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The search for novel, highly selective insecticides and acaricides is associated with studies of the re-
lationship between the structures of the compounds and their anticholinesterase activity [1, 2].

In the search for highly specific cholinesterase inhibotors, we have synthesized some organophosphorus
derivatives of lupinine [I] and epilupinine (II) and examined their anticholinesterase activity towards human
erythrocyte acetylcholinesterase (ACE) and horse serum butyrylcholinesterase (BuCE). These compounds
were synthesized as follows:
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where R=C,H;, C3H,, C,Hy, and C;Hy;; X=0or S. The properties of these compounds are given in Tables 1 and
2. The IR spectrum of O-ethyl~O-lupinanyl methylphosphonate contains absorption characteristic of the func-
tional groups (v, ecm™Y): 1277 (P =0), 1440 (POC,H;), 1070 (>N—)~ 1472 (CHj), 1385 (CH,) and trans-quinoli-
zidine at 2685-2810. The IR spectrum of O-ethyl-O-lupinanyl methylthiophosphonate differs from this in showing
absorption for the P =S group at 805 and 660 cm ™ *,
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The PMR spectrum of O-propyl-O-epilupinanyl methylthiophosphonate is in accordance with its structure.
The complex signal at 3.7-4.3 ppm results from the superposition of the signals for the two OCH, groups. The
asymmetrical doublet at 2.68 ppm is assigned to the two equatorial a~protons of the quinolizidine ring, the
doublet at 1.64 ppm to the P—CH;, protons (Jy..p =15.2 Hz), and the triplet at 0.9 ppm to the protons of the ter-
minal methyl group of the O-propyl radical. The signals for the remaining protons resonate at 1.0-2.0 ppm.

The anticholinesterase properties of the compounds were examined using ACE (EC 1.1.7) of specific ac-
tivity 2 U/mg and BuCE (EC 1:1:8) of specific activity 28 U/mg (obtained from the Perm Research Institute
for Vaccines and Sera). All the test compounds were reversible competitive inhibitors of both types of cholines-
terase., The anticholinesterase activity was measured by the reversible inhibition constants Kj, which were
found by the Lineweaver—Burk method [3]. Data for the reversible inhibitory activity towards ACE and BuCE
with respect to structure are given in Table 3.

Aswill be seen from Table 3, in the interaction of O-alkyl-O-~lupinanyl methylthiophosphonates with ACE,
lengthening the alkyl radical from ethyl to pentyl results in an increase in reversible inhibitory activity by a
factor of 4.4. Similar changes are seen in the case of O-alkyl-O-lupinanyl methylthiophosphonates. In the in-
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TABLE 3. Reversible Inhibition Counstants (Kj) for O-Alkyl-O-
lupinanyl Methylphosphonates (Io), O-Alkyl-O-lupinanyl Methylthio-
phosphonates (Is), O-Alkyl-O-epilupanyl Methylphosphonates (Ilo),
and O-Alkyl-O-epilupinanyl Methylthiophosphonates (IIs) with ACE

and BuCE
K, M K; (M
n < i 40 ACE(I) i o0 ACE(Il)  |ACE(Ilo)
ACE BuCE BuCE(Ily ACE BuCE BuCE(II) ACE(1ls)

C.Hs 0 751074 | 52-10—+ 1,5 7,2-10~4 2,8.10-4 2,5 3,3
CaHy 0 1,8.10~4 | 1,3-10-+ 1,3 98-10—* 4710+ 2,0 5
C.Hs 0 1,7-10—% | 8,5-10-3 2,0 1.6-10-% 1,8-10~4 0,1 1
CsHyy | O 1,7-10~% | 1,6-10-5 | 10 49-10—3 1,0-10-¢ 0,49 24,5
C.Hs S 2,0-10~4 | 6,6-10-3 7,0 2,2-10%4| 4,0-10-3 5,5 3,75
CsHy S 1,5-10—% | 1,6-10-3 1,0 9,0-10-3 4,6-10-6 19,5 1,2
C.Hy S 1,8-10-3 | 3,7-10-¢ 5,0 7.9-10-¢ 6,7-10-8 1,2 9,4
CHyy | S | 3,8-10-5 | 2,5-10-¢ | 17 20-10-¢} 5,8.10-¢ 0,35 45.

teraction of these compounds with BuCE, lengthening the alkyl radical increases the reversible inhibitory ac-
tivity of O-alkyl-O-lupinanyl methylthiophosphonates and O-alkyl-O-lupinanyl methylthiophosphonates by factors
of 32.5 and 26.4, respectively. All these lupinine derivatives showed specificity, even if only slight, towards
BuCE. This effect was seen most clearly in the pentyl compounds,

Examination of the relationship between the Kj values and the lengthening of the alkyl chain from C,H; to
CgH,; inthe interaction of epilupinine methylphosphonates and methylthiophosphonates shows that the reversible
inhibitory activity of the methylphosphonates is increased by a factor of 15, and of the methylthiophosphonates,
by 110. In interaction with BuCE, the change from C,H; to C;Hy; results in only a small increase in reversible
inhibitory activity. Lenghening the alkyl radical reduces the specificity towards ACE.

Comparing the K; values for O-alkyl-O-lupinanyl methylphosphonates with those for the corresponding
methylthiophosphonates, and those for O-alkyl-O-epilupinanyl methylphosphonates with those for their thiono-
analogs, it will be seen that changing from the methylphosphonate to the methylthiophosphonate results in an
increase in reversible inhibitory activity towards both types of enzyme. It is noteworthy that replacement of
the P =0 group by P =S in the inhibitor molecule results in a decrease in the angle of rotation both of the lu-
pinine and epilupinine compounds by an average of 12°, which undoubtedly affects the reversible inhibitory ac~
tivity of these compounds.

Comparison of the K; values for the O-alkyl-O-lupinanyl methylphosphonates with those for O-alkyl-O-
epilupinanyl methylphosphonates, and of those for O-alkyl-O-epilupinanyl methylthiophosphonates with those for
O-alkyl-O-lupinanyl methylthiophosphonates, shows (Table 3) that the epilupinine derivatives show specificity
towards ACE, and that this specificity is greatest in the thiono-compounds.

Tn contrast to their behavior with ACE, these inhibitors behave differently towards BuCE. For instance,
comparison of the Kj values for the lupinine derivatives with those for the epilupinine derivatives shows that
inhibitors in which the lupinine residue is present are specific towards BuCE. This difference in the effects of
lupinine and epilupinine inhibitors towards ACE and BuCE may be rationalized as follows: lupinine is known to
differ from epilupinine not only structurally, but also inits conformational state. Thus, in lupinine the hydroxy-
methyl group is axially oriented. Under some conditions, the trans-quinolizidine ring can undergo inversion.

It has been found [4, 5] that lupinine exists in solution in a labile conformational state as a result of inversion
at the nitrogen atom. Protonation of the nitrogen results in the fusion of the quinolizidine ring changing from
trans~- to cis-, and the axial hydroxymethyl group changes to equatorial. The trans-quinolizidine ring in epilu-
pinine does not undergo a similar change on protonation of the nitrogen atom.

The display of specificity in epilupinine derivatives towards ACE appears to be due to the stability of the
conformational state of the trans-quinolizidine system and the greater tendency of the epilupinine residue to
undergo sorption at the active site of ACE.

The specificity of action of lupinine derivatives towards BuCE, on the other hand, is evidently due to the
conformational lability of the quinolizidine ring, Thus, when the anticholinesterase activity changes (pl¥ 7.5),
protonation of the nitrogen atom in lupinine occurs with a corresponding change in conformation of the trans-
quinolizidine ring to the cis-form. It may be that the cis-fused quinolizine ring, with an equatorial phosphoryl
group, is more prone to sorption at the active site of BuCE. When this occurs, the dynamic equilibrium between
the trans- and cis-conformers is shifted to the right:
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With respect to the increase in reversible anticholinesterase activity on replacement of the P =0 by the
P =8 group, especially towards ACE, this could be due to the greater tendency of methylthiophosphonates to
undergo hydrophobic sorption as a result of the lower electronegativity of sulfur as compared with oxygen in
the methylphosphonates.

EXPERIMENTAL

IR spectra were obtained on a Specord 75-IR instrument in vaseline lubrication, and PMR spectra on a
XL~200 in CCl,.

The O-alkyl methylphosphonyl chlorides and O-alkyl methylthiophosphonyl chlorides were obtained as
described in [6~8], and the epimerization of lupinine was carried out as in [9]. Anticholinesterase activity was
measured as described in [3].

O-Ethyl-O~lupinanyl methylphosphonate. To 14.25 g (0.1 mole) of O-ethyl chloromethylphosphonate in dry
ether was added with stirring and cooling a mixture of 16.9 g (0.1 mole) of lupinine and 10.1 g (0.1 mole) of
Et;N, and the mixture was stirred for 3 h and kept overnight. The progress of the reaction was followed by
TLC (grade II alumina) using the system benzene—ether—methanol, 10:5:2. The solid was filtered off, washed
with dry ether, the extract dried over anhyd. sodium sulfate, and the ether distilled off. The residue was puri-
fied by chromatography on grade Il alumina, with ether as eluant,

Obtained similarly were the O-alkyl-O-lupinanyl methylphosphonates, O-alkyl-O-lupinanyl methylthio-
phosphonates, O-alkyl-O-epilupinanyl methylthiophosphonates.

CONCLUSIONS

Some esters of O-alkyl methylphosphonic acid and thicesters of O-alkyl methylthiophosphonic acid de-
rived from the alkaloids lupinine and epilupinine have been prepared. These were found to be reversible com-
petitive inhibitors of acetylcholinesterase and butyrylcholinesterase.
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