetone for 20 hours. They carried out the
Friedel-Crafts reaction of bromomethylated copolymer with quinone,
anthraquinone, naphtaquinone, pyrogallol, hydroquinone, resorcinol,
pyrocatechol, and dialkylether of hydroquinone. Dioxane and
dichloroethane proved to be good swelling media for the bromo-

methylated resins.
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Scheme 15: Friedel-Crafts Reaction of Chlorce

methylated Poly(styrene-divinylbenzene)

with Redox Units

0 — CHaC!

®
CHp CHa o CHz
RO leavoge HO oxidotion ﬁ

The hydrophilicity of these redox polymers can be improved by the
incorporation of an ion-exchange group. By limiting the concentration
of redox units added to the polymer matrix, a siyniticant number of
halomethyl groups is available for subsequent chemical treatment. For
example, reaction of the remaining chloromethyl groups with
trimethylamine, eq. 17, yielded hydrophilic redox polymers containing
anion exchange groups. While maintaining a maximum number of redox

units available, increased hydrophilicity of the resins may be



achieved by reacting the hydroquinone units of the resins with

chlorosulfonic acid as jllustrated in eq. 18. The sulfonated redox

polymers could be employed as cation-exchanye resins.’’

. ~sCH=CHp~ ~CH =CH2~ ~CH=CHa~ "~~~ CH-CH2~

MeaN
. . )
Hp CHoCI ' CH2 CHoN MexCl

josl josl |
‘ 17
HO HO ¢ |
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Kun’8 a1so reported the attachment of anthraquinone and its
derivatives such as 2-methylanthraquinone and 2-ethylanthraquinone
onto styrene-divinylbenzene copolymer via the Friedel-Crafts
alkylation reaction described above. By the same procedure,
warshawsky79 treated the chloromethylated copolymer cited above with
catechol to produce polymeric catechol. This latter resin, however,
was destined to make polymer crown ethers.

Generally, in such alkylation reactions, the remaining unreacted
chloromethyl groups of the supporting resin can cause side reactions

- 80

and effects. To avoid such unwanted reactions, Iwabuchi introduced

hydroquinone or catechol units on the same support by Friedel-Crafts
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alkylation of styrene-divinylbenzene resin with 2,5- and 3,4-
dimethoxybenzyl chloride, followed by demethylation with hydrobromic
acid as given in Scheme 16. In this fashion, a high content of redox

units on the resin could be achieved.

Scheme 16: Friedel-Crafts Alkylation of Styrene-

Divinylbenzene Copolymer with 2,5- and

3,4-Dimethoxybenzyl Chloride,
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