Inhibition of Acetylcholinesterase by O-(Methylcarbamoyl)oximes. Structure-Activity Relationships

Since the anticholinesterase activity and the mechanism of alkaline hydrolysis of 0-(methyl carbamoyl)benzaldoximes and -acetophenoximes are analogous to those of phenyl N-methylcarbamates, these two groups of derivatives were compared by means of structure-activity relationships. The correlations with the electronic substituent parameter <J showed that the mechanism of inhibition of acetylcholinesterase by 0-(methylcarbamoyl)oximes is the same as that observed for phenyl N methylcarbamates bearing strongly electron-withdrawing substituents. The correlations with the bi molecular rate constant k o H suggest that the mechanism of the alkaline hydrolysis of oxime carbamates may closely parallel their mechanism of interaction with acetylcholinesterase at the serine hydroxyl.

Fukuto et al. (1969), as well as Jones et al. (1972), showed that 0-(methylcarbamoyl)oximes of substituted acetophenones and benzaldehydes have a poor insecticidal activity against species such as the housefly (Musca do mestica L.) in spite of their good anticholinesterase activity as measured on fly heads by the 1 50 parameter (i.e., the molar concentration of carbamate necessary to cause 50% inhibition of cholinesterase activity). In contrast to phenyl N-methylcarbamates (Hansch and Deutsch, 1966; Jones et al., 1969), lipophilic bonding plays almost no role in the inhibition of cholinesterase by 0-(methylcarbamoyl) oximes. The fact that anticholinesterase activity is de pendent only on the field (F) and resonance (R) constants of Swain and Lupton suggests that cholinesterase inhib ition by 0-(methylcarbamoyl) oximes is determined by the reactivity of the carbamoyl moiety, analogous to the hy drolysis of these esters.

The kinetic data reported earlier for the alkaline hy drolysis of 0-(methylcarbamoyl)oximes (Mrlina and Cal mon, 1980) can be discussed in terms of substituent effecùi on biological activity and in relation to the mechanism of inhibition of acetylcholinesterase. Two kinds of correla tions, calling upon the electronic substituent constant n or the bimolecular rate constant koH, were considered so as to check whether the mechanism of hydrolysis can ac count for the mechanism of inhibition of acetylcholin esterase. Since the bimolecular rate constant k o H is closely related to <J and can be measured easily, it could be used in structure--activity relationships when <J values are un known or when the transmission of the substituent effect is complex. The k o H parameter is, as a matter of fact, Hable to reflect the overall substituent effects.

MATERIALS AND METHODS

Preparation and physical properties of carbamates used in this work were previously described (Mrlina and Cal mon, 1980).

! 50 values for the inhibition of the fly cholinesterase by the individual compounds were determined by Fukuto et al. (1969) and Jones et al. (1972) and are listed in Table 1.

The bimolecular rate constants k o H = k 0bod /[OH-J were determined graphically from the plots of the observed pseudo-first-order rate constant k 0oe<1 against hydroxide ion concentration for the alkaline hydrolyses of O-(methyl carbamoyl)benzaldoximes and -acetophenoximes (Mrlina and Calmon, 1980).

The structure-activity correlations were carried out using the method developed by Hansch and Fujita (1964). Regression analysis was performed using a Hewlett Packard HP 2921. The 11 values used are those of McDaniel and Brown (1958).

RESULTS AND DISCUSSION

The anticholinesterase activity of the O-(methyl carbamoyl)oximes investigated is accounted for by the electronic effects as estimated by a. Regression analysis gave the following equations which best fit the data. O-(Methylcarbamoyl)benzaldoximes: log (1/1 50 ) = 0.68lcr + 4.405 (0.189)

n = 5, s = 0.158, r = 0.901 O-(Methylcarbamoyl)acetophenoximes: log (1 /1 60 ) = 1.458u + 4.076
(0.319) n = 6, s = 0.274, r = 0.916 In the above equations, n is the number of points used in deriving the constants for the equations, s is the standard deviation, and r is the correlation coefficient. The figures in parentheses are the 95% confidence intervals for the respective coefficients.

A noteworthy point in these equations is the positive values for the coefficients of u. This is in direct contrast to the va lues obtained by Hansch and Deutsch (1966) for phenylN-methylcarbamates (-2.05 < p < -1.30 depending on the position of the substituents).

For bovine erythrocyte acetylcholinesterase inhibition by substituted phenyl N-methylcarbamates, Nishioka et al. (1977) could show that the plot of the association equilibrium constant 1/K d against <1 ° was biphasic. Strongly electron-withdrawing substituents at the meta or para position (CT 0 > 0.5) led to a p value of 1.66, whereas lower CT 0 constants gave rise to a p value of -1.78. This change of sign was interpreted in terms of a change-over in reaction mechanism. The positive p electronic effect was assigned to the nucleophilic attack of the enzymic serine OH on the carbonyl carbon of the ester moiety.

The following scheme for acetylcholinesterase inhibition by carbamates was put forward by Wilson et al. (1960) and used by Nishioka et al. (1977):

k, k2
EOH + ArOCONHCH 3 ;::::::: reversible complex - k_ , ka

EOCONHCH 3 + ArO--EOH
The generalized mechanism of inhibition can be written more simply as k2 k3 a Nishioka et al. (1977). b Hansch and Deutsch (1966).

EOH + I � E•I --E' -E K•
where EOH is the active enzyme, E' the carbamyl or in• active enzyme, and E,l is a reversible complex between the enzyme and the inhibitor. This reaction scheme leads to the following equations (Wilson et al., 1960):

d(E')/d t = k 2 (E,I) -k 3 (E')
and

(E 0 ) = (E) + (E,I) + (E') = (E') + (t)
where (E 0 ) is the total enzyme and (E) the amount of en zyme which is measured as a function of time. Assuming a steady state is reached, these equations have the solution:

(

t)/(E') = k 3 [1 + K d /(I)]/k2
When (E) = (E'), 1 50 = K d /(k 2 /k 3 -1). The substituent effects on K d and 1 50 are analogous. As a matter of fact, k 3 does not depend upon the nature and position of the substituent and the value of k 2 is not sensitive to the structural variation (Nishioka et al., 1977). This analogy in the substituent effects can be observed when the data of Hansch and Deut.sch (1966) are compared to those of Nishioka et al. (1977) for metaand para-sub stituted phenyl N-methylcarbamates (eee Table II), al though the acetylcholinesterase used was different.

The attenuation ratio (-r 0.4), which was previously de fined (Mrlina and Calmon, 1980), characterizes the dif ference in the transmission of substituent effects between phenols and benzaldoximes. Therefore, the p value of 1.66 found by Nishioka et al. (1977) would then actually be 0.66 for O-(methylcarbamoyl)benzaldoximes. Such a value is very close to the observed value of 0.68. The acetyl cholinesterase inhibition mechanism put forward by Ni shioka et al. when p is positive is therefore likely to be involved in the present case.

The difference in the p values observed for the benz aldoxime and acetophenoxime derivatives can result from a change-over in reaction mechanism. The inhibition mechanism suggested by Nishioka et al. (1977) nucleophilic attack of the enzymic serine OH on the car bonyl car bon of the ester moiety-is close to that of the alkaline hydrolysis via a B� pathway. The higher p value (1.46) observed for O-(methylcarbamoyl)acetophenoximes reflects their higher susceptibility to substituent effects like the one which can be observed in alkaline hydrolyses involving isocyanate formation (ElcB pathway). O-(Me thylcarbamoyl)acetophenoximes are therefore better car bamoylating agents than benzaldoxime carbamates.

An alternative explanation for the düference between O-(methy lcarbamoyl) benzaldoximes and O-(methyl carbamoyl)acetophenoximes might be the tendency for the former to be converted to the corresponding benzonitriles. The investigation of the alkaline hydrolysis of O-(me thylcarbamoyl)-syn-benzaldoximes gave no evidence for the involvement of such a reaction (Mrlina and Calmon, 1980). However, such a conversion was reported by Payne et al. (1966) as a side reaction in the alkaline hydrolysis of aldicarb and might therefore occur at the level of the catalytic site of acetylcholinesterase. Furthermore, Crawford and Woo (1965) found a highly negative p value (-0.77) for the conversion of syn-benzaldoxime arene sulfonates to nitriles. The p value observed for benzald oxime carbamates might therefore be accounted for by such a reaction which cannot be considered in the case of acetophenoxime carbamates.

Since the bimolecular rate constant k08 is susceptible to electronic substituent effects (Mrlina and Calmon, 1980) n = 6, s = 0.315, r = 0.888 It can be pointed out that the correlation coefficients are not as high as those obtained for the plots of log k oH <1 (Mrlina and Calmon, 1980). However, their order of magnitude is significant enough and does not preclude the possible use of k oH instead of <1. The relatively high value of the correlation coefficient may suggest that the behavior of the serine hydroxyl of acetylcholinesterase toward O-(methylcarbamoyl)oximes is, in a first step, analogous to that of the hydroxide ion in the alkaline hydrolysis. This is not inconsistent with the scheme of Nishioka since the in situ formation of isocyanate would lead to the carbamoylation of serine in a second step. The oxime moiety is therefore no more than a nonspecific carrier of a reactive carbamoylating species.

CONCLUSIONS

The results from the limited amount of data used in this investigation indicate that the anticholinesterase activity of substituted O-(methylcarbamoyl)oximes depends largely on the reactivity of the molecule as estimated by the bi molecular rate constant k o H and the free-energy parameter rr. The occurrence of the imine bond between the ester oxygen atom and the phenyl ring does not result in a change-over in the mechanism of alkaline hydrolysis al though the Hammett p value is different from those usually observed for phenyl carbamates (Mrlina and Calmon, 1980). The kinetic investigation of the alkaline hydrolysis of O-(methylcarbamoyl)oximes therefore allowed the p values found in structure-activity relationships (log 1/1 50 vs. u) to be better understood. These values suggest that oxime carbamates inhibit acetylcholinesterase in the same way as the phenyl N-methylcarbamates which bear strongly electron-withdrawing substituents (p > 0). Moreover, the difference in the p values observed for the benzaldoxime and acetophenoxime derivatives underlines the role of the disubstitution at the carbon atom of the imine bond, although it is not possible to distinguish be tween a better carbamoylating ability toward the esteratic site and a possible parallel reaction for syn-benzaldoxime carbamates.

  , it seemed interesting to use it in structure-activity relationships: O-(Methylcarbamoyl)benzaldoximes: log (1/1 50 ) = 0.570 log k o H + 5.055 (0.319) n = 5, s = 0.217, r = 0.816 O-(Methylcarbamoyl)acetophenoximes: log (1/1 50 ) = 1.450 log k o H + 7.049 (0.37 5)

Table I . Kinetic (log koH), Electronic (a), and Biological (log 1/1 50 ) Parameters Used in Structure-Activity Relationships for Oxime Carbamates xc.H.C(R):NOCONHCH, R H H H H H Me Me Me Me Me Me x©r-î=NO�NHCH3 X H p•iPr

 I 

		R	0	
		log (1/		
		Iso la	r,	log koH
		4.34	0	-1.054
	p-Br m•NO 2 p-NO, H p•Me	4.43 4.42 5.08 4.85 4.15 4.05	-0.150 0.232 0.710 0.780 0 -0.170	-1.258 -0.896 -0.462 -0.108 -2.096 -2.194
	m•MeO	3.82	0.115	-1.939
	p-Br m-NO, p-NO,	4.41 5.35 5.09	0.232 0.710 0.780	-1.730 -1.424 -1.250
	° Fukuto et al. (1969); Jones et al. (1972).	

Table Il .

 Il Effect of Substituents on the Biological Response for Phenyl N-�,�thylcarbronates xc.H,OCONHCH,

	IJ	0 > 0.5 IJ	0 < 0.5	r	p	r
	para	1.385	-1.186 0.898 -1.032 0.404
	substituted (0.443)		(0.676)		(0.879)
	meta	0.827	-2.393 0.984 -2.052 0.511
	substituted (0.507)		(0.441)		(l.109)

log (1/Kd'f p log (1/1 .,, )b
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