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Starting from precocenes | and Il, four of their derivatives with a lactone moiety were obtained. The
compounds have been assessed as antifeedants against several diverse insect species including
the storage pests the confused flour beetle ( Tribolium confusum Duv., larvae and adults), the granary
weevil beetle (Sitophilus granarius L., adults), and the khapra beetle (Trogoderma granarium Ev.,
larvae) and against the herbivorous pest insects Colorado potato beetle (Leptinotarsa decemlineata
Say, adults and larvae) and aphids (Myzus persicae Sulz.). Precocenes, especially precocene lI,
showed a very strong antifeedant effect against all storage pests and aphids. The introduction of a
lactone moiety caused a decrease in antifeedant activity against these species. Both precocenes
were moderately active against L. decemlineata adults. The best antifeedants to this species were
precocene derivatives, especially iodolactones. The introduction of iodine into a molecule had a great
effect on the antifeedant activity of those compounds.
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INTRODUCTION epoxy hydrases ircorpora allata or other tissues (3). In
insensitiveLepidopteraand Coleopterathose compounds are
€transformed into less toxic, more easily water-soluble ones and

eliminated (4 5). Thus, inHolometabolaspecies, the effective

Precocenes, the methoxy derivatives of 2,2-dimethylchromen
also called ageratochromenes, isolated fAgeratinaespecies,
are kn_own for their alla_ltqcu_jal activity ar_ld for inducing dosage for precocious metamorphosis may be very close to a
precocious metamorphosis in immature hemipterahsrhose - .
compounds applied topically or orally are biotransformed into toxic con?entratlon (). .
highly reactive 3,4-epoxy derivatives through the action of  According to many researchers, precocenes also show anti-
monooxygenase enzymes, causing rapid, irreversible degeneraf€edant activity. Neonate corn earworhigliothis zeaarvae,
tion in the glandular parenchyma cells of tberpora allata cultured on a diet containing precocene I, did _not fee(_:i and
and cessation of the production of juvenile hormones (2). Starved to deatt7(. The presence of precocene Il in the diet of
Ageratochromenes reduce the length of larval life in sensitive Rhodnius prolixusicted as a feeding deterrent and reduced the
species and prevent ovarian development in some adult insectsamount of blood consumed by this insegx Our earlier studies
It proved to be impossib|e to induce precocious metamorphosis have also demonstrated that precocenes and several of their
in Holometabolaspecies. This selective allatotoxic activity of —derivatives are very good feeding deterrents for some storage
those chemicals may be related to the presence or absence dpests and aphids9). Those properties of precocenes make

possible that they or their synthetic analogues can be used for
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several pest insect species including storage pests, the Coloradd5 min, and a solution of 3-chromanone (5.15 gafor 5.91 g of3b,
potato beetle (CPB) and aphid. The combination of precocenes0.025 mol) in tetrahydrofuran (25 mL) was added slowly. The dry ice
with a lactone moiety is justified by the fact that among feeding bath was removed, and the stirred mlxture was left to reach room
deterrents there are many compounds with a lactone i ( temperature for 1 h. Then, the solution was boiled under reflux for
15). The deterrent activity of intermediate products of lactones 12~24 N (TLC). When the reaction was completed (TLC), the mixture

synthesis, that is, methoxy- and dimethoxycarboxylic acids, has was cooled, dllutgd with diethyl ether (150 mL), and quenched with
also been studied brine. The organic layer was separated, and the water phase was

extracted with diethyl ether. The organic solution was washed twice
with brine and dried (MgS®). All esters @éab and5a,b) obtained were
purified by column chromatography on silica gel (hexane/ethyl acetate
30:1 or 15:1). The yields, physical, and spectral data of obtained esters

MATERIALS AND METHODS

Reagents All chemicals except alkyl phosphonates were purchased

from POCh, Merck, Aldrich, and Fluka. Precocenes | and Il were

synthesized from resorcinol (precocene |) and 1,2,4-benzotriol (pre-

cocene ll) according to methods described by Tini&—(18).
General Procedures.Analytical TLCwas performed on silica gel
(Kieselgel 60, Merck) with mixtures of hexane, ethyl acetate, and

are given below.

Methyl (7-methoxy-2,2-dimethyl-2H-chromen-3-yl)aceta&: 4.58
g, 70% vyield, pale yellow oilnZ’ 1.548;*H NMR (CDCly), 6 1.40 [s,
6H, —C(CH),—], 3.11 (s, 2H,—CH,CO,), 3.70 (s, 3H,—CO,CHj),
3.75 (s, 3H,—OCHs), 6.21 (s, 1H,H-4), 6.37 (d,J = 2.2 Hz, 1H,

acetone in various ratios as developing systems. Compounds wereH-8), 6-40_ (ddJ = 8.2, 2.2 Hz, 1HH-6), 6.87 (d,J = 8.2 Hz, 1H,
detected in iodine (plastic plates) or by dipping the plates in an ethanolic H-5); IR (film), 1724 (s, C=0), 1656 (w, C=C), 1272 (s, C-0-C),

solution of Ce(S®)2 (1%)/Hs [P(M03010)4] (2%)/H.SO, (10%) followed
by heating to 120C.

Column chromatographyas carried out on silica gel (Kieselgel
60, 4063 um, 230-400 mesh, Merck) with mixtures of hexane, ethyl

1152 (s, C—0—C).

Methyl (6,7-dimethoxy-2,2-dimethyl-2H-chromen-3-yl)acetéib (
6.21 g, 85% yield, yellow 0ilnZ’ 1.546;*H NMR (CDCly), 6 1.40 [s,
6H, —C(CHs)o—], 3.13 (s, 2H,—CH,CO,), 3.72 (s, 3H,—CO,CHs),

acetate, acetone, and methylene chloride in various ratios as eluents3.81 (s, 3H,—OCH;), 3.83 (s, 3H,—OCHg), 6.20 (s, 1HH-4), 6.42

GC analysesvere performed with a Varian CP-3380 instrument
using the following capillary column: HP-1 (cross-linked methyl
siloxane), 25 mx 0.32 mmx 0.52um; HP-5 (cross-linked 5% phenyl
methyl siloxane), 25 nx 0.32 mmx 0.52um (injector temperature,
250 °C; detector temperature, 30C; FID, carrier gas, b).

IH NMR spectrawere recorded in CD@lsolutions on a Bruker
Avance DRX 300 (300 MHz) spectrometer with TMS as internal
standard.

IR spectrawere recorded for liquid films or KBr tablets on a Specord
M80 infrared spectrometer (Carl Zeiss Jena).

Melting points (uncorrected) were determined using a Boetius
apparatus.

Synthesis and Separation of CompoundsSynthesis of the 3-Chro-
manones (3and 3b) from Precoceneslé and 1b). The dry solution
of them-chloroperbenzoic acid (8.63 g, 0.050 mol) in dichloromethane
(100 mL) was added dropwise to the cooled@) and stirred solution
of precocene 11a, 9.5 g, 0.05 mol) or precocene fii, 11.0 g) in
dichloromethane (100 mL). Stirring, without cooling, was continued

(s, 1H,H-8), 6.54 (s, IHH-5); IR (film), 1736 (s, C=0), 1664 (w,
C=C), 1248 (s, C—0—C), 1200 (s, C—0—C), 1136 (s, C—0O—-C).
Ethyl (7-methoxy-2,2-dimethyl-2H-chromen-3-yl)acet&i®)(4.49
g, 65% yield, pale yellow oiln?’ 1.543; EI-MS (relative intensity),
m/z276 [M*] (24), 261 (100), 247 (99), 233 (17), 187 (17 NMR
(CDCL), ¢ 1.26 (t,J = 7.1 Hz, 3H, —CO,CH,CHs), 1.40 [s, 6H,
—C(CHs)2—], 3.09 (s, 2H,—CH,CO,~), 3.74 (s, 3H,—OCHy), 4.16
(9, J = 7.1 Hz, 2H,—CO,CH,CH;), 6.22 (s, 1HH-4), 6.37 (d,J =
2.4 Hz, 1H,H-8), 6.39 (ddJ = 8.2, 2.4 Hz, 1HH-6), 6.86 (dJ = 8.2
Hz, 1H, H-5); IR (film), 1732 (s, G=0), 1676 (w, G=C), 1284 (s,

C—-0-C), 1160 (s, C—0-C).

Ethyl (6,7-dimethoxy-2,2-dimethyl-2H-chromen-3-yl)acetate (5b):
5.53 g, 72% vyield, yellow oiln?’ 1.538; EI-MS (relative intensity),
m/z306 [M*] (40), 291 (100), 263 (38), 233 (25) NMR (CDCl),
01.28 (t,J = 7.1 Hz, 3H,—CO,CH,CH), 1.41 [s, 6H,—C(CHs)—],
3.11 (s, 2H,—CH,CO,—), 3.81 (s, 3H~0OCH3), 3.83 (s, 3H~OCH3),
4.18 (9,J = 7.1 Hz, 2H,—CO,CH,CHs), 6.20 (s, 1HH-4), 6.42 (s,
1H, H-8), 6.53 (s, 1HH-5); IR (film), 1732 (s, G=0), 1636 (w, G=

for 2—4 h (TLC). The dichloromethane was evaporated under vacuum
at room temperature. The residue was dissolved in acetone (150 mL), . ) ]
and concentrated hydrochloric acid (8 mL) was added in one portion. Alkalmg Hydroly§|s of Esters 4a,b and 5a,b.Ester (4a, 3.93 g;

The solution was stirred at 4%C for 0.5-1 h. The progress of the 4D, 4.380:58 4.14 g; 0r5b, 4.59 g, 0.015 mol) was added to a solution
reaction was monitored by TLC. When the reaction was completed, ©f KOH in methanol (50 mL, 5% w/v), and the mixture was refluxed
acetone was evaporated in vacuo, and the residue was dissolved irfor 4_5 h. Thgn, the methanol was evaporated in vacuo, and.the res|due
chloroform (100 mL), washed with water, and washed several times Was diluted with water. Organic impurities were extracted with diethyl
with a solution of sodium bicarbonate and, finally, brine. Organic ether. The aqueous solution was cooled by adding ice, acidified with
solution was dried (MgS§) and, after evaporation of solvent, crude 5% HCI, and extracted with diethyl ether. The ethereal extract was
3-chromanone (3ar 3b) was purified on silica gel using as eluent a washed with brine, dried over MgS@nd concentrated in vacuo. Crude,

mixture of hexane and ethyl acetate 12:1 (v/v ratio). The yields, Solid acids were purified on silica gel (hexane/ethyl acetate/dichlo-

C), 1248 (s, C—O—C), 1200 (s, C—O—C), 1136 (s, C—O—C).

physical, and spectral data of 3-chromanones obtained are as follows. romethane 10:1:1) or by crystallization (hexane with a small amount

7-Methoxy-2,2-dimethylchroman-3-of8a): 9.54 g, 92% vyield, pale
yellow oil; nZ° 1.515;*H NMR (CDCly), 6 1.38 [s, 6H,—OC(CHs)2—
], 3.50 (s, 2H,—CH,CO-), 3.76 (s, 3H;~OCH), 6.54 (s, 1HH-8),
6.56 (d,J = 8.1 Hz, 1H,H-6), 6.94 (d,J = 8.1 Hz, 1H,H-5); IR
(film), 1728 (s, C=0), 1288 (s, C—0—C), 1200 (s, C—0—C), 1156
(s, C-0-C).

6,7-Dimethoxy-2,2-dimethylchroman-3-di3e): 9.56 g, 81% yield,
yellow oil; nZ° 1.509;*H NMR (CDCly), 6 1.40 [s, 6H,—OC(CHy).—
], 3.52 (s, 2H,~CH,CO-), 3.84 (s, 3H,—OCHj3), 3.86 (s, 3H-OCHj),
6.58 (s, 2HH-5, H-8); IR (film), 1728 (s, G=0), 1232 (s, C—0—-C),
1200 (s, C—0-C), 1168 (s, C—0-C).

Horner—Wadsworth—Emmons Olefination of 3-Chromanones
(3a,b). A solution of the methyl (6.30 g) or ethyl (6.73 g) dieth-

of ethyl acetate). The yields, physical, and spectral data of acids obtained

(6a,b) are given below.
(7-Methoxy-2,2-dimethyl-2H-chromen-3-yl)acetic add)( 2.99 g,
80% vyield (from4a, after crystallization), white crystals, mp 124
125°C; EI-MS (relative intensity)m/z248 [M*] (100), 204 (67), 189
(100), 161 (32), 151 (42), 69 (343 NMR (CDCl), 6 1.43 [s, 6H,
—C(CHs)2—], 3.16 (s, 2H,—CH,CO,), 3.76 (s, 3H, OEl3), 6.28 (s,
1H, H-4), 6.38 (s, 1HH-8), 6.41 (d,J = 8.3 Hz, 1H,H-6), 6.88 (d,J
= 8.3 Hz, 1H,H-5); IR (KBr), 2750—3200 (s, b, O—H), 1716 (s, C=
0), 1660 (m, C=C), 1240 (s, C—0—C), 1208 (s, C—0—C), 1144 (s,
C—-0-C), 1092 (s, C—0—-C).
(6,7-Dimethoxy-2,2-dimethyl-2H-chromen-3-yl)acetic a6ig)((3.10
g, 74% yield (fromdb, after crystallization), pale yellow crystals, mp

ylphosphonoacetate (0.030 mol) in anhydrous tetrahydrofuran (30 mL) 108-110°C; EI-MS (relative intensity)n/z 276 [M*] (48), 263 (100),

was cooled to-80 °C (dry ice bath) under argon, and a 1.3 M solution
of methyllithium in diethyl ether (24 mL, 0.0312 mol) was added
dropwise by syringe. The reaction mixture was stirred-80 °C for

233 (22), 218 (28), 203 (21), 69 (213 NMR (CDCl), 6 1.41 [s,
6H, —C(CHs)2—1, 3.15 (s, 2H,~CH,CO), 3.80 (s, 3H~OCH), 3.82
(s, 3H, —OCHy), 6.24 (s, 1H,H-4), 6.41 (s, 1HH-8), 6.52 (s, 1H,
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H-5); IR (KBr), 2760-3100 (s, b, G-H), 1712 (s, G=0), 1648 (m,
C=C), 1248 (s, G0O—C), 1200 (s, G-0—C), 1136 (s, G0—C), 1104
(s, C—0-C).

lodolactonization of Acids 6a,b.A 0.5 M NaHCQ (20 mL) solution
was added to the solution of aciég, 1.24 g; oréb, 1.39 g, 0.005
mol) in diethyl ether (25 mL). The mixture was stirred at room
temperature for 30 min, and a solution of Kl (0.015 mol) an(DI01
mol) in water (20 mL) was gradually added. The mixture was stirred
for 1 h, diluted with diethyl ether (50 mL), and washed twice with
saturated N&5,0;. The ethereal solution was washed with NaHCO
and brine, dried over MgSQ and concentrated in vacuo. Crude
iodolactone was purified by column chromatography on silica gel
(hexane/ethyl acetate/dichloromethane 10:1:1) or by crystallization
(hexane with a small amount of ethyl acetate). Yields, physical, and
spectral data of pure iodolactonéa,b are as follows.

(4)-3a-lodo-7-methoxy-4,4-dimethyl-3a,9b-dihydro-3H,4H-furo[3,2-
c]chromen-2-one (7a)1.57 g, 84% vyield (after crystallization), pale
yellow crystals, mp 99.5100°C; EI-MS (relative intensity)m/z374
[M*] (tr), 246 (81), 231 (100), 203 (43), 189 (31), 151 (2'H;NMR
(CDClg), 6 1.66 [s, 3H,—C(CHs)CHs—], 1.68 [s, 3H,—C(CHs)CHz—

], 3.08 (d,J = 18.2 Hz, 1H,—CHH,CO;), 3.31 (d,J = 18.2 Hz, 1H,
—CH:H,CO,), 3.77 (s, 3H,—OCH), 5.85 (s, 1HH-9b), 6.34 (s, 1H,
H-6), 6.59 (d,J = 8.6 Hz, 1H,H-8), 7.21 (dJ = 8.6 Hz, 1H,H-9); IR

(KBr), 1784 (s, G=0), 1240 (s, G0-C), 1200 (s, €0—C), 1156
(s, C-0-C), 1112 (s, C—0-C), 552 (w, C—1I).

(+)-3a-lodo-7,8-dimethoxy-4,4-dimethyl-3a,9b-dihydro-3H,4H-furo-
[3,2-c]chromen-2-one (7b)1.67 g, 83% vyield (after crystallization),
pale yellow crystals, mp 89—9%C (dec); EI-MS (relative intensity),
m/z404 [M*] (tr), 382 (29), 231 (100), 279 (37), 219 (60), 205 (49),
187 (52) 167 (41), 142 (48)H NMR (CDCl), 6 1.64 [s, 6H,
—C(CHs)2—1], 3.06 (d,J = 18.2 Hz, 1H,—CHH,CO,), 3.31 (d,J =
18.2 Hz, 1H,—CHHyCO,), 3.82 (s, 3H, OEl3), 3.83 (s, 3H,~OCHy),
5.81 (s, 1H,H-9b), 6.34 (s, 1HH-6), 6.71 (s, 1HH-9): IR (KBr),
1784 (s, G=0), 1264 (s, G-0—C), 1200 (s, G-0—C), 1160 (s, GO—

C), 1132 (s, C—0-C), 584 (w, C—I).

Dehydrohalogenation of lodolactones 7a,bTo a solution of
p-iodo-y-lactone (7a, 0.748 g; ofb, 0.808 g, 2 mmol) in anhydrous
diethyl ether (10 mL) was added triethylamine (0.56 mL, 4.02 mmol),
and the mixture was stirred under argon at room temperature for 1 h.
Then, the reaction mixture was diluted with diethyl ether (20 mL) and
washed with 5% HCI and brine and dried (Mgg§OSolvent was
evaporated, and the crude product was purified by column chroma-
tography (silica gel, hexane/ethyl acetate, 8:1). Yields, physical, and
spectral data are given below.

7-Methoxy-4,4-dimethyl-3H,4H-furo[3,2-c]Jchromen-2-08e)( 0.370
g, 75% yield, pale yellow crystals, mp 13719 °C’ EI-MS (relative
intensity),m/z246 [M*] (52), 231 (100), 203 (68), 151 (18), 175 (13),
151 (18):*H NMR (CDCls), 6 1.52 [s, 6H,—C(CHa)o—], 3.32 (s, 2H,
—CH,C0,), 3.80 (s, 3H,~OCH), 6.44 (d,J = 2.1 Hz, 1H,H-6), 6.48
(dd,J = 8.4, 2.1 Hz, 1HH-8), 7.11 (d,J = 8.4 Hz, 1H,H-9); IR
(KBr), 1808 (s, G=0), 1696 (w, G=C), 1232 (s, GO—C), 1168 (s,
C-0-C), 1028 (s, C—0-C).

7,8-Dimethoxy-4,4-dimethyl-3H,4H-furo[3,2-c]chromen-2-o8ig):(
0.400 g, 72% vyield, yellow solid, mp 93—92C; EI-MS (relative
intensity),m/z276 [M*] (40), 261 (100), 233 (80), 181 (10% NMR
(CDCl), 6 1.52 [s, 6H,—C(CHs)o—], 3.34 (s, 2H,—CH,CO,), 3.86
(s, 3H,—OCHg), 3.87 (s, 3H,—OCH), 6.49 (s, 1HH-6), 6.75 (s, 1H,
H-9); IR (KBr), 1808 (s, G=0), 1696 (w, G=C), 1224 (s, G-0—-C),
1144 (s, C—0-C), 1032 (s, C—0-C).

Bioassays.Insect Culture.The experiments were conducted with
Tribolium confusunDuv. (larvae and adultsgitophilus granariud..
(adults),Trogoderma granariunkyv. (larvae)Leptinotarsa decemlineata
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M. persicaewere reared on Chinese cabbage in the laboratory &t 20
1°C, 60+ 5% relative humidity, and 16:8 L/D photoperiod.

Feeding Deterrent Activity Test3he choice and no-choice tests
for chewing insects were conducted. In the experiments with the storage
pests the wheat wafer disk bioassay described ead®)r\as used.

The wafer disks (1 cm diametex 1 mm thick) were saturated by
dipping either in solvent only (control) or in 1% acetone solution of
compounds. After evaporation of the solvent (30 min of air-drying),
the wafers were offered to 3 adults 8f granarius, 20 adults and 10
larvae ofT. confusum, and 10 larvae ©f granarium. The number of
individual insects depended on the intensity of their food consumption.
Adults used for experiments were unsexee 1D days old, and the
larvae were 5—30 days old. The wafer disks were weighed before
offering them to the insects during the following five-day period in
choice and no-choice tests.

The experiments with.. decemlineatavere conducted according
to the classical leaf-disk bioassay described earlier by Bellés @Ql. (
using adults collected every day from unsprayed potato field and newly
ecdyzed third-instar larvae obtained from a laboratory colony. For the
feeding tests 0.5% alcohol solutions of compounds were prepared. Disks
(4.0 cm in diameter) were cut from potato leaves and were dipped in
the test solutions or alcohol. After the solvent evaporated, the disks
were offered to 10 larvae or 6 adults (3 pairs). Control and treated
disks were placed at alternate corners in Petri dishes lined with
moistened filter paper (choice test). In the no-choice test only control
or only treated disks were placed in the dishes. In each four replicates,
the insects were allowed to feed libitumfor 24 h at 24°C under a
16:8 (L/D) photoperiod.

After the completion of the experiments, the wafer disks were
reweighed (storage pests), and the areas of remaining uneaten potato
leaf disks (CPB) were measured using a scanner and special software.
On the basis of the amount of food consumed in all variants the three
deterrency coefficients (relatived®; absolute A; and total,T) were
calculated using the formulas according to Nawrot et ) (

R=C—T/C+ T x 100 (choice test)

A=CC—-TT/CC+ TT x 100 (no-choice test)

C and CC are the amount of food consumed from the control disks ,
andT and TT are the amount of food consumed that had been treated
with the tested compound.

The measure of the deterrent activity of tested compounds is the
total coefficient of deterrenceT = A + R.

The total coefficient of deterrence, which ranged fre200 to 200,
served as the index activity. The compounds witlvalues ranging
from 151 to 200 are very good deterrents, those with coefficients values
of 101—150 are good deterrents, and those Wittalues ranging from
51 to 100 were moderately active. Compounds withalues lower
than 50 are weak deterrents. NegatiVevalues point to attractant
properties of the compound.

The values of deterrence coefficients were statistically analyzed by
means of one-way analysis of variance ANOVA. In the cases where
ANOVA results were statistically significant, Tukey's test was per-
formed.

Aphid Settling TestS'hese experiments were conducted with3t
day-old adult apterous aphids selected from laboratory colonies. The
test was carried out according to the procedure described ealier (
The test chemicals were applied as 0.1% ethanol solution painted on
the leaf surface at0.01 mL/cn? on one side of the upper surface of
Chinese cabbage leaves. The other side of the midrib was treated with
solvent only. The insects (20 aphids per treatment) had a choice between
equal areas of treated and control surfaces. Settled aphids were counted
on both sides of the leaf after 15, 30, 60, and 120 min and 24 h. The
results were examined using analysis of varianc® at 0.05. The

Say (larvae and adults), and apterous viviparous females of the peachactivity was expressed as the significance lefel< 0.05 after

potato aphidMyzus persicaSulz. The stored product insect pests were
reared in a chamber maintained at 261 °C and 60+ 5% relative
humidity on wheat grain or whole-wheat meal diet. The first generation

comparison of the number of aphids settled on the treated and control
halves of the leaf.

of Colorado potato beetle adults was collected from an unsprayed potatop gL TS AND DISCUSSION

field. Eggs were collected and hatched in the laboratory. Larvae were
reared on potato leaves in Petri dishes at424 °C and 60+ 5%
relative humidity under a 16:8 (L/D) photoperiod (climate chamber).

SynthesesLactones8a and 8b were obtained in a six-step
synthesis from precocenes | and I, respectivégheme 1).



5908 J. Agric. Food Chem., Vol. 53, No. 15, 2005 Szczepanik et al.

Scheme 12 Table 1. Feeding Deterrent Activity of Precocenes and Their
mCICHCO. Derivatives against T. confusum
R R icients?
e ™ OH @ deterrence coefficients
larvae adults
MeO e} MeO O
ta:R=H 2a,b compd A R T A R T
1b: R= OMe 1a 551b 64.lab  119.2b 552b  838a 139.0b
CO,R! 1b 686a 971a  1657a  100a 942a 1942a
R ° 6a -6.2d 86.4ab 80.2 be 18cd 95.7a 97.5bc
@) R Z 6b  405b 731ab 1136b  150cd 889a  103.9hc
E—— - Ta 16.7¢ 77.5ab 94.2 be 21.1c 934a 1145hbc
MeO 0 MeO o b 542b 936a  1478a 39cd 895a  934c
8a -6.7d  60.3b 50.6 ¢ 19.7¢ 944a 114.1b
3a,b A 8b 59.0b 90.7 ab 149.7a 142 cd 91.6a 105.8hc
1 o
COR H . a A, absolute coefficient; R, relative coefficient; T, total coefficient. Values followed
R x R M s by the same letter within a column are not significantly different at the P < 0.05
—_>(5) 8 ] S e ! © level.
MeO o MeO” T oA
4 5 . .. .
4a,bR'=Me 7a,b Table 2. Feeding Deterrent Activity of Precocenes and Their
Sa,bRi= Etj @ Derivatives against T. granaruim (Larvae) and S. granarius (Adults)
6a,bR'=H -
deterrence coefficients?
o o T. granarium larvae S. granarius adults
o o) compd A R T A R T
R 4 e R X la 41.8b 38.3¢c 80.1b 55.2b 83.8a 139.0b
1b 98.6a 100 a 198.6 a 100 a 94.2a 1942 a
MeO o MeO 0 6a 220b  860b  108.0b 18cd 957a  97.5hc
B 8ab 6b 119b 85.5hb 97.4b 15.0cd 88.9a 103.9 be
’ Ta 316b 79.8b 111.4b 21.1c 93.4a 114.5 b
(1) m-CPBA, CH.Cl,, room temperature, 2—4 h; (2) HCl/acetone, 40 °C, 7b 39.6b 80.5b  120.1b 39cd 895a 934c
0.5-1 h; (3) (EtO).P(0)CH,CO;Me or (EtO),P(O)CH,CO.Et/MeLi, THF, —80 8a 345b 73.1b  107.6b 19.7¢ 944a 114.1b
°C, 1 h, then reflux of 12-24 h; (4) KOH/MeOH, reflux of 4-6 h, then 5% 8h 31.2b 85.0b 116.2 b 142 cd 916a 105.8 be

HCI; (5) lo/KI, NaHCOs, Et,0/H,0, room temperature, 1 h; (6) Et:N, Et,0,
room temperature, 1 h.

2 A, absolute coefficient; R, relative coefficient; C, total coefficient. Values followed
) ) ) by the same letter within a column are not significantly different at the P < 0.05
Transformation of precocenes into the corresponding 3-chro- jevel,

manones (3and3b) was carried out according to the Jennings

methodo_logy (22) as modified by us. _In our modifi_cation the o 4 singlet of methylene protons of G3 at 3.32 and 3.34
hydrolysis and rearrangement of 3,4-diol was done in one step.ppm inH NMR spectra of8a and8b, respectively, and lack
Hydrochloric acid in acetone was used for this transformation. signals of olefinic proton (H-3) and H-9a undoubtedly proved
In this way chromanone(3a, 3b) were obtained in 80% yield.  he nosition of the tetrasubstituted double bond in the molecule.

Ketones (3aand 3b) were subjected to HornelWadsworth— g6 |actones are products of isomerization. Sfunsaturated
Emmons reaction with methyl and ethyl diethyl phosphono- |5ctones (B) in the reaction medium.

acetate. The direct products of olefination of chromanones, esters Biological Activities. Storage PestsThe results of studies

wnh_exocycllc double bond (A), isomerized in the reaction of the deterrent activity of the compounds obtained toward
medium to the more stable produets,b ?”d 5a,b. storage pests are presentediables 1and2. The deterrence

The structure of these esters was confirmed by #&XMR coefficient values point to differences in antifeedant properties
and IR data. The chemical shift of singlet of H-& 6.20- related to the structure of the compounds. It can be seen that
6.24) is almost the same as for precocene8.(9—6.20). The  pracocene 111b) showed a very strong antifeedant effect against
absorption bands/(= 1724-1736 cn1) found in the IR spectra g storage pests. It exhibited activity comparable to that of the
are characteristic for esters with a carbalkoxy group unconju- pest-known antifeedant, azadirachtth 15). Our data clearly

gated with double bond. indicate that the high activity of precocene Il was caused by
Hydrolyses (KOH in methanol) of esteds/5a and 4b/5b the presence of two methoxy groups in the molecule. Similar
afforded acids6a and 6b, respectively, in good yields (68 results were obtained in studies of the antifeedant activity of

80%). lodolactonization of these acids was carried out in basic precocenes towar@hodnius prolixusA marked inhibiting effect
conditions according to procedure described by M@3)( of the methoxy group at C-6 on the feeding activity of this
lodolactones7a and 7b were obtained as crystals in 84 and bloodsucking bug was observed by Azambuja et al. (8). If one
83% yield. The presence ofjalactone ring in the iodolactones  of these substituents was replaced by H, the antifeedant activity
is proved by the absorption band at 1784 ¢érthe in IR spectra  was decreased, and the effective antifeedant dose of precocene
of both7aand7b. | was 6-fold higher than that of precocene Il. In our studies a
Unsaturated lactoneda and8b were obtained in the reaction  particularly conspicuous drop in the activity of precocene | was
of corresponding iodolactones with triethylamine in diethyl ether observed in relation tol. granarium larvae (Table 2). A
at room temperature. The structure of these products wasreduction was also observed in the activity of precocene | toward
confirmed by their spectralllf NMR and IR) data. The both developmental stages @f confusum(Table 1). That
absorption band characteristic for thdactone ring is present  structural change, however, only slightly affected the feeding
in the IR spectra of both lactones at 1808 éniThe presence  of S. granariusand precocene | was also a very good deterrent
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Table 3. Feeding Deterrent Activity of Precocenes and Their Table 4. Effect of Precocenes and Their Derivatives on the Settling of
Derivatives against L. decemlineata Aphids on the Leaf?
deterrence coefficients? time after access to the plants
larvae adults compd treatment 15 min 30 min 1h 2h 24 h
compd A R T A R T la treated ntb nt nt nt 5
la  778b 868d  1646d  41.9ab 738b  1157hc ‘;0”"0' 30038
1b 329a 91.2d 124.1bc  442ab 718ab  116.0bc ‘
6a 352a 63.6ab 98.8abc 232ab 70.9ab  94.1bc 1b treated nt nt nt nt 6
6b 172a 79.1bcd  96.3ab  344ab 637ab  98.1hbc control 10
7a 383a 958d 1341bc  616bc 8l4b  143.0cd P 0.0010
7o 4l4a  906cd  1320bc  871c  891b  176.2d 6a  teated 9 8 9 9 9
8a 21.7a 55.0a 76.7a 276ab 49.2ab  76.8ab control 9 9 8 9 10
8  327a 625ab  95.2ab 197a  299a  496a P 06185 06100 0.8569 08494  0.444388
— - — — 6b treated 8 10 10 11 11
A, absolute coefficient; R, relative coefficient; C, total coefficient. Values followed control 7 7 7 7 7
by the same letter within a column are not significantly different at the P < 0.05 P 03006  0.1136  0.0592 0.0809 0.0040
level. 7a teaed 10 1 9 14 10
control 7 6 7 7 8
with a deterrence coefficient of 150 for that species. The P 0.0137  0.0073  0.0430  0.0475  0.1639
addition of the carboxyl group at the C-3 considerably reduces 7 treated 8 6 6 7 7
the deterrent activity of the derivatives of both precocenes. Only control 9 9 9 10 9
in the case of methoxy carboxylic aciéa) was a slight increase P 0.1347 00165 00787 03010  0.2544
in activity toward T. granarium larvae compared withla 8a treated 6 7 7 8 8
; incianifi control 11 10 9 9 9
obs_ervgd. The differences, hovewer, were insignificant. 'I_'he b 00011 00058 002053 02782 03460
conjuction of the structure of precocene with the lactone ring
and iodine atom affected the antifeedant properties of those & ggﬁ:ﬁ)‘f g 18 g g g

compounds in different ways. Methoxy- and dimethoxyiodo- p 05885 05401 05683 06159  1.0000
lactones Ta and 7b) also showed lower activity than the
respective precocenes, but were better deterrents than their ayaiues represent mean number of aphids on control or treated half of the leaf
precursors6a and 6b, particularly towardS. granariusadults (8 replications, 20 aphids each). P values in italic type indicate statistical significance
and T. confusumlarvae. A considerable drop in activity of  (analysis of variance, P = 0.05). ® Not tested.
unsaturated methoxylactoBa againstS. granariusadults and
T. confusumlarvae was found when hydrogen iodide was feeding deterrent. The acidic derivatives of both precocéaes
eliminated from methoxyiodolactor&. That structural change, and 6b were moderate feeding deterrents against both devel-
however, did not affect the deterrent propertieS8afowardT. opmental stages df. decemlineataThe introduction of the
confusumadults andT. granarium larvae. Only slight and carboxyl group to the structure of precocenes caused, as in the
statistically insignificant changes were observed in the activity case of storage pests, a decrease in deterrent activity. That drop
of unsaturated dimethoxylacto®» compared with7b toward was particularly noticeable with precocene | and its acidic
all storage pests under study, and the elimination of hydrogen derivative in relation to larvae, in which case the difference
iodide did not significantly affect the activity of the compound between the deterrence coefficient values of the two compounds
obtained. is statistically significant. lodolactone& and 7b were good

All derivatives of precocenes with a lactone moiety were antifeedants for larvae and very good for CPB adults. The values
weaker feeding deterrents for storage pests compared withof total coefficient T) for those compounds indicate that the
precocenes, but some of them can still be included among goodaddition of the lactone ring with an iodine atom to the structure
antifeedants. Here belong compounds and 8b, reducing of precocenes causes a considerable increase in their activity
considerably feeding in larvae df confusumGood deterrent  toward CPB adults. Their feeding was particularly strongly
properties against adults 8f granariushave also been found inhibited in both tests by dimethoxyiodolactonébj. Only
in iodolactones7a and 7b. slightly weaker antifeedant properties were shown by meth-

Colorado Potato BeetleThe results of our investigation  oxyiodolactone (7a) in the no-choice test. In choice tests
showed that precocenes were moderate deterrents and did nabdolactones were also very good feeding deterrents for CPB
differ in their activity against CPB adults. As shownTable larvae, but in no-choice tests they reduced feeding to a lesser
3, the values of all deterrence coefficients, R, andT) for degree. Nevertheless, they showed the highest activity toward
both of those compounds were very similar. The moderate both developmental stages &f decemlineataamong all
deterrent activity of precocenes against that beetle species camprecocene derivatives studied. The introduction of the iodine
be related to the lack of toxic effect of those compounds not atom had a great impact on the antifeedant potency of those
only on theircorpora allata (24) but also on other tissues, compounds. According to Darvas et &), chloro-containing
especially the gut and fat body. According to Azambuja et al. analogues of precocenes | and Il showed higher toxicity toward
(8), the antifeeding response induced by precocenes may be du€€PB than the parent precocenes. Our most recent studies
to direct cytotoxic action on the gut tissue, which contains (unpublished data) also indicate that lactones containing a chloro
activating monooxygenases. CPB larvae showed greater sensiatom in their structure are good deterrents against CPB larvae
tivity to the antifeedant activity of precocenes. However, a better and adults. The decrease 8a and 8b activity also suggests
deterrent for that stage was precocene I. In contrast to manythat the iodo atom may play a significant role in the antifeedant
other insect species, the presence of the methoxy group at C-éeffect against CPB.
caused a decrease in the antifeedant potency, but only in the Aphids.Both precocenes proved to be very good antifeedants
no-choice test. In the choice test precocene Il was a very goodagainst aphidsTable 4). Of their derivatives tested, on8a
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showed deterrent properties. However, that antifeedant effect (10) Hsia, M. T. S.; Grossman, S.; Schrankel, K. R.; Hepatotoxicity

was very short-lived and ceased w1l h. The remaining
compounds were either inactive or attractant. Compo6ind

showed attractant properties after 24 h of observation, whereas

of the anti-juvenile hormone precocene Il and the generation of
dihydrodiol metabolitesChem. Biol. Interact1981,37, 265—
277.

compound7a, during 2 h after aphids had had access to the (11) Henrick, C. A. Juvenoids and anti-juvenile hormone agents: past

plants.
To sum up, with regard to the antifeedant activity of

precocene derivatives, it was concluded that the structural
changes consisting in combining precocene molecules with a
lactone ring caused a decrease in the feeding deterrent activity
of the compounds thus obtained toward most investigated insect

and present. Iinsect Chemical Ecology: Conference Proceed-
ings, Tdor 1990; Hrdy, I., Ed.; Prague Academia: Prague,
Czech Republic, 1991; pp 429—452.

(12) Harmatha, J.; Nawrot, J. Comparison of the feeding deterrent
activity of some sesquiterpene lactones and a lignan lactone
towards selected insect storage peBischem. Syst. Ecal984
12, 95-98.

species. Only in the case of adult CPB did the structural change (13) Picman, A. K. Biological activities of sesquiterpene lactones.

considerably increase the antifeedant activity’afand 7b. It

Biochem. Syst. Ecol986,14, 255—281.

was, however, the presence of the iodine atom that was essential (14) Paruch, E.; Ciunik, Z.; Nawrot, J.; Wawrzenczyk, C. Lactones.

for that increase in activity. The halogen also improved the
feeding deterrent properties of iodolactones ag&@ngtranarius

9. Synthesis of terpenoid lactones—active insect antifeedants.
Agric. Food Chem2000,48, 4973—4977.

adults. The effect of the methoxy group on the antifeedant (15) Paruch, E.; Nawrot, J.; Wawrzenczyk, C. Feeding-deterrent

potency was observed only in the caseToftonfusuniarvae.
All derivatives of precocene Il were more active toward those

insects than the derivatives of precocene I. The effect of the
compounds studied on insect feeding was species- and devel-

opmental stage-specific.
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