PLANT-PROTECTION AGENTS BASED ON COMPOUNDS OF THE PYRIDINE
SERIES (REVIEW)
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The principal derivatives of pyridine bases that display pesticide activity are
examined. It is shown that the accessible oxygen-containing functional deriva-
tives of pyridine are intermediates for the synthesis of a large number of
promising plant-protection agents.

The intensification of agriculture requires, in addition to modernization of agricultural
technology, the use of highly effective chemical agents for the protection of plants; this
has been reflected in the rich arsenal of pesticides that is now available in the world
market [1-4]. The worldwide consumption of pesticides is constantly increasing. 1In the USA
the output of plant-protection agents from 1967 to 1984 grew by a factor of 1.5 [5], whereas
it increased by a factor of more than 10 from 1960 to 1985 [4]. At the present time the
worldwide production of pesticides is 2 million tons per year [4].

According to the published data [3, 4, 6-18], compounds of virtually all classes of
organic substances display pesticide activity. Heterocyclic preparations, including pyridine
derivatives, have diverse types of pesticide activity.

Pesticides that are obtained or can be obtained from pyridinecarbaldehydes and pyri-
dinecarbinols or their transformation products such as pyridinecarboxylic acids, aminomethyl-
pyridines, dipyridyls, etc. are primarily examined in the present review. This is due to the
fact that the catalytic methods that have been developed for obtaining pyridinecarbaldehydes
(incorporated into industry) [19-27] and pyridinecarbinols [28-30] make it possible to create
the industrial production of pesticides based on them [31]. :

According to the data in [3], three groups of pesticides, viz., herbicides and plant-
growth regulators (38.3%), insecticides (33.9%), and fungicides (27%), have found greatest
application in the various spheres of the national economy.

Compounds with Herbicidal and Growth—Regulating Activity

Of the 244 herbicides included in a handbook in 1985 [3], the structures of 14 contain a
pyridine ring. These are primarily derivatives of 2-hydroxypyridine, pyridinecarboxylic acids,
pyridine N-oxides, and quaternary pyridinium and piperidinium salts.

The creation of new preparations is, for the most part, based on the principle of fusion
of a pyridine fragment with derivatives of compounds that are known to have growth-regulating
and herbicidal properties. Among the compounds for which herbicidal activity has been ob-
served one encounters derivatives of pyridine-carbaldehydes [32-44], pyridinecarbinols [45-50],
pyridinecarboxylic acids [3, 10, 51~73], aminomethylpyridines [60, 69], and other substituted
alkyl- and alkenylpyridines [47, 74-81].

Oxmines of pyridinecarbaldehydes and their esters (I), [32, 33] as well as semi- and
‘hiosemicarbazones, are effective in eliminating weeds in fields with grain crops and buckwheat.
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Pozdeeva and coworkers [34] have proposed that the higher herbicidal activity of py-
ridine~2~carbaldehyde thiosemicarbazone as compared with the semicarbazone is due to the
ability to form slightly soluble complexes with metal ions.

A derivative of pyridine~2-carbaldehyde — (2-pyridyl)- hydroxymethanesulfonic acid, which
acts on the biochemical photosynthesis and respiration processes — has been used to acceler-
ate the buildup of biomass in plants for which high intensity of photorespiration is character-
istic, primarily tobacco, sunflowers, and soybeans. It has been recently shown, however, that
the action of (2-pyridyl)hydroxymethanesulfonic acid on a plant such as soya has low specific-
ity, since it affects not only the processes involved in the oxidation of the glycolate but
also the photosynthetic assimilation of carbon dioxide and the catabolism of pyruvic acid
[82-96]. In addition, it was established that (2~pyridyl)hydroxymethanesulfonic acid has
an inhibiting effect on the accumulation of ammonia in the synthesis of amino acids and
peptides [95-98]. 1Its use in higher concentrations as a herbicide presents fewer problems
[94-95].

Information on the high herbicidal activity of dipyridyl salts [99] was published in
the 1950's; a number of preparations created on the basis of these salts were sub-
sequently recommended for practical application not only as agents for battling weeds but
also as dessiccants for some forms of crops [6, 9, 100, 101].

At the present time dipyridyls are most often obtained by dehydrogenation of pyridine
in the presence of metals (sodium, magnesium) at 200-~350°C [7]. A difficult-to~separate
mixture of isomeric dipyridyls is formed as a result of the reaction. A selective method
for the synthesis of dipyridyls from pyridine-carbaldehyde, acetaldehyde, and ammonia is
more promising [102-107]}. Thus, 4,4'-dipyridyl is obtained by condensation of pyridine-4-
carbaldehyde with acetaldehyde and ammonia in the presence of an aluminum—cobalt—phosphate
catalyst at 300-350°C. Preparations of this series include 1,1'-dimethyl-4,4'-dipyridylium
dichloride (II) (paraquat), which is readily soluble in water [4, 11, 15].
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Compound II enters into the composition of the contact herbicide Gramoxone, which is
used to battle weeds. Paraquat is also used to treat steam prior to the sowing of various
crops (plowless agriculture)., With respect to its properties, diquat — 1,1'-ethylene-2,2'-
dipyridylium dibromide — is similar to paraquat [100, p. 158]. Diquat and paraquat are used
to prevent the blossoming of beets and sugar cane and for the desiccation of clover seedings,
rice, and vegetable crops [10l].

According to the data in [7], 1,1'-bis(piperidino-carbonylmethyl)-4,4'-dipyridylium
chloride (III1) (preparation PP-407), 1,l'-bis(diethylcarbamoylmethyl)-4,4"-dipyridylium
chloride (IV) (preparation PP-83l), and 1,1'-bis(3,5~dimethylmorpholinocarbonylmethyl)-4,4"-
dipyridylium chloride (V) (preparation PP-745, morphamquat) are promising for use in agri-

culture.
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Dipyridylium salts of esters of phosphoric and thiophosphoric acid VI are characterized

by low toxicity for warm-blooded animals and selective herbicidal activity at an input norm
of 0.6-1 kg/ha [108-112].
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1,1'-Dimethyl~4,4'-dipyridylium dimethoxyphosphate has been studied under conditions of
extensive field tests. Dipyridylium compounds, both those that are unsubstituted at the
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nitrogen atoms of the pyridine rings and those that contain methyl, propyl, butyl, phenyl,
and diethylcarbamoylmethyl groups, have been sytithesized and investigated [113-119]. Reports
regarding the practical application of compounds with alkyl substituents in the pyridine ring
[116, 117] have not yet been published. Research to find ways to improve the methods for ob-
taining active compounds of this type is continuing [120, 121].

The physicochemical properties and reactivities of dipyridylium derivatives were inves-
tigated in order to establish the mechanism of their action and to study their herbicidal
activity [122-125]. It was established [126, 127] that the phytotoxic effect of dipyridylium
herbicides is due to their ability to undergo reduction to free radicals, the oxidation of
which is accompanied by the liberation of hydrogen peroxide. A comparison of the results of
spectroscopic and electrochemical investigations of various derivatives of dipyridyls showed
that the high herbicidal activity is associated with the reversibility of one-electron trans-—
fer in the oxidation of the pesticide by air [128, 129]. Although they do not markedly change
the reduction potential, the introduction of substituents and the incorporation of a carbimino
group or heterocycle residues (triazine, 1,3,4~thiadiazole, 1,3,4-oxadiazole) between the
pyridinium rings do disrupt the reversibility of electron transfer and substantially decrease
the herbicidal activity [130, 131]. A number of complexes of paraquat and diquat with metals
have been synthesized, and their reducibilities and biocidal activity have been examined
[123, 132]. '

A number of formulations for the combined use of dipyridylium herbicides in a mixture
with substances that act on plants via a different mechanism have been developed; this makes
it possible to significantly decrease the consumption of the herbicidal components and in-
crease the effectiveness of the activity. Thus compositions that consist of sulfates of
alkali or alkaline-earth metals, N,N'-dimethyl-4,4'-dipyridylium or N,N'-ethylene-2,2'-
dipyridylium ions, and herbicidal preparations of derivatives of urea or triazine have been
described [133, 134]. In a number of cases emetics are added to the herbicidal preparations
based on dipyridylium salts in order to prevent the poisoning of animals by them [135] or
dyes are added to increase the safety of agricultural workers [136]. Multicomponent and,
more often, two-component compositions that contain dipyridylium salts are being developed
in order to achieve a synergistic effect and to extend the range of activity [137, 138] or
to create not only safe but also convenient-to-use commercial forms in the form of a stable
emulsions [139].

Herbicidal activity with respect to herbaceous and broad-leaved weeds has been noted
for esters of 2- and 3-pyridylcarbinols [45, 46, 48, 49], for which pre~ and postgermination
application is recommended. Ester VII also displays fungicidal activity relative to the most
widely abundant phytopathological fungi, while 6-oxatricyclo[3.2.1.1%:% Jnonan-4-0l ester VIII
has growth-regulating properties.
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Some esters of 3-pyridylcarbinol have been proposed for battling the plant growth
(Hydrilla verticulata) in reservoirs [98]. a,a-Disubstituted 3-pyridylcarbinols [50, 79]

with the following general formula are growth regulators that display herbicidal and fungi-

cidal activity:
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Alkyl and alkoxy derivatives (X) of urea display high herbicidal selectivity [76].
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For example, Xb, which has been proposed for battling weeds in wheat seedings [78], and
derivatives of the Xc type, which effectively eliminate weeds in fields of maize, for which
they are nontoxic, are used in the form of 10-90% emulsions, moistened powders, 0.1-10% dusts,
or 1-207% granulated preparations.

Phenoxy derivatives of pyridine, which, in a number of cases, can be obtained from pyri-
dylcarbinols, constitute a relatively new group of herbicides. Compounds of this group elimi-
nate chiefly monocotyledonous weed plants at relatively low output norms (0.25-0.5 kg/ha) [8].

A large number of active pesticides have been obtained on the basis of pyridinecarboxylic
acids and their derivatives. Nicotinic acid and anilides of nicotinic and isonicotinic acid
such as XI are regulators of the growth of herbaceous plants [8, 54, 57, 58, 64, 65].
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A broad spectrum of herbicidal activity is characteristic for 3,6-dichloropicolinic acid
(Lontrel), which is used individually or in a mixture with other preparations to battle weeds
in seedlings of most agricultural crops (herbaceous, maize, and beets) [72, 140].

One of the most active herbicides of the pyridine series is 4-amino-3,5,6~trichlorpico-
linic acid [141], which enters into the composition of the retardant pikloram as such or in
the form of salts (Tordon) and is used to accelerate the blossoming and ripening of tobacco
leaves. Pikloram is a herbicide with prolonged activity that eliminates both annual and
perennial weed plants [142-144].

Aminomethylpyridines XII and XIII have been proposed for the elimination of herbaceous
weeds in seedlings of broad-leaved crops [60, 74].
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R = phenyl, p-chlora, and p-nitrophenyl,

butyl, tert-butyl, tert-amyl, methoxymethyl,

phenoxymethyl

Amine XII can be obtained from 6-methoxypyridine-2-carbaldehyde by known methods.

Pyridine Derivatives with Fungicidal Activity

According to recent data, fungicides constitute "1/5 of the total world arsenal of
pesticides. The consumption of fungicides in individual countries depends on climatic con-
ditions and the agricultural crops; for example, in the USA in 1981 the consumption of
fungicides was 1/5 of the amount of herbicides, and in Japan the consumption of these chemi-
cals was approximately the same, whereas in Italy and India fungicides were used even more
extensively (by a factor of almost two) than herbicides [2, 3].

Pyridine bases display fungicidal activity relatively rarely; of the 172 preparations
presented in a handbook [3], only three are pyridine compounds. These are derivatives of
aminopyridine and hydroxypyridine and a quaternary piperidinium salt. 4,4'-Dichlorodiphenyl-
3-pyridylecarbinol (parinol or parnon) has found application in the USA [6].

Bis(4-chlorophenyl)(3-pyridyl)- and alkyl-4~halobenzyl (3-pyridyl)carbinols have systemic
fungicidal activity [4]. Derivatives of 2- and 4-pyridylcarbinols [145-149] and pyridyl-
ethanols [149, 150] have been synthesized and studied as fungicides.

Fungicides have been sought among pyridinecarbaldehyde derivatives XIV [151-157]:
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There are reports regarding the fungicidal action on phytopathogenic fungi (powdery mil-
dew, wheat mildew, etc.) of substituted anilides of isonicotinic acid such as 2-(p-fluoro-
phenacyl)anilide of isonicotinic acid and its analogs with various substituents in the ani-
line and phenacyl fragments [158].

Pyridine Derivatives with Insecticidal Activity

Of the 216 insecticidal preparations presented in [3], seven are pyridine derivatives.
They include 3-(l-methyl-2-pyrrolidyl)pyridinium sulfate, which is an effective and highly
toxic preparation that is used to combat aphids, thrips, and other sucking pests. The
preparation Dow-417, which includes 6-phenoxy-2-pyridyl(o-cyano)methyl 3-(2,2-dichlorovinyl)-
2 ,2-dimethylcyclopropanecarboxylate, has been proposed to combat sucking insects and house
fiies [159-161].

The search for new insecticides with less pronounced overall toxicity is being carried
out for the most part among derivatives of 6-phenoxy-~2-pyridylcarbinol [159-166].

According to preliminary data a number of esters of 2-pyridylcarbinol display insecti-
cidal activity that is comparable to that for Allethrin and high acaricidal activity [164].
Compounds of this series are obtained by acylation of pyridylcarbinol derivatives [158-166].

2-Dialkylaminoethyl esters of nicotinic acid have insecticidal and nematocidal activity

[4].

Insecticidal activity has been established for derivatives of pyridinecarbaldehyde phenyl-
hydrazones [167]. It has been proposed that 6-fluorophenoxypyridine-2-carbaldehyde be used
as an intermediate for the synthesis of pyrethroids - synthetic analogs of the natural
compounds pyrethrins, which have insecticidal activity [4].

It follows from the literature data presented that oxygen-containing derivatives of pyri-
dine such as carbinols, carbaldehydes, and carboxylic acids are promising for the creation of
pesticides with herbicidal, growth-regulating, fungicidal, and insecticidal activity.

The industrial production of pyridinecarbaldehydes based on the oxidation of methyl-
pyridines with air oxygen in the presence of heterogeneous catalysts ensures an accessible
raw-material base for the synthesis of the most diverse chemical agents for the protection
of plants.
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