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- Secrefary of:

- droxylamine was fovnd: 1o redctivate. the -énzyms ity
“Hewevet; the dction is slow anid the requiréd concentration
‘15 “hight
- diisternary nitfogen derivatives and it was reasoned, thete-
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The ‘present invention provides new compositions of
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mattér which ‘have been found to have antidotal proper-"-

ties for thie irréversible inhibitors of cholinesterase.
The ' clientical lesion in alkylphosphate intoxication is

the inhibition :of acetylcholinesterase, although in some

casessthere niay also be a reaction with the acetylcholine

reeeptor. . -Onée*this causal- connection-had. been. .estab-
“lishied it beéeame important to  understand the” exact fé-

action mechanism between acetylcholinesterase and alkyl-
phosphates. Studies-based: on-the molecular forces act-

ing between acetylcholine and the-enzyme-led to-an.under~
This analysis made it’

standing of ‘the hydrolytic process. ¢
possible-to- elucidais-the-exact mechanism of .the.reaction

~between alkylphosphates and enzyme,

Aceorditig to these studies, in-the physiological éeﬁén

“of acetylcholinesterase an acetyl enzymié is formiiéd Which

30
* tethyliddide 20 ml: Were refluxed ‘for 3 hours’ and Iéft

then reacts with Hy,O to form acetate and enzyme. In*"

the reactions with alkylphosphate a phosphorylated en«

- zyte:is forined which, however; does not teact with-H,0;
“the pHBsphoryl-grotp: remains attached! to- the :énzyme

and-thie: envysevis inhibiteds Since if'is-a vital ‘enzyie
- for-hétve-function, death efisues. o
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" The antidoté has beett ‘dsveloped ‘on ‘the premise that
-titigléophilic: agents- should: be. able. to- dephissphiorylate

the enzyme and thereby repair the chemical lesion.” Hy-

Acetyleholinesterase shows a specificity ‘toward

fore, that thé: activity! of ' & hydroxylitiitié - dérivative

- cotild be-protioted by the incorporation ini- the molécule
“of & -Huaternary ammonitim structure’ at ‘a suitable’ atoniic
“distafce, -

" It°has beed established in- practice that ‘a feW-class of
" oRifites - containing a- positively charged - nifrogeti: atom
“of "thi-general - formula- below: have: proved to be’ very.

éffective-as:a specific antidote- against lethal ‘alkylphos-

- pate intoxications

CR'=NOH

N/ ,
w7 ¢

Wheré R’ represents H or alkyl ard R” réprésents methyl

‘,,or;ethyl groups. . These compounds are salts whére: the

aniohic.part (X-) is ilot critical and can be a halogenide,

\an organic sulfate, and-so on. It has not yet been es-
_tablished ‘Whether this fiew ¢lass has the syn- ot the. anti-
_configiiration.

3 .

Preparation of these compounds can be achieved usig.
two. general methods:

 (a). By, action of alkyl halides, sulfates, foliche sul-

.fonatés or other N-methylating. agents on. tértiary pyri-

dine oximes, or,".

{5) By action of ‘hydroxylamine.on\ quaternary. alde-:

hydes and ketones.

itro. .
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'at-vrcsom“ temperatiire ovérnight.
'inf, acetonte and’ filtered and rinsed with acetone. THe
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Tertiary pyridine oximes can be prepared in the general
way; either by reacting aldehydes or ketones with hydroxyl-
amine at slight acid or alkaline pH or by action of nitrous
acid or its-esters.on pyridine compounds containing active
methylene groups, or by reaction between a. pyridine
nucleus and. mercuric fulminate- or by interaction  of
diazonium salts. with- formaldoxime or acetaldoxime.
The: subsequent alkylation can be done either at room or
elevated temperatures with. or without solvents,

The quaternary aldehydes. are: prepared by - applying
methylating agents-to -aldehydes or ketones or by pre-
pating quaternary. derivatives containing active methylene
groups and reacting these with nitrous acid derivatives,
e. 8. p-nitroso-dimethyl aniline and subsequent saponifi-
cation,

Reaction of ‘these aldeliydes or ketones with hydroxyl-
amine is:effected i agueous or alcoholic solutions at tem-
peratures between 0° and 100° C. and neutral or slightly
acidic pH. ‘

- Priot to the' present invention; the-class of oximes con-
tainitig & positively charged nitrogen atom of the general
fdrmu_la, as ‘previctisly shown; was not kitown so that the

_novel ‘process- of ‘the- present invention includes the syn-
25 -

thesis of these compounds. »
The procedures are: further illustrated by the following
exaniples withotit being restricted thereto:

EXAMPLE I.(2-PYRIDINE ALDOXIME METHIO-
DIDE) :

- Z-pyridine aldoxime ‘3.05 g., nitrobenzene 10 ml., and
This is mixed with 40

yield”is* 88* percent" of* theory:' Recrystallization  from
methanol produced bright yellow needlés having' a- melt-
ing point’of '224-225¢ €. It is very soluble in- water,
fdirly soluble in hot alcohols; poorly solublé in cold ‘aléo-

hols and insoluble in ether and acetone.

EXAMPLEII.(4-PYRIDINE ALDOXIME METHIO-
DIDE): : ;
A-pytidine -aldoxime, 1:22"g., was: dissolved"in acetone
20'ml., and methyliodide, 20 ml., was'added; The quat-
erndry salt statted to precipitate very shortly. After sev-
eral hours ‘it was filtered ‘off and washed with acetone.
The yield was 99 percent of theory, forming bright yel-
low crystals having:a melting point of 181-183° C.

EXAMPLE II (METHYL-2-PYRIDYL KETOXIME
METHIODIDE)

The quaternary ketone was prepared from methyl-2-
pyridyl ketone with excess of methyliodide in acetone at
roony temiperature producing faint yellow ‘crystals having
a meltifig point of 163~164° C. This ketone, 6.6 g., was
reacted with aqueous solution of NH;OHHCI, 2.6 g., neu-
tralized. with: NaOH to. pH 6-7. After testing . for: 15
minutes--on-steam: -bath - the . water: was .evaporated under
reduced: pressure:and- the  almost- dry- residue- extracted
with het: absolute-ethanol to eliminate mineral salts;: On
cooling: the.oxime crystallized. . The overall yield was 45
percent;: producing yellow- heedles-having a melting' point
of213-214°, -

‘Certain: phosphate *esters such as- tetraalkylpyrophos-
phates: dialkyl-prnitrophenyl phosphates; and. dialkyl fluo-
rophosphates;: are petent irreversible inhibitots . of acetyl-
cholinesterase and esterases in general, - The: reactivation
of alkylphosphate-inhibited acetylcholinesteraseis of both
practical and-theoretical :importance. It is of practical
interest-because: the most potent chemical warfare gases
and. some powerful insecticides are alkylphosphates and
their lethal action is due to the inhibition of acetylcholin-
esterase, It is of theoretical interest because the mech.



