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1-(2-Pinen-1 0-yl)-3 , 7-dimethyl-2(E), 6-octadiene I, 1-(2'- isopropyl -5' -methylcyclohexyl)-3, 7-dimethyl-2(E),6-oeta­
diene 2 and their analogues have been prepared. These compounds have been tested on Culex pipiens quinquejascialus Say 
for their juvenile hormone (JH) activity. 

Juvenile hormone analogues are being tested in 
various laboratories for their potential use as mosquito 
larvicides and for the control of insect pest/ Most of 
these compounds induce morphogenetic effects which 
eventually resu lt in some or complete inhibition of 
adult emergence. Juvenil e hormone analogues also 
appear to influence survival of the emerged adults and 
their reproduction in a profound wa/.3 . The 
biological activity of juvenile hormone (JH) 
analogues mainly depends on their chemical 
structure and stabilities. Most of the active 
compounds contain at least part of a branched carbon 
chain characteristic of isoprenoid . The presence of 
ethylenic bonds has also great significance in 
biological activity of juvenoids. In continuation of our 
work on insect juveni le hormone mimics chemistry4,5, 
we herein report the synthesis and biological activity 
of geranyl-pinene, geranyl-menthyl hydrocarbons and 
their derivatives. 

Results and Discussion 
Geraniol , on treatment wi th PBrJ/pyridinc in dry 

n-hexane at -J OoC afforded geranyl bromide A. 
Myrtenol6

,7 (prepared from Se02 oxidation of u­
pinene in anhydrous et 1;1 an 0 I followed by lithium 
aluminium hydride reduct ion in dry ether at 0° C), on 
reaction with PBripyridine III dry carbon 
tetrachloride at O°C afforded myrtenyl 
bromide.Coupli ng8 of A with myrtenyl magnesium 
bromide under N2 atmosphere at -J O°C using catalytic 
amount of Li2CuCI4 in dry THF furnished 1-(2-pinen-
10-yl ) -3 , 7-dimethyl-2(E), 6-octadiene I in 61 % 
yield. Mentho l was brominated with PBrJ /pyridine in 
dry ether at O°C to afford menthyl bromide. Dilithium 

tetrachlorocuprate catalysed coupl ing reaction of 
menthyl magnesium bromide with A in dry THF at 
-10°C furn ished 1-(2' -isopropyl-5'-methylcyclo­
pexy l)-3 7-dimethyl-2(E),6-octadiene 2 in 44% yield 
after chromatographic purification. Treatment of 
hydrocarbons I and 2 with equimolar amount of m­
chloroperbenzoic acidl} in dry CH2C l2 gave mono 
epoxy derivatives la and 2a in 74 .5% and 81.4% 
yield respectively. Oxiranes la and 2a on reaction 
with KSCN 10 in ethanol afforded corresponding 
thirane derivatives 1 band 2b in good yields. Reaction 
of 1 and 2 with ethyl diazoacetate in the presence of 
copper ulphate furnished 1-(2-pinen-IO-yl)-3, 7-
dimethyl-6, 7-carbethoxymethylene-2(E)-octene Ie 
and 1-(2' -i sopropyl-5' -methylcyclohexyl)-3,7 -dime­
thyl-6,7-cabethoxymethylene-2(E)octene 2c. Phase 
transfer catalysed reaction II of I and 2 with 
CHCh/CHBrJ in the presence of aqueous NaOH gave 
bis-dichloro-methylene Id and 2d and bis­
dibromomethylene Ie and 2e derivatives (Scheme I). 
The spectral data (IR, IH NMR) of the synthesized 
compounds were consi stent with their structures. 

Juvenile hormone activity 
The compounds (1,la-e, 2,2a-e) were tested for 

their juvenile hormone activity a~ainst Culex pipiens 
quinquejasciatw,,Il Say . The 4 instar larvae of 
mosquitoes were reared in different doses of the 
compound for 24hr. Their mortality at larva l, pupal 
and adult stages was noted . To find out the activity 
index, di fferent grades were given to deaths at each 
stage, .the larvae which died at larval stage only i.e. 
fai led ' to moult to pupae, was rated as th ree. The 
larvae which succeeded in moulting into pupae but 
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Scheme I 

failed to emerge as an adult , was rated as two and the 
pupae which did emerge into adult but failed to 
survive, was rated as one. The larvae which 
successfully reached the adult stage and survived for 
one day, was rated as zero. The activi ty index was 
determined by multiplying the number of larvae at 
one stage by its numerical va lue and dividing it by 
the total number of larvae taken into account. All the 
experiment were repeated six times with different 
con<;entrations to take out the mean mortality at each 
stage. With all the test chemicals, the mortality 
increased with the increase of dose of the chemical. 

The death in doses of 10ppm and 5ppm was on 
account of larvicidal effect of the chern ical and on the 
account of formation of larval-pupal j uveno ids and 
pupal-adult juvenoids, but with lower doses of 2ppm, 
I ppm and 0.5ppm the death was only due to juvenoid 
formation having characters of larval-pupal 
intermediates and pupal-adult intermediates. 

Entomological studi es of compounds (I-la-e, 2-2a-e) 
a long with commerc ially avai lable lHA-methoprene 
(standard) have been reported in Table r. 

Experimental Section 
Progress of al l the reactions was mon itored by TLC 

using Acme, s ilicagel impregnated with 13% CaS04. 
Si lica gel ( 100-200 mesh) was used for col umn 
chromatography. I H NMR spectra (CCI4) were 
recorded on a Varian 60 M Hz spectrophotometer and 
Varian EM -390 spectrophoto-meter using 
tetramethyls il ane as an in ternal standard (chemical 
shifts in 8, ppm and IR spectra (neat) were run on 
Perkin-Elmer 1430 spectrophotometer (vmaxin em-I). 
Un less otherwise stated, all organ ic extracts were 
dried over anhydrolls sodium su lphate. 

1-(2-Pinen-lO-yl)-3, 7 -dimethyl-2 (E), 6-octa­
diene 1. To the Grignard reagent [prepared from 
myrtenyl bromide (2 . 15g, 1 0 mmoles) and activated 
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Mg turnings (0.24 g, 10 mmoles) in dry THF (15 mL) 
under N2 atmosphere was added geranyl bromide 
(2.17g, 10 mmoles) in dry THF( 15 mL ) dropwise at -
10°C. After stirring for I hr, Li2CuCI4 (2mL) was 
added to it. The reaction mixture was stirred for 3hr 
at _10°C and 12 hr at room temperature. The reaction 
mixture was then quenched with saturated NH4CI 
solution, extracted with ether (4 x 30 mL) washed 
with brine and dried . Solvent removal followed by 
chromatography over silica gel using pet. ether as 
eluent gave pure 1(1.65 g, 61 %). Rr 0 .678 in pet 
ether; IR (neat) : 2920, 1670, 1640, 1 I 10, 910, 890, 
790, 660 em-I; IH NMR: 8 0.9 (m, 3H, CH}-C-CHJ), 
1.25 (3H, CHJ-C-CHJ), 1.6(d,12H, J =9 Hz, 3xCHr 
C=C, I xCH, I xCH2 ), 1.9-2.25 , (bs, II H, SxCH2-

C=C, IxCH-C=), 5-5 .3 (bs, 3H, 3xH-C=C); 

Anal.Calcd for C2oH32 : C, 88.16; H, 11 .84. Found: 
C,88.0S; H, 11 .68%. 

1-(2'-Isopropyl-S'-methylcyclohexyl)-3, 7-dime­

thyl-2(E),6-octadiene 2. To the Grignard reagent, 
[prepared from menthyl bromide (2.19 g, 10 mmoles) 
and activated Mg turnings (0.24 g, 10 mmoles) in dry 
THF ( 15 m L) under N2 atmosphere was added 
geranyl bromide (2 . 17 g, 10 mmoles) in dry THF (15 
mL) dropwise at -IO°e. After sti rring for I hr, a 
catalytic amount of Li2CuCI4 (2 mL) was added to it. 
The resulting mixture was stirred for 3hr at -I ODC and 
12hr at room temperature and worked up as described 
for 1 to yie ld pure 2 (1.2g, 44%). Rr 0.695 in 
pet.ether; IR (neat) : 2940, 1650, 1260, 11 10, 920, 
820, 730 em-I; IH NMR: 8 0.9 (9 H, 3xCH}), 1.3 (s, 
6H, 3xCH2), 1.6 (d , 131-1, J=9Hz, 3xCH}-C=C, 

Table I--Juveni le Honnone activity ofjuvenoids ( I-Ie, 2-2e) on culex pipiens qu inquefacratus Say 

o. of larvae = 100 

Compd Doses in 0 2 3 Activity 
ppm index 

10 0 4 24 72 2.68 
5 4 16 24 56 2.32 
2 15 22 37 24 1.68 
I 20 10 34 36 1.86 
0.5 44 4 36 16 1.24 

\0 0 0 8 92 2.92 
5 0 3 5 92 2.89 

la 2 0 14 34 52 2.38 
I 11 23 30 36 1.91 
0.5 22 30 22 26 1.52 

\0 0 0 3 97 2.97 
5 0 0 28 72 2.72 

Ib 2 0 5 32 63 2.58 
I 7 18 26 49 2. 17 
0.5 20 16 28 36 1.8 

10 0 0 18 82 2.82 
5 0 J I 53 36 2.25 

10 0 0 18 82 2.82 
5 0 11 53 36 2.25 

Ie 2 12 8 48 32 2.00 
20 16 38 26 1. 70 

0.5 28 16 44 12 1.4 

10 0 5 31 64 2.59 
5 3 22 17 58 2.3 

Id 2 13 15 28 44 2.03 
I 26 14 23 37 1.71 
0.5 46 4 20 30 1.34 
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Table I--luvenile Honnone activity of juvenoids (I-Ie, 2-2e) on culex pipiens quinquefaciatus Say (Conld.) 
No. of larvae = 100 

Compd 

Ie 

2 

2. 

2b 

2c 

2d 

2e 

M 

Doses in 
ppm 

\0 
5 
2 
I 
0.5 

10 
5 
2 
I 
0.5 

\0 
S 
2 
I 
0.5 

10 
5 
2 
I 
0.5 

10 
5 
2 

I 
0.5 

\0 
5 
2 
I 
0.5 

\0 
5 
2 
I 
0.5 

2 
1 
0.5 

o 

o 
o 
o 
o 
12 

o 
4 
28 
32 
44 

o 
12 
21 
52 
72 

o 
12 
20 
36 
56 

o 
16 
28 
48 
64 

o 
16 
32 
48 
68 

o 
8 
16 
28 
48 

o 
o 
o 
o 

o 
o 
o 
8 
28 

o 
16 
36 
32 
20 

24 
16 
24 
4 
4 

16 
8 
12 
16 
12 

12 
20 
o 
8 
12 

8 
o 
o 
o 
12 

8 
4 
8 
8 
20 

o 
o 
3 
15 

4xCH), 2.0 (s, 6H, 3xCH2-C==C), 5.1 (bs, 2H, 
2xCH=C); Anal.Calcd for C~oH36: C, 86.87; H, 13 .12. 
Found: C, 86.69; H, 13.0% . 

1-(2-Pinen-IO-yl)-3,7dimethyl- 6,7-epoxy-2(E)­
octene la. To a well stirred ice-cold solut ion of 1 
(0.272 g, I mmole) in dry CH2CI2 (15 mL) was added 

2 

11 
18 
29 
44 
22 

36 
40 
12 
20 
20 

12 
20 
24 
12 
8 

16 
24 
16 
12 
24 

24 
20 
24 

16 
8 

20 
36 
20 
28 
8 

28 
28 
20 
28 
16 

() 

2~ 

49 
62 

3 

89 
82 
71 
48 
38 

64 
40 
24 
16 
16 

64 
52 
14 
32 
16 

68 
56 
52 
36 
8 

64 
44 
48 
28 
16 

72 
48 
48 
24 
12 

64 
60 
56 
36 
16 

100 

4!i 
23 

Activity 
index 

2.89 
2.82 
2.71 
2.40 
1.86 

2.64 
2.1 6 
1.32 

1.08 

2.4 
2.12 
1.44 
1.24 
0.68 

2.52 
2.24 
2.00 
1.48 
0. 84 

2.52 
1.92 
1.92 

1.24 
0.76 

2.64 
2. 16 
1.84 
1.28 
0.64 

2.56 
2.40 
2.16 
1.72 
1.00 

3.0(; 
27(, 
2.4) 

2.08 

dropwise m-chloroperbenzoic acid (0. 189 g, 1.1 
mmole) in dry CI-hCh (10 mL) and stirred for 45 min 
at O°e. After stirring for ~nother 30 min at room 
temperature, it was decomposed with water, extracted 
wi th dich loromethane (3x20 mL) washed with 5% 
NaHCO) sol ution (20 mL), brine and dried. 
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Evaporation of solvent followed by column 
chromatography over neutral alumina using pet ether 
as eluent gave pure liquid la (0 .214g, 74.5 %). Rr 
0.25 in pet.ether: ether ( 9 .5 : 0.5); IR (neat) : 2940, 
1640, 1210, 1120, 890, 800, 670 cm-'; 'H NMR: 8 
0.85(s, 3H, CH)-C-CH3) , 1.2(s, 9H, (CH3h-C-O- , 
CH3-C-CH3), 1.55(bs, 8H, I xCHrC=C-, 2xCH2, 

I x Cll), 1.86-2.55 (IOH, 4xCHr C=C, IxCH-C=C, 
O-Cll), 5.1 (bs, 2H, 2xH-C=C); Anal. Calcd for 
C2oH320: C, 83.27; H, 11.18. Found: C, 83 .15 ; H, 
11.01%. 

1-(2' -Isopropyl- 5' -methyleyclohexyl)-3,-7 -dim­
ethyl-6,7-epoxy-2(E)-oetene 2a. Epoxidation of 2 
(1.38 g, 5 mmoles) with m-chloroperbenzoic acid 
(0.948g, 5.5mmoles) in dry CH2Ch(50 mL) gave pure 
2a (1. I 8g,81.4%). Rr 0.28 in pet ether: ether (9 .5 : 
0.5); IR (neat) : 2940, 1650, 1270, 1220, 1110, 810, 
730, 680cm-' ; 'H NMR (90 MHz): 8 0.8-0.9 
(9H,3 xCH30f cyclohexyl group), 1.2 (d, 12H, J=6Hz, 
3 x CH2 of cyclohexyl group, 2xCH), 1.6 (s, 9H, I x 

CH2, I x Cll.1-C=C, 4 x CH of cyclohexyl group), 
1.95(s,4H,2xCH2-C=C), 2.5(t, IH, J=12Hz, OCll), 
5.I(bs, IH, HC=C); Anal. Calcd for C2oH360: C, 
82.12; H, 12.40. Found: C, 82 .05 ; H, 12.29 %. 

1-(2' -Pinen-l O-yl)-3, 7 -dimethyl-6, 7 -epithio-2(E)­

oetene lb. A mixture of KSCN(0 .194g, 2 mmoles), 
oxiraae la (0.576g, 2 mmoles), water (0.0198g, 1.1 
mmoles) and ethanol(5mL) was stirred at room 
temperature for 24hr. The reaction mixture was 
filtered and residue was concentrated and then diluted 
with ether (3 x 10 mL) to precipitate the KOCN . It 
was filtered and the solvent evaporated to yie ld 1 b 
(0.43g, 71%). Rr 0.32 in· pet ether : ethyl acetate 
(9.5:0.5); IR (neat) : 2920-2940, 1640, 1260, 1120, 
890, 790 cm" ; 'H NMR: 8 0.9 (s, 3H, CH3-C-CH3), 

1.25 (s, 9H, CHr C-CH3, 2xCH) , 1.65 (s, 8H, CH)­
C=C, 2xCH1, I xCll), 2-2.5 ( I OH, 4xCHr C=C, 
I xHC-C=C, SCH ), 5.1 (bs, 2H, 2xCH=C); Anal. 
Calcd for C2oH)2S: C, 78.88; H, 10.59; S, 10.52. 
Found: C, 78 .67; H, 10.46; S, 9.3%. 

1-( 2' -Isopropyl-5' -methylcyc1ohexyl )-3,7 -dime­
thyl-6,7-cpithio-2(E)-oetene 2b. A mixture of 
2a(1.46g, 5 mmoles), KSCN(0.485 g, 5 mmoles) and 
water(0.054 g, 3 mmoles) in ethanol(20 mL) was 
stirred at room temperature for 24hr and worked up as 
usual to afford 2b (1.14 g,74%). Rr 0.37 in pet.ether : 
ethyl acetate (9: 1); IR (neat): 2920, 1640, 1260, 11 20, 
1070, 910, 790, 680 cm-'; ' H NMR:8 0.9-1.0 (9H, 
3xCHr C- of cyclohexyl group), 1.3 (s, 12H, 3xCH2 

of cyclohexyl group, (CH3h-CS), 1.63 (d, 9H, 
J=9Hz, I xCHr C=C , 4 x CH of cyclohexyl group, 
SC-CH2-), 2.0-2.5 (5H, 2 x CH2C=C, SCH-), 5.1 (bs, 
I H, H-C=C); Anal. Calcd for C2oH36S: C, 77.85 ; H, 
11.76; S, 10.38. Found: C, 77.77; H, 11.61 ; S, 
10.1 %. 

1- (2-Pinen-1 O-yl)-3, 7 -dimethyl-6, 7 -earbethoxy­
metbylene-2(E)-oetene Ie. To stirred mixture of 1 
(2 .72 g, 10 mmoles) and CUS04 (anhydrous) (0 .747 g, 
4.7 mmoles) at 90°C was added dropwise ethyl 
diazoacetate (1.72 g, 15 mmoles). Stirring was 
continued at this temperature for 2hr, cooled and 
diluted with ether , filtered and dried . Evaporation of 
the solvent followed by colu mn chromatography of 
the residue over silica gel us ing pet ether ether (9: I) 
as eluent gave pure Ie (1 .18 g, 33 % ). Rr 0.6 in 
pet.ether: ether (9 : 1); IR (neat): 2940, 1730, 1600, 
11 70, 780cm-'; 'H NMR : 8 0.9-1 .3 (19H, 4XCH,1, 
-COOCH2CH3, 2xCH2) , 1.6 (5H, CH)-C=C, 
-CHCCOOEt, I xCH of pinen ring), 1.9-2.3 (I OH, 
-CHCOOEt, 4xCHr C = C, IxCH-C=C), 4.1(q, 21-1, 
J=33Hz, COOCH2CH3), 5. I(s, 2H 2xCH=C); Anal. 

Calcd for C22 H3S0 2: C,80.39; H, 10.68 H. Found : C, 
80.26; H, 10.55 %. 

1-(2' - Isopropyl-5' -metbylcyclobexyl)-3, 7 -dime­
tbyl-6,7-earbethoxymetbylene-2(E)-oetene 2e. A 
mixture of 2(2 .76 g, 10 mmoles ) and anhydrous 
CUS04 (0 .75 g, 4.7 mmoles) was treated with ethyl 
diazoacetate (1 .72 g, 15 mmoles) at 90°C and worked 
up as usual to give 2e (1.33g, 37%). Rr 0.41 in 
pet.ether: ethyl acetate (9 : I); IR (neat) : 2920, 1720, 
1r>40, 900, 810, 720, 700cm-'; 'H NMR : 8 0.9(s, 91-1, 
3xCH3 of cyclohexyl group), 1.2(m, 17H, 4xCH2, 

2xCH" , COOCH 2CH3), 1.6(s, 81-1 , I xCH3-C=C, 
CHCCOOEt, 4xCH of cyclohexyl group), 2.0-2.25 
(5 H, 2xCH2-C=C, CHCOOEt), 4.I(q,2H, J =33 Hz, 
-COOCH2CH3) ; 5. 1 (bs, I H,CH=C); Ana l Calcd for 
C24H420 2: C, 79.49; H, 11 .765 . 'Found : C, 79.37; H, 
11.56% 

1-(2-Pinen-IO-yl)- 3,7 -dimetbyl-2(3),6(7)-bisdi­
ehloromethyleneoetane 1d. A mixture of 1( 1.36 g, 5 
mmoles) in chloroform( 15 mL) and triethylbenzyl 
ammoni um chl oride (0.273 g, 1.2 mmoles) was st irred 
until the sa lt dissolved. To the resulting so lution was 
added 50 % NaOH soiution (5 mL) and stirri ng 
continued further for 3 days. The resulting mixture 
was diluted with water( I 0 mL), extracted with CHC I3 

and dried (CaC I2 ). So lvent removal afforded Jd( 1.63 
g, 79% ). Rr 0.67 in pet. ether ethyl acetate (9.0 : 1.0); 
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IR (neat) : 2940, 1640, 1260, 1050, 920, 830-770 CIll -
1 

; 'H NMR : 8 1-1 .7 (26H, 5xCH3. 4xCH2, 3xCH), 

2.2 (5H, 2xCH2-C==C, I xCH-C==C), 5.2 (s, I H,CH==C); 
Anal. Calcd for C22 H32CI4: C, 60.28 ; H, 7.36. Found: 
C, 60.15; H,7.23%. 

1-(2' -lsopropyl-5' -mcthylcyclohcxyl)-3, 7 -dimc­
thyl-2(3), 6(7)- bisdichloromcthyleneoctane 2d. 
Compound 2 (1.38 g, 5 mmoles) was treated wi th 
CHel) (22 . I g, 185 mmoles) and 50 % aOH solution 
(5mL) in the presence of triethylbenzyl ammonium 
chloride (0.273 g, 1.2 mmoles) . Usual work up gave 
2d (1.76g, 85%). Rf 0.68 in the pet. ether: ethy l 
acetate (9 : I); IR (neat) : 2940 1450, 1380,830, 
760cm-l

. 'H NMR:8 O.85-1 .0(d, 9H, J==9Hz, 3xCH3 of 

cyclohexyl group) , 1.2-1.8 (27H, 3xCH3, 6xCH2, 
6xCH). Anal. Calcd for Cn H36C14 : C, 59.73 ; H, 8.20. 
Found : C, 59.55 ; H, 8.1 1%. 

1-(2- Pinen-IO-yl)-3,7-dimcthyl-2(3), 6(7)-bis­
dibromomethyleneoctane Ie. A so lution of 
compound 1 ( i .3 6 g. 5 mmo les), bromofo rm ( I OmL). 
50% aq . NaO H (5 mL) in the presence of 
trieth Ibenzy l ammoniu m chloride (0.273 g, 1.2 
mmoles) was stirred for two da s fo llowed by usual 

work up to afford pure Ie (2 .26 g, 76.6 % ). Rf 0.67 in 
pet ether : ethyl acetate (9 : I) ; IR (neat) : 2940, 1680, 
1040,760-790,660 em-I. IH NMR: 8 1.0-2.6 (3IH. 

5xCH), 4xCH2, 2xCH2-C==C, I xCH-C==C, 3xCH), 5.2 
(s, 1 H, CH=C); Ana l. Calcd for C22 H.12 Br4: C, 42 .89; 
H, 5.23. Found : C, 42 .75 ; H, 5. I I %. 

1-(2' -Isopropyl- 5' -methylcyclohexyl)-3,7-dime­
thyl- 2(3),6(7)-bisdibromomethyleneoctane 2e. A 
mixture of 2 (1 .38 g, 5 mmoles). bromoform (46.8 g, 

185 mmoles) and 50 % aq . NaOH (5 mL) was stirred 
for three days in the presence of tri ethylbenzyl 
ammonium chloride (0 .273 g, 1.2 mmoles) to afford 
2e (2 .53g, 85.3 %). Rf 0.66 in pet.ether : ethyl acetate 
( 9 : I ) ; IR (neat) : 2920, 1460, 1380, 750, 660 cm-I; 

'H NMR: 80.9(d, 9H J==6Hz, 3 x CHI of cyc lohexyl 

group), 1.1-1.8 (27H, 3xCH3, 6xCH2,6xCH); Anal. 
Calcd for C22 HJ6 Br4: C, 42.6 I; H, 5.85 . Found : 
C,42.46 ; H, 5.74%. 
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