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Stability of Mono- and Bis-pyridinium Oximes in Aqueous Systems
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The stability of three oximes, HI-6 [(4-carbamoyl-2'[ (hydroxyimino)-methyl]- 1,1’-oxydimethylene-
di-(pyridinium chloride)], HI-CN [(4 cyano-2'-[ (hydroxyimino)-methyl]-1,1’-oxydimethylene-di-(pyridi-
nium chloride)], and 2-PAM [pralidoxime chloride] in aqueous solutions was evaluated by HPLC
assay. The rate of degradation is dependent on the pH as well as the temperature at which the solution
is stored. The optimum pH for the stability of these oximes was pH 2 to 3. The degradation rate constant
for 2-PAM (k at 70C, 2.07X 10 */hr; E. value, 27.2 kcal/mol) was smaller than those for bis-pyridinium
oximes, HI-6 (k at 70T, 3.38X107%/hr) and HI-CN (k at 70, 8.66X 10~%hr; Ea value, 20.7 kcal/mol).
In mechanistic analyses, it was found that HI-CN was decomposed through not only the hydrolysis of
nitrile group but also the cleavage of methylene ether bridge, in contrast to HI-6 which was degraded
mainly through the cleavage of methylene ether bridge.
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Figure 1-—Structures of monopyridinium and bispyridi
nium oximes.
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Figure 2— HPLC chromatograms of 2-PAM and its decom-
position products.
Key : a) 2-PAM and nicotinamide (internal standard), b)
Decomposition products: 1; 2-PAM, 2; N-methyl-2-cyano-
pyridinium chloride, 3; N-methyl-2-carbamoyl pyridinium
chloride, 4; N-methyl-2-carboxypyridinium chloride, 5; N-
methyl-2-pyridone
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Figure 3 —Pseudo-first order kinetics for the decomposi-
tion of 2-PAM solution. The solution of 2-PAM in 0.15 M
glycine buffer (pH 2.5) was stored at three different tem-
peratures.
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Figure 4— Arrhenius plot for the decomposition of 2-PAM.
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Figure 5— Accelerated decomposition of 2-PAM during a
long period of storage. The solution of 2-PAM in 0.15 M
glycine buffer (pH 2.5) was stored at 85.5C for 287 hrs.
Key : The pH of 2-PAM solution after 0~69 hrs (), 188
hrs (A) and 287 hrs ([]) storage were 2.5~2.6, 3.2 and
3.7, respectively.
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Figure 6 — Stability of HI-CN in the buffer of different pHs.
pH 1.10~pH 1.95 (0.01 M KCl buffer); pH 2.25~pH 345
(0.01 M glycine buffer); pH 4.00~pH 5.35 (0.01 M acetate
buffer).
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Figure 7— HPLC chromatograms of bis-pyridinium oximes.
Key : a) HI-CN and phenol (internal standard), b) The so-
lution of HI-CN stored for 44 hrs at 70T, c) The solution
of HI-6 stored for 44 hrs at 70C
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Figure 8 —Pseudo-first order kinetics for the decomposi
tion of HI-CN. The solution of HI-CN in 0.15M glycine
buffer (pH 2.9) was stored at three different temperatures.
Key : A—A; 50T, (J—00; 60T, O—CO; 70C
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Figure 9— Arrhenius plot for the decomposition of HI-CN.

=37 F 2 £34H2-S HPLCH 23 &4
Q& w, Fig 7col 33 HI-69 BiEzE
5ol o E E3HE (FF-EAITL 2~5 B)EA
olAU AR Fo] #AH YT o]z Az HI-
62] methylene ether bridge?] £&E TA|sh=
AL 2 Brown 5] R A9} I A
ojt}. 3+H HI-CN (Fig. 7b)¢] 79+ bis-quater-
nary®] methylene ether parto] E3& 2jn|sl=
AL A (BFEAL 2~5 &) ojgld) Fad
a9 X7 EHE on)sh= HI-6 5 (HF-&
A3 94~114 £)9] Aol BotEQl, o8 E
2 HI-CN& Scheme 13 Z& ZAzz Bijde
Aoz d&H9ct F HI-CNe 79 methylene
ether bridge®] g ¥3j9} YER7] 2 34719
77 A o] F) AL & U1 QUL o) §
#Z2 HI-CNo] HI-6Kt} tf 89133 o]4E »
3oz HAysFE Folth YR 2-PAMe] &
#B-ZF A" N-methyl-2-cyano-pyridinium
chloride= ¥t 3 kA1 2 494 v} itk -CN
#o] -CONH: Foj vl o B3 o] f2& o}
=7l v YEI) 39EY 2 f=id
AA o] E&3l7] gEY RHolth.

ole] AFE 93 bis-pyridinium 24
7HEEAl SATFRe EHEO=  methylene
ether bridged] #2317} o &S & 5 AU n},
A& FUATIY] kM E A BHE 9%
pHY #A7} vl$- Fa% Aoz Algdch

J. Kor. Pharm. Sci,, Vol. 24, No. 4 (1994)

G
N cHo

CHLOCH—"N{_-CONH,
o
2 Gl
-\ “CH=NOH o\ eHo

1 g 179 2
¢H,00H,~'§_)—CONH, cn.ocﬂ,a’@—cu
!

| 1

|
L
-N, "CH=NOH

oy "
CH,OCH,—N, )—CN
@éﬂ:NOH CONH, COOH cHO

oN CONH, COOH CHO
5§ & &G
N*

Scheme I—-Proposed pathway for the decomposition of
HI-CN in aqueous system.

Cl

HI-CN

4 £

B HPLC #4]%71 3} A mono-quaternary <-4
= bis-quaternary $-4 AlEE ATy P&}
Al g 4= AR e, pH 2~3 oA A2 HH@A]
2-PAM FAI4-& 33 03] F71A39-& veh
£ ¥k o) bis-quaternary £4 AL $£F Fxr 9
B8 UERE Aoz ket welA, mono-
pyridinium $4-2 89 (pH 2~3) Wellx B o]
7V531} bis-pyridinium £41-2 £ oA &7
AFE Ao BrMssEE YA S e AF=E
4 &)l a7€h

= #

1) P. Taylor, The Pharmacological Basis of The-
rapeutics, 6th ed., Eds. A.G. Gilman, L.S. Goo-
dman and A. Gilman, Macmillan Publishing
Co., New York, 100-119 (1980).

2) S. Ginsburg and LB. Wilson, Oximes of the



Monopyridinium Oxime¥} Bispyridinium Oxime 3}3+&E¢} #&8 F QA A7 279

pyridine series, . Am. Chem. Soc., 79, 481-485
(1957).

3) EJ. Poziomek, B.E. Hackley, Jr. and G.M.
Steinberg, Pyridinium aldoximes, J Org.
Chem., 23, 714-717 (1958).

4) H. Engelhard and W.D. Erdmann, A new
reactivator for alkylphosphate-inhibited ace-
tylcholinesterase, Klin. Wochschr.,, 41(11),
525-527 (1963).

5) I. Hagedorn, 1. Stark, K. Schoene and H.
Schenkel, Reaktivierung phosphorylierter
acetylcholinesterase; Isomere bisquart re sa-
Ize von pyridin-aldoximen, Arzneim. -Forsch.,
28, 2055-2057 (1978).

6) D.G. Prue, R.N. Johnson and B.T. Kho, High-
performance liquid chromatographic deter-
mination of pralidoxime chloride and its ma-
jor decomposition products in injectable so-
lutions, J. Pharm. Sci., 72(7), 751-756 (1983).

7) L Christenson, Hydrolysis of some pyridinium
aldoximes. V. Hydrolysis of 3-carbamoyl-2’-
hydroxyiminomethyl-bis-(1-pyridiniomethyl)
ether dichloride, Acta Pharm. Suecica, 9,
323-330 (1972).

8) N.D. Brown, M.G. Stermer-cox, B.P. Doctor
and L. Hagedorn, Separation of HI-6 [4-car-

bamoyl-2’-hydroxyiminomethyl-1,1’-oxydime-
thylen-di(pyridinium chloride)] and its deg-
radation products by ion-pair high-performa-
nce liquid chromatography, J. Chromatogr.,
292, 444-450 (1934).

9) N.D. Brown, R.I. Gray, M.G. Stermer-cox, B.P.
Doctor and I. Hagedorn, Stability study of
HI-6 dichloride in various anticholinergic fo-
rmulations, J. Chromatogr., 315, 389-394
(1984).

10) N.D. Brown, L. Kazyak, B.P. Doctor and I
Hagedorn, Separation and identification of
substituted pyridine analogues in heat labile
solutions of HI-6 dichloride, J. Chromatogr.,
351, 599-603 (1986).

11) RI. Ellin, Stability of pyridine-2-aldoxime
methiodide. 1. Mechanism of breakdown in
aqueous alkaline solution, J. Am. Chem. Soc.,
80, 6588-6590 (1958).

12) P. Fyhr, A. Brodin, L. Ernerot and J. Lind-
quist, Degradation pathway of pralidoxime
chloride in concentrated acidic solution, J.
Pharm. Sci., 75(6), 608-611 (1986).

13) R1 Ellin, Stability of concentrated aqueous
solutions of pralidoxime chloride, J. Pharm.
Sci., 71(9), 1057-1059 (1982).

J. Kor. Pharm. Sci., Vol. 24, No. 4 (1994)



