Tetrahedron Letters,Vol.29,No.20,pp 2433-2436,1988 0040-4039/88 $3.00 + .00
Printed in Great Britain Pergamon Press plc

POLYMER-BOUND TODOSOBENZOATE REAGENTS FOR THE CLEAVAGE OF REACTIVE PHOSPHATES
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Summary. Two polymer-bound iodosobenzoate derivatives have been prepared and found to be
phosphorolytically active against both p-nitrophenyldiphenyl phosphate and the nerve agent,
Soman.

Since the discovery of their catalytic cleavage of activated esters and phosphates,l
iodosobenzoates and closely related species have come under intense scrutiny as
decontaminants for the destruction of toxic phosphates.z'4 The reactivity of the
iodosobenzoates is strongly potentiated by solubilization in cationic micellar surfactants.l
Therefore, we prepared an iodosobenzoate-functionalized, cationic surfactant that proved to
be a versatile micellar decontamination agent.5 In turn, this focused our attention on the
need for a solid decontaminant that would be easy to handle, and useful in the case of small
"spills" of toxic agents. The concept of combining the catalytic properties of a functional
surfactant with the stability of a polymer6 lends itself naturally to the design of a
cationic iodosobenzoate-functionalized polymer. We are pleased to report here the
preparation and some kinetic properties of the first two representatives of this class of
decontaminants.

Polymers P-1 and P-2 were prepared. P-1 derived from a 3-step sequence in which
tetramethylethylene diamine was first monoquaternized with bromide 15 (refluxing benzene,

19 h), and 3.5 mmol of the resulting quaternary salt’ was then quaternized with 0.8 g (3.2
mequiv of CH2Cl) of Polysciences 3% cross-linked, 20-60 mesh, 52% chloromethylated
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polystyrene (CHClj3, 80°c, 4 days, stirring, sealed tube). After purification,8 the bis-
quaternary salt polymer was found to contain 2.5 mequiv/g of ionic halide (j.e., 1.25
mequiv/g of diquaternary side chains) by addition of AgNO3, followed by electrochemical back
titration with bromide, corresponding to 45% ring substitution. Elemental analyses for I
and N gave values in accord with 40-44% ring substitution.

Conversion to the final, P-1 polymer was carried out by the chlorination/hydrolysis
method? that, in this case, releases ethanol and 91199;119 converts the iodo and ester
groups to the iodosobenzoate in its (illustrated) l-hydroxy-1,2-benziodoxolin-3-one form.1.5
The ir spectrum of P-1 had lost the ester carbonyl at 1705 cm-l in favor of a broad band
near 1620 e¢m-1, characteristic of iodosobenzoates.l0 TIodometric titration confirmed
oxidizing power equivalent to 1.2 mequiv/g of iodoso groups (42% ring substitution of the
phenyl groups of P-1).

Polymer P-2 was derived from Bio-Rad AG4-X4A, a copolymer of ethyl acrylate cross-linked
with 4% divinylbenzene, in which ~82% of the ethyl carboxylate side chains have been
converted into y-dimethylaminopropioamide groups by aminolysis with y-dimethylaminopropyl
amine.ll This polymer was quaternized with 0.70 equiv of bromide 1 (EtOH, 60-55°C, sealed
tube, 5 days) to afford the g-iodoester precursor of P-2. After washing (EtOH, CH3CN) and
drying, the precursor polymer was characterized by separate titrations for free MeN, and
ionic bromide, and by AgOAc exchange of acetate for bromide, followed by elemental analysis
for I and N. These methods indicated ~1.3-1.5 mequiv/g or ~50% of quaternized side chains
in the polymer.

The iodoester polymer was ground in a mortarl? and oxidized by the chlorination/
hydrolysis method? to give iodosobenzoate polymer P-2, that was washed (H20, 0.1 M aq.
NH,4Cl, 1:1 H70/CH3CN, CH3CN) and dried. P-2 had 0.32 mequiv/g of iodoso groups by
iodometric titration, corresponding to the oxidation of ~20% of the iodo groups of its
precursor.13 Although the iodosobenzoate loading of P-2 is only ~25% that of P-1, both
polymers are active in the cleavage of p-nitrophenyl diphenyl phosphate (PNPDPP, 2).

The cleavage of 0.062 pmol of PNPDPP by 5 mg of P-1 (6.0 pequiv of I=0) was followed in
2.5 ml aliquots of 0.02 M pH 8 phosphate buffer, p = 0.1 (KCl), by the 1 vial/l kinetic
point method, spectroscopically monitoring released p-nitrophenoxide (PNPO-) at 400 nm.14 A
plot of PNPO- absorbance vs. time appears in Figure 1. The data obeys good first order
kinetics and give ky = 0.011 s 1 (£ = 0.999). A duplicate run gave ky = 0.010 s-L.

Importantly, the iodobenzoate precursor polymer was essentially inactive toward PNPDPP (see

Figure). Similar kinetic experiments with P-2 and PNPDPP also led to first order kinetics
with ky = 0.011 + 0.002 s-1 (3 runs). As with P-1, the polymeric iodobenzoate precursor of
P-2 was effectively inactive against PNPDPP.
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Correcting the pseudo first order rate constants for total iodosobenzoate present (as if
it were all free and fully available in solution), we obtain "second order® rate constants
for P-1 and P-2 of 4.6 and 17 L/M-s, respectively. These are to be compared with ky = 550
L/M-s for the cleavage of PNPDPP by 5-methoxy-2-iodosobenzoate in 10-3 M CTACl micellar
solution under similar conditions,% so that the polymer-immobilized catalysts are ~120 (P-1)
or ~32 (P-2) times less reactive toward PNPDPP than a micelle-solubilized analogue. Lower
activity of polymer-bound reagents, relative to their soluble analogues is not unusual.l5

Most importantly, both P-1 and P-2 were active against the nerve agent Soman (GD), 3.
Thus, r1/7 for the OH- mediated hydrolysis of GD in pH 8.0, 0.05 M phosphate buffer was 67 +
0.5 min.16 This was reduced to 18.1 min by P-1, when 5 umol of GD cleaved with good first
order kinetics in the presence of 100 mg (120 pequiv. of I=0) of P-1. Polymer P-2 was also
active against GD, with r1,2 = 41.4 min in an analogous experiment using 25 mg (8 pequiv.)
of polymer.l7

Although the phophorolytic reactivity of these first polymer-bound iodosobenzoates is as
yet far from optimized, we are confident that enhancements can be achieved by appropriate
polymer "engineering”. We are continuing our studies accordingly and are also studying the
immobilization of iodosobenzoate derivatives on other solid supports.

Acknowledgments. We are grateful to the U.S. Army Research Office and the Charles and
Johanna Busch Fund (Rutgers University) for financial support. We thank Dr. Shanti Swarup
for technical assistance.

@0
_ast :
=
=
=2
g 9,
w .1} i
Q
&
m
[
2
“ es| :
G2
*
2 18

6
TIME (MIN)

Figure 1. Absorbance of released p-nitrophenoxide vs. time in the pH 8 cleavage of 2 by
iodosobenzoate polymer P-1. The corresponding behavior of the iodobenzoate precursor
polymer at 10 min reaction time is shown at the lower right of the Figure. See text for
details.
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