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Anabasine derivatives based on methylphosphonothoic acid have been synthesized. 
It has been shown by PMR spectroscopy that in solution O-alkyl O-[~-(anabasin- 
l-yl)ethyl] methylphosphonothioates exist in two stereomeric forms, which is 
due to the influence of the optically active anabasine residue. It has been 
shown that these compounds are competitive reversible inhibitors of acetylcho- 
linesterase and of butyrylcholinesterase. 

The reactivity of organophosphorus compounds (OPCs) on interaction with cholinesterases 
depends on their structure and stereochemistry [i]. It is also known that diastereomeric 
anisochromicity appears in NMR spectra with a doubling of the signals of the corresponding 
nuclei, the most characteristic signal in the case of OPCs being the signal of the protons 
of a methyl group attached to a phosphorus atom [2]. 

In the present paper we consider features of the structure and anticholinesterase activ- 
ity of compounds obtained on the interaction of O-alkyl methylphosphonochloridothioates with 
optically active N-(~-hydroxyethyl)anabasine with the aim of finding the influence of the 
latter on the diastereomeric anisochromicity of O-alkyl O-[~-(anabasin-l-yl)ethyl] methyl- 
phosphonothioates. These compounds were synthesized by the following scheme: 
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Methyl phosphonothioic acid dichloride and O-alkyl methylphosphonochloridothioates were 
obtained as described in [3-5]. The final products, the O-alkyl O-[~-(anabasin-l-yl)ethyl] 
methylphosphonothioates, were obtained by the action of N-(B-hydroxyethyl)anabasine on the 
O-alkyl methylphosphonochloridothioates in the presence on an HCI acceptor - dry triethyl- 
amine. These compounds were purified by column chromatography, since partial isomerization 
may take place during distillation. 

The final products obtained were characterized by their physicochemical constants (Ta- 
ble i). The structures of these compounds were confirmed by their IR and PM_R spectrum. Thus, 
the IR spectrum of O-ethyl O-[~-(anabasin-l-yl)ethyl] methylphosphonothioate has the follow- 
ing characteristic absorption bands (v, cm-1): 2940 - CH vibrations of a methyl group; 
1570 - aromatic ring of pyridine; 1035 - P-<)-~2H~; 800-750 - P-C group; 605 - P=S. 

Figure 1 gives the PMR spectrum of O-ethyl O-[$-(anabasin-l-yl)] methylphosphonothioate 
in CCI 4 solution. The signals of the a', a, ~, and ~ protons of the pyridine ring are lo- 
cated at 8.36, 8.32, 7.11, and 7.56 ppm. The signals of the protons of the piperidine ring 
have the following distribution: the H2a and H6e protons resonate in the 3.04-3.25 ppm re- 
gion, the H6a signal is located at 2.15 ppm, and the signals of the other protons of the 
piperidine ring in the 1.2-1.8 ppm region. 

The values of the chemical shifts and the multiplicities of the signals are typical for 
N-substituted anabasines [6]. A four-proton multicomponent signal in the 3.7-4.2 ppm region 
belongs to two hydroxymethylene groups. By the double-resonance method (with saturation of 
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PMR spectrum of O-ethyl O[B-(anabasin-l-yl)] methyl- 
phosphonothioate. 

TABLE I. Physicochemical Constants of O-Alkyl O-[~-(Anabasin- 
l-yl)ethyl] Methylphosphonothioates 
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the OCH 2 protons). It was established that the N-CH 2 protons of the substituent are non- 
equivalent and resonate at 2.10 and 2.58 ppm. A distinguishing feature of the spectrum is 
the distinct splitting of the signals of the P-CH 3 methyl group and of the methyl group of 
the ethyl radical. The differences in the chemical shifts of the corresponding signals 
amount to 0.08 and 0.01 ppm. Furthermore, a splitting of the signals of the e'-proton and 
a broadened nature of the signals of the other protons of the piperidine ring are observed. 
The dual nature is characteristic of the PMR spectra of the other derivatives, and the param- 
eters of the spectra scarcely change with a variation in the temperature. 

It is known that compounds with two (and more) asymmetric centers can exist in several 
diastereomeric forms the existence of which can be recorded by the methods of NMR spectros- 
copy [i, 7]; in particular, ZH NMR and 3zp spectroscopy have shown the existence of diaster- 
eomers of substituted O-ethyl methylphosphonothioates with two asymmetric centers [2]. It 
was therefore natural to assume the existence of O-ethyl O-[B-(anabasin-l-yl)ethyl] methyl- 
phosphonothioate in diastereomeric forms. The similar intensities of the signals of the two 
forms indicate their approximate equal concentrations in the solution. It must be mentioned 
that in the hydrochloride of this compound one of the forms clearly predominates. It must 
also be mentioned that a determination of [~]D for anabasine gave an angle of rotation of 
-81 ° while for O-[N-(~-hydroxyethyl)anabasine [~]D is -23.7 ° and for O-ethyl O-[B-(anabasin- 
l-yl)ethyl] methylphosphonothioate [~]D is -35.1 ° , and a lengthening of the O-alkyl radical 
does not lead to an appreciable change in the value of [~]D- 

The anticholinesterase properties of the compounds synthesized were studied on acetyl- 
cholinesterase (ACE) of human blood erythrocytes and on butylcholinesterase (BuCE) of horse 
blood serum. 

Anticholinesterase activity was determined by Ellman's method [8]. The type of inhibi- 
tion of the catalytic activity of the enzyme was established by the Lineweaver-Burk method [9]. 

All the compounds studied proved to be reversible competitive inhibitors of ACE and BuCE. 
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TABLE 2. Reversible Inhibition 
Constants (K i) of the Dihydrochlo- 
rides of the O-Alkyl O-[p-(Ana- 
basin-l-yl)ethyl] Methylphospbono- 
thionates 
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It can be seen from Table 2 that in the case of ACE a lengthening of the O-alkyl radi- 
cal from ethyl to amyl had no appreciable influence on the anticholinesterase activity of 
the O-alkyl O-[~-(anabasin-l-yl)ethyl] methylphosphonothioates. Apparently, in the case of 
interaction with ACE the anabasine part of the inhibitor molecule is less complementary to 
the anionic point of the catalytic surface of the enzyme. Because of this, the phosphoryl 
group is poorly sorbed on the corresponding hydrophobic sections of the active surface of 
the ACE. A lengthening of the O-alkyl radical therefore has practically no effect on the 
magnitude of K i. 

In the case of the interaction of these substances with BuCE, a similar lengthening of 
the alkyl radical from ethyl to butyl led to a 43-fold increase in anticholinesterase activ- 
ity. The further passage from the butyl to the amyl and isobutyl derivatives lowered the 
inhibiting activity by an order of magnitude. Such a dependence of the value of K i on the 
length of the O-alkyl radical agrees with ideas according to which hydrophobic interaction 
is characteristic for this enzyme [i0]. 

The specificity of the action with respect to BuCE was evaluated by the selectivity co- 
efficient determined from the formula: (K i ACE)/(K i BuCE). 

It can be seen from the figures given in Table 2 that, apart from O-ethyl O-[p-(anabasin- 
l-yl)ethyl] methylphosphonothioate all the compounds were selective in relation to BuCE. The 
selectivity of their action rose with an increase in the size of the O-alkyl radical in the 
inhibitor molecule. 

EXPERIMENTAL 

IR spectra were taken on a Specord IR-71 instrument (GDR) in paraffin oil and in KBr 
tablets. PMR spectra were taken on a Varian XL-200 instrument with a working frequency of 
200 MHz. Angles of rotation [~]D were determined on a Polamat instrument in ethanol at a 
3% concentration of the substance. 

Column chromatography was performed on AI20 ~ (activity grade II) with absolute ether 
as eluent. The solvent system for TLC on AI20 ~ (activity grade II) was benzene-ether-ethanol 
(10:5:2). 

O-Ethyl O-[~-(Anabasin-l-yl)ethyl] Methylphosphonothioate. With cooling, 0.01 mole 
(1.58 g) of O-ethyl methylphosphonochloridothioate was added to 0.01 mole (2.06 g) of N-(~- 
hydroxyethyl)anabasine and 0.01 mole (I.01 g) of triethylamine in 50 ml of absolute ether. 
After this, the reaction mixture was heated in the water bath at 30-35°C for 2 h and was left 
for 12 h, and then the precipitate of triethylamine hydrochloride that had deposited was fil- 
tered off and the ether was distilled off. The course of the reaction was monitored by TLC. 
The final product was purified on a column of AI203 (activity grade II). 
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The anticholinesterase activity of the substance synthesized was determined on a SY-26 
spectrophotometer at 412 nm [8]. The enzyme preparations used were human blood erythrocyte 
acetylcholinesterase (EC 1.1.7) with a specific activity of 2.7 U/mg and horse serum butyryl- 
cholinesterase (EC 1.1.8) with a specific activity of 29 U/mg produced by the Perm Scientific 
Research Institute of Vaccines and Sera. The experiment was carried out at 30°C at the pH 
of the reaction mixture of 7.5. Samples for determining enzyme activity contained: 1.8 ml 
of 0.1M phosphate buffer (pH 8.01), 0.2 ml of a solution of ACE or BuCE prepared in water, 
0.4 ml of ATC in a concentration of 2"10 -3 M (or, in the case of BuCE, BTC in a concentration 
of 10 -3 M), and 0.2 ml of the Ellman reagent (concentration 1.10 -2 M) prepared in 0.i M phos- 
phate buffer (pH 7.0). 

To determine the influence of the inhibitors on the activity of the enzyme, part of the 
water was replaced by a solution of the necessary concentration. The reversible inhibition 
constant K i was found from a double-reciprocal graph [9]. 

CONCLUSION 

i. It has been shown by PMR spectroscopy that O-alkyl O-[~-(anabasin-l-yl)ethyl] methyl- 
phosphonothioates exist in two diastereomeric forms in solution. 

2. O-Alkyl O-[B-(anabasin-l-yl)ethyl] methylphosphonothioates have proved to be revers- 
ible competitive inhibitors of acetylcholinesterase and butylcholinesterase, the anticholin- 
esterase activity depending substantially on the structure of the inhibitor molecule. 
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