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I. GENERAL COHSIDBRATIOHS 

our aim was to contriblite, by means of basic research 

strategies, to the international efforts aimed at developing 

anti-insect agents which are harmless to humans or beneficial 

organisms and present no environmental damage. Development of new 

anti-insect agents fulfilling these requirements and offering 

possibilities for immediate practical utilization served as short 

term objectives of our work. The long term aim was to reveal new, 

hitherto unknown insect-selective activities and compounds 

providing these properties in order to establish a novel 

theoretical basis for new resgarch trends on the field of 

chemicals to be applied against insect pests in agriculture. 

II. THE PRESENT STATE OP THE FIELD, POSSIBILITIES 

ARD LIMITATIONS 

Without crop protection insects, fungi, weeds and other 

damaging organisms would decrease the world's agricultural 

production with about 35 per cent, the damage caused by insect 

participating with 10 per cent. The value of pesticides used for 

crop protection amounts to 19 billion US$ annually, 37 per cent 

of which being accounted for anti-insect agents. 

The well known harmfJl side effects of pesticides, first of 

all their toxicity on humans and beneficial organisms and the 

increasing chemical contamination of the environment is highest 

in case of insecticides. The explanation of this roots in the 
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fact that the point of attack of most of the presently used 

traditional insecticides is the nervous system, therefore their 

extremely broad spectrum of activity encompasses the whole human 

and major part of animal population, permitting a narrow margin 

for the development of chemicals acting specifically against 

insects. 

A fundamental solution of this problem can be brought about 

only by the development of chemicals which are directed against 

biochemical or physiological functions characteristic 

specifically to insects. This concept manifests itself in the 

research on synthetic chemicals which either imitate or inhibit 

the activity of the natural insect hormones, such as the juvenile 

hormones and the molting hormone (ecdysterone) regulating the 

cycle of insect metamorphosis; in research on substances 

inhibiting the formation of insect cuticle; and in search for 

behavior-controlling compounds, such as sex-pheromones, feeding 

and oviposition deterrents. 

1. The metamorphosis cycle of insects is controlled by two 

type of insect hormones, the juvenile hormones and the molting 

hormone (ecdysterone). Shortly after the discovery of the 

juvenile hormones in the late sixties the idea was raised that 

synthetic juvenile hormone analogs (juvenoids) imitating the 

activity of the natural hormones and also compounds blocking the 

biosynthesis of juvenile hormones - both of them disrupting the 

hormonal equilibrium - could be employed as highly specific anti­

insect agents in crop protection and other fields of insect 

control. Out of the two alternatives the application of juvenile 

hormone analogs (juvenile hormone mimics) obtained greatest 

practical importance and 4-5 of about 3,000 known juvenile 

hormone analogs described in the literature have reached 
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practical application and regulatory status. Yet their field of 

application is limited to specific areas. Insufficient chemical 

stability, delayed action and narrow ranqe of insecticidal 

spectrum manifested tt..e main factors limiting the overall use of 

these products. The insufficient chemical stability could be 

overcame lately by the development of more stable juvenile 

hormone analogs, but the other disadvantageous properties 

necessitate further research on this field. 

2. Another approach to the disruption of the hormonal 

equilibrium is the development of specific inhibi~ors of enzymes 

involved in the biochemical processes of hormone biosynthesis and 

metabolism. 

3. High costs, excessive chemical persistence and 

undesirable physical properties are those main factors limiting 

the extended application of the benzoyl-urea type chemicals 

acting as inhibitors of formation of chitin, the main component 

of the insect cuticle. 

4. The other larqe group of insect-selective, 

environmentally friendly anti-insect agents consists of chemicals 

modifying behavioral pattern of insects. The most extensively 

studied field within this overall approach is focused on the 

application of synthetic chemicals identical with the long 

distance volatile signaling compounds of insects (pheromones). 

The main areas of their application rests on using pheromone 

treated traps and disturbance of orientation to prevent mating. 

5. A further subgroup of insect behavior controlling 

compounds is represented by feeding and egg-laying deterrents. 

\ 
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Research on this field, taking back to four decades, has not 

reached the level of practical applicability but results of the 

latest years have stimulated interest in this direction. 

6. The above mentioned modes of action, each of which 

represents a separate research trend, offer significant 

possibilities as regard to replace the presently used harmful 

insecticides by environment-friendly anti-insect agents harmless 

to humans and beneficial organisms. Yet their utilization created 

a number of new problems to be solved. Therefore research can not 

remain within the framework of already known modes of action and 

further research is needed to discover new, hitherto unknown 

insect-specific activities. 

III. WORJt SCHEDULE SPECIFICATION 

Based on joint consideration of 

- the overall objective of the project as outlined under 

Chapter I, 

- the perspectives of the research field as outlined in 

Chapter II and 

- the research possibilities of the project team, 

we outlined the main trend of the project as follows: 

1. Design, synthesis and biological evaluation of new 

juvenile hormone analogs (compare Chapter II, Point 1) in order 

to obtain derivatives possessing better biological properties as 

compared to those known earlier. 
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2. Development of inhibitors of insect-specific enzymes, 

such as cytochrome P-450 dependent enzymes, in order to inhibit 

the enzyme methyl-farnesoate-epoxidase participating in the 

biosynthesis of natural juvenile hormone and to inhibit ecdysone-

20-monooxyqenase participating in the formation of the molting 

hormone (ecdysterone): search for inhibitors of juvenile hormone­

esterase, an enzyme playing crucial role in the biochemical 

breakdown of the vital juvenile hormone (see Chapter II, Point 

2) • 

3. Search for compounds selectively inhibiting feeding and 

egg-laying of insects (see Chapter II, Point 5). 

4. Research on compounds possessing new, hitherto unknown 

selective anti-insect activity 

IV. EXPERIMENTAL METHODS, RESULTS AHO THEIR DISCUSSION 

1. Re9earch on novel juvenile hormone analoqs 

a) Compounds synthesized 

In the design and synthesis of new juvenile hormone analogs 

possessing higher efficacy or different spectrum of insecticidal 

activity than the presently known other juvenoids, the "pro-drug" 

principle commonly used in pharmaceutical research as well as the 

"pro-insecticide" principle introduced into the research of 

conventional insecticides by Fukuto and co-workers and by Drabek 

and co-workers, were applied. In essence a derivative of a known 

medicament or pesticide molecule is synthesized which may exhibit 



• . 
I· -
I 

i -

' 

--

... 

,,, 

- 7 -

more favorable features in i~s uptake, translocation, action or 

other characteristics than the parent compound, and which, when 

entering the organism and before reacting with the site of 

action, splits off the "pro-drug" moiety and gives birth of the 

original molecule. In our work, we designed and synthesized 

several derivatives of a juvenile hormone analog known as 

fenoxycarb where nitrogen atoms of two fenoxycarb molecules were 

coupled through a sulfur atom or a sulfoxy group as well as other 

derivatives where a sulfur atom or a sulfoxy moiety links the 

fenoxycarb molecule to a biologically indifferent carbamate ester 

bearing significance, however, on the uptake and translocation. 

1 2 

In the synthesis of compounds 1 and 2, fenoxycarb was 

brought into reaction with sulfenyl ~hloride or thionyl chloride, 

respectively, in pyridine as a medium. In the case of compounds 

3, 4 and 5, as the first step, N-sulfenyl or N-sulfinyl 

derivatives of the corresponding carbamate estar were synthesized 

followed by the reaction with fenoxycarb in pyridine as a medium. 
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b) Laboratory bioassays 

In laboratory tests carried out on larvae of the large white 

butterfly (Pieris brassicae), a typical representative of the 

insect order Lepidoptera, the activity of the compounds was 

expressed in ID
50 

or LD
50 

(µg/specimen) values, respectively. 

These data represent dosages evoking a medium average score of 

larval-pupal intermediates or introducing morphogenetic 

malformations in 50% of the treated larvae. As a reference 

compound, the similarly acting and commercially available 

juvenoid, f1moxycarb was used. Results of these assays show 

satisfactorily good activity of three experimental chemicals 

which were in this respect superior to fenoxycarb: 
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ID50 LD50 

2 NKI-35120 0.0026 < 0.0001 

3 NKI-43049 0.0028 < 0.0001 

4 NKI-43050 0.0026 < 0.0001 

fenoxycarb (standard) 0.021 < 0.0001 

In the laboratory assay on the San Jose scale 

(Ouadraspidiotus perniciosus), a representative of Homoptera, 

scale insect populations reared on the surface of pumpkins and 

sprayed with 5 mM emulsions of NKI-35120 and NKI-43049, exhibited 

100 % mortality 3 months after treatment. 

When the compounds were tested on the grey f leshfly 

(Neobelliata bullata, Diptera), NKI-35117 and NKI-46015 proved to 

be the most effective surpassing the activity of fenoxycarb by 

one order of magnitude: 

1 

5 

NKI-35117 

NKI-46015 

fenoxycarb (standard) 

0.03 

0.06 

0.25 

A series of investigations conducted on the insect species, 

cotton stainer (pysdercus cingulatus, Heteroptera) gave the 
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conclusion that NKI-43049 and NKI-35120 exhibited the highest 

activity surpassing that of fenoxycarb by one order of maqnitude. 

On our proposal UNIDO commissioned Slough Laboratory 

(functioning under the supervision of the British MAFF) to 

perform assays with our compounds for their potential as control 

agents against some insect pests of stored grain (Sitophilus 

granarius, Trib9lium castaneum). Results were positive also in 

this case but our jcvenoids could surpass fenoxycarb in activity 

only in a topical assay on Tribolium pupae. 

Investigations of Prof. G. Prestwich (New York State 

University, Stony Brooks, N.Y., USA) revealed that NKI-43050 

influenced the social behavior of termites in a unique way and, 

therefore, it may have good chance in the elaboration of new, 

selective control measures against termite species. 

Dup~ar B.V. in the Netherlands carried out extensive 

laboratory assays (using large series of dosages) with our 

experimental compounds with the aim to establish their efficacy 

and activity spectrum in insects. 

Without mentioning numerical data in detail, the main 

conclusions can be summarized as follows: 

on larvae of the yellow fever mosquito (Aedes aegypti), NKI-

35120 proved to be 3-10-fold more active than the reference 

compound, the commercially available fenoxycarb. 

Against the woolly aphid (Eriosoma laniqerum) neither NKI-

35120, nor fenoxycarb was effective. on the basis of these 

negative results it can be stated with a great probability that 

no effect of juvenoids can be expected on this species. 

In the case of the tobacco budworm (Heliothis virescens) 

ovicidal action was tested in a quantitative assay. The efficacy 

of NKI-35120 and fenoxycarb was essentially the same but 100% 

mortality of the eggs was never observed. 
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On a population of the apple mussel scale (Lepidosaphes 

Y.lmi) NKI-J5120 did not show any effect, in contrast to 

fenoxycarb which proved to be rather efficient. 

Against larvae of the Colorado potato beetle (I,eptinotarsa 

decemlineata) NKI-35120 produced much the same efficacy as 

fenoxycarb but both of them was surpassed significantly by 

another experimental compound, NKI-46015. 

When our compounds were applied to the larvae of the 

housefly (Musca domestica), NKI-43049 was prominently the best 

juvenoid being superior in activity both to NKI-35120 and 

diflubenzuron (Dimilin), a known product of Duphar but evens-

31183, a preparate of Sumitomo (Japan) already on the market as a 

potent, selective control agent against housefly under the trade 

name Sumilarv. 

On the peach aphid (Myzus persicae) NKI-35120 exhibited 

slightly better efficacy than fenoxycarb but none of them could 

reach the potency of pyrimicarb, a carbamate aphid presently used 

against species resistant to the anvironmentally hazardous 

phosphoric acid esters. Against this insect pest juvenoids are 

generally not suitable at present to replace directly toxic 

insecticides. 

Against the brown rice leafhopper (Nilaparvata lugens) all 

experimental juvenoids and fenoxycarb showed rather weak 

effectiveness. 

In the case of the diamond back moth (Plutella xylostella) 

the rate of ovicidal action was studied. The experimental 

compounds and fenoxycarb exhibited merely medium or low activity. 

On larvae of the desert locust (Schistocerca gregaria) the 

best efficacy was found in the case of NKI-43049 which was 

superior in this respect to fenoxycarb. While NKI-43049 resulted 

in 100\ mortality when sprayed in a concentration of 10 mg/liter, 
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f enoxycarb could produce the same efficacy at a concentration of 

100 mg/liter. 

Against the larvae of the Eqyptian cotton leafworm 

(Spodoptera littoralis) all experimental juvenoids and fenoxycarb 

gave excellent efficacy. The chemicals produced lOOt 

effectiveness when tested in concentrations of 100, 10 and 1 

mg/liter but they gave 84 to lOOt larvicidal efficiency even in 

0.1 mg/liter. 

On the red spider mite (Tetranychus cinnabarinus) all 

experimental compounds as well as fenoxycarb proved to be 

ineffective. 

When the chemicals were tested on the onion thrips (Thrips 

tabaci) and the effectiveness was expressed as the percentage of 

leaf-damage, fenoxycarb proved to be the best compound (8% damage 

after using a concentration of 100 mg/liter) followed by NKI-

35120 (13% damage). The effectiveness of propoxur used as a 

standard was significantly lower (23% of leaf damage) which can 

be an indication that NKI-35120 can be considered as a 

perspectivic compound also against this pest species. 

Against the greenhouse white fly (Trialeurodes vaporariorum) 

NKI-43050 exhibited very good efficacy surpassing also that of 

fenoxycarb. 

In our laboratory tests carried out on larvae of the cereal 

bug (Euryqaster austriaca), a representative of a dangerous wheat 

pest bug family, NKI-35120 gave the best effectiveness being more 

active than the reference compound, fenoxycarb. 

From the viewpoint of the practice, the results of these 

laboratory assays reflect promising effectiveness of our new 

juvenoid preparates. Depending on the test species, however, 

various chemicals exhibited the highest bioactivity. It was 

considered to use all of these compounds in the field trial 

' 
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planned for the next period. Due to our restricted possibilities, 

however, in our further investiqations we focused on NKI-35120 

because 

its synthesis is the most economic: and 

- on the majority of pest species this compound provided the 

maximum effectiveness. 

We took into consideration (but unfortunately could not 

realize) the large-scale evaluation and practical development of 

NKI-43049 as a specific aqent aqainst the housefly. The fact 

which substantiated this intention was the hiqh effectiveness 

found by Duphar B.V. This compound is the best in comparison to 

other well-known and commercially used juvenoid preparates and 

its activity surpasses that of the Japanese preparate, 5-31183 by 

one order of magnitude. 

c) Pield experiments 

During the spring of 1990, a field trial with penultimate 

and last instar (L4 and ~) larvae of the summer fruit tortrix 

moth (Adoxopbyes orana, Lepidoptera: Tortricidae) was set up in 

apple tree branches covered with isolating bags. The foliage was 

sprayed with 0.005\ and 0.0005\ aqueous emulsion of NKI-35120. 

The commercial ~P formulation of f enoxycarb served as a standard 

preparate. The insect material was recovered after 15 days and 

the numbers of the dead individuals perished due to the specific 

juvenoid action, were determined. The efficiency calculated after 

Abbot proved to be in average 16\ higher in groups treatea with 

NKI-35120 than that found after applying fenoxycarb. 
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In another experiment, caterpillars of the gypsy moth 

(Lymantria dispar, Lepidoptera: Lymantriidae) were reared on an 

artificial diet in the laboratory. ~ instar male and ~ instar 

female larvae were put into the isolatinq baqs placed, after 

treatment, on oak tree branches. NKI-35120 was used in o.02t and 

0.002t concentrations and, in comparison, fenoxycarb was tested 

in the same concentrations. In this case our preparate, NKI-35120 

could surpass the efficiency of the reference compound only by 

3-4t. 

The Dutch firm, Duphar B.V. conducted a field trial in Egypt 

where the effectiveness of NKI-35120 was investigated on a cotton 

plantation against the tobacco whitefly (Bemisia tabaci). 

Treatments were carried out twice on experimental plots of 87 m2 

size. Fenoxycarb was used as a reference compound. The effects 

were evaluated 7 times after treatment in reqular intervals. Data 

on the last check made on the 21st day after treatment, are 

summarized in the table below. Calculated according the 

Henderson-Tilton formula, these results reflect the decrease of 

nymphal and adult populations: 

Preparate Dosage Decrease of population 

(a.i.) (as percent of untreated control) 

g/ha nymphs adults 

NKI-35120 50 51.53 4.51 
100 54.52 6.58 
200 62.43 7.57 

f enoxycarb 100 42.63 0 
200 46.26 0 
400 48.15 0 
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Results show that, though NKI-35120 surpassed in 

effectiveness fenoxycarb tested as a standard, the reduction of 

the adult population did not prove to be sufficient for an 

effective control of the tobacco whitefly. 

With the financial support of UNIDO, the Pakistan 

Agricultural Research Council (PARC), Islamabad, undertook a 

field trial to assess the control potential of NKI-35120 against 

the tobacco whitefly (Bemisia tabaci) and certain lepidopteran 

cotton pests (Earias spp., Heliothis armigera, Pectinophora 

gossypiella) parallel with fenoxycarb and a presently used toxic 

insecticide, a phosphoric acid ester. Results obtained in this 

field test demonstrated that NKI-35120 surpassed fenoxycarb by 

10-15% but the mortality values remained below those found after 

the use of the phosphoric acid ester. At the same time, both NKI-

35120 and fenoxycarb reduced significantly the appearance of 

normal adults. This finding draws our attention to the 

possibility that on long-term scale NKI-35120 could provide us 

with an appropriate effectiveness necessary in the practice. 

In Egypt (near Mansoura), in an orange plantation NKI-35120 

was tested against the mussel purple scale (I,epidosaphes beckii) 

and it was found that this compound surpassed the effectiveness 

of fenoxycarb by 40\. At a concentration of 0.1\ it caused 88\ 

mortality and reduced the egg production of surviving females. 

d) Prospects of product development, patent status 

The Hungarian national Patent Off ~ce has granted a patent 

for this family of molecules (Hungarian Patent No. 196,055). 

Innofinance General Innovation Bank Corp., Budapest acquired 
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subsequently the exploitation right of this patent from the Plant 

Protection Institute of the Hungarian Academy of Sciences and 

made patent pendings for these compounds in several countries. 

The judgement of the pending~ are still under process in some 

countries but in a few others the patent has been granted (among 

others: Belgian Patent No. 1,000,120 and US Patent No. 

4,745,128). 

Duphar B.V. in the Netherlands took the exploitation of this 

invention into its own pesticide development program and 

performed extensive pharmacological investigations with these 

compounds. The studies gave evidence on the beneficial practical 

characteristics of the compounds studied. However, Duphar merged 

the Belgian firm, Solvay and the latter subsequently abolished 

the whole pesticide profile. At present, two firms, FMC in the US 

and Toyo-Menka in Japan assess the practical potential of these 

juvenoid compounds for the sake of an optimal decision concerning 

a future product development. 

Results obtained in the research of juvenile hormone analogs 

can be summarized as follows: 

1) A novel group of insect juvenile hormone analogs was 

invented. These new compounds exert their action through the 

interference with the hormonal balance regulating insect 

development and, therefore, they are harmless to man, other 

living organisms and the environment, but at the same time, they 

seem to be perspectivic for replacing the present-day used anti­

insect agents in agriculture and hygiene. 

2) The scientific value of these results are emphasized by 

the facts that, on one hand, the authors could elaborate this new 
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family of molecules on the basis of fundamental research using a 

biorational, theoretical approach of molecular design, in 

contrast to the random selection method widely used in the 

industrial research necessitating also a larqe screening 

apparatus, and, on the other hand, only 4-5 anti-insect agents of 

JH analog-type could reach the pesticide market with no respect 

to the intensive research conducted in this field. 

3) The majority of compounds exhibited very good effects on 

a series of pest insects having significance in the agriculture 

and hygiene. Depending on the insect species used in the assays, 

various compounds gave the best efficacy, a fact that makes the 

selection of a single compound for practical development more 

difficult. Nevertheless, in many cases the use against a single 

species may represent such a large application area that, in 

itself, may render the practical development of a juvenoid agent 

economic. 

For example, it was NKI-35120 w~ich exhibited the best 

effectiveness against the large white butterfly (Pieris 

brassicae), the San Jose scale (Ouadraspidiotus perniciosus}, the 

Egyptian cotton leafworm (Spodoptera littoralis), as well as the 

mussel purple scale (Lepidosaphes beckii), the cereal bug 

(Eurygaster austriaca), the rust-red flour beetle (TXibolium 

castaneum), the cotton stainer (Dysdercus cingulatus), the yellow 

fever mosquito (Aedes aegypti), while NKI-46015 proved to be the 

most active on the Colorado potato beetle (I.,eptinotarsa 

decemlineata) and NKI-43049 on the housefly (Musca domestica). 

This latter compound can compete with other, selective chemicals 

available in the market against the housefly. 

1 
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4) The novel, selective, environmentally sound anti-insect 

agents elaborated in our institute received patent protection in 

Hungary and in certain other countries, including the us and 

Belgiwn, and patent pendings are in progress in other countries. 

The cheaicals are ~nvestigated at FMC in the US and Toyo-Henka in 

japan for assessinq the possibility of practical development. 

2. Research of aelective inhibitors actinq on cytochroae 

P-450 syst-s 

The sesquiterpenoid juvenile hormones (methyl esters of 

epoxidized farnesoic acid or its homologs: JH) appear to be 

anique to insects. The "poly-hydroxylated" steroid molting 

hormones ecdysteroids (E) are also especially typical to non­

vertebrates. We have concentrated our efforts on an enzyme class 

which is crucial to the biosynthesis of both these hormones. 

Specifically, the research project aimed at developing novel 

anti-insect agents acting on cytochrome P-450-linked 

monooxygenase systems, i.e. anti juvenile hormone agents (A.JR) 

acting and anti ecdysterone agents (AE) acting on on methyl 

farnesoate epoxidase (MFE) and ecdysone 20-monooxygenase (E-20-

M), r&spectively. The synthesis of anti hormo"e agents inhibiting 

or inactivating cytochrome P-450 and thus preventing the 

formation of these important hormones may offer promising 

approaches to disrupting insect development and reproduction (see 

Chapter II, Point 2). 

N-Cyclopropylbenzylamines are highly potent inactivators of 

microsomal cytochrome P-450. N-Acylcyclopropylamines (N­

cyclopropylamides) too, have inhibitory activity. Therefore, the 

molecule bearing a N-Cyclopropylamine moiety can be expected to 
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inhibit MFE selectively. Compound 6, a H-cyclopropylamide 

derivative of a known juvenoid, is a good in vitro inhibitor 

(E~ = 42 µM) of the biosynthesis of JH in cockroach (Diploptera 

punctata), but it has significantly lower activities in the 

assays for inhibition of microsomal cytochrome P-450. Ho in vivo 

JH-antaqonist activity of this compound was detected. This might 

be caused by an intrinsic JH-aqonist activity, the aqonist 

activity may be masked by the activity of compound 6 as a JH 

analog. 

0 

-<J 

6 

Metyrapone (compound 7) is one of the best competitive 

inhibitors of steroid hydroxylases. In addition to its potent 

inhibitory activi~y on 11-B-hydroxylaae cytochrome P-450 (P-

450111) of the adrenal cortex, it binds to phenobarbital-inducible 

forms of cytochrome P-450 from various tissues as well as has 

good in vitro inhibitory action on ecdysone 20-monooxigenase from 

different insects. The possible agricultural utilization of 

metyrapone derivatives of anti ecdysterone action has been first 

recognized by the scientists having taken part in this project. 

At the beginning of the design of the inhibitors of E-20-M 

metyrapone was considered as the lead compound because this was 

the only molecule of simplest structure that had been known as 

potent E-~o-M inhibitor. We were aware of the fact that 

metyrapone was not selective for mammals, therefore, one of our 
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first aims was to alter its structure toward selectivity. 

Structure-activity studies have shown that only the B-pyridine 

ring takes part in the liqand formation with the heme of 

cytochrome P-450111 , the A-pyridine ring therefore could be 

replaced by a phenyl qroup without loo~inq activity. A-phenyl­

metyrapone, moreover is a better inhibitor than metyrapone 

itself. Another structural requirement found to maintain activity 

was the presence at least one methyl group in position 2. A good 

correlation has also been observed between the molecular size of 

metyrapone analogs and their 118-hydroxylase inhibition potency. 

Taking these structural requirements into consideration, along 

with the observation that many imidazole derivatives are more 

potent inhibitors of cytochrome P-450 than pyridines, we replaced 

the A-pyridine ring to a phenyl group and the B-pyridine ring 

with an imidazole moiety or a 1,2,4-triazole ring to obtain A­

phenyl-B-imidazolyl-metyrapone (PIM, 8) ~nd A-phenyl-B-triazolyl­

metyrapone (PTM, 9) respectively. 

7 

PIK PTM 

8 9 
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PIM shows good inhibitory activity of E-20-M CI<;o = 7.89 x 

io-1 M) from the fleshfly (Neobelliata bullata) and delayed 

significantly the pupariation of the same insect, possibly as 

consequence of E-20-M inhibition. PIM also showed acute toxicity 

<Leso = 148 ppm) and caused molting disturbances as well as 

spiracle and mandible malformations. PTM was less active than 

PIM. PIK and PTM proved to be potent inhibitors of microsomal 

cytochrome P-450 monooxygenase in the housefly and cockroach 

midgut aldrin epoxidation tests. 

In our further work we considered PIK as lead compound. The 

general structure of the compoundG have been prepared for 

studying the structure-activity relations is shown by the figure. 

R 

10 

R - H, Cl, HeO, PhCH20 

R1
- H, He, Et, i-Bu 

R2
- H, He 

0 Ott 
A - A . .).. 

X • CH, N 

• 

From the results of the examination of the CQmpound on the 

larval development of the fleshfly (Neobelliata bullata) the 

following conclusior.s could be drown: 

a) The imidazole derivatives are more active than the 

ones containing triazole; 

......, 
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b) PIM is 3.7 times more active than metyrapone: 

c) At least one methyl group should be present at the carbon 

atom adjacent to the carbonyl function to maintain 

activity: 

d) The reduction of the carbonyl group to hydroxy 

decreased the activity in the case of PIM, while enhanced 

it in the case of PTM: 

e) The imidazole derivatives lengthened the time of the 

larval development, the survivors reached the white pre­

pupal stage later than the untreated control: 

f) More compounds caused malformations cf spiracles and 

mandibles. 

We anticipated the possibility that compounds having good 

activity in cell-free systems may be less effective in vivo due 

to physico-chemical problems of penetration or adverse 

metabolism. We endeavored to improve the bioavailability, the 

performance of PIM and PTM molecules by derivatizing them to 

bioactivatable soft alkylated pro-inhibitors (sPIM and sPTM, 

compound 11 and 12). A parallel goal with the soft-alkylation was 

also to improve persistence, the easy (optimal) natural 

degradation • 

11 12 

sPIM delayed the pupariation of the larvae of Ntobelliata 

bullata. This action could be reversed by the simultaneous 

l 
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application of 20-hydroxy-ecdysone. sPI'M had poor activity in 

this test. In vitro, however, both compounds were moderate 

inhibitors of E-20-M. If these compounds were let stand for one 

day i~ aqueous buffer before application the action was increased 

in the case of PIM, while decreased in the case of PTM. The facts 

show unambiguously that these soft-alkylated molecules can not be 

considered pro-derivatives because 

i) They inhibit the enzyme even in systems where there are 

no enzyme(s) (hydrolases) present that could release the active 

compound; 
ii) In aqueous medium, the molecules slowly decompose to 

form the more potent PIM or the less active PTM, respectively. 

The action of sPIM and sPTM is possibly due to their own 

quaternary structure. 

Our results are promising for developing anti-insect agents 

acting on physiologically essential P45n systems similarly to the 

success of the recent development of agrochemical azole-tyr~ 

fungicides based upon the inhibition of the P450 catalyzed 

lanosterol metabolism. 

3. Research on transition state analog inhibitors of juvenile 

hormone esterase 

The insect enzyme, juvenile hormone asterase (JHE) is of key 

importance in the proper timing of insect meta~orphosis. A 

possible avenue for the development of selective. anti-insect 

agents is, therefore, the creation 'f specific inhibitors of JHE 

(see Chapter II, Point 2). Our g~ou~ participated in such a 

program conducted according to this research strategy at the 
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laboratory of Prof. Bruce D. Hammock at the Departments of 

Entomology and Environmental Toxicology, at the Davis campus of 

the University of California. 

As potential transition state analog inhibitors of JHE, 

series of 3-alkyl-, 3-aryl-, or 3-heteroaryl-thio-1,1,1-

trilfuoro-2-propanones, as well as a,a'-bis(2-oxo-3,3,3-

trifluoro-propil-thio)alkanes were prepared in the reaction of 

the appropriate thiols or dithiols and 3-bromo-1,1,1-trifluoro-2-

propanone. JHE obtained from the larvae of the cabbaqe looper 

(Trichoplusia ni) was inhibited by some of these compounds even 

at the low nanomolar ranqe. 1,1,1,16,16,16-Hexafluoro-4,13-

dithia-2,15-hexadecadione (compound 13) with a molar I 50 value 

against JHE of 8. 2x10·10 was found as the most potent inhibitor 

within the series • 

0 

CF~ 

13 

Applied at doses of 0.2 µmol/larva the compound has stronqly 

repressed pupation of the larvae. With mathematical methods 

involved, we studies a quantitative relationship b~tween the 

chemical structure of the JHE inhibitors and their biological 

activity, and concluded that mainly hydrophobic interactions 

control the molecular level of the mode of action. 

Based on these results the application of the transition 

state analog theory of enzyme inhibition seems to be an effectiva 

approach in the design of selective inhibitors of JHE and thus, 

the development of selective anti-insect agents. 
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4. Research of insect antifee4ants and ovipositional deterrents 

The research of insect antifeedants and ovipositional 

deterrents is a novel tendency within the efforts to seek 

selective methods of plant.protection. The resistance developing 

against the traditional insecticides in various insect species as 

well as the increasingly stricter registration procedures 

concerning the toxicological and environmental risk assessment 

have turned the attention to representatives of these novel modes 

of action. 

Hollingworth, Cowles and Miller (Michigan State University, 

East Lasting, Mich, USA) have established that cinnamaldehyde is 

a stronger ovipositional deterrent to onion fly (Delia antiqua) 

than other compounds with the same action, reported earlier. 

Based on this observation we have synthesized about 50 cinnamyl-, 

cinnamoyl- and phenethyl-derivatives with the modification of 

cinnamaldehyde (14) as base compound. 

CHO 

H 

14 

The syntheses of a part of the compounds are described in 

the literature, but in many cases we have elaborated new or 

improved synthesis methods. (E)-a,8-unsaturated fatty acids (15) 

were reduced to allyl-alcohols followed by oxidation to give the 

required enJ-product [(E)-17]: 
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RCH=CHCH20H 

16 

RCH=CHCHO 

17 

(E)-PhCH=CHCH
2
CH2CHO aldehyde was obtained by the 

bromination of (E)-cinnamalcohol (16) followed by a multistep 

"malonester synthesis" on the obtained bromine derivative. 

The oxidation of the alcohol, obtained with a Wittig­

reaction on 5-hydroxypentanal, gave the compounds 

PhCH=CHCHzCHzCHzCHO (E/Z = 8: 2) • 

The preparation of the corresponding carbamates (20) were 

. ~- . 

carried out from substituted cinnamalcohols (16, R = aromatic) as 

starting materials. An improved procedure has been developed for 

the preparation of acid azides, using phase transfer catalysis 

method. The corresponding carbamates (20) were obtained from the 

reaction of isocyanates (19), formed in situ from azides (18) and 

alcohols (16). 

R'COCl + NaN3 ~ R'CON3 

18 

R'NCO ~ 

19 

R'NHCOOCH2CH=CHR 

20 

The ovipositional deterrent tests of the compounds prepared, 

were conducted by the research group headed by Prof. 

Hollingworth. The outstanding activities of certain compounds 

tested, surpassing the action of cinnamaldehyde itself to a great 

extent, are hopeful from the point of view of future practical 

applications. From the results the general conclusion can be 

drown that moderately polar substituents Rand R', respectively, 

are advantageous for the good activity, although they should be 

of a certain volatility. 
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The compounds synthesized were tested for antifeeding 

action by Dr. Arpad szentesi at our institute on larvae of the 

potato beetle (I,eptinotarsa decemlineata). The compounds showing 

antifeedant action were almost the same ones which revealed 

positive action in the ovipositional deterrent tests as well. 

This fact indicates that a parallelism might exist between the 

structural requirements of these two activities. From this, a 

similarity in their mode(s) of action may also be anticipated. 

The only difference could be observed that some more polar and 

less volatile compounds, bearing more substituent on the aromatic 

ring showed antifeedant action, but at the same time they were 

inactive as ovipositional deterrents. 

As the results obtained from these preliminary tests have 

been encouraging we are preparing our laboratories for a longer 

work for the synthesis and biological evaluation of antifeedant 

and ovipositional deterrent compounds. 

The significance of our work carried out so far and giving 

positive results is given by the fact that the research on the 

development of synthetic antifeedants and ovipositional 

deterrents is going on only with moderate intensity over the 

world, so our compounds have contributed to the relations between 

the structural requirements and biological actions to a large 

extent, enlarging the circle of the synthetic antifeedants and 

ovipositional deterrents. 

s. Research on compound• possessinq new, hitherto unknown 

selective anti-insect activity 

The type of compounds representing modern, alternative 

trends of selective insect control (compare to Chapter II, Points 
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1-5) could fulfill the initial expectations on partial areas 

only. While they seemed to abolish qreatest drawbacks of the 

traditional insecticides, namely their toxicity to bu.ans and 

beneficial organisms as well as damaging effects on environaent, 

they raised a nwaber of new problems as regard to method of 

application, unfavorable timing, narrow range of biological 

activity and other aspects, therefore they proved to be 

unsuitable to replace the traditional insecticides on the whole 

field of their application. 

We considered therefore that research must exceed the 

boundaries of the presently studied alternative insect-selective 

activities and must envisage also the search for new, hitherto 

unknown anti-insect effects and of chemicals possessing such 

biological properties. our choice fell on seeking for compounds 

selectively interfering with processes of cuticle formation, a 

highly insect-specific physiological function, and starting from 

analogy considerations, we focused on bivalent sulphur compounds, 

including thio-, dithio-carbamates and isothiocyanates. 

We entered cooperation with the Department of Zoology of the 

Washington State University, as the research team working under 

the direction of Prof. Lynn M. Riddiford represents hiqhest level 

investigation stduies on the field of insect cuticle-biochemistry 

and -physiology. This department performed the highly specific 

biological investigation of the compounds synthesized by the 

project team. 

A significant outcom~ of our work was the finding that some 

aliphatic and cycloaliphatic 1,3- and 1,4-bis-isothiocyanates can 

selectively inhibit the formation of spiracles and of crochets in 

larvae emerging from previous instar stages, treated with these 

chemicals in extremely low dosages. While the compounds 

inhibiting the formation of spiracles (the openings on the larval 
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integument needed for respiration) result in a lethal upset of 

respiration, those inhibiting formation of crochets (needed for 

the larvae to grasp the plant), might cause falling to the ground 

and starving to death. 

CH2-N::C S 

CH~=c=s 

cti3~- .. 
CH3 

CH~CH2-N c=s 

CH3 HJ 

-c=s 

21 22 23 

Investigating the chemical structural requirements for this 

activity led to the conclusion that only bis-isothiocyanates are 

able to exert this effect, while mono-isothiocyanates are 

inactive. This indicates that the bifunctional character of the 

bis-isothiocyanates is the decisive factor. our finding on 

inhibited formation of spiracles and crochets is a new insect­

selective activity which might serve as a starting point in the 

research on new strategies on selective insect control. 

This outcome of the project necessitates the continuation of 

research on this line with regard both to theoretical aspects 

(investigating chemical structural requirements and mechanism of 

action) and to the aim of practical application. Work on this 

field will continuously progress even after termination of the 

present project, in close cooperation with the Department of 

Zoology, Washington State University. 
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6. Ezeaption of the dithiocarbaaate type fungicides froa the 

carcinogenic aetal>olite ethylenethiourea 

(unplanned spin-off of the project) 

The theoretical background of our work which led us to the 

development of a new juvenile hormone analog type anti-insect 

aqent (see Chapter IV, Point 1), offered itself to be employed 

also in research on another field of crop protection: the control 

of fungal diseases of agricultural crops by the application of 

fungicides. 

The aforesaid juvenile hormone analog type was developed by 

us on the basis of the pro-drug principle, a research strategy 

successfully employed in drug research. This strategy rests on 

preparing rationally modified derivativ~s of biologically active 

compounds in order to improve activity pattern by modification of 

its stability, physicochemical and chemical properties as well as 

other characteristics, playing role in the biological 

effectivity. After fulfillir.q its function, the modifying moiety 

is split off to restore the active substance. 

Our research on the fungicide field was motivated by the 

fact that dithiocarbamates, a class of the most frequently used 

types of agricultural fungicides, participating with about 12 per 

cent in the world's total pesticide consumption, are partially 

converted into a carcinogenic metabolite, ethylenethiourea. Due 

to the formation of this product, the application of the 

dithiocarbamate type fungicides was become severely limited. In 

our efforts to exclude the possibility of formation of this 

harmful substance, we made use of the pro-drug approach by 

preparing a metal-complex type slow-release pro-fungicide 

containing a dithiocarbamate traction different from that 

permitting the formation of the hazardous metabolite. A cleavage 
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of the compleY forming bonds results in releasing the active 

principle. 

The product shoved outstanding fungicidal properties, 

exceeding those of the fonaer products f or.ing the hazardous 

metabolite. Patent application procedure is under vay in Hungary 

and in a nUllber of foreign countries and investigations aimed at 

practical utilization are in progress within chemical industry 

framework abroad. 

V. SUJDQJUZED ESTDIATIOH 

The part of our work intended to iJDJllediate practical 

utilization resulted in the development of a new group of 

juvenile hormone analog type, selective, environment-friendly 

anti-insect products. Some members show the practice-required 

activity against a number of economically important insect pests 

damaging agriculture, while a further member of the new group 

reveals activity against the housefly, exceeding the potency of 

the most active products being in commercial usage. The r.ew group 

obtained patent protection in Hungary and in a number of foreign 

countries in Europe and in the USA. Detailed examinations aimed 

at practical application are in progress in the US and in Japan. 

The significance of this result can be estimated only in 

the light of the fact that only 4-5 similar product has reached 

regulatory status and practical use~ in spite of the fact that 

about 3,000 have been prepared and studied extensively in 

different research centers (see Chapter IV, Point 1). 

The theoretical part of our work, leading towards practical 

application only indirectly and on the long term, was divided 

into two sections. One of them joined already accepted research 
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trends in environmentally friendly, selective insect control. 

Thus we prepared sev~ral compounds which block the biosynthesis 

of enzymes regulating insect-specific developaental processes 

(inhibitors of cytochrome P-450 enzymes), contributinq to the 

knowledge on insect anti-hormones and revealed correlations which 

can be utilized in practice-oriented research directed to insect 

control on the basis of the anti-hormone concept (see Chapter IV, 

Point 2). A further notable outcome was the development of 

inhibitors of the enzyme juvenile hormone esterase, openinq new 

possibilities in insect specific activities based on disrupting 

the hormonal balance and at the same time enriching its 

fundamental principle the transition state theory, gaining 

increasing importance in rational research on the field of 

medicines and pesticides (see Chapter IV, Point 3). We developed 

a new family of compounds acting as inhibitors of egg-laying and 

feeding of insects, extending towards economically producible 

products the international efforts focusing on indirect control 

of the damaging activity of insects, instead of killing them (see 

Chapter IV, Point 4). 

The second section of the theoretical part in our project 

has not joined any of the known research trends and resulted in 

the discovery of a sixth anti-insect activity, besides the five 

ones known already. This new activity, inhibition of formation of 

spiracles needed for respiration and of crochets needed to grasp 

the plant, may serve as starting point in a new approach to 

environmentally friendly, selective and safe insect control 

methods. This fact has motivated our decision to continue our 

research also after termination of our project, in cooperation 

with our partner, the Department of Zoology, Washington State 

University (see Chapter V, Point 5). 
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VX. OOTCOJIBS OP TBB PltOJBC'l' BBYOllD USBU.CB RESULTS 

Apart from research results, a substantial achieveaent of 

the project was the enrichllent of knowledge and experience of the 

project team members, representing a benefit equivalent with the 

research outco•es. The short and long tena study tours enabled 

establishing contacts and acquiring training at various 

scientific centers representing the highest level on this field. 

At the same ti.lie the high nWlber of publications and lectures of 

the project team members helped in disseminating the project 

results, facilitating their application by other research 

centers. All these factors have contributed to the international 

recognition of the project team. 

one of the objectives of the project, the buildup of a 

complex institutional-industrial research system capable of 

functioning as a reference unit in the development of selective 

anti-insect agents, has been attained only partially, at the 

institutional level. This is mainly caused by the fact that the 

chemical companies acting as potential partners in realization of 

project results declined to establish development activity on the 

basis of permanent bilateral contact and performed development 

procedure according to the company's standard schedule, without 

the interference of the project team. Nevertheless in the course 

of development activities within the institutional framework the 

project team turned into a unit capable of performing the 

institutional (non-industrial) developmental processes aiming at 

practical realization of the research achievements. This will 

serve as a decisive positive factor in the future efforts of the 
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project team, as realization of further practice-oriented 

research outcomes will gain iaportance in future plans. 
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UNIDO eo-nts 

The terminal report gives the r.omplete summary of the research work 

carried out by the counterparts to develop interesting compounds that 

could act as potential juvenile hormones. The research carried out is 

of international calibre and is reflected in the number of publication 

generated in the whole process. It also indicates the number of areas 

in which one could look for environment friendly pesticides. 

The whole report, giving different approaches, is likely to surface 

in the near future as possible approaches for developing bio-pesticides 

or bio-ration~ls where the compounds are mainly applied so as to have 

specific biological activity without any interference to man and his 

environment. 

The work carried out has acclaimed international appreciation and 

would be very useful for future work in this area . 
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