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catal ysis of an al coholysis reaction which converts
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henfieeRWRERSE a8éntS Wiskawries ahfipéstieldgs.d be i nvol ved i ncl ude
those of tanks, ships, aircraft, weapons, electronic

devi ces, ground, protective clothing and human skin.
The decont am nants shoul d not be corrosive, so that
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decontaminant. Surfaces involved pose a challenge for decontamination techniques since

application o

some surfaces absorb such agents, making decontamination difficuit. Examples of surfaces
that could be involved include those of tanks, ships, aircraft, weapons, electronic devices,
ground, protective clothing and human skin. The decontaminants should not be corrosive,
so that surfaces are not damaged during/following decontamination. An optimum solvent of
a decontaminating method should provide ease of application; solubility of the chemical
warfare agent, non-corrosiveness, and minimal environmental contamination. Since the
establishment of the Convention, considerable effort has been directed toward methods of
facilitating the controlled decomposition of organophosphorus compounds.
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*000002* Aqueous decont am nati on systens, such as
hydrol ysis systens, have been used in the past, nost
notably for nerve agents, particularly for the

G agents tabun (GA), sarin (GB), soman (GD) and G-.
However, hydrolysis reactions are not suitable for al
chem cal warfare nerve agents such as V-agents VX
(S-2-(diisopropylanmi no)ethyl O ethyl methyl
phosphonot hi ol at e) and Russi an- VX

(AguBoUsdieedritathivdtion eystdniyy budb-as hydrolysis systems, have been used in
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di sadvant age of an aqueous decontam nati on systemis
that hydrolysis reactions are not catalytic, and
therefore require stoichionetric anmounts of reagents.
Furthernore, comonly used aqueous nethods, due to
t heir al kaline pH, are not suy/table for

decont am nati on 0| human ski . Yet another

di sadvantage~of a ueo s/ﬁggg_ am nation methods is
the caustic wistewate pr odlce end product,
whi ch poses a challenge for disposal .
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Although some chemical warfare agents are water soluble, they may be applied in
combination with a polymer so that, being thickened, they adhere well to surfaces. These

“thickened” agents are only minimally soluble in water. In the case of decomposition using



Hi storically, decontam nation of chem cal warfare
agents has been effected using hydrolysis or

oxi dation using bleach or alkali salts. Bleach is
corrosive to skin, rubber, and netal surfaces and is
ineffective in cold weather conditions. Alkali salts
requi re excess hydroxide ion in order for the
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30 RO FIAD BB NG SOCh BRI oA A ieTd temperature,

aERRbstamporeandly, pietestauabiddl &Y. thoa4 adneous medi um
conpri sing non-radioactive netal ions selected from
the 3 group consisting of |anthanide series netal
BB, STAEEMENT ©f THE INVENIHGAN and conbi nati ons
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alcoholysis reaction, said organophosphorus compound is decomposed.

According to another aspect of the invention there is provided a method for
decomposing an organophosphorus compound, comprising:

subjecting said organophosphorus compound to an alcoholysis reaction in a
substantially non-aqueous medium comprising non-radioactive metal ions selected from the
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deconposed; and wherein said organophosphorus conpound
has the followwing formula (10): J X-P-Z | G (10)
where: Jis, Oor S X, G Z are the sane or different
and are selected fromthe group consisting of Q OQ

QA QA F, d, Br, I, @ SQ SAand C-N Qis a
substituted or unsubstituted branched, straight-chain
gosupapobisiingadf kanthagide spriesraetahignd, trd6ftiaramételiors, and coralsichations

t@réé‘f thdsélpc%de ised or unsubstituted noiety sel ected

rou cbn3|st|ng of phenyl, biphenyl,
taropiigide i 'SW bejlyg preri]h Ht iange ﬁgmtme@mouatte @emétal, ionsallyoxide ion
¢@kgﬁgkbg1apd non- aronatlc heterocycllc wher ei n, when
e not Q wherein said

X G sa ar
su bst"l"leu"éﬁfttgro‘élgrés%% P'éE'f‘@(?‘sf ’PB?HWh@"b?rSﬁTPPEB?Pi‘P%| cREPgynd is
debomPssed] and=, nitro, nit roso Q alkenyl, OQ

ani ﬁg earl%%?/f’g %89'1°ﬁ%r“s TR Ry ﬁ)ﬁmﬁmg’m%ma (10)

al kyl aryl am no, di al kyl am no and di aryl am no; or
wherei n sai d organophosphor ous conpound is Tabun (GA).
3a I n one enbodi nent of the ijnvention, said

or ganophosphor us conpound haﬁ the followng formula
(10): J XPZ G(10) where—Ekis Oor S X G Z
are the sane or different an¢ are selected fromthe
group consisting of Q OQ @A OA F, d, Br, I, 5
SQ and C=N; (10)

where:

JisOorsS;

X, G, Z are the same or different and are selected from the group consisting of Q,
0Q, QA, OA, F, Cl, Br, |, QS, SQ, SA and C=N;

Q is a substituted or unsubstituted branched, straight-chain or cyclic alkyl group
having 1-100 carbon atoms; and

A is a substituted or unsubstituted moiety selected from the group consisting of
phenyl, biphenyl, benzyl, pyridyl, naphthyl, polynuclear aromatic, and aromatic and non-
aromatic heterocyclic;

wherein, when X, G, Z are the same, X, G, Z are not Q;

wherein said substituents are selected from the group consisting of CI, Br, |, F,
nitro, nitroso, Q, alkenyl, OQ, carboxyalkyl, acyl, SO3H, SO;Q, $=0(Q), S(=0),Q, amino,
alkylamino (NHQ), arylamino (NHA), alkylarylamino, dialkylamino and diarylamino; or

wherein said organophosphorous compound is Tabun (GA).
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Q is hydrogen or a substituted or unsubstituted

branched, straight-chain or cyclic alkyl group having
1-100 carbon atons; and A is a substituted or
unsubstituted noiety selected fromthe group

consi sting of phenyl, biphenyl, benzyl, pyridyl,

napht hyl , pol ynucl ear aromatic, and aromati c and non-

ar OITB.tI c .het C e

Ign 08 mbeplj'neRF of ey Qv%r}?lgn nSS{J anﬁgp%‘é?spﬁyrubc%p%@? ﬁs Eh(,gﬁallowmg
WT&WI&(W)-S&I d substituents are selected fromthe group
consisting of d, Br, I, F, nitro, nitroso, Q

al kenyl, OQ car boxyal kyI acyl, SGB8H, SBQ S=O0Q,

S(=0 2Q, am no, al kyl am ;Ho (NHQ, arylam no (NHA),

al kyl aryl am no, di al kxlasPpre—and di aryl am no. In sone
enbodi nents, said nediumils a solution further

conprising a solvent selected fromthe group

consi sting of nethanol, substituted and unsubstituted (10)
primary, secondary and tertiary al cohols,

al koxyaéRanol , am noal kanol, and conbi nati ons t hereof.

In a preheFsed enbodi ment, said organophosphorus

compound has at | east osphor us .at om doubl e

bondeth P aif Bk AR ST 3 81 SHASHFD 0 AR GHB/onsisting of Q.
eabad| orNE, CISBY, dase@atmdfctan,her conprises a

- i phi bi buf f er i £ t
ermboct e RS e A pgh e B PR ARbaieer cvere
gky gpuptanieg $t10Agabbn atonis; ams, N- al kyl ani | i nes,

N, N-d I
N 1 e s 0 s g cosonn o

Bhenyh é'ﬁh?”Ybrl?GnifYérWﬂ%‘ waa'ﬂﬁhw@lynuﬂearaarwa%mfb@r omgtigjand non-

%mat.@ﬁété.@eﬁh&her eof . 4 WD 2004/ 080543

PCT/ 004/ O(ﬁ ’n}e not her enbodi nent, said nmedi um
{reifedred

is a 98P Y W%I ng a sol vent sel ected
from the g(ipxms.comsinet@y of methanol, ethanol,

n- propanol r ol , n-butanol, 2-but anol,
met hox g'%gﬁgngtn}g%@gnbl nati ons ther eof. In further

enbodw ﬁt“sﬁa'ds%ibé"twtﬁj@rﬁéﬁ'eﬁtﬁﬁ framrthe grepp censisting efdth/Bmt. F,

ﬁ.ﬁberﬁtfr@s@ brmnyt '@ﬁ) %r‘BHiéyaﬂ@ﬂ%ﬁtScSLGi 963@Is40(b§ess,( 0),Q, amino,
sters, ket et er %tar ocar bons

%'bﬂ%’f"i"f’ lﬁ'?”é@ aﬁ%’?‘ﬁ% Q}”%)né' V'%M@GH& tyla@ingyagf SlearipiRe.
chl ori nah ednélymhbomm@bt@maud Rbdiue W sdlationdither toraprifg a solvent

%\‘Tq‘f(%?(J ffﬁom I{he r%roup cogala{' qq of B thanrq3 ubsmute%qn euF\su % I u[eldsperi“?’nary,
secondary and tertiary alcohols, alkoxyalkanol, aminoalkanol, and combinations thereof.

In a preferred embodiment, said organophosphorus compound has at least one
phosphorus atom double bonded to an oxygen or a sulfur atom.

In another embodiment, said medium further comprises a non-inhibitory
buffering agent.

In yet another embodiment said buffering agent is selected from the group
consisting of anilines, N-alkylanilines, N,N-dialkylanilines, N-alkylmorpholines, N-
alkylimidazoles, 2,6-dialkylpyridines, primary, secdndary and tertiary amines,
trialkylamines, and combinations thereof.



to said at |least a trace anount of al koxide ions. In
further enbodi nents, the concentration of said

al koxide ions is about 0.1 to about 2 equival ents of
wdsoseegntration of the netal ions. In fLth§?

enbodi nents, the concentration of said al ko éC44Wﬂ?mn79
is about 1 to about 1.5 equivalents of the
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enmbodi nents, said
Se'e(‘ﬁ%q é?m%&rownﬂawgaqf Rsihagel, gtapmol \M mrhp%nol lissarrppanok nefutanol,
2-buaholpimethoxy@itHealy ahdkéniinagbsk @Blepoal kanol . I n further
enbodi nents, said netal ions are selected fromthe
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hydrédaebagis QurpuistiiEddsydgadbns, lcRBEREASY HlRrdzarboRS, 478 cBnbingfishs
there%ppper plati num palladium zinc, nickel, yttrium
andium 1ons, and conbi nations thereof In further
errbo nts sald metal ions are selected fromthe
gr oug" ‘ng?ﬁﬂeg“tbf’ﬂ'g'eaﬁs said pediupy further ppprisey glxexideyipms in addition
to safsicBtgasCe Bace dradunt of llid%ide N8+, SnB+, EU3+, Gd3+, Tb3+,
Dy3+, Ho3+, FEra+, Tn8+, Yb3+, and conbi nations

t her @pfurthdrienibdbitags, ﬁ%@ﬁ’deﬂﬁé‘ﬁoﬁ of $§<‘j Qlﬁ%&@mé grb%o@t{cﬁ to

nt hani de series nmetal ions. er e
abo“ég ieguiValFRH aHne eoncantration ﬁ%@‘ﬁlmeit%r%’s are selected from -
the group consisting of Ce3+, Lai+, Pr3+, Nd3+, SnB+,
Eu3+n fedissr embpdimentsyBe conksBiratioRrofisgid ARBMde iolvdBaboatmito

abo&@@téq[]@élbﬁ’tg%f %Q%Br?défntratfoﬂ O?Wetr#ﬁél igRbodi ments, said.
metal ions are selected fromthe group consisting of

2004/ bIBE 5B el oS PRRERG bE RapbiRh avsraizel ane

an alkeide saltvath ot sast oae of derhet iextalkenelthe aginvafkasansi st i ng
of y3+, Sc3+, and conbinations thereof. In further
enbodi fﬂ’élﬂﬁrgmbgdllmntsestaﬂd metahiohs arkadtected frf)mrthél glfoup consisting of

lanthSHJngédEEWie?Tl lO?'l? tﬁalrﬁrtlgﬁﬂ%%hgﬁg har ltlzgm lgirar[g) ereo

pestl Cl er e

or gano sphor 0 S an |nsect|C|de In
furt '?‘R aﬂﬁﬁ En?aé%'i‘“at%&o@%ﬁfs;?ﬁ@gtﬁﬂHPm‘sth% efﬁﬁaeﬁwﬁt@g of
lanthppide esrEs. mdtal lcfnsrttdpﬁer, platirach, eidiim, sk thickel, yitrium, scandium

mnsq&g@gggﬂg&&@g& sconmpound is a chem cal war f ar e
agent urther enbodi nments, said organophosphorus

co u
P ugher em%o&meﬁts, said metal ions are selected from the group consisting of
Cu®, P, Pd*, Zn*, Y*, 8c*, Ce¥, La*, Pr**, Nd*, Sm™, Eu®, Gd*, Tb™, Dy*, Ho*,
Er®*, Tm®, Yb*, and combinations thereof.

In further embodiments, said metal ions are lanthanide series metal ions.

In further embodiments, said lanthanide series metal ions are selected from the
group consisting of Ce™, La®, Pr¥*, Nd*, Sm™, Eu®, Gd*, Tb*, Dy*, Ho™, Er®*, Tm®,

Yb**, and combinations thereof.

In further embodiments, said metal ions are selected from the group consisting of
Cu®, Pt*, Pd®*, Zn*, and combinations thereof.



In further enbodi nents, said organophosphorus conpound
is selected fromthe group consisting of VX and
Russi an-VX. In further enbodi nents, said
sphorus conpound is a nerve agent. t her.
“gﬁ%%@?ﬁgﬁts, said chem cal warfare agent iSPkgﬁ%#ﬁg@&nm
wth a polyner. In further enbodi nents, said nmedi um
furt | & : | further . .
oo RS RE G 0 o 490050 e o
Y™, Ssongidsompipagensphereof. bi pyridyl, 1, 1 0-phenanthryl,
2, 9-di net hyl phenant hryl, crown ether, and 1,5, 9-
t ri du&rtpet erdoatirogits, shid relaltidreis Lettbodi ments, said
l'igand further conprises solid support material. In
f ur tiheurthendrasbdraents, sariarghnd phdsBhsru BehpourB LS hadiicitis.
sel ected froma polyner, silicate, alumnate, and
contyp mbpé}ﬁbsclmﬁgﬁgfsaidlJagafnebﬁd%sﬁ%s@&%ameﬁéan @éér?gcgg%m

mediumis a solid. In further enbodi ments, sa

IS ' . . (A jments. said sol ution
5 dn BBl Boartfing St B SRS ofrnoBRY gl -
theICEEﬁentratﬂon of said al koxjide ions is about 0.5
e am%oééaﬁwfﬁaa@rﬁf%anaf’h%snme% RYBRRYNALS BRhestice! warfare
agentret al ions. In another broad aspect, the invention
provides a kit for deconposing an organophosphorus

CONDA e FORBEAIREMS, sRidSHRMbARIshAbLY cHAPLRE USSR BSaddRdI UM
for an 6 al coholysis reaction, said nmedi um conpri sing

non-if thﬁgrfwh&ﬁmgﬁgﬂaidi &%E%Pgérug g&lﬁ oufhd ié geﬁ‘é:c?ﬁdsfaom the

amount o oxi de ions. ent vention a
grouRiopFiF et ¥ Xiand RuseiaeXonposi ng an  or ganophosphor us

conmpound according to any aspect of the present

i nventurther erbedimensts regid agawbsdsahtrustbypnod-isg ieve sgent.

medi um for an al cohol ysis reaction, said nmedi um

conpnifigihagembedimeats saaicdnemizan®@irtdre bgdhs issoh®ied dith b@Blymer.
the group consisting of |anthanide series netal ions,

t r angifirin@PemBédent®Rid AEKLR RMRLNQIARESs sREsSre P@‘gs-
In a rst

at |east a trace anount of al koxi de 1 ons.

rhod : . . . ! e L
aoatmeel epSalile teliohdy E305A0FEnure BB Rlog bt 2-
bipyrig@at. i vghanaethit d, Adimethyiphenaagpyli avoetheriang 1&@apt ed so

maz&ﬁﬁkmagﬁLnediun1is applied to the organophosphorus
compound and the conpound deconposes. In sone

.enbolq ifﬁFﬁi@F émb&gr?leﬁté,éstafal'ibgﬁoe{urtﬁé)r%mpﬁgess s\Mi(ij tsngpeplgrt material.

I nstructi ons

In further embodiments, said solid support material is selected from a polymer,
silicate, aluminate, and combinations thereof.

In further embodiments, said medium is a solid.
In further embodiments, said medium is a solution.
In further embodiments, said solution is disposed on an applicator.

In further embodiments, the concentration of said alkoxide ions is about 0.5 to
about 1.5 equivalents of the concentration of the metal ions.

In another broad aspect, the invention provides a kit for decomposing an

organophosphorus compound comprising a substantially non-aqueous medium for an
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BRI EF DESCRI PTI ON OF THE DRAW NGS For a better
under st andi ng of the invention and to show nore
clearly howit may be carried into effect, reference
will now be nmade by way of exanple to the acconpanying
draw ngs, which illustrate aspects and features
according to preferred enbodi nents of the present
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mechani sm for catalysis by a | ant hanum mat oxid
tgcRemonrt of koxXEe iPRRol ysi s~ of an aryl phosphate Fl gure

1 B sho pose chani sis by a zinc
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(fed rSsshovvsaplot ofthelog k2 bs(M s) vs 5
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t he bals of a of ti}f kbs data to equation 3, th

t Wo dom'h%ﬁ?cof‘ Fﬁ’@oﬂ'&eﬂb et comRages anqpPiiqates begiing)the medium,
éé!lcgappﬁacaﬁo@w\gsachp'&p @oittadt tmzn?ehuag Iscappfiar toglliworlganophosphorus

i St ornsln nmet hanol, n =
C%—"&’,Obgéé)ggd ?‘gﬁg& Pon &Eﬁi "cal cul ated for [La(Orf) 3]

=2 x 10-3 M Data 7a WD 2004/ 080543 PCT/ CA2004/ 000379

r epr esent €l SqeEMbogiments, ieditifyther enrisss watter igsteuctions for use.
constants (kZ bs) for La 31 -catal yzed nethanolysis

BRIEFRESSRIRTION: OF HIDRAWINGS e 13. Figure 5 shows a
pI ot of the predicted kz bsvs. "pHrate profile for La

- c aff alaymottdr umietstamioigyss tre infenparr avadoshbas®ee clgarty®w it may be

r%?%ﬁ%&t rre\‘:%?éﬁddeﬁtﬂlﬁré& an%ﬁ% %;(’am le to trle) accompanying

drawipas. edhidhribisiratlecaskegts and featdres aan@fdklgzo @efemee embodiments of the

S84t ARbioh TaH ie whith, and their speciation (Figure 4);
data points (0) are experinmental k2 bs rate constants

from II SEJe%A s%ows a proposed mechanism for catalysis by a lanthanum methoxide
dimer of the methanolysis of an aryl phosphate.

Figure 1B shows a proposed mechanism for catalysis by a zinc methoxide complex
of the methanolysis of an aryl phosphate.

Figure 1C shows the reaction scheme for Cu:[12]aneNj; catalyzing the methanolysis
of fenitrothion.

Figure 2 shows a plot of keys Vs. concentration of La(OTf); for the La3+-catalyzed
methanolysis of paraoxon (2.04 x 10° M) at 25 °C, where

®m, ‘pH 8.96;
O,:.pH 8.23;and

®, :pH 7.72.



Figure 6 shows the effect of copper triflate (in the
presence of equinolar ligand and 0.5 equival ents of

net hoxi de) on the rate of nethanolysis of fenitrothion
as a plot of the kobs vs. total concentration of
Cu(Orf)2 for the nethanolysis of fenitrothion

catal yzed by various species at T = 25 C and
[-OCH3] /[ Cu2+]t = 0.5, when ligand is used, [Cu2+]t =
[Ligand], where ,{Cu2+:no ligand:(-CCH3)}; ,

{ Cu2+riglers hoWSHPIdt of BB thg K> M2 PFH(folIE1)chtalyzed
Figure 7 shows the effect of Cu2+: [12 aneN3: (- OCH3)
mebppaysis ¢fiparagken a5t e The dettertlimediroughtbe Aelaarasicogwuigd on the
B & aEflt 8OHE ¥l &b & Qfuatith f‘f'% %)do%ahhi%nﬁ@ﬁ&ng?mz OCHj3), and
met hanol ysi s of par aoxon and fenitrothion (0) as a
kﬂ%9cﬁﬁ3the kbs vs. total concentratlon of Cu(Orf)2
conducted at T = S 1 he ef f :
et ok 40rve grebiiriPn sl for e AU LbEpr S Sbms in
ABRan& 4 2l adla fURLSPETIDYS,icaIcalbtedasrg0 0TS Dk P SMOData
kbs vs added NaOCH3 for  the nethanolysis of paraoxon

in the presence of 1 mM Zn(Cl04), where: , no added
ligand; O 1 nmM phen; #~, 1nM di Mephen; and #, 1 nmM
[12] aneN3 (lines through the data drawn as visual aid
only). Figure 9A shows the catal yzed net hanol ysi s of
fenitrothion as a plot of kbs vs. concentration of

zinc ion (Zn(OTf)2) alone, and in the presence of

equi nolar ligand at 2+ ] ratios, where: constant

[(CCH 3 )]/[Zn total 2+ , no ligand, [(OCH3)]/[Zn ]

total = 0.3; 8 WD 2004/ 080543 PCT/ CA2004/ 000379 2+ 0,
phen, [(OCH3)]/[Zn ] total = 0.5; and 2+ ~, di Mephen,
[(OCH 3 )]/[2Zn ] total = 1.0.
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Fi gure 9B shows the catal yzed net hanol ysis of paraoxon
as a plot of kobs Vs. concentration of zinc ion
(Zn(OTf)2) al one and in the presence of equi nol ar

2+ tio where: constant [(QCH
“5‘# g‘?gg’“’f“t&t al 2]+ I,ranlo 3 gand, [(OCH3)]/[Zn ] ’%%’%120&4/000379
; 2+ 0, phen, [(OCH 3 )]/[Zn ] total 205 and
hen, OCH3) 1./ tota gure 10
reordghpiet < k¥ BT GABEIP SHY S e BRI ankon b e e
metha@holgi$ie bipdraoxoe blegentpdinSabket 8. (~) product over tine for
a net hanolysis reaction in the presence of zinc ion,
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rel ative signal Tntegration of reagen
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rate éordtar€tcth Yas6 18et hanol ysi s of paraoxon in a plot of
the pseudo-first order rate constants (kobs) for

70 RS S prReOnEeet s, BF B RAERGLor Bhiholgana g
0.5 eqiiiantNefomtizoxide) gthe rate ogﬁ@w;en@lms efff¢rdicathion aa Aot bbthe Koss

vs. tofeP B&%@ﬁﬁa’%lbh @f‘CL‘R@Tf D}%r fh@tnget%no%gtgs'bf %ﬂﬁrﬁ{h%e%talyzfed by V?]FIOUS

SpeCR PN P Yo PR ORIt hoH)Sanch B o1y Liach.where
p- W, foudplodigyhd: caetate (1) vs. [Zn(Cl04)2] at a
constant [Zn2+(-OCH3)]/[Zn2+] total ratio of 0.3, T =
2% GoutbRascodrgyehy t he data are cal cul ated on the
basi s OF fits to equation (6). Figure 13A shows the
egg &a ﬁﬂ 12]anehB on the rate of Zn2+-catal yzed
é S paraoxon as a plot of kobs for

L Lnct. | foo
‘ F‘%ﬁ@%‘?? B SV'{SSfP%Fff&@ﬁf‘ZL?ﬁﬁaEa%sﬁaf A (P einias tag gresence of
eQUIHN&mBBTd and=0. Qéqtfﬁlalelﬁ'tsgﬁvnmmegbw&m rate of methanolysis of paraoxon

a%gﬂ%ﬂro[tﬂ&; m%yﬁ é)tm Sﬁhgk%bs \%esfﬁél %llﬂ:%qtrg%%n '5‘?’89 Cﬁkf')aggrll\guated atT

ing of titration da are
a visual aid to connect the varlous speci es
concentrations with the kinetic rate constant.
Figure 8 shows the effect of methoxide ion concentration on the rate of Zn**-catalyzed

methanolysis of paraoxon as plots of Kqps vs added NaOCH; for the methanolysis of paraoxon
in the presence of 1 mM Zn(CIO,), where:

@, no added ligand;
<, 1 mM phen;

8, 1mM diMephen; and
Q, 1 mM [12]aneN;

(lines through the data drawn as visual aid only).
Figure 9A shows the catalyzed methanolysis of fenitrothion as a plot of kes Vs.

concentration of zinc ion (Zn(OTTf),) alone, and in the presence of equimolar ligand at

- 2+
constant [( OCH3)]/[Zn ]tok Iratios, where;
a

. 2+
®, no ligand, [(OCHS)]/[Zn ]lotal= 0.3;



Fi gure 13B shows the effect of Zn2+:phen on the rate
of Zn2+-catal yzed net hanol ysis of paraoxon as a plot
of kobs for nethanol ysis of paraoxon as a function of
fmng%‘Z] total 9 WD 2004/ 080543 PCT/ CA2004/ 000379
f*hg equi nol ar phen and NaOCH3, T = PCECARPYp037
aX|s gi ves [Zn2l: phen: ("OCH3)] determ ned by
HyperquadTM fittisng of titration data. The arrows are
pr&em%a%am t gl &H@ndt o connect the various
species concentratigps with the kinetic rate constant.
Fi Budidleptiers HEWEH Yifign t]i t Faitd.on profiles obtained by
potentiometric titrati’dn of 2mM Zn(OTf)2 with no
adE'@erlﬂBg%mzﬂ/S (he caklyagd etanplein o{ naracwon igs 2 pisviotiklbiyphen
condesirationiof Ain@ionnivh {ATTR] &BNmd(iheebentd b chuitndBYigslied
HCl 4. Lines.through the titration curves with ~“phen
consggd [(OGH AftéNd_vwaties,déhereyed from Hyper quadTM fitting of
the data. DETAILED DESCRI PTION OF THE | NVENTI ON
Ac ®ondligegdt (ooa:l-b)]/{md]aspegst of the invention there is
provi ded a nethéd of “Heconposi ng an or ganophosphor us
coupghgrd[bcwgm ni ng d.fH@n@r ganophosphorus conpound
wth a subst ei’ntl al I‘°37 non- aqueous medi um conpri si ng
al ioﬁmie ? QI Qry g.am noal kanol, netal ions
and at eas a tace aznrount of al koxi de ions. Wen so

c omgumem) shbhe tr@rc@@rppaér@ﬁd@fw bé&‘éofdhm WAE RS0 8 digHy |
metﬁ" ﬁ)go# ts|§) (g L\Pe? an ITF |Ie toxic or

NoPIeRRgE Thaver i °fﬁe{P? Mvsisreaction i the presencgef zinc
ion, prethwkidesand Ilgmdmdeutérartermnala&dng d et of edlivekignal integration of

deconposi ti onsof an organophosphorus conpound by
the reagR5 ANChRyOH YR Ed\%%mgaalwfqrﬁ sastemaoatainingc! Sspd@iagxon, 1 mM

QB aNRGLEBeRs " roneienke T et 25dbkoxyal kanol or

a ”Fi@gt%l 1|ﬂ amlvs tt%rlaqfeét{ d& %Pqungg&%em]aﬁﬁﬁ %Fﬁeﬁ'g?ﬁ %tr{,?tb of

2+ nmediumi1s a solution erein
Zn Cér%vaﬁ% methapaliss af ReprR¥eU iR RIPL QF Hwemﬁmq-@etsorw rae@anstants

(kobsgfoﬂmathaﬁ@j‘/s@dfé}ﬁmo&on Wethd Br@Sénce RY 4 AR ¥n( @T@)?Qt‘?d ShseRObf added

tuted d h
l'ga'}d arsﬁflg?ﬁtj'oalof:%c{?(?ﬁg%%mgx;alekarsélconaﬁ{%oal kggolo Sor a

m xture thereof. As used herein, "substantiall Y,
no 94U eWRES afiert Gheing Pnseneanialiinonde taimof Zncatalyzed

metiseMblybib 8Nparddoh WE @Ry ofﬁlﬁﬂ B/ET%r thebt%e!hﬁnély?slé/cﬁ rfé’mi%tf] Eih gy t
erson o I nary

.paragﬁ?r]({kg |aﬂgtpffgtr%?’? Eﬁt?feg!)c‘@g Ecgotﬂé‘faPP%%%“armunts of

e my, be present. For exanple, absol ute ethanol
[2n7i( Q%H’lﬁzﬂ a5 TREARBS. TFad °O5hines threneh thetdsiceare calculited on the

of .. aI ohoI present in a nmedium or sol ution
bas'igpfg?%’eﬁ )ne i nvention should not have so nuch

water pr esent as to inhi pl t the al cohol ysi S, reaction,
noF194igdAEhaws tssifasiaf £n°" &idbanets o the rate of Zn*-catalyzed

methanolysis of paraoxon as a plot of kqys for methanolysis of paraoxon as a function of
[Zn(OTf)2ltal containing equimolar [12JaneN; and NaOCH,, T = 25 °C. Right axis gives
[Zn?":[12]aneN;:(OCH,)] determined by Hyperquad™ fitting of titration data. The arrows are
presented as a visual aid to connect the various species concentrations with the kinetic rate
constant.

Figure 13B shows the effect of Zn**:phen on the rate of an"-c_atalyzed methanolysis

of paraoxon as a plot of keps for methanolysis of paraoxon as a function of [Zn(OTf )
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hydrol ysis occur. As used herein, the term _
"or ganophosphorus conpound” i ncl udes conpounds whi ch
conpri se a phosphorus atom doubly bonded to an oxygen
ur atom In preferred 10. WO 2004/ 080543
“ﬁ%@?&®§%34/000379 enbodi ments such or ganopH&HYEPL00379
conpounds are deleterious to biological systens, for
t | chol st erase
con AT Ry fiop & TR0 Rt o < 280k o™ ches 1y SPegtcr o)
detemsn&!ﬂslb’d*merqeﬂdf”‘ fiting off éfratiot def@oTipomTavg @@ presented as a visual aid
to C&H&QW%R&E%EU@S EQERA s Wil FRE Rink rafe {]ﬂg{ah{]g a

del eteri ous organo ospnorus conp ound

o fie i ROk b Ytk s 0556&'1369 gt e{*ﬁc’mﬁfa'c Hisgtioncf ZAM
Zn(Grifly wWitie ne addeiddidansli{®)i wits2 vt praem (00 with 2 mivi diNephea (W)pwith 2
mM ﬁé?ﬁ&hﬁ(@)%d WA R ARGUIROSLEIRN Lfn@é: lh%i@h thé‘&%%h Bhves with

as a solution direct
pher\/\ﬁ\df[%\gr/%“%é‘ﬁfe %err"’%g’?mﬁyﬁérq“%cﬁ'mag ohegeteon woul d be
for exanple, an appropriately buffered al coholi c,
al koxyal kanoli ¢ or am noal kanolic sol ution corrpri si ng
metal ions and al koxi de ions, in which one or nore
DETAHERN ®E$©RI§EMQ§WWE$HW aneously, which may be
applied to a surface which has been contacted with an

or gmm@s phesaisaspeaItk thememlc{ha—s lrs:;brg\rnd%d;i@ g%g{og‘sof
S means a ol ecu
cecogRsRe B0 R R ErR PBHC R3] Reser e oraanaieso s
compuuds evitb @ substartialdy cahadueous mbdions yamisesie] alcoHal, alkoxyalkanol or
I ' nt ai ni.n anophos
o BEBSRLAES555L KA RPN 35 5) BRI i
the q;g@mnmshb@‘pﬁmmmmd npdargeksragl sdtohvlgsis reacticn aratfernafa less toxic

or néH-16Q0ebHSdsal N the solvent without the catalytic
species. As used herein, the term"appropriately

h I [
ggﬁr/llgr% ﬁlcaﬂﬁf}q}‘? hpé}ltﬂo;l ﬁJVIId% : gne%hold Eg%eiaglpg IH% rﬁ&jé’rﬁt s,
deCQﬂ?DO@lyora@fcﬁnmmaeimmsm)orms tonpiyod by zor@bmleg thevampotisd with a

cata {lck@éblg?fdrrﬂ@d e s&gﬁhﬂﬂyﬁaﬁ aﬁeoﬁ?h\%h p#%%l ions;
e term EB% is used tOlnlcat

s ) S o' . smembrayeinsi
medaim is 238BtiorBosch et al ., 1996). One skilled in the art
will recognize that if a neasuring electrode is

cahé becatRebinithd AR U Riebheh §orﬁ&§éjnH %ﬁhtcgw@gge%%% Q'F\

of an aqueous solution, the termW P I'S us
groug, facexegwls, methaapl; Hr%%a'CPW‘MP‘éFUb&ﬁ@ edrfs unsypstitutgel sgcondary

alcolngs tertiy Biaotls, Skbiallk@Aolj SmihGRkbNBE 354! Frddure tk®edier m spH
is used, and if the latter reading is nmade, and a

COA¢ @é"etd'h%ﬂaﬂ aﬁb@fan@élly%og%q&éoﬂs Hé@gﬁ@?r?eaﬂg aquFggﬁlggLILer{t

added, then'the termb5
solution, mixture or polymer. As it is very dlfﬂcuu to obtain anhydrous alcohol, a person of

ordinary skill in the art would recognize that trace amounts of water may be present. For
example, absolute ethanol is much less common than 95% ethanol. However, the amount
of alcdhol present in a medium or solution according to the invention should not have so
much water present as to inhibit the alcoholysis reaction, nor shouid a substantial amount of
hydrolysis occur.

As used herein, the term “organophosphorus compound” includes compounds which
comprise a phosphorus atom doubly bonded to an oxygen or a sulfur atom. In preferred
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As used herein, the term "non-inhibitory agent or
conpound” neans that the agent or conpound does not
substantially dimnish the rate of a cat ﬁl yzed
: when conpared to the rate of the rea i n
“@ﬁ@&gsggnce t hereof. 11 WD 2004/ 080543 & ? A20iond37s
PCT/ CA2004/ 000379 As used herein, the term

emboljlméhe'sherggr g%sﬁor&%ﬁ%HU@s amfﬂ&%te{ Yo E{&%gﬁgfs%tstems for

ound st ant m nrs
exa'E%l? & §FRPUPR AN DG @nm@wan@ getetpse @htblfter apastisidgfor alpbemical
mmﬁé&ﬁ@kh@n in the absence thereof. As used herein, the
term"netal species" neans a nmetal in an oxidation

St A @s&f nek&hOhe ié?mgdecéﬁ'np3§ﬁéjall? Sggh&hog%%rdseéompound refers to

"nmononucl ear" or
rendefg? P%‘Pﬁgousofﬁéarr?@h%ﬁphaf#é ﬁ?mpwn&nnt@ ﬁﬁ@ﬁ@utmr nefn-texieform.
invention, the catalytic species is a netal al koxide
S p@é@fé@pOStSrpn ehan euataphdapivetus\cofmib ur(d-20R)ibg s thetieeetidd may

be chSied oliBh 8blufis f@ﬁﬁ %‘F‘lnfsroﬁ’d"?o'rrﬁnkgé’rﬂblggof%%ﬁ 8§con[£g%l%vﬁmglﬁde

transition netals: n is arge on

applwag cyalysgt asg @lutlﬁggtrecﬂbpé g [shgmigalvearigre agert ¢ropesticide. Such a

solutidrieatiidliee fdﬂbk@nﬂilé‘t%nl’b\pﬁﬁ@@f at@f& basseg bl@&tﬁiﬂc %I%Q%drlll%‘?\ollc?r%}z

amlr{"o%ﬁ(]a na ab?ﬁltl(lr‘l ?O&WFHISTQ rrgeteil éoni aflg al_h@@&e ||9n§ én yhi ﬁ%ﬂ'&e ordmprg
catatyh@spmwntﬁ@mscsbomtawsls viisiphexeslapmied toea s@faad whieh hagbékn

greater than 1, the Iigands
Comga¥d Qghtgng%sag%wgﬁoﬁj Sﬁtent Exanpl es of this

de.th | ant.h di ne
{Lagﬂ%%ﬂggﬁ B Y FBRG e e 3 Frolesvis A rolesies.
comprigirgrmetakionsoariceatipixie doranwisrsequiéserns insnel@holict QIRoxyalkanohc or

amlrQ:?élkgrﬁ’(fhcgelvér‘it%taﬁtaﬁ’\fr\gta[ﬂ% ﬁ%?&o?ﬁerugan F?n‘ﬁ’[icﬁlg{j qcpgﬁgﬁ 1th 6?1te of
a‘COH%?(%EI of U QIARPPARSPRERISFAMPRYNdTBlatiee lofits zase of ategholyeis in the

solvéra agthbut eheddtialy¥RYspbOEdN conpl exes. Copper is an exanple
of such a netal, and it is expected that Cu nmay

hosph d
RS Rl Srehrrale AL GE BoRes et THE of apaution s
contrdnecgaﬁédduﬁ@maﬁnmbuws&f@ﬁngé’&r@é B} E&gaﬁnrg;odggﬁtp@? gag%b% £2.0

non- bondi N
equ'é?'%rgsP%’?ﬂﬁﬁl'?ﬁh%ﬂ%”'&%ﬂt%@“ 'OQ metal centre to form

one or nore netal -ligand coordination bonds. In this

Waw ukécymﬂeis, the tedmt* ppIC 06 Lskdadtindidate SH IneSndPacte BB iution

a hereby |imt dinerization and prevent further _
B“&FF@%E’;% é‘l”?%ﬁt 219PRBospetal, 1998L i (ene skilladiin the PO wilirgcagnize

that § e@edas tringusT@Riodfs camtrbté with REISHLS Baffers BEELRS tb 91e9§ure IpH of
present than is the case in the absence of |igand

an aﬂvwﬁ §alutions thedtarn heHek Hsed: Hethe eleairodens ealibratedih wagastand the

d#ffers fromthe above descri bed
‘pH’ of a neat methanol solution is then measured, the term ¥ .PH is used, and if the latter

reading is made, and a correction factor of 2.24 (in the case of methanol) is added, then the

term ;pH is used.

As used herein, the term “non-inhibitory agent or compound” means that the agent or
compound does not substantially diminish the rate of a catalyzed reaction when compared to
the rate of the reaction in the absence thereof.
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system {M+(-OR)nLg}s, by the use of the symbol ":"

bet ween constituents of the brace "{ }") 1is used when
no stoichionetry is defined for a system conpri sing
netal ions (M+), ligand (L), and al koxide

W4 BE¥ANi que is nmeant to enconpass any andscgl’WZZOO“""’Og’79
catal ytically active stoichionetries thereof

' r)\%l us8l R&tePUthe RGN IldhmltBﬁfjﬂgERt cﬁ“cgrﬁﬁﬂ.mdt {?'e% ot agent or

er oli1goners, nonoal Koxi d oxi d
compﬁarp gjﬂe&@kpsd@glalhé@gumgmthq\@t?ebmgcqjgwggeactlon when compared to the
rate JPERE/ rEAGLIONH B0 @Bhce Herggnot her enbodi ment of the
i nvention, the catalytic species has the general
f @(sméé@her%f?l thB]term “reRd spgcﬁe%z%agé a et ) SkidafiOn staf df zero
where 7' and Z2 are the same or different
non radi oactive I ant hani de, copper, platinum or
pal | adi um i ons; , R2, R3 and R4 are each
| gai5ed berrin weéemylm@pmmﬁar s@|“wenakrict mears HsravEsedmprising
one HMsldtem Or strai ght-chain hydrocarbon containing 1-12
carbon atons, preferably 1-4 carbon atons; pis a

”%’Qﬁ Emggcﬂmer]n o@ ’the?\ﬂx?en ?%geofatﬁyltl%gsg&& |I nde ?el%n de gpecnes

of th&ﬁtw@nlomﬁ@ H'H@R) ahhrvg“@reaM lsemtal Beiecaenbtrma fardvendsi seoer
meta%forirﬁr%nloﬂ\ﬁ?éﬁlb Qi tﬁé“ﬁwa?éétdﬂ ’Mé hfeta? Wﬁi‘éh ?r%g%@sl th I@emost of

fornmu : ere
prefeg‘?bfyf?eﬁoé‘nto%lﬁr?”?oéﬂﬁdﬁﬁ thg @“'F‘B‘?ftqfu é?ﬁ%@@éﬂﬁ%@e r'FétSaﬁnd may be 1,

. RIS n, rBApPEY, . rmeambmferabgaﬂ tbalchlk 918 1 MDD, lR‘ns,ngB%’d gRé%the
a sel e

“umt?e“]gf (S0 ErEREo \COSRRAISEL 2l Pal Yo MMers g inGeruben 1
the ligangs alambﬁghelsabk Uwﬁ&nentaﬁmplespofelﬁle embb&mtnﬂndmdma

Ianthéﬁmlmep Z}”Qr% cc]}n%«f—i’r@nc}no(?‘r’ner?@ﬁJZ e‘q@%}a}oq are each

I ndep end ntI fo or nor e ly 1-5, such
t hﬁ'lte uwgﬁtors contemplate an embodiment wherein the oxidation state of the metal

atom is zero. For example, it is well known in the art that transition metals having an

to 9.

oxidation state of zero may be reactive and may form complexes. Copper is an example of
such a metal, and it is expected that Cu® may catalyze alcoholysis of organophosphorus
compounds according to the invention.

As used herein, the term “ligand” means a species containing a donor atom or atoms
that has a non-bonding lone pair or pairs of electrons which are donated to a metal centre to
form one.or more metal-ligand coordination bonds. In this way, ligands bond to coordination

sites on a metal and thereby limit dimerization and prevent further oligomerization of the

metal species, thus allowing a greater number of active mononuclear species to be present
than is the case in the absence of ligand or ligands.

As used herein, the term “{M™:L:"OR}" (which differs from the above described
system, {M™(OR)nmlg}s, by the use of the symbol “:" between constituents of the brace “{ }")
is used when no stoichiometry is defined for a system comprising metal ions (M™), ligand
(L), and alkoxide (OR). This technique is meant to encompass any and all catalytically
active stoichiometries thereof including but not limited to dimers, trimers and longer
oligomers, monoalkoxides, dialkoxides, polyalkoxides, etc.
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di mer has a net charge of zero. In another enbodi nent

of the invention, the catalytic species has the

general formula 20: where Z' and Z2 are the sane or

non-radi oacti ve | ant hani de series

vﬂiﬁhﬁkgﬁé/or transition netal ions; 13 WO 2 %%ggg@gnw
PCT/ CA2004/ 000379 R, R2, R3 and R4 are each

| N9 SRAASRRIbYinRhKY th T P8HSn 36 eeqsngit dpb6B% AaPha geheal formula
cyclic or straight-chain hydrocarbon containing 1-12

200 car bon at ons, preferably 1-4 carbon atons; pis a

nunber fron10-6; and mand g are each independently
zero or 1 or nore, preferably 1-5, such that the

di mer has a net positive charge. In another enbodi nment
of the invention, the catal ytic species has the

general fornul a 1e enZ and Z2 are the sane or
di fferent non- radl oact | vg | ant hani de seri es net al
i ons, and/or transi tal ions; RlL, R2, R3 and R4

are each i ndependen Ix)alkyl gr oups selected froma
branched, cyclic of st i ght - chai n hydrocar bon
containing 12 caf o [@ ferably 1 car bon
atoms: p % gg&nu and m and quﬁpe each
|ndependently zero orO or nDre preferably 1-5, such
that the dinmer has alnet positive charge. |In another
enbodi ment of the invention, the catal ytic species has
the general formula 30: a(RZO) Z1-(OR3) b (30) wher e

nons,r adi oacti ve l ti
or BEIF PaAT a6 e R 4 R - e R e e Ky
plati@nk g pagadimrpsmnsm ected froma branched, cycI ic or

Stha'R@'H?’aﬁ gt Qre%@ﬁ%@@ﬁ&%@nt&oﬁﬁ%@hﬁ& ected it n_g‘Ban]ched

prefterabl
cychqoestramacttﬁn lsvdzc@atboarcontatﬂrngrilo‘r?ecarwcatomh@tefernély 1-4 carbon
atonfs@t al ytic species has a net charge of zero.

p is a number from 1-6; and

m and g are each independently zero or 1 or more, preferably 1-5, such that the

dimer has a net charge of zero.

In another embodiment of the invention, the catalytic species has the general formula
20:

where Z' and Z2 are the same or different non-radioactive lanthanide series metal
ions, copper, platinum or palladium ions;

R, R?, R®and R* are each independently alkyl groups selected from a branched,
cyclic or straight-chain hydrocarbon containing 1-12 carbon atoms, preferably 1-4 carbon
atoms;

p is a number from 1-6; and

m and q are each independently zero or 1 or more, preferably 1-5, such that the
dimer has a net charge of zero.

In another embodiment of the invention, the catalytic species has the general formula
20:;

where Z' and Z? are the same or different non-radioactive lanthanide series metal

ions, and/or transition metal ions;

13



I n anot her embodi ment of the invention, the catalytic
speci es has the general formula 30: where Z' is a
non-radi oacti ve | ant hani de seri es netal |hon or a

wo Ahsishds9on metal ion; R2 and R3 are eac PCTICA2004/000379
I ndependent |y al kyl groups selected froma bran@heé,_
cyclic or straight-chain hydrocarbon cantaining 1-12

b 4 £ ~ , '
RRER AR, o R abbabod, 491 D02k aea ford g
oyelie St PRAR Rydpraiasonaising ntd casern atpwe neefegl.1-4 datbon
atomdD 2004/ 080543 - PCT/ CA2004/ 000379 Anot her enbodi nent

' ' .t tal ytic species has the
o BT g o2t 21 1

ener a where Z' is a non-radioactive

| amtaRa Qi He e 8@ ih@SpehBInd) z4r8Br oy ;F/HOLG{ Ey%%ér%t#l? N5 R thd: Y

are each i ndependentl oups sel ected

dimef%%%ﬁ“&’r%ﬁ'ﬂ%@&rg%ycl ic or straight-chain hydrocarbon
containing 1-12 carbon atons, preferably 1-4 carbon
at Brpothgr engbedimeritigEine invention. Bie catatitib spesics dias thergeheral formula
20: nore, such that the catalytic species has a net
positive charge; wherein unoccupied coordination

si whese EGhanh” arettad sanmyor Hife@be gH-edicBMtive P HNidERE s metal

iane | : ther enbodi nent of the invention, the
|ons,cdé\t8g>[39 ?Sétlogﬁlzég@elés]‘%has the general fornmula 40: r mRs

d R1IROR en¢g’B’ argreagh jndepyn@ntlyzikyk grolipdebldctedarof®branched,
i i i I fferent
oo P ot P e BB At ofprys-4 caon
atomMsa) | adi umions; RL, R2, R3, R4, R5, R6 and R7 are each

I nglie petuskeat frymaldsshd gr oups sel ected from a

m and q are each independently zero or 1 or more, preferably 1-5, such that the
dimer has a net positive charge.

In another embodiment of the invention, the catalytic species has the general formula
30:

a(R*0)—2'—(0R%),
(30)
where Z' is a non-radioactive lanthanide, copper, platinum or palladium ion;
R?and R® are each independently alkyl groups selected from a branched, cyclic or
stréight—chain hydrocarbon containing 1-12 carbon atoms, preferably 1-4 carbon atoms;
a is a number from 1-3; and
b is zero or 1 or more, such that the catalytic species has a net charge of zero.

In another embodiment of the invention, the catalytic species has the general formula
30:

where Z' is a non-radioactive lanthanide series metal ion or a transition metal ion;

R?and R?® are each independently alky! groups selected from a branched, cyclic or
straight-chain hydrocarbon containing 1-12 carbon atoms, preferably 1-4 carbon atoms;

a is a number from 1-3; and

b is zero or 1 or more, such that the catalytic species has a net positive charge.
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branched, cyclic or straight-chain hydrocarbon
containing 1-12 carbon atons, preferably 1-4 carbon
atons; p is a nunber from1-4, m d, g and t are each
j jently zero or. 1 or nore, preferably }:
“Fﬁ%?“§ﬁ§§ ol i goner has a net charge of zeroy%gnﬁaaﬁﬁgnw
a number fromO to 100, or in the case of polyneric
%%b%m@m@rﬁ BB Rivehtidnhi8 cattiflc spdick s HRAdreFal formula
enbodi ment of the invention, the catal ytic species has
30: the general fornula 40: where Z1, Z2 and Z3 are the

samere’ islh hber&idachenaritbsHiqacdriey etatioh baa it@asit®T mesl ion;

,al . _kons, or transition netal ions or conbinations

B S R A i et Sy
straigRBchaiRdhydREartiR6 cantdinRg 1at2ecasznriatomsl @paerdbint!Hycaatbdoyatoms;

9rauRSLRELerds 9.4 é,gn a branched, cyclic or

strail gHt -chail n hydrocarbon containing 1-12 carbon

atbdfrEero9F & Pememt. pudhthat thessaidlviicapasies N3s 3 Retpopitivenearge;

f viH&reln drocBupiél cbr@mddioh sitdstorRtAé et AP 88 dedipiad Hy&ne o ore
. %or nore, preferably 1-5, such that the oligoner has
igands. net positive charge; and r is a nunmber from 0- 100,

or I A

eSSl o BT E RV RansPEs B e gehial formuie
40: secondary or tertiary al cohol, an al koxyal kanol, an

am noal kanol, or a m xture thereof. In one enbodi nent,

a non-inhibitory buffering agent is added to the

solution to mai ntai n{the SpH at {he opti mum range of

",pH, for example in the casegoff La3+ in nethanol,
& Fi gure 3R’ Exanpl es of non-

i nhi bitory fleri ng lagentls imcl de: anilines;
N-al kyl ani | [ neg; N, NHdi nes; N
al kyl nor phol i hes; g ;

es;

2, 6-di al kyl_pyrydi nes’] conokiy and tertiary
ang(Rr&$—s L. as*t/rzzaj\kyl am nes? and their various
derivatives\JA hot ier—epb6di ment , non- i nhi bi tory
buffering agepts e |not added, hut additional

al koxi de ion £4s added in tthe form of an al koxi de salt
to obtain nmetal {'oms land 5l koxidé ions in a

nmet al : al koxi de ratio about 1:0.01 to about 1:2, for
some enbodi ments preferably about 1:1 td4@bout 1:1.5,

for other enbodi nents preferably about 1:0.5 to about
1: whege Zp Zp@pd gnare the same or different non-radioactive lanthanide, copper,

platinum or palladium ions;

R', R? R%, R* R® R®and R’ are each independently alkyl groups selected from a
branched, cyclic or straight-chain hydrocarbon containing 1-12 carbon atoms, preferably 1-4
carbon atoms;

p is a number from 1-4;

m, d, q and t are each independently zero or 1 or more, preferably 1-5, such that the
oligomer has a net charge of zero; and

ris a number from 0 to 100, or in the case of polymeric material may be greater than
100.

In yet another embadiment of the invention, the catalytic species has the general
formuta 40:

where Z', Z2 and Z® are the same or different non-radioactive lanthanide series metal

ions, or transition metal ions or combinations thereof;
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skilled in the art will recognize that an al coholic
sol ution contains trace anounts of al koxi de ions.
This concept is anal ogous to water containing a trace

“Qﬂ@ {f hydrogen.ions and hydroxide ions, thus
er o’? pH 7 contains, by definition, [Ht] Pgtrﬁéjyo%m%”
and [OH =1 x 10-7 M For this reason, when al koxi de

Aadded a rding to this i ment of the
SR RERE A ek RN
branethédoxyctd@on staight-Bairi Wdfc&:amon cbmblnhgﬂola)cadmhiamnﬁs predérably 1-4
carb{;ﬁ‘gtoﬁwlskox' de salts include nonoval ent ions such as,
exanpl e, Na+, K+, Cs+, Rb+ NR4+ and NR R'R'"R"'"+
(V\héraenhﬂ'lberﬁ@m% , and R'" may be the sane or
di fnf & cdHd ta.&dearéaynd@sendaﬁw 2968r Pbr HstEShreferitRA1-8! such that the

. bsti t ut or ,aryl groups) and dival ent ions
Ol'goglféﬁa %”?HPQS' \éﬂ%‘ﬁ'?/qe 8% th netals, and conbi nations
t heis @ofumbenfreo 0/ 00,18 trathe easeschﬂpblynﬂnsma’eyialpﬁay iongrebiathan
olife of a catalyst by bonding to and, for exanple,
pr ecipitating, an inhibitory product of.

or glﬁ’é‘é]&:h@ﬁ@mlbh' Sordl ?l%%(ﬁlh{ahp @ecoﬂ@ar? SPIERI By Qlf:ol'YU‘ ih
To obtain the netal 'ions,

a”‘%@ F‘%s%ﬂ %rg'“%?ﬂq%”a'dafe%%r? fneredh| ang ﬁmbPF'Efe@lf A10p;nfyttigry

buffd¥iRk %Fent iS04 k8 tAhE Q&Utr GAAb PRfiritaiN hel PRI Band gﬁlnsnﬁﬁ 'reﬁ@e of *pH,
metal ion. Suitable |lanthanide series netal io

for ek&Yfipldl thethe E&e B XEMH Beth&lsd + pH- A8 1 @E@Fbguw% Ex%lés of non-
Eu3+, Gd3+, Tb3+, Dy3+, Ho3+, Era+, TnB+ an Yb3+ and
inhibiferyibiufierinomaents h@wdefartdlmesschhplkm@es heNeaiiFkylgilinesitN-e

alkylﬂ%?bﬂoﬁ’f@shﬂfélk?lﬁnléﬂoﬂe%SZ @%‘ia’ﬂylpyh&ﬁ‘é bm&ydseevcoflﬂry anc} tgFtiary

exanpl e, .dival ent transition nmetal | ons such

amingg §Hp| & ridpdamingsy and ey ¥arios dafyahieess/ 080543
PCT/ CA2004/ 000379 Zn2+, and trivalent transition
rret”aﬁ!"oﬂ’@h%m%%hef&@mﬂwbi@}oafmﬂeéng FieBte g dotBided it agditional

alkoR8e iof @é’@id@é‘?d RO forh e B S kode %&Q@bﬁéﬁ%ét@%r%ojnd alkoxide ions in
clu e gaélconbl nf\irl ons/ c | exes of those wt

a Moy APRP (UG G KRCHAR AR 4, oS PRPOH BAYS Prgfarply about
1:1 thaBaut (1* 1idor oﬂwe?er&bochﬁnﬁntg@fﬁierﬁﬁ? abott 1 ©.5 efabbotacy s f AGElsan

S ey i i e B L o
ionsy dhigegnaspt i§ agalogalus Iicewa'leeoritmmn@a gageamduny af hydragken fons and
hydr@l Qéf%ﬁe QM% waier%?glem JERirRCoPhdrhGaT! s A3 L4 %‘hd Hﬂ-—l’l X

he i nvention Is i C Sy

107 &fbrﬁﬂr Fhéﬁ rﬁascm whefy alikoxigte satis are adriem@ccordm tekfamnnéodlment of the
mveﬂﬂoht thé?ére%feh%fo%%é’cﬁtn&@f 'aﬁéxnéi@lbﬁé $l§t@§le%h%th@W htions

ctjve bet ra
for tiS iR e BT Bonetnt bESeia e o RarPlt N3 6 nRb, NS
and slémé RAR" $piere 85 R'NRYS cdndt R'Omayde texsumy & difereiiand may be

hydrﬁﬁ&cér%ﬁbgtﬂft&] {]’%n%%b%mgge?gaﬁgfg arﬁ%?orbg)s( drﬁgjva&egﬂtog? ﬁ\“ﬁ‘gas the

alkajj garth raeiabxardie@mb@ahorpathere@fu|lrascbnye insiendes sucit @hamas prdlang the
life df E%a@ﬁ‘ygf tﬁf%ﬁblﬁé‘ tcpgndofog oA, zféwtgﬁ]gc Qmﬂ%ﬂg@ gr&cﬂxcf &e

case non-| ant hani de seri

OFQaPBWhOéR%l}?&!S@GZWQHD%Wa FLRKAMPLE Wt?ﬁ&%apofa%%wwo”de
ggxg%r) §bda n'?.rgenmgéahox de %h%lgsgqq&%gildvtg }H%g%) Pre?erably,eihe metal

ion is a non-radioactive Ianthanlde series metal ion. Suitable lanthanlde series metal ions
include, for example, Ce*, La*, Pr**, Nd*, Sm*, Eu*,Gd*, Tb**, Dy**, Ho*, Er**, Tm* and
Yb® and combinations thereof or complexes thereof. Suitable non-lanthanide series metal

ions include, for example, divalent transition metal ions such as, for example, Cu?, Pd?,Pt**,
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In sone enbodi nents, the invention provides limting
of dinerization and prevention of further
ol i gorrerl zation by addition of |igand such as, for

bi dentate and tridentate [|igands
é@%sng&l on at one or nore sites on a met aIPC\féFAlz?OéQ?fH”
l[imts dinerization and prevents further

o f I 3
R FEB Fslon gl B S s RE Rigiute, St oo SN s
commmeélousatserepﬁortdwmpwsetheeeot;ﬁnoludgwarodmbmatnmmgmpmes ofglzose with

non-%}?iﬁ)g&wh&\ aai??%en%%@n@ loris Q&m%ﬁ.@% d’xip%? §(8'?b‘?1%91°°jj catalytic

o oSSR s SRRV, s g
Ho* 3Rd EL N Ghle Sﬁk@ét\}aﬁd&%ﬂafe%m YbIUER 4 b;g%n%um 5R€Gibson et al.

attached via | |nkages to solid supp structures

20035 H2h basffipadiotEedt fowes it pHCcat es or al umi nates to provide
sol1d catalysts for the alcoholysis of

or iyngropitsgtof the inveniup d satalytie bységre corpprisingosigtdres of metal

ions aﬁrcé%ﬁlublﬁgmtxﬁjréi‘& larﬂtﬁ‘éﬁ?dét deﬂé‘s mIﬁ?lOF?QWHﬁ:h Qbudtbh %E tween |
he netal :liga al koxi de conplex to the soli

the vg@m;xdf tang¢ of 5pi0e‘|f1e rtabﬂhymée sariee n@taliond ap@alkbmdmmawfdrMeeveral
f bi pyri d the 3, or.5 posjtjion i

spoc Lo ALHEIR Sl erBaieR PGS et ea e grown

in the tigunesc tin thg @pactla”’, wiroér cantainingoio 3 aikdxives isadr partidutariy Betive

catal?ﬂ?gr tﬁ’é‘ dé’& aanr%PcS’r anoﬁt‘lg%P%ts ﬁ&ﬂé ?np_’lt ec%%é o%lggrp a8 anide

ornt™ o attac
ser!%mmnsmh @sgpep@mpls 3n°handgeu’ owen@fonvdearmowtegenrsialohg

alkokidt is BREEOE ¥atafst HSthE BedrRidivH f agg?%%g@ hs EmBOGHE! S

known in the art. Such attachne supports
of Ihaose @thbabihapes thennvehedn pirb\&dé‘sﬂilmmhg(‘(ﬂﬂﬁ}rher‘i&ét&)n %M phﬂ,@entlon

RSB SN P LR AESUR v
ligandgy By edandinatishet engrol merasitiss araematat, adigent froitsstiherikation and
prevéﬂ@ﬂ@tﬁ&r &g&ﬁ%@ﬁz‘ém@rﬁ of epr'h't%pébgbl@§ Qllﬂ.%r gwfﬁg Wéglgr%umr olbzﬁtlve

runni ng a sol ution rou col um

eco ose
mO”Q@JCEnE?ﬂeaﬁﬁ#@@r'%Hwaé%|nd?ﬁqabser'?f3 %fﬁlé@%rAl@ﬁ%w%mnHP be
Ilmltlhdjle;xamme@bﬂ Qieh Wpsideiare b QWI& |r:arbg Gl ﬁ;cmcahaﬁtﬁryspéne(al Y, 2,0-

oSt B RS e DOt gy o v

and theic @ntmmw fhynse oﬁ%ucachgandsmya)eraﬂhymMa bagysits solig suppart
struc?tﬂ@é’%@cﬁ a {Bglyﬁ#eksoéfhga‘??én %@Jr?n%{éé t%%lr&/ n oﬂ@?atglﬁtg RS the

ar e on or su
alcofysis g ﬁr%npmphqh@C¢mnﬂuu@ﬁewhlcmareeieawpn>®ed at@mmg BFHe

invefdd. The &ﬁt of a@E@n’%@]t 6@h§§efe@f9%’h&%ﬁ<oh@e @@rﬁﬁ% to thef solid support

at e" Orf') and nbi nati ons

s PfﬁP@ﬁ’E{@F 8 1 40Pt &1 13 @ae APERRy SRS 31 hot Heoslid n b case

of p@ﬁénthmnmmeigtnnmh@ procédiaes dretddamsdting Spaeesivitidhesle kiddva in the

T e by 1 —

the conpigdathg salicalrpbg wouldhpreigrahip tbh anohe otthhaitobens of the

machC\?Jlé) Q@lﬂ etHo?lQ el Qrﬂ'{égjong acdS kA in 1 Q‘Pﬁ%ﬂﬁ Lt hent to
hoxy e an

anol t| ons thereof
SOIIdFﬁU@lP(g'FSé)ﬁplSﬁ qqyéntages in that the solid catalysts may be conveniently recovered

from the reaction media by filtration or decantation. In an embodiment of the invention
wherein ligands are attached to solid support structures, organophosphorus compounds may
be decomposed by running a solution through a column such as a chromatography column.
In another embodiment of the invention wherein ligands are attached to solid support
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solution is all alcohol or all al koxyal kanol or al

am noal kanol ; however, conbinations with non-aqueous

non- inhibitory sol vents can al so be used, including,
ket ones, am nes, ethers

0 nitriles,
%?%éﬁggons i ncl udi ng chl ori nat ed hydrocarﬁﬁﬂ?ﬁmﬁmm””

esters In the case of esters, it is preferable that

t.he al kox s the ,sane as the co u ate base of
s e SRR 6P\ G DR A RBrd &) SRR Agymer
compeairgemsiabwerieaetd alkexideionsh may be inhibitory. Initial
st udi es have been undertaken in nethanol since

e higadtd arichs@f @RandtalItyEE Sonlithibitb§ d?ﬂéu&ftarﬁibfyurﬁnliﬁiﬂbitory

ons BB BUSRPEORE L e S o LY BT NS

or “GHT)wed cembinations therspft Brefariet yanmns aiet JO; @hd GFy&dy. Inake case of
BFDQLbiidMd o8l Rbn Aletfiolfs piereBlich makes it vol atile and
prone to evaporation froniopen vessel s. For these

regRo Qgiutioln%%%aﬂgesgog/h%ts Vﬁ’]%clzé%lﬂqg e?ers eeé%lgggrgtfs FICX %cc?@@emcludmg

PF'mEWaﬁﬂglSQSOWSWrﬁFOZ;Ig-SEGMMi?thamGI pathamah otprapadol, iso-propanal, n-
buta|n§132-i%@ﬁéiré95 n?érti'%x%tpacﬂo@'%ti @J)ri‘iyinét%ﬁ§ th Fécgilt Mb& gr{fggbk/ltipeg

resp ective
soiuf

Iyl é'” 3'5%0' ﬁh%}iea”f%t'%'@mé%iadiﬁ"imozlikﬁgol 'tqwarcs@nblsaﬂoas with

non{aqueduy doo{mhibitbily selvBsts tat &so bd bsedhinglnging, Fer é)daﬂﬂie]? ﬁ’itrlf%§
| e

o e 3L OE 30 G BB et e
the eagapbesiers ohis peafierablh tisat themoxy)gmeplts thvesdroe b@thie(ﬁzshjugéle base of
the éJ\%n@élEnm]%P 58?? 851 his %térgﬁqz%g seenst ea%iégps Wthh may be

ano si nce
inhi¥git i ng poi nt s than the | ower alcohols I n accordance
wWth the invention, the netal ion species catalyzes an
al titteostydies havedwet uoterakerain rmﬂganbspdmspétbantﬂ; is@EPStUd dater in

termlof SrdBrafd Hﬁc?ggmi%i %g?i&@?&ﬁﬂg éﬁ%iif&\fyﬂ%r rruf)wev f dijiethe_il_rg)l is

repr esent ed ['ow n ene
less Jjes%bte tZa@tbgmolveim@‘ug tapits tgxngty(ﬁgig tite relafively love b@ling point of 64.7

°c \A.(hﬁlﬂﬁyg&@); ithiaﬁfie (aﬁéi' bfdAE e e%por@tionzfr@tﬁ Bpd\RsSAFBF Hthese reasons,
el ected fromthe group consisting

use 8#‘ hlg?eerr%%o %ﬁm% ?i'gnelf p B[.ﬁp@ag)and ise- p(qﬂqngirhag@?en gy¢plored (see
Eha(nbleemade? Ethémcﬂ)d‘l ptepanond @Qpr@ﬁéhcﬁ:arehéub%@lfaﬂy Qsé $oiatile

tojt ns i tut etsin
boHii'btéSJ 9‘9% gaarqﬁ g?% 0 rg%pl%gtivg y% }ﬂre ié {? IC'C%]’? aye Sﬁtger 8Plub|iizmg
char@ctgmjicg;'ggr bmfom!lwbstvat@r diha highenboking@oink rae@ hhethesnmjvents
are More amenable to field conditions since there would conveniently be less evaporation

and thus less solvent would be lost to the atmosphere.,

Other preferred solvents include n-butano! and 2-butanal since they have higher
boiling points than the lower alcohols.

In accordance with the invention, the metal ion species catalyzes an alcoholysis

reaction of an organophosphorus compound or a mixture of organophosphorus compounds
represented by the following general formula (10):
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G Z are not Q and when X, G Z are the sane Qis not
H, Ais a nono-, di-, or poly-substituted or
unsubstituted noi ety selected from phenyl, biphenyl,
benzyl, pyridine, naphthyl, polynuclear aromatics, and
5- and 6-nenbered aromatic and non-aromatic

het erocycl es; wherein each said substituent is
selected fromd ,{Br, I, F, nitro, nitroso, Q

al kenyl, OQ carjboxyal kyl, acyl, SG8H, S3Q S=O(Q,
S(=0 2Q am no, aII kyl am no (NHQ , arylamno (NHA),

al kyl aryl amy@e—q¢patyFam no and di aryl am no. Most
preferably, the phosphorus atomof figure 10 has at

| east one good | epving group attached. For this
reason, organophdgphorus conpounds which are
deconposed according to the invention do n (t Eave
three al kyl groups, nor three hydrogens, nor Phree
hydr om}areg;r E§ﬁ§S %;ugched One skill ed inthe art wll
recogni ze x good | eaving group" is a
subst#t&@mxyg@ﬁ)ﬁfﬁrﬁsufnéhar ed el ectron pair that

readi Iy glenaé the sfaherarah@reauwérétsaea@d flom ML r8@PEINsising of Q,
subst i tutl on reactio est | eavin ar e
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D08, Dliar (BoBamaCHET Ao B (siamises.d 6pgoen BB Sa a0 Nor
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Qlomafic Qﬁ‘dﬂi’&{%nﬁﬁ@@@ﬂo&c@s non ar Omat ic hydr Ocar bon
ring contalnlng one_or

pol anE?'@éﬂ'ea&P ﬁ‘ﬂtsf‘%s“ﬂ@f'b'?ﬁ%'%t?%ﬂ%rﬁ' aﬁrnl ﬁd‘"é‘hé“t@lso Q, alkenyl,
o, earboxydlkyloacyh S0,8INE0,G\S =40 Q) (a0 RQdminhb.ealkylamino (NHQ),

h h
Qrgfavenoﬁxlﬁ%oﬂlﬁﬂgﬁ%op{]algﬂgmhg\éﬁ@%na n# r?o fNaf‘ter the
per m Mosigaefgrably, thieiphpgphopfs amfgaﬁtg@lrmﬁblhﬁsran@aagmetgpod leaving
%ﬂéﬁb aﬁ§ch@8 e thQéa(sgﬁ Cb'iéa%o%ﬁ?ﬂpﬁ&%@@%&&%z a/h\é)ﬁ(’are Gc|i:ecomposed

ussi an- VX, tabun (GA g &), sarin (GB
ASRAFIhieBhE inkNtioREP §0 hqvﬁé'?é%? al Y'(S&’P&rﬂﬂ’fﬁ\é%qhyémégs nor three
ﬁytﬁbkyegroaﬁs/@trﬁca@@ coﬁe $KNRdiimnwe @ttlvsmnrebégriﬂ@ahatlat gcﬁHdaua\ﬁ#egsgroup

B4 SRR =B IS &0 o 3 O RLS Lom g Suypside in a

nudléophtio sulistitutiamp maemnatTdad bestd¢avingagralps @arg thosenthai ecome either a

@Mgg sféfbleﬁtgh?orj c?\é%urgr?ncﬁ%le%elﬁstﬁ% Je@Ert aqfe%@s%qhéﬂ%gge a

are agents

algbifization of the lrangiéonctats, uBlso derngsrowrstihat pecymeweak bases when
WRl depsit Sely@bd Ie@%h@ RPN 0L SIe i grasps NGRS HAdgERS
gl‘ﬁgrgelsﬁlfgn%?esaglgyl sulfatéseand p-toluenesulfonates.

As used herein, the term “heterocycle” means a substituted or unsubstituted 5- or
6-membered aromatic or non-aromatic hydrocarbon ring containing one or more O, S or N
atoms, or polynuclear aromatic heterocycle containing one or more N, O, or S atoms.

An advantage of the decomposition method of the invention is that the solvent,
being hydrophobic, relative to water, permits good solubility of organophosphorus agents

such as
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or ganophosphorus agents in general. A further

advantage of the invention is that destruction of

or ganophosphorus agents occurs with or without the
p;of heat. An anbient tenperature reaction is

“?ggtoxlg Ticient for large scale dest ruct i on 'gfl/CA2004/000379

"stockpi | ed organophosphous naterial such as chem cal

o REBRRS SRR S ), BEFL 950 B e

'nse@tl@h’ﬁéﬁa‘i D@@Clﬂamge bet ween t he free2| ng and boi | i ng
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ool R ot ST i b s o
of C’teﬁit@a‘swﬁ@rb @geﬁtarm mbdunes bheoeh ageres ioablieadsoffsact hgdntsasith
polyﬁh@ﬁi ad RelPdd &Her'TBQ@&ﬁ#pd&xdsséJmlaQ%Fct%!ﬂ%E ep%é}lc%e%ragsr@?tgd

par aoxon and p-nitropheny
OFQaQ%OPmor YyrRoe)tsdg enesal O S- di al kyi - or
0, S-aryl al kyl - phosphonot hi oat es or
S- Alfwiier pihvesisa rbibRinyantes inthaSiestrydtiop beghophbbphoaisegents
occurs/aitder wi$8®)the %lmvcﬁ hESe Q\ntah{b‘r;‘e‘?lt f%g@lgra?urg%a%%r‘? i %Pgl sfficient

ei.n radat I on Xon as a
for 'i@‘g@f@ﬁﬁ @esffu%t@f' Shsip Wﬁe%@rg@qmosﬂhewwateealpsuch as chemical
weamrisrlommmyéspdﬂq&pﬂ”waét ﬂh@@ét@lyﬁ%p@cné@%' caft z&lﬁ?ﬁ%%)ysns over

f itroth
o ARLaPERRY R RgPiseh 8 1458bo =65 b finathoutl iihe Epluants or mixure
of saisdis|usednpounds are shown bel ow. These three
compounds were chosen because each possess a
chronophore makes the U¢-vis kipetics sinpler

It is
toEgtu ly Wit

expect ed T g Tnvent i 6 has Wi de\appl JTabPiity
for other org gunds 20\ 2004/ 080543

PCT/ CA2004/ 000379

Paraoxon

0,0'-diethyl-S-p-nitrophenylphosphothioate

HiCO—P—0 NO»

OCH, -
3

Fenitrothion

The G-type and V-type classes of chemical warfare agents are too toxic to be
handled without specialized facilities and are often modeled by simulants such as, for the G-
agents: paraoxon and p-nitrophenyl diphenyl phosphate, and for the V-agents: O, S-dialkyl-
or O, S-arylalkyl-phosphonothioates or S-alkyl-phosphinothioates or S-aryl-phosphinothioates
(Yang, 1999). We have used three such simulants and report herein, degradation of
paraoxon as a model of G-agents, degradation of O,0’-diethyl-S-p-
nitrophenylphosphorothioate as a model of V-agents, and degradation of fenitrothion as a
model! of (P=S)-containing pesticides. Structures for these model compounds are shown
below. These three compounds were chosen because each possess a chromophore which
makes the UV-vis kinetics simpler to study with low concentrations of materials. It is

expected that this invention has wide applicability for other organophosphorus compounds
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i ncludi ng chem cal warfare agents and ot her pesticides
such as, for exanple, parathion and malathion. In our
studies, which are detailed in the foll ow ng exarrpl es,
hay confirmed the degradation of paraox
“)3?%99‘9% ¥ehyl - S p- ni t rophenyl phosphor ot hi oat é’CJH‘d*2004/°00379
fenitrothion when placed in an al coholic solutlon of
. tal ions and at | east atr nt - of al koxi
ncluh 2hert 8 SR etpertsenp ater BFIEHES 100 g0k PRTIR. Gpretion and
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addi tional nethoxide ions; characterized stoichionetry
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accel eration of the nethanol ysis of paraoxon relative
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proc gurﬁ'”vf ﬁfzgrre;eﬁrm A2 e e Qs t”éan“‘Wﬁ %Ol‘g‘%t%%’fgor ds
equiacze Ne©&Hj enich affordp at1(m9-ﬂolc8ac)(:ella9ﬁofﬁ ofl tHe frithanbl€is of paraoxon

met hanol ysi s qf raoxon and has broader applicabilit
elaf i PSS s IoBRADe ATl B 1o e 8B SRt (o2

sec)OfA sfe%ﬂ'\otﬂrﬁgﬁé@&nb%%tqgth@ﬁpﬁ nol 3|s of raoxon is (al\/b del Vv

o] Z'S"p-ni L rophenyl phosphor o
{Zn” agitlgplyenO b?)@lfeém r Bhis BYpiRsApffasr adceleratienshefilty 4 iésc HP-fold for

the ieethbndifsRldh BhrasxdPrandi Hab BRZEBYARRAB AR ANAT 0L 22+ §Isé1 catalyzes
ndNS} system A sécond preferred

the %%@8??W¥%&f°l R0 het hanol ysi s of
0,
T ——
pr 8fPEsferersl esphsgtmend far megianpliels o hdintiyySirs of
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4+

met 8 bt O OB Bl B o Rerle doa PRHTEB s oo
{La®CEkY, OTf ) 2 met hanolic solution containing 0.5

Destruction of Fenitrothion (Model Pesticide): A preferred embodiment for
methanolysis of fenitrothion is a {Cu?":[12]aneN; " OCH,} system according to the invention.
The procedure involves preparation of a 2 mM Cu(OTf), methanolic solution containing 0.5
equivalents of N(Bu);OCH; and 1 equivalent of [12]aneN; which catalyzes the methanolysis
of fenitrothion with a t,,, of ~58 sec accounting for a 1.7 x 10°-fold acceleration of the
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equi val ents of N(Bu)40CH3 and 1 equival ent of
[ 12] aneN3 whi ch catal yzes the nethanol ysis of
fenitrothion with a t12 of -58 sec accounting for a
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The follow ng exanples further illustrate the present

invention and are not intended to be limting in any

respect. All' scientific and patent publications cited
rein are hereby incorporated by reference in the

Werl?? "%‘%’@t" 1322 WD 2004/ 080543 PCT/ CA2004] 0003 RETICA2004/000379

Exanples Exanples 5 to 8 provide a summary of the La3+

ﬂscatalyzed al cohol ysis of paraoxon. Exanple 10 is

a prophetic exanple of an La3+ ion catalyzed

%gholé3|s of VX. Due to the fact that the dineric
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o0 AR sape] Sl Brdometer SRERMARASD (siasetoalamel) seciroce
calit28ed (vth Fishevedrinedestaradard aquaBOslfbiers eI 00 ad 1300) as

des GBS bfrboorPbaM BlovBlover A0, NGRBY L0 g1 Robraet o

200 (o)) Neasrby efalzza?@fh (&)pBiolve ce¥NSODZENREAY ef B! 2003). eRslLorasH
reported by Bosch et al., 1999. The spK 8 val ues of
Wef%aq'@@tgd PisRtiNgR coTeectionuenppiant o(@24 to ez periménta meatéraeading as

- repdriet & ®btdreot apr1og@asured at hal f neutralization of the
bases mﬁth 70%)HCIcn in MeOH Exanmple 1. M +-Catal yzed
Et nosl oxon And Feni trothion;  Reaction

VaAﬁfﬂ ° 855 UFfie TEPRERTRISY Wergobiatediopt e digrature

or n@@%r@@ﬁﬁ%%u%&atﬁn@%@%ab& Fh AR HYS ﬁ%\f}“' ous
metal ions with varying anounts o dd% ase. These

reactions were followed by UV-vis spectroscopy by
observing the rate of di sappearance of a starting

Exafpllc B Syflied Blalsls YRartemaine rvRsse of
Reaptiora Groditions AndiRaled -

The ethanolysis of fenitrothion and paraoxon was studied in ethanol using various
metal ions with varying amounts of added base. These reactions were followed by UV-vis
spectroscopy by observing the rate of disappearance of a starting material signal or the rate
of appearance of a product signal such as 4-nitrophenol in the case of paraoxon or 3-methyl-

4-nitrophenol in the case of fenitrothion. Reaction conditions and the catalyzed reaction’s
rate constants are summarized in Table 1.
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4-ni t rophenol
conditions and the catal yzed reaction's

in the case of fenitrot

Reacti on
rate

hi on.

constants are sunmari zed in Table 1. 23 WD 2004/ 080543

Wb

0Q4/ 000379 Table 1 --
Inetic rate constants for the et hanolpfér/%“z(g?‘“"““m
fenitrothion and paraoxon catal yzed by netal

Maxi mum pseudo-firs

i ons

Table(1 == I\Q%Mp eUdotfanor% r %%&Crgteggns%%s f({rﬂ}rge Wnﬂy@ Sf?%n%ﬁ@? Rﬂ'd

Para"i‘%t"?@}yzed by ”"EtaJZ'B”SGO O dip 415 Pregensd RRtImEh AT Pfibase (MBYKoss)
and afviaindo@bamoust' (k101 kobis/ M satiol OTkab&. S-1 b Lant hani des

La 3+ 544.15 (1:1) 544.15 No catal ysis

Pr 3+ 253. 24

(1:1) 253.24 No catalysis Nd3+ 247.59 (1:1) 247.59 No
cat aI VSi s Qd3+ 220 14 (1 1) 220.14 No catalysis SnB+
, _[Haraoxe F@pifrothjon
No cat al ys;i" Ma?ki@br»5146 341Q Fod " 146. 34 No CflabaiSi s
LIenid®®. 72 (1. 1) 99.72 No catalysis 3+ 63.65 (1.1)
63285 No catsaw%mg) Er 3+ 624485 (1:1)|62. 6INd\mtalysis
cdtral ysi s ?-4 (49 34 (1:1)2%F434 No ¢at al yNg gatalysis
TrNci’gLsutu on z+ 48. 2 7(5§ 0: 5) 37. 28 'VS'?3+
3256 (1:1) catalyj “Co2+ 25 70( Caia
al ysi s, nown Cat‘ﬁ;ym s, r at e u si
Ybg# 25. 7',(114g,(§) gg 73 No catglysis N 2+ 23. é 5)
124:¥8 No catgd. s Cu2+ No weabal ysis No catw&ml)@,s
Catyal ysi s, raﬁﬁ(mmknownc S®365No cat al ysi SNd\&talysis
calrdl ysi s |Noszait(atysi s a - I16aBroduced|as coweretayisal |y
avai'l abl e [t r#9.34dt4¢) sal ts and9@%ed as fecei Viégcatdlys®. 001
Trangitiop Mefds |of Mh+ salt and added NaOCHB Product
f frat i on %%ﬁ ved by fi%q&P UV-vis spec&giﬁjy&ggt
degoe’r m nai % aCtCa\@hl/slijs, ra‘§e unknown® Catalysis, rate unknown®
Yb** 25.73(1:1) 25.73 No catalysis
Ni?* 23.63 (1:0:5) 12.18 No catalysis
cu* No catalysis No catalysis Catalysis, rate unknown®
sc** No catalysis No catalysis No catalysis

- Introduced as commercnally available triflate salts and used as received
® 0.001 M in each of M™ salt and added NaOCH,

° Product formation was observed by final UV-vis speétra, but determination of exact value of

the rate constant was not possible due to high absorbance of the solutions.

Example 2. La** And Zn*-Catalyzed Solvolysis of Paraoxon in Propanols:

Kinetics and NMR

Studies

The solvolysis of paraoxon was studied in two alcohols that are less polar than

methanol, namely 1

-propanol and 2-propanol. In the case of 1

-propanol, kinetics were

monitored by UV-vis spectroscopic techniques following the appearance of the product of

the solvolysis, 4-nitrophenol, at A=335 nanometers. For example, at a concentration of

La(OTf); = 0.5mM = concentration of NaOCHj, in the absence of any ligand, catalyzed
solvolysis of paraoxon proceeded with a pseudo-first order rate constant of 2.1 x 10* s™
a concentration of Zn(OTf), = 0.5mM = concentration of NaOCHj, in the presence of
equimolar diMephen, the catalyzed solvolysis of paraoxon proceeded with a pseudo-first
rate constant of 1.93 x10* s™
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the rate constant was not possible due to high
absor bance of the solutions. Exanple 2. La3+ And
ZnZ+- Cat al yzed Sol vol ysi s of Paraoxon in Propanols:

and NVR Studi es The sol vol ysis of paraoxon
WI%%E/QS%%Jed in two al cohols that are |ess pdiGyCaagyoosm
met hanol , nanmely 1-propanol and 2-propanol. In the
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w1th'2fﬁi!%§a€i\5§§6 %Epr‘ﬁ?\t)vé’é Xﬁéeﬁ/el’i\"ah@fomgt?ongoq AL rPdquf?g rtP glﬁ'%%%@gl

vents were renove
d'e”a" %@VW@SW@@M dethylechropyt Plosphate weemnebnfitnged byt 'NIMRIR.
tra re recaqrded shomnng the presence of the
?Os‘?f\'@ R PROSpERERIUCiHTast fagh o mignanol selersistives deteamiged
frordheit Hy INVIR preaprylanp hespbaiss beSi mi | arly, an NVR st udy
was done such that 2.5 nlL of 2-propanol containing. 5%
met hanol , 0.5nM each of Zn(OTf)2, di Mephen and NaOwke
was added 8.3 L OMeBATERNRABroakt { HBhanbBaciéH fr&ucS t Ot al
concentration was 15.4 nM The al coholic sol ution was
then-prdperdpabadnat 1k 9gm tenperature for 72 hours after
whi ch the 31P NMWR spectrumwas recorded. This
speeikdimsraurd copphete di sappearance of the
paraoxon starting material and conplete formation of
di et hyl nmethyl phosphate (product of reaction with
met hanol) (5 = -0.3ppn) and diethyl 2-propyl phosphate

for
( pﬁ”ﬁéjslé%tlo% shov?/%w t lf%’le medium for catalysis according to the invention is a
mixture of alcohol, alkoxyalkanol and aminoalkanol, the reaction will select for the least

hindered one. This factor may determine what an “effective amount” of methanol will be for
a given system.
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with 2-propanol) (8 =-2.4ppn) was observed and
formation of the products 4-nitrophenol, diethyl
nmet hyl phosphate and di et hyl 2-praopyl phosghatﬁ wer e
fi by' H NMR The ratio of the two phosphate
‘%@%&ﬁ@sﬁgﬂgm each of the propanol solvents g&grécmowooosm
determned fromtheir 31P NWR spectra and were found
to be: MeOH reaction product : Propanol reaction
product 1-propanol reaction 1 : 2.8 2-propanol
reacfion 2.2 : 1. These ratios show that if the nmedium
Examgfe T drfarydnlyzed MsthanslysisefRasaoxape fParimenta Detailg t ur e
of al cohol, al koxyal kanol and am noal kanol , the
r eBEEP¥IN. WP Plaegdde en pepropriasely buffered methaea! edlutiamecontpitiing
a+f : 1 " [ unt " .of ,
Lo I Bl T p b eied P ond Kt L EN B R ROy ot armbient
tempxDd}dre A8 Hrod BoeRIFth A4 HREERAIE ansitdpRer®l. A detailed reaction

|- I t hanol ysi s of Paraoxon: Experinental
SCheBget%Pﬁgﬂ%aér/Cég%Srl\l(? when placed in an appropriately

buf f ered net hanol solution containing La3+ ions held

in a 'pHregion between 7 and 11, underwent rapid

nmet hanol ysis at anmbient tenperature to produce
Schemest hyl net hyl phosphat e -and p-nitrophenol. A detailed

reaction schene is given in Schene 1. Schene 1

La( G3SCk3) 3, NaOgH3=\|| Et0 P-O Ne@,seH3QReospH 8-10 S

OEt Parﬁoxon 0 -OCH3+ HO NO | Cet Diethyl

Me EWRyT—Phosiat opHetol To 0

met hanol at%anbi : Enper at ur e %Q\A\gﬂ'ﬂéﬂo

N- et hyl @Br phol i ne

Paraoxon
EtO——P—O0CH;  * HO— NO,
OEt
Disthyl Methyl Phosphate p-Nitrophenol

To two mL of-dry methanol at ambient temperature was added N-ethylmorpholine
(25.5 pL or 23 mg) half néutralized with 11.4 M HCIO4 (8.6pL) so that the final total buffer
concentration was 0.1 M. To this was added 16.0 mg of paraoxon. The *'P NMR spectrum
showed a single signal at 3-6.35 ppm. To the resulting mixture was added 12.8 mg of
La(OsSCF3); and 40 pL of 0.5 M NaOCHj; in methanol solution. At this point the
concentration of paraoxon was 0.057 M and that of La(O3SCF3); was 0.011 M and the

measured ; pH of the methanol solution was 8.75, essentially neutrality. This solution was

allowed to stand for 10 minutes, after which time the *'P NMR spectrum indicated complete
disappearance of the paraoxon signal and the appearance of a new signal at § 0.733 ppm
corresponding to diethyl methyl phosphate. The 'H NMR spectrum indicated complete
disappearance of the starting material and full release of free p-nitrophenol.
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(25.5 gL or 23 ng) half neutralized wth 11.4 M HC &4
(8.6L) so that the final total buffer concentration
was 0.1 M To this was added 16.0 ng of paraoxon. The
31P NMR spectrum showed a single signal at 5-6.35
Whi44¥85%he resulting mi xture was added 12. PGRCAR04/000379
La(®BSCF3) 3 and 40 4L of 0.5 M NaOCH3 i n net hanol
solution. At this point the concentration of paraoxon
was 0.057 M and that of La(G3SCF3)3 was 0.011 M and
the measured 'pH of the nmethanol solution was 8.75,
Exa@plecht k&) 1GatalywadMgthanolysis pEGegent: | A Rrophetic Axammel t o
stand for 10 minutes, after which tine the 31P NWR
spécpumLiaidietehelds aduep Ré5amL di Id-athylearEhotes (23 ¢)end 0.86 mL
, ¢ ’
of 1 ERYAISEN 15 bHihe B pihs ARRRPRRTED T . Tolf sOLASIAL alled
1. 29 $pH{&BEF )T rRad #ImINR G5 Resofuiian ph'da%@*rlaé@ megiPlet e
di sappearance of the starting material and full
r elle &wentole tolgtonps added @i thed G-agént\8@ria (MA16086184,3).68 M) and

the S it O ki de Rk Asthperald (o ISRAIET s guosgis ot
analygis pfethe ERsyiting olufion evpuld insticaie swirstantially ispmpistedierppaerapce &

Sarifl) T8 eAticHPmBY-be Rhibdek Ky AVInHiEPAcdse daPiniy dehRidE@tdthe reaction
er con%etgitsr tion to, O. To this solution is

uf f 1M
5°'“E\%lht8&re°i‘?”§ DAY EEEEER) 3 and 4 L of a 0.5 M
solution of NaOCH3 in nmethanol. To the above sol ution
is added 2 g of the G agent Sarin (0.016 noles, 0.08
M and the solution is allowed to stand at anbient
Examphg®r ba’{HCatalyned Metirinolysisof Raradxore ¥fieetiasd t hat
anal ysis of the resulting solution would indicate
sulraé Rinkica!df IheGRTROIPILISHr SRIEOE Af281HEna0E bedrrthbidugifni S
invertleaa‘t:etI oslﬂ l'{ﬁg bs%cildgha!\rbcl)}o%d FbymF' Ln V\'hsI v%_lﬂ}%ase. Saunam ey
B RGdedS B PRECHRRVEPSR TSomEt PRy YHVIE YRS Bathany i s
catajystsiad 256} ps pitle dei 40 MEX teepltaiyiic shediefs)Gadradtys the methanolysis
Met hangleysi,s of Paraoxqgn: Kinetics The kinetjcs of the
readiBL BRORY 4Pl Pedlye IOlEP RER Pt e sy g
uncatBY s heRbBab-bedtd rERiPEsTIarddiEn PRESNS Mith thPSecond arder rate
di meric |'ant hanum catal 2

e hagg,gésns W t h _ ésts at S
congfent 2t 1 | 8F G813 dptsmInef doraearstiaons sk bipp Csl between 1x 10
M apd ORO0ES, tietharedy3RIw0 barab%on i @anktp Ackeratdd Bthé gldencs of La®

.relative to the background reaction at a neutral pH of
with_ag apseryghseqaRd QidsT fricc@naiatthiex Qe -pf-Bivbeedt theaesr nawtralf ; pH of

o 2 AR PS5 ot o re R CEhs i Sepipton s
i f .
S A e R e AR ST

. iy e £ . WM. th, an ohbser v
RSIEESIR IR EEE Pl KBeerollLs [RGB 7
and ey N@abIqept Blogs pH of  8.23. Assuming that the

met hoxi de ré&action persists at :pH 8.23, the

acceleration afforded to the nethanol ysis of paraoxon

at Whidneticy, pf thg mgthanglysigofpargoxen weiegronipredat @%;Ec)nsowrving
the ke df.1dss of paraoxon at 268 nm or by the rate of appearance of p-nitrophenol at 313
nm or 328 nm at a concentration of paraoxon = 2,04 x 10°° M using an OLIS® -modified Cary
17 UV-vis spectrophotometer. The concentration of La(O;SCF; ); was varied from 8 x10° M
to 4.8 x 10° M. All reactions were followed to at least three half-times and found to exhibit
good pseudo-first order rate behavior. The pseudo-first order rate constants (Kops) Were
evaluated by fitting the Absorbance vs. time traces to a standard exponential model.
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X 109-fold giving a half-life tinme of 20 seconds. The
acceleration is 2.3 x 109-fold at s pH 7.72 and 2.7 x
108-fold at s pH 8.96. WV kinetics of the nethanol ysis
araoxon were nonitored at 25 C by observing the
Wr(a’foﬁ‘”@f’s“?oss of paraoxon at 268 nmor by the"cr"'g\‘*f"ez"Qi‘t“"m79
appearance of p-nitrophenol at 313 nmor 328 nmat a
qﬁrjﬂratl on of paraoxen usi

= 2. an
elics efe detegmingd yn 91?“@??%%“@19@%%5%&’%%@?8?@ from
N, N-Ehﬁetﬁy@éiﬁ]@net(fp’ﬁl oR, gzteammn%?f%m % 0VP®), MahtRyli n#.ae&meﬂ LpK o=
to 4.8 x Al " reactions were
7. 60); 01 amylm@ramlmb e, halen) gmdmsmaaﬁmfaqwld ta oemljn [bmd to the fact
good pseudo-first order rate behavior. The
that @%d@e Gaurterioss ca igemPair aith Laoransand affgak B‘bgeeowélp@ in solution, ionic

strer@ﬁﬂi«é@gﬂﬁoll@ﬁ tirbtidH Mtrlbl't%h&bﬁﬁﬁ@@ﬂ\%ﬁazcﬁnott %dﬁd S8 STHeQotal
stan ntia
con eI ARSI L S s WP e

partiflyfrieetraidet witid 7@ YoHGIO, Bukdeprtise vamcentationaf @d,Tat amdvi\but constant

valué:éid 5 ggg)f’] Wﬁ%d lﬁ)%?sl tr%%g{g(%%cingbl? ggr%agt E)n%:;.ltrgbét,g iir{]go_hgt%R.lﬂNﬁ'l the

condintedtioy lohina®ph 6lxi 106 M SpIoER >7.( teOhetalneh was parixllyatsunaglized by
(SpK a = 10.78). Due to the fact that added

addicpamémromiag: araount offNaiVle tomeithcdniiol3ke { i sat theddeafréeetiue. $pH
its speciation in salution, ionic strength was

MEARGRT PGP WEE R PBU%qwb%ﬁ%fﬁtaPQFf‘%raﬁaF'bﬁXp&F'"‘PﬂbartSUF b Fases e values

weren@insisgniadeibin®ad trgts. The total concentrati on of buffer
varied between 7 x 10-3 Mand 3 x 10"2 M and the
bUfSﬁ&fUrﬁanﬁa 2 Ql%rthr‘e@|réb/re§h%k5t|(/@blbt%%¢|th‘@ dsBudir% s Piet O

concen ration of at a | ow but constant
CO”%P%{F%@%S?OFS“%E“% YIS\ RRE¥PN 9@6?0‘&”%“8” & added sRAgAnation of
La(C:888]) Akt pHOMC s SBIAHGIR. élfbr%qgl%l'kobnvs %ﬁ&nﬁrgﬁon of La*" kinetic
concentration of La3+ > 7.0, the
datarsge dbbleo?-1@Rs partially neutralized by addlng an
appropriate anmount of NaOwe to help control the SpH at
the desired value. SpH neasurenents were perforned
before and after each experinment and in all cases the

Tably Bl-UBServeWBE&I6- AR r&dr B4 cnStatMd foftiaP cgta@zéé!r?ﬁetﬂ%nolmlﬁarb&on
re 2 are three representative plots of the

(2. O‘bs@%%atﬁ“r it : Y e [dimgthianiling Ruffer At $O KBS ¥ ©B28 nm.
nmet hanol ysi s of paraoxon as a function of added
concentration of 1la(CBSCE3)3 at SpH 7 72, 8.23 and
8.96. (For ori b¥R=CHBY vs| conkenfration of La3+
ki netic data seeodables 2-[12). BabEer2 -1 Observed

pseudo- f irst—okdgrfate WH catal yzed
met hanol ysi s n-p"dggP%nxon (2 04 %°10" 5 at 25 C S
pH 5. 15 [idi met BYPERS | i ne buf fer #99E9700 % 10-2 M 2 =

328 nm a(UBSGEB))tB M kbjs, s 4.10B8%B8505 B. 11 E-07
6. 00E- 05 546558702

2.46E-05
6.00E-04 3.78E-05
8.00E-04 5.34E-05
1.00E-03 6.13E-05

1.20E-03 7.72E-05
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8. 00E-05 4.90E-07 2.00E-04 1.17E-05 4.00 E-04
2. 46E-05 6.00E-04 3. 78E-05 8.00E-04 5.34E-05
1. 00E-03 6.13E-05 1.20E-03 7.72E-05 28 WO
“%(%4‘{(%0?43 PCT/ CA2004/ 000379 Table 3 -- seTrved
CUB™ ¥ rst order rate constants for La3+ eﬁé%}??é‘é?m‘”
met hanol ysi s of paraoxon (2.04 x 10-5M at 25 C, SpH
5.58 [dinethylaniline buffer] = 2.00 x 10-2 M ? = 328
nm La(O38SCF3) 3, M kb9, s 4.00E-05 5.37E-06 6.00E-05
8. 00 63E- 2. 0QE- 04 -06. 4. 00
Tab'eé o§bsﬁ %Eseﬁ% ‘E%‘ oF5" “E‘%ﬁ”%”&é‘é Lg5 catgyag Eegin"g’.sﬁgﬁ’-aiﬁé’x°"
(2.04 Xk .100NB-2025 °L; OHHES 84 [dindetrd R uter26Eadd oF MO € 348 nm.
bserved pseudo-first order rate constants for
La3+cat al yzed net hanol ysi s of paraoxon (2.04x 10'5M
at 25 C 5 pH 5.82 [dinethylaniline buffer] = 2.93 x

10-2 M § ziﬁ@gma);rm(asus) o, STKDS,) 5" 4. 00E- 05
’ ) EooC ]
%: cl)gE- 82 3 13000 00E- Q4 7. 1105 4. SSE- 82
1. 15E- 04| 8. 006@56% 1. 92E]04 1688796 03 [2. 17E- 04
8.00E-05 5.63E-06
3 00E-04 8.33E-06
4.00E-04 4.28E-05
5.00E-04 6.93E-05
8.00E-04 9.48E-05
T.00E-03 T.05E-04
1 20E-03 1.26E-04

Table 4 -- Observed pseudo-first order rate constants for La** catalyzed methanolysis of paraoxon

(2.04x 10"°M) at 25 °C; s pH 5.82 [dimethylaniline buffer] = 2.93 x 102 M, A = 328 nm.

La(OsSCF3)s, M Kobs, §'

4.00E-05 1.15E-06
6.00E-05 1.71E-06
8.00E-05 2.52E-06
2.00E-04 3.13E-05
4.00E-04 7.11E-05
6.00E-04 1.15E-04
8.00E-04 1.92E-04
1.00E-03 2.17E-04
1.20E-03 3.07E-04
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1. 20E-03 3.07E-04 29 WD 2004/ 080543 PCT/ CA2004/ 000379

Table 5 -- (Observed pseudo-first order rate constants

for La3+ catal yzed net hanol ysis of paraoxon(2. 04 x

O-0 5% 25 C, spH6.69 [2,6-Lutidine buffedj

@J%P 2 313 nm La(O8SCF3)3, MKkbs, s @’%@004/"00379
1.18E-05 6.00E-05 3.13E-05 8.00E-05 4.43E-05
4

Table% Q%E?rg%ﬁ gd']of’v:iégéir rgt 8%5%9% zcﬁtgdféég)ée%rgeﬂg@EQE 04
ofparap.x@mmog 0OTVI8R50Q ; pHaHioeR. GLutidinEbdter véd1 pgetido- f 8133im.

order rate constants for La 3+ catal yzed net hanol ysi s

of paraoxon(2.04 x 10-5M at 25 C, s pH 7.10

[2,6-Lutidine buffer] =1.00 x 10-2 M 7 = 313 nm

La( O3SCH3) 3r Makh§CF%. M4. D0 E- OBesX 58E-(Q5 6. 00 E- 05

4. 86E- OSW‘% 27 %@04 2.62E-04 4.00

E-04 7. 2RE-04_6 ODE 04-1126E-03- 00E-|04 1. 88E-03

T 00E 03 2 24BBE L 20 b3 2 63 BS54 O

2004/ 080p43 PGIVOEAZ2004/ 00p379 A43H-@ 7 -[- Cbserved

pseudo-f| W{M at e{ C nS[ any. §1E@1{A ai +catal yzed
Mol e Afnaranvan( 2 X 10- 5N .
730 [N pot by G0l o b ;’;n R 03w 2 2
268 nm La( B3SIBYB, M kbs, 5.24E-04
8.00E-04 8.00E-04
1.00E-03 9.31E-04
1.20E-03 1.18E-03

Table 6 - Observed pseudo-first order rate constants for La>* catalyzed methanolysis

ofparaoxon(2.04 x 10°M) at 25 °C, $ pH 7.10 [2,6-Lutidine buffer] = 1.00 x 10%M, A = 313 nm.

La(O3SCFa)s, M Kobs, S

4.00E-05 2.58E-05
6.00E-05 4.86E-05
8.00E-05 6.68E-05
2.00E-04 2.62E-04
4.00E-04 - 7.22E-04
6.00E-04 1.26E-03
8.00E-04 1.88E-03
1.00E-03 2.14E-03
1.20E-03 2.67E-03
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8. 00E- 06 3.83E-05 2.00E-05 1.50E-05 8.00E-05
7.95E-05 2.00E-04 7.17E-04 4.00E-04 1.58E-03 8.00
E-04 3.97E-03 1.60E-03 8.45E-03 3.20E-03 1.70E-02

W4 835688% 2.28E-02 Table 8 -- Ooserved pseudo-first
S e constants for Lai+catal yzed met hdifd/§ARW/08¢379
paraoxon(2.04 x 10-5M at 25 C 5 pH 7.72

N T CAN RNl A e
x 10°M) 288504 pI7. DANImedinBia3Eb ] =4.60Q 184, <264k 03
6. 00E-04 6. 10E-03 8.00E-04 8.46E-03 1.20E-03

1.22E-02 1.60E-03 1.51 E-02 31 WO 2004/080543 -
PCT/ CA2004/ 000379 Table 9 -- Qoserved pseudo-first

order rate cons@sSCe)f mr [ai,, gaidal yzed net hanol ysis
of par aoxen(2—0gh e gE0=SM—at—25 “"'E_cs ptHH8. 23
[ N-net hyimidazole buffer] |= 2 00 X 10-2 M X = 268 nm
La(BSCFB) 3. M, 5 4.|00E- 055%-¥BE-(05 6. 00E- 05
9. 74E- 05| 8. 00&BaEm51. 63E- 04 2. 00&E-064 1.|94E-03
4. 00E- 04 56565 040 00504+ 03 /92 8. 00 E-04
1. 26E- 02
. 4,00E-04 1.58E-03
8.00E-04 3.97E-03
1.60E-03 8.45E-03
3.20E-03 1.70E-02
4.80E-03 2.28E-02

Table 8 -- Observed pseudo-first order rate constants for La®* catalyzed methanolysis of

paraoxon(2.04 x 10°M) at 25 °C; $pH 7.72 [N-methyimidazole buffer] = 1.00 x 102M, A = 268 nm.

La(O3SCF3)s, M Kobs, S

2.00E-05 2.83E-06
8.00E-05 1.18E-04
2.00E-04 8.30E-04
4.00E-04 3.49E-03
6.00E-04 6.10E-03
8.00E-04 8.46E-03
1.20E-03 1.22E-02
1.60E-03 1.51E-02
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1.00 E-03 1.66E-02 1.20E-03 1.98E-02 Table 10 --

(bserved pseudo-first order
cat al yzed net hanol ysi s of paraoxon

RN L)

2. 00E- 04

Table a-@gﬁr@g psesxd@-

PCT/ CA2004/ 000379 Table 11 --

L Tierd

La( O3SCF3) 3i

rate constants for
(2.04 x 10,5M at
H 8. 96 [ N- et hyl nor phol i ne buffer]
= 268 nm
8. 50E- 05 6 00 E— 05 2. 03E- 04.

M kobs,
8.00 E-05 3. 75E-04

La3+

= 2.00 x
s HTHoRIGH00379

ﬁgsd'for%.azg%algz\%d ?Geih%go F304
ofparadxod@ 2 Q30-3)@5Es B2 pHE2 MM B dabsFer] = 2.00 x 10° M A =268 nm.

(bserved pseudo-first

order rate constants for La3+ catal yzed net hanol ysi s
of paraoxon (2.04 x 10-5M at 25 C, 5 pH 10. 34
[triethyth am na_amg,sa*;re,;am— 6 67 %50 3|M X = 268 nm
La( O3SCF3) 3-—M - % : g"'_ 04 6. 00E-05
o 0a b0 EREGE o bY  SeREETE R 03
4. 00E- 04 8| 08E- (R0E®S00 E-D4 1. 1%374E0é2 8.00 E-04
1. 28E-02 00 E&@ﬁos 42E-D2 1.0283E-023 |1. 66E- 02 Tabl e
12 -- Qosepvet—psgdp-ftrst—ordergiggzejconstants for
La 3+ catalyzed net hanol ysls of paraoxgn (2.04 x
10-5M at p5 C, 4995M410. 97| [ tri et¥fr%nilne buffer] =
1.00 x 10-2 M R.eoe288 nm | La( O3SBE3IR3,| M kbs, S
4. 00E- 05 1-60E-Yg5e0s 1.26E-02

1.00E-03 1.66E-02

1.20E-03 1.98E-02

Table 10 -- Observed pseudo-first order rate constants for La* catalyzed methanolysis of paraoxon

(2.04 x 10°°M) at 25 °C; :pH 8.96 [N-ethylmorpholine buffer] =

2.00 x 102 M, A = 268 nm.

La(OsSCFa)s, M Kobs, 8~

4.00E-05 8.50E-05
6.00E-05 2 03E-04
8.00E-05 3.75E-04
2.00E-04 2.70E-03
4.00E-04 8.25E-03
6.00E-04 1.38E-02
8.00E-04 1.76E-02
1.00E-03 2.14E-02
1.20E-03 2.65E-02
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6.00 E-05 3.98E-04 8.00E-05 5.21 E-04 2.00 E-04
3.49E-03 4.00 E-04 5.42E-03 6.00 E-04 6.23E-03 8.00
E--04 7.57E-03 1.00 E-03 8.17E-03 1. ZOF- Oﬁ 9. 15E- 03
As was observed in our earlier studies of the
WX yzed net hanol ysis of esters (I\Ieve‘?CoW/Cfb?t"04/000379
al., 2001) and acetyl im dazole, (Neverov et at 2000
T e e e P st S8 e NS P S e Pl g gggon
(2. Oémgg%ahzﬁéCo}pfhm @Qm&hﬂhlmm&ﬂmﬁbﬁh ae7 notm AL-as nm.
followed by a linear domain at higher concentration of
La3+ Followi ng the approach we have used before,
(Neverov et a/., 2001, Neverov et al., 2000 & Neverov
et a/., 2001) we weasCHﬁs,ll\l‘“ pear EQ&E";’RQ,\ ]:13t hese plots
SRNALS VEOU—o \'A Sara
tpogfa%l()i; won'zmy'bb;ei(z\snnd order rgr;g%lonst ants (k2bs)
for Lai+-cafal yze¥®Wethanol ysis of-53Fa4aoxon at the
various SpH val ue$00Efkese afe tabukas- in Table 13
and graphi cal Ty prggEgsted T Frou$ss3;as a | og k2 bs
VS. SpH p| o which s . seen tao have a _skewed
bel | - shape, | maxi it A5 at  BpH 9.5986H8% |13 -- Observed
second ordef rat €S-t ants| for Latdeoxat al Iyzed .
' onm at{—vari —pH val ues, =
rzrgt g’anal ygl S(GST “IO@@QM z——Sp-5 1RH%BE0% 0.002 5.58
0.11 0.01 | 5.82 %% 0.02[ 6.69"¥%0% .04 7.10 2.4
0.1 7.30 5.6 0.1120E-03 1.66E-02

Table 12 -- Observed pseudo-first order rate constants for La® catalyzed methanolysis of paraoxon

(2.04 x 107 M) at 25 °C; spH 10. 97 [triethylamine buffer] = 1.00 x 102 M, A = 268 nm.

La(03SCF3)s, M Kobs, 87

4.00E-05 1.60E-04
6.00E-05 3.98E-04
8.00E-05 5.21E-04
2.00E-04 3.49E-03
4.00E-04 5.42E-03
6.00E-04 6.23E-03
8.00E-04 7.57E-03
1.00E-03 8.17E-03
1.20E-03 9.15E-03

As was observed in our earlier studies of the La*-catalyzed methanolysis of esters
(Neverov et al., 2001) and acetyl imidazole, (Neverov et al., 2000 & Neverov ef al., 2001)
these plots exhibit two domains, a nonlinear one at low concentration of La® suggestive of a
second order behavior in La*, followed by a linear domain at higher concentration of La®*".
Following the approach we have used before, (Neverov et al., 2001, Neverov et al., 2000 &

Neverov et al., 2001) we use the linear portion of these plots to calculate the observed
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7.72 11.3 0.5 8.23 17.5 0.5 8.96 23.2 0.9 10.34

11.4 0.8 10.97 5.40.4 kZ determ ned from sl ope of

the kobs vs. [La3+]totai plots at higher [La3+] at
Exanple 6. La 3+ Catal yst Species;

“&azg):&g???lgf”retrl es As shown in Figure 3, the rePaFg(?%“?Vo‘mg

of the catalytic species increases with increasing

sfagl e tg indicate the
secomhoiSPL BT e TaaL SRS RY S 3 Sarsog 4 e
variof€ PsH alalue B aPeesefard {éﬁulﬁie@tin A S hisd draghiGy prasbhted in Figure 3
i nvol venent of nore than one species. Since the
as a HYGGAdisof §i% hidk Mh Vededh 3o hdle 4 dewbdBdi-shaba) i@@dizing at
reactions.in the neutral SpH region are sone 1000- to
:PH2800-fol d |l arger than the nethoxide k20CH3, the role
of the netal ionis not to sinply decrease the spkK,
of any bound CH3OH nol ecul es that act as 34 WO
2004/ 080543 PCT/ CA2004/ 000379 nucl eophiles. This
Tableo‘@’,I n(t)t.%e?:vgd ?eégrlrbadrderr %Iteecof*nﬁgntg #aﬁaa@ctaélxzed%ﬂ% 5’% aqqgérg&oﬁ&
Lew s aci source of the nuc
VarlOlE?eiRﬂ Vaepsiiee BRI st i C eval uation of kinetic data
requi res additional information such as the
stoi chionetries and concentrations of various
Lai +-cont ai ni ng species that are forned as a function
of ‘both :pH and p@ncentrat]i on ok T84 "A study| of the
pot enti ongtTi T ERETattonm gf  Lao3ds Wesoer f ormed under
various caaditigns—w-th fhe—eoneeni_pai_i_on_of_
La( 03SCF3)3 from® x 10-3 Mto 3'#9Pd"3 M whjch is
within the concésgration range wi2ee@.0ehe kinetjc plots
of kobs vg—cogggmTationof—tag@toioy thisstudy are
li near. The pntpntinm:frjr tltratlnn data were
successfullly andl'zed with the &t er program
Hyper quadTM (Garmoet al . 1996) 5t6htrmtugh fits to the

di mer nodet—presggtedinguuatigngipshere nagsunes
values of 1-5_to give the varjous st ahi lity
constants |(' Kn) 82Rat are defi ned’PA%quation(2). On
the basis |of the&.9ive conputed 2312ahmgllty constants,

| og s K, _5—=1i:f6,= 00472686087+ —2+52— 0. 09,
34.956 0. a JQ'":% 32 Q1|26 m“c%c%sqtrurt ed {he
speci ati on di agr'&® shown ijn Fi gt % whi ch presents
the distribution of the various [aZ(OCH3)™ forns as a
function of :pH at [La(G3SCF3)3]total =2 x 10-3 M
SK® kSiatermined from slope of the kous vs. [La> "l plots at higher [La*] at each {pH.

Example 6. La* Catalyst Species: Stoichiometries

As shown in Figure 3, the reactivity of the catalytic species increases with increasing
.pH up to ~9.0. This fact seems to indicate the involvement of at least one methoxide,

although the general shape of the plot suggests the catalytic involvement of more than one

species. Since the second order k"™ values for the La**-catalyzed reactions in the neutral

spH region are some 1000- to 2300-fold larger than the methoxide k.°°", the role of the

metal ion is not to simply decrease the ;| pK, of any bound CH;OH molecules that act as
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La3+2(-Ove)n 2La3+ + n M- K, La 34- a3+]2 n Also

i ncluded on Figure 4 as data points () are the k2bs

data for La3+-catalyzed nethanolysis of paraoxon

\V}?izo%h/ @r edom nantly coincide with the SpH distribution

k£ OCH3) 2 but with an indication thatP‘FiT/ﬁ‘h@P“"’O“”

order species such as La3+2(CI:H3)3 and/ or }

%O@g 2( 2) q sonme .acti Vi Y To determ ne the
nucleRER{5s { T SORt5S ¢ ualialp el fae @5@@9@@%3%%5%%&?2@@“ as a
sourtdef thendidecppillea as a | i near conbi nati on of individual

rate constants (equation(3). k2 bs =

( kBetalddasranitid Blakiation dddhett baad tefuffed Bddilon3l information such

2:"[ La3+2( a3+ 3ltota
as ”\Wé‘?]é" ‘?{‘2‘%?[ ?Jéf?.”?e. .’?.‘?“S Qtﬁi?“gi-é Fﬂ%t)a@lé‘%ﬁac'%?@éfrare formed
as arflmcﬁorC@‘rb‘éﬂﬁ’fE}ﬁ ah@EoricBRtrdiBh BRNS Y& bRidy & th® BoteMRRktric tltratlon of
pronoted by’ the various dimeric forns. Gven in la
La™ yegs gedortried ubdertvafipus qoaditionsc withs tharvbsceptratibmons tatsSCFa)s from 1x
102 M bl -3 \Vi 4
8 A g A RS s ve
congeqiefiop ghdearlt Lis Brdnase finsss Hh%@t?@'om@Fﬁé‘trE@ﬂ@}B?rﬁ

succ@@éfﬁlly)éﬁbwged \Mhﬁh@ebr’ﬁé\n@ N%rémﬂggtﬂghlé‘ﬁx g_(gabnlsgeci fls 1th6) through

s § Fle o le! PSR B R P 28simepying of 12 gies the
varldﬁ's;staﬁh%nstaﬁtyl(‘3&2)"?3& afe éé\ﬂneé I éﬁ%gl‘l%éi) MOéﬁhé bﬁs o thdive

comPut@9stability cdibtahts, Togh s 211 66 4 obhoze’-lss 18.08, 27.6> 986, 34356 +
- 51.4 2.8 103.4 17 - 0.9664 a Including all dineric

0.20fand 138.3@x 0k |26, Wea (NS3¢ dthaspediatR ( GEgRNGshoBorp Bigack 4/ahivie
of k22:5 = (-3.4 10.8 -» .. b Conputed wthout the
presPoia ST ARERHIOB P 9 E?QPUE?ITGXE%BTOF’@B A ARG Pkt at he
[La((b MEIRM  ehe 22" ', k224 and k22:5. W have anal yzed
t t|trat|on data to determ ne speciation for a total
La 3+ concentration of 2 x 10-3 Mwhich is in the
general concentration range where the kinetic
behavi or of the nethanol ysis of paraoxon is linearly
dependent ongéencentration of La3+, and thus largely
Laleqiing) | ed hy—dixerig gpeci es op@- Figure 5 are
@ 2Sesenjt"ed kinetic plots for all three speci(és
(La3+2(CI:H3)1 La3+2( OCH3) 2 and La3+2(COCH3) 3) based on
their seccmﬂ,:qn_d%{(ocmaﬁt]ﬁ[L@Eﬂj?gb@ngp for cat al(y)zed
met hanol ysi s of paraoxon their concentratl ons as
u 10 r co ivities as
£ uAleP TR oB5itH b e paia PRRBA AT Helkag deis t9s L5 st
metlﬁHn@fyblls ef §5?Q%n%ldhrb‘?ed$ﬂﬁ%@|y l:élﬁ‘@démltrﬁhguf)ﬁ Fstriddt®n of
conputed line is also presented
La®,(OCHs), but with an indication that higher order species such as La*,(OCH3); and/or

La%,(OCHa)s have some activity. To determine the activities for the various La® *2(OCHjz), we

analyzed the k,°* data as a linear combination of individual rate constants (equation(3).
ke™ = (ko™[La” (OCHs)] + ko™ [La* 2(OCHg)s] + ...
- kg?[La* (OCHs)AM[La®" (OsSCF )l (3)

where k>, k22,...... k22" are the second order rate constants for the methanolysis
of paraoxon promoted by the various dimeric forms. Given in Table 14 are the best-it rate
constants produced by fitting under various assumptions.
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in the plot in Figure 2 of log k2 bs vs. SpH |Included
on Figure 5 as data points (0) are the actual
experi nment al | y-det erm ned val ues which fit on the
% ‘394 profile with remarkable fidelity, stron%
40789 that these three species are resgdniGApo00379
for t he observed activity. At SpH val ues bel ow 9, the

roe e TRk BN B 5 P i
the mgipenolyais meamom asiopOeHB)Yits of He'Gligle i Fabie 13 to equatlon(S
[La(ossOrsklde e akinohmof=25f@ kobs vs. concentration of La 3+

kinetics and a detailed analysis of the
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therwadm@h%tﬂlepfuplmqnWr k&* andtke3t i on” data that one
can satisfactorily explain the kinetic behavior of
conpl ex m xtures having several SpH dependent forns.

Thivay@he §na§ﬁz@6 v tﬂf tige biath 'tcﬁdieté?ﬁﬁn%@pb&%rf ﬂoPa ¥dtél Lg¢ions
of the

Sy stemin met hanol
CO“@F%PB@ ok 19] ?18‘ \p(hlmells.l%@e@pn%tqqgmrygqryaage Wa?raéﬁé‘g?’i'eég
behavick BNGé h@thafblysib af &ra@@ﬁmmbafﬁde@anmdon ctdentrdtioR86La*>, and

t nat
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three segley §tas ", (ACHRJ-OTH3Y QCHE); dnddadp( @S &RJ based arctheir sscohd arder

e B 5 T PR 3t g

functia2¢f QpH3) Mheiricoimbme razptivted as trfuration ef Gt give the pedditadylog k,*
bri dged dinmer) between SpH 9 and 11 (nmaxi num

vs. pbhprefit shewoas bk dagiss lae oSfilduteds. . Thebwmputed:lipe & alfd r8segnted
of about 2 x 10- 4 M t hese speci es form spont aneously

in lh? R108 B Figure A oliee et tvsainH rledrsd oneraure Bes da@dwints (¥) are the
actual &ger?ﬁ@teﬂg de{t}e%me vglggs \% LI’Iu ﬁtmﬁltl’rfler ?ci%?)ﬁu(feedq p}ngfﬂé w‘%ﬁ re@arléar?le

1S esse
fldelmh atrongly irdicating et dhese thaes $pecigs are\/respfqmsnb@ fartbe observed activity.

A e RO Cha ch eeninen B pbataefie g
whllgggég{d’l'ogr]f Goove: @le%g%lr}ahﬁzacﬁ‘(e ol t'ﬁ%ﬁ# S;?S of or the

rat e cons
par aoxon catalyzed by the bis-nethoxy d| er and the
t r iTBropgh link gorgideration ebibe bi-i wee bgncemteddio o Uy* kinetics and a

detailed analysis of the potentiometric titration data for La* in methanol, we have
determined that the dominant species in solution are dimers of the general formuia
La,(OCHs), where n = 1-5, and three of these dimers, La*',(OCHz);, La*,(OCH3), and
La®,(OCHs)s, account for all the catalytic activity with La**,(OCHs), being the most important

form at ;pH< 9.
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k2bs = k222[ La3+2( OCH3hl + k22: 3[ La3+2(OCH3)3) (4) The
net effect of this is that a solution containing 2 x
10-3 Mof La(Orf)3, generating 1 x 10-3 M of total
dieter, will catalyze the nethanol ysis of paraoxon -
QR 10AY88994 val ues of 30s, 20s, 15s and 30s HCT/CA2004/000379
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~80%fat ¢ H108 195 tan@ Na O CH.L)$ WD A Broposed BxicliR] MERIMBALRRIGed Bfher)

Lai +, given the well-known coordinating ability of
betwieen &hH PlanpHogphdines doncdnaatidneot ~28% % { pie 30)metbale b el [La*] of

and actinide series metal ions, a first step probabl
aboyt 2010/ 4 thesssREER: form spritansauYly ingolution without any requirement for
addddIRaAds 66 tHabidtHs millikdtid)cdhcenG iRl réXge, Sinfd¢ ®rinktidrSis essentially
comﬁl@{ei kely that the bridged nethoxy i1s sufficiently

uclT eophilic to attack the coordi nated phosphate, in

th'%apro osed nechanism one of the Lai,+- OCH3-La3+

br PGB! WE&REW 5 Gogteanily activp fRIM atder df et ePndLLa%+(OCHz)
we dafid3livedlkingtR xpreBsion @eﬁﬂét&nﬁ)ﬁhfﬁcﬁ?ﬁ@sdﬁa@@& efk,2phosphateand

,sWhi ch then _pndergoes i ntranol ecul ar _nucl eophi Ii c
k™" d @5 M o1 FPofie §eg9pd gJdst fate prngtantstiprangfhanolysis st eaweyon
cataly@éy byn@e Blsatigthotyafime At Ps-nfetioRg enel AdsBEcthvEQ TN 14),
final product by a sinple deprotonation of one of the

meg hanql = gb:, /ot 1 propdslhgg9ci ati on of e
phggphgét e[L%pr(?gilﬂ_}é?'f ?%t[%qf%?%l& Exanpl eug.

M . LySi Qs di - Spe .
\ SHERSHESOUEL ISR A 2 16! I LS, gerrt 1
x 10RiMeft tbiebdimat wilvRtaze diveemethandysistif patapkorviph ti valegshd 89, 20s,

h h t hi ol at [ i at el
155 PSR S gt st w7 ek g 2 B e sy
s g i ' ' A1 ) _
ot £l 0L 80 T s
10" s O dore peindiidpla tipdfeb4 years, so that the acceleration afforded by the La®*

catalyst is some two billion-fold at that; pH.

Example 7. La* Catalysis: Proposed Mechanism

We have shown above that La®* in methanol is a remarkably effective catalyst for the
decomposition of paraoxon and that there are three forms of dimeric species which have

maximal activities at different :pH values. Of these, the highest activity is attributed to
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phosphat e and 5- nercapt o-2-ni trobenzene. A detailed
reaction schene is given in Schene 2 and reaction
condi_ti ons are detailed below. Schenme 2. 0 11 EtO-1
- S NOR (OCH3)- \ / CH30H, 25C Okt
WP 4P q4t"hyl S- p- ni t rophenyl phosphot hi oate T/ §7§04/000379
J-CI:I—B + HS NOZ | -<D Ot Met hyl di et hyl phosphat e
. 2-Mercapt o- 2-ni trobenzene 38 WO 2004/ 080543
La P@@H@Agwavrmowgﬁe%e'wnghme%fa' alrHh yRFILREYRR AR GNd 812
nt tenperature_was ded N eth Irmrphollne(638
(neufel dpBLly MGy 214 RGE FIRTBANI ¢ HOPTSeH RASENG ey

Laa+2@ob}+6)2 SR 4 aéynetrkteﬁbédgeahmté?t ptbmBidk ir%rm&tﬂmtsrabb%x%n

solution. The neasured "
Althqygh pape @quuakqbsow Uvﬁs nasgs predies SRowR Sl behBpTBgicaiiyg of
form&tioA dTk s€reht airﬁ}iI@deWédhmfdoxmand p4Pt @flef tie Wal- K]'fown
coorR R8BI RD PieRn Rop i B e Ra e Cpt e 44igig teres
metahtonS, fs39empnbablohvobies igndiR fameatigrsofs {paramﬁoﬂ.J_a3+z ("OCHg)2}
/

com&lak %uﬂ%en@&ﬂ@ndég%?ﬁ% %@E r%% g'i? ﬁgicle%ﬂ?&} ﬂ?({éﬁﬁl‘?f{boéttack the
cooreﬂngtg@|pb@w@atfeln4hw0m@dm@ewy%ﬂ ianesbthe Laf LO%*r*a-ba Ebnigges
operisQd kéﬁhl@élr@%b&ﬁdmé@ {l@ﬁcﬂ)Cﬁ/gaﬁfabé}ﬂ to é\t_e\hlg la8idR8bRinated

concentr at ons q
phoslgﬂ Fy?%:&@ fgé:es @trimMeRpI%rt Wi’éﬁ%t%dfhﬁ@ fo I@WB%X ejection of
the soittophano®t Ibmgj@om L0 @I98,),N rdgalérBiSEirdinhe Mt p&BE?ct by a
snmpl M% %{?r‘? t{o}‘i' one er}ﬁgh%lg)cﬁ’ Ivg‘ﬁotnearnda ssoé ;.thg) th? the [:n]%sphate

cate conpl'e sappearance 0
prOdphtoéﬁj@bP(Q @Qbisate signal and the appearance of a new
signal at 8 3.57 ppm attributable to diethyl nethyl

phosphate in the presence of 0.0098 M La3+ The
absorbance of a 0.5 nL solution of nethanol containing

Exaﬁhplﬂ\é an"*@b(t édzMet]qaﬁMys@fof [3.&F aneiyd.s-g- 5 MM of NaOCH3
“"'W%PMWE@%%%HB&‘E?& e

a function of tine. The reaction
O,0- diethyl-S-p-nitrophenyl phosphorothiolate, when placed in an appropriately

buffered methanol salution containing La* and "OCHj; ions held in the *pH region between

7 and 11, underwent rapid methanaolysis at ambient temperature to produce diethyl methyl
phosphate and 5-mercapto-2-nitrobenzene. A detailed reaction scheme is given in Scheme
2 and reaction conditions are detailed below.

Scheme 2.

ﬁ
n+ -
El0——P——8 NO, M™ (OCHy) -
| CH3OH, 25°C

OFEt

0,0'-diethyi-S-p-nitrophenylphosphothioate

|C|)
EtO—T—OCH3 + HS@—NOZ
OEt

Methyldiethylphosphate 5-Mercapto-2-nitrobenzene
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exhibited first order kinetics wth kobs = 4.3 x
10-2S-1 (t112 = 16 sec) corresponding to a 8.3 X
107-fol d accel erati on over the background reaction at
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I nactive dimers can be reduc I NCreasl ng

exh'PF@ fgsterdes kinpticsrdbrkon T 41 X @%n%i @vzﬁe%&miﬁ COrEREPRIAing to a 4.1 x
-Wb@%t&ﬁ%ﬁ% lgjécﬂgrtol.nq cHUfERGE : fy-gepgl [ 12] aneN3) in

cases e over IVI ty*“of the catalytic
systemincreases. In the case of |igand di Mephen, the
dimerization is definitely reduced but the binding to
the nmetal ion is not as strong as in the case of phen

Exaowle §.12§°&GetibizeviMathameysis of Wit AtRrepketiccExcomgef r ee

Zn2+ in solution under the concentrations and pH

I egb @00 Wt anettmomababwsz 58 &L@cmlmlmdkph@mész.e ) &e®sEmL
of 1%]2#?{%};@1“? EW\Q hé ?qg%nﬁers oncentra{' tortlje‘l MaFé’ !h}/ssslo?uti(_o)rﬁ is added

1.29 g of La(O3SCF3); and 4 mL of a 0.5 M solution of NaOCHa in methano!.

To the above solution is added 2 g of VX (8.33 x 10° moles, 0.041 M) and the
solution is allowed to stand at ambient temperature for 15 minutes. It is expected that

analysis of the resulting solution would indicate substantiailly complete disappearance of VX,
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where M2+ is a transition netal ion, nost preferably .
Zn2+ or Cue+. In a preferred enbodinent a ligand is
present, preferably a bidentate or tridentate Iigand
m)st referably [1 2]aneN3 for Cu2+ and di I\/le(p
wa» Eﬁgﬁéfor Zn2+. Schene 3 SO / _ Il IK/@A@O"‘“OO"””
H3CO0- i CH30H, 25C OCH3 CH3 Fenltrothl on S

I—BCOII-OCI—B + HS NOZ OCH3 Phosphorothioic acid, CH3

0, 0, O- trimsthyl ester p-Ni trophenol As seen in Figures

6 and 7. Cu2+: (-OCH3) at 25 C either alone or in the
Exaplestdn M"-Gptalyrgd\Nsthannlysisabaenitethiam2004/ 000379

equi nol ar [ 12] aneN3, bpy or phen shows both great

caf'be gativity eftifis systgm mal bs reciabed by gddingnequimolatamdans of bi- or
tri- dgﬁétéW&én‘dé’%con@@@irﬁﬂﬁdﬂam&lm{@lgbmgnﬂﬂﬁﬁ6@{;{ OCH3)2 in

characCteristics of

solufi¢hy §Pe afiemsstéiad kfpingsathmethpees aykthe ag%nd;tpihen éiy\é@@ﬁn and
[1214reN, P acdﬁpec‘foﬁ gisthe }[Metté1 ondYn& @51 HE }filﬁ”k d&H,) with no added

mat Chi ng t he / soft caracterls’tlcs
ligarsiLdvait{Z et E: (@0, )} eren figdnal(L)iio presetita methé cageadf@hamiiband,

' decr%gé r?gctbé é' g{)%ne?@%lo?gdggg Eé)(tg;Yngn{ tﬁiw?r%n%t &ﬂg{é@%%mers since the

bulkmtﬂemqsrgaé ishovfprésanhasban a(rQICFFFé;rﬁnf Lbwhiclois rth eatalytically active,
but 8% SRABHR ﬁ/ﬁh af aPReaR RS ffcfrﬁ\n 'JHé ‘b“(fzﬂeﬂ%_[y\f’i@ Zc?rm the latter

i nvesti gat ed as a function o

lnacmctrlngr&)cgn PR redveedpither By inorsagingthe sigri 'Céﬂt@ﬁét'o”dl'gq”ﬁ di\igphen)

or b bi@@ﬂg @wwcfoorcﬁﬁaﬂblﬁfﬁhmberqmﬁ@ [ﬁZﬂa’i{eNQbﬂn Qhichicesgidne ?\ﬁsl'r\ﬁrhctlwty
en ta ires e

of g BB B MGHEASSA, B TS GrBn e TiePRer 4% SBtrAier B

definfelyaediedd bﬁia&blﬁ]ilng tdihe inatad ion is not as strong as in the case of phen or

[12]aneNs, which means that there is some free Zn®" in solution under the concentrations

and ;pH region where the catalyst is active.

A reaction scheme is given below (Scheme 3) for the methanolysis of fenitrothion
where M*" is a transition metal ion, most preferably Zn?* or Cu®*. In a preferred embodiment

a ligand is present, preferably a bidentate or tridentate ligand, most preferably [12]aneN; for
Cu® and diMephen or [12]aneN; for Zn?.

Scheme 3
S
H L:M2* ({OCHs)
HaCO—P——0 NO,
| CH30OH, 25°C
OCHg
CH; .
Fenitrothion
HyCO——P——0CH, + HS NO,
OCH,

Phosphorothioic acid, CHy

0,0,0-trimethyl ester p-Nitrophenol

As seen in Figures 6 and 7, Cu®:(OCHs) at 25 °C either alone or in the presence of
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constants (kbs) “for met hanol ysis wth ZnZ+ alone or in
the presence of equi nolar phen or di Mephen, maxim ze
at different ["OCH3]/[Zn2+]ttal ratios of 0.3, 0.5 and

ctively. Plots of kobs vs. [ZnZ+]t
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di Mephen at the ["OCH3]/[Zn2+]ttai ratios
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par aoxon (Figure 9B)

Example 12. Zn*'-Catalyzed Methanolysis of Paraoxon and Fenitrothion and p-
nitrophenyl acetate

A second set of methanolysis experiments was performed with three substrates,

namely paraoxon, fenitrothion and p-nitrophenyl acetate, as a function of total added
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catal yzed by Zn2+al one and in the presence of |igands
phen and di Mephen where the ratio of
[(-OCH3)]/[Zn2+]tota, is kept at a constant value
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8 M2+ '
. kcbs ={ kadis (\/1+ [ ]m%dis _1)/4+1(backgm\md } (6)

Example 13. Zn*-Catalyst Stoichiometry

Potentiometric titration of Zn(OTT¥), solutions of varying concentrations (0.5-2 mM)
in anhydrous methanol were performed in the absence and presence of equimolar
amounts of ligands phen, diMephen and [12]aneNs; in order to determine the speciation of
the Zn*" jons under conditions similar to those of the kinetic experiments.

Independent titrations of 1 mM solutions of each ligand were performed and the
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schemes were attenpted and the final adopted ones were
sel ected based on goodness of fit to the titration
profiles along with due consideration of the various
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[12]aneN; ligand and 0.5 mM NaOCHj; generates a pH of 9.3 and methanolysis of

paraoxon is accelerated 1.7 x 10°-fold.

Unlike the dimeric form of La®*, which are effective for methanolyzing paraoxon,
dimeric forms of Zn** are not as effective as its monomers.
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Example 15. Zn**-Catalyzed Methanolysis of Paraoxon: NMR Studies of Catalytic
Turnover

A®" P NMR experiment was performed to determine a turnover rate for the
methanolysis of paraoxon using Zn**:diMephen: OCHs,
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meg't% EFH%S 4g 0 pe-p% @% feysetatgzed methanolysis of paraoxon vs.
[Z0*Tiotal (see Figure 14B) follows the square root dependence of equation (6) that
corresponds to the process presented in equation (5) with the derived kinetic
parameters being given in Table 16. The same general phenomenon is seen with
ligand diMephen although its binding to Zn®" is weaker than phen (as is known to be

the case in water) such that at any given *pH, only about 85% of the Zn2* is bound

to diMephen.
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Table 15 -- Formation constants for various species
determ ned by potentionetric titration. Log S K Log S
K Log s K EquilibriumlL phen L di Mephen L
{ [L-H]/[L][H] 5.63 6.43 14.92
WM ‘%?’rﬁ][zm 10 4.25 10.11 [Zn2L2( Owe) 2] / FEF/Gr2p/ 00037
[Ove] 36.33 28.05 [ZnL(CNb)Z]/[L][Zn ][ Owve] 20.58
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far mnoner__defi as in
€ non- appli cabl e since ¥Hére is
no observable dinerization under the specific
conditions. b Based on NLLSQ fits of kobs vs.
Tabl%%" KhiRLa

KRR BB 1Bl Rk pon ang reramspo sty zein

the dbbdnSe &Hd p@@&e‘éﬂtgarﬁd@@%‘n BilvesHen t 4 akn Bl B s cequat i on( 6)
at [nmethoxide]/[ Zn2+]t ratio of 0.5 d Based on

linear fits of Kobs vs. [Zn2+:phen] total data to
equation(6) at [nethoxide]/[ Zn2+]t ratio
Paraoxon Fenitrothion
Catalyst ) A e SRR
atalys K. (MM) |k (M min ) K (M min )
"OCH;,3 - 0.66 0.043 % 0.001
zn? <0.005 72.5£1.5 11.2+0.4
{zn®phen) <0.005 |124%25 19.0+0.6
d
{Zn®":phen:2( OCHs)} - 205+ 0.7 2.7+0.1
Zn?":diMephen 0602 | 1011 48007
2+ T
Zn :[12]aneNz:(OCHjg) - 508+ 0.8 29+041
3+
{2La :2(OCHg)} . 2830 & 140 No catalysis

Dimer dissociation constant (Kys) and conditional second order rate constant (k) for
monomer defined as in equation(5); “-" means non-applicable since there is no observable
dimerization under the specific conditions.

Based on NLLSQ fits of koys Vs. [Zn*")a data to equation(6) at [methoxide]/[Zn*" o ratio of
0.3

Based on NLLSQ fits of K vs. [Zn":phen] i data to equation(6) at [methoxide]/[ Zn'];
ratio of 0.5

Based on linear fits of Kgys vs. [Zn° ‘phen] i data to equation(6) at [methoxide]/[ Zn? "\ ratio
of 2.0

Based on NLLSQ fits of Ky vs. [Zn®":diMephen] 1 data to equation(6) at [methoxide)/[
Zn? ],ma. ratio of 1.0
Based on linear fits of Koys vs. [Zn**:[12]aneNa:(OCH,)) data at [methoxide] = [Zn*] i =
[[12]aneNa,].

From reference Tsang et al., 2003
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no free |igand in sol
ioni zation of the conplex Zn2+:[12]aneN3: HOCH3 is
9.1. The kobs vs. [Zn2+]tota, plot shown in Figure 13A
is a straight Iline consistent with
Exaple2hr. CuZ}Gataliad MEEER)IYsib & Parddion anliiFemineatiahyst and
Kin %ﬁ ant form E2aanpla 17. Cu2+-Catal yzed
Ano ysi s of Paraoxon and Fenitrothion: Kinetic
g es In the absence of netal ions, uncatalyzed
P

kTN RRPHBXR RS HNG3aEBS GHAGKS! BisHioxide g pRiReXon is some
15 tifnas faster tHaarondenitrathibd, roat i iteepreSeHce ionalt {@@F*E{’fﬁiﬁ%ﬂ%?eélés are

morfbech 4B/ e R RIS, RSB b oSy
selegtiyidy parhmeteygiven in Table 18 which compares the relative reactivity of the metal-
coordinated methoxide reaction relative to free methoxide attack for P=S and P=0O
substrates. Relative Selectivity parameters clearly correlate with the hard/soft properties of
the metal ion. The “hard” ion La®* exhibits exclusive selectivity for the P=0 substrate
(relative selectivity parameter ~0), while the softer Zn®* ion shows almost equal affinity for
P=0 and P=S substrates (relative selectivity parameter ~1). Of the three ions, Cu®* is
softest, and exhibits very high selectivities for the P=S substrates with relative selectivity
parameter values from ~55-340 with the highest values exhibited in the case of the aromatic
ligands. The best combination of selectivity and overall high catalytic activity is achieved
with {[12]aneN;:Cu?":(‘OCH,)} perhaps due to reduced dimerization. All the Cu?**-catalyzed
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2 Dimer dissociation constant (Kqs) and conditional second order rate constant (k) for

reaction with monomer defined as in text. *

” means non-applicable since there is no

observable dimerization under the specific condmons The Ky, of <0.005 indicates very
strong dimerization and is quoted as an upper limit based on an iterative fitting procedure
WhICh provided the lowest standard deviations.
Defmed as (k / kOCHa)femtrolhxon / (k /kOCHa) paraoxon
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As shown in Figures 6 and 7 the overall behaviour portrayed in the kg vs. [Cu?*]
plots falls into two categories depending on the nature of the ligand employed. In the
absence of any ligand, or in the presence of equimolar bpy or phen, the Figure 6 plots are.
non-linear and indicative of a square-root dependence which can be fit via a standard Non-
Linear Least Squares (NLLSQ) treatment to equation (6) derived on the following

assumptions: all the ligand is bound to Cu®*; an active (rate constant km) mononuclear

-

species {Cu"*:L:('OCHs)} is in rapid equilibrium (dissociation constant Kgs) with an inactive
dimer (equation4) and. Kbackground 1S Negligible since it is undetectable. How good the fit of the

lines is may be seen by examining the computed lines through the Figure 6 data and the

best fit constants are given in Table 18. Also in Table 18 are the measured .PH .values over

the entire [Cu®*] range under the self-buffering conditions which deviate by an acceptable 0.2
or less units. In the case of paraoxon, the catalyzed reactions were sufflc:IentIy slow that we
have placed upper limits on the rate and equilibrium constants.

A system comprising 2 mM Cu(OTf),, along with 0.5 equationof N(Bu),OCH; and 1
equivalent of [12]aneN; catalyzes the methanolysis of fenitrothion with a t4o of ~68 sec
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condi tions of excess Cu(Olf)2 (0.2 to 5.0 x 10-3 M.
All reactions were followed to at |least three half
times and found to exhibit good pseudo-first order
rate behavior and the first order rate constants

WAAIBYPRer e eval uated by fitting the Abs. SPCT(?"H'E"“’OO"”S’
traces to a standard exponential nodel. The kinetics

sl 4 1 SRS BD P Bh AL Bl BRI
reacfialat/aCiedrhe UeHSH 68 73) 1AL $ydtehiiPie GBB@Mtr#bdnbf chtdRAdSin
[12] aneN3, bpy and phen, these were added in anounts

exceé%{BYQFHIWC?’WEIE'Q'@O’[@MM'WM at. Under these conditions
t he observed SpH val ues correspond to the apparent
SpK turgeMen exdegiment wikfi M’sﬂrajﬂimefxced'seof{caa%t was( ddakirddgd using 0.4

Sy (o .
mM tgaléﬁn l)’ EI‘OQ% %‘\%é n}%la?g%%a;gﬁo%’ilosdpgr Lr]é;];re] ?En + Ur es
methagolysigpf2mM fepitgtkion was moniipred WI\HV/(Y&taé@'cﬂ%e@Qi l l wa 410

turnéverstrBiativeab Wiadilie thrglybti (2Rt P PX85eN,!( ’@Ctlﬂﬁ wntﬁ?ﬁslgﬁ Ffin.
of any ligand, or in the ‘presence of equi no bpy or

phﬁlﬂwou?t‘i‘ﬁmﬁh t|8n R Rkatsd W@e&axnf?% dlje{‘erﬂgr%re t@@l%ferred epodiments
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{Cu2+: L ("OCH3)} is in rapid equilibrium(dissociation
constant Kd;s) wth an inactive diner (equationd)
and. kbackground is negligible since it is
undet ect abl e. How good the fit of the Ilines is may be
seen by exam ning the conputed |ines through the
Figure 6 data and the best fit constants are given in
Table 18. Also in Table 18 are the nmeasured S pH
val ues over the entire [Cu2+] range under the
self-buffering conditions which deviate by an
acceptable 0.2 or less units. In the case of
par aoxon, the catal yzed reactions were sufficiently
slow that we have placed upper limts on the rate and
equi | i brium constants. A system conprising 2 mv
Cu(Orf)2, along with 0.5 equati onof N(Bu)40CH3 and 1
equi val ent of [12] aneN3 catal yzes the nethanol ysi.s of
fenitrothion with a tv2 of -58 sec 50 WD 2004/ 080543
PCT/ CA2004/ 000379 accounting for a 1.7 x 109-fold
acceleration of the reaction relative to the
background reaction at a near neutral 'pH of 8.75. In
this systemthe concentration of catalyst is in
excess over the concentration of fentrothion. A
turnover experinent with substrate in excess of
catal yst was conducted using 0.4 nmM Cu(OTf)2 al ong
‘Wi th equinolar [12] aneN3 and 0.5 equati onof NBu4OCH3.
The nethanol ysis of 2mM fenitrothion was nonitored by
UW/vis at T = 25.0 C and showed 10 turnovers relative
to the active catalyst (0.2 nM Cu2+:[12] aneN3: (" OCH3))
within 100 m n.
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Al 't hough this invention is described in detail with
reference to preferred enbodi nents thereof, these
enbodi nents are offered to illustrate but not to limt
the invention. It is possible to make ot her _
VN0t s that enploy the principles of tHRET/CA2004/000379
invention and that fall wthin its spirit and scope
as defined by the clains appended hereto. 51 WO
REFERENGES0543 PCT/ CA2004/ 000379 REFERENCES Bosch, E.;
Rived, F.; Roses, M,; Sales, J., "Hammett-Taft and
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S . "Catalysis of the Nethanol ysi Acetyl I'm
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2001(b), 79, 1704.

Neverov, A. A.; Montoya-Pelaez, P.J.; Brown, R. S., “Catalysis of the Methanolysis of
Activated Amides by Divalent and Trivalent Metal lons. The Effect of Zn*, Co%, and La* on
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2001(b), 79, 1704. Neverov, A A.; Montoya-Pel aez,

P.J.; Brown, R S., "Catalysis of the Methanol ysis of
Activated Am des by Divalent and Trival ent Metal |ons.
The Effect of zZn2+, Coe+, and La3+ on 52 WO
WOMFBEBA3 PCT/ CA2004/ 000379 t he Met hanol yR§EHC#004/000379
Acetyl m dazole and Its (NH3)5Co01 Conplex J. Am

| :hjh@ﬂbnﬁ%% of Al idazoel g s T BN E T Bt BOS 8 M. 2001(0),

Pged Acids in Methyl Alcohol. The Acid Strength
Resol ution" AnaL Chim Acta 1998, 374, 309. Tsang, J.;

Rl\mg\,élr BosetsAM &oscl”BlEJ,\/(D;ssﬁéuatnSr Condtahtk bf)rgelﬁ@l dnd Charged Acu(jjs in
ol ysi s ar aoxon
Me‘ﬁ%@ﬁ g@ﬁdi:l?_f *I'@@A&E SﬁljtaﬁgaM%te g}lghonxfﬂnalcﬂ&/m Agi5:1998 374, 3q_§25

;. Szafraniec, L. L.
Tsé@go % Neyeq %1 S: dBllhlg‘n-Folgm?lerap\on of the Methanolys;s of
anqné%ggpnmdd,yy_g QTfsfin NethaeolAgettt. ORémasac.\vdg] 125, 7602,
Conmpounds and Rel ated Nucl eophilic Reactlons J.

Ya@hefnC..Seng, FPer: Biafrahicans. L. %elaaéﬁ w6P7BunBRSL. A ki

Per%)ﬁ% glg:g %oﬁiéég qyi(gar}ldg‘god@L%/iqu%%}an@gﬁa%cmmleophmc

Reﬁﬁpﬁ%d’Pb@ﬂd@mbﬁpmgnﬁgna@1eeg&nwphosphorus conpound,
conprising: subjecting said organophosphorus conpound
Yang Yal. dCoahiod!Dritskificeisil df NereMg@nt \?)U’k)%'c [ﬁlli’éls, 1999, 32, 100-
11410n- aqueous nedi um conpri si ng non-ra oac I've neta
lons selected fromthe group consisting of |anthanide
series netal ions, transition netal ions, and
conbinati ons thereof, and al koxi de ions, t he al koxi de
ions being present in a range froma trace anount to a
metal ion:al koxide ion ratio of about 1:2; wherein,
t hrough sai d al cohol ysis reaction, said
or ganophosphorus conpound is deconposed; and wherein
sai d organophosphorus conmpound has the foll ow ng
formula (10): J 11 X-P-Z



I G (10) where: Jis Oor S; X, G Z are the sane or

different and are selected fromthe group consisting

of Q OQ QA OA F d, Br, I, @ SQ SA and C=N, Q

IS a substituted or unsubstituted branched,

straight-chain or cyclic alkyl group having 1- 1 g

carbon atons; and Ais a substituted or unsubstit PER WISE

gm ety selected fromthe group consisting of phenyl,
enyI benzyl, pyridyl, naphthyl, polynuclear

aromati c, and ar orrati c and non- ar orrati c heterocyclic;

wher ej n,, |

wher ejll n sal ?Sgg{&ot g%f@ah%@ I?Sru q"on%()ﬁﬁ& cgﬁ‘g"%g

consi g{bnqq:gngﬁal@r,gamphowhoms comppmg to ﬁptamg@y&sqeactlon |n a

ﬂbﬁ%ﬂﬁélly nbhdaqGedul %é\dﬂjnkéfdmprﬁﬁwnon ~RidRActiveRétal isideldcted from the

) am no arylamno (NHA), .
GRS PRSP s AR OB b Ay aiR e 284 cormbinations
mbnebf,‘landalamddembganophosphorous compound is Tabun (&A).
2. Th t
ol ut FBARPESE oo oEBT B S HrBeBoh fectias
iphrelkgxideljon catiosif @boutd - 20f net hanol , substit ut ed and
unsu b\ﬁﬁérEIHt ﬁﬂ)ugﬂ S&BQI%%WS%Erea&foh”@id’ org§r?db‘ﬁa%'6%s%ﬁxpound is
tertiary al cohol al koxyal kanol , am noal kanol ,
desapPAsRd: 8Rd thereof 3. The method of claim1 or 2
wher ewRersinisdidBeghnephdsphérle EoriSutint iha€ thedollddihyg formula (10):
i nhi bitory buffering agent. 4. The nethod of claim 3,
wherein said buffering agent is selected fromthe
group consisting of anilines, N-alkylanilines,
N, N-di al kyl ani I'i nes, N-al kyl gorphol i nes, N
al kyl'i m dazol es, 2, 6-dial kyl gyri di nes, prinary,
secondary and terti ary anf ne% Zrial kyI am nes, and
conbi nations thereof. 5. Thelnethod of any one of
claims 1 to 4, wherein said fediumis a sol ution
further conprising a solvent selected fromthe %roup
consi sting of nethanol, ethanol, n- propanol,
I SO- pwReaNol , n-butanol, 2-butanol, nethoxyethanol,
and c?gbé graé_i ons thereof.
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X, G, Z are the same or different and are selected from the group consisting of Q,
0Q, QA, OA, F, CI, Br, I, QS, SQ, SA and C=N;

Q is a substituted or unsubstituted branched, straight-chain or cyclic alkyl group
having 1-100 carbon atoms; and

A is a substituted or unsubstituted moiety selected from the group consisting of
phenyl, biphenyl, benzyl, pyridyl, naphthyl, polynuclear aromatic, and aromatic and non-
aromatic heterocyclic;

wherein, when X, G, Z are the same, X, G, Zare not Q; .

wherein said substituents are selected from the group consisting of Cl, Br, |, F,
nitro, nitroso, Q, alkenyl, OQ, carboxyalkyl, acyl, SO;H, SO;Q, S=0(Q), S(=0),Q, amino,
alkylamino (NHQ), arylamino (NHA), alkylarylamino, dialkylamino and diarylamino; or

wherein said organophosphorous compound is Tabun (GA).

2. The method of claim 1, wherein said medium is a solution further comprising a
solvent selected from the group consisting of methanol, substituted and unsubstituted
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6. The method of claim5, wherein said solution

further conprises a solvent selected fromthe group
consisting of nitrites, esters, ketones, am nes,

ethers, hydrocarbons, substituted hydrocarbons, LLOYDWISE
unsubstituted hydrocarbons, chlorinated hydrocarbons,

and conbinations thereof. 7. The nethod of any one of

gy Sebatdn apa REE FolilS Abiang! sDincg ket ardpombinations

tBeredhe net hod of any one of clainms 1 to 6, wherein the
netal i ' t : }
10 151 st df e of Zuinbreih Safh B ¥R BB AR Hor
imhipigong buffefiia eem- t he netal ion:al koxide ion ratio is
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e of an

RBRT Tenh ) Sl e S B G nlins el oRpPRelfEs A
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xval I kanol. 11. The nethod of an
h((ﬁ %F}' lgaar?]g CO%B%at'%%ntﬁé\%géefr ein said netal ions are Y
sel ech.edhefmaiina d@nyerrigf cims i 41 4.rvdregsfin baigh riediinde a solution
ﬁﬁﬁér%%nﬁﬁ& ﬁé aisOént s@l@@t@@ fromﬁlli%r’oﬂb‘@&nsﬁﬁll\d é\‘%éfﬂ&no? letHanol, n-

ni cke ytt¥ium scandiumions; and nbi nat 1 ons
f?rﬁé"f‘"@bf’so Rropanph 8-GuanRb 4- b&fanahwegﬁéy%ﬂa“& anghgombipadiony thereof.
wher eg.n T$1@M¢bﬂﬁ6ﬁcﬂblairﬁ> BSwthfr@n saiie6litish fuﬁlﬁé?lifbhggse@rafsﬁégent
con + + c3+
ﬁ-g%cieds ftlr_ %e q@g&_ onm@g of ’n§H%s+ eétg[?séetbrﬁsgrmm%:?jrﬁermg +
iWaiBocartdans, subdtit@ed h?ﬁn&ee,rbcmsd.:rrsobdmtum hydreeatboes, @bforindt@d

n)@f ﬁlgﬁ;olagdang oﬁ,grﬁagé}ﬁtﬁér (gfl ains 1 to 12, wherein said

I ons are series nmetal ions. 14. The
met ho@ dihedeihas of 3ny apreefciaims A itqib.| vhereia thedeetaldon:alikoxide ion ratio

.makadge%naéb%uﬁﬁb@ﬂ&&oouﬁQmthe ar oup conSI stl ng of
Ce3+, Laj +, n3+, Eu3+, aDg/

Ho3+, 8Erbe meﬁ?ﬁ§’+°f a% S’-le °fé’|‘ﬂff“%6r‘ﬂﬁ Hﬂlef%'hg‘et’??é?'é%
is i QY Ringe $iom sblout 0@ torebduod.20f any one of cI ains 1to

12, [ h

gr oug@ggﬁéh t%odofgﬁy% é_focna?(BQ 5_?0 é’te E&Eﬁg %g@nltgq_glkoxn%e ion
wortsi lnatramsfrqrmew@ﬂ 1 ta gbourpid Svet hod of any one of

Cl ai My Irhenekifod HIRY §h@oﬁ?d|ﬂs Flr% @lengiﬁ s& FhedRBiE bRfared by

fromthe group consistin S nd
CUPRINAG P MR SelhRRdyt a"“?ﬁ‘?“g S‘PH é"tﬂé 88kl ope °Eﬁ19°*8h &lkgyyalkanol and

shmbaRarblt 0 14, wherein said netal ion is La 3+ 18

The h@d of, any. _one of_ cl ai ai d

or gan L pc&@é’f any one of claims 1 1o %erelri samgme%ll lons are selected
from the group conS|st|ng of lanthanide series metal ions, copper, platinum, palladium, zinc,

e ion ratio

nickel, yttrium, scandium ions, and combinations thereof.

12. The method of any one of claims 1 to 11, wherein said metal ions are selected
from the group consisting of Cu?*, Co®*, Pt*, Pd*, Zn%, Y*, Sc¢*, ce*, La*, Pr**, Nd**,
sm*, Eu*, Gd*, Tb*, Dy*, Ho*, Er**, Tm*, Yb**", and combinations thereof.

13. The method of any one of claims 1 to 12, wherein said metal ions are
lanthanide series metal ions.

14. The method of claim 13, wherein said lanthanide series metal ions are selected
from the group consisting of Ce**, La*, Pr**, Nd**, Sm*", Eu®, Gd**, Tb*, Dy*, Ho**, Er*",
Tm**, Yb**, and combinations thereof.
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conmpound is a pesticide. 19. The nmethod of any one of
clains 1 to 17, wherein said organophosphorus

compound is an insecticide. 20. The nethod of any oDe

of clains 1 to 19, wherein said or ganophosphor us LOYD WISE
conmpound i s sel ected from paraoxon, -fenitrothion,

parathion mal at hi on, and O O -di et hyl -

NG ER Y %r*sllgfet At i ﬁtogi% aﬁf&?g&%@%ﬁs@&ﬁaﬁﬁ selected
fwnﬁmgrdup sonaistigesfi Onélr ed +g ang Zombinetionstt f.
of cl g nﬁha%eé%&ea;woﬁea%& AHGROPIGNEIN ko FSAPBHT e St

a G agent

fmr*gamqm@fsmtsw @dnp@&ndan%coalbvmtlargeethereofz4 The

et hogly afheGhethdd &Jany Sﬁ@éﬁlaﬂn§ a&&wmmﬂe@r o8 | Is La®.
corrpound is selected om.t he % consi stin

5@®)r?e@ﬁ1% of g(\@@g grqéqlmw gbw e(elr\}?@cj orgﬁlgopepsr?lhorus
dEZUSrm_Iqhbl @ﬁp@tlﬁﬂ@%(gFB) ( CH2) 2NgC2H5) 2 ("Russian-VX").
oai o 0F IR amttiiaften Aialee 148 £ oueieil i dgaliprogisds
damepaupd Fsoah ingectigige.one of clains 21 to 25, wherein said
chem @lThWéctﬁJ fAHEBhe of Raih® T T@%h\é’fe‘irhs Hrghay BSphorus
"G RS gr ey She of RIRS T S BCERG:

PR %Cf%rfmwafa@%ggfﬁn'He@'oglrigaﬁ@mmw@awogaamisO O'-diethyl-
8%- n.tTmeHﬁﬁmghaﬁ.ogbal m 27, wherein sai d I | gand i's
T 10- BheRaeAbeH of By §kiet (TS S et 19 erpefpnosshorus
&dripund &nlchelnical @atfaneagemycl ododecyl . 29 The net hod

f cl [A

ol | aZ4 Bt ESrRlein 27 g S o ddhbpt e RSB s o o

agent.ei n sald solid support material is selected froma

pol ymBs , Thainhdthd & clath B viir&n s38 SrdaRdto8Hdr®& Smpound is a V-
thereof 31. The method of any one of clains 1, 3 to 4

3987 to 30, wherein said mediumis a solid. 56 LLOYD
W SE 24. The method of claim 21, wherein said organophosphorus compound is selected

from the group consisting of C,Hs-O-P(O)(CH3)-S(CH.).N(i-propyl), (“VX") and (i-
propyl)CH2-O-P(O)(CH3)-S(CH_2)2N(C,Hs), (“Russian-VX”).

25. The method of any one of claims 21 to 24, wherein said organophosphorus
compound is a nerve agent.

26. The method of any one of claims 21 to 25, wherein said chemical warfare agent
is combined with a polymer.

27. The method of any one of claims 1 to 26, wherein said medium further
comprises one or more ligands.

28. The method of claim 27, wherein said ligand is selected from the group
consisting of 2,2 -bipyridyl, 1,10-phenanthryl, 2,9-dimethylphenanthryl, crown ether, and
1,5,9-triazacyclododecyl.

29. The method of claim 27, wherein said ligand further comprises solid support
material.

30. The method of claim 29, wherein said solid support material is selected from a
polymer, silicate, aluminate, and combinations thereof.

31. The method of any one of claims 1, 3 to 4 and 7 to 30, wherein said medium is

a solid.
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32. The nethod of any one of clainms 1 to 30, wherein

said mediumis a solution. 33. The nethod of claim 32,
wherein said solution is disposed on an applicator.

34. The nethod of any one of clainsl to 6, wherein th@OYDWlSE
metal ion:alkoxide ion ratio is in a range from about

1:0.5 to about 1:1.5. 35 A kit for decorrposi ng an

h fied
counr 7o iR e ATBR e § R, B i RS g oluton.
al cohag.yi$iesnatieaidfictam 38 avickreie daid solutmripdisgased on an applicator.

non-r ?Fﬁ@&%#h\éﬁ r'?rh/adne ?Elgm?sqltr?gtvﬂgeré F 9@:&&% iS: 2K Eide ion ratio

consi s seri es
ﬁnfaﬂgﬁflge(ffﬁ"moaﬂ Oéﬁ%aqudi 1onbi nat| ons ther eof , and

at | egsta Rt fof @&BmpasiRy &l o@fan hK§pHoFlR doﬁfibﬁunc%%- sp-gelﬁedqntclalm 1,

of claim 35, wherein said ?lumls contained in an
SOMRSI§ING 2 suBtantigly npn-paysous mediymder an3ieakiolysis fepctien. said medium
ecpmrlscr@tr@h régedctingmetation®shilentiad faamh the gagupl dopsiting dp einti@nide
so that the diumis ed.to the
7 R s BN s sk P PBRaAT o at toasta oo
arpowntpbalksxidedans. The kit of any one of clainms 35 to 37,
furthgs GRMRGE ShitPsdMinbiefisdid ALt id HRBidedlin al Sfpodd.

37. The kit of claim 35, comprising an applicator bearing the medium, said
applicator being adapted so that the medium is applied to the organophosphorus
compound and the compound decomposes.

38. The kit of any one of claims 35 to 37, further comprising written instructions for

use.
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