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Abstract—Two methods for the synthesis of a new unsymmetric bispyridinium oxime-1-(4-hydroxyiminomethylpyridinium)-3-(car-
bamoylpyridinium)propane dibromide are described. In vitro efficacy of this new oxime to reactivate sarin-inhibited acetyl-
cholinesterase has been evaluated. © 2003 Elsevier Science Ltd. All rights reserved.

Highly toxic organophosphorus compounds (OP), for
example the nerve agents (sarin, soman, tabun), inacti-
vate the enzyme acetylcholinesterase (AChE) by phos-
phorylation or phosphonylation of its active site.1 The
inhibition of the AChE depends on the chemical struc-
ture of the inhibitors whereas reactivation of inhibited
AChE depends not only on the inhibitors used but also
on the chemical structure of the reactivator. There are
many commonly used reactivators of organophosphate-
or organophosphonate-inhibited AChE such as 2-PAM
(pralidoxime),2 TMB-4 (trimedoxime),3 toxogonin (obid-
oxime)4 and the oxime HI-6 (Scheme 1).5

Due to the high variability of AChE inhibitors, there is
no single AChE reactivator having the ability to suffi-
ciently reactivate inhibited enzyme regardless of the
chemical structure of the inhibitor. Therefore, many
laboratories throughout the world have decided to
synthesize new reactivators of OP-inhibited AChE,
in order to reactivate OP-inhibited AChE regardless of
the chemical structure of the organophosphorus
inhibitor.

According to the latest research results, the oxime HI-6
(1-(2-hydroxyiminomethylpyridinium)-3-(4-carbamoyl-

Scheme 1. Currently used reactivators of OP-inhibited AChE.
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pyridinium)-2-oxapropane dichloride) seems to be the
most promising AChE reactivator.5 Nevertheless, the
human use of this oxime is limited by the lack of
stability due to the oxapropane bridge and low efficacy
in reactivating tabun-inhibited AChE.5 On the other
hand, a reactivator of OP-inhibited AChE-TMB-4 (1,3-
bis(4-hydroxyiminomethylpyridinium)propane dibro-
mide) is sufficiently stable.3 Therefore, we decided to
synthesize a new oxime involving part of the chemical
structures of both oximes (oxime HI-6 and TMB-4)
(Scheme 2).

There are two methods of synthesising the new oxime.
The first step of the first method, as outlined in Scheme
3, is quaternization of the isonicotinamide 1 using an

excess of 1,3-dibromopropane 6. In the next step, inter-
mediate 2 is reacted with an equivalent amount of
4-hydroxyiminomethylpyridine 3. Finally, the quater-
nary product is recrystallized from acetonitrile. The
second method—reaction of 4-hydroxyiminomethyl-
pyridine 3 with an equivalent amount of 1,3-dibromo-
propane 6 gives 1-(3-bromopropane)-4-hydroxyimino-
pyridinium bromide 5. The bisquaternary pyridinium
salt 4 is obtained by alkylation of isonicotinamide 1
with intermediate 5.

All reaction conditions and yields are described in
Table 1. The intermediates 2 and 5 and salt 4 were
identified by their 1H NMR spectra and elemental
analysis.6

Scheme 2. Chemical structure of the new oxime.

Scheme 3. Two methods for synthesis of the new oxime 4.
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Table 1. Reaction conditions and yields

Yield (%)Conditions of the reactionReaction

I CH3CN, 70°C, 40 h 73
CH3CH2OH, reflux, 36 hII 72

55CHCl3, reflux, 144 hIII
34IV Dimethylformamide, 80°C, 72 h
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4. Lüttringhaus, A.; Hagendorn, I. Arzneimittl. Forsch.
1964, 14, 1.

5. (a) Rousseaux, C. G.; Gua, A. K. Can. J. Physiol.
Pharmacol. 1989, 67, 1183; (b) Kassa, J.; Cabal, J.;
Bajgar, J.; Szinicz, L. ASA Newslett. 1997, 97–4, 16; (c)
Kassa, J. Acta Med. (Hradec Králové) 2002, 75.
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Figure 1. Concentration–reactivation relationship of the
oxime 4 to sarin-inhibited AChE, semilogarithmic transfor-
mation.

The reactivation efficacy of the newly synthesized com-
pound 4 was evaluated by the standard reactivation test
with electrometric instrumentation.7 Rat brain
homogenate in distilled water (10%, w/v) was used as a
source of AChE. Measurements were taken at 25°C,
pH 8, and the concentrations of the AChE reactivators
were varied from 10−8 to 10−2 M. The activity of AChE
was determined by pH static titration of acetic acid
released from acetylcholine iodide.8 The data from the
initial rate of the enzyme reaction with the substrate
made the calculation of the dissociation constant of the
enzyme–reactivator complex (KR) possible. The ability
of the oxime to reactivate sarin-inihibited AChE was
calculated as the percentage of the increase in the
reactivation of sarin-inhibited AChE.9 A concentration
of 10−3 M of the oxime 4 was necessary to acheive 35%
increase in the reactivation of sarin-inhibited AChE
(Fig. 1).

In conclusion, we have developed a new reactivator of
OP-inhibited AChE. Its ability to reactivate sarin-inhib-
ited AChE in vitro is characterized by kR (0.054 min−1),
KR (281 �M) and kr (200 M−1 min−1).10 The concentra-
tion–reactivation relationship is expressed in Figure 1.
Further studies dealing with the evaluation of the reac-
tivation efficacy of this compound against nerve agents
such as tabun, cyclosarin, soman and VX are currently
under investigation.
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