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The Inhibition Mechanisms and Kinetics of Acetylcholinesterase by
a -Fluoromethylphosphonates

Abstract

Diethyl(carboethoxyfluoromethyl)phosphonate (C:HsO).P(O)CFHCO.C:Hs (1) and diisoprop-
yl(carboethoxyfluoromethyl )phosphonate (7-C:H:).P(O)CFHCO.C:Hs (2) are synthesized
as novel acetylcholinesterase (AChE) inhibitors. Compounds (1) and (2) are character-
ized as the time-dependent irreversible inhibitors of the enzyme from the stopped
-time assay. The inhibition constants (Ki), the phosphorylation constants (k), and
the bimolecular rate constants (k) for compound (1) are 5.0 nM, 4.1x10° s™*, and 8x10’
M's™", respectively: those values for compound (2) are 80 nM, 1.69x10° s, and 2.1x10"
M's™, respectively. Therefore, the first step of this irreversible reaction mechanism
is formation of the enzyme-diethyl (or diisopropyl) (carboethoxyfluoromethyl)
phosphonate bipyramidal intermediate (EI). The Ki value for compound (1) is 16-fold
lower than compound (2) indicates that the Ser200 residue of AChE nucleophilically
attacks the phosphorus atom of compound (1) much more easily than the Ser200 residue
of the enzyme attacks the phosphorus atom of compound (2) due to the steric hindrance
of this attack form the diisopropyl group. The second step is formation of
enzyme-monoethyl (or isopropyl) (carboeth- oxyfluoromethyl)phosphonate tetrahedral
conjugate (EI' ) by exclusion of the apical alkoxy moiety as a leaving group for the
bipyramidal complexes. The & value for compound (1) i1s about twice higher than that
for compound (2) indicates that the ethanoxy moiety of the bipyramidal enzyme-(1)
complex (EI) departs more easily than the isopropanoxy moiety of the bipyramidal
enzyme-(2) complex. The steric repulsion between the leaving group of the bipyramidal

complex and the bottle neck of the enzyme may play a major role in the k step.
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Background: Fluorine-containing phosphonates are widely used as pesticides,
pharmaceuticals and chemical warfare agents such as Sarin, Soman, Tabun and VX. Acute
toxicity from exposure to fluorophosphonates is due to inhibition of Acetyl
cholinesterase (AChE). The inhibition mechanisms and kinetics of AChE by «a -Fluoro
methylphosphonates were discussed in this research.

Materials and Methods: Synthesis of diethyl and diisopropyl(carboethoxyfluoro

methyl)phosphonate (EtO),P(O)CFHCOEt (1) and (7-PrO),P(O)CFHCOEt (2). The reaction

of CFHBrCO:Et with 1.1 egs. of (EtO),P or (7-PrO),P at 140 °C for 6 hours yielded 75%

of (1) and 71% of (2). (1): “F NMR: -211.0 (dd, J =46, 73 Hz); "P NMR: 0.6 (ddd,
J =6, 10, 72 Hz); 'HNMR: 5.24 (dd, J = 9.5, 46 Hz), 4.37-4.21 (m), 1.31-1.25 (m);
"CNMR: 164.8 (d, J =21.8), 84.6 (dd, J =158, 196 Hz), 64.3, 64.2, 64.1, 16.4, 16.3,
14.1; GC-MS m/z (relative intensity): 243 (M+1, 0.31), 242 (M, 0.38), 197 (M -OEt,
38.78), 186 (M-2CH:=CH., 44.49), 159(100.00). FTIR spectrum (cm'): 2984 (m, C-H),
1764 (s, C=0), 1325 (s, C-F), 1275 (m, P=0), 1232 (m, C-0-C). (2): "F NMR: -209.6
(dd, J =48 and 72 Hz); "P NMR: 8.5 (J = 72 Hz); H NMR: 5.40 (dd, J = 12 and 44 Hz),
4.80 (m), 4.30 (q, J =7.3), 1.4-1.3 (m); "C NMR: 164.9 (d, ] =22 Hz), 84.6 (t, ]
=195 Hz), 62.3, 24.1, 23.7, 14.1; GC-MS m/z (relative intensity): 272 (M+2, 8.0),
271 (M'+1, 77.0), 269 (M'-1, 2.0), 243 (100); FTIR spectrum (cm'): 2985 (m, C-H), 1760
(s, C=0), 1279 (m, P=0), 1221 (m, C-0-C), 1032 (m, P-O-C). The AChE inhibition was
assayed by the Ellman method. All inhibition reactions were performed in sodium
phosphate buffer (pH 7.0) containing 0.1 M NaCl, 2% acetonitrile, 0.5% triton X-100,
and varying concentration of inhibitors and substrates (ATCh) with 1 equivalent of
DINB (chromogenic reagent). Electric eel AChE was dissolved in sodium phosphate
buffer (0.1 M, pH 7.0). Reactions were initiated by injecting enzyme and monitored
at 405 nm on the UV-visible spectrometer. The Lineweaver-Burk plots of the

competitively inhibited AChE were obtained, and all lines intercepted on the 1/V axis
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at 1/Vmax. The inhibition constants (Ki) were determined from the plot of (where
=1+[1]/Ki) against [I]. The Stopped-Time Assay for AChE inhibitions by compounds (1)
and (2) was assayed by Feaster's method.

Results: « -Fluoromethylphosphonates (1) and (2) were characterized as the time-
dependent irreversible inhibitors of AChE. Values of Ki, k, and & for compound (1)
were 5.0 nM, 4.1x107 s, and 8x10° M's™, respectively; those for compound (2) were
80 nM, 1.69x10° s, and 2.1x10°M's™, respectively. The first step of this irreversible
reaction mechanism is formation of the enzyme-diethyl (or isopropyl) (carboethoxy-
fluoromethyl) phosphonate bipyramidal intermediate, and the second step is formation
of enzyme-monoethyl (or isopropyl)(carboethoxyfluoro methyl) phosphonate tetrahedr
al adduct.

Conclusion: AChE inhibitors such as donepezil, tacrine, physostigmine and
rivastigmine are used to Alzheimer’ s disease. « -Fluoromethylphosphonates (1) and
(2) are synthesized as novel acetylcholinesterase inhibitors. Both (1) and (2) were

characterized as the time-dependent irreversible inhibitors of AChE.
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