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STRUCTURE-ACTIVITY RELATIONSHIP OF STEROIDAL
INSECTICIDES. IX. CHOLESTANE AND STIGMASTANE
5- AND 7-BROMO-6-KETOSTEROIDS

R. M. Zolotar’, A. |. Bykhovets, UDC 547.92:632.936:634.1
V. L. Survilo, and N. V. Kovganko

Steroids1-16, which are intermediates in the synthesis of ecdysteroids, have been shown to possess
insecticidal activity for larvae of the Colorado beetleptinotarsa decemlineataActive growth- and
development-regulators were found among them.
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We previously prepared several structural analogs of ecdysteroid insect hormones [1-6]. Biological tests revealed
among these compounds active growth- and development-regulators of the Colorado beetle [7]. However, it should be noted
that the chemical synthesis of such compounds is complicated and requires many steps. For this reason, it seemed interestin
to seek active insecticides among compounds of simpler structure, for exab@lahich we obtained earlier [1-6] and used
as intermediates in the chemical synthesis of ecdysteroids. We chiebkéat insecticidal activity for larvae of the Colorado
beetleLeptinotarsa decemlineatday. (Coleoptera), the most harmful potato pest.

We screened-16 using larvae and a contact-feed method of treatment. We collected under field conditions egg sacs
of Colorado beetle and grew larvae in the laboratory. Second-growth larvae and their feed, potato leaves, were sprayed once
with a 0.01% suspension bfL6in water containing the surfactant OP-10. Larvae were fed during the first day by food treated
with the tested compounds. Then, the potato leaves were replaced with fresh ones. The number of dead larvae was counted aft
one, three, and five days. The natural insect-molting hormone 20-hydroxyecdydonaq selected as the standard and had
in the same test the highest insecticidal activity compared with other ecdysteroids [8]. Then, the insecticidal athieities of
most active compounds were studied at a concentration of 0.001%.

Table 1 lists the results for the activities of the steroids on Colorado beetle larvae and indicates that at least half of the
22 compounds had at a concentration of 0.01% significant toxicity. The most actividoaeid6b, which killed all insects
in their experiments.

It should be noted that the active compounds exhibited various toxicities. In particular, the dynamics of insect death
depended on the steroid structure. Compoundg, and16b killed the most larvae immediately during the first day after
treatment. On the other handy-3-cyclo-63-hydroxysteroiddaand?2 or 6-ketosteroid3b, 5, 8, and10did not lead to insect
death during the first day. The maximum was observed only after three days. Also, larvae died more or less evenly during the
first three days after treatmenti8h.

Using the active compounds at a concentration of 0.001% caused insignificant insect death. As a rule, larvae stopped
feeding, became immobile, and remained in this state until molting. Whereas molting of larvae was observed in the control,
a few of the experimental larvae did not molt, darkened, and died. Larvae that did manage to complete molting then developed
normally.
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TABLE 1. Toxicity of Steroids for Colorado Beetle Larvae

Concen Larvae mortality after
Compound tration, No. of 1 day 3 days 5 days Total
% larvae
number] %] number 9% numbgr 9 num¢er %
la 3a,5-Cyclo-5x-cholestan-§-ol 0.01 30 2 6.7 15 500 7 23.3 24 80.0
0.001 30 7 233 2 6.7 4 13.3 13 433
1b. (243)-3a,5-Cyclo-qo-stigmastan-g-ol 0.01 30 2 6.7 O 0 0 0 2 6.7
2. (249-3a,5-Cyclo-5x-stigmast-22-en-8-ol 0.01 33 0 0 27 818 1 3.0 28 8438
0.001 30 0 0 1 3.3 1 3.3 2 6.7
3a  (2Z,249-3[-Acetoxy-5-bromo-&-stigmast-22-en-6- 0.01 30 9 300 1 3.3 0 0 10 333
one
3b. (2Z,249-3[3-Acetoxy-5a-stigmast-22-en-6-one 0.01 30 3 100 19 633 O 0 22 733
0.001 30 5 167 4 133 5 16.7 14 46.7
4a 3B-Chloro-5-bromo-&-cholestan-6-one 0.01 30 9 300 1 3.3 1 3.3 11 36.7
4b. (24R)-3(3-Chloro-5-bromo-&-stigmastan-6-one 0.01 28 0 0 24 857 4 143 28 100
0.001 30 2 67 2 6.7 0 0 4 13.3
5 (2R 235249-23,33Diacetoxy-5,22,23-triboromoés  0.01 30 0 0 21 700 2 6.7 23 76.7
stigmastan-6-one 0.001 29 4 138 7 241 1 3.4 12 414
6. (22E,249-2[3,33-Diacetoxy-Gr-stigmast-22-en-6-one  0.01 31 0 0 12 387 O 0 12 387
7. (24R)-3(-Chloro-5-hydroxy-Br-stigmastan-6-one 0.01 30 22 733 5 167 O 0 27 90.0
0.001 29 0 0 0 0 1 34 1 34
8. (22E,249)-3[-Acetoxy-7a-bromo-q-stigmast-22-en-6-  0.01 29 0 0 15 517 6 207 21 724
one 0.001 30 0 0 1 3.3 1 3.3 2 6.7
9. 3B-Chloro-7a-bromo-qx-cholestan-6-one 0.01 30 0 0 0 0 0 0 0
10. (2Z,249-3[3-Chloro-7a-bromo-5o-stigmast-22-en-6-  0.01 29 0 0 18 621 4 13.8 22 75.9
one 0.001 31 3 97 2 6.5 1 3.2 6 194
11. 7a-Bromo-5a-cholest-2-en-6-one 0.01 30 2 6.7 O 0 0 0 2 6.7
0.001 30 0 0 2 6.7 7 233 9 30.0
12. (2Z,249-7a-Bromo-fa-stigmasta-2,22-dien-6-one  0.01 30 18 60.0 2 6.7 3 10.0 23 76.7
0.001 30 0 0 2 6.7 7 233 9 30.0
13a 7a-Bromocholesta-2,4-dien-6-one 0.01 28 5 179 O 0 0 0 5 17.9
13b. Cholesta-2,4-dien-6-one 0.01 28 11 393 7 250 O 0 18 64.9
14a (24R)-7a-Bromostigmasta-2,4-dien-6-one 0.01 30 2 67 7 233 1 3.3 10 333
14b. (24R)-Stigmasta-2,4-dien-6-one 0.01 30 6 200 1 3.3 7 23.3 14 46.7
15. (24R)-2a,3a-Diacetoxy-#r-bromostigmast-4-en-6-one 0.01 29 1 34 3 103 9 31.0 13 4438
16a 3[3-Chloro-5o,7a-dibromo-5a-cholestan-6-one 0.01 30 0 0 0 0 5 16.7 5 16.7

16b. (24R)-3[3-Chloro-5a,7a-dibromo-5-stigmastan-6-one  0.01 30 30 - 30 100

0.001 30 0 0 2 6.7 4 133 6 20.0
17. 20-Hydroxyecdysone 0.01 30 21 700 4 133 1 3.3 26 86.7
0.001 30 8 267 4 133 4 13.3 16 533

Control 30 0 0 0 0 0 0 0 0

The structures of compoundsl6 differ markedly. Therefore, only tentative conclusions about the importance of
certain functional groups for insecticidal activity can be drawn. In particular, it can be suppogdy] Thand16b have
significant insecticidal activity owing to a large extent to the presence in them &€& 3This supports an analogous
conclusion that was drawn previously [10] using othgcBlorosteroids as examples. The observance of insecticidal activity
for 3a,5-cyclo-§3-hydroxysteroidsla and? is also important. These compounds are rather easily prepared from cholesterol
and stigmasterol, respectively, which may provide a basis for defining the direction of further research.
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EXPERIMENTAL

The syntheses of steroidisl6 have been reported [1-6].
Details of the experiments for determining the insecticidal activity of compduhd$or second-growth Colorado
beetle larvae have been described [9].
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