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Biological activity of precocene analogues on Locusta migratoria 
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Summary. Structure-optimization studies of C-5-C-8-substi tuted precocene (P) analogues revealed that 1) compounds 
disubstituted asymmetrically at C-6, C-7 had an anti-allatal effect only if the C-6 side-group was shorter than that at C-7, 
2) in the case of C-5, C-7 disubstitution, activity was enhanced by Me at C-5 whereas MeO caused inactivity. Effects of 
various other substitutions are also discussed. 
Key words. Precocene; structure-activity relationship; effect of C-5-C-8  substitution and their combination; Locusta migra- 
toria. 

Bowers and his coworkers 1 were the first to discover that 
2,2-dimethyl-chromene compounds of the bedding flower 
Ageratum houstonianum had anti-juvenile hormone (anti- 
JH) activity on certain Hemipteran and Orthopteran insects. 
Typical effects were the precocious metamorphosis of treated 
young larvae, resulting in sterile adultiforms, and steriliza- 
tion of adult females - hence the compounds were named 
'precocenes'. A considerable effort has been made to eluci- 
date the mode of action of these compounds and the details 
of the chemical structure essential for the anti-JH effect. The 
results were summarized recently 2 -4 .  
It was soon revealed that the precocenes exerted a special 
cytotoxic effect on the cells of  the corpora allata (CA) in the 
sensitive species, and the anti-JH effect was evoked by de- 
stroying the hormone-producing organ 5. It is widely accept- 
ed that the cytotoxic effect is due to the formation of a highly 
reactive 3,4-epoxide, catalyzed by the enzyme methyl farne- 
soate epoxidase, specific for the CA 6, although other models 
can also be considered 7, 8. As precocenes seemed to become 
activated only in the CA, the name 'pro-allatocidins'  was 
suggested as being appropriate for them 3. 
Structure-optimization studies 9 - 14 established that the 3,4- 
double bond and the 2,2-dimethyl groups are indispensable, 
and substituents at the C-6 and C-7 positions can also be 
decisive for the anti-allatal effect. The aim of the present 
study was to assess the effect of various substituents and 
their combinations on the precocene activity and toxicity of 
chromene derivatives as measured on Locusta migratoria. 
While previous observations were generally confirmed, new 
information was also obtained on the modifying role exerted 
by substituents at C-5, C-6 and C-8 on the precocene activity 
of the C-7 substituted chromenes. 
Materials and methods. The substituted 2,2-dimethyl- 
chromenes have been prepared following the general meth- 
ods described by Timar et al. 15 and Bowers and Ohta 16; 
substituted phenols (from Aldrich) reacted with 3-methyl- 
bnt-2-enoic acid in a phosphoryl chloride/zinc chloride (wa- 
ter) system to produce in high yield the corresponding hy- 
droxy-4-chromanones 15. The latter compounds were 
regioselectively alkylated 17. Further alkylation, reduction 
and dehydration according to the procedure published by 
Bowers and Ohta 16 resulted in the formation of novel pre- 
cocene derivatives. 
Locusts were reared at 28-30 ~ under a 12-h daylight/12-h 
darkness regimen, in crowded populations. Larvae which 
molted into the 4th instar within 24 h were used for the tests. 
The substances were dissolved in acetone at 150 mM concen- 
tration if not stated otherwise, and this stock solution was 
diluted in a tenfold series with acetone for the tests. Both the 
substances and stock solutions were kept at - 20 ~ Locust 
nymphs were anesthetized in CO2, and 10 gl of the solution 
to be tested was applied to the abdominal sternites; applica- 
tion was followed by quick evaporation in a stream of cold 
air from a hair-dryer. Twenty animals were kept in wire cages 
under optimal conditions and checked daily for death and 

molting. Final evaluation was made when all of them had 
metamorphosed or died. Additional tests were made at inter- 
mediate concentrations. Precocene activity was character- 
ized by the frequency of adultiforms expressed as a percent- 
age of the animals surviving up to metamorphosis (i.e. adults 
and adultiforms together). Toxicity was expressed as the per- 
centage of the treated nymphs which died during the first 
four days following the treatment. ED50 and LD50 values 
were calculated after log-logit transformation of the data 
and expressed as nmol/animal (table). 
Results and discussion. The results are summarized in the 
table. The different chromene derivatives are cited in the text 
by their serial numbers (in brackets) according to the table. 
Precoeene effect. 1. Monosubstitution at C-7: Among the 
2,2-dimethyl-chromenes substituted at C-7, the highest pre- 
cocene effect was shown by those in which the C-7 substitu- 
ent was EtO or nPrO (table, compounds 2 and 3). If  t h e  
side-chain was shorter (1, Precocene 1), or longer (5) than 
that, the activity decreased. Branching (4, 6, 7) or unsaturat- 
ed substituents (8, 9) also decreased the effectiveness. The 
inactivating effect of a triple bond (9) is stronger than that of 
a double bond (8). If  the side-chain is branching and unsatu- 
rated at the same time, the two effects seem to be additive 
(10, 11). Benzyloxy (15), the only aralkyloxy substituent we 
tried at C-7, also showed a strong inactivating effect. Cy- 
cloalkoxy substituents (12-14) resulted in complete inactivi- 
ty. This is in accordance with the data by Brooks et al. lo 
referring to some of these compounds. 
2. Disubstitution at C-6 and C-7. Of the symmetrically disub- 
stituted compounds (16-19), only the 6,7-dimethoxy deriva- 
tive (Precocene 2) showed activity which was in fact com- 
parable to that of the most active molecules in the previous 
group. The rest of them were totally inactive. It seems that as 
a rule C-6 alkoxy-substituents with more than one carbon 
atom efficiently decrease the precocene effect elicited by an 
appropriate side-chain at C-7. 
This 'rule' was further extended by the study of isomeric 
pairs of molecules in which C-6 and C-7 shared the same pair 
of substituents of different lengths. Only those compounds 
showed a considerable precocene activity which had a MeO 
group at C-6 (20, 22, 24, 28). While the precocene activity 
decreased with longer side-chains at C-7, a MeO substituent 
was even able to enhance the activity of prop-2-ynyloxy and 
cyclopentyloxy at C-7. This was not true for a benzyloxy 
group at the same position (see compounds 9, 12, 15 and 24, 
28, 30). An exception to this was the precocene activity of 
compound (26) which had EtO at C-6 and nPrO at C-7. This 
can suggest that, at least in the case of alkoxy substituents, 
precocene activity would be more dependent on a relative 
one-carbon-atom-difference in the lengths of the sub- 
sti tuentsat C-6 and C-7 than on their absolute lengths (cf. 1, 
20 and 26 as well as 17 and 18). When their positions were 
reversed, however, all these substituents resulted in complete 
inactivity (see 21, 23, 25, 27 and 29). This effect could be 
exerted e.g. through changing the electron structure of the 
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Effect of different substituents on the precocene activity and toxicity of chromene derivatives a 

Compound serial No. C-5 C-6 C-7 C-8 EDs0 b LDso b 

1 (Precocene.1) MeO 305 > 1500 
2 EtO 152 642 
3 nPrO 147 669 
4 iPrO 229 633 
5 nBuO 344 400 
6 sBuO 258 452 
7 iBuO 796 1024 
8 AllylO 291 888 
9 prop-2-ynylO 1232 943 
10 1,l-diMe-prop-2-ynylO > 1500 > 1500 
11 PrenylO 85t 344 
12 cyclopentylO > 1500 295 
13 cyclohexylO > 1500 387 
14 cycloheptylO > 1500 1179 
15 BenzylO 957 293 
16 (Precocene.2) MeO MeO 150 554 
17 EtO EtO > 1500 246 
18 nPrO nPrO > 1500 416 
19 cyclopentylO cyclopentylO > 1500 1500 
20 (Precoeene.3) MeO EtO 141 1110 
21 EtO MeO > 1500 542 
22 MeO nPrO 217 431 
23 nPrO MeO > 1500 346 
24 MeO prop-2-ynylO t 19 147 
25 prop-2-ynylO MeO > 1500 70 
26 EtO nPrO 183 133 
27 nPrO EtO > 1500 153 
28 MeO cyclopentylO 364 554 
29 cyclopentylO MeO > 1500 > 1500 
30 MeO BenzylO > 1500 > 1500 
31 BenzylO MeO > 1500 > 1500 
32 NO 2 MeO > 1500 > 1500 
33 CI MeO 890 > 1500 
34 Me MeO < 1500 N.T. 
35 MeO MeO > 1500 N.T. 
36 Me sBuO < 1500 N.T. 
37 MeO sBuO > 1500 N.T. 
38 Me iBuO 175 > 1500 
39 MeO iBuO > I500 N.T. 
40 Me prop-2-ynylO 657 324 
41 MeO prop-2-ynylO > 1500 217 
42 Me MeO prop-2-ynylO 697 > 1500 
43 Me MeO MeO > 1500 > 1500 
44 Me MeO EtO > 1500 > 1500 
45 Me EtO MeO > 1500 > 1500 
46 MeO MeO MeO > 1500 > 1500 
47 EtO MeO > 1500 598 
48 MeO EtO > 1500 > 1500 

a Blank space means the position is occupied by H. b EDso and LDso values are given as topically applied nanomoles/animal. N.T.: not tested. 

he t e roa tom-con ta in ing  ring, ul t imately leading to a de- 
creased reactivity of  the 3,4-double bond  a n d / o r  the 3,4-ep- 
oxide and  to a decreased precocene effect 3. However ,  the  
e lec t ron-dona t ing  or  wi thdrawing  na tu re  o f  the C-6 subst i tn-  
ent  is clearly no t  enough  alone to explain the precocene effect 
(cf. c o m p o u n d s  32, 33 and  Brooks  et al. lo). 
Steric effects could also result  in biological  inactivity (e.g. 29, 
31). 
Taken together ,  the above  observa t ions  could equally well be 
explained by any  of  the fol lowing three mechanisms ,  or  by a 
comb ina t i on  o f  them;  1) an  inact iva t ing  steric effect o f  the 
larger  subs t i tuents  at  C-6, 2) oxydat ive dealkyla t iou at  C-6 
a n d / o r  C-7 ~s, tg, 3) open ing  of  the py ran  r ing 8. Wha teve r  
the basic mechan i sm is, we feel it is logical to assume tha t  
steric effects play a role in this p h e n o m e n o n .  The p rob lem 
needs fur ther  invest igat ion.  

[••Me Me 

3. Disubstitution at C-5 and C-7. These analogues  were syn- 
thesized in pairs,  in which C-7 was occupied by the  same 
subs t i tuent  while at  C-5 there was ei ther  M e  or  MeO.  A 
qual i ta t ive test was made  with one large dose (1500 n M )  so 
t ha t  we can  tell whe ther  ED50  is below or  above  1500 n M  of  
the compound .  As the table  shows, only those c o m p o u n d s  
were active which  had  a M e  g roup  at C-5 (34, 36, 38 and  40). 
In two cases where quant i ta t ive  measurements  were also 
made,  the ED50 values are significantly lower t han  those for 
the monosubs t i t u t ed  analogues  which have  the same alkoxy- 
groups  a t  C-7 (compare  40 with 9; 38 wi th  7). This  suggests 
tha t  the C-5 methyl  g roup  can have an  ac t iv i ty-enhancing 
effect in cer ta in  combina t ions .  
W h e n  C-5 was occupied by MeO,  the original  activity exert- 
ed by  the C-7 subs t i tuent  was completely lost  (35, 37, 39, 41). 
This  effect is superficially similar to tha t  observed wi th  the 
C-6, C-7 disubst i tu ted  derivatives. However ,  instead o f  the  
difference in length o f  two subst i tuents ,  it is the  subs t i tuent  
at  C-5 a lone which  is decisive. Whe the r  the presence or  ab-  
sence of  the oxygen a tom in the subs t i tu t ing  group  at  C-5 
exerts its effect t h rough  al ter ing the steric condi t ions  or elec- 
t ron  density,  remains  to  be seen. 
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Brooks et al. lo and Chenevert et al. 11 tested the 5-Me, 7- 
MeO (34) and 5,7-diMeO (35) derivatives, respectively. 
Their data are in agreement with the above results and sup- 
port  our conclusion on the role of the substitutents at C-5 in 
precocene activity. 
4. Trisubstitution at C-5, C-6 and C-7. The tested compounds 
were generally inactive, even if the related C-6, C-7 or C-5, 
C-7 disubstituted derivatives showed precocene activity (cf. 
e.g. 16, 34 and 43, 46 as well as 20 and 44 in the table). We 
can conclude that trisubstitution at C-5, C-6 and C-7 de- 
creases or eliminates precocene activity as compared to the 
disubstituted molecules. 
5. Disubstitution at C-7 and C-8. The tested molecules (47, 
48) showed no precocene activity, even if the related C-7- 
monosubstituted compounds were highly active (cf. 47, 48 
and 1 and 2). As C-8-monosubstitution with MeO did not 
yield any activity in previous studies 9.12,13, the ineffective- 
ness of  the C-7, C-8 disubstituted derivatives is probably due 
to the C-8 substitution itself. 
Toxic effects. As can be seen in the table, the LD50 values did 
not follow the rules established for precocene activity, hence 
no clearcut conclusion on the relationship between toxicity 
and chemical structure can be reached. If  we assume that 
general toxicity is also based on the oxidative activation of  
these compounds, it is very likely that the target of the toxic 
effect is much broader than the CA, and includes other pe- 
ripheral tissues and organs 3. 
Conclusions. According to previous studies 9 -11 the C-7 
substitutent has a basic role in precocene activity. In our 
experiments, only the alkoxy substituents showed activity at 
C-7. The maximum effect was observed with EtO and nPrO 
while longer or shorter as well as branching and/or unsatu- 
rated alkoxy-substituents decreased the activity. 
In the case of C-6, C-7 disubstitution, the C-6 alkoxy-group 
can seriously modify the effect of the C-7 substituent. This 
was also observed in precocene experiments carried out on 
nematodes20-  22. Notable precocene activity can be ob- 
served only if both substituents are alkoxy-groups and the 
C-7 side-chain is longer than that at C-6. In the reverse case, 
the precocene effect is invariably lost. In absolute terms, the 
C-6 alkoxy-group should not be longer than EtO. 
In the case of C-5, C-7 disubstitution, C-7 substituents re- 
main active or even gain an enhanced activity if C-5 is occu- 
pied by Me. When C-5 bears MeO, the precocene effect is 
invariably lost. 
In the tested C-7, C-8 disubstituted compounds, the C-8 
substituent seems to eliminate the precocene activity derived 
from the C-7 substituted derivative. 
Compounds bearing more than two substituents or - N O z  
and C1 as substituents, have no appreciable activity. 

The LD50 values do not follow the rules established for the 
precocene effect, hence the toxic effect has to have another 
target/mechanism. 
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Volatiles from clover head Hypera meles (Fab.) and alfalfa H. postica (Gyllenhal) weevils: search for 
pheromones 
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Summary. Volatile fractions of the clover head, Hypera meles (Fab.), and alfalfa, Hypera postica (Gyllenhal), weevils 
contained three of  four boll weevil, Anthonomus grandis (Boh.), pheromone components, (Z)-3,3-dimethylcyclohexane 
A 1, C-ethanol and (Z)- and (E)-3,3-dimethylcyclohexane-A 1. %acetaldehyde. Also found were eight oxygenated monoterpenes, 
previously identified as precursors and intermediates of the boll weevil pheromones. 
Key words. Clover head weevil; alfalfa weevil; Hypera meles (Fab.); Hypera postica (Gyll.); candidate pheromones, Cur- 
culionidae. 


