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Th|s i nvention relates to nethods of deconposi ng

or ganophosphorus conmpounds. The invention nore

particularly relates to netal ion and netal species
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hose of tanks, ships, aircraft, weapons, electronic

devi ces, ground, protective cl ot hi ng and hunman ski n.
The decont am nants shoul d not be corrosive, so that

surfaces are not damaged during/foll ow ng
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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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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
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products bind to the metal ions thereby inhibiting further catalysis.

There is a need for a viable catalytic decontamination method which is inexpensive,
has high catalyst turnover, and occurs at relatively neutral pH and ambient temperature, and

most importantly, proceeds rapidly, e.g. t2< 1 min.

BRIEF STATEMENT OF THE INVENTION

According to one 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 medium comprising non-radioactive metal ions and at least a
trace amount of alkoxide ions, wherein, through said alcoholysis reaction, said

organophosphorus compound is decomposed.



Q is hydrogen or a substituted or unsubstituted
branched, straight-chain or cyclic alkyl group having
wQ 20908533 bon atons; and A is a substituted orPCT/CA2004/000379

unsubstituted aryl group selected fromthe group

consi sting of phenyl, biphenyl, benzyl, pyridyl,
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In further enbodi nents, said nmedium further conprises
al kdrisdmeieonodimerdsidiaid madium is a solution further comprising a solvent

selected from the group consisting of methanol, substituted and unsubstituted primary,
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, secondary and tertiary amines, trialkylamines,
and combinations thereof.
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In further embodiments, said metal ions are selected from the group consisting of
Cu®, Pt*, Pd*, zn*, Y*, Sc*, 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
wRa®8/081543/X. I n further enbodi nents, said PCT/CA2004/000379
or ganophosphorus conpound is a nerve agent. In further
enbodi nents, said chem cal warfare agent is conbined
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is disposed on an applicator. In further enbodi nents,
t he |cRMBENEMBSIRRNES séé‘b?baﬂbbﬁ@ébﬁ@ru*s %Bﬁlpbﬁndii@%he%&al warfare
to about 1.5 equivalents of the concentration of the
agentnetal ions. In another broad aspect, the invention
provides a kit for deconposing an organophosphorus
conmpofunitecempodisients, said olyehaplidsphbs rompaguekisiesGragdntum
for an 6 WD 2004/ 080543 PCT/ CA2004/ 000379
al cohplwst émb@@ﬂeh&nfalé %Fg%nﬁﬁ%s?ﬂb&@%ﬁip%hﬁwls selected from the
non-radi oactive netal 1ons a ' east "a trace
group gemistiing of VX askRersianows. 1 n a first enbodi ment, said
mediumis contained in an anpule. In a second
enbogifurbel embbéinehts, SslPrgapeshcphapelcoapband Beatidrigagent.
the nmedium said applicator being adapted so that the
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under st andi ng of the invention and to show nore
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N wbe 0 anyi ng
vipyric]. gl R Y afer-R IR B ca 88
triaza@cbdodboyg to preferred enbodi nents of the present
i nvention, and in which:
In further embodiments, said ligand further comprises solid support material.

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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Fi gure 1A shows a proposed nmechani smfor catal ysis by

a | ant hanum net hoxi de di ner of the nethanol ysis of an
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for catalysis by a zinc nethoxide conplex of the

nmet hanol ysis of an aryl phosphate. Figure 1 C shows
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amougfrof exige ionSoncent rati on of La(OTf)3 for the La3l
-catal yzed nethanolysis of paraoxon (2.04 x 10"5 M
at 26 a(ystwheodinfent, seid pieldi@noi6 coMaineg ih aHadpa@;, and
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comp&ﬂﬁiaén'd(iﬂe @mg&%dtd’&o Apetaant forms being La2(OCH3) 2
and Figure 4 shows a speciation di agram
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[La OTf% =2 x 10"3 M Data 7 WO 2004/ 080543
BRIEPBESCRIGDOANIOE FTHE DRAWINEEht ed as () correspond to

second order rate constants (k2 bl) for La 31
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Table_13. Figure E %P pl ot of the E?r cted k2
carrieg) @ eﬁ‘?ﬂti rPf@(%ncﬁr% NPy 6Paiea‘?y43"'®/a? HGTBE 10182 ASTIHIRAEYET

drawn%._gﬂfcﬂ‘m&@ﬁat’@%%ﬁéc@ And heatlrb atdokdif@ B pretiitddamboiméms of the
..... La2(0OCH3) 2 (solid line) and

preserﬂtd@(e@@?@)a@d “@Wh'Ch ) conputed fromthe k221, k22.2 and
k22.3 rate constants (Table 14), and their speciation
( Fiogre ®A dhqwadlapeppeethireci@israfar calehyesis byemteathanRobsethoxide

omrgH PRI SRS, 2" Sorle

EUIHD|ar gand and 0.5 equival ents of nethoxide) on
@ureai%smwmpw&ﬁéwm%hwsm &ricetedisisi g agc meihayidegiomplex

ofthet,ﬁ@héﬁmgls Han drfd Gfcentration of Cu(Orf)2 for the
nmet hanol ysi s of n| t rothi on catal yzed by vari ous
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of ferlitraiionl: ("O0CH3)}; , {Cu2+:phen: ("OCCH3)}; and

Figure 2 shows a plot of ko V5. concentration of La(QTf); for the La®* -catalyzed
methanolysis of paraoxon (2.04 x 10° M) at 25 °C, where

|, ‘pH 8.96;

O, pH 8.23; and

® . pH 7.72.

Figure 3 shows a plot of the log k,*** (M"s™) vs. :pH for La®* -catalyzed

methanolysis of paraoxon at 25 °C. The dotted line through the data was computed on the
basis of a fit of the ks data to equation 3, the two dominant forms being La,(OCHjs), and
Laz(OCH3)3.

Figure 4 shows a speciation diagram for the distribution of La,(OCHj3), forms in

methanol, n = 1-5, as a function of ;pH, calculated for [La(OTf)s] = 2 x 10® M. Data



{Cu2+: bpy: (-OCH3)}. Figure 7 shows the effect of
Cu2+:[12] aneN3: (' OCH3) (copper triflate in the

w@e@smsises of equi nol ar |igand and 0.5 equi val eP€EHCAR004/000379
nmet hoxi de) on the rate of nethanolysis of paraoxon ()
and fenitrothion () as a plot of the kobs vs. total

repreééﬂfk%leékt @tdo%s&fnd@d @@Jr?d%r&@ﬂgfé%gtaﬁis (K >Tfof Da¥catalyzed

%ure shows the effect of hoxi de |on
metha@e gierof paraosen pigsemad iptablef3 Zn2+ catal yzed
met hanol ysi s of paraoxon as plots of kobs vs added

A0S b$ Kk OF v dfife foPBa®*-catalyzed
Qfesengéﬁﬁwéﬁgwgﬂ?%%ﬁﬁéé erg p?pﬁégé]g[jdled Izarclzgayze

metha@olyilsrﬂf/balfwmn (t5---1-) sl el bﬁ!ﬂ’(wﬂnetalwntrl‘butl&lsr’df/lng(Q)M)al\B ----- );

e OB IS ARS8 B Bl LS, R K

constér&@ (Tabie td)pandthein spé@étlonf(FlgokEM)vaata pointe ) aratexpariméntal k,°
)2) alone, and in the presence of

rate c%%?%ﬁgm(ﬁbéeah% 2+ constant [(OCH3)]/[Zn ]total

ratios, where: - 2+ , ho ligand, [(OCH3)]/[Zn ] total
Figurg 6 spowptizoecheimpperciteAndoa pesemEwf eqoimgiardigand and

0.5 eq{.&%ﬁs 3 Q-Jf%e)?aﬂ th%%t%l of mé?h%o&/%l%ﬂorf i otglﬁg:m B the kess

vs. totat a©meﬁﬂe@mﬁt%ﬁaf)y®r $eonethanaiysie ﬂf fasltrathmrmataivzelddb's\{arious
specied at T= %W[yélgsgb@%gfi 6@5 {NﬂQn o@'@%ﬁ%%@_ﬁ ne L[ﬁ@éjno‘] Twhere

resence ar
[muéjm [gamd] (tQeke); r at i os, vvhere -2+, no Ilgand
[(CCH3)]/[Zn ] total = 0.3;

¢, {Cu*:phen:(OCH,)}; and

&, {Cu":bpy:('OCHa)}.

Figure 7 shows the effect of Cu*":[12]aneNs:(OCHs) (copper triflate in the presence of
equimolar ligand and 0.5 equivalents of methoxide) on the rate of methanolysis of paraoxon

(@) and fenitrothion (M) as a plot of the ks vs. total concentration of Cu(OTf), conducted at T
=25 °C.

Figure 8 shows the effect of methoxide ion concentration on the rate of Zn**-catalyzed
methanolysis of paraoxon as plois of kqys vs added NaOCHj; for the methanolysis of paraoxon
in the presence of 1 mM Zn(ClO,), where:

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

B, 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 kqs Vs.

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

- 2+
constant [( OCHs)]/[Zn ]total ratios, where:

- 24
@, no ligand, [(OCHS)]/[Zn ]mtal= 0.3;



- 2+ 0, phen, [(OCH3)]/[Zn ] total = 0.5; and 2+ *,
di Mephen, [(OCH3)]/[Zn ] total = 1.0. Figure 10 shows

wo b@4assappear ance of paraoxon () and appear ane€r/0A2004/000379
di et hyl methyl phosphate (U) product over tine for a
nethanolysis reaction in the presence of zinc ion,

and terated nethanol in a pI ot
dTfve sﬂ@nal tdtantd()egfa%luon of 31 the reagent and

prod uct P NMR si ();Jnalzs for a system cont ai ning 15 nV
p&h didenhena l(AG ﬁ%'odm?z 1 mV NaOCH3 and 1 mM

re 11 shows the effect of

d%@%ﬁ ﬁ@%f% H@e?ﬂt?'&%ddﬂgtﬁ?n%ﬁ%mea@@ﬁ B8 APIPl Konp ¥'S.

concefiratiorceft M cyis s d ZAED TN alots bAd ch@@?@.@ﬁ@é‘ox‘ é%lﬂn&!apﬁgaﬂﬁ at
t he _pseudo-fjrst order rate constants

constarﬁt[(rﬁﬁbll)i/[ﬂrs]ofrahasa@em in the pr esence of 1 mv
Zn(OTf) 2 and %{?Ssence of added ligand as a function of

a@glem | Qpﬂgo 12 _gjwws the effect of zinc ion
' Itb‘gatl n on £

concen e toate of Zn2+-cat al yzed

nol raox as, plots of the kobs for the
gﬁr@ﬁaﬂ@@ g{{z'{g m,la|tr ’rﬁ‘r@n (), paraoxon (0) and
p-ni trophenyl acetatge ((r)) vs. [Zn(Cl04)2] at a
cmétl\éﬂﬂhen{WQ@HWm)]]/l[ZhQﬂ total ratio of 0.3, T =

25 C. Lines through t i€ data are cal cul ated on the
b&iguse B9 shewssthedlisagaaranes ¢fgaradxon (®e ang App¢rsance digiethyl

methy$ Eﬁ@éb%aféf (lg??&c%&flg\]éf‘%ﬁ@?fopél mteh'%lnfyls'lglg {Qictléﬂ ?r} fh‘é%'i’c?ée%ég df zinc

hanol araoxon as a
ion, n}?ﬂ}@fﬁiﬁoﬁ%ilgﬁrﬁfm ggutgf@tqhmg@aaolﬂtm a@lat ofi rekdtive 8|gnal integration of

the rekﬁ&%—f )prpl t %tbagl @Chﬁlggfsgﬁ}gllsggr ai%é,%%lggrrltal[mln%] 1a5nr(re1ll\\/1l3pa?2c(>jxon 1mM
t d b dTM
Zn(OYefy P CER B ol llRier G &‘sya%p%?g?em ed
e e o B TR0 SR DR oyt Fate of
Zn? —cja%/z:eu mmﬁhm’fw{jﬁ équr.:sirawtbn 2 ptopbﬂhe @Gemdlﬁﬂrem’r@eﬂfati constants
zed net hanal ysi s s a.plot o
(ko) D DD R RN Ut BlsSends o HHBP 4 DITRR afe BbssineS of addes

ligand[aérg {OMEHR) df@tdded Sla®OH004/ 080543 PCT/ CA2004/ 000379
cont ai ni ng equi nol ar phen and NaOCH3, T = 25 C. Right

aFigﬁr@‘i pd &%v&%ﬂg 'éff@aed? enﬂi%ﬁoﬁ A lﬁlﬁ pal@ }Sf Zn -cata alyzed

quadTM fittin tration
metha@pg'glém‘ Barag¥ohasy po fll@ﬁ l@)bs for the methanonSIS of fenltrothlon ()

paraoxon (O) and p-nitrophenyl acetate (W) vs. [Zn(CIO,),] at a constant

[Zn*(OCHa))/[Zn*"] iy T8I0 OF 0.3, T = 25 °C. Lines through the data are calculated on the

basis of fits to equation (6).

Figure 13A shows the effect of Zn?":[12]aneN; on the rate of Zn**-catalyzed
methanolysis of paraoxon as a plot of ky,s for methanolysis of paraoxon as a function of
[Zn(OTf)2)iotar containing equimolar [12]aneN; and NaOCHj, T = 25 °C. Right axis gives
[Zn?":[12]aneNs:(OCHa)] 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 Zn*'-catalyzed methanolysis
of paraoxon as a plot of ks for methanolysis of paraoxon as a function of [Zn(OTf)2Jta



to connect the various species concentrations with the
kinetic rate constant. Figure 14 shows the titration
wQ@e@iiodwsg3 obt ai ned by potentionetric titrati onP@f/CAndol/000379
Zn(OTf)2 with no added ligand (), with 2 nM phen (),
with 2 mMdi Mephen (1), with 2 nmM[1 2]aneN3 (O and
conta.mntgféq&m?owmﬂhéﬁ%e NS M, TId PR IR R diea [tht**pﬂéh POCHS,)]

curves wth hen and { 2] aneN3_wer e derived
determippd by hla(aafwacﬂ“tﬂtw Qfttitratien daie. aTheﬁEfPA{SLaé@pDﬁscmdmﬁwual aid

to corfBct thEEvARNYENPESR, B5hehfhitthsifthandkipast REPESs st t he

invention there is provided a nethod of deconposing

PSR S EU e 3 b o oz

Zn(omrwnammusd ligatic (@ ) avth 2irsiimhenl(®ohath 2 ahiMaiyiepten(e), with 2

M [ fanse (7 Bng BB 2P e AT Sn 8 okt RBané fih ourves with
phen amdEazpbNs phe dsived ipouidybangel™ Giting ahthaldatdhol ysi s
reaction and forns a less toxic or non-toxic

compound. More particularly, the invention provides a
nmet hod of increasing the rate of deconposition of an

e SR BERARIPHE e SRR or! 7 1, e comoun

non- aqueous nedi um conprising netal ions; al cohol,
alAkencdiap k@aa broadraspatirad dhekiaverition dmete i roxidedainagibod o

secor IR OB o ol el UL ool

compmm«bmtfs@sumtarman}horgawusmmdlm aupplsiﬁingmlcbimimlkoxyalkanol or

amindBcalB etk A0S o BOG SRS Il fide Qo liBS RS WS oqbined
secondary co iary oxyal Kano

the orgmamdxasnamnmﬂ gongrouad mnglengioes atn elcebcblysﬁ\eaahcsdamrbfoem a less toxic
; |y non- agueous nmedi unt’ nmeans an orgam C

or non éo%venﬁ{btohg%l ution, mxture or polynmer. As it is very
difficult to obtaln anhydr ous al cohol, a person of
oMo awcwlw the iRverHien &F QV'%?Lﬁ pethed @é WP&G@SWEA'FG fataek

decon%&ﬁﬁh%f ah o%ﬁ@?hd@)ﬂo@@ cBFn%%QrﬁH by E&ﬁbmi% IPESMpound with a
bsol ute ethanol is much | ess common than 95% et hanol .

catalyfip ARRRS foMpRY iBrfotHRstangallyNBciRseoys @edHm SOmRTSREMaal 87

aIcoh@OéIHéXyaﬂlaﬁ&%?éﬁilﬁ?ﬁll&ﬂﬁolt B&d blRMﬂHlé 0P8, fheithdeMBbdilRWe, &R
wat er present as to inhibit the al coholysis

med'%ﬁ@ﬁ%ﬁ'mnor shoul d a substantial anount of
hydrol ysis occur. As used herein, the term
" Ak gaed haesp ther tesn Caloghal! n*déarisra:d:amtmund ovifchuotthsprisbs ah R-OH

comprise a osphorus a doub nded to an.. en
aroupg X Bt BB SriEy b e g i Sebondary
alcoh®&STEGAR DI HOE0 AlKkOxy atianol] amintatiancic br midumveghasphor us

conmpounds are deleterious to biological systens, for

As used herein, “substantially non-aqueous medium” means an organic solvent,

solution, mixture or polymer. As it is very difficult 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 alcohol present in a medium or solution according to the invention should not have so
much water present as to inhibit the alcoholysis reaction, nor should 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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exanpl e, a conmpound may be an acetyl choline esterase
inhibitor, a pesticide or a chemcal warfare agent.
w@osgiherein, the term "deconposi ng an PCT/CA2004/000379
or ganophosphorus conpound” refers to rendering a
del et eri ous organophosphorus conmpound into a | ess
embddimerts emcm@'gamapﬁoeplidwmmm;ﬁhlmﬁpﬁé;Hélét@ﬂom‘s‘ todMological systems for

oSSR O S ORI B LI0 B0 ABMER LoD o

warfakexaggaites of such deconposition include, applying
catal yst as a solution directly to a solid chem cal

V\@(sf@'e@ r%?é?ﬁ‘tthé"ferﬁe‘aééc%ﬂ)%l %ﬁ&g?@oﬁgs;ﬁdégﬂ cYPﬁwLﬁludeefers to

for exanple, an appropriat er\

rendeging @@ﬁéﬁtﬁml qrﬁarmphosnhori@emamwnd inte allessi toxic oon@-toxicifgrm.

metal ions and al koxide ions, in which one or nore

c a:ie’bbmpbsltlém Sﬁaﬁérgéﬂcﬁmsﬁm% asrapslsidyacchidirgfto 1 inbéhtion may

a surface been contacted with an
be cagfégiaqirg l'bth)gr g, apéérhsolld%\gmh rmfgs%@frsuch ﬁl@cqrgpqﬁltlon include,
applylr@aiaﬁlyét a€ aPRALA YiredHan 8 s@hd@lﬁe@ﬁidél@;vé?faré"a%@ﬁ 8l BSsticide. Such a
ng netal ions and al koxi de ions

solutgh WoUK b TPRGRlE Y RRPTEPT 2N BitlpP kiR, koxyalkanolic or

amincdiaMoRt KNI consRisitgHhetalbhanY ARoxade BhHE AR %M%B% Wore
increases the rate of alcgholysis of t

cata R TGO SR PSR BLAICh IR APPIGS I St WG has been

contagledaipl arsdrgandphoBshoredhgert Wi t hout the catal ytic
species. As used herein, the term"appropriately

buyff f;

o BB e 2 bl Al B0 BRI G e
composln@mmmmrwwwlc& idng, whab® ptes@née mamwlc@bb@taﬂ(o&?alkanohc or
a2 B B SR L S Lo b Rl b8 ot o
alcohplysis afjinecuigarephoasphorus doBymehd edlatak. ip 119 88te oRaleelabletis in the

solveﬁt%ﬂh%%?ﬁec% e'le ?%Cl?sl ,1996). One skilled in the art

recogni if a measuring electrode is
calibrated with aqueous buffers and used to neasure pH
oﬂs usad hereim dise ohUapmopriatdiy btieradwnpdhd thatthe(Qle of 4 $dution is
ectrode is calibrated in water and the pH of a

Contrql'@stby@@fiwsw-l@ubltﬁry byfarigo @eenis neraiadsing atlwt 0.drtaabei 2.0

equwélént@iﬁ%ko%ﬂ@ldnfpér%awk/ﬂéﬁtedf mdi9agh.ng i s made, and a
correction factor of 2.24 (in the case of met hanol ) is

added, then the terms pHis used. As used herein,
t R§ USes hereiin ihg 1AM G RIST 5$ usge i ingicategrtp umaon- mwsshbatlon

L TR T e

that ifrearheasafiing letectrode Isi cﬂhbr‘atﬂadt\/hﬂh @fueons buffere bRP lisedltdb M¥Asure pH of
2004/ 080543 PCT/ CA2004/ 000379 As used herein, the
an aqueays salyiiRnpihe dern aglinis used.c b hsoelpeirodeds palibrated intwieter and the

ent or
‘pH’ of g 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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conmpound does substantially dimnish the rate of a
catal yzed reacti on when conpared to the rate of the
WO e@as@m3 i N t he absence thereof. As used her eP@T/CAb®4/000379

term"nmetal species” neans a netal in an oxidation

state of zero to 9. As used herein, the term

" Apwrgasltireiar thedernt finhigitosy agent seeorgpeundheeiaes that the agent or
compq%ﬁgggtéf Loty giﬁgelaéq ﬁtgqg?eedé 3 AR HIRA R bifared to the
rate ofdhe tsiagtion infthe hbsemceithﬂfeafrret ry {M+("OR),, Lg}s where M

is a netal selected froml anthanide series netals or

t ASsadt heP8in MBE A “riethiSspbBi8s Glédrdes MRtdl h@arrf&h@éno%'téié‘ of zero

may be 1 to 9, nost preferably 2 to 4; "
9. 3l koxi de; mis the nunber of associ at ed aI kOXI de ions

and may be 1, 2, ..., n -1, n, n+l, n+2, ...n+6, nost

phefiseddisrgin 1the dem “‘orenisledr” bo" nididmerict mebhgasgecigs ¢a@nprising

unber of |igands conplexed to the netal ion, and

onemé@?atgxgx.o to 9; where g is greater than 1, the |ligands

may be the sane or different. Exanples of this

drsoEMhasimen of thednyandion, the catalytiesRraigs is a metal alkoxide species
of the $tbRAibhTetYRMI( @FgmL ?M?ére P %'Tﬁéta{ véwd %)léﬁtﬂanT&’@senes

I nvent or S ‘cont enpl’ate an enbodi nent erei
metals RGBS OMMSIAL & b SheraReemine rRetanHhiE My be Hor. most
prefer&%;ﬁﬂﬂ £, 0Rlis bfko¥at] m'@fﬁ%uh{ﬂ)& Bfeaéfﬁf*lafe@aélkdxrd@r?iﬁst arftfmay be 1,

tals having an oxidation st zero

2, e7a6’t e NARd-- Wi §. mesthrelsradhekies-1Geisdete 109; laﬁs lisaady is the
numbé?fof l GQ c@m%&@tlli to t"ﬁ@%étél ibrS RY gﬁééfk?%O H@twi@t‘errgqé/ greater than 1,

cat a ze al coh ysI S of organo or us

the 'lg%nsﬂédvfw brythe sameeoridifisenti G amples @wus erabediment ihelude i
lanthandrh R {1 APEEDRIe ., SRE&IpBer ﬁ@ﬂ&ﬁ% Wer @i\ﬁjé)[lpf atom or

at ons that has"a non-bondi n e or pairs of
ectrons which re donat. centre to
o ol Sohe el ol S oR s AeiETs emﬁaﬁon slatR glte Metal
atom IWQ Fbgamllﬁpléiaﬂld viell keowr ¢ hatakaRat tRinkRiSn eiktdls ABYIAY an
mt dineri aﬂg{ n and prevent further

0xndat|8n Pt&iﬁr%frﬁe%mag Re({Faﬁt'P{% an orérb%@p gxes; Per ISR Q@mcple of
such agnhetal end anéqufectbﬁ tagttGu? enayoseel @@iho%%%f%ﬁ?én@ph@sphorus
S thﬁ case in the absence of ligand or

compefndS g Bloa kB . the term (M L:-ORH" (whi ch

differs fromthe above described system

(A uqedd:ayemu@@ germojigansé meses efspeties syntbining"a dorloe bteeear atoms
that ha%%'}ﬁntnhﬁ oﬁ’é g£ iP&: ;gn%g)‘? 1§=,>|e{:’cré>ns) whn%:ﬁ %%ig%gb‘;@ r?rmeta{ ggntre to
form opeasmoEne mytal llgag@morcmaytlon doodsal IR dsbus day( ligaryls bcTrlrd ® coordination

sites oh %GH‘%}bPa% tb%regy ﬂﬁ%it d rﬁe@%&ﬁ&?ﬁ @Qﬁ(t f@lﬂ% %héorpenzatlon of the

catalytica trle
metal sm@legdhng al!mmngn atgredter number of abtwe nmnohutlemrspeairs to be present

than is 6@ e in®ld SRIRES of ng%g%t ligarqdes. dial koxi des,

yal koxi des

As used herein, the term “{M™:L:"OR}” (which differs from the above described
system, {M™(OR),Lg}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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WD 2004/ 080543 PCT/ CA2004/ 000379 I n anot her
enbodi nent of the invention, the catal ytic species has
wo bw4geoses al formula 200 R M | ~O P(R20) EET/ZR2004/000379

(OR3)q (200 O R4 where Z' and Z2 are the sane or

di fferent non-radioactive |anthanide, copper,

plhaiothememboginiehtofi theniiventign, Rie, cadlyticepeaing hRe ther genetad Formula

i ndependent|y al kyl groups selected froma branched,

cyclic or straight-chain hydrocarbon containing 1-12

carbon atons, preferably 1-4 carbon atons; pis a.

nunmber from 1-6; and mand q are each i ndependently

zero or 1 or nore, preferably 1-5, such that the

di mer has a net charge of zero. In another enbodi nent

of the invention, the catalytic species has the

general fornula 20f erg Z' and Z2 are the sane or

di fferent non-radi opct) ve|l ant hani de series netal

i ons, copper, plati or|palladiumions; R, R2, R3

and R4 are each indep ently al kyl groups sel ected

froma branched, ¢ r strai ght-chai n hydrocarbon

cont ai ni ng(REOY2—c& @%br ably 1- £®ar bon

atons; p is a nunber A 1 6 and m and g are each

i ndependently zero or {1 or nore, preferably 1-5, such

that the diner has a|net charge of zero. In another
embodi ment of the inv@ition, the catal ytic species has
the general formula 20: where Z' and Z2 are the sane
AN ?'f"‘ a{:@fﬁe '3 0&%5ﬂ”e¥<§1t n%ﬂtrgﬁgﬁgﬁe St R ebier,
i ons,” and ransi met al

Maﬁnun1orpanaduunlons

R', R? R®*and R* are each independently alkyl groups selected from a branched,

20:

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 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;
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WD 2004/ 080543 PCT/ CA2004/ 000379 R, R2, R3 and R4

are each i ndependently al kyl groups selected froma
wheaaokisds cyclic or straight-chain hydrocar boPCT/CA2004/000379

contai ning 1-12 carbon atons, preferably 1-4 carbon

atons; p is a nunber fromO-6; and mand q are each

i Hrmepénﬁen% Ry a@%&hﬂhdebeﬁﬂeﬁmraﬁkyl ol §éé’lbbt¢clj from a Brabbhed,

. that the [ as a net. positive charge. ot her
cyolic g A REAT e bor, GAIBRS TriA et piie pefudied asbon
atomd¢;he general fornmula 20: where Z' and Z2 are the sane

radi oacti ve | ant hani de series netal

or .differen
.8d§af‘é'ﬁli)ﬁ6%f°?‘r§ﬁsﬁﬂdu on netal ions: RlI R2, R3 and R4
e RSERRAB LAY OB ARG ot v

dimerdwsteanetipogitide ditargar bon at ons, preferably 1-4 carbon
atons; p is a nunber from1-6; and mand g are each

' Wﬁlﬁ’&ﬁ%l‘)dﬁlrﬁgﬁ&f He ikveHiioADhE caff ﬁ%%pé&é& hals tRe géh‘%rél formula

that the dinmer has a net positive c I'n an
20: errbodl ment of the invention, the catal yt| c speC| es has

e ormula 30: a(R20) Z1 (OR3)b wher
Z'W 88 gﬁwﬁ%{%.t%ﬁm@ gr ‘F'ﬁ‘?f@ﬂtaﬁ?ﬁrtj@dloé‘éfﬁﬁé?“thﬁm'é? PONAH metal
ions, &fid/GetrdrRdionMdtaNond2 and R3 are each Independently
al Igy roups,sel ected from a branc

s® &g aeq*]ﬁi AregRfNdedarsBrently miky arOHas &el%e@ﬁpmbranched

cycllcfﬁr effBighPERirehaiboarBorfcdhtdiRRg 1228 horfatbfs %r@fé?élﬂ 134 @Bon
1-3; and b is zero or 1 or nore, such that

aldMg gt al yti ¢ speci es has a net charge of zero. In anot her

emhedintRiber @#bmthe dnavention, the catal ytic species has
the general formula 30: vvhere Z' is a _non-radioactive

| FhePhA PEReaY IndrPendently Zepmoiot oampres REsfePblM TnRSHEh thahthe

dimerffsakt B3sifiveecifpgd) | ndependent |y al kyl groups sel ected
froma branched, cyclic or straight-chain hydrocarbon

c masdthémgniodiestar Beinadbos, the b@ﬂca%@bbé’clég KbsaR& BeReral formula

30: atons; a is a nunber from 1-3; and

«(R°0)—Z"—(OR?),
(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
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 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;

ais 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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b is zero or 1 or nore, such that the catalytic
species has a net positive charge. 14 WO 2004/ 080543
wEROMas®@O4/ 000379 Anot her enbodi ment of the PCT/CA2004/000379
i nvention, the catalytic species has the general
formula 30: where Z1 is a non-radioactive | anthanide
SEidties amticaimérnf fie iBvdntiamthé catalytiespdcidsoms thégemard fB3nula
~are each independently al kyl groups selected froma
30: branched, cyclic or straight-chain hydrocarbon
oggraizh isrwndn latirtioRntanike ,seﬂesame‘mtnin)or]a-t@maibb oretal ion;

o Rk e hepRaeal SR o uB e g s hrgoned Yot or

straigh®@Réaih inyéroeadbe @ontaltirey Bl B carboe attphs preferablyi Ratamon atoms;
sites o y be occupi ed by one or nore

RlEl il qrgroghmii?’h@'? enbodi ment of the invention, the
Ciillsadeyd bict sp@6ie sudtetat the cgraigic apedies ad anedibsitive charg;

1L | 6

(Wsein nbpaiet odpiaprisged ba tid folek e bp Hippried bypfe or more
ligand§lon-r adi oacti ve | ant hani de, copper, platinum or
pal ladiumions; Rl, R2, R3, R4, R5, R6 and R7 are each
i Inchapthed ennbbghrrmlnkyﬁ thg iroepiiors meezataiytldsmmea hab trengdred| formula
cyclic or straight-chain hydrocarbon containing 1-12
carbon atons, preferably 1-4 carbon atons; pis a
nunber from1-4;, m d, q and t are each i ndependently
zero or 1 or nore, preferably 1-5, such that the
ol i gomer has a net charge of zeroj'and r is a nunber
fromO to 100, or init casseqj pol yneric materi al

may be gre er t"han T
0
73— (0RY,

200) —
o(R%0) z \O/
|4 |7 |

R* [R RS

40:

(40)

where Z', Z% and Z® are 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, g and t are each independently zero or 1 or more, preferably 1-5, such that the
oligomer has a net charge of zero; and

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

In yet another embodiment of the invention, the catalytic species has the general
formula 40:

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

jons, ar transition metal ions or combinations thereof;
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100. In yet another enbodi ment of the invention, the
catal ytic species has the general fornula 40: where
wQ@20480580d Z3 are the same or different PCT/CA2004/000379
non-radi oacti ve | anthani de series netal ions, or
transition netal ions or conbinations thereof; 15 WO

2@{@‘%50!3@ w4 3Rpﬁ/ a%@%f’é Q&Qﬁﬁ@epeﬁdent%lkﬁ@ﬁou% selBéted f@m a

R are’ ea I ndependent | Kyl “gr oups sel ect ed
branche@rﬁv@lomréﬁa@bach%rybydr@caﬁborswrﬁalglng Acka5aP e tpaisapisiiably 1-4
carboR @frRd;:Ni ng 1-12 carbon atoms, preferably 1-4 carbon

atons; p is a nunber from14 m d, g and t are each
i RdepaHmbat rgnAedio or 1 or rnore, preferably 1-5, such

t Pr?td E%ﬁd thd mﬁdéﬁﬁd&tﬁ%r@&s"l bi MSreC Bt%feggbly 6}@ stich that the

. nmber fromO in the case of polymeric
ohgomqﬂ@s.ametmytn@ecl@r@%taefi t han 100. The al coholic

Splad | h&mb&qm% b—51©§ é’r iR EH ¥ of E@?ﬁl@ﬁ@rrbété?fal Fn%{ﬂbb%fré/ater than

al cohol, an koxyal kanol, an am noal kanol , or
100. nj xture thereof I'n one enbodi ment, a non-i nhi bi tory
bufferi nglt agent is added to the solution to nmaintain

t 8e 2 C HHHIOB GOMRLISRS 2 RBaRYF Seqondary op ferkiary @inoaol An
alkox}d)ﬂ%n@ﬁ%\ﬁ aindafiihol, Br ARiikaROthered? Hn bnk @nibbd(ns&R, &h&\nibitory

. Exanpl es of non- inhibitory buffering agents
bufferingcdgedbis added fatbs solMtien toyhaintdin ’lhless;pH at the optimum range of :pH,
N, N-di al kyl ani | i JDes; N al kyI nor phol i nes;
for examalekiy thendasanbla¥ in meﬁladolal R Hior11d( sae§;gupe Brexamples of non-
secondary and tertiary am nes such as trial kyl am nes;

inhibitgRgbyficang agents nglidaertiines; Veadkvianiings; Y. Nesialkvisaltinase Ne |

alkyIni2pndlines; IN-BRYDMiBAE & Q@d.mﬂayrﬁ.@sepnﬁbryagé&ﬂda@%d tertiary
addi t i onal IkOX|de|on|sa dinthée formo

amineg; %Q@ﬁé“aé‘ﬁﬂ'@lm'f‘%s GHE s YaEieHs deh@éveind al koxi de ions

in a netal:al koxide ratio of about 1:0.01 to about
1lirRandtiosr anbmiim@fﬂnmﬁnﬂahibﬁorplbﬁffem@mgenaimamm added; but additional

akofE s Bl T 8 AERY TR 3 B SR RO fons
a metal dlkoxidecratio bzabouh &10. Gino @bowoihbR,i for mhmémbmdlmntsmrefsrably about
11 ARSI hef LuBb R el sk L EOBSRBL 5. A porr
skillechindhe ge will rensgrazredthatyrdaloshialie sblofisn cériizias wateamobntp idf Zlkoxide
ons. A S DS U2 L d e Gl PO oone
hydrozide émhsaihos maiergf pH 7t duntziresybe disfiritién, ¢} hiex 10 hivieantd [ = 1 x
A 8 S SV o BB O S Ber v
inventical, theeyiane rafeleedriorasV'ad ditibnal"aalisoxiiedbnsa sSuitable renainpibigory cations
for thel\gI'kOXIdKéF salgsiﬁ'dué%b rﬁbncl)\\l/gf'e?t ions such as, for example, Na*, K*, Cs*, Rb*, NR,"
and NR'R"R™R™"* (where R’, R”, R™, and R"” may be the same or different and may be
hydrogen or substituted or unsubstituted alkyl or aryl groups) and divalent ions such as the
alkali earth metals, and combinations thereof. In some instances such ions may prolong the
life of a catalyst by bonding to and, for example, precipitating, an inhibitory product of
organophosophorus decomposition, an example of which is Ca** bonding to fluoride.

To obtain the metal ions, metal salts are added to the solution. Preferably, the metal
ion is a non-radioactive lanthanide series metal ion. Suitable lanthanide 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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and NR RR"'R'" (where R, R', R'"", and R'" may be the

sane or different and may be hydrogen or substituted
woronseshst i t ut ed al kyl or aryl groups) and di RPElr/€aL004/000379

ions such as the alkali earth netals, and

conmbi nations thereof. In sone instances such ions may

n?, MidrioAent tsitbh instalfior® sirh akydk eldmMe, r@h?”ngnd ?3+a?@welf a%
uc 0

combmoc{”%'aﬁwsgr RTS8 A S PEBHS Ao RIoRR &ren Sxas cE frose wit
bt i h

ron e aﬁ?@ﬂ@%&e@gd@g@z,dnt@ﬁgv@g% GRS, PRt e

efﬂcatﬁr@fi'@rf P (f% brhq@brlrnz%%lham \gNISh thrg B%P dgﬁ(é %|u%§ (for example

seri es nef

Ho” é@'f‘”%d"é@%vef G S G e £ M

fs conpl exes thereof. Suitable
2003)99%5‘@%%' eé? TR .

serlé net al i ons include, for

e XAPARDAIRNM BF BRtinddn@os istd ékﬂalg%i %Jsténﬁ’ B6m nsﬁﬁg ABeturb8 bf metal
exanpl e, Cue+, Pd2+, Pt 2+, 04/ 080

ions, fpt?)‘@@@dﬂ?‘%%eﬁéantmcle sefieg etplianewhich M@HQ ke &fiive between
the wantsﬁh r%rtgésof%hl 1%S:an h%ﬁ*dg)égﬂgé fre a‘?‘%% ?ﬁ%lk%ﬁl}dé n?aﬁ/ flgﬁ‘h geveral

I ons ereor or conp

spemésﬂﬁ'sbl!dlh@tﬁl mm&% OO @H&il@%ﬁmm@ fFth@é?" vhd h1ethoxude is shown
non-radi oactive_ | apt hani de series nmetal ions.

Wi
in the figares, i hrpase-ofLg). ageheriiainiag i o a!kowﬁu%ae?mpwéﬂa/ active

catalyst fBFthé.dgkRialiéh & or@élh’tﬁihogiﬁio@us é&ﬂﬁodﬁ'ﬂb Ch tha\t8sé 8MRIn-Ianthanide
pKa val ues (for exanple_ Jo3+ apd Eu3+ have s pKa 1

sefles\;gqat@ggn%fsugh 8s: fRhe 1Pl 3y RRY CA°s amopuglgﬁwn@gleEC@tammg
aIkoxx@%@@% ﬂlv@batalygﬁ@%emﬁréégmﬁf &fl Fga PREspHorb<L¥Mpoands.

pH. An enbodi rent of the invention is a catalytic
Syséamie 6@bPdinkntiy tha inidiies pﬂfwdﬁgﬂlﬁiltmgldﬂﬁnerfz@f ion and prevention

ot o R SR L 8 5 36 S e e

Ilgand5 By cﬂ;dxrdldaalﬁh laaamed@r 16Nl siies BRbahethl amg@ﬁuﬂuraitéwﬁed,@atmxend
sev

[ sol utign, an exanpl e of .
preve{Riiior SRz 3ReT el Sres. W AlavRG ErRe genyrgber o aciive
monoﬁllml)e:m spetled ’manfs gvércaﬁe in tge tabserass Il@fncLaélﬂﬂwolug"h ﬁd)tﬂﬁéant to be

contai nin a 0 es | | CUl ar
imiing gL Ttk faenBgradart Bt (BRgarloBHOSHRBIGE (e, 2
dimetiOsiaangsy (dividdrenameg 8 gmbmdmaacﬁe [1881dNeD, érbtvdlether,

and e eV G O Bisriust TR e atiategheladiskedes tg,olid syRpor
struct@as ahcyhsés ib@ymtahr,e sud@gés':\@iadlumma@ts t® Emm@ BRIV for the

e invention provides
alcongiyays ot RGP PR SHTGHNaR A M AV e STPORSH SPeTEGLS e
inventidni. gWeoir# @F atﬁét:hh‘}enadﬂ‘h% Irrwgalql?aﬂgd Qﬁdibddécmﬁpl@ﬁ to theésolid support
ntate and tridentate
s profBEAHNAt e B oh 0 SUAB The fepeomiobeynr S el & 5 Pastiargadee case
of phénlamhtfdlné!r, UE&?Q Hﬂtlmgiproaédhrespéﬁd/ edHrechiny $g2Rers which are known in the
zat ] on

net al s, allo

art. g heaes ol FARlgBnGs. St Fdo staMbIR LT aneNbpbginet ohdircnment o
the cotﬂmaemsne smlldtshugparb%[]l@q;référdbllmdq oﬁé bhagahrogehs sERst

be .Iim sq Iesof su ds ar
macrogycﬂe Lﬁlr&;}’l?@‘va emg c’urp s_Lp@\c:ﬁﬁ ﬂrpg] pﬁéql? E)ttachment to
solid stipPerts offers advantages in that the solid catalysts may be convemently 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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di met hyl phenant hryl ("di Mephen") and

1,5,9-triazacycl ododecyl ("[12]aneN3"), crown ether,
wa@re4ossius substituted fornms. Such |igands nmayPGECA2004/000379

attached via linkages to solid support structures

such as polyners, silicates or alunm nates to provide

structﬁﬂisl &gﬁﬁéﬁio&éﬁﬁ&u&ﬁ esmpiighds FhB,ohROdeEdhhoséd by contact with a polymer
hor us conpounds whi ch are deconposed

ano
compgg ?q des A alkeidgioN®n. The point of attachnent
of the netal | i gand: al koxi de conplex to the solid
s Bojiable amoss pf theenetbl saltatrd men-Bhibitory op egbstamtially not-hibitory
f (. 4 "
and iGEE, Ry p Rk G 875 BB o0 BB S 8Relih bdBig g winere
or “O'Eﬁb)rmmiatonm@aslpasmeseoﬂh PodfermcbankmsmeloiOn faed G804 mn theecase of
. f ' . s, for exanple, [12]aneN3,
BF4, %%8]%& otﬁ’ezrgl?éﬂ ﬁ?@%ﬁ%%w%?&%he conplex to the solid
support woul d preferably be on one of the nitrogens of
t HBe spdierhegrapéses soivepisnwhersiseraiered salyerisiang alsphrierincluding
pnma'ﬁ;n%sécﬁn@eﬂ? aftbhols SUEH a@He?rPJPIBP Bthah®l, n»‘b%ﬂe%oﬁ WB%%‘\OL n-

fers advantages in that the solid catalysts nd

butanebﬁ:késtﬁr@h@md/mﬁ vethanpl. andgipmbinatipeatherant Mest rretgyably the
solutib IstdiizfidopB] &rall%ﬂéb%?élﬁéddi’ Br all SmABaRARA IR, QBn"an%tlons with

invention wherein ligands are attached to solid

non-agyepisy ondphibikary ﬁ@lyenté:cgaﬁlﬁsrb@stﬁﬁéfID@U@@W@uwmwrtnl@é,
ketong§%'ﬂﬁéés%ﬂ1etﬁé’ hwl*'c‘)@b%néllrﬁc%h‘b'dﬁlbrlhgfeewaro%a%hk'@ﬁd %h‘ﬁéré In

chromato rap y col umm. I n anot her enbodi nent
the CQSﬁé)f ﬁﬁt@éﬁqttulwefm@bl@ithﬁt theyrlkery diewp isthesarae as Hwesqqnntwate base of

the sSEMRAIcbhdl” IO BAHB8RARME, BSILIGAZ 3994&5@%71%agtlons which may be

structures, organophosphorus conpounds
'”h'b"iﬂ’@éon'posed by contact with a polyner conprising netal
speci es and al koxi de ions. Suitable anions of the

mititdl stalldshare e []ﬂqie?l’l’dkbh immwthaholmtrﬁéthalﬁtbl ligyclosest to water in
termsﬁ%frb&@rrebant %‘J’% andgﬂ'pg&lep Gpdj |1sf rgad ydavgﬁgk% - %\S)vg\_/er me’fhanol is

less dasitdbilé tHaatoter scl\/enl@'ﬂ‘ue)lo antbxnyhhd As remfiletyh@w ®efing pomt of 64.7

o Pr ef 104 a n the _ca
C whiggnSkesIE Y 23 flome (o rrRE IR PReyeae e, E6r epreasons,
use oflibhér agdhelrguch 3€ 2HBmbl amr@anw@fcawpm@h@m@%een explored (see

g A kLS S o By s vl

(bomng-nw apaAB CQ?’ 2 bsd8P. BGQaGQﬂectW‘ely)balﬁeaé@ tox@ éhd rm@l be&BMsolubilizing

charag§g§ ﬁ {'CHJQHIC§HE 'ﬂée Iagrrmlesréqtoﬂlaﬂ mebsr mﬁpn that these solvents
are maf&mg@ﬂ@mlelcbmrﬁiitionamnﬂ@ﬂdéf@W@hld daaveniantly be less evaporation

and (iR 1L Bl o T TR MRS ccanpl o, i Lrites,

ket ones, am nes, ethers, hydrocarbons i ncl uding
c Ktiasri prefered hqimrﬁ& nchigad-ifena ané 2dutane! sinbe thesdavehigher

boillnig&ﬁfssthaﬁ olISwa filSoRP! e that the al koxy group is the

e conjugate base of the solvent alcohol. In

S odi nents, esters may cause side reactions
eq:po neg wit tI?ﬁﬂnB?@tanythe etal lon 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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Initial studies have been undertaken in nethanol since
met hanol is closest to water in ternms of structure
wa@pa4okisnd cal properties and is readily avai | abCECA2004/000379
However, nethanol is |ess desirable than other
solvents due to its toxicity and its relatively | ow
boiling point of 64.7 C which makes it volatile and
prone to evaporation from open vessels. For these
reasons, use df higher alcohols such as ethanol,
n- propanol and“|so propanol has been expl ored (see
Exanples | and Et hanol , n-propanol and
i so- pr opaX e—SUBStantlaIIy | ess volatile (boiling
poi nts 78, 97.1 and 82.5 C respectively), are |less
toxic, and haveé better solubilizing characteristics
for hydroph|I|G5substrates The hi gher boiling points
nmean that these solvents are nore anenable(q field
conditions since there would conveniently be [‘ess
emmgggpggﬁnbs A&gst hus | ess solvent would be lost to
t he atnnsphere & her preferred solvents include
nJtviPdawygeaner O (ft8nol since they have higher

b@k 'G rﬂﬁaﬁé%é‘%émfe %ﬁHlﬁEFb%t éﬁd\ﬁfe s?élé”c@éwﬂr&n tHegrBGS e&#&%g of Q,

I nventi on, I OnN Specl es cat alyzes

0Q, % chhoT (fsipede)r Gb(@hlpmlﬁ)oBr @rprmdghmﬁpmdg)p&& 88 m%ﬂmd

OB i SPARSRIRERI USRI, s rpin o
cyclicyypgogp ceastBgrET/ 108Z2a0NGHOBF,.vherein whenX, B, Z arg thaame, X,
6. 2 g bt G Gron o gPLaR st it PV and are

s &l ie@traehd-r dimot pely-grlsiituted nsursubstijuief! aQyl grad, seﬁg@iectﬁﬂom
phen@ﬁ%@f bgﬁ%n_ p%ldl mﬁMa@H@‘%Fi}oWﬁﬂﬁI%&gﬁSﬂa?@g %lt tﬁ}ql E?ﬁ?&mbered
aromajic andswhstromateeteoayaésd, strai ght-chain or cyclic

oKl PL PSS R Sl L 01, 1 A 81 B
OQ, cartmxyakkylGeyl S4k:H, BReQsSFR(AQY Sfymg@ aring, adllsylamino vHQ),
aw%nﬁg?é@ﬁéb@@&%ﬁ?&gﬁehy?&ﬁg ny : enzﬁﬁedps:yglgg?up

néfsist preferalpy) the pb@@@prtarat@atqf tgyredfdhas-at adt Grengatddeadng
group attached. For this reason, organophosphorus compounds which are decomposed
according to the invention do not have three alkyl groups, nor three hydrogens, nor three
hydroxyl groups attached. One skilled in the art will recognize that a “good leaving group” is
a substituent with an unshared electron pair that readily departs from the substrate in a
nucleophilic substitution reaction. The best leaving groups are those that become either a
relatively stable anion or a neutral molecule when they depart, because they cause a
stabilization of the transition state. Also, leaving groups that become weak bases when they
depart are good leaving groups. Good leaving groups include halogens, alkanesulfonates,
alkyl sulfates, and 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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aromati c and non-aromati c heterocycl es; wherein each
said substituent is selected fromd, Br, |, F, nitro,
woramosss3 Q al kenyl, OQ carboxyal kyl, acyl , PSBAR004/000379
SABQ S=(Q, S(=02Q amino, alkylamno (NHQ,
arylamno (NHA), al kyl aryl am no, dial kyl am no and
VX, RAESANVE bR (M‘f,tsoﬁfaﬂf(ébé‘i,@aﬁn (GBF GHhSaiBhotsic BbIgRERS
] figure 10 has at | east one good | eaving group
'“SeC%£%%&93%¢e%-hi s reason, organophosphorus conpounds

b, N T T T
reactib peeucts Yitkit @4 Ibe @asitipsndedafely biedosednsf bykndineratidnd If Wig thus be

ar i1l recogni ze that " d.leavin oup".is .,a
appregiglsctthet i, S Giamigatolertiod 8 Bednienn haf S heg for a bioad range
of chernagaiivs}ayfaﬁbge@@drm oirtrrmu_ ﬁeb;?f §u&nﬁéb g{e&}s@ of bleAds GRTICE @gBhth With

substituytion reaction. e S eavi n ro are
polymBii 26 Well 6 A S G Pinunas siiTops e o be i B ded it relsted
organ8piisiphok agehtednenstien they depart, because they

cause a stabilization of the transition state. Al so,

| j : . .

R3S BUaHER, At |RERATPE MG oSSy YR DBprorus agens
occurs weh gwitheut dupeadditicn ofdeet LA @nbieakiempardiyre readtion iesst-efficient

- ] i .t r .

for B3 Sodl UBLREAN U1 S 00R) B oroBPontTRENOIS: Mafhral P o clbmial
weapas, Biseatinifesras gesiiaidest i Thesatalyshspaainsatancatalyredba rlsoholysis over
the full 'tel'?l%)e‘?é’tp};eat’aﬂ d9efien e R Fhgh a‘%o‘?lfn '\ﬂ)oirﬂg 8 sBlvents or mixture

pol ynucl'ear aromati c het érocycl e contalning one or
of solyantseused. 0, or S atons. An advant age of the

deconposition nethod of the invention is that the

sol vert, bei ng_—_hydrophobic, rebative to.water,

perm t|s good , pi ity of orgapophospl agents

sEeT a5 oW 471080543 PCT/ 041Q ,

Russi an- VX, t8 (GA), soman (GD), san ), G,

hydr ophiobi ¢ pol yners, insecticPdes and pestici des.

Anot her_ advant age of the PrdianylShp-igophéralphisphgiiond des

a non-aqueous solution and reaction products that can

be easily and safely disposed of by incineration. It

wi Il thus be appreciated ffrat\the decontam nation

met hod of thepjdavertio usegofor a broad range

of chem cal warfar or/m xtures of such

agents, or blends @tHsuch agerks with polyners, as

wel | as other toxic_ conpounds slich as insecti ci des,

pesticides and rel af&tfret¥?yanophosphorus agents in

general . A further advantage of the invention is that

débe Cutypre end dftype glanssshal shewicabwartpraagenis ecsiios toxic fo oy
handI&d Evnl%lft sb@tﬁalﬁgg 'fééil@?s %d Qﬁeaéf%enpr‘ﬂ?@é@d W&in{uﬁa'mseéﬁh%rs?for the G-

reaction Is cost-efriClent or Targe 'scale
agentglgxraqoniand pafitrephwolipdiplenyoptgaploginozpHoutheréageritsl O, S-dialkyl-

or O,S“’-H%Il@lﬁpﬁ&%ﬁbﬁ&hioates 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,0O’-diethyl-S-p-
nitrophenylphosphorothioate as a model of V-agents, and degradation of fenitrothion as a
model of (P=8)-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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weapons, insecticides or pesticides. The catal yst
speci es can catalyze the al coholysis over the full
WO e0pesElir e range between the freezing and boPCT/082004/000379
poi nts of the solvents or mxture of solvents used. O
0 11 11 EtOCi -O\ / NXZ EtOi -s \ / N2 Ot Ort

includfrg) sheflical Waﬁ'éﬂ@zyég'eﬁtsparﬁi' dtﬁ&%ﬂdbég‘é@:ﬁ hat fok @:’(’érﬁple parathion and

Par aoxon s

malathighy t r ot hi on The thpe and V-type cI asses of cheni cal
warfare agents are too toxic to be handl ed w thout
S ﬂrecmradtmczexj whéobidre ti'etaﬁechimcthaf@lowfr@eaxanptésl we hhye: confirmed the

degraéa?ﬁn[(% ﬁﬁaeoﬁ%ﬁ' rt& -lqbeﬁfwl Sﬁﬁgrﬁh%%@%%éﬁ@uf@tﬁ%%ﬁe anca%nltrothlon
when glazge it an alEpiBlidisalukign ef metal ions and at least a trace amount of alkoxide
L T L N A ——
La® aﬁwaadgl,tloﬂ.ﬂfhﬁl?thomﬂe ibas;ehaemtbrizbd emlmmdlet@iaMIFmMcisedracttructure of
activegﬁgﬁgﬁpgl?)ﬁgdégpgdg ﬁats)#acl’)@egalcgggle/%% ﬁ(nof%e%Sresaence o? Illgand and
determined dinﬂ'léas]érphlns yal‘mpms:]bleta?lt@ms@h Wstehsmélawei@emtesysm in the

abserPBLfGRHA R ity o b el Br Bef Lo e 0-aietny-s-
p-nitrmeylpnmppommsatamamm@atamt mvaaeTi’@rs‘le} {Qu¥eOMe}, and {Zn*+
ovel ARG SR R SR ARG IR <1 o e

to study with | ow conce_ntratl ons of rraterl als. It is
eXpedetepresrited injtke followingiesamples skt Bgpelicvdng conclusions:
faor other organophosphorus conmpounds 20 WO 2004/ 080543
peesterstion ohBarrpgon (Medak AgenReh pigferipghamabedingaliers

methatioflsRIAISbraRRSH isH 48 o) %sterﬁ aécoedqﬁgrw e iRRHASH Pk
mal at hion. | n our stu are detailed in

ProcefHe NGNS BB RV (BT meapls FRdioph gontaiing

equmﬁ%ﬁ%lﬂ OWhieh aféidd @x@%fold acceleration of the methanolysis of paraoxon
- di etsh | -S-p-nitrophenyl phosphorot hi oat e and

relallvredca ither !aadkgmund reaction at the same pH in the absence of catalyst (ty,~ 20

sec). A second preferred embodiment for the methanolysis of paraoxon is a
{Zn*":diMephen:OMe} system. This system affords accelerations of up to 1.8 x 10°-fold for
the methanolysis of paraoxon and has broader applicability than La®* as Zn** also catalyzes
the decomposition of fenitrothion.

Destruction of 0,0’-diethyl-S-p-nitrophenylphosphorothioate (Model V Agent):

A preferred embodiment for methanolysis of O,0’-diethyl-S-p-
nitrophenylphosphorothioate is a {Cu*":"OCHz:[12]andN3} system. A second preferred
embodiment for the methanolysis of O,0’-diethyl-S-p-nitrophenylphosphorothioate is
methanolic solution of {Zn*":diMephen:"OCHz}. A third preferred embodiment for the
methanolysis of O,0’-diethyl-S-p-nitrophenylphosphorothioate is a methanolic solution of
{La**OCHa}.

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),OCHjz 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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when placed in an al coholic solution of netal ions and
at |l east a trace anount of al koxide ions; determ ned
w0 b@4fostse3 of t he deconposition of paraoxon i n BCT/CA2004/000379
nmet hanol solution containing La 3+ and additiona
nmet hoxi de ions; characterized stoichionetry and
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M, tiod MF* aylstemdmsm’ataly'maIcmltdysmmfcﬁémtrothlon This mixture produces an

effectige %ettéjéoeilom%srtgjfsg rpéfgt;ogﬁﬁ og%ﬁgthc?dsﬁ oar% %R’%gﬁ%rﬁgél r@al(e ggents.

O O -di ethyl -S-p-_ nitrophenyl phosphorothioate is a
{ Eb@mve(fj@realfqquaﬁi@ﬁ@wtécyrsﬁe@ﬁmpw%% REpasePehespheds compound
compl‘?ﬁ%lj)g%[fﬁﬁéntfaﬂ nbA8 IS BV kst K alcoholysis reaction, said medium
- di et - p- nltrophené phosphorot hioate i1s
comp%mma%raﬁoa@bvmmetﬂhw@ﬁ apgr ableasti VEptecamountBalkoxide igng d The kit

may nﬂfl&feeé é&Qalﬁ&b%@ r%‘éfnrw%g%] mﬁw r&?&ﬁor 2 lﬁﬁe‘?‘ﬂedlum can be

O -di et hyl - oatelsa

appheﬁé@ Hﬁw@ga@or&@smqr@%cmpowaweﬂ@wm th@blémamqh&@ ayf applicator
bearlrfﬁgﬂé eRfum, %é‘@(ﬁ% 3 §§tbﬂ‘s%%%53teé sieg:ﬁgat%é RRARAPRIAbPRR to the

met hanol ysi's enl trot
organgmmhwg]cam@mnd @BHBP CePPUn eRSEAURMY degompeses. The
applicﬁ%l\‘ ?r\?h%/' déﬂ*nprlsg BenREQRAULE d d?é‘tﬁlb\ésﬁngfé SORtiGH é&!&rd?ﬁg  the

) . met hanol 1 ¢ sol ution contai ni ng
inventigy, i N8l I@at@’f maY BRip40EMe Whigh Spieys mﬂgpt@macqprdmg to the invention

on thé FrdhRspHBp s BnfRLAY. y%%ﬂé@nﬁ%lth@ﬂ@' %81k coRbrises written

enltrothlon wth a t1/2 of - sec accounting for a
instrugtiops fors9 1¢ geeprapaselaBrasganoRhesPhores comnaand004/ 080543
PCT/ CA2004/ 000379

The following examples further illustrate the present invention and are not intended to
be limiting in any respect. All scientific and patent publications cited herein are hereby
incorporated by reference in their entirety.
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reaction at near neutral 5 pH (8.75). A second
preferred enbodi nent for the nethanolysis of
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applicability as it also catalyzes the deconposition

£
O BABRRI ek B o FELIP 904 400k gBhyss o
paraoggis.t Erample dOrisla pepphetic eample ehan bar: ioﬁnatalyzﬁdmlenrmlysls of VX.

Due téharfggﬁgéﬁtggﬁgg o#&@éﬁr&l}r@&e&lﬂ%@e s:f?stggﬂlgmjsolutlon and the

reactishl ka8 back B@Fooﬁ@fehgj'eré‘tﬁﬁeaénd' NASutpdl ‘bhi @8utkal 2“;‘)H |ﬁ 'h%tlﬁ’éi’?o’r is

coul d show enhanced catal ytic activity toward
~8.4) ¢ bspect et thisokeastidnfis amecalblatmscalp-up hod phoselis tls@fmjd £s.
Destruction of a Suspected O ganophosphorus Conpound

ofin %@Q%les%é%%lr(gg 8"% %ﬁﬁ%c%u@dscﬁ)‘mﬁ%éi‘i%%deo(fo g M%olution in

i nvention for catal \ 4 al co si's of unknown

methagbintalidheePe)s §n%wa@mre\mer@cpuwaaﬂd ematigprddgisdr(8t Louis,
Mlssd&(gryﬁ%d \Mﬁwﬁt é'ﬂl)?(ﬁJHﬁ& pﬁfrlflé%ﬁ H%ﬁ}'o%r%fu{as uci&uuon) was

)

t
purchgseg U@r@larE}h-i(anaygeq[ol{Emjgnd I onl&ﬁad %P NMR spectra were determined at
400 Ml-‘l%@ﬁ"d {él‘lzdﬁﬂlﬂy?’ %ﬁl}'\’- sp%@ﬁlﬁ ?eﬁf%f&gﬂ?é}d B2 external standard of
such M2+ systemis

{Zn
70% w@ghw@m wvett@man@ ua—éelﬂ&%emlqahaﬁftq ae nematiesst em
unl i ke M+, the M2+ system does catal yze al cohol ysi s
ofin fheréxamptesi the.CHIOH:" tbndentratigprwatudesmaned edifiga Radmeter Vit

o0 A I L el b WSS o
calibriiet! withFighee Captifist ISaralarda@ R0 boFgh Qsks 40NPRINGI00) as
descrgapgp(g{]{ﬂ%égtl apﬁlzsu Ev%rﬁtvlezlg} %)Oﬁgigé\?p%g\? ggqsfp %g" (%g“e%ro%net al.,
2001(BENe 'Nervé@v%%i | 301 (851 @‘owh%%/ aﬂ}éza’lfsnelgﬁaezta/. azdd32°9alaé‘§’81”*pﬂ

koxi de i ons The t al ner
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conpound and the conpound consequentl|ly deconposes. The

or meapyef @hbalt newdiplizasiopof e kasapivih 76%dtiGIO.iin BleOH cl ot h
bearing a solution according to the invention. The
applicator may be a sprayer which sprays medi um
according to the i nvention on the organophosphous

Exam ?él"?.?wcha hgﬁg@gfsr@tﬁ; a?%g@Aggfgg@i’tg&%én‘?s

ruc I ons
Reaction SoogitionsAndiBatesnmpound. The fol | owi ng exanpl es
further illustrate the present invention and are not

| TheedRAckSis oPRntttoiibh ngd Fé?a@ﬁ)h WES HaGikd n"Ns‘Jhanol usmg various
scientific and patent ications cited herein ar

metal jprisaiiih Vﬁ%%ﬁ@@ﬂ@ﬁ@&a@@e@ kaser dhese Taactions wereipllomeg\py UV-vis

spectl%?;copy 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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bases with (E%BELOS in Mefhla le 1. Q@@,g{ge
Et hanol ysi s OF Paraoxon And Fenitrothi on: Reacti on
Comdi-tons—Anmd-Rates—Theetharotysts—of—fenttrotrhion

and paraoxon was studied in ethanol using various

Neirbdiced ss Wenkhervidly)avaigble ifleftssitdndadeess besed These

r'eambi ons exdaroe Mfalalt enegidby NEVEME S spect roscopy by

obgervétigmetive waatobssofeddiy Seg pavisapeeraobutaetstraination gf exact value of
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product signal such as 4-nitrophenol in the case of

paraoxon or 3-nmnethyl- 4-nitrophenol in the case of
Exampler?.t kalt WindrZn*REatalyzed SaivelysisafPaiaexaris Rrgpangised

R SRR ABRS B ol Soss T

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, At
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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Table 1 -- Maxi mum pseudo-first order kinetic rate

constants for the ethanolysis of fenitrothion and
w@araoszsws cat al yzed by netal ions (0.001 M i nP€T€A2004/000379

presence of optinmm anmount of base (max kobs) and at

equi nol ar amount (kobs 1:1 OCH3/M ratio) , T = 25 C
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recordegh ]")fgﬁs%ectrmﬁhowzd éﬁmp?telshswe@&anqs O&Hma@@@n sfafting material
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and cél%pféfe ﬁﬁnéﬂorﬂ% d%fyﬂ?%éf% 95&?@532(&;0?&(%!1 & I)Qéglgﬁt\ngtlh%éﬁénol) (6=

-0. 3pm‘ai@n etﬁlyldoampzlaohp@prqa!e (preguatat rgiagiidrswith Aipeopanki Birr1.23

pom) S s 45 RO mrd R AR SR 25 ol yore ver

removqel, aed tieyesiguadndissrivedyis idsuterated wt@nokduaanddhk MdWMR spectra

wre BB S bRt G MR FCPIT Spng oy
phosphate andediethy! ‘r—em@ylvrmspmﬁten OBimilatly, mnd¥idR sifdyMias domietsuch that

25 e e RS TP BS TSFLE R e

NaOMsgf was a@deﬂb& 8 ptmﬁgamuothbmemeﬂshbtel chneebioativhglas 15 4 mM.

he o850l BBy Ties & DEWAHETpoB P RRGTe R iRt er which the

¥p NMerctnwnm riiddRISA. uﬂmlespmmmmnml@é dtsapmamm:e of the
paraoWst%HM@'lﬁé]{ehé] a‘wg%or%lp%? %lrn%attlorﬁagf ft etﬁyl me%ﬁc'yl pﬁospha éroduct of

reaction with methanol) (5 = -0.3ppm) and diethyl 2-propyl phosphate (product of reaction
with 2-propanol) (§ =-2.4ppm) was observed and formation of the products 4-nitrophenal,
diethyl methyl phosphate and diethyl 2-propyl phosphate were confirmed by *H NMR.

The ratio of the two phosphate products from each of the propanol solvents was determined

from their *'P NIVIR specira and were found to be:

MeOH reaction product : Propanol reaction product
I 1-propanol reaction 1:2.8

2-propanol reaction  2.2:1.

These ratios show that if the 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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met hanol, nanely 1-propanol and 2-propanol. In the
case of 1-propanol, kinetics were nonitored by UV-vis
W@ p@ans@dropi ¢ techni ques foll ow ng the appearPOT/E€AR[04/000379
the product of the solvolysis, 4-nitrophenol, at
2=335 nanoneters. For exanple, at a concentration of
La(Orf)3 = 0.5mM = concentration of NaOCH3, in the
absence of any ligand, catalyzed solvolysis of
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system was denonstrated in the follow ng Nucl ear
SChe%@rgé‘{eind“ ReB¥AdAce (NVR) studies. To 2.5 nL of a
sol ution of 1-propanol containing 5% nethanol, and
0. 5mMM each of Zn(OTf) 2, di Mephen and NaOwe was added
8.3 L of paraoxon so that the latter's total
Scheng@ficentrati on was 15.4 nM The al coholic solution was
then i ncubated at roomtenperature for 72 hours after
whi ch the 31P NVR spectrumwas recorded. This
spect r ym showed t e di sappedréfsSeras Ne@espar aoxon
tingu-gn teri co éeteformatlon of di yl
yl jphosphat rea%ﬁ_I Qs th, net hanol )
(5 = IO 3ppn) and_diet hyl 1-propyf p osphate (product
of readfton with 1- propanol) (S =1.23 ppm. This
i ndi cat &aragxan catal ysis with nmore than 30 turnovers
in 72 hr. The solvents were renoved, and the residues
di ssol ved in deuterated nmethanol -d4 and the 1H NMWR
spectra were recorded showi ng the presence of the
products: 4-nitrophe , diethyl methyl phosphate and
di et hyl 1-propyl phos hat es. Si m [arly, an NWR
was done such tR@—F5—ACHf 2 pr opandio-eon(
nmet hanol , 0. 5nM each bf Zn(Orf) 2, di Mephen a Q
was added 8.3 L of papmoxon so that the latter
concentration was 15.4 nM The al coholic sgd_i_l% ’}dﬁ?}e%f
t hen i ncubat elicginylifrihyt 2Bhprited@are for 72 héu
whi ch the 31P NMR spectrum was recorded. This
SFBE6 HD SRV RRiHABPA ehfbidht élh?é"\ﬁgs Qéddd-ethyimo rpholine

paraoxon starting material an nplete formation o
(25.5 gl et By mghbalﬁgeutrﬂ%@ebw&h é1.¢od bdl@é (3)6ML)r3@db@tl the finglteial buffer

conce?ﬁé“%ﬂfgé 0. (1 VR ﬂrs%@do@ﬁq Q%p@ég)yh r%g)ﬁ%rg pT’He ﬁpcﬂﬁ\ﬂ;@@b&trum

reaction
showees smb@e&xgredataﬁfﬁ 8D ppmt iTorthefesultieg priddecwas added 12 9 mg of

La(0:5CH s I A RE.op sttt Nl B e harRLSaeR: AGTRE PPRE L o
conceafrafidreoftpatacxbe s28 @t G570V @dd that of LaD.8aEL); @ks Oh)a 1 M and the

propanol solvents was determned fromtheir 31P NWMR
measgr,ggngaofathg mgshanof splwipnt wasHB 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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MeOH reaction product : Propanol reaction product

1-propanol reaction 1 : 2.8 2-propanol reaction 2.2:
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Met hanol ysi s of Paraoxon eriment al Det

PP 20RGT, o\melnappl 8- epene- S Nophy OB (3 & abend 0.56 miL
of 11 ﬁ"ﬁﬁ P%@ tosb‘ﬁhgttﬁé)tﬁta(F Bﬁ‘ﬁﬁ“cﬂh%trah&?’tb 0. 9Np 'I*?ﬁhig sbl'lhtlén & d¥ded

etvve under went met h ano ySI S
1.29 goof B ST )s ﬂwmla@flﬂ%é%sqivWé\laﬂfglﬂw

phosphat e and p-nitrophenol. A detailed reactl on
S Tbemealt@/edioltion igaddet @ goflthe Bohgare Shrih &d.0855bRE30.08 M) and

the sod'}ﬁiop is_'_aIE)(l\E/«t@%l tggﬁ%g%m%?ght%pﬂu%fé? h@%iw@%&ﬁ%rﬁ%g& that
analydth osthBaésulhgNolutiop ol indi Se(ljtb\wbﬁhnt%ﬂlly dbryﬁpl@ﬁelt diéai}iﬁeamgcg of
. anbi ent tenperat.u e et jror phol i ne : .
sarin T FEapting et MBS i € SEBMRR £Roa gah bk 29he 0 g raction
solutistototpratipitaie tHid indibitbrgtpadduetif fer  concentration was 0.1
M To this was added 16.0 ng of paraoxon. The 31P NMWR

spectrum showed a single signal at 8-6.35 ppm To the
resulti ng m'xture vvas added 12.9 ng of La(OB8SCF3)3
net hanol solution. At this

Examﬁ!ﬁ f’rt '-f‘ h&atE'éfﬁ%%MeF'}ﬁﬂ%\f?'%Pf Ba'iaé’ef?ﬂn KiBgties. 057 M and
that of La(O3SCF3)3 was 0.011 M and the
The kinetics of the alcoholysis degradation reaction have been thoroughly

investigated using the pesticide paraoxon. For methanolysis with dimeric lanthanum
catalysts at 25°C, as little as 10 M of the catalytic specie(s) promotes the methanolysis

reaction by ~10°-fold relative to the background reaction at a neutral pH of ~8.5. The

uncatalyzed methoxide-promoted reaction of paraoxon proceeds with the second order rate
constant, k2% of 0.011 M's™" determined from concentrations of NaOCH; between 1 x 1072
M and 4 x 10* M. Methanolysis of paraoxon is markedly accelerated in the presence of La®

with an observed second order rate constant, k,® of ~17.5 M™'s™ at the near neutral $pH of
8.23. Assuming that the methoxide reaction persists at ;pH 8.23, the acceleration afforded
to the methanolysis of paraoxon at that *pH by a 2 x 107 M solution of La(OsSCF3 )3 is 1.1
x 10°-fold giving a half-life time of 20 seconds. The acceleration is 2.3 x 10°-fold at pH7.72

and 2.7 x 10°-fold at $pH 8.96.

UV kinetics of the methanolysis of paraoxon were monitored at 25 °C by observing
the rate of loss 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(OsSCF; )s 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 (Kobs) Were
evaluated by fitting the Absorbance vs. time traces to a standard exponential model.
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nmeasured spH of the nethanol solution was 8.75,
essentially neutrality. This solution was allowed to
wger@adsdsas 10 m nutes, after which tine the 31RCTMER2004/000379

spectrum i ndi cated conpl ete di sappearance of the
par aoxon signal and the appearance of a new signal at
8TRe KidstidePiBre eeter@fiedAdadbuiferdli cindionsEBUiels were prepared from
phosphate. The 1H NMR spectrum i ndi cated conpl ete

N, N-diinethplpadine (oK of 5008 26-4tidinad; piae &r6.40), Nrigethyimidazole ({pK . =
rel ease of free p-nitrophenol. 26 WO 2004/ 080543

7.60), PerthyinRoglio® 0350, = = Ba&Mphe triethylareine ({1 aFylPet). Due to the fact

t hano] ysi s of G agen A . Pr het To 2
that aqec {RURIEHONS F41 BEch e HoNTATESCH R RRCIAGN hedigsngonic
streng(ﬂ) wé@ dorﬂroﬁéd Mroudt nekitrafizaibhict A& buffebsndiotibyeadded shits. The total

concegtg@t&gl of %8 ce\%tnrsg | éwon ; %@p@() 3M£p§034>t< s M?%lgg ngeglg]qﬁers were
paﬁlalﬁméﬁr‘amd%ltmﬁcm& toRéSpAIRE lcondemtriatién aPONTs” & @l 1bk ibatconstant
e

value g 539 ¥ HETEEP e Brp feasanabbins Pt Ghig syeRgihdRbpIaian. With the
concehﬁéﬁfb%rd?tl_ﬁf“% % gﬁ OJ*EM Q1 D n%37 0, ﬂi %tﬁmég ﬁarggf@} neutralized by

si s of e res g sol ufion

addin?HP%Pﬁ%hh&Ue o‘ﬁﬂf'&l %@I}/lg d&@&ﬂg@ﬁtﬂﬂ'ﬁﬁ]%}% aﬁﬁé cﬁbéarggyélue ‘pH

eac I nhi case

measuﬁ@bheh% vaste %@ﬁb@né&&f@r@%ﬁ'a@t@r e&dhl dxpbMnechiar? if Gll et the values
hi s inhibj tory product. Exanple 5. La3+-Catal yzed

were Wﬁ%?%‘%‘l@“ 8f! WilSaoxon: Kinetics The kinetics of the
al cohol ysi s degradation reaction have been thoroughly
i Bhesth indiped Aaerigret meprpeasttatye éotp af the ysaudd-finst order rate

n [ it b di [ I ,
const%% péqs)?ijpy%ggwaﬁ%ﬁlgls%f g%raf)%oA %@% ﬂﬁ\%tﬂgﬂc fcagoéo% y?h?en%latlgr? gf
La(0.8CPIREESH NE2NBLBaRe YS! IFor &Rifral R, \RY codechBrafict 6F La3+ kinetic

relative to the background reaction at a neutral s pH
data set TaBle5 2-T)e uncat al yzed net hoxi de- pronot ed reaction
of paraoxon proceeds with the second order rate
constant, k2(r)CH3 of 0.011 M's , determ ned from
concentrations of NaOCH3 between 1 x 10"2 Mand 4 x

i dl .
Table 3 Giaivad g R otk R et e BB AR o7 Lot el e eineliin g patgoron
(2.04 5ROt Ty ¢er pHBlIE &m@tﬁylaﬂtne blerjosi .o x 1373 Mdesnrd. at

the near neltral 'pH of .23. Assum ng that the
met hoxi de reaction perS|sts at spH 8.23, the

accel er gtTon q_al(@rs@@q MO fre— et tragrotysts of paraoxon
at that |spH hy a “§0-3 M sol utCon of | (BSCF3 )3

is 1.1 x 109- f‘b‘PQ‘F‘EﬁVl ng al hal f-31¥e0% i ne| of 20
seconds. The agoE-gg ation s 2. 354{551@?9 fo d at Ss pH

7.72 a V”‘qu.uu s—pH UM ki netics of
t he net hanol vsq\% of_par aoxpn vver% %%tor ed at 25 C by
observing the2.0td-@ of | oss of p‘ai‘ﬁa@@n at 268 nm or

by the rate ofgggmarance pf p-mg igggeeno] at 313 nm
or 328 nm,at_a concentratilon of paraoxon E 2.04 x 10"5

M usi ng lan OLIS4E04 nodi filed Card/78E-05
8.00E-04 5.34E-05

1.00E-03 6.13E-05
1.20E-03 7.72E-05
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17 WV-vis spectrophotoneter. The concentration of
La(BSCF3 )3 was varied from8 x10.6 M to 4.8 x 10-3
woRooAMoBosrEact i ons were followed to at | east thP€ECA2004/000379
hal f-times and found to exhibit good pseudo-first
order rate behavior. The pseudo-first order rate
constants (kobs) were evaluated by fitting the
Absor bance vs. tine traces to a standard exponentia
Tetle g e A R e B ea it f pareoron
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t he desifred véﬁ% asureng%#%U perforngd
before and af t620Eech experlnent1aﬁﬂmin II cases the
val ues ‘were —consistent—to wthim 01 —unrts. Shown in
Figure 2 are three representative plots of the
pseudo-first order rate constants (kobs) for

Table netdmaméq/@iewcsﬁrstmweammsntafofr Uﬁ?ﬁtétmweofne&dd«ﬂybls of paraoxon

N wWas geoetgsal Ty ne

2t a anmi r\-F

opcentration of & pH 7. 72, 8. 23 and
(2.04x éo 9@ at e dr: B fi2idime M‘énw b”ff%fht éﬁ? *dPi Mnx oP24 A+
kinetic data see Tables 2-12). Table 2 -- QObserved

pseudo-first order rate constants for La 3+ catal yzed
nmet hanol ysi s of paraoxon (2.04 x 10"5 M at 25 C, pH

5. 15 [ di et hy[la0JSCAe, Buffler] = KuD0™x 10-2 M 2 = 328
nm  La(B3SCrF3yFe b Kobs; 400 o T E- 07
6. 00E- 05_5 46E—t§ 8. 00FE-05 4.90 %g 2. 00E- 04
1. 17E-05 4. 0P-¢Q5% 2. 46E-05 6. 004 3.|78E- 05
8. O0E- 0475, 34t §bE-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 1.02E-04

1.00E-03 2 17E-04

1.20E-03 3.07E-04
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1. 00E-03 6.13E-05 1.20E-03 7.72E-05 28 WO
2004/ 080543 PCT/ CA2004/ 000379 Table 3 -- Observed
w@e@uasosid r st order rate constants for Lai +catBCTHeaeho4/000379

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 2 328
Table SHDben(cOPSES)TBst on‘dlekr@tms:pnﬁantsdffoO[)aSE;a&EB/zsd BgHadysis
oiparagfoni3 g 8530 ) Bgi- o2 P DR AIORER 7 5 1R g =313 nm.

8. O0E- 04 9. 48E- 05 1. 00E-03 1.05E-04 1.20E- 03

1. 26E-04 Table 4 -- Cbserved pseudo-first order rate

constants for La 3+ catalyzed methanolysis of paraoxon

(2.04x 10"5M LatOSSSFa()}, Ms pH 5. 8Xukdi net hyll ani | i ne
buf fer] =293 gpelfr 2 ™2 =328 78Ep5 La(|CBSCF3) 3, M
kobs, s !4._00E-0 B0 5E 061 6 00E- 05 T 71 E-06 8.00
E- 05 2. 52E- 06 6-09ESE- 04 3.|13E- 05-13F-B0E-Q4 7. 11 E-05
6. O0E- 04 1. 15 d0f-058. OOE-Q04 1. 923805 1. 00 E-03
2.17E-0 12003 -3 06/F084—29 "“" ”“04/ 80543
PCT/ CA2404/ 006PP5 M Tabl e 5 -- OU<BFuBd pseudo-fir st
order rate corfsitards for La 3+ (ﬁ@ﬁ@-@flzed nmet hanol ysi s
of par aoxon( 2ok o0 SVt —25 G 55 gat 6169
[ 2, 6- Lutlidi neLeLFRJ fogr] = 6161 x :5(')-'2 hh, = 313 nm
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, s pH 7.10 [2,6-Lutidine buffer] = 1.00 x 10%M, A =313 nm.

La(OsSCFa)s, M Kobs, S~

4.00E-05 2.58E-05
6.00E-05 4.85E-05
5.00E-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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La( @BSCF3) 3, M kbs,

SII

4. 00E-05 1. 18E-05 6.00E-05

3.13E-05 8.00E-05 4.43E-05 2.00 E-04 1.21 E-04
wa200m80343 3. 04E- 04 6. 00E-04 5.24E-04 8. 00 E-pPdr/8A014/000379
E-04 1.00E-03 9.31 E-04 1.20E-03 1.18E-03 Table 6

bserved pseudo-first order rate constants for

La

Table 73+osea,=mlj yeado- iRt frasahiy shistatsrariadanly2eddethanblysi Mjpasioxon(2.04

S

pH 7.10 [2,6-Lutidine buffer
100 2285 B 301 L’&U@B‘&@F%Zsle byffee 5667 1
6. 00 E-05 4. 86E-05

8.

<11 = 1.00 x 10"2 M
NI 888 n.58E- 05
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

3 PCT/K:A2004/ 000379 Table 7

2. 67E-03 30 We(RB0H) 98/054
- - Chser ved—psegie-fst—ortger—raf gcnnst
La3+cat dl yzed et hanol ysi s| of paraoxon(2
at 25 C,| s pHZ2A0BPI N- net hyi m dakz@EedSuf f
10" 3 M =268 gupe-dsa( OBSCH3) 3, M &8ESe5 S
3.83E-059_-2.00E-05 1.50E-05 8 00 E-05 7.
2. 00E-04 7. 17EWF 0% 00E- 04 1. 58EGP4
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

nts for

4 x 10"5M
er] 6.67 X
8.00 E-06
95E- 05

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 10 M, A = 268 nm.

La(0sSCF3)s, M Kobs, S

2.00E-05 2.83E-06
8.00E-05 1.18E-04
2.00E-04 9.30E-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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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 -- (Cbserved
WE3@uaeoshs rst order rate constants for La 3+ CBACECK2Md/000379
met hanol ysis of paraoxon(2.04 x 10-5M at 25 C, s pH
7.72 [ N-net hyi m dazol e buffer] = 1.00 x 10-2 M ? =
Table 9 2@hséired pdeadIFEEE) Site ddnkibsts fs La® c@ 0 etha8 GBI 6

8.00E-05 1.18E-04 _2.00E-04 9. 30E-04_ 4. - Q4.
ofparaoipn @I W LSO AU sl Ryt 4 X M. 1= 268 o

1. 20E-03 1.22E-02 1.60E-03 1.51 E-02 31 WO

2004/ 080543 PCT/ CA2004/ 000379 Table 9 -- (Cbserved

pseudo-first order rate constants for La 3+ catal yzed

met hanol y§i's  of_pera0kanf12] 04 x k@58\V) at 25 C, s pH

8. 23 [ N nethyimig E%c buffert—=53g8@5%X(10-2 M 2 =

268 nm La(BSCE3) M kohs, g'— 4 00E-Q5 5. 08E-05

6. 00E- 05 9. 74E- GFPOEHS00E- 05 1. 63768052 (00E- 04

1. 94E- 03 [4 O0EghE®s60E- 03 6. 0QB38441./01 E-02 8.00

E-04 1. 26E- 100 E-031 o

02 g A\ Aw L
Tabl e 10 -|- Oosa'@gépzpseudo
for La 3+ |cat al yizaod-0det hano

E02—1-20f- 03 1. 98E- 02
‘194EE§)gr rate constants
si s 5&BEMEr goxon (2.04 X

10-5M at 25=¢€ oEtea8 96 v ethyigraigptal i ne buffer] =
2.00 x 10-12 M = 268 nm | la(BSCE3)3 | M kobs, s
8.00E-04 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 buifer] = 2.00 x 10 M, A = 268 nm.

La(OsSCFa)s, M Kobs: S

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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4. 00E-05 8.50E-05 6.00E-05 2.03E-04 8.00E-05
3.75E-04 2.00 E-04 2.70E-03 4.00E-04 8.25E-03
WG2@9@8343 1. 38E- 02 8. 00E-04 1. 76E-02 1. 00E- OBCT/CA2004/000379
2. 14E-02 1.20E-03 2.65E-02 32 WD 2004/ 080543
PCT/ CA2004/ 000379 Table 11 -- Observed pseudo-first
Tabled ﬁ cePbserree pesudsifiahirderfrate chra@mtsdartLal yateiyzavah étmmlyys b&paraoxon

204 R R0 R pbCi0 % e Brniathe Biter o1 G Mk <ot i
La( BSCF3)3, Mkobs, s 4.00 E-05 1.75E-04 6.00 E-05
4. 52E-04 8.00E-05 1.43E-03 2.00E-04 4. 75E-03
4. 00E-04 8.08E-03 6.00E-04 1.10E-02 8.00E-04
1. 28E-02 1. O0E- 03(Q:SCPEs, 0P | 1. 2003 '1. ﬂ(6E- 02 Tabl e
C

12 -- Qoserved psg g TTrstjorder raggconst ants for
La3+cat al yzed net gbr?r‘:(ljvm s _of nararﬁg:o (2. 04 x 10-5M

at 25 C, spgH 10. 09595 et hyllam ne 4#Ff% || = 1. 00 x

10-2 M X 5268 TemoEa O3SCH3) 31 N4eghs, |s 4. 00 E- 05
1. 60E-04 §-O6E—Q5-3-98E-041 8-00E-095 5. 21 E- 04

2. 00E-04 3.|49E-0 ?JOOE OE- 04 |5. 42El-zd§ Oé JOE- 04

6. 23E-03 4.00E-04 8.08E-03
6.00E-04 1.10E-02
8.00E-04 1.28E-02
1.00E-03 1.42E-02
1.20E-03 1.66E-02

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

(2.04 x 10°M) at 25 °C; $pH 10.97 [triethylamine buffer] = 1.00 x 102 M, A = 268 nm.

La(OsSCFs)s, M Kobs, S

4.00E-05 1.60E-04
6.00E-05 3.08E-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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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
wh aB08Einl yzed nmet hanol ysis of esters ( NeverPUT/€A2004/000379
al ., 2001) and acetyl im dazole, (Neverov et al., 2000
& Neverov et al, 2001) these plots exhibit two
secontl ORdr MSte BnSaMs (K8 foPNE* BhtalyR¥d RRAEABI/ERIOF pArakon-at tRe
suggestive of a second order behavior in La3+,
various dipHovaddeshyTreesk ianetabulditetein Table 13 aytdegraphically resentasiin digure 3
La3+ Follow ng the approach we have used before,
as a lqNeeva; pét plat whick @0genNe hevea skewarl bellZepe gmaxiazingat
et al., 2001) we use the linear portion of these plots
:pH~B0 cal cul ate the observed 33 WD 2004/ 080543
PCT/ CA2004/ 000379 second order rate constants (k2bs)
for Lai +-catal yzed net hanol ysis of paraoxon at the
various :pH values. These are tabulated in Table 13

rae F0 OB B B SRSk B ER 05 B o o
varioud €pl 88N = Jpsi i zing at  spH 9. Table 13 -- Cbserved
stécond order rate constants for La 3+ catal yzed
met hanol ysi s of paraoxon at various 'pH values, T =
25 C Skos MSa z, SpH 5.15 0.065 0.002 5.58

0.11 O0.0}—582028—0602—660 50~ 10 2.4
0.17.30 5.6 O 7.72 1113 0.6 B33 17.5 0l5
8.96 23.2 9 9 5.1?). 34 1;[. f‘r OI. I8 0.(16:5.15127.(')(&“4 ) 9; 4. a k2
o o o T LRI 2L L KovRsobfeST el plots

5.82 0.28 £ 0.02

6.69 1.07 £ 0.04

7.10 2401

7.30 56 0.1

7.72 11.3+£0.5

8.23 175+ 0.5

8.96 23.2%20.9

10.34 11.4£0.8

10.97 54+04

® ko determined from slope of the Ko vs. [La* Tt 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

obs

species. Since the second order k;°* values for the La®**-catalyzed reactions in the neutral

*pH 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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0.20 g 3Or B TAN. echvESigcteq the speealon dirgiaptshonniia Figyre favhich
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[La(O%ﬁ%ﬁoﬂﬁz(ﬁid‘Q N) that are defined in equation(2). On

The “basi s of the five conputed stability constants,

log s K1-5 = 11.66 0.04, 20.86 0.07, 27.52 0.09,
34. 56 0.20 and 39.32 0. 26, we constructed the
speci ation diagram shown in Figure 4 which presents
the distribui{,on of the various La2(CCH3)n forns as a
functjon of SpH.at La¢ OB3SCF3 total = 2 x 10-3 M

La®* X OM&)mn La3To(-Oe) nilfl-a ’§+ ”+b§’]"°ove (1) s Kin - [
La3i 2(OCH3)n ] / [ La3+ ]2 [ OCH3 ]1n (2) Also

included gn Figure 4 as data, points ((r)) are_the k2
bs data f nﬁégarié%(?'b?n%[é@ ' %%dol ysis of P@raoxon

whi ch predom nantly coincide with the spH distribution

OhsoliRtiddd S S dreibs ¥ith BoRbs &ﬁgeoﬁé kP daltpfor DhBk8talyzed
( ) d/ or

order species Such as La3+2 3 an

methanalsig (cDEkiZpdoatieh poedemacdritly icbincidd ovithahe £ pi ndisttibngion of
activities for the various La3+2(OCH3)r, we

La*,(OCHa), but with an indication that higher order species such as La**,(OCHs); and/or

La®*,(OCHs), have some activity. To determine the activities for the various La*;(OCHs), we
analyzed the k;°*® data as a linear combination of individual rate constants (equation(3).

ko™ = (ko™ "[La> (OCHs)y] + kz??[La’"2(OCHa)a] + ...
. ka""[La> (OCHg)a])[La’" (OsSCFa)slia (3)

where k27, k22,...... k> are the second order rate constants for the methanolysis
of paraoxon promoted by the various dimeric forms. Given in Table 14 are the best-fit rate
constants produced by fitting under various assumptions.
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anal yzed the k2obs data as a |inear conbination of
i ndi vidual rate constants (equation(3). k2 bs _
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ed lineis
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SO presente

-BF@dlcted log k™

n Figure

vs. :p?l plfoflie‘%%(?gﬁ/% R§hy ﬁasﬁé'd link %ﬁ F‘@ﬁé’ SOWhE'CBH{p%te% A8 98L& presented

are t actua peri nmental I'y-det erm ned
in the}é

k%%glzccg’f 1dd & ot@R}stﬂﬁ{ ClﬂHH#J’éae&'l Piyafd 4 85 Wéttarbomts ) are the

elity,*'strong I ndircati ng that
actua[tdkb@@ﬂérﬁl@ﬂ:y @Siehifed espenwhibh €t cﬁrometohmputwqwrwad wn:h remarkable

rei S, Vit 2 W B Ao g 6T g actty.
At :pgf’géukgsﬁ%?%@e}ﬁ@eb@h9%@@%%%&%# 35eAfIly R thOEity,

while at ;pH 10 and above, the dominantly active form is La®*,(OCHa)s.

Through joint consideration of the kqs Vs. concentration of La®* 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 formula
Lay(OCHs), where n = 1-5, and three of these dimers, La**,(OCHs);, La**3(OCHa), and

La%*,(OCHs)s, account for all the catalytic activity with La®*,(OCHj), being the most important
form at pH<9.
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Through joint consideration of the kobs vs.

concentration of La3+ kinetics and a detailed
wW@r@kpsise3 of the potentionmetric titration dat aP€DCAR®3H00379
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species in solution are dinmers of the general fornula
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x10° 5 187 dERE T seize RLERIBTAVRE & Rt el Gy puse Sraos, 208,
15s afd 30s & rBs e gvempﬁ vaRes Y7 Pfs 5 & ®ERN§6 8, BY v@:ypch" rere?ence at

t he net hoxi background rate const ant | s (0.0
‘pH ?‘.7% PeMoki®PH3dkgrauntt rhte‘constant is (0.011 M's™ x 10° M [OCH;]) =1.1x

comp

10" s, corresponding to a t, of 1994 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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OEt
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mtrophenylphosphoroth|oate was monitored at 280 nm as a function of time. The reaction

exhibited first order kinetics with koss = 4.1 x 10* 5™ (4,» = 28 min) corresponding to a 4.1 x

10°-fold acceleration over the background reaction at  pH = 8.70.

Example 9. La*-Catalyzed Methanolysis of VX: A Prophetic Example

To 200 mL of methanol is added 2.55 mL of N-ethylmorpholine (2.3 g) and 0.86 mL
of 11.4 M HCIO, to bring the total buffer concentration to 0.1 M. To this solution is added
1.29 g of La(O3SCF3); and 4 mL of a 0.5 M solution of NaOCHzin methanol.

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 substantially complete disappearance of VX,
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exhibited first order kinetics with kobs = 4.1 x 10-4
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As seen in Figures 6 and 7, Cu*:("OCH;) at 25 °C either alone or in the presence of
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W@ 204081583 met hyl ester p-Nitrophenol As seen P@TI/CA2004/000379
Figures 6 and 7, Cu2+:(-OCH3) at 25 C either alone or
in the presence of 40 WO 2004/ 080543
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show 2 sg B pARPITRE N al o Ho-BER by R PR 1
explaihéd as radultingifiden formation of a non-active dimer, formulated as a bis-p- methoxide
bridged form (L:Zn?*('OCHs),Zn?*:L) in equilibrium with an active mononuclear form, L:Zn*("
OCHa). In the case of the Zn*:[12]aneN; system, no dimeric forms are present as can be
judged by the strict linearity of the plots of kg vs. [Zn*"); in the presence of equimolar
[12]aneNs and "OCH;. Analysis of the potentiornetric titration curves for Zn** alone and in
the presence of the ligands allows calculation of the speciation of the various Zn* forms and
shows that the binding to ligands phen and [12]aneN; is very strong, while the binding to
ligand diMephen is weaker. This {Zn*":[12]aneNs:OMe} system exhibits excellent turnover
of the methanolysis of paraoxon when the substrate is in excess. A mechanism for the
catalyzed reactions is proposed (see Figure 1B) which involves a dual role for the metal ion

as a Lewis acid and source of nucleophilic Zn**-bound “OCHa.

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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Potentiometric titration of Zn(OT¥), 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]aneN; in order to determine the speciation of
the Zn*" ions 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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and yield the kinetic constants given in Table 16. As

shown in Figure 13A the kinetic dependence in the
w@e@smsises of |igand [12] aneN3 is substantial | yP€T/0a2004/000379
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Shov@ne Figure 13A is a plot of the pseudo-first order rate constants for the methanolysis of

paraoxon in the presence of Zn(OTf), with a right hand axis depicting the [Zn**:[12]aneNs:("
OCHj)] as function of total [Zn(OTf),]. The very good correlations between the kinetic data

and the speciation data strongly supports Zn**:[12]aneNs:("OCHjs) as the catalytically active
component, with a derived second order rate constant of 50.4 M min™ for the methanolysis

of paraoxon.

Potentiometric titration of an equimolar mixture of Zn(OTf), and phen in the presence
of 0.6 equivalents of perchloric acid showed that all the added H" was released in the strong

acid region below ;pH 3 with one additional step consuming a single equivalent of
methoxide around ;pH 10. The former indicates strong binding between Zn?" and phen

even at ;pH= 3, but does not allow us to determine an exact value of the Zn?*: phen binding
constant other than to set a lower limit for its formation constant of 10" M which was used

as a fixed value in all subsequent fittings. In the higher .pH region where the kinetic
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Zn2+: [ 12] aneN3: (OCH3) 2, which, when fit via the
Hyper quadTM 2000 program produces a theoretical
W0 2aop@sisean curve (Figure 14) which is in excel PENCA2004/000379
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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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present. High solubility of Zn2+ has been found with
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whether the methoxide/Zn? ratio is less than or greater than 1.

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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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 Zn®* is bound

to diMephen.
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0.3

Dimer dissociation constant (Kgs) and conditional second order rate constant (k) for

monomer defined as in equation(5); “-” means non-applicable since there is no observable

° Based on NLLSQ fits of Ky Vs. [Zn*":phen] i data to equation(6) at [methoxide]/[ Zn*'];
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4 Based on linear fits of Kobs VS. [Zn :phen] e data to equation(6) at [methoxide]/[ Zn2+]t ratio

of 2.0

Zn? Ttotal ratio of 1.0
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[[1 2]aneNg).

9 From reference Tsang et al., 2003
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Based on NLLSQ fits of Kqps vs. [Zn**:diMephen] o data to equation(6) at [methoxide]/[

Based on linear fits of K,y vs. [Zn2+ [12]aneN;:("OCH;)); data at [methoxide] = [Zn ]to‘al =



[ZnL(OWe) z]/[L][Zn ][ Owve] 20.58 21.67

[ZnL(OWe)]/[L][Zn][OVe] 17.79 Table 16 -- Kinetic
w@omsnsnsss for the nethanol ysis of fenitrothi oPCEOA2004/000379

par aoxon catal yzed by Znz+ in O the absence and

presence of |igands phen, di Mephen, [12]aneN3, at T =

2B sGhowRar Rigumens foe e hethBihelsis GRprhyan, thedird”:HdY) arkam

2 b b o o o e
the ovrall 4divily inbre@sing 4nd Hepraesing (espetidgly. BecaBsdof e Wedk Binding
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of phen| tmzm%nﬁé)addifianamwﬂmmrbra%x@ épaﬁhh@{aiznp@dzm@ﬁa)};dim@r as
show Sy B0 REFR B A Tnd B sHap g phen:(OCHs) and s
catalyliZniabjityds aés/pdati\alytdmnﬁm!éﬂ fbmé@b}eﬁﬂiometrig tigationddata aRlE Eg ge fact
t [ Znz+] t afio.o . ase n
that g o e (LN TROVFiS 3% Bothiahs ot s VA Ietcl Graroihiay® the
[Zn*'|phehestioxidede]id fs Zn2-tives arsaﬁeii@t ohe QithadidBastd, &P9.5 M min™
or i TGkt Blrel O i £ 22 15 e e o potion
Based on NLLSQ fits of Kobs vs. [Znz+:di Mephen] total
ddhe Zn5 :[éganeNoACB) sustemie blstrpld ehe becausezii virytatioad binding

ana b oo IS G S BRI o B hdf iy comtions. 1
methe{nlan IHe%lé)Ag*Télaijri?ﬁing[Cbﬁstaﬂttaﬁﬁi?@d (lod ¢ Kr enoraf eheiva®y thaBieredt
al .,

essentially no free ligand in solution, and the ;| pK., for ionization of the complex
Zn*":[12]aneNs:HOCH is 9.1. The Kaps V8. [Zn*]iota plot shown in Figure 13A is a straight
line consistent with (Zn?*:[12]aneN;:(OCHs)) being the active catalyst and predominant form.

Example 17. Cu*-Catalyzed Methanolysis of Paracxen and Fenitrothion:
Kineiic Studies

In the absence of metal ions, uncatalyzed attack of methoxide on paraoxon is some
15 times faster than on fenitrothion, but in the presence of all {Cu®:({OCHs)} species are
more effective for fenitrothion than paraoxon. This can be quantified by the relative
selectivity parameter given in Table 18 which compares the relative reactivity of the metal-
coordinated methoxide reaction relative to free methoxide attack for P=S and P=0
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]aneNs:Cu®":("OCHs)} perhaps due to reduced dimerization. All the Cu®*-catalyzed
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for the nethanol ysis of paraoxon, the Zn2+: phen and
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? Dimer dissociation constant (Kys) 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 conditions. The Ky, of <0.005 indicates very
strong dimerization and is quoted as an upper limit based on an iterative fitting procedure
Wthh provided the lowest standard deviations.
Deflned as (km/ kOCHa)femtrothlon i (k /kOCHS) paraoxon
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overall high catalytic activity is achieved wth
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rate c&ﬁs@&n&a olo%‘lfmgreo%vaya‘?éd lwglit fﬂlezlA?J'g v’ ftln%atl:ﬁ(e? %]a %{éﬁdard
exponghtial tﬁnq’®¥| hiag Kaetiopavese att dﬁq@rremed ﬂodere&teiffhmffelfeda;ondltlons where

the Spﬁﬁ\%ﬁ”ﬁ%h@@l@ at al M Eu zgtgi(gﬁé r%tf%%]d ip Ahg.cases with ligands
[12]arfé@£,f‘5p}r’ér§l' WEQé w@%r MG%?M?H&@ u&glghttt{o %gélt(ﬁ?ﬁ l?nder

eva € gradients near

these cahditonshibé ogsegvetE hpH rvalutglebeesidnd Ta me%pb&rent * FKNQAIIE for
constants for thte methanol ysi s of paraoxon and’

ionizafiegmoft the {Gidh: (HOCH)zee=Dby {CuZ:L:(DCH)he agrsengelswﬁt
presence of |igands [12] aneN3, bpy and phen at T = 25

CAs @%@@Wg%@@ 'lsltlésn‘at%@ Rveral| )oeﬁa\ﬁilr?h esled 1?‘1 ﬁ)l? kg 5\/@ [Bu
plots fgléq |gt9tw\<plqa§egorleeﬁ$@q¢ng on 1me j@@l&{ﬁ pfhe I|g@1cizem§z|0£@i 4nthe
absen%l oﬁ‘any( If&H@) orqg gwejf_‘ges&cg ofe&)u Q\Q%r @8§§ O%iQerp ﬁbeol?&%§ IO are
non- llqeaigng gpghcatlve 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:("OCHa)} is in rapid equilibrium (dissociation constant Kys) with an inactive
dimer (equation4) and Kyackground iS 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 sufficiently slow that we
have placed upper limits on the rate and equilibrium constants.

A system comprising 2 mM Cu(OTHf),, along with 0.5 equationof N(Bu);OCHj; and 1
equivalent of [12]aneNs; catalyzes the methanolysis of fenitrothion with a t,, of ~58 sec
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[1 2]aneN3, bpy and phen, these were added in anounts
equi valent to the [Cu2+]totai. Under these conditions
t he observed s pH val ues correspond to the apparent s
pKa val ue for
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comprispgeipny adiopslive inatpldans %}f'e%é AJEcagaipunt sh-alkeiide @ﬁe pherein,

througR%éfd aBiysidZeackiBh; sald BrgahdpNiEHREHS EBPSE is decomposed.
CT/ CA2004/ 000379 We claim 1. A nethod for

SUbﬁﬁg%?et% A gﬁghﬁiosp g%@ﬁ‘%%%ﬁ; Bk As the

ting sai ouna

following émmalayd0s reaction in a rredl um conpri sing
non-radi oactive netal ions and at |east a trace anount
of al koxi de ions, wherdin, through said al coholysis
reaction, said organoplosphorus compound i s
deconposed. 2. Thg_nethodof claim1, wherein said
or ganophosphor us conpo nd has the follow ng fornula
(10): J I XPzl (10) where: JisOorS, X G Z
are the sane or dlfferght and are selected fromthe

group consisting of Q OQ @ OA F d, BO I, G5
SQ and C=-N, Qis hydrogen or a substituted or
uwlerbsti t ut ed branched, straight-chain or cyclic
al Ey(# ? goup having 1-100 carbon atonms; and Ais a

uted or unsubstituted aryl group selected from
tlﬁ,eGgZ eugihe sagiesr idifgrestt ang Rensdlecten fstronlye gravereepsisting of Q,

0Q, Q%gjph)gnm%aqhhgyéQ Dol E[}\l!{,d ear aromatic, and aronatic
Q is hydrogen or a substituted or unsubstituted branched, straight-chain or cyclic
alkyl group having 1-100 carbon atoms; and
A is a substituted or unsubstituted aryl group 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; or
(i) Qis not H; and
wherein said substituents are selected from the group consisting of Cl, Br, 1, F, nitro,
nitroso, Q, alkenyl, OQ, carboxyalkyl, acyl, SOzH, SO5Q, S=0(Q), $(=0)-Q, amino,
alkylamino (NHQ), arylamino (NHA), atkylarylamino, dialkylamino and diarylamino.

3. 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
primary, secondary and tertiary alcohols, alkoxyalkanol, aminoalkanol, and combinations
thereof.

4. The method of claim 1, wherein said organophosphorus compound has at least
one phosphorus atom double bonded to an oxygen or a sulfur atom.
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aromatic heterocyclic; wherein, when X, G z are the

sane, (i) X, G z are not @ or (ii) Qis not H and
wob@resrs4sai d substituents are sel ected from t PET/GARIOP/000379

consisting of d, Br, I, F, nitro, nitroso, Q

al kenyl, OQ carboxyal kyl, acyl, SO3H, S03Q S=0(Q,

S(&O)rﬁegmwmdmf cla|ral1kwham|ms‘aud NHQ)wn ﬂrmbammmls(eb"d/k)_lgn inhibitory

yl am no, dial kyl am no and di aryl am no. 3.
bweﬂ’“e#%%%ﬁof claim1, wherein said nmediumis a solution

further conprising a solvent selected fromthe group
c ShsiTBe Medhaskof gkairh Snwhereinugsid buffarieg agaat iaselebistiftont e group

consn@fﬁd”'@fra\hilln@@ Q\Qﬁﬁ@lébfﬂl@é&j l\f 1§ rdﬁdlkaf dﬁ'lleg %‘%‘kz imarpholines, N-

al kanol am noal kanol conb
a'kyllmlﬁazeféﬁ 2,6 d'aﬂw@yﬁ@ﬂﬁ%mrmamlsapmdlary aitcbiesiany saings, trialkylamines,

and OHBHHMABROGRRREUS conpound has at | east one phosphorus
atom doubl e bonded to an oxygen or a sulfur atom 54

[0 4 004/ 00379 The met hod of
o7y Mfe meltea o ol 1 e FGPWH@'Pacwﬁﬁwniweacompnsmga

solven’me%ecméd fioorh dh@/grobplbbﬁfr $tmg oﬁﬁ%ﬂianoﬁ ethBnel, ARIr&shoP fiso-propanol, n-
ein salg fferi ent %s sel ected from

butan?)L%' W%% m b?@'egﬁnﬂ ag C‘é’ﬂh”? heiegl-kyl ani I'i nes,

N, N-di al kyl ani I'i nes, N-al kyl rmrphol ines, N
aI&yThWéPdICéQIamZ 76WU¢r&Inkgalq)galutmnrfalsthermorrmsgs a solvent selected

from ﬁ’l@ dﬁs@ﬁﬁqg lttrliegr ¥s}@r@' E&g es, ﬁoﬁleléy!at@n}s cirocargons

ati ons ereo
Substihwieel éV@TOG@b@IanNhﬁtltlEecahmmbm Ehlorireded loyaimpearisonsgand

combi2ti ,%Wﬂhe,%%{: ected fromthe group consisting of
net ﬁanol et hanol , n-propanol, iso-propanol, n-

|, neth thanol and conbl nati ons
? ﬁte ?E*Eﬁ meé‘.ogﬂ%g'go%ﬂ h\ﬁ'aersv%x%f}damﬁﬁi'vm frgreompsigpgialkoxide ions in

additiowtdidi®sat 1648t thtRice GRRAUIN SESkeXicAbNENt sel ected from
the group consisting of n|tr|tes esters, Kketones,

a r S stit

i S mEIRE of il B RIS rensR e asntsacak e are s about
0-1t0r%b@ub2:aqlbm1@)tsaﬁm6 ooonéntnaaom ofﬂﬁeuﬂmale@fs 9. The nethod

of claim1l, wherein said nediumfurther conprises

a|1K0Méjtﬁ]§ih68%f tiBim Q‘i&ihérbiﬂrihé Qorﬁ%hgalﬁﬁx AJ%Q?itall?oﬁJquﬁs is about 1

| koxi de 1 ons.
to ab%é@e@%"@i@é‘@:@fﬁh@ﬁ@ﬁ@mr @W"b@f thmgt=hidosxi de ions is
about 0.1 to about 2 equivalents of the concentration

ofi 21 Tres mrethadl of dlaisn 1, wherein said medium is prepared by combining a metal
salt and an alkoxide salt with at least one of alcohol, alkoxyalkanol and aminoalkanol.

13. The method of claim 1, wherein said metal ions are selected from the group
consisting of lanthanide series metal ions, transition metal ions, and combinations thereof.

14. The method of claim 1, wherein said metal ions are selected from the group
consisting of lanthanide series metal ions, copper, platinum, palladium, zinc, nickel, yttrium,
scandium ions, and combinations thereof.

15. The method of claim 1, wherein said metal ions are selected from the group
consisting of Cu®, Pt*, Pd*, Zn*, Y**, 8¢*, Ce®, La*, Pr**, Nd*", Sm®, Eu®, Gd*, Tb**,
Dy*, Ho*, Er**, Tm*, Yb%, and combinations thereof.

16. The method of claim 1, wherein said metal ions are lanthanide series metal ions.
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11. The nethod of claim9, wherein the concentration

of said al koxide ions is about 1 to about 1.5
weouwiwsisent s of the concentration of the netal PEDOA2004/000379

12. The nethod of claim1l, wherein said nediumis

prepared by conbining a netal salt and an al koxi de

sal7t Thid bthatl of eiami 16 wheréinabitiahtthanide kerigsah&taniohs artselected

rom SR SRES e L L e ey B &

Tm* Yasit basicombmatiorestherbhl | ons, tranS| t| on netal ions,
and conbi nati ons t hereof. 14. The nethod of claim1,

W%fﬁh{‘m%iog fo'FFItaf?J% ' \Hﬁeé'eﬁ\rsgldsrﬁle%? foﬁg FFJ %&é‘ffr@%%@gmup

consi sting o gk I ONns,
consigtingtdf Quf, PEAIRAI Znti, andwombinatiars theseof.r i um scandl um
i ons, and conbi nati ons thereof. 15. The net hod of

cliai melmetf«daeroeuama; au \ﬂhéf@!hfﬁald PBEI RS afeedB6dtedirbmane HiRp
%oup con i sting Pt e+, Pd2+, Zn2+, Y3+,
consl

g0t Y i%d qpmw%tlp”sm%‘@of SmB+, Eu3+, Gd3+, Tb3+,
Dy 3+, H03+ Era+, TnB+, Yb3+, and conbi nati ons
t 126r Bof methéd of bleinmi} Wineteinfsaed metal ibn imh&tei n sai d net al
ions are | ant hani de series netal ions. 55 WO

2@941'@-13915141% %@Eb%@%ﬁér@ﬁ%@orgéﬁoph&&ﬁﬁé BOApQindGs 8ipdkticide.

6, wherein said | ant hani de sefi es metal i1ons are

ted m.t he cons sting.,of Ce3+, Lai+
ﬁge'Fhengg pogglfrglglm u\gllgre orgggcg)homﬂgus f;ﬂgg_ourigrlggn
insecfloidet, Yb3+, and conbi nati ons thereof. 18. The net hod
of claim1, vvherein said netal ions are selected from

28 PR e Gl B g
R B TSSEh 1RSSR e g

warfatd'ggdigt hod of claim 1, wherein said netal ion is Lai+.
21. The nethod of claim1, wherei n said

oL 8oRAPNOTRAY sy F TR 2RSS ELIEr e 22edli s 2 .

Wherern sai
ageniconpound is an insecticide. 23. The met hod of claim
1, wherein said organophosphorus conpound i s paraoxon.

2@6 ThemBrioh o ciefm ok %lﬁ'@réln s‘éﬁ%ﬁdr@érﬁb&%é&orus compound is selected
or ganophosphorus conpound is a chemcal warfare

from thg&rqur oonsistingeofinet ARY RYESiRM-YXm 24, wherein said
or ganophosphorus conpound is a G agent. 26. The
M7 htice wikthol aif okaidd 24 Wiitareinsakiedrgaophasshungs pdropalshd is a nerve

agent’ conpound is sel ected

28. The method of claim 24, wherein said chemical warfare agent is combined with a
polymer.

29. The method of claim 1, wherein said medium further comprises one or more
ligands.

30. The method of claim 29, 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.

31. The method of claim 29, wherein said ligand further comprises solid support
material.
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fromthe group consisting of VX and Russi an-VX. 27.

The met hod of claim 24, wherein said organophosphorus
wa@eovposnsds i s a nerve agent. 28. The net hod of PCl/aam04/000379

24, wherein said chem cal warfare agent is conbi ned

with a polynmer. 29. The nmethod of claim1l, wherein

s @20 TAE eHetibdf 3l 131 CRASHEINSRT §81i8 sBppdrPfndterial i@@B[RSted from a
30. The nethod of claim 29, wherein said ligand is

polymgs) giiqadyy AygRrienandedupintigns tharedly  of 2, 2' - bi pyri dyl ,
1, 10- phenant hryl , 2, 9-di met hyl phenant hryl, crown
et38eiThe amethal, & cBimtly wheaysdid dedmoyis.a ®lid. The net hod
of claim 29, wherein said |ligand further conprises

S04 Hhe R dtof cHh Al WRbreirSid RedRAts Q&drfRNn _
PCT/ CA2004/ 000379 32. The nmethod of claim 31, wherein

Dol e MEH RO A B2 oHb BB of Ferse0r an applcator.

thereof. 33. The nethod of claim1l, wherein said
meddi hhe methpdgaficlaim 9, @hereTrhibe generidration ef sidalkoxigéhioneisabout
' ' j I ' d of claim

0.01 GRUEUIE Lt RIE RS B % ddhbathaton o tnghfedRones

appl i.cator,. 6, . The thod of claim?9, wherein the .

ccﬁ? ciH‘t‘ F‘&E*?Q?r&&b”& & Wﬂgﬁeﬂb P §aneirstionsof sl plkoxideyipng s about
0.5 tPdisput 13 fiiialkAlsdTiite 8dndeRPatPrst e matal BRs.Of the met al

ions. 37. The nethod of claim9, wherein the

COofC I . : 0

G AT Bl RGb ofdrBEh B bR el e RS Uipoiias
substastally noorasue@s. médikintforf @ aldettdygiFosaaipnasaid medium comprising non-

: Sk Q.. substantially

radio SR R T B e R SRR i T o i

medi um conpri si ng non- radioactive netal ions and at

| s K PLRIETTED BT Salf SRR S GHEAINGEGN ZMEnAUR. of

claim 38, wherein said nediumis contained in an

amouTee kid6f clditesgsicompfising an Bp@itator depringsthe gnealium, said applicator

SN R AN N T T A A

compougddeqingsber us conmpound and the conpound
deconposes. 41. The kit of claim 38, further

COAPTHS ki 8r Mitrt 38 urttRR ESMBELIR RrifkH indRStionr use.
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