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The destruction of toxic phosphates and phosphonates continues to be an urgent probIem, partkukly 

with regard to the tmaty-obligated demilitarization of stockpiled chemical weapons.l As alternatiwzs to 

incineradon, hydrolytic, and pardcukly catalytic methodologies, have been vigorously explored. In view of 

the recognized ability of cationic surfactant micelIes to accelerate the cleavage of carboxylic esters, micelle- 

catalyzed hydrolyses of phosphate esters have been particularly well studied,* and p-nirrophenyldiphenyl 

phosphate (PNPDPP, 1)s has become the unofficial “standard substrate,” permitting comparisons of the 

efficacy of many different cleavage reagents. 

Based on our prior studio of su~~~t-~d carboxylate ester substrate~,~ we suspected that the 

~~~~f~ction~~ phosphotrkster surfactant 2 (ClgPNPDPP) might provide a more sensitive kinetic 

measure of cleavage reagent potency than the parent PNPDPP. Thus 2 should exhibit a higher affinity for 

snrfactant aggregates, and should be more hydrolytically labile than 1 due to its cationic charge (see below). 

Monzover, the unusually low pK, of the surfactan&nctionalized p-nitrophenol leaving group of ClgPNPDPP 

should render it react& to even weak nucleophilas.~ 

Among the many micellsactivated hydrolytic magents tested against PNPDPP, the iodosocarboxyiates6 

(typifkd by iodosobenzoate, 3, and iodosonaphthoate, 4) and certain rnc&allomi~~7 (especially Cu &elate 

579, stand out as characterized by rapid cleavage of PNPDPP, catalytic turuover, and activity against 

~uoroph~phona~ nerve agents.a7c Here, we describe initial studies of the mice&u cleavages of surfactant 

phosphate 2 by iodos~arboxylates 3 and 4, and by the ~-~x~i-~~~-~yl~ylene diamk cupric 

&elate, 5h. Not only is C18PNPDPP found to be more reactive toward mice&r reagents 3-5 than the 

4 6. 5 (a) R = n”C14H2Q 
@I R = n-ClaHss 
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normative substrate, PNPDPP, but the surfactant-bound phosphate is repmsentative of a general strategy iu 

which less reactive “independent” substrates (e.g., esters, phosphonates, or phosphodiesters) could he slmihuly 

transposed to covalently ~~-~~~nt subsantes in order to amplify the ~~~’ ~~~~ tow& 

prospective cleavrtge reagents. 
C@JPDPP was synthesized from 3-methyl-4-nltrophenol by phospboryletion with 

~ph~yl~hlo~~~~~ @tlN, Et@, 25°C 4 h, 99%); ~orn~n of the methyl group (NBS, CC&, B%@, 
refL 18 h, 88%); and quaternlz&on of ~-~~~-~~~~ with the 

bromomethyltriarylphosphate (acetone, 25”C, 6 d, putifiti yield 27%). Surfactant substrate 2 was purified by 

chromatography on silica gel (2O:l CH.$&/MeOH + 2 drops of HCI; Rf - 0.3), and character&d by 

approprlate *H and 3lP NMR spectra,~ as well as an acceptable elemental analysis (monohydrate, C!, H, N). 

I~~o~~a~ was commemiahy available, and i~~o~ph~~ was at hand from a previous study.@ 
Chelate 5h was prepared in S&J from the appropriatu llgand9 and Cu(N0&. 

Kinetic studies of the cleavages of I or 2 by 3-5 monitored the p-nitropbenoxide absorbance at 400 nm, 

using ~~~0~ or stopped-flow UV spectrometers as nz4@redIO Reactions were car&d out in con&e&s 

with ~l~~yl~rno~~ [CTA) chloride or bromide. I~~~xyla~ cleavages of CIgPNPDPP are 

graphically tepmsented in Figure 1, where the pseudo-flrstt-order rate constants {$,) am t&town as a Action of 

[CTACX] in the presence of a fixed quantity of (excess) iodosocarboxylate in pH 8.0,O.Ol M phosphate bn&r 

and 0.01 M KCI. ‘Ihe maximum rate constants under “normal” stopped-flow conditionsle occur at 5 x 104 M 

CTACl, and a~ ky = 0.66 s-1 and 5.24 s-l with 3 and 4, mspectively. When the 2 + 3 ma&on is carried out 

with aqueous 3 alone (Le., not solubiized in mhzellar Cl’ACll~, Rtlr max increases to 1.73 s-l at [CTACl] = 1.0 x 

W3 M. Clearly, compartmentalization of 2 and 3 in separate mice&u sohttious leads to a depressed rate 

constant, relative to diit addition of aqueous 3 to mice&r 2 at the same tinal [CTACI]. In the absent of 

i~~~~~, &, for the cleavage of Cl8P~D~P at pH 8 in 5.4 x 10-S Ad CTACl is 5.46 x 10-3 s-1, so 

that the catalytic advantages (kt”/%, in mice&u CTACl am about 120-31’7 for 3 aud 960 for 4. Kinetic data 

ate collected in Table 1. All data were reproducible to ~10%. 

Rinetics with the Cu catalyst 5h were studied at pH 6.4 iu comicellar CTABr; key results appear in 

Pignm 2, whem $ values for the cleavages of substrates 2 or I are shown as a function of the &&mine l&and] 

in 1 x IO-3 M CIA.&, with 1 x 10-S M Cu(NO& and 0.05 M rno~ho~n~~~~o~~ buffer. Studies of 

$ vs. [CTABr] and b vs. [C!u(NO&J show that (a) 2 x 1osS M C@NPDPP is completely bound to CIXRr 

at [CTABr] 3- 2.!5 x 10-r M,8b whereas 2 x 10-S M PNPDPP requires -8 x lo”4 M CTABr for maxhnal 

~gg,andthat(b)~ligandisboundtoCuat~~g~]=5xl~Mand~~~~)i]=1x10-~M. 

The data in Pigum 2 give RF = 36.2 X 10-3 and 7.2 x 10-S s-t for cleavages of Cl8PNPDPP and 

PNPDPP, respectively, at [sb] = 5 x 10-4 M in 1 x 10-3 M CTABr at pH 6.4. At this PH. Ity values in CIA& 

alone are 0.94 x lo-3 s-l (2) and 0.10 x 10-3 s-1 (l), leading to catalytic advantages of -38 and -72, 

respectively, for Cu chelate Sb. Again, kinetic data am collected in Table 1. 

Prom the values of y cable 1). it is clear that the cleavage rates of ~18~~~ are 5 (sb), 20 (4), 

or 27 (3) times faster than those of PNPDPP. A similar trend is evident from the &t data, where the #I 

kinetic ratio rises to 16 with iodosonaphthoate catalyst 4. Catalyst 4 also evokes the largest substrate 

sensitivity advanta8e in terms of (~~/~, where the 211 mtio is a factor of 20. 
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Table 1. Khetic Data for Phosphate Ester Ueavages at 256@ 

c%alyst substrate pH l~[~~],M 102k~,s-l ~/kg k&t* M-W = 

3 1 8.0 ,1.0(Q) 6.4d 97.45 759 

3f 2 8.0 0.5 (Cl) 66. 120. 5065 

38 2 8.0 1.0 (Cl) 17% 317. 3910 

4 1 8.0 0.5 (Cl) 26.@ 47.6 295s 

4 2 8.0 0.5 (cl) 524. 960. 47200 

sb 1 6.4 1.0 (Br) 0.72 72. 18b 

S 2 6-4 1.0 {Br) 3.6 38. 9ob 

Wee text and figue captions for ~~~~~ Watio of rate constants in mice&r CTAX in pm and 

absence of t&e catalyst see text for details. C ~/[catfdyst], corrected for 100% ionization of the cata@t at kw 

the operational pH, using pKa values for the catalysts; see text_ dFWe~ db. %efemne 6f. “‘NomW 

addition of 3,1° @odasobenzo&e was added to 2RXACLl” tThe apparent p& of !Jb is -5.8, dwrmhed 

)rineticanyfnanreaaionsof5bwithZasa~onofpH. 

Qgllre 1. 4 for ClL+aV~ of CtgPNPDpP (2) 

by 3 or 4 as a function of [CTACl] at pH 8. 
with 3 added under “nwnlal” (cunrc: 3) or 
“modified” (c.XnYe 2) couditions, and 4 (curve 1) 
~~~~” ~~.*~ For2+3, 
[2] = 2.03 x 10-S M, [3] = 1.52 x lti M, far 2 + 4, 
[Z] = 2.44 x 10-s M; [4J = 1.25 x 104 M. 

F’&urt 2. s, for chwages of ClsPNPDPP 

hwe 1) or pNPDPP (curve 2) by Cu &elate 5b 
as a fimction of Wgandl at pH 6.4, with [CTABr] = 
1 x lo-3 M, [Cu(NO3)2] = 1 x 10-3 M, [2] = 
2xl~5M,[l]=2xl~5~ 



The p&s of catalysts 3, 4, and Sb are 7.2,& 7.1pf and 5.8,t* mspeetively, exceed@ that of tbe 

seat ~~~p~n~~~ leaving group of 2. 5 achy, it may be that fo~a~n, rather than 

deoompositior1,~2 of a putative pentavalent phosphorous oxyanion ‘Qstberatelimitmgstepinthecleavageof 
2. In this ease, the kinetic advantages of substrate QPNPDPP would largely tive from an w 

reactivity of its phosphoryl group induced by the let’s cationic charge,14 and from better bii to the 

CTA comieellar host. It remains to be seen whether simiIar (or perbaps greater) kinetic advantages are realized 

with other catalysts, or aeeme to other classes of ~~~~t-~~ ph~h~~r substrates. 
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